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Thermodynamics

1. One mole of an ideal gas is taken through an adiabatic process where the
temperature rises from  to . If the ideal gas is composed of
polyatomic molecule that has 4 vibrational modes, which of the following is
true?
[R = 8.314 J mol  K ]

a. work done by the gas is close to 582 J

b. work done on the gas is close to 582 J

c. work done by the gas is close to 332 J

d. work done on the gas is close to 332 J

(+4, -1)

2. An ideal gas in a cylinder is separated by a piston in such a way that the
entropy of one part is  and that of the other part is . Given that . If
the piston is removed then the total entropy of the system will be:

a.

b.

c.

d.

(+4, -1)

3. For an adiabatic expansion of an ideal gas, the fractional change in its
pressure is equal to (where  is the ratio of specific heats):

a.

b.

c.

d.

(+4, -1)
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4. Match List I with List II.
List I: (a) Isothermal (b) Isochoric (c) Adiabatic (d) Isobaric.
List II: (i) Pressure constant (ii) Temperature constant (iii) Volume constant
(iv) Heat content constant.

a. (a)→(i), (b)→(iii), (c)→(ii), (d)→(iv)

b. (a)→(iii), (b)→(ii), (c)→(i), (d)→(iv)

c. (a)→(ii), (b)→(iv), (c)→(iii), (d)→(i)

d. (a)→(ii), (b)→(iii), (c)→(iv), (d)→(i)

(+4, -1)

5. A perfect gas undergoes a cyclic process ABCA. A→B: Isothermal expansion (
). B→C: Isobaric compression to . C→A: Isochoric change to .

Total work done is :

(+4, -1)
V ​ →1 2V ​1 V ​1 P ​1



a. 0

b. nRTln 2

c. nRT (ln 2 + 1/2)

d. nRT (ln 2 - 1/2)

6. In a thermodynamical process, . The work done when the temperature
changes from 100°C to 300°C will be ________ nR.

(+4,
-1)

7. A diatomic gas, having  and , is heated at constant pressure.
The ratio :

(+4, -1)
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a. 5 : 7 : 2

b. 3 : 7 : 2

c. 3 : 5 : 2

d. 5 : 7 : 3

8. In the reported figure, there is a cyclic process ABCDA on a sample of 1 mol of
a diatomic gas. The temperature of the gas during the process A  B and C

 D are  and  ( ) respectively. Choose the correct option out of the
following for work done if processes BC and DA are adiabatic. 

(+4, -1)
→

→ T ​1 T ​2 T ​ >1 T ​2



 

a.

b.

W ​ +BC W ​ >DA 0

W ​ <AB W ​CD



c.

d.

9. A reversible heat engine converts one-fourth of the heat input into work. When
the temperature of the sink is reduced by 52 K, its efficiency is doubled. The
temperature in Kelvin of the source will be ________ .

(+4,
-1)

10. Thermodynamic process is shown below on a P-V diagram for one mole of
an ideal gas. If  then the ratio of temperature  is: The process is

 = constant. 

 

a.

(+4, -1)
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b.

c.

d. 2

11. A sample of gas with  is taken through an adiabatic process in which the
volume is compressed from 1200  to 300 . If the initial pressure is 200 kPa.
The absolute value of the workdone by the gas in the process = ________ J.

(+4,
-1)

12. A reversible engine has an efficiency of . If the temperature of the sink is
reduced by , its efficiency becomes double. Calculate the temperature
of the sink :

a.

b.

c.

d.

(+4, -1)

13. For an ideal gas the instantaneous change in pressure 'p' with volume 'v' is
given by the equation . If  at  is the given boundary
condition, then the maximum temperature one mole of gas can attain is :
(Here R is the gas constant)

a.

b.

c.

d. infinity

(+4, -1)

14. A heat engine operates between a cold reservoir at temperature T  = 400 K and
a hot reservoir at temperature T . It takes 300 J of heat from the hot reservoir
and delivers 240 J of heat to the cold reservoir in a cycle. The minimum
temperature of the hot reservoir has to be _________ K.

(+4,
-1)
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15. The height of victoria falls is 63 m. What is the difference in temperature of
water at the top and at the bottom of fall?
[Given 1 cal = 4.2 J and specific heat of water = 1 cal g  C ]

a. 0.014 C

b. 0.147 C

c. 1.476 C

d. 14.76 C

(+4, -1)

16. An ideal gas is expanding such that . The coefficient of volume
expansion of the gas is :

a.

b.

c.

d.

(+4, -1)

17. An electric appliance supplies 6000 J/min heat to the system. If the system
delivers a power of 90 W. How long it would take to increase the internal
energy by  J ?

a.  s

b.  s

c.  s

d.  s

(+4, -1)

18. A refrigerator consumes an average 35 W power to operate between
temperature -10 C to 25 C. If there is no loss of energy then how much
average heat per second does it transfer ?

(+4, -1)
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a. 35 J/s

b. 263 J/s

c. 298 J/s

d. 350 J/s

19. The internal energy of air in  sized room at 1 atmospheric pressure
will be . (Consider air as a diatomic molecule)

(+4,
-1)

20. Identify the characteristics of an adiabatic process in a monatomic gas. (A)
Internal energy is constant. (B) Work done in the process is equal to the
change in internal energy. (C) The product of temperature and volume is a
constant. (D) The product of pressure and volume is a constant. (E) The
work done to change the temperature from  to  is proportional to 

. Choose the correct answer from the options given below:

a. (A), (C), (D) only

b. (A), (C), (E) only

c. (B), (E) only

d. (B), (D) only

(+4, -1)

21.  is the specific heat ratio of monoatomic gas A having 3 translational degrees
of freedom.  is the specific heat ratio of polyatomic gas B having 3
translational, 3 rotational degrees of freedom and 1 vibrational mode. If

then the value of  is ___.

