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Heat & Thermodynamics

HEAT & THERMODYNAMICS
1. 1  (STP)

] :  3 

 ;   = 1.40,  }

 : (31.4
 = 4.6555) [ ]

(1) 90.5 J (2) 48 J (3) 60.7 J  (4) 100.8 J

2. ]  
P

V

C 5
C 3  ]  ,

]  
P

V

C 4
C 3 ]  3 

 
P

V

C
C  

(1) 1.50 (2) 1.42 (3) 1.45 (4) 1.47

3.  900 K  300 K 

(cycle)  1200 J 

(J  ) ____.

4. ,  ? ; 

 % 5 × 10–5/°C x-  5 × 10–6/°C,

y  z-  ;

C × 10–16/°C ]  C ______.

5.  (,  }

 }

)  T1  T2 

, 

 T1 

 T2 

 T 

 T, T1

 T2  :

(1) T = 
1 2

1 2

2TT

T T (2) T = 1 2T T

(3) T = 1 2T T

2
(4) T = 0

6.  ,

; 1  2  ;

 p

v

C

C   
2

1
  ,  :

(1)

1

21

2
(2) 2

(3) 
1

2
(4) 

1

2

7. 100°C  M  200  ,

 ;  ;

 40°C  M  : (

 540 cal/ g 

 80 cal/g ) ______.

8. = 

 t ( ;)

 (T)  ( =

)

(1) 

t

T

(2) 
t

1/T

(3) 
t

T
—

(4) 

t

T
–
1—
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Heat & Thermodynamics

9.  xyzx  V-T = 

T

V

x

yz

 P-V 

( = )

(1) 

V

P
x

yz (2)

V

P
x

y z

(3) 

V

P

y

zx

(4) 

V

P
y

z

x

10.  1 m  ,  ,  /
.;  ;

0°C  20

cm  4°C 

<+
21 cm  0°C  4°C 

(1) 1.01 (2) 1.04

(3) 1.03 (4) 1.26

11.  (efficiency) 
1

10
 

 :  ;
 10 J 

:

(1) 99 J (2) 100 J

(3)  90 J (4) 1 J

12.  n  (
<+ )  2n 

 CP/CV  :

(1) 67/45 (2) 19/13

(3) 23/15 (4) 40/27

13. C1,  C2  C3 = (containers) 

 T 

 ( )  T 

 (
 { ; )

31 2 CC C T

1 2 60 C

1 2 30 C

2 1 60 C

1 1 1

l l

l l

l l

l l l

  (°C )  ..........

14.  T  A  B 

 A <  m 

 B 

m

4
  A  B ] % A

VC

 B
VC   :

(1) 7 : 9 (2) 5 : 7

(3) 3 : 5 (4) 5 : 9

15. = 
; ; ; 

 ? =  1  2  :

( = )

1

23

P

V

(1)

2

13

V

T

(2) 1

23

V

T

(3) 1

2

3

V

T

(4) 

2

13

V

T
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Heat & Thermodynamics

16.  (  = 0.07 nm 
 = 40),  (  = 0.1 nm,

 = 140) [;
 ,

( )  (mean
free time)  ?
(1) 3.67 (2) 4.67
(3) 1.83 (4) 2.3

17.  300 K :  1 
(  = 1.4)  :  }  V1 

V2 = 1V

16
 

;  }  2V2 

 ;  (quasi-static)
 (  °K )

 ________.

18.  3  5 
 T  ; , 

<+ ] 
(RT )  :
(1) 11 (2) 15
(3) 20 (4) 13

19.  20°C  1  5
 }

1/10  (compresses) 
] <+ ] ,

 }  X kJ 
 X  ________.

20. 50.0%  ,  1915 J, –40 J, +125 J 
–QJ  ,  ,  ,
 Q  &

(1) 640 J (2) 400 J
(3) 980 J (4) 40 J

21.  / &/
<+

; 
(A)  ?
(B) ; 

(C)

(D) ; 

(1) (C)  (D)

(2) (A)  (B)

(3) (A)  (D)

(4) (B)  (C)

22.  ,  /  0°C  10°C 
<+  0.02% <+ 

 ?

