Heat and Thermodynamics

Questionl

A body cools from a temperature of 60°C to 50°C in 10 minutes and
50°C to 40°C in 15 minutes. The time taken in minutes for the body
to cool from 40°C to 30°C is
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Options:

A.

30

B.

20

C.

25

D.
40

Answer: A

Solution:
According to Newton's law of cooling.

-7, _ T\ +T)
t —K( 2 — T

For the first case
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6050 _ . (60+50 ..
10 2

1=K (55— Tp) ... (3)

For the second case

50 — 40 50 + 40
15 _K( 2 _T°>

—_
|5

— K (45 — T,)

= K (45— Tp) .. (i)

w| o
ot

Dividing Egs. (i) by Eq. (ii), we get

1 55T,
2/ 45T,
55—T)
45—T9

= TO = 25°C

w

] [3Y)

.. From Eq. (i), 1 = K (55 — 25),
_ 1
= K= 30

If ¢ be the time taken to cool from 40°C to 30°C, then

40 — 4
OtSO:K< 0;30_%)

2= (3%)(35-25)

=t = 30 minutes

Question2

When the temperature of a gas in a closed vessel is increased by
2.4°C, its pressure increases by 0.5%. The initial temperature of the
gas is
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Options:
A.

120°C

240°C
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480°C
D.
207°C

Answer: D

Solution:

According to Gay-Lussac's law,

2
T, T
N P B P +0.5% of P;
T, T, +2.4
P, 1.005P;
= T, + 2.4 = 1.005T
= T, T1+2.4:, |+ 0057}
=  0.005T; = 2.4
2.4 2400
T p— p—
L 0.005 5
— 480 K = 480 — 273°C
—207°C
Question3

A gas is suddenly compressed such that its absolute temperature is
doubled. If the ratio of the specific heat capacities of the gas is 1.5,
then the percentage decrease in the volume of the gas is
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Options:

A.

30

B.
50

C.

25
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D.
75

Answer: D

Solution:

For adiabatic process,

TV =T vy
T1V11.5—1 _ (2T1)V2(1'5_1)
V10'5 _ 2V20'5
= V=4 =V, =4

.. Percentage decrease in the volume

Vi—Vs
= x 100
Vi

-3 % 100 = 75%

Question4d

If the heat required to increase the rms speed of 4 moles of a

diatomic gas from v to v/3v is 83.1 kJ , then the initial temperature
of the gas is

(universal gas constant = 8.31 Jmol " K™ ")
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Options:

A.

377°C

327°C
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227°C
D.

277°C

Answer: C

Solution:

Step 1: How rms speed relates to temperature

The root mean square (rms) speed of a gas, Vs, increases as the square root of its temperature (7). So,
Vims o< VT.

Step 2: Setting up the ratio

Since V.2

ms ¢ T', we can write:

(‘/rms)l 2 _ ﬂ
(‘/rms)2 - T2

Step 3: Substituting given values
The rms speed increases from v to v/3v. So:
()~
V3v T,
This simplifies to % = %, so Ty = 3T1.

Step 4: Calculating heat required

The heat (Q) needed to raise the temperature is:

Q =nCyAT

For 4 moles of a diatomic gas, Cy = %R, So:
Q=4x2R(Ty—T)

We know Ts = 371, so AT = 3T — Ty = 27T3.

Step 5: Plugging in the numbers

We are given Q = 83.1 kJ = 83,100 J and R = 8.31 J mol 'K .
83,100 = 4 x 2 x 8.31 x 2T}

4x 2 x2=20,so:
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83,100 = 20 x 8.31 x T}

20 x 8.31 = 166.2, s0:83,100 = 166.2 x T}

7, - B 500K

Step 6: Converting to Celsius

T in Celsius = 500 — 273 = 227°C

Questions

The length of a metal rod is 20 cm and its area of cross-section is

4 cm”. If one end of the rod is kept at a temperature of 100°C and
the other end is kept in ice at 0°C, then the mass of the ice melted in

7 minutes is (Thermal conductivity of the metal = 90Wm K!
and latent heat of fusion of ice = 336 x 103Jkg ')
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Options:

A.

Answer: C
Solution:

The heat transferred through the rod is
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90 W/mk x 4 x 10~4 m®

% (100°C—0°C)
= —02m x 420 s

—4
— 90><4><é.02 x 100 X 420J

—4
— 36008>;10 x 420 J

= 28 x4207J
= 18 x420J =17560]

The heat required to melt a mass m of ice is given by Q = mLy

e @
Ly
7560 J
m —
336 x 103 J /kg
_ 7560
™= 336000 &
m = 0.0225 kg
m=225g

The mass of ice melted is 22.5 g

Question6

The heat required to convert 8 g of ice at a temperature of —20°C to
steam at 100°C is [specific heat capacity of ice = 2100Jkg ™! K_l,
specific heat capacity of water = 4200 J kg_1 K_l, latent heat of
fusion of ice = 336 x 10° J kg_1 and latent heat of steam

= 2.268 x 105Jkg ]
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Options:

A.

