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Thermodynamics JEE Main PYQ - 3

Total Time: 1 Hour : 15 Minute Total Marks: 120

Instructions

Instructions

1. Test will auto submit when the Time is up.

2. The Test comprises of multiple choice questions (MCQ) with one or more correct
answers.

3. The clock in the top right corner will display the remaining time available for you to
complete the examination.

Navigating & Answering a Question

1. The answer will be saved automatically upon clicking on an option amongst the
given choices of answer.

2. To deselect your chosen answer, click on the clear response button.

3. The marking scheme will be displayed for each question on the top right corner of
the test window.
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Thermodynamics

1. The expression given below shows the variation of velocity v with time ¢: (+4,-1)

The dimension of ABC is:

a. [ML2T]
b. [MLT 3
c. [MI*T?
d. [MLT 2

2. Consider a long straight wire of a circular cross-section (radius ) carryinga  (+4, -1)
steady current I. The current is uniformly distributed across this cross-
section. The distances from the centre of the wire's cross-section at which the
magnetic field (inside the wire, outside the wire) is half of the maximum
possible magnetic field, anywhere due to the wire, will be:

a. [4,3a]
b. [4,2a]
C. [%,2d]
d. [§ 3]

3. Given below are two statements: one is labelled as Assertion A and the other (+4,-1)
is labelled as Reason R. Assertion A: In a central force field, the work done is
independent of the path chosen. Reason R: Every force encountered in
mechanics does not have an associated potential energy. In the light of the
above statements, choose the most appropriate answer from the options
given below.

a. Ais true butR is false

b. Both A and R are true and R is the correct explanation of A
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c. Both A and R are true but R is NOT the correct explanation of A
d. Aisfalse butRis true

4. A Carnot engine (E) is working between two temperatures 473K and 273K.Ina  (+4, -1)
new system two engines - engine E; works between 473K to 373K and engine

E, works between 373K to 273K. If 12, 71 and n, are the efficiencies of the
engines E, F; and E,, respectively, then:

A na2<m-+mn
b. M2 = N1+ N2
C. N2 =mmn2

d no>m+n

5. A diatomic gas (v = 1.4) does 200 J of work when it is expanded isobarically. (+4,-1)
The heat given to the gas in the process is:

a. 8504
b. 800J
c. 600J
d. 700 J
6. Match List | with List II (+4,-1)
LIST I LIST 11
Torque L. M'L'T?A 2]

Magnetic field I1. 2AN

Magnetic moment | IIL. IM'T2A™"]

o| o] w| »

Permeability  of | IV. | iM'L2T7]
free space
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Choose the correct answer from the options given below :
a. A-l, B-lll, C-Il, D-IV
b. A-IV, B-lIl, C-Il, D-I
c. A-lll, B-1, C-ll, D-IV
d. A-Iv, B-Il, C-lll, D-1
7. The specific heat at constant pressure of a real gas obeying PV? = RT (+4,-1)
equation is:
a. Cv+R
b. £+Cy
C. R
d Cv+ &
8. A total of 48 J heat is given to one mole of helium kept in a cylinder. The (+4,-1)

temperature of helium increases by 2°C. The work done by the gas is: (Given,
R=83JK 'mol™").

a. 729J
b. 249
c. 48J

d. 231J

9. During an adiabatic process, if the pressure of a gas is found to be (+4,-1)
proportional to the cube of its absolute temperature, then the ratio of gﬂ for
the gasis:

5
a. 3
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10. A sample of gas at temperature T is adiabatically expanded to double its (+4,-1)
volume. Adiabatic constant for the gas is v = 2. The work done by the gas in
the process is (. = 1 mole):

a. RT [v2 - 2]
b. RT [1-2v?2]
C. RT [2v2—1]

d. RT[2—+/2]

1. Two different adiabatic paths for the same gas intersect two isothermal (+4,-1)
curves as shown in the P — V diagram. The relation between the ratio % and
the ratio 2 is:

=
||
I
-
#f
7

o]
N
I
—~
SIS
~—
AN

7

o
kS
LN
NS

0
NN
I
SIS



Q collegedunia:

12.

