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PRACTICE EXERCISES

SINGLE CORRECT CHOICE TYPE QUESTIONS

This section contains Single Correct Choice Type Questions. Each question has four choices (A), (B), (C) and (D), out of which ONLY
ONE is correct.

1.

The efficiency of a Carnot engine operating between the
temperatures T, and T, (T, > T, ) is 1. The temperature of
sink is decreased by a K and efficiency is 7,. The tempera-
ture of source is increased by o K and efficiency is 1.

(A) m=m=m (B) m>n,>m

(€) m<n<my D) m>ng>m,

An ideal monatomic gas at 27 °C is compressed adiabatically

8 . .. .. .
to E of its original volume. Then the rise in temperature is

(A) 450 °C (B) 375°C
(C) 225°C (D) 405 °C
One mole of an ideal gas undergoes a process P = iz
V
1+ [ -2 J
V

Here F; and V|, are constants. Change in temperature of the
gas when volume is changed from V =V to V =2V} is

2PV, 11,V
(A) _Z0'0 (B) ——0'0
5R 10R
5P,V
@ -7t (D) RV,

The temperature of an isolated body of mass m, gram
specific heat ¢ falls from T; to T, in time f.

mcf 1 1 2me( 1 1
(A) t=—| 75— B) t=——1-35-3

ol\T;, T, o\, T

me( 1 1 30( 1 1
© t=—5-= D) t=—|5-==

3\, T me\ T, T
Two moles of helium are mixed with 1 moles hydrogen. The
root mean square (rms) speed of the gas molecules in the

mixture is v/2 times the speed of sound in the mixture. Then
value of n is
(A) 1

© 2

(B) 3
3
D) 3

When a gas A is introduced into an evacuated flask kept
at 25 °C, the pressure is found to be one atmosphere. If an
equal mass of another gas B is then added to the same
flask, the total pressure becomes 3 atm. Assuming ideal gas
behaviour, calculate the ratio of molecular weights M, : Mj
(A) 1:1 (B) 2:1

€ 1:2 (D) 3:1

Anideal gas (y =1.5) is expanded adiabatically. How many
times has the gas to be expanded to reduce the root mean
square velocity of molecules 2 times

(A) 4 times (B) 16 times

(C) 8 times (D) 2times

10.

11.

A solid copper sphere (density p and specific heat capacity
¢) of radius r at an initial temperature 200 K is suspended
inside a chamber whose walls are at almost 0 K. The time
required (in ps) for the temperature of the sphere to drop to
100 K is

72 rpe 7 rpc
A) —— B) ——
() 7 0 (B) 720
27 rpc 7 rpc
C) —— D) ——
© 7 0 ©) 27 o

A vertical U-tube contains a liquid. When the two arms are
maintained at different temperatures 50 °C and 60 °C, the
levels of liquid in the two arms are 49 cm and 50 cm respec-
tively. The coefficient of volume expansion of the liquid is

(A) 12x107 °C™ (B) 1.4x107° °C!
(C) 23x107 °C™ (D) 1.8x107 °C™

Two metallic spheres P and Q of the same surface finish are
taken. Weight of P is twice that of Q. Both the spheres are
heated to the same temperature and are left in a room to cool
by radiation. The ratio of the rate of cooling of P to that of Q is

(A) 1:42 (B) v2:1
1

(©) 1:(2% (D) 23:1

Select the corresponding V-T diagram for the P-T diagram
shown in Figure.
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Water is being boiled in a flat bottomed kettle placed on a
stove. The area of the bottom is 300 cm” and the thickness
is 2 mm. If the amount of steam produced is 1 gmin;l, then
the difference of the temperature between the inner and the
outer surfaces of the bottom is (thermal conductivity of the
material of the kettle= 0.5 cal cm™s™" °C™, latent heat of the
steam is equal to 540 calgfl)
(A) 12°C

(C) 0.12°C

(B) 12°C
(D) 0.012°C

In a given process of an ideal gas and dQ < 0. Then for the
gas

(A) the temperature will decrease

(B) the volume will increase

(C) the pressure will remain constant

(D) the temperature will increase

2 kg of ice at -20 °C is mixed with 5 kg of water at 20 °C
in an insulating vessel having a negligible heat capacity.
Assuming that the specific heat of water, ice and latent heat
of ice respectively are 1kcalkg™(°C™), 0.5 kealkg ™ (°C™)
and 80 kcalkg™, then the final mass of water (in kg) left in
the container is

(A) 2 (B) 3

©) 6 (D) 12

In case of Boyle's Law, if the pressure increases by 1%, the
percentage of decrease in volume is

(A) 1% (B) [%)/

ol o)

Abody of mass 25 kg is dragged on a rough horizontal floor
for one hour with a speed of 2kmh . The coefficient of fric-
tion for the surfaces in contact is 0.5 and half the heat pro-
duced is abscrl'iwed by the body. If specific heat of body is

0.1 s:alg_1 ( °C) and g=9.8 ms 2, then the rise in tempera-

ture of body is
(A) 39K (B) 595K
(C) 845K (D) 116K

A mixture of 4 g helium and 28 g nitrogen is enclosed in a
vessel at a constant temperature 300 K. The quantity of heat
absorbed by the mixture to double the root-mean velocity of
its molecule is
(A) 4500R
(C) 7200R

(B) 1800R
(D) 3600R

Lo u . . .
The energy density — of an ideal monatomic gas is related
to its pressure P as

(A)

=3P

G
S

e

<o <=
|
RG] W

<= <=

©

W | g
3

A uniform solid brass sphere is rotating with angu-
lar speed @, about a diameter. If its temperature is now
increased by 100 °C. What will be its new angular speed.

(Given g = 2x107° per °C)
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(A) 11w,
(C) 0.99 a,

(B) 1.01a,
(D) 0.824 @,

In an ideal heat pump, heat from inside at 277 K is trans-
ferred to a room at 300 K. The amount of heat (in joule)
which will be delivered to the room for each joule of electri-
cal energy consumed is
(A) 12]
(€ 25]

(B) 1]
(D) 13]
Which of the following statement is true?

(A) In a cyclic process, the internal energy of the gas
increases.

(B) Free expansion is a reversible process.
(C) Inacyclic process, work done by the system is non-zero.
(D) Efficiency of Carnot engine is 100% if temperature of

sink is 0 °C.
An insulator container contains 4 moles of an ideal diatomic
gas at temperature T . Heat Q is supplied to this gas, due
to which 2 moles of the gas are dissociated into atoms but
temperature of the gas remains constant. Then
(A) Q=2RT (B) Q=RT
(C) Q=3RT (D) Q=4RT

A closed cubical box made of perfectly
insulating material has walls of thick-
ness 8 cm and the only way for heat to
enter or leave the box is through two
solid metal plugs A and B, each of

| [

100 °C
4°C

cross-sectional area 12 cm? and length
8 cm fixed in the opposite walls of the box as shown in the
figure. Outer surface A is kept at 100 °C while the outer sur-
face B is kept at 4 °C. The thermal conductivity of the mate-
rial of the plugs is 0.5 cals'em™ (°C) . A source of energy
generating 36 cals™ is enclosed inside the box. The equilib-
rium temperature of the inner surface of the box (assuming
that it is same at all points on the inner surface) is

(A) 38°C (B) 57°C

©) 76°C (D) 85°C

An ideal monatomic gas undergoes the process AB as
shown in Figure.

If the heat supplied and the work done in the process are Q
and W respectively, the ratio Q: W is
(A) 5:2 (B) 5:3
(C) 3:2 (D) 2:1

The thermal conductivities of copper, mercury and glass
are, respectively, K., K,; and K such that K- > K,; > K. If
the same quantity of heat flows per second per unit area of
each and the corresponding temperature gradients are X,
X,y and X, then
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(A) Xc=Xy=X;
C) Xe<Xy<Xg

(B) Xc> Xy >Xg
(D) Xy >Xe>Xg
Sixty percent of given sample of oxygen gas when raised to
a high temperature dissociates into atoms. Ratio of its initial

heat capacity (at constant volume) to the final heat capacity
(at constant volume) will be

8 25
@A) 7 ®) %

10 25
© - oy =

Two moles of an ideal monatomic P
gas is expanded according to rela-
tion PT = constant from its initial
state (F,,V;) to the final state, due

to which its pressure becomes half

of the initial pressure. The change in
internal energy is

3 3
(*) TRV, B) SR,

© 2RV, ©) 28Y,
2 2
In a certain region of space there P
are n number of molecules per unit
volume. The temperature of the
gas is T. If ky is the Boltzmann’s
Constant and R is the Universal ;o
Gas Constant, then the pressure of ,",f”
the gas will be v

(A) nRT (B) nk,T

ﬂ nT

© -

A ring consisting of two parts
ADB and ACB of same conductiv-
ity K carries an amount of heat H.
The ADB part is now replaced
with another metal keeping the
temperatures T; and T, constant.
The heat carried increases to 2H.
The conductivity of the new ADB
ACB

tif it is given that =3,1i
par 1 1S glVGl’l a ADB 1S
(A) %K (B) 2K
5
© K (D) 3K

The specific heat of many solids at low temperatures var-
ies with absolute temperature T according to the relation
S=AT?, where A is a constant. The heat energy required to
raise the temperature of a mass m of such a solid from T'=0
toT=20K is

(A) 4x10* mA
(C) 8x10° mA

(B) 2x10° mA
(D) 2x10° mA
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In the following graph for a given mass of gas, as tempera-

ture increases, volume
P

A/B

0] T
(A) remains constant
(C) increases

(B) decreases
(D) becomes zero

Three identical rods of same material are joined to form
an equilateral triangle. The temperature of end A and B is

maintained constant as \ET and T. The ratio of E will be

(assuming no loss of heat from surfaces) b
1+43 1-43

A B) ——

(A = ® —
1+42 1-42

© — O) ——

In the process PV =constant, pressure (P) versus density
p) graph of an ideal gas is

B) astraight line parallel to p-axis
C) astraight line passing through origin
(D) aparabola

(
(A) a straight line parallel to P-axis
(
(

A mass m of steam at 100 °C is to be passed into a vessel
containing 10 g of ice and 100 g of water at 0 °C so that
all the ice is melted and the temperature is raised to 5 °C.
Neglecting heat absorbed by the vessel, we get

(A) m=21g (B) m=42g

(C) m=63g (D) m=84g

Two processes A and B for a given sample of a gas are
shown in Figure.

Let, Q; be the amount of heat
absorbed in process A, Q, be the
amount of heat absorbed in pro-
cess B, AU, be the change in inter-
nal energy in process A and AU,
be the change in internal energy in Vv
process B, then

(A) Ql = er Al =AU,
Q) Q<Qy AU, <AL,

The end A of rod AB of length 1 m is maintained at 80 °C
and the end B at 0 °C. The temperature at a distance of
60 cm from the end A is
(A) 16 °C
(C) 48°C

Three liquids A, B and C are at temperatures of 60 °C, 55 °C
and 50 °C respectively. 4 g of A mixed with 3 g of C gives
55°C and 2 g of A mixed with 3 g of B gives 57 °C. The
temperature of the mixture when equal masses of B and C
are mixed is
(A) 52.1°C

(C) 525°C

P

(B) Q,>Q,, AU, >Al,
(D) Q>Q,, AU, =AU,

(B) 32°C
(D) 64 °C

(B) 55°C
(D) 53°C
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A closed system receives 200 k] of heat at constant volume.
It then rejects 100 k] of heat while it has 50 k] of work done
on it at constant pressure. If an adiabatic process can be
found which will restore the system to its initial state, the
work done by the system during the process is

(A) 100kJ (B) 50k]

(C) 150k] (D) 200 k]

In a cyclic process shown in the fig- P

ure an ideal gas is adiabatically taken 1

from B to A, the work done on the A 20J

gas during the process B— A is 30,

when the gas is taken from A — B the

heat absorbed by the gas is 20 J. The 30J 5
change in internal energy of the gas ———— Vv

in the process A — B is
(A) 20]
(©) 50]

(B) -30]
(D) -10]

An air bubble doubles in radius on rising from the bottom of
a lake to its surface. Assuming that the bubble rises slowly
and the atmospheric pressure to be equal to a column of
water of height I, the depth of the lake is

(A) 4H (B) 5H

(€) 7H (D) 14H

One mole of an ideal P

diatomic gas is taken

through the cycle as 2o, 4Po)

shown in Figure. The aver-

age molecular speed of the

gas in the states 1, 2 and 3

are in the ratio 1(Vo, Po) 3(4Vy, Py)
>/

(A) 1:2:2 (B) 1:42:42

(€ 1:1:2 (D) 1:2:4

PV
A graph is plotted with T ™ y-axis and mass of the gas

along x-axis for different gases. The graph is

(A) astraight line parallel to x-axis for all the gases

(B) astraight line passing through origin with a slope hav-
ing a constant value for all the gases

(C) astraight line passing through origin with a slope hav-
ing different values for different gases

(D) astraight line parallel to y-axis for all the gases

Two ends of a conducting rod of varying cross-section are
maintained at 200 °C and 0 °C respectively. In steady state

200°C
(A) temperature difference across AB and CD are equal

(B) temperature difference across AB is greater than that of
across CD

44.
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(C) temperature difference across AB is less than that of
across CD

(D) temperature difference may be equal or different
depending on the thermal conductivity of the rod

The initial state of an ideal gasisrep- p

resented by the point a on the P-V e
diagram and its final state by the

point e. The gas goes from the state | b c
a to the state e by three quasi station-

ary processes represented by (i) abe, a

(ii) ace, (iii) ade. The heat absorbed ad
by the gas is

(A) the same in all the processes.

(B) the same in processes abe and ace

(C) less in process abe than in ade

(D) less in process ace than in ade

The efficiency of a heat engine is 1| and the coefficient of
performance of a heat pump is f.

® 1= ® o=
1 1
(©) 7]'=m (D) ﬂ=ﬂ

According to the result obtained in PROBLEM 45, the maxi-
mum efficiency of a heat engine can be

(A) 100% (B) 50%

(C) 25% (D) 12.5%

The graphs shows two isotherms for a fixed mass of an ideal
gas. The ratio of rms speed of the molecules at temperatures
Tl to that at T2 iS

P(10°Pa)
T T,
2
1
ol t——— )
(A) 242 (B) V2
© 2 (D) 4

Consider the two insulating sheets with thermal resistances
R, and R, as shown in figure. The temperature 6 is

b,
H2
0
RW
81
+
A) 6,6,R R, ®) 6,R, +6,R,
(6,+6,)(R +R,) R, +R,
© (6, +292 )Ilez D) 6,R, + 6,R,
R +R; Ri+Ry
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Two containers of equal volume contain identical gases at
pressures P, and P, and absolute temperatures T; and T»
respectively. The vessels are joined and the gas reaches a
common pressure P and a common temperature T. Then

@) p=[hL. By ® p=iA.B)r
T, o\ 7,7,

© po( PR, (o po( PR ERL),
T2 4T T2 T3

Two cylinders A and B are taken. The cylinder A is fitted
with a moveable piston and cylinder B is fitted with a fixed
piston and both contain equal amounts of an ideal mona-
tomic gas at same temperature, If same amount of heat is
given to the gas in each cylinder and temperature of the gas
in A rises by 15 K, then the rise in temperature of the gas in
Bis

(A) 30K
(C) 15K

(B) 25K
(D) 20K

Pressure versus density graph of an ideal gas is shown in

figure
& P

A

during the process AB work done by the gas is positive
(B) during the processes AB work done by the gas is
negative

during the process BC internal energy of the gas is
increasing

(D) None of the above

A spherical black body of radius 7, radiates a power P at
temperature Tj. Another spherical black body of radius %D

and at temperature 2T, emits a power
(A) P (B) 2P
(C) 4P (D) 8P

A gas undergoes a process in which its pressure P and vol-
ume V are related asPV" = constant, where # is a constant.

Ify= %, then molar heat capacity for the gas in this pro-

v
cess is zero for
(A) n=y (B) n=y-1
Q) n=y+1 (D) n=1-y

Two different ideal gases are filled in two parts A and B
of a container separated by a fixed diathermic (conducting)
separator as shown in Figure.

The rms speed of the molecules in
part A is equal to the mean speed of A B
molecules in the part B. Then ratio of
molar mass of gas in part A to thatin
part B is

55.

56.

57.
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(

A) 1:1 (B) m:2
(C) 2:3

(D) 3rm:8

One mole of an ideal gas with heat capacity Cp at constant
pressure undergoes the process T =T, + aV where T, and
o are constants. If its volume increases from V; toV,, the
amount of heat transferred to the gas is

(A) CRT, ln( E)
Vl

V,-V,
(B) acpi( 2= V1) Ve
RT, 2

©) acp(vz-v,)mrom(%]
12

(D) RToln(%]—aCP(Vl )
1

The P-V diagram shows four different possible reversible

processes performed on a monatomic ideal gas. The pro-

cess B is isothermal and process C is adiabatic. For which

process(es) does the temperatureof P

the gas decrease? A
(A) Process A only

(B) Process C only D 8
(C) Only processes C and D c

(D) Only processes A and C oV

If gas molecules undergo inelastic collision with the walls of
the container

(A) the temperature of the gas will decrease

(B) the pressure of the gas will increase

(C) neither the temperature nor the pressure will change
(D) the temperature of the gas will increase

n moles of an ideal gas undergo a process in which the tem-
perature changes with volume as T = KV%. The work done
by the gas as the temperature changes from T, to 47} is

(B) (;)nmn

(D) zErO

(A) 3nRT,
(©) (g)nmﬂ

When a block of iron floats in mercury at 0 °C, fraction k,
of its volume is submerged, while at the temperature 60 °C,
at fraction k, is seen to be submerged. If the coefficient of
volume expansion of iron is ¥, and that of mercury is y,,

.k
then the ratio k—l can be expressed as
2

(A) 1+60yr, (B) 1-60yp,
1+60yy, 14607,
© 1+60y, D) 14607,
1-60yy, 1+ 60y,

A and B are two points on a uniform metal ring whose centre
is O. The angle AOB = 6. A and B are maintained at two dif-
ferent constant temperatures. When 6 = 180°, the rate of total
heat flow from A to Bis 1.2 W. When 6 = 90°, this rate will be
(A) 06W (B) 09W
(C) 1.6 W (D) 1.8W
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Water of volume 2 liter in a container is heated with a coil of
1kW at 27 °C. The lid of the container is open and energy
dissipates at rate of 160 Js . The time in which temperature
will rise from 27 °C to 77 °C if specific heat of water is given
tobe 4.2 kJkg ' is
(A) 8min20s
(C©) 7 min

(B) 6min2s
(D) 14 min

A sample of ideal gas (y=1.4) is heated at constant pres-
sure. If an amount of 100 ] heat is supplied to the gas, the

work done by the gas is
(A) 56.28] (B) 4212]
(C) 36.23] (D) 2857]

The molar heat capacity of 1 mole of monatomic gas for the
process AB shown in Figure is

X

32PN

(A) positive, 3.3R
(B) negative, 3.3R
(C) zEro
(D

) negative,

In Ingen Hausz experiment the wax melts up to 5 cmand
10 em onbars A and B, respectively. The ratio of the thermal
conductivities of A and B is
(A) 1:2
(C) 1:8

(B) 1:4

(D) 1:16

The work done by 1 mole of Vander Waal’s gas, during its
isothermal expansion from volume V| to V, at temperature

T is
V, V,-b
(A) RTln(vl] (B) RTIn (V ~ ]

1

©) a[l—]] (D) RTln(Vz_b]+a(l—1)
v, ¥ Vi=b Va 1

(where a and b are Vander Waal's constants)

Two spheres of same size are made of the same material but
one is solid and the other is hollow. They are heated to the
same temperature.