(+4,
-1)

22. In an adiabatic process, which of the following statements is true?

a. The molar heat capacity is infinite

(+4, -1)
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b. Work done by the gas equals the increase in internal energy

c. The molar heat capacity is zero

d. The internal energy of the gas decreases as the temperature increases

23. Match List-I with List-II.

Choose the correct answer from the options given below :

a. (A)-(III), (B)-(II), (C)-(I), (D)-(IV)

b. (A)-(IV), (B)-(I), (C)-(III), (D)-(II)

c. (A)-(IV), (B)-(II), (C)-(III), (D)-(I)

d. (A)-(II), (B)-(IV), (C)-(I), (D)-(III)

(+4, -1)

24. Pressure of an ideal gas, contained in a closed vessel, is increased by 0.4%
when heated by . Its initial temperature must be :

a.

b.

c.

d.

(+4, -1)
1 C∘

25 C∘

2500 K

250 K

250 C∘



25. An ideal gas exists in a state with pressure , volume . It is isothermally
expanded to 4 times of its initial volume , then isobarically compressed
to its original volume. Finally the system is heated isochorically to bring it to
its initial state. The amount of heat exchanged in this process is :

a.

b.

c.

d.

(+4, -1)

26. A gas is kept in a container having walls which are thermally non-
conducting. Initially the gas has a volume of 800  and temperature 27°C.
The change in temperature when the gas is adiabatically compressed to
200  is: (Take  = 1.5 :  is the ratio of specific heats at constant pressure
and at constant volume)

a. 327 K

b. 600 K

c. 522 K

d. 300 K

(+4, -1)

27. A piston of mass M is hung from a massless spring whose restoring force law
goes as F = -kx, where k is the spring constant of appropriate dimension. The
piston separates the vertical chamber into two parts, where the bottom part
is filled with 'n' moles of an ideal gas. An external work is done on the gas
isothermally (at a constant temperature T) with the help of a heating
filament (with negligible volume) mounted in lower part of the chamber, so
that the piston goes up from a height  to , the total energy delivered by
the filament is (Assume spring to be in its natural length before heating)

(+4, -1)
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a.

b.

c.

d.

28. During the melting of a slab of ice at 273 K at atmospheric pressure:

a. Internal energy of ice-water system remains unchanged.

b. Positive work is done by the ice-water system on the atmosphere.

c. Internal energy of the ice-water system decreases.

d. Positive work is done on the ice-water system by the atmosphere.

(+4, -1)
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29. An ideal gas has undergone through the cyclic process as shown in the figure.
Work done by the gas in the entire cycle is _____  J. (Take )

(+4,
-1)

30. Match the List-I with List-II.

Choose the correct answer from the options given below:

(+4, -1)

×10−1 π = 3.14



a. A-III, B-IV, C-I, D-II

b. A-III, B-II, C-IV, D-I

c. A-II, B-IV, C-I, D-III

d. A-IV, B-II, C-III, D-I



Answers

1. Answer: b

Explanation:

For an adiabatic process, the work done is given by .
First, we need to calculate the degrees of freedom (f) for the polyatomic molecule.
A polyatomic molecule has 3 translational and 3 rotational degrees of freedom.
Each vibrational mode contributes 2 degrees of freedom.
Vibrational degrees of freedom = .
Total degrees of freedom, .
Next, calculate the adiabatic index, .

.
Now, we can calculate the work done using the given values:
n = 1 mole.
R = 8.314 J mol  K .
Initial temperature .
Final temperature .

, so .
.

.
The magnitude of the work done is approximately 582 J.
The negative sign indicates that work is done on the gas (compression), which is
consistent with the temperature increase in an adiabatic process.
Therefore, the work done on the gas is close to 582 J.

2. Answer: c

Explanation:

Step 1: Entropy is an extensive property of a system.
Step 2: Extensive properties are additive in nature. This means the total value of the
property for a system is the sum of the values for its individual parts.
Step 3: Therefore, the total entropy  is simply the sum of the entropy of the two
parts: .

W = ​

γ−1
nR(T ​−T ​)1 2

4 × 2 = 8

f = f ​ +trans f ​ +rot f ​ =vib 3 + 3 + 8 = 14

γ

γ = 1 + ​ =f
2 1 + ​ =14

2 1 + ​ =7
1

​7
8

−1 −1

T ​ =1 27 C =∘ 27 + 273.15 = 300.15 K

T ​ =2 37 C =∘ 37 + 273.15 = 310.15 K

ΔT = T ​ −2 T ​ =1 10 K T ​ −1 T ​ =2 −10 K

W = ​ =
​−17

8
1×8.314×(−10)

​1/7
−83.14

W = −83.14 × 7 = −581.98 J

S ​total

S ​ =total S ​ +1 S ​2



3. Answer: a

Explanation:

Step 1: For an adiabatic process: .
Step 2: Differentiate both sides:

Step 3: Rearrange to find the fractional change in pressure :

4. Answer: d

Explanation:

Step 1: Isothermal means  (Temperature constant).
Step 2: Isochoric means  (Volume constant).
Step 3: Adiabatic means  (No heat exchange/Heat content constant).
Step 4: Isobaric means  (Pressure constant).

