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Syllabus

CENTRAL BOARD OF SECONDARY EDUCATION, NEW DELHI
PHYSICS (Code No. 042)
CLASS-XII (2023-24)

Time allowed: 3 hours Maximum marks: 70
Units No. of Periods Marks
1 Electrostatics
1. Electric Charges and Fields 26
2. Electrostatic Potential and Capacitance 16
I1 Current Electricity 18
3. Current Electricity
11 Magnetic Effects of Current and Magnetism
4. Moving Charges and Magnetism 25
5. Magnetism and Matter 7
IV |Electromagnetic Induction and Alternating Currents
6. Electromagnetic Induction 24
7. Alternating Current
v Electromagnetic Waves 04
8. Electromagnetic Waves
Vi Optics 18
9. Ray Optics and Optical Instruments 30
10. Wave Optics
VII |Dual Nature of Radiation and Matter
11. Dual Nature of Radiation and Martter 08
VIII |Atoms and Nuclei 12
12. Atoms 15
13. Nuclei
5.4 Electronic Devices
14. Semiconductor Electronics: Materials, Devices and Simple Circuits LL 7
Total 160 70
Unit I: Electrostatics (26 Periods)

Chapter 1: Electric Charges and Fields

Electric charges, Conservation of charge, Coulomb’s law: force between two-point charges, forces between
multiple charges; superposition principle and continuous charge distribution.

Electric field, electric field due to a point charge, electric field lines, electric dipole, electric field due to a
dipole, torque on a dipole in uniform electric field.

Electric flux, statement of Gauss’s theorem and its applications Lo find field due to infinitely long straight
wire, uniformly charged infinite plane sheet and uniformly charged thin spherical shell (field inside and
outside).



Chapter 2: Electrostatic Potential and Capacitance

Electric potential, potential difference, electric potential due 10 a point charge, a dipole and system of
charges; equipotential surfaces, electrical potential energy of'a system of two-point charges and of electric
dipole in an electrostatic field.

Conductors and insulators, free charges and bound charges inside a conductor. Dielectrics and electric
polarization, capacitors and capacitance, combination of capacitors in series and in parallel, capacitance
of a parallel plate capacitor with and without dielectric medium between the plates, energy stored in a
capacitor (no derivation, formulae only).

Unit 11: Current Electricity (18 Periods)

Chapter 3: Current Electricity

Electric current, flow of electric charges in a metallic conductor, drift velocity, mobility and their relation
with electric current; Ohm's law, V-I characteristics (linear and non-linear), electrical energy and power,
electrical resistivity and conductivity, temperature dependence of resistance, Internal resistance of a cell,
potential difference and emf of a cell, combination of cells in series and in parallel, Kirchhofl’s rules,
Wheatstone bridge.

Unit 1lI: Magnetic Effects of Current and Magnetism (25 Periods)
Chapter 4: Moving Charges and Magnetism

Concept of magnetic field, Oersted’s experiment.

Biot - Savart law and its application to current carrying circular loop.

Ampere’s law and its applications (o infinitely long straight wire. Straight solenoid (only qualitative
treatment), force on a moving charge in uniform magnetic and electric ficlds.

Force on a current-carrying conductor in a uniform magnetic field, force between two parallel current-
carrying conductors-definition of ampere, torque experienced by a current loop in uniform magnetic
field; Current loop as a magnetic dipole and its magnetic dipole moment, moving coil galvanometer-its
current sensitivity and conversion to ammeter and voltmeter.

Chapter 5 : Magnetism and Matter

Bar magnet, bar magnet as an equivalent solenoid (qualitative treatment only), magnetic field intensity
due 1o a magnetic dipole (bar magnet) along its axis and perpendicular to its axis (qualitative reatment
only), torque on a magnetic dipole (bar magnet) in a uniform magnetic field (qualitative treatment only),
magnetic field lines.

Magnetic properties ol materials- Para-, dia-and ferro - magnetic substances with examples, Magnetization
of materials, effect of temperature on magnetic properties.

Unit IV: Electromagnetic Induction and Alternating Currents (24 Periods)

Chapter 6: Electromagnetic Induction

Electromagnetic induction; Faraday's laws, induced EMF and current; Lenz's Law, Self and mutual
induction.

Chapter 7: Alternating Current

Alternating currents, peak and RMS value of alternating current/voltage; reactance and impedance; LCR
series circuit (phasors only), resonance, power in AC circuits, power factor, wattless current.

AC generator, Transformer.



Unit V: Electromagnetic Waves (04 Periods)
Chapter 8: Electromagnetic Waves

Basic idea of displacement current, Electromagnetic waves, their characteristics, their transverse nature
(qualitative idea only).

Electromagnetic spectrum (radio waves, microwaves, infrared, visible, ultraviolet, X-rays, gamma rays)
including elementary facts about their uses.

Unit VI: Optics (30 Periods)
Chapter 9: Ray Optics and Optical Instruments

Ray Optics: Reflection of light, spherical mirrors, mirror formula, refraction of light, total internal
reflection and optical fibers, refraction at spherical surfaces, lenses, thin lens formula, lens maker’s
formula, magnification, power of a lens, combination of thin lenses in contact, refraction of light through
a prism.

Optical instruments: Microscopes and astronomical telescopes (reflecting and refracting) and their
magnifying powers.

Chapter 10: Wave Optics

Wave Optics: Wave front and Huygen's principle, reflection and refraction of plane wave at a plane surface
using wave fronts. Proof of laws of reflection and refraction using Huygen's principle. Interference,
Young's double slit experiment and expression for fringe width (No derivation final expression only),
coherent sources and sustained interference of light, diffraction due 10 a single slit, width of central
maxima (qualitative treatment only).

Unit VII: Dual Nature of Radiation and Matter (08 Periods)
Chapter 11: Dual Nature of Radiation and Matter

Dual nature of radiation, Photoelectric effect, Hertz and Lenard’s observations; Einstein's photoelectric
equation-particle nature of light.
Experimental study of photoelectric effect

Matter waves-wave nature of particles, de Broglie relation.

Unit VIII: Atoms and Nuclei (15 Periods)
Chapter 12: Atoms

Alpha-particle scattering experiment; Rutherford’s model of atom; Bohr model of hydrogen atom,
Expression for radius of nth possible orbit, velocity and energy of electron in nth orbit, hydrogen line
spectra (qualitative treatment only).

Chapter 13: Nuclei

Composition and size of nucleus, nuclear force
Mass-energy relation, mass defect; binding energy per nucleon and its variation with mass number;

nuclear fission, nuclear fusion.
Unit IX: Electronic Devices (10 Periods)
Chapter 14: Semiconductor Electronics: Materials, Devices and Simple Circuits

Energy bands in conductors, semiconductors and insulators (qualitative ideas only) Intrinsic and extrinsic
semiconductors- p and n type, p-n junction

Semiconductor diode: IV characteristics in forward and reverse bias, application of junction diode — diode
as a rectifier.



Design of Question Paper

PHYSICS (Theory)-XII

Time allowed: 3 hours Maximum marks: 70
S. : Total Approximate
No. ypology of Questions Marks Percentage
1. Remembering: Exhibit memory of previously learned material by recalling
facts, terms, basic concepts, and answers.
Understanding: Demonstrate understanding of facts and ideas by 27 38%
organizing, comparing, translating, interpreting, giving descriptions, and
stating main ideas
2. Applying: Solve problems to new situations by applying acquired knowledge,
facts, techniques and rules in a different way. 22 32%
3: Analysing: Examine and break information into parts by identifying motives
or causes. Make inferences and find evidence to support generalizations
Evaluating: Present and defend opinions by making judgments about
information, validity of ideas, or quality of work based on a set of criteria. 21 30%
Creating: Compile information together in a different way by combining
elements in a new pattern or proposing alternative solutions.
Total 70 100%
Practical 30
Gross Total 100

Note: The above template is only a sample. Suitable internal variations may be made for generating
similar templates keeping the overall weightage to different form of questions and typology of
questions same.

The changes for class XIT (2023-24) Board Examination are as under:

Particulars Academic Session 2022-23 Academic Session 2023-24
4 Competency Based Questions | % Competency Focused Questions
are 30% in the form of in the form of MCQs/Case Based
Multiple-Choice Questions, Questions, Source-based Integrated
Composition of Case Based Questions, Source Questions or any other type = 40%
question paper for Based Integrated Questions or | &  Select response Lype questions
Board Examination Sy SeREG Ty MCQ) = 20%
(Theory) # Objective Questions are 20% 4 Constructed response questions
4 Remaining 50% Questions are (Short Answer Questions/Long
Short Answer/Long Answer Answer type Questions, as per
Questions existing pattern) = 40%
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PART-A

Points to Remember

Competency-Focused Questions (As Per NEP)
»  Multiple Choice Questions

» Assertion-Reason Questions

» Case-based/Passage-based Questions
Conceptual Questions

Constructed Response Questions (As Per NEP)
» Very Short Answer Questions

» Short Answer Questions

» Long Answer Questions

Questions For Practice




Electric Charges
and Fields

POINTS TO

REMEMBER
The study of electric charges at rest is called Electrostatics.
1. Two Kinds of Electric Charges

When two bodies are rubbed together, they get oppositely charged. Experimental evidences show
that there are two types of charges:

(i) Positive Charge: Positive charge is produced by the removal of electrons from a neutral body.
That is, positive charge means deficiency of electrons.

(if) Negative Charge: Negative charge is produced by giving electrons to a neutral body. That is,
negative charge means excess of electrons on a neutral body.

SI unit of charge is coulomb (C).
2. Properties of Charges

(i) Conservation of Charge: The charge of an isolated system remains constant. This means that
charge can neither be created nor destroyed, but it may simply be transferred from one body
to another.

(i) Additive Property: Total charge on an isolated system is equal o the algebraic sum of charges
on individual bodies of the system. This is called additive property of charges. That is, if a
system contains three charges, 4|, g9, - g3, then total charge on system, Q= ¢;+ ga = ¢3.

(iti) Quantisation of Charge: The total charge on a body is the integral multiple of fundamental
charge'e’
ie., q=1ztne where n is an integer (n = 1, 2, 3,...).

(iv) Charge is unaffected by motion: The charge on a body remains unaffected of its velocity, i.e.,

Charge at rest = Charge in motion
() Like charges repel while unlike charges attract each other.
3. Coulomb’s Law in General Form

It states that the force of attraction or repulsion between two point charges is directly proportional
to the product of magnitude of charges and inversely proportional 1o the square of distance
between them. The direction of this force is along the line joining the two charges, i.c.,

el
r
where k = 4:[5 is constant of proportionality; € is permittivity of medium between the charges. If
£qis permittivity of free space and K the dielectric constant of medium, then e=Kg,
ane K 42

Electric Charges and Fields 7
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o

For free space K = 1, Therefore

1 %

4ne, 52
Dielectric constant or Relative permittivity (K): The dielectric constant of a medium is defined as
the ratio of permittivity of medium to the permiutivity of free space, i.e., K = &gy

Definition of coulomb: 1 coulomb charge is the charge which when placed at a distance of 1 metre
from an equal and similar charge in vacuum (or air) will repel it with a force of 9 x 10°N.

Coulomb’s Law in Vector Form

Consider wwo like charges g, and g, located at points A and B in vacuum. The separation between
the charges is 7. As charges are like, they repel each other. Let Fo1 be the force exerted on charge
qs by charge ¢, and Fio that exerted on charge g, by charge ¢,. If ?2] is the position vector of g,

. ~ - . o - .
relative to ¢, and Ty, is unit vector along A to B, then the force Fy; is along A 10 B and

- 1 %49 i -
P = e, 2 ""“)
, _ra; "
But i o A T B
D o
oy qyr q,
s 1 % ro 1 @i - Faz L Fan
Fa; = = T91

4me, 2 v 4me, 4B

- & oy :
Similarly if 712 is position vector of g, relative to gy and #}, is unit vector from B 1o 4, then

1 9%, _ 1 %% - =
dte, 2 12 4me, 2 2 i)

Fya =
Obviously 1, == ra1, therefore equation (i) becomes

- 1 49 -

Fp=—p———F -ttt
12 4KE’D T3 21 ( )

Comparing (i) and (i), we get
T':zl = -F‘IE
This means that the Coulomb’s force exerted on g, by ¢, is equal and opposite to the Coulomb’s
force exerted on ¢, by go; in accordance with Newton'’s third law.
Thus, Newton'’s third law also holds good for electrical forces.
Principle of Superposition of Electric Charges

Coulomb'’s law gives the force between two point charges. But if there are a number of interacting
charges, then the force on a particular charge may be found by the principle of superposition. It
states that

If the system contains a number of interacting charges, then the v

force on a given charge is equal to the vector sum of the forces 4%
i \] i11d & q -
exerted on it by all remaining charges . 2 4 Fs
The force between any two charges is not affected by the P /
presence of other charges. Lo q./p
[¥ B i

Suppose that a system of charges contains n charges g, gs, ¢3, T \ e

. ‘e i s o = . Fa e i—‘-
.- g, having position vectors 1,1, 7,,...r, relative 1o origin O / /’_,-/'”Qs Fa
respectively. A point charge ¢ is located at P having position |27 B X

o »

vector 7 relative to O. The total force on ¢ due to all n charges

Xam idea Physics—XII



is 10 be found. If Fy, Fa, Fs,...F,, are the forces acting on ¢ due to charges g, gg, g5, .- ¢, respectively,
then by the principle of superposition, the net force on ¢ is
F=F +Fa+Fst . +F,
If the force exerted due to charge g, on g is F;. then from Coulomb’s law in vector form
= 1 99
X 47[ED|;_;"_|5
The total force on g due to all # charges may be expressed as
- no] q9; et o

- n
F= 3 = F e |
=g x=14“80|r-n|3 :

(;" - ;.]

Y _¢-%

=" 27
4’[F-oqs=1|?—r,- [2

Here ¥ represents the vector-sum.
6. Continuous Charge Distribution
The electrostatic force due to a charge element dg at charge ¢ situated at point P is
o qdq -
1 L g 98 1 0 =il ;r)

4ne, R3 '41[50';_7'3(

dF =

The total force on g, by the charged body is

1 dq(r =7
- 4TEEB%J‘ ‘?

7|3

For linear charge distribution, dg = A dl, where A is charge per Y4

unit length and integration is over the whole length of charge. %,

For surface charge distribution, dg = 6 dS, where o is charge per W
unit area and integration is for the whole surface of charge. REEE
For volume charge distribution, dg = p dJ] where p is charge per 'r’/

unit volume and integration is for whole volume of charge. / 2dg

Electric field

2

The electric field strength at any point in an electric field is a vector
quantity whose magnitude is equal to the force acting on a unit positive o »X
test charge and the direction is along the direction of force.

If F is the force acting on infinitesimal positive test charge ¢, then electric field strength, E =

Therefore from definition, electric field can be given as
= F
E = lim —
7~0 9o
The unit of electric field strength is newton/coulomb or volt/metre (abbreviated
as N/C or V/m respectively).

(2) The electric field strength due to a point charge ¢ at a distance r in
magnitude form

IE|=

Electric Charges and Fields 9



In vector form, E= 1 i..

dne, 3
(i1) The electric field strength due to a system of discrete charge is
= 1 % G-
~ e s
(iti) The electric field strength due to a continuous charge distribution is
= 1 dg
in ane, f 2

7. Electric field lines

An electric field line is a curve drawn in such a way that tangent to it at each point is in the direction

of the net field at that point

Properties of electric field lines

(i) Field lines start from positive charges and end at negative charges. If there is a single charge,
they may start or end at infinity.

(i) In a charge-free region, electric field lines can be taken to be continuous curves without any
breaks.

(iti) No two electric field lines can intersect each other because if they do so, then two tangents
can be drawn at the point of intersection; which would mean wwo directions of electric field
strength at one point and that is impossible.

(#¢) The electric field lines do not form any closed loops. This follows from the conservative nature
of electric field.

(v) The equidistant electric field lines represent uniform electric field while electric field lines at
different separations represent non-uniform electric field (Figure).

>
» et D
— T =% .
X Y s ——
——
B — iy
. Ex = E E. > E

8. Electric Dipole

A system containing two equal and opposite charges separated by a finite distance is called an
electric dipole. Dipole moment of electric dipole having charges +¢ and - g at separation 2/ is defined
as the product of magnitude of one of the charges and shortest distance between them.

p=ql A 2 >
It is a vector quantity, directed from —g 1o + ¢ -q ' +q

[Remark: Net charge on an electric dipole is zero.]

10 Xam idea Physics—XIl



9. Electric Field Due to a Short Dipole
1%
4me, 3

p
el +—s

(1) Ata point P on axis, E =

(i) At a point P” on equatorial line,
__1 P e 5> |El
4me, 3 L »

10. Electric Force and Torque on an Electric Dipole in a Uniform Electric Field
In a uniform electric field of strength E, the net electric

force is zero; but a torque equal 1o pE sin 8 acts on the dipole /'+q’3_’ Fi :EIE
(where 8 is the angle between directions of dipole moment / =
; and electric field E ). This torque tends to align the o ‘6@7%7 : &
dipole along the direction of electric field. - .
Torque in vector form T= Z xE . Fo=—qE <%§U—N— "

11. Electric Flux

The total number of electric field lines crossing (or diverging) a
surface normally is called electric flux.

= 0
Electric flux through surface element dS is A$ = E.dS = EdScos 0, )\/d

where E is electric field strength.

\\

§

Electric flux through entire closed surface is
b= §E.dS
SI unit of electric flux is voll-m:lre or Nm?C™.
12. Gauss’s Theorem

¢ s 1
It states that the total electric flux through a closed surface is equal 1o ¢ times the net charge
enclosed by the surface e

- |
ie., b= [E.dS=—73y
5 E’O

13. Formulae for Electric Field Strength Calculated from Gauss’s Theorem =

(a) Electric field due to infinitely long straight wire of charge per unit
length % at a distance r from the wire is
1
4ne, r

(b) Electric field strength due to an infinite plane sheet of charge per unit r
area o is
E= 2%, independent of distance of point from the sheet.
0
(¢) Electric field strength due to a unifermly charged thin spherical shell or conducting sphere
of radius R having total charge ¢, at a distance r from centre is

; 5 1 9
(1) atexternal point E,, = 47[Enr_2 (Forr > R) E
i) at surl int E; = . F =R

(1) atsurlace point Eg ane, g2 (Forr = R)

(i) atinternal point E,, =0 (Forr < R)

Electric Charges and Fields 11



(d) Electric field strength due to a uniformly charged non-conducting solid sphere of radius R
at a distance r from centre

(1) atexternal point E,, = #Eﬂ% (Forr > R) E
i N 1 g & {”ﬂ
(1) atsurlace point E; = EE (Forr=R)
(i) atinternal point, E, = 41 ﬂs (Forr < R) i
TEy R

Multiple Choice Questions

Choose and write the correct option(s) in the following questions.
1. Which statement is true for Gauss law? [CBSE Sample Paper-2022, Term-1)]
(a) Allthe charges whether inside or outside the Gaussian surface contribute to the electric flux.
(b) Electric flux depends upon the geometry of the Gaussian surface.
(¢) Gauss theorem can be applied to non-uniform electric field.
(d) The electric field over the Gaussian surface remains continuous and uniform at every point.
2. Which of the diagrams correctly represents the electric field between two charged plates if a

neutral conductor is placed in between the plates? [CBSE 2022, (55/2/4), Term-1]
@) )
=TT+ [+ = [++

@)

3. The electric field due to a uniformly charged sphere of radius R as a function of the distance
from its centre is represented graphically by

(a) )
i

1 1

E E

o R r— o R r—
() ()

1 1

E E

o R r— o R r—

12 Xam idea Physics—XlII



4. A point positive charge is brought near an isolated conducting sphere (Fig. given below). The
electric field is best given by [NCERT Exemplar]

(a) Fig () () Fig ()
(¢) Fig (ifd) (d) Fig ()
5. The Electric flux through the surface [NCERT Exemplar]
S
O] (i) (i) ()

(a) in Fig. (i) is the largest.
(b) in Fig. (iit) is the least.
(¢) in Fig. (ii) is same as Fig. (i) but is smaller than Fig. (fv)
(d) is the same for all the figures.

6. A hemisphere is uniformly charged positively. The electric field at a point on a diameter away
from the centre is directed [NCERT Exemplar]
(a) perpendicular to the diameter (b) parallel to the diameter
(¢) atan angle tilted towards the diameter (d) at an angle tilted away from the diameter

7. An electric dipole placed in a non-uniform electric field can experience [CBSE 2020 (55/1/2)]
(a) a force but not a torque. (b) a torque but not a force.
(¢) always a force and a torque. (d) neither a force nor a torque.

8. Figure shows electric field lines in which an electric dipole p is placed as shown. Which of the

following statements is correct? [NCERT Exemplar] ___ ———>
(a) the dipole will not experience any force. P

(b) the dipole will experience a force towards right.

(¢) the dipole will experience a force towards lefi. P
¢ : 3 . o Y
(d) the dipole will experience a force upwards.
-_
9. A point charge +g, is placed at a distance d from an isolated conducting plane. The field ata
point P on the other side of the plane is [NCERT Exemplar]

(a) directed perpendicular to the plane and away from the plane.
(b) directed perpendicular to the plane but towards the plane.
(¢) directed radially away from the point charge.

(d) directed radially towards the point charge.

Electric Charges and Fields 13



10. If § E.dS = 0 over a surface, then [NCERT Exemplar]
(a) the electric field inside the surface and on it is zero.
(b) the electric field inside the surface is necessarily uniform.

(¢) the number of flux lines entering the surface must be equal 1o the number of flux lines
leaving it.

(d) all charges must necessarily be outside the surface.

11. Two charges are at distance d apart in air. Coulomb force between them is F. If a dielectric
material of dielectric constant K is placed between them, the Coulomb force now becomes
(a) F/K ) FK (c) F/K® (dy K°F

12. Which among the curves shown in figure possibly represent electrostatic field lines?

+f LE
\\ /2'* :\'\ ] ¢ é:_
‘/\ Conductor + >§
A)/' rf\:ﬁ_‘b // &\‘\
(@) (®
13. Two point charges A and B, having charges +¢ and —g respectively, are placed at certain

distance apart and force acting between them is F. If 25% charge of 4 is transferred to B, then
force between the charges becomes

9F 16F 4F
{a) F ® 1 © —5 ) 5~
14. Two large conducting spheres carrying charges Q; and Q, are kept with their centres r distance
1
4me, 2
[CBSE 2020 (55/3/3)]

apart. The magnitude of electrostatic force between them is not exactly because

(a) these are not point charges.
(b) charge distribution on the spheres is not uniform.
(¢) charges on spheres will shift Lowards the centres of their respective spheres.
(d) charges will shift towards the portions of the spheres which are closer and facing towards
each other.
15. A negatively charged object X is repelled by another charged object Y. However an object Z is
attracted to object ¥. Which of the following is the most possibility for the object Z?
[CBSE 2022 (55/2/4), Term-1]
(a) positively charged only (b) negatively charged only
(¢) neutral or positively charged (d) neutral or negatively charged

16. In an experiment three microscopic latex spheres are sprayed into a chamber and became
charged with charges +3e, +5e, and - 3e respectively. All the three spheres came in contact
simultaneously for a moment and got separated. Which one of the following are possible

values for the final charge on the spheres? [CBSE 2022 (55/2/4), Term-1]
(@) + be, —4e, + be ) + 6e, + 6e, - Te
(¢) —-4¢, + 3.5¢, + 5.5¢ (d) + 5e, - 8e, + Te

17. The magnitude of electric field due to a point charge 2¢, at distance r is E. Then the magnitude
of electric ﬁeld due to a uniformly charged thin spherical shell of radius R with total charge g

at a distance —(r >> R) will be [CBSE 2022 (55/2/4), Term-1]
E

@ 5 ® 0

(¢) 2E ) 4E

14 Xam idea Physics—XIl



18.

19.

20.

21.

22.

23.

24.

Three charges ¢, —q and g, are placed as shown in figure. The magnitude of the net force on

the charge g, at point O is lk = (4’:5 ) [CBSE 2022 (55/2/4), Term-1]
o
9
-
}
9o x
Ol—a—
2hqygy V2hgg, 1 kg
0 b d) ———
(a) b) 2 (© g (d) 7 a2

Four objects W, X, Y and Z, each with charge +¢ are held fixed at four points of a square of
side d as shown in the figure. Objects X and Z are on the midpoints of the sides of the square.
The electrostatic force exerted by object I on object X is F. Then the magnitude of the force

exerted by object Won Z is [CBSE 2022 (55/2/4), Term-1]
By ‘.T
d
. J
7l
F F F F
@ = ©) (Ohry @5
A square sheet of side ‘@’ is lying parallel to X¥ plane at z = a. The electric field in the region
is E = cz%k. The electric flux through the sheet is [CBSE 2022 (55/2/4), Term-1]
(a) a'c ) ;—aac (c) éa*c (d) 0

Two point charges placed in a medium of dielectric constant 5 are at a distance r between
them, experience an electrostatic force ‘F’. The electrostatic force between them in vacuum at

the same distance r will be [CBSE Sample Paper-2022, Term-1)
(@) 5F ) F © F12 ) Ff5

Consider an uncharged conducting sphere. A positive point charge is placed outside the
sphere. The net charge on the sphere is then, [CBSE Sample Paper-2022, Term-1]

(a) negative and uniformly distributed over the surface of sphere
(b) positive and uniformly distributed over the surface of sphere
(¢) negative and appears at a point on the surface of sphere closest to point charge
(d) zero
A cylinder of radius r and length [ is placed in a uniform electric field parallel to the axis of
the cylinder. The total flux for the surface of the cylinder is given by
[CBSE Sample Paper-2022, Term-1)

(a) zero ) o’

(¢) Emr® (d) 2 Enr*

Two parallel large thin metal sheets have equal surface densities 26.4 x 1072 C/m” of opposite
signs. The electric field between these sheets is [CBSE Sample Paper-2022, Term-1)]
(a) 1.5 N/C ) 1.5 x 1078 N/C

() 3x107""N/C (d) 3 N/C
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25. A small object with charge g and weight mg is attached to one end
of a string of length ‘L’ attached to a stationary support. The system
is placed in a uniform horizontal electric field ‘E’, as shown in the
accompanying figure. In the presence of the field, the string makes
a constant angle B with the vertical. The sign and magnitude of g is

[CBSE Sample Paper-2022, Term-1)
(@) positive with magnitude mg/E
(b) positive with magnitude (mg/E) tan®
(¢) negative with magnitude mg/E tan®
(d) positive with magnitude E tan6/mg
26. A point charge situated at a distance ‘r’ from a short electric dipole on its axis, experiences a
force F . If the distance of the charge is ‘2", the force on the charge will be
[CBSE 2023 (55/1/1)]
F F
@ g ® 5
F F
@ 3 @ 5

27. The magnitude of the electric field due to a point charge object at a distance of 4.0 m is 9 N/C.

From the same charged object the electric field of magnitude, 16NC™ will be at a distance of
[CBSE 2023 (55/2/1)]
(@) 1m ) 2m (€) 3m (d) 6 m

28. An electron experiences n forece (1-6 X 107" N) i in an electric field E. The electric field is
E is [CBSE 2023 (55/3/1)]
(@) (1.0x10°NC™) B —(1.0x10°NC™:

(€) (1.0xX107°NC™i (@) —-(1.0x107°NC™h;

29. Two charges g, and g, are placed at the centres of two spherical counducting shells of radius r,
and r, respectively. The shells are arranged such that their centres are d [> (r, + r,)] distance
apart. The force on g, due to g, is: [CBSE 2023 (55/4/1)]

1 @1g 1 Qg2
@) 4ne, 42 ® 4MEy (d - 5)2
(c) zero (d) S -
4nEo [d - (1 + )]

30. An electric dipole of length 2 cm is placed at an angle of 30° with an electric field 2 X 10°N/C.
If the dipole experiences a torque of 8 X 10 Nm, the magnitude of either charge of the
dipole, is [CBSE 2023 (55/4/1)]
(@) 4pC ®) 7uC
(¢) 8 mC (d) 2 mC

Answers
1. (d) 2. (d) 3. (b 4. (a) 5. (d) 6. (a) 7. ()
8. (¢) 9. (@) 10. (0), (d) 11 (@) 12. () 13. (b) 14. (b)
15. (c) 16. (b) 17. (0) 18. () 19. () 20. (2) 21. (a)
22. (d) 23. (@) 24. (d) 25. (b) 26. (b) 27. () 28. (b)
29. (a) 30. (a)
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Assertion-Reason Questions

In the following questions, a statement of Assertion (A) is followed by a statement of Reason (R). Choose the
correct answer out of the following choices.

(@) Both A and R are true and R is the correct explanation of A.
(b) Both A and R are true but R is not the correct explanation of A.
(¢) A is true but R is false.

(d) A is false and R is also false.

1. Assertion(4)
Reason (R)

2. Assertion(d)
Reason (R)

: A negative charge in an electric field moves along the direction of the electric field.

: On a negative charge a [orce acts in the direction of the electric field.

.

[CBSE 2022 (55/2/4), Term-I

: Charge is quantized because only integral number of electrons can be transferred.

: There is no possibility of transfer of some fraction of electron.

3. Assertion(4) :

Reason (R)

4. Assertion(A4)
Reason (R)
5. Assertion(A4)

Reason (R)
6. Assertion(d)
Reason (R)

7. Assertion(A4)
Reason (R)
8. Assertion(A)

Reason (R)
9. Assertion(A4)
Reason (R)

10. Assertion(A)

In a non-uniform electric field, a dipole will have translatory as well as rotatory
motion.

: In a non-uniform electric ficld, a dipole experiences a force as well as torque.

[CBSE Sample Paper 2021]

: Electrostatic field lines start at positive charges and end at negative charges.

Field lines are continuous curves without any breaks and they form closed loop.

: Electrons moves away from a region of lower potential to a region of higher

potential.

: An electron has a negative charge.

s

: All the charge in a conductor gets distributed on whole of its outer surface.

: In a dynamic system, charges try to keep their potential energy minimum.

[AIIMS 2018]

: When a body acquires negative charge, its mass decreases.

A body acquires positive charge when it gains electrons.

: Surface charge density of an irregularly shaped conductor is non-uniform.

: Surlace density is delined as charge per unit area.

Total flux through a closed surface is zero if no charge is enclosed by the surface.

: Gauss law is true for any closed surface, no matter what its shape or size is.

: If a proton and an electron are placed in the same uniform electric field, they

experience different acceleration.

Reason (R) : Electric force on a test charge is independent of its mass.
Answers
1. (d) 2. (b) 3. (a) 4. (o) 5. (a) 6. (a) 7. @)
8. (b) 9. (a) 10. (b)
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Case-based/Passage-based Questions

Read the paragraph given below and answer the questions that follow:
Frictional Electricity: Induction

The easiest way to experience electric charge is to rub certain solid bodies against each other.
Long ago, around 600 BC, the Greeks knew that when amber is rubbed with wool, it acquires
the property of attracting light objects such as small pieces of paper. This is because amber
becomes electrically charged. If we pass a comb through dry hair, the comb becomes electrically
charged and can attract small pieces of paper. An automobile becomes charged when it travels
through the air. A paper sheet becomes charged when it passes through a printing machine. A
gramophone record becomes charged when cleaned with a dry cloth.

g

- e 0 .y

J ~~ Ebonite
_~"Two charged rods Two charged rods
of same sign of opposite sign

The explanation of appearance of electric charge on rubbing is simple. All material bodies
contain large number of electrons and equal number of protons in their normal state. When
rubbed against each other, some electrons from one body may pass on to the other body. The
body that receives the extra electrons becomes negatively charged and the body that donates the
electrons becomes positively charged because it has more protons than electrons. Thus, when a
glass rod is rubbed with a silk cloth, electrons are transferred from the glass rod to the silk cloth.
The glass rod becomes positively charged and the silk cloth becomes negatively charged.

(#) Charge Q is distributed to two different metallic spheres having radii R and 2R such that
both spheres have equal surface charge density. Then charge on larger sphere is
4Q 3Q 5Q Q
@ ©) & © - ) &
(i7) A large non-conducting sheet S is given a uniform charge density. Two uncharged small
metal rods A and B are kept near the sheet as shown in figure. Which of the following is true?

A B
1 = L
] FW 3 W 3
£ - + - +
s
+
+
+
(a) S atracts A (b) § awracts B
(¢) A auracis B (d) All of these
(iii) Charge on a body which carries 300 excess electrons is
(@) 4.8 x 107"* C ) 4.8 x 107¥C
() -48 x 1077 C )48 x 1077 C
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(iv) Which of the following cannot be true about properties of charge?
(a) Charges can be created or destroyed in equal and unlike pairs only.
(b) Proper sign have to be used while adding the charges in a system.
(¢) Excess of electrons over protons in a body is responsible for positive charge of the body.
(d) It is not possible to create or destroy net charge carried by an isolated system.

OR
The cause of charging is
(@) actual transfer of neutrons (&) actual transfler of electrons
(¢) actual transfer of protons (d) none of these
Explanations
(f) (a) Ifq, and ¢’ are charges on sphere of radii R and 2R, then surface charge density will be same.
ie., 6=4a
e [ o~
= ag= s g
4R 4m(2R)? €= "
; .9
As g+ q=Q = ¢q+4=Q = g¢=+
-
1775

(i) (d) If the sheet § is given some positive charge density, then by induction, negative charge
develop on ends of A and B, closer to § and an equal positive charge develops on farther
ends of 4 and B as shown in figure. So, § attracts both 4 and B. Also, A attracts B.

(#11)  (¢) According o quantization of charge, Q = ne
Hence n=23%00, e=-1.6x%x10"C

So, 0 =300x(-1.6 x 10" =48 x 107"7C
(iv) (¢) Excess of electrons over protons in a body is responsible for negative charge of the body.
OR

(b) The charging of body is due to transfer of electrons only.

CONCEPTUAL QUESTIONS

. 1. Why is the direction of the electric field due to a charged conducting sphere at any point
: 4 -4 g Sp Y P
perpendicular to its surface? [CBSE 2019 (55/2/2)]

Ans. If electric field is not perpendicular but has a component tangential to the surface of the
conductor, it will exert force on charge and make them more. It means electrostatic condition
is violated. 1

[CBSE Marking Scheme 2019 (55/2/2)]

Q.2. Two electric field lines cannot cross each other. Also, they cannot form closed loops. Give
reasons. [CBSE 2020 (55/2/1)]
Ans. (i) Two electric field lines never cross each other because if they do so there will be two directions
of electric field at the point of intersection which is not possible.
(ii) Since the electric field lines start from positive charge and terminate at the negative charge
hence closed loops are not possible.
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Q. 3. Draw the pattern of electric field lines when a point charge +q is kept near an uncharged
conducting plate. [CBSE 2019 (55/1/3))

+

Ans.

E o kit SRR SR

Q. 4. Does the charge given to a metallic sphere depend on whether it is hollow or solid? Give reason

for your answer. [CBSE 2017 (55/1/1)]
Ans. No, Ya
Because the charge resides only on the surface of the conductor. Ya

[CBSE Marking Scheme 2017 (55/1/1))

Q. 5. Two identical conducting balls 4 and B have charges () and +30Q respectively. They are
brought in contact with each other and then separated by a distance d apart. Find the nature
of the Coulomb force between them. [CBSE 2019 (55/4/1)]
; 30-0
Ans. Final charge on balls Aand B = Ca Q
The nature of the coulomb force between them is repulsive.
. 6. Fig. shows three point charges +2gq, - g and +3¢. The charges +2¢
and —g are enclosed within a surface ‘S’. What is the electric flux due +3ge
to this configuration through the surface ‘§’?  [CBSE Delhi 2010) s

©Q
=

1
Ans. Electric flux = = % (Net charge enclosed within the surface)
0

T
"R %m0,

Q. 7. What is the electric flux through a cube of side 1 em which encloses an electric dipole?

[CBSE Delhi 2015]
Ans. Net electric flux is zero.

Reason : () Independent to the shape and size.
(i) Net charge of the electric dipole is zero.

Q. 8. Two metallic spheres 4 and B kept on insulating stands are in = °°
contact with each other. A positively charged rod P is brought near % L3
the sphere 4 as shown in the figure. The two spheres are separated %

from each other, and the rod P is removed. What will be the nature

of charges on spheres A and B? [CBSE 2019 (55/3/1)]
Ans. ® Sphere 4 will be negatively charged.

® Sphere B will be positively charged.

Explanation: If positively charged rod P is brought near metallic sphere A due 1o induction negative
charge starts building up at the lefi surface of 4 and positive charge on the right surface of B.

A B A B
Bass gﬂ o
T T
o n #
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Ans,

Q. 10.

Ans.

Q.13.

Ans.

If the two spheres are separated from each other, the two spheres are found to be oppositely
charged. If rod P is removed, the charges on spheres rearrange themselves and get uniformly
distributed over them.
Two charges of magnitudes — 20 and +0 are located at points (a, 0) and (4a, 0) respectively.
What is the electric flux due to these charges through a sphere of radius ‘3a’ with its centre at
the origin? [CBSE (AI) 2013)

-20

% 1

Concept: Imagine a sphere of radius 3a about 29 ka?,
the origin and observe that only charge -2Q is 1(0’ 0 44.0) (48, 0)
inside the sphere.

Electric flux, ¢ =

A metal sphere is kept on an insulating stand. A negatively charged

rod is brought near it, then the sphere is earthed as shown. On

removing the earthing, and taking the negatively charged rod away, =
what will be the nature of charge on the sphere? Give reason for Fround
your answer. [CBSE 2019 (55/3/1)]

The sphere will be positively charged due to electrostatic induction.

Explanation: When a negatively charged rod is brought near a metal sphere, the electrons will
flow to the ground while the positive charges at the near end will remain held there due to the
attractive force of the negative charge on the rod. On disconnecting the sphere from the ground,

the positive charge continues 1o be held at the near end. On removing the electrified rod, the
positive charge will spread uniformly over the sphere.

How does the electric flux due to a point charge enclosed by a spherical Gaussian surface get
affected when its radius is increased? [CBSE 2016 (55/1/1)]

. Electric flux remains unaffected. 1

[CBSE Marking Scheme 2016 (55/1/1)]

Sketch the electric field lines for a uniformly charged hollow cylinder shown
in figure. [NCERT Exemplar][HOTS)

¥ .
+O+ TR A
/*\

Top view Side view

+ 4+ + + + + + 4+ + o+

What is the nature of electrostatic force between two point electric charges ¢, and g, if
(a) g, + g2>0? () g, + g;<0?
(a) If'both g, and ¢, are positive, the electrostatic force between these will be repulsive.

However, if one of these charges is positive and is greater than the other negative charge, the
electrostatic force between them will be attractive.

Thus, the nature of force between them can be repulsive or attractive.
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(b) If both ¢, and ¢, are -ve, the force between these will be repulsive.
However, if one of them is —ve and it is greater in magnitude than the second+ve charge, the
force between them will be attractive.
Thus, the nature of force between them can be repulsive or attractive.

Q. 14. The dimensions of an atom are of the order of an Angstrom. Thus there must be large electric
fields between the protons and electrons. Why, then is the electrostatic field inside a conductor
zero? [NCERT Exemplar]

Ans. The electric fields bind the atoms to neutral entity. Fields are caused by excess charges. There
can be no excess charge on the inner surface of an isolated conductor. So, the electrostatic field
inside a conductor is zero.

Q. 15. An arbitrary surface encloses a dipole. What is the electric flux through this surface?

[NCERT Exemplar]
Ans. Net charge on a dipole = — ¢ + ¢ = 0. According to Gauss's theorem, electric flux through the
surface,
_9_0
& &

Each of the following questions are of 2 marks.

Q. 1. (a) An electrostatic field line is a continuous curve. That is, a field line cannot have sudden
breaks. Why is it so?
(b) Explain why two field lines never cross each other at any point. [CBSE (Al) 2014]
Ans. (a) An electrostatic field line is the path of movement of a positive >
test charge (q,— 0) E @
Amoving charge experiences a continuous force in an electrostatic
field, so an electrostatic field line is always a continuous curve. A
(&) Two electric lines of force can never cross each other because if
they cross, there will be two directions of electric field at the point E
of intersection (say A); which is impossible. 2
Q. 2. Define electric dipole moment. Is it a scalar or a vector quantity? What are its ST unit?
[CBSE Sample Paper 2021, (AI) 2011, 2013, (F) 2009, 2012, 2013]
Ans. The electric dipole moment is defined as the product of either charge and the distance between

the two charges. Its direction is from negative Lo positive charge. 4 2 >

ie, |pl=q2) = B e
Electric dipole moment is a vector quantity.
Its ST unit is coulomb-metre.

Q. 3. Depict the orientation of the dipole in (a) stable, (b) unstable equilibrium in a uniform electric
field. _ . [CBSE Delhi 2017)
Ans. (a) Stable equilibrium, 8 = 0° P is parallel 1o E

@

S —

P
R
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(b) Unstable equilibrium, 8 = 180° Fisand parallel 1o E

"l + —_
P q q £

Q. 4. The figure shows tracks of three charged particles in a uniform electrostatic field. Give the
signs of the three charges. Which particle has the highest charge to mass ratio? [NCERT]

A 1 5 y
++++++++++++++++/‘
,//
________ B oo e e, ek SR ety ;3 X

Ans. A positively charged particle is deflected towards a negative plate and a negatively charged
particle towards a positive plate and shows a parabolic path.

From fig. it is clear that the particles (1) and (2) are deflected towards positive plate; hence, they
carry negative charges.

Particle (3) is deflected along negative plate, so it carries positive charge.
The transverse deflection in a given electric field is

E
y= l—atQ, wherea= % andt = (i)

2 U
_1{g\Ex* ¢
So y=3(&)5en

From fig., it is obvious that the transverse deflection is the maximum for particle (8), hence,
particle (3) has the highest charge to mass ratio (g/m). i

. 5. Plot a graph showing the variation of coulomb force (F) versus (— |, where r is the distance
grap g 2
r

between the two charges of each pair of charges: (1 pC, 2 uC) and (2 pGC, - 3 pC). Interpret the

graphs obtained. [CBSE (Al) 2011]
%4
Ans. =B :
4ne, ,?
The graph between F and Lz is a straight line of slope ﬁql 4, passing through origin in both
the cases. v 0
T 1p2—
F Repulsive
F
e | Allractive

Since, magnitude of the slope is more for attraction, therefore, attractive force is greater than
repulsive force.
Q. 6. Derive an expression for the torque acting on an electric dipole of dipole moment P placed

in a uniform electric field E . Write the direction along which the torque acts.
[CBSE 2019 (55/5/1)]
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Ans. qE

| i g
-qE
Force on either charge, F = gE
Magnitude of torque = Either of force X | distance between them. Va
T = qE 2a sin
= T = pE sin @
- — —
T=P XE e
Direction is normal to the paper coming out of it. Ya

[CBSE Marking Scheme 2019 (55/5/1)]

Q. 7. Two identical dipoles are arranged in x-y plane as shown in the figure. Find the magnitude

and the direction of net electric field at the origin O. [CBSE 2023 (55/4/1)]
4 y
-q o q 2
-q

Ans.  Electric field at O due to both dipole.

q ¥
a
-qe o *q x
a
-q
—~ kg R R 2kq e E 0
Ei=—(-j-1)=-—] : E
a a
- - 2kq
Eo = —(-1-1)=-—1
* a® a’
So, net electric field at O, Epet
= = =
- [12kg 2 2kg
|Ewi| = JE} + E; :,\/(—2) +(—2) e
[ \a a
242k
=— 1 net
a
|E:
Also, tana=-——=1 =5 o = 45°
||

Hence, direction of E,m is 45° to its — x axis or 225° to + x-axis.
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Q.8.

Ans.

Ans.

Ans.

Q.11

(a) Define electric flux. Write its SI unit.

(b) A spherical rubber balloon carries a charge that is uniformly distributed over its surface. As
the balloon is blown up and increases in size, how does the total electric flux coming out of the
surface change? Give reason. [CBSE (F) 2016]

(a) Total number of electric field lines crossing a surface normally is called electric flux.

Its SI unit is Nm*C™ or Vm.

(b) Total electric flux through the surface = Ei
0

As charge remains unchanged when size of balloon increases, electric flux through the

surface remains unchanged.

A point charge + 10 pC is at a distance 5 cm directly above the q=104C

the centre of a square of side 10 cm as shown in figure. What 5cm

is the magnitude of the electric flux through the square? [Hint:

Think of the square as one face of a cube with edge 10 cm] / /
[NCERT] [HOTS]

Obviously the given square ABCD of side 10 ¢m is one face of a | //

cube of side 10 cm. At the centre of this cube a charge + ¢=10 uC ,f Jiviom

is placed. / /

According to Gauss's theorem, the total electric flux through the f /

_— . q
six faces of cube = —.
&

Total electric flux through square,

_1, 10x10° a— "
6 g85x107™" 10 cm
= 1.88 x 10° Nm2C™.. D 10em C

Two identical point charges, g each, are kept 2 m apart in air. A third point charge Q of unknown
magnitude and sign is placed on the line joining the charges such that the system remains in

equilibrium. Find the position and nature of Q. [CBSE 2019 (55/1/1)]
System is in equilibrium therefore net force on each charge of system will be zero.
For the total forece on ‘Q’ to be zero q a
q
ioge, 1 | 9e I i, 5 |
4ne, «? 4ne, (2 - x)? om
=3 x=2-x = 2x=2
S x=1m

W

For the equilibrium of charge “g” the nature of charge Q must be opposite to the nature of charge .
A particle of mass m and charge (—g) enters the region between the two charged plates initially
moving along X-axis with speed v, as shown in fig. The length of plate is L and an uniform
electric field E is maintained between the plates. Show that the vertical deflection of the

EL*
particle at the far edge of the plate is 7: P [NCERT) [HOTS]
my
x

tHEHt+t+t+tog
-
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E
Ans. Force on particle towards upper plate B, Fy = gE vertical acceleration of particle, a, = %
Initial vertical velocity v, = 0
Speed of particle along X-axis =v, (constant)

Time taken by particle between the plates, ¢t = -uL

From relation, s = ut + %at2

Vertical deflection, y = 0 + A, 2=i0E I—(E)(—)

. 2= U gt =i oo
gEL*

2
2Zmy

b 4

Q. 12. Given a uniform electric field E = 5x10% i N/C, find the flux of this field through a square of
10 cm on a side whose plane is parallel to the ¥-Z plane. What would be the flux through the
same square if the plane makes a 30° angle with the X-axis? [CBSE Delhi 2014]
Ans. Here, E=5X%10°; N/C, i.e., field is along positive direction of X-axis.
Surface area, A= 10cm X 10cm = 0.10 m x 0.10 m = 107 m?
(1) When plane is parallel to ¥-Z plane, the normal to plane is along X-axis. Hence
6=0°
¢ =EAcos® =5x10*x 10 cos0° = 50 NC' m*®
(#7) When the plane makes a 30° angle with the X-axis, the normal 1o its plane makes 60° angle
with X-axis. Hence 0 = 60°,
¢ = EAcosf= 5X10°> X102 cos60° = 25 NC'm?
. 13. Five point charges, each of charge +gq are placed on five vertices of a regular hexagon of
P g g *q P g &

side ‘I'. Find the magnitude of the resultant force on a charge —¢ placed at the centre of the
hexagon. [CBSE 2019 (55/3/1)]

Ans. +q +q

AV, 1

+q +q
Alternatively:
The forces due to the charges placed diagonally opposite at the vertices of hexagon, on the
charge -g cancel in pairs. Hence net force is due o one charge only.

1 oF

e, 2 1

Net Force, |F|
[CBSE Marking Scheme 2019 (55/3/1)]

Q. 14. Represent graphically the variation of electric field with distance, for a uniformly charged

plane sheet. [CBSE Sample Paper 2017]
Ans. Electric field due 1o a uniformly charged plane sheet. E
1]
E= 2750 E = Conslant

which is independent of distance.
So, it represents a straight line parallel to distance axis.
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Q. 15. A metallic spherical shell has an inner radius R, and outer radius R,. A charge Q is placed at
the centre of the spherical cavity. What will be surface charge density on (i) the inner surface,
and (ii) the outer surface? [NCERT Exemplar]

Ans. When a charge + @ is placed at the centre of spherical cavity,
the charge induced on the inner surface = - Q
the charge induced on the outer surface = +Q

Surface charge density on the inner surface =

a2

Surface charge density on the outer surface =

2
2

Q. 16. Two large parallel plane sheets have uniform charge densities +¢ and - ¢. Determine the

electric field (i) between the sheets, and (ii) outside the sheets. [CBSE 2019 (55/4/1)]
Ans. A B
“l+o -1 —o
- /
Ve
. - E.e-oE
E; E, B A
P E, E, R
-
//
Now Electric field Intensity due to a plane sheet of charge
=]
P 1
2g, i
Here +
— i =i
= %, and E, %,
(@) Electric field at point @ (In between the sheets)
E=E +Ep=_—+-—=— !
AT T T 5
(i1) Field at the point P or R
= [5] ol
= Y P Bl 1
E=E +Eg %e, "2, 0 Ve

[CBSE Marking Scheme 2019 (55/4/1)]

Q. 17. The given figure shows the electric field lines around

three point charges 4, B and C. Lo ,/x /:/é\\i‘\\\
(a) Which charges are positive? e, \\\ f e AN
o RSN
() Which charge has the largest magnitude? Why? }J;\‘
(¢) In which region or regions of the picture could the : /}K\ﬁ/

electric field be zero? Justify your answer.
(i) near A (ii) near B (iii) near C (iv) nowhere.
[NCERT Exemplar] [HOTS)]
Ans. (a) Charges A and C are positive since lines of force emanate from them.

(b) Charge C has the largest magnitude since maximum number of field lines are associated with it.
(€) (z) near A.
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Justification: There is no neutral point between a positive and a negative charge. A neutral
poinL may exist between two like charges. From the figure we see that a neutral point exists
between charges A and C. Also between two like charges the neutral point is closer Lo the charge
with smaller magnitude. Thus, electric field is zero near charge A.

Q. 18. Two isolated metal spheres A and B have radii R and 2R respectively, and same charge ¢. Find
which of the two spheres have greater energy density just outside the surface of the spheres.

[CBSE Sample Paper 2016]
Ans. Energy density,
1 e
U= EEOE
B
g, Ag,
2 2
g 1
U=1§ OQQ'? = U= Q?' = Uoc*2 = UA>UE
A*gy 24%g, A Q q

Q. 19. Four point charges 0, g, Q and g are placed at the corners of a square of
side ‘a’ as shown in the figure. Find the resultant electric force on a

charge Q. [CBSE 2018 (55/1)]

Ans.  Let us find the force on the charge @ at the point C.
Force due to the other charge Q

2 2
1 Q ! Q 1
|7 e, (af)7 T dne, (@) e *
Force due to the charge ¢ (at B),

1 492
= 41[50? (along BC)

Fy

Force due 1o the charge ¢ (a1 D), af3

P U (4

T (along DC) - %]
0

= : e | F.
Resultant of these two equal forces i

T
_ 1 9062 PR
23—41[&0 2 (along AC)

Net force on charge @ (at point C) £
105

4me, 42
This force is directed along AC. (For the charge @, at the point 4, the force will have the same
magnitude but will be directed along CA4)

[Note: Don't deduct marks if the student does not write the direction of the net force, F]
[CBSE Marking Scheme 2018 (55/1)]

B= o, =

Q. 20. Three point charges ¢, — 4¢ and 2¢g are placed at the vertices of an equilateral triangle ABC
of side ‘I’ as shown in the figure. Obtain the expression for the magnitude of the resultant
electric force acting on the charge ¢. [CBSE 2018 (55/1)]
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Justification: There is no neutral point between a positive and a negative charge. A neutral
poinL may exist between two like charges. From the figure we see that a neutral point exists
between charges A and C. Also between two like charges the neutral point is closer Lo the charge
with smaller magnitude. Thus, electric field is zero near charge A.

Q. 18. Two isolated metal spheres A and B have radii R and 2R respectively, and same charge ¢. Find
which of the two spheres have greater energy density just outside the surface of the spheres.

[CBSE Sample Paper 2016]
Ans. Energy density,
1 e
U= EEOE
B
g, Ag,
2 2
g 1
U=1§ OQQ'? = U= Q?' = Uoc*2 = UA>UE
A*gy 24%g, A Q q

Q. 19. Four point charges 0, g, Q and g are placed at the corners of a square of
side ‘a’ as shown in the figure. Find the resultant electric force on a

charge Q. [CBSE 2018 (55/1)]

Ans.  Let us find the force on the charge @ at the point C.
Force due to the other charge Q

2 2
1 Q ! Q 1
|7 e, (af)7 T dne, (@) e *
Force due to the charge ¢ (at B),

1 492
= 41[50? (along BC)

Fy

Force due 1o the charge ¢ (a1 D), af3

P U (4

T (along DC) - %]
0

= : e | F.
Resultant of these two equal forces i

T
_ 1 9062 PR
23—41[&0 2 (along AC)

Net force on charge @ (at point C) £
105

4me, 42
This force is directed along AC. (For the charge @, at the point 4, the force will have the same
magnitude but will be directed along CA4)

[Note: Don't deduct marks if the student does not write the direction of the net force, F]
[CBSE Marking Scheme 2018 (55/1)]

B= o, =

Q. 20. Three point charges ¢, — 4¢ and 2¢g are placed at the vertices of an equilateral triangle ABC
of side ‘I’ as shown in the figure. Obtain the expression for the magnitude of the resultant
electric force acting on the charge ¢. [CBSE 2018 (55/1)]
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Q. 21. A simple pendulum consists of a small sphere of mass m suspended by a thread of length I.
The sphere carries a positive charge g. The pendulum is placed in a uniform electric field of
strength E directed vertically downwards. Find the period of oscillation of the pendulum due
to the electrostatic force acting on the sphere, neglecting the effect of the gravitational force.

[CBSE 2019 (55/3/1)]
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Comparing with equation of linear SHM

gE
2
5 X = wet=g

= AR,
T—E—%‘( qE 171

Alternatively: The student can use angular SHM intermediate also. Full marks o be awarded
for correct answer even without intermediate steps.

[CBSE Marking Scheme 2019 (55/3/1)]

Q. 22, An electric dipole of length 2 cm is placed with its axis making an angle of 60° with respect to
uniform electric field of 10° N/C.
If it experiences a torque of 8 V3 Nm, calculate the magnitude of charge on the dipole, and its
potential energy. [CBSE Sample Paper 2021]
Ans. Here,2l=2cm =2 % 102 m
8 =60° E= 10°N/C,T = 8y3 Nm
Using T =pEsinf
T=2¢lEsin®
N 8/3 %2
T 2{Esinf 2x1072x10° % /3
Potential energy = — pE cos8 = -2¢lE cos 8

=8x1073C

q

= —2><10'2><8x10'5><105><;7 =8]
Q. 23. Two point charges g, = +1 pC and g, = +4 pC are placed 2 m apart in air. At what distance
from g, along the line joining the two charges, will the net electric field be zero?

[CBSE 2020 (55/3/1)]
Ans. The electric field at point P due to gy,

_h
|
The electric field at point P due 1o gs, —x (2-%) ]
= kq2 N il %
T 2-x)? f 2m f
At point P, net electric field is zero,
= E =E,
L L s L. d
2 (2-x)? *2-x)°
1 2
= ?=(2_x) = (2-x)=2x
=5 =2
x= 3m
3

Q. 24. An electric field is uniform and acts along + x direction in the region of positive x. It is also
uniform with the same magnitude but acts in — x direction in the region of negative x. The
value of the field is E = 200 N/C for x > 0 and E = — 200 N/C for x < 0. A right circular cylinder
of length 20 cm and radius 5 cm has its centre at the origin and its axis along the x-axis so that
one flat face is at x = +10 cm and the other is at x = -10 cm.
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Ans.

Find:
(i) The net outward flux through the cylinder.

(i) The net charge present inside the cylinder. [CBSE 2020 (55/1/1)]
(@) ¥
5cm A8
Es —E
QO X
AS AS i

x=-10em 20€M  .-qocm

The net outward flux through cylinder,

6 =EA+ EA=2EA where, A =nr Ve
$ =2 %200 X 3.14 X 0.05 X 0.05
= 3.14 NC'm? g
(#) The net charge present inside the cylinder,
q= g
q=8.854 x 3.14 x 107 Y
=2 R 1R Yy

[CBSE Marking Scheme 2020 (55/1/1)]

Short Answer Questions

Each of the following questions are of 3 marks.

Q.1

Ans.

Two charged conducting spheres of radii @ and b are connected to each other by a wire. Find
the ratio of the electric fields at their surfaces. [CBSE 2023 (55/2/1)]

Two charged conducting spheres are connected to a wire then their potenual on the surfaces are
same.

k
[Since V= Tq

ie., v, =V,
M, M _ % _a
a b g b

ki
Also, we know, E = T—Z (for point change)

kg, kg,
then, E,= —,and Ey=—
' a’ ’ b*
kg,
E 9 2
. a a b qa, b
Ratio, — = —=—FX—=_.
atio. E, M, 2 %@
672
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Q. 2. A thin metallic spherical shell of radius R carries a charge Q on its surface. A point charge 9
is placed at the centre C and another charge +2(Q is placed 23
Y

outside the shell at 4 at a distance x from the centre as shown

in the figure. Q/r_"\\
i

(i) Find the electric flux through the shell.
(#i) State the law used.

II
(iii) Find the force on the charges at the centre C of the shell and \ /
at the point 4. [CBSE East 2016]

Total enclosed charge

Ans. (i) Electric flux through a Gaussian surface, ¢ =
&g

Net charge enclosed inside the shell, g = 0

Electric flux through the shell, ¢ = Ei =0
0

(i7) Gauss’s Law: Electric flux through a Gaussian surface is EL times the net charge enclosed
0
within it.
: = 1
Mathematically, $E.ds = Pl
0

(it7) We know that electric field or net charge inside the spherical conducting shell is zero. Hence,

the force on charge Y is zero.
Q
QQ(Q + 7) 3Q2
Force on charge at 4, F, = - = = 1
8 A 4ne, x? ane, 2

Q. 3. (a) The distance of a far off point on the equatorial plane of A
an electric dipole is halved. How will the electric field be
affected for the dipole?

(b) Two identical electric dipoles are placed along the o
diagonals of a square ABCD of side 2 m as shown in
the figure. Obtain the magnitude and direction of the net
electric field at the centre (O) of the square. D

o=
[CBSE 2023 (55/1/1)] a
Ans. (a) If#' = %
+q -q
kp kp  8kp A B
Then, E', = = = g
L ¢ (1) r r r
2 0]
Hence, electric field at new position at equatorial line ¢ v
becomes 8 times of its initial value. r
(b) Here, AB = BC = CD = AD = y2 m and +q 4
9i=9p= +*4:4s =9c¢=-4 D VZm Cc
Electric field due to 4 and C at O,
M oM_M M . V2
B il R, g e L NG r=42sin45°=—"—=1m
1 A c T2 TE (1 ) )2 qu ‘@
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Q. 2. A thin metallic spherical shell of radius R carries a charge Q on its surface. A point charge 9
is placed at the centre C and another charge +2(Q is placed 23
Y

outside the shell at 4 at a distance x from the centre as shown

in the figure. Q/r_"\\
i

(i) Find the electric flux through the shell.
(#i) State the law used.

II
(iii) Find the force on the charges at the centre C of the shell and \ /
at the point 4. [CBSE East 2016]

Total enclosed charge

Ans. (i) Electric flux through a Gaussian surface, ¢ =
&g

Net charge enclosed inside the shell, g = 0

Electric flux through the shell, ¢ = Ei =0
0

(i7) Gauss’s Law: Electric flux through a Gaussian surface is EL times the net charge enclosed
0
within it.
: = 1
Mathematically, $E.ds = Pl
0

(it7) We know that electric field or net charge inside the spherical conducting shell is zero. Hence,

the force on charge Y is zero.
Q
QQ(Q + 7) 3Q2
Force on charge at 4, F, = - = = 1
8 A 4ne, x? ane, 2

Q. 3. (a) The distance of a far off point on the equatorial plane of A
an electric dipole is halved. How will the electric field be
affected for the dipole?

(b) Two identical electric dipoles are placed along the o
diagonals of a square ABCD of side 2 m as shown in
the figure. Obtain the magnitude and direction of the net
electric field at the centre (O) of the square. D

o=
[CBSE 2023 (55/1/1)] a
Ans. (a) If#' = %
+q -q
kp kp  8kp A B
Then, E', = = = g
L ¢ (1) r r r
2 0]
Hence, electric field at new position at equatorial line ¢ v
becomes 8 times of its initial value. r
(b) Here, AB = BC = CD = AD = y2 m and +q 4
9i=9p= +*4:4s =9c¢=-4 D VZm Cc
Electric field due to 4 and C at O,
M oM_M M . V2
B il R, g e L NG r=42sin45°=—"—=1m
1 A c T2 TE (1 ) )2 qu ‘@
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Again, electric field due 1o D and B,
kg kg kg kg

= E.
E2=ED+EB=W+W:W+W=2@NC]. 1
S0, Epey = E2+ E}? e
3 . Pl o et
= V(2kg) +(2kg)
= 242 kg NC™ .
For direction, a = tan™ (@) i
2kq
=tan”'(1) = 45°
So, E,, along 45° from E| or E,. =
Q. 4. Two small identical electric dipoles AB and CD, each of I
dipole moment P are kept at an angle of 120° to each G
other in an external electric field E pointing along the —q\ e
x-axis as shown in the figure. Find the X = N =
(a) dipole moment of the arrangement, and c
(b) magnitude and direction of the net torque acting on it. By-a b
[CBSE 2020 (55/2/1)]
Ans. i
Y ===
) el @ D Sl Qafam_
E O, .8 = .
e X Bipoly -mmm!r)( O&J'aft |
- e CD‘Psi’wfaou
ot g i la e Ga j_ o

iy mpalf:;éfg)’:r _z;uﬁ i b—:+ (P 1 /J‘:;?

dar;u aof? n o ;(5; 506/{;__@

x Yo A, qtf}(m anmu-,»r 7&3_‘
/

"‘lﬂ-@‘-—-?‘* .ﬁﬂ”}&m&ﬁ\fa_c%’““ McLi;

,- - i f(p%—;dﬁ, a&‘ _F—'T"‘ _E_‘ TR
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o <, "DZ; da moment = PO 8- Uk
L ok - E D

T R e & B P =
. ._._'_.~.__qu79_4& = (pEEBI)¥E e
= e e == ‘F‘L‘\fi)j xfd '-'_;ﬁ.e. u(,f‘ .L,:‘._f,éL

[Topper’s Answer 2020]

Q. 5. State Gauss’s law in electrostatics. A cube with each side ‘a’ is kept in an electric field given by

E=Cx7, (as is shown in the figure) where C is a positive ke

dimensional constant. Find out [CBSE (F) 2012]
(i) the electric flux through the cube, and

(ii) the net charge inside the cube.

Ans. Gauss’s Law in electrostatics states that the total electric flux

1 - - — X
through a closed surface enclosing a charge is equal to =
0

times the magnitude of that charge.

o= fEd5 =L
5 o
(i) Net flux, b = ¢, + b, .
. i E
where ¢, = E.dS A ol _:
= 2aC dS cos 0° E T
=900 xa = 22 C % &
$s = aC X a® cos 180° = -a°C - a—r

b = 24°C + (-°C) = ®*C Nm® ¢!
(1) Net charge (9) =g, X ¢ = &"C g, coulomb
q= a’c g, coulomb.
Q. 6. A spherical conducting shell of inner radius r; and outer radius r, has a charge Q.

(a) A charge g is placed at the centre of the shell. Find out the surface charge density on the
inner and outer surfaces of the shell.

(b) Is the electric field inside a cavity (with no charge) zero; independent of the fact whether
the shell is spherical or not? Explain. [CBSE 2019 (55/2/1)]

Ans.  (a) Diagram

1/2
Q+g p
The Surface charge density on inner surface of the shell is 6, = - o 1
0T,
it 1
The surface charge density on outer shell is ¢, = 2 ;I Ya
T

2
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(b) Consider a Gaussian surface inside the shell, net flux is zero since ¢, = 0. According to
Gauss's law it is independent of shape and size of shell. 1

[CBSE Marking Scheme 2019 (55/2/1)]
Q. 7. Two large charged plane sheets of charge densities 6 and —2¢ C/m?® are arranged vertically
with a separation of d between them. Deduce expressions for the electric field at points

(i) to the left of the first sheet, (ii) to the right of the second sheet, and (iii) between the two
sheets. [CBSE 2019 (55/2/1)]

Ans.

. 3 1%

T.
|

T
l

(1) Electric field in the region left of first sheet, %
E\=E +Es
s} [}
Fe= & 26,
=}
Ei=+ g
It is towards right.

(it) Electric field in the region to the right of second sheet Ya
= RGO
L oesiyien
a
e
I 250
It is towards left.
(i) Electric field between the two sheets, Ye
Eyy=E +Ey
LG
£y 28,
30
PER

Electric field is towards the right.

Eyy =

Ey =

[CBSE Marking Scheme 2019 (55/2/1)]

Q.8. (a) “The outward electric flux due to charge +0 is independent of the shape and size of the
surface which encloses it.” Give two reasons to justify this statement.

(b) Two identical circular loops ‘1’ and ‘2’ of radius R each have linear charge densities -\
and +A C/m respectively. The loops are placed coaxially with their centres R+/3 distance
apart. Find the magnitude and direction of the net electric field at the centre of loop *1°.

[CBSE Patna 2015]




Ans. (a) Infigure, a charge + Q is enclosed inside the surfaces §, and §,.

(i) For a given charge Q the same number of electric field
lines emanating from the surfaces §; and §y depends on
the charge Q and independent to the shape and size of the
surfaces of §; and Ss.

(if) From Gauss's law the net-outward electric flux through any

. . i %
closed surface of any shape and size is equal to = Umes
0

the charge enclosed within that surface i.e., =
0

(&) Electric field at the centre O, due to loop 1 is given by

|E\|=0(AsZ =0) 2 *h 1
Electric field at a point outside the loop 2 on the axis r| \-14
passing normally through O, of loop 2 is [ R{ \ = ‘
AR z | Ll
lEQl_E (REFZHW | 2 /} z=J3R 1 H %‘e“\
Since Z=R/3 \/ \
_ANR_ RY3
28, (R* + 3R%)¥?
A3 ; Y
= m towards right (As i is positive)
So, net electric field at the centre of loop 1,
E=E\+E:
A3
— INCERY

16g,R ~ 16g,R

Q. 9. Two charges q and -3q are placed fixed on x-axis separated by distance ‘d’. Where should a

third charge 2¢ be placed such that it will not experience any force? [NCERT Exemplar]
Ans. P 1 d Q
2{{4_ X — -3q

Let the charge 2¢ be placed at point P as shown. The force due to g is to the left and that due to
-3¢ is to the right.
2 o 2
c Z= o 7 = d+x)? = 35
AMEx 4me, (d +x)

d V3d
2 -2de-d*=0 = x=gi '/2
(—ve sign shows charge 2¢ at p would lie between g and -3¢ and hence is unacceptable.)
/3d
= x =% 2 g = g(l +/3) 1o the lefi of .

Q. 10. A hollow conducting sphere of inner radius r; and outer radius r; has a charge Q on its
surface. A point charge —q is also placed at the centre of the sphere.
(a) What is the surface charge density on the (i) inner and (ii) outer surface of the sphere?
(b) Use Gauss’ law of electrostatics to obtain the expression for the electric field at a point
lying outside the sphere. [CBSE 2020 (55/4/1)]
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q

Ans. (a) Surface charge density on the inner surface = i e
T,
1
On the outer surface = Q_g Ya
4mr,
(b) For a spherical Gaussian surface x > r,, 1
(B = Q-q
€o
Rt Bt %
&
1 Q-¢ 1
&= AnE, A2 *

[CBSE Marking Scheme 2020 (55/4/1)]

Long Answer Questions

Each of the following questions are of 5 marks.

Q. 1. (i) State Coulomb’s law in electrostatics and write it in vector form, for two charges.
(i7) Gauss’s law is based on the inverse-square dependence on distance contained in the
Coulomb’s law.” Explain.
(iii) Two chargesA (charge ¢) and B (charge 2¢) are located at points (0, 0) and (a, a) respectively.
Let i and j be the umt vectors along x-axis and y-axis respectively. Find the force exerted
by A on B, in terms of i and _; " [CBSE 2023 (55/1/1)]

Ans. (i) Coulomb’s Law:
It states that the force of atiraction or repulsion between two point charges is directly
proportional to the product of magnitude of charges and inversely proportional to the
square of distance between them. The direction of this force is along the line joining the two

charges, i.e.,
" k ‘:’1?2

where k= e 18 constant of pruporuona]uy; € is permittivity of medium between the

charges. If g;is permittivity of free space and K the dielectric constant of medium, then

£=Kg, e 1 94
4ane K 42
For free space K = 1, Therefore
_.. 1 EILE]
dme, 42
In Vector fr A
n Vector from, = | G " 2 B
- T O — 00—
4K€ﬂ 2 Fiz Gy ryz 9z Fa
- —r
. _T:
Bt W= r
Foy = L 9192 721 __1 ‘hQ‘z;
o ane, 2 T 4ne, 3 =
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Similarly if’ r12is position vector of ¢, relative o o and 7, is unit vector from B 1o 4, then
B 1 %%, 1 9% =

12 = Fig = 12

dne, 2 12 dme, B

(i) Let + g charge is placed at a point O and a point P lies at

distance r from the point 0. Imagine a sphere of radius r 2l - E, 95
and centre 0. Thus, point P lies on the surface of the sphere. / Rl/\r@/‘

/ P

[ r

Now, the surface of the sphere will behave as gaussian surface.
Therelore, the intensity of electric field on the surface at all ‘\ !
the points will be equal in magnitude and will be directed - \ /

radially outward. -

The electric flux passing through the spherical surface,
¢g = E . Scos 0°

be=E.S [S = 4mr7]
bg = E ()
s ¥ qin 15
From Gauss's law, ¢p = T .. (i2)
Gin
From equation (i) and (i), 4nr°F = €,
or E= qi?
4me r

Now, imagine a charge ¢, placed at point P.
Force onqg, F = gy E
Go%in
4me r*
= 1 qum
T odme,t )2

= F=

Hence it verify coulomb’s inverse square law.
(i1) Force exerted by A on B,

= h
. ‘11:'21F
r
Using distance Formula,

r = /a-0)*+ (-0 =2a

a,f+a} f+:1'

=

V2a V2
. kg% 2 (i+] kq® ..
Now, Fga= 5 Z( .j)=ﬁi2(i+j)N
(,'.r'Ea) V2 V2a

. 2. Find expressions for the force and torque on an electric dipole kept in a uniform electric field.
2. Find expressions for the f d torq lectric dipole kept i ife lectric field
[CBSE (AI) 2014; 2019 (55/5/1); 2020 (55/3/1); 2020 (55/5/1); CBSE Sample Paper 2021
OR
(i) Define torque acting on a dipole of dipole moment ; placed in a uniform electric field
E. Express it in the vector form and point out the direction along which it acts.

(i) What happens if the field is non-uniform?

(iii)) What would happen if the external field E is increasing (i) parallel to fz. and (i) anti-

parallel to p [CBSE (F) 2016)
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Ans. Consider an electric dipole placed in a uniform electric field of strength E in such a way that its

. _— . . - o
dipole moment p makes an angle 8 with the direction of

- -
E . The charges of dipole are — g and +¢ at separation 2/ P o e e o
the dipole moment of electric dipole, .
: [:] @
p=q2 () 24 E 2
Force: The force on charge +q is, F] = qf, along the it
. . . = - = ‘
direction of field E . Bical _qf}t,e !

The force on charge - ¢ is Ey =qf, opposite 1o the
direction of field E .

. - = § = - . - . - . -
Obviously forces F; and Fg are equal in magnitude but opposite in direction; hence net force
on electric dipole in uniform electric field is

F=F -Fy=qE-qE =0 (zero)
As net force on electric dipole is zero, so dipole does not undergo any translatory motion.
Torque: The forces F1 and Fs forma couple (or torque) which tends to rotate and align the dipole
along the direction of electric field. This couple is called the torque and is denoted by 1.

. Torque T = magnitude of one force X perpendicular distance between lines of action of forces

= gE (BN)

= gE (21 sin 8)

= (q2l) E sin §

= pE sin 0 [using (i)] (1)
Clearly, the magnitude of torque depends on orientation (8) of the electric dipole relative to
electric field. Torque (1) is a vector quantity whose direction is perpendicular to the plane

containing ;; and E given by right hand screw rule.
In vector form, T=p XE ...(#d)

Thus, if an electric dipole is placed in an electric field in oblique orientation, it experiences no force
but experiences a torque. The torque tends to align the dipole moment along the direction of electric

field.

When the field is non-uniform, the net force will evidently be non-zero. There will be translatory
motion of the dipole.

When E is parallel to F , the dipole has a net force in the direction of increasing field.

When E is anti-parallel to T) , the net force on the dipole is in the direction of decreasing field.

- - . w - =
In general, force depends on the orientation of p with respect o E .

E E

Force on— P -0

e e q =4

Force on g 1 4 7

Force on ¢
e T ..... . el
Direction of net force = —= Direction of net force = =—
Direction of increasing field = —— Direction of increasing field = —
E parallel to p E antiparallel to p
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Q. 3. Find an expression for the electric field strength at a distant point situated (i) on the axis and
(ii) along the equatorial line of an electric dipole.  [CBSE (AI) 2013; (F) 2015; 2019 (55/5/1)]
OR

Derive an expression for the electric field intensity at a point on the equatorial line of an

electric dipole of dipole moment 1_'; and length 2a. What is the direction of this field?
[CBSE South 20163 2019 (55/1/1)] [CBSE 2023 (55/1/1)]
Ans. Consider an electric dipole AB. The charges g and +¢ of dipole are situated at 4 and B
respectively as shown in the figure. The separation between the charges is 2a.

Electric dipole moment, p = ¢.2a

The direction of dipole moment is from —g to +¢q. +——22——» - =
o] B 2 1
- e +

(i) At axial or end-on position: Consider a K5 g2
point P on the axis of dipole at a distancer «—a—»4—a—»

from mid-point O of electric dipole.
The distance of point P from charge +gat .« r+a
BisBP =r-a

and distance of point P from charge - at 4 is, AP = r + a.

Let E| and Ey be the electric field strengths at point P due to charges +4 and — respectively.
We know that the direction of electric field due to a point charge is away from positive charge
and towards the negative charge. Therefore,

1 1
L 3 (from B to P) and E, = % (from P to A)

L dne, (r-a) 4neo(r+a)

- —
Clearly the directions of electric field strengths Ey are Eg along the same line but opposite
to each other and E, > E, because positive charge is nearer.

*. The resultant electric field due to electric dipole has magnitude equal to the difference of
E | and E, direction from B to P i.e.

il q 1 q
2 Ay (;_g)® Ao (y 4 g)

2 b
L EE R W ® [(r+a) -(r-a)
4K€ol(r—a)2 {r+a)2] 47{60[ (r—a)g(r+a.)2

o 4ra ok 2(q2a)r
4me, (- ag)ﬂ 4ne, 62 agf

But 4.2 a = p (electric dipole moment)

Lo o
il cff
W2y
If the dipole is infinitely small and point P is far away from the dipole, then r > > a, therefore
equation (i) may be expressed as
1 2pr 1 2
i _P (i)

= or E=
4ne, ,* 4ne, 2

This is the expression for the electric field strength at axial position due to a short electric
dipole.

(ii) Ata point of equatorial line: Consider a point P on broad side on the position of dipole

formed of charges +¢ and —g at separation 2a. The distance of point P from mid point (O) of
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electric dipole is r. Let E\ and E9 be the electric field strengths due to charges +¢ and - ¢

of electric dipole. B
E;sinb
- 1
From fig. AP =BP =/7% + a2 Al
\
— 1 g !
=————— alongBwoP = )
17 dme) 42 4,2 5 Eix P
= 1 g
Ey= — 5 along Plo A4
R
ey 1% + g KoY Eysinid
- . . . F
Clearly E} and E, are equal in magnitude 2 i
ie., |E1|=| Ez|or E;=E,. i %og
—H
s .= = : [s]
To find the resuhant of E; and E», we resolve them into T3 - " a
rectangular components. —2u—

Component of Ei parallel to AB = E| cos 6, in the direction to BA

Component of El perpendicular to AB = E, sin 8 along OP

Component of Es parallel 10 AB = E, cos 6 in the direction BA

Component of Es perpendicular o AB = E, sin 6 along PO

Clearly, components of E\ and Es perpendicular to AB: E| sin 8 and Eg sin 6 being equal

and opposite cancel each other, while the components of Ey and Eg parallel 1o AB : E, cosf
and E, cos 8, being in the same direction add up and give the resultant electric field whose

direction is parallel to BA .
Resultant electric field at P is E = Ejcos 8+ E;cos 6

e q
But By, =By = g5 5
OB a a
From the figure, cosf = = =
PB " /ra (24"
1 q a 1 2

E = 2E cosh = 2% : =
1 ane, (42 + 42) (72+a?)”2 47, (2 +ﬂﬁ):w

But ¢.2a=p=electric dipole moment ... (itd)

1 ?

T 4ne 32
0 (¥ +4?)

If dipole is infinitesimal and point P is far away, we have a <<, so ® may be neglected as
compared 1o r* and so equation (i) gives

1 t 1 f

3 47[5() (TQ)W? = 41(&rJ F

i.e., electric field strength due 1o a short dipole at broadside on position

1 —
= E% in the direction parallel to BA ()
(e

Its direction is parallel to the axis of dipole from positive to negative charge.

It may be noted clearly from equations (ii) and (iv) that eleciric field strength due to a short
dipole at any point is inversely proportional to the cube of its distance from the dipole and
the electric field strength at axial position is twice that at broad-side on position for the same
distance.

Important: Note the important point that the electric field due to a dipole at large distances

. N 1 : - !
falls off as —- and not as — as in the case of a point charge.
r ¥
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Q. 4. A charge is distributed uniformly over a ring of radius “a’. Obtain an expression for the electric
intensity E at a point on the axis of the ring. Hence show that for points at large distances from

the ring, it behaves like a point charge. [CBSE Delhi 2016, 2020 (55/5/1)]
Ans. Consider a point P on the axis of uniformly charged d
ring at a distance x from its centre 0. Point P is at /4\—\\“ .
distance r = ya® + x® [rom each elementdl of ring. ( a \ \‘H d'
‘ “ g
g i O, oy B =
If g is 1otal charge on ring, then, charge per metre |‘ 3 | < - dE
| s - Y
length, A = g~ e dE,
The ring may be supposed o be formed of a large B/
number of ring elements. dl

Consider an element of length dl situated at A.
The charge on element, dg = L dl
The electric field at P due to this element

1 4 1 i

2y = 41[& 2 4m=_u P27

along PC

The electric field strength due o opposite symmetrical element of length dl at B is

= 1 dg 1 Adl
= 41[5072 47reo 2’

Ifwe resolve dEI and dEQ along the axis and perpendicular to axis, we note that the components
perpendicular to axis are oppositely directed and so get cancelled, while those along the axis are
added up. Hence, due to symmetry of the ring, the electric field strength is directed along the axis.
The electric field strength due to charge element of length d, situated at 4, along the axis will be

dE = dE, cosf = - Mcm‘.e
4ne, ,2
But, cosh = %
=l Mx_ 1 M,
e, e, o

The resultant electric field along the axis will be obtained by adding fields due to all elements of
the ring, i.e.,
E= J' 1 E 1

4neg, ,,3 T 4m € ,ﬁjﬂ

But, [dl = whole length of ring = 2na and r = (a* + x%)'?

| hx
E= S -
ame, (a? + £ e
(i)x
| 1 2ma
As, A= Shat e have E = ey 7(32 D
1 rad

or, along the axis

ane; (of + 532’

At large distances i.e., x >> a, £ ane, 7,

i.e., the electric field due o a point charge at a distance x.

For points on the axis at distances much larger than the radius of ring, the ring behaves like a
point charge.
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Q. 5. (a) State Gauss's law in electrostatics. Show with help of suitable figure that outward flux due to
apointcharge 0, in vacuum within gaussian surface, isindependent 95 9
of its size and shape. | [
(b) Inthe figure there are three infinite long thin sheets having surface
charge density +2c,-2c and +6 respectively. Give the magnitude B c D
and direction of electric field at a point to the left of sheet of
charge density +2c and to the right of sheet of charge density +o.
[CBSE Sample Paper 2021
Ans. (a) Statement: The net-outward normal electric flux through any closed surface of any shape is
equal to 1/g, times the total charge contained within that surface, i.e.,

§EdaS=1L34
$ 0
where j; indicates the surface integral over the whole of the closed surface, ¥ ¢ is the

s
algebraic sum of all the charges (i.e., net charge in coulombs) enclosed by surface S and
remain unchanged with the size and shape of the surface.
Proof: Let a point charge +¢ be placed at centre O of a sphere §. Then § is a Gaussian
surface.
Electric field at any point on § is given by

_b
= ame, o2

The electric field and area element points radially outwards, so 6 = 0°.
Flux through area ds is T

dp=F .dS = EdScos0° = EdS '
Total flux through surface § is

¢ = fd,'d) = fEdS = Ede = E X Area of sphere o
§ § S

¢ = 4;% % 4 or, = % which proves Gauss's theorem.
(b) At A, both 6and 26 will act in left and —2¢ will act in right, so, charge density at A can be
given as
_2 2 da _o©
4 28, 2,  26; 2g,
The net electric field at 4 is towards left. to 20 4o
Similarly at point ), 6 and 26 will act in right and 26 4
i : 3 -2g 20 20
will act in left. 20— . «~—>a
26 2 _ g R A ==
5o, 5=t =

D~ %, "%, %, 28,
The net electric field at D) is towards right.

Q. 6. (i) Using Gauss Theorem show mathematically that for any point outside the shell, the field
due to a uniformly charged spherical shell is same as the entire charge on the shell, is

concentrated at the centre. [CBSE 2019 (55/4/1)]
(ii) Why do you expect the electric field inside the shell to be zero according to this theorem?
OR [CBSE Allahabad 2015]

A thin conducting spherical shell of radius R has charge Q spread uniformly over its surface.
Using Gauss’s theorem, derive an expression for the electric field at a point outside the
shell. [CBSE Delhi 2009]
Draw a graph of electric field E(r) with distance r from the centre of the shell for 0 = r <,
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OR
Find the electric field intensity due to a uniformly charged spherical shell at a point (i) outside
the shell and (i) inside the shell. Plot the graph of electric field with distance from the centre
of the shell. [CBSE North 2016; 2020 (55/1/1)]
OR
Using Gauss’s law obtain the expression for the electric field due to a uniformly charged thin
spherical shell of radius R at a point outside the shell. Draw a graph showing the variation of
electric field with r, for r > Rand r <R. [CBSE (AI) 2013; 2020 (55/2/1)]

Ans. (i) Electric field intensity ata point outside a uniformly charged thin spherical shell: Consider

a uniformly charged thin spherical shell of radius R carrying

charge Q. To find the electric field outside the shell, we a Q Eq 'd_é
consider a spherical (‘.aussiag surface of radius r (>R), F/ R - =
concentric with given shell. If Eo is electric field outside the | ':f

shell, then by symmetry electric field strength has same \

magnitude E, on the Gaussian surface and is directed radially \ /

outward. Also the directions of normal at each point is e S

radially outward, so angle between Eo and dS is zero al

each point. Hence, electric flux through Gaussian surface. ¢ = ffu .dS.
5

¢ = §E-dS = § E,dScos0 = E,.4m
$ s
Now, Gaussian surface is outside the given charged shell, so charge enclosed by Gaussian
surface is Q.

Hence, by Gauss’s theorem

§§o -dS = EL % charged enclosed
5 0

L

4ne, .2

= E047[7‘2=ELD><Q5ED=
Thus, electric field outside a charged thin spherical shell is the same as if the whole charge Q
is concentrated at the centre.
If ¢ is the surface charge density of the spherical shell, then

Q= 4nR%6 coulomb

__1 4nR% _ R%
0 dneg, ? Eor2

(ii) Electric field inside the shell (hollow charged conducting sphere):
The charge resides on the surface of a conductor. Thus a hollow ¥
charged conductor is equivalent to a charged spherical shell. To find / ¥ g
the electric field inside the shell, we consider a spherical Cilussian ++ A \>\T+
surface of radius r (< R) concentric with the given shell. If £ is the _|
electric field inside the shell, then by symmetry electric field strength 4| /
has the same magnitude E; on the Gaussian surface and is directed +\' /4
radially outward. Also the directions of normal at each point is + /'
radially outward, so angle between E, and dS is zero at each point.
Hence, electric flux through Gaussian surface

= j; f, ds = fEl.a!Scns() = E'..41[T2
s
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Now, Gaussian surface is inside the given charged shell, so charge enclosed by Gaussian
surface is zero.
Hence, by Gauss's theorem

E
Qg E;.dS= é—ﬂx charge enclosed T
= E,,4m2=EL><n = E=0
0 1 R —
Thus, electric field at each point inside a charged thin

spherical shell is zero. The graph is shown in fig.
Q.7. (i) Use Gauss' law to obtain an expression for the electric field due to an infinitely long thin
straight wire with uniform linear charge density A. [CBSE 2020 (55/5/1), 2023 (55/2/1)]
(ii) An infinitely long positively charged straight wire has a linear charge density A. An
electron is revolving in a circle with a constant speed v such that the wire passes through
the centre, and is perpendicular to the plane, of the circle. Find the kinetic energy of the
electron in terms of magnitudes of its charge and linear charge density A on the wire.
(iii) Draw a graph of kinetic energy as a function of linear charge density A . [CBSE 2023 (55/2/1)]
Ans. (i) Electric field due to infinitely long, thin and uniformly charged straight wire: Consider
an infinitely long line charge having linear charge density & coulomb metre™ (linear charge
density means charge per unit length). To find the electric field strength at a distance 7, we
consider a cylindrical Gaussian surface of radius » and length [ coaxial with line charge. The
cylindrical Gaussian surface may be divided into three parts:
(1) Curved surface 8, (it) Flat surface S, and (iit) Flat surface S5.
By symmetry, the electric field has the same magnitude E at each point of curved surface §,
and is directed radially outward.

We consider small elements of surfaces .i,, . a8,
8, and S, The surface element vector 4§, E E
is directed along the direction of electric — | —
field (ie., angle between E and d§| & 90° 8 1
is zero); the elements dSs and dSs a:e L PN 3, §r+++++++ .
directed perpendicu]_a‘r o liel_d‘ vector E N 5| |
(i.e., angle between dSe and E is 90° and /
so also angle between a!§3 and E J: i
Electric Flux through the cylindrical surface
f;f'd:{: ";1 E *d§| +J;,2E ’d§2 +ITSE' d§3
= [, E dS,cos0° + ¢ EdS,cos90° + [ E dSycos90°
=[Eds, +0+0
=R j ds, (since electric field E is the same at each point of curved surface)

= E 2mrl (since area of curved surface = 2 n#l)
As A is charge per unit length and length of cylinder is [ therefore, charge enclosed by
assumed surface = (M)
By Gauss's theorem

jgf vdS = é—o X charge enclosed
A

=4, =
= E2nrl = N (AD = E= ome,r

Thus, the electric field strength due 1o a line charge is inversely proportional to =
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(i) Infinitely long charged wire produces a radical electric field.
__A ;

2ne,r {8

The revolving electron experiences an electrostatic force

and provides necessarily centripetal force.

2
£ =20 () JET—

e my? o eN e
= = = my
oneyr 2ne,

Kinetic energy of the electron, K = ;*mv

(i)

J—
Q. 8. (i) Define electric flux and write its SI unit.
(ii) Use Gauss law to obtain the expression for the electric field due to a uniformly charged
infinite plane sheet.
(iii) A cube of side L is kept in space, as shown in the figure. An electric field E = (4x+B)i NC™
exists in the region. Find the net charge enclosed by the cube. [CBSE 2023 (55/3/1)]
Y

z
Ans. (i) Electric flux: It is defined as the total number of electric field lines passing through an area
normal Lo its surface.
Also, ¢ = f E.dS

The SI unit is Nm%C or volt-metre. (1:‘901,
(i1) Let electric charge be uniformly |d33
distributed over the surface of a S, E 9%53 == Sz
thin, non-conducting infinite sheet. \ | “\ = /\
Let the surface charge density (i.e., 3§: <—m'| ‘,-’ ﬂ i ] |'A" > ds,
charge per unit surface area) be 6. EX . T/ - U/ 'v ’BEO"
We need to calculate the electric B === A
field strength at any point distant r “Sheet

from the sheet of charge.
To calculate the electric field strength near the sheet, we now consider a cylindrical Gaussian
surface bounded by two plane faces A and B lying on the opposite sides and parallel 1o the
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charged sheet and the cylindrical surface perpendicular 1o the sheet (fig). By symmetry the
electric field strength at every point on the flat surface is the same and its direction is normal
outwards at the points on the two plane surfaces and parallel 1o the curved surface.

Total electric flux

or $E.d5=[E.dSi+ [ E.dSa+[ E .dS5

E .dS = [{ EdS,cos0° + [ EdS,cos0° + || E dSycos90°

=E[ds, +E[dS,=Ea+Ea=2Ea
Total electric flux = 2Ea

As o is charge per unit area of sheet and a is the intersecting area, the charge enclosed by
Gaussian surface = ca

According to Gauss'’s theorem,

Total electric flux = EI—X (total charge enclosed by the surface)
0

g

- ! ) =
ie, 2Ea = E_D(cscz) T B 2¢,

Thus electric field strength due to an infinite flat sheet of charge is independent of the

distance of the point.

(iii) Given, E = (Ax+B) Nc™!

x

Gin

From Gauss's Law, fE.cLs St
0

Only flux through shaded portion will contribute.
Flux through face 4, ¢, = E4.ds where, atx = 0) Ea =(A(0)+ B);
Bi.I%(-i) ¢, =-BL?

Flux through face B, §, = E .ds  where,atx = L, Eg = (AL + B)i
(AL+B)i .12 = (AL + BLY)
Hence, Net flux = ¢4 + ¢ = - BL> + AL® + BL*

=AY
e 3 Din
Again, from Gauss theorem, ¢, = =
0
G = AL £,C
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Q. 9. Apply Gauss’s Theorem to find the electric field near a charged conductor.

OR
Show that the electric field at the surface of a charged conductor is E= eiﬁ where ¢ is
(]
surface charge density and n is a unit vector normal to the surface in the outward direction.
[CBSE (AI) 2010]

Ans. Letacharge Q be given to a conductor, this charge under electrostatic equilibrium will redistribute
and the electric field inside the conductor is zero (i.e., E;,;=0).
Let us consider a point P at which electric field

strength is to be calculated, just outside the surface of rf-/ 45
the conductor. Let the surface charge density on the ) L ‘Tq. Sy
surface of the conduetor in the neighbourhood of Pbe [ = D[\ |+
5 : e | 98— |+ Pl s
& coulomb/metre” . Now consider a small cylindrical Sz A8 C 43, E
v dS Si

base D lying inside the conductor and the curved surface
being perpendicular to the surface of the conductor. —

|

box €D having one base C passing through P; the other \ +
\_A

Let the area of each flat base be a. As the surface of the conductor is equipotential surface, the
electric field strength E at P, just outside the surface of the conductor is perpendicular to the
surface of the conductor in the neighbourhood of P.
The flux of electric field through the curved surface of the box is zero, since there is no
component of electric field E normal to curved surface. Also the flux of electric field through the
base D) is zero, as electric [ield strength inside the conductor is zero. Therefore the resultant flux
of electric field through the entire surface of the box is same as the flux through the face C. This
may be analytically seen as:
If§, and S, are flat surfaces at € and D and $; is curved surface, then

Total elecuric flux §E .dS = [ E .81+ [ E .dSs+ [ E .dSs
s 21 S -]
= |5 E dS, cos0+ [ 0.dS2 + [ E dS, cos90°

§EdS, = Ea
As the charge enclosed by the cylinder is (6a) coulomb, we have, using Gauss's theorem,

Total electric flux = El— X charge enclosed
0

[¢]

L -8
= Ea = EO(GG) or E= &

Thus the electric field strength at any point close to the surface of a charged conductor of any
shape is equal to 1/e, times the surface charge density o. This is known as Coulomb’s law. The
electric field strength is directed radially away from the conductor if ¢ is positive and towards
the conductor il 6 is negative.

S . < . . . = o
If # is unit vector normal to surface in outward direction, then E = _#.
0
Obviously electric field strength near a plane conductor is twice of the electric field strength near

a non-conducting thin sheet of charge.

—

Q. 10. (a) Consider a system of n charges gq,, g5, ... g, with position vectors ;;, E, rs,...,g relative
to some origin ‘0’. Deduce the expression for the net electric field E ata point P with
position vector ;; , due to this system of charges.

(b) Three point electric charges +q each are kept at the vertices of an equilateral triangle of side a.
Determine the magnitude and sign of the charge to be kept at the centroid of the triangle
so that the charges at the vertices remain in equilibrium. [CBSE (F) 2015] [HOTS]
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Ans. (a) Electric field due to a system of point charges.
Consider a system of N point c_iza_r‘ges qu g2 Y
--s §n, having position vectors 7,7, ...,7, with
respect Lo origin 0. We wish 1o determine the

electric field at point P whose position vector

g = . . q.
is 7. According to Coulomb's law, the force on o
charge g, due 1o charge g, is
BE qo Tge q1 r—: b
- 1 %% s
Fl - 47g, 2 Tip o‘fz
0 r?f‘ fo) X

where , is a unit vector in the direction from ¢, to P and 1, is the distance between ¢, and P.
Hence the electric field at point P due to charge ¢, is

E"fif 1 i?‘:
1T gy T dmey £2 1P

Similarly, electric field at P due to charge go,
1 %

Y g T
4me, 2 2P
0 Top

t)

According to the principle of superposition of electric fields, the electric field at any point due
to a group ol point charges is equal to the vector sum of the electric fields produced by each
charge individually at that point, when all other charges are assumed o be absent

Hence, the electric field at point P due 1o the system of n charges is

E=E]+fg+___+gn

o 1 ‘?] - + QQ . =4 =Y q

= eTip T e Tap -
ang, [ np Top

_ 1 =&

= —.
4116.0,':] 7;; P

e
2 Tap
Tap

(b) The charge at any vertex will remain in equilibrium if the net force experienced by this
charge due 1o all other three charges is zero.

Let @ be the required charge to be kept at the centroid G.
Considering the charge at A,

Force F on charge at A due to charge at B
2
F = 1 along BA
1= dne, 2 008
Force Fs on charge at 4 due to charge at €

2
= 1_@_ —
Fp = ine, o along CA

Since angle between Fi and Fs is 60°.

% i q 5
+F =y o :
F, +Fs V34rteﬂ 2 along GA

Also, the distance of centroid G from any vertex is 5
".i
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The nature of charge to be kept at G has 1o be opposite (-ve) so that it exerts a force of
auraction on charge (+4) kept at 4 to balance the force Fi+Fs.
1 1 Q9%
41[E0 (i)g 47[50 2
fa
v3

Force exerted by (- Q) keptat G on charge (+¢)at 4 =

along AG

Equating the two forces, being equal and opposite

2
3
L, EBE
4ne, 42 ine, 42 WE]

Questions for Practice

1. Choose and write the correct option in the following questions.
(i) Two point charges +8¢ and -2¢ are located at x = 0 and x = L respectively. The point on x
axis at which net electric field is zero due to these charges is
[CBSE Sample Paper-2022, Term-1)]
(a) 8L (b) 4L (¢) 2L d) L
(#i) Which one of the following plots represents the variation of electric field with distance r due
to a thin spherical shell of radius R? (r is measured from the centre of the spherical shell)

(@) £ ) e & E ) E
@ R ' % R ' R " = R "
(717) An object has charge of 1 C and gains 5.0 X 10'® electrons. The net charge on the object
becomes [CBSE 2022 (55/2/4), Term-1]
(a) -0.80C (b) + 0.80 C () +180C @ +020C
(i) The electric flux emerging out from 1C charge is [CBSE 2020 (55/3/1)]
1 4n
@ g () 4 © %, () &
(z) In which of the following cases the electric field strength is independent of distance?
[CBSE 2020 (55/3/1)]
(a) Due to a point charge (b) Due 1o a line charge
(¢) Due 1o a spherical charge (d) Due to infinite flat sheet of charge

2. In the following questions, a statement of Assertion (A) is followed by a statement of Reason (R).
Choose the correct answer out of the following choices.

(a) Both A and R are true and R is the correct explanation of A.
(b) Both A and R are true but R is not the correct explanation of A.
(c) A is true but R is false.

(d) A is false and R is also false.

(@) Assertion (d) : Ifa proton and an electron a replaced in the same uniform electric field, they
experience different acceleration.

Reason (R): Electric force on a test charge is independent of its mass.
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10.

11.

12.

13.

14.

Lo

(#i) Assertion (4) : The charge given to a metallic sphere does not depend on whether it is
hollow or solid.

Reason (R) : Since the charge resides only on the surface of the conductor.
Two insulated charged copper spheres 4 and B of identical size have charges ¢, and -3¢,
respectively. When they are brought in contact with each other and then separated, what are the
new charges on them?
Two charges of magnitudes — 3Q and + 20 are located at points (a, 0) and (4a, 0) respectively.
What is the electric flux due 1o these charges through a sphere of radius ‘5a’ with its centre at
the origin?
A charge Q pC is placed at the centre of a cube. What is the electric flux coming out from any one
surface? [CBSE (AI) 2012]
Two identical point charges, ¢ each, are kept 2 m apart in air. A third point charge Q of unknown
magnitude and sign is placed on the line joining the charges such that the system remains in
equilibrium. Find the position and nature of 0.
Draw the pattern of electric field lines, when a point charge —Q is kept near an uncharged
conducting plate. [CBSE 2019 (55/1/1)]

. Acharge ¢ is placed at the centre of a cube of side {. What is the electric flux passing through two

opposite faces of the cube? [CBSE (AI) 2012]

: : . e : .
. Figure shows a point charge +0, located at a distance —- from the centre of a spherical metal

2
shell. Draw the electric field lines for the given system. [CBSE Sample Paper 2016]

V N

\
/ \

( R2
| 5 a
/

\
\_

An electric dipole is held in a uniform electric field.
(#) Show that the net force acting on it is zero.
(it) The dipole is aligned parallel to the field. Find the work done in rotating it through the
angle of 180°. [CBSE (AI) 2012]
Two concentric metallic spherical shells of radii R and 2R are given charges Q; and Q,
respectively. The surface charge densities on the outer surfaces of the shells are equal.
Determine the ratio Q, : Qs. [CBSE (F) 2013]

Consider a uniform electric field E = 3x10% NG~ (a) What is the flux of this field through a
square of 10 cm on a side whose plane is parallel to the yz plane? (b)) What is the flux through the
same square if the normal to its plane makes a 60° angle with the x-axis? [NCERT)

Two large, thin metal plates are parallel and close 10 each other. On their inner faces, the plates
have surface charge densitics of opposite signs and of magnitude 17.0 x 107 C/m* What is
electric field strength E: (a) in the outer region of the first plate, (b) in the outer region of the
second plate, and (¢) between the plates? [NCERT)]

Along charged cylinder of linear charge density +4, is surrounded by a hollow coaxial conducting
cylinder of linear charge density —A,. Use Gauss's law to obtain expressions for the electric field
at a point (i) in the space between the cylinders, and (i) outside the larger cylinder.

Four point charges g, = 2 uC, g5 = - 5pC, g, = 2 pC and g, = - 5 pC are located at the corners
of a square ABCD of side 10 cm. What is the force on a charge of 1 uC placed at the centre of the
sphere? [NCERT)




16. Two large charged plane sheets of charge densities 6 and —25 C/m? are arranged vertically with
a separation of d between them. Deduce expressions for the electric field at points (z) to the lefi
of the first sheet, (i) to the right of the second sheet, and (iit) between the two sheets.

17. A spherical conducting shell of inner radius r; and outer radius r, has a charge ‘Q’. A charge ‘¢’
is placed at the centre of the shell.

(a) What is the surface charge density on the (i) inner surface, (ii) outer surface of the shell?
(b) Write the expression for the electric field at a point x>7, from the centre of the shell.
[CBSE (AI) 2010]

18. A hollow cylindrical box of length 1 m and < L R
area of cross-section 25 cm? is placed in a three E f E
dimensional coordinate system as shown in the =
figure. The electric field in the region is given "

= = B ,._.| i "_ 1 m
by E =50xi, where E is in NC™ and x is in
metres. Find 1 =
(i) net flux through the cylinder.
(i7) charge enclosed by the cylinder. [CBSE Delhi 2013]

19. Two parallel uniformly charged infinite plane sheets, ‘I' and *2’, have charge densities + ¢ and

-2 ¢ respectively. Give the magnitude and direction of the net electric field at a point
(t) in between the two sheets and (i) outside near the sheet ‘1°. [CBSE Ajmer 2015]

20. The electric field £ due to any point charge near it is defined as E = lirrs% where g is the test

charge and F is the force acting on it. What is the physical significance of lir1'13 in this expression?
g-
Draw the electric field lines of point charge Q when (i) @ > 0 and (i) Q@ < 0.

21. Two point charges of + 5 X 107" C and + 20 % 107'° C are separated by a distance of 2 m. Find
the point on the line joining them at which electric field intensity is zero.

22. Two charges of value 2 uC and =50 pC are placed 80 cm apart. Calculate the distance of the point
from the smaller charge where the intensity is zero.

Answers
L. () (@) @) () @) (d) (@) (a) (@) (d)
2. () () (@) (a)
-Q Q q
3. 4,4 4. & o Eu\.’m 6. 1m 8. T%Vxn
10. (i) 2pE  11.1:4 12. (a) 30 Nm’C™ (b) 15 Nm®C™'18.(2) 0 (b) 0(c) 1.92 x 107" NC™!
Q e;r 1 O 5g
15. 0 17. @0 — () e 2
18. (i) 0.125 Nm*C™! (i7) 1.107 x 107°C
=80 T
19. (1) =~ @) %,/
2
21. Fm 22. 0.2 m

52

Xam

1 idea Physics—XII



Electrostatic Potential
and Capacitance

POINTS TO

REMEMBER

1. Electric Potential

The electric potential is the physical quantity which determines the direction of charge flow
between two bodies when brought in contact. The positive charge always flows from a body at
higher potential to that at lower potential.

Definition: The electric potental at any point in an electric field is defined as the work done in
bringing a unit positive test charge from infinity to that point without acceleration.

If W is the work done in bringing infinitesimal positive test charge g, from infinity to given point,

then electric potential
w

9o
Electric potential at any point is also defined as the negative line integral of electric field from
infinity to given point (independent of path followed).
ie., v=-[Ed
The unit of electric potential is joule/coulomb or volt and its dimensional formula is MLZ T3A.
. Potential Difference

The potential difference between two points in an electric field is defined as the work done in
bringing unit positive charge from one point 1o another.

. Formulae for Electric Potential

(a) Due to a point charge ¢ at a point distant r is V' = 4718 %
0
(b) Due to a short electric dipole at a distance r from its centre
(1) atitsaxisis V' = 4450?’—;‘;

(i) atits equatorial position, V' = 0
(if) at a general point having polar coordinates (r, 8) with respect 1o centre of dipole is
| pcosB
= e, 4?2
() due 1o a system of charges is

N
V=V +¥h+. . +Vy=3

i=1

P L q_1+‘?_?+__.+4_~]
ane, 4ne, L f T Ty

4. Equipotential Surface

An equipotential surface is the surface having the same potential at each point. The surface of a
charged conductor in equilibrium is a equipotential surface.
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5. Electric Potential Energy of a System of Point Charges 0
I 4%

47[50 LT

If g, and ¢y are point charges at separation |y, then electric potential energy U =

If there are n point charges gy, ¢s..... g, in system al separation r; between i anc:lfl'l charge
(i=1,2 ..,nj=2, 35 .. n)then polential energy of system

1 on o 4,

= t=12.,mnj=2 5,..n)
4me, j=i B 1

6. Electric Potential Energy of a Dipole in Uniform Electric Field
Potential energy of dipole in uniform electric field is
U=—pEcosB=—§. E
Work done in rotating the dipole in uniform electric field from inclination 8, to 8,
W= U,-U, = pE (cos 8 - cos 8,)
If dipole is initially in stable equilibrium position (8; = 0) and finally its inclination is 8, then
W= pE (1 - cos 8)
7. Conductors and Insulators
Conductors are those substances which contain free charge carriers and so allow easy flow of current.

Insulators are those substances which contain practically no free charge carriers and do not allow
the flow of current.

8. Free and Bound Charges Inside a Conductor

The electrons are free charge carriers inside a metallic conductor while positive ions fixed in lattice
are bound charge carriers.

9. Dielectrics and Electric Polarisation

The insulators are ofien referred as dielectrics. Each dielectric is formed of atoms/molecules. In
some dielectrics the positive and negative charge centres coincide, such dielectrics are said 1o be
non-polar dielectrics. While in some other dielectrics the centres of positive and negative charges
do not coincide, such dielectrics have permanent electric dipole moment and said to be polar
dielectrics. The example of polar dielectric is water, while example of non-polar dielectric is carbon
dioxide (CO,).

When a dielectric is placed in an external electric field, the centres of positive and negative dipoles
gel separated (in non-polar dielectrics) or get farther away (in polar dielectries), so that molecules
of dielectric gain a permanent electric dipole moment; this process is called polarisation and the
dipole is said to be polarised.

The induced dipole moment developed per unit volume in an electric field is called polarisation
density. Numerically it is equal to surface charge density induced at the faces which are perpendicular
to the direction of applied electric field.

10. The Behaviour of a Conductor and Dielectric in the Presence of External Electric Field.

Conductor Dielectric

— e

T W ©

E
K

where K is dielectric constant

1. No electric field lines travel inside conductor. 1. Alignment of atoms takes place due to electric field.

2. Electric field inside a conductor is zero. 2. This results in a small electric field inside
dielectric in  opposite direction.

Net field inside the dielectric is

?.
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11. Capacitor and Capacitance

12.

A capacitor contains two oppositely charged metallic conductors at a finite separation. It is a device

by which capacity of storing charge may be varied simply by changing separation and/or medium
between the conductors.

The capacitance of a capacitor is defined as the ratio of magnitude of charge (Q) on either plate and
potential difference (V') across the plate, i.e.,

c=v
The unit of capacitance is coulombyvolt or farad (F).
Combination of Capacitors in Series and Parallel
(a) Series Combination: When capacitors are connected in series, then net capacitance C is given by
1 1 1 1
c e £ G, * o
Net charge, Q = g, = g3 = ¢4 (remain same)
Net potential difference, V=V +V,+V;
(b) Parallel Combination: When capacitors are connected in parallel, then the net capacitance
C=iC, ¥ G+ Cy
In parallel combination net charge, Q =g, + g3+ ¢35
Net potential difference, V=V,=V,=F; (remain same)

. Capacitance of Parallel Plate Capacitor

A parallel plate capacitor consists of two parallel metallic plates separated by a dielectric. The
capacitance is given by

Ke 4
=
where K is dielectric constant, 4 = area of each plate and d = separation between the plates.
Special Cases:

(1) When there is no medium between the plates, then K=1, so
g,A
i e

Cwuum_ d ‘0
(if) When space between the plates is partly filled with a medium of thickness ¢ and dielectric
constant K, then capacitance

g4 g,4

A 1
d-t+ d—t(l—?)

Clearly, C>C,,i.e., on introduction of a dielectric slab between the plates of a parallel plate capacitor,
its capacitance increases.

. Charge Induced on a Dielectric 4

, 1 - . + o+ o+ o+ o+ o+ o+ +I
g =- ‘I(l‘f) where ¢ is free charge on the capacitor plates. g

dielectric
. Energy stored in a Charged Capacitor 57
2 — %4
1 e
=50l =ge=50F

This energy resides in the medium between the plates.
The unit is joule (J) . The energy stored per unit volume of a charged capacitor is given by
r_1

= —= — 2
U= 2EBE

where E is electric field strength. The unit is joule/m®(J/m®)
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Multiple Choice Questions

Choose and write the correct option(s) in the following questions.

1. Some charge is being given to a conductor. Then, its potential
(@) is maximum at surface.
(b) is maximum at centre.
(¢) remains the same throughout the conductor.
(d) is maximum somewhere between surface and centre.

2. A positively charged particle is released from rest in an uniform electric field. The electric
potential energy of the charge [NCERT Exemplar]
(@) remains a constant because the electric field is uniform.
(b) increases because the charge moves along the electric field.
(¢) decreases because the charge moves along the electric field.
(d) decreases because the charge moves opposite to the electric field.

3. Figure shows some equipotential lines distributed in space. A charged object is moved from

point A to point B. [NCERT Exemplar]
30V 40V 30V
As apB A e @B As L 1:]
10V 20V 30V 40V 50V 1OV 20V 50V 1oV 20v 40V 50V

(0] (ii) (iii)
(@) The work done in Fig. (i) is the greatest.
(b) The work done in Fig. (i7) is least.
(¢) The work done is the same in Fig. (i), Fig. (ii) and Fig. (iii).
(d) The work done in Fig. (i#7) is greater than Fig. (i) but equal to that in Fig. (7).

4. The electrostatic potential on the surface of a charged conducting sphere is 100 V. Two
statements are made in this regard: [NCERT Exemplar]
S, : At any point inside the sphere, electric intensity is zero.

S, : At any point inside the sphere, the electrostatic potential is 100 V.
Which of the following is a correct statement?

(@) S is true but Sy is false.

(4) Both S, and S, are false.

() S, istrue, S, is also true and 8, is the cause of S,.

(d) S, istrue, Sy is also true but the statements are independent.

5. Equipotentials at a great distance from a collection of charges whose total sum is not zero are

approximately [NCERT Exemplar]

(a) spheres (b) planes @

(¢) paraboloids (d) ellipsoids "

: HE= |

6. Four capacitors, each 50 uF are connected as shown. The DC voltmeter V'

reads 100 V. The charge on each plate of each capacitor is ) L

(@ 2 x10°%C ) 5% 10°C et s

() 0.2C (d) 0.5C ] =
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7. The variation potential V' with r and electric field E with r for a point charge is correctly shown
in the graphs.
(@) ® ) @
18|\ . = lg - ls :
wg wsg s s
o c == o c o c
>y >= vy > v == v
T — r— T — [ —

8. A parallel plate capacitor is made of two dielectric blocks in series. One of the blocks has
thickness d, and dielectric constant k; and the other has thickness d, and dielectric constant
k, as shown in figure. This arrangement can be thought as a dielectric slab of thickness
d (= d,+d,) and effective dielectric constant k. The k is [NCERT Exemplar]

d1
dZ
(a) k! dl G kzdl' (b) kI dl % k2d2 {C) kl k2(dl + dZ) 2kl kZ
dl +d2 kl +k2 kldl+k2d2 kl+k2
9. Equipotential surfaces [NCERT Exemplar]
(a) are closer in regions of large electric fields compared to regions of lower electric fields.
(b) will be more crowded near sharp edges of a conductor.
(¢) will be more crowded near regions of large charge densities.
(d) will always be equally spaced.

10. A 2 pF capacitor is charged to 200 volt and then the battery is disconnected. When it is
connected in parallel to another uncharged capacitor, the potential difference between the
plates of both is 40 volt. The capacitance of the other capacitor is
(a) 2 puF (b) 4 uF (c) 8 uF (d) 16 uF

11. n identical capacitors joined in parallel are charged to a common potential V. The battery is
disconnected. Now, the capacitors are separated and joined in series. For the new combination:
(a) energy and potential difference both will remain unchanged
(b) energy will remain same, potential difference will become nl’

(¢) energy and potential both will become n times
(d) energy will become n times, potential difference will remain

12. The capacitance of a capacitor becomes % times its original value if a dielectric slab of
thickness ¢ = %d is introduced in between the plates, where d is the separation between the
plates. The dielectric constant of the slab is

14 11
@ 7 O 13
7 11
© 17 @ =
13. The plates of a parallel plate capacitor are 4 cm apart, the first plate is at 300 V and the second

plate at - 100 V. The voltage at 3 cm from the second plate is
(a) 200V (b) 400V
() 250V (d) 500V
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14.

15.

16.

17.

18.

19.

In the case of a charged metallic sphere, potential (V) changes with respect to distance (r) from
the centre as

(a) ®
t t
v \
e g = >
() @
t t
v A
r— * = ¥

A conducting sphere of radius R is given a charge (). The electric potential and the electric
field at the centre of the sphere respectively are

(@) zero and and zero

Q Q
4ne,R? ® 4ne,R

(3] Q and ¢
4megR 4ne,R?

(d) both are zero

Four point charges — @, - ¢, 2¢ and 2Q are placed, one at each corner of the square. The
relation between Q and g for which the potential at the centre of the square is zero is

1
@ Q=51 ® Q=-q

1
@ Q=-31 @Q=q
An electric dipole consisting of charges + ¢ and - g separated by a distance L is in stable
equilibrium in a uniform electric field E . The electrostatic potential energy of the dipole is

[CBSE 2020 (55/1/1)]
(a) gLE ) zero
(c) —qLE (d) -2 qgEL
If a positive charge in displaced against the electric field in which it was situated, then
[CBSE 2020 (55/3/1)]

(a) work will be done by the electric field on the charge.
(b) the intensity of the electric field decreases.
(¢) energy of the system will decrease.
(d) energy will be provided by external source displacing the charge.
The capacitors of capacitances C; and C, are connected in parallel. If a charge Q is given to
the combination, the ratio of the charge on the capacitor C, to the charge on C, will be
[CBSE 2020 (55/3/1)]
1 b J.'f C]
(@) = =
c, Ve,
-
/Ca 2
© = @) —
VG G
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20.

21.

22.

23:

24.

25.

26.

A charge Q is kept at the centre of a circle of radius r. A test charge g, is carried from a point X to
the point ¥ on this circle such that are X¥ subtends an angle of 60° at the centre of the circle. The

amount of work done in this process will be [CBSE 2020 (55/3/2)]
1 Qs g A V304
@ 4me, 2r @ 4ne, 2r
-
: 1 v30q
() zero () e, 7
A charge @ is uniformly distributed over the surface of a spherical shell of radius R. The work
done in bringing a test charge Q, from its centre to its surface is [CBSE 2020 (55/3/3)]
1 Q% 1 Q9 Qg,
@ 4me, R ® 4me, 2R 2 &R (@)verd

A free electron and a free proton are placed between two oppositely charged parallel plates.
Both are closer to the positive plate than the negative plate.

[CBSE Sample Paper-2022, Term-1]

Which of the following statements is true?
I. The force on the proton is greater than the force on the electron.
11. The potential energy of the proton is greater than that of the electron.
111. The potential energy of the proton and the electron is the same.
(a) Ionly () II only (¢) 111 and I only (d) 1T and I only
Two charges 14 uC and - 4 puC are placed at (-12 em, 0, 0) and (12 c¢m, 0, 0) in an external

B
electric field E = (r_?)’ (where B = 1.2 x 10° N/Cm?) and r is in metres. The electrostatic

potential energy of the configuration is [CBSE 2022 (55/2/4), Term-1]
(@) 97.9] (b) 102.1] € 2.1] (d) -97.9]
A variable capacitor is connected to a 200 V battery. If its capacitance is changed from 2 uF to
X uF, the decrease in energy of the capacitor is 2 X 107* J. The value of X is

[CBSE 2022 (55/2/4), Term-1)
(a) 1 )2 () 3 (d) 4

Four charges —¢, —q and +¢ are placed at the corners of a square

e
of side 2 L is shown in figure. The electric potential at point A 4 A
midway between the two charges + g and +gq is ‘
[CBSE 2022 (55/2/4), Term-1] A 57
L g, 1 %f .1
@ 4me, L ( ﬁ) @ 4ney L V5
=] F
(c) o ki s i(l e (d) zero
47[50 or. JE
Three charges 2¢, —q and —q lie at the vertices of a triangle. The value of E and V at centroid of
triangle will be [CBSE Sample Paper-2022, Term-1]
(@ E#£0and V=0 G E=0and V=0
(¢) E#0and V=10 (d) E=0and V=0
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27.

Two parallel plate capacitors X and ¥, have the same area of plates and same separation between
plates. X has air and Y with dielectric of constant 2 , between its plates. They are connected in
series to a battery of 12 V. The ratio of electrostatic energy stored in X and ¥ is

[CBSE Sample Paper-2022, Term-1]
(a) 4:1 (b) 1:4 ) 21 (d) 1:2

28. A capacitor plates are charged by a battery with ‘}” volts. After charging, battery is disconnected
and a dielectric slab with dielectric constant ‘K’ is inserted between its plates, the potential
across the plates of a capacitor will become [CBSE Sample Paper-2022, Term-1]
(a) zero b) V72 (c) VIK (d) KV

29. Three capacitors 2uF, 3uF and 6uF are joined in series with each other. The equivalent
capacitance is [CBSE Sample Paper-2022, Term-1]
(a) 1/2 uF (b) 1 uF (c) 2 uF (d) 11 uF

30. Which of the following is NOT the property of equipotential surface?

[CBSE Sample Paper-2022, Term-1)]
(a) They do not cross each other.
(b) The rate of change of potential with distance on them is zero.
(¢) For a uniform electric field they are concentric spheres.
(d) They can be imaginary spheres.

31. A point P lies at a distance x from the mid point of an electric dipole on its axis. The electric
potential at point P is proportional to [CBSE 2023 (55/2/1)]
@ 0% © % @ <

Answers
L. (¢) 2. (¢) 3. (c) 4. (¢) 5. (a) 6. () 7. (b)
8. (o) 9. (@), (), () 10. (c) 11. (b) 12. (a) 13. (a) 14. (b)
15. (b) 16. (b) 17. () 18. (d) 19. () 20. (¢) 21. (@)
22. (b) 23. (a) 24. (a) 25. (a) 26. (¢) 27. (c) 28. (¢)
29. (b) 30. (c) 31. (a)

Assertion-Reason Questions

In the following questions, a statement of Assertion (A) is followed by a statement of Reason (R). Choose the
correct answer out of the following choices.

(@)
()
(©
(d

|

Both A and R are true and R is the correct explanation of A.

Both A and R are true but R is not the correct explanation of A.

A is true but R is false.

A is false and R is also false.

Assertion(4) : A capacitor can be given only a limited amount of charge.

Reason (R) : Afier a limited value of charge, the dielectric strength of dielectric between the
capacitor plates breaks down.

Assertion(4) : An applied electric field polarises a polar dielectric.

Reason (R) : The molecules of a polar dielectric possess a permanent dipole moment,
but in the absence of electric field, these dipoles are randomly oriented

and when electric field is applied these dipoles align along the direction of
electric field.
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3. Assertion(4) : Electric field is always normal 1o equipotential surfaces and along the direction
of decreasing order of potential.
Reason (R) : Negative gradient of electric potential is electric field. [CBSE Sample Paper 2021]
4. Assertion(4) : The capacitance of a parallel plate capacitor increases with increase of distance
between the plates.
Reason (R) : Capacitance of a parallel plate capacitor i.e., C ocd
5. Assertion(4) : The capacitance of a conductor does not depend on the charge given to it.
Reason (R) : The capacitance ol a conductor depends only on geometry and size of conductor.
6. Assertion(4) : When a charged capacitor is filled completely with a metallic slab, its capacitance
is increased by a large amount.
Reason (R) : The dielectric constant for metal is infinite.
7. Assertion(4) : The surface of a conductor is always an equipotential surface.
Reason (R) : Aconductor contains free electrons which can move freely 1o equalise the potential.
8. Assertion(4) : When charged capacitors are connected in parallel, the algebraic sum of charges
remains constant but there is a loss of energy.
Reason (R) : During sharing a charges, the energy conservation law does not hold.
9. Assertion(4) : In the absence of an externally applied electric field, the displacement per unit
volume of a polar dielectric material is always zero.

Reason (R) : In polar dielectrics, each molecule has a permanent dipole moment but these
are randomly oriented in the absence of an externally applied electric field.

[AIIMS 2018]
10. Assertion(4) : Work done in moving a charge around a closed path, in an electric field is always
zero. [CBSE 2023 (55/2/1)]
Reason (R) : Electrostatic force is a conservative force.
Answers
1. (@) 2. (a) 3. (b 4. (d) 5. (a) 6. (@) 7. (@)
8. (© 9. (@) 10. (@)

Case-based/Passage-based Questions

Read the paragraph given below and answer the questions that follow:

1. Faraday Cage: A Faraday cage or Faraday shield is an enclosure made of’
a conducting material. The fields within a conductor cancel out with any
external fields, so the electric field within the enclosure is zero. These
Faraday cages act as big hollow conductors you can put things in 1o shield
them from electrical fields. Any electrical shocks the cage receives, pass

harmlessly around the outside of the cage. =G
[CBSE Sample Paper 2021)
(f) Which of the following material can be used to make a Faraday cage?
(a) Plastic (b) Glass (¢) Copper (d) Wood

(ii) Example of a real-world Faraday cage is
() car (b) plastic box (¢) lightning rod (d) metal rod
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(iii) What is the electrical force inside a Faraday cage when it is struck by lightning?
(2) The same as the lightning
(b) Half that of the lightning
(¢) Zero
(d) A quarter of the lightning

(iv) An isolated point charge +q is placed inside the Faraday cage. Its surface must have
charge equal to

(a) zero ) +q
©)—g (d) +2¢9
OR

A point charge of 2 uC is placed at centre of Faraday cage in the shape of cube with surface
of 9 cm edge. The number of electric field lines passing through the cube normally will be

(@) 1.9 x 10° Nm%/C entering the surface
(b) 1.9 x 10° Nm%C leaving the surface
(¢) 2.0 x 10> Nm¥C leaving the surface
() 2.0 x 10° Nm¥*C entering the surface

. Electrostatics: Electrostatics deals with the study of forces, fields and potentals arising from

static charges. Force and eletric field, due to a point charge is basically determined by Coulomb’s
law. For symmetric charge configurations, Gauss's law, which is also based on Coulomb’s law,
helps us to find the electric field. A charge a system of charges like a dipole experience a force/
torque in an electric field. Work is required to be done to provide a specific orientation to a
dipole with respect to an electric field. [CBSE 2023 (55/4/1), Modified]

i) Consider a uniformly charged thin conducting shell of radius R. Which of the followin,
¥y charg, g g
graph showing the variation of | E| with distance r from the centre, for points 0 < r < 3r.

(@) g &) g © E d g
A | 1 FaN
4. \ \ A5
/ %, ) A / %
oL N ' o Mg z ” e ot ol .
R R R R

(ii) The figure shows the variation of potential ¥ with % for two point

charges 0, and (,, where V is the potential at a distance r due to a M Q,
point charge. The ratio, % will be
(@) 1:3 ) 3:1 Q;
(¢) 2:1 (d) 1:2 e

(iii) An electric dipole of dipole moment of 6 X 1077 C-m is kept in a = 30°
uniform electric field of 10* N/C such that the dipole moment and 1
the electric field are parallel. The potential energy of the dipole
will be
(@) 2 x 10%] (b) -2 x 10%] (€) -6 x 107%] d) 6 x 107%]

(iv) A dipole is placed parallel to electric field. If W is the work done in rotating the dipole
from 0° to 60°, then work done in rotating it from 0° to 180° is

(@) 2 W )3 W © 4w ) %




OR

The electric potential I at any point x, y, z (all in metres) in space is given by V' = 427 volt.

The electric field at the point (1 m, 0, 2 m) in volt/metre is

(@) 8 along negative x-axis (b) 8 along positive x-axis
(¢) 16 along negative x-axis (d) 16 along positive z-axis
Explanations

1. (i) (¢) Copper (Electric field inside a conductor is zero.)
(i) (a) car (Body of the car is made up of conductor.)

)

)

(i) (¢) Zero (As electric field inside it is zero.)
(#v) (€) —g (As from Gauss's law g;, must be zero for electric field inside it is zero.)
) OR
€)g=2pC=2x10"C
_ -12 Nm®
g, = 8.85x10 ?

q x107°
Now, total number of electric field lines = Ei = 2712
0 8.85x 107

2
=22x10% Nén leaving the surface
2. a) () N
E
T 0<r<R R<r<3R
l R —_—
@) (b) As we know,
Ki
= TQ o= = [k = contant = 9 x 10" Nm?*/C?]

So, slope of I verses % curve gives value of charge.
From the graph,

Ratio 2 tan 6, _ an60° _ V3 =
"Qy, tanB, tan30° 1 o

V3

(iii) (c) Here,p =6 x 107 Cm, E = 10* N/C, 8 = 0°
Potential energy, U = pE cosB = -6 % 107 x 10* X cos 0° = -6 x 107]
(tv) (¢} W = PE (cos 8, - cos 8,)
= PE (cos 0° - cos 60%)

. 1_) e L

= PE(1—2 = oPE

And W' = PE (cos 0° - cos 180°) = PE {1 - (1)} = 2PE
1

9PE |

"W 9PE 4

No

W'=4W
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OR
dV d
@ E, = gy =gz ()

= 8 =-8xX1=-8Vm

L E = -8% or8 Vim along negative x-axis

CONCEPTUAL QUESTIONS

Ans.

Q.2

Ans.

Ans.

Q.4.

Ans.

Q.5.

Ans,

A charged particle (+g4) moves in a uniform electric field (E) in the direction opposite to E.
What will be the effect on its electrostatic potential energy during its motion?

[CBSE 2020 (55/4/3)]
As we know, AU =-W=-g[E.dl

When charge +¢ moves in opposite direction to electric field then work done is negative.
AU = -W
so, change in potential energy is positive, the potential energy increases.
Why is the electrostatic potential inside a charged conducting shell constant throughout the
volume of the conductor? [CBSE 2019 (55/5/1)]
E = 0 inside the conductor & has no tangential component on the surface.
.. No work is done in moving charge inside or on the surface of the conductor. & Potential is constant. 1

[Even if a student writes “because E = 0 inside the conductor” - award full marks Or No work
is done in moving a charge inside the conductor - award full marks.]

[CBSE Marking Scheme 2019 (55/5/1)]

In the given figure, charge +() is placed at the centre of a dotted circle. A
Work done in taking another charge +g from 4 to B is W, and from
B to C is W;. Which one of the following is correct: W; > W,, W;=W, and

W, < W,? [CBSE Sample Paper 2018
The points 4 and C are at same distance from the charge +@Q at the centre, so

Vi=Ve S
Therelore, V, -V, = V.-V, 2

Hence, the magnitude of work done in taking charge +4 from A 1o B or from B to C will be the
same i.e., W, = W,.

Figure shows the field lines on a positive charge. Is the work done by .Q
the field in moving a small positive charge from Q to P positive or
negative? Give reason. [CBSE (F) 2014] *F

The work done by the field is negative. This is because the charge is
moved against the force exerted by the field. '

The field lines of a negative point charge are as shown in the figure.
Does the kinetic energy of a small negative charge increase or decrease
in going from B to A? [CBSE Patna 2015]

The kinetic energy of a negative charge decreases while going from point B 1o point 4, against
the movement of force of repulsion.
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Q.6.

Ans.

Ans.

Q.8.

Ans.

Ans.

A point charge +( is placed at point O as shown in the figure. Is the potential difference V',V

positive, negative or zero? i i L [CBSE Delhi 2016)
A B

The potential due to a point charge decreases with increase of distance. So, V- Vy, is positive.

Explanation: Let the distance of point A and B from charge Q be ry and ry respectively.

Q i
A and V = =
€07y €yl
ST jo A K
ATV 4ﬂ50(rA ?‘B)
Also ry<ry
= %):: = ]_17—::>0 = %—3: has positive value

Also Q is positive.

Hence V4 - Iy is positive.

A point charge 0 is placed at point ‘0’ as shown in figure. Is the 0 A B
potential at point 4, i.e., V,, greater, smaller or equal to potential,
Vg, at point B, when @ is (i) positive, and (i) negative charge? Toon T

[CBSE (F) 2017)] —
(7)) 1f Q is positive,
kQ
Fiom w and V= E
Clearly, V,> ¥y

(1) If Q is negative,
KQ
A=—T and V8=—T
Clearly, V, < Vy
Draw the equipotential surfaces corresponding to a uniform electric field in the z-direction.
[CBSE 2019 (55/1/1)]
The equipotential surfaces are the equidistant planes normal to the z-axis, i.e., planes parallel 1o
the X-¥ plane.

A point charge Q is placed at point O as shown in the figure. The potential difference V, - ¥

is positive. Is the charge () negative or positive? [CBSE (F) 2016]
Oupremssensnmeang
0] A B
We know that, V= ] g
e, r
1
= Vo=
-
The potential due to a point charge decreases with increase of distance.
Vy=Vp>=0 o Vy=>Vg

Hence, the charge Q is positive.
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Q. 10.

Ans.

Q.11.

Ans.

Ans.

Q.13.

Ans.

Q. 14.

Ans.

Q. 15.

Ans.

Depict the equipotential surfaces for a system of two identical positive point charges placed a
distance ‘d* apart. [CBSE Delhi 2010]

Equipotential surfaces due to two identical charges is shown in figure.

Draw an equipotential surface for a system consisting of two charges Q, - Q separated by a
distance r in air. Locate the points where the potential due to the dipole is zero.

[CBSE Delhi 2017, (AI) 2008, 2013, 2019 (55/2/1), 2020 (55/4/2)]

The equipotential surface for the system is as shown. Electric potential is zero at all points in the
plane passing through the dipole equator AB.

A

B
Draw the equipotential surfaces due to an isolated point charge. [CBSE 2019 (55/1/2)]
Equipotential Surface 1
e N

Field Lines
[CBSE Marking Scheme 2019 (55/1/2)]

A charge ‘g’ is moved from a point 4 above a dipole of dipole moment ‘p’ A
to a point B below the dipole in equatorial plane without acceleration.
Find the work done in the process. [CBSE Central 2016) !
Work done in the process is zero. Because, equatorial plane ofa .+
dipole is equipotential surface and work done in moving charge on =9 i o
equipotential surface is zero.
W=gVyp=gx0=0 5l
The work done in moving a charge particle between two points in an uniform electric field
does not depend on the path followed by the particle. Why? [CBSE 2020 (55/4/1)]
Because the electrostatic force is conservative in nature 1
Alternatively:-
Electric field is conservative in nature / work done by or against the electric field does not
depend upon the path followed. [CBSE Marking Scheme 2020 (55/4/1)]

Figure shows the field lines due to a negative point charge. Give the sign of
the potential energy difference of a small negative charge between the points

A and B. [CBSE (F) 2014]

v-_L 4%
ine, r
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Ans.

Q.17.

Ans.

Q.18.

Ans.

Q. 19.

Ans.

Q. 20.

Ans.

Since ry<rg

kg gy kg 4s
SRS ATAE

Ta s

Uy>Up
Therefore, Uy - Uy is positive.

What is the amount of work done in moving a point charge Q around a P i ™
circular arc of radius ‘r’ at the centre of which another point charge ‘g’ is & WA
located? [CBSE North 2016] \
The potential of points 4 and B are same being equal to '

1 9 k. /
4ne, R % %
where R is the radius of the circle.

Work done W=gq (Vy-V,) =q (V,-V,) = 0.
A 12 pF capacitor is connected to a 50 V battery. How much electrostatic energy is stored in
the capacitor? [NCERT]
Electrostatic energy stored in capacitor, [J = lCVQ

2

Vi=¥=

Here C=12pF=12Xx 102 E V=50V
U:éxmxm-”x(sof =1.5x107%]

Do free electrons travel to region of higher potential or lower potential? [NCERT Exemplar]
Free electrons would travel 1o regions of higher potentials as they are negatively charged.
Show that the equipotential surfaces are closed together in the A
regions of strong field and far apart in the regions of weak !
field. Draw equipotential surfaces for an electric dipole.
[CBSE Sample Paper 2016]
Equipotential surfaces are closer together in the regions of
strong field and farther apart in the regions of weak field.
LA
dr

E = negative potential gradient

; 1 ; ; ; :
For same change indV, E o = where ‘dr’ represents the distance between equipotential surfaces.
r

Concentric equipotential surfaces due to a charged body placed at the 40V

centre are shown. Identify the polarity of the charge and draw the electric :@

field lines due to it. [HOTS|[CBSE Sample Paper 2016] / 20V

For a single charge the potential is given by 17 — 1 2 / /1—\\ \\
dne, ¥ | [ |‘

This shows that I is constant if r is constant. Greater the radius smaller will be the potential. In
the given figure, potential is decreasing towards the centre of concentric equipotential surface.
This shows that the polarity of charge is negative (- g). The direction of electric field will be
radially inward. The field lines are directed from higher to lower potential.
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Very Short Answer Questions

Each of the following questions are of 2 marks.

Q. 1. Obtain an expression for electrostatic potential energy of a system of three charges ¢, 2q and

- 3q placed at the vertices of an equilateral triangle of side a. [CBSE 2023 (55/4/1)]
Ans. For the system of three charges at vertices of equilateral triangle,
. S k q14s
PE of each pair of charges, U = — . A
Q@9 _ 2"
Lhen, UAB - TR
a a
k(2g)(-3g)  -6kg"
Bl i ( 4)a( 9 _ aq
M%) g © <
Uey= = z —
= Total Energy, U = Uyp + Upe + Uy
kq2 qui - 1
Mot el Py " 4ne,
__ 1 (7
T Td4meg\Ta

Q. 2. Two uniformly large parallel thin plates having charge densities +¢ and - o are kept in the X-Z
plane at a distance ‘d’ apart. Sketch an equipotential surface due to electric field between the
plates. If a particle of mass m and charge ‘~¢’ remains stationary between the plates, what is
the magnitude and direction of this field? [CBSE Delhi 2011]

Ans. The equipotential surface is at a distance d/2

from either plate in X-Z plane. For a particle of t

y
charge (—¢) at rest between the plates, then Equipotential
(i) weight mg acts vertically downward sirface—« ) AV =0 4 . g
i i . DT R z
(1) electric force gE acts vertically upward. dfz '
So, mg=4qE ¥ &

E= E, vertically downward, i.e., along — Y-axis.
q

Q. 3. Plot a graph comparing the variation of potential ‘/” and electric field ‘E’ due to a point charge
‘@’ as a function of distance ‘R’ from the point charge.

[CBSE Delhi 2012] T

Ans. The graph of variation of potential and electric ficld due to a point charge Q £

with distance R [rom the point charge is shown in figure. or
Vv

Q. 4. What is electrostatic shielding? How is this property used in actual
practice? Is the potential in the cavity of a charged conductor zero?

R—

[CBSE South 2016]

Ans. Whatever be the charge and field configuration outside, any cavity in a conductor remains

shielded from outside electric influence. The field inside a conductor is zero. This is known as
electrostatic shielding.
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Q.5.

Ans.

Ans.

iz

Ans.

Q.8.

Ans.

®  Sensitve instruments are shielded from outside electrical influences by enclosing them in a
hollow conductor.

®  During lighining it is safest 1o sit inside a car, rather than near a tree. The metallic body of
a car becomes an electrostatic shielding from lightening.

Potential inside the cavity is not zero. Potential is constant.

Two charges 2 uC and — 2 puC are placed at points 4 and B 6 cm apart.
(a) Identify an equipotential surface of the system.

(b) What is the direction of the electric field at every point on this surface? [NCERT]
(a) Let P(x, y) be a point on zero potential surface. Let A (location WP (xy)
of charge ¢ = 2 uC) be origin of coordinate system. Ty G
. : ot E5 8 I
Distance 1, = %® + y%, Distance =y (d - Jc)2 +5? B {’:%
Az X C (d=x) -2uC
whered = 6cm = 6 X 102 m. Q
—d=6cm—>
Potential at I due to chargesg, = + 2uCand gy = -2 uCis
given by
ol Moy 18 5 0 BRI, 1 ol
dme, 1, Amg, 7, 4ng, sz +yt Amg, \/‘(d —x) +y°
or ,21 = 12 = =3x2+y2=(d—x)2+y2=>x=%=8cm
Y+ Jd-0+y B F
So, plane passing through mid point of line joining A and B has zero potential | g
everywhere.
(b) The direction of electric field is normal to surface PCQ everywhere as shown @ =
in figure. ’
Why does current in a steady state not flow in a capacitor connected =
across a battery? However momentary current does flow during
charging or discharging of the capacitor. Explain. [CBSE (AI) 2017]
(i) In the sieady state no current flows through capacitor because,
we have two sources (battery and fully charged capacitor) of equal #= |

potential connected in opposition.

(i) During charging or discharging there 1s a momentary flow of current as the potentials of the
two sources are not equal to each other.

Consider two identical point charges located at points (0, 0) and (a, 0).

1. Is there a point on the line joining them at which the electric field is zero?

2. Is there a point on the line joining them at which the electric potential is zero?

Justify your answers for each case. [CBSE 2023 (55/2/1)]
1. Yes, electric field will zero at mid point.

Electric field being a vector quantity, its resultant is zero.
2. No, potential cannot be zero on line joining the charges.

Electric potential being a scalar quantity, the net potential due to two identical charges cannot
be zero.

Two small conducting balls A and B of radius r| and r, have charges ¢, and ¢, respectively.
They are connected by a wire. Obtain the expression for charges on A and B, in equilibrium.
According to law of conservation of charge, [CBSE 2023 (55/4/1)]

&= Q]
N tp=q+qy=0Q
When two balls are connected with wire,

V, =V,
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MM, 44

= R W 17 - 5
= §'179 = ¢y
= §1re = (Q-¢"))n,
= q'ire=0r-q'1n
= q'1(ry + 19) = Qry
LY (9 * %2)n,
1= b - ntr

o
And, ¢ =0-¢"1= Q-m

. & Gty
¥ by ntr

Q.9. (a) A parallel plate capacitor (C,) having charge ( is connected, to an identical uncharged

capacitor G, in series. What would be the charge accumulated on the capacitor C,?
(b) Three identical capacitors each of capacitance 3 UF are connected, in turn, in series and
in parallel combination to the common source of ¥ volt. Find out the ratio of the energies
stored in two configurations. [CBSE South 2016]
Ans. (a) Since the capacitor Cy is uncharged so when connected to an identical capacitor C; charged

1o @ then charge Q is equally shared and charge acquired by capacitor Cy is

? -
(&) Wehave C .= E: IpF
3
Also, C paraner = (3 + 3 + 3) = 9 uF
Energy stored = %CVQ
—6
Energy in series combination = Liaswssar* = u -
2 e
Energy in parallel combination = 1 9x 1078 <2 U - 10°x9 | /a3
P = Ex * x = parallel =

U, fUparalle = 129
Q. 10. The space between the plates of a parallel plate capacitor is completely filled in two ways.
In the first case, it is filled with a slab of dielectric constant K. In the second case, it is filled
with two slabs of equal thickness and dielectric constants K, and K, respectively as shown in
the figure. The capacitance of the capacitor is same in the two cases. Obtain the relationship

series

between K, K, and K,. [CBSE 2020 (55/1/1)]
K - K, | f—
—d —» -
d d
2
(Case 1) (Case 2)
KeA

Ans. Casel: C, = 4
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Case II: Iuis filled with two slabs of equal thickness with dielectric constants Ky and K, respectvely
in given such way. So it behave as a capacitors are connected in series.

Cy = Series combination of two capacitors (let)
Kiggd  Kogpd

O
A R & . B d {K1+K2)
Co € C 2Ked 2Wed 24| KK,
2e,4 [ KK,
=g \K+K,
. ol N Ke A 3 2,4 [ K K, N . 2K K,
R Aee T & \BTK K +K,
Q. 11. Find the equivalent capacitance of the network shown
in the figure, when each capacitor is of 1 pF. When the
ends X and Y are connected to a 6 V battery, find out |
(i) the charge and (ii) the energy stored in the network.
[CBSE Patna 2015]
Ans. The given circuit can be rearranged as
A
AR Nt

X =C &
x__ﬁ_v
\—{ |7
c'\é/‘c . c ¢ | L,
N
6V 6V

o
<
o
<

It is known as wheatstone bridge of the capacitor.
Since V; = Vp, so the bridge capacitor between points A and B can be removed.