13.

14.

d.

Sk

- (#)

A mixture of one mole of a monoatomic gas and one mole of a diatomic gas  (+4, -1)
(rigid) are kept at room temperature (27°C). The ratio of specific heat of
gases at constant volume respectively is:

Sk

7
0.5

b.

[\R[Y)

A diatomic gas (y = 1.4) does 100 J of work in an isobaric expansion. The (+4,-1)
heat given to the gas is:

a. 350J
b. 490J
c. 150 J
d. 250J
Water boils in an electric kettle in 20 minutes after being switched on. Using (+4,-1)

the same main supply, the length of the heating element should be ... to
............. times of its initial length if the water is to be boiled in 15 minutes.

qa. increased,

> 1w

b. increased,

O I~

C. decreased,

= oo

d. decreased,

[SLI N
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15. A sample of 1 mole gas at temperature T is adiabatically expanded to (+4,-1)

double its volume. If adiabatic constant for the gasis v = g , then the work
done by the gas in the process is:

a. RT[2 —+/2]

b. £2- V2]

16. The heat absorbed by a system in going through the given cyclic processis: (+4,-1)

17.

P(in cc
(h}

340

————

AT}~ = = 22 |
I

60 340 (jn kPa)

a. 61.6J
b. 431.2J
Cc. 616J

d. 19.6J

P-T diagram of an ideal gas having three different densities pi, p2, p3 (inthree  (+4,-1)
different cases) is shown in the figure. Which of the following is correct:
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P
P2
P
/I}S

T
a. p2 <p3
b. p1>p2
C. p1 < po

18. On Celsius scale, the temperature of a body increases by 40°C. The increase  (+4, -1)
in temperature on Fahrenheit scale is:

a. 70°F
b. 68°F
C. 72°F

d. 75°F

19. A gas mixture consists of 8 moles of argon and 6 moles of oxygen at (+4,-1)
temperature T. Neglecting all vibrational modes, the total internal energy of
the systemis

a. 29RT
b. 20RT
C. 27RT

d. 21RT
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20. At room temperature 27°C, the resistance of a heating element is 50 Q. The (+4,
temperature coefficient of the material is 2.4 x 107* °C~*. The temperature of -1)
the element, when its resistance is 62Q , is °C.

21. A real gas within a closed chamber at 27°C undergoes the cyclic process as  (+4,-1)
shown in the figure. The gas obeys PV?3 = RT equation for the path A to B.
The net work done in the complete cycle is (assuming R = 8 J/mol K):

P(N/m°) 20 p----2 A

L.

0Tt S T P

A

>

h_J L

4
— V(m’)

a. 225

b. 205 J

c. 20J

d. -20J

22. The given figure represents two isobaric processes for the same mass of an  (+4, -1)
ideal gas, then
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23.

24.

0.08 kg of air is heated at constant volume through 5°C. The specific heat of
air at constant volume is 0.17 kcal/kg°C and J = 4.18 joule/cal. The change in
its internal energy is approximately:

a.
b.
C.

d.

N moles of a polyatomic gas (f = 6) must be mixed with two moles of a
monoatomic gas so that the mixture behaves as a diatomic gas. The value

P,> P

P =P

P> P

318 J

298 J

284 J

142 J

of Nis:

a.

b.

C.

d.

6

3

4

2

V4

O

|

P,

(+4,-1)

(+4I _])
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25.

A thermodynamic system is taken from an original state A to an (+4,-1)
intermediate state B by a linear process as shown in the figure. It's volume is

then reduced to the original value from B to C by an isobaric process. The

total work done by the gas from A to B and B to C would be:

— BOOO T = 7
Fi 'I
£
o M
3
2 4000 = — — b
e L
E I I
2 | |
- | | Y
3 7
2 i
h'.ﬂ'um-:rlr Il-
a. 33800 J
b. 2200J
c. 0J
d. 1200J
26. During an adiabatic process, the pressure of a gas is found to be (+4,-1)

proportional to the cube of its absolute temperature. The ratio of % for the
gasis:

5
a. 3

b.

