PHYSICS - HEAT & Thermodynamics
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1. A

From the formula

3RT

0
3RT, [3RT,,
M, B My,

=Ex373 426.3K
14

C
From the formula

3RT

V =
rms

3

Py)

T,

0z

rms02

Z

07

3RT,x2 __ [3RT,
rmso M /2 - M

0,

=2V

The average velocity is given as

B /8RT
B ™

Independent of other gases. Hence average

velocity of oxigen in third container will be V,

only.
=7.66u
D
14243, N N(N+1) N+
Vavg: N = 2N = >

10.

11.
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Exercise-1
Vis . 2 2N +1
Vavg (N+1)
A
Average rotational K. E. = %KTX 2 =KT

So it will be same for both the gases.
B

ForL > M
P
P=const. > T=—V
nR
a straight line with positive slope.
C

PT = constant

o PV
nR = constant

P2V= constant. Therefore the graph C is suitable.
A
From the graph shown.

\/% oc\/?oc\/w
Va, Va, V.

avgy

JV.,P, 1V, 4P,
1
A

JAV,P,
1 2:2

2E

We are given P = 3v-

PV = 2E
3

E:EnRT_
2

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

C

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

A

We know that

www.aviralstore.com




PHYSICS - HEAT & Thermodynamics

12.

13.
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PV = nRT
1.3x10° x [7 y (10-2)3 xlOs}
PV
" RT 8.3x273

So, Number of molecules is

5 -3
_ 1.3x10° x7x10 < 6.023 x 107

8.3x273
= 2.4x10%
A
From the graph shown
P,V
P—2P, = v, + P,
i\
P= v, + 3P,
-2P,V
v, + 3P, =nR av

3 . . -
Till V= EVO the change in temperature is positive

daT
— <0

hence temperature increases. After that av

so temperature decreases.
C
From the graph shown the equation of line is

"
_p = V-V,
P=Po=2v, -, (V-Vo)
P,

P,V
2V,
Now we know PV = nRT

2[§P _
2

For maximum temperature

PV
4T o 3p RV
dv 2

P=

PV
2V,

0

JV =nRT

0

14.

15.

16.

17.

3
2P

B
Initially

N W

12

PV,

1

or

P(4x10)=

-m
P=y

P( 12
6x10™"

12

from1l-+2

4x10°°

12x10°°

B

V.

x6x107* =

_9POVO
-8R

o e

VR T

12
—R(273+7
g (273+7)

6 x10™* gm/cc

2

jx(lo-z)3 - %R (T)

273+7
——— = T=1400K

From ideal gas equation
PV =nRT

m
PV = —RT

M

In second case

?—
C

M

vV _ 2mR

As the volume remains constant on increasing
temperature pressure becomes double.

V = const.

T = doubled

p= 2P0

— 2PA S T+PA =2PA

Ts =P,A

— s ||

P.A

C

B for dx
(P +dP)A
P+dP l

dx [

[ T F

dmg

E

PA—dmg— (P +dP) A=dmg
— AdP = 2dmg
—AdP =2p Adxg
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PHYSICS - HEAT & Thermodynamics

m
—dP=2pgdx.Wherep=v

PV= —RT
PM _ m
RT Vv
PM
PR
RT
P X=H/2

nPo_2Mg H Py e
. e
18. C

In the final condition.
Let atmospheric pressure is P and ht of liquid

columnis h.

48-h

\l, P+h=76

= _—— P1V1 = szz
] = —
E 1h 76><5_P(43 h)
11
]

380 =(76—-h) (43—-h)

h=38cm

S0,48-h=10cm =0.1m.
19. A

P+50=75

P=250mong

5
gx 25
75

= 33.3 kPa
20. B

v, A
W = dev - javzdv

Vi Vi

v3*?
3],

1
= 5 [szz - Plvl]

-S-v)

1 1
=S [MRAT]=ZR(T,-T,)
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21. A
22. A

T =300k

2
@15%

13

A Q1—2 = AWl—Z
A Q2_3 = AU2_3 =-40]J
= AW, ;=0

AQ,,=0
Au, , =nc, (300-275)
AQ, = AW,

A(23—14_ A(QZ—3 + A(21—2
=AW, ,+ AW, .+ AW,
AQ, , - AW, . = AW,

AW, , =—401]
23. B
AQ = AU+AQ
AU = AQ- AW
AU = Q-P AV
1 1
= Q_ Po - T
w=o-r -1
24. D

W, =W _,+W, +W,,

10 =W, ,+0-20

W, , =30J

AU, =0

S AQ, =AW, ,+AU, ,,
25. D

AU, =AQ,,— AW

=200-80=120J

AW,gp = AQ,4,— AU,

=144-120=24)
26. B

AQ,, =AW, ,+AU,,
=-52J-120J

=30J

ach
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27.

28.

29.

30.

31.

32.

33.
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~172J

D

AU, =U,-U,

U, =120+ 40 =160J

B

AQ,, = AU, +AW,, (v=const.)
=U,—-U,

=160-88=72J

B

For AB

AU=0 (T =const.)