(i) The equivalent capacitor of the network

C _ €CxC , €CxcC

5 OFC T C¥G
C  C

=9 g—C—I}LF

Charge in the network, Q =C, V=CxV
= 1pFx6V = 61C
(i) Energy stored in the capacitor,

o Rl 4
U= 2(‘V 2><11¢F><(t‘i)

= 18p]

5|.|F/ 10uF
9\\/ ///‘/ —— 10 pF

Q. 12. The figure shows a network of five capacitors connected
to a 10 V battery. Calculate the charge acquired by the 15uF|

5 pF capacitor. [CBSE 2019 (55/3/3)] /
Ans. Net capacitance ol parallel C, & Cy = C, + Cy S 20pF A
€ =15+5 = 20F ; I P |
Net capacitance of parallel C4 & C5 = C4 + C;
C,, =10+ 10 = 20 uF \—{'—

10V
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CiaCys 20x20 10 uF Gyl —
——— = =T op = -
CtC, 20420 Cy

+C;=10+20 = 30pnF

Ca, Cys in series, Clog5 =

Cj in parallel with Cjgs = Cpy

P.D. across Coys = 10V | ‘03
|
PD. across €, = Cpy = 5V W
Charge on 5pF, Q = CV M }
=5X10°%x5C=25 X10°G 10V
Q. 13. Four charges +g¢, - g, + g and - g are to be arranged respectively at the four corners of a square

ABCD of side ‘a’.
(a) Find the work required to put together this arrangement.
(b) A charge g, is brought to the centre of the square, the four charges being held fixed. How

much extra work is needed to do this? [HOTS][CBSE (F) 2015]
Ans. (a) Work done in bringing charge +g¢ at point A
W,=0
Work done in bringing charge — to the point B 3 ¥
1 1 ¢ a a
W£=WA3=—qx—i=——q— ;
4ng, @  4mg, a s E
Work done in bring the charge +¢ to the point C
. . |
Wy =Wyot Wae ~ a -

1 q 1 (f

q 1 g
=X +gx| — = |= -
1 4neg, aﬂ 1 ( 4ng, a) 4mng, a,\fE 4ng, a
Work done in bringing a charge - ¢ to the point )

Wy= Wy + Wept Wey

1 g I =9 1 g
= =+ (= —= [+ (= =
qx41rsu a ¢ 43(41:3,, gﬁ] G ine, a

Total work done W=W,+Wy+W .+ W,

q 1L ¢ 1 ¢
e b = —(J2-4
4mg, a2 x4m:0 a 4ng, a(‘f_ )

=92x%

(b) Work done in bringing a charge from infinity 1o a point is given by
W=q,l", (V,= Electric potential at the point)

. . y ! a
Electric potential at the centre of the square is, where s = E

=1 (ﬂ],, I (;? +;(ﬂ]+;[j -
g 4me, \ s 4re, |\ s 4mg, \ s 4mg, \ s

and electric potential at infinity is always zero.
Hence, work done W = 0.

Q. 14. Consider two conducting spheres of radii R, and R, with R, > R,. If the two are at the same
potential, the larger sphere has more charge than the smaller sphere. State whether the charge
density of the smaller sphere is more or less than that of the larger one.

[HOTS][NCERT Exemplar]
Ans. Since two spheres are at the same potential, therefore

V=V,
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Q. 15.

Ans.

Ans.

& Q

dne, R,  4me,R,

~ B 45 @
Qe R

Given, Ry =Ry, = Q>0
= Larger sphere has more charge
Now, o, = @ 2 and o, = Q‘ig

4n R 4n R,

o, s R}

L 2 SR
o Q R

2
52_£R1 R

1 ; ;
= e e From equation (i
n TR [From equation ()]
Since R, > Ry, therefore 6,> ;.

Charge density of smaller sphere is more than that of larger one.

The two graphs are drawn below, show the variations of electrostatic potential (V) with %
(r being the distance of field point from the point charge) for two point charges g, and g5.

(i) What are the signs of the two charges?

(#) Which of the two charges has the larger magnitude and why? [HOTS]

(i) The potential due to positive charge is positive and due to negative b
charge, it is negative, so, ¢, is positive and g, is negative.
” 1 49
1) o
@ 4ane, T

o—* <

The graph between I and 1isa straight line passing through the —» (1 ]
origin with slope FED i
As the magnitude of slope of the line due to charge ¢, is greater than ?
that due to g, ¢o has larger magnitude.

Two identical capacitors of 12 pF each are connected in series across a 50 V battery. Calculate
the electrostatic energy stored in the combination. If these were connected in parallel across the
same battery, find out the value of the energy stored in this combination. [CBSE 2019 (55/5/1)]
Net capacitance in series combination is given by

1 1 1 1 1 1

B GE ElgTEE
=3 C,=6pF
g éC,Vz - ;—xﬁxm'l?xmxso
= 7500 x 1072 ]
=75%107]

Net capacitance in parallel combination is given by
C, =12 pF + 12 pF = 24 pF
_1ae _ 1 -12
E,= 2CPV = 5 X24x107"x 50 % 50

=3 x10%]
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Short Answer Questions

Each of the following questions are of 3 marks.

Q. 1. (a) Twelve negative charges of same magnitude are equally spaced and fixed on the
circumference of a circle of radius R as shown in Fig. (i). Relative to potential being zero at
infinity, find the electric potential and electric field at the center C of the circle.

(b) If the charges are unequally spaced and fixed on an arc of 120° of radius R as shown in

Fig. (ii), find electric potential at the centre C. [CBSE 2023 (55/1/1)]
R
C
(0]
kq
Ans. (a) Potential due to single charge at C, V' = n
Here,q, =gy = ... =qiz = —qand r; =rg = ... Tie =
So, net electric potential at C,
R
Ve=Vi+Vo+.... +V, c
= kg [ x12]
12kq
B

Due to symmetry of distribution of charges.
All electric fields are cancel o each other.
S0, E =0
(b) Potential is a scalar and orientation is irrelevant.
Hence, Net potential at C,
12kq
E=iT Ty -
Q. 2. Show that the potential energy of a dipole making angle 6 with the direction of the field is

given by U(6) =_P.E . Hence find out the amount of work done in rotating it from the

position of unstable equilibrium to the stable equilibrium. [CBSE East 2016]
Ans. The potential energy of an electric dipole in >

an electric field is defined as the work done in He—kgE

bringing the dipole from infinity 1o its present :

position in the electric field. 21+ + From
: infinity

Suppose the dipole is brought [rom infinity and
placed at orientation & with the direction of
electric field. The work done in this process may

be supposed to be done in two parts. o

qE<+——q
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Ans.

(1) The work done (W}) in bringing the dipole perpendicular to electric field from infinity.
(i1) Work done (W) in rotating the dipole such that it finally makes an angle 8 from the direction
of electric field.

Let us suppose that the electric dipole is brought from infinity in the region of a uniform electric
field such that its dipole moment P always remains perpendicular to electric field. The electric
forces on charges +q and - ¢ are ¢E and - ¢E, along the ficld direction and opposite to ficld
direction respectively.

As charges +¢ and —g traverse equal distance under equal and opposite forces; therefore, net
work done in bringing the dipole in the region of electric field perpendicular to field-direction
will be zero, i.e., W, = 0.

Now the dipole is rotated and brought to orientation making an angle 8 with the field direction
(.e., B, = 90° and 0, = 0), therefore, work done

Wy = pE (cos 8- cos 8)) /:q_'qE "
= pE (cos 90°- cos 8)= — pE cos B V 9 :
Total work done in bringing the electric dipole from
infinity, i.e., qE < 2 X
Electric potential energy of electric dipole >
U=W,+W;=0-pE cos 6 =- pE cos 6
In vector form U = —}J’f

For rotating dipole from position of unstable equilibrium (8, = 180°) to the stable equilibrium
(8=0%)
Ww = pE(cos 180°- cos 0°)
=pE(-1-1) = - 2pE
Three concentric metallic shells A, B and C of radii a, b and ¢ (2 < b < ¢) have surface charge
densities +o, - and +0o respectively as shown in the figure.
If shells A and C are at the same potential, then obtain the relation between the radii a, b and ¢.
[CBSE (F) 2014, 2019 (55/5/1)]
Charge on shell 4, ¢, = 1na®s
Charge on shell 8, gg = —4nb’e
Charge of shell C, g, = 4nc’s

Potential of shell A: Any point on the shell A lies inside the shells B
and C.

1 (94 4g 47(‘

aneg|a Tp T

1 [4ma%s 4nb?o+4mﬂo

Tang| @ T b ¢
a
= a(a -b+e)
Any point on B lies outside the shell 4 and inside the shell C. Potential of shell B,
1 194 % 4c
Ve = 4me,) Vi s
_ 1 [4ma®s 4mb’c | 4m®s]|_ oad® 2 ]
= - =—|—=-b+c¢
ame| b b c Eol b
Any point on shell € lies outside the shells 4 and B. Therefore, potential of shell C.
_ 1 gy a5 4¢
K ane e T T
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Ans.

Q.5.

Ans.

1 [4na%6 4nb20+4m26

4ne, E ™ € c
_6a® l
el gt
Now, we have
Vi=V¢
o 6 (a2 B2 ]
En(cz-b+c) o(T -+t
(a—-b)a+b)
a-h= ——
¢
or a+b=c Y

A cube of side 20 cm is kept in a region as shown in the figure.
An electric field E exists in the region such that the potential
at a point is given by V' = 10x + 5, where V' is in volt and x is

in m. [CBSE 2020 (55/2/1)] n
3 »X
Find the
(i) electric field, and &
(ii) total electric flux through the cube.
. dv d
= bl e il +
(1) We have, E e 5 (10x+5) 1
E=-10iN/C Y
(i) Electric flux through the cube, § = sum of electric flux through 6 faces.
Electric flux through perpendicular ¥ and Z axis = 0 s
"+ E is along x axis
Electric flux through faces perpendicular to x - axis, 12
o= ¢'[ + ¢2 Y4

=10 X (0.2)° - 10 X (0.2)* = 0 [CBSE Marking Scheme 2020 (55/2/1)]
A 600 pF capacitor is charged by a 200 V supply. It is then disconnected from the supply and
is connected to the another uncharged 600 pF capacitor. How much electrostatic energy is lost
in the process? [NCERT)
Given, €, = 600 pF = 600 X 107" F, I/, = 200V

1 1
Initial energy stored, U = 5{:,V,2 =gk 600% 107" % (200)* =12x107 ]

When another uncharged capacitor C;=600 pF is connected across capacitor C; then common
potential difference

V= Gty =C|V|“'D= Y
C+C, C+GC C+C

600 1072 x 200

=——— "= =100V
(600 + 600) % 107'2

. Final electrostatic energy, Ugny =1 € +C) V= 1 (600 +600) %107 x (100)* = 6x10™ |
2 2
- Energy lost, AU = Ujpial = Ugna=12%107° = 6x107°= 6x107°]
A parallel plate capacitor (4) of capacitance C is charged by a battery to voltage V. The battery

is disconnected and an uncharged capacitor (B) of capacitance 2C is connected across 4. Find

the ratio of [CBSE 2023 (55/2/1)]
(i) final charges on A4 and B.

(ii) total electrostatic energy stored in A and B finally and that stored in A initially.
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Ans. (i) Total charge on 4, ¢, = CV
After nn with capacitor B,
94t 95 cv__ Vv

Vcclmmon: CA+CB - QC+C =§
|4 C
Now, final charge , q’A = F(;) = FSV
, v 20V
and gy= QC(E) =g
, cv
g ¢ % 1
So, Ratio, ‘?'B =5cv T2
3
(i) Iniual energy stored on A,
= Lo
Uy=5CV
Now, finally energy stored on 4 and B both,
Er=E,+Eg

O 1 S T
- 3¢l3) +32¢(3)

L

4

U
T 3 1
Now, Ratio, — = ——=—
v, u, -3
Q.7. (i) Find equivalent capacitance between A and B in the combination given below. Each
capacitor is of 2 puF capacitance.

C1 ‘2 ‘ C3 Cll CE
A—Fpr—i R g8
|
(ii) If a dc source of 7 V is connected across AB, how much charge is drawn from the source
and what is the energy stored in the network? [CBSE Delhi 2017]
Ans. (i) Capacitors Cy, Cs and C, are in parallel
Co34=Co+C3+Cy=2nF +2puF + 2 puF
Cos4 = 6 pF
Capacitors €}, Cyq, and C; are in series,

1 1 1 1
=—+
C(q Cl C?.‘M CS

6
S C”; = ?“F

(i1) Charge drawn from the source

= %x:’uc =6pC
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; e Q@ 6x6x102x7
Energy stored in the network, U/ = W BEin?

=21x10%] =214

Q. 8. Two parallel plate capacitors X and ¥ have the same area of plates and X Y
same separation between them. X has air between the plates while ¥
contains a dielectric medium g, = 4.

(i) Calculate the capacitance of each capacitor if equivalent capacitance
of the combination is 4 pF. | * =

(ii) Calculate the potential difference between the plates of X and ¥. 5V
(ii) Estimate the ratio of electrostatic energy stored in X and Y. [CBSE Delhi 2016]
A
Ans. (i) Capacitance of X, Cy= B"T
A A
Capacitance of ¥, Gy = b = e G
d d
G,
o4 = C=4G i)
CX
As X and Y are in series, so
_ GG, e G A6,
“ — T o o e R i
7 CebGs C,+4C,
= Cy = 5pFandC,, = 4C, = 20 uF

(#) In series charge on each capacitor is same, so

Pd. V:g = VocL

€ c
b By upap (i)
V, G
Also Vy+Vy=15 (i)

From (i) and (i),
Wy+Vy=15 = Vy=3V
Vy=15-3=12V
Thus potential difference across X, Vy = 12 V, Bd. across Y, ¥, =3 V
.. EnergystoredinX Q%/20, €, 4 oy Uy 4
(&) Energy storedinY Q% /2C, = a g a 1

Q. 9. A capacitor of 4 uF is charged by a battery of 12 V. The battery is disconnected and a dielectric
slab of dielectric constant 8 is inserted in between the plates of the capacitor of fill the space
completely. Find the change in the (a) charge stored in the capacitor, (b) potential difference
between the places of the capacitor, and (c) energy stored in the capacitor. [CBSE 2020 (55/2/3)]

Ans. (a) Charge,q = CV =48 X 1°c 1a
Charge remains same or no change. Y
(b) Initial potential difference, V, = 12 V
Afier battery is removed,

o _12
=—=—= !
V=4 3 1.5 volt Ya
Decrease in potential difference = 12 - 1.5 = 10.5 V Ya
(¢) Energy stored initially,
1 1
Uy = 5CoV5 = g X4x10Px12x12 = 288x10°] Y
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1 P Lx4x10'ﬁx12x12

: Ll 1. W - -6
Final energy stored, U = 2 G = ° Cy s 3 =36 % 107
- Energy reduces, AU = Uy - U = (288 - 36) x 10° ] =252 x 10°] Vs
Note : (b) Even if a student writes, voltage becomes % award full one mark.
(¢) Even if a student, without evaluating U, and U, writes U becomes %, award % mark;

and award % mark for the correct formulae for U and U,
[CBSE Marking Scheme 2020 (55/2/3)]
Q. 10. A 200 pF parallel plate capacitor having plate separation of 5 mm is charged by a 100 V dc
source. It remains connected to the source. Using an insulated handle, the distance between
the plates is doubled and a dielectric slab of thickness 5 mm and dielectric constant 10 is
introduced between the plates. Explain with reason, how the (i) capacitance, (i) electric field
between the plates, (iii) energy density of the capacitor will change? [CBSE 2019 (55/2/1)]

Ans. Dielectric slab of thickness 5 mm is equivalent to an air capacitor of thickness = 1o mm

Effective separation between the plates with air in between is = (5 + 0.50) mm = 5.5 mm

(i) Effective new capacitance,

i 5mm_ _ 2000
G = 20nek 55mm 11 E
=~ 182 uF
(i) Effective new electric field,
0000
p=_—100V 20000y, . nerer=Y=—100__ 90000 V/m
55%x107m 11 d  5x107
= 18182 V/m
1 2
New energy density §EOE (E’ )? 102
ey Original energy density F s \EJ (ll)
§EOE

. 10\ x . _ 100
New Energy density will be (ﬁ] of the original energy density = 21

the original energy

density.

Q. 11. In a parallel plate capacitor with air between the plates, each plate has an area of 6 X 107 m?
and the distance between the plates is 3 mm. Calculate the capacitance of the capacitor. If this
capacitor is connected to a 100 V supply, what is the charge on each plate of the capacitor?

[NCERT] [HOTS]
Ans. Capacitance of parallel plate air capacitor,
%5k
d 9
GivenA =6 x 10 m*% d =3 mm =3 X 107 m, g, = 8.85 x 107" F/m.
_12 g
C= g4 _ 8.85x10 x;ﬁxl(} 177107 F
d 3x10°
Charge on each plate of capacitor,
Q=CV=17.7 x 1072 x 100 = 1.77 % 10™® coulomb = 1.77 nC

Q. 12. State the significance of negative value of electrostatic potential energy
of a system of charges.

Three charges are placed at the corners of an equilateral triangle ABC
of side 2.0 m as shown in figure. Calculate the electric potential energy
of the system of three charges. B c

[CBSE, 2023] [55/2/1] _4quc +2.0uC

C=

+4.0uC
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Ans. Negative value of electrostatic potential energy of
forces.

Potential energy due to between two charges,

| 0192
U= <, ik ;
PE due to system of three charges,
=1 1949 989  9ca
4 ane,|l r r Ty
9x 10

22 L16-8+8]x 1072

=- 7.2 x 1072 ]
Q. 13. (a) Draw equipotential surfaces corresponding
in magnitude along with the z-directions.

a system signifies that the system has auractive

+4.0uC
A

B

—4.0uC +2.0uC

to the electric field that uniformly increases

(b) Two charges —q and +gq are located at point (0, 0, -a) and (0, 0, a). What is the electrostatic

potential at the points (0, 0, £ z) and (x, y, 0)?

[CBSE 2019 (55/1/2)]

Ans.
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| 4n%. i .1 [Toppers Answer 2019]

Q. 14. Two capacitors of capacitance 10 uF and 20 uF are connected in series with a 6 V battery. After
the capacitors are fully charged, a slab of dielectric constant (K) is inserted between the plates
of the two capacitors. How will the following be affected after the slab is introduced:

(a) the electric field energy stored in the capacitors?
(b) the charges on the two capacitors?
(¢) the potential difference between the plates of the capacitors?

Justify your answer. [CBSE Bhubaneshwer 2015)
C,C
Ans. Let @ be the charge on each capacitor. So, @ = l+ 2y,
: G +CG,
Initial electric field energy in each capacitor becomes
1@ 1@
u = E C, and U, = EXoR G,
Initial charge on each capacitor cc
172
0=CV, Q=Cy¥,and Q= v
L] ELES G +GC,

where V; and V, are j.d across the capacitors
On inserting the dielectric slab the capacitance of each capacitor becomes
¢, = KC, and €', = KC,
and equivalent capacitance becomes
| RGRKG, (6472
Cu™%c +xC, ~Kg e,

New charge on the capacitor becomes

GG,
Q= C’ng’ =K(61+CQ)XV
C,Gy
"= 3 +C2.VXK
Q' =QxK
Q =kQ
(a) New electric field energy becomes
QK¢
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2 2
1
? 2KC, 2¢
i.e., electric field energy increases in each capacitor.
() Q"=KQ (as stated above) 1.e., charges are increases on each capacitor.

,_Q K@ Q
(€) Vl_cl' . KC, _Cl
i o2 _Ko_0

gl Ky O
i.e., p.d across each capacitor remains same.

Q. 15. In the following arrangement of capacitors, the energy stored in the 6 uF capacitor is E. Find
the value of the following:

+ =
(i) Energy stored in 12 uF capacitor. | I_| !
(ii) Energy stored in 3 uF capacitor.
iii) Total energy drawn from the battery.
BY Y-

[CBSE (F) 2016]

Ans. Given that energy stored in 6 pF is E. L1
(i) Let ¥ be the voltage across 6 uF capacitor
Also, 6 uF and 12 uF capacitors are in parallel. 3pF
Therefore, voltage across 12 uF = Voltage across 6 12 yF

uF capacitor

E=L‘.’Ilﬁ:l)-cﬁ)df’2 e P":JE
2 2 3

2
Energy stored in l2p.F:éx 12)({ %] =2FE

(i) Since charge remains constant in series. Sum of charge on 6 pF capacitor and 12 pF capacitor
is equal to charge on 3 pF capacitor.

Using Q@ = CV,
Charge on 3 pF capacitor = (6 + 12) X V' = 18V

2C  2x3 6

Q* asvy 18x18(JE i
Energy stored in 3 F capacitor = = :—[ ] =18E

(i) Total energy drawn from bawery = E + 2E + 18E = 21E
Q. 16. In the figure given below, find the

(a) equivalent capacitance of the network between A CI)‘ C" (\;IS : A
points A and B. I H

|

| H I | |

Given: C; = C; = 8 puF, C; = C; = C4 = 4 F. Tgl Cs Cs

(b) maximum charge supplied by the battery, and
(c) total energy stored in the network. =

[CBSE 2020 (55/2/1)]

Ans. (a) Equivalent Capacitance, C = C;= 4 uF (as Cy, Cy, Cy, C; are short circuited)

(b) Charge, Q = CV =4 X 7uC =28 uC

(¢) Energy stored, U = l§CVQ = % x4x105x7x7=98%x10"%]
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Q. 17. In a network, four capacitors C,, C,y, C; and C, are connected as shown in the figure.

Cy=6pF
[
1

€ c;
I I
| 11

12uF 4 uF

T R O
1
L
=

i

8V
(a) Calculate the net capacitance in the circuit.

(b) If the charge on the capacitor C, is 6 uC, (i) calculate the charge on the capacitors C; and
C,, and (ii) net energy stored in the capacitors C; and C, connected in series.

Ans. (a) Capacitance across Cy & C,
_ 12x4
“ 16
Capacitance across Cy & G,
C,=6+3=9pF

=3pF

[CBSE 2019 (55/2/3)]

Equivalent capacitance 1
_9x3 _9wF
q 12~ 4
. g
® () Q=6uC, V=
1
_G
_6x10 =9V
3x107°
5 Q= G = 6x107°%x2 = 12pC 1
As Cy & C, are in series they carry a charge of 18 pC each
(@) Q = 18uC
C,; = BuF
1 &
18x107™%)°
- %
3xX10
= E,, = 54x10%joule [CBSE Marking Scheme 2019 (55/2/3)]

Q. 18. The space between the plates of a parallel plate capacitor is completely filled in two ways. In
the first case, it is filled with a slab of dielectric constant K. In the second case, it is filled with
two slabs of equal dimensions but dielectric constants K, and K,, respectively as shown in
the figure. The capacitance of the capacitor is same in the two cases. Obtain the relationship

between K, K, and K,.

T K,

|
2

]!
_K

(Case 2)

Il

—d ———

[CBSE 2020 (55/1/3)]
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Ans.

Ans.

Ans.

Case I: Let area of each plate = A4 &
and initially capacitance of parallel plate capacitor, C, = I]T

KegA

1T W

Case II: It is filled with two slabs of equal dimension with dielectric constants K, and K,

Afier inserting respective dielectric slabs, we have C

respectively in given such a way. So, it behave as capacitors are connected in parallel.
C, = parallel combination of two capacitors.
" K g, (4/2) & K,e,(4/2) _ g,4
d d 2d
K, +K,
2

You are given an air filled parallel plate capacitor C,. The space between its plates is now filled
with slabs of dielectric constants K, and K, as shown in C,. Find the capacitances of the
capacitor C, if area of the plates is A and distance between the plates is d.

[HOTS] [CBSE (F) 2011]

(K14

C, =G, (given) = K=

gy

d
It is filled with two slabs of with dielectric constants K| and K, C
respectively as given such a way. Hence, it behave as capacitors
are connected in series. So,
1 1 1 d d

= + _ "

G g ad pgd ToKed 2K

d
B &lT dl. Cﬁz.s,,,q( BE | g 25K
d | K +K, K, +K,

Capacitance, ¢, =

1

Two identical parallel plate capacitors 4 and B are
connected to a battery of V volts with the switch § closed.

The switch is now opened and the free space between J J J
the plates of the capacitors is filled with a dielectric % .
of dielectric constant K. Find the ratio of the total

electrostatic energy stored in both capacitors before and [

after the introduction of the dielectric. [CBSE (4I) 2017]

196 3r"sHl"n|l\J|-

Co-:.. gﬁé =C \/n
A q

e "
C = Cat = C . N
B el ; i

s KC:- e

Go= e

Tacal  elecianstald enesqey
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Q. 21. A charge Q is distributed over the surfaces of two concentric hollow spheres of radii r and R

Ans.

(R >> r), such that their surface charge densities are equal. Derive the expression for the

potential at the common centre. [CBSE 2019 (55/5/1)]
If charge ¢, is distributed over the smaller sphere and g, over the larger g,=0-g
sphere, then 2 1
L=q+g i)

If g is the surface charge density of the two spheres, then

e 92 -

an®  4nR?

or g = 4mr’s  and gy 4nR%6

From (i), we have
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Q = 4nr’6 + 4nR%6

= 4m6(r* + R?)
410 + R
The potential at a point inside the charged sphere is equal to the potential at its surface.

or

So, the potential due to the smaller sphere at the common centre,

4
gL
V" dneg™ 7
Also, the potential due 1o the larger sphere at the common centre,
el
® " dme, R

Potential at common centre,

I [ qg)
V_41:E:O(T+E

-
4mne,

4nro " 4nR’0
T It

_¢+RS_ 1 [QU+R)
- € - 47[50[ P+ R?

(By putting the value of &)

Q. 22. (a) Derive an expression for the electric potential at any point along the axial line of an
electric dipole.
(b) Find the electrostatic potential at a point on equatorial line of an electric dipole.
Ans. (a) Polential at point P

Vp= V_q F V+q' Ko g e i Bﬂ—-—({wa]-—r
—_—— .
_ 1 -9 i 1 q q +7.
4ne, (r+a) 4ne, (r-a) (r+a)
_ 98 1 1
T dne, [(r-a) T (r+a)

q r+ta-r+ta
4ane, | (r—a)(r+a)
q 2 g% 2a

b4 — |
ane, - (P -a?)  4me, (P -a?)

1 p ; ;
= % m (where p is the dipole moment)

. 2 1 p
For a short dipole, a’< <, s0 V=V = i 3 P
A T
(b) Let P be‘a peoint on the equatorial line of an . k,} e
electric dipole due to charges —¢ and +¢ with 3 i
separation 2a
The distance of point P from centre of dipole = r B e S O
AP=BP =" +a’ 2 28 =
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1
Electrostatic potential at P, V, = (i—i)

4ne,\ BP AP
11 & % |_
E: L rren [ = *2"\/’2" =70
olvr®+a g

That is electrostatic potential at each equatorial point of an electric dipole is zero.

. 23. If N drops of same size each having the same charge, coalesce to form a bigger drop. How will
P B g EE! P
the following vary with respect to single small drop?
(i) Total charge on bigger drop

(ii) Potential on the bigger drop

(iii) Capacitance [CBSE Sample Paper 2017)]
Ans. Letr, g and v be the radius, charge and potential of the small drop.

The total charge on bigger drop is sum of all charge on small drops.

(1) -. Q= Ng(where Q is charge on bigger drop)
(i) The volume of N small drops = N%m3

Volume of the bigger drop = %T(Rs

Hence, N%mr3 = if[RS = R =N"r

3
Potential on bigger drop, V = l—xg
! 158 i 4ne, " R
1 Ny i

4me, N3, 4me, T

N 47150%']‘;2/5 ~NPe I” = 47:50 %]
(i) Capacitance = 4mgyR
= 411:80N“3T
=N'# (4meyr)
=N2( [where C 1s capacitance of the small drop]

Q. 24. (a) Explain briefly, using a proper diagram, the difference in behaviour of a conductor and a
dielectric in the presence of external electric field.

(b) Define the term polarization of a dielectric and write the expression for a linear isotropic

dielectric in terms of electric field. [CBSE 2019 (55/3/1)]

Ans. e

|
+4++++

(@) For conductor: Due to induction the free electrons collect on the left face of slab creating
equal positive charge on the right face. Internal electric field is equal and opposite to
external field; hence net electric field (inside the conductor) is zero.
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_—————2E
CH D &
LD Co
LD CD
CH D o
CD D &
LD CD i
exp i ecs B
CH D v
. e
For dielectric: Due to alignment of atomic dipoles along E,the net electric field within the
dielectric decreases. %3
(b) The net dipole moment developed per unit volume in the presence of external electric field
is called polarization vector . Yo
Expression: P= ng b/

[CBSE Marking Scheme 2029 (55/3/1)]

Long Answer Questions

Each of the following questions are of 5 marks.

Q. 1. Derive an expression for the electric potential at a point due to an electric dipole. Mention
the contrasting features of electric potential of a dipole at a point as compared to that due to a
single charge. [CBSE Delhi 2008, 2017]
Ans. Potential at a point due to a dipole.
Suppose, the negative charge — is placed at a point A and the positive charge ¢ is placed at
a point B (fig.), the separation AB = 2a. The middle point of AB is 0. The potential is to be
evaluated at a point P where OP = r and ZPOB = 6. Also, letr >> a.
Let AA' be the perpendicular from A to PO and BB' be be the perpendicular from B to PO. Since
a is very small compared to r,
AP = A'P = OP + OA'

= 0P + A0 cos 0 -
=r+acosh /,/v“
Similarly, BP = B'P = OP - OB' ,r'f/" \
=r-acos0 ,// ‘.
The potential at P due to the charge — is T : // ‘
oo @ g f
! 4ne, AP 4ne, r +acosf ’,’/ = / ',‘
The potential at P due to the charge ¢ is . : e : §
G 4 4 1 q 2l g ™
2 d4me, BP  4me, r-acosf A_q\\_ AV 3 m qB
The net potential at P due to the dipole is kW
V=V, 4V, Ta
« 2a -
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Q.2

Ans

H

iy &
4ﬂ€nlr—acusB r+acosf

1 q2acosB

4ne, +? —q’cos’h

1 pcosB

e, 7
Special Cases:
(1) When point P lies on the axis of dipole, then 6 =0°
cosB = cos0” = 1

1 ?

T 4nmeg 42

(i) When point P lies on the equatorial plane of the dipole, then
" cos B = cos 90° =
& V=20
It may be noted that the electric potental at any point on the equitorial line of a dipole is zero.

Briefly explain the principle of a capacitor. Derive an expression for the capacitance of a
parallel plate capacitor, whose plates are separated by a dielectric medium.

Principle of a Capacitor: A capacitor works on the principle that the capacitance of a conductor
increases appreciably when an earthed conductor is brought near it.

Parallel Plate Capacitor: Consider a parallel plate capacitor having two plane metallic plates 4
and B, placed parallel to each other (see fig.). The plates carry equal and opposite charges +Q
and -0 respectively.

In general, the electric field between the plates due to charges +Q and +Q =
-0 remains uniform, but at the edges, the electric field lines deviate : -
outward. If the separation between the plates is much smaller than v .
the size of plates, the electric field strength between the plates may be + o
assumed uniform. + =
- " + -
Let A be the area of each plate, 'd’ the separation between the plates, *— =1, K _5
K the dielectric constant of medium between the plates. If o is the + -
magnitude of charge density of plates, then * =
+ -
Q o N
o = + 2 =
. —d—
The electric field strength between the plates
g — g .
E = —— where g, = permittivity of free space. 1)

Key

U oy, od
The potential difference between the plates, V,, = Ed = Xe

. . 0
Putting the value of 6, we get

_@iad _ o

V, =
AB
Ke, Ke A
Capacitance of capacitor,

Q_Q _Keg,A (i)
V. S0l ke d

v

AB

This is a general expression for capacitance of parallel plate capacitor. Obviously, the capacitance
is directly proportional to the dielectric constant of medium between the plates.
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g4
For air capacitor (K=1); capacitance C = ?T. This is expression for the capacitance of a parallel

plate air capacitor. It can be seen that the capacitance of parallel plate (air) capacitor is
(a) directly proportional to the area of each plate.
(b) inversely proportional to the distance between the plates.
(¢) independent of the material of the plates.
Q. 3. Derive an expression for the capacitance of a parallel plate capacitor when a dielectric slab of

dielectric constant K and thickness ¢ = 7 but of same area as that of the plates is inserted

between the capacitor plates. (d = separation between the plates). [CBSE (F) 2010]
Ans. Consider a parallel plate capacitor, area of each plate being A, the +q -Q
separation between the plates being d. Let a dielectric slab of dielectric A1+ -[1B
constant K and thickness? < d be placed between the plates. The thickness * K —
of air between the plates is (d - ). If charges on plates are +Q and - Q, I N
then surface charge density o =% N -]
+ all
The electric field between the plates in air, E = L g i =
& &4 + -
T . - =
The electric field between the plates in slab, g - 9 _ Q i
* Ke, KeA

.. The potential difference between the plates,
Vi = work done in carrying unit positive charge from one plate 1o another
=ZEx (as field between the plates is not constant).

Q Q
=Ed-t)+Et=—A(d-1 t
-0+ E=_Sd-0+ o=
Q t
VAE:E()iA[d—t‘F?
; , . o B Q
Capacitance of capacitor, C = — = ———
L)
gAl K
gqA g,
ar B 0 —= 0 :
d-.¢+f d-c(l-f)
4 B g4 g
Here, t—E x C—d i(l L)_E(l.'.L)
“2\TKl 2VK

Q. 4. Derive an expression for equivalent capacitance of three capacitors when connected (i) in
series and (ii) in parallel.
Ans. (i) In fig. (a) three capacitors of capacitances C,, Cy, C; are connected in series between points

Aand D.
+Q =Q +Q =Q +Q =Q
e - * - + .
+Q
+ = + = + - +
}}*‘Cw' ? * G- (‘:'7"‘03' D 8
% + - + = + - A + c
= + - + = + - =E +
“—Vi—» “«—\V,— «—V;—» i
i v > <+ % >
(a) (b)
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In series first plate of each capacitor has charge +Q and second plate of each capacitor has
charge -Q i.e., charge on each capacitor is Q.

Let the potential differences across the capacitors C,, C,, C; be Vl. VQ! V3 respectively. As
the second plate of first capacitor €, and first plate of second capacitor Cy are connected
together, their potentials are equal. Let this common potential be V. Similarly the common
potential of second plate of Cy and first plate of Cy is V.. The second plate of capacitor Cy is
connected to earth, therefore its potential V;,=0. As charge flows from higher potential to
lower potential, therefore V,> V>V >V,

For the first capacitor, ¥, =V, -V, =(‘Q =B
7!

For the second capacitor, Vs =V, -V = g (i)
C2

For the third capacitor, ¥, =V, -V, = ({2 (i)
“3

Adding (i), (i) and (iii), we get
{1 |

Vi+V,+V, =V, -V, =0| —+—+—
S e T Q[cl & C,:| ()
If' VV be the potential difference between 4 and D, then
V,-V,=V
*. From (w), we get
V=(V+V,+V,)=0 L | ()
1 2 3 CI CQ (\3

If in place of all the three capacitors, only one capacitor is placed between 4 and D such that
on giving it charge Q, the potential difference between its plates become V, then it will be
called equivalent capacitor. If its capacitance is C, then

il )
C
Comparing (v) and (vt), we get

0T i L 1
C_Q[C,+C2+Cs

Thus in series arrangement, “The reciprocal of equivalent capacitance is equal to the sum of
the reciprocals of the individual capacitors.”

(it) Parallel Arrangement: In fig. (¢) three capacitors of capacitance C,,C,,C, are connected in parallel.
*‘11 G

W S R |
|
" ETETE G

+Q

+

b

”‘+ i
A + Cc =-
W+ .

[ ————§
—a

«—V—> -E
© @

4
<
h

In parallel the potential difference across each capacitor is same V (say). Clearly the potential
difference between plates ol each capacitor

V, -V, =V (say)
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The charge @ given 1o capacitors is divided on capacitors Cy, Cy, Cs.

Let ¢y, g9, g5 be the charges on capacitors C,, Cy, Cy respectively.

Then Q= gt g, tg, )]
and 4 = CV.gy = CyVogy = CV
Substituting these values in (i), we get

Q=CV+C,V+CV or Q=(C +Cy+C)V )

If, in place of all the three capacitors, only one capacitor of capacitance C be connected
between A and B; such that on giving it charge Q, the potential difference between its
plates be V, then it will be called equivalent capacitor. If € be the capacitance of equivalent
capacitor, then

Q=CV .. (dit)
Comparing equations (i) and (i1f), we get
CV=(C,+Cyt Cy)V or C=(C,+Cy+ Cy)

Important Note: It may be noted carefully that the formula for the total capacitance in series
and parallel combination of capacitors is the reverse of corresponding formula for
combination of resistors in current electricity.

Q. 5. (a) Explain why, for any charge configuration, the equipotential surface ‘g’\
through a point is normal to the electric field at that point. / \
Draw a sketch of equipotential surfaces due to a single charge (- g), / \\
depicting the electric field lines due to the charge. 0/ \e
(b) Obtain an expression for the work done to dissociate the system of i \\_
three charges placed at the vertices of an equilateral triangle of side  / 3
‘a’ as shown below. [CBSE North 2016] -4 a +2g
Ans. (a) The work done in moving a charge from one point to another on an equipotential surface

is zero. If the field is not normal to an equipotential surface, it would have a non zero
component along the surface. This would imply that work would have to be done to move a
charge on the surface which is contradictory to the delinition of equipotential surface.

Mathematically
Work done to move a charge dq on a surface can be expressed as

AW =dy(E .dr)
ButdW = 0 on an equipotental surface
Eldr

Equipotential surfaces [or a charge — is shown alongside. 4

(b) Work done to dissociate the system = - Potenual energy of the system

_ol [ ) | 2@ 1929
4ne, a a a

104*
4me a

k]
4ne,

[~44* +2¢° - 8¢°] =+

Q.6. (i) Compare the individual dipole moment and the specimen dipole moment for H,0
molecule and O; molecule when placed in
(a) Absence of external electric field
(b) Presence of external eclectic field. Justify your answer.
(ii) Given two parallel conducting plates of area 4 and charge densities +c and —c . A dielectric
slab of constant K and a conducting slab of thickness d each are inserted in between them
as shown.
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(a) Find the potential difference between the plates.
(b) Plot E versus x graph, taking x = 0 at positive plate and x = 5d at negative plate.

[CBSE Sample Paper 2016]
Ans. (1)
Non-Polar (O5) Polar (H,0)
(a) Absence of electric field
Individual No dipole moment exists Dipole moment exists
Specimen No dipole moment exists Dipole are randomly oriented.
NetP =0
(b) Presence of electric field
Individual Dipole moment exists Torque acts on the molecules to
(molecules become polarised) ’ =
align them parallel o E
Specimen Dipole moment exists Net dipole moment exists parallel
o E

(1) () The potential difference between the plates is given by

E, E,
V=E0d+?d+Eﬂd+0+EDd = V=3E0d+?d
(b) E versus x graph

EU-— G ..

E |
B}
U

d 2d 3d 4d 5d x—=

Questions for Practice

1. Choose and write the correct option in the following questions.

(1) A parallel plate condenser is filled with two dielectrics as shown. Area
of each plate is A metre” and the separation is d metre. The dielectric
constants are K, and K, respectively. [ts capacitance in farad will be

g, A g A K, +K g, g,4/K -K
@ —(Ki+K) 0 0 K-k @ TT( - )

(i) A parallel plate capacitor is charged to V' volt by a battery. The battery is disconnected and
the separation between the plates is halved. The new potential difference across the capacitor
will be [CBSE 2020 (55/3/2)]

@ 5 ® v © 2¥ @ 5
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(iti) The electric potential I/ at any point (x, y, z) is given by I = 3x% where x is in metres and V in
volts. The electric field at the point (1 m, 0, 2 m) is [CBSE 2022 (55/2/4), Term-1]
(2) 6 V/m along — x-axis (b) 6 V/m along + x-axis
(¢) 1.5 V/m along - x-axis (d) 1.5 V/m along + x-axis
(#7v) An electric dipole of moment p is placed parallel 1o the uniform electric field. The amount
of work done in rotating the dipole by 90° is [CBSE Sample Paper-2022, Term-1)]
(2) 2pE (b) pE (c) pE/2 (d) zero
(v) Equipotential surface associated with an electric field, which is increasing in magnitude
along the X-direction, are
() planes parallel to ¥Z-plane.
(b) planes parallel to XZ-plane.
(c) planes parallel 1o XY-plane.
(d) coaxial cylinder of increasing radii around the X-axis.
(vi) Two identical metal plates, separated by a distance d form a parallel-plate capacitor. A metal

sheet of thickness d/2 is inserted between the plates. The ratio of the capacitance after the
insertion ol the sheet to that before insertion is

@ ¥2 :1 2:1 ©1:1 ) 1:2
(vii) A particle A has charge + g and particle B has charge + 4¢ with each of them having the same
mass m. When allowed to fall from rest through same electrical potential difference, the ratio
of their speeds v, : v will become
(@) 2:1 12 () 1:4 (d) 4:1
In the following questions, a statement of Assertion (A) is followed by a statement of Reason (R).
Choose the correct answer out of the following choices.
(a) Both A and R are true and R is the correci explanation of A.
(b) Both A and R are true but R is not the correct explanation of A.
(c) A is true but R is false.
(d) A is false and R is also false.
Assertion (4) : The capacitance of a parallel plate capacitor increases when a dielectric
constant of medium between the plates.
Reason (R) : Capacitance of a parallel plate capacitor is directly proportional to dielectric
constant of medium between the plates.
What is the electrostatic potential due to an electric dipole at an equatorial point?
A hollow metal sphere of radius 10 cm is charged such that the potential on its surface is 5V.
What is the potential at the centre of the sphere?
Why is the electrostatic potential inside a charged conducting shell constant throughout the
volume of the conductor?
Find the ratio of the potential differences that must be applied across the parallel and
series combination of two capacitors €, and C, with their capacitances in the ratio
1 : 2 so that the energy stored in the two cases becomes the same. [CBSE Central 2016]
The figure shows a network of five capacitors connected 1o a 100 V supply. Calculate the

total energy stored in the network.
3uF

A (N P
I, [ |

2uF




8.

10.

11,

12.

13.

14.

152

16.

17.

18.

19.

20.

21,

22.

Two capacitors are connected in series. Derive an expression of the equivalent capacitance of the
combination. [CBSE 2023 (55/3/1)]
Two point charges + g and - ¢ are located at points (3a, 0) and (0, 4a) respectively in x-y plane.
A third charge Q is kept at the origin. Find the value of Q, in terms of ¢ and a, so that the
electrostatic potential energy of the system is zero. [CBSE 2023 (55/3/1)]
Find the energy lost when the charged capacitor is disconnected from the source and connected
in parallel with the uncharged capacitor. Where does this loss of energy appear?
[CBSE Sample Paper 2017)]

Two charges 5 X 10® Cand - 3 x 107 C are located 16 cm apart. At what poini(s) on the line joining
the two charges is the electric potential zero? Take the potential at infinity to be zero. [NCERT]
A regular hexagon of side 10 em has a charge 5 puC at each of its vertices. Calculate the potential
at the centre of the hexagon. [NCERT)
Three capacitors each of capacitance 9 pF are connected in series:
() What is the total capacitance of the combination?
(b) What is the potental difference across each capacitor if the combination is connected to 120 V

supply? [NCERT)
Three capacitors of capacitances 2 pF, 3 pF and 4 pF are connected in parallel.
(a) What is the total capacitance of the combination?
(b) Determine the charge on each capacitor if the combination is connected to a 100 V supply.

[NCERT]

Why do the equipotental surfaces due to a uniform electric field not intersect each other?
[CBSE (F) 2012]

“For any charge configuration, equipotential surface through a point is normal to the electric
field.” Justify. [CBSE Delhi 2014]
Why is the potential inside a hollow spherical charged conductor constant and has the same
value as on its surface? [CBSE (F) 2012]
A hollow metal sphere of radius 5 ¢m is charged such that the potental on its surface is 10 V.
What is the potential at the centre of the sphere? [CBSE (AI) 2011]
Why is there no work done in moving a charge from one point to another on an equipotential
surface? [CBSE (F) 2012]
Three points A, B and C lie in a uniform electric field (E) of 5 Aeo—n B
% 10* NC™' as shown in the figure. Find the potential difference = E?
between A and C. [CBSE (F) 2009] Sgr, jatm

<
Figure shows two identical capacitors, €, and C,, each of 1 pF = -
capacitance connected to a battery of 6 V. Initially switch *8” is closed. =
Afier sometimes ‘S’ is left open and dielectric slabs of dieleciric —

constant K = 3 are inserted to fill completely the space between the +!

plates of the two capacitors. How will the (i) charge and (ii) potential VT 1uF==C; 1pF=—C,

difference between the plates of the capacitors be affected after the 7| T
slabs are inserted? [CBSE Delhi 2011]

A parallel plate capacitor is charged by a batiery, which is then disconnected. A dielectric slab is
then inserted in the space between the plates. Explain what changes, if any, occur in the values of
(i) capacitance

(1) potential difference between the plates

(iii) electric field between the plates, and

(tv) the energy stored in the capacitor.

[CBSE Delhi 2010, (AI) 2009, 2012]
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23. A parallel plate is charged by a battery. When the battery remains connected, a dielectric slab is
inserted in the space between the plates. Explain what changes if any, occur in the values of
(7)) potential difference between the plates (i) electric field strength between the plates
(i11) capacitance (tv) charge on the plates
(v) energy stored in the capacitor. [CBSE Delhi 2010]

24. A parallel plate capacitor of capacitance C is charged to a potential V. It is then connected to
another uncharged capacitor having the same capacitance. Find out the rato of the energy
stored in the combined system to that stored initially in the single capacitor. [CBSE (AI) 2014]

25. Two capacitors of unknown capacitances C, and C, are connected first in series and then in
parallel across a battery of 100 V. If the energy stored in the two combinations is 0.045 ] and 0.25 |
respectively, determine the value of C, and C,. Also calculate the charge on each capacitor in
parallel combination. [CBSE Delhi 2015]

26. A 12 pF capaditor is connected 1o a 50 V battery. How much electrostatic energy is stored in
the capacitor? If another capacitor of 6 pF is connected in series with it with the same battery
connected across the combination, find the charge stored and potental difference across each
capacitor. [CBSE Delhi 2017]

27. Two identical capacitors of 12 pF each are connected in series across a battery of 50 V. How much
electrostatic energy is stored in the combination? If these were connected in parallel across the
same battery, how much energy will be stored in the combination now?

Also find the charge drawn from the battery in each case. [CBSE Delhi 2017]

28. Aslab of material of dielectric constant K has the same area as that of the plates of a parallel plate
capacitor but has the thickness d/2, where d is the separation between the plates. Find out the
expression for its capacitance when the slab is inserted between the plates of the capacitor.

[HOTS] [CBSE (AI) 2013]
29. (a) Deduce the expression for the potential energy of a system of two charges ¢, and ¢, located
at y; and y, respectively in an external electric field.
(b) Three point charges, + Q, + 20 and - 3Q are placed at the vertices of an equilateral triangle
ABC of side L. If these charges are displaced 1o the mid-points 4,, B, and C, respectively, find
the amount of the work done in shifting the charges to the new locations.

30. A capacitor is made of a flat plate of area A and second A3
plate having a stair like structure as shown in figure AB _Af?._ i
below. If width of each stair is A/3 and heightisd. Find d == = = = - :
the capacitance of the arrangement. R L

[CBSE Sample Paper 2017) @
Answers
L @) () (#) (@) (1) (a) @) (b) @) (@) (i) (b) (wid) (b)

2. (a) 6. 3: /2 7. 0.02] 9. %c 11. 10 cm 12. 2.7x105V

13. (a) 3 PF (b) 40V 14. () 9pF ) 2x107'°C, 3 x 107'°C, 4 x 107°C

18. 10V 20. 200V 21. (i) 18pC (i) 2V 24, 1:2

25. 38.2mF, 11.8 mF, 38.2 x 107 C, 11.8 x 107 C

26. 2 x 107°C, 2 x 107" C and i—ov, lg—nv

27. 75 x 107"°], 8 x 10,8 x 10'%C, 1.2 x 107° C.

_w{Qﬂ 114g,

2. ) ——=] 30. ——




Current
Electricity

POINTS TO

sssssssssasssssnssanns sasnny

" REMEMBER

The study of electric charges in motion is called current electricity.
1. Electric Current
The rate of flow of electric charges through a conductor is called electric current.

Current is defined as the rate of flow of electric charge.

ds
or Instantaneous current, J = d_q
H
Conventionally, the direction of current is taken along the direction of flow of positive charge and
opposite to the direction of flow of negative charge (electron).
Current is a scalar quantity. 81 unit of electric current is ampere (A).
2. Flow of Electric Charges in a Metallic Conductor

A metallic conductor contains free electrons as charge carriers, while positive ions are fixed in the
lattice. When no potential difference is applied, the motion of [ree electrons is random so there
is no net current in any direction. When a potential difference is applied across the conductor
the free electrons drift along the direction of positive potential so a current begins to flow in the
conductor, the direction of current is opposite to the direction of the net electron flow.

3. Drift Velocity and Mobility

Drift velocity is defined as the average velocity with which the free electrons get drified towards the
positive end of the conductor under the influence of an external electric field applied. It is given
by the relation

d39dW3IN3dd OL S1INIOd

g
v, = _m T
where m = mass of electron, e = charge of electron

E = clectric field applied
mean free path

T = relaxation time = - -
root mean square velocity of electrons

Mobility of an ion is defined as the drift velocity per unit electric field i.e.,

Its unit is m*Vs.
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4. Relation between Drift Velocity and Mobility with Electric Current
Current, in terms ol drift velocity I=nedv,,
Current, in terms of mobility /=nedukE,
where, n = number of free electrons per metre’,
A = cross-sectional area of conductor.
5. Ohm'’s Law
It states that the current flowing in a conductor is directly proportional to the potential difference

applied across the conductor provided physical conditions, e.g., temperature, pressure, etc. remain
the same.

TV or VeI or V=RI
where R is called electrical resistance. Its unit is volt/ampere or ohm.

Ohm's law is not applicable 1o all types of conductor. It is applicable only for those conducting
materials for which F-1 graph is linear.

6. V-I Characteristics: Linear and Non-linear — Ohmic and Non-chmic Conductors

The conductors or circuit elements for which
-1 graph is linear are called ohmic conductors.
The examples are metallic conductors. T T
On the other hand, the circuit elements for | 1

which I-J graph is non-linear are called non-
ohmic conductors. The examples are junction

diodes and transistors. —V —V
(i) Ohmic (i) Non=ohmic
Electrical Energy and Power
7. Joule’s Law of Heating
The heat which is produced (or consumed) due to the flow of current in a conductor, is expressed
in joules.
Mathematically, amount of heat produced (consumed) is proportional to square of amount of
current flowing through conductor, electrical resistance of wire and the time of current flow
through it.
So, Ha« PRt

_IPr
/

where ] is a joule constant. 1 joule constant is 4.18%10% J/k cal
3 i) J

2
o H=1R;=E_VZ

F 1 R

Where F is the potential difference across wire.

= H

8. Power
Rate of energy dissipation in a resistor is called the power i.e.,
LI e e T
Power P_I_V[_IR_R

The unit of power is watt.
9. Resistivity (or Specific Resistance)

Resistivity ol a substance is defined as the resistance offered by a wire of that substance of 1 metre
length and 1 square metre cross-sectional area.
Resistivity depends only on the material and is independent of dimensions at a given temperature.
The SI unit of resistivity is ohm X metre (Qm).

98 Xam idea Physics—XIl



10.

Conductance and Conductivity

The reciprocal of resistance is called the conductance (G)

i 1
L G= R

Its SI unit is (ochm)™ or mho or siemen (8).

The reciprocal of resistivity is called the conductivity (a).
i 1

€.y =

ie 5

' metre™! (or mho m™) or Sm™

Its ST unit is ohm™

. Temperature Dependence of Resistance

The resistance of a metallic conductor increases with increase of temperature.

Ry =Ry [l + o (t-1)]
where R, is resistance at 0°C and R, is resistance at £°C and o is temperature coeflicient of resistance.
In general if variation of temperature is not too large, then

Ry-R,
a=———per’CorperK
R, -t)
In terms of resistivity
pg = pl o K
a = ————per °Cor per
* pl (tz - t]) P P

However, the resistance of a semiconductor decreases with rise in temperature.

. Electric Cell

It is a device which converts chemical energy into electrical energy. < v >
EMF of a cell (E) is defined as the maximum potential difference A._T_{PW—.B
when no current is being drawn from the cell.

Terminal Potential difference (I) is defined as the potential & v -
difference when current s being delivered to external load resistance. | p————— AW
Internal Resistance (r) of a cell is the hindrance offered by the * E i ]B
electrolyte of cell to the flow of current. Internal resistance of a 7 External battery —

cell depends on
(1) separation between electrodes.
(i) area of immersed part of electrodes.
(i12) concentration and nature of electrolyte.
E=V+Ir = V=E-Ir
When a current [ is passed in cell in opposite direction by external battery, then terminal
potential difference V' =E + Ir

13. Combination of Cells

(i) When n-identical cells are connected in series

E.. ) __nE
R iR, R +nr

For useful series combination, the condition is R, > >R,

(1) When m-identical cells are connected in parallel
__Ew _ E

R_,+R,, R+1t/m
Condition of useful parallel combination is R < r/m.

Current, I(=

I

(iti) When N = mn, cells are connected in mixed grouping (m-rows in parallel, each row containing

n cells in series)
. nE mnE
Current, I= S e b
R+—
m
Condition for useful mixed grouping is R,,, = R,
. nr
i.e., R=—
m
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(iv) When wwo cells of different emfs E, and E, and diflerent internal resistances r; and r, are
connected in parallel as shown in fig. then net emf of combination is

] E?

E
h Ty Ejry+Eyn !

p L
. = 1
Ll ntn . .
1 %

Net internal resistance r,,

Es T2
1 1 N 1 = "
—_—— e T. =
i
Te W% B

14. Kirchhoff’s Laws

(i) First law (or junction law): The algebraic sum of currents meeting at any junction in an
electrical network is zero,
ie., XI=0
This law is based on conservation of charge.
() Second law (or loop law): The algebraic sum of potential
differences of different circuit elements of a closed circuit
(or mesh) is zero, i.e.,
ZV=0
This law is based on conservation of energy.
15. Wheatstone’s Bridge
It is an arrangement of four resistances 2 Q, R, and S forming a closed
circuit. A potental difference is applied across terminals 4 and C. A 4,
galvanometer is connected across B and D. The condition of null point D
(no deflection in galvanometer) is

B _ R —T—

Multiple Choice Questions

Choose and write the correct option(s) in the following questions.
1. The resistance of a metal wire increases with increasing temperature on account of

[CBSE 2020 (55/1/2)]
(a) decrease in free electron density. (b) decrease in relaxation time.
(¢) increase in mean free path. (d) increase in the mass of electron.

2. Dimensions of a block are lem X lem X 100 cm. If specific resistance of its material is
3 X 1077 Q m, then the resistance between the opposite rectangular faces is

(@ 3x10°0Q
® 3x107Q
€ 3x10%°Q
@ 3x10°Q A
3. Resistivity of a given conductor depends upon [CBSE 2020 (55/2/2)]

(@) temperature.

(b) length of conductor.
(c) area of cross-section.
(d) shape of the conductor.
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4.

10.

A cell of emf (E) and internal resistance r is connected across a variable external resistance R.

The graph of terminal potential difference V as a function of R is [CBSE 2020 (55/4/1)]
t v
v L
E.i
(@ ) ﬁ
o R— O R—
\ v
EE e
© @)
o R— o R—>

In a Wheatstone bridge, all the four arms have equal resistance R. If resistance of the
galvanometer arm is also R, then equivalent resistance of the combination is

R R
@) R () 2R @ & @ -

Consider a current carrying wire (current I ) in the shape of a circle. Note that as the current

progresses along the wire, the direction of | (current density) changes in an exact manner,

while the current / remain unaffected. The agent that is essentially responsible for is
[NCERT Exemplar]

(a) source of emf.

(b) electric field produced by charges accumulated on the surface of wire.

(¢) the charges just behind a given segment of wire which push them just the right way by

repulsion.

(d) the charges ahead.

. Two batteries of emf ¢, and &, (g, > ;) and internal resistances r, and r, respectively are

connected in parallel as shown in Figure. [NCERT Exemplar]
(a) The equivalent emf’e,, of the two cells is between g, and &, €4
0,6 6, <& A

(5) The equivalent emf g, is smaller than g,.
(€) The £y is given by By =€ T 8y always.
() e, is independent of internal resistances r) and r,.
The drift velocity of the free electrons in a conducting wire carrying a current i is v. If in a
wire of the same metal, but of double the radius, the current be 21, then the drift velocity of
the electrons will be

) i

(@) v/4 (b) v/2 v (d) 4v
The element of a heater is rated (B V). If it is connected across a source of voltage V/2, then the
power communed by it will be [CBSE 2020 (55/3/1)]
(@) P b) 2P

P B
© 5 @ 5
A metal rod of length 10 cm and a rectangular cross-section of lem X %cm is connected to a
battery across opposite faces. The resistance will be [NCERT Exemplar]

g y 1 .
() maximum when the battery is connected across 1 cm X g om faces.
(b) maximum when the battery is connected across 10 cm X 1 cm faces.

i 3 1 o
(¢) maximum when the battery is connected across 10 cm % g om faces.

(d) same irrespective of the three faces.
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11.

12.

13.

14.

15:

16.

17

18.

19.

Which of the following characteristics of electrons determines the current in a conductor?
[NCERT Exemplar

(a) Drift velocity alone

(b) Thermal velocity alone

(c) Both drifi velocity and thermal velocity

(d) Neither drift nor thermal velocity.

Temperature dependence of resistivity p(T) of semiconductors insulators and metals is

significantly based on the following factors. [NCERT Exemplar]

(@) Number of charge carriers can change with temperature T.

(b) Time interval between two successive collision can depend on 7.

(¢) Length of material can be a function of T.

(d) Mass of carriers is a function of 7.

A cell of internal resistance r is connected across an external resistance R can supply maximum

current when [CBSE 2020 (55/2/1)]
@ R=r GR>r © R=% R=0
Kirchhoff’s junction rule is a reflection of [NCERT Exemplar]

(a) conservation of current density vector.

(b) conservation of charge.

(¢) the fact that the momentum with which a charged particle approaches a junction is
unchanged (as a vector) as the charged particle leaves the junction.

(d) the fact that there is no accumulation of charged at a junction.

The ratio of current density and electric field is called [CBSE 2020 (55/2/2)]
(a) Resistivity (b) Conductivity

(¢) Drift velocity (d) Mobility

The electrical resistance of a conductor [CBSE 2020 (55/3/1)]

(a) varies directly proportional to its area of cross-section.
(b) decreases with increase in its temperature.
(¢) decreases with increase in its conductivity.
(d) independent or its shape but depends only on its volume.
For a fixed potential difference applied across a conductor, the drift speed of free electrons
does not depend upon [CBSE 2020 (55/2/3)]
(@) free electron density in the conductor.
(b) mass of the electrons.
(¢) length of the conductor
(d) temperature of the conductor.
Two sources of equal emf are connected in series. This combination is, in turn connected to
an external resistance R. The internal resistance of two sources are r, and r, (ry > ry). If the
potential difference across the source of internal resistance r, is zero, then R equals to

[CBSE 2022 (55/2/4), Term-1]

ntn

(a) P ) m-n
1% ntn
@ %= ) T
If n, e, T and m have their usual meanings, then the resistance of a wire of length [ and cross-
sectional area 4 is given by [CBSE 2022 (55/2/4), Term-1]
2

ne A ml
@ 2ml ®) netd

mtA ne’t4
@ = @ "o
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20.

21.

22.

23.

24.

25.

26.

27

A straight line plot showing the terminal potential difference (V) of a cell as a function of
current (I) drawn from it, is shown in the figure. The internal resistance of the cell would be
then [CBSE Sample Paper-2022), Term-1)]

0 05 10 15 20
— [ (ampere)

(a) 2.8 ohms (b) 1.4 ohms (¢) 1.2 ohms (d) zero

A car battery is charged by a 12 V supply, and energy stored in it is 7.20 X 10° J. The charge
passed through the battery is [CBSE 2022 (55/2/4), Term-1]
(@) 6.0 x 10°C (b) 5.8 x 10° ] (¢) 8.64 x 10 (d) 1.6 x 10°C

We use alloys for making standard resistors because they have

[CBSE Sample Paper-2022, Term-1]
(a) low temperature coefficient of resistivity and high specific resistance
(b) high temperature coeflicient of resistivity and low specific resistance
(¢) low temperature coellicient of resistivity and low specific resistance
(d) high temperature coeflicient of resistivity and high specific resistance
A constant voltage is applied between the two ends of a uniform metallic wire, heat ‘H’ is
developed in it. If another wire of the same material, double the radius and twice the length
as compared to original wire is used then the heat developed in it will be

[CBSE Sample Paper-2022, Term-1]

(a) H/2 ) H (c) 2H (d) 4H
If the potential difference V applied across a conductor is increased to 2V with its temperature
kept constant, free electrons in a conductor [CBSE Sample Paper-2022, Term-1]
(a) remain the same (b) become half of its previous value
(¢) be double of its initial value (d) become zero
A battery is connected to the conductor of non-uniform cross section area. The quantities or
quantity which remains constant is [CBSE Sample Paper-2022, Term-1)]
(a) electric field only (b) drifi speed and electric field
(¢c) electric field and current (d) current only
For a metallic conductor, the correct representation of variation of resistance R with
temperature T is [CBSE 2023 (55/1/1)]
(@ R ¢ r @ R @ R

8 8 g g

z = = I

g g 2 2

[ @ @ O

4 x o« lid

2 T T
Temp. Temp. Temp. Temp.

A steady current flows through a metallic wire whose area of cross-section (4) increases
continuously from one end of the wire to the other. The magnitude of drift velocity (v,) of the
free electrons as a function of ‘4’ can be shown by [CBSE 2023 (55/1/1)]
(@) vq (b) vq © vy (d) vy

A A A A
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28. A current of 0.8 A flows in a conductor of 40 {} for 1 minute. The heat produced in the
conductor will be [CBSE 2023 (55/2/1)]
(a) 1445 ] (b) 1536 ] (c) 1569 ] (d) 1640 J
29. A cell of emf E is connected across an external resistance R. When current ‘I’ is drawn from
the cell, the potential difference across the electrodes of the cell drops to V. The internal
resistance ‘r* of the cell is [CBSE 2023 (55/2/1)]
E-V E-V (E-NR E-V
@ (T)R ®) (T) B @ (T) R
30. The current density due to drift of electrons in a conductor is given by
(symbols have their usual meanings) [CBSE 2023 (55/3/1)]
nAduy nuy
(@) neduvy, ) — (€) o d nev,
Answers
| ()] 2. (&) 3. (a) 4. (b) 5. (a) 6. () 7. (@)
8. (b) 9. (d) 10. (a) 11. (a) 12. (a), ()  13. (a) 14. (b), (d)
15. (b) 16. (c) 17. (a) 18. (b) 19. (b) 20. (a) 21. (a)
22. (a) 23. (o) 24. (c) 25. (d) 26. (a) 27. (a) 28. (b)
29. (d) 30. ()

Assertion-Reason Questions

In the following questions, a statement of Assertion (A) is followed by a statement of Reason (R). Choose the
correct answer out of the following choices.

(a)
®
©
@

1.

Both A and R are true and R is the correct explanation of A.
Both A and R are true but R is not the correct explanation of A.
A is true but R is false.

A is false and R is also false.

Assertion (4) : An electron has a high potential energy when it is at a location associated
with a more negative value of potential, and a low potental energy when ata
location associated with a more positive potential.

[CBSE Sample Paper-2022, Term-1)]

Reason (R) : Electrons move from a region of higher potential to region of lower potential.
Assertion (4) : The current density is a vector quantity.
Reason (R) : Current density has magnitude current per unit area and is directed along

the direction of current.

Assertion (4) The connecting wires are made of copper.

Reason (R) : Copper has very high electrical conductivity.

Assertion (4) : Material used in construction of a standard resistance is constantan.

Reason (R) : The temperature coeflicient of resistance of constantan is negligible.

Assertion (4) : An electrical bulb starts glowing instantly as it is switched on.

Reason (R) : Drifispeed of electrons in a metallic wire is very large. [AIIMS 2017]

Assertion (4) : With increase in drifi velocity, the current flowing through a metallic conductor
decreases.

Reason (R) : The current flowing in a conductor is inversely proportonal to drift velocity.
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7. Assertion (4)

The current flows in a conductor when there is an electric field within the

conductor.
Reason (R) : The electrons in a conductor drift only in the presence of electric field.
8. Assertion (4) : The conductivity of an electrolyte is very low as compared to a metal at room
temperature.

Reason (R)

The number density of free ions in electrolyte is much smaller as compared
to number density of free electrons in metals. Further, ions drift much more
slowly, being heavier. [AIIMS 2015]

The internal resistance of a cell is constant.

9. Assertion (4)
Reason (R)

Lonic concentration of the electrolyte remains same during use of a cell.

[CBSE 2023 (55/3/1)]
When three electric bulbs of power 200 W, 100 W and 50 W are connected in
series Lo a source, the power consumed by the 50 W bulb is maximum.

10. Assertion (4)

Reason (R) : In a series circuit, current is the same through each bulb, but the potential
difference across each bulb is different. [CBSE 2023 (55/4/1)]
Answers
1. () 2. (a) 3. (a) 4. (1) 5. (c) 6. (d) 7. (a)
8. (@) 9. @ 10. (b).

Case-based/Passage-based Questions

Read the paragraph given below and answer the questions that follow:
1. Eel: The Electric Fish
Electric fish are able Lo generate current with biological cells called electroplaques, which
are physiological emf devices. The electro-plaques in the South American ell shown in the
photograph that opens this chapter are arranged in 140 rows, each row stretching horizontally
along the body and each containing 5000 electro-plaques. The arrangement is suggested in
figure each electro-plague has an emf (g) of 0.15V and an internal resistance (r) of 0.25Q. The
water surrounding the eel completes a circuit between the two ends of the electroplaque array,
one end at the animal’s head and the other near its tail.

Electroplaque <——

e wan-— - - - —H Fua |
5000 per ro
Y Fana— - - - —Fanan

+|‘ "\‘v":. z +‘ "‘/\-V'\

(©) If the water surrounding the eel has resistance R, = 800 () how much current can the eel
produce in the water?
(@) 6.6 mA b) 6.6 A
(c) 0.93 A (d) 9.3 mA
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(ii) If the cell has on emf of 4 V and the internal resistance of this cell is 0.2 ), it is connected
to resistance of 3.8 (), terminal voltage through the cell will be
(@) 3.8V by4v (€ 02V d) 1.8V

(iii) For a cell, the terminal potential difference is 3.6 V, when the circuit is open. If the
potential difference reduces to 3 V, when cell is connected to a resistance of 5 (), the
internal resistance of cell is
(a) 1 Q 20 ()4 Q d) 8Q

(iv) A group of girls connected 10 identical cell first in series and then in parallel across a bulb
of resistance 50 () and they see that the reading of the ammeter 1 A in both cases. Then the
internal resistance of any one cell will be

(a) 100 Q2 (&) 50 © (€) 10Q d) 5Q

OR

If n identical cells emf and internal resistance r are connected parallel then the equivalent
emf of the combination will

Er B nk
@ &% o ) E @ —
2. An experiment was set up with the circuit diagram shown in figure.

GiventhatR, = 10Q, Ry, = Ry = 5Q,r = 0Qand E = 5V [CBSE 2022 (55/2/4), Term-1, Modified)

(i) The points with the same potential are

(@) b,e,d ) f by () d,e,f (d) a, b, j
(ii) The current through branch bg is

(@) 1A b) éA (c) %A (d) %A
(iii) The power dissipated in R, is
(@) 2W by2.5wW (€) 3W (d) 4.5W
(iz) The potential difference across R, is
(@) L5V by2v ) 25V d)3sv
OR

The potential difference (V, — V) between the points 4 and B in the given figure is
5V

Vi 20 - 20 Vg
*———— AW | W—————»

I! B
= r=2A

@ -3V () +3 V ©) -13 V ) +13V




Explanations

1. (i) (¢) The total emf, E_ along a row of 5000 electro-plaque

E,ow = 5000 E = 5000 X 0.15 = 750 V
Now, Total internal resistance in row,

Teow = (5000)r = (5000 X 0.25) = 1250 €.
The equivalent resistance of this combination,

7.

Teq= 1’:3 = % =893Q, E_=E_,

Hence, I produce by eel in water, R, = 800 Q
Ewi 750

R+7, ~ 800+8.93

I=

=0.927A =093 A

[Note: In parallel combination of cell having equal internal resistance, E,,,, = E]

} E __ 4 _4_
) Here, F = ~S8%02 & &

Now, V=E-Ir=4-1x02=38V

(iii) (a) Given, E=36V,V=3V,R =50

v_s
then, "_ﬁ_f,

Now, E=V+IR
E-V _36-3 _06x5

= 3 5 1Q
5
(tv) (b) Case I: When cells connected in series, E_, = 10 E
e 10E

T R+10r 50+10r

Case II: When cell connected in parallal, E, = E
- Ew E
g
10 10
Now, in both case ammeter reading is same,
L=1,
10E E

= e
B0+10r ~ 594 T

= 500+%:50+1[}r = 9 =450
OR
(¢) In parallel combination of cell,

E K E, E

— n

o " %5 B, o E

™= p by 1 n

Tl T2 o T)’l r

2. (i) (b) Here, r = 0, so no potential drop across r.
Pdofcell =V, -V, =(5-0) =5V

(D)
(i)

450 _

a0
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Now, ¥, = 5V, 1, = OV

From the circuit, common points &, b, 7, ¢ have same potential and common points 4, g,

J»f have same potential.
(i) (¢) Potental difference across bg,
ng =4+5-0=5V
Current through branch bg,
W,
-k 51,
R, 10 2
(1i) (b) Power dissipated in R,

LR 9
“E @R "
(@) (¢) Potential difference across ¢f branch,

ch"“(5-0)x

R,=Ry+Ry=

|

25

G+5=10Q

Vo 5 1

—_— == —A
Ry, 1072

Then, potential difference across Ry,

=Lx5=2.5V

B 2

IR,
OR

(d) From KVL,

Vipg=Vy=-Vp=2%x2+5+2x2

=4+4+5+4=13V

+5V

R,=5Q

Ry=5Q

VA-:»ZL-\M/\/\/\——*U——W\,-—-VB
A 2Q 5V 260 B

CONCEPTUAL QUESTIO

NS

Q. 1. When a potential difference is applied across the ends of a conductor, how is the drift velocity

of the electrons related to the relaxation time. [CBSE 2019 (55/1/2)]
Ans. i . P "
gl U - oo _xgti.nu\a of Mo dommn vy A v h%i’j;' o i
) I T AN ——
| b5 A &
- - g it WY B
Ll ove Seloxohorn  Nves o
ot Maets, w8 Soan 8ee thal sxlaef!
,% Aot vosweds  Siveotilly omtla _sdloyelien Aews
Por 0 eafenk  povewd &%&5&% ey fond dlie dethae
Fatdy 1 T R
= . B\ ¥ OV U mm’m_% alachmmd s tlolied i
e Me salovakien  Avws - —— [Topper’s Answer 2019)

108 Xam idea Physics—XlI



Q. 2.
Ans.

Q.3.

Ans,

Q.4

Ans.

Q.5.

Ans.

Q. 6.

Ans.

Define the term ‘Mobility’ of electrons. Give its SI unit. [CBSE 2023 (55/4/1)]
Mobility is defined as the magnitude of the drift velocity acquired by it in a unit electric field.
The SI unit of mobility is m%Vs or m? v =!s7

How does the mobility of electrons in a conductor change, if the potential difference applied
across the conductor is doubled, keeping the length and temperature of the conductor
constant? [CBSE 2019 (55/1/1)]
Mobility is defined as the magnitude of drift velocity per unit electric field.

Ll e o

= = T=—T

B7E TmET m G
At constant temperature and length, there is no change in relaxation time i.e., T o« T Also it
does not depend on potential difference.

Hence, on changing the potential difference, there is no change in mobility of electrons.
Define electrical conductivity of a conductor and give its SI unit. On what factors does it
depend? [CBSE Delhi 2014, (East) 2016, CBSE 2023 (55/4/1)]
The conductivity of a material equals the reciprocal of the resistance of its wire of unit length and
unit area ol cross-section.

Its SI unit is

1 < sl % . >
(7 or ohm™ m™ or (mho m™) or siemen m™!
ohm - metre

It depends upon number density, nature of material, relaxation time and temperature.
Plot a graph showing variation of current versus voltage for the material GaAs.

[CBSE Delhi 2014]
The variation of electric current with applied voltage for GaAs is as shown.

Non- Negative
lingar resistance
region region

~— Current ] (mA) —=

Voltage V(V) ——=

Graph showing the variation of current versus voltage for a material GaAs is shown in the figure.
Identify the region of

T c D
2
g E
=3
°l B
A Voltage V —=
(i) negative resistance (ii) where Ohm’s law is obeyed. [CBSE Delhi 2015]
(#) In region DE, material GaAs (Gallium Arsenide) offers negative resistance, because slope
av o
Al :

(i) The region BC approximately passes through the origin, (or current also increases with the

AV
increase of voltage). Hence, it follows Ohm's law and in this region A 0.

Current Electricity 109



Q. 7. Plot a graph showing the variation of resistance of a conducting
wire as a function of its radius, keeping the length of the wire and
its temperature as constant. [CBSE (F) 2013] g
Ans. Resistance of a conductor of length /, and radius r is given by

R = pL; thus Roc 1—2
nr r

Q. 8. The emf of a cell is always greater than its terminal voltage. Why? 7

Give reason. [CBSE Delhi 2013] =
Ans. (i) In an open circuit, the emf of a cell and terminal voltage are same.

(21) In closed circuit, a current is drawn from the source, so, V = E - Ir, it is true/valid, because

each cell has some finite internal resistance.

Q.9. Two materials Si and Cu, are cooled from 300 K to 60 K. What will be the effect on their

resistivity? [CBSE (F) 2013]
Ans. Insilicon, the resistivity increases.

In copper, the resistivity decreases.

For Silicon For Copper

T T

P P

T(K—» T(K)—=
Q. 10. Plot a graph showing the variation of current ‘I’ versus resistance ‘R’, connected to a cell of
emf E and internal resistance ‘r’.
E

Ans. 1:r+R

I — R
Q. 11. Give an example of a material each for which temperature coefficient of resistivity is
(i) positive, (ii) negative. [CBSE Sample Paper 2016)
Ans. (i) Copper (Cu) (Temperature coeflicient of resistivity (o) is positive for metals and alloys.)
(ii) Silicon (8i) (For semiconductors, a. is negative)
Q. 12. A cell of emf ‘c’ and internal resistance ‘r’ draws a current ‘I. Write the relation between
terminal voltage ‘}” in terms of ¢,  and r. [CBSE Delhi 2013]

Ans. The terminal voltage V < g,s0 V=g-1Ir

Q. 13. Under what condition will the current in a wire be the same when connected in series and in
parallel of n identical cells each having internal resistance r and external resistance R ?
[CBSE 2019 (55/4/1)]

Ans. When internal resistance of cell r is equal 10 external resistance.
Let n identical cell of internal resistance r connected in series and parallel with external resistance R.
ne = ne
I

5T Rtnr ang = R+L=Rn+r
n
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Q. 14.

Ans.

Ans,

Q. 16.

Ans.

Ans.

According to question,

nE ne

R+nr Rn+tr

Iy=Ip=

=>R+nr=Rn+r = nr-r=Rn-R
=r(n-1)=Rn-1)

r=R
Two wires, one of copper and the other of manganin, have same resistance and equal thickness.
Which wire is longer? Justify your answer. [CBSE Guwahati 2015)

Let /; and Iy be lengths of copper and manganin wires having same resistance R and thickness
i.e., area of cross-section (A).

o
Resistance of copper wire, R = ——

: . e 0yly

Resistance of manganin wire R = ——

= pily = polo (As pl = constant)

Since p;<<<py Then,l >>>1,

Hence, copper wire would be longer.

Two wires one of manganin and the other of copper have equal length and equal resistance.

Which one of these wires will be thicker? [CBSE (AI) 2012, (South) 2016] [HOTS]
. _el_ ol

Resistance R = o

Resistivity p of manganin is much greater than that of copper, therelore Lo keep same resistance

for same length of wire, the manganin wire must be thicker.

Nichrome and copper wires of same length and same radius are connected in series. Current [ is
passed through them. Which wire gets heated up more? Justify your answer.  [CBSE (4I) 2017]

nt T & same ch bath .
coben T conséant
The heat f::'.)o,d:,lud “fio ferype t =
L= TR+
RN R
pocff = P kéghen foa mfekaoyre
3o R ¢ heghes | 3 il
M0oge kaxeat ¢ n*od ciced & h[cc‘_}m'"m B e.
[Topper’s Amwer 2017]
I -V graph for a metallic wire at two different temperatures, T} and
T, is as shown in the figure. Which of the two temperatures is lower
and why? [CBSE Allahabad 2015)
If a constant current 1 flows through the conductor, resistance at I
temperature 7'y and Ty is 7
1
"
R =
Ve
and Ry = T
: v, Vs V—
Since Vo>V, = Ry>R|

The resistance of the wire increases with rise of temperature. Hence, T is lower than T .
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Q.18

Ans.

Q. 19.

Ans.

Ans.

Ans,

Q. 22.
Ans.

Q.23.

Ans.

Two metallic resistors are connected first in series and then in parallel across a de supply. Plot
of I -V graph is shown for the two cases. Which one represents a parallel combination of the

resistors and why? & [CBSE Bhubaneshwer 2015)

I B

Vo—
Line A represents the parallel combination. } A
Reason: At a given potential difference V, current in the combination A I
is more than in the combination B. 8
i.e., 1, =1
Since R, = L and Ry = i V—
IA 1
B

= Ry< Ry

The variation of potential difference V" with length [ in the case of two potentiometer P and Q
is as shown. Which of these two will you prefer for comparing the emfs of two primary cells
and why? [CBSE (East) 2016] [HOTS)

; s ’ . v
For greater accuracy of potentiometer, the potential gradient (slope) T P

vV
must be as small as possible. In the graph given the slope T is smaller for T
v

Qo

a potentiometer Q; hence we shall prefer potentiometer @ for comparing
the emfs of two cells.

I - V graph for two identical conductors of different materials 4 and B
is shown in the figure. Which one of the two has higher resistivity? A

[CBSE (Chennai) 2015] [HOTS]
The resistivity of material B is higher. i
Reason: If the same amount of the current flows through them, then

Vy>V,, and from Ohm’s law R > R,. Hence the resistivity of the material
B is higher. o y—

For household electrical wiring, one uses Cu wires or Al wires. What considerations are kept
in mind? [NCERT Exemplar]
Two considerations are required: (i) cost of metal, and (ii) good conductivity of metal. Cost factor
inhibits silver. Cu and Al are the next best conductors.

Why are alloys used for making standard resistance coils? [NCERT Exemplar]
Alloys have

(i) low value of temperature coeflicient and the resistance of the alloy does not vary much with
rise in temperature.

(12) high resistivity, so even a smaller length of the material is sufficient to design high standard

resistance.
The I-V characteristics of a resistor are observed to deviate from a straight T
line for higher values of current as shown in the adjoining figure why?

[HOTS] |

At higher value of current, sufficient heat is produced which raises the
temperature of resistor and so causes increase in resistance.
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Q.18

Ans.

Q. 19.

Ans.

Ans.

Ans,

Q. 22.
Ans.

Q.23.

Ans.

Two metallic resistors are connected first in series and then in parallel across a de supply. Plot
of I -V graph is shown for the two cases. Which one represents a parallel combination of the

resistors and why? & [CBSE Bhubaneshwer 2015)

I B

Vo—
Line A represents the parallel combination. } A
Reason: At a given potential difference V, current in the combination A I
is more than in the combination B. 8
i.e., 1, =1
Since R, = L and Ry = i V—
IA 1
B

= Ry< Ry

The variation of potential difference V" with length [ in the case of two potentiometer P and Q
is as shown. Which of these two will you prefer for comparing the emfs of two primary cells
and why? [CBSE (East) 2016] [HOTS)

; s ’ . v
For greater accuracy of potentiometer, the potential gradient (slope) T P

vV
must be as small as possible. In the graph given the slope T is smaller for T
v

Qo

a potentiometer Q; hence we shall prefer potentiometer @ for comparing
the emfs of two cells.

I - V graph for two identical conductors of different materials 4 and B
is shown in the figure. Which one of the two has higher resistivity? A

[CBSE (Chennai) 2015] [HOTS]
The resistivity of material B is higher. i
Reason: If the same amount of the current flows through them, then

Vy>V,, and from Ohm’s law R > R,. Hence the resistivity of the material
B is higher. o y—

For household electrical wiring, one uses Cu wires or Al wires. What considerations are kept
in mind? [NCERT Exemplar]
Two considerations are required: (i) cost of metal, and (ii) good conductivity of metal. Cost factor
inhibits silver. Cu and Al are the next best conductors.

Why are alloys used for making standard resistance coils? [NCERT Exemplar]
Alloys have

(i) low value of temperature coeflicient and the resistance of the alloy does not vary much with
rise in temperature.

(12) high resistivity, so even a smaller length of the material is sufficient to design high standard

resistance.
The I-V characteristics of a resistor are observed to deviate from a straight T
line for higher values of current as shown in the adjoining figure why?

[HOTS] |

At higher value of current, sufficient heat is produced which raises the
temperature of resistor and so causes increase in resistance.
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Q. 24.

Ans,

Ans.

V-I graphs for parallel and series combinations of two metallic resistors
are shown in figure. Which graph represents parallel combination?
Justify your answer. [HOTS]
Graph ‘A’ represents parallel combination. v T
Reason: In series combination the effective resistance, R = T is more than V

parallel combination. The slope of a line of I/ graph represents resistance.
The slope of B is more than A. Therefore B represents series combination
and A represents parallel combination.

[ =

Draw a graph to show a variation of resistance of a metal wire as a function of its diameter

keeping its length and material constant. [CBSE Sample Paper 2017] D
1 I 4 ‘
R=p— = P =e
A nr? nD?
e Ra #

Each of the following questions are of 2 marks.
Define the terms (i) drift velocity, (ii) relaxation time. [CBSE Delhi 2011, (AI) 2013]

(i) Drift Velocity: The average velocity acquired by the free electrons of a conductor in a
direction opposite to the externally applied electric field is called drift velocity. The drift

Q. 1.
Ans.

Q.2.

Ans.

velocity will remain the same with lattice ions/atoms.

(ii) Relaxation Time: The average time of free travel of [ree electrons between two successive

collisions is called the relaxation time.

Define the term ‘mobility* of charge carriers in a current carrying conductor. Obtain the
relation for mobility in terms of relaxation time. [CBSE 2020 (55/2/1)]

)] veily aaeniof

- %@%@Mgf

meﬁmdaw\:w« c}somp&cx
é)

e s e .,g_'?’nad.(t.ﬁ/vﬂ.

_cc.matf anol a3 aﬂcefvwﬂtfw%fyl ooy DQNded el
Now, on fareien

)
Ay = v i: < E
f(?\('__ o(/,ﬁmfc/&__ fu.(t!% =

T L B = = il

g =y
st __!{gfﬁmcw W rcﬁmp E f?lfJ uJM Cus AeAasation
, aco @Miqnnb’

s B LY E’/{%): (X ( Lax oﬁv@(u(
W _mw‘&;&ﬁf s %”‘Q/“‘“ i ¢

[Topper’s Answer 2020]
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Q. 3. Define the term ‘drift velocity® of electrons in a current carrying conductor. Obtain the relationship

between the current density and the drift velocity of electrons. [CBSE 2020 (55/2/1)]
Ans. The average speed with which electrons move when an electric field or potential difference is
applied is called drift velocity. 1
— _-—eEt
4 m Ax =uAL
[ ) o=  _E |/ l
a—
\ j \ f‘r_\a
The amount of charge crossing the area A in time Al Y

1A =ne A|vg| &t

Hence current density Y
= % =nev, [CBSE Marking Scheme 2020 (55/2/1)]
Q. 4. Differentiate between the random velocity and the drift velocity of electrons in an electrical
conductor. Give their order of magnitudes. [CBSE 2020 (55/3/1)]
Ans. 1
Random Velocity (v) Drift Velocity (v,)
1. | The velocity acquired by the free electrons | The average velocity acquired by the free
in the absence of electric field. electrons in the presence of electric field.

2. | The average ramdom velocity is zero. | The average drift velocity is not zero.

3. | Has quite a large value. Has a very small value.
Order of magnitude of random velocity in 10% my/s. 2t
Order of magnitude of drift velocity is 107% myfs. [CBSE Marking Scheme 2020 (55/3/1)]

Q. 5. A battery of emf 12 V and internal resistance 4 (} is connected to an external resistance R. If
the current in the resistance is 0.5 A, calculate the value of (a) R, and () the terminal voltage

of the battery. [CBSE 2020 (55/3/2)]
Ans. Current, J =ﬁ

= E=IR+71)

= 12=05(R +4)

R=24-4=200Q
Terminal voltage across the battery,
V,=E-Ir=12-05x4=10V
Q. 6. Write two differences between the emf and terminal potential difference of a cell. What is the
most important precaution that one should take while drawing current from a cell?
[CBSE 2023 (55/4/1)]

Ans.
| EMF [ Terminal Potential Difference (L.E.D)

(i) EMF is the maximum potential difference thata | (i) Terminal voltage is the potential difference
cell is able 10 produce when there is no current across of the terminals when the circuit is
flow across it. switched on.

(i) EMF is measured using a potentiometer. (it) It is measured using volimeter.

(i) The value of EMF is always greater than T.RD | (iii) The value of T.PD) is always lower than that of
due to open circuit. EMF due to the potential drop.

Precaution: (1) Some external resistance should be connected to cell in series.
(2) Short circuiting should be avoided.
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Q.7.

Ans.

Ans.

Ans.

Q. 10.

Ans.

Plot a graph showing variation of voltage verses the current drawn
from the cell. How can one get information from this plot about the -
emf of the cell and its internal resistance? [CBSE (F) 2016]
_ _e-V
V=e-Ir=r= 7 l
ALI=0,V=¢ ]
; Ik | _E =
When V=10, I_IO»T_ID
The intercept on y-axis gives the emf of the cell. The slope of graph Iy
gives the internal resistance. I tampere) —»

Two cells of emfs 1.5 V and 2.0 V having internal resistances 0.2 { and 0.3 Q) respectively are
connected in parallel. Calculate the emf and internal resistance of the equivalent cell.

[CBSE Delhi 2016]
Given, E, =15V, n=02Q
E,=20V, 1=030Q
Emf of equivalent cell,
E K
—= + —
g o OEYER (1.5><0.s+ 2><0.2)= 045+ 040 _ oy
IE. il e ¢ 0208 0.5 .
LY 57
L
Internal resistance of equivalent cell,
1 1 1 % 0.2%X0.3 0.06
—= = — = =———|0=—""-0Q=0.
roon r2=> 4 n+ (0.2+D.3)Q (1.5Q BEED

When 5 V potential difference is applied across a wire of length 0.1 m, the drift speed of
electrons is 2.5 X 10~ m/s. If the electron density in the wire is 8§ X 10*® m™, calculate the

resistivity of the material of wire. [CBSE (North) 2016]
i n _¥ dR = 1
We know I—neAvd_l—ian R—p;
2 v
So B nedu,
v _RA _ __ ¥
nev, | l e nev, |
5 -5
o Qm = 1.56 X 10~ Qm

T BX10¥X 16X 1079 x 2.5 X 107 X 0.1
=~ L6X107Qm
Two conducting wires X and ¥ of same diameter but different materials are joined in series

across a battery. If the number density of electrons in X is twice that in ¥, find the ratio of drift
velocity of electrons in the two wires. [CBSE (Al) 2011]

In series current is same,
So, IX:IYZJ":neAyd

For same diameler, cross-sectional area is same

Ay=4,=4
I,=1, = n edv = nIeAvI
v n n
y 7 1
Given n,=92n, = e e T
% 7 v, o 2113, 2
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Q.11

Ans.

Q.12

Ans.

Q.13.

Ans.

A potential difference V is applied across the ends of copper wire of length [ and diameter D.

What is the effect on drift velocity of electrons if [CBSE Ajmer 2015]
(i) Vis halved? (if) 1 is doubled?
(iii) D is halved?
Drift velocity, v, = A R, ¥ o ¥
T ned T ned ol nepl
neA(;)

(1) As v, «V,when Vis halved the drift velocity is halved.

(i) As v, = lT,whc:n 1 is doubled the drift velocity is halved.

(121) As vy is independent of 1), when D is halved drifi velocity remains unchanged.

A steady current flows through a wire AB, as shown in the figure. What happens to the electric
field and the drift velocity along the wire? Justify your answer. [CBSE 2023 (55/4/1)]

B

According to Ohm's Law, [/ = oE

So, JeE = Ec:%

Along the wire if 4 increases then E will decreases.
Drift velocity, v; = pE
(Here, p = constant)

gy E vy

L |
A |
Similarly, il 4 increases v, will decreases.

A wire of length L; has a resistance R,. It is gradually stretched till its length becomes 2 L,.
(a) Plot a graph showing variation of its resistance R with its length L during stretching.

(6) What will be its resistance when its length becomes 2L, ? [CBSE 2020 (55/4/1)]

P.
(a) Inually, R, =Ai
0

On stretching, the total volume is constant

ALy =AL [Where 4 and L are area and length after stretching]
R
LA A
070
d=—== 4R,
L " °l /
S T A O W -}
Bo Aok, Ly Ly 14, L5 R,|
5 '

TN 5 0| Lo 2L,
R:RH(I_{]) = Rl

(b) When L = 2L,
R=4R,

116 Xam idea Physics—Xll



Q. 14. Find the magnitude and direction of current in 1() resistor in the given circuit.

CBSE (South) 2016
6V P 20 [ (. ) 1
v
10
30 Q 30

Ans. For the mesh APQBA
—6-1(l,—1) + 3, =0

or L +4,=6 ()
For the mesh PCDQP
2y = 9431+ 1(Iy - 1,)=0
or 6l,-1, =9 )
Solving (z) and (i), we get
_45 _ 42

fimogh Wl LTy

- Current through the 1 Q resistor = (I, - 1)) = gigA

Hence the direction of current in 1 Q resistor from Q to P in the circuit.
Q. 15. Figure shows two circuits each having a galvanometer and a battery of 3 V. When the

. i & 5 1
galvanometers in each arrangement do not show any deflection, obtain the ratio T
2

[CBSE (Al) 2013)

oy

G )60Q - 3.0V

|
30V 1.20Q

Ans. For balanced Wheatstone bridge, no current flows through the galvanometer.

. 0 )
R 9
4x9
=3 R = 5 =6Q
For another circuit,
R
5] 2 6X8
_— == = =
12 8 R? 12 T
R
o R _6_3
Ratio, R__ 1 = 2
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Q. 16. Using Kirchoff’s rules determine the value of 10 E
unknown resistance R in the circuit so that no
current flows through 4 Q resistance. Also find 40
the potential difference between A and D. 10 R
[CBSE Delhi 2012) [HOTS)]
Ans. Applying Kirchhoff's loop rule for loop ABEFA, ! I N
|
9+6+4x0+2/=0 A gV B 3y G
I=15A (1)
For loop BCDEB
3+IR+4x0-6=0
IR=3
Putting the value of I from (f) we have
&
3 XR=3 = R=2Q
Potential difference between A and D through path ABCD,
9-3-IR =1V,
3 oo -
or 9—3—§X2—VAD = V,,=3V
Q.17. In the circuit shown in the figure, the galvanometer 5000
‘G’ gives zero deflection. If the batteries 4 and B have
negligible internal resistance, find the value of the
resistor R. [CBSE (F) 2013 [HOTS)
Ans. [If galvanometer G gives zero dellection, than current
of source of 12 V flows through R, and voliage across R
becomes 2 V.

2V B R A2V

Current in the circuit T = ﬁ = 50;—2+R
and V=IR=2
12.0
(500+R)R=2
=5 12R = 1000 + 2R
= 10R = 1000
R=1000Q

Q. 18. The plot of the variation of potential difference across a combination
of three identical cells in series, versus current is shown alongside. gy
What is the emf and internal resistance of each cell?
[CBSE (Central) 2016] [HOTS)]

Ans. We know that for a circuit

V=E,-Ir, o) -
From graph, when/ = 0 A, then V¥ =6 Vand when /=1 A 0 1A — 1
then V=0V
Putting, V=6 Vand I = 0 A in eq. (1)

6=E,-0.r, = E,=6V .

th=£1+EQ+E33 £ = EpTE3=E = ;’:2\"

And,when/=1A,and V=0V
OG-, = r,=60
Ty =T +re+ry = 1 =rg=ry=r=
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Q.19.

Ans.

Q. 20.

Ans.

Q.21.

Ans.

Q.22.

Ans.

A voltmeter of resistance 998 () is connected across a cell of emf 2 V and internal resistance
2 (). Find the potential difference across the voltmeter and also across the terminals of the cell.

Estimate the percentage error in the reading of the voltmeter. [CBSE 2019 (55/5/1)]
We have, V=E-Ir
()
= 998 X [=2-2I b
= 1000 x I=2
-2 _
I= 1000 =0.002 A
Now, = 0.002 x 998 ol 2Q
e
= 1
V=199V L
Then AV = 2 - 1.996
=0.004V
% error = 0204 x100=0.2%
Two wires A and B of the same material and having same length, have their cross sectional

areas in the ratio 1 : 6. What would be the ratio of heat produced in these wires when same
voltage is applied across each? [CBSE Sample Paper 2017]

Asgiven, A, :Ag=1:6

H=V*R  and R= %
2 H, Vx4 / H, A
HA=ﬂ; HB= Vi ::’H_A:—AXQP—#H_A:_A:]':E
olfA ollA, & el R, 5 Ap
Two cells of emf 10 V and 2 V and internal resistance 10 {2 and 5 ) respectively, are connected
in parallel as shown. Find the effective voltage across R. [CBSE Sample Paper 2016]
2V
{ -
} 15 50
= | 2w
"oy 10€

€ €
(%) (23
el e h % 10 5
The effective voltage across R is given by E g T 1
(rrs) los)
g, =2V

Two cells of same emf E but internal resistance r, and r, are connected in series to an external
resistor R (Fig.). What should be the value of R so that the potential difference across the

terminals of the first cell becomes zero. [NCERT Exemplar] [HOTS)
E E
From the circuit shown, [ = EFER  P—— B
Ryt | I
2E
i T L '
2En
or i o R R
= rntre+R=2r) = R=r-ry
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Q. 23.

Ans.

Q. 24.

Ans.

Q. 25.

Ans.

(a) Draw a graph showing the variation of current versus voltage T
voltage in an electrolyte when an external resistance is also Y 0.16-

connected. =] 0.08- i
(b) The graph between resistance (R) and temperature (T) for Hg & ‘ E T
is shown in the figure. Explain the behaviour of Hg near 4K. ¥

[CBSE 2019 (55/4/1)] 20 ®

(a) Note : Award this 1 mark even if the student draw the following or some other non linear

graph 1
d |
OR
| e =
(b) At a temperature of 4 K, the resistance of Hg becomes zero. 1

Note - Award this 1 mark if the student writes that Hg becomes a super conductor at
temperature of 4 K

[CBSE Marking Scheme 2019 (55/4/1)]

At room temperature (27.0°C), the resistance of a heating element is 100 Q0. At what temperature
does the resistance of the element change to 117 Q? Given that the temperature coefficient of

the material of the resistor is 1.70 x 10~ °C™" [NCERT]
Given, Ry = 100 Q, R, = 117Q, i =2, a =170 x 107C
Temperature Coeflicient, o —ﬂ temperature { is unknown
mp ure C icient, R27(£—27)’ mp u u w
R -R B
5 (—97 = 27 _ 117 -100 — = 1000
Ry 100%1.70% 10
= t= 1000 + 27 = 1027°C

A storage battery of emf 8.0 V and internal resistance 0.5 () is being charged by a 120 V dc
supply using a series resistor of 15.5 Q0. What is the terminal voltage of the battery during
charging? What is the purpose of having a series resistor in the charging circuit? [NCERT]

When battery is being charged by a 120 V d.c. supply, the 8V
current in battery is in opposite direction than nermal |}

connections of battery of supplying current. So the potential 0.5 2
difference across battery

E=V+IR 4 R=1550

Given E=8V,r=05Q,R=155Q

120V
120-8 112 il

Current in circuit, I = 55705 - 16 —
V=8+4+7%x05=115V

Series resistance limits the current drawn from external de source. In the absence of series
resistance the current may exceed the safe-value permitted by storage battery.
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Short Answer Questions

Each of the following questions are of 3 marks.

Q. 1. A variable resistor R is connected across a cell of emf E and internal resistance r.
(a) Draw the circuit diagram.

(b) Plot the graph showing variation of potential drop across R as function of R.
(c) At what value of R current in circuit will be maximum?
1

[CBSE Sample Paper 2021]
-
Ans. (a) I A |
1 | V=g
ph—— i
RE E = v £
(b)V=IR=(R+r)R=(R+T)/R=1+L 2
R

i A V V
(¢) Maximum current is drawn when R =0, I = =0 > R—

A storage battery of emf 8 V and internal resistance 0.5 ohm is being charged by d.c. supply
of 120 V using a resistor of 15.5 ohm.

(a) Draw the circuit diagram.

(b) Calculate the potential difference across the battery.

(c) What is the purpose of having series resistance in this circuit? [CBSE Sample Paper 2021]
Ans. (a) Circuit diagram:

A 050 B

A%

120y 1850
Vet 120-8 112
@ =Ry~ Ts5r05 16
Applying Kirchofl”s rule,
V,+05(T)+8 =V,
85+8=115=V,-V,
Potential difference, Vy— V=115V

(¢) Series resistance limits the current through the source.

Q.3

(a) Two cells of emf E| and E, have their internal resistances r, and r,, respectively. Deduce
an expression for the equivalent emf and internal resistance of their parallel combination
when connected across an external resistance R. Assume that the two cells are supporting
each other.

(b) In case the two cells are identical, each of emf E = 5 V and internal resistance r = 2 (),
calculate the voltage across the external resistance R = 10 (). [CBSE 2020 (55/1/1)]
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Ans. (a) 1 Iy n
)
A B
E, 1=1) +1 Ees
2 r2 I =h+l
e ! i
(a) (b)
Let I, and I, be the currents leaving the positive, terminals of the cells, and at the point B
I=0+1, ()
Let ¥ be the potential difference between points A and B of the combination of the cells, so
V=E -Iin ...(@)
and V'=Ey—Isry ...(dd)
From equation (1), (if) and (i), we get
- & -V (E;-V)
£ E S|
N i e 1) JE 7 (LI St i
( N + T ) V(r] ,_2) (1)
Fig. (b) shows the equivalent cell, so for the same potenual difference
V=E, I,
or i= Ey il (v)
CER]
On comparing Eq. (iv) and (v), we get
B B B
B Ok &
L ) | ... hle
and 34_711_72 = qu_r]""'z
On further solving, we have
E L+1_ =£ E . =E1r2+E2rl
q\h % n 1 eq A
_ BR2EENS _2x2
® Eeff_T_sv and W ex9 =1Q
E
off 5
Now, [ = = =——A
R+ ry 10+1 11
5 50
. Voltage across R, V =IR= T x10= WV =454V

Q. 4. Using the concept of free electrons in a conductor, derive the expression for the conductivity
of a wire in terms of number density and relaxation time. Hence obtain the relation between
current density and the applied electric field E.

Ans. The acceleration, a= —%f
The average drilt velocity is given by, v, = —%‘[

(t = average ume between collisions or relaxation time)
Ifn 1s the number of free electrons per unit volume, the current / is given by

1=neA|vd|
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Ans. (a) 1 Iy n
)
A B
E, 1=1) +1 Ees
2 r2 I =h+l
e ! i
(a) (b)
Let I, and I, be the currents leaving the positive, terminals of the cells, and at the point B
I=0+1, ()
Let ¥ be the potential difference between points A and B of the combination of the cells, so
V=E -Iin ...(@)
and V'=Ey—Isry ...(dd)
From equation (1), (if) and (i), we get
- & -V (E;-V)
£ E S|
N i e 1) JE 7 (LI St i
( N + T ) V(r] ,_2) (1)
Fig. (b) shows the equivalent cell, so for the same potenual difference
V=E, I,
or i= Ey il (v)
CER]
On comparing Eq. (iv) and (v), we get
B B B
B Ok &
L ) | ... hle
and 34_711_72 = qu_r]""'z
On further solving, we have
E L+1_ =£ E . =E1r2+E2rl
q\h % n 1 eq A
_ BR2EENS _2x2
® Eeff_T_sv and W ex9 =1Q
E
off 5
Now, [ = = =——A
R+ ry 10+1 11
5 50
. Voltage across R, V =IR= T x10= WV =454V

Q. 4. Using the concept of free electrons in a conductor, derive the expression for the conductivity
of a wire in terms of number density and relaxation time. Hence obtain the relation between
current density and the applied electric field E.

Ans. The acceleration, a= —%f
The average drilt velocity is given by, v, = —%‘[

(t = average ume between collisions or relaxation time)
Ifn 1s the number of free electrons per unit volume, the current / is given by

1=neA|vd|
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Q.5.

Ans.

Ans.

P
e"A
=i | E|

But I =|j|A (wherej= current density)

Therefore, we get
7
. _ me
1= Tl El

2
ne” . =
The term —,—Tis conductivity.

et
T m
= J=oE

A metal rod of square cross-sectional area A having length [ has current / flowing through it
when a potential difference of V volt is applied across its ends (figure (i)). Now the rod is cut
parallel to its length into two identical pieces and joined as shown in figure (ii). What potential
difference must be maintained across the length 2/ so that the current in the rod is still I?
[CBSE (F) 2016]

e e [ e

A 1 ] 7 1
4
(i) (i)
Let resistance of metal rod having cross sectional area 4 and length [ be R,
i
= Rl = p?
Also, resistance of metal rod having cross sectional area % and length 2/
21 {
RQ . pz [ “R= \Oj]
2
=4R,

Let IV be potential difference maintained across rod. When the rod is cut parallel and rejoined

: A
by length, the length of the conductor becomes 2/ and area decreases by 5
For maintaining same current,

v _ v
I=—=—

Rl RE
_ .
I=g =g = V=%

The new potential applied across the metal rod will be four times the original potential (V).
Two metallic wires, P, and P, of the same material and same length but different cross-sectional
areas, 4, and 4, are joined together and connected to a source of emf. Find the ratio of the
drift velocities of free electrons in the two wires when they are connected (i) in series, and
(ii) in parallel. [CBSE (F) 2017]
We know that,

I = nedv, = e

Let R and R, be resistances of P} & P, and 4, & A, are their cross sectional areas respectively.
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. i
R’_pAl and R, pA2

(i) When connected in series,

£
ol ol
vdl . (A A2 )MEA _ A2
Ty € T4
ol ol
_+_
(Al Ay )neA

(i) When, connected in parallel,

e i
E “ned, B
i 4,
L=l = SR
Ya, € 1
pl " ned,
e I
A, 1Ye
Q.7. (a) The potential difference applied across a given
resistor is altered so that the heat produced per
second increases by a factor of 9. By what factor
does the applied potential difference change? {}
(b) In the figure shown, an ammeter 4 and a resistor a2 2
of 4 () are connected to the terminals of the source.
The emf of the source is 12 V having an internal
resistance of 2 (). Calculate the voltmeter and
ammeter readings. [CBSE (AI) 2017]
R=40Q
Ans. . &'
15 @] tHeal pes  gecond e \1_%
e _Ietizatly o ¥ The R &y
RS Ch R feore e
& Then H =9 1= aw® = gyl= Gud®
e R R R
The _ paC Cr)CC‘L]_{ dc':“’e.u: nee & cnoegued by a
%cu;t orofe’ ot
L
ch V= £—Tu"

Tocal cugsene =

Jacal ernf

Jofal sesSlarce

=18
o+ 4
[ &

—_—

o

_The

QarYetfeq

The voldrneteg

=)
feadergy &y QA
Leadler) S

V===

== = =lR— axd

=la—4
=2\

[Topper’s Answer 2017]
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Q.8.

Ans.

Ans.

Q. 10.

Ans,

Two identical cells of emf 1.5 V each joined in parallel supply energy to an external circuit

consisting of two resistances of 7 () each joined in parallel. A very high resistance voltmeter

reads the terminal voltage of cells to be 1.4 V. Calculate the internal resistance of each cell.
[CBSE (North) 2016]

Here, E=15V,V=14V

Resistance of external circuit = Equivalent resistance of two resistances of 7Q2 connected in parallel

RE,  7x7 70

or RZW—TTQZS.BQR
Let #' be the total internal resistance of the two cells, then e
E-V 1.5-1.4
:JZ(T)R=(T)S.5:O.25.Q et
: 14 15V, !

As the two cells of internal resistance r each have been —] ——
connected in parallel, so L

Loyl L 2 —0952x2=050 15V

r LA 025 T LA ' [—han

Show, on a plot, variation of resistivity of (i) a conductor, and (ii) a typical semiconductor as a
function of temperature.

Using the expression for the resistivity in terms of number density and relaxation time
between the collisions, explain how resistivity in the case of a conductor increases while it
decreases in a semiconductor, with the rise of temperature. [CBSE 2019 (55/2/1)]

We know that
m

ne’t
Where m is mass of electron

o
>

p = charge density, T = relaxation time | 0.4

¢ = charge on the electron.

(1) In case of conductors with increase in
temperature, relaxation time decreases,
sO resistivity increases.

(i) In case of semiconductors with increase
in temperature number density (n) of .
free electrons increases, hence resistivity 50 100 150 T
decreases.

Resistivity p (1078 0 m)
-
N

0 T

Twelve wires each having a resistance of 3() are connected to form a cubical network. A battery
of 10 V and negligible internal resistance is connected across the diagonally opposite corners
of this network. Determine its equivalent resistance and the current along each edge of the

cube. [CBSE 2019 (55/3/1)]
it
2 i
%
g
3l
30
i
A A
F it B
A 10V
Applying loop rule 1o ABCC’EFA,
3l+31+31'—10=0 el

2
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15

?I =10
Now, R, = 5%= 130:215 =250 Y
Currem=IAB(21M.=IAD=ID.C=IB.C=IM)2%A Y
IDD‘(EIA'B’=IA‘D‘EIDCzIEC“_—IBB’)z%A %

[CBSE Marking Scheme 2019 (55/3/1)]

Q. 11. Use Kirchhoff’s rules to determine the potential difference between the points A and D when
no current flows in the arm BE of the electric network shown in the figure.

g 30 B [CBSE Allahabad 2015]

1VJ: R,

L
2Q
3V
A I
BV 4V
Ans. According to Kirchhofl’s junction rule at E or B
Iy = I+,

Since Iy = 0 in the arm BE as given in the question 30 & L
= I, =, FI—\/\/\’\/ s D
Using loop rule in the loop AFEBA 1V E7 :

—OL+1-3L,- I, R+ 3 +6=0 i Ri £
= oI, + 31+ L,LR,=10 ol 4 "
Since I, = 0, so Fﬂ

L |

51, = 10 a1t B {—
= L=2A s B 1

5=

Iy=1=2A

The potential difference between 4 and D, along the branch AFED of the closed circuit.
Vy- 20, + 1 =3 I,-V;,=0
= Vy=Vp=205-1 + 35
=2x2-1+3x2=9V
Q. 12. Using Kirchhoff’s rules, calculate the current through the 40 () and 20 () resistors in the

following circuit. [CBSE 2019 (55/1/2)]
oV
A B
| | VWA
40Q
D VWAV G
| | 100
E |1 doe s F
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Ans.

% = O
16| Distioaiing  Adne cussans [ ——s B
an L‘Nae.gw(wj s\ g TRTA :t'\
KeQMWsis fumon'sn D[ a1 C
|l 088 ar alo Y 1% (e
E]LLV\Q}(\M b I‘-qbv ﬂUs}. b

A M\B'Q-u.\v-\} ch}v\,\r\.dx 3 ’% hbﬁ,L MAﬂN‘_,
b A B A

8 - 20T, +<m@ a2h ) %)
Qo= ool 40T —Lya,

780 = QQI —-LIG-I_)(

W T e
| Mo, ophliyieg Rucddbasitis (st vuly v o u_«:@i
B FEﬁJ} i e
| =t 5} —\gl, Jf e
1 ____o® 4o = | ‘S.zi “4}‘11 PR
o, 4 o 5t -__i\ji
r b= ‘%Q\““-‘Nl ﬁ\ *Qgﬁ e
I = T er A S Rl
o le = (0%, — & (Fvom ®)
Jl  ond (R= \BT,— k5>.11 Chyoen @) =
ey,
T - PSS e =
- P e Sy
T SN - — - o / = - it

TR I
o m WR e GERY

So, e Sl e comms,
Manw, MO CoSeaat (‘.ka Todmugh
e 49 S Steasshir awmd

Gk =% U’“ e sdmes

o
[Toppers Answer 2019]

Q. 13. The potential difference across a resistor ‘¢’ carrying current ‘I’ is Ir.

(i) Now if

the potential difference across ‘r’ is measured using a voltmeter of resistance ‘R, show

that the reading of voltmeter is less than the true value.
(i) Find the percentage error in measuring the potential difference by a voltmeter.

(iif) At what value of R, does the voltmeter measures the true potential difference?

[CBSE Sample Paper 2016) [HOTS)
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Ans.

Q.14.

Ans.

(i) V = Ir (without voltmeter Ry)

. IRy, Ir
r+R, 1+
v
V<V
o -V’ N r
(i) Percentage error ( 7 )X 100 = (r 5 RV)X 100

(iii) Ry— o, Vi=lr =V

A heating element using nichrome connected to a 230 V supply draws an initial current of 3.2 A
which settles after a few seconds at a steady value of 2.8 A. What is the steady temperature of
the heating element if the room temperature is 27°C? Temperature coefficient of resistance of
nichrome averaged over the temperature range involved is 1.7 X 10 per °C. [NCERT) [HOTS)]
Resistance of heating element at room temperature ¢; = 27° C is

V230

=

Resistance of heating element at steady state temperature £,°C is

V230
27, 238
T ﬂ. . [ . RE‘—RI
L L La T T Taa
empera ure coelhicient ol resistance a R]X(lg-l])
(230 230
Ry - R, 28/ |32 3.2-28 .
2=h TR T 230 = 2exiaxigr | OFC
ﬁ><1_7><10"‘ el

Steady state temperature, £, = 840.3 + i, = 840.3 + 27 = 867.3°C

Long Answer Questions

Each of the following questions are of 5 marks.

Q.1

Ans.

Derive an expression for drift velocity of free electrons in a conductor in terms of relaxation

time of electrons. [CBSE Delhi 2009)
OR

Explain how the average velocity of free electrons in a metal at constant temperature, in an

electric field, remains constant even though the electrons are being constantly accelerated by

this electric field.

Consider a metallic conductor XY of length [ and cross-sectional area 4. A potential difference

=
V' is applied across the conductor XY. Due to this potential difference an electric field E is

produced in the conductor. The magnitude of electric field sirength E = % and its direction is

fromXw¥
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Ans.

This electric field exerts a force on free electrons; due 1o which electrons are accelerated.

The electric force on electron F =—¢E (wheree = +1.6 X 107 coulomb).

Ifm is the mass of electron, then its acceleration
~_F _ ;
BT, =)

This acceleration remains constant only for a very short duration, since there are random forces
which deflect the electron in random manner. These deflections may arise as

(i) ions of metallic crystal vibrate simple harmonically around their mean positions. Different
ions vibrate in different directions and may be displaced by different amounts.
(1) direct collisions of electrons with atoms of metallic crystal lattice.
In any way after a short duration called relaxation time, the motion of electrons become random.
Thus, we can imagine that the electrons are accelerated only for a short duration. As average
velocity of random motion is zero, if we consider the average motion of an electron, then its

i

initial velocity is zero, so the velocity of electron after time 1 (i.e., drift velocity v d) is given by the
o B

relation v = u+ at

3 r -
(hereu = 0,v=wvyl="T,a= —Em )
— ¢E — et .
U=l T = ==k ...(#)
At given temperature, the relaxation time T remains constant, so drift velocity remains constant.
Establish a relation between electric current and drift velocity. [CBSE (Al) 2013]

OR
Prove that the current density of a metallic conductor is directly proportional to the drift
speed of electrons.

Relation between electric current and drift velocity:
Consider a uniform metallic wire XY of length / and cross-sectional area 4. A potential difference
V is applied across the ends X and ¥ of the wire. This causes an electric field at each point of the

wire of strength

—
E
X P Q

Y
el R e )
Sl Cment@ i i~
+— O DD 2+—0
E‘i\"dt*’
14 | i

+ \ »

o E i)

Due 1o this electric field, the electrons gain a drift velocity v, opposite to direction of electric
field. 1f ¢ be the charge passing through the cross-section of wire in { seconds, then

Currentin wire 7 =2 ..(#)
I

The distance traversed by each electron in time { =average velocity X time = vyl

If we consider two planes P and Q at a distance v, £ in a conductor, then the total charge flowing
in time { will be equal to the total charge on the electrons present within the cylinder PQ.

The volume of this cylinder = cross sectional area X height

=Auvgt
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Ifn is the number of free electrons in the wire per unit volume, then the number of free electrons
in the cylinder = n (dvy 1)
If charge on each electron is — ¢ (e=1.6 x107'°C), then the total charge flowing through a
cross-section of the wire

q = (nduvyl) (- e) =—neduv,t ..(#it)
. Gurrent flowing in the wire,

7-2_ —neduv, t

t L
ie., current I = —nedu, (1)
This is the relation between electric current and drift velocity. Negative sign shows that the
direction of current is opposite to the drift velocity.

Numerically J = - nedv, )]
Current density, [= %: nev,
e Jxv,.
That is, current density of a metallic conductor is directly proportional to the drift velocity.

Q. 3. Deduce Ohm’s law using the concept of drift velocity.

Define the term ‘drift velocity’ of charge carriers in a conductor. Obtain the expression for the

current density in terms of relaxation time. [CBSE (F) 2014]
OR

Define relaxation time of the free electrons drifting in a conductor. How is it related to the

drift velocity of free electrons? Use this relation to deduce the expression for the electrical

resistivity of the material. [CBSE (Al) 2012]
OR

(i) On the basis of electron drift, derive an expression for resistivity of a conductor in terms

of number density of free electrons and relaxation time. On what factors does resistivity

of a conductor depend? [CBSE 2023 (55/2/1)]
(i) Why alloys like constantan and manganin are used for making standard resistors?
[CBSE Delhi 2016)

Ans. Relaxation time of free electrons drifting in a conductor is the average time elapsed between two
successive collisions.
Deduction of Ohm’s Law: Consider a conductor of length [ and cross-sectional area 4. When a
potential difference V' is applied across its ends, the current produced is I. If n is the number of
electrons per unit volume in the conductor and v, the drift velocity of electrons, then the relation
between current and drift velocity is

I = —nedu, (D)

where — ¢ is the charge on electron (e = 1.6 x 107'°C)

Electric field produced at each point of wire, E =% ...(it)
If 1 is relaxation time and E is electric field strength, then drift velocity
i )
m
Substituting this value in (f), we get
2 (1)
I=—neA(—H—TEJ or =" 4E Gl
m m

As E= ? [From (ii)]
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Ans.

/= neftd V. s Lo W '3 o
m T T a4 -
E
g *r >
Current density [(2 —) =
: A ml o
This is relation between current density / and applied
potential difference V. ‘
Under given physical conditions (temperature, | 1
pressure) for a given conductor | |
ey = Constant A v 4
. This constant is called the resistance of the conductor (i.e. R).
ie FE_ W | (vi)
g ne’t A
From () and (wi); ¥ <R i)
1

This is Ohm's law. From equation (i) it is clear that the resistance of a wire depends on its length
(), cross-sectional area (4), number of electrons per m® (n) and the relaxation time (t)
Expression for resistivity:

5ot

As ... (wii)

Comparing (vi) and (viit), we get

P m
Resistivity of a conductor p=—
ne’t

Clearly, resistivity of a conductor is inversely proportional to number density of electrons and
relaxation time.

Resistivity of the material of a conductor depends upon the relaxation time, i.e., temperature
and the number density of electrons.

This is because constantan and manganin show very weak dependence of resistivity on temperature.

Derive condition of balance of a Wheatstoélle{ bridge.

Draw a circuit diagram showing balancing of Wheatstone bridge. Use Kirchhoff’s rules to

obtain the balance condition in terms of the resistances of four arms of Wheatstone Bridge.
[CBSE Delhi 2013, 2015]

Condition of balance of a Wheatstone bridge:

The circuit diagram of Wheatstone bridge is shown in fig.

P, Q, R and § are four resistance forming a closed bridge, called Wheatstone bridge. A bauery is

connected across A and C, while a galvanometer is connected between B and D. When the bridge

is balanced, there is no current in galvanometer. B
Derivation of Formula: Let the current flowing in the circuit in the I
balanced condition be 1. This current on reaching point 4 is divided p 7 Q
into two parts [} and ly. As there is no current in galvanometer ; | 2
in balanced condition, current in resistances P and Q is [} and in s
resistances R and S it is [,. A \I/ c
Applying Kirchhoff”s I law at point 4, Iz
I-1,-1,=0 or I=1I+I, O R
Applying Kirchhofl”s II law to closed mesh ABDA, # "
-IP+I,R=0 or LP=1I, R ()
Applying Kirchhoff”s II law o mesh BCDB, 8. X
~1,Q+1,5=0 or Q=15 ..{ii)
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Dividing equation (i) by (iii), we get

LP IR P R

—_— = or
10 1S Qs

This is the condition of balance of Wheatstone bridge.

Questions for Practice
1. Choose and write the correct option in the following questions. E
(2) From the graph between current I and voltage I shown below, identify 3: z g
the portion corresponding to negative resistance D
A —\
(a) AB (b) BC (¢) CD (d) DE
(#) The potential difference across a cell in an open circuit is 8 V. It falls to 4 V when a current
of 4 A is drawn from it. The internal resistance of the cell is [CBSE 2023 (55/1/1)]
(a) 4Q ) 3Q ©2Q ) 1Q
(iif) An electric current is passed through a circuit containing two wires of same material,
connected in parallel. If the lengths and radii of the wires are in the ratio of 3:2 and 2:3,
then the ratio of the current passing throught the wire will be
[CBSE Sample Paper 2022, Term-1]
(a) 2:3 () 3:2 (c) 8:27 (d) 27:8
(7v) Which one of the following is not a scalar quantity? [CBSE 2023 (55/3/1)]
(a) Electric field (b) Voltage (¢) Resistivity (d) Power
(v) m*V~'s™ is the SI unit of which of the following? [CBSE 2020 (55/3/1)]
(@) Drift velocity (b) Mobility () Resistivity (d) Potential gradient
(vi) In a current carrying conductor, the ratio of the electric field and the current density at a
point is called [CBSE 2020 (55/2/1)]
(a) Resistivity (b) Conductivity (¢) Resistance (d) Mobility
(vit) Ohm's law is obeyed by [CBSE 2020 (55/2/3)]
(@) extrinsic semiconductors. (&) intrinsic semiconductors.
(¢) meuals at low temperature. (d) metals at high temperature.
(viit) The resistance of a metal wire increases with increasing temperature on account of
[CBSE 2020 (55/1/2)]
(@) decrease in free electron density. (b) decrease in relaxation time.
(¢) increase in mean free path. (d) increase in the mass of electron.

rh

In the following questions, a statement of Assertion (A) is followed by a statement of Reason (R).
Choose the correct answer out of the following choices.

(a) Both A and R are true and R is the correct explanation of A.
(b) Both A and R are true but R is not the correct explanation of A.
(c) A is true but R is false.

(d) A is false and R is also false.

(i) Assertion (4) : The drift velocity of electrons in a metallic conductor decreases with rise of

temperature of conductor.
Reason (R) : On increasing temperature, the collision of electrons with lauice ions
increases; this hinders the drift of electrons.

132 Xam idea Physics—XlII



10.

112

13-

13.

14.

15.

16.

17.

(i) Assertion (4) : The resistance of a given mass of copper wire is inversely proportional o the

square of length.
Reason (R) : When a copper wire of given mass is streiched to increase its length, its

cross-sectional area also increases.

State the two KirchhofI''s rules used in electric networks. How are these rules justified?

Show variation of resistivity of copper as a function of temperature in a gra h

A5 V battery of negllglble internal resistance is connected across | .

a 200 V battery and a resistance of 39 ) as shown in the figure. !

Find the value of the current flowing in the circuit.

Two identical cells, each of emf E, having negligible internal

resistance, are connected in parallel with each other across an ‘WNW\“—M ‘I ‘I {

external resistance R. What is the current through this resistance? EHD 200 vV
[CBSE (AI) 2013] 00Q

E—AWWA F

Using Kirchhoff’s rules, calculate the current in the arm AC of ‘
I 1L

the given circuit.

A cell of emf *E’ and internal resistance ' is connected across a A-—:{;*;’—'_l .y 4'_‘*0 ¥ _'LC
variable resistor ‘R’. Plot a graph showing variation of terminal 1.} 2t 2200
voltage ‘I of the cell versus the current ‘I’. Using the plot, ]

S I ¥ p—A}——D
show how the emf of the cell and its internal resistance can be 80V I

determined.

Estimate the average drilt speed of conduction electrons in a copper wire of cross-sectional area
2.5 x 107 m?® carrying a current of 1.8 A. Assume the density of conduction electrons to be
9 x 10 m™

A wire of 20 Q resistance is gradually stretched to double its original length. It is then cut into
two equal parts. These parts are then connected in parallel across a 4.0 volt battery. Find the
current drawn from the battery.

A conductor of length /' is connected to ade source of potental ‘1. If the length of the conductor
is tripled by gradually stretching it, keeping ‘I constant, how will (i) drift speed of electrons and
(it) resistance of the conductor be affected? Justify your answer. [CBSE (F) 2012]
What will be the value of current through the 2 Q |
resistance for the circuit shown in the figure? Give
Teason Lo Support your answer. o= %5 0 100 P

[CBSE (F) 2013] [HOTS)

Calculate the value of the resistance R in the oo
circuit shown in the figure so that the current in
the circuit is 0.2 A. What would be the potential 8 o02a 5 0
e £ o]
difference between points B and E?
CBSE (AI) 2012] [HOTS 150
(CBSE (1) 2012) [HOTS) . -
3v
: - L o
The storage battery of a car has an emf of 12 V. If R 02AE
the internal resistance of the battery is 0.4 Q, what
is the maximum current that can be drawn from the battery? [NCERT]

A battery of emf 10 V and internal resistance 3 Q is connected to a resistor. If the current in the
circuit is 0.5 A, what is the resistance of the resistor? What is the terminal voltage of the battery
when the circuit is closed. [NCERT]
A negligibly small current is passed through a wire of length 15 m and uniform cross-section
6.0 x 1077 m?and its resistance is measured to be 5.0 . What is the resistivity of the material at
the temperature of the experiment? [NCERT]
A silver wire has a resistance 2.1 Q a1 27.5°C and a resistance of 2.7 Q at 100°C. Determine the
temperature coefficient of the resistivity of silver.




18. Two cells E, and E, of emf’s 5 V and 9 V and internal resistances of g3 &1 B 459

0.3 Q) and 1.2 Q respectively are connected o a network of resistances [ ISV
as shown in the figure. Calculate the value of current flowing through 5V 8V
the 3 Q resistance.
19. (i) Derive an expression for drift velocity of free electrons. 60
(it) How does drift velocity of electrons in a metallic conductor vary 450
with increase in temperature? Explain. 30

20. (i) High current is to be drawn safely from (1) a low-voliage *‘
battery, and (2) a high-voltage battery. What can you say 11

about the internal resistance of the two batteries?

10V 60
(i) Calculate the energy supplied by the batteries to the T
circuit shown in the figure, in one minute.
[CBSE 2023 (55/4/1)] 450 30
21. Determine the current in each branch of the network shown in figure.
B
100 1 50
A 5Q C
\'H:79 100
L . 10 0
r AW
10Q 10V ‘
22. Calculate the value of the current drawn froma 5V | 5@ 5 100 . 200 o
battery in the circuit as shown. [CBSE (F) 2013] [ YT WA ——
‘ 100
AN |
=
]t
5V
23. State Kirchhoff’s rules. Use these rules to write the expressions L B2V =40
for the currents I, I, and I; in the circuit diagram shown. A I I B
[CBSE (AI) 2010]
L E=1V n=30
(s, I: D
L E=4V  r=20
3 It F
Answers
L@e @@ (iit) (c) () (a) @) &) =
W)@ @i  @i) @) 2. 6@ (i) (d) 5.5A 6. % B A
9. 5x 107" 10.0.2A 12. 0A 13. 1V 14. 30 A 15. 170, 8.5V
16. 2 x 1007Qm 17. 0.0039/°C 18. éA 20. (i) 180]
E iy U B2 O
Bl A oA A Ak, A 20GA  BLi= AL GAL - A
(B ]
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Moving Charges
and Magnetism

POINTS TO

REMEMBER

1. Magnetic Effect of Current

A magnetic field is associated with an electric current flowing through a metallic wire. This is called
magnetic effect of current. On the other hand, a stationary electron produces electric field only.

2. Source and Units of Magnetic Field

Oersted’s Experiment: A Danish physicist, Hans Christian Oersted, in 1820, demonstrated that
a magnetic needle is deflected by a current carrying wire. He concluded that the magnetic field is

caused by current elements (or moving charges). The unit of magnetic field strength in SI system
is tesla (T) or weber/metre’ (Wb m™) or newtonfampere-metre (N Al m™).
In CGS system, the unit of magnetic field is gauss (G).
1IT=10*G
3. Biot-Savart Law
It states that the magnetic field strength 4E produced due to a current

element (of current I and length dl) at a point having position vector r afe »
relative Lo current element is T
s I
- p, Hdixr
dB = ——
m

where p, is permeability of free space. Its value is
Ho= 41 X 107 Wh/A-m.
The magnitude of magnetic field is

Mo Idisin®
m 2

d39dW3IN3dd OL S1INIOd

dB=
where 0 is the angle between current element Jdl and position vector r as shown in the figure.

The direction of magnetic field dB is perpendicular to the plane containing Jdl and 7.

4. Magnetic Field due to a Circular Coil
The magnetic field due to current carrying circular coil of N-turns, /a\
f L]

radius @, carrying current / at a distance x from the centre of coil is

oV, Ia’ | | X e

= W along the axis. \\/j[

At centre,x = 0
,.I.ONI

B, 2a
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The direction of magnetic field at the centre is perpendicular to the plane of the coil.

In general the field produced by a circular arc subtending an angle 6 at centre is S
ol 8 . . / =
e~ (0 in radian)
& 2g 0N /
5. Ampere's Circuital Law | o

It states that the line integral of magnetic field B along a closed path is equal to
Hg-times the current (1) passing through the closed path. \ s
fﬁ - Ef = ol
6. Magnetic Field due to a Straight Conductor Carrying a Current using
Biot-Savart Law

The magnetic field due to a straight current carrying wire of finite length at a point is

" "lﬂ] 1 + 1 A
B o (sing, + sind,)
where R is the perpendicular distance of the point from the conductor.
The direction of magnetic field is given by right hand grip rule. 7 Ry
Special cases: (i) If the wire is infinitely long, then ¢, = 7/2, ¢, = /2 92}
_ !
B=9r ;
T B
(¢i) If point is near one end of a long wire, ($; = 5,432 =0), then
_ kol
T 4nR

7. Magnetic Field due to a Current Carrying Solenoid

At the axis of a long solenoid, carrying a current /

B=pgnl
where n = number of wurns per unit length.
3 e : y gt
Magnetic field at one end of solenoid B,,; = 5

The polarity of any end is determined by using Ampere's right hand rule.
8. Force on a Moving Charged Particle in Magnetic Field
The force on a charged particle moving with vclocity; in a uniform magnetic field Bis given by
Fn=q@xB)=quBsinf
This is known as Lorentz force.
The direction of this force is determined by using Fleming's left hand rule.
The direction of this force is perpendicular to both v and J,
When 0 is parallel to B, then Fu=0
When ;}' is perpendicular to B, then ?m is maximum, i.e., F,, = quB.
9. Force on a Charged Particle in Simultaneous Electric and Magnetic Fields

The total force on a charged particle moving in simultaneous electric field E and magnetic field Bis
given by

F=g(E +vxB)

This is called Lorentz force equation.
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10. Path of Charged Particle in a Uniform Magnetic Field

(1) 1f v is parallel to the direction ol‘é, then magnetic force = zero. So the path of particle is an
undeflected straight line.
(i1) If v is perpendicularto B, then magnetic field provides a force whose direction is perpendicular

1o both pand B and the particle follows a circular path. The radius r of path is given by

2
my my
B = = q_B
If K is kinetic energy of a particle, then P = my = JomK
y”?mK
r=
gB

If V is accelerating potential in volt, K = gV
,o Y2V _ 1 fomV
qB BY g
21 m
qB
(iti) Ifa particle’s velocity vis oblique to magnetic field g, then the particle follows a helical path of
mysin®  mu,

radius, r = T = o

Time period of revolution is T =

; : _2
Time period, T = 7

) 2mm
and pitch, P =y T = vcnsﬂq—B

where v, is a component of velocity parallel o the direction of magnetic field.

11. Velocity Filter '

If electric and magnetic fields are mutually perpendicular and rlE
. . . . . i . . £
a charged particle enters this region with velocity v which is
perpendicular to both electric and magnetic fields, then it may
happen that the electric and magnetic forces are equal and opposite =

and charged particle with given velocity v remain undeflected in =~ _,
both fields. In such a condition ff/ X
Z

— st

E = gquB -
gE=quB = v=—p

This arrangement is called velocity filter or velocity selector.

Fy
¥
12. Magnetic Force on a Current Carrying Conductor of Length 1is given by i
E, =1(IxB) i
Magnitude of force is a
F, = B sin © - =
- - s Fn
Direction of force F is normal to { and B given by Fleming's Left Hand

iy - Z
Rule. If § = 0(ie., [ is parallel to B), then magnetic force is zero.

|
13. Force between Parallel Current Carrying Conductors
Two parallel current carrying conductors attract while
antiparallel current carrying conductors repel. The | £ F
magnelic force per unit length on either current carrying . s Iz
conductor at separation 'r’ is given by Ik I hT
|
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F_ Holi 1y

i 2nr

newton/metre

LI
= o '
=2X10 =
Its unit is newton/metre abbreviated as N/m.

@ Definition of ampere in SI System

1 ampere is the current which when flowing in each of the two parallel wires in vacuum at
separation of 1 m from each other exert a force of

Hy 7
T 2> 107" N/m on each other.

14. Torque Experienced by a Current Loop (of Area AI'} Carrying Current I in a Uniform Magnetic
Field B is given by
T=NIAXB)=MXxB
where M = NI 4 is magnetic moment of loop. The unit of magnetic moment in SI system is
ampere X metre? (A1n2).

-
t

5. Potential energy of a current loop in a magnetic field
When a current loop of magnetic moment M is placed in a magnetic field, then potential energy of
magnetic dipole is
U=-M.E=-MBEcosh
(1) When 8 = 0, U = - MB (minimum or stable equilibrium position)
(if) When 8 = 7, U = + MB (maximum or unstable equilibrium position)

(iii) When 8 = ; U=o.

16. Moving Coil Galvanometer

A moving coil galvanometer is a device used to detect flow of
current in a circuit.

A moving coil galvanometer consists of a rectangular coil
placed in a uniform radial magnetic field produced by / \
cylindrical pole pieces. Torque on coil T = NIAB where N N | 8
is number of turns, 4 is area of coil. If € is torsional rigidity \
of material of suspension wire, then for deflection 8, torque

1=0C0 Coil
For equilibrium, NIAB = C8
NAB
= 6= I8 I = Qec’
Clearly, deflection in galvanometer is directly proportional to current, so the scale of galvanometer
is linear.

Figure of Merit of a galvanometer: The current which produces a deflection of ene scale division
in the galvanometer is called its figure of Merit. It is equal to é = ﬁ
Sensitivity of a galvanometer: Current sensitivity: It is defined as the deflection of coil per unit
current flowing in it.

o By NAB
Sensitivity §; = 1=
Voltage sensitivity: It is delined as the dellection of coil per unit potential difference across its ends

8 NAB

e R.C
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17.

18.

where R is resistance of galvanometer.

Clearly for greater sensitivity, number of turns N, area A and magnetic field sirength B should
be large and torsional rigidity € of suspension should be small.

Conversion of Galvanometer into Ammeter

A
A galvanometer may be converted into ammeter by using very S
small resistance in parallel with the galvanometer coil. The small
resistance connected in parallel is called a shunt. If G is resistance (G)
of galvanometer, Ig is current in galvanometer for full scale Ammeter
deflection, then for conversion of galvanometer into ammeter of
range [ ampere, the shunt is given by
I
§=—2-¢
I-1 '
Conversion of Galvanometer into Voltmeter ‘_(Q_Wi
A galvanometer may be converted into voltmeter by connecting high
resistance (R) in series with the coil of galvanometer. If IV volt is the Voltmeter
range of voltmeter formed, then series resistance is given by
R= d G
Ig

Multiple Choice Questions

Choose and write the correct option(s) in the following questions.

1.

4.

If a conducting wire carries a direct current through it, the magnetic field associated with the
current will be

(a) both inside and outside the conductor  (b) neither inside nor outside the conductor
(¢) only outside the conductor (d) only inside the conductor

A region has a uniform magnetic field in it. A proton enters into the region with velocity
making an angle of 45° with the direction of the magnetic field. In this region the proton will
move on a path having the shape of a [CBSE 2020 (55/3/1)]

(a) straight line (b) circle (¢) spiral (d) helix

Two charged particles traverse identical helical paths in a completely opposite sense in a
uniform magnetic field B = B k. [NCERT Exemplar]
(a) They have equal z-components of momenta

(b) They must have equal charges

(¢) They necessarily represent a particle, anti-particle pair

z s ou e e\ _
(d) The charge to mass ratio satisfy: (H)l + (EL =0
A current I flows through a long straight conductor which is bent into circular
loop of radius R in the middle as shown in the figure.
The magnitude of the net magnetic field at point O will be [CBSE 2020 (55/4/1)]

[T
{a) zero o) —(1+n) © 41?13 ) —(1_ )
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10.

11.

12.

13.

14.

Biot-Savart law indicates that the moving electrons (velocity v) produce a magnetic field B
such that [NCERT Exemplar]
(a) B is perpendicular o v

(b) B is parallel tov

(¢) it obeys inverse cube law

(d) iLis along the line joining the electron and point of observation

An electron is projected with uniform velocity along the axis of a current carrying long
solenoid. Which of the following is true? [NCERT Exemplar]
(@) The electron will be accelerated along the axis

(b) The electron path will be circular about the axis

(¢) The electron will experience a force at 45° to the axis and hence execute a helical path

(d) The electron will continue to move with uniform velocity along the axis of the solenoid

A micro-ammeter has a resistance of 100 Q and a full scale range of 50 m pA. It can be used as

a higher range ammeter or voltmeter provided resistance is added to it. Pick the correct range
and resistance combinations.

(a) 50 V range and 10 kQ resistance in series

(b) 10V range and 200 kQ resistance in series

(¢) 5 mA range with 1 Q resistance in parallel

(d) 10 mA range with 1 Q resistance in parallel.

A current carrying circular loop of radius R is placed in the x-y plane with centre at the origin.
Half of the loop with x > 0 is now bent so that it now lies in the y-z plane. [NCERT Exemplar]
(@) The magnitude of magnetic moment now diminishes.

(b) The magnetic moment does not change.

(¢) The magnitude of B at (0,0, z), 2> >R increases.

(d) The magnitude of B at (0,0, 2), 2> >R is unchanged.

The sensitivity of a moving coil galvanometer increases with the decrease in

(a) number of turns (b) area of coil

(c) magnetic field (d) 1orsional rigidity

A voltmeter of range 2V and resistance 300 () cannot be converted to an ammeter of range

(@) 5 mA (b) 8 mA () 1A (d) 10 A

In an ammeter 4% of the mains current is passing through galvanometer. If the galvanometer
is shunted with a 5 () resistance, then resistance of galvanometer will be

(@) 116 Q ) 117 Q (¢) 118Q (d) 120 Q2

A rectangular coil of length 0.12 m and width 0.1 m having 50 turns of wire is suspended
vertically in a uniform magnetic field of strength 0.2 Weber/m®. The coil carries a current of 2

A. If the plane of the coil is inclined at an angle of 30° with the direction of the field, the torque
required to keep the coil in stable equilibrium will be

(@) 0.24 Nm (&) 0.12 Nm (¢) 0.15 Nm (d) 0.20 Nm

An electron is released from rest in a region of uniform electric and magnetic fields acting
parallel to each other. The electron will [CBSE 2020 (55/2/1)]
(a) move in a straight line. (b) move in a circle.

(¢) remain stationary. (d) move in a helical path.

A straight current carrying conductor is placed inside a uniform magnetic field. The force per
unit length acting on the conductor is [CBSE 2020 (55/2/3)]

(@) maximum when the conductor is perpendicular to the direction of magnetic field.

(b) maximum when the conductor is along the direction of magnetic field.

(¢) minimum when the conductor is perpendicular to the direction of magnetic field.

(d) minimum when the conductor makes an angle of 45° with the direction of magnetic field.
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15.

16.

17

18.

19.

20.

21.

An isosceles right angled current carrying loop POR is placed in a uniform magnetic field B

pointing along PR. If the magnetic force acting on the arm PQ is F, then the magnetic force

which acts on the arm QR will be [CBSE 2020 (55/3/1)]
R

o]

F =
(@) F o) i ) Y2F ) -F

A current of 10 A is flowing from east to west in a long straight wire kept on a horizontal table.
The magnetic field developed at a distance of 10 cm due north on the table is:

[CBSE 2020 (55/4/1))
(a) 2 % 107 T, acting downwards ®) 2x10°T, acting upwards
(€) 4x10°T, acting downwards ) 4% 107°T, acting upwards

An electron and a proton are moving along the same direction with the same kinetic energy.
They enter a uniform magnetic field acting perpendicular to their velocities. The dependence
of radius of their paths on their masses is: [CBSE 2020 (55/4/2)]

(a) rem ) raym (€) m% (d) s s

Vm
Two wires carrying currents I, and I, lie, one slightly above the other, in a horizontal plane as
shown in figure. The region of vertically upward strongest magnetic field is
[CBSE 2022 (55/2/4), Term-1]

111 v

(a) 1 by 11 () I1I (d) IV
The magnetic field at the centre of a current carrying circular loop of radius R, is B,. The
magnetic field at a point on its axis at a distance R from the centre of the loop is By. Then the

ratio (B,/B,) is [CBSE 2022 (55/2/4), Term-1)]
1

(a) 22 ) 3 () V2 (d) 2

A current carrying wire kept in a uniform magnetic field, will experience a maximum force

when it is [CBSE 2022 (55/2/4), Term-1)

(a) perpendicular to the magnetic field (b) parallel to the magnetic field

() at an angle of 45° to the magnetic field (d) at an angle of 60° 1o the magnetic field

If an ammeter is to be used in place of a voltmeter, then we must connect with the ammeter a
[CBSE 2022 (55/2/4), Term-1]

(a) low resistance in parallel (b)) low resistance in series

(¢) high resistance in parallel (d) high resistance in series
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22.