[\ [9Y]
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27. Two thermodynamical processes are shown in the figure. The molar heat

28.

capacity for process A and B are C4 and Cg. The molar heat capacity at
constant pressure and constant volume are represented by Cp and Cy,
respectively. Choose the correct statement.

A

log P

a. CB:OO,CAZO
b. C4 =0andCp = x
C. Cp>Cy>Cy=0Cpg

d. CA>CP>CV

The PV curve shown in the diagram consists of two isothermal and two
adiabatic curves. Then:

(+4,-1)

(+4I _])
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» a

-+"_---

b. = (1)
C. P =(g)

29.

An isolated system contains one mole of helium, given a heat of 48 J. If the
temperature of the system changes by 2°C, then find work done. (take R =
8.35/mole-K)

a. 32.20J
b. 37.34J
c. 40.74J

d. 41.74J

(+4I _])

30.

In thermodynamics adiabatic process, pressure is directly proportional to
cube of absolute temperature. Find %;—for the gas.

a. 4/3

b. 7/5

(+4,-1)
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c. 3/2

d. 8/7
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Answers

1. Answer: a
Explanation:

In the given expression, the term At* has the dimension of velocity, which is [LT!]. To
maintain dimensional consistency, the term A must have the dimensions:

[LT~]
[T?]

A~ = [ML*T?

Similarly, the dimension of B and C can be derived to ensure the dimensions of the
overall expression match those of velocity. The final result is [M L*T~3]. Thus, the
correct answer is [M L*T3].

2. Answer:c
Explanation:

The magnetic field inside a current-carrying wire increases linearly with the distance
from the center. The maximum magnetic field occurs at the surface, and the
magnetic field is half of this maximum value at the point where the distance is ¢
inside the wire and at 2a outside the wire. Thus, the correct answer is [%, 2a] )

3. Answer:c
Explanation:

Statement A is true because in a central force field (like gravitational or
electrostatic), forces are conservative and hence work done is path independent.
Statement R is true in the sense that not all forces (like friction) have potential
energy; however, it does not correctly explain why A is true since the path
independence is due to the conservative nature of central forces, not the lack of
potential energy in all forces.
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4. Answer: c
Explanation:

Step I: Calculate the efficiencies of each engine. The efficiency n of a Carnot engine
is given by: \[ \eta =1- \frac{T_{cold}}}{T_{hot}}} \] For E;:

_,_ 31
=T s

For E:
_ 213
=7 373

Step 2: Calculate the overall efficiency of two engines working in series. The overall
efficiency n;, when two Carnot engines operate in series is the product of their
individual efficiencies, not the sum:

=mxm=|(1- 573 X (1-— 275
e KN 473 373
This can be simplified and calculated for the exact values. Step 3: Verify the
relationship.
373 273
=[1-=—= y
2 ( 473) 8 ( 373)
_ (1o0) (100
h2 =\ a73 373
100 100
T2 ~ <m> X (%) ~ 0.0567

Which indicates the multiplicative relationship is correct as per the properties of
series Carnot engines.

5. Answer: d
Explanation:

To find the heat given to the gas during the isobaric process, we need to use the first
law of thermodynamics. The law states that:
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Q=AU+W
Where:

e (@ is the heat exchanged with the system.
e AU is the change in internal energy.
e TV is the work done by the system.

Given that W = 200 J as the work done by the gas and we need to find Q.

