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Preface

Pearson IIT Foundation Series has evolved into a trusted resource for students who aspire to be
a part of the elite undergraduate institutions of India. As a result, it has become one of the best-
selling series, providing authentic and class-tested content for effective preparation—strong
foundation, and better scoring.

The structure of the content is not only student-friendly but also designed in such a manner
that it motivates students to go beyond the usual school curriculum, and acts as a source of
higher learning to strengthen the fundamental concepts of Physics, Chemistry, and Mathematics.

The core objective of the series is to be a one-stop solution for students preparing for various
competitive examinations. Irrespective of the field of study that the student may choose to take
up later, it is important to understand that Mathematics and Science form the basis for most
modern-day activities. Hence, utmost effort has been made to develop student interest in these
basic blocks through real-life examples and application-based problems. Ultimately, the aim is
to ingrain the art of problem-solving in the mind of the reader.

To ensure high level of accuracy and practicality, this series has been authored by a team of
highly qualified teachers with a rich experience, and are actively involved in grooming young
minds. That said, we believe that there is always scope for doing things better and hence invite
you to provide us with your feedback and suggestions on how this series can be improved
further.



Chapter Insights

REMEMBER

Before beginning this chapter you should be able to:

* Define the measuring quantities like length, width, height,
volume, density, etc

* Use the decimal system

* Know the different unit systems and conversion of higher
value to lower value

J

Remember section will
help them to memories
and review the previous
learning on a particular
topics

(KEY IDEAS

Key points will help
the students to identify

the essential points in a

chapter .

units and their importance

measurements

After completing this chapter you should be able to:

Know the types of physical quantities, different systems of

Use the measuring devices in practical examples

e Understand the method of determination of error in the

J

(SCALARS AND VECTORS

Physical quantities that can be defined using magnitude only are known as scalar quantities.
Examples: Distance, speed, mass, density, temperature.

Physical quantities that can be defined only if both its magnitude and direction are specified
are called vector quantities.

Examples: Velocity, acceleration, force, torque.

Distance is the length of the path from the initial position to the final position, traced by
the particle while in motion. It is a scalar quantity, and is path-dependent.

)

Text: concepts are
explained in a well
structured and lucid
manner

Note boxes are some
add-on information of
related topics

1. Average velocity of a moving body may be equal to zero but average speed cannot be
equal to zero. For example, the average velocity of an athlete completing one round
while running along a circular track is zero, though his average speed is not zero.

Calculate the magnitude of force acting on the body.

SOLUTION

Given
Mass = 10 kg
a=0.2ms>
mass X acceleration (F = ma)
(10kg) x (0.2ms2) =2N
Thus, the magnitude of force acting on the body is 2 N.

Force =

F

A constant force acts on a body of mass 10 kg and produces in it an acceleration of 0.2 m s~

2

-

Examples given topic-
wise to apply the
concepts learned in a
particular chapter

[lustrative examples
solved in a logical and
step-wise manner
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( TEST YOUR CONCEPTS

3. If no external
the colliding bodies is conserved.

energy.

7. Define force field.

8. Define viscous force.

Very Short Answer Type Questions

1. State the law of conservation of momentum.

4. What is normal reaction or normal force?

2. Give two examples of renewable sources of energy.

acts, the total momentum of

5. Give two examples of non-renewable sources of

6. A person getting down from a fast moving bus falls
on the ground. This can be explained by .

. Friction always acts to the surfaces in contact.

. What is meant by an unbalanced force?

. When is the work done maximum with a given force
and displacement?

. The impulse of a body is equal to .

(i) Define inertia of motion.
(i) Define inertia of direction.
. 1 kg, is equal to N.
. Define the S.I. unit of force.

. What is the relation between momentum and kinetic

energy?

“Test Your
Concepts’ at
the end of
the chapter
for classroom
preparations

‘Concept
Application’
section with
problems
divided as per
complexity:
Level 1; Level
2; and Level 3

Different levels
of questions have
been included

in the Test Your
Concept as well

as on Concept
Application which
will help students
to develop the
problem-solving

skill

rCONCEPT APPLICATION

Direction for questions 1 to 7
State whether the following statements are true or

false.

1.

Stretched spring has the energy in the form of poten-
tial energy.

. Work and energy have the same S.I. units.

. Friction depends on the area of contact between two
surfaces.

. Friction can be reduced by polishing surfaces.

11.

12.

13.

14.

The total momentum of two bodies before collision

is equal to their after collision.

To do the same work in less time, the power should
be

When a body is dropped from a height, its

energy changes to its energy.

force opposes the relative motion between the

J

two bodies.

o

55.

56.

57.

When two bodies are in relative motion, kinetic fric-
tional force acts between the bodies.

When a log of wood is dragged up an inclined plane,
kinetic frictional force acts in between the log and the
plane. This frictional force is directly proportional to
the weight of the block and the cosine of the angle
between the inclined plane and the horizontal.

If the angle (6) of inclination of the plane increases,
the cos(0) value decreases, and hence, the force of
friction also decreases.

Initial State: PE. = mgh, K.E. = %mu2
Final State: PE. = mgH, K.E. = 0

According to Law of conservation of energy,
(PE. + K.E) jnisiat = (PE. + K.E.) g1

Ans: [2g(H —h)
Use
G0
Ans: -90N

The acceleration in the ball is due to force exerted by
spring on the balls.

The potential energy of the compressed spring is
converted into kinetic energy of the balls.

Ans: 20 m s

Hints and Explanation
for key questions along
with highlights on the
common mistakes that
students usually make
in the examinations
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Measurements

REMEMBER

Before beginning this chapter you should be able to:

%, //ulm\\\\\\\\\\ e Define the measuring quantities like length, width, height,
volume, density, etc

* Use the decimal system

* Know the different unit systems and conversion of higher
value to lower value

KEY IDEAS

After completing this chapter you should be able to:

* Know the types of physical quantities, different systems of
units and their importance

* Use the measuring devices in practical examples

¢ Understand the method of determination of error in the
measurements

* Recognize the importance of accuracy and also the
working principle of different instruments used for taking
measurements accurately
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INTRODUCTION

Physics 1s a branch of science in which we study the laws of nature. In this branch, the nature
and its laws are described quantitatively and qualitatively. The quantitative study of nature
involves the estimation and measurement of various physical quantities like distance, weight,
temperature, etc.

In our daily life, measurement of various quantities has become an inevitable part. To
understand its importance, let us take few examples. Motion of a body can be changed by
applying force. The acceleration produced can be known only if the applied force and the
mass of the body are measured. Alternatively, the change in velocity in a given interval of
time should be measured, from which the acceleration can be determined.

PHYSICAL QUANTITY

The quantities which can be defined and measured are called physical quantities.
Example: Force, distance, time, current, etc.

The laws of physics can be described in terms of these physical quantities.

Measurement of Physical Quantities and Their Units

Measurement is a method of comparison of an unknown quantity with a standard quantity.
This fixed or definite quantity which we take as a standard and by the help of which we can
measure other quantities of the same kind is defined as the unit.

The measure of a physical quantity is expressed in two parts, namely the magnitude and
the unit. For example, when we say force is 12 newton. In fact, we can now measure speed
of light also. 12 is the magnitude and newton is the unit of force.

Scalar Quantity

The physical quantities which can be described completely by their magnitude only are
called scalar quantities. There is no need to know or specify their directions.

Example: Distance, mass, time, speed, density, etc.

These quantities can be added according to ordinary algebraic rules.

Vector Quantity

The physical quantities which can be described completely giving/stating by both their
magnitude and direction are called vectors. If we state only magnitude or only direction,
then their significance is not clear.

Example: Force, velocity, acceleration, etc.

Addition of these quantities can be done by special methods of addition—Law of polygon
or law of vector.

Types of Physical Quantity and Its Unit

The physical quantities are classified into two categories—fundamental quantities and derived
quantities.
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Fundamental Quantities

The physical quantities that do not depend on any other physical quantity for their measurement
are called fundamental quantities. Mass, length, time, electric current, temperature, luminous
intensity and amount of substance are the fundamental quantities.

Derived Quantities

The physical quantities that are derived from the fundamental quantities are called derived
quantities. Area, volume, density, force, velocity, etc., are some examples of derived quantities.
Rules—Writing Units

1. The symbol for a unit, which is named after a scientist, should start with an upper case
letter.

Example: Newton-N, Joule-J, Pascal-Pa, Kelvin-K, etc.

2. The symbol for a unit, which is not named after a person, is written in lower case.

Example: Metre-m, mole-mol, second-s

3. In their full form, the units should start with a lower case letter.

Example: Newton, metre, joule, second, hertz, etc.

4. Symbol of a unit should not be in plural form.
Example: 500 metres should be written as 500 m and not 500 ms.

Wrong notation Correct nofation

Nis N
Ks K
mols mol

5. A compound unit (obtained from units of two or more physical quantities) is written
either by putting a dot or leaving a space between symbols of two units.

Example: Unit of torque—N m (or) N.m

Unit of impulse—N s (or) N.s

Pole strength of magnet—A m (or) A.m

Unit of electric charge—As or A.s

6. The denominators in a compound unit should be written with negative powers.
Example: Unit of density is kg m=, not kg/m?

Unit of acceleration is m s 2 not m/s?

Systems of Units

The following systems of units are in common use
1. EP.S. system: In this system, the units of mass, length and time are pound, foot and
second, respectively.

2. C.G.S. system: In this system, the units of mass, length and time are gram, centimetre
and second, respectively.
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3.

a.

M.K.S. system: In this system, the units of mass, length and time are kilogram, metre
and second, respectively.
S.I.—(Systeme International d’ unites): This system is an improved and extended
version of M.K.S system. This system defines seven fundamental quantities and two
supplementary quantities.

Quantity S.I. Units  Symbol

1. Length metre m

2. Mass kilogram ke

3. Time second s

4.  Electric current ampere A

5. Temperature kelvin K

6. Luminous intensity candela cd

7. Amount of substance mole mol

8. Angle radian rad

9. Solid angle steradian ST

Some derived quantities  S.I. units  Symbol

1. Force newton N
2. Work joule ]
3. Frequency hertz Hz
4. Charge coulomb C

Definitions of Units

2.

Metre: One metre is 1,650,763.73 times the wavelength of orange light emitted by a
krypton atom at normal pressure.

Kilogram: One kilogram is the mass of a certain cylinder made from an alloy of
platinum-iridium, maintained at 0°C, in the International Bureau of Weights and
Measures at Paris, France.

Second: One second is the time taken by a cesium atom (Cs'?%) to complete
9,192,631,770 vibrations.

Ampere: One ampere is that current which, if maintained in two straight parallel
conductors of infinite length, of negligible circular cross-section, and placed 1 metre
apart in vacuum, would produce a force equal to 2 X 1077 newton per metre of length
between them.

Kelvin: Kelvin is the fraction 1/273.16 of the thermodynamic temperature of the
triple point of water.

Mole: Mole is the amount of substance of a system, which contains as many elementary
entities as there are atoms in 0.012 kilogram of carbon-12.

Candela: Candela is the luminous intensity, in a given direction, of a source that emits
monochromatic radiation of frequency 540 X 10! hertz and that has a radiant intensity
in that direction of 1/683 watt per steradian.
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Dimensions of Physical Quantities

The nature of any physical quantity can be described by mentioning the powers to which the
fundamental units are raised to give the unit of the given quantity.

The quantities of the three fundamental quantities mass, length and time are denoted by
M, L and T, respectively.

Definition: The powers to which the units of fundamental quantities mass, length and
time are raised to obtain the unit of a physical quantity is known as dimensions of the given

quantity.

unit of mass

3

Example: unit of density of a body = =kgm~

unit of volume

Here, mass appears once in the numerator and length appears thrice in the denominator.
Thus, the dimensional formula of density is [M! L3 TY)]. Since the physical quantity time is
not involved in the density, its exponent is shown as zero.

Thus, in density the dimension of mass = 1, the dimension of length = -3 and the
dimension of time = 0.

Write the dimensional formula of speed.

SOLUTION

i length
Speed = distance _ lengt

time time

In the unit of speed the unit of mass does not appear, thus, its dimension is zero.

. [Speed] = [MYL'T-1]

What is the dimensional formula of force?

SOLUTION

Force = mass X acceleration

Unit of force = unit of mass X unit of acceleration = unit of mass X M

. . 2
Dimensional formula = [M L T2 (unit of time)

MEASURING DEVICES

Many devices and instruments are used to measure various physical quantities. For example
the length of an object can be measured by using scale, measuring tape, vernier callipers,
etc., and the mass of an object can be measured by using a common balance, spring balance,
etc. Every measuring device has its own accuracy, it can be represented in terms of least
count.
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Least Count

The least count of an instrument is the smallest measurement that can be made accurately
with that instrument. For example the least count of a metre scale is 0.1 cm and the least
count of a table clock is 1 second.

Metre Scale

It 1s graduated in cm. Therefore, each centimetres (cm) is further devided in ten equal parts,
called division. So, 1 division is 1/10th of a cm, 1.e., 1 mm. Its least count is 1 mm. While
measuring the length of any object using a scale, the observation should be made without any
parallax error.

The length of a rod can be measured by keeping the scale in contact with the object as
shown in the Fig. 1.1.

L X Y
1 1
|o '|1 2 13 4 5 6
FIGURE 1.1

x and y are the readings corresponding to the edges of the object.
Length of object =y —x =3.0 cm — 1.0 cm = 2.0 cm

Using a scale the length of a rod having uneven ends or the diameter of a sphere can be
measured with the help of two wooden blocks A and B as shown in the Fig. 1.2.

The length of a rod (f) or the diameter of a sphere (d) is equal to the difference between
the readings y and x corresponding to the positions of the two edges of the objects.

X Yy X1 1Yy
: : 1 1
o M > 13 4 5 6 o 1 : 2 Is 4 5 6
¢ G A B
FIGURE 1.2

Length of the rod, / =y —x=3.0-1.0=2.0 cm
Diameter of the sphere, d =y —-x=3-1.4=1.6 cm

In Fig. 1.3, the edge B of object is not exactly coinciding with any division of scale.

FIGURE 1.3
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In the above case, to measure the length of the rod AB, more accurately, the distance
between the 18th division of the scale and the edge Q should be measured.

Length of the rod PQ=y—-x=(z—x) + (y — 2)

The difference between the readings y and z can be measured by engraving a graduated
scale on the wooden block B. The metre scale used is referred to as the main scale and the
scale drawn on the block B is called vernier scale.

Vernier Callipers

It is an instrument which uses a combination of two scales (main scale and vernier scale)
sliding over each other such that the least count of the instrument is less than the least count
of the main scale.

Internal
J Jaws

0 Main scale (fixed) | Tail
Qe oo™
---------- ||||uu||||||uu||||||n||||||||

J

4

S
Obiect Vernier scale
| (movable)
External
Ji Jaws J
FIGURE 1.4

Principle of vernier: The principle of a vernier is to make ‘N’ vernier scale divisions
equal to (N — 1) main scale divisions.

Generally the standard vernier scale is provided with 10 graduations to coincide with 9
main scale divisions, i.e., the 10 divisions of the vernier scale measure 9 mm.

Procedure for Taking a Measurement Using Vernier Callipers
1. Determine the least count of the Vernier Callipers:
Least count (L.C.) =1 M.S.D.—1 VS.D. =1 mm — 0.9 mm = 0.1 mm = 0.01 cm

or

1M.S.D. _Imm
No of V.S.D.s 10

Least count (L.C.) = = 0.1 mm = 0.01 cm

2. To measure the external dimensions of an object, it should be held tightly between
the external jaws J; and ], and to measure the inner dimensions, it should be held with
internal jaws J5 and J,.

3. Note the main scale reading (M.S.R.). The main scale reading is always the smaller of
the two values, between which the zero of the vernier scale lies.

4. Note the vernier scale division (V.S.D.) which coincides with any main scale division.
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3. § X Zy W
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IIIII|IIII|
0 1
A Bf
FIGURE 1.5

The length of rod AB=y= )+ (y-2) =@ +w-2 —(w-1y)
= M.SR. + VS.D. X M.S.D. = VS.D. x VS.D. = M.S.R. + VS.D. (M.S.D. -= VS.D)
.. Total reading = M.S.R. + (V.S.D. X L.C.)

While measuring the diameter of a sphere with a vernier callipers, M.S.R. and V.S.D. are
35 mm and 5, respectively. If the vernier scale coinciding with 19 divisions of main scale,
what is the diameter of the sphere?

SOLUTION

M.S.R. =35 mm

V.CD. =5

Diameter of the sphere = M.S.R. + V.C.D. X L.C.

Given that 20 divisions of the vernier scale is equal to 19 division of the main scale,
L.C. =1 M.S.D./no. of divisions on V.S. = 1 mm/20 = 0.05 mm

Total reading = M.S.R. + n X L.C. = 35 mm + 5 X 0.05 mm = 35.25 mm

Zero Error

When the fixed and the movable jaws of a vernier callipers are made to come in contact, if
the zeroes of both the main scale and the vernier scale are not coinciding with each other,
the instrument is said to have a zero error.

Positive Zero Error

If the zeroth division of the Vernier scale is to the ‘right’ of the zeroth division of the main
scale when the two jaws are brought in contact with each other, the error is said to be positive
and the correction is negative. If the nth division of the vernier scale coincides with some
division on the main scale, then the zero error is (+n X Least count) and the correction is
(—n X Least Count) cm.
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Negative Zero Error

0 5 10 0 5 10
LA L LALA L IIIIIIIII L1 LLbl LA IIIIII
LI LB rrer Trrr
0 5 10 0 5 10
No zero error Positive zero error
0 5 10
|,|IIIIIIII|IIIIIIII|I |||||||
5 10

Negative zero error

FIGURE 1.6

If the zeroth division of the vernier scale is to the ‘left’ of the zeroth division of the main
scale, the error is said to be negative and the correction is positive. If the nth division of the
vernier scale coincides with some division on the main scale, then the zero error = — (N —n)
X Least Count and the correction = + (N — n) X Least Count cm, where N is the number
of divisions on the vernier scale.

In case of any zero error in the instrument, the corresponding correction is to be added to
the measurement calculated in step 5, on page 1.7.

When the jaws of a vernier callipers are closed, the Oth division of its vernier scale is to the
right of the zero of the main scale and the V.C.D. is 6. Find the correction to be made to
the observed measurement (take its least count as 0.1 mm)

SOLUTION

The vernier coincidence, n = 6
Zero error = V.C.D. X L.C.

=6 x 0.1 mm = 0.6 mm and the error is positive. Thus, the correction = —0.6 mm

Screw Gauge

It is an instrument used for measuring the dimensions of a very small magnitude, like the
diameter of thin wires or thickness of thin laminations, etc., which require accuracy up to
0.001 cm.
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Principle of a Screw Gauge

The screw gauge works on the principle of a screw in a nut. When the head of a screw rotates
once completely, the tip of the screw moves by a distance equal to the distance between the
threads on it. This distance is called pitch of the screw.

Mai | Thimble
Screw an scale (circular cylinder)

Circular scale

Sleeve cylinder [
Base line Ratchet

s )

Pitch

FIGURE 1.7

Description of a Screw Gauge

A typical screw gauge consists of a jaw (U-shaped frame) with a fixed stud at one end and a nut
(a hollow cylinder with internal threading) incorporated on the other end.

Graduations (divisions of Imm or 0.5 mm) are provided on an index line on the outer
surface of the cylinder. This forms the pitch scale (or main scale).

A long screw, with threading identical to that in the hollow cylinder, runs through the
cylinder. At the other end of the screw a barrel with a milled head is attached. The end of the
barrel opposite to the milled head is tapered with equal divisions (0-50 or 0—100) marked on
it. This forms the head scale (circular scale).

When the flat end of the screw comes in contact with the fixed stud of the jaw, the tapered
edge of the barrel coincides with the zero on the index line and the zero of the circular scale
coincides with the index line of the main scale.

Pitch of a Screw Gauge

It is defined as the distance between the two consecutive threads of the screw, measured along
the axis of the screw, i.e., it is the distance travelled by the tip of the screw for one complete
rotation of the head of the screw.

Distance moved by the timble on the main scale

Pitch =
Number of rations of the timble

Generally, it is 1 mm.
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Least Count of a Screw Gauge
It is the smallest distance moved by the tip when the screw turns through the one division

marked on it.

Pitch

Number of Circular Scale Divisions

Least count =
Observed measurement = Main scale reading + Circular Scale Reading X L.C.

Procedure for Taking a Measurement Using a Screw Gauge
I. Determine the least count (L.C.) of the screw gauge.

2. Hold the object, whose measurement is to be made, tightly between the stud and tip
of the screw.

3. The value of the main scale division just preceding the edge of the circular scale is
noted as M.S.R.

4. The value of the circular scale division coinciding with the reference line of the main
scale is noted as C.S.R.

5. The measurement of the object = M.S.R. + (C.S.R. X L.C))

6. In case any 2\ ero error is present in the instrument, the corresponding correction is
to be added to the observed measurement calculated in step 5.

When the stud and the tip of the screw of a screw gauge are made to come in contact, if
the zeroes of both the main scale and the circular scale are not coinciding with each other,
the instrument is said to have a zero error.

Positive Zero Error

When the stud and the tip of the screw of a screw gauge are made to come in contact, if the
zeroth division of the circular scale is ‘below’ the reference or base line of the main scale,
the error is said to be positive and the correction is negative. If n is the circular scale division
coinciding with the index line of the main scale, then

Zero error = +n X least count and Correction = —n X least count

Negative Zero Error

When the stud and the tip of the screw of a screw gauge are made to come in contact, if the
zeroth division of the circular scale is ‘above’ the reference line of the main scale, the error is
said to be negative and the correction is positive. If n is the circular scale division coinciding
with the index line of the main scale, then

Zero error = —(N — n) X least count and the Correction = +(IN — 1) X least count

where N is the total number of divisions on the circular scale.
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0 10 0
1 E 5 5
| 0 0
T
Reference line Reference line
Positive error Negative error

FIGURE 1.8

True measurement = Observed measurement + Correction for zero error

Observed measurement = (M.S.R.) + (C.S.R. X L.C))

MEASUREMENT OF MASS

Physical Balance

Physical balance is an instrument, working on the principle of moments, and is used in
laboratories to determine the mass of substances/bodies more accurately than a common
balance. The smallest mass that can be determined using a physical balance is 1 mg.

FIGURE 1.9 Physical Balance

P — Pans

P, — Pointer

P, — Plumb line

K, K2 — Supports

Nj, N, — Balancing screws

L, L, — Levelling screws, I-index
H — Handle
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Description of a Physical Balance

A physical balance consists of a balancing beam AB, balanced on a knife-edge in the middle,
the knife-edge is mounted on a pillar fixed to a wooden base. Two stirrups for the pans
are supported on two knife-edges on either side of the beam, equidistant from the centre.
The pans are hung from the stirrups. A long metallic pointer p is attached perpendicular to
the beam at the centre. The free end (pointed tip) of the pointer moves over a scales with
graduations to indicate the equilibrium of the beam. The beam is allowed to rest on two metal
supports fixed to the central pillar, when not in use.

By turning the handle (H), provided at the bottom of the pillar, the beam may be raised
from the supports or rested on them. Two screws N;, N, with nuts are provided on either
end of the beam to balance the beam when raised on ‘no-load’. The entire arrangement is
enclosed in a glass box with a wooden frame. A plumb line is suspended from the central metal
support and by adjusting the levelling screws L;, L, provided at the bottom of the enclosure,
the base of the instrument may be made perfectly horizontal the central pillar being vertical.

Precautions to be Observed Before Using the Balance

I. Raising and lowering of the beam must be done gently by turning the handle without
any jerks.

2. Arrest the beam when not in use.

3. Handle the weights using the forceps only and do not touch them with hands.

4. Keep the doors of the balance box closed during weighing so that air current does not
disturb balance.

5. While weighing chemicals which may damage the pans, appropriate containers or
vessels must be used. If necessary, they should be placed in air-tight vessels.

6. Very hot or very cold substances should be avoided as they would affect the weighing
due to the air currents that they would cause.

Determination of Mass of a Body Using Physical Balance

1. When handle ‘H’ is turned gently, oscillations of the pointer on either side of the
extreme points known as turning points are observed.

2. The point on the scale at which the pointer comes to rest is known as the resting point
(RP).

3. If the resting point with equal empty pans is observed, that point is known as the zero,
resting point (ZRP).

4. To find the ZRP, release the beam using the handle with equal empty pans. As the

pointer starts oscillating note the successive turning points, three on the left and two
on the right of the pointer after 2 or 3 swings.

5. Find the average of the left and right turning points separately and then find the
average of these values, to arrive at the ZRP.

6. Place the substance of unknown mass in the left pan and place the standard weights in
the right pan, in descending order, till it counter balances.

7. On releasing the beam, the pointer swings to an extent of zero point. Note the weight

and find the RP.
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8. IfRP > ZRP, it is called HRP.

9. IfRP < ZRZP, it is called LRP.
If HRP is obtained, add 10 mg (lowest mass) to get LRP and when LRP is obtained

remove 10 mg to get HRP.
10. Mass of the body = Mass at HRP or LRP + P g

If HRP is obtained, P = HRP-ZRP (o1 o

HRP-LRP
LRP-ZRP

If LRP is obtained, P =———— X 0.01 g

NOTE

If RP = ZRP, then mass at RP = correct mass.

LRP-HRP

Measurement of Mass by a Common Balance

Level the

balance by adjusting the levelling screws L;, L,, the plumb-line P, is made to

coincide with the line of the index I. Adjust the balancing screws N;, N, on either side of the
central beam such that the pointer swings equally on either side of the zero mark.

Arrest the beam gently by lowering the central rod (turning the central handle) and then
gently place the article, to be weighed, on the left pan.

Place the standard weights, in the descending order of magnitude, check for the oscillation
of the pointer equally on either side of the central zero mark. This checking is done by raising

the central rod.

The mass of the article is given by the total of the weights placed on the right pan.

Spring Balance

>

OO ©ONDUIRLN— ©

Outside view Inside view

FIGURE 1.10

The spring balance works on the principle of Hooke’s law—‘the elongation in a
spring is directly proportional to the force applied to it within its elastic limit’.

Description

A spring balance consists of a spring enclosed in a metallic case. One end of the
spring is attached to the metal casing and the other end is free with a hook attached
to it. A pointer is fixed on to the spring to indicate the elongation.

This pointer can slide along a scale attached to the metallic case. Generally each
division of scale represent 1 g¢ (or) 100 g.

This scale 1s graduated from top to bottom. When no load is suspended from
the hook, the pointer coincides with the zero on the scale and when some load
is suspended the pointer slides down along the scale and gives the measure of the

mass of load.
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MEASUREMENT OF TIME
Time

Itis defined as the interval between two events. It is a fundamental quantity. The unit of time in
S.I. system is second.

Solar Day

The time taken by the Earth to complete one rotation about its own axis, is called ‘Solar Day’.

Mean Solar Day

The average of all the solar days that occur during one full revolution of the Earth around the
sun, is called ‘Mean Solar Day’.

1 mean solar day = 24 hours

1 hour = 1/24th part of the mean solar day

1 minute = 1/1440th part of the mean solar day
1 second = 1/86400 of the mean solar day

1 year is the time in which the Earth completes one complete revolution around the sun. It
can be measured with the help of a stop clocks or a stop watch explained below.

Simple Pendulum

It consists of a heavy sphere, called bob, suspended freely from a fixed point by a light,
inextensible string enabling it to oscillate freely about the mean position.

Point of suspension
o
ANANNNNANNNNANUNNONMANKNNNNRNNNNNNNNNNY,

A
AR
7|
’ \
’ \
’ \

/ \
l \

\
«— Effective length (/)
\

Centre of gravity of bob

FIGURE 1.11 A simple pendulum

The pendulum with a time period of 2 seconds is called seconds pendulum’.
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Pendulum Clock

Some wall clocks work on the principle of seconds pendulum. These clocks contain a seconds
pendulum made up of invar steel rod and have a metal bob at its end.

Stop Watch

We use a stop watch and a stop clock to measure short intervals of time of the order of a few
seconds. A stop watch consists of two dials one is divided in seconds and provided with a
seconds needle and the other (smaller one) divided in minutes; it is also provided with a
minutes hand. For each complete rotation of the seconds hand, the minute hand moves
through 1 minute division. The seconds divisions on a big dial are further divided to measure
1/2 a second or 1/5th of a second. Every stop watch is provided with a dual purpose knob,
which is used to start and stop the watch.

FIGURE 1.12

MEASUREMENT OF VOLUME

The space occupied by an object is called its volume.
Units:  S.I. unit: m?
C.G.S. unit: cm?®
Other units are ml, litre, etc.
ITml=1cm?
1ml=10°m?’
11 = 1000 cm?® = 1000 ml
11=102m?
Volume of a regular shaped body can be calculated using a standard formulae, after
measuring the required dimensions.

Example:

Volume of a cube = (side)? Volume of a cuboid = I X b X h

Volume of a sphere = %71: (radius)? Volume of a cylinder = mrh
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Volume of Liquids

Volume of liquids can be measured using some measuring devices described below:

I. Measuring jar: It is a cylindrical jar graduated in ml from the bottom to the top. It is
available with various capacities. It is used to measure the desired amount of a liquid.

2. Measuring flask: It is a round bottomed flask with a long neck. It has only one mark
etched on the neck. The liquid taken up to this mark will have a volume equal to that
mentioned on its body.

3. Pipette: It is a long narrow glass tube with a spherical or cylindrical bulb in the
middle. It can be filled by sucking up the liquid into it. A mark is etched on it. When
the pipette is filled up to this mark, the liquid will have a volume shown on its surface.
It is used to take a constant amount of liquid.

4. Burette: Burette is similar to a measuring jar but it is provided with a pitch cock at the
bottom and by using which the desired amount of liquid can be taken.

Instruments for Measuring the Volume of Liquids

i Pipette
Measuring Jar Measuring flask p

Burette

FIGURE 1.13

Lower meniscus Upper meniscus

FIGURE 1.14

Normally, the surface of a liquid is slightly curved near the walls of the container due to a
phenomenon known as surface tension. This is particularly prominent in narrow tubes like
the burette and pipette. This curved surface of the liquid is known as meniscus.
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For liquids like water and alcohol the curvature is concave, whereas for liquids like mercury
the curvature is convex.

While reading the liquid level in a burette, pipette, etc., the lower meniscus is taken into
consideration for liquids like water and the upper meniscus for liquids like mercury.

Determine the Volume of Irregular Solids

Solids Heavier than Water and Insoluble in Water

¢ Take some water in a measuring jar and note the level of water, I/} cm?.

* Immerse a solid by suspending from a string. Note the new level of water, 1/, cm?.

e Volume of the solid = (1, — ;) cm?.

Solids Lighter than Water and Insoluble in Water

e Immerse a sinker (a heavy solid, like a stone) in a measuring jar containing some water
and note the level of water, 1/; cm?.

* Tie the light solid, whose volume is to be determined, to the sinker and lower the
combina-tion into the water.

e Note the new level of water, 1, cm?.

¢ Volume of the solid = (V, — I/}) cm?.

Determine the Average Volume of Lead Shots

¢ Take some water in a measuring jar and note the level of water I} cm?.

*  Drop n lead shots gently into the water.

e Note the new level of water I/, cm?.

V,=V,
2771 3

*  Average volume of a lead shot =
n

Determine the Volume of a Solid by Using the Overflow Jar

*  Fill the overflow jar with water till the water just starts overflowing through the spout.
*  Keep a graduated measuring jar under the spout.

* Lower gently the solid whose volume is to be determined.

¢ Note the volume, IV cm? of the water that overflows into the measuring jar.

¢ The volume of the solid = volume of the water displaced = V' cm?.

Determine the Volume of a Single Drop of Water

* Fix a clean burette upright to a stand.

e Fill it with water.

*  Remove any air bubbles by opening the tap for some time.

e Note the level, I/}, of water in the burette, say 1/; = 60 cm?>.

e Allow the water to trickle slowly, drop by drop, counting the number of drops (n) at the
same time.
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¢ Close the tap when water level touches 1, = 40 cm?® mark.
e Itmeans V;— 1, = 60 — 40 = 20 cm? of water has drained out.

¢ The average volume of a drop of water = 20/n cm?.

MEASUREMENT OF DENSITY

Density of a substance is mass per unit volume. It is a derived quantity. The unit of density
3

in S.I. System is kilogram per metre? (kg m~3) and in CGs system, it is gcm™
e.g., density of water = 1 X 10° kgm™
e.g., density of steal = 7.8 X 10% kgm™
e.g., density of air = 1.3 X 107> kgm™

Relative Density (or specific gravity) of a substance is the ratio of density of the substance to
the density of water. Since this is a ratio of densities, it is a mere number without any units.
It gives us an idea as to how dense or heavy the substance is, in comparison with water. R.D.
of steal is 7.8 means steal is 7.8 dencer than water.

Determination of the Density of Solids

The mass of the given body is determined using a physical balance and it’s volume is
determined by displacement method. (Point 4 on pg 1.17)

The density of the solid is calculated using the expression

Mass

Density = Volume

Example: Suppose mass is 80g and volume is 10 cm?.

-3
Then Density, p = M = M =8X 103kgm_3.
Vo 10x107°%w®

Determination of the Density of Liquids Using a
Specific Gravity Bottle

Density bottle or specific gravity bottle is a glass bottle with a long narrow neck and a
glass stopper with a hole fitted in to the neck, designed to hold a specific volume of liquid
indicated on the bottle.

The specific gravity bottle is washed and dried. The mass of the empty bottle (m;) is
determined using a physical balance. The bottle is filled with water and the stopper is
replaced. The bottle is wiped dry from outside and the mass (m,) is determined. Now the
bottle is emptied, dried and again filled with the given liquid. The bottle is again wiped dry
from outside and the mass (mj3) is determined.