3.

24,

25.

26.

o7

28.

29.

A straight conducting rod of length [ and mass m is suspended in a horizontal plane by a pair
of flexible strings in a magnetic field of magnitude B. To remove the tension in the supporting

strings, the magnitude of the current in the wire is [CBSE 2022 (55/2/4), Term-1]
mgh mgl mg IB

@ —— o) —- © 75 @) mg

Which of the following statements is correct? [CBSE 2022 (55/2/4), Term-1]

(a) Magnetic field lines do not form closed loops.

(b) Magnetic field lines start from north pole and end at south pole of a magnet.

(¢) The tangent at a point on a magnetic field line represents the direction of the magnetic field
at that point.
(d) Two magnetic field lines may intersect each other.

A proton and an alpha particle move in circular orbits in a uniform magnetic field. Their

speeds are in the ratio of 9 : 4. The ratio of radii of their circular orbits * )i
alpha
[CBSE Sample paper-2022, Term-1]

3 4 8 9
@ 3 &3 ©q @ g
The current sensitivity of a galvanometer increases by 20%. If its resistance also increases by
25%, the voltage sensitivity will [CBSE Sample Paper-2022, Term-1)]
(a) decrease by 1% (b) increase by 5%
(¢) increase by 10% (d) decrease by 4% M S L

Three infinitely long parallel straight current carrying wires A, B and C are kept
at equal distance from each other as shown in the figure . The wire C experiences 3
net force F .The net force on wire C, when the current in wire A4 is reversed will
be [CBSE Sample Paper-2022, Term-1]
(@) zero ) F/2
© F (d) 2F Al e
Beams of electrons and protons move parallel to each other in the same direction. They
[CBSE 2023 (55/2/1)]

lf I

(a) auract each other.

(b) repel each other.

(¢) neither attract nor repel.

(d) force of atraction or repulsion depends upon speed of beams.

A long stratight wire of radius ‘a’ carries a steady current ‘I’. The current is uniformly
distributed across its area of cross-section. The ratio of magnitude of magnetic field E; at %
and B, at distance 2a is [CBSE 2023 (55/2/1)]

@ 3 1 ©?2 @ 4

Which of the following graphs correctly represents the variation of the magnitude of the
magnetic field outside a straight infinite current carrying wire of radius ‘@, as a function of

distance ‘r’ from the centre of the wire? [CBSE 2023 (55/3/1)]
(@) g ® B (©) ]ﬁ d) B
0 3 0 a - 0 a T 0 & T

-
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30. An electron enters a uniform magnetic field with speed v. It describes a semicircular path and

comes out of the field. The final speed of the electron is [CBSE 2023 (55/4/1)]
(@) zero v © % d v
Answers

1. © 2. (d) 3. (d) 1. (@) 5. (a) 6. (d) 7. (bhe)

8. (a) 9. (d) 10. (@) 11. (d) 12. (d) 13. (a) 1. (a)

15. (d) 16. (@) 17. () 18. (b) 19. (a) 20. (a) 21. (d)

22. (¢) 23. (¢) 24. (d) 25. (d) 26. () 27. (b 28, (b)

29. () 30. (b)

Assertion-Reason Questions

In the following questions, a statement of Assertion (A) is followed by a statement of Reason (R). Choose the
correct answer out of the following choices.

Both A and R are true and R is the correct explanation of A.
Both A and R are true but R is not the correct explanation of A.
A is true but R is false.

A is false and R is also false.

(@)
®)
(©
@

1.

Assertion(4) :

Reason (R) :

Assertion(4) :

Reason (R)
Assertion(A4)

Reason (R)

Assertion(4)

Reason (R)
Assertion(4) :
Reason (R) :

Assertion(A4) :

Reason (R) :
Assertion(4) :

Reason (R)

: Magnetic field due to a current element [ dl is dB =

On increasing the current sensitivity of a galvanometer by increasing the number
of turns, may not necessarily increase its voltage sensitivity.

The resistance of the coil of the galvanometer increases on increasing the number
of turns. [CBSE Sample Paper-2022, Term-1]
When a magnetic dipole is placed in a non uniform magnetic field, only a torque
acts on the dipole.

: Force would not act on dipole if magnetic field were non uniform.

: To increase the range of an ammeter, we musL connect a suitable high resistance

in series Lo it.

: The ammeter with increased range should have high resistance.

[CBSE Sample Paper-2022, Term-1]

: Galvanometer cannot as such be used as an ammeter to measure the value of the

current in a given circuit.

: It gives a full-scale deflection for a current of the order of micro ampere.

Higher the range, lower is the resistance of an ammeter.

To increase the range of an ammeter additional shunt is added in series to iL.
[CBSE 2022 (55/2/4), Term-1]

A proton and an electron, with same momenta, enter in a magnetic field in a

direction at right angles to the lines of the [orce. The radius of the paths followed

by them will be same.

Electron has less mass than the proton. [CBSE Sample Paper-2022, Term-1]
Magnetic field is caused by current element.

— My [T
an B
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8. Assertion(d) : If a proton and an a-particle enter a uniform magnetic field perpendicularly
with the same speed, the time period of revolution of a-particle is double that of
proton.

Reason (R) : In a magnetic field, the period of revolution of a charged particle is directly
proportional to the mass of the particle and is inversely proportional to charge
of particle. [AIIMS 2010]

9. Assertion(4) : When radius of a circular loop carrying a steady current is doubled, its magnetic

moment becomes four times.
Reason (R) : The magnetic moment of a circular loop carrying a steady current is proportional
to the area of the loop. [CBSE 2023 (55/3/1)]
10. Assertion(4) : A current carrying square loop made of a wire of length L is placed in a magnetic
field. It experiences a torque which is greater than the torque on a circular loop
made of the same wire carrying the same current in the same magnetic field.

Reason (R) : Asquare loop occupies more area than a circular loop, both made of wire of the

same length. [CBSE 2023 (55/4/1)]
Answers
1. (a) 2. (d) 3. (d) 4. (a) 5. (¢) 6. (b) 7. (b
8. (a) 9. (a) 10. (b)

Case-based/Passage-based Questions

Read the paragraph given below and answer the questions that follow:

Loudspeakers: A common application of the magnetic force on a current carrying wire is found
in loudspeakers. The magnetic field created by the permanent magnet exerts a force on the voice
coil that is proportional to the current in the coil; the direction of the force is either 1o the left
or to the right, depending on the direction of the current. The signal coming from the amplifier
causes the current to oscillate in direction and magnitude. The coil and the speaker cone to
which it is auached respond by oscillating with an amplitude proportional to the amplitude
of the current in the coil. Turning up the volume knob on the amplifier increases the current
amplitude and hence the amplitudes of the cone's oscillation and of the sound wave produced
by the moving cone.

Rigid
speaker B field of
________ et permanent
magnet
Magnets .
Voice
coil
' 1) Direction
& = T of motion
Sienal Flexible
e suspension
from‘ —————— T
amplifier @ i

The force is always perpendicular to both the conductor and the field, with the direction
determined by the same right-hand rule we used for a moving positive charge. Hence, this force
can be expressed as a vector product, just like the force on a single moving charge. We represent
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- -
the segment of wire with a vector [ along the wire in the direction of the current, then force F
on this segment is
= g =ed - . . . .
F =1l xB (i.e., magnetic force on a straight wire segment)
(i) Loudspeaker works on the principle of
(a) detector (b) generator (¢) amplifier (d) motor

(ii) Electrodynamic speaker can handle which type of audio power relative to permanent
magnet type speaker?

() Lower (b) Equal
(¢) Higher (d) Both (a) and (b)
(iii) To increase the power handling capacity in loudspeakers which type of magnet is used?
(a) Temporary magnet (b) Permanent magnet
(c) Electromagnet (d) None of these
OR

A horizontal wire 0.1 m long carries a current of 5 A. Find the magnitude and direction
of the magnetic field, which can balance the weight of wire. Given the mass of the wire is
3 x 10 kg/m and g = 10 m/s%.
(a) 6 % 107 T, acting horizontally perpendicular to wire
() 6 X 107 T, acting vertically upwards
(¢) 6 X 1072 T, acting vertically downwards
(d) 6 % 1072 T, acting horizontally perpendicular to wire

(iv) A square current carrying loop is suspended in a uniform magnetic field acting in the
plane of the loop. If the force on one arm of the loop is F , the net force on the remaining
three arms of the loop is

-

@F o) -F ) 8F ) -3F
Explanations

(i) (d) A common application of the magnetic force on a current carrying wire is found in
loudspeakers as similar case in motor in which current carrying coil experience force in
presence of magnetic field.

(i) (¢) Itisatype of higher audio power relative to permanent magnet type speaker.
(i) (¢) The electromagnet is used to increase the power handling capacity in loudspeakers.
OR
(a) In equilibrium position, F = IIB = mg
_mg _(01x3x107)x10
O T

The weight is wire be supported by force F if it acts vertically upwards. It will be so if the

=6x10°T

B
direction of B is horizontal and perpendicular to wire carrying current.

(w) (b) Asclear from figure, force on arm PS and arm RQ is zero.

P—————8

If F is force on arm RS, the force on arm PQ is - F . =
F
Therefore, net force on the remaining three arms of the /
- 4
loop = - F. ‘ =
P F
Q R
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CONCEPTUAL QUESTIONS

Ans.

Q.2

Ans.

Ans.

Q. 4.
Ans.

Ans.

Q.6.

Write the expression, in a vector form, for the Lorentz magnetic force F duetoa charge

moving with velocity v ina magnetic field B . What is the direction of the magnetic force?
[CBSE Delhi 2014]

Force, F= q(;X E}

Obviously, the force on charged particle is perpendicular 1o both velocity v and magnetic field B.

When a charged particle moving with velocity v is subjected to magnetic field B, the force
acting on it is non-zero. Would the particle gain any energy? [CBSE (F) 2013]

No. (#) This is because the charge particle moves on a circular path.
() F = q(wxB)
and power dissipated P = Fo b= v%B L z_}’]
=q@wxB)v =0
The particle does not gain any energy.
A long straight wire carries a steady current I along the positive Y-axis in a coordinate system.

A particle of charge +0 is moving with a velocityz_; along the X-axis. In which direction will

the particle experience a force? [CBSE (F) 2013]
From relation F = quB [; X (= ﬁ)] =+ quB(j) i x g
Magnetic force F along + Y axis. :__, g
OR I x
From Fleming’s left hand rule, thumb points along+Y direction, so the ®
x

direction of magnetic force will be along + ¥ axis (or in the direction

of flow of current).

What can be the cause of helical motion of a charged particle? [CBSE North 2016)
Charge particle moves inclined to the magnetic field. When there is an angle between velocity of
charged particle and magnetic field, then the vertical component of velocity (v sin 8) will rotate
the charge particle on circular path, but horizontal component (v cos 8) will move the charged
particle in straight line. Hence path of the charge particle becomes helical.

In a certain region of space, electric field E and magnetic field B are perpendicular to each
other. An electron enters in the region perpendicular to the directions of both Band E and
moves undeflected. Find the velocity of the electron. [HOTS] [CBSE (F) 2013]
Net force on electron moving in the combined electric field E and magnetic field Bis
F=—¢[E +v%B]
Since electron moves undeflected then F= 0.
E+uxB=0
_IE]
1B
A narrow beam of protons and deuterons, each having the same momentum, enters a region of
uniform magnetic field directed perpendicular to their direction of momentum. What would
be the ratio of the circular paths described by them? [CBSE (F) 2011]
OR
A proton and a deuteron having equal momenta enter in a region of uniform magnetic field at

right angle to the direction of the field. Find the ratio of the radii of curvature of the path of
the particle. [CBSE Delhi 2013]

- |E|=|vxB| = |v]
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Ans,

Ans.

Q.8.

Ans.

Charge on deutron (g,) = charge on proton (g,)
. - e A . _om?
Radius of circular path (r) = B ( B = T)

|
roc 7 [for constant momentum (P)]

¥
q q
So, L R
] ‘Ip Q;:
Hence, Ty = 11

An electron moves along +x direction. It enters into a region of uniform magnetic field B
directed along -z direction as shown in fig. Draw the shape of trajectory followed by the

electron after entering the field. Y [CBSE 2020 (55/5/1)]

Alternatively: Circular path in the X-¥ plane in clockwise sense. %+

Note: If the student just writes, force on the electron will be along negative Y axis, i.e.,
F=—e(wi) % (B(-k) = evB(— j ) award % mark only [CBSE Marking Scheme 2020 (55/5/1)]

A square shaped current carrying loop MNOP is placed near a straight long current carrying
wire AB as shown in the figure. The wire and the loop lie in the same plane. If the loop
experiences a net force F towards the wire, find the magnitude of the force on the side ‘NO”’ of
the loop. A [CBSE 2020 (55/5/1)]

Magnitude of force on side NO is = F

Alternatively

Let force on side MP be = F,

Force on side NO = F e
o

Magnitude of net force = F| — 5y - F Ve
F

Therefore force on side NO = ?l =F [CBSE Marking Scheme 2020 (55/5/1)]
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Q.9.

Ans.

Q. 10.

Ans.

Q. 11

Ans.

Ans.

Q. 13.

Ans.

Q. 14.

Ans.

A square coil of side 10 em consists of 20 turns and carries a current of 12 A. The coil is
suspended vertically and normal to the plane of the coil makes an angle of 30° with the
direction of uniform horizontal magnetic field of magnitude 0.80 T. What is the magnitude of
the torque experienced by the coil? [NCERT]
Torque on coil T = NIAB sin 8
Here N=20:4=10cm X 10cm = 100 em® = 100 x 107 m?

I1=12A,6=30°, B=080T

1
T =(20) x (12) X (100 x 107 x 0.80 sin 30°= 24x0.8x(§)x10'1 =0.96 Nm

A long straight wire in the horizontal plane carries a current of 50 A in
north to south direction. Give the magnitude and direction of B at a point
2.5 m east of the wire?

Given I =50A,r=25m

Hol  4nx107 x50

o'

=2 =" " = -5 1
B omr TX25 4x107°T
By right hand palm rule the magnetic field is directed vertically upward. N
What is the value of magnetic field at point O due to current flowing in the wires as shown in
figure? [HOTS]
r
I
0

r S
Zero, because the upper and lower current carrying conductors are identical and so the magnetic
fields caused by them at the centre O will be equal and opposite.
What is the magnetic field at point O due to current carrying
wires shown in figure? [HOTS]
The magnetic field due to straight wires AB and CD is zero since

cither 8 = 0° or 180° and that due to a semi-circular arc are
equal and opposite; hence net field at O is zero.

What is the magnitude of magnetic force per unit length on a wire carrying a current of 8 A and
making an angle of 30° with the direction of a uniform magnetic field of 0.15 T? [NCERT]
Magnetic force, F = Bll sin 8

Magnetic force per unit length,

¢
f=T= BI'sin®=10.15x8xsin 30°= 0.6 N/m

A proton and an electron travelling along parallel paths enter a reion of uniform magnetic
field, acting perpendicular to their paths. Which of them will move in a circular path with

higher frequency? [CBSE 2018]
Electron
Reason: When the charge particle enters perpendicular to the magnetic field it traces circular path.
my* my
— =quB = r= qu
m(wr)
=5 r= 4B (o= wr)
4B 48
= L e = 2m = =
= v= 1.3 = v £
27tm m

Since, electron has less mass, so it will move with high frequency.
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Very Short Answer Questions

Each of the following questions are of 2 marks.

Q.1

Ans.

A particle of charge g is moving with velocity v in the presence of crossed Electric field E
and Magnetic field B as shown. Write the condition under which the particle will continue
moving along x-axis. How would the trajectory of the particle be affected if the electric field is
switched off? [CBSE Sample Paper 2018]

Consider a charge ¢ moving with velocity v in the presence of electric and magnetic fields. The
force on an electric charge g due o both of them is v

F=¢|Ew) +v xBm)]

where, v = velocity of the charge

r = location of the charge at a given time ¢ £
E(r) = Electric field Fe
B(r) = Magnetic field
Let us consider a simple case in which electric and
magnetic fields are perpendicular to each other and / X
also perpendicular to the velocity of the particle. B
Fe= qf =gqE } Fa

Fs =q-;;.X_B‘= q(vixBE) = —quj'
F=¢(E-vB)j

Thus, electric and magnetic forces are in opposite directions.

z

Suppose we adjust the values of E and B such that magnitudes of the two forces are equal, then
the total force on the charge is zero and the charge will move in the fields undeflected. This
happens when

gE = quB or v=%

This condition can be used to select charged particles of a particular velocity out of a beam
containing charges moving with different speeds (irrespective of their charge and mass). The
crossed E and B fields therefore serve as a velocity selector.

Trajectory becomes helical about the direction of magnetic field.

(i) Write the expression for the magnetic force acting on a x x x x x x
charged particle moving with velocity v in the presence o ——
of magnetic field B. x x x x % x

—

(ii) A neutron, an electron and an alpha particle moving with "
equal velocities, enter a uniform magnetic field going
into the plane of the paper as shown. Trace their pathsin ¢ ——
the field and justify your answer. [CBSE Delhi 2016] x x x x x x

x x x x x x
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Ans. () F=q@xB)
(i) Force on alpha particle and electron are opposite to each other, magnitude of mass per
charge ratio of alpha particle is more than electron (i.e., 7 e %) hence radius of alpha particle

is more than radius of electron.

.,
X N X * x X x
o I X x X X
n —AW—n X X X X
€
x ) x t) x X x

G

Q. 3. Two long straight parallel wires 4 and B separated by a distance d, carry equal current J
flowing in same direction as shown in the figure.
A B

B Ferrenss )

1 1

(a) Find the magnetic field at a point P situated between them at a distance x from one wire.
(b) Show graphically the variation of the magnetic field with distance x for 0 < x < d.

[CBSE 2020 (55/1/1)]
Ans. (a) A B
——6
J P
X d=x
Magnetic field at P due to | it B L
agnetic field at P due to long straight wire, B = o =
BT i T e
=B 8= oxe (upwards) 21r(d—x)( ownwards)

=£(L_ L)

2t \X¥ d-x

Mol fd-x—x\ Mol (d-2%)
(x(d-x)):Q_nx(d-x)

o

upwards as B, > By

&)
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Q.4

Ans.

Q.5.

Ans.

Q.6.

Ans.

Two identical circular coils, P and Q each of radius R, carrying currents 1 A and \,@ A
respectively, are placed concentrically and perpendicular to each other lying in the XY
and YZ planes. Find the magnitude and direction of the net magnetic field at the centre of
the coils. [CBSE (AI) 2017]

48Q 1
[__,_f o

__,_ﬁ:_g_,_mo,g_muﬁm ;Pretri due 1o ebe colflPat
r_au.c_k

O T p = Ij.ce_.T.: J:{p.

i e cqiz AR aR
B - [guB? = | Ho®4 3P = }@1‘57:
ke 4R® 4p?
— B = atp ~ Ho
ar R

The derectcon @ along Bvs kamq T
¢ _gd wc?b the Bp -

fand=-_Bs = aHo x28 - va_ =]
QR

BP / e Uplame ———
b= g5 : of ehe fevoy

[Topper’s Answer 2017)
An electron is revolving around the nucleus in a circular orbit with a speed of 10" m s™', If
the radius of the orbit is 107'"m, find the current constituted by the revolving electron in the
orbit. [CBSE 2023 (55/1/1)]
Here,v = 107 ms,r=10"m

: . : ; : 2nr
Time period of electron to revolve in orbit, T = 5

e _ev _1.6x107x107 _16x100

_f__e _ = i
Now, current, I = 7= omr ~omr ~ ax3.14x1010 62810 <0
v
=254 x10°%A
=254 mA

A lon% stralght wire AB carries a current of 4 A. A proton P travels at

4 X 10" ms™ paraIlel to the wire 0.2 m from it and in a direction opposite to l
the current as shown in the figure. Calculate the force which the magnetic R
field due to the current carrying wire exerts on the proton. Also specify its i

direction. [CBSE 2019 (55/4/1)]

Given, I=4A,r=0.2m,0v=4x10%m/s i
i A z E 2 A 4x108mis
Magnetic field at Point P due current carrying straight wire AB
P
2n r
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Ans.

Q.8.

Force acting on the moving proton in the magnetic field

F = Bqu Sin@
i oy 5
Therefore, F= Sy Xqusin 8

_ 2x107 x4x1.6x 107" x4x 10%5in 90
- 0.2

=256 X 107N
Direction of force at point P is towards right. (away from AB)
An alpha particle is projected with velocity 7 = (8.0 x 10° m/s) i into a region in which
magnetic field B = [(0.4T) i+ 0.3 'I')j ] exists. Calculate the acceleration of the particle in

the region. i, j and k are unit vectors along x, y and z axis respectively and charge to mass
ratio for alpha particle is 4.8 X 107 C/kg. [CBSE 2023 (55/1/1)]
Here,v =3x 10°mfsi, B =047 +03 ] T

Charge to mass ratio, % =4.8 x 107 C/kg [For a-particle]

From Lorentz's force,

F = q(vxB)
= ¢(3x10%) % (0.4i +0.3])
= ¢(1.2x10°(I xi) + 0.9x10°(i x j))
= ¢(0.9%10°k) [t x2=0]
Now, a= % = %(O_QXIOE‘)E

= 48%x10"x0.9x10%§
= 4.32x10" nys® k.

A wire of length [ is in the form of a circular loop A of one turn. This loep is reshaped into
loop B of three turns. Find the ratio of the magnetic fields at the centres of loop 4 and loop B

for the same current through them.
Ans. Forcircular loop A4, N = 1,n =3
ol
47 T
For circular loop B, N =3,I' =1
As form given, 3x2mr' = L

[CBSE 2023 (55/3/1)]

6nr =1L
»=£=L(£.=7 '.'27[rzL
" = 6n 3\2n =—
2n
NI’ 31 9yl
— B Ho il Bo2d Sy
2r 2(1) 2r
3
i g L.
ence, ratio, BT ey 9
t]TPY ]
2r
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Q.9.

Ans.

Ans.

Ans.

Ans.

A deuteron and an alpha particle having same momentum are in turn allowed to pass through
a magnetic field B , acting normal to the direction of motion of the particles. Calculate the
ratio of the radii of the circular paths described by them. [CBSE 2019 (55/1/2)]

[ =l Mooyt A -
Mave, 2 G&%;M?ukhﬂx:hu(mn\ -
l Onatge -t-\.: a(.bo;\j:: =% 'E_)L )
B R S i e L
i _@m_%;_;m__g_mmmﬁrbé P K |
—H—— —%—L—Clug-

: \"ﬂ_% pon % o -pordnile. Yﬁﬁﬁ_q__

i g?goa} _,/ _ph_gg& /__gg L
[ DS T ey
I BOg. W, o Dok _a%w

(Jankedunn s w-por'dy ) £ 5

[Topper’s Answer 2019]

State two reasons why a galvanometer can not be used as such to measure current in a given
circuit. [CBSE Delhi 2010]
OR

Can a galvanometer as such be used for measuring the current? Explain.

A galvanometer cannot be used as such to measure current due to following two reasons.

(i) A galvanometer has a finite large resistance and is connected in series in the circuit, so it will
increase the resistance of circuit and hence change the value of current in the circuit.

(i) A galvanometer is a very sensitive device, it gives a full scale deflection for the current of the
order of microampere, hence if connected as such it will not measure current of the order
of ampere.

Two long parallel straight wires 4 and B are 2.5 cm apart in air. They carry 5.0 A and 2.5 A

currents respectively in opposite directions. Calculate the magnitude of the force exerted by

wire 4 on a 10 cm length of wire B. [CBSE 2023 (55/1/1)]

Here, d =25cm = 2.5 X 102 m, [} =DbA, I, =25A
[=10em=10x%102m

. . WE— I
When tin current flow in oppusite direction, then they repel each
other by magnetic force, d=25¢cm

ol fp! %107 x5x2.5x10x1072
P 4 x107" x5x2.5 120 107 _ 105N
2nd 2 x2.5x10°

A closely wound solenoid 80 cm long has 5 layers of windings of 400 turns each. The diameter

of the solenoid is 1.8 cm. If the current carried is 8.0 A, estimate the magnitude of B inside
the solenoid near its centre. [NCERT]

Given/ = 80 cm = 0.80 m, N = 5 X 400 = 2000,/ = 8.0 A

Magnetic field inside the solenoid,

uﬂNf

4% 1077 % 2000 % 8.0
B=pnl= ]

0.80
=8rx103T=25x%x102T
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Q. 13. An ammeter of resistance 0.8 {) can measure a current up to 1.0 A. Find the value of shunt
resistance required to convert this ammeter to measure a current up to 5.0A.[CBSE 2020 (55/2/1)]

. ::9_ \25’:_'[; u(gfi_.kiiwvz,m‘:amu —&g f?-'az and {2 commenFial
xatded_welX Wﬂﬁm 3 Aﬁljmfame,c, 0.44%.
7 (/L';'«L @nvo'ufw( a/mwux’m S A e A
“ L?/M’)'TIJEJ\ Con Cfb‘é{_ V(f ‘A, umzfmy ‘TA/%LJS —’ﬁlau_l—{dfzm(

g .

R amal mew m/mfzp.(&‘; o]

S '__ﬁ L Apeaee ST, B

"R = ﬂ_‘i‘ozﬂ

- m@gﬁw oa2 (27

[Topper’s Answer 2020]

Short Answer Questions

Each of the following questions are of 3 marks.

Q. 1. Write any two important points of similarities and differences each between Coulomb’s law for
the electrostatic field and Biot-Savart’s law for the magnetic field. [CBSE (F) 2015]

Ans. Similarities:

Both electrostatic field and magnetic field:

(i) follows the principle of superposition.

(i) depends inversely on the square of distance from source to the point of interest.

Differences:

(i) Electrostatic field is produced by a scalar source (g) and the magnetic ficld is produced by a
veclor source (Ia_fl).

(11) Electrostatic field is along the displacement vector between source and point of interest;
while magnetic field is perpendicular to the plane, containing the displacement vector and
veclor source.

(it7) Electrostatic field is angle independent, while magnetic field is angle dependent between
source vector and displacement vector.

Q. 2. A proton, a deuteron and an alpha particle, are accelerated through the same potential difference
and then subjected to a uniform magnetic field B, perpendicular to the direction of their motions.
Compare (i) their kinetic energies, and (#) if the radius of the circular path described by proton is 5 cm,
determine the radii of the paths described by deuteron and alpha particle. [CBSE 2019 (55/4/1)]

Ans. (i) Since qV = %mvE
For proton, 2 mpvl =gV
For deuteron, %mdvg =qV

1
Emuv_.f = 2qV

(KE.),: (KE);: (KE),=1:1:2

For alpha particle
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o

i) We have, Bgv = L So, r = _ 5cm;
(@) 4 T P Bg

pilgil = 1:«f§:yf§

i 5,2 cm, r, = 5/2cm

Q.3. (a) A circular coil of 30 turns and radius 8.0 cm carrying a current of 6.0 A is suspended
vertically in a uniform horizontal magnetic field of magnitude 1.0 T. The field lines make
an angle of 60° with the normal of the coil. Calculate the magnitude of counter-torque that
must be applied to prevent the coil from turning.

TpiTyiTg =10

(b) Would your answer change, if the circular coil in (a) were replaced by a planar coil of
some irregular shape that encloses the same area?
(All other particulars are also unaltered). [NCERT]
Ans. (a) Given N = 30,4 = 1’ = 7 x (8.0 X 107%*m?®
I=604,B=1.0T, 06=60°
Torque T = NIAB sin
=30%6.0x%7mx(8.0%107%)? x 1.0 x sin 60°
/3
=30%X6.0%3.14x64x% 10'4X(VT) =3.13Nm
(b) As the expression for torque contains only area not the shape of coil, so torque on a planar loop
will remain the same provided magnitude of area is same.
Q.4. (i) A point charge ¢ moving with speed v enters a uniform magnetic ¥ E}

field B that is acting into the plane of the paper as shown. What is ®
the path followed by the charge ¢ and in which plane does it move?

(if) How does the path followed by the charge get affected if its velocity v g
has a component parallel to B ?

(iii) If an electric field E isalso applied such that the particle continues
moving along the original straight line path, what should be the

magnitude and direction of the electric field E? [CBSE (F) 2016] X

Ans. (i) The force experienced by the charge particle is given by F= q(;XE’) when v s
perpendicular o E, the force on the charge particle acts as the centripetal force and makes
it move along a circular path. Path followed by charge is anticlockwise in X-Y plane. The
point charge moves in the plane perpendicular to both vand B.

(1) A component of velocity of charge particle is parallel to the direction of the magnetic field,
the force experienced due to that component will be zero. This is because F = quB sin 0° = 0.
Thus, particle will move in straight line.

Also, the force experienced by the component perpendicular to E moves the particle ina circular
path. The combined effect of both the components will move the particle in a helical path.

(127) Magnetic force on the charge, ¢

Fy=q@xB) = q((i) X B(k) = B ()
Hence, for moving charge, ¢ in its original path
FE + F 8=0
Fr=quB(j) - E=uEB()
Taking magnitude both sides

7o 8
IEI—qq

Direction of Lorentz magnetic force is (-ve) y-axis. Therefore, direction of E is along (+ve) y-axis.

=uB
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Q. 5. A rectangular loop which was initially inside the region of uniform and time - independent
magnetic field, is pulled out with constant velocity v as shown

in the figure. ®oOR R R X X
(a) Sketch the variation of magnetic flux, the induced current, * X X X X X X
and power dissipated as Joule heat as function of time. x % HECEEEE x X
(b) Ifinstead ofrectangularloop, circularloopispulledout;do  , « »x x  x x 4
you expect the same value of induced current? Sketch the
x ® x x x x *
variation of flux in this case with time. Justify your answer.
[CBSE Samgple Paper 2021]
Ans. (a) We know that % X % B % X x
¢ = B .4 = Blb = constant -f | v
i x b 8 X b »® 4 b R
att, ¢=B.A =B(l-x)b 4 i
$ = Bb(l - vt) = Bbl - Bubt ' sa  ow Mwm TRy
£ Blb  t=0
®= 18- Bbu 1=t
dp _d o
Now, €=- R E(BM — Bubt)
& = Bub
e B Bub
R R
0=i=0att=0
= Bvb=i=BT?b=consLamaH :
P=¥I 0 s 1
Oatt=0 v
= (Bvb)(BTf’b) = P,(let)at
o 0atr=0
H=P=1pi=pt-Tyats
i H
P
P,
0 T 1] =iy T T

(b) When a circular loop is pulled out of a region of uniform magnetic field, the rate of change
of area is not constant and hence the induced current varies accordingly.

The variation of flux is shown in the graph below.

¢

¢(m]
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Q.6.

Ans.

Ans.

A circular coil of °N’ turns and diameter ‘d’ carries a current ‘I’ It is unwound and rewound
to make another coil of diameter ‘2d’, current ‘I’ remaining the same. Calculate the ratio of the

magnetic moments of the new coil and the original coil. [CBSE (Al) 2012]
We know,
magnetic moment (m) = NIA S
where N = Number of turns / \\ / \\
Then, length of wire remains same [ d ) } 2d J
d 24 N \ '
X Zll = = e
T, N [2"(2 H N'[Q"( 2 )] % By o \ /
2 | 2 S
Now, m, = NIA, = NI(nr}) = ZNIM
Similarly, m, =NTA, = %(nré) = %(de?)
1
By 2, 2 Wy 2
iy R . R
mA l_ 1 mA 1
4

An a-particle and a proton of the same kinetic energy are in turn allowed to pass through
a magnetic field B , acting normal to the direction of motion of the particles. Calculate the
ratio of radii of the circular paths described by them. [CBSE 2019 (55/5/3)]

The radius of circular path is given by
P L
qB
Let my, and v, are the mass of proton and velocity. Also mg, and v, is the mass and velocity of
a-particle.

According to question

L e ;
Qmpvp )
1 2 _ 2
Also, T My =K ...(#1)

From equation (i), we have
g .
m, v°, = 2K
Momentum of proton = myv, = ‘/mp 2K

IQmPK

NOW, TP = Q'T
V2m, K
Similarly, 17,= A [ 90 =2g,]
4.8
T, \2m K gpB _
Now, T "o B X [ my = 4my]
B q}q VQmPK
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Q. 8. Two small identical circular loops, marked (1) and (2), carrying A%

g
equal currents, are placed with the geometrical axes perpendicular [ 0
to each other as shown in the figure. Find the magnitude and ”.\ . . 907l
direction of the net magnetic field produced at the point O. R '
[CBSE (F) 2013, 2014
Ans. Magnetic field due to coil 1 at point O, 1
- B IR? .
N ek )
Magnetic field due 10 coil 2 at point O, \‘T’
= 1o IR lone E5
Be= 9 aamalong G0 Q)
~ %‘(R Ex-) P
Both B; and B are mutually perpendicular, so the fr/ R\
1
net magnetic field a1 O is ‘{f &= -
\ ] T
B=/Bl+B2 =28 (as B, = By ‘-\_//
i n,IR*
S AR
2(R2 + x%)*®
AsR<<x, / T T
_ V2p IR _ Mg 2/2.0(RY _ 1y 242.14 \ &
2.3 4T 3 4 3 Iy

where A= nR? is area of loop.

B,
2 T
tanf =B_1 = tanf=1 (“B,=B) = 0 =

B is directed at an angle % with the direction of magnetic field B_] :

Q. 9. Two identical coils P and Q each of radius R are lying in perpendicular planes such that they
have a common centre. Find the magnitude and direction of magnetic field at the common
centre of the two coils, if they carry currents equal to [ and +'3 I respectively.

[CBSE (F) 2016, 2019 (55/5/1)) [HOTS)

Ans. Given that two identical coils are lying in perpendicular planes and having common centre. P
and Q carry current I and 3 I respectively.

Now, magnetic field at the centre of P due to its current /,

- ml
ST
And, magnetic field at centre of Q due to its current V'3 1,
— Ky \@I
Be="3r
|B.ul= JBE+ B3 Bl 4
/ 2 B3I\ ! I
e (“_D‘T)Jr(ﬂ) e P s 0
V\2r 2R 2R R =
For direction, 5y
B R
tanf = |9P| L }— = 0= tan'l(+)= 30°
Bg| |wngv3I| 3 V3
2R

158 Xam idea Physics—XIl



2r

Q. 10. Two identical circular loops, P and @, each of radius

rand carrying currents ] and 27 respectively are lying fp\\l I.’f\l
in parallel planes such that they have a common axis. ‘I | I‘ I‘
The direction of current in both the loops is clockwise Pl 0 Q| I‘
as seen from O which is equidistant from the both \ ‘f \
loops. Find the magnitude of the net magnetic field at ¥ \/
point 0. [CBSE (Delhi) 2012] [HOTS) ! 2t
Ans. As we know,
|§ | !-101‘2] Hol (Pointing towards P) s
| B = 1 w : — 7
2(?2 " ?‘2)% 4/9y s Clockwise \. { Clockwise
| |
. n, (20)r? p2f Q| — x-axs
|BQ| = “75 =% (Pointing towards Q) j % @ fo l'\ i
202 +sH%  H2r J e
1ol I Current 2i Current

B =|Be|-IBrI=

4/2r

i r
So, magnetic field at point O has a magnitude 2

4\/‘:’1‘-

Q.11. (a) An electron moving horizontally with a velocity of 4 X 10* m/s ') » "
enters a region of uniform magnetic field of 10 T acting vertically
upward as shown in the figure. Draw its trajectory and find = & 8
out the time it takes to come out of the region of magnetic :
field. T
(b) A straight wire of mass 200 g and length 1.5 m carries a current = ® @

of 2A. It is suspended in mid air by a uniform magnetic field B.
What is the magnitude of the magnetic field?
[CBSE (F) 2015) [HOTS) P o o
Ans. (a) From Flemings left hand rule, the electron deflects in
anticlockwise direction.

As the electron comes out the magnetic field region, it will

describe a semi-circular path. /’/
./ @ @

Magnetic force provides a centripetal force. So,
2 /!

muv mv
evB = p oreB—T ’:’ " :/t..t
. _E_)[_m " o ° ° 8 @
Time taken, T = T [
_314x01x10 e o s e e

1.6x 1079 10°

F
3.14x%9.1x 1077 ]
=?=].’78Xlﬂ_ﬁs % % ® % xB ®
(b) 1If Ampere’s force acts in upward direction and Q — & ? T e
balances the weight, that is, i

F, =mg
ME 0200 02

Bli=mg = B=— =" o= =061T

Q. 12. A uniform magnetic field B is set up along the positive x-axis. A particle of charge ‘¢’ and
mass ‘m’ moving with a velocity v enters the field at the origin in X-Y plane such that it has

velocity components both along and perpendicular to the magnetic field B. Trace, giving
reason, the trajectory followed by the particle. Find out the expression for the distance moved
by the particle along the magnetic field in one rotation. [CBSE Allahabad 2015) [HOTS)

Moving Charges and Magnetism 159



Ans.

Q.13.

Ans.

If component v, of the velocity vector is along the magnetic field, and remain constant, the
charge particle will follow a helical trajectory; as shown in fig.

¥

If the velocity component v, is perpendicular o
the magnetic field B, the magnetic force acts like a
centripetal force qu, B

o ’m’i _ gbr
So, quB'T:vy_T
Since tangent velocity v, = ro
qBr qB
= T B e
n _2n
Time taken for one revelution, T = i) - T
qB
and the distance moved along the magnetic field in the helical path is
2mtm
x=g F=. 2 4B

(a) (i) A circular loop of area ;{', carrying a current [ is placed in a uniform magnetic field
B. Write the expression for the torque T acting on it in a vector form.

(ii) If the loop is free to turn, what would be its orientation of stable equilibrium? Show
that in this orientation, the flux of net field (external field + the field produced by the
loop) is maximum.

(b) Find out the expression for the magnetic field due to a long solenoid carrying a current [ and

having n number of turns per unit length. [CBSE (F) 2013] [HOTS]
(a) (1) Torgue acting on the current loop T=mXB= I(;i X E) A
(i) If magnetic moment m = IA is in the direction of external i
magnetic field i.e., 8=0°. N .0 o
= A B
Magnetic flux (Bm B,)-4 N
i)
$ e ’| Bext |+ ] | A Jeos0®
where r is radius of 1he loop.
(b) On applying Ampere's circuital law f.ﬁgl =, [Total current] N\
= deH [Bdi+ [Bdl+ dez 1o [n01] [
OR RS | |
-—
S R | 1
1
7 pur?
ook’ B

VUVUVUUU

As no magnetic field exists in direction QR, RS and SP, so

!
[1B |di +04+0+0 = p ntt
o

oy | B 0= pntl = B =pnl
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Q. 14.

Ans.

Q. 15.

Ans.

The figure shows three infinitely long straight parallel
current carrying conductors. Find the A
(i) magnitude and direction of the net magnetic field at -

point 4 lying on conductor 1, i

(ii) magnetic force on conductor 2. [CBSE (F) 2017] 2
(i) Magnetic field,
_ M 2(3) _ (6D - Sk 4
s = dn 7~ apy intothe plane of the paper.
Mg 2(4) My 8 ] !
S s By, E( 3 ) out of the plane of the paper. 7 A
By =By~ B, "
B, . i
2 3, \ntothe paper.
(i) Magnetic force per unit length on wire (2) 2
mn 1217
F=—" 3/ L 4
2nr 21 (2r)
2 2 2
_3 ol ol e LB wol
T Ymr T T2 wr
3 wo!® i :
Hence, F = < in the direction of wire (1).

9 mr

(a

in a magnetic field B.

() An electron, after being accelerated through a potential difference of 10* V, enter a uniform
magnetic field of 0.04 T, perpendicular to its direction of motion. Calculate the radius of
curvature of its trajectory. [CBSE (AI) 2017]

(a) Force in magnetic field on a charged particle

F=q@ xB) = F=quBsinf

IfFF =0,
= 0 = quB sin 8
= sinB=0 = O0=xnw

So, magnetic field will be parallel or antiparallel to the velocity of charged particle.
(b) For a charged particle moving in a constant magnetic field and v1E
2
my my _ P '
5 @B = PB4 (2
If ¢ is accelerated through a potential difference of 10* V, then

K. E of electron = eV
2

= :—m=eV = p=2meV ..({)
From (1) & (1)
= = qB

 V2x9.1x10% x 1.6x107? x 10*
B 1.6%1071%0.04

_ 5.39x107%®
T pax107

m= 8.4x10> m
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Q. 16. A wire AB is carrying a steady current of 12 A and is lying on the table. Another wire CD
carrying 5 A is held directly above 4B at a height of 1 mm. Find the mass per unit length of
the wire CD so that it remains suspended at its position when left free. Give the direction of
the current flowing in CD with respect to that in AB. [Take the value of g = 10 ms™

[CBSE (AI) 2013)
Ans. Current carrying conductors repel each other, if current flows in the opposite direction.

Repulsion

‘ c | E D
| |

Weight l
Weight  Attraction

A B

A B

Current carrying conductors attract each other if current flows in the same direction.
If wire CD remain suspended above AB then

Fopution = Weight
woly Il y .
T where r = Separation between the wires
m woli o
[~ 2mg
_2x107x12x5
1x107% %10

=12x10%kg/m
Current in C should be in opposite direction to that in AB.

Q. 17. Two circular loops 4 and B, each of radius 3 m, are placed coaxially at a distance of 4 m. They
carry currents of 3 A and 2 A in opposite directions respectively. Find the net magnetic field
at the centre of loop 4. [CBSE 2023 (55/4/1)]

Ans. Given, I, =3A,I,=2A B

A
- - - 1 1
x=4m,7;,=3m,r=3m ./0\1 2//0
T.
"3m

Magnetic field at centre of A due to A, r 3
m
By 4rx1077 %3 5
BI —?—T—Qﬁxlﬂ T(oulward] k am 1

Magnetic field at centre of A due 10 B,

rBR?  4rx107 x2x9 7
B, = 02 s & 25 = 4“X[105 e T (inward)
2062 +RY% 2016+ 9)% 2

Now, net magnetic field at centre of A,

: 18
B=B -B,=2nx% 107(1—@)
M)
125
_ mx107 %107
& 125

271:x10'7(

=5.4x107" T (outward)
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Q. 18. The magnitude F of the force between two straight parallel current carrying conductors kept
at a distance d apart in air is given by
tohid
= “2nd
where I, and I, are the currents flowing through the two wires.

Use this expression, and the sign convention that the:
“Force of attraction is assigned a negative sign and force of repulsion is assigned a positive sign”.
Draw graphs showing dependence of F on
(i) I, I, when d is kept constant
(i) d when the product I, I, is maintained at a constant positive value.
(iii) d when the product I, I, is maintained at a constant negative value.
[CBSE Sample Paper) [HOTS]
Ans. We know that F is an attractive (—ve) force when the currents [, and I, are ‘like’ currents i.e.,
when the product I, I, is positive.
Similarly F is a repulsive (+ve) force when the currents /| and I, are ‘unlike’ currents, i.e., when
the product 1, I, is negative.

Now Fec (I,1,), when d is kept constant and F ec i when [1, is kept constant.

The required graphs, therefore, have the forms shown below:

F | i
d— ki
Iohy o =

@) (1) (i)

Q. 19. (a) Briefly explain how a galvanometer is converted into an ammeter.  [CBSE 2023 (55/2/1)]
(b) A galvanometer coil has a resistance of 15 O and it shows full scale deflection for a current

of 4 mA. Convert it into an ammeter of range 0 to 6 A. [CBSE 2019 (55/4/1)]
Ans. (a) By connecting a small resistance called shunt (8) in parallel to coil of the galvanometer. The
1,G
value of § is related to the maximum current (7) to be measured as § = 7 L T
i
(b) Given, G=15Q
I =4x107%A P B
£ R
I=6A
= - ——amwwwn——
1G=(-1)s N
B IgG B 4% 103 %15 Ammeter
S " e
-1 6-4x10

= 0.01Q
The galvanometer can be converted into ammeter of given range by connecting a shunt resistance
of 0.01 Q in parallel.
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Q. 20. (a) Briefly explain how a galvanometer is converted into a voltmeter.
(b) A voltmeter of a certain range is constructed by connecting a resistance of 980 () in series
with a galvanometer. When the resistance of 470 Q) is connected in series, the range gets
halved. Find the resistance of the galvanometer. [CBSE 2019 (55/4/1)]
Ans. (a) A galvanometer may be converted into volumeter by connecting a high value resistance R
in series with coil of the galvanometer. The value of (R) is related 1o the maximum voliage

(V) to be measured as R = K-(;.

i ’
g ir R R
b Flge B — G A —— ANy ——s
®) g Rg +R
V V Voltmeter
= =
Rg + 980 Q(Rg +470)
= 2Rg+940=Rg+980 = Rg =40Q
Q. 21. A multirange voltmeter can be constructed by using a R RS- By

galvanometer circuit as shown in the figure. We want to  —{(G)——MA—TAMARMN
construct a voltmeter that can measure 2 V, 20 V and 200 V
using a galvanometer of resistance 10 Q) and that produces
maximum deflection for current of 1 mA. Find the value of
R|, R; and R; that have to be used.
[NCERT Exemplar, CBSE Sample Paper 2018]

Ans. Here,G=100,1,= ImA=10"A 2V 20V 200V
Case (i), V=2V
rR=Y _c="2 _10=19900=2kQ
1 Ig 10-3
Case (ii) V=20V

(RI+RQ)=£—?S_10 =20,000-10 =20 kQ

i Ry =20kQ-2kQ=18kQ
Case (iii) V=200V

Ry + Ry+ Ry= fé]__g_mzzoom

R,=200kQ-20kQ =180k Q

Long Answer Questions

Each of the following questions are of 5 marks.

Q. 1. State and explain Biot-Savart law. Use it to derive an expression for the magnetic field
produced at a point near a long current carrying wire. [CBSE 2019 (55/3/1)]

Ans. Biot-Savart law: Suppose the current [ is [lowing in a conductor and there is a small current
element ‘ab’ of length Al. According to Biot-Savart the magnetic field (AB) produced due to this
current element at a point P distant r from the element is given by

IAlsinf B TAlsinf

i )

AB o orAB =
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® o x . . .
where S 1S @ constant of proportionality. It depends on the medium between the current

element and point of observation (P). p is called the
permeability of medium. Equation (i) is called Biot-Savart

law. The product of current (I) and length element (Al)

(.., I Al) is called the current element. Current element _—
is a vector quantity, its direction is along the direction of '+
current. If the conductor be placed in vacuum (or air),
then p is replaced by pg; where 1 is called the permeability

of free space (or air). In S.1. system py= 4n X 10 7 weber/ |
ampere-metre (or newton,"ampere?).

1-'-0 7
Thus ——= 107" weber/ampere X metre
47

As in most cases the medium surrounding the conductor is air, therefore, in general, Biot-Savart
law is written as
~ Po JAlsin®
m 2
The direction of magnetic field is perpendicular to the plane containing current element and

the line joining point of observation to current element. So in vector form the expression for
magnetic field takes the form

AB

AB=r 5

o INET F F
L

Derivation of formula for magnetic field due to %C

a current carrying wire using Biot-Savart law: T

Consider a wire EF carrying current [ in upward / e

direction. The point of observation is P at a finite l

distance R from the wire. If PM is perpendicular ¥y = R M ﬁl-'\k P

dropped from P on wire; then PM = R. The wire

may be supposed to be formed of a large number  j4

of small current elements. Consider a small element

CD of length 8l at a distance [ from M. E E

Let ZCPM = ¢ (@) ©)
and ZCPD =8¢, 2 PDM =8

The length 8/ is very small, so that ZPCM may also be taken equal 10 6.
The perpendicular dropped from C on PD is CN. The angle formed between element
18I and ;(= C_P) is (1 - ). Therefore according to Biot-Savart law, the magnetic field due 10

current element 187 atP is

K 1 8lsin(mt - 0) My 13lsind

8= = i g D)
But in A CND, sin =sin(ZCDN) = LN 7 i
CcD a8l
or &l sin 6 =7 8¢
. From equation (z)
_Polr3d My IB$ i)

38_411: 2 4m T
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Ans.

Again from fig.

cosd = E:» p= i
T cos¢
From equation (if),
o Tcos $8¢

B~ =

If the wire is of finite length and its ends make angles o and B with line MP, then net magnetic
field (B) aL P is obtained by summing over magnetic fields due to all current elements, i.e.,

e Mo Tcosbdd Byl
5 it R 4rer 008 Hdd

ol ol
41: sin 5 = #[sin a-sin(-p)]

B=

[T
+
= R(sm& sinB)

This is expression for magnetic field due to current carrying wire of finite length.

If the wire is of infinite length (or \ery long), then a = p = n/2

w T

[l+l] or 8_21[7R

= l-lol
~ 4nR

[sinngsin;) 47[R

(i) State Biot-Savart Law. Using this law, find an expression for the magnetic field at the centre

of a circular coil of N-turns, radius R, carrying current I. [CBSE 2019 (55/1/1), 2023 (55/1/1)]

(ii) Sketch the magnetic field for a circular current loop, clearly indicating the direction of

the field. [CBSE (F) 2010, Central 2016, 2023 (55/1/1)]

(i) Biot-Savart Law: Refer to above question

Magnetic field at the centre of circular loop: Consider a circular coil
of radius R carrying current [ in anticlockwise direction. Say, O is the
centre of coil, at which magnetic field is 1o be computed. The coil may A/ : o 0]
be supposed o be formed of a large number of current elements.
Consider a small current element ‘ab’ of length Al According to Biot
Savart law the magnetic field due 1o current element ‘ab’ at centre O is
_ Mo 1 Alsin® ‘
4t R?
where 8 is angle between current element ab and the line joining the element to the centre
0. Here 8 =90° because current element at each point of circular path is perpendicular to
the radius. Therefore magnetic field produced at O, due to current element ab is
toral
4n R?

According to Maxwell’s right hand rule, the direction of magnetic field at O is upward,
perpendicular to the plane of coil. The direction of magnetic field due to all current elements
is the same. Therefore the resultant magnetic field at the centre will be the sum of magnetic
fields due to all current elements. Thus

Ho TAl Bo 1
BoZM =T g T g

But YA/ = total length of circular coil = 2aR (for one-turn)
o [ ol

B = E?QHR or 3—2?
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If the coil contains N-turns, then ¥ Al =N. 2n R

1.LDI g.LONI
i .N2rnR or B= oR
Here current in the coil is anticlockwise and the direction of magnetic field is perpendicular
to the plane of coil upward; but if the current in the coil is clockwise, then the direction of

magnetic field will be perpendicular 1o the plane of coil downward.

B =

(if) Magnetic field lines due to a circular current loop:

/ "x\h.ﬁfi;/fff\
\ SR/
\//i/ .,\\:;\ i

oL N

Q.3. (i) Derive an expression for the magnetic field at a point on the axis of a current carrying
circular loop. [CBSE 2019 (55/3/1), 2023 (55/3/1)]
OR

Using Biot-Savart’s law, derive an expression for magnetic field at any point on axial line

of a current carrying circular loop. Hence, find magnitude of magnetic field intensity at

the centre of circular coil. [CBSE Sample Paper 2020]

(ii) Two co-axial circular loops L, and L, of radii 3 cm and 4 ¢cm are placed as shown. What
should be the magnitude and direction of the current in the loop L, so that the net magnetic

field at the point O be zero?
. 4 cm

R
| )'/4 cm |3em  /
1A I
L %

Ans. (i) Magnetic field at the axis of a circular loop: Consider a circular loop of radius R carrying
current /, with its plane perpendicular to the plane of A dl
aper. Let P be a point of observation on the axis of o N Q
pap P Ry T 4 /<

this circular loop at a distance x from its centre 0. | A b 9
Consider a small element of length dl of the coil at | 04‘1\%%;—» ®)B
point A. The magnitude of the magnetic induction l\ | 4 e 5 e
dB at point P due to this element is given by \ i N X
g Mo Idlsina A dr
amn 2

The direction of dB is perpendicular to the plane containing dl and ¥ and is given by
right hand screw rule. As the angle between Idl and r and is 90°, the magnitude of the
magnetic induction dE is given by,

¥ Mol dising0° g wldi
4m 7~ 4ane?
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If we consider the magnetic induction produced by the whole of the circular coil, then by
symmetry the components of magnetic induction perpendicular to the axis will be cancelled
out, while those parallel 1o the axis will be added up. Thus the resultant magnetic induction

B at axial point P is along the axis and may be evaluated as follows:

The component of dB along the axis,

_, ppldl
dB = Fsina
4nr
i R _op2 e
Butsin @ = —andr = (R” +x7)
. pﬂfdtlﬂ g PEIRJ _ polR 4
am? T an® 47 (R? + 132

Therefore the magnitude of resultant magnetic induction at axial point P due to the whole
circular coil is given by

S wIR poIR
e P S S 1 o o
But fd[ = length of the loop = 2rR
WolRt
Therelore, B = W(QT&?)
e s B IR* Pl
B=sz=Wz. Atcemre,x=0,B=2—R
If the coil contains N turns, then
1, NIR?
B= W tesla.
1.L0]\.’Ia.2

(ii) The magnetic field, B = W

Here N= 1,4, = 3cm,x, = 4cm, [, =1 A
. Magnetic field at O due to coil L, is
o X 1% (3% 107" 1y (9% 1074
3 x 1092+ @x109?f? 2x125%10°

Magnetic field at O due to coil Ly is
Herea, = 4 cm, x;, = 3 cm

1y X 1,(4 % 1072

B.=

B, =
2[4 %1072 + (3% 10712
wol, x 16 x 107

}3}2

2x125x107°
For zero magnetic field at O, the currents [, and [, should be in same direction, so current
Iy should be in opposite directions and satisfy the condition,

B, =B,
. X 9X 107 p J,X16x 107 .
= T =D
2x125x 10" 2x125x 107 2 16
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Q1. (@

()

A straight thick long wire of uniform circular cross-section of radius ‘a’ is carrying a steady
current I. The current is uniformly distributed across the cross-section. Use Ampere’s
circuital law to obtain a relation showing the variation of the magnetic field (B,) inside and
outside the wire with distance r, (r <a) and (r > a) of the field point from the centre of its
cross-section. What is the magnetic field at the surface of this wire? Plot a graph showing
the nature of this variation.

. . . a .
Calculate the ratio of magnetic field at a point 7 above the surface of the wire to that at a

point % below its surface. What is the maximum value of the field of this wire?
[CBSE Delhi 2010; Chennai 2015]

Ans. (a) Magnetic field due to a straight thick wire of uniform cross-section: Consider an infinitely

long cylindrical wire of radius a, carrying current I. Suppose that the current is uniformly
distributed over whole cross-section of the wire. The cross-section of wire is circular. Current
per unit cross-sectional area.

=t 0

mQ

Magnetic field at external points (r > a): We consider a
circular path of radius r (> a) passing through external point P — % Circular 4

. . . . o cross=section
concentric with circular cross-section of wire. By symmetry the of cylinder
strength of magnetic field at every point of circular path is same
and the direction of magnetic field is tangential to path at every

point. So line integral of magnetic field B around the circular 5 i
path i

551_3..9?1= §Bdlcos()" =B 2nr
Current enclosed by path = Total current on circular cross-section of cylinder = 1

By Ampere’s circuital law

§1_3 dl= p xcurrent enclosed by path

B2 I o
= nr=p XI = =—
Ho 2nr
This expression is same as the magnetic field due to a long
current carrying straight wire. /"' . _7;?‘\\
This shows that for external poinis the current flowing in wire may be / ffﬂ
supposed to be concerned at the axis of cylinder. { O-"—I:P,P
Magnetic Field at Internal Points (r < a) : Consider a circular % /-‘J
path of radius r (<a), passing through internal point Q concentric R o
with circular cross-section of the wire. In this case the assumed
circular path encloses only a path of current carrying circular
cross-section of the wire.
2 b S
. Current enclosed by path = j xq,2 = (%) xmr? = ILE / a \\\
na a / Az X
| / \
By Ampere's circuital law ( 0‘—3—*':R
- - \ /
\
553_41 = p, x current closed by path \. /
I’ o Ir o
e B2mr=p,X— = B= =
a 2ma

Clearly, magnetic field strength inside the current carrying wire is directly proportional to
distance of the point from the axis of wire.
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At surface of eylinder r = a, so magnetic field at surface of wire
wol
9na

The variation of magnetic field strength (B) with distance (r) [rom the axis of wire for internal
and external points is shown in figure.

Bg= (maximum value)

® 3 wo! nol nol
Ouside = S = T = o
2mr 2n(a+i) 3ma B
2
wlr  wl@?2) oyl BT Ber Bel
Poite = yg? = g A _
Bomide _ 4 o) a ¥ > 2
Bimidt 3
5 ; " e s e ol
Maximum value of magnetic field is at the surface given by Bg = ora
Q. 5. Using Ampere’s circuital law find an expression for the magnetic field at a point on the axis
of a long solenoid with closely wound turns. [CBSE (F) 2010, 2019(55/2/1)]

Ans. Magnetic field due to a current carrying long solenoid:

A solenoid is a long wire wound in the form of a close-
packed helix, carrying current. To construct a solenoid a g+ === =-==='= N>
large number of closely packed turns of insulated copper S VA =

wire are wound on a cylindrical wbe of card-board or
china clay. When an electric current is passed through the
solenoid, a magnetic field is produced within the solenoid. =ik

If the solenoid is long and the successive insulated copper

turns have no gaps, then the magnetic field within the solenoid is uniform; with practically no
magnetic field outside it. The reason is that the solenoid may be supposed 1o be formed of a large
number of circular current elements. The magnetic field due to a circular loop is along its axis
and the current in upper and lower straight parts of solenoid is equal and opposite. Due to this
the magnetic field in a direction perpendicular to the axis of solenoid is zero and so the resultant
magnetic field is along the axis of the solenoid.

If there are ‘n’ number of turns per metre length of solenoid and I amperes is the current

flowing, then magnetic field at axis of long solenoid 4 ci—ﬂﬁr
B = yyn/ ] §
Ho ) ‘ 5
If there are N turns in length [ of wire, then P ; q
N e NI e
n=— or =
I {
Derivation: Consider a symmetrical long solenoid having |
number of turns per unit length equal 1o n.
a b

Let [ be the current flowing in the solenoid, then by right
hand rule, the magnetic field is parallel to the axis of the solenoid.

Field outside the solenoid: Consider a closed path abed. Applying Ampere's law to this path
§ B.dl=px0 (since net current enclosed by path is zero)

As dl=0:B=0

This means that the magnetic field outside the solenoid is zero. _
Field inside the solenoid: Consider a closed path pgrs The line integral of magnetic field B
along path pgrs is

o Bdl=[ B.di+[ Bdi+[Bd+] 5 w00
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Ans.

Ans.

For path pg, Banddl are along the same direction,
&5&=I€w=% where, pg =1 (say)

For paths qr and sp, Banddl are mutually perpendicular.
[ B-dl=] B.dl=[Bdlcos90° =0

For path rs, B = 0 (since field is zero outside a solenoid)

[,B.di=0
In view of these, equation (i) gives
m&ﬂ=&&ﬂ=m (i)

By Ampere's law f B.dl= p; X net current enclosed by path

= Bl=ypy(nll) .B=pgnl

Derive an expression for the force acting on a current carrying straight conductor kept in
a magnetic field. State the rule which is used to find the direction of this force. Give the
condition under which this force is (1) maximum, and (2) minimum. [CBSE 2023 (55/1/1)]
Force on a current carrying conductor on the basis of force on a moving charge: Consider a
metallic conductor of length L, cross-sectional area 4 placed in a uniform magnetic field B and its
length makes an angle 8 with the direction of magnetic field B. The current in the conductor is [
According to free electron model of metals, the current in a metal is due to the motion of free
electrons. When a conductor is placed in a magnetic field, the magnetic field exerts a force
on every free-electron. The sum of forces acting on all electrons is the net force acting on the
conductor. Ifv, is the drift velocity of [ree electrons, then

current, [ = nedv,; where n is number of free electrons per unit volume. |y

magnetic force on each electron = ¢v, B sin 6
Its direction is perpendicular to both U_d and B
Volume of conductor ¥ = AL
Therefore, the total number of free electrons in the conductor = nAL
Net magnetic force on each conductor
F = (ev,B sin 0) . (nAL) = (nedv,). BL sin 6
Using equation (1), We get F=IBL sin 8
This is the general formula for the force acting on a current carrying conductor.

In vector form, }:‘ = [}:xﬁ

(1) Force will be maximum when sin 8 = 1 or 8 = 90°. That is when length of conductor is

perpendicular to magnetic field.
(2) For minimum, when, sin 8 = 0° or 8 = 0° or 180°

i.e., when length of conductor is parallel or anti parallel to magnetic field.
Two long straight parallel conductors carry steady current I, and I, separated by a distance d.
If the currents are flowing in the same direction, show how the magnetic field set up in one
produces an attractive force on the other. Obtain the expression for this force. Hence define
one ampere. [CBSE Delhi 2016]

OR
Derive an expression for the force per unit length between two long straight parallel current
carrying conductors. Hence define SI unit of current (ampere).
[CBSE (AI) 2009, 2010, 2012, Patna 2015, 2020 (55/3/1)]

Suppose two long thin straight conductors (or wires) PQ and RS are placed parallel to each other
in vacuum (or air) carrying currents I, and [, respectively. It has been observed experimentally
that when the currents in the wire are in the same direction, they experience an attractive force
(fig. a) and when they carry currents in opposite directions, they experience a repulsive force (fig. b).
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Letthe conductors PQ and RS carry currents /, and [, in same direction and placed at separation r.
Consider a current-element ‘ab’ of length AL of wire RS. The magnetic field produced by
current-carrying conductor PQ at the location of other wire RS

”011
17 onr
P R P R
b I
AL
AF+——®B B®— > AF
a AL
b
Iha 4l L4
Q S Q S
r
>
(a) (b)

According to Maxwell's right hand rule or right hand palm rule number 1, the direction of B will
be perpendicular to the plane of paper and directed downward. Due to this magnetic field, each
element of other wire experiences a force. The direction of current element is perpendicular to
the magnetic field; therefore the magnetic force on element ab of length AL

rody

AF =B\, ALsin90° = o -1, AL

The total force on conductor of length L will be
_ UL
2nr T i2mr

Force acting per unit length of conductor
F Mk
f= L= oy N/m

According o Fleming's lelt hand rule, the direction of magnetic force will be towards PQ i.e., the
force will be attractive.

On the other hand if the currents [} and [, in wires are in opposite directions, the force will be
repulsive. The magnitude of force in each case remains the same.

Definition of SI unit of Current (ampere): In SI system of fundamental unit of current ‘ampere’
is defined assuming the force between the two current carrying wires as standard.

The force between two parallel current carrying conductors of separation r is

_F Lk
“L 2w s
Ifly=0,=1A,r=1m, then
_ M _ F
=5y = 2X107Nfm

Thus | ampere is the current which when flowing in each of parallel conductors placed at
separation I m in vacuum exert a force of 2x 10~ on 1 m length of either wire.
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Q.8.

Ans.

Derive an expression for torque acting on a rectangular current carrying loop kept in a
uniform magnetic field B. Indicate the direction of torque acting on the loop.
[CBSE Delhi 2013; (F) 2009, 2019 (55/1/1), 2020 (55/1/1))
OR

Deduce the expression for the torque ; acting on a planar loop of area 4 and carrying
current I placed in a uniform magnetic field B.

If the loop is free to rotate, what would be its orientation in stable equilibrium?

[CBSE Ajmer 2015]
Torque on a current carrying loop: Consider a rectangular loop PORS of length [, breadth b
suspended m a uniform magnetic field B . The length of loop = PQ = RS= [ and breadth QR
= 8P = b. Let at any instant the normal to the plane of loop make an angle 8 with the direction
of magnetic field B and I be the current in the loop. We know that a force acts on a current
carrying wire placed in a magnetic field. Therefore, each side of the loop will experience a force.

The net force and torque acting on the loop will be L —
determined by the forces acting on all sides of the loop. £ /1/ or narmal to loop
Suppose t that Lhe forces on sides PQ, QR, RS and SP are t

F\,F3,Fsand F4 respectively. The sides QR and SP 2 ; i& B
make angle (90°- 8) with the direction of magnetic field. Free| R >
Therefore each of lhe forces Fg and Fy acting on these ¥ x
sides has same magnitude F* = Blb sin (90°- 8) = Bib cos F3

8. According to Fleming’s lefi hand rule the forces P — o

F, and F, are equal and opposite but their line of action } 3 >

is same. Therefore these forces cancel each other ie., ¢

the resultant of Fg and F:, is zero. F,=1B

The sides PQ and RS of current loop are perpendicular 1 e

to the magnelic field, therefore the magnitude of each Il \OOQ :

of forces Fy and Fs is F=IIB sin 90°=1lB. (Upward) N.‘g,“’\
According to Fleming's left hand rule the forces b\T\e_@* " -3
Frand Fs acting on sides PQ and RS are equal and . g
opposite, but their ]incioi'acticil are different; therefore 7 ’

the resultant force of Fjand F3 is zero, but they form Y Dowrwe}
a couple called the deflecting couple. When the normal ~ —N ! >

1—bsim}—t;_i,

to plane of loop makes an angle with the direction of
Fa=1B

magnetic field the perpendicular distance between F;
and Fyis b sin 6.

Moment of couple or Torque,

t = (Magnitude of one force F) X perpendicular distance =(BIi). (b sin 8) = I ({b) B sin 6
But b = area of loop =4 (say)

Torque, T = IAB sin 6
If the loop contains N-turns, then T = NI AB sin 6
In vector form T = NIA X B
The magnetic dipole moment of rectangular current loop = M = NIA

T=MXxB

Direction of torque is perpendicular to direction of area of loop as well as the direction of
magnetic field i.e., along [4 X B.

The current loop would be in stable equilibrium, if magnetic dipole moment is in the direction
of the magnetic field (B).
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Q. 9. Draw the labelled diagram of a moving coil galvanometer. Prove that in a radial magnetic field, the
deflection of the coil is directly proportional to the current flowing in the coil. [CBSE (F) 2012]
OR
(a) Draw a labelled diagram of a moving coil galvanometer. Describe briefly its principle and
working.
(b) Answer the following:
(i) Why is it necessary to introduce a cylindrical soft iron core inside the coil of a

galvanometer?
(i) Increasing the current sensitivity of a galvanometer may not necessarily increase its
voltage sensitivity. Explain, giving reason. [CBSE (AI) 2014]
OR

Explain, using a labelled diagram, the principle and working of a moving coil galvanometer.
What is the function of (i) uniform radial magnetic field, (ii) soft iron core?

Define the terms (i) current sensitivity and (ii) voltage sensitivity of a galvanometer. Why does
increasing the current sensitivity not necessarily increase voltage sensitivity?
[CBSE Allahabad 2015, 2019 (55/1/2)]
Ans.  ® Moving coil galvanometer: A galvanometer is used 1o detect current in a circuit.

Construction: It consists of a rectangular coil wound on a non-conducting metallic frame
and is suspended by phosphor bronze strip between the pole-pieces (N and §) of a strong
permanent magnet.

A solt iron core in cylindrical form is placed between the coil.

One end of coil is attached to suspension wire which also serves as one terminal (T')) of
galvanometer. The other end of coil is connected to a loosely coiled strip, which serves as the
other terminal (T5). The other end of the suspension is attached 1o a torsion head which can
be rotated o set the coil in zero position. A mirror (M) is fixed on the phosphor bronze strip
by means of which the deflection of the coil is measured by the lamp and scale arrangement.
The levelling screws are also provided at the base of the instrument.

The pole pieces of the permanent magnet are cylindrical so that the magnetic field is radial
at any position of the coil.
e H

Suspension wire

M Coil
I

£

T
T2

Coiled strip

(a) &) (c)
Magnetic lines of
force of radial magnetic field

Principle and working: When current (/) is passed in the coil, torque T acts on the coil, given by
T =NIAB sin 8

where 8 is the angle between the normal to plane of coil and the magnetic field of strength
B, N is the number of turns in a coil.

A current carrying coil, in the presence of a magnetic field, experiences a torque, which
produces proportionate deflection.

i.e., Deflection, 8 « t (Torque)
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Q. 9. Draw the labelled diagram of a moving coil galvanometer. Prove that in a radial magnetic field, the
deflection of the coil is directly proportional to the current flowing in the coil. [CBSE (F) 2012]
OR
(a) Draw a labelled diagram of a moving coil galvanometer. Describe briefly its principle and
working.
(b) Answer the following:
(i) Why is it necessary to introduce a cylindrical soft iron core inside the coil of a

galvanometer?
(i) Increasing the current sensitivity of a galvanometer may not necessarily increase its
voltage sensitivity. Explain, giving reason. [CBSE (AI) 2014]
OR

Explain, using a labelled diagram, the principle and working of a moving coil galvanometer.
What is the function of (i) uniform radial magnetic field, (ii) soft iron core?

Define the terms (i) current sensitivity and (ii) voltage sensitivity of a galvanometer. Why does
increasing the current sensitivity not necessarily increase voltage sensitivity?
[CBSE Allahabad 2015, 2019 (55/1/2)]
Ans.  ® Moving coil galvanometer: A galvanometer is used 1o detect current in a circuit.

Construction: It consists of a rectangular coil wound on a non-conducting metallic frame
and is suspended by phosphor bronze strip between the pole-pieces (N and §) of a strong
permanent magnet.

A solt iron core in cylindrical form is placed between the coil.

One end of coil is attached to suspension wire which also serves as one terminal (T')) of
galvanometer. The other end of coil is connected to a loosely coiled strip, which serves as the
other terminal (T5). The other end of the suspension is attached 1o a torsion head which can
be rotated o set the coil in zero position. A mirror (M) is fixed on the phosphor bronze strip
by means of which the deflection of the coil is measured by the lamp and scale arrangement.
The levelling screws are also provided at the base of the instrument.

The pole pieces of the permanent magnet are cylindrical so that the magnetic field is radial
at any position of the coil.
e H

Suspension wire

M Coil
I

£

T
T2

Coiled strip

(a) &) (c)
Magnetic lines of
force of radial magnetic field

Principle and working: When current (/) is passed in the coil, torque T acts on the coil, given by
T =NIAB sin 8

where 8 is the angle between the normal to plane of coil and the magnetic field of strength
B, N is the number of turns in a coil.

A current carrying coil, in the presence of a magnetic field, experiences a torque, which
produces proportionate deflection.

i.e., Deflection, 8 « t (Torque)
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When the magnetic field is radial, as in the case of eylindrical pole pieces and soft iron core,
then in every position of coil the plane of the coil, is parallel 1o the magnetic field lines, so
that 8 =90° and sin 90°=1. The coil experiences a uniform coupler.

Deflecting torque, T = NIAB

If C is the torsional rigidity of the wire and is the twist of suspension strip, then restoring
torque = C 8

For equilibrium, deflecting torque = restoring torque

i.e. NIAB=C8
NAB :
=— el
] c ! (@
i.e. Bocl

Deflection of coil is directly proportional to current flowing in the coil and hence we can
construct a linear scale.

Importance (or function) of uniform radial magnetic field: Torque for current carrying coil
in a magnetic field is T = NIAB sin 8

In radial magnetic field sin 8 = 1, so torque is T = NIAB

This makes the deflection (8) proportional to current. In other words, the radial magnetic
field makes the scale linear.

The cylindrical, soft iron core makes the field radial and increases the strength of the
magnetic field, i.e., the magnitude of the torque.

Sensitivity of galvanometer :

Current sensitivity: It is defined as the deflection of coil per unit current flowing in it.

g 6 NAB A
Sensitivity, §, = (T) =20 ..(#1)
Voltage sensitivity: [t is defined as the deflection of coil per unit potential difference across
its ends o wnig
ie., Sy=1 = R, C ...(ii)

where R, is resistance of galvanometer.
Clearly for greater sensitivity number of turns N, area 4 and magnetic field strength B
should be large and torsional rigidity C of suspension should be small.
Dividing (i) by (if)

L N, U

S' = G = . v e (-; Iy
Clearly the voltage sensitivity depends on current sensitivity and the resistance of
galvanometer. If we increase current sensitivity then it is not certain that vollage sensitivity
will be increased. Thus, the increase of current sensitivity does not imply the increase of
voltage sensitivity.

Q. 10. With the help of a circuit, show how a moving coil galvanometer can be converted into an

Ans.

ammeter of a given range. Write the necessary mathematical formula. [CBSE 2023 (55/2/1)]
Conversion of galvanometer into ammeter

An ammeter is a low resistance galvanometer and is connected in series in a circuit to read
current directly.

The resistance of an ammeter is to be made as low as possible so that it may read current without
any appreciable error. Therefore to convert a galvanometer into ammeter a shun! resistance. (i.e.,
small resistance in parallel) is connected across the coil of 7
galvanometer. ; AAAMAAAA

Let G be the resistance of galvanometer and [ the current
required [or [ull scale deflection. Suppose this galvanometer is

to converted into ammeter of range / ampere and the value of ]
shunt required is 8. If /; is current in shunt, then from fig.

Ammeter
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I=L+l; > I =(I-1) @)
Also potential difference across 4 and B
(Vap) = Is. § = [g' G
Substituting value of /g from (i), we get
or (I-1)S=16
or IS —IgS = IgC or I§= Ig(S+G]

S
or Ig ST 1
GIg
i.e. required shunt, S = YA
g€

This is the working equation of conversion of galvanometer into ammeter.
The resistance (R4) of ammeter so formed is given by

1 1,1 .1 _8* o _ S
E, 3 G TR, 8 4 ZIE

If k is figure of merit of the galvanometer and n is the number of scale divisions, then { = nk.
Out of the total main current / amperes, only a small permissible value I, flows through the
galvanometer and the rest [ = (/- 1,) passes through the shunt.

Remark: An ideal ammeter has zero resistance.

Q. 11. A galvanometer of resistance G is converted into a voltmeter to measure upto V volts by
connecting a resistance R in series with the coil. If a resistance R, is connected in series with
it, then it can measure upto ¥7/2 volts. Find the resistance, in terms of R, and R,, required to
be connected to convert it into a voltmeter that can read upto 2 V. Also find the resistance G of
the galvanometer in terms of R, and R,. [CBSE Delhi 2015]

OR

i : Vv i
To convert a given galvanometer into a voltmeter of ranges 2V, V and 9 volt, resistance R, R,

and R; ohm respectively, are required to be connected in series with the galvanometer. Obtain

the relationship between R,, R, and R;. [CBSE 2020 (55/3/1)]
Ans. Let ], be the current through galvanometer at full deflection
To measure V volis, V' = (G + Ry ()
For %vol[s, % =1(G+Ry) (i)
and 2 V volts, 2V =1,(G+Ry) )
To measure for conversion of range dividing (z) by (i),
G+R,
2=G+—R2 = G=R,-2R,

Putting the value of G in (i), we have

I = 4 ==L
= - T
£ R-2R,*R, € 2R, 2R,

Substituting the value of G and L in equation (iii), we have

.
2 = 5r ok, Ri~2Rs + R)

4R, -4R, = R, - 2R, + R,

Ry =3R,-2R,
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Questions for Practice

1. Choose and write the correct option in the following questions.

(1) A current loop in a magnetic field
(a) can be in equilibrium in two orientations, both the equilibrium states are unstable.
(b) can be in equilibrium in two orientations, one stable while the other is unstable.
(c) experiences a torque whether the field is uniform or non uniform in all orientations.
(d) can be in equilibrium in one orientation.

(i) A charge particle afier being accelerated through a potential difference ‘V” enters in a
uniform magnetic field and moves in a circle of radius r. If " is doubled, the radius of the

circle will become [CBSE 2020 (55/5/1)]
(a) 2r ) v2r
(c) 4r (d) /y2
(iif) Two parallel conductors carrying current of 4.0 A and 10.0 A are placed 2.5 cm apart in
vacuum. The force per unit length between them is [CBSE 2022 (55/2/4), Term-1]
(2) 6.4 % 107° N/m () 6.4 x 1072 N/m
(¢) 4.6 X 107" N/m (d) 3.2 x 10~ N/m

(fv) The coil of a moving coil galvanometer is wound over a metal frame in order to
[CBSE Sample Paper-2022, Term-1]
(z) reduce hysteresis (b) increase sensitivity
(¢) increase moment of inertia (d) provide electromagnetic damping
(v) Two wires of the same length are shaped into a square of side ‘e’ and a circle with radius .
If they carry same current, the ratio of their magnetic moment is
[CBSE Sample Paper-2022, Term-1]
(@) 2: ¢ ) m:2
(¢) m:4 d)4:m
2.  In the following questions, a statement of Assertion (A) is followed by a statement of Reason (R).
Choose the correct answer out of the following choices.
(a) Both A and R are true and R is the correct explanation of A.
(b) Both A and R are true but R is not the correct explanation of A.
(¢) A is true but R is false.
(d) A is false and R is also false.

(i) Assertion (4) : Two parallel conducting wires carrying currents in same direction, come
close 1o each other.
Reason (R) : Parallel currents attract and anti parallel currents repel.
(i) Assertion (4) : An electron moving along the direction of magnetic field experiences no
force.
Reason (R) : The force on electron moving along the direction of magnetic field is
F = quBsin(° =
3. An electron with charge -¢ and mass m travels at a speed v in a plane perpendicular to a
magnetic field of magnitude B. The electron follows a circular path of radius R. In a time ¢, the
electron travels halfway around the circle. What is the amount of work done by the magnetic
field? [CBSE Sample Paper 2021]
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4.

10.

11.

178 Xam i

A beam of electrons projected along +x-axis, experiences a force due to a magnetic field along
the +y-axis. What is the direction of the magnetic field?

X

¥,

A horizontal overhead power line carries a current of 90 A in east to west direction. What is the
magnitude and direction of the magnetic field due to the current at a distance 1.5 m below the
line? [NCERT]
A circular coil of wire consisting of 100 turns, each of radius 8.0 cm carries a current of
0.40 A. What is the magnitude of magnetic field B at the centre of the coil? [NCERT)

Two long and parallel straight wires A and B carrying currents of 8.0 4 and 5.0 4 in the same
direction are separated by a distance of 4.0 cm. Estimate the force on a 10 c¢m section of wire A.

[NCERT]
A beam of a particles projected along + x-axis, experiences a force due to a magnetic field along
the + y-axis. What is the direction of the magnetic field? [CBSE (AI) 2010]

® ¢ particle

37

Two long and parallel straight wires carrying currents of 2 A and 5 A in the opposite directions
are separated by a distance of | em. Find the nature and magnitude of the magnetic force
between them. [CBSE (F) 2011]
A point charge is moving with a constant velocity perpendicular to a uniform magnetic field as
shown in the figure. What should be the magnitude and direction of the electric field so that the
particle moves undeviated along the same path?

Y —
B
x X X
E x x
—T
x ' ox X

(a) Obtain the conditions under which an electron does not suffer any deflection while passing
through a magnetic field.

(b) Two protons P and @ moving with the same speed pass through the magnetic fields B
and B respectively, at right angles to the field directions. If | B> |I_3.1 |, which of the two

protons will describe the circular path of smaller radius? Explain. [CBSE 2019 (55/5/1)]




12.

13.

14.

15.

16.

17.

Consider the current () carrying circular coil placed in ¥Z plane with its centre at the origin.
Derive expression for the value of magnetic field due to it at point (x, 0, 0).  [CBSE 2020 (55/1/1)]

Show that a current carrying solenoid behaves like a small bar magnet. Obtain the expression
for the magnetic field at an external point lying on its axis. [CBSE 2020 (55/4/1)]

(a) Depict the magnetic field lines due to a circular current carrying loop showing the direction
of field lines.
(b) A current / is flowing in a conductor placed along the x-axis as shown in the figure. Find the

magnitude and direction of the magnetic field due to a small current element dl lying at

the origin at points (i) (0, d, 0) and (i) (0, 0, d). [CBSE 2020 (55/4/3)]
y
1
> x
o
di
Z-axis

A proton, a deuteron and an alpha particle, are accelerated through the same potential difference
and then subjected to a uniform magnetic field B, perpendicular to the direction of their
motions. Compare () their kinetic energies, and (i) if the radius of the circular path described
by deuteron is 5 cm, determine the radii of the paths described by proton and alpha particle.

An electron and a proton enter a region of uniform magnetic field B with uniform speed v in a
perpendicular direction (fig.).

x % % x
P x x x x
= B
.x % ox x
e
kS x X X

(i) Show the trajectories followed by two particles.

(i) What is the ratio of the radii of the circular paths of electron to proton? [CBSE (F) 2010]

Write the expression for the magnetic moment (M) due to a planar square loop of side /'
carrying a steady current / in a vector form.

In the given figure this loop is placed in a horizontal plane near a long straight conductor

carrying a steady current /; at a distance [ as shown. Give reasons to explain that the loop will

experience a net force but no torque. Write the expression for this force acting on the loop.
[HOTS)[CBSE Delhi 2010]




18.

19.

In a chamber a uniform magnetic field of 6.5 G (1 G = 10~* T) is maintained. An electron is shot
into the field with a speed of 4.8 10° ms™ normal to the field. Explain why the path of electron
is a circle. Determine the radius of the circular orbit. (¢ =1.6x 1079 C, m = 9.1 x 107! kg).
[NCERT]
Two moving coil meters M; and M, have the following particulars:
R, =10Q,N, =30, 4, =36x 10°m?, B,=025T
Ry=140Q,N, =42, A, =18x 10%m? B,=050T

(The spring constants are identical for the two meters).

Determine the ratio of () current sensitivity and (b) voltage sensitivity of M, and M,. [NCERT)]

20. (a) Siate and explain the law used 1o determine magnetic field at a point due o a current
element. Derive the expression for the magnetic field due to a circular current carrying loop
of radius r at its centre.

(6) A long wire with a small current element of length 1 cm is placed at the origin and carries a
current of 10 A along the X-axis. Find out the magnitude and direction of the magnetic field
due to the element on the Y-axis at a distance 0.5 m from it.

21. (a) Derive the expression for the magnetic field due to a current carrying coil of radius r at a
distance x from the centre aleng the X-axis.

(b) A straight wire carrying a current of 5 A is bent into a semicircular are of radius 2 cm as
shown in the figure. Find the magnitude and direction of the magnetic field at the centre of
the arc. /

22. A long straight wire carries a current of 35 A. What is the magnitude of magnetic field Bata

point 20 ¢cm from the wire? [NCERT]

23. (i) Write the principle and explain the working of a moving coil galvanometer. A galvanometer
as such cannot be used to measure the current in a circuit. Why?

(it) Why is the magnetic field made radial in a moving coil galvanometer? How is it achieved?

[CBSE 2023 (55/3/1)]
Answers

L. @) (b) @) (b) (1) (d) (@) (@) @) (e)

2. () (@) (#) (@)

8. Zero Sk R

6. 3.14% 100 T 7. 23 107N 9. 20 x 107 N, repulsive
B @isl:8 @)~ em bem 18. 42cm 19, (@) 1.4 () 1

V2

20. ()4 x 10°°T 21. (b) 7.85 x 107°T 22,35 % 10°T




Magnetism
and Matter

POINTS TO

REMEMBER

1. Magnets and Magnetism
A magnet is a material that has both directive and attractive properties.
¢ Irauracts small piece of iron, nickel, cobalt etc. This property of attraction is called magnetism.
2. Basic Properties of Magnets
(1) When a magnet is brought near a heap of iron fillings, the ends of magnet show the maximum
attraction, These ends where the magnetic attraction is maximum, are called poles of the
magnet.
* Every magnet has two poles (North and South pole).
(i) When a magnet is suspended or pivoted freely, it aligns iself in the geographical north-south
direction. Hence it shows directive property.
(712) Unlike poles attracts and like poles repel each other.
(7u) Magnetic poles always exist in pairs.
(v) A magnet induces magnetism in a magneltic substance placed near it. This phenomenon is
called magnetic induction.
3. Magnetic Dipole
An arrangement of two equal and opposite poles of bar magnet separated by a small distance is
called magnetic dipole.
4. Magnetic Dipole Moment
The magnetic dipole moment is defined as the product of its pole strength and small distance
between two poles (i.e., magnetic length)
Mathematically,

d39dW3IN3dd OL S1INIOd

m = gux2l
where g, is the pole strength and 2/ is the magnetic length of the dipole measured in the direction
of § to N pole.
SI unit of magntic dipole moment is ampere metre? (Am®).

¢ The pole strength g, is also called magnetic charge. Thus we assign magnetic charge +g,, to the
north poles and - ¢, to the south pole.

» The direction of magnetic dipole moment m is from S-pole 1o N-pole.
Note: When a magnet of pole strength ¢, is cut into two equal parts:
(a) along its axis (longitudinally), the pole strength of each half becomes 4,,/2.

(b) perpendicular to its axis (ransversely), the pole strength of each half still remains g,
(same).

Magnetism and Matter 181




5. Magnetic length

The distance between the two poles of a Magnetic axis ;Neu"ai region

magnet is called the magnetic length of ——
the magnet. I~

(n) (s)
\ o

e« It is slightly less than the

geometrical length of the magnet. |_ :

Magnetic length (/) 5
ie., - =—-=0.84
Geometrical length (L) 6

6. Magnetic Field Lines

The continuous curve in a magnetic field such that the tangent at any point on it gives the direction

of magnetic field at that point.

Properties of Magnetic Field Lines:

(1) Magnetic field lines in a magnetic field is a close and continuous curve such that the tangent

drawn at any point on it shows the direction of field intensity at that point

(i) Magnetic field lines begin normally from north-pole and enter normally on south-pole.

(#17) Magnetic field lines tend to contract longitudinally. For this reason, two unlike poles attract each
other.

(tv) Magnetic field lines tend 1o expand laterally. For this reason, two like poles repel each other.

(v) Magnetic field lines within a magnet is directed from south-pole to north-pole. For this reason,
magnetic field lies within a magnet.

(vi) If magnetic field lines are parallel, then the magnetic field is uniform.
(vit) 1f magnetic field lines are not parallel, then the magnetic field is not uniform.
(viii) A stronger magnetic field is represented by more number of magnetic field lines.

(&x) Two magnetic field lines never intersect. 1f they intersect, then at the point of intersection,
there will be two tangents on the two magnetic field lines showing two values of magnetic field
at a point which is impossible.

B
Tl M =3
7. Magnetic Field Intensity due to a Magnetic Dipole (bar Magnet) P

Magnetic lield intensity at a general point having polar coordinates (r, 8) due
Lo a short magnet is given by

Ho M

! 2
B =—-—"-y1+ 3cos°0
4m 3 v A0
where M is the magnetic moment of the bar magnet. e —» »
Special Cases m

() At axial point 8 = 0°,

= Mo2M
ans 4 3
(i1) At equatorial point 8 = 90°
oM
T
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8. Gauss’s law in magnetism

The net magnetic flux through any closed surface is zero.  i.e, §E£ =0

9. Important Terms in Magnetism
(i) Magnetic permeability (11): Itis the ability of a material to allow magnetic lines of force 1o pass

through itand is equal o p = %, where B is the magnetic field strength and H is the magnetic
field intensity.
. ; o B B
The relative magnetic permeability p = — = -——
rT B, M
where py is the permeability of free space and By, is the magnetic field strength in vacuum.
(i) Intensity of magnetisation (M): It is defined as the magnetic moment per unit volume of a

magnetised material. Its unit is Am™.

ie., M=2

(iii) Magnetising field intensity (H): It is the magnetic field used for magnetisation of a material.
If 1 is the current in the solenoid, then magnetising field intensity H=nl, where n = number
of turns per metre. Its unit is Am™.

(iz) Magnetic susceptibility: It is defined as the intensity of magnetisation per unit magnetising

M
m H
It measures the ability of a substance to take up magnetisation when placed in a magnetic field.

field, ie., x

10. Classification of Magnetic Materials
Magnetic materials may be classified into three categories :

(i) Diamagnetic substances: These are the substances in which feeble magnetism is produced in
a direction opposite to the applied magnetic field. These substances are repelled by a strong
magnet. These substances have small negative values of susceptibility 3 and positive low value
of relative permeability p,, i.e.,

1<%, <0 and 0=p<1
The examples of diamagnetic substances are bismuth, antimony, copper, lead, water, nitrogen
(at STP) and sodium chloride.

(i) Paramagnetic substances: These are the substances in which feeble magnetism is induced
in the same direction as the applied magnetic field. These are feebly attracted by a strong
magnet. These substances have small positive values of M and y and relative permeability p,
greater than 1, ie.,

0<x,<e 1<p<l+e
where £ is a small positive number. The examples of paramagnetic substances are platinum,
aluminium, calcium, manganese, oxygen (at STP) and copper chloride.

(iii) Ferromagnetic substances: These are the substances in which a strong magnetism is produced
in the same direction as the applied magnetic field. These are strongly attracted by a magnet.
These substances are characterised by large positive values of M and y and values of p, much
greater than 1, eg. Iron, cobalt, nickel and alloy like alnico.

Gy WL BRI PIEED
Distinction between Dia—, Para- and Ferromagnetics
Property Diamagnetic Paramagnetic Ferromagnetic Remark
(i) | Magnetic B < B, B> B, B>>8, B, is magnetic
induction B induction in free space
(i) | Intensity of small and small and very high and m is magnetic moment
magnetisation | negative positive positive
m
M L
v
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(i) | Magnetic small and small and very high and
susceptibility negative positive positive
M
_H
(v) | Relative = n, <1 (T p, >> 1 (of
permeability the order the
n thousands)
i
Ho

11. Curie Law

It states that the magnetic susceptibility of paramagnetic substances is inversely proportional 1o
absolute temperature, t.e.,

1 C . s
KmS T = X=F where C is called Curie constant

12, Curie Temperature
When temperature is increased continuously, the magnetic susceptibility of ferromagnetic substances
decrease and at a stage the substance changes to paramagnetic. The temperature of transition at
which a ferromagnetic substance changes to paramagnetic is called Curie temperature. It is denoted
by T.. It is different for different materials. In paramagnetic phase the susceptibility is given by
__GC
Ao T
Note: Diamagnetism is universal properties of all substances but it is weak in para and
ferromagnetic substances and hence difficult to detect.
13. Electromagnets and Permanent Magnets

Electromagnets are made of soft iron which is characterised by low retentivity, low coercivity and
high permeability. The hysteresis curve must be narrow. The energy dissipated in magnetisation
and demagnetisation is consequently small.

Permanent magnets are made of steel which is characterised by high retentivity, high permeability
and high coercivity.

They can retain their attractive property for a long period of time at room temperatures.

Multiple Choice Questions

Choose and write the correct option(s) in the following questions.
1. The material which is not suitable for making a permanent magnetis = [CBSE 2020 (55/2/2)]

(a) Steel (b) Ticonal

(¢) Lead (d) Alnico
2. A magnetic needle is kept in a uniform magnetic field. It experiences

(a) alorce and a torque (b) a force but not a torque

(¢) atorque but not a force (d) neither a torque nor a force
3. A magnetic needle is kept in a non-uniform magnetic field. It experiences

(a) aforce and a torque (b) a force but not a torque

(¢) atorque but not a force (d) neither a force nor a torque

4. A bar magnet of magnetic moment m is placed in a uniform magnetic field of induction F .
The torque exerted on it is

-

(@ m.B (b) -m .B () m xB d) -m xB
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10.

11.

12.

13.

14.

A uniform magnetic field exists in space in the plane of paper and is initially directed from
left to right. When a bar of soft iron is placed in the field parallel to it, the lines of force
passing through it will be represented by

————— - at
- A= —
== 3 =55
@ = R0 te— (d)
%/;:I“x% b =
—— - R I —

Points A and B are situated perpendicular to the axis of a 2 cm long bar magnet at large
distances x and 3x from its centre on opposite sides. The ratio of the magnetic fields at A and
B will be approximately equal to

(@ 1:9 b)2:9 () 27: 1 d) 9: 1

. A paramagnetic sample shows a net magnetisation of 8 Am™ when placed in an external

magnetic field of 0.6 T at a temperature of 4 K. When the same sample is placed in an external
magnetic field of 0.2 T at a temperature of 16 K, the magnetisation will be [NCERT Exemplar]

@ Zam? ) Zam e} 6 Am™! (d) 2.4 Am™!

A long solenoid has 1000 turns per metre and carries a current of 1 A. It has a soft iron core
of u, =1000. The core is heated beyond the Curie temperature, T, then [NCERT Exemplar]
(@) the H field in the solenoid is (nearly) unchanged but the B field decreases drastically.

(b) the H and B fields in the solenoid are nearly unchanged.

(¢) the magnetisation in the core reverses direction.

(d) the magnetisation in the core diminishes by a factor of about 10%,

A bar magnet AB with magnetic moment M is cut into two equal parts perpendicular to its

axis. One part is kept over the other so that end B is exactly over A. What will be the magnetic
moment of the combination so formed?

(a) % ) % © M (d) Zero

A magnet of magnetic moment m is cut into two equal parts. The two parts are placed
perpendicular to each other so that their north poles touch each other. The resultant magnetic
moment is:

@ V2m ® 7
V2
The meniscus of a liquid contained in one of the limbs of a narrow U-tube is placed between
the pole-pieces of an electromagnet with the meniscus in a line with the field. When the
electromagnet is switched on, the liquid is seen to rise in the limb. This indicates that the
liquid is

(a) ferromagnetic (b) paramagnetic

(¢) diamagnetic (d) non-magnetic

; m
© V3m @

Electro-magnets are made of soft iron because soft iron has

(@) small susceptibility and small retentivity (b) large susceptibility and small retentivity

(¢) large permeability and large retentivity (d) small permeability and large retentivity.

In a permanent magnet at room temperature [NCERT Exemplar]
(a) magnetic moment of each molecule is zero.

(b) the individual molecules have non-zero magnetic moment which are all perfectly aligned.
(¢) domains are partially aligned.

(d) domains are all perfectly aligned.

If a magnetic substance is kept in a magnetic field, then which of the following substances is
thrown out?

(a) Paramagnetic (b) Ferromagnetic

(¢) Diamegnetic (d) Antiferromagnetic
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15:

Above Curie temperature, a [CBSE 2020 (55/2/1)]
(a) ferromagnetic material becomes diamagnetic.

(b) ferromagnetic material becomes paramagnetic.

(¢) paramagnetic material becomes ferromagnetic.

(d) paramagnetic material becomes diamagnetic.

16. In the hysteresis cycle, the value of H needed to make the intensity of magnetisation zero is called
(a) retentivity (b) coercive force
(¢) Lorentz force (d) none of the above

17. Susceptibility is positive for
(a) paramagnetic substances (b) ferromagnetic substances
(¢) non-magnetic substances (d) diamagnetic substances

18. A bar magnet has magnetic dipole moment M. Its initial position is parallel to the direction
of uniform magnetic field B . In this position the magnitudes of torque and force acting on it
respectively are [CBSE 2022 (55/2/4), Term-1]
(@) 0and MB (b) MB and MB
(¢) Oand 0 (d) |E b4 E| and 0

19. A diamagnetic substance is brought near the north or south pole of a bar magnet. It will be
(a) repelled by both the poles. [CBSE 2023 (55/1/1)]
(b) auracted by both the poles.
(¢) repelled by the north pole and attracted by the south pole.
(d) auracted by the north pole and repelled by the south pole.

20. The magnetic field lines near a substance are as shown in the figure. The substance is

A [CBSE 2023 (55/4/1)]
(a) Copper (&) Iron (¢) Sodium (d) Aluminium
Answers
1. (o) 2. (c) 3. (a) 4. (¢) 5. (b) 6. (c) 7. (b
8. (a), (d) 9. (a) 10. (b) 11. (b) 12. (b) 13. (c) 14. (¢)
15. (b) 16. (b) 17. (a), (b) 18. (¢) 19. (a) 20. (a)

Assertion-Reason Questions

In the following questions, a statement of Assertion (A) is followed by a statement of Reason (R). Choose the
correct answer out of the following choices.

(a) Both A and R are true and R is the correct explanation of A.

(b) Both A and R are true but R is not the correct explanation of A.

(c) Ais true but R is false.

(d) A is false and R is also false.
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1. Assertion () : The susceptibility of a diamagnetic substance is independent of temperature.
Reason (R): Every atom of a diamagnetic substance is characterised by electron pairs of
opposite spin; so with change of temperature, the motion of electrons are
affected by same amount in opposite directions.
2. Assertion (4) : Magnetic susceptibility is a pure number.
Reason (R): The value of magnetic susceptibility for vacuum is one. [AIIMS 2009]
3. Assertion (4) : Soft iron is used a transformer core.
Reason (R): Soliiron has a narrow hysteresis loop.
4. Assertion (4) : Susceptibility is defined as the ratio of intensity of magnetisation [ to magnetic
intensity H.

Reason (R): Greater the value of susceptibility, smaller the value of intensity of magnetisation I.
[AIIMS 2018]

5. Assertion (4) : For making permanent magnets, steel is preferred over soft iron.
Reason (R): As retentivity of steel is smaller.

6. Assertion (4) : When radius of a current carrying loop is doubled, its magnetic moment
becomes four times.

Reason (R): The magnetic moment of a current carrying loop is directly propertional to the
area of the loop. [CBSE 2022 (55/2/4), Term-1]

7. Assertion (4) : The poles of a magnet cannot be separated by breaking into two pieces.
Reason (R): The magnetic moment will be reduced to half when a magnet is broken into two
equal pieces.
8. Assertion (4) : The ferromagnetic substances do not obey Curie’s law.
Reason (R): AtCurie point a ferromagnetic substance start behaving as a paramagnetic substance.

9. Assertion (4) : When a bar of copper is placed in an external magnetic field, the field lines get
concentrated inside the bar.

Reason (R): Copper is a paramagnetic substance. [CBSE 2023 (55/1/1)]
10. Assertion (4) : Diamagnetic substances exhibit magnetism.
Reason (R): Diamagnetic materials do not have permanent magnetic dipole moment.

[CBSE 2023 (55/1/1)]
Answers

L. (2) 2. () 3. (a) 4. () 5. (b) 6. (2) 7. (b)

8. (b) 9. d) 10. (b)

Case-based/Passage-based Questions

Read the paragraph given below and answer the questions that follow:

Ferromagnetism: In the absence of an external magnetic field, some of the electrons in a
ferromagnetic material have their magnetic dipole moments aligned by mean of a quantum
physical interaction called exchange coupling, producing regions (domains) within the material
with strong magnetic dipole moments. An external field B, can align the magnetic dipole

moment of those regions, producing a strong net magnetic dipole moment for the material as a
whole, in the direction of B_,* This net magnetic dipole moment can partially persist when field
Bm

magnetic field. These properties are called ferromagnetism. Exchange coupling disappears when a

is removed. If B, is nonuniform, the ferromagnetic material is attracted to region of greater
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sample’s temperature exceeds its Curie temperature, and then the sample has only paramagnetism.
(i) Susceptibility is positive and small for

(2) paramagnetic substances (b) ferromagnetic substances

(¢) non-magnetic substances (d) diamagnetic substances
(i) The B—H curves (a) and (b) shown in the figure are associated with

(@) a diamagnetic and a paramagnetic substance respectively

(b) a paramagnetic and a ferromagnetic substance respectively

(¢) soft iron and steel respectively

(d) steel and soft iron respectively

(iii) If bar magnet of pole strength m and magnetic moment M is cut
equally in five parts parallel to its axis and again four equal parts
perpendicular to its axis then the pole strength and magnetic
moments of each piece are, respectively,

mom m M
@ 3020 ® T30

m M m M
B siss @ T

(i) If the magnetizing field on a ferromagnetic material is increased, its permeability
(a) is decreased (b) is increased
(¢) is unalflected (d) may be increased or decreased
OR

The variation of magnetic susceptibility with the temperature of a ferromagnetic material
can be plotted as

(@) * (RS I * ‘I (C

Explanations
(i) (a) y is positive and small for paramagnetic materials.

(i) (¢) The retentivity of soft iron is greater than steel while coercivity of soft iron is less than
steel. Hence area ol (B-H) loop for soft iron is smaller than that of steel.

(iii) () Magnetic moment, M =m X 2L where, m = pole strength.

When it cuts in to 5 equal parts parallel to its axis, then m' = %

Again, when it cuts in to 4 equal parts perpendicular to its axis. So, 2L'= %
S ropr= M 2L M
Now, M —mei_—sx 2 - 20
1

. B

iv) (a) We know, p = = @

(i) (a) G = T
Permeability of a ferromagnetic material decreases with the increase in magnetising

field intensity H.
OR
(b) y of a ferromagnetic material decreases with the increase in temperature and above
Curie temperature Ty, it becomes paramagnetic. Hence,
According to Curie law, xa
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CONCEPTUAL QUESTIONS

Q. 1. Which of the following substances are diamagnetic?

Bi, Al, Na, Cu, Ca and Ni [CBSE Delhi 2013]
Ans. Diamagnetic substances are (i) Bi (i) Cu.
Q. 2. What are permanent magnets? Give one example. [CBSE Delhi 2013]

Ans. Substances that retain their attractive property for a long period of time at room temperature
are called permanent magnets.
Examples: Those pieces which are made up of steel, Alnico, cobalt and Ticonal.

Q. 3. Mention two characteristics of a material that can be used for making permanent magnets.

[CBSE Delhi 2010]

Ans. For making permanent magnet, the material must have high retentivity and high coercivity
(e.g., steel).

Q. 4. Why is the core of an electromagnet made of ferromagnetic materials? [CBSE Delhi 2010)]

Ans. Ferromagnetic material has a high permeability. So on passing current through windings it gains
suflicient magnetism immediately.

Q. 5. The permeability of a magnetic material is 0.9983. Name the type of magnetic materials it
represents. [CBSE Delhi 2011]

Ans. pis <1l and > 0, so magnetic material is diamagnetic.

Q. 6. A short bar magnet placed with its axis at 30° with a uniform external magnetic field of
0.25 T experiences a torque of magnitude equal to 4.5 X 102 N-m. What is the magnitude of
magnetic moment of the magnet? [NCERT]

Ans. Given, B =025T,1=45 x 10~ N-m, 0 = 30°
We have T=mBsin®

. Tt 45x10 4a5x107 5
= Magnetic moment, m= BeinB _ 0.25xsin30° ~ 0.25%03 0.36 A-m
Q. 7. In what way is the behaviour of a diamagnetic material different from that of a paramagnetic,

when kept in an external magnetic field? [CBSE Central 2016]

Ans. Adiamagnetic specimen would move towards the weaker region of the field while a paramagnetic
specimen would move towards the stronger region.

Q. 8. The magnetic susceptibility of magnesium at 300 K is 1.2 X 10°. At what temperature will its
magnetic susceptibility become 1.44 X 102 [CBSE 2019 (55/2/1)]
Ans. From Curie law,

1

meF Y
Now, T,=5-XT, %
my
1.2x10°
y=— - x300=250K
1.44x10

[CBSE Marking Scheme 2019 (55/2/1)]

Q. 9. The magnetic susceptibility y of a given material is — 0.5. Identify the magnetic material.
[CBSE 2019 (55/2/1)]

Ans. The susceptibility of material is - 0.5, which is negative. Hence, material is diamagnetic substance.
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Q. 10.

Ans.

Ans.

Write one important property of a paramagnetic material. [CBSE 2019 (55/5/1)]

Any one property of paramagnetic materials. (e.g.)
(@) It auracts field lines, weakly.
(#) It moves from weaker towards stronger field. or any other property.) 1

[CBSE Marking Scheme 2019 (55/5/1)]

Do the diamagnetic substances have resultant magnetic moment in an atom in the absence of
external magnetic field? [CBSE 2019 (55/5/1)]

No, diamagnetic substances have no resultant magnetic moment in the absence of external
magnetic field.

How does the (i) pole strength and (ii) magnetic moment of each part of a bar magnet change if
it is cut into two equal pieces transverse to length?

When a bar magnet of magnetic moment (M =m2/) is cut into two equal pieces transverse Lo its
length, m
- 2 —»
L] L]
—m —-m

-— -

-m +m —m +m

m/2 m/2
(i) the pole sirength remains unchanged (since pole strength depends on number of atoms in
cross-sectional area).
(i) the magnetic moment is reduced to half (since M = length and here length is halved).

A hypothetical bar magnet (4B) is cut into two equal parts. One part A G140 B
is now kept over the other, so that the pole C, is above C,. If M is the
magnetic moment of the original magnet, what would be the magnetic
moment of the combination, so formed?
. 3 . .M . Bru
The magnetic moment of each half bar magnet 1s?hu1 oppositely s 2 ™ N (o3
M

3 ¢ . o “« .55 |C

directed, so net magnetic moment of combination = % - % =0 (zero). ;J 2 !

Very Short Answer Questions

Each of the following questions are of 2 marks.

Q.1

Ans.

Write any two points of difference between a diamagnetic and a paramagnetic substance.
[CBSE 2023 (55/3/1)]

Diamagnetic Substance Paramagnetic
(1) They are feebly reppeled by magnets (i) They are feebly autracted by magnet
(2) Susceptibility is independent of (i) Susceptibility varies inversely with
temperature. temperature.
ie., Xm o I?
()- 1=y <O0and0=p <1 @)0<y<eand | =p <(1+¢)

[any two]
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Q.2

Ans.

Q.3.

Ans.

Ans.

Q.5.

Ans.

The susceptibility of a magnetic material is —2.6 X 107", Identify the type of magnetic material
and state its two properties. [CBSE Delhi 2012)
The magnetic material having negative susceptibility is diamagnetic in nature.
Properties:

(1) This material has + ve but low relative permeability.

(1) They have the tendency to move from stronger to weaker part of the external magnetic field.

(a) Closely wound solenoid of 800 turns and area of cross-section 2.5 X 10~ * m® carries a

current of 3.0 A. Explain the sense in which solenoid acts like a bar magnet. What is the
associated magnetic moment?

() If the solenoid is free to turn about the vertical direction in an external uniform horizontal
magnetic field at 0.25 T, what is the magnitude of the torque on the solenoid when its axis
makes an angle of 30° with the direction of the external field. [NCERT]

(a) If solenoid is suspended [reely, it stays in N-§ direction. The polarity of solenoid depends on
the sense of flow of current. If 1o an observer looking towards an end of a solenoid, the current
appears anticlockwise, the end of solenoid will be N-pole and other end will be S-pole.
Magnetic moment, m = NIA = 800 x 8.0 x 2.5 x 107 = 0.60 A-m?

(6) Torque on solenoid T = mB sin 6

= 0.60 x 0.25 sin 30°
=0.60 x 0.25 X 0.5 = 7.5 X107 N-m

Two identical bars, one of paramagnetic material and other of diamagnetic material are kept
in a uniform external magnetic field parallel to it. Draw diagrammatically the modifications

in the magnetic field pattern in each case. [CBSE 2020 (55/3/1)]

P /"__‘—(_'1-\‘___

\\\\—__—:—://7 = S
H;g:ﬁl\lg—' ] N

—t =, g =

s, SeY——
Paramagnetic Diamagnetic
substance substance

0] (i)
* A paramagnetic material tends to move from weaker field to stronger field regions of the
magnetic field. So, the number of lines of magnetic field increases when passing through it.
¢ A diamagnetic material tends to move from stronger field 1o weaker field region of the
magnetic field. So, the number of lines of magnetic field passing through it decreases.

Write two properties of a material suitable for making (a) a permanent magnet, and (b) an
electromagnet. [CBSE (AI) 2017]
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[Topper’s Answer 2017)

Q. 6. Whatis the basic difference between the atom and molecule of a diamagnetic and a paramagnetic
material? Why are elements with even atomic number more likely to be diamagnetic?

Ans. Atoms/molecules of a diamagnetic substance contain even number of electrons and these
electrons form the pairs of opposite spin; while the atoms/molecules of a paramagnetic substance
have excess of electrons spinning in the same direction.

The elements with even atomic number Z has even number of electrons in its atoms/molecules, so
they are more likely to form electrons pairs of opposite spin and hence more likely to be diamagnetic.

Q. 7. A small magnetised needle P is placed at the origin of x—y plane with its magnetic moment
pointing along the y-axis. Another identical magnetised needle Q is placed in two positions,
on by one. [CBSE 2023 (55/4/1)]
Case 1 : at (a, 0) with its magnetic moment pointing along x-axis.

Case 2 : at (a, 0) with its magnetic moment pointing along y-axis.
(@) In which case is the potential energy of P and Q minimum?
(b) In which case is P and @ not in equilibrium?
Justify your answers.
Ans. (a) Since PE = U = -MB cos 6
Case 1: 6 =90° = U=0
Case 2:8 = 0° = U/ =-MB
Hence, PE is minimum in case 2.
(b) Since t = MB sin
Case 1: 8 = 90° = T=MB
Case 2:9 = (° = t=0
Hence, P and @ are not in equilibrium in case 1. In this case, Q is at normal bisector of P.

Short Answer Questions

Each of the following questions are of 3 marks.
Q. 1. (i) Mention two properties of soft iron due to which itis preferred for making an electromagnet.

(ii) State Gauss’s law in magnetism. How is it different from Gauss’s law in electrostatics and why?
[CBSE South 2016]

Ans. (i) Low coercivity and high permeability
(it) Gauss’s Law in magnetism: The net magnetic flux through any closed surface is zero.

fBds =0
Gauss’s Law in electrostatics: The net electric flux through any closed surface is 1 times
the net charge enclosed by the surface. &
-
_CF Eds = E_o

The difference between the Gauss's law of magnetism and that for electrostatic is a reflection
of the fact that magnetic monopole do not exist i.e., magnetic poles always exist in pairs.
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Q.2. A bar magnet of magnetic moment 1.5 JT™ lies aligned with the direction of a uniform

Ans.

Q.3.

Ans.

magnetic field of 0.22 T.
(a) What is the amount of work required by an external torque to turn the magnet so as to
align its magnetic moment
(i) normal to the field direction? and (ii) opposite to the field direction?
(b) What is the torque on the magnet in cases (i) and (ii)? [NCERT]
(a) Work done in aligning a magnet from orientation 8, 1o 8, is given by
W=Uy,-U, =-mB cos 8 — (-mB cos 8,)
= —mB (cos B, —cos B))
(#) Here 8, = 0°, 8, =90°
W = mB (cos 0° - cos 90°) = mB (1-0) = mB
=15x022=033]
(tf) Here 8, = 0°, 8, =180°
W = mB (cos 0° — cos 180°) =2mB
=2x1.5x022=0.66]
(b) Torque © = mB sin 8
In (i) 8 = 90°, 1 =mB sin 90° =mB = 1.5 X 0.22 = 0.33 N-m
This torque tends to align the magnet along the direction of field direction.
In (#) 8 = 180° t = mB sin 180° =
Draw the magnetic field lines for a current carrying solenoid when a rod made of (a) copper,
(b) aluminium and (c) iron are inserted within the solenoid as shown.

|H—) [CBSE Sample Paper 2018)

(a) When a bar of diamagnetic material (copper) is placed in an external magnetic field, the
field lines are repelled or expelled and the field inside the material is reduced.

(b) When a bar of paramagnetic material (Aluminium) is placed in an external field, the field

lines gets concentrated inside the material and the field inside is enhanced.

(¢) When a ferromagnetic material (Iron) is placed in an internal magnetic field, the field lines
are highly concentrated inside the material.
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Q. 4. In what way is Gauss’s law in magnetism different from that used in electrostatics? Explain briefly.

The Earth’s magnetic field at the equator is approximately 0.4 G. Estimate the Earth’s magnetic
dipole moment. Given: Radius of the Earth = 6400 km. [CBSE Patna 2015]

Ans. As we know that i
Isolated positive or negative charge exists freely. So, Gauss’s law states that ff‘: .dS = <= lg]
Isolated magnetic poles do not exist. So, Gauss's law states that 2

§F. & =0
Magnetic field intensity at the equator is

13
B 0 M a7

4n " p? R?
m= 10" . BR®

107 x 0.4 x 107" x (6400 x 10%)°
= 1.05 X 10%° Am’
Q. 5. A bar magnet of magnetic moment 6 J/T is aligned at 60° with a uniform external magnetic
field of 0-44 T. Calculate (a) the work done in turning the magnet to align its magnetic moment
(i) normal to the magnetic field, (ii) opposite to the magnetic field, and (b) the torque on the
magnet in the final orientation in case (ii). [CBSE Examination Paper 2018]

Ans. (a) Work done = mB(cos 8,— cos 8,)
@) B, =60°,8,=90°
. Work done = mB(cos 60°— cos 90°)

_ 1 ot
= mB(Q—O) 2m.Ei
1

= 3X6x0.44]=132]

(1) B, =60°0,=180°
.. Work done = mB(cos 60°— cos 180°)

mB (%—(—1)) =%mB

%XGXU.44J=3.96J
(b) Torque = |m X B |=mBsin 0
For B=180° and B = 0.44 T we have
Torque = 6 X 0.44 sin 180°=0
Q. 6. (a) An iron ring of relative permeability p, has windings of insulated copper wire of n turns
per metre. When the current in the windings is J, find the expression for the magnetic
field in the ring.
(b) The susceptibility of a magnetic material is 0.9853. Identify the type of magnetic material.
Draw the modification of the field pattern on keeping a piece of this material in a uniform

magnetic field. [CBSE Examination Paper 2019]
Ans. (a) From Ampere’s circuital law, we have,
§ B.dl = "LO 1'I'r'l"em‘.fd:n.rm' (z)

For the field inside the ring, we can write
f§ﬂ= $Bdl= B.2nr (r = radius of the ring)

Also, 1 = (2mr)1

enclosed
LoB.2nr=pop . (n.2m0)] [Using equation (7)]
.B= |.L01.Lr.m'
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(b) The material is paramagnetic. ~——
The field pattern gets modified as shown in the figure alongside. R

—— —

Q.7. (a) Show that the time period (T) of oscillations of a freely suspended magnetic dipole of

T
magnetic moment (n) in a uniform magnetic field (B) is given by T =27 \/ e where I is
a moment of inertia of the magnetic dipole.

(b) Identify the following magnetic materials:

(i) A material having susceptibility (%m) = - 0.00015

(H) A material having susceptibility (%m)=10"* [CBSE 2019 (55/3/1)]

. . . - g . . . . . -t
Ans. (a) Let us consider a uniform magnetic field B exists in the region, in which a magnet of dipole

(b) (1) Diamagnetic substance.

moment m is placed. The dipole is making small angle §with the magnetic field. The
torque acts on the magnet is given by
T =-mBsin® (Restoring Lorque)
=-mBHO (" p in small)

Also the torque on dipole try to restore its initial position i.e., along the direction of magnetic
field. ( = moment of inertia)
In equilibrium

d’e

I—5 = -mBsinf
dt

Negative sign implies that restoring torque is in opposition to deflecting torque.

d*0 _ -mB A
di? !
Comparing with equation of angular SHM
d’e 2
g T @ 6
dt
We have
2= ﬂ: = ;ﬂ
CETTOTVT
. @ _ fwB _ T _ /T
T VI 2V mB
ol
= ™
T QT[V ==

(1f) Paramagnetic substance.

Q. 8. Write three points of differences between para-, dia- and ferro- magnetic materials, giving one

Ans.

example for each. [CBSE 2019 (55/1/1)]
Diamagnetic Paramagnetic Ferromagnetic

1 [-1<%(0 -0<y(e Anl Y

2. [0=pu (1 I<p {l+g) Nl ¥

3. [ u{ M 1) Ho L)) Ho %

Where ¢ is any positive constant.
[Note: Give full credit of this part if student write any other three correct difference]
Examples (Any one example of each type)
Diamagnetic materials: Bi, Cu, Pb, Si, water, NaCI, Nitrogen (at STP)

Paramagnetic materials: Al, Na, Ca, Oxygen (at STP), Copper chloride
Ferromagnetic materials: Fe, Ni, Co, AlniCo

[CBSE Marking Scheme 2019 (55/1/1)]
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Q.9. (a) State Gauss's law for magnetism. Explain its significance. [CBSE 2019 (55/1/1)]
(b) Write the four important properties of the magnetic field lines due to a bar magnet.

Ans. (a) Gauss’s law for magnetism states that “The total flux of the magnetic field, through any
closed surface, is always zero. k3
Alternatively,

S §Bd5=0
This law implies that magnetic monopoles do not exist” / magnetic ficld lines form closed loops %
[Note: Award this 1 mark if the student just attempts it]

(b) Four properties of magnetic field lines

(i) Magnetic field lines always form continuous closed loops. ¥
(i) The tangent to the magnetic field line at a given point represents the direction of the

net magnetic field at that point. Y

(#it) The larger is the number of field lines crossing per unit area, the stronger is the

magnitude of the magnetic field. k3

(fv) Magnetic field lines do not intersect. Y

[CBSE Marking Scheme 2019 (55/1/1)]

Long Answer Questions

Each of the following questions are of 5 marks.
Q. 1. Derive an expression for magnetic field intensity due to a magnetic dipole of a bar magnet at
a point on its axial line.
Ans. Consider a magnetic dipole (or a bar magnet) SN of length 2/ having south pole at § and north
pole at N. The strength of south and north poles are - g,, and + g,, respectively.

Magnetic moment of magnetic dipole m = ¢,, 2/, its direction is from § to N.

Consider a point P on the axis of magnetic () "
dipole at a distance r from mid point O of dipole. g oy g = (r=10) >
The distance of point P from N-pole, i .

£ o] ]
ri=(r=1) L mJ 5, © B
The distance of point P from S-pole, ry= (r + ) + r >

Let B, and B, be the magnetic field intensities at point P due to north and south poles respectively.
The directions of magnetic field due o north pole is away from N-pole and due to south pole is
towards the S-pole. Therefore,

_ Ho G Ho I

s E(r—i)g from N to P and B, = E(ht,f)?

from Pto §

Clearly, the directions of magnetic field strengths Biand Bsare along the same line but opposite
to each other and B, >B,.

Therefore, the resultant magnetic field intensity due o bar magnet has magnitude equal to the
difference of B, and B, and direction from N to P.

Ho G My I

S R LY s
K 1 1 ]| ¥ [e+D*-0-D°
_4qu (r_._’)ﬂ (r+i)? T axim W
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Q.2

Ans.

Mo 4 ] ko 2027
g (] sy
But ¢, 20 =m (magnetic dipole moment)
_ Mo 2mr ;
=i —(12_12)2 ()]

If the bar magnet is very short and point P is far away from the magnet, the r > [, therefore,
equation (i) takes the form

Ho 2mr

B=tn &

_ Mo 2m

o By

This is the expression for magnetic field intensity at axial position due to a short bar magnet.
Derive an expression for magnetic field intensity due to a magnetic dipole of a bar magnet at
a point lies on its equatorial line.

Consider a point P on equatorial position (or broad side on position) of short bar magnet of
length 2/, having north pole (N) and south pole (§) of strength +¢,, and - g,, respectively. The
distance of point P from the mid point (0) of magnet is r. Let B, and B, be the magnetic field

: i : —p=J2 1 2
intensities due to north and south poles respectively. NP=8§P= y'r" + [*.

S M 4, o
B1=Er2+fgalongNmP 3
BE=E?‘2+!2 along P 1o §

Clearly, magnitudes of B and By are equal
ie, |Bi|=|B:| or B =B,

To find the resultant of E, and Eg , we resolve them along and

=
perpendicular to magnetic axis SN. Components of Bjalong and
perpendicular to magnetic axis are B, cos8 and B, sin8 respectively.
= . . -
Components of Bs along and perpendicular to magnetic axis are B,

cos 8 and B, sin 0 respectively. Clearly, components of Ejand B, perpendicular o axis SN. B, sin 8
and B, sin 8 are equal in magnitude and opposite in direction and hence, cancel each other; while

the components of B and By along the axis are in the same direction and hence, add up to give to
resultant magnetic field parallel 1o the direction NS.

Resultant magnetic field intensity at P
B =B cos®+B,cos 6

Po ON ] I
But B =8, = I and msB-PN = JRiE = Ry
B0 Gn ! o 2q,1

B = 2B cosf = 2x X =
. AT+ P+ Amp? + )P
But ¢,,.2(=m, magnetic moment of magnet
~fL_m__ @
47 (2 + (232
If the magnet is very short and point P is far away, we have [<<r; so 12 may be neglected as
compared to r* and so equation (i) takes the form
_tom
4m 43

This is expression for magnetic field intensity at equatorial position of the magnet.
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Q. 3. A small compass needle of magnetic moment ‘m’ is free to turn about an axis perpendicular
to the direction of uniform magnetic field ‘B’. The moment of inertia of the needle about the
axis is “I". The needle is slightly disturbed from its stable position and then released. Prove that it
executes simple harmonic motion. Hence deduce the expression for its time period.

Ans. If magnetic compass of dipole momentm is placed at angle 8 in uniform magnetic field, and
released it experiences a restoring Lorque.

N +n B
= 0

B

e

g S

Restoring torque, T=- magnetic force X perpendicular distance
=-¢,B . (2asin 8),
T = —mB.sin 8, where g, = pole strength, m = ¢,.2a (magnetic moment)

Negative sign shows that restoring torque acts in the opposite direction 1o that of defecting
torque.

In equilibrium, the equation of motion,

2

= 11—2 =-mB0O (For small angle sin 8 = 8)
d’0 _ mB d*0 _ (mB
T8 =i o=1Th
2 2

Since ﬂa@ ﬂZ—mEB

=
dr® dr*
It represents the simple harmonic motion with angular frequency

2 _ mB _2m _ \/L
w = = T=4=2n B

Questions for Practice

1. Choose and write the correct option in the following questions.
(i) Ifa diamagnetic substance is brought near the north or the south pole of a bar magnet, it is
(a) repelled by the north pole and attracted by the south pole
(b) attracted by the north pole and repelled by the south pole
(¢) attracted by both the poles
(d) repelled by both the poles
(i) Abar magnet having a magnetic moment of 2 x 10* J T is free to rotate in a horizontal plane.

A horizontal magnetic field B = 6 x 107 T exists in the space. The work done in taking the
magnet slowly from a direction parallel to the field to a direction 60° from the field is

(@) 12 ] ®) 6]
2] ) 0.6]
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2.

12

4.

1514

6.

7

8.

(i1i) Above Curie’s temperature ferromagnetic substances becomes
(a) paramagnetic (b) diamagnetic
(¢) superconductor (d) no change
(zv) There are four light-weight-rod samples, 4, B, C, and D separately suspended by threads. A
bar magnet is slowly brought near each sample and the following observation are noted
(1) A is feebly repelled (i) B is feebly auracted
(iit) C is strongly atracted (iv) D remains unaffected
Which one of the following is true?
(a) A is of non-magnetic material
(b) B is of a paramagnetic material
(c) C is of a diamagnetic material
(d) D is of a ferromagnetic material

(¥) The most appropriate I-H curve for a paramagnetic substance shown

in figure is
(a) A () B
(0 C ) D

In the following questions, a statement of Assertion (A) is followed by a statement of Reason (R).
Choose the correct answer out of the following choices.

(a) Both A and R are true and R is the correct explanation of A.
(b) Both A and R are true but R is not the correct explanation of A.
(c) A is true but R is false.
(d) A is false and R is also false.
(#) Assertion(4) : Diamagnetic materials can exhibit magnetism.
Reason (R) : Diamagnetic materials have permanent magnetic dipole moment.
(ii) Assertion(4) : The poles of a bar magnel cannot be separated.
Reason (R) : Magnetic monopoles do not exist. [CBSE 2022 (55/2/4), Term-1]
Define magnetic length of a barmagnet. Also find the ratio of magnetic length and geometrical
length of bar magnet.

The susceptibility of a magnetic material is 1.9 x 10~°. Name the type of magnetic materials it
represents.

Depict the behaviour of magnetic field lines in the presence of a diamagnetic material.

The susceptibility of a magnetic materials is — 4.2% 107, Name the type of magnetic materials it
represents. [CBSE 2011]

The given graph shows the variation of intensity of magnetisation [ with strength of applied
magnetic field H for two magnetic materials P and Q.

T :

1

| H—»
(i) Identify the materials P and Q.
(i) For material P, plot the variation of intensity of magnetisation with temperature. Justify your
answer.
The relative magnetic permeability of a magnetic material is 800. Identify the nature of magnetic
material and state its two properties.




9. From molecular view point, discuss the temperature dependence of susceptibility for
diamagnetism, paramagnetism and ferromagnetism.

10. A short bar magnet of magnetic momentm = 0.32 JT 7' is placed in a uniform magnetic field of
0.15 T. If the bar is free to rotate in the plane of the field, which orientation would correspond
to its (¢) stable and (i) unstable equilibrium? What is the potential energy of the magnet in each
case? [NCERT)]

11. A short bar magnet has a magnetic moment of 0.48 JT~'. Give the magnitude and direction of
the magnetic field produced 'by the magnet at a distance of 10 cm from the centre of magnet
on (a) the axis, (b) equatorial lines (normal bisector) of the magnet. [NCERT)]

12. Explain the following:

() Why do magnetic field lines form continuous closed loops?
(1) Why are the field lines repelled (expelled) when a diamagnetic material is placed in an
external uniform magnetic field? [CBSE (F) 2011]

13. A uniform conducting wire of length 122 and resistance R is wound up as a current carrying
coil in the shape of (i) an equilateral triangle of side a; (i) a square of sides @ and, () a regular
hexagon of sides a. The coil is connected to a voliage source V. Find the magnetic moment of
the coils in each case.

14. A uniform magnetic field gets modified as shown below when two specimens X and ¥ are placed
in it. Identify whether specimens X and ¥ are diamagnetic, paramagnetic or ferromagnetic.

—

T
15. A closely wound solenoid of 2000 wurns and area of cross-section 1.6 x 10 m? carrying a
current of 4.0 A is suspended through its centre allowing it 1o turn in a horizontal plane.
(@) What is the magnetic moment associated with the solenoid?
(b) What are the force and torque on the solenoid if a uniform magnetic field of 7.5 x 102 Tis
set up at an angle of 30° with the axis of the solenoid? [NCERT]
16. (a) Draw the magnetic field lines due to a circular loop of area A carrying current . Show that
it acts as a bar magnet of magnetic moment m=IA.

(b) Derive the expression for the magnetic field due to a solenoid of length ‘20’ radius ‘a’ having
‘n’ number of turns per unit length and carrying a steady current I’ at a point on the axial
line, distant ‘v’ from the centre of the solenoid. How does this expression compare with the

axial magnetic field due to a bar magnet of magnetic moment ‘m'?

Answers
L. () @) (@) (&) (i) (a) (@) (&) (@) ()
2. (1) (e} (1) (a)
10. (i) 4.8 X 1072] (i) +4.8 x 107] 11. (2) 0.96 G (b) 0.48 G
13. () V3a*l () 3a°1 (i) 33 a’l 15. (a) 1.28 Am® (b) Zero, 4.8 X 1072 Nm.




Electromagnetic
Induction

POINTS TO

REMEMBER
1. Electromagnetic Induction
The phenomenon of generation of induced emf and induced current due to change in magnetic
field lines associated with a closed circuit is called electromagnetic induction.
2. Magnetic Flux
Magnetic flux through a surface of area 4 placed in a uniform magnetic fieldis § = B. A =BAcosb,
6 being angle between % and normal 1o 4 . If magnetic field is not uniform, then ¢, = L ﬁﬂ,
where integral extends for whole area A.

The ST unit of magnetic flux is weber. Magnetic flux is a scalar quantity; because of being scalar

. = sy
product of two vectors B and A.

3. Faraday’s Laws of Electromagnetic Induction

(t) Whenever there is a change in magnetic flux linked with a coil, an em[ is induced in the coil.
The induced emf is proportional to the rate of change of magnetic flux linked with the coil.

d39dW3IN3dd OL S1INIOd

. A
£.8.,:Eiec w7l
(ii) emfinduced in the coil opposes the change in flux, i.e.,
Ad Ad
Eec =R E= RE

where k is a constant of proportionality.
Negative sign represents opposition to change in flux.

Ad

In SI system ¢ is in weber, ¢ in second, € in volt, when k= l,e = —Ar
. . Ad
If the coil has N-turns, then & = _Nﬁ

4. Induced Current and Induced Charge

If a coil is closed and has resistance R, then current induced in the coil,

Pl o N AE
R~ "R At
NA¢  Total flux linkage

Induced charge, g =1 At = — gy Resistance
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5. Lenz’s Law
It states that the direction of induced emf is such that it tends to produce a current which opposes
the change in magnetic flux producing it.

6. EMF Induced in a Moving Conducting Rod
EMF induced in a conducting rod of length ! moving with velocity v inamagnetic 4| [x x «x
field of induction B, such that B, [ and v are mutually perpendicular, is given by ! v

e = Bul
force required to keep the rod in constant motion is F = BIL =
7. Self Induction

When the current in a coil is changed, an induced emf is produced in the same coil. This
phenomenon is called self-induction. If L is self-inductance of coil, then
N¢
N¢ocl or N¢=LI=:L=T

L is also called coeflicient of self induction. [

B*Po
r

The graph between effective magnetic flux (N¢) and current / is straight

line of slope self inductance L.
N(g)

Also induced em[ € = —L%

The unit of self inductance is henry (H). The sell induction acts as
inertia in electrical circuits; so it is also called electrical inertia.

The self inductance of a solenoid consisting core of relative permeability
u is L= p, pon®Al
where n = % is the number of turns per metre length.

8. Mutual Induction

When two coils are placed nearby and the current in ene coil (often called primary coil) is changed,
the magnetic flux linked with the neighbouring coil (often called secondary coil) changes; due to
which an emfis induced in the neighbouring coil. This effect is called the mutual induction. If M
is mutual inductance of two coils, then ¢, « I, or ¢, =MI,

%

Definition of mutual inductance: M = —.

1

The mutual inductance of two coils is defined as the magnetic flux linked with the secondary coil
when the current in primary coil is 1 ampere.
- —— Al €y
so induced emf'in secondary coil g, = -M—=M = - :
yeor & Al ALJAL
The mutual inductance of two coils is defined as the emf induced in the secondary coil when the
rate of change of current in the primary coil is 1 A/s.

The SI unit of mutual inductance is also henry (H). The mutual inductance of two coils does not
depend on the fact which coil carries the current and in which coil emfis induced t.e., My =My, = M
This is also called reciprocity theorem of mutual inductance.
If L, and L, are self-inductances of two coils with 100% flux linkage between them, then
M=y LIL;, otherwise M = k\/‘LlLQI , where £ is coefficient of flux linkage between the coils.
Mutual Inductance of solenoid-coil system

 1eNiNpA

B i
where A is area of coil, [ is length of solenoid, N| is number of wurns in solenoid and N, is number
of turns in coil.
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Multiple Choice Questions

Choose and write the correct option(s) in the following questions.

1.

Whenever the flux linked with a circuit changes, there is an induced emf in the circuit. This
emf in the circuit lasts

(a) for a very short duration

(b) for a long duration

(¢) forever

(d) as long as the magnetic flux in the circuit changes.

Anaread = 0.5 m® shown in the figure is situated in a uniform magnetic field B = 4.0 Wh/m?
and its normal makes an angle of 60° with the field. The magnetic flux passing through the
area A would be equal to

- P
- A .
B (7
_— L
(@) 2.0 weber () 1.0 weber (€) ¥3 weber (d) 0.5 weber

A square ( of side L meters lies in the X-Y plane in a region, where the magnetic field is given by
B=E (21 + 3_; + 4k) T, where B, is constant. The magnitude of flux passing through the square
is [NCERT Exemplar]
(@) 2B, L*Wb (b) 3 B, L* Wb (¢) 4B, L* Wb (d) v29B *Wh

A loop, made of straight edges has six corners at A(D 0, 0), B(L, 0, 0), C(L, L, 0), D(O, L, 0)
E(0, L, L) and F(0, 0, L). A magnetic field B=B,(i + BT is present in the region. The flux

passing through the loop ABCDEFA (in that order) is [NCERT Exemplar]
(@) B,L*Wb b 2B, L Wb ©) v2B,I* Wh (d) 4 B, L* Wh

An emf is produced in a coil, which is not connected to an external voltage source. This can
be due to [NCERT Exemplar]

(a) the coil being in a time varying magnetic field.
(b) the coil moving in a time varying magnetic field.
(¢) the coil moving in a constant magnetic field.
(d) the coil is stationary in external spatially varying magnetic field, which does not
change with time.
A cylindrical bar magnet is rotated about its axis (Figure given alongside). A bma;gnet
wire is connected from the axis and is made to touch the cylindrical surface
through a contact. Then [NCERT Exemplar]
(@) adirect current flows in the ammeter A.
(b) no current flows through the ammeter A. i
(¢) an alternating sinusoidal current flows through the ammeter A with a time period T=2n/w.
(d) atime varying non-sinusoidal current flows through the ammeter A.

A copper ring is held horizontally and a magnet is dropped through the ring with its length
along the axis of the ring. The acceleration of the falling magnet is

(a) equal to that due to gravity

(b) less than that due to gravity

(¢) more than that due 1o gravity

(d) depends on the diameter of the ring and the length of the magnet
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8.

10.

11.

12.

13.

14.

15.

There are two coils A and B as shown in the figure. A current starts

flowing in B as shown, when A is moved towards B and stops when A /_ \_’ /_
stops moving. The current in A is counter clockwise. B is kept stationary

when A moves. We can infer that [NCERT Exemplar] \J v
(a) there is a constant current in the clockwise direction in A.

(b) there is a varying current in A.
(¢) there is no current in A.

(d) there is a constant current in the counterclockwise direction in A. A B

Same as the above problem except the coil A is made to rotate about a =

vertical axis refer to the figure. No current flows in B if 4 is at rest. The

current in coil 4, when the current in B (at t = 0) is counterclockwise and ‘ O

the coil 4 is as shown at this instant, t = 0, is [NCERT Exemplar] -/

(a) constant current clockwise. (b) varying current clockwise.

(c) varying current counterclockwise. (d) constant current counterclockwise.

Lenz’'s law is essential for

(@) conservation ol energy (b) conservation of mass

(¢) conservation of momentum (d) conservation of charge

The self inductance L of a solenoid of length [ and area of crosssection 4, with a fixed number
of turns N increases as [NCERT Exemplar]
(@) [ and A increase. (b) | decreases and A increases.

(¢) [increases and A decreases. (d) both [ and A decrease.

A thin circular ring of area 4 is held perpendicular to a uniform magnetic field of induction B.
A small cut is made in the ring and a galvanometer is connected across its ends in such a way
that the total resistance of the circuit is R. When the ring is suddenly squeezed to zero area,
the charge flowing through the galvanometer is

2
@ =% ® & (€) ABR =

A circular coil expands radially in a region of magnetic field and no electromotive force is

produced in the coil. This can be because [NCERT Exemplar]

(a) the magnetic field is constant.

(b) the magnetic field is in the same plane as the circular coil and it may or may not vary.

(¢) the magnetic field has a perpendicular (to the plane of the coil) component whose magnitude
is decreasing suitably.

(d) there is a constant magnetic field in the perpendicular (1o the plane of the coil) direction.

A thin diamagnetic rod is placed vertically between the poles of an electromagnet. When the

current in the electromagnet is switched on, then the diamagnetic rod is pushed up, out of

the horizontal magnetic field. Hence the rod gains gravitational potential energy. The work

required to do this comes from

(a) the current source

(b) the magnetic field

(¢) the lattice structure of the material of the rod

(d) the induced electric field due to the changing magnetic field

A circular loop of radius r, carrying a current [ lies in y-z plane with its centre at the origin.
The net magnetic flux through the loop is [CBSE 2020 (55/4/1)]
(a) directly proportional tor

() zero

(¢) inversely proportional to r

(d) directly proportional to [
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16.

i 7

18.

19.

20.

21.

22.

23.

24.

The self-inductance of a solenoid of 600 turns is 108 mH. The self-inductance of a coil having
500 turns with the same length, the same radius and the same medium will be

[CBSE 2022 (55/2/4), Term-1)
(@) 95 mH (b) 90 mH (¢) 85 mH (d) 75 mH
The current in the primary coil of a pair of coils changes from 7A to 3A in 0.04 s. The mutual
inductance between the two coils is 0.5 H. The induced emf in the secondary coil is

[CBSE 2022 (55/2/4), Term-1]
(@) 50V (NERY (c) 100V d) 220V
A conducting square loop of side ‘L’ and resistance ‘R’ moves in its plane with the uniform

velocity ‘s* perpendicular to one of its sides. A magnetic induction ‘B’ constant in time and
space pointing perpendicular and into the plane of the loop exists everywhere as shown in the

figure. The current induced in the loop is [CBSE Sample Paper-2022, Term-1)]

(@) BLu/R clockwise x. B x C £ >
X X % -4 B

(b) BLu/R anticlockwise . 5 x i

(¢) 2BLv/R anticlockwise x x * o8

(d) zero : A : : D :

Two coils are placed close to each other. The mutual inductance of the pair of coils depends

upon the [CBSE Sample Paper-2022, Term-1]

(@) rate at which current change in the two coils

(b) relative position and orientation of the coils

(¢) rate at which voltage induced across two coils

(d) currents in the two coils

The magnetic flux linked with the coil (in weber) is given by the equation,

o =5 + 3t + 16
The induced EMF in the coil at time, ¢ = 4 will be [CBSE Sample Paper-2022, Term-1]

(@) =27V b)-43Vv (c) =108 V @) 210V

A circular loop of radius 0.3 cm lies parallel to much bigger circular loop of radius 20 cm. The
centre of the small loop is on the axis of the bigger loop. The distance between their centres is
15 cm. If a current of 2.0 A flows through the smaller loop, then the flux linked with the bigger
loop is [CBSE Sample Paper-2022, Term-1)]
(a) 3.3 x 107" weber (b) 6 x 107 weber  (¢) 6.6 x 10 weber  (d) 9.1 x 107" weber

If both the number of turns and core length of an inductor is doubled keeping other factors
constant, then its self-inductance will be [CBSE Sample Paper-2022, Term-1)]
(a) unaffected (b) doubled (c) halved (d) quadrupled

A circular coil of radius 8.0 cm and 40 turns is rotated about its vertical diameter with an

angular speed off 2;:—5 rad s~ in a uniform horizontal magnetic field of magnitude 3.0 x 102 T.

The maximum emf induced in the coil is [CBSE 2023 (55/1/1)]
(@) 0.12V ®) 015V (€) 0.19V @) 022V
Figure shows a rectangular conductor PSRQ in
which movable arm PQ has a resistance ‘r and g I P
resistance of PSRQ is negligible. The magnitude of ]x T Gl | T M
emf induced when PQ is moved with a velocity . |, ||x x x x x [[x x
does not depend on [CBSE 2020 (55/4/1)] ¢
% = — *® x ® x ® * * * x

(a) magnetic IIE]dAB ’ Jx o | T~
(b) velocity field v R e Q

. x x x x * x x K x
(c) resistance (r) i i .

(d) length of PQ

Electromagnetic Induction 205



25. The direction of induced current in the loop abe is [CBSE 2023 (55/4/1)]
(a) along abe if I decreases i @b
(b) along ach if I increases
(¢) along abe if I constant x y
(d) along abe if I increases

Answers
1. (d) 2. (b)
8. (d) 9. (a)
15. (b) 16. (d)
22. (b) 23. (¢)

1

3. (0) 4. (b) 5. (@), (b), ¢) 6. (b) 7. ()
10. () 11. () 12. (b) 13.0), () 14 (@)
17. (@) 18. (d) 19. (b) 20. () 21. (d)
24. (¢) 25. (d)

Assertion-Reason Questions

In the following questions, a statement of Assertion (A) is followed by a statement of Reason (R). Choose the
correct answer out of the following choices.

(a) Both A and R are true and R is the correct explanation of A.
(b) Both A and R are true but R is not the correct explanation of A.
(c) A istrue but R is false.

