Curllru af E.nr.-ullunnu KTGAND THERMODYNAMICS

EXERCISE # (S-1)

HCV Worked out Examples(Chapter No.24 - {2.4,7,11,13,14,16,19,21})

1.

AnNs.

Sol.

AnNS.

Sol.

An empty pressure cooker of volume 10 litres contains air at atmospheric pressure 10° Pa and
temperature of 27°C. It contains a whistle which has area of 0.1 cm? and weight of 100 gm.
What should be the temperature of air inside so that the whistle is just lifted up?

<«— Whistel

327°C
¢ P,xA

L] |
Texa

mg
F=PA=mg+PoA
Px0.1x10%=100x10°x10+10°x 10*x 0.1

P=2x10°
P nR
T V
P 10°
T 300
T=600

A mixture of 4 gm helium and 28 gm of nitrogen is enclosed in a vessel of constant volume 300
K. Find the quantity of heat absorbed by the mixture to doubled the root mean velocity of its
molecules. (R = Universal gas constant)

3600 R

T > 4T

(ERJ+1(§RJ(4X300—300)
2 2

HCV Exercises (Chapter No.24- {4,7,10,12,14,17,20,24,26,31,36,40})

HCV Worked out Examples(Chapter N0.26 - {3,5,8,10,11})

3.

One mole of a gas mixture is heated under constant pressure, and heat required AQ is plotted
against temperature difference acquired. Find the value of y for mixture.
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AnNS.

Sol.

AnNS.

Sol.

AnNS.

Sol.

AQA
2500J

100K AT

15
CpAT = 2500
100 x 8.31 x —'— = 2500

v-1
t =35y=3-3=3=2
y-1
y=15

If heat is added at constant volume, 6300 J of heat are required to raise the temperature of an
ideal gas by 150 K. If instead, heat is added at constant pressure, 8800 joules are required for
the same temperature change. When the temperature of the gas changes by 300 K, determine
the change is the internal energy of the gas.

12600 J

6300 = nCy x 150 nCyv 300 = will be the answer

8000 = nCp150

Consider one mole of perfect gas in a cylinder of unit cross section with a piston attached
(Fig.). A spring (spring constant k) is attached (unstretched length L ) to the piston and to the
bottom of the cylinder. Initially the spring is unstretched and the gas is in equilibrium. A certain
amount of heat Q is

supplied to the gas causing an increase of volume from Vj to V;.

(@) What is the initial pressure of the system?

(b) What is the final pressure of the system?

(c) Using the first law of thermodynamics, write down a relation between Q, P4, V, Vo and k.

(@) Pi =Py ; (b) Pr = Pa+ k (V= Vo) ; (€) AQ = Py (V — Vo) + %k(V—v0)2+CV (T-To)

1P

A | |

Te
A =1

P,A
® g

P=P,+K(V,— V)
A

(CYW = Po(V1 - Vo) + K (V3 - Vo)’
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AnNs.

Sol.

AnNS.

Sol.

AnNS.

Sol.

2
_pa(V V), K-V
A 2 A

A cylinder with a movable piston contains 3 moles of hydrogen at standard temperature and
pressure. The walls of the cylinder are made of a heat insulator, and the piston is insulated by
having a pile of sand on it. By what factor does the pressure of the gas increase if the gas is
compressed to half its original volume ?

2.64

Y
RV, =P, (%j > o) =2 =264

1

Two cylinders A and B of equal capacity are connected to each other via a stopcock. A contains
a gas at standard temperature and pressure. B is completely evacuated. The entire system is
thermally insulated. The stopcock is suddenly opened. Answer the following :

(@) What is the final pressure of the gas in A and B?
(b) What is the change in internal energy of the gas?
(c) What is the change in the temperature of the gas?

(d) Do the intermediate states of the system (before settling to the final equilibrium state) lie on
its P-V-T surface?

(@) 0.5 atm; (b) zero (c) zero (d) no
Free expansion so work done by the gas will be zero. Since system is thermally insulated so AQ
will be zero.

ATP B.O

An electric heater supplies heat to a system at a rate of 100W. If system performs work at a rate
of 75 joules per second. At what rate is the internal energy increasing?

25W

d—e =100 J/s

dt

dw

— =751J/s

dt

do du dw

_— =t —

dt dt dt

du_do_dw

dt dt dt
=100J/s—75J/s
=251J/s
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HCV Exercises (Chapter N0.26- {2.3, 6,14,16,20,21,22})

HCV Worked out Examples(Chapter No0.27- {1,3.4,7,9,10,11,12})

9. Examine the following plots and predict whether in (i) Py <Pz and Ty > To, in(ii) Ty = To < Tg,
in (iii) V1 > V3, in (iv) P1 > P; or otherwise.
PVA P
-, 27
1 P
e Y, —— T(K) T(K)
(i) (") (iii) (iv)
Ans. ()P1<Py, Ti<Ty; (i)Ti=To<Ts; (iii) V1 > Vy; (iv) PL > P,

Sol. (i) From the figure pressure at 2 is greater than one. Temperature can find by the product of
pressure and volume.

Te!>T,
(iii) PV = nRT P= (BJT

v

(iv) Slope is ?

10. V-T curve for 2 moles of a gas is straight line as shown in the graph here. Find the pressure of
gas at A.

H.O. 92, Rajeev Gandhi Nagar, Kota (Raj.) Mob. 97831-97831, 70732-22177, Ph. 0744-2423333 www.hucleuseducation.in



Contre of Excoellancea

KTG AND THERMODYNAMICS

Ans. 1.25 x 10* N/n?

Sol. X:B:tan53
T P
—p= 2X0'0821atm
tan53

11. A piston divides a closed gas cylinder into two parts. Initially the piston is kept pressed such
that one part has a pressure P and volume 5V and the other part has pressure 8P and volume V.
The piston is now left free. Find the new pressures and volumes for the adiabatic and
isothermal processes. For this gas y = 1.5.

Ans. 1.84 P, 10 V/3, 8VI/3 (adiabatic), 13 P/6, 30V/13, 48V/13 (Isothermal)

Initially Finally
P! PI
Sol. P,5V |8P,V Vo |6V Vo)
@ For adiabatic process
P.GV) = PV, =
8P (V)¥ = P'(6V - Vp)? ..(ii)
(i) 7 (ii)

©® (Vo Y
8 |6vV-V,

312 312
BRE
4 6V -V,

5.V
4 6V-V,
30V -5V =4V,
Vo= 30y, _10V

9 3
From (i)

Y

PGBV)' = P'(%vj
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3
3/2
pr = (Ej P
10

312
pr = @ P

P'=189P

P(BV)" = P'(l vj

Volume of other compartment = 6V—10—V _8v

3 3

12. Find the molecular mass of a gas if the specific heats of the gas are Cp = 0.2 cal/gm°C and

Cv=0.15 cal/gm°C. [Take R =2 cal/mole°C]

Ans.  The molar mass of the gas is 40 gm, the number of degrees of freedom of the gas molecules is

6
Sol.  the molar mass of the gas is 40 gm, the number of degrees of freedom of the gas molecules is 6
(0.2-0.155M =2
=M= 2 40
.05
Cv=0.15x40=6
fR

Cv=—

VT2

13. A gas undergoes a process in which the pressure and volume are related by VP" = constant.

Find the bulk modulus of the gas.

Ans. P/n
Sol.  VP" = Constant
AP dpP )
=-V|— | = -V,| —
p=v(3) = V(&) 0
dvp" + V.np"t.dp=0
a _ P
dv nv.pcd
Froml &2
1 P P
=V. - —=—
B n vV n

(b) isothermally.
P(5V) = P’V ~..(1)
8P(V) =P'(6V — Vo) ..(2)
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Ans.

Sol.

15.

Ans.

Sol.

16.

T EDUCION KTG AND THERMODYNAMICS

1) /(2

5.V

8 6V-V,
30V -5V, = 8V,
Vo = ﬂ , (6V — Vo) = ev_ﬂ

13 13
_ 48V
13
From (i)
30V
P5V)= P'. 2=
(BV) 13
P' = @ :13_P
30 6

Ideal diatomic gas is taken through a process AQ = 2AU. Find the molar heat capacity for the
process(where AQ is the heat supplied and AU is change in internal energy)
5R

2Cy = 2x5

R =5R

One mole of an ideal monoatomic gas undergoes a process as shown in the figure. Find the
molar specific heat of the gas in the process.
V.,

/

1
T

R/2

V 2

——=VT =constant =PV

T

3R R _R

2 1-2 2

Consider a P-V diagram in which the path followed by one mole of perfect gas in a cylindrical
container is shown in figure.

P4 1(P,V,T)
PV*2 = constan
s constant
12(P, V., T)
V, V, V

(@) Find the work done when the gas is taken from state 1 to state 2.
(b) What is the ratio of temperature T1/T,, if Vo = 2V1?
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(c) Given the internal energy for one mole of gas at temperature T is (3/2) RT, find the heat
supplied to the gas when it is taken from state 1 to 2, with V=2V,

Ans. (a) AW =2PV"? [vgz —\/1”2] ; (b) % = Jg =42 (¢) AQ = (7/2)RT:1 (v2 -1)

PT (PLviTY)
. ;\fi: const.
Sol E : 2(P2,V,,T,)
Vi Vo, v

@ Work-done in adiabatic process.

nR
w= ——(T,-T,)

(v-1
R
w= 1—(T1 _Tz)
-1
2
=— ZR( T1 — Tz)
= _ZR(m__szzj
R R
= -2 (P1V1—P2V2) (1)
P1V11/2 = szzll2
Y 12
P, = Pl(vij ...(2)

From (1) & (2)
W.D= -2P V[V, -V,? |
(b) Tlle_l = T2V2X B

L_ & x-1
T2 Vl

L,
_[2%p
Vl

X
1
N |~

N_| |»—\_| v\)_| |H_|
N
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17.

AnNS.
Sol.

3 R
ER(TZ_T1)+E(T2 _Tl)

gR(Tz _Tl) + ZR(Tz _Tl)

R
(Tz_Tl)
2

AQ = ?Tl(\/i—l)

In changing the state of a gas adiabatically from an equilibrium state A to another equilibrium
state B, an amount of work equal to 22.3 J is done on the system. If the gas is taken from state
A to B via a process in which the net heat absorbed by the system is 9.35 cal, how much is the
net work done by the system in the latter case ? (Take 1 cal=4.19 J)

16.9J

AU will be same

(AQ — Aw); = (AQ — Aw), = — 22.3 = 9.35 x 4.19 — Aw = Aw = 16.87

HCV Exercises (Chapter No.27- {1,3,6,9,12,15,18,20,25,27,28,30,33,35})

HCV Worked out Examples(Chapter No0.26- {1,2.6,7,9})

18.

A cycle followed by an engine (made of one mole of perfect gas in a cylinder with a piston) is
shown in figure.

Ato B : volume constant

B to C :adiabatic

C to D : volume constant

D to A :adiabatic

VC = VD = 2VA = 2VB

A;
1 "D

V=V, V=V,
(@) In which part of the cycle heat is supplied to the engine from outside?

(b) In which part of the cycle heat is being given to the surrounding by the engine?

(c) What is the work done by the engine in one cycle? Write your answer in termof Pa, Pg, Va
(d) What is the efficiency of the engine?

\Y

[y = %forthe gas], (Cy = ngorone mole)
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Ans. (@) AtoB;(b)CtoD;(c) Wy :li(z“ -1 (Ps—P,)V, :E[l—(%) ](PB -P)V,
-y

2
1 2/3
d [1-| =
(){ [ZJ }
Sol.  P,VI=P.(2V)' =P, =P (2")
P! =P,(2V) = P, x(2)" =P,

PB PA
AW = Pch — PBVB + PAVA _VD PB _ ? 2VA - PBVA i PAVB - 2VA ?
1-y 1-y 1-y
1 [PAER 1) =P, V, (27 -1) |
1-y

3 3
AQ = nz R(AT) = E (PBVA — PAVA)

19.  Anideal gas is taken through a cyclic thermodynamic process through four steps. The amounts
of heat involved in these steps are Q1 = 5960 J, Q, = -5585 J, Q3 =-2980 J and Q4 = 3645 J
respectively. The corresponding works involved are Wy = 2200 J, W, = —825J, W3 =-1100J
and W, respectively.

(1) Find the value of W4.
(i) What is the efficiency of the cycle ?
Ans. (i) 765 J, (ii) 10.83%
Sol.  AQnet = AU + Wt (D)
Qnet = 5960 + (-5585) + (~2980) + 3645 = 1040 J
Whe = 2200 + (-825) + (-1100) + W,
=275+ W,
From (1)
1040 =0+ 275+ W4
W, =765

_ W.Dx100% 1040
qupplied 9605

=10.83%

(i) x100%

20. A thermodynamic system is taken from an original state to an intermediate state by the linear
process shown in figure. Its volume is then reduced to the original value from E to F by an
isobaric process. Calculate the total work done by the gas fromDto Eto F
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Coentre of Excalla

600

7' N
m

300[==-

Pressure P(N/mr’) —p

0 20 50 >
Volume, V(m®) —»

Ans. 4501
Sol. %x300x3 =450)

HCV Exercises (Chapter No.26-{7,9,10,12,17,18})
HCV Exercises (Chapter N0.27- {13,14})

EXERCISE # (S-2)

1. A barometer is faulty. When the true barometer reading are 73 and 75 cm of Hg, the faulty
barometer reads 69 cmand 70 cm respectively.
(1) What is the total length of the barometer tube?
(i) What is the true reading when the faulty barometer reads 69.5 cm?
(iii) What is the faulty barometer reading when the true barometer reads 74 cm?
Ans. (i) 74 cm; (ii) 73.94 cm; (i) 69.52 cm
Sol. (i)

73=P +69

P=4

Now PV = nRT

4% (H-69)=nRT ....(N)
= 75=P1+70

P]_ =5
Now 5(H — 70) = nRT ....(ii)
for (i) & (i)
4(H - 69) = 5(H — 70)
H=74
(i) 695+P=h
PV =nRT
(h—69.5) (74 — 69.5) = nRT ....(ii)
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from (i) & (ii)
(h—69.5) (74 - 69.5) =4 x (5)
h— 695—£ = h=73.94
4.5
(iii) =h+p
Nowp xv=nRT= (74-h) (74— h)=5x4 = h=69.52
2. A vessel of volume V = 30l is separated into three equal parts by stationary semipermeable thin
membranes as shown in the Figure. The left, middle and right parts are filled with 2Hm= 30g
of hydrogen m, =160g, ofoxygen, and m, =70g of nitrogen respectively. The left
partition lets through only hydrogen, while the right partition lets through hydrogen and
nitrogen. What will be the pressure in each part of the vessel after the equilibrium has been set
in if the vessel is kept at a constant temperature T = 300K?
HZ OZ NZ
Ans.  p, =p,, =125x10°Pa; p, =p,, +Po, +Py, =2.8125x10°Pa;
Ps =Py, +Py, =1.5625x10°Pa;
H(5) | H(5) [ H(5)
045) | NA5/4)
Sol AECY
_ 5x0.0821x300
P, =
10
(5+5+5jx0.0821x 300
Pz = 4
10
5
(5+jx0.0821x300
P3 = 4
10
3. An ideal gas at NTP is enclosed in a adiabatic vertical cylinder having area of cross section

