Cooling machines, such as refrigerators and air conditioners, actually use heat, simply
reversing the usual process by which particles are heated. The refrigerator pulls heat
from its inner compartment and transfers it to the outside region. This is why the back
of a refrigerator is warm. You will study such a phenomenon of thermodynamics in this

chapter.

Topic Notes

E Temperature and the First Law of Thermodynamics

Second Law of Thermodynamics and Carnot Engine
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TEMPERATURE AND THE FIRST LAW
OF THERMODYNAMICS

' TOPIC1 |
SYSTEM OF THERMODYNAMICS

Thermal equilibrium

Thermal equilibrium is a situation in which two
objects would not exchange energy by heat or
electromagnetic radiation if they were placed in
thermal contact Heat is the transfer of energy from
one object to another object as a result of a difference
in temperature between them. It is the investigation
of the interactions between heat and other forms of
energy.

System of Thermodynamics

A large collection of matter molecules (solid, liquid or

gas) that are as arranged so that they have specific
pressure values. A thermodynamic system is made
up of volume and temperature. The pressure,
volume, temperature, internal energy and other
factors that influence the state or condition of a
system are referred to as thermodynamic state
variables. We deal with thermodynamic systems in
thermaodynamics as a whole and investigate the in-
teraction of heat and energy during the transition
from one thermodynamic state to another.

Zeroth law of thermodynamics

If objects A and B are separately in thermal equili-
brium with a third object C (say thermometer), then
objects A and B are in thermal equilibrium with each
other. Zeroth law of thermodunamics introduces the
concept of temperature. Two objects (or systems) are
said to be in thermal equilibrium if their temperature
are the same.

In measuring the temperature of a body, it is
important that the thermometer should be
in thermal equilibrium with the body whose
temperature is to be measured.

Example 1.1: When frozen at 0°C and at
normal atmospheric pressure, the volume of
1g of water increases from 1 cm’® to 1.091 cm’.
What will happen to its internal energy? Normal
atmospheric pressure is 1.013 x 10° N/m* and ice's
latent heat of fusion is 80 calfg. [NCERT]
Ans. Heat released by water on freezing,
Q=-mL
=-1x80=-80cal
=-336J

During freezing water expands against the
atmospheric pressure.

Hence, work done in the process

W =PAV
=(1.013 x 10%) x (1L.091-1) x 10°°
=0.092J
By the first law of thermodynamics
Q=aAU+W
or -336 =AU + 0.092

AU =-336.092J

Example 1.2: At atmospheric pressure and
100°C temperature, 1.0 m> of water is
converted into 1671 m® of steam. Water
has a latent heat of vaporisation of 2.3 x
108 J/kg. How much internal energy will be
gained if 2.0 kg of water is converted into
steamm at atmospheric pressure and 100°C
temperature? Water density is 1.0 x 10° kg/m°,
and atmospheric pressure is 1.01 x 10° N]mz.

[NCERT]
Ans. Heat given to water to change into steam,
Q =ML
=20x23x10°
=46x 108
Volume of water
i Mas‘s
Density
= ﬁg— =20x10"*m?
10

Volume of steam formed will be,
=20x107 % 1671
=3342x10"3m?
The change in volume in the process,
AV =V
=(3342x 10" - (20 x 1073)
=3340x 107 m?
The work done against the atmospheric

pressure;
W =PAV
=(1.01 x 10°) x (3340 x 107)
=0337 x108]
By the first law of thermodynamics,
Q =AU +W
AU =Q-W
=46x10%-0337 x 10°
=4263x10°)

Here, the positive value of AU indicates that
intemal energy in the process increases.
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TOPIC2 |

HEAT, WORK AND INTERNAL ENERGY

Internal Energy is the energy that any system
posgsesses as a rasult of its moleculor KE. and
molecular PE. Here, KE. and P.E are in relation to the
centre of mass frame. This internal energy is entirely
dependent an the state and thus a state variable.
The only source of internal energy for a real gas is its
molecular unit.

Equaotion of Internal Energy is.
nfRT

forideal gases.

Where,
n = number of moles
f = Degree of freedom
R = Universal Gas Constant
T = Temperature (in Kelvin)

Internal energy can be changed by either supplying
heat energy or performing work

Heat energy is the energy that is transferred to or
from a system due to temperature differences via
conduction, convection or radiation.

The energy that is transferred from one system to
another by force moving its point of application in its
direction is called worlc

dx

ey
System
FePA
Woark done by the system
W = [Fdx
W = [P Adx
W = IPldv

Where P, is the pressure of the system on the piston.

This wark done by the system is paositive if the system

expands and it is negative if the system cantrocts.

(1) Work and heat are path functions whereas, the
internal energy is a state function.

(2) Heat and wark are two different terms though
they might look the same.

Example 1.3: A geyser heats water flowing
at the rate of 3.0 liter/min from 27°C to 77°C.
If the geyser operates on a gas burner, what is
the rate of consumption of the fuel, if ite heat of
combustion is 4.0 x 10 J/g? [NCERT]

Ang. Given,
Volume of water heated = 3 liter/min.
Mass of water heated,
m = 3000 g/min
Rise in temperature,
AT =77 -27 =50°C,
Specific heat of water,
c =42 Jg-tec?
Amount of heat used,
AQ = mcAT
=13000 % 4.2 x 50
=63 x 10% J/min
Heat of combustion
=4x10'J/g
Rate of combustion of fuel
_ 63x10*
 4x10°

=15.75g/m

Example 1.4: What amount of heat must be
supplied to 2.0 x 10~ kg of nitrogen at room
temperature to raise its temperature by 45°C
at constant pressure? (Given molecular mass of

N, =28,R =8.3J mol*t K™ [NCERT]
Ans. Given,

m = Mass of gas
=2x 102 kg
=20g

Rise in temperature
AT =45°C
Molecular mass.
M =28
Heat required,
AQ =nCpAT
= [E] CpAT
= [g—g]l%R] 45)

AQ = 22 Zx&3]45
2812

=9334J

L L L o o o o

@g www.studentbro.in



- ———————-——-—--—--—-——--_—---—._.r_-—----:kG--rm--—-—-----—---""""1

Get More Learning Materials Here : &

TOPIC3 |
FIRST LAW OF THERMODYNAMICS

(1) This low is applicable to every process in nature.

(2) The first law of thermodynamics introduces the
cancept of internal energy.

(3) The first law of thermodynamics is based on the
law of conservation of energy.

(4) 8Q. dU and 8W must be expressed in the same
units (either in units of work or in units of heat).

(8) This law is applicable to all three phaoses of
matter. ie., solid, liquids and gas.

(6) 8U is a characteristic of the state of a system, it
may be any type of internal energy-translational
kinetic energy, vibrotional rotationol kinetic
energy, binding energy etc.

Applications of First Law of
Thermodynamics

Melting process

When a substance melts, the change in volume (dV) is
very small ond can. be neglected. The temperature of
a substance remains unchanged during the melting
process.

Let us consider the melting of a mass m of the solid.
Let L be the latent heat of fusion le., the required L to
change a unit mass of o solid to a liquid phase at a
constant temperature.

Heat absorbed during the melting process.

Q=mL

By the first low of thermodynamics,
Q=AU+W
Q =AU + PAV

where U is volume change during phase change
Boiling process

When a liquid is heated. it changes into vapour at
a constant temperature (called boiling point) and
pressure when water is heated at normal atmospheric
pressure, it boils at 100°C. The temperature remains
unchanged during the boiling process. Let us consider
the vaporisation of liquid of mass m. Let V; and V, be
the volume of the liquid and vapours respectively.

The work done in expanding at constant temperature
and pressure P,

SW = PAV
=P(V,-V)
Let the lotent heat of vaporisation = L
.. Heat absorbed during the boiling process,
8Q =mL

Let U; and U, be the interal energies of the liquid and
vapours respectively then

AU =U,-U;
According to the first law of thermodynamics,
3Q =AU + 8W

mlL = (U, - U) + PV, - V)

Example 1.5: An electric heater supplies heat to
a system at a rate of 100W. If the system performs
work at a rate of 75 joules per second. At what
rate the internal energy increase? [NCERT]

Ane. Given,
AQ =100 W =100 Jfs
Useful work dane,
AW = 75 Jg™!
Now, AU = AQ - AW
=100-75=25J/s

Example 1.6: Case Based:

Consider in a Heat engine, the thermal energy
is converted into mechanical energy and the
process also is vice versa. Heat engines are mostly
categorized as open systems The basic working
principle of a heat engine is that it makes use of the
different relationships between heat pressure and
volume of a working fluid which is usually o gas
Sometimes phase changes might also occur involving
a gas to liquid and back to gas. Thus, the First Law of
Thermodynamics states that heat is a form of energy,
and thermodynamic processes are therefore subject
to the principle of conservation of energy. This means
that heat energy cannot be created or destroyed.
It can, however, be transferred from one location to
another and converted to and from other forms of
energy.
(A) Assertion (A): Zeroth law of thermodynamics
explain the concept of energy.
Reason (R): Energy is independent of
temperature.
(@) Both A and R are true and R is the corract
explanation of A.
(b) Both A and R are true and R is not correct
explanation of A
(c) Alistrue butR isfalse.
(d) Ais false and R is also false.

[Delhi Gov. QB 2022)
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(B) The gas molecules in the given system receive

20 J of heat. Initially, the spring is neither
elongated nor compressed. If the spring is
compressed by one centimetre. Calculate the
change in the system's internal energy. The
spring constant is 200 N/m. Assume that the
piston moves slowly.

1N

(C) An electric kettle provides 120 W of heat to a

©)

system. If the system performs work at a rate
of 80 Js™, the rate of internal energy increase
is:

(@) 30Js™ (b) 40Js™

(c) 50487t (d) 60Js™

In the P-V diagram shown in the figure, a
system travels from A to B via two distinct
paths. The heat given to the system in path
1is 1100 J, and the work done by the system
along path 1 is 150 J greater than that of path
2. Heat exchanged of path 2 by the system is:

(a) 800J
(c) 1050J

(b) 750
(d) 950

(E) A certain mass of gas is carried from A to B,

along three paths via ACB, ADB and AEB.

P
F

>V
P-V curve

Which one of the following is correct?

(a) Work done via path ACB is minimum.
(b) Work done via path ADB is maximum.
(c) Work done via path ACB is maximum.
(d) Work done via path AEB Is maximum.

Ans. (A) (ag) Both A and R are true and R is the

Get More Learning Materials Here : i

correct explanation of A

Explanation: As it relotes to heat energu,
the zeroth law of thermodynamics of
energuy.

According to the Zeroth Law of
Thermodynamics, two bodies are in
equilbrium with one another if they are
both in thermal equilibrium with o third
bodu. In essence, this indicates that the
temperatures of the three bodies are equal
(B) The work done by the piston will be stored
in the spring.
The energy stored in spring
. %lo(’
=05 x 200 x 0.01
=1J
The work done by the piston
=001J
AU = AQ - AW
=20-1=19J.
(C) (b) 40J 57!
Explanation: According to the first Law of
thermodynamics,
AQ = AU + AW
AQ _ AU AW

= e —

At At At

AQ 120w
At
o 80 Js™!
At
AU _ 120-80
At
=40 Jg™!

(D) (d) 950J

Explanation: The change in internol energy
of the system will be the some for bath
paths 1 and 2.

Along path 1,

QQ]_ =AU + .’.‘lWl -ﬁ)
Along path 2,

AQ, = AU + AW, —(m)

Subtract (ii) from (i), we get P,
ar AQI—AQ2=AW1 —AWQ
1100 - AQ, = 150
AQ,=1100-150=950J
(E) (c) Work done via path ACB is maximum.
Explanation: Work done by a gas depends
on the area enclosed between the P-V
curve and the volume axis. The area

enclosed by curve ACB is moximum. Hence,
work done is maximum along path ACB.

The area enclosed by curve AEB is
minimum. Hence, work done is minimum
along path AEB.

L L L o o o o
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' TOPIC 4
HEAT CAPACITY

If AQ is the amount of heat required to change its
temperature by AT, then the heat capacity can be
defined as,

s= 4Q
AT

Heat capacity is numerically equol to the heat energy
required to change the temperature of a body by
unity.

The amount of heat required to raise the temperature
of one gram of a substance through o unit is called
the molar specific heat capacity of the substance.
If the amount of substance is specified in terms of
moles p (instead of mass m in kg), we can define heat
capacity per mole of the substance bu.

S_140
TpopAT
Here, C is known as the molar specific heat capacity
of the substance.
Both S and C are independent of the amount of the
substance.
Value of epecific heat may vary from 0 to o (infinity).

Specific heat capocity depends on the process or the
conditions under which heat transfer takes place.

Specific heat capacity of solids

In solids, there is a very minor difference between
heat capacity at constant pressure and constant
volume. Therefore, we do not differentiate between Cp
and Cy for solids.

g 4Q_4av
AT AT
{As solids hardly expand or expansion is negligible}.

Now in a solid, the atoms are arranged in an array
structure and they are not free to move independently
like in gases.

Therefore, the atoms do not possess any translational
or rotational degree of freedom.

