
18

www.aviral.ac.in www.aviral.co.in www.aviralstore.com

PHYSICS - HEAT & Thermodynamics

1. A
From the formula

Vrms = 
0

3RT
M

2

2

2

2

N

N

o

o

M
TR3

M
TR3



2

2

2

2 N
n

o
o T.

M
M

T 

     K426.3373
14
16



2. C
From the formula

Vrms = 
0

3RT
M

2

2

2o
o

o
rms M

RT3
V 

V2
M
RT3

2
2/M

2RT3
V

2

2

2

2

o

o

o

o
orms 




3. B
The average velocity is given as

πM
RT8Vav 

Independent of other gases. Hence average
velocity of oxigen in third container will be V1
only.

= 7.66 u
4. D

 
N2

1NN
N

N3.........21Vavg





  = 
2

)1N( 

2 2 2

rms
1 2 ........N 2N 1V

N 6
  

 

rms

avg

V 2 2N 1
V (N 1) 3






5. A

Average rotational K. E. = 
1 KT 2 KT
2

 

So it will be same for both the gases.
6. B

For L   M

P = const. V
nR
PT 

a straight line with positive slope.
7. C

PT = constant









nR
PVP  = constant

P2V= constant. Therefore the graph C is suitable.
8. A

From the graph shown.

avV T PV 

321 avavav V:V:V

oooooo PV4:P4.V:PV
1 : 2 : 2

9. A

We are given P = 
2E
3V .

2PV E
3



3E nRT
2

 .

Here E is the Translational K.E. for all the
particles.

10. C
The number of molecules in 1 mole is always
same for all the ideal gases.

11. A
We know that

HEAT & THERMODYNAMICS
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PV nRT

 35 2 31.3 10 7 10 10PVn
RT 8.3 273

       


So, Number of molecules is
5 3

231.3 10 7 10 6.023 10
8.3 273

  
  



= 23102.4
12. A

From the graph shown

P – 2P0 = 
0

0

P V
V


 + P0

P = 
0

0

P V
V


 + 3P0

0

0

2P V
V


 + 3P0 = nR

dT
dV

Till V = 
3
2

V0 the change in temperature is positive

hence temperature increases. After that 
dT
dV <0

so temperature decreases.
13. C

From the graph shown the equation of line is

P – P0 =  
0

0

0
0 0

P
P

2 V V
2V V

 
 

 
  

 

P – P0 = 
0

0

P
2V


 (V – V0)

P = 
0

0

P V
2V


 + 03P
2

Now we know PV = nRT

0
0

0

P V3 P V nRT
2 2 V

 
    

 
For maximum temperature

0
0

0

P VdT 30 P 0
dV 2 V

   

0V
2
3V 

nR
1.V

2
3V

2
3.

V2
PP

2
3T 00

0

0
0max 










0 0
3 3 1P . V .
4 2 R

  0 09P V
8R



14. B
Initially

1 1
12PV R T
M



or

   7273R
M
12104P 3  

..... (1)

4

2 2

m 12 6 10 gm/cc
V V

    

   
32

4

12 12P 10 R T
M6 10




     
..... (2)

21from 

T
7273106

1012
104 4

6

3 



 





    K1400T 

15. B
From ideal gas equation
PV = nRT

PV = 
m
M

RT 
V
T

 = 
mR
MP

 = CB

In second case

V
T

 = 
2mR

M
16. C

As the volume remains constant on increasing
temperature pressure becomes double.
V = const.
T = doubled
p = 2Po

P Ao

2P Ao

TS

APT
AP2APT

oS

ooS




17. C

P

P + dP
dx

x

for dx

PA
dx

dmg

(P + dP) A

g

PA – dmg – (P + dP) A = dmg
– AdP = 2dmg
– AdP = 2 A dx g
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– dP = 2 g dx. Where  = 
m
V

PV = 
m
M

RT

PM
RT

 = 
m
V

 = RT
PM

– 
2PMdP .g.dx
RT



o

o

P' x H/2

P o

2MgdP /P dx
RT



  

0

0

P 2Mg Hln .
P ' RT 2

 
MgH/RT0

0

P
e

P '


18. C
In the final condition.
Let atmospheric pressure is P and ht of liquid
column is h.

h

48–h

 
1 1 2 2

P h 76
P V P V
76 5 P 43 h

 


  

380 = (76 – h) (43 – h)
h = 38 cm
So, 48 - h = 10 cm = 0.1 m.

19. A
P + 50 = 75
P = 25 cm of Hg

25
75

105



= 33.3 kPa
20. B


2

1

V

V

PdVW  
2

1

V
2

V

aV dV 

 
2

1

V3
3 3
2 1

V

V aa V V
3 3

 
   

 

 1122 VPVP
3
1



 2 1
1 1nRΔT R T T
3 3

    

21. A
22. A

3

2

1
T = 300 k

(275 k)

1 2 1 2ΔQ ΔW 

2 3 2 3ΔQ ΔU 40J   

0ΔW 32  

3 1ΔQ 0 

 275300cnΔu v13 

T TΔQ ΔW

213213 ΔQΔQΔQ  

133221 ΔWΔWΔW  

2 3 2 3 3 1ΔQ ΔW ΔW   

J40ΔW 13 

23. B
ΔQΔUΔQ 

ΔWΔQΔU 

U = ΔVPQ o

U = o
2 1

1 1Q P
 

  
  