5. Answer: d

Explanation:

Step 1:  (Isothermal) .
Step 2:  (Isobaric) .
Step 3: In A→B, .
Step 4: .
Step 5:  (Isochoric) .
Step 6: .

6. Answer: 50 - 50
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Explanation:

Step 1: Given . This is a polytropic process  with .
Step 2: Work done in a polytropic process: .
Step 3:  K,  K.  K.
Step 4: .
Step 5: Value is 50.

7. Answer: a

Explanation:

Step 1: .
Step 2: .
Step 3: .
Step 4: Ratio .

8. Answer: a

Explanation:

In a P–V diagram, the work done by a gas is equal to the area under the curve. Work
is:
positive for expansion,
negative for compression.
The processes  and  are adiabatic. During an adiabatic process, the pressure
falls (or rises) more steeply than in an isothermal process. Process : It is an
adiabatic expansion occurring at higher pressures and over a larger volume range.
Hence, the magnitude of work done  is large and . Process : It is an
adiabatic compression occurring at lower pressures and over a smaller volume
range. Hence, the magnitude of work done  is smaller and . Since the
area under  is greater than the area under ,

Therefore,

P = kV ⇒3 PV =−3 k PV =n C n = −3

W = ​n−1
nR(T ​−T ​)1 2

T ​ =1 100 + 273 = 373 T ​ =2 300 + 273 = 573 ΔT = 200

W = ​ =−3−1
nR(T ​−T ​)1 2

​ =−4
nR(−200) 50nR

dQ = nC ​dT =p n( ​R)dT2
7

dU = nC ​dT =v n( ​R)dT2
5

dW = dQ − dU = n(C ​ −p C ​)dT =v nRdT

dU : dQ : dW = ​ :2
5

​ :2
7 1 = 5 : 7 : 2

BC DA

BC

∣W ​∣BC W ​ >BC 0 DA

∣W ​∣DA W ​ <DA 0

BC DA

∣W ​∣ >BC ∣W ​∣DA

W ​ +BC W ​ >DA 0



Hence, option (A) is correct.

9. Answer: 208 - 208

Explanation:

The efficiency ( ) of a heat engine is the ratio of work done (W) to the heat input (
).
Given that it converts one-fourth of the heat input into work, the initial efficiency is

.
For a reversible engine (Carnot engine), the efficiency is also given by 

.
Case 1: .

. (Equation 1)
Case 2: The sink temperature is reduced by 52 K, so the new sink temperature is 

. The efficiency doubles, so .
.

.
. (Equation 2)

From Equation 1, we have . Substitute this into Equation 2:
.
.

.
 K.

The temperature of the source is 208 K.

10. Answer: b

Explanation:

The given thermodynamic process is a polytropic process described by 
(constant).
For one mole of an ideal gas, the ideal gas equation is .
We can express the pressure  from the ideal gas equation as .
Substitute this expression for  into the process equation:

​W ​ + W ​ > 0BC DA

η Q ​H

η ​ =1 =
QH

W
​4

1

η = 1 − ​ =
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T ​sink
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T ​1
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1

​ =4
1 1 − ​ ⟹

T ​1

T ​2
​ =

T ​1

T ​2 1 − ​ =4
1

​4
3

T ​ =2
′

T ​ −2 52 η ​ =2 2 × η ​ =1 2 × ​ =4
1

​2
1
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1 1 − ​ =

T ​1

T ​2
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T ​1

T ​−522

​ =
T ​1
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T ​1

T ​ =2 ​T ​4
3

1

​T ​ −4
3

1 52 = ​T ​2
1

1

​T ​ −4
3
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2

1 52

​T ​ =4
1

1 52

T ​ =1 52 × 4 = 208
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P P = ​V
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.
.

Since R is a constant, we have the relation .
This means that for the initial state (1) and final state (2), we have:

.
We need to find the ratio . Rearranging the equation:

.

Given that , the ratio .
Substituting this into our expression for the temperature ratio:

.

11. Answer: 480 - 480

Explanation:

Step 1: Understanding the Concept:
In an adiabatic process, the work done is given by the change in internal energy
(with opposite sign) or can be calculated directly using the initial and final pressures
and volumes.
Step 2: Key Formula or Approach:
1. Adiabatic equation: .
2. Work done: .
Step 3: Detailed Explanation:
Given: , , , .
Find :

Calculate Work Done:

​ V =(
V
RT ) 1/2 k

RTV V =−1 1/2 k ⟹ RTV =−1/2 k

TV =−1/2 constant

T ​V ​ =1 1
−1/2

T ​V ​2 2
−1/2

T ​/T ​2 1

​ =T ​1

T ​2
​ =

V ​2
−1/2

V ​1
−1/2

(V1

V2 )
1/2

V ​ =2 2V ​1 ​ =
V ​1

V ​2 2

​ =
T ​1

T ​2 (2) =1/2
​2

P ​V ​ =1 1
γ

P ​V ​2 2
γ

W = ​1−γ
P ​V ​−P ​V ​2 2 1 1

P ​ =1 200 kPa = 2 × 10  Pa5 V ​ =1 1200 × 10  m−6 3 V ​ =2 300 × 10  m−6 3 γ = 1.5

P ​2

P ​ =2 P ​ ​ =1 (
V ​2

V ​1
)
γ

200 ​ =(
300
1200

)
1.5

200 × (4) =3/2 200 × 8 = 1600 kPa

W = ​

1 − 1.5
(1600 × 10 × 300 × 10 ) − (200 × 10 × 1200 × 10 )3 −6 3 −6

W = ​ =
−0.5

480 − 240
​ =

−0.5
240

−480 J



The absolute value is  J.
Step 4: Final Answer:
The absolute value of the work done is 480 J.