On the other hand, the molecules do possess
vibrational motion  along three  mutually
perpendicular directions.

Hence for 1 mole of a solid. there is Ny number of
atoma.

The energy associated with every molecule
= 3[2x%kBT] = 3kgT

U = 3 RT for one mole
g=20_ A 4

TAT AT
C=3E

The above equation is called Dulong and Petit’s Law.

At low temperatures, the vibrations made may not
be that active. Hence, heat capacity is low at low
temperatures for solids.

C

300K =¥

Specific heat capacity of water
01008 Gl e

=
(=]
(=
£

8 1 AV T

UL LI FLELELALIE B

0996

Specific heat (cal/g®
5
38

20 40 60 80
Temperature(®C) —

Varlation of specific heat capacity of
water with temperature

-
o

0

Water is treated like a solid.

Water has three atoms, 2 of hydrogen ond one of
oxygen

- Total degree of freedom for every atom
=3x2=6

-. Total degree of freedom for every molecule of
water

=3%2=18
g dQ_4A
T AT AT
1
(18 >RaT)
=T AT
C=9R

A Caution

= Students must know that the specific heat of all
gubstances approaches zero as T — 0. This Is related to the
fact that degrees of freedom get froren and Ineffective at
low temperatures.

Example 1.7: Explain whuy:

(A) Two bodies at different temperatures Ty
and T,, if brought in thermal contact do not
necessarily, settle to the mean temperature
T+ '

2
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(B) The coolant in a chemical or a nuclear plant
(i.e., the liquid used to prevent the different
parts of a plant from getting too hot) should
have high specific heat

(C) Air pressure in a car tyre increases during
driving.

(D) The climate of a harbour town is more
temperate than that of a town in a desert at
the samae latitude. [NCERT]

Ane. (A) In thermal contact. heat from the body at
higher temperature transfers to the body at
the lower temperature, till the temperature
of both becomes equal Final temperature

T+T
can be mean temperature ‘2 2 only

when the thermal capacities of two bodies
are equal

(B) Because the heat absorbed p specific heat
of the substance.

(C) Temperature of air inside the tyre increases
due to motion during driving. Air pressure,
therefore, increases inside the tyre (by
Charle's law. P o< T).

(D) In a harbour town, the relative humidity
is more thon in o desert town Hence

the climate of a harbour town is without
extremes of hat and cold.

Example 1.8: A 1 kg piece of hot copper is
allowed to cool to 100°C. What was the initial
temperature of the copper if it gave off 231 kJ of
energy? Copper has a specific heat of 0.385 J/g°C.

[NCERT]
Ane. Given, m=1kg,
Téna 47100 °C
Q=-231k

(The negative sign is because the copper is
cooling and losing energuy.)

c =0385J/g°C
We need to make our units consistent with the
specific heat units, so let's convert the maoss and
energy units.

m =1 kg = 1000 grams

1) =1000J
Q =-231kJ x (1000 J/iJ)
=-231000J
The specific heat formula is:
Q = mcAT

-231000J = 1000g = (0385 J/g°C) x AT
-231000 J =385 J[°C x AT

—231000
—_— AT
385J/°C

AT =600 °C

AT = (Tanal = Tiruriol)
Putting in the values for AT and Tgpql
-600°C = (100°C - Tinisal)
Subtract 100 °C from both sides of the equation.
-600°C - 100°C = - Tirygol

-700°C = - Thiiol
Tiigal = 700 °C
The initial temperature of the copper chunk was

700°C.

Specific Heat Capacity of Gases

For gases, their specific heat capacities depend an
the process or under which condition heat exchange
between the gases and the surrounding is taking
place.

There are two main specific heat capadties for a gas

which are defined as:
Molar Heat Capacity at Constant Volume

The amount of heot required to increase the
temperature of one mole of gas by 1°C at constant
valume is known as molor heat capacity at constant
volume. It is denated by Cy.

Molar Heat Capacity at Constant Pressure

The amount of heot required to increase the
temperature of ane mole of gas by 1°C at constant
pressure is known as molar heat capadty at constant
pressure. It is denoted by Cp

- TOPIC 5
THERMODYNAMIC PROCESSES

The branch of physice which deals with the
interconversion between heat energy and any other
form of energy is known as thermodynamics. In this
branch of physics, we deal with the processes involved
in heat, work and internal energy. In this branch of
science, the convergion of heat into mechanical warlk
and vice verga is studied.

Thermodynamic system

The system which can be represented in terms of
pressure (P), volume (V) and temperature (T) is known
os a thermodynamic system. A specified portion
of matter cansisting of one or more substances
on which the effects of thermodynamics variables
such as temperature, volume and pressure are to be

L L L o o o o
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studied, is called a thermodynamic system. Eg, A gas
enclosed in a cylinder. fitted with a piston Is a system.

Thermodynamic state

The state of a system can be described completely by
composition, temperature, volume and pressure.

If a system is homogenous and hos definite mass
and composition, then the state of the system can be
described by the remaining three variables namely
temperature, pressure and volume.
These variables are interrelated by the equation

PV = puRT.
The thermodynamics of the system in its condition

is identified by two independent thermodynamics
variables (P, Vor P, Tar V. T).

Internal energy

The internal energy of o system is the energy
possessed by the system due to molecular motion
and molecular configuration. The energy due to
molecular motion is called intarnal kinetic energy (Uy
and that is due to molecular configurations is called
internal potential energy (Up).

dU =dU, + diU,
If there are no intermolecular forces,
then dU,=0and (deal Gas)
C, = specific heat at constant volume and
dT = infinitesimal change in temperature
m = masa of system,

M = Malecular weight
Molar heat capacity,

Cy =MCy
Far p-moles of the ideal gaos

dU = pC.dT = —3- CydT

Internal energy in the absence of intermoleculor
forces is simply the function of temperature and state
only, it is independent of the path followed.

U, = internal energies in initial state

and Ur = internal energies in the final state.

Thermodynamic State Variables

Thermodynomic state variobles describe the
equilibrium states of systems. The connection
between the state variables is called the equation
of state. For an ideal gas, the equation of state is the
ideal gas equation
PV = nRT
(A) Extensive variables indicate the 'size’ of the
system. i.e,, volume.

(B) Intensive variables are the variables that do not
indicate the size of the system such os pressure
and temperature.

Thermodynamic Processes

A thermodynamic process is said to occur when there
are changes in the state of a thermodynamic system,
ie. the thermodynomic parameters of the system
change over time.

These thermodynomic processes are classified as
isothermal, adiabatic, isobaric, and isochoric.

Quasi-static process

Quasi-static is a thermodynomics process which
proceeds extremely slowly such that at every instant
of time, the temperature and pressure are the same in
all parts of the system.

Indicator P-V Diagram

A graph between the pressure and volume of a gas
under thermodynamic operation is called o P-V
diagram.

L]

a — lsobaric

b — lsathermal
c — Adiabatic
d — lsochoric

The area under the P-V diogram gives us work done
by a gas.

Isothermal Process

In this process, pressure and volume of the system
change but the temperature remains constant. In an
isathermal process, the exchange of heat between the
system and the surroundings is allowed. Isothermal
process is carried out by either supplying heat to the
substonce or by extracting heat from it. A process has
to be extremely slow to be isothermal

Equation of state

PV = constant
PV = pRT (T is constant)

Work done

Consider p moles of an ideal gas, endosed in a
cylinder, at absolute temperature T, fitted with a
frictionless piston. Suppose that gas undergoes an
isathermal expansion from the initiol state (P, V4) to
the final state. (P, V).

L L L o o o o
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Then work dane,

W= [*Pdv
Y
PV = uRT
RT
th Pai
en V
W= V’}ﬂd\; = uRT ju’d_vﬁ
Vi V w Vv
vy
_ uRT[logoV]U‘
= MRT [loggV; - logyV]
V
= HRT log, [TE’J

1

W = 2.303 pRT togm["_:]
P

Form of Frst law0

There is no change in temperature and the internal
energy of the system depends on temperature only.

So. W =2.303 uRT logyo [5_]

1

It iz clear that all of the heat energy supplied to the
system is utilized by the system in doing external
work. There is no change in the internal energy of the
system.

Slope of Isothermal curve
For an isothermal process.
PV = constant

Differentiating,
PdV + VdP =0
VdP =-PdV
dap P
vV
Slope of the isothermal curve,
’@] il
dv lzothormal v

Adiabatic Process

It is @ thermodynamic process in which the pressure,
volume and temperature of the system do change
but there is no exchange of heat between the system
and the surroundings.

A sudden and quick process will be adiabatic since
there is no sufficient time available for the exchange
of heat so the process is adiabatic.

Equation of state
PV = uRT
Equation for adiabatic process.

PVT = constant.

Work done

Let initiol state of system is (Py, Vy, Ty) and after
adiabatic change final state of system is (P, V4, To)
then

PyVy! = PaVy' =K
W = [*Pav =K[ Vv
v, v,

31 3
-{ & [
-7+1

- #:_J(l[v,?“-v;f"]

(=PyV]=PyV)

(Here, K is constant)

1 )
W= ——[PyVIVI =PV IV])
(v-1) 172 172

1
8 et PV < iBRV
1)[11 V4]

(r-
R
W= (T_Dfo T,

PV = pRT

(1) it means the work done by an ideal gas during
adiabatic expansion (or compression) is on the
cost of change in internal energy proportional to
the fall (or rise) in the temperature of gas.

(2) If the gas expands adiabatically, work is done by
the gas. So, Wgyg is positive.

(3) The gos cools during adiobatic expansion and
T1 > Tz.

(4) I the gas is compressed adiabatically, work is
done on the gos. So. Wyqq is negative.

(5) The gas heats up during adiabatic compression
and Ty < Ts.
Slope of Adiabatic curve

For an adiabatic process,
PV = constant
Differentiagting,
PVI=ldV+VIdP =0
VIdP = —PVI~1dV
dP_—yPV'"! P
av VY Vv
Slope of adiabatic curve,

dv odlabatic T v

Isochoric process

Isochoric process is a thermodynamic process that
takes ploce at a constant volume of the system but
pressure and temperature vary for change in the
state of the system.
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Equation of state

= constant

—|™D

(P and T are variable, and V is constant).
Work done

In this process, volume remains constant.
So,
dvV=0

W= j:P:N =0

Form of Frst Law

It means the whole of the heat supplied is utilized for
change in internal energy of the system.

Q=AU =pCAT
Slope of PV curve
dP _
==

Isobaric Process

lsobaric process is a thermo-dynamic process that
takes place at constont pressure but volume and
temperature vary for change in the state of the
system.

Equation of state

= Constantor Ve T

—H|<

Work done

In this process, pressure remains constant

Y
Work done. W = J,, Pav
= P(Vz-Vy)

Fraction of heat given, which:
AU 1
AQ T 7
(2) does work against external preasure,

AW 1

= s s
AQ W

(1) is converted into internal energy

Form of First Law

Q= Au +P(Ve-V)
HCp(Tr=T) = pC(Te=T) + P(Ve= V)
It's clear that heat supplied to the system is utilized
for:
(1) Increasing Internol energy
(2) Work done against the surrounding atmosphere.

Slope of PV curve

LG
av

Cyclic process
A process that eventually returns a system to its
initial state is called o cyclic process. Since the final

state is the same as the initial state and so the total
internal energy change must be zero because intemal
energy is a state variable.

P Q p %
ol >\ ol >\
Clockwilse cycllc Antl-clodowlse
process cyclic process

Non-cyclic process

Non-cyclic process is a process in which the system
does notretum to its initial stage.

Example 1.9: A thermodynamic system is taken
from an original state to an intermediate state by
the linear process shown in the figure:

F 3

[5]6]0] S

Presswre, PIN/m?) —»
(¥
o
)
4
m

20 50 "
Volume, V(m®) —»

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 Dto E to F.
[NCERT]

Ane. Work done fram D to E

Wpe= £ x (5-2) (600 - 300)
2 +(5-2) (300)
=450 + 900
=1350J

Work done fram Eto F,
Wege=300(2-5)
=-900J
Work done fromDto Eta F
: Wogr = Wpg + Wee
=(1350-900)J
=450

Example 1.10: At 27°C and atmospheric
pressure, a volume of air is suddenly compressed
to half its original volume. Find out what are the
final pressure and temperature. Given that, g for

airis 1.42. [NCERT]
Ane. Giver:
T, =27+273
=300K,
P; =1 atm,
1
Vo=V
2 2 L
Py=
TQ —?, g = 1 42
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The process Is adiabatic.
P1Vy" = PaVo!
vV 7

-1

2

- 1 a (2).L42
= 2675 atm

1
e
2

=300 x (142 -1) =401.3K
T, =401.3K
K =401.3-273 = 128.3°C

Example 1.11: At 127°C, one gram mole of gas
expands isothermally until its volume is doubled.