(1) 0.008 (2) 0.06 (3) 0.8 (4) 2.3
23.  32°C, 

1.7  ;
 ;

%
(1) ; :  (Irreversible adiabatic)
(2) ; ; (Irreversible isothermal)
(3)  :  (Reversible adiabatic)
(4) ; (Reversible isothermal)

24.

 ,  ; ;
 ;
; (rigid) 

 T  , %

(1) 
9

RT
2

(2) 
3

RT
2

(3) 
5

RT
2

(4) 3RT

25.  ,  30°C  {
500 cc  30°C  Vm 

 ;
 ;

;  ( ) = 6 × 10–6 °C–1 

;  ( ) =1.5×10–4 °C–1  
(cc ) Vm  ___________

26. ,  ,   
  50°C <+  160 

 ;
100°C ; 
240 

;  (degrees of freedom) %
(  )
(1) 5 (2) 3 (3) 6 (4) 7

27.  /  300 s  50°C  40°C 

 ;

20°C  5 

 ?

(1) 33°C (2) 35°C (3) 31°C (4) 28°C
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28.  (  20 g)  25°C 
180 g  100°C  'm'

 31°C 
 m  (  = 540 cal g–1,

 = 1 cal g–1 °C–1)

(1) 2.6 (2) 2

(3) 4 (4) 3.2

29.  ,  0°C  100 
,  }

 27°C) 
 (  = 80 Cal/gram) ? 

 ___ 

30.  CP/CV

    CP/CV

(A) (I) 7/5

(B) (II) 9/7

(C) (III) 4/3

(D) (IV) 5/3

(1) A-IV, B-I, C-II, D-III
(2) A-IV, B-II, C-I, D-III
(3) A-III, B-IV, C-II, D-I
(4) A-II, B-III, C-I, D-IV

31. ; ; =  (  K 
)

(1) MLT–3K

(2) MLT–2K

(3) MLT–2K–2

(4) MLT–3K–1

32.  = 4200 J kg–1 K–1 
 = 3.4 × 105 J kg–1  0°C  100g

 25°C  200 g 
 0°C 

(gm ) 

(1) 61.7 (2) 63.8

(3) 69.3 (4) 64.6

33. =  0.1  ,  200K
 ;  400 K 

0.05 = 
 (K ) %&

34.  , ; 
 ;  Q

; , W 
U ; 

    

(I) (A) W = 0

(II) ; (B) Q = 0

(III) (C) U 0, W  0,

Q  0

(IV) (D) U = 0

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

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

(3) I-A, II-A, III-B, IV-C

(4) I-A, II-B, III-D, IV-D

35.
P ]

 ( T) 
%

300 K  2 ;  (atmospheric
pressure)  ;  | T| = C| P| ]  C 

 (K/ )  ______|

36. ]  ,  ,
 ? ] P vs V = 

A  B, A  C  A  D 

 EAB, EAC

 EAD  WAB, WAC  WAD 

 :

P

V

T > T1 2

D

B

C

T  1

T2

A

(1) EAB = EAC = EAD, WAB > 0, WAC = 0, WAD > 0

(2) EAB < EAC < EAD, WAB > 0, WAC > WAD

(3) EAB = EAC < EAD, WAB > 0, WAC = 0, WAD < 0

(4) EAB > EAC > EAD, WAB < WAC <  WAD
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37. 210 m/s  ,  5 g  ,

<+ {; 

 : ] 

 :  ;

 0.030 cal/(g–°C) ] 

 :

(  % 1 cal = 4.2 × 107 )

(1) 83.3°C (2) 87.5°C

(3) 119.2°C (4) 38.4°C

38. T  2 cm ] 4 cm3

 , [;

(  % T  ,

= 4 × 10–14 erg, g = 980 cm/s2  ?  =
13.6 g/cm3)

(1) 5.8 × 1018 (2) 5.8 × 1016

(3) 4.0 × 1018 (4) 4.0 × 1016

39.  :  ,  ?