5400 cal

B.

5840 cal
C.

5760 cal
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D.
5120 cal

Answer: B

Solution:

Heat of raise temperature of ice from —20°C to 0°C.

Qi=m: Ci. AT
= 0.008 x 2100 x 20 = 336 J

Heat to melt ice at 0°C to water

Q2=m x Ly =0.008 x 336000 = 2,688 J

Heat to raise temperature of water from 0°C to 100°C

Q3 =m X Cwater X AT
= 0.008 x 4200 x 100 = 3360 J

Heat to convert water at 100°C to steam

Qs=M-L,=0.008 x 2.268 x 10°
= 181447

Total heat required

Qroal =Q1+ Q2+ Q3+ Qs
= 336 + 2688 + 3360 + 18144
— 24,528 J( or 24.5 kJ)

1 calorie = 4.18 J
Total heat in joules

Q= 21?228 ~ 5840cal

Question7

Two moles of a gas at a temperature of 327°C expands adiabatically
such that its volume increases by 700%. If the ratio of the specific
heat capacities of the gas is %, then the work done by the gas is

(Universal gas constant = 8.3 Jmol ' K ")
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Options:

A.

14.94 kJ

B.

29.88 kJ

C.

44.82 kJ

D.
59.76 kJ

Answer: A

Solution:
TV =TV}

| 7-1
nenfi] -l

1
T, =600 x = = 300K

nRT} i\t
W = 1— (2
-1 <V2> ]
_ 2x83x600[, (1)%1]
_ - (2
31 8
_ 3x2x83x600[ 1
- 1 2
2 % 8.
:3>< ><23><600:14940J
— 14.94kJ
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QuestionS8

The molar specific heat of a monoatomic gas at constant pressure is

(Universal gas constant = 8.3 Jmol ' K ™)
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Options:

A.

24.9 Jmol ' K!
B.

20.75 J mol ' K
C.

41.5J mol ' K!
D.

16.6 Jmol "K'

Answer: B

Solution:

Step 1: Recall relations

For an ideal gas,

Cp - C’U — R

For a monoatomic gas,

C,=3R

So,

C,=C,+R=3R+R=3R

Step 2: Substitute the gas constant

Given:

R=83Jmol 1K
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Hence,

Cp=2x83=25x83=20.75Jmol 'K~}

Final Answer:

20.75 Jmol ' K~!

Correct option: B

Question9

A pendulum clock loses 10.8 s a day when the temperature is 38°C
and gains 108 s a day when the temperature is 18°C. The coefficient
of linear expansion of the metal of the pendulum clock is

TG EAPCET 2024 (Online) 11th May Morning Shift

Options:
A.7Tx107°°C!
B.1.25 x 107°°C!
C.5 x 107°°C!
D.2.5 x 107°°C™?

Answer: D

Solution:

Temperature at which the clock loses time, T' = 38°C
Temperature at which the clock gains
time, T = 18°C
AT =T —T»
= (38 —18)°C =20°C
Time lost per day, At; = —10.8 s
Time gained per day, Atz = 10.8 s

The total change in time per day,

At = At; — Aty = —10.8 — 10.8 = —21.6s
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Time period of a pendulum,

_ L
T—27r\/g

The change in length AL due to a temperature change AT is given by
AL = LaAT

where, a = coefficient of linear expansion
So, % = aAT

The fractional change in the time period is approximately half the fractional change in length.

AT _ 1AL _ 1

T =571 = 3aAT
Atday _ —21.6

Ty = 86400

Putting value in Eq. (ii) from Eq. (i) and Eq. (iii), we get

216 1
. 2
86400 2 < x20

a=-25x10"°°C1

Negative sign indicated the clock runs slower at higher temperature.

Question10

A liquid cools from a temperature of 368 K to 358 K in 22 min . In
the same room, the same liquid takes 12.5 min to cool from 358 K to
353 K. The room temperature is

TG EAPCET 2024 (Online) 11th May Morning Shift
Options:

A. 27.5°C

B.27.5K

C. 30.5°C

D.30.5K

Answer: A
Solution:
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Newton's law of cooling says that,

6,—0, 61+0,
t O‘( 2 _90>

0,—6, 0,16,
T k( 2 — 6o

where, #; = Initial temperature, 8, = Final temperature,

0y = Room temperature, t = time and k& = constant that depends on the characteristics of the liquid and the
environment.