Determine the amount of work done and the
amount of heat absorbed. [NCERT]

Ans. Given:
T=273+127
=400 K
Let V=V
and Vy =2V

V.
Work done, W = 2303RT log,g V—’
1

=2303 x B3 % 400 x nglo-:L—V

=2303 x 83 x 400 x 03010

=23x103J
Amount of heat absaorbed.
=
J
= 23<10Y) gl
42

(OBIECTIVE Type Questions )

[ 1 rnark]

Multiple Choice Questions

1. A process that applies 500 calories of heat
to a system while performing 100 joules
of work on it. An increase in the system's
internal energy is:

(b) 2193 calories
(d) 4293 calories

(a) 40 calories
(c) 1993 calories

Ans. (b) 2193 calories

Explanation: As heat is given to the system,
So.
Q = + 500 calories
= 500 x 4.186 Joules
=+ 2093 Joules
And wark done on the system go,
W = - 100 Joules
By the first low of thermodynamics,
Q=AU+W
2093 = AU + (-100)
Change in internal energy,

AU =2093 + 100=2193
A Cautlon

= Students must know that the Intemal energy of a
system does not depend on the motlon of a system
as a whole, Le. the sum of the kinetlc energy of only
the constituent molecules due to thelr randomneas

Inslde the system la consldered.

2. When a system moves from state 'a' to state
'b' along the path 'ach,' it absorbs 200 J of
heat and performs 80 J of work. Q = 144 |

along the 'adb' path. The work completed on
the 'adb' path is:
p

c > b

1\ ’ 3

a ¥ d

>\
(a) 24 (b) 18J
() 12 d) 6J
Ans. (0) 24 J

Explanation: A system is taken from the state
'd’ to state 'b' along the path 'ach’, it is found
that a quantity of heat, Q = 200 J is absorbed
by the system and work, W = 80 J is done by it
Along the path 'adb’,

Q=144
The net heat in the process is

Q=200-144=56J
The work done along path “abd’

= Work done by system-heat
Wopg=80-56=24J

@ Related Theory

= In the thermodynamic process the pressure, volume,
temperature and entropy of the gystem change with
oume. Thermodynamie process Is sald to take place If
the change occurs In the state of a thermodynamics
system.

3. Conslder two Identical gas containers
A and B at the same pressure, volume and

L L L o o o o
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temperature. The gas in container A is
isothermally compressed to half its original
volume, while the gas in container B is
adiabatically compressed to half its original
value. The final pressure ratio of gas in B to

gasin Ais:
=
(@) 20-1 ®) [%]
~ 2
(©) [11?] (d) *[i—é—!
[NCERT Exemplar]
Ans. (g) A1

Explanation: Consider the P-V diagram shown
for container A and cantainer B.

Tl T2

P Pl

lsothermal Adlabatic

P, ol P, _, 1

A1 Vo yy 2Ve
Container A Contalner B

Both process involves compression of the gas.
(1) lsothermal compreasion (Gas A)
(During1 — 2)
P1Vi =PV,
Po(2Vo)" = P2(Vo)"
Po(2Vo) = PV
(2) Adiabatic compression (Gas B)
(During 1 — 2)
PyVyY = PoVyY
Po(2Vq)" = P2(Vo)"

2v Y
P= |t P
2 VO] 0
P2 =(2)"Po
% = ratio of final pressure
®

2)P
Hence, oF, =2t
2B,
Where y is the ratio of specific heat capacities

for the gas.

A Caution

= Students should know that when a gos expands. Its
volume Increases, and then final pressure I8 less for
adlabatlc expansion But when gas compresses, Ips
volume decregses, and then the final pressure 8 more
In the coge of adlabatlc compresaion.

4. When an ordinary person jogs, he expends
14.5 x 10% cal min"!. Sweat evaporates,
which removes this. The amount of sweat

evaporated per minute (assuming 1 kg of
evaporation requires 580 x 107 cal) is:

(a) 0.25 kg (b) 2.25 kg
(c) 0.05 kg (d) 0.20 kg
Ans. (g) 0.25 kg
Explanation: Given,
Calories produced per minute
=145 x 10° cal/min
Latent heat = 580 x 10° cal/kg
Amount of sweat evaporated per minute =

sweat produces/minute

Number of calories required of evaporationfkg

calories produces (heat produced)/minute

._cal
Latent heat mﬂ]
[ kg

145x10°
580x10°

145
580

=025 kg

@ Related Theory

= Temperature of a body ls that the parameter which
determines the degree of hotness or coldness of a
body. It also determines the flow of heat when the
body Is brought In contact with another body.

5. A confined flask is completely sealed off
from the outside world. As shown in the
diagram, one half of it is filled with an ideal
gas X, separated from the other half Y by a
plate P, which contains a vacuum. X enters Y
when O is removed. Which of the following
statements is NOT correct?

p

X b
gas vacuum

(a) No work is done by X

(b) X decreases in temperature
(c) Xincreases in intermal energy
(d) X doubles in pressure

Ans. () No work is done by X
Explanation: Work done by a gas is given by

W= [pdv
Work done by X is against vacuum,
Hence. P=0;
W= [pdv
= [odv =0

Hence, no work is done by or done on X.

L L L o o o o
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A Cautlon

“ Students should know that moast of the heat transfer

that Is taking place on earth Is by convection, the
contribution due to conduction and radiation s very
emall

G. An ideal gas undergoes four different
processes from the same initial state
(figure). Four processes are adiabatic,

isothermal, isobaric and isochoric. Out of 1,
2, 3, and 4, which one is adiabatic?

4
3
1 >\
(a) 4 (b) 3
() 2 d1
[NCERT Exemplar]
Ans. () 2

Explanation: 4 is an isobaric process and
1 is an isochoric process. Out of 3 and 2. 3
hos a smaller slope (magnitude). Hence, it is
isothermal Remaining process 2 is adiabatic.

@ Related Theory

= for a gas. Cp > Cy always, becausge at constant
pressure, more heat la required to Increase the
remperature at one mole of the gaa by 1°C as
compared to that of at constant volume.

7. As shown in the P-V diagram, an ideal gas is
taken around the cycle ABCA. The network
created by the gas during the cycle equals:

r

sr;-.....'....ﬂ

4;

' g
L=

Pressisre —»
l—"n
4

Al
vy 3y,
Volume —»
(a) 6PV (b) 12PV
(c) 2PV (d) 5PV
Ans. (d) 5PV
Explanation: Wark done = Area of triangle
1

=5 3V-V)(6P-P)
= SPV

A Caution

= Students should know that when a gas expands Ibs
volume Increases. and then the final pressure Is legs
for adiabatlc expanalon but when a gas compresses
Its volume decreases, then the final pressure la more
In a case of adlabatic compreselon

Get More Learning Materials Here : i

@, The molar specific heat capacity of an

3
ideal gas at constant volume is 3 R. The

molar specific heat capacities, at constant
pressure, is:

1 5
=R b) = R
(a) ) (b) 3
7 9
—R d =R
(© 2 @) 2
Ans. (b) ER’
2
Explanation: As we know,
Co-Cy =R
3
—= R=R
Cp 2
5
==R
& 2

9. An ideal gas undergoes the cuclic pracess
ABCDA as shown in given PV diagram.

P
8 et s, < c
Y
A
Po Py > B
>V
Vo Ve
The amount of work done by the gas is:
(a) 8P, V, (b) -2P, V,
(c) +2P,V, (d) + 4P, V,

[Delhi Gov. QB 2022)
Ans. (b) -2P, V,
Explanation: Let P be the pressure of the gos

in the cylinder, then the force exerted by the
gos on the piston of the cylinder,

F=PA
In a small displacement of the piston through
dc. work done by the gas.

dW = Fdx=PA dx =P dV

~. Total amount of wark done
AW = [dw = ["PdV =P(V, -V))

In P -V diagram or indicator diagram, the area
under P -V curve represents work done.

W = Area under P -V diagram

@ www.studentbro.in
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According to the P - V diagram given in the
question,

Work done in the process ABCD
= Area of rectangle ABCDA
=AB x BC=(3V,- V) x (2P, -Po)
=2V, % Py=2 P,V,

Since the cyclic process is anti-clockwise, worl

done by the gas is negative.

That is. -2P,V, Hence, there is o net
campression in the gas.

10. Which of the process described below are

irreversible?

(a) The increase in temperature of an ivon
rod by hammering it.

(b) A gas in a small container at a
temperature T; is brought in contact
with a big reservoir at a higher
Temperature. T, which inverses the
temperature of the gas.

(c) An ideal gas is enclosed in a piston-
cylinder arrangement with adiabatic
Walls. A weight W is added to the piston,
resulting in the compression of a gas.

(d) All of the above [Delhi Gov. QB 2022)

Ans. (d) All of the above
Explanation: During hammering, work Is done
on the rod, which turns into heat and raises
the temperature of the rod. Because this heat
energy cannot be transformed back into work,
the process is irreversible.

The heat from the larger container is
transferred to the smaller cantainer until their

temperatures are equal. which is the average
of both. Heat cannot move from a smaller
cantainer to a larger container because heat
travels from a higher temperature ta a lower
temperature.

When weight is added to a piston, the pressure
and volume rise, but the process cannot be
reversed.

Hence, all the given options are correct.

Assertion - Reason Questions

Two statements are given one labelled Assertion

(A) and the other labelled Reason (R). Select the

correct answer to these questions from the codes

(a), (b), (c) and (d) as given below:

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

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

(c) Aistrue butRis false.
(d) Aisfalse and R is also false.

11. Assertion (A): Specific heat capacity and
molar heat capacity both
have the same units.

Get More Learning Materials Here : & m

Reason (R): Specific heat capacity and
molar heat capacity both
depend on mass.

Ans. (d) Als false and R Is also false.

2.

Ans

13.

Explanation: Specific heat capodtuy,
AQ

T mAT
Where m is the mass of a substance.

Molar-specific heat copacity,

Wheres p is the number of moles.

Baoth of these are canstant characteristics of a
substance and are independent of mass.

Assertion (A): The first law of thermo-
dynamics is the restatement
of the conservation of energy.
Mathematically, it reads AQ
= AU + AW, where AQ is the
heat energy supplied to the
system, AU is the change in
the intemal energy, and AW is
the work done by the system
against external forces.

Reason (R): The Fundamental quantity
is a physical quantity that
cannot be expressed in any
other physical quantity.
For example, energy is a
fundamental quantity.

(c) Aistrue but R is false.

Explanation: The first law of thermodynamics
states that heat is a form of energy and
thermodynamic processes are subject to
the principle of conservation of energy. This
means that heat energy cannot be created
or destroyed. °So, it's a restatement of
conservation of energy”

According to the first law, AQ = AU + AW

that is. heat supplied to a system is equal to
the amount of work done by the system plus
the increase in its internal energy. So, it's the
same as the low of conservation of energy.

Assertion (A): Rotating the blade in a liquid
stops after a certain time is an
irreversible process.

Reason (R): Irreversibility arises as
the system attains a non-
equilibrium state.

L L L o o o o
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Ans. (b) Both A and R are true and R is not the Inisothermal process, AT =0
correct explanation of A.

Explanation: Irreversibility mainly arises therefore, G

due to: o . ) Whereas specific heat is constant for o
(1) Dissipative factors like friction, viscosity etc. materiol, therefore the reason is folse.

(2) And as many processes take the system to
an equilibrium state. 15, Assertion (A): Work and heat are two

So, when the blade is rotated in o liquid.
then due to viscosity, the system becomes
irreverasible as it stops after a certain time.
Thus it's an irreversible process.

14. Assertion (A): The specific heat of a gas in an

adiabatic process is zero and
in an isothermal process is
infinite.

Reason (R): Specific heat of gas is directly
proportional to the change
of heat in the system and
invergely proportional to the
change in temperature.

[Dethi Gov. QB 2022)

Ans. (c) Aistrue butR is false

Explanation: Assertion is true, since in the
adiabatic process there is no transfer of heat,

therefore, c = g=0
AT
Since, Q =0 therefaore.c=0

equivalent forms of energu.
Reason (R): Work is  the transfer

of mechanical energy
irrespective of the
temperature difference,

whereas heat is the transfer
of thermal energy because of
temperature difference only.

[Delhi Gov. QB 2022]

Ans. (o) Both A and R are true and R is the correct

explanation of A.

Explanation: Heat and work are comparable
in that they both represent methods of
transmiting energy. We cannot state that a
system includes a given amount of heat or
work since neither is a fundamental attribute
of a system.

( CASE BASED Questions (CBQs) )

[4 &5 marks |

Read the following passages and answer the
questions that follow:

16. The first law of thermodynamics simply

chest full of ice in your kitchen. Which
should you open and which should you
leave open to effectively cool the room?
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states that energy can be neither created
nor destroyed (conservation of energy). Thus,
power generation processes and energy
sources involve the conversion of energy from
one form to another, rather than the creation
of energy from nothing. Thus, the energy of
the universe is constant. However, energy can
be transferred from one part of the universe
to another. To work out thermodynamic
problems we will need to isolate a certain
portion of the universe, the system, from the
remainder of the universe, the surroundings.
AU =- Q- W + food energy
AU = Stored food energy

Food 4~ Q
|. ‘:, Sun
A |

(@

(A) It's a hot summer day, and your air
conditloning system isn't working. You
have a working refrigerator and an ice

(B)Can a gas be liquefied at any
temperature by the increase of pressure
alone?