Taking the density of water as 1 g cm™, the volume of the bottle = mass of the water filled in

it = (my — my) cm?.
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Density of the liquid is calculated from the expression,

Mass  my —my -3
gcm

Density = =
Volume  m, —m,

Determination of the Density of Air

A round bottom flask, fitted with a rubber bung at its neck, is taken. A glass tube is passed
through the bung and a rubber tube with clamp is fitted to the glass tube. The air from the
flask is removed by connecting it to a vacuum pump and the clamp on the tube is closed.
The mass of the flask (m;) along with the bung, etc., is then determined. Maintaining the
temperature of the flask constant (room temperature) throughout, the clamp is opened and
the flask is once again filled with dry air (by allowing it to pass through calcium chloride).
The mass of the flask (m,) is determined. The volume of air (V' = volume of the flask) is
determined by filling it with water and measuring the volume of water by pouring it into a

measuring jar.

The density of air is calculated from the expression,

ms —m -3
2 ]gcm

Density of air =

Care should be taken that the atmospheric pressure and the temperature are
maintained constant throughout the experiment. The density of air at S.T.P. is about

0.00129 g cm™ (1.29 kg m™3)

v GRAPH

Graph is a pictorial presentation of the variation of one quantity with respect to
00,0 another quantity.

Generally a graph sheet is divided into four quadrants by using two mutually
perpendicular lines, X'X and Y'Y named as X-axis and Y-axis, respectively. The
Y X-axis moves from left to right and the Y-axis from bottom to top. The point of

intersection O is the origin and is always assigned with co-ordinates (0, 0).
FIGURE 1.15

Two axes are labelled with two quantities. Generally X-axis is assigned with an
independent quantity and Y-axis with a dependent quantity. Scale should be selected such
that the maximum portion of the graph sheet (more than half) can be used. Scale should be
such that the graph sheet can be further divided easily for subdivisions.

Example: 2, 5, 10, 20 are preferable to 3, 6, etc.

In the case of very large or small values, some multiplying factor can be used. Before
plotting a graph the measurements made in an experiment are recorded in a tabular form.
For example, let us take the plotting of s — ¢ (distance-time) graph for a body moving with
uniform velocity.
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The displacement of the body at the end of equal time intervals are recorded as shown in
the table. Since distance depends on time, distance is dependent variable. So, we will take it
on Y-axis. Now, we select a convenient scale for each axis. On X-axis, it is 2 cm = 1 s and
on Y-axis, it1s 2 cm = 5 cm.

Y
30 =+
) | stm) .
0 0 T a0 4
s (in m)
1 5 15 =+
2 | 10 10+
3 15 5T
1 1 1 1 1 1 1
X T T T X
M Of 1+ 2 3 4 5 &
5 25 (0' 0) 1 —)t(il’] S)
Y
FIGURE 1.16

Then, we have to mark each data on the graph with a sharp marker. This is called ‘Plotting’.
Maximum number of marks (points) should be joined such that a smooth curve, called best
fit curve or smooth line, called best fit line is obtained.

Uses of Straight Line Graph

I. The slope of a straight line graph gives us the variation of the quantity taken on the
Y-axis with respect to the quantity taken on the X-axis.

Example: Slope of s — t graph gives the velocity of the body. Y
Slope of the straight line can be determined by taking two reference
pOil’ltS A(xla Yl)’ B(XZ’ YZ) Yol---------- : B
T il !
s (inm) A
Slope = Y2 ~¥1 unit . ] i y
Xl = x1 X4 Xo
Y’ — t(ins)
2. From a graph it is also possible to determine the value of one
quantity for a given value of another quantity. FIGURE 1.17

From the above graph, the displacement of the body at the end of
10 s can be determined.

3. A straight line graph gives us the information about the proportionality between the
two plotted quantities.

From the above graph, it can be understood that s o< 1.
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4. A graph drawn between the velocity of a uniformly accelerating body starting with
a non-zero velocity makes an intercept on Y-axis. This intercept gives us the initial

velocity of body.

Scientific Notation

Bigger objects like the Earth, the sun and the universe constitute the macrocosm, whereas
smaller objects like the atoms, cells and bacteria constitute the microcosm.

The magnitude of any quantity can be written as a product of a number between 1 and 10
and a number which is a power of 10 (exponential part).

Example:
13540 = 1.354 x 10*
0.000125 = 1.25 x 107

The exponential part in such a representation is known as the order of magnitude.

Standard Prefixes Used with the S.l. System of Units

Factor Prefix Symbol  Factor  Prefix Symbol
1024 yotta Y 107! deci- D
102! zetta z 102 centi- c
i@ exa E 103 milli- M
101 peta P 106 micro- n
102 tera T 107 nano n
107 giga G 10-12 pico p
100 mega- M 101 femto F
103 kilo- k 10-18 atto a
102 hecta- h 1021 zepto z

Errors and Accuracy
Degree of accuracy is the extent to which one can measure a quantity without any error.
There are two types of errors, considered, in general. They are:

1. Absolute error = Measured value — True value

, Absolute Error , : : ..
2. Relative error = ——————— . If the relative error is expressed in percentage, it is
Actual Value

called percentage error.

Percentage errors: The percentage error is defined as

Percentage error = w x 100

Actual Value
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Effect of Combining Errors

It is not possible to produce greater accuracy by mathematical manipulations, like addition,
subtraction, multiplication, division, etc.

When a number of values are added or subtracted, the result cannot be more accurate than
the least accurate value.

When a number of values are multiplied or divided, percentage error in the result is the
sum of the percentage errors of separate values used.

Significant Figures

The digits, whose values are accurately known in a particular measurement, are called its
significant figures. The digit on the extreme right known as the doubtful digit. It is also called
least significant digit. The digit on the extreme left is called most significant digit.

Rules for Determining Significant Figures

All non-zero digits are significant figures.

Example: 1234 m has 4 significant figures, 1, 2, 3 and 4.

All zeroes occurring between non-zero digits are significant figures.

Example: 10234 kg has 5 significant figures, 1, 0, 2, 3 and 4.

All zeroes to the right of the last non-zero digit are not significant.

Example: 1230 has only 3 significant figures, 1, 2 and 3. Zero is not significant

All zeroes to the right of the decimal point and to the left of a non-zero digit are not
significant.

Example: 0.00123 m has only 3 significant figures, 1, 2 and 3.
All zeroes to the right of a decimal point and to the right of a non-zero digit are significant.

Example: 0.2300 has 4 significant figures, 2, 3, 0 and 0. Zero to the left of decimal point is
not significant.

Rounding off the Digits

If the digit next to the one to be rounded off is greater than 5, the digit to be rounded off is
increased by 1.

Example: 12.47 = 12.5

If the digit next to the one to be rounded off is less than 5, the digit to be rounded off is left
unchanged.

Example: 12.43 = 12.4

If the digit next to the one to be rounded oft is equal to 5, the digit is increased by one if it is
odd, e.g., 12.35 = 12.4 and it 1s left unchanged if the digit is even, e.g., 12.85 = 12.8.



Chapter 1

While adding or subtracting the measured numbers, write the numbers one below the
other with all the decimal points in one line. After adding (or subtracting as the case may be)
locate the first column from the left, that has a doubtful digit. All the digits to the right of
this column are dropped after rounding oft that digit.

Example:

32.76 + 0.0811 + 2825 =7
32.76
0.0811
282.5

315.3411 = 315.3

While multiplying or dividing, the number of the significant digits in the answer is equal
to the least number of significant figures in the numbers multiplied (or divided as the case
may be).

The insignificant digits are dropped from the result, after rounding off, if they appear after
the decimal point. The insignificant digits are replaced by a zero if they appear before the
decimal point.

Example:

2014 x31.5

=5331.1764... = 5330,
11.9

since 11.9 and 31.5 have only three significant digits each.

. Result should also have these significant figures.
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TEST YOUR CONCEPTS

Very Short Answer Type Questions

1.
2.

10.

11.

12.

13.

14.
15.
16.

17.

Short Answer Type Questions

31.

32.

Define relative density.

The value of G = 6.67 X 107" N m? kg and
¢ = 9.8 m s2 The unit of g/G in C.G.S system is

The number of significant figures in 10.02 is

. What is the principle of working of a physical

balance?

. What are the C.G.S. and S.I. units of area? Give the

relationship between them.

The smallest measurement that can be made accu-
rately by an instrument is called

. A rectangular metal sheet of area 2 m? is

rolled to a cylinder of volume (4/p) m?.
The radius of the cylinder, thus, formed
is m.

. What is the least count of a standard screw gauge?

. Define significant figures.

In a standard vernier callipers, ‘N’ vernier scale divi-

sions are equal to main scale divisions.

Name the different parts of a screw gauge.

c
—, where

A
h is the Planck’s constant, c is the velocity of light and
A is the wavelength of the radiation, then the unit of
Planck’s constant is

If the energy of a photon is given by, E =

The distance between the two consecutive threads of
a screw is known as the of the screw.
What is the principle of a screw gauge?
Define light year.

The time taken by a seconds pendulum to go from
one extreme end to the other is

Define the pitch of a screw.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Area and volume are not quantities.

If the length of a vernier scale having 25 divisions
correspond to 23 main scale divisions, and given that
1 M.S.D. = 1 mm, the least count of the vernier cali-
pers is

The diameter of a wire was measured as 1.65 mm
with a certain faulty screw gauge, when the correct
diameter was 1.60 mm. What type of error does the
faulty screw gauge have?

Define the least count of a vernier callipers.

If surface tension is defined as force per unit length,
then the dimensional formula of surface tension is

Define density.
Define resting point and zero-resting point.

The time periods of two simple pendula, having dif-
ferent lengths, is the same on two different planets.
If the lengths of the two pendula are in ratio of 1 : 9,
then the ratio of the accelerations due to gravity on the
two planets is

What is the principle of vernier callipers?

The diameter of a rod as measured by a screw gauge
of pitch 0.5 mm is 8.3 mm. The pitch scale reading

18

Define
(a) Solar day.
(b) Mean solar day.

If the length of a seconds pendulum on a planet is 2 m,
then the acceleration due to gravity on the surface of
that planet is
to gravity on the surface of the Earth = 9.8 m s2)

(Take the acceleration due

What is meant by degree of accuracy?

State the rules used for significant figures while
rounding off the digits.

‘What are the precautions that should be taken while
using a physical balance?

33.

34.

Discuss the zero error of a vernier callipers and state
how it can be corrected.

Describe a method to find the density of an object
that is lighter than water.

v
Z
O
-
v
L
-
o
[° 0
v
-
(&
<
o
o




wn
p 4
O
-
n
"7
=
o
Ll
v
-
(&
<
o
o

BEEBT} Chapter 1

35.

36.

37.

s(inm) 9 -+

Essay Type Questions

46.

47.

A vernier calliper has 20 divisions on vernier scale
and its M.S.D. is 0.5 mm. When a hollow cylinder
is held by its internal jaws the M.S.R. and V.C.D.
of callipers are 1.2 ¢cm and 10, respectively. Find the
radius of cross section of the cylinder.

If the callipers used in the above problem is faulty and
the positive zero error coinciding division is 2, then
find out the actual radius of the cylinder.

Define least count. Describe the method to find the
least count of a screw gauge.

Y

15 4

12 4+

38.

39.

40.

41.

42.

43.

44.

45.

A displacement-time graph of a body moving with
uniform velocity is shown in the figure. Find out its
velocity and its displacement at the end of 5 seconds.

Werite the expressions for pitch and least count of a
screw gauge.

Discuss the types of zero errors in vernier callipers
and state how they are corrected?

The head scale of a screw gauge has 200 divisions. Its
head advances by 1 mm for 2 complete rotations of
its head. Find its pitch and least count.

Describe briefly the method to determine the den-
sity of an irregular body.

A screw gauge has a positive error of 4 divisions. When
this screw gauge holds a sphere, the main scale reading
is 4 mm and the head scale coinciding division is 24. If
its least count is 0.01 mm, find out the volume of the

sphere.

Draw a neat sketch of a screw gauge. Discuss the pos-
itive and negative zero errors in a screw gauge and
their corrections.

What is the effect of combining errors?

Explain the principle of a screw gauge and explain
the method of determining the diameter of a wire.

State the rules for determining the number of sig-
nificant digits for addition and multiplication. Give
examples?

48.

49.

50.

Describe an experiment to find the volume of a
sphere using vernier callipers.

Describe a method to determine the mass of a body
using a physical balance.

Draw a neat sketch of a physical balance and name
the various parts.

*For Answer Keys, Hints and Explanations, please visit: www.pearsoned.co.in/II'TFoundationSeries

CONCEPT APPLICATION

Direction for questions 1 to 7
State whether the following statements are true
or false.

1.

A simple pendulum can be used to determine accel-
eration due to gravity at a given place.

If the zeroth division on the vernier scale and the
main scale do not coincide, when the jaws are in
contact, then there exists an error.

3.

If p is the pitch of a screw, then the distance by
which the screw advances, when given n rotations,

1s £
n

. If the percentage errors in the measurement of

length and breadth of a rectangle are 2% and 3%,
respectively, then the percentage error in the deter-
mination of the area is 5%.
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5. Velocity gradient is \ defined as ‘change in velocity | 1y Negative zero () h Kgm?
per unit distance’. Then its unit in EPS. system is s e
6. 10° um are equal to one metre. L. 2200 () i [M'L-3T9]
J.  Leastcountofa () j. [MILIT]

7. The least count (the minimum weight that can be
. . . screw gauge
weighed) of a physical balance is one gram. .
Direction for questions 16 to 45

For each of the questions, four choices have been

Direction for questions 8 to 14
Fill in the blanks.
provided. Select the correct alternative.

2
16. If the conductance of a conductor (G) is It

8. In a spring balance, the extent of a pull of spring is

to the magnitude of the weight (force) applied where

_

on it.

If N divisions on the vernier scale are equal to
(N — 2) divisions on the main scale, then the least

Iis current, ¢ is time and W is work done, then the
unit of conductance expressed in terms of funda-
mental units is

count is " A3 " A28
a
10. The order of magnitude of 0.00045726 m s7! is kg*m kg m
23 23
. . . (C) A N (d) A’s
11. When the jaws of a standard vernier calipers are kg’ kg2

12.

13.

14.

Direction for question 15 (a) knife edges (b) leveling screws
Match the entries given in Column A with (©) plumb line (d) light pans z
appropriateones from Column B. ) ' o
19. In a simple pendulum experiment, the percentage —
15. Match items in Column A with these in Column B. errors in the measurement of ¢ and [ are 0% and %, =
respectively, then the maximum error in measuring
Column A Column B T will be . :2
A. Positive zero () a Ratio 1 1 :
error () 5(0( +PB)% (b) > (o= PB)% a
B.  Density ( ) b. Significant figures 1
=Z (© —PB-a% d 2(B— )% [T
C. Least count of () c  Pitch per C.S.D. 2 ()
vernier calipers 20. The least count of a vernier calipers is 0.025 mm. If —
D.  Density () d (VMCD)x(L.C) the 12th division of the vernier scale coincides with -
E. 2200 () e Zero of the circular a main scale division and the zero of the vernier scale | ©
scale above the is to the right of the zero of the main scale, then the <
index line ZEro error is (.
E  Momentum () f. 1MSD.per (a) +0.3 cm o
vernier division (b) +0.03 mm
S— - Y
G. Relative Density () g Significant figures (c) +0.12 mm //
=4 (d) None of the above N

closed, if the nth division of the vernier scale coin-
cides with the nth M.S.D., the zero error is

The least count of a Screw gauge having 1 mm pitch
um.

The least count of a vernier calipers having 20 ver-

and 100 circular scale divisions is

nier divisions when 1 M.S.D. = 0.1 cm is cm.

Given the specific gravity of gold as ‘19, the mass of
100 cm volume of gold is kg.

17.

18.

The length of one main scale division of a given ver-
nier calipers is 1 cm. When the jaws are in contact,
the last division of the vernier scale coincides with
99th mark of the main scale. Then the least count of
the calipers is
(a) 0.01 mm
(¢) 0.1 cm

(b) 0.01 cm
(d) 0.1 mm

The sensitivity of a physical balance is increased by
the use of
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21.

22.

23.

24.

25.

26.

27.

Two variables x and y vary such that xy = constant.
Which of the following graphs represent the above

relationship?
(@) (b)
N i
T— -+
(© (d)
—_— —_
1/x 1/x

The difference between ZRP and HRP of a physical
balance when 47.86 g of a substance is placed in its
pans is 3. When 10 mg is added in its pans, the dif-
ference between HRP and LRP is obtained as 5. The

most accurate mass of the body is g.
(a) 47.875 (b) 47.845
(c) 47.866 (d) 47.854

If 17 divisions of the circular scale of a screw gauge
are below the index line of the pitch scale, then the

ZEro error is circular divisions.

(a) +17 (b) —17

(c) 83 (d) 34

Which of the following measurements is most
precise?

(a) 5 cm (b) 5.00 cm

(c) 5.000 cm (d) 5.00000 cm

The length and breadth of a rectangle were measured
using an instrument and the area was determined as
28.83 cm?. The instrument used could be _____

(a) a vernier caliper whose least count is 0.1 mm
(b) a metre scale

(¢) a vernier caliper whose least count is 0.3 mm
(d) None of the above

The time period of two pendulums of same length
oscillating on different planets A and Bis 2sand 3 s,
respectively. The ratio of acceleration due to gravity
on the two planets is .
(a)9:4 (b) 3:2

() 2:3 (d 4:9

If the zero error correction of a screw gauge with
least count 0.01 mm is +0.05 mm,

(a) the number of C.S.D. is 100, and the zero of the

circular scale is 5 divisions above the index line.

28.

29.

30.

31.

32.

33.

(b) the number of C.S.D. is 100, and the zero of the
circular scale is 5 divisions below the index line.
(c) the number of C.S.D. is 50, and the zero of the
circular scale is 5 divisions above the index line.

(d) Both (1) and (3)

If a graph is plotted between the length of a pendu-
lum (/) and its time period (1), then the two quanti-
ties are plotted as

a) [along X-axis

b) T along Y-axis

(S
=

) Only (a) is true
b) Only (b) is true
c) Both (a) and (b) are true
d) Both (a) and (b) are false

To construct a seconds pendulum having a length of
100 cm, the value of g should be?

(a) T ms2 (b) 100 Tm s>
1
(© ? m s~ d) m*ms™

When the jaws of a vernier calipers are in contact,
the eight division of the vernier scale coincides with
the seventh division of the main scale. If N is the
number of divisions on the vernier scale and the least
count is x, then the zero error correction is

(a) —8x (b) (N-18)

() = (N=8)x (d) +8x

The percentage errors in the measurement of the
length (L) and breadth (B) of a rectangle are 1% and
b%, respectively. Then the percentage error in the
calculation of the area will be
(@) (b)%

(c) L+1)B+Db)

®) 1+ b)%
(d Lb+BL

The least count of a vernier calipers is 0.01 cm and
if the zero mark of the vernier scale is to the right of
zero of the main scale and the vernier coincidence is
7 when the jaws are in contact, then the zero error

1s cm.
(a) +6x0.01 (b) +7 % 0.01
() =7x0.01 (d) —6x0.01

The thimble of a screw gauge has 50 divisions. The
spindle advances 1 mm when the screw is turned
through two revolutions. Then the pitch of the screw
is .

(a) 0.5 cm
(¢) 0.5mm

(b) 0.15 cm
(d) 0.01 mm



34.

35.

36.

37.

38.

39.

Measurements [T H

The ZRP of a physical balance is 10.5 while finding
mass of a substance. For a weight 34.23 g the resting
point was found to be 8.5. when 10 mg was removed
the resting point was 11.0. The most accurate mass of

the substance is g.
(a) 34.15 (b) 34.31
(c) 34.238 (d) 34.222

The smallest weight that can be measured accurately

using a physical balance is g (grams).
(a) 10 (b) 0.001
(€ 01 (d 0.01

A vernier calipers and a screw gauge have the same
least count and zero error with the difference that
the vernier calipers has positive zero error and the
screw gauge has negative zero error. The number of
circular scale divisions on the screw gauge is twice
the number of vernier scale divisions on the vernier
calipers, and the pitch of the screw gauge is 1 mm.
If the vernier coinciding division and the circular
scale reading for the zero error on the instruments
are 3 and 97, respectively, then find the number of
vernier scale divisions on the vernier calipers.
(a) 10 (b) 200
(c) 50 (d) 100

A screw gauge has as many circular scale divisions as
there are threads in 5 cm length of the screw. If the
pitch of the screw is 0.5 mm, then what is its least
count?

(@) 0.001 mm
(¢) 0.0005 mm

(b) 0.001 cm
(d) 0.0005 cm

A combined double screw gauge as shown in the fig-
ure is used as

Il
%

If the readings on the two scales with the tips of the
screws touching each other are 2.97 mm and 6.04
mm, when a rod is held between the screws readings
are 12.55 mm and 5.96 mm, what is the diameter of
the rod?

(a) 9.5 mm

(b) 9.6 mm

(c) 9.58 mm

(d) Not possible to determine

The least counts of a vernier calipers and a screw
gauge are in the ratio of 5 : 1. The main scales of

40.

41.

42.

43.

44.

both the instruments are marked in mm. The zero
error on the vernier calipers is +0.15 mm where as
that on screw gauge is —0.06 mm. If the diameter of a
rod lies between 0.9 cm and 1.0 ¢cm, and x and y are
the VCD and CSR on the two instruments, relation
between x and y given that the number of C.S.D. =
100, is

(a x=5y=9
() x=5y=21

(b) 5x—y=9
(d) S5x—y=21

The mass of a certain amount of salt determined by
two different persons was found to differ by 200 mg,
one using the left pan for the weights and the other
using the right pan. Which of the following state-
ment is false?

(a) There is a zero error in the balance.

(b) The true mass of salt is the mean of the two
weighings.

() The true mass is 100 mg less than the higher
value.

(d) The true mass is 200 mg more than the lower
value.

The lengths of two simple pendula are in the ratio of
2 : 3 and the ratio of the acceleration due to gravity
at the two places where they are set up is 3 : 2. The
ratio of their frequencies is

(a) 3:2 (b) 4:9

(c) 9:4 d 2:3

Pendulum A is x cm shorter than a seconds pendulum
and pendulum B is x cm longer than the seconds pen-
dulum. The ratio of their time periods is 3 : 4. The
length of the pendulum with higher frequency is

(a) 86 cm. (b) 114 cm

(c) 128 cm. (d) 72 cm.

If surface tension is defined as force per unit length,
which of the following quantities will have thesame
units as surface tension?

(a) work X volume X speed

work X velocity

(b)
volume
© work X velocity
c
rate of changeof volume
@ work  volume
time  velocity

If the each of the units of force, velocity and fre-
quency are doubled, how many times has the unit of
mass become?
(a) doubled
(c) halved

(b) four times
(d) one-fourth
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45.

46.

47.

48.

49.

50.

51.

The dimensional formula of a physical quantity is
known to be [M'L?T-3]. Write down the units of
this quantity in C.G.S. and S.I. units and calculate
the multiplication factor for conversion from S.I. to
C.G.S. units.

The pitch of a screw gauge is 0.5 mm and the num-
ber of divisions on the circular scale is 100. When
a glass plate is held between the studs of the screw
gauge, the main scale reads 1.5 mm and the 69th
division of the circular scale coincides with the
index line of the main scale. What is the thickness
of the glass plate?

A specific gravity bottle weight 10 g when it is empty.
It weighs 100 g and 110 g when filled with an oil and
water, respectively. What is the relative density of oil?

A vernier scale has 10 divisions. It slides over a main
scale whose least count is 1.0 mm. If the number
of divisions on the main scale, to the left-hand side
of zero of the vernier scale is 4 and the 8th vernier
scale division coincides with the main scale, find the
measurement.

The fundamental frequency of a stationary wave

1 /1
E Ewhere

‘£’ is length of the vibrating wire, ‘T is the tension

formed in a stretched wire is n =

in the wire and ‘m’ is its mass per unit length. If the
percentage error in measurement of ¢, T and m are

a%, b% and o, respectively, then find the maximum
error in measuring #.

A vernier scale with 10 divisions slides over a main
scale whose pitch is 0.5 mm (pitch = 1 M.S.D.). If a
bob of diameter 9.75 mm is held between the jaws,
determine the MSR and V.C.D. if

(a) there is no zero error

(b) the zero error = 0.35 mm

When the tip of the screw of a screw gauge is in
contact with the stud, the zero of the circular scale
is 3 divisions below the index line. To hold a wire
the thimble is given a little over 3 rotations in the
anti-clockwise direction and with wire held tightly
the 32nd division of the circular scale is now in
line with the base line. The pitch of the screw is
0.5 mm and the number of divisions on the circu-
lar scale are 100. Find the correct diameter of the
wire.

52.

53.

A simple pendulum designed on the moon as a
seconds pendulum is taken to a planet where the
acceleration due to gravity on the surface is twice
that on the Earth. If g.,. =6 : 1, find the
period of oscillation of the pendulum on the planet

: ngOH

mentionedabove.

In the figure given above, the main scale is marked
in inches. Determine the length of the object held
between the two blocks. If 1 inch = 2.54 cm, find
the length in cm.

0 1 2 3 4 5

54.

>

Find the ratio of the relative densities of two sub-

stances if their masses are equal when the volume of
one is 1% times that of the other.

. Find the area of cross-section of a rod, the diameter

of which is measured with a screw gauge with read-
ings as shown in the figure.

Pitch = 1mm

0 0 4 i_ 30
95 LLLL[“E_ 25
90 =20
85 =15
Reading with the tip of Reading with the wire

the screw in contact
with the stud

held between the
screwandthestud.

56.

The working of a common balance or a physical bal-
ance is based on the ‘Principle of moments’. A metre
scale of uniform density is balanced at the centre. If
a mass of 2 kg is suspended at an edge of the scale,
then what mass should be suspended on other side at
1/4th length of the scale to maintain the horizontal
position of the scale?

. Determine the least count and the zero error of the

vernier calipers shown in the figure below. What is
the corresponding zero correction?



58.

59.

Measurements [IELN

0 1cm
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A pendulum clock in a museum was found to lose 1
minute in every 24 hours. What corrective measure
should the curator of the museum undertake?

The corrected length of a rod when measured with
the help of a vernier calipers is 25.4 mm.

(Refer the figure below)

4 cm

0 1 2 3
l
I

60.

61.

69.

70.

71.

. |
IllIllIIIIIII

Il | 1 | !
[T T T T
[T

Determine the zero error.

The following are the values known in a particu-
lar measurement, 30.56, 12.6, 21.09. What is the
sum of the values when rounded off to one decimal
point?

What is the dimensional formula of (a) volume (b)
density and (c) universal gravitational constant ‘G’.
The gravitational force of attraction between two

62.

63.
64.

65.

66.

67.

68.

objects of masses m and m separated by a distance d
Gmy m,
d2

Where G is the universal gravitational constant.

is given by, F=

The distance travelled by a body in different time
intervals is tabulated as follows. Draw the distance

time graph.
Time (s) 0 10 20 30 40
Distance (m) 0 40 80 120 160

1 yotta meter is how many kilometer?

When the studs of a screw gauge are in contact the
position of the head of the screw is as shown below,
Determine the zero error.

N =100

1PSD = Tmm|[_gg

=96

Name the part of the physical balance which is used
to increases its sensitivity.

The ZRP of a physical balance is 10.5 while find-
ing mass of a substance. For a weight 34.23 g the
resting point was found to be 8.5. When 10 mg was
removed the resting point was 11.0, find the most
accurate mass of the substance.

If the units of mass, length and time are doubled,
then what happens to the unit of ‘relative density’?
Discuss.

An irregular solid, when immersed in water, dis-
places 374th litre of water. When immersed in a
given liquid, it displaces 600 g of the liquid. What is
the density of the liquid?

The dimensional formula of a physical quantity x is
[M'L?T?] and that of another quantity y is [M'L'T-
!]. If a third quantity z is directly proportional to the
square of y and inversely proportional to x, then find
the dimensional formula of z.

A simple pendulum is completely submerged under
water. Discuss the variation in its time period.

The purpose of plumb line in a physical balance and
in the hands of a mason is same. If so, what is that
purpose? If it is absent in a physical balance, what

72.

happens to the mass of a body measured in the
balance?

A liquid flows into a vessel initially empty at a steady
rate of 70 cm?s7!
(graph) of the increase in the mass of the vessel with

. The pictorial representation

time is given below.

(i) What does the point A represent?

(11) What does the horizontal line beyond
B indicate?
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73.

74.

(1) Find the capacity of the vessel.
(iv) Find the density of the liquid.

Mass (kg)

3 45 6 7

The distance between two consecutive threads on
the screw of a screw gauge is 0.5 mm. The number
of divisions on the circular scale is 100. A wire is
placed between the studs of the screw gauge. Find
the diameter of the wire if the pitch scale shows 14th
division and 40th circular division coincides with the
base line. The given apparatus was detected to have
negative zero error. The 90th division on the circular
scale coincides with reference line, when the studs
are in contact.

The divisions on the main scale of a screw gauge are
1 mm apart and the screw of the spindle advances
by 5 main scale divisions when the spindle is given
5 complete rotations. How many divisions are to
be provided on the circular scale for the least count
of the instrument is to be 1 um? What changes are
required of the number if divisions can be only 500
for the same least count?

75.

76.

77.

78.

A vernier scale with 10 divisions slides over a main
scale whose pitch is 0.5 mm (pitch = 1 MSD). If a
bob of diameter 9.75 mm is held between the jaws,
determine the M.S.R and VC.D if

(a) there is no zero error.

(b) the zero error = 0.35 mm.

Using a screw gauge without any zero error, the
diameter of a wire was determined as 2.74 mm. If
the screw advances 5 mm when the thimble is given
10 complete rotations, what are the possible val-
ues of the pitch scale reading, circular scale reading
and the least count if N is the number of head scale
divisions?

In a physical balance when the beam is released with
empty pans, the successive left and right turning
points are obtained as 5, 6, 6 and 18, 18, respec-
tively. After placing the substance whose mass is to
be determined and when the beam is released, the
resting point obtained is 13. When 10 mg is added
to the pan, the resting point is obtained as 11. If the
mass at LRP is 60 g, find the correct mass of the
body corrected to a milligram.

To determine the weight of a solid body lighter than
water, a sinker is used. The solid body of density 0.5
g cm™ is tied to the sinker of volume 50 cm? and the
combination is immersed into water. If the volume
of water displaced is 80 cm?, find the weight of the
body.
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CONCEPT APPLICATION

True or false

1. True 2. True 3. False 4. True 5. True
Fill in the blanks
8. proportional 9, IM.SD. 10. —4 11.

Match the following
15. A :d B:h C:f D:i E:¢g

Multiple Choices

16.(c) 17.() 18.()  19.(a)  20.(d)
26. () 27.d) 28.(c) 29.(d)  30.(b)
36.(b) 38.(d) 39.() 40.(d) 41.(d)

Explanation for questions 31 to 45:

31. Errors are additive, hence, percentage error in area =
(a% + b%)

32. The error is positive.

.. Positive zero error = + n X L.C. = + 7 X 0.01.

Distance moved by spindle

33. Pitch of the screw = -
Number of rotations

1
= Tmm = 0.5mm

ZRP—-LRP

34. Correction = | =—— — >
HRP-LRP

)X 10mg

10.5-8.5

_(11.0—8.5
=-8mg = —-0.008 g

Correct mass = 34.23g —0.008 g = 34.222 ¢

35. zero error of vernier calipers = zero error of screw
gauge

-2
)X 10mg = 53 X (10mg)

xL.C.=(N'—y) L.C.
x=N'-y
x+y=N!

N'= 3+ 97= 100

1
N==N!=50
2

36. The smallest weight that can be measured accurately
using a physical balance 1s 1 mg ie., 0.001 g.

6. True 7. False

+nXxL.C. 12. 10 pm 13. 0.005cm 14. 19

21. ()  22.(c) 23.(a) 24.(d)  25.(b)
31.(b)  32.(b) 33.(b) 34.(c) 35.(d)
42. ) 43.(d)  44. ()

37. Let the n rotations advance the screw by 5 cm
5
o Pitch =—cm
n

But pitch = 0.5 mm = 0.05 cm

E =0.05
n
n=10

Thus, there are 100 threads in 5 cm of the screw, i.e.,
100 circular scale divisions.

L.C.Z% = 0.0005 cm
100

38. Scale 1 Scale 2 Total
With rod 12.55 5.96 18.51
Without rod 2.97 6.04 9.01
Movement 9.58 —0.08 =95mm
of screw
- Diameter of the rod = 9.5 mm

39. Least count of screw gauge = L =0.01 mm

Least count of vernier calipers

=5 X% 0.01 = 0.05 mm

Let d be the diameter of the rod

9mm <d <10 mm

d =9+ x X 0.05 = 0.15 by vernier caliper
d=9+yx0.01+ 0.06 by screw gauge
5x=-15=y+6

Sx—y=21
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40. €1:»€2:2:3

42. Units of Surface Tension = N m™!

Z
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44.

45.

46.

&:8p=3:2
L_M:\/E
T, ly/ g 9
T,
—1=\/E=3.-.i=3:2
T, 9 3 f

4. g, =t
ly=1l+x

Where ¢ =100 cm

U<ty
T,<Ty
Ts _ 4
T, 3

lg _Tg

Cy Ty
fhx 16025
l—x 9 «x

x= lx100= 28 cm
25

Higher frequency = lower time period Regular
shorter pendulum = pendulum A

.. length of pendulum A = 100 — 28 = 72 cm

43.

work X volume X speed = (N m) X (m’) X m s~
=Nm’s!

work X velocity  (N'm) X (m )

-1.-1
3 =Nm s
m

volume

work X velocity (N'm) X (ms ")

rateof changeof volume m’s™")
work volume Nm m’ 302

- X — =X T =Nm’s
time velocity s~ ms

2N=1N;=1kg mys 2
2 (ms ! =mys !
251 =51
SIm=1my

2kgms2=1kg mys; 2

1

(1) M, L and T in the dimensional formula are
replaced by the units of mass, length and time,
respectively, in the corresponding system

1 kgm?s? =107 g cm? 573

(1) Find the thickness of the glass plate using the for-
mula TR = PSR + (C.S.D. X L.C.)

