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THERMODYNAMICS

Important Points:

1. Zeroth Law of Thermodynamics
a) This law gives the concept of temperature.
b) If the temperatures of two bodies are equal they are said to be in thermal equilibrium.

c) When two bodies A and B are in thermal equiibor with a third body C individually, then
the bodies A and B are in thermal equilibrium watch other.

2. Calorie:

The quantity of heat required to rise the tempeeatf 1gram of water from4.5C to 15.5C

is called standard Calorie.

3. External Work:
a) The work done by the system is positive.
b) The work done on the system is negative.

4. Internal Work:

When the work done by one part of the system aithan part of the same system is called

Internal Work.

5. Internal Energy:

a. The sum of potential energy and kinetic enefgndividual molecules in the system is

called Internal Energy.
Internal energy =P.E.+KE
[0 Change in internal energy

du =U, -U,
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WhereU, is final internal energy and
U, is initial internal energy

b. Internal energy of a system increases with tzatpre.

External work done by an ideal gas during Expasion:
dw = PdVv

First law of Thermodynamics:

The quantity of heat energy is supplied to a systeequal to sum of the external work done

by the system and increase in its internal enérgis obeys the law of conservation of energy.
dQ=duU+ dw

Where dQ = amount of heat

dU = increase in internal energy

dw = PdV = work done

Specific Heat of Gas at Constant Volume:

It is defined as the amount of heat requiredde the temperature of unit mass of gas through

at constant volume

@

ST

3|

Specific Heat of Gas at Constant Pressure:

It is defined as the amount of heat required $@ the temperature of unit mass of a gas
through1°C at constant pressure.

aQ

&= dT

3=

www.sakshieducation.com



www.sakshieducation.com
10. Molar Specific Heat at Constant Volume:

It is defined as the amount of heat required tgerthe temperature of one mole of gas through

1°C at constant volume.

daQ

& T

Sk

11. Molar Specific Heat at Constant Pressure:

It is defined as the amount of heat requiredge the temperature of one mole of gas through
1°C at constant pressure.

dQ

C.=
F dT

Sk

12. Relation between @ and Cy;:

C.-C, =R ; C.>C, and%:y

13. Isothermal Process:

a) The changes in volume and pressure of a gagytplace at constant temperature is called

Isothermal Process.
b) Isothermal process obeys Boyle’s law PV = camist
c) This process takes place in conducting vessel.
d) Internal energy of the system does not change.
e) Thisis a slow process.
f) Molar specific heat is infinity in this process

g) Work done in isothermal process is

W =2.302nRT log, (ﬁj
V,

1
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14. Adiabatic Process:

a) The changes in pressure, volume of a gas tgiexce at constant heat energy is called

adiabatic process.

b) This process is representedP¥sy = constan.

c) This process takes place in insulated vessel.
d) Heat content does not change.

e) Molar specific heat is zero.

f) Itis a quick process.

g) Work done in adiabatic process is

__R _
w _W(Tz Tl)

15. Relation between P,V and T:

a) Relation between P, V is given by

Pv/ = constant
b) Relation between V, T is given By’ = constant
c) Relation between P, T is given b /T” = constant
16. Method of Mixtures:
a) Heat lost by the hot body = heat gained leycthld body

b) Two substances of masses and m,specific heatsc, and c, are at temperatureg and

g,are mixed then final temperature of mixture is

g=Mm&o+me s,

mc, + mg,
c) If ¢ =c, i.e. substances are made of same material men—mglingz
m+m,
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Joules Law:
The amount of work performed is directly propantabto the amount of heat generawd] Q
W =JQ Where
J = Joules constant (or) mechanical equivaleheat.
J=4.2Jlcal

Triple Point:

The pressure and temperature at which the tha¢esstliquid, solid and gas) of a substance
exist is known as triple point. Pressure and teatpees of triple point of water are 610.13 Pa
and 273.16K

Second law of thermo dynamics:
a) Claudius Statement:

It is impossible for a self acting machine unaitigdany external agency to transfer heat from

a body at lower temperature to a body at higheptrature (Or)
Heat cannot by itself flow from a colder body tutter body.
b) Kelvin Plank Statement:

It is impossible to construct a heat engine opegain a cycle to convert the heat energy

completely into work without any change of workisystem.

Heat engine is a device which converts heat enetgymechanical energy.

& Q T.
Efficiency n=1-=2=1--2
Q]_ Tl

Refrigerator (heat pump) is reverse of heat engine

Co-efficient of performanceKzgz @ _ 1

W Q-Q (T,
T2
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Very Short Answer Questions

Define thermal equilibrium. How does itéad to Zeroeth Law of Thermodynamics?