12. Answer: d

Explanation:

Step 1: Understanding the Concept:
Efficiency of a Carnot engine is given by , where  is source temperature
and  is sink temperature in Kelvin.
Step 2: Key Formula or Approach:
Initial efficiency: .
Final efficiency:  (since efficiency doubles).
Step 3: Detailed Explanation:
From equation 1:

From equation 2:

Substitute  from the first part:

In standard textbook problems of this type, the numerical value obtained for 
matches one of the options despite the unit label in the option. Here, 174 matches
option (D).
Step 4: Final Answer:
The temperature of the sink is  (based on numerical result 174).

∣W ∣ = 480

η = 1 − ​

T ​1

T ​2 T ​1

T ​2

η ​ =1 1 − ​ =
T ​1

T ​2
​4

1

η ​ =2 1 − ​ =
T1

T ​−582
​2

1

​ =
T ​1

T ​2 1 − ​ =
4
1

​ ⟹
4
3

T ​ =1 ​T ​

3
4

2

​ =
T ​1

T − 582 1 − ​ =
2
1

​

2
1

T ​1

​ =
(4/3)T ​2

T ​ − 582
​

2
1

​ =
4T ​2

3(T ​ − 58)2
​ ⟹

2
1

​ =
2T ​2

3T ​ − 1742 1

3T ​ −2 174 = 2T ​2

T ​ =2 174 K

T ​2

174 C∘



13. Answer: b

Explanation:

Step 1: Understanding the Concept:
We first find the pressure  as a function of volume  using the differential equation,
then use the ideal gas law  to find temperature as a function of , and finally
maximize it.
Step 2: Key Formula or Approach:
For 1 mole of ideal gas, .
Integrate .
Step 3: Detailed Explanation:

Using boundary condition  at :

Now, expression for Temperature:

To find maximum temperature, set :

Substitute  in the temperature equation:

Step 4: Final Answer:
The maximum temperature attained is .

p v

pv = RT v

T = ​

R
pv

​ =
p
dp −a dv

​ =∫
p

dp
−a dv ⟹∫ ln p = −av + C

p = p ​0 v = 0

ln p ​ =0 0 + C ⟹ C = ln p ​0

ln ​ =(
p ​0

p
) −av ⟹ p = p ​e0

−av

T = ​ =
R

pv
​

R

p ​ve0
−av

​ =dv
dT 0

​ =
dv

dT
​ e + v(−a)e =

R

p ​0
[ −av −av] 0

1 − av = 0 ⟹ v = ​

a

1

v = 1/a

T ​ =max ​ =
R

p ​(1/a)e0
−a(1/a)

​

aRe

p ​0

​

aeR
p ​0



14. Answer: 500 - 500

Explanation:

Step 1: Understanding the Question:
The question asks for the *minimum* possible temperature of the hot reservoir for a
heat engine with given heat inputs and outputs. The minimum temperature
corresponds to the maximum possible efficiency, which is achieved by a reversible
engine (like a Carnot engine).
Step 2: Key Formula or Approach:
For a reversible heat engine, the ratio of heat exchanged with the reservoirs is equal
to the ratio of the absolute temperatures of the reservoirs.

Where:
-  is the heat absorbed from the hot reservoir.
-  is the heat delivered to the cold reservoir.
-  is the temperature of the hot reservoir.
-  is the temperature of the cold reservoir.
Step 3: Detailed Explanation:
Given values:
- Heat from hot reservoir,  J.
- Heat to cold reservoir,  J.
- Temperature of cold reservoir,  K.
We need to find the minimum temperature . Using the formula for a reversible
engine:

Rearranging to solve for :

Substituting the given values:

​ =
Q ​1

Q ​2
​

T ​1

T ​2

Q ​1

Q ​2

T ​1

T ​2

Q ​ =1 300

Q ​ =2 240

T ​ =2 400

T ​1

​ =
T ​2

T ​1
​

Q ​2

Q ​1

T ​1

T ​ =1 T ​ ×2
Q2

Q1

T ​ =1 400 K × ​

240 J
300 J



Step 4: Final Answer:
The minimum temperature of the hot reservoir has to be 500 K.