A = 27 cnt, between two light movable pistons as shown in the figure. Spring with force
constant k = 3700 N/m is in a relaxed state initially. Now the lower piston is moved upwards a
height h/2, h being the initial length of gas column. It is observed that the upper piston moves
up by a distance h/16. Find h taking y for the gas to be 1.5. Also find the final temperature of
the gas.

k

/1171117177171

/////////I 4

ANAARRRRRRNRNY

[ ———>
=

/111117171774

H.O. 92, Rajeev Gandhi Nagar, Kota (Raj.) Mob. 97831-97831, 70732-22177, Ph. 0744-2423333 www.hucleuseducation.in



~)
Iz

m
20

6
k‘-') Contre of Excoellancea KTGAND THERMODYNAMICS
Ans. 1.6m, 364 K

P“l J’kx/A
T,

P, =Po+ﬁ=Po+—kh
A 16A

Po(hA)’ = P K%%)A}

Y
10°(hA)" = {105 +ﬂxh4}{% A}
16x27x10™* ]| 16

Sol. |

64 370xh
—=1+

27 16x 27

37 370xh 16
—= =h=—
27 16x27 10
PV =nRT

PohA = nR x 273 (initial)
{PO +&HP_h A} =nRT (final)
16A ) (16
divide
kh 9 T
1+ 5 X
16AxP, |16 273

rezrax 21,310
16 270

T:273X%:364k

4. The figure shows an insulated cylinder divided into three parts A, B and C. Pistons | and 11 are
connected by a rigid rod and can move without friction inside the cylinder. Piston | is perfectly

conducting while piston Il is perfectly insulating. The initial state of the gas (y = 1.5) present in
each compartment A, B and C is as shown. Now, compartment A is slowly given heat through

. 4V, . .
a heater H such that the final volume of C becomes TO Assume the gas to be ideal and find.

| I
HL A B C

E Po Vo T,
PuVoTo | PuVoT,

(@) Final pressures in each compartment A, Band C
(b) Final temperatures in each compartment A, B and C
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AnNS.

Sol.

(c) Heat supplied by the heater

(d) Work done by gas in Aand B.

(e) Heat flowing across piston 1.

(@) Final pressure in A =% Po = Final pressure in C, Final pressure in B = %7 Po

(b) Final temperature in A (and B) = %To, Final temperature inC = %To.

() 18 Po Vo  (d) work done by gas in A=+ Py Vo, work done by gas inB=10 (e) % Po Vo

Pressure of A & C will be same & temperature of A & B will same

For"C"
T T T,
14V, Vi 4V,
9 9

p—>| P, |&P

15
PV,° =P, (%j =P = 27 P,

9 8
For "C'
TV'! = constant

0.5
T,V,)° =T, (4\/0 j =T.= E1Y

9 2
For (A)
PV
—=n
RT
N = N
27 14
—PR, || =V,
o, 575
RT, nT
r= 2y,
4
For (B)
PV, P,xV,
PT, PT
PV, 4RV,
T, 21T,
ZZPQ _p,

(C) Net work done will be zero.
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AQ = AUA + AUB + AUC + (Wnet)
AQ = AUp + AUg + AUc

=2x2nR(Tf—T;) + ZRnl:ﬂ—T0:|
2

=4 x (271 PV, — P0V0j+ PV,

= 17PoVy + PoVg = 18 PoVg
AQ = AUg + AWg

AQ = nCVAT (AW = 0)
=n2R (Tf - Ti)

21 17
=2 {7 PV, — POVO} =RV,

(D) AWB =0
AWa = —AWc = — [-NCyAT]c = n"CvATc = 2nR[Tsc — Tic]
= 2|:%P0 x%—POVO:| = POVO

5. A thermally insulated vessel is divided into two parts by a heat-insulating piston which can
move in the vessel without the friction. The left part of the vessel contains one mole of an ideal
monatomic gas, & the right part is empty. The piston is connected to the right wall of the vessel
through a spring whose length in free state is equal to the length of the vessel as shown in the
figure. Determine the heat capacity C of the system, neglecting the heat capacities of the
vessel, piston and spring.

Ans. C=2R
Sol. C=Cy+ Pdv
dT
Now
PdV + VdP = nRdT
k¢

PdV = — Adx = k/dx
A

(@j(Adx) AKX 1 RraT
A A

2krdx _R
dT

kidx _ R
daT 2
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C= 3 R +B =2R
2 2
6. A weightless piston divides a thermally insulated cylinder into two parts of volumes V and 3V.

2 moles of an ideal gas at pressure P = 2 atmosphere are confined to the part with volume V=1
litre. The remainder of the cylinder is evacuated. The piston is now released and the gas
expands to fill the entire space of the cylinder. The piston is then pressed back to the initial
position. Find the increase of internal energy in the process and final temperature of the gas.
The ratio of the specific heat ofthe gasy = 1.5.

Ans. 400 J, 2Ty

A% 3V Ist

Sol. 4V IInd
v 3V Ird
2mol—p»
tempof T1 =T,
Calculation for IInd to Il1rd stage since no work AW =0
To(AV) ' = Ty(v) !
T3 = 2T2
for Ty PV =nRT
2x1=2xRT;
T2 = i = 1
R 0.0821
T3=2/R
AU =nCyAT =2 x 2R(T; — Ty) =4 x 8.31 (T3 —T?j: 400J
7. Two moles of an ideal monoatomic gas are confined within a cylinder by a massless &

frictionless spring loaded piston of cross-sectional area 4 x10> m?. The spring is, initially in its
relaxed state. Now the gas is heated by an electric heater, placed inside the cylinder, for some
time. During this time, the gas expands and does 50 J of work in moving the piston through a
distance 0.10 m. The temperature of the gas increases by 50 K. Calculate the spring constant &
the heat supplied by the heater. [Po = 10° Pa]

Ans. 2000 N/m, 1295 J

Sol.  wg=PAV + %kx2

50 =10° x (4 x 10° x 0.1) + % x k [0.1]

-1k
2100
k = 2000 N/m
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AQ=AU+w
AU = nCyAT =2 x gx8.3(50) 1245
AQ =1295)

A% 3V Ist

Sol. 4V IInd

A% 3V IIIrd

2mol—>
tempof Ty =T,

Calculation for IInd to Il1rd stage since no work AW =0
To(4V)™ = Ta(V)'
T3 = 2T2
for T, PV =nRT

2x1=2x%xRT;

T2 = i = 1

0.0821
T3 =2/R

AU=NCyAT = 2 X 2R(T; — T7) = 4 X 831 (Tg _%j: 400)

AnNs.

Sol.

A gas takes part in two processes in which it is heated from the same initial state 1 to the same
final temperature. The processes are shown on the P-V diagram by the straight line 1-2 and 1-3.
2 and 3 are the points on the same isothermal curve. Q1 and Q are the heat transfer along the
two processes. Then in which case will the heat transfer be more.

PA

Q Isothermal
1 q 3
Y
Q1<Q:
pA
Py [
|
ptl

V, V, V, ¥V
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Ans.

Sol.

According to the first law of thermodynamics, the amount of heat AQ1 receiced by a gas going
over from state 1 (po, Vo) to state 2 (p1, V1) is

AQ1 =AU + Wy

where AU; is the change in its internal energy, and W1 is the work done by the gas,

Wi = (po+ pl)évl_vo)

As the gas goes over from state 1 to state 3 (p2, V2) (points 2 and 3 lie on the same isotherm),
the following relations are fulfilled :

AQ2 = AU, + Wy,
Wz — (po"'pz);vz_vo)

Since the final temperature of the gas in states 2 and 3 is the same, AU; = AU,. In order to find
out in which process the gas receives a larger amount of heat, we must compare the works W1
and W5 :
W, — W, = (po+ pl)(Vl_Vo) _ (po+ pz)(Vz_Vo)
2 2

- (povl_ povz) + (pzvo_ plvo) <0

2
since poV1 < poV2 and p2Vo < p1Vo. Consequently, W, > W3 and AQ; > AQ71, i.e. the amount of
heat receives by the gas in the process 1 — 3 is larger.

A sample of 2 kg of monoatomic Helium (assumed ideal) is taken through the process ABC
and another sample of 2 kg of the same gas is taken through the process ADC as in figure.
Given, molecular mass of Helium =4

4P(10° N/m?)
10 B C
- A D

10 20 mes)
() What is the temperature of Helium in each of the statess A, B,C & D ?
(ii) Is there any way of telling afterwards which sample of Helium went through the process
ABC and which went through the process ADC?
Write Yes or No.
(iii)How much is the heat involved in each of the processes ABC ADC.
() Ta=120.33 K, Tg = 240.66 K, Tc =481.32 K, Tp = 240.66 K, (ii) No;
(iii) AQagc = 3.25 x 10° J; AQapc = 2.75 x 10° J;
_ PV 5x10*x10

Ta= —= =120.33
R 2000 g7
4
TB = 2TA
TC = 4TA
TD = 2TA
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(i)
(ii)

No since temperature pressure & volume of each sample will be same.
AQasc = NCyAT + PAV

- 2000 xg x 8.31 x 3Ta + 10 x 10* x (10)
=3.25 x 10%J
AQaoc= 200> x83x 3T
4 "2
+5x10%x 10
= 2.75 x 10%J

10.  One mole of a diatomic ideal gas (y = 1.4) is taken through a cyclic process starting from point
A. The process A — B is an adiabatic compression. B—C is isobaric expansion. C—D an
adiabatic expansion & D — A is isochoric. The volume ratios are Va/V, = 16 and Vo/Vp=2 &

the temperature at A is Ta = 300 K. Calculate the tem
and find the efficiency of the cycle. [(16° = 3.03) (1/8)°*

Ans. Tg=909K, Tp =791 K, n =61.4%

P

Sol.

B

C
D

(@)

(b)

v v 16v Y
Temperature at B

TAV,Z:l Y TBVéil

300(16 V)1 = Tg (V)" 1

T =300 (16)°4 = 300 x 3.03

=909 K
Temperature at C
VB _ VC
T T

Tc= ﬁXTB =2x909=1818 K
V,

B
Temperature at D
TVt =ToVp' !

V y-1 1 0.4
To= Tcx(v—;j :1818>{§j

=1818 x 0.435
=790.83K = 791K
Efficiency of Cycle

AB — Adiabatic compression
BC — Isobaric expansion

A CD — Adiabatic expansion
DA — Isochoric

ature of the gas at the points B & D
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Qrejected =1— QDA
qupplied QBC
Qsc = Wge + AUgc (BC — Isobaric)

n=1-

= (i+1jnRAT:ZxR><909
2 2

Qpa = Wpa +AUpa (DA — Isochoric)
= inRAT =§><R><491
2 2

SR 401
2

7R 909
2

n=1

491x5
 7x909
=0.6141

n =61.4%

11. A cylinder containing a gas is closed by a movable piston. The cylinder is submerged in an
ice-water mixture. The piston is quickly pushed down from position 1 to position 2. The piston
is held at position 2 until the gas is again at 0°C and then slowly raised back to position 1.
Represent the whole process on P-V diagram. If m = 100 gm of ice are melted during the cycle,
how much work is done onthe gas. Latent heat of ice = 80 cal/gm.

Q
2| \ Adiabatic
Ans. 8000 cal. 3
Isotherm
P
3
Q
S Adiabatic
Sol. S
o
2
Isothermal

Qeyelic = Weyclic
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= x L
=100 x 80
= 8000 Cal.

In a cyclic process ABCA consisting of isothermal expansion AB, isobaric compression BC

and adiabatic compression CA, find the efficiency of cycle (Given:Ta=Tg=400K, y=1.5)
P4

EXERCISE # (O-1)

1.

AnS.
Sol.

AnNs.
Sol.

Find the approx. number of molecules contained in a vessel of volume 7 litres at 0°C at 1.3 x
10° pascal

(A) 2.4 x 10% (B) 3 x 10?3 (C) 6 x 10% (D) 4.8 x 10%
(A)

1.3%x10°x 7 x10°%=nx 8.31 x 273

n=0.4

A cylindrical tube of cross-sectional area A has two air tight frictionless pistons at its two ends.
The pistons are tied with a straight piece of metallic wire. The tube contains a gas at
atmospheric pressure Py and temperature To. If temperature of the gas is doubled then the
tension in the wire is

(A) 4Py A (B) PoA/2 (C)Po A (D)2 Py A

(€)
P— 2P

‘ —> T
P.A 2P A
b
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3. A rigid tank contains 35 kg of nitrogen at 6 atm. Sufficient quantity of oxygen is supplied to
increase the pressure to 9 atm, while the temperature remains constant. Amount of oxygen
supplied to the tank is :
(A)5kg (B) 10 kg (C)20 kg (D) 40 kg

Ans. (C)

Sol.  VconstantP oc n

)
20

NERES
OOICD

4. At a temperature T K, the pressure of 4.0gargon inabulb is p. The bulb is put in a bath having
temperature higher by 50K than the first one. 0.8g of argon gas had to be removed to
maintained original pressure. The temperature T is equal to
(A)510 K (B) 200 K (C) 100 K (D) 73 K

Ans. (B)

Sol. PxV= *uRxT
20

P x V= S2R(T+50)
40

T =0.8(T + 50)

2T = 400

T =200

5. When 2 gms of a gas are introduced into an evacuated flask kept at 25°C the pressure is found
to be one atmosphere. If 3 gms of another gas added to the same flask the pressure becomes 1.5
atmospheres. The ratio of the molecular weights of these gases will be

A)1:3 B)3:1 ©)2:3 (D)3:2
Ans. (A
Sol. PxV=2/m xR x298
15PV = (2/m + 3/mp) Rx 208 = 1+ Ty >3
m, 2 2
6. 28 gm of N gas is contained in a flask at a pressure of 10 atm and at a temperature of57°. It is

found that due to leakage in the flask, the pressure is reduced to half and the temperature
reduced to 27°C.The quantity of N, gas that leaked out is

(A) 11/20 gm (B) 20/11 gm (C) 5/63 gm (D) 63/5 gm
Ans. (D)

10xv 1 Rx330
Sol. ==x

5xv. n Rx300

300n =330

n= @ = E><14

300 10
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7. A vessel contains 1 mole of O, gas (molar mass 32) at a temperature T. The pressure of the gas
is P. An identical vessel containing one mole of He gas (molar mass 4) at a temperature 2T has
a pressure of
(A)P/8 (B) P (C)2pP (D) 8P

Ans. (C)

Sol. PxV=1xRT
P xV=1xRx2T

8. A container X has volume double that of container Y and both are connected by a thin tube.
Both contains same ideal gas. The temperature of X is 200K and that of Y is 400K. If mass of
gas in X ismthen in Y it will be:

(A) m/8 (B) m/6 (C) m4 (D) m/2
Ans. (C)
Sol. Px2Vo=mx R x 200

P x Vg = MR x 400

M; x 400 = m x 100

m
My = 1
1T

9. One mole of an ideal gas at STP is heated in an insulated closed container until the average
speed of its molecules is doubled. Its pressure would therefore increase by factor.