(d) A is false and R is also false.

1. Assertion(4)

Reason (R)
2. Assertion(A4)

Reason (R)
3. Assertion(A4)
Reason (R)

4. Assertion(A)

Reason (R)
5. Assertion(A4)
Reason (R)
6. Assertion(A4)

Reason (R)

7. Assertion(A)

Reason (R) :

8. Assertion(A4)

Reason (R) :

: An emf'is induced in a closed loop where magnetic flux is varied. The induced
field E is not a conservative field.

: The line integral §Ed7 around a closed path is non-zero. [AIIMS 2006]

: Faraday established induced emf experimentally.

: Magnetic flux can produce an induced emf.

: The direction of induced emf is always such as 1o oppose the changes that causes it.

: The direction of induced emf'is given by Lenz's law .

: Acceleration of a vertically falling magnet through a horizontal metallic ring is
less than g.

: Current induced in the ring opposes the fall of magnet.

: Only a change of magnetic flux will maintain an induced current in the coil.

: The presence of a large magnetic flux will maintain an induced current in the coil.

: The presence of large magnetic flux through a coil maintains a current in the
coil, if the circuit is continuous.

: Only a change in magnetic flux will maintain an induced current in the coil.

[AIIMS 2018]

: If we use a battery across the primary of a step up transformer, then voltage is

also obtained across secondary.

Battery givesa time varying current, so there is a change in magnetic flux through

the secondary of transformer and hence, emf'is induced across secondary.

: Two identical co-axial circular coils carry equal currents circulating in same

direction. If coils approach each other, the current in each coil decreases.

When coils approach each other, the magnetic flux linked f‘/.»,\ H/’\

with each coil increases. According 1o Lenz's law, the induced | T Vi

current in each coil will oppose the increase in magnetic flux, \

|
| | F‘I
hence, the current in each coil will decrease. \\7/ \/
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9. Assertion(4) : When a rod moves in a transverse magnetic lield, an emf'is induced in the rod;

the end becomes magnetic with end A positive.

Reason (R) : A Lorentz force evB acts on [ree electrons, so electrons move from B o A4, thus

by making end A positive and end B negative.

10. Assertion(4) : In the phenomenon of mutual induction, self-induction of each of the coils
persists

Reason (R) : Sell-induction arises when strength of current in same coil changes. In mutual
induction, current is changed in both individual coils.

Answers
1. (a) 2. () 3. (b 4. (a) 5. (¢) 6. (d) 7. (@)
8. (a) 9. (b) 10. (b)

Case-based/Passage-based Questions

Read the paragraph given below and answer the questions that follow:

Electromagnetic Induction: Consider the experimental set up shown in the figure. This jumping
ring experiment is an outstanding demonstration of some simple laws of Physics. A conducting
non-magnetic ring is placed over the vertical core of a solenoid. When current is passed through

the solenoid, the ring is thrown off. [CBSE 2023 (55/2/1), Modified]

Copper Ring
(free to move)

Iron Core

Cail

(i) The direction of induced current in the ring in jumping ring experiment is such that the

polarity developed in the ring is same as that of the polarity on the face of the coil, then
ring will jump up due to

(a) attractive force when the switch is closed in the circuit.
(b) repulsive force when the switch is closed in the circuit.
(¢) autractive force when the switch is closed in the circuit.
(d) repulsive force when the switch is closed in the circuit.
(ii) What will happen if the terminals of the battery are reversed and the switch is closed?
(2) Ring will not be jump.
(b) Ring will jump again.
(¢) Current will not induced in the ring.
(d) none of these

(iii) The jumping ring experiment based on which of the following law?
(@) Lenz's Law (b) Faraday's law
(¢) Snell's Law (d) both (a) and ()

Electromagnetic Induction 207



(iv) Two identical circular loops 4 and B of metal wire are lying on a table without touching
each other. Loop A carries a current which increases with time. In response the loop B

(2) remains stationary.

(b) is attracted by loop A.

(¢) is repelled by loop A.

(d) rotates about its centre of mass with centre of mass fixed.
OR

An emf of 200 V is induced in a circuit when current in the circuit falls from 5 A to 0 A in
0.1 second. The self-inductance of the circuit is

(e) 3.5 H (b 3.9H
©) 4H d)4.2H
Explanations

(f) (b) The direction of induced current in the ring is such that the polarity developed in the ring
is same as that of the polarity on the face of the coil, hence it will jump up due to repulsive
force.

()  (b) The polarity of the induced current in the ring will get reversed on changing the terminals
of the battery, so the ring will jump again.

(1f) (d) Lenz’s law: It states that the polarity of induced emf is such that it tends to produce a
current which opposes the change in magnetic flux that produces it.
Faraday’s law of EMI:
Whenever there is change in magnetic flux through a coil, an em['is induced.
The magnitude of the induced emf'in a coil is equal to the time rate of change of change of
magnetic flux through the coil.

(i) (¢) Opposite currents are induced in loops, so loops repel each other.

OR

e _ 200 o T

G b
CONCEPTUAL QUESTIONS

Q. 1. Two spherical bobs, one metallic and the other of glass, of the same size are allowed to fall freely
from the same height above the ground. Which of the two would reach earlier and why?
[CBSE Delhi 2014]

Ans. Glass would reach earlier. This is because there is no effect of electromagnetic induction in glass,
due o presence of earth’s magnetic field, unlike in the case of metallic ball.

(¢) Selfinductance, L =

Q. 2. A 1.0 m metallic rod is rotated with an angular velocity of 400 rad/s about an axis normal to the
rod passing through its one end. The other end of the rod is in contact with a circular metallic
ring. A constant and uniform magnetic field of 0.5 T parallel to the axis exists everywhere.
Calculate the emf developed between the centre and the ring. [NCERT]

Ans. EMF developed between the centre of ring and the point on the ring.
e= LBG)EQ / \
2 \
Given B = 05T, =400 rad/s, [=1.0 m.

E=l§><0.5 X 400 X (1.0)% = 100 volt \ /
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Q.3.

Ans.

Ans.

Q.5.

Ans.

Ans.

Ans.

A long straight current carrying wire passes normally through the centre of circular loop. If

the current through the wire increases, will there be an induced emf in the loop? Justify.
[CBSE Delhi 2017)

No.

Justification: As the magnetic field due to current carrying wire will be in the plane of the

circular loop, so magnetic flux will remain zero. Also, magnetic flux does not change with the

change in current.

A solenoid with N loops of wire tightly wrapped around an iron-core is carrying an electric
current /. If the current through this solenoid is reduced to half, then what change would you
expect in inductance L of the solenoid? [CBSE Sample Paper 2021]

The inductance is given as,

N?4
L}loi

Since the inductance does not depend upon the amount of current, the inductance of solenoid
remains same.

On what factors does the magnitude of the emf induced in the circuit due to magnetic flux

depend? [CBSE (F) 2013]
It depends on the rate of change in magnetic flux (or simply change in magnetic flux).
A
lel=—-

A conducting rod of length [ is kept parallel to a uniform magnetic field B . Itis moved along

the magnetic field with a velocity 7 . What is the value of emf induced in the conductor.
[CBSE 2020 (55/2/1)]

@ ?ppf’ z{ % v 46’51( ?B:}\ f O

vm{'_paé? n(wc ve.(ouj v\ va

[Topper’s Answer 2020]
A bar magnet is moved in the direction indicated by the arrow between two coils PQ and CD.
Predict the directions of induced current in each coil. [CBSE (AI) 2012, 2017]
P _ressrrmsn—2 S ~rronnnn D
—_—

7 i
/ )

In figure, N-pole is receding away coil (PQ), so in coil (PQ), the nearer faces will act as S-pole
and in coil (CD) the nearer face will also act as S-pole to oppose the approach of magnet towards
coil (CD), so currents in coils will flow clockwise as seen from the side of magnet. The direction
of current will be from P to Q in coil (PQ) and from C to D in coil (CD).
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Q. 8. Plot a graph showing variation of induced e.m.f. with the rate of change of current flowing
through a coil. [CBSE 2020 (55/5/1)]

Ans. Induced e.m.f. in a coil, € = —L%

[Award one full mark even if the student just draws the graph
without writing the expression of induced emf]

(Note: Award this one mark if a student draws the graph in first

O—b-<
m—
—

quadrant as shown below,) — T X
v dl/dt
E

j—
dl/dt
[CBSE Marking Scheme 2020 (55/5/1)]

Q.9. A metalllc rod PQ of length [ is rotated with an angular with an angular velocity @ in a magnetic
field B about an axis passing through the mid-point O of the rod and perpendicular to the
plane of paper as shown in the figure. What is the potential difference developed between the

P
point 0 and Q of the rod? [CBSE 2020 (55/2/3)]
X x X X X
X x X X X
o]
5 o s — ~ —— Q
X x _5 X 45 X X
X x X X X

Ans. Emfinduced in the rod, & :%gmﬂ

2
for Emf induced between O and Q, e = %Bm(é) = é—BmJE 1 O

Q. 10. Predict the directions of incluceld currerllts in _metal r_ings 1 an.cl 2 lying in 3 O .
the same plane where current I in the wire is increasing steadily.
[CBSE, (AI) 2017]
Ans. | g llvilhers cossent & cnes Cascrag o ma;an;tu: flet- et BRG]
| léhe e codts otso  dockensey: Toe B doe o che cuggent
eltrment th 8 8 cnto fhe are abel Ld acdof ehe
tfane -  Sooce e (nuscosess derecleor o docltoeni |
cosgent . aspps  Sackh. _eha¢ ehe B odoic to el L alsposcte
toeho o2 C[atrjﬂ_‘ Yoz So Ehe Omdarced cumnent ¥ e |
loop 1 & e clockende dercetidn ancl & o b antdelack
| lesese dcieayish L/// [Topper’s Answer 2017)
Q. 11. The electric current flowing in a wire in the direction from B to 4 is decreasing. Find out the
direction of the induced current in the metallic loop kept above the wire as shown.
[CBSE (AI) 2014)

210 Xam idea Physics—XII



Ans,

Ans.

Ans.

Q. 14.

Ans.

downward in the vicinity of the coil. When the current in
wire BA decreases, according to Lenz's law, the current
induced in the coil opposes this decrease; so the current in
the coil will be in clockwise direction. A B

The current in the wire produces a magnetic field vertically (“‘

Two loops of different shapes are moved in the region of a uniform magnetic field pointing
downward. The loops are moved in the directions shown by arrows. What is the direction of

induced current in each loop? [CBSE (F) 2010] [HOTS]
X X X X x 9 X X
¢
a —=X X E X d :
b
x x X X x ex X

Loop abe is entering the magnetic field, so magnetic flux linked with it begins to increase.
According to Lenz's law, the current induced opposes the increases in magnetic flux, so current
induced will be anticlockwise which tends to decrease the magnetic field.

Loop defg is leaving the magnetic field; so flux linked with it tends to decrease, the induced
current will be clockwise to produce magnetic field downward 0 oppose the decrease in
magnetic flux.

Predict the polarity of the capacitor C connected to coil, which is situated between two bar
magnets moving as shown in figure. [CBSE Delhi 2011, (AI) 2017]

A
==l

Current induced in coil will oppose the approach of magnet; therefore, lefi face of coil will act as
N-pole and right face as §-pole. For this the current in coil will be anticlockwise as seen from left,
therefore, the plate A of capacitor will be positive and plate B will be negative.

A rectangular wire frame, shown below, is placed in a B B'

uniform magnetic field directed upward and normal to
the plane of the paper. The part AB is connected to a
spring. The spring is stretched and released when the —fUmﬂP—E
wire AB has come to the position A' B’ (¢ = () How would
the induced emf vary with time? Neglect damping.

[HOTS] AR

When the spring is stretched and released, the wire AB will execute simple harmonic (sinusoidal)
motion. So, the displacement of wire AB at any instant will be

x=-acos [att=0,x=-a]
M . . . . Induced
agnetic flux linked with the loop at any instant, ot
$(t)= BA= Blx=—Bla cos wt [-A=k)] £ ‘ i
By Faraday's law, emf induced across AB,
e(l)= -d¢ - -d (~Bla cos wi) Sinusoidal variation of induced emf

dt
= Blaw sin ot = g;sin ot [ &= Blaw]
where a = BB'= AA" is the amplitude of motion and  is angular frequency.
Clearly induced emf & () Varies sinusoidally with time.
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Q. 15. A wire in the form of a tightly wound solenoid is connected to a DC source, and carries a
current. If the coil is stretched so that there are gaps between successive elements of the spiral
coil, will the current increase or decrease? Explain. [NCERT Exemplar]

Ans. The current will increase. As the wires are pulled apart the flux will leak through the gaps. Lenz's law
demands that induced emf resist this decrease, which can be done by an increase in current.

Q. 16. A solenoid is connected to a battery so that a steady current flows through it. If an iron core is
inserted into the solenoid, will the current increase or decrease? Explain.  [NCERT Exemplar]

Ans. The current will decrease. As the iron core is inserted in the solenoid, the magnetic field increases
and the flux increases. Lenz's law implies that induced emf should resist this increase, which can
be achieved by a decrease in current. However, this change will be momentarily.

Q. 17. Consider a metal ring kept (supported by a cardboard) on top of a fixed solenoid carrying
a current ! (in figure). The centre of the ring coincides with the axis of the solenoid. If the
current in the solenoid is switched off, what will happen to the ring? [NCERT Exemplar]

e

Ans. When the current in the solenoid decreases a current flows in the same direction in the metal
ring as in the solenoid. Thus there will be a downward force. This means the ring will remain on
the cardboard. The upward reaction of the cardboard on the ring will increase.

Each of the following questions are of 2 marks.

Q. 1. The magnetic field through a circular loop of wire 12 c¢m in radius and 8.5 Q) resistance,
changes with time as shown in the figure. The magnetic field is perpendicular to the plane of
the loop. Calculate the induced current in the loop and plet it as a function of time.

[CBSE (F) 2017)

B(T)
1

0 2 4 & 1(s)
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Ans. We know,

_ o ABA) a8
dt dt T dt 1)
dB 2 dB
I_i_—A(d'f)__m(d") 0.0026
"R R R
For 0< i< 2
-3.14(0.12)2x 1 0 5 7
=W=—0.0026A ts) —
For,2 <t <4 .
d—B=O = I=0
dt
For,4 <t <6
I=+0.0026 A

Q. 2. A horizontal conducting rod 10 m long extending from east to west is falling with a speed
5ms™ at right angles to the horizontal component of the Earth’s magnetic field 0.3 X 107 Whm™,
Find the instantaneous value of the emf induced in the rod. [CBSE (Al) 2017]

Ans. -
. 4Cb) The ood ce oo Oeng pcxa}-..c.rwbﬁ'nnrnq to

che roaanetd  fetd
= 3
Prle

Cc - Ry e —
— 03w o Wkt X 10 Bfeg

= g it sy

= suI&I N |
f—— [Topper’s Answer 2017]

Q. 3. A square loop MNOP of side 20 c¢m is placed horizontally in a uniform magnetic field acting
vertically downwards as shown in the figure. The loop is pulled with a constant velocity of
20 cms™ till it goes out of the field.

x X x x X x X
X X X x x x X
X X X X X
20cm
N x X x X
x X X x X x X
———v
x % x x X x X
P x— Ox x X X X
X X X 3 X X X

Tm
(i) Depict the direction of the induced current in the loop as it goes out of the field. For how long
would the current in the loop persist?
(ii) Plot a graph showing the variation of magnetic flux and induced emf as a function of time.
[CBSE Panchkula 2015)
Ans. (1) Clockwise MNOP.
v =20 cm/s;d = 20 cm
Time taken by the loop to move out of magnetic field
=42 _y,
v 20

Induced current will last for 1 second till the length 20 cm moves out of the field.
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Q.4.

Ans,

Ans.

Q.6.

Ans.

Q.17.

Ans.

(@) ¢

4 5 t
g
e dt 4 5 t

A coil of wire enclosing an area 100 c¢m? is placed with its plane making an angle 60° with
the magnetic field of strength 107'T. What is the flux through the coil? If magnetic field is
reduced to zero in 107 s, then find the induced emf. [CBSE Sample Paper 2021]
Given, 4 = 100 cm® = 100 x 10* m® = 10? m*, B=10"T

Angle made by coil with magnetic field = 60°

Angle made by normal to plane of coil with magnetic field = 30°

Flux, ¢ = BA cos@

=
3
= 107" x 102X cos 30° = "Tx 10 Wb
Aftert=10%s,B=0

/3
d ERAVE TS 3
InduceemI‘,E=——¢=_ . 2 L 2 F g
L -

The energy stored in a solenoid of inductance L is U. The number of turns per unit length of
the solencid is doubled. Keeping the current and all other factors same, find (a) change in
inductance of the solenoid, and (b) the final energy stored in the inductor. [CBSE 2020 (55/3/2)]

(a) Self-inductance, L = p, p,n34l

or alternatively, L o n® Y2
So, L becomes, 4 imes Ya
(b) Energy stored, U = % e 1]
As L increases 4 times, energy also increases 4 times. Lo

[CBSE Marking Scheme 2020 (55/3/2)]

(i) Define mutual inductance.
(ii) A pair of adjacent coils has a mutual inductance of 1.5 H. If the current in one coil changes from
0 to 20 A in 0.5 s, what is the change of flux linkage with the other coil?  [CBSE Delhi 2016]
(i) Mutual inductance of two coils is the magnetic flux linked with the secondary coil when a
unit current flows through the primary coil,

b,
[T/

1

(1) Change of flux for small change in current

dd = MdIl = 1.5 (20 - 0) weber = 30 weber
Two coils of wire A and B are placed mutually perpendicular as
shown in figure. When current is changed in any one coil, will the
current induce in another coil?

ie., b, = MI, or

No; this is because the magnetic field due to current in coil (4 or B) will
be parallel to the plane of the other coil (4 or B) Hence, the magnetic
flux linked with the other coil will be zero and so no current will be
induced in it.
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Q.8.

Ans.

Ans.

Q. 10.

Ans.

Q. 11.

The figure shows the variation of induced emf as a function of rate of change of current for two
identical solenoids X and ¥. One is air cored and the other is iron cored. Which one of them

is iron cored? why?
emf

=1

From the graph, slope = L

B
di
dt

[CBSE 2023 (55/4/1)]

Slope ol X is more than that of Y. Hence X is iron-cored because inductance of iron cored coil is

more than that of air-cored coil.

A small flat search coil of area 5 cm® with 140 closely wound turns is placed between the poles
of a powerful magnet producing magnetic field 0.09 T and then quickly removed out of the

field region. Calculate
(a) change of magnetic flux through the coil, and
(b) emf induced in the coil.
@ Mflux & =NB.A=NBAcosd
= NBAcos(0° = NBA
= 140x0.09x5% 107 =63 x 107 Wb

$, = NBA [“B =0]
=0
Change in magnetic flux = ¢, - ¢,
=63 x 107 Wb
sog _dd  —p3x107*
(b) emf induced = — i A :

[Here time is not given. Question is incomplete.]

[CBSE 2019 (55/3/1)]

A 0.5 m long solenoid of 10 turns/cm has area of cross-section 1 cm?®. Calculate the voltage
induced across its ends if the current in the solenoid is changed from 1A to 2A in 0.1s.

Induced voliage,
dl
vl=1%
dl
= 2lp—
WVi=yp,n hdt

= %107 x (1292 % 0.5 %110 x
10~
=6.28x10"*V or 0.628 mV

@-1
0.1

[CBSE 2019 (55/3/1)]

Ya
Ya
Ya

2

[CBSE Marking Scheme 2019 (55/3/1)]

A rectangular wire loop of sides 8 cm X 2 em with a small cut is moving out of a region of
uniform magnetic field of magnitude 0.3 T directed normal to the loop. What is the emf
developed if the velocity of the loop is 1 cms™ in a direction normal to the (i) longer side (ii)
shorter side of the loop? For how long does the induced voltage last in each case? [NCERT]
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Ans. Given [=8cm=8x102m,
b=2ecm=2x10"m
v=1lems!'=1x102m/s,B=05T

(i) When velocity is normal 1o the longer side

Induced emf, £ = Bvl

!
=0.3x 1x102 x 8 x102 SRS I A ol i
=K =5 x X X X X X X X X X
=24 x 107V P
emf will last only so long as the loop isin the ~ * ~ * % % X X X x fx X
magnetic field. X X X X % x X x |x X
" % 1072
Time taken = —dlstar!ce =5 _2x100
velodty ¥ ]x1p2
(i1) When velocity is normal to the shorter side
£y = Bub
=03x1x107x2x107=6x10°V
« 10-2
Time taken = L 8s
L 4
Q. 12. Consider a closed loop € in a magnetic field (see figure). The flux S
passing through the loop is defined by choosing a _s:.urfa_cf WE?Se islge ; /\\ X & \.‘
coincideswiththeloopandusingtheformula ¢ =B .d A +Byd 4,... | \ \ S\ g /'
Now if we chose two different surfaces §, and S, having C as their
edge, would we get the same answer for flux. Justify your answer. c

[NCERT Exemplar]

Ans. One gets the same answer for flux. Flux can be thought of as the number of magnetic field lines
passing through the surface (we draw dN = BA lines in a area A4 perpendicular to B). As field
lines of B cannot end or start in space (they form closed loops), number of lines passing through
surface §; must be the same as the number of lines passing through the surface S,.

Short Answer Questions

Each of the following questions are of 3 marks.

Q. 1. Inan experimental arrangement of two coils €| and C; placed coaxially parallel to each other,
find out the expression for the emf induced in the coil C, (of N, turns) corresponding to the

change of current I in the coil C; (of N, turns). [CBSE Chennai 2015]
Ans. Let ¢, be the flux through coil €, (of N| turns) when current in coil Cy is fy. Then, we have
Nyb, = M, i)

For current varying with time,
dNyd)  d(MIy) -
e ...(if)
dt dt
Since induced emf in coil C| is given by
A4
8T a
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From (i),  -g = M(—Q)

2 ’ .
€= _MF [from (2)]

It shows that varying current in a coil induces emf in the neighbouring coil.
Q. 2. (a) How does the mutual inductance of a pair of coils change when
(i) distance between the coils is increased and

(ii) number of turns in the coils is increased? [CBSE (AI) 2013]
(b) A plot of magnetic flux (¢) versus current (I), is shown in the figure for two inductors A

and B. Which of the two has large value of self-inductance? [CBSE Delhi 2010]
(¢) How is the mutual inductance of a pair of coils affected when A

(i) separation between the coils is increased? T / B

(i) the number of turns in each coil is increased?

(iii) a thin iron sheet is placed between the two coils, other factors ¢
remaining the same?

Justify your answer in each case. [CBSE (Al) 2013]

Ans. (2) (7)) Mutual inductance decreases. —
(i) Mutual inductance increases.
Concept: (1) If distance between two coils is increased as shown in figure.

- -

(e

It causes decrease in magnetic flux linked with the coil Cy. Hence induced emf in coil
3 -9, s
C, decreases by relation g, = TR Hence mutual inductance decreases.
(i) From relation My, =L, n, ny Al if number of turns in one of the coils or both increases,
means mutual inductance will increase.
¢
) ¢=LI=F=L
The slope of  of straight linc is equal o self-inductance L. It is larger for inductor 4;
therefore inductor 4 has larger value of sell inductance ‘L'.
(¢) (i) When the relative distance between the coil is increased, the leakage of flux increases
which reduces the magnetic coupling of the coils. So magnetic flux linked with all the
turns decreases. Therefore, mutual inductance will be decreased.

(1) Mutual inductance for a pair of coil is given by

M=K/LL,

N : - ; 5

where [ = and L is called self inductance. Therefore, when the number of turns
in each coil increases, the mutual inductance also increases.

(iit) When a thin iron sheet is placed between the two coils, the mutual inductance increases

because Mat permeability. The permeability of the medium between coils increases.

Q. 3. A horizontal straight wire 10 m long extending from east to west is falling with a speed of 5.0 ms™!
at right angles to the horizontal component of earth’s magnetic field equal to 0.30 x 10~ Wbm™.
[NCERT]
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(a) What is the instantaneous value of the emf induced in the wire? .
(b) What is the direction of emf? TR b
(¢) Which emf of the wire is at the higher electrical potential? HT z
Ans. (a) Instantaneous emf, € = B vl = Hul e / .
Given, H=0.30 X 107 T,v=5.0ms™", [ =10 m e = E
e=030x10*%x50x 10=15%x10"° V=15 mV
(b) By Fleming's right hand rule, the direction of induced current
in wire is from west o east, therefore, direction of emf is from s
wesl Lo easL.

(¢) The direction of electron flow according to relation Fy, = guxB = —¢(—vk) X (Bj) = —euBi
i.e., along negative x-axis, i.e., from east Lo westL.

The induced emf will oppose the flow of electrons from east to west, so castern end will be
at higher potential.

Q. 4. Define self-inductance of a coil. Show that magnetic energy required to build up the current I

in a coil of self inductance L is given by %LIE : [CBSE Delhi 2012]

OR

Define the term self-inductance of a solenoid. Obtain the expression for the magnetic energy
stored in an inductor of self-inductance L to build up a current I through it. [CBSE (AI) 2014]
Ans. Self inductance = Using formula ¢ = L], il / = | Ampere then L = ¢

Self inductance of the coil is equal to the magnitude of the magnetic flux linked with the coil,
when a unit current flows through it

Alternatively

2 dI
Using formula |-e|= L
Ir . 1A/sthen L =|-g|

dt
Self inductance of the coil is equal to the magnitude of induced emf produced in the coil itsell]
when the current varies at rate 1 Afs.
Expression for magnetic energy —
When a time varying current flows through the coil, back emf

(-€) produces, which opposes the growth of the current flow.

It means some work needs to be done against induced emf’ '"g;‘:f:r:;‘g

in establishing a current I. This work done will be stored as

magnetic potential energy.

For the current [ at any instant, the rate of work done is
dw

i =(-e)]
3.t , : ’ ; dl
Only for inductive effect of the coil |-g|= LE
Lo = L(d—])f = dW=LI1dI
dt dt
From work-energy theorem,

dU = LIdI

I
U= [Ldr=1re
J 2
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Q. 5. A long solenoid of radius r consists of n turns per unit length. A current I = I sin ot flows in
the solenoid. A coil of N turns is wound tightly around it near its centre. What is:
(a) the induced emf in the coil?

(b) the mutual inductance between the solenoid and the coil? [CBSE 2023 (55/1/1)]
Ans. Here, I = I sin ol.
For solenoid, B = pynl
Magnetic flux, & = BA = pgud X m® = pgnm® I, sin ox.
Ndd d
i . = _— T =_""(Bd)=_ 2
(a) Emf induced, ¢ 5 i (BA) Ny ntr wl; cos w!

= — (il © Nnmr®) cos ot = — e, cos ot
where, peak emf, ey = pyly oNnmr’
(5) Mutual inductance between the coil and solenoid,

o =MI
Né pnNnnr2 I sin wif g
=5 = I, sin wt = poNnar

Q. 6. When a conducting loop of resnstance 10 O and area 10 em?® is removed from an external
magnetic field acting normally, the variation of induced current-/ in the loop with time ¢ is as
shown in the figure. [CBSE 2020 (55/5/1)]

(lin A)
0.4

0,0) 1.0 (tins)

Find the

(a) total charge passed through the loop.

(b) change in magnetic flux through the loop.
(¢) magnitude of the magnetic field applied.

Ans. (a) total charge passed through the loop (Q)

Q = area under the /¢ graph Ya
= ;7 X 0.4 X | coulomb =02 C Ya
(b) Change in magnetic flux,
Total charge passing= Gengh r;agneuc s ) Y
Change in magnetic flux = [R % 0.2 C]
=[10 X 0.2] Wb = 2 Wb e
() Magnitude of magnetic field applied,
Let B be the magnitude of the magnetic field applied.
Initial magnetic flux = B X (10 X 10™) Wb
Final magnetic flux = zero
Change in magnetic flux = (B X 107-0) = Yo
= 2 x 10° Wh/m® Ve

[CBSE Marking Scheme 2020 (55/5/1)]
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Q. 7. Figure shows a metal rod PQ of length /, resting on the smooth horizontal rails AB positioned
between the poles of a permanent magnet. The rails, rod and the magnetic field B are in three
mutually perpendicular directions. A galvanometer G connects the rails through a key ‘K’.
Assume the magnetic field to be uniform. Given the resistance of the closed loop containing
the rod is R.

(i) Suppose K is open and the rod is moved with a speed v in the direction shown. Find the

polarity and the magnitude of induced emf.

(ii) With K open and the rod moving uniformly, there is no net force on the electrons in the rod
PQ even though they do experience magnetic force due to the motion of the rod. Explain.

(iii) What is the induced emf in the moving rod if the magnetic field is parallel to the rails
instead of being perpendicular? [CBSE Sample Paper 2018

Ans. (i) The magnitude of the induced emf'is given by
|e | = Blvsin 0

As the conductor PQ moves in the direction shown, the free electrons in it experience
magnetic Lorentz force. By Fleming's left hand rule, the electrons move from the end P
towards the end Q. Deficiency of electrons makes the end P positive while the excess of
electrons makes the end Q negative.

fe —

(i7) The magnetic Lorentz force [f,,, = —e(; XE.)] is cancelled by the electric force [Fn = eE]
exerted by the electric field set up by the opposite charges at its ends.
(127) In this case, the angle 8 made by the rod with the field B is zero.
€ = Blysin0° =0

This is because the motion of the loop does not cut across the field lines. There is no change
in magnetic {lux. So the induced emf is zero.

. 8. Two concentric circular loops of radius 1 cm and 20 cm are placed coaxially.
P P ¥
(i) Find mutual inductance of the arrangement.

(i) If the current passed through the outer loop is changed at a rate of 5 A/ms, find the emf
induced in the inner-loop. Assume the magnetic field on the inner loop to be uniform.

[CBSE 2020 (55/5/1)]

Ans. (i) Imagine a current / 1o flow through the largest coil.
Magnetic flux linked with the smaller coil,

§ = B_ope X 1 X 107 Wb Ya
(T |
= Wumg X 1% 107 Wb
x il =
Also, we know,
¢ = MI
M— 4 ><10 H Y
_ 4mx107mnx107
- 4
=99x 107'°H
=107°H Y
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Q. 9. The figure shows a rectangular conducting frame MNOP of resistance R placed partly in a
perpendicular magnetic field B and moved widl:elocity v as shown in the figure.

*
x
X
x
x
x
X

Obtain the expressions for the

(a) force acting on the arm ‘ON” and its direction, and

(b) Power required to move the frame to get a steady emf induced between the arms MN and
PO. [CBSE 2019 (55/4/1)]
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Q.10. (a) A rod of length [ is moved horizontally with a uniform velocity ‘' in a direction
perpendicular to its length through a region in which a uniform magnetic field is acting
vertically downward. Derive the expression for the emf induced across the ends of the
rod.

X x x x X x x x xLix X

I |
I X

(b) How does one understand this motional emf by invoking the Lorentz force acting on the
free charge carriers of the conductor? Explain. [CBSE (AI) 2014]

Ans. (a) Suppose a rod of length ' moves with velocity v inward in the region having uniform
magnetic field B.

Initial magnetic flux enclosed in the rectangular space is ¢ =|B|/x

As the rod moves with velocity —v = —

di
Using Lenz's law
% _ 4o ( ﬁ)
B g S g s
€= Bl

(b) Suppose any arbitrary charge ‘¢’ in the conductor of length ' moving inward in the field as
shown in figure, the charge ¢ also moves with velocity v in the magnetic field B.

The Lorentz force on the charge ‘¢’ is F = quB and its direction is downwards.

So, work done in moving the charge ‘g’ along the conductor of length [

W="Fl
W = quBl

Since emf is the work done per unit charge
= % = Blv

This equation gives emf induced across the rod.

Q. 11. Figure shows planar loops of different shapes

d
moving out of or into a region of magnetic field
which is directed normal to the plane of loops ? PRI IR
downwards. Determine the direction of induced )"\ x >x x gt ® % wux T
current in each loop using Lenz’s law. bx XOxoxoxoxox S
[CBSE (4I) 2010, (F) 2014] x Oux x o x x x x x ()
Ans. (a) In Fig. (i) the rectangular loop abed and in Fig. A
(ii7) circular loop are entering the magnetic A E R AR L R A
field, so the flux linked with them increases; oA N AP R AR &
The direction of induced currents in these A RO g o me\
. . . - X X X | X X X/ X
coils, will be such as 1o oppose the increase of ) L\
x x xA. o x omox \ ¥

magnetic flux; hence the magnetic field due to
current induced will be upward, i.e., currents
induced will flow anticlockwise.

i)

o

il 1
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Q.12.

Ans.

0. 13;
Ans.

(b) In Fig. (it), the triangular loop abe and in fig. (iv) the zig-zag shaped loop are emerging from
the magnetic field, therefore magnetic flux linked with these loops decreases. The currents
induced in them will tend 1o increase the magnetic field in downward direction, so the
currents will flow elockwise.

Thus in fig. (i) current flows anticlockwise,
in fig. (i) current flows clockwise,

in fig. (i) current flows anticlockwise,

in fig. (fv) current flows clockwise.

Use Lenz’s law to determine the direction of induced current in the situation described by
following figs.

% i " o o] i) o] o
X o ) o~ 0t~ 0 o
X X X / 3 \
x X o +fo \ o
X X X b ' o
o] o
X X X
X x X o o
X x b3
Q o]
(a)
(a) A wire of irregular shape turning into a circular shape.
(b) A circular loop being deformed into a narrow straight wire. [CBSE (F) 2014]

(a) For the given periphery the area of a circle is maximum. When a coil takes a circular shape,
the magnetic flux linked with coil increases, so current induced in the coil will tend to
decrease the flux and so will produce a magnetic field upward. As a result the current
induced in the coil will flow anticlockwise i.e., along a'd'c'b’.

(b) For given periphery the area of circle is maximum. When circular coil takes the shape of
narrow straight wire, the magnetic flux linked with the coil decreases, so current induced
in the coil will tend to oppose the decrease in magnetic flux; hence it will produce upward
magnetic field, so current induced in the coil will flow anticlockwise i.e., along a' d’ ¢’ b'.

Show that Lenz’s law is in accordance with the law of conservation of energy. [CBSE (F) 2017]

Lenz’s law: According to this law “the direction of induced current in a closed ™\
circuil is always such as to oppose the cause that produces it.” s W ¢ K I‘I
Example: When the north pole of a coil is brought near a closed coil, the \ /I‘
direction of current induced in the coil is such as 1o oppose the approach (a) >

of north pole. For this the nearer [ace ol coil behaves as north pole. This
necessitates an anticlockwise current in the coil, when seen from the magnet
side [fig. (a)]

Similarly when north pole of the magnet is moved away from the coil, the {
direction of current in the coil will be such as to attract the magnet. For this [5 _N] t
the nearer face of coil behaves as south pole. This necessitates a clockwise \
current in the coil, when seen from the magnet side [fig. (b)]. ®
Conservation of Energy in Lenz’s Law: In each case whenever there is a relative motion between
a coil and the magnet, a force begins 10 act which opposes the relative motion. Therefore 1o
maintain the relative motion, a mechanical work must be done. This work appears in the form of electric
energy of coil. Thus, Lenz's law is based on principle of conservation of energy.
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Long Answer Questions

Each of the following questions are of 5 marks.

Q. 1. (a) What is induced emf? Write Faraday’s law of electromagnetic induction. Express it
mathematically.
(b) A conducting rod of length ‘I, with one end pivoted, is rotated with a uniform angular
speed ‘w0’ in a vertical plane, normal to a uniform magnetic field ‘B’. Deduce an expression
for the emf induced in this rod. [CBSE Delhi 2013, 2012]
If resistance of rod is R, what is the current induced in it?
Ans. (a) Induced emf: The emf developed in a coil due to change in magnetic flux linked with the
coil is called the induced emf.
Faraday's Law of Electromagnetic Induction: On the basis of experiments, Faraday gave
two laws of electromagnetic induction:
L. When the magnetic flux linked with a coil or cirewit changes, an emf is induced in the coil.
If coil is closed, the current is also induced. The emf and current last so long as the change
in magnetic flux lasts. The magnitude of induced emf is proportional to the rate of change of

magnetic flux linked with the circuit. Thus if A¢ is the change in magnetic flux linked in time

A
Af then rate of change of flux is i,

Al
A
So emfinduced Eoc A
Al
2. The emf induced in the coil (or circuil) opposes the cause producing il.
Ad
MY
Here the negative sign shows that the induced emf ‘e’ opposes the change in magnetic
flux.
Ad
e= K,

where K is a constant of proportionality which depends on units chosen for ¢, ¢ and &. In
SI system the unit of flux ¢ is weber, unit of time ¢ is second and unit of emf ¢ is volt and
K=1
__ A
ke
If the coil contains N turns of insulated wire, then the flux linked with each wrn will be
same and the eml induced in each turn will be in the same direction, hence the emfs of all
turns will be added. Therefore the emf induced in the whole coil,

Ad  ANG)

TR

N¢ is called the effective magnetic flux or the number of flux linkages in the coil and may
be denoted by .
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Q.2

Ans.

(b) Expression for Induced emf in a Rotating Rod

Consider a metallic rod OA of length [ which is rotating with
angular velocity @ in a uniform magnetic field B, the plane
of rotation being perpendicular to the magnetic field. A rod
may be supposed 1o be formed of a large number of small
elements. Consider a small element of length dx at a distance
% from centre. If v is the linear velocity of this element, then
area swepl by the element per second = v dx

The emf induced across the ends of element

P W
dt

Butv=x®
de=Bxwdx

The emf induced across the rod

E =J:B xw dx =ij:xdx

2 2 2
=Bmlx—L = Bw %—Ul= i

2 2
T 1 1.
Surrent induced in ro Ty g
] 9 9.4
S _— BN BT
If circuit is closed, power dissipated = = ar

(a) Describe a simple experiment (or activity) to show that the polarity of emf induced in a
coil is always such that it tends to produce an induced current which opposes the change
of magnetic flux that produces it.

(b) The current flowing through an inductor of self inductance L is continuously increasing.
Plot a graph showing the variation of

(i) Magnetic flux versus the current
(ii) Induced emf versus dl/dt

(iii) Magnetic potential energy stored versus the /®

current. [CBSE Delhi 2014]

() When the North pole of a bar magnet moves towards the -
closed coil, the magnetic flux through the coil increases. el

This produces an induced eml which produces (or >
tend to produce if the coil is open) an induced current /T\/
in the anti-clockwise sense. The anti-clockwise sense % |
corresponds to the generation of North pole which 3 J
opposes the motion of the approaching N pole of the e

magnet. The face of the coil, facing the approaching &

magnet, then has the same polarity as that of the g

approaching pole of the magnet. The induced current,

therefore, is seen to oppose the change of magnetic flux that produces it.

When a North pole of a magnet is moved away from the coil, the current (I) flows in the

clock-wise sense which corresponds to the generation of South pole. The induced South
pole opposes the motion of the receding North pole.
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(b) () Magnetic flux versus the current

T

Magnetic Flux

Current —=

(i2) Induced emf versus dl/di

i—— ﬂ—\-—

dt dt

Induced Induced
emf or emf

|

(#i7) Magnetic energy stored versus current

When current is increasing
at constant rate

—

Magnetic energy
stored

Current —=

Q. 3. Derive expression for self inductance of a long air-cored solenoid of length [, cross-sectional
area A and having number of turns N. [CBSE 2023 (55/2/1), (55/4/1)]
Ans. Self Inductance of a long air-cored solenoid:
Consider a long air solenoid having ‘n' number of turns per unit length. If current in solenoid
is 1, then magnetic field within the solenoid, B = pynl/ )
where o = 41 x 107 henry/metre is the permeability of free space.

If A is cross-sectional area of solenoid, then effective flux linked with solenoid of length [ is
¢ = NBA where N = nl is the number of turns in length /' of solenoid.

¢ = (nl BA)
. . - 3 4 L0000 000000
Substituting the value of B from (i) i ;
b = pon2 All " |

-, Seli-inductance of air solenoid l

4

LIRS IR o et s o R G o e &y

$
L= = uon?Ai
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Q.4.

Ans.

If N is the total number of wurns in length [ then

=

l
N2
- Self-inductance L = uO(T) Al

u N2 A
i 3
Remark: If solenoid contains a core of ferromagnetic substance of relative permeability p_, then
1,1, N° A
l

What is meant by the term *mutual inductance’ of a pair of coils? Obtain an expression for the
mutual inductance of two long coaxial solenoids, each of length / but having different number

sell inductance, L =

of turns N, and N, and radii r| and r, (ry > r)). [CBSE 2023 (55/3/1)]
OR
(a) Define mutual inductance and write its SI units. [CBSE 2019 (55/1/1)]

(b) Derive an expression for the mutual inductance of two long co-axial solenoids of same
length wound one over the other.

(c) Inan experiment, two coils C, and C, are placed close to each other. Find out the expression
for the emf induced in the coil C; due to a change in the current through the coil C;.

[CBSE Delhi 2015)

(@) When current flowing in one of two nearby coils is changed, the magnetic {lux linked with
the other coil changes; due to which an emf'is induced in it (other coil). This phenomenon of
electromagneticinduction is called the mutual induction. The coil, in which currentis changed
is called the primary coil and the coil in which emf is induced is called the secondary coil.
The SI unit of mutual inductance is henry.

(b) Mutual inductance is numerically equal to the magnetic flux linked with one coil (secondary
coil) when unit current flows through the other coil (primary coil).

Consider two long co-axial solenoids, each of length [. Let n) be the number of turns per unit

length of the inner solenoid S, of radius r, 7, be the number of turns per unit length of the
outer solenoid S, of radius r,.
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Imagine a time varying current /, through 8§, which sets up a time varying magnetic flux ¢,
through §,.

b = Mia(ly) -(3)
where, M, = Coeflicient of mutual inductance of solenoid §; with respect Lo solenoid S,

Magnetic field due to the current /y in 8y is

By = wnyl,
Magnetic flux through § is
¢, =By 4, N,
where, N,=nland ! = length of the solenoid
) = (egnoly) () (my )
& = wonmymr2il, (i)

From equations () and (i), we get

M, = ponn,mr i -..{if)
Let us consider the reverse case.
A time varying current /; through §, develops a flux ¢, through S,.

o, = M, (1)) (i)
where, My, = Coeflicient of mutual inductance of solenoid S, with respect to solenoid §,

Magnetic flux due to I} in §; is conlined solely inside S| as the solenoids are assumed to be
very long.

There is no magnetic field outside §, due to current [, in §|.
The magnetic flux linked with 8, is

&y = BLAN, = (om 1) (7)) (ny1)

P, = unnlnz:ltrftll ki)
From equations (iv) and (v), we get

M, = }Lnnlngmf . (vi)
From equations (i#i) and (v1), we get

Mp=My, =M = ponlnzxr;"[

We can write the above equation as

N, \[ N.
= (2 ot
B pﬂl\?[Nthrl2
B 1

(¢) When the current in coil Cy changes, the flux linked with €, changes. This change in flux
linked with C, induces emf'in C,.

A= area of coll
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Flux linked with €| = flux of C,

ol
bp=BA= ?.A
dd ), _d wodl pd gy

dt dt 2r 2 XE

Emfinduced in C, =

Q. 5. A coil of number of turns N, area A is rotated at a constant angular speed ©, in a uniform
magnetic field B and connected to a resistor R. Deduce expression for

(i) maximum emf induced in the coil.
(ii) power dissipation in the coil.

Ans. (i) Suppose initially the plane of coil is perpendicular to the magnetic field B. When coil
rotates with angular speed o, then afier time ¢, the angle between magnetic field 8 and

normal to plane of coil is 6 = .

" At this instant magnetic flux linked with the coil ¢ = B4 cos wt
If coil constants, N-turns, then emfl induced in the coil
g==N—-= -Ni(BA cos i)
dt dt
= + NBA o sin ot
For maximum value of emf'g,
sin o =1

Maximum emf induced, €., = NBA ©

(21) I R is resistance of coil, the current induced, I = %
Instantaneous power dissipated, P = gl = E(E) = E—2
P P ’ R R
_ NB’Aw’sin’wi
R

i)

[using (i)]

Average power dissipated in a complete cycle is obtained by taking average value of sin” o

over a complete cycle which is %

; .2 =1
2. wl =
ie., (sin“wt) 5
2p2 42 02
Average power dissipated, P = %

Q. 6. State Faraday’s law of electromagnetic induction.

Figure shows a rectangular conductor PQRS in which the conductor PQ is free to move in a
uniform magnetic field B perpendicular to the plane of the paper. The field extends from x =0
tox = b and is zero for x > b. Assume that only the arm P(Q possesses resistance r. When the arm
PQ) is pulled outward from x = 0 to x = 2b and is then moved backward to x =0 with constant
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speed v, obtain the expressions for the flux and the induced emf. Sketch the variations of these
quantities with distance 0 <x < 2b. [CBSE (AI) 2010, (North) 2016]

SgE e & maslls = - .
. Lo Sl S —
P

. s s s el .

. . e s sfle .

. « o o | 9 .

ML ity |  —
.x:.D. s s s s . =2

dx
x=b

Ans. Refer 1o Point 3 of Points to remember.
Let length of conductor PQ =l
When PQ moves a small distance from x to x + dx then magnetic flux linked = BdA=Bldx
The magnetic field is from x = 0 to x = b, to so final magnetc flux
= TBldx = Bl Ydx =Blx (increasing)
We consider forward motion fromx = 0 tox = 2b
é=Blx,0=x<bh

=B, b=x<2b
Mean magnetic flux from x = 0tox = bis %Bib
dé d dx
. T i PO = Ri%E ; <
Induced emf, & i 5 (Bldx) = -BI 7 -Bly for, 0=x<b

where v = dx velocity of arm PQ fromx = O to x = b.

dt
d ’
E:-ﬁ(Blb) =0 for, b=<x<2bh

During return from x = 2b 10 x = b the induced emf is zero; but now area is decreasing so
magnetic flux is decreasing, and induced em[ will be in opposite direction.

£= Bl
QUTWARD | INWARD
R gt T
K L M L K
Blb +— -
) \
3 " " "
g 1 ' 1 i
Bli——
w
= t
w
—Bilv
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Questions for Practice

1. Choose and write the correct option in the following questions.

() An electron moves on a straight line path XY as shown. The abed is a coil adjacent to the path
of electron. What will be the direction of current, if any, induced in the coil?

a

X-- — Y
eleciron

(a) The current will reverse its direction as the electron goes past the coil
(b) No current induced
(¢) abed

(d) adch
(4) A magnet is dropped with its north pole towards a closed circular coil placed on a table then

(z) looking from above, the induced current in the coil will be anti-clockwise.

(b) the magnet will fall with uniform acceleration.

(¢) as the magnet falls, its acceleration will be reduced.

(d) no current will be induced in the coil.

(i2¢) The magnetic flux linked with a coil at any instant ‘E" is given by
& = 10 - 50t + 250 Wh

The induced emfatt = 3 sis

(@) =190 V y-10V © 10V (d) 190V
(tv) A coil of area 100 cm? is kept at an angle of 30° with a magnetic field 107" T. The magnetic

field is reduced to zero in 10~ s. The induced emfin the coil is [CBSE 2022 (55/2/4), Term-1]

(@) 5/3V (b) 5043V (¢) 5.0V d) 50.0V
(v) An air-cored solenoid with length 30 cm, area of cross-section 25 cm® and number of wurns

800, carries a current of 2.5 A. The current is suddenly switched off in a brief time of 107s.

Ignoring the variation in magnetic field near the ends of the solenoid, the average back emf’

induced across the ends of the open switch in the circuit would be

[CBSE Sample Paper-2022) Term-1]
(a) zero (b) 3.125 volus (¢) 6.54 volis (d) 16.74 volts

2. In the following questions, a statement of Assertion (4) is followed by a statement of Reason (R).
Choose the correct answer out of the following choices.

(a) Both A and R are true and R is the correct explanation of A.

(b) Both A and R are true but R is not the correct explanation of A.

(c) A is true but R is false.

(d) A is false and R is also false.

Assertion(d) : In the phenomenon of mutual induction, self-induction of each of the coils
persists.

Reason (R) : Self-induction arises when strength of current in same coil changes. In mutual
induction, current is changed in both individual coils.
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10.

Hi

12.

13.

232 Xan

Two identical coils, one of copper and the other of aluminium are rotated with the same angular
speed in an external magnetic field. In which of the two coils will the induced current be
more? [CBSE 2020 (55/3/1)]
Predict the direction of induced current in metal rings 1 and 2 when current [ in the wire is
steadily decreasing.

1)

g

1 ==
e
2()

The closed loop PQRS is moving into a uniform magnetic field acting at right angles to the plane
of the paper as shown. State the direction of the induced current in the loop. [CBSE (F) 2012]

X x X X X P Q
X x X X X
X x X X X
-+
X x X X X
X x X X x
560G s R

A planar loop of rectangular shape is moved within the region of a uniform magnetic field acting
perpendicular to its plane. What is the direction and magnitude of the current induced in it?
[CBSE Ajmer 2015]

A rectangular loop of wire is pulled to the right, away from the long straight wire through which
a steady current [ flows upwards. What is the direction of induced current in the loop?

[CBSE (F) 2010]
‘ D

A rectangular loop and a circular loop are moving out of a uniform magnetic field region to a
field free region with a constant velocity. In which loop do you expect the induced emf to be a
constant during the passage out of the ficld region? The field is normal to the loop.

[CBSE (A) 2010)

A rectangular coil rotates in a uniform magnetic field. Obtain an expression for induced emf
and current at any instant. Also [ind their peak values. Show the variation of induced emf versus
angle of rotation (mt) on a graph.
Two coplanar and concentric coils 1 and 2 have respectively the number of turn N, and N, of
radii r; and r, (ry, >> r,) Deduce the expression for mutual inductance of this system.

[CBSE 2020 (55/3/1)]

An iron bar falling through the hollow region of a thick cylindrical shell made of copper experiences
a retarding force. What can you conclude about the nature of the iron bar ? Explain.

State Lenz’s Law. A metallic rod held horizontally along east-west direction, is allowed to fall under
gravity. Will there be an emf induced at its ends? Justify your answer. [CBSE Delhi 2013]

A rectangular conductor LMNO is placed in a uniform magnetic field of 0.5 T. The field is directed
perpendicular to the plane of the conductor. When the arm MN of length of 20 em is moved
towards lefi with a velocity of 10 ms™. Calculate the emf induced in the arm. Given the resistance
of the arm to be 5 () (assuming that other arms are of negligible resistance), find the value of the
current in the arm. [CBSE (AI) 2013]




14. A current is induced in coil C, due to the motion of current carrying coil Cy.

(a) Write any two ways by which a large deflection can be obtained in the galvanometer G.
(b) Suggest an alternative device 1o demonstrate the induced current in place of a galvanometer.
[CBSE Delhi 2011)

15. The closed loop (PQRS) of wire is moved out of a uniform magnetic field at right angles to the
plane of the paper as shown in the figure. Predict the direction of the induced current in the loop.

[CBSE (F) 2012]
16. Currentin acircuit falls from 5.0 A10 0.0 Ain 0.1 s. Ifan average emf of 200 V is induced, calculate
the self-induction of the circuit. [CBSE (F) 2011]

17. A long solenoid with 15 turns per cm has a small loop of area 2.0 cm? placed inside normal 1o the
axis of the solenoid. The current carried by the solenoid changes steadily from 2A 104 Ain 0.1 s,
what is the induced emf in the loop while the current is changing? [CBSE (F) 2016]

18. A jet plane is travelling wesiward at a speed of 1800 km/h. What is the potential difference
developed between the ends of a wing 25 m long? Its earth’s magnetic field at the location has a
magnitude of 5.0 X1 07 T and the dip angle is 30°. [CBSE (AI) 2009]

19. Figure shows two long coaxial solenoids, each of length ‘L’. The outer solenoid has an area of

cross-section A, and number of turns/length n,. The corresponding values for the inner solenoid
are Ay and nsy. Write the expression for sell inductance Ly, Ly of the two coils and their mutual

inductance M. Hence show that M < ‘/JELE_

« L >

( f\ |' [ |

U \\/]

o

J
20. A conducting rod PQ of leng[h 20 cm and resistance 0.1 () rests on two smooth parallel rails of
negligible resistance A4” and CC”. It can slide on the rails and the arrangement is positioned
between the poles of a permanent magnet producing uniform magnetic field B = 0.4 T. The
rails, the rod and the magnetic field are in three mutually perpendicular directions as shown in

the figure. If the ends A and C of the rails are short circuited, find the
P

x A X X
A
X @ — v X
B
c
x C X Q X

(i) external force required to move the rod with uniform velocity v = 10 cm/s, and
(i) power required 1o do so. [CBSE 2020 (55/1/1)]

m
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21.

22.

23.

24.

25.

26.

State Lenz's law. Illustrate, by giving an example, how this law helps in predicting the direction
of the current in a loop in the presence of a changing magnetic flux.

In a given coil of self-inductance of 5 mH, current changes from 4 A to 1 A in 30 ms. Calculate
the emf induced in the coil.

Two identical loops, one of copper and the other of aluminium, are rotated with the same angular
speed in the same magnetic field. Compare (i) the induced emf and (i) the current produced in
the two coils. Justify your answer. [CBSE (AI) 2010]

Awheel with 8 metallic spokes each 50 cm long is rotated with a speed of 120 rev/min in a plane normal
to the horizontal component of the Earth’s magnetic field. The Earth’s magnetic field at the plane is
0.4 G and the angle of dip is 60°. Calculate the emfinduced between the axle and the rim of the wheel.
How will the value of em[ be affected if the number of spokes were increased? [CBSE (AI) 2013]

A magnet is quickly moved in the direction indicated by an arrow between two coils C, and C, as
shown in the figure. What will be the direction of induced current in each coil as seen from the
magnet? Justify your answer. [CBSE Delhi 2011]

]
LA

The currents flowing in the two coils of self-inductance L,=16 mH and L,=12 mH are increasing at
the same rate. If the power supplied to the two coils are equal, find the ratio of (f) induced voltages,
(it) the currents and (i#i) the energies stored in the two coils at a given instant. [CBSE (F) 2014]

Figure shows a rectangular loop conducting PORS in which the arm PQ is free 1o move. A uniform
magnetic field acts in the direction perpendicular to the plane of the loop. Arm PQ is moved with
a velocity v towards the arm RS. Assuming that the arms QR, RS and SP have negligible resistances
and the moving arm PQ has the resistance r, obtain the expression for (i) the current in the loop
(#i) the force and (fii) the power required 1o move the arm PQ. [CBSE Delhi 2013]

X X X X X H |X X

X
X

X pX

XX X

x X

x| |x qx

X X X X
X X X X
m X X X X
X | X X X
X |IX X X |X
X X X X

x|
X

X X

X X [X X X
X X [x X X |X

X
X
X
x
X

X X X

X
X

Answers

L. () (@) (if) (@) (iii) (b) () () @) @)

2. (i) ()

15. 1V,0.2A 16. 4H 17.7.5uV  18. 3.1V
20. (i) 6.4 X 10°N (i) 6.4 X 107*W 21. 05V 23. 3.14 X 10° V

25. (i) % (i) % (i) %
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7 Alternating Current

POINTS TO

REMEMBER

1. Alternating Current

. . . . . I
Alternating current is the one which changes in magnitude 47 oT
continuously and in direction periodically. The maximum value of vT
current is called current-amplitude or peak value of current. 1 — i}
It is expressed as
I =1, sin wt
Similarly alternating voltage (or emf) is

V = Vysin ot

. Mean and RMS Value of Alternating Currents
The mean value of alternating current over complete cycle is zero.
ie., U nean)fut eyete = 0
For half cycle,

21,
Unandiaif e = 0~ = 0-6361,
2V,
V, =—5=0636V,

An electrical device reads root mean square value as
.=/ =i:07071 v ..
ms ¥ mean @ = 0 " s ‘/2_,

. Phase Difference between Voltage and Current

In acircuit having a reactive component, there is always a phase difference between applied voltage
and the alternating current.

If E=Egsinat
Current, [ = Isin (ol+d)
where ¢ is the phase difference between voltage and current.

0.7077,

. Impedance and Reactance

Impedance: The opposition offered by an electric circuit to an alternating current is called
impedance. It is denoted as Z. Its unit is ohm.

Z=K=E=Vﬂ
I Lo L
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Reactance: The opposition offered by inductance and capacitance or both in ac circuit is called
reactance. It is denoted by X or X;.

The opposition due to inductor alone is called the inductive reactance while that due Lo capacitance
alone is called the capacitive reactance.

Inductive reactance, X, =wL

iz 1
Capacitive reactance, e e

5. Purely Resistive Circuit

If a circuit contains pure resistance, then phase difference ¢=0 ie., 1 v
current and voltage are in the same phase. Phase diagram

Impedance, Z = R

6. Purely Inductive Circuit

If a circuit contains pure inductance, then ¢ = -%, i.e., current lags behind the applied voliage by
an angle %
i If V=Vsinat

1=1,sinfwt - 3)

In this case inductive reactance, X = oL
The inductive reactance increases with the increase of frequency of AC linearly (fig. b).

Vi G v
fo P )
Q I
1 v
XL A 7 I A 7 3n
2 : —pot
|
Phase diagram T

(a) (b) (c)

7. Purely Capacitive Circuit
b

If circuit contains pure capacitance, then ¢ = o> i.e., current leads the applied voltage by angle
.
e
2
T S Ly
V = Vysinoxt,I = J‘Qsm(tm 9 )
3 1
Capacitance reactance, X . =
p € oC
Clearly capacitance reactance (X¢) is inversely proportional to the frequency v (fig. b).
| v
\ e T
1 %o v
or j —rt
: T/4 T2 314
nf2 © @ Lo
28 /2 n mld  2m ot
=i .
o R 3
Ve § 3 B
o —
E—
Frequency of ac source
(a) (b) (c)
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10.

Series LCR Circuit R |2 c
If a circuit contains inductance L, capacitance C and resistance R,

connected in series Lo an alternating voltage V' = V), sin et

then impedance Z = .‘/’.R2 + (XC—XL)E
XF_XL V =V, sin ot
and phase ¢ = wn'lT (a)
e
Net voltage V=yVe+¥-V)?
Vi
Resonant Circuits S0 Yo,
vorvy |8
Series LCR circuit: In series LCR circuit, when phase (¢) ( 5 U e

between current and voltage is zero, the circuit is said to be

e . 1
resonant circuit. In resonant circuit X. =X, or— = wlL Ve
C L wC (b)

1
JLC

= w=

Resonant angular frequency @, = ——

e 2 VO VvILC

(linear) frequency, v, = i £ N
q Y, v, 9 on/IC

At resonant frequency ¢ =0,V = I,

Quality factor (Q) To

The quality factor (Q) of series LCR circuit is defined as the 0acly

ratio of the resonant frequency to frequency band width of T]
the resonant curve.
o, o, L

Q: = @1 g Oz
Wy -, R o

Clearly, smaller the value of R, larger is the quality factor and

sharper the resonance. Thus quality factor determines the nature of sharpness of resonance. It
has no unit.

Power Dissipation in AC Circuit is

P=V,I cosp= é—%fncnscb

R . :
where cos$ = 7 the power factor.

For maximum power
cos¢=1 or Z=R
i.e., circuil is purely resistive.
For minimum power
cos¢=0 or R=0
i.e., circuit should be free from ohmic resistance.
Power loss, P = PR
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11. Wattless Current

In purely inductive or purely capacitive circuit, power loss is zero. In such a circuit, current
flowing is called wattless current.

X X
et )

12. AC Generator
It is a device used to convert mechanical energy into electrical energy and is based on the
phenomenon of electromagnetic induction. If a coil of N turns, area 4 is rotated at frequency v
in uniform magnetic field of induction B, then motional em[in coil (il initally it is perpendicular
to field) is
£=NBA o sin of with ® = 2nv
Peak emf, £y= NBA @

13. Transformer
A transformer is a device which converts low ac voliage into high ac voltage and vice versa. It
works on the principle of mutual induction. If N, and N are the number of turns in primary
and secondary coils, Vp, and I, are voliage and current in primary coil, then voliage () and
current ({g) in secondary coil will be

Ny Np
VS - (FP)VP and IS - (Ts)fp
Step up transformer increases the voltage while step down transformer decreases the voltage.
In step up transformer V> Vp so Ng > Np
In step down transformer Vi< Vp so Ng < Np
Energy Losses and Efficiency of a Transformer

(i) Copper Losses: When current flows in primary and secondary coils, heat is produced. The
power loss due o Joule heating in coils will be iR where R is resistance and i is the current.

(#) Iron Losses (Eddy currents): The varying magnetic flux produces eddy currents in iron-core,
which leads to dissipation of energy in the core of transformer. This is minimised by using a
laminated iron core or by cutting slots in the plate.

(iii) Flux Leakage: In actual transformer, the coupling of primary and secondary coils is never
pertect, i.e., the whole of magnetic flux generated in primary coil is never linked up with the
secondary coil. This causes loss of energy.

(iv) Hysteresis Loss: Thealternating current flowing through the coils magnetisesand demagnetises
the iron core repeatedly. The complete cycle of magnetisation and demagnetisation is termed
as hysteresis. During each cycle some energy is dissipated. However, this loss of energy is
minimised by choosing silicon-iron core having a thin hysteresis loop.

(v) Humming Losses: Due to the passage of alternating current, the core of transformer starts
vibrating and produces humming sound. Due to this a feeble part of electrical energy is lost in
the form of humming sound.

On account of these losses the output power obtained across secondary coil is less than input
power given to primary. Therefore, the efliciency of a practical transformer is always less than

100%.

output power obtained from secondary

Percentage efliciency of transformer = : : : x 100%
input power given to primary

Vi
=5 100%

Vilp
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Multiple Choice Questions

Choose and write the correct option(s) in the following questions.

1.

If the rms current in a 50 Hz ac circuit is 5 A, the value of the current 1/300 seconds after its
value becomes zero is [NCERT Exemplar]

@ 542 A ®) 5\/’% i © 56 A @) 51v2 A

An alternating current generator has an internal resistance R and an internal reactance X,. It

is used to supply power to a passive load consisting of a resistance R, and a reactance X;. For

maximum power to be delivered from the generator to the load, the value of X; is equal to
[NCERT Exemplar]

(a) zero b) X, (&) - X, (d) R,

. When a voltage measuring device is connected to ac mains, the meter shows the steady input

voltage of 220 V. This means [NCERT Exemplar]
(@) input voltage cannot be ac voltage, but a de voltage.

(b) maximum input voltage is 220 V.

(¢) the meter reads not ¥ but <> and is calibrated 1o read /< V? > .

(d) the pointer of the meter is stuck by some mechanical defect.

To reduce the resonant frequency in an LCR series circuit with a generator [NCERT Exemplar]
(a) the generator frequency should be reduced.

(b) another capacitor should be added in parallel to the first.

(¢) theiron core of the inductor should be removed.

(d) dielectric in the capacitor should be removed.

. Electrical energy is transmitted over large distances at high alternating voltages. Which of the

following statements is (are) correct? [NCERT Exemplar]
(a) For a given power level, there is a lower current.
(b) Lower current implies less power loss.
(¢) Transmission lines can be made thinner.
(d) Iris easy to reduce the voltage at the receiving end using step-down transformers.
In a pure inductive circuit, the current
(a) lags behind the applied emf by an angle
(b) lags behind the applied emf by an angle /2
(¢) leads the applied emf by an angle /2
(d) and applied emf are in same phase
When an ac voltage of 220 V is applied to the capacitor C [NCERT Exemplar]
(@) the maximum voltage between plates is 220 V.
(b) the currentis in phase with the applied voltage.
(¢) the charge on the plates is in phase with the applied voliage.
(d) power delivered to the capacitor is zero.
In an ac circuit, voltage V and current i are given by
¥ = 100 sin 100 ¢ volt
i = 100 sin (100¢ + n/3) mA
The power dissipated in the circuit is
(a) 10*'wW ) 10W ) 25 W ) 5w
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10.

11.

12,

13.

14.

15.

16.

17.

18.

Which of the following combinations should be selected for better tuning of an LCR circuit used

for communication? [NCERT Exemplar]
(@) R=20Q,L=15H,C=35pF )R=25Q,L=25H,C=45pF
(c) R=15Q,L=35H,C=30pF dR=25Q,L=15H,C=45pF
The output of a step-down transformer is measured to be 24 V. when connected to a 12 watt light
bulb. The value of the peak current is [NCERT Exemplar]
@ 1/y2 A &) v2 A ©2A () 242 A
The selectivity of a series LCR ac circuit is large, when [CBSE 2020 (55/5/1]
(a) Lislarge and R is large (b) L is small and R is small
(¢) Lislarge and R is small dL=R
The phase difference between the current and the voltage in series LCR circuit at resonance
is [CBSE 2020 (55/5/2]
(@) = (b) m/2 () /3 (d) zero
An alternating current is given by i = i, cos f + i, sin ot. The rms current is given by

i +i, i —i [i2+i2 i
@ % ® @y @ 2

An alternating voltage source of variable angular frequency ‘@’ and fixed amplitude ‘V” is
connected in series with a capacitance C and electric bulb of resistance R (inductance zero).
When ‘@’ is increased [CBSE Sample Paper-2022, Term-1]
(a) the bulb glows dimmer

(b) the bulb glows brighter

(¢) netimpedance of the circuit remains unchanged

(d) total impedance of the circuit increases

The rms current in a circuit connected to a 50 Hz ac source is 15A. The value of the current
ik
in the circuit (m)s after the instant the current is zero, is [CBSE 2022 (55/2/4), Term-1]
15 - V2
(a) ﬁA b) 15/2A (c) ISA d) 8A
T
When an alternating voltage E = E, sin of is applied to a circuit, a current ] = I, sin (mt + 9
flows through it. The average power dissipated in the circuitis [CBSE 2022 (55/2/4), Term-1]
El,
V2
The voltage across a resistor, an inductor, and a capacitor connected in series to an ac source
are 20 V, 15 V and 30 V respectively. The resultant voltage in the circuit is
[CBSE 2022 (55/2/4), Term-1]
(@) BV b 20v ) 25V (d) 65V
A series LCR circuit is shown in figure. The source frequency f

is varied, but the current is kept unchanged. Which of the curves
shows changes of V. and V, with frequency?

(@) Eo - L () Ed, ©

(d) zero

A ‘?"‘L Ve
(OB
-
V, e
'S I the " v
() v Vv
e =t
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19.

20.

21.

22.

23.

24.

25.

A 300 Q resistor and a capacitor of (E)pl" are connected in series to a 200 V - 50 Hz ac
source. The current in the circuit is [CBSE 2022 (55/2/4), Term-1]
(@ 0.1A ) 0.4 A ©) 0.6 A ) 0.8 A
The core of a transformer is laminated to reduce the effect of
[CBSE Sample Paper-2022, Term-1]

(a) flux leakage () copper loss (¢) hysteresis loss (d) eddy current
Which among the following is not a cause for power loss in a transformer?

[CBSE Sample Paper-2022, Term-1)]
(a) Eddy currents are produced in the soft iron core of a transformer.
(b) Electric flux sharing is not properly done in primary and secondary coils.
(¢) Humming sound produced in the transformers due to magnetostriction.
(d) Primary coil is made up of a very thick copper wire.
Which of the following graphs represent the variation of current (I) with frequency (f) in an
AC circuit containing a pure capacitor? [CBSE Sample Paper-2022, Term-1)]

i
(d) ‘

1

) ()
[ b

7 & /

An inductor, a capacitor and a resistor are connected in series across an ac source of voltage.
If the frequency of the source is decreased gradually the reactance of [CBSE 2023 (55/3/1)]
(a) both the inductor and the capacitor decreases.

(b) inductor decreases and the capacitor increases.

(c) both the inductor and the capacitor increases.

(d) inductor increases and the capacitor decreases.

The figure shows variation of current (I) with time (t) in four devices P, Q, R and §. The device
in which an alternating current flows is [CBSE 2023 (55/4/1)]

1

O'/-\ /\ t
VARV

(a) P o a ) R s

An ac voltage v = v, sin ot is applied to a series combination of a resistor R and an element X.

b3
The instantaneous current in the circuit is I = I, sin (mt * —). Then which of the following is

4

correct?
(a) Xisacapacitorand X, = y2 R
(¢) Xisaninductorand X; = 2 R

[CBSE 2023 (55/4/1)]
(b) Xis an inductor and X; = R
(d) X is a capacitor and X, = R
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26. The instantaneous values of EMF and the current in a series AC circuit are E = E sin ot and

I = I sin (wt+ 7/3) respectively, then it is

[CBSE Sample Paper-2022, Term-1)

(a) necessarily a RL circuit (b) necessarily a RC circuit
(c) necessarily a LCR circuit (d) can be RC or LCR circuit
Answers
1. & 2. () 3. (o) 4. (b) 5. (a), (), (d) 6. (b) 7. (e), (d)
8. (o) 9. (c) 10. (@) 11. (o) 12. () 13. (©) 14. (b)
15. (a) 16. () 17. () 18. (a) 19. () 20. (d) 21. (d)
22. (¢) 23. (b) 24. (a) 25. (d) 26. (d)

Assertion-Reason Questions

In the following questions, a statement of Assertion (A) is followed by a statement of Reason (R). Choose the
correct answer out of the following choices.

Both A and R are true and R is the correct explanation of A.

Both A and R are true but R is not the correct explanation of A.

A is true but R is false.

A is false and R is also false.

(@)
(®)
©
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Assertion(4) :

Reason (R) :

Assertion(4)

Reason (R) :
Assertion(4) :

Reason (R) :
Assertion(4) :

Reason (R) :
Assertion(A4) :
Reason (R) :
Assertion(A4) :
Reason (R) :
Assertion(A4) :
Reason (R) :
Assertion(A4) :
Reason (R) :

An alternating current of frequency 50 Hz becomes zero, 100 times in one
second.

Alternating current changes direction and becomes zero twice in a cycle.

:+ Capacitor serves as a block for DC and offers an easy path 1o AC.
Reason (R) :
Assertion(4) :

Capacitive reactance is inversely proportional to frequency.

When capacitive reactance is smaller than the inductive reactance in LCR circuit,
emf leads the current.

The phase angle is the angle between the alternating emf and alternating current
of the circuit.

Transformers are used only in alternating current source not in direct
current.

Only a.c. can be stepped up or down by means of transformers. [AIIMS 2009]

An inductance and a resistance are connected in series with an AC circuit. In this
circuit the current and the potential difference across the resistance lags behind
potential difference across the inductance by an angle 7/2.

In LR circuit voltage leads the current by phase angle which depends on the
value of inductance and resistance both.

In series LCR resonance circuit, the impedance is equal to the ohmic resistance.
At resonance, the inductive reactance exceeds the capacitive reactance.

An alternating current does not show any magnetic effect.

Alternating current does not vary with time.

In series LCR-circuit, the resonance occurs at one [requency only.

At resonance, the inductive reactance is equal and opposite to the capacitive reactance.
A step-up transformer cannot be used as a step-down transformer.

A transformer works only in one direction. [CBSE 2022 (55/2/4), Term-1]



10. Assertion(4) : Itis advantageous to transmit electric power at high voltage.
Reason (R) : High voltage implies high current. [AIIMS 2010]
Answers
1. (@) 2. (a) 3. (b 4. (a) 5. (b) 6. () 7. (d)
8. (@) 9. @) 10. (b)

Case-based/Passage-based Questions

Read the paragraph given below and answer the questions that follow:

Electrical Energy Transmission and Distribution:

Step-up Step-down
transformer  transformer

Power
Station

City
Sub-station

Transmission line
Figure: Long distance power transmissions

The large-scale transmission and distribution of electrical energy over long distances is done with
the use of transformers. The voltage output of the generator is stepped-up. It is then transmitted
over long distances o an area sub-station near the consumers. There the voliage is stepped down.
Itis further stepped down at distributing sub-stations and utility poles before a power supply of 240
V reaches our homes. [CBSE Sample Paper-2022, Term-I, Modified)

@

(i)

(iid)

Which of the following statement is true?

(a) Energy is created when a transformer steps up the voliage.

(b) A transformer is designed to convert an AC voltage to DC voltage.

(¢) Step-up transformer increases the power for transmission.

(d) Step-down transformer decreases the AC voltage.

If the secondary coil has a greater number of turns than the primary,

(a) the voltage is stepped-up (V; > V) and arrangement is called a step-up transformer

(b) the voltage is stepped-down (V; < V) and arrangement is called a step-down transformer

(c) the currentis stepped-up (7, > I,) and arrangement is called a step-up transformer

(d) the current is stepped-down (/; < I,) and arrangement is called a step-down transformer
OR

We need to step-up the voltage for power transmission, so that

(a) the current is reduced and consequently, the I°R loss is cut down

(b) the voltage is increased , the power losses are also increased

(¢) the power is increased before transmission is done

(d) the voliage is decreased so F#/R losses are reduced

A power transmission line feeds input power at 2300 V to a step down transformer with its

primary windings having 4000 turns. The number of turns in the secondary in order to get

output power at 230 V are

(@) 4 ®) 40

(¢) 400 (d) 4000
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(iv) The metal/alloy that is more suitable for making cores of transformers is
(a) steel (b) solt iron (¢) copper (d) brass
Explanations
(@) (d) In step down transformer,
Vs < Vp and I5=> Ip.
So, step-down transformer decreases the ac voliage.
(#) (a) In step up transformer,

V>V, and Ip> I

Ns % I
and, 7—=57=5>1
N, V, I

i.e., if number of turns in secondary coil are more than the number of turns in primary coil,
then voltage is increased, and hence they are called step-up transformers.
OR
(a) Current is reduced if voltage is stepped up so consequently IR (copper losses) are cut down.
(i)  (c) Given, Ep= 2300V

Eg=230V
N, = 4000

B N

lhen, E = E
2300 _ 4000

230 N,

s
= Ng = 400
So, number of turns in secondary are 400.

(iv) (b) Solt iron because it reduced the hysteresis loss.

CONCEPTUAL QUESTIONS

Q. 1. Define capacitor reactance. Write its SI units? [CBSE Delhi 2015]
Ans. The imaginary/virtual resistance offered by a capacitor to the flow of an alternating current is

: 1 v %
called capacitor reactance, X. = ——. Its ST unit is ohm.
¢ wC
Q. 2. Explain why current flows through an ideal capacitor when it is connected to an ac source but
not when it is connected to a dc source in a steady state. [CBSE (East) 2016]

Ans. For ac source, circuit is complete due to the presence of displacement current in the capacitor.

For steady de, there is no displacement current, therefore, circuit is not complete.
1 1

Mathematically, Capacitive reactance X, = TG Bl

So, capacitor allows easy path for ac source.
Forde, v = 0, so X, = infinity,
So capacitor blocks dc.
Q. 3. Define “quality factor’ of resonance in series LCR circuit. What is its SI unit? [CBSE Deihi 2016)
Ans. The quality factor (Q) of series LCR circuit is delined as the ratio of the resonant frequency to
frequency band width of the resonant curve.
w, o L

Q= wy-; ~ R
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Q.4

Ans.

Q.5.

Ans.

Q. 6.
Ans.

Q.7

Ans.

Ans,

Q.9.

Ans.

Q. 10.

Clearly, smaller the value of R, larger is the quality factor and sharper the resonance. Thus
quality factor determines the nature of sharpness of resonance.

It has no units.

In a series LCR circuit, V; = Vo=V, .

What is the value of power factor for this circuit? [CBSE Panchkula 2015

Power factor, o

v, 1
e ;
VVp T (N -Vp) | Ve =V
Va j
Since V=V, ;cosp =—=1 1
Ve 0 i
The value of power factor is 1. Ve=Ilg.R It

The power factor of an ac circuit is 0.5. What is the phase difference between voltage and
current in this circuit? [CBSE (F) 2015, (South) 2016]

Power factor between voltage and current is given by cos ¢ , where ¢ is phase difference

cos¢ = 0.5 = ;—:: ¢ = cos™! (%) = %
What is wattless current? [CBSE Delhi 2011, Chennai 2015]
When pure inductor and/or pure capacitor is connected to ac source, the current flows in the

. . . o g s TE
circuit, but with no power loss; the phase dillerence between voltage and current is 9 Such a
current is called the wattless current.

What is the impedance of a capacitor of capacitance C in an ac circuit using source of frequency
n Hz? [CBSE 2020 (55/2/1)]

@ﬂe@%@uﬁ&b/ cZéL Jaot: o= Sy, -

m 747
[Tﬁpper s Answer 2020]

A light bulb and a solenoid are connected in series across an ac source of voltage. Explain,
how the glow of the light bulb will be affected when an iron rod is inserted in the solenoid.

[CBSE (F) 2017]

When iron rod is inserted in the coil, the inductance of coil increases; so impedance of circuit

increases and hence, current in circuit [ = # decreases. Consequently, the glow of
VR* + (oL)* '

bulb decreases.
Why is the use of ac voltage preferred over de voltage? Give two reasons.  [CBSE (4l) 2014]
(i) The generation of ac is more economical than dc.

(i) Alternating voltage can be stepped up or siepped down as per requirement during
transmission from power generating station to the consumer.

(#i1) Alternating current in a circuit can be controlled by using wattless devices like the choke coil.

(iv) Alternating voltages can be transmitted from one place 1o another, with much lower energy
loss in the transmission line.

What is the average value of ac voltage
V = V sin ot

over the time interval £ = 0 to ¢ = o~ [HOTS]
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njw
cosml
fm Vit M0y ikl VI]{_ ® } V. v
=20 - 0 = CH -—n[cos n—cos 0] = —
av T T () T s
Ll [t wh
What is the rms value of alternating current shown in figure? [HOTS]

In given ac, there are identical positive and negative half cycles, so the mean value of current is
zero; but the rms value is not zero.

2A
T2 T
o - e [P@fa+,e2ta [faa ) T
s f: dt T T R T 3T2
= L e
I, =J4=2A o |

Very Short Answer Questions

Each of the following questions are of 2 marks.

Q.1

Ans.

Q2.

Ans.

An alternating voltage E = E; sin ot is applied to a YV [Z}
circuit containing a resistor R connected in series with a
black box. The current in the circuit is found tobe I = I,
sin (ot + 7/4).
(i) State whether the element in the black box is a capacitor (=)

o
or inductor. E = Egsinmt

(ii) Draw the corresponding phasor diagram and find the
impedance in terms of R.

T
(1) As the current leads the voliage by I the element used in black box is a ‘capacitor’.
- Vg, I
(i) Here, tan~ =V V, = 1= wl4
: 4 Vclr A
= Ve =Vy = X, =R Ve
Impedance Z = /(X)? + R? = YR+ R? = \/2R?
’ E Y
. Z=42R
The coil of an ac generator consists of 100 turns of wire, each of area 0.5m?. The resistance

of the wire is 100 (). The coil is rotating in a magnetic field of 0.8 T perpendicular to its axis
of rotation, at a constant angular speed of 60 radian per second. Calculate the maximum emf
generated and power dissipated in the coil. [CBSE 2023 (55/2/1)]

Given, N =100,4 =0.5m% R = 1000, B = 0.8T, ® = 60 rad s~
emf generate,
gy = NAwB = 100 x 0.5 X 60 x 0.8

= 2400 volt
(2400 )?
i p e N
Power dissipated, P—T—W = 28.8 kW
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Q.3. (a) Explain the term ‘sharpness of resonance’ in ac¢ circuit.
(b) In a series LCR circuit, ¥, = V. # V. What is the value of power factor for this circuit?
[CBSE 2020 (55/2/1)]

s AOR ciyeuwil, Ves Ve ¥ Ve.
ﬁeﬂﬁ&w e A et e
v/

[Topper’s Answer 2020]

Q. 4. A circular coil of radius 10 cm and 20 turns is rotated about its vertical diameter with angular
speed of 50 rad s™' in a uniform horizontal magnetic field of 3-0 X 10~ T.
(#) Calculate the maximum and average emf induced in the coil.
(i) If the coil forms a closed loop of resistance 10 (), calculate the maximum current in the
coil and the average power loss due to Joule heating. [CBSE 2019 (55/4/1)]

Ans. (i) Here,r = 10 ecm, N = 20 turns, © = 50 rad &
B=30x 10T
g, = NBAw
=20 x 3 x 107 x 7 (10 x 107%?* x 50 Y%
= 0.942 volt
g4y = 0, over a cycle Ya

.t 00842
@R =

= % X 0.942 x 0.094

= 0.045 watL. a2
[CBSE Marking Scheme 2019 (55/4/1)]

Q. 5. Calculate the quality factor of a series LCR circuit with L = 20 H,C = 2 yFand R = 10 Q.
Mention the significance of quality factor in LCR circuit. [CBSE (F) 2012]

1L _1 [ 2

Ans. We have, =xve = m‘\;. W = 100
It signifies the sharpness of resonance.

Q. 6. An ac source of emf V = ¥ sin ot is connected to a capacitor of capacitance C. Deduce the
expression for the current (I) flowing in it. Plot the graph of (i) V' vs. wt, and (ii) I vs. ot.

[CBSE 2020 (55/2/1), 2023 (55/3/1)]
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Ans. Let g be the charge on capacitor (C) and /, the current in the circuit at anycinstam, them

Q.7

Ans.

Ans.

Q.9.

Ans.

Q. 10.

Ans.

248 Xa

instantaneous current is given by

I=di=i('V sin wt = wCl, cos ot
e dt el
n " J
= =7 sinlot+ - =
Iycoswi=1, sm( 2) where, I al)
Graphs for (i) and (i)
K1 V=V, sinar
4
o i~ . » .
: \\\ \\
1 \ \\ (Dt

Both alternating current and direct current are measured in amperes. But how is the ampere
defined for an alternating current? [NCERT Exemplar]
An ac current changes direction with the source frequency and the attractive force would average to zero.
Thus, the ac ampere must be defined in terms of some property that is independent of the direction
of current. Joule’s heating effect is such property and hence it is used to define rms value of ac.

A 60 W load is connected to the secondary of a transformer whose primary draws line voltage.
If a current of 0.54 A flows in the load, what is the current in the primary coil? Comment on
the type of transformer being used. [NCERT Exemplar]
Here, P, =60W,/, =054 A
60
A 111.1V
The transformer is step-down and have ;— mnput voltage. Hence
1 1
I,= EXIL =5 %054 = 0.27 A.
Explain why the reactance provided by a capacitor to an alternating current decreases with
increasing frequency. [NCERT Exemplar]

A capacitor does not allow flow of direct current through it as the resistance across the gap
is infinite. When an alternating voltage is applied across the capacitor plates, the plates are
alternately charged and discharged. The current through the capacitor is a result of this changing
voltage (or charge). Thus, a capacitor will pass more current through it if the voltage is changing
al a faster rate, i.e., if the frequency of supply is higher. This implies that the reactance offered
by a capacitor is less with increasing frequency; it is given by 1/oC.

Explain why the reactance offered by an inductor increases with increasing frequency of an
alternating voltage. [NCERT Exemplar]
An inductor opposes flow of current through it by developing an induced emf according to Lenz’s
law. The induced voltage has a polarity so as to maintain the current at its present value. If the
current is decreasing, the polarity of the induced emf will be so as to increase the current and vice
versa. Since the induced emf'is proportional to the rate of change of current, it will provide greater
reactance to the flow of current if the rate of change is faster, i.e., if the frequency is higher. The
reactance of an inductor, therefore, is proportional to the frequency, being given by oL.

m idea Physics—XII



Q.11. (a) A 44 mH inductor is connected to 220 V, 50 Hz ac supply. Determine the rms value of
current in the circuit. [NCERT) [CBSE (Al) 2013, 2012]
(6) What is the net power absorbed by the circuit in a complete cycle?
Ans. (a) Given L =44 mH=44 x 10 H, V, =220 V,v =50 Hz
Inductive reactance of current X = wL
. RMS value of current,
v v

rms s
I = T

ms T ol 2mvl
220

2><(27—2)><50x44>< 1073

220x7x10° _ 700

T2x22x50%x4d4 44
&) We know, P =V, . I, . cos d

=159A

: o T ;
In pure inductor circuit ¢ = = radians

= coso =0

As such net power consumed = T
u P = V, o s €OS 2 0

Short Answer Questions

Each of the following questions are of 3 marks.

Q. 1. Show that the current leads the voltage in phase by n/2 in an ac circuit containing an ideal
capacitor. [CBSE (F) 2014]
Ans. The instantaneous voltage,

V = Vysin @t <elf)
Let g be the charge on capacitor and /, the current in the circuit at any instant, then instantaneous
potential difference, I
q o I
-y 1l
V C P 11
From (i) and (i), we get I
o Vysinot = g = CV sinwt
: (=)
The instantaneous current, =
dq‘ d d V=V, sinae
I= e E(CVosmmt) = C%E(slnml) = CV,wcoswt
I= LB (
g Cos®
N n
I= Iosm(mt + 5)

Hence, the current leads the applied voltage in phase by 7/2.
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Q.2

An:

w

Q.3.

Ans.

Ans.

In a series LCR circuit, obtain the conditions under which (i) the impedance of the circuit is
minimum, and (ii) wattless current flows in the circuit. [CBSE (F) 2014]

(i) Impedance of series LCR circuit is given by
z= R+ (X,-X,)"
For the impedance, Z to be minimum,
X, =X,
(1) Power, P =V, I cosd
b
When ¢ = —
2
= bs
Power = | o5 =0
IS Tms 2
Therefore, wattless current flows when the impedance of the circuit is purely inductive or
purely capacitive.
In another way we can say, for wattless current to flow, drcuit should not have any ohmic
resistance (R= 0).
State the underlying principle of a transformer. How is the large scale transmission of electric
energy over long distances done with the use of transformers? [CBSE (Al) 2012]
The principle of transformer is based upon the principle of mutual induction which states that
due to continuous change in the current in the primary coil an emf gets induced across the
secondary coil. At the power generating station, the step up transformers step up the output
voltage which reduces the current through the cables and hence reduce resistive power loss.
Then, at the consumer end, a step down transformer steps down the voliage.
Hence, the large scale transmission of electric energy over long distances is done by stepping up
the voltage at the generating station to minimise the power loss in the transmission cables.
An electric lamp connected in series with a capacitor and an ac source is glowing with of
certain brightness. How does the brightness of the lamp change on reducing the (i) capacitance
and (ii) frequency? [CBSE Delhi 2010, (North) 2016]
(i) When capacitance is reduced, capacitive reactance X. = el increases, hence impedance of
circuit )

E= AL P

Cc
increases and so current [= % decreases. As a result the brightness
of the bulb is reduced.

©

5 2 1
i) When frequency decreases; capacitive reactance X, =——
@) q ¥y i P! C onv( Source

increases and hence impedance of circuit increases, so current

3

decreases. As a result brightness of bulb is reduced.
The figure shows the graphical variation of the 14
reactance of a capacitor with frequency of ac source.

e
N

(a) Find the capacitance of the capacitor.

&
o

(b) An ideal inductor has the same reactance at 100
Hz frequency as the capacitor has at the same
frequency. Find the value of inductance of the
inductor.

Reaclance ()
[ - S

(¢) Draw the graph showing the variation of the

reactance of this inductor with frequency. i
[CBSE 2020 (55/2/1)]

]

100 200 300 400
Frequency (Hz)
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X [Topper’s Answer 2020]

Q. 6. A capacitor of unknown capacitance, a resistor of 100  and an inductor of self inductance

4
L= (—2) henry are connected in series to an ac source of 200 V and 50 Hz. Calculate the
T

value of the capacitance and impedance of the circuit when the current is in phase with the
voltage. Calculate the power dissipated in the circuit. [CBSE South 2016]
1 1 1

Ans. Capacitance, C = — = F = F=25x10"F
Fin? %(21[ X 50)? 40000
T

Since V' and I are in same phase. then Z = R = 100
(2002
100

Power dissipated = TM = W =400 W
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Q. 7. A series LCR circuit is connected to an ac source (200 V, 50 Hz). The voltages across the
resistor, capacitor and inductor are respectively 200 V, 250 V and 250 V.

(i) The algebraic sum of the voltages across the three elements is greater than the voltage of
the source. How is this paradox resolved?

(#i) Given the value of the resistance of R is 40 Q, calculate the current in the circuit.

[CBSE (F) 2013]
Ans. (i) From given parameters 250 V 250V 200V

Ve =200V, V¥, =250 Vand V= 250 V
V, should be given as
Vig= Vg +V, V=200V + 250 V + 250 V O

=700V (200 V, 50 Hz)
However, I/;ﬂ > 200 V of the ae source.

This paradox can be solved only by using phaser diagram, as

’ S
given below: , L

T
-
V) =V + V-1

Vr
Since Vy = Ve so V=V =200V Ve
(i) Given R = 40 Q, so current in the LCR circuil.

L= [X.=X; or Z=R)]
200

=0 T84

Q. 8. (i) Find the value of the phase difference between the current and the voltage in the series
LCR circuit shown below. Which one leads in phase: current or voltage?

(ii) Without making any other change, find the value of the additional capacitor, C, to be
connected in parallel with the capacitor C, in order to make the power factor of the circuit

unity. [CBSE Delhi 2017, Allahabad 2015)
Ans. (1) Inductive reactance,
=, L=100mH C=2pF ¥

X, = oL = (1000 x 100 X 10°% Q = 100 O 20F R=4000

Capacitive reactance, I
1 1 )
X =—r=—"—""=2]0=5000
¢ ot (mooxzx 107°
Phase angle, =)
- el
tandy = ¥ C V = Vg sin (1000t + f)
R
_ 100-500 _
tandg = A0p 1
L8

o

As X > X;, (phase angle is negative), hence current leads voltage.
(i) To make power [actor unity
X=X, (where C' = net capacitance of parallel combination)
= 10

wC’ .

C'=10% 10°F = 10 pF

C'=C+C,
= 10=2+C, = C,=8yF
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Q.9. Aseries LCR circuitwithR = 200, L = 2 H and C = 50 uF is connected to a 200 volts ac source
of variable frequency. What is (i) the amplitude of the current, and (ii) the average power
transferred to the circuit in one complete cycle, at resonance? (iii) Calculate the potential
drop across the capacitor. [CBSE 2023 (55/4/1)]

Ans. (i) Atresonance,Z =R

Vs 200
Im= "7 =g =104

Amplitude of the current, f, = V2 % E..

1414 x 10 = 14.14 A

(1) Average power transferred to the circuit in one complete cycle at resonance,
= J% =
P=12 R=0107x20
= 2000 W

(z) Resonant frequency,
1 1

®,=——=—"—— = |00 rad/s
"oYLc Jexsox107®
1 1

Ko =

€7 wC  100x50%10°

Voltage across capacitor,

1

Ve=1 X =10x———— =2000V
5 e e 100 x50 % 107

Q. 10. A series CR circuit with R = 200 € and € = (50/m) pF is connected across an ac source of
peak voltage g, = 100 V and frequency v = 50 Hz. Calculate (a) impedance of the circuit (Z),

(b) phase angle (), and (c) voltage across the resistor. [CBSE 2023 (55/2/1)]
Ans. (2) Given, R = 200 Q,
I 1 _
Xe= %€ = 2n0C 50 =~ iR0R

2mX 50 % ——x 107

Impudence, Z = /R? + Xg

7 = /(2007 + (200 = 200,2 Q

X
e, 200 ke ks
(b) Phase angle, tan¢ = R - 200 - = o =45 or 3 rad
€& _ 100
(€) ey = —-=— 7V
V2 V2
100
= /2
and I, = ——= B — =1—A
Z 2002 4

So, Vp=1I_R= %XQOO =50V
. . 250 2 :
Q. 11. A resistor of 30 {} and a capacitor of —— uF are connected in series to a 200 V, 50 Hz ac
source. Calculate (i) the current in the circuit, and (ii) voltage drops across the resistor and
the capacitor (iii) Is the algebraic sum of these voltages more than the source voltage? If yes,

solve the paradox. [CBSE 2023 (55/4/1)]
Ans. (i) capacitive reactant,
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1 1

= = s _ 250
X. = AT R=30Q C=——uF
1 W {f
21 % 50 x % x 1078
=400 @
Impedance of the circuit, Z = /RZ + X2 -
P = c 220V, 50 Hz
= /(307 + (407 =500
Ems 200
So, current in the circuit, [,,,,, = —— = 208 =4A

i z 50
(i) Voltage across resistor, Vy =1 R =4 x30=120V
Voliage across capacitor, Ve = I, X = 4 X 40 = 160 V
(i2i) The algebraic sum of voltages across the combination is
Vips = Vp + Ve =120 + 160 = 280 V
While V,,,, of the source is 200 V. Yes, the voltages across the combination is more than the
voltage of the source. The voltage across the resistor and capacitor are not in phase.
This paradox can be resolved as when the current passes through the capacitor, it leads the

voltage V. by phase g So voltage of the source can be given as,

Vs = V2 +VE = V(1207 + (160F

= 14400 + 25600 = 200 V.
. 12. The primary coil of an ideal step up transformer has 100 turns and transformation ratio is also
P iy o
100. The input voltage and power are 220 V and 1100 W respectively. Calculate
(a) the number of turns in the secondary coil.
(b) the current in the primary coil.
(c) the voltage across the secondary coil.
(d) the current in the secondary coil.

() the power in the secondary coil. [CBSE Delhi 2016]

Number of turns in secondary coil(N)
Ans. (a) Transformation ratior =

Number of turns in primary coil (N,)
Given Np=100, r = 100

Number of turns in secondary coil, Ng = rNp =100 x100=10,000
(b) Input vohage V, = 220 V, Input power P,, = 1100 W

o ; Fin _ 1100
Current in primary coil 1= v, =990 = 5A
(¢) Voltage across secondary coil (V) is
V,
V=1 = 100 X 220 = 22,000 V= 22 kV (r = 7‘)
i
(d) Current in secondary coil ({),
v} I
Bl g
=4 =Tog = 0:05A (r ’s)

(¢) Power in secondary coil, P,,, = Vglg = 22 X 10% x0.05 =1100 W

Obviously power in secondary coil is same as power in primary. This means that the
transformer is ideal, i.e., there are no energy losses.
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Q.13.

Ans.

Ans.

An inductor L of reactance X, is connected in series with a bulb L %lb

B to an ac source as shown in figure. Explain briefly how does

the brightness of the bulb change when (i) number of turns of the

inductor is reduced (ii) an iron rod is inserted in the inductor

and (iii) a capacitor of reactance X = X| is included in the circuit. A.C. Source
[CBSE Delhi 2014, 2015]

Brightness of the bulb depends on square of the I,,,, (i.e., I%,,)

Impedance of the circuit, Z = R? + (wL)?

and

: — vV
Current in the circuit, I = 2
(i) When the number of turns in the inductor is reduced, the sell inductance of the coil

decreases; so impedance of circuit reduces and so current in the circuit (1 = 7] increases.

Thus, the brightness of the bulb increases.

(1) When iron (being a ferromagnetic substance) rod is inserted in the coil, its inductance
increases and in turn, impedance of the circuit increases. As a result, a larger fraction of the
applied ac voltage appears across the inductor, leaving less voltage across the bulb. Hence,
brightness of the bulb decreases.

(i) When capacitor of reactance X; = X, is introduced, the net reactance of circuit becomes
zero, so impedance of circuit decreases; it becomes Z = R; so current in drcuit increases;
hence brightness of bulb increases. Thus brightness of bulb in both cases increases.

A capacitor (C) and resistor (R) are connected in series with an ae source of voltage of frequency

50 Hz. The potential difference across C and R are respectively 120 V, 90 V, and the current

in the circuit is 3 A. Calculate (i) the impedance of the circuit (ii) the value of the inductance,
which when connected in series with € and R will make the power factor of the circuit unity.

[CBSE 2019 (55/2/1)]
As from relation,
R 90
ox E PR (T 30Q
Vv,
c 120
X, = ? =3 = 40Q

. ) _ TR
(i) Impedance, Z = /R*+X,

V302 +407 =50Q

(1) As power factor = 1

Now, X, =X,
2nvLl = 40
100xL = 40
2
E= EH'
Q. 15. The figure shows a series LCR circuit connected to a variable frequency 230 ¥ source.
40 Q
230V == 80 uF
50H

(a) Determine the source frequency which drives the circuit in resonance.
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(b) Calculate the impedance of the circuit and amplitude of current at resonance.
(¢) Show that potential drop across LC combination is zero at resonating frequency.

[CBSE 2019 (55/2/1)]
Ans. (a) = l_ = 1 = 1
VLG /5x80x10°  /400%x10°
_ 1000 _ _w _50 _28
=" = 50rads = f_27[_2n_ = Hz
(b) At resonance, Z=R =40Q
30 0v2
_230v2 _230v2
max R 40
it e T : =205V [ Xy = —
€ Ve =lunXe = —3p 50x80%10° =30~ apd
230v2
V=i _.Xi= 4({ Xbh0x5 =202V [.X, =wl]
Hence, V.-V, =0
Q. 16. A device ‘X’ is connected to an ac source. The variation A

of voltage, current and power in one complete cycle is e d
shown in the figure. N q
(a) Which curve shows power consumption over a full % —: 4

cycle? = 41//
(b) What is the average power consumption over a v C

cycle? f—
(c) Identify the device ‘X", [NCERT Exemplar]

Ans. (a) A

(&) Zero
(¢) L or C or LC Series combination of L and C

Q. 17. (i) Draw the graphs showing variation of inductive reactance and capacitive reactance with
frequency of applied ac source.

(i) Can the voltage drop across the inductor or the capacitor in a series LCR circuit be greater

than the applied voltage of the ac source? Justify your answer. [HOTS]
Ans. (i) (a) X;=wL = 2nvL; graph of X; and v is a straight line
®) X, ==

et B graph of X;: and v is a rectangular hyperbola as shown in fig.

I I

XL X
v— v—
(a) (b) v,
(@) Yes; because V = /V2 + (V.V,)%; )
As V. and V, have opposite faces, V; or I/, may be greater than . 4 ?
The situation may be as shown in figure where V> v v

Cc

Q. 18. The variation of inductive reactance (X;) of an inductor with the frequency (f) of the ac source
of 100 V and variable frequency is shown in the fig.
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X )
B R e e

L

20 f-—-— i

; 1
0 100 200 300
f (in Hz)
(i) Calculate the self-inductance of the inductor.
(i) When this inductor is used in series with a capacitor of unknown value and a resistor
of 10 Q at 300 s™', maximum power dissipation occurs in the circuit. Calculate the

capacitance of the capacitor. [CBSE 2020 (55/5/1)]
Ans. As we know, X, = 2afL 14
X
S R U = L
L= 2nf ~ 2m% 200 0.1/ henry =0.032H Ye
Maximum power dissipation takes place at resonance, ia
= 1 14
2nyLC
= C= TR — F %
L %300 x4n®
= ﬁF = 8.8uF e
O Isaxll xix [CBSE Marking Scheme 2020 (55/5/1))

Long Answer Questions

Each of the following questions are of 5 marks.

Q. 1. Explain the term inductive reactance. Show graphically the variation of inductive reactance
with frequency of the applied alternating voltage.
An ac voltage V = V sin wt is applied across a pure inductor of inductance L. Find an
expression for the current i, flowing in the circuit and show mathematically that the current
flowing through it lags behind the applied voltage by a phase angle of % - Also draw (i) phasor
diagram (ii) graphs of V" and i versus ot for the circuit. [CBSE East 2016]
Ans. Inductive Reactance: The opposition offered by an inductor to the flow of alternating current
through it is called the inductive reactance. It is denoted by X;. Its value is X;. = eoL=2xfL
where L is inductance and f'is the frequency of the applied voliage.
Obviously X xf
Thus, the graph between X; and frequency f is linear (as shown in fig.).
Phase Difference between Current and Applied Voltage in Purely Inductive
circuit :
AC circuit containing pure inductance: Consider a coil of sell-induciance Ly
and negligible ohmic resistance. An alternating potential difference is applied
across its ends. The magnitude and direction of ac changes periodically, due

f—
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to which there is a continual change in magnetic flux linked with the coil. Therefore according
to Faraday’s law, an induced emf('is produced in the coil, which opposes the applied voltage. Asa
result the current in the circuit is reduced. That is inductance acts like a resistance in ac circuit.

The instantaneous value of alternating voltage applied

V = Vysin ot

i ; ; g r di
17 is the instantaneous current in the circuit and —

dt
at that instant, then instantaneous induced emf
di
e=-L>
dt

According to Kirchhofl's loop rule
o di _
V+E_0=)V_Ld£ =0

0

the rate of change of current in the circuit

ey,
N

or V=

or g

Integrating with respect to time *t',

¥ v
zecws ¥ . _ o cosmi
1——LJ51nuxd£——L{— oy i

"

i= Esin (mt—%)

This is required expression for current

or

L n

or 1= 1,810 (mt—g)

V.
: [
where W= oL
is the peak value of alternating current
Also comparing (i) and (iii), we note that current lags behind the applied
voltage by an angle % (Fig. b).

Phasor diagram: The phasor diagram of circuit containing pure
inductance is shown in Fig. (b).

}= —icoswt Ren

V=V, sin ot
(a)

o sin (g-u)t)

(i)

(i)

O~ Wt}

\ nf2 “Reference axis

. . — -~ o ia b) Ph di
Graphs of IV and 7 versus ! for this circuit is shown in fig. (¢). % TelEhescedeam
v
V

T i N

v !

oo mz @ b3 3n

— ot

(c)

Q.2

(a) What is impedance?

(b) A series LCR circuit is connected to an ac source having voltage V = ¥ sin ot . Derive
expression for the impedance, instantaneous current and its phase relationship to the

applied voltage. Find the expression for resonant frequency.

[CBSE Delhi 2010, 2023(55/1/1)]

258 Xam idea Physics—XII



Ans.

OR

(a) An ac source of voltage V' = V; sin ot is connected to a series combination of L, C and R.
Use the phasor diagram to obtain expressions for impedance of the circuit and phase
angle between voltage and current. Find the condition when current will be in phase with
the voltage. What is the circuit in this condition called?

(b) In a series LR circuit X, = R and power factor of the circuit is P;. When capacitor with
capacitance C such that X; = X is put in series, the power factor becomes P,.

P
Calculate Fl . [CBSE Delhi 2016]
2

Impedance: The opposition offered by the combination of a resistor and reactive component to

the flow of ac is called impedance. Mathematically it is the ratio of rms voltage applied and rms

current produced in circuit z.e., Z = %

Its unit is ohm (Q).

Expression for Impedance in LCR series circuit: Suppose resistance R, inductance L and
capacitance C are connected in series and an alternating source of voltage V' = V sin ot is
applied across it (fig. a). On account of being in series, the current (Z) [lowing through all of them
is the same.

R

L ¢ Vi
—swr——— — Lgnu Vi

VPtV —rt—V—® fVcIV._) i ¢

£ l
V=V, sin wt Vi

(@) (b)

Suppose the vollage across resistance R is Iy voliage across inductance L is V| and voltage across

capacitance C is V.. The voltage I, and current i are in the same phase, the voliage I, will lead
the current by angle 90° while the voliage V¢ will lag behind the current by angle 90° (fig. b).
Clearly V- and ¥ are in opposite directions, therefore their resultant potential difference =
VeV, (it Ve > V).

Thus Vi and (V. - ;) are mutually perpendicular and the phase difference between them is 90°.
As applied voltage across the circuit is V, the resultant of V, and (V; -F;) will also be V. From fig.

VQ_VQ‘i' 2 L 2 2
=Vr+(V.-V)® = V=AVa+{¥.-V)

But  Vp=Ri,V,=X iand V, =X, i

1 ” " x
where X. = BC = capacitance reactance and X; = oL= inductive reactance

V= J(Ri)? + (X, i- X,i)?

o V. _ == 5
Impedance of circuit, Z = £ VR (X-X))
9

ie, 2= R+ K- X)) = | R+ (ool

V,sin(wt + ¢)
Instantaneous current [ = ————=
VR +(got)
XC‘XL
R

The phase difference (¢) between current and voltage is given by, tan ¢ =
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Resonant Frequency: For resonance ¢= 0, so X -X; =0
.. oL = o’ = -

wC c

-

JiLc

Phase difference (9) in series LCR circuit is given by
VeV 8- X)  (Xe-Xp)

Resonant frequency w =
r

s V. " iR R
When current and voltage are’in phase
b=0 = Xp -X, =0= X =%
This condition is called resonance and the circuit is called resonant circuit.
Casel: X; = R
z=/R*+X] =/R*+R*= 2R
Power [actor, Pl =coshp = = k = A
Z 2R 2
Case II: X, =X¢
z=/R*+(X,-X) =VR =R
. R R
Power factor, L= v = R =1
5.4
LENG)

Q. 3. A device ‘X’ is connected to an ac source V' = V sin wt. The variation of voltage, current and

power in one cycle is show in the following graph:
¥

ol

(a) Identify the device ‘X".
(b) Which of the curves, 4, B and C represent the voltage, current and the power consumed in
the circuit? Justify your answer.
(¢) How does its impedance vary with frequency of the ac source? Show graphically.
(d) Obtain an expression for the current in the circuit and its phase relation with ac voltage.
Ans. (a) The device ‘X’ is a capacitor.
(b) Curve B : Voltage
Curve C : Current 1
Curve A : Power consumed in the circuit
Reason : This is because current leads the voliage in phase X
by % for a capacitor.

(¢) Impedance:
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= XC o lv
(d) Voltage applied 1o the circuit is
V = Vysin ot
Due to this voltage, a charge will be produced which will charge the plates of the capacitor

with positive and negative charges.

Lo = Qo=cv
Therefore, the instantaneous value of the current in the circuit is
dQ _dcy) _ d o
=— = == i [
i a a 4 (CV, sin wt) ‘ i
; |
i e 0 x
1= mCIf"J coswt = Ism(ml + 2)
wC ‘
I=1si ((nt + E)
Tt 2 &5
=F
Vg i V=V sinwr
where, [, = = Peak value of current
e

Hence, current leads the voltage in phase by %

Q. 4. (a) Analternating voltage V' =V, sin ® applied to a series LCR circuit drives a current given by
i = i, sin (ot +¢) . Deduce an expression for the average power dissipated over a cycle.

(b) For circuits used for transporting electric power, a low power factor implies large power
loss in transmission. Explain. [CBSE (F) 2011]

OR
A voltage V = V¥ sin ot is applied to a series LCR circuit. Derive the expression for the average
power dissipated over a cycle.
Under what condition is (i) no power dissipated even though the current flows through the
circuit, (if) maximum power dissipated in the circuit? [CBSE (A1) 2014]
Ans. (a) We have, V=V sinw and i=i,sin (ol+d)
and instantaneous power, P = Vi
V,, sin of . t, sin (of+ ¢)
=V, i, sin ol sin (o/+ ¢)
b
2

Vi, 2sinwi.sin(wt + ¢)
From trigonometric formula
2 sin 4 sin B =cos (4 - B) — cos (A+B)

Instantaneous power, P = lEV‘wim [cos(wt — wt — d)—cos(wt + ¢ + wi)]

= %Vmim[cos ¢ —cos (2t + )]
Average power for complete cycle,
P= IEVmim [cosd —cos (2wt + )]
where cos(wi + ¢) is the mean value of cos (2wi+ ¢) over complete cycle. But for a complete
cycle, cos (20i+ ¢) = 0.
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Average power, F=LV2‘ cosd =iz—ucos¢
kA V2 2

P=V_i_ cosd

rmstrms
(1) If phase angle ¢ = 90° (resistance R is not used in the circuit) then no power dissipated.
(i) If phase angle ¢ = 0° or circuit is pure resistive (or X; =X) at resonance then
Voo
Max power, P=V_  XI = -
(b) The power is P =V, [,,,, cos ¢. If cos ¢ is small, then current considerably increases when
voltage is constant. Power loss, we know is IR. Hence, power loss increases.

Q. 5. Find the condition for resonance in a series LCR circuit connected to a source V = ¥, sin ot,
where © can be varied. Give the factors on which the resonant frequency of a series LCR
circuit depends. Plot a graph showing the variation of electric current with frequency in a
series LCR circuit. [CBSE 2023 (55/1/1)]

Ans. Condition for resonance to occur in series LCR ac circuit:

For resonance the current produced in the circuit and emf applied must always be in the same phase.
Phase difference (@) in series LCR circuit is given by

X.-X
tan ¢ = CR L
For resonance ¢ = 0 = X=X, =0
or X=X,
e’ : _ A
If @, is resonant frequency, then X. = .C
and Xe=o,L
i SO
o,C VLC
i i , 1 I |/m
inear resonant frequency, v = -— =
WD Y"1 ™ onyIc ’”
Factors on which resonant frequency depends: j—%
1
: ; it
(Z) Inductance, i.e., ( i \/L)
vl VF VZ
—
(i) Capacilance, i.e., (‘-’r o J_) v
v

The graph of variation of peak current i, with frequency is shown above in fig. Half power
frequencies are the frequencies on either side of resonant frequency for which current reduces
to half of its maximum value. In fig., v, and v, are half power frequencies.

Q. 6. Explain with the help of a labelled diagram, the principle and working of an ac generator.
Write the expression for the emf generated in the coil in terms of speed of rotation. Can the
current produced by an ac generator be measured with a moving coil galvanometer?

OR
Describe briefly, with the help of a labelled diagram, the basic elements of an ac generator.
State its underlying principle. Show diagrammatically how an alternating emf is generated by
a loop of wire rotating in a magnetic field. Write the expression for the instantaneous value of
the emf induced in the rotating loop. [CBSE 2023 (55/2/1)]
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Ans.

OR

State the working of ac generator with the help of a labelled diagram.

The coil of an ac generator having N turns, each of area 4, is rotated with a constant angular

velocity ©. Deduce the expression for the alternating emf generated in the coil.

What is the source of energy generation in this device? [CBSE (Al) 2011]

AC generator: A dynamo or generator is a device which converts mechanical energy into

electrical energy.

Principle: It works on the principle of electromagnetic induction. When a coil rotates

continuously in a magnetic field, the effective area of the coil linked normally with the magnetic

field lines, changes continuously with time. This variation of magnetic [lux with time results in
the production of an alternating emf in the coil.

Construction: It consists of the four main parts:

(i) Field Magnet: [t produces the magnetic field. In the case of a low power dynamo, the
magnetic field is generated by a permanent magnet, while in the case of large power dynamo,
the magnetic field is produced by an electromagnet.

(i) Armature: It consists of a large number of turns of insulated wire in the soft iron drum or
ring. It can revolve round an axle between the two poles of the field magnet. The drum
or ring serves the two purposes: (a) It serves as a support to coils and (b) It increases the
magnetic field due to air core being replaced by an iron core.

(¢ééi) Slip Rings: The slip rings R, and R, are the two metal rings to which the ends of armature
coil are connected. These rings are fixed to the shaft which rotates the armature coil so that
the rings also rotate along with the armature.

(iv) Brushes: These are two flexible metal plates or carbon rods (B, and B,) which are fixed
and constantly touch the revolving rings. The output current in external load R is taken
through these brushes.

Working: When the armature coil is rotated in the strong magnetic field, the magnetic
flux linked with the coil changes and the current is induced in the coil, its direction being
given by Fleming's right hand rule. Considering o
the armature to be in vertical position and as it l,) Armature coll
rotates in clockwise direction, the wire ab moves b ;
downward and cd upward, so that the direction of /
induced current is shown in fig. In the external ———]
circuit, the current flows along B, R;B;. The N B
direction of current remains unchanged during = ;
the first half turn of armature. During the second

half revolution, the wire ab moves upward and ¢d

downward, so the direction of current is reversed

and in external circuit it flows along B, R, B|. Thus Slipfings.. |
the direction of induced emf and current changes \A Ry E_;j AP |
in the external circuit after each half revolution. £=Bs

Load
Ry

Expression for Induced emf: When the coil is rotated with a constant angular speed o , the
angle 8 between the magnetic field vector B and the area vector A of the coil at any instant
tis B =t (assuming 6 = 0° at¢ = 0). As a result, the effective area of the coil exposed to the
magnetic [ield lines changes with time, the flux at any time { is

by = BA cos 8 = BA cos ol
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From Faraday’s law, the induced eml for the rotating coil of N turns is then,

E= —N& = —NBAi{cosmt)
dt dt

Thus, the instantaneous value of the emf is

&= NBA o sin ot
where NBAw = 2nuNBA is the maximum value of the emf, which occurs when sin ot = #1.
If we denote NBAw as g;, then

£= gpsin ! = &= gysin 2nvt
where v is the frequency of revolution of the generator’s coil.
Obviously, the emf produced is alternating and hence the current is also alternating.
Current produced by an ac generator cannot be measured by moving coil ammeter; because
the average value ol ac over full cycle is zero.
The source of energy generation is the mechanical energy of rotation of armature coil.

Q. 7. (a) Describe briefly, with the help of a labelled diagram, the working of a step up transformer.

(b) Write any two sources of energy loss in a transformer. [CBSE (F) 2012]
c) A step up transformer converts a low voltage into high voltage. Does it not violate the
P up £ g g
principle of conservation of energy? Explain. [CBSE Delhi 2011, 2009]
OR

Draw a schematic diagram of a step-up transformer. Explain its working principle. Deduce
the expression for the secondary to primary voltage in terms of the number of turns in the two
coils. In an ideal transformer, how is this ratio related to the currents in the two coils?

How is the transformer used in large scale transmission and distribution of electrical energy
over long distances? [CBSE (Al) 2010, (East) 2016]

Ans. (a) Transformer: A transformer converts low voltage into high voltage ac and vice-versa.
Construction: [t consists of laminated core of soft iron, on which two coils of insulated
copper wire are separately wound. These coils are kept insulated from each other and from
the iron-core, but are coupled through mutual induction. The number of turns in these
coils are different. Out of these coils one coil is called primary coil and other is called the
secondary coil. The terminals of primary coils are connected to ac mains and the terminals of
the secondary coil are connected to external circuit in which alternating current of desired

voltage is required. Transformers are of two types:
0000 i

= ———

(ac mains) (acmains)
Primary Primary

Laminated Laminated
iron core iron core

Secondary Secondary

(a) Step up (b) Step down

|Secondary

(a) Step up (b) Step down
Transformer Transformer
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1. Step up Transformer: It transforms the alternating low voltage to alternating high
voltage and in this the number of turns in secondary coil is more than that in primary coil
(t.e., Ns>Np).

2. Step down Transformer: It transforms the alternating high voltage to alternating low
voltage and in this the number of turns in secondary coil is less than that in primary coil
(i.e., Ng<Np).

Working Principle: When alternating current source is connected to the ends of primary
coil, the current changes continuously in the primary coil; due to which the magnetic flux
linked with the secondary coil changes continuously, therefore the alternating emf of same
frequency is developed across the secondary.

Let N be the number of turns in primary coil, Ny the number of turns in secondary coil
and ¢ the magnetic flux linked with each turn. We assume that there is no leakage of flux so
that the flux linked with each turn of primary coil and secondary coil is the same. According 10
Faraday’s laws the emf induced in the primary coil

Ad .
EP: _NPE (z)
and emf induced in the secondary coil
Ad 2
g = _NSE (7))
From (z) and (21)
&g Ng
& N,

If the resistance of primary coil is negligible, the emf (g,) induced in the primary coil, will be equal
to the applied potential difference (V) across its ends. Similarly if the secondary circuit is open,

then the potential differenceVs across its ends will be equal to the em[ (g;) induced in it; therefore
Vs & N,

e = %= r(say)
e, N 2oy
V., & N,
Ny , ,
where r = e is called the transformation ratio. Ifip and i are the instantaneous currents
P

in primary and secondary coils and there is no loss of energy; then

For about 100% efficiency, Power in primary = Power in secondary
Vp ip= Vi

V, N

S5l o Ste H
T i T
i Vg Ny

In step up transformer, Ny > N, — r> 1;

So Vg > Vpand ig < ip

i.e., step up transformer increases the voliage, but decreases the current.
In step down transformer, Ny < N, —» r < |1

so0 Vi< Vp and ig>ip

i.e., step down transformer decreases the voltage, but increases the current.

Laminated core: The core of a transformer is laminated to reduce the energy losses due 1o
eddy currents, so that its efficiency may remain nearly 100%.

In a wransformer with 100% efliciency (say),

Input power = output power (i.e., Vp Ip = Vi Iy)
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(b) The sources of energy loss in a transformer are (i) eddy current losses due to iron core
(ii) flux leakage losses. (iii) copper losses due to heating up of copper wires (iv) hysteresis
losses due 1o magnetisation and demagnetisation of core.

(¢) When output voltage increases, the output current automatically decreases to keep the
power same. Thus, there is no violation of conservation of energy in a step up transformer.

Q. 8. With the help of a diagram, explain the principle of a device which changes a low voltage into
a high voltage but does not violate the law of conservation of energy. Give any one reason why

the device may not be 100% efficient. [CBSE Sample Paper 2018]
Ans. Transformer changes a low voltage into a high voltage without voilating the law of conservation
of energy.

Principle: When alternating current source is connected to the ends of primary coil, the
current changes continuously in the primary coil; due to which the magnetic flux linked with
the secondary coil changes continuously, therefore the alternating emf of same frequency is

developed across the secondary.

Soft iron-core

.
b S~ g — |-
3 Np N, 2 g 9~ N N <@l §
o ® s | 3
2 <] 3 E | : A a2
. & L i < 2
(a) Two coils on top of each other (b)Two coils on separate limbs of the core

The device may not be 100% eflicient due to following energy losses in a transformer:
(i) Joule Heating: Energy is lost due to heating of primary and secondary windings as heat (I*Rz).
(ii) Flux Leakage: Energy is lost due to coupling of primary and secondary coils not being perfect,
i.e., whole of magnetic flux generated in primary coil is not linked with the secondary coil.
Q.9. (a) Draw the diagram of a device which is used to decrease high ac voltage into a low ac
voltage and state its working principle. Write four sources of energy loss in this device.
(b) A small town with a demand of 1200 kW of electric power at 220 V is situated 20 km
away from an electric plant generating power at 440 V. The resistance of the two wire
line carrying power is 0.5 Q per km. The town gets the power from the line through a
4000-220 V step-down transformer at a sub-station in the town. Estimate the line power
loss in the form of heat. [CBSE 2019 (55/1/2)]
Ans. (a) Refer to Q. 7, Long Answer Questions
(b) Demand of electric power = 1200 kW
Distance of town from power station = 20 km
Two wire = 20 X 2 = 40 km
Total resistance of line = 40 x 0.5 = 20 Q)
The town gets a power of 4000 volts

Power = voliage X current

1200%10* _ 1200
I= —a000 = 4 300 A
The line power loss in the form of heat = PR

= (300)2 X 20 = 9000 X 20 = 1800 kW
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Q. 10. A2 uF capacitor, 100 W resistor and 8 H inductor are connected in series with an ac source.

(i) What should be the frequency of the source such that current drawn in the circuit is
maximum? What is this frequency called?

(ii) If the peak value of emf of the source is 200 V, find the maximum current.
(iii) Draw a graph showing variation of amplitude of circuit current with changing frequency
of applied voltage in a series LRC circuit for two different values of resistance R, and R,

Ry > Ry).
(iv) Define the term ‘Sharpness of Resonance’. Under what condition, does a circuit become
more selective? [CBSE (F) 2016]

Ans. (i) For maximum frequency
1

ol.=58
=% 2Tv X 8§ = 1 = (@nv)? = |
2my x2x107° 16x 107
_ 1 _ 250 ~
= 2ty = X 10° N g™ 39.80 s
This frequency is called resonance frequency.
E
:; : o _ 200 .
(1) Maximum current, [, = R " 100" 2A [Ey maximum emf]
(i)
+— R;(Low R)
R,>R,
T R (High R)
i
Wy, P
@y
(#v) EA—mis measure of sharpness of resonance, where © is the resonant frequency and 24w is
the bandwidth.
Circuit is more selective il it has greater value of sharpness. The circuit should have smaller
bandwidth Awm.

Q. 11. (i) Draw alabelled diagram of ac generator. Derive the expression for the instantaneous value
of the emf induced in the coil. [CBSE Sample Paper 2021

(#i) A circular coil of cross-sectional area 200 cm? and 20 turns is rotated about the vertical
diameter with angular speed of 50 rad s in a uniform magnetic field of magnitude

3.0 X 10~ T. Calculate the maximum value of the current in the coil. [CBSE Delhi 2017]

Ans. (i) Refer 1o Q. 6, Long Answer Questions.

(i) Given,
N=20, 4=200cm® =200 x 107 m?, B=3.0x10°T
® = 50 rad s~

EMF induced in the coil
£ = NBAo sin of
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Maximum emf induced
Emae = NBA® = 20 x 3.0 x 107 % 200 x 107 % 50 = 600 mV

Maximum value of current induced

I - Erl\:u: i 600

max R R mA

Q.12. (i) Draw alabelled diagram of a step-up transformer. Obtain the ratio of secondary to primary
voltage in terms of number of turns and currents in the two coils.

(ii) A power transmission line feeds input power at 2200 V to a step-down transformer with its

primary windings having 3000 turns. Find the number of turns in the secondary to get the

power output at 220 V. [CBSE Delhi 2017)

Ans. (i) Referto Q. 7, Long Answer Questions.
(1) Given, Vp= 2200V, Np = 3000 turns, Vg = 220 V

Vi Ny
We have, T’P = 7NP
Vs 220
=> Ng= V_PXNP = 22WXS(’)D(] = 300 turns

Q 13. (a) What do you understand by ‘sharpness of resonance’ for
a series LCR resonant circuit? How is it related with the
quality factor ‘Q’ of the circuit? Using the graphs given in
the diagram, explain the factors which affect it. For which
graph is the resistance (R) minimum?

(6) A 2 pF capacitor , 100 Q resistor and 8 H inductor are
connected in series with an ac source. Find the frequency
of the ac source for which the current drawn in the circuit is
maximum.

If the peak value of emf of the source is 200 V, calculate

the (i) maximum current, and (/i) inductive and capacitive
reactance of the circuit at resonance. [CBSE 2019 (55/4/1)]

Ans. (2) The circuit would be set to have a high Sharpness of Resonance, if the current in the
circuit drops rapidly as the frequency of the applied AC source shifts from its resonant

value. (Also accept sharpness of resonance = w;/2 Aw®). Y%
¥ AL
Sharpness of Resonance is measured by the quality factor, Q= RV el Y2
Note: Accept the answer if the student write sharpness of resonance = Q - factor. 43
Sharpness of resonance for given value L and C/ value of @, depends on R. R is minimum for
circuit €. Ya
1
b) Resonant frequency, v = = 1
@ WP Y orvIc
1
2x3.14 /8x2x107°
_ 1000
~ 8x314
= 39.81 or 40 Hz (Approximately) Y2

(i) Here, V, = 200V
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W % o
e e (. Z = R at resonance) Y
= % = 2 Ampere
(i) At resonance, Y
X=X
Now, X; = oL =2nvL Y2
=27 X 39.81 X 8§
= 2000 Q Ya
So, Xc=X,= 20000 [CBSE Marking Scheme 2019 (55/4/1)]

Questions for Practice

1. Choose and write the correct option in the following questions.
(i) The power factor of a series LCR circuit at resonance will be [CBSE 2020 (55/5/1)]
(@) 1 @0 () 1/2 ) 1/y2
(i) The electric current in a circuit is given by =1, (%) for some time. The rms value of

current for the period t = 0ot = T'is
[_ b \/QI ! d \/’31’
By — ) —

(#ii) A 15 Q resistor, an 80 mH inductor and a capacitor of capacitance C are connected in series
with a 50 Hz ac source. If the source voltage and current in the circuit are in phase, then the
value of capacitance is [CBSE 2022 (55/2/4), Term-1]

(z) 100 pF (b) 127 pF (c) 142 pF (d) 160 uF
(#v) A voliage signal is described by :

V=V, [brﬂsts%

=0 for%SJST

for a cycle. Its rms value is [CBSE 2023 (55/3/1)]
Yo b) V,
)
(@) V] ) Vo
Vo
(€ 5 @ v2 1y
() An inductor of reactance 1 Q and a resistor of 2 Q are connected in series to the terminals of
a6 V (rms) ac source. The power dissipated in the circuit is [NCERT Exemplar]
(@) 8 W ()12 W () 144 W d) 18W

(vi) A choke coil is a coil having
(a) low inductance and high resistance
(b) low inductance and low resistance
(¢) high inductance and high resistance

(d) high inductance and negligible or small resistance
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(vit) The potential differences across the resistance, capacitance and inductance are 80 V, 40 V
and 100 V respectively in an L-C-R circuit, the power factor for this circuit is
(@) 0.4 ) 0.5
© 0.8 @) 1.0
(viti) A 20 volt AC is applied to a circuit consisting of a resistance and a coil with negligible
resistance. If the voltage across the resistance is 12 volt, the voltage across the coil is
[CBSE Sample Paper-2022), Term-1]
(@) 16 V ) 10V
© 8V @) 6V
2. In the following questions, a statement of Assertion (A) is followed by a statement of Reason (R).
Choose the correct answer out of the following choices.
(a) Both A and R are true and R is the correct explanation of A.
(b) Both A and R are true but R is not the correct explanation of A.
(c) A is true but R is false.
(d) A is false and R is also false.
Assertion (4) : The quantity L/R possesses the dimension of time.
Reason (R) : In order to reduce the rate of increase of current through a solenoid, we
should increase the time constant.
3. An alternating current from a source is given by i = 10 sin 314 £. What is the effective value ol
current and frequency of source?
4. Draw a graph to show variation of capacitive-reactance with frequency in an ae circuit.
5. (a) The peak voltage of an ac supply is 300 V. What is the rms voltage?
(b) The rms value of current in an ac circuit is 10 A. What is the peak current? [NCERT]
6. Mention the two characteristic properties of the material suitable for making core of a
transformer. [CBSE (AI) 2012]

7. A device ‘X’ is connected to an ac source V =V sinwt. The variation of voltage, current and
power in one complete cycle is shown in the following figure.

I

(i) Which curve shows power consumption over a full cycle?
(i) Identify the device 'X".
8. How does the resistance differ from impedance? With the help of a suitable phasor diagram,
obtain an expression for impedance of a series LCR circuit, connected to a source V' = V, sin ot
[CBSE 2023 (55/1/1)]

9. A 15.0 pF capacitor is connected to 220 V, 50 Hz source. Find the capacitive reactance and the

rms current.
10. How much current is drawn by the primary coil of a transformer which steps down 220 V10 22 V
1o operate a device with an impedance of 220 Q?

11. Define power factor. State the conditions under which it is () maximum and (i) minimum.
[CBSE Delhi 2010]
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12.

13.

14.

15.

16.

17.

18.

19.

20.

21,

22.

i

When an ac source is connected to an ideal inductor show that the average power supplied by
the source over a complete cycle is zero. [CBSE (Central) 2016]

When an ac source is connected to an ideal capacitor, show that the average power supplied by
the source over a complete cycle is zero. [CBSE (North) 2016]

The current flowing through a pure inductor of inductance 2 mH is i =15 cos 300 ampere.
What is the (i) rms and (ii) average value of current for a complete cycle? [CBSE (F) 2011]

In a series LCR circuit with an ac source of effective voltage 50 V, frequency v =50/ Hz,
R =300Q, C=20puF and L = 1.0 H. Find the rms current in the circuit. [CBSE (F) 2014]

(a) A 60 pF capacitor is connected to a 110 V, 60 Hz ac supply. Determine the rms value of

current in the circuit.

(b) What is the net power absorbed by the circuit in a complete cycle? [NCERT)
A series LCR circuit with R = 20 Q, L =1.5 H and C = 35 pF is connected (o a variable frequency
200 V ac supply. When the frequency of the supply equals the natural frequency of the circuit,
what is the average power transferred to the circuit in one complete cycle? [NCERT)

You are given three circuit elements X, ¥ and Z. When the element X is connected across an ac
source of a given voltage, the current and the voliage are in the same phase. When the element
Y is connected in series with X across the source, voltage is ahead of the current in phase by /4.
But the current is ahead of the voliage in phase by 7/4 when Z is connected in series with X across
the source. Identily the circuit elements X, ¥ and Z.
When all the three elements are connected in series across the same source, determine the
impedance of the circuit.
Draw a plot of the current versus the frequency of applied source and mention the significance
of this plot.
A resistor R and an inductor L are connected in series 1o a source V' = V;sin ot. Find the
(a) peak value of the voltage drops across R and across L,
(b) phase difference between the applied voliage and current. Which of them is ahead?

[CBSE 2020 (55/1/2)]

An ac source V = V,, sin ot connected across an ideal capacitor. Derive the expression for the
(1) current flowing in the circuit, and (#) rectance of the capacitor. Plot a graph of current i versus ot

[CBSE 2023 (55/3/1)]
A series combination of an inductor L, a capacitor C and a resistor R is connected across an ac
source of voltage in a circuit. Obtain an expression for the average power consumed by the
circuit. Find power factor for (i) purely inductive circuit, and (i) purely resistive circuit.

[CBSE 2023 (55/3/1))]
A resistor of 100 Q and a capacitor of 100/x uF are connected in series to a 220 V, 50 Hz ac supply.
(a) Calculate the current in the circuit.
(b) Calculate the (rms) voltage across the resistor and the capacitor. Do you find the algebraic sum

of these voltages more than the source voltage? If yes, how do you resolve the paradox?
[CBSE Chennai 2015)

A 100 Q resistor is connected o a 220 V, 50 Hz ac supply:
(@) What is the rms value of current in the circuit?

(b) What is the net power consumed over a full cycle? [NCERT)




24, The figure shows a series LCR circuit with L = 5.0 H, € = 80 pF, R = 40 Q connected to a
variable frequency 240 V source. Calculate.

1

(i) The angular frequency of the source which drives the circuit at resonance.
(iz) The current at the resonating frequency.
(#ii) The rms potential drop across the capacitor at resonance. [CBSE Delhi 2012]

25. (a) For a given ac, i = 1, sin wf, show that the average power dissipated in a resistor R over a

complete cycle is%iif{.
(b) A light bulb is rated at 100 W for a 220 V ac supply. Calculate the resistance of the bulb.

[CBSE (AI) 2013]
26. Determine the current and quality factor at resonance for a series LCR circuit with L = 1.00 mH,

C = 1.00 nF and R = 100 Q connected to an ac source having peak voltage of 100 V.
[CBSE (F) 2011]

27. Acircuit is set up by connecting inductance L = 100 mH, resistor # = 100 £ and a capacitor of
reactance 200 Q) in series. An alternating emf of 1502 V, 500/n Hz is applied across this series
combination. Calculate the power dissipated in the resistor. [CBSE (F) 2014]

28. (a) State the condition for resonance to occur in series LCR ac circuit and derive an expression

for resonant frequency. [CBSE Delhi 2010]
(b) Draw a plot showing the variation of the peak current (i,,) with frequency of the ac source
used. Define the quality factor Q of the circuit.

29. (a) Derive the expression for the current flowing in an ideal capacitor and its reactance when
connected to an ac source of voltage V' = V| sin .

(b) Draw its phasor diagram.

(¢) If resistance is added in series to capacitor, what changes will occur in the current flowing in
the circuit and phase angle between voltage and current? [CBSE Sample Paper 2021]

30. A circuit containing a 80 mH inductor and a 60 uF capacitor in series is connected to a 230 V,

50 Hz supply. The resistance of the circuit is negligible.
{a) Obtain the current amplitude and rms values.

(b) Obtain the rms values of potential drops across each element. [NCERT)

Answers

L (1) (@) (1) (e) (#ai) (b) (1) (a) () () (v1) (d) (wit) (€) (viz) (a)
2. () 3. 50Hz 9. 212310, 1.03 A 10. 0.1A,001A 14. G) 7.5/2 A (i) O

15. 0.1 A 16. (a)249A (b)0 17. 2kW

21. (a) 156 A ()56 V, 156V

23. (a) 22A (1)484W 24. (i) 50 rads™ (i) 6 A (iid) 1500 V 25. 484 Q)

26. 0707A, 10 27. 225 W 30. (a) 11.6 A, 8.23 A (b) 207 V, 237 V
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Electromagnetic
Waves

POINTS TO

REMEMBER

1. Need for Displacement Current

Ampere's circuital law for conduction current during charging of a capacitor was found inconsistent.

Therefore, Maxwell modified Ampere’s circuital law by introducing displacement current. It is
dd,

o dr

Modified Ampere’s circuital law is:

givenby I, =¢

= e dé,
fB.dl= p0(1+ EQT)
where ¢, = electric flux.
2. Electromagnetic Waves

The waves propagating in space through electric and magnetic fields varying in space and time
simultaneously are called electromagnetic waves.

The electromagnetic waves are produced by an accelerated or decelerated charge or LC circuit.
The frequency of EM waves 1s

W 1
2ny/'LC

3. Characteristics of Electromagnetic Waves

(i) The electromagnetic waves travel in free-space with the speed of light (¢ = 3 x 10% mys)
irrespective of their wavelength.

d39dW3IN3dd OL S1INIOd

(i) Electromagnetic waves are neutral, so they are not deflected by electric and magnetic fields.

(i12) The electromagnetic waves show properties of reflection, refraction, interference, diffraction
and polarisation.

(iv) In electromagnetic wave the electric and magnetic fields are always in the same phase.
(v) The ratio of magnitudes of electric and magnetic field vectors in free space is constant equal

oc.
%=!1—:c= 3x10%m/s
VHoEg
(vi) The speed of electromagnetic waves in a material medium is given by
1 c [4 . A
v = S50 where n is the refractive index.

Jue Ve,

[Note : We also use p for refractive index]
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(vif) In an electromagnetic wave the energy is propagated by means of electric and magnetic field
vectors in the direction of propagation of wave.

(viii) In electromagnetic wave the average values of electric energy density and magnetic energy
density are equal

Le) =(Z2
(325 o _(2% 4
(x) The electric vector of electromagnetic wave is responsible for optical effects and is also called
the light vector.

(x) Electromagnetic waves carry energy and momentun E =

4. Transverse Nature of Electromagnetic Waves
The electromagnetic waves are transverse in nature. In electromagnetic waves the electric and
magnetic fields are mutually perpendicular and also perpendicular to the direction of wave
. - 7 . . .
propagation, such that £ , B and K form a right handed set (K is propagation vector along the
direction of propagation).

ot

. Electromagnetic Spectrum
The electromagnetic waves have a continuous wavelength starting from short gamma rays to long
radiowaves. The orderly distribution of wavelength of EM waves is called the electromagnetic
spectrum. The complete spectrum is given in the following table:

S. No. | Name ‘Wavelength Range (m) Frequency Range (Hz)
(i) Gamma rays 10 17 3 x 10® -3 x 10"
(ii) X-rays 101 o 3x 10" -3 x 10'®
(i) | Ulraviolet rays 1078 4x10™ 3% 1075 x 10"

(iv) Visible light

4x 107 -7.5 % 107

7.5 x 10" -4 x 10"

(v) Infra red light

7.5 x 107 - 107

4x 10" -3 x 10"

(vi) Microwaves

1073- 107!

3% 102 -10°

(vii) Radio waves

107 - 10*

10°- 3 x 10*

6. Wavelength Range of Visible Spectrum

Visible light has a continuous wavelength starting from 400 nm to 750 nm; for convenience it is
divided into 7 colours.

A Violet 400 nm — 420 nm
I Indigo 420 nm — 450 nm
B Blue 450 nm — 500 nm
G Green 500 nm — 570 nm
Y Yellow 570 nm — 600 nm
(0] Orange 600 nm — 650 nm
R Red 650 nm — 750 nm

7. Uses of Electromagnetic Spectrum
(1) y-rays are highly penetrating, they can penetrate thick iron blocks. Due to high energy, they are
used to initiate some nuclear reactions. y-rays are produced in nuclear reactions. In medicine,
they are used to destroy cancer cells.
(if) X-rays are used in medical diagnostics to detect fractures in bones, tuberculosis of lungs,

presence of stone in gallbladder and kidney. They are used in engineering to check flaws in
bridges. In physics X-rays are used to study crystal structure.
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(iti) Ultraviolet rays provide vitamin D. These are harmful for skin and eyes. They are used to
sterilise drinking water and surgical instruments. They are used to detect invisible writing,
forged documents, finger prints in forensic lab and 1o preserve food items.

(tv) Infrared rays are produced by hot bodies and molecules. These waves are used for long
distance photography and for therapeutic purposes.

(v) Microwaves are produced by special vacuum tubes, namely; klystrons, magnetrons and gunn
diodes. Their frequency range is 3 GHz 1o 300 GHz.

They are used in RADAR systems for aircralt navigation and microwave used in homes.

(vi) Radiowaves are used for broadcasting programmes to distant places. According to frequency
range, they are divided into following groups

(@) Medium frequency band or medium waves 0.3 1o 3 MHz
(b) Short waves or short frequency band 3 MHz — 30 MHz
(c) Very high frequency (VHF) band 30 MHz to 300 MHz
(d) Ultrahigh frequency (UHF) band 300 MHz to 3000 MHz

Multiple Choice Questions

Choose and write the correct option(s) in the following questions.

1.

One requires 11 eV of energy to dissociate a carbon monoxide molecule into carbon and
oxygen atoms. The minimum frequency of the appropriate electromagnetic radiation to

achieve the dissociation lies in [NCERT Exemplar]
(a) visible region (b) infrared region
(¢) ultraviolet region (d) microwave region

. A plane electromagnetic wave travelling along X-axis has a wavelength 10.0 mm. The electric

field points along Y-direction and has peak value of 30 V/m. Then the magnetic field in terms
of x in metre and { in second may be expressed as

(@) 30sin200m (¢t - x) ()] 1077 sin 2007 (ct= x)
. 2n Jrs 2
(¢) 30sin 10 (ct — x) (d) 107" sin 10 (et = x)
In the process of charging of a capacitor, the current produced between the plates of the
capacitor is (where symbols have their usual meanings) [CBSE 2023 (55/1/1)]
ddg 1 4o
@ ey~ (b) o dt
dby 1 dog
(‘C) &y dt (d) ?D dt

A linearly polarised electromagnetic wave given as E= Eof cos (kz — wt) is incident normally
on a perfectly reflecting infinite wall at z = a. Assuming that the material of the wall is optically

inactive, the reflected wave will be given as [NCERT Exemplar]
(@) E, =-Egicos(kz - wl) (b) E, =Egicos(kz + o)
(€) E,=-Ejicos(ke + wi) (d) E,=E,isin(kz- )
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16.

17.

18.

19.

20.

21.

22.

23.

24,

An electromagnetic wave of frequency 3.0 MHz passes from vacuum into a dielectric medium
with relative permittivity &, =4.0. Then

(a) wavelength is doubled and frequency remains unchanged

(b) wavelength is doubled and [requency becomes half

(¢) wavelength is halved and frequency remains unchanged

(d) wavelength and frequency both remains unchanged

An electromagnetic wave radiates outwards from a dipole antenna, with E; as the amplitude

of its electric field vector. The electric field E, which transports significant energy from the
source falls off as [NCERT Exemplar]

1 1 1 x
a) = b) = ey = d) remains constant
) ®) 3 (O (d)
A plane electromagnetic wave of energy U is reflected from the surface. Then the momentum
transferred by electromagnetic wave to the surface is
U U u
(a) O [ £} <z~ @) 3¢

The rms value of the electric field of light coming from the sun is 720 N/C. The average total
energy density of the electromagnetic wave is
(a) 4.58 x 107 J/m* (%) 637 x 107 J/m*
(¢) 1.35x 107 ym® @ 3.3 x 10™ J/m®
A plane electromagnetic wave propagating along x direction can have the following pairs of E
and B [NCERT Exemplar]
(a) E,, B, (b) E,, B, (e) B, E, (d) E,. B,
Electromagnetic waves used as a diagnostic tool in medicine are [CBSE 2020 (55/2/1)]
(a) X-rays (b) ultraviolet rays
(¢) infrared radiation (d) ultrasonic waves
A welder wears special glasses to protect his eyes mostly from the harmful effect of
[CBSE 2020 (55/2/2)]
(a) very intense visible light (b) infrared radiation
(¢) ultraviolet rays (d) microwaves
Displacement current exists only when [CBSE 2020 (55/2/1)]
(a) electric field is changing. (b) magnetic field is changing.
(¢) electric field is not changing. (d) magnetic field is not changing.
During the propagation of electromagnetic waves in a medium
(a) electric energy density is double of the magnetic energy density.
(b) electric energy density is half of the magnetic energy density.
(¢) electric energy density is equal 1o the magnetic energy density.
(d) both electric and magnetic energy densities are zero.