(A) Both spheres expand equally

(B) The solid sphere expands more

(C) The hollow sphere expands more

(D) Data is insufficient to arrive at a conclusion

For an ideal gas, a graph is shown between work done by
the gas vs temperature change for three processes. Processes

1, 2 and 3 respectively are w

(A) Isobaric, adiabatic, isochoric »

(B) Adiabatic, isobaric, isochoric 1

(C) TIsochoric, adiabatic, isobaric AT
(D) Isochoric, isobaric, adiabatic 3
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In the P-V diagram shown in figure ABC is a semicircle. The

work done in the process ABCis  p (atm)
(A) zERO [
B) Z atmit L
2

T
(C) -= atmlt

2 ool
(D) 4 atmlt ——:|—2:—bV(It)

P-V diagram of an ideal gas is as shown in figure. Work
done by the gas in the process ABCD is

P
(A) 4RV,
c
(B) 2B, S I
1
(©) 3RV, For---15+1A |
1 1 1
1 1 1
(D) R vV
v, 2y, 3y,

Water of volume 2 liter in a container is heated with a coil of
1kW at 27 °C. The lid of the container is open and energy
dissipates at rate of 160 Js~'. The time in which temperature
will rise from 27 °Cto 77 °C if specific heat of water is given
tobe 4.2 k]kg_1 is
(A) 8min20s
(C) 7min

(B) 6min2s
(D) 14 min

A Carnot engine working between 300 K and 600 K has a
work output of 800 | per cycle. The amount of heat energy
supplied to the engine from the source per cycle is

(A) 1200] (B) 2400]

(C) 1600] (D) 32007

Four spheres A, B, C and D of different metals but of same
radius are kept at same temperature. The ratio of their
densities and specific heats are 2:3:5:1 and 3:6:2:4.
Which sphere will show the fastest rate of cooling (initially)
(A) A (B) B

€ C (D) D

An engine uses a cyclic process consisting of four differ-

ent processes. The heat exchange during these processes is
Q;=500],Q,=-100],Q3 =150 ], Q; = =50 J. The efficiency

of the cycle is
(A) 77% (B) 63%
(C) 84% (D) 51%

Internal energy of n; moles of hydrogen at temperature T
is equal to the internal energy of 1, moles of helium at tem-

. n
perature 2T. Then the ratio — is

Hy
3 2
(A) 5 (B) 3
6 3
€ 5 D 7

A cyclic process is shown on the V-T' diagram. The same
process on a P-T diagram is shown by
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v
A
C
D
B
o A T
=]
A £ (B)
A B D . A
s 1 3 )
D ¢ c B
ob— "7 oL— 7
P
(ORI (D) & c
2:7 B
DA D B
o 7 o B |

The temperature-entropy diagram of a reversible engine
cycle is given in the figure. Its efficiency is

® 5
® 2
© 5
O ;

The average degrees of freedom per molecule for a gas is 6.
The gas performs 25 ] of work when it expands at constant
pressure. The heat absorbed by gas is
(A) 75] (B) 100]
(C) 150] (D) 125]

The ends of two rods of different materials, having thermal
conductivities, radii of cross-section and lengths in the ratio
1:2, are maintained at the same temperature difference. If
the rate of flow of heat in the larger rod is 4 cals ', that in
the shorter rod in cals™ will be

(A) 1 (B) 2

©) 8 (D) 16

On a hypothetical scale X, the ice point is 40° and the steam
point is 120°. For another scale Y, the ice point and steam
point are —30° and 130° respectively. If X reads 50°, then Y
would read

(A) -5° (B) -8°
(@ -10° (D) -12°
Ideal gas is taken through the process shown in the figure
P
c B
A
T

81.
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(A) In process AB, work done by system is positive

(B) In process AB, heat is rejected

(C) In process AB, internal energy increases

(D) In process AB internal energy decrease and in process
BC, internal energy increases

The pressure and density of a diatomic gas ( y= %) change

adiabatically from (P, p;) to (P, p,). If [&] =32, then

2]
i is
%)

1
A) 128 B) —
(A) (B) 128
(C) 32 (D) None of these

If pressure and temperature of an ideal gas is doubled and
volume is halved, the number of molecules of the gas

(A) remain constant (B) become half

(C) become two times (D) become four times

Five rods having thermal conductivities ki, k,, k5, ky and ks
are arranged as shown. The points A and B are maintained
at different temperatures such that no thermal current flows
through the central rod.

(A) kiky = koks ky ks
(B) k] = ksn kz = k4

A ke, B
© k1k3 =k2k4
k k ko ka
o
4 2

A freezer has coefficient of performance 6. If 4x10° ] of
work is done on the freezer, then the mass of water at 0 °C
that gets converted into ice cubes at 0 °C is

(A) =5kg (B) =36kg

(C) =54kg (D) =72kg

120 g of ice at 0 °C is mixed with 100 g of water at 80 °C
Latent gas of fusion is 80 calg " and specific heat of water is

1 calg'1 °C. The final temperature of the mixture is
(A) 0°C (B) 40 °C
(C) 20°C (D) 10°C

In the PROBLEM 85, mass of ice and water in the mixture
when thermal equilibrium is attained is

(A) 40 gice, 180 g water

(B) 60 gice, 160 g water

(C) 20gice, 200 g water

(D) 10 gice, 100 g water

Temperature of 1 mole of an ideal gas is increased from
300 K to 310 K under isochoric process. Heat supplied to
the gas in this process is Q = 25R where R = universal gas
constant. What amount of work has to be done by the gas
if temperature of the gas decreases from 310 K to 300 K

adiabatically
(A) 10R (B) 50R
(C) 25R D) %R
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In the following graph for a given mass of an ideal gas, the

ratio of density at B to thatat A is p

(A) 5:6 2.5P, B

(B) 3:4

© 6 Pot-s

(D) 4 el

A black body radiates power P and maximum energy is
radiated by it around a wavelength A,. The temperature of
the black body is now changed such that it radiates maxi-

mum energy around the wavelength 3: . The power radi-

ated by it now is

256 16

(A) 2P ®) P
64 4
© P (D) 3P

A thermodynamic system undergoes cyclic process ABCDA
as shown in figure. The work done by the system is

(A) RV, b
(B) 2RV,

RV

1 1
Vo 2V,

Three rods of equal length | are joined to form an equilateral
triangle PQR. O is the midpoint of PQ. Distance OR remains
same for small change in temperature. Coefficient of linear
expansion for PR and RQ is a, but that for PQ is e
Then

(A) o =3 !

(B) =40,

©) =30,

D) o =40, P 0 Q

Ideal monatomic gas is taken through a process dQ = 2dU.

The molar heat capacity for the process is (where dQ is heat
supplied and 4l is changed in internal energy)

(A) 5R (B) 3R
© R (D) None of these

A cylindrical metal rod of length L, is shaped into a ring
with a small gap as shown. On heating the system

(A) x decreases, r and d increase Y
(B) x and r increase, d decreases r
(C) x,rand d all increase ]

(D) Data insufficient to arrive at a 1d

conclusion

A sample of nitrogen gas was taken through the cyclic pro-
cess shown in Figure. What is the ratio of energy released by
the gas in the isochoric process to work done by the gas in
the isobaric process?
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(A) 15 v
(B) 25
(©) 04
(D) 0.66
ol T

A wire of length L is supplied heat to raise its temperature
byT. If yis the coefficient of volume expansion of the wire
and Y is the Young's modulus of the wire then the energy
density stored in the wire is

(A) %}’ZTQY (B) 1y2T2y
3
© LrT D) =Ty
18 Y 18}1

Which one of the following would raise the temperature of
20 g of water at 30 °C most when mixed with (Specific heat

of water is 1 cal g (°C )!
(A) 20 gof water at 40 °C (B) 40 g of water at 35 °C
(C) 10gof waterat 50 °C (D) 4 g of water at 80 °C

A triangular plate has two cavities, one square and one rect-
angular as shown. The plate is heated.

(A) aincreases, b decreases

(B) @ and b both increase

(C) aand b increase, x and [ decrease
(D) a,b, x and I all increase

The three rods described in PROBLEM 276 are placed indi-
vidually, with their ends kept at the same temperature dif-
ference. The rate of heat flow through C is equal to the rate
of combined heat flow through A and B .. k- must be equal to

Kok
(A) kp+kg (B) kAT

1 k kg
(©) E(kAJrkB) (D) Z[k h, ]

A closed hollow insulated cylinder, filled with gas at 0 °C,
is divided into two portions with a movable light insulated
piston initially at the middle. The gas on one side of the pis-
ton is heated to 100 °C and the piston is seen to move by
5 cm. The length of the cylinder is

(A) 132cm (B) 874cm

(C) 38.6cm (D) 646 cm

100. Two walls of thickness d; and d,, thermal conductivities

k, and k, respectively are in contact. If the temperatures
at the outer surfaces are T} and T, respectively, then the
temperature at the interface in steady state is
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K ky
FEEEI}] S S &1
T T T T [T T T1
EERFITEEET
Lhifrrrrixrrzxri’
EEE IS S B 1
T d >ie dp >
(A) kT +k,T, ) kTd, +k,Td,
ky+k, kyd, + kyd,
© kT, + k,Tod, (D) T,+T,
kyd, +kyd, 2

A gas is expanded to double its volume by two different
processes. One is isobaric and the other is isothermal. Let
W, and W, be the respective work done, then

(A) W, =W,log,(2) (B) W,= W 106.
log,(2)
W, _ |
© Wy =— (D) data s insufficient

A steel tape measures the length of a copper rod as 90 cm
when both are at 10 °C, the calibration temperature, for
the tape. What would the tape read for the length of the
rod when both are at 30 °C. Given o, = 1.2x 107 per °C
and @, =1.7x107 per °C

(A) 89.00 cm
(C) 89.80 cm

(B) 90.21 cm
(D) 90.01 cm

Two monatomic ideal gases at absolute temperature T; and
T, are mixed. The masses of the molecules are #; and 1,
and the number of molecules in the gases are N and N,
respectively. The temperature of mixture will be

L+T, (B) Nym T, + Ny, T,

(A)
2 Nyniy + Ny,

N,T; +N,T,
N, +N,

m Ty +m,yT,

© (D)

ny +m2

Six identical conducting rods are joined as shown in figure.
Points A and D are maintained at temperatures 200 °C and
20 °C respectively. The temperature of junction B will be

A B o} D
200°C 20°C

(A) 120 °C
(C) 140 °C

(B) 100 °C

(D) 80°C

A cycle process ABCD is shown in the P-V diagram. Which
of the following curves represent the same process?

P

A

109.

A _ B

107.

108.

(A Vv (B) V
A B D C
C Dg
D A
L T L oy
© Vv D) Y
i A B
A A
s ¢ D C
L T T

An ideal gas follows a process PT = constant. The correct
graph between pressure and volume is

(4) P ®) P
, ,
© P (D) P
Y Sy

A block of steel heated to 100 °C is left in a room to cool.
Which of the curves shown in the figure represents the
decrease of temperature with time?

g

=

s c

Q

E B

@

A
Time

(A) A (B) B
© C (D) None of these

1 g of water on evaporation at atmospheric pressure forms
1671 cm® of steam. Heat of vaporisation at this pressure is
540 calg™. The increase in internal energy is

(A) 250 cal (B) 500 cal
(C) 1000 cal (D) 1500 cal

A steel rod of length L, has a cross-sectional area A. The
force required to stretch this rod by the same amount
as the expansion produced by heating it through AT is
(Coefficient of linear expansion of steel is & and Young's
Modulus for steel is Y)

(A) YAeAT (B) %YAaAT

(C) 2YAcAT (D) None of these
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The expansion of an ideal gas of mass 11 at a constant pres-
sure P is given by the straight line D. Then the expansion
of the same ideal gas of same mass at a pressure 0.5P is
given by the straight line

Volume (m®)
A
o
¢

3
2

Temperature (K)

(A) E
€ B

(B) C
(D) A

One end of a conducting rod is maintained at temperature

50 °C and at the other end ice is melting at 0 °C. The rate

of melting of ice is doubled if

(A) the temperature is made 200 °C and the area of cross-
section of the rod is doubled

(B) the temperature is made 100 °C and length of the rod

is made four times

area of cross section of rod is halved and length is

doubled

the temperature is made 100 °C and area of cross-

section of rod and length both are doubled

One mole of an ideal monatomic gas is contained in a
piston-cylinder arrangement as shown in Figure.

&
3

The gas is initially at a pressure of 1atm and tempera-
ture 27 °C. The very light piston has cross-sectional area
0.005 m? and is connected to an undeformed spring of
spring constant 10* Nm™. The work done by the gas when
pressure is increased to 3 atm is

(A) 100] (B) 50]

(C) 150] (D) 125]

Hot water cools from 60 °C to 50 °C in the first 10 minutes
and to 42 °C in the next 10 minutes. The temperature of
the surroundings is
(A) 5°C

(C) 15°C

If abody coated black at 600 K surrounded by atmosphere
at 300 K has cooling rate r,, the same body at 900 K, sur-
rounded by the same atmosphere, will have cooling rate
equal to

(B) 10°C
(D) 20°C
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() ?To ®) %m
(C) 16r, (D) 4r,

The figure shows two paths for the change of state of a gas
from A to B. The ratio of molar heat capacities in Path 1
and Path 2 is

(A) >1
1

(B) <1
(D) Data Insufficient

A gas is enclosed in a vessel of volume V' at a pressure P.
It is being pumped out of the vessel by means of a piston
pump with a stroke volume v. Pressure of the gas in the
vessel after n strokes is
n
v
B) P| —
o )

SR )|

In a cylindrical glass con-

tainer, a solid silica is placed

vertically at its bottom and

remaining space is filled with

mercury up to the top level of

the silica as shown in Figure.

Assume that the volume of

the silica remains unchanged

due to variation in temperature. The coefficient of cubical
expansion of mercury is y and coefficient of linear expan-
sion of glass is «. If the top surface of silica and mercury
remain at the same level with the variation in temperature,
then the ratio of volume of silica to the volume of mercury
is equal to

™ -

© p[

Y Y
(A) Py (B) 3

Y Y
© 2% (D) Evo

Abody cools from 50 °C to 49.9 °C in 5 5. Assuming tem-
perature of surroundings to be 30 °C and Newton's law of
cooling to be valid, the time it will take to cool from 40 °C
t039.9°Cis
(A) 255

(C) 10s

(B) 5s

(D) 20s

At room temperature, the rms speed of the molecules of a
certain diatomic gas is found to be 1930 ms . The gas is
(A) H, (B) K,

© 0, (D) i,
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Two moles of an monatomic gas undergoes a cyclic pro-
cess as shown in Figure. If the respective temperatures at
points 4, b, ¢ and d are 400 K, 800 K, 1600 K and 800 K,
then the work done per cycle is

(A) 32K
(B) 48k
(C) 6.6k
(D) 83Kk

A gas is supplied heat such that its temperature, pressure
and volume, all three at any instant change simultane-
ously such that the work is being done at the expense of
the internal energy of the gas. If C be the molar heat capac-
ity of the gas then

du
A) C=0 B) C=—
(A) (B) T
(©) C= %\_f (D) Data Insufficient

Two solid spheres of radii R, and R, are made of the same
material and have similar surfaces. These are raised to the
same temperature and then allowed to cool under identical
conditions. The ratio of their initial rates of loss of heat are

Ry Ry
(A) R, (B) R,
R? R?
€ = D) =
R; R}

In PROBLEM 122, the ratio of the initial rates of cooling
(i.e. rates of fall of temperature) is equal to

R R
A) =2 B) =%
(A) R, (B) R,
R? R:
€ =% (D) =%
R; R}

One mole of an ideal gas at temperature T was cooled
P

isochorically till the gas pressure fell from P to —. Then,
1

by an isobaric process, the gas was restored to the initial

temperature. The net amount of heat absorbed by the gas

in the process is

1 RT
(A) RT(l—;) ®) —
(C) RT(n-1) (D) nRT

The specific heats of an ideal gas at constant pressure and

constant volume are 525 Jkg ™' (°C )" and 315 Jkg™'(°C )
respectively. Its density at NTP is

(A) 0.64 l(grr‘f3 (B) 2.62 kgn'f3
(C) 120kgm™ (D) 1.75kgm™

Two metal rods having same length and area of cross-
section are fixed end to end between two rigid supports.
The coefficients of linear expansion of the rods are ¢; and
o, and their respective Young’s moduli are Y; and Y;. The
system is now cooled and it is observed that the junction
between the rods does not shift at all for the condition.

127.
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(A) Y, =Y (B) Y1a12 = Yza‘%

©) Yy =Yoo, (D) Yla;' = Yza%

Five molecules have speed 2 kms™', 1.5 kms™, 1.6 kms™,
1.6 kms™ and 1.2 kms™ respectively. The most probable
speed is

(A) 2kms™
(C) 1.6 kms™

(B) 1.58 kms™
(D) 1.5kms™

A steel scale measures the length of a copper rod as L cm
when both are at 20 °C, the calibration temperature for the
scale. If the coefficients of linear expansion for steel and
copper are o, and ¢, respectively, what would be the scale
reading (in cm) when both are at 21 °C?