15. Answer: b

Explanation:

Step 1: Understanding the Question:
We are asked to find the temperature increase of water after falling from a certain
height. This is a problem of energy conservation, where the potential energy of the
water at the top is converted into heat energy at the bottom, causing a temperature
rise.
Step 2: Key Formula or Approach:
1. Potential Energy (PE): For a mass  at height , .
2. Heat Energy (Q): To raise the temperature of mass  by , the heat required is

, where  is the specific heat capacity.
3. Conservation of Energy: We assume that all the potential energy is converted into
heat energy. So, .
Step 3: Detailed Explanation:
Given values:
Height, .
Acceleration due to gravity, .
Specific heat of water, \( c = 1 \, \text{cal g}^{-1} \,^{\circ}\text{C}^{-1} \).
First, we need to convert the specific heat capacity to SI units (J kg  K  or J kg

).
\( c = 1 \frac{\text{cal}}{\text{g} \cdot ^{\circ}\text{C}} = 1 \frac{4.2 \, \text{J}}
{10^{-3} \, \text{kg} \cdot ^{\circ}\text{C}} = 4200 \, \text{J kg}^{-1}
\,^{\circ}\text{C}^{-1} \).
Now, we apply the principle of energy conservation. Let's consider a mass  of water
falling.
Loss in Potential Energy = 
Gain in Heat Energy = 
Equating the two:

T ​ =1 400 × ​ =
24
30

400 × ​

4
5

T ​ =1 100 × 5 = 500 K

m h PE = mgh

m ΔT

Q = mcΔT c

PE = Q

h = 63 m

g ≈ 9.8 m/s2

−1 −1 −1

C∘ −1

m

mgh

mcΔT



The mass  cancels out from both sides:

Now, we can solve for the temperature difference .

Substituting the values:
\[ \Delta T = \frac{9.8 \, \text{m/s}^2 \times 63 \, \text{m}}{4200 \, \text{J
kg}^{-1} \,^{\circ}\text{C}^{-1}} \] \[ \Delta T = \frac{617.4}{4200} \,
^{\circ}\text{C} \] \[ \Delta T \approx 0.147 \, ^{\circ}\text{C} \] Step 4: Final
Answer:
The difference in temperature of the water is 0.147 C.

16. Answer: d

Explanation:

Step 1: Understanding the Question:
We are given a process for an ideal gas described by the relation . We
need to find the coefficient of volume expansion ( ) for this gas under this specific
process.
Step 2: Key Formula or Approach:
The coefficient of volume expansion is defined as .
We also need the ideal gas equation: , where n and R are constants.
Our goal is to express volume  as a function of temperature  only, and then use
the definition of .
Step 3: Detailed Explanation:
First, we use the ideal gas equation to eliminate pressure  from the given process
equation.
From , we have .
Substitute this expression for  into the given relation  (where k is a
constant).

mgh = mcΔT

m

gh = cΔT

ΔT

ΔT = ​

c

gh

∘

PT =3 constant

γ

γ = ​ ​

V
1
dT
dV

PV = nRT

V T

γ

P

PV = nRT P = ​

V
nRT

P PT =3 k

​ T =(
V

nRT
) 3 k



Now, rearrange this equation to express  in terms of .

Since  are all constants, we can say . Let .

Next, we differentiate  with respect to  to find .

Finally, we use the definition of the coefficient of volume expansion .

Substitute the expressions for  and :

Step 4: Final Answer:
The coefficient of volume expansion of the gas for this process is .

17. Answer: b

Explanation:

Step 1: Understanding the Concept:
The first law of thermodynamics states that the heat added to a system ( ) is
equal to the sum of the change in internal energy ( ) and the work done by the
system ( ).
Step 2: Key Formula or Approach:

​ =
V

nRT 4

k

V T

V = ​ T(
k

nR
) 4

n,R, k V ∝ T 4 C =
k
nR

V = CT 4

V T ​

dT
dV

​ =
dT

dV
​(CT ) =

dT

d 4 4CT 3

γ

γ = ​ ​

V

1
dT

dV

V ​

dT
dV

γ = ​(4CT )
CT 4

1 3

γ = ​ =
T 4

4T 3
​

T

4

​

T
4

ΔQ

ΔU

ΔW

​ =
dt

dQ
​ +

dt

dU
​

dt

dW



where  is the rate of heat supply and  is the power output.
Step 3: Detailed Explanation:
1. Rate of heat supply:

2. Power delivered by the system:

3. Rate of increase of internal energy:

4. Time taken to increase internal energy by :

Step 4: Final Answer:
The time required is  s.

18. Answer: b

Explanation:

Step 1: Understanding the Question:
We are given the power consumption and operating temperatures of a refrigerator.
Assuming it operates ideally (like a Carnot heat pump in reverse), we need to find
the rate at which it extracts heat from the cold reservoir.
Step 2: Key Formula or Approach:
1. The coefficient of performance (COP) of an ideal refrigerator is given by 

, where  and  are the absolute temperatures of the cold and hot reservoirs,
respectively.

​

dt
dQ

​

dt
dW

​ =
dt

dQ
6000 J/min = ​ J/s =

60
6000

100 W

​ =
dt

dW
90 W

​ =
dt

dU
​ −

dt

dQ
​ =

dt

dW
100 − 90 = 10 J/s

ΔU = 2.5 × 10  J3

t = ​ =
dU/dt

ΔU
​ =

10 J/s
2.5 × 10  J3

250 s = 2.5 × 10  s2

2.5 × 102

COP =

​T ​−T ​H L

T ​L T ​L TH



2. The COP is also defined as the ratio of the heat extracted from the cold reservoir (
) to the work done ( ) on the refrigerator: .

3. Power (P) is the work done per unit time, . The rate of heat transfer is .
Step 3: Detailed Explanation:
First, convert the temperatures to Kelvin (the absolute temperature scale):
Low temperature (inside the refrigerator),  K.
High temperature (outside environment),  K.
Next, calculate the ideal COP:

The power consumed is the rate of work done,  W = 35 J/s.
The rate of heat transfer from the cold reservoir is .
From the definition of COP:

We can rearrange this to find the rate of heat transfer:

Step 4: Final Answer:
The refrigerator transfers an average heat of 263 J/s. This corresponds to option (B).