24. D

133221net WWWW  

1 210 W 0 20  

J30W 21 

1 2ΔU 0 

212121 ΔUΔWΔQ    J30
25. D

acbacpab ΔWΔQΔU 

J12080200 

abadbadb ΔUΔQΔW 

J24120144 
26. B

bababa ΔUΔWΔQ 

J120J52 
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J172
27. D

abab UUΔU 

J16040120Ub 
28. B

 .constvΔWΔUΔQ dbdbdb 

db UU 

J7288160 
29. B

For AB

 .constT0ΔU 

2

1

1

2

P
PnnRT

V
VnnRTΔW  

= negative  ( P1 < P2)
veΔWΔUΔQ 

(Heat is rejected)
For BC  T U  

30. A
ΔW3ΔWQΔ 

ΔW4
ΔW ΔWn 0.25
ΔQ 4ΔW

  

31. A

dTnCmv
2
1

v
2 

ΔTR
2
5

.03
mmv

2
1 2 








R
10106

R5
100.03ΔT

434 







 R
60



32. D

molesof.NoTotal
MassTotal

 = Equivalent molar mass

 
   

 25
2245

nn
mnmn

21

2211








  7
24



33. A
He - monoatomic H2 - diatomic

f = 3 f = 5

2

2

HHe

HHe

nn
n5n3

f





 25
2553




  .Ans3.57

34. C

 = p

v

C 21C f
   

 3.57
21  .Ans1.56

35. A
V/T = const. P - const.

p
RΔQ nC ΔT n ΔT
1


 

 

ΔW nRΔT

ΔQ
ΔW 1



 

36. C
PV = constant

1dP dVV PV 0
dV dV

   

1dP PV P
dV VV





 
 

50.7 101.4
0.0049


  

7102
37. B

 U = nCV T
Given
6300 = Ui = nCv (150)

So, 300
150
6300ΔU 

12600ΔU 
38. A

K
V
PKVdVPdVΔW

2

1

2

1

V

V

V

V

  

2
VPVP

2
KVKV 1122

2
1

2
2 






  000 RT
2
3TT2R

2
3ΔU 

ΔWΔUΔQ   0RT2
39. D

ΔQΔUΔQ 

PdVTRΔ
2
fnTCΔ2 
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52CΔ T 2 RΔT PdV ___(1)
2

  

K
V

PT2



3
3 2

2
T K Kor T V

nR nRV
  

VdV2
nR
KdTT3 2 

dV
nR
KdT

V2
T3or

2



(2)____dV
nR
PdT

2
3



From (1) and (2)

dT
2
3nRTRΔ5TCΔ2 

2C = 5R + 3R
2C = 8R
So, molar heat capacity C = 4R

40. C

PV Constant 
1TV Constant 

1
B 1 A

C 2 D

V T V
V T V


 

  
 

41. C
Slope of adiabatic > isothermal

        (A)         (B)
42. D

PV K 
lnP ln V ln K  
Differentiate both sides

   d lnP d lnV 0  

 
 

d lnP
d ln V

 

B A     B is monoatomic
        Gas A is diatomic

43. B

ΔTR
2
fnΔU 

For Isobaric process 1 1
1 1

P V
V T

nR
 

At 
 1 1 1

2 2

P V / 2 T
V T

nR 2
  

(1)_______
2
T

2
nfRΔU 1

P 





_______(2)0ΔUIsothermal T 

Adiabatic PV K 
1TV K 

1
1 2

1 1
2 1

T V 1
T V 2



  

1 1
2 1

TT 2 T
2

 

1 1
Adiabatic

TFΔU n R 2
2 2

   

   1
adiabatic pΔU ΔU 2 _____ 3

44. A
Free Expansion

So,   0ΔT0ΔU
0ΔQ
0ΔW








 1211 V2PVPand 

2
PP 1

2 

45. D
Ist Process

111 ΔWΔQΔU 

KJ42016 
IInd Process

222 ΔUΔQΔW 

 sameΔTΔUΔU 21 

 2So, ΔW 9 4 13KJ     
46. A

1 1
1 1 2 2T P T P   

1

1
2 1

2

P
T T

P


 

  
 

41
3

4
3

1300
4



   
 

2300
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m VPV RT RT
W W


  

RP T
W

    P1  = 1 T1 R/W

P 2 = 2T2R/W

1 1 1

2 2 2 2

P T T2 2
P T T


  


T2 = T2


2TR P PTRP C

W W
    



1P
T

 

9. B,D

vrms = 1.73 
m

KT

so vrms does not change

1 2 1

1 2 2

P P n 1
n n n 2

  

8. D
vf = v0 Wgas = RT0 n
Watm= pdv = pv ( – 1) = RT0 ( – 1)
At constant temperature U = 0

9. B,D
WA = P1 V
WD = P2V {P1 > P2}
QA = UA + WA

QD = UD + WD

QA – QD = UA – UD + WA – WD

QA – QD = WA – WD

{UA = UD
QA > QD

WB = PdV =  
2

1

v

v 1

2

v
vnkdv

v
k 

WC = kn 
1

2

v
v

hence WB – WC = 0 QB > QC
QA

 > QB
 > QC

 > QD
10. D

(p0, v0) (p0, 2v0)

U1 = TnR
2
3

  ; U2 TnR
2
5



U2 > U1 ; W1 = W2

1. D

(A) 
fK.E. KT
2



(B) 
m

KT1.59Vmean 

(C) ΔQ U ΔW  
(U 0 ) for isothermal

 .E.KsoveΔW
3. A,B,C

Avg. momentum/mol  2
xV

NTPatsameisV 2
x

  T.E.K avg 

  T./vol.E.K 
4. A,B

A B

D

C

(P V ,T )0 0 0,
(P V',T )0, '

(P V ',T )', ' '