For first cooling period

368—358 __ 368+358
22 - k( 2 90)

10

_ 10 :
For second cooling period

358—353 358+353
125 k ( 2 - 90)

% =k (355.5 — 6o) = k= 12.5(35%.5—00)

On comparing Eq. (1) with Eq. (i1), we get

10 B 5
22 (363 —0,)  12.5(355.5 — 6,)

25 (355.5 — 6y) = 22 (363 — 6;)
901.5 = 36 = 6y = 300.5 K
= 6) = 300.5 — 273

6o = 27.5°C

Questionll

For a gas in a thermodynamic process, the relation between internal
energy U, the pressure p and the volume V is U = 3 4 15pV. The
ratio of the specific heat capacities of the gas at constant volume and
constant pressure is

TG EAPCET 2024 (Online) 11th May Morning Shift
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Options:

A 3

B. £

C. 3

D. 3
Answer: B
Solution:

Given, U = 3 + 1.5pV

At constant volume, the change in internal energy is given by the change in temperature
dU = CydT = &L = Cy

We know that, pV = nRT

So, U = 3 + 1.5nRT

Putting value in Eq. (i1), we get

Cy = (3 + 1.5nRT)

CV = 1.5nR
For Cy, we use the relation

Cp:CV—i—TLR

Cp=15nR+nR=25nR

The ratio of the specific heat capacities of the gas at constant volume and constant pressure is

Cv _ 15nR
Cp 2.5nR
o _ 15
c,
Gv _ 3
c, — 5
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Question12

At a pressure p and temperature 127°C, a vessel contains 21 g of a
gas. A small hole is made into the vessel, so that the gas in it leaks

out. At a pressure of 2—; and a temperature of ¢t°C, the mass of the
gas leaked outis S g. Then,t =

TG EAPCET 2024 (Online) 11th May Morning Shift
Options:

A.273°C

B.77°C

C. 350°C

D. 87°C

Answer: B
Solution:

We know that,

pV =nRT

Given, Initial pressure, temperature and mass of a gas are p, 127°C and 21 g respectively.
T, =127°C =400 K

Let M be the molar mass of the gas, then
pV = () x R x 400

After the gas leakes out,

New pressure = %p, New temperature
=T

Mass of gas remaining = (21 — 5)g =16 g
Now using ideal gas equation,

B (1) x Rx T,

On solving Eq. (i) and Eq. (ii), we get
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AL xRx400=1L xRxTyx 2

m

21x400x2 __
16x3 =T

T, = 350K

Ty = 350 — 273
T, =T77°C
Questionl3

Steam of mass 60 g at a temperature 100°C is mixed with water of
mass 360 g at a temperature 40°C. The ratio of the masses of steam
and water in equilibrium is (Latent heat of steam is 540calg~! and
specific heat capacity of water is 1calg 1°C™!)

TG EAPCET 2024 (Online) 10th May Evening Shift

Options:
A.1:20
B.1:10
C.1:5
D.1:3
Answer: A

Solution:

To determine the ratio of the masses of steam and water in equilibrium, we begin with the given data:
Mass of steam, m; = 60 g

Temperature of steam, 8; = 100°C

Mass of water, mo = 360 g

Temperature of water, 85 = 40°C

Latent heat of steam, L = 540 cal/g

Specific heat of water = 1 cal/g”C
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According to the principle of calorimetry, the heat lost by steam equals the heat gained by water:
Heat gain by water:

Using the formula @ = msAT, where m is the mass, s is the specific heat, and AT is the change in
temperature:

Q =360 x 1 x (100 — 40) = 21600 cal

Heat lost by steam:

First, consider the latent heat: Q = mL = 60 x 540 = 32400 cal
Calculate the mass of steam x that would release 21600 calories of energy:

1 g of steam = 540 cal

x g of steam = 21600 cal

21600
T
540 £

Thus, 40 grams of steam converted to water, releasing 21600 calories of energy.
Calculate the total mass of water after the steam condenses:

Total amount of water = initial water + condensed steam:

360g+40g=400g

Calculate the remaining steam:

Steam left = initial steam - condensed steam:

60g—40g=20g

Determine the ratio of steam to water:

Ratio of steam to water:

20 1 .

Thus, the ratio of the masses of steam to water in equilibrium is 1 : 20.

Question14

The temperature difference between the ends of two cylindrical rods
A and B of the same material is 2 : 3. In steady state the ratio of the
rates of flow of heat through the rods A and B is 5 : 9. If the radii of
the rods A and B are in the ratio 1 : 2, then the ratio of lengths of
the rods A and B is

TG EAPCET 2024 (Online) 10th May Evening Shift
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Options:
A.2:7
B.3:7
C.2:5
D.3:10

Answer: D

Solution:

Given, ratio of flow of heat (ratio) = %
Ratio of radii of cylinder A and B = % We know that rate flow of heat is given as

aQ do
o = kAT

[ I = length of conductor]
[ kK = conductivity constant]

[ df@ = temperature difference]

(#), -t

9 A

N
—
N

— L —> I
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dQ
dt A l Af
( >A = 1« 2 x ——L[k, is constant |

(ﬁ) L A, " Ae,

5_ 1.2 b
9 17377,
h_ 3
I, 10
l1:15=3:10
Questionl5

When (), amount of heat supplied to a monoatomic gas, the work
done by the gas is V. When (), amount of heat is supplied to a
diatomic gas, the work done by the gas is 2IW. Then, )1 : Q.