Answers

1. () 2. (b) 3. (0) 1. () 5. (b) 6. (a)
7. () 8. () 9. (b) 10. (o) 11. () 12. (@), (b), ()
13. (0) 14. (a) 15. (b) 16. (c) 17. () 18. (0)
19. () 20. (b), (d)  21. (a) 22. (0) 23. (a) 24. (¢)
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Assertion-Reason Questions

In the following questions, a statement of Assertion (A) is followed by a statement of Reason (R). Choose the
correct answer out of the following choices.

(a) Both A and R are true and R is the correct explanation of A.

(b) Both A and R are true but R is not the correct explanation of A.
(¢) A is true but R is false.
(d) A is false and R is also false.

1. Assertion(4) :

Reason (R) :
2. Assertion(d) :
Reason (R) :
3. Assertion(A4) :
Reason (R) :
4. Assertion(d)
Reason (R)

5. Assertion(4) :

Reason (R) :
6. Assertion(A4) :

Reason (R) :
7. Assertion(4) :
Reason (R) :

8. Assertion(4) :
Reason (R) :
9. Assertion(4) :

Reason (R) :
10. Assertion(A4) :

Reason (R) :
Answers
1. (a) 2. (@)
8. (0 9. (b)
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Short wave band is used for transmission of radiowaves to large distances.
Short waves are reflected by earth’s ionosphere.

Light can travel in vacuum but sound cannot.

Light is an electromagnetic wave but sound is a mechanical wave.

If earth's atmosphere disappears the average surface temperature will increase.

Without an atmosphere to trap Earth's heat, the temperature will increase.

: Gamma rays are more energetic than X-rays.

: Gamma rays are of nuclear origin while X-rays originate [rom heavy atoms.

The speed of electromagnetic waves in free space is maximum for gamma rays

and minimum for radiowaves.
For waves with same wavelengths this just means that the speed will be equal to ¢c.

In an electromagnetic wave, electric field vector and magnetic field vector are
mutually perpendicular.

Electromagnetic waves are transverse.
Electromagnetic wave is produced by accelerated charge.

An accelerated charge produces both electric and magnetic fields and also
radiates them.

Microwaves are better carriers of signals than optical waves.
Microwaves move faster than optical waves.

UV radiation causes photo dissociation of ozone into Oy and O, thus causing
damage 1o the stratospheric ozone layer.

Ozone hole is resulting in global warming and climate change.  [AIIMS 2015]

When a charged particle moves in a circular path, it produces electromagnetic
wave.

Charged particle has acceleration. [AIIMS 2016]
3. (d) 1. (@) 5. (d) 6. (b) 7. (a)
10. (@)



Case-based/Passage-based Questions

Read the paragraph given below and answer the questions that follow:

Electromagnetic Wave: Maxwell, in 1865, pointed out that when either an electric or a magnetic
field is changing with time, a field of the other kind is induced in adjacent regions of space. From this
Maxwell concluded that variation of electric and magnetic field vectors perpendicular to each other
leads 1o the production of electromagnetic disturbances which show properties of waves and can
travel in space even without any material medium. These waves are called electromagnetic waves.

Electromagnetic waves with macroscopic wavelengths were first produced in the laboratory in
1887 by the German physicist Heinrich Hertz. Seven years after Hertz, Jagdish Chandra Bose,
working at Caleutta (now Kolkata) succeeded in producing and observing electromagnetic waves
of much shorter wavelength (25 mm o0 5 mm). At around the same time, Guglielmo Marconi in
Italy followed Hertz's work and succeeded in transmitting electromagnetic waves over distances of
many kilometers.

Electromagnetic waves have a broad frequency range 10% Hz to 10%% Hz. They can travel with speed
of light (¢) in vacuum. They obey the relation ¢ = vk, where v is frequency and A is wavelength.

(f) Which of the following electromagnetic wave in order of increasing frequency.
(2) Microwave < Infrared < Ultraviolet < y-rays
(b) y-rays < Ultraviolet < Infrared < Microwave
(¢) Ultraviolet < Infrared < Microwave < y-rays
(d) y-rays < Microwave < Infrared < Ulraviolet
(i7) Light wave constitutes
(@) electromagnetic waves (&) longitudinal waves
(¢) mechanical waves (d) magnetic waves

(iii) If we want to produce electromagnetic waves of wavelength 500 km by an oscillating
charge; then frequency of oscillating charge must be

(z) 600 Hz (b) 500 Hz () 167 Hz (d) 15 He
(iv) The angle between E and B inan electromagnetic wave is
() 180° (b) 120° (c) 90° (d) 45°
OR

The electric field associated with an EM wave iIn vacuum 1is given by
E = 40 cos (KZ-6 X 10 i) i, where E, Z and ¢ are in volt/m, metre and second respectively.

The value of vector K is
(@) 2 m™' () 0-5 m™! () 6m™ ) 3m™"
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Explanations

(#) (a) Microwave < Infrared < Ultraviolet < y-rays
(1) (a) electromagnetic waves
c _ 3x10°

= =——1= 600 H:
(ug) (a) Vv A 500X10° z

(i) () For EM wave E&F are mutually perpendicular to each other and o the axis of propagation.

OR
(@) Propagation constant,
o 8Bl o
€ 8
3x10

CONCEPTUAL QUESTIONS

Q. 1. How is the speed of EM-waves in vacuum determined by the electric and magnetic fields?
[CBSE Delhi 2017)]

Ans. Speed of EM waves is determined by the ratio of the peak values of electric field vector and

magnetic field vector.

Q. 2. Illustrate by giving suitable examples, how you can show that electromagnetic waves carry
both energy and momentum. [CBSE 2019 (55/4/1)]

Ans. When EM waves falls on charged particles, they set the charges into motion. This illustrates
that the EM waves have energy and momentum. 1

Alternatively
When the sun shines on your hand, you feel energy being absorbed from the EM waves.
Alternatively

The radio & TV signals carry energy from one place to another (Give full marks if student
explains on the basis of any one of above example)

Example — Photo-electric effect
[CBSE Marking Scheme 2019 (55/4/1)]

Q. 3. In which situation is there a displacement current but no conduction current?
[CBSE South 2016]

Ans. During charging or discharging there is a displacement current but no conduction current
between plates of capacitor.

Q. 4. The charging current for a capacitor is 0.25 A. What is the displacement current across its
plates? [CBSE (F) 2016]

Ans. The displacement current is equal to the charging current. So, displacement current is also
0.25 A.
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Q.5.

Ans.

Q.6.

Ans.

Ans.

Q.9.

Ans.

Q. 10.

Ans.

In which directions do the electric and magnetic field vectors oscillate in an electromagnetic
wave propagating along the x-axis? [CBSE (AI) 2017]

M,MQQM%ﬁcmumioM@upgm&g
)EQS fo the derechién of popogatledn  af e u_‘)D_Q@

The elecda® fretd veelos @ elong poechfre Veascas

B . . g
ancl ehe rpagre frd {cc[ot c9 MQW
bosthie  zancty  8a chodt ij‘\c Y o epde
Cor cnmcse &8 Propogatbg gleby che tore xooedd*
# T [Topper’s Answer 2017]

How is displacement current produced between the plates of a parallel plate capacitor during

charging? [CBSE 2020 (55/1/2)]
With the change in charge on the capacitor plates electric field/electric flux changes. Hence
d
displacement current is produced./ I; = g, ﬁ 1

[CBSE Marking Scheme 2020 (55/1/2)]

Differentiate between conduction current and displacement current. [CBSE 2020 (55/1/3)]

. Conduction current is due to the flow of charges whereas the displacement current due to the

change of electric field/ flux between the capacitor plates or due to changing electric field/ flux. 1
[CBSE Marking Scheme 2020 (55/1/3)]

Why are infra-red radiations referred to as heat waves? Name the radiations which are next
to these radiations in the electromagnetic spectrum having (i) shorter wavelength (ii) longer
wavelength. [CBSE (F) 2013]

Infrared waves are produced by hot bodies and molecules, so are referred to as heat waves.
(1) Elecromagnetic wave having short wavelength than infrared waves are visible, UV, X-rays and y-rays.

(i) Electromagnetic wave having longer wavelength than infrared waves are microwaves, radio
waves.

The amplitude of the magnetic field of a harmonic electromagnetic wave in vacuum is

By = 510 nT. What is the amplitude of the electric field part of the wave? [NCERT)]
The relation between magnitudes of magnetic and electric field vectors in vacuum is
E,

F=c = E{]:BDC

Here, B, =510nT =510x107° T,c = 3x10%ms™
E,=510x10"x3x10® = 153 N/C.

Name the electromagnetic radiations used for (a) water purification, and (b) eye surgery.
[CBSE 2018]
(@) Ultraviolet rays

(b) Ultraviolet rays/laser
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Q.11

Ans.

Q.12

Ans,

Q. 13.

Ans.

Q. 14.

Ans.

Q. 15.

Ans.

How are electromagnetic waves produced by accelerating charges? [CBSE 2019 (55/2/1)]

Accelerated charge produces an oscillating electric field which produces an oscillating magnetic
filed, which is a source of oscillating electric field, and so on. Thus electromagnetic waves are
produced. 1

[CBSE Marking Scheme 2019 (55/2/1)]

Why is the orientation of the portable radio with respect to broadcasting station important?
[NCERT Exemplar] [HOTS)]

As electromagnetic waves are plane polarised, so the receiving antenna should be parallel to

electric/magnetic part of the wave.

The charge on a parallel plate capacitor varies as ¢ = g, cos 2nvt. The plates are very large and

close together (area = A, separation = d). Neglecting the edge effects, find the displacement

current through the capacitor? [NCERT Exemplar] [HOTS)
Conduction current I = Displacement current [,
dg _d ;
I =0= B E(q“cos 2mut) = -2mg, vsin 2mut
A variable frequency ac source is connected to a capacitor. How will the displacement current
change with decrease in frequency? [NCERT Exemplar] [HOTS)
On decreasing the frequency, reactance X, = wl_C will increase which will lead to decrease in

conduction current. In this case I, = I, hence displacement current will decrease.

Professor C.V. Raman surprised his students by suspending freely a tiny light ball in a
transparent vacuum chamber by shining a laser beam on it. Which property of em waves was
he exhibiting? Give one more example of this property. [NCERT Exemplar] [HOTS)

Electromagnetic waves exert radiation pressure. Tails of comets are due to solar radiation.

Very Short Answer Questions

Each of the following questions are of 2 marks.

Q.1

Ans.

0

Ans.

Consider an induced magnetic field due to changing electric field and an induced electric
field due to changing magnetic field. Which one is more easily observed? Justify your answer.

[CBSE 2023 (55/1/1)]

Electric field which is easily observed because an a.c. circuit displacement current can be
increased by increasing the angular frequency of current. The electric field increase due 10
changing magnetic field can be increased by taking more no. of turns of the coil. But magnetic
field set up due to this displacement current is very small so it can easily observed.
Suppose that the electric field amplitude of an electromagnetic wave is E; = 120 N/C and that
its frequency v = 50.0 MHz. (a) Determine By, o, k and A (b) Find expressions for E and B.
[NCERT]
(@) We have ﬂ=c = 302?2 ]203
3x10

BO
®=2nv = 2X3.14% 50 x 10° = 3.14 X 10® rads™

=4%x107T
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Q.3.

Ans.

Ans.

® _ 3.14x10°

k=— < = L05radm™
¢ 310
3x10%
Wavelength, A = L= ——— % =6.00m.
Vo 50.0% 10

(b) If wave is propagating along X-axis, electric field will be along Y-axis and magnetic field
along Z-axis.

E= Eosin(kx-m!)j" wherexisinmandtins

=  E =120sin(1.05 x - 3.14x10%) j N/C
B = By sin (kx — o)k
= (4X107)sin (1.05 x - 3.14X10%8) £ tesla.
Write the generalised expression for the Ampere’s circuital law in terms of the conduction
current and the displacement current. Mention the situation when there is:
(i) only conduction current and no displacement current.
(i) only displacement current and no conduction current. [CBSE (F) 2013]

seneralised Ampere's circuital Law—

o db
§B.dl =y I+ pﬂaon

Line integral of magnetic field over closed loop is equal to p, times sum of conduction current
and displacement current.

(i) In case of steady electric field in a conducting wire, electric field does not change with
time, conduction current exists in the wire but displacement current may be zero. So,
§B.dl=p,l.

(i) Inlarge region of space, where there is no conduction current, but there is only adisplacement

current due to time varying electric field (or flux). So, dnécﬂ' = }LOEOTf.

(a) How does oscillating charge produce electromagnetic waves?
(b) Sketch a schematic diagram depicting oscillating electric and magnetic fields of an em wave
propagating along + z-direction. [CBSE (F) 2014, Delhi 2016]

(a) An oscillating charge produces an oscillating electric field in space, which produces an
oscillating magnetic field. The oscillating electric and magnetic fields regenerate each other,
and this results in the production of em waves in space.

(b) Electric field is along x-axis and magnetic field is along y-axis.

X
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Q.5. (a) An EM wave is travelling in a medium with a velocity ; = vi. Draw a sketch showing
the propagation of the EM wave, indicating the direction of the oscillating electric and
magnetic fields.

(b) How are the magnitudes of the electric and magnetic fields related to the velocity of the EM
wave? [CBSE Delhi 2013]

Ans. The direction of propagation of electromagnetic wave is given by EXE
(@) i =jxh. %

&
Envelope of E

E B

< B »X
z —
Envelope of B
! . _ Kl
(b) The speed of electromagnetic wave [¢|= m
0

Q. 6. Which of the following electromagnetic waves has (¢) minimum wavelength, and (b) minimum
frequency? Write one use of each of these two waves.
Infrared waves, Microwaves, y-rays and X-rays [CBSE 2020 (55/2/1)]
Ans.

= m&c eowe ,{azvm; T

L1 @ mimmun ¥ ui% f’_ i
- I PU L g vﬁﬁwo«)mm/ 1,

;4' QQ_L._.@ 7’- 77 Yoy e Xl ,.Mpc (o P)'m,( ( cortiM . ]i
| PR @wﬂwwam 200 unwf_ro_é;@ffﬁa'f R
[Topper’s Answer 2020]

.7. (i) How are infrared waves produced? Write their one important use.
P P
(i) The thin ozone layer on top of the stratosphere is crucial for human survival. Why?
[CBSE East 2016; 2019 (55/4/1)]

Ans. (i) Infrared waves are produced by hot bodies and molecules.
Important use:

(2) To treat muscular strains (b) To reveal the secret writings on the ancient walls (¢) For
producing dehydrated fruits (d) Solar heater (¢) Solar cooker (4ny one)
(i) Ozone layer protects us from harmful UV rays.
Q.8. (i) Which segment of electromagnetic waves has highest frequency? How are these waves
produced? Give one use of these waves.
(ii) Which EM waves lie near the high frequency end of visible part of EM spectrum? Give its one
use. In what way this component of light has harmful effects on humans?  [CBSE (F) 2016]
Ans.  ({) Gamma rays have the highest frequency. These are produced during nuclear reactions and
also emitted by radioactive nuclei. They are used in medicine to destroy cancer cells.
(i) Ultraviolet rays lie near the high frequency end of visible part of EM spectrum. They are
used to sterlise drinking water and surgical instruments. Exposure to UV radiation induces
the production of more melanin, causing tanning of the skin.
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Q.9.

Ans.

Q. 10.

Ans,

Ans.

Q.12.

Ans.

Q.13.

Ans.

How does an oscillating charge radiate an electromagnetic wave? Give the relation between
the frequency of radiated wave and the frequency of oscillating charge. [CBSE 2020 (55/3/1)]

An oscillating charge produces an oscillating electric field in space, which produces an oscillating
magnetic field, which in turn, is a source of oscillating electric field, and so on. The oscillating
electric and magnetic fields thus regenerate each other, as the wave propagates through the
space. 1
The frequency of the electromagnetic wave equals the frequency of oscillation of the charge. 1
[CBSE Marking Scheme 2020 (55/3/1)]

How are infrared waves produced? Why are these waves referred to as heat waves? Give any
two uses of infrared waves. [CBSE 2023 (55/2/1)]
Infrared waves are produced by hot bodies and vibrations of molecules. They are referred as
heat waves because they are rapidly absorbed by water molecules and increase their thermal
energy and heat them.
Uses:

(i) Dehydration of fruits.

(i) In greenhouse Effect.
(iti) In remote switches. [any two]
(a) Explain briefly the fact that electromagnetic waves carry energy.

(b) Why do we not, feel the pressure due to sunshine? [CBSE 2020 (55/3/1)]

(a) Consider a plane perpendicular to the direction of propagation of the electromagnetic wave.
If there are, on this plane, electric charges, they will be set and sustained in motion by the
electric and magnetic fields of the electromagnetic wave. The charges thus acquire energy
and momentum from the waves. 1

(b) When the sun shines on your hand, you feel the energy being absorbed from the
electromagnetic waves (your hands get warm). Electromagnetic waves also transfer
momentum to your hand but because ¢ is very large, the amount of momentum transferred
is extremely small and you do not feel the pressure. 1
[For any other alternative correct explanation also, award full 2 marks]

[CBSE Marking Scheme 2020 (55/3/1)]

How are X-rays produced? Give any two uses of these. [CBSE 2023 (55/2/1)]
When fast moving electrons strike a heavy target like tungsten, X-rays are produced.
Uses:

() Used as a diagnostic tool in medicine.

() Treaument for certain forms of cancer.
(izi) To study crystal structure. [any two]
What is a displacement current? How is it different from a conduction current?

[CBSE 2023 (55/3/1), (55/4/1)]

During charging, electric flux between the plates of capacitors keeps on charging; this results in
the production of a displacement current between the plates.

dd, )
di
Conduction current is established by actual movement of free electrons through a metallic

conductor while displacement current is established by polarisation of molecules of a dielectric
under the influence of an external electric field.

Mathematically, {; = Eo(
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Q. 14. Write any two characteristics of an electromagnetic wave. Why are microwaves used in radar

Ans.

systems? [CBSE 2023 (55/4/1)]
Characteristics property of EM wave:
(1) Transverse nature
(i7) Does not get deflected by electric or magnetic fields
(i2i) Same speed in vacuum for all waves
(fv) No material medium required for propagation
(v) They get refracted, diffracted and polarised [any two]
Due to high wavelength and low energy dispersion during long distance communication.
Thus they are used in radar system.

Short Answer Questions

Each of the following questions are of 3 marks.

Q.1

Ans.

Ans.

Ans.

How are electromagnetic waves produced? What is the source of energy of these waves?
Write mathematical expressions for electric and magnetic fields of an electromagnetic wave

propagating along the z-axis. Write any two important properties of electromagnetic waves.
[CBSE North 2016]
EM waves are produced by oscillating charged particle.

Mathematical expression for electromagnetic waves travelling along z-axis:

E, = Esin (hz - wt) and [For electric field]
B, = By sin (kz - o) [For magnetic field]
Properties

(1) Electromagnetic waves have oscillating electric and magnetic fields along mutually
perpendicular directions.

(i) They have transverse nature.
Arrange the following electromagnetic waves in the order of their increasing wavelength:

(a) y-rays () Microwaves

(c) X-rays (d) Radiowaves
How are infra-red waves produced? What role does infra-red radiation play in (i) maintaining
the earth’s warmth and (ii) physical therapy? [CBSE Panchkula 2015)
y-rays < X-rays < Microwaves < Radiowaves
Infra-red waves are produced by the vibration of atoms and molecules.

(i) Maintaining Earth’s Warmth: Infrared rays are absorbed by the earth's surface and

reradiated as longer wave length infrared rays. These radiations are trapped by green house
gases such as CO, and maintain earth’s warmth.

(ii) Physical Therapy: Infrared rays are easily absorbed by water molecules present in body.
After absorption, their thermal motion increases causing heating which is used as physical
therapy.

When an ideal capacitor is charged by a dc battery, no current flows. However, when an ac

source is used, the current flows continuously. How does one explain this, based on the

concept of displacement current? [CBSE Delhi 2012)

When an ideal capacitor is charged by dc battery, charge flows (momentarily) till the capacitor

gets fully charged.
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Q.4

Ans.

Q.5.

Ans.

q A
a7 keep on flowing in the
connecting wire. Due to changing current, charge deposited on the plates of the capacitor
changes with time. This causes change in electric field between the plates of the capacitor which
causes the electric flux to change and gives rise 10 a displacement current in the region between
the plates of the capacitor.

When an ac source is connected then conduction current [ =

As we know, displacement current

db,
la=20 g
and I, = I, av all instants.

Why does a galvanometer when connected in series with a capacitor show a momentary
deflection, when it is being charged or discharged?

How does this observation lead to modifying the Ampere’s circuital law? Hence write the
generalised expression of Ampere’s law. [CBSE (F) 2015]
During charging or discharging of the capacitor, displacement current between the plates is
produced. Hence, circuit becomes complete and galvanometer shows momentary deflection.

+ o+ o+ o+ o+ o+
\

According to Ampere's circuital Law
f_.ér_i‘! = p,l
At surface P, fg Ll =l
At surface §, j;g.d! =
§,B.dl#$B.dl
This contradicts Ampere's circuital law. This law must be missing something. Hence the law
needs modification.

Modified form of Ampere's circuital law

ey

d
Ic g - EOEC')EI

A capacitor, made of two parallel plates each of plate area 4 and separation d, is being charged

by an external ac source. Show that the displacement current inside the capacitor is the same

as the current charging the capacitor. [CBSE (Al) 2013]
+q -q
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In Fig. conduction current is flowing in the wires, causes charge on the plates

dg ;

So, I i E (i)
According to Maxwell, displacement current between plates,

ddg : ,

=& where ¢g= Electric flux (i)

Using Gauss’s theorem, if one of the plate is inside the tiffin type Gaussian surface, then

q
b =—
E SO
df4 dg
So Id = Eoz(a) Id = E (i)

From equation (i) and (i),
Both conduction current and displacement current are equal.
Q. 6. Write the expression for the generalised form of Ampere’s circuital law. Discuss its significance

and describe briefly how the concept of displacement current is explained through charging/

discharging of a capacitor in an electric circuit. [CBSE Allahabad 2015)

Ans. The generalisation in Ampere's circuital law was meodified by Maxwell, as
$B.dl = ol +1)
0
= ol gl = ol + e,
dop
0o g 18 displacement current.
Significance: This expression signifies that the source of magnetic field is not just due to the

conduction current in the metallic conductors, but also due to the time rate of change of electric
flux called displacement current.

where I, =g

During charging and discharging of a capacitor, electric field between the plates will change.
Hence there will be a change in electric flux, called displacement current, between the
plates.

Ll onsidering the case of a paralle ate capacitor being charged, show how one is required to
7. Considering th f a parallel pl pacitor being charged, show h i quired
generalise Ampere’s circuital law to include the term due to displacement current.
[CBSE (AI) 2014]

Ans,

W

+ ot o+ o+ o+
'

4

During charging capacitor C, a time varying current [({) flows through the conducting wire, so

on applying Ampere’s circuital law (for loop A) j’g.cﬂ’ =p @) <)
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Ans.

\

el
i |
T
.

=
[+ + + + + +
'

Now we consider a pot like surface enclosing the positively charged plate and nowhere touches
the conducting wire,

$Bdi=0 ()
From equation (i) and (i), we have a contradiction

If surfaces 4 and B forms a tiffin box, and electric field Eis passing through the surface (B);
constitute an electric flux
@ 04 Q

¢=EA=§— Ac, _E—D ...(tt)

If the charge on the plate in the tiffin box is changing with time, there must be a current between
the plates.

From equation (iit)

»—
It

d d
= d—? = %(eoél = EOTT
This is the missing term in Ampere’s circuital law.
The inconsistency may disappear if displacement current is included between the plates.
So generalised Ampere's circuital law can be given as
dé
odr
(a) Which one of the following electromagnetic radiations has least frequency:
UV radiations, X-rays, Microwaves?
(b) How do you show that electromagnetic waves carry energy and momentum?
(c) Write the expression for the energy density of an electromagnetic wave propagating in
free space. [CBSE Bhubaneswar 2015]
() Microwave
(b) When a charge oscillates with some frequency. It produces an oscillating electric field and
magnetic field in space. So, an electromagnetic wave is produced.
The frequency of the EM wave is equal to the frequency of escillation of the charge.
Hence energy associated with the EM wave comes at the expense of the energy of the source.

§Bdl=p I +p L =pl +pe

Electromagnetic Waves 289



Ifthe em wave of energy U strikes on a surface and gets completely absorbed, total momentum

delivery to the surface is p = E
Hence em wave also carry momentum.

(¢) The EM wave consists of oscillating electric and magnetic fields, So net energy density of EM
wave is

Us=U,+U,

Q. 9. (a) How are electromagnetic waves produced by oscillating charges?

(b) State clearly how a microwave oven works to heat up a food item containing water
molecules.

() Why are microwaves found useful for the radar systems in aircraft navigation?

[CBSE (F) 2013]

Ans. (a) If a charge particle oscillates with some frequency, produces an oscillating electric field in

space, which produces an oscillating magnetic field, which inturn, is a source of electric field,

and so on. Thus oscillating electric fields and magnetic fields regenerate each other, and an
clectromagnetic wave propagates in the space.

(b) In microwave oven, the frequency of the microwaves is selected to match the resonant
frequency of water molecules so that energy from the waves get transferred efficiently 1o
the kinetic energy of the molecules. This kinetic energy raises the temperature of any food
containing water.

(¢) Microwaves are short wavelength radie waves, with frequency of order of few GHz. Due to
short wavelength, they have high penetrating power with respect 1o atmosphere and less
diffraction in the atmospheric layers. So these waves are suitable for the radar systems used
in aircraft navigation.

Q. 10. Electromagnetic waves of wavelengths i, A, and X, are used in radar systems, in water purifiers
and in remote switches of TV, respectively.
(i) Identify the electromagnetic waves, and
(if) Write one source of each of them. [CBSE 2022 (55/3/1), Term-2]
Ans. (i) (@) Radar Systems - Microwave
(4) Water purifiers — Ultra Violet (UV)
(¢) Remote switches of TV-Infrared (IR)

(it)
EM-Waves Source
(a) Microwave Magnetrons or Gunn diodes
(b) Ultra violet (UV) Inner shell electrons in atoms moving from one

energy level o another

(c) Infrared (IR) Hot bodies and molecules.

Q. 11. (a) Name the e.m. waves which are suitable for radar systems used in aircraft navigation.
Write the range of frequency of these waves.

(b) If the Earth did not have atmosphere, would its average surface temperature be higher or
lower than what it is now? Explain.

(¢) An e.m. wave exerts pressure on the surface on which it is incident. Justify.
[CBSE Sample Paper-2022, Term-2]
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Ans. (a) Microwaves are suitable for the radar system used in aircraft navigation.
Range of frequency of microwaves is 10* Hz 10 10" Hz

(b) If the Earth did not have aumosphere, then there would be absence of greenhouse effect

of the atmosphere. Due to this reason, the temperature of the earth would be lower than
what it is now.

(c) An e.m. wave carries momentum with itself and given by
P = Energy of wave (U) / Speed of the wave (c)
= Ule
when it is incident upon a surface it exerts pressure on it.
Q. 12. Answer the following questions:

(a) Name the EM waves which are produced during radioactive decay of a nucleus. Write
their frequency range.

(b) Welders wear special glass goggles while working. Why? Explain.
(c) Why are infrared waves often called as heat waves? Give their one application.

[CBSE Delhi 2014)
Ans. (a) EM waves : y-rays

Range : 10" Hz to 10* Hz

(b) This is because the special glass goggles protect the eyes from large amount of UV radiations
produced by welding arcs.

(¢) Infrared waves are called heat waves because water molecules present in the materials
readily absorb the infrared rays and get heated up.

Application: They are used in green houses to warm the plants.

Q. 13. Answer the following:

(a) Name the EM waves which are used for the treatment of certain forms of cancer. Write
their frequency range.

(b) Thin ozone layer on top of stratosphere is crucial for human survival. Why?
(c) Why is the amount of the momentum transferred by the em waves incident on the surface

so small? [CBSE Delhi 2014]
Ans. (a) X-rays or y-rays

Range: 10'® Hz 10 10* Hz.
(b) Ozone layer absorbs the ultraviolet radiations from the sun and prevents it from reaching
the earth's surface.

; u
(¢) Momentum transferred, p = 5

where U = energy transferred, and ¢ = speed of light

Due to the large value of speed of light (¢), the amount of mementum transferred by the em
waves incident on the surface is small.

Q. 14. Electromagnetic waves with wavelength
(i) &, is used in satellite communication.
(ii) Ay is used to kill germs in water purifier.
(iii) )4 is used to detect leakage of oil in underground pipelines.
(iv) k4 is used to improve visibility in runways during fog and mist conditions.
(a) Identify and name the part of electromagnetic spectrum to which these radiations belong.
(b) Arrange these wavelengths in ascending order of their magnitude.

(c) Write one more application of each. [NCERT Exemplar]
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Ans. (@) &, - Microwave, A, —» UV
hq — X-rays, A, — Infrared
By g <hg <hy <y
(¢) Microwave = RADAR
UV - LASIK eye surgery
X-ray - Bone [racture identification (bone scanning)
Infrared - Optical communication

Q. 15. Figure shows a capacitor made of two circular plates each of radius 12 em and separated by
5.0 mm. The capacitor is being charged by an external source (not shown in the figure). The
charging current is constant and equal to 0.15 A.

(a) Calculate the capacitance and the rate of change of potential difference between the plates.
(b) Obtain the displacement current across the plates.
(¢) Is Kirchhoff’s first rule function rule valid at each plate of the capacitor? Explain.

[NCERT)
Ans. Here, I1=0.15A

r=12cm=12% 10°%m
d=50mm=5x10%m

A=
(a) Capacitance Al 4- d
ggd g,
T4 d HIl=
_ 885x1077x22x(12x107%)?
3 7x5x107
= 728036‘8)(13 sl 801.05 x 10°* F
35x10

= 80.1x10™"F = 80.1 pF

Let C be the capacitance of capacitor and ¢ the instantaneous charge on plates, then

qg=CV

H_dv L W1
dt e dt €
v _ 015

T 0.00187 x 102 vs™' = 1.87 x 10° Vs!
80.1%10”

(b) Displacemen[ current Id =g, Ai—}f = EDAE,OLA = | = conduction current = 0.15 A.

(¢) Yes, Kirchhofls law holds at each plate of capacitor since displacement current is equal to
conduction current.
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Questions for Practice

1:

Choose and write the correct option in the following questions.
(i) The electromagnetic radiations used to kill germs in water purifiers are called

[CBSE 2023 (55/3/1)]
(@) Infrared waves (b) X-rays
(¢) Gamma rays (d) Ultraviolet rays
(1) The quantity ,/E represents
(a) speed of sound (b) speed of light in vacuum
(¢) speed of electromagnetic waves (d) inverse of speed of light in vacuum

(i) The ratioofamplitude of magnetic field to the amplitude of electric field for an electromagnetic
wave propagating in vacuum is equal 1o
() the speed of light in vacuum
(b) reciprocal of speed of light in vacuum
(¢) the ratio of magnetic permeability to the electric susceptibility of vacuum
(@) unity
(7v) Microwave oven acts on the principle of
(z) giving rotational energy 1o water molecules
(b) giving vibrational energy to water molecules
(¢) giving translational energy to water molecules
(d) transferring electrons from lower to higher energy levels in water molecule
() Ina travelling plane electromagnetic wave, which of the following have zero average value?
[CBSE 2020 (55/2/3)]
(@) Magnetic energy and electric energy (b)) Magnetic field and electric field
(¢) Magnetic energy and magnetic field  (d) Electric energy and electric field
In the following questions, a statement of Assertion (A) is followed by a statement of Reason (R).
Choose the correct answer out of the following choices.
(a) Both A and R are true and R is the correci explanation of A.
(b) Both A and R are true but R is not the correct explanation of A.
(c) A is true but R is false.
(d) A is false and R is also false.

Assertion (4) : When a charged particle moves in a circular path, it produces electromagnetic
wave.

Reason (R) : Charged particle has acceleration.

Give the ratio of velocity of the two light waves of wavelengths 4000 A and 8000 A travelling in
vacuum. [CBSE Sample Paper-2021)]

Name the electromagnetic radiation which can be produced by klystron or a magnetron valve.
The oscillating electric field of an electromagnetic wave is given by
E, = 30sin(2x 10"z + 3007x) V™'
(a) Obtain the value of wavelength of the electromagnetic wave.
(b) Write down the expression for oscillating magnetic field.

How does an oscillating charge radiate an electromagnetic wave? Give the relation between the
frequency of radiated wave and the frequency of oscillating charge. [CBSE 2020 (55/3/1)]

Gamma rays and radio waves travel with the same velocity in free space. Distinguish between
them in terms of their origin and the main application. [CBSE 2020 (55/5/1)]
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8. Answer the following questions:

(a) Optical and radio telescopes are built on the ground while X-ray astronomy is possible only
from satellites orbiting the Earth. Why?

(b) The small ozone layer on top of the stratosphere is crucial for human survival. Why?

9. A capacitor of capacitance ‘C’ is being charged by connecting it across a de source along with an
ammeter. Will the ammeter show a momentary deflection during the process of charging? If so,
how would you explain this momentary deflection and the resulting continuity of current in the
circuit? Write the expression for the current inside the capacitor.

10. (a) Write the expression for the speed of light in a material medium of relative permittivity &,
and relative magnetic permeability u,.
(b) Write the wavelength range and name of the electromagnetic waves which are used in
(i) radar systems for aircraft navigation, and (it) earth satellites to observe the growth of the
crops. [CBSE 2020 (55/1/1)]
11. In a plane electromagnetic wave, the electric field oscillates sinusoidally at a frequency of
2.0 % 10'° Hz and amplitude 48 V™.
(@) What is the wavelength of a wave?
(b) What is the amplitude of the oscillating magnetic field?
(c) Show that the average energy density of the electric field equals the average energy density
of the B field. [c = 3 x 10° ms™']
12. (a) Identify the part of the electromagnetic spectrum used in (i) radar and (i) eye surgery. Write
their frequency range.

(b) Prove that the average energy density of the oscillating electric field is equal to that of the
oscillating magnetic field.

13. (a) A parallel plate capacitor is being charged by a time varying current. Explain briefly how
Ampere’s circuital law is generalized to incorporate the effect due to the displacement
current.

(b) Find the wavelength of electromagnetic waves of frequency 6 X 10'? Hz in free space. Give
its two applications.

14. A parallel plate capacitor (fig.) made of circular plates cach of radius R = 6.0 cm has a
capacitance € = 100 pF. The capacitor is connected to a 230 V ac supply with an angular
frequency of 300 rad/s. M\ f/\.‘ [NCERT)

1 I\

1] (-
/ ()
W A A

o

(@) What is the rms value of the conduction current?
(b) Is conduction current equal to the displacement current?

(¢) Determine the amplitude of magnetic field induction B at a point 3.0 cm from the axis
between the plates.

Answers
L. (1) @) () (d) (i) (b) () (b) @) (&)
2. (a) 3.1:1 5. (a) 6.67 x 107° m (b) 107" sin (2 x 10" + 300mx) T
11. (@) 15 % 10%m () 1.6 x 107 T 14. (@) 6.9 pA (b 1.63 x 10" T
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Ray Optics and
Optical Instruments

POINTS TO

REMEMBER

1. Optics: The study of nature and propagation of light is called optics. Ray optics deals with particle
nature of light whereas wave optics considers light as a wave.

2. Reflection of Light

When a light ray incident on a smooth surface bounces back to the same medium, it is called m
reflection of light.

INIOd

Laws of regular Reflection
(1) Angle of incidence is equal to the angle of reflection. Normal
Le., t=r
(i1) The incident ray, the reflected ray and the normal at the
point of incidence, all lie in the same plane.

1 . g L/
These laws hold for any reflecting surface whether plane D‘?fo'aqf eﬂ‘ﬁ*
or curved. ‘3 I

There is no change in wavelength and frequency during o
reflection.

Spherical Mirror: A spherical mirror is simply a part cut off from the surface of a hollow sphere
which has been made smooth and silver polished on one side.

Spherical mirrors are of two types:

(i) Concave mirror: If outer side or bulging side of the spherical surface is silver polished, it is
called a concave mirror.

d39dW3N3Y OL

(if) Convex mirror: If inner side of a spherical surface is silver polished, it is called a convex mirror.
Relation between focal length and radius of curvature: The distance between centre (C) of
spherical surface and its pole (P) is called the radius of curvature. It is denoted by R.

My M,
-—— R
P .
c P c
F——R —=
Mo M
(i) Concave mirror (ii) Convex mirror

The rays parallel to the principal axis (CP) afier striking the mirror meet at a point (F) (in concave
mirror) or appear to be meeting at a point F (in convex mirror). This point is called the principal
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focus (F) of mirror. The distance of focus (F) from pole (P) of a mirror is called the focal length of
the mirror. It is denoted by f. The focal length £ is half of the radius of curvature.

R
Le., f:?
M4 M
1
——
c
F P
P F c
M;
Mz - =
“_f_" --—fR—-—

-
i) Concave mirror . y
@ (2z) Convex mirror
Mirror formula: The mirror formula is
1 1 1

f v ou
where u = distance of object from mirror;
v= distance ol image from mirror;
and f = focal length of mirror.
Magnification produced by mirror: The ratio of the size of image to the size of object is called
linear magnification produced by the mirror.

¥ s b v

Magnification M= T - = 7

Where /' is the height of image and h is the height of object.
3. Refraction of Light
When a ray of light enters from one transparent medium into another, there is a change in speed
and direction of the ray in the second medium. This phenomenon is called refraction of light.
Laws of refraction:
() The incident ray, the refracted ray and the normal to the surface separating the two media, all
lie in the same plane.
(if) Snell’s Law: For two media, the ratio of sine of angle of incidence to the sine of the angle of

refraction is constant for a beam of particular wavelength, i.e.,
sini Ag
——— = constant = — =
sinr n

1" (1)

where n; and n, are absolute refractive indices of I and II media respectively and |n, is a
refractive index of second (I1) medium with respect to first (I) medium.
Due to principle of reversibility of light,
sinr _ n (i)
sini 271

Multiplying (i) by (i), we get

1= gm X ng or gmy =
1Mo
The frequency of light remains unchanged while passing from one medium to the other.
Refractive Index:

The refractive index of a medium is defined as the ratio of speed of light in vacuum to the speed
of light in a medium.
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_ Speedof lightin vacuum

e "= Speed of light in medium v
Vy\air 7\m'r
- U}'medium - P\medmm

heair A0 Rppginer, being wavelengths of light in air and medium respectively.

sini ”2(7 ff”2)7 Y A

sinr ny .-:/r;l

LT
Formation of image due to refraction: According to Snell's law, if #y > n,,i > r. That is, if a ray
of light enters from rarer medium to a denser medium, it is deviated towards the normal and
if ny < my, i < rthatis, if the ray of light enters from denser 10 a N
rarer medium it is deviated away [rom the normal. |
Accordingly, if the ray of light starting from object O, in the given M|
diagram in a denser medium travels along OP it is deviated away |
from the normal along PQ. The ray PQ appears to come from .
Thus [ is the virtual image of O. It can be shown that

B Real depth(OM) ot
T Apparent depth (M)

TI
il

i
where x is the apparent shifi.

. The apparent shift, x = (1-%)t

Refraction through a number of media: Let us consider the , EM

refraction of light ray through a series of media as shown in fig. “g 1 air

The ray AB is incident on air-water interface at an angle i. The
ray is deviated in water along BC towards the normal. Then
it falls on water-glass interface and is again deviated towards
normal along CD. If the last medium is again air, the ray emerges
parallel to the incident ray. Let r; and ry be angles of refraction
in water and glass respectively, then from Snell’s law,

sini n, i | air
— =2y b
sinr, n 56 :

Il glass
2}

1 a E
sin _ f, _
sin 7, a R_M - wﬂg
sin 7, n,

=2=q
T = .
sini ¢ £

n, = refractive index of air = 1

n,, = refractive index of water

n, = refractive index of glass
Multiplying above relations, we get n, X 0, X n =1
n
o 1 s R
w g M x gna Tt

4. Critical Angle

When a ray of light is incident on the interface from denser medium to rarer medium, it is deviated
away from the normal. When angle of incidence is increased, angle of refracuion also increases and

at a stage it becomes 90°.

The angle of incidence in denser medium for which the angle of refraction in rarer medium is 90° is called the

critical angle (C) for the pair of media.
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If n, and n, are refractive indices for rarer and denser media, then
. sini _ "2

: = — gives
sinr 7 g

sinC " -
sin90° n; dr
z 1 1
sin C = it ==
rd

where n,; = n and nis the refractive index of a denser medium with respect to a rarer medium.
5. Total Internal Reflection

When angle of incidence in the denser medium is greater than the critical angle, the incident

ray does not refract into a rarer medium but is reflected back into the denser medium. This

phenomenon is called total internal reflection. The conditions for total internal reflection are
(1) The ray must travel from a denser into a rarer medium.

(i1) The angle of incidence i> eritical angle C.

The critical angle for water-air, glass-air and diamond-air interfaces are 49°, 42° and 24°
respectively.

6. Spherical Lenses

There are two Lypes of spherical lenses.
(1) Convex lens (Converging lens)
(if) Concave lens (Diverging lens)

Rules of Image Formation in Lenses

(1) The ray incident on lens parallel to the principal axis, after refraction through the lens, passes
through the second focus (in convex lens) or appear to come from second focus (in concave lens).

(ii) The ray incident on lens through optical centre C, after refraction, pass straight without any
deviation.

(i12) A ray directed towards the first focus incident on the lens, after refraction becomes parallel 10
the principal axis.

7. Thin Lens Formula

f_v_u

If u and v are object and image distances from a lens of focal length f, then thin lens formula is
¥ p 1

This equation holds for convex and concave lenses both, but proper signs of u, v and f are to be
used according to sign convention of coordinate geometry. Focal length ol a convex lens is taken as
positive and of a concave lens is taken as negative.

298 Xam idea Physics—XII



Magnification produced by a lens
_K _u f I=v

e T u T wey T f

where £’ is the size of image and A is the size of object.

8. Lens Maker’s Formula
If R, and R, are the radii of curvature of first and second refracting
surfaces of a thin lens of focal length f, then lens makers formula is [
1 1

Hl ?!I

1 1
= (n-l)x(—_—)
R, R,
where ny=n is refractive index of material of lens with respect to "
surrounding medium. (LT et
9. Power of a Lens f I‘I
The power of a lens is its ability o deviate the rays towards its @ .‘.nﬂ.‘l I
principal axis. It is defined as the reciprocal of focal length in W
metres. v
Power of a lens, P = %
f(in metre)
Its unit is diopter and is represented as ‘D",
10. Lens Immersed in a Liquid i
/ Liquid
If a lens of refractive index n, is immersed in a liquid of refractive [ g5
index n; then its focal length (f) in liquid, is given by ¥ Glass :
Liquid -\
1 1 1
—=(n —I)X(—-—)
ke R Ry
g
where =
n, - 1
Iif, is the focal length of lens in air, then f, = T X f,
e 1

Three cases arise:

(1) Ifn, > my, then f; and f, are of same sign but f; > f,.
That is, the nature of lens remains unchanged, but its focal length increases and hence the
power of lens decreases. In other words the convergent lens becomes less convergent and
divergent lens becomes less divergent.

(1) Ifn, = ny, then f; = . That is, the lens behaves as a glass plate.

(itt) Ifn, < my, then fjand f, have opposite signs.
That is, the nature of lens changes. A convergent lens becomes divergent and vice versa.

11. Thin Lenses in Contact
If two or more lenses of focal lengths f;, f5 are placed in contact, then their equivalent focal length
F is given by

e S

LI S
The power of combination

P=P +Py+ ..
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12. Refraction Through a Prism

A prism is a wransparent medium enclosed by wwo plane refracting surfaces. Let EF be the
monochromatic ray incident on the face PQ of prism PQR of refracting angle 4 at angle of incidence
i,. This ray is refracted along FG, r| being angle of refraction. The ray FG is incident on the face PR at
angle of incidence 7, and is refracted in air along GH. Thus GH is the emergent ray and i, is the angle
of emergence. The angle between incident ray EF and emergent ray GH is called angle of deviation 8.
For a prism if 4 is the refracting angle of prism, then

it ry=A ...(2)
and i Fi,=A+5 )
Clearly, deviation & = i+ i, — 4, 7, and i, may be inter-changed, therefore, there are two values of
angles of incidence for same deviation 3.
If n is the refractive index of material of prism, then from Snell’s law

sini

1 sini,

sin T1 sin T2

i i B2
—_— ]

If angle of incidence is changed, the angle of deviation & changes as shown in fig. For a particular
angle of incidence the deviation is minimum. This is called angle of minimum deviation 8,,.
Minimum deviation: At minimum deviation the refracted ray within a prism is parallel to the base.
Therefore,

i) =1y =i (say)

T =Ty =r (say)
Then from equations (z) and (i),

r+r=A4 or r=A472
A+3
2
. The refractive index of material of prism
) (A +3, )
_ sini _ i 2
sin r sin (4/2)
For a thin prism, viz. 4 < 10°
= (11— 1) A.

13. Optical Instruments (Microscopes and Telescopes)

i+i=A+8 ori=
mn

A microscope is an optical instrument to see very small objects.
(i) Simple Microscope: It consists of a convex lens of small focal length f.
If B = angle subtended by an image on eye
o = angle subtended by an object on eye, when object is at a distance of distinct vision (D)
Magnifying power,
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M=%=%(1+%)

If the final image is at o, v = then M = %
D

If the final image is at a distance of distinct vision, v = DM =1 + ?

(ii) Compound Microscope: A compound microscope essentally consists of two co-axial convex
lenses of small focal lengths. The lens facing the object is called an objective lens while that
towards eye is called the eye lens (eyepiece).

*. Magnifying power of microscope,

B v, D v,
= —(= b4 = it
M a{ m, X m,) .z, (1 + f,)
Eyepiece
—— 7 >
D A

" !
B Te

Separation between lenses, L = v, + u,

Special cases:

(a) When [inal image is formed at a distance of distinct vision, v, = D

vﬂ D
M=—IT°(1+I,) and L=uv,+u,

The distance between second focal point of objective and first focal point of eye lens is
called the tube length denoted by L,then

L

wF
L D

So, M=-={1+ —)
ﬂ]( £
() When final image is formed at infinity, v .= o, then

VoD

M=—-—X—
u" er
L D

= —?7 and L= v, +f!
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(iii) Astronomical Telescope (Refracting Telescope): It is used to see magnified images of distant
objects. An astronomical telescope essentially consists of two co-axial convex lenses. The lens
facing the object has a large focal length and a large aperture and is called objective, while the
lens towards eye has a small focal length and small aperture and is called eye lens.

: U, |-—

/\?piace ,‘

B Objective| Fo

Distant object

Ue 1

o

The magnifying power of telescope is
Angle subtended by final image at eye

B Angle subtended by object on eye

and  Length of telescope, L=f;+u,
where u, = distance of real image from eye lens
v, = distance of final image A' B’ from eye lens
fo = focal length of objective, f,= focal length of eye lens
o = angle subtended by an object at eye = A,
' Jo
B = angle subtended by an image at eye = %

Special cases:
(2) When f(inal image is formed at a distance of distinet vision, then v,=D

i 1,
M=—E(1 +E) and L=f+u,
(b) When final image is formed at infinity, then v,= =

M=—§: and L=J;+J€

Reflecting Telescope: In this telescope, a concave mirror is used as an objective in place of
a convex lens. It is free from chromatic aberration and it has larger resolving power than

refracting telescope.

5. Y Objective

4 mirror

Secondary

miror A |

( Eyepiece
¥
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14. Magnifying Power of Optical Instruments

The size of an object depends on the angle subtended by the object on eye. This angle is called visual
angle. Greater the visual angle, greater the size of object. Stars are bigger than sun; but appear smaller
because stars are much farther away than sun and they subtend smaller angles on eye.

The angle subtended on eye may be increased by using telescopes and microscopes. The telescopes and
microscopes form the image of an object. The image subtends larger angle on eye; hence the object
appears big. The magnification produced by optical instrument (telescope/microscope) is defined as the
ratio of angle (B) subtended by image on eye and the angle (&) subtended by object on eye.

i.e., Angular magnification, M =

Multiple Choice Questions

Choose and write the correct option(s) in the following questions.

1. For a concave mirror of focal length ‘f, the minimum distance between the object and its real
image is: [CBSE 2023 (55/1/1)]
(@) zero o) f ) 2f (d) 4f

2. The direction of ray of light incident on a concave mirror is shown by
P(Q while directions in which the ray would travel after reflection is
shown by four rays marked 1, 2, 3 and 4 (Fig. given alongside). Which
of the four rays correctly shows the direction of reflected ray?

[NCERT Exemplar]

(a) 1 ) 2
(©) 3 (d) 4

3. A ray of monochromatic light propagating in air, is incident on the
surface of water. Which of the following will be the same for the

reflected and refracted rays? [CBSE 2023 (55/2/1)]
(a) Energy carried  (b) Speed (¢) Frequency (d) Wavelength

4. A short pulse of white light is incident from air to a glass slab at normal incidence. After
travelling through the slab, the first colour to emerge is [NCERT Exemplar]
(@) blue (b) green (¢) violet (d) red

5. The optical density of turpentine is higher than that of water while its mass density is lower.
Figure shows a layer of turpentine floating over water in a container. For which one of the four

rays incident on turpentine in the figure, the path shown is correct? [NCERT Exemplar]
1 2 3 4
B \ \\ \
Turpentine ¥ \
Water \ x
(a) 1 by 2 ) 3 (d) 4

6. A beam of light travels from air into a medium. Its speed and wavelength in the medium are
1.5 x 10® ms™ and 230 nm respectively. The wavelength of light in air will be
[CBSE 2023(55/2/1)]

(@) 230 nm (b) 345 nm (¢) 460 nm (d) 690 nm
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7. Transmission of light in optical fibre is due to
(a) scattering (b) diffraction
(¢) refraction (d) multiple total internal reflection
8. You are given four sources of light each one providing a light of a single colour - red, blue,
green and yellow. Suppose the angle of refraction for a beam of yellow light corresponding
to a particular angle of incidence at the interface of two media is 90°. Which of the following
statements is correct if the source of yellow light is replaced with that of other lights without
changing the angle of incidence? [NCERT Exemplar]
(a) The beam of red light would undergo total internal reflection.
(b) Thebeam of red light would bend towards normal while it gets refracted through the second medium.
(¢) The beam of blue light would undergo total internal reflection.
(d) The beam of green light would bend away from the normal as it gets refracted through the
second medium.
9. Which of the following is not due to total internal reflection ?
(a) Working of optical fibre
(b) Difference between apparent and real depth of'a pond
(¢) Mirage on hot summer days
(d) Brilliance of diamond
10. An object approaches a convergent lens from the left of the lens with a uniform speed 5 m/s
and stops at the focus. The image [NCERT Exemplar]
(a) moves away [rom the lens with an uniform speed 5 m/s.
(b) moves away [rom the lens with an uniform accleration.
(¢) moves away [rom the lens with a non-uniform acceleration.
(d) moves towards the lens with a non-uniform acceleration.
11. The radius of curvature of the curved surface of a plano-convex lens is 20 cm. If the refractive
index of the material of the lens be 1.5, it will [NCERT Exemplar]
(a) act as a convex lens only for the objects that lie on its curved side.
(b) act as a concave lens for the objects that lie on its curved side.
(¢) act as a convex lens irrespective of the side on which the object lies.
(d) act as a concave lens irrespective of side on which the object lies.
12. A student measures the focal length of a convex lens by putting an object pin at a distance ‘u’
from the lens and measuring the distance ‘v’ of the image pin. The graph between ‘u’ and ‘v’
plotted by the student should look like

w(cm) v(em) \
@) — |

ufcm)—p u(cm)—

/ v(em) v(cm)
1 . S —

u(em)—»

13. An equiconvex lens is cut into two halves along (i) XOX' and (ii) YOY ' as
shown in the figure. Letf, ' and f" be the of the focal lengths of complete
lens of each half in case (i) and of each half in case (ii) respectively.
Choose the correct statement from the following :

@ f'=2fand f'=f ®)f =fand f'=f
© f'=2fand f*=2f @) f =fand f*=2f
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14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

A ray of light incident at an angle 8 on a refracting face of a prism emerges from the other face
normally. If the angle of the prism is 5° and the prism is made of a material of refractive index

1.5, the angle of incidence is [NCERT Exemplar]
(a) 7.5° (b) 5° (c) 15° (d) 2.5°
A beam of light consisting of red, green and blue colours is A

incident on a right angled prism. The refractive index of
the material of the prism for the above red, green and blue

i
wavelengths are 1.39, 1.44 and 1.47 respectively. G?;gﬁ -

The prism will Red ——

(a) not separate the three colours at all 45°

(b) separate the red colour part from the green and blue colours
(¢) separate the blue colour part from the red and green colours
(d) separate all the three colours from one another

A thin prism having refracting angle 10° is made of glass of refractive index 1.42. This prism is
combined with another thin prism of glass of refractive index 1.7. This combination produces
dispersion without deviation. This refracting angle of second prism should be

(a) 6° (b) 8° () 10° (d) #

A biconcave lens of power P vertically splits into two identical plano concave parts. The power
of each part will be [CBSE 2020 (55/5/1)]
(@) 2P ) Pf2 ©P @ PI2

A biconvex lens of glass having refractive index 1.47 is immersed in a liquid. It becomes
invisible and behaves as a plane glass plate. The refractive index of the liquid is

[CBSE 2020 (55/1/1)]
(a) 1.47 (b) 1.62 (¢) 1.33 d) 1.51
For a glass prism, the angle of minimum deviation will be smallest for the light of

[CBSE 2020 (55/1/1)]
(@) red colour (&) blue colour (¢) yellow colour (d) green colour

If the focal length of objective lens is increased then magnifying power of
(a) microscope will increase but that of telescope decrease

(b) microscope and telescope both will increase

(¢) microscope and telescope both will decrease

(d) microscope will decrease but that of telescope will increase

Four lenses of focal length +15 cm and +150 cm are available for making a telescope. To
produce the largest magnification, the focal length of the eyepiece should be

(@) +15cm (b) +150 cm (€) =150 cm (d) =15 cm

The magnifying power of a telescope is 9. When it is adjusted for parallel rays the distance
between the objective and eyepiece is 20 cm. The focal length of lenses are

(@) 11 cm, 9cm ) 10 cm, 10 cm (€) 15 cm, 5 cm d) 18 cm, 2 cm

The focal length of the objective of a compound microscope is [CBSE 2020 (55/1/3))
(a) greater than the focal length of eyepiece

(b) lesser than the focal length of eyepiece

(¢) equal to the focal length of eyepiece

(d) equal to the length of its tube

Larger aperture of objective lens in an astronomical telescope [CBSE 2020 (55/1/1)]
(a) increases the resolving power of telescope.

(b) decreases the brightness of the image.

(¢) increases the size of the image.

(d) decreases the length of the telescope.
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25. A ray of light is incident on an equilateral glass prism placed on a horizontal table. For
minimum deviation which of the following is true?
R
P s
(a) PQ is horizontal (b) QR is horizontal
(¢) RS is horizontal (d) Either PQ or RS is horizontal
26. A thin glass (refractive index 1.5) lens has optical power of - 5 D in air. Its optical power in
liquid with refractive index 1.7 will be
(@) -1D G +1D (€©)-25D (d) +25D
27. Refractive index of water is - . A light source is placed in water at a depth of 4 m. Then what
must be the minimum radius of disc placed at water surface so that the light of source can be
stopped? [HOTS]
(@) 3m &) 4m (€) 5m (d) infinite
Answers
L. (a) 2. (&) 3. (0) 4. (d) 5. (b) 6. (¢) 7. (d)
8. () 9. (b) 10. (c) 11. (¢) 12. (a) 13. (d) 14. (a)
15. (b) 16. (a) 17. (b) 18. (a) 19. (a) 20. (d) 21. (a)
22. (d) 23. (b) 24. (a) 25. (b) 26. (b) 27. (a)

Assertion-Reason Questions

In the following questions, a statement of Assertion (A) is followed by a statement of Reason (R). Choose the
correct answer out of the following choices.

(@)

Both A and R are true and R is the correct explanation of A.
Both A and R are true but R is not the correct explanation of A.
A is true but R is false.

A is false and R is also false.

Assertion(4) : Diamond glitters brilliantly.

Reason (R) : Diamond reflects sunlight strongly.

Assertion (4) : A convex mirror cannot form real images.

Reason (R) : Convex mirror converges the parallel rays that are incident on it.
[CBSE Sample Paper-2021]
Assertion(4) : In a telescope, objective lens has greater focal length than eye piece but in a
microscope objective has smaller focal length than eye piece. By inverting a
telescope, a microscope cannot be formed.
Reason (R) : The diflerence in focal lengths of objective and eye lens in telescope is much
larger than in microscope.

Assertion (4) : A convex lens of focal length 30 cm can’t be used as a simple microscope in
normal setting.

Reason (R) : For normal setting, the angular magnification of simple microscope is M = Djf .
[CBSE Sample Paper-2021]
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5. Assertion(d4) : For observing traflic at back, the driver mirror is convex mirror.
Reason (R) : A convex mirror has much larger field of view than a plane mirror.
6. Assertion(d4) : In astronomical telescope, the objective lens is of large aperture.
Reason (R) : Larger is the aperture, smaller is the magnifying power.
7. Assertion(d) : The speed of light in glass depends on colour of light.
Reason (R) : The speed of light in glass U= nig . the refractive index (n,) of glass is diflerent
for different colours.

8. Assertion(d) : A ray of light is incident from outside on a glass sphere surrounded by air. This
ray may suffer total internal reflection at second interface.

Reason (R) : If a ray of light goes from denser o rarer medium, it bends away [rom the
normal. [AIIMS 2017]

9. Assertion(d) : In compound microscope, the objective lens is taken of small focal length.
Reason (R) : This increases the magnifying power of microscope.
10. Assertion(d) : If a convex lens is kept in water, its convergence power decreases.
Reason (R) : The refractive index of convex lens relative o water is less than that relative 1o air.

Answers
1. (o) 2. (¢) 3. (a) 4. (b) 5. (a) 6. (¢) 7. (@)
8. (a) 9. (b) 10. ()

Case-based/Passage-based Questions

Read the paragraph given below and answer the questions that follow:

1. Sparking Brilliance of Diamond: The total internal reflection /
of the light is used in polishing diamonds to create a sparking ! Criical angle
brilliance. By polishing the diamond with specific cuts, it is /
adjusted so that the most of the light rays approaching the surface
are incident with an angle of incidence more than critical angle.

Hence, they suffer multiple reflections and ultimately come out b
of diamond from the top. This gives the diamond a sparking ;\s //D "
brilliance. [CBSE Sample Paper-2021] Total - AirD \'a““’i‘ i

() Light cannot easily escape a diamond without multiple refiection b

internal reflections. This is because
(a) its eritical angle with reference 1o air is oo large.
(b) its critical angle with reference to air is oo small.
(¢) the diamond is transparent.
() rays always enter at angle greater than eritical angle.
(ii) The critical angle for a diamond is 24.4°. Then its refractive index is
(@) 2.42 () 0.413
© 1 @) 1.413
(iii) The basic reason for the extraordinary sparkle of suitably cut diamond is that
(@) it has low refractive index
(b) it has high transparency
(¢) it has high refractive index
(d) it is very hard
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(iv) The following diagram shows same diamond cut in two different shapes.

The brilliance of diamond in the second diamond will be:
(@) less than the first (b) greater than first
(¢) same as first (d) will depend on the intensity of light
OR

A diamond is immersed in a liquid with a refractive index greater than water. Then the
critical angle for total internal reflection will

(2) depend on the nature of the liquid (b) decrease
(¢) remain the same (d) increase

2. Mirage in Deserts:
To a distant observer, the light appears 1o be

coming from somewhere below the ground. The
observer naturally assumes that light is being
reflected from the ground, say, by a pool of water
near the tall object.

Such inverted images of distant tall objects cause an

optical illusion to the observer. This phenomenon
is called mirage. This type of mirage is especially common in hot deserts.
[CBSE Sample Paper-2022, Term-2]

(i) Which of the following phenomena is prominently involved in the formation of mirage in
deserts?

(a) Refraction, Total internal Reflection

(b) Dispersion and Refraction

(¢) Dispersion and scattering of light

(d) Total internal Reflection and diffraction

(ii) A diver at a depth 12 m inside water (”"‘m = ; ) sees the sky in a cone of semi- vertical angle

e 14
(@) sin™ 3 (b) tan 3
() sin']% (d) 90°

(¢ii) In an optical fibre, if n; and n, are the refractive indices of the core and cladding, then
which among the following, would be a correct equation?
(@) n < ny (b)n) =n, ) ny <<ny ) ny > ny

(iv) A diamond is immersed in such a liquid which has its refractive index with respect to air
as greater than the refractive index of water with respect to air. Then the critical angle of
diamond-liquid interface as compared to critical angle of diamond -water interface will
(a) depend on the nature of the liquid only (4) decrease
(¢) remain the same (d) increase
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(iii) Which of the following is not correct in the context of a compound microscope?
(z) Both the lenses are of short focal lengths.
(b) The magnifying power increases by decreasing the focal lengths of the two lenses.
(¢) The distance between the two lenses is more than (f, + f,).
(d) The microscope can be used as a telescope by interchanging the two lenses.

(iv) A compound microscope consists of an objective of 10X and an eye-piece of 20X. The
magnification due to the microscope would be

(a) 2 ) 10
(©) 30 () 200
OR

The focal lengths of objective and eye-piece of a compound microscope are 1.2 cm and 3.0 cm
respectively. The object is placed at a distance of 1.25 cm from the objective. If the final
image is formed at infinity, the magnifying power of the microscope would be

(@) 100 ®) 150
(c) 200 (d) 250
4. Refraction through Prism: Strontium Litanate is a rare oxide a A
natural mineral found in Siberia. Itis used as a substitute for diamond /L\,\
because its refractive index and critical angle are 2.41 and 24.5°, \\/ 60"\
respectively, which are approximately equal to the refractive index of \\

and critical angle of diamond. It has all the properties of diamond. o \
Even an expert jeweller is unable o differentiate between diamond / %
and strontium titanate. A ray of light is incident normally on one [ace B &
of an equilateral triangular prism ABC made of strontium titanate.
[CBSE 2023 (55/1/1), Modified]
(i) The necessary conditions for total internal reflection is
(2) the angle of incidence in denser medium must be smaller than the critical angle for two
media
(b) the angle of refraction in denser medium must be greater than the critical angle for two
media
(¢) the angle of incidence in denser medium must be greater than the critical angle for two
media
(d) none of these
(i7) The speed of light in a medium whose critical angle is 30° is

(@) 3 x 10% m/s ) 2 x 10® m/s
(c) 1.5 x 108 m/s (d) 2.5 x 10% m/s
(iii) Dispersion power depends upon
(a) height of the prism (b) angle of prism
(¢) material ol prism (d) the shape of prism

(iv) A ray of light incident at an angle 6 on refracting face of a prism emerges from the
other normally. If the angle of the prism is 30° and the prism is made up of a material of
refractive index 1.5, the angle of incidence is

(a) 30° (b) 45°
(c) 60° (d) 90°
OR
When light rays are incident on a prism at an angle of 45° the minimum deviation is
obtained. If refractive index of prism is v2 , then the angle of prism will be
() 60° (b) 40°
(¢) 50° (d) 30°




5. Lens Maker’s Formula: The lens maker's formula is useful 1o design lenses of desired focal
lengths using surfaces of suitable radii of curvature. The focal length also depends on the
refractive index of the material of the lens and the surrounding medium. The refractive index
depends on the wavelength of the light used. The power of a lens is related to its focal length.

[CBSE 2023 (55/4/1), Modified)
(i) How will the power of lens affected with an increase of wave length of light?
(a) increases (b) decreases
(¢) first increases then decreases (d) first decreases then increases

(i) The radius of curvatures of two surface of a convex lens is R. For what value of . of its
material will its focal length become equal to R?

(@1 o) 1.5
(¢) 2 (d) infinite
(iii) An object is immersed in a fluid. In order that the object becomes invisible, it should
(@) behave as perlect reflector
(b) absorb all the light falling on it
(¢) have refractive index 1
(d) have refractive index exactly matching with that of the surrounding fluid
(iv) An object is placed in front of a Lens Which forms its erect image of magnification 3. The
Power of the lens is 5D. Calculate the distance of the image from the lens.
(@) =40 cm (b) 40 cm
(¢) =80 cm (d) 80 cm
OR
The focal length of a concave lens of p = 1.5 is 20 cm is air. It is completely immersed in
water || = % Its focal length in water will be

(a) 20 em (b) 40 cm (¢) 60 cm (d) 80 cm
Explanations

1. (i) (b) Its critical angle of light with reference to air is too small.

(i) (a) Given critical angle, i. = 24.4°

. o 1o, A
Refractive index, n = Tini( Snodd
n =242

(iii) (c) Because it has high refractive index.

(#v) (a) The brilliance of second diamond will be less than that of first because critical angle for
first diamond w.r.L. air is very small as compared 1o second diamond. So, more TIR takes
place in first diamond as compared to the second.

OR
(d) increase (i.e., sini_ = ]?)
2. (i) (a) Refraction, Total internal reflection
(i) (¢) By Snell's Law,
1
a i
Y+ SincC

[, = 4 given)]

i 1
= sinC = .—
w

1 3
c= sin‘l(a”w) = sin™ (Z)
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(ii) (d) The refractive index of the core should be greater than the refractive index of the
cladding. (i.e., n| > ny)

Ty B SR e Ry e L B
() Ry ShEliaTaR i e p e R g
M= My

Thus, C > C’' (increases)
OR
1
b) By Snell's Law, 'p, = ——
(b) By Snell’s Law, "n, sinC
Lo, laa
sinC =168 = 0.8571
= C'=59°

Total internal reflection will occur if the angle & =7,

e, if i > 59° or whenr < r_ ., wherer, = 90°-59° = 31°.

max?
Using Snell's law,

sini
‘max

sinr = 168
or SiN iy, = 1.68 X sin rp,,
1.68 x sin 31°
= 1.68 x 0.5150 = 0.8662
A iy = 60°
Thus all incident rays which make angles in the range 0 < i < 60° with the axis of the
pipe will suffer total internal reflections in the pipe.
3. (i) (b) Real, Virtual

(i) (a) Magnifying power of compound microscope,

i D
M=- %0(1 + ?) [For final image formed at near point]

M=- L(Q) [For final image formed at infinity]
Lol fe

Hence M does not depends upon the aperture of the objective and the eye-piece.
(i2i) (d) The microscope can be used as a telescope by interchanging the two lenses.
(iv) (d) Magnifying power,

M=M;,xM,
= 10 X 20 = 200
OR
() Given, f, = 1.2 em, f, =3.0cm, u, = - 1.25em
Using lens formula at objective lens.

-
fi Vo %
L B3 T _F L ¥55-18 005 ¥
Yo fo U 1.2 71.25 © 1.2x1.25  1.2x1.25 ~ 30
2 vy = 30 cm.
When final image formed at infinity,
Y =
sl e <0 oS oy

U f 125 3
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(#) () ForTIR, t > ¢,
@) (c) Here, i, = 30°
o B o
As =3 sini,

v =csini, = $x10% xsin 30°
v=3x10°%05
v=15x10%m/s
(11i) (¢) Dispersive power of prism depends upon nature of material of prism.
(7v) (b) We know that,
d=n-1)Adandd=i-r
3=(1.5-1)30 = 0.5%30 = 15°
Also, d=i-r=0-r
15° = 8-30° [ 4r =307
6 = 15°+30° = 45°

0=i=45
OR
LA B
) " an.
(@) n= sini But 2 =i1=45
2
vf§=—s‘f“i = sin%=;— = %:30“ > A=60
311'12

(i) (b) As from lens make’s formula,

1 1
—oc(n-1)and P = — = Pocn-1
f f S

Also, 1 oc IX , Hence, Poc L

A

Thus, if wavelength (&) of light increases then power of lens decreases.

(1) (b) From Lens maker’s formula, Jl‘— =(n- l)(}l?—1 + é)
1 2
> == “.f=R)
= 15 =(mn-1)
n=15

(iif) (d) When the refractive index of the object is same as that of the media around it, then the
rays pass undeflected and the object appears to be invisible.

(#v) (a) For virtual and erect image,

v v
m =

w = 3= W = v = 3u,
1 1
and fzﬁ:j:gz(}l.?m:?()cm
Using lens formula, %=%_IE
1l 1 L=85 (L
20 3u 3u 20
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= u=—?cm
And v:?:u:—?:xz—():—ﬁlo‘:m
OR

; i F_ 1 L
(d) Using lens maker's formula, P (n=-1) ( R R2)

1 _ 1 1 ;
20 =(L5-D\ 2~ )
1.5

1 _|—-=1}|1 1 5

—=| 4 —_———
ol o IE (Rl Ry @)
From equation () and (if), we get,

1

20 0.5 _ f A

L_ 1_—4 = 20 =4 = f,=80cm

e 8

CONCEPTUAL QUESTIONS

Q. 1. When light travels from an optically denser medium to a rarer medium, why does the critical
angle of incidence depend on the colour of light? [CBSE Ajmer 2015]

Ans. The refractive index is different for different colour wavelength as n = a + F Hence, critical

angle sin §, = i would also be different for different colour of light.
n

Q. 2. How does the angle of minimum deviation of a glass prism vary if the incident violet light is
replaced by red light? [CBSE 2019 (55/3/1)]

Ans. The angle of minimum deviation decreases, if violet light is replaced by red light i.e., b‘r < Bﬂ.

Q. 3. A ray of light falls on a transparent sphere with centre C as shown in the figure. The ray
emerges from the sphere parallel to the line AB. Find the angle of refraction at A if refractive

index of the material of the sphere is 3. [CBSE (F) 2014]
Ans. Relractive index, n= S
sin 7
L sin60° Air Air
sinr
, 3.1 1 e B
sinr=—oX—=+ 60°

27/ 2
sinr = sin 30° = r = 30°
Angle of refraction = 30°.
Q. 4. For the same angle of incidence, the angle of refraction in two media A and B are 25° and 35°

respectively. In which one of the two media is the speed of light lesser?
[CBSE Bhubaneshwar 2015]

sini _ Y
sint Ys

Ans. Bysnell's Law, n=

ny sini/sinr, sinrg  v/uy

g sinifsinrg  sinrg,  vlvg
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Q.5.

Ans,

Ans.

Q.7

Ans,

Q.8.

Ans.

Q.9.

sSin 1y —Ul

i g
sinr, U4
¥,y sinr, <sinry = v,<uvg
Speed of light in 4 is lesser.

The line AB in the ray diagram represents a lens. State whether the lens is convex or concave.
[CBSE Chennai 2015]

It is a concave or diverging lens.
Reason: The refracted ray is bending away from the principal axis.
An object is placed in front of a converging lens. Obtain the conditions under which the
magnification produced by the lens is (i) negative and (ii) positive.

[CBSE 2022 (55/3/1), (55/3/3), Term-2]
An object is placed in front of a converging lens.
(1) If, m = —ve, then real and inverted image is formed. Hence object should placed beyond F.
(@) I, m = +ve, then virtual and erect image is formed. Hence object should placed between F and 0.
A concave lens of refractive index 1.5 is immersed in a medium of refractive index 1.65. What

is the nature of the lens? [CBSE Delhi 2015]
Concave lens, in medium of high refractive index, behaves as a convex lens (or a converging lens).
1 ( "y ) % i
Reason: —=\—-1 (————)
B n, R R
Since n, > n,
1
—=+ve
fs

So, f=>0. Hence acts a convex lens.

What is the focal length of a combination of a convex lens of focal length 30 cm and a concave
lens of focal length 20 cm in contact? Is the system a converging or a diverging lens? Ignore
thickness of lenses. [NCERT]
Given f| = + 30 cm, f, = - 20 cm
The focal length (F) of combination of given by
1.0, 1
=
F f f
hfy _ 30%(-20)
= == " = _f0em
fi+h 30-20

=

That is, the focal length of combination is 60 ¢m and it acts like a diverging lens.
A ray of light passes through an equilateral glass prism such that the angle of incidence is
equal to angle of emergence and each of these angles is equal to —-th of angle of prism. What

4
is the value of angle of deviation? [CBSE Paina 2015]
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Ans,

Ans.

Ans.

Ans.

Q. 13.

Ans.

Inprismi+e=4A+D=and i =¢ =%A (given)

3 3

So, A+D= IA + ZA
g L R |

2 2
Since A = 60° (being an equilateral glass prism)
So, b= L. 30°

2
An astronomical telescope may be a refracting type or a reflecting type. Which of the two
produces image of better quality? Justify your answer. [CBSE 2020 (55/4/1)]

Reflecting telescope is preferred over refracting telescope because:
(@) No chromatic aberration, because mirror is used.

() Spherical aberration can be removed by using a parabolic mirror.
(¢) Image is bright because no loss of energy due 1o reflection.

(d) Large mirror can provide easier mechanical support.

You are given following three lenses. Which two lenses will you use as an eyepiece and as an
objective to construct an astronomical telescope? Give reason.

Lenses Power (D) Aperture (cm)

i 3 8

L, 6 i

Ly 10 1 [CBSE Delhi 2009, CBSE (AI) 2017]
Objective : Lens L,
Eyepiece : Lens Lg

Reason: The objective lens should have large aperture (here, 8 cm) and large focal length
1
(f = m) while the eyepiece should have small aperture and small focal length.

Does the magnifying power of a microscope depend on the colour of the light used? Justify
your answer. [CBSE (F) 2017]
Yes, since magnification depends upon focal length and focal length depends on the colour and
different colours have different wavelengths (i.e., different refractive indices).
1 1
F o ”[?, R
Also, magnification of compound microscope

i)

(a) Explain briefly how the focal length of a convex lens changes with increase in wavelength
of incident light.

(By Lens Maker's Formula)

(6) What happens to the focal length of convex lens when it is immersed in water? Refractive
index of the material of lens is greater than that of water. [HOTS] [CBSE (South) 2016]

(a) Focal length increases with increase of wavelength.

1 y 2 . Ty . .
? ={m-1]p 2 wavelength increases, —— decreases hence focal length increases.
! 1

g

%

L_("? )z
F\m YR

(b) Asny > ny, ( o 1) decreases so, focal length increases.
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Q. 14.

Ans.

Q. 15.

Ans.

Q. 16.
Ans.

Ans,
Q. 18

Ans.

Q. 19.

Ans,

Redraw the diagram given below and mark the position of the centre of curvature of the

spherical mirror used in the given set up. [CBSE Sample Paper]
B
A AT
Object Principal axis
B
Image

If the object is in between focus ‘F" and centre of curvature 'C’, image would be beyond the
centre of curvature, inverted real and magnified.

A concave mirror and a converging lens have the same focal length in air. Which one of the
two will have greater focal length when both are immersed in water? [HOTS]
Converging lens; the focal length of a spherical mirror remains unaffected.

) 1 o 1 1 )
For converging lens, —=|—_1||5 +t %5
Eos f ("l 1)(32 Ry
When it is immersed in water

1y (in water) < n, (in air)

n

2 f " . ’ :

(T - 1) decreases hence focal length of converging lens increases in water.
1

A concave lens is placed in water. Will there be any change in focal length? Give reason. [HOTS)

n -1
fa

£

Focal length of lens in water f, =
£
n&’ w
Asn, >ﬂ“”rT>l’ so f, > f,
w

That is, focal length of lens in water will increase, but the nature of lens will remain unchanged.
For which colour the magnifying power of a simple microscope is highest? For which colour
it is lowest?
It is highest for violet and lowest for red colour since M =1+ ? and f, <f
A telescope has been adjusted for relaxed eye. You are asked to adjust it for least distance of
distinct vision, then how will you change the distance between two lenses? [HOTS]
For relaxed eye, L = f;, + f,
For least distance of distinct vision
L'=fy+u,,u<f

Therefore, L' < L, that is, the distance will be decreased.
Will the focal length of a lens for red light be more, same or less than that for blue light?

) [HOTS] [NCERT Exemplar)
As the refractive index for red is less than that for blue — an -1, parallel beams of light incident

on a lens will be bent more towards the axis for blue light compared 1o red. Thus the focal length
for red light will be more than that for blue.
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Q. 20. State the condition under which a large magnification can be achieved in an astronomical

telescope. [CBSE 2019 (55/3/1))
Ans. F,>>F,
Focal length of objective must be much greater than focal length of eyepiece 1

[CBSE Marking Scheme 2019 (55/3/1)]

Q. 21. An unsymmetrical double convex thin lens forms the image of a point object on its axis. Will
the position of the image change if the lens is reversed? [HOTS] [NCERT Exemplar]

Ans. No, the reversibility of the lens makes equation.

L L. L. A, LA L L
For convex lens, ;—;—f—(n—l)( - E)——(n—l)(R?—R])

On reversing the lens, values of R, and R, are reversed and so their signs. Hence, for a given
1 2
position of object (u), position of image (v) remains unaffected.

Very Short Answer Questions

Each of the following questions are of 2 marks.

Q. 1. A point object is placed at O in front of a glass sphere as shown in figure.
Show the formation of image by the sphere. [CBSE 2022 (55/3/1), (55/3/3), Term-2]

Ans.

Q. 2. For paraxial rays, show that the focal length of a spherical mirror is one-half of its radius of
curvature, [CBSE 2019 (55/3/1)]
Ans. According to the law of reflection,

Angle of incidence (i) = Angle of reflection (r)

ZABC = £FBC A -
But  ZABC = ZBCF (alternate angles) Principal
ZFBC = /BCF e G ] P
Triangle BCF is isosceles. Hence, CF = FB )
If aperture of mirror is small, then point B is very near to P, so | .
FB = FP i) .._F'_;.
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From equations (i) and (i), CF = FP
FP+CF _ PC
2 2
R
or f= 9
Thus, the focal length of a spherical mirror (concave mirror) is half of its radius of curvature.
Q. 3. The focal length of and equiconcave lens is

FP=

x times of radius of curvature of its surfaces.

Find the refractive index of the material of the lens. Under what condition will this lens
behave as a converging lens?

[CBSE 2020 (55/2/2)]
Ans. Using lens maker's formula,
1 1 1
—=(p=-D[m - Y2
7 VER
Given, f=%R, R =-R, Ry=R
4 1 1
= 3 e-DIgg] %
Y s i
= p=1+ 3= 3 3

If the lens is immersed in a medium of refractive index greater than 5/3, it will behave like a
converging lens. Y

[CBSE Marking Scheme 2020 (55/2/2)]

Q. 4. An object is kept 20 cm in front of a concave mirror of radius of curvature 60 cm. Find the
nature and position of the image formed.

[CBSE 2020 (55/2/1)]
Ans. — =
X 79’522&54?%%4#[:@0@.__
F I w—
e —y{f}?_g:— = —20wunmy | _J?;,
=~ :
= ‘\'7 = Erb"'é‘ﬁi _E'I)_- }
2 v 60 o e
0 - -Go
1IN tadom, v A T = ) =
¥ fmose Al s v tluad, exech emol m
7/\&901.&;4'4!0{ ) uhg 17; ”
fl Z [Topper’s Answer 2020] |

Q.5. A spherical convex surface of radius of curvature 20 cm, made of glass (n = 1.5) is
placed in air. Find the position of the image formed, if a point object is placed at
30 cm in front of the convex surface on the principal axis. [CBSE Sample Paper 2018)]

o P C

—30m T 2t
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Ans.

Ans.

Ans.

Q.8.

Here, R = +20 cm, n,=1.0, n,=1.5, u = - 30 cm

n, n, n, —n,

Using, 72—?_[= 2R -

15 1.0 _15-10

v T3 20

1 1 05 1
= ™ 30" 20 40
= 15 1 1 _3-4

v T 40 T30 120
- 15 _ -1

v T 120

v = =180.0 cm

An angular magnification of 30X is desired using an objective of focal length 1.25 cm and an
eye piece of focal length 5 ¢cm. How will you set up the compound microscope for the final
image formed at least distance of distinct vision? [CBSE Sample Paper-2022, Term-2)]
m, =30, f,=125cm, f, =5cm
when image is formed at least distance of distinct vision,

D =25cm
Angular magnification ol eyepiece

D
mg=(1+_-):l+§=5

J{‘ 5
Total angular magnification, m = mm,
m _ 30
= M= T =5

e

As the objective lens forms the real image,

v
- - —
mn—u—a——ﬁ = v, =-bu,
Using lens equation, u, = —1.5 cm, v, = =5 X (= 1.5)cm = +7.5 cm
Givenv, = —D=—-25cm,f,= +5cm,u, =?
Using again lens equation, u, = ?5 =4.17 cm

Thus, object is 1o be placed at 1.5 ecm from the objective and separation between the two lenses
should be
L=v,+ |u| =11.67cm

A small telescope has an objective lens of focal length 140 cm and an eyepiece of focal length
5.0 cm. Find the magnifying power of the telescope for viewing distant objects when

(i) the telescope is in normal adjustment, [CBSE Sample Paper-2022, Term-2]
(ii) the final image is formed at the least distance of distinct vision.

() In normal adjustment;

Magnifying power,

S (140
w=2=(%) -
(1) When the final image is formed at the least distance ol distinct vision (25 cm):
L. &
m= I(l +B) = (28x1.2) = 33.6

Calculate the radius of curvature of an equi-concave lens of refractive index 1.5, when it is
kept in a medium of refractive index 1.4, to have a power of -5D? [CBSE 2019 (55/1/1)]
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Ans.

Ans.

Q. 10.

Ans.

Q.11

Ans.

We know that

)

According to question P = -5 D,
ng=15mn =14

Also, lens is equiconcave R) = - R, Ry, = R

Hows = (1'51._4['4 -%-%)

= -5:—%)(% = 5:1]—4x%
=‘l?:35 = R=3%m=%cm=27—ocm=2.86cm

Write two characteristics of image formed when an object is placed between the optical centre
and focus of a thin convex lens. Draw the graph showing variation of image distance v with
object distance u in this case. [CBSE Sample Paper 2021)]

Characteristics of the images [ormed:

(i) Virtual and enlarged image
(i7) Same side of the object
We know that,
1k _ L

% Y f TLiL 42

As both image and object lie on the same side, both v and u are |~ [ 7] o : l :

negative,

Slopdy L o L =

1 1 1
v U f v fuT _?' | |

o
gl

_sl,1 1

Comparing with y = mx + ¢, the graph is shown.

An astronomical telescope has an angular magnification of magnitude 5 for distant objects.
The separation between the objective and an eye piece is 36 cm and the final image is formed
at infinity. Calculate the focal length of the objective and the focal length of the eye piece?

[CBSE Sample Paper 2018]
Magnification m = f/ f, = 5
fi=5J
Now, length of the wube, L = f, + f,
36 =5/ +/
6f, = 36 cm
fe=6cm
fo=5%x6=30cm
The focal lengths of the objective and the eye-piece of a compound microscope are 1.0 em and
2.5 em respectively. Find the tube length of the microscope for obtaining a magnification of
300. [CBSE 2023 (55/2/1)]
Here, f, = 1.0 cm, f, = 2.5 cm, m = 300, D = 25 cm,
Magnifying power,
E D
Lk

|m| = (when image at infinity)
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Q.12.

Ans.

Q. 13.

Ans

Q. 14.

Ans.

E 25
= 300——02—

= L=30cm
The refractive index of a material of a concave lens is n;. It is immersed in a medium of

refractive index n,. A parallel beam of light is incident on the lens. Trace the path of emergent
rays when (i) ny = ny (i) ny>n, (iii) ny< n,.

: 1 n 1 1
) - = -— -_—
From lens maker's formula, f; (7”2 i 1)( Rs "Ry

(1) forn, =ny = f=o (@) forn;, <ny = f>0 (ui) forn, >ny = f<0
The path of rays in three cases is shown in fig.

; \'I N2
na ?11| My Ha ‘m ny |1’t1 1)

g =1y Hp > 1y Ny <1q e
(1) (i) (1)
A convex lens made of a material of refractive index n, is kept in a medium of refractive index

ny. Parallel rays of light are incident on the lens. Complete the path of rays of light emerging
from the convex lens if: (i) n; > n, (ii) n; = n, (i) n; < n,.

From lens maker’s f 11—"‘ (L+L)
rom lens maker s lormula, f i | R2 RQ

In case (i) n; > ny, the lens behaves as convergent lens.
In case (i) ny= ny, the lens behaves as a plane plate.

In case (iif) n; < ny, the lens behaves as a divergent lens.
The path of rays in all the three cases is shown in fig.

Ny T T 1

2
[ '\ F "2 |"’l1 ‘I \Im |
™Y i F ™
\ T L]
v |
() nq >mp (i) nq = nz (#ii) nq < mp

In the given figure the radius of curvature of curved face in the plano convex and the
plano-concave lens is 15 cm each. The refractive index of the material of the lenses is 1.5. Find
the final position of the image formed. [CBSE 2023 (55/2/1)]

=L S
/I

—

20 cm
From | ker’s formul L(151)(L #)
rom lens maker’s formula, i =~ C15)
we get, f=30cm
' 1 1
Again, ?—([5—1) i5) 15) o
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Q. 15.

Ans.

Q. 16.

Ans.

We get, f=-30cm

Using lens formula, Jlf— = %—1;

1 _1 1 2
=i “30° 710 §i e S0
= A 1Bl B 1

v 10 30 30 30 15

A beam of light converges at a point P. Now a convex lens is placed in the path of the convergent
beam at 15 cm from P. At what point does a beam converge if the convex lens has a focal
length 10 cm? [CBSE 2019 (55/4/1)]

a

Using lens formula,

1 1 _1

vTuSf "
Here wu= +15cm; f=+10cm 1a

il 1 1
= ;_?+E_ﬁ+ﬁ

v =6cm Y%

[CBSE Marking Scheme 2019 (55/4/1)]

A small pin fixed on a table top is viewed from above from a distance of 50 cm. By what
distance the pin appear to be raised if it is viewed from the same point through a 15 cm thick
glass slab held parallel to the table? Refractive index of glass = 1.5. Does the answer depend
on the location of the slab? [NCERT)

. . _Realthickness _ H
Apparent thickness of slab = Refractivcinder

Displacement of pin, x = (H - %) = H(l - %)

Here, H = 15cm,n= 1.5,

x =H(1-?lt—)= 15(]'15‘;1 )cm =5cm

Thus the pin appears to be raised by 5 cm.

The answer does not depend upon the location of slab.

(i) State the condition under which a large magnification can be achieved in an astronomical

telescope. [CBSE 2019 (55/3/1)]
(ii) Give two reasons to explain why a reflecting telescope is preferred over a refracting
telescope. [CBSE (F) 2017]
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Ans. (1) (a) When final image is formed at least distance of distinet vision, magnification

504

(b) Magnification in normal adjustment,

g
fl
Clearly, for large magnification
h=>1
(i) Reflecting telescope is preferred over refracting telescope because
(2) No chromatic aberration, because mirror is used.
(b) Spherical aberration can be removed by using a parabolic mirror.
(c) Image is bright because no loss of energy due 1o reflection.
(d) Large mirror can provide easier mechanical support. (any two)

Q. 18. Calculate the angle of emergence (¢) of the ray of light incident A
normally on the face AC of a glass prism ABC of refractive index
V'3 . How will the angle of emergence change qualitatively, if the
ray of light emerges from the prism into a liquid of refractive

index 1.3 instead of air? [CBSE 2020 (55/5/1)] ey
e
B ¢
Ans. Applying Snell's law at face AB, we get

= v3sin30=L.sine a
= /3% % =sine 14
= on = sin e

= sin 60 = sin e

se=60° 4

When the medium (the air) in which prism is kept is replaced
with a liquid of refractive index 1.8 the angle of emergence
would derease. It is because bending in the ray of light will be
lesser. Y2

[CBSE Making Scheme 2020 (55/5/1)]

Q. 19. A solid glass sphere of radius 6.0 em has a small air bubble trapped at a distance 3.0 cm from
its center C as shown in the figure. The refractive index of the

material of the sphere is 1.5. Find the apparent position of this \
bubble when seen through the surface of the sphere from an
outside point E in air. [CBSE 2023 (55/1/1/)] ¢ b o c \
Ans. Here, R=6cm,u=6-3=3cm,n, =15n,=1 °—',_°m' .‘
: g my Mg—y \ /
From the relation, T-u- R \ /
1 15 _1-15 et
T3 6
1_05,15_05-3_ 25
6 3 6 6
v = —26? =24cm
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Q. 20. An equilateral glass prism has a refractive index 1.6 in air. Calculate the angle of minimum

Ans.

Q. 21.

Ans.

deviation of the prism, when kept in a medium of refractive index 4+/2/5.

[CBSE 2019 (55/1/2)]
li L&@é‘gmw_&ﬂ&&x v& pousen B A6 T B e Ay
=
i £0 & e = =
MEQOC_&"V‘E vk Y %J\Nmﬂ),ww == ((—_‘,\rl = HL

A‘; i
T - T

R T L)

e o r——
= = : S e

I =
£8 Y By o= 8lat ) Lusg
L P 2
=
B0 L = QGY
[ S,'w;“ = 2o*
L
= H-U'\Cﬂ-{ sy ‘:f it ey, donledoe o b}\l“SH ia®

4 (Topper

er’s Answer 2019]

(a) A ray of light is incident normally on the face AB of a right-
angled glass prism of refractive index ,n, = 1.5. The prism
is partly immersed in a liquid of unknown refractive index.
Find the value of refractive index of the liquid so that the ray
grazes along the face BC after refraction through the prism.

(b) Trace the path of the rays if it were incident normally on the
face AC. [CBSE Ajmer 2015]
(a) From Snell's law,

Lom z =
allg SN 3, = gy sin 90

Ray Optics and Optical Instruments 325



1.5 X sin 60° = _n,

J3

Jm=l5x5= 18

(b) The ray strikes at an angle of 30° <i_ . So, the ray of light
deviates apart from the normal, as it moves from denser

to rarer medium.
A

Y,
D

The critical angles for the two prisms with respect to air are 41.1° and 45° respectively. Trace
the path of the ray through the combination. [CBSE 2022 (55/3/1), Term-2]

Ans. For surface AC : at point P, i > i, (i.e., i‘l = 41.1%); hence ray will suffer total internal reflection.

For surface BD : at point Q; again i > i_ (i.e., i, = 45%); hence ray will suffer total internal reflection.
For surface DC : ray will be normal to DC.

9Cl°E

A

45

Inecident ray
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Q. 23. A ray of light passing from air through an equilateral glass prism undergoes minimum

deviation when the angle of incidence is 7 th of the angle of prism. Calculate the speed of

light in the prism. [CBSE (4I) 2017

Ans. Angle of prism, A = 60° (Since prism is an equilateral glass prism)
We are given that
.3 3
1= ZA = ZXBOO
5 i=45°
Al minimum deviation,
i A o o
Feges 30
1
sini sin45° /2 2
e e ™ gaEE 1 =T§=‘/§
2
Speed of light in the prism is given by
¢ 3x10° ”
i 72 = 2.1xX10"° m/s

Q. 24. A ray of light PQ enters an isosceles right angled prism ABC of refractive index 1.5 as shown
in figure. A [CBSE 2020 (55/4/1)]

(i) Trace the path of the ray through the prism.
(ii) What will be the effect on the path of the ray if the refractive index of the prism is 1.4?

Ans. ()n=153 A
i |
i, =sin” |
—sin~! (2) =sin" (0.66) = 41° A ok
=sin 3= sin . = >, /457 45° <
; 5 457", . a5°
Here, i = 45 45° - &
Sincei > i, B ¢
Hence the ray will suffer total interval reflection
i) Ifn = 1.4 A
- (L)
i, =sin™ {17 /
= 45.58° g
Here 1@ =45°
Since i < i, 45°
(A

Hence the ray will get refracted.
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Short Answer Questions

Each of the following questions are of 3 marks.

Q. 1. (i) What is total internal reflection? Under what conditions does it occur?
[CBSE 2022 (55/2/1), Term-2]
(ii) Find a relation between critical angle and refractive index.
(iii) Name one phenomenon which is based on total internal reflection.
[CBSE (East) 2016, 2019 (55/1/1)]
Ans. (i) When a ray of light travels from an optically denser medium into a rarer medium at an angle

greater than the critical angle, it reflects back into the denser medium. This phenomenon is
called total internal reflection.

Conditions for total internal reflection:

(2) Light must travel from denser medium to rarer medium.

(b) Angle of incidence in denser medium must be greater than critical angle.
sin ¢
sin 7

@) 5= , for total internal reflection to occur i 2 i; at critical angle, angle of refraction,

sz, 1

1
r =90 hence —— = — = n=——
f sin 90° sini,

1) (@) Mirage (b) Optical fibre (¢) Sparkling of diamond (d) Shinning of air bubbles in water
4 P P g g
(¢) Totally reflecting prism. (any one)
) i) Name the phenomenon on which the working of an optical fibre is based.
P B P
[CBSE 2022 (55/1/1), Term-2]
(#i)) What are the necessary conditions for this phenomenon to occur?
[CBSE 2022 (55/3/1), Term-2]

(iii) Draw a labelled diagram of an optical fibre and show how light propagates through the
optical fibre using this phenomenon. [CBSE 2019, CBSE 2022 (55/1/1), (55/2/3), Term-2]

Ans. (i) Working of an optical fibre is based on total internal reflection.
(1) (a) Rays of light have 1o travel from optically denser medium to optically rarer medium and
(b) Angle of incidence in the denser medium should be greater than critical angle.
(22t) Coatingn =1.5

TR
Q. 3. A converging beam of light travelling in air converges at / \
|

a point P as shown in the figure. When a glass sphere of o
refractive index 1.5 is introduced in between the path of e—10om—s]

the beam, calculate the new position of the image. Also e

draw the ray diagram for the image formed. ; ; 20em :

[CBSE 2019 (55/3/1)] .
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Ans.

Ans.

Q.5.

Ans.

Given, u = 20cm
n =1
R = o =5cm

As the light passes from rare 1o denser medium, so
b L

v w R i
1.5 1 1.5-1
"0 B M

1.5 1 1
v 10 20
15 2%1
v 20
v=+10cm

Thus, the image is formed at the other end (I) of the diameter.

A point ‘O’ marked on the surface of a glass sphere of diameter 20cm
is viewed through glass from the position directly opposite to the
point O. If the refractive index of the glass is 1.5, find the position [¢} P
of the image formed. Also, draw the ray diagram for the image
formed. Also, draw the ray diagram for the formation of the image.
[CBSE 2019 (55/3/1)]
The mark O on the surface of glass sphere acts as object. The incident ray 04 is in glass and
refracted ray AB is in air.  is the image of O.
Thus, n, =1,ny=15
u =-20cm (Minus sign is taken for refraction at concave surface)
As light passes from denser Lo rarer medium, so

nm Ny MmNy

2+ % R M B
1 15 1-15 QY”/A
PRI T — 5 . -

1 1 3
TTWW U
y .

~2-3 -l

v 40 T 40 d0cm
v =-40 cm

Negative sign shows that the image is virtual. It is formed on the same side of the refracting

surface as the object at a distance of 40 cm [rom the pole P2

Use the mirror equation to show that

(a) an object placed between f and 2f of a concave mirror produces a real image beyond 2f.
[CBSE Delhi 2015, (F) 2017, 2019 (55/3/3)]

(b) aconvex mirror always produces a virtual image independent of the location of the object.

(c) an object placed between the pole and focus of a concave mirror produces a virtual and

enlarged image. [NCERT) [CBSE (AI) 2011]

(a) Mirror equation is Jlfi = + Lol.L

1
v uy T fTu
For a concave mirror, f is negative, i.e., f < 0.

For a real object (on the left of mirror), u < 0
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2 <u<for 7>L>17_

1
o f

o 1 < 1 < 1 or 1 1 < 1 1 < 1 1

T ——r =L = - = < -
g £ F PR F
P TR P

or 2f = v i.e, v 18 neganve.

This implies that v is negative.
Also from above inequality 2f > v
or 12f] < |v] (* 2fand v are negative)
Hence, the real image is formed beyond 2.
(b) For a convex mirror, f is positive, i.e., f > 0.
For a real object on the left, u is negative
1 Lol X A8 ¥

“T iRy TR

As u is negative and f is positive; - must be positive, so v must be positive i. e. , image lies
behind the mirror. Hence, image is virtual whatever the value of  may be.

(¢) Using mirror formula, % = %— % wilf)
For a concave mirror, f is negative i.e., f < 0
As u is also negative, sof < u < 0
This implies, % - 1; >0

Then from (i) l; > 0 or v is positive.

i.e., image is on the right and hence virtual.

o v 1
Magnification, m = — = — -
£ T T =
; ' o o I - ,
As u is negative and f is positive, magnification m = W > li.e., image is enlarged.

Q. 6. Two thin lenses L, and L,, L, being a convex lens of focal length 24 ¢m and L, a concave lens
of focal length 18 cm are placed coaxially at a separation of 45 cm. A 1 cm tall object is placed
in front of the lens L, at a distance of 36 cm. Find the location and height of the image formed
by the combination. [CBSE 2023 (55/4/1)]

- T a—

Here, 4, = -36 cm, f, = 24
Image formed by first lens, L,.
Using lens formula,

X il L

h oy

1 #, 0 _0. B 58§
. u T AT, T (88 72 72
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Q.7

Ans.

Ans.

A v, =72 cm

Hence, Image formed by convex lens is real and inverted but it acts as virtual object for lens, L.
Now, uy = 72 - 45 = 27 cm

Again using lens formula,

i_3 1
5 Uy, g
1 1 1 1 1
==
& v, T f # (-18)  @N°
_3t2 1
T 54 TB4

Uy = =54 em

Hence, final image will form at 54 cm from the left side of concave lens.

Final distance, v, = -54 — (-45) = - 9 cm (to the left of convex lens)
So, magnification,
hy Uy
m= E =7
5 b _ -0 1
1~ -3 4
hy = le cm = 0.25 cm.

The image of a small electric bulb fixed on the wall of a room is to be obtained on the opposite
wall 3 m away by means of a large convex lens. What is the maximum possible focal length of

the lens required for the purpose? [NCERT]
For a fixed distance 1) between object and image for its real image

b= |u| + |v| @)

x=v-u (i)
From equation (i) and (i),

_Dix _D-x

L W
Sign convention: u is negative and v is positive.

@ _E.3 2 2 4D

f v % Dtx D-x p2_,2

D i

= /="3p

where x is the separation between two positions of lens.

For maximum f,x = 0 5

fa™ g

Given D =3 m 4

= PR 0.75m

A thin equiconvex lens of radius of curvature R made of material of refractive index u, is kept
coaxially, in contact with an equiconcave lens of the same radius of curvature and refractive
index uy (>p,). Find: [CBSE 2022 (55/1/1), Term-2]
(i) the ratio of their powers, and

(ii) the power of the combination and its nature.

1 1
(z) From Lens maker's formula, = }— =(u-1) (E —RTZ)

11
Py =P = (1= 1) (?]_(?2)) Ya
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~un ()

1 1
P = P = -1 (-7

- =0 (3) %
Py (-1
L = Ya
B (me-1) (1-uy)
(if) For combination of lenses, P = P, + P,
2 2
= @ 1) () + o -0( ) %
20, —11y)
-
As p, >y, P is negative 2
. Nature is diverging. Yo

[CBSE Making Scheme-2022 (55/1/1), Term-2]

Q. 9. What are optical fibres? Mention their one practical application.
[CBSE Delhi 2011, Guwahati 2015)
Ans. Optical Fibre: An optical fibre is a device based on total internal reflection by which a light signal
may be transmitted from one place to another with a negligible loss of energy. It is a very long
and thin pipe of quartz (n = 1.7) of thickness nearly ~ 10~* m coated all around with a material
of refractive index 1.5. A large number of such fibres held wogether form a light pipe and are used
for communication of light signals. When a light ray is incident on one end at a small angle of
incidence, it suffers refraction from air to quartz and strikes the quartz-coating interface at an
angle more than the critical angle and so suffers total internal reflection and strikes the opposite
face again at an angle greater than critical angle and so again suffers total internal reflection.
Thus the ray within the fibre suffers multiple total internal reflections and finally strikes the
other end at an angle less than critical angle for quartz-air interface and emerges in air.
As there is no loss of energy in total internal reflection, the light signal is transmitted by this
device without any appreciable loss of energy.
Application : Optical fibre is used to transmit light signal 1o distant places.
For diagram, Refer to Question 2 (i), Short Answer Question.
Q. 10. The focal length of a convex lens made of glass of refractive index (1.5) is 20 cm.
What will be its new focal length when placed in a medium of refractive index 1.25 ?
Is focal length positive or negative? What does it signify? [CBSE Sample Paper-2022, Term-2]
Ans. Given, “ug = 1.5
Focal length of the given convex lens when it is placed in air is
f=+20cm
Refractive index of the given medium with respect to air is
o, =125
New focal length of the given convex lens when placed in a medium is f”

-
)




Q.11.

Ans.

Q.12.

Ans.

Dividing (i) by (if), we get

£ =D as-1n o5 5
7T te-n T @2-n 0272

Pg_ 5
f=25=(25x20)cm = +50 cmas "p, === =12

New focal length is positive.

The significance of the positive sign of the focal length is that given convex lens is still converging
in the given medium.

A symmetric biconvex lens of radius of curvature R and made of glass of refractive index 1.5,
is placed on a layer of liquid placed on top of a plane mirror as shown in the figure. An optical
needle with its tip on the principal axis of the lens is moved along the axis until its real, inverted
image coincides with the needle itself. The distance of the needle from the lens is measured to
be x. On removing the liquid layer and repeating the experiment, the distance is found to be y.
Obtain the expression for the refractive index of the liquid in terms ofx andy.  [CBSE 2018)]

Let n; denote the refractive index of the liquid. When the image of the needle coincides with the
lens itself; its distance from the lens, equals the relevant focal length.

With liquid layer present, the given set up, is equivalent Lo a combination of the given (convex)
lens and a concave plane/plano concave ‘liquid lens'.

1
We have ? =(n- 1)( R, “r )
1 1 1 )
Y (e o
and 7 (fl 3 .
As per the given data, we then have
1 ( 1 1 ) 1
—=—=15-DlHm-77% =% e
P T =Y rm

R~
L= (_)Li% —
“aat L) Y-y 7y
n

_IZE_L:(Qx-y)
a2 ¥ =X xy

o aefE)

A biconvex lens of glass of refractive index 1.5 having focal length 20 em is placed in a medium
of refractive index 1.65. Find its focal length. What should be the value of the refractive index
of the medium in which the lens should be placed so that it acts as a plane sheet of glass?

[CBSE Bhubaneshwar 2015]
From lens maker's formula, when lens in a medium

n
SRR
When lens in air Lo (m, - l)(l——L) ...(#)
o £ R R,
From equation (7) and (i), we get
7 ("Tm_l) Ay =165
w (mg=1)
1.5
20em _ (1.55 'l)
fi  5-1)
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Ans.

Q. 14.

Ans.

334 Xam

_20)((1.5—1)_20)(0.5)(1.65_
= f= (1.5 1) = 015 =-110cm
\1.65 ~

If lens in the medium behave as a plane sheet of glass. Then f,, ==
L. (E 1)(L A
o Ay R, Rz)

n
z,(n—g-l)=0 wn=n =15
g m

m

The refractive index of the medium must be 1.5.

A point source in air is kept 24 cm in front of a concave spherical glass surface (,u, = 1.5) and
radius of curvature 60 cm. Find the nature of the image formed and its distance from the point

source. [CBSE 2022 (55/1/1), Term-2)
Relation for concave spherical surface,
Moop p-l
= =7 I 2= R Yo
1 g p-1
= =7 Ar i T g
1 1.5 15-1
it
= Z(29) 5 o s
2 v =-30 cm
Distance of image from point source = -24 —(-30) = 60 cm 4
Nature of image = Virtual image 1

[CBSE Marking Scheme 2022 (55/1/1), Term-2]

A convex lens of focal length 20 cm and a concave lens of focal length 15 cm are kept 30cm
apart with their principal axes coincident. When an object is placed 30 cm in front of the
convex lens, calculate the position of the final image formed by the combination. Would
this result change if the object were placed 30 cm in front of the concave lens? Give reason.

[CBSE 2019 (55/5/1)]

For Image formed by convex lens,
Using Lens Formula

1 +—30 cm—| 30 cm | 30 cm |
= 4

1 1 f;=20cm fa=-15cm

= — = -30 cm 1

No, the result will not change from principle of reversibility. 1o
[CBSE Marking Scheme 2019 (55/5/1)]



Q. 15. An object is placed in front of a concave mirror of focal length of 12 cm. There are two possible

positions of the object for which the image formed is three times the size of the object.
(a) Draw the ray diagram for the each case, and

(b) Find the distance between the two positions of the object. [CBSE 2020 (55/4/2)]
Ans. (a) Concave mirror forms magnified image for the following positions of object.
A
/— D
g F B P B

Q. 16.

Ans.

@)
(&) Given, f=-12cm

If m = -3 (Real and inverted)
v
m=5~=-3
v = 3u

Using mirror formula,

g, i 1 1 1 1
—_—t—== _t =
viuo f =g m f
N S L gL
Su ¥ O f  f
4 4
u—?—EX—lE!cm = -16 cm.
If m=+3 (Virtual and errect)
Again using mirror formula,
L ;1 1 -1 1 1
;‘I'— ? =¥ E‘i‘; ?
2 1
=-8cm

Distance between two positions of object = (16 -8)cm = 8 em
A concave mirror forms a real image of an object kept at a distance 9 cm from it. If the object

1
is taken away from the mirror by 6 cm, the image size reduces to — th of its previous size. Find

4
the focal length of the mirror. [CBSE 2020 (55/4/3)]
From Given, u; = -9 ecm, u, = =(9 + 6) cm = - 15 cm
f N
From magnification, m = =—
f- hy

(F), = % (h,), (Given)

e vEnD
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AR N
f-C15) [F-(-9]4
= f+15=4(F+9)
= 3f=15-4x9=15-36

f=_§—1=—7cm

Q. 17. Find the position of the image formed of an object ‘O’ by the lens combination given in the
figure. [2019 (55/4/1)]
[=+10cm =10 cm +30¢cm

I A VA
RV AU,

—5 cm—»e——10 cm —>»

Ans. For first lens, u; = - 30 cm, f; = + 10 cm
1| il

1
From lens formula, —= — ——
j—l l)I ul
L g i, J kg
= wof wT10730" 30

= v; = 1bcm

The image formed by the first lens serves as the object for the second. This is at a distance of
(15-5) cm = 10 cm to the right of the second lens. Though the image is real, it serves as a virtual
object for the second lens, which means that the rays appear to come from it for the second lens.

For second lens, f, = - 10 em, uy = 15-5 =+ 10 cm
1 1 1 1 1
Bimbg B 1 g0
L 10 10
The virtual image is formed at an infinite distance to the left of the second lens. This acts as an
object for the third lens.
For third lens, f; = + 30 cm, ug =
e 1 S il

3 1
From lens formula, —=—+—=—+—
v, fy uy 30 e

Uy = 00

g vy = 30 cm
The final image is [ormed at a distance 30 cm to the right of third lens.
Q.18. (i) A screen is placed at a distance of 100 cm from an object. The image of the object is

formed on the screen by a convex lens for two different locations of the lens separated by
20 cm. Calculate the focal length of the lens used.

(ii) A converging lens is kept coaxially in contact with a diverging lens - both the lenses being
of equal focal length. What is the focal length of the combination? [CBSE (North) 2016]

Ans. (i) For first position of the lens, we have
L | 1 1
=

(1 ] ;
- —=—4— (3)
5oy == I' 7=
For second position of lens, we have
..
f y=-20 [—(x+20)]
L L + ! i)

f y-20 x+20
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From (i) and (i1), we have
| 1 1
—+—= +
y x (y—-20) (x+20)
x

+y _ (x+20)+(y-20) 1

3y (y=20)(x+20)

f screen

x+y x+y
Xy (y-20)(x+20)

[+=—x cm
|

Xy = (y - 20) (x + 20)

xy = xy - 20x + 20y - 400

20x - 20y = — 400

% x-y=-20

Also, x + y= 100

On solving, we have
x =40cmand y=60ecm
1 1 1 _ 5
7 % 1o

(i) Let focal length of the combination be f.

=
=

= [ =24cm

| |
et i
Lok
| | 1
= —==+-=
F P [ f}
= %:0 = f =infinite.

100 cm

Q. 19. A beam of light converges to a point P. A lens is placed in the path of the convergent beam
12 em from P. At what point does the beam converge if the lens is (a) a convex lens of focal

length 20 cm, (b) a concave lens of focal length 16 cm?

Ans. (a) Point P acts as a virtual object for convex lens.
Given u=+12cm, f =+ 20cm

1 I 1 1 1 1 1
i G TR T

_8+5

=60

. 0_
= v—?—T.Scm

[NCERT]
\‘**‘_‘ Y —
-
C I .
I‘ | 71 P
VV/
e
_ le—u=12 cm—|

This implies that the image is formed to the right of the lens and is real.

(b) In this case, « =+ 12cm, f = -16 em,

1 I 1 1 1 1
" ?:;—;g‘lVES;: T+:
1 1 -3+4
e Tl Tt
v =48 cm

This shows that the image is formed at a
distance of 48 c¢m to the right of concave lens

and is real.

= u=+12 cm =

\_\Q\*

™
1] =
I [

v
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Q. 20. Aray PQ incident on the face AB of a prism ABC, as shown A
in the figure, emerges from the face AC such that 4Q = AR.
Draw the ray diagram showing the passage of the ray
through the prism. If the angle of the prism is 60° and
refractive index of the material of the prism is V'3, determine P

the values of angle of incidence and angle of deviation.
[CBSE Panchkula 2015]

Ans. Here, ZA=60° and n =\/§
We have, i+te=A+38
Since QR is parallel to BC hence this is the case of minimum deviation.

B Cc

i =e
2 =60+6
2r=60 = f=@=30"
2
ﬂ=S‘ll’1t =y __sine
sinr sin 30°

sini:% = Zi=60°

Substitute in (i), we have
120 =60+ 8= &= 60°
Q. 21. Aray PQ incident on the refracting face BA is refracted
in the prism BAC as shown in the figure and emerges
from the other refracting face AC as RS such that
AQ = AR. If the angle of prism A = 60° and refractive

index of material of prism is /3, calculate angle 0.
[CBSE North 2016]

Ans. Given, AQ = AR, we have
QR|| BC
At the minimum deviation, the refracted ray inside the
prism becomes parallel to its base.

8 is the angle of minimum deviation.

A+6 . [60°+6

sin

V3=
. ( ] sin 30°
sin| —

sin[ﬁﬂ 2+9]=_3 = sin[60 2+B]= sin 60°

n=

M| e

80°+0 6o — 0=60°
2
Q. 22. Figure shows a ray of light passing through a prism. If the refracted ray QR is parallel to the base
BC, show that
@ r=rp=a2,
(i) angle of minimum deviation, D,, = 2i - 4. [CBSE (F) 2014]
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Ans. (i) We know that
rtr=A4
Since QR is parallel to BC
So, r =1, andi=e
Therefore, 2r or 2r, = A = r=rg =A/2
(i) D,, = Deviation at the first face + Deviation of the second face
=(@-r)+-n)=0+e)-(r +r)
=2i-4 (~.1=¢)
Q. 23. What is the difference in the construction of an astronomical telescope and a compound
microscope? The focal lengths of the objective and eyepiece of a compound microscope are
1.25 em and 5.0 cm, respectively. Find the position of the object relative to the objective in

order to obtain an angular magnification of 30 when the final image is formed at the near

point. [CBSE 2020 (55/2/1)]

P ?éﬂ é_:é ] QE((V'Q;
=pds o,

- / =
%_-t—k . B |- o 7& 2 Fﬂ(‘.ﬂ/(
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&£ zm d’-c\\

Uy o s—-v&j'-r

(T:-Lg
dD"" nl]"_»fn:]

[Topper’s Answer 2020]

. 24. The total magnification produced by a compound microscope is 20. The magnification
B P Y e P g

produced by the eye piece is 5. The microscope is focussed on a certain object. The distance

between the objective and eyepiece is observed to be 14 cm. If least distance of distinct vision

is 20 cm, calculate the focal length of the objective and the eye piece.

Ans. Here, M = -20,m, = 5,v, = =20 cm

UE
For eyepiece, m, = 4~

-20 20

= 5=

Using lens formula,

1 1.1 A s
W LT TR AL
-1+5 1 -

= 50 _f: = f,=5em

Now, total magnification
M=m, Xm,

20=5xm, =
Also |v, |+, |= 14
[v,]+]-4| = 14
v,=14-4=10cm
1
m,=1—— =
: o
g M0
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Q. 25.

Ans.

Q. 26.

Ans.

A small telescope has an objective lens of focal length 150 cm and eyepiece of focal length
5 cm. What is the magnifying power of the telescope for viewing distant objects in normal
adjustment?

If this telescope is used to view a 100 m tall tower 3 kun away, what is the height of the image
of the tower formed by the objective lens? [CBSE Allahabad 2015)

If the telescope is in normal adjustment, i.e., the final image is at infinity.
A
M=
L
Since f, = 150cm, f, = 5cm
_ 150
g

If tall tower is at distance 3 km from the objective lens of focal length 150 cm. It will form its
image at distance z, So,

30

Using Lens formula,

O |
K
1 1 1
= 150cm ~ v, (-3km)
1 1 1
= %, = T5m ~3000m
3000x1.5 4500
% = 300015 ~ 29085 = 1-om
e I b v,
Magnification, m, = ks h—o = u—ﬂ
h; 1.5m 1.5
B 100m _ 3km _ 3000
1.5x100 1
= i=W=ﬁln
h, = 0.05m

An amateur astronomer wishes to estimate roughly the size of the sun using his crude telescope
consisting of an objective lens of focal length 200 cm and an eyepiece of focal length 10 cm. By
adjusting the distance of the eyepiece from the objective, he obtains an image of the sun on a
screen 40 cm behind the eyepiece. The diameter of the sun’s image is measured to be 6.0 cm.
Estimate the sun’s size, given that the average earth-sun distance is 1.5 X 10" m.

[CBSE 2019 (55/5/1)]
For eyepiece.

Given, v, =40cm, f =10cm

. b .
v % f;
= LS W —
e Ve [
Magnification produced by eye piece is
v, 40
m, = m =i m =3

Diameter of the image formed by the objective is
d=6/3=2cm
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If D be the diameter of the sun then the angle subtended by it on the objective will be
= Lﬂrad
1.5%10
Angle subtended by the image at the objective
= angle subtended by the sun
_ Sizeofimage 2 1

7 =200 ~ 100"

ﬁ=ﬁ > D=15%x10"m
Q. 27. A biconvex lens with its two faces of equal radius of curvature R is made of a /\
transparent medium of refractive index n,. It is kept in contact with a medium of g
refractive index n, as shown in the figure. / \|
(a) Find the equivalent focal length of the combination. \ |
(b) Obtain the condition when this combination acts as a diverging lens. 1
(c) Draw the ray diagram for the case n; > (n, + 1) /2, when the object is kept far \/
away from the lens. Point out the nature of the image formed by the system. /
[CBSE Patna 2015] [HOTS)
Ans. (a) If refraction occurs at first surface
i T (m-1)

v—l—g— R (i.) 1 2

If refraction occurs at second surface, and the image of the first surface acts - /
as an object f \

T (i) ‘ | )
On adding equation (1) and (i), we get \

Tz

1 A
v " u R \/
If rays are coming from infinity, i.e., # = =0 thenv = f "

n, 1 2n, -1, -1 ny R
TR B =

2n, — 1y —1 "‘I"1 /

2n, —ny-1

(b) If the combination behave as a diverging system then f < 0. This is possible only when
2n-ny-1<0

= 2n, <ny, + 1
+1

= nI<M
2

(€) If the combination behaves as a converging lens B

then f > 0. It is possible only when T\ f 'j £ &
[

M =ng=1>0 A . l
~
= 2, —>ng + 1 \/ B
(ny+1)
= nl)T

Nature of the image formed is real.

342 Xam idea Physics—XIl



Z1 on face AC is 30° which is less than Zi. Hence, the ray get refracted.
And, applying Snell’s law at face AC,

3 P
in 80° X ==sin r X
sin 30 g —sinr 1 P
30°
= sinr=ix% o ,=gin? (i] = sin~1(0.75) = 48.6° Normal
2 2 4
And, clearly > 4, as ray passes from denser to rarer medium. BGD"

Q. 31. A ray of light incident on the face AB of an isosceles triangular prism makes an angle of
incidence (i) and deviates by angle B as shown in the figure. Show that in the position of
minimum deviation £8=Za . Also find out the condition when the refracted ray QR suffers

total internal reflection. [CBSE 2019 (55/2/2)]
Ans. For minimum deviation
ntn =4 5T
Also, (90-B)+(90-B)=4
= 180-28=4
= 2B=180-4
= 28=2a
= B=a
We have, n, +17, =4
= n+i =4 (Take ry = 1,)
= i,=A-q
i =A4-(90-B)

Q. 32. A triangular prism of refracting angle 60° is made of a transparent material of refractive index
2//3 . A ray of light is incident normally on the face KL as shown in the figure. Trace the path
of the ray as it passes through the prism and calculate the angle of emergence and angle of
deviation. [CBSE 2019 (55/2/1)]

B K

L

M

Ans. When light ray incident on face KL, it is pass undeviated, because it is normal to the surface and
incident on face KM. The angle of incidence for face KM is equal 1o 60°.

sin60” ™y 7, = Second medium = air K
sint n, = Glass medium = 9//3
sin60° _ 1 _ V3
sin r 2//3 2
. sinB0®
= sinr=— _——= 1
¥3
9

sinr=1 = r=90°
Angle of emergence = 90°
Angle of deviation = 30°
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Long Answer Questions

Each of the following questions are of 5 marks.

Q. 1. An object is placed in front of a concave mirror. It is observed that a virtual image is formed.

Draw the ray diagram to show the image formation and hence derive the mirror equation

i1 1
11,1 [CBSE 2020 (55/1/1)]

s v OR
(i) Derive the mirror formula. What is the corresponding formula for a thin lens?
(ii) Draw a ray diagram to show the image formation by a concave mirror when the object is
kept between its focus and the pole. Using this diagram, derive the magnification formula
for the image formed. [CBSE Delhi 2011]
Ans. (i) Mirror Formula: M M, is a concave mirror having pole P, focus F and centre of
curvature C.
An object AB is placed in front of mirror with point B on the principal axis. The image formed
by mirror is A' B'. The perpendicular dropped from point of incidence D on principal axis is

DN

In AABC and A4' B' C

ZABC = ZA'B'C (each equal 1o 90%)

ZACB = LA'CB' (opposite angles)
Both triangles are similar.

AB BC ;

HAE B wdll
Now in ADNF and A4' B' F

ZDNF = ZA'B'F (each equal 1o 90°)

ZDFN = ZA'FB' (opposite angles)

Both triangles are similar
% = ?\; or :,ﬁ, = gﬁ(‘.'AB = DN) (i)
Comparing (i) and (i), we get
BC _ PN i)
BC BF
If aperture of mirror is very small, the point N will be very near to P so FN = FP
LB _FP . PBPC __FP_ )
BC BF PC-PE PB-PF
By sign convention
Distance of object from mirror PB = - u
Distance of image from mirror PB’ = —-v
Focal length of mirror PF = - f
Radius of curvature of mirror PC =-R = - 2f
Substituting these values in (iv), we get

—u—(—?f)= -
-2f (=)  —w-(+)
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Q.2

Ans.

wty o
2ftv  w+f

= 2l uf=—uf+uww + 2 -20f or uf +uf=ww

Dividing both sides by uuf we get

L By L
f o u'v
The corresponding formula for thin lens is
1_1 1
F v u

(ii) The ray diagram of image formation for an object between focus (F) and pole (P) of a concave

mirror is shown in fig.
A

\
\
L

Size of image (4'B")
Size of object (4B)

From fig. ZAPB = ZBPQ =1

Also, ZBPQ = ZA'PB' =i

Magnification: m =

s LB .
InA APB,tani = BE ()]
" e AR "
In AA'PB jtani = BP ...(#)
From (i) and (&),
AB _ AB
BP ~ BP
Sl _AB _BP
= agnification, m = —2- =25
P .
or m=_rorm=—,

With the help of a ray diagram, show the formation of image of a point object due to refraction
of light at a spherical surface separating two media of refractive indices n; and ny (ny > n))
respectively. Using this diagram, derive the relation

L

v " u R
Write the sign conventions used. What happens to the focal length of convex lens when it is
immersed in water?
Formula for Refraction at Spherical Surface

Concave Spherical Surface: Let SPS' be a spherical refracting surface, which separates media ‘I’
and ‘2. Medium ‘1" is rarer and medium ‘2’ is denser. The refractive indices of media ‘1" and *2°
are n, and ny respectively (n; < n,). Let P be the pole and C the centre of curvature and PC the
principal axis of spherical refracting surface.
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ny
Rarer medium "1’

o i C R M [P Denser
——— Z medium '2'

O isa point-object on the principal axis. An incident ray OA, afier refraction at A on the spherical
surface bends towards the normal CAN and moves along AB. Another incident ray OP falls
on the surface normally and hence passes undeviated afier refraction. These two rays, when
produced backward meet at point I on principal axis. Thus [ is the virtual image of O.

Let angle of incidence of ray OA be i and angle of refraction be ri.e.,

ZO0AC=i and s NAB=r

Let ZAOP =q, ZAIP =B and £LACP =y

In triangle OAC y=a+i ori=y-a D)

In triangle AIC, y=B+r orr=y-f (1))
sini _ M

= (i)

From Snell’s law :
sinr M

If point 4 is very near to £ then angles i, % o B, y will be very small, therefore sini=t and sinr = r

Substituting values of 7 and r from (1) and (i) we get
T—a M 5
TETE O m-®=my-p) i)

The length of perpendicular AM dropped from A on the principal axis is h i.e., AM = h. As angles

a, pand y are very small, therefore
tana =¢q, tanf=p, tany=y
Substituting these values in equation (iv)
n, (lan y — an o) = n, (tan y — tan B) (1)
As point 4 is very close to B, point M is coincident with P

Perpendicular 41 i

fana= Base T~ MO~ PO
goAM _ k- _AM _ h
b= T e " T Me T PG

Substituting this value in (v), we get

()= - )
Wee PO 2\PC PI
n n 1y Ty E
PCTPOTPCTPI el
Let u, v and R be the distances of object O, image [ and centre of curvature € from pole P. By
sign convention PO, Pl and PC are negative, i.e., u =-P0,v =-Pland R = - PC
Substituting these values in (ui), we get
n, n, 7y g noon ony  n
= e OF i

(-R) () (R) (=) " R @

g My MNg—
or 7 -

or
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Sign Conventions:
(1) All the distances are measured from optical centre (P) of the lens.

(i) Distances measured in the direction of incident ray of light are taken positive and vice-versa.

As we know

1—.=(n-1)|i-i]

f R R
When convex lens is immersed in water, refractive index n decreases and hence focal length will
increase i.¢., the focal length of a convex lens increases when it is immersed in water.

Q. 3. A spherical surface of radius of curvature R, separates a rarer and a denser medium as shown
in the figure.
Complete the path of the incident ray of light, showing the formation of a real image. Hence
derive the relation connecting object distance ‘u*, image distance “’, radius of curvature R and
the refractive indices n, and n, of two media. [CBSE 2023 (55/1/1)]
Briefly explain, how the focal length of a convex lens changes, with increase in wavelength of

incident light.

/F

. /
Rarer medium | Denser medium

\
\

\

[CBSE Delhi 2014; Central 2016; (F) 2017; Sample Paper 2016]
Ans. Relation of object and image distances ol a convex spherical surface: Let SPS’ be the convex
spherical refracting surface, separating the two media of refractive indices n; and n, respectively
(ny < ny) i.e., medium ‘1" is rarer and medium ‘2" is denser. Let P be the pole, C the centre of
curvature and PC the principal axis of convex refracting surface. O is a distant point object on
the principal axis. The ray OA starting [rom O is incident on point A of the spherical surface,
CAN is normal at point 4 of the surface. Due to going from rarer to denser medium the ray
0A deviates along the normal CAN and is refracted along the direction AB. The another ray
OP starting from O is incident normally on the spherical surface and passes undeviated after
refraction along PQ. Both the rays AB and PQ meet at point [ on the principal axis, i.e., I is the
real image of point object 0.

N-... s
Ny Rarer medium i Nz
1 // Figon, B Denser medium
- the 3o L 2'
o1& pl/Eii TR C ol
: ENF7GEL 0 I
- u g R+t
: ST vl
S AR S 1
5

Let i be the angle of incidence of ray 04 and r the angle of refraction in the denser medium i.e.,
ZOAN=iand £ CAl =r. Let LZAOP = q, ZAIP = fand LACP =y

In triangle OAC, i=7+a )]
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In triangle AIC, y=B+r or r=y-B ..(it)
s i
From Snell’s law DS, 2, .. (di)
sinr n,
If point 4 is very close o B then angles i, % a, B and y will be very small, therefore
sini =14 and sinr=r

From equation (i),

Substituting values of 7 and r from (i) and (i), we get
T+ a
B
Let h be the height of perpendicular drawn from 4 on principal axis i.e., AM = h. Asa, pand y
are very small angles.

n
=n—?or n (v +a)=n,(v-B) (i)

lando = o, tan f=PBandtany=y
Substituting these values in (i)
n,(tan y + tan ) = ny (tan y — tan ) (1)

As point A is very close to point ; point M is coincident with P

From figure tai a*ﬂ*i
rom ligur "= oM T op
anp =AM _ b

M PI

I.arl'r=“hw=i

MC PC

Substituting these values in (v), we get
(s d), [ %)
"\pc "oP)” ™\ PCcTPI

e, Bl 5. i, i y
o \ee tor | \F g e <)
Ifthe distances of object O, image I, centre of curvature C from the pole be %, v and R respectively,
then by sign convention PO is negative while PC and PI are positive. Thus,
u=-ro, v=+Pl, R=+PC

Substituting these values in (vi), we get

ofe-Hnle-

B T @ T2
or TR
By W T
v " #w R
The focal length of a convex lens is given by

o)

According to Cauchy’s formula

n=a+%+%+_..
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Q.4

Ans.

Then n varies inversely as A.

When wavelength increases, the relractive index n decreases; so focal length of lens increases
with increase of wavelength.

Draw a ray diagram for formation of image of a point object by a thin double convex lens having
radii of curvature R, and R,. Hence, derive lens maker’s formula for a double convex lens. State
the assumptions made and sign convention used. [CBSE (F) 2013, (Central) 2016, 2020 (55/2/1)]
Lens Maker’s Formula: Suppose L is a thin lens. The refractive index of the material of lens is
ngand it is placed in a medium of refractive index n;. The optical centre of lens is € and X' X is
the principal axis. The radii of curvature of the surfaces of the lens are R| and R, and their poles
are P; and P, The thickness of lens is ¢, which is very small. O is a point object on the principal
axis of the lens. The distance of O [rom pole P, is . The first refracting surface forms the image
of O at I’ at a distance v’ from P,. From the refraction formula at spherical surface

ny 1, Ny— 1y

i (@)

v R,

The image I acts as a virtual object for second surface and after refraction at second surface, the
final image is formed at /. The distance of I from pole P, of second surface is v. The distance of
virtual object (1 ") from pole P, is (v" - 1).

For refraction at second surface, the ray is going from second medium (refractive index n,) 1o

first medium (refractive index n,), therefore from refraction formula at spherical surface

i g .~ %
— - = ..(it)
v (v-t) R,
For a thin lens ¢ is negligible as compared to v' therefore from (i)
o Ty =%
e g o R, s (82)
Adding equations (i) and (iit), we get
T M, L. . 1
P # =ny-n) R, = R,
oL % i d
or o 711 R TR,
; I 1 1 1 ;
i.e. ?_;=(1n2—1)(E—R—2) ()

n
where n, = = is refractive index of second medium (i.¢., medium of lens) with respect to first medium.
1

If the object O is at infinity, the image will be formed at second focus i.e.,
ifu=w,v=f=f
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Ans.

Therefore from equation (iv).

1 1 1 1

e meo(ax)
3 1 1 1
7o)

This formula is called Lens-Maker’s formula.

If first medium is air and refractive index of material of lens be n, then |ns = n, therefore the
modified above equation may be written as

1 1 1

7o)

Draw a ray diagram to show the formation of real image of the same size as that of the object
placed in front of a converging lens. Using this ray diagram establish the relation between u,
v and f for this lens.

Thin Lens Formula: Suppose an object AB of finite size is placed normally on the principal
axis of a thin convex lens (fig.). A ray AP starting from A parallel to the principal axis, after
refraction through the lens, passes through the second focus F. Another ray AC directed towards
the optical centre C of the lens, goes straight undeviated. Both the rays meet at A' Thus A’ is
the real image of A. The perpendicular A" B' dropped from A’ on the principal axis is the whole
image of AB.

et i
o} & TR
LF T \I\* F B
F & T N =]
\\// =Sl
s u g v o~

Let distance of object AB from lens = u

Distance of image A'B’ from lens = v

Focal length of lens = f. We can see that triangles ABC and A'B'C’ are similar
AB _ CB

AB ~CB @)
Similarly triangles PCF and A'B'F are similar
PC _ CF
A'B  FB
But PC =AB
4B FB
, = CB _ CF
From (i) and (ii), we get CE ~ FB ...(111)
From sign convention, CB = -u, CB'=w, CF=f
and FB'=CB'-CF=v-f
Substituting this value in (i), we get, -~ = -
or —u(v—f)=jlr—vfor—uv+uf=wf
Dividing throughout by uyf, we get 1oL L
viding ughout by uyf, ! f_v_u
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Q. 6. Derive the lens formula % = % - ,11— for a thin concave lens, using the necessary ray diagram.
Ans. The formation of image by a concave lens ‘L is shown in fig. AB is object and A’ B' is the image.
Triangles ABO and A’ B’ O are similar

AB _ OB @
AB OF
Also triangles NOF and A’ B' F are similar
NO _ OF
Buno =45 48 B
AB _ OF (i) L e
AB ~ FB - —y
Comparing equation (i) and (#) \*‘m‘\_ A /
OB _OF OB _  OF R \J__ |
e TR L N =— -
OB FB' ~ OB OF-OB B Fi Beo O~
Using sign conventions ol coordinate geometry «— f i
OB=-u, OB'=-v, OF=-f R,
- _ _
G T = uf —uv=1f
= uv = uf —uf
Dividing throughout by uzf, we get
1_11
F T v u
This is the required lens formula.
Q. 7. Define power of a lens. Write its units. Deduce the relation 7 = T + ? for two thin lenses
2
kept in contact coaxially. [CBSE (F) 2012, 2019 (55/4/3), 2020 (55/4/1)]

Ans. Power of lens: It is the reciprocal of focal length of a lens.
P= % (f is in metre)

Unit of power of a lens is Diopter.

An object is placed at point O. The lens L, produces an image at I} which serves as a virtual object
for lens L, which produces final image at /.

Given, the lenses are thin. The oplical centres (P) of the lenses L, and L, is co-incident.

1 Z

w

/ A
|

For lens L, we have

1 1_1 g
7 - = ?1 <)
For lens L h 1 dad it
or lens Ly, we have vy % ...(22)
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Ans.

Adding equations (i) and (ii), we have
L B0 8 &0

v u v'v]_fl' %

1L 1 1 1
e i sl ..(#1)
yTw T g E
If two lenses are considered as equivalent to a single lens of focal length f, then
1, :l 1 '
b e ? ()
From equation (i) and equation (iv), we can write
1 1 1
=
f Lk

(a) Draw the labelled ray diagram for the formation of image by a compound microscope.
Derive an expression for its total magnification (or magnifying power), when the final image
is formed at the near point. [CBSE Sample paper 2022, Term-2] [CBSE 2019 (55/5/1)]
Why both objective and eyepiece of a compound microscope must have short focal lengths?
(b) Draw a ray diagram showing the image formation by a compound microscope. Hence
obtain expression for total magnification when the image is formed at infinity.
[CBSE Delhi 2013]
(a) Compound Microscope: It consists of a long cylindrical tube, containing at one end a convex
lens of small aperture and small focal length. This is called the objective lens (0). At the other
end of the tube another co-axial smaller and wide tube is fitted, which carries a convex lens
(E) at its outer end. This lens is towards the eye and is called the eye-picce. The focal length
and aperture of eyepiece are somewhat larger than those of objective lens. Cross-wires are
mounted at a definite distance before the eyepiece. The entire tube can be moved forward
and backward by the rack and pinion arrangement.
Adjustment: First of all the eyepiece is displaced backward and forward to focus it on cross-
wires. Now the object is placed just in front of the objective lens and the entire tube is moved
by rack and pinion arrangement until there is no parallax between image of object and cross

wire. In this position the image of the object appears quite distinct.
Eyepiece

—u | et —|
[ D /J:\

Objective e
. ‘ |” \ /’// ﬂw Eye
| :
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Working : Suppose a small object AB is placed slightly away from the first focus Fy)’ of the
objective lens. The objective lens forms the real, inverted and magnified image A" B' which
acts as an object for eyepiece. The eyepiece is so adjusted that the image A’ B’ lies between
the first focus F.' and the eyepiece E. The eyepiece forms its image A" B"” which is virtual,
erect and magnified. Thus the final image A" B" formed by the microscope is inverted and
magnified and its position is outside the objective and eyepiece towards objective lens.
Magnifying power of a microscope is defined as the ratio of angle (f) subtended by final
image on the eye 1o the angle (o) subtended by the object on eye, when the object is placed
at the least distance of distinct vision, i.e.,

8
£
o
A 3=
- D S

Magnifying power M = g_

As object is very small, angles a and B are very small and so tan o = a and tan § = B. By
delinition the object AB is placed at the least distance of distinct vision.

s _ AB
Q= tand = ——

EA
By sign convention EA = -D, s o= %
. " A'B'
and from figure p=tanB = e
If u, is distance of image A" B’ from eye-piece E, then by sign convention, E4" = - u,
AR
and so, B=
()

- B_AB/w) 4B D
Hence magnifying power M = - = AB/(-D) R

By sign conventions, magnification of objective lens

AB' _ Y
AB  (-uy)
“ D
Ty,
Using lens formula - = L1 for eyetens, i - ‘
sing lens formula FSvu or eye-lens, (i.e, using f = f,, v = v,, u = —u,), we ge
gl x_ 3 LI Y
ERE) T wTET
o 1 1
Magnifying power M———D(? —)
Ul I
or M= —ﬂ(?‘ =k v—')

When final image is formed at the distance of distinet vision, v, = D

Yo D
Magnification, M = - (1 + T)
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Q.9.

Ans.

For greater magnification of a compound microscope, f, should be small. As f, < fe, sof,1s
small. Hence, for greater magnification both fj; and f, should be small with f; to be smaller of
the two.

b

=

If image A'B" is exactly at the focus of the eyepiece, then image A"B" is formed at infinity.

Hyy |
" A

Objective

If the object AB is very close to the focus of the objective lens of focal length f,, then
magnification M, by the objective lens
L
M=%
where L is tube length (or distance between lenses L, and L,)
Magnification M, by the eyepiece
D
M, = 1,
where D) = Least distance of distinct vision
Total magnification, m = M,M, = (L)(Q)
LM\
Explain with the help of a labelled ray diagram, how is image formed in an astronomical
telescope. Derive an expression for its magnifying power.
[CBSE (F) 2014, 2019 (55/1/1) 2020 (55/1/1), 2023 (55/4/1)]
OR
Draw a ray diagram showing the image formation of a distant object by a refracting telescope.
Define its magnifying power and write the two important factors considered to increase the
magnifying power.
Describe briefly the two main limitations and explain how far these can be minimised in a
reflecting telescope. [CBSE (F) 2015, 2023 (55/2/1)]
Astronomical (Refracting) Telescope:
Construction: [t consists of two co-axial cylindrical tubes, out of which one tube is long and wide,
while the other tube is small and narrow. The narrow tube may be moved in and out of the wide
tube by rack and pinion arrangement. At one end of wide tube an achromatic convex lens L,
is placed, which faces the object and is so called objective (lens). The [ocal length and aperture
of this lens are kept large. The large aperture of objective is taken that it may collect sufficient
light 1o form a bright image of a distant object. The narrow tube is towards eye and carries an
achromatic convex lens L, of small focal length and small aperture on its outer end. This is called
eye-lens or eyepiece. The small aperture of eye-lens is taken so that the whole light refracted by
it may reach the eye. Cross-wires are fitted at a definite distance from the eye-lens.
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Due to large focal length of objective lens and small focal length of eye lens, the final image
subtends a large angle at the eye and hence the object appears large. The distance between the
two lenses may be arranged by displacing narrow tube in or out of wide tube by means of rack
and pinion arrangement.

Adjustment: First of all the eyepiece is moved backward and forward in the narrow tube and
focused on the cross-wires. Then the objective lens is directed towards the object and narrow
tube is displaced in or out of wide tube until the image of object is formed on cross-wires and
there is no parallax between the image and cross-wires. In this position a clear image ol the
object is seen. As the image is formed by refraction of light through both the lenses, this telescope

is called the refracting telescope.

B I fo | uo fe—

g
3 e
= ye piece
E A -
: A =
o Fo | \
e B _\\1:'
A LGy S s
\ | +
1) 7
| v
\/4 Ly
Ly
* |

Working: Suppose AB is an object whose end A is on the axis of telescope. The objective lens (L)
forms the image A' B' of the object AB at its second principal focus F This image is real, inverted
and diminished. This image A' B' acts as an object for the eye-piece L, and lies between [irst focus
F_and opucal centre Cs of lens Ly’ Therefore eye-piece forms its image A'' B' ' which is virtual,
erect and magnified.

Thus the final image 4" B" of object AB formed by the telescope is magnified, inverted and lies
between objective and eyepiece.

Magnifying Power: The magnifying power of a telescope is measured by the ratio of angle ()
subtended by final image on the eye to the angle (@) subtended by object on the eye, i.e.,

Magnilying power M = %

As a and f are very small angles, therefore, from figure.
The angle subtended by final image A" B"” on eye
B =angle subtended by image A" B on eye
A'B'
CyA'
As the object is very far (at infinity) from the telescope, the angle subtended by object at eye is
same as the angle subtended by object on objective lens.
A'B'
cA'
B AB/C, A A

Ta T ABICA T A

=tanf =

a=tan a =
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If the focal lengths of objective and eye-piece be f,, and f,, distance of image 4’ B' from eye-piece
be u,, then by sign convention

CLA' =4[5, Cod' ==,

i)
M=_1T¢

If v, is the distance of A"B" from eye-piece, then by sign convention, f, is positive, u, and v, both
are negative. Hence by lens formula L = %—%,

O | 1

or = 1 ¥ L
Lo T ) M %
Substituting this value in (1), we get
1 1
M=—f[—+——
w( %)
This is the general formula for magnifying power. In this formula only numerical values of f; , f,

and v, are Lo be used because signs have already been used.