Thermal Equilibrium:
If two bodies are at the same temperahas they are said to be in thermal equilibrium.

When bodies are in thermal equilibrium, no exchanfigeeat takes place.

Explanation:

Consider two systems A and B separated by anatisglwall .These systems are in turn
contact with a third system C by a conducting wHifle states of A and B change until they
come to thermal equilibrium with C. Now the insuigtwall between A and B is replaced by a
conducting wall and C is insulated from A and Beimo change is observed in the states of

A and B. This led to Zeroth Law of Thermodynamics.

Define calorie. What is the relation between catie and mechanical equivalent of heat?
Calorie:
The amount of heat energy required to rise theegature of 1gm of water througfclis
called calorie.
Relation between calorie and mechanical equivalemt heat:
J=4.2Joule/Cs

Where J is called mechanical equivalent of hea}.Joule's constant.

What thermodynamic variables can be definelly a) Zeroth Law b) First Law?

a) Zeroth Law:

The thermodynamic variables that can be defineddygth Law is temperature.
b) First law:

The thermodynamic variables that can be definefirtylaw is internal energy, pressure and

volume.
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4. What is specific heat capacity of the substance? Qmhat factors does it depend?
Specific Heat Capacity:
Specific heat capacity is defined as the quamtitjeat required to raise the temperature of

unit mass of the body througf @. c=1dQ

m dT
Specific heat capacity depends on the natureeotibstance and its temperature.

5. Define molar specific heat capacity.

A. Molar specific heat capacity is defined las tjuantity of heat required to raise the tempegatu

of unit mole of the body througlf €. c=192

pudT

6. For a solid, what is the total energy of an odator?
A: Total energy = potential energy + kinetic energy

7. Indicate the graph showing the variation of spefic heat of water with temperature.
What does it signify?

Specific heat

Q

Temperature (°C)

The specific heat of water varies slightly witmigerature, so defining calorie as amount of
heat required to raise the temperature of 1gm oémay 1°C is not exactly correct. So for a
precise definition of calorie it is necessary tedfy unit temperature interval. One calorie is
defined to be amount of heat required to raise¢ehwerature of 1gm of water from.5C to
15.5C.
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Define state variables and equation of state?
State Variables:

A thermodynamic system is completely describedckytain macroscopic variables like

pressure, volume, temperature and mass. Thesaldd state variables.

Equation of State:

A relation among the any of the three thermodyisavariables of the system is called its

equation of state.
Why a heat engine with 100% efficiency can nevdre realized in practice?

For 100% efficiencyf, = (or) To = 0 k. As absolute zero and infinite temperattaenot be

realized in practice, the efficiency of a heat eegtannot have 100%. The efficiency of a heat

engine is always less than unity.
In summer, when the valve of a bicycle tube &pened, the escaping air appears cold.

When the valve of the cycle tube is openee@, glas expands suddenly which is adiabatic

expansion. Hence temperature decreases produantiggeffect.

Why does the brake drum of an automobile get la¢ed up while moving down at constant

speed?

Brakes are to be applied during the driving of atomobile for constant speed. As a result of
friction between wheel and brake drum, the tempeeadf wheel and brake drum of an

automobile increase.
Can a room be cooled by leaving the door of atectric refrigerator open?

A refrigerator is a heat engine that workd®ackward direction i.e., it extracts heat fronow |
temperature reservoir and transfers it to a highperature reservoir. Thus it exhausts more

heat into the room than it extracts from it. Hetteroom gets heated.
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Which of the two will increase the pressure ma; an adiabatic or an isothermal process,
in reducing the volume to 50%?

For isothermal procesgv, = PV, sinceV, :\%

P

2iso

:2Pl

For adiabatic procestV,” = PV}

14
V,
P2adia = P(V_lj = Pl(z)y

2

y is the ratio of specific heats. It is always geedhan one s®,,; > P.

2iso

A thermos flask containing a liquid is shakervigorously. What happens to its

temperature?

Its temperature increases because liquid mageist the viscous forces. Work done against
viscous forces is converted into heat.

A sound wave is sent into a gas pipe. Does theernal energy change?

As the propagation of sound wave in a gas is aabatic process then its temperature and

hence its internal energy will increase.

How much will be the internal energy changm i) isothermal process ii) adiabatic

process?

I) Isothermal process:
As temperature is constant, internal energy doeshmange.
i) Adiabatic process:
During adiabatic expansion internal egatgcreases and adiabatic compression internal

energy increases.
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The coolant in a chemical or a nuclear plant sluld have high specific heat. Why?