(C) State the first law of thermodynamics.

Ans. (A) The high-temperature reservoir for your

kitchen refrigerator is the air in the kitchen If
the refrigerator door were left open, energy
would be drawn from the air in the litchen
passed through the refrigeration system
and transferred right back into the air. The
result would be that the kitchen would
become warmer, due to the addition of the
energy coming in by electricity to run the
refrigeration system. If the ice chest were
opened. energy in the air would enter the
ice, raising its temperature and causing it
to melt. The transfer of energy from the air
would cause ite temperature to drop. Thus,
it would be more effective to open the ice
chest

(B) No. a gas can be liquefied by pressure
alone, only when the temperature of the
gas is below its critical temperature.

(O) If some quantity of heat is supplied to a
system capable of doing work. Then the
quantity of heat absorbed by the system

L L L o o o o
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is equal to the sum of the increase in the
internal energy of the system and the
external wark done by the system.

3Q =38U + 8w
ar Q=W+aU

17. Water's high specific heat is a result of

hydrogen bonds. The molecules must vibrate
in order to raise the temperature of the water
due to the multitude of joined hydrogen
bonds. Because there are so many hydrogen
bonds, it takes more energy to break the water
molecules by vibrating them.

Similarly, it takes some time for hot water to
cool down Temperature drops as heat are
dissipated, and the vibrational movement
of water molecules slows. The heat emitted
compensates for the cooling effect of heat loss
from liquid water.

low movement @ high movoment o
low wempesature high termperature

O cc>)=6 //\B)\Di o//

. Vs
oo ® O 60 O @) /3
P Oh L O///

o

#

@’ —0

Heat can be transferred from one place to
another by three different methods. These
are conduction, convection and radiation.
Solids are usually heated by the process of
conduction. Liquid and gases are heated by
the process of convection. The process of
radiation requires no medium. Conduction and
convection are slow processess while radiation
is a very fost process. [Delhi Gov. QB 2022]

(A) Which of the following processes
depends on gravity?
(a) Conduction (b) Convection
(c) Radiation (d) None of these
(B) Woolen cloths keep the body warm
because wool:
(a) is a bad conductor
(b) increases the temperature
(c) decreases the temperature
(d) generates heat energy
(C) On a cold morning, a metal surface

will feel colder to touch than a wooden
surface because:

(a) metal has a high specific heat

(b) metal has a high thermaol
conductivity

(c) metal has a low specific heat
(d) metal has a low thermal conducting

(D) Earth receive heat from the sun by the
method of

(a) conduction (b) convection
(c) radiation (d) all of these

(E) A slab consists of two portions of
different materials of the same thickness
and having the thermal conductvities
Ky and K;. The equivalent thermal
conducting of the slab is:

K'I.KI
(@) K1+ ® K
2K K
() 12 @ i, +1

I(1+Kj

Ans. (A) (b) Convection

Explanation: Convection occurs when
heated lighter particles move upwards and
colder heavier particles move downwards
to their respective positions. This is
determined by weight. and thus by graovity.

(B) (a) is a bad conductor

Explanation: Woolen cloths keep the body
warm because it is a poor conductor of
heat. As a result. the body stays warm.

(C) (b) metal has high a thermal conductivity

Explanation: The metal has a high thermal
conductvity. which means it conducts heat
more quickly. Metal is also a good heat
conductor. As a result, it absorbs your body
heat as you touch it. cousing your body
temperature to drop and you to feel cold
when you touch a piece of metal

(D) (c) radiation

Explanation: The magjority of the energy
received by the earth's surface is in short
wavelengths. Incoming solar radiotion, also
known os insolation, is the energy received
by the Earth.

2K K
_1—2—
BiE Eak,
Explanation: The thermol rate for the first
conductor ia given os,

H _ KAT-T)

L
The thermal rate for the second conductor
is given as.
H, _ KAT,-T
t L
Since they are counted in series,
Hy =H;
K(T-Ty =Ky(T,-T)
Let K be the equivalent conductance
Hence,
KA(T,-T) _ K,A(T—T1)+I<7A(T,—T)
2L L L
e 5
K +1G
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(VERY SHORT ANSWER Type Questions (VSA) )

[1mark]

18. A gas-filled cylinder is enclosed in a heat-
resistant jacket. How will the temperature
of the gas change as the cylinder's volume is
gradually increased?

Ans. When the volume of the gos is increased in a
heat-proof jocket, the work is done by the gas
at the expense of its internal energy. Due to a
decrease in internal energy, the temperature of
the gas will decrease

19. Why can't heat naturally flow from a low-

temperature body to a hlgh-temperature
body?

Ans. First low of thermodynamics simply tells about
the convergion of mechanical energy into heat
energy and vice versa. It does not put any
condition as to why heat cannot flow from a
lower temperature to a higher temperature.

A Cautlon

“ Students should know that although the
temperature of a body can be ralsed without Umilt,
It can not be lowered without limit and theoreticolly
limiting low temperature la taken to be zero on the
Kelvin scale (le. no negative temperature on The
Kelvin scale Is possible).

20. Can a system be heated and its temperature

remains constant? [NCERT Exemplar]
Ans. It is given that,
AT =0,
AU =0
AQ =AU + AW
AQ =AW

So. heat supplied to the system is utilised in the
expansion, the system is isothermal

21. For which thermodynaomic process entropy
ia zero? [Diksha]

Ans. Entropy is zero in a reversible process it
increases in an irreversible process. The
ulimate fate of the universe is likely to be
thermodynamic  equilibrium, where the
universal temperature is constant and no
energy is available to do worle.

22.0ut of the parameters: temperature,
pressure, work and volume, which
parameter does not characterise the

thermodynamics state of matter?
[Delhi Gov. QB 2022)

Ang. Since we know that the parometer pressure,
volume and temperature are characterise the
thermodynamic state of matter.

Since, work is both function, it gives only a
specific relationship between two different
thermodynamic states.

So, wark does not characterise the
thermodynamic state of matter.

23, Heat is supplied to a system, but its internal
energy does not increase. What is the
process involved? [Delhi Gov. QB 2022]

Ans. Isothermal expansion is the process involved.
The internal energy of the system remains
constant in the isothermol free expansion
and cyclic processes becouse the system's
temperature remains constant. Because
internal energy is a function of temperature,
there is no change in the system's internal

energy.

( SHORT ANSWER Type-I Questions (SA-I) )

[ 2 marks |

24, A 100 W electric heater provides heat to a
system. If the system operates at 75 joules
per second. What is the rate of increase in
internal energy?

Ans. By the low of conservation of energu,
Total energy = Work done
+ Internal Energy
100 =75+U=25J/s

Hence, internal energy is increasing at the rate
of 25 W.

25,In accordance with the first law of
thermodynamics under which condition the
low can be violated? [Diksha]

Ans.In occordonce two  the first low  of
thermodynamics. for o thermodynamic systerm.
in which internal energy is the only type
of energy the system may hove the low of
coneervation of energy may be expressed os,

Q+W =AE,,
Here, Q is the energy tronsferred (os heat)
between the system and environment, W is
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26

the wark done on (or by) the system and AE,
is the change in the internal energy of the
system. By convention, we have chosen Q to
be positive when heat is transferred into the
system and W to be positive when work is
done on the system.

When W > 0 and Q > 0 ond putting this
candition in the left-hand side of the equation
Q + W = AE,,, then the right-hand side of the
equation must be greater than zero (AE > 0).
Thus W > 0, Q > 0, and AE,, < O must violate
the first law of thermodynamics.

A system goes from P to Q by two different
paths in the P-V diagram as shown in the
figure. Heat given to the system in path 1 is
1000 J. The work done by the system along
path 1 is more than path 2 by 100 J. What is
the heat exchanged by the system in path 27

PA Q
2
P
> \
(glven)
[NCERT Exemplar]
Ans. For path 1

Q; =+1000J

Work Done =W; - W, = 100
W, =Work done through path 1
W, = Work done through path 2
5 W, =W, - 100
As change in internal energy by paths 1 and 2
are the same
AU=0Q;-W; =Q2-W;
1000 - W, = Q5 - (W, - 100)
1000 =Q, + 100
Q, =900 J.

27.

Ans.

28.

Ans.

Heat system based on the circulation
of steam is more efficient in warming a
building than those based on the circulation
of hot water why? [Delhi Gov. QB 2022]

At 100°C. steam hos more heat than the
equivalent quantity of water at 100°C. One
gram of steam at 100°C haos 540 calories
more heat than one gram of water at 100°C.
As a result, heating systems based on steam
circulation are more efficient than those based
on hot water circulation.

Write the expressions for C, and C; of a gas
in terms of gas constant R and y. Where,

o
y==Lt

C

v

[Delhi Gov. QB 2022)

Cp — Specific heat copadty at constant
pressure;

Cy — Spedfic heat caopocity at constant
volume;

R — Molar gas constant;

vy — Atomicity of an ideal gas

We know Gp-Cy=R D)
G
and 'f=c_ —(0)
From egn (i) and (ii) 4
Cy=Cp-R
= Cp=Cy+R
+R
So, 'f=CVC
v
= Gy =Cy+R
= Cyy-R=Cy
= '{—i =1
CV
= -1
= . Y
> R
= Cy =
MY

( SHORT ANSWER Type-Il Questions (SA-11) )

[ 3 rnarks]

29. The volume of some air assumed to be an

Get More Learning Materials Here : i

ideal gas, in the cylinder of a car engine
in cylinder of a car engine is 540 cm? at a
pressure of 1.1 x 10° Pa and a temperature
of 27°C. The air is suddenly compressed so
that no thermal energy enters or leaves the
gas, to a volume of 30 cm?. The pressure
rises to 6.5 x 10° Pa.

Ans.

(A) Determine the temperature of the gas
after the compression

(B) Use the first law of thermodynamics to
explain why the temperature of the air
changed during the compression.

(A) Here Py =11x10°Pa,
Vi = 540 cm?,
Ty =27°C
=27+273
=1300K.
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@ www.studentbro.in



- ———————-——-—--—--—-——--_—---—._.r_-—----:kG--rm--—-—-----—---""""1

Get More Learning Materials Here : &

P, =65 x 108 Pa,
V, =30cm?
PV

— = constant

_65x10°
11x10°
=9848K

(B) Here, no thermal energy enters or leaves

the air, dQ = 0.

From the first laow of the thermodynomics
we have

300

0=dU+dW
duU =-dw

Since the air is compressed. work is done
on the air Le. dW is negative.

dU =-(-dW)
= + dW = Pasitive

As dU is positive the temperature of the air
increoses.

30. A spherical constant temperature heat

source of radius ry ie at the center of a
uniform solid sphere of radius ry. Calculate
the rate at which heat is transferred through
the surface of the sphere. [Diksha]

Ans. The rate H at which heat is transferred through

the slab is:
(1) Directly proportional to the area (A).

(2) Inversely proportional to the thickness of
the slab Ax.

So. i AT
Ax

Where K is the proportionality constant which
is called the thermal conductivity of the

material

The rate H at which heat is transferred through
the slab is directly proportional to the area (A)
available.

Area of a solid sphere is defined as A = 4nr’r is
the radius of the sphere.
So. the area A; of the uniform large sphere
having radius rq is.

A!. = 4'-"[."?
and the area A, of the uniform large sphere
having radiua r, is,

A2 = 4TU"%
Thus, the area A from which heat Is transferred
through the surface of the solid sphere will be

31.

Ans.

the difference between area of uniform large
solid sphere A, and emall solid sphere A;.

SD. A:AQ—A_‘

2 4rLr§ —4fr.rf

= 4rc(r§ - rf)
Since the rate H at which heat is transferred
through the slab is directly proportional to the
area (A). Therefore, the rate at which heat is
transferred through the surface of the sphere is
proportional to r% - r12.

Consider a cycle tyre being filled with air
by a pump. Let V be the volume of the tyre
(fixed) and at each stroke of the pump
AV(<<V) of air is transferred to the tube
adiabatically. What is the work done when
the pressure in the tube is increased from Py
to P;? [NCERT Exempler]

Air ig transferred into the wre adiabatically let
the inidal volume of air in the tyre is V and after
pumping one stroke, it becomes (V + dV) and
pressure increased from P to (P + dP) then,

P, VI=P,V}
P(V +dV) = P + dP)V"
T
PVT|1+— =P(l+£]\ﬂ

V] P

as volume of tyre V remains constant

[ avT dP
pVI|1+—]| =PVT|14+—
a [ P

[on expanding by binomial thearem neglecting
the higher terms of AV as AV < < V]

dv dP
14y — =14 —
Ry 1+P

dv = YP

TP

Integrating both side in limits Wy to W, and
P]_ o Pg

, VdP
[Pav = J:T

.L::, dw %{P:_ P:)

1

V = constant

W=@‘_F’J_V
f
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32. (A) Why a gas has two principal specific
heat capacities?
(B) Which one is greater and why?
[Delhi Gov. QB 2022)
Ans. (A) Becouse a gas may be heated under two

distinct situatons. it has two primary specific
heata:

(M Spedific heat at constant volume.
(@) Specific heat at canstant presaure.