(A) 15 (B) V2 (C)2 (D) 4
Ans. (D)
Sol. T—A4T

P— 4P

10.  Three particles have speeds of 2u, 10uand 11u. Which of the following statements is correct?
(A) The r.m.s. speed exceeds the mean speed by about u.
(B) The mean speed exceeds the r.m.s. speed by about u.
(C) The r.m.s. speed equals the mean speed.
(D) The r.m.s. speed exceeds the mean speed by more than 2u.

Ans. (A
ol yme 24+104+164
3
v = 234
"3
2 2 2
. \/4u +100:l; +121u° 2:235u2 W

11. A gas mixture consists of 2 moles of oxygen and 4 moles of argon at temperature T. Neglecting
all vibrational modes, the total internal energy of the system is
(A)4 RT (B) 15 RT (C)9RT (D) 11 RT
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AnNS.

Sol.

ADnS.

Sol.

13.

AnNS.

Sol.

14.

AnS.

Sol.

2% gRT+4X gRT=11RT

One mole of an ideal gas is contained with in a cylinder by a frictionless piston and is initially
at temperature T. The pressure of the gas is kept constant while it is heated and its volume
doubles. If R is molar gas constant, the work done by the gas in increasing its volume is

(A) RTIn2 (B) 1/2 RT C©)RT (D) 312RT

©)

P(2V-V)

=PV =nRT

In thermodynamic process pressure of a fixed mass of gas is changed in such a manner that the
gas releases 30 joule of heat and 18 joule of work was done on the gas. If the initial internal
energy of the gas was 60 joule, then, the final internal energy will be :

(A) 32 joule (B) 48 joule (C) 72 joule (D) 96 joule

(B)

-30=-18+ U; - 60

Us =48

Two identical vessels A & B contain equal amount of ideal monoatomic gas. The piston of A is
fixed but that of B is free. Same amount of heat is absorbed by A & B. If B's internal energy
increases by 100 J the change in internal energy of A is

&

Z
A B
faQ faQ
500

(A) 100J (B) TJ (C) 250 (D) None of these
(B)
3
> NRAT =100
AQ =AU+ AW

For isobaric AQ = ng RAT + RnAT

5
= —(nRA
2( L))
0= & nrar] -5
3\ 2

so=au= 50
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15.  Aclosed container is fully insulated from outside. One half of it is filled with an ideal gas X
separated by a plate P from the other half Y which contains a vacuum as shown in figure. When
P is removed, X moves into Y. Which of the following statements is correct?

O)
2
a7

X Y
gas vacuum
P
(A) No work is done by X (B) X decreases in temperature
(C) X increases in internal energy (D) X doubles in pressure
Ans. (A

16.  The first law of thermodynamics can be written as AU = AQ + AW for an ideal gas. Which of
the following statements is correct?

(A) AU is always zero when no heat enters or leaves the gas
(B) AW is the work done by the gas in this written law.
(C) AU is zero when heat is supplied and the temperature stays constant
(D) AQ = —-AW when the temperature increases very slowly.
Ans. (C)

17.  Water is heated in an open pan where the air pressure is 10°> Pa. The water remains a liquid,
which expands by a small amount as it is heated. Determine the ratio of the heat absorbed by
the water to the work done by water. (g for water = 103/C, S = 1 cal/lgm°C)

(A) 4.2 x 103 (B) 4.2 x 10° (C) 4.2 x 102 (D) 4.2 x 10*
Ans. (D)
Sol. £ = M

AW  PAV

18.  Anideal gas mixture filled inside a balloon expands according to the relation P\V/?”® = constant.
The temperature inside the balloon is

(A) increasing (B) decreasing (C) constant (D) can’t be said
Ans. (A
Sol. % = r\]/R—l,I = constant

VIi=T1

19. During an experiment an ideal gas obeys an addition equation of state P?V = constant. The
initial temperature and pressure of gas are T and V respectively. When it expands to volume
2V, then its temperature will be:

(AT (B) V2T (C) 2T (D) 24/2T
Ans. (B)
2
Sol. T—:constant, L_ M
V T2 V2
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Sol.

21.

Ans.

Sol.

22.

AnNS.

23.

AnNS.

Sol.

24,

The expansion of an ideal gas of mass m at a constant pressure P is given by the straight line B.
Then the expansion of the same ideal gas of mass 2 m at a pressure 2P is given by the straight
line

\Volume

S

Temperatﬁz
A)C (B) A ©)B (D) None of these
©)
nR_ slope
P

Two monoatomic ideal gas at temperature T; and T, are mixed. There is no loss of energy. If
the masses of molecules of the two gases are ml and m2 and number of their molecules are n;
and n, respectively. The temperature of the mixture will be :

A) T+T, | T T ©) n,T,+nT, (D) nT, +n,T,
n,+n, n, n2 n,+n, n,+n,

(D)

3n, f

SRS SRS R (iRij
N, 2 N, 2 NA 2

An ideal gas undergoes the process 1 — 2 as shown in the figure, the heat supplied and work
done in the process is AQ and AW respectively. The ratio AQ : AW is

Vv /2

g
<1

. -
Ay:iv-1 B)y C)y-1 D)y-1ky
(A

A reversible adiabatic path on a P-V diagram for an ideal gas passes through state A where
P=0.7 x 10° N/m? and V = 0.0049 m®. The ratio of specific heat of the gas is 1.4. The slope of
pathat A is :
(A)2.0x 10" Nm™® (B)1.0x10'Nm® (C)—2.0x10"Nm>® (D)-1.0x 10’ Nm™
©)
PV" = constant
dPV" + (yv 1 dv)P =0
_, @ P —yP
dv Vv
Monoatomic, diatomic and triatomic gases whose initial volume and pressure are same, are

compressed till their volume becomes half the initial volume.
(A) Ifthe compression is adiabatic then monoatomic gas will have maximum final pressure.

H.O. 92, Rajeev Gandhi Nagar, Kota (Raj.) Mob. 97831-97831, 70732-22177, Ph. 0744-2423333 www.hucleuseducation.in



©)

NUCL

EEESSNEDUCATION

Contre of Excoellancea

KTG AND THERMODYNAMICS

Ans.

Sol.

Sol.

(B) Ifthe compression is adiabatic then triatomic gas will have maximum final pressure.
(C) Ifthe compression is adiabatic then their final pressure will be same.
(D) Ifthe compression is isothermal then their final pressure will be different.

(A)
PA

<V

/

= Constant

<

VT 1=K
AQ =AU+ W

AQ = n%RAT+nR(AT)

f
AQ N RAT+nR(AT)
AW NR(AT)
AQ_T (D
AW 2
y=1+—
2
£ =y-1
f Y
f 1
= (2
2 y-1
From(1) & (2)
AQ_ 1
AW  y-1
AQ_ v
AW  y-1
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25. A polyatomic gas with six degrees of freedom does 25J of work when it is expanded at constant
pressure. The heat given to the gas is
(A) 100J (B) 150J (C) 200J (D) 250J

Ans. (A)

Sol. AW =25=nRAT
AU =3nRAT =75

CI'
2

26.  An ideal gas expands from volume Vi to V.. This may be achieved by either of the three

processes: isobaric, isothermal and adiabatic. Let AU be the change in internal energy of the
gas, Q be the quantity of heat added to the system and W be the work done by the system on

the gas. Identify which of the following statements is false for AU?

(A) AU s least under adiabatic process. (B) AU is greatest under adiabatic process.

(C) AU is greatest under the isobaric process.

(D) AU in isothermal process lies in-between the values obtained under isobaric and adiabatic

processes.
Ans. (B)
P
P, Vv,
Sol. E :
H P,: N
|V v

AU least in isobaric

AU = %nRAT =gnR[Pl V,—PV,]

AU = % NRAT = g NR[P,Vz — P1Vi] = g NR(P1V: — PoVo) = P, < Py

27.  One mole of an ideal gas at temperature T; expends according to the law izz a (constant).
Vv
The work done by the gas tiII temperature of gas becomes Ty is
1 1
A) > R(T.-T1) (B) - R(Tz - Ty) ©) — R(Tz -Ty) (D) 5 R(T2—Ty)

Ans. (B)
Sol. PV = constant
— R(TZ_Tl)
1-(=2)
28. The adiabatic Bulk modulus of a diatomic gas at atmospheric pressure is
(A)ONm™? (B) 1 Nm?2 (C) 1.4 x10°* Nm? (D) 1.4 x 10° Nm 2
Ans. (D)
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29.  Agivenquantity ofan ideal gas is at pressure P and absolute temperature T. The isothermal
bulk modulus ofthe gas is :

(A) 2P/3 (B) P (C)3P/2 (D) 2P
Ans. (B)
30. 2 moles of a monoatomic gas are expanded to double its initial volume, through a process
P/V = constant. If its initial temperature is 300 K, then which of the following is not true.
(A) AT=900 K (B) AQ =3200 R (C) AQ=3600R (D) W =900 R
Ans. (B)
Sol. PV!=constant
AV =2 x 3R x 900 =2700 R

Aw =2 x R x ?zZ?OOR

31.  One mole ofan ideal diatomic gas is taken through the cycle as shown in the figure.
1 — 2 :isochoric process
2 — 3 :straight line on P-V diagram

3 — 1 :isobaric process
The average molecular speed of the gas in the states 1, 2 and 3 are in the ratio

2(Vo: 4P,)

D 3(4V,, P,)
(A)1:2:2 (B) 1:2:2 (C)1:1:1 (D)1:2:4
Ans. (A
Sol.  For point (i)
PoVo = nRT,
For point (ii)
Vo X 4Py = nRT>
For point (iii)
4V X Po = nRT;3

32. A given mass of a gas expands from a state A to the state B by three paths 1, 2 and 3 as shown
in T-V indicator diagram. If W1, W, and W3 respectively be the work done by the gas along the
three paths, then
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(A) Wi >W;, >Ws (B) Wi <W, < W3 (C) Wi =W, =Wj; (D) Wi <W;, Wi >W;
Ans. (A)

Sol. W;=mRTpm|Y2| Yi_Ye
Vl Tl T2
=nRT,| /n L N
T, P
T 1
W, = nRAT = nR(Tz - Tl) =nRT; (1——1j )\
T2 A 2= B
_ v, Y\
W2 = nRTlﬁn — 3 _
v, >

33. Pressure versus temperature graph ofan ideal gas is shown in figure
(A) During the process AB work done by the gas is positive
(B) During the process CD work done by the gas is negative
(C) During the process BC internal energy of the gas is increasing

(D) None
P C
B
D
I ‘/A
] T
Ans. (C)
Sol. PTW{
isobaric
ATT

34.  Anideal gas is taken from point A to point C on P-V diagram through two process AOC and

ABC as shown in the figure. Process AOC is isothermal
A
P

C

: iy Vv
V, 2V,
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(A) Process AOC requires more heat than process ABC.
(B) Process ABC requires more heat than process AOC.
(C) Both process AOC & ABC require same amount of heat.
(D) Data is insufficient for comparison of heat requirement for the two processes.
Ans. (A
Sol.  ®apc > ®aec

KTG AND THERMODYNAMICS

35. Three processes form a thermodynamic cycle as shown on P-V diagram for an ideal gas.
Process 1 — 2 takes place at constant temperature (300K). Process 2—3 takes place at constant
volume. During this process 40J of heat leaves the system. Process 3—1 is adiabatic and
temperature T3 is 275K. Work done by the gas during the process 3—1 is

PT 1

(A) —40J (B) —20J (C) +40J (D) +203
Ans. (A)
Sol. AUCyd =0=U;o+U,3+U33=0

0+(-40)+U31=0

—AUz 1 = W34

W3, =-40

36.  Acyclic process ABCA is shown in PT diagram. When presented on PV, it would
P

AnNS.

[sobaric

pAB A
Sol.  [sothermal |:C Isochoric

T

37.  Astudent records AQ, AU & AW for a thermodynamic cycle A — B — C — A. Certain entries
are missing. Find correct entry in following options.
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AB | BC | CA
AW | 407 30J
AU 50J
AQ [150J | 10J
(A) Wgc=-701J (B) AQCA =130J (C) AUpg =190 (D) AUca =-160J
Ans. (D)
Sol. TAU=0
TAW=XQ

MULTIPLE CORRECT TYPE QUESTIONS

38.  Two gases have the same initial pressure, volume and temperature. They expand to the same
final volume, one adiabatically and the other isothermally
(A) The final temperature is greater for the isothermal process
(B) The final pressure is greater for the isothermal process
(C) The work done by the gas is greater for the isothermal process
(D) All the above options are incorrect
Ans. (ABC)
N

Sol.

v

COMPREHENSION BASED QUESTIONS

Five moles of helium are mixed with two moles of hydrogen to form a mixture. Take molar
mass of helium M; = 4g and that of hydrogen M, = 2g

39. The equivalent molar mass of the mixture is

() 69 ® = © =22 (0) Nore
Ans. (D)
Sol.  np=5(He)
n =2 (He)
Molar mass of mixture = Total Mass
Total No Moles
_ 5x4+2x2 24
7 7
40. The equivalent degree of freedom fof the mixture is
(A) 3.57 (B) 1.14 (C)4.4 (D) none

Ans. (A
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SOI. CP(mix) nICpl + nZCpZ
n,+n,
SxER +2sz
_ 2
7
_39R
14
3 5
o n,Cv, +n,Cv, _ 5x5R+2x§R
Vi(mix) n,+n, 7
_ 25R
14
39R
Ymix = P/mix _ 14 =§
"™ (c,),, 2R 25
14
Ymix = 1.56
2

Ymix = 1+?

g=O.56

f

f= 2 =357

0.56

41.  The equivalent value of y is

(A) 1.59 (B) 1.53 (C)1.56 (D) none
Ans. (C)

Sol.  Same as solution to above question

42. If the internal energy of He sample is 100J and that of the hydrogen sample is 200J, then the
internal energy of the mixture is

(A)9001J (B) 128.5J (C)171.43 (D) 300J
Ans. (D)
Sol.  AUne =100

AU, =200J

AUnix = AU, +AU,,
=100 + 200 = 300 J
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EXERCISE # (O-2)

1. An open and wide glass tube is immersed vertically in mercury in such a way that length 0.05
m extends above mercury level. The openend of the tube is closed and the tube is raised further
by 0.43m. The length of air column above mercury level in the tube will be : Take Psm = 76 cm
of mercury
(A)0.215 m (B)0.2 m (C)01m (D)0.4 m

Ans. (C)

{77

xt A
ar Pfo.4s
Sol. 005 [

(0.05A)76 _ (PxxA)
RT  RT
0.05 x 76 = Px ...(3)
P+(48-x)=76
P=76-48 +x
P=28+x ...(i0)
Now 3.80 = (28 + x)x
X +28x—3.8=0
x=0.135 & - 28.13
x=0.135 ans.

