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INTRODUCTION .

. . . ; T[hermodynamic .’
» Thermodynamics is that branch of physics | Syaten )y
which is concerned with transformation of 1|
heat into mechanical work. 1
» It deals with the concepts of heat, e
temperature and inter conversion of heat into Thermochemistry: Basic Concepts o e
other forms of energy i.e., electrical, SURROUNDINGS R ——
mechanical, chemical and magnetic etc. o me— The system s & wel-defined part o
; ~ SYSTEM ;f;:dt;nwerse that we singfe out for
» Thermodynamics does not take any account of % @ 8 | T
° ° ° N surroundings
atomic or molecular constitution of matter and S Bitisen the sybter and urroundings
it deals with the bulk systems. ofraar, eraa, o bt iy ks
State of any thermodynamic system can be = s e g g sl

described in terms of certain know
macroscoPKic variables known as
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» Thermodynamic variables determine the
thermodynamic behaviour of a system.
Quantities like pressure (P), volume (V),
and temperature (T) are thermodynamic
variables.

» Some other thermodynamic variables are
entropy, internal energy etc. described in
terms of P, Vand T.

» A thermodynamic system is said to be in
thermal equilibrium if all parts of it are at )
same temperature. ‘)Q

Thus two systems are said to be in thermal
equilibrium if they are at same temperature.
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ZEORTH LAW OF THERMODYNAMICS

Two systems in thermal equilibrium with a third system separately are i
equilibrium with each other.
If A and B are separately in equilibrium with C. T, =T and Tz = T then

systems A and B are also in thermal equilibrium
i /Same temperature reading\"

Al B[] C |

The Zeroth Law of Thermodynamics
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FIRST LAW OF

THERMODYNAMICS It is based on the law of conservation
Aread Final » When heat is added to the system the

piston used to increase the internal energy of

position other part is used to work done by the sy
» dQ=dU + dW

SIGN CONVENTIONS

dQ = -Ve heat given by the system.
dQ = +Ve heat added to the system.
dU= +Ve if internal energy increase the temper

Av-m[
‘\

dU= -Ve if internal energy decrease the tem
dW= +Ve if work is done by the system
dW= -Ve if work is done on the syste
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QUASI STATIC PROCESS

m3

» The system changes its variab
remains in thermal and mechan
with its surroundings throughou
the difference in the pressure of t

- > external pressure is infinitesimally

temperature is also small.

» In quasi static process we change t
pressure by a small amount allow the
equalise its pressure with that of the
and continue the process infinitely slo
the system achieves the required press

» Similarly to change the temperatu
introduce an infinitesimal temp
difference between the syste
surrounding reservoirs and b
reservoirs of progressivéely
temperature.
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WORK DONE IN AN ISOTHERMAL PROCESS

» A process in which the temperature of the s
throughout is called an isothermal process.

P » ldeal gas equation for isothermal process

Consider an ideal gas goes isothermally from its in
- the final state (P,,V,) in this process at any stage wit
volume change from V to V+AV

v

I

: » Work done AW=PAV

: ) » To the entire process the work done W= f;lz PAV
Prt-—- l | » From anideal gas PV=uRT

: Work = Area : > SoWs= pRT [, (59) = uRTIn (V,/V,)

E.z [ pav> 0: » W= 2,303 pRT log (V2/V1)

l

l
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WORK DONE IN AN » If the system is insulated from the s
ADIABATIC PROCESS heat flows betwec::n the systt-:*m aqd t

then the process is called adiabatic pr

» An adiabatic process of an ideal gas eq
PVY=constant.

» Work done in an adiabatic process:

» Consider an ideal gas change adiabatic
initial state (P,,V,,T,) to the final state

» Work done W= f:lz PAV = constant X f:lz AV
> constant X( 1 va 1_1 /V Y- 1)
3 Pl V1 =Pz Vz =constant

............... - W= ITY(pz VZYNZY 1a p1 v1vN1y 1)

W._e=AU r > W= —(|>2v2 -P,V,) = uR
e




HEAT ENGINE

» Heat engine is a device to undergo cyc
conversion of heat into work.

