Thermodynamics

THERMOMETRY, THERMAL EXPANSION AND
CALORIEMETRY

8.1 Heat

The energy associated with configuration and random motion of the atoms
and molecules with in a body is called heat.

(1) Units : Joule (S.1.) and calorie (Practical unit)
(2) The ratio of work done (W) to heat produced (Q) is constant.
W =Jor W=JQ
Q
J is called mechanical equivalent of heat and has value 4.2 J cal.
1 calorie = 4.186 Joule = 4.12 Joule

(3) Heatis a path dependent and is taken to be positive if the system absorbs
it and negative if releases it.

8.2 Temperature

Temperature is defined as the degree of hotness or coldness of a body. Heat
flows from higher temperature to lower temperature.

Two bodies are said to be in thermal equilibrium when both the bodies are

o 3
at the same temperature. Temperature o kinetic energy |:AS E= ERT]

8.3 Scales of Temperature

The Kelvin temperature scale is also known as thermodynamic scale. The S.1.
unit of temperature is kelvin and is defined as (1/273.16) of the temperature
of the triple point of water. The triple point of water is that point on a P-T
diagram where the three phases of water, the solid, the liquid and the gas,



can coexist in equilibrium.

To construct a scale of temperature, two fixed points are taken. First is the
freezing point of water, it is called lower fixed point. The second is the boiling
point of water, it is called upper fixed point.

Name of the Symbol for Lower fixed Upper fixed Number of
scale each degree point (LFP) point (UFP) divisions on the

scale
Celsius °C 0°C 100°C 100
Fahrenheit °F 32°F 212°F 180
Reaumer °R 0°R 80°R 80
Rankine °Ra 460 Ra 672 Ra 212
Kelvin K 273.15 K 373.15 K 100

Temperature on one scale can be converted into other scale by using the
following identity.

Feading on any scale — Lower fized point (LFF)
Upper tized point (UFF) — Lower fized point (LEP)

= Constant for all scales

8.4 Thermal Expansion
When matter as heated, it expands.

AL 1
. . . . _ -
(1) Coefficient of linear expansion o T AT
(i1) Coefficient of rficial i B—&xL
i1) Coefficient of superficial expansion A AT
) CoefieNe ot vol AV 1
(111) Coefficient of volume expansion y = vV AT

(iv) The value of o, § and y depends upon the nature of material. All have
dimension [0!] and unit per °C.

(v) AL=LoAT, AA = ABAT and AV = VYAT

(vi) Final length L’=L+AL=L(1+ aAT)

A+AA=A(1+BAT)
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Final volume V' = V+AV=V(1+yAT)
(vi)p=2caandy=3 o

8.5 Anomalous Expansion of Water

(1) In case of water, it expands on heating if its temperature is greater than
4°C. In the range 0°C to water contracts on heating and expands on
cooling, i.e., negative.

—
=3
=

Vol/mass
Anomalous
behaviour

0°C 4°C Temperature—

(2) At 4°C, density of water is maximum while its specific volume is
minimum.

8.6 Expansion of Gases
Gases have no definite shape, therefore gases have only volume expansion.

8.7 Thermal Capacity and Water Equivalent

(1) Thermal capacity : It is defined as the amount of heat required to raise
the temperature of the whole body (mass, m) through 1°C or 1 K.

Q

Th 1 ity = =uC=—
ermal capacity = m c = AT

Dimension : [ML?>T20"!], Unit : call °C (practical) Joule K (S.I.)

(2) Water Equivalent : Water equivalent of a body is defined as the mass of
water which would absorb or evolve the same amount of heat as is done
by the body in rising or falling through the same range of temperature.
It is represented by W.