2. A barometer tube, containing mercury, is lowered in a vessel containing mercury until only 50
cm of the tube is above the level of mercury in the vessel. If the atmospheric pressure is 75 cm
of mercury, what is the pressure at the top of the tube?

(A) 33.3 kPa (B) 66.7 kPa (C) 3.33 MPa (D) 6.67 MPa
Ans.
Sol.
P+ 50 xpg =75 pg
P =25 pg
5
=10 _s33x10°Pa
3
3. At temperature T, N molecules of gas A each having mass m and at the same temperature 2N

molecules of gas B each having mass 2m are filled in a container. The mean square velocity of
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U,_
ole

molecules of ga
W2, The ratio of W2\ is

v* and mean square of x component of velocity of molecules of gas A is

(A1 (B) 2 ©) 13 (D) 2/3
Ans. (D)
Sol. ForgasA ForB

2 1(3R - 3RT
2\ M 2M

v _2

o 3
4. The figure, shows the graph of logarithmic reading of pressure and volume for two ideal gases

A and B under going adiabatic process. From figure it can be concluded that

InP
N
InVv

(A) gas B is diatomic (B) gas A and B both are diatomic

(C) gas A is monoatomic (D) gas B is monoatomic & gas A is diatomic
Ans. (D)
Sol. PV'=C

NP + y/nV = /mC

/NP = —y/nV + /nC

y=mx+C

m=—y

Slope of B > slope A
5. When unit mass of water boils to become steam at 100°C, it absorbs Q amount of heat. The

densities of water and steam at 100°C are p; and p, respectively and the atmospheric pressure

IS po. The increase in internal energy of the water is

(A)Q (B) Q—i—Po[i—iJ (C) Q_i_Po[i_iJ (D) Q_Po(i_l_ij
1 P2 2 P 2 P
Ans. (B)
Sol. AQ =AU+ Aw
AU + AQ — Aw
W = PoAV = Po(Vf—Vi) =Py |:i—i:|
P2 P1
NOWAQ:Q—PO(i—piJ
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AnNS.

Sol.

AnNS.

AnNS.

Sol.

AnNs.

Sol.

1 -]
A cylinder made of perfectly non conducting material closed at both ends is divided into two
equal parts by a heat proof piston. Both parts of the cylinder contain the same masses of a gas
at a temperature to = 27° C and pressure Po = 1 atm. Now if the gas in one of the parts is slowly
heated to t = 57°C while the temperature of first part is maintained at t, the distance moved by
the piston from the middle of the cylinder will be (length of the cylinder = 84 cm)
(A)3cm (B)5cm (©)2cm (D)1cm
©)
AU same
16-20=9-W
W=9+4

1 kg of a gas does 20 kJ of work and receives 16 kJ of heat when it is expanded between two
states. A second kind of expansion can be found between the initial and final state which
requires a heat input of 9 kJ. The work done by the gas in the second expansion is :

(A) 32 kJ (B) 5 kJ (C)-4kJ (D) 13 kJ

(D)

A process is shown in the diagram. Which of the following curves may represent the same
process?

(€)

AB — isobaric
BC — May be isothermal

An ideal gas expands in such a way that P\/? = constant throughout the process.
(A) The graph ofthe process of T-V diagram is a parabola.

(B) The graph of the process of T-V diagram is a straight line.

(C) Suchan expansion is possible only with heating.

(D) Such anexpansion is possible only with cooling.

(D)

PV? = con

(nNRT)V =com (D)

TV =con= V increase T decrease
Hypberbola
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10. Figure shows the pressure P versus volume V graphs for two different gas sample at a given
temperature. Ma and Mg are masses of two samples, na and ng are numbers of moles. Which of

the following must be incorrect
Pa

B
A:
V
(A) Ma> Mg (B) Ma < Mg C)na>ng (D) ha<ng
Ans. (C)
Sol.  Equation of hyperbola
PV =nRT
(nRT)B > (nRT)A
Ng > Na

there is no necessary condition of mass.

11. A vertical cylinder with heat-conducting walls is closed at the bottom and is fitted with a
smooth light piston. It contains one mole of an ideal gas. The temperature of the gas is always
equal to the surrounding’s temperature, To. The piston is moved up slowly to increase the
volume of the gas to n times. Which of the following is incorrect?

(A) Work done by the gas is RTy Inn.
(B) Work done against the atmosphere is RTo(n - 1).
(C) There is no change in the internal energy of the gas.

(D) The final pressure of the gas is times its initial pressure.

(n-1)
Ans. (D)
Sol.  Isobaric process
(A) rTo/n ViV

(B)PAV =P(n-1Vo=1RTo (n-1)
(C) No change in temperature
(D) Initial & final pressure are same

12. A gas is enclosed in a vessel at a constant temperature at a pressure of 5 atmosphere and
volume 4 litre. Due to a leakage in the vessel, after some time, the pressure is reduced to 4
atmosphere. As a result, the
(A) volume of the gas decreased by 20%

(B) average K.E. of gas molecule decreases by 20%
(C) 20% of the gas escaped due to the leakage
(D) 25% of the gas escaped due to the leakage
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Ans. (C)
Sol. PV =nRT
5x 4 =mRT
4 x 4 =nRT

Now — volume of vessel remain same.
Now — Temperature is same so KE same.

n,—n, 4
leakage = x100 =—x100=20%
n, 20

13.  Anenclosed ideal gas is taken through a cycle as shown in the figure. Then

(A) Along AB, temperature decreases while along BC temperature increases

(B) Along AB, temperature increases while along BC the temperature decreases.

(C) Along CA work is done by the gas and the internal energy remains constant.

(D) Along CA work is done on the gas and internal energy of the gas increases.
Ans. (A

1 .
Sol. For AB : Pressure constant v increases so V decreases

so PV — decreases
Temperature decreases
For BC:
V constant = P increases so
PV increases = Temp increase
p=".c

\Y
PV=m+CV
NRT=m+ CV

1 .
v decreases so V increase

T increase, work done by the gas.

14.  One mole of diatomic ideal gas undergoes a cyclic process ABCA as shown in figure. Process
BC is adiabatic. The temperatures at A, B and C are 300, 600 and 450K respectively. Choose
the correct statement(s).
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A C

V—>
(A) Inprocess CA change in internal energy is 225R.
(B) In process AB change in internal energy is —150R.
(C) In process BC change in internal energy is —375R.
(D) Change in internal energy during the whole cyclic process is +150R.

Ans. (C)
600
B
Sol. T
P 450
A ‘ C
300 V—>
AU = nCVAT ATag = 300
=1x g R(AT) ATec = — 150
AUcycle =0 Tea=-150

MULTIPLE CORRECT TYPE QUESTIONS

15. Let Vay, Vims and Vp respectively denote mean speed, root mean square speed and the most
probable speed of the molecule in an ideal monoatomic gas at absolute temperature T. The
mass ofa molecule is m then :

(A) no molecule can have speed greater than J2 Ve

(B) no molecule can have speed less thanv, / J2
(C) Vp < Vav < Vims
(D) the average kinetic energy ofa molecule is 3/4mv§

Ans. (CD)
Sol.  No condition for greater and least speed
VrR>V,> Vp

1
KE = Sm (Vims)?

Vi V3
Vo V2
16. A gas expands such that its initial and final temperature are equal. Also, the process followed
by the gas traces a straight line on the P-V diagram :
(A) The temperature of the gas remains constant throughout.

(B) The temperature of the gas first increases and then decreases
(C) The temperature of the gas first decreases and then increases
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AnNS.
Sol.

17.

Ans.
Sol.

18.

AnNS.
Sol.

(D) The straight line has a negative slope.
(BD)
Temp increases from A to C them decrease from C to B

A cyclic process ABCD is shown in the p-V diagram. Which of the following curves represents

the same process if BC & DA are isothermal processes

TA B

P

C
D
V—
A B D C B A | B
! f e fT 1
(A) P S c BV B (C)P o c OVip ~ ¢
= T—— - T— . T— T—

(AB)

A — B isobaric

C — D isochoric

inPT graph CD will be the line passing from origin
in VT graph AB

During the melting ofa slab of ice at 273 K at atmospheric pressure
(A) Positive work is done by the ice-water systemon the atmosphere
(B) Positive work is done on the ice-water system by the atmosphere
(C) The internal energy of the ice-water increases

(D) The internal energy of ice-water system decreases

(BC)

8wa > 8ice

volume decrease

work done on the gas W(-ve)

AQ = AU + AW

O =AU+ AW

AU =— AW = +ve
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19.  Two moles of helium gas is taken through the cycle ABCDA as shown in the figure. If Ta =
1000 K, 2PA = 3PB = 6P(;.

Pa
Adiabatic
Isochoric B
D Isochoric
Adiabatic—°C

>V
(A) work done by the gas in the process Ato B is 3741 J.
(B) heat lost by the gas in the process B to C is 10600 J.
(C) temperature Tp is 2000 K.
(D) None of these

Ans. (AB)

Sol. A+B

TPY = TIRLY

215
Tg = 1000 (gj

W= nC\AT=_2x g X R[Tg — Tal

for BC

-2/5
Fo _Fe 7 =TB><&:2000(§)
T, T. Ps 2
AQBC =nCyvAT

=2 %R(Tc—TB)

325
=3R LIOOOX(E) }

20. Figure shows the P-V diagram of an ideal gas undergoing a change of state from A to B. Four

different parts I, II, 111 and 1V as shown in the figure may lead to the same change of state.
Pa

2%
(A) Change in internal energy is same in 1V and 111 cases, but not in I and II.
(B) Change in internal energy is same in all the four cases.
(C) Work done is maximum in case |
(D) Work done is minimum in case .
Ans. (BC)
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Sol.

21.

Ans.
Sol.

22.

AnNS.
Sol.

23.

AnNS.

(1) AU does not depends on path
(2) Work done depends area of PV graph

COMPREHENSION BASED QUESTIONS
Paragraph for Question No. 21 to 23
One mole ofa monoatomic ideal gas occupies two chambers of  a cylinder partitioned by
means of a movable piston. The walls of the cylinder as well as the piston are thermal
insulators. Initially equal amounts of gas fill both the chambers at (Po, Vo, To). A coil is burnt in
the left chamber which absorbs heat and expands, pushing the piston to the right. The gas on
the right chamber is compressed until to pressure becomes 32 Py.

PO,VO,TO, PO,VO,TO,

(©)
The final volume of left chamber is
V, 15 7 9
A) 2 B) —V C) -V D) -V
(A) 3 (B) g Vo ( )8 0 (D) 3
(B)
for right chamber

PV = constant
Po V" = (32Pg)(Vs)*"

Vf = VO = ﬁ
(32)3/5 8
V, 15V
Viest = 2V — 2 =—-2
left 3 3

The work done on the gas in the right chamber is

9 9 13 17
(A) SRV, (B) —- PV, (C) — PVo (D) —-P.Vo

2 2 2 2
(A)
W =-nCyAT

3 V, 9
= E{Povo -(32 Vo)(goﬂ = D) P Vo

on the gas %POV0

The change in internal energy of the gas in the left chamber is

A) @ RT, (B) ﬂ RT, ©) % RT, (D) % RT,

(B)
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15V,
Sol.  AU=nCyAT = gnR(Tf—Ti) :%{(32 PO)(%j—POVO}zg[SQPOVO]
177 1
=PV (Pov0 :ERTOJ
au= TR
4

MATRIX MATCH TYPE QUESTION

24, Column-1 Column 11
(Pressure volume graph) (W is work done by gas, Q heat supply to gas)
P
(A) / P) W>0
Y
P
| |/ Q) Ww<0
v
P
(©) Q (R) Q>0
Vv
P
O | — (S Q<0
VZ

Ans. (A) > PR;(B)—> QS; (C) > QS; (D) — PR,
Sol.  (A) volume increase so W >0
PV product increase so temperature increase
AU>0s0AQ >0
(B)  Volume decrease so W <0
PV product decreases so temperature decreases
AU<0s0AQ<0
(C)  Cycle isanticlock wise W <0
chcle = Qcycle
(D)  Isobaric process with increases in pressure
soW>0&Q>0
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EXERCISE # (JM)

1. Two rigid boxes containing different ideal gases are placed on a table. Box A contains one
mole of nitrogen at temperature T,, while box B contains one mole of helium at temperature
(7/3)T,. The boxes are then put into thermal contact with each other, and heat flows between
them until the gases reach a common final temperature. (Ignore the heat capacity of boxes).

{77

Then, the final temperature of the gases, Ts interms of Ty is : [AIEEE-2006]
3 7 3 5
1) T; :7To 2) T; :gTo 3) T; :ETO (D) T; :ETO
Ans. (3)

Sol  Equating internal energy,

1><§RTO+1XSR(£T0) LT3

2. The work of 146 kJ is performed in order to compress one kilo mole of a gas adiabatically and
in this process the temperature of the gas increases by 7°C. The gas is [AIEEE-2006]
(R=8.3Jmol* K%

(1) diatomic (2) triatomic
(3) mixture of monoatomic and diatomic  (4) monoatomic
Ans. (1)
Sol.  For adiabatic , W = AVi-RV, _ IR (.=T)
v-1 y-1
Putting values, we get y= 1.4, hence diatomic.