AW =nRT fn%:nRTzn&

1 2
= negative (- P, <P,)
AQ =AU+AW =—-ve
(Heat is rejected)
ForBC T4
A

AQ=AW+3AW
= 4AW

S\
CAQ  4AW

~uld

A

%mv2 =nC,dT

e (ERJ AT

2 032
4 -3 4
AT=.03><100 =6><10 x10 :@
5R R R
D
Total Mass

Total No.of moles — Equivalent molar mass

nm+n,m,  (5x4)+(2x2) 24

(n,+n,) (G+2) 7
A
He - monoatomic H,, - diatomic
f=3 f=5

‘o 3N, +5n,
nHe+nHz

34.

35.

36.

37.

38.

39.
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_ 3x5+5x2

(5+2) =3.57 Ans.

C

=53

=b+23_57j ~1.56 Ans.

A

V/T = const. P - const.

AQ = nC,AT =n-1R_ AT
y-1

AW =nRAT

AQ _ v

AW y-1

C

PV’ = constant

v Py dY g

dv dv

dP _ —y PVIt P

dv. vV
5

_ 14x 0.7 x10

0.0049

=-2x10’

B

A U=nC, AT

Given

6300 = AU,= nC, (150)
6300

So, AU =——-x300
150

AU =12600

A

V, V,
AW = j PdV = j KVdV e

Vi Vi

Il
A

_KV,’=KV,?  PV,-PV,
B 2 B 2

:AU:%R(ZTO—TO):%RTO

AQ=AU+AW =2RT,
D
AQ = AU+AQ

2CAT=n%RAT+PdV
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40.

41.

42.

43.

2CAT = zngAn PAV (1)

2
PT _K
\

T3 K K
or —=—=oT=—V?
Vv nR nR

3727 = K ovav
nRkR

2
3T 1=Ky
2V nR

or

3
2
From (1) and (2)

P
dT =—dV 2
nR —

2CAT=5RAT+nR%dT
2C=5R+ 3R
2C=8R

So, molar heat capacity C = 4R
C

PV’ = Constant
TV'? = Constant

v, (1) v,
VC T2 VD

C

Slope of adiabatic > isothermal
A) B)

D

PV" =K

InP+y InV=InK
Differentiate both sides

d(InP)+y d(InV)=0

d(InP
d(InV)) -

Yg > Y, = Bismonoatomic

Gas A is diatomic
B

AU=n%R AT

For Isobaric process V, - T, =

www.aviral.ac.in

Py

T, Vo1

1
T, vttoo2rt

T
T,=2"%T, >+
2 1 2

AU

44. A
Free Expansion

AW =0
5% AQ=0

adiabatic

45. D
IstProcess

AU, =AQ,- AW,

=16-20=-4KJ
11" Process

AW, =AQ,— AU,
AU, = AU,

46. A
T1VP11_y = szpzl_y

i
)

P2
14
N
=300 (—j 3
4

—300/2

www.aviral.co.in

= AU, (2v-1)

and PV,=P,(2V,)

P (V72
At V, > T, _R(w/2) T,
nR 2
= AU, =R P 1)
2
Isothermal AU, =0 @)
Adiabatic PV" =K
TV =K

AUAdiabatic =n g R [zy_l J %

—G)

}3AU=0 =AT=0

(-. AT =same)

So, AW, =[9-(-4)]=13K]
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D

(A) K.E.:gKT

KT
V ey =1.59,[—
(B) Vimean 1/ m

(C) AQ = AU+ AW
(AU - o) for isothermal

AW — +ve so K.E.T
A,B,C

Avg. momentum/mol o< YV, *
>V, issameat NTP
(K.E)pygocT

(K.E.)vol.c T
A,B

(PO!VQ!TQ)
AT \B(P,, V', T)

c(P,V'"',T)
D(P".V".T)
v—>
T A B T D C
P \Y
c B
D A
— Land
C
PV = Const T
Slope of B > slope of A *
nB> nA B
mg= m,
A
v—>
A,D
P O
p Pr P2
P

www.aviral.ac.in

10.
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.

Exercise-2

P, poT, 2
=T,= \/ET
2
b TR_ P _PIR
W p W
=Px=
B,D

so v, . does not change
P n 1
2 = 1

Pl
n n, n, 2
D

v, =1y, W, =RT; /nn

W,,=pdv =pv (n-1) =RT, (n-1)
At constant temperature AU = 0

B,D

AW, =P, AV

AW, =P,AV {P, >P_}

AQ, =AU, + AW,

AQ, = AU_ + AW

AQ, - AQ, =AU, — AU, + AW, — AW
AQ, - AQ, = AW, — AW

{:. Au, = AU,
Q= Qp
A\
tk Y
_ _ | —dv=kin—-=2
W, =PdV = inV v,
V2
Wczkfn v,
hence W, —W_ =0 = Q, > Q,
QA>QB>QC>QD
D