If m = Mass of the body, ¢ = Specific heat of body
... Water equivalent (W) = mc gm

8.8 Specific Heat

(1) Gram specific heat : The heat required to raise the temperature of one
gram mass of a body through 1°C (or 1 K) is called gram specific heat
of the material of the body.

specific heat, c = ——

mAT
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Units : Calorie/gm°C (Practical), J/kg K(S.1.)
Dimension : [L2T201]
(2) Molar specific heat : Amount of heat required to raise the temperature

of one gram mole of the substance through a unit degree it is represented
by (capital) C.
o Q
UAT

Units : Cal mol™!' °C! (Practical), ] mol~! K=! (S.L.)
Dimension : [ML>T20-'u"]
8.9 Specific Heat of Solids
Specific heat of a solid is specific heat at constant volume C .
With rise in temperature, C increases and becomes constant = 3R

Dulong and Petit law : Average molar specific heat of all metals at room
temperature is constant and is equal to 3R. This statement is known as Dulong
and Petit law.

ys 3R

Cy

f

> X
—T Debys temp.

8.10 Latent Heat

(1) When a substance changes from one state to another state then energy
is either absorbed or liberated. This heat energy is called latent heat.

(2) No change in temperature is involved when the substance changes its
state.

(3) DQ =mL, where L is the latent heat.
(4) Unit : cal/gm or J kg and Dimension : [L2T2]
(5) Any material has two types of latent heats

(i) Latent heat of fusion : The heat required to change 1 kg of the
material in its solid state to its liquid state, latent heat of fusion (or
latent heat of ice) is L = L, = 80 cal/g.
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(ii) Latent heat of vaporisation : The heat energy required to change 1
kg of the material in its liquid to 1 kg of the material in its gaseous
state. Latent heat of vaporisation (latent heat of steam)isL =L
= 540 cal/gm.

steam

8.11 Principle of Caloriemetry
Heat lost = Heat gained

i.e., principle of caloriemetry represents the law of conservation of heat

energy.
E
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8.12 Heating Curve

Thermodynamic Processes

(1) Thermodynamics : It is a branch of science which deals with exchange
of heat energy between bodies and conversion of the heat energy into
mechanical energy and vice versa.

(2) Thermodynamic system : A collection of an extremely large number
of atoms or molecules confined with in certain boundaries such that
it has a certain value of pressure, volume and temperature is called a
thermodynamic system. Anything outside the thermodynamic system to
which energy or matter is exchanged is called its surroundings.

Thermodynamic system may be of three types :

(i) Open system : It exchange both energy and matter with the
surrounding.

(i) Closed system : It exchange only energy (not matter) with the
surroundings.

(iii) Isolated system : It exchange neither energy nor matter with the
surrounding.
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(3) Thermodynamic variables and equation of state : Pressure, volume,
temperature, internal energy and the number of moles are called
thermodynamic variables.

For u moles of an ideal gas, equation of state is PV = uRT.
Thermodynamic State Variables :

(i) Intensive variables

(i) Extensive variables.

8.13 Zeroth Law of Thermodynamics

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

The zeroth law leads to the concept of temperature.

8.14 Quantities Involved in First Law of Thermodynamics

(1) Heat (AQ) : It is the energy that is transferred between a system and its
environment.

(i) Heat is a form of energy so it is a scalar quantity with dimension
[ML2T2].

(i1) Unit : Joule (S.1.), Calorie (1 calorie = 4.2 Joule)
(ii1) Heat is a path dependent quantity.

(iv) AQ = mL [For change in state] and AQ = mcAT [For change in
temperature]

(AQ) = uC AT [For constant volume] and (AQ)p = p.CpAT [For constant
pressure]|

(2) Work (AW) :
v
Work done AW = _[dW = jv_f pdV =P(V,-V;)

(i) Like heat, work is also a path dependent, scalar physical quantity
with dimension [ML2T2]

(ii)) AW = positive if V, >V, ie, system expands

AW = negative if V, <V, ie., system contracts
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(ii1)) W = area under P — V diagram
It is positive if volume increases (for expansion)

It is negative if volume decreases (for compression)

P
; P
P . B P Compression B C D C
Expansion i > P, :
Positive Negative
o work P wor
ositive N D 5 B
A work v
Vl V2 Vl V2
Clockwise cyclic Anticlockwise
process cyclic process

It is positive if the cycle is clockwise.