Length of Telescope: The distance between objective and eye-picece is called the length (L) of the
telescope. Obviously

L=Lily=CCy=f, +u,
Now there arise two cases:
(i) When the final image is formed at minimum distance (D) of distinct vision : then v, = D
1,1 JB( &£ )
M=—f|l—+—|=-—F|14+—
(7 5) =50
Length of telescope L = f, + u,

(i1) In normal adjustment position, the final image is formed at infinity : For relaxed eye, the
final image is formed at infinity. In this state, the image A’ B' formed by objective lens should
be at first the principal focus of eyepiece, i.e.,

u,=f, andv, =
fﬂ
Magnifying power, M = —)z(L + %) = —7

Length of telescope = fj, + f,.
For large magnifying power, f, should be large and f, should be small.
For high resolution of the telescope, diameter of the objective should be large.
Factors for increasing the magnifying power
1. Increasing focal length of objective
2. Decreasing focal length of eye piece
Limitations
1. Suffers from chromatic aberration
. Suffers from spherical aberration

. Small magnifying power

B e N

. Small resolving power
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Q. 10. (i) Draw alabelled ray diagram to obtain the real image formed by an astronomical telescope

in normal adjustment position. Define its magnifying power.
[CBSE Sample paper-2022, Term-2] [CBSE 2019 (55/1/2)]

(ii) You are given three lenses of power 0.5 D, 4 D and 10 D to design a telescope.
(a) Which lenses should be used as objective and eyepiece? Justify your answer.
(b) Why is the aperture of the objective preferred to be large? [CBSE (Central) 2016]
Ans. (i)

Objective

Eyepiece

B
At infinity

L '} 5
N

Definition: It is the ratio of the angle (B) subtended at the eye by the final image, to the angle

(a) subtended by the object on the eye, i.e., M = =

(i1) (a) Objective = 0.5 D
Eyelens = 10D
This choice would give higher magnification as
-
o B
(b) The aperture of the objective lens is preferred 1o be large that it may collect sufficient
light to form a brighter image of a distant object.
Q.11. (a) State two main considerations taken into account while choosing the objective of
astronomical telescope.
(b) Draw a ray diagram of reflecting type telescope. State its magnifying power.
(¢) State the advantages of reflecting type telescope over the refracting type.
[CBSE Sample Paper 2021)
Ans. (a) The main considerations taken into account while choosing the objective of astronomical telescope is:
(#) The aperture of objective lens is kept large so, that it may collect sufficient light to form
a bright image of a distant object.
(i) The focal length of objective is kept large so that the final image subtends a large angle
at the eye and the object appears large.

(b) -\ — Objective
mirror

Secondary
mirror

Eyepiece

4

If f, and f, are the focal lengths of objective and eyepiece respectively, then magnifying

power when the image is formed at the least distance of distinct vision,
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Q.12.

Ans.

m=i(l +£)

L D
Magnifying power when image is formed at infinity,
ok
i

(¢) The advantages of reflecting type telescope over refractive type telescope:
(1) No chromatic aberration, because mirror is used.
(#) Easy mechanical support (less mechanical support is required, because mirror weighs
much less than a lens of equivalent optical quality)
(i) Large gathering power
(iv) Large magnifying power
(v) Large resolving power
(v1) Spherical aberration can be removed by using parabolic mirror
Draw a graph to show the angle of deviation & with the variation of angle of incidence i for a
monochromatic ray of light passing through a prism of refracting angle 4. Deduce the relation

. A+ Bm
SID(T)

sin(2)

n=

[CBSE Delhi 2011, 2016; (F) 2011, 2017; Sample Paper 2016, 2020(55/4/1)]
OR

Draw a ray diagram showing refraction of a ray of light through a triangular glass prism.
Hence, obtain the relation for the refractive index (u) in terms of angle of prism (4) and angle
of minimum deviation (,,). [CBSE 2023(55/3/1)]
Graph of deviation in & with variation in angle of incidence i : The homogeneous transparent
medium (such as glass) enclosed by two plane refracting surfaces is called a prism. The angle
between the refracting surfaces is called the refracting angle or angle of prism. The section
cut by a plane perpendicular to the refracting surfaces is called the principal section of the
prism.

Q R
Let PQR be the principal section of the prism. The refracting angle of the prism is A.

A ray of monochromatic light EF is incident on face PQ at angle of incidence i; The refractive
index of material of prism for this ray is n. This ray enters [rom rarer to denser medium
and so is deviated towards the normal FN; and gets refracted along the direction FG. The
angle of refraction for this face is r; The refracted ray FG becomes incident on face PR and is
refracted away from the normal GN, and emerges in the direction GH. The angle of incidence
on this face is 7y (into prism) and angle of refraction (into air) is 5. The incident ray EF and
emergent ray GH when produced meet at 0. The angle between these two rays is called angle
of deviation ‘§*.

ZO0FG=1i,-r, and ZOGF =iy=-1,
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In A FOG, & is exterior angle
8=2 OFG + ZOGF = (i, - 1)) + (o= 179)

= tig)—(r) +1y) ()

The normals FN, and GN, on faces PQ and PR respectively, when produced meet at N. Let

ZFNG =0 InAFGN, r +r,+06=180° ..(1t)
In quadrilateral PFNG, £ PFN = 90°, # PGN = 90°

A+ 90° + 8 + 90° = 360° or A+ 6 = 180° ..(1)

Comparing (it) and (i), rpHre=A4 ...(tv)

Substituting this value in (1), we get
=i +iy-A )
or i Hiy=A+5 (i)

sint sini,

1 2 -

From Snell's law, n = — =— (Vi)
siny;  sing

Minimum Deviation: From equation (v), it is clear that the angle of deviation depends upon the
angle of incidence £, As the path of light is reversible, therefore if angle of incidence be i, then angle
of emergence will be i} Thus for two angles of incidence

iy and 7y there will be one angle of deviation.

If we determine experimentally, the angles of deviation corresponding to different angles of
incidence and then plot i (on X-axis) and § (on Y-axis), we get a curve as shown in figure. Clearly
if angle of incidence is gradually increased, from a small value, the angle of deviation first
decreases, becomes minimum for a particular angle of incidence and then begins to increase.
Obviously for one angle of deviation (8) there are two angles of incidences 1, and iy , but for
one and only one particular value of angle of incidence (i), the angle of deviation is the minimum.
This minimum angle of deviation is represented by 8. For minimum deviation i, and i, become
coincident, i.e.,i; =i, = i (say)

So from (vit) r) = ry = r (say)

Hence from (iv) and (vi), weget r+r=4 = r=4/2

A+8,
and iti=A+3 ori= 5
A+3,
.. sin
Hence, from Snell’s law, n = m e
sinr i fid
sin( )
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Questions for Practice

1. Choose and write the correct option in the following questions.

() Anastronomical telescope has objective and eyepiece of focal length 40 cm and 4 cm respectively.
To view an object 200 cm away from the objective, the lenses must be separated by a distance
(@) 50.0 em (b) 54.0 em (¢) 37.3 cm (d) 46.0

(i#) The angle of incidence for a ray of light at a refracting surface of a prism is 45°. The angle
of prism is 60° If they ray suffers minimum deviation through the prism, the angle of
minimum deviation and refractive index of the material of the prism respectively, are.

1 1
45%; b e drae—— d) 30%

(i11) Why is refractive index in a transparent medium greater than one?
(a) Because the speed of light in vacuum is always less than speed in a transparent medium
(b) Because the speed of light in vacuum is always greater than the speed in a transparent
medium
(¢c) Frequency of wave changes when it crosses medium
(d) None of the above
(i) Light wave enters from medium | to medium 2. Its velocity in 2nd medium is double from
Ist. For total internal reflection the angle of incidence must be greater than
() 30° (b) 60° (c) 45° (d) 90°
A thin glass (refractive index 1.5) lens has optical power of = 5 D in air. Its optical power in

(v

=

a liquid medium with refractive index 1.6 will be
(@) 1D by -1D (¢) 25D d) 0.625 D
2. In the following questions, a statement of Assertion (A) is followed by a statement of Reason (R).
Choose the correct answer out of the following choices.
(a) Both A and R are true and R is the correct explanation of A.
(b) Both A and R are true but R is not the correct explanation of A.
(c) A is true but R is false.
(d) A is false and R is also false.
Assertion(4) : Ifa convex lens is kept in water, its convergence power decreases.

Reason (R) : The refractive index of convex lens relative 1o water is less than that relative to air.

3. Abiconvex lens made of a transparent material of refractive index 1.25 is immersed in water of
refractive index 1.33. Will the lens behave as a converging lens? Give reason.

4. How does the angle of minimum deviation of a glass prism vary, if the incident violet light is replaced
by red light? Give reason.

5. (a) State the conditions for total internal reflection to take place.

(b) Suspended by a thread in the liquid is gradually lowered till it touches the bottom. The apparent
depth is determined corresponding to different positions of the coin.
(#) Plora graph showing variation of the apparent depth with the real depth of the coin.
(i) What is the physical significance of the slope of the graph?  [CBSE 2022 (55/2/1), Term-2]

6. For the same angle of incidence the angles of refraction in three different media A, B and C are
15°, 25° and 35° respectively. In which medium the velocity of light is minimum?

7. Two monochromatic rays of light are incident normally on the face AB of an isosceles right-angled
prism ABC. The refractive indices of the glass prism for the two rays ‘1’ and ‘2’ are respectively 1.3
and 1.5. Trace the path of these rays after entering through the prism. Explain briefly.

8. The radii of curvature of the two surfaces of a concave lens are 20 cm each. Find the refractive
index of the material of the lens if its power is -5.0 D. [CBSE 2023 (55/3/1)]
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9.

10.

TL.

12.

[k

14.

15.

16.

Lick:

18.

19.

20.

2=
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A biconvex lens has a focal length 3 limes the radius of curvature of either surface. Calculate

the refractive index of lens material.

Light from a point source in air falls on a convex spherical glass surface of refractive index 1.5
and radius of curvature 20 cm. The distance of light source from the glass surface is 100 cm. At
what position is the image formed?

A 1.8 m 1all person stands in front of a convex lens of focal length 1 m, at a distance of 5 m. Find

the position and height of the image formed. [CBSE 2023 (55/3/1)]
An object AB is kept in front of a concave mirror as shown in the figure. [CBSE (Al) 2012]
A

B (& F /

(i) Complete the ray diagram showing the image formation of the object.

(it) How will the position and intensity of the image be affected if the lower half of the mirror's
reflecting surface is painted black?

A converging and a diverging lens of equal focal lengths are placed co-axially in contact. Find the

power and the focal length of the combination. [CBSE (Al) 2010]

An object is kept in front of a concave mirror of focal length 15 cm. The image formed is real and
three umes the size of the object. Calculate the distance of the object from the mirror.

[CBSE 2019 (55/4/1)]

The radii of curvature of both the surfaces of a lens are equal. If one of the surfaces is made

plane by grinding, then will the focal length of lens change? Will the power change?

[CBSE Guwahati 2015]

A ray of light incident normally on one face of a right isosceles prism is totally reflected as shown

in figure. What must be minimum value of refractive index glass? Give relevant calculations.

i [CBSE Delhi 2016]

]

A small bulb is placed at the bottom of a tank containing water to a depth of 80 em. What is the
area of the surface of water through which light from the bulb can emerge out? Refractive index

of water is % [NCERT]

How is the working of a telescope different from that of a microscope?
[CBSE Delhi 2012, 2019 (55/2/3)]
A double convex lens is made of a glass of refractive index 1.55, with both faces of the same
radius of curvature. Find the radius of curvature required, if the focal length is 20 cm.
[CBSE (AD) 2017]
Draw a ray diagram to show the image formation of a distant object by a refracting telescope. Write
the expression for its angular magnification in terms of the focal lengths of the lenses used. State
the important considerations required o achieve large resolution and their consequent limitations.
(a) Plot a graph for angle of deviation as a function of angle of incidence for a triangular prism.

(b) Derive the relation for the refractive index of the prism in terms of the angle of minimum
deviation and angle of prism.




22. An optical instrument uses a lens of 100 D for the objective lens and 50 D for its eye piece. When
the tube length is kept at 20 cm, the final image is formed at infinity.

(a) Identify the optical instrument.

(b) Calculate the magnification produced by the instrument. [CBSE 2020 (55/5/1)]
23. Two objects P and Q when placed at different positions in front of a concave mirror of focal length

20 cm, form real images of equal size. Size of object P is three times size of object Q. If the distance

of P is 50 em from the mirror, find the distance of 0 from the mirror. [CBSE 2020 (55/4/1)]

24. You are given three lenses L}, L, and L; each of focal length 20 cm. An object is kept at 40 cm in
front of L, as shown. The final real image is formed at the focus ‘T of L;. Find the separations

between L, L, and L. [CBSE (Al) 2012)
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25. Fig. (a) and (b) show refraction of an incident ray in air at 60° with the normal to a glass-air and
water-air interface, respectively. Predict the angle (r) of refraction of an incident ray in water at 45°

with the normal to a water-glass interface [fig. (¢)]. [NCERT)]

s
GLASS L/ \J GLASS
WATER ’B\ /T WATER
@

26. An angular magnification of 30X is desired using an objective of focal leng[h 1.25 cm and an
eye-piece of focal length 5 cm. How would you set up the compound microscope?

[NCERT) [CBSE Sample Paper 2018]

27. A small telescope has an objective lens of focal length 144 cm and an eye piece of focal length
6.0 cm. What is the magnifying power of the telescope? What is the separation between the
objective and the eye-piece? [NCERT)

28. An object of size 3.0 cm is placed 14 cm in front of a concave lens of focal length 21 cm. Describe the
image produced by the lens. What happens if the object is moved farther from the lens? [NCERT]

29. (a) Calculate the distance of an object of height £ from a concave mirror of radius of curvature

20 em, so as to obtain a real image of magnification 2. Find the location of image also.

(b) Using mirror formula, explain why does a convex mirror always produce a virtual image.
[CBSE Delhi 2016)
30. (2) A mobile phone lies along the principal axis of a concave mirror. Show, with the help of a
suitable diagram, the formation of its image. Explain why magnification is not uniform.
(b) Suppose the lower half of the concave mirror's reflecting surface is covered with an opaque
material. What effect this will have on the image of the object? Explain.  [CBSE Delhi 2014]
31. A convex lens made up of glass of refractive index 1.5 is dipped, in turn, in (i) a medium of
refractive index 1.65, (i) a medium of refractive index 1.33.
(a) Will it behave as a converging or a diverging lens in the two cases?
(b) How will its focal length change in the two media? [CBSE (AI) 2011]
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32. A converging lens has a focal length of 20 cm in air. It is made of a material of refractive index
1.6. If it is immersed in a liquid of refractive index 1.3, find its new focal length. [CBSE (F) 2017]
33. In the following diagram, an object ‘0" is placed 15 cm in front of a convex lens L, of focal length
20 ¢m and the final image is formed at ‘I’ a1 a distance of 80 cm from the second lens L,. Find

the focal length of the L. [CBSE (F) 2016]
20 cm = 80cm
;,ill'»\_
15 cm i e S
- = _ o S
JL) e | | T
| -
I C<|I | ////7',') 1
U —

34. An object is placed 40 cm from a convex lens of focal length 30 cm. If a concave lens of focal
length 50 cm is introduced between the convex lens and the image formed such that it is
20 cm from the convex lens, find the change in the position of the image.
[CBSE Chennai 2015] [HOTS]
35. Trace the path of a ray of light passing through a glass prism (4BC) as shown in the figure. If the
refractive index of glass is /3, find out of the value of the angle of emergence from the prism.
[CBSE (F) 2012] [HOTS]

A
K
\\
L so°>\
34‘4(:
Answers

L (@) (%) (i1) (d) (i) (b) () (@) @) @)
2. (a) 8. % 9. % 10. 100cm  11. 1.25m,-0.45 m

13. infinite 14. 20 cm 16. 2 17. 2.6 m* 19. 22 cm 22. (b) 312.5

23. —30cm  24. 60 cm (between L, and Lg)

25. (a) 1.51 (b) 1.32 (c) 38° 26. 11.67 27. -24, 150 cm 28. -84 cm, 1.8 cm
29. (a)-15 cm, =30 cm 32.52cm 33. -40cm 34, 200 cm 35. 60°
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@ Wave Optics

POINTS TO

REMEMBER

1. Wave Nature of Light: Huygen’s Theory

There are some phenomena like interference, diffraction and polarisation which could not be
explained by Newton’s corpuscular theory. These were explained by wave theory first proposed by
Huygen.

The assumptions of Huygen’s wave theory are: (i) A source sends waves in all possible directions.
The locus of particles of a medium vibrating in the same phase is called a wavefront. For a point
source, the wavefront is spherical; while for a line source the wavefront is cylindrical. A distant
wavefront is plane. (#) Each point of a wavefront acts as a source of secondary wavelets. The
envelope of all wavelets at a given instant gives the position of a new wavefront.

2. Wavefront

A wavefront is defined as the locus of all the particles which are vibrating in the same phase. The
perpendicular line drawn at any point on the wavefront represents the direction of propagation of
the wave at that point and is called the ‘ray’.

Types of Wavefronts: The wavefronts can be of different shapes. In general, we experience three
types of wavelronts.

(i) Spherical Wavefront: If the waves in a medium are originating from a point source, then they
propagate in all directions. If we draw a spherical surface centred at point-source, then all the
particles of the medium lying on that spherical surface will be in the same phase, because the
disturbance starting from the source will reach all these points simultaneously. Hence in this
case, the wavefront will be spherical and the rays will be the radial lines [Fig (a)].

d39dW3IN3dd OL S1INIOd

N
Spherical wavefront

Cylindrical wavefront

(a) b) (c)

Plane wavefront

(1) Cylindrical Wavefront: I[ the waves in a medium are originating from a line source, then they
too propagate in all directions. In this case the locus of particles vibrating in the same phase
will be a cylindrical surface. Hence in this case the wavefront will be cylindrical. [Fig. (b)]

Wave Optics 365




(iii) Plane Wavefront: At large distance from the source, the radii of spherical or cylindrical
wavefront will be woo large and a small part of the wavefront will appear to be plane. At infinite
distance from the source, the wavefronts are always plane and the rays are parallel straight
lines.

L x

< }\)

represents the plane wave propagating along positive direction of X-axis.

The equation y = asin 21‘t(

3. Coherent and Incoherent Sources of Light

The sources of light emitting waves of same frequency having zero or constant initial phase
difference are called coherent sources.

The sources of light emitting waves with a random phase difference are called incoherent sources.
For interference phenomenon, the sources must be coherent.

Methods of Producing Coherent Sources: Two independent sources can never be coherent
sources. There are two broad ways of producing coherent sources for the same source.

(i) By division of wavefront: In this method the wavefront (which is the locus of points of same
phase) is divided into two parts. The examples are Young's double slit and Fresnel’s biprism.
(éi) By division of amplitude: In this method the amplitude of a wave is divided into two parts by
successive reflections, e.g., Lloyd’s single mirror method.
4. Interference of Light

Interference is the phenomenon of superposition of two light waves of same frequency and constant
phase different travelling in same direction. The positions of maximum intensity are called maxima,
while those of minimum intensity are called minima.

Conditions of Maxima and Minima: If ¢, and ay are amplitudes of interfering waves and ¢ is the
1 2
phase difference at a point under consideration, then

Resultant intensity at a point in the region of superposition
e 28 o8
I'=a; +a;+ 2a,a,c05¢

=L+1,+2/[1,cosd

where I alz = intensity of one wave
L= ag = intensity of other wave

Condition of Maxima:

Phase difference, ¢ = 2nn

or path difference, A = nA, n being integer

Maximum amplitude, 4,,,, = @, + a9

Maximum intensity, I, = A%, = (@, + ay)°
=al+al+2aa,=1+1,+2/11,

Condition of Minima: Phase difference, ¢ = 2n-1) =

Path difference, A = (2n-1) %,n i L A

Minimum amplitude, 4, = (@, - ay)

Minimum intensity, [ . = (a

2 _ 2 2
s “"2) =a +a.2—2ala.?

1
=L +1,-2/0L1,
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Young’s Double Slit Experiment

Let §; and S, be coherent sources at separation d and ) be the distance of screen from sources, then
path difference between waves reaching at P can be shown as

A= ul
- D
For maxima A =ni
8 " . D
= Positon of nth maxima y, = nd)\

= Position of nth minima y = (n - %)DT?\

Fringe width: Fringe width is deflined as the separation between
two consecutive maxima or minima.

Linear fringe width, B =y_, . ,- 3, = Dd_}\

) " B _ A
Angular fringe width, By = D=4
Use of white light: When white light is used to illuminate the slit, we obtain an interference
pattern consisting of a central white fringe having few coloured fringes on two sides and uniform

illumination.

Remark: If waves are of same intensity,
1y = Iy = I (say) then
I'=2I +2[cos
=2/, (1 +cos$)

= 4]0 cos? i

2

. Diffraction of Light
The bending of light from the corner of small obstacles or apertures is called diffraction of light.
Diffraction due to a Single Slit:

When a parallel beam of light is incident normally on a single slit, the beam is diffracted from the
slit and the diffraction pattern consists of a very intense central maximum, and secondary maxima
and minima on either side alternately.

If a is width of slit and 6 the angle of diffraction, then the directions of maxima are given by

asin9=(n+%)?\ n=1,2.3,..

The position of nth minima are given by
a sin 8 =n,
wheren = £ 1,+ 2, + 3, ... for various minima on either side of principal maxima.
Width of Central Maximum:
The width of central maximum is the separation between the first minima on either side.
The condition of minima is
asinB=%tnk(n=1,2,3,.).
The angular position of the first minimum (z=1) on either side of central maximum is given by
asinB=+3
i A
= 0 =+sin~! (?)
£ : i N
- Half-width of central maximum, 8 = sin T
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. Total width of central maximum,p = 26 = 2sin™! (Z\)

1

/1
[

[\)

\
=4 =3 =2i = 0 A 25 3L 4

a rJ a 0 a

a T a
Diffraction due to a single slit by a monochromatic light

Linear Width: If D is the distance of the screen from slit and y is the distance of nth minima from
the centre of the principal maxima, then

sinf—=tan 6 =8 2%

Now, nA=asinf=ab
_An _Jn
==
nAD
= =g

Linear half-width of central maximum, y = —

Total linear width of central maximum,B=2y = 2}:5

Multiple Choice Questions

Choose and write the correct option(s) in the following questions.

1. When a wave undergoes reflection at an interface from rarer to denser medium, adhoc change
in its phase is [CBSE 2020 (55/4/1)]
T n
@ 3 (LY o) m @ 3
2

. Two waves having the intensities in the ratio of 9 : 1 produce interference. The ratio of
maximum to minimum intensity is

(a) 10:8 09:1 B4t
3. Four independent waves are expressed as
() y, = a;sin wt
(iii) y; = ascos @i and

@e:1

(ii) y, = a,sin 2t

(iv) y4 = aysin (@t + 7/3)
The interference is possible between

(a) () and (i) (b) (i) and (i)

(¢) (iid) and (iv) (d) not possible at all
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4.

10.

Consider sunlight incident on a slit of width 10* A. The image seen through the slit shall
[NCERT Exemplar]

(@) be a fine sharp slit white in colour at the center.

(b) a bright slit white at the center diffusing 1o zero intensities at the edges.

() abright slit white at the center diffusing Lo regions of different colours.

(d) only be a diffused slit white in colour.

In a Young’s double-slit experiment the fringe width is found to be 0.4 mm. If the whole apparatus

is dipped in water of refractive index 4/3, without disturbing the arrangement, the new fringe
width will be

(@) 0.30 mm (b) 0.40 mm (¢) 0.55 mm (d) 0.2 mm

In Young’s experiment, monochromatic light is used to illuminate the slits 4 and B. Interference
fringes are observed on a screen placed in front of the slits. Now if a thin glass plate is placed in
the path of the beam coming from A, then

(a) the fringes will disappear (b) the [ringe width will increase

(¢) the fringe width will decrease (d) there will be no change in the fringe width

In Young's double slit experiment the separation d between the slits is 2 mm, the wavelength
A of the light used is 5896 A and distance D between the screen and slits is 100 cm. It is found

that the angular width of the fringes is 0.20°. To increase the fringe angular width to 0.21°
(with same A and D) the separation between the slits needs to be changed to

(@) 1.8 mm () 1.9 mm

(¢) 2.1 mm (@) 1.7 mm

In a Young’s double slit experiment, the source is white light. One of the holes is covered by
a red filter and another by a blue filter. In this case [NCERT Exemplar]
(a) there shall be alternate interference patterns of red and blue.

(b) there shall be an interference pattern for red distinct from that for blue.

(¢) there shall be no interference fringes.

(d) there shall be an interference pattern for red mixing with one for blue.

In a Young’s double-slit experiment, the source § and two slits 4 and B are horizontal, with slit 4
above slit B. The fringes are observed on a vertical screen K. The optical path length from S to B
is increased very slightly (by introducing a transparent material of higher refractive index) and
optical path length from S to A is not changed. As a result, the fringe system on K moves

(a) vertically downwards slightly (b) vertically upwards slightly

(c) horizontally slightly o the lefi (d) horizontally slightly to the right

In Young's double-slit experiment, the distance between the slit sources and the screen is 1 m. If
the distance between the slits is 2 mm and the wavelength of light used is 600 nm, the fringe width
is

(@) 3 mm () 0.3 mm

(¢) 6 mm (d) 0.6 mm
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1l

12

13.

14.

L

16.

1%

Figure shows a standard two slit arrangement with slits §;, S,. P, P, are the two minima points on

either side of P. [NCERT Exemplar]
— Screen
S4 P,
S
P :53
5 P2 154 Second
screen

At P, on the screen, there is a hole and behind P; is a second 2- slit arrangement with slits S,
S, and a second screen behind them.

(a) There would be no interference pattern on the second screen but it would be lighted.

(b) The second screen would be totally dark.

(¢) There would be a single bright point on the second screen.

(d) There would be a regular two slit pattern on the second screen.

The Young's double-slit experiment is performed with blue and green lights of wavelengths
4360 A and 5460 A respectively. If x is the distance of 4th maxima from the central one, then

@ it = gren ©) Ouae > Ogren
() e
© Oue < Wgren 1

green
The intensity ratio of the maxima and minima in an interference pattern produced by two coherent

sources of light is 9 : 1. The intensities of the used light sources are in ratio

(@) 3l ) 4:1

€y 9k (@101

In a double-slit experiment instead of slits of equal widths, one slit is made twice as wide as
the other. Then in the interference pattern

(a) the intensity of both the maxima and the minima increase

(b) the intensity of maxima increase and the minima has zero intensity

(¢) the intensity of maxima decreases and that of minima increases

(d) the intensity of maxima decrease and minima has zero intensity

In the wave picture of light, the intensity I of light is related to the amplitude 4 of the wave as
[CBSE 2023 (55/3/1)]

(@) T /A )T A (c) T A? (djioc#

A double slit interference experiment is carried out in air and the entire arrangement is
dipped in water. The fringe width

(a) increases (b) decreasess
(¢) remains unchanged (d) fringe pattern disappears
An electromagnetic radiation of frequency n wavelength A, travelling with velocity v in air

enters a glass slab of refractive index |.. The frequency, wavelength and velocity of light in the
glass slab will be respectively

2n A

v
d— b) —,—and
(@) m,2Aan " ) vy and v
A A
(©) i,—andi (d) n,—andi
Bop n n n
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18. Yellow light is used in a single slit diffraction experiment with slit width of 0.6 mm. If yellow
light is replaced by X-rays, then the observed pattern will reveal
(a) that the central maximum is narrower  (b) more number of fringes
(c) less number of fringes (d) no diffraction pattern
19. Consider the diffraction pattern for a small pinhole. As the size of the hole is increased
[NCERT Exemplar]
(a) the size decreases (b) the intensity increases
(¢) the size increases (d) the intensity decreases
20. For light diverging from a point source [NCERT Exemplar]
(a) the wavelront is spherical.
(b) the intensity decreases in proportion to the distance squared.
(c) the wavefront is parabolic.
(d) the intensity at the wavefront does not depend on the distance.
21. In a single-slit diffraction experiment, the width of the slit is halved. The width of the central
maximum, in the diffraction pattern, will become [CBSE 2023 (55/3/1)]
(a) half (b) wwice (¢) four times (d) one-fourth
22. InaYoung’s double slit experiment, the separation between the slits is 0.1 mm, the wavelength
of light used is 600 nm and the interference pattern is observed on a screen 1 m away. Find the
separation between bright fringes.
(@) 6.6 mm (b) 6.0 mm (€) 6m (d) 60 cm
23. For light wave, A is the wavelength, & is the phase difference between two points on the wave
separated by a distance of A. The relationship between A, 5 and A is
2n A A Am
a) A=T-8 by A=_=8 €) 8= d) & ==~
@ A== ® A= @3=3 @ 8=
24. The shape of the interference fringes in Young’s double slit experiment when D (distance
between slit and screen) is very large as compared to fringe width is nearly
(a) straight line (b) parabolic (¢) circular (d) hyperbolic
Answers
L. (¢) 2. (c) 3. (d) 4. (a) 5. (a) 6. (d) 7. (b)
8. (o) 9. (a) 10. (b) 11. (d) 12. (¢) 13. (b) 14. (a)
15. (¢) 16. (b) 17. (d) 18. (d) 19. (a), ()  20. (a), (b) 21. (b)
22. (b) 23. (b) 24, (a)

Assertion-Reason Questions

In the following questions, a statement of Assertion (A) is followed by a statement of Reason (R). Choose the
correct answer out of the following choices.

(@)
(®)
©
()

1.

Both A and R are true and R is the correct explanation of A.

Both A and R are true but R is not the correct explanation of A.

A is true but R is false.

A is false and R is also false.

Assertion(4) : It is not possible 0 have interference between the waves produced by two

violins.
Reason (R) : For interference of two waves the phase difference between the waves must
remain constant. [AIIMS 2012]
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2. Assertion(d) :
Reason (R)

3. Assertion(A4)

Reason (R) :
4. Assertion(A)
Reason (R)

5. Assertion(A4) :
Reason (R)

6. Assertion(4)
Reason (R)

7. Assertion(4) :

Reason (R)
8. Assertion(A4) :
Reason (R)

9. Assertion(A4)
Reason (R)
10. Assertion(d)
Reason (R) :

The phase difference between any two points on a wavelront is zero.

: Corresponding to a beam of parallel rays of light, the wavelronts are planes

parallel to one another.

: For identical coherent waves, the maximum intensity is four times the intensity

due 1o each wave.

Intensity is proportional to the square of amplitude.

: Corpuscular theory fails in explaining the velodities of light in air and water.

: According to corpuscular theory, light should travel faster in denser media than

in rarer media. [ATIMS 2012]

In Young's double slit experiment all frings are of equal width.

: The fringe width depends upon wavelength of light (1) used, distane of screen

from plane of slits (D) and slits separation (d). [CBSE 2023 (55/2/1)]

: Light added to light can produce darkness.

: When two coherent light waves interfere, there is darkness at position of

destructive interference.

When the apparatus of Young’s double-slit experiment is brought in a liquid
from air, the [ringe width decrease.

: The wavelength of light decreases in the liquid.

The phase difference between any two points on a wavelront is zero.

: All points on a wavefront are at the same distance from the source and thus

oscillate in the same phase. [CBSE 2023 (55/1/1)]

: Colours are seen in thin layers of oil on the surface of water.

White light is composed of several colours. [AIIMS 2018]

: Coloured spectrum is seen when we look through a muslin cloth.

Coloured spectrum is due to diffraction of white light passing through fine slits
made by fine threads in the muslin cloth.

Answers
1. (a) 2. (b) 3. (b) 4. (a) 5. (a) 6. (a) 7. (@)
8. (a) 9. (b) 10. (a)

Case-based/Passage-based Questions

Read the paragraph given below and answer the questions that follow:

1. Newton’s Rings: The ligure shows convex surface of a lens in contact with a plane glass

plate. A thin film of air is formed between the two surfaces. When you view the setup with

monochromatic light, you see circular interference fringes. These were studied by Newton and

are called Newton's rings. When you view the setup by reflected light, the center of the pattern

is black. Can you see why this should be expected?
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We can use interference fringes to compare the surfaces of two optical parts by placing the two
in contact and observing the interference [ringes. The figure shows a photograph made during
the grinding of a telescope objective lens. The lower, larger diameter, thicker disk is the correctly
shaped master, and the smaller, upper disk is the lens under test. The “Contour lines” are
Newton's interference fringes; each one indicates an additonal distance between the specimen
and the master of one half wavelength. At 10 lines from the center spot the distance between
the two surfaces is 5 wavelengths, or about 0.003 mm. This isn’t very good, high quality lenses
are routinely ground with a precision of less than one wavelength. The surface of the primary

mirror of the Hubble Space Telescope was ground to a precision of better than 0 wavelength.

Unfortunately, it was ground to incorrect specifications, creating one of the most precise errors
in the history of optical technology.
(i) What principle is responsible for light spreading as it passes through a narrow slit?
(«) Interference (b) Diffraction
(¢) Polarisation (d) Refraction
(ii) When viewed with white light, Newton’s ring appear as
(z) alternating bright and dark rings
(b) a series of concentric rings
(¢) a concentric ring pattern of rainbow colors
(d) a dark ring centred at the point of contact
(iii) Newton’s rings is a natural phenomenon that involves
() an interference pattern due to reflection of light between two surfaces
(b) an interference pattern due to refraction of light between two surfaces
(¢) a diffraction pattern due to reflection of light between two surfaces
(d) a diffraction pattern due to refraction of light between two surfaces

(iv) A thin slice is cut out of a glass cylinder along a line parallel to its axis. The slice is placed
on a flat glass plate as shown. The observed interference fringes from this combination

will be
(a) straight ‘ l l l 1 "
(b) circular \ /'
(c) equally spaced \ /
(d) having fringe spacing which increases as we go outwards. e =
OR

Two light sources are said to be coherent if they

(z) are of the same frequency, and maintain a constant phase difference
(b) are of the same amplitude, and maintain a constant phase difference
(¢) are of the same frequency and amplitude

(d) are of the same frequency
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2. Diffraction: Diffraction of light is bending of light around the corners of an object whose size is
comparable with the wavelength of light. Diffration actually defines the limits of ray optics. This
limit for optical instruments is set by the wavelength of light. An experimental arrangement is
set up to observe the diffraction pattern due to a single slit. [CBSE 2023 (55/3/1), Modified]

(i) The penetration of light into the region of geometrical shadow is called
(2) polarisation (b) interference
(¢) diffraction (d) refraction
(ii) To observe diffraction, the size of an obstacle
(a) should be of the same order as wavelength
(b) should be much larger than the wavelength
(¢) have no relation to wavelength

(d) should be exactly é
(iii) Both, light and sound waves produce diffraction. It is more difficult to observe diffraction
with light waves because
() light waves do not require medium  (b) wavelength of light waves is too small
(¢) light waves are transverse in nature  (d) speed of light is far greater
(iv) Angular width of central maximum of a diffraction pattern of a single slit does not depend upon

(a) distance between slit and source (b) wavelength of light used
(¢) width of the slit (d) frequency of light used
OR
The diffraction effect can be observed in
(2) only sound waves () only light waves
(¢) only ultrasonic waves (d) sound as well as light waves
Explanations

1. (1) (b) The phenomenon of bending of light around the sharp corners and the spreading of
light within the geometrical shadow of the opaque obstacles is called diffraction of light.
(i) (¢) When viewed with white light, it forms a concentric ring pattern of rainbow colors,
because the different wavelengths of light interfere at different thickness of the air layer
between the surface.
(itf) (2) Newton's rings is a phenomenon in which an interference pattern is created by the reflection
of light between two surfaces; a spherical surface and an adjacent touching flat surface.
(@) (b) The fringes are locus of equal thickness which are circular. These are called Newton’s rings.
OR
(d) The two waves are perfectly coherent, if their frequency and wave form are identical
and their phase difference is constant.
2. (1) (¢) The bending of light around the corners is known as diffraction of light. So, the light
penetrates into the region of geometrical shadow.
(i) (a) Toobserve diffraction, the size of obstacle should be of the same order as that of the wavelength.
(i2i) (b) It is more diflicult 1o observe diffraction with light waves because wavelength of light
waves is far too smaller compared to that of sound waves.

. ; Noe
(iv) (a) Angular width, §= Z 5

Hence, angular width depend upon wavelength of light used, width of slit and frequency
of light used.
OR

(d) The diffraction effect can be observed in sound as well as in light waves.
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CONCEPTUAL QUESTIONS

Q. 1.
Ans.

Q.2.

Ans.

Q.3.

Ans.

Q.4

Ans.

Q.5.

Ans.

Q. 6.
Ans.

Q.7

Ans.

Ans,

Why are coherent soruces required to create interference of light? [CBSE (F) 2009]

Coherent sources are required for sustained interference. If sources are incoherent, the intensity
ata point will go on changing with time.

Name any two factors on which the fringe width in a Young's double-slit experiment
depends. [CBSE 2023 (55/1/1)]
As we know, Fringe width, B = %
Factors which affect B, are:

(a) Wavelength of light (&)

(b) Width of slit (d)

Write the conditions on path difference under which (i) constructive (ii) destructive interference

occur in Young’s double slit experiment. [CBSE 2020 (55/5/1)]
(#) for constructive interference path difference, Ap =nk,n =0, 1, 2, 3... %
(i) for destructive interference path difference, Ap = (2n + 1)%,1& =0,1,2,5... £

[CBSE Marking Scheme 2020 (55/5/1)]

How does the fringe width of interference fringes change, when the whole apparatus of Young’s
experiment is kept in water (refractive index 4/3)? [CBSE Delhi 20111 [HOTS]

Dy

Fringe width,f = T = Bech for same D and d. When the whole apparatus is immersed in a

transparent liquid of refractive index n = 4/3, the wavelength decreases to L'= ud = L So,

3 n 4/3
fringe width decreases to 3 times.

In what way is the diffraction from each slit related to interference pattern in double slit
experiment? [CBSE Bhubaneshwar 2015]

The intensity of interference fringes in a double slit arrangement is modulated by the diffraction
pattern of each slit. Alternatively, in double slit experiment the interference pattern on the
screen is actually superposition of single slit diffraction for each slit.

What is the shape of the wavefront on earth for sunlight? [NCERT Exemplar]

Spherical with huge radius as compared to the earth’s radius so that it is almost a plane.
Why is the interference pattern not detected, when two coherent sources are far apart? [HOTS]

Fringe width of interference [ringes, is given by f= D?lrx é If the sources are [ar apart; d is
large; so fringe width (B) will be so small that the fringes are not reselved and they do not appear
separate. That is why the interference pattern is not detected for large separation of coherent
sources.

No interference pattern is detected when two coherent sources are infinitely close to each
other. Why? [HOTS)

: g = ; o7 T DA 1 S =

Fringe width of interference fringes is given by B =T When d is infinitely small, fringe
width B will be too large. In such a case even a single fringe may occupy the whole field of view.

Hence, the interference pattern cannot be detected.
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Q.9.

Ans.

Q. 10.

Ans.

Consider a point at the focal point of a convergent lens. Another convergent lens of short focal
length is placed on the other side. What is the nature of the wavefronts emerging from the
final image? [HOTS) [NCERT Exemplar]
The focal point of a convergent lens is the position of real image formed by this lens, when
object is at infinity. When another convergent lens of short focal length is placed on the other
side, the combination will form a real point image at the combined focus of the two lenses. The
wavefronts emerging from the final image will be spherical.
Why are coherent sources necessary to produce a sustained interference pattern?

[CBSE Delhi 2012]
This is because coherent sources are needed to ensure that the positions of maxima and minima
do not change with time.
If the phase difference between wave, reaching at a point change with time intensity will change
and sustained interference will not be obtained.

Very Short Answer Questions

Each of the following questions are of 2 marks.

Q.1

Ans.

Q. 5.

Ans.

Ans.

Draw the graph showing intensity distribution of fringes with phase angle due to diffraction
through single slit. [CBSE Sample Paper 2021, CBSE 2023 (55/4/1)]

I
R

- ¥ & if LG
NE R \ \ J \
=4k =3 =2) = 0 A 25 3h 4

i a

a @ a @ a a
Intensity distribution of diffraction pattern.
State Huygens principle. How did Huygens explain the absence of the backwave?

[CBSE 2023 (55/3/1)]
According to Huygens’ principle, each point on a wave front is a source of secondary waves,
which add up to give wave front at any later time which vibrating in same phase in all directions.

The absence of the back wave can be shown mathematically as we know that the amplitude of
secondary wavelets is proportional to (1 + cos 8), where 8 is angle between the ray at the point
of consideration and the direction of secondary wavelets. For a backward wavelront at 8 = 7 so
that (1 + cos 8 = 0). Thus the resultant amplitude of all the secondary wavelets at any point on
the backward wavefront is zero. Hence, a backward wave point cannot exist.

Find the intensity at a point on a screen in Young’s double slit experiment where the interfering

waves of equal intensity have a path difference of (i) %, and (ii) % [CBSE (F) 2017]

As we know, I=4 1, coszg
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Ans,

Ans.

(i) If path difference = %

21 2t A _m
TXA=TXx =
= ey A4 2
Also, 1=4I, msQ% =4[, cos? % =2,
e A
(@) If A= 3
2 A _2m
= ==xo==
=nts B
¢ 2n
. o ¥ 2 i)
I1=4I,cos 5 41, cos (3 ” 2) I,
Two waves from two coherent sources § and §' superimpose at X as shown X
in the figure. If X is a point on the second minima and SX- §'X is 4.5 em.
Calculate the wavelength of the waves. [CBSE Sample Paper, 2021]
For 2nd minima, n = 2
e 3A
Path difference = Ax=(2n— 1) 2= 9
From the figure, Path Difference = SX - §'X = 4.5 em (given) E g
Hence, Ax=8X -§'X = %=4.5
A=3cm

A parallel beam of light of wavelength 500 nm falls on a narrow slit and the resulting diffraction
pattern is obtained on a screen 1 m away. If the first minimum is formed at a distance of
2.5 mm from the centre of the screen, find the (i) width of the slit, and (i) distance of first
secondary maximum from the centre of the screen. [CBSE 2020 (55/2/1)]

ne A‘?wu,/ﬁ{rn AU TL LN,

o Sen

as:m@'%.\ >0 } [ G:sj?vﬁy

S e e - e - o — ey e _j__-__.—\_
USRI N Y T iy o eSO
{ a8 q;}-ﬁ’;k-rlﬂ-’&ﬂz 4@(«1(1;;6&* —

i ol Sees ||

_G‘f‘?f"x_zya,_ == i s’ T 4 |
T —— oy xro ,/

- -5 — 5 7

2 g STHEO . o 4(’1(}34CL__';zz5’_9.X.Jﬂ—m— ===

= Q.2 .

Wobds aryu/é)vrpﬁ'ﬁ'r;fm M—fﬁ’r fﬁ“( er\r R
e - % % e 5--2?3;

“obimdan oﬂ‘jmmx,t— =1

= — Ve i e e e
oy Aoz lis (anw - 3/:, D?' - 3’/9_ A2 S
- e — — _— ’gﬂ_aus.w/ff-;- —
— v iy B P — (A
i (ﬁ’_, Qm & e [Topper’s Answer 2020]
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Q. 6. Define the term ‘wave front of light’. A plane wave front B
AB propagating from denser medium (1) into a rarer
medium (2) is incident on the surface P,P, separating @
the two media as shown in fig.

Using Huygen’s principle, draw the secondary

wavelets and obtain the refracted wave front in the Pq . P2
diagram. [CBSE 2020 (55/5/1)] @

Ans. The wave front is a surface of constant phase. 1
Alternatively

The wave front is the locus of all points that are oscillating in phase.

Medium I i
(Denser)
i A

Medium II
(Rarer)

Incident
wavefront

Refracted
wavefront

[CBSE Marking Scheme 2020 (55/5/1)]

Q. 7. Two slits are made 1 mm apart and the screen is placed 1 m away. What should be the width
of each slit to obtain 10 maxima of the double slit pattern within the central maximum of the
single slit pattern? [CBSE Guwahati 2015)

Ans. Ifa is the size of single slit for diffraction pattern then, for first maxima

B== (n=1)
and angular separation of central maxima in the diffraction pattern
i O
0=20= -
The angular size of the [ringe in the interference pattern
B 2
D d
If there are 10 maxima within the central maxima of the diffraction pattern, then
100 =0
10 & = a = s i
d a 5

The distance between two slits is 1 mm.

Size of the single slit a = émm = 0.2mm

Q. 8. Two coherent monochromatic light beams of intensities I and 4] superpose each other. Find
the ratio of maximum and minimum intensities in the resulting beam. [CBSE 2023 (55/1/1)]
Ans. As we know,
L (@ ta)® (T+2/7)°
Inin (@ -0 (/T -2/D)°
Inwe _WVI(1+2)]°

(ra’=La=yI  af=4la,=2/1)

=3
Ion  [JT(1-2)2 1
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Q.9. (i) In diffraction due to a single slit, the phase difference between light waves reaching a point
on the screen is 57. Explain whether a bright or a dark fringe will be formed at the point.
(ii) What should the width (a) of each slit be to obtain eight maxima of two double-slit patterns
(slit separation d) within the central maximum of the single slit pattern? [CBSE 2023(55/4/1)]
Ans. (i) As from the relation,

Ax _ 0
A 2n
Ax=(%)?\=g?\=(2+%)?\

For maxima in single-slit diffraction,
Path difference, Ax = (n + %)?\ n=0,12,

As compare from above results, we get, n = 2

So, the bright fringe will formed.
@) In YDSE,

8AD

Fringe width, B; = 8B, = g (given)
3 B s
also, angular width, 8, = i
For single-slit diffraction pattern,
For central maxima, 8, = i_?\
Now, 0, =0,
B2
d ~ a
Lo d
4

Thus, width of each shit will be %Lh of slit separation.
Q. 10. In Young’s double-slit experiment, the two slits are separated by a distance equal to 100 times
the wavelength of light that passes through the slits. Calculate:
(a) the angular separation in radians between the central maximum and the adjacent maximum.
(b) the distance between these two maxima on a screen 50 cm from the slits. [CBSE 2023 (55/1/1)]
Ans. Here,d = 100 A (given), D = 50 cm.

; ST
(2) Angular width, 8 = 7" Toon - 0.01 rad.
i ; _AND A _ 50 _
(b) Fringe width, B = 4 " Toon x50 = 100 = 0.5 cm.

Short Answer Questions

Each of the following questions are of 3 marks.
Q. 1. Draw the diagrams to show the behaviour of plane wavefronts as they (a) pass through a thin
prism, and (b) pass through a thin convex lens and () reflect by a concave mirror.
[CBSE Bhubaneshwar 2015, CBSE Sample Paper 2021]
OR
Use Huygens principle to show reflection/refraction of a plane wave by (i) concave mirror, and
(ii) a convex lens. [CBSE 2023 (55/3/1)]
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Ans. The behaviour of a thin prism, a thin convex lens and a concave mirror are shown in fig. (a), (b)
and () respectively.

Incident

plane
wavefront
—— \_\‘

Transmitted plane
wavefront

A plane wavefront after refraction through prism is plane

Convex lens

\> Spherical wavefront

at RI2

|
;\

|
® -

A plane wavefront emerging a.fter refractlon through convex lens is spherical and converges
to focus F.

Spherical wavefront at R/2

Incident - /l ~— Concave mirror
plane wave | of radius R

(c)

A plane wavefront emerging afier reflection through concave mirror is spherical and converges
to focus F.

0.2

What is the shape of the wavefront in each of the following cases: [CBSE Delhi 2009)]
(a) light diverging from a point source.

(b) light emerging out of a convex lens when a point source is placed at its focus,

(c) the portion of a wavefront of light from a distant star intercepted by the earth
Ans.  (a) The wavefront will be spherical of increasing radius, fig. (a)

(6) The rays coming out of the convex lens, when point source is at focus, are parallel, so
wavelront is plane, fig. (b).

Plane
wavefront

)

{c) Plane wavefront

Parallel
= rays

N
(a) Spherical wavefront (b) Plane wavefront
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(¢) The wavelront starting from star is spherical. As star is very far from the earth, so the
wavefront intercepted by earth is a very small portion of a sphere of large radius; which is
plane (i.e., wavelront intercepted by earth is plane), fig. (c).

Q. 3. Explain the following, giving reasons:

(i) When monochromatic light is incident on a surface separating two media, the reflected
and refracted light both have the same frequency as the incident frequency.

(ii) When light travels from a rarer to a denser medium, the speed decreases. Does this
decrease in speed imply a reduction in the energy carried by the wave?

(iif) In the wave picture of light, intensity of light is determined by the square of the amplitude of
the wave. What determines the intensity in the photon picture of light? [CBSE Central 2016]
Ans. (1) Reflection and refraction arise through interaction of incident light with atomic constituents
of matter which vibrate with the same frequency as that of the incident light. Hence frequency
remains unchanged.

(i) No; when light travels from a rarer to a denser media, its frequency remains unchanged.
According to quantum theory of light, the energy of light photon depends on frequency and
not on speed.

(1i) For a given frequency, intensity of light in the photon picture is determined by the number
of photon incident normally on a crossing an unit area per unit time.

Q.4. (a) Write the necessary conditions to obtain sustained interference fringes.
Also write the expression for the fringe width.

(&) In Young’s double slit experiment, plot a graph showing the variation of fringe width
versus the distance of the screen from the plane of the slits keeping other parameters
same. What information can one obtain from the slope of the curve?

(c) What is the effect on the fringe width if the distance between the slits is reduced keeping
other parameters same? [CBSE Patna 2015]

Ans. (a) Conditions for sustained interference:
(#) The interfering sources must be coherent i.e., sources must have same frequency and
constant initial phase.
(#) Interfering waves must have same or nearly same amplitude, so that there may be
contrast between maxima and minima.
Fringe width,B = DT?\
where D) = distance between slits and screen.
d = separation between slits.
A = wavelength of light used.

(b) Information from the slope:

. - = Fringe
Wavelength, A = Slope Xd =d.tan 9 widih
AD ®)

(¢) Effect: From relation, B= T
Fringe width, B océ
If distance d between the slits is reduced, the size of fringe width will increase.
Q. 5. For asingle slit of width “a”, the first minimum of the interference pattern of a monochromatic
light of wavelength A occurs at an angle of 2 At the same angle of o wegeta maximum for
two narrow slits separated by a distance “a”. Explain. [CBSE Delhi 2014)

Ans. Case I: The overlapping of the contributions of the wavelets from two halves of a single slit
produces a minimum because corresponding wavelets from two halves have a path
dilference of /2.
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Case II: The overlapping of the wavelronts from the two slits produces first maximum because
these wavelronts have the path difference of A.

Q. 6. In the experiment on diffraction due to a single slit, show that

Ans.

Q.7

Ans.

Ans.

(i) the intensity of diffraction fringes decreases as the order (n) increases.
(ii) angular width of the central maximum is twice that of the first order secondary
maximum. [CBSE (F) 2011]

(i) The reason is that the intensity of central maximum is due to constructive interference of
wavelets from all parts of slit, the first secondary maximum is due o contribution of wavelets
from one third part of slit (wavelets from remaining two parts interfere destructively) the second
secondary maximum is due to contribution of wavelets from one fifth part only and so on.

cs ’ v s 5 h ini

(#2) For first minima asin@ =X or ¢ =X tanf = o g[S WIma
bl 2, ; 5 o i - ¥1
=5 0= o (for 8 is small, sin 6 ~ 6 and tan 6 =~ 8) )?) w
s i Lo scmsmiinin: Central max
o A _AD D .
D "= Tk ) -
o . 2A 1
Hence the angular width of central maximum = 26 = —— ‘ ;s
a Ist Minima
Width of secondary maximum = Separation between nth and (r + 1)th minima
L. nA A
For minima 9” = BM_1 =(n+ 1)?
3 : ; A nAh A
Angular width of secondary maximum = (n + 1); =
. AD
Hence p = Angular width x D = =
Thus central maximum has twice the angular width of secondary maximum.
What is the effect on the interference fringes in Young’s double slit experiment due to each of

the following operations? Justify your answers.
(a) The screen is moved away from the plane of the slits.
(b) The separation between slits is increased.

(¢) The source slit is moved closer to the plane of double slit. [CBSE 2020 (55/5/1)]

(a) Fringe width increases, B = % = | Buocl)

(b) Fringe width decreases (B oc #)

(¢) Since condition § <y isnot satisfied, no interference will be obtained and frenges disappear.

Two coherent light waves of intensity 5 X 107 Wm™ each super-impose and produce the

interference pattern on a screen. At a point where the path difference between the waves is A/6,
 being wavelength of the wave, find the

(a) phase difference between the waves

(b) resultant intensity at the point

(c) resultant intensity in terms of the intensity at the maximum [CBSE 2020 (55/4/1)]
0 :

(a) Phase difference = QT(palh difference A)

A =% (Given)  then, ¢= 2% %= L

P
) 1=21,(1+cos) = zfﬂ(1 +cos%) = 2;[)(1 + %) =3,
=3 X5x 102 Wm™
15 X 1072 Wm™2
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(¢) Maximum intensity = 4/,

L,=4l, I=23l,
i3 .
Im_4 = !—4Im

Q. 9. Draw the intensity pattern for single slit diffraction and double slit interference for (i) the
fringes produced in interference, and (ii) the Hence, state two difference between interference
[CBSE Al 2017)

and diffraction.
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Q. 10.

Ans.

Q.11

Ans.

384 Xam

A plane wavefront of light of wavelength ‘A’ is incident normally on a narrow slit of width ‘a
and a diffraction pattern is observed on a screen at a distance ‘D’ from the slit.
(i) Depict the intensity distribution in the pattern observed.

(ii) Obtain the expression for the first maximum from the central maximum.

[CBSE 2022 (55/2/1), Term-2]
(2) Intensity distribution curve | 73

Ly

=4 3 =2 = 0 P 2 3 AL
a a a @ 73 @ 4 a
() For maximum,
1
asin®=(n+ E}l 171
For first Maximum; n = 1 Lo
For small 8; a® = ﬁ = 0= A
2 2a
., x_33
B g
L3N %
2 a

[CBSE Marking Scheme 2022 (55/2/1), Term-2)

A beam of light consisting of two wavelengths 600 nm and 500 nm is used in a Young's double

slit experiment. The slit separation is 1.0 mm and the screen is kept 0.60 m away from the

plane of the slits. Calculate :

(i) the distance of the second bright fringe from the central maximum for wavelength 500 nm,
and

(i) the least distance from the central maximum where the bright fringes due to both the
wavelengths coincide. [CBSE 2022 (55/3/3), Term-2]
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Q. 12. In the diffraction due to a single slit experiment, the aperture of the slit is 3 mm. If
monochromatic light of wavelength 620 nm is incident normally on the slit, calculate the
separation between the first order minima and the 3™ order maxima on one side of the screen.

The distance between the slit and the screen is 1.5 m. [CBSE 2019 (55/1/1)]
Ans. Condition for minima
a sinfl = nk ()]

and condition for secondary maxima

a sinf = (n &+ %)7\

The first order minima [n = 1]

asin® = A, Lan9=%1
sin9=% = 9=% : 8=)—1; [ for Bissmall,sin® = B and tan 6 = 0]
% AD
Toe © BTG

Also 3rd order maxima

nsin9=(5+1§)?\ = nsin9=%7\

A Th P,
D 2a B9
Distance between first order minima from centre of the central maxima
AN
}l a
Distance of third order maxima from centre of the central maxima
_TA\D
Y3 %

Distance between first order minima and third order maxima,

_IAD A _MD[7 ]_AD 5
W= ga & - alz H"a¥

2
-9
o DABERO THLE 5 e i
3%107° 2

Q. 13. A parallel beam of light of wavelength 600 nm is incident normally on a slit of width 0.2 mm.
If the resulting diffraction pattern is observed on a screen 1 m away, find the distance of
(i) first minimum, and

(ii) second maximum, from the central maximum [CBSE 2022 (55/1/1),Term-2]
Ans. (@) y= %, [n=1] Y2
_ 600x107x1 o
0.2x107
=3%x10°m =3 mm Y
1
@y=(rt5)2, =2 %
1\AD
= 1= (2+5)5 i
5 600x107°x1
AT B e
0.2x10
=75x 107 =75mm Y

[CBSE Marking Scheme 2022 (55/1/1), Term-2]
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Q. 14.

Ans.

Q. 15.

(i) In a Young’s double-slit experiment S5, - 5§, = %, where 5 and S, are the two slits as
shown in the figure.
Find the path difference (S,P - §,P) for constructive and destructive interference at P.
P

(ii) What is the effect on the interference fringes in a Young's double-slit experiment, if the
monochromatic source § is replaced by a source of white light? [CBSE 2023 (55/4/1)]

(i) Net path difference between two waves reaching on the screen through wwo slits is given as
SSoP — §S,P = (§S5 - 88,) + (SoP — §,P)

A % +(S,P-5,P)
For constructive interference Ax = nk
1
(S:P-S,P) = mn-2 = A(n-) where,n = 0,1,2, ..

For destructive interference,

sz(?n—l)%
also, .&x=%+(52P—SlP)
(S,P = S,P) = (2n- 1)%_%

%[4?1—3], wheren = 1,2, 3....

(it) If monochromatic light source is replaced by a source of white light, the interference patterns
due to different components of colours of white light will overlap. The central bright fringes
for all colours are at same point, hence the central fringes is white, but all other fringes are
coloured.

The intensity at the central maxima (0) in a Young’s double slit experiment is I,. If the

distance OP equals one-third of the fringe width of the pattern, show that the intensity at

I
point P would be TO' [CBSE (F) 2011, 2012]
| I
T i
d ‘ o l
i Sz‘
R S |
Fringe width (B):%
_B_AD
Y7373
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- yd AD d A
D, =7 = —=—
Path diff (AP) = R
2n A _2n
ab=3 >\ APEST3T

Intensity at central maxima, Iy, = 4/, where [ = Intensity due 1o one slit.

A A
Intensity at point B I, = 414:052(?(1)) =1, cos’ ?d)

B _pliy 5
cosgx2 o 2)—4

Q. 16. In a diffraction pattern due to a single slit, how will the angular width of central maximum
change, if
(i) Orange light is used in place of green light,
(ii) the screen is moved closer to the slit,
(#ii) the slit width is decreased ? Justify your answer in each case. [CBSE 2022 (55/3/3), Term-2]
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Q. 17. Abeam of light consisting of two wavelength 650 nm and 520 nm, is used to obtain interference

Ans.

fringes in a Young's double slit experiment on a screen 1.2 m away. The separation between
the slits is 2 mm.

(a) Find the distance of the third bright fringe on the screen from the central maximum for
wavelength 650 nm.

(b) What is the least distance from the central maximum when the bright fringes due to both
the wavelength coincide? [NCERT)

Given, %, = 650 nm = 650 X 10" m,
Ay = 520 nm = 520 x 10"% m
(a) For bright fringes,

nDA,
In = d [n = 3]

_3%1.2%650% 107

= ¥ = 117%107%m = 1.17 mm

2x 107
(b) For least distance of coincidence of [ringes, there must be a difference of 1 in order of 4; and As.
) n DN\, n,Dh,
= n B, = n,B, (given) = 2 a A =n,h,

As Ay >Ry, my <ng
If bright fringe will coincide at a least distancey, n; =n,ny =n + 1

Oy = Ons)e

nDA,  (n+1)Dh,
d ~ d
¥ nh=(r+1)As
Ay 520 nm 520
= n= =" =4

A -hy  (650-520)nm 130
_mDA 4x1.9x650% 107
T ™ 2x 1073
1.56 x 107* m
1.56 mm

*. Least distance,
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Long Answer Questions

Each of the following questions are of 5 marks.

Q. 1. Using Huygens’ principle, draw a diagram to show propagation of a wavefront originating
from a monochromatic point source. Explain briefly.

Ans. Propagation of Wavefront from a Point Source:

This principle is useful for determining the position of a given wavefront at any time in the
future if we know its present position. The principle may be stated in three parts as follows:

(1) Every point on a given wavefront may be regarded as a source of new disturbance.

(i) The new disturbances from each point spread out in all directions with the velocity of light
and are called the secondary wavelets.

(i) The surface ol tangency to the secondary wavelets in forward direction at any instant gives
the new position of the wavelront at that time.

A
A 1

Let us illustrate this principle by the following example:

Let AB shown in the fig. be the section of a wavefront in a homogeneous isotropic medium
at! = 0. We have to find the position of the wavefront at time ¢ using Huygens' principle. Let
v be the velocity of light in the given medium.

(a) Take the number of points 1, 2, 3, ... on the wavefront AB. These points are the sources
ol secondary wavelets.

(b) At ime ¢ the radius of these secondary wavelets is vi. Taking each point as centre, draw
circles of radius wvi.

(c) Draw a tangent A B, common to all these circles in the forward direction.
This gives the position of new wavefront at the required time £.

The Huygens’ construction gives a backward wavelront also shown by dotted line A3Bs which is
contrary to observation. The difficulty is removed by assuming that the intensity of the spherical
wavelets is not uniform in all directions; but varies continuously from a maximum in the forward
direction to a minimum of zero in the backward direction.

The directions which are normal to the wavelront are called rays, i.e., a ray is the direction in
which the disturbance is propagated.
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Q.2

Ans.

Define the term wavefront. Using Huygen’s wave theory, verify the law of reflection.

[CBSE (55/1/1) 2019, 2020 (55/2/1), 2023 (55/5/1)]
Wavefront: A wavelront is a locus of particles of medium all vibrating in the same phase.
Law of Reflection: Let XY be a reflecting surface at which a wavefront is being incident obliquely.
Let v be the speed of the wavefront and at time ¢ = 0, the wavefront touches the surface XY at A.
Alier time ¢, the point B of wavefront reaches the point B' of the surface.
| c

Y

A B'

According to Huygen’s principle each point of wavefront acts as a source of secondary waves.
When the point A of wavelront strikes the reflecting surface, then due to presence of reflecting
surface, it cannot advance further; but the secondary wavelet originating from point 4 begins to
spread in all directions in the first medium with speed v. As the wavefront AB advances [urther,
its points 4}, Ay, A5 ... etc. strike the reflecting surface successively and send spherical secondary
wavelets in the first medium.

First of all the secondary wavelet starts from point 4 and traverses distance 44" (= ut) in first
medium in time {. In the same time ¢, the point B of wavefront, afier travelling a distance BB',
reaches point B' (of the surface), from where the secondary wavelet now starts. Now taking 4
as centre we draw a spherical are of radius AA' (= vt) and draw tangent A'B’ on this arc from
point B'. As the incident wavefront AB advances, the secondary wavelets starting from points
between 4 and B, one after the other and will touch 4B’ simultaneously. According to Huygen's
principle wavefront A'B’ represents the new position of AB, i.e., A'B' is the reflected wavelront
corresponding to incident wavefront AB.

Now in right-angled triangles ABB' and AA'B’
ZABB'= ZAA'B’  (both are equal 1o 90°)
side BB' = side A4’  (both are equal to vt)
and side AB'is common.
i.e., both triangles are congruent.
£ BAB'= £ AB'A’
i.e., incident wavefront AB and reflected wavefront A'B' make equal angles with the reflecting

surface XY As the rays are always normal o the wavefront, therefore the incident and the
reflected rays make equal angles with the normal drawn on the surface XY i.e.,
Angle of incidence (i) = Angle of reflection (r)

This is the second law of reflection.
Since AB, A'B' and XY are all in the plane of paper, therefore the perpendiculars dropped on
them will also be in the same plane. Therefore we conclude that the incident ray, reflected ray
and the normal at the point of incidence, all lie in the same plane. This is the first law of reflection.
Thus Huygen’s principle explains both the laws of reflection.
(a) How is a wavefront defined? Using Huygen’s constructions draw a figure showing the

propagation of a plane wave refracting at a plane surface separating two media. Hence

verify Snell’s law of refraction. [CBSE 2023 (55/1/1)]
When a light wave travels from rarer to denser medium, the speed decreases. Does it
imply reduction its energy? Explain. [CBSE Delhi 2008, 2013, (F) 2011, 2012]

(b) When monochromatic light travels from a rarer to a denser medium, explain the following,
giving reasons:
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(i) Is the frequency of reflected and refracted light same as the frequency of incident light?
(i7) Does the decrease in speed imply a reduction in the energy carried by light wave?
[CBSE Delhi 2013]
OR
A plane wavefront propagating in a medium of refractive index ‘n,’ is incident on a plane
surface making the angle of incidence ‘i' as shown in the figure. It enters into a medium of
refractive index ‘ny’ (np > n;). Use Huygens’ construction of secondary wavelets to trace the
propagation of the refracted wavefront. Hence verify Snell’s law of refraction.
ol [CBSE (F) 2015, 2023 (55/5/1)]

Ans. (a) Wavefront: A wavefront is a locus of all particles of medium vibrating in the same phase.
Huygen’s Principle: Refer point 1 of Points to remember.

Proof of Snell’s law of Refraction using Huygen’s wave theory: When a wave starting from
one homogeneous medium enters the another homogeneous medium, it is deviated from its
path. This phenomenon is called refraction. In transversing from first medium to another
medium, the frequency of wave remains unchanged but its speed and the wavelength both
are changed. Let XY be a surface separating the two media ‘I’ and *2'. Let v, and v, be the
speeds of waves in these media.

Suppose a plane wavefront AB in first medium is incident obliquely on the boundary surface
XY and its end A wouches the surface at 4 at time { = 0 while the other end B reaches the
surface at point B’ after time-interval t. Clearly BB’ = v . As the wavefront AB advances, it
strikes the points between 4 and B’ of boundary surface. According to Huygen’s principle,
secondary spherical wavelets originate from these points, which travel with speed v, in the
first medium and speed v, in the second medium.

First of all secondary wavelet starts from 4, which traverses a distance A4’ (= vyt) in second
medium in time £ In the same time-interval ¢, the point of wavefront traverses a distance
BB' (= uyt) in first medium and reaches B', from, where the secondary wavelet now starts.
Clearly BB' = v\t and A4’ = vyl.

Assuming A as centre, we draw a spherical arc of radius A4’ (= vyl) and draw tangent B'A’
on this arc from B’ As the incident wavefront AB advances, the secondary wavelets start
from points between 4 and B', one after the other and will touch A'B’ simultaneously.
According to Huygen's principle A*B" is the new position of wavefront AB in the second
medium. Hence A'B' will be the refracted wavefront.

First law: As AB, A'B" and surface XY are in the plane of paper, therefore the perpendicular
drawn on them will be in the same plane. As the lines drawn normal to wavefront denote the
rays, therefore we may say that the incident ray, refracted ray and the normal at the point of
incidence all lie in the same plane.

392 Xam idea Physics—XIl



Q.4

Ans.

This is the first law of refraction.

Second law: Lel the incident wavefront AB and refracted wavelront 4'B’ make angles i and
r respectively with refracting surface X¥.

In right-angled triangle AB'B, £ ABB' = 90°
_Bp _ U!

st e B e i
sin i =sin T ()
Similarly in right-angled triangle A4'B", £ AA'B"=90°
: . A4 _ Yl ;
=sin ZABA = — = —
sin r =sin T (12)
Dividing equation (i) by (1), we get
sind = i = constant (21)
sinr Vs

As the rays are always normal to the wavelront, therefore the incident and refracted rays
make angles i and r with the normal drawn on the surface XY i.e. i and r are the angle of
incidence and angle of refraction respectively. According 1o equation (fi):
The ratio of sine of angle of incidence and the sine of angle of refraction for a given pair of
media is a constant and is equal to the ratio of velocities of waves in the two media. This is the
second law of refraction, and is called the Snell’s law.
(b) (?) If the radiation of certain [requency interact with the atoms/molecules of the matter, they
start to vibrate with the same frequency under forced oscillations.
Thus, the frequency of the scattered light (Under reflection and refraction) equals to the
frequency of incident radiation.
(1) No, energy carried by the wave depends on the frequency of the wave, but not on the
speed of the wave.
Use Huygens’ principle to show how a plane wavefront propagates from a denser to rarer
medium. Hence, verify Snell’s law of refraction.
[CBSE Allahabad 2015, Sample Paper 2016, 2021; 2019(55/1/1), 2020(55/1/1), 2023(55/1/1)]

We assume a plane wavefront AB propagating in denser medium incident on the interface PP
at angle 1 as shown in Fig. Let ¢ be the time taken by the wave front to travel a distance BC. If v,
is the speed of the light in medium /.

Incident
% wavefront B
Medium 1 \(,J st
F(’Denser) I o -
A K C
Medium II It
(Rarer)

Refracted
wavefront

So, BC =u,1t
In order to find the shape of the refracted wavefront, we draw a sphere of radius AE = vy 1,
where v, is the speed of light in medium II (rarer medium). The tangent plane CE represents the
refracted wavefront.

BC 4t

In AABC, sini = === ac
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o,
and in AACE, sinr = A5 2

AC ~ AC
sini=BC=i"'=i :
sint AE  ul  Us =

Let ¢ be the speed of light in vacuum

3 il sl

So, T and ny = v,
. M .
n] = IT ...(zz)

From equations (i) and (i), we have

o

sini

sinr
n, sini = ny sinr
It is known as Snell’s law.

Q.5. (a) In Young’s double slit experiment, discuss the conditions for (i) constructive, and
(ii) destructive interference at a point on the screen. Draw a graph showing variation of the
resultant intensity in the interference pattern against position ‘X* on the screen.

[CBSE Delhi 2016, (Al) 2012]
(b) Compare and contrast the pattern which is seen with two coherently illuminated narrow
slits in Young’s experiment with that seen for a coherently illuminated single slit producing
diffraction.

Ans. (z) Conditions of Constructive and Destructive Interference:

When two waves of same frequency and constant initial phase difference travel in the same
direction along a straight line simultaneously, they superpose in such a way that the intensity
of the resultant wave is maximum at certain points and minimum at certain other points.
The phenomenon of redistribution of intensity due to superposition of two waves of same
frequency and constant initial phase difference is called the interference. The waves of
same frequency and constant initial phase difference are called coherent waves. At points of
medium where the waves arrive in the same phase, the resultant intensity is maximum and
the interference at these points is said to be constructive. On the other hand, at points of
medium where the waves arrive in opposite phase, the resultant intensity is minimum and
the interference at these points is said to be destructive. The positions of maximum intensity
are called maxima while those of minimum intensity are called minima. The interference
takes place in sound and light both.

Variation of Intensity of light with position x is shown in fig.

\VAVAVAV

=2i. = €] i 2.
X—

(b) Comparison of two Slit Young’s Interference pattern and Single slit diffraction pattern
Both patterns are the result of wave nature of light; both patterns contain maxima and minima.
Interference pattern is the result of superposing two coherent wave while the diffraction pattern
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Q.6.

Ans.

Q.7.

is the superposition of large number of waves originating from each point on a single slit.

Differences: (i) In Young's two slit experiment; all maxima are of same intensity while in
diffraction at a single slit, the intensity of central maximum is maximum and it falls rapidly
for first, second order secondary maxima on either side of it.
(if) In Young's interference the [ringes are of equal width while in diffraction at a single slit,
the central maximum is twice as wide as other maxima. The intensity falls as we go 1o
successive maxima away from the centre on either side.
(ifi) In a single slit diffraction pattern of width &, the first minimum occurs at 3/a; while,in
two slit interference pattern of slit separation ¢, we get maximum at the same angle —-.
Two harmonic waves of monochromatic light
¥y, = a cos ot and y, = a cos(ot + ¢)
are superimposed on each other. Show that maximum intensity in interference pattern is four
times the intensity due to each slit. Hence write the conditions for constructive and destructive
interference in terms of the phase angle ¢ . [CBSE South 2016]

The resultant displacement will be given by
y=ntmr
=g cos © + acos(owl + ¢)
= afcos o + cos(wl + ¢)]
= 2a cos(d/2) cos(mt + §/2)
The amplitude of the resultant displacement is 2a cos(¢/2)
The intensity of light is directly proportional to the square of amplitude of the wave. The

resultant intensity will be given by

I =442 cosgg

’ ¢ . : - ;
Intensity = 410(:052(5 , where I, = o? is the intensity of each harmonic wave
At the maxima, ¢ = +2ann
9%
cos" =1
2
At the maxima, / = 4f; = 4 X intensity due Lo one slit
. af &

I'= 4l cos (2)

For constructive interference, I is maximum.
; 2 b ¢

It is possible when cosi(g = l;; =nm;$ = 2w
For destructive interference, I is minimum, i.e., [ = 0

. . ¢’ 4’ (211_1 )1[ b1
2 = 0} = -b = + 1}—
Iuis pOSSlblE when cos (2 ) = 0, 9 = 2 ,d) (21’1. = 1)2

What is interference of light? Write two essential conditions for sustained interference pattern
to be produced on the screen.

Draw a graph showing the variation of intensity versus the position on the screen in Young’s
experiment when (a) both the slits are opened and (b) one of the slits is closed.

What is the effect on the interference pattern in Young's double slit experiment when:
(i) screen is moved closer to the plane of slits?

(ii) separation between two slits is increased?

Explain your answer in each case.
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Ans. Interference of light: When two waves of same frequency and constant initial phase difference
travel in the same direction along a straight line simultaneously, they superpose in such a way
that the intensity of the resultant wave is maximum at certain points and minimum at certain
other points. This phenomenon of redistribution of energy due o superposition of two waves of
same frequency and constant initial phase difference is called interference.

Conditions for Sustained Interference of Light Waves

To obtain sustained (well-defined and observable) interference pattern, the intensity must be

maximum and zero at points corresponding to constructive and destructive interference. For

the purpose following conditions must be fulfilled:

®  The two inlerfering sources must be coherent and of same frequency, i.e., the sources should emit light of
the same wavelength or frequency and their initial phase should remain consiant. 1f this condition is
not satisfied the phase difference between the interfering waves will vary continuously. As a
result the resultant intensity at any point will vary with time being alternately maximum and
minimun, just like the phenomenon of beats in sound.

B The interfering waves must have equal amplitudes. Otherwise the minimum intensity will not be
zero and there will be general illumination.

IR ey

ERER s s
) U ,(Q.lb —

(a) When bath the slits are opened. (b) When one of the slits is closed.
The dashed curve is the single slit
intensity for comparison

The variation of intensity / versus the position x on the screen in Young's experiment.

Fringe width, B = E:T?\

(f) P o= D, therefore with the decrease of separation between the plane of slits and screen,

the fringe width decreases.
(#) On increasing the separation between two slits (4), the fringe separaton decreases as B

is inversely proportional to d(i.e.,B « i)

Q. 8. What is diffraction of light? Draw a graph showing the variation of intensity with angle in a
single slit diffraction experiment. Write one feature which distinguishes the observed pattern
from the double slit interference pattern. [CBSE (F) 2013]
How would the diffraction pattern of a single slit be affected when:

(i) the width of the slit is decreased?

(i) the monochromatic source of light is replaced by a source of white light?

Ans. Diffraction of Light: When light is incident on a narrow opening or an obstacle in its path, it
is bent at the sharp edges of the obstacle or opening. This phenomenon is called diffraction of
light.

For graph reler point 5 of Points to remember.
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Ans.

In an interference pattern all the maxima have the same intensity while in diffraction pattern
the maxima are of different intensities. For example in Young's double slit experiment all
maxima are of the same intensity and in diffraction at a single slit, the central maximum have
the maximum intensity and it falls rapidly for first, second orders secondary maxima on either
side of it.

(1) When the width of the slit is decreased: From the relation sin 6 = %, we find that if the
width of the slit (a) is decreased, then for a given wavelength, sin 8 is large and hence 6 is
large. Hence diffraction maxima and minima are quite distant on either side ol 0.

(i) With monochromatic light, the diffraction pattern consists of alternate bright and dark
bands. If white light is used central maximum is white and on either side, the diffraction
bands are coloured.

Describe diffraction of light due to a single slit. Explain formation of a pattern of fringes
obtained on the screen and plot showing variation of intensity with angle 0 in single slit
diffraction. [CBSE Delhi 2010, (F) 2013, (AI) 2014)
Diffraction of light at a single slit: When monochromatic light is made incident on a single slit, we
get diffraction pattern on a screen placed behind the slit. The diffraction pattern contains bright and
dark bands, the intensity of central band is maximum and goes on decreasing on both sides.
Explanation: Let AB be a slit of width ‘a’ and a parallel beam of monochromatic light is incident
on it. According to Fresnel the diffraction pattern is the result of superposition of a large number
of waves, starting from different points of illuminated slit.

] et P
| / \ /‘/f
Al 0 {
& [
Light from M, P |
: -0 F.) lc
source 2 o N 0
—

|
B i '\/}'

Let 8 be the angle of diffraction for waves reaching at point P of screen and AN the perpendicular
dropped from 4 on wave diffracted from B.

The path difference between rays diffracted at points A and B,
A=BP-AP = BN
In AANE, ZANB = 90° and ZBAN = 6

g e BN _ ;
sinf = 18 °F BN = ABsin B
As AB = width of slit = a
.. Path difference, A=asinf s=o(E)

To find the effect of all coherent waves at P, we have to sum up their contribution, each with a
different phase. This was done by Fresnel by rigorous calculations, but the main features may be
explained by simple arguments given below:

At the central point C of the screen, the angle 8 is zere. Hence the waves starting from all points
of slit arrive in the same phase. This gives maximum intensity at the central point C.
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Minima: Now we divide the slit into two equal halves AQ and OB, each of width g . Now for

every point, M, in AO, there is a corresponding point My in OB, such that M, M, =§; then path
A

difference between waves arriving at P and starting from M, and M, will be gsin B:E. This

means that the contributions from the two halves of slit 40 and OB are opposite in phase and so
cancel each other. Thus above equation gives the angle of diffraction at which intensity falls 1o
zero. Similarly it may be shown that the intensity is zero for sin 9=ﬁ, with n as integer. Thus
the general condition of minima is “

asin O = nh (i)

Secondary Maxima: Let us now consider angle 8 such that

SN
sinf=0= %
which is midway between two dark bands given by
sinfl = B=A and sin6 =10 -2
a a

1/-]&\

| i

| |
s a
/\\ II l\ T
FutAVAVEEYEYA VLY
A
a a a a a a a a

Let us now divide the slit into three parts. If we take the first two parts of slit, the path difference
between rays diffracted from the extreme ends of the first two parts
%asin9=§axz—2=7\

Then the first two parts will have a path difference of A and cancel the effect of each other.
The remaining third part will contribute to the intensity at a point between two minima. Clearly
there will be a maxima between first two minima, but this maxima will be of much weaker
intensity than central maximum. This is called first secondary maxima. In a similar manner we can
show that there are secondary maxima between any two consecutive minima; and the intensity
of maxima will go on decreasing with increase of order of maxima. In general the position of nth

maxima will be given by

o g 1 N
asinfl = (n +§)7\, [n=1,2,3,4,..]

The intensity of secondary maxima decreases with increase of order n because with increasing n,

the contribution of slit decreases.

For n = 2, it is one-fifth, for n = 3, it is one-seventh and so on.
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Questions for Practice

1. Choose and write the correct option in the following questions.

(#) In a Young’s double-slit experiment, the fringe width is found to be f. If the entire apparatus
is immersed in a liquid of refractive index u, the new fringe width will be
[CBSE 2023 (55/4/1)]

B B
(a) B () up ©g @ —
I
(i) Angular width of interference [ringe depends on
(a) distance between slit and screen (b) wavelength of light
(¢) ratio of the wavelength and slit width (d) width of slit
(@) A linear aperture whose width is 0.02 cm is placed immediately in front of a lens of focal
length 60 cm. The aperture is illuminated normally by a parallel beam of wavelength
5 X 107 cm. The distance of the first dark band of the differaction pattern from the centre
of the screen is
() 0.10 cm ) 0.25 cm (¢) 0.20 cm (d) 0.15 em

(7v) The shape of the interference fringes in Young’s double slit experiment when D (distance
between slit and screen) is very large as compared to fringe width is nearly

(a) straight line  (b) parabolic (¢) circular (d) hyperbolic
(¥) A plane wavefront is incident on a concave mirror of radius of curvature R. The radius of
the refracted wave front will be [CBSE 2023 (55/4/1)]
R R
(a) 2R (O 5 @ 5

2. In the following questions, a statement of Assertion (4) is followed by a statement of Reason (R).
Choose the correct answer out of the following choices.
(a) Both A and R are true and R is the correct explanation of A.
(b) Both A and R are true but R is not the correct explanation of A.
(¢) A is true but R is false.
(d) A is false and R is also false.

(i) Assertion (4) : No interference pattern is detected when two coherent sources are infinitely
close to each other.

Reason (R) : Fringe width is inversely proportional to separation between the slit.

(i) Assertion (4) : To observe diffraction of light, the size of obstacle/aperture should be of the
order of 107 m.

Reason (R): 107 m is the order of wavelength of visible light. [AIIMS 2012]
3. Define a wavefront. [CBSE Sample Paper 2021)
4. State the reason, why two independent sources of light cannot be considered as coherent
sources.

5. How does the fringe width, in Young’s double-slit experiment, change when the distance of
separation between the slits and screen is doubled?

6. When monochromatic light travels from one medium to another, its wavelength changes but
frequency remains the same. Explain. [CBSE Delhi 2011
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10.

11.

12

13.

14.

15.

16.

17

18.

400 Xami

Light of wavelength 5000 A propagating in air gets partly reflected from the surface of water.
How will the wavelengths and frequencies of the reflected and refracted light be affected?

[CBSE Delhi 2015]

What will be the effect on interference fringes if red light is replaced by blue light?

[CBSE Delhi 2013]
How does the angular separation between fringes in single-slit diffraction experiment change
when the distance of separation between the slit and screen is doubled? [CBSE (AI) 2012]

In a single-slit diffraction experiment, the width of the slit is made double the original width.
How does this affect the size and intensity of the central diffraction band? [CBSE (AI) 2012]
Find the intensity at a point on a screen in Young’s double slit experiment where the interfering

waves of equal intensity have a path difference of (1) %, and (iz) %

What should be the width of each slit to obtain n maxima of double slit pattern within the central
maxima of single slit pattern? [CBSE Sample Paper 2021
Monochromatie light of wavelength 588 nm is incident from air to water interface. Find the

wavelength and speed of the refracted light. The refractive index of water is %

[CBSE 2020 (55/3/1)]

The figure shows a modified Young's double slit experimental set-up. Here §5, — §§, = 1/4.

*p
s

s s
s, (o}

(@) Write the condition for constructive interference.

(b) Obtain an expression for the fringe width.

(a) The refractive index of glass is 1.5. What is the speed of light in glass? (Speed of light in
vacuum is 3.0 x 10* ms™ ).

(b) Is the speed of light in glass independent of the colour of light? If not, which of the two
colours, red and violet, travels slower in the glass prism? [NCERT]

In Young’s double slit experiment the slits are separated by 0.28 mm and the screen is placed

1.4 m away. The distance between the central bright fringe and the fourth fringe is measured 1o

be 1.2 em. Determine the wavelength of light used in this experiment. [NCERT)

In Young's double slit experiment using monochromatic light of wavelength A the intensity at a
point on the screen where path difference is A is K units. What is the intensity of light at a point

where path difference is % ? [NCERT) [CBSE Delhi 2012]

(a) If one of two identical slits producing interference in Young's experiment is covered with
glass, so that the light intensity passing through it is reduced o 50%, [ind the ratio of the
maximum and minimum intensity of the fringe in the interference pattern.

(b) What kind of fringes do you expect to observe if white light is used instead of monochromatic

light?




19.

20.

2=

22.

B3

24.

25

26.

In a Young’s double slit experiment using light of wavelength 600 nm, the slit separation is 0.8
mm and the screen is kept 1.6 m from the plane of the slits. Calculate
(1) the fringe width
(i) the distance of (&) third minimum and (b) fifth maximum, from the central maximum.
[CBSE 2022 (55/3/1), Term-2)

In a single slit diffraction experiment, light of wavelength & illuminates the slit of width ‘a’ and
the diffraction pattern is observed on a screen.
(a) Show the intensity distribution in the pattern with the angular position 6.
(b) How are the intensity and angular width of central maxima affected when

(2) width of slit is increased, and

(i) separation between slit and screen is decreased? [CBSE 2020 (55/1/2)]

Answer the [ollowing questions:
(a) In asingle slit diffraction experiment, the width of the slit is made double the original width.
How does this affect the size and intensity of the central diffraction band?
(b) How is the width of the central maximum changed when red light is replaced by blue?
(¢) In what way is diffraction from each slit related to the interference pattern in a double slit
experiment? [CBSE 2019 (55/5/3)]
Monochromatic light of wavelength 589 nm is incident from air on a water surface. What is the
wavelength, [requency and speed of (@) reflected and (b) refracted light? Refractive index of
water is 1.33. [NCERT)
Consider a two slit interference arrangements such that the distance of the sereen from the slits

is half the distance between the slits.

5, Ty OP=x
*P CO=D
Source - i e
= C o $C- CS =D
Ss Ty

‘ <+— Screen

Obtain the value of D in terms of A such that the first minima on the screen fall at a distance D
from the centre 0. [CBSE Sample Paper 2017]
Use Huygen's principle to explain the formation of diffraction pattern due to a single slit
illuminated by a monochromatic source of light.

When the width of slit is made double the original width, how this affect the size and intensity of
the central diffraction band? [CBSE Delhi 2012]
A beam of light consisting of two wavelengths, 800 nm and 600 nm is used to obtain the
interference fringes in a Young's double slit experiment on a screen placed 1.4 m away. If the
two slits are separated by 0.28 mm, calculate the least distance from the central bright maximum
where the bright fringes of the two wavelengths coincide. [CBSE (AI) 2012]
Two wavelengths of sodium light 590 nm and 596 nm are used, in turn, to study the diffraction
taking place at a single slit of aperture 2 X 107* m. The distance between the slit and the screen
is 1.5 m. Calculate the separation between the positions of the first maxima of the diffraction
pattern obtained in the two cases. [CBSE Delhi 2013]
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27. (a) In Young's double slit experiment, two slits are 1 mm apart and the screen is placed 1 m
away from the slits. Calculate the fringe width when light of wavelength 500 nm is used.

(b) What should be the width of each slit in order to obtain 10 maxima of the double slits pattern
within the central maximum of the single slit pattern? [CBSE East 2016]

Answers

L. (@) () (i) (¢) (iit) (d) (i) (a) @) ()
2. (i) () (i) (@)
11. () 21, () I,
13. 441 nm, 2.25 x10™ m/s
15. 2 x 10° ms™

16. 600 nm

1
17. ZK

18. (a) 34 : 1
19. (1) 1.2 mm (i) (@) 3mm  (b) 6 mm
22. (@) 589 nm, 3 % 108ms™', 5.1 x 10" Hz (b) 44 nm, 2.26 x 10° ms™', 5.1 x 10" Hz

23. __A 25.12 x 109 m
2(y/5 - 1)
26. 0.065 mm 27. (@5 x 10 m (b) 2x 10 m
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Dual Nature of
Matter and Radiation

POINTS TO

R LT R T T T T T T T Py,

REMEMBER

1. Dual Nature of Radiations

Itis well known that the phenomena of interference, diffraction and polarisation indicate that light

has wave nature. But some phenomena like photoelectric effect, Compton effect, emission and

absorption of radiation could not be explained by wave nature.

These were explained by particle (quantum) nature of light. Thus, light (radiation) has dual nature.
2. Quantum Nature of Light: Concept of a Photon

Some phenomena like photoelectric effect, Compton effect, Raman effect could not be explained
by wave theory of light. Therefore, quantum theory of light was proposed by Einstein. According
to quantum theory of light “light is propagated in bundles of small energy, each bundle being
called a photon and possessing energy.”
he
E=hv=—
g
where v is frequency, A is wavelength of light and 4 is Planck’s constant = 6.63 x 107 joule second
and ¢ = speed of light in vacuum = 3 x 10® mys.
Momentum of photon, p = 'i—v = %

Rest mass of photon = 0

" e . hv
Dynamic or kinetic mass of photon, m = — = —

d39dW3IN3dd OL S1INIOd

3. Photoelectric Effect

The phenomenon of emission of electrons from a metallic surface by the use of light (or radiant)
energy is called pholoeleciric ¢ffect. The phenomenon was discovered by Lenard. For photoelectric
emission, the metal used must have low work function, e.g., alkali metals. Caesium is the best metal
for photoelectric effect.

4. Hertz's Observations

The phenomenon of photoclectric effect was discovered by Heinrich Hertz in 1887. While
performing an experiment for production of electromagnetic waves by means of spark discharge,
Hertz observed that sparks occurred more rapidly in the air gap of his transmitter when ultraviolet
radiations was directed at one of the metal plates. Hertz could not explain his observations.

5. Lenard’s Observations

Phillip Lenard observed that when ultraviolet radiations were made incident on the emitter plate
of an evacuated glass tube enclosing two metal plates (called electrodes), current flows in the
circuit, but as soon as ultraviolet radiation falling on the emitter plate was stopped, the current flow
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Ultraviolet
radiations

stopped. These observations indicate that when ultraviolet
radiations fall on the emitter (cathode) plate C, the electrons
are ejected from it, which are attracted towards anode plate
A. The electrons flow through the evacuated glass tube,
complete the circuit and current begins to flow in the circuit. A, €

—p
—p

6. Characteristics of Photoelectric Effect

(i) Effect of Intensity: Intensity of light means the energy

incident per unit area per second. For a given [requency, 1|
ifintensity of incident light is increased, the photoelectric -
current increases and with decrease of intensity, the photoelectric current decreases; but the
stopping potential remains the same.

Intensity of radiations can be increased/decreased by varying the distance between source and
metal plate (or emitter).

-

= ViR v > vy
E Current (1)
3 | —
| —ar
| ——
2 il
i VS:A “52 \él o
j ) | =W
/
=V, (o]
Potential difference (V)—
(a) (b)

This means that the intensily of incident light affects the photoelectric curvent but the maximum kinetic
energy of pholoelectrons remains unchanged as shown in fig (b).

(ii) Effect of Frequency: When the intensity of incident light is kept fixed and frequency is
increased, the photoelectric current remains the same; but the stopping potential increases.
If the frequency is decreased, the stopping potential decreases and at a particular frequency
of incident light, the stopping potential becomes zero. This value of frequency of incident
light for which the stopping potential is zero is called threshold frequency vy. If the frequency of
incident light (v) is less than the threshold frequency (vg) no photoelectric emission takes place.
Thus, the increase of frequency increases the maximum kinelic energy of pholoelecirons bul the pholoelectric
current remain unchanged.

(iii) Effect of Photometal: When frequency and intensity of Metal
incident light are kept fixed and photometal is changed, 1 g‘letal

we observe that stopping potential (V) versus frequency
(v) graphs are parallel straight lines, cutting frequency
axis at different points (Fig.). This shows that threshold

frequencies are different for different metals, the slope o
(Vg / v) for all the metals is same and hence a universal
constant.

(vo)1 - (vp)z Frequency v —»

(iv) Effect of Time: There is no time lag between the incidence
of light and the emission of phetoelectrons.

7. Some Definitions

Work Function: The minimum energy required to [ree an electron from its metallic bonding
is called work function. It is denoted by W or ¢ and is usually expressed in electron volt
(lev = 1.6 x 1077]).
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Threshold Frequency: The minimum frequency of incident light which is just capable of ejecting
electrons from a metal is called the threshold frequency. It is denoted by v, It is different for
different metal.

Stopping Potential: The minimum retarding potential applied 1o anode of a photoelectric tube which is
just capable of stopping photoelectric current is called the stopping potential. Itis denoted by V; (or V)

8. Einstein’s Explanation of Photoelectric Effect: Einstein’s Photoelectric Equation
Einstein extended Planck’s quantum idea for light to explain photoelectric effect.

The assumptions of Einstein’s theory are:
Photometal Light

1. The photoelectric effect is the result of collision of a photon
of incident light and an electron of photometal.

2. The electron of photometal is bound with the nucleus by
coulomb attractive forces. The minimum energy required to
free an electron from its bondage is called work function ().

3. The incident photon interacts with a single electron and
loses its energy in two parts: ; —ii 73

(i) in releasing the electron from its bondage, and Photoclectric cell

A6

(f) in imparting kinetic energy to emitted electron.
Accordingly, if hv is the energy of incident photon, then from law of conservation of energy
hv=W+E,

. A . 1 o
or maximum kinetic energy of photoelectrons, E, = Pt hv-W

where W is work function. This equation is referred as Einstein’s pholoelectric equation and

explains all experimental results of photoelectric effect. If IV, is stopping potential, then
= imi =,

Stopping potential, V, = %v - %

The slope of Ej, versus v graph is h.

S i K
The slope of Vg versus v graph is o
9. Photocell

A photocell is a device which converts light energy into electrical energy. It is also called electric eye.

10. Matter Waves: Wave Nature of Particles
Light exhibits particle aspects in certain phenomena (e.g., photoelectric effect, emission and
absorption of radiation), while wave aspects in other phenomena (¢.g., interference, diffraction
and polarisation). That is, light has dual nature. In analogy with dual nature of light, de Broglie
thought in terms of dual nature of matter.

11. de Broglie Hypothesis
Louis de Broglie postulated that the material particles (e.g., electrons, protons, a-particles, atoms,
etc.) may exhibit wave aspect. Accordingly, a moving material particle behaves as wave and the wavelength
assoctated with material particle is

A= Ak . where p is momentum.
p v
If E, is kinetic energy of moving material particle, then p = ,/2mE,
__ h
V2mE,

didly A=
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The wave associated with material particle is called the de Broglie wave or matter wave. The
de Broglie hypothesis has been confirmed by diflraction experiments.

For charged particles associated through a potental of I volt,

E,=qV
h
N=e———
J2mgV

For electrons, g = ¢ =1.6 X 107"9¢C, m=9x10 kg

A= ﬁ x10"m = ]2;737‘& (Only for electrons)

VI VvV

For electron orbiting in an atom, de Broglie wavelength is given as A = % = %

For neutral particles in thermal equilibrium at absolute temperature T, E;, = kT

Multiple Choice Questions

Choose and write the correct option(s) in the following questions.

1.

A particle is dropped from a height H. The de Broglie wavelength of the particle as a function

of height is proportional to [NCERT Exemplar]
(a) H ) H'”?

(c) H° ) H™'?

The wavelength of a photon needed to remove a proton from a nucleus which is bound to the
nucleus with 1 MeV energy is nearly [NCERT Exemplar]
(@) 1.2 nm ) 1.2 X 10 nm

(¢) 1.2 x 107 nm d) 1.2 X 10" nm

Consider a beam of electrons (each electron with energy E;) incident on a metal surface kept
in an evacuated chamber. Then [NCERT Exemplar]

(a) no electrons will be emitted as only photons can emit electrons.

(b) electrons can be emitted but all with an energy, £.

(¢) electrons can be emitted with any energy, with a maximum of E, - ¢ (¢ is the work function).
(d) electrons can be emitted with any energy, with a maximum of £,.

The threshold wavelength for photoelectric emission from a material is 5200 A. Photoelectrons
will be emitted when this material is illuminated with monochromatic radiation from a:

(@) 50 watt infrared lamp

(b) 1000 watt infrared lamp

(¢) 1 watt ultraviolet lamp

(d) 1 watt infrared lamp

. A photoelectric cell is illuminated by a point source of light 1 m away. The plate emits electrons

having stopping potential V. Then
(@) V decreases as distance increase
(b) V increases as distance increase
(¢) Visindependent of distance (r)
(d) 7 becomes zero when distance increases or decreases
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10.

11.

12.

13.

14.

15.

16.

In a photoelectric experiment, the stopping- potential for the incident light of wavelength
4000 A is 2 volt. If the wavelength be changed to 3000 A, the stopping-potential will be

(a) 2 volt (b) less than 2 volt

(¢) zero (d) more than 2 volt.

The work-function for a metal is 3 eV. To emit a photoelectron of energy 2 eV from the surface
of this metal, the wavelength of the incident light should be

(a) 6187 A (b) 4125 A (c) 12375 A (d) 2486 A

. A photocell connected in an electrical circuit is placed at a distance ‘d’ from a source of light.

As a result, current I flows in the circuit. What will be the current in the circuit when the
distance is reduced to ‘d/2°? [CBSE 2020 (55/4/1)]
(a) 1 by 21 (c) 41 (d) 12

A graph is plotted between the stopping potential (on y-axis) and the frequency of incident
radiation (on x-axis) for a metal. The product of the slope of the straight line obtained and the

magnitude of charge on an electron is equal to [CBSE 2023 (55/3/1)]
h 2h h

(a) h Ok © +— (d) %

A proton, a neutron, an electron and an o-particle have same energy. Then their de Broglie

wavelengths compare as [NCERT Exemplar]

@ N, =A>A A, ®) A <A, =A,>),

© N<A,=A >R, @ A=A, =h, =},

Light of frequency 6.4 X 10'* Hz is incident on a metal of work function 2.14 eV. The maximum

kinetic energy of the emitted electrons is about [CBSE 2023 (55/3/1)]

(a) 0.25eV (b) 0.51 eV (c) 1.02 eV (d) 0.10 eV

Relativistic corrections become necessary when the expression for the kinetic energy

—mv” , becomes comparable with mc?, where m is the mass of the particle. At what de Broglie

2
wavelength will relativistic corrections become important for an electron? [NCERT Exemplar]
(a) 2 =10nm @) A=10" nm
(€) 2=10"nm (d) » = 10° nm

Monochromatic light of wavelength 667 nm is produced by a helium neon laser. The power
emitted is 9 mW. The number of photons arriving per second on the average at a target irradiated
by this beam is

(a) 3 x 10'° ) 9 x 10" () 3 x 10" (d)y 9 x 107

Electrons used in an electron microscope are accelerated by a voltage of 25 kV. If the voltage
is increased to 100 kV then the de Broglie wavelength associated with the electrons would
(a) increase by 2 times (b) decrease by 2 times

(¢) decrease by 4 times (d) increase by 4 times

An electron (mass m) with an initial velocity ;=vﬂ§ is in an electric field E=£Df. If

A, =h/mz,, it's de Breoglie wavelength at time ¢ is given by [NCERT Exemplar]
5 - FELE b o B

(@) o) 1+ Q] )

(] 0 ‘\ mEUE egEgtg 82E§£2

I+— 5 LRy
V m?v? m vy

Photons of energy 3.2 eV are incident on a photosensitive surface. If the stopping potential for
the emitted electrons is 1.5 V, the work funtion for the surface is [CBSE 2023 (55/4/1)]
(a) L.5eV b) 1.7eV (€) 3.2eV (d) 4.7 eV
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17. A particle of mass 1 mg has the same wavelength as an electron moving with a velocity of
3 x 10° ms . The velocity of the particle is (mass of electron = 9.1 x 1073 kg)

(@) 2.7 x 107%¥ ms™! (b)) 9 x 1072 ms™ (€) 3 x 107 mg™! (d) 2.7 x 1072 ms™!
18. Which of the following figures represent the variation of particle momentum and the associated
de Broglie wavelength? [CBSE 2020 (55/5/1)]
(a) ® (©) (@)
=, a, =, =,
A— h— A— A—

19. According to Einstein's photoelectric equation, the graph between the kinetic energy of
photoelectrons ejected and the frequency of incident radiation is

®) (©) (d)

(a) 5

Kinetic energy
Kinetic energy
Kinetic energy

Kinetic ene

Frequency Frequency Frequency Frequency

20. The kinetic energy of a proton and that of an a-particle are 4 eV and 1 eV respectively. The

ratio of the de Broglie wavelengths associated with them will be [CBSE 2020 (55/4/1)]
(a) 2:1 ) 1:1
() 1:2 (d) 4:1

21. If photons of frequency vare incident on the surfaces of two metals, 4 and B of threshold
frequencies v/2 and Vv/3 respectively, the ratio of maximum kinetic energy of electrons

emitted from A to that from B is [CBSE 2020 (55/5/1)]
(@) 2:3 ) 3:4
(©) 1:3 ) V3:v2

22. Sodium surface is illuminated by ultraviolet and visible radiation successively and the
stopping potential is determined. This stopping potential is
(a) equal in both cases (b) more with ultraviolet light
(¢) more with visible light (d) varies randomly
23. In a photoelectric experiment, the wavelength of the incident radiation is reduced from
6000 A to 4000 A, while the intensity of radiation remains the same; then
(a) the cut-off potential will decrease
(b) the cut-off potential will increase
(¢) the photoelectric current will increase

(d) the kinetic energy of the emitted electrons will decrease

Answers
1. (d) 2. () 3. (d) 4. (0) 5. (¢) 6. (d) 7. (d)
8. (0) 9. (a) 10. (0 11. (b) 12. (), (d)  13. (a) 14. (b)
15. () 16. (b) 17. (a) 18. (d) 19. (d) 20. (b) 21. (b)
22. (b) 23. (b)
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Assertion-Reason Questions

In the following questions, a statement of Assertion (A) is followed by a statement of Reason (R). Choose the
correct answer out of the following choices.

(e) Both A and R are true and R is the correct explanation of A.

(b) Both A and R are true but R is not the correct explanation of A.
(c) A istrue but R is false.
(d) A is false and R is also false.

1. Assertion(4)
Reason (R)
2. Assertion(d)

Reason (R)
3. Assertion(A4)
Reason (R)
4. Assertion(d)
Reason (R)

5. Assertion(A4)

Reason (R)
6. Assertion(A)
Reason (R)

7. Assertion(4)
Reason (R)

8. Assertion(A4)
Reason (R)

9. Assertion(A4)

: Matter has wave-particle nature.

.

: Light has dual nature.

: In the process of photoelectric emission, all emitted electrons have the same

kinetic energy.

: According to Einstein's equation E, = hv + ¢,

: Photoelectric effect demonstrates the wave nature of light.

: The number of photoelectrons is proportional to the velocity of incident light.

.

: Photoelectric effect demonstrates the particle nature of light.

: Photoelectric current is proportional to intensity of incident radiation for

frequencies more than the threshold frequency.
[CBSE 2023 (55/1/1)]

: On increasing the intensity of light the photocurrent increases.

: The photocurrent increases with increase of frequency of light.

.

: Photoelectric process is instantaneous process.

: When photons of energy (hv) greater than work function of metal (¢g) are

incident on a metal, the electrons from metal are emitted with no time lag.

: Photoelectric effect demonstrates the wave nature of light. [ATIMS 2018]

.

: The number of photoelectrons is proportional to the frequency of light.

: Il intensity of incident light is doubled, the kinetic energy of photoelectron is

also doubled.

: The kinetic energy of photoelectron is directly proportional to intensity of

incident light.

: An electron and a photon possessing same wavelength, will have the same momentum.

Reason (R) : Momentum of both particle is same by de-Broglie hypothesis.
10. Assertion(4) : An electron microscope is based on de-Broglie hypothesis. [AIIMS 2014]
Reason (R) : A beam of electrons behaves as a wave which can be converged by electric and
magnetic lenses.
Answers
1. () 2. (d) 3. (d) 4. B 5. (¢) 6. (@) 7. (@)
8. (d) 9. (@) 10. (@)
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Case-based/Passage-based Questions

Read the paragraph given below and answer the questions that follow:

Current

Figure shows the variation of photoelectric current measured in a photo
cell circuit as a function of the potential difference between the plates of

the photo cell when light beams 4, B, C and D of different wavelengths

are incident on the photo cell. Examine the given figure and answer the
following questions: [CBSE 2023 (55/2/1), Modified]

|10 |@|>

(£) Which light beam has the highest frequency?
(a) A ®) B i o )
(e) C d) D Potential Difference

(iZ) Which light beam ejects photoelectrons will maximum momentum?
(@) D ) C ©) B (d) A
(iii) Consider a beam of electrons (each electrons with energy E,) incident on a metal surface
kept in an evacuated chamber then

(@) electrons can be emitted with any energy, with a maximum of E,,

(b) electrons can be emitted with any energy, with a maximum of E; - ¢, (¢ is the work
function)

(¢) electrons can be emitted but all with an energy, E,
(d) no electrons will be emitted as only photons can emit electrons
(iv) The stopping potential of a photocell, in which electrons with a maximum kinetic energy
of 6 eV are emitted will be
(@) -6V ) 6V (©) 3V (d) -3V
OR

Sodium and copper have work functions 2.3 €V and 4.5 eV respectively. Then the ratio of
their threshold wavelengths is nearest to

(@) 1:2 ) 1:4 ©2:1 ) 4:1
Explanations

(?) (b) The light beam B, because it requires maximum retarding potential to reduce the
photoelectric current to zero.

(i) (¢) The light beam B ejects photoelectrons with maximum momentum, because highest
frequency light beam ejects photoelectrons with highest kinetic energy and hence
highest momentum.

(i2i) () When a beam of electrons of energy E;, of each electron is incident on a metal surface kept in
vacuum, then due to elastic collision with electrons on surface, energy of incident electrons
will be transferred to the emitted electrons. To emit the electrons below the surface, a part of
E, of incident electrons is consumed against work function. So, energy of emitted electrons
becomes less than E;,. So, the maximum energy of emitted electrons can be E.

() (2) We have, E,=¢lV, = 6eV=¢V, = V=6V

The stopping potential V= 6 volt (Negative).
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CONCEPTUAL QUESTIONS

Q.1

Ans.

Q.2.

Ans.

Ans.

Q.4.

Ans.

Q. 5.
Ans.

Q.6.

Ans,

Name the phenomenon which shows the quantum nature of electromagnetic radiation.
[CBSE (AI) 2017]

fhe quanturn  waluse of electgormognetd godfaron
& ghowin gy the plemormenon of  pholoelealy fecks

per’s Answer 2017]

A

Define intensity of radiation on the basis of photon picture of light. Write its SI unit.
[CBSE (Al) 2014; 2019 (55/1/1)]

The amount of light energy or photon energy incident per metre square per second is called
intensity of radiation.

SI unit: %or Jfs—m?

The figure shows the variation of stopping potential ¥ PQ
with the frequency v of the incident radiations for two T

photosensitive metals P and (). Which metal has smaller

threshold wavelength? Justify your answer. Vo
[CBSE 2019 (55/4/1)]
Since A, = 7—, metal Q has smaller threshold wavelength. [ o1 10 (x 1015 57")
Yo

Write the basic features of photon picture of electromagnetic radiation on which Einstein’s
photoelectric equation is based. [CBSE Delhi 2013]
Features of the photons:

(i) Photons are particles of light having energy E = hv and momentum p = %, where h is
Planck constant.

(1) Photons travel with the speed of light in vacuum, independent of the frame of reference.
(it7) Intensity of light depends on the number of photons cressing unit area in a unit time.
Define the term ‘stopping potential’ in relation to photoelectric effect. [CBSE (AI) 2011]
The minimum retarding (negative) potential of anode of a photoelectric tube for which
photoelectric current stops or becomes zero is called the stopping potential.
Define the term ‘threshold frequency’ in relations to photoelectric effects.

[CBSE (F) 2011, 2019 (55/1/1), 2020 (55/2/1)]

e comam__
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Q. 7. In photoelectric effect, why should the photoelectric current increase as the intensity of
monochromatic radiation incident on a photosensitive surface is increased? Explain.
[CBSE (F) 2014]
Ans. The photoelectric current increases proportionally with the increase in intensity of incident
radiation. Larger the intensity of incident radiation, larger is the number of incident photons
and hence larger is the number of electrons ejected from the photosensitive surface.
Q. 8. State de Broglie hypothesis. [CBSE Delhi 2012]
Ans. According to hypothesis of de Broglie “The atomic particles of matter moving with a given
velocity, can display the wave like properties.”

; h :
ie., A= o (mathematically)
Q. 9. What is the wavelength of a photon of energy 3.3 % 10'19_]? [CBSE 2020 (55/2/1)]
Ans. J 5 el ¥ e
3 A 2i,-7'\'? !:n e G'(‘B_Hh % 2Iak|n. i “paal iyl ©
V4 = s Fywg2 o

= e oML X s S =3
- 1 5.5 *'0 ™o §.03%10 ",

viﬁ_"L mrfwﬁ - 608ginT

= [Tspper’s Ansmer 2020]

A/
Q. 10. The variation of the stopping potential (V) withe the frequency (v) of ¥ My
the light incident on two different photosensitive surfaces M, and M,
is shown in the figure. Identify the surface which has greater value of

the work function. [CBSE 2020 (55/1/1)]

Ans. M, has greater value of work function due to higher value of threshold
frequency.

M,

0] v
1

Q. 11. Plot a graph showing variation of de Broglie wavelength A versus 7 , where Vis accelerating
J

potential for two particles A and B carrying same charge but of masses m, m, (m; > m,). Which

one of the two represents a particle of smaller mass and why? [CBSE Delhi 2016] [HOTS]

Ans. As, A= L or A= (Llf)L
2mgV V2q Vm |V
A ho 1
or i
1 /2 m
N3
As the charge on two particles is same, we get
1
Slope oc —
pe e ‘/m

Hence, particle with lower mass (m,) will have greater slope.

Q. 12. Show the variation of photocurrent with collector plate potential for different frequencies but
same intensity of incident radiation. [CBSE (F) 2011) [HOTS]

Ans.

Photo current

Vi
VBV >V

Vi V3 Vi |Collector potential
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Q. 13. (a) Define the term ‘intensity of radiation’ in photon picture.
(b) Plota graph showing the variation of photo current vs collector potential for three different
intensities I; > I, > I, two of which (/, and I,) have the same frequency v and the third has
frequency v, > v.
(¢) Explain the nature of the curves on the basis of Einstein's equation.
[CBSE South 2016] [HOTS]

Ans. (a) The amount of light energy or photon energy incident per metre square per second is called
intensity of radiation.

b Vo = Vg =V
3 =Vy
Photo current

vy V3

W K

s Collector potential

(¢) As per Einstein’s equation,
(i) The stopping potential is same for I} and I, as they have the same frequency.
(7)) The saturation currents are as shown in figure because I, > [, > I5.

Q. 14. Two metals A and B have work functions 4 eV and 10 eV respectively. Which metal has the
higher threshold wavelength?

he.
A

Ans. Work function W = hy, =

1
= hoxw

As W, < Wy (N, > (Nl

i.e., threshold wavelength of metal A is higher.

Q. 15. (a) Draw a graph showing variation of photocurrent with anode potential for a particular
intensity of incident radiation. Mark saturation current and stopping potential.
() How much would stopping potential for a given photosensitive surface go up if the

frequency of the incident radiations were to be increased from 4 x 10" Hz to 8 x 10" Hz?
Ans. (a)

Photoelectric
Current
N e —
. Saturation
Stopping
Potential Current
\' -V
Retarding [e] Anode
Potential Potential

Intercept of the graph with potential axis gives the stopping potential.

(b) We have, hv;, = eV,

" h(vg—vy)

= . 2
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Q. 16.

Ans.

Q.17

Ans.
Q. 18.

Ans.

Ans.

Q. 20.

Ans.

6.62x 107 x (8% 10'° - 4x 10'%)
1.6x10™1°

6.62x4x10'" x 1073
1.6x107"°

16.55 V

There are materials which absorb photons of shorter wavelength and emit photons of longer
wavelength. Can there be stable substances which absorb photons of larger wavelength and
emit light of shorter wavelength? [NCERT Exemplar]
In the first case, energy given out is less than the energy supplied. In the second case, the
material has to supply the energy as the emitted photon has more energy. This cannot happen
for stable substances.

Do all the electrons that absorb a photon come out as photoelectrons?

[NCERT Exemplar] [HOTS]
No, most electrons get scattered into the metal. Only a few come out of the surface of the metal.
Electrons are emitted from a photosensitive surface when it is illuminated by green light but
electron emission does not take place by yellow light. Will the electrons be emitted when the
surface is illuminated by (i) red light, and (i) blue light? [HOTS]
(1) No (i) Yes.
Reason: According to colour sequence VIBGYOR, the frequency of red light photons is less than
threshold frequency of photometal but frequency of blue light photons is more than threshold
frequency of photometal; so (i) electrons will not be emitted by red light and (i) electrons will be
emitted by blue light.
In a photoelectric effect, the yellow light is just able to emit electrons, will green light emit
photoelectrons? What about red light? [HOTS]

Energy of photon E = ch a:%

As‘ ?Lg,fm <tz S0 green light photon has more energy than yellow light photon, so green light
will eject electron.

As Ay > Mgy, S0 red light photon has lesser energy than yellow light photon, so red light will
not be able to eject electrons.

The photoelectric cut-off voltage in a certain photoelectric experiment is 1.5 V. What is the
maximum kinetic energy of photoelectrons emitted? [NCERT]

Cut-off voltage, Vy = 1.5V
Maximum kinetic energy of photoelectrons
Er=eVy=15eV=15x16x10""]=24x10"]

Very Short Answer Questions

Each of the following questions are of 2 marks.

Q.1

Ans.

Write Einstein’s photoelectric equation and point out any two characteristic properties of
photons on which this equation is based. [CBSE (Al) 2013]
If radiation of frequency (v) greater than threshold frequency (vo) irradiate the metal surface,
electrons are emitted out from the metal. So Einstein’s photoelectric equation can be given as
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W
K my, . = hv=hv,

max = E
Characteristic properties of photons:
(i) Energy of photon is directly proportional to the frequency (or inversely proportional to the
wavelength).
(i) In photon-electron collision, total energy and momentum of the system of two constituents
remains constant.
(121) In the interaction of photons with the free electrons, the entire energy of photon is absorbed.
Q. 2. Write three characteristic features in photoelectric effect which cannot be explained on the basis
of wave theory of light, but can be explained only using Einstein’s equation.
[CBSE Delhi 2016)
Ans. The three characteristic features which cannot be explained by wave theory are:
(1) Kinetic energy of emitted electrons is found to be independent of the intensity of incident light.
(i) There is no emission of electrons if frequency of incident light is below a certain frequency
(threshold frequency).
(i) Photoelectric eflect is an instantaneous process.
Q. 3. Plot suitable graphs to show the variation of photoelectric current with the collector plate potential
for the incident radiation of [CBSE 2022 (55/1/1), Term-2]
(i) the same intensity but different frequencies v;, vy and vz (v; < vy < v3)
(i) the same frequency but different intensities I,, I, and I3 (I} < I, < Iy)

Ans. ]‘ 1
Photoelectric L
current E S
o £ I3>1>14
£3 h
=
mos Y —
V3 Saturation Current
Vi Stopping potential
Vg Ve N 0 Collector plate potential — Vo 0
<—Retarding potential e iR <—Retarding Collec?or plate 1
potential potential —

[CBSE Marking Scheme 2022 (55/1/1), Term-2]

Q. 4. Figure shows the stopping potential (V;) for the photo electron versus (1/1) graph, for two
metals A and B, . being the wavelength of incident light.

Vo

(a) How is the value of Planck’s constant determined from the graph?
(b) If the distance between the light source and the surface of metal 4 is increased, how will
the stopping potential for the electrons emitted from it be effected? Justify your answer.
[CBSE 2020 (55/5/1)]
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Ans. According to Einstein’s Photo-electric equation,

hv = ¢, + eV,
= eV, =hv -,
i="‘_“_ﬁ %
e e
Sincev=c¢/A
)
foeh e

==

Comparing with the equation of straight line y = mx +¢

(a) The slope of the line m = et Hence, Planck's constant £ = % Y2
(b) Stopping potential will remain same. L]
Justification

Variation of distance of light source from the metal surface will alter the intensity while the
stopping potential however depends only on the frequency and not on the intensity of the
incident light. Ya

[CBSE Marking Scheme 2022 (55/5/1)]

Q. 5. Monochromatic light of frequency 6 X 10'* Hz is produced by a laser. The power emitted is
2.0 x 10~ W. How many photons per second on an average are emitted by the source?
[CBSE Guwahati 2015]

; h ; :
Ans. Power of radiation, P = % = Nhv, where N is number of photons per sec.

P 2.0% 107
or Ne< &5
hv  6.638x10% %x6x10™

=5x 10" photons per second
Q. 6. Plot a graph showing the variation of photoelectric current with intensity of light. The work
function for the following metals is given:
Na: 2.75 eV and Mo: 4.175 eV.
Which of these will not give photoelectron emission from a radiation of wavelength 3300 Afroma

laser beam? What happens if the source of laser beam is brought closer? [CBSE (F) 2016]
. he T
Ans. Energy of photon E = < joule A
=
o
he 5
=—¢V
nc é
g
6.63 x 107 x 3 x 10° 3
= eV =3.76eV £
1.6 %107 x 3.3 % 107 £
Since W of Mo is greater than E, . Mo will not give photoemission.

There wil! be no effect o['bringin‘g source closer in the case of Mo. Intensily of light —»
In case of Na, photocurrent will increase.

Q. 7. The given graph shows the variation of photo-electric current (I) with the applied voltage (V)
for two different materials and for two different intensities of the incident radiations. Identify
and explain using Einstein’s photo electric equation for the pair of curves that correspond to
(i) different materials but same intensity of incident radiation, (ii) different intensities but same
materials. [CBSE East 2016]

416 Xam idea Physics—XII



v
Ans. (1) (a) 1 and 2 correspond to same intensity but different material.
(b) 3 and 4 correspond to same intensity but different material.
This is because the saturation currents are same and stopping potentials are different.
(i) (a) 1 and 3 correspond to different intensity but same material.
(b) 2 and 4 correspond to different intensity but same material.
This is because the stopping potentials are same but saturation currents are different.
Q. 8. Light of wavelength 488 nm is produced by an Argon Laser which is used in the photoelectric

effect. When light from this spectral line is incident on the cathode the stopping potential of
photoelectrons is 0.38 V. Find the work function of the cathode material. [NCERT]

Ans. Given h = 488 nm = 488 X 10 m, =038V,
Energy of incident photon, E = %
_ 6.63x 107 x3x10°
C o 4ssx10”
_ 4.08x 107"
16x107"®

=4.08x107"]
=2.55eV

From Einstein's photoelectric equation, % = ¢, + eV,
he
A
. 9. If the frequency of light incident on the cathode of a photo-cell is increased, how will the
il 4 g P
following be affected? Justify your answer.
(i) Energy of the photo electrons

Work function, ¢, = eV, =255eV-0.38eV =2.17eV

(ii) Photo current [CBSE 2020 (55/4/1)]
Ans. (i) The energy of the emitted photoelectrons increases %
As Ep = hv =g,
As v increases, Ej also increases. %
(ii) Photo current will not be affected. £
As, increase of v E;, will increase but not the number of photoelectorns. Y

[Alternatively photocurrent depends upon intensity of light and not on frequency]

[CBSE Marking Scheme 2020 (55/4/1)]

Q. 10. An electromagnetic wave of wavelength A, is incident on a photosensitive surface of negligible
work function. If the photo-electrons emitted from this surface have the de Broglie wavelength

2
prove that A = ( :::c )?\;" [CBSE Delhi 2008]
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Ans.

Q.11

Ans.

Ans.

Ans.

Kinetic energy of electrons, E, = energy of photon of EM wave

he :
_—— ([
N (O]
: h o_ B
de Broglie wavelength, A, =———  or A/ =
W/QmEk 2mE p
Using (i), we get
15 2me
P = 2
we B L an(E
()
The de Broglie wavelengths associated with an electron and a proton are equal. Prove that the
kinetic energy of the electron is greater than that of the proton. [CBSE 2020 (55/3/2)]
As from de Broglie wavelength,
h h
= Y% + Y
P /omE,
where E, = kinetic energy
for equal 2,
e AL
mass ol electron < mass of proton Ya
- Kinetic Energy of electron is more than kinetic energy of proton %

[CBSE Marking Scheme 2020 (55/3/2)]

There are two sources of light, each emitting with a power 100 W. One emits X-rays of
wavelength 1 nm and the other visible light at 500 nm. Find the ratio of number of photons of
X-rays the photons of visible light of the given wavelength. [NCERT Exemplar]
Total E is constant.

Let n, and n, be the number of photons of X-rays and visible region.

he he
mE =n,E, = Wy M
1 2
" 7\1 1
— = =_— El
3 n ?\? 500 ectron

Consider Fig. for photoemission.

How would you reconcile with momentum-conservation? No light (Photons)
have momentum in a different direction than the emitted electrons.

[NCERT Exemplar]
The momentum is transferred to the metal. At the microscopic level, atoms h

absorb the photon and its momentum is transferred mainly to the nucleus and
electrons. The excited electron is emitted. Conservation of momentum needs o

be accounted for the momentum transferred to the nucleus and electrons. Metal

A photon and a proton have the same de Broglie wavelength A. Prove that the energy of the
photon is (2mic/h) times the kinetic energy of the proton. [CBSE 2019 (55/2/1)]
Energy of photon E,= F;TE =iF)

For proton A = %
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h

mv = —

A
Kinetic energy of proton, E, = §mv2
s
k 2 my\?
From equation (i), we get,
2mhe
£ =M
Q. 15. Iflight of wavelength 412.5 nm is incident on each of the metals given below, which ones will
show photoelectric emission and why? [CBSE 2018]
Metal Work Function (eV)
Na 1.92
K 2.15
Ca 3.20
Mo 4.17
Ans. The energy of the incident photon,
he
E=hy=—
A
_663x10%x3x10° ]
412.5x107°
-17
_0.048x% 1019 N A
1.6 X107

Metals having work function less than energy of the incident photon will show photoelectric
effect. Hence, only Na and K will show photoelectric emission.

Short Answer Questions

Each of the following questions are of 3 marks.
Q. 1. Explain briefly the reasons why wave theory of light is not able to explain the observed features

of photo-electric effect. [CBSE Delhi 2013; (AI) 2013; (F) 2010; 2019 (55/2/1)]

Ans. The observed characteristics of photoelectric effect could not be explained on the basis of wave
theory of light due to the following reasons.

(1) According 1o wave theory, the light propagates in the form of wavefronts and the energy is
distributed uniformly over the wavelronts. With increase of intensity of light, the amplitude
of waves and the energy stored by waves will increase. These waves will then, provide more
energy to electrons of metal; consequently, the energy of electrons will increase.

Thus, according to wave theory, the kinetic energy of photoelectrons must depend on the
intensity of incident light; but according to experimental observations, the kinetic energy of
photoelectrons does not depend on the intensity of incident light.

(if) According to wave theory, the light of any frequency can emit electrons from metallic
surface provided the intensity of light be sufficient to provide necessary energy for emission
of electrons, but according to experimental observations, the light of frequency less than
threshold frequency cannot emit electrons; whatever the intensity of incident light may be.
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(ii) According to wave theory, the energy transferred by light waves will not go to a particular
electron, but it will be distributed uniformly to all electrons present in the illuminated
surface. Therefore, electrons will take some time to collect the necessary energy for their
emission. The time for emission will be more for light of less intensity and vice versa. But
experimental observations show that the emission of electrons take place instantanecously
after the light is incident on the metal; whatever the intensity of light may be.

Q. 2. Write Einstein’s photoelectric equation. State clearly the three salient features observed in
photoelectric effect which can explain on the basis of this equation. [CBSE 2023 (55/1/1)]
The maximum kinetic energy of the photoelectrons gets doubled when the wavelength of
light incident on the surface changes from A, to A, . Derive the expressions for the threshold
wavelength A and work function for the metal surface.

[CBSE Delhi 20153 (Al) 2010; 2020 (55/2/1)]

Ans. Einstein's photoelectric equation:

hv = hvy + eV
where v = incident frequency, v, = threshold frequency, ¥, = stopping potential
(i) Incident energy of photon is used in two ways (a) to liberate electron from the metal surface
(b) rest of the energy appears as maximum energy of electron.

(it) Only one electron can absorb energy of one photon. Hence increasing intensity increases the
number of electrons hence current.

(i2i) If incident energy is less than work function, no emission of electron will take place.

(#v) Increasing v (incident [requency) will increase maximum kinetic energy of electrons but
number of electrons emitted will remain same.

For wavelength A,

};—i=¢n+K=¢o+eVn where K= el ...(2)
For wavelength A,
he
N b + 26V, .. (i)
From equation (i) and (if), we get
he he 2he
— = + _— = + —Q
e
2hc ke
= b, =5—-5—
NN
For threshold wavelength A, kinetic energy, K = 0, and work function ¢, = i_c
0
he _ Zhe  he
NN N
1.2 1 - M2y
N ARl S ™
he(2hy - N)

Work function, ¢, = }\1?\2
Q. 3. Using photon picture of light, show how Einstein’s photoelectric equation can be established.

Write two features of photoelectric effect which cannot be explained by wave theory.
[CBSE (Al) 2017]

Ans. In the photon picture, energy of the light is assumed to be in the form of photons each carrying
energy.
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When a photon of energy ‘av’ falls on a metal surface, the energy of the photon is absorbed by
the electrons and is used in the following two ways:

(i) A part of energy is used to overcome the surface barrier and come out of the metal surface.
This part of energy is known as a work function and is expressed as §g= hvy.

(1) The remaining part of energy is used in giving a velocity *v’ to the emitted photoelectron

5 g i T ; L o
which is equal to the maximum kinetic energy of photo electrons (Emvmx .

(i21) According to the law of conservation of energy,

hv=1¢,+ %mviax

= hu=ku0+1—mv2 = hv=hy +KE

2 max 1] max
= KE .. =hv—hv,
or KE .. =hv-d,

This equation is called Einstein photoelectric equation.
Features which cannot be explained by wave theory:
(i) The process of photoelectric emission is instantaneous in nature.
(1) There exists a ‘threshold frequency’ for each photosensitive material.
(iif) Maximum kinetic energy of emitted electrens is independent of the intensity of incident light.

500
Q. 4. Calculate the wavelength of de Broglie waves associated with a proton having (m) eV
energy. How will the wavelength be affected for an alpha particle having the same energy.
[CBSE 2023 (55/3/1)]
Ans. From the de Broglie wave length,
h h
Ap=o=——
P Y QMPKE

. ) 500
Given, KE of proton = (1.{-}73 eV)

500 _19
= XlLoX
1.673 g

=4.78 x107"]
6.6x 107
Vox1.67x1077"x4.78x 1077

Wave length of proton, A, =

-34
= B6x10°7 ) 5% 102m
4107
For a-particle, A, = ﬁ [K.E = constant (given)]
2,

Ao 1BG \We  .
= P TNmp N omp T

A= é}\;, = ;—x 1.65%107"=0.825x 107" m

Hence, wavelength for a—-particle becomes half of proton’s wavelength.
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Q. 5. The work function of a metal is 2.31 eV. Photoelectric emission occurs when light of frequency
6.4 X 10" Hz is incident on the metal surface. Calculate : (i) the energy of the incident radiation,
(ii) the maximum kinetic energy of the emitted electron and (iii) the stopping potential of the

surface. [CBSE 2022 (55/3/3), Term-2]
Ans. T 1
(uvon Creguency OF ughi = £:1%10™ Ha
= - \
Hente \enewgy of oo 2 W)
e )
/ \ T adiotian
P = Sal
‘/ : : Uhe Pluncx’s conckant
3 ENTOG = 643210 mb ux™ T & = b-63K 15 =c
=L x> ajamuﬁ/v. [} Pwpg.jpnm O€ focidept
LA 1o Lishd
: Lo 1eveloan-g)
= mEEa o Qp.s;wf
10 $
; . o 0 ol incdent padigkion = 2680 ey
H_ Y -
~ Ewamn  puokoeleckric JQQUn}-mn
f s ]
I
Kenaz Mmoot imum - Rinekic  poeogy of fletrote
£+ enesgy of nodent TadiadoN (=248 ew)
d.'H L»Jork punchion Of . Mekak (=2.s1¢y)
4 &mmr_‘?.@wav{a»a.%mw
S Hﬂm ; GMQ\.’\l
aﬂiw_'l]lug._tﬂ&:t‘lm\}m Ripefic. Qﬂaﬁgg_o*_mmwckmn&.ﬁ:
0:AND eV [d
- o ; Punkrh o dy . fercry
_Gmgpn%mmm_a&,_a foee = e ot e,
= QEdwe ey 0 3h)dv |
e
=Ta.31n0_v\
A )|
firc + Thus - stopping  eakenvial - OF “the susfgre 1S adhgv
Pt E e T o e [Topper’s Answer 2022)
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Q. 6. Sketch the graphs showing variation of stopping potential with frequency of incident radiations
for two photosensitive materials A and B having threshold frequencies v, > vg.

(i) In which case is the stopping potential more and why?
(ii) Does the slope of the graph depend on the nature of the material used? Explain.

[CBSE Central 2016]
Ans. (i) From the graph for the same value of V', stopping potential is v
more for material ‘B'. _ J
From Einstein’s photoelectric equation, g%
= z B A
eV, = Iz}:’ - h\;f : gs
o VO=?v—?vﬂ=?(u-uﬂ)
VE VA v v

¥, 1s higher for lower value of v,

(i) No, as slope is given by % which is a universal constant.
Q.7. A beam of monochromatic radiation is incident on a photosensitive surface. Answer the
following questions giving reasons:
(i) Do the emitted photoelectrons have the same kinetic energy?
(ii) Does the kinetic energy of the emitted electrons depend on the intensity of incident radiation?
(iii) On what factors does the number of emitted photoelectrons depend? [CBSE (F) 2015]
Ans. In photoelectric effect, an electron absorbs a quantum of energy kv of radiation, which exceeds
the work function, an electron is emitted with maximum kinetic energy,
Ko =hv=-W
(i) No, all electrons are bound with different forces in different layers of the metal. So, more
tightly bound electron will emerge with less kinetic energy. Hence, all electrons do not have
same kinetic energy.
(1) No, because an electron cannot emit out if quantum energy hv is less than the work function
of the metal. The K.E. depends on energy of each photon.
(127) Number of emitted photoelectrons depends on the intensity of the radiations provided the
quantum energy kv is greater than the work function of the metal.
Q. 8. Why are de Broglie waves associated with a moving football not visible?
The wavelength ‘A’ of a photon and the de Broglie wavelength of an electron have the same
Amc
h
m, ¢, h have their usual meanings. [CBSE (F) 2016]
Ans. Due to large mass of a football the de Broglie wavelength associated with a moving football is

much smaller than its dimensions, so its wave nature is not visible.
h

2
value. Show that the energy of photon is times the kinetic energy of electron, where

de Broglie wavelength of electron A = e i P ()]
energy of photon E = F;Tc (because A is same)

Ratio of energy of photon and kinetic energy of electrons
E _ he/h _ 2he
E, 0l s hume?

Emv
Substituting value of v from (i), we get
E 2he _ 2N

E, " mtymn? k

. Energy of photon = 20w

7 X kinetic energy of electron
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Q. 9. Find the ratio of the de Broglie wavelengths associated with an alpha particle and a proton, if
both

(a) have the same speeds,
(b) have the same kinetic energy,
(c) are accelerated through the same potential difference. [CBSE 2022 (55/2/1), Term-2]

Ans. (a) As from de Broglie wave length,
h

A= 7 [v = Same] Y
A m v
Re_ b Pt 1 v
Ay, Mgy, b 4

(b) We know, p = /2m (K.E) [K.E = Same] Y
X h J2m,(KE), o

ol x L4
A, 2m (KE), A m, 2

{2qV
(¢) And v = fIT [V = Same] Y
ﬁ_ L xm#vf,:ﬂ 2:11,,1/)< m,
;\# M, h m, mn, 24,V
W ™ JE;I_ -
My mp 9 2\/§

[CBSE Marking Scheme 2022 (55/2/1), Term-2]

Q. 10. The work function of caesium metal is 2.14 eV. When light of frequency 6x10'* Hz is incident
on the metal surface, photoemission of electrons occurs. What is the [NCERT)]
(a) maximum kinetic energy of the emitted electrons?
(b) stopping potential and (c¢) maximum speed of emitted electrons?
Ans. Given ¢ = 2.14 eV, v = 6x107* Hz
(2) Maximum kinetic energy of emitted electron,
E,=hv-t,=6.63 X 107 x 6 X 10"*-2.14 x 1.6 x 107"

-19
=0554x 10719 = 9554X10° .y o34y
16x 10
(b) Stopping potental Iy is given by
E
E=ely-v,=—=032V _gay
4 4

(¢) Maximum speed (v,,,) of emitted electrons is given by

Emviax = E.k
/2B, [9x0.554% 107

= . f—= = 5
Ynae =Y T =\ g i g = 348X10% mss

or

Q. 11. (a) Explain de Broglie argument to propose his hypothesis. Show that de Broglie wavelength
of photon equals electromagnetic radiation.

(b) If deuterons and alpha particle are accelerated through same potential, find the ratio of
the associated de Broglie wavelengths of two. [CBSE Sample Paper 2021]

424 Xam idea Physics—XII



Ans. (a) Light exhibits particle aspects in certain phenomena (e.g., photoelectric effect, emission
and absorption of radiation), while wave aspects in other phenomena (e.g., interference,
diffraction and polarisation). That is, light has dual nature. In analogy with dual nature of
light, de Broglie thought in terms of dual nature of matter.

Louis de Broglie postulated that the material particles (¢.g., electrons, protons, a-particles,
atoms, etc.) may exhibit wave aspect. Accordingly, a moving material particle behaves as
wave and the wavelength associated with material particle is

A= %, where p is momentum. «=:(8)

Momentum of photen of frequency v is given as p = th
Equation (i) becomes

b _c
M TV
¢
. The wavelength of photon is equal to the wavelength of electromagnetic wave.
: : h h
b) From de Broglie hypothesis, A = =
B s de =P SNT a  Jamr
A, op 2m 2V f2xm y2Xxdm, g o
N R fomgev Jm, J2m, 11

Npihy =241
Q 12. Determine the value of the de Broglie wavelength associated with the electron orbiting in the ground
state of hydrogen atom (Given E, = — (13.6/112) eV and Bohr radius ry; = 0.53 A&) How will the de Broglie

wavelength change when it is in the first excited state? [CBSE Bhubaneshwar 2015)
Ans. In ground state, the kinetic energy of the electron is
+13.6eV
K=-E=""7""=136x16%10" ] = 2.18x107% |
1
h h
de Broglie wavelength, A= —=——
s § p v 2mK
6.63 x 10-*

V2x9.1x10%x2,18% 1078
=0.33%10" m = 0.33 nm

Kinetic energy in the first excited state (n=2)

s 13.6

K=-E=+—7-eV=+34eV =384x16x107°] = 0.54x107% ]
2

h
V2mK

de Broglie wavelength, A" =

6.63 x 1073
J2x9.1x107" x0.544 x 107
=2 X 0.3% nm = 0.66 nm

i.¢., de Broglie wavelength will increase (or double).
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Q. 13. Photoelectrons are emitted from a metal surface when illuminated with UV light of wavelength
330 nm. The minimum amount of energy required to emit the electrons from the surface is
3.5 x 1077 J. Calculate : [CBSE 2022 (55/1/1), Term-2]
(i) the energy of the incident radiation, and

(ii) the kinetic energy of the photoelectron.

Ans. (i) Energy of incident radiation,

E=hv=h % 14
_ 6:63x10*x3x10° "%
330x107°
= (097 x 10 Y
(it) Kinetic energy of photoelectron,

KE =E— %, 1

= (A 027 x 10 23 55 {00] Ya

=D B 10 1

[CBSE Marking Scheme 2022 (55/1/1), Term-2]

Q. 14. Inthe study of a photoelectric effect the graph between the stopping potential ¥ and frequency
v of the incident radiation on two different metals P and Q is shown below:
FI

4 6
- v(x 10")Hz —
(i) Which one of the two metals has higher threshold frequency?
(ii) Determine the work function of the metal which has greater value.

(i#i) Find the maximum kinetic energy of electron emitted by light of frequency 8 x 10" Hz
for this metal. [CBSE Delhi 2017]
Ans. (i) Threshold frequency of Pis 3 x 10" Hz.

Threshold frequency of Q is 6 X 10" Hz.
Clearly Q has higher threshold [requency.
(i1) Work function of metal Q, ¢, = hv,
= (6.6 x 107 x 6 x 10™]
_ 39.6x107°
T 16x107°
(i) Maximum kinetic energy, K, = hv - hv,
= h(v-vy)
= 6.6 % 107 (8 x 10" -6 x 10"
=66x 107 x 2 x 10"]
_ 6.6x107 M x2x10"
T 16x107°
K, =0.83eV

eV =25eV
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Q. 15.

Ans.

Q. 16.

Ans.

Two monochromatic beams 4 and B of equal intensity 7, hit a screen. The number of photons
hitting the screen by beam A is twice that by beam B. Then what inference can you make about
their frequencies? [NCERT Exemplar]
Let no. of photons falling per second of beam 4 = n
No. of photons falling per second of beam B = ng
Energy of beam A = hv,
Energy of beam B =hvy
According to question, [=mn,hv, =nghvy

Vg 2ng vy

My

—= or, —=_——=Vv,=2v,
g V4 B Vi

The frequency of beam B is twice that of 4.

A monochromatic light source of power 5 mW emits 8 X 10" photons per second. This light
ejects photo electrons from a metal surface. The stopping potential for this set up is 2V,
Calculate the work function of the metal. [CBSE Sample Paper 2016]
Given, P = 5%107 W, N = 8 x 10" photons per second

Energy of each photon,

P 5x107 9, 6.25x107"°
E=4=———=625%X10""]=———
N o gx10" J 16x 107 ©
=30eV
Work function, Wy, = E-K.E = E-¢l [k E_ =eV]

=(3.9-2)eV=1.9eV

Long Answer Questions

Each of the following questions are of 5 marks.

Q.1

Ans.

Describe an experimental arrangement to study photoeleciric effect. Explain the effect of
(i) intensity of light on photoelectric current, (ii) potential on photoelectric current and
(iii) frequency of incident radiation on stopping potential.

Experimental study of Photoelectric Effect: The apparatus consist of an evacuated glass or quartz
tube which encloses a photosensitive plate € (called emiuter) and a metal plate A (called collector).
A transparent window W is sealed on the glass tube which can be covered with a filter for a light
of particular radiation. This will allow the light of particular wavelength to pass through it.

The plate A can be given a desired positive or negative potential with respect to plate C, using
the arrangement as shown in figure.

S ... Source
Quartz window = Evacuated
glass tube
Photosensitive
plate Collector
e e
. =
P A

(Reversing key

Battery
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Working: When a monochromatic radiations of suitable frequency obtained from source § fall
on the photosensitive plate C, the photoelectrons are emiued from C, which gets accelerated
towards the plate 4 (collector) if it is kept at positive potential.
These electrons flow in the outer circuit resulting in the photoelectric current. Due to it, the
microammeter shows a deflection. The reading of microammeter measures the photoelectric
current.
This experimental arrangement can be used to study the variation of photoelectric current with
the following quantities.
(i) Effect of intensity of the incident radiation: By varying the
intensity of the incident radiations, keeping the frequency P
constant, it is found that the photoelectric current varies
linearly with the intensity of the incident radiation.
Also, the number of photoelectrons emitted per second is
directly proportional to the intensity of the incident
radiations.
(i1) Effect of potential of plate 4 w.r.t place C: It is found that o
the photoelectric current increases gradually with the
increase in positive potential of plate 4.

Photoelectric
current

intensity

>

At one stage for a certain positive potential
of plate 4, the photoelectric current becomes
maximum or saturates. After this if we increase
the positive potential of plate A, there will be
no increase in the photoelectric current.

Photoelectric
Current
= 5

This maximum value of current is called
saturation current: The saturation current
corresponds to the state when all the
photoelectrons emitted from C reach the plate Vs Potential
A.
Now apply a negauve potential on plate 4 w.r.L. plate C. We will note that the photoelectric
current decreases, because the photoelectrons emitted from C are repelled and only energetic
photoelectrons are reaching the plate A.

By increasing the negative potential of plate 4, the photoelectric current decreases rapidly
and becomes zero at a certain value of negative potential V on plate 4.

This maximum negative potential V,, given to the plate 4 w.rt. plate C at which the
photoelectric current becomes zero is called stopping potential or cut off potential.

1 e
Ko = Wy =gmV2,
where e = charge on electron, m = mass Y
of electrons, V., = maximum velocity of
emitted photoelectrons.
P : ) . ) Photoelectric
The value of stopping potential s Current /Y3 Saturation
Current

independent of the intensity of the incident

radiation. It means, the maximum kinetic

energy of emitted photoelectrons depends on

the radiation source and nature of material

of plate C but is independent of the intensity T
of incident radiation.