Py Vo) = (P, 2V,)

3 5
AU, = SNRAT 5 AU, = > nRAT
2

AU,> AU, ; AW, = AW,

www.aviralstore.com




PHYSICS - HEAT & Thermodynamics

AQ,— AQ, = AU, - AU,
AU, + AW, > AU, + AW,
11. A

PV =nRT Along AB
Along BC

vi T
Pt T1

P
Along CA L/v) = const U = const

W=IPdV= ﬂ:kfn(vi/vf):—ve
v

12. A,B

AQ =£nRAT

. _2x3x42 {n=1

1x8.3x1 R=8.3
AT =1

_6x4.2 _

=3
8.3

The gas must be monoatomic.
13. AD

7 11

12800 x 10°

8 8.314x300 = 287236 x 10°sec
T 32x107°

2. Momentum = mv

mv. =m SR
avg n M,

8x8.314x273
nx(4x107%)

=8 x 102 kgm/sec

— 664x10% \/

www.aviral.ac.in

14.

15.

16.

17.

18.
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1><§R +1><3R 11
c -4 2 4 - "R
V mix 1 1 4
7+7
4 4
Co mix e ir=-r
4
C, 15 45 47
Cc, 11 33 - 35
B
Average velocity will be same for same tem-
perature.
B
P _nRT
VooVv?
T, kv 1
so —1=—12=—:>T2=1200K
T, kv, 4

AT = 1200 - 300 =900 K

AU =2 % 3/2R % 900 = 2700 R

C,D

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

C,D

In adiabatic process

AU =0 AT #0
PV" = constant

B,C

Slope of x > slope of y
During expansion
W, >Ww,

u=>u=~C6, >C, f,>f

Level-I

As average velocity is same.

8RT,  [8BRT,,
M, - TM,,.
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=[2x5+4x3]%

AU =11RT
6. V =constant =AW =0

— AQ=AU =12=%R(AT)

_ 24= (%jSR(T ~100)

800
= — +100=T
R
T=196.22°C
7. U= niRT = iPV
2 2
.. PV = constant
so U = constant

8. U; :n%RT,f =3,n=1

U, =1X%R(0+273)

U, = 3X2273 R =3.40x10%]

9. VP? = constant

2

— = constant

T2

— = constant

\%
T T T
V, V, V 2V
T, =27

10 Vrmsl — ’L: ’Plvl

- VrmsZ T2 P2V2

. n = constant

10°x2 1
(2x10°)x2 /2

Ts  PgVe/nR 3PV,

1L 7 " PV./NR RV,

www.aviral.ac.in

BV,

= (V, -V, tan 60° = (6 V, - V,) tan 30°

_m
12. Po = v, = [nRToj ........... (@)

Pe = = TSy
Now Ve [”R(ZTo)j ...... )
3P

Ps 1
From (1) & (2) meﬁpB =

V nR
13. ?=? tan 53° = 4/3

p :EnR :§x2x0.0821 atm
4 4

=1.23 x 10*Pa

(i) P, <P, T,> T, for same v
2P -P

i P = V'+ 3P

@i (v —2vj

NRT'_ Pyap
VY,

P
T=V(@P-—V
VAL

15. Then P,+75=76
P, =1cmHg
Now P> [10 Al = P [(10 + 1)A]
-+ (T = Constant)

= P :EP

air air
1
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So Actual reading
—p +74-9n fHg] + 74H
PT_ air+ _H[ cmo g]+ g

P. = (74 + 0.9) cm Hg

j ZnR (\/_ \/_)

1

=2nR(T, - T))

:TPdv

V=KT2v= K(ij
nRkR

nR
VK
= 2nR(60) = 120(1) R=120R
17. AW, = PAV

P=

:105(X—Vj
2
S
:_105X:_£X E
2 2 P

10° 1x8.314x360

2 105
=—180RJ
=—1496.52J
So work doneongas  =-AW,
=1496.52J
18. W =PAV

= (1x10°) (1.091-1) x (102)2
=9100 % 10°J=0.0091J
19. AW = Area
=(2P-P) (2v — V)
= PV
20. AW = Area = —7t R?

- n [@J (KP.)(U,)

=—100 1tJ
21. Area under the curve = AW

AW = %[4& -P, [x[BY, - V]

=3P,v,

www.aviral.ac.in

22. AW = Area of semi circle

1 ., 1 3-1
SR = 2@ - 1)(2j

= Eatmlt.
2

Uu,-u =-W LAQ=0
W=0 ..V = constant
AQ=AU=U,-U,
=>AU=U,-U,=Q
Now u,-u)+U,-U)=U,-U,
>Q+(W)=U,-U,
=>U,=Q+U,-W
U,-U =Q-W
24, AU_ = AU_,

Now AUacb = AQacb - AWacb
AU, =200-80 =120
Now AUadb + AWadb AQadb

AWadb = AQadb

:AQadb - AUacb
AW,_, = (144 -120) =24

25. AQ = msAT =2 x 4200 x 4 = 33600 J

2 2
AW =P_AV = 10° | 571 " aoa o

1000 999.9
__200 ~_0.02
9999
AU = AQ — AW

= (133600 + 0.02) J

26. AW = %xlOOxlO3 x200x107°

=10

2.4Cal xJ=101
_10J J/Cal
24Cal 6

27. AW = (0.05 — 0.02) m® x (200 K — 0) Pa
= 6KPam3® =60001J
Now AQ = AU + AW
2.625 J = (5000 + 6000) J
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28.