It is negative if the cycle is anticlockwise.

(3) Internal energy (U) : Internal energy of a system is the energy due to
molecular motion and molecular configuration.

The energy due to molecular motion is called internal kinetic energy
U, and that due to molecular configuration is called internal potential
energy Up.

i.e., Total internal energy U =U, + Up
. : . 3
(i) Internal energy of an ideal gas is totally kinetic U= U, = ~URT

2
(i1) In case of gases whatever be the process

R(T,-T,) (P,V,—PV,
AU = nLrar= RO @A, -V
2 vy -1 v -1

(ii1) Change in internal energy does not depends on the path.
AU=U-U,
(iv) Change in internal energy in a cyclic process is always zero.

8.15 First Law of Thermodynamics

It is a statement of conservation of energy. According to it AQ = AU + AW

(1) Firstlaw introduces the concept of internal energy.
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(2) Sign conventions

Poatree | When heat1s supplied to a system
Hegatrve | When heat 15 drawn from the sistem
Positree | When work done by the zas (expansion)

A

AW
Hegatre | When work done on the gas (compression)

Positree | When teraperature increases, internal energyincreas: s

ATT

Megatree | When teraperature decreases, internal enerzy decreases

(3) Limitation : First law of thermodynamics does not indicate the direction
of heat transfer. It does not tell anything about the conditions, under
which heat can be transformed into work and also it does not indicate
as to why the whole of heat energy cannot be converted into mechanical
work continuously.

8.16 Isothermal Process

In this process, P and V change but T = constant i.e., change in temperature
AT =0.

(1) Condition for isothermal process :
(1) The walls of the container must be perfectly conducting.
(i) The speed of process should be so slow.

(2) Equation of state : In all isothermal process Boyle’s law is obeyed.
Hence equation of state is PV = constant.

(3) Example of isothermal process :
(i) Melting process [Ice melts at constant temperature 0°C]
(i1) Boiling process [water boils at constant temperature 100°C]

(4) Indicator diagram

T <T,<T,

T~ v v Work v
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¥y Y
Q) Work done W = uRT log, ~ I 2.303uRTlogy, Eva

W =uRTlog, L = 2.303puRT log,, ki
Pf Pf

(6) Heat supplied in isothermal process : AQ = AW i.e., heat supplied is
used to do work against external surrounding.

8.17 Adiabatic Process
In this process P, V and T changes but AQ = 0.

(1) Essential conditions for adiabatic process :
(1) All'wallls of the container and the piston must be perfectly insulating.
(i) The speed of process should be fast.
(2) Example of some adiabatic process :
(1) Sudden bursting of the tube of bicycle tyre.
(i) Propagation of sound waves in air and other gases.
(3) Energy in adiabatic process : For adiabatic process
AQ=0, .. AU+AW =0

If AW = positive then AU = negative i.e., adiabatic expansion produce
cooling.

If AW =negative then AU = positive i.e., adiabatic compression produce
heating.

(4) Equation of state :

PV7? = constant
It can also be re-written as
TV’-! = constant
TY

F = constant

and

(5) Indicator diagram :

(i) Curve obtained on PV graph are called adiabatic curve.
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(i1) Slope of adiabatic curve

P
tan ¢ = —Y[VJ

P

(6) Work done :
_ [Piv.i _vaf] _ HR(T_i - Tf)
(v=D (y=D

i i v
v, \Z

!

(7) Free expansion : Free expansion is adiabatic process in which no work
is performed on or by the system. The final and initial energies are equal
in free expansion.

8.18 Reversible and Irreversible Process

(1) Reversible process : A reversible process is one which can be reversed
in such a way that all changes occuring in the direct process are exactly
repeated in the opposite order and inverse sense. The conditions for
reversibility are :

(1) - There must be complete absence of dissipative forces. (friction,
viscosity etc.)

(i) The speed of process should be infinitely slowly.

(ii1) The temperature of the system must not differ appreciably form its
surroundings.