Potential
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(iii) Effect of frequency of the incident radiation: When we take the radiations of dilferent
frequencies but of same intensity, then the value of stopping potental is different for
radiation of different frequency.

The value of stopping potential is more negative for radiation of higher incident frequency.
The value of saturation current depends on the intensity of incident radiation but is
independent of the frequency of the incident radiation.

(iv) Effect of frequency on stopping potential: For a given
photosensitive material, the stopping potental varies Siopping ik
linearly with the frequency of the incident radiation. Patential
For every photosensitive material, there is a certain Metal B
minimum cut off frequency v, (threshold frequency)
for which the stopping potential is zero.

‘ < o ¢0 _ ‘FWO o Aoy M0y Frequency of

The intercept on the potential axis =-—>=-—"=. 8 e
Hence, work function ¢, = ¢ X magnitude of intercept _;2
on the potential axis g

1
Q. 2. Derive Einstein’s photoelectric equation Emv2 = hv-hv,.

Ans. Einstein's Explanation of Photoelectric Effect: Einstein’s Photoelectric Equation

Einstein explained photoelectric effect on the basis of quantum theory. The main points are

1. Light is propagated in the form of bundles of energy. Each bundle of /‘-LL §§ /
energy is called a quantum or photon and has energy hv where b = 4 %} hv ‘sg‘.‘, E
Planck’s constant and v = [requency of light. e Qf?/ .

2. The photoelectric effect is due to collision of a photon of incident light va/‘:
and a bound electron of the metallic cathode. Metal

3. When a photon of incident light falls on the metallic surface, it is
completely absorbed. Before being absorbed it penetrates through a distance of nearly 107
m (or 100 A). The absorbed photon transfers its whole energy to a single electron. The
energy of photon goes in two parts: a part of energy is used in releasing the electron from
the metal surface (i.e., in overcoming work function) and the remaining part appears in the
form of kinetic energy of the same electron.
If v be the [requency of incident light, the energy of photon = hv. If W be the work function
of metal and Ey the maximum kinetic energy of photoelectron, then according to Einstein's
explanation.
hv=W + Ey
or Eg=hv-W ..-(1)
This is called Einstein’s photoelectric equation.
Lf vy be the threshold frequency, then if frequency of incident light is less then v no electron will
be emitted and if the frequency of incident light be v, then £, = 0; so from equation (i)
0=hvy- W or W=hv,

I &, be the threshold wavelength, then v, = ?f :
0
where ¢ is the speed of light in vacuum
Work [unction W= hv, = L.
o
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Substituting this value in equation (i), we get
Ey=hv=-hv, = ;—mv2=hv—hv"
This is another form of Einstein’s photoelectric equation.
Q.3. (a) Give a brief description of the basic
elementary process involved in the
photoelectric emission in Einstein’s
picture.
(b) When a photosensitive material is
irradiated with the light of frequency v,
the maximum speed of electrons is given E—— a

DY V0 A plot of 2%, is found to vary O v —
with frequency v as shown in the figure. ! I

Use Einstein’s photoelectric equation to
find the expressions for

(i) Planck’s constant and

(i) work function of the given photosensitive material, in terms of the parameters [, n and
mass m of the electron.

Ans. (a) Refer 10 Q. 2, Long Answer Questions.
®) @) v]? and vg are the velocities of the emitted electrons for radiations of frequencies v; > vand

vy > v respectively. So,

hvy = hv + %mvf ...(0)
and hv, = hv + %mvg (1))

From equation (i) and (it), we get

1
§m(v§ e Ulz)

e =
hivy-v) = 2m{-u?—trl) = h= Vy-v)
Slope of ”me vs [requency graph is
B 5
vy -0
s,
(Vg - V])
b= sm.tand
=gm.tan
[
From graph tanf = o
1 !
So, h= §m(;) ()]

(i) From graph, the work function of the material is
W=hn ...()
From equations (i) and (iv), we get
| 1
W= Em(;) Xn = Emt
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Questions for Practice

1. Choosen and write the correct option in the following questions.

(i) Two particles 4, and Ay of masses m;, my (m; > my) have the same de Brogliec wavelength.
Then [NCERT Exemplar]
(@) their momenta are the same
(b) their energies are the same
(c) energy of A4, is less than the energy of 4,
(d) energy of A, is more than the energy of 4,

(i) The threshold frequency for a photosensitive metal is 3.3 x 10" Hz. If light of frequency
8.2 x 10" Hz is incident on this metal, the cut-off voltage for the photoelectron emission is

nearly
@ 1V ) 2V
) 3V d) 5V

(#it) When the light of frequency 2v, (where v, is threshold frequency), is incident on a metal
plate, the maximum velocity of electrons emitted is v;. When the frequency of the incident
radiation is increased to 5v,, the maximum velocity of electrons emitted from the same plate
is vy. The ratio of v, to v, is

@ 1:2 @) 1:4
(c) 4:1 d) 2:1
() Photoelectric effect supports
(a) Newton’s corpuscular nature of light
(b) Huygen's wave theory of light
() Maxwell’s electromagnetic theory of light
(d) Einstein's quantum theory of light
(v) Which one of the following metals does not exhibit emission of electrons from its surface
when irradiated by visible light? [CBSE 2023 (55/2/1)]
(@) Rubidium (&) Sodium (¢) Cadmium (d) Caesium
2. In the following questions, a statement of Assertion (A) is followed by a statement of Reason (R).
Choose the correct answer out of the following choices.
(a) Both A and R are true and R is the correct explanation of A.
(b) Both A and R are true but R is not the correct explanation of A.
(c) A is true but R is false.
(d) A is false and R is also false.

Assertion (4) : On increasing the frequency of light, the photocurrent remains unchanged.

Reason (R) : Photocurrent is independent of frequency but depends only on intensity of
incident light.

3. Plot a graph of the de Broglie wavelength associated with a proton versus its momentum.

4. In a photoelectric experiment, the potential required to stop the ejection of electrons from
cathode is 4 V. What is the value of maximum kinetic energy of emitted photoelectrons?

[CBSE Sample Paper 2021]
5. A proton and an electron have equal speeds. Find the ratio of de Broglie wavelengths associated
with them. [CBSE 2020 (55/1/1)]
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11.

12.

13.

14.

15

16.

17.

18.
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Write the expression for the de Broglie wavelength associated with a charged particle having

charge ‘g’ and mass ‘m’, when it is accelerated by a potential V. [CBSE (AI) 2013]
Photoelectric

The figure shows a plot of three curves a, b, ¢ showing the variaton 0

of photocurrent verses collector plate potential for three different

e - 11
: s e } ; =l
intensities [, I, and /5 having frequencies v, v, and v, respectively / —it
o,
a

incident on a photosenitive surface.

Point out the two curves for which the incident radiations have

same frequency but different intensities. [CBSE Delhi 2009] Collector plate potential
The stopping potential in an experiment on photoelectric effect is 1.5 V. What is the maximum
kinetic energy of the photoelectrons emitted? [CBSE (AI) 2009]
The maximum kinetic energy of a photoelectron is 3 eV. What is its stopping potential?

[CBSE (AI) 2009)
An electron and a proton have the same kinetic energy. Which one of the two has the larger
de Broglie wavelength and why? [CBSE (AI) 2012]

(a) Draw a graph showing variation of photo-electric current () with anode potential (V) for
different intensities of incident radiation. Name the 1

SR T ; 1 f —1
characteristic of the incident radiation that is kept constant 1

; 5 - 1z hL=zIx>I4
in this experiment.

ey
(b) If the potential difference used to accelerate electrons is
doubled, by what factor does the de Broglie wavelength

associated with the elecirons change? [CBSE (F) 2009] e W=

Show on a graph the variation of the de Broglie wavelength (1) associated with an electron, with
the square root of accelerating potential (). [CBSE (F) 2012] [HOTS]

What are matter waves? Find the ratio of de Broglie wavelengths associated with proton and

alpha particles when both particles

(a) are accelerated through the same potential difference.

(b) have same velocity. [CBSE 2020 (55/3/2)]
Explain, how the process of emission of photoelectrons is different from the process of emission
of B-particles. [CBSE 2020 (55/1/3)]

Light of wavelength 2500 A falls on a metal surface of work function 3.5 V. What is the kinetic
energy (in eV) of (i) the fastest and (i) the slowest electronic emitted from the surface?

If the same light falls on another surface of work function 5.5 eV, what will be the energy of
emitted electrons?

In case of photo electric effect experiment, explain the following facts, giving reasons.

(a) The wave theory of light could not explain the existence of the threshold frequency.

(b) The photo electric current increases with increase of intensity of incident light.
[CBSE 2020 (55/5/2)]

Explain how does (i) photoelectric current and (if) kinetic energy of the photoelectrons emitted
in a photocell vary if the frequency of incident radiation is doubled, but keeping the intensity
same? Show the graphical variation in the above two cases. [CBSE Sample Paper 2022, Term-2]

Plot a graph showing variation of de Broglie wavelength () associated with a charged particle
of mass m, versus 1/,/p, where IV is the potential difference through which the particle is
accelerated. How does this graph give us the information regarding the magnitude of the charge
of the particle?




19.

20.

21.

22.

23.

24.

Cdr

26.

27.

28.

Light of wavelength 2000 A falls on a metal surface of work function 4.2 eV.

(a) What is the kinetic energy (in €V) of the fastest electrons emitted from the surface?

(b) What will be the change in the energy of the emitted electrons if the intensity of light with
same wavelength is doubled?

(¢) If the same light falls on another surface of work function 6.5 eV, what will be the energy of
emitted electrons? [CBSE Sample Paper 2022, Term-2]

When a given photosensitive material is irradiated with light of frequency v, the maximum
speed of the emitted photoelectrons equals v,,,.. The graph shown in the figure gives a plot of

v? . varying with [requency v. T
Obtain an expression for T
(@) Planck’s constant, and
(b) The work function of the given photosensitive material in s,
terms of the parameters ’, ‘n' and the mass ‘m’ of the electron. ! fK’ A

(¢) How is threshold frequency determined from the plot?

An electron is accelerated from rest through a potential difference
of 100 V. Find:

(i) the wavelength associated with
(#7) the momentum of and
(i12) the velocity required by, the electron. [CBSE 2022 (55/3/1) Term-2]

Light of same wavelength is incident on three photo-sensitive surfaces A, B and C. The following
observations are recorded.

(¢) From surface A, photo electrons are not emitted.
(i1) From surface B, photo electrons are just emitied.

(iii) From surface C, photo electrons with some kinetic energy are emitted. Compare the
threshold frequencies of the three surfaces and justify your answer. [CBSE 2020 (55/4/1)]

How does Einstein's photoelectric equation explain the emission of electrons from a metal
surface ? Explain briefly. [CBSE 2023 (55/1/1), Term-2]

Plot the variation of photo current with
(a) collector plate potental for different intensity of incident radiation, and
(b) intensity of incident radiation.

Find the (2) maximum frequency and (b) minimum wavelength of X-rays produced by 30 kV
electrons. [NCERT]

An electron and a proton, each have de Broglie wavelength of 1.00 nm.
(a) Find the ratio of their momenta.
(b) Compare the kinetic energy of the proton with that of the electron.

[NCERT) [CBSE (F) 2013]
In an experiment of photoelectric effect, the slope of cut-off voltage versus frequency of incident
light is found to be 4.12x 107™"? Vs. Calculate the value of Planck’s constant. [NCERT]
The threshold frequency for a certain metal is 3.3x 10" Hz. If light of frequency 8.2x 10" Hz is
incident on the metal, predict the cut-off voltage for photoelectric emission. [NCERT]

A proton and an electron have same velocity. Which one has greater de Broglie wavelength and

why? [CBSE (4I) 2012)




29. Aproton and an alpha particle are accelerated through the same potential. Which one of the two
has (i) greater value of de Broglie wavelength associated with it and (i) less kinetic energy? Give
reasons Lo justify your answer. [CBSE North 2016, Delhi 2014

30. Define the terms (i) ‘cut-off voltage’ and (ii) ‘threshold frequency’ in relation to the phenomenon
of photoelectric effect.

Using Einstein's photoelectric equation show how the cut-off voltage and threshold frequency
for a given photosensitive material can be determined with the help of a suitable plotgraph.

[CBSE (Al) 2012)
31. A proton and a deuteron are accelerated through the same accelerating potential. Which one of’
the two has
(i) greater value of de Broglie wavelength associated with it, and
(2) less momentum?
Give reasons to justify your answer. [CBSE Delhi 2014)

32. A proton and an a-particle have the same de Broglie wavelength. Determine the ratio of
(2) their accelerating potentials (i) their speeds. [CBSE Delhi 2015; 2019 (55/4/1)]

33. (a) Define the term ‘intensity of radiation’ in terms of photon picture of light.
(b) Two monochromatic beams, one red and the other blue, have the same intensity. In which
case (i) the number of photons per unit area per second is larger, (i) the maximum kinetic
energy of the photoelectrons is more? Justify your answer. [CBSE Patna 2015]
34. Ulraviolet light of wavelength 2270 A from 100 W mercury source irradiates a photo cell made of a
given metal. If the stopping potential is —1.3 V, estimate the work function of the metal. How would
the photocell respond to a high intensity (~ 10° Wm™) red light of wavelength 6300 A produced by a

laser? [CBSE Bhubaneshwar 2015]
Answers
L. (i) (a), (¢) (@) (b) (it) () (@) () @) ()
2. (a) 4. 4eV 5.5.45 x 107%: 1 8. 2.4x107]
9. 3V 13. (@) 24/2:1 B 4:1 15. (i) 1.47 eV (i) 0
19. (@) 2.0 eV 24. (z) 7.24 X 10" Hz (b) 0.041 mm
25. (@)1:1  (b) 5.4 x 107} 26. 6.59 x 107 Js
32. 8:1 (i) 4:1 34. 42V
(§ ]
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REMEMBER

1. Geiger-Marsden’s o-particle Scattering Experiment

On the suggestion of Rutherford, in 1911, his two associates, H. Geiger and E. Marsden, performed
an experiment by bombarding a-particles (Helium nuclei Z = 2, A = 4) on a gold foil.

Observations:
(i) Most of the a-particles pass through the gold foil undeflected.

(i) A very small number of a-particles (1 in 8000) suffered large angle deflection; some of them
retraced their path or suffered 180° deflection.

Conclusion:

(1) Atom is hollow.

o " 0
(i1) Entire positive charge aryd .
nearly whole mass of atom is l'l
!

concentrated in a small centre

v

called nucleus of atom. T e T
’ - beam of " T
(i11) Coul?mi:r s law holds good for a-pariicles % 5\
atomic distances. S
ucleus

(zv) Negatively charged electrons

= f—
are outside the nucleus. / ’.‘ Detector
.
Impact Parameter: The f \‘r

perpendicular distance of initial
velocity vector of a-particle from
the nucleus, when the particle is far
away from the nucleus, is called the impact parameter. It is denoted by b. For head on approach
of a-particle, b = 0.

Rutherford Scattering experiment

Angle of Scattering (¢) : The angle by which a-particle is deviated from its original direction is

called angle of scattering. E E
4me, E 2
i o L b'large
where E} is the initial kinetic energy for head on approach of
alpha particle. A
Impact parameter, b= 0. : b
G
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2. Distance of Closest Approach
The smallest distance of approach of a-particle near heavy nucleus is a measure of the size of nucleus.
1 22¢°
4me, Eg
where E is kinetic energy of incident a-particle, Z = atomic number, ¢ = electronic charge.
3. Rutherford’s Atom Model

Atom consists of a central heavy nucleus containing positive charge and negatively charged electrons
circulating around the nucleus in circular orbits.

Distance of nearest approach » size ol nucleus =

Rutherford model could explain the neutrality of an atom, thermionic emission and photoelectric
effect; but it could not explain the stability of an atom and the observed line spectrum of an atom
(atomic spectrum).

4. Bohr's Model
Bohr modified Rutherford atom model to explain the line spectrum of hydrogen.
Postulates of Bohr’s Theory

charged nucleus and negatively charged electrons revolve around the

(i) Stationary Circular Orbits: An atom consists of a central positively / i\\ =
- . . . . " \
nucleus in certain orbits called stationary orbits. f \

The electrostatic coulomb force between electrons and the nucleus l @ r I‘m
provides the necessary centripetal force. \ +Ze J
w1 @0 N 4
ie,—— = Ine, —F A

where Z is the atomic number, m is the mass of electrons, r = radius of orbit.

(¢i) Quantum Condition: The stationary orbits are those in which angular momentum of electron

s ’ x < ik
is an integral muluple of ——ie.,

2
mvr=ni, n=1,2.8.
2n
Integer n is called the principal quantum number. This equation is called Bohr's quantum

condition.

(iii) Transitions: The electron does not radiate energy when in a stationary orbit. The quantum of
energy (or photon) is emitted or absorbed when an electron jumps from one stationary orbit
to the other. The frequency of emitted or absorbed photon is given by

hv = |E;-E/|
This is called Bohr's frequency condition.
Radius of Orbit and Energy of Electron in Orbit

Condition of motion of electron in circular orbit is
my® 1 (Ze)le)

= = (8
r e, 4?2
Bohr's quantum condition is
h ;s
mr =n_— (i
T "on (@)
= _ mh
v =
2rmr

Substituting this value of v in (i), we get

i nh )?= 1z
T\ 2mmr dne, o2
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2 2
ghn

This gives r =

mnZe?
Denoting radius of nth orbit by r,, we have
euf|2n2
r = - ... (i)
For hydrogen atom Z =1,
thznr‘)
)y = i

The radius of first orbit of hydrogen atom is called Bohr's radius. It is denoted by g,
2

gyl
= 4, = ——5 = 0529%10""m = 0529 &
Tme
Energy of Orbiting Electron
, 1z
" Do o BT
From equation (z), my ame, 7
o _1 . 1z’
Kinetic energy, K P dne, 2or
Potential energy, U= I - ze
ey, 4ne, r 4ne, T
p .1z 1 7
Total energy E=K+U= ane, oy 47[&07
_ 1z
= S 4ne, 2r
For nth orbit, writing E, for E, we have
S ;
n "7 4me, 2r - AR
Substituting the value of r, from (jii) in (iv), we get
2 2 4
E == 41;5 Z‘Zg BT mzzh; 2 )
0 (Eu n ) 8eyh n
mZe’
1
For convenience introducing Rydberg constant, R = % .. (v0)
i} 8eych’
The value of Rydberg constant is 1.097 x 107 m™.
We have
2
E = -Zn—‘?“ <..(vid)

For hydrogen atom Z = 1,

Energy of orbiting electron in H-atom

Rhe
E =-%
n n?
P s 18
n

Equations (i) and (vii) indicate that radii and energies of hydrogen like atoms (i.e., atoms containing
one electron only) are quantised.
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Energy Levels of Hydrogen Atom

The energy of electron in hydrogen atom (Z = 1) is given (or series of hydrogen spectrum) by

Rhe 13.6
E,=-—7F =<—5¢V;
n n
[ Continuum E > 0 I
whenn = 1, E, =-15.6eV n=oo OeV
n=7 -0.28 eV
B y 13 6 n=6 -0.38eV
whenn = 2, E,= 1 ——eV ==-3.4¢eV e o
13.6 =4 -0.85eV
whenn = 3, E3=— eV = -1.51eV L !
=3 -1.51eV
vilienin = E, = 11366 eV = ~0.85 eV " e
13.6
whenn = 5, E,=- 25 eV = -0.54 eV n=2 -3.40eV
whenn = 6, Eg=- %V——OSBEV
whenn =7, Ey= 136 V =-0.28eV
49 =i~ -13.60 eV
.................................................................. Fig. (a) Energy Level Diagram
when n = oo, E_ =- ls'ie\u’:ﬁev
(oc)

If these energies are expressed by vertical lines on proper scale, the diagram obtained is called the
energy level diagram. The energy level diagram of hydrogen atom is shown in fig. (a). Clearly the
separation between lines goes on decreasing rapidly with increase of n (i.e., order of orbit). The
series of lines of H-spectrum are shown in fig. (b).

If the total energy ol electron is above zero, the electron is free and can have any energy. Thus
there is a continuum of energy states above E = 0 eV.
6. Hydrogen Spectrum
Hydrogen emission spectrum consists of 5 series.
(i) Lyman series: This lies in ultraviolet region.
(¢) Balmer series: This lies in the visible region.
(iii) Paschen series: This lies in near infrared region.
(iv) Brackett series: This lies in mid infrared region.
(v) Pfund series: This lies in far infrared region.
Hydrogen absorption spectrum consists of only Lyman series.
Explanation of Hydrogen Spectrum: #, and n, are the quantum numbers of initial and final states and
E; and Ejare energies of electron in H-atom (Z =1) in inital and final states then we have

E = & and E, = —— Bl
! n £ nf
Energy of absorbed photon

1 1
AE = Ef_Ei=RkE(n?. e ng)

i

If v is the frequency of emitted radiation, we have from Bohr's fourth postulate

5% wlm ofv @
= h __n?__z_': -

s
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The wave number (i.e., reciprocal of wavelength) of the emitted radiation is given by

e teten(td]

neom

The relation explains successfully the origin of various lines in the spectrum of hydrogen atom.
The series of lines are obtained due to the transition of electron from various other orbits to a fixed

inner orbit.

Continuum
n =oo~—— - = o ~ QeV
n=7 -|- -0.28eV
n=6 I * =038 eV
. - - . - I <X - =0.54 eV
o ; Pfund series _0.85 eV
: Brackett series
n=3 . yYvYVvYy —1.51 eV
Paschen series
n=z—et || YYVVY -340eV
Balmer series

»

2

]

[}

g

o
n=1 -13.6eV

Fig. (b) Series of H-spectrum
(i) Lyman series: This series is produced when electron jumps from higher orbits to the first
stationary orbit (i.e., n, = 1). Thus for this series

| 1 1
v=_—= R(—Q——z) wheren; = 2, 3, 4, 5,...
A =

For longest wavelength of Lyman series n; = 2
1 I | 3R
— =R|l—-=|=2=
)
IS S
mx 3R 3x1.097 % 107

=1.215X107" m = 1215 &
For shortest wavelength of Lyman series n; = @

! =R('— L)=R

>

. 12_00

min

s %:mm =0.9116%10""m=09116 A
.097 x

This is called series limit of Lyman series Ay,;, = 911.6 A

>

Obviously the lines of Lyman series are found in ultraviolet region.

(i) Balmer series: The series is produced when an electron jumps from higher orbits 10 the
second stationary orbit (ny = 2). Thus for this series,

v= l—=R(L—1—) wheren; = 8,4, 5,6,...
A 5 n? :
For Longest wavelength of Balmer series (n; =3)
1 _fl_1)\_5R
P o

max



A = 30 38 - 6563%107m = 6563 &
5B 5% 1.097 % 107
For Shortest wavelength (or series limit) of Balmer series n; — =
A (1_ L) i
>\m1n 22 2
4 4 5
R P =
Ao =5 Lo97x (o7 ™ = 3:646% 107 m =3646 A
Obviously the lines of Balmer series are found in the visible region and first, second, third ...
lines are called H,, Hp, H,..., lines respectively.
(iii) Paschen series: This series is produced when an electron jumps from higher orbits to the third

stationary orbit (n; =3).

4

v= % = R(;—E— Lz) wheren; = 4,5,6,7,...

i

For Longest wavelength of Paschen series (n; = 4)

B e B RN, PR
D (3? 42] 144
witl A8 s S T eI K

max T 7R 7% 1.097 % 107

For Series limit of Paschen series (r; =)

1 (L L) R
= ) =g
kITlll'l S 9
LSy 9 _ i N
R = = T —— 8.204 % 107 m = 8204 A

Obviously lines of Paschen series are found in infrared region.

(iv) Brackett series: This series is produced when an electron jumps from higher orbits 1o the
fourth stationary orbit (ny=4)
—_1 1 1 .
v=_= R(———) wheren. = 5, 6,7, 8, ...
AR i
A + n
(v) Pfund series: This series is produced when an electron jumps from higher orbits to the fifth
stationary orbit (ny = 5)
—_ 1 1 1
V=X=R(?—?) wheren, = 6,7, 8, ...
The last three series are found in infrared region.
The series spectrum of hydrogen atom is represented in figure.

i

Multiple Choice Questions

Choose and write the correct option(s) in the following questions.

1. The potential energy of an electron in the second excited state in hydrogen atom is
[CBSE 2023 (55/4/1)]

@) -34eV (b) =8.02 eV
(6) -1.51¢V ) -6.8 eV
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. To explain his theory, Bohr used

(a) conservation ol linear momentum

(b) gquantsation of angular momentum

(¢) conservation of quantum

(d) none of these

. Taking the Bohr radius as a;, = 53 pm, the radius of Li** ion in its ground state, on the basis

of Bohr’s model, will be about [NCERT Exemplar]
(@) 53 pm ) 27 pm (¢) 18 pm (d) 13 pm
. The ratio of energies of the hydrogen atom in its first to second excited state is
1 1
(@) 1:4 by 4:1 (€)—4:-9 (d) =g g
. The binding energy oE a H-atom, considering an electron moving around a fixed nuclei
me

(proton), is B = 7}!2(711 = electron mass).

g2
8n" g,

If one decides to work in a frame of reference where the electron is at rest, the proton would
be moving arround it. By similar arguments, the binding energy would be
= ‘?—e:z (M = proton mass) [NCERT Exemplar]
8n"egh
This last expression is not correct because
(@) n would not be integral
(b) Bohr-quantisation applies only to electron
(¢) the frame in which the electron is at rest is not inertial
(d) the motion of the proton would not be in circular orbits, even approximately
. The simple Bohr model cannot be directly applied to calculate the energy levels of an atom
with many electrons. This is because [NCERT Exemplar]
(a) of the electrons not being subject to a central force
() of the electrons colliding with each other
(¢) of screening effects
(d) the force between the nucleus and an electron will no longer be given by Coulomb’s law
. The ratio of the speed of the electrons in the ground state of hydrogen to the speed of light in
vacuum is

(a) 1/2 (b) 2/237 (e) 1/137 (d) 1/237

. For the ground state, the electron in the H-atom has an angular momentum = #, according

to the simple Bohr model. Angular momentum is a vector and hence there will be infinitely

many orbits with the vector pointing in all possible directions. In actuality, this is not true,
[NCERT Exemplar]

(a) because Bohr model gives incorrect values of angular momentum.

(b) because only one of these would have a minimum energy.

(¢) angular momentum must be in the direction of spin of electron.

(d) because electrons go around only in horizontal orbits.

0, molecule consists of two oxygen atoms. In the molecule, nuclear force between the nuclei

of the two atoms [NCERT Exemplar]

(a) is not important because nuclear forces are short-ranged.

(b) is as important as electrostatic force for binding the two atoms.

(¢) cancels the repulsive electrostatic force between the nuclei.

(d) is not important because oxygen nucleus have equal number of neutrons and protons.
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

In the following transitions of the hydrogen atom, the one which gives an absorption line of
highest frequency is

(@ n=1ton=2 G)yn=31wn=28

€) n=2wn=1 dn=8n=3

Hydrogen atom initially in the ground state, absorbs a photon which excites it to n = 5 level.
The wavelength of the photon is [CBSE 2023 (55/1/1)]
(@) 975 nm (b) 740 nm (¢) 523 nm (d) 95 nm

Two H atoms in the ground state collide inelastically. The maximum amount by which their
combined kinetic energy is reduced is [NCERT Exemplar]
(@) 10.20 eV (b) 20.40 eV (c) 13.6eV (d) 272 eV

When an electron in an atom goes from a lower to a higher orbit, its
(a) kinetic energy (KE) increases, potential energy (PE) decreases

(b) KE increases, PE increases

(¢) KE decreases, PE increases

(d) KE decreases, PE decreases

A hydrogen atom makes a transition from n = 5 ton = 1 orbit. The wavelength of photon emitted

is A. The wavelength of photon emitted when it makes a transition from n = 5 to n = 2 orbit is
[CBSE 2023 (55/2/1)]

@ = RS © 2 @ 2

If an electron in a hydrogen atom jumps from the 3rd orbit to the 2nd orbit, it emits a photon of

wavelength A. When it jumps from the 4th orbit to the 3rd orbit, the corresponding wavelength

of the photon will be

16 9 20 20
(@ 5 (ORI © A @) T3
Hydrogen H, deuterium D, singly-ionised helium He* and doubly-ionised lithium Li** all

have one electron around the nucleus. Consider n = 2 to n = 1 transition. The wavelengths of
the emitted radiations are A, A,, A,, and A, respectively. Then approximately

(@) A =27, = 2v20; = 342h, @ A=A, =20, =3\,
(€) M =h, =4A =0, d) 4N =27, = 2N =,
The Bohr model for the spectra of a H-atom [NCERT Exemplar]

(a) will not be applicable to hydrogen in the molecular from.
(b) will not be applicable as it is for a He-atom.
(c) is valid only at room temperature.

(d) predicts continuous as well as discrete spectral lines.

4

Let E, =%% be the energy of the nth level of H-atom. If all the H-atoms are in the
8ey nh

ground state and radiation of frequency (E, - E,)/h falls on it, [NCERT Exemplar]

(@) it will not be absorbed at all.

(b) some of atoms will move Lo the [irst excited state.
(¢) all atoms will be excited to the n = 2 state.

(d) no atoms will make a transition to the n = 3 state.

If v, is the frequency of the series limit of Lyman series, v, is the frequency of the first line of

Lyman series and v is the frequency of the series limit of the Balmer series. Then = [HOTS]

(@) v=vy,=v, ®) vy +tv,=v,
L A Iie, .08 1
© vty L
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20. Which of the following statements is not correct according to Rutherford model?
[CBSE 2020 (55/1/1))
(@) Most of the space inside an atom is empty.
(b) The electrons revolve around the nucleus under the influence of coulomb force acting on them.
(¢) Most part of the mass of the atom and its positive charge are concentrated at its centre.
(d) The stability of atom was established by the model.
21. In Bohr’s model of hydrogen atom, the total energy of the electron in n'™ discrete orbit is
proportional to [CBSE 2020 (55/3/1), 2023 (55/1/1)]
@ n ®
© n? @
n
22. Paschen series of atomic spectrum of hydrogen gas lies in [CBSE 2020 (55/4/1)]
(a) Infrared region
(b) Ulraviolet region
(¢) Visible region
(d) Partly in ultraviolet and partly in visible region
23. Which state of triply ionised beryllium (Be***) has the same orbital radius as that of the
ground state of hydrogen?
@ n=1 B)yn=2
) n=3 d)yn=4
Answers
1. (b) 2. (b) 3. (0) 4. (d) 5. () 6. (@) 7. ()
8. (a) 9. (a) 10. (@) 11. ) 12. (@) 13. (o) 14. (d)
15. (¢) 16. (c) 17. @), ()  18. (). @)  19.(a) 20. (d) 21. (d)

22. (a) 23. (b)

Assertion-Reason Questions

In the following questions, a statement of Assertion (A) is followed by a statement of Reason (R). Choose the
correct answer out of the following choices.

(@)
®)
(©
@

1.

Both A and R are true and R is the correct explanation of A.
Both A and R are true but R is not the correct explanation of A.
A is true but R is false.

A is false and R is also false.

Assertion(4) : Paschen series lies in the infrared region.

Reason (R) : Paschen series corresponds to the wavelength given by % = R(%l*2 - #) , where
n=4,5,6, ..o )

Assertion(4) : The electrons have orbital angular momentum.

Reason (R) : Electrons have well-defined quantum states.

Assertion(4) : Large angle of scattering of a-particles led to the discovery of atomic nucleus.

Reason (R) : Entire positive charge of atom is concentrated in the central core.
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4. Assertion(A)

Reason (R)
5. Assertion(A4)

Reason (R)
6. Assertion(4)

Reason (R) :

7. Assertion(4)
Reason (R)

8. Assertion(A4)

Reason (R)
9. Assertion(A4)
Reason (R)

10. Assertion(A)

Reason (R) :
Answers

1. (a) 2. (h)

8. (¢) 9. (¢)

: Bohr's postulate states that the electrons in stationary orbits around the nucleus

do not radiate.
According 1o classical physics, all moving electrons radiate.

: In the Bohr model of the hydrogen, atom, v and E represent the speed of

the electron and the total energy of the electron respectively. Then w/E is
proportional to the quantum number n of the electron.

vanand Ean™
When a hydrogen atom emits a photon in transiting forn = 4 .o n = 1, its recoil
speed is about 4 m/s.

1
p - 1_9».6><(l—lﬁ)evr

L S R
1.67%10 kg x 3% 10% m/s

m M

: Electrons in the atom are held due to coulomb forces.
: The atom is stable only because the centripetal force due to Coulomb'’s law is

balanced by the centrifugal force.

: Bohr's postulate states that the statonary orbits are those for which the angular

s a . . h
momentum is some integral multiple of o

: Linear momentum of the electron in the atom is quantised.

: The total energy of an electron revolving in any stationary orbit is negative.

: Energy can have positive or negative values.

: Hydrogen atom consists of only one electron but its emission spectrum has

many lines.

Only Lyman series is found in the absorption spectrum of hydrogen atom
whereas in the emission spectrum, all the series are found.

3. (b 4. (a) 5. (c) 6. () 7. (@)
10. (b)

Case-based/Passage-based Questions

Read the passages given below and answer the questions that follow:

The Bohr Atom: Rutherford’s model of the atom, although strongly
supported by evidence for the nucleus, is inconsistent with classical
physics. An electron moving in a circular orbit round a nucleus is
accelerating and according to electromagnetic theory it should emit
radiation continuously and so lose energy. If this happened the radius of
the orbit would decrease and the electron would spiral into the nucleus.
Evidently either this model of the atom or the classical theory of radiation
requires modification.

In 1913, in an effort to overcome this paradox, Bohr, drawing inspiration

from the success

of the quantum theory in solving other problems

involving radiation and atoms, made two revolutionary suggestions.
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(2) Electrons can revolve round the nucleus only in certain ‘allowed orbits’ and while they are
in these orbits they do not emit radiation. An electron in an orbit has a definite amount of
energy. It possesses kinetic energy because of its motion and potential energy on account of
the attraction of the nucleus. Each allowed orbit is therefore associated with a certain quantity
of energy, called the ‘energy of the orbit’, which equals the total energy of an electron in it.

(b) An electron can ‘jump’ from one orbit of energy Es 1o another of lower energy E; and the
energy difference is emitted as one quantum of radiation of frequency f given by Planck’s
equation E, - E| = hf.

(i) According to Bohr’s model of hydrogen atom, an electron can revolve round a proton
indefinitely, if its path is

(a) a perfect circle of any radius (b) a circle of constantly decreasing radius
(¢) a circle of an allowed radius (d) an ellipse
(#1) In Bohr model of hydrogen atom, which of the following is quantised?
(a) Linear velocity of electron (b) Angular velocity of electron
(¢) Linear momentum of electron (d) Angular momentum of electron
(iii) For an electron in the second orbit of hydrogen, what is the moment of momentum as per
the Bohr’s model?
(@) 2nh o) mh
(¢) hin (d) 2h/n
OR
An electron orbiting in H atom has energy level -3.4 eV. Its angular momentum will be
@ 2.1 x 107 s ) 2.1 x 1072 Js
() 4x 10720 Js d) 4 x 107 s
(iv) The Bohr’s model is applicable to which kind of atoms?
(2) Having one electron only (b) Having two electrons
(¢) Having eight electrons (d) Having more than eight electrons
Explanations

(i) (¢) In Bohr's model of hydrogen atom, an electron can revolve around nucleus only in a
circle of allowed radius.

(i) (d) In Bohr model of hydrogen atom, angular momentum of electron is quantised.
(iii) (c) In second orbit of hydrogen, n = 2

_ofh\_A
L—2(2n)—ﬂ
OR

(@) The electron revolving in second orbit (n = 2) has energy equal to -3.4 eV. Therefore,
its angular momentum is
6x107%
L:Q(i):% _ 66x10%s
" 29/7
(fv) (a) Bohr's model is applicable to hydrogen - like speciesi.e., atoms having one electron only.
Such species are also called hydrogen like species.

CONCEPTUAL QUESTIONS

Q. 1. Write the expression for Bohr’s radius in hydrogen atom. [CBSE Delhi 2010]
2

=900 107 s

£
Ans. Bohr's radius, r, = g = 0.529x10™°m
TUne



Ans.

Q.3.

Ans.

Ans.

Q.5.

Ans,

Q.6.

Ans.

In the Rutherford scattering experiment the distance of closest approach for an a-particle is
dy. If a-particle is replaced by a proton, how much kinetic energy in comparison to a-particle

will it require to have the same distance of closest approach d;? [CBSE (F) 2009]
L = 41;80 % (for a-particle, g = 2¢)

E = 4;50 (ng):e) (for proton, g = &)

1 - 5=

That is KE of proton must be half on comparison with KE of a-particle.
What is the ratio of radii of the orbits corresponding to first excited state and ground state in

a hydrogen atom? [CBSE Delhi 2010]
g, h*n’
A= T an
Tme

For 1" excited state, n = 2
For ground state, n = 1

i A
¥,

1

Find the ratio of energies of photons produced due to transition of an electron of hydrogen
atom from its:

(i) second permitted energy level to the first level, and
(ii) the highest permitted energy level to the first permitted level. [CBSE (AI) 2010]

(L _L)_3
E,—Rh{ 12—2? —ZR}%L‘

E
’ -
Ratio, E, =q
State Bohr’s quantisation condition for defining stationary orbits. [CBSE (F) 2010]
Quantum Condition: The stationary orbits are those in which angular momentum of electron is

an integral multiple of & té,

2n

m-u'r=ﬂi i 7 |
2n
Integer n is called the principal quantum number. This equation is called Bohr's quantum
condition.
The radius of innermost electron orbit of a hydrogen atom is 5.1 x 107" m. What is the radius
of orbit in the second excited state? [CBSE Delhi 2010]
In ground state, n = 1

In second excited state, n = 3

As r, «n?
5 (3¢
=) —?

ry=0r,=9x51x 10" m=459 x10""m
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Q.7

Ans.

Q.8.

Ans.
Q.9.

Ans.
Q. 10.

Ans,

What is the value of angular momentum of electron in the second orbit of Bohr’s model of
hydrogen atom? [CBSE Sample Paper 2021]

According to Bohr,

3 s nh
The angular momentum of an orbiting electron = o

Here,n = 2

2xh _ &
o W

When an electron falls from a higher energy to a lower energy level, the difference in the
energies appears in the form of electromagnetic radiation. Why cannot it be emitted as other
forms of energy? [NCERT Exemplar] [HOTS]

This is because electrons interact only electromagnetically.

Angular momentum =

Would the Bohr formula for the H-atom remain unchanged if proton had a charge (+4/3)e and

electron had a charge (-3/4)e, wheree = 1.6 X 107'° C2 Give reasons for your answer.
[NCERT Exemplar] [HOTS)

Yes, since the Bohr formula involves only the product of the charges.

Consider two different hydrogen atoms. The electron in each atom is in an excited state. Is it

possible for the electrons to have different energies but the same orbital angular momentum

according to the Bohr model? [NCERT Exemplar] [HOTS)
No, because according 1o Bohr model, E = —@, and electrons having different energies
n
belong to different levels having different values of n. So, their angular momenta will be different,
as mur = i
U e~

Very Short Answer Questions

Each of the following questions are of 2 marks.

Q.1

Ans.

Ans.

Define the distance of closest approach. An a-particle of kinetic energy ‘K’ is bombarded on a
thin gold foil. The distance of the closest approach is ‘r’. What will be the distance of closest
approach for an a-particle of double the kinetic energy? Nucleus

[CBSE Delhi 2017, 2022 (55/1/1), Term-2]

Distance of closest approach is the distance of charged et
particle from the centre of the nucleus, at which the
entire initial kinetic energy of the charged particles gets i T
converted into the electric potential energy of the system. + e 4
Distance of closest approach (r,) is given by \ i i £
12z ,
7 y !
ine, K !
s, T, i
If 'K’ is doubled, r, becomes 2. i
o
2 <>

Consider two different hydrogen atoms. The electron in each atom is in an excited state. Is
it possible for the electrons to have different energies but same orbital angular momentum
according to the Bohr model? Justify your answer. [CBSE Sample Paper 2022, Term-2]

No
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Because according to Bohr's model,
13.6

n = — — 5 and electrons having different energies belong to different levels having different
n
values of n.
So, their angular momenta will be different, as
Fymom—
=mor = oo

Q. 3. Define ionization energy. How would the ionization energy change when electron in hydrogen
atom is replaced by a particle of mass 200 times than that of the electron but having the same
charge? [CBSE Central 2016]

Ans. The minimum energy required to free the electron from the ground state of the hydrogen atom
is known as ionization energy.

~ met
07 g2’

Therefore, ionization energy will become 200 times.

ie.,Eycm

Q. 4. Draw the graph showing the variation of the number (N) of scattered alpha particles with
scattering angle () in Geiger - Marsden experiment. Infer two conclusions from the graph.
[CBSE 2022 (55/1/1), Term-2]
Ans. Graph:

107

108
10° \\. ]

10¢
108
TN
102 ]
\

10!

b—e

Number of scattered particles (N)

10

0 20 40 60 80 100 120 140 160 180
Scattering angle 8 (in degree)

(Give full credit if axis are marked and values are not given)
Conclusions
¢ Most of the alpha particles pass undeviated through the gold foil.
¢ A few alpha particles, get deflected through 90° or more.
¢ Only about 0.14% of the incident alpha particles are reflected by large angle. %+ %
¢ A very few alpha particles retrace their path.

(Any other two conclusions) [CBSE Marking Scheme 2022 (55/1/1), Term-2]

Q. 5. The ground state energy of hydrogen atom is —13.6 eV. What is the potential energy and
kinetic energy of an electron in the third excited state? [CBSE 2023 (55/1/1)]

Ans. For ground state, Energy (E) = -13.6 ¢V

For third excited state, n = 4,
-136 -136
Ej=—7—= ==-0.85eV
4 n? 47
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K.E =-E = (- 0.85) = 0.85 eV
and PE=-2KE=-2x085=-17€V.

Q. 6. Use Bohr’s model of hydrogen atom to obtain the relationship between the angular momentum
and the magnetic moment of the revolving electron. [CBSE 2020 (55/5/1)]

Ans. According to Bohr's model,

L= Angular momentum = mur =

2n
p = Magnetic moment = current X area of the orbit 4
lelxw e for [ ev
= —% =— = — 1
o <™ "3 2 t
Now, L _mkl w
v elor el
lel
il 1
= om 5 A

[CBSE Marking Scheme 2020 (55/5/1)]
Q. 7. Whenis H_line in the emission spectrum of hydrogen atom obtained? Calculate the frequency
of the photon emitted during this transition. [CBSE North 2016]

Ans. The line with the longest wavelength of the Balmer series is called H,,.

1 1 1
—= Rl =
A (22 ng)
where A = wavelength
R =1.097x10" m™ (Rydberg constant)

When the electron jumps from the orbit withn = 310n = 2,

We have

1 1 1 1 b
xorp-w) 0 xTset
The frequency of photon emitted is given by

c 5

= ey S
v N ¢ fa'ﬁR

=3x mBX;—ﬁx 1.097 X 10" Hz

=4.57 x 10'* Hz

Q. 8. Adifference of 2.3 eV separates two energy levels in an atom. What is the frequency of radiation
emitted when the atom makes transition from the upper level to the lower level?  [NCERT)

Ans. According to Bohr's postulate
E\-Ey;=hv
. Frequency of emitted radiation
h h
2.3x1.6x 107"

= = 555x10" Hz
6.63 X 107]—s



Q. 9. A hydrogen atom is in its third excited state.
() How many spectral lines can he emitted by it before coming to the ground state? Show
these transitions in the energy level diagram.
(b) In which of the above transitions will the spectral line of shortest, wavelength be emitted?
[CBSE 2020 (55/3/1)]
Ans. (a) For third excited state,n = 4

For ground state, n=1

Hence, the possible transitions are
n; = 4lonf =5,2,1
m=3won =21
m=2w0n =1
Total number of transitions = 6, as shown in figure.

(b) The shortest wavelength corresponds to the transition when ¢~ jumps fromn = 4107 = 1.
. 10. The energy levels of an atom are given below in the diagram.
TEY g g

eV l
A

-leV

-JeV

b Y

-0 eV

Which of the transitions belong to Lyman and Balmer series? Calculate the ratio of the shortest
wavelengths of the Lyman and the Balmer series of the spectra.
[CBSE Chennai 2015, CBSE 2019 (55/2/3)]
Ans. Transition C and E belong to Lyman series.
Reason: In Lyman series, the electron jumps to lowest energy level from any higher energy levels.
Transition B and D belong to Balmer series.

Reason: The electron jumps from any higher energy level 1o the level just above the ground
energy level.

The wavelength associated with the transition is given by

_ e
}\_AE
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Q.11.

Ans.

Ans.

Q.13.

Ans.

Ratio of the shortest wavelength

he  he
Ak = -
L*%8 T AE, 'AE,

e 1— . —1 = .

=0-10)° 0-¢3) 10
Using Bohr’s atomic model, derive the expression for the radius of n™ orbit of the revolving
electron in a hydrogen atom. [CBSE 2020 (55/1/1), 2023 (55/3/1)]
Centripetal force required by electron to revolve = Electrostatic atraction of nucleus and electron

F.=F;
muy (1 \(Ze)(e) ,

= 7~ \4ne, 2 (m = mass of electron)

2 & ’ : ;
= mut, = e, [.. Z =1 for H-atom] f2)
According to Bohr's second postulate,

Angular momentum of electron, L = my 1 = gfi ...(it)
y nh
From () v, = Smr,

From (i), we have

nh 27 gE
= "™\ 2mmr, | T ane,

A photon emitted during the de-excitation of electron from a state n to the first excited state
in a hydrogen atom, irradiates a metallic cathode of work function 2 eV, in a photo cell, with a
stopping potential of 0.55 V. Obtain the value of the quantum number of the state n.
[CBSE 2019 (55/2/1)]
From photoclectric equation,
hv = by + eV,
=2+ 0.55=255eV

Given, E.= - 13_26
n

The energy difference, AE = - 3.4 (- 2.55) eV = —0.85 eV
13.6
nz
5 n=4
The energy of hydrogen atom in an orbit is —1.51 eV. What are kinetic and potential energies
of the electron in this orbit? [CBSE 2022 (55/3/3), Term-2]

=-0.85

Phom _ Roh's '{J&Qkum}tf/'rz,o;e hove. .. Ak
hve &

Ko — mi? 15t pocwlare]
S, ST - \
e quicel

Lentmiedtal Eowe
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Q. 14. The trajectories, traced by different a-particles, in Geiger-Marsden experiment were observed
as shown in the figure. [CBSE 2020 (55/2/1)]

Target nucleus
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Ans.

Q. 15.
Ans.

Ans.

Q.17.

Ans.

(a) What names are given to the symbols ‘b’ and ‘0’ shown here?

(b) What can we say about the values of b for (i) 0 = 0° (if) 6 = n radians?

(2) The symbol ‘4’ represents impact parameter and ‘0’ represents the scattering angle.

(5 (i) When 8 =0°, the impact parameter will be maximum and represent the atomic size.

(1) When 6 =7 radians, the impact parameter ‘6° will be minimum and represent the nuclear

size.

Which is easier to remove: orbital electron from an atom or a nucleon from a nucleus? [HOTS]
It is easier to remove an orbital electron from an atom. The reason is the binding energy of
orbital electron is a few electron-volts while that of nucleon in a nucleus is quite large (nearly
8 MeV). This means that the removal of an orbital electron requires few electron volt energy
while the removal of a nucleon from a nucleus requires nearly 8 MeV energy.
Write shortcomings of Rutherford atomic model. Explain how these were overcome by the
postulates of Bohr’s atomic model. [CBSE 2020 (55/5/1)]
Two important limitations of Rutherford model are:

(i) According to Rutherford model, electron orbiting around the nucleus, continuously radiates
energy due to the acceleration; hence the atom will not remain stable.

(i) As electron spirals inwards; its angular velocity and frequency change continuously, therefore
it should emit a continuous spectrum.

But an atom like hydrogen always emits a discrete line spectrum.
Bohr's postulates overcome these limitatons by:

(i) Bohr stated that negatively charged electrons revolve around positively charged nucleus
in certain orbits called stationary orbits. The electrons does not radiate energy when in
stationary orbits.

(i) The quantum of energy is released or absorbed when an electron jumps from one stationary
orbit to another.

Find the ratio of the longest and the shortest wavelengths amongst the spectral lines of Balmer

series in the spectrum of hydrogen atom. [CBSE 2020 (55/4/1)]
For shortest wave length,
1 1 1
e
7\5 (29 00)
Al

S D) Ve

s
For longest wave length,
1

—) (i) e

e 1
1 (E) :
(&) s
A
TL=% = Ay ihg =05 Ve
s [CBSE Marking Scheme 2020 (55/4/1))



Short Answer Questions

Each of the following questions are of 3 marks.
Q. 1. (i) State Bohr postulate of hydrogen atom that gives the relationship for the frequency of
emitted photon in a transition.

(i) An electron jumps from fourth to first orbit in an atom. How many maximum number of spectral
lines can be emitted by the atom? To which series these lines correspond? [CBSE (F) 2016]

Ans. (i) Bohr’s third postulate: [t states that an electron might make a transition from one of its
specified non-radiating orbits to another of lower energy. When it does so, a photon is
emitted having energy equal to the energy difference between the initial and final states.
The frequency of the emitted photon is given by

hv = E;-E,
where E; and Ejare the energies of the initial and final states and E; > E.
(i) Electron jumps from fourth to first orbit in an atom
Maximum number of spectral lines can be

4! 4x3
4 =i =
G = 91 g 9
In diagram, possible way in which electron can jump (above).

n=4

—

l Paschen Series =~
=t n=2

l Balmer Series

n=1

Lyr;a?S.;ies
The line responds to Lyman series (¢7 jumps to 1* orbit), Balmer series (¢7 jumps to ghd
orbit), Paschen series (¢~ jumps Lo 3" orbit).
Q. 2. Calculate the de-Broglie wavelength associated with the electron revolving in the first excited
state of hydrogen atom. The ground state energy of the hydrogen atom is -13.6 eV.

[CBSE 2020 (55/5/1)]

Ans. Energy of the electron in the first excited state,

13.
= S—EGev =34eV =-34x16x 107" =544 x 107" Y+
Associated kinetic energy = - E| Ye
K =544 x 107" 4
. de-Broglie wavelength, & = h/p
—34
ae b _ 6.63%10 - %
2mK  (2x9.1x107 x5.44 107194
_ _ 663x107
(99.008)7% x 1072

=~ 0.663 x 10 m = 0.663 nm = 6.63 A ¥

[CBSE Marking Scheme 2020 (55/5/1)]
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Q. 3. The energy levels of an atom of element X are shown in the diagram. Which one of the level
transitions will result in the emission of photons of wavelength 620 nm? Support your answer

with mathematical calculations. [CBSE Sample Question Paper 2018]
0 A B c
—1ev 2] E
-3eV Y
-10ev v Ground state
: he
Ans. Eergy of Photon, E = N
_ 6.6x107x3x%x10°
620 %107
2 309 %y
3.2x107"°
= = 2eV
1.6 %10

This corresponds to the transition ‘D'. Hence level transition D will result in emission of

wavelength 620 nm.

Q.4. The energy level diagram of an element is given below. Identify, by doing necessary
calculations, which transition corresponds to the emission of a spectral line of wavelength

102.7 nm.

1 -0.85eV
- : —15eV
B c
¥ y _34eV
|o
s —136eV

he _ 6.6x 107 x 3 x 10°

Ans. We have, AE = 5
A 102.7 x 107

1
6.6 x10*x3x10? ’
102.7x 107 x 1.6 x 1071°
_ 66x3000
1027 % 16

=12.04eV

Now, AE =|-13.6 - (-1.50)]

=12.1eV

Hence, transition shown by arrow D corresponds to emission of A = 102.7 nm.

[CBSE Delhi 2008]
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Q.5.

Ans.

Ans.

Ans.

Determine the distance of closest approach when an alpha particle of kinetic energy 4.5 MeV
strikes a nucleus of Z = 80, stops and reverses its direction. [CBSE Ajmer 2015]

Let r be the centre to centre distance between the alpha particle and the nucleus (Z = 80). When
the alpha particle is at the stopping point, then

__1 (Ze)(2e)
4ne, 3
1 27
o T ame, K
_9x10°%2x8067 9% 10°X2xB0X (1.6 107"%?
4.5MeV 45%x10°%1.6% 10719
_9x160%16

% 10-16 = % 10-16
a5 10 512x107"m
=512 X 10 m
Derive an expression for the frequency of radiation emitted when a hydrogen atom de-excites
from level n to level (n — 1). Also show that for large values of n, this frequency equals to
classical frequency of revolution of an electron. [CBSE Sample Paper 2022, Term—2]

From Bohr's theory, the frequency f of the radiation emitted when an electron de - excites from
level ny 1o level n; is given as

_ onmh?Z%e*
f_ i3
Givenn; =n — 1, n, = n, derivation of it
= ertmk’z%* (2n-1)
i (n-1)"n

Forlargen,2n — 1 =2n,n — 1l =nand Z = 1.

4 mk’e*
Thus, f=—"—F%-—
n'h
which is same as orbital frequency of electron in 2" orbit.
v anmket

/= 2mr n3h?

The ground state energy of hydrogen atom is — 13.6 eV. If an electron makes a transition from
an energy level - 1.51 eV to — 3.4 eV, calculate the wavelength of the spectral line emitted and

name the series of hydrogen spectrum to which it belongs. [CBSE (AI) 2017]
Fl = —13:g eV
E.= —\*5lea\/
[

F§'= —3e4 eV

{"hnnndr cth Pnr\;fqﬁrj»‘ r{‘-—l.— T —joRleV="3-d4cV

TRedeN—*Gle\

— = T loBeN
—
b= f.g0ev 1
il -
1'\,5 = 1-89% 1 Axi0 qi
S -k -
Ax b - 6 a6 x10 ke 10% mE ks

) 89xl 6x107T  1:8ax1-6x 15T wgmiS*

456 Xam idea Physics—XII
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500 &g %> %o B! °;
"‘_LLE e |
13:908 % t’é'ge M i t :_ P
& 3:084%10 o
== ELLT Ty —
=6'B585x 10 e e o)

& belongs Lo vuchc, {9 ar::c].bmcr:.___ 1
4 belomgs €o Eal:pﬁ' seades of -bfcdd.qo SEEEEE|

o_LQum o
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100 MY

[Topper A-Anszuer 2017]

Q. 8. A hydrogen atom initially in its ground state absorbs a photon and is in the excited state with

Ans.

Q.9.

Ans,

energy 12.5 eV. Calculate the longest wavelength of the radiation emitted and identify the
series to which it belongs.
[Take Rydberg constant R = 1.1 X 10° m™] [CBSE East 2016)]
Letn; and ngare the quantum numbers of initial and final states, then we have
1 1 1
]
The energy of the incident photon = 12.5 eV.
Energy of ground state = -13.6 eV
~. Energy after absorption of photon can be -1.1 eV.

This means that electron can go to the excited state n; =3. It emits photon of maximum
wavelength on going Lo n, =2, therefore,

1 .
— =1 -—IR
A {22 39}
-y B 36
== BR T sRLIxI0’
It belongs to Balmer Series.
A 12.5 eV electron beam is used to excite a gaseous hydrogen atom at room temperature.
Determine the wavelengths and the corresponding series of the lines emitted.[CBSE (4I) 2017]
It is given that the energy of the electron beam used to bombard gascous hydrogen at room
temperature is 12.5 eV.
Also, the energy of the gaseous hydrogen in its ground state at room temperature is -13.6 eV.

=6.545 X 107 m = 6545 A

When gaseous hydrogen is bombarded with an electron beam, the energy of the gaseous
hydrogen becomes —13.6 + 12.5 eV = 1.1 eV.
Orbital energy related o orbit level (n) is

_-136 o
(m)?
Forn =3,
= _13:3 s
3 9
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This energy is approximately equal to the energy of gaseous hydrogen.
This implies that the electron has jumped fromn = 1 ton = 3 level.

During its de-excitation, electrons can jump from n = 3 to n = 1 directly, which forms a line of
the Lyman series of the hydrogen spectrum.

Relation for wave number for the Lyman series is

1 1 1
| Pt
A [12 nQ:l

For first member n = 3

1 R[L_L]:RF_L]
Ay 12 (32 1 9

Ai =1.097 %107 [E} (where Rydberg constant R = 1.097 x 107 m™)
9
1

%:1.097x107x§:> A, =1.025x107 m

Forn = 2,
Looplb. bl it L
?\g_Rllg (2)21 RII 4]
1

Al
—=1.097x107[—l
Ao 4

L j007x107x32 =  hy=1215x10"m
A 4

Relation for wave number for the Balmer series is

1 L, 4
S oanl A S
A ‘:2'i n?]

For first member,n = 3

1 1 1 1 1
— =R|—-—|=1.097x107" x| ———
s [2? %} [4 9]

= Xy =6.56 X 107 m

Q. 10. Obtain the first Bohr’s radius and the ground state energy of a muonic hydrogen atom, i.e., an
atom where the electron is replaced by a negatively charged muon (1) of mass about 207 m,
that orbits around a proton.
(Given for hydrogen atom, radius of first orbit and ground state energy are 0.53 X 107! m and

- 13.6 eV respectively) [CBSE 2019 (55/5/1)]
Ans. In Bohr's Model of hydrogen atom the radius of nth orbit is given by
2,2
nh 5
T, = M [for H-atom, Z = 1]
ry cxm—e (on=1)
Similarly,
X
T, & m,
T _m 1 1 0.53x107"° 13
Tg=m“=ﬁ = Tu=2077r,=T=2.56X10 m
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Q.11

Ans.

Energy of electron in nth orbit,

2.4
En=-2—’"§? = E, am (m=1)
8E h"n
E m
“ B
and E, =m = 207
E,=207TE, =-207 x 13.6eV
=-2.8 keV
A hydrogen atom initially in the ground state absorbs a photon, which excites it to the n=4
level. Determine the wavelength and frequency of photon. [NCERT]
The energy levels of H-atom are given by E, = _R—};E
n

For given transition n,=1, ny=4

Rhe Rhe
El = - EQ = —4—9

ok

Energy of absorbed photen
AE=E,-F, =Rhc(i ! )

r &
or AE = ERhc
16
Wavelength of absorbed photon A is given by
B
jie = ER.fn: = k= A8
A 16 15R
or A= *_‘,m =9.72x10%m
15%1.097 X 10
¢ 3% 10% i
Frequency, y=r—=——"—""—=309X%X10"Hz
T A 972x10™

Long Answer Questions

Each of the following questions are of 5 marks.

Q.1

Ans.

Draw a schematic arrangement of Geiger-Marsden experiment for studying a-particle scattering

by a thin foil of gold. Describe briefly, by drawing trajectories of the scattered a-particles. How

this study can be used to estimate the size of the nucleus? [CBSE Delhi 20101

OR

Describe Geiger-Marsden experiment. What are its observations and conclusions?

At the suggestion of Rutherford, in 1911, H. Geiger, and E. Marsden performed an important

experiment called Geiger-Marsden experiment (or Rutherford’s scattering experiment). It

consists of

1. Source of a-particles: The radioactive source polonium emits high energetic alpha (o)

particles. Therefore, polonium is used as a source of a-particles. This source is placed in an
enclosure containing a hole and a few slits 4|, 4,, ..., etc., placed in front of the hole. This
arrangement provides a fine beam of a-particles.
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2. Thin gold feil: It is a gold foil of thickness nearly 1078 m, a-particles are scattered by this foil.
The foil taken is thin 1o avoid multiple scattering of a-particles, i.e., 1o ensure that a-particle
be deflected by a single collision with a gold atom.

3. Scintillation counter: By this the number of a-particles scattered in a given direction may
be counted. The entire apparatus is placed in a vacuum chamber to prevent any energy loss
of a-particles due to their collisions with air molecules.

Method: When a-particle beam falls on gold foil, the a-particles are scattered due to collision
with gold atoms. This scattering takes place in all possible directions. The number of a-particles
scattered in any direction is counted by scintillation counter.
Observations and Conclusions

(1) Most of a-particles pass through
the gold foil undeflected. This

g : » 4 - Zns
implies that “most part of the atom \ v 4 Screen
is hollow.” 1 b
2 ; v »
(it) a-particles are scattered through o
all angles. Some a-particles (nearly  incident . = \
ol J x beam of | ++ \
1 in 2000), suffer scattermtg rariides . — [ ‘Q"o"' |
through angles more than 90°, : : L S Nucieus f
while a still smaller number (nearly P
1 in 8000) retrace their path. This ‘,i oy IDeteclor
implies that when fast moving ,/ PN \\
positively charged a-particles come ¥ ¥

near gold-atom, then a few of them

experience such a strong repulsive

force that they turn back. Onthis basis Rutherford concluded

that whole of positive charge of atom is concentrated in a ®
small central core, called the nucleus.

The distance of closest approach of a-particle gives the
estimate of nuclear size. If Ze is charge of nucleus, E,~kinetic
energy of a particle, 2e—charge on a-particle, the size of
nucleus r is given by

sz L (Ze) (2¢) __1 27
Eoo4me, - T 4ne, E,

Calculations show that the size of nucleus is of the order of 10~'* m, while size of atom is of

-14
the order of 107'°m; therefore the size of nucleus is about 10 i - . times the size of atom.
10~ 10,000
(iii) The negative charges (electrons) do not influence the scattering process. This implies that
nearly whole mass of atom is concentrated in nucleus.

Q. 2. Using the postulates of Bohr's model of hydrogen atom, obtain an expression for the frequency of
radiation emitted when atom make a transition from the higher energy state with quantum number
n; to the lower energy state with quantum number ne (rzf <n;). [CBSE (Al) 2013, (F) 2012, 2011]

OR
Using Bohr’s postulates, obtain the expression for the total energy of the electron in the
stationary states of the hydrogen atom. Hence draw the energy level diagram showing how the
line spectra corresponding to Balmer series occur due to transition between energy levels.
[CBSE Delhi 2013, Guwahati 2015)

OR
Using Rutherford model of the atom, derive the expression for the total energy of the
electron in hydrogen atom. What is the significance of total negative energy possessed by the
electron? [CBSE (AI) 2014)
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Ans. Suppose m be the mass of an electron and v be its speed in nth orbit of radius r. The centripetal
force for revolution is produced by electrostatic attraction between electron and nucleus.

my” 1 (Za0)

= e, o [from Rutherford model] L..(1)
s__1 2o
or, mv 41(EO_T
e ik g 1 EP
So, Kinetic energy [K] = gmv = ane, o
Potential energy = 1 et = 1Lz
8 " ane, 7 Tame, T
: 1z 1 Ze? 1z
= = F{= = _
Total energy, E =KE + PE ane, 2 ( ane, 7 ) ame, 2r
2
Pordiobeg K et EF ..(if)

n "~ T dme, 2r
Negative sign indicates that the electron remains bound with the nucleus (or electron-nucleus
form an attractive system)
From Bohr's postulate for quantization of angular momentum
_nh _ nh
™% T VT onmr
Substituting this value of v in equation (i), we get

% 9
m[_nh ]2_ 1 Ze 5 r_Enhn
T | 2mmr 4me, 2 TmZe>
9 9
or, 7, = 5l
: " mmZe? s
goh

For Bohr's radius, n = 1, i.e., for K shell r, = =

Substituting value of 7, in equation (i), we get

E = 1 Zé = mZ2e*
T dAmg, (Enhﬂnﬂ) 8eth™n’
mZe®
2 4
or, E. = x - ‘?w, where R = n;e g
n 8g, ch’

R is called Rydberg constant.

—Rhe
52

For hydrogen atom Z=1, E =

If n; and ny are the quantum numbers of initial and final states and E; & E; are energies of
electron in H-atom in initial and final state, we have

E= _—Rin: and Ef = -Rgh
n; ny
If v is the frequency of emitted radiation, we get
B -Re [-Re
v = = v=—F=|—7%] = v=ER|S5-—=
h n? ns nZ n?
i fi f i

For Balmer series ny=2, whilen; = 3,4, 5, .
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Q. 3. Derive the expression for the magnetic field at the site of a point nucleus in a hydrogen atom

due to the circular motion of the electron. Assume that the atom is in its ground state and give

the answer in terms of fundamental constants. [CBSE Sample Paper 2016]

Ans. To keep the electron in its orbit, the centripetal force on the electron must be equal 1o the
electrostatic force of attraction. Therelore,

m?_ 1 2

P —) (For H atom, Z = 1) -.(t)
or

From Bohr's quantisation condition

_ nh h
mr=_—— =

on Y (For K shell, n=1) ()]
From (z) and (if), we have
M oo
T\ 2mmr 4me, 2
m_ W 1 & thz
T 4w 4me, 42 il nme® ()
h X mme” e

From (i1) and (iit), we get, v = ——— =
(i) and (i), we g i

I
Magnetic field at the centre of a circular loop, B = %
ev Charge onr
=22 ol = s 20
onr Time and Time
Hev woer i
So, = RO m X8
From (i), (iii) (iv), we have
poee wme? woe Tm?
= 2,8 & 3,5
2e.h X 4 X ggh 8ey'h

Questions for Practice

1. Choose and write the correct option in the following questions.
(i) As per Bohr model, the minimum energy (in €V) required to remove an electron from the
ground state of doubly-ionised Li atom (Z = 3) is

(2) 1.51 () 13.6 () 40.8 ) 1224
(i) The ratio of kinetic energy to the total energy of an electron in a Bohr orbit of the hydrogen
atom, is
(@) 1:1 G)1:-1 () 2:-1 d) 1:-2
(i) The ratio of maximum frequency and minimum frequency of light emitted in Balmer series
of hydrogen spectrum, in Bohr’s model is [CBSE 2023 (55/3/1)]
@ 4 3 @ @ 2
(7v) In which region of the electromagnetic spectrum does the Lyman series of hydrogen lie?
(@) Ultraviolet (&) Infra-red (¢) Visible (d) X-ray

(v) What is the relation between orbit radius ' and orbit number ‘n’ of electron in an atom
according to Bohr's theory?

(@) rocn™ byren (¢) recn™ (d) ron’
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2.

10.

11.

12.

13.

14.

15.
16.

In the following questions, a statement of Assertion (A) is followed by a statement of Reason (R).
Choose the correct answer out of the following choices.

(a) Both A and R are true and R is the correct explanation of A.
(b) Both A and R are true but R is not the correct explanation of A.
(c) A is true but R is false.

(d) A is false and R is also false.

Assertion (4) : Hydrogen atom consists of only one electron but its emission spectrum has
many lines.
Reason (R) : Only Lyman series is found in the absorption spectrum of hydrogen atom
whereas in the emission spectrum, all the series are found.
When electren in hydrogen atom jumps from energy state n; =4 to np =3, 2, 1, identify the
spectral series to which the emission lines belong.

The energy of electron in nth orbit of H-atom is £ = — 15'26 eV. What is the energy required for
transition from ground state to first excited state? "
Define ionisation energy. What is its value for a hydrogen atom? [CBSE 2023 (55/2/1)]

A hydrogen atom inidally in the ground state absorbs a photon which excites it to the
n = 4 level. Estimate the frequency of the photon.
(1) Define the terms : ‘impact parameter’ and distance of closest approach for an a-particle in
Geiger-Marsden scattering experiment.
(it) What will be the value of the impact parameter for scattering angle (a) 8 = 0° (b)) 6 = 180°?
[CBSE 2022 (55/2/1), Term-2]
Draw graph to show the variation of the number of scattered particlea s detected (N) in Geiger-
Marsden experiment as a function of scattering angle (8). [CBSE 2023 (55/3/1)]
The ground state energy of hydrogen atom is - 13.6 eV. If' an electron makes a transition from
an energy level — 0.85 eV 1o -3.4 eV, calculate the wavelength of the spectral line emitted. To
which series of hydrogen spectrum does this wavelength belong?
Derive an expression for the frequency of radiation emitted when a hydrogen atom de-excites
from level n to level (n - 1). Also show that for large values of n, this frequency equals to classical
frequency of revolution of an electron. [CBSE Sample Paper 2021]
Suppose you are given a chance to repeat the alpha particle scattering experiment using a thin
sheet of solid hydrogen in place of gold foil (hydrogen is a solid at temperature below 14 K).
What results do you expect? [NCERT)]
The ground state energy of hydrogen atom is —13.6 eV. What is the kinetic and potential energies of
the electron in the ground and second excited state? [CBSE (4I) 2010, 2011, Bhubaneshwar 2015]
The radius of innermost orbit of a hydrogen atom is 5.3 107" m. What are the radii of =2 and
n=3 orbits? [NCERT]
In accordance with Bohr's model, find the quantum number, that characterises the earth’s revolution
around the sun in an orbit of radius 1.5 % 10'" m with orbital speed 3 X 10* mys. [NCERT]
(Mass of earth = 6.0 x 10 kg)

Write two important limitations of Rutherford nuclear model of the atom. [CBSE Delhi 2017]

Find out the wavelength of the electron orbiting in the ground state of hydrogen atom.
[CBSE Delhi 2017)



L i

In an experiment on a-(particles) scauering by a thin foil of gold, draw a plot showing the number
of particles scattered versus the scattering angle 6.

Why is it that a very small fraction of the particles are scattered at 8 > 90°? [CBSE (F) 2013]
108
106

104

o parlicles

No. of scallered
=)
o
h

=3
Jl
|

T T T T
45" 90" 135° 180°
Scattering angle ———

18. A hydrogen atom in the ground state is excited by an electron beam of 12.5 eV energy. Find out the
maximum number of lines emitted by the atom from its excited state. [CBSE 2019 (55/2/1)]
19. A 125 eV electron beam is used to excite a gaseous hydrogen atom at room temperature.
Determine the wavelengths and the corresponding series of the lines emitted.
20. The spectrum of a star in the visible and the ultraviolet region was observed and the wavelength
of some of the lines that could be identified were found to be:
824 4,970 4, 1120 A, 2504 A, 5173 &, 6100 A
Which of these lines cannot belong to hydrogen atom spectrum? (Given Rydberg constant
R = 1.03x10" m™ and % =070 A). Support your answer with suitable calculations.
21. State Bohr's postulate 1o explain stable orbits in a hydrogen atom. Prove that the speed with
which the electron revolves in nth orbit is proportional to (1/»). [CBSE 2022 (55/3/1), Term-2]
22. Given the ground state energy E; = —13.6 eV and Bohr radius g, = 0.53 A. Find out how the
de Broglie wavelength associated with the electron orbiting in the ground state would change
when it jumps into the first excited state.
23. A 123 eV electron beam is used to bombard gaseous hydrogen at room temperature. Upto
which energy level the hydrogen atoms would be excited?
Calculate the wavelengths of the second member of Lyman series and second member of Balmer
series. [CBSE Delhi 2014]
24. The short wavelength limit for the Lyman series of the hydrogen spectrum is 913.4 A. Calculate
the short wavelength limit for Balmer series of the hydrogen spectrum. [CBSE (Al) 2017]
Answers
L @)@ @) () @) (b) () (a) @) @)
2. (@) 4.102eV  6.3.646 x 107 m
9. 4853 A 11. 24 MeV 12, 13.6 ¢V, -27.2 ¢V [Forn = 1], 1.51eV, -3.02 ¢V [Forn = 3]
13. 2.12 x 107'%m, 4.77 x 107%m,
14. 2.57 x 107 16.3324 18. 3 19. 6.54 X 107'm
23. n = 3, 102.5 nm, 486 nm. 24. 3653.6 A
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@ Nuclei

POINTS TO

REMEMBER

1. Composition of Nucleus
The atom consists of central nucleus, containing entire positive charge and almost entire mass.
According to accepted model the nucleus is composed of protons and neutrons. The prolon was
discovered by Rutherford by bombardment of a-particles on nitrogen in accordance with the
following equation:

"N + He — 'O + 'H
(Nitrogen) (e~ particle) Oxygen Proton
The superscripts (on the top) denote the mass number and subscripts (in the base) denote the atomic
number. Symbolically a nuclide is written as ;X or ZX" , where A is the mass number and Z is the
atomic number.

The neutron was discovered by ]. Chadwick by the bombardment of a-particles on beryllium in
accordance with

3Be * ;He — lgC # c"n
(Beryllium) (a=particle) (Carbon) (Neutron)
A neutron is neutral (zero charge) particle and its mass number is 1.
The number of protons in a nucleus is called atomic number (Z) while the number of nucleons
(i.e., protons + neutrons) is called the mass number (4). In general mass number>atomic number
(except for hydrogen nucleus where 4 = Z).
Since neutron is neutral, it is used for artificial disintegration.
2. Size of Nucleus
According to experimental observations, the radius of the nucleus of an atom of mass number A is

R =RAM where Ry, =12x10""m = 1.2 fm

d39dW3IN3dd OL S1INIOd

3. Atomic Masses
The masses of atoms, nuclei, etc., are expressed in terms of atomic mass unit represented by amu
or ‘u’. For this mass of C-12 atom is taken as standard.

_ mass of C- 12 atom

- 12

1.660565% 107 kg
mass of proton (m,) = 1.007276 u
mass of neutron (m,) 1.008665 u
mass ol electron (m,) = 0.000549 u

4. Isotopes, Isobars and Isotones

lu

The nuclides having the same atomic number (Z) but different mass number (4) are called isotopes.
The nuclides having the same mass number (4), but different atomic number (Z) are called isobars.
The nuclides having the same number of neutrons (4-Z) are called isotones.
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5. Mass Energy Equivalence Relation

According to Einstein, the mass and energy are equivalent i.e., mass can be converted into energy
. . o . 9
and vice-versa. The mass energy equivalence relation is E = me”.

Accordingly, 1 kg mass is equivalent to energy = 1 X (3 X 10%% =9 x l[)"’_joules
1

and 1 amu = ——————kg massis equivalent to energy 931 MeV.
6.02%10% ° & 5

6. Mass Defect

It is observed that the mass of a nucleus is always less than the mass of constituent nucleons (i.e.,
protons + neutrons). This difference of mass is called the mass defect. Let (Z, A) be the mass of
nucleus, my, = the mass of proton and m, = mass of neutron, then the mass defect

Am = Mass of nucleons — Mass of nucleus

= Zm, +(A - Zym, =M

nucleus

7. Binding Energy per Nucleon

This mass defect is in the form of binding energy of nucleus, which is responsible for binding the
nucleons into a small nucleus.

. Binding ef)ergy of nucleus = (Am) ¢* (Bm)e
and Binding energy per nucleon = R
8. Nature of Nuclear Forces

The protons and neutrons inside the nucleus are held together by strong attractive forces. These
attractive forces cannot be gravitational since forces on repulsion between protons > > attractive
gravitational force between protons. These forces are short range auractive forces called nuclear
forces. The nuclear forces are strongest in nature, short range and charge independent, therefore
the force between proton-proton is the same as the force between neutron-neutron or proton-
neutron.

Yukawa tried to explain the existence of these forces, accordingly the proton and neutron do
not have independent existence between nucleus. The proton and neutron are interconvertible
through negative and positive 1-mesons, i.e.,

b
Proton = Neutron and Neutron Neutron

e
The existence of meson gives rise to meson field which gives rise to attractive nuclear forces.

The mass of t-meson = 273 X mass of electron.
9. Nuclear Reaction
When a beam of monoenergetic particles (e.g., a-rays, neutrons etc.) collides with a stable nucleus,

the original nucleus is converted into a nucleus of new element. This process is called a nuclear
reaction. A typical nuclear reaction is

a+X—->Y+b
where a is incident energetic particle, X is target nucleus, ¥ is residual nucleus and b is outgoing
particle. This reaction in compact form is expressed as

X(a, b)Y
In a nuclear reaction mass number, electric charge, linear momentum, angular momentum and
total energy are always conserved. The energy of reaction is

i 2 2
Q= M, + My) " = (M, + My)e
10. Nuclear Fission
The splitting of heavy nucleus into two or more fragments of comparable masses, with an enormous
release of energy is called nuclear fission. For example, when slow neutrons are bombarded on
09U, the fission takes place according to reaction
U+ m —— MBa + ZKr + 3(n) + 200MeV

0 36
(slow neutron)
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In nuclear fission the sum of masses before reaction is greater than the sum of masses after reaction,
the difference in mass being released in the form of fission energy.

Remarks:

1. It may be pointed out that it is not necessary that in each fission of uranium, the two fragments
Ba'*! and Kr® are formed but they may be any stable isotopes of middle weight atoms. The
most probable division is into two fragments containing about 40% and 60% of the original
nucleus with the emission of 2 or 3 neutrons per fission.

2. The fission of U takes place by fast neutrons.

. Nuclear Fusion

The phenomenon of combination of two or more light nuclei to form a heavy nucleus with release
of enormous amount of energy is called nuclear fusion. The sum ol masses before fusion is greater
than the sum of masses afier fusion, the difference in mass appearing as fusion energy.

For example, the fusion of two deuterium nuclei into helium is expressed as

H + 'H —— iHe + 21.6MeV.

Thus, fusion process occurs at an extremely high temperature and high pressure as in sun where
temperature is 107 K.

Remarks:

1. For the fusion to take place, the component nuclei must be brought within a distance of

107" m. For this they must be imparted high energies to overcome the repulsive force between
nuclei. This is possible when temperature is enormously high.

2. The principle of hydrogen bomb is also based in nuclear fusion.
3. The source of energy of sun and other star is nuclear fusion. There are two possible cycles:
(a) Proton-proton cycle:
H+1H — ?H + B + v. (Neutrino) + Energy
fH + :H —_— ch + :)n + Energy

3 3 4 1 1
He t+ [He——= He + H ¥ [H: " Eneipy

Netresultis |H + JH + |H +/H —— 3He + 2B + 2v + Energy (26.7 MeV)

(b) Carbon-nitrogen cycle:
H o+ 20 —— BN

BN — BCc + B + v (neutrino)

14 1 15
sN+  H — 0

+
+

B+ IH —— YN + (Energy)
+ Energy
+

Yo — N B° + v (neutrino)

15 1 12 4
JN +  H — C + SHe + Energy

Netresultis |H + JH + |H + ]JH —— }He + 2]B + 2v + FEnergy (26.7 MeV)

The proton-proton cycle occurs at a relatively lower temperature as compared to carbon-
nitrogen cycle which has a greater efficiency at higher temperature.

At the sun whose interior temperature is about 2 X 10° K, the proton-proton cycle has more
chances for occurrence.
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Multiple Choice Questions

Choose and write the correct option(s) in the following questions.

1. The size of the atom is proportional to

(a) A4 o) A% ) a¥ (d) AR
2. The gravitational force between a H-atom and another particle of mass m will be given by
Newton’s law: [NCERT Exemplar]
F=G M.2m , where r is in km and

&
@) M= LO o

= B n_
O) M= =5 (B = 1366V)

(¢) M is not related to the mass of the hydrogen atom.
[¥]

) M=my =5 ( | 7| = magnitude of the potential energy of electron in the H-atom).
¢

3. Ifradius of the 13Al nucleus is taken to be R, then the radius of "33 Te nucleus is nearly

3 13\'# 53\ 5
@ Try ® (35) Ra © (13) Ra @ 2r,

4. The mass density of a nucleus of mass number 4 is [CBSE 2023 (55/1/1)]

”3 (%) proportional 1o A**

(a) proportional to A
(¢) proportional 1o 4 (d) independent of 4

5. The nuclei of the isotopes of an element contain the same number of a certain particle. What
is this particle?
(a) Electron (b) Neutron (¢) Nucleon (d) Proton

6. How much energy will approximately be released if all the atoms of 1 kg of deuterium could
undergo fusion? [Assume energy released per deuterium nucleus is 2 MeV]
(@) 2 % 107kWh (b9 x 10 ] (¢) 6 x 10% calorie  (d) 9 x 10" MeV

7. A nuclear reaction is given below. The masses in amu of reactant and product nuclei are given
in brackets:

A+ B — C + D +QMev
(1.002)  (L.004) (1.001)  (1.003)
The value of energy Q is
(@) 1.234 MeV ) 0.91 MeV (¢) 0.465 MeV (d) 1.862 MeV
8. The curve of binding energy per nucleon as a function of atomic mass number has a sharp
peak for helium nucleus. This implies that helium nueleus is [CBSE 2023 (55/2/1)]
(a) radioactive (b) unstable
(c) easily fissionable (d) more stable nucleus than its neighbourss

9. Fusion reactions take place at a high temperature because
(a) atoms are ionised at high temperature
(b) molecules break up at high temperature
(¢) nuclei break up at high temperature
(d) kinetic energy is high enough to overcome repulsion between nuclei
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15.

16.

17.

. If M(A, Z), M, and M, denote the masses of the nucleus 4X, proton and neutron respectively

in units of u (1u = 931.5 MeV/c?) and BE represents its binding energy in MeV, then
(@) M(A, Z)=2ZM, + (A-Z)M,-BE/® (b)) M(4,Z) = ZM, + (A- Z) M, + BE
(€) M(A, Z)=ZMp + (A-Z) M, - BE (d) M (4, Z) = ZMp + (4 - Z) M,, + BE/c

. The average binding energy per nucleon is maximum for the nucleus

(@) iHe ® 'S0 © U (d) jFe

. O, molecule consists of two oxygen atoms. In the molecule, nuclear force between the nuclei

of the two atoms

(a) is not important because nuclear forces are short-ranged

(b) is as important as electrostatic force for binding the two atoms
(¢) cancels the repulsive electrostatic force between the nuclei

(d) is not important because oxygen nucleus have equal number of neutrons and protons

. Which of the following statements is not true for the nuclear force?

(a) Iuis autractive in nature.

(b) Iris charge dependent.

(¢) Irisshort range.

(d) It decreases very quickly with distance between two nucleons.

. Fig. shows a plot of binding energy per nucleon E, against the nuclear mass M. 4, B, C, D, E,

F correspond to different nuclei. Consider four reactions: [HOTS]

@H)A+B—>C+s @@ C>A+B+s
(@i) D+ E—>F+¢ (i) F>D+E+e¢
where € is the energy released. In which reaction € is positive?
(@) () and (i) (b) (1) and (i) (¢) () and () (d) (&) and (Giz)
The energy in nuclear reactor is obtained due to
(a) nuclear fission (b) nuclear fusion
(¢) photoelectric effect (d) spontaneous radioactive decay

Heavy stable nuclei have more neutrons than protons. This is because of the fact that
[NCERT Exemplar]

(@) neutrons are heavier than protons.

(b) electrostatic force between protons are repulsive.

(¢) neutrons decay into protons through beta decay.

(d) nuclear forces between neutrons are weaker than that between protons.

In a nuclear reactor, moderators slow down the neutrons which come out in a fission process.

The moderator used have light nuclei. Heavy nuclei will not serve the purpose because
[NCERT Exemplar]

(a) they will break up.

(b) elastic collision of neutrons with heavy nuclei will not slow them down.

(c) the net weight of the reactor would be unbearably high.

(d) substances with heavy nuclei do not occur in liquid or gaseous state at room temperature.
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18. Pick out the possible fusion reaction from the following:
(@ CP+ H' — C*+43MeV
(b) 1H‘ —ont+ B+
© ,N"+ H'— 0"+73MeV
d) g U+ 0! —  Xe' 0+ 5% +2(n") + v+ 200 MeV
19. The minimum kinetic energy needed to separate a proton from a nucleus containing Z proton
and N neutrons is (mp = mass of protons)
@ (M7 +m, - M7) ® (M7 +m - M7)
A+1 4
© (MFY-M-m,)? (@) § MeV
20. The binding energy per nucleon in ;Li and ;He are 7.06 MeV and 5.60 MeV respectively,
then in the reaction: p + ;Li - 2(;He) the energy of proton must be [NCERT Exemplar]
(a) 28.24 MeV (b) 17.28 MeV
(c) 1.46 MeV (d) 39.2 MeV
21. When two nuclei (4 < 10) fuse together to form a heavier nucleus, the [CBSE 2020 (55/2/1)]
(a) binding energy per nucleon increases.
(b) binding energy per nucleon decreases.
(¢) binding energy per nucleon does not change.
(d) total binding energy decreases.
22. The energy required to release a nucleon from a nucleus is E, and that required to release an
electron from an atom is E, then
(a) E, =E,
(b) E,>E,
(c) En<E,
(d) may be greater than, equal to or less than depending on the nature of nucleus and atom
23. Fast neutrons can be slowed down by
(a) using lead shielding
(b) passing them through heavy water
(¢) elastic collisions with heavy nuclei
(d) applying strong electric field
24. Mass of a proton is m,, mass of a neutron is m,; mass of llJNe20 nucleus is M, and that of
Ca* nucleus in M,. Then
20
(@) My=2M, () My>2M,
() My > 10 (m, + my) (d) My < 20 (m, + my)
Answers
1. (b) 2. () 3. ) 4. (d) 5. (d) 6. (b) 7. )
8. (d) 9. (d) 10. (a) 11. (¢) 12. (a) 13. (d) 14. (a)
15. (a) 16. (b) 17. (b) 18. (b), (d) 19. (¢), (d) 20. (b) 21. (a)
22. (b) 23. (b) 24. (d)

470 Xam idea Physics—XII



Assertion-Reason Questions

In the following questions, a statement of Assertion (A) is followed by a statement of Reason (R). Choose the
correct answer out of the following choices.

(e) Both A and R are true and R is the correct explanation of A.
(b) Both A and R are true but R is not the correct explanation of A.
(c) Ais true but R is false.

(d) A is false and R is also false.

1. Assertion (4) : The nucleus ;X is more stable than the nucleus ;Y.

Reason (R) : ;X contains more number of protons. [CBSE 2023 (55/3/1)]

2. Assertion(d) :
Reason (R) :

3. Assertion(A4)

Reason (R) :

4. Assertion(d) :

Reason (R)

5. Assertion(A4)
Reason (R)
6. Assertion(A4)
Reason (R)
7. Assertion(A)
Reason (R)
8. Assertion(A4)

Reason (R)
9. Assertion(A4)

Reason (R)

10. Assertion(d) :

Reason (R)
Answers

1. (c) 2.

8. (a) 9.

Neutrons penetrate matter more readily as compared to proton.

Neutrons are slightly more massive than protons.

: Energy is released in nuclear fission.

Total binding energy of fission fragments is larger than the total binding energy
of the parent nucleus.

Forces acting between proton-proton (fy)> proton-neutron (f,,) and neutron-
neutron (f,,) are such thacf, < f, =f,..

: Electrostatic force of repulsion between two protons reduces net nuclear forces
between them. [AIIMS 2015]

: The elements produced in the fission are radioactive.

: The fragments have abnormally high proton to neutron ratio.

: The fusion process occurs at extremely high temperatures.

: For fusion of two nuclei, enormously high kinetic energy is required.
:+ A neutrino is chargeless and has a spin.

: Neutrino exists inside the nucleus.

: Mass is not conserved, but mass and energy are conserved as a single entity
called mass-energy.

: Mass and energy are inter-convertible in accordance with Einstein's relation,
E =mc’. [AIIMS 2018)

: Thermonuclear fusion reactions may become the source of unlimited power for
the mankind.

: A single fusion event involving isotopes of hydrogen produces more energy
than energy from nuclear fission of EggU : [AIIMS 2017]

The large angle scattering of a-particle is only due to nuclei.

: Nucleus is very heavy as compared to electrons.
®) 3. (@) 1. (@) 5. (¢) 6. (a) 7. ()
© 10. (b)
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Case-based/Passage-based Questions

Read the paragraph given below and answer the questions that follow:

Nuclear Holocaust: A nuclear holocaust, nuclear apocalypse
or atomic holocaust is a theoretical scenario where the mass
detonation of nuclear weapons causes globally widespread
destruction and radioactive fall out. Under such scenario, large
parts of the earth are made uninhabitable by nuclear warfare,
potentially causing the collapse of civilization.

In a single uranium fission about 0.9 x 235 MeV (= 200 MeV)
of energy is liberated. If each nucleus of about 50 kg of #°U,,
undergoes fission, the amount of energy involved is about
4 x 10'® J. This energy is equivalent to about 20,000 tons of
TNT, enough for a super explosion. Uncontrolled release of
large nuclear energy is called an atomic explosion.

(i) In a nuclear reactor, moderators slow down the neutrons which comes out in a fission process.
The moderator used have light nuclei. Heavy nuclei will not serve the purpose because
(a) substance with heavy nuclei do not occur in liquid or gaseous state at room temperature
(b) the net weight of the reaction would be unbearably high
(¢) elastic collision of neutrons with heavy nuclei will not slow down the neutrons
(d) they will break up

(ii) In an atomic bomb, the energy is released due to

‘ s ' 240 . . - 238
(@) chain reaction of neutrons and Ug,y (b) chain reaction of neutrons and Ug,
(¢) chain reaction of neutrons and Uégﬁ (d) chain reaction of neutrons and Uggs

(¢ii) Energy released in nuclear fission is due to
(a) total binding energy of fragments is more than the binding energy of parental element
(b) total binding energy of fragments is less than the binding energy of parental element
(¢) total binding energy of fragments is equal to the binding energy of parental element
(d) some mass is converted into energy

(iv) Solar energy is mainly caused due to
(@) gravitational contraction
(b) fusion of proton during synthesis of heavier elements
(¢) fission of uranium present in the sun
(d) burning of hydrogen in the oxygen
OR
Heavy stable nuclei have more neutrons than protons. This is because of the fact that
(a) electrostatic force between protons are repulsive
(b) neutrons decay into protons through beta decay
(¢) nuclear forces between neutrons are weaker than that between protons
(d) neutrons are heavier than protons
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Explanations

(i) (¢) For elastic collision masses of both must be equal so that they can exchange the velocities.
To slow down the speed of neutron, substance should be made up of 1 proton for perfectly
elastic i.e., we need light nuclei not heavy. In heavy nuclei only direction will change and not
the speed.

(i) (d) In an atomic bomb, the energy is released due 1o the chain reaction of neutrons and Uggf'
nuclei.

(1) (a) Energy released in nuclear [ission is due to the fact that total binding energy of fragments is
more than the binding energy of the parent nucleus.
(fv) (b) Solar energy is mainly caused due to the fusion of protons during the synthesis of heavier
elements.
OR
(a) Electrostatic force between proton-proton is repulsive which cause the unstability of nucleus.
So, more neutrons are needed to maintain the gap between protons and to stabilize the
nucleus.
Q. 1. Write two characteristic features of nuclear force which distinguish it from Coulomb’s force.
[CBSE (Al) 2011)
Ans. Characteristic Features of Nuclear Force:
(i) Nudlear forces are short range attractive forces (range 2 to 3 fm) while Coulomb’s forces
have range upto infinity and may be attractive or repulsive.
(i) Nuclear forces are charge independent forces; while Coulomb's force acts only between
charged particles.
Q. 2. The nuclear radius of EAI is 3.6 fermi. Find the nuclear radius of ggCu . [CBSE 2020 (55/1/1)]
1
Ans. Aswe know, R = R;(4)3
1 1
o ) E:(g)i
R, \4 36 \27
64 5
- i 4. :
= R,= 3.6(27 ) =3.6X% 3 4.8 fermi
Q. 3. Which one of the following cannot emit radiation and why?
Excited nucleus, excited electron [NCERT Exemplar]
Ans. Excited electron cannot emit radiation. This is because energy of electronic energy levels is in the
range of ¢V only not in MeV and y-radiation has energy in MeV.
Q. 4. Inpairannihilation, an electron and a positron destroy each other to produce gamma radiation.
How is the momentum conserved? [NCERT Exemplar]
Ans. 2y-photons are produced which move in opposite directions to conserve momentum.
Q. 5. gHe and ?H nuclei have the same mass number. Do they have the same binding energy?
[NCERT Exemplar] [HOTS]
Ans. No, the binding energy of ?H is greater. This is because ;HE has 2 proton and 1 neutron,

whereas ?H has 1 proton and 2 neutron. Repulsive force between protons in ?H is absent.
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Q. 6. Four nuclei of an element undergo fusion to form a heavier nucleus, with release of energy.
Which of the two — the parent or the daughter nucleus — would have higher binding energy
per nucleon?

Ans. The daughter nucleus would have a higher binding energy per nucleon.

Q. 7. The mass of H-atom is less than the sum of the masses of a proton and electron. Why is this

so? [NCERT Exemplar] [HOTS]
Ans. Einstein's mass-energy equivalence gives E = me?. Thus the mass of an H-atom is ny+m, —%
where B = 13.6 eV is the binding energy. It is less than the sum of masses of a proton and an
clectron.
Q. 8. Write two distinguishing features of nuclear forces. [CBSE 2019 (55/3/1)]

Ans. Nuclear force:
() The nuclear force is much stronger than coulomb's force.

(i1) The nuclear force between two nucleons falls rapidly to zero as their distance is more than
few femto metres.

(#it) Nuclear force does not depend on the electric charge.

Very Short Answer Questions

Each of the following questions are of 2 marks.

Q. 1. Draw a graph showing the variation of binding energy per nucleon as a function of mass
number 4. The binding energy per nucleon for heavy nuclei (4 > 170) decreases with the
increase in mass number. Explain. [CBSE 2023 (55/3/1)]

Ans. 9.0 |

16
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The binding energy per nucleon for heavy nuclei (4 > 170) decreases with the increase
in mass number because of more coulomb force of repulsion between protons of heavier
nuclei. This results in less stability of heavier nuclei.

Q.2. (i) What characteristic property of nuclear force explains the constancy of binding energy
per nucleon (BE/A) in the range of mass number ‘4° lying 30 < 4 < 1707

(ii) Show that the density of nucleus over a wide range of nuclei is constant independent of
mass number A. [CBSE 2023 (55/2/1)]

Ans. (i) Saturation or short range nature of nuclear forces.
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Q. 3.
Ans.

Q.4

Ans.

Ans.

(ii) The radius (size) R of nucleus sis related to its mass number (4) as
R= RyA" where Ry = 1.1x10™"% m

If'm is the average mass of a nucleon, then mass oi'nucleus = mA, where A is mass number

Volume of nucleus = %m-“ = S n(RAP) = = 1'LR A
mass _ mAd _ m _ 3m
volume 4 .3 4 s 4gR3
gﬂROA gTLRO 0
Clearly nuclear density py is independent of mass number A4.
Define the term, mass defect. How is it related to stability of the nucleus? [CBSE 2023 (55/2/1)]

The difference between mass of nucleus and the sum of the masses of its nucleons (i.e., proton
(p) and neutron (n)) is called its mass defect.

Density of nucleus, p, =

This mass defect is in the form of binding energy of nucleus, which is responsible for binding the
nucleons in to a small nucleons. Hence, higher mass delect, higher is the stability of the nucleus.

Calculate the energy in fusion reaction: [CBSE Delhi 2016]
TH +JH —— }He + n, where BE of }H = 2.23 MeV and of }He = 7.73 MeV
Initial binding energy,
BE, = (2.23 + 2.23)
= 4.46 MeV
Final binding energy,
BE, = 7.73 MeV
Energy released = BE, - BE| = (7.73 — 4.46) MeV = 3.27 MeV

The electron in a hydrogen atom is typically found at a distance of about 5.3 X 10™'' m from the
nucleus which has a diameter of about 1.0 X 10~"°m. Assuming the hydrogen atom to be a sphere
of radius 5.3 X 107" m, what fraction of its volume is occupied by the nucleus?

[CBSE 2022 (55/3/3), Term-2)
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Q. 6. (i) Distinguish between isotopes and isobars.
(i) Two nuclei have different mass numbers A, and 4,. Are these nuclei necessarily the isobars
of the same element? Explain. [CBSE 2022 (55/3/1), (55/3/3), Term-2]
Ans. L.
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Q.7

Ans.

Q.8.

Ans.

Ans.

Q.5.

Ans.

A given coin has a mass of 3.0 g. Calculate the nuclear energy that would be required to
separate all the neutrons and protons from each other. For simplicity assume that the coin is

entirely made of $3Cu atoms (of mass 62.92960 u). The masses of proton and neutrons are
1.00783 u and 1.00867 u respectively. [NCERT]
Masses of protons and neutrons in 63 u of Cu

=Zmy +(A-Z)ym, = 2%m, +(63-29m,

=29 X 1.00783 + (34 X 1.00867) = 29.22707 + 34.29478 = 63.52185 u
Mass of 53Cu atom = 62.92960 u

Mass delect =63.52185 - 62.92960= 0.59225 u

Energy released in S3Cu atom = 0.59225 X 931 MeV = 551.385 MeV
6.02x10%
63

Number of atoms in 3 g of copper =

x3=2.87x10%

Energy required to separate all nucleons (neutrons and protons) from each other

= 287X 10™X 551.385 MeV = 1.6 X10® MeV
Why do stable nuclei never have more protons than neutrons? [NCERT Exemplar] [HOTS)
Protons are positively charged and repel one another electrically. This repulsion becomes so
great in nuclei with more than 10 protons or so, that an excess of neutrons which produce only
attractive forces, is required for stability.
A nuclide 1 is said to be the mirror isobar of nuclide 2 if Z, = N, and Z, = N,.
(@) What nuclide is a mirror isobar of ﬁNa 3
(b) Which nuclide out of the two mirror isobars has greater binding energy and why?
[NCERT Exemplar] [HOTS]
@ 7Na:Z =11,N, =12
_

. Mirror isobar of ??Na = 12Mg'

(b) Since Z, > Z,, Mg has greater binding energy than Na.

Two nuclei may have the same radius, even though they contain different number of protons
and neutrons. Explain. [CBSE 2022 (55/3/3), Term-2]
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Short Answer Questions

Each of the following questions are of 3 marks.

Q.1

Ans.

Ans.

In a typical nuclear reaction, e.g.,

2 :
1H+H

2He + n + 3.27 MeV,

although number of nucleons is conserved, yet energy is released. How? Explain.
[CBSE Delhi 2013)
In nuclear reaction

TH+TH —— 3He+n+3.27MeV

Cause of the energy released:
(i) Binding energy per nucleon of ;He becomes more than the (BE/A) of %H ;
(1) Mass defect between the reactant and product nuclei
= 2 2 3 2
AE = Am ¢” = [2m((H) - m(;He) + m(n)]c
(a) In the following nuclear reaction
n+ U ——"Ba+ AX +3n,
assign the values of Z and 4.
(b) If both the number of protons and the number of neutrons are conserved in each nuclear
reaction, in what way is the mass converted into energy? Explain. [CBSE Guwahati 2015]
@ n+75U——"¥Ba+2X +3n,
From law of conservation of atomic number
0+92=2Z72+ 36
= Z=192-36 = 56
From law of conservation of mass number,
1+235=144+A4A+3x1
A =236-147 = 89
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(b) (i) BE of §;5U < BE nf(;g‘*Ba + ggX) and due 1o difference in BE of the nuclides. A large

amount of the energy will released in the fission of 335U.

(#) Mass number of the reactant and product nuclides are same but there is an actual mass
defect. This difference in the total mass of the nuclei on both sides, gets converted into
energy, i.c., AE= Amc>.

Q.3. Draw a graph showing the variation of potential energy between a pair of nucleons as a
function of their separation. Indicate the regions in which the nuclear force is (i) attractive,
(ii) repulsive.
Write two important conclusions which you can draw regarding the nature of the nuclear
forces. [CBSE 2019 (55/4/2), 2020 (55/3/1)]
Ans. Conclusions:
(1) The potential energy is minimum at a distance r; of about 0.8 fm.
(1) Nuclear force is attractive for distance larger than ;.

A\
| +100 Repulsive
MeV
0
! D
Attractive
-100 =Tl ] 3 4
r (fm)—s

(#ii) Nuclear force is repulsive if two are separated by distance less than 7.
(7v) Nuclear force decreases very rapidly at ry/equilibrium position.
Q. 4. The Q-value of a nuclear reaction
A+B — €+ D
: o 2
is defined by Q = (m, + myz - m; - mp) ¢
where the masses refer to the nuclear rest masses. Determine from the given data whether the
following reactions are exothermic or endothermic.

() H+H-H+H (i) 2C+2C~XNe+3He
Atomic masses are given to be:
m(H)=1.007825 u m(H)=2.014102 u
m(H)=3.016049 u m('3C)=12.00000 u
m 3y Ne) =19.992439 u m (3 He) = 4.002603 u
Take 1u =931 MeV [NCERT)

Ans. (i) Nuclear reaction is
IH+{H-TH+H+Q
Mass of LHS = m( H) +m (H) = 1.007825 + 3.016049 = 4.023874 u

Mass of RHS = m(:H)+m(’H) = 2.014102 + 2.014102 = 4.028204 u
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Q = [(my + mpy = m = myp) in kg] X 62_joule
= [(my + mg —mg —mp)u] X 931 MeV
= [{m(} H)+mCH)} - {mH) +m H)}]xgg1 MeV
= [4.023874 - 4.028204] x 931 MeV
=-0.00433 x 931 MeV = - 4.031 MeV

As Q is negative, energy must be supplied for the reaction; hence the reaction is endothermic.
(i) Nuclear reaction: '];C + EC = ?gNe + ;He
Q=[{m( C)+m{(';C)} - {m((oNe)+ m({He)}]x ¢” joule
= [(12.000000 + 12.000000) - (19.992439 + 4.002603)] x ¢ joule
= (24.000000 - 23.995042) x 931 MeV = 0.004958 x 931 MeV = 4.616 MeV
As @ is positive, the energy will be liberated in the reaction, hence the reaction is exothermic.

Q.5. (i) Distinguish between nuclear fission and fusion giving an example of each.

(ii) Explain the release of energy in nuclear fission and fusion on the basis of binding energy
per nucleon curve. [CBSE 2023 (55/2/1)]

Ans. (i) Nuclear fission: It is a process in which a heavy nucleus when excited (say on bombarding
by a slow moving neutron) splits into two lighter nuclei of nearly comparable masses with a
release of large amount of energy.

Example of nuclear fission

e 4 235 236 144 89 1
0" te U—g U—jzgBat g Kr+3mn+Q

Nuclear fusion: Itis a process in which two lighter nuclei fuse (at extremely high temperature)
to form a heavy nucleus and large amount of energy is released.

Example of nuclear fusion

(1) 1H+H—[H+e" +v+Q
() H+]H—3H +n+Q,
() *H+]H—1H+H+Q,

(i) The binding energy per nucleon of the products in the nuclear reactions (nuclear fission and
nuclear fusion) is greater than that of the reactants.

Long Answer Questions

Each of the following questions are of 5 marks.

Q. 1. Draw the graph showing the variation of binding energy per nucleon with the mass number
for a large number of nuclei 2< 4 < 240. What are the main inferences from the graph?
How do you explain the constancy of binding energy in the range 30 < 4 < 170 using the
property that the nuclear force is short-ranged? Explain with the help of this plot the release

of energy in the processes of nuclear fission and fusion.
[CBSE (AI) 2010, 2011, Chennai 2015, South 2016, 2020 (55/5/2)]
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OR
Draw a diagram to show the variation of binding energy per nucleon with mass number
for different nuclei and mention its two features. Why do lighter nuclei usually undergo
nuclear fusion? [CBSE 2023 (55/2/1)]
Ans. The variation of binding energy per nucleon versus mass number is shown in figure.
Inferences from graph
1. The nuclei having mass number below 20 and above 180 have relatively small binding
energy and hence they are unstable.
2. The nuclei having mass number 56 and about 56 have maximum binding energy — 8-8 MeV
and so they are most stable.
3. Some nuclei have peaks, e.g., ;He,ézc,}fO; this indicates that these nuclei are relatively
more stable than their neighbours.
(i) Explanation of constancy of binding energy: Nuclear force is short ranged, so every nucleon
interacts with its neighbours only, therefore binding energy per nucleon remains constant.
(ii) Explanation of nuclear fission: When a heavy nucleus (4 2 235 say) breaks into two
lighter nuclei (nuclear fission), the binding energy per nucleon increases i.e, nucleons

get more tightly bound. This implies that energy would be released in nuclear fission.
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(iii) Explanation of nuclear fusion: When two very light nuclei (4 <10) join to form a heavy
nucleus, the binding is energy per nucleon of fused heavier nucleus more than the
binding energy per nucleon of lighter nuclei, so again energy would be released in
nuclear fusion.

Q.2. (i) Define the following terms:
(@) Nucleons, (b) Atomic number, (¢) Mass number, (d) Nuclear mass
(i) What are (a) isotopes, (b) isobars and (c) isotones?
Ans. (i) (a) Nucleons: The constituents of nucleusi.e., protons and neutrons are considered as nucleons.

(b) Atomic number: The number of protons present in the nucleus is called the atomic
number of the element. It is denoted by Z.
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(¢) Mass number: The total number of nucleons i.e., sum of protons and neutrons present
in a nucleus is called the mass number of the element. It is denoted by A.
(d) Nuclear mass: The total mass of protons and neutrons present in a nucleus is called the
nuclear mass.
(i) (a) Isotopes: The atoms of an element having same atomic number (Z) but different mass
numbers (4) are called isotopes.
(b) Isobars: The elements having same mass number (4) and different atomic number (Z)
are called isobars.
(¢) Isotones: The nuclei containing the same number of neutrons are called isotones.
Q. 3. (i) What is nuclear fission? Give one representative equation.
(ii) (@) What is nuclear fusion? Give one representative equation.
(b) State the necessary conditions for nuclear fusion to occur.

Ans. (i) Nuclear fission: The phenomenon in which a heavy nucleus (4 > 230) when excited splits
into two smaller nuclei of nearly comparable masses is called nuclear fission. For example,
when a uranium target is bombarded by slow moving neutrons, a U nucleus gets
excited by capturing a slow moving neutron and splits into two nearly equal fragments like
14l Baand gg]{r alongwith the emission of 3 neutrons. The nuclear reaction involved can be
written as

MU+ n—BU —~""UBa+2Kr+3ln+Q

Fission does not always produce barium and krypton. A number of other pairs are formed.

935 1 236 133 99 1
For example, U+ n—"0U— 286b+ Nb+3 n+Q

9235 :
2U+in—00 "Wxe+Her+21n+Q
(i) (a) The phenomenon of combination of two or more light nuclei to form a heavy nucleus
with release of enormous amount of energy is called the nuclear fusion.

For example, the fusion of two deuterons into a triton takes place as follows:
(H®+ H® — H®+]H+4.0MeV energy
Alternatively the fusion of three deuterons into an a - particle can take place as follows:
1H2 +1H2 —_ 2He3 + ﬂnl + 3.3 MeV energy
 He” + H” — He*+ H'+ 18.3 MeV energy
(b) The necessary conditions for nuclear fusion are:

High temperature: The high temperature is necessary for the light nuclei to have

sufficient kinetic energy so that they can overcome the repulsion force between them.

High density: High density or pressure increases the frequency of collision of light

nuclei and hence increases the rate of fusion.
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Questions for Practice

1. Choose and write the correct option in the following questions.
(i) How does the binding energy per nucleon vary with the increase in the number of nucleons
(2) decrease continuously with mass number
(b) first decreases and then increases with increase in mass number
(¢) first increases and then decreases with increase in mass number

(d) increases continuously with mass number

(i) Two spherical nuclei have mass numbers 216 and 64 with their radii R} and R, respectively.

Rl
The ratio, —— is equal to

R,
(@) 3:2 () 1:3
(c)1:2 d) 2:3

(i) 1f number of nucleons in nuclei increases, the binding energy per nucleon
(@) increases
(b) decreases
(¢) first increases and then decreases

(d) remains unchanged

(tv) A nucleus disintegrates into two nuclear parts, which have their velocities in the ratio 2 : 1.
The ratio of their nuclear sizes will be

(@) 28 :1 (b) 1:31%2
) 871 il e

(¢) The difference in mass X nucleus and total mass of its constituent nucleons is 21.00 u. The
binding energy per nucleon for this nucleus is equal to the energy equivalent of
[CBSE 2023 (55/4/1)]

(@) 3u ®) 35u
(¢) 7Tu d) 21u
2. In the following questions, a statement of Assertion (A) is followed by a statement of Reason (R).
Choose the correct answer out of the following choices.
(a) Both A and R are true and R is the correct explanation of A.
(b) Both A and R are true but R is not the correct explanation of A.
(c) A is true but R is false.
(d) A is false and R is also false.
Assertion (4) : Density of all nuclei is same.

Reason (R): The radius of nucleus is directly proportional to the cube root of mass
number.

3. A nucleus with mass number 4 = 240 and BE/A = 7.6 MeV breaks into two fragments each of
A = 120 with BE/A = 8.5 MeV. Calculate the released energy.

4. Two nuclei have mass numbers in the ratio 2 : 5. What is the ratio of their nuclear densities?

5. What is the nuclear radius of '#1, if that of ?’Al is 3.6 fermi? [CBSE (AI) 2008)
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10.

11

12.

13.

14.
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Write the relationship between the size of a nucleus and its mass number (4). [CBSE (F) 2012]

Two nuclei have mass numbers in the ratio 1 : 2. What is the ratio of their nuclei densities?
[CBSE Delhi 2009]

Two nuclei have mass numbers in the ratio 1 : 8. What is the ratio of their nuclear radii?
[CBSE (AI) 2009)

A heavy nucleus X of mass number 240 and binding energy per nucleon 7.6 MeV is split into two
fragments ¥ and Z of mass numbers 110 and 130. The binding energy per nucleon in Y and Z is
8.5 MeV per nucleon. Calculate the energy Q released per fission in MeV.  [CBSE Delhi 2010]

A heavy nucleus P of mass number 240 and binding energy 7.6 MeV per nucleon splits into two
nuclei @ and R of mass number 110, 130 and binding energy per nucleon 8.5 MeV and 8.4 MeV
respectively. Calculate the energy released in the fission. [CBSE 2020 (55/5/1)]

The figure shows the plot of binding energy (BE) per nucleon as a function of mass number A.
The letters 4, B, C, D and E represent the positions of typical nuclei en the curve. Point out,

giving reasons, the two processes (in terms of 4, B, C, D and E), one of which can occur due to
nuclear fission and the other due to nuclear fusion.

/OA

—» Mass Number A

Calculate for how long will the fusion of 2.0 kg deuterium keep 800 W electric lamp glowing.
Take the fusion reaction as [CBSE 2020 (55/5/3)]

3
EH tH 2He+!n+8.27 MeV

(a) The density of the nuclear matter is tremendously larger than the physical density of the
material. Explain.

(b) The nuclear forces are not coulomb forces between nucleons. Explain.

(¢) Draw a plot of the potential energy between a pair of nucleons as a functions distance
between them inside a nucleus. [CBSE 2020 (55/3/1)]

When four hydrogen nuclei combine to form a helium nucleus, estimate the amount of energy in

MeV released in this process of fusion. (Neglect the masses of electrons and neutrinos) Given:

(i) mass of 1H =1.007825 u

(i) mass of helium nucleus = 4.002603 u, 1 u = 9531 MeV/c? [CBSE (F) 2011]




15.

16.

17.

18.

19.

20.

21t

22.

(a) Distinguish between isotopes and isobars, giving one example for each.

(b) Why is the mass of a nucleus always less than the sum of the masses of its constituents? Write
one example to justify your answer. [CBSE 2019 (55/5/1)]

(a) Classify the following six nuclides into

(i) isotones, (ii) isotopes, and  (iii) isobars:

12~ 377, 19870 Spr 197, 14
6CroHe, goHg, TH, JqAu, 5C

(b) How does the size of a nucleus depend on its mass number? Hence explain why the density
of nuclear matter should be independent of the size of the nucleus.  [CBSE 2019 [55/5/1)]

(a) (i) Depict the variation of the potental energy of a pair of nucleons with the separation

between them.
(¢) Imagine the fission of a ;EFE into two equal fragments of %gAl nucleus. Is the fission
energetically possible ? Justify your answer by working out Q value of the process.
Given: m (3gFe) =55:93404 u, m (J3Al) = 27-908191u.  [CBSE 2022 (55/2/1), Term-2]
Distinguish between nuclear fission and fusion. Show how in both these processes energy
is released.
Calculate the energy release in MeV in the deuterium-tritium fusion reaction:
2 3 L
b —— SEle tn
Using the data:
mCH) =2.014102u  m(H) =3.016049u  m(iHe) = 4.002603 u
m, = 1.008665 u lu = 931.5 MeV/c®

Draw the curve showing the variation of binding energy per nucleon with the mass number of
nuclei. Using it explain the fusion of nuclei lying on ascending part and fission of nuclei lying on
descending part of this curve. [CBSE 2020 (55/5/2)]

(a) In a typical nuclear reaction, e.g.,

H +H 3He +n+3.27MeV,
although number of nucleons is conserved, yet energy is released. How? Explain.

(b) Show that nuclear density in a given nucleus is independent of mass number A.

Obtain the binding energy of the nuclei ;gFe and Qggﬁi in units of MeV from the following
data. my = 1.007825 u, m,=1.008665 u, m(3.Fe) = 55.934939 u, m(*}3Bi) = 208.980388 u,
1 u =931.5 MeV. Which nucleus has greater binding energy per nucleon? [NCERT)

How long an electric lamp of 100 W can be kept glowing by fusion of 2.0 kg of deuterium? The
fusion reaction can be taken as: [NCERT] [HOTS]

IH+3H——3He +n+3.2MeV




Answers
L. (i) () (i) (a)

- (@)
. 216 MeV

@ W e

122
12. 1.96x10"' s
21. 8.79 MeV/nueleon,

22. 4.9 x 10* years
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(@) (c) (i) (@)

4.1: 1
9. 216 MeV
14. 26.72 MeV

7.848 MeV/nueleon

@) (a)
5. 6 fermi

10. 203 MeV
18. 17.59 MeV



POINTS TO

REMEMBER

1. Electronics

A device whose [unctioning is based on controlled movement of electrons through it is called an
electronic device. Some of the present-day most common such devices include a semiconductor
junction diode, a transistor and integrated circuits. The related branch in which we study the
functioning and use of such devices is called Electronics.

. Energy Bands in Solids

An isolated atom has well defined energy levels. However, when large number of such atoms get
together to form a real solid, these individual energy levels overlap and get completely modified.
Instead of discrete value of energy of electrons, the energy values lie in a certain range. The
collection of these closely packed energy levels are said 1o form an energy band. Two types of
such bands formed in solids are called Valence Band and Conduction Band. The band formed by
filled energy levels is known as Valence Band whereas partially filled or unfilled band is known as
Conduction Band. The two bands are generally separated by a gap called energy gap or forbidden
gap. Depending upon the size of this energy gap, different materials behave as conductors, semi-
conductors or insulators. The insulators have generally large energy gap whereas the conductors
do not have any such gap. Semi-conductors have small energy gap.

. Types of Semi-conductors—Intrinsic and Extrinsic

Common Semiconductors are of two types—intrinsic and extrinsic. Germanium and silicon are
two most commonly used semiconductor material.

Intrinsic Semiconductor: Pure semiconductors is in which the conductivity is caused due to charge
carriers made available from within the material are called intrinsic semiconductors. There are no
free charge carriers available under normal conditions. However, when the temperature is raised
slightly, some of the covalent bonds in the material get broken due to thermal agitation and few
electrons become free. In order to fill the vacancy created by absence of electron at a particular
location, electron from other position move to this location and create a vacancy (absence of
electron) at another place called hole. The movement/shifiing of electrons and holes within the
material results in conduction.

An intrinsic semiconductors behaves as a perfect insulator at temperature 0 K.

Extrinsic semiconductors: The semiconductors in which the conductivity is caused due to charge
carriers made available from external source by adding impurity from outside are called extrinsic
semiconductor. The process of adding impurity is called doping. The impurity added is generally [rom
third group or fifth group. There are two types of extrinsic semiconductors:

(a) n-Type or (b) p-Type.
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If n; is the density of intrinsic charge carriers, n, and n, are densities of electrons and hole in
extrinsic semiconductors, then the selection among them is n,n, = nf

(a) n-type semiconductors: When a pentavalent impurity like Conduction band

Phosphorus, Antimony, Arsenic is doped in pure-Germanium
(or Silicon), then the conductivity of crystal increases due to
surplus electrons and such a crystal is said to be n-type
semiconductor, while the impurity atoms are called donors
atoms. Thus, in zn-type semiconductors the charge carriers are
negatively charged electrons and the donor level lies near the
bottom of the conduction band.

Donorlevel

Valence band
(a) n-type semiconductor

(b) p-type semiconductors: When a trivalent impurity like Conduction band
Aluminium, Indium, Boron, Gallium, etc., is doped in pure ~—
Germanium (or silicon), then the conductivity of the crystal
increases due to deficiency of electrons i.e., holes and such a
crystal is said Lo be p-type semiconductor while the impurity

atoms are called acceptors. Thus in p-type semiconductors Acceplorlevel
the charge carriers are holes. Acceptor level lies near the top Valence ba“_d
of the valence band. (b) p-type semiconductor

4. Semiconductor Diode: p-n Junction Diode
A semiconductor having p-type impurity at one end and n-type impurity at the other end is known
as p — n junction diode. The junction at which p-type and n-type semiconductors combine is called
p-n junction.
In p-type region there is majority of holes and in n-type region there is majority of electrons.

Formation of Depletion Layer and Potential Barrier Vg

. & o g b 3 . T
At the junction, there is diffusion of charge carriers due o i

thermal agitation; therefore some of electrons of n-region TR — g
diffuse o §?)-region while some of holes of p-region dilslz‘use SRSES) GFG\" ORSE &
into n-region. Some charge carriers combine with opposite (_j' E\: ®+® CHOEGRE)
charges to neutralise each other. Thus, near the junction S = |
Lherg 1s an excess of positively charged ions in n—re;ion and QO0CQC0O:0 0 0C
an excess of negatively charged ions in p-region. This sets up p — 1 Depletion « =— n

a potential difference called potential barrier and hence an layer

internal electric field E; across the junction. The potential barrier is usually of the order of uV. The
field E; is directed from n-region to p-region. This ficld stops the further diffusion of charge carriers.
Thus the layers (=107 cm to 107 cm) on either side of the junction becomes free
from mobile charge carriers and hence is called the depletion layer. The symbol of

p-n junction diode is shown in figure. ) i>|
P n

Forward and Reverse Bias
The external battery is connected across the junction in the following two ways:

(i) Forward Bias: In this arrangement the positive terminal of battery is connected to p-end and
negative terminal to n-end of the crystal, so that an external electric field E is established
directed from p to n-end to oppose the internal field E;. Thus, the junction is said to
conduct.

Under this arrangement the holes move along the field E from p-region to n-region and
electrons move opposite to field £ from n-region Lo p-region; eliminating the depletion layer.
A current is thus set up in the junction diode. The following are the basic features of forward
biasing:
() Within the junction diode the current is due to both types of majority charge carriers but
in external circuit it is due to electrons only.
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(b) The current is due to diffusion of majority charge carriers through the junction and is of

the order of milliamperes. E

e - E;
o000 e e s e —» O O | 4-0 40 40 _ f[>|:2
000 Q0 TR — O 0|40 +0 40
po— 0 0 O O e e e o on »orleosoee | =
O 0O C O * & 2 9 R P n
o000 PUPIRPRY +|}|I_ ? +|l|}_

Forward biasing

() No current () Forward current

(i) Reverse Bias: In this arrangement the positive terminal of battery is connected to n-end and

negative terminal to p-end of the crystal, so that the external field is established 1o support the
internal field E; as shown in fig. Under the biasing the holes in p-region and the electrons in
n-region are pushed away from the junction to widen the depletion layer and hence increases
the size of the potential barrier, therefore, the junction does not conduct.

-— F;
4 H o o—b
40« : o o e ™~ 1
<+ o= O—b L/I
R n =
A
=ihf; < —thl;

(c) Reverse current Reverse biasing

When the potential difference across the junction is increased in steps, a very small reverse
current of the order 1o micro-amperes flows. The reason is that due to thermal agitation some
covalent bonds of pure semi-conductor break releasing a few holes in n-region and a few
electrons in p-region called the minority charge carriers. The reverse bias opposes the majority
charge carriers but aids the minority charge carriers 1o move across the junction. Hence a very

small current flows.
The basic features of reverse bias are:

(a) Within the junction diode the current is due to both types of minority charge carriers but
in external circuit it is due to electrons only.

(b) The current is due to leakage of minority charge carriers through the junction and is

very small of the order of pA.
Characteristics of a p—n junction diode:

The graph of voltage I versus current I in forward bias and reverse bias of a p—n junction is shown

in the figure.

Avalanche Break Down:

If the reverse bias is made suffidiently high, the covalent bonds near the
junction break down releasing free electrons and holes. These electrons
and holes gain sufficient energy to break other covalent bonds. Thus

a large number of electrons and holes get free. The reverse current =¥

increases abruptly to high value. This is called avalanche break down and

may damage the junction.

5. p-n Junction Diode as a Half-wave Rectifier

The conversion of ac into dc is called the rectilication.

1(ma) Fobf:ngd
Avalanche E
breakdown
b o] (+) V—
Reverse
r! bias 11 (nA)
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Half Wave Rectifier: The circuit diagram for junction diode as half wave rectifier is shown in

lig. (@)
fb LV 4
4 |5[>"n S V-4
§ g, Input
? T“m 3 2 U U
n o g =
8] e > R
< 3 Ré : m
2 p o’ S 3 QOutput
£ 2 2 o pu
.

(@) ®

During first half of the input cycle, the secondary terminal S, of transformer be positive relative
to §y then the junction diode is forward biased. Therefore, the current flows and its direction of
current in load resistance R, is [rom A to B. In next half cycle, the terminal 8, becomes negative
relative to 5y, then the diode is in reverse bias, therefore no current flows in diode and hence there
is no potential difference across load R;. The cycle repeats. The output current in load flows only
when 8, is positive relative to 3 That is during first half cycles of input ac signal there is a current
in circuit and hence a potental difference across load resistance R while no current flows, for next
half cycle. The direction of current in load is always from A to B which is direct current. Thus, a
single p-n junction diode acts as a half wave rectifier.

The input and output waveforms of half wave rectilier are shown in fig. ().

Full Wave Rectifier: For full wave rectifier, we use two junction diodes. The circuit diagram for full
wave rectifier using two junction diodes is shown in figure.
During first half cycle of input ac signal the terminal §,
is positive relative 1o § and S, is negative relative to §,

Input signal

then diode D, is forward biased and diode D, is reverse g Py g Do rR Y
biased i lows in diod in @ !
iased. Therefore current flows in diode D, and notin & Al P
diode Dy. The direction of current i; due to diede D in & allP g R A ‘
load resistance R, is directed from A to B. In next hall % A c{)a' :”‘"—l’S i =
cycle, the terminal S, is negative relative to S and Sy is & 3 ° Soutput a3
31 | ~N VY

positive relative to S. Then diode D is reverse biased
and diode D, is forward biased. Therefore, current
flows in diode D, and there is no current in diode D,. The direction of current i, due to diode D,
in load resistance is again from A4 to B Thus, for input ac signal the output current is a continuous
series of unidirectional pulses. The input and output sequels are shown in the figure. This output
current can be converted into steady current by the use of suitable filters.

P, S;P "

Remark: In full wave rectifier if the fundamental frequency of input ac signal is 50 Hz, then the
fundamental frequency of output is 100 Ha.

Multiple Choice Questions

Choose and write the correct option(s) in the following questions.

1. When an intrinsic semiconductor is doped with a small amount of trivalent impurity, then
[CBSE 2023 (55/1/1)]
(a) its resistance increases
(b) it becomes a p-type semiconductor
(¢) there will be more free electrons than holes in the semiconductor
(d) dopant atoms become donor atoms.
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. In the energy-band diagram of n-type Si, the gap between the bottom of the conduction band
E and the donor energy level E}, is of the order of [CBSE 2023 (55/1/1)]
(@) 10eV ) lev ) 0.1 eV (d) 0.01 eV

. An ac source of voltage is connected in series with a p-n junction diode and a load resistor. The
correct option for output voltage across load resistance will be [CBSE 2023 (55/1/1)]

(@ ®) v

: VA,
)y @ v
I % B B e >t

. The conductivity of a semiconductor increases with increase in temperature because
[NCERT Exemplar]

(a) number density of free current carriers increases.

(b) relaxation time increases.

(¢) both number density of carriers and relaxation time increase.

(d) number density ol current carriers increases, relaxation time decreases but effect of decrease
in relaxation time is much less than increase in number density.

. In given figure, V, is the potential barrier across a p-n junction, when no battery is connected
across the junction [NCERT Exemplar]

I

Vo

WM =

(a) 1 and 3 both correspond to forward bias of junction

(b) 3 corresponds to forward bias of junction and 1 corresponds to reverse bias of junction

(c) 1 corresponds to forward bias and 3 corresponds to reverse bias of junction.

(d) 3 and 1 both correspond to reverse bias ol junction.

. In given figure, assuming the diodes to be ideal, [NCERT Exemplar]
Dy

=10V L

Dy

|||| %

(a) D, is forward biased and Dy is reverse biased and hence currentflows from 4 o B.
(b) Dy is forward biased and D, is reverse biased and hence no current flows from B to 4 and
vice versa.
(¢) D, and D, are both forward biased and hence current flows from 4 o B.
(d) D and D, are both reverse biased and hence no current flows from A to B and vice versa.
. In an extrinsic semiconductor, the number density of holes is 4 X 10%° m™. If the number
density of intrinsic carriers is 1.2 X 10'® m™ the number density of electrons in it is
[CBSE 2023 (55/2/1)]
(ay 1.8 x 10° m™ ) 24 x 10" m3
(€) 8.6 x 10°m™ (@) 3.2 x 10" m™
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10.

11.

12.

13.

14.

15

16.

. At a certain temperature in an intrinsic semiconductor the electrons and holes concentration

is 1.5 X 107"® m™. When it is doped with a trivalent dopant, hole concentration increases to
4.5 x 1002 m™, In the doped semiconductor, the concentration of electrons (ne) will be
[CBSE 2023 (55/3/1)]

(@) 3 % 10°m™ ®) 5% 10" m™*
() 5x10°m™> (d) 6.75 x 10% m™
When an electric field is applied across a semiconductor [NCERT Exemplar]

(a) electrons move from lower energy level to higher energy level in the conduction band.

(b) electrons move from higher energy level o lower energy level in the conduction band.

(¢) holes in the valence band move from higher energy level to lower energy level.

(d) holes in the valence band move [rom lower energy level to higher energy level.

When trivalent impurity is mixed in a pure semiconductor, the conduction is mainly due to

(a) electrons (b) holes
(¢) protons (d) positive ions
The threshold voltage for a p-n junction diode used in the circuit is 0.7 V. The type of biasing
and current in the circuit are: [CBSE 2023 (55/4/1)]
FD‘J 100 Q
LAt
it
05V
(a) Forward biasing, 0 A (b) Reverse biasing, 0 A
(¢) Forward biasing, 5 mA (b) Reverse biasing, 2 mA
The impurity atoms to be mixed in pure silicon to form p-type semiconductor are, of
(a) phosphorus (b) germanium
(¢) antimony (d) aluminium
Holes are charge carriers in
(a) intrinsic semiconductor only (b) p-type semiconductor only
(¢) intrinsic and p-type semiconductors (d) n-type semiconductor
A 220 V ac supply is connected between points A and B (shown in figure). What will be the
potential difference V across the capacitor? [NCERT Exemplar]
A R
220V cdy
Ac
B
(a) 220V by 110V [(ARAY (d) 2202V
Hole is [NCERT Exemplar]

(a) an anti-particle of electron.

(b) a vacancy created when an electron leaves a covalent bond.

(c) absence of free electrons.

(d) an artificially created particle.

In the depletion region of a diode [NCERT Exemplar]
(a) there are no mobile charges

(b) equal number of holes and electrons exist, making the region neutral.

(¢) recombination of holes and electrons has taken place.

(d) immobile charged ions exist.
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17 The breakdown in a reverse biased p-n junction diode is more likely to occur due to

18.

19.

20.

21

22

23.

[NCERT Exemplar]
(a) large velocity of the minority charge carriers if the doping concentration is small.
(b) large velocity of the minority charge carriers if the doping concentration is large.
(¢) strong electric field in a depletion region if the doping concentration is small.
(d) strong electric field in the depletion region if the doping concentration is large.

The output of the given circuit shown in figure. [NCERT Exemplar]

AAAAAA
WA °

@Vmsinmt N

I~

(@) would be zero at all times.

(b) would be like a half wave rectifier with positive cycles in output.
(¢) would be like a half wave rectifier with negative cycles in output.
(d) would be like that of a full wave rectifier.

In the circuit shown in figure, if the diode forward voltage drop is 0.3 V, the voltage difference
between 4 and B is [NCERT Exemplar]

0.2mA 5KQ T 5KQ
A T W iR

(@) 1.3V b 23V € 0 (d) 0.5V

At equilibrium, in a p-n junction diode the net current is [CBSE 2020 (55/2/1)]
(a) due o diffusion of majority charge carriers.

(b) due to drift of minority charge carriers.

(¢) zero as diffusion and drifi currents are equal and opposite.

(d) zero as no charge carriers cross the junction.

In an n-type semiconductor, the donor energy level lies [CBSE 2020 (55/2/1)]
(a) at the centre of the energy gap. (b) just below the conduction band.

(¢) justabove the valance band. (d) in the conduction band.

The manifestation of band structure in solids is due to

(a) Heisenberg’s uncertainty principle (b) Pauli’s exclusion principle

(¢) Bohr's correspondence principle (d) Boltzmann’'s law

A piece of copper and another of germanium are cooled from room temperature to 77 K. The
resistance of [HOTS]
(a) each of these decreases

(b) copper strip increases and that of germanium decreases

(¢) copper strip decreases and that of germanium increases

(d) each of these increases

Answers

1. (b) 2. (d) 3. (¢) 4. (d) 5. (b) 6. (b) 7. ()

8. (¢) 9. () )  10.(%) 11. (a) 12. (d) 13. (c) 14. (d)
15. (b) 16. (@), 0), @) 17. (@), d)  18. () 19. (b) 20. (¢) 21. (b)
22. (b) 23. (¢)
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Assertion-Reason Questions

In the following questions, a statement of Assertion (A) is followed by a statement of Reason (R). Choose the
correct answer out of the following choices.

(a) Both A and R are true and R is the correct explanation of A.
(b) Both A and R are true but R is not the correct explanation of A.
(c) A is true but R is false.

(d) A is false and R is also false.

1. Assertion(4) :

.

Reason (R) :

2. Assertion(4) :

Reason (R)

3. Assertion(A4)

Reason (R)

4. Assertion(4) :

Reason (R)

5. Assertion(4) :

Reason (R) :

6. Assertion(4) :

Reason (R)

7. Assertion(A)

Reason (R)

.

8. Assertion(4) :

Reason (R) :

9. Assertion(A4)
Reason (R)
10. Assertion(A)

Reason (R)
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A pure semiconductor has negative temperature coeflicient of resistance.

On raising the temperature, more charge carriers are released, conductance
increases and resistance decreases. [AIIMS 20101

In ‘n’ ype semiconductor, number density of electrons is greater than the
number density of holes but the crystal maintains an overall charge neutrality.

The charge of electrons donated by donor atoms is just equal and opposite 1o
that of the ionised donor. [CBSE 2023 (55/4/1)]

The forbidden energy gap between the valence and conduction bands is greater
in silicon than in germanium.

Thermal energy produces fewer minority carriers in silicon than in germanium.
When the temperature of a semiconductor is increased, then its resistance decreases.

The energy gap between valence and conduction bands is very small for
semiconductors.

The electrical conductivity of n-type semiconductor is higher than that of p-type
semiconductor at a given temperature and voltage applied.

The mobility of electron is higher than that of hole.

A p-type semiconductor has negative charge on it.

: p-lype impurity atom has positive charge carrier (electrons) in it.

The energy gap between the valence band and conduction band is greater in
silicon than in germanium.

Thermal energy produces fewer minority carriers in silicon than in germanium.

The temperature coefficient of resistance is positive for metals and negative for
p-type semiconductors.

The effective charge carriers in metals are negatively charged electrons, whereas
in p-type semiconductors, they are positively charged.

Diamond behaves such as an insulator.
There is a large energy gap between valence band and conduction bond of diamond.

At a fixed temperature, silicon will have a minimum conductivity when it has a
smaller acceptor doping.

The conductivity of an intrinsic semiconductor is slightly higher than that of a
lightly doped p-type. [AIIMS 2010]



Answers

1. () 2. (a) 3. (b) 4. (a) 5. (a) 6. (d) 7. (a)

8

. (a) 9. (a) 10. (a)

Case-based/Passage-based Questions

Read the paragraph given below and answer the questions that follow:
Motions of the Charge Carriers: If you burst a helium -filled «+— Electron diffusion

balloon, helium atoms will diffuse (spread) outward into the [
surrounding air. This happens because these are very few
helium atoms in normal air. In more formal language, there is a e
helium density gradient at the balloon-air interface (the number
density of helium atoms varies across the interface), the helium

~ — Electron drift
uqu-n'e@:-aesn

sPpesse |-n...

s e 00w |s.t96

<— Electron

geses|O@ sssss

H"ole — Hole diffusion

atoms move so as o reduce the gradient. <« Hole drift

In same way, electrons on the n-side are close to the junction plane tend to diffuse across it and into
the p- -side, where there are very few free electrons. Similarly, holes on the p-side are close 1o the
junction plane tend to diffuse across that plane and into the n-side, where there are very few holes.
The motions of both the electrons and the holes contribute to a diffusion current (Z;y).

@)

(i)

(i)

(iv)

Silicon is doped with which of the following to obtain p-type semiconductor?

(@) Phosphorus (b) Gallium

(d) Germanium (a) Bismuth

A semiconductor has an electron concentration of 6 X 107 per m® and hole concentration of
8.5 x 10° per m®. Then it is

(@) n-type semiconductor (b) p-type semi conductor

(¢) intrinsic semiconductor (d) conductor

In a p-n-junction diode

(2) the current in the reverse biased condition is generally very small ~ pA

(b) the current in the reverse biased condition is small but the forward biased current is
independent of the bias voliage

(¢) the reverse biased current is strongly dependent on the applied voltage
(d) the forward biased current is very small in comparison to reverse biased current
In the middle of the depletion layer of a reverse biased p-n junction, the
(a) electric field is zero (b) potential is maximum
() electric field is maximum (d) potenual is zero
OR

The dominant mechanism for the motion of charge carriers in forward and reverse biased
silicon junctions are

(@) drift in forward bias, diffusion in reverse bias

b

) diffusion in forward bias, drift in reverse bias
(¢) diffusion in both forward and reverse bias
)

(d) drift in both forward and reverse bias
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Explanations

@

(b) Gallium being trivalent atom makes p-type semiconductor.

(i) (a) The given semiconductor is n-type semiconductor as ¢~ concentration > hole concentration.
(i1i) (a) In forward biased p-n-junction, external voltage decreases the potential barrier, so current
is maximum. While in reversed biased p-n-junction, external voltage increases the potential
barrier, so the current is very small of the order pA.
(tv) (@) When p-n junction is reversed biased, the width of the depletion layer becomes large and so,
the electric field (E = %) becomes very small, nearly zero.
(¥) (b) diffusion in forward bias, drift in reverse bias.
CONCEPTUAL QUESTIONS
Q. 1. Name two intrinsic semiconductors.
Ans. Germanium, silicon
Q. 2. Name charge carriers in p-type semiconductor.
Ans. Holes.
Q. 3. Name charge carriers in n-type semiconductor.
Ans. Free electrons
Q. 4. If n, is density of intrinsic charge carriers; n, and n, are densities of hole and electrons in
extrinsic semiconductor, what is the relation among them?
Ans. nn, = n?
Q. 5. What is the net charge on (i) p-type semiconductor (ii) n-type semiconductor?
Ans. (i) Zero (i) Zero
Q. 6. Why cannot we use Si and Ge in fabrication of visible LEDs? [CBSE 2020 (55/1/1)]
Ans. Si & Ge cannot be used for fabrication of visible LED because their energy gap is less 1.8 eV
[CBSE Marking Scheme 2020 (55/1/1)] 1
Q.7. How does the width of depletion region of a p-n junction vary if doping concentration is
increased? [CBSE Sample Paper 2021]
Ans. When doping concentration is kept high in p-n junction, then there will be less space for electron
to travel and equilibrium is achieved by recombination between charge carriers in nearby region.
So, depletion width is decreased with doping.
Q. 8. At what temperature would an intrinsic semiconductor behave like a perfect insulator?
[CBSE East 2010)
Ans. An intrinsic semiconductor behaves as a perfect insulator at temperature 0 K.
Q. 9. Can a slab of p-type semi-conductor be physically joined to another n-type semiconductor slab
to form p-n junction? Justify your answer. [CBSE 2020 (55/4/1)]
Ans. No, slab will have roughness much larger than the inter atoms crystal spacing and hence
continuous contact at the atomic level will not be possible. The junction will behave as a
discontinuity for the flowing charge carriers. [CBSE Marking Scheme 2020 (55/4/1)] 1
Q. 10. What type of extrinsic semiconductor is formed when
(i) germanium is doped with indium?
(i) silicon is doped with bismuth?
Ans. (i) Indium is trivalent, so germanium doped indium is a p-type semiconductor.

(i) Bismuth is pentavalent, so silicon doped bismuth is an n-type semiconductor.
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Ans.

Q. 13.
Ans.

Q. 14.

Ans.

Ans.

Q. 16.

Ans.

Ans,

Q. 18.

Ans.

What happens to the width of depletion layer of a p-n junction when it is (i) forward biased,
(ii) reverse biased? [CBSE Delhi 2011)

(i) When forward biased, the width of depletion layer decreases.
(11) When reverse biased, the width of depletion layer increases.

In a p-n junction diode the forward bias resistance is low as compared to the reverse bias
resistance. Give reason. [CBSE 2020 (55/4/1)]

In a p-n junction diode the forward bias has a low resistance because the barrier potential
decreases and when the diode is reverse biased then the barrier potential increases hence it has
a high resistance. [CBSE Marking Scheme 2020 (55/4/1)] 1

How are energy bands formed in a crystalline solid?

Isolated atoms have discrete energy levels. In a crystalline solid, due to the presence of large
number of atoms, interatomic interactions take place. Due to this, energy levels get modified 10
energy bands.

Carbon and silicon have the same lattice structure. Then why is carbon an insulator but silicon
a semiconductor? [CBSE 2023 (55/4/1)]

The 4 bonding of electrons of C and Si lie respectively, in the second and third orbit. Hence
energy required 1o take out an electron from their atoms will be much less than for €. Hence
number of free ¢~ for conduction in Si significant but negligibly small for C.

The energy gaps in the energy band diagrams of a conductor, semiconductor and insulator are
E,, E; and E;. Arrange them in increasing order.
The energy gap in a conductor is zero, in a semiconductor is = | eV and in an insulator is = 3 eV.
E =0,E;=1eV,E;z3¢eV
E, <E,<E;g
In half wave rectification, what is the output frequency if input frequency is 25 Hz?
[CBSE Sample Paper 2021]

For a half wave rectifier, the output frequency is equal to the input frequency. So, the frequency
afier rectification is 25 Hz.

Can the potential barrier across a p-n junction be measured by simply connecting a voltmeter
across the junction? [HOTS] [NCERT Exemplar]

No, because the volumeter must have a resistance very high compared to the junction resistance,
the latter being nearly infinite.
When a voltage drop across a p—n junction diode is increased from 0.70 V to 0.71 V, the change

in the diode current is 10 mA .What is the dynamic resistance of diode?

[CBSE Sample Paper 2021]
AV _ 071-0.70 _ 0.01
Al 1ox10” 107
Why are elemental dopants for Silicon or Germanium usually chosen from group 13 or group
152 [NCERT Exemplar]

The size of dopant atoms should be such as not 1o distort the pure semiconductor lattice structure
and yet easily contribute a charge carrier on forming covalent bonds with Si or Ge.