 32 

:  n  n %

(1) 326 (2) 
1

32
(3) 32 (4) 128

40.  L1  L2  , ;

] % 1  2  ;

; %

(1) 
1 2 2 1

2

1 2 2 1

L L
4

L L (2) 12

(3) 1

2
(4) 

1 1 2

1 2

L L

L L

41.  300°C 

(K ), /;&  (rms)

/;& ] 

_____  (N2  28 g )

42. ; ,  ?

;  T 

 ,  U 

P

v

C

C
 %  :

(1) 
5

U RT
2

  
6

5

(2) U = 5RT  
7

5

(3) U = 5RT  
6

5

(4) 
5

U RT
2

  
7

5

43.  P1  250 K  V1  ,

 ,  ;

 25% [;

]  2000 K  2V1 

=  P2  P2/P1 ______

44. ] 

% K1, K2,

 K3 =  , +  :

+ +  ,   100°C

 0°C  ( = 

+  70°C  20°C  ; +

 { ; ]  K1, K2  K3

 &

K1 K2 K3

100°C 0°C

70°C 20°C

(1) K1 : K3 = 2 : 3; K2 : K3 = 2 : 5

(2) K1 < K2 < K3

(3) K1 : K2 = 5 : 2; K1 : K3 = 3 : 5

(4) K1 > K2 > K3
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45.  P  T

/; ]  (T) 

(1) T (2) 
1

T
(3) 

1

T
(4) T

46.  ,

)  ________ .

A

B C

DP0

2P0

3P0

V0 2V0
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SOLUTION
1. NTA Ans.  (1)

Sol.
1 2nR T T

w
1

1 1 2 2P V P V
0.4

100100 3
4.6555 88.90
0.4

.

2. NTA Ans.  (2)

Sol. CPeq =
1 21 P 2 P

1 2

n C n C
n n

CVeq =
1 21 V 2 V

1 2

n C n C
n n

eq =
eq

eq

P

V

5R 8R2 3C 2 2
3R 6RC 2 3
2 2

= 
5 12 17

1.42
3 9 12

Correct Answer : 2
3. NTA Ans.  (600)

Sol. 900

300

Q = Q2 

W = 1200 J 

Q = Q + W1 

for carnot engine

1 1

2 2

Q T

Q T

Q 1200 900

Q 300

Q + 1200 = 3Q
Q = 600 J.

4. NTA Ans.  (60)

Sol. x y z

   = 5 × 10–5 + 5 × 10–6 + 5 × 10–6

   = (50 + 5 + 5) × 10–6

 = 60 × 10–6

C = 60.

5. NTA Ans.  (3)

Sol.

QH

QL

W

H 1

L

Q T

Q T  and W = QH  – QL    ....(1)

L

L 2

Q T

Q' T  and W = QL  – Q'L    ....(2)

6. NTA Ans.  (1)

Sol. t  
V

T
....(1)

–1TV  = constant ....(2)

 t  
1

2V
7. NTA Ans.  (40)
Sol. M × 540 + M + 60 = 200 × 80 + 200 × 1× (40– 0)

 M = 40
8. NTA Ans.  (4)

Sol. Mean free time = 
Mean free path

Average speed

= 

2

w

1

2 D n
8RT
M

1
t

T
9. NTA Ans.  (4)
Sol. x  y  Isobaric

y  z  Isochoric
z  x  Isothermal

V

P
y

z

x

10. NTA Ans.  (1)
Sol. m = 0A (80) ....(i)

m = A (79) ....(ii)

20cm

80cm
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11. NTA Ans.  (3)
Sol. Refrigerator cycle is :