19. Answer: 12 - 12

Explanation:

To find the internal energy of gas in the room.

Q ​L W COP = ​

W
Q ​L

P = ​

t
W

​

t
Q ​L

T ​ =L −10 C +∘ 273 = 263

T ​ =H 25 C +∘ 273 = 298

COP = ​ =
T ​ − T ​H L

T ​L
​ =

298 − 263
263

​

35
263

P = ​ =
t
W 35

​

t
Q ​L

COP = ​ =
W

Q ​L
​ =

W/t
Q ​/tL

​

Power
Rate of heat transfer

​ =
t

Q ​L COP × P

​ =
t

Q ​L
​ ×(

35
263

) 35 J/s

​ =
t

Q ​L 263 J/s

U = nC ​T =v ​RT
2
5

= ​ ×
2
5

PV = ​ ×
2
5

10 ×5 48 = 12 × 10 J6



20. Answer: c

Explanation:

For an adiabatic process, the heat exchanged , hence, the change in internal
energy is equal to the work done on or by the system:

For an adiabatic process, the work done  is proportional to the change in
temperature. Also, we know that:

Thus, both (B) and (E) are correct, making option (3) the correct answer.

21. Answer: 3 - 3

Explanation:

For monoatomic gas A:

For polyatomic gas B:

Substituting these values into the formula:

Q = 0

Q = ΔU + W = 0 ⟹ ΔU = −W

W

W = −nC ​ΔT or ∣W ∣ =V nC ​ΔT ∝V T ​ −2 T ​1

​ =
γ ​B

γA
​ :

f ​A

f ​ + 2A for monoatomic gas A

​ =
γ ​B

γ ​B
​ :

f ​B

f ​ + 2B for polyatomic gas B

f ​ =A 3 (translational degrees of freedom)

f ​ =B 3 + 3 + 1 = 7 (translational, rotational, and vibrational modes)

​ =
γ ​B

γ ​A
​ :

3
3 + 2

​ =
7

7 + 2
​ :

3
5

​

7
9

​ :
3
5

​ =
7
9

1 + ​(
n

1
)

​ ⋅
3
5

​ =
9
7

1 + ​

n

1



22. Answer: c

Explanation:

For an adiabatic process, . 
Thus, the molar heat capacity is zero:

Also,

Thus, the correct option is: Only option (3) is correct.

23. Answer: c

Explanation:

Step 1: Understand the characteristics of each thermodynamic process listed in List-
I.
(A) Isothermal process:
An isothermal process occurs at a constant temperature ( ). For an ideal gas,
the internal energy  is directly proportional to temperature.
Therefore, in an isothermal process for an ideal gas, the change in internal energy is
zero ( ). So, (A) matches with (IV).
(B) Adiabatic process:
An adiabatic process is one in which no heat is exchanged with the surroundings (

). So, (B) matches with (II).
(C) Isobaric process:
An isobaric process occurs at a constant pressure ( ). In general, for an

​ =
27
35

1 + ​

n

1

​ −
27
35

1 = ​

n

1

​ =
27
8

​ ⇒
n

1
n = 3

dQ = 0

dQ = 0 ⇒ dU = −dW

dU = ​nRdT
2
f

ΔT = 0

U

ΔU = 0

ΔQ = 0

ΔP = 0



isobaric process, work is done by or on the system ( ), and heat is exchanged
( ), leading to a change in internal energy ( ). So, (C) matches with (III).
(D) Isochoric process:
An isochoric process (also called isovolumetric) occurs at a constant volume (

). Since work done , in an isochoric process, the work done is zero
( ). So, (D) matches with (I).
Step 2: Match the thermodynamic processes with their corresponding
characteristics.
(A) Isothermal -  - (IV) (B) Adiabatic -  - (II) (C) Isobaric -  -
(III) (D) Isochoric -  - (I)
Step 3: Choose the correct option based on the matching.
The correct matching is (A)-(IV), (B)-(II), (C)-(III), (D)-(I), which corresponds to
option (3).

24. Answer: c

Explanation:

To solve this problem, we will use the ideal gas law, specifically the relationship
between pressure, temperature, and volume. The problem states that pressure
increases by 0.4% when the temperature is increased by , and we need to find
the initial temperature.

The ideal gas law is given by:

Here,  is pressure,  is volume,  is number of moles,  is the gas constant, and 
is temperature in Kelvin.

Since the vessel is closed, volume  and number of moles  remain constant.
Therefore, the relation between pressure and temperature is:

Where:

 = initial pressure
 = initial temperature
 = final pressure

ΔW = 0

ΔQ = 0 ΔU = 0

ΔV = 0 ΔW = PΔV

ΔW = 0

ΔU = 0 ΔQ = 0 ΔU = 0

ΔW = 0

1 C∘

PV = nRT

P V n R T

V n

​ =
T ​1

P ​1
​

T ​2

P ​2

P ​1

T ​1

P ​2



 = final temperature

We are given that pressure increases by 0.4%, so

And the temperature is increased by , so the final temperature  is:

Substitute these into the equation:

Cancelling out   from both sides, we get:

Cross-multiplying gives:

Rearranging the terms:

Thus:

Therefore, the initial temperature of the gas was . Hence, the correct answer is:

25. Answer: a

Explanation:

The process consists of three steps forming a cycle. The total heat exchanged in a
cyclic process is equal to the total work done by the system, since the change in
internal energy for a cyclic process is zero ( ). 