TG EAPCET 2024 (Online) 10th May Evening Shift
Options:

A.2:3

B.3:5

C.5:7

D.5:14

Answer: D

Solution:

According to the first law of thermodynamics:
dQ =dU + dW

where dQ is the heat supplied, dU is the change in internal energy, and dW is the work done by the system.
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For a Monoatomic Gas:

The heat supplied Q1 can be expressed as:
Ql = ’I’LCVdT —+ %%

Here, the change in internal energy dU is given by:

dU =nCydT =n (%)RdT
Substituting this into the equation for Q1:

Q, = 3nRAT + W

Since nRdT = W (since PV = nRT, therefore work done W = PV):

Qi=3W+W
Thus:
Q=

For a Diatomic Gas:

The heat supplied Q2 is:

Q2 = n (5)RdT +2W
Substituting for nRdT = 2W:
Q2= 2 x 2W +2W

This simplifies to:

Q: =TW

Ratio of Q1 to Q)5

To find the ratio Q1 : Q2:

5W
9 2

Q0 —

5

W 14
Thus, the ratio Q1 : Q2 is:

5:14

Questionl16

The temperature at which the rms speed of oxygen molecules is 75%

or rms speed of nitrogen molecules at a temperature of 287°C
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Options:
A.87°C
B. 127°C
C.227°C
D. 360°C

Answer: A

Solution:

To solve this problem, we need to find the temperature at which the root mean square (rms) speed of oxygen
molecules is 75% of the rms speed of nitrogen molecules at a given temperature of 287°C.

Given:

The rms speed of oxygen is 75% of the rms speed of nitrogen.

Temperature of nitrogen (Tpigrogen ) = 287°C.

First, convert this nitrogen temperature from Celsius to Kelvin:

Tnitrogen = 287+ 273 = 560K
Formula for rms speed:

The rms speed (v,ms ) 1S given by:

3RT
Vs =/ 30

Where:

R is the gas constant,

T is the temperature in Kelvin,
M is the molar mass of the gas.

For oxygen (M oxygen

= 32 g/mol) and nitrogen (M y;rogen

relationship by squaring both sides and canceling R:

3RToxygen _ i 3RTnitmgen
32 T4 28

Simplifying:
Square both sides to eliminate the square roots:

STUXYBC“ —_ i X 3Tnitrogen
32 16 28

Cancel out the constants and solve for T,
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— 9 560x32

Toxygen =15 X 38
Calculate Tixygen

Toxyeen = 360K

Convert back to Celsius:
Toxygen = 360 — 273 = 87°C

Thus, the temperature at which the rms speed of oxygen achieves 75% of the rms speed of nitrogen
molecules at 287°C is 87°C.

Questionl7

A big liquid drop splits into n similar small drops under isothermal
conditions, then in the process

TG EAPCET 2024 (Online) 10th May Morning Shift
Options:

A. volume decreases

B. total surfaces area decrease

C. energy is absorbed

D. energy is liberated

Answer: C

Solution:

When a large liquid drop splits into n similar smaller drops under isothermal conditions, the following
process occurs:

Volume Consistency: The total volume remains the same before and after the split. This is due to the
conservation of mass principle, where the sum of the volumes of all the small drops equals the initial volume
of the large drop.

Surface Area Increase: The surface area increases. The surface area A of a sphere is given by A = 4772,
where 7 is the radius. If a large drop with radius R has a volume V given by V = %TI'R?’, splitting into n

smaller drops each with radius r retains the total volume as:
n X (%m*3) = %ﬂ'R3

Solving this gives:
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)%

Each small drop has a surface area 4712, so the total surface area for n small drops is:

nr® = R® = r = R(

3|

1

1\ 2 1
nx 4mr? = n x 47T<R(%) 3) —A7rR% x n3

Since n¥ > 1 forn > 1, the total surface area indeed increases when a large drop splits into smaller drops.
Energy Changes: The increase in surface area results in an increase in surface energy. According to
thermodynamic principles, forming a new surface requires energy due to surface tension. Therefore, energy
must be absorbed to create the additional surfaces of the new drops.

Consequently:

Option A: Incorrect, since the total volume remains constant.

Option B: Incorrect, since the total surface area increases.

Option C: Correct, energy is absorbed to increase the total surface area.

Option D: Incorrect, energy is not liberated; it is absorbed.

Thus, the correct answer is Option C: energy is absorbed.