For a diatomic gas, the relationship between the change in internal energy and the
change in temperature during an isobaric process is given by:

AU = nC,AT
and the work done is:
W = nRAT

The specific heat capacities (C, and C,) are related to the specific heat ratio v = 1.4.
For a diatomic gas:

[ ] Cp:
[ C'U:

R
R

N ICT N I3

The relationship between C, and C, is:

ale

¢« =G -_14

Rearranging the specific heat formula for an isobaric process, Q is:
Q =nC,AT = AU + W

The formula naturally simplifies to:

AU = nC,AT

Substituting values, we get:

Q=1xW=1>x200J]

Upon simplifying, we find:

Q=280 x2.5="7007J
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Therefore, the heat given to the gas in this process is 700 J.

6. Answer: b

Explanation:

The equations and dimensional analysis are as follows:
The torque () is given by:

r=rxF — [r] = [ML*T]
The magnetic field (B) is derived as:

_[F]  MLT
ldlv]  ATL

F = [qv x B] — [B] = [MA-'T2]

The magnetic moment (M) has the dimensions:

[M] = [I x A] = [AL?]
Using Biot-Savart's Law:
B woldlsin 6
r2

The permeability of free space (.) is derived as:

_Br MTPAT XL
= Tdl #= AL

" = [MLT2A?

Thus, the correct matching is:

Torque — [ML*T?

Magnetic field — [MA~1T72]

Magnetic moment — [AL?]

Permeability of free space — [MLT 2A™?]

7. Answer:d
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Explanation:

The first law of thermodynamics gives:
dQ = du + dW
At constant pressure, this becomes:
CdT = C,dT + PdV (1)
Given PV? = RT, differentiating both sides with respect to T at constant P:
P(2VdV) = RdT

R
PdV = —dT
v 2V

Substitute PdV into equation (1):

R
T = CydT + —dT
cd Cyd +2V

R

CZC’U‘FW

Thus, the specific heat at constant pressure is:

R

8. Answer: d

Explanation:

To solve the problem, we need to calculate the work done by one mole of helium
when given 48 J of heat, causing its temperature to increase by 2°C.

First, we understand the process: Helium is a monoatomic ideal gas. The given
parameters are:

e Heatadded (Q) = 48J
e Temperature increase (AT) = 2°C
e Gas constant (R) =8.3JK-1 mol-!

We use the first law of thermodynamics, which states:
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Q=AU+W
Where:

e (@ isthe heat added to the system.
e AU is the change in internal energy.
e TV is the work done by the system.

For a monoatomic ideal gas, the change in internal energy (AU) can be given by:
AU = inRAT

Since we have one mole of helium, n = 1. Substituting the given values, we get:
AU =3 x1x83x2=249]

Substituting AU back into the first law equation:

48 =249+ W

Solving for W:

W =48 —24.9 =23.1J

Thus, the work done by the gas is 23.1 J. This matches the correct option provided.

9. Answer:c

Explanation:

Given that:

P x T3,

where P is the pressure and T is the absolute temperature.

Step I: Using the Ideal Gas Law
From the ideal gas law, we have:
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PV
T = nR = constant.

Therefore:

P x —.

Step 2: Relating Pressure and Temperature
Given that:

P x T3,

we can write:

P = kT3,

where k is a proportionality constant.

Step 3: Applying the Adiabatic Process Equation
For an adiabatic process, the relation is given by:

PV"7 = constant,

where v = €& is the adiabatic index.

Step 4: Comparing the Relations
From the given proportionality:
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PxT® and PxV™.

Equating the exponents:

Thus, the ratio of &= is:
4

Therefore, the correct answer is I.

10. Answer:d

Explanation:

For an adiabatic process, the work done W is given by:

nRAT

1—7v

1. **Using the Adiabatic Condition:**
Since the process is adiabatic, TV7~! = constant. Let the initial temperature be T' and
the final temperature be Ty when the volume is doubled. Thus,

TV =T(2V) L

2. **Calculate T :**
Simplifying, we get:
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3. **Calculate the Work Done:**
Substitute into the work formula:

W = —3 = —
2 2
Simplifying further:
(V2 —1)
W =2RT-~——% = RT(2—+/2
7 (2-v2)

**Answer:** RT (2 — /2)

1. Answer:c

Explanation:

To solve the problem, we need to understand the characteristics of adiabatic and
isothermal processes depicted in the P — V diagram.