Examples of reversible process are :

(a) All slow isothermal and adiabatic changes are reversible.
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(b) Very slow evaporation or condensation.

(2) Irreversible process : Any process which is not reversible exactly is an
irreversible process. Examples of irreversible processes are :

(1) Sudden expansion or contraction

(i) Heat transfer between bodies

8.19 Cyclic and Non-cyclic Process

A cyclic process consists of a series of changes which return the system back
to its initial state.

In non-cyclic process the series of changes involved do not return the system
back to its initial state.

(1) In cyclic process change in internal energy is zero and temperature of
system remains constant.

(2) Heat supplied is equal to the work done by the system.

(3) For cyclic process P—V graph is a closed curve and area enclosed by the
closed path represents the work done.

Ifthe cycle is clockwise work done is positive and if the cycle is anticlockwise
work done is negative.

8.20 Graphical Representation of Various Processes

Adiabatic Isotherm
P Isochoric & Isochoric * Isobar
Isobar Isobar Isochoric
Adiabatic P Isotherm Adiabatic
¢} vV 0" V 0~ \%

Heat engine is a device which converts heat into work continuously through
a cyclic process.

The essential parts of a heat engine are :
Source : Working substance : Steam, petrol etc.
Sink : “efficiency” 1 is given by

Work done = W

"7 Heat input _a,
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Q] _Q.2 =l—&

also n=—

Q Q
Source (T)
I
30
Heat _'T=>W =Q-Q,
Engine “| [
I Q,
\ 2.
Sink (T,)

A perfect heat engine n = 1. Practically efficiency is always less than 1.
8.21 Refrigerator or Heat Pump.

Acrefrigerator or heat pump is basically a heat engine run in reverse direction.

It essentially consists of three same parts.

The performance of a refrigerator is expressed by means of ““coefficient of
performance” 3 which is defined as the ratio of the heat extracted from the cold
body to the work needed to transfer it to the hot body.

Source (T)
4 (Atmosphere)
e
Heat e W=0Q,-Q,
Engine | [
#Q
U Sink (T,)

Contents of refrigerator

Heat extracted _ Q, _  Q,

b= work done W Ly
A perfect refrigerator

W =0 so that Q, = Q, and hence 3 = .

(1) Carnot refrigerator :

ie.,

F t refrigerat Q4
or carnot refrigerator = =
s Q T
: T
coefficient of performance § = T-T
1= 2

where T, = temperature of surrounding, T, = temperature of cold body
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(2) Relation between coefficient of performance and efficiency of refrigerator

8.22 Second Law of Thermodynamics

(1) Clausius statement : It is impossible for a self acting machine to transfer
heat from a colder body to a hotter one without the aid of an external
agency.

(2) Kelvin’s statement : It is impossible for a body or system to perform
continuous work by cooling it to a temperature lower than the temperature
of the coldest one of its surroundings.

(3) Kelvin-Planck’s statement : It is impossible to design an engine that
extracts heat and fully utilises into work without producing any other
effect.

8.23 Carnot Engine

Carnot designed a theoretical engine. This engine cannot be realised in
actual practice.

(1) Carnot cycle : The working substance of the engine undergoes a cycle
known as Carnot cycle. It consists of the following four strokes.

Ideal

(i) Isothermal expansion :

Isothermal

A(PIV]) Q|

\*\ﬂ\ B\(P 2;/12)

W=Q,-Q,

Adiabatic

C(P,V;)
TZ

S Adiabatic

)

v

E F G H
(i) Adiabatic expansion :

(ii1) Isothermal compression :

(iv) Adiabatic compression :
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(2) Efficiency of Carnot cycle :

n=

Work done W

el
Heat mput  Q,

(i) Efficiency of a heat engine depends only on temperatures.

(i1) Efficiency of a heat engine is always lesser than unity, i.e., whole of
heat can never be converted into work which is in accordance with

second law.

(3) Carnot theorem : Carnot’s reversible engine working between two given
temperature is considered to be the most efficient engine.