() L.C.= Pitch

(iil) Thickness = 1.845 mm

(1) The mass of the empty specific gravity bottle =

(1)) The mass of empty specific gravity (SG) bottle
+ oil = m,

(1) The mass of empty specific gravity bottle
+ water = mj

(iv) The mass of oil = m, — my

47.

48.

(v)

(vil) The relative density of oil =

The mass of water = ms3 — my

(my-my)/v _my-m

(my=my) /v ms - my
(viil) Relative density of the oil = 0.9

1M.S.D.

N
(1)) Measurement = M.S.R. + (V.C.D. X L.C))

(111) Measurement = 4.8 mm

o1
(1) f’l—i%

change in length «

(1) Least count =

(i) a% = 100

length
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changein time period

b% = - ;
time period
change in mass
mass

b+c+2a
(111) Error in n = (—)%

2

49. (i) Diameter = x + ly

50.

51.

52.

(i1)
()

(i1)

()

(i1)

(i1)

Here x is the M.S.R.. in mm, [ is the least count
in mm and y is the vernier coinciding division.
Substitute the given values and estimate x and y
In case of zero error,

Diameter = x + [ (y — 2), where z is the V.S.D.

for positive zero error. (correction is negative)

@ 19,5 (b) 20,2

Positive zero error = zero below the index line
Observed reading = PS.R + (C.C.D. X L.C))
PSR.=3

pitch

Least count = ——MMMM—
No.of C.C.D.'s

Correct  diameter =  observed reading

+ correction

3.645 mm

1
Ta_
Je
T g

T, \g,
Given, T,,= 25, g, = 6g. and g,= 2g,
Here the suffixes p, m and e represent planet,

moon and earth, respectively.
3.45s

Express 1 M.S.D. in the different portions of the
scale as a fraction of an inch and convert into
cm. Count the total number of divisions and
convert into c¢m to arrive at the length of object
in cm. Alternately, find the length in inches and
convert into cm.

Count the number of M.S.D’s from left block to
2, say x

1 M.S.D. = i inch
16

Count the number of M.S.Ds from 2 to right

block, say y

53. (1)

54.

55.

56.

57.

58.

Here, 1 M.S.D. = % inch

1 1
Length of the object =(x X—+yX—) inch =

(x+2y] inch
16

Convert this value to cm

(iii) 5.87 cm

(i)
1)

(i)

(relative density), M, /1,

(relative density)y, Mg /Vjp
2:3

itch
Least count = pite

Correct reading = observed reading + correc-
tion for zero error

Correction is positive of the error is negative
31.19 mm?
dy = % of a metre = distance of 2 kg from the

support
dy = % of a metre

(1) Find W, using the theorem of moments, i.e.,

widy = wrd,

(iv) Mass = 4 kg

1)

(i)

1M.S.D.
Least count = ——
N
Zero correction = — zero error
=—[(Main  scale coinciding  division)

— (V.S. coinciding division)]
+ 1.2 mm

Time period of a pendulum is proportional to the
square root of its length.

If the clock loses 1 minute in every 24 hours
does it mean that the time period is greater than
the required one, then should the length of the
pendulum be increased or decreased?

Correct length = (observed reading) — (zero
error)

Zero error is positive if observed reading is
greater than the correct length, and negative if
the observed reading is less than the correct
reading

—1.6 mm
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59. 30.56

When rounded off to one decimal point, the value is
64.2.

60. (a) Volume = length® = [ML3TY]

(b) Density = 3% _ _TMa% (M'L? T
volume length3
2
© p=St o X
4? mymy

M'UT? x1?

L MET XL [arpr]
M

61.

distance (m)

160

120
80 F———-
40 = >1

62. 1 yotta metre = 10?2 metre = 10" km

63. Error = -2 div = -2 X L mm = —0.02 mm
100

64. The knife-edges in a physical balance increase its
sensitivity.

65.

66.

67.

ZRP-LRP
HRP-LRP

B _(10.5 -85

Correction = _( )x 10 mg

11.0-8.5
=-8mg=-0.008 g
Correct mass = 34.23 g — 0.008 g = 34.222 ¢

-2
)XlO mg =2—5><(10 mg)

The relative density of a body is ratio of the den-
sity of the body to the density of water. R.D. has no
units. It is a ratio of same physical quantity.

If the units of mass, length and time are doubled,
there will be the same change in the densities of both
the body and the water. So, the ratio of the density
of body and density of water do not change. Hence,
the relative density is a ratio which is a constant for a
particular substance.

An irregular solid when immersed in water displaces

gth litre of water. The volume of the solid = 750 cm?.
4

(¢ 1 litre = 1000 cm?)
The mass of the displaced water = 750 g.
When immersed in a given liquid, it displaces
=600 g.
The relative density of the liquid
_ density of the liquid

density of water

mass of liquid of volume (V) 600 g
mass of water of same volume(V) 750 g

Relative density = 0.8

.. Density of the liquid is 0.8 g cm™
=0.8 X 10° kg m™. = 800 kg m

Level 3/
pitch

68. (1) = No.of C.C.D.'s

Dimensional formula of z

(dimensional formula of y)2

dimensional formula of x

(i) [M!LO T

69. (i) T= 27z\/Z
g

Multiplying and dividing by\/z (m = mass of
the bob), on the right-hand side,

70.

T=27r/€—m
mg

mg = weight of the body
The downward force acting onthe bob.
‘What is the net downward force when the bob is

immersed in water?

(i) Mass measured is accurate if the beam is

horizontal.

(i) If the beam is not horizontal, does it affect the
turning points observed?
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71. (i) Slope of the graph = mass flow rate
T = 0 represents initial condition
Density = e
volume

mass flow rate

volumetric flow rate

(1) Att = 0 the vessel is empty, and for t > 5 min,
there is no increase in mass of the vessel. What
could be the reasons for the mass of the vessel
to remain constant?

What does the inclined line AB indicate?
(i) 16.8 kg
(iv) 21 litres
(v) 800 kg m™?

72. (i) Calculate L.C.

pitch

number of division on circular scale

(i) PS.R. = nth division X pitch
Observed reading = PS.R + (H.SR. X L.C.)
Zero error = — [H.S.R. + (N —n)x L.C/]

= =
e
ZE

(v) Correction is positive if error is negative.

(vi) Correct measurement = observed reading
+ correction.

(vii) Correct measurement = 7.25 mm
73. 1 MSD =1 mm
5 MSD

Pitch = =1MSD=1mm
Least count = E
1
N=" 100
1um

N=500; P=(N) X (L.C.) =500 X 1 pm = 0.5 mm
Pitch = 0.5 mm

1 MSD

74. (a) Least count =

Diameter = x + 1y
9.75 mm = (x + 0.05y) mm
=x+0.05y

Since y < 10 and 0.05 y < 0.5, 9.75 can be
written as 9.5 + 0.25

(9.5 mm) + (0.25 mm) = (x mm) + (0.05 y mm)
x =95 = (MSR) X (L.C)
Since 1 MSD = 0.5 mm

The MSR = %: 19 and 0.05 y 0.25

y=5
MSR =19, VCD =5
(b) 9.75 = (x +1y) = 0.35
(x +1y) =9.75 + 0.35

= 10.10
—10+01
10
x=10=MSR = — =20
05
0.05y = 0.1
0.1
=2 = vep
V=05 X )

MSR = 20,VCD = 2

75. Pitch = 51% = 0.5 mm , least count

051
N 2N
Diameter = PS.R. + C.SC.D « L.C.

P y
=xp+yﬁ=p x+ﬁ

x+ L =548
N
. y . Y _
Since —< pitch, x+-—=5+0.43
N N

x=5

L 048 = y=048N

N

Thus, the CSCD depends on the number of divi-

sions on the circular scale for example, if the number
of circular scale divisions is 100, the CSD is 48.

PSR =5

1
LC=—
2N
C.SCD =048 N
5+6+6 17
76. Average of left turning points = 5 = 3
=5.6=57
Average of right turning points = 18+ 18 =18

Z
=
-
<
Z
<
- |
o
X
L
(o]
Z
<
7))
-
=
L

Ao
&
~




Z
=2
-
<
Z
<
- |
a.
X
L
(a]
Z
<
")
-
=
XL

LY
'
N

BEI) Chapter 1

5.7+ 18

Mean of left and right turning points =

= 237'7= 11.85=11.8

(Zero-resting point (ZRP) = 11.8

After placing the substance, the resting point (RP)
=13.

This RP is greater than ZRP, hence, it is higher-
resting point (HRP) = 13.

When 10 mg is added, RP obtained = 11.

This RP is less than ZRP, hence, it is lower-resting
point (LRP) = 11.

Given, mass at LRP = 60 g.

Mass at HRP = 59.990

Mass of the body, M = Mass at HRP + P g

77.

(H.R.P-Z.R.P)x0.01
H.R.P-L.R.P

Where p=

=59.990+ % x0.01

=59.990+ 0.6 x0.01=59.996 ¢

Volume of the liquid displaced = 80 cm? = volume
of sinker + volume of solid body.

Volume of sinker = 50 cm?.

. (80 cm?) = (50 cm?) + volume of solid body.
. Volume of the solid body = 80 — 50 = 30 cm?.
Mass of the body = d X v =0.5 X 30 =15 g.
Weight of the body = 15 gwt.
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REMEMBER

Before beginning this chapter you should be able to:

¢ Define terms such as rest and motion, scalar and vector,
distance and displacement, speed and velocity, acceleration
and retardation

* Recall the concept of motion and its applications

KEY IDEAS

After completing this chapter you should be able to:
e Understand the term kinematics

* Know the types of motion: projectile and uniform circular
motion

* Define the scalar and vector quantities

* Understand the basic terms and to determine the equations
of motions relating to these terms

* Derive the equations of motion for the objects projected
upwards and falling freely under gravity

* Discuss the motion of an object on a plane

* Explain the motion of objects by graphical representation
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INTRODUCTION

In the present chapter, the focus is on the study of equations which describe the motion
of a body and discuss the properties of freely falling bodies, vertically projected bodies and
bodies undergoing projectile motion. At first, let us review some important terms and
concepts.

Kinematics is the branch of mechanics dealing with the study of the motion of particles,
without taking into account the forces and energies involved.

A particle (point object) is an object without extent. A particle is said to be at rest if its
position, relative to the surroundings, does not change with respect to time. A particle is said
to be in motion if its position, relative to the surroundings, changes with respect to time.
Motion and rest refer to the state of bodies described in relation to its surroundings.

Example: Consider any building on the Earth. It is at rest with respect to the Earth. Since the
Earth revolves a round the sun as well as it rotates on its own axis, all the objects on the Earth
are in motion. Hence, there is no absolute rest. It means the building is at rest with respect to
its surroundings but in motion with respect to sun.

Types of Motion

In day to day life, we come across various types of motion, like the motion of the planet, the
motion of wind, etc.

Motion can be classified into:

1. Random motion

2. Translational motion
3. Rotational motion
4.

Oscillatory or vibratory motion

Random Motion

In this type of motion, the particles move randomly, i.e., they do not move along a definite

path.

Example: The motion of dust particles in wind or in air.

Translational Motion

In this type of motion, every particle of the body has the same displacement. Translational
motion can be along a straight line or along a curved path. The motion along a straight
line is called rectilinear motion and the motion along a curved path is called curvilinear
motion.

Example: Rectilinear motion: Train speeding along a straight track. It is also referred to as
one dimensional motion.

Example: Curvilinear motion: The path of a ball hit by a batsman for a sixer. This type of
motion is also referred to as a two or three dimensional motion.
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Rotational Motion

If the particles of the body revolve in a circle about the same axis, then the motion is said to
be rotational.

Examples:

1. Rotation of Earth on its axis
Pulley used in drawing water
Merry Go round

A great wheel

AR i

Motion of a fan.

Oscillatory or Vibratory Motion
A to and fro motion about a fixed point is called oscillatory or vibratory motion.
Examples:

1. When the string of a guitar is plucked, it performs an oscillatory motion.

2. The motion of the pendulum of a clock.

SCALARS AND VECTORS

Physical quantities that can be defined using magnitude only are known as scalar quantities.
Examples: Distance, speed, mass, density, temperature.

Physical quantities that can be defined only if both its magnitude and direction are specified
are called vector quantities.

Examples: Velocity, acceleration, force, torque.

Distance is the length of the path from the initial position to the final position, traced by
the particle while in motion. It is a scalar quantity, and is path-dependent.

Example: Consider two places A and B. One can reach B from A by three different ways:
1. Along ACDB

1 D

2. Along AOB ©

3. Along the straight line AB
3

The length of the path varies. Hence, the distance travelled is not the same in A B

the three cases though the initial and final positions are the same. w

O

S.I. unit of distance is metre (m).

C.G.S. unit of distance is centimetre (cm). FIGURE 2.1

DISPLACEMENT

It is the length of the directed straight line connecting the initial and the final positions of a
body in motion in a given time interval. It refers to the change of position with reference to
direction. Displacement is a vector quantity, and is independent of the path.
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P

The magnitude of a displacement is the length of the shortest path from the initial to
final position, i.e., it is the length of the line segment joining the initial position and final
position. The displacement vector is directed away from the initial position and towards the
final position.

The unit of distance as well as that of the displacement is centimetre in C.G.S. system and
metre in S.I. system.

Example: Let us consider the example given earlier for distance. The displacement is
always the length of the straight line AB, (the shortest distance) and is directed from A to B
(irrespective of the path traversed)

Displacement = AB

Note
AB+# BA

buc (45| =[5

Vectors are represented by directed line segments. The arrow of the directed line segment
indicates the direction of the vector. The length of the directed line segment drawn to scale
represents the magnitude of the vector.

Example: It a person moves along a straight path in the east direction for a distance of 3 km

S (Pto Q) and then turns towards right and moves straight and covers a distance
3 km Q@ B! of 4 km (towards south and reaches a point R), the total displacement of the
person is obtained by drawing a straight line from P to R, as shown in the
Fig. 2.2.
4 km
Skm If the length of the line segment PQ is 3 cm, the scale taken is 1 cm = 1
] km, then the length of the line segment QR would be 4 cm and accordingly

R South we get the length of the line segment PR as 5 cm. As the scale taken is 1 cm
for 1 km, the magnitude of the total displacement is 5 km and the direction

FIGURE 2.2 is nearly along south-east.

. PR = PQ + QR

Now, the total displacement (Fl—i) = 5 km along approximate south-east is obtained as
the sum of the displacements 3 km along east (%) and 4 km along south (@) Thus,

the two individual displacements PQ and QR are considered as the “component” of the

displacement PR . Thus, the vector PR issaid to be resolved into PQ and QR , the individual
components that are perpendicular to each other. This representation of one vector as a sum
of two component vectors is called resolution of a vector.



Kinematics [IE

SPEED

Speed is the rate of distance travelled. It is the ratio of the distance travelled to the time taken
to cover that distance.

distance
Speed = ———

Time

[t is a scalar quantity. The unit of speed is cm s7! in C.G.S. system and m s™! in S.I. system.

Instantaneous speed is the speed of a particle at a given instant. It is defined as the ratio
of the distance travelled in an extremely small interval of time tending to zero.

Average Speed

It 1s the ratio of the total distance to the total time taken.

o
Total distance _ s 2
Average speed = ———=— z
Total time t s
(0]
If &y, x5, X3, x4 are the distances travelled in the time intervals t;, §
b, t3 and ty, respectively, then 3
Xy Fx,txtxy
Average speed = ————————— t1 2 t3 t4
t+t, e,
time taken
Average speed is the average of initial and final speed if the
particle is in motion such that its speed changes (either increases FIGURE 2.3

or decreases) at a constant rate.

Uniform Speed

A body is said to be moving with uniform speed if equal distances are covered in equal
intervals of time.

Example: A bike is moving on the road at 40 kmph speed that means for every one hour it
is covering 40 km.

Variable Speed

A body has a variable speed if it does not cover equal distances in equal intervals of time.

Example: A train while departing from railway station increases its speed gradually that means
it is moving with variable speed.

VELOCITY

Velocity is the ratio of displacement to the time interval during which the displacement has
occurred.

Displacement _ s

Velocity (v) =

Time t

It is a vector quantity. The magnitude of velocity is expressed in cm s7! in C.G.S. system
and in m s7! in S.I. system. The direction of velocity is along the direction of displacement.
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Uniform Velocity

A body is said to have uniform velocity if it undergoes equal displacements in equal intervals
of time. Since displacement is a vector, equal displacements implies the body is moving along
a straight line path. Thus, a body moving with uniform velocity is in motion along a straight
line path with a constant speed.

Uniform motion and non-uniform motion

In uniform motion, the distance moved by the particle in equal intervals of time is the same
whether the duration of time is small or large. In non-uniform motion, the distance moved
by the particle in equal intervals of time is not the same.

Variable Velocity

If a body undergoes unequal displacements in equal intervals of time, then the body is said
to possess variable velocity. Velocity is said to be variable if there is a change either in its
magnitude or in its direction or both.

Instantaneous Velocity

It 1s the velocity of the particle at a given instant. The direction of instantaneous velocity is
along the tangent drawn to the curve describing the path at that instant if the body undergoes
curvilinear motion.

. - As
Instantaneous velocity, v= A
t

As is the change in the displacement in a small interval of time At.

In Fig. 2.4, instantaneous velocity, o= % = j_lé
t

In the case of a body moving with variable velocity (non-uniform motion), the
instantaneous velocity at any instant is given by the slope of the tangent drawn at a point in
to the displacement time curve in Fig. 2.5.

— CB
V =——
AC
————————————— | B
€ /1\ .
g As : =
IS A | <
g VI AL . e £
< ' I [
o} | , o B
L ! 1 © A
S L 5
' . e} C
At time time

FIGURE 2.4 Uniform motion FIGURE 2.5 Non-uniform motion
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Average Velocity

It is the ratio of total displacement to the total time taken.

Total displacement

Average velocity = Towl o
otal time

Average velocity is a vector quantity.

Example:

A 16 m B 9m C 20m D

Consider a body moving along a straight line AD, travelling 16 m in the 1st second, 9 m in
the next second and 20 m in the 3rd second.

Total displacement = 45 m along AD
Total time = 3 s

Average velocity = =15ms’’ along 4D

N

—I Note I

1. Average velocity of a moving body may be equal to zero but average speed cannot be
equal to zero. For example, the average velocity of an athlete completing one round
while running along a circular track is zero, though his average speed is not zero.

vt

2. Average velocity =
velocity.

in case the body is moving with uniform rate of change of

Here, 7 is the final velocity and # is the initial velocity

ACCELERATION

Acceleration is defined as the rate of change of velocity. It is a vector quantity. The unit of
acceleration is cm s72 in C.G.S. system and m s in S.I. system.

Changein velocity _ v -u

By definition, acceleration, g :
Time t

The direction of acceleration is along the direction of change in velocity of the body.

Example: A overtaking bus increases its velocity that means it is accelerating.

Uniform Acceleration

If the change in velocity of the body is equal in an equal intervals of time, then the body is
said to move with uniform acceleration.

Example:

s 40
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_1)

Velocity, (m s

N
@

©
e

201

10

Consider a body moving along a straight line passing through the points A, B, C, D, such
that it covers the distances AB, BC and CD in equal intervals of time of one second. Let
the velocity of the body at A, B, C and D be 10 m s™!, 20 m s™!, 30 m s™! and 40 m s 1,
respectively.

Change in ~ Rate of change
(m s-1) velocity of velocity
s Av (m s71) Av/At (m s72)

A 0 10

} 1 } 10 10
B 1 20

} 1 } 10 10

30
1 } 10 10

40

Timet At Velocity v

Position (s) (s)

D 3

We find that during the motion of the body, the velocity is not constant, but the rate of

change (increase) of the velocity is constant, 1.e., the body is moving with uniform acceleration.

Plotting a graph of velocity (along y-axis) and time (along x-axis), we
get a straight line as shown in Fig. 2.6. The slope of the graph is positive,
and hence, the acceleration here is considered positive.

However, if the velocity of the body referred to in the above example at
A,B,Cand Dis 40 ms™!, 30 ms™!, 20 m s™! and 10 m s™!, respectively,
the graph would once again be a straight line but sloping downwards. The
slope of the line here is said to be negative, and hence, the acceleration in

Velocity, (m s

Time, () ——>

FIGURE 2.6

such cases where the velocity decreases as time progresses is referred to as
negative acceleration or retardation or deceleration.

Whenever the magnitude of velocity decreases, the rate of change of
velocity is referred to as retardation or deceleration. It is not necessary that
the rate of change of velocity, i.e., the acceleration is always constant. In

situations where the rate of change of velocity of a body in motion is not constant, the body
is said to be moving with non-uniform acceleration or variable acceleration.
Equations of uniformly accelerated rectilinear motion

These equations give the relation between velocity, distance, time and uniform acceleration
of a body moving along a straight line.

1. To deduce, v=u-+ at

Garaptical methods

Consider a body having initial velocity u# and velocity after time ¢
seconds 1s .

Rate of change of velocity = :

1.e., a=

t

Time, () = v =u +at v=u-+at
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2. To derive, s = ut +l at?:
2

v+u
= 2.1
2 @1)

Average velocity
(since acceleration is constant)

But average velocity is the ratio of the total displacement to the total time.

Average velocity = 2 (2.2)
t
Comparing (2.1) and (2.2)
s v +tou
t 2
s _ (u+at)+u( v=u+ ab)
t 2
s _ 2u + at
t 2
(2u + at)
Ls=E —¢
2
P
3. To derive, 2 = u? + 2as
Average velocity = 2 (2.3)
t
+
Average velocity = LT (2.4)

From (2.3) and (2.4)

s v + u
t 2
v+u v—u
s = t butv =u+at; =t
( 2 ) [ a ]
(1/+u)(1/—u)
S:
2 a
2 2
_ v -u
¢ =
2s
12— u? = 2as

> = u? + 2as



EAL) Chapter 2

4. To deduce the equation for the displacement of a body in the nth second:
A C B

Let AB be the distance travelled by a body in n seconds, and AC be the distance
travelled by a body in (n — 1) seconds.

Thus, the distance travelled in the nth second is CB = S,
S,=AB— AC (2.5)

1
From s = ut + — af?

2
1

AB = un +Ean2 (2.6)

1
ACZM(n—l)+Ea(n—1)Z (2.7)
Substituting (2.6) and (2.7) in (2.5), we get

1
S”va+§ a*> = [un—1+ —am—1)7

1 1
S,=un+— an® — [un — u +— an®> — an + —a]
2 2 2

1

L ro
S, = un+— an —un+u—5 an +cm—za

W
Il

u+ an —

(-3
S,=utaln——
2

1
Sn=u+ Ea[Zn—l]

a

N | =

Problem Solving Tactics

In deriving the equations, we have assumed that all the vector quantities are in the same
direction. However, all vectors need not be in the same direction. Giving due consideration
to this, ‘“+’and ‘~ signs should be assigned to the quantities.

Convention I: In this convention, the direction of displacement is taken as positive.

Convention ll: In this convention, a convenient cartesian co-ordinate system is taken with
the origin at the initial position of the body, and ‘+” and ‘= signs are accordingly assigned.

A car initially at rest moves with a constant acceleration along a straight road. After its
speed increases to 40 km h™!, it moves with a constant speed and finally retards uniformly.
The time intervals for the three parts of the journey are in the ratio 1 : 3 : 1. Find the
average velocity
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SOLUTION

Maximum velocity = 40 km h™!
Let the time taken for the first part of the journey, i.e., during acceleration be f.

From definition of average velocity we have,

. s v tou
average VClOClty Z? - 2

Here v is the final velocity = 40 km h™!,
u 1s the initial velocity = 0
and s is the displacement = s; (say)

B (40+0)
‘. 1= t
2

sy =20 % 1t = 20t km )

Since the time intervals are in the ratio of 1 : 3 : 1, if ¢ is the time for the first part, the time
taken for second and third parts are 3f and ¢, respectively.

Thus, if s, 1s the distance travelled with constant speed,
s = v X t, =40 X 3t =120t km (2)

Similarly, if s; is the distance travelled with uniform retardation in the last part of the

v+u
53: 2 t3.

Here v=0,u=40kmh™, 5=11¢

(0+40)
L. S3 =

journey,

t=20t.

Total distance travelled = s; + s, + 53 =5
s=20¢+ 120+ 20 ¢
s=160t

Total distance
Average speed = ———————

Total time
_ leot 32 km h™'
5t

Since the car is moving along a straight line, therefore, average velocity = 32 km h™!

A car moves with a constant velocity of 10 m s for 10 s along a straight track, then it
moves with uniform acceleration of 2 m s~ for 5 seconds. Find the total displacement and
velocity at the end of the 5th second of acceleration.
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SOLUTION

Let v; and t; be the initial velocity and the time for the first part where the car is moving
with a constant velocity.

t,=10s; v, =10 ms™!
.. Distance travelled s; = vy f;

ie., sy =10 X 10 =100 m
For the second part, i.e., when the car accelerates,

a=2ms?

V=7
t =5 seconds s, = ?

u=10ms!

v=u-+tat
v=10+2X5
v=10+ 10
v=20ms"

1
s> = ut +— af?

2
52:10X5+—X2X52

=50+1x25 =50+25=75m

Total displacement s = s; + s,

. s=100+75 =175 m.

A bike moving along a straight road covers 35 m in the 4th second and 40 m in the 5th
second. What is its initial velocity and acceleration (if the acceleration is assumed to be
uniform)?

SOLUTION

Let s, and s5 be the distances travelled in the 4th second and the 5th second, respectively.
s4=35m, 55 =40 m

From the equations of motion, the distance travelled by a body in the nth second is given by,

s,=uta n_l
2

1

. 35=uta 4—5)

40=u+a 5—1)
2
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_ 7
Le,35=u-+ Ea
3 9
40 =u + Ea
70 =2u + 7a (1)
80 = 2u + 9a (2)
Solving equations (1) and (2), we get
a=&=5ms_2; u=£=17.5ms‘1

2 2

Acceleration Due to Gravity

Objects thrown vertically upwards move up to a certain distance and then fall back to the
ground. This is due to earth’s gravitational force.

Due to gravitational force, all objects are accelerated towards the Earth. This uniform
acceleration towards the Earth, irrespective of the mass is known as acceleration due to
gravity and is denoted by ‘¢’.

Equations of Motion of Objects under the Influence of Gravity
(Neglecting air Resistance)

Here, since acceleration of a body moving vertically, either upward or downward, is due to
gravity, ‘a’is substituted by ‘¢’ and the displacement ‘s’ is substituted by ‘/’. Thus, we have

v=u+ gt
1
s=ut+ — gf?
28

> = u? + 2gh
Where,
v is the final velocity,
u 1s initial velocity,
¢ 1s acceleration due to gravity and
t1s time taken.

‘¢’ is chosen to be positive if the body is moving towards the Earth, i.e., downward and ¢
is negative if the body is moving in upwards direction.

It 1s purely a matter of choice and convenience that we choose a particular direction as
positive. In the above case, for example, the final result will remain the same even if we
choose the upward direction as positive and downward as negative or vice-versa.

Equations of Motion of a Body Dropped from a Certain Height

A freely falling body is one which moves only under the influence of gravity (i.e., no other
force acts on it) like air fraction.
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Let us consider the special case of a freely falling body which is dropped or released from
rest for which the initial velocity, # = 0, and acceleration, a = +g.

Taking u = 0, s = hand a = + ¢, we can write the equations of motion for a freely falling

body, as
l.v=u+at
u=0
v =gt
1
2. s=ut+—af
Yol 2
h b 1
: h: _ t2
! 2¢
! 3. v —u? =2
Q 1?2 = 2gh
h_l 0.
FIGURE 2.7 From h == ¢t%

’Zh
t = ,|— , where ‘' is the time of descent.
g

Equations of Motion for a Body Projected Vertically Upwards

Consider a body projected vertically upwards with an initial velocity, u. As the body moves
up, its velocity decreases, since the Earth pulls the body downwards with an acceleration of
‘¢’. The body moves until its velocity becomes zero (at maximum height). Such bodies are
called vertically projected bodies. As the direction of motion is against the direction of

acceleration due to gravi the sign of ‘¢’ is taken to be negative.
—— Maximum height (h max) ; v =0 gravity (g), & £ gauvi

Taking s = h and a = —¢, we can write the equations of motion for
such a body as follows:

h l.v=u+at
v=u—gt
o 1
g)u 2. s=ut+—ar
2
1
h=ut— —gr
FIGURE 2.8 2

3. 12— u? =245

1 —u? = —2gh

v at maximum height = 0; a = -¢g; s = h

2
hmax = M— (from = u? - 2gh)
28
For a body projected vertically upward, the time of ascent (t,) is the time taken by it to

reach the maximum height.

(from v = u — gf)
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Time of Descent

As derived earlier, for a body dropped from a height ‘%, the time of descent is given by,

g

A vertically projected body after reaching its maximum height (h,,,,) starts falling and
behaves as a body dropped from maximum height. The time that it takes to reach the ground
from the maximum height, can be given by,

2h,.. /2u2 /2¢ u
td= —_—, td = = —
g g g

Lt =

&

This proves that the time of ascent is equal to the time of descent for bodies projected
vertically up, and the body returns to the same level from where it is projected.

Time of Flight (k)

It is the total time during which a body moving under gravity remains in air above the plane

of projection. w u

=t +t,=—+t—=—

! SRS
) 2u
Le., t,=—
g

A ball is thrown vertically upwards with a velocity of 20 m s~'. Find the time of flight,
neglecting the air resistance (¢ = 10 m s72)

SOLUTION
When the body comes back to the initial position, the displacement 5= 0.

L
From s = ut—Egt

0=ut—— g
2

u

ut= —
28
2u . ) . .

t = —. Here ‘f is the time of flight, i.e., t, + ;.
£
2% 20

.. Time of flight, ¢ = =45

Velocity on Reaching the Ground

When a body is dropped from a height /7, its initial velocity is zero and it attains a velocity v’
on reaching the ground.
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As1? —u2=2g¢hand u=0, v=+/2gh (2.8)
We also know that for a body thrown upwards with an initial velocity 1; 1 =/ 28Mmnax (2.9)
Comparing equations (2.8) and (2.9), we can say that the velocity of the body falling from

a certain height h, on reaching the ground is equal to the velocity with which it has to be
projected vertically upwards to reach the same height /.

This shows that, the upward speed at any point in the flight of a body is same as its
downward speed at that point. But note that directions of their velocities are opposite, and
hence, the velocities are diftferent though their speeds are the same.

A body falls from a height of 45 m from the ground. Find the time taken by the body to
reach the ground. (Take ¢ = 10 m s72)

SOLUTION

Given, the initial velocity of the body u = 0 and ¢ = 10 m s72
Distance travelled by the body, s = 45 m

: . 1
Using the equation, s = ut + 5 g we get

1
45=O+5x10t2

90
LP=—=9=¢t=3s

PROJECTILE

When a body moves under the influence of gravity, it moves along a vertical straight line,
only if there is no horizontal component for the initial velocity (neglecting wind velocity
and air resistance)

Examples:

I. A mango falling from a tree.

2. A ball projected vertically downwards.

L O

FIGURE 2.9
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If the initial velocity has both horizontal and vertical components, the path of the body
will not be a straight line, but will be a parabola, called trajectory.

Examples:
1. A ball kicked horizontally from the top of a building.

2. A missile fired from a cannon.

FIGURE 2.10

A billiard ball struck on a billiard table would move horizontally along the surface of the
table. Here, changes in the position and the velocity and the corresponding acceleration
(deceleration) would be only in the horizontal direction, i.e., either forward (+ve) or
in the reverse direction (—ve). The influence of gravity on the motion of the ball is
absent.

However, when we consider the motion of shot-put or a long jumper, they move under
the influence of gravity. Such objects which are given horizontal velocity and are allowed to
travel under influence of gravity are called projectiles.

Any projectile has two dimensional motion, i.e., combination of motion in two different
directions. They are as follows:

I. Uniform velocity along the horizontal direction, since no force acts on the projectile
along the horizontal. Thus, the acceleration is zero along the horizontal direction.

2. Uniform accelerated motion along the vertical since it is acted upon by gravity.

The motion of the projectile can be represented graphically by plotting horizontal
displacement along X-axis and vertical displacement along the Y-axis.

Similarly the path of a ball hit high by

The motion of projectile is considered
ProJ a batsman would be as shown below.

in the absence of air resistance.

y

—_ N
C
y [0}
y Uniform horizontal motion qE)
3
Iy R o
0
. . [a)
Combined motion =
Free fall %
. (0]

under gravity = )
X < > X
[¢) 0 Horizontal Displacement

FIGURE 2.11 FIGURE 2.12
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Example: Consider a shot-put given an initial velocity making an angle
0 with the horizontal. Plot the displacement along the X-axis (horizontal
and the Y-axis (vertical) on graph for every 1 second.

The graph obtained is as shown in Fig. 2.13. This curve is called

usin®

parabola. Hence, the trajectory of a projectile is a parabola.

FIGURE 2.13 RANGE (R)

It is the maximum distance covered by a projectile along the horizontal.
I. Range is OA as shown in the Fig. 2.13.
2. Range depends on the angle of projection ().

3. Time taken by the projectile to reach the highest point from the point of projection =
time taken by the projectile to reach the ground from the highest point.