_1d6 1

= S _

m dt dt

The coolant in a chemical or a nuclear planukhabsorb large amount of heat for a small rise

in temperature. Hence the specific heat of theazdahust be high.
Explain the following processes. i) Isocho Process, i) Isobaric Process.

I) Isochoric Process:

A thermodynamic process in which volume remainsstant is known as isochoric process.

i) Isobaric Process:

A thermodynamic process in which pressure resnaimstant is known as isobaric process.
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Short Answer Questions

State and explain the first law of Thermodynamics?
Statement:

The amount of heat supplied to a system is equiilet algebraic sum of the change in internal
energy of the system and the amount of externakwone. This obeys the law of

conservation of energy.
Explanation:

If dQ is the amount of heat supplied to the systlhis the increase in internal energy and
dW is the external work, then dQ = dU + dW

Limitations:

1) It does not explain the direction of heat flow.

2) It does not tell us about the efficigié conversion heat into work.
Define two principal specific heats of a gas. Wch is greater and why?

1. Principal Specific Heat At Constant Presure (Cp):

It is defined as the amount of heat requiredntraase temperature of one gram of a gas
through 1°C at constant pressure.

2. Principal Specific Heat At Constant Volume (Gy):

It is defined as the amount of heat requiredntyaase the temperature of one gram of gas

through 1°C at constant volume.
Cp > Cy of a gas:

The heat supplied to a gas at constant volumeeid asly to increase the temperature (internal

energy) of the gas. But heat supplied to a gasradtant pressure it is used to
1) Increase the temperature of the gas and
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2) Do external work against constant pressure.
Hence more heat is required.

Hence for a given mass of a gas for the samadrrisemperature heat supplied to the gas at

constant pressure is greater than that suppliedratant volume i.e. &> Gy

Derive the relation between the two heat capaas of a gas on the basis of first law of

Thermodynamics.

Relation between G and Cy;:

Consider one mole of an ideal gas in a cylindgediwith an air tight movable piston of area
of cross section ‘A’. Let the temperature of thes ga increased through 1°C at constant

pressure. Let ‘dL’ is the displacement in the pisto
Work done by the gas on the piston, dW = F.dL
Or dwW=PAdL (. F=PA)
O dW=P.dV............. (1)

Also, C, :%%? =C,=dQ  ........... (2

From the first law of thermodynamics dQ = dU + dW,

Or C,=dU+PdV ............ (3)

Also, from PV = RT

Or PdV = RdT

From equations (3) and (4)

C,=dU+R e (5)

At constant volumegC, :%3—$ =C,=dQ  ......... (6)
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Again from first law of thermodynamics, dQ = dU veeeene (7) [ dW =0]
From equations (6) and (‘dU =C,
Or C,=C,+R
0c,-C,=R
Obtain an expression for the work done by an idd gas during isothermal change.
Work done in Isothermal Process:
Let a gas expands isothermally through small voldme

Work done by the gadw = PdVv

Work done by the gas in changing its wwdurom v to vs is given by,
K TRT Fadv
W=|PdV=|—dv=RT|—
o=l emrly
=W = RT[logv]y
=W =RT[logv, —logv,]

—W = RT log, -2
V.,

1
V.
W =2.30RT log, (—zj
Vl
But, pv,=py,

OwW = 2.303RTlogo(&j

2
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Obtain an expression for the work done by an idd gas during adiabatic change and

explain?
Work done in Adiabatic Process:

Let a certain mass of an ideal gas undergoes abalit process. Let dv be the change in

volume at constant pressure P. then the work domehiange in volume fromy\o vs is given

by

W:Vdev

Vi

ButPV' =constant or P :%

K K . _ K
VT (a-y) 1—y(vly)v1

ButPV, =PV, =K
ow=_1 (PVV, —RVIVEY)
1-y 2V2 Vo V1V
_d
Or W=7 SiEVagi V)
nR
For n moles of a gasw :—l[T1 ~T,]
y—

6.  Compare isothermal Process and adiabatic Bcess.

Isothermal Process Adiabatic Process

1. The pressure and volume of gas changelafhe pressure, volume and temperature [of a

constant temperature. gas change.

2. Itis a slow process. 2. Itis a quick process.
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3. The system is in thermal contact with tl8& The system is in thermally insulated from

surroundings. the surroundings.

O

4. The internal energy of the system does|dotHeat content does not change i.e. dQ = (

change i.e,du=0

5. It obeys the Boyle's law i.e., PV=K. 5. The adiabatic process is representec

PV’ = constant.

nR
6. Work done  W=2.303RTlqg (%} 6. Work donew :ﬁ[Tl -T,]

1

7. Explain the following processes. i) Cyclic praess with example.ii) Non-cyclic process with

A.

example.