Heat Engine » A mixture of fuel vapour and air in a

T = Temperature ('K) diese.l engine or stream in a st!'eam engin
Q= Heat (J) working substances. The working substan
XV:M‘”:’W‘(J) cyclic process and absorb a total amount of
¢ = cold from an external reservoir at high tempera

Heat and converted into work done. In some other p

Engine /] W Efficiency the remaining heat Q. releases to an ex
W= Qn-Qc reservoir at temperature at T..
Q  Qn

> The efficiency of heat engine n = W/

Camot Efficiency ). W= Q - Q
(Te) Cold Th-Te
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REFRIGRATOR

» Arefrigerator is the reverse of a

- T » In a refrigerator the working subst
< TH (heat 5j1]l{]> dE, from the cold reservoir at temp
- external work is done on it and heat
Oy - the hot reservoir at temperature T,.
Qp -0 » In a refrigerator the working substan
Heat through the fallowing steps
W LTI » (a) sudden expansion of gas from hig
. pressure (b) absorption of heat by co
(c) heating up the vapour
A o
L . B> The coefficient of performan

- - refrigerator a = Q,/dW
< Tr.  (heat sowree) > . Q, = dw+Q,

= s
- —
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ISOCHORIC PROCESS

In this process V is constant and no work is done on or by the gas

ISOBARIC PROCESS

In this process P is constant and work is done it is W= P(V,-V,) =uRT(T,

Isobaric
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REVERSIBLE AND IRREVERSIBLE PROCES

» REVERSIBLE PROCESS Reversible

g

> If the process can be turned back & \ rocess
such that both the system and the St 2
surroundings return to their original

ate 1 | -
states without any other change. 81 S Q
> A quasi-static isothermal AS = (_)

. . . T rev
expansion of an ideal gas in a
cylinder fitted with a frictionless
movable piston is a reversible ASirrev = AS,eV

process. =S, - 5,
» |IRREVERSIBLE PROCESS

If the process cannot be reversed
is called irreversible process. The Irreversible
spontaneous processes of nature are process has
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CARNOT ENGINE

Pi
A\
Isotherm T;
B
Adiabatic — T
compression Adiabatic

expansion

Isotherm T,
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» According to second law of thermodynamics,
no heat engine can have 100% efficiency A

» Carnot’s heat engine is an idealized heat gin
engine that has maximum possible efficiency I
consistent with the second law.

» Cycle through which working substance passed
in Carnot’s engine is known as Carnot’s Cycle. IV adiabatic

» Carnot's engine works between two P
temperatures
T, - temperature of hot reservoir
T, - temperature of cold reservoir

» In a Complete Carnot's Cycle system is taken IMisothermal
from temperature T, to T, and then back from Vv =TTy
temperature T, to T,. Qout

We have taken ideal gas as the working
substance of Carnot’s engine. V
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Ideal Carnot Cycle raems
V diagram Center

In step b—c isothermal expansion of gas taken
place and thermodynamic variables of gas
changes from (P,, V,,T,) to (P,,V,,T,)

If Q, is the amount of heat absorbed by
working substance from the source and W, the
work done by the gas
Q, =W, =nRT1 |n (V,/V,) ¢
- EE3

as process is isothermal. Press Temp.
adiabatic process 4->1

V = Volume

T=300 P = pressure

T = Temperature

1

W = Work

T=200

(i) Step c—d is an adiabatic expansion of gas
from (P,, V,, T,) to (P;,V;,T,). Work done by
gas in adiabatic expansion is given by

W, =nR (T4-T;)/(y-1)

(iii)Step d—a is isothermal compression of gas -
fl'0m (P3,V3,T2) tO (P4,V4,T2). Heat Qz WOUld be :'""II] V ::?O _“ |

released by the gas to the at temperature T, Press. LM Temp, W=0-0 Press. [l Bl Temp.
isothermal process 3 -> 4 1 2 adiabatic process 2 -» 3
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» Work done on the gas by the environment
is
W; = Q,= nRT,In(V;/ V,)
(iv)Step a—b is adiabatic compression of
gas from (P,, V,, T,) to (P4, V4, T)

» Work done on the gas is
W, =nR (T4-T;)/(y-1)

» Now total work done in one complete cycle
is
W=W1 +W2'W3'W4
» =nRT,In(V,/V,)-nRT,In(V;/V,)
as W, =W,

Efficiency of carnot engine

n=W/Q, = 1-(Q,/Q,)
- 1 '(Tz/T1)ln(V3N4)/ln(VZIV1)
or n=1-[T,In(V;/V)/T{n(V,/V,
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» Since points b and c lie on same isothermal

= P,V,=P,V, . Also points ¢ and d lie on same
adiabatic.
= Py(Vp)'=P5(Vy)
Also points d and a lie on same isothermal and
points a and b on sum adiabatic thus,