(P V ',T )'', ' 0

P

V

P

T

A B

C

D

V

T

A

B

CD

5. C

P

V

A

B

PV = Const
Slope of B > slope of A 
n > B n
m > m

A

B A

6. A,D
2P C
  

2 2
1 2

1 2

P P


 

2 2
2 2

1 PP P P
2 2

    

Exercise-2
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Q1 – Q2 = U1 – U2

U2 + W2  > U1 + W1
11. A

PV = nRT Along AB     V   T
Along BC     P   T

Along CA )v/1(
p

 = const U = const

  ve)v/v(nk
v

kdvPdvw fi

12. A,B

Q TnR
2
f



13.81
2.432f












3.8R
1n

T = 1

3
3.8

2.46





The gas must be monoatomic.
13. A,D

;
28
7n1    n2 = 

44
11

So 2
1

4
1

4
1nn 21 

kg36
)2/1(

kg18m0 

Vmix

1 5 1R 3R 114 2 4C R
1 1 4
4 4

  
 



Pmix
11 15C R R R
4 4

  

35
47

33
45

11
15

C
Cr

V

P 

14. B
Average velocity will be same for same tem-
perature.

15. B

2

P nRT
V V



so K1200T
4
1

kv
kv

T
T

22
2

2
1

2

1 

T = 1200 – 300 = 900 K
U = 2 × 3/2 R × 900 = 2700 R

16. C,D
As the process is carried out suddenly it may be
adiabatic and as the conductivity is good
enough then may be isothermal.

17. C,D
In adiabatic process

0U  0T 
PV = constant

18. B,C
Slope of × > slope of y
During expansion

Wy > Wx

Uy >  Ux 
12 vv CC  f2 > f1

Exercise-3 Level-I

1.
avg

0

d dt
v 8 RT

m

 



3

3

12800 10
8 8.314 300

32 10







 
 = 28.7236 × 103 sec

2. Momentum = mv

avg
0

8 RTmv m
M




= 
27

3

8 8.314 273664 10
(4 10 )




 


  

= 8 × 10–24 kgm/sec

3. As average velocity is same.

HeH

H He

8RT8RT


 

2
1

4
2

M
M

T
T

He

H

He

H 

4.
14

28
1
2
1

M
1

M
1

V
V

2N

H

N

H 

5. 0 Ar
0 Ar

f fU n RT n RT
2 2

  
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vB

v0 6v0

30o60o

(VB – V0) tan 600 = (6 V0 – VB) tan 30°

 0B V
4
9V 

So 4
27

4
93

T
T

A

B 




12. 0
A 0

m m
V nRT

P

  
 
 
 

...........(1)

Now 
B

B 0

m m
V nR(2T )

3P

  
 
 
 

 ......(2)

From (1) & (2) 
B

B 0
0

1 3
2 / 3 2


    



13. P
nR

T
V
 tan 53° = 4/3

atm0821.02
4
3nR

4
3P 

= 1.23 × 104 Pa

14.
T3 12

3v
v'

T'

2v v

(i) P1
 < P2 T2 > T1 for same v

(ii)
2P PP ' V ' 3P
V 2V

 
   

 nRT ' P V ' 3P
V ' V


 

)'V
V
PP3('V'T 

15. Then Pair + 75 = 76
Pair = 1 cm Hg

Now Pair × [10 A] = '
airP [(10 1)A]

  (T = Constant)

 '
air air

10P P
11



2
RT]3452[ 

U = 11 RT
6. V = constant W = 0

 )T(R
2
nf12UQ 

 )100T(R3
4
04.024 








 T100
R

800


T = 196.220 C

7.
f fU n RT PV
2 2

 

PV = constant
              so  U = constant

8. 1n,3f,RT
2
fnUT 

)2730(R
2
31UT 

J1040.3R
2
2733U 3

T 




9. VP2 = constant

ttancons
V

VT
2

2



ttancons
V
T2



V2
T

V
T

V
T

V
T 2

2
2

2

2
2

1

2
1 

2T 2T

10.
22

11

2

1

2rms

1rms

vP
vP

T
T

V
V



n = constant

2
1

2)102(
210

5

5







11.
00

B0

AA

BB

A

B

VP
VP3

nR/VP
nR/VP

T
T


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So Actual reading

PT = '
air

10P 74 [1cmof Hg] 74Hg
11

  

PT = (74 + 0.9) cm Hg

16.
 2

1

V
2 1

V

V VnR 2nRW dv
1Vk K


 

2 12nR(T T ) 


2

1

v

v

PdvW

2
2

nR
PvKv,KTv 








vk
nRP 

= 2nR(60) = 120(1) R = 120 R
17. Wg = PV

5 V10 V
2

   
 

5
5 V 10 nRT10

2 2 P
       
 

105
360314.81

2
105 



= – 180R J
= – 1496.52 J
So work done on gas = –Wg

= 1496.52 J
18. W = PV

= (1×105) (1.091–1) × (10–2)3

= 9100 × 10–6 J = 0.0091 J
19. W = Area

= (2P – P) (2 V  – V )
= P V

20. W = Area = – R2

22

a r
30 10 (KP )(U )

2
 

   
 

= – 100 J
21. Area under the curve = W

1 1 1 1
1W 4P P [3V V ]
2

      

= 3P1 V 1

22. W  = Area of semi circle

21 1 3 1R (2 1)
2 2 2

 
     

 

atmlt.
2




23.