3. A Carnot engine, having an efficiency of n = 1/10 as heat engine, is used as a refrigerator. If
the work done onthe system is 10 J, the amount of energy absorbed from the reservoir at lower
temperature is [AIEEE - 2007]
(1)99J (2)901J 3)11J (4)100J

Ans.  (2)

Sol.  For Carnot engine using as refrigerator

w=q, [L_lj

T2
I'[isgivenn:i = n:l—L = L:ﬂ
10 T, T, 10
So, Q =90J (aswW=101)
2
4. If C, and C,, denote the specific heats of nitrogen per unit mass at constant pressure and
constant volume respectively, then [AIEEE - 2007]
@Hc,-C =RrR28 (2C,-C,=R14 (3)C,-C, =R (4) C,-C,=28R
Ans. (1)
Sol.  According to Mayer's relation,
c c=R_R
p v m 28
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5. When a system is taken from state i to state falong the path iaf, it is found that Q = 50 cal and

W =20 cal. Along the path ibf Q = 36 cal. W along the path ibf is : [AIEEE - 2007]
a
f
4 /
i > b
(1) 6 cal (2) 16 cal (3) 66 cal (4) 14 cal
Ans. (1)
Sol.  From first law of thermodynamics,
Q=aAU+W
For path iaf,
50 =AU+ 20
AU=U.-U = 30 cal
For path ibf,
or Q=aAU+W
W=Q-aU
=36-30=6cal
6. An insulated container of gas has two chambers separated by an insulating partition. One of the

chambers has volume V; and contains ideal gas at pressure p1 and temperature T;. The other
chamber has volume V, and contains ideal gas at pressure p, and temperature T,. If the
partition is removed without doing any work on the gas, the final equilibrium temperature of

the gas in the container will be - [AIEEE-2008]
(1) 2PV P, Vs) (@) RV PV, T,
p1V1T2 + p2V2T1 prl + p2V2
(3) pl\/lTZ + pZVZTl (4) T1T2 (pl\/l + pZVZ)
P,V +p,V, pViT, +p,V, T,

Ans. (1)
Sol.  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= U +U

1 2
Assuming both gases have same degree of freedom, then
U= f(n, +n,)RT and U = fanTl’ U = fn,RT,
1 2 2 2
Solving we get T = (P.V2 +P,Vo) LT,
pViT, +p,V, T,

Directions : Question number 7, 8 and 9 are based on the following paragraph.

Two moles of helium gas are taken over the cycle ABCDA, as shown in the P-T diagram.
[AIEEE-2009]
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2x10°f A—> B
P(Pa) N y
1x10°+ D C
t } >T
300 k 500 k
7. Assume the gas to be ideal the work done on the gas in taking it from Ato B is :
(1) 200R (2) 300 R (3)400R (4) 500 R
Ans. (3)
Sol.  n(moles)=2
Ato B is isobaric process
W, ; = PAV = nRAT
= (2) (R) (200)
=400 R
W, =400R
(WAB)on the gas = _400 R
8. The work done onthe gas in taking it fromDto A is
(1)-414R (2)+414R (3)-690R (4)+690 R
Ans. (2)
Sol. Dto A is isothermal process
Work done by the gas inD to A'is
W,, =nRT In Ve cprTIn B
Vl P2
10°
(2) (R) (300) In e
=(600R) [-In2]
=— (600 R) (0.693)
=—-414R
W, =—414R, it is work done by the gas
So work done onthe gas is + 414 R
9. The net work done on the gas in the cycle ABCDA is:
(1) Zero (2) 276 R (3) 1076 R (4) 1904 R
Ans. (2)
SOI' WABCDA = WAB + WBC + WCD + WDA

= nR (aT),, +NR(T,) In %

C

+NR (AT), + NR (T,) In E—D
A

=nR (200) + 500 nR In 2 + nR (—200)
+300nR In %

=2In2 [500 R— 300 R]
= (400 R) (In2) = (400 R) (0.693) = 276 R
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AnS.

Sol.

11.

AnNS.

Sol.

12.

AnS.

Sol.

13.

AnNS.

Sol.

One kg of a diatomic gas is at a pressure of 8 x 10* N/m?. The density of the gas is 4 kg/m®.
What is the energy of the gas due to its thermal motion? [AIEEE-2009]
(1) 5 x 10%) (2) 6 x 104 (3) 7 x 10%) (4) 3 x 104

1)

m_1

d 4
kE = for diatomic

kE:EPV:§x8x104x1:5><104J
2 2 4

A diatomic ideal gas is used in a Carnot engine as the working substance. If during the
adiabatic expansion part of the cycle the volume of the gas increases from V to 32 V, the
efficiency of the engine is : [AIEEE-2010]
(1)0.5 (2) 0.75 (3) 0.99 (4)0.25

)

TV »—1 = constant

7, 7,
T, V5 =T,(32V)°

n= — 2 =1-

100g of water is heated from 30°C to 50°C ignoring the slight expansion of the water, the
change in its internal energy is (specific heat of water is 4184 J/Kg/K) : [AIEEE-2011]
(1) 4.2 kJ (2) 8.4 kJ (3) 84 kJ 4)2.1kJ
)
AQ = M,S,AT
=100 x 10% x 4,184 x 20
=8.4x10°
AQ =8.4 kJ, AW =0
AQ = AU+ AW
AU = 8.4 kJ.

. . .. 1 .
A Carnot engine operating between temperatures T; and T, has effeiciency s When T, is

lowered by 62 K, its efficiency increases to % Then Ty and T are, respectively :

[AIEEE-2011]
(1)372 K and 310 K (2)372 K and 330 K (3) 330 K and 268 K (4) 310 K and 248 K

1)
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Ans.

Sol.

15.

Ans.

Sol.

16.

AnS.

Sol

T EDUCION KTG AND THERMODYNAMICS
5:1_(T2—62) T,-62 _2
3 T, T, 3
5(T,—62) _ 2
T, 3
5T, - 310 = 4T,
T, =310 and T, = 6x:10
T =372K

Three perfect gases at absolute temperature T1,T, and T3 are mixed. The masses of molecules
are mp,mp and mg and the number of molecules are ni,n, and n3 respectively. Assuming no loss
of energy, the final temperature of the mixture is : [AIEEE-2011]

@ Tt TrT) o MTENT 40T, g T +n,T; +n,T; @ ;T +n3T; +n3T;
3 n,+n,+n, n, T, +n,T,+n,T, nT,+n,T,+n,T,

@)

T= n,T,+n,T,+n,T,

n,+n,+n,

A thermally insulated vessel contains an ideal gas of molecular mass M and ratio of specific
heats y. It is moving with speed v and is suddenly brought to rest. Assuming no heat is lost to
the surroundings, its temperature increases by : [AIEEE-2011]
2
- — -1
@ 0D ek @ O D vk () ™M @ Y wvek
2(y+1R 2vyR 2R 2R

(4)

1L\
EMV =C, AT

IMyvi= AT
2 v-1

A container with insulating walls is divided into equal parts by a partition fitted with a valve.
One part is filled with an ideal gas at a pressure P and temperature T, whereas the other part is
completely evacuated. If the valve is suddenly opened, the pressure and temperature of the gas

will be - [AIEEE 2011]
P T T p

1) 37 QP T )P, £y (4) E’T

(4)

It is the free expansion
So, T remain constant

PT
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Plvl = I:)2V2
\Y
P? =P,(V)
P
P,=]—1.
=[3)
17. Helium gas goes through a cycle ABCDA (consisting of two isochoric and isobaric lines) as
shown in figure. Efficiency of this cycle is nearly : (Assume the gas to be close to ideal gas)
[AIEEE 2012]
2P, B _, ¢
Pof----- A : <+ ED
v, 2,
(1) 15.4% (2) 9.1% (3) 10.5% (4) 12.5%
Ans. (1)
Sol. n= - prVO - 1 - 21(;0 = 15.4%
*(povo)+*(2po)vo+2povo S +3+2
2 2 2
18.  The below p-v diagram represents the thermodynamic cycle of an engine, operating with an
ideal monoatomic gas. The amount of heat, extracted from the source ina single cycle is :
[JEE-Mains 2013]
2p,
P Py
Vo 2v, >
\
13 11
(1) povo ) (3) PoVo ©) (5) PoVo (4) 4povo
Ans. (2)
Sol. gpovo+gzpovo
13
= ?Povo
19. One mole of diatomic ideal gas undergoes a cyclic process ABC as shown in figure. The

process BC is adiabatic. The temperatures at A, B and C are 400K, 800K and 600 K
respectively. Choose the correct statement : [JEE-Mains 2014]
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AnNS.
Sol.

20.

AnNS.
Sol.

N

B
800K

600K
A 400 K c

7

(1) The change in internal energy in whole cyclic process is 250 R.
(2) The change in internal energy in the process CA is 700 R

(3) The change in internal energy in the process AB is — 350 R

(4) The change in internal energy in the process BC is — 500 R

4
AU = i NRAT
2

For cyclic process AU =0
For process CA

AUZN%RGQ%)

=-500R
For process AB : -

AU = 1x gR x(+400)

= 1000R
For process BC -

AU = 1x gR x(-200)

=—500R

An open glass tube is immersed in mercury in such a way that a length of 8 cm extends above
the mercury level. The open end of the tube is then closed and sealed and the tube is raised

vertically up by additional 46 cm. What will be length of the air column above mercury in the
tube now ?

(Atmospheric pressure = 76 cm of Hg) [JEE-Mains 2014]
(1) 16 cm (2)22cm (3)38cm (4)6cm
1)
AU = r NRAT
2

For cyclic process AU =0
For process CA

AU = 1x g R (—200)
=-500R

For process AB : -
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21.

AnNS.

Sol.

22.

AnNS.

Sol.

AU = 1x ER x(+400)

= 1000R
For process BC :-

AU = 1x gR x(—200)
=-500R

Consider a spherical shell of radius R at temperature T. The black body radiation inside it can be

considered as an ideal gas of photons with internal energy per unit volume u = % o« T* and

pressure p = %(Hj If the shell now undergoes an adiabatic expansion the relation between T and

Ris: [JEE-Mains 2015]

(1) T e R @) To % 3)T= @) TR
2)

dQ = dU + dw

dU = —pdV

1
R®

InU:—%InV+ InC

VAVESE®
VT VB =

Tocl
R

Consider an ideal gas confined in an isolated closed chamber. As the gas undergoes an
adiabatic expansion the average time of collision between molecules increases as V9, where V

is the volume of the gas. The value ofq is : [JEE-Mains 2015]
CP
&
3y-5 v-1 v+1 3y+5
Y 5 ) N ©) Ty (4) 5
)
Mean free Path

Average time between collision =

rms
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23.

AnNS.

Sol.

24,

cV JM

1
R = — = constant
nd*N/V T nd?’N+/3R )

For adiabatic
TVt =k

V2
2

v+1
V2 —k
t

vit=k

v+l
toc V2
_r+1

SO, = —
a 2

'n" moles of an ideal gas undergoes a process A — B as shown in the figure. The maximum

temperature of the gas during the process will be : [JEE-Mains 2016]
P
A
2P,
b \B
v v v
3RV, 9PV, 9PV, 9PV,
l 070 2 0"0 3 070 4 070
()ZnR ()ZnR ®) nR ()4nR
(4)

Equation of line is

PV + PoV = 3PyVy (I)
Also PV =nRT .. (i)
dT
for Tmax, — =0
max dV
Ly M R
2 2
9PV,
= Tmax = ——2
T AnR

An ideal gas undergoes a quasi static, reversible process in which its molar heat capacity C
remains constant. If during this process the relation of pressure P and volume V is given by
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PV" = constant, then n is given by (Here Cp and C, are molar specific heat at constant pressure
and constant volume, respectively): [JEE-Mains 2016]
(1) n= C-GC, ) C,-C 3) C-C, @n=Ce
(C-C,) (C-C,) (C-Cp) Cy
Ans. (1)
Sol. C=C, R
n-1
R _¢,.c
n— dv
e C-C,
C-C,
25. Cp and C, are specific heats at constant pressure and constant volume respectively. It is
observed that
Cp — Cy = afor hydrogen gas
Cp— Cy = b for nitrogen gas
The correct relation betweena and b is: [JEE-Mains 2017]
(1)a:ﬁb (2) a=b (3)a= 14b (4) a = 28b
Ans. (3)
Sol.  For ideal gas
R
Cp—Cy= —
P \Y% M
IfCp and Cy are specific heats (J/kg - °C)
M = molar mass of gas
= a= B and b = R
2 28
= a= 14b
26. The temperature of an open room of volume 30 m® increases from 17°C to 27°C due to the
sunshine. The atmospheric pressure in the room remains 1 x 10°Pa. If n;and ¢ are the number
of molecules in the room before and after heating, then ne— n; will be : [JEE-Mains 2017]
(1) -1.61 x 10% (2) 1.38 x 105 (3) 2.5 x 10?° (4)-2.5 x 10%®
Ans. (4)
Sol.  Using, n =(&j
RT
PV(1 1
ng —n, =—| ——— |moles
R\T, 'I'i
5
_1x107x30 L )6.023x10% molecules
8.32 300 290

=_2.5x 10%° molecules
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27.  Two moles of an ideal monoatomic gas occupies a volume V at 27°C. the gas expands
adiabatically to a volume 2V. Calculate (a) the final temperature of the gas and (b) change in its
internal energy. [JEE-Mains 2018]
1) @195K (b)2.7kJ (2) (@) 189K (b) 2.7 kJ
(3) (@) 195K (b)-2.7 kJ (2) (@) 189 K (b) —2.7 kJ

Ans. (4)

Sol. TV *=T,V;*
= T, =189 K
AU =nCy AT=-2.7kJ

28.  The mass of hydrogen molecule is 3.32x107%" Kg. If 10** hydrogen molecules strike, per
second, a fixed wall ofarea 2 cm? at an angle of 45° to the normal, and rebound elastically with
a speed of 10° mvs, then the pressure on the wall is nearly: [JEE-Mains 2018]
(1) 4.70x10° N/m?  (2) 2.35x10° N/m?  (3) 4.70x10° N/m?®  (4) 2.35x10% N/n?

Ans.  (2)

Sol. P= (2mvc2‘s45 )n (P — Pressure, A — Area)

2x3.32x107% x10° ><i><1023
_ V2
2x10™*
= 2.35 x 10° N/m?
29. A gascanbe taken from A to B via two different processes ACB and ADB.
P
C B
A D SV
When path ACB is used 60 J of heat flows into the system and 30 J of work is done by the
system. If path ADB is used work done by the system is 10 J. The heat Flow into the system in
path ADB is : [JEE Main-2019]
(1)801J (2) 207 (3)100J (4)407
Ans. (4)
Sol.  AQace = AWacg + AUacs

=60J=30J+ AUacs

= AUACB =301J

= AUADB = AUACB =30J
= Qacp = AUacs + AWaps
=10J+30J=401J
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30. A mixture of 2 moles of helium gas (atomic mass =4 u), and 1 mole ofargon gas (atomic mass

V.. (helium)
V_.(argon)

=40 u) is kept at 300 K in a container. The ratio of their rms speeds { } s close to

[JEE Main-2019]
(1) 2.24 (2) 0.45 (3)0.32 (4)3.16
Ans. (4)

sof, V() _ My _ 40546
V. (An M, V32

31. A 15 g mass of nitrogen gas is enclosed in a vessel at a temperature 27°C. Amount of heat
transferred to the gas, so that rms velocity of molecules is doubled, is about :

[Take R=8.3J/ K mole] [JEE Main-2019]
(1) 0.9 kJ (2) 14 kJ (3)6 kJ (4) 10 kJ
Ans. (4)

,SRT
SOI. Vrms = V

Vims — doubled
= T — 4times =4x 300 K = 1200 K
AQ =nC,AT (.. volume vessel if constant)

- 3R (1200-300) = 10k
28 2

32. Two Carnot engines A and B are operated in series. The first one, A, receives heat at T1(= 600
K) and rejects to a reservoir at temperature T,. The second engine B receives heat rejected by
the first engine and, in turn, rejects to a heat reservoir at T3(= 400 K). Calculate the temperature

T, if the work outputs of the two engines are equal : [JEE Main-2019]

(1) 500 K (2) 300 K (3) 600 K (4) 400 K
Ans. (1)
Sol.  Method I :

T, should lie b/w 400k & 600k, only position option is 500K

Method Il :m;=1- LW

Tl QO
- L W (1)
600 Q,

For Second Engine,
Q Supplied =Qo—W
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AnNS.