@ 1 e ® 1%
© L% D) L
o

(8

Unit mass of a liquid of volume V; completely turns into a
gas of volume V, at constant atmospheric pressure F, and
temperature T. The latent heat of vaporization is L. Then
the change in internal energy of the gas is

(A) L (B) L+P(V,-V;)

(€ L-P(V,-V;) (D) zErO

How much heat energy should be added to a mixture of
10 g of hydrogen and 40 g of He to change the tempera-
ture by 50 °C kept in a closed vessel

(A) 2500 cal (B) 2750 cal
(C) 2000 cal (D) None of these

A monatomic gas undergoes a process given by
2dU +3dW =0, then the process is

(A) isobaric (B) adiabatic

(C) isothermal (D) None of these

Molar heat capacity of a monatomic gas during a process
obeying PJT = constant is
(A) -3R

(C) 3R

(B) 2.5R
(D) 2R

The volume thermal expansion coefficient of an ideal gas at
constant pressure is (Here T =absolute temperature of gas)

(A) T (B) T’
1 1
© T (D) Iz

An ideal gas mixture filled inside a balloon expands
according to the relation PV?? = constant. The tempera-
ture inside the balloon is
(A) increasing

(C) constant

(B) decreasing
(D) Cannot be defined

Two rods of copper and brass (K. >Kjy ) of same length
and area of cross-section are joined as shown. End A is
kept at 100 °C and end B at 0 °C. The temperature at the
junction
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A | Copper Brass B
(A) will be more than 50 °C
(B) will be less than 50 °C
(C) will be 50 °C
(D) may be more or less than 50 °C depending upon the

size of rods

In the following cycle carried out on a diatomic gas, bc is
an isothermal process. The gas absorbs 5000 ] of heat as its
temperature increases from 300 K to 800 K in going from
a to b. The quantity of heat rejected by the gas during the

process ca is P

(A) 3000] b

(B) 5000]

(C) 7000]

(D) 10000 ] a c

%
The volume of a block of metal changes by 0.12% when
heated through 20 °C. Then « is
(A) 2x10°(°C)" (B) 4x107°(°C)™

(€ 6x10°(°C)™ (D) 8x107(°C)™

A black body at 227 °C radiates heat at the rate of
5cals'em™ The rate of heat radiated in cals'cm™ at
727 °C is
(A) 40

(C) 160

(B) 80
(D) 240
If the amount of heat given to the system be 35] and

the amount of work done on the system be 15 J, then the
change in the internal energy of the system is

(A) -50] (B) 20]
(€ 30] (D) 507
Which one of the following samples of gases has the larg-

est internal energy?
(A) 1mole of helium occupying 1 m? at 600 K

(B) 56 g of nitrogen at 10" Nm™ and 300 K
(C) 32 g of oxygen at 1 atm and 300 K
(D) 12x10% molecules of argon occupying 4 m? at 450 K

A monatomic ideal gas, initially at temperature T, is
enclosed in a cylinder fitted with a frictionless piston. The
gas is allowed to expand to a temperature T, by releasing
the piston suddenly. If [; and L, be the lengths of the gas
column before and after the expansion respectively, then
L

L is given by

2
L) L
A) [L—] ® &
2
L L, \3
C) =2 D) |2
© L ()(h)
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The quantity % (k =Boltzmann's constant) represents

(A) number of moles of the gas

(B) total mass of the gas

(C) number of molecules in the gas
(D) density of the gas

Volume versus temperature graph of two moles of helium
gas is as shown in figure. The ratio of heat absorbed and
the work done by the gas in process 1-2 is

(A)
(B)

A

©

PRI Wlar o W
—
&)

(D)

A wall has two layers A and B, each made of different
material. Both the layers have the same thickness. The
thermal conductivity of the material of A is twice that of
B. Under thermal equilibrium the temperature difference
across the wall is 36 °C. The temperature difference across
the layer A is

(A) 6°C
(C) 18°C

(B) 12°C
(D) 24°C
A metal ball immersed in water weighs W, at 0 °C and W,

at 50 °C. The coefficient of cubical expansion of metal is
less than that of water. Then

(A) W, >W,
Q) Wi =W,

(B) W, <W,
(D) data is insufficient

A linear accelerator consists of a hundred brass discs
tightly fitted into a steel tube. At 40 °C the diameter of
each disc is 10.02 cm. The system is assembled by cooling
the discs in dry ice at =60 °C to enable them to slide into
the close fitting tube. If the coefficient of expansion of brass

is 2107 °C7}, the diameter of each disc in dry ice will be
(A) 9.94 cm (B) 9.96 cm
(C) 9.98 cm (D) 10.00 cm

A system is taken from state A to state B along two differ-
ent paths 1 and 2. The work done on the system along these
two paths is W, and W, respectively. The heat absorbed by
the system along these two paths is Q; and Q, respectively.
The internal energy at A and Bis U, and Uy respectively

(A) Wy =W, =Ug-U,

(B) Q=0Q,=U,-Ug
©) Q+Wi=0,+W,=U,+Uy
D) Q+W,=Q,+W, =Ug-U,

Two pistons can move freely inside a
horizontal cylinder having two sec-
tions of unequal cross-sections. The
pistons are joined by an inextensible,
light string and same gas is enclosed
between the pistons. On cooling the
system, the pistons will
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Z

move to the left

move to the right

) remain stationary

follow (A) or (C) depending upon the initial pressure
of the gas

ELEE

A given sample of gas can be taken from state A to state B
by two different processes shown in Figure. Heat added to
the system will be

P(atm) P(atm)
A b
4 B a3
2 A i 2 B
i
59 V() g V)
CASE-| CASE-Il
(A) morein CASE-1
(B) more in CASE-2
(C) same in both cases and non-zero
(D) zero in both cases

A gas undergoes a change of state during which 100 | of
heat is supplied to it and it does 20 | of work. The system is
brought back to its original state through a process during
which 20 J of heat is released by the gas. The work done by
the gas in the second process is

(A) 60] (B) 40]

(C) 80] (D) 207

Two rods of length L, and coefficient of linear expansion
a, are connected freely to a third rod of length L, of coef-
ficient of linear expansion ¢, to form an isosceles triangle.
The arrangement is supported on the knife edge at the
midpoint of L; which is horizontal. The apex of the isos-
celes triangle is to remain at a constant distance from the
knife edge if

L, o L o
) =2 ®) L= [

L, o L, Vo
©) ﬂzzﬁ (D) ﬂzz %

L, 0 L, 0

1goficeat 0 °C is mixed with 1 g of steam at 100 °C. After
thermal equilibrium is attained the temperature of the
mixture is
(A) 1°C

(C) 81°C

In PROBLEM 152, the maximum mass of ice that can be
taken to get the equilibrium temperature (as calculate
above) is

(A) 1g (B) 2¢g
© 3g (D) 4g

Which statements is true (T) or false (F)
(i) Arefrigerator is reverse of a heat engine.
(ii) Aheat pump is the same as a refrigerator.
(iii) The coefficient of performance of a refrigerator can be
infinite.
(iv) In a heat engine, heat cannot be fully converted to
work.

(B) 50°C
(D) 100 °C
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(A) i-F ii-F iii-F, iv-T
(C) i-T,ii-F, iii-T, iv-T

(B) i-T,ii-T, ifi-F, iv-T
(D) i-F, ii-T, iii-F, iv-F

In a 10 metre deep lake, the bottom is at a constant tem-
perature of 4 °C. The air temperature is constant at —4 °C.
The thermal conductivity of ice is 3 times that of water.
Neglecting the expansion of water on freezing, the maxi-
mum thickness of ice will be

(A) 75m (B) 6m

(C) 5m (D) 25m

Liquid oxygen at 50 K is heated to 300 K at constant pres-
sure of 1 atm. The rate of heating is constant. Which of the
following graphs represents the variation of temperature
with time?

(A)  Temperature (B) Temperature
A
Time Time
(@) Temperature (D) Temperature
-
_— _—
Time Time

An ideal monatomic gas undergoes a process AB as shown
in Figure. p

A

>V

If P,=2P;=10° Nm™ and V=4V, =04m’, then the
heat absorbed by the gas in this process is

(A) 350KkJ (B) 375k]

(C) 425k (D) 500 k]

During adiabatic process pressure (P) versus density (p)

equation is

(A) Pp” = constant (B) Pp™" = constant
E

(D) P7p"

A cylindrical tube of uniform cross-sectional area A is fitted
with two air tight frictionless pistons. The pistons are con-
nected to each other by a metallic wire. Initially the pres-
sure of the gas is F; and temperature is T;. Atmospheric
pressure is also ). Now the temperature of the gas is
increased to 2T}, the tension in the wire will be

(C) P"p!'*" =constant = constant

(A) 2D,A o
(B) RA .. v.\.fire.-

(C) RA/2
(D) 4RA
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Three moles of an ideal monatomic gas performs a cycle
1—2—3—4— 1asshown. The gas temperature in dif-
ferent states are T; =400 K, T, =800 K, T; =2400 K and
T, =1200 K. The work done by the gas during the cycle is

(A) 1200R
(C) 2400R

(B) 3600R
(D) 2000R
In the given Figure isothermal graphs for an ideal gas
P
(A) T,>Tp
(B) Tz>T,
Q) Ta=Ty
(D) Taz2Ty
If 2 moles of an ideal monatomic gas at temperature T,

is mixed with 4 moles of another ideal monatomic gas at
temperature 27T}, then the temperature of the mixture is

® 31, ® °T,
© 5T 0 1,

An aluminium measuring rod, which is correct at 5 °C
measures the length of a line as 80 cm at 45 °C. If thermal
coefficient of linear expansion of aluminium is 2.50 x 107
per °C. The correct length of the line is

(A) 80.08 cm (B) 79.92cm
(C) 81.12em (D) 79.62 cm

Two rods of the same material have diameters in the ratio
1:2 and length in the ratio 2:1. If the temperature differ-
ence between their ends is the same, the ratio of the heats
conducted by them in a given time is
(A) 1:4 (B) 4:1
(€ 1:8 (D) 8:1

A polished metal plate with a rough black spot on it is
heated to about 1400 K and quickly taken to dark room.
Then the spot

(A) will appear brighter than the plate

(B) will appear darker than the plate

(C) and the plate will appear equally bright

(D) the plate will not be visible in dark room

A stationary vertical cylindrical container of very large
height filled with a gas of molar mass M at constant
Temperature. The pressure at the bottom is P, and at the
top is P,. If the acceleration due to gravity is assumed to be
constant for the whole cylinder, which is equal to g. Then
the height of the cylinder is
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a) L ® Lk
Mg P 2Mg P,
© 2k O) St
Mg P, 3Mg P,

Two identical rods of the same material are joined in series.
Under a temperature difference, a certain quantity of heat
flows through the combination in four minutes. If the two
rods are joined in parallel, the same quantity of heat will
flow through the combination under the same tempera-
ture difference in
(A) 1min

(C) 8 min

(B) 2 min
(D) 16 min

The molar heat capacity in a process of a diatomic gas if it

does a work of % when a heat of  is supplied to it is

2 5
(A) ER (B) ER

10 6
© SR ) SR

Two air tight frictionless pistons connected to each other
by a metallic wire are fitted in a uniform cylindrical vessel

of cross-sectional area 1 m” as shown in Figure.

Cylinder

Piston Piston

Wire

Initially the vessel contains an ideal gas at atmospheric
pressure F, at temperature 27 °C. If the temperature of the
gas is doubled on absolute scale, the tension in the wire
will be about

(A) 1N
(C) 2x10° N

(B) 10° N

(D) zero

The coefficient of linear expansion for a certain metal var-
ies with temperature as a(T). If L; is the initial length of

the metal and the temperature of metal is changed from T
to T(< Ty ). Then,

T Ty
(A) L=L0Ia(T)dT (B) L=I, I—Ja(T)dT
Ty T

T
€ L=1L, 1—ja(T)dT D) L>1L,

Ty

Water in a lake is changing into ice at 0 °C when the atmo-
spheric temperature is 10 °C. If the time taken for 1cm
thick ice layer to be formed is 7 hour, the time required for
the thickness of ice to increase from 1 cm to 2 cm is

(A) 7 hour (B) 14 hour

(C) <7hour (D) >14 hour
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Four rods of same material but different radii 7 and lengths
[ are used to connect two reservoirs of heat at different
temperatures. The one which will conduct most heat is
(A) r=2cm,/=05m (B) r=2cm,[=2m

(C) r=1cm,/=1m (D) r=05cm,/=05cm

Two slabs A and B having lengths I, and I,, respectively,
and having same cross-section have thermal conductivi-
ties K; and K, respectively. They are placed in contact and
constant temperature difference is maintained across the
combination. The ratio of the quantities of heat flowing
through A and B in a given time is

K, K K, K
@ w

1 h 2 h

(O Kil:K;l, (D) 1:1

If the ratio of number of moles of hydrogen gas to oxygen
gas is two, the ratio of total translational kinetic energy of
hydrogen gas molecules to that of oxygen molecules at
20 °Cis
(A) 1:1
(C) 1:8

The temperature of a room heated by a heater is 20 °C
when outside temperature is —20 °C and it is 10 °C when
the outside temperature is —40 °C. The temperature of the
heater is

(A) 80 °C
(C) 40°C

(B) 2:1
(D) 1:16

(B) 100 °C
(D) 60°C

The loss in weight of a solid when immersed in a liquid at
0°Cis W, and at t °C is W. If the coefficients of volume
expansion of the solid and the liquid be y,and ¥, respec-
tively, then

B W=Wo[(7,-7)]
Wt

Yi—Ys

The temperatures of the source and the sink in Carnot

engine are 400 K and 300 Krespectively. If the engine

receives 600 cal of heat from the source per cycle, the heat

rejected to the sink per cycle is

(A) 150 cal (B) 300 cal

(C) 400 cal (D) 450 cal

(B) W=W[1+(r.-7)t]

Q) W= (D) W=Wo[1-(7,-¥)t]

The absolute temperature T of a gas is plotted against its
pressure P for two different constant volumes V; and V,
where V) > V,. T is plotted along x-axis and P along y-axis.
(A) Slope for curve corresponding to volume V) is greater
than that corresponding to volume V,

(B) Slope for curve corresponding to volume V, is greater
than that corresponding to volume V,

Slope for both curves are equal

Slope for both curves are unequal such that they inter-
sectat T =0

An ideal heat engine having 40% efficiency is operating
with a heat sink at 47 °C. The temperature of heat source is
(A) 260 °C (B) 78°C

(C) 527 °C (D) 117 °C
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Two spherical black bodies of radii # and r, and with sur-
face temperatures T) and T, respectively radiate the same

T, } .Y
JHEH
2 1
T\ T\
ofif e
2 1
The ratio of specific heat of a gas at constant pressure to
that at constant volume is y. The change in internal energy
of a mass of gas when the volume changes from V' to 2V at

constant pressure P is
R

i
power. -must be equal to
H

(A) ﬁ (B) PV
PV yPV
© ﬁ (D) E

The graph which represent the variation of mean kinetic
energy of molecules with temperature f (in celsius) is

(A) E ® £

0 (C) OLW’C)
© E o E

0 (C) ol o)

When a copper sphere is heated percentage change
(A) is maximum in radius

(B) is maximum in volume

(C) is maximum in density

(D) is equal in radius, volume and density

70 calories of heat is required to raise the temperature of
2 moles of an ideal gas at constant pressure from 40 °C to

45 °C (R =2 calmol™( "C)_l ] The gas may be
(A) H, (B) He
©) CO, (D) NH,

A rod of length 20 cm made of a metal A expands by
0.075 cm when its temperature is raised from 0 °C to
100 °C. Another rod of a different metal B having the same
length expands by 0.045 cm for the same change in tem-
perature. A third rod of the same length is composed of
two parts, one of metal A and the other of metal B. This
rod expands by 0.060 cm for the same change in tempera-
ture. The portion made of metal A has length

(A) 20 cm (B) 10 cm

(C) 15em (D) 18 cm

Abody cools from 50 °C to 49.9 °C in 5 s. How long will it
take to cool from 40 °C to 39.9 °C? Assume temperature of
surroundings to be 30 °C and Newton's Law of Cooling is
valid



187.

188.

189.

190.

191.

192.

193.

ICON

(A) 2.5s
(C) 20s

(B) 10s
(D) 5s

The area of the cross section of the steel rod is twice that of
the copper rod in the above Figure. What is approximate
temperature of the steel-copper junction in the steady state
of system? Thermal conductivity of steel = 50.2 Js"'mK

Thermal conductivity of copper = 385 Js'mK

Insulation
15¢cm 10cm
Furnace | sige|+—» | copper Ice box
3000 0 GC
Insulation
(A) 44 °C (B) 33°C
(C) 120 °C (D) 84 °C
3.2 kg of ice at =10 °C just melts with a mass m of steam
(A) m=400¢g (B) m=800g
(C) m=425g (D) m=900g

A planet having average surface temperature Tj is at an
average distance d from the sun. Assuming that the planet
receives radiant energy from the sun only and it loses radi-
ant energy only from its surface and neglecting all other
atmospheric effects we conclude
(A) Tyed’ (B) Tyed?

1 1
(C) T,ecd? (D) Tjeed ?
One mole of a gas expands according to the relation
V =kT"*. The work done to increase the temperature of
gas by 30 °Ciis
(A) 10R
(C) 40R

(B) 20R
(D) 60R

A gas has volume V and pressure p. The total translational
kinetic energy of all the molecules of the gas is

3
(A) 5 pV only if the gas is monatomic

(B) % pV only if the gas is diatomic
3 . o .
© > EPV if the gas is diatomic

(D) % pV in all cases

An electrical steam generator has rated power 1000 W
and heat converting efficiency is 0.9. Water enters the inlet
at 20 °C and steam comes out from the outlet at 100 °C.
Latent heat of steam is 2250 Jg™'. The mass of water enter-
ing the device per second is
(A) 15g

(C) 035g

(B) 05g
(D) 039g

Change in internal energy of an ideal gas is given by
AU =nCyAT. This is applicable for (C,, =molar heat capac-
ity at constant volume)
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(A) isochoric process only

(B) all processes

(C) aprocess where AT is positive

(D) all the processes except isothermal process

A gas expands in a piston cylinder device from V, to V,, the

process being described by P = %+ b where P is in Nm™

and V is in cubic metre. The work done in the process is

rzlogf(vl]ﬂ‘?(‘i/2 -V)

(A) v,

(B) —alog{%]—b(vz—vl)
1

(©) —alo&[%]—b(vz—vl)
2

(D) rzlogt,(ﬁ]ﬂa(v2 -V)
Vi
A sample of an ideal gas is P(kPa)
in a cylinder fitted with a
piston. As 5.76 kJ of heat is 500
supplied to the gas to raise 400 / 1\
its temperature, the pressure 300 M 5
the gas adjusted so that the ogp
state of the gas changes from ;55
point A to point B along 0 . V(i)

the semicircle in P-V graph 14 42 7
shown in Figure. The change in internal energy of the gas is
(A) 32K (B) 1L6KkJ

(C) 64Kk (D) 4.2Kk]

The root mean square (rms) speed of hydrogen molecules
at a certain temperature is 300 ms™". If the temperature is
doubled and hydrogen gas dissociates into atomic hydro-
gen the rm.s. speed will become

(A) 424.26 ms™ (B) 300 ms™
(C) 600ms™* (D) 50 ms™

Ablack body is at a temperature of 2880 K. The energy of
radiation emitted by this object with wavelength between
499 nm and 500 nm is U;, between 999 nm and 1000 nm
is U, and between 1499 nm and 1500 nm is U;. The Wein
constant, b =2.88 x10°® nm-K. Then

(A) U, =0 (B) U, =0

© u,>4, (D) U,>U,

Three rods A, B and C of same length and cross-sectional
area are joined in series. Their thermal conductivities are in
the ratio 1:2:1.5. If the open ends of A and C are at 200 °C

and 18 °C, respectively. At equilibrium, the temperature at
the junction of A and B is

(A) 74°C
() 156°C

(B) 116°C
(D) 148°C
A gas has a molar specific heat C; at constant volume. n

moles of this gas is heated such that rise in temperature is
AT . The internal energy changes by an amount nCy, AT
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Z

only if AT occurs at constant pressure.
only if AT occurs at constant volume.
in any non-adiabatic process.

in any known process.