29.

30.

31.

31.

32.

g 11000_88,,cy
2625 21
AU = AQ - AW
=AQ-0 .. (V= Constant)
AU = AQ
=1001J
AW=0 ..V =Const.

f
AQ = AU = nHef%RAT+nNZ ;2 RAT

RAT
AQ=—"—
Q=7

(nHefHe + ”szNz) ...... 0
Now v = k+/T
V—>2visT = 4T
=S AT=4T-T=3T
RT

So AQ =3T[1><3+1><5]

=12 x300R
= AQ =3600R
(i) AQ, = AW._ in cyclic process
[5960 + (—5585) + (—2980) + 3645]
=[2200-825—-1100+ W, ]
= W,=7651J

AWTr
n=— 100
@i " AQ(onlythe) *

[2200 —825-1100+765

x100
5960+ 3645 }

_ 104000 _ 208 ,

9605 1921

Q:%+AU

— AU =%=%nRAT

= Q=3nRAT
= nC,AT = 3nRAT
C,=3R

AW = j Pdv
= Vfkvdv

kv, —kv;
2

www.aviral.ac.in

33.

34.

35.

36.
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— p2V2 _ p1V1

NRAT
2

Nc,AT =nc AT +nR AZ—T

= C, =C, +B
2

dw = PdV

dQ =dW + du

Molar specific heat capacity is zero.

= AQ=0

So adiabatic

PVr = Constant

Now PV7 = a

=-pb= Y

= b=

(nl + nz)C'p AT nlcpl AT + I’IZCP2 AT
(n, +n,)Cy AT ~ n,C, AT +n,C, AT

n—'R+2n R

Ceh __"y-1 v-1

v n Y Ry2n, YR
y-1 y-1

c

~P _y

CV

(n, + n,)) CAT = n,C, AT +n,C, AT

~ nlc\,1 + nZC\,2
y = — - 2

=2R
n, +n,

Similarly C,= 3R

y=Le R 15
C, 2R

(n, +n,)C.AT n,Cp AT +n,Cp AT
(n, +n,)C,AT ~ n,C, AT +n,C, AT

(15 (3+1 +15(5+1
I 4 \2 32\ 2
p

o = 16(3), 16(5
\% — | = |t == =z
4 \2 322
5 7
— +
CP 2 2x8 47
C,” 3,145 % %
2 8 2
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S _ a7
Cy, ~ 29

37. AQ = Au+ AW = gnRAT + NRAT

f 2500 (1+f
AQ=|1+—-RNAT = ———= R _
R ( 2} 100 ( 2 j =>f=4

r=1+—=—
f 2

38. AQ = AU + AW
CdT = C, dT + PdV ....(1)
Now T =T, e
dT =T, e™ adv .......... )
D& @)

c=C,+

20, v=rf2)
CUTOAT
= VT = Constant. = TdV +VdT =0 ...(1)
AQ = AV + AW
CdT = C dT + PdV
D& ()

P
CdT = C, dT - =VdT

C-C,-R=SR-R =C=X
2 2

40. 6300 = nC AT
6300 = nC, 150.......... )
So nC,300 = AU, = 2 x 6300

= AU; =12600J
41. Given

70 = n(i +1j RAT
2
.f
70 = nERAT + NRAT

.f
AQ, =N RAT =70 - 2R(45 - 40)

~70-10 8.314
4.2

~ 50cal
42. AQ = AU + AW and nRT3 = aP

nR
y—ldT+PdV _____ (1)

www.aviral.ac.in
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Pv = nRT => PdV + VdP = nRdT .....(2)

-2a
= ar . 3)

v:%:dv:

(1), (2) and (3)

nR  2aP
Q=177
43.C,=C,+R
(0.2M)= (0.15M) + R {for per mole}

m=—~_-_2__ 40gm
0.05 0.05

44. Adiabatic Process

dT — raT =21
- o1

v V ! 3
PatmV" = Prew [ZJ = P, :Patm44 =8P,

P, APy, Vo, To)

45. B(% 2V, Tp)

For AC
P
P V.7 =?°vg =V, =2%V0

1-y

1
Now T vt = TC(Z% V)t = T.=T,2"

2V, P,
AW = [nRT0 InV—°J+E°[2%VO —2V0j

0 BC

nR
-1

(To - Tc)

RT, (.2
= AW:nRTOIn2+n2 0 (24 —2j

_ .:R_T; (1-207)

1

e _
=nRT,|In2+(2" -1)

Now AQ,, = AW, {-+ AU,, = 0} = nRT, In2

1
31--3,
AW _ ( 2%)

AQ,s In2
46. PV™ = const.