 v

 3U

 2U

 U1P

U2 – U1 = –W Q = 0
W = 0 V = constant
Q = U = U3 – U2

U = U3 – U2 = Q
Now (U3 – U2) + (U2 – U1) = U3 – U1

Q + (–W) = U3 – U1

U3 = Q + U1 – W
    U3 – U1 = Q – W

24. Uacb =  Uadb

Now Uacb =  Qacb – Wacb

Uacb = 200 – 80 = 120 J
Now Uadb + Wadb = Qadb

Wadb =  Qadb – Uadb

Qadb – Uacb

Wadb = (144 – 120) = 24 J

25. Q = msT = 2 × 4200 × 4 = 33600 J

W = PaV = 105 





 

9.999
2

1000
2

02.0
9999
200



U = Q – W
= (133600 + 0.02) J

26.
63 1020010100

2
1W 

= 10 J
2.4 Cal × J = 10 J

Cal/J
6
25

Cal
J

4.2
10J 

27. W = (0.05 – 0.02) m3 × (200 K – 0) Pa
= 6K Pa m3  = 6000 J
Now Q = U + W
2.625 J = (5000 +  6000) J
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2
vpvp 1122 



= 
2

TnR

2
TnRTncTnc vP




2
RCC vp 

33. dW  = PdV
dQ = dW + du
Molar specific heat capacity is zero.
  Q = 0
So adiabatic
PVr = Constant
Now PV- = a
= -b = 
  b = -

34. T'C)nn(
T'C)nn(

V21

p21




 = 
1 2

1 2

1 P 2 P

1 V 2 V

n C T n C T
n C T n C T

  

  

1 1
P

V
1 1

n R 2n R
C' 1 1
C' n R 2n R

1 1

 


   
 

   

P

V

C'
C'

 

35. (n1 + n2) CVT = TCnTCn
21 V2V1 

1 21 V 2 V
V

1 2

n C n C
C 2R

n n


 


Similarly CP = 3R

5.1
R2
R3

C
CY

V

P 

36.
1 2 P

1 2 V

(n n )C T
(n n )C T

 
   = TCnTCn

TCnTCn

21

21

V2V1

P2P1





V

P

C
C

= 





















 






 







2
5

32
16

2
3

4
16

1
2
5

32
161

2
3

4
16

V

P

C
C

= 
2
5x

8
1

2
3

8x2
7

2
5





 = 
29
47

Cal/J
21
88

2625
11000J 

28. U = Q - W
= Q – 0 (V Constant)
U = Q
= 100 J

29. W = 0 V = Const.

Q = U = TR
2

f
nTR

2
fn 2

2

N
N

He
He 

 
22 NNHeHe fnfn

2
TRQ 


  ...... (i)

Now Tkv 
v 2v is T 4T
T = 4T – T = 3T

So ]5131[
2
RT3Q 

= 12 × 300 R
 Q = 3600 R

30. (i) QT =  WT  in cyclic process
[5960 + (–5585) + (–2980) + 3645]
= [2200 – 825 – 1100 + W4]
 W4 = 765 J

31. (ii) 100
)theonly(Q

Wr







100
36455960

76511008252200









100
1921
208

9605
104000



31.
QQ U
2

  

 TR
2
3

2
QU 

 Q = 3RT
 nCPT = 3RT

CP = 3R

32.  PdvW


2

1

v

v

kvdv

2
kvkv 2

1
2
2 
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V

P

C
C

 = 
29
47

37. Q = u + W = TnRTnR
2
f



TRn
2
f1Q 






  R
2

f1
100
2500








 
  4f 

2
3

f
21r 

38. Q = U + W
CdT = CV dT + PdV ....(1)
Now T = T0 e

v

dT = T0 e
v dv ..........(2)

(1) & (2)

C = v
0

v eT
PC 

  
T
PCV 

  
V
R1CC V 



39. V = 







T
1m

 VT = Constant.    TdV + VdT = 0 ...(1)
Q = V + W
CdT = CvdT + PdV .........(2)
(1) & (2)

CdT = CV dT - VdT
T
P

RR
2
3RCC v   

2
RC 

40. 6300 = nCvT
6300 = nCv 150..........(1)

So nCv 300 = Uf = 2 x 6300
J12600Uf 

41. Given

TR1
2
fn70 







 

TnRTR
2
fn70 

TR
2
fnQv  = )4045(R270 









2.4

314.81070

50cal

42. Q = U + W and nRT3 = aP

nR dT Pdv
1


  .....(1)

Pv = nRT => PdV + VdP = nRdT .....(2)

2 3

a 2av dv dT
T T


   .....(3)

(1), (2) and (3)

dQ = 3

nR 2aP dT
1 T

 
   

 = 
(3 2 )R T

1
 


 

43. CP = CV +R
(0.2M)= (0.15M) + R {for per mole}

gm40
05.0
2

05.0
Rm 

44. Adiabatic Process

atm new
VP V P
4


    

 
 atm

2
3

atmnew P84PP 

45.

)T,V,P(A 000

)T,V,
2
P(C CC

0

)T,V2,
2
P(B 00

0

P0

For AC
1

0
0 0 C C 0

P
P V V V 2 V

2
    

Now 
1

1 1
0 0 C 0T V T (2 V )   

1

C 0T T 2

 

W = 
1

0 0
0 0 0

BC0

2V P
nRT ln 2 V 2V

V 2
           

    0 C
nR (T T )

1
 
 

1
0

0
nRT

W nRT ln2 2 2
2

      
 

      ( 1)/0nRT
1 2

1
    

 

( 1)
1 1

0
1 2nRT ln2 (2 1)

1

 




 
       

 