P,V,=P,V,

P4(V,)1=P, (V)
Multiplying all the above four equations may get

Vil =V,IV,;
Putting this in equation

n=1-(T,/T,)
From above equation we can draw following
conclusions that efficiency of Carnot engine is
(i) independent of the nature of working substance
(i1) depend on temperature of source and sink
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SPECIFIC HEAT CAPACITY OF AN IDEAL

There are two specific heats of ideal gases.
(i) Specific heat capacity at constant volume
(ii) Specific heat capacity at constant pressure

C, and C, are molar specific heat capacities
of ideal gas at constant pressure and volume
respectively. For C, and C, of ideal gas,
there is a simple relation

C,- C,=R
where R- universal gas constant

This relation can be proved as follows:
From first law of thermodynamics for 1 mole of
gas we have

AQ = AU+PAV
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| At these temperatures

4 of freedom are frozen

Near the dissociation
temperature of 300K

the rotational deqrees

there s evidence of
two more degrees of

out"and the specifi
heat i ike that of an

Ideal monoatomic gas.

freedom, implying that
vibration is now affecting
the specific heat,

For vibration,

L L

Atintermediate temperatures kinetic energy

L L

the rotational degrees of and potential

freedom are manifest, giving energy each get

fve degrees of freedom enerqy RI2in
equipartition,

L L]

10K

100K
Temperature (K)

100K

18

10,000K




» If heat is absorbed at constant volume then,

AV =0 and C,=(AQ/AT),=(AU/AT),

» If Qin absorbed at constant pressure then
Co=(AQ/AT),=(AU/AT),+P(AV/AT),
Now ideal gas equation for 1 mole of gas is
PV = RT
= P(AV/AT) =R
From above equations
Cp - Cy=(AU/AT)p-(AU/AT), +P(AV/AT),

» Since internal energy U of ideal gas depends
only on temperature so subscripts P and V
have no meaning.

CP - Cv - R

which is the desired relation.




EVALUATION

» Q1. What is zeroth law of thermodynamics?

» Q2. State the 1:t law of thermodynamics?

» Q3. Give an example for isothermal process?

» Q4. Give an example for adiabatic process?

» Q5. Which process is called quasi-static process?

» Q6. How the efficiency of heat engine increases?
» Q7. State the 2" law of thermodynamics?

» Q8. Say the relation between specific heat capacities?
» Q9. Why C, >C,

».Q10, If it is.possible to get 100% efficiency by any e




RECAPTULATION

» Thermodynamic Process : A thermodynamic process is said to be taki
thermodynamic variable of the system change with time.

Types of thermodynamic Process:-

(1) Isothermal process: process taking place at constant temperature.
(2) Adiabatic process: process where there is no exchange of heat.
(3) Isochoric process: process taking place at constant volume

(4) Isobaric process: Process taking place at constant Pressure.

(5) Cyclic process: Process where the system returns to its original state.

V V V V V VY

First law of Thermodynamics : It states that if an amount of heat dQ added to
, a part of heat is used in increasing its internal energy while the remaining p
heat may be used up as the external work done dW by the system.

» Mathematically dQ=dU+dW
dQ=dU+ PdV.
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Thermodynamic processes are
(1) Isothermal process : A thermodynamic process that takes place at constant temperatureis calle
Equation of state for isothermal process : PV = constant.

Work done during an isothermal process W,,, = uRT In (V,/V,)= 2.303 uRT log (V,/V,)

(2) Adiabatic process: A thermodynamic process that takes place in such a manner that no heat enter
is called adiabatic process .Equation of state for adiabatic process (i) PV Y = constant (ii) TV V! =constant
(3) Work done during adiabatic change

1
W= ﬁ(P VP Vy) = uR(T,-T,)/ ¥-1

(4) Efficiency of heat Engine: It is defined as the ratio of the external work
obtained to the amount of heat energy absorbed from the heat source.
Mathematically n = 1-Q,/Q,

(5) Carnot’s heat Engine: It is an ideal heat Engine which is based on carnot’s reversible cycle.
Efficiency of carnot’s heat Engine n = 1-T,/T,

(6) Refrigerator or Heat pump: It is heat engine working backward.
(7) Co-efficient of performance: It is the ratio of heat absorbed from cold body to the work don
efrigerator.

thematically 8 = Q,/ (Q, - Q,)
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THANK YOU
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