(B) A gas expands when heated at o steady
pressure. The heat given to it is utilized

to roise its temperature and to conduct
work ogainst external pressure. When
the gas, on the other hand. is heated at a
fixed volume, no work is done. As a result,
the heat delivered should only be utilized
to raise the temperature. As a result, the
amount of heat necessary to increase the
temperature of a gas by 1°C (sau) under
constant preasure will be more than the

amount required at constant volume.

( LONG ANSWER Type Questions (LA) )

[4 &5 marks ]

33. Consider a P-V diagram in which the path
followed by one mole of a perfect gas in a
cylindrical container is shown in the figure.

& p
o 1PV T
Pl
PV~ = Conatant
P
: 2P, V, T)
I
v, v, Y

(A) Find work done when the gas is taken
from the state (1) to state (2).

(B) What is the ratio of temperature -l-éu. if
1
Vz = 2V1?

(C) Given the internal energy for one mole of
gas at temperature T is (3/2) RT, find the
heat supplied to the gas when it is taken
from the state (1) to (2) with V; = 2V,.

[NCERT Exemplar]
Ans. PV = Constant
=K(given)
or PV 12 =P\t =K
K
and P=— 0
= o
(A) Work done for the process from 1 to 2.
u]
W= [Pav
v,
U]
T
v,
Y
=K [v¥av

o,
w = Y2
1
2 1
- - 7]
W from V4 to V5,

ie.  dW =2P V12 [‘ﬁ,—\/\ﬂ
= 2P,V |V, - (Vi

(B) From the gos equation of ideal gas:

PV = nRT
Y i
"R
L PWVW
~nR
Ti= AV [from eqn. (1))
nR
K,V
Ty = :
nR
K,V
T =t 2
2 nR
L.
LK,
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I

Required ratiois 1: \E
(O Given that. internal energy U of gas is.

THE
2
AU = 2 RaT
2
3
= 2 R,y
2
Ty = \E Ty [from part (B)]

AU = %R[ﬁT}—TI]

" %RTII\E—ll

from part (A)
dw = 2P, V12 (JV, = V)
Vy =V Given)

W =2P Vi (V2 v, - V)
= 2PV, IV, (V2-1]
dW =2P,V; (V2 -1]

dW = 2nRT, [V2-1]
n=1

dW =2nRT, [V2-1]
dQ = dW + dU

=2RT1(\E—1J+%RT1 (2-1)

=RT; (V2-1)

2-(-g
2

dQ = 2T, (Y2-1)

34. An amount of work equal to 22.3 J is done
on the system when changing the state of a
gas adiabatically from one equilibrium state
A to another state B. How much net work is
done by the system in the latter case if the
gas is transferred from state A to B via a
process in which the net heat absorbed by
the system is 9.35 cal? (One calorie equals
4.19J)

Ans. The work done (W) on the system while the gas
changes from state A to state Bis 22.3 J.

This Is an adlobatic procesa. Hence, the change
in heat is zero.

AQ =0
AW =-223J
(Since the work is done on the system)
From the first low of thermodynamics,
We have:
AQ =AU + AW
Where, AU = Change in the internal
energy of the gas
AU =AQ - AW
=—(-223))
AU =+223J

When the gaos goes from state A to state B
vio a process, the net heat absorbed by the

system is:

AQ =935 cal
=935x419
=39.1765J

Heat absorbed.

AQ =AU + AW

AW =AQ - AU
=39.1765-223
=16.8765J

Therefore, 16.88 J of work is done by the
gystem.

35, The diagram depicts a cycle ABCDA
undergone by two moles of an ideal
diatomic gas. T; = 300 K, T, = 500 K and
the curve AB is a rectangular hyperbola.
Ascertain the following:

v
D
A
B
T
Tl T,
(A) Work done by the gas in the process
A—B.
(B) Heat has given to the gas in the process
A—B.

(C) Molar heat capacity of the gas in the
process A — B.

L L L o o o o
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Ans. Evidently, for the process A — B, =-3326 k) + (2 mol)

1 5x8.314J
Ve 3 2moli (200K
or VT = constant (sau. k) =5k
or TdV+VdT =0 (C) Molar heat capacity C is given by
vdT 5 ol
or dVv = ——n = AT
(A) Now, work done by the gas in a process is _ 5x10°
given by, ~ (2mo) (200 K)
W = [Pdv
125J
Wi J-nR\'EcN molK
36.1s it a violation of the second low of
Wag = J(—anT] thermodynamics to convert:
" (A) Work completely into heat
Wap = Im—ﬂRdT (B) Heat completely into work
Why or why not? [Delhi Gov. QB 2022]
= (-2 mol [3,314 ] Ans. Converting, work totally into heat or heat
mol -K totally in work. is not a violation of the gecond
rule of thermodynamica According to the
(500 - 300] second rule of thermodynomics, energy cannot
(B) Heat has given to the gas in the process be moved from one form to another without
A—B, changing the entuopy.

QAE:WAB"'AUAQ

( NUMERICAL Type Questions )

37. A room has a concrete roof that measures _ 46-32
4msx4mx 10 cm (K; = 1.26 w/m/°C). T 296x10"
Outside, the temperature is 46°C and the
radius is 32°C. =2822x 103W
(A) Determine the amount of heat flowing =2822 W
into the room per second through the (B) The thermal resistance of the brick is given
roof. by:
(B) If 7.5 cm thick bricks (K, = 0.56 w/m/°C) "
are laid down on the roof, what is the Ry = —2
new rate of heat flow under the same IGA,
temperature conditions? (3m) 75107
Ans. (A) Area of roof = 065x16
A=4x4=16m? _
Thickness of roof, ‘ =72x10 C[V\{
%y = 10 emi= 0.1 i ::;f sg\l;i\:\;;l.ent thermal resistance of the
Thermal resistance of the roof is given by
7 R=Res Ry
Ri= 1 =(496+7.2) x 1073
1 =1.216 x 10~2°c/w
_ 01 Rate of heat through the roof'is:
126x16 Hy = o _ 8,6,
=496 x 103 °C/w t R
Rate of heat flow through the roofis:
o 6 -8 = ﬂ; =1152W
Hi=—=2—2 1216x10°

t R

- ———————-——-—--—--—-——--_—---—._.r_-—----:kG--rm--—-—-----—---""""1
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38.

Ans.

39.

Ans.

Get More Learning Materials Here : i

A steam engine's boiler generates 5.4 x 108)
of work per minute and 3.6 x 10° heat per
minute. How efficient is the engine? How

much heat is wasted each minute? (3m)
Work done by the steam engine per minute.
W =54 x10°%
Heat supplied from the boiler,
H =3.6x10°
0 t
Efficiency of the engine = Sutput energy
Input Energy
LW
H
- ﬂ =015
36x10

Hence, the percentage efficiency of the engine
is 15 %.

Amount of heat waosted
=36x10°-54 x 108
=306 x 10°
=306 x 10°

Therefore, the amount of heat wasted per
minute is 3.08 x 10° W.

At the same temperature, 1 kg of water at
373K is converted into steam. Boiling one
cubic centimeter of water expands it to 1671
cubic centimeters. What happens to the
system's internal energy if water's latent
heat of vaporization is 5.4 x 10° cal kg™'?

(3m)
Volume of 1 kg of water
= 1000 cm®
Volume of 1 kg of steam
=1000 cm?
=103 x 1671 cm?
=1671m?

Change in volume,
AV =(1671-10) m3
Pressure P=1atm =101 x 10° Nm™?
In expansion, work done,
W = PAV
=101 x 105 x 1.67J
_1686x10°
T 42

=4015 x 10? cal

cal

But AU = AQ - AW

(first law of thermodynamics)

or AU = (5.4 x 10°-4.015 % 10%) cal
=49985 x 10° cal.

40. %mnle of helium Is contained in a container

at ST.P. How much heat energy is needed to
double the pressure of the gas, keeping the
volume constant? Heat capacity of gas is
sdgich [Delhi Gov. QB 2022)(3m)

Ans. Here,n = %C\; =3Jg" K M =4 g mol™

Cy =M, 4 x 3=12Jmol™k*!

At constant volume P o T.

St uB,
PI Tl
T, = 2T

Rise in temperature,
AT:TZ—TI = 2T1 "Tl
=T, =273K
Heat required.

AQ = NCyAT = % x12x 273

@

=1638J
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SECOND LAW OF THERMODYNAMICS
AND CARNOT ENGINE

. TOPIC1
SECOND LAW OF THERMODYNAMICS

The first low of thermodynamics is the principle
of conservation of energu. Common experience
shows that many conceivable processes are
perfectly allowed by the first law and yet are never
observed. For example, nobody has ever seen a
book lying on a table, jumping to a height by itself.
It would be possible if the prindple of conservation
of energy were the only restriction. This principle
which disallows many phenomena consistent with
the first law of thermodynamics is known as the
second law of thermodynamica. The second law of
thermodynamics gives a fundomental limitation to
the efficiency of a heat engine and the co-efficient of
performance of a refrigerator.

Second low of thermodynamics states that ‘the
entropy in an isolated system always increases. Any
isolated system spontaneously evolves towards
thermol equilibrium—the state of maximum entropy
of the system”.

Kelvin Planck Statement: No process is possible
whose sole result is the absorption of heat from a
reservoir and the complete conversion of the heat
into work.

Clausius Statement: No process s possible whose
sole result is the transfer of heat from a colder object
to a hotter abject.

It can be proved that the two statements above are
completely equivalent.

The second low of thermodynomics is a general
principle that places canstraints upon the direction of
heat transfer and the attainable efficiencies of heat
engines.

Entropy statement of the second law of
thermodynamics:

The entropy of the universe never decreosea. It either
increases (for irreversible processes) or remains the
same (for reversible processes ).

Reversible and Irreversible Processes

Reversible processes

A Reversible process is defined as a process that
can be reversed without leaving any trace on the
surroundings. Both, the system and the surroundings,
are returned to their initial states at the end of the
reversible process.

Conditions far Reversible processes:

(1) The processes should take place very slowly
Le, quasi-statically or seemingly stotic so that
it satisfies the following requirements at each
stage of the process:

® The system should be in mechanical
equilibrium.
® The system should be in thermal equilibrium.
@® The system should be in chemical equilibrium.
(2) There should be no friction losses etc. It should
be remembered that a completely reversible
process or cycle of operation is only an ideal
cose. In actual practice, there is always the
loss of heat due to friction, conduction and
radiation. However, it is possible to approximate
reversible processes through carefully controlled
procedures but they can never be achieved.

Irreversible processes

A process that is not reversible is colled an irreversible
process.

The spontaneous processes occurring in nature are
irrevergible. In fact, irmeversibility is a rule rather than
an exception in nature.

Examples:
(1) Sudden unbalanced expansion of o gos.
(2) Heat produced by friction.

(3) Heat is generated when a current flows through
an electric resistance in any direction

(4) Cooking gas leaking from a cylinder.
(5) Diffusion of liquids or goses.

(6) Breaking of an egg.

(7) The growth of a plant.

A system can be restored to its initial state following
a process, regardless of whether the process is
reversible or irreversible. But for reversible processes,
this restoration is made without leaving any net
change on the surroundings whereas, for irreversible
processes, the surroundings usually do some work
on the system and therefore will not return to their
original state.

form. At normal atmospheric pressure and room
temperature, dry ice undergoes sublimation
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(changes from solid to gas phase). Now According
to the secand law of thermodynamics, what is the
entropy change in this process?

Anes. Dry ice sublimes at room temperature by

taking in heat and the process is irreversible
process. Since, the given room temperature is
much higher than the freezing point of carbon
dioxide.
The entropy of a gas is always higher than the
entropy of a solid. Hence, the entropy of the
surrounding after the sublimation of dry ice
increases.

Hence, ASyg +ASyy,>0

Example 2.2: A heat exchanger performs 300
J of work in order to remove 400 J of heat from
a low-temperature reservoir. How much heat is
delivered to a higher-temperature reservoir?

Ans. W =300
Qc =400
Qy=W+Q¢
Qu =300J +400J
Qu =700

Heat delivered to the higher temperature
reservoir is 700 J.

TOPIC 2
CARNOT ENGINE

Heat engine is a device which converts heat into

work.

There are three parts of heat engine:

(1) Source of high-temperature reservoir at
temperature T,

(2) Sink of high-temperature  reservoir at
temperature T4

(3) Working substance.

In a cycle of heat engines the working substance

extracts heat Q4 from the source, do some work W
and rejects the remaining heat Q5 to the gink.

Hot reservolr
or Source

@,= Heat absorbed
from source

Work done
W=Q,-0Q,

@,=Heat rejected
to sink

Cold reservolr
or Sinlk

Efficiency of heat engine,
Work done (W)
1= Heat taken from source Q,

Tl _Tz = Ql _Q:
T: ) Q:

Sadi Carnot developed a hypothetical idealized heat
engine that has the maximum poassible efficiency
consistent with the second law of thermodynamics.
For maximum heat engine efficiency, the processes
should be reversible. So, we must avoid all irreversible
processes.