Now QAB = WAB { UAB = 0} = nRT0 ln2

So 
2ln

)
2

11(3
1

Q
Wn

3
1

AB









46. PVm = const.
1mm mvdPV  Pd v = 0

)37180(tan
V
mP

dV
dP 0



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2
3m

10x4
10x2m

4
3

5

5



47. TR
2
f2U2QTC 

R5C 

48.
P dPV

V dV
V


    

 .....(1)

VPn = K
 dV. Pn + nPn-1VdP = 0

 
nV
P

dV
dP 

 .....(2)

From 1 & 2

)
nV
P(V 

 
V
P



49. Free expansion
So W = 0 and Q = 0
So U = 0
  T = 300 K

Exercise-3 Level-II
1. upper : U Total volume = V

lower : L F = mg/A

U  P = 






V
R

4
1500

V5
4
300R

= 375 V
R ......(1)

L  P + F = 

5
v
300R 

= 1500 V
R ......(2)

latter       P’ = V2
RT3

V3
2
RT   U ......(3)

P’ + F = V2
RT3

3
V

RT  L ......(4)

(1) & (2)  F = (1500 – 375) V
R  = 1125 V

R

(4) give V2
RT3  + 1125 V

RT3
V
R 

1125 + 
2
T3   T = 7503

21125 

2. f = 6 & Cv = 3R & CP = 4R & r = 3
4

77
2 v0

v0
A

B

D

C

T0

3P0

P0 A B

D C

T0

(3T )0 21
 2

T0(
7 T0(2

v0 7
2 v0

work done = Area = – (3P0 – P0) 0 0
7 V V
2

  
 

 = – 2 P0 × 2.5 V0 -  = – 5 P0V0
Heat is absorbed in AB & BC

UAB = nCp T =  n × 





  00 TT2
7R2

8

 = 4nR × 







0T2
5

 = 10 nRT0 = 10 P0V0

UBC = nCV T = n × 3R 0T2
7

2
21







 

= 21 n RT0 = 21 P0V0
Total  = Q = 31 P0V0

3.

A (600k)

B

41

16

2 C

atm

r = 1.5

C  = 2R

C  = 3R

v

P

(a) AB & adia , more – more negative slope
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(b) PAVA
r = PBVB

r

16  16(1)3/2 = PB (4)3/2 = 8 P8

2PB 

(c) TC = 600 K and PAVA = PCVC

16 × 1 = 2 × vc   vc = 8

TB = K300
2
TA 

(d) vc = 8 litre

4. h

N = l

P  = 1 atm0

Pga = P0
latter   resting gas

= h16
9

16
h

2
h

16
h

2
h 

Fsp =  Kx = 3700 × 16
h ,

Psp = A
kx  = 4102716

h3700




    Psp = h10
432
370 5

P1v1
 = P2v2



105 × h1.5 =
1.5

5 5370 9(10 h 10 h
432 16

             

1 = 64
27

432
h3700432 

432 + 370 h = 432 × 27
64

370 h = 432 





 127
64

 = 432 × 27
37

h2 = 270
432  = 1.6 m

& T2 = 








11

22

VP
VP

 T1 = 364 K

5. T  = 2730

4T0

A

C

B

n = 2

n = ?

4r

u = 27.7 kJ
u = QAB + QBC

= nRT0ln  
4v
v

 
    + nCv (4T0 – T0)

= 4RT0ln2 + 6CvT0

= 4RT0ln 2 + 3fRT0 = 27700

= f = 3.14   &  r = 63.1f
2f 

6. 

A(T )0 B(4T )0

C(T )0

64v0
4v0

v0

P0

P0

64

Let r = 1.5

R  = 3R

C  = 2R

p

v

PA VA = PCVC  P0V0 = PC VC

PBVB
  = PCVC

 P0(4v0)
1.5 = PC VC

1.5

1.5 1.5
0 c

0 c

(4V ) V
V V

  8V0
1.5  = Vc

0.5

Vc = 64V0

  P0V0 = PCVC   PC × 64 V0 = P0V0
PC = P0/64

QAB = nCPT = n × 3R × (3T0) = 9 P0V0
QCA = nRT0ln 64  = nRTln2 = 6P0V0ln

 = 
2 3 2ln21 ln2
3 3

 

7.

P

V

a
2

3

1

1–2 adiabatic
2-3 isochoric
3-1 isothermal
Q = mL = 8000 cal

8. 2mnv2cos2
9. (a) W = area under AD

W = 2
1  (PA + P0) (V0 – VA)
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   = 2
1  (1.6 × 105) (1.1 × 10–3)

= 0.8 × 1.1 × 102 = 88
(b) WADC =WAD + WDC

8 > WCD = –3

3 = 2
1  (PB + PD) (VD – VC)

= 2
1  (0.9 × 105) (1.3 – VC) × 10–3

6 = 90 × (1.3 – VC)

Vc = 1.3 – 15
13.190

80   = ̀ 1.223 l

(c)  = –85
10. In final situation

P , TA A B
V0

3V –V –0 0
4V0

9
V  = A

14V0

9
P , TB B

P , TC C

14V0

9

In section C
Q = 0 (adiabatic)

  PVr = C  Pt = C0 PP8
27 

Section B is at rest and there is tension in the
rod.

  0A P8
27P 

In section A

  PV = nRT  CT
PV 

0

00

0
0

T
VP

17
9
V14

P
8
27




    TA = 4
21 T0 = TC

For TC

PV = nRT  T
PV  = const

TC = 0T
2
9

(C) Q = U + W
W = (U) in C
(D) Work done by gas in B is zero.