Dynamic resistance = =10

Sn, C, Si and Ge are all group 14 elements. Yet, Sn is a conductor, C is an insulator while Si
and Ge are semiconductors. Why? [NCERT Exemplar]
If the valance and conduction bands overlap (no energy gap), the substance is referred as
a conductor. For insulator the energy gap is large and for semiconductor the energy gap is
moderate. The energy gap lor Sn is 0 eV, for Cis 5.4 eV, for Siis 1.1 eV and for Ge is 0.7 eV,
related to their atomic size.
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Q. 21. Draw the output signal in a p-n junction diode 5V
when a square input signal of 10 V as shown in
the figure is applied across it.

[CBSE 2019 (55/5/1)]

Ans. ’—\ 5V

Q. 22. How does one understand the temperature dependance of resistivity of a semiconductor?
[CBSE (F) 2010]
Ans. When temperature increases, covalent bonds of neighbouring atoms break and charge carrier
become [ree to cause conduction, so resistivity of semi-conductor decreases with rise of temperature.

Q. 23. Inthe following diagram, which bulb out of B, and B, will glow and why? [CBSE (AI) 2017]

Tees Blen s BEREE RL

D1 [>}]

ke «
©r == ¥

Ans. Bulb B, will glow as diode D, is forward biased.

Q. 24. Inthe following diagram ‘S’ is a semiconductor. Would you increase or decrease the value of R
to keep the reading of the ammeter A constant when S is heated? Give reason for your answer.

[CBSE (AI) 2017)
Y] S
= gLk
b |
R
Ans.
 dben s & bealeds the terapeaodoas Crcacoses -
Mhe sozeatenchy decncaztd The gegcatamce ol the
_cfecutt decacnres Ro moge cussend tend o
%Lma_l:a_nxaLa,Ltu Weep  the curatnlixalue as
constonta  Hhe descutarnce 8 ghootd he
cncieaged :
Co. Ry roxaenwen o Keep ®
{lhe _ornvmoneleg 2 cogoas cangtarl-
; [Topper’s Answer 2017
. 25. What happens when a forward bias is applied to a p-n junction? CBSE Panchkula 2015
PP PP pnj

Ans. The direction of the applied voltage (V) is opposite to the built-in potential V. As a result,
depletion layer width decreases and the barrier height is reduced 10 V- V.
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Very Short Answer Questions

Each of the following questions are of 2 marks.
Q.1. Distinguish between a metal and an insulator on the basis of energy band diagrams.

Ans.

Q.2

Ans.

Q.3.

Ans.

[CBSE (F) 2014]

Metal Insulators

(i) Conduction band and valence band | There is large energy gap between conduction
overlap each other. band and valence band.

(#f) | Conduction band is partially filled and | Conduction band is empty. This is because no
valence band is partially empty. electrons can be excited to it from valence band.

Draw energy band diagrams of n-type and p-type semiconductors at temperature T > 0K,
depicting the donor and acceptor energy levels. Mention the significance of these levels.
[CBSE 2022 (55/1/1), Term-2, 2023 (55/2/1)]

n type p type
- Eci_’_‘ﬁ— - I SNSRI
. - Ep
g ('%(].{) leV I I
g Eg Eg
g l l Ey
G ° o Ey ° i
= | ST =0.01-0.05eV
e e —o0o0——
e e — G0
P ———————————
(a) T>0K s ® 1
One thermally generated electron-hole () T>0K
pair + 9 elactrons from donor atoms
Significance

n-type semiconductors —small energy gap between donor level and conduction band which can

be easily covered by thermally excited electrons. 1

p- type semiconductors - small energy gap between acceptor level and valence band which can

be easily covered by thermally excited electrons.

Alternatively

The conductivity of semiconductor is improved with the creation of donor and acceptor levels.
[CBSE Marking Scheme 2022 (55/1/1), Term-2]

Answer the following giving reasons:
(a) A p-n junction diode is damaged by a strong current.
(b)) Impurities are added in intrinsic semiconductors. [CBSE 2023 (55/2/1)]

(a) When a strong current passes through the semiconductor it heats up the crystal and covalent
bond are broken. Hence p-n junction diode is damaged.

(b) By the process of doping, impurities are added in intrinsic semiconductors to increase the
conductivity.
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Q. 4. How is forward biasing different from reverse biasing in a p-n junction diode?
[CBSE Delhi 2011]

Ans. 1. Forward Bias:
(f) Within the junction diode the direction of applied voltage is opposite to that of built-in
potential.
(#) The current is due to diffusion of majority charge carriers through the junction and is
of the order of milliamperes.
(1f) The diode offers very small resistance in the forward bias.

2. Reverse Bias:
(i) The direction of applied voltage and barrier potential is same.
(#f) The current is due to leakage of minority charge carriers through the junction and is
very small of the order of pA

(i) The diode offers very large resistance in reverse bias.
Q. 5. If each diode in figure has a forward bias resistance of 25 Q and
infinite resistance in reverse bias, what will be the values of current
I, 1, Iyand I,? [FIOTS] [NCERT Exemplar)
Ans. [; is zero as the diode in that branch is reverse biased. Resistance in

the branch AB and EF are each (125 + 25) Q = 150 Q
As AB and EF are identical parallel branches, their effective resistance
150

is T=75.Q

Net resistance in the circuit = (75 4+ 25) Q = 100 Q

Current [} = b =0.05A

100
As resistances of AB and EF are equal, and [, = I, + I; + [, I3 =0
0.05
L= lj=—0c" = 0005 A

Q.6. In a pure semiconductor crystal of Si, if antimony is added then what type of extrinsic
semiconductor is obtained. Draw the energy band diagram of this extrinsic semiconductor so

formed. [CBSE Sample Paper 2022, Term-2)
OR

A germanium crystal is doped with antimony. With the help of energy-band diagram, explain

how the conductivity of the doped crystal is affected. [CBSE 2023 (55/4/1)]

Ans. As given in the statement antimony is added 1o pure Si/Ge crystal, then a n-type extrinsic
semiconductor would be so obtained, Since antimony(Sb) is a pentavalent impurity. After doping
with antimony, the number of conduction electrons can be made much larger than the number

of holes. Due 1o this conductivity of the doped crystal increases.

Energy level diagram of n-type semiconductor:

g+ — ) Conduction bond
E .
{ Donar Energy level

=0.01eV

Electron energy

Valance bond
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Q. 7. A germanium p-n junction is connected to a battery with milliammeter in series. What should
be the minimum voltage of battery so that current may flow in the circuit? [HOTS]
Ans. The internal potental barrier of germanium is 0.3 V, therefore to overcome this barrier the
potential of battery should be equal 1o or more than 0.3 V.
Therelfore, the minimum voltage of battery = 0.3 V.
Q. 8. Briefly explain how the diffusion and drift currents contribute to formation of potential barrier in
a p-n junction diode. [CBSE 2023 (55/1/1)]
OR
Explain briefly the two processes that occur in p-n junction region to create a potential barrier.
[CBSE 2020 (55/3/1)]

Ans. Diffusion: During the formation of p-n junction, due to the concentration gradient across the
p and n sides, the motion of majority charge carriers give rise to diffusion current. 1
Drift: Due to the electric field developed at the junction, the motion of the minority charge
carriers due to electric field is called drift.

With the passage of time, diffusion current decreases whereas drift current increases and
balance each other. This, creates a potential barrier. [CBSE Marking Scheme 2020 (55/3/1)]

Q.9. Explain the property of a p-n junction which makes it suitable for rectifying alternating
voltages. Differentiate between a half-wave and a full-wave rectifier. [CBSE 2023 (55/3/1)]

Ans. Rectification means conversion of ac into de. A p-n diode acts as a rectifier because an ac changes
polarity periodically and a p-n diode allows the current to pass only when it is forward biased.
This characteristics property makes the diode suitable for rectification.

Difference between Half wave and Full wave rectifier

Half wave rectifier Full wave rectifier
(i) It converting the one-half cycles of AC input | It converting both the half cycles or complete
to DC output. full eycle of AC input in to DC output.

(i) | Ripple factor of a half-wave rectifier is more. | Ripple factor of a full wave rectifier is less.

(i) | Single p-n junction diode is used for| At least two or four diode may used for
rectification. rectification depending on the type of circuit.

Q. 10. What is meant by doping of an intrinsic semiconductor? Name the two types of atoms used for
doping of Ge/Si. [CBSE 2022 (55/3/1), Term-2]
Ans. Doping: The deliberate addition of a desirable impurity in pure Si/Ge semiconductor to enhance
conductivity is called doping.

Types of atoms: (z) Pentavalent — Arsenic (As) (ii) Trivalent — Boron (B).
Q. 11. What will the effect of (i) forward biasing, and (ii) reverse biasing be on the width of depletion
layer in p-n junction diode? [CBSE 2023 (55/4/1)]
Ans. (i) Under forward biasing the applied potential difference causes a field which acts opposite 10
the potential barrier. This results in reducing the potential barrier, and hence the width ol

depletion layer decreases.
—— >
+«—
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Forward current
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(1) Under reverse biasing the applied potential difference causes a field which is in the same
direction as the field due 1o internal potential barrier. This results in an increase in barrier
voltage and hence the width of depletion layer increases.

«——E
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4+0 40 "> o>
4040 [ =g o
+0 40 "> o

n

p
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Reverse current

Short Answer Questions

Each of the following questions are of 3 marks.

Q. 1. What are energy bands? Write any two distinguishing features between conductors,
semiconductors and insulators on the basis of energy band diagrams.
[CBSE (AI) 2014, North 2016]
OR
Draw the necessary energy band diagrams to distinguish between conductors, semiconductors
and insulators. How does the change in temperature affect the behaviour of these materials?
Explain briefly. [CBSE Patna 2015, 2020 (55/4/1)]
Ans. Energy Bands: In a solid, the energy of electrons lie within certain range. The energy levels
of allowed energy are in the form of bands, these bands are separated by regions of forbidden
energy called band gaps.

=

e Conduction band

[

o] [~

5 I

2| Ec Eg=0

k|

w Valence band

Conductor

Conduction band

=] 5

4] Ec b Eg

[ C

@ o

S Eg< JeVv E Eg >3eV

8 E 3 E

] v m v
Valence band

Semiconductor Insulator

Distinguishing features:

(2) In conductors: Valence band and conduction band overlap each other.
In semiconductors: Valence band and conduction band are separated by a small energy gap.
In insulators: They are separated by a large energy gap.
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(b) In conductors: Large number of free electrons are available in conduction band.
In semiconductors: A very small number of electrons are available for electrical conduction.
In insulators: Conduction band is almost empty i.e., no electron is available for conduction.

Effect of Temperature:

(i) In conductors: At high temperature, the collision of electrons become more {requent with
the atoms/molecules at lattice site in the metals as a result the conductivity decreases (or
resistivity increases).

(ii) In semiconductors: As the temperature of the semiconducting material increases, more
electron hole pairs becomes available in the conduction band and valance band, and hence
the conductivity increases or the resistivity decreases.

(iii) In insulators: The energy band between conduction band and valance band is very large, so
it is unsurpassable for small temperature rise. So, there is no change in their behaviour.

Q. 2. Distinguish between ‘intrinsic’ and ‘extrinsic’ semiconductors.
[CBSE Delhi 2015, (F) 2017, 2023 (55/1/1)]
Ans.

Intrinsic semiconductor Extrinsic semiconductor

(1) Itis a semiconductor in pure form. It is a semiconductor doped with trivalent or
pentavalent impurity atoms.

(1) | Inwrinsic charge carriers are electrons and | The two concentrations are unequal in it
holes with equal concentration. There is excess of electrons in n-type and
excess of holes in p-type semiconductors.

(izf) | Current due to charge carriers is feeble (of the | Current due to charge carriers is significant (of
order of pA). the order of mA).

Q. 3. Name the important process that occurs during the formation of a p-n junction. Explain
briefly, with the help of a suitable diagram, how a p-n junction is formed. Define the term
‘barrier potential’. [CBSE (F) 2011, Central 2016]

OR

Describe briefly, with the help of a diagram, the role of the two important processes involved

in the formation of a p-n junction.

[CBSE (AI) 2012, Bhubaneshwar 2015, 2020 (55/4/1), 2023 (55/3/1), (55/4/1)]
Ans. Two important processes occurring during the formation of a p-n junction are (#) diffusion and

(i) drift.

(i) Diffusion: In n-type semiconductor, the concentration of electrons is much greater as
compared to concentration of holes; while in p-type semiconductor, the concentration of
holes is much greater than the concentration of electrons. When a p-n junction is formed,
then due to concentration gradient, the holes diffuse from p-side to n-side (p — »n) and

electrons diffuse from n-side to p-side (n — p). This motion of charge carriers gives rise to
diffusion current across the junction.

4—— Electron diffusion
— Electron drift

cooo0 ™FP ¢

opoooe aNess

o 0000 RS

Electron
;ouuu@(ﬁ-u--o

H';)Ie — Hole diffusion
“— Hale drift
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(ii) Drift: The drifi of charge carriers occurs due 1o electric field. Due to built in potential barrier,
an electric field directed from n-region to p-region is developed across the junction. This field
causes motion of electrons on p-side of the junction to n-side and motion of holes on n-side
of junction to p-side. Thus a drifi current starts. This current is opposite to the direction of
diffusion current.

V¢, Potential barrier

'_

1

Depletion
layer

Potential barrier: During the formation of a p-n junction the electrons diffuse from n-region
to p-region and holes diffuse from p-region to n-region. This forms recombination of charge
carriers. In this process immobile positive ions are collected at a junction toward n-region
and negative ions at a junction toward p-region. This causes a potential difference across the
unbiased junction. This is called potential barrier.
Q. 4. Draw V- characteristics of a p—n junction diode. Answer the following questions, giving reasons:
(i) Why is the current under reverse bias almost independent of the applied potential upto a
critical voltage?
(ii) Why does the reverse current show a sudden increase at the critical voltage?
[CBSE (AI) 2013, CBSE 2019]
Ans. (1) In the reverse biasing, the current of order of pA is due to movement/drifting of minority
charge carriers from one region to another through the junction.
A small applied voltage is sufficient o sweep the minority charge carriers through the
junction. So, reverse current is almost independent of critical voltage.

I
mA

T

Reverse bias=—

v

Breakdown — Forward bias

I}

(i) At critical voltage (or breakdown voltage), a large number of covalent bonds break, resulting
in the increase of large number of charge carriers. Hence, current increases at critical voltage.
Q. 5. The current in the forward bias is known to be more (~mA) than the current in the reverse
bias (~pA). What is the reason, then, to operate the photodiode in reverse bias?
[HOTS)[CBSE Delhi 2012]
Ans. Consider the case of n-type semiconductor. The majority carrier (electron) density is larger than
the minority hole density, i.e, n >> p.
On illumination, the no. of both types of carriers would equally increase in number as
n'=n+An,p=p+Ap
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Ans.

Q.7.

Ans.

But An = Apandn >> p

i . i s ; An Apo ;
Hence, the fractional change in majority carrier, ie, <<~ (fractional change in
minority carrier) P

Fractional change due to photo-effects on minority carrier dominated reverse bias current is
more easily measurable than the fractional change in majority carrier dominated forward bias
current. Hence photodiodes are used in reverse bias condition for measuring light intensity.

The graph of potential barrier versus width of depletion region for an unbiased diode is shown
in A. In comparison to A, graphs B and C are obtained after biasing the diode in different ways.
Identify the type of biasing in B and C and justify your answer. [CBSE Sample Paper 2016, 2023)

(| I
>‘/:> <

B : Reverse biased
Justification: When an external voltage I is applied across the semiconductor diode such that
n-side is positive and p-side is negative, the direction of applied voliage is same as the direction
of barrier potential. As a result, the barrier height increases and the depletion region widens due
to the change in the electric field. The effective barrier height under reverse bias is (V,+V).
C : Forward biased
Justification: When an external voltage Vis applied across a diode such that p-side is positive and
n-side is negative, the direction of applied voltage (V) is opposite to the barrier potental (V).
As a result, the depletion layer width decreases and the barrier height is reduced. The effective
barrier height under forward bias is (Fy— V).
A semiconductor has equal electron and hole concentration of 2X 108/ m®. On doping with a
certain impurity, the hole concentration increases to 4X 10"/ m?.

(i) What type of semiconductor is obtained on doping?
(#i) Calculate the new electron and hole concentration of the semiconductor.
(#ii) How does the energy gap vary with doping?
Given n, =2 x 108/ m® n, =4 x 10"/ m®

() The majority charge carriers in doped semiconductor are holes, so semiconductor obtained

is p-type semiconductor.
n (2% 10%)?

o 4x10"

New electron concentration = 106/ m?

. 2 6, 3
(i) nn, =n; = n, = =10"/m

hole concentration = 4 x 1010/ m®

(i) Energy gap decreases on doping.
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Long Answer Questions

Each of the following questions are of 5 marks.

Q. 1. (a) State briefly the processes involved in the formation of p-n junction explaining clearly

how the depletion region is formed.

(b) Using the necessary circuit diagrams, show how the V-I characteristics of a p-n junction
are obtained in (i) Forward biasing (ii) Reverse biasing
How are these characteristics made use of in rectification? [CBSE Delhi 2014

OR
Draw the circuit arrangement for studying the V-I characteristics of a p-n junction diode (i) in
forward bias and (ii) in reverse bias. Draw the typical V-I characteristics of a silicon diode.

Describe briefly the following terms: [CBSE 2023 (55/1/1)]
(i) “minority carrier injection” in forward bias
(ii) “breakdown voltage” in reverse bias. [CBSE Chennai 2015]
Ans.  (a) Electron drift Electron diffusion
i sl
- =+ %
A
- -+ +
- =+
S
Depletion region
Hole diffusion Hoale drift
B ——— —

Two processes occur during the formation of a p-n junction are diffusion and drift. Due to
the concentration gradient across f and n-sides of the junction, holes diffuse from p-side
to n-side (# — n) and electrons diffuse from n-side to p-side (rn — p). This movement of
charge carriers leaves behind ionised acceptors (negative charge immobile) on the p-side and
donors (positive charge immobile) on the n-side of the junction. This space charge region on
either side of the junction together is known as depletion region.

(b) The circuit arrangement for studying the V-1 characteristics of a diode are shown in Fig. (a)

and (b). For different values of voliages the value of current is noted. A graph between Vand [ is
obtained as in Figure (c).
From the V- characteristic of a junction diode it is clear that it allows current to pass only
when it is forward biased. So if an alternating voltage is applied across a diode the current
flows only in that part of the cycle when the diode is forward biased. This property is used
to rectify alternating voltages.

7 Voltmeter(V) - Voltmeter(V)
Lo 5ol
™~ ™~
p L"'fln p l‘/In
bl A
Milliammeter Microammeter
(mA) (nA)
J Switch ‘ Switch
1 b—il
+ - -+
(a) (B)
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Q.2.

Ans.

Ans.

(i) Minority Carrier Injection: Due 1o the applied Ty

voltage, electrons from n-side cross the depletion 1004

region and reach p-side (where they are minority f04

carriers). Similarly, holes from p-side cross this =

junction and reach the n-side (where they are sl

minority carriers). This process under forward 10 5 20 20 252“'//‘ L

bias is known as minority carrier injection. v az 04060810 'V
(#i) Breakdown Voltage: It is a critical reverse bias F]

voltage at which current is independent of 22:

applied voltage.

1 (uA)
Explain, with the help of a circuit diagram, the working Lk

of a p-n junction diode as a half-wave rectifier. [CBSE (AI) 2014]

v, v
P, A
PR ¥ |
[ E "
o T E :
P, B
0 Ti2 T 1t
Working

(i) During positive half cycle of input alternating voliage, the diode is forward biased and a
current flows through the load resistor R; and we get an output voltage.

(i) During other negative half cycle of the input alternating voltage, the diode is reverse biased
and it does not conduct (under break down region).
Hence, ac voltage can be rectified in the pulsating and unidirectional voliage.

State the principle of working of p-n diode as a rectifier. Explain with the help of a circuit

diagram, the use of p-n diode as a full wave rectifier. Draw a sketch of the input and output
waveforms. [CBSE Delhi 2012, 2020 (55/3/2)]

OR

Draw a circuit diagram of a full wave rectifier. Explain the working principle. Draw the input/
output waveforms indicating clearly the functions of the two diodes used.

[CBSE (AI) 2011, 2020 (55/1/3)]
OR

With the help of a circuit diagram, explain the working of a junction diode as a full wave
rectifier. Draw its input and output waveforms. Which characteristic property makes the
junction diode suitable for rectification? [CBSE Ajmer 2015, North 2016, 2023 (55/4/1)]

OR

Draw the circuit diagram of a full wave rectifier and explain its working. Also give the input
and output waveforms. [CBSE Delhi 2019, 2020, (55/1/3), 2022 (55/2/1), Term-2]
OR

Explain with a proper diagram how an ac signal can be converted into dec (pulsating) signal
with output frequency as double than the input frequency using p-n junction diode. Give its
input and output waveforms. [CBSE Sample Paper 2022, Term-2)]
Rectification: Rectification means conversion of ac into de. A p-n diode acts as a rectifier because
an ac changes polarity periodically and a p-n diode allows the current to pass only when it is
forward biased. This makes the diode suitable for rectification.
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Working: The ac input voltage across secondary S and §, changes polarity afier each half cycle.
Suppose during the first half cycle of input ac signal, the terminal §, is positive relative to centre
tap O and §, is negative relative to O. Then diode D, is forward biased and diode D, is reverse
biased. Therelore, diode D conducts while diode Dy does not. The direction of current (i;) due
to diode D in load resistance R, is directed from 4 to B In next half cycle, the terminal §, is
negative and 8, is positive relative to centre tap 0. The diode D is reverse biased and diode D,
is forward biased. Therefore, diode Dy conducts while 1| does not. The direction of current (iy)
due to diode Ds in load resistance R is still from 4 o B. Thus, the current in load resistance R
is in the same direction for both hall cycles of input ac voltage. Thus for input ac signal the output
currenl is a conlinuous series of unidirectional pulses.

Waveform
at Py (o] T T QT t
. 2 2 27
52
B =
(3% - —
g o Waveform 0 =
o
a9 at Py I T 3+ 2T
c= 2 ZT
Dueto : Duetoc Dueto - Dueto
D4 D, D, D,y
Output ;
waveform |0 T T QT T i
(across Ry) 2 2

In a full wave rectifier, if input frequency is f hertz, then output frequency will be 2f hertz

because [or each cycle of input, two positive half cycles of output are obtained.

(a) Distinguish between an intrinsic semiconductor and a p-type semiconductor. Give reason
why a p-type semiconductor is electrically neutral, although n;, >> n_.

(b) Explain, how the heavy doping of both p-and n-sides of a p-n junction diode results in the
electric field of the junction being extremely high even with a reverse bias voltage of a few

volts.

Ans. (a)

[CBSE (F) 2013]

Intrinsic semiconductor

p-type semiconductor

@

It is a semiconductor in pure form.

It is a semiconductor doped with trivalent
impurity atoms (Like Al, Ga, efc.).

(i)

Intrinsic charge carriers are electrons and
holes with equal concentration.

There is excess of holes in p-type
semiconductors as majority charge carrier.

(iii)

Current due to charge carriers is feeble (of
the order of pA).

Current due to charge carriers is significant
(of the order of mA).

When the trivalent imurities are doped in to the tetravalent pure semiconductor like Si or
Ge then the fourth electron of the Si or Ge needs o be bounded then the electron in the
outermost shell of the Si or Ge can jump in to the vacancy and create hole on its own atom.
But the number of the electrons and holes are same in magnitude and apposite in sign.
Hence a p-type semiconductor is electrically neutral.

®

-~

If p-type and n-type semiconductor are heavily doped. Then due to diffusion of electrons

from n-region to p-region, and of holes from p-region 1o n-region, a depletion region formed
of'size of order less than 1 pm. The electric field directing from n-region to p-region produces
a reverse bias voliage of about 5 V and electric field becomes very large.

_AV _ 5V
Ax Ipm
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Questions for Practice

1

Choose and write the correct option in the following questions.
(i) Carbon, silicon and germanium have four valence electrons each. These are characterised
by valence and conduction bands, separated by energy band gap respectively equal to
(Ep)c, (Egsi and (Eg)e- Which of the following statement is true?

(@) (Eps; < (Ece < (Epe 0) Epe < Ece > Eps
(€) (Ec > (Epsi > (Eg)ce (d) (Epe = (E)a = (E)ce
(i) If a p-n junction diode is reverse biased, [CBSE 2023 (55/3/1)]
(a) the potential barrier is lowered. (b) the potential barrier remains unaffected.
(¢) the potential barrier is raised. (d) the current is mainly due to majority carriers.
(#ii) When a forward bias is applied to a p-n junction, it
(a) raises the potential barrier (b) reduces the majority carrier current to zero
(¢) lowers the potential barrier (d) none of the above
(iv) Pieces of copper and of silicon are initially at room temperature. Both are heated 10
temperature 7. The conductivity of [CBSE 2023 (55/2/1)]
(@) both increases (b) both decreases

(¢) copper increases and silicon decreases (d) copper decreases and silicon increases
(v) The formation of depletion region in a p-n junction diede is due to
[CBSE 2023 (55/2/1)]
(@) movement of dopant atoms (b) diffusion of both electrons and holes
(¢) drift of electrons only (d) drift of holes only
In the following questions, a statement of Assertion (A) is followed by a statement of Reason (R).
Choose the correct answer out of the following choices.
(a) Both A and R are true and R is the correct explanation of A.
(b) Both A and R are true but R is not the correct explanation of A.
(c) A is true but R is false.
(d) A is false and R is also false.

Assertion (4) : A p-n junction diode can be used even at ultra high frequencies.

Reason (R) : Capacitive reactance of p-n junction diode increases as frequency increases.
Explain the formation of depletion region in a p-n junction. [CBSE Sample Paper 2022 (55/2/1)]
Why is an intrinsic semiconductor deliberately conversed into an extrinsic semiconductor by
adding impurity atoms? [CBSE 2020 (55/3/1)]
Draw the circuit arrangement for studying the V-I characteristics of a p-n junction diode in
forward bias and reverse bias. Show the plot of 2] characteristic of a silicon diode.

[CBSE 2023 (55/1/1)]
What happens when a forward bias is applied to a p-n junction?
Two semiconductor materials X and ¥ shown in the alongside figure, are |
made by doping a germanium crystal with indium and arsenic respectively.
The two are joined end o end and connected to a battery as shown.

(i) Will the junction be forward biased or reverse biased? ‘ =

(i) Sketch a VI graph for this arrangement.

Draw the energy band diagram when intrinsic semiconductor (Ge) is doped with impurity atoms
of Antimony (Sb). Name the extrinsic semiconductor so obtained and majority charge carriers in
i [CBSE Sample Paper 2021, 2022, Term-2]
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9. Explain the terms ‘depletion layer’ and ‘potential barrier’ in a p-n junction diode. How are the
(@) width of depletion layer, and (b) value of potential barrier affected when the p-n junction is
forward biased? [CBSE 2020 (55/1/1)]

10. The circuit shown in the figure has two oppositely connected ideal diodes connected in parallel.
Find the current flowing through each diode in the circuit.

20 D>
AR 4
D1 30
40 i
el
12v
11. Write two characteristic features to distinguish between n-type and p-type semiconductors.

[CBSE (F) 2012]
12. Draw energy band diagrams of an n-type and p-type semiconductor at temperature T > 0 K.
Mark the donor and acceptor energy levels with their energies. [CBSE (F) 2014, 2020 (55/3/3)]
13. Three photo diodes )|, Dy and D; are made of semiconductors having band gaps of 2.5 ¢V, 2¢V and
3 eV, respectively. Which ones will be able to deteet light of wavelength 6000 A3
[HOTS] [NCERT Exemplar)
14. Draw F - I characteristics of p-n junction diode. Explain how these characteristics make a diode
suitable for rectification. [CBSE 2023 (55/4/1)]
15. Write the two processes that take place in the formation of p-n junction. Explain with the help of
a diagram, the formation of depletion region and barrier potential in a p-n junction.
[CBSE Delhi 2017)
16. (a) Draw I~ characteristics of a p-n junction diode. Explain, why the current under reverse bias
is almost independent of the applied voltage up to the critical voliage. [CBSE 2020 (55/2/1)]
(b) The circuit shown in the figure contains two diodes each with a forward resistance of 50 Q
and infinite backward resistance. Calculate the current in the 100 Q resistance.

D4 2000

Answers
L. (i) () (i) (c) (i) (c) (i) (d) () ()
2. (©
10. 2 A 16. (b) 0.0171 A
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CBSE Sample Question Paper-2024 (Solved)

Time allowed: 3 hours Maximum marks: 70

General Instructions:

(i)
(i)
(iit)
()

@)

(vi)
(vit)

There are 33 questions in all. All questions are compulsory.
This question paper has frve sections: Seclion A, Section B, Section C, Section D and Section E.
AUl the sections are compulsory.

Section A contains sixteen questions, twelve MCQ and four Assertion Reasoning based of 1 mark each,
Section B conlains five questions of two marks each, Section C conlains seven questions of three marks each,
Section D contains two case study based questions of four marks each and Section E conlains three long
answer questions of five marks each.

There is no overall choice. However; an internal choice has been provided in one question in Section B, one
question in Section C, one question in each CBQ in Section D and all three questions in Section E. You
have to altempl only one of the choices in such questions.

Use of calculators is not allowed.
You may use the following values of physical constanis where ever necessary

(@ c=3%x 10°m/s

() m, = 9.1 x 10 kg

e =16x10"C

@) pp =4n x 107 T mA™!

) h =663%107]s

() g, = 8.854 x 107 C°N"'m™?

(g) Avogadro’s number = 6.023 X 10% per gram mole

SECTION-A

. Which of the following is not the property of an equipotential surface?

(a) They do not cross each other.

(b) The work done in carrying a charge from one point to another on an equipotential surface
is zero.

(¢) For a uniform electric field, they are concentric spheres.

(d) They can be imaginary spheres.

An electric dipole placed in an electric field of intensity 2 X 10° N/C at an angle of 30°
experiences a torque equal to 4 Nm. The charge on the dipole of dipole length 2 cm is

(a) 7uC () 8 mC () 2mC (d) 5 mC

. A metallic plate exposed to white light emits electrons. For which of the following colours of

light, the stopping potential will be maximum?

(@) Blue ) Yellow (¢) Red (d) Violet

When alpha particles are sent through a thin gold foil, most of them go straight through the
foil, because

(@) alpha particles are positively charged

(b) the mass of an alpha particle is more than the mass of an electron

(¢) most of the part of an atom is empty space

(d) alpha particles move with high velocity
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10.

11.

12.

An electron is moving along positive x-axis in a magnetic field which is parallel to the positive
y-axis. In what direction will the magnetic force be acting on the electron?

(a) Along —x axis (b) Along -z axis () Along +z axis (d) Along -y axis

The relative permeability of a substance X is slightly less than unity and that of substance ¥ is
slightly more than unity, then

(a) X is paramagnetic and ¥ is ferromagnetic

(b) X is diamagnetic and Y is ferromagnetic

(¢) X and Y both are paramagnetic

(d) X is diamagnetic and ¥ is paramagnetic

. Anammeter of resistance 0.81 ohm reads up to 1 A. The value of the required shunt to increase

the range to 10 A is
(@) 0.9 ohm (&) 0.09 ohm (¢) 0.03 ohm (d) 0.3 chm

An electron with angular momentum L moving around the nucleus has a magnetic moment
given by

(@) eL/2m (b) eL/3m (€) eL/dm (d) eLim

The large scale transmission of electrical energy over long distances is done with the use of
transformers. The voltage output of the generator is stepped-up because of

(@) reduction of current (b) reduction of current and voltage both

(c) power loss is cut down (d) (@) and (¢) both

The diagram below shows the electric field (f) and magnetic field (F) components of an
electromagnetic wave at a certain time and location.
2

—-

E v

The direction of the propagation of the electromagnetic wave is
(a) perpendicular to E and B and out of plane of the paper

(b) perpendicular to EFand B and into the plane of the paper
(c) parallel and in the same direction as 7

(d) parallel and in the same direction as B

In a coil of resistance 100 Q) a current is induced by changing the magnetic flux through it.
The variation of current with time is as shown in the figure. The magnitude of change in flux
through coil is

10A -

0

t— 05s
{a) 200 Wb ) 275 Wb (¢) 225 Wb (d) 250 Wb

The energy of an electron in #® orbit of hydrogen atom is E, = —13.6/n> eV. The negative sign
of energy indicates that

(a) electron is free to move.

(b) electron is bound to the nucleus.

(¢) kinetic energy of electron is equal to potential energy of electron.

(d) atom is radiating energy.



For Questions 13 to 16, two statements are given — one labelled Assertion (A) and other labelled
Reason (R). Select the correct answer to these questions from the options as given below.

{a) If both Assertion and Reason are true and Reason is correct explanation of Assertion.

(b) If both Assertion and Reason are true but Reason is not the correct explanation of Assertion.

(¢) If Assertion is true but Reason is false.
(d) If both Assertion and Reason are false.

13.

14.

15.

16.

17.

18.

19.

20.

21

Assertion(4) : For the radiaton of a frequency greater than the threshold frequency,
photoelectric current is proportional to the intensity of the radiaton.

Reason (R) : Greater the number of energy quanta available, greater is the number of
electrons absorbing the energy quanta and greater is number of electrons
coming out of the metal.

Assertion(4) : Putting p-type semiconductor slab directly in physical contact with n-type
semiconductor slab cannot form the p-n junction.

Reason (R) : The roughness at contact will be much more than inter atomic crystal spacing
and continuous flow of charge carriers is not possible.

Assertion(4) : An electron has a higher potential energy when it is at a location associated with
a negative value of potential and has a lower potential energy when at a location
associated with a positive potential.

Reason (R) : Electrons move from a region of higher potential to a region of lower potential.

Assertion(4) : Propagation of light through an optical fibre is due to total internal reflection
taking place at the core-cladding interface.

Reason (R) : Relractive index of the material of the cladding of the optical fibre is greater
than that of the core.

SECTION-B

(@) Name the device which utilizes unilateral action of a p-n diode to convert ac into de.
(b) Draw the circuit diagram of full wave rectifier.
The wavelength A of a photon and the de Broglie wavelength of an electron of mass m have the
same value. Show that the energy of the photon is 24me/h times the kinetic energy of the electron,
where ¢ and A have their usual meanings.
A ray of monochromatic light passes through an equilateral glass prism in such a way that
the angle of incidence is equal 1o the angle of emergence and each of these angles is 3/4 times
the angle of the prism. Determine the angle of deviation and the refractive index of the glass
prism.
A heating element using nichrome connected to a 230 V supply draws an initial current of 3.2 A
which settles afier a few seconds to a steady value of 2.8 A. What is the steady temperature of the
heating element if the room temperature is 27.0 °C and the temperature coeflicient of resistance
of nichrome is 1.70 x 107 °C™'?
Show that the least possible distance between an object and its real image in a convex lens is 4f,
where f is the focal length of the lens.

OR
In an astronomical telescope in normal adjustment a straight black line of length L is drawn
on the objective lens. The eyepiece forms a real image of this line whose length is [. What is the
angular magnification of the telescope?




22.

23.

24.

25.

26.

27.

SECTION-C
A given coin has a mass of 3.0 g. Calculate the nuclear energy that would be required to separate
all the neutrons and protons from each other. For simplicity assume that the coin is entirely
made of g; Cu atoms (of mass 62.92960 u). Given my, = 1.007825u and m, = 1.008665u.
OR
Draw the graph showing the variation of binding energy per nucleon with mass number. Write
two inferences which can be drawn from this graph.

Charges (+ ¢) and (- g) are placed at the points A and B respectively which are a distance 2L
apart. C is the midpoint between A and B. What is the work done in moving a charge + Q along
the semicircle CRD.

The total energy of an electron in the first excited state of the hydrogen atom is about -3.4 eV.
() What is the kinetic energy of the electron in this state?

(b) What is the potential energy of the electron in this state?

(¢) Which of the answers above would change if the choice of the zero of potential energy is

changed?

A wire of uniform cross-section and resistance 4 ohm is bent in the shape of square ABCD. Point
A is connected to a point P on DC by a wire AP of resistance 1 ohm. When a potential difference
is applied between A4 and C, the points B and P are seen Lo be at the same potential. What is the
resistance of the part DP?

D P Cc

The given figure shows a long straight wire of a circular cross-section (radius a) carrying steady
current /. The current / is uniformly distributed across this cross-section. Calculate the magnetic
field in the region r < ¢ and r > a.

[N

Identify the part of the electromagnetic spectrum which:
(a) produces heating effect,

(b) is absorbed by the ozone layer in the atmosphere,

(¢) 1s used for studying erystal structure.

Write any one method of the production of each of the above radiations.



28. (a) Define mutual inductance and write its SI unit.
(b) Two circular loops, one of small radius r and other of larger radius R, such that R >>
r, are placed coaxially with centres coinciding. Obtain the mutual inductance of the
arrangement.
OR
Two long straight parallel current carrying conductors are kept ‘a’ distant apart in air. The
direction of current in both the conductors is same. Find the magnitude of force per unit length
and direction of the force between them. Hence define one ampere.

SECTION-D
Case Study Based Questions

29. Read the following paragraph and answer the questions that follow.

A semiconductor diode is basically a p-n junction with metallic contacts provided at the ends for
the application of an external voltage. It is a two terminal device. When an external voltage is
applied across a semiconductor diode such that p-side is connected 10 the positive terminal of
the battery and n-side to the negative terminal, it is said to be forward biased. When an external
voltage is applied across the diode such that n-side is positive and p-side is negative, it is said
o be reverse biased. An ideal diode is one whose resistance in forward biasing is zero and the
resistance is infinite in reverse biasing. When the diode is forward biased, it is found that beyond
forward voliage called knee voltage, the conductivity is very high. When the biasing voliage is
more than the knee voltage the potenual barrier is overcome and the current increases rapidly
with increase in forward voltage. When the diode is reverse biased, the reverse bias voltage
produces a very small current about a few microamperes which almost remains constant with
bias. This small current is reverse saturation current.

(i) In the given figure, a diode D is connected to an external resistance R = 100 Q and an emf
of 3.5 V. If the barrier potential developed across the diode is 0.5 V, the current in the circuit

will be
D 1000
> AW
{H!
3.5V
(a) 40 mA (b) 20 mA
(¢) 35 mA (d) 30 mA
() In which of the following figures, the p-n diode is reverse biased?
(a) ®) (©) (d)
+51 +101
-12
®
R
N +51 R
T e

5

.l\”—

(i) Based on the V-I characteristics of the diode, we can classify diode as
(a) bilateral device (b) ohmic device
() non-ohmic device (d) passive element




OR
Two identical PN junctions can be connected in series by three different methods as shown
in the figure. If the potential difference in the junctions is the same, then the correct
connections will be

(1)
(@) in the circuits (1) and (2) (b) in the circuits (2) and (3)
(¢) in the circuits (1) and (3) (d) only in the circuit (1)
(i) 2 1(ma) :
30 /
Silicon
20 |
f
15 /'
10
=10V
0 0.5 i
-, (A M
07 08

The V-I characteristic of a diode is shown in the figure. The ratio of the resistance of the
diode at I = 15 mA to the resistance at V' = -10 V is

(@) 100 (b) 108 (c) 10 d) 1078

30. Read the following paragraph and answer the questions that follow.

Types of Lenses and their combination
A convex or converging lens is thicker at the centre than at the edges. It converges a beam of
light on refraction through it. It has a real focus. Convex lens is of three types: Double convex
lens, Plano convex lens and Concavo-convex lens.
Concave lens is thinner at the centre than at the edges. It diverges a beam of light on refraction
through it. It has a virtual focus. Concave lenses are of three types: Double concave lens, Plano
concave lens and Convexo-concave lens.
When two thin lenses of focal lengths f and f, are placed in contact with each other along their
common principal axis, then the two lens system is regarded as a single lens of focal length fand
L Py
f h 5k
If several thin lenses of focal length f, fs, .... f, are placed in contact, then the effective focal
length of the combination is given by
e

f 4k

and in terms of power, we can write
P=P t P % P
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31.

32.

The value of focal length and power of a lens must be used with proper sign consideration.

(i) Two thin lenses are kept coaxially in contact with each other and the focal length of the
combination is 80 cm. If the focal length of one lens is 20 cm, the focal length of the other
would be

(a) =26.7 cm (b) 60 cm (¢) 80 cm (d) 30 cm

(1) A spherical air bubble is embedded in a piece of glass. For a ray of light passing through the
bubble, it behaves like a

(a) converging lens (b) diverging lens
(¢) mirror (d) thin plane sheet of glass
(iti) Lens generally used in magnifying glass is
(a) single concave lens
(b) single convex lens
(¢) combination of convex lens of lower power and concave lens of lower focal length
(d) Planoconcave lens
(t) The magnification of an image by a convex lens is positive only when the object is placed

(a) atits focus F (b) between F and 2F
(c) at2F (d) between F and optical centre
OR

A convex lens of 20 cm focal length forms a real image which is three times magnified. The
distance of the object from the lens is

(@) 13.33 cm (&) 14 cm (¢) 26.66 cm (d) 25 cm

SECTION-E
(i) Draw a ray diagram for the formation of image of a point object by a thin double convex lens
having radii of curvature R; and R,. Hence derive lens maker’s formula.
(i) A converging lens has a focal length of 10 em in air. It is made of a material of refractive
index 1.6. Ifit is immersed in a liquid of refractive index 1.3, find its new focal length.
OR
(i) Define a wavefront. How is it different from a ray?
(i1) Using Huygens's construction of secondary wavelets draw a diagram showing the passage of
a plane wavefront from a denser to a rarer medium. Using it verify Snell’s law.
(i1) In a double slit experiment using light of wavelength 600 nm and the angular width of the
fringe formed on a distant screen is 0.1°. Find the spacing between the two slits.
(tw) Write two differences between interference pattern and diffraction pattern.
(i) Derive an expression for the capacitance of a parallel plate capacitor with air present between
the wwo plates.
(i) Obtain the equivalent capacitance of the network shown in figure. For a 300 V supply,
determine the charge on each capacitor.
100pF

| |
I

200pF 200pF




OR

(i) A dielectric slab of thickness ‘¢’ is kept between the plates of a parallel plate capacitor with
plate separation ‘d’ (i < d). Derive the expression for the capacitance of the capacitor.

(i) A capacitor of capacity C, is charged to the potential of V. On disconnecting with the battery,
it is connected with an uncharged capacitor of capacity C, as shown in the adjoining figure.
Find the ratio of energies before and afier the connection of switch §.

.

A c,

33. (i) Draw graphs showing the variations of inductive reactance and capacitive reactance with
frequency of applied ac source.

(i) Draw the phasor diagram for a series RLC circuit connected to an AC source.

(zi7) When an alternating voltage of 220V is applied across a device X, a current of 0.25A flows
which lags behind the applied voltage in phase by n/2 radian. If the same voltage is applied
across another device ¥, the same current flows but now it is in phase with the applied
voltage.

(@) Name the devices X and Y.
(b) Calculate the current flowing in the circuit when the same voliage is applied across the
series combination of X and Y.
OR
(i) A series RLC circuit is connected to an ae source. Using the phasor diagram, derive the
expression for the impedance of the circuit.
(i) Plota graph to show the variation of current with frequency of the ac source , explaining the
nature of its variation for two different resistances R, and R, (R, < R,) at resonance.
(] ]

ANSWERS

SECTION-A
1. (¢) In uniform electric field, equipotential surfaces are never concentric spheres but electric
field lines always pass perpendicular to the planes of equipotential surface. 1
4
2. (¢) Charge on dipole, ¢ = t/[(22)Esin 0] =
ke 2 ke = W2 : 2x1072x2x10%5in30°

=2x107°C=2mC 1
3. (d) Higher the [requency, greater is the stopping potential. 1

4. (¢) Most of a-particles passes through the gold foil undeflected. This implies that most part of
the atom is hollow. 1

5. (b) According 1o Fleming’s left hand rules electron experience force in direction along —Z-axis. 1
6. (d) For diamagnetic material, p, < 1 1

For paramagnetic material, p, > 1
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10.

e

12.

13.

14.

15

16.

17

(b) Required shunt resistance, 10A [,,QBJ,Q,,L

e
=0T 1
T
_ llXO{J_,E:l _ 0.981 = 0,094 oA ITI

(a) Let e is the charge on an electron revolving in an orbit of radius r with uniform angular
velocity @, then

_e _ e
= T 2nr
Now, magnetic moment, M = I4 = =T [A =
2mr 2
As from realtion, angular momenturm, L = mor 1
_ L
So, M = om

(d) For large scale transmission of electrical energy, the voltage output of the generator is
stepped up because in this set up, current is reduced and consequently, the power (i.e., i’R)
loss is cut down. 1

(a) EM waves are mutually perpendicular 10 EandB .

So, —ixi=h
Hence, EM wave is perpendicular to E and B outof the plane of the paper. 1
d) As we know, ¢ = %and 1= %%

From graph, I At = a8 o Area under I —t graph, R = 100 ohm

R
A® = R X (Area under [ -t graph)

= IODX;—X[OXO.S = 250 Wh. 1
(®) As from relation, E, = - 122 cy
n
The negative sign of energy indicates that electrostatic force is attractive in nature that's why
electron is bound to the nucleus. 1
(a) Both Assertion (4) and Reason (R) are true and Reason (R) is correct explanation of Assertion
). 1
(a) Both Assertion (4) and Reason (R) are true and Reason (R) is correct explanation of Assertion
(4). 1
(¢) Electron is a negative charge particle so, it moves from a region of lower potential 1o a region
of higher potential. 1
(¢) Refraction index of the material of the cladding of the optical fiber is greater than that of the
core. 1
SECTION-B
(@) Rectifier.
(b) Circuit diagram of full wave rectifier: 1
Centre- Tap
Transformer
— Diode 1(Dy)
= I
fQ & Centre A
2 =
= s Tap B
= j =l r

j Diade 2(0,)




18. Energy of photon, IEL };\i Ve
h
For proton, A= e
my = -
)
Kinetic energy of proton, E, = ;—mv2 Y2
1 _K®
o ey 1
=53 v
2mhe
Ep= ( = )Ek Y
19. Here, angle of prism A = 60°,
Angle of incidence (i) = angle of emergence (¢)
i=e=%A=%XﬁO°=45”andi+e=A+3 1
As per given condition angle of deviation is minimum.
o 8, =2i- A =2x45° 60° = 30°
Refractive index of glass prism,
sin(fl * Sm) sin(60° + 30°) 1,
- 2 5 2 _sind5® _ V2 _ o
he -(i) & ,(60") “amsn 1 & 1
sin| 5 sin{~ 2
20, Given, V=930 V.[,=39A =9 R8A T, =97"0 0= L70x 10*G "
Using equation, R = Ry (1+ aAT) Y2
= VI = V/1,} [1 + a AT]
Iy
= g (1 + aAT)
L 39
= aAT = T_l_§_1_1'14
Ll i
AT_—I.TOXID 840 %]
Hence, T = AT + T = 840 + 27 = 867°C 1
21. Letd be the least distance between object and image for a real image formation.
143

o

=
a8
"
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Using Lens formula,

= fd = xd -%*
5 d+d*-4fd
= -ditfi=0 = x=—(5—— Y
For real roots of x, 2= 4fd =0
Hence, d = 4f. s

OR
Let f, and f, be the focal length of the objective and eyepiece respectively.
For normal adjustment, the distance from objective to eyepiece, L = f +f
Taking the line on the objective as object and eyepiece as lens,
w=-(f+f) and f=f 1

Using Lens formula,

1 1_1
T
= L 71 :L :v:(}:+f;)'
AN E el i
Now,
i P o Image size _£_L i
inear magnification (eyepiece) = o= = 70@.6“ o T =7 ¢
Angular magnification of telescope,
I
M= 1= L Y
£
SECTION-C
: ) : . (6.023x10%x3) -
. Number of atoms in 3 gram of Cu coin = & - 2.86 x 10 Ye
For Cu atom, number of protons = 29 and number of neutrons = 34
Now, Mass defect, A, = 29 x 1.00783 + 34 X 1.00867 - 62.92960 u = 0.59225 u 1
Nuclear energy required for one atom = 0.59225 X 931.5 MeV s
Nuclear energy required for 3 gram of Cu = 0.59225 x 931.5 X 2.86 X 10™ MeV 1
= 1.58 X 10® MeV
OR
Graph: 80 T ‘
12 a%6 [ —r—
I aanWF“K F 288
7.0 N ¥ S . R it v
& =60 |\
as
B2 s0 flud]
e
=0
=g 30
T 9
E 220 (i
10
0.0
0 20 40 60 BO 100 120 140 160 160 200 220 240 2

Mass Number —
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(#) The binding energy per nucleon, E, , is practically constant, i.e., practically independent
of the atomic number for nuclei of middle mass number (30 < A < 170). The curve has
a maximum of about 8.75 MeV for 4 = 56 and has a value of 7.6 MeV for 4 = 238.

(i) E,, is lower for both light nuelei (4 < 30) and heavy nuclei (4 > 170).

We can draw some conclusions from these two observations:

(#) The force is attractive and sufficiently strong to produce a binding energy of a few MeV
per nucleon. 1

(#) The constancy of the binding energy in the range 30 < A < 170 is a consequence of the
fact that the nuclear force is short-ranged.

23. Here, R=L, q,=+4q, 9,=-¢

: U —4) Vi TN
e o o
Potential at C, V. = ame, L 471‘50( 7 0 | R 1
A [ "|
1 4 . 1 (-q\_ -4 * c B D
= i i
Potential at D, V= ine, 3L 41{50\ 7 ) Bme L I Xt L —> 1
We know that,Work done, W = Q[V,, - V]
=0 1 _o|l. % 1
bme, L bre, L
24. As we know, Kinetic energy, K = - E and Potental energy, U = -2K
(a) Kinetic energy, K = -E = —(-3.4) = 34 eV 1
(b) Potential energy, U= -2K = -2 X 34 =-6.8eV 1
(¢) The kinetic energy of the electron will not change. The value of potential energy and
consequently, the value of total energy of the electron will change. 1

25. As from given, resistance of each side, R = 1Q
Let the resistance of DP part is x ohm.
As from circuit shown,

10 B 10 < w10 1l

i)

=]
[}
b

— e — A :
[\\ N l
! A C
=4 2z 2 < G
195) Z 10 Z10 = 1+x = 210 <10
2 % < z 2 =
e T - = 5 > Y‘“
F \\ / I -
D SAWAA——— A - P WA c . +x)x1
x P 1-x C i Tex+1

Two parallel resistance between AP,
_ 1+ x4
L™ d+x+1)  x+2

As the points B and P are at the same potental,

1t
1 2t
st _ = 1
: = (-0@+x)=1+x 1%
= FH2-1=0 St
From solving this equation, we get Ny

x = (v 2 - 1) Q i \

[ — : iy :

26. (a) Consider the case r > a. The Amperian loop, labelled 2, i il !
is a circle concentric with the cross-section. N

(SR

For this loop, L = 2 7r
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Using Ampere's circuital Law, we can write,

Blew =i B 1%

(2mr) = p, 1, =i 2
te., B ocl? (r>a)

(b) Consider the case r < a. The Amperian loop is a circle labelled 1. For this loop, taking the

radius of the circle o be r, L = 2nr

Now the current enclosed [, is not /, but is less than this value. Since the current distribution
is uniform, the current enclosed is,

2 2
o Ir
I = ;(—2) =

na a?
: G i Mol
Using Ampere's circuital law, B (2r7) = py,— = B = G0 1%
a 2na
ie., Bar (r <a)
27. (a) Infrared
(b)) Ultraviolet
(¢) X-rays 1%

Methods from production of above radiation:
(@) Infrared ray can be produced by vibrations of atoms and molecule.

(b) UV radiation is produced by heating a body to an incandescent temperature, as is the case
with solar UV, or by passing an electric current through a gass usually vaporized mercury.

(¢) X-rays produced, when electrons are accelerated under a potential difference. 1%

28. (a) When current flowing in one of two nearby coils is changed, the magnetic flux linked with
the other coil changes; due to which an emf is induced in it (other coil). This phenomenon
of electromagnetic induction is called the mutual induction. The coil, in which current
is changed is called the primary coil and the coil in which emf is induced is called the
secondary coil. Vet W

The SI unit of mutual inductance is henry.
(b

-

Mutual Inductance of two plane coils: Consider two concentric
circular plane coils €; and Cy placed very near to each other. The

number of turns in the primary coil is N| and radius is R, while the | \ i
number of turns in the secondary coil is N and its radius is Ry. I ] N, |
is the current in the primary coil, then magnetic field produced at its /,«"
centre, /
1M
= 1

T 7
If we suppose this magnetic field to be uniform over the entire plane of secondary coil, then
total effective magnetic flux linkage with secondary coil s

BoMify 1N, Ny,
b = N,B/A, = NE( e kT on o,
2 i by 1N N,
By definition, Mutual Inductance, M = — = —————— Ve
I 2R

But A, =nr?

2

25




9
;LONlNgm'

2R
If both coils have one turn each; then N, = Ny = 1,
pomr®
So, mutual inductance, M = SR Ve

OR

Suppose two long thin straight conductors (or wires) PQ and RS are

placed parallel to each other in vacuum (or air) carrying currents [, and [,

respectively. It has been observed experimentally that when the currents

in the wire are in the same direction, they experience an attractive force P

(lig. @) and when they carry currents in opposite directions, they experience a i . /‘;L

repulsive force (fig. b).

Let the conductors PQ and RS carry currents /| and /, in same direction 4 Al

and placed at separation a.

Consider a current—element ‘ab’ of length AL of wire RS. The magnetic field @ a 5

produced by current-carrying conductor PQ at the location of other wire < %

RS. Yo

toly :

= o (1)

According to Maxwell's right hand rule or right hand palm rule number 1, the direction of B will
be perpendicular to the plane of paper and directed downward. Due to this magnetic field, each
element of other wire experiences a force. The direction of current element is perpendicular to
the magnetic field; therefore the magnetic force on element ab of length AL

AF = B,1, ALsin 90" = 2y o va
= B I, ALsin = Snalz £
The total force on conductor of length L will be
FOIIIE I_!I]I] 12
= = 1
E 2 a aak 2 a i %
Force acting per unit length of conductor
F b
= —= 1
= 2na Min i

According to Fleming's left hand rule, the direction of magnetic force will be towards PQi.e., the
force will be attractive.

Definition of SI unit of Current (ampere): [n SI system of fundamental unit of current ‘ampere’
is defined assuming the force between the two current carrying wires as standard.

The force between two parallel current carrying conductors of separation a is

F ML
LT 2m Dl
Ifl, =l, = 1A a=1m,then
o e W 2x 107 N/m 1
2n

Thus 1 ampere is the current which when flowing in each of parallel conductors placed at
separation 1 m in vacuum exert a force of 2x 107 on 1 m length of either wire.
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SECTION-D
29. (i) (d) Here,V =35V, V,=05V, £ =1000Q
The diode connect in forward bias, so it allow the current through it with some barrier

potential.
V-V .
. B 5 35-05 8

. Current, I= T T 30 mA
(i) (c) n-side connected with higher potential than p-side of p-n junction diode. So it indicates

that p-n diode in reverse biased. 1
(i2f) (c) A diode provides nearly constant voltage drop even if you vary the current, so it does

not follow Ohm’s Law. 1

OR

(b) In circuit (2) both the diodes are forward biased and in circuit (3) both the diodes are
reversed biased. Therefore, circuit (2) and (3) have equal potential drop.

(iv) (d) From V=I characterstics curve,
At I=15mA, V=075V

|4 0.75
R =—=—22_=500
1 15x107
AtV =-10V, I=-10°A
= k=l 7
Bom o= =0
R
So,  Ratio, 150 g0 1
Ry 107
30. (i) (a) For combination of lenses,
1 1 1
_- = — 4 —
o
1 _1.1_1 1 _1-4_-8
K fi  f, £ 80720 80 80 5
b= % = -26.7 cm.
(i) (b) A spherical air bubble is embedded in a piece of glass as look like similar as plano-concave
lens. Hence it behave as diverging lens. 1
(@ii) (b) Asingle convex lens is generally used as magnifying glass. 1
(tv) (d) Form = +ve (means image is virtual and erect) 1
So, for convex lens, it possible only when object is place between F and 0.
OR
(¢) Here, f=20em, m=-3 [Real image]
Now, m=% = v=-3u
Using Lens formula,
L L
foovu
= e L L
20  (-3u) 4 3u Su
= 3u = -80
u = % = -26.66 cm.

Negative sign shows that object is placed at lefi side of lens from optical centre.
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SECTION-E
31. (i) Lens Maker’s Formula: Suppose L is a thin lens. The refractive index of the material of lens
is ngand it is placed in a medium of refractive index n,. The optical centre of lens is C and X
' X is the principal axis. The radii of curvature of the surfaces of the lens are R and R, and
their poles are P, and P, The thickness of lens is ¢, which is very small. O is a point object on
the principal axis of the lens. The distance of O from pole P, is u. The first refracting surface
forms the image of O aL I at a distance v’ from P). From the refraction formula at spherical

surface
% e
el \.'\" "
1 b e | N “a,
= o) P C [Pz ] T
— U | Je—— i

/’4_ r—i

V

. i)
The image I" acts as a virtual object for second surface and afier refraction at second surface,
the final image is formed at I. The distance of I from pole P, of second surface is v. The
distance of virtual object (') from pole Py is (v' - 1).

For refraction at second surface, the ray is going from second medium (refractive index ny)
to first medium (refractive index n,), therefore from refraction formula at spherical surface

H DTy (i)
R
For a thin lens ¢ is negligible as compared to v’ therefore from (iz)
o e
- - o = _R—2 (1))
Adding equations () and (i), we get
55 1 1
2% "W E e %
y I o : ( o )
r e o[ e ey
v u n, R R,
: 1 1 1 1 ;
ie. ——0 = (n —1)(*—*) ...(tv)
v u 1" R, R,
where |1, = ?Tz is refractive index of second medium (i.e., medium of lens) with respect to first
1
medium.
If the object O is at infinity, the image will be formed at second focusi.e., Ve

ifu=o,0=f=f

Therefore from equation (iv)
1 1 1 1
Foe = s ')(3—1-3—2

i
ey

N




This formula is called Lens-Maker’s formula.
If first medium is air and refractive index of material of lens be n, then ;n, = n, therefore
the modified equation (v) may be written as

1 1 1
e
f Rl RE
(1) From above relation,
1 1
For air, i = (1.6-1)(171—*2) ()
e 1 1.6 AT N
And, for Liquid, ?1 = ﬁ_l R, - R, ) 1
From equation (1) and (i),
L (06
E = ﬁx 1.3
= fi =26 X% 10cm
j fi =26 cm 1
OR

(i) A wavefront is defined as a locus of all particles of medium vibrating in the same phase.
(z) The ray indicates the direction of propagation of wave while the wavefront is the surface
of constant phase. 1
(b) The ray at each point of a wavefront is normal to the wavefront at that point.
(1) We assume a plane wavelront AB propagating in denser medium incident on the interface

PP’ at angle i as shown in Fig. Let ¢ be the time taken by the wave front to travel a distance
BC. If v, is the speed of the light in medium /.

Incident
I wavefront B

Medium 1 i

(Denser) o /

p i o

A ryC
Medium II E
(Rarer)

Refracted
wavefront

So, BC =uwu!

In order to find the shape of the refracted wavefront, we draw a sphere of radius AE = v, ¢,
where v, is the speed of light in medium II (rarer medium). The tangent plane CE represents
the refracted wavefront.

. . _BCc _ut
In AABC, sthia = e =
) . AE Yt
and in AACE, sinr = AC — AC
sini _ BC =i’=”_1 @
sinr  AE vyl s
Let ¢ be the speed of light in vacuum
@ c
So, n, :nl=v—lann:in?=v—2
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mn v,

(i)

1 2
From equations (i) and (it), we have
sini L
sinr M .
or 1y Sini = ng sinr
It is known as Snell's law.
(iii) For small angle 8, Sin® = 6,
Angular width,
oo B
T oa
6x1077
a= %=7n= 3.4%10*m 1
0.1x m
(iv) Differences between interference and diffraction 1
Interference Diffraction

(a) It is due to the superposition of two waves
coming from two coherent sources.

(a) It is due to the superposition of secondary
wavelets originating from different parts of
the same wavefront.

(b) The width of the interference bands is equal.

(b) The width of the diffraction bands is not the same.

(¢) The intensity of all maxima (fringes) is same.

(¢} Theintensity of central maximum is maximum
and goes on decreasing rapidly with increase
in order of maxima.

32.

(Any two)

(i) Principle of a Capacitor: A capacitor works on the principle that the capacitance of a

conductor increases appreciably when an earthed conductor is brought near it.

Parallel Plate Capacitor: Consider a parallel plate capacitor having
two plane metallic plates 4 and B, placed parallel to each other
(see fig.). The plates carry equal and opposite charges +Q and —Q

respectively.

In general, the electric field between the plates due to charges +Q
and —-Q remains uniform, but at the edges, the electric field lines
deviate outward. If the separation between the plates is much
smaller than the size of plates, the electric field strength between

the plates may be assumed uniform.

1
o

+Q

-

FOE R T I I T U

| I T O T T A |
w

l
|

Let A be the area of each plate, ‘d’ the separation between the plates, K the dielectric constant
of medium between the plates. If o is the magnitude of charge density of plates, then

Q

A4

a3 =

The electric field strength between the plates

= 0
(o= KSU

The potential difference between the plates, V,, = Ed = Ke

where g, = permittivity of free space.

d

0

Putting the value of ¢ and for air, K = | we get

_Q/Ad  od

aB = €
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@)

(@)

Capacitance of capacitor,

L2 _ o
Vig  (Qdley4)
o o 5t
or =l 2
As from circuit shown,
C, 100 pF C,=100pF Ciz3 = 200 pF
— — —
Cyz= 100 pF
I

200pF 300 pF
I ]

1 I
€2 100pF G5 ¢ 300y

% . 300V e 300V

C, C,= 100 oF C,= 100 pF i
Here C, and C; in series,
G _ 200
G = ?2=27 =100pF  [Where Cy = C3 = 200 pF]

Again, C| and Cyg in Parallel.
Then, Cj93 = C; + Cy35 = 100 + 100 = 200 pF

00100 00
The equivalent capacitance, C,, = M = QT pF a

00
Now, Charge on C,, Q,= C,V = QTX 107'2%300 = 2x10°C

00x 1072300
Potential difference across Cy, Vy = H =200V Ve
3x100x 107
Potential difference across C, I} = 300 =200 = 100 V
Then, Charge on C;, @, = 100 X 1072 x 100 =1 x 10°C
Potentual difference across C, and Cj in series combination = 100 V
Potential difference across C, and Cy each = 100 50V e + 1A

2
Charge on Cy and Gy, Qs = Q5 = 200 x 1072 x50 = 1 x 1078 C
OR
Consider a parallel plate capacitor, area of each plate being 4, +Q -Q
the separation between the plates being d. Let a dielectric slab of
dielectric constant K and thickness ¢ < d be placed between the
plates. The thickness of air between the plates is (d —#). If charges

Q

on plates are +Q and - @, then surface charge density ¢ = =
A

The electric field between the plates in air, E = sl & : o] '
& g4 —d—

The electric field between the plates in slab, Ei— SO Q
Kg, Kg,A

The potential difference between the plates
Vyp = work done in carrying unit positive charge from one plate to another
= ZEx (as lield between the plates is not constant).
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=E(d-t)+E,zt= Q (d-t)+ Q l

gu_A Ke,A .
Q t
Vis = 5 7144+ %]
Capacitance of capacitor, C= & = 2
L et
g AV " K
g,A g,
or, C= 2 = D 1
af-z+f d-z(l-?)
(i) Before the connection of switch S,
Initial v=icvi+o=Lcy? e
nitial energy U, = 3G,V 0—2C| 5 ]
After the connection of switch § CiVo

Common potential, V= C,+C, = ¢, + G,

W' 1 GV,
c+c)} 2GH6G)

Final energy, Uf = JE(C] +GC)

C

Hence, Ratio, U‘,r:U= = m

33. (i) Graph:

(it) Phasor diagram:

(iii) (a) In device X, Current lags behind the voltage by n /2, hence X is an inductor.
In device ¥, Current in phase with the applied voliage, hence, Y is resistor.
(b) We are given that, [ =0.25A

v 220 V220
L= T = 5g5 — 8800, Abo R=—p= o =880

For the series combination of X and ¥,
Equivalent impedance, Z = /R? + X2 = ,/(880)% + (880)7 = 880,/20Q
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. current, I= r_. =0 =0.177 A 1

Z 88042

OR

(i) Expression for Impedance in LCR series circuit: Suppose resistance R, inductance L and

capacitance C are connected in series and an alternating source of voltage V = V; sin ot is
applied across it (fig. a). On account of being in series, the current (i) flowing through all of
them is the same.

R L o Vi 1
o ——— — 90" Vi :
Vg—Pt— V| —>—V —> :
R L [+ (Vc—VL) 90°
e
V=V, sin wt Ve
(a) (b)

Suppose the voltage across resistance R is Iy, voltage across inductance L is I, and voltage across
capacitance C is V.. The voliage I, and current 7 are in the same phase, the voliage I, will lead
the current by angle 90° while the voltage V¢ will lag behind the current by angle 90° (fig. b).
Clearly V. and V' are in opposite directions, therefore their resultant potential difference
= V=V, (f Ve > V).
Thus Vg and (V. = V;) are mutually perpendicular and the phase difference between them
is 90°. As applied voltage across the drcuit is V, the resultant of Vy and (V; V) will also be
V. From fig.

g2 2 jo2 2 )

V=Ve+(WV-V)" = V=yVe+({.-V)

ButVy =Ri,V,=Xpiand V, = X, i ...(i)
= capacitance reactance and X; = ol= inductive reactance

V= J(R)? + (X, i-X,i)?

1
wC

where X =

hiey B _V _ e 2
Impedance of circuit, Z = TEVRT A (XX))

= fop 1 )2
Ty i (mC i #
XX
The phase difference (¢) between current and voltage is given by, tan ¢ = .R
(i7) The curve (i) is for R and the curve (i) is for R,.
< Ry(Low R)
Ri=R; 1

R; (High R)
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CBSE Sample Question Paper-2023 (Unsolved)

Time allowed: 3 minutes Maximum marks: 70

General Instructions:
(i) There are 35 questions in all. All questions are compulsory.
(i) This question paper has frve sections: Section A, Section B, Section C, Section D) and Section E. All the
sections are compulsory.

(i)  Section A contains eighteen MCQs of 1 mark each, Section B contains seven questions of two marks each,
Section C contains five questions of three marks each, seclion ) contains three long questions of five marks
each and Section E conlains two case study based questions of 4 marks each.

(i) There is no overall choice. However, an internal choice has been provided in section B, C, D and E. You have
to altempl only one of the choices in such questions.

(v) Use of caleulators is not allowed.

SECTION-A

Choose and write the correct option in the following questions.
1. According to Coulomb’s law, which is the correct relation for the following figure?

% F BT
(@) 414> 0 ®) g199< 0
N

=0 d)y1>—>0

(€) 4195 1= 4 =

2. The electric potential on the axis of an electric dipole at a distance ‘r from it’s centre is V.
Then the potential at a point at the same distance on its equatorial line will be

(@) 2V ) -V (¢) % (d) zero

3. The temperature (T) dependence of resistivity of material 4 and material B is represented by
fig (i) and fig (ii) respectively. Identify material A and material B.

T — T —

Fig (i) Fig (if)
(a) Material A is copper and material B is germanium
(b) Material A is germanium and material B is copper

(¢) Material A is nichrome and material B is germanium
(d) Material A is copper and material B is nichrome

534 Xam idea Physics-XIl .E:’ﬂ Xam |ldea



10.

11

12.

. Two concentric and coplanar circular loops P and Q have their radii in the ratio 2:3. Loop 0

carries a current 9 A in the anticlockwise direction. For the magnetic field to be zero at the
common centre, loop P must carry

(@) 3 A in clockwise direction (5) 9 A in clockwise direction

(¢) 6 A in anti-clockwise direction (d) 6 A in the clockwise direction

. Along straight wire of circular cross section of radius a carries a steady current I. The current

is uniformly distributed across its cross section. The ratio of the magnitudes of magnetic field
. . a . . . a . .
at a point distant =3 above the surface of wire to that at a point distant ?below its surface is

(a) 4:1 (b)1 N {c) 1: 8 d) 3:4

. If the magnetizing field on a ferromagnetic material is increased, its permeability
(a) decreases (b) increases
(¢) remains unchanged (d) first decreases and then increases

. An iron cored coil is connected in series with an electric bulb with an AC source as shown in

figure. When iron piece is taken out of the coil, the brightness of the bulb will

0000 ]

(a) decrease (b) increase (¢) remain unaffected (d) fluctuate

. Which of the following statement is NOT true about the properties of electromagnetic waves?

(2) These waves do not require any material medium for their propagation.

(5) Both electric and magnetic field vectors attain the maxima and minima at the same time.
(c) The energy in electromagnetic wave is divided equally between electric and magnetic fields.
(d) Both electric and magnetic field vectors are parallel to each other.

. A rectangular, a square, a circular and an elliptical loop, all in the (x - y) plane, are moving

out of a uniform magnetic field with a constant velocity 7 = vi . The magnetic field is directed
along the negative z-axis direction. The induced emf, during the passage of these loops, out of
the field region, will not remain constant for

(a) any of the four loops

(b) the circular and elliptical loops

(¢) the rectangular, circular and elliptical loops

(d) only the elliptical loops

In a Young’s double slit experiment, the path difference at a certain point on the screen

between two interfering waves is 3 th of the wavelength. The ratio of intensity at this point to

that at the centre of a bright fringe is close to

(a) 0.80 () 0.74 () 0.94 (d) 0.85

The work function for a metal surface is 4.14 eV. The threshold wavelength for this metal
surface is

(a) 4125 A (b) 20625 A () 3000 A (d) 6000 A

The radius of the innermost electron orbit of a hydrogen atom is 5.3 X 107! m. The radius of
the n =3 orbit is

(@) 1.01 X 107 m () 1.59 x 107" m

() 212 x 107" m @) 477 x 107" m
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13. Which of the following statements about nuclear forces is not true?

() The nuclear force between two nucleons falls rapidly to zero as their distance is more than a
few femtometres.

(b) The nuclear force is much weaker than the Coulomb force.

(c) The force is attractive for distances larger than 0.8 fm and repulsive if they are separated by
distances less than 0.8 fm.

(d) The nuclear force between neutron-neutron, proton-neutron and proton-proton is
approximately the same.

14. If the reading of the voltmeter V| is 40 V, then the reading of voltmeter V; is

&—
— W

v
Ay 1‘
" 50T sinwt
(@) 30V ) 58V € 29V @) 15V
15. The electric potential V' as a function of distance x is shown in the figure.
4
x
0 2 4 <]
The graph of the magnitude of electric field intensity E as a function of x is
b
@ ®
+E
0 X
2
0 5 i 4 '
o -E
@ +E
0pb————=x
2 4 6

-E

Two statements are given-one labelled Assertion (4) and the other labelled Reason (R). Select the
correct answer to these questions from the codes (a), (b), (c) and (d) as given below.

(@) Both A and R are true and R is the correct explanation of A.

(b) Both A and R are true and R is NOT the correct explanation of 4.
(¢) A is true but R is false.

(d) A is false and R is also false.
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16.

17.

18.

Assertion (4) : The electrical conductivity of a semiconductor increases on doping.

Reason (R) : Doping always increases the number of electrons in the semiconductor.

Assertion (4) : In an interference pattern observed in Young's double slit experiment, if the
separation (d) between coherent sources as well as the distance (D) of the screen

from the coherent sources both are reduced to 1/3rd, then new fringe width
remains the same.

Reason (R) : Fringe width is proportional to (%) s

Assertion (4) : The photoelectrons produced by a monochromatic light beam incident on a
metal surface have a spread in their kinetic energies.

Reason (R) : The energy of electrons emitted from inside the metal surface, is lost in collision
with the other atoms in the metal.

SECTION-B

All questions are compulsory. In case of internal choices, attempt any one of them.

19.

20.

21

22.

23

Electromagnetic waves with wavelength
(i) &, is suitable for radar systems used in aircraft navigation.
(i1) Ay is used to kill germs in water purifiers.
(#it) Ry is used to improve visibility in runways during fog and mist conditions.
Identify and name the part of the electromagnetic spectrum to which these radiations belong.
Also arrange these wavelengths in ascending order of their magnitude.

A uniform magnetic field gets modified as shown in figure when two specimens A and B are
placed in iL.

(i) Identily the specimen A and B.
(i1) How is the magnetic susceptibility of specimen 4 different from that of specimen B?

What is the nuclear radius of '*Fe, if that of ?’Al is 3.6 fermi?
OR

The short wavelength limit for the Lyman series of the hydrogen spectrum is 913.4 A. Calculate
the short wavelength limit for Balmer series of the hydrogen spectrum.

A biconvex lens made of a transparent material of refractive index 1.25 is immersed in water
of refractive index 1.33. Will the lens behave as a converging or a diverging lens? Justfy your
answer.

The figure shows a piece of pure semiconductor § in series with a variable resistor R and a source
of constant voltage V. Should the value of R be increased or decreased to keep the reading of the
ammeter constant, when semiconductor S is heated? Justify your answer.

]
S

_| = A o
v

ample Que
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OR
The graph of potential barrier versus width of depletion region for an unbiased diode is shown
in graph A. In comparison to 4, graphs B and C are obtained after biasing the diode in different
ways. Identify the type of biasing in B and C and jusufy your answer.

A B c
z x o
s = =

‘ — | x> | i

24. A narrow slit is illuminated by a parallel beam of monochromatic light of wavelength A equal
to 6000 A and the angular width of the central maximum in the resulting diffraction pattern
is measured. When the slit is next illuminated by light of wavelength ', the angular width
decreases by 30%. Calculate the value of the wavelength L'

25. Two large, thin metal plates are parallel and close to each other. On their inner faces, the plates
have surface charge densities of opposite signs and of magnitude 17.7 X 10722 ¢/m% What is
electric field intensity E:

(i) in the outer region of the first plate, and

(i) between the plates?

SECTION-C

All questions are compulsory. In case of internal choices, attempt any one of them.

26. Two long straight parallel conductors carrying currents f; and I, are separated by a distance d.
If the currents are flowing in the same direction, show how the magnetic field produced by one
exerls an attractive force on the other. Obtain the expression for this force and hence define 1
ampere.

27. The magnetic field through a circular loop of wire 12 ¢m in radius and 8.5 () resistance, changes
with time as shown in the figure. The magnetic field is perpendicular to the plane of the loop.
Calculate the current induced in the loop and plot a graph showing induced current as a function

of time.
B(T)
2
1 —_‘\
0 2 4 & 10

28. Ana.c. source generating a voltage g = g; sin ol is connected to a capacitor of capacitance C. Find
the expression [or the current [ flowing through it. Plot a graph of & and [ versus ot Lo show that

the current is ahead of the voltage by %




OR
An ac voltage V = V, sin @ is applied across a pure inductor of inductance L. Find an expression
for the current , flowing in the circuit and show mathematcally that the current flowing through
it lags behind the applied voltage by a phase angle of g Also draw graphs of I and i versus ot
for the circuit.

29. Radiation of frequency 10'® Hz is incident on three photosensitive surfaces 4, B and C. Following
observations are recorded:

Surface A: no photoemission occurs.
Surface B: photoemission occurs but the photoelectrons have zero kinetic energy.
Surface C: photo emission occurs and photoelectrons have some kinetic energy.
Using Einstein's photo-electric equation, explain the three observations.

OR

The graph shows the variation of photocurrent for a
photosensitive metal

(1) What does X and 4 on the horizontal axis represent?

Pholocurrent

(i) Draw this graph for three different values of frequencies
of incident radiation v,, vs and vy (vs > vy > v,) for the
same intensity.

(#i) Draw this graph for three different values of intensities A 0
of incident radiation [}, f, and I3 (/5 > I, > I)) having the
same frequency.

30. The ground state energy of hydrogen atom is -13.6 eV. The photon emitted during the transition
of electron from n = 3 ton = 1 state, is incident on a photosensitive material of unknown work
function. The photoelectrons are emitted from the material with the maximum kinetic energy of
9 eV. Calculate the threshold wavelength of the material used.

SECTION-D

All questions are compulsory. In case of internal choices, attempt any one of them.

31. (i) Draw equipotential surfaces for (1) an electric dipole and (i) two identical positive charges
placed near each other.

(i) In a parallel plate capacitor with air between the plates, each plate has an area of
6 x 10~ m?® and the separation between the plates is 3 mm.

(2) Calculate the capacitance of the capacitor.
(b) If the capacitor is connected to 100 V supply, what would be the charge on each plate?
(¢) How would charge on the plate be affected if a 3 mm thick mica sheet of k = 6 is inserted
between the plates while the voltage supply remains connected 2.
OR
(1) Three charges —¢, Q and —¢ are placed at equal distances on a straight line. If the potential
energy of the system of these charges is zero, then what is the ratio Q : ¢ ?
(i1) (a) Obtain the expression for the electric field intensity due to a uniformly charged spherical
shell of radius R at a point distant r from the centre of the shell outside it.
(b) Draw a graph showing the variation of electric field intensity E with 7, forr > R and r < R.

32. (i) Explain the term drift velocity of electrons in a conductor. Hence obtain the expression for
the current through a conductor in terms of drifi velocity.




(i) Two cells of emfs E| and E, and internal resistances ) and r, respectively are connected in
parallel as shown in the figure. Em
Deduce the expression for the
(a) equivalent emf of the combination

(b) equivalent internal resistance of the combination

(c) potential difference between the points A and B.
OR Egs

(#) State the two KirchholI’s rules used in the analysis of electric circuits and explain them.

(i) Derive the equation of the balanced state in a Wheatstone bridge using Kirchhoff"s laws.

33. (i) Draw the graph showing intensity distribution of fringes with phase angle due to diffraction
through a single sli.. What is the width of the central maximum in comparison to that of a
secondary maximum?

P A
(it) A ray PQ is incident normally on the face AB of a triangular \V L)\
/ 60°
Q/
/

prism of refracting angle 60° as shown in figure. The prism is h

made of a transparent material of refractive index e Trace \
v \
the path of the ray as it passes through the prism. Calculate the / N\
/ A\
/
angle of emergence and the angle of deviation. / i
B i
OR
(i) Write two points of difference between an interference pattern and a diffraction pattern.
(i) (a) A ray oflight incident on face AB of an equilateral glass prism, shows A
minimum deviation of 30°. Calculate the speed of light through the ¢ \
‘ /\
prism. \

(b) Find the angle of incidence at face AB so that the emergent ray grazes R;\(‘
along the face AC. ’

SECTION-E
CASE STUDY :

34. Read the following paragraph and answer the questions.
A number of optical devices and instruments have been designed and developed such as
periscope, binoculars, microscopes and telescopes utlising the reflecting and refracting
properties of mirrors, lenses and prisms. Most of them are in common use. Our knowledge about
the formation of images by the mirrors and lenses is the basic requirement for understanding
the working of these devices.
(1) Why the image formed at infinity is often considered most suitable for viewing. Explain
(i) In modern microscopes multicomponent lenses are used for both the objective and the
eyepiece. Why?
(12i) Write two points of difference between a compound microscope and an astronomical
telescope.
OR

(#i1) Write two distinct advantages of a reflecting type telescope over a relracting type telescope.




35. Read the following paragraph and answer the questions.

Light emitting diode

LED is a heavily doped P-N junction which under forward bias emits spontaneous radiation.
When it is forward biased, due to recombination of holes and electrons at the junction, energy
is released in the form of photons. In the case of Si and Ge diode, the energy released in
recombination lies in the infrared region. LEDs that can emit red, yellow, orange, green and
blue light are commercially available. The semiconductor used for fabrication of visible LEDs
must at least have a band gap of 1.8 ¢V. The compound semiconductor Gallium Arsenide—
Phosphide is used for making LEDs of different colours.

LEDs of different kinds

(i) Why are LEDs made of compound semiconductor and 15V
not of elemental semiconductors? f

(i) What should be the order of bandgap of an LED, if it is
required to emit light in the visible range?

(1) A student connects the blue coloured LED as shown in | B AAMA
the figure. The LED did not glow when switch S is closed. LED R
Explain why ?

OR

(#i1) Draw V-I characteristic of a p - n junction diode in

(a) forward bias and (b) reverse bias

ANSWERS
1. (b) 2.d)  3.(b) 4.d) 5.0 6.(a)  7.(b) 8.(d)  9.()) 10.(d)
1. () 12.(d) 18.(b) 14.(a) 15.(2) 16.(c) 17.(c) 18.(a)
21. 6 fm OR 3653.6 A
24. 4200 A
25. (i) 0 (i) 2 x 107" N/C
27. 2.6 mA, 0, +2.6 mA
30.4 x107 m
31. (i) (@) 17.7 1072 F () 17.7 % 107°C (¢) 1.062 x10°C OR (@) 1: 4
33. (ii) 90°, 30° OR (i) (2) 2.12 x 10° mys (b) 21.5°
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CBSE Examination Paper-2023
(Code: 55/5/1) (Solved)

Time allowed: 3 hours Maximum marks: 70

General Instructions:

(@)
(ii)
(iii)
(iv)
(v)
(vi)
(vid)

(viit)

(ix)

This question paper conlains 35 questions. All questions are compulsory.
This question paper is divided into five Sections -A, B, C, D and E.
In Section A Questions no. 1 to 18 are Multiple Choice (MCQ) type questions, carrying I mark each.
In Section B Questions no. 19 to 25 are Short Answer—I (SA-1) type questions, carrying 2 marks each.
In Section C Questions no. 26 to 30 are Short Answer—II (SA-1I) type questions, carrying 3 marks each.
In Section D Questions no. 31 to 33 are Long Answer (LA) type questions, carrying 5 marks each.
In Section E Questions no. 34 and 35 are case-based questions carrying 4 marks each.
There is no overall choice. However, an internal choice has been provided in 2 questions in Section B,
2 questions in Section C, 3 questions in Section ) and 2 questions in Section E.
Use of calculators is not allowed.
Use the following values of physical constants, if required:

c=3x10°m/s

h =663 x 10 Js

e=16x10"C

P =4m X 107 TmA™

£o= 8.854x1072 C*N'm™?

1

=9x10° Nm?C™?
4ne,

Mass of electron = 9.1x 107! kg

Mass of neutron = 1.675 x 107" kg

Mass of proton = 1.673 X 1077 kg

Avogadro’s number = 6.023 x 1073 per gram mole
Boltzmann constant = 1.38% 107%* JK™!

SECTION-A

. An electric dipole of length 2 cm is placed at an angle of 30° with an electric field 2 X 10°N/C.

If the dipole experiences a torque of 8 X 107 Nm, the magnitude of either charge of the

dipole, is 1
(@) 4uC ) 7 uC
(¢) 8 mC (d) 2 mC

. Two long parallel wires kept 2 m apart carry 3A current each, in the same direction. The force
per unit length on one wire due to the other is 1
(a) 4.5 x 107 N/m, atractive () 4.5 % 107 N/m, repulsive
(¢) 9 x 107 N/m, repulsive (d) 9 x 107 N/m, attractive

. Which of the following has its permeability less than that of free space? 1
(a) Copper (b) Aluminum
(¢) Copper chloride (d) Nickel
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4. A square shaped coil of side 10 cm, having 100 turns is placed perpendicular to a magnetic
field which is increasing at 1 T/s. The induced emf in the coil is 1
(@) 0.1V b)05V () 0.75V d) 1.0V
5. Which one of the following electromagnetic radiation has the least wavelength? 1
(@) Gamma rays (b) Microwaves
(c) Visible light (d) X-rays
6. In a Young’s double-slit experiment, the screen is moved away from the plane of the slits.
What will be its effect on the following? 1
(i) Angular separation of the fringes.
(ii) Fringe-width
(@) Both (1) and (iZ) remain constant (b) () remains constant, but (@) decreases.
(¢) (i) remains constant, but (i) increases.  (d) Both (i) and (i) increase
7. The energy of a photon of wavelength A is 1
(@) hch (b) he/n
(c) Mhe (d) Ahjc
8. The ratio of the nuclear density of two nuclei having mass numbers 64 and 125 is 1
4
@ 1g5 @3
© 3 @1
9. During the formation of a p-n junction. 1
(a) diffusion current keeps increasing.
() drift current remains constant.
(c) both the diffusion current and drift current remain constant
(d) diffusion current remains almost constant but drift current increases till both currents
become equal.
10. The diagram shows four energy level of an electron in Bohr model of hydrogen atom. Identify
the transition in which the emitted photon will have the highest energy. 1
n=4
=y 10 n=3
n=2
v
I i n=1
(a) 1 (b) 11 (e) III (d) IV
11. Which of the following graphs correctly represents the variation of a particle momentum with
its associated de-Broglie wavelength? 1
@ p (O
e o
—_ ) == Sk

(€) p @ p

S8, \\
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12,

13.

14.

15:

The capacitors each of 4 pF are to be connected in such a way that the effective capacitance of

the combination is 6uF. This can be achieved by connecting 1

(a) All three in parallel

(b) All three in series

(¢) Two of them connected in series and the combination in parallel to the third.

(d) Two of them connected in parallel and the combination in series to the third.

Which of the following statements about a series LCR circuit connected to an ac source is

correct? 1

(a) If the [requency of the source is increased, the impedance of the circuit first decreases and
then increases.

(b) Ifthe net reactance (X; — X)) of circuit becomes equal 1o its resistance, then the current leads
the voltage by 45°.

(¢) At resonance, the voltage drop across the inductor is more than that across the capacitor.
(d) At resonance, the voltage drop across the capacitor is more than that across the inductor.
According to Huygens principle the amplitude of secondary wavelets is 1
(a) equal in both the forward and the backward directions.

(b) maximum in the forward direction and zero in the backward direction.

(¢) large in the forward direction and small in the backward direction.

(d) small in the forward direction and large in the backward direction.

The radius of the n'" orbit in Bohr model of hydrogen atom is proportional to 1
1

(a) n* (=
n
1

(c) m ) =

Questions number 16 to 18 are Assertion (A) and Reason (R) type questions. Two statements are
given-one labelled Assertion (A) and the other labelled Reason (R). Select the correct answer from the
codes (a), (b), (¢) and (d) as given below.

544 Xam i

(a) Both Assertion (A) and Reason (R) are true and Reason (R) is the correct explanation of the
Assertion (A).

(b) Both Assertion (A) and Reason (R) are true, but Reason (R) is not the correct explanation of the
Assertion (A).

(¢c) Assertion (A) is true, but Reason (R) is false.

(d) Assertion (A) is false and Reason (R) is also false.

16. Assertion(4) : The resistance of an intrinsic semiconductor decreases with increases in its

temperature.
Reason (R) : The number of conduction electrons as well as hole increase in an intrinsic
semiconductor with rise in its temperature. 1
17. Assertion(4) : The equivalent resistance between points 4 and B in the given network is 2R.
Reason (R) : All the resistors are connected in parallel. 1
2R
WA
2R 2R 2R
Ae———AMM AN M———eB
2R
WA,

18. Assertion(4) : The deflecting torque acling on a current carrying loop is zero when its plane is

perpendicular to the direction of magnetic field.

Reason (R) : The deflecting torque acting on a loop of magnetic moment m ina magnetic
field 7 is given by the dot product of m and F . 1



19.

20.

21.

22.

23

24.

25:

SECTION-B
Draw a graph showing the variation of potential energy of a pair of nucleons as a function of their
separation. Indicate the region in which the nuclear force is (a) attractive and (b) repulsive. 2
(@) How will the de Broglie wavelength associated with an electron be affected when the (i)
velocity of the electron decreases? and (i2) accelerating potential is increased? Justify your
answer. 2
OR

(0) How would the stopping potential for a given photosensitive surface change if (i) the
frequency of the incident radiation were increased? and (i) the intensity of incident radiation
were decreased? Justify your answer.

Identify the electromagnetic wave whose wavelengths range is from about
(@) 107" m to about10™® m. (#) 107 m 1o about10~" m.
Write one use of each 2

Depict the orientation of an electric dipole in (a) stable and (b) unstable equilibrium in an external
uniform electric field.

Write the potental energy of the dipole in each case. 2

=
(a) Write the expression for the Lorentz force on a particle of charge g moving with a velocity v
in a magnetic field F . When is the magnitude of this force maximum? Show that no work
is done by this force on the particle during its motion from a point # to point 7, . 2

OR
(b) A long straight wire AB carries a current I. A particle (mass m and charge q) moves with a

velocity v, parallel to the wire, at a distance d from it as shown in the figure. Obtain the
expression for the force experienced by the particle and mention its direction.

B

Particle

A

The potential difference applied across a given conductor is doubled. How will this affect (7) the

mobility of electrons and (i) the current density in the conductor? Justify your answers. 2
Two coils €, and C, are placed close to each other. The magnetic flux ¢, linked with the coil C,
varies with the current [, flowing in coil €, as shown in the figure. Find 2

b2 (wb)

15

10

5

0 I3 (A)
2 4 6

(a) the mutual inductance of the arrangement and

dl
(#) the rate of change of current (d_ll) that will induce an emf of 100 V in coil Cs.




26.

27.

28.

29.

30.

S

SECTION-C
(a) A plane wave-front propagating in a medium of refractive index ‘p,’ is incident on a plane
surface making an angle of incidence (i). It enters into a medium of refractive index p,
(> )
Use Huygen's construction of secondary wavelets to trace the refracted wave-front. Hence
verify Snell’s law of refraction. 3
OR
() Using Huygen's construction, show how a plane wave is reflected from a surface. Hence
verify the law of reflection.
An alternating voltage of 220 V is applied across a device X. A current of 0.22 A flows in the
circuit and it lags behind the applied voliage in phase by n/2 radian. When the same voltage is
applied across another device ¥. The current in the circuit remains the same and it is in phase
with the applied voltage.
(@) Name the devices X and ¥ and,
(b) Calculate the current flowing in the circuit when the same voltage is applied across the series
combination of X and Y. 3
State the basic principle behind the working of an ac generator. Briefly describe its working and
obtain the expression for the instantaneous value of emf induced. 3
(a) Briefly describe how the current sensitivity of a moving coil galvanometer can be increased.
(b) A galvanometer shows full scale deflection for current /. A resistance R, is required 1o
convert it into a voltmeter of range (0 — V) and a resistance R, 1o convert it into a voltmeter
of range (0 - 2V). Find the resistance of the galvanometer. 3
(a) (i) Differentiate between ‘distance of closest approach’ and ‘impact parameter’.
() Determine the distance of closest approach when an alpha particle of kinetic energy
3.95 MeV approaches a nucleus of Z = 79, stops and reverses its directions. 3
OR
(b) (i) State three postulates of Bohr's theory of hydrogen atom.
(it) Find the angular momentum of an electron revolving in the second orbit in Bohr's
hydrogen atom.
SECTION-D

(a) (i) Explain how free electrons in a metal at constant temperature attain an average velocity
under the action of an electric field. Hence obtain an expression for it.

(i1) Consider two conducting wires A and B of the same diameter but made of different
materials joined in series across a battery. The number density of electrons in 4 is 1.5
times that in B. Find the ratio of drift velocity of electrons in wire 4 to that in wire B. 5

OR

() (@) A cell emfof (E) and internal resistance (r) is connected across a variable load resistance
(R). Draw plots showing the variation of terminal voltage V with (i) R and (i) the current
() in the load.

(it) Three cells, each of emf E but internal resistances 2r, 3r and 6r are connected in parallel

across a resistor R.
Obtain expressions for (i) current flowing in the circuit and (i) the terminal potential
difference across the equivalent cell.



32.

33.

34.

35.

(@) Draw the circuit arrangement for studying V-I characteristics of a p-n junction diode in
(i) forward biasing and (ii) reverse biasing. Draw the typical V-I characteristics of a silicon
diode. Describe briefly the following terms: (1) minority carrier injection in forward biasing
and (ii) breakdown voltage in reverse biasing. 5

OR

(b) Name two important processes involved in the formation of a p-n junction diode. With the
help of a circuit diagram, explain the working of junction diode as a full wave rectifier. Draw
its input and output waveforms. State the characteristic property of a junction diode that
makes it suitable for rectification.

(@) (i) Draw a ray diagram to show the working of a compound microscope. Obtain the

expression for the total magnification for the final image to be formed at the near point.
(1) In acompound microscope an object is placed at a distance of 1.5 cm from the objective
of focal length 1.25 cm. If the eye-piece has a focal length of 5 cm and the final image is
formed at the near point, find the magnifying power of the microscope. 5

OR

(b) (i) Draw aray diagram for the formation of image of an object by an astronomical telescope,
in normal adjustment. Obtain the expression for its magnifying power.

(it) The magnifying power of an astronomical telescope in normal adjustment is 2.9 and the
objective and the eyepiece are separated by a distance of 150 em. Find the focal lengths
of the two lenses.

SECTION-E
A lens is a transparent optical medium bounded by two surface: at least one of which should
be spherical. Considering image formation by a single spherical surface successively at the two
surfaces of a lens. Lens maker's formula is obtained. It is useful 1o design lenses of desired focal
length using surfaces of suitable radii of curvature. This formula helps us obtain a relation
between u, v and f for a lens. Lenses form images of objects and they are used in a number of
optical devices. for example microscope and telescopes.
(i) An object AB is kept in front of a composite convex lens. As shown in figure. Will the lens
produce one image? If not, explain.

T

(if) A real image of an object formed by a convex lens is observed on a screen. If the screen is
removed will the image still be formed? Explain.

(i) A double convex lens is made of glass of refractive index 1.55 with both faces of the same
radius of curvature. Find the radius of curvature required if focal length is 20 cm. 4

OR

(i) Two convex lenses A and B focal lengths 15 cm and 10 cm respectively are placed coaxially ‘d’
distance apart. A point object is kept at a distance of 30 cm in front of lens A. Find the value of
‘d’ so that the rays emerging from lens B are parallel to its principal axis.

A capacitor is a system of two conductors separated by an insulator. The two conductors have

equal and opposite charges with a potential difference between them. The capacitance of a

capacitor depends on the geometrical configuration (Shape, size and separation) of the system
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and also on the nature of the insulator separating the two conductors. They are used to store
charges. Like resistors, capacitors can be arranged in series or parallel or a combination of both

to obtain desired value of capacitance. 1
(i) Find the equivalent capacitance between points 4 and B in the given diagram.
c
0
c (o c
Ae—t—fF—— L. s

(i) A dielectric slab is inserted between the plates of a parallel plate capacitor. The electric field
between the plates decreases. Explain.

(iif) A capacitor A of capacitance C, having charge Q is connected across another uncharged
capacitor B of capacitance 2C. Find an expression for (z) the potential difference across the
combination and (b) the charge lost by capacitor A.

OR

(i2i) Two slabs of dielectric constants 2K and K fill the space between the plates of a parallel plate
capacitor of plate area 4 and plate separation D as shown in figure. Find and expression for
capacitance of the system.

2d
—»| di3 !-—T—p{
2 | K
E
R — il
SECTION-A
1. (a) As we know t = pE sinf [p = qd]
T
e Esinf
T T Y
R el L B [0 ]
-3
I T——
2><105><2><10'?><§
wo !l I 4mx107 x3x3
* 1 = = = =
2. (*)Force per unit length, f omd TR [, = I, = 3A]
=9 % 107 N/m.

Both parallel wire carry same current in same direction so, the magnetic forces are altractive in nature.

[*NOTE : No any option is correct in this questions.]
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10.

11.
12.

13.

14.

15.
16.

(a) A diamagnetic material creates a magnetic field opposing that of the external magnetic field
and it repels the external magnetic field. Hence its permeability is less than that of free space.

. ""

(d) Emfinduced, e = NA*

=100x (10X 109 x1=1V
() Gamma rays has shortest wavelength because it has highest frequency.
() As we know, Angular fringe width, 0 =% and Fringe width, B = %
Hence, if D increases, then 0 remains constant but B increases.
(b) Energy of photon, E = hv = % [v= %]

(d) Nuclear density is independent of mass number (4).

() In formation of a p-n junction, both drift and diffusion occurs. In an unbiased p-n junction,
drift current is equal and opposite to the diffusion current and hence net current is zero.

(a) In emission line I, energy is emitted. Also in the emission lines II, III and IV, energy is
emitted. The line having maximum energy is [, because energy dillerence between successive
levels decreases rapidly with increase of n.

(d) As from relation, A = % =>h 1?
(¢) Here, C; = C, = Cy = 4pF.

il 1 F 1 1k
4uF 4uF

e il
4uF 4uF
Hence,C,, =2 + 4 = 6pF.

(a) If the frequency of the source is increased the impedance of the circuit first decreases and
then increases.

(b) Hygen’s principle states that each point on a given wave front is a source of secondary
wavelets or secondary disturbance. Further, the disturbances originating from the
secondary sources spreads in all directions in the same way as originating from the primary
source and the amplitude of secondary wavelets is maximum in the forward direction and
zero in the backward direction.

g, h*n?
nmZe*

(a) Both Assertion (4) and Reason (R) are true and (R) is the correct explanation of (4).

(a) As we know, r, =1, cn’

(¢) From the given circuit shown,

2R¢«/\4 2R
"

Ae B

Examination Pz




the above circuit is fulfill the balanced condition of W.S.B
so, current through 2R (middle part) is zero.

2R 2R
Now, %1
R, =2R + 2R = 4R A B
Ry =2R + 2R = 4R
4Rx4R _ 16R* = &
So-Ran=Jp+ar = sk~ |
18. (¢) Here, the angle hlet\t'eenlarea vector of current carrying 4R
loop and magnetic field is zero. So, i "
|z|=|m xB|=mBsind [@=0°]
=0 4R
SECTION-B
19. Graph:
A

I Al lLRﬁ)ulsive

|
MeV |
0 e S S—
| D
|
'\ Attractive
-100 Toq D 3 4

T (fm) —s
Repulsive nuclear force for r < 7y
Attractive nuclear force forr > r,

h

20. (a) (i) According to de-Broglie hypothesis, & = %= Wil [p = mv]

If v decreases, then A increases.

1297 L
W W

If VV increase then A decreases

(i) As from relation, A =

OR
(b) (i) By Einstein’s photo electric equation,
eVy= hv-hv,

h
Vo= 7 (v=vg)

Hence, If v increases, then I/ increases.
(i) remains constant because it is independent from intensity of incident radiation.

21. (a) X-rays: Used as a diagnostic tool in medicine and as a treatment for certain forms of cancer.
(b) Microwaves: Used in radar systems for aircrafi navigation.

22. (a) Stable equilibrium, 8 = 0°i. e, E)‘ is parallel to E

U=-PEcosB - P
= - PE cos 0°
=-PE
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(b) Unstable equilibrium, 8 = 180° i.e, E;is anti parallel to E
U=-PEcosB
= - PE cos 180°
=+ PE

+q -

f

23. (a) Lorentz magnetic force, P_‘m = q; x B

If charge particle (g) moves perpendicular to the magnetic field (i.e., 1B ,) then
|F| = q|; X§| = quB sin 90° = quB (maximum)

Work done, W = F_ME = 'ffm;dﬂ = Jq(; X é).;dl

As (@ X B).u=0 [-oxE L]
Work, W =0
OR w i
(b) Magnetic field due to long straight conductor at distance (d) is B = ﬁ
B
by Lorentz's Force,
FeginE
= Particle
|F |=guB sinB [8=90"] -
= qu v
» (pﬂl ) = o lqu
~ " \ond/  2md 5
Force acts along east direction or away from conductor towards right side of the conductor.
- Yd _ et
24. (1) As we know, pu = oy
Hence, p is independent from potential difference applied across conductor. So it remain

constant.
(i) As from point form of Ohm’s Law, / = ¢ E
=k
= JxE [E= ]
Also, [ = IV
Hence if ¥ becomes doubled then J also becomes doubled.
25. (i) The slope of ¢-1 graph gives mutual inductance of the arrangement. (i.e., ¢ o< I = ¢ = MI)

Ab: _10-0_10

’-.e.,JM= ?1 T 4 =2.5H.
(i2) Here, e = 100V

induced emf; oo/
induced eml, ¢ = _MI =25x% T

dI

1100 _
TR T
SECTION-C

26. (a) We assume a plane wavefront AB propagating in denser medium incident on the interface
PP’ at angle i as shown in Fig. Let ¢ be the time taken by the wave front to travel a distance
BC. If v, is the speed of the light in medium 1.
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Incident

wavefront B
Medium I i =
(Denser) /
P L .
A ryC H
Medium II r
(Rarer)
Refracted
wavefront
=

So, BC =u,t

In order to find the shape of the refracted wavefront, we draw a sphere of radius AE = vy 1,
where v, is the speed of light in medium I1 (rarer medium). The tangent plane CE represents

the refracted wavelront.

e e | R
In AABC, sini = AC - AC
AE _ %!

and in AACE, sinr = AC - AC

sini _ BC _%!_ 7%

sinr AE  uyl U,

Let ¢ be the speed of light in vacuum

¢ ¢
So, n =—-andn, = —
1 2
!
L
From equations (i) and (ii), we have
sini M
sinr M

ny sini = ngsinr

It is known as Snell’s law.

OR
®)
Incident
j wavefront
]
e Reflected
\ | wavefront
Lt /
W .
M AV T3 %

)

(i)

Consider a plane wave AB incident at an angle i on a reflecting surface MN. If v is the speed
of the wave in the medium and if T represents the time taken by the wavefront 1o advance

from the point 8 to C then the distance
BC =vurt

In order to construct the reflected wavefront, draw a sphere of radius v1 from the point 4.

Let CE represent the tangent plane, drawn from the point C to this sphere.

In AAEC and AABC,
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AE =BC=vt
ZLCEA = ZABC (90° each)

AC = AC (Common Side)
AAEC =AABC (by RHS Congruency)
21 = sr

This is the law of reflection.

27 R(c) Iy lags behind the applied voltage (V) by 2 road, then circuit must be pure inductor type.
So, X is inductor.

If 1 is in phase with applied voltage (V) then circuit must be purely resistive type. So, ¥ is resistor.

v
(1) When circuit is purely induetive, X, = Iﬂ = % = 1000 Q

Tms
Again, when circuit is purely resistive,

R_Vﬂ_ﬁ_loﬂoﬂ ?f’\"‘ : N
S Sipay oo 4Ll

s
Now, Z=/R*+X?
= 1000 y2Q

Vo 0
Hence, 1=I—:L_:0.16A
s 1000 2 @

28. AC generator: A dynamo or generator is a device which o)
converts mechanical energy into electrical energy. b

Q@

Armature coil

Principle: It works on the principle of electromagnetic ."f o ff
induction. When a coil rotates continuously in a magnetic / /
field, the effective area of the coil linked normally with fir |s
the magnetic field lines, changes continuously with Field magnet
time. This variation of magnetic flux with time results
in the production of an alternating emf in the coil.
Working: When the armature coil is rotated in the s 51
strong magnetic field, the magnetic flux linked with
the coil changes and the current is induced in the coil, g Brus
its direction being given by Fleming's right hand rule. \ ;/
Considering the armature to be in vertical position and Eﬂé
as it rotates in clockwise direction, the wire ab moves
downward and cd upward, so that the direction of induced current is shown in fig. In the
external circuit, the current flows along B, RL B,. The direction of current remains unchanged
during the first half turn of armature. During the second half revolution, the wire ab moves
upward and cd downward, so the direction of current is reversed and in external circuit it flows
along B, RL B,. Thus the direction of induced emf and current changes in the external circuit
alter each hall revolution.
Expression for Induced emf: When the coil is rotated with a constant angular speed @, the angle
6 between the magnetic field vector B and the area vector 4 of the coil at any instant £ is 6 = ot
(assuming 8 = 0°at{ = 0). As a result, the effective area of the coil exposed to the magnetic field
lines changes with time, the flux at any time { is

¢ = BA cos 8 = BA cos ot

From Faraday’s law, the induced emf for the rotating coil of N turns is then,
dby d
e=-N e =-NBA o (cos wt)
Thus, the instantaneous value of the emf is
£ = NBA o sin ot
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where NBAo=2muNBA is the maximum value of the emf, which occurs when sin ot = £1. If
we denote NBAw as gy, then

£= g sin L = £ = g;sin 27vt
where v is the [requency of revolution of the generator’s coil.
Obviously, the emf produced is alternating and hence the current is also alternating.

29. (a) Current sensitivity of moving coil galvanometer can be increased by

(1) increasing number of turns in the coil (/; < N)

(1) increasing magnetic field strength (/; « B)

() using a material having lesser value of torsional constant (1‘ ap

() increasing area of cross-section of the coil (Any one)

(b) Let I, be the current through galvanometer at full deflection and G be the resistance of
galvanometer.

For voltmeter range, (0 - V)

V=I5L(G+R) ()
For range, (0 - 2V)
2V =1, (G + Ry) ..(i0)
by diving (i) and (z)
(G+R,)
3 o
= 2G+2R =G+R,
= G =Ry-2R,
30. (a) ()
Distance of Closest Approach Impact Parameter

The smallest distance of approach of| The perpendicular distance ofinitial velocity
a-particle near heavy nucleus is a measure | vector of a-particle from the nucleus, when
of the size of nucleus. Distance of nearest | the particle is far away from the nucleus, is

1 27 called the impact parameter. It is denoted
4me, Eg by b. For head on approach of a-particle,
b=0.

approach = size of nucleus =

where Eis kinetic energy of incident a-particle,
Z = atomic number, ¢ = electronic charge.

(1) Let r be the center to center distance between the alpha particle and the nucleus (Z = 79).
When the alpha particle is at the stopping point, then
1 (Ze)(2¢)

ane, T

1 27
4ine, K

- 9x107x2x79x(1.6x107'%)?
T 3.95x10%x1.6x107"°

=5.76 x 107m.

OR
(&) (1) Bohr’s Postulates for H-atom:

@ Stationary Circular Orbits: An atom consists of a central positively charged nucleus

and negatively charged electrons revolve around the nucleus in certain orbits called
stationary orbits.




The electrostatic coulomb force between electrons and the nucleus provides the necessary
centripetal force.

/ \ iv
/ = \
| iR
cE—.
\ Ze /’
m? 1 (290
HEoxi 41[&0 r2

where Z is the atomic number, m is the mass of electrons, r = radius of orbit.
® Quantum Condition: The stationary orbits are those in which angular momentum of

3 - - 2 S
electron is an integral multiple of o 1

h
mpr=n-—, n=123.
2n
Integer n is called the principal quantum number. This equation is called Bohr's quantum
condition.
® Transitions: The electron does not radiate energy when in a stationary orbit. The
quantum of energy (or photon) is emitted or absorbed when an electron jumps from
one stationary orbit to the other. The frequency of emitted or absorbed photon is given
by
hv = |E; -E;|
This is called Bohr's frequency condition.
(2z) Here,n = 2
So, angular momentum,

ponh _2h _h
D 9% 9% 0 %
_ 6.63x107% T
= T—Q.lxlﬂ gm"s

SECTION-D
31. (a) (i) Consider a metallic conductor XY of length [ and cross-sectional area 4. A potential
difference I is applied across the conductor XY. Due to this potential difference an

electric field E is produced in the conductor. The magnitude of electric field strength

E= % and its direction is from X to ¥,

CBSE Examination Paper 555



This electric field exerts a force on free electrons; due to which electrons are accelerated.
The electric force on electron F =— ¢E (where e = 1.6 x 107" coulomb).

If m is the mass of electron, then its acceleration

- il _ é

s (1)
This acceleration remains constant only for a very short duration, since there are random
forces which deflect the electron in random manner. These deflections may arise as

@ ions of metallic crystal vibrate simple harmonically around their mean positions.
Different ions vibrate in different directions and may be displaced by different amounts.

@ direct collisions of electrons with atoms of metallic crystal lattice.

In any way afier a short duration called relaxation time, the motion of electrons
become random. Thus, we can imagine that the electrons are accelerated only for a
short duration. As average velocity of random motion is zero, if we consider the average

motion of an electron, then its initial velocity is zero, so the velocity of electron afier time

. . . e . - . B iy
T (i.e., drifi velocity v ) is given by the relation v = u+ at
=

- - - ¢k
(hereu = 0,v=v4t = T,a = -—)
- ¢E - 6T = -
”.£=0'WT = z"d='W‘E .. (i2)
At given temperature, the relaxation time T remains
constant, so drift velocity remains constant. l
o5 1
(#) Here,d, = dy= same, n, = 1.5n,

1 = Constant (in seriess)

As we have, I = nedv,; Where [4, ¢, [ = Constant] s
1
So, vy o
L@ _ms_ 1 _2
o (”J)B LT 1.5 3 e ¥
OR I A

(b) (i) From the circuit shown,

e=V+1Ir

. _ E = E o €
Gl {R+T)R_(R+r)/R_1+L
V=gf--- —

R » &
(it) From voltage equation, I
g i = =3
=g—-ir—or= = §

AI=0,V=¢
WhenV =0,1=Ip,R =T
1]

Iy
I (ampere) —

Physics-XlI
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The inter cept on Y-axis gives the emf of the cell.
The stop of graph give the internal resistances.

(22) From circuit shown,

For parallel combination of cells R
E E Es A
— + —_— —
Ul 6 73
Ena="T71 1
PR Re FFW
£ .E B L
_2r 3r ﬁr_SE+2E+E=@=E ]
i I A5 g 1 S 211 6 E 6r
2r  3r 6r
1 1 l | s s e DO
- Tnel 2f § 6)‘ ?
e
Enee E
(1) Total current, [ = T m
3 -~ - E __ER
(2) Terminal Pd, V=E-Ir = E_(R-!-r r= ®+7)
32. (a) Circuit diagram:
@Vo\lme{er(_\f)_ @ _\.’U\lmeter(_\._f_}
pl//'n p I/'In
o
Milliammeter Microammeter
ma) L (uA) s
J Switch ‘ Switch
£ .
+ = -4
Forward Bias Reverse Bias
V — I characteristic of a silicon diode:
mTA :
Reverse bias=+— v
o — Forward bias
Breakdown
[

(i) Minority Carrier Injection: Due to the applied voltage, electrons from n-side cross the
depletion region and reach p-side (where they are minority carriers). Similarly, holes
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o

from p-side cross this junction and reach the n-side (where they are minority carriers).
This process under forward bias is known as minorily carrier injection.
(ii) Breakdown Voltage: It is a critical reverse bias voltage at which current is independent
of applied voliage.
OR
Two important process occurring during the formation of p-n junction are diffusion
and drift.
Circuit diagram:

-0 D1
)—" Centre tap

InpUtAC signal
to be rectified
)

;M |A
i‘ =8, ?
N .
L} LAA;Afé#E,AgﬁLA,Hig Output
P, r fi
B

Dz

Working: The ac input voltage across secondary S, and S, changes polarity after each half
cycle. Suppose during the first half cycle of input ac signal, the terminal §, is positive relative
to centre tap O and §, is negative relative to 0. Then diode D, is forward biased and diode
D, is reverse biased. Therefore, diode )| conducts while diode D, does not. The direction of
current (i) due to diode D, in load resistance R; is directed from A to B In next half cycle,
the terminal §; is negative and S is positive relative to centre tap O. The diode D) is reverse
biased and diode D, is forward biased. Therefore, diode D, conducts while D, does not. The
direction of current (iy) due to diode D, in load resistance R, is still from A to B. Thus, the
current in load resistance R is in the same direction for both half cycles of input ac voliage.
Thus for input ac signal the output current is a continuous series of unidirectional pulses.
Input and output waveforms.

oz —
& 5 N N /
E 7
2 N L
§ (0]
[=+]
ﬁ ™ —
£ railie N
§ \\_4 // (iJ)\\\ 7_/” :
(b)
E
'g if Due to Due to Due to Due to
g8 @)y | @) @)y @)
58| = = R
g-_, \ f/ \\f‘/ \\\ / \/} t

A junction diode allows current to pass only when it is forward biased. So, il an alternating
voltage is applied across a diode the current flows only in that part of the cycle when the
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diode is forward biased. This property is used to rectify alternating voltages and the circuit
used for this purpose is called a rectifier.
33. (a) (1)

Eyeplece

Working : Suppose a small object AB is placed slightly away from the first focus Fy' of the
objective lens. The objective lens forms the real, inverted and magnified image A’ B’ which
acts as an object for eyepiece. The eyepiece is so adjusted that the image A’ B’ lies between
the first focus F.' and the eyepiece E. The eyepiece forms its image A"” B” which is virtual,
erect and magnified. Thus the final image 4" B” formed by the microscope is inverted and
magnified and its position is outside the objective and eyepiece Lowards objective lens.
Magnifying power of a microscope is defined as the ratio of

angle (B) subtended by final image on the eye to the angle (o)

subtended by the object on eye, when the object is placed at

the least distance of distinct vision, i.e.,

Magnifying power, M = g.
As object is very small, angles a and B are very small and so tan o = @ and tan § = B. By
definition the object AB is placed at the least distance of distinct vision.

tang =a = 25
EA
By sign convention EA = -D, a= %
: < A'B'
and from figure tanB =B = EA'
If u, is distance of image A" B’ from eye-piece E, then by sign convention, EA’ = - u,
A'B'
and so, =
P

H ifyi T
ence H)agnl }’lllg POWC’r = a = AB/(_D) = AB i It.g
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By sign conventions, magnification of objective lens B
AB _ % e
AB  (—u,) -
Yy D ﬂ\(\“
sl A E
ey ¢ D » Eve
Using lens formula & = 1_1 gy eyl
sing lens formu 7 =~y for eye-lens, (ie,usingf=f,, v=1v,,u=-u) wegel
1 1 1 1 1 1
—= = BE. et
L U u) v L %
Magnifying power, M = —ED L+L
grilying p 4, (f, -ue)
- s _Lﬂ(g 2)
wlf o

When final image is formed at the distance of distinct vision, v, = D

% D
Magnification, M = — (1 i I )

For greater magnification of a compound microscope, f, should be small. As f; < f,, so f; is
small. Hence, for greater magnification both fj; and f, should be small with f; 1o be smaller
of the two.

(1) Here,uy = 1.5 cm, f; = 1.25 cm, f, = 5 cm [image formed at near point]

then, From less formula, L = 1—- L
i % %
E il el

1 1 15-1325 025

1.5 1.5%1.25  1.875

Now, Magnifying power of the microscope,

Il
T

7.5 25 )
= +==) ==
15 (I 5 L
Negative sign shows that the image is inverted.
OR
®) @ Objective
A / Eyepiece

Ra I A
msranj; f’g‘m J
ct

B
At infinity {
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In normal adjustment position, for relaxed eye, the final image is formed at infinity.
o
i
(1) Here, M=2.9 [For normal adjustment]
L =150cm

Magnifying power, M =

As we know, M = _TIB =29
fo =291, )

And, L = f,+ f, = 150 (i)
From eq (z) and (i)
29 f, + f. = 150

150
el f,_. = 379 = 38.46 cm

So, f, =29 f, = 2.9 X 38.46 = 111.54 cm

SECTION-E

34. (i) No, As [rom lens maker's formula fe so, different value of n inside the lens having

.
(n-1)

different focal length so, more than one image may be formed.

(i) Yes, image will be still formed but it is not observe without screen, because for real image
formation, minimum two rays meet on screen at a point after refraction through lens.

(i) From lens maker’s formula,
Lo ne L)
7o (n-1) (R 4 R
SR =2m-1) f = 2(1.55 - 1)X 20 = 92 cm A B
OR ¥

(ut) Here, f4 = 15 cm, fp = 10cm uy = 30 cm /
[o] L L
From lens formula at A, \ M
A Ll
—>

vy Uy f,

LI e T T %m0 d

v:f_;,+u,,_15'30 30 30

vy = 30 cm.

Now, for ray emerging from lens B and parallel 1o principle axis, after 1* refraction through
A, rays must be incident on less B come from their focous (fp).

Hence, up = fz = 10 cm
So, total distance between two lens,
d=v,+uy=30+ 10 =40 cm

35. (1) From circuit shown,
By balance condition of W.S.B,
G

T c "

Examination Pz




then, charge flow across 4 is zero. So, B

C of that middle part (BD) part will be neglected. C/\/\/C

Ae—r 0 B

Now, all capacitance are in parallel

W
C.C C/\/\C

CAB:§+?+C:ZC D
—

c

(i) If dielectric slab inserted between plate of capacitor |

increases and to keep charge constant, potential deffence
across plates decreases as results electric field between

) 7 174 Cci2
plates decreases. (i.e., E = T ) F— B
e
i) (@) Here Gy = C, Qy =
(i) (a) Here Gy = C,Q, = Q Lo
and Cp = 20, 0p = 0 &

So, Common potential,

QA+Q:37 Q Q (i.Q

= - T F
C,+tCp 2C+C 3C i
(b) Now, new chargeon 4, Q, =CV, — . .
Q Q o
=Cx3c=3 260
2
So, Charge lost = Q-g = 2
3 3
OR

(1if) The space between its plates is now filled with slabs of dielectric constants 2K and K in such
a way. So, it behave as capacitors are connected in series.

Ag,
Asweknow,C:T
11 1
So e S
C, G G k_% %
o \
= 3KC, T KCG, ! |
|
1 1 |
=
Agy Agg [k } K
okl K |
d/3 2d/3 ‘
__d . 2 _d+4d__5d ‘ ;
T bKAe, B8KAe, GKAg, GKAg, | ‘
I d !
6KAg,
C =
4 bd

562 Xam idea Phy



CBSE Practice Paper (Unsolved)

Time allowed: 3 hours Maximum marks: 70

General Instructions:

(®)
(it)

(i)

()

(v)

There are 35 questions in all. All questions are compulsory.

This question paper has frve sections: Section A, Section B, Section C, Section D and Section E. All the
sections are compulsory.

Section A conlains eighteen MCQ of 1 mark each, Section B conlains seven questions of 2 marks each,
Section C ins five questions of 3 marks each, Section D conlains three long questions of 5 marks
each and Section E conlains two case study based questions of 4 marks each

There is no overall choice. However, an inlernal choice has been provided in section B, C, D and E. You have
lo altempl only one of the choices in such questions.

Use of calculators is not allowed

SECTION-A
The image below shows two examples of electric field lines. 1

—»&:

1 11
Which of the following statements is true?

(@) The electric fields in both I and II arise due to a single positive point charge located
somewhere on the lefi.

(b) The electric fields in both I and II can be created by negative charges located somewhere on
the left and positive charges somewhere on the right.

(¢) The electric field in 1 is the same everywhere but the electric field in IT becomes stronger as
we move from lefi to right.

(d) As you move from lefi o right, the electric fields in both I and II become stronger.
The capacitance of a capacitor is C,. It is connected to a battery of voltage I which charges

the capacitor. With the capacitor still connected to the battery, a slab of dielectric material is
introduced between the plates of the capacitor. 1

Which of the following explains the effect of the dielectric slab in the above situation?
(a) The electric field between the plates of the capacitor rises.

(b) The potential difference between the plates falls.

(¢) The total charge on the capacitor increases.

(d) The ability of the capacitor to store charge decreases.
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. In a given region, electric potential varies with position as V(x) = 3 + 2x°. Identify which of

the following statements is correct.

(a) Potenual difference between the two pointsx = 2andx = -2is 2 V.
(b) A charge of 1 C placed atx = 2 experiences a force of 6 N.

(¢) The force experienced by the above charge is along + x-axis.

(d) The electric field in the given region is non-uniform along x-axis.

. Two statements are given-one labelled Assertion (4) and the other labelled Reason (R). Select

the correct answer to these questions from the codes (4), (B), (C), and (D) as given below. 1

Assertion (4) : As the temperature of a conducting wire increases, the drift velocity of the
clectrons also increases.

Reason (R) : With an increase in temperature, the average time of collision increases.

(@) Both A and R are true and R is the correct explanation of 4.

(b) Both A and R are true and R is NOT the correct explanation of 4.

() A istrue but R is false.

(d) A is false and R is also false.

. A wire of length L carrying a current I can be turned into a circular loop of N turns. For what

value of N, will the magnetic moment of this current-carrying loop be maximum? 1
(a) one

(b) 4nL

(¢) infinite

(d) Magnetic moment is a constant for a given L and is independent of N.

. A deuteron and an alpha particle move with the same kinetic energy under the effect of

identical magnetic fields. What will be the ratio of the radii of their paths followed? 1
1
@ 1 ® V2 @3 @2
. Two blocks of different materials are placed in a uniform magnetic field B. The magnetic field
lines passing through the two blocks are represented as follows. 1
e i
e e e W
B e B
B ——— )

(1 (11)
Identify the suitable values of relative permeability g, and magnetic susceptibility y for the
materials I and IL.
(@) ForI:p>1,x<0,Forll:p <1,%>0
() Forl:u,>1,%x<0,Forll:pn>1,%2>0
() Forl:pn=0,x< L, Forll:p=1,%>0
d Forl:n<1l,x<0,Forll:pn>1,%2>0

. There is a pair of concentric and coplanar conducting loops of radii R, and R, such that

R, = 0.01 R,. To which of the following is the mutual inductance M for this pair directly

proportional? 1
1 1

@ 3 ) Ry? O % @ R,

1

. A b5 ohm resistor, a 5 mH inductor and a 5 uF capacitor, joined in series resonate with an ac

source of frequency @,. If only the resistance is changed to 10 ohm, the circuit resonates at a
frequency ©,. If only the inductor is changed to 20 mH, the circuit resonates at a frequency
®,. Find the ratio o,/m,.

(@) 0.5 b)) 1 () 2 (d) 4



10.

11.

12.

13

14.

15.

Which of the ac circuits with the following input voltage and current dissipates maximum
power P? 1
(a) Inputvohage V, = 2 voli, I, = 4 ampere and phase angle ® = /4.

(b) Inputvoltage VV = V sinwt volt and the current I = [ sin(ot — 1/2) ampere

(¢) Input voliage I = 2 cosot volt and the current I = 4 sinwt ampere

(d) Input voltage I/ = 100 sin100t volt and the current I = 100 sin(100¢ + 7/3) milliampere

The diagram below shows the electric field (E) and magnetic field (B) components of an

electromagnetic wave at a certain time and location. . 1

What is the direction of propagation of the em wave?

(a) Perpendicular to E and B and out of the plane of the paper.

(a) Perpendicular to £ and B and into the plane of the paper.

(@) Parallel and in the same direction as E.

(a) Parallel and in the same direction as B. E

Two statements are given-one labelled Assertion (4) and the other labelled Reason (R). Select

the correct answer to these questions from the codes (4), (B), (C), and (D) as given below. 1

Assertion (4) : Interference pattern has all maxima that are equally bright and bands are
large in number in comparison to the diffraction pattern that has maxima of
decreasing intensity and fewer in number.

Reason (R) : Interference is the result of the superposition of the waves from two dillerent
wavefronts whereas diffraction is the result of the superposition of the wavelets
from different points of the same wavefront.

(@) Both A and R are true and R is the correct explanation of 4.

(4) Both A and R are true and R is NOT the correct explanation of 4.

(c) Aistrue but R is false.

(d) A is false and R is also false.

Under ideal conditions, consider two different sources of light producing identical waves that
happen to be in phase with each other.

The two sources are placed at the corners of a square. They broadcast waves uniformly in all
directions.

Which of the following locations of the two sources will ensure that the waves always produce
constructive interference at the center of the square?

(a) any two corners of the square

(b) only the adjacent corners of the square

(¢) only corners across the diagonal of the square

(d) one source at the corner and the other at the center

Given below are two charged subatomic particles P and @, that are accelerated through same

potential difference V. Here, Masses: mp = mg Charges: % 9p = 9qg
Which of the two sub atomic particles will have longer de Broglie wavelength? 1

(a) Particle P, because it has the greater momentum
(b) Particle Q, because it has the greater momentum
(¢) Particle P, because it has the smaller momentum
(d) Particle Q, because it has the smaller momentum

Assuming that the momentum of an electron is measured with complete accuracy, that is.,
the corresponding uncertainty in its momentum being zero, what is the uncertainty in a

simultaneous measurement of the electron’s position? 1
(a) zero (b) unity
(¢) infinitely large (d) some finite value between unity and infinity
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16.

17.

18.

Each of the statements below are based on the properties of electron orbits in a hydrogen
atom. Identify a statement that correctly satisfies the Bohr's model of an atom. 1
(@) The angular momentum of the orbiting electron is 3h/m.
(b) The potential energy of the electron in any stable orbit is positive.
(¢) The radius of the second electron orbit is 2a,, where ag is Bohr's radius.
(d) An amount of energy = -3.4 eV given to an electron in its second orbit will let it escape the
atom.
Two statements are given-one labelled Assertion (4) and the other labelled Reason (R). Select
the correct answer to these questions from the codes (4), (B), (C), and (D) as given below. 1
Assertion (4) : The curve between the binding energy per nucleon versus mass number droops
at high mass numbers (4 > 170) as well as at low mass numbers (4 < 30).
Reason (R) : Nuclei with middle mass numbers (30 < A4 < 170) have higher binding energy
per nucleon.
(a) Both A and R are true and R is the correct explanation of A.
(b) Both A and R are true and R is NOT the correct explanation of A.
(¢) A istrue but R is false.
(d) A is false and R is also false.
In an ON state, the individual Silicon and Germanium diodes, allow a voltage drop of
0.7 V and 0.3 V respectively across them. In the circuit shown, the Si and the Ge diode, are
connected in a parallel combination to a voltage source of 10V. 1
T’IO A

Si¥ Y Ge

| —

[~

f"@

What is the voltage V_ for the circuit network?

(@) 0 volt () 9.3 volt
() 9.7 volt (d) 10 volt
SECTION-B

19. (a) If electric field strength at a point is zero at a given point, then what can you say about the

electric potential at that point? Explain.
(b) In the two instances below, state whether electric field intensity and electric potential are

zero or non-zero at the mid-point joining the two-point charges. 2
" 2
------- Q@




20. Asshown below, a magnetic dipole moment is oriented in 3 different ways in a uniform magnetic
field.

3

(a) Which orientation results in the largest magnetic torque on the dipole?
(b) Which orientation has the largest potential energy? Give a reason for your answer. 2
21. A capacitor consists of two parallel plates, with an area of cross-section of 0.001 m?, separated by

adistance of 0.0001 m. If the voltage across the plates varies at the rate of 10 V/s, determine the
value of displacement current through the capacitor. 2

22. The critical angle for the total internal reflection of diamond in air is 24°. State whether the two
statements given here are correct or incorrect. Give a reason for your answer.

(a) The critical angle for total internal reflection of diamond is more than 24° when surrounded
by water.

(b) The sparkle of the diamond increases remarkably when placed in water. 2

23. Estimate the number of dark fringes on the either side of the central maximum that can be
produced by diffraction set up with slit of width 5 X 1075 m and incident light of wavelength

600 nm. 2
24. By what factor does kinetic and potential energy of an electron in a hydrogen atom change as it
moves fromn = 1 ton = 32 2

OR

(a) Multplication factor or reproduction factor K for a nuclear reactor is defined as number
of fission reactions produced by a given generation of neutrons to the number of fission
reactions in the preceding generation. What should be the value of K for the following
purposes?

(#) To keep the nuclear fission reaction self-sustaining
() To switch off the nuclear reactor

() Why are moderators more effective in slowing the fast moving neutrons instead of abundant
#31 atoms found in the naturally occurring U sample?

25. In the circuit containing an ideal PN diode D) and a resistor R is given an input square wave as
shown.

TV AN~

(@) What is the shape of the output waveform across diode D?

(b) Give an explanation for your answer in (a). 2




OR

Categorize each ol the following junction diodes as either forward biased or reverse biased. Give
reason for each answer.
D R

D R e
@ ® ]v DWW
+4v +6V -
b R
D R —D—WW—
©  —k—W—e (@) _av
—10V Zav =l

SECTION-C
26. An alpha particle is moving with a velocity v. It enters a magnetic field (B) as shown below. The
magnetic field is perpendicular and into the plane of paper.

X X X X X

X X X X X

alphpa particle
—_——— X X X X

~

X X X X X

velocity v

uniform magnetic field
X X X X X

A uniform electric field is applied in the same region as the magnetic field so that the alpha
particle passes undeviated through the combined fields.
(@) What should be the direction of the electric field?
(b) Without any change in the electric and magnetic field, the alpha particle is replaced by the
following particles:
(¢) proton moving with a velocity v

= . 5 o U
(i) eleciron moving with a velocity 3 3

Will there be any change a deviation in the path of the particles? Give a reason for your answer.
27. Coil 1 has self-inductance L, which is 3 times the self-inductance L, of coil 2. If during a certain

instant, the rate of increase in current and the power dissipated in these two coils is the same,

then determine the ratio of

(a) their induced vollages

(b) currents

(¢) energy stored in the two coils at that instant. 3
28. Abulbis connected through a capacitor in an ac circuit as in the circuit (). The bulb in the circuit

glows when the frequency of the input ac voltage is o.

G

ac supply

A circuit (i) is constructed by including an inductor L as shown, keeping all other components
the same as in circuit (7). The bulb continues to glow when the frequency of the input ac voliage
is @.
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29,

30.

ac supply

Now the frequency o of the ac supply is changed in both the circuits while keeping the voliage
amplitude constant and same in both the circuits. Explain the effect on the brightness of the bulb
in each circuit if
(a) the frequency of input ac voliage is lowered
(0) the frequency of input ac voltage is increased
(¢) the frequency of input ac voltage approaches zero. 3
OR

A series LCR circuit as shown in the diagram is connected to an input ac voltage. The voltage
across the capacitor lags the applied input voliage by 45°.

L C=1pF R=100Q
Jo00 i1 A

&

Vinax = 100 V
o = 300 rad/s
(a) Represent the phase relationship for the voltages across the three elements L, C and R using
a phasor diagram.
(b) Determine the phase angle @ in the given circuit.
(¢) Determine the value of inductor L.
(a) Mention one proposition that is predicted as per wave theory of light but discarded on the
basis of the actual experimental observation in the phenomenon of photoelectric emission.
(b) Acatisable to see in low light intensity situations by virtue of'its large sized pupils of diameter
~ 16 mm and due to the presence of excess number of cone cells on its retina. They can
detect light of intensity I as low as ~ 107" W/m®,
If intensity [ of light is deflined as energy of radiation times the number of photons per unit
area, then determine the minimum number of incident photons per second of wavelength
600 nm that are required in a radiation to be detected by a cat's eye?
Take he ~2 X 10‘16‘]-n1n. 3
OR
sive reason: A radiation of wavelength A < A, .\ incident on a metal sphere placed on an
insulated stand results in the emission of photoelectrons for some time and then stops.

(a

—

(0) In the photoelectric experiment apparatus containing the collector and the emitter plate,
a saturated photoelectron current is observed. If an external electric field is applied in the
direction opposite to the motion of the photoelectrons, what is the change observed in each
of the following? Give reasons.

(#) The saturation value of the photocurrent.

(#) The kinetic energy of the photoelectrons striking the collector plate.

(a) A glass container contains hydrogen atoms with all its atoms in their ground states. The
container is irradiated with electromagnetic waves containing wavelengths corresponding o
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Lyman, Balmer and Paschen series. The electromagnetic waves exiting the glass container
are found to have certain strong absorption spectral lines. Identify one or more series to
which these absorption spectral lines would correspond to. Explain. Assume that once an
electron absorbs a photon and jumps to a higher level, it does not absorb more photons to
jump to even higher levels.

(b) An electron in its orbit undergoes transitions across the energy levels either by absorbing or
emitting the photons. A given hydrogen atom is in third excited state. Determine the final
quantum number and the energy of the photon,

(1) when a photon with shortest wavelength is emitted.

(i) when a photon with longest wavelength is absorbed. 3
Total energy, E
n=cw
‘n=5
n=4
n=3
n=2

Ground state

SECTION-D

31. (a) An unknown charge g is placed at the origin and another charge of 1 nC is placed at position
B(l, 0, 0). The x- component of the electric field due to these two charges at position
A(2, 1, 2) is zero. Determine charge q.

¥

*A(2,1,2)
[
o
9 1nC «
o B(1,0,0)

(b) A given solid sphere of radius R made of an insulating material carries a charge ¢ distributed
uniformly throughout its volume. The potental due to this charge distribution as a function

of distance r from the center of the sphere is given as:
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r=R

r=R
(#) At which location with respect to the sphere, is the potential ¥ maximum in this case?
(#) In case the above sphere is made up of a conducting material instead of an insulating
material, what would be your answer [or part (¢)? How is the charge q distributed across
a charged conducting sphere? 5
OR
A parallel plate capacitor of capacitance C is charged to a potential V' by a battery. @ is the charge
stored on the capacitor. Without disconnecting the battery, the plates of the capacitor are pulled
apart (o a larger distance of separation.
What changes will occur in each of the following quantities? Will they increase, decrease or
remain the same? Give an explanation in each case.
(a) Capacitance (b) Charge
(¢) Potential difference (d) Electric field
(¢) Energy stored in the capacitor

32. (a) In the circuit given below if I is the current entering the network of resistors of equal
resistances,

(#) Using Kirchholf’s rules, prove that current through the arm AC is equal to that in the
arm CE. Show the distribution of the current diagrammatically.

(#) Redraw the diagram 1o show the split in junction € without altering the current in any
arm.

(&) In the circuit of two cells, each of emf E but different internal resistances are connected in
series as shown in the diagram. Determine the external resistance R in terms of internals
resistances r| and ry, such that potential drop across the cell E| is zero.

E ry E Iz
M I M
Vi Va
| |
AN F—
R
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OR

(a) In the given dc circuit, a voltmeter whose resistance is 6000 ohm is used to measure the
voltage drop across the 3000 ohm resistor. Determine the % difference in the voltmeter
reading that is observed when compared to the true voltage across 3000 ohm resistor when
the volumeter is not connected.

6000 ohm

VWA N
1000 ohm 3000 ohm 1000 ohm

I

50v
(b) In the circuit diagram, consider R, = % Ry = 2r and power supply of voliage V:

o

Switch

Determine the power consumed by the circuit in each of the following instances:
(#) when the switch is open
(#2) when the switch is closed
(1) while the switch is closed, the resistor R, is heated so that its resistance is doubled.

33. (a) Inreference to the picture given here, a convex lens of focal length f{in air), is immersed in
the water to view a small black stone that is placed at the bottom of the container is at a depth

d from the lens.

Lens

Lens Holder

Stone ———— 49 4

Will the stone in the water be visible as seen from above, ford = ford < ford > f? Give
reason for your answer.
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(b) In the given combination of three triangular prisms, a ray of light enters the first prism on
the left and exits from prism on the right after refraction. Consider the angles of the prisms

to be small and the ratio 4 /4 = 2.

7x AKX

Prove that for a net deviation produced in the light ray 1o be zero, u = g, in the given
combination.

(¢) A glass prism of absolute refractive index of 1.52 is surrounded by a medium. The emergent
rays are bent either upwards or downwards.

7y A

Select the suitable surrounding mediums from the given table of refractive indices here for
each of the above refractions through the prisms P and Q. Give reason for the choice of the

mediums. 5
Medium Refractive index
Benzene 1.50
Carbon disulphide 1.63
Ethyl alcohol 1.36
Aqueous sodium chloride 1.54
OR

(a) The interference pattern due to light shows bright and dark regions that appear similar to
the antinodes and nodes of a standing-wave pattern on a string. While both the pauerns
are based on the superposition principle, give one major point of difference between the
standing waves pattern and the interference pattern.

(0) Given two sets of slits §; and §,.

i
[
[

S

= == ==
(=3

2]

5

gl
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Also given are two possible incident light wavelengths L1 and A2.

114%7 I

State with reason for what combination of the slits and wavelengths will the interference
pattern be:

(#) most spread out
(i) least spread out?
(¢) Determine the value of y at which the intensity of the fringe reduced to half the intensity of
the central maxima formed at point 0.

SECTION-E
34. Case study: Refraction
Refraction at a curved refracting surface of radius of curvature R is governed by curved surface
formula that is given as

i hge

R .-t}

For a plane refracting surface, the curved surface formula gets modified as: ngfv = n/u .....(%)

Consider a bird flying vertically downwards towards a fish inside the pond on the ground. At
a given instant, if the true height of the bird is x from the plane surface of water, the bird will
appear at a height y as seen by the fish in the water due to refraction of light through the plane
air-water interface.

Also if the bird is flying down through a height x in time ¢, the fish will see the bird fall through
a height y in the same time ¢. 1
(a) Show how equation (1) gets modified 1o equation (2) for a plane refracting surfaces.

(b) Use this modified surface formula for a plane refracting surface, in order to determine if,
x =y,o0rx <yorx >y, for the fish in the water looking at the bird in the air.

(¢) Draw a ray diagram to show the position of the bird at a height y as seen by the fish in the
water. Confirm the result obtained in (b) diagrammatically.
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OR
Draw a diagram to show how the bird in the air sees the fish in the water. Is it near or farther
from the surface of water as compared to the true depth d?
(d) Does the fish see the bird flying towards it at a speed greater or lesser than the true speed?
Justify the answer qualitatively only.
35. Case study: Clipper circuits
A half wave rectifier circuit is also known as a clipper. A clipper drcuit removes either the positive
half or negative half or a part of the input positive or negative cycles of the input AC signal. In
a typical half wave rectifier circuit, as shown in the circuit diagram, only the positive half cycles
are completely removed. This circuit is also known as the Series Positive Clipper.

D

Input waveform - P - Output waveform
Series positive clipper

Similarly, just by reversing the diode, only the negative half cycles are removed. This is Series
Negative Clipper circuit.

Input waveform QOutput waveform

Series positive clipper

Now a Series Positive Clipper circuit can be modified by including a battery as shown here.

Removed

D portion

+

T

Series positive clipper with positive bias

Input waveform Output waveform

During the positive input half cycle, the diode is reverse biased by the input supply voliage V.
But since the positive terminal of the battery is connected to p-side and the negative terminal of
the battery is connected to n-side of the diode, the diode is forward biased by the battery voltage
V.

That means the diode is reverse biased by the input supply voltage (V;) and forward biased by
the battery voltage (Vp). Initially, the input supply voltage V; < Vy, so I, dominates over the V.
Hence, the diode is forward biased by the 'y and allows electric current through it. As a result,
the signal appears at the output.

As soon as F; becomes greater than Vp, the diede is reverse biased. So no current flows through
the diode.
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As a result, input signal does not appear at the output. Instead a constant voltage = V appears
across the output. So the clipping takes place during the positive half cycle, at the time the
input V; is greater than the V3. Now consider the negative input half eycle. The diode is forward
biased by both V', and V,. That means, during the negative half cycle, it doesn't matter whether
the V; is greater or less than the I, the diode remains forward biased. So the complete negative

half cycle appears at the output. Thus, the series positive clipper with positive bias clips a small
portion of the positive half cycles in the output. 4

Answer the following questions:
(a) Draw the circuit diagram Lo represent the series clipper circuit with a negative bias.

(6) Which part of the input ac cycle will get clipped in the case of series clipper circuit with a
negative bias? Represent the clipped output waveform through this dircuit.

(¢) Explain the output waveform during the positive input cycle in the series clipper circuit with
a negative bias.

OR

Explain the output waveform during the negative input cycle in the series clipper circuit
with a negative bias.

ANSWERS

L 2() 8. 4@ 5@ 60 T.d 8@ 9. 10.(@)
11. (@) 12.(@) 13.(@) 14.(d) 15.(c) 16.(a) 17.(6) 18.(c)
21. 5.8 mA 23.8 2.3 () ;— © é 28.OR (h) —45°(c) 10.7 H
29. (b) 6028 photons/second  30.(@)n = 1, 12.75eV (i))n = 5,0.31 eV

31.-09nC 32. (i) r, — rs OR (a) 16.6% (decrease)

576 Xam idea Phy