TRANSMISSION OF HEAT

8.24 Introduction

The transfer of heat from one body to another may take place by one of the

following modes.

Conduction

Convection

Radiation

Heat flows from hot end to
cold end. Particles of the
medium simply oscillate
but do not leave their place.

Medium is necessary for
conduction.

It is a slow process.

Path of heat flow may be
zig-zag.

Conduction takes place in
solids.

The temperature of the
medium increases through
which heat flows.

Each particle absorbing
heat is mobile.

Medium is necessary for
convection.

It is also a slow process.

Path may be zig-zag or
curved.

Convection takes place
in fluids.

In this process also the
temperature of medium
increases.

Heat flows without any
intervening medium in the
form of electromagnetic
waves.

Medium is not necessary
for radiation.
It is a very fast process.

Path is a straight line.

Radiation takes place in
gaseous and transparent
media.

There is no change in
the temperature of the
medium.

8.25 Conduction

(1) Variable and steady state : If temperature of every cross-section of the
rod goes on increasing, hence rod is said to exist in variable state.

The state of the rod in which no part of rod absorbs heat is called steady
state. (Temperature of every cross-section of the rod remains constant.)
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(2) Isothermal surface : Any surface having its all points at the same
temperature, is called isothermal surface.

Plane Isothermal surfaces Spherical Isothermal surfaces  Cylindrical Isothermal surfaces

(3) Temperature Gradient : The rate of change of temperature with distance
between two isothermal surface is called temperature gradient.

(6—A0)—0 _ —A0O
Ax Ax

The negative sign show that temperature 0 decreases as the distance x
increases in the direction of heat flow.

(4) Coefficient of thermal conductivity : IfL be the length of the rod, A the
area of cross-section and 0, and 6, are the temperature of its two faces,
then the amount of heat flowing from one face to the other face in time

[

Temperature gradient =

tis given by Q =

Where K is coefficient of thermal conductivity of material of rod.

(i) Units =Js"'m k! or Wm™'4! (S.1.) CGS unit = cal s! cm™! °C!
(ii) Dimension : [MLT 307']

(ii1) The magnitude of K depends only on nature of the material.

(iv) For perfect conductors, K = e and for perfect insulators, K =0

(v) The thermal conductivity of pure metals decreases with rise in
temperature but for alloys thermal conductivity increases with
increase of temperature.

(vi) Human body is a bad conductor of heat.

8.26 Combination of Conductors

(1) Series combination : Let n slabs each of cross-sectional area A are
connected in the series Heat current is the same in all the conductors.

. Q
ie., 7=H1=H2=H3 ......... =H,
(i) Equivalent resistance R=R, +R, + R, +........ R,
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(i) IfK is equivalent conductivity,

K =

gL LT S

then K, K, K, 5
9] 92 93 e4 er—l en

K] KZ K} Kn

ll 12 13 n

(2) Parallel Combination : Let n slabs each of length/are connected in
parallel then.
: . . 1 1 1 1 1

(i) Equivalent resistance —=—+—+—+......—
1 Ry Ry R,

(i) Temperature gradient across each slab will be same.
(ii1) Heat current in each slab will be different.

- KA T KA TKA . KA

A+A+AZ+LLLA

e

8.27 Convection

Mode of transfer of heat by means of migration of material particles of
medium is called convection. It is of two types.

(1) Natural convection : This arise due to difference of densities at two
places on account of gravity.

(2) Forced convection : If a fluid is forced to move then it is called forced
convection. In this case Newton’s law of cooling holds good. According
to which rate of loss of heat from a hot body is directly proportional
to the surface area of body and excess temperature of body over its
surroundings.

Le., Q o A(T-T,)
t

where T = Temperature of body and T, = Temperature of surrounding

(1) Natural convection takes place from bottom to top while forced
convection in any direction.

(i) Natural convection is not possible in a gravity free region such as
a free falling lift or an orbiting satellite.
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8.28 Radiation

ARSI O o

N

10.
11.
12.

13.