SoE=

Three samples of the same gas A, B, and C (y = %) have

initially equal volume. Now the volume of each sample
is doubled. The process is adiabatic for A isobaric for B
and isothermal for C. If the final pressures are equal for all
three samples, the ratio of their initial pressures are

(A) 22:2:1 (B) 22:1:2
(€) V2:1:2 (D) 2:1:\2

Two hollow spheres A and B of different materials are
filled with ice and kept in the same room. Ratio of thermal
conductivity of A to that of B is 1: 2. If time taken for com-
plete melting of ice in sphere A is 80 min, then time taken

by ice in sphere B to melt 1 mm
2mm
A B

completely is
(A) 30 minutes
(B) 60 minutes
The mass of 1 litre of He under a pressure of 2 atmosphere
and a temperature of 27 “C is
(A) 016 g (B) 032g

(C) 80 minutes
(D) 160 minutes
(C) 043¢ (D) 0.64¢

If two rods of length L and 2L having coefficients of lin-
ear expansion ¢ and 2¢ respectively are connected so that
total length becomes 3L, the average coefficient of linear
expansion of the composite rod equals

3 5
A) — B) -
(A) . (B) 5%
(C) ga (D) None of these

8 g of steam condenses when passed through 80 g of water
initially at 10 °C. If the temperature of water rises to 60 °C,
latent heat of steam is
(A) 460 calg™
(C) 240 calg™

(B) 540 calg™
(D) 500 calg™
A cyclic process is shown on the p-T diagram. Which of the

curves show the same process on a p-V diagram?
P

c B

206.

207.
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211

212.

© P (D) P

B A v A Cc v
The intensity of radiation emitted by the Sun has its maxi-
mum value at a wavelength of 510 nm and that emitted by
the North Star has the maximum value at 350 nm. If these
stars behave like black bodies, then the ratio of the surface
temperatures of the Sun and the North Star is

(A) 146 (B) 0.69
© 121 (D) 0.83

A monatomic gas expands at constant pressure on heating.
The percentage of heat supplied that increases the internal
energy of the gas and that is involved in the expansion is

(A) 75%,25% (B) 25%, 75%
(C) 60%,40% (D) 40%, 60%

A gas mixture contains N molecules each of mass m of gas
A and 2N molecules each of mass 3m of gas B. If the rms
speed of molecules of gas B is V and the mean square of x

component of the velocity of molecules of gas A is 0%, then
2

U—equals

VZ

(A) 4 (B) 3
© 2 (D) 1

Temperature of an ideal gas is 300 K. The change in tem-
perature of the gas when its volume changes from V' to 2V
in the process P =4V (Here z is a positive constant) is

(A) 900K (B) 1200K

(©) 600K (D) 300K

20 g of ice at —10 °C is dropped into a calorimeter contain-

ing 20 g of water at 20 °C. Given that the specific heat of
water is twice that of ice, at equilibrium, the calorimeter
has

(A) 16.25 g ofice and 23.75 g of water

(B) 125 goficeand 27.5 g of water

(C) 20gofice and 20 g of water

(D) 40 g of water

The temperature of source and sink of a Carnot Engine
are 327 °C and 27 °C, respectively. The efficiency of the
engine is

27 27
@) 1—(33) ® Z
©) 05 D) 0.7

Three rods A, B and C have the same dimensions. Their
thermal conductivities are k,, ky, and k. respectively. A
and B are placed end to end, with their free ends kept at
certain temperature difference. C is placed separately with
its ends kept at same temperature difference. The two
arrangements conduct heat at the same rate. k- must be
equal to
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k 4k

A) k. +k By A8
(A) ka+hs ®
1 2k 4k
) (k. +k D) SATE
()2(A+B) ()k,q+k3

An ideal gas at pressure P and volume V is expanded to
volume 2V. COLUMN-I represents the thermodynamic
process used during expansion. COLUMN-II represents
the work during these process in the random order

COLUMN-I COLUMN-II
i. Isobaric pv(1-2+7)
y-1
ii. Isothermal q- PV
iii. Adiabatic r. PVIn2

(A) i, ii-q, iii-p
(©) i-q, ii-r, iii-p

(B) i-q, ii-p, iii-r

(D) i-p, ii-q, iii-r

The least amount of work that must be done to freeze one
gram of water at 0 °C by means of a refrigerator placed in
surrounding at 27 °C is
(A) 79cal

(C) 139cal

(B) 11.9cal
(D) 159 cal

Certain amount of an ideal gas are contained in a closed
vessel. The vessel is moving with a constant velocity . The
molecular mass of gas is M. The rise in temperature of the

gas when the vessel is suddenly stopped is [ Y= (C:P ]

v
Mo Mo’ (y-1)
@) 2R(y+1) TS
Mo? Mvzy
© 2Ry (D) 721{(?_]}

According to Debye’s T° Law, the specific heat of many
solids at low temperature T varies according to the relation
c=oT? where ais a constant. The heat energy required to
raise the temperature of 4 kg mass fromT=1KtoT=3K
is

(A) 208c
(C) 80a

(B) 20c
(D) 8«
The relation between U, p and V for a gas in an adiabatic

process is given by relation U = 2+ bPV. Find the value of
adiabatic exponent () of this gas

(A) %% B 2t
a

a+1 a

© 5 O

Earth receives 1400 Wm™ of solar power. If all the solar
energy falling on a lens of area 0.2 m” is focussed on to
a block of ice of mass 280 g, the time taken to melt the ice

will be (Take latent heat of fusion of ice is 3.3 x10° Jkg )
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(A) 303 s
(C) 33s

(B) 330s
(D) 55s
C
The ratio C—* =7 for a gas. Its molecular weight is M. Its

V
specific heat capacity at constant pressure is

R ¥R
(A) 71 (B) 71
o IR p)y JRM
© Moy ®

Let 1 litre of a gas at 127 °C be cooled to 27 °C at constant
pressure. Change in its volume will be

(A) 750 ml (B) -750 ml

(C) 250ml (D) —250 ml

Two container having the same volume contain different
gases at the same temperature but one exerting twice the
pressure exerted by the other. The ratio of the number of
molecules in two gases is
(A) 1:2

(€ V2:1

(B) 2:1

D) 1:42

A Carnot engine takes 300 cal of heat at 500 K and rejects
150 cal of heat to the sink. The temperature of the sink is
(A) 1000 K (B) 750K

(C) 250K (D) 125K

Heat can enter a thermos-flask only through a cork fitted
in its opening. Cork has an area 100 cm” and thickness
4 cm. Tts thermal conductivity is 0.008 cals'em™°C™. If
the outside temperature is 30 °C, time taken by 200 g of
ice to melt is about

(A) 45 minutes
(C) 30 minutes

(B) 55 minutes
(D) 35 minutes

Temperature of a body 6 is slightly more than the tempera-
ture of the surrounding 6,. Its rate of cooling (R) versus
temperature of body (8) is plotted, its shape would be

(A) R (B) R
4 — 0
© f o) f
_¥.9 _ 0

Helium gas goes through a P

cycle ABCDA as shown in ] 5

Figure. Efficiency of this cycle 2R, c

is nearly o 1 {

(A) 154% 0 AP

B) 9.1% >V
v, 2v

(
(C) 10.5%
(D) 12.5%
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The freezing point on a thermometer is marked as -20°
and the boiling point as 130°. A temperature of human
body (34 °C) on this thermometer will be read as

(A) 31° (B) 51°

(C) 20° (D) None of these

An object is at the temperature of 400 °C. At what tem-
perature would it radiate twice as fast? The temperature of
the surroundings may be assumed to be negligible

(A) 200°C (B) 200K

(C) 200F (D) 800K

When 10 moles of an ideal diatomic gas having initial
volume V|, and temperature T, respectively is allowed to
expand at constant pressure by supplying 3.5RT; amount of
heat, then the final volume and temperature of the gas are

(A) 1.1V, 11T, (B) 0.9V,,09T,
(©) 1.1V,, 09T, (D) 0.9V, , 11T,

A gas thermometer is used as a standard thermometer for
measurement of temperature. When the gas container of
the thermometer is immersed in water at its triple point
27316 K, the pressure in the gas thermometer reads
3x10* Nm™. When the gas container of the same ther-
mometer is immersed in another system, the gas pressure
reads 3.5% 10" Nm™. The temperature of this system is

(A) 23413K
(C) 318.69°C

(B) -38.86°C
(D) 455°C

The temperature at which the velocity of oxygen will be
half of that of hydrogen at N.T.P. is

(A) 1092°C (B) 1492K

(C) 273K (D) 819 °C

A cooking pot should have

(A) high specific heat and low conductivity
(B) high specific heat and high conductivity
(C) low specific heat and low conductivity
(D) low specific heat and high conductivity

Two vessels A and B of different materials are similar in
shape and size. The same quantity of ice filled in them
melts in times f; and t, respectively. The ratio of the ther-
mal conductivities of A and B is

(A) t:t, (B) ty:t

© t: 4 (D) t3:4

An ideal monatomic gas undergoes a cyclic process ABCA
as shown in the figure. The ratio of heat absorbed during
AB to the work done on the gas during BC is

5 %
(A)
2log, 2

~
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Two rods of same length 20 cm, of metals A and B, expand
by 0.02 cm and 0.04 cm respectively when their tempera-
ture is raised from 20 °C to 60 °C. A composite rod of
length 20 cm is made by joining two rods of metal A and
B. This rod expands by 0.025 cm for same change in tem-
perature. Length of part made of metal A is

(A) 20 cm (B) 10 cm

(C) 15cm (D) 18 cm

The molar specific heat of an ideal gas (C)

(A) cannot be negative

(B) must lie in the range starting from C;; and terminat-
ingatCpie C, <C=Cp

must equal either Cpor Cy,

may have any value lying between —o and oo

©
(D)

A gaseous mixture of 4 g of oxygen and 2 g of helium
expands adiabatically and reversibly from 20 litre to
30 litre. The initial temperature is 117 °C. The final tem-
perature (in kelvin) is
£l z
(A) 390><(3)17 (B) 390x(3)'7
3 3
£l
(©) 390x(3) (D) 390x(§)”
3 2
A column of liquid is contained in a horizontal tube which
is open at both ends. The change in temperature does not
alter the length of this liquid column in the tube. If azbe the
coefficient of linear expansion of the material of the tube
and y be the coefficient of volume expansion of the liquid
then

(A) v=3a (B) v=2a
1
© v=a (D) r=5e
Pressure versus temperature graph of an ideal gas is as
shown in figure corresponding density (p) versus volume
(v) graph will be
P
C
B
//’: D
n d
(A) P B
C B,C
B \\
At A
S A y _ Vv
© * o) £
c B c
D
y
B
A A D
—_— ——V
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A faulty thermometer has its fixed points marked as 10°
and 90°. Temperature of a bdy as measured by the faulty
thermometer is the correct temperature of the body on cel-
sius scale. The temperature of body is

(A) 60 °C (B) 55°C

(C) 50 °C (D) 52°C

An object is cooled from 75 °C to 65 °C in 2 minute in a
room at 30 °C. The time taken to cool the same object from
55 °C to 45 °C in the same room is

(A) 5 minute (B) 3 minute

(C) 4 minute (D) 2 minute

The amount of heat required to raise the temperature of
1 mole of a monatomic gas from 20 °C to 30 °C at constant
volume is H. Then the amount of heat required to raise
the temperature of 2 mole of a diatomic gas from 20 °C to
25 °C at constant pressure is

(A) 2H (B) %H
5 7
© EH (D) EH

A mass of gas is first expanded isothermally and then

compressed adiabatically to its original volume. Further

simplest operation performed on the gas to restore it to its

original state is

(A) an isobaric cooling to bring its temperature to initial
value.

(B) an isochoric cooling to bring its pressure to its initial

value.

an isobaric heating to bring its temperature to initial

value.

an isachoric heating to bring its temperature to initial

value.

(@)

(D)

A cylinder of radius R made of a material of thermal con-
ductivity k,; is surrounded by a cylindrical shell of inner
radius R and outer radius 2R made of a material of thermal
conductivity k,. The two ends of the combined system are
maintained at two different temperatures. There is no loss
of heat across the cylindrical surface and the system is in
the steady state. The effective conductivity of the system is

k.k

A) k +k B) 2
(A) ky+ky ()k1+k2
k, + 3k 3k, +k
C 1 2 D 1 2
© (D) =2

In a container of negligible heat capacity 100 g of a liquid
at 20 °C is heated. Specific heat of liquid varies with tem-

perature T as ¢ = (1007 +500) ]kgf1 °C™!, where T is in °C.
The amount of heat required to raise the temperature of
the liquid to 40 °C is

(A) 5000 ]
(C) 7000 ]

(B) 6000 ]
(D) 80007
P-V diagram of a diatomic gas is a straight line passing

through origin. The molar heat capacity of the gas in the
process will be
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(A) 4R (B) 25R
©) 3R D) %

If @ty = 18%107°(°C) " and e, =12x107°(°C) ", then
the lengths of brass and iron taken so that the difference
between them is always 0.1 m for any variation in tem-
perature are respectively
(A) 0.3m,04m

(C) 0.2m,03m

(B) 0.4m,03m
(D) 03m,02m

The molar specific heat in a process carried on a diatomic

gas if the gas does a work of % when a heat Q is supplied
toitis

2R 5R
(A) 3 (B) >
10R 6R
© r (D) ]

A gas is expanded from volume V to 2V}, under three
different processes. Process 1 is isobaric, process 2 is iso-
thermal and process 3 is adiabatic. Let AU,, AU, and Al

be the change in internal energy of the gas in these three
processes. Then P

(A) AU, > AU, > AU,
(B) AU, < AU, < AU,
(C) AU, <AlU,; <AU,4

(D) AU, < Al < Al

The graph shows the variation of temperature (6) of one
kilogram of a material with the heat (H) supplied to it. At
O, the substance is in the solid state.

From the graph, we can conclude that

(A) 6, is the melting point of the solid

(B) BC represents the change of state from solid to liquid

(C) (H,-H,) represents the latent heat of fusion of the
substance

(D) (H, - H,)represents the latent heat of vaporization of
the liquid

In the following graph, X and Y are two curves corre-
sponding to different masses of the same gas in two identi-
cal vessels. The ratio of mass in Y to thatin X is

(A) 1:43
(B) 1:3
(C) 2:3

(D) 2:43
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Two cylinders fitted with pistons contain equal amounts
of an ideal diatomic gas at 300 K. The piston of A is free
to move, while that of B is held fixed. The same amount
of heat is given to the gas in each cylinder. If the rise in
temperature of the gas in A is 30 K, then the rise in tem-
perature of gas in B is
(A) 30K

(C) 50K

(B) 18K
(D) 42K

One mole of a monatomic ideal gas undergoes the process
A — B in the given P-V diagram. The specific heat for this
process is P
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A gas undergoes a process in which its pressure P and vol-
ume V are related as PV" = constant, where 1 is a con-
stant. In this process it is observed that the work is done at
the expense of internal energy for

(A) n=y-1 (B n=y+1
(€ n=y (D) n=1-y

Two isochoric processes AB and CD P
are shownin P-V diagram for the same
sample of gas. Heat exchange will be
(A) more in process AB

(B) same in both processes

(C) more in process CD

(D) zero in both processes

Three conducting rods of same material and cross-section
are shown in figure. Temperature of A, D and C are main-
tained at 20 °C, 90 °C and 0 °C. The ratio of lengths of BD
and BC if there is no heat flow in AB is

® 7 e e
®

© 5

o) 5 D

Pressure versus temperature graph of an ideal gas is as
shown in figure. Density of the gas at point A is p,. Density
at B will be p
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Three identical vessels have gases at the same temperature
and pressure. The first vessel contains neon (monatomic),
the second contains chlorine (diatomic) and the third con-
tains uranium hexafluoride (polyatomic). If i, 11, n; be the
number of moles and v;, v,, v; the rms velocity of gases in
vessel 1, 2 and 3 respectively, then

(A) my>n,>nyand v) >0, >0,

(B) n <ny,<nyand v, <v, <74

C) m=m=nyand v, =7, =0,

(D) my=ny=nyand v; >0, >0,

The coefficient of linear expansion of iron is 0.000011 K
Aniron rod is 10 m long at 27 °C. The length of the rod will
be decreased by 1.1 mm when the temperature of the rod

changes to
(A) 0°C (B) 10°C
Q) 17°C (D) 20°C

Pressure versus temperature graph of an ideal gas of
equal number of moles of different volumes are plotted as
shown in figure. Choose the cor- P
rect alternative 4

(A) V,=V,, Va=V, and V, >V,
(B) V,=Vy, Vo=V, and V, <V,
© Vi=V,=V;=V, e
D) Vy>Va>V,>V, T

Resistance of a platinum resistance thermometer is 2 ohm
at 20 °C, 4 ohm at 100 °C and 2.2 ohm at some tempera-
ture of T °C. Then T is
(A) 7

(C) 21

(B) 14

(D) 28

A cyclic process is shown in the p-T diagram. which of the
curves show the same process on a V-T diagram?
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A system S receives heat continuously from an electrical
heater of power 10 W. The temperature of S becomes con-
stant at 50 °C when the surrounding temperature is 20 °C.
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After the heater is switched off, S cools from 35.1 °C to
34.9 °C in 1 minute. The heat capacity of S is

(A) 750](°C)™ (B) 1500J(°C)™
(C) 3000](°C)™ (D) 6000 J(°C)™

Abox contains N molecules of a perfect gas at temperature
T, and pressure Pj. The number of molecules in the box is
doubled keeping the total kinetic energy of the gas same as
before. If the new pressure is P, and temperature T,, then

(A) =R, T,=T (B) BR=PR,2L,=T
€ P=2R,T,=T (D) B=2R,2L;=T,

n mole of an ideal gas is supplied heat such that its tem-
perature changes from T; to T, and pressure from P, to P,.
If AS is the change in entropy of the system then

(A) AS=nCy ln(£)+ann(£)
L Vi

(B) AS=nCy ln(?}

1

©) AS—ann[%]

1
(D) Data insulfficient to arrive at conclusion

An ideal gas is taken through
A—-B—->C—A, as shown 4
in figure. If the net heat sup- » . B
plied to the gas in the cycle is

5 ], the work done by the gas
in the process C = A is 1 ; A

(A) 5] (B) -10]
€) -15] (D) -20] 1

If on heating a liquid through 80 °C in a vessel, the

th
mass overflown from the vessel is (ﬁ] of mass still

remaining, the coefficient of apparent expansion of liquid
is about

(A) 1.25x107 °C™!
(C) 1.25x107° °C™

(B) 25x107* °C™!
(D) 25x10™ °C™

Asample of anideal gasis taken p
through a cycle as shown in 1}
figure. It absorbs 50 ] of energy
during the process AB, no heat
during BC, rejects 70] dur-
ing CA. If 40 ] of work is done c A

on the gas during BC, internal d’s
energy of gas at A is 1500 ], then

the internal energy at C would be

(A) 1590] (B) 1620]