. L . 1
The four equations of motion discussed earlier, namely, v = u + at, s = ut + > af?, > = u? + 2as

1
and §,=u+a (ﬂ —5) are applicable to bodies that move along a straight path with uniform
acceleration.

However, in the case of projectiles, their motion is not along a straight
line path. Thus, the four equations of motion mentioned cannot be directly
applied to projectiles. To know the position of a projectile after certain interval
of time, we need to know its horizontal and vertical displacements from the

U -7~ point of projection in the given time, that is, we need to know the velocity and
f . acceleration of the projectile in both the horizontal and the vertical directions.
U cos 6 X Thus, it is necessary to resolve or split the vector (initial velocity of projection of

the projectile) into horizontal and vertical directions and take the corresponding
component of the velocity.

If O is the angle of projection of a projectile with velocity ‘u’, the horizontal component of
velocity is ‘u cos@ and the vertical component of velocity is ‘u sin@. There exists no change
in the horizontal component of velocity of the projectile as gravitational pull does not affect
its horizontal motion. Thus, the horizontal component remains ‘u cos@ throughout the
motion of the projectile. However, the vertical component of velocity, i.e., ‘u sin@ changes
as the projectile is under gravitational pull in the vertical direction.

Thus, the vertical component of velocity decreases in the upward direction, till it becomes
zero at the hightest point and then the projectile falls down under gravity.

The motion of the projectile is a result of both the vertical and horizontal components and
it follows a parabolic path.

The equations of motion can be applied independently for acquiring the horizontal and
the vertical displacements or velocity of the projectile. For example, the horizontal and the

vertical displacement can be obtained by using equation s = ut +— af* in both the directions.
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If ‘x” and ‘y’ are the horizontal and vertical displacements, respectively, at the end of ‘¢

1
seconds, they are given by, x = (1 cosO)t and y = (u sin0)t — Egtz.

UNIFORM CIRCULAR MOTION

In the previous topics, we studied about the change in the magnitude of velocity when a
body undergoes rectilinear motion. Now we will consider the situation where a body can be
accelerated without changing the magnitude of velocity.

Consider a person seated in a merry-go-round which is in motion. The
person undergoes circular motion as shown. Examine the direction of motion
of the person at every point.

We observe that any body moving along a circular path changes its direction
continuously, even though the speed is constant. Thus, the body 1s continuously _
accelerated. This acceleration acts towards the centre of the circular path andis V
called centripetal acceleration.

If a body moves along a circular path with constant speed such that its
acceleration is uniform, then the body is said to be in uniform circular motion.

FIGURE 2.14

GRAPHICAL REPRESENTATION OF MOTION ALONG A
STRAIGHT LINE

The motion of a particle (or body) can be analysed by plotting different types of graphs.
These graphs are useful to study the rectilinear motion of a body. There are three types of
graphs in kinematics, namely, displacement—time graph, velocity—time graph and acceleration—
time graph. In plotting these graphs, time is taken along the X-axis as an independent quantity.
The dependent quantity, i.e., quantity that changes with time, namely, displacement, velocity
or acceleration is taken along the Y-axis.

Y
Displacement—Time Graphs
I. Thes— tgraphisalong the X-axis. The displacement is zero for any amount of time. T
Thus, this type of graph indicates that the body is at rest, with no displacement. s
X
Example: A bus stopped at bus stop. 0| t—
FIGURE 2.15
Y
2. The s — t graph is parallel to X-axis. The displacement is constant and does not ¢
change with respect to time. Thus, the body has some initial displacement and s
is at rest.
Example: A bus stopped at bus stop 2 metres away from the railway station. 5 . X

FIGURE 2.16
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FIGURE 2.19
Y
1 T
R
S
X
0] t—
FIGURE 2.20
Y
F _____________
Ep-----mm-m- '.
TD --------- Co
SR
Ap==r"1 ' 1 1 |
O 123456
t—
FIGURE 2.21

The s — t graph is a straight passing through origin and making an angle with
the X-axis. The body has equal displacements in equal intervals of time.
Thus, the body is moving with uniform velocity. The initial displacement of
the body is zero.

Example: A person riding a bike at the speed of 50 kmph on a straight road
from rest.

The s — t graph is a straight line making a positive angle with the horizontal
and has a positive intercept on the Y-axis. Thus, the body has uniform
velocity with some initial displacement.

Example: A bus start 2 m away from TIME’ building and moving at a speed
of 60 kmph.

The s — t graph of two bodies P and Q are shown in Fig. 2.19 by lines OP and
OQ, respectively. Since they are straight lines making positive angle with
X-axis and passing through the origin, their initial displacement is zero and
they have uniform velocity. But from the Fig. 2.19, it is clear that the
displacement of Q is more than that of P in a given time. Thus, the velocity
of Q is more than that of P. The magnitude of uniform velocity can be
obtained by measuring the slantness (slope) of the lines from the horizontal.
Displacement of P and Q are given by, OA and OB, respectively. Thus,
magnitude of the velocity of P is given by, v, = OA/OC. This is the slope of
OP. Similarly, magnitude of the velocity of Q is given by, v, = OB/OC. This
is the slope of OQ. As OB > OA, v > vp, the time considered (OC) being
constant.

In Fig. 2.20, the s — ¢ graphs of two bodies R and T are shown by thick and
thin lines, respectively. It is clear from the Fig. 2.20 that the bodies are moving
with uniform velocity. Even though the initial displacement of T is less than
that of R, (As the length of intercept on Y—axis for T is less than that of R),
the slope of T is greater than that of R. Thus, the magnitude of uniform
velocity of T'is greater than that of R.

The s — t graph of a body is as shown in Fig. 2.21. It is not a straight line, but
is a curve. It is obvious from the Fig. 2.21 that the displacement of the body
is not equal in equal intervals of time. Thus, the body has variable velocity.

From the Fig. 2.21, it is clear that OA < AB < BC < CD < DE < EF, which
are the successive displacements of the body in successive intervals of time.
Thus, the displacement per unit time, i.e., velocity of the body increases with
time. Hence, the body is moving with acceleration.

Example: A train while departing from the station.
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10.

The velocity of the body at any instant of time can be obtained by drawing
a line that touches the curve at the given point (also called tangent) and
measuring the slope of the tangent as shown in the Fig. 2.22.

Example: Speed of a train at 8:00 a.m. is 40 kmph and at 3:30 a.m. is 60
kmph.

The displacement of the body at an instant of time # is s;. Point P on the
graph indicates this position. If the velocity of the body at the instant ¢, is to
be calculated, a tangent AC is drawn at the point P, and the slope of the
tangent AC that gives the instantaneous velocity can be calculated by using

the expression. BC where BC gives the time interval considered and AB

gives the displacement of the body in the time interval.

The s — t graph of a body is as shown in Fig. 2.23. The graph is a curve.
This indicates that the velocity of the body is not uniform. The tangents
at the points P and Q on the curve give the velocity of the body v; and
v, at the instants t; and f,, respectively. It is clear from the Fig. 2.23 that
the slope of the tangent at P is greater than the slope of the tangent at
Q. Thus, v, < vy. This implies that the velocity of the body is decreasing
with time, i.e., the body moves with retardation in the positive direction
(direction of displacement) as the displacement of the body increases
with time.

Example: A train arrived to the railway station.

The s — t graph of a body is as shown in Fig. 2.24. The graph is a straight
line making an obtuse angle with the positive X-axis. The body has some
initial displacement and this displacement decreases with time. The
decrease in displacement is equal in equal intervals of time. Thus, the
body moves in opposite direction to the direction of displacement with

Y
/]\
s A
P/
Sir===77""> L
SR
) t1
t—
FIGURE 2.22
Y V2

uniform velocity.

Example: A bus which is already travelled certain distance on a straight
road returning back with the same constant speed.

The s — t graph of a body is as shown in Fig. 2.25. It is a curve, and thus, the
velocity of the body is non-uniform. The velocity of the body at two different
instants of time f; and £, is given by the slope of the tangents at the points
Pand Q as v; and v, respectively, as shown in the Fig. 2.25. It is obvious
from the figure that the slope at Q is more than that at P indicating that
v, > vy. Also, as time increases, displacement of the body decreases as evident
from the Fig. 2.25. Thus, the body is moving in opposite direction to the
direction of displacement with acceleration.

Ty i
S, : :
: L
O| t1 to
t—
FIGURE 2.23
Y
T
S
180° > 6 > 90°
X
o | t—
FIGURE 2.24
Y

FIGURE 2.25
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Y 11. The s — ¢ graph of a body as shown in the Fig. 2.26 is a curve. The body has
initial displacement and as time increases, the displacement decreases. Thus,
the body is moving in opposite direction to the direction of displacement
with non-uniform velocity. The velocity of the body at two instants of time
‘ty” and ‘t,’ 1s given by the slopes of the tangents drawn to the curve at points
A and B as vy and v,, respectively. It is obvious from the Fig. 2.26 that the

slope of the tangent at A is greater than the slope of the tangent at B. Thus,

v1 > vy. This implies that the body is moving with retardation in the opposite
direction to the direction of displacement.

FIGURE 2.26

Uses of Displacement-time Graph

1. The position of the body at any intermediate time can be found out.
2. Slope of the tangent to the curve gives instantaneous velocity at that moment.

3. Average velocity is the slope of the line passing through the initial and final position on
the curve.

4. Nature of motion can be determined.

5. The nature of curve describes the type of motion it was.

Velocity —Time Graph
Y Similar to the displacement—time graph, the velocity—time graphs can be any one or
the combination of more than one of the following types.
T
v 1. The graph is a straight line along the X-axis. This implies the body is at rest.
X
ol t-
FIGURE 2.27
Y
2. The graph is a straight line parallel to the X-axis. This implies that the velocity does
T not change with respect to time. Thus, the graph indicates the uniform velocity.
A%
— X
O t—
FIGURE 2.28
M 3. The graph is a straight line making an acute angle with the positive X-axis and
passing through the origin. Thus, the initial velocity of the body is zero and has equal
T increase in velocity in equal intervals of time. Thus, the body moves with uniform
v acceleration. The magnitude of the acceleration is given by the slope of the line
0 e X (Norte: slope of s—t graph gives the velocity).

FIGURE 2.29
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4.

The v — t graph of a body is as shown in Fig. 2.30. The graph is a straight line

Y
making an acute angle with the positive X-axis and having an intercept on the 4
positive Y-axis. Thus, the body has some initial velocity # and moves with uniform

acceleration.

o] to

FIGURE 2.30

The v — t graphs of two bodies P and Q are as shown in Fig. 2.31. The graphs Y P
are straight lines making acute angle with the positive X-axis and having intercepts

—

<

on the positive Y-axis. Thus, both the bodies have initial velocities and move
with uniform acceleration. The Y-intercept of P is less than that of Q. This
indicates that the initial velocity of P is less than that of Q. But the slope of P is
greater than that of Q. This indicates that the magnitude of uniform acceleration
of P is greater than that of Q. FIGURE 2.31

ol t-o

The v — t graph of a body is as shown in Fig. 2.32. As the curve begins at the Y
origin, the initial velocity of the body is zero and moves with non-uniform or
variable velocity. The acceleration of the body at instants #; and f, is given by D
the slopes of the tangents drawn to the curve at the points Cand D as a; and a5, 4 a
respectively. From the Fig. 2.32, it is obvious that a, > a;. Thus, the body C

moves with increasing acceleration. a1

t4 to
t—

O

FIGURE 2.32

The v — t graph of a body is as shown in the Fig. 2.33. The graph is a curve v
which implies that the body is moving with variable velocity. The acceleration
of the body at instants f; and 1, is given by the slopes of the tangents drawn to
the curve at points E and F as a; and a,, respectively. From the Fig. 2.33, it is
obvious that a; > a,. Thus, the body moves with decreasing acceleration. But
it is not retardation as the velocity of the body is not decreasing with time. As

the curve begins at the origin, the initial velocity of the body is zero. o

FIGURE 2.33

The v — t graph of a body is as shown in Fig. 2.34. It is a straight line making Y
an obtuse angle with the positive X-axis. There is some initial u velocity of
the body and has an equal decrease in velocity in equal intervals of time.

Thus, the body moves with uniform retardation, the magnitude of which is

180° > 6 > 90°

given by the slope of the line. X

ol t-o

FIGURE 2.34
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FIGURE 2.35

10.

The v — t graph of a body is as shown in Fig. 2.35. The graph is not a straight
line and is a curve with the velocity of the body decreasing with time. This
indicates that the body moves with non-uniform retardation. The slopes of
the tangents drawn to the curve at the points G and H gives the retardation
of the body at the instants #; and t,, respectively. As the slope at G is greater
than the slope at H, the body moves with decreasing retardation.

The v — t graph of a body is as shown in Fig. 2.36. It is a curve indicating
decrease in velocity with time. Thus, the body has variable retardation. The
retardation of the body at #; and #, instants of time are given by the slopes of

\T the tangents drawn to the curve at points [ and J, respectively. It is obvious
| from the Fig. 2.36 that retardation increases with time. Thus, the body
o] t N moves with increase in retardation having some initial velocity u and the final
velocity being zero.
FIGURE 2.36
Uses
. Nature of motion can be determined.
2. Velocity at any instant can be found out.
3. Area under the curve gives the displacement of the body.
4. Slope of the tangent to the curve gives the instantaneous acceleration.
5. Average acceleration is given by the slope of the line segment joining initial velocity
and final velocity.
6. Equations of motions along straight line can be determined.
Y © Example: Consider a particle having initial velocity u. It is uniformly
0 accelerating at the rate a, for time f and covers distance s, gaining
Velocity j: final velocity v. Graphically, it can be represented by the line BC in
$ e v — t graph.
u From the Fig. 2.37, it is clear that OA = t, OB = u, AC = v, CD =
\l/ at, distance travelled = Area of shaded region.
X
© t A time s = Area of rectangle OADB + Area of triangle BCD.
1 1
FIGURE 2.37 s=ut+— txat s=ut+— af

From the Fig. 2.38 which is a v — f graph of a body,

(i) find the deceleration of the body in the region BC.

(i) find the total distance travelled by the body.

Given, v is in m s~ and time in s.
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SOLUTION Y
(10=5) ms™
(4-3)s

Deceleration = slope of BC = =5ms?

Total distance travelled = Area of the triangle ABC + Area of rectangle

1
OADE ZZACXBC+AD><DE

1
S=(5X4X5)+(5x5)=35m

FIGURE 2.38

Acceleration-Time Graph

In this type of graph as shown in Fig. 2.39 acceleration is plotted along Y-axis and time along
X-axis.

FIGURE 2.39

1. a =0, body moving with constant velocity.

2. ‘@ is constant, body moving with uniform acceleration.

Uses of Acceleration-time Graph

1. Acceleration at any intermediate time can be determined.

2. Area under the curve gives the change in magnitude of velocity that is (v — u).

| EXAMPLE ’

In the Fig. 2.40, find the change in velocity at t = 5 seconds. Given a is in m T
sand tisin s. 10

a

SOLUTION

Olt--------)>

Here, we find that the acceleration is not constant, and we cannot use the 0 i

|

equation v = u + at.

.. Change in velocity = area under the a — t curve. FIGURE 2.40

x5x10=25ms.

1
2
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40

Graphical Method—Solutions

Let us consider a body starts from rest and increases its velocity upto 40 ms-!
for some time. Further it travelled some distance with 40 ms™! velocity and
B comes to rest after certain time.

: \ Let the time intervals given for acceleration, uniform velocity and
1 . .
! x retardation be x, 3x and x; represented by OD, DE and EC, respectively.

t— Area under the graph gives the total displacement.

FIGURE 2.41

. D .E ,

Displacement, m C - P
c/ }\F} :

: 3 : }\1 G |
"

A
Velocity, m st

Time, s!

Acceleration, m 52 B
A

FIGURE 2.42

.. 8= Area (OAD + ABED + BEC)

1 1 1 1
=~ (OD) (AD) + (DE) (AD) + —(EC) (BE) =  x (40) + (33) (40) + —x (40) = 160x
km.
Total time t=x+3x+x=5xh.
160
.. Average velocity == - Y kmh' =32 km hl.
t b

Given above are graphs that describe the motion of a person on his motorcycle. From the

graphs, these are the points that can be concluded about his motion in different intervals of
time.

A - Person starts the motorcycle, u = 0.

AB - He moves towards right at a constant acceleration, v = at.

BC - Uniform motion; he is going at constant speed, a = 0.

CD - He applies brakes and starts to slow down; acceleration is negative (deceleration).
D - He stops completely.

DE - He takes rest.
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E - Starts his motorcycle again.
EF - He moves toward left at constant acceleration (increasing speed). Velocity and
acceleration negative due to the motion in opposite direction
FG - Moves in opposite direction (to left) at constant speed.
GA - Applies brakes and starts to slow down (deceleration).

H - He stops completely. (velocity = 0)

In plotting the graphs, all vectors in the forward direction are taken as positive and in the
opposite direction are taken as negative.




wn
p 4
O
-
n
"7
=
o
Ll
v
-
(&
<
o
o

EXI) Chapter 2

TEST YOUR CONCEPTS

Very Short Answer Type Questions

1.

Give the three equations of motion for a particle
moving in one dimension.

. A stone is dropped from the top of a tower and

allowed to travel freely under gravity. What is the
initial velocity of the stone?

If the ratio of the final velocities of two bodies fall-

ing freely is 4 : 3, then the ratio of the heights from
which they fall is

. Give two examples of projectile motion.
. What is meant by the range of a projectile?

. Explain the motion of a body undergoing circular

motion with an example.

16.

17.

18.
19.

20.
21.

22.
23.
24.
25.

26.

27.

28.

29.

30.

Why is distance called scalar quantity and displace-
ment a vector quantity?

If a body does not change its position with respect to
its surroundings, the body is said to be

What is uniform circular motion?

Give the C.G.S. and M.K.S. units of velocity and
speed.

Retardation is a

quantity (scalar/vector).

‘Which physical quantity is plotted on X-axis for all
types of graphs representing motion of a body?

‘What is meant by acceleration and retardation?

A freely falling body travels with

When is a body said to have zero acceleration?

One body is dropped from the top of a tower and the
other is projected vertically upwards. Can the accel-
eration due to gravity be the same?

A particle moves from P to Q with a uniform velocity
I and Q to P with a velocity 5. Its average velocity
is

Give examples of bodies moving under the influence
of gravity.

A body moving along a straight line between two
places moves with a velocity v, for first half of time
to travel between the places and with a velocity v, for
the remaining half time. Then its average velocity is

‘What 1s the acceleration of a body when the velocity
remains constant?

‘What is a trajectory?

7. A particle in uniform circular motion has uniform
speed but non-uniform

8. Define time of ascent and time of descent.

9. (1) When is a body said to be at rest?
(i) When is it said to be in motion?

10. A body projected with when is it said to be in motion
a certain velocity making an angle, other than 90°, to
horizontal is known as

11. What are scalar and vector quantities? Give some
examples.

12. Does the velocity remain the same in case of uniform
circular motion?

13. What are the C.G.S. and M.K.S. units of distance and
displacement?

14. A particle in one dimensional motion, moving with
constant velocity must have acceleration.

15. What is meant by time of flight?

Short Answer Type Questions

31. Derive an expression for maximum height reached
when a body is projected vertically upwards.

32. A water tank is placed on the top of a building of
height 19 m. Water overflowing from the tank was
found to reach the ground in 2 seconds. Find the
height of the tank. (Take ¢ = 10 m s72)

33. What are the different types of motion? Give an

example for each.

34.

35.

Derive an expression for the time taken by a body
which is thrown vertically upwards to reach maxi-
mum height.

If a runner with a certain initial velocity moves with
uniformely acceleration in such away that he cov-
ers 200 c¢cm in the 2nd second and 220 cm in the
4th second, then find his initial velocity and the
acceleration.
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36.

37.
38.

39.
40.

41.

42.

Essay Type Questions

46.

47.

Show that the time of ascent and the time of descent
are equal for a body in vertical motion.

OR
Show that the time of flight is equal to (2u)/g.

Derive v = u + at.

The driver of a TGV travelling at a speed of 90 m
s7! sights a truck on the rail track at a distance of 1
km ahead. Then he applies the brakes to decelerate
the train at the rate of 5 m s72. What is the distance
travelled by the train before coming to rest? Will the
train collide with the truck?

Derive an expression for time of descent.

A body dropped from the top of a cliff reaches the
ground in 5 s. Find the height of the cliff.

Give the equations of motion of a body projected
vertically upwards.

A train travels from one station to another station
at an average a speed of 40 km h™! and returns back
to the first station at an average speed of 60 km h™'.
Find the average speed and average velocity of the
train? Ignore the stoppage time at the second station.

43.

44.

45.

From the velocity-time graph given below, for a
body projected vertically upwards,
(i) find the velocity of projection

(1)) maximum height attained by the body

N

2]

= T+20

2

©

ke]

[0

>

0 _S
time (s)

Determine ‘a’ of the object which
(a) moves in a straight line with a constant speed of
20 m s7! for 12 seconds.

(b) changes its velocity from 0 m h™! to 360 m min~
in4.2s.

1

Give the equations of motion of a body falling under
gravity, being dropped from a certain height.

Explain the characteristics of the following graphs.
A. Displacement—time
B. Velocity—time

C. Acceleration—time

Derive S, = u + %(211 -1).

48.

49.

50.

. 1
Derive s = ut + 5 ar?.

1
Obtain s = ut + 5 af® by graphical method.

Derive 12 — u? = 2as.

*For Answer Keys, Hints and Explanations, please visit: www.pearsoned.co.in/IITFoundationSeries

CONCEPT APPLICATION

Direction for questions 1 to 7
State whether the following statements are true or
false.

1.

A body moves with retardation when it is projected
vertically upwards.

. A body is projected vertically up. On reaching maxi-

mum height, its velocity becomes zero.

Velocity-time graph can be used to find the
displacement.

If a body moves with constant velocity, its displace-
ment depends on the square of time taken.

. When two balls of different masses are thrown verti-

cally upwards with the same initial speed, the heavier
body rises to greater height than the lighter body.

. Equations of motion are applicable only when a body

moves with uniform velocity.

The distance travelled by a freely falling body in
every successive second is the same.
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Direction for questions 8 to 13
Fill in the blanks.

8. The ratio of velocities acquired by a freely falling
body starting from rest at the end of 1 second and
2 seconds is

9. Ifastone is thrown vertically up and it is caught after
time ‘f seconds, then the maximum height reached
by it is

10. Area under the velocity—time graph gives

11. The ratio of magnitude of average velocity to average
speed 1s
12. The directions of both displacement and average

velocity are

13. is produced in a body whenever
there is a change in its velocity.

Direction for question 14
Match the entries in Column A with the appropriate
ones in Column B.

14.
Column A Column B
A.  Uniform Velocity () a s
——t
B.  Uniform acceleration () b s
with initial velocity e
C.  Uniform acceleration () c s
D. Increasing acceleration () d. v
E.  Uniform retardation () e s
E Decreasing acceleration () f. a
at steady rate A
——>t
G.  Uniform acceleration () g a
with initial
displacement _4t
H. Body at rest with initial ( ) h. T
displacement a :

Direction for questions 15 to 42
For each of the questions, four choices have been
provided. Select the correct option.

15. The ratio of magnitude of displacement to distance is
always
(a) less than 1
(b) greater than 1
(c) equalto 1
(d) less than or equal to 1

16. The ratio of the heights from which two bodies are
dropped is 3 : 5, respectively. The ratio of their final

®) V3:45

(d) 5:3

velocities is

@ V5:43

(c) 9:25

17. The variation of the velocity of a particle moving
along a straight line is illustrated in the graph given
below. The distance covered by the particle in 4 sec-
ondsis___ m.

V10t
(ms ' i i
0 1 2 3 4
t——>
()
(a) 20 (b) 35
(b) 40 (d) 55

18. An ant moves from one corner of a hall to the diago-
nally opposite corner. If the dimensions of the floor
of hall are 8 m x 6 m, the displacement of the ant is

m.
(a) 14 (b) 10
(c) 28 (d) 2

19. The figure given below shows the displacement—time
graph of the two particles P and Q. Which of the fol-

lowing statements is correct?

o7 Q

O S

t—

(a) Both Pand Q move with uniform equal speed.
(b) Pis accelerated and Q is retarded.
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20.

21.

22.

23.

24.

25.

26.

(¢) Both Pand Q move with uniform speed, but the
speed of P is more than the speed of Q.

(d) Both Pand Q move with uniform speeds but the
speed of Q is more than the speed of P.

‘When brakes are applied, the velocity of a car changes
from 40 m s to 10 m s™! in 10 s. The acceleration

produced in it is m s
(@ -3 (b) 3
(© =5 d 5

If a body starts from rest and moves with uniform
acceleration, then
() voct (b) soct

(d) socvr

If a body is projected vertically upwards, then on

(c) vocs

reaching maximum height, its

(a) wvelocity is zero and the acceleration is not zero.
(b) velocity is not zero and the acceleration is zero.
(c) both velocity and acceleration are not zero.

(d) both velocity and acceleration are zero.

The ratio of the times taken by a body moving with
uniform acceleration in reaching two points P and
Q along a straight line path is 1 : 2. If the body starts
from rest, then the ratio of the distances of P and Q
from the starting point is
(a) 4:1

() 2:3

(b) 1:4
) 3:1

A body with an initial velocity of 3 m s~! moves with
an acceleration of 2 m s2. Then the distance trav-

elled in the 4th second is m.
(@ 10 (b) 6
(c) 7 (d) 28

A bus travels the first one-third distance at a speed of
10 km h™', the next one-third distance at a speed of
20 km h™" and the next one-third distance at a speed
of 30 km h™!. The average speed of the bus is

50

(@) 20 m s~ (b) m s
1
() % m s~ (d) 30 ms™!

Which of the following graphs indicates that a body
is undergoing retardation?

(@) (b)

27.

28.

29.

30.

31.

32.

33.

(© (d)

The velocity of a body is given by the equation v =
6 — 0.02 t, where ¢ is the time taken. The body is
undergoing

(a) uniform retardation.

(b) uniform acceleration.

() non-uniform acceleration.

(d) zero-acceleration.

A body starts from rest and moves with uniform

acceleration for 2 s. It then decelerates uniformly for
3 s and stops. If deceleration is 4 m s72, the accelera-

tion of the body is m s>,

(a) 10 (b) 8.7

(c) 4 (d) 6
Density is a quantity.

(a) scalar (b) derived

(c) neither (1) nor (2) (d) Both (1) and (2)

A particle moves from P to Q with a uniform veloc-
ity vy and Q to P with a velocity v,. If it moves along
a straight line between P and Q, then its average
velocity will be

2
(@) s by A2
vt v, 2
+
() % (d) zero

If a body is projected vertically up from a point and
it returns to the same point, its

(a) average speed is zero, but not average velocity.

(b) Both average speed and average velocity are zero.
(c) average velocity is zero but not average speed.
(

d) Both average speed and velocity depend upon the
path.

If a ball thrown vertically up attains a maximum
height of 80 m, then its velocity of projection is
(Take ¢ = 10 m s72)
(a) 40 m s~!
()50 ms~!

(b) 20 ms™!
(d) 10 ms™!
A vertically projected down body travels with

(a) uniform velocity.

(b) uniform speed.
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34.

35.

36.

(¢) uniform acceleration.

(d) uniform retardation.

A particle revolves along a circle with a uniform
speed. The motion of the particle is

(a) one dimensional (b) two dimensional

(¢) translatory (d) oscillatory

If u is the initial velocity, of a body projected with
an angle O with the horizontal, then the maximum

height reached

@) u? u’sin©
) —
g 2¢
usin @ u?sin’ @
© 2¢ 2g

If the body is projected up into air with certain angle,
then the path followed by it is
(a) Linear path (b) Elliptical path

(¢) Parabolic path (d) Spherical path

. Which one of the following graph indicates that the

body is at rest?

@ v @) vy, 4)

X

38.

43.

44.

45.

46.

Which of the following graphs given below is
impossible?

(1

39.

40.

41.

42.

If a body travels with an acceleration a; for time f
and acceleration a, for time t,, f; and f, being succes-
sive time intervals, then the average acceleration of

the body is

aty + asty at; + ayt,
2(1+1ty) (1+1,)

9 (a+ay) aty —axty
t+t, (f+12)

If a body covers 26 m and 30 m in the 6th and 7th
seconds of its travel, then the initial velocity and
acceleration of the body are

(@) 4ms™, 4ms> (b) 6ms', 4ms32
() 10ms!, 8 ms= (d) 0, 4m s72

The ratio of maximum heights reached by two bod-

ies projected vertically up is a : b, then the ratio of

(@a:b ) a® b
(©) b:va (d) Va:b

A particle moves along a circular track of 6 m radius

their initial velocities of is

such that the arc of the circular track covered sub-
tends an angle of 30° at the centre. The distance cov-

ered by the body is
(a) mm (b) 137 m
(c) 4rm (d) 67 m

Show that for a body projected vertically up from the
ground, the distance travelled by it in the last second
of its upward motion is a constant independent of its
initial velocity.

A ball is dropped from the top of a tower of height
80 m. At the same time, another ball is projected
horizontally from the tower. Find the time taken by
both the balls to reach the ground.

(Take ¢ = 10 m s72)

A person travels the total distance in two parts in the
ratio 2 : 1 with a constant speed of 30 km h™! in the
first part and 40 km h™' in the second part. What is
the average speed of the journey?

A Dballoon starts rising from the ground, vertically
upwards, uniformly at the rate of 1 m s~ '. At the

47.

48.

end of 4 seconds, a body is released from the bal-
loon. Calculate the time taken by the released body
to reach the ground.

(Take ¢ = 10 m s™?)

A pendulum of length 28 cm oscillates such that its
string makes an angle of 30° from the vertical when
it is at one of the extreme positions. Find the ratio of
the distance to displacement of the bob of the pen-
dulum when it moves from one extreme position to
the other.

A cannon fires a shell with a speed of 84 m s™!. When
the cannon is inclined at 45°, the horizontal distance
covered is observed as 630 m. What is the percentage
decrease in the horizontal distance observed due to
air resistance?
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49.

50.

51.

52.

53.

54.

55.

56.

C

57.

A stone is dropped from a certain height on earth and
it takes 12 seconds to reach the ground. If the same
stone is dropped from the same height on moon, find
the time that it will take to reach the surface of the
moon. Ignore the air resistance.

. _ 1
(leen Zmoon — g gearth)

The distance travelled by a body in the nth second
is given by the expression (2 + 3n). Find the initial
velocity and acceleration. Also, find its velocity at the
end of 2 seconds.

For a body that is dropped from a height, find the
ratio of the velocities acquired at the end of 1 second,
2 seconds and 3 seconds, respectively.

The ratio of distance described by a body falling
freely from rest in the last second of its motion to
that in last but one second of its motion is 5 : 4. Find
the total time taken by the body to reach the ground.

A ball is thrown vertically upwards with an initial
velocity such that it can reach a maximum height
of 15 m. If; at the same instance, a stone is dropped
from a height of 15 m, find the ratio of distances
travelled by them when they cross each other.

A body projected vertically up crosses points A and B
separated by 28 m with velocities one-third and one-
fourth of the initial velocity, respectively. What is the
maximum height reached by it above the ground?

A body is dropped from a certain height. Plot a dis-
placement—time, velocity—time and acceleration—

time graphs of the body.

Given below is the displacement—time graph of a
body moving in a straight line. Find the distance cov-
ered in 4 seconds. Also find the displacement of the
body at the end of 12 seconds.

s (in m)

t(ins)
6 10 12

0 2 AN ! !
1 1
-8 . : AO =0OB

A car moves linearly with uniform retardation. If the

car covers 40 m in the last 2 seconds of its motion,

58.

59.

60.

61.

62.

63.

64.

65.

what is the velocity of the car at the beginning of the
last second?

The horizontal component of vector @ is equal to
the vertical component of vector [; . If 30° 1s the
angle made by d@ with its vertical axis and that made
by b with its horizontal axis, then calculate the value
of b in terms of @ .

In the given figure, determine the force acting along
x-axis if the angle between the force and x-axis is 6 =

30° or 60°.

15N

i

AN

A person travels 6 m towards east, 8 m towards north
and 16 m towards south. What is the displacement of
the person?

The velocity of a retarding body changes from 90 km
Ji! to 36 km /!, Find the change in its velocity in m s™.

A person is running along a circular track of area
625 T m? with a constant speed. Find the distance
travelled and displacement in 30 s and 15 s., if he has
to complete the race in 30 s.

In each of the questions given below, a statement is

provided. State whether the given statement is true

or false. Substantiate your answer by giving the

reasons.

(1) It is not possible for an accelerating body to have
zero velocity.

(2) It is possible for a body undergoing linear motion
to have displacement and velocity in opposite
directions.

(3) It is not possible for a body undergoing lin-
ear motion to have velocity and acceleration in
opposite directions.

(4) It is possible for a body to have uniform speed,
when it is moving with an acceleration.

An object travels for 10 s with uniform acceleration
along a straight line path. During this period if the
velocity of the object is increased from 5 m s™! to 25
m s~ !, then find the distance travelled by the body.

A body is projected vertically upward. If its velocity
after 2 s is 25 m s7!, find the velocity of projection.
(Take g = 10 m s72)
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66.

67.

68.

69.

70.

71.

72.

73.

78.

79.

80.

81.

82.

A stone is projected vertically upward with a velocity of
25 m s7!. Find its time of descent. (Take ¢ = 10 m s72)

A body is dropped from a certain height ‘i’ metres.
Assuming that the gravitational field is nullified,
after the body has travelled //2 metres such that
¢ = 0, discuss the motion of the body. Find an
expression for the time taken by the body to reach
the ground.

Calculate the time of flight of a body which is thrown
upto a height of 5 m from the ground.