= V"dP+mv"tPdv=0

S0 n =

= AP _—MP _ an(80-37°)
VARRY;
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3 2x10° 3
= —=M =>m=
4 4x10° A

47. CAT=AQ sZAU:%fRAT
C=5R
dp
av = e (D)

VP =
= dV. P"+ nP™VdP = 0

b AP
48. 7T AV T
W

K

Exercise-3

1. upper:U
lower : L

Total volume =V
F =mg/A

UP:ﬁv v
5

R x300 _ 1500 (gj

—375 R
=375

| p g Rx300

(1) & (2) F = (1500 — 375) % = 1125

. 3RT R 3RT
(4) give EVa + 1125 V-V
1125+%:> T:%gso

2. f=6&CV=3R&CP=4R&r=%

www.aviral.ac.in

<|=™

49.

www.aviral.co.in

dp_—P o
= v 2
From1l &2
-P P
= _V(—/— -
B (nv) = B v
Free expansion
SoAW=0and AQ=0
SoAU=0
= T =300K
Level-II
D G c f21
o Gr)
P <
s (@)
Vo Ay
2 0

.
work done = Area = — (3P, —P)) |5 Yo ~ Vo

=-2P,x25V,- ==-5P\V,
Heat is absorbed in AB & BC

8 7
Ug=nC AT= nx 5 R(ETO_Toj

St
=4nR x |5 To| =10 nRT, = 10 PV,

21 7
U =nVAT=nx3R |5 ~5]| T

=21nRT,=21P\V,
Total =Q =31P V,

atm
A (600K
P ( )
! r=1.5
; C,=2R
2 : r—>—¢ C.= 3R
1 4

(a) AB & adia , more — more negative slope
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(b)PV, =PV.S
16 16(1)%2 = P, (4)¥2=8 Py
(©) T.=600K and PV, = P.V.
16><1=2><Vc:> vC=8

T
T,= -2 =300K

B

2
(d) v, =8litre

N=1I

P, =1 atm
P =P

ga o] .
latter resting gas

_h,h_h . h_o9
T2 16 2 16 16

_ _ h
Fsp— Kx = 3700 x E,

b kx _ 3700 xh
s A~ 16x27x10"*

_ 370 5
= Psp—mxloh

_ 432 +3700h _ 27
1= — X+

432 64
432+370h=432x%
370 h = 432 (%—1) — 430 x %
h2=% =1.6m
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4T, - =32 C
n=2
o /
n=>~2
T, = 273f-Bl B
4,
u=27.7kJ
u = QAB + QBC
&
= nRTIn v, t nC, (4T,—T)
= 4RT In2 + 6CT,
= 4RT In 2 + 3fRT, = 27700
=f=3.14 & r= f;z =1.63
r=15
R, = 3R
c(T.) C,= 2R
Vo Ao 64y,
PA VA = PCVC = POVO = PC VC
— 1.5 — 1.5
PV, =P.V, P,(4V ) = P_V,

- 8\/01.5 = Vco.s

V. =64V,

= PV, =PV, = P, %64V, =PV,
P.=P/64

Qu=nNCAT=nx3R x (3T) =9P )V,

Qca = NRTIN 64 = nNRTIN2 = 6PV In

3-2In2

2
=1-=In2 =
N 3 3

\%
|

1-2 adiabatic

2-3 isochoric

3-1 isothermal

Q = mL = 8000 cal
2mnv2cos?0

(a) W = area under AD

1
W= 3 (P, +P) (V,— V)
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10.

11.
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= % (1.6 x 10°) (1.1 x 107)

=0.8x1.1x102=88
(b) WADC =WAD + WDC
8>W,, =-3

1
3= 5 (Py+ Py (Vo= Vo)

1
= 5 (0.9 x 109 (1.3-V,) x 10°°
6=90 % (1.3-V,)

80 1 <
= ——=13-— = .

V. =13 ) 3 15 1.2231

(c) =-85
In final situation

P,T, B P. T.
T v
g 3VO—VO—4§V‘ - 14_QW'
T Va :]%' PB! TB
In section C
AQ = 0O (adiabatic)
27

= PV' = = Pt= ?PO:PC

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

27

f— PA :?PO
In section A
~ PV=nRT = %ZC
27P 14V,
—_— X
8 © 9 :Povo :>T=ET=
17 T, A 4 0 ¢
For TC
PV = nRT = % = const
_ 9
Tc - ETO

(C) AQ = AU + AW

AW = (AU) inC

(D) Work done by gas in B is zero.
When vibration is removed

L
= —— = —X—"=—
andy' = 753", "9

10 _4

+2
9

12.

@

()

13.

14.