T ​2

P ​ =2 P ​ ×1 1.004

1 C∘ T ​2

T ​ =2 T ​ +1 1

​ =
T ​1

P ​1
​

T ​+11

P ​×1.0041

P ​1

​ =
T ​1

1
​

T ​+11

1.004

T ​ +1 1 = T ​ ×1 1.004

1 = 0.004 × T ​1

T ​ =1 ​0.004
1

T ​ =1 250 K

250 K

250 K

ΔU ​ =cyclic 0



The total heat , where  are the work done in the isothermal
expansion, isobaric compression, and isochoric heating, respectively. 

Step 1: Isothermal expansion from  to .
For an isothermal process, , 
so . 
Work done 

. 

Step 2: Isobaric compression from  to .
Work done . 

Step 3: Isochoric heating from  to .
For an isochoric process, the volume is constant ( ). Work done 

. 
The total heat exchanged in the process is the sum of the work done in each step:

26. Answer: d

Explanation:

The problem asks for the change in temperature of a gas that is adiabatically
compressed from an initial volume and temperature to a final volume. The
container has thermally non-conducting walls, which confirms the process is
adiabatic.

Concept Used:

For a reversible adiabatic process, the relationship between the absolute
temperature (T) and volume (V) of a gas is given by the equation:

where  is the ratio of specific heats ( ). For two states, initial (1) and final (2),
this relationship can be written as:

Step-by-Step Solution:

Q ​ =T ω ​ +1 ω ​ +2 ω ​3 ω ​,ω ​,ω ​1 2 3

(P ​,V ​)0 0 (P ​, 4V ​)1 0

PV = constant

P ​V ​ =0 0 P ​(4V ​) ⇒1 0 P ​ =1 ​4
P ​0

ω ​ =1 ​PdV =∫
V ​0

4V ​0
​ ​dV =∫

V ​0

4V ​0

V
P ​V ​0 0 P ​V ​[lnV ] ​ =0 0 V ​0

4V ​0 P ​V ​(ln(4V ​) −0 0 0 lnV ​) =0

P ​V ​ ln ​ =0 0 V ​0

4V ​0 P ​V ​ ln 4 =0 0 P ​V ​(2 ln 2)0 0

( ​, 4V ​)4
P ​0

0 ( ​,V ​)4
P ​0

0

ω ​ =2 ​PdV =∫4V ​0

V ​0 P ​(V ​ −1 0 4V ​) =0 ​(−3V ​) =4
P ​0

0 − ​P ​V ​ =4
3

0 0 −0.75P ​V ​0 0

( ​,V ​)4
P ​0

0 (P ​,V ​)0 0

dV = 0 ω ​ =3 ​PdV =∫V ​0

V ​0

0

Q ​ =T ω ​ +1 ω ​ +2 ω ​ =3 2P ​V ​ ln 2 −0 0 0.75P ​V ​ +0 0 0 = P ​V ​(2 ln 2 −0 0 0.75)

TV =γ−1 constant

γ C ​/C ​p v

T ​V ​ =1 1
γ−1

T ​V ​2 2
γ−1



Step 1: List the given initial and final state variables and convert the temperature to
Kelvin.

Given values are:

Initial Volume, 
Final Volume, 
Ratio of specific heats, 
Initial Temperature, 

In thermodynamics, we must use the absolute temperature scale (Kelvin). The
conversion is .

Step 2: Set up the adiabatic relation to find the final temperature .

Using the relation , we can solve for :

Step 3: Substitute the given values into the equation and calculate .

First, calculate the exponent :

Next, calculate the ratio of the volumes:

Now, substitute these values into the equation for :

Final Computation & Result:

The question asks for the change in temperature, which is .

V ​ =1 800 cm3

V ​ =2 200 cm3

γ = 1.5

T ​ =1 27 C∘

T (K) = T ( C) +∘ 273

T ​ =1 27 + 273 = 300 K

T ​2

T ​V ​ =1 1
γ−1

T ​V ​2 2
γ−1

T ​2

T ​ =2 T ​ ​1 (
V ​2

V ​1
)
γ−1

T ​2

γ − 1

γ − 1 = 1.5 − 1 = 0.5 = ​

2
1

​ =
V ​2

V ​1
​ =

200 cm3

800 cm3

4

T ​2

T ​ =2 300 K × (4) =0.5 300 K × ​4

T ​ =2 300 K × 2 = 600 K

ΔT = T ​ −2 T ​1

ΔT = 600 K − 300 K = 300 K



The change in temperature is 300 K. This corresponds to option (4).

27. Answer: c

Explanation:

The question asks for the total energy delivered by the filament, which is the heat
supplied to the gas, .

Step 1: Apply the First Law of Thermodynamics.

The process is isothermal, so . For an ideal gas, this means the change in
internal energy . From the First Law of Thermodynamics, , we
get:

So, we need to find the work done by the gas during its expansion.

Step 2: Calculate the work done by the gas using thermodynamics.

The gas expands from an initial height  to a final height . If the piston has a
cross-sectional area A, the initial volume is  and the final volume is 
. The work done by the gas is:

Step 3: Calculate the work done by the gas using mechanics.