The process of the transfer of heat from one place to another place without
heating the intervening medium is called radiation.

Properties of thermal radiation
(1) Thermal radiations are also called infra-red radiations.
(2) Medium is not required for the propagation of radiations.

(3) Every body whose temperature is above zero Kelvin emits thermal
radiation.

(4) Their speed is equal to that of light.

(5) They follow laws of reflection refraction, interference diffraction and
polarisation.

QUESTIONS

Why spark is produced when two substances are struck hard against each
other?

What is the specific heat of a gas in an isothermal process ?

On what factors, does the efficiency of Carnot engine depend ?

What are two essential features of Carnot’s ideal heat engine ?

Plot a graph between internal energy U and Temperature (T) of an ideal gas.

Refrigerator transfers heat from cold body to a hot body. Does this violate
the second law of thermodynamics ?

Is it possible to increase the temperature of gas without giving it heat ?
Can the specific heat of a gas be infinity ?

Out of the parameters : temperature, pressure, work and volume, which
parameter does not characterise the thermodynamics state of matter ?

Why a gas is cooled when expanded ?
Why does air pressure in car tyre increases during driving ?

Heat is supplied to a system, but its internal energy does not increase. What
is the process involved ?

Under what ideal condition the efficiency of a Carnot engine be 100%.
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14.

15.
16.

17.

18.

19.

20.
21.

22.

23.
24.

25.
26.

Which thermodynamic variable is defined by the first law of thermo-
dynamics ?

If coefficient of performance of a refrigerator a constant quantity ?

What is the efficiency of carnot engine working between ice point and steam
point ?

Heat cannot flow itself from a body at lower temperature to a body at
higher temperature is a statement or consequence of which low of thermo-
dynamics ?

What is the specific heat of a gas in an adiabatic process ?

SHORT ANSWER TYPE QUESTIONS (2 MARKS)

Heat system based on circulation of steam are more efficient in warning a
building than those based on circulation of hot water why ?

Write two limitation of the first law of thermodynamics.

Write the expressions for C and Cp of a gas in terms of gas constant R and
Yy where

Y= Cp/Cv

No real engine can have an efficiency greater that of a carnot engine working
between the same low temperatures. Why ?

Why water at the base of a waterfall is slightly warmer than at the top ?

When ice melts, the change in internal energy is greater than the heat supplied.
Why ?

Give two statements for the second law of thermodynamics.

Anideal monatomic gas is taken round the cycle ABCDA as shown. Calculate
the work done during the cycle.

QBV)  (ap2v)
B C
!
P D
A (V) (P, 2V)
V —
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27.

28.
29.

30.
31.

32.

33.

34.

35.

36.

Can a room be cooled by opening the door of refrigerator in a closed
room ?

Explain what is meant by isothermal and adiabatic operations.

Two bodies at different temperatures T and T,, if brought in thermal contact
do not necessarily settle to the mean temperature (T, +T,)/2 Explain.

SHORT ANSWER TYPE QUESTIONS (3 MARKYS)
Obtain an expression for work done in an isothermal process.

Identify and name the Thermodynamic processes 1, 2, 3 as shown in figure.

—

Viis

Two samples of gas initially at the same temperature and pressure are
compressed from volume V to V/2 one sample is compressed isothermally
and the other adiabatically in which case the pressure will be higher ?
Explain ?

Explain briefly the principle of a heat pump. What is meant by coefficient of
performance ?

(a) Why a gas has two principal specific heat capacities ?
(b) Which one is greater and why ?

(c) Of what significance is the difference between these two specific heat
capacities and their ratio ?

Is it a violation of the second law of thermodynamics to convert
(a) Work completely into heat

(b) Heat completely into work

Why or why not ?

State first law of thermodynamics on its basis establish the relation between
two molar specific heat for a gas.
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37.

38.

39.

40.
41.

42.
43.

44.

45.

46.

Explain briefly the working principle of a refrigerator and obtain an expression
for its coefficient of performance.