An object projected vertically up from the top of
a tower took 5 s to reach the ground. If the aver-
age velocity of the object is 5 m s™!, find its average
speed. (Given, ¢ = 10 m s~ 1).

In case of an oblique projectile or horizontal pro-
jectile, why the horizontal component of veloc-
ity remains constant, but the vertical component of
velocity changes continuously?

A body is droped from a certain height and another
body is projected horizontally. Which one will reach
the ground first?

Ifthe initial velocity of an oblique projectile is 20 m s~
and it makes an angle 60° with the horizontal, what
are the components of velocity in the horizontal and
vertical direction?

Two particles of masses ‘m’ and 4 ‘m’ are moving
along the circular paths of radii r and 2r, respectively

74.

75.

76.

77.

with equal velocity. What is the ratio of centripetal
force acting on them?

A body is projected from the ground with a velocity
of 10 m s7! such that it makes an angle 30° with
the horizontal. What is the horizontal velocity at the
maximum height?

A body is projected horizontally with a velocity 23 m
s~! from a height of 5 m. What is the velocity of the
body on reaching the ground?

A body travels in a semi-circular path of radius 7 m as
shown. If the time taken to travel from A to Cis 11 s,

find

(1) the distance covered.

(2) the displacement.

(3) the speed

(4) velocity.

(5) What is the displacement if it completes the circle?
/E\
A C

A person travels a total distance in three parts in the
ratio 4 : 3 : 1 with a constant speed of 90 km h™!,
20 m~"and 10 m s~, respectively. What is the average
speed of the person while journey?

Are all physical quantities that have magnitude and
direction vectors? Give example to support your
answer. When is a physical quantity called vector?

A body is dropped from a certain height above the
ground. Its time of descent is 5 s. But at t = 3 s, the
body is stopped and then released. What is the remain-
ing time the body should travel to reach the ground?

A body is dropped from a height of 2 m. It penetrates
into the sand on the ground through a distance of 10
cm before coming to rest. What is the retardation of
the body in the sand?

A car starts from rest and moves with uniform accel-
eration of o0 m s~2 along a straight line. It then retards
uniformly at a rate B m s and stops. If ‘t’ is the time
elapsed, they find the average speed of the car.

A ball thrown vertically upwards with a speed
‘u’ from the top of a tower reaches the ground in

83.

84.

9 seconds. Another ball thrown vertically downwards
from the same position with the same speed ‘i, takes
4 seconds to reach ground. Calculate the value of ‘i’
(Take ¢ = 10 m s72)

A train leaves station ‘A’ for station ‘B’. The train
travels along a straight line without any halts
between the stations. During the first and last 200
m of its journey, the train has uniform acceleration

2, respectively.

and retardation both equal to 1 m s~
For the rest of the journey, the train maintains uni-
form speed. Calculate the average speed of the train,

given the distance between the two stations is 4 km.

A ball thrown vertically up from the top of a tower
reaches the ground in 12 s. Another ball thrown ver-
tically downwards from the same position with the
same speed takes 4 s to reach the ground. Find the
height of the tower. (Take ¢ = 10 m s72)
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. Two stones A and B are dropped from the top of two (b) deceleration of the body during the last second of
different towers such that they travel 44.1 m and 63.7 its motion.
m in the last second of their motion, respectively. (c) displacement of the body at the end of 4 s.

Find the ratio of the heights of the two towers from
where the stones were dropped.

Y

. A missile is launched from the ground making an
angle of 45° with the horizontal. If it is required to 84— __
hit the target on the ground at 1600 km, with what 6 :
velocity should it be launched? (Take ¢ = 10 m s72). vT [
Assume the acceleration due to gravity to be uniform (ms™) 47 :
throughout the motion of the missile. 2+ |

[

. If a football kicked from the ground moves with a l | I . X
velocity of 20 m s™! making 30° with the horizontal, 0 ! 2t N 8 4
find its vertical displacement and horizontal displace- (in seconds)

ment after 1 second. (Take ¢ = 10 m s72)

. From the following data, calculate the acceleration in | 91. From the below figure, find the displacement at the

(a) acceleration of the body during the first three sec-
onds of its motion.

each time interval of two seconds and plot accelera- end of 10 s and also find at what rate the velocity of
tion-time graph. the body decreases.
Velocity ms!y 0 25 5 75 10 125 50
Time (s) 0 2 4 6 8 10 40 -
30 A
Does the body have uniform velocity or uniform v T 20 4
acceleration? (ms™)
10
. The below figure shows the distance-time graph of ol T T I~ T T
two bodies A and B. Analyse the graph and answer 10 - T2 3 4 S\X 8 9 1|p
the given questions. 201 t(in second) R i (7]
(a) Which body is travelling faster? jg : E z
(b) What is the distance travelled by them at the end 50 e e ) | o
of 2s? —
=
Y_axis 92. From the adjacent figure a displacement-time graph (7))
B of'a body moving in a straight line. Find the distance [T
15 covered and the displacement of the body at the end -
of 12 seconds.
E RS2 : (¢ ]
8 ol |
g . 1 10 0
S 4
5 6 | i i s 5 | | 2
[ i . [ |
3_ i I f (in m)
/o | | 5
f f f f X—axis I f I
0 1 2 3 4 5 0 2 4 6 &
Time (s) =51 t(ins) —
T (4
. From the below figure, find the .
»
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CONCEPT APPLICATION

True or false

1. True 2. True 3. True 4. False 5. False

Fill in the blanks

Match the following

14 A : ¢ B:d C : fandd D:g E :

Multiple choice questions

15. (d) 16. (b) 17. (d) 18. (b)

22. (a) 23. (b) 24. (a) 25. (b)

29. (d) 30. (d) 31. (¢ 32. (a)

36. (c) 37.(d) 38. (o) 39. (b)

Explanations for questions 30 to 42:

30. When a body moves from P to Q and travels back to
P the total displacement of the body is zero. Average
velocity is also zero.

31. When a body is projected up and it returns to the
point of projection, the average velocity is zero but
not the average speed.

s

32. H, =80m=—

2g

' =80x2x10
u=\4x2x10x2x10=40 ms”

33. A vertically projected down body travels with uni-
form acceleration.

34. The motion of a body along a circle with a uniform
speed can be described as two — dimensional motion.

35. v* —u? =2gh

vy = 0, u; = usin®
2 .2 2.2
u”sin“® wu sin“ 0O

2g 2g

soh

max

6. False

10. displacement 11. less than or equal to 1

36.
37.

38.

39.

40.

7. False

12. same 13. Acceleration

19. (c) 20. (a) 21. (a)

26. (b) 27. (a) 28. (d)

33. (o) 34. (b) 35. (d)

40. (a) 41. (d) 42. (a)
Parabolic path.

In choice (d), the displacement of the body is con-
stant as time passes.

y

i X

In this graph, time remains constant which is
impossible.

change in velocity

Average acceleration = .
time taken

Change in Velocity for time 4 = ajt
Change in Velocity for t, = at,
aity + at,

.. Average acceleration =
(t+1)
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43.

44.

2%26=2u+ a(12-1)
52=2u+11a )
n=7

S7=30=u+§(2><7—1)

60 =2u + 13a ()
Subtract (1) from (2)

60 =2u + 13a

52 =2u + 11la

8 =2a

a=4ms>2

52 =2u+ 11(u)

2u=52—44

2u =8

u=4ms!

a1, i _a
hy b

MZ

But h=—

2g

Hence, h o< u®

”—1=\/E=>u1:u2=\/2:\/6
U, b

42. 6 = 30°
distance covered (I) = /0

=30°><6=§><6m

distance = mm

) 1 v=0
@) ho1rs=uta—5gta2 Hs hm
(ta - s fas
u
(i) S =h=s. -
1 1
= (“ta - Egtf ) - [M(fm) - —g(fa—)z]
1
=ut, ——gt —ut, +u+—t (g)t +§
2 2
distance covered in g g
last one second =u—ut 5 = 5
2h
g
.. ) 2h
(i) From the value of I, find tusing t = [— (1)
g

(111) The initial velocity of the dropped ball and the
initial vertical component of velocity of a hori-
zontally projected ball is zero.

T H= b

(iv) Find time taken by the two balls using 1.

total dist
45. (1) Average speed = ﬂ
() 32 73 k h_l tOtal ame taken
1 - m

1
46. (1) s=ut+ Eat2

(i) Distance traveled by the balloon in 1 second is 1 m.

(111) Calculate the distance traveled at the end of 4

seconds = height at which the body is released.

(iv) Body will have initial velocity in the upward
direction = velocity of the balloon.

(v) Substitute the value of ¢, u and s in equation S
=ut+ % gt? and find .

(vi) 1s

/‘/ 6 30°

47. (i) Displacement = 2r sin@

Distance = Length of the arc = 19
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48.

49.

50.

51.

52.

(1)) The angle made by the pendulum with the verti-
cal is = % the angle made by the arc described
by the pendulum.

(111) The length of the arc = radius of the arc x angu-
lar displacement.

(iv) Does the length of the arc give the distance trav-
eled by the pendulum?

(v) Find the initial and final positions of the pendu-
lum between its extreme positions.

(vi) Is the shortest length between the extreme posi-
tions of the pendulum equal to its length?

(vii) The length of the pendulum gives the value of

displacement.

(viii) 22 : 21

12.5%

2h

g
(1) Calculate the height on earth using equation h =

(i) Time of descent =

% gt? by substituting the values of g and ¢.
(iii) ¢ on moon = —g on earth.

(iv) Find the time taken on moon by using the equa-
tion h = % ¢f%, by substituting the values of h
and g of moon.

v) 126 s

(i) Formula of S,

a

() S,=u +5(2n— 1)

Sn:<1/_ E)

(iii) 9.5 m 57!

(1) v=u-+gt

(il) When the body is dropped, initial velocity = 0.

(111) Substitute values of t in equation v = u + gt and
find the values of vy, v, and v3, for each value of
‘v

(iv) Find their ratio.

v) 1:2:3

Q) S,=u+L@2n—-1)

2
(1)) Using formula of S, relate S, to S,_; for the ratio

given

53.

54.

55.

56.

57.

58.

(i11) Find n, i.e., total time taken

(iv) 5.5s
(i) Time of motion of A = Time of motion of

1
B= 5 Time of descent of B

(i) Let x be the distance traveled by the ball.

Let y be the distance traveled by the stone.

,Zh
(iv) Time of flight= | — h=x+y
g
, 2y
(v) Time of descent of the stone =  [—
g
(vi) Equate 3 and 4 and obtain the relation between
x and y.
(vii) Find the ratio of x and y.
(viii) 3: 1
2
. _ v
@) H= 29
s=ut—"Y gt?
(i) 576 m

Relate equations

(1) Definition of distance and displacement.
(1)) Distance = total path covered
Displacement = shortest path covered between ini-

tial and final points.
(i1i) 16 m, O

i = Ten-1
® S, M+2(2 )

v=u+at
(i1) Find v after n seconds and relate it to the sum of

the distance covered in nth and (n — 1)th second.

(iii) 40 m s7!

ol

307
X

horizontal, component of d, =>a, =acos® and
given
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59.

60.

61.

62.

63.

0=30"=4 = a—3 and vertical component of §
* 2
= b, = bsin® and given 6 = 60°

b
= bsin30 = E

w3 _b

Given a, = b, = = —= b= av3 units.
Y 2 2

F,=Fcos0=15Xcos 0 =15 cos 0

AB=6m,BD =8 m
C
8m N
A em 1B w E
8m S

Then the displacement is AD

= J(AB)*+(BD)’ = V6> + 8
=36+ 64 =100 =10 m

Change in velocity in km h™! = 36 - 90 = - 54 km h™!
—54kmh?'=-54%x5/18ms!'=-15ms"!

Given ground is in circular shape of radius “/” and
Area = 6257 sqm

A=Tr’ =625m =1’ =625 = r =625 =25 m

In 30 s, the distance travelled by him = circumfer-
ence of the circle = 2nr = 272(25) m = 50 mm =
157.14 m.

The displacement = 0, because the starting and end-
ing points are same.
= Now, the distance in 15
distance in 30 s
2

s=

157.14
= = 7857 m

The displacement in 15
s = diameter of circular ground
=2r=2x25=50m.

(1) The statement is false. When a body is pro-
jected vertically upwards, its velocity decreases
as it moves up. This is due to the retardation of

64.

65.

66.

67.

the body caused by the gravitational pull of the
Earth on the body. When the body reaches its
maximum height, its velocity is zero, but it is
still under acceleration due to gravity. Hence, it
is possible for an accelerating body to have zero
velocity.

(2) The statement is false. Velocity is defined as
displacement per unit time. Thus, velocity is also
displacement, but for a unit time. Hence, the direc-
tion of displacement and velocity are one and the
same. Thus, it is not possible for a body undergoing
linear motion to have displacement and velocity in
opposite directions.

(3) The given statement is false. It is possible for a
body undergoing linear motion to have veloc-
ity and acceleration in opposite directions. For
example, if a body is thrown in upward direction,
its velocity is in the upward direction, whereas
its acceleration which is due to gravity is in the
downward direction.

(4) The given statement is true. It is possible for a
body to have uniform speed, when it is moving
with an acceleration. For example, if a body is
moving with uniform speed along a circular path,
the direction of velocity of the body changes con-
tinuously, and thus, it has an acceleration directed
towards the centre of the circular path.

t=10s
u=5ms"!
v=25ms"!
s=7?
s _utv
r2
e = B 0= 150 m
2
u=>7:
v=25ms"!
g=10ms>
t=2s
v=u—gt

25=u—-10Q2) = u=25+20=45ms"

In case of vertical projectile, time of ascent = time of
descent = u/g.
.~ Time of descent = 25/10 = 2.5's.

From height h to h/2 from ground the body travels
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with an acceleration equal to ‘g’. 68. Time of flight = Time of ascent + Time of descent
Thereatter, in the absence of gravity the body moves U
with uniform velocity. T, = ?
Velocity at A, u = 0
. 2
Time taken by body to travel from A to B = Z_”2 = 2gh = u= /2gh

2E 2
- [ |75 [n g=9.8mg
I ey B
¢ £Ne Su=~2X%9.8%5= /98
Velocity of body at B, v = u + at 1 1
=989 ms =99ms

h 2(9.9
O+g><\/;=\/@ T, = ( )EZS

9.8

Time taken by body to travel from B to C with

uniform 69. Le the height of the tower be ‘I’

average velocity =5 m s~!

VCIOCity v= \/@ 1 t2 = i
14

time = 5 s
L [ - Au=0 total displacement = height of the tower
=—==—,/— = average velocity X time
ST e ot
Net time taken by body to reach h BV =\/E ©H=25m

round t =t + ¢ . . .
& roe On applying equations of motion,

h
=JE+1\/E=§\/E 2 s=ut +1/2 af
g 2\Vg 2\¢g c —H=ut—1/2 g~

- —25=yux5-1/2X10X5X%5
1

Alternate method:
u=20ms"

Total distance travelled by the body is

Drawing the v — t graph, we get

Y
TS W’
N =—+—+h=—+25
viy oo A B 2g 2g g
Jhg o 20% 20
! ! = +25=65m
| |
| P IQ
| | X 65 -
0 t tz Average speed = — =13 ms !
— >t 5
Velocity at A= \/@ and 1, = \/E 70. In case of an oblique projectile or horizontal projec-
g tile, the horizontal component of velocity remains

constant because there is no effect of acceleration
Area of AOAP = — due to gravity in the horizontal direction. But the
2 vertical component of velocity changes because the
Thus, area of ABPQ should be equal to h/2.

1 [n So, when a body is moving downwards its verti-
cal component of velocity increases, when a body
is moving upwards its vertical component of veloc-
1 h 3 |k ity decreases. 29. Both the bodies will reach simul-
taneously as they have the same initial velocity and

acceleration due to gravity is always acting vertically.
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71.

72.

73.

74.

75.

78.

Both the bodies will reach simultaneously as they
have the same initial velocity and displacement

The initial velocity; u = 20 m s~

Horizontal component of velocity is u,.

u
cos® == = u, =ucosO
u

s, = 20X cos60°=20x1/2=10ms"

Vertical component of velocity is u,.

. uy .
sin@=—+ = u, = usin®
" y

J3

s, =20 Xsin60° = 20><7 — 103 m s

2
mvy

Centripetal force F= —
R

F m* 2r

1
E  r  4m’ 2

Horizontal velocity remains unchanged, and hence,
it is equal to

3 _
1cos® =10cos30° = 10% =53 ms™"

To find vertical velocity, we can use
v, =+2gh
Substitute ¢ = 9.8 ms2, h=5m

v, =2x98%x5=+/98 =72 = ms"

Velocity on reaching the ground is

Substitute v, =23 m s, v, =498 m 5!

v = \/(\/Z)2 + (\/%)2 =23 +98

=J121=11ms™"

76.

77.

Radius, r= 7 m
Time, t = 11 s 2
(a) Distance covered = Tr = 7 X7=22m

(b) Distance covered =7 +7 = 14 m

(©) Speed = distanc.e covered _ 22 s
time 11
ispl 1
(d) Velocity = w: 1 127 ms”

time 11

() When the body completes full circle, its displace-
ment 1is zero.

Given the ratio of distance = 4 : 3 : 1 with constant
speeds of 90 k m™", 20 m s™' and 10 m s™1. Let ‘d’ be
the total distance covered and velocity = 90 km h™!

=90><§=25ms_1

Let the time taken to cover the first part #

d d d d
=L andd,=—— thent, = o4
” 8% 25 8x25 50
Similarly, then
")
> 8x20 160
and the distance travelled in
Second part = ﬁ= d, and
8
d d
t3 = = —
8x10 80

and the distance travelled in third part = g

total distance
Average speed = ——

total time
()
i+ﬁ+i 414 41
50 160 80

Average speed = 68.9 m 57!

(1) Consider electric current and discuss.
(1) In a circuit the electric current flowing towards

junction is + 5A and away from junction are -3A
and -2A

(1) Net current =+5-3-2=10

(iv) From the above example, find whether the net
current has magnitude and direction.

(v) The 2 hint gives the information whether cur-
rent is a vector or a scalar.

(vi) Does the magnitude of electric current change
with direction?
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79.

81.

82.

@ h=kgt

(i) Using the given conditions, find the height for
the time of descent of 5 seconds. Then find the
distance travelled in the first 3 seconds and find
time needed to travel the remaining distance.

(iif) 4 s

L v= Zgh
S22
(1) a= %

(1) Find the velocity of the body on reaching the
ground. This becomes the initial velocity for the
retardation of the body in sand. Using that data
find the retardation.

(iv) =196 m s2
(1) Average speed =

Total distance _ Areaunderv —t graph

time time

(1))  Plotaw-fgraph foracceleration and retardation.
Take velocity along Y-axis and time along
X-axis.

(iv)  Find the area under the curve.

(v)  Area under the curve gives net displacement.

(vi)  Calculate average speed using the formula

average speed = netdisplacement .

total time
Total time = + £, = ¢

(vi)  Find the velocity using v = u + at for both
acceleration and retardation.

(vit) Equate the two equations.

(viil) Write & in terms of ¢ and # in the equation
obtained from 7.

(ix) Obtain an expression for #; from equation

obtained from 8.
(x)  Substitute the value of t; obtained from 9 in
equation of average speed obtained from 5.
ap

" e+ h

(i) Displacement of the two balls is the same.

(1) Displacement for the body dropped = displace-
ment of the body which is projected upwards
from the top of the tower.

(i11) Let #; and t, be the time taken for the body
dropped and projected.

83.

84.

(iv) Find S; and S, for both bodies using equation S

=ut+ % gt?.

(v) Equate S; and S, and solve u.
(vi) 25 ms>

Let t; be the time taken for the first part, t, for second
part and f3, deceleration part. Then,

s=1/2af
1
200=5><1><t12:t1=205 )
Similarly, t; =205 )
the velocity after #; second is
v = aty
v=1x20
v=20ms"!

Distance to be covered with uniform speed of 20 m
57! is 4000 — 400 = 3600 m

- distance _ 3600

=——=180s
speed 20
Total time = 180 + 40 = 220 s
Average speed = fotal distance
total time
4000 200 4 1
=——=—ms =18— ms

220 1
Ball 1 Ball 2
u (upwards) u (downwards)
Tl =12 S, T2 =4s

For both the bodies, displacement and final veloc-
ity are equal and their initial velocities are equal but
opposite in direction.

1 .
Use s=ut+ Egt2 and substitute u = v — gt,
1 1
gives s=(1/—gt)t+5gt2 $s=vt—5gt2

1 5
=S h=vt——gt
28

1/2 g —vt+h=10
This is a quadratic equation in f.
Similar to ax?> + bx + ¢ =0
If &, B are two roots then
a+ B=-b/a
off=c/a
v

g/2

Sum of roots = t=t,=

16= —
g/2
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85.

86.

87.

r=16x5=80ms!

Product of roots = tt, =

g/2
12Xx4x5=h
h =240 m
Stone A Stone B
g _ &
S, = 5<2n -1) S, = 5(214 -1)
1 63.7
LI == 2u-1)
4.9 4.9
2n—1=9 2n—-1)=13
n=>5s n="7s

n = time of descent (as n is last second)
hon®[h=1/2 gt

hy _ 5
hy  7*

=25:49

Let the missile hit the target in time ‘f and let ‘4’ be
its launching velocity. Then, horizontal distance =
horizontal velocity X time
Substituting
1600 X 103 = u cos @ X ¢
16 X 10° = u X cos 45° X ¢
16X10° = == x1 (1)

V2

When the missile hits the target, its vertical displace-
ment is zero. For vertical motion of missile,

y = (usin6) t—1/2 g
Substituting y = 0
0=t (usin 8—1/2 gi)
_ 2usin® _ 2Xu
¢ 2xi0

u 2u

_X—
V2 V210

u=V16x10° = 4 kms"
To find vertical displacement use the formula
y=usin 0. t—1/2 gf?

Substituting u = 20 m s, = 30°, t= 1,
2

, substituting in (1),

16x10° =

¢=10ms™
y =20 xsin30 X 1 —1/2 X 10 x 12
=20x1/2-5
=10-5=5m
Vertical component of displacement = 5 m.

Horizontal distance = u cos 0 - ¢

88.

89.

90.

Substituting # = 20 m s,

3

cos30° = —
2
t=1s
Horizontal component of displacement

3

=20><7><1=10\/5m

Acceleration
(m 572 1.25 125 125 125 1.25 1.25
Time (s) 0 2 4 6 8 10

The body has non-uniform velocity and uniform
acceleration.

Y-axis

251
2.0+
1.5+
©1.25

81751
< 051

(ms2))

tion

eler

acl

} - - - - X-axis
2 4 6 8 10
Time (s)

(a) Speed is given by the slope of the distance — time
graph. The slope of line B is more than that of A
Hence, speed of B is more than that of A.

(b) Distance covered by A =9 -3 =6m;

Distance covered by B =9 m.

(a) Acceleration of body = slope of v-t graph

8-0 8 o
=——=—ms ".
3-0 3
(b) Acceleration of body = negative slope of
velocity — time graph = B =—8ms2

(c) Displacement of the body is the area under velocity
—time graph = 1/2 X8 X3 +1/2 X8 %X 1 =12

+4 =16 m.

Y
504A
40{™
30 -
20
10+

ms __|0 B 1%

10 12 iC
204 (inseconds) ™.
301 N
40 .|
504 D
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91.

Displacement covered = Area under graph

= Area of (A OAB + A BCD)
—1(50X5)+1(—50)><5
2 2

1

1
=2 (250)=2(250) = 0m

Rate of change in velocity = Acceleration

—50 — (+50)
10

= Slope of graph = =-10ms .

From the graph, it is clear that at the end of 12 sec-
onds, the displacement is zero. The displacement of
the body in the first two seconds of motion is 10 m in
the forward direction. This distance in the first two

seconds (s;) is 10 m. Then for the next 4 seconds,
ie., till £+ = 6 s, the body is at rest (as the graph is a
straight line parallel to the time axis). In the next two
seconds, i.e., by the time ¢t = 8 s, the body retraces
its path and the displacement is zero. This implies
that the distance travelled (s,) in this duration, i.e.,
t=6stot=8sis 10 m. Similarly, in the next
four seconds, i.e., from t = 8 s to t = 12 s, the
body has moved in backward direction by 10
m and then retraces its path to come to the ini-
tial position. Thus, in the last four seconds, i.e.,
t=8stot=12s, the body travels a distance of s3
=20 m.

. The total distance travelled by the body at the end
of 12siss =g+ +s3=10+ 10 +20 =40 m
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REMEMBER

Before beginning this chapter you should be able to:

Review the types of force and define friction
State Newton’s laws of motion and law of conversation

Define Potential and kinetic energies and their derivations,
centre of gravity, transformation of energy and law of
conservation of energy, stability of bodies

Understand equilibrium of bodies, levers, pulley, and
inclined plane

KEY IDEAS

After completing this chapter you should be able to:

Explain Newton’s laws of motion

Understand the different factors that affect friction and
study the advantages and disadvantages of friction

Derive the expressions for different forms of energy
Understand the principle of conservation of energy

Learn the terms associated with a simple pendulum and to
verify the laws of simple pendulum
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INTRODUCTION

Dynamics is the study of motion of bodies while taking into account the cause of their
motion (force).

FORCE IN NATURE

We observe various kinds of forces being applied in our daily activities. We press the tube to
squeeze out the tooth paste or the cream. We pull or push the door in order to open or close
it. This pull or push or press is referred to as force.

Effects of Forces

1. Force can move or tend to move an object, at rest for example, when a football is
kicked, it moves with a certain speed.

2. Force is used to bring an object to rest.

Example: a ball rolling on a rough surface stops after some time, due to the frictional
force between the ball and the surface.

3. Force can increase or decrease the speed of a body.
Example: An iron piece kept near a magnet is accelerated towards the magnet.
4. Force can be employed to change the shape or the dimensions of a body.

Example: When we sit on a cushioned seat, the cushion gets compressed. When a
rubber band is pulled, it gets elongated.

5. Force is used to change the direction of motion.

Example: A car changes its direction when it takes a turn along a curve. An electron
revolving round the nucleus changes its direction continuously due to the electrostatic
force between the nucleus and the electron.

Thus, force can be defined as an agent, which can produce acceleration in a body on
which it acts, or produce a change in its size or shape, or both.
Contact Force

Some forces act only if they have physical contact with the body. Such forces are called
‘contact forces’.

Example: Mechanical force like a push or a pull is a contact force. A spring can be stretched
or compressed by applying a force to it.
Non-contact Force
Forces caused by bodies which do not make contact with each other and act
O through intermediate space are called non-contact forces.
J Force Gravitational Force

/_\ . . . R
When a ball is thrown up into the air, it 1s pulled back towards the Earth due
FIGURE 3.1 to earth’s gravitational force.
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Electrostatic Force

When an electric charge is placed near another electric charge, it experiences a force C Force C

of attraction or repulsion, depending on whether the two are unlike charges or like
charges, respectively.

Force Field

Region or space in which a non-contact force such as magnetic force, gravitational force
acts is called force field. The region surrounding a magnet, where a magnetic substance
experiences a force is called magnetic field of the magnet.

The region surrounding an electric charge, where another electric charge, positive or
negative, experiences a force is called electric field. Thus, a field is a sphere of influence of a
non-contact force. It often extends over large distances.

Centripetal Force

When a body is moving uniformly along a circular path, the magnitude of its velocity
remains constant, but its direction changes continuously. According to Newton’s first
law of motion, a body in motion cannot change its direction on its own. So, a body
moving along a circular path is under the influence of an external force. Force which
can make a body move along a circular path is the force acting perpendicular to the
direction of velocity and always directed towards a fixed point. This force is called
‘centripetal’ force. Its value depends on the mass of the body, magnitude of its velocity
and the radius of the circular path described.

2 FIGURE 3.3

. my
Centripetal force = —

r

Here, m is the mass of a body, v is the magnitude of the velocity or speed of the body and
r1is the radius of the circular path.

Example: One end of a string is tied to a stone and the other end of the string is tied to a
finger and is whirled in a vertical plane.

Centripetal force is exerted by the finger on the stone, and appears as a tension in the
string.

Centrifugal Force

It is the force which acts away from the centre of a circular path. This force is equal and
opposite in direction to the centripetal force. Centrifugal force is a pseudo force and not a
reaction force.

Example: Passengers seated in a car experience an outward push, when the car moves along
a circular path or turns around a curve. This outward push is a centrifugal force. Passengers
are not physically pushed by an external agent, but experience the pseudo force as they are
in an accelerating car.

Rigid Body

A body which is not deformed under the action of a force or a number of forces is known as
a rigid body.

A

FIGURE 3.2

\A

V2
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MOMENTUM (p)

It is easier to stop a tennis ball than a foot ball, when both are moving with the same velocity.
This is because the foot ball has a larger mass than does the tennis ball. A bullet fired from
a gun can easily get embedded in a wooden block. If the same bullet is thrown by hand, it
cannot penetrate the wooden block. Here, the bullet fired from the gun has greater velocity.

Thus, mass and velocity of a body increase the impact or the effect of the force. The
product of mass and velocity of a body defines a physical quantity called momentum. Thus,
momentum is a quantity referring to the motion of a body.

Momentum = mass x velocity
P =mXv
All moving bodies possess momentum. Momentum is a vector quantity. The direction of
momentum is the same as that of velocity since mass is always a positive scalar quantity.

Units of Momentum

By definition, momentum = mass x velocity

. S.I. unit of momentum is kg m s~

C.G.S. unit of momentum is g cm s~
Dimensional formula of momentum:
Momentum = Mass X Velocity

= MLIT!

Find the magnitude of momentum of a body of mass 10 kg moving with a velocity of 5 ms™'.

SOLUTION

Given:

mass = 10 kg; velocity =5 m s™!

Momentum = Mass X Velocity
Sp=mr=10kgx5ms!=50kgms!

A body of mass 5 kg at rest is acted upon by a force. Its velocity changes to 5 m s~!. Find
its initial and final momentum.

SOLUTION

Given
Mass, m =5 kg
Initial velocity, u = 0 m s~

Final velocity, v = 5 m s7!

Initial momentum (p,)



Dynamics [JEX

Since the body is at rest, its initial momentum is zero.
(. p = mass X velocity)
=0
.. Final momentum, (p,)
po = my

pr=06kg x(5ms!)=25kgms!

Unbalanced External Force

The forces acting on a book at rest on a table are
1. force due to gravity acting vertically downwards, and

2. force exerted by the table on the book acting vertically upwards.

These two forces are equal in magnitude and opposite in direction. Hence, the resultant T
of these two forces acting on the book is zero. Such forces are called balanced forces.

Hold one end of a string and from the free end suspend a pan with some weights.

. : W w
Forces acting on the string are
3. force due to gravity W, acting downwards, and 0 (i
4. force exerted by the hand T, acting upwards through the string. FIGURE 3.4

Add weights continuously to the pan until the string gets cut. It is seen that when
the downward force is greater than the upward force, the string gets cut and the pan along
with the weights falls down.

Thus, the body moves if the resultant external force acting on the body is not equal to zero.
If two or more external forces acting on a body cause the body to move, they are referred to
as unbalanced forces.

NEWTON’S LAWS OF MOTION —OBSERVATIONS
OF GALILEO

It was Galileo, who demonstrated the relationship between motion |nclined plane 1 Inclined plane 2
and force. He used two inclined smooth planes on which he rolled a

ball to study the cause of motion.

1. The velocity of the body increases when it rolls down an inclined

plane and it decreases, when the body rolls up the plane.

2. If the ball rolls between two planes, inclined equally, it will
attain the same height on both the sides.

FIGURE 3.5

3. If the inclination of the second plane is gradually decreased, the
ball rolls over a larger distance in order to reach the same height.

4. When the second plane is horizontal, the ball continues to move indefinitely. But in
practice the ball comes to rest due to friction.

5. When the surface of the second plane is rough, the ball would cover less distance.
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Based on the above facts, Galileo concluded that

‘The natural state of a body is not the state of rest. It is the tendency of the body to oppose
change in its state of motion or rest.

Newton formulated laws of motion, based on Galileo’s experiment.

NEWTON'’S FIRST LAW OF MOTION

‘Every body remains in a state of rest or of uniform motion along a straight line unless and
until it is compelled by an external force’
Newton’s first law of motion helps us to understand that

I. an external agent or an unbalanced external force is required to accelerate a body and
2. abody cannot change its state of rest or of uniform motion along a straight line on its own.

First law gives the precise definition of inertia.

Inertia

The tendency of a body to remain in its state of rest or of uniform motion along a straight
line is called inertia. It is due to inertia that an external, unbalanced force must be exerted on
the body to change its state of rest or of uniform motion.

Inertia of Rest
It is the reluctance of a body to change its state of rest.

Example: When a bus starts suddenly, the passengers are thrown backwards. This happens
because the body tends to stay at rest even after the vehicle has started moving.

Inertia of Motion

It is a tendency of a body to continue its motion along a straight line.

Example: Your bicycle continues to move forward for some time even after you stop pedalling.
This is due to the inertia of motion of the bicycle.

Inertia of Direction

It is the inability of a body to change its direction of motion along a straight line.

Example: A person, sitting in a moving car will be pushed towards the left, when the car
turns suddenly to the right. When the car takes the sharp turn to the right, it changes its
direction of motion but the person tends to move in the original direction due to inertia and
is pushed towards the left.

Mass and Inertia

A larger force is required to move a loaded truck from rest than an unloaded truck. The force
depends on the inertia of the body, thus, inertia depends on the mass of the body. A body of
greater mass has larger inertia. Therefore, mass is a measure of inertia.

Thus, all bodies do not offer same resistance to change their state of rest or of uniform
motion.
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NEWTON'’S SECOND LAW OF MOTION

When a force acts on a body, the momentum of the body changes. Larger the force, greater
will be the change in momentum. This is summarized in Newton’s second law of motion.