The work done by the gas is used to lift the piston and stretch the spring. This work is
equal to the change in the mechanical potential energy of the system.

The change in gravitational potential energy of the piston of mass M is:

The options provided suggest that the spring's restoring force depends on the
absolute height L as , rather than the extension from its natural length.
While this is a non-standard assumption, it is necessary to match the given options.

ΔQ

ΔT = 0

ΔU = 0 ΔQ = ΔU + W ​gas

ΔQ = W ​gas

L ​0 L ​1

V ​ =0 AL ​0 V ​ =1 AL ​1

W ​ =gas nRT ln ​ =(
V ​0

V ​1
) nRT ln ​ =(

AL ​0

AL ​1
) nRT ln ​(

L ​0

L ​1
)

W ​ =gas ΔPE ​ +gravity ΔPE ​spring

ΔPE ​ =gravity Mg(L ​ −1 L ​)0

F ​ =spring kL3



Under this assumption, the change in the spring's potential energy as the piston
moves from  to  is:

Therefore, the total work done by the gas from the mechanical perspective is:

Final Computation & Result:

Step 4: Equate the two expressions for the work done by the gas.

We have two expressions for , and they must be equal. This gives us the energy
balance equation for the process.

The question asks for the energy delivered by the filament, which is . The
provided options are in the form of equations relating the thermodynamic work to
the mechanical work. The derived equation exactly matches option (3).

Thus, the correct relationship describing the process is given by option (3). The
energy delivered can be expressed by either side of this equation.

The correct option is (3).

28. Answer: d

Explanation:

To solve the given question regarding the melting of a slab of ice at 273 K and
atmospheric pressure, let's analyze the situation step by step.

When ice melts at 273 K and under atmospheric pressure, the following points are
important:

L ​0 L1

ΔPE ​ =spring ​F ​dL =∫
L ​0

L ​1

spring ​kL dL∫
L ​0

L ​1
3

ΔPE ​ =spring ​ ​ =[
4
kL4

]
L ​0

L ​1

​(L ​ −
4
k

1
4 L ​)0

4

W ​ =gas Mg(L ​ −1 L ​) +0 ​(L ​ −
4
k

1
4 L ​)0

4

W ​gas

nRT ln ​ =(
L ​0

L ​1 ) Mg(L ​ −1 L ​) +0 ​(L ​ −
4
k

1
4 L ​)0

4

ΔQ = W ​gas



1. Understanding the Phase Change: During the melting process, the ice
transitions from a solid state to a liquid state at constant temperature (273 K).
This is an isothermal process, meaning temperature remains constant while
the phase changes.

2. Thermodynamic Concepts: The first law of thermodynamics can be expressed
as:  , where:

 = Change in internal energy
 = Heat added to the system
 = Work done by the system

3. Internal Energy of the Ice-Water System: Since the melting process is
isothermal and involves a phase change from solid to liquid, the internal
energy   changes due to the latent heat absorbed. However, since the
temperature remains constant, the internal energy change is often related to
the phase change itself and depends on the latent heat of fusion rather than
significant change in internal kinetic energy.

4. Work Done by or on the Ice-Water System: During the melting process at
atmospheric pressure, the volume of the system decreases slightly as water is
denser than ice. This means that atmospheric pressure does positive work on
the system. Hence, positive work is done on the ice-water system by the
atmosphere, which correlates with the correct answer choice.

Let's evaluate the given options:

Option 1: "Internal energy of ice-water system remains unchanged." This is not
entirely correct as internal energy relates to the energy absorbed for the phase
change, despite the absence of temperature change.
Option 2: "Positive work is done by the ice-water system on the atmosphere."
This is incorrect, as positive work is done on the system rather than by the
system.
Option 3: "Internal energy of the ice-water system decreases." This is incorrect
for a melting process, where typically energy is absorbed due to latent heat.
Option 4: "Positive work is done on the ice-water system by the atmosphere."
This is correct for the reasons explained above.

Thus, the correct answer is that positive work is done on the ice-water system by the
atmosphere, which aligns with Option 4.

29. Answer: 31.4 - 31.4

dU = δQ − δW

dU

δQ

δW

(U)



Explanation:

The graph is a circle in the PV diagram, and for a cyclic process, the work done by
the gas is equal to the area enclosed by the cycle.

Radius in pressure: 
Radius in volume: 

Assuming both axes are scaled equally, the radius 

Convert units:

 
Work done =  J

30. Answer: a

Explanation:

1. Triatomic rigid gas (A): For a rigid triatomic gas, the ratio  is  because there
are no additional degrees of freedom for rotation or vibration. Thus, A matches with
I. 
2. Diatomic non-rigid gas (B): For a non-rigid diatomic gas, the ratio  is , so B
matches with II. 
3. Monoatomic gas (C): For a monoatomic gas, the ratio  is , corresponding to C
matching with III. 
4. Diatomic rigid gas (D): For a rigid diatomic gas, the ratio  is , matching with D
matching with IV. 
Final Answer .

R ​ =P ​ =2
500−300 100 kPa

R ​ =V ​ =2
350−150 100 cm3

R = 100

Area = πR =2 3.14 × 100 =2 3.14 × 104

1 kPa ⋅ cm =3 10 J ⇒−2 Work done = 3.14 × 10 ×4 10 =−2 314 J

31.4 × 10−1
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A-III, B-IV, C-I, D-II