2 10 1
f 9 1‘9

f=18=6+ (3n—6)

3n=18 = n=6

5U, A < c
2U, fe-e-s B
2p,

For BA UP, = constant

f

2
P = Constant

—nRT (mj =constant > % = constant
\Y;

P
____________ C
N
"""""" B EA
Q = W(cyclic)
=WAB+WBC+WCA
=WAB+WCA
20P .U, M M
i X — = —
We=—"3u *(230 530 2V,
\Y/
_ A _ 5 10, 5
WCA—nRTIn Vc =P AInE ?Ing
1
Pa T
nRT 1 _ »
v ><_|_ =voaoT
when ever v o« T"
C=C,+nR
_ _3 -7
C=C,+2R= > R+ 2R = > R

(i) W=Q—-AU
= nC AT —nC, AT
=nAT (C-C)
=2x(T,-T) (2R)
=4R (T,-T))

U= aN

2

www.aviral.co.in

ThRT = oy = T2V
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9

C:CV+nR=gR+2R=gR = T=2T
@ Q= nCAT and PV' = cons
U=nC AT p\/5/3 — (243 jv5/3
00 32
Q_C _alz_a_g0
Uu c, 5/2 5
V = iv
W= Q- AU = 803 RO T
— P P = e :ﬁv
15 g . 0 1 0T 27 T 270
_ v, T, Vo T, (mj =(mj
T) T )
P.V 243 46
0 _ =P, vV
= T, 32 0727 Vo
243 243 207
—p £a90
_g 32 32 P = T= 16 TO
_ P1V1 7P2V2
P T = cons o
2/3 243 8
P_2/3T§/3(23423 j T5/3 _ P V0 ~ 35 o P 27 Vo _ 158
2 8
3
Exercise-4 Level-l
1. D M, 32, M, =2

The rms velocity of the molecule of a gas of

molecular weight M at temperature T is given T, = %ngo = 20K

by,
2. C
Crms = (%j Using the relation
n+n, n n,

Let M, and M,, are molecular weights of oxygen = +

i y=1 17-1 1-1
and hydrogen and T and T, the corresponding
kelvin temperatures at which C_is same for

1+1 1 1
both gases. y-1 6/3-1) (7/5-1)
That is,
Crms(o) = Crms(H) or _2 = E + E =4
y-1 2 2
(SRTOJ ~ (SRTHJ
Mo I\/lH = Y= E 24
2 16
Hence, 3. A
Efficiency of all reversible cycles depends upon
To = Tu temperature of source and sink which will be
M, M, different.
_ 4. C
Given, T, =273 +47=320K the efficiency of carnot engine is,
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n=1- L

Tl
where, T, is the temperature of the source and
T, that of sink.

Since k:&
T Q

To obtain 100% effeciency (ie, n=1), Q, 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.

B
Tl =627+ 273 = 900K
Q, = 3% 10°cal
T,=27 + 273 = 300K
Q_Q
Now, T, = T,
T2
= —X
or Qz T1 Ql
300 5
= =——x3x10
Q 900
=1 x 108 cal

Work done =Q, - Q,
=3 x 10°%-1 x 106¢
= 2 x 106 cal
=2x4.2x10%)
=8.4 x 10°%)

C

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

D

Given, PoT? 0]

In an adiabatic process
T p' = constant

1

RecE Y2

p
THOD ey ...(ii)

T

www.aviral.co.in

. I

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

Y _3
y-1
or 3y-3 =y
or 2y=3

G _, .3
or Y >

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.

A
Mayer's Formula is
C.-C,=R
_Ce
and i c,

Therefore, using above two relations, we find

c, . R
y-1

For a mole of monoatomic gas ;

When these two moles are mixed, then heat
required to raise the temperature to 1°C is

C,=SR+2R=4R
2 2

Hence, for one mole, heat required

AR o
2
C, =2R
= l=2R
y-1
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or ==
L

Alternative

n1+n2_ n; + n,
yv-1 7-1 y,-1
_ _ B 7
Here,n =1,n=1, v =3 Y2 =5
1+1 1 1
17 (5 . (7
Y >lo1 [ L1
3 5
2 3 5
= ——=—+—=
y=-1 2 2
2 .8
or 1 2
2
= -1
or 'y—l
2
= =—+1
L

Hence = E
» Y >

10. B

Internal energy does not change in isothermal
process. AS can be zero for adiabatic process.
Work done in adiabatic process may be non-
zero.

11. B
c, = n,C,, +n,C,,
n, +n,
For helium,
n, = 16 =4
4

5

and Y. = 3

For oxygen,
16 1

n2 = — = —

32 2
7

and Yo = 5

www.aviral.ac.in

12.

13.
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.- R _R _5g
211 Z_l 2
5
4><—R+—><§R
C, = 2
4+ =
6R 5R
_ONFLRN 20Rx2  20R
9 9x4 18
2
R
C =—~_
Now, “v 1
R
= -1=—
Y C.
R R
or ’Y—C—+1—29 +1
v £2R
18
- G _18 ,_ 18+29 45
C, 29 29
AC

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

C
According to the figure

1 3
Ql = TOSO + ETOSO = ETOSO

Qz = To(zso_so) =ToSo

Q=0 T
N
n—ﬂ
Q. 2T,
1
3
Q-9 .
Q, ?
2 S
1-% ;. 2.1 s, 2S,
Q 3 3
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14.