W W

Q W Q

1 10

10 10 Q

Q– = 90 J
Heat absorbed from the reservoir at lower
temperature is 90 J

12. NTA Ans.  (2)

Sol.
1 2

1 2

1 P 2 PP

V 1 V 2 V

n C n CC
mix

C n C n C

P

V

C
mix

C  = 

5R 7R
n 2n

2 2
3R 5R

n 2n
2 2

P

V

C 19

C 13

13. NTA Ans.  (50)
Sol. According to table and applying law of

calorimetry
1T1 + 2T2 = (1 + 2)60° ........(1)

= 180
1T2 + 2T3 = (1 + 2)30° ........(2)

= 90
2T1 + 1T3 = (1 + 2)60

= 180 ........(3)
Adding (1) + (2) + (3)
3 (T1 + T2 + T3) = 450

T1 + T2 + T3 = 150°
Hence,
T1 + T2 + T3 = (1 + 1 + 1)

150 = 3
= 50°C

14. NTA Ans.  (2)
Sol. Degree of freedom of a diatomic molecule if

vibration is absent = 5
Degree of freedom of a diatomic molecule if
vibration is present = 7

A BA B
v v

f f5 7
C R R & C R R

2 2 2 2

A
v
B
v

C 5

7C

15. NTA Ans.  (4)

Sol.

1

23

P

V
In process 2 to 3 pressure is constant & in
process 3 to 1 volume is constant which is
correct only in option 4.
Correct graph is

2

13

V

T
16. NTA Ans.  (1)

ALLEN Ans. (3)

Sol. 2
v

1

2 n d

2
v

1

v 2 n d v  2
v

1 M

3RT2 n d

2
1 1 2

2
2 2 1

M d

M d

2

2

0.140

140 0.07

= 1.09
 Nearest possible answer (3)

17. NTA Ans.  (1816.00 to 1820)
Sol. PV  = constant

TV  – 1 = C

7
17

51
5

2

V
300 V T

16

2
4

5
2300 2 T

Isobaric process

nRT
V

P
V2 = kT2 ... (1)
2V2 = KTf ... (2)

2
f 2

f

T1
T 2T

2 T
8

5
fT 2 300 2  = 1818.85

 Correct answer 1819

ALL
EN



9

no
de

06
\B

0B
A-

BB
\K

ot
a\

JE
E 

M
A

IN
\J

ee
 M

ai
n-

20
20

_S
ub

je
ct

 To
pi

c P
D

F 
W

ith
 S

ol
ut

io
n\

Ph
ys

ics
\H

in
di

\H
ea

t &
 T

he
rm

od
yn

am
ics

H

Heat & Thermodynamics

18. Official  Ans.  by NTA (2)

Sol. 1 1 2 2f n RT f n RT
u

2 2

5 3 5RT
u 3RT 15RT

2 2
19. Official Ans. by NTA (46)

Official Ans. by ALLEN (46 Actual 45.78)
Sol. Diatomic :

f = 5
 = 7/5

Ti = T = 273 + 20 = 293 K
Vi = V
Vf = V/10
Adiabatic          TV –1 = constant

                      1 1
1 1 2 2T V T V

                      T.V7/5–1 = T2 
7/5 1

V
10

T2 = T.  102/5

U = 
2/5

2 1

25
5 5 (T.10 T)nfR(T T ) 3

2 2

     = 
2/525 25

T (10 1)
6

     = 
2/5625 293 (10 1)

6

     = 34.033 10 4kJ

20. Official  Ans.  by NTA (3)

Sol.
Work done

Heat supplied

1 1915 40 125 Q

2 1915 125

1 2000 Q

2 2040
 2040 = 4000 – 2Q

2Q = 1960
Q = 980 J

21. Official  Ans.  by NTA (4)
Sol. The mean free path of molecules of an ideal

gas is given as:

2

V

2 d N

where : 
V Volume of container

N No of molecules

Hence with increasing temp since volume of
container does not change (closed container),
so mean free path is unchanged.

Average collision time

av

mean free path

V (avg speed of molecules)

avg speed T

1
Avg coll. time

T
Hence with increase in temperature the average
collision time decreases.