(C) 1540] (D) 15707

If a 60 kg man is having a temperature of 103 °F. Assuming
_l, the
heat required to raise the temperature of the body to this
level from the normal body temperature of 98.4 °F is

the specific heat of human body to be 1 c:alg'l (°C)
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(A) 122 cal
(C) 66 kecal

(B) 154 keal
(D) 184 keal

iy mole of a monatomic gas is mixed with 7, mole of
diatomic gas such that ;.. =15

(A) =2, (B) m=2m

© m=n (D) 'y =3n,

Heat is supplied to a diatomic gas at constant pressure.
The ratio of AQ: AU : AW is
(A) 5:3:2 (B)
(C) 7:5:2 (D)

5:2:3
7:2:5
A perfect gas goes from state A to another state B by
absorbing 8 x 10° J of heat and doing 6.5 x 10° ] of external
work. It is now transferred between the same two states in
another process in which it absorbs 10° J of heat. Then in
the second process, work done

(A) ongasis05x10°]  (B) bygasis05x10”]

(C) ongasis 10° ] (D) by gasis 10°]

Pressure versus temperature graphs of an ideal gas are as
shown in figure. Select the incorrect statement.
P P P

~

(i) (ii) (il

(A) Density of gas is increasing in graph (i)
(B) Density of gas is decreasing in graph (ii)
(C) Density of gas is constant in graph (iii)
(D) None of these

For a gas k. E Possibly the gas is
G 3
(A) diatomic

(B) monatomic

(C) a mixture of diatomic and monatomic
(D) polyatomic

The dimensional representation of thermal resistance is
(A) ML?TK™ (B) M'L?T°K

(C) MI*T K™ (D) MI’T?K™

An ideal heat engine exhausting heat at 27 °Cis to have a
60% efficiency. It must take heat at

(A) 327 °C (B) 373°C

(C) 477 °C (D) 573 °C

Pressure P, volume V' and temperature T of a certain mate-

2
rial are related by P = %. Here « is a constant. The work

done by the material when temperature changes from T to

2T, while pressure remains constant is
(A) 60T (B) %Q'Tnz

(©) 2aTf (D) 3aTf
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The relation between U, P and V for an ideal gas is
U=2+3PV.The gasis

(A) monatomic

(B) diatomic

(C) polyatomic

(D) either a monatomic or diatomic

Anideal gas taken through the cyclic processa = b —c—a
absorbs 100 ] of heat during the part ab, no heat during
b — ¢, 50 ] of work is done on the gas during the part b — c.
If internal energy of the gas at a is 1200 J, then change in

internal energy in ¢ — a process is P

(A) 1007 ¢

(B) -150] b
(C) 1507

(D) -1050] a

v
The temperature of a gas contained in a closed vessel
increases by 1 °C when pressure of the gas is increased by
1%. The initial temperature of the gas is
(A) 100 K (B) 100 °C
(C) 250K (D) 250 °C
Acertain gasis filled in twoidentical containers at pressures

P, and P, and absolute temperatures T} and T, respectively.
When the vessels are joined, the gases intermix and reach

P
a common pressure P and common temperature T. Then T
equals

) P

(A) 1(ﬂ+i] (B) @2;
oA0n T, (T,+T,)
PT,+P,T. P P
€ —H—+ D) | F+2
(L+T) I T,

A gas, is heated at constant pressure. The fraction of heat
supplied used for external work is

1 1

A) - B) [1-=
@ - () [ y]
© 7-1 D) [1—%]

Y

A gas at pressure Fj is contained in a vessel. If the masses
of all the molecules are halved and their speeds doubled,
the resulting pressure would be
(A) 4P, (B) 2P,

F
© & ©)

The rms speed of molecules of a gas contained in a vessel
moving with a speed v is ¢ as seen by a person moving
with the vessel. Then pressure exerted by the gas is

(A) %p(E)z (B) %p(au)2
© p(c-of © 3ol -]

The internal energy of an ideal gas is

(A) zERO (B) PV
(©) PV (D) PV
y-1 y-1
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A body having a surface area of 5.0 em?, radiates 300 | of
energy per minute at a temperature of 727 °C. The emis-

sivity of the body is

(Stefan’s constant is 5.67 x 10° Wm ™K ™)
(A) 0.09 (B) 0.18

(C) 036 (D) 0.54

One mole of an ideal mona-
tomic gas is taken from point A
to C along the path ABC. The  PyffpsbB
initial temperature at A is Tj.

For the process A — B —C, 0.5P, C

(A) heat absorbed is 0.5RT,

(B) heat liberated is 2RT, v Y
- 0 0

(C) change in internal energy

is zero

(D) work done is zero

The plot of isotherms will not be a straight line when a plot
is drawn between
(A) PVand V
(C) Vand P

(B) S (entropy)and T
(D) Pand T

The following are the observations made by five stu-
dents in measuring C, and C;, in cal mol™ (°C ) respec-
tively. Which would you consider as the most reliable
observation?
(A) 5and3

(C) 5and7

(B) 4and 6
(D) 4and 3

For an ideal monatomic gas, the universal gas constant R
is n times the molar heat capacity at constant pressure C,.
Here n is
(A) 0.67
(C) 04

(B) 1.4
(D) 1.67

If most probable speed of the molecules of certain diatomic

gas at room temperature is found to be about 1.6 kmsfl,
then the gas is

(A) O,
© H,

(B) N,
(D) CO,

n moles of a gas expands from volume V] to V, such that
external work done equals the heat supplied. The work

done by the gas is
V. V.
T| % B) nRT| -%-
() [V} ® [Vl )

1

© nRTln[ % ]

1

(D) nRTln( ﬁ+l}

Vi
A metallic rod of unit length and unit area of cross section
is heated through 1 °C. If the Young’s modulus of elasticity

is E and the linear expansivity is o(°C )_1, then the com-
pressional force required to prevent the rod from expand-
ing is

(A) Ex

© <
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Let @ and Q3 be the respective heats supplied to the gas in
processes shown in Figure-I and Figure-II, then

£ ;
Ry > F
12 Vo o Vi V, o
FIGURE-I FIGURE-I
(A) Q1=0Q; B) Q>0
€ O <Q (D) Q>Q,

A point source of heat of power P is placed at the centre of
a spherical shell of mean radius R. The material of the shell
has thermal conductivity k. If the temperature difference

MULTIPLE CORRECT CHOICE TYPE QUESTIONS

295.
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between the outer and the inner surface of the shell is not
to exceed T, then the thickness of the shell should not be
less than

27R%*T 4zR*kT
(A) (B)

TR*KT TR%T
C D
© (D) P

A sealed container with negligible coefficient of expansion
contained helium. When it is heated from 27 °C to 327 °C,
the average kinetic energy of helium becomes

(A) 12 times
(C) 4times

(B) 8 times
(D) 2 times

This section contains Multiple Correct Choice Type Questions. Each question has four choices (A), (B), (C) and (D), out of which ONE
OR MORE is/are correct.

1.

Internal energy of an ideal diatomic gas at 300 K is 100 J.
Out of this 100 ]

(A) potential energy is zero

(B) rotational kinetic energy is 40 ]

(C) translational kinetic energy is 60 ]

(D) translational kinetic energy is 100 ]

A gas undergoes the change in its state from position A to
position B via three different paths as shown in figure. Select
the correct alternative(s).

b
e

3

(A) Change ininternal energy in all the three paths is equal
(B) Inall the three paths heat is absorbed by the gas

(C) Heat absorbed /released by the gas is maximum in path 1
(D) Temperature of the gas first increases and then
decreases continuously in path 1

A steel drill making 180 rpm is used to drill a hole in a block
of steel. The mass of the steel block and the drill is 180 g
each. The entire mechanical work is used up in producing
heat such that the rate of rise of temperature of the block is
0.5°Cs™. P is the power rating of the drill and 7 is the cou-
ple required to drive the drill. (Given specific heat of steel
Ceel = 0.10 calg™ (°C )™
(A) P=378W

(C) 7=2Nm

(B) P=9W
(D) 7=63Nm

The molar specific heat for a gas may have a value given by

du chJ
A) Cy=— B) Cp=| =
W) Cv=1r ®) C (dT »
© C=Z—¥+Pi—¥ (D) Data Insufficient

5.

Which of the following quantities is independent of the
nature of the gas at same temperature

(A) the number of molecules in 1 mole

(B) the number of molecules in equal volume

(C) the translational kinetic energy of 1 mole

(D) the kinetic energy of unit mass

Two spheres A and B have same radius but the heat capac-

ity of A is greater than that of B. The surfaces of both are

painted black. They are heated to the same temperature and

allowed to cool. Then

(A) A cools faster than B

(B) both A and B cool at the same rate

(C) at any temperature the ratio of their rates of cooling is
a constant

(D) B cools faster than A

Number of collisions per unit area of molecules of a gas on
the wall of a container will increase when the

(A) temperature and volume both are doubled

(B) temperature and volume both are halved

(C) pressure and temperature both are doubled

(D) None of above

One end of the metal rod of area A and length [ is kept in
steam. A steady state is reached after some time in which
the amount of heat passing through any cross-section of rod
per second is Q. Q will increase if

(A) Aisincreased

(B) lisincreased
(C) the room temperature is increased
(D) the room temperature is decreased

The temperature drop through a two layer furnace wall is
900 °C. Each layer is of equal area of cross section. Which
of the following actions will result in lowering the tempera-
ture T of the interface?
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Inner
layer

Outer
layer

1000°C 100°C

T

(A) by increasing the thermal conductivity of outer layer
(B) by increasing thermal conductivity of inner layer
(C) by increasing thickness of outer layer
(D) by increasing thickness of inner layer

1kg of ice at 0 °C is mixed with 1.5 kg of water at 45 °C.

If the latent heat of fusion of ice is 80 Calg'l, then

A) the temperature of the mixture is 0 °C
B) mixture contains 156.25 g of ice

(

(

(C) mixture contains 843.75 g of ice

(D) the temperature of the mixture is 15 °C

Two rods of length L; and L, are made of materials of coef-
ficients of linear expansions e, and w, respectively such that
Ly, = Lyor,. The temperature of the rods is increased by AT
and correspondingly the change in their respective lengths
be AL; and AL,.

(A) AL, #AL,
(B) AL =AL,
(C) Difference in length (L, - L, ) is a constant and is inde-

pendent of rise of temperature
(D) Data is insufficient to arrive at a conclusion

Two identical containers each of volume V; are joined by
a small pipe. The containers contain identical gases at
temperature T, and pressure Fy. One container is heated
to temperature 2T, while maintaining the other at the same
temperature. The common pressure of the gas is P and n is
the number of moles of gas in container at temperature 2T,

(A) P=2F, (B) P:%P0
2 BV, BV,

(C) n=--"20 (D) n=§M
3 RT, 2 RT,

Two gases, initially having the same pressure, volume and

temperature expand to the same volume, the first isother-

mally and the second adiabatically.

(A) Greater work is done by the gas for isothermal process.

(B) The isothermal process has greater final pressure.

(C) The isothermal process has greater final temperature
(same as initial value) in comparison to adiabatic process.

(D) Data is insufficient to arrive at a conclusion.

In PROBLEM 13, if compression is carried instead of expan-

sion then

(A) greater workis done on the gas for an adiabatic process.

(B) the adiabatic process has greater final pressure.

(C) the adiabatic process has greater final temperature due
to the fact that adiabatic compression leads to heating.

(D) data is insufficient to arrive at a conclusion.
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Consider a heat pump as shown in Figure. If W > 0, then the
correct possibilities are

(A) &> >0
(B) Q>0Q>0
(©) Q2<Qi<0
(D) Q<0,Q,>0

A monatomic gas of n moles undergoes a cyclic process
ABCDA as shown in figure. Process AB is isobaric, BC is
adiabatic, CD is isochoric and DA is isothermal. The maxi-
mum and minimum temperature in the cycle are 4T and T,
respectively. Then

3

(A) Tz>T->T,

(B) heat is released by the gas in the process CD
(C) heat is supplied to the gas in the process AB
(D) total heat supplied to the gas is 2nRT; log, (2)

A planet having surface temperature T K has a solar con-
stant S. An angle 8 is subtended by the sun at the planet.

(A) SeT? (B) SeT*
(C) Se6’ (D) S8

Two identical vessels contain helium and hydrogen at same

temperature, then

(A) average kinetic energy per mole of hydrogen is equal
to the average kinetic energy per mole of helium

(B) average translational kinetic energy per mole of hydro-
gen is equal to the average translational kinetic energy
per mole of helium

(C) average kinetic energy per mole of hydrogen is 3 times
the average kinetic energy per mole of helium

(D) average kinetic energy per mole of hydrogen is > times
the average kinetic energy per mole of helium

Select the incorrect statement(s).

(A) Arefrigerator is reverse of a heat engine.

(B) Aheat pump is the same as a refrigerator.

(C) The coefficient of performance of a refrigerator can be
infinite.

(D) In a heat engine, heat cannot be fully converted to
work.

Abody of mass m has gram specific heatc.
(A) Heat capacity of the body is ic

(B) Water equivalent of the body is m

(C) Water equivalent of the body is mc
(D) Heat capacity of the body is ¢
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A gas is found to obey the law p°V = constant. The initial
temperature and volume are T, and V. If the gas expands to
a volume 3V}, then

(A) final temperature becomes V3T,
(B) internal energy of the gas will increase

T;
C) final temperature becomes —
© p 3
(D) internal energy of the gas decreases
During the process A-B of an ideal gas

Y

»A
s
’

work done on the gas is zero

(B) density of the gas is constant

slope of line AB from the T-axis is inversely propor-
tional to the number of moles of the gas

slope of line AB from the T-axis is directly proportional
to the number of moles of the gas

One mole of an ideal gas in initial state A undergoes a cyclic
process ABCA, as shown in the figure. Its pressure at A is F,.
Choose the correct option(s) from the following.

v

ZTV S

(A) Internal energies at A and B are the same
(B) Work done by the gas in process AB is P,V log, 4

(C) Pressureat C is %

T,
(D) Temperature at C is Zﬂ

The density ( p ) of an ideal gas varies with temperature T as
shown in figure. Then

P

A

T

(A) the product of P and V at A is equal to the product of
Pand V atB

(B) pressure at B is greater than the pressure at A
(C) work done by the gas during the process AB is negative
(D) the change in internal energy from A to B is zero

25.

26.

27.

28.
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A cyclic process of an ideal monatomic gas is shown in
Figure. Select the correct statement(s)
P

Y

Isothermal A

v

(A) Work done by gas in process AB is more than that of
the process BC.

(B) Net heat energy has been supplied to system.

(C) Temperature of gas is maximum in state B.

(D) In process CA, heat energy is rejected out by system.

At ordinary temperatures, the molecules of an ideal gas
have only translational and rotational kinetic energies. At
high temperatures they may also have vibrational energy.
As a result of this at higher temperatures (C;; =molar heat
capacity at constant volume)

(A) Cy= gR for a monatomic gas
3 .

(B) Cy> ER for a monatomic gas
5 . .

Q) C,< ER for a diatomic gas
5 . .

(D) C, > ER for a diatomic gas

In the arrangement shown in figure. Gas is thermally insu-
lated. An ideal gas is filled in the cylinder having pressure
Fy (> atmospheric pressure F,). Spring of force constant k is
initially unstretched. Piston of mass 1 and area S is friction-
less. In equilibrium piston rises up a distance x, then

m, S

kv  mg

final pressure of the gasis P, + s "5

(B) work done by the gas is %kxﬁ +mgx,
the

decrease in internal energy of gas is

%kx% +mgx, + P,Sx,

(D) All of the above

A thermally insulated chamber of volume 2V is divided by
a frictionless piston of area S into two equal parts A and B.
Part A has an ideal gas at pressure F; and temperature T,
and in part B is vacuum. A massless spring of force constant
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k is connected with piston and the wall of the container as
shown. Initially spring is unstretched. Gas in chamber A is
allowed to expand. Let in equilibrium spring is compressed
by x,. Then

B
A — TN

(A) final pressure of the gas is %

(B) work done by the gas is %kxg

(C) change in internal energy of the gas is %kx%

(D) temperature of the gas is decreased

In a thermodynamic process helium gas obeys the law
TP® = constant. If temperature of 2 moles of the gas is
raised from T to 3T, then

(A) heat given to the gas is 9RT

(B) heat given to the gas is zero
(C) increase in internal energy is 6RT
(

D) work done by the gas is —-6RT

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 of an ellipse. Then,

r

3 —

4
D\\ B

C

v

0 1 2 3

(A) The process during the path A — B is isothermal.

(B) Heat flows out of the gas during the path B—C— D.
(C) Work done during the path A — B — C is zero.

(D) Positive work is done by the gas in the cycle ABCDA.

One mole of an ideal monatomic gas (initial temperature T;)
is made to go through the cycle abca shown in the figure.
If U denotes the internal energy, then choose the correct
alternatives

>V

v, av,
(A) U, -U,=105RT,  (B) U,-U,=45RT,

(C) uc > u[: > un (D) u( - ub = 6RT0

32.
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Which of the following quantities depend on temperature
only for a given ideal gas

(A) internal energy of the gas

(B) product PV of the gas

(C) the ratio of pressure and density of the gas

(D) root mean square speed of the gas

Heat is supplied to 100 g of a solid (specific heat
0.5 keal kg °C™") till it boils. The graph between temperature
and time is as follows. Then select the correct statement(s).
Temperaiure (in °C)

4001
3004------—--- .
1 I
2001 Lo
1 |
100 - 7— Lo
i roo Time
012345678 (nminutes)

(A) Heat supplied per minute is 5 kcal

(B) Boiling point is 300 °C

(C) Specific heat in liquid state is 1 k-:alkgflc’Cf1
(D) None of these is correct

For a gas if Cp, is the specific heat at constant pressure, Cy; is
the specific heat at constant volume, R is the Universal Gas
constant and f be the degrees of freedom then

@ 2 ® £=o -1
C Cp
© =% ) f=21

An ideal gas is heated from temperature T, to T, under vari-

ous conditions. The correct statement(s) is/are

(A) AU =nCy (T, -T,)for isobaric, isochoric and adiabatic
processes

(B) Work is done at expense of internal energy in an adia-
batic process and both have equal values

(C) AU =0for an isothermal process

(D) C=0for an adiabatic process

n mole of an ideal gas is heated such that its temperature,
pressure and volume, all three change simultaneously from
T,, P, V, to T,, B, V,. Further in this process the specific heat
equals zero. If W is the work done then

nR 1
(A) W=G(T2‘T1) (B) W=E(P2V2‘P1V1)

R 1
(©) Wzlt—y(Tz‘Tﬂ (D) Wzm(szz‘Plvl)

Temperature versus pressure graph of an ideal gas is shown
in figure. During the process AB

A
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(A) internal energy of the gas remains constant

(B) volume of the gas is increased

(C) work done by the atmosphere on the gas is positive
(D) pressure is inversely proportional to volume

One mole of an ideal monatomic gas is taken from A to C
along the path ABC. The temperature of the gas at A is Tj,.
For the process ABC (R =universal gas constant)

1 R c
po----zj_}s
1
1

(A) work done by the gas is RTj

(B) change in internal energy of the gas is %RT0

(C) heat absorbed by the gas is %RT[J
13
(D) heat absorbed by the gas is 5 RT,

Cp is always greater than C;; due to the fact that

(A) no work is being done on heating the gas at constant
volume.