15.

16.

17.

18.
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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, AU, = AU,

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.

Box Box
A Thermal B
a mole contact @ mole
N, He

AU, = 1><§(Tf -Ty)

3R 7

AUB :1X?(Tf _§TO)
Now AU, +AU; =0

3
T, = ETO
A
For adiabatic process,
dQ =0

So, dU = - AW

= nC,dT=+146x10%J
= ”fTRx 7=146x10°
(f > Degree of freedom)
3
- M# =146 x 103
f=5.02=5

So, it is a diatomic gas.

A
According to Mayer's relation
R R
C,.-Cy=—=—
7V " m 28
B
For carnot engine using as refrigerator
T.
W = 11
QZ(TZ J
It is given that -1
g » M 10
n=1 L
Tl

19.

20.

21.

22.
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s

L_9
or T, 10
So, Q,=90] (as W = 10J)
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
constantie, U=U,  + U,.

Assuming, both gases have same degree of
freedom, then

U f(n, +n,)RT

2
fn,RT.
and U, :%
U. = fn,RT,
2 2

Solving we get,

T= (plvl + p2V2)T1T2
plvlTl + p2V2T2

A

From first law of thermodynamics,
Q=AU+W

For path iaf,

50 =AU + 20

. AU=U, - U = 30 cal

For path ibf

Q=AU+W

W=Q-AU

=36 - 30 = 6 cal

or

B

Thermal energy corresponds to internal energy
Mass = 1 kg

density = 4kg m=3

mass
= Volume =———— =

1 3
density 4

Pressure = 8 x 10* Nm™=

5
- Internal energy = EP xV=5x10%J

A

F F F
E nlle + Enszz + EnskTs

= g(n1 +n, +Ng)KT

T +n, T, +n;Ty
n, +n, +n,

T
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23. D
nolo2 1, %
T, 6 T,
_ L._5 _
T A ..U
“ =% 0
o1 1262
1
_ 1, T,-62 (i
3 T

On solving Egs. (i) and (ii)
T,=372Kand T,=310K

24. C

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

R

1, 1 > _m
— = —_—mv° =—.——AT
2mv nC, AT > M y-1

oA = MEGD
2R
25. A
Internal energy of the gas remains constant,
hence
T,=T

Using p,vV,=p,V,,

26. C

Heat required to change the temperature of
vessel by a small amount dT

-dQ=mC_dT

total heat required

3
s (T
-Q- mLoSZ(Tooj dT

100x10° x32 {T_“T
20

P
p2:§

(400)° 4

= Q=0.001996kJ

Work done required to maintain the tempera-
ture of sink to T,

W = Ql _Q2
=2,
Q.
T, L-T

= —— 1 = W il —
W (Tz JQz ( T, Q.
For T, = 20K
W, :w x0.001996 =0.028 kJ
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27.

28.

29.

30.

31.
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e

For T,= 4k

300

W, :T_4 x0.001996 =0.148 kJ

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

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-
ingi.e.

do
——~=k(6-6
ar <O %)
do
:je—ec,:j_kdt; In (0-6,) = kt+C

Which is a straight line with negative slope.
D

T, in
Efficiency, M =1-—"%

source

T

sink

500K
T, = 0.6 x500K = 300K

NOW, O.4=l—

=

300K
Thus, 0-621—T.—

source

300K

TIsource - = 750K

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

_ AW _ Area under p - Vdiagram

’r’l =—=
AQ AQ,z +AQg,

— POVO
1= AC AT, +NC.AT,

P,V

[o i}

gnR(TB -T)+ gnR(TC -T5)

PO VO

3 5
E (ZPOVO - I:)ovo) + Z(4P0Vo

—2PVo)