In the diagram, two adiabatic paths intersect with two isothermal curves. The points
a,b,c, and d represent specific volume and pressure conditions. We are given four
volume values: V,,V,, V;, and V..

Concept Explanation:

¢ |sothermal Process: A process where the temperature remains constant. For an
ideal gas, the equation is PV = constant.

¢ Adiabatic Process: A process where no heat is exchanged with the surroundings.
The equation is PV = constant, where + is the heat capacity ratio.

Reasoning:

¢ In the diagram, V, and V; lie on an isothermal curve, so the process a — d is
isothermail.
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e Similarly, V, and V, lie on another isothermal curve, so the process b — c is
isothermal.

e Both processes a — b and d — ¢ are adiabatic, passing through the same
intermediate temperatures.

For adiabatic processes between the same isothermals, the relations are such that:

o _ W%
Va Ve

e This is because the ratios depend on initial and final conditions between two
points of intersecting isothermals.

Thus, the correct relation is: % = Z.

12. Answer: c

Explanation:

To find the ratio of the specific heats at constant volume for a mixture of gases, we
need to calculate the individual specific heats first.

Let's start with some fundamental concepts:

e For a monoatomic gas, the degree of freedom f = 3. Therefore, the specific
heat at constant volume, Cy, is given by: Cy, . = %R =3R

e For a diatomic gas (rigid), the degree of freedom f = 5. Therefore, the specific
heat at constant volume, Cy, is: Cy,,... = *R= 3R

Given one mole of a monoatomic gas and one mole of a diatomic gas, the total
number of moles n = 2.

The average specific heat at constant volume for the mixture, Cy,, , can be

calculated as the weighted average:

(1 i CVmonoatomic ) + ( 1 .CVdiammir )

mix

Substituting the values:

mix 2

Oy, — LIREER) o

mix

Now let's find the ratio of the specific heats for the gases:
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3

10 — CVmonoatomic — §R R
Ratio = —Cv. 2R Ratio = i

mix

Thus, the correct option was expected to be 2.

However, the given correct answer is g which seems incorrect based on our
calculation.

13. Answer: a

Explanation:

For an isobaric process:
The work done is given by:

w = PAv =nRAT =100J
The first law of thermodynamics states:

Q=AU +W
For an ideal gas, the change in internal energy is:
AU = gnRAT
Therefore,
AQ = %nRAT + nRAT

AQ = (g + 1) nRAT
Substituting f = 5 and nRAT = 100J:
)
AQ = <§ + 1) 100 = 350J

Final Answer:

Q =350J]

14. Answer: c
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Explanation:

To solve this problem, we need to understand the relationship between the time
taken to boil water and the resistance of the heating element. The key concept here
is the formula for power, which is given by:

where P is the power, V is the voltage, and R is the resistance of the heating
element.

The energy required to boil the water remains constant, meaning that P x ¢ (power
multiplied by time) must remain the same for different lengths of the heating
element. Therefore, we have:

V% X t = Constant

Initially, the time taken is 20 minutes with a certain resistance R;. When the time
changes to 15 minutes, the resistance becomes R,. Given that the main voltage
supply remains the same, the equation can be rewritten as:

7 X 20 =5 x15
Simplifying this, we get:
Ry =3R;

This implies that the resistance should decrease to 2 of its initial value to decrease
the boiling time from 20 minutes to 15 minutes.

The resistance R of a wire is directly proportional to its length L (given by the
formula R = pL, where p is the resistivity and A4 is the cross-sectional area). This
means that:

e
Il
B

Therefore, we find that:

S
I
[N [9%)

This means the length of the heating element should be decreased to 3 times its
initial length in order to boil water in 15 minutes.
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Thus, the correct answer is: decreased, 3.