22. Official  Ans.  by NTA (2)

Sol. Given 
L

0.02%
L

L
L L T T 0.02%

L
=  2  (Areal coefficient of expansion)

= 2  = 0.04%
Volume = Area × Length

Mass Mass M
Density( )

Volume Area Length AL

M
M=

A– L
L–

0
 (Mass remains constant)

A L
T T

A L

           = 0.04% + 0.02%
           = 0.06%

23. Official  Ans.  by NTA (2)
Sol. Bursting of helium balloon is irreversible &

adiabatic.
24. Official  Ans.  by NTA (4)
Sol. DOF = 3 + 3 = 6

f
U nRT 3RT

2
25. Official Ans. by NTA (20)

Sol.
V

Vm

V0

0 mV (V – V )

After increasing temperature
V' = (V'0 – V'm)
V' = V

V0 – Vm = V0(1+ b T) – Vm (1+ M T)
V0 b = Vm m

6
0 b

m 4
m

V (500)(6 10 )
V

(1.5 10 )

     = 20 CC

ALL
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26. Official  Ans.  by NTA (3)
Sol.     PnC (50) 160

    nCv (100) = 240

 
p

v

C 160

2C 240 2

 
4 2

and f 6
3 1

27. Official  Ans.  by NTA (1)

Sol.
50 40 50 40

20
300 2

40 T 40 T
20

300 2

 
100

T
3

28. Official  Ans.  by NTA (2)

Sol.

2

o o o

H OCal Sterm

20gm 180gm m

25 C 25 C 100 C

200 × 1 × (31 – 25)
= m × 540 + m × 1 × (100 – 31)

29. Official Ans. by NTA (8791)

Sol.

Q2

w

Q1

heat absorbed

heat rejected

w +Q1 = Q2

w = Q2 – Q1

1 1 1

2 1

Q Q Q273
C.O.P.

w Q Q 300 273 W

27
w 80 100 4.2

273
Q2 = w + 1

Q2 = 
27

80 100 4.2 80 100 4.2
273

Q2 = 
300

80 100 8791.2 cal
273

30. Official  Ans.  by NTA (1)

Sol.
p

v

C 2
1

C f

where 'f' is degree of freedom

(A) Monoatomic f = 3, = 1 + 
2 5

3 3

(B) Diatomic rigid molecules,

f = 5,  = 1 + 
2 7

3 5

(C) Diatomic non-rigid molecules

f = 7,  = 
2 9

1
7 7

(D) Triatomic rigid molecules

f = 6,  = 
2 4

1
6 3

31. Official  Ans.  by NTA (4)

Sol.  
d dT

kA
dt dx

k = 

d
dt
dT

A
dx

[k]= 
2 3

3 1
2 1

[ML T ]
[MLT K ]

[L ] [KL ]
32. Official  Ans.  by NTA (1)
Sol. Here the water will provide heat for ice to melt

therefore
mw sw  = mice Lice

mice = 5

0.2 4200 25

3.4 10

= 0.0617 kg
= 61.7 gm
Remaining ice will remain un-melted
so correct answer is 1

33. Official Ans. by NTA (266)
Official Ans. by ALLEN (266.67)

Sol. As work done on gas and heat supplied to the
gas are zero,
total internal energy of gases remain same
u1 + u2 = u1'  + u2'
(0.1) Cv (200) + (0.05) Cv (400) = (0.15)Cv T

T = 
800

k 266.67k
3

ALL
EN
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Heat & Thermodynamics

34. Official  Ans.  by NTA (1)
Sol. (I) Adiabatic process Q  =  0

No exchange of heat takes place with
surroundings
(II) Isothermal proess Temperature remains

constant ( T  =  0)

    
F

u nR T u 0
2

    No change in internal energy [ u = 0]
(III) Isochoric process Volume remains constant