Sol.

34.

AnNs.

Sol.

400 W W
N2 = 1- = = (2)
T2 qupp QO -W

Solving (1) & (2) = T, = 500K

Three Carnot engines operate in series between a heat source at a temperature T; and a heat
sink at temperature T4 (see figure). There are two other reservoirs at temperature T, and Ts, as
shown, with T, > T, > T3 > T,4. The three engines are equally efficient if:

[ It
Oe,
[ In
Qe
[t
O
It
[JEE Main-2019]
2\V3 9 \U3 12 g \1/3
O T,=(T77) T, =(T/T,) @ T,=(TT) T, =(T/T,)
1/3 1/3 1/4 1/4
3) T,= (T12T4) Ty = (T1T42) 4) T,= (T13T4) Ty = (T1T43)
3)
Efficiency ofall the three engines should be equal
ne1 Loy B T
Tl 2 T3
= \ s N\
1 4 T3
= T,=yLT; =yTJT,T,
T,=yT.T,

Half mole of an ideal monoatomic gas is heated at constant pressure of latm from 20°C to
90°C. Work done by gas is close to : ( Gas constant R = 8.31 J/mol.K) [JEE Main-2019]
(1) 146J (2) 291 (3)5811J 4)7313

)

W= nRAT

W= %x8.31x70 =201 ]
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AnS.
Sol.

36.

Ans.
Sol.

37.

AnNS.
Sol.

38.

Two kg of a monoatomic gas is at a pressure of 4 x 10* N/mf. The density of the gas is 8 kg
/m®. What is the order of energy of the gas due to its thermal motion ? [JEE Main-2019]
(1) 10°) (2) 10*J (3)10°J (4)10°J
)

3

U= —=nRT
2

U:§Pv:§><4><104><g = §><104
2 2 8 2

A rigid diatomic ideal gas undergoes an adiabatic process at room temperature,. The relation
between temperature and volume of this process is TV* = constant, then x is :

[JEE Main-2019]
5 2 2 3
® 3 @ ¢ @ 3 CF
)

TV = constant
r-1=X

Z_]_ =n

5

_2
n==
5

A gas mixture consists of 3 moles of oxygen and 5 moles of argon at temperature T.
Considering only translational and rotational modes, the total inernal energy of the system is:

[JEE Main-2019]
(1) 4RT (2) 12RT (3) 20 RT (4)15RT
(4)
f,

= -1n RT+f2n ,RT
2 2

g(sRT) + _><(5RT)

U=15RT

In a process, temperature and volume of one mole of an ideal monoatomic gas are varied
according to the relation VT = K, where K is a constant. In this process the temperature of the
gas is increased by AT. The amount of heat absorbed by gas is (R is gas constant) :

[JEE Main-2019]
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(1) % RAT @) % AT 3) % KRAT (@) g RAT

Ans. (1)
Sol.  Solving with help of Polytrophic process
VT = constant

V. (&j = constant

{77

KTG AND THERMODYNAMICS

nR
PV? = constant
a=2
for polytropic processQ = n [l +i] AT
V-1 1l-a
Q= Lrat
2

39. For the given cyclic process CAB as shown for a gas, the work done is :

6o0b C A
5.
4k
p
p(Pa) Al
2k
1+ B
I 2 3 4 5
V(m®)
[JEE Main-2019]
)13 (2)301J (3)101J 4)51]

Ans.  (3)
Sol.  Work done by gas
= Area under P-V curve

:£X4X5:1OJ
2

40.  Anideal gas occupies a volume of 2m® at a pressure of 3 x 10° Pa. The energy of the gas is:
(1) 6 x 10*J (2) 3 x 102 (3) 9 x 10°J (4) 108
[JEE Main-2019]
Ans.  (3)

Sol.  Energy of gas = gnRT :gPV =9x10°)
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41.

AnNs.

Sol.

42.

AnNS.

Sol.

An ideal gas is enclosed in a cylinder at pressure of 2 atm and temperature, 300 K. The mean
time between two successive collisions is 6 x 1078 s. If the pressure is doubled and temperature
is increased to 500 K, the mean time between two successive collisions will be close to:

[JEE Main-2019]

(1)3x10°%s (2)2x10's (3)0.5 x 10°%s (4) 4 x 10°%s
(4)
T= ;2 , Where d is diameter of the molecule & n is no of molecules per unit volume
nnv,,
1
= 1=
V2nn 8R—sz
™M

Volume is const but P & T are not changed in same proportion, so number of moles(p) must
change

. PV=puRT=

oC

P
=

D <=

= TC—=

P

, [T, P _\F 1
= 2= | 2Zx2Lt = [=x=
T T PR 3 2

—1,=3.86x10°8S=4x10°%S

o|

If 10%2 gas molecules each of mass 102° kg collide with a surface (perpendicular to it)
elastically per second over an area 1 m? with a speed 10* nvs, the pressure exerted by the gas
molecules will be of the order of [JEE Main-2019]

(1) 10* N/m? (2) 10*® N/n?? (3) 10® N/m? (4) 10° N/m?

(NTA Answer Key) - (4)

Correct Answer is 2 N/m?

As none of the option matches question should be BONUS

m
o—
\.—'

ve€E—O

m

Magnitude of change in momentum per collision =2mv
Force N(2mv) 10%x2x10*°x10*
Area 1 1

Pressure = =2N/m?
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43.  The given diagram shows four processes i.e., isochoric, isobaric, isothermal and adiabatic. The
correct assignment of the processes, in the same order is givenby :
[JEE Main-2019]

t :
b
C
d
V—b
(1)dabc (2)adchb (3)dach 4)adbc
Ans. (1)
Sol.  isochoric — Process d

isobaric — Process a

Adiabatic slope will be more than isothermal
S0

Isothermal — Process b

Adiabatic — Process ¢

order >dabc

44, Following figure shows two processes A and B for a gas. If AQa and AQg are the amount of
Heat absorbed by the system in two cases, and AU, and AUg are changes in internal energies,
respectively, then: [JEE Main-2019]

V—

(1) AQa > AQp ; AUs =AUg (2) AQa = AQg ; AU, =AUg

(3) AQa < AQg ; AUx <AUp (4) AQa > AQg ; AUp > AUg
Ans. (1)
Sol. d

V=
Initial and final states for both the processes are same.
AUA = AUB

Work done during process A is greater than in process B.
By First Law of thermodynamics
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AnNS.

Sol.

46.

AnNS.

Sol.

47.

AnNs.

Sol.

AQ =AU+ W
= AQa > AQsB

An HCI molecule has rotational, translational and vibrational motions,. If the rms velocity of
HCI molecules in its gaseous phase is 0o, mis its mass and kg is Boltzmann constant, then its

temperature will be [JEE Main-2019]
mi? mi? mi? mi?
@) 5k @) 3k ®) 7k ) 6k
B B B B
(4)

According to equi-partition energy theorem

1, 1
—M( V) =3x=K,T
2 (rms) 2 b
—2
T: szvrms
3k

correct option should be (3)

For a given gas at latm pressure, rms speed of the molecules is 200 m/s at 127°C. At 2 atm
pressure and at 227°C, the rms speed of the molecules will be: [JEE Main-2019]

(1)100~/5 mis (2) 80 mis 3) 805 mis (4)100 m/s
@)
/SRT
Vims = | —— => Vims € ﬁ
I\/IW
Now, v _ 500 N \Y =£
200 \400 = 200 2

= v=100 «/5 m/s

The specific heats, Cp and Cy of a gas of diatomic molecules, A, are given (in units of J mol™
K™) by 29 and 22, respectively. Another gas of diatomic molecules, B, has the corresponding
values 30 and 21. If they are treated as ideal gases, then :
[JEE Main-2019]
(1) Ais rigid but B has a vibrational mode
(2) A has one vibrational mode and B has two
(3) Both A and B have a vibrational mode each
(4) A has a vibrational mode but B has none
(4)
For A
R=Cp-Cy=7

C =R f-H_g3
2 7
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48.

AnNs.
Sol.

49.

AnNS.
Sol.

2 9
s _~ 5 (Rotation + Translational)
© ™0 (Vibration)

A cylinder with fixed capacity of 67.2 lit contains helium gas at STP. The amount of heat
needed to raise the temperature of the gas by 20° is : [ Given that R = 8.31 J mol !
[JEE Main-2019]

(1) 374 (2) 700J (3) 7481 (4) 3501
0

Volume = constant

67.2 lit. =3 mole

Q= AU =£nRAT

= g><3><8.3><20 =747 )

A 25 x 10~ m® volume cylinder is filled with 1 molof O, gas at room temperature (300k). The
molecular diameter of Oz, and its room mean square speed, are found to be 0.3 nm and 200 nvs,
respectively. What is the average collision rate (per second) for an O, molecule ?

[JEE Main-2019]

(1) ~10% (2) ~108 (3) ~10*2 (4) ~10"
@)

Vav
v=—"2

)
L. _RT

«/ZIGZNAP
c=2%x0.3x107
»_RT

v

V
S A=
\/ETEGZNA

Vav = i X Vrms
\I 3

\V2nx6°N, y 8

. v=200x —
25x%x10 3
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=17.68 x 10° /sec
=0.1768 x 10'° /sec ~ 10%°

50. n moles of an ideal gas with constant volume heat capacity C, undergo an isobaric expansion
by certain volume. The ratio of the work done in the process, to the heat supplied is :
[JEE Main-2019]

nR 4nR 4nR nR
+

nR @ C,-nR ®) C,+nR @ C,-nR

\ \

@) c.

Ans. (1)
Sol. w=nRAT
AH = (Cy + nR) AT
w nR

AH  C,+nR

51.  When heat Q is supplied to a diatomic gas of rigid molecules, at constant volume its
temperature increase by AT. The heat required to produce the same change in temperature, at a

constant pressure is : [JEE Main-2019]
2 5 7 3
@) gQ (2) gQ 3 gQ 4) EQ
Ans.  (3)

Sol.  Atconstant volume
Q=nC\AT= ngRAT

At constant pressure :

Q' =nCpAT = n%RAT

>Q'=1Q

52.  One mole of an ideal gas passes through a process where pressure and volume obey the relation

1V, Y _
P= P{“E(VO) } . Here Py and V; are constants. Calculate the change in the temperature of

the gas if its volume changes from V, to 2V. [JEE Main-2019]
1PV, 3PV, 1PV, 5PV,
1) =0 2y 2 oY 3) =070 4) 0%
()ZR ()4R ()4R ()4R
Ans. (4)

2
Sol. P:PO 1—l(ﬁj
2\ V

Pressure at Vo = Pg (1_1j - i
2 2
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Pressure at 2Vy = Pg 1_EXEJ - Zpo
4) 8
PO
7V0
Temperature at Vo = 2— — 0%
nR 2nR
7
( Po ) @v) ‘py,
Temperature at 2V = _4
nR nR
Change in temperature = 7_11RVe
4 2)nR

— § I:)oVo _ 5|:)ovo
4 nR 4R

53.

AnNS.

Sol.

54,

AnS.

Sol.

Two moles of helium gas is mixed with three moles of hydrogen molecules (taken to be rigid).
What is the molar specific heat of mixture at constant volume? (R = 8.3 J/mol K)

[JEE Main-2019]
(1) 19.7 J/mol K (2) 17.4 J/mol K (3) 21.6 J/mol K (4) 15.7 J/mol K

)

£oo= nfi+n,f, 2x3+3x5 21
n,+n, E g

_fR_21 R

=—x— =17.4Jmol K
P iy, 2

Cv

A sample of an ideal gas is taken through the cycle process abca as shown in the figure. The
change in the internal energy of the gas along the path ca is —180 J. The gas absorbs 250 J of
heat along the path ab and 60 J along the path bc. The work done by the gas along the path abc
[ [JEE Main-2019]

a b
V—
(1) 1301J (2) 100J (3)120J (4) 1401
1)
AE | AW | AQ

ab 250

be 0 60

cal| —180
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be| 60 0 60
ca| 180

55. A Carnot engine has an efficiency of 1 /6. When the temperature of the sink is reduced by
62°C, its efficiency is doubled. The temperatures of the source and the sink are, respectively,
[JEE Main-2019]

(1) 124°C, 62°C (2)37°C, 99°C (3) 99°C, 37°C (4) 62°C, 124°C
Ans.  (3)
Sol.  Efficiency (n) = 1- 25
TSOUI’CB
T 5
= = .
Tsource ( )
Also, lzl_M 2
3 T

source

= Tsource = 99°C

56.  The number density of molecules of a gas depends on their distance r from the origin
as, n(r) :—noe*‘”“ . Then the total number of molecules is proportional to :
[JEE Main-2019]

1) nyo @) nyat 3) n,a’ @) \Jnea?
Ans. (1)

Sol.

dN = n(r)dV = n(r)(4rr?dr)
= N= [dN=[ne™" (4nr’)dr

57. A diatomic gas with rigid molecules does 10 J of work when expanded at constant pressure.
What would be the heat energy absorbed by the gas, in this process ?
[JEE Main-2019]

(1)257 (2) 307 (3)3517 (4)407
Ans. (3)
Sol. Q=W+AU

Q =10+ nCVAT (D)
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For diatomic f=5,Cy= %
Also, Atconstant P

PAV = nRAT Q)
—, Q=10+ %(PAV)

:10+2W =351

EXERCISE # (JA)

1. An insulated container containing monoatomic gas of molar mass m is moving with a velocity
Vo. Ifthe container is suddenly stopped, find the change in temperature. [T JEE- 2003]
mv;
3R
Sol.  Decrease inkinetic energy = Increase in internal energy.
Lmz™R
2 My-1
1., 13

—V' ' =——=RAT
2 M 2

Mv®
3R
2. An ideal gas expands isothermally from a volume V; to V, and then compressed to original

volume V; adiabatically. Initial pressure is P; and final pressure is P3. The total work done is
W. Then [JEE' 2004 (Scn)]

(A)P3>P1,W>O (B)P3<P1,W<0 (C)P3>P1,W<O (D)P3:P1,W:0
Ans. (C)
Sol.  Slope of adiabatic process at a given state (P,V,T) is more than p,
the slope of isothermal process. The corresponding P-V graph for p|...._. C
the two process

3 h
) s =3 -
is as shown in figure. A B

In the graph, AB is isothermal and BC is adiabatic. :
W, = positive (as volume is increasing) i Ly

and W, =negative (as volume is decreasing)

IW,.| >|W,,|, as area under P-V graph gives the work done.