A reversible heat engine operating between two
temperatures is called o Carnot engine and the
sequence of steps constituting one cycle are called
the Carnat cycle.

Carnot devised an ideal engine which is based on
a reversible cycle of four operations in succession:
isathermal  expansion, adiobatic  expansion,
isothermal compression and adiabatic compression.

T A Isothermal
expansion

Ty

—_—
Adiabatic
COMPression

lsothermal
compression

Vi Ve V;

Main parts of Carnot's engine

Source of heat

It is a hot body of high-temperature T; fram which
the heat can be drawn. It is a hot body of very large
heat capacity kept at a constant high-temperature
T, K lts upper surface is perfectly conducting so that
working substances can take the heat

Working substance

A cylinder. whose walls are perfectly non-conducting
but the base is perfectly conducting, fitted with
non-conducting pistan which can move without
any frictional losses. Ideal gas is enclosed in these
systems as a working substance.

Heat sink

A cold body at low-temperature T; K to which
the heat can be rejected. It is a body of large heat
capacity. Its upper surface ig highly conducting so
that a working substance can reject heat to it

L L L o o o o
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Stand

It is made of perfectly insulating material so that
when a cylinder is placed on it, the working substance
can expand or compress adiabatically.

Working of Carnot’s Engine

To get maximum work from this type of ideal engine,
there is a set of reversible processes through which
the working substance is taken back to the initial
condition.

Complete Camnot cycle is divided Into four steps.

Processes of Carnot's cycle can be denoted by an
indicator diagram os shown. The variation of pressure
(P) and volume (V) of the working substance (ideal
gas), are plotted.

ph.A

e

[.;,..r..._au........ TTTTTITTPRTITEg 1, AR Py

Vi Vy ——V—’ Vz Vg

(1) Isothermal expansion A — B

Initially the cylinder is taken to be in thermal
equilibrium with the high-temperature T;
representad by point A (P, V4, Ty). This is the
initial state of the working substance. Then the
piston is allowed to move outward slowly. With
the movement of the piston, the temperature of
the gas tends to foll. The process is very slow, so
it is isothermal. Heat from the reservoir flows into
the gaos and the temperature of the gas remains
T;. In this expansion, gas receive heat Q4 from the
source and gets state B (Py, V5, T1).

The total heat input Q, to the gas occurs over
the path from A to B and comes fram a large
reservoir of heat (source) at temperature T; and
is utilized for doing work W,.

Over the path from A to B, the heat input to
the gas is equal to the work done against the
external pressure.

v

Qi= [, PV
@ [

Q1= puRTyln [%]

V
Wiy = puRTyln [Tz-]

(- Wy1=Qy
(2) Adiabatic expansionB — C

Now the contact of the cylinder with the source
is removed and the cylinder is put in contact

3

@

with o non-conducting stand. The piston is
allowed to move outward the gas, now expands
adiobatically because no heat can enter in or
leave out The temperature falls to T; and gas
describes the adiabatic BC to point C (Pa. Va
T5) during which more work is done (W,) at the
expense of the internal energy.

Work done over this adiabatic path BC,

1R
Wy = 1= (T-T)
y-1

Isothermal compression C — D

The gas aylinder is placed in contact with the
sink at temperature T,. The piston is moved
slowly inward, so that heat produced during
compression passes to the sink. The gas is
isathermally compressed to point D. (P4, V4, T2)

The heat rejected Q, to the cold reservair (sink) at
T; occurs over the path from C to D. The amount
of work done on the gas W3 is equal to the
amount of heat rejected to the sink W3 = Q, and

v
W3 = uRTyln | =
2 =HRIa [VJ

or Q2 =pRT, In [%—]

b |

Adiabatic compressionD — A

The cylinder is removed from the sink and put in
contact with the insulating stand and the piston
moves inward. Heat is not allowed to go out and
it increoses the internal energy of the system
Then work is done on the gas during adiabatic
compresgion from state D to inital point A
Py V1. Ty)-

No heat exchanges occur over the adiabatic path
Work done on the system is,

'R
Wy = L= (T;-T)
-1

This cuycle of operations is called a Carnot
cycle. In the first two steps work is done by the
engine (W, and W, are positive) and in the last
two steps work is done on the gas (W4 and W4
are negative). The wark done in complete cycle W
is equal to the area of the closed part of the P-V
cycle

W =W; + Wy + W3+ Wy

W:uRTlh?[Yg-] s+ R 1-1y
v =1

1

Y
+ 1RT, In l-v—‘] + IR (T1-Ty)
3 _1

¥

V v
-sstyin 12+ erain 1]
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Efficiency of Carmnot engine.
w

T1=Q—1

v v
R, n| 2 |+ 4RT, In| 2
R i 1

V
HRT, ln[—-l]
V‘l

Points B and C are cannected by an adiabatic
path as are points D and A. Hence, by using this
equation and the adiabatic gas equation

T]. VZ('."‘ 1}= Tg Va(‘l" 1)
and T1 Vl{‘[" D= T2 th’- D

Combination of the above equations gives:

Yl
Vl V:l
n= T1 _T: = Ql_Q:-
Tl. Ql

n= 1—93] x 100%
Q

1

5
= 1——’] x 100%
Tl

Q Important

= The Carnot engine lg the most effident engine which Is
theoretically poasible. The efficlency dependa only upon the
absolute temperatures of the hot and cold heat regervolrs

between which It operates.

Efficiency of Cyclic Process

When a system is subjected to a cyclic process, heat
is supplied during some parts of the process. while
heat is abstracted during other parts.

Evidently. the net heat supplied will be the work dane
by the aystem.

AQ =AW
However, the gross heat supplied will be more than
that of the net heat

Effidency (n) of a cycle, is defined as the ratio of the
work performed (net heat given) to the gross heat
supplied to the system, per cycle.

Work done per cycle
Thus, n= -
Gross heat supplied per aycle

The percentage efficiency of Carnot’s engine:

q:.TJ_:_ExlOO%
T
1
or q=%x100%

1

It can be shown that the efficiency for the Camot
engine is the best that can be obtained for any heat
engine and the equation gives an upper limit to the
efficiency of any heat engine operating between
temperatures Ty and T,

The efficiency depends upon the temperatures
T; and T, which approaches unity only when the
temperature of the cold reservoir approaches
absolute zero. A steam engine using steam at 373 K
and with a cold reservoir at 273 K has the best
possible efficiency.

273

5] - ——=27%
n 373

The effidency of a Carnat engine is never 100%
because it has 100% efficiency only if the
temperature of the sink would be T, = 0 which is
almost impossible.

In a Camnot cycle,

Q _L

Q.'I. T}.
5 Q.9

Tl TJ
Camot Theorem

No irreversible engine () can have an efficiency
greater than Carnot reversible engine (R) working
between the same hot and cold reservoirs.

Le. ne > T

Example 2.3: Two Carnot engines, A and B, are
used sequentially. Engine A absorbs heat from the
source at Ty = 800 K and releases it to the sink at
T;K. Second engine B absorbs the heat released by
the first engine at (T,K) and releases it at another
sink at temperature T3 = 300 K. Calculate the value
of T, if the work done by the two engines is the
same.

Anes. As Wh =Q1-0Q3
Wp =Q2-Qa
Wy -9 _T-T
Wn Q:_QJ TI_TZI
_ 800-T, -
©T,-300

800-T, =T,-300
T, =550K
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Example 2.4: Case Based:

Carnot assumed that the steam engine was nothing
but a water wheel for this caloric fluid, so the most
efficient engine would have minimal friction, but
also, in analogy with the water entering and leaving
the wheel gently with no intermediate loss of
height, the heat would enter and leave the gas in
the engine isothermally (remember the temperature
is analogous to the gravitational potential thus the
height). Therefore, by analogy with gh, the drop in
temperature Ty — Te measures the potential energy
given up by a unit amount of the “heat fluid"

(A

®

©

Get More Learning Materials Here : i

@
Turbine ~¥V
4
: < o'o o — |Candun9|:r
o [
a0 ° o 009 1 \\A
—o—snlao, b
Qu S
Pump My

A Carnot engine has an efficiency of 40%
and temperature of sink 300 K to increase
efficiency up to 60%. Calculate the change in
temperature of source.

Assertion (A): Efficiency of Carnot engine
increases on reducing the
temperature of sink.

Reason (R): The efficiency of Camot
engine is defined as ratio of
net mechanical work done
per cycle by the gas to the
amount of heat energy
absorbed per cycle from the
source.

(o) Both A and R are true and R is the correct

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

(c) Aistrue but Rls false.

(d) Aisfalse and R is also false.

[Delhi Gov. QB 2022)

A Camot engine with ideal gas is used for
freezing water, which is at 0°C. The engine is
operated by a 600 W electric motor having an
efficiency of 50%. Find the time to freeze 25
kg of water. (Take 25°C and 0°C as the source
and sink temperature respectively and latent
heat of lce = 3.33 x 103 Jkg™).

(D) A Carnot refrigerator has to transfer an

(E)

average of 263 J of heat per second from
temperature 10°C to 25°C. Calculate the
average power consumed. (Assuming no
energy losses in the process).

An ideal refrigerator runs between -23°C and
27°C. The heat rejected to the atmosphere for
every joule of work input will be:

(A) 10J (B) 6J
C) 2J (D) 4J
Ans. (A) Carnot engine efficiency,
n; =40%
Temperature of sink,
T, =300K
Efficlency increased to
N2 = 60%
Change in temperature of the source,
Ty =?
We know the efficiency of the Camot
engine is,
.
Tl
40 _ T -300
100 T,

4T, = 10T, - 3000
8T, =3000

T; = 500 K is the source temperature
initially. Now to increase efficiency to 60%,

£7
IJ-E.. nz i 1 P
T].
60 _ T,-300
100 T

6T, = 10T, - 3000
T, = 750 K, is the new source temperature.

Hence the change in temperature of the
gource is 250 KL

(B) (b) Both A and R are true but R is not correct
explanation of A.

Explanation: Efficiency of Carnot cycle
w T.

n=— =1- -2, for Carnot engine when
Q; TI.
T, decrease 1 increoses.
(©) Given.
Q, =263 Jfe
T, =-10°C
T, =-10+273=298K
W T1 —T:l
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Average power,

p. Q@ -T)
T.

2

_ 263(298—263)

263
.
8
(D) T, = 273K

T, =25+273=298BK
L =333 x 10°
Efficdency of electric motor = 50%
The used power of the engine
=50% of 500 W =250 W

Coefficient of performance,
ﬁ = 91 = __.._?_._T
W T-T

1 e |
Heat extracted from water In unit time,
1

F )CW

Tl _TJ

Q2

=273, 2950

298 -273
=27300 Js™!

Totol heat extracted from 25 kg water to
freeze itintoice

Q = mL
=25x333x10°J
Total time taken in freezing water into Ice

Q _25:333.10°
Q, 2730

=304945s

fi=

® B 6J
Explanation: Let the heat be rejected by
the atmosphere
Q1=x
and given W = 1 joule.
Now, Q2=Q;-W
=x-1.
Given, the hot temperature,
Ty=97959
=300K
and cold temperatures,
T,=273-23
=250K
Far the Ideal process,
Q L
Q T,
x 300

x-1 250

x = 6 joule

( OBIECTIVE Type Questions )

[1mark ]

Multiple Choice Questions

1. The efficiency of the Carnot engine is 50%

Get More Learning Materials Here : i

and the temperature of the sink is 500K.
If the temperature of the source remains
constant and its efficiency is increased to
60%, the required temperature of the sink
will be:

(a) 100K (b) 400 K
(c) 500K (d) 600 K
. (b) 400K
Explanation: When efficiency is 50%.
Outlet temperature,
T, =500 K
Weknow, 1 =1- __IJ.

1

s0 _,_ 500
100
500 100-50
T~ 100
T, =1000 K
To increase the efficiency up to 60%. with
Ty =1000 K,
then n=1- L
T'l
B0 feti
100 1000
T, _100-60
1000 100
T, =400K

Which is the required outlet temperature.
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2. The efficiency of a Carmot engine operating

Ans.

3.

between temperatures T; and T; is % . When
T, is reduced by 62 K, its efficiency rises to
1

3 then compute Ty and T, values:

(a) 372Kand 310K (b) 372 Kand 330K
(c) 330 Kand 268 K (d) 310 K and 248 K

(@) 372Kand 310K
Explanation: Efficiency,
T
=1-2
" T
1
In the first case.
T 1
B ek =
n, T F
L_5
T 6
In the second case.
T.—-62 ]
=1- N = -,
M4 T 3
1
T,-62 =2
T1 3
T-62 2
6 "~ 3
§]T=

2 |6
T,-62 = —x[—]XT
2 35 2
4
T2—62 = [—S-]T]

T, =310K

T1=.g < 910= 372K

Ty=372K
T, =310K

Figure depicts a thermodynamic process.
600 J of heat is added in process AB and
200 J of heat is added in process BD. The
total heat added in process ACD is:

>

F 3
B > C
4\
A > »
0 >y
(a) 560 (b) 800 J
(c) 800J (d) 640J

Get More Learning Materials Here : i

Ans.

4,

Ans.