Cyclic process:
The process in which the system after passing tfiraarious stages ( pressure, volume and
temperature changes) returns to its initial coodits called a cyclic process.

1) In cyclic process, dU = 0. Hence dQ = dW

i) P —V graph for a cyclic process is a closadve.
In cyclic process total heat absorbed by the systguals the work done by the system.
Ex. A gas in a cylinder at pressure, Folume \{ and temperature,Tare taken to different
stages and again taken back to the initial constiof pressure Pvolume \, and temperature
T, This process is called a cyclic process.
i) Non-cyclic process:
The process in which the system does not retuits tioitial conditions is called a non-cyclic
process.
Ex. Consider gas in a cylinder provided with an air tight movapiston. Let its pressurg P
and volume Y are changed to pressurgd?d volume Y.The work done in this process is the

area under the P-V curve with volume axis. Thi& mon-cyclic process.
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Explain Quasi-Static process?

Quasi-Static Process:

An infinitesimally slow process in which at eachdaevery intermediate stage, the system

remains in thermal and thermodynamic equilibriunthwihe surroundings throughout the

entire process is called quasi - static process.

Explanation:

1) Consider a gas enclosed in a cylinder by pidfiothe piston is suddenly pushed down, the
gas inside will undergo sudden compression. Dutimg compression, the gas inside the
cylinder passes through several states that arenreqjuilibrium. This is because the pressure
and temperature of the system will rapidly chamyg. after certain time, the gas will attain the
thermodynamic equilibrium with surroundings.

2) Instead of pushing the piston in a sudden marnet us lower it down in infinitely slow

manner such that at every stage of the systemptbssure difference, and temperature

difference between system and surroundings shauldfmitesimally small. It is called quasi-

static process.

Explain qualitatively the working of a heatengine?
Heat Engine:
It is a device which converts heat energy intamagical work.

Working:

i Source (T)
{_} Q
Heat /| T w=ai-Q,
- ~|'|_ Q
Y
Sink (T2)
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There are three parts in a heat engine.
1) Source (hot body)
2) Working substance
3) Sink (cold body)

1) Source:

It is at a very high temperatufieK and Q heat is extracted from this body (Hot reservoir)

2) Working Substance:

In steam engine working substance is steam adikgel engine working substance is mixture

of fuel vapour and air.
3) Sink:

It is at a very low temperaturg K and Q, heat is rejected by the working substance to this

(Cold reservair).

Work donew =Q, - Q,

The efficiency of heat engine is defined as rafiovork done by the engine to the amount of

heat absorbed by the engine.

quﬂﬂ—%:h%
1

Q Q
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Long Answer Questions
Explain reversible and Irreversible Processes.
Describe the working of a Carnot engine. Obtain th expression for efficiency.
Reversible Process:

A process that can be retraced back in opposigetihn in such a way that the system passes
through the same states as in the direct procesfraily the system and surroundings return

to their original states is called reversible pssce
Example:

1) Pettier effect and see beck effect.

2) Fusion of ice and vaporization of water.
Irreversible processes:

A process that cannot be retraced back in oppdsietion is called irreversible process. All

the spontaneous natural processes are irreversible.
Examples:
1) Diffusion of gases.
2) Work done against friction.
Carnot's Heat Engine:
Carnot ideal heat engine consists of four comptme
1) Cylinder:

The walls are perfectly non-conductive and bagerfectly conducting, fitted with a

non—conducting frictionless movable piston.

2) Source:

It is at a high temperature;K and has infinite thermal capacity.
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3) Sink:

It is at a lower temperatureR and has infinite thermal capacity.

4) Insulating Stand:

It is a perfectly non- conducting stand on whidte tcylinder containing the working

substance can be put and it can be made perfestliated from the surroundings.

The working substance (perfect gas) in the cylindesubjected to cycle of four operations

and it is known as Carnot cycle.
1. Isothermal Expansion:
The cylinder containing ideal gas is allowed tpanxd slowly at this constant

temperaturdq. Wq = Q1 = RTq log, (%

j = area ABFH
1
2. Adiabatic Expansion:

Now the gas is allowed to expand adiabaticallythié temperature falls froffyy to To.

W, :R(Tl—_irz): area BCEF
y_

3. Isothermal Compression:

The gas is compressed at constant temperagure

Work done = Heat released by the syste
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Q, =W, =-RT, Ioge% =areaCDGE

3

(OnQ, =+RT, Iogeé

4
4. Adiabatic Compression:
Finally the compression is continued so that gasns to its initial stage.