15. Answer: a
Explanation:

To find the work done by the gas during adiabatic expansion, we will use the
following principle of adiabatic processes: For adiabatic processes, the formula that
relates initial and final states is given by:

PV?7 = constant
where ~ is the adiabatic constant, here being %

We will consider the initial and final states and the principle that in adiabatic
processes, PV = constant.

Suppose the initial volume is V' and the initial pressure is P. After expansion, the final
volume is 2V (since the volume is doubled). Let the final pressure be P'.

By using the adiabatic condition:
P.V'=P.(2V)
Simplifying further,
P=p .2
Substitute v = 3:
p=p .2}
The work done W in an adiabatic process is given by:

_ PVi— BV,
-

w

Substituting v and rearranging terms, we get:

_P.V_-P.271.2V

3 1
2

Simplifying the expression:
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— 2P -V(1-+2)

Using the ideal gas law, PV = nRT, where n = 1 mole:
W =2-(RT)-(1—+?2)
Thus, the work done by the gas in the process is:
W = RT[2 — V2]

Therefore, the correct option is: RT[2 — V2.

16. Answer: a

Explanation:

For a cyclic process, the change in internal energy (AU) is zero. Therefore, the heat
absorbed (AQ) is equal to the work done (AW ), which is the area enclosed by the
P-V curve. The area is calculated as:

AQ = AW = x (140 x 10*) Pa x (140 x 10 ®m?)

AQ =616

17. Answer: b

Explanation:

Ideal Gas Equation and Density Relationship:

For an ideal gas, the equation is given by:

PV =nRT
or,

__ nRT
P = v

where P is the pressure, T is the temperature, R is the gas constant, n is the number
of moles, and V is the volume.
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We can express P in terms of density p by substituting p = , where m is the mass of
the gas:

__ pRT
P = M

where M is the molar mass of the gas. Rearranging, we get:

_ PM
P = ®rr
Analyze the PT Graph for Different Densities:

Since p = £, for a given temperature T, the density p of the gas is directly

proportional to the pressure P:

px P

Therefore, at the same temperature, a higher pressure indicates a higher density.
Interpretation of the PT Diagram:

In the given PT diagram, we observe that:

P, > P, > P; for the same temperature T

Therefore, based on the proportional relationship p « P at constant temperature, we
have:

p1 > p2 > pP3
Conclusion:

The correct statement is: p; > p» which corresponds to Option (2).

18. Answer:c

Explanation:

Relationship Between Celsius and Fahrenheit Scales:
The relationship between temperature changes on the Celsius scale (AC) and the
Fahrenheit scale (AF) is given by:
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AF =AC x 1.8

Calculate the Change in Fahrenheit:
Given AC = 40°C,

we can find AF as follows:

AF =40 x 1.8 =72°F

Conclusion:
The increase in temperature on the Fahrenheit scale corresponding to a 40°C
increase is 72°F'.

19. Answer:c

Explanation:

To solve this problem, we need to calculate the total internal energy of a gas mixture
consisting of argon and oxygen at temperature T'. The approach involves
understanding the degrees of freedom for each type of molecule in the gas mixture.

Step I: Identify the gases and their degrees of freedom

e Argon (Ar) is a monoatomic gas. For monoatomic gases, the degrees of
freedom (f) are 3. The internal energy per mole for a monoatomic gas is given

by:
3
Internal energy per mole = ERT

e Oxygen (0,) is a diatomic gas. For diatomic gases, the degrees of freedom are

5 at ordinary temperatures, neglecting vibrational modes. The internal energy
per mole for a diatomic gas is given by:

5
Internal energy per mole = ERT

Step 2: Calculate the total internal energy for each gas
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e For argon, we have 8 moles: Uugon = 8 x £RT = 12RT
e For oxygen, we have 6 moles: Usxygen = 6 x 2RT = 15RT

Step 3: Calculate the total internal energy of the mixture
e Total internal energy: Uiotal = Uargon + Uoxygen = 12RT + 15RT = 27RT

The calculation matches with the given options, thus the total internal energy of the
system is 27RT. Therefore, the correct answer is 27 RT.