(o) 560J
Explanation: In the process AB,
We hove wark done zero (isocharic process).
Using First law, we get.
AU=AQ-0=600J
In the process BC,
The work done is calculated as,
PAV=8x 10x 3 x 10~3
=240
Thus we get
AU =200-240=-40J
Thus the total change in internal energy is
given @s.
600 -40=560J

One-sixth of the heat input is converted into
work by a reversible engine. The engine's
efficiency is doubled when the temperature
of the sink is reduced by 62°C. The
temperature differences between the source
and sink are:

(a) 99°C, 37°C
(c) 95°C, 37°C
(d) 90°C 37°C
Explanation: Effidencuy,

(b) 80°C, 37°C
(d) 90°C, 37°C

- B
=

1

[y

]']:

. A
T‘l

[N

6T,-6T, =T,
T,=12T; -0

Where T, is the source temperature aond Ty is
the sink temperature. If the sink temperature
is reduced by 62°C, the efficiency gets doubled
ie.

_ T,=(T,-62)

N T

1

=2x

[«) =
[) B8]

6T,-6T;+372 =2T,
6T;-2T,-6T,+372 =0
4T,-8T;+372 =0
Substituting the value of T, from equation ().
we will get,
4(1.2T)-6T;+372 =0
48T;-6T;+372 =0
372 =1.2T,
Ty =310K=37°C
Therefore,
T; =12x310
=372K=99°C
Hence, the temperature of the source and the
sink is 99°C and 37°C respectively.
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5.

Ans.

Ans.

Get More Learning Materials Here : i

The efficiency of a Camot engine operating
between temperatures Ty and T, is 0.2
When T, is lowered by 60 K, the efficiency
rises to 0.4. Ty and T, are respectively:

(a) 300K, 240K (b) 240 K, 300 K

(c) 150K, 300K (d) 300K,150K

(a) 300K 240K

Explanation: Maximum efficiency of an engine
working between temperatures Ty and T, is
given by the fraction of the heat absorbed by
on engine which can be converted into work is
known as the efficiency of the heat engine.

Mathematically,

T,-T.

Efficiency. n= ( 2 ’)
Tl

Substituting value of = 0.2,

We get 08 T1 = Tg

Now substituting value of 1 = 0.4 and sink
temperature as,
T, =60, we get
06T, +60 =T,
Solving bath we get Ty = 300 Kand T, = 240K

Figure depicts a thermodynamic process.
The pressures and velumes corresponding
to some points in the figure are P, = 5 x 10*
Pa, Pg = 9 x 109 Pg, and V, = 4 x 10~ m?,
Vp = 5 x 102 m>. Process AB adds 800 J of
heat to the system, while Process BC adds
300 J of heat to the system. The change in
the system's intemnal energy in process AC
would be:

D
F 3
»C
¥ I
A——p
8] V'
(a) 1000J (b) 1020 J
(c) 1050 (d) 1090 J
(d) 1090J

Explanation: No work is done during isochoric
process A — B.

Work done during isobaric process B — C,
=Pp(Ve-Va)
=Pg(Vp-Va)
=90J

From the conservation of energy.

Q=U+W
U=Q-W = (800 +300)J - 90J
=1090J

7. Figure shows the P-V diagram of an ideal

gas undergoing a change of state from A to
B. From the different processes |, ll, lll and IV
as shown in the figure may lead to the same
change of state.

pA

1l

Change in internal energy is:

(o) Change in internal energy is same in [V
and lll cases but notin | and I

(b) Change in internal energy is the same in
all the four cases

(c) Work done is moximum in Case |
(d) Work done ls minimum in case Il
[Delhi Gov. QB 2022)

Ans. (b) Change in internal energy is the same in all

the four cases

Explanation: Internal energy is a function of a
system's state and is independent of the route.
As a result, internal energy will be the same.

8. During an adiabatic process, the increase of

gas is found to be proportional to the cube

C
of its temperature. The ratio of C_v for the

Ans. (o) g

gas is: v
3 4
(a) 2 (b) 3
5
(0 2 @ 3
[Delhi Gov. QB 2022]
Explanation: Po T3,
PV = nRT
Po T3
P e (PV)’

P2\ = constant

3
PV? - constant

= 2
2
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Assertion-Reason Questions

Two statements are given one labelled Assertion

(A) and the other labelled Reason (R). Select the

correct answer to these questions from the codes

(a), (b), (c) and (d) as given below:

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

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

(c) Aistrue but R is false.

(d) Aisfalse and R Is also false.

9. Assertion (A): In an adiabatic process,
the temperature of the gas
remaina constant.

Reason (R):  An ideal gas's work equals a
change in its internal energy
in an adiabatic process.

Ans. (c) Aistrue butRis false

Explanation: In aon adiobatic process. no
exchange of heat takes place.

Therefore the reason Is incorrect.
From the first law of thermodynamics,

Q=U+W
0=U+W
W] =U|

10

Assertion (A): The process in which a high-
pressure fluid is converted
to low-pressure by using a
throttle valve is Throttling.
In the process of throttling,
temperature neither
increases nor decreases.

Reason (R): For ideal gas, throttling
process is isothermal and for
real gases.

Ans. (c) Aistrue but R s false

Explanation: In the throttling process enthalpy
remaing constant, and work done is zero. For
ideal gas throttling process is isothermal
and for real goses, due to throtting the
temperoture may increase decrease or remain
constant. Throttling process is the process in
which a high-pressure fluid is converted to
low-prassure fluid at constant pressure using
a throttle value. In the throttling process, warl
done is 0 and enthalpy is constant k is an
irreversible process.

Joule's Thompson coefficient,

dr
= — at tant H.
(1) dPul:onaon

11. Assertion (A): In a thermoflask, inner
surface is shiny.

Reason (R):  Shiny surface is a poor
radiator of heat.

Get More Learning Materials Here : & m

Ans.

12.

13.

Ans.

(a) Both A and R are true and R Is the correct
explanation of A

Explanation: The wall of thermoflask is
polished because shiny surfoces are good
radiators of heat Since we intend to keep it
in the vacuum flask and not have it radiated,
Outside the shiny surfoce is the best option
A black wall is a bad option as they are good
emitters ond absorbers of heat radiation
As on shiny objects heat is incident, due to
the polishing most of the heat energy gets
reflected back and as a result, very less energy
(heat) is absorbed. So we can say that shiny
bodies are only good radiators of heat, not
good absorbera

Assertion (A): A room can be cooled
by opening the door of a
refrigerator in a closed room.

Reason(R): Heat flows from a lower
temperature (refrigerator) to
a higher temperature (room).

[Delhi Gov. QB 2022]

(d) Aisfalse and R is also false.

Explanation: The cooler inside of the
refrigerator absorbs heat from the room
when the door is initially opened. Qverall, the
heat pump turns electrical energy into heat
As a result. once the temperature within the
refrigerator reaches the ambient temperature,
the temperature of the room rises.

Assertion (A): It is not possible for a system,
unaided by an external
agency to transfer heat
from a body at a lower
temperature to another body
at a higher temperature.

Reason (R): According to  Clausius's
statement, no process is
possible whose sole result
is the transfer of heat from
a cooled object to a hotter
object. [Delhi Gov. QB 2022)

(a) Both A and R are true and R is the correct
explanation of A

Explanation:  The gecond rule  of
thermodynamics may be tought using the
refrigerator as an example.

The cooler inside of the refrigerator absorbs
heat from the room when the door is initially
opened. Overall the heat pump transforms
electrical energy into heat. so once the
temperature inside the refrigerator reaches the
amblent temperature, the room temperature
rices.
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( CASE BASED Questions (CBQs))

[4 &5 marks ]

Read the following passages and answer the
questions that follow:

14, Carnot cycle is particularly significant for
a number of reasons. This cycle serves as a
useful representation of a reversible steam
power plant and refrigerator or heat pump
model However, it is also crucial from
a theoretical standpoint since it helped
formulate a crucial part of the second law
of thermodynamics. Fnally, it is possible to
define an absolute temperature scale using

the second law of thermodynamics and only
two reservoirs, which is really independent of
any material used to measure temperature
The Kelvin (or absolute) temperature scale was
considered a “Universal” scale because every
constant volume gas thermometer containing
dilute gas gave rise to the same absolute scale,
irrespective of the type of gas involved and
defined as T=273.16K (PPtr) where Ptr is the
pressure of any dilute constant volume gas
thermometer and P is the pressure of same
thermometer at T.

l% 4§ RN I e
g 2 u::’ @ Temperature
g £ E § g % Chart
% g gz g
2 > 3 g
T 4 Eg o
&

(A) Find the efficiency of the Carnot engine
that operates between two reservoirs
at temperatures of 1000 K and 330 K
respectively and if the engine absorbs
5000 J of heat from the hot reservoir in
a cycle, how much heat is ejected to the
cool reservoir?

(B) Compare different thermodynamic
processes.

(C) Mention two important results given by
Carnot.

Ans. (A) For ideol gos. all Carnot engines operating
between the same two temperatures

have the same efficiency and given os e. =
1-TeTy=1-330 x 1000 =0.670=67.0%

QouQin = TcTh
Qo x 5000= 330 x 1000
Qoue = 0.330 x 50004
=1650J
(B) An adiabat. is steeper than an isothermal

ie., the slope of an adiabatic is greater than
the slope of an isothermal

’ dP P
Slope of isathermal [d\}] o

. . |dP) _ P
Slope of adiabatic [d\f} _—YU

Slope of an adiabatic process =y x (slope
of the isothermal process)

In expansion, the adiabatic curve lies below

the Isothermal

P

() Expanslons

In compression. the adiabatic curve lies
abave isothermal

P
c
Q,
B D
A

A
lso
the i

1

1 b

(i) Compresslona
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(©) No engine can have efficiency more
than that of the Carnot engine and
the efficiency of the Carnot engine is
independent of the nature of the warking
substance.

15. A heat engine is a device by which a system is

made to undergo a cyclic process that results
in the conversion of heat into worlk. Basically,
a heat engine consists of () a hot reservation
maintained at a higher temperature T; (i)
a cold reservation maintained at a lower
temperature T, and (i) a working substance. If
in one cycle of its operation the system draws,
Q; heat from the hot reservoir does W work
and releases Q5 heat to the cold reservoir than

w Q-0 Q
Efficiency of engine, N, =—=—2—34=1-—-2
Y Q, Q,
W
Hot Working Cold
Ragarvoir T, Substance Reservolr T,

[Delhi Gov. QB 2022)

(A) The area enclosed by a Camot cycle
represents:

(a) heat absorbed

(b) heat released

(c) amount of work done
(d) none of these

(B) A reversible heat engine 'A' operates
between 223°C and -123°C. The
efficlency of the engine is:

(a) 15% (b) 20%
(c) 25% (d) 30%

(C) Another reversible engine 'B' operates
between temperatures 123° and T°C and
has an efficiency 30%. The value of 'T'
will be:

(o) 19.8°C (b) 10°C
(c) 280°C (d) 320°C

(D) Even the Carnot engine cannot give
100% efficiency, because we cannot:

(a) prevent radiation
(b) find ideal source
(c) eliminate friction
(d) reach absolute zero temperature

(E) The efficiency of Carnot engine does
not depends on:

(a) temperature of source

(b) temperature of sink

(c) nature of working substance

(d) temperature difference of source and
sink temperature

Ans. (A) (c) amount of work done

Explanation: Carnot cycle consists of two
reversible isathermal and two isentropic
process.

T Reversible isothermal process

: /
< lsentropic
/ Process

1 4

3

>S5

Carnot cycle is one of the best-known
reversible cycles. The Carnot cucle is
composed of four reversible processes.

® Reversible lsothermal Expansion
(process 1- 2)

@ Reversible adiabatic expansion (Process
2-3)

® Reversible isothermal compression
(process 3-4)

® Reversible aodiobatic  compression

(process 4-1)
PA TA
1, Qu Q.
|
2 1 >—2
M +
4 | W
3 4—<3—3
Q Q
P/ >S5S
Fag. P-V and T-S diagroms of Carnot Cycle
* We know that

work done (W) = PAV
O The area under the PV diogram
represents the work done.
B (b) 20%
Explanation: Using the relation for
efficlency of Carnot’s engine
=h=l

n=-7

_ 396-496
396

-100
396

_ -100 A0
396

=20.155% ~ 20%
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© (o) 19.8°C

Explanation: We know that
Effidency of Carnot Engine,

peye) e S
n Ts
30% =1- k
Tl
- 04 .aq . 1234273
T+273
123+273
= O7% ~ea7g
= 0.7(T+273)=123+ 273
== T=2928
K =19.8°C

(D) (d) reach absolute zero temperature

Explanation: Even the Carmnot engine
is not 100% efficient 100% efficiency

(n =1) requires that Q; be equal to 0, which
indicates that all of the heat from the
source has been turned to work. The term
“temperature of sink” refers to a negative
temperature that is larger than unity on an
absolute scale.

(B (d) temperature difference of source and

sink temperature

Explanation: The efficiency of the cycle

T
is gven as nq = 1 - ?2' Here T, is the

1 :
temperature of the source and T; is the
temperature of the sink.