Question18

37 g of ice at 0°C temperature is mixed with 74 g of water at 70°C
temperature. The resultant temperature is (specific heat capacity of
water = lcalg~1°C~! and latent heat of fusion of ice = 80calg 1)

TG EAPCET 2024 (Online) 10th May Morning Shift
Options:
A.45°C
B. 70°C
C.20°C
D. 35°C

Answer: C

Solution:

water mass my; = 74 g
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61 =70°C

Ice mass, ma =37 ¢

0> =0°C

Ice latent heat of fusion, L = 80cal/g

Specific heat capacity of water

s = lcal/g/°C

Now using principle of calorimetry

Heat lost by water is equal to heat gain by ice. Let 6 be the common temperature.

mys (0; — 0) = maL + mas (6 — 0,)
74 x 1 x [70 — 6] = 37[80 + 1(8 — 0)]
2[70 — 0] = [80 + 6]
140 — 20 =80+ 6
140 — 80 = 30 = 60 = 360

6 =20°C

Question19

The thickness of a uniform rectangular metal plate is S mm and the

area of each surface is 5 cm’. In steady state, the temperature
difference between the two surfaces of the plate is 14°C. If the heat
flowing through the plate in one second from one surface to the
other surface is 42 J , then the thermal conductivity of the metal is

TG EAPCET 2024 (Online) 10th May Morning Shift
Options:

A.90Wm 'K

B.30Wm 'K

C.45Wm 'K

D. 60Wm ! K™
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Answer: B

Solution:

Given,

Metal plate thickness,
de=5mm=5x10"3m

Area of plate, A = 5 cm? = 5 x 10~ m?
Temperature difference,

dT =14°C =14K

Rate of thermal flow = 42 J

We know that equation for rate of thermal flow is

4Q _ 8T

dt dx

dQ

— = —42 heat f1

T J [ heat flows out |

a0 ~Kx5x10%x 14
5x 1073

42 = 14K

K =30 W/m/K

Question20

The ratio of the specific heat capacities of a gas is 1.5 . When the gas
undergoes adiabatic process, its volume is doubled and pressure
becomes p;. When the gas undergoes isothermal process, its volume
is doubled and pressure becomes p». If p; = p2, the ratio of the
initial pressures of the gas when it undergoes adiabatic and
isothermal processes is

TG EAPCET 2024 (Online) 10th May Morning Shift
Options:

A.V3:V2
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B.1:1

C. \/§ 01
D.v2:1
Answer: D
Solution:

Given, ratio of g—z ory=1.5

For adiabatic process,

Let initial pressure p,, Final pressure = p; Initial volume = V, Final volume = 2V

Using adiabatic equation

pV7 = constant

paV17 = plvz’y o1
=m[3],
(Initial) (Final)

= DPa

For isothermal process, final pressure = ps Using isothermal equation

pV = constant oV
Diso = P2 |:7]
Piso V1 =Dpa2Vs
Diso
(Initial) = (Final) ~ P27 3

According to question,

b1 =p2
Da _ Diso
[2]1.5 D)
o 2V2

:T [asal"r’:a-\/a}
Diso

DPa * DPiso :\/5:1

Question21
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A vessel contains hydrogen and nitrogen gases in the ratio 2 : 3 by
mass. If the temperature of the mixture of the gases is 30°C, then the
ratio of the average Kinetic energies per molecule of hydrogen and
nitrogen gases is (Molecular mass of hydrogen = 2 and molecular
mass of nitrogen = 28)

TG EAPCET 2024 (Online) 10th May Morning Shift
Options:

A3:7

B.2:3

C.1:1

D.1:14

Answer: C

Solution:

The average translational kinetic energy (per molecule) of any ideal gas (diatomic or monoatomic or
polyatomic) is always %k BT.

It depends only on temperature and is independent of nature of gas.

Hence, the ratio of two gasesis 1 : 1.

Question22

When 54 g of ice at —20°C is mixed with 25 g of steam at 100°C,
then the final mixture at thermal equilibrium contains

TG EAPCET 2024 (Online) 9th May Evening Shift
Options:

A. 20 g water at 100°C

B. 73 g water at 100°C and 6 g steam at 100°C

C. 8 g steam at 100°C and 12 g water at 0°C
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D. 20 g water at 50°C

Answer: B

Solution:

Given, mass of ice at —20°C,

Mice = D4 g

Mass of steam at 100°C, myeam =25 ¢
Specific heat capacity of ice,

siee = 0.5cal/g°C

Heat required to bring ice at 0°C

= Me Scle AT

g1 = 54 x 0.5 x (20) = 540cal
Heat required to melt ice at 0°C
= Mjce X Lice

g = 54 x 80 = 4320cal

Condense steam at 100°C to water at 100°C.

43 = Mgieam X Lsteam = 25 x 540

= 13500cal

To cold water from 100°C to 0°C,

d4 = Myater X Swater x AT

=25 x 1 x 100 = 2500cal
.. Total heat gained by ice,
Quin = ¢1 + g2 = 4860cal

Heat lost by steam, Q. = g3 = 13500cal Heat gained by ice to melt will be provided by steam i.c,

4860 __
540 9

Thus, only 9 g steam is needed to completely melt the ice,
Hence, (54 + 9)g of water will be present along with (25 — 9)g of steam at 100°C.
Lets calculate the temperature of mixture.

Remaining heat of steam;
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Q = 16 x 540

= 8640cal
Heat required to raise the tempature of 63 g upto 7'° will be

Q =mSyper X (AT)
8640 =63 x 1(AT)

= AT >100°C
Hence, not all steam will be converted into water. The steam required to raise 63 g water upto 100°C will be,

m = 81 — 11.66¢

.. Total steam used = 11.66 + 9

~20g

Hence 20 g of steam will be used to bring 54 g of ice at —20°C upto 100°C water.
Total water =54 +20~ 74 g

andsteam=5g

Which is close to option (b).