‘The rate of change of momentum of a body is directly proportional to the net force acting
on it and takes place in the direction of the net force’

A
i.e., F oc =2

At

Derivation of F = ma

Consider a body having an initial momentum p; . Let its momentum change to p; when a
net force F acts on it during a time interval interval At
Change in time Af in momentum = p, — p,
. Change in momentum in unit time = =B

At

P

ie., Rate of change of momentum =

At

But p, =mv (v is the final velocity) and p, = mii (ii is the initial velocity)

v — mii v—ii Av
Rate of change of momentum = o m( ) = m—
At At At
Here, Av is the change in velocity.
AG
From Newton’s second law of motion, F o< mA v
t
_ Av . )
= F o< ma vd = A is the acceleration of the body
t

F=kma

Unit of force is chosen in such a way that it produces unit acceleration in a body of unit
mass. Then the constant of proportionality, k = 1

F = ma

Thus, Newton’s second law of motion establishes that an unbalanced external force is
required to accelerate a body. Force is a vector quantity.

Units of Force
Force has two types of units, namely, absolute unit and gravitational unit.

Absolute unit of force in S.I. system is called newton (N).

IN=1kgx1ms>
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1 newton is that force which acts on a mass of 1 kg and produces an acceleration of 1 m s
Absolute unit of force in C.G.S. system is called dyne.
1 dyne=1gx1cms>

.. 1 dyne is that force which produces an acceleration of 1 cm s™2 in a body of mass 1g.

Relation between Newton and Dyne
IN=1kgx1ms?2 = (1000 g) x (100 cm s72)
=10°gx 10> cm s = 10°g cm s = 10° dynes.
Gravitational unit of force in S.I. system i1s called define Kilogram weight (kg,,) or kilogram
force (kgp).
1 kg = 9.8 N

Gravitational unit of force in C.G.S. system is called Gram weight (g,,) or gram force (g

1 gwe = 980 dynes

Dimensional Formula of Force
F = mass X acceleration
=M! x LI'T2

.. Dimensional formula of force = [M'LIT—2]

IMPULSIVE FORCE AND IMPULSE

When a sharp knock is given to a door, the moving finger has momentum. Once the door
is struck, the momentum of the finger is reduced to zero in a very short interval of time.
As a result the force imparted on the door is very large in a short interval of time, finger get

hurted.

This large force acting for a short interval of time is called impulsive force. The product of
force and time during which the force acts is called impulse.

Impulse = force x time
.. Impulse = mass x acceleration x time = m a X ¢
m(v—u)
= —Xt = mv—mu

t

Thus, impulse can be defined as change in momentum. Like momentum, impulse is a
vector quantity.

Unit of Impulse

Impulse = force X time

. unit of impulse in S.I. system is N s or kg m s~ and in C.G.S. system, it is dyne second or

gcms
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Dimensional Formula of Impulse
Impulse = Fx t = M'L'T2 x T" = M'L'T!

Examples: A cricket fielder lowers his hands while catching a ball. If the ball is caught
without lowering the hands, the fielder will hurt his hands due to a large force. When the
ball is caught by moving the hand in the direction of motion of the ball, the duration of the
impact increases. As a result, the rate of change of momentum decreases, and thus, the force
exerted by the ball on the hand is reduced.

An athlete taking a long jump or a high jump bends his knees before landing. By doing so,
he increases the time of fall. This decreases the rate of change of momentum and this greatly
reduces the impact of fall.

A blacksmith holds the rod in an anvil while striking it with a hammer thereby decreasing
the time of contact, and increasing the impulsive force.

Thus, from the above facts, it is understood that the rate of change of momentum can be
increased or decreased, respectively, by decreasing or increasing the time of contact.

A constant force acts on a body of mass 10 kg and produces in it an acceleration of 0.2 m s™2.
Calculate the magnitude of force acting on the body.

SOLUTION

Given
Mass = 10 kg

a=02ms?2

Force = mass x acceleration (F = ma)
F=(10kg) x (0.2ms?) =2N
Thus, the magnitude of force acting on the body is 2 N.

A cricket ball of mass 100 g is moving with a velocity of 10 m s~! and is hit by a bat so that
it turns back and moves with a velocity of 20 m s~'. Find the impulse and the force if the force
acts for 0.01 s.

SOLUTION

Given,

M=100g¢=0.1kg

Let the direction of the final velocity after being struck by the bat be positive and the initial
velocity before being struck by the bat be negative.
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.. Initial velocity u = =10 m s7!

final velocity v = +20 m s7!
time t = 0.01 s
Impulse = change in momentum
Impulse = m (v — u)

= 0.1[20 — (—10)]

= 0.120 +10]
=0.1x30kgms!'=3kgms!
F=ma
Change in momentum
Force = 5
time
_ Impulse 3 kg ms”
time 0.01s
0.1(20+10 3
.. Force = ( ) = =300 N
0.01 0.01

A car moving at a speed of 36 km h™! is brought to rest while covering a distance of 100
m. If the mass of the car is 400 kg, find the retarding force on the car and the time taken
by the car to stop.

SOLUTION
Since the car is brought to rest, its final velocity, v = 0
Initial velocity of the car, u = 36 km h™! = 36><E =10ms.

Distance traveled by the car, s = 100 m
Mass of the car, m = 400 kg
Force = mass x acceleration (from Newton’s second law)

To find the acceleration, we use equation of motion v = u? + 2as

0 =100 + 200a
—-100
a=——=-05ms"
200
Acceleration is negative because the final velocity (= 0) is less than the initial velocity
(=36 km h™)
S F=mxXa

=400 x =0.5 =-200 N

Here, the negative sign represents a retarding force
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MASS AND WEIGHT
Mass

Mass is the amount of matter contained in a body. Mass of a body is the measure of inertia. Mass
is a scalar quantity. Its unit is kg in SI system and gram in C.G.S. system. Mass of a body does
not vary with position and remains the same everywhere. It is measured by a beam balance.

Weight
It is the force acting on a body due to gravity.
Weight = mass x acceleration due to gravity
W= mg

Weight is a vector quantity. S.I. unit of weight is newton or kg,,. Weight varies from place
to place. Weight of a body is maximum at the poles and minimum at the equator (- g is
minimum at equator and maximum at the poles).

Since gravitational force decreases with height, the weight of a body is less on the top of a
mountain compared to that at the sea level. Weight of a body is measured by a spring balance.

The dimensional formula of weight = [M'L!T—?]

A coconut of mass 1 kg falls from a tree. Find its weight (Take acceleration due to gravity
=9.8ms?)

SOLUTION

Mass = 1 kg
o Weight = 1 kg x 9.8 ms2 =98N

NEWTON'’S THIRD LAW OF MOTION
Statement

For every action, there is an equal and opposite reaction.

@ Action Reaction

FIGURE 3.6

Consider two bodies A and B colliding. A exerts a force on B and this is called action.
According to Newton’s third law, B exerts an equal force on A but in the opposite direction.
This is known as reaction.

Every action is accompanied by a reaction. Thus, we find that forces always exist in pairs.
In other words, a single isolated force cannot exist. Action and reaction do not act on the
same body. They involve two bodies. Hence, they do not cancel each other. It is not required
that the two bodies should have physical contact to exert force on each other.
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Examples:

I. Gravitational force between the sun and the planets.

2. The force exerted between two magnets which are kept apart.

Applications of Newton’s Third Law of Motion

1. In order to bowl a bouncer, a fast bowler has to pitch the ball very hard

Payload on the ground. The ground exerts an equal and opposite force on the

Oxidiver ball (reaction) and this bounces the ball at a desired height.
O X1A1Z!

2. When the fuel of a rocket is ignited, huge amounts of gases escape with

Ly Fuel

1

high velocity through the opening N at the rear end. The force on
—>Fins the gases forms action. The burnt gases in turn exert a force, equal in

Nozzle magnitude but opposite in direction, on the rocket. This is the reaction

//4/////”“\\“\\\ force (Acceleration of the rocket keeps on increasing as the mass is
////////””\\\\\\\\ Expelled gas constantly reduced due to the burning of the fuel).

FIGURE 3.7 Rocket -

different parts Law of Conservation of Momentum

FIGURE 3.8
Newton demonstrated using the equipment shown in the Fig. 3.8, that, if an external force

acting on a system is zero, the total momentum of the system remains constant. The total
momentum of the system of balls is the same before and after collision.

Verification of Law of Conservation of Momentum

M+ Mo M1 Mo
uq uo VA 2
W= = O— o
Before collision After collision
FIGURE 3.9

Consider two bodies A and B of masses M; and M, and let u; and u, be their initial
velocities, respectively. Let the two bodies collide with the collision lasting for t seconds,
during the time of which their velocities change.

Let vy and v, be their velocities after collision. From the second law of motion, we have.

AP

Rate of change of momentum of A, F, =
t

APy

Rate of change of momentum of B, FB =
t
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From Newton’s third law,

The force exerted by A on B is equal and opposite to the force exerted by B on A.

5B, __AB,
t t
Ap, = Myvy — Myuy
Similarly, Ap, = Mov, — Mou,
Movy — Moy = —(Myvy — Myuy)
(Myuy + Mouy) = (Myvy + Mowy)

.. Total momentum before collision = total momentum after collision.

A bomb of mass 6 kg initially at rest explodes into two fragments of masses of 4 kg and
2 kg, respectively. If the greater mass moves with a velocity of 5 m s, find the velocity of
the 2 kg mass.

SOLUTION

Given, M, = 4 kg
M, =2 kg
Since the bomb is initially at rest, U = 0.
[ts initial momentum = MU =6 X0 =0

vy =5ms’!

v, =7
Using the law of conservation of momentum
MU = myvy + myv,
0=4x5+2xn,

1e., 0=20+2xuw,

-20 _ . . . ) L
Cy,=—==10ms Ly sign of v, implies that 2 kg mass moves in the direction

opposite to 4 kg mass.

Normal Force

Consider a block of wood of mass ‘m’ at rest on the surface of a table.
[ 1
| |

:mg
FIGURE 3.10
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R The force acting on the block is the force due to gravity = weight of the block = mg

R =mg This force is acting vertically downwards. Since the block is at rest, the net force

acting on the block must be zero, i.e., there should be a force acting vertically upwards
mg

and should be equal to mg. This is the force exerted by the table (on the block) acting
FIGURE 3.11 perpendicular to the surface of the table, and is called normal (reaction) force.

Thus, normal force can be defined as the force experienced by a body in a direction
perpendicular to the surface, when it is pressed against that surface.

The units of normal force is newton in S.I. system and dynes in C.G.S. system. This
normal force, in this case is the reaction force exerted by the table on the body. The normal
reaction force, however, is not always equal to the weight of the body mg. It depends on various
factors.

Normal Reaction on a Body Placed on an Inclined Surface

When a block of wood is placed on smooth inclined plane, inclined at an angle 6, to
the horizontal, the force acting on the block is the force due to gravity acting vertically
downwards. This force has two components:

W =mg

0

FIGURE 3.12 FIGURE 3.13

I. one along the plane = mg sinf

2. one perpendicular to the plane = mg cos6

Since the block is sliding down the plane and has no motion along the direction
perpendicular to the plane, net force along the perpendicular direction is zero

ie., R —mg cosO =0
R = mg cos0

Thus, the normal reaction in this case is not ‘mg’ but ‘mg cos6’

Normal Reaction Under the Action of an Applied Force

s CoOnsider a block of wood placed on a horizontal surface. Let the block be

: pulled by a force ‘P’ as shown.

I. Perpendicular component of P, i.e., P sin6 acts vertically upwards.

2. The weight of the block is balanced by R + Psin6, where R is the normal
reaction.

W =mg
FIGURE 3.14
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R + Psinf = mg
R =mg — Psinf

Thus, the normal reaction decreases when we pull an object.

Case (2)
R-Psin®
If the block of wood is pushed by a force ‘P’ which makes an angle 0 with
the horizontal, then the perpendicular component of P, i.e., (P Sin6), acts P P
vertically downwards
Thus, the weight of the block is balanced by R — Psinf, where R is the
normal reaction. W =mg
R — Psinf = mg FIGURE 3.15

R = mg + Psin0

Thus, the normal reaction increases when we push an object.

FRICTION

‘When a ball rolls over a surface, it slows down and comes to rest after travelling for a certain
distance. According to Newton’s first law, the ball cannot come to rest on its own.

Thus, there should be some force which opposes the motion of the ball over the surface
in contact. This force should act in a direction opposite to the direction of the motion of the
ball to cause a deceleration. This force is known as frictional force or friction. Thus, friction
is the force which opposes relative motion of one body over the other.

Motion of the body

Frictionallfj:e _l _— "//////////////////////////////////////

707072

Surfaces in contact

FIGURE 3.16

When we observe the contact surfaces of the bodies under the microscope, the surfaces
have many ridges and depressions causing unevenness, though they appear to be smooth.
When the surfaces of the two different bodies are brought in contact with one another, their
irregularities interlock and this opposes relative motion of one body over the other. In order
to overcome this, a force has to be applied.

Types of Friction

There are three types of friction, namely,
I. Static friction
2. Kinetic or dynamic friction
3. Rolling friction
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Static Friction

P Place a wooden block on a table. Fasten a string to the block, and to the free end

of the string, attach a scale pan. The string is passed over a pulley (P). Add a small

|_| |_| weight to the scale pan which would tend to move the block but not set it in

FIGURE 3.

[ |

motion, i.e., the block is still at rest. This is due to frictional force, which does not
17 allow one body to slide over another and this is called static friction.

Thus, static friction comes into play whenever the two surfaces are stationary,
relative to each other, in spite of an external force being applied to the body in the
direction of the plane of surfaces in contact. Here the friction balances the applied force.

Increase the weight in the pan gradually so that the block just begins to move. This weight
corresponds to the maximum value of static friction which comes into play, and just allows
the body to slide on another body. This maximum static friction is called limiting friction.

Frictional force always acts in a direction opposite to that of the motion of the body.

Laws of Limiting Friction
I. Limiting friction depends on the nature of the surfaces in contact, provided normal
reaction remains the same.

Example: When a ball is given the same initial velocity on two different surfaces, it
covers different distances.

2. The force of limiting friction varies directly as the normal reaction
F,oc N
F, = uN
Here, F; is the limiting friction, N is the normal reaction and L is the co-efficient of
static friction.

3. The force of limiting friction is independent of the area of contact provided normal
reaction and nature of the surface remains constant.

Experimental Verification of Laws of Limiting Friction

1. Take a plastic box and a wooden box of the same weight. Place each

| pulley one of them on the table and apply force by adding weights to the scale

pan (as shown). Note down the limiting frictional force in each case,
Weight that would be required to make the box to start sliding over the table.
This shows that the limiting friction depends on the nature of surfaces,

since different bodies were used in the two cases.

FIGURE 3.18 2. Place a book on the table and slide it on the table by adding the

weights to the pan. Note down the maximum force required to just

slide the book. Now place two books one above the other and again
determine the limiting friction (maximum force required just to slide the books). The
weight of the books gives the normal reaction. Repeat the experiment by increasing the
number of books (weight increases).

Find the ratio of limiting friction and the normal reaction.

limiting friction

It is found that the ratio is constant, i.e., = constant = LI (coefficient of friction)

Normal reaction
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Thus, limiting friction is directly proportional to the normal reaction. This implies that
greater the normal reaction, greater is the friction.

Sliding or Dynamic or Kinetic Friction

When a body slides over a surface, the friction developed between the sliding body and the
surface on which it is sliding is known as kinetic or dynamic or sliding friction (f,). The
kinetic friction of a body is directly proportional to the normal reaction and does not depend
on the velocity with which it is moving.

Mathematically,
fec R
or

Je= e R

where ‘p,’ is a constant of proportionality called coeflicient of kinetic friction. ‘.’ depends
on the nature of the materials of which the bodies are made, nature of the surfaces in contact,
but not on the velocity with which the body is moving.

Dynamic friction is less than the static limiting friction.

Rolling Friction

It is the frictional force which comes into play when a body rolls over the other. It is always
easier to roll a body over a surface than to drag it. Thus, rolling friction is less than Kinetic
friction, which in term, is less than static friction.

1. All vehicles are provided with wheels.

2. Ball bearings are used in cycles, and machine parts, etc., to minimize friction.

Rolling friction of a body is directly proportional to the normal reaction acting on the body.

f,c R

Here, p, is the proportionality constant and is called coefficient of rolling friction.

U, depends on the nature of the surfaces in contact

Thus, coefhicient of rolling friction is the ratio of rolling friction on a body to its normal

reaction.

Vo f(>h>0 5 > > L

2. Rolling friction increases with increase in area of contact.
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Friction in Fluids

Fluids also exert friction on the bodies moving through them. But the friction of the fluids is
less compared to that between the solid surfaces. If the velocity of a fluid increases, frictional
force also increases.

Example: Shooting stars or meteors enter the Earth’s atmosphere from space. As they enter,
they glow due to the large amount of heat produced. The heat is generated due to friction
of air.

Viscous Force

Adjacent layers of a fluid oppose the relative motion between them. Thus, there exists a
frictional force between the fluid layers. This frictional force 1s known as viscous force. Ghee
is more viscous than water.

In order to minimize frictional force, racing cars, aeroplanes, space ships, boats, ships, etc.,
are specially designed (stream-lined). Fishes and birds have stream-lined bodies. Friction due
to air is smaller than that due to water. Hovercraft which moves a little above the surface of
water moves faster than ships and boats.

Advantages of Friction

. Without friction, it is not possible for us to walk on the floor. If the surface on which
we walk is perfectly smooth, we tend to skid and we are unable to walk.

2. The friction between the lateral surface of a match box and the head of the match
stick enables us to light the match stick. When we rub the head of the match stick
on the rough surface of the match box, due to the friction between the two, heat is
developed and the developed heat is enough to ignite the fuel present in the head of
the match stick. We cannot light the match stick on rubbing it against a smooth plane
glass surface.

3. Itis friction which makes it possible to hold an object in our hand.

4. It is the friction between the brake liners and the brake drum of a vehicle which helps
in stopping a moving vehicle when brakes are applied.

5. Fixing nails to walls and screws to boards is possible only due to friction.

6. Friction between the chain and the wheels helps us to transfer motion from one part
of a machine to another.

7. Writing with chalk on a board is possible only due to friction between the surface of
the board and the chalk.

8. The friction between meteors and the atmosphere produces heat to such an extent that
the meteors are burnt out in the atmosphere itself before they strike the Earth’s surface
and this averts disasters.

9. It is possible to place dishes or any object on the ground or a table due to frictional
force.
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Disadvantages of Friction

I. Friction causes the wear and tear of machine parts and this leads to the damage of
machinery.

2. Friction produces heat and more energy is required to overcome it.

3. Friction causes loss of energy during transformation of energy from one form to another.
This should be minimized.

4. Friction generates heat, and this increases energy consumption. Moreover the heat
produced damages the machine parts. In some machines, the heat generated due to
friction is removed by circulating water.

Methods to Reduce Friction

I. Friction can be reduced by using lubricants (materials that are used to make motion
smoother).

Lubricants can be a solid, liquid or in the gaseous form.
Solid lubricant — boric powder, talcum powder, etc.
Liquid lubricant — oil, ghee, etc.

Gaseous lubricant — air, oxygen, etc.

Example: Boric powder is sprayed on carrom boards, which reduces friction between the
board and the striker, caroms, etc.

Lubricant changes the nature of the surfaces in contact. This reduces ‘1.

2. Friction can be reduced by polishing the surfaces in contact. But over polishing increases
friction.

3. Sliding friction can be converted to rolling friction by pulling modifications in
arrangement. This reduces friction.
Example:
* A suitcase with wheels and without wheels.

* Ball bearings are used in automobiles and machines.

4. Automobiles, aeroplanes and ships are specially designed to reduce friction. This is
known as stream-lining. Fishes and birds also have stream-lined bodies.

FIGURE 3.19
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WORK

When we push or pull a body at rest, it may or may not be set into motion. When the body
1s set into motion, we say that some work is done. We may apply a large amount of force on
a wall and try to displace it. Since the wall does not move or get displaced, we say work is
not done. From these examples, it is clear that whenever force is applied on a body and the
body gets displaced, work is said to be done. Sometimes, instead of the total force applied
on a body, only a part of it may be responsible to bring the body into motion from rest. In
such a situation also, work is said to be done.

“Work is said to be done when a net force acting on the body, displaces the body in the
direction of the force’

The work done on a body is proportional to the net force acting on the body and the
displacement produced by the force on the body.

Mathematically,
Woc Fand Woc s

‘W7, ‘F and ‘s’ are work done, applied force and displacement of the body in the direction
of force, respectively.

From the above, we get
In F = kms
Unit of force is defined in such a way that k = 1
W o Fs

W = k Fs, where ‘k’is a proportionality constant and the unit of force work is defined in such
a way that K= 1.

Hence, W = Fs

Thus, when one unit force applied on a body produces a displacement
F ¢ of one unit in the direction of force, one unit of work is said to be done.

Consider a lawn roller being pulled as shown in Fig. 3.20. The direction

‘ >| of applied force is in the direction of displacement. Hence, the total force

applied is utilized and is responsible for the displacement of the roller.

FIGURE 3.20 Thus, we can write work done, W/ = Fs.

But when the direction of applied force makes an angle ‘0" with the
direction of displacement as shown in Fig. 3.21, the total force applied is
not responsible for the movement of the roller.

Only a part or a component of force which is equal to ‘F cosf is responsible for the
displacement of the roller. Hence, in this case, work done is given as,

W = (F cosb) s or W = Fs cos0

< IF So, in general we can express the work done as the ‘product of
| displacement of a body and the component of force responsible for the
----»Fcos  displacement of the body’. The component of force responsible for the

displacement will be in the direction of displacement and generally it

FIGURE 3.21

is ‘F cos 6 where 0 is the angle between the directions of force and
displacement. Hence, the general way of expressing work is /= Fs cos0.
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Case (i) If 6 < 90°

W = Fs cosf = work done is positive as cosf > 0 when 0° < 6 < 90°
Case (ii) If 6 > 90 = work done is negative as cosf < 0 when 90° < 6 < 180°
Case (iii) If 8 = 90° = work done is equal to zero as cos 90° = 0

Example: In uniform circular motion, work done by a centripetal force is equal to zero since
centripetal force and displacement of the body are perpendicular to each other.

—I NOTE I

1. If the net force is perpendicular to the displacement, the work done is always equal to
zZero.

2. Work done is equal to zero, if s = 0 or F =0

In the case of pulling or pushing a lawn roller, work is done on the lawn roller.

In the case of pulling or pushing a lawn roller, work is done on the lawn roller.

When we use a pressure cooker, the steam produced in the cooker due to pressure pushes
up the weight kept on the lid where work is done by steam. Work is a scalar quantity.

Units of Work

The C.G.S. unit of work is ‘erg’ (which is derived from the Greek word ‘Energia’ meaning ‘in
work’) and the S.I. unit of work is joule(J) (in honour of the English scientist James Prescott
Joule).

1 erg=1dyne x 1 cm.

Hence, one erg is defined as ‘the work done when a net force of one dyne displaces a body
through one centimetre in its direction’.

Similarly, 1 joule = 1 newton x 1 metre.
Hence, one joule is defined as ‘the work done when a net force of one newton displaces
it through one metre in its direction’.
Dimensional Formula of Work
Work = (Force) (displacement)
W = Fs
[VV] = [MlLlTLZ]- [Ll] = M2 T2

.. Dimensional formula of work is [M'L>T?]

POWER

Consider a man lifting a load through a certain height in 10 seconds. The same load can be
lifted by a boy through the same height in 15 seconds of time. Then we say the man is more
powerful as he has done the same work faster; and the boy is less powerful as he has done the
same work taking more time. Hence, when we talk about power, the time taken to do the
work is also considered; and not the amount of work alone.
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Thus, power is defined as the rate at which the work is done

work done
Power =———

time

Le., P= w
t

Since both work done and time, are scalars, power is also a scalar quantity.

If a force (F) acting on a body makes the body undergo uniform motion such that the body
covers a displacement (s) in time (f), then power

W Fs S
P=—=—=F|—-|=Fv
t t t

where, ‘v is the velocity of the body.

So, power can also be expressed as P = Fv

Unit of Power

Unit of power is watt (I7)

k
Power = vx.for
time
=1 Ww=1Js!
1 joul
1 watt = ﬂ
1 second

Thus, power is said to be 1 watt when 1 joule of work in 1 second. Other commonly used
units of power are kilowatt and horsepower.

I. Kilowatt (kW):

1 kW = 1000 watts
2. Horsepower (hp):
1 hp = 746 watts = 0.746 kW

1
or 1kW=——nhp=1.34h
0.746 P P

Dimensional Formula of Power

work displacement
- = Force X ——
time time
=ML'T2x LI/T!

— M1L1+1T—2—1 — M1L2T—3

Power =

ENERGY

When we do not eat food, we feel weak and cannot do any work. When we consume food,
we get the capacity or ability to do work.

This ‘capacity to do work is known as energy’. The word ‘energy’ is derived from the
Greek word ‘energia’, which means ‘in work’. Hence, the units of work and energy are same.
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Examples of Energy

I. Sound energy is produced when an object vibrates. The sound vibrations cause waves
of pressure that travel through a medium, such as air, water, wood or metal. Sound
energy is a form of mechanical energy. Hence, sound is a form of energy.

2. Heat produced in a pressure cooker due to the building up of pressure can lift the
weight placed on the lid upwards. So, heat is a form of energy.

3. At the microscopic and atomic level, the light incident on certain metallic surfaces can
cause emission of electrons from the surface. So, light is capable of doing work and is
also a form of energy.

4. A magnet placed near a toy car made of some magnetic material like iron can attract
it and make it move. Hence, work can be done by magnetism; this form of energy is
called magnetic energy.

5. Electricity flowing through conductors can make the machines move and this is
electrical energy.

6. The energy possessed by bodies on account of their position or motion or arrangement
is called mechanical energy. The water stored in the dam or the flowing water is
capable of doing work and that is an example of mechanical energy.

7. The energy possessed by atoms of elements or molecules of compounds, such that it
is released and capable of doing some work when a chemical reaction takes place is
known as chemical energy.

8. The energy released during nuclear reactions is known as nuclear energy.

Units of Energy

Energy 1s measured in terms of the work done by a body. Therefore, the unit of energy is
same as that of work.

C.G.S. unit of energy is erg.

S.I. unit of energy is joule (]J).

Some other common units of energy used are
1. watt hour
2. kilowatt hour
3. electron volt

4. calorie

Kilowatt Hour

It is a widely used commercial measure of the electrical energy consumed. It is defined as the
‘electrical energy consumed when an electric power of one kilowatt is used for one hour of
time’.
1kW h=1kW x 1 hour
= 1000 watts x 3600 second
= 36 x 10° watt second
= 3.6 x 10° joule
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Electron Volt

It is defined as electric work done when an electron moves between two points in an electric
field maintained at a potential difference of one volt.

1eV=1.6x10"1]

Calorie

Calorie is defined as the amount of heat energy required to raise the temperature of one gram
of pure water from 14.5°C to 15.5°C.

MECHANICAL ENERGY

Mechanical energy is the energy possessed by a body on account of its position, or motion
configuration. Mechanical energy can be further classified into potential and kinetic
energy.

POTENTIAL ENERGY

It is defined as the energy possessed by a body by virtue of its position or state.

Examples of Potential Energy

We have to wind the spring of a toy, in order that it may work. This work is stored in the
wound spring in the form of potential energy. As the spring unwinds, it uses the potential
energy to set the toy in motion.

Water stored at a height possesses potential energy due to its position. When water falls
from a height, it rotates the blades of a turbine, which in turn generates electrical energy.

In mechanics, we deal with two types of potential energy. They are gravitational potential
energy and elastic potential energy.

Gravitational Potential Energy

A body dropped from a height falls to the ground. This is due to the work done by the
gravitational force acting on the body. Gravitational force of attraction acts on the body in
the downward direction (towards the Earth’s surface) and displaces it through a certain height
(from which it is dropped). Hence, work is done by the gravitational force.

On the other hand, if we want to lift a body in the upward direction, we must apply force
on the body in the upward direction and displace it through a certain height. Hence, we do
some work on the body against the gravitational pull. So, in giving a position to a body at a
certain height from the ground, we do work on it and this work is possessed by the body as
the energy which is known as ‘gravitational potential energy’.

So, gravitational potential energy is defined as ‘the energy possessed by a body by virtue of
its position’ (with respect to the surface of the Earth).
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Derivation of an Expression for Gravitational Potential Energy -1 T
Consider a body of mass ‘m’ resting on the ground. Its weight ‘mg’ acts vertically h
downwards towards the centre of the Earth. In order to lift the body through a certain _m9 l
height ‘i’, we apply a force ‘F equivalent to its weight in the upward direction. LT
—_ ]
~.work done on the body, W A
= force (F) x displacement (h) FIGURE 3.22
= (mg) x (h) = mgh
This work done on the body is stored in it in the form of gravitational potential energy.
Therefore, gravitational potential (PE.) = mgh.
Elastic Potential Energy
A spring which is compressed can do some work. If a small ball is kept on the compressed
spring and then it is released, the ball is pushed away. So, work is done by the spring. So, a
compressed spring has the energy stored in it by its state of compression. Similarly a stretched
or extended spring too has energy stored in it by its state of extension. Such stored energy is
known as ‘elastic potential energy’. So, elastic potential energy is defined as the ‘the energy
possessed by an elastic body by virtue of its state of compression or extension’.
% s
HOOKE’'S LAW !
Consider a wire of length ‘¢’ and area of cross—section ‘A’ fixed to a rigid support as
shown, in Fig. 3.23. \L
To the free end of the wire, a scale pan is attached. MT_
Increase the weights in the scale pan in steps of 50g and note down the change in w Y
the length of the wire (A /). waw,

S.No Weight  Extension (A 2) A 2/2 (F/A)/ (A 2/ 2) TSI

1 W

2 W +50¢g
3 W+ 100 g
4 W + 150 g

The ratio of change in length to the original length of the wire is called strain.

: AV
Strain = —
Force acting per unit area is called stress.
Force
Stress =
Area

Find out the ratio of stress to strain. It is found that this ratio is a constant up to a certain
limit called elastic limit. Thus, Hooke’s law states that ‘within the elastic limit, the ratio of
stress to strain is constant.
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stress oc strain = Stress = E X Strain

stress
or — =
strain

where E is a constant called “Young modulus’ (in honour of Thomas Young).

When you elongate or extend or stretch a spring, the force developed in it is
' found to be directly proportional to the magnitude of extension. Mathematically,
stress E F o« x, where F and x are force applied to the spring and the extension of the
| spring, respectively. Then F = kx, where ‘K’ is the constant of proportionality
5 A called ‘elastic constant’ or ‘spring constant’ or ‘force constant’.
strain —> The graph of stress versus strain of an elastic body is as shown in the Fig. 3.24
FIGURE 3.24 and A is the strain corresponding to the elastic limit of the body.
Derivation of Expression of Elastic Potential Energy
cosssseqaseases  sossessgeasesss Consider a spring of a certain length suspended from a rigid support and a
block of some mass attached to it Fig. 3.25(a). We do some work on it when
we apply a force and give it an extension Fig. 3.25(b).
Work is done on the spring from a state of zero extension to a state of
_____________ extension = ‘x’.
Fig. (a) [ . . .
X ‘When the extension is zero, the force applied on the spring F; = k(0) = 0.
l“Fig. o When the extension is ‘x’, the force applied on the spring F, = k(x) = kx
F+FE O+kx kx
FIGURE 3.25 .. Average force F = ——== =—
2 2 2
". work done on the spring, W = (Average force) x (Total extension)

k
— W= xx
2

1
= W= = kx?
2
This work done on the spring is stored in it in the form of elastic potential energy. Hence,

1
elastic potential energy (E.PE.) = > kx?

KINETIC ENERGY

It is defined as the energy possessed by a body by virtue of its motion. To set a body, which
is at rest, into motion, we apply force on it and set it into motion. Thus, the force we apply
displaces the body and work is done. This work done on the body is stored in it in the form
of kinetic energy. The body which is set in motion can put another body, which is at rest,
into motion, just as a moving billiard ball hits a stationary ball and makes it move. Thus, the
moving body is capable of doing work by virtue of its motion.

Example: A bullet moving with a high velocity possesses kinetic energy. Due to this, the
bullet can penetrate the object it strikes.
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Derivation of Expression for Kinetic Energy

Consider a body of mass ‘m’, which is at rest’. Let a constant force ‘F act on it and displace
it through a distance ‘S’ in time ‘¢’

F F
—> —

Velocity = 0 Velocity = v
< S 4

FIGURE 3.26

Let ‘v’ be the velocity of the body at the end of time ‘¢

change in velocity

The acceleration produced in the body a = - -
time interval

= q=2"" (since u = 0)
t
a=2 3.1)
t
.. Force acting on the body is given by,
F=ma= m= (3.2) (from equation (3.1))
t
The displacement of the body is given by,
s = average velocity x time
v+u
= 5= t
(3)
o (v+0 (= vt —0 1.3
.S > > (v u=0) (3.3)
Work done by the force is given by,
- >
W =F-§S (3.4)
mv vt
= PR (from (3.2) and 3.3)
mv’
W ="
2

Kinetic energy can be expressed as the amount of work done by the body before coming
to rest.

o 2
.. kinetic energy = Emv

L.
KE. = —mv
2
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l C ¥

ground

FIGURE 3.27

WORK ENERGY THEOREM

Statement

Work done on a body by a resultant force acting on it is equal to the change in the kinetic
energy of the body

work done, W= A KE
where, AKE is the change in kinetic energy.