20. Answer: 1027 - 1027

Explanation:

To find the temperature at which the resistance of the heating element is 62 2, we
use the formula for resistance as a function of temperature: R = Ry(1 + aAT), where
R, is the initial resistance, a is the temperature coefficient, and AT is the change in
temperature.

Given:

¢ Initial resistance, R, = 50 Q2

e Final resistance, R = 620Q

e Temperature coefficient, \ (\alpha = 2.4 \times 10A{-4} \,
A\circ\text{c}Ar{-1}\)

e Initial temperature, Ty = 27°C

First, solve for AT

62 = 50(1 + 2.4 x 10*AT)

62 D
2 1 194 x 10°4AT
5o LA

1.24 — 1 = 2.4 x 107 *AT

0.24 = 2.4 x 10 AT

0.24
AT = ———— =1000°
2.4 x 104 000°C

Next, calculate the final temperature:

T =Ty+ AT =27+ 1000 = 1027°C
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Confirming the solution, 1027°C is within the expected range 1027,1027. Therefore, the
temperature of the element when its resistance is 62Q is | 1027°C |.

21. Answer: b

Explanation:

Wap = / PdV  (Assuming T to be constant)

RT dV

2
WBC—P/ dV =102 —-4) =-20J
4

Wea =0

. Weyete = 2057

22. Answer:d
Explanation:

The question involves two isobaric processes for the same mass of an ideal gas as
depicted in the graph, where the x-axis represents temperature (T') and the y-axis
represents volume (V). In isobaric processes, the pressure is constant, but the
temperature and volume can change.

From the given graph, the lines P, and P, represent two different isobaric
conditions, starting from the origin O. The slope of each line in a V — T diagram
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represents the relationship between V and T under constant pressure. The steeper
the slope, the lower the pressure.

1. P, has a lesser slope compared to P,.Ina V — T graph for an ideal gas: V =
%T where V is the volume, T is the temperature, n is the number of moles, R
is the ideal gas constant, and P is the pressure.

2. The slope of the line is inversely proportional to the pressure P, meaning a
steeper line indicates lower pressure.

3. Since P, is steeper than Py, the pressure P; is less than P;.

Thus, the correct relationship is P, > P», making option P, > P, the correct answer.

23. Answer: c

Explanation:

To find the change in internal energy for air when heated at constant volume, we
can use the formula for the change in internal energy at constant volume:

AU =m-C, AT

e m is the mass of the air: 0.08kg
e C, is the specific heat at constant volume (in kcal/kg°C): 0.17 kcal /kg"C
e AT is the change in temperature: 5 °C

First, let's calculate the change in internal energy in kcal:

AU = 0.08kg x 0.17kcal/kg"C x 5 °C

AU = 0.068 kcal

Now, convert kcal to joules using the conversion factor 1kcal = 4184 joules:
AU = 0.068 kcal x 4184 J /kcal

AU = 284.512J

Therefore, the change in internal energy is approximately 284 J.

The correct answer is therefore 284 J. The other options do not match the
calculated value.
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24. Answer. c
Explanation:

To solve this problem, we need to determine the number of moles N of a
polyatomic gas with degrees of freedom f = 6 that must be mixed with two moles
of a monoatomic gas (which has degrees of freedom f = 3) so that the mixture
behaves like a diatomic gas (which has degrees of freedom f = 5).

The degrees of freedom f for a mixture of gases can be determined using the
formula:

f o _ Ni-fitNo-fo
mix 7 N1+N»

where:

e N; and f; are the number of moles and degrees of freedom of the first gas
(polyatomic).

e N, and f, are the number of moles and degrees of freedom of the second gas
(monoatomic).