Question23

A solid sphere at a temperature 7' K is cut in to two hemisphere. The
ratio of energies radiated by one hemisphere to the whole sphere per
second is

TG EAPCET 2024 (Online) 9th May Evening Shift
Options:

A.l:1

B.1:2

C.3:4

D.1:4

Answer: C

Solution:
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Total surface area of solid sphere

Ay = 4nr?

Total surface area of solid hemisphere,
Ay = 37r?

As, we know that, £ < A

B _ A _ 3
Fr Aq 4
Question24

If dQ), dU and dW are heat energy absorbed, change in internal
energy and external work done respectively by a diatomic gas at
constant pressure, then dW : dU : dQ) is

TG EAPCET 2024 (Online) 9th May Evening Shift
Options:

A.5:3:2

B.7:5:2

C.4:3:1

D.2:5:7

Answer: D

Solution:
For diatomic gas, C), = %R
C’U — ER

dU = nC,dT
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dQ = nCp,dT
dW =p xdV
= nRdT

S.dW :dU : dQ = nRdT : nngT : nngT

5 7
=1:—=—:—
2 2

=2:5:7

Question25

If the temperature of a gas increased from 27°C to 159°C, the
increase in the rms speed of the gas molecules is

TG EAPCET 2024 (Online) 9th May Evening Shift
Options:

A. 142%

B. 71%

C. 80%

D. 20%

Answer: D

Solution:

We know that, Upps = 1/ 25

According to question, v; = ﬂ]\%l

[ 3R(432)
V2=V T

ve—v; _ +/432—+/300 __  3.46
Thus, v /300 — 17.32
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. Vo — 1
% increase = x 100%
0

3.46
_ 1
173z < 100%

= 19.99%

~ 20%

Question26

The temperature on a fahrenheit temperature scale that is twice the
temperature on a celsius temperature scale is

TG EAPCET 2024 (Online) 9th May Morning Shift
Options:

A. 160°F

B. 240°F

C. 320°F

D. 480°F

Answer: C

Solution:

The relationship between the two scales,

F=2C+32 ...(3)

If the temperature 1s twice the celsius temperature, we can write
F=2C ... (i)

Now, £ x C 432 = 2C

9 10
2 xC+32=—C
5 ¢t 5
10 _ 9 1
32 ~0_20=32=—-C
5 5° 7 5

C =160 ... (iii)
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Fahrenheit temperature,

F:%x160+32

F =288 4 32

= F =320

Therefore, the temperature on the fahrenheit scale that is twice the temperature of 160°C on the celsius scale
1s 320°F.

Question27

The temperatures of equal masses of three different liquids A, B and
C are 15°C, 24°C and 30°C, respectively. The resultant temperature
when liquids A and B are mixed is 20°C and when liquids B and C
are mixed is 26°C. Then, the ratio of specific heat capacities of the
liquids A, B and C'is

TG EAPCET 2024 (Online) 9th May Morning Shift
Options:

A.5:8:10

B.8:10:5

C.5:10:8

D.8:5:10

Answer: B

Solution:

For liquid A and B mixed to reach a final temperature of 20°C, the equation based on the heat exchanged is
m x Cp x (24 —20) =m x C4 x (20 — 15)
Simplifying, we get

dm x Cp=bm x Cy

Cp

5
CA_4
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For liquid B and C mixed to reach a final temperature of 26°C,
m x Co x (30 —26) =m x Cp x (26 — 24)
we get,

4m><C’C:2m><C’B

Ce 1 0y Co 5 1 5
03—2 Cy 03_4 2 8
Therefore,
5 b
CAOBCC—lzg

Cy:Cg:C=8:10:5

Question28

The efficiency of a reversible heat engine working between two
temperatures is 50%. The coefficient of performance of a
refrigerator working between the same two temperatures but in
reverse direction is

TG EAPCET 2024 (Online) 9th May Morning Shift
Options:

Al

B.2

C.3

D. 4

Answer: A

Solution:

The efficiency of a reversible heat engine is given by the ratio of work output to heat input, which can be also
be expressed in terms of the temperatures of the hot (T) and cold (T¢) reservoirs,

—1- L
n= To

Given, efficiency is 50%
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_ T.
0.5=1- 7

Solving for ;—;, we get

T
I _ 5

Coefficient of performance (COP),

_ Q¢ _ _Tc
COP = W = TooTo

For a reversible process, the (COP) can also be related to the temperatures of the hot and cold reservoirs,

0.5 % TH

COP =

05 05
S 1-05 05

Therefore, the coefficient of performance of the refrigerator working between the same two temperature but
reverse direction is 1.