11. When vibration is removed

 = 1 + f
2  = 1 + 6

2  = 3
4

and ' = 
4 10 10

1.2 3 12 9


  

f
219

10 

9
119

10
'f

2 

f' = 18 = 6 + (3n – 6)
3n = 18   n = 6

12.  2U0

5U0
C

B

A

For BA   U0 =  constant

f m TnRT cons tan t cons tan t
2 v v

      

P = Constant

(a)

P
C

V
AB

(b) Q = W(cyclic)
= WAB + WBC + WCA
= WAB + WCA

WAB = – 





 

530
M

230
M

M3
UP20 00  = – 2V0

WCA = nRT ln 
C

A

V
V

 = PAVA ln 2
5  = 2

5ln3
10

13.  P  
1
T

T
1

V
nRT   = v  T2

when ever v  Tn

C = Cv + nR

C = Cv + 2R = 2
3  R + 2R = 2

7  R

(ii) W = Q – U
= nC T – nCv T
= nT (C – Cv)
= 2 × (T2 – T1) (2R)
= 4R (T2 – T1)

14. U = va

2
f nRT = va  = T2  V
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C = CV + nR = 2
5  R + 2R = 2

a  R

(a) Q = nC T
U = nCV T

V

Q C a /2 a
U C 5 / 2 5

    U = 180

w = Q – U = 803

15.
P0

V  T0 0

P0

V  T0 0

243
32 P

243
32 P

P1– T = cons

3/5
3/2

0
3/5

0
3/2

0 TP
32
243TP












  0T4
9T 

and PV = cons

3/5
0

3/5
00 VP32

243VP 







  V = 0V27
8

V1 = 2V0 – 0
0 V

27
46

27
V8



fr T
PV

T
PV
















  00
0

00 V
27
46P

32
243

T
VP



  0T16
207T 

W = 1 1 2 2P V P V
1


 

= 
8

158

3
2

V
27
8P

32
243VP 0000




Exercise-4 Level-I
1. D

The rms velocity of the molecule of a gas of
molecular weight M at temperature T is given
by,









M
RT3crms

Let M0 and MH are molecular weights of oxygen
and hydrogen and T0 and TH the corresponding
kelvin temperatures at which Crms is same for
both gases.
That is,

)H(rms)0(rms CC 



















H

H

o

o

M
RT3

M
RT3

Hence,

H

H

o

o

M
T

M
T



Given, K32047273To 

2M,32M Ho 

K20320
32
2TH 

2. C
Using the relation

1
n

1
n

1
nn

2

2

1

121










)15/7(
1

)13/5(
1

1
11












or     4
2
5

2
3

1
2




16
24

2
3


3. A
Efficiency of all reversible cycles depends upon
temperature of source and sink which will be
different.

4. C
the efficiency of carnot engine is,
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1

2

T
T1

where, T1 is the temperature of the source and
T2 that of sink.

Since, 
1

2

1

2

Q
Q

T
T



So, 
1

2

Q
Q1 

To obtain 100% effeciency (ie, =1), Q2 must
be zero that is, if a sink at absolute zero would
be available, all the heat taken from the source
would have been converted into work.
The temperature on sink means a negative tem-
perature on the absolute scale at which the
efficiency of engine is greater than unity. This
would be a violation of the 2nd law of thermo-
dynamics. Hence, a negative temperature on
the absolute scale is impossible. Hence we can-
not reach absolute zero temperature.

5. B
T1 = 627 + 273 = 900K
Q1 = 3× 106 cal
T2 = 27 + 273 = 300K

Now,
2

2

1

1

T
Q

T
Q



or 1
1

2
2 Q

T
TQ 

6
2 103

900
300Q 

= 1 × 106 cal
Work done = Q1 - Q2

= 3 × 106 - 1 × 106

= 2 × 106 cal
= 2 × 4.2 × 106 J
= 8.4 × 106 J

6. C
Work does not characterise the thermodynamic
state of matter, it is a path function giving only
relationship between two quantities.

7. D
Given, 3TP  ...(i)
In an adiabatic process
T p = constant

(1 ) /
1T

p  

/(1 )T p   ...(ii)

Comparing Eqs. (i) and (ii), we get

3
1





or 3 - 3 =
or 2= 3

or 2
3

C
C

V

P 

8. A
Heat cannot flow itself from a body at lower
temperature to a body at higher temperature.
This corresponds to second law of thermody-
namics.

9. A
Mayer's Formula is

CP - CV = R

and
V

P

C
C



Therefore, using above two relations, we find

1
RCV 



For a mole of monoatomic gas ;

3
5



v
R 3C R

5 21
3

  
   
 

For a mole of diatomic  gas ;

7
5

 

v
R 5C R

7 21
5

  
   
 

When these two moles are mixed, then heat
required to raise the temperature to 10C is

R4R
2
5R

2
3Cv 

Hence, for one mole, heat required

R2
2
R4



R2Cv 

R2
1

R




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or     
2
3



Alternative

1
n

1
n

1
nn

2

2

1

121










Here, n1 = 1, n2=1 , 
5
7,

3
5

21 

1
5
7

1

1
3
5

1
1
11


























2
5

2
3

1
2






or    2
8

1
2




or     4
1

2




1
4
2


Hence, 
2
3



10. B
Internal energy does not change in isothermal
process. S can be zero for adiabatic process.
Work done in adiabatic process may be non-
zero.