Hence, W, + W,. =W <0
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Fromthe graph itself, it is clear that P, > P_.
Hence, the correct option is (A).
Note : At point B, slope of adiabatic (process BC) is greater than the slope of isothermal

(process AB).

3. The piston cylinder arrangement shown contains a diatomic gas at temperature 300 K. The
cross-sectional area of the cylinder is1 m?. Initially the height of the piston above the base of
the cylinder is 1 m. The temperature is now raised to 400 K at constant pressure. Find the new
height of the piston above the base of the cylinder. If the piston is now brought back to its
original height without any heat loss, find the new equilibrium temperature of the gas. You can
leave the answer in fraction. [NT JEE- 2004]

Im

0.4
Ans. (@)4/3m, (b) Tz = 400(%] K
Sol.  Atconstant pressure, V o« T

or Vao b or AN,
Vl

T Ah,

T 400 4
h=h|2|=@0 22| m=2
: (Tj ( )(300)”‘ 3

The process is adiabatic when gas is compressed without exchange of heat

v-1
L
T2 Vl

0.4
T, =4oo(gj K.

_ I8
Tl

4, An ideal gas is filled in a closed rigid and thermally insulated container. A coil of 100 Q
resistor carrying current 1A for 5 minutes supplies heat to the gas. The change in internal
energy of the gas is [JEE’ 2005 (Scr)]
(A) 10 KJ (B) 20 KJ (C)30KJ (D) 0 KJ

Ans. (C)

Sol. AU=Q=PPRT=12x100x5x60J =30KJ

5. When the pressure is changed from p; = 1.01 x 10° Pa to p, = 1.165 x 10° a then the volume changes
by 10%. The bulk modulus is [JEE' 2005 (Scr)]
(A)1.55x 10°Pa  (B)0.0015 x 10° Pa (C) 0.015x10°Pa (D) None of these

Ans. (A
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Ans.
Sol.

AnNS.
Sol.

_ 0.155x10°
0.1

B =1.55x10°

A cylinder of mass 1 kg is given heat of 20000 J at atmospheric pressure. If initially
temperature of cylinder is 20°C, find [IT JEE- 2005]
(@) final temperature of the cylinder
(b) work done by the cylinder.
(c) change in internal energy of the cylinder.
(Given that specific heat of cylinder = 400 J kg °C™*,Coefficient of volume expansion
=9 x107° °C*, Atmospheric pressure = 10° N/m* and density of cylinder = 9000 kg/m®)
(@) Tsinat = 70°C, (b) 0.05 J, (c) 19999.95 J
(@) AQ = msAT

B 20000J B

1kg % (400J/ kg°C)

Tfinat = 70°C

= 50°C

(0) W =Pam AV = Patm VoyAT
= (10° N/ mz)[ 1 m3j(9><1o-5/°(:) (50°C) =0.05J

9x10°

(c) AU =AQ -W =20000J-0.05J=19999.95]

Match the following for the given process : [T JEE- 2006]
P(atm) 4
30---ed
20 M
10 K
1020 v
Column-1 Column-11
(A)  ProcessJ — K P) W>0
(B) ProcessK —» L Q) W<O0
(C) ProcessL—> M R) Q>0
(D)  ProcessM —J (S) Q<0
(A)—> S;(B)>PandR; (C) > R; (D) > Qand S;
A  fori-sK
atconst. V, dW=0
and Po«T
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Ans.

AnNS.

dQ =dU (At constant volume)
Now dU is negative , because temperature is decreasing
- dQ is negative
hence Q<0
B) forK->L
atconstP , Vo T
As volume increases ; Temperature will increase
- dw = PdV
hence W>0 ,Q>0
(C) forL - M
at constant v, dW =0
- Po« T , Temperature will increase
Now dQ = dU

but  dU is positive
Q>0

(D) ForM-1
V is decreasing therefore W <0
(PV), < (PV),,
TJ < TM

AU<0

hence Q <0

Paragraph for Question Nos. 8 to 10
A fixed thermally conducting cylinder has a radius R and length Lo. The cylinder is open at its
bottom and has a small hole at its top. A piston of mass M is held at a distance L from the top
surface, as shown in the figure. The atmospheric pressure is Po. [T JEE-2007]

2R
i

>
P

Ly

Piston

The piston is now pulled out slowly and held at a distance 2L from the top. The pressure in the
cylinder between its top and the piston will then be

(A) Po (B) Pol2 © >
)

While the piston is at a distance 2L from the top, the hole at the top is sealed. The piston is then
released, to a position where it can stay in equilibrium. In this condition, the distance of the
piston from the top is

+ Mg
nR?

Mg
nR?

© -

2P, mR?  TR? — Mg
mﬁﬁﬁﬁ@%u (mPﬁﬁT%&)
P,mR? + Mg P,mR?
©) (nR—ZF’OJ (2L) (D) [—nRZPO —MgJ(ZL)
(D)
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Sol.

AnNS.

Sol.

11.

AnNS.

12.

AnNS.

Sol.

Mg + P(nR?) = PgnR?
Po(2L7R?) = P(xtR?) (P1-V1 = P2-V/, for isothermal process)

2
x=| ™o
nP°P, — Mg

The piston is taken completely out of the cylinder. The hole at the top is sealed. A water tank is
brought below the cylinder and put in a position so that the water surface in the tank is at the
same level as the top of the cylinder as shown in the figure. The density of the water is p. In
equilibrium, the height H of the water column in the cylinder satisfies

(A) pg(Lo — H)? + Po(Lo—H) + LoPo =0 (B) pg(Lo — H)? — Po(Lo — H) — LoPo = 0
(C) pg(Lo — H)? + Po(Lo — H) — LoPg = 0 (D) pg(Lo — H)? — Po(Lo — H) + LoPo=0
(9)

nR?Polg = P(Lo— H)xR> ... (i)

P=Po+pgllo-H) . (ii)

Solving (i) and (ii), we get the answer.

STATEMENT- 1 : The total translational kinetic energy of all the molecules ofa given mass

ofan ideal gas is 1.5 times the product of its pressure and its volume. [JEE 2007]

because

STATEMENT- 2 : The molecules of a gas collide with each other and the velocities of the

molecules change due to the collision.

(A) Statement-1 is True, Statement-2 is True; Statement-2 is a correct explanation for
Statement-1

(B) Statement-1 is True, Statement-2 is True; Statement-2 is NOT a correct explanation for
Statement-1

(C) Statement-1 is True, Statement-2 is False

(D) Statement-1 is False, Statement-2 is True.

(B)

An ideal gas is expanding such that PT? = constant. The coefficient of volume expansion of the
gas is [JEE 2008]

1 2 3 4
(A T (B) T ©) T (D) T

(©)
PT2=C

using PV =nRT inPT?2=C
KEJT%C = T«xV
Vv

Differentiating we get
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3_T :d_V
T Vv
Coefficient of volume expansion (y) = idv _3
vdr T

13. Column 1 contains a list of processes involving expansion of an ideal gas. Match this with
Column I1 describing the thermodynamic change during this process. Indicate your answer by
darkening the appropriate bubbles of the 4 x 4 matrix given in the ORS. [JEE 2008]

Column | Column 1
(A)  Aninsulated container has two chambers (P)  The temperature of the gas decreases
separated by a valve. Chamber
| contains an ideal gas and the Chamber
Il has vacuum. The valve is opened.

RN I_I II

ideal gas vacuum
(B)  An ideal monoatomic gas expands to (Q)  The temperature of the gas
twice its original volume such that its increases or remains constant

1
pressure P oc —- V2 , Where V is the volume

of the gas.

(C)  An ideal monoatomic gas expands to (R)  The gas loses heat
twice its original volume such that its

where V is its volume

pressure Poc —— Vo

(D)  Anideal monoatomic gas expands such (S)  The gas gains heat
that its pressure P and volume V follows
the behaviour shown in the graph

V, 2V, V
Ans. (A)—> Q;(B)— PR;(C)—> PS; (D) » QS;
Sol.  Column-1: Expansion of ideal gas
Column-11 : Thermodynamic change.
(A)  AQ =0 (as boundary is non conducting)
in the case of free expansion W =0
Q=aAU+W
0=aAU+0 AU=0
U = const.
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(A) - (q) (As temp remains constant).
1
PV2=C
nRTV=C
TV=C
Since volume increases the temperature decreases.
Q=nCaT, forpolytropic process, PV* =constant, C=C_+ %
C=C + R =C,—-R :ER—R
vo-2+1 2
R R
= — =n—aAT
2 = Q=g
AT is negative so Q is negative
means heat is lost
Sofor (B) > (p, 1)
(C©) PV¥#=C
TV =C'
So when volume increases temperature decreases
NowC=C, + R__ ER—3R = C:—ER
4 2 2
— gl
3
_ A 3
Q =nCaT = Q—n(—ERj(AT)
as AT is negative Q will be positive.
Hence (C) - p,s
PV
D T=—
(D) -
as product of P and V increases, so temperature increases
Q=AU+W

AU =+ve (AT =+we)

W = +ve (As volume increases)
SoQ =+we

Hence gas gains heat

SO, (D) - (q, s)

Cy and C, denote the molar specific heat capacities of a gas at constant volume and constant
pressure, respectively. Then [JEE, 2009]
(A) Cp —Cy is larger for a diatomic ideal gas than for a monoatomic ideal gas

(B) Cp + Cy is larger for a diatomic ideal gas than for a monoatomic ideal gas

(C) Cy/Cy is larger for a diatomic ideal gas than for a monoatomic ideal gas

(D) Cp . Cy is larger for a diatomic ideal gas than for a monoatomic ideal gas

(BD)
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Solution:  For monoatomic gas, C, = ER, CV:ER. C,-C,=R
2 2 P
For diatomi c,='Rrc,=2R C,-C,=R
or diatomic gas C, = —R,C, = - R ,—C,=

C, — C, is same for both
Cp + C, = 6R (for diatomic)
Cp +C, = 4R (for mono)

SO (Cp +C)gia > (CIO +C))

mono

C
_Pzz = 1.4 (for diatomic)
C, 5
C
Zo 30 1.66 (for monoatomic)
C, 3
35,
(C )(C)= TR (for diatomic)

C) (€)= —R2 (for monoatomic)
SO (Cp ) Cv)dla.tomlc > (Cp : Cv)

monoatomic

15.  The figure shows the P-V plot of an ideal gas taken through a cycle ABCDA. The part ABC is
a semi-circle and CDA is half ofanellipse. Then, [JEE, 2009]

i A

3 //\

2

1 D\\ /B

C

C—71 72 3 v
(A) the process during the path A — B is isothermal
(B) heat flows out of the gas during the pathB - C — D
(C) work done during the path A - B — C is zero
(D) positive work is done by the gas inthe cycle ABCDA
Ans. (BD)
Sol.  (A) process is not isothermal
(B) volume decreases and temperature decreases
AU = negative
AW = negative
S0 AQ = negative
(C) Work done inprocess A - B — C is positive
(D) Cycle is clockwise, so work done by the gas is positive.

16.  Arreal gas behaves like an ideal gas if its
(A) pressure and temperature are both high (B) pressure and temperature are both low
(C) pressure is high and temperature is low (D) pressure is low and temperature is high
Ans. (D)
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Sol. At low pressure and high temperature inter molecular forces become ineffective. So a real gas
behaves like an ideal gas.

17.  One mole of an ideal gas in initial state A undergoes 1 a cyclic process ABCA, as shown in the
figure. its pressure at A is Po. Choose the correct option(s) from the following. [JEE-2010]

A

4V,

(A) Internalenergies at A and B are the same
(B) Work done by the gas in process AB is PoVy Ind4

(C) Pressure atC is %

(D) Temperature at C is %

Ans. (ABCD)
V' s
4V, B
4
Sol. N
VU ',""C ] A >
N

U= gnRT, where f,n,R are constants. Also temperature T is same at A & B.
Up=Ug

Also, AW,g=nRT, /n (%J =nRT, /n 4\\//" =nRT, (4 =PV, /4

i 0

18. A diatomic ideal gas is compressed adiabatically to 1/32 of its initial volume. In the initial
temperature of the gas is T (in Kelvin) and the final temperature is aT;, the value ofa is
[JEE-2010]

Ans. 4
Sol.  For adiabatic process,

TVvr 1= constant

v,
vl
2

7
T,= T,(32)5" T,=4T, = a=4

19. 5.6 litre of helium gas at STP is adiabatically compressed to 0.7 litre. Taking the initial
temperature to be Ty, the work done in the process is : [JEE 2011]

H.O. 92, Rajeev Gandhi Nagar, Kota (Raj.) Mob. 97831-97831, 70732-22177, Ph. 0744-2423333 www.hucleuseducation.in



GNUCL

{77

KTG AND THERMODYNAMICS

Contre of excatiancs
A) % RT; (B) g RT,
Ans. (A)
Sol.  Number of moles of He = %

Now T,(5.6) =T, (0.7)*

128
T.=T, (gj

4T =T,

nR[Tz _Tl]
v—1

Work done = —

=—%Rn

©) % RT, D) %Rn

20.  One mole of a monatomic ideal gas is taken through a cycle ABCDA as shown in the P-V
diagram. Column Il gives the characteristics involved in the cycle. Match them with each of the

processes given in Column 1.

[JEE, 2011]

Columnl|
(A)  ProcessA— B
(B) Process B —» C

(C) ProcessC —» D
(D)  ProcessD —» A
Ans. (A) - PRT; (B) —» PR; (C) —» QS;
So. A-B= VIPconst =
B>C= dod 0
PITI
d¢=du+dew
C>D = V=TT

Column 11

P) Internal energy decreases
(Q) Internal energy increases
(R)  Heatis lost

(S) Heat is gained

()  Work is done on the gas.
(D) —> RT;

Ul (). (). (©

(), (1)
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22,
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Sol.