(B) when a gas absorbs heat at constant pressure its volume

must change so as to do some external work.

the internal energy is a function of temperature only

for an ideal gas.

for the same rise of temperature, the internal energy of

a gas changes by a smaller amount at constant volume

than at constant pressure.

In the Figure shown, the amount of heat supplied to one
mole of an ideal gas is plotted on the horizontal axis and the
amount work performed by the gas is drawn on the vertical
axis. The graphs are isobars for different gases. The initial
states of both gases are same. The curve

W)

80 3

60

40
32 2
20 el ] — 1
10

0% 40 0 80 &

(A) 1 corresponds to a polyatomic gas
(B) 2 corresponds to a monatomic gas
(C) 3isnot possible

(D) All of these

A spherical black body of radius r, radiates a power P at
temperature T when placed in surroundings at temperature
Ty (< T).If R is the rate of cooling then

(A) Pec(T-T,) (B) PecT?*
(C) Pocr? (D) Rx%

42,

43.

44.

45,

46.

47.
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In PROBLEM 41, if temperature of body is comparable to
the temperature of surroundings then

(A) Ro<(T-T,) (B) Rocriz

(©) Rel

(D) Re<(T*-T;)
¥

Two ends of area A of a uniform rod of thermal conductivity
k are maintained at different but constant temperatures. At

any point on the rod, the temperature gradient is i—{ If I be
the thermal current in the rod, then
aT

B) I

(D) [xL

(7)

dl

Ametal rod of length L), made of material of Young’s modu-
lus Y, area A is fixed between two rigid supports. The coef-
ficient of linear expansion of the rod is & The rod is heated
such that the tension in the rod is T

(A) T<L (B) TeAj

(C) T4 D) TeLl

(A) T A

(C) Te<A”

P-V diagram of a cyclic process ABCA is as shown in figure.
Select the correct statement(s).
P

A

(A) Q4. =negative (B) AlUp_,c = positive

(C) AlUq_,,=negative (D) Wg,p = negative

The quantity mTkT of anideal gas depends on (i is the mass

of the gas, k is the Boltzmann's Constant)
(A) temperature of the gas

(B) volume of the gas

(C) pressure of the gas

(D) nature of the gas

An ideal gas undergoes the cyclic process shown in an
isotherm below.

Pressure (P)
s

i

I

1

I

|

Ve Yy Ve V,
Volume (V)

(A) =T,

(€ V.V =WV,

B) T,>T,
(D) V,V, =V.Vy
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Let AU; and AU, be change in internal energy in process A
and B respectively, Q and W be the net heat given and net
work done by the system in the cyclic process A+B as
shown in Figure, then select the correct statement(s).

(A) AU, +AU, =0
(B) AU, —AlU,=0
(©) Q-W=0
(D) Q+W=0

A heat engine absorbs heat at 327 °C and exhausts heat
at127 °C. The efficiency of engine is 77 and the maximum
amount of work performed by the engine per kilocalorie of
heat input is W.

(A) n=038 (B) n=033

(C) W=15%] (D) W=1400]

Avessel X contains 1 mole of O, gas (molar mass 32) at a tem-
perature " and pressure P. Another identical vessel Y contains
one mole of He gas (molar mass 4) at temperature 2T, then

. ) . P
pressure in the container Y is E

(B) kinetic energy of O, molecule = kinetic energy of He
molecule

(C) pressure in the container Y is 2P
6
(D) kinetic energy of He molecule = 5 (kinetic energy of O,
molecule)

The internal energy of a system remains constant when it

undergoes

(A) acyclic process

(B) anisothermal process

(C) an adiabatic process

(D) any process in which the heat given out by the system
equals the work done on the system

Three moles of an ideal gas (CP = ZR) at pressure P, and
2

temperature T, is isothermally expanded to twice its ini-
tial volume. It is then compressed at constant pressure to its
original volume. Finally, the gas is compressed at constant
volume to its original pressure Py. The correct P-V and P-T
diagrams indicating the process are

A P ®)
A c
Py L) R
Pal . Palo.
2 Ci B 2 A ‘B
' Ry Py
A V. 2V,
© ° o P
Py freveneeeresennnees A [ -
Pal l Pa k
2| Ci B 2 | B: ic
. L
In T Ta Ta

53.

54.

55.

56.

57.

58.

A cyclic process of an ideal monatomic gas is shown in
Figure. Select the correct statement(s)

5]

Isothermal A

(A) Work done by gas in process AB is more than that of
the process BC.

(B) Net heat energy has been supplied to system.

(C) Temperature of gas is maximum in state B.

(D) In process CA, heat energy is rejected out by system.

A bimetallic strip is made up of two metals with different c.
(A) On heating, it bends towards the metal with high e
(B) On heating, it bends towards the metal with low o
(C) On cooling, it bends towards the metal with high .
(D) On cooling, it bends towards the metal with low o

An ideal gas is allowed to expand against a vacuum in a
rigid insulator container. Select the correct alternative(s).
(A) Work done by the gas is zero

(B) Pressure of the gas is inversely proportional to volume
of the gas

Change in internal energy of the gas is zero
Temperature of the gas remains constant during expansion

(©)
(D)
i moles of an ideal monatomic gas undergoes a process in
which the temperature changes with volume as T = KV2. If
the temperature of the gas changes from T, to 4T then

(A) work done by the gas is 3nRTj

(B) heat supplied of the gas is 6nRT;

3
(C) work done by the gas is EJIRTO
3
(D) heat supplied to the gas is EHRTO

A uniform cylinder of steel of mass M, radius R is placed on
frictionless bearings and set to rotate about its vertical axis
with angular velocity®,. After the cylinder has reached the
specified state of rotation it is heated without any mechani-

Al .
cal contact from temperature T, to T, + AT. If — is the frac-

. . . . Aw
tional change in moment of inertia of the cylinder and —
y
be the fractional change in the angular velocity of the cylin-
der and ¢ be the coefficient of linear expansion, then

Al 2AR Al Aw
(A) —=== (B) —=-==
I R I @y
Aw Al 2AR
(C) —=-20AT D) —=-—
oM I R

In an isothermal expansion of a gas

(A) pressure remains constant

(B) temperature remains constant

(C) 1ms velocity of gas molecules remains constant
(D) density remains constant
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60.
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For free expansion of an ideal gas in an insulated container,
there is

(A) no heat exchanged

(B) work done

(C) no change of internal energy

(D) no change in pressure

i moles of an ideal gas undergoes a cyclic process in which
it absorbs a heat Q, at constant temperature T, such that the
expansion ratio is ¢ It rejects a heat Q, at constant tempera-
ture T,(< T, ). The efficiency of the cyclic process is 1, the
total work done in the cyclic process is W and dU is the
change in internal energy of the process.

L
@ nei-(3)

(B) W=Q,-Q,=nR(T,-T, )log, e

REASONING BASED QUESTIONS

61.
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(C) dUu=0
(D) dU=nRT,log, &

The indicator diagram for two processes 1 and 2 carried on
an ideal gas is shown in figure. If m; and n1, be the slopes

dP .
[ H) for Process 1 and Process 2 respectively, then

(A) my=m, (B) ny>m,

(C) my<m, (D) m,Cyy =m,Cp

This section contains Reasoning type questions, each having four choices (A), (B), (C) and (D) out of which ONLY ONE is correct.
Each question contains STATEMENT 1 and STATEMENT 2. You have to mark your answer as

Bubble (A) If both statements are TRUE and STATEMENT 2 is the correct explanation of STATEMENT 1.

Bubble (B) If both statements are TRUE but STATEMENT 2 is not the correct explanation of STATEMENT 1.
Bubble (C) If STATEMENT 1 is TRUE and STATEMENT 2 is FALSE.
Bubble (D) If STATEMENT 1 is FALSE but STATEMENT 2 is TRUE.

1.

Statement-1: On a T-V graph (T on y-axis), the curve for
adiabatic expansion would be a monotonically decreasing
curve.

Statement-2: The slope of an adiabatic process represented
on T-V graph is always positive.

Statement-1: The specific heat of a gas in an adiabatic
process is zero and in an isothermal process is infinite.
Statement-2: Specific heat of a gas is directly proportional
to change in heat and inversely proportional to change in
temperature.

Statement-1: We can change the temperature of a body
without giving (or taking) heat to (or from) it.

Statement-2: According to the Law of Conservation of
Energy, total energy of a system should remain conserved.

Statement-1: When temperature difference across the two
sides of a wall is increased, its coefficient of thermal conduc-
tivity increases.

Statement-2: Coefficient of thermal conductivity depends
on nature of material of the wall.

Statement-1: V-T graph in a process is rectangular
hyperbola. Then P-T graph in the same process will be a
parabola.

Statement-2: If V-T graph is rectangular hyperbola, then V
decrease when pressure increase.

Statement-1: A gas possesses a unique value of specific heat
capacity.

Statement-2: Specific heat capacity is the heat required to
raise the temperature of unit mass of the substance by one
unit.

7.

10.

11.

12.

13.

Statement-1: The isothermal curves intersect each other at a
certain point.

Statement-2: The isothermal change takes place slowly, so,
the isothermal curves have very little slope.

Statement-1: Specific heat of a gas at constant pressure is
greater than its specific heat at constant volume.
Statement-2: At constant pressure, some heat is spent in
expansion of the gas.

Statement-1: During an adiabatic expansion temperature of
gas must decrease.

Statement-2: During adiabatic process TV?™ = constant,
where ¥ is the adiabatic exponent of gas.

Statement-1: The coefficient of volume expansion at constant
pressure for diatomic gas is more than that for monatomic gas.
Statement-2: The coefficient of volume expansion of gas at
constant pressure is independent of the degrees of freedom
of gas.

Statement-1: Twobodies at different temperatures, if brought
in contact do not necessary settle to the mean temperature.
Statement-2: The two bodies may have different thermal
capacities.

Statement-1: Melting point of ice decreases upon increase in
pressure.
Statement-2: Volume of water is smaller than volume of ice.

Statement-1: Melting of solid causes no change in internal
energy

Statement-2: Specific latent heat is the heat required to melt
a unit mass of solid.
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LINKED COMPREHENSION TYPE QUESTIONS

This section contains Linked Comprehension Type Questions or Paragraph based Questions. Each set consists of a Paragraph followed
by questions. Each question has four choices (A), (B), (C) and (D), out of which only one is correct. (For the sake of competitiveness
there may be a few questions that may have more than one correct options)

Comprehension |

An amount Q of heat is given to a monatomic ideal gas in a pro-

Q

cess in which the gas performs a work 3 on its surroundings.

Based on the above facts, answer the following questions.

1. The equation of the process discussed is given by
(A) PV?=constant
(B) PV’ =constant
(C) PV = constant
(D) P?V =constant
2. Molar heat capacity of gas for the process is
(A) R (B) 2R
© 3R ® 3
3. If at a temperature T, the volume of gas is V|, then at tem-
perature T = 4T, the volume of gas becomes

(A) 4V, (B) 8V
© % (D) 16V,

Comprehension 2

Four moles of an ideal gas is initially in a state A having pres-
sure 2x10° Nm * and temperature 200 K. Keeping the pressure
constant, the gas is taken to state B at temperature of 400 K. The
gas is then taken to a state C in such a way that its temperature
increases and volume decreases. Also, from B to C, the magni-

dT
tude of v increases. The volume of gas at state C is equal to

its volume at state A. Now gas is taken to initial state A keeping
volume constant. A total of 1000 ] of heat is withdrawn from the
sample in the cyclic process. Taking R = 8.3 Jmol™ K. Based on
the above facts, answer the following questions.

4. The correct graph between temperature T and volume V
for the cyclic process is

A T ® T
C
o)
400 K|--- B 400 K'"VB
200 KF--4 200 Ki-=~~7
©) I (D) I
C c
400 Kf--- B 400 K- - B
200 Kf---~4 200 K|---~7

5. The work done in path B to C is
(A) 10007 (B) -1000]
(C) -7640] (D) 5640 ]

6. The volume of gas at state C is

(A) 0.0332m’ (B) 0.22m’

(©) 0.332m’ (D) 3.32m’
Comprehension 3
A small spherical monatomic ideal gas Py
bubble (y= %] is trapped inside a liquid X Liquid

of density p; (shown in figure). Assume that H O

the bubble does not exchange any heat with f
the liquid. The bubble contains n moles of i’

gas. The temperature of the gas when the
bubble is at the bottom is T, the height of the liquid is H and the
atmospheric pressure is F}; (Neglect surface tension). Based on the
above facts, answer the following questions.

7. As the bubble moves upwards, besides the buoyancy force

the following forces are acting on it

(A) Only the force of gravity

(B) The force due to gravity and the force due to the pres-
sure of the liquid

(C) The force due to gravity, the force due to the pressure of
the liquid and the force due to viscosity of the liquid

(D) The force due to gravity and the force due to viscosity
of the liquid

8.  When the gas bubble is at a height y from the bottom, its
temperature is

2 2

Py+pigH \s By+pg(H-vy) )5

(A) To( ot P8 ]5 (B) To[ 0 18( y)}
Fy+pgy Fy+pgH

ol w

3
By +p,¢H \5 P+ H-
(C) TD( 0 Pfg ] (D) TU 0 pfg( y)
Fy +pgy Fy + pigH

9. The buoyancy force acting on the gas bubble is (assume R is
the universal gas constant).

2
(P +pgH)5
7
(P0+Pigy)5

pinRgT,

2 3
(P0+Pr8H}5(Pn+P!S(H_}/))5

(A) pnRgT,

(B)

3
(Po + p;gH )g
8
(B +pgy)s

pinRgTy

3 2
(P0+PISH)E(PD+F’13(H_U))5

(€) pmRgT,

(D)
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Comprehension 4

A steel bolt of cross-sectional area A, =5x107 m”® is passed
through a cylindrical tube made of aluminium. The cross-
sectional area of the tube material is 4, =10~ m” and its length
is =50 cm. The bolt is just taut so that there is no stress in the
bolt and the temperature of the assembly is increased through
AT =10 °C. Given, coefficient of linear thermal expansion of
steel, ¢, =107 °C7™",

Young’s modulus of steel Y, =2x 10" Nm™.

Young’s modulus of Al, Y, =10"" Nm™, coefficient of linear ther-

mal expansion of Al, o, =2x 107 °C”". Based on the above facts,
answer the following questions.

10. The compressive strain in tube is

(A) 107 (B) 5x107
(€) 2x107 (D) 10°°
11. The compressive stress in tube is
(A) 5x10° Nm™ (B) 10° Nm™
(C) 10° Nm™ (D) 10° Nm™
12. The tensile stress in bolt is
(A) 10* Nm™ (B) 107 Nm™

(C) 2x10° Nm™ (D) 10" Nm™
Comprehension 5

A fixed thermally conducting cylinder has _#——2R—
a radius R and height L. The cylinder is
open at its bottom and has a small hole at
its top. A piston of mass M is held at a dis- L
tance L from the top surface, as shown in l

N |

the figure. The atmospheric pressure is F,.
Based on the above facts, answer the fol-
lowing questions.

L | Piston

13. 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 piston will then be

F

® n ® 2
B, Mg B, Mg
20, s Dy —0_ %
© 2 TR (D) 2 R

14, 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 dis-
tance of the piston from the top is

2 2
(A) (%]m) (B) [M]m)
nR°F, + Mg nR°F,

© [Ml(zm (D) (

nR°F,

PynR? (oL)
nR*Py - Mg
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15. The piston is taken completely out
of the cylinder. The hole at the top
is sealed. A water tank is brought P T
below the cylinder and put in a posi- 1' 2 Ly
tion so that the water surface in the l

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(Ly—H) +Py(Ly—H)+L,Py =
B) pg(Lo—H) ~Py(Ly—H)-LoPy =0
(©) pg(Ly—H) +Py(Ly—H)-LyPy =0
(D) pg(Ly—H) -Py(Ly—H)+LyP =

Comprehension 6

Five rods of same material

and same cross section are

joined as shown. Lengths of

rods ab, ad and bc are I, 21 a c
and 3/ respectively. Ends o 200°C 0°C
and ¢ are maintained at tem-

peratures 200 °C and 0 °C

respectively. d

Based on the above facts, answer the following questions.

16. The length x of rod dc for which there will be no heat flow
through rod bd is

(A) 4 (B) 2
(C) 6l (D) 91

17. Then temperature of junction b or d is
(A) 120 °C (B) 160 °C
(C) 90°C (D) 150 °C

Comprehension 7

A certain amount of ice is supplied heat at a constant rate for
7 min. For the first one minute the temperature rises uniformly
with time. Then it remains constant for the next 4 min and again
the temperature rises at uniform rate for the last 2 min. Given
that ;. =0.5 n:alg"1 °C, L. =80 calg"l. Based on the above facts,
answer the following questions.

18. The initial temperature of ice is
(A) -10°C (B) -20°C
(©) -30°C (D) —40°C

19. The final temperature of the ice, at the end of 7 min is

(A) 20°C (B) 30°C
(C) 40°C (D) 50 °C
Comprehension 8
A gaseous mixture enclosed in a vessel of volume V' consists of
CIJ

one mole of a gas A with y =( ]:g and another gas B with

v
y= 5 at a certain temperature T. The relative molar masses of

the gases A and B are 4 and 32, respectively. The gases A and
B do not react with each other and are assumed to be ideal. The
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19
gaseous mixture follows the equation PV'13 = constant, in an adi-
abatic process. Based on the above facts, answer the following
questions.

20. Number of moles of the gas B in the gaseous mixture is
(A) 1mole (B) 3mole
(C©) 4mole (D) 2mole

1
21. The mixture is compressed adiabatically to 5 of its initial

volume V. The change in its adiabatic compressibility in
19
terms of the given quantities is (Given that 513 =10.48).

4 4
A) -0.025— B) -0.050—
(A) 0025 (B) -0.050
vV 4
C) -0.075— D) -0.100—
(© 0075 (D) -0.100-

Comprehension 9

In a cylindrical container of sufficiently large height, two easily
moving pistons enclose certain amount of same ideal gas in two
chambers as shown in Figure.

Ty
\\_____/

P

— Upper chamber

_—
@—{—b Lower chamber
N~

8cm

20 cm

The upper piston is at a height 20 cm from the bottom and lower
piston is at a height 8 cm from the bottom. The mass of each
piston is m kg and cross sectional area of each piston is A m?,

where %=PO and P, is the atmospheric pressure given by

1x10° Nm™. The cylindrical container and pistons are made
of conducting material. Initially the temperature of gas is 27 °C
and whole system is in equilibrium. Now if the upper piston is
slowly lifted by 16 cm and held in that position with the help of
some external force. As a result, the lower piston rises slowly
by [ cm. Based on the information give, answer the following
questions.