Relation between Kinetic Energy and Momentum

The momentum of a body is given by p = mv, where ‘m’ and ‘v’ are mass and velocity of the
body, respectively.

1
Kinetic energy of the body is given by K.E. = > mv?

CKE. = > (m) =~
.KE. == (m)v=— pv
2 2 !
2
_1 (ﬁ)zf’_
2p m 2m

LAW OF CONSERVATION OF ENERGY

Statement

Energy can neither be created nor destroyed, but it can be converted from one form to
another. The law of conservation of energy is one of the fundamental laws of nature.

Verification of the law of conservation of energy in the case of a freely falling body

Consider a body of mass ‘m’ at rest at a certain height ‘4’ above the ground as shown in
the Fig. 3.27. The total energy of the body at position ‘A’ is equal to its potential energy
as its velocity at the point is zero and so its kinetic energy is zero.

“.potential energy at A, P.E.; = mgh.

1
Kinetic energy at A, K.E. 4 = EM(())Z =0

.. Total energy at A, T.E., = P.E.; + K.E.;, = mgh + 0 = mgh (3.5)

When the body is dropped, it falls down towards the Earth due to gravitational force.
Hence, gradually its potential energy decreases and kinetic energy increases. Consider a point
‘B’ 1in its path where it has both potential and kinetic energy.

If “x’is the height of position ‘B’ from the ground, displacement of the body = h — x.
If ‘v’ is the velocity of the body at ‘B’, then v? = > + 2¢s = 0% + 2¢ (h — x) = 2¢ (h — x)

Now potential energy at B, P.E.z = mgx

L 1 1
Kinetic energy at B, K.E.g5 = 5 m> = 5
.. total energy at B, T.E.y = P.E.z + K.E.p

m 2g (h—x) = mg (h— x) = mgh — mgx
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T.E.g = (mg x) + (mgh — mgx)
= mgh (3.6)
Finally at the ground, i.e., at position ‘C’, the height of the body is zero.
.. Potential energy at C, P.E.. = mg (0) =0
If ‘v’ is the velocity of the body on reaching the ground, then, v> = 2gh

1 1
.. Kinetic energy at C, K.E.¢c = 5 my? = 5 m (2gh) = mgh

Thus, the total energy at C, T.E.C = P.E.o + K.E.¢
T.E.c =0+ mgh = mgh (3.7)

From equation (3.5), (3.6) and (3.7), it is clear that at any position in the path of a freely
falling body, its total energy is constant. Thus, the law of conservation of energy is verified in
the case of a freely falling body. Similarly, the law of conservation of energy can be verified
in the case of a body projected vertically up.

Law of Conservation of Energy in the Case of a Simple Pendulum

The law of conservation of energy can be verified in the case of a simple trrsssriprssiiss
pendulum too. Consider a simple pendulum, suspended from a rigid support as
shown in the Fig. 3.28.

Position ‘A’ is the mean position of the pendulum bob. If the bob is displaced
towards the right (position B) or left (position C), it has only potential energy as
the velocity of the bob at these extreme positions is zero. As the pendulum bob ¢ B

moves towards the mean position ‘A’, all of its potential energy is converted into I x
kinetic energy. Hence, when the pendulum moves from one extreme position A
(say C) to the mean position (A), total energy is converted from the potential to
the kinetic energy and when it crosses the mean position and moves to the other FIGURE 3.28
extreme position (say B), its total energy is converted from kinetic to potential
energy again.
In between the mean position and the extreme positions, the energy of the bob is partly
kinetic and partly potential.

Transformation of Energy

According to the law of conservation of energy, energy can neither be created nor destroyed;
but can be converted from one form to another. Following are some examples of conversion
of energy from one form to another.
I. When we rub hands, the mechanical energy due to friction between the hands is
converted into heat energy.

2. When a knife is rubbed against a grinding stone, the mechanical energy changes into
heat, light and sound energy.

3. When brakes are applied to a vehicle, at the point where the brakes rub against the
wheel, the mechanical energy changes to heat energy.
4. When a clock having a main spring is wound, the mechanical energy is converted into

potential energy of the spring. This potential energy of the main spring of the clock
changes into kinetic energy of the hands of the clock.
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5.

6.

1.

8.

9.

10.
11.

12.
13.

14.

When a bow with an arrow is stretched, work done in stretching is stored as potential
energy of the bow and this potential energy of the bow is transformed into kinetic
energy of the arrow when the arrow is released.

Water stored in a dam has potential energy and this is converted into the kinetic
energy of water when released. This kinetic energy of water can be converted into
mechanical energy by making it fall on the blades of a turbine and can rotate them.
The mechanical energy of the turbine can be converted into electrical energy, which
can be transmitted to distant places and transformed into various other forms.

When a torch is switched on, the chemical energy of the cells is converted into
electrical energy and that in turn is converted into light energy by the bulb.

An electric motor of a mixer cum grinder transforms electrical energy into kinetic
energy, of its blades.

A microphone converts sound energy into electrical energy and a speaker converts
electrical energy back into sound energy.

In an electric heater, oven or a geyser, etc., electric energy is converted into heat energy.

In a steam engine, the heat energy of the steam is converted into mechanical energy,
of the engine.

In an electric generator, the mechanical energy changes into electrical energy.

When a fuel is burnt, the chemical energy of the fuel is converted into heat energy, of
the engine.

During the charging of a battery, the electrical energy is changed into chemical energy.

What is the work done in bringing a moving body to rest in a distance of 2 m, by applying a
force of 4 N?

SOLUTION

Work done = Force x displacement

Since the body is brought to rest, the force applied is a retarding force (F)

F=4N
S=2m

. Work = force x displacement =4 x 2 =8 ]

A labourer climbs up a staircase carrying a load of 10 kg on his head. The staircase has
20 steps and each step 1s 0.2 m high. Find the work done by the labourer in carrying the
load. (¢ =10 m s™2)

SOLUTION

Load is lifted against gravity, hence, work is done against the gravitational force.

". work done = mgh = potential energy

Height of one step = 0.2 m
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Height of 20 steps = Total height = h = 20 x 0.2 = 4 m
m = 10 kg
. work done = mgh

=10 x 10 x 4 = 400 ]

A body of mass 2 kg is accelerated from rest to a velocity 20 m s™! in 5's. What is the work
done and power consumed?

SOLUTION

From the work-energy theorem we have,
work done = change in kinetic energy
1
Work done = > X m[v® —u’]
m=2kg
u=20

p=20ms!

1
Work done = 5 X2 X [202 —0]=400]

work
power = —
time
work = 400 J
time =5
. P= 400] =80 W

S

The cable of an electric motor exerts a force of 30 N on a body and pulls it through a
distance of 20 m in one minute. What is the power of the motor?

SOLUTION
k
Power = Wor
time
Given
F=30N
s=20m

t = 1 minute = 60 s

Work = force x displacement

.. Work = 30 x 20 = 600 ]

work _ 600 ]
ower = = —
P time 60s

=10 W
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A 2 kg block is dropped from a height of 5 m. What is the [a | .
potential energy and kinetic energy of the block at a height 2
m from the ground? What is kinetic energy of the block on

reaching the ground?
—-- h=5

SOLUTION
hq1=2
m = 2kg \l/
h=5m, h =2m
At ‘A’ total energy is entirely potential energy = mgh FIGURE 3.29
=2x10x5
=100]

As it falls, its kinetic energy increases

.o At ‘B, its total energy

= potential energy + kinetic energy

Total energy at B = Total energy at A

(from law of conservation of energy)

Total energy at B = Potential energy + Kinetic energy
= mgh; + kinetic energy

100 = 2 x 10 x 2 + kinetic energy

100 = 40 + kinetic energy

.. kinetic energy at B = 100 — 40 = 60 ]

Kinetic energy at the ground = potential energy at height / (from the law of conservation

of energy)

.. Kinetic energy at the ground = 100 ]

Sources of Energy

The materials from which we derive energy are known as sources of energy. Sun is the main
source of all energy. Solar energy is the direct or indirect source of all energy. Energy sources
can be classified into renewable and non-renewable sources.

Renewable Sources of Energy

Certain sources of energy like solar energy, wind energy, tidal energy are available in abundance
in nature and which would never be exhausted are known as ‘renewable sources of energy’.
The sources get replenished continuously.

Non-renewab|e Sources OF Energy

Sources of energy like coal, petroleum products, wood, etc., get consumed and cannot be
replenished easily. These are called non-renewable sources of energy.
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Fossil Fuels

Some sources of energy are obtained from fossilized substances, and hence, they are called

fossil fuels. Hydrocarbons are the main constituents of fossil fuels.

Example: Coal, petrol and natural gas.

Codl

Dead animals and plants were buried for millions of years under the sediments of the
Earth. In the absence of air and under high pressure and heat due to the Earth’s crust,
they got converted into coal. The main element of coal is carbon. Based on the carbon

content, coal is classified as peat lignite, bituminous and anthracite. The other constituents of

coal are hydrogen, oxygen and sulphur. Coke is obtained by the destructive distillation of

Different forms of coal ~ Carbon %

coal.

(1) Peat about 27%

(2) Lignite 28% to 30%
(3) Bituminous 78% to 87%

(4) Anthracite 94% to 98%
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Petroleum

Petroleum is oil from rocks and is another type of fossil fuel. There are different products
which can be derived from petroleum through a process called fractional distillation.
The primary products that are derived are petroleum gas, which contains mainly ethane,
propane, butane, etc., petrol which is a widely used fuel for automobiles; kerosene which is
mainly used for domestic purposes; diesel which is used for automobiles and locomotives;
fuel oil which is mainly used in industrial boilers; and paraffin wax is used in making
candles, etc. Petroleum when refined gives lubricants, diesel, gasoline, etc.

Natural Gas

It is a mixture of gases and contains mainly methane and is also a rich source of hydrogen gas.
Natural gas can be supplied through pipes or in cylinders.

Tidal Energy

Tidal energy is due to the gravitational pull of moon. The rise and fall of the tides can be
used to generate electrical energy.

Geo-thermal Energy

‘Geo’ means related to the Earth and ‘thermal’ means related to the heat. It is due to the
Earth’s heat. The interior part of the Earth is very hot. Thus, the water which seeps deep
down into the Earth, gets heated and gets converted into steam. This steam comes out with
a very high pressure and can be used to do mechanical work or generate electricity.

Ocean Thermal Energy

Upper layers of the ocean gets heated due to the absorption of sun’s heat. This results in
temperature difference between the upper surface and the lower surface. This difference in
temperature can be used to generate electrical power.

Hydro Energy

Water falling from a great height is made to fall on a turbine and the turbine rotates generating
electrical power. This flowing water can be used for transporting timber.

Wind Energy

Movement of air is called wind. Difference in temperature and pressure are the cause of wind.
Wind possesses kinetic energy. This kinetic energy is used to operate windmills. Windmills
are installed in places having fairly strong and constant winds. The site of the a windmill
should have a minimum wind speed of about 15 km h7!.

Windmills are used to generate electrical power as well as for pumping water. Windmills,
that can generate electrical energy in large scale called wind generators, are being developed
by researchers.
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Biogas

It is a renewable source of energy. Biogas is produced by the decomposition of organic waste
like dung, vegetable waste, human excreta, etc. Biogas is a mixture of gases like methane,
carbondioxide, hydrogen and hydrogen sulphide. Biogas can be supplied through pipes for
cooking and lighting and it can be used for generating electrical power.

Nuclear Energy

Nuclear energy can be either obtained by nuclear fusion or nuclear fission reactions.

Nuclear Fission

When a uranium nucleus is bombarded with a neutron, it splits into two fragments with the
release of energy. This phenomenon is known as fission. During this reaction, two or three
neutrons are also released. These neutrons can carry out further fission by bombarding the
remaining uranium nuclei. Thus, fission is a sustained chain reaction.

Controlled chain reaction takes place in a vessel, which is called nuclear reactor. The heat
developed during fission is used to convert water into steam and this steam is used to generate
electrical power.

Atom bomb is based on the principle of uncontrolled chain reaction. The nuclear waste
obtained during fission is harmful.

Nuclear Fusion

Sun and stars generate energy by fusion reactions. Fusion is the process of combining lighter
nuclei to form a heavy nucleus with the release of energy. Fusion takes place at very high
temperature, hence, fusion is referred to as a thermo-nuclear reaction.

In sun and stars, hydrogen atoms combine to form helium nuclei. In a hydrogen bomb,
uncontrolled fusion reactions take place. The technology for controlling fusion reaction has
not yet been developed.

Energy Crisis

Energy resources like coal, petrol, etc., could get, therefore depleted and in future. These
sources of energy could become scarce. These energy resources should not be wasted, and
should be economically and judiciously used.

In order to avoid energy crisis, alternative energy resources which are renewable should
be used.

1. Automobiles which run on electrical and solar devices should be used in place of those
which run on petrol or diesel.

2. Solar cookers and biogas should be used for cooking.
3. Whenever possible, windmills should be used to generate electricity.

4. The regular maintenance of oil and gas pipes also helps combat energy crisis.
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Periodic Motion

A motion which repeats itself after equal intervals of time is known as periodic motion. For example,
the revolution of the Earth around the sun, the oscillations of a mass suspended from a spring.

Oscillatory Motion (Vibratory Motion)

It is a periodic motion in which the body moves to and fro repeatedly about its mean
position. For example, the vibrations of a tuning fork.

Simple Harmonic Motion (SHM)

[t is an oscillatory motion in which the restoring force acting on a body 1s directly proportional
to its displacement from the mean position.

LSS /.

0 Pivot point
String

L
Bob X=+a

6 x=
' © S~ B
(@) X0 -— m
(b)
FIGURE 3.31

Simple Pendulum

Simple pendulum consists of a bob suspended by a light inextensible string from a rigid

support.
o When the bob is pulled to one side and released, the pendulum starts oscillating.
. Angular Displacement (6)

Angle which the bob makes with the vertical is called angular displacement. If A is the
mean position, OA is the vertical line and 0 1s called angular displacement.

A
Length of the Pendulum

FIGURE 3.32

It is the distance, where the point of support to the centre of the mass, of the bob.

Oscillation

The motion of the bob from one extreme position to the other and back to the
starting position is called one oscillation.

O. L O 5 Band C are the extreme positions of the pendulum bob. The motion of the bob
c e O from B to C and from C to B is called one oscillation.

Amplitude: It is the maximum displacement of the bob from its mean position.

FIGURE 3.33 . . ) I
Period (T): It is the time taken by the pendulum to complete one oscillation.
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Frequency (f): It is the number of oscillations made by the oscillating body in one second.

1
Frequency = -
period
1
=

The unit of frequency is cycles per second or hertz (Hz).

Laws of Simple Pendulum
The laws governing the working of a simple pendulum are as follows:

1. The time period of oscillation of a simple pendulum is independent of the material,
mass, shape and size of the bob.

2. The time period of oscillation of a simple pendulum does not depend upon the
amplitude of oscillation, provided the angular amplitude is less than 4°.

3. The period of oscillation of the pendulum varies directly as the square root of the
length of the pendulum.

T <L (3.8)

4. The period of oscillation of the pendulum varies inversely as the square root of
acceleration due to gravity.

1
Toc —= (3.9)
Je
Combining (3.8) and (3.9), we have

ﬁ
]
=T

T=k

TS

k is the proportionality constant and is equal to 27

L
T =21 |—
Y
L
g=4n2?

Experiment to Find Acceleration Due to Gravity Using a Simple Pendulum

1. Adjust the length of the pendulum to a suitable length (say 80 cm) and note down the
length.

2. Set the bob to oscillate and find the time taken for 10 oscillations (t;().
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3. Calculate the time taken for one oscillation (period of oscillation) using
T = t1—os
10

4 Icul L
. Calculate T2

5. Repeat the experiment for different lengths, say from 80 cm to 120 cm.

It is noted that ) is always constant.

L
6. Calculate ‘¢’ using the formula g = 4n° —
T

S.No. L t]o th

in m T=—
(in m) ©) 10 L (ms~) g =4n Lz (ms2)
© r

NOTE

The pendulum whose time period is 2 seconds is called seconds pendulum.

A certain simple pendulum has a period of 2 s. What will its period be when the length
of the pendulum is doubled?

SOLUTION

The period of the simple pendulum is given by, T = 21 \/Z
Let ‘L’ be the original length, (L) ¢
Time period, T; = 2s.

When the length 1s doubled, L, = 2L

Time period, T, = ?

T, = ZEE (1)
T, = 2“\/% 2)

dividing (2) by (1)
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T, = 242 =2x1.41

s T, = 2.82 seconds
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TEST YOUR CONCEPTS

Very Short Answer Type Questions

. State the law of conservation of momentum.

11.
12.

13.
14.
15.
16.

Short Answer Type Questions

30.
31.

32.

33.

34.

. If no external

Give two examples of renewable sources of energy.

acts, the total momentum of
the colliding bodies is conserved.

. What is normal reaction or normal force?

. Give two examples of non-renewable sources of

energy.

. A person getting down from a fast moving bus falls

on the ground. This can be explained by .

Define force field.

. Define viscous force.
. State Hooke’s Law.

. Name the force which is responsible for circular

motion.
Define the S.I. unit of work.

A change in the state of rest or of uniform motion is
produced by .

What are lubricants?
1 newton = dyne.
Can all bodies have equal momentum?

What type of energy does a flying bird possess?

17.
18.
19.

20.
21.

22.
23.
24.

25.

26.

27.

28.
29.

Friction always acts to the surfaces in contact.
‘What is meant by an unbalanced force?

‘When is the work done maximum with a given force
and displacement?

The impulse of a body is equal to .

(i) Define inertia of motion.
(i) Define inertia of direction.

1 kg is equal to N.
Define the S.I. unit of force.

What is the relation between momentum and kinetic
energy?

The time period of a seconds pendulum is
seconds.

(i) Give the dimensional formula of force

(1)) Give the dimensional formula of momentum
(iii) Write the dimensional formula of impulse
A body ‘A’ of mass m; on collision exerts a force on
another body B of mass mj,. If the acceleration pro-

duced in Bis a5, then the acceleration (in magnitude)
of A is

State work energy theorem.

Define impulse.

Distinguish between renewable and non-renewable
sources of energy.

Explain the cause of friction between two bodies in
contact.

A foot ball of mass 0.5 kg moving with a velocity
of 10 m s™! hits a pole and, the ball turns back and
moves with a velocity of 20 m s™!. Find the impulse
and the force exerted on the ball if the force acts for
0.02's.

Distinguish between nuclear fission and fusion
reactions.

Explain Newton’s third law of motion with an
example.

35.

36.
37.
38.

39.

A body of mass 5 kg moving with a velocity 3 m s™!
collides with another body of mass 3 kg at rest. After
collision, both move with the same velocity. Find
their common velocity.

‘What is meant by energy crisis?
Derive the relation between newton and dyne.

A cart of mass 20 kg at rest is to be dragged at a speed
of 18 km h7'. If the co-efficient of friction between
the cart and the ground is 0.1, what is the mini-
mum force required to drag the cart to a distance of
10 m? (Take ¢ = 10 m s72)

(1) Define periodic motion.

(i) Define oscillatory motion.
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40. Discuss with an example to show that inertia depends
on mass.

41. What will the work done be when a bullet of mass
10 g at rest is accelerated to a velocity of 20 m s~ in
10 s? Calculate the power developed by the bullet
during 10 s.

42. Define simple harmonic motion.

Essay Type Questions

43. State Newton’s Laws of motion.

44. A body of mass 5 kg is dropped from a height of
20 m.

(i) What are the potential and kinetic energy of a
body, when it falls through a distance of 15 m?

(i) Find the kinetic energy of the body at the
ground level. Take ¢ = 10 m s

45. Describe an experiment to find ‘¢’ using a simple
pendulum.

46. State and verify the law of conservation of
momentum.

47. Define and derive an expression for gravitational
potential energy.

48. State the law of conservation of energy and verify it
in the case of a freely falling body.

49. Derive F = ma from Newton’s second law of motion.

*For Answer Keys, Hints and Explanations, please visit: www.pearsoned.co.in/II'TFoundationSeries

CONCEPT APPLICATION

Direction for questions 1 to 7
State whether the following statements are true or
false.

1. Stretched spring has the energy in the form of poten-
tial energy.

2. Work and energy have the same S.I. units.

w

Friction depends on the area of contact between two
surfaces.

4. Friction can be reduced by polishing surfaces.
5. All forces exist in pairs.

6. Impulse and momentum have similar units.

7

. Mass of a body 1s a measure of its inertia.

Direction for questions 8 to 14
Fill in the blanks.

8. A cricket ball, during its flight after being hit, pos-

sesses energy and energy.

9. The change in momentum of a body has the same
as that of force applied on it.

10. A car at rest can be moved or a moving car can be
stopped by applying .

11. The total momentum of two bodies before collision

is equal to their after collision.

12. To do the same work in less time, the power should
be

13. When a body is dropped from a height, its

energy changes to its energy.

14. force opposes the relative motion between the
two bodies.

Direction for question 15
Match the entries given in Column A with
appropriate ones from Column B.

15.
Column A Column B
A. Inertia a.  variable velocity.
B. Action and b. time period
Reaction changes with
change in length
C. Unit of friction c. dimensionless and
unitless quantity.
D. Lubricants d. stretched rubber

band
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Column A Column B

E.

J.

Unbalanced e. to reduce force of

force friction.

Friction f.  inability to change
the state of rest on
its own.

Simple g. change in kinetic

pendulum energy

Elastic h. opposition to the

potential relative motion

energy

Coeflicient of i.  acts on two

friction different bodies.

Work j- newton

Direction for questions 16 to 45
For each of the questions, four choices have been
provided. Select the correct alternative.

16.

17.

18.

19.

20.

The statement ‘friction is a self adjusting force’

1S

(a) a false statement

(b) true in the case of static friction

(c) true in the case of rolling friction

(d) true in the case of sliding friction

The time period of a simple pendulum is indepen-
dent of

(a) the shape of its bob.

(b) the material of the bob.

(¢) the mass of the bob.

(d) All the above

Two bodies of masses m and 4m are moving with

equal kinetic energy. The ratio of the velocities with
which they are travelling is

(@) 1:2
(c) 3:4

(b) 2:1
(d) 4:5

The weight of a body is 20 kg. This weight is equal
to

() 1960 N
(3) 196 x 10° dyne

(b) 196 ]

(d) 19.6 N
When a spring having spring constant 2 N m™" is
stretched by 5 cm, the energy stored in it is

(a) 0.025] (b) 0.0025]J

() 0.25] (d) 2.5]

21.

22.

23.

24.

25.

26.

27.

28.

The momentum ‘P and kinetic energy ‘E’ of a body
of mass ‘m’ are related as

() P= 2mE (b)P=%mE
() P= 2m (d) P=2mE
E
The force acting on a body when its momentum
changes by 10 kg m s7!, in 5 secondsis _____ N.
@ 15 (b) 2
(c) 5 (d) 10

Two electric motors of power 1.75 hp and 3.5 hp
pump water simultaneously. The ratio of amount of
water pumped by them, in a given time, is

(@ 1:2 ®b) 2:1
() 1:4 d) 4:1

The change in momentum of a body
(a) 1s equal to the force applied on it.

(b) is equal to the product of force applied on it and
the time of application of the force.

(c) Both (a) and (b) are true
(d) Both (a) and (b) are false

A fast moving car, whose engine is switched off,
comes to rest, on a rough road. This is due to

(a) static friction

(b) rolling friction

(c) sliding friction

(d) coefficient of rolling friction being greater than
the coeflicient of static friction

The rate of change in momentum of a body is
(a) equal to the force applied on it.

(b) proportional to the force applied on it.

(c) in the direction of applied force.

(d) All the above are true

Action and reaction

(a) always exist in pairs.

(b) are equal in magnitude.

(c) always act in opposite directions.
(d) All the above are true

Identify the false statement

(a) TItis difficult to run on sand as the force of friction
is small.

(b) Friction is necessary in everyday life.



29.

30.

31.

32.

33.

Dynamics

(c) Friction causes wear and tear of the moving
machinery parts.

(d) The coefhicient

increasing the area of contact.

static friction increases on

When the branch of a tree is shaken, the ripe fruits
get detached from the branch. This is an example of

(a) Newton’s first law of motion.

(

b)
(¢) Newton’s third law of motion.
(d) All the above

A stone, tied to the string is whirled in a vertical

Newton’s second law of motion.

circle. Then

(a) the potential energy of the stone is maximum at
the top most position

(b) the kinetic energy of the stone is maximum at
the lowest position

(c) the potential energy is maximum at the bottom
most position

(d) Both (a) and (b)

A body having a mass 100 gram is allowed to fall
freely from a height 1000 m under the action of
gravity. Its kinetic energy after 10 seconds is (take
¢=1000 cm / sec?)

(a) 5 joules
(b) 50 joules
(¢) 500 joules
(d) 5000 joules

A marble is dropped into a friction less U-tube as shown
in the figure. If the tube is semicircular with mean radius
5 cm and the mass of the ball is 2 gram, find its velocity
at the bottom of the tube. (Take ¢ = 10 ms™).

(@) 1ms™! (b) 1 cms™

(c) zero (d) 0.1 ms™!

A block of mass 2 kg is placed on the floor. The coef-
ficient of static friction between the two surfaces is
0.4. A force of 2.5 newton is applied on the block as
shown. The force of friction between the block and
the floor is

34.

35.

36.

37.

_F g
() 7.84 N (b) 2.50 N
(©) 6.45N (d) 13.34 N

Two bodies A and B, moving in the same direction
collide and after collision, move with the common
velocity in the direction of A.

a) The magnitude of force exerted by A on B is
g Y
greater than the magnitude of force exerted by B
on A.

(b) Both of them exert an equal but opposite force
on each other.

(c) The change in momentum of A and B are equal
but opposite in direction.

(d) Both (b) and (c).

When a person 1s walking on ground

(a) he applies a force on the ground.

(b) the ground exerts a force on him.

() No force is applied by the person.

(d) Both (a) and (b)

Identify the vector physical quantity from the given
following

(b) weight.

(d) All the above

(a) impulsive force.
(c) momentum.

A block of mass ‘m’ placed on an inclined plane slides
with uniform acceleration. Then

A

C

(a) the sum of the forces acting downwards along
the plane are equal to the sum of the forces
acting upwards along the plane.

(b) the weight of the body acts perpendicular to the
inclined plane AB.

(c) the normal reaction of the block is acting
perpendicular to the horizontal plane (BC).

(d) the

perpendicular to the inclined plane.

component of weight mg cosO acts
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Chapter 3

38.

39.

40.

41.

42.

46.

47.

48.

A body ‘A’ of mass 4 on collision exerts a force on
another body B of mass 10. If the acceleration pro-
duced in Bis 10 ms™, then the acceleration (in mag-
nitude) of A is

(a) 25 ms™
(c) 52 ms2

(b) 10 ms™
(d) 5 ms™2

If the momentum of a moving bus with constant
mass is doubled, then its kinetic energy becomes

(a) double
(c) quadruple

(b) triple

(d) remains constant

The bodies of equal masses have kinetic energy in the
ratio of 4 : 9. The ratio of their velocity is

(a) 3:2 (b) 4:9

() 2:3 (d) 9:4

An engine develops 10 kW power. How much time
will it take to lift a mass of 200 kg to a height of 40
m? (take ¢ = 10 m s72)
(a) 10s

(c) 7s

(b) 20s
(d) 8s
The time period of a seconds pendulum
(a) changes with change in place on earth

(b) remains constant

43.

44.

45.

(c) is independent of mass of the bob

(d) Both (a) and (c)

Which among the following is a thermo nuclear
reaction?

(a) controlled fission reaction.

(b) uncontrolled fission reaction.

(c) exothermic chemical reaction.

(d) fusion reaction.

The displacement of the bob of a simple pendulum
from its mean position (linear displacement) depends
upon

(a) angular displacement.

(b)

() maximum potential energy
d)

(d) All the above

A steam engine uses coal to produce steam. Then,

maximum kinetic energy

ultimately, chemical energy of the coal is converted
into

(a) mechanical energy.

(b) heat energy.

(c) control energy.

(

d) sound energy.

A bullet of mass 50 g moving horizontally with
velocity 100 m s7!, hits and get embadded in a
wooden block of mass 450 g placed on a vertical
wall of height 19.6 m. If the bullet gets embedded in
the block, then find how far from the wall, does the
block fall on the ground? (Take ¢ = m/s?)

A porter carries 50 kg weight over his head. Discuss
the work done in each of the following cases.
1) Moving on horizontal road, with uniform velocity.

2) Moving on a slope with uniform velocity.

2

Moving on horizontal road, with acceleration.
4
5

(
(
(
(4) Lifting the luggage to keep it on his head.
(

)
)
)
) Lowering the luggage from his head, to the
ground.

A lorry and a car are brought to rest by the same
breaking force. What is the difference in the distance
covered by them before they come to stop if their
kinetic energies are equal?

49.

50.

51.

52.

53.

54.

Explain why a car does not move when the force is
applied on it by a person present inside the car?

A heavy weight can be lifted by using simple machines
such as pulley system by applying a small force. Does this
mean that less work is done by using a simple machine
than if the weight had been lifted directly? Explain.

Discuss the conditions under which no work is done
on a body.

A compressed spring is clamped in its compressed
position and is then dissolved in an acid. Discuss
what happens to its potential energy.

A wooden block is placed on an inclined plane.
Explain how friction between the block and the
inclined plane varies with the variation in the angle
of inclination of the inclined plane.

A log of wood is dragged up an inclined plane.
Explain how the friction varies as the inclination of
the plane is varied.



55.

56.

57.

58.

59.

60.

61.

62.

63.

Dynamics [EXIA

A ball is pushed from the top of an inclined plane
of height ‘I’ so that it reaches the top of the other
inclined plane, upto a height H, as shown in the
figure below.

If the inclined planes are smooth and h < H, find the
velocity with which the ball should be pushed from
the first inclined plane.

A tennis player returns, with his racket, a tennis ball
of mass 100 g coming towards him with a speed of
162 km h~'. If the ball returns with the same speed
and it remains in contact with racket for 0.1 s, find
the force exerted by him on the ball.

Two identical balls of mass 2 kg each are kept in con-
tact with a compressed spring, on either side of it.
When the spring is released, the balls move with a
velocity 10 m s™'. Find the acceleration produced in
each ball if the spring constant is 4 N m~".

Consider a big cylindrical roller. Is it easy to pull it or
push it? Explain.

Explain how the energy is conserved in the case of a
body executing circular motion in a vertical plane. If
the speed of the body at the highest point is 3 m s/,
find its speed at the lowest point when the radius of
the circular path is 1 m. (Take ¢ = 10 m s72)

A person jumps onto a cement floor from a height
of 1 m and comes to rest in 0.1 second. The same
person on jumping from a height of 9 m into a sand
pit, comes to rest in 1 second. Compare the forces
exerted on him by cement floor and sand pit.

Raju was selected for long jump in athletics in his
school. He could do ‘long jump’ well on sand bed,
but when he demonstrated this on the road, he felt
pain in the joints. Explain.

A lorry moving with 54 km h™! speed hits a rock and
comes to halt within 0.1 s. If the mass of the lorry is
twenty metric tonne, then find the force exerted by
the rock on the lorry.

Identify all forces that are acting on the objects
described below.

(a) A block placed on a rough inclined surface.

(b) A person standing on a horizontal surface.

(c) The bob of a simple pendulum when it is at one
extreme end while oscillating about its mean
position.

64 A Pakistani player Shoab Aktar bowls a cricket ball of

65.

mass 250 g with a speed of 120 km h™! towards the
batsman Dhoni. (Assume that the ball strikes the bat
with the same speed). The time of impact of the bat
with the ball is 0.1s. After striking, if the ball bounces
back with half its speed before striking, find the force
which Dhoni exerts on the ball.

Two groups of students A and B, with two students
in each group, challenge to accelerate two bodies P
and Q, respectively, placed on a frictionless surface
as shown 1in the figure. Which group is successtul in
imparting more acceleration? Justify. Find the accel-
eration of both the bodies.

15N 10N 15N 10N
10 kg 5kg >

P Q
66. Laxman found in a Bengali movie that rickshaw pull-

67.

68.

69.

70.

ers are pulling the rickshaws by running on their feet.
He got the doubt why they are pulling instead of
pushing. Clarify his doubt.

800
700 +
600 +
500 +
400 +
300 +
200 +
100 +

Weight (gwt)

o« J

i 2 83 4 5 6 7
Extension (cm)

A spring balance is used to measure the weight of
a body. The measured weight and the respective
extension is shown in the graph. Find the spring
constant of the spring balance.

Rahul goes to school daily on his cycle. It is his daily
observation that he needs to apply more force to ini-
tiate the cycle to move, as compared to when the
cycle is in motion. Explain.

Find the momentum of a bullet of mass 0.05 kg
which does a work of 1000 J on a wooden block
when it hits the wooden block.

An empty bus and a loaded bus cover a distance of
100 km each with in the same time interval. Then
explain which bus has to spend more energy.
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71. Are the direction of acceleration on a body and the
direction of external force acting on the body always
the same? If not, give an example. If the given state-
ment is true, how do you account for it in the fol-
lowing situation? A toy car is tied to a string and is
being pulled in a direction making an angle with the
horizontal, whereas the toy car accelerates in a hori-
zontal direction as shown in the figure.

F

s

0 0

72. Consider the following figure. A man sits in a pan
and tries to raise himself by pullingthe rope down-
wards. Will he be able to raise himself up? Explain.

pulley

rope

73. A wooden block of mass ‘m’ is pulled up an inclined
plane having an inclination ‘0" with the horizontal,
with a force that makes an angle ¢ with plane as
shown in the figure. If the coefficient of kinetic fric-
tion between the plane and the block is 1, derive an
expression for the acceleration of the block.