11. B

21

v2v1
V nn

CnCn
C 21






For helium,

4
4

16n1 

and
3
5

1 

For oxygen,

2
1

32
16n2 

and
5
7

2 

1
RC

1
v1 

 R
2
3

1
3
5

R





R
2
5

1
5
7
R

1
RC

2
v2









2
14

R
2
5

2
1R

2
34

Cv






18
R29

49
2R29

2
9

R
4
5R6










Now, 1
RCv 



vC
R1 

or 1
R

18
29
R1

C
R

v



62.1
29

29181
29
18

C
C

v

P 




12. AC
Statements (a) and (d) are wrong. Concept of
entropy is associated with second law of ther-
modynamics.

13. C
According to the figure

Q1 = T0S0 + 0o00 ST
2
3ST

2
1



Q2 = T0(2S0-S0) =T0S0
Q3 = 0

1Q
W



1

21

Q
QQ 

        

1

2

3

T

S

2T0

T0

S0 2S0
1

2

Q
Q1 

3
1

3
21 
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14. A
The change in internal energy does not depend
upon path followed by the process. It only de-
pends on initial and final states.
Hence, U1 = U2

15. C
Here, change in internal energy of the system
is zero, ie, increase in internal energy of one is
equal to decrease in internal energy of other.

Thermal
contact

Box 
 A

Box 
 B

a mole 
    N2

a mole 
    He

A f 0
5RU 1 (T T )
2

   

B f 0
3R 7U 1 (T T )
2 3

   

Now A BU U 0   

f 0
3T T
2



16. A
For adiabatic process,
dQ  = 0
So, dU = - W

J10146dTnC 3
V 

3101467
2

nfR


(f  Degree of freedom)

3
3

10146
2

73.8f10





f = 5.02 =5
So, it is a diatomic gas.

17. A
According to Mayer's relation

28
R

m
RCC VP 

18. B
For carnot engine using as refrigerator









 1

T
TQW

2

1
2

It is given that, 
10
1



1

2

T
T1 

or 10
9

T
T

1

2 

So, Q2 = 90 J (as W = 10 J)
19. A

As no work is done and system is thermally
insulated from surrounding, it means sum of
internal energy of gas in two partitions is
constant ie, U = U1 + U2.
Assuming, both gases have same degree of
freedom, then

2
RT)nn(fU 21 

and
2
RTfnU 11

1 

2
RTfnU 22

2 

Solving we get,

222111

212211

TVpTVp
TT)VpVp(T






20. A
From first law of thermodynamics,
Q = U + W
For path iaf,
50 = U + 20
U = Uf - Ui = 30 cal
For path ibf

Q = U +W
or W = Q - U

= 36 - 30 = 6 cal
21. B

Thermal energy corresponds to internal energy
Mass = 1 kg
density = 4kg m-3

3m
4
1

density
massVolume 

Pressure = 8 × 104 Nm-2

 Internal energy = J105VP
2
5 4

22. A

332211 kTn
2
FkTn

2
FkTn

2
F



kT)nnn(
2
F

321 

321

332211

nnn
TnTnTnT





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23. D

1

2
1 T

T1 
1

2

T
T1

6
1



6
5

T
T

1

2  ...(i)

1

2
2 T

62T1 


1

2

T
62T1

3
1 

 ...(ii)

On solving Eqs. (i) and (ii)
T1 = 372 K and T2 = 310 K

24. C
As no heat is lost,
Loss of kinetic energy = gain of internal energy
of gas

TnCmv
2
1

V
2   

21 m Rmv . T
2 M 1

  
 

K
R2

)1(MvT
2 



25. A
Internal energy of the gas remains constant,
hence
T2 = T

Using p1V1 = p2V2 , 2
Pp2 

26. C
Heat required to change the temperature of
vessel by a small amount dT
-dQ = mCPdT
total heat required

 







4

20

3

dT
400
T32mQ

4

20

4

3

3

4
T

)400(
3210100













kJ001996.0Q 
Work done required to maintain the tempera-
ture of sink to T2
W = Q1 -Q2

= 2
2

21 Q
Q

QQ 

W 2
2

1 Q1
T
T









 2

2

21 Q
T

TTW 






 


For      T2 = 20K

001996.0
20

20300W1 


 =0.028 kJ

For  T2 = 4k

001996.0
4

4300W2 


 =0.148 kJ

As temperature is changing from 20 K to 4 K,
work done required will be more than W1 but
less than W2.

27. D
According to Newton's law of cooling, rate of
fall in temperature is proportional to the differ-
ence in temperature of the body with surround-
ing i.e.

0
d k( )
dt


    

 



 dtkd
o

; In (0) = kt +C

Which is a straight line with negative slope.
28. D

Efficiency, 
source

ksin

T
T1 

Now, K500
T14.0 ksin

K300K5006.0T ksin 

Thus, 
source'T

K30016.0 

K750
4.0
K300'T source 

29. A
Efficiency of a process is defined as the ratio of
work done to energy supplied. Here,

AB BC

W Area under p V diagram
Q Q Q

 
  

   

2P1v

oo

TnCTnC
VP




)TT(nR
2
5)TT(nR

2
3

VP

DCAB

oo




)VP2VP4(
4
5)VPVP2(

2
3

VP

oooooooo

oo




= %4.15
5.6

1


30. A

31. A
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1. A
WAB = PV = 10 (2 – 1) = 10 J

WBC = 0

Q = W + U { U = 0}

     = WAB + WBC + WCA

WCA = 5 – (10 + 0) = – 5 J
2. A

V
dp/dV = compressibility

= 
1

coeficietan t

or p
1 isothermal process

3. V = 1 m3 P = 100 N/m2

Let T be the temperature of gas then
(A) Time between two consecutive collision

= s
500

1
500

1
v
2
rms




 vrms = 1000 m/s {  = 1 m

 1000
m
RT3

  )3/25(3
)104()1000(T

32 
  = 160 K

(B) Avg. Kinetic energy/atom = kT
2
3

= 3.312 × 10–21 J

(C) PV = nRT = RT
M
m

mass of helium gas m

= 
PVm
RT

   g3.0
)160()3/25(
)M()1()100(m 

4. A
AB is isothermal compression and BC is isobaric.

P

A

C
B

V
5. The kinetic energy of atoms goes into increasing

the temperature.