22. The value of [ is
(A) 2em
(C) 8cm

(B) 4cm
(D) 6 cm
23. The ratio of volume of gas in upper chamber to that of in
lower chamber in final state is
(A) 2:1 (B) 1:2
€ 41 (D) 1:4
24, The pressure of gas in lower chamber in final state is
(A) 1.0x10° Nm™ (B) 2.0x10° Nm™
(C) 3.0x10° Nm™ (D) 40x10° Nm™

Comprehension 10

A quantity of an ideal monatomic ~ p
gas consists of 7 moles initially at
temperature T. The pressure and
volume are then slowly doubled
in such a manner so as to trace out
a straight line passing through ori-
gin on a P-V diagram as shown.
Based on the above facts, answer
the following questions.

V=2V,
P,=2P,

25. For this process, the ratio is equal to (where W is work

1

done by the gas) is
(A) 1.5 (B) 3
(C) 45 (D) 6
26. For the same process, the ratio Q is equal to (where Q is
heat supplied to the gas) is nR1;
(A) 15 (B) 3
(C) 45 D) 6

27. 1If C is defined as the average molar specific heat for the
process, then % has value

(A) 15
© 3

(B) 2
(D) 6
Comprehension | |

One mole of an ideal monatomic gas is taken round the cyclic
process ABCA as shown in figure.

P A
T B
Y . c
1 1
v, 2y, Y

Based on the above facts, answer the following questions.

28. The work done in the complete cycle is

(A) zERO (B) E,Vj, by the system
© %, by the system (D) [V, on the system

29. If dQc, is the heat absorbed /rejected by the gas in the path
CA, then

(A) dOc, :gPUVn,absorbed (B) dQe, = %PUVn,absorbed

5 3
(C) dQcu = EPan rejected (D) dQcy = EPUVD, rejected

30. If dQ,p is the heat absorbed /rejected by the gas in the path
AB, then

3
(A) dQ,p= EPOVO, absorbed (B) dQ,;=3FV,, absorbed

© dQAE=%pﬂvﬂ,rejected (D) dQ,; =3PV, rejected
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31. If dgc is the heat absorbed/rejected by the gas in the path
BC, then

3 1
(A) dQpc = EPUVO, absorbed (B) dQpc = EPUVO, rejected

(C) dQyc= %POVO, absorbed (D) dQp- = gPOVO, rejected

32. The maximum temperature attained by the gas during the

cycleis
25 BV, 3RV,
) F ®) o0
8 LV, 1 RV,
Oxk ® 3%

Comprehension 12

Cp

Consider one mole of an ideal gas having y = C—[ which expands
v

according to the law P = oV where P is the pressure, V is the

volume and ¢ is a constant. Assuming the initial volume of the
gas to be Vj; and when expanded to a volume nV), answer the
following questions.

33. The work done by the gas is

2
oV

(A) T(n2 -1) ®) aV2(n?-1)

©) avi(1-n?) (D) “Tvﬂzh-ng)

34, The change in internal energy of gas is

o a2 2 o 2( 2

(A) (1_}1)1/0 (n —1) (B) WVD(H —1)
o 2( 2 o 2(,2

©) 2(1_},)1/0 (n2-1) (D) 2()/_1)1/0(;4 -1)

35. The specific heat for the process is
-1\R +1\R
m (=5 ® ()5
y+1)2 y-1)2
1 -1
o(=F  w(E)
y-1 y+1
Comprehension 13
In a thermodynamic process, it is observed that the internal
energy of an ideal gas varies with pressure P and volume V as

U =3PV . If the gas expands from V; to 2V at a constant pressure
F,. Based on the above facts, answer the following questions.

36. The heat absorbed by the gas in the process is
(A) RV (B) 2RV
© 3RV D) 4RV

G
37. The value of y[ = C—‘} for the given gas is
(A) 1.33
©) 1.67

(B) 14
(D) 15
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Comprehension 14 P

One mole of monatomic gas is taken
| __ B C
3P,
1
T,=300K and the process AB is V;
1
1

through a cyclic process shown. If
defined as PT =constant, then based  Po VA
on the above facts, answer the follow- S

ing questions. T
38. Work done in process AB is
(A) 400R (B) —400R
(C) 200R (D) —300R
39. The change in internal energy in process CA
(A) 900R (B) 300R
(C) -1200R (D) ~900R
40. Heat transferred in the process BC is
(A) 1000R (B) 500R
(C) 2000R (D) 1500R
Comprehension 15
One mole of an ideal monatomic 'y
gas is taken around a cyclic process D
as shown. The processes AB, BC,
CD and DA are isobaric, adiabatic, c
isochoric and isothermal respec-
tively. It is known that T, = 4T, and
V= (82 )VU. Based on the above B A
facts, answer the following questions. v

41. The temperature at state C is T, given by
(A) Te=Tg (B) Tc=2T,
(C) T.=3T- (D) None of these

42, The work done by gas during the cyclic process in one cycle
is

(A) 5.2RTy (B) 4RTy
(C) 32RTy (D) None of these
43. Efficiency of cycle of the cyclic process is
(A) 21% (B) 41%
(C) 51% (D) None of these
Comprehension 16 v
The V-T graph for an ideal gas is shown
in figure. Based on the information pro- e b
vided and a careful observation of the
graph, answer the following questions.
44. Work done by the gas in complete d ¢ ¢ r

cyclicprocessa b —c—>d—ais
(A) zERO
(C) negative

(B) positive
(D) data is insufficient
45. Heat is supplied to the gas in process/es
(A) da, aband bc (B) da and ab only
(C) da only (D) aband bc only
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Comprehension 17

An ideal gas undergoes a process in which T =T +aV”, where T,
and a are positive constants and V is molar volume. Based on the
information given, answer the following questions.

46. The volume at which the pressure attains a minimum value is

wE e[l

2 2
a3 a \3
© (3 © (5)

47. The minimum pressure attainable per mole of gas is

52 211 )
(A) Z(R3R3T03 )23 (B) %(3&2]"02)1"3
12 3Y) 1 )
() E(a?R3T04 )43 (D) %(2@,2)1’3

Comprehension 18

An ideal gas having initial pressure P, volume V and tem-
perature T is allowed to expand adiabatically until its volume

becomes 5.66 V while its temperature falls to g
Based on the above facts, answer the following questions.

48. The degrees of freedom possessed by the gas molecules is/

are
(A) 1 (B) 2
©) 3 (D) 5

49. The work done by the gas during expansion as a function of
initial pressure P and volume V' is
(A) 2.31PV
(B) 1.23PV
(C) 3.21PV
(D) None of these seems to be correct

Comprehension 19

Onemoleofanideal gashasaninter- U
nal energy given by U =U,+2PV,
where P is the pressure and V
the volume of the gas and U is a
constant. This gas undergoes the
quasi-static cyclic process ABCD as D o)
shown in the U-V diagram. Based
on the above facts, answer the fol- v, 2V,
lowing questions.

50. The molar heat capacity of the gas at constant pressure is

(A) 2R (B) 3R
(© gR (D) 4R
51. The work done by the ideal gas in the process AB is
(A) zERO (B) %
© Hh (D) T log, (2)

52. Assuming that the gas consists of a mixture of two gases,
the gas is
(A) Monatomic
(B) Diatomic
(C) A mixture of mono and diatomic gases
(D) A mixture of di- and tri-atomic gases

Comprehension 20

A non-conducting vessel containing n moles of a diatomic gas
is fitted with a conducting piston. The cross-sectional area,
thickness and thermal conductivity of piston are A, [ and K
respectively. The right side of piston is open to atmosphere at
temperature T,. Heat is supplied to the gas by means of an elec-
tric heater at a constant rate g. Based on the above facts, answer
the following questions.

ECANN
o * | |7, atmosphere
—» [ —
53. The temperature of gas as a function of time is

2KAt
(A) T—Eﬁ%(l—e 7nm]

7nRI
(B) T=T, +q_1(1_e—2j<’m ]
KA

gl ( _2KAt )
(C) T= T() + ﬂ 7uRl
(D) None of these
54. The maximum temperature of gas is

ql

KA
(A) Toax=To+ ? (B) T =Tp+ a

ql ql
O Tow=— D) T,.,=T,+—(1-e)
©) Ton=7; O) T =Tyt
55. The ratio of the maximum volume to the minimum volume is
(A) 1+ KATy (B) KATy
ql ql
© -1 D) 141
KAT, KAT,
Comprehension 21 v
Two moles of an ideal mona- b c
tomic gas is taken from a to ¢, via i
three paths a—b—c, 1—c and a” , d
a—d — ¢ as shown. Based on the g i
above facts, answer the following -7 i L
questions. ! 300K 600K

56. Work done by the gas in process a — ¢ is
(A) 1000R (B) 900R
(C) 600R (D) 1500R
57. If work done by the gasin a—b—c is W), in a = ¢ work
done is W, and in 2 = d — ¢ work done is W,, then
(A) W,>W,>W, (B) W >W,>W;
(©) Wy>Wy> W, (D) W,>W,>W,
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Comprehension 22

Two moles of helium gas ( y= g) is initially at temperature 27 °C

and occupies a volume of 20 litre. The gas is first expanded at
constant pressure until the volume is doubled. Then it undergoes
an adiabatic change until the temperature returns to its initial
value. Based on the above facts, answer the following questions.

58. The final volume of the gas is
(A) 100 litre (B) 110 litre
(C) 113 litre (D) 120 litre

59. The final pressure of the gas is
(A) 3.4%10° Nm™ (B) 44x10° Nm™
(C) 5.4x10° Nm™ (D) 6.4x10° Nm™
60. The work done by the gas is

(A) 14259]
(C) 12954]

(B) 19452]
(D) 12459]

Comprehension 23

In the situation shown in figure the spring of spring constant K is
at its natural length. In both the chambers of the non-conducting
vessel separated by a non-conducting piston, n moles of mon-
atomic gas is filled at temperature T. Heat is now supplied to
the right chamber. It is observed that the temperature of the left
chamber does not change and the piston is displaced by —. Based
on the above facts, answer the following questions.

n T n, T
— TS — )
< el
— — —>

61. The change in temperature of the right chamber is

2 2

@ i 2 ® K
16 nR 3 16nR
© 2T . 5KI* D) 2T . 5KI?
3 16mnR 3 nR

62. The change in the internal energy of the right chamber is

KI?

(A) nRT + By (B) nRT+—-
32 32

C) 2uRT +15KI? D 3r1RT+EKL2
(© (D) n

63. The heat transferred into the system is

2 2

(A) 2nRT+ K= (B) nRT+ KL
2 2

2 2

(C) 3nRT+ L (D) nRT+ L
32 32

Comprehension 24
In a thermodynamic process, the temperature T varies with vol-

ume V as T =T, + &V, where T, and « are constants. Based on
the above facts, answer the following questions.
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64. The volume at which the pressure is the minimum is
1
T, T, \3
A R B (_ﬂ]
(A) o (B) 30
1 2
T, \3 o \3
© (3] ) (—]
o 2T,

65. Molar heat capacity of gas in the above process

R RT RT,
A) Cp+—+—2 B) C,+—2
()"33av3 (B) Y 3av?
R RT
C) Cp-——+—220 D) None of these
© G 3 3ar? (D)
66. The ratio of the minimum attainable pressure during
201

process to nRTogccE is
1 1 2

(A) 23 (B) (23 +25)
2 4 2

©) (53425 (D) 23

Comprehension 25 E,

Figure shows a radiant energy spectrum

graph for a black body at a tempera- i

ture T,. Based on the spectrum graph, i To
answer the following questions. !

s
67. Select the correct statement. ! 4

(A) The radiant energy is equally distributed among all the
possible wavelengths

(B) For a particular wavelength the spectral intensity is
minimum

(C) The area under the curve is equal to the total intensity
(energy per unit area per second) radiated by the body
at that temperature

(D) None of these

m

68. If the temperature of the body is raised to a higher
temperature T, then select the correct statement.
(A) Theintensity of radiation for every wavelength decreases
(B) The maximum intensity occurs at a greater wavelength
(C) The area under the graph decreases
(D) The area under the graph is proportional to the fourth
power of temperature

69. Identify the graph which correctly represents the spectral
intensity versus wavelength graph at two temperatures T

and T, (< T).
(A) E B &

>,
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Comprehension 26

Two perfect gases at absolute temperatures T; and T, are mixed.
There is no loss of energy. The masses of the molecules are n,
and n1,. The number of molecules in the two gases are n; and n,.
Based on the above facts, answer the following questions.

70. What is the average kinetic energy of all the molecules of
two gases before mixing?

1 3
(A) Ek(anl+n2T2) (B) Ek(n1T1+n2T2)

5 7
©) Ek(an1+n2T2) (D) Ek(n1T1+n2T2)

71. If T is the temperature of the mixture, then the average
kinetic energy of the two gases after mixing is

1 3

(A) Ek(n1+n2)T (B) Ek(n1+n2)T
5 7

(©) Ek(nl“’”z)T (D) Ek(n1+n2}T

72. The temperature T of the mixture is
(A) mTy+m,T, (B) Ml
nl + ﬂz

© telz o) Mhtml

ny+ 1, ny +1m,

Comprehension 27
An ideal diatomic gas having C, = % occupies a volume Vj ata

pressure . The gas undergoes a process in which the pressure
is directly proportional to the volume. At the end of the process,

the rms speed of the gas molecules gets doubled from its initial
value. Based on the above facts, answer the following questions.

73.  The molar heat capacity of the gas in the given process is

(A) 3R (B) 35R
(C) 4R (D) 25R
74. The heat supplied to the gas in the given process is
(A) 7RV, (B) 8hV,
(©) 9PV, (D) 10R,V,
Comprehension 28 p

Two moles of helium gas undergo
a cyclic process as shown in figure.
Assuming the gas to be ideal, calculate
the following quantities in this process.
Based on the above facts, answer the
following questions.

D: “r
300K 400K
75. The net change in internal energy for the complete process is
(A) 4608] (B) 6408]
(C) zEro (D) None of these
76. If dQ and AW indicate the total work done in the complete
cyclic process, then
(A) dQ=8064],dW=1152] (B)

(C) dQ=1152],dW=8064] (D)

dQ=dW =8064]
dQ=dW=1152]
77. If dS denotes the total entropy in the complete cyclic process,
then
(A) dS=384]K"
(C) dS=329]K™

(B) dS=288]K™
(D) dS=zero

MATRIX MATCH/COLUMN MATCH TYPE QUESTIONS

Each question in this section contains statements given in two columns, which have to be matched. The statements in COLUMN-I
are labelled A, B, C and D, while the statements in COLUMN-II are labelled p, g, 1, s (and t). Any given statement in COLUMN-I can
have correct matching with ONE OR MORE statement(s) in COLUMN-II. The appropriate bubbles corresponding to the answers to
these questions have to be darkened as illustrated in the following examples:

If the correct matches are A — p, sand t; B — qand r; C = p and q; and D — s and t; then the correct darkening of bubbles will

look like the following:

OO0 mw>»

@O
©OOO|s
QOOO|-
@OO®|«
@O~

1. Match the processes in COLUMN-I to their property(ies) in
COLUMN-IL

COLUMN-I COLUMN-II

(A) Cyclic process (p) AU<0

(B) Isobaric process (@ Q=W

(C) Isochoric process (r) W=nRAT

(D) Adiabatic expansion (s) Q=AU
(t) AU=0

2, Thedensity (p)vstemperature (T ) graph for a cyclic process
is shown in figure, match the quantities in COLUMN-I to
their matches in COLUMN-IL

p

A

F




3.

4,

5.
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COLUMN-I

COLUMN-II

(A) Processa— b
(B) Processb—c

(C) Processc—d

(p) Pincreasing
(q) P decreasing

(r) Isochoric process

(D) Processd —a (s) AU=0
Match the following.
COLUMN-I COLUMN-II

(A) Work done by an ideal gas in

a closed system

(B) Internal energy of an ideal

gas in a closed system

(C) Molar heat capacity of an

ideal gas in a closed system

(D) Heat absorbed or rejected

(p) Path dependent

(q) State function

(r) May be constant
(other than zero)

(s) May be zero

by an ideal gas in a closed
system.

For one mole of a monatomic gas, match the following.

COLUMN-I COLUMN-II
(A) Isothermal Bulk modulus RT
(p) Iy
V
(B) Adiabatic Bulk modulus 5P
@ =
3V
(C) Slope of P-V graph in an Isothermal RT
process (x) v
(D) Slope of P-V graph in an Adiabatic 5RT
process ®) 3V
4RT
t P
0

Match the physical quantities in COLUMN-I to their dimen-

sional formula in COLUMN-II.

COLUMN-| COLUMN-II
(A) Specific heat (p) MLTZK™
(B) Coefficient of thermal conductivity | (q) MT K™
(C) Boltzmann constant (r) *T2K™
(D) Stefan’s constant (s) MI*TK™

Chapter 2: Heat and Thermodynamics 2.167

6. With reference to the following P-V diagram, match the

following quantities.

P
N . 0
M P
4
COLUMN-I COLUMN-II
(A) Process MN (p) W=0
(B) Process NO (qQ W<0
(C) Process OP (r) W>0
(D) Process PM (s) AU>0
(t) AU<O0
7. Match the following.
COLUMN-I COLUMN-II
) R (T B T—) (p) Change in internal energy of an
-y S Isothermal process.
(B) zErRO (q) Molar specific heat of an
Adiabatic process.
(©) R(Tf -T. ) (r) Internal energy of n mole of gas
sample.
D) PV (s) Work done in an Isobaric process
y-1 carried on one mole of gas.
(t) Work done in an Isochoric
process.
(u) Work done in an Adiabatic
process carried on one mole of
gas.

8. Match the following

COLUMN-I

COLUMN-II

(A) Temperature of a gas

(B) Work done by the gas

(C) Thermal expansion

(D) Mechanical compression.

(p) Internal energy
increases

(q) Intermolecular force
decreases

(r) Path function

(s) State function
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An ideal monatomic gas is taken through one of the fol-
lowing reversible processes expressed by the equation
in COLUMN-L Match the molar heat capacity of the gas,
expressed in multiplies of R, in COLUMN-II with the
appropriate process.

COLUMN-I COLUMN-II
53 _ 5R

(A) PV”” =constant (p) 5
2 3R

(B) TV" =constant &) =

(C) V =constant (r) R

(D) P =constant (s) zErO

10. An ideal gas is taken along the reversible processes as

INTEGER/NUMERICAL ANSWER TYPE QUESTIONS

shown in the Figure.

P (in Nm™®)
A

151 B > C

10 4

Bt -mmm -

oOf-—---Lb e -

»V (in m%)

np--=

COLUMN-I COLUMN-II
(A) For process B— C (p) AQ>0
(B) For process A — B (@) AW>0
(C) For processA - B = C (r) AU>0
(D) For process A — C (s) AW=0

11. Three liquids A, B and C having masses m, 2m and 3m,

have same gram specific heat and have temperatures 20 °C,
40 °C and 60 °C respectively. Temperature of the mixture
when

COLUMN-I COLUMN-II

(A) A and B are mixed (p) 35°C

(B) A and C are mixed (q) 52°C

(C) B and C are mixed (r) 50°C

(D) A, Band C all three are mixed (s) 33.3°C
(t) 46.67 °C

In this section, the answer to each question is a numerical value obtained after doing series of calculations based on the data given
in the question(s).