R(Tz_Tl) Z_R(T1_
y-1 y-1

T.
2) zarea ADGH

W, =+

Net work done by the engine in complete cycleve by,
W = Wy + Wo — W3 — Wy

But Wy = Wy.

W =W — Ws

Efficiency:

The efficiency of engine is defined as the rafiovork done to the heat supplied.

n= work done _W
heatinput Q

Net work done during the complete cycle
W =W, +W, + (W) + (-W,) =W, -W, = Area ABCD

[ASW, =W,]

Q W Q W, Q

W W-W,_Q-Q, _, W, Q

or n=1- RT,log, (V,/V,)
RT, log.(V, /V,)

Since pointd andC lie on same adiabatic curve
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r-1
TV, " =TyV;™ Or L{%) ..... (i)
2 2

Also pointD andA lie on the same adiabatic curve.

r-1
TV, =Tyt Or = (ﬁj ..... (il
2 2
From (i) and (ii),ﬁz\A or Y Y or log, Vy =log, Ve
V, V, V, V \2 Vi

Hence the efficiency of Carnot engine 1—%
1

State second law of thermodynamics. How is heangine different from refrigerator?

Classius Statement:
It is impossible for a self acting machine unaithgdan external agency to transfer heat from a
body at lower temperature to another at a highapégature.
Kelvin Statement:
It is impossible to construct a heat engine ofregain a cycle to convert the heat energy
completely into work without any change of worksystem.
The second law always states that the heat floma & body at higher temperature to a body
at lower temperature. Also it is impossible to ¢ang any heat engine with 100% efficiency.
Refrigerator:
Any device capable of transferring heat from a dwoddly to a relatively hotter body is called
Refrigerator. An ideal heat engine operating mriverse processes is called refrigerator.
The working substance absorbs heat energy frorsitikeat lower temperature, a net amount of
work is done on it by an external agent and a largeunt of heat is refused to the source. The
working substance is called refrigerant. In a hdusld refrigerator, work is done by an electric
motor and the working substance (refrigerant) eohir
If Q, is the heat energy absorbed from the sink.&tahd Q is the heat given to the source at
T.k. Then

Q
W=Q1—Q2 W: ) __].
(or) Q (Q j

2
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Since &:L, W:QQ{L—IJ
Q, T, T,

The ratio of heat extracted from the sink and ®wlork required to be done on the refrigerator

is called the coefficient of performanﬁe:& - 1
W Q -0, ( T _lj

T,

Heat engine and Refrigerator:
An ideal heat engine operating in the reverse @seE®Ris called refrigerator. In a heat engine,

the efficiency can never exceed 100%. But in theecaf a refrigerator, the coefficient of

performance may be much higher than 100%.
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Problems

14. If a mono-atomic ideal gas of volume 1 litre ail.T.P is compressed adiabatically to half
of its volume, find the work done on the gas. Alstind the work done if the compression

is isothermal. (y=5/3)

Sol: i) T,V/ =Ty}

V. 5
But, T, =273K;V,=—;y==
! 2= V73
§_ =1
02737 = Tz(ﬁjs
2
2
T, =(2)3 273= 431.6k
Number of molesnh = 1I|tr.e = 1
22.4litre 22.4

R
Work done= %L(Tl -T,)

4 _ 834 3 C o ac
[273- 431.4 > 2? 158)=— 8¢

ii) Work done during isothermal compression\¥ = 2.3026 nRT Ioglé%j
1

n = number of moles %4;1- =273K:R=8.314Jmat K

=0.5

N| -

Vo _
Vl

oy = 2-3026¢ 8.314 273log( 0):
22.4

or W=-79J
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Five moles of hydrogen when heated through 20kkpand by an amount of

8.3x10° m under a constant pressure of0° N/nv. If C, =20J/mole K, find C,.
C.-C,=R
Or nCAT-nCAT=nRAT
Or nAT(C.-C,)=R\V (" nRAT=PAV)
Or 5x20(G - 20 = 16x 8.8 10
0C, =28.3J/mole k

How much steam atlo® C is to be passed into water of mass 100gm 2a¢° C to raise its
temperature by5°C? (Latent heat of steam is 540cal/gm and specifieht of water

islcal/gnf C)

heat lost by steam = heat gained by water
m,L,+ms(100- )= m, ¢ + 2p

m,x540+ mx 1 106- 2b= 100 (1 25 2

m, =299_ 0 g13gn
615

S
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