Question29

The total internal energy of 4 moles of a diatomic gas at a
temperature of 27°C is (gas constant = 831 J mol 1 K™ )

TG EAPCET 2024 (Online) 9th May Morning Shift
Options:

A.1347KkJ

B.4.98 kJ

C.2493kJ

D. 14.96 kJ

Answer: C

Solution:

Given, n = 4 moles

Temperature,

T=27°C=27+273=300K
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We know that,
U=2xnxRxT ...
Putting above values in Eq. (1),
U=2 x4x8314 x 300K
.". Universal gas constant,

R=831Jmol 'K!
U=5x2x8.31x300
=10 x 8.31 x 300

= 3000 x 8.31

U =24930J = 24.930J

Thus, U = 24.93 kJ

Question30

Two rod of same area of cross-section have lengths L and 2L and
coefficients of linear expansions 2a and a respectively. If they are
welded to form a composite rod of length 3L then the coefficient of
linear expansion of the composite rod is

TS EAMCET 2023 (Online) 12th May Evening Shift
Options:

A. 32
B. 3ax
C. 3
D. 4
Answer: D

Solution:
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Initial Setup :

First rod: length L, coefficient of expansion 2«
Second rod: length 2L, coefficient of expansion «
Composite Rod:

Total initial length =L + 2L = 3L

Expansion Calculation:

Expansion of the First Rod:
AL, = L(2a)AT

Expansion of the Second Rod:
ALy = 2L(a)AT

Total Expansion:

Combine the expansions:
ALa = 2LaAT + 2LaAT = ALaAT

Final Step:

Given that the total increase in length of the composite rod is the sum of the individual expansions, equate the
change to find the overall coefficient of linear expansion, au, :

Solving for agy) :
Atotal = %Ol

Thus, the coefficient of linear expansion of the composite rod is %a.

Question31

For a given mass of a gas at constant temperature, the volume and
the pressure are I and p respectively. Then the slope of the graph
drawn between log, V on X-axis and log, p on Y-axis is

TS EAMCET 2023 (Online) 12th May Evening Shift

Options:
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Al

B. -1

C. zero

D. infinity

Answer: B

Solution:

For a gas with a constant temperature, we examine the relationship between the volume (V') and pressure (p).
Specifically, we are interested in the slope of a graph where log, V' is plotted on the X-axis, and log, p is
plotted on the Y-axis.

Given the ideal gas equation:

pV =nRT

Taking the natural logarithm of both sides, we have:
log,(pV) = log,(nRT)

This expands to:

log, p + log, V = log.(nRT)

Since nRT is a constant (as both the amount of gas and the temperature are constant), we can rearrange the
equation as follows:

log, p = —log, V + log, (nRT)

This equation is in the form of a straight line, where:
Y=mz+c

By comparing:

log.p = (—1)log, V + log,(nRT)

We identify that the slope (m) is —1.

Therefore, the slope of the graph where log, V' is on the X-axis and log, p is on the Y-axis is —1.

Question32

An ideal gas at 127°C is compressed suddenly to 8/270f its initial
volume. If v = 5/3 for an ideal gas, then rise in its temperature is
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TS EAMCET 2023 (Online) 12th May Evening Shift
Options:
A.450 K
B. 500 K
C.225K
D. 405 K

Answer: B

Solution:

Given:
Initial temperature of the ideal gas, Ty = 127°C = 400K
Initial volume, Vj

Final volume, V7 = %Vo

[

Heat capacity ratio, v = 5

The process described is adiabatic, meaning no heat is exchanged with the surroundings. For an adiabatic
process involving an ideal gas, the relation TV~ = constant holds.

Initial State:

TOVOAV1 = TOVO5/ 31 (equation i)

Final State:

T, Vfﬁ1 =T (%Vo) 5/3-1 (equation ii)

By dividing equation (i) by equation (i), we have:

v -
DY ()T = ()P

This simplifies to:

L _ 4
T] -9
Solving for T7:

Ty = 2929 = 900K

The rise in temperature is then calculated as:
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T —To = 900K — 400K = 500K

Question33

An insulating cylinder contains 4 moles of an ideal diatomic gas.
When a heat () is supplied to it, 2 moles of the gas molecules
dissociate. If the temperature of the gas remains constant, then the
value of () is ( R = universal gas constant)

TS EAMCET 2023 (Online) 12th May Evening Shift
Options:

A.2RT

B. RT

C.3RT

D.4RT

Answer: B

Solution:

Given an insulating cylinder containing 4 moles of an ideal diatomic gas, when heat () is supplied, 2 moles of
the gas molecules dissociate. The temperature of the gas remains constant. We need to find the value of Q.

Initially, the gas has 4 moles of an ideal diatomic gas. When supplied with heat, 2 moles dissociate into
monoatomic gas, effectively converting 2 moles of diatomic gas into 4 moles of monoatomic gas.