V = 0

                W = P.dV 0

Hence work done is zero.
(IV) Isobaric process Pressure remains constant

W P. V 0

F F
u nR T [P V] 0

2 2

PQ nC T 0

35. Official Ans. by NTA (150)
Sol. PV = nRT

P V + V P = 0 (for constant temp.)
P V = nR T (for constant pressure)

T = 
P V

nR

P V
P

V
     ( V is same in both cases)

T P V V V T

P nR P V nR P
(PV = nRT)

V T

nR P

T 300
150

P 2

36. Official  Ans.  by NTA (1)
Sol. U = nCv T = same

AB volume is increasing  W > 0
AD volume is decreasing  W <  0
AC volume is constant  W = 0

37. Official  Ans.  by NTA (2)

Sol.
21 1

mv ms T
2 2

T = 

2v

4 5
 = 

2210

4 30 4.200

= 87.5°C

38. Official  Ans.  by NTA (3)

Sol. n = 
14PV 3

, kT 4 10
RT 2

N = 
PV

Na
RT

14

2 13.6 980 4
8

10
3

 = 3.99 × 1018

39. Official  Ans.  by NTA (4)
Sol. In adiabatic process

PV  = constant

m
P constant

as mass is constant
P 

7/5 7f f

i i

P
(32) 2 128

P

40. Official  Ans.  by NTA (4)

Sol. At T°C       L = L1 + L2       

L ,1 1 L ,2 2

At T + T   ' ' '
eq 1 2L L L    

(L + L ), 1 2 avg

where '
1 1 1

'
2 2 2

'
eq 1 2 avg

L L (1 T)

L L (1 T)

L (L L ) (1 T)

 (L1 + L2) (1 + avg T) = L1 + L2 + L1 1 T +  L2 2 T
 (L1 + L2) avg = L1 1 + L2 2

1 1 2 2
avg

1 2

L L

L L

41. Official Ans. by NTA (41.00)
Official Ans. by ALLEN (40.93)

Sol. Vrms = 
3RT

M

2 2N HV V

2 2

2 2

N H

N H

3RT 3RT

M M

2HT573

28 2
 2HT 40.928

ALL
EN
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Heat & Thermodynamics

42. Official  Ans.  by NTA (4)
Sol. Total  degree of  freedom = 3 + 2 = 5

nfRT 5RT
U

2 2

P

V

C 2
1

C f  
2 7

1
5 5

Ans. (4)
43. Official Ans. by NTA (5.00)
Sol. PV = nRT

P1V1 = nR 250

2 1

5n
P 2V R 2000

4
Divide

1

2

P 4 250

2P 5 2000

1

2

P 1

P 5  
2

1

P
5

P

Ans. 5.00
44. Official  Ans.  by NTA (1)

Sol.

K1 K2 K3

100°C 0°C

70°C 20°C
Rods are identical have same length ( ) and
area of cross-section (A)
Combination are in series, so heat current is
same for all Rods

AB BC CD

Q Q Q
t t t  = Heat current

31 2 (20 0)K A(100 70)K A (70 20)K A

30K1 = 50K2 = 20K3

3K1 =  2K3

1

3

K 2
2 : 3

K 3

5K2 =  2K3

2

3

K 2
2 : 5

K 5

45. Official  Ans.  by NTA (3)

Sol. avgv T

t0 : mean time
 : mean free path

0
avg

1
t

v T

46. Official Ans. by NTA (19.00)

Sol. A

B C

DP0

3P0

V0 2V0

WABCDA = 2P0V0

Qin = QAB + QBC

QAB = nC(TB – TA)

= B A

n3R
(T T )

2

= B B A A

3
(P V P V )

2

= B 0 0 0 0 0

3
(3P V P V ) 3P V

2
QBC = nCP(TC – TB)

= C B

n5R
(T T )

2

= C C B B

5
(P V P V )

2

= 0 0 0 0 0 0

5 15
(6P V 3P V ) P V

2 2

0 0

in
0 0 0 0

2P VW
100 100

15Q 3P V P V
2

400
19.04 19

21
 = 19

ALL
EN