State zeroth law of thermodynamics. How does it lead to the concept of
temperature ?

What is a cyclic process ? Show that the net work done during a cycle process
is numerically equal to the area of the loop representing the cycle.

A gas has two specific heats i.e., Cp and C which one is greater and why ?
What is an isothermal process ? Derive an expression for work done during
an isothermal process.

LONG ANSWER TYPE QUESTIONS (5 MARKS)
Describe briefly carnot engine and obtain an expression for its efficiency.

Define adiabatic process. Derive an expression for work done during adiabatic
process.

Why a gas has two principle specific heat capacities ? What is the significance
of Cp -C, and Cp/Cv where symbols have usual meaning.

NUMERICALS

When a system is taken from state A to state B along the path ACB, 80 k cal
of heat flows into the system and 30 k cal of work is done.

(a) How much heat flows into the system along path ADB if the work done
is10kcal ?

(b) When the system is returned from B to A along the curved path the work
done is 20 k cal. Does the system absorb or liberate heat.

(c) If U, =0and U, =40 k cal, find the heat absorbed in the process AD

C B

—

V -
5 mole of helium is contained in a container at S.T.P. How much heat energy

is needed to double the pressure of the gas, keeping the volume constant ?

Heat capacity of gasis 3 J g~ K.
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47.

48.

49.

50.

S1.

S52.

53.

A thermodynamic system is taken from an original state to an intermediate
state by the linear process shown in Fig.

Its volume is then reduced to the original value from E to F by an isobaric
process. Calculate the total work done by the gas from D to E to F.

D
D

P(N/m’)

H G

2.0 V(m")—5.0

What is the coefficient of performance () of a carnot refrigerator working
between 30°C and 0°C ?

Calculate the fall in temperature when a gas initially at 72°C is expanded
suddenly to eight times its original volume. (y = 5/3)

Refrigerator is to maintain eatables kept inside at 9°C. If room temperature
is 36°C calculate the coefficient of performance.

A perfect carnot engine utilizes an ideal gas the source temperature is 500 K
and sink temperature is 375 K. If the engine takes 600 k cal per cycle from
the source, calculate

(1) The efficiency of engine
(i1) Work done per cycle
(ii1) Heat rejected to sink per cycle

Two carnot engines A and B are operated in series. The first one A receives
heat at 900 K and reject to a reservoir at temperature T K.

The second engine B receives the heat rejected by the first engine and in turn
rejects to a heat reservoir at 400 K calculate the temperature T when

(i) The efficiencies of the two engines are equal
(i) The work output of the two engines are equal

Ten mole of hydrogen at NTP is compressed adiabatically so that its
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54.

10.
11.

12.
13.
14.
15.

El O

© ® 22

temperature become 400°C. How much work is done on the gas ? What is
the increase in the internal energy of the gas

R=84Jmol 'K, y=14

The temperature T, and T, of the two heat reservoirs in an ideal carnot
engine be 1500°C and 500°C respectively. Which of these increasing T, by
100°C decreasingT, by 100°C would result in a greater improvement in the
efficiency of the engine.

SHORT ANSWERS (1 MARK)
Work is converted into heat.
Infinite.
n =1-T,/T,. On the temperature of sink and source.
(1) Source and sink have infinite heat capacities.

(i) Each process of the engine’s cycle is fully reversible.

T(K)

No, External work is done.

Yes, it happens during an adiabatic process.

Yes.

Work.

Decrease in internal energy.

PV =nRT

V = constant, T = increases. So, P also increases P o< T
Isothermal expansion.

If the temperature of sink is zero kelvin.

Internal energy.

No. As the inside temperature of the refrigerator decreases, its coefficient of

performance decreases.
Thermodynamics



16.
17.
18.

19.
20.

21.

22.

23.

24.

26.
27.
28.

n=1-T,/T, =1-273/373 =26.8%
Second law of thermodynamics.
Zero.
SHORT ANSWERS (2 MARKYS)

Because steam at 100°C has more heat than water at 100°C.
(1) It does not give the direction of flow of heat.