Degrees of Freedom

Diatomic gas: f =5

Monoatomic gas: f = 3

Internal Energy Calculation

The internal energy E for gas is given by:
E=nx % x RT

Where n is the number of moles, f is the degree of freedom, R is the universal gas constant, and 7T is the
temperature.
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Initial Internal Energy E;
For 4 moles of diatomic gas:
E; =4 x 2 x RT = 10RT
Final Internal Energy E';
After dissociation, we have:
2 moles of diatomic gas:

2 X % x RT = 5RT

4 moles of monoatomic gas:
4x 3 x RT =6RT

Total final internal energy:

E;=5RT + 6RT = 11RT

Change in Internal Energy

The change in internal energy is:
AE =FE;— E; =11RT — 10RT = RT

Thus, the value of ) required to maintain constant temperature during the dissociation process is RT.

Question34

Two objects made of the same material have masses m and 2m and
are at temperatures 27" and 1" respectively. When heat () is supplied
to the object of mass 2m, its temperature raises to 27'. If the same
heat is supplied to the object of mass m, its temperature raises to

TS EAMCET 2023 (Online) 12th May Morning Shift
Options:
A.2T

3T
B. &

C. 4T

D. 3T
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Answer: C

Solution:

Let's analyze the problem step by step.

For the object with mass 2m:

Initial temperature: T'

Final temperature: 27

Temperature change: AT =27 - T =T

The amount of heat required is given by:
Q=massxcxXx AT =2m-c-T

So, we have:

Q =2mcT

For the object with mass m:

Initial temperature: 27°

Let the final temperature be Tt

Temperature change: AT =Ty — 2T

The same heat @) is supplied, so:

Q=m-c-(Tr—2T)

Since both expressions for Q are equal, set them equal to each other:
2meT = me(Tr — 2T)

Cancel the common factors m and ¢ (assuming they are non-zero):
2T =Ty - 2T

Now, solve for T':

Ty = 2T + 2T
— 4T

Thus, when the same heat is supplied to the object of mass m, its temperature raises to 47"

The correct answer 1s Option C: 47

Question35
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On a new temperature scale, the melting point of ice is 20°X and the
boiling point of water is 110°X. A temperature of 40°C would be
indicated on this new temperature scale as

TS EAMCET 2023 (Online) 12th May Morning Shift
Options:
A.60°X
B.56°X
C.70°X
D. 54°X

Answer: B

Solution:

To convert temperatures between the Celsius scale and the new X scale, we can assume a linear relationship.
Here's how to determine the conversion:
Recognize the given points:

Melting point of ice: 0°C = 20°X

Boiling point of water: 100°C = 110°X
Express the relationship in the form:
X=a+b-C,

where a is the offset and b is the scale factor.
Substitute the known temperatures:

For 0°C :

20=a+b-0 = a=20.

For 100°C :

110 = 20 + b - 100.

Solve for b:

110 —-20 =100 = 90=1006 = b:%zo.g.

Write the complete conversion formula:
X=20+09-C.

Convert 40°C to the new X scale:
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X =20+0.9 x 40 = 20 + 36 = 56.

Therefore, on the new scale, 40°C is indicated as 56°X. This corresponds to Option B.

Question36

The percentage of heat supplied to a diatomic ideal gas that is
converted into work in an isobaric process is

TS EAMCET 2023 (Online) 12th May Morning Shift
Options:

A.62.7

B.714

C. 28.6

D. 34.6

Answer: C

Solution:

In an isobaric process, the pressure of the system remains constant. For such a process, the heat supplied to a
diatomic ideal gas can be expressed as:

AQ =nCpAT

Where:

n represents the number of moles of the ideal gas.

C), is the specific heat at constant pressure.

AT is the change in temperature.

The work done during an isobaric process is calculated using:

AW = pAV

Substituting the ideal gas law pV' = nRT into the work done expression, we get:
AW =p(Vo — Vi) =nR(T> — T1) = nRAT

The ratio of the work done AW to the heat supplied AQ is:

AW _ nRAT R

‘AQ — nC,AT — C,

Get More Learning Materials Here : & m @&\ www.studentbro.in



For a diatomic gas, the specific heat at constant pressure is:

C,=1R

Substituting this into the ratio, we find:

w R

£ _ 2
Q — Ip 7

Therefore, the percentage of the heat supplied that is converted into work is:

= £ x 100 ~ 28.6%

Question37

Ratio of translational degrees of freedom to rotational degrees of
freedom of a polyatomic linear gas molecule is

TS EAMCET 2023 (Online) 12th May Morning Shift

Options:
A.l:1
B.1:2
C.2:3
D.3:2
Answer: D
Solution:

For any gas molecule, the translational degrees of freedom are determined by its ability to move in three-
dimensional space. This means:

Translational degrees of freedom = 3 (movement along the x, y, and z axes).
For rotational degrees of freedom:

In a linear molecule (like a polyatomic linear gas molecule), rotation about the axis of the molecule doesn't
contribute significantly because the moment of inertia about that axis is negligible.

Thus, only the rotations about the two axes perpendicular to the molecular axis matter.
So, rotational degrees of freedom = 2.

Now, the ratio of translational to rotational degrees of freedom is:
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3 (translational) __ 9.
2 (rotational) =3:2.

Hence, the correct answer is:

Option D: 3 : 2
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