74. Nine identical books each of mass 500 g are placed
one above the other. Find the maximum force
required to take out the fifth book if the coefficient

75.

76.

77.

78.

79.

of friction between contact surfaces of the books is
0.2, is the same force required to pull any one of the
books? Explain.

A ball of mass m is dropped from a height /, and
after striking the ground the ball bounces back to a
height h, (hy < hy). If the ratio of the kinetic energy

h
while passing a point at height i (= 32) in the two
directions is 2 : 1, what is the ratio of iy to hy?

During the sports day celebrations of a school, a
game of shooting is held. The students have to tar-
get the inflated balloons fixed at a certain distance.
It is observed that each student when fires a bullet
from the gun it is pushed back due to some force.
Explain the reason for this observation. Also find out
the magnitude of the force on the gun if the masses
of the bullet and the gun are 50 g and 2 kg, respec-
tively, and the bullet is fired with a velocity of 100 m
s~!. The bullet takes 5 ms to move through the barrel
of the gun.

A lorry is moving on a narrow one way road. By
mistake, a car enters into the same road in the oppo-
site direction. The drivers of the vehicles by looking
at this, apply same uniform breaking force to bring
them to rest. They stop with a gap of a few meters.
What is the difference in the distance covered by
them before they come to stop if their initial kinetic
energies are equal?

—> m=238kg

A blocks of mass 3 kg is placed on a rough surface as
shown in the figure. Coeflicient of maximum static
friction between the surface and the block is 0.2 then

find the minimum force ‘F required to move the
block.

2 kg

2.1m

10cm




Dynamics m

A block of 2 kg mass dropped from a height of 2.1 m,
falls on a spring of length 10 cm placed vertically on
the ground as shown in the figure. Find the maximum
compression in the spring if the spring constant, k, of

ing fire bullets from the gun, they move horizon-
tally. The bullet strikes the block, gets embedded in it
and dislodges the block from the pole. The winner is
declared based on how far from the pole, the wooden

block would fall. A student who fires the bullet of
mass 50 g with a velocity of 100 m s is declared as

the winner. Find how far from the pole would the
wooden block fall. (Take ¢ = 9.8 m s72)

the spring is 3.28 X 10* N m~'. (take g = 10 m s72).

80. In a game of shooting, a wooden block of mass 950
g is placed on the top of a vertical pole 19.6 m high.
When the students standing on the top of a build-

CONCEPT APPLICATION

True or false

1. True 2. True 3. False 4. True 5. True 6. True 7. True

Fill in the blanks

9. direction 10. external force

14. friction

8. potential, kinetic 11. total momentum 12. increased/greater

13. potential, kinetic
Match the following
15. A :f B:i C:j D:e E:a F:h G:b H:d I:c¢ J:g

Multiple choices

16. (b) 17. (d) 18. (b) 19. (c) 20. (b) 21. (a) 22. (b)

23. (a) 24. (b) 25. (b) 26. (d) 27. (d) 28. (d) 29. (a)

30. (d) 31. (o) 32. (a) 33. (b) 34. (d) 35. (d) 36. (d)

37. (d) 38. (a) 39. (¢ 40. (c) 41. (d) 42. (d) 43. (d)

44. (d) 45. (a)

Solutions for questions 31 to 45: 34. By Newton’s third law of motion, if A exerts cer-

tain force on B, B also exerts an equal force on A.
Therefore, both exert equal but opposite force on
each other. By the law of conservation of momen-
tum, it follows that change in momentum of A and
B are equal and opposite.

1
31. KEE= EmV2

For a freely falling body
V=gt .. V=1000 x 10 = 10* cm / sec

KE = % X 100 X 10* x 10* = 5 X 10” ergs = 500 | 35. A person walking on the ground applies a force on

. the ground and the ground exerts a force on the
joules.

person.

36. We know,

fXt=my—mu

1
32. 51/2=gh =>1¥»=2¢gh

»=+2x10x0.05=1ms "'

33. Maximum possible frictional force f,.. = K R
= pu,mg = 0.4 X2 x 9.8 =7.84 N Since the applied
force is 2.5 N (which is less than 7.84 N), therefore,
the frictional force will be 2.5 N.

=mv—u)=Ap
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F X t = change in momentum

Therefore, impulsive force and momentum and
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weight are vector quantities.
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37.

38.

39.

40.

46.

47.

48.

W =mg
Ff =mg sin 6

According to Newton’s third law of motion, action

= — (reaction)
~F =-F,
my ay= —hip dy
4 = _@42
M _ ", 10x10
magnitude of acceleration = —=a, = 25ms>
m

P2
KE = — = KEa.P’

2m

If momentum doubles, kinetic energy quadruples.

If mass remains constant, KE o< 12

2 2
KE, _[m) 54
KE, vy 9 vy
) . 2
taking square root on both the sides, 3 =—
V2

41.

42.

43.

44.

45.

Power, p = w/t

mgh _ 200x10 x40
t
200 X 10 X 40

t=—— =%

10*

10x10° W =

N

The time period of seconds pendulum will change as

T oc 1 and ¢ varies on the surface of the Earth.
£

Also, T'is independent of mass of bob.

In nuclear fusion reaction takes places at very high
temperature, hence, fusion reactions are referred to
as thermo nuclear reaction.

The displacement of the bob depends up on the
maximum potential energy, maximum kinetic energy
and the angular displacement.

In steam engine, coal is burnt to derive heat energy
and this heat energy is converted in to mechanical
energy.

Use

myuy + moy = v(my + mo)

where v is the common velocity.

To find distance from wall at which the block falls,

21

&g
where v is the horizontal velocity of the block, and h
is the height of the wall.

use R = v x

Ans: 20 m

(1) W= Fs cos. Hence, work is maximum when 0
is zero and it is zero when 6 is 90°.

(2) While walking work is done against friction
between the feet and the ground.

(3) For lifting, lowering or holding the luggage the
applied force acts in the vertical direction

Kinetic energies of the car and the lorry are equal,

before coming to rest and after coming to rest.

49.

50.

51.

52.

Applying work energy theorem, work done in each
case may be determined.

Use work = force x displacement, to find the linear
distance covered by both.

(1) The force applied by a person from inside a vehi-
cle constitutes internal force.

(2) Newton’s first law: A body remains in a state of
rest unless acted upon by a net external force.

Input energy = work done by effort
Output energy = work done by load.

Work = Fs cosf, where F is the applied force, s
the displacement and 6 the angle between the two
vectors.

Ans: 9N

When a spring is compressed, its potential energy
increases.



53.

54.

55.

56.

57.

58.

59.

Dynamics

Can this potential energy be changed into other
forms of energy?

What form of energy is released due to chemical
reaction in an acid, when a metal dissolves in it?

(1) Friction is proportional to the net normal reac-
tion force.

(2) R =mg cosH

(3) focosB

(4) cos 0° =1, cos 90° =0

When two bodies are in relative motion, kinetic fric-
tional force acts between the bodies.

When a log of wood is dragged up an inclined plane,
kinetic frictional force acts in between the log and the
plane. This frictional force is directly proportional to
the weight of the block and the cosine of the angle
between the inclined plane and the horizontal.

If the angle (0) of inclination of the plane increases,
the cos(0) value decreases, and hence, the force of
friction also decreases.

1
Initial State: PE. = mgh, K.E. = Emu2
Final State: PE. = mgH, K.E. = 0

According to Law of conservation of energy,
(PE. + K.E.) = (PE. + K.E.) gpa

initial

Ans: [2¢(H —h)
Use
F=ma=

Ans: -90N

M’l(V—M)

The acceleration in the ball is due to force exerted by
spring on the balls.

The potential energy of the compressed spring is
converted into kinetic energy of the balls.

Ans: 20 m s72

In case of pulling the cylindrical roller with a force
‘F (say)

Find whether the component of this force increases or
decreases the normal reaction on the cylindrical roller.
In case of pushing the cylindrical roller with a force
(F") find whether the component of this force (F')
increases or decreases the normal reaction on the
cylindrical roller.

As the normal reaction increases, how does it affect
the friction?

A body executing circular motion in a vertical plane
will have both kinetic and potential energies.

60.

61.

62.

The sum of K.E. and P.E. at a position in the circular
motion is always constant for a body executing uni-
form circular motion.

At the highest point, potential energy will be maximum.
At the lowest point, kinetic energy will be maximum

By law of conservation of energy, the total energy
of the body at the lowest point is equal to that at the
highest point.

Find the value of speed of the body at the lowest
point.

Ans: 7 ms™!

Use,
P m(v—u)
t
And find v by using
v = 42gh
Ans: M
35
We know, F X t = m(v— u)

The change in the momentum is constant when he
jumps either on the road or on the sands bed because
the initial and final velocities are same

Then, F X t = constant

If the impulsive time is increased, then the impact of
impulse force decrease and vice versa. When Raju
jumped on the road, the impulsive time is less and
impulsive force is more and this is the reason for the
pain in the joint.

The mass of the body m; = 20,000kg

The initial velocity of the lorry u = 54 km h—1
=54x%x5/18=15ms!,

the final velocity of lorry = 0

The time of impact, t = 0.1s

The force exerted by the rock on the lorry is equal to
the rate of change of momentum in the lorry

S F=ma= m(ﬂ)
t
0-15

F= mpa; = Z0,000X(W)

=-30,00,000 N = =3 X 10° N

.. The force exerted by lorry on the rock = =3 X
10° N
.. Force exerted by the rock on the lorry = 3 X 10° M.
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63.

64.

65.

(a) Three forces act on a body placed on a rough
inclined plane.
(i) Weight in the downward direction.
(i) Normal force which is perpendicular to the
surface on which it is placed.

(111)

frictional force as shown in the figure.

N

W =mg

weight of the person is in the downward
direction.

(i) Normal reaction force in the upward
direction.

(iif)

Frictional force in a direction opposite to
his motion.

(c) Two forces act on the bob. One is weight of the
bob acting downward and the other is tension
along the string.

1
Mass of the ball, m = 250g = Z kg

Velocit e ball just before striking the bat,
u=-120 km h!
Velocity of the ball just after striking the bat

1 1 1
v=—(wu)=—(120)= 60km h
2() 2( )
Time of impact, t = 0.1 s
m(v —u)
t

_100=(1200) 5 sy
AU 01 18

Thus, the force exerted by Dhoni is 125N

Force on the ball, F = ma =

Forces acting on 10 kg mass are both in the same
direction.

Hence, the net force = sum of two forces
= F=10+15=25N

66. Case I:

my =10 kg
F 25 —
aq =1 =""=25ms"
my 10

Forces acting on 5 kg mass are in opposite directions.

.. Net force = F, = 15-10 =5 N, m, = 5 kg

5

)

-2 . o
a, = =g=1 ms ~, in the direction of greater

force.

Thus, the students of group A is successful in
importing greater acceleration.

Acceleration of a body depends on net force acting
on the body and mass of the body.

The net force on the first body is 25 N and on the
second body is 5 N.

Even though the mass of the first body is double the
mass of the second body, the net force acting on the
first body is five times more than the net force acting
on the second body. As such the acceleration of the

first body is more than the acceleration of the second
body.

F sin 6
R
0 F cos 6
W=mg

While pulling, the rikshaw puller applies a force ‘F.
Then the vertical component of the force ‘F, i.e., F
sin® acts vertically upwards and acts opposite to the
direction of weight (mg) this decrease the value of
normal reaction

R = (mg — Fsin6) and also frictional force Fy = uR
= u (mg — F sin0)
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F sin 6
R
Gl F cos 6
=
F
W=mg

While pushing, the rickshaw puller applies a force
‘F then vertical component of force (F), i.e., F sin0
acts in a perpendicular downward direction in the
direction of the weight.

This increases the value of normal reaction (R) and
also frictional force (F)

R = (mg + Fsin0)

Fr= pR = u(mg + F sinB)

Since in case (2), the frictional force is more than

that in the case (1), it becomes difficult to push and
comparatively easy to pull.

67.

68.

69.

70.

We know F = k x
K= F/x
AF = F1 —F2 =800 — 100 = 700 g,

The extension Ax = xy — x;

=8—-1=7cm
AF
:>K=—=@=1O()gwt cm™!
Ax

We know, that dynamic friction is less than static
limiting friction. So, frictional (static limiting fric-
tion) force is more just before the cycle starts moving
compared to the frictional force (kinetic friction) that
exists when the cycle is in motion. Hence, it requires
more force to initiate the motion in the cycle than
the force required to keep the cycle moving.

Mass of bullet, m = 0.05 kg

K E of the bullet K E = 1000 ]
2
We know, K E = P—
2m

Where P = momentum of the bullet
P2 = (2m) (KE) = 2 x 0.05 x1000
=0.1 X 1000 = 100

P=+100=10 kg ms™

The mass (m) of the empty bus is less than the mass
(m) of loaded bus and both the buses take the same
time to cover 100 km each, therefore, their average
velocities are same.

We know that kinetic energy K.E. = 1/2(mass)
(velocity)?. From this, we know that the K.E of the
heavy bus is more than that of the empty bus.

According to Newton’s second law of motion, F =
ma. What are the vectors in the above equation?

Does the equation mean that the acceleration of a
body is in the direction of the applied force?

In the given situation, does the total applied force on
the body act in the direction of its displacement?

If force has a component along the horizontal, why
does the acceleration not have its component along
the horizontal?

Consider the force to be applied on the free end of
the rope when the pan is stationary. How does this
force vary when the person pulls himself and the pan
upwards?

73.

When the wooden block moves up, find the direc-
tion of the kinetic frictional force.

For force ‘F’, two components acting along inclined
plane and another in upward direction is given by?
Find the net force acting along the inclined plane.

Find the net force acting perpendicular to the
inclined plane.

Substitute the value for normal reaction

Find the net acceleration acting along the inclined
plane by dividing the net force by the mass of the
body.

E
net
Ans: a=
m

1
= —[Fcos(p — Wy (mgcos® — Fsin(p)—mgsine]
m
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74. Use F = umg

75.

The force of friction F; on the upper surface, is given
by,
Fy = 4umg
where ‘m’ is the mass of each book.
The force of friction on the lower surface
F, = 5umg
Ans: 9N
Case A:
‘What is the ‘law of conservation of energy’?
‘What is the total energy of the ball at a height of /.

Then, potential energy of the ball at a height of /; is
mgh; 1
Are both the energies equal?

‘When the ball is dropped from a height of /i, what is

h
the potential energy of the ball at (32) ?
. . hy
Take the velocity of the ball at a height of o)
3 Vl’.

h
Then find the kinetic energy of the ball at(?z) .

h
Is the total energy at height — the sum of K.E. and

PE.? 2 (2)
Then find the kinetic energy in terms of the poten-
tial energy 3)

Case B:

After striking the ground, the ball rises to a height of
‘hy’.

Then the potential energy of the ball at a height of
‘hy’ 1s mgh, “4)
Find the total energy of the ball at a height of ‘h,’?
Take velocity of the ball at a heightof (%) after

bouncing from ground as ‘1.

Find the kinetic energy of the ball at the height
- (5)
Find the potential energy of the ball at the same
height % (6)
Find the total energy of the ball at this position. (7)

Now, find the kinetic energy of the ball in terms of its
potential energy. (8)

76.

77.

78.

79.

By solving, (3) and (8) find the ratio of /i to h,
hy

Ans: —=—

hy
By law of conservation of momentum,
(50 X 1073) x 100 =2 X v
“v=25mgs’!

Time taken by the bullet to move through barrel of
the gun, At =5 x 10735

According to Newton’s second law motion,
A
F=m="
At
Force acting on the bullet = m(VA—_M)
t
100 -0
=50><10_3( _3)=100N
5x10

According to Newton’s third law of motion,
action = reaction

Thus, force acting on the gun = 1000 N

Work done by the force in bringing the lorry and
the car to rest is the same. Work done by the force is
equal to the change in kinetic energy in the lorry and
in the car. As the kinetic energies are equal W = E s
= change in kinetic energy. Since the force is also the
same, the distance traveled by the lorry and the car
will be the same.
B S

4
Proofi — = —X—
w, E &

S, W_F 10
— = — X —= —

S, W F 1

difference between distances covered by lorry and
card is zero.

Maximum force required to just move the block =
Limiting friction
Frictional force between horizontal surface and the

block is f; = ;N = 0.2 X 3 X 9.8 = 5.88 N

The loss of potential energy of the Earth-block sys-
tem is equal to the gain of potential energy in spring-
block system.

Let the spring be compressed by ‘x’.

The loss of potential energy of earth-block system
=mg (h—{ + x)

The gain of potential energy of spring block system

1
= —kx?
2
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1
= —kx?
2

1
=2x10(2.1-0.1+ x) = 5><3.28><104 X x°

=40 (2 + x) = 3.28 X 10* x?
=820x2-x-2=0
=820x2—41x+40x—2=0
=41 x20x—1)+220x-1)=0
= 20x—-1) 41x+2)=0

1
- o =2
x—200r Al
1

x=—mor5cm
20

Mass of bullet, m = 50 g = 50 X 107 kg
Mass of block, M = 950 g = 950 X 107 kg
Initial velocity of bullet = 100 m s™!

Let ‘u’ be the velocity of bullet and block system after
collision. Then, according to the law of conservation
of momentum

50 X 1072 X 100 + 950 X 102 X 0
= (50 +950) X 103 X u
540 .

U= ———==5ms

100 %10
Thus, the block is dislodged from the pole with a
horizontal velocity(u) of 5 m s7.
The height of pole h = 19.6 m.

2h 2x%x19.6
Time of descent f; = ,[— =
g 9.8

=42X2=2s

The distance at which the block strikes the ground
from the bottom of the pole = ut =5 m s7! X 25
=10 m.
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Simple
Machines

REMEMBER

Before beginning this chapter you should be able to:

* Recall the construction, working and maintenance of

different types of tools

* Define force and its types

KEY IDEAS

After completing this chapter you should be able to:

e Learn how simple machines are classified into different
types of levers

* Understand how an inclined plane is used as a simple
machine

» Explain the different factors affecting the turning effect of
a body

* Study about the functioning of gears, wheel and axle and
their applications
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INTRODUCTION

Human beings are the most developed and the most intelligent of all the species on the
Earth. Yet the humans are not perfect. We have quite a number of shortcomings. We do not
possess the strength of an elephant or the agility of a cheetah. What do we do when we face a
challenging task? We take the help of a number of tools and devices. These tools and devices
that help us are called simple machines. For example, in order to screw or unscrew a nut, we
use a spanner or a screw driver. A spanner is a type of simple machine. In this chapter, we
will learn more about different types of simple machines, the principles on which they work
and their applications.

In order to understand the mechanical operations of simple machines and their applications,
it is necessary to have a knowledge of parallel forces and their effects.

PARALLEL FORCES

B The forces whose lines of action are parallel are called parallel forces. Consider two
forces A and B acting along the directions as indicated in the Fig. 4.1. Since the lines
of action of these two are parallel, they are parallel forces. Parallel forces acting in the
same directions are called like parallel forces. Their magnitudes may or may not be

equal.

FIGURE 4.1

Now, consider the two forces, C and D acting at two different points as shown

in the Fig. 4.2. The lines of action of C and D are parallel. Thus, they are parallel

C torces. But they act in opposite directions. Parallel forces acting in opposite directions
T are called unlike parallel forces. Their magnitudes may or may not be equal. When

a single force has the same effect as when a number of forces act simultaneously on

N

a body, that force is called ‘resultant’ of all the forces.

A force which brings a body, which is not in equilibrium due to number of

FIGURE 4.2 unbalanced forces acting on it, into an equilibrium state is called equilibrant.

Resultant of Parallel Forces

Consider two like parallel forces A and B acting on a horizontal rod MN at the points M and
N, respectively, as shown in the Fig. 4.3. The resultant of the parallel forces is R and acts at
O on the rod.

!

R The following can be said about R.
1. Magnitude of R: It is equal to the sum of the magnitudes of A and B.
B
T R=A+B
0 N 2. Direction of R: It is the same as that of 4 and B.
3. Position of O: It is a point on the rod between M and N, such that
FIGURE 4.3

A X MO = B X NO.
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Resultant of Unlike Parallel Forces

Two unlike parallel forces A & B acting on a horizontal rod are shown in the
Fig. 4.4. The resultant of these forces acts at point ‘O’ which lies outside the rod.

]

Magnitude of R: It is equal to the difference in the magnitude of the \l/ ----

o-—>

N
greater and the smaller forces.

A
R=(A-DB)or(B-A)

Direction of R: Same as that of greater force (here in the direction of B). FIGURE 4.4

Position of O: Outside MN on the side of the greater force such that
A X MO = BX NO.

Two like parallel forces acting on a rod, 15 N and 5 N are separated N‘ o M
by a distance of 4 m. What is the magnitude, direction and point of
application of the resultant? B

SOLUTION R V15N

Let A and B be the two parallel forces acting at points M and N,
respectively.

FIGURE 4.5

The magnitude of the resultant force is given by,

R=A+B
=15N+5N=20N

The direction of the resultant is same as that of the two forces.
Let the position of the resultant R be at O, at a distance x from M.
We have

Ax MO = Bx NO
15xx=5x4-x)
15x = 20 — 5x
20x = 20
x=1m

| EXAMPLE o

Find the magnitude, direction and position of the resultant, if the 4m X 0
forces in the above problem are unlike? N Ml \]/

5N

SOLUTION 15N

The magnitude of the resultant is

R = A — B (greater force — smaller force) FIGURE 4.6
=15N-5N=10N
R=10N

Its direction is same as that of the greater force, i.¢., A.
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Its position is outside MN on the side of A at point ‘O’ at a distance ‘x’ from A, such that

Ax MO = Bx NO
15xx=5x4+x)
15x = 20 + 5x
x=2m

SIMPLE MACHINES

A device which allows us to apply force at a convenient point so as to overcome a force at
some other point is called simple machine. Although, they are called simple machines, they
can help us in a number of ways. Their functions are:

I. As a force multiplier, i.e., to lift a heavy load with less effort.
Example: Screw jack to lift a car or truck.

2. To change the point of application of force.

Example: Instead of applying force directly to the wheels of a bicycle, it is easier and
more convenient to apply it to the pedals.

3. To change the direction of application of effort according to our convenience.
Example: It is difficult to lift a bucket full of water from a well but the task becomes
easier if the force is applied in downward direction with the help of a pulley.

4. As a speed multiplier.

Example: In vehicles, gears, help in changing speed.

A machine cannot do any work on its own. We have to apply a force at a convenient point
on the machine which gets transferred to some other point where the required work is done
more effectively.

The force applied to a machine is called effort. The force overcome by a machine in
response to the effort is called load. The ratio of load to effort is called ‘mechanical advantage’
of a machine.

, Load (L)
Mechanical advantage M.A.) = ————-
Eftort (E)

= MA. = L

E

Simple machines are tools which involve the usage of either levers or inclined planes or a
combination of both.

Consider a machine whose mechanical advantage is 5. It raises a load of 25 N. Calculate
the minimum effort that has to be applied to it.

SOLUTION
Load raised by the machine, (L) = 25 N

Given, the mechanical advantage of the machine, M.A. = 5.
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Effort, (E) = ?
2
MA. = 2. 5
E
. Effort=5N

LEVERS

Lever is a straight or a bent rod, capable of rotating about a fixed point. The fixed point about
which a lever rotates is called fulcrum. The distance between effort and fulcrum is called
‘effort arm’. The distance between load and fulcrum is called ‘load arm’.

Types of Levers

Since levers are used for our convenience, the positions of load, effort and fulcrum are
changed relative to each other so that the task at hand can be handled more effectively.

Accordingly, levers are classified into three types or classes.

1. Class I Lever or Levers of First Order: When the fulcrum is between the effort
and the load, the lever is classified as first order lever.

Examples: Scissors, see-saw, crowbar, etc.

Scissors

/) l Effort arm ——

Load arm
Crow bar

FIGURE 4.7 Examples of Class | Lever
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M A N Mechanical Advantage (M.A.) of Class | Lever
\L Fulcrum The Fig. 4.8 shows a class I lever under equilibrium. The fulcrum is

E : 3 9
load L at point ‘O’such that

load x load arm = effort x effort arm.

FIGURE 4.8
= L x NO=Ex MO
L _ MO
"E NO

Thus, the mechanical advantage of a lever of first order is,

MO effortarm
MA =—=—"—
NO load arm

Thus, the mechanical advantage of a lever depends on the ratio of the lengths of the effort

arm to the load arm.

2. Class II Lever or Levers of Second-order: In this class of levers, the load lies
between the effort and the fulcrum.

Example: A nut cracker, wheel barrow, oar of a boat, bottle opener, etc.

41' ;
A 1
1
E : b
le___Load ____> -3 !
= ! am Effory
i ) T = - T larm T
P — Load | 1 1
1 arm 1 1 1
I‘ S I F L :
€ v >Effort arm=—p- |

A nut cracker A wheel barrow
Effort

Bottle opener

FIGURE 4.9 Examples of Class Il Lever
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m

Mechanical Advantage of Class Il Lever

The Fig. 4.10 shows a class II lever under equilibrium. offort

When the lever is in equilibrium, N
o}

load x load arm = effort x effort arm A \L M

Fulcrum
LxNO=ExMO

The mechanical advantage of the lever, Load, L

L M ffort
MA = L MO _ ciortarm FIGURE 4.10
E NO load arm

In class II levers, the effort arm is always greater than the load arm. Therefore, the M. A. is
always greater than 1. Thus, by using a class II lever, a greater load can be lifted with a lesser
effort, i.e., class II levers are used as force multipliers.

3. Class III Lever or Lever of Third Order: The levers in which effort lies between
load and fulcrum are called class III lever.

Example: Fire tongs, bread knife, etc.
L

Effort arm
Load arm —

1
1
1
_____________ rm———————
1
1
1
1
1
1

Effort arm |
1

Fire tongs Bread knife

FIGURE 4.11 Examples of Class Ill Lever

Mechanical Advantage for Class Il Levers

Consider a class III lever under equilibrium as shown in the Fig. 4.12..
When the lever is in equilibrium,

load X load arm = effort X effort arm.
L X NO=EX MO

Thus, the mechanical advantage of the lever,

m

L MO effort
= (0] M N

:E_NO A \L

MO effort arm Fulerum

M.A.

NO load arm Load, L

In Class III levers, the length of the load arm is always greater than that of

the effort arm. Therefore, its M.A. is always less than 1. FIGURE 4.12
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Hence, it cannot be used as a force multiplier. Instead, class III Levers are used as speed
multipliers.

The load arm and effort arm of a lever are 10 cm and 50 cm, respectively. The load and
effort are applied on the opposite sides of the fulcrum. Identify the class of the lever.
Find its mechanical advantage. If the effort applied is 10 N, how much load can be raised
by it?

SOLUTION

Since the fulcrum lies in between the load and effort, it is class I lever.

Mechanical advantage (M.A.) of levers is given by,

effort arm 50 cm
M.A. = =
load arm 10cm

Thus, mechanical advantage, M.A. = 5.
Given, Effort (E) = 10 N, Load (L) = ?
s L=ExMA.

=10x5=50N

To lift a piece of burning coal of mass 200 g, a cook uses a fire tong of length 30 cm. He
applies the effort at a distance of 10 cm from its fulcrum. Find the effort applied by the
cook. (¢ = 10 m s72)

SOLUTION
Given:

Mass of the coal = 200 g.
Thus, Load = 0.2 kg
L =0.2x10 =2 N. Length of the load arm
= 30 cm and the length of the effort arm = 10 cm

load x load arm = effort x effort arm

B effort=loadxM=2x%=6N

effort arm
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Length of a nut cracker is 25 cm. A nut is kept 8 cm away from the fulcrum and an effort
of 32 N is applied at the other end of the nut cracker. Calculate the resistance offered by
the nut?

SOLUTION

A nut cracker is class II lever, i.e., load lies between effort and the fulcrum.
Given : load arm = 8 cm,

Effort arm = length of nut cracker = 25 cm,

Effort = 32 N

Resistance offered by the nut is the load for the nut cracker.

load x load arm = effort x effort arm

Lx8cm=32N x25cm
32N X 25cm
L= —7"7—7"

8cm

=100 N.

INCLINED PLANE

It is difficult to lift a heavy load vertically up. Hence, while loading a goods truck, a plank
is kept between the truck and the ground at a certain angle to the ground and the load
is pushed or pulled over the slope provided by the plank. Such an arrangement is called
an inclined plane. Inclined plane is a smooth rigid flat surface, that is at an angle to the
horizontal plane.

Mechanical Advantage of an Inclined Plane
Consider a plane AB inclined at an angle 0 to the horizontal. .

Let [ be the length of the plane. The end B of the plane is at a \\ B
height ‘i’ from the ground.

When the load ‘L’ is moved from A to B by applying an effort E, it
is displaced by length ‘I’

Work done by the effort = effort x displacement
= ExAB=E.I

Now consider the same load to be lifted vertically up from C to
B by applying a force equal to the weight 11/ of the load.

FIGURE 4.13

Work done on the load = load x displacement
= LxBC=L.h

Since the load is raised to the same height ‘i’ in both cases, work done is the same.

.‘.Lxh=E><l:>£:£
E &k
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The ratio of load to effort is the mechanical advantage (M.A.) of the plane.

length of the inclined plane

!
SMA = - =
h  heightof theinclined plane

M.A. _1 [ sin = %]

sin O

As0°<0<90°sin0<1=MA. >1

Thus, the M.A. of on inclined plane increases with the decrease in the angle 0.

A plank of length 4 m is inclined to the ground such that its one end is resting on the
ground and the other end is 1m above ground level. Calculate the effort that has to be
applied to push a load of 48 N up the plank.

SOLUTION
Length of the plank / = 4 m.
Height of the inclined plane, 7 = 1 m.

Mechanical advantage of the inclined plane is

L_4m
M.A. =4

By defnicion MA & ecu o = 1034@)
y definition, M.A. 1s equal to = effort (E)

RN

E

..'E:ﬂ

4

0=12N

MOMENT OF FORCE

According to Newton’s laws of motion, when a force is applied on a rigid body, it can make
the body undergo linear motion. This is true when a body is free to execute linear motion.
Consider the case of a body which is not free to move (travel) but can rotate about a point
or a line. Now, by applying force, the body can be made to rotate about the fixed point. For
example a door is pivoted at one of its ends at the hinges and by applying force to the door,
we can produce a turning effect. The line passing through the door hinges is called axis of
rotation. In general, a line passing through the point of rotation, such that a body rotates
about this line is called axis of rotation. The turning effect of the force on the body about the
point or axis of rotation is called moment of force or torque.
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Turning a page, rotating a steering wheel, opening a door are the examples in daily life
which show that a turning effect can be produced on the application of force. As discussed,
this turning effect of force acting on a body about an axis is called torque or moment of force.

Applications of Turning Effect of Force

1. Opening and closing a door: The door rotates about the axis of rotation passing through
its hinges. If a force is applied at the hinges, the door cannot be opened or closed.
When the force is applied at a point which is very close to the hinges, a large amount
of force is required to open the door, whereas, when the force is applied at a point
which is comparatively at a greater distance from the hinges, it becomes easier to open
or close the door, as the magnitude of force required is less.

2. To tighten or loosen a nut, the force is applied at the end of the long handle of a
spanner so that the nut can be turned easily by applying less force. The longer the
handle, the lesser will be the force required.

Factors Affecting the Turning of a Body

From the above discussion it can be seen that the magnitude of the torque depends on:
1. The magnitude of the force applied.
2. The perpendicular distance of the line of action of the force from the axis of rotation

(also called radius vector).

Moment of force or torque of a body can be defined as ‘the product of the magnitude of the
force and the perpendicular distance of the line of action of force from the axis of rotation’.
Moment of force, T = Force x Perpendicular distance. Moment of force is a vector quantity.

Units of Moment of Force

S.L: N m
C.GS.: dyne cm
Dimensional formula of moment of force: [ML>T?]

Clockwise and Anti-clockwise Moments

If a body is turned anti-clockwise on the application of force, the moment of force is said to
be anti-clockwise moment and is taken as a positive moment. The moment of force is taken
as a negative moment when the body is turned clockwise.

A force of 8 N is applied to a body at a distance of 20 cm from the point at which it is
pivoted. Calculate the torque or moment of force about the pivot.

SOLUTION

Given, applied force, F = 8 N. -0

Distance of the point of application of force from the axis of rotation, r = 20 cm = — m
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Hence, Torque (1) = F X r

When a force of 10 N is applied about the axis of rotation of a body, it produces a torque of
5 N m. Find the distance of the point of application of the force from the axis of rotation.

SOLUTION

Given

Torque (T) =5 N m
Force (F) = 10 N

Distance (1) = ?

T=FXr
T 5N m

= — = =05m
F 10 N

A mechanic unscrews a nut by applying a force of 120 N on a spanner of length 40 cm.
What should be the required length of the spanner in order to apply only 40 N force?

SOLUTION

In the 1st case, the force applied,
F =120 N and the magnitude of the perpendicular distance (called radius vector),

r=40cm = —m
100

40
Torque (1) = 120 N X —— = 48 N m.
100

In the 2nd case, applied force F = 40 N and the length of the radius vector is to be found.
r=:
T = F x ris the same in both the cases.
Hence,
48 =40 x r

. r= 1.2 m. Hence, to apply a force of 40 N for the same torque, the mechanic should
use a spanner of length 1.2 m.
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EQUILIBRIUM

A body can be said to be in equilibrium if a number of forces acting on the body do not
produce a change in the state of rest or of uniform motion of the body.

The essential conditions to say that a body is in equilibrium are,

1. the resultant of all forces on the body is zero such that its state of rest or of uniform
motion do not change and

2. the resultant of all the torques acting on the body is zero so that it does not rotate.

Principle of Moments

For a rigid body, which is in equilibrium under the action of a number of forces in a plane,
the sum of clockwise moments is eq