If the difference between temperature
of the source and the sink is increased
(e, temperature of source incease or

temperature of sink decreases), the 5L

1
value decreases and thus efficiency
increases.

(VERY SHORT ANSWER Type Questions )

[ 1 marl-c]

16. Would a Carnot engine be completely
efficient if all deceleration was eliminated?

Ans. No. Friction is one foctor that reduces the
effidency of an engine, but even a frictionless
engine is restricted to an effidency less than or
equal to that of the Carnot engine, which is less
than 100%.

17. A system goes from P to Q by two different
paths in P-V diagram as shown in the figure.
Heat given to the system in path 1 is 1000 J.
The work done by the system along path 1is
more than path 2 by 100 J. What is the heat
exchanged by the system in path 27

(glven)
[NCERT Exemplar]

Ans. For path (1)
Q; =+1000J
Work Done =W - W, =100

W; =Work Done through path 1

W3 =Work Done through path 2
! W, =W; -100
As change in internal energy by paths 1 and 2
are the same

AU=Q1-W;=0Q,-W;
1000 - W; = Q, - (W; - 100)
1000 = Q, + 100
Q, =900

18. The P-V diagram shows that two adiabatic
parts of the same gas intersect two
isothermals at T; and T,. How the ratio
(Vo/Vg) and (Vp/Vo) are related to each
other?

[Diksha]
Ans. For adiabatic process
PV! = Constant and
PV = nRT
- TV = Constant
BCis adiabatic,
TVt = TVt

AD s adiabatic, e .
TVI =TV
-1 y=-1
So, [V_ﬂ] = [E]
Vd Ve‘
Yook
Vd' vd‘
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19. On what factors, does the efficiency of the
Carnot engine depend? [Delhi Gov. QB 2022]

Ans. We know that q:l—--_-g-

~. It depends on the temperature of the source
ond sink.

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

[Delhi Gov. QB 2022]

Ans. No, External work is done Hence, there is no
violation of the second low of thermodynamica.

( SHORT ANSWER Type-| Questions (SA-I) )

[ 2 marks ]

21. Consider a Carnot’s cycle operating between
T, =500 K and T, = 300 K producing 1 kJ of
mechanical work per cuycle. Find the heat
transferred to the engine by the reservairs.

[NCERT Exemplar]
Ans. Effidency of Carnot's engine,
'q = 1 - Il
Tl
Temperature of source or reservoir
Ty, =500K
Temperature of sink
T, =300K
T
o e i
n T

Output work 1 300

Input work () 500
100J i-06
X
100J —04
X
1000
X = c—
04
=2500J

22. How much heat is extracted from a high-
temperature reservoir per cycle for a Carnot
engine if a real heat engine has an efficiency
of 43%? The engine has a work output of 34

J per cycle.
Ans. The efficiency of the Carnot engine is defined
os:
AW
n=Qu~ |3«
al ol

Since  |Qu|-|Q =AW
To obtain the amount of heat energy extracted

from the higher temperature |Qy| substitute
33% for n and 34 J for AW in the equation

AW
Q.1

43 _ 34J
100 1Q,l

3400
Or |l = =

=79.07)

Rounding off the significant figure the amount
of heat energy extracted from the higher
temperature |Qy| would be 79 J.

we get.

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

[Delhi Gov. QB 2022]

Ans. A Carnot engine is an excellent heat engine in
the following ways:
(1) There is no friction between the cylinder
and piston walls.
(2) The warking component is an ideal gas.
These parameters cannot be met in a practical
engine. hence no heat engine operating

between the same twao temperatures may
have a higher efficiency than Carnot engines.

24, An ideal monoatomic gas is taken around
the cycle ABCDA as shown. Calculate the
work done during the cycle.

2P, 2P, 2
B
P W
A < D
P.V) P.2V)

Yy —

[Delhi Gov. QB 2022]
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Ans. Here. A — B and C — D are isobaric processes.

AP =0

Wp = - PAV
=-P(V-V)
=Pl

Wep =-PAV
=-2P(V-2V)

=+2PV
Wee =Wup=0
. Total wark done,
W =Wpg + Wpe + Wep + Wpp
=-PV+0+2PV+0
=PV

( SHORT ANSWER Type-Il Questions (SA-I) )

[ 3 marks]

25. In a Carnot engine operating between 200
and 60 degrees Celsius, six moles of an ideal
gas are taken. The useful work performed
in one cycle is 402 J. Determine the volume

ratio of the gas at the end and beginning of

the isothermal expansion.
Ans. GivertR=8.31 J/molLK

e®4=15
High temperature,
Ty =200°C

=200+ 273=473K
Low temperature,
T . =60°C=60+273=333K

Amount of the gas, n = 5 moles use for worlk

done per cycle,
W=0Qu-Q
Now, W =402 J,
So =0 2402
& Lk
QI. TL
=3 0
333
or
Qu = % Q. in equation ()
473
— Q,-Q,=402J
353 Q-Q
473Q,-333Q, _,.,,
333
T
333
_ 402x333
tT 140
=956.18
Sa. Qu-QL =402,
Qn-956.18 =402 J,
Qy =1358.181

When the gas is carried through the Carnot
cycle, the heat absorbed Qy during isathermal
expansion is equal to the work done by gas.

V; = Initiol Value,
V, =Final Value

In isothermal expansion

Qu = 2303nRTylogso %z-

V
lbgyo 2 = 1358.18
Vi 2303x8x84x473
=0.0247
Vi __37009
Vl

26. 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. [Delhi Gov. QB 2022)
Ans. For the isothermol process. PV = Constant
= PVy =Py,
P, = 2Py

For adiabatic process,
PVP = Constant

P = PV]
T
= P2 = Pl .V.L
VJ
P2 = ZPE

Since, v is always greater than 1, for the same
change in volume, there will be a greater
change in pressure for the adiabatic process
than that for the isothermal process.

L L L o o o o

@ www.studentbro.in



- ———————-——-—--—--—-——--_—---—._.r_-—----:kG--rm--—-—-----—---""""1

27.

Ans.

28.

Get More Learning Materials Here : &

( LONG ANSWER Type Questions (LA) )

[4 &5 marks |

A system consists of a sealed steel cylinder
containing a volatile gas mixture. The
system is surrounded by a thermally
insulating material such as asbestos so
that no heat can enter or leave the system
(assuming radiative losses are negligible).
The mixture explodes, but the cylinder stays
intact and the sustem is allowed to settle
down.

(A) How has the temperature of the system
changed?

(B) What is the change in the internal
energy of the system as a consequence
of the explosion?

(C) How would one describe the overall
process on a P-V diagram?

(A) In the explosion stored chemicaol potentiol
energy has been converted into thermal
energy. Unless this thermal energy leaves
the system or is converted to another form
of energu. there will be a rise in temperature.

(B) Since, the sealed cylinder stays intact.
there is essentially no change in volume
and consequently, no work done. Similarly,
the insulation stops any transfer of heat
to the outside world. From the first low,
the amount of internal energy must be
unchanged. Of course, the form of the
internal energy has changed as described
in part (A).

(©) The change in the system cannot be
plotted on a P-V diagrom because the
explosion is not quasi static. One may
be tempted to say that the system is
describable by a vertical line on the
diagram corresponding to o constant
valume (isovolumic process) but that would
be wrong. The process is indeed isovolumic
but there is no well-defined “systemwide”
pressure at any moment of the explosion.
All one can do is to represent the initial
and final states by two paoints (one directly
above the other) on a P-V diagram. Since,
these are equilibrium states of the system.

Consider one mole of a perfect gas in a
cylinder of the unit cross-section with a
piston attached (figure). A spring (spring
constant k) is attached (unstretched length
L) to the piston and to the bottom of the
cylinder. Initially, the spring is unstretched
and the gas is in equilibrium. A certain

amount of heat Q is supplied to the gas
causing an increase in volume from Vg to V,.

Atmospheric
Prassure - P

(A) What is the initial pressure of the
system?

(B) What is the final pressure of the system?

(C) Using the first law of thermodynamics,
write down a relation between Q, P, V4,
Vgand k.

Ans. (A) It is considered thot the piston is mossleas
and the piston is balonced by atmospheric
pressure (P,). So, the initial pressure of the
system inside the cylinder = Py,

(B) On supply heat Q, volume of gas increases
from Vg to V; and the spring stretches also.
So, an increase in volume
=V;-Vp
if the displacement of the piston is x then
the volume increase in the cylinder
= Area of base x height

=Axx
Axx=V,-Vg
(A = area of cross-section of a cylinder)
A
Force exerted by spring
A
as the piston is of unit areo of cross-section,
A=1
Force due to spring
=K(V; -Vp)
on unit area can be say press due to spring
= K(Vy-Vp)

Final total pressure on gas
Pr = Pg+K(V1- V)

m @ www.studentbro.in

L L L o o o o



- ———————-——-—--—--—-——--_—---—._.r_-—----:kG--rm--—-—-----—---""""1

Get More Learning Materials Here : &

(O) By I** law of thermodynamics
dQ =dU +dwW
dU =Cy(T-Typ
T = Final temperature of gas
To = Initial temperature of gas

n=1
Tf =T= ﬂ
R
_ [Pa+k(V, —V,)V,
R
Work done by gas = p. dV + increase in PE

of spring
dW =P, (Vy - Vo) + % ko
Now dQ =dU+dwW
1
=c,,(r-Tﬂ)+Pa(v1-vo)+5 loc
dQ =G, (T-Ta) + Py (V1- Vo)
1
+ = k(V1-Vo)?
2
It is a required relation.

29. (A) Describe the operation of the Camot
engine and calculate its efficiency.
(B) Which of the following graphs correctly

dVv
represent the variation § = mfcr an

ideal gas at constant pressure?

(1) (2)
& / al
T T
&) ()
/ > L

— T

[Diksha]
Ans. (A) A Carnot engine is a reversible heat engine
operating between two temperatures
The steps involved in a Carnot cycle are
explained as follows

A
P.V,T)

T P-V,T)

(po Vo TJ (P.'I* V:v T.x)

Y

Step 1:lsothermal expansion of gos from
the state (Py, Vy, Ty) to state (Py, V>,
T,) as shown in the given figure.

Step 2: Adiabatic expansion of gos from
(P2.V2. Ty to (P3,Va, T))

Step 3: Isathermal compression of gas from
(Pa.Va. T9) to (Pa. Va. T2)

Step 4: Adiabatic compression of gas from
(Pd. Vd. Tz) to (Pl, Vl- T]_)

These steps constitute one Carnot cycle

The process is repeated thereafter.

The efficiency of the Carnot engine, 7

is defined as the ratio of net work done

per cycle by the engine to the amount of

heat absorbed per cycle by the warking

substance from the source.

W
N
Q,
Q,-Q
.n_ 1 2
Q

=7

e =
i T

The efficiency of a Carnot engine depends
upon the temperature of the source and
sink. It is independent of the nature of the
warking substance. It is the same for all
reversible engines that work between
the same two temperatures. It is directly
proportional to the temperature difference

T1-Ta
(B) Graph 4 represents the correct result.
PV = KT
PdV =KdT
dv _k
dr P
dv _ K
vdTr PV
Now as PV =KT
dv K 1
vdT KT T
or S = ﬂ b= l
VdaT T

30. Define adiabatic process. Derive an
expression for work done during the
adiabatic process. [Delhi Gov. QB 2022]

Ans. The first low of thermodynamics. which relates
the change in internal energy dU to the work W
done by the system and the heat dQ given toit.
may be used to construct the equation for an
adiabotic process. PdV is the work done dW for
the change in volume V by dV.
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Adiabatic process :

PVl =K
So. P = KV
Wark done W = IPdV
Or W = jx\rw
\'
-r_l 3
Or W = [Kx Uif ]
1Y

Y

=5 = 1fyx[va'ﬂ“vf‘q]
Or W= lfo[Kv;ﬂ-Kv;ﬁ]
o we I—L\"’[P3 PA A VITV:-H]
or w2 %
1-Y

(NUMERICAL Type Questions )

341. A Camot engine with a sink temperature
of 500 K has a 60% efficlency. How much
should the temperature of the source be
raised to increase its efficiency by 70% of its
original efficiency? (2m)

Ans. Temperature of sink
T, =500K
Original efficiency
N =60%=06
Let the Initial temperature of the source be Ty

-
s sl
1 i

13}

06=1-2%

H
Ty =1250K
Now the efficienay of the engine is increased
by 70 % of the original efficiencu.
~. New efficiency
N =60%+ 70% = 130%

2
bodic R
% T

H

14 i 209
H
Ty =166666K
Increase in source temperature
ATy =Ty-Ty
= 1666.66 - 1250
=416.66 K

32. Refrigerator is to maintain eatables kept
inside at 9°C. If the room temperature
is 36°C. Calculate the coefficient of
performance. [Delhi Gov. QB 2022](2m)

Ans. Temperature inside the refrigerator,
T, =9°C=282K
Room temperature,
T, =36°C=303K
Coefficient of performance

282

~ (309-282)

=1044

Therefore, the coefficient of performance of the
given refrigerator is 10.44.
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