23.
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du= +ve
do = +ve @), (s)
DA = dw = —ve ", (¥
dg = —ve
du=0

A mixture of 2 moles of helium gas (atomic mass = 4 amu), and 1 mole of argon gas (atomic
v,ms(helium)] <

Vv, (argon)
[T JEE-2012]

mass = 40 amu) is kept at 300 K in a container. The ratio of the rms speeds [

(A) 0.32 (B) 0.45 (C)2.24 (D) 3.16
(D)
A-B= VIPconst = LUl (), (), @)
B>C= doi 0

PITI

do=du+do (p). ()
C»>D = V=Tt

du= +ve

do = +ve (@), (s)
DA = dw = —ve (), ()

dg = —ve

du=0

Two moles of ideal helium gas are ina rubber balloon at 30° C . The balloon is fully expandable
and can be assumed to require no energy in its expansion. The temperature of the gas in the
balloon is slowly changed to 35°C.The amount of heat required in raising the temperature is

nearly (take R =8.31J/mol.K) [ T-JEE-2012]
(A) 62J (B) 104 J (C)1241] (D) 208 J
(D)
AQ =nC, AT
=2 (i R+ Rj AT
2
=2 FR + R} x5
2
=2x g x831x%x5
=208

Two non-reactive monoatomic ideal gases have their atomic masses in the ratio 2 : 3. The ratio
of their partial pressures, when enclosed in a vessel kept at a constant temperature, is4 :3. The

ratio of their densities is: [JEE-2013]
A)1:4 B)1l:2 €)6:9 (D)8:9
(D)
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RT
Sol. P =P (i
v (i)
_ p,RT ..
= (i
) (i)
by (i) and (ii)
p_8
P, 9
24.  The figure below shows the variation of specific heat capacity (C) of a solid as a function of
temperature (T). The temperature is increased continuously from 0 to 500 K at a constant rate.
Ignoring any volume change, the following statement(s) is (are) correct to a reasonable
approximation. [T JEE-2013]
C
100 200 300 400 500
T(K)
(A) the rate at which heat is absorbed in the range 0-100 K varies linearly with temperature T.
(B) heat absorbed in increasing the temperature from 0—100 K is less than the heat required for
increasing the temperature from 400-500 K.
(C) there is no change in the rate of heat absorption in the range 400-500 K.
(D) the rate of heat absorption increases in the range 200—300 K.
Ans. (ABCD or BCD)
Sol. q=mCT
dg dT
— =mc—
dt dt
R = rate ofabsortion of heat = 2—?00 C
() in 0-100k
C increases, so R increases but not linearly
(i) Ag = mCAT as C is more in (400 k — 500 k) then (0 — 100 k) so heat is increasing.
(iii) C remains constant so there no change in R from (400 k — 500 k)
(iv) C is increases so R is increases in range (200 k — 300 k)
25.  One mole of a monatomic ideal gas is taken along two cyclic processes E - F - G — E and

E - F — H — E as shown in the PV diagram. The processes involved are purely isochoric,
isobaric, isothermal or adiabatic.
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Sol.

26.

PA

32P, F

P < G

E H
Vo WY,

A

Match the paths in List I with the magnitudes of the work done in List IT and select the correct
answer using the codes given below the lists.

ListI List IT
P. G—>E 1. 160 PoVg In2
Q. G—->H 2. 36 PoVo
R. F—-H 3. 24 PoVy
S. F>G 4, 31 PoVo
Codes :

P Q R S
A 4 3 2 1
B) 4 3 1 2
) 3 1 2 4
Do) 1 3 2 4
(A)

PA

32P,

H isobaric !

V, 32V,

In F—G work done in isothermal proces is nRT In (ﬁj =32P,V, |n(32Voj
v v,

i 0
=32P,\V,In2°=160P,V, In2

INnG—- E,AW=P AV=P (31V,)=31P\V,

In G — Hwork done is less than31 PV, i.e., 24 P V,

InF — H work done is 36 PV,

A thermodynamic system is taken from an initial state i with internal energy U; = 100 J to the
final state f along two different paths iaf and ibf, as schematically shown in the figure. The
work done by the system along the paths af, ib and bf are Waf = 200 J, Wi, = 50 J and Wy =
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Sol.

27.

AnS.
Sol.

100 J respectively. The heat supplied to the systemalong the path iaf, ib and bf are Qiar ,Qip and
Qur respectively. If the internal energy of the system in the state b is Ub = 200 J and Qiaf = 500
J, theratio Qps / Qipis  [IIT JEE -2014]

A

. f
p /
r
i b

>

>
»

Vv
2
w, =150 -
W, =200 a . f
Q. =500JSoU,_ =300
Sowvr%e U,=400J] 1 o
U, =100 i
Q, = 100 + 50 = 150 J 1009 2007 ]
Q,,= 300 + 150 = 450 J v
Q, _ 450150 _

So the required ratio 2

150

ib

Paragraph for Questions 27 & 28
In the figure a container is shown to have a movable (without friction) piston on top. The
container and the piston are all made of perfectly insulating material allowing no heat transfer
between outside and inside the container. The container is divided into two compartments by a
rigid partition made of a thermally conducting material that allows slow transfer of heat. The
lower compartment of the container is filled with 2 moles of an ideal monatomic gas at 700 K
and the upper compartment is filled with 2 moles of an ideal diatomic gas at 400 K. The heat

capacities per mole of an ideal monatomic gas are C, =§R , Co =§R , and those for an ideal

diatomic gas are C,, =2R , Co :%R : [T JEE -2014]

Consider the partition to be rigidly fixed so that it does not move. When equilibrium is
achieved, the final temperature of the gases will be

(A) 550 K (B) 525 K (C) 513K (D) 490 K

(D)

Let final temperature of gases is T
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Heat rejected by gas in lower compartment (nC AT) = 2x%R(700—T)

Heat received by gas inabove compartment (nC AT) = 2x % R(T —400)

Equating above
2100 -3T=7T-2800
= T=490K

28.  Now consider the partition to be free to move without friction so that the pressure of gases in
both compartments is the same. Then total work done by the gases till the time they achieve
equilibrium will be
(A) 250 R (B) 200 R (C)100R (D)-100 R

Ans. (D)

Sol. AW, +AU, =AQ,

AW, + AU, = AQ,

AQ,+4Q,=0
%R (T — 400) = gR (700 T)
6300

= T= ? =525 K
S0 AW, + AW, = 2. R. (525 - 400) + 2R(525 — 700)
= +250R-350R

=—-100R

29.  Acontainer of fixed volume has a mixture of one mole of hydrogen and one mole of helium in
equilibrium at temperature T. Assuming the gases are ideal, the correct statement(s) is(are)
[1IT JEE -2015]
(A) The average energy per mole of the gas mixture is 2RT.

(B) The ratio of speed of sound in the gas mixture to that in helium gas is v6/5.
(C) The ratio of the rms speed of helium atoms to that of hydrogen molecules is 1/2.

(D) The ratio of the rms speed of helium atoms to that of hydrogen molecules is 1/+2.
Ans. (ABD)

Sol. U=nC,T+nC,T

= 1X§RT+1X§RTZ4RT

= 2C,, T=4RT
Average energy per mole =2RT = C, =2R

Cmix_ ’Ym_'x _MHe = §X§Xﬂ —\/E
CHe YHe Mmix 2 5 3 5
VrmsHe_ IVIH2 _

Vrmst - Ilee _ﬁ
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Answer Q.30, Q.31 and Q.32 by appropriately matching the information given in the three

30.

AnNS.

Sol.

31.

AnNS.

Sol.

32.

columns of the following table.

An ideal gas is undergoing a cyclic thermodynamic process in different ways as shown in the
corresponding P-V diagrams in column 3 of the table. Consider only the path from state 1 to 2.
W denotes the corresponding work done on the system. The equations and plots in the table
have standard notations as used in thermodynamic processes. Here y is the ratio of heat
capacities at constant pressure and constant volume. The number of moles in the gas in n.

[JEE-2017]
Column 1 Column 2 Column 3
PA 1 2
) W, ,, = il(sz2 -RPV,) (D Isothermal  (P) Q
’Y —
V
P
1
()} W, ,, =-PV, +PV, (i) Isochoric Q) )
\V
Pao 1
2
an  W_,,=0 (iii)  Isobaric (R)
Vv
P
V, ) ) .
(Iv) W_,,=-nRT In v (iv)  Adiabatic S) 5
1
V

Which of the following options is the only correct representation of a process in which
AU = AQ — PAV?

EA)) (m (iv) (R) (B) (1) (iii) (P) (C) () (iii) (S) (D) (1) (iii) (P)

B

The process must be isobaric.

Which one of the following options is the correct combination?

(A) (1) (ii) (S) (B) (1) (iv) (R) (C) (1) (iv) (P) (D) (V) (ii) (S)
(A)

The correct combination is for isochoric process.

Which one of the following options correctly represents a thermodynamic process that is used
as a correction in the determination of the speed of sound in an ideal gas?
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33.

AnNS.

Sol.

34.

AnNS.

Sol.

conEnHeATIoN KTG AND THERMODYNAMICS
(A) (1) (iv) (R) (B) () (ii) (Q) (C) (V) (ii) (R) O) () (iv) Q)

(D)
The process must be adiabatic, which is used in Laplace correction over Newton's law for
sound speed in air.

One mole of a monatomic ideal gas undergoes an adiabatic expansion in which its volume
becomes eight times its initial value. If the initial temperature of the gas is 100 K and the
universal gas constant R = 8.0 mol! K-, the decrease in its internal energy, in Joule,

is . [JEE ADVANCED-2018]
(900.00)
T vV y-1 1 2/3
ik . i | =
%) -6
T. 100

T, =-l==-=25K
4 4

-~ AU=nC,(T,-T)

- lx%(ZS—lOO) - g><8>< (=75) =-900 Joule

One mole of a monatomic ideal gas undergoes four thermodynamic processes as shown
schematically in the PV-diagram below. Among these four processes, one is isobaric, one is
isochoric, one is isothermal and one is adiabatic. Match the processes mentioned in List-1 with
the corresponding statements in List-11. [JEE ADVANCED-2018]

v, 3V, Vg
LIST-I LIST-II
P. Inprocess | 1. Work done by the gas is zero
Q. Inprocess 1 2. Temperature of the gas remains unchanged
R. Inprocess Il 3. No heat is exchanged between the gas and its
S. Inprocess IV surroundings
4. Work done by the gas is 6 PoVo
Codes :
P Q R S
A 4 3 1 2
B 1 3 2 4
<c 3 4 1 2
D) 3 4 2 1
©)

Process 1 is adiabatic process, hence Q =0
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Ans.
Sol.

Process 2 is isobaric, hence W = P-AV = 6PyVy
Process 3 is isochoric, hence W =0
Process 4 is isothermal

One mole of a monatomic ideal gas goes through a thermodynamic cycle, as shown in the

volume versus temperature (V-T) diagram. The correct statement(s) is/are:
[R is the gas constant] [JEE ADVANCED-2019]

v

5

3

Q1—>2

(1) The ratio of heat transfer during processes1 —2and 2 > 3 is

23

(2) The above thermodynamic cycle exhibits only isochoric and adiabatic processes.

(3) Work done in this thermodynamic cycle (1 -2 >3 >4 —> 1) is|W| = 1RT0
2

(4) The ratio of heat transfer during processes1 —2and 3 —> 4 is Qi = >
24
(1.3)
P
1To)
) > 2(2To)
Polo. 3(T
[ fm 0
2 ) |
1 1 V
Vo 2V
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36.

AnNS.

Sol.

= =g (Monatomic gas)

- (2V0 Vo)[Po POJ
= PO;/O = R;-O (AS PoVo=1 RTo)

Qu|_nC,(2T,-T,) _

= 2
Q34‘ nC, (TO_E))

A mixture of ideal gas containing 5 moles of monatomic gas and 1 mole of rigid diatomic gas is
initially at pressure Py, volume Vo, and temperature To. If the gas mixture is adiabatically
compressed to a volume Vo/4, then the correct statement(s) is/are.

(Given 2% = 2.3; 232 = 9.2; R is gas constant) [JEE ADVANCED-2019]
(1) The work |W| done during the process is 13RTy

(2) The final pressure of the gas mixture after compression is in between 9P, and 10P,

(3) Adiabatic constant of the gas mixture is 1.6

(4) The average kinetic energy of the gas mixture after compression is in between 18RT, and
19RTy

(1,2,3)
5><§R+1><ZR
2 2 _8 4156
Tmix 3 5“5+
5x “R+1x-R
2 2
V 1.6
PiVi :Pf Vf:>Pf :Po(mj =9.2 Po
\V/
~ PV, -9.2P,—%
we PVi-PRVY 4 _ 1.3P0V0=_13RT0
y-1 1.6-1 0.6
3 3.92P,xV,/4 3 23
(KE)ag= S RT= EX%=§X7XHRTO=3-45RTO
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Answer the question 37 and 38 by appropriately matching the lists based on the information

37.

givenin the paragraph
In a thermo dynamic process on an ideal monatomic gas. the infinitesimal heat absorbed by the
gas is given by TAX. where T is temperature of the system and AX is the infinitesimal change

in a thermodynamic quantity X of the system. For a mole of monatomic ideal gas

X = ERln(_l_lj+Rln(i]. Here R is gas constant. V is volume of gas. Ta and Va are

A VA

constants. The List-1 below gives some quantities involved in a process and List-11 gives some

possible values of these quantities. [JEE ADVANCED-2019]
List-1 List-11
0] Work done by the system inprocess 1 — 2 — 3 (P) %RT0 In2
. . 1
(1) Change in internalenergy inprocess 1—->2—>3 (Q) 3 RT,

(1) Heat absorbed by the system in process1 -2 — 3 (R)  RTy

(IV)  Heat absorbed by the system in process 1 — 2 (S) %RTO

) %RTJB+mZ)

5
V) SRT,

. . . . 1
If the process carried out on one mole of monatomic ideal PV-diagram with PoVy = § RTo, the

correct match is.

F
3Py 3
2
P, I S 12
| —
Vﬂ' 2V

M I1->Q. >R Il —>P. IV>U
QI->S HN>RIN->QIVST

H.O. 92, Rajeev Gandhi Nagar, Kota (Raj.) Mob. 97831-97831, 70732-22177, Ph. 0744-2423333 www.hucleuseducation.in



KTG AND THERMODYNAMICS

Sol.

38.

AnNS.

Sol.

#1->Ql->S. >R V> U
(3)
1

PoVo =S RT,

Work done = PV, = % RT,

f f

w

AU =2 nRAT = E(vaf —-PV,) ==-(3R,V, —PV,) =3PV = RTp

2

1 4
Total heat absorbed = = RT,+RT, ==RT,
3 3

3

Heat absorbed in1 — 2 = % RT, +§(2P°V° -PV,) =

If the process on one mole of monatomic ideal gas is as shown in the TV-diagram with

1 .
PoVo = 5 RT,. The correct match is.

T
'."'ﬂ . -
Ty | *-,
3 =" -
: | :-V
|'J'l:l Evﬂ
WDI->P.NN->THH->Q. IVo>T @1I->P

@) I->P.N>RIUN->TIV>S
(2)

1
PV, = =RT,
0o 3 0

V, RT.
Work done = nRT In| —+ |=—2%1In2
V. 3

aU= LnraT 23R TO—E =RT,
2 2 3
RT,
Total Heat absorbed = RT, + 3 In2

= %RTO(3+In2)
RT,

Heat absorbed in1 -5 2= W= In2

AM>RIMN->TIV>P

@HI->S NN->THH->Q,IV>U
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