_ 1 _1549%
5

A

A
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Exercise-4 Level-II
1. A 6. C
AW,p =PAV =10 (2-1) =101
AWge =0
AQ = AW + AU { AU =0}
= AWpg + AWpe + AW,
AWc,=5-(10+0) =-51
A
B=- dV\//dp = compressibility [ Wee P W |
1 Hence W,z + Wy, =w <0
= coeficietant from graph P;>P;
coeficietant 7. Atconstant Pressure V o« T
1
or = p isothermal process Ah, T,
V=1m3 P=100N/m? Ah T
Let T be the temperature of gas then 400 4
(A) Time between two consecutive collision h, =(100) 300/-3"
1 IS 2€ __1 H . v-1 r-1
~ 500 Vims 500 Adibatic Tfo :Tivi
=V, = 1000 m/s (=1m 14t 04
e {2 N T, = (400)(% T, = (400)(% = 448.8Kk
RT 1000 T= (1000)’(4x107°) 160 K 3 3
m = 3(25/13) 8. C
3 Au=1x1x100 x5 x 60 = 30000
B) Avg. Kinetic energy/atom = —kT
(B) Avg. Kine o eneroy 2 au= 3 =30k
= 3.312 % 10 J o A
m
(C) PV =nRT = MRT Bzﬂ
. Av
mass of helium gas m v
100)(H(M
M m- —((25/25()1(60)) =0.3¢9 .155x10°
R RT = .1lv =1.55 x 10°
AB is isothermal compression and BC is isobaric. v
1 A) AT = AQ _ 20000 50°C
A O- W AT= s = 15400 —
pt T, = 20 + 50° = 70°C
1
C B (B) AV =y V AT = (9 x 107°) (_9oooj (50)
=5x10""m?3
V> w = PAV = (10°) (5 x 10~7) = 0.05 ]
The Kkinetic energy of atoms goes into increasing (C) AU =AQ —-W = (2000 - 0.05) J
the temperature. =19999.95]
m(3 11. Process J —» K
lmvé —nC.AT = —(—RJAT (A) V=constantP { T
2 v M\ 2 W=0,AU=—-veand Q<0
(B) Process K > L
MV2 P=const. VT TT W=>0
AT = —0 AU=>0and Q=0
3R (C) In processL »> M
W=AU=>0and Q>0
(D) Process M —» J

www.aviralstore.com




PHYSICS - HEAT & Thermodynamics

Vi w<o0
(PV)J< (PV)M: TJ<T,\/I
AU<O Q<0

12. A

Since it is open from top pressure will be P

13. D
Let P be the pressure in equilibrium
Then PA = P,A — Mg

— Mg
P=Po=a

PA

P.A
Mg ’

Po(2AL) = P(AL' )

_2PL P

L' 0 (2L)
P p _ Mg
° nR?
14.C
P, =P, _
Po+pg (Ly—H) =P 0]

Now apply P,V, =P,V,

POLO
Ly —H

Polo = P(Ly — H) P=
I:’OLO
Po+pg (Lo—H) = L,—H
= pg (Lo —H)2+ Py (Lg—H) —=PyLy =0
15.B

1
= —vaZ
PV 3

PV = %{N(l/ 2mv2)} = %{total KE.}

3
— | =PV
= K.E. = (2}

Statement 1 is correct

Statement 2 is correct but not the correct

explanantion of statement - 1.
16.C

NnRT __,
PT2= constant — TT = constant

www.aviral.ac.in

{using PV, =P,V,}

17.

18.

19.

20.
21.

22.

23.
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T3 V-1 = constant
on differentiating

2 3
T T av_o
Vv V

2

3TdT = T—dV
\Y,

dv

3
we know y = W=? ans. C

(A) Free expansion W = 0, AU = 0.
(B) PV2 = ¢, PV = nRT, Q = n C AT, for
polytropic process, PV* = constant, C =

R

Cv + T-x"

(C) Q = n C AT, for polytropic process, PV* =
- _R_

constant, C=C, + 1-x"

(D) T= %,AU=+ve,W=+ve.

A_Q1 B_P1 R1 C-— P1 S1 D— Q1S

B.D
C +C =(f+2+ij R = (f + )R
p v 2
ee =52 3)

2 )2
B.D
InBCD AW < 0 = AQ, <0
AU < 0

In ABC, AW = Area of semicircular = 0
For ABCDA, AW = Area within curve > 0

A—P,Q,5,T,B—Q,C-S, D-S

D
Pressure is low and temperature is high
A, B

u=Tpvolnrt
2 2

V.
_f — —
W,, = nRT In VA NRT In4 = POV0 In4

IfinBC VT

o lai Ve T 4%
TC VC TC VO
TO
=T =2 PV =nRT
at A P,V, = NRT,
— TO — I:)O
at C PVo=nR2 = P.=2

7
PV’ = PV® = consant

7
% .V® = consant
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) on gas and
2 2 Vv s Q=AU+W=—-ve
Tvs =consant T V® =aT (3—2j Hence heat is lost.
(B) W = 0 ; Temperature decreases so
2 internal energy of the system decreases.
2 amVve —2 W=0
Ve =— as Q=AU+ W=+ve
Hence heat is gained.
24. A ©C->D
nR(T, - T,) P = constant hence Temperature increases
PR Q =nC, AT =+ ve
TV =cm Hence heat is gained.
2/3 2/3
TV, =T,V, %D)—DT_) A
2 2 AD - OA
3 _ 3 =
T,(5.6)° = T,(0.7) W= — ve
2 Q=AU+W=-ve
T,= T,(8)° =4T, Hence heat is lost.
nR(T, - T,) 26. D
W= 1 3RT
Y Vims = T
25 xR(T, -4T))
=TT 3 Ve - Mw _ 40 _ 15 -3.16
§ VAr MHe 4
1 27. D
ZXRX(8T) Q=nCAT
2 ) 1 _; x 5/2 xR x5
3 =208
25. A-p,tr;B-op,r;C>q,s;D-r,t
(A)A->B

Volume and temperature both decrease so
internal energy decreases and work is done
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