(i1) It does not explain why heat cannot be spontaneously converted into

work.
y=CJC,
C -C =R
p v
Cp = yC,
y-1DC, =R;C = E
YR
C = Y!
p '\(—1

In carnot engine.

(i) There is absolutely no friction between the wall of cylinder and piston.
(i1) Working substance is an ideal gas

In real engine these condition cannot be fulfilled.

Potential energy converted into kinetic energy, some part of kinetic energy
is converted into heat.

dg =du + dw

du = dq — pdv.

PV

No, It is a violates seconds law.

Adiabatic a Process : Pressure, volume and temperature of the system changes
but there is no exchange of heat.

Isothermal Process : Pressure, volume changes temperature remain constant.

Physics Class XI
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45.

Heat flows from higher temperature to lower temperature until the temperature
become equal.

Two bodies
m, =mass of ‘A’ m, = mass of ‘B’
c, = specific heat of A c, = specific heat of B

LetT, > T, Heat will be lost by ‘A’ and gained by ‘B’ According to principle
of caloriemetry,

Heat lost = Heat gained
Let their common temperature attained be ‘T,
mc, (T, =T) = myc, (T-T,)
mc,T, —m,c,T = m,c,T—m,c,T,
mc,T, +myc, T, = (mcc, +myc,)T

me Ty +mye, T,

T =
(myc, +myc,)
It is possible only,

Ifm, =m,=m,C,=C,=C,

T,+T,
T& 5
(a) dw,pg = + 10k cal

Internal energy is path independent
du,pp = du, -5 =50k cal
dQ,pg = 50+ 10 =060k cal
(b) dwg, = —20k cal
dug, = —duypg
dQpp = dug, + dwg,
= —-50-20=-70k cal
(c) U, =0, Uy,=40kcal
du,, = 40k cal
dw,pg = 10kcal

Thermodynamics



deB = (0 sincedV=0
dQ,, = 40 +10=50k cal

1
46. n=7-C,=31/gK.M=4

C, = MC =12 J/mole k, M — Molecular mass
P, T,_

AT = 2T, -T, =273 k
AQ = nC AT=1638]
47. Total work done by the gas from D to E to F.
W= Wpp + W
= Area of trapezium DEGHD — Area of rectangle EFHG
= Area of triangle DEF

= %DEXFE

1
= 5 (600-300) Nm™2 x (5.0 —2.0) m’

= 450J.
5 ol 2B _g,
T,-T, 303-273
49. T,V =T,V

T2 Tl _TL
VQ

345 xi= 86.25k

50. Here T, =273 +36=309K,
T, =273 +9=2832K.

Coefficient of performance.

po T 282 2%
T,-T, 309-282 27

Physics Class XI
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51. T,=500K, T,=375K

Q,= Heat absorbed = 600 k cal

125

n = 1—T2/T1=%=0‘25
= 25%
w
(b) n=Q,
W = nQ, =0.25 x 600 k cal
= 150 k cal
(c) w=Q,-Q, Q,= Q,—W=600-150
= 450 k cal
52. W, = W,
o (1)
Q T
W = Q, (1 -T,/T)

{ T T 400
900 900 900
2T 13
900 9
T = 650K
Nay = Mg
{ T  1-400
900 T
Thermodynamics



T2 = 900 x 400
= 600 k
T, = 273k, T,=673k

mass of gas = 10 mole

10R

LW B, )
Wadla (Y—]_)( 1 4)
_ 1084 73 _6m3)
14-1)

T
54. n = 1—??

(i) T, is increased from 1

= — 8.4 x 10* J work being done on the gas
du = —dw=28.4x10*]

500°C to 1600°C

T, = 1873k
T, Remain constant T, = 773 k
P J
1 1873
(11) T, remain constant = 1500°C

T, = 1500 +273 =1773 k

T, is decreased by 100 i.e., 400°C

T, = 400 +273 =673 k

1773-673 _ 1100
= 1773 1773

n, = N

=62.04%

ad
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