TnCmv
2
1

v
2
0   = TR

2
3

M
m









R3
MV

T
2
0

6. C

P

P3

P1

C

A B

v1 v2 v

vew AB  ; WBC = – ve

|w||w| ABBC 

Hence WAB + WBC = w < 0
from graph P3 > P1

7. At constant Pressure V   T

1

2

1

2

T
T

Ah
Ah



m
3
4

300
400)100(h2 








Adibatic 1r
ii

1v
ff VTVT  

14.1

f 3
4)400(T










    k8.448
3
4)400(T

4.0

f 








8. C
u = 1 × 1 × 100 × 5 × 60 = 30000

u = 1000
30000  = 30 kJ

9. A

v
v
p




= 
v
v1.
10155. 5

= 1.55 × 105

10. (A) T = ms
Q

 = 4001
000,20


 = 50°C

Tf = 20 + 50° = 70°C

(B) V =  V T = (9 × 10–5) 







9000
1

(50)

= 5 × 10–7 m3

w = PV = (105) (5 × 10–7) = 0.05 J
(C) U = Q – W = (2000 – 0.05) J

  = 19999.95 J
11. Process J  K

(A) V = constant P   T 
W = 0, U = – ve and Q < 0
(B) Process K  L
P = const. V   T   W > 0
U > 0 and Q > 0
(C) In process L  M

W = U > 0 and Q > 0
(D) Process M   J

Exercise-4 Level-II
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V  w < 0
(PV)J < (PV)M   TJ < TM

U < 0 Q < 0
12. A

Since it is open from top pressure will be P0
.

13. D
Let P be the pressure in equilibrium
Then PA = P0A – Mg

P = P0 – 
A

Mg

PA

Mg
P A0

P0(2AL) = P(AL ) { using P1V1 = P2V2}

)L2(

R
mgP

P
P

LP2'L
20

00
























14. C

P1 = P2
P0 + g (L0 – H) = P ...(i)

Now apply P1V1 = P2V2

P0L0 = P(L0 – H) HL
LPP

0

00




P0 + g (L0 – H)  = HL
LP

0

00


 g (L0 – H)2 + P0 (L0 – H) – P0L0 = 0

15.B

PV = 2vmN
3
1

)}vm2/1(N{
3
2PV 2  .}E.Ktotal{

3
2



   K.E. = PV
2
3








Statement 1 is correct
Statement 2 is correct but not the correct
explanantion of statement - 1.

16. C

PT2 = constant    2nRT T
V

 = constant

T3 V–1 = constant
on differentiating

2 3

2
3T TdT dV 0
V V

 

3T dT = 
2T dV

V

we know  = 
dV 3
VdT T

  ans. C

17. (A) Free expansion W = 0, U = 0.
(B) PV2 = c, PV = nRT, Q = n C T,  for
polytropic process, PVx = constant, C =

CV + x1
R


.
(C) Q = n C T, for polytropic process, PVx =

constant, C = Cv + x1
R


.

(D) T = nR
PV , U = +ve, W = +ve.

A–Q, B–P, R, C – P, S, D– Q,S

18. B, D

p v
f 2 fC C R (f 1)R

2 2
       














 


2
f

2
2fCC vP

19. B, D
In BCD W < 0  Q1 < 0
U < 0
In ABC, W = Area of semicircular  0
For ABCDA, W = Area within curve > 0

20.  A–P,Q,S,T, B–Q, C–S, D–S
21. D

Pressure is low and temperature is high
22. A, B

f fU PV nRT
2 2

  UA = UB

WAB = nRT ln 
i

f

V
V

   = nRT ln4 = P0V0 ln4

If in BC V  T

so
0

0

C

0

C

B

C

B

V
V4

T
T

V
V

T
T



 TC = 
4
T0 PV = nRT

at A P0V0 = nRT0

at C PCV0 = nR
4
T0   PC = 

4
P0

23. PV = 5
7

PV  = consant
7
5nRT .V

V
 = consant
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2
5TV  = consant

22 5
5

1 1
VT V aT
32

    

2
52

15
1

aT V
T V

4
 4a 

24. A
1 2nR(T T )

W
1



 

TV–1 = cm
3/2

22
3/2

11 VTVT 

3
2

2
3
2

1 )7.0(T)6.5(T 

T2 = 
1

3
2

1 T4)8(T 

W = 1 2nR(T T )
1


 

= 

3
2

)T4T(R
4.22
6.5

11 

= 
1

1

1 R ( 3T ) 94 RT
2 8
3

  


25. A  p,t,r ; B  p,r ; C  q, s ; D  r,t
(A) A  B
Volume and temperature both decrease so
internal energy decreases and work is done

on gas and
Q = U + W = – ve
Hence heat is lost.
(B) W = 0 ; Temperature decreases so
internal energy of the system decreases.
W = 0
Q = U + W = + ve
Hence heat is gained.
(C) C  D
P = constant hence Temperature increases
U = + ve
Q = nCP T  = + ve
Hence heat is gained.
(D) D  A
TD = TA
U = 0
W = – ve
Q = U + W = – ve
Hence heat is lost.

26. D

M
RT3vrms 

He Ar

Ar He

v M 40 10 3.16
v M 4

   

27. D
Q = nCpT
= 2 × 5/2 × R × 5
= 208 J