We are given:

e Polyatomic gas: f; =6, Ny =N
e Monoatomic gas: f, =3, Ny =2
e Desired fix =5

Substituting these values into the formula:

5 — N6+2:3
N+2

We solve for N:

5(N +2) = 6N +6
Expanding both sides:

SN +10=6N +6
Rearranging the equation:

SN +10 -6 =6
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SN +4=6N

Simplify to solve for N:
=6N — 5N

N =4

Thus, the value of N that satisfies this condition is 4. Therefore, the correct answer is
4.

25. Answer: c

Explanation:

To find the total work done by the gas from state A to B and then from B to C, we
need to analyze the given thermodynamic process using the principles of work
done in a pressure-volume (P-V) diagram.

The work done by a gas during a process is given by the area under the curve in the
P-V diagram. Let's analyze each path separately:

1. Path A to B:

o This is a linear process, which means it's neither isothermal, isobaric, nor
isochoric.

o To compute the work done from A to B, we need the formula for the area
under the straight line in a P-V diagram, which can generally be
calculated using the trapezoidal or triangular area methods.

2.PathBto C:

o This process is isobaric (constant pressure).

o The work done in an isobaric process is given by the formula: W = PAV,
where P is the constant pressure and AV is the change in volume.

o From the diagram, since Vi = V,, there is no change in volume in the net
process back to the original state, making AV = 0.

Since the volume returns to its original value, any work done from A to B is canceled
out by the work done from B to C (assuming ideal conditions with no other energy
loss or gain). Therefore, the total work done over the complete cycle A to B to C is:

Wiotal = Wag + Wge =0
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Hence, the correct answer is 0 J.

26. Answer: b
Explanation:

To solve this problem, we need to understand the relationship between pressure P,
temperature T, and the specific heat ratio v = gﬂ during an adiabatic process.
Given that the pressure of the gas is proportional to the cube of its absolute
temperature, we can express this relationship as:

PxT?®

For an adiabatic process, the relation between pressure and temperature is given
by:

PT~ 71 — constant

Since P « T3, we can equate the exponents to get:
T3 . T~51 = constant

=0

Solving the above equation:

|
[\ [V}

Y
This gives us the specific heat ratio % =v=3
Therefore, the correct answer is:

:

Explanation of Options:
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e The option 2 corresponds to diatomic gases with additional energy degrees.
Our derivation does not support this value for the given condition.

e The option

e The option
the condition stated.

e The option 2 does not fit the temperature-proportional relationship provided.

was derived based on the given condition and is correct.
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is typically related to diatomic gases as well, which don't match

27. Answer: b

Explanation:

To solve this problem, we must analyze the thermodynamical processes shown in
the figure and the given options based on the relations between molar heat
capacities. The key molar heat capacities involved here are Cy, Cg, Cp, and Cy.

From the figure, we have two important processes, labeled as A and B. Let's analyze
each:

1. Process A: Based on the slope, this appears to be a vertical line in the log-log
diagram of pressure (P) versus volume (V'), meaning there is no change in
volume (dV = 0). This represents an isochoric process where the heat capacity
at constant volume is involved. Since C, corresponds to this process, the work
done is zero in an isochoric process, and all the heat added goes into
increasing the internal energy. Therefore, C4 = 0.

2. Process B: This appears as a horizontal line where pressure remains constant (
dP = 0). In an isobaric process, all the heat capacity is associated with the
change in volume at constant pressure, described by the molar heat capacity
Cp.If Cp is involved, the slope tells us that heat input results in a change where
theoretically the heat capacity becomes infinite since all added heat leads to
phase change or temperature remains constant. Thus, Cp = cc.

The correct option among those provided is:
Cy=0andCp = ©

This option is consistent with the analysis of the thermodynamical processes
considering their geometric representation on the log-log diagram.
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28. Answer: a

Explanation:

The Correct answer is option is (A) : %

=
S

29. Answer: d

Explanation:

The Correct answer is option is (D) : 41.74J

30. Answer: c

Explanation:

The Correct answer is option is (C) : 3/2