1.

An ice cube of mass 0.1kg at 0°C is placed in an iso-
lated container which is at 227 °C. The specific heat ¢ of
the container varies with temperature T according to the
empirical relation ¢=A+BT, where A=100calkg 'K
and B=2x107 calkg 'K ™. If the final temperature of the
container is 27 °C, determine the mass of the container, in
gram.

(Latent heat of fusion for water =8x10* calkg™, specific
heat of water =107 calkg 'K ™).

Three rods of material ¥ and three rods of material y are
connected as shown in figure. All the rods are of identical
length and cross sectional area. If the end A is maintained at
60 °C and the junction E at 10 °C, calculate temperature of
junctions B, C and D, in °C. The thermal conductivity of x is

0.92 calem s (°C) ™" and that of y is 0.46 calem™s™ (°C)".

Calculate the work done on the gas or by the gas, in joule,
when one mole of a perfect gas is compressed adiabatically.
The initial pressure and volume of the gas are 10° Nm ™ and

6 litres respectively. The final volume of the gas is 2 litres

- . 3R
molar specific heat of the gas at constant volume is >

An ideal monatomic gas is confined by a spring loaded
massless piston of cross-section 8 x 10 m?. Initially, the gas

is at 300 K and occupies a volume of 24x 10~ m® and the
spring is in its relaxed state. The gas is heated by an electric
heater until the piston moves out slowly without friction by
0.1 m. Calculate

(a) the final temperature of the gas, in kelvin.

(b) the heat supplied by the heater, in joule.

The force constant of the spring is 8000 Nm ™, atmospheric
pressure is 1x10° Nm . The cylinder and the piston are
thermally insulated.

A spherical shell A emits like black body. It is kept in vac-
uum and isolated from all radiators. Its temperature in
steady state is maintained 1000 K by some internal mech-
anism which gives it a constant power. Now this shell is
enveloped by another shell B of almost same radius and
emits like black body. Find the temperature of both shells, in
kelvin, in the new steady state. Assume that internal mecha-
nism of shell A produces the same power in the later case

also. Given that, (1.19)* = 2.
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In the construction of a flyover, steel girders of length 12 m
are used to place one after another. How much gap, in mm,
should be left between the two at their junction so that in
summers when peak temperature is about 48 °C, there
should not be any compression. Given that the construc-
tion is done in peak winters when temperature is 18 °C.
Given that the coefficient of linear expansion of steel is

11x107° °C™.

Figure shows a cyclic process performed on one mole of an
ideal gas. A total of 1000 ] of heat is withdrawn from the gas
in a complete cycle. Find the work done on/by the gas, in

joule, during the process B — C. Given R=8.3 Jmol " K.
T

400 Kf----- B

300 K----=% 1cm=100K

>V

A pendulum gives correct time at 32 °C at a place where
x=98ms . The pendulum consists of a light steel rod
connected to a heavy ball. If it is taken to a different place

where ¢ =9.788 ms™. At what temperature, in °C, will it
give correct time? The coefficient of linear expansion of steel
is 12x10° °C™".

Two moles of helium gas undergo a cyclic process as shown
in figure. Assuming the gas to be ideal, calculate the follow-
ing quantities in this process, in calorie.

(a) The net change in the heat energy.

(b) The net work done.

(c) The net change in internal energy.

P

2 atm A B

1 atm B) + C o
300K 400 K

Given that R =2 calmol K™ and log, (2)=0.7.

A steel rod is clamped between two rigid supports at 20 °C.
If the temperature of rod increases to 50 °C, the strain devel-
oped in the rod due to thisis x x 107, Calculate x. Given that
the coefficient of linear expansion of steel is 1.2x 107 °C™".

A hollow sphere of glass whose external and internal radii
are 11 cm and 9 cm respectively is completely filled with
ice at 0 °C and placed in a bath of boiling water. How
long, in seconds, will it take for the ice to melt completely?
Given that density of ice is 0.9 gem ™, latent heat of fusion

of ice is 80 calg” and thermal conductivity of glass is
0.002 calem s (°C) ™.

12.

13.

14.

15.

16.

17.

18.
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One mole of an ideal monatomic gas undergoes the process

P=oNT , where ¢ is a positive constant.

(a) The work done by the gas if its temperature increases
by 50 K is #R.

(b) The molar specific heat of the gas is *R.

where # in both (a) and (b) is not readable. Find the value of

* for both (a) and (b).

A bar with a crack at its centre buckles as a result of tem-
perature rise of 32 °C. If the fixed distance L; is 4 m and the
coefficient of linear expansion of the bar is 25x 107 (°C )*
find the rise x of the centre, in mm, to the nearest two digit
integer.

A horizontal cylindrical container of length 30 cm is par-
titioned by a tight-fitting separator. The separator is
diathermic but conducts heat very slowly. Initially the sepa-
rator is in the state shown in Figure.

10cm 20 cm

Gas Gas

The temperature of left part of cylinder is 100 K and that
on right part is 400 K. Initially the separator is in equi-
librium. It is observed that when heat is conducted from
right to left part, separator displaces to the right. Calculate
the displacement of separator, in centimetre, after a long
time when gases in the parts of cylinder are in thermal
equilibrium.

A cube of coefficient of linear expansion ¢, is floating in
a bath containing a liquid of coefficient of volume expan-
sion ;. When the temperature is raised by AT, the depth
upto which the cube is submerged in the liquid remains the

same. Find the ratio ﬁ.
o

Calculate the temperature (in kelvin) of the helium gas so
that the rms speed of helium atoms becomes equal to escape
speed from the earth’s surface.

One mole of oxygen undergoes a cyclic process in which
volume of the gas change 10 times within the cycle, as
shown in the figure. Process: AB and CD are adiabatic. Find

the efficiency of the process, in percent. Take (10)"* = 2.5,
P
Iy
Cc
B D
i
1
i A
I 1
1 1 > V
0 V, 10V,

A black plane surface at a constant high temperature T; is
parallel to another black plane surface at a constant lower
temperature T,. Between the plates is vacuum.
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T,>T,

In order to reduce the heat flow due to radiation, a heat
shield consisting of two thin black plates, thermally isolated
from each other is placed between the warm and the cold
surfaces and parallel to these. After sometime stationary
conditions are obtained. The stationary heat flow reduces,

due to the presence of the heat shield by a factor of f = 1
x

where 1< x <11. Find x. Neglect the effects due to finite size
of the surfaces.

Two cylinders A and B fitted with pistons contain equal
amounts of an ideal diatomic gas at 300 K. The piston of
A is free to move while that of B is held fixed. The same
amount of heat is given to the gas in each cylinder. If the rise
in temperature of the gasin A is 30 K, then calculate the rise
in temperature of the gas in B in kelvin,

The apparatus shown in figure consists of four glass columns
connected by horizontal sections. The height of two central
columns B and C are 49 cm each. The two outer columns A
and D are open to the atmosphere. A and C are maintained
at a temperature of 95 °C while the columns B and D are
maintained at 5 °C. The height of the liquid in A and D
measured from the base line are 52.8 cm and 51 cm respec-
tively. The coefficient of volume expansion of the liquid is

%107 (°C)™". Find x.

Anideal gas is enclosed in a cylinder with a movable piston
on top. The piston has mass of 8000 g and an area of 5 cm?
and is free to slide up and down, keeping the pressure of
the gas constant. How much work is done, in joule, as the
temperature of 0.2 mol gas is raised from 200 °C to 300 °C.

Given R=8.3 Jmol 'K,

One end of a copper rod of length 1 m and area of cross sec-
tion 4 x10™ m? is maintained at 100 °C. At the other end of
the rod ice is kept at 0 °C. Neglecting the loss of heat from
the surroundings find the mass of ice, in gram, melted in
1 hr. Given K, =401 Wm ™K™' and L; =3.35x10° Jkg .

2

A steel rod of cross-sectional area 2x107° m? is fixed

between two vertical walls as shown in Figure.

Initially at 20 °C, there is no force between the ends of the
rod and the walls. Find the force which the rod will exert on

24,

25.

26.

27.

28.

29.

walls at 100 °C. Given that the coefficient of linear expan-
sion of steel is 1.2x107 °C™ and its Young's modulus is
2x10" Nm™.

A solid body floats in a liquid at a temperature t =50 °C
being completely submerged in it. What percentage of
the volume of the body is submerged in the liquid after
it is cooled to t; =0 °C, if the coefficient of cubic expan-
sion for the solid is 7, =0.3x107 °C™" and of the liquid
v, =8x107 °C™\,

An ideal gas having initial pressure P, volume V' and
temperature T is allowed to expand adiabatically until its

volume becomes 5.66 V while its temperature falls to I
Calculate the degrees of freedom of the gas molecules.
Given log, (5.66)=1.73 log, (2)=0.70

Calculate the work done by one kilomole of an ideal gas,
in mega joule, in reversibly traversing the cycle shown in
figure, ten times. Indicate the direction of traversal around
the cycle if the net work is done by the gas.

A

3 - =

2 p——

P(105Nm3)

1+--

> V(mB}

Ny

1
|
1 2 3

The temperature of 100 g of water is to be raised from 24 °C
to 90 °C by adding steam to it. Calculate the mass of the
steam, in gram, required for this purpose.

One gram of water (volume 1 cc) becomes 1671 cc of steam
when boiled at a pressure of one atm. The latent heat of
vaporisation of water is 540 calg™. Compute the exter-
nal work done and increase in internal energy, in calorie.

(1atm=10° Nm™).

The piston cylinder arrangement shown contains a diatomic
gas at temperature 300 K. The cross-sectional area of the cyl-
inder is 1 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

04
temperature of the gas, in kelvin. Given that ( 3 ) =112.
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30. A pitcher contains 10 kg of water at 20 °C. Water comes to If temperature in the ring is same everywhere, then calcu-
its outer surface through its porous walls and gets evapo- late the angle 6 in degree.
rated. The latent heat required for evaporation is taken from 34 A 116tal ball at 40 °C is dropped from a height of 6 km. The
the water inside the pitcher and hence the water inside ball is heated due to the air resistance and it completely
the pitcher getsl cooled down. If the rate of evaporation of melts before reaching the ground. The molten substance
water is 0.2 gs™, calculate the approximate time (in second) falls slowly on the ground. Calculate the latent heat of fusion
n Wthh_ femperature of ?v'ater inside the .plf:ChEI' dr?s tj of metal, in kJkg ™. Specific heat of lead is 125 Jkg ™ (e.C)",
15 °C. Given that the specific heat of water is 4200 Jkg~°C . ) _ . ,
and latent heat of vaporisation of water is 2.27 x 10° ]kg"l. melting point of metal is 200 °C and g =10 ms ™.

31. An ideal diatomic gas undergoes a process in which its B A n"lonatomlc 1dea.1 gas of two moles 1s'taken 'through N
] cyclic process starting from A as shown in the figure. The
internal energy relates to the volume as U = oV , where o Vv vV
is a constant. volume ratios are — =2 and —2 = 4. If the temperature T,
(@) The molar specific heat of the gas is %, where * is not . R A A

readable. Find #. at A is 27 °C. Calculate
(b) Find the work performed by the gas, in joule, to v
increase its internal energy by 100 J. L. c

32. Abody cools in 10 minutes from 60 °C to 40 °C. What will ?
be its temperature, in °C, after next 10 minutes? The tem-
perature of the surroundings is 10 °C. 72 O B

33. Aring shaped tube contains equal masses of two ideal gases y /
of molar masses M; =32 and M, =28 respectively sepa- AL-TA L T
rated by one fixed partition PQ and another freely movable o, Ts
stopper RS as shown in Figure. (a) the temperature of the gas at point B, in kelvin.

(b) heat absorbed or released by the gas in each process, in
calorie.

(c) the total work done by the gas during the complete
cycle, in calorie.

Given that log,(2) =0.7 and R = 2 calmol 'K ™".

ARCHIVE: JEE MAIN

1. [Online September 2020] (A) 0.008 (B) 0.06
A gas mixture consists of 3 mole of oxygen and 5 mole of (©) 08 (D) 23
?l:gon at temperature T'. A.ss.ummg the gases to be ideal an.d 4 [Online September 2020]

e oxygen bond to be rigid, the total internal energy (in . . R
units of RT) of the mixture is A bakcilllte bea.ker h'as vohllme capacity of 5000 cc at 30 °C.
(A) 11 (B) 15 When itis partially fllled_ with V,, volume (at 30°) of mercury,
©) 20 (D) 13 it is found that the unflllf;d Vo.lume of the beaker re{nmr}s

constant as temperature is varied. If ¥, =6%10° C

2. [Online September 2020] and Y ereury) = 1:5% 107 °C”, where 7 is the coefficient of

An ideal gas in a closed container is slowly heated. As its o . .
. s . volume expansion, then V,, (in cc) is close to
temperature increases, which of the following statements
are true? 5. [Online September 2020]
(1) the mean free path of the molecules decreases. To raise the temperature of a certain mass of gas by 50 °C
(2) the mean collision time between the molecules at a constant pressure, 160 calorie of heat is required. When
decreases. the same mass of gas is cooled by 100 °C at constant volume,

(3) the mean free path remains unchanged. 240 calorieof heat is released. How many degrees of freedom
(4) the mean collision time remains unchanged does each molecule of this gas have (assume gas to be ideal)?
(A) (3)and (4) (B) (1)and(2) (A) 5 (B) 3
(€) (1)and (4) (D) (2)and (3) © 6 (D) 7

3. [Online September 2020] 6. [Online September 2020]

When the temperature of a metal wire is increased from
0 °C to 10 °C, its length increases by 0.02%. The percentage
change in its mass density will be closest to

A calorimeter of water equivalent 20 g contains 180 g of
water at 25 °C. m gram of steam at 100 °C is mixed in it will
the temperature of the mixture is 31 °C. The value of m is
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close to (Latent heat of water is 540 calg™, specific heat of
water 1 calg™°C™)

(A) 2.6 (B) 2

€ 4 (D) 32

[Online September 2020]

Match the Cp/Cy; ratio for ideal gases with different type of
molecules.

Molecular Type Cp/Cy
(A) Monoatomic (p) 7/5
(B) Diatomic rigid molecules (q) 9/7
(C) Diatomic non-rigid molecules (r) 4/3
(D) Triatomic rigid molecules (s) 5/3

(A) A= (3),B = (p),C— (@), D)
(B) A—>(s),B—=(q,C—(p)D—(r)
€) A=(),B—=(s)C—(q,D—(p)
(D) A= (q),B—=(),C—(p),D—(s)

[Online September 2020]
The specific heat of water is 4200 Jkg K™ and the latent

heat of ice is 3.4 x 10° ]kg_l. 100 g of ice at 0 °C is placed in

200 g of water at 25 °C. The amount of ice that will melt as
the temperature of water reaches 0 °C is close to (in gram)
(A) 61.7 (B) 63.8

(C) 69.3 (D) 64.6

[Online September 2020]

A closed vessel contains 0.1 mole of a monoatomic ideal gas
at 200 K. If 0.05 mole of the same gas at 400 K is added to
it, the final equilibrium temperature (in K) of the gas in the
vessel will be close to

[Online September 2020]

The change in the magnitude of the volume of an ideal gas
when a small additional pressure AP is applied at a constant
temperature, is the same as the change when the tempera-
ture is reduced by a small quantity AT at constant pressure.
The initial temperature and pressure of the gas were 300K
and 2 atm respectively. If |AT|= C|AP| then value of C in
K/atmis__

[Online September 2020]

A bullet of mass 5 g, travelling with a speed of 210 ms ™,
strikes a fixed wooden target. One half of its kinetic energy
is converted into heat in the bullet while the other half is
converted into heat in the wood. The rise of temperature of
bullet if specific heat of its material is 0.030 calg™'°C™" and
1cal=42x107 erg is close to

(A) 833°C (B) 875°C

(C) 119.2°C (D) 384 °C

[Online September 2020]

Number of molecules in a volume of 4 cm® of a perfect
monatomic gas at some temperature T and at a pressure of
2 cm of mercury is close to

13.

14.

15.

16.

17.

18.

(Given, meankineticenergy ofamoleculeat T is 4 x 107 erg,
¢=980 cms 2, density of mercury is 13.6 gcm_3)

(B) 5.8x10"
(D) 4.0x10"

(A) 58x10"™
(C) 40x10"

[Online September 2020]

Two different wires having lengths L, and L), and respec-
tive temperature coefficient of linear expansion ¢, and «,,
are joined end-to-end. Then the effective temperature coef-
ficient of linear expansion is

4on00 L,L
(A) ——2 21 (B) 2oy
a1+0.'2([_,2+[.1)2 e

0y + 0y D) oy + L+ oL,

© = L+L,

[Online September 2020]

Nitrogen gas is at 300 °C temperature. The temperature
(in K) at which the rms speed of a H, molecule would be
equal to the rms speed of a nitrogen molecule, is

(Molar mass of N, gas 28 g)

[Online September 2020]

Molecules of an ideal gas are known to have three trans-
lational degrees of freedom and two rotational degrees of
freedom. The gas is maintained at a temperature of T. The
total internal energy, L of a mole of this gas, and the value

of y[ = %] given, respectively, by
v

(A) U:gRT and y =

| o

(B) U=5RT and y:%

© U:SRTandj{:é (D) U=ERTaHd=Z

5 2 5
[Online September 2020]
Initially a gas of diatomic molecules is contained in a cyl-
inder of volume V; at a pressure P and temperature 250 K.
Assuming that 25% of the molecules get dissociated caus-
ing a change in number of moles. The pressure of the result-
ing gas at temperature 2000 K, when contained in a volume

P
2V, is given by P,. The ratio 32 is
1
[Online September 2020]
In a dilute gas at pressure P and temperature T, the mean
time between successive collisions of a molecule varies with
T as

1
(A) J]f ®) —
(@) 7 (D) T

[Online September 2020]

A heat engine is involved with exchange of heat of 1915 ],
407, +125] and Q ], during one cycle achieving an effi-
ciency of 50.0%. The value of Q is

(A) 640] (B) 400]
(C) 980] (D) 40]
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[Online September 2020]

A balloon filled with helium (32 °C and 1.7 atm.) bursts.
Immediately afterwards the expansion of helium can be
considered as

(A) irreversible isothermal (B) irreversible adiabatic

(C) reversible adiabatic (D) reversible isothermal

[Online September 2020]

If minimum possible work is done by a refrigerator in con-
verting 100 g of water at 0 °C to ice, how much heat (in cal-
ories) is released to the surrounding at temperature 27 °C
(Latent heat of ice is 80 calg ') to the nearest integeris

[Online September 2020]

Match the thermodynamic processes taking place in a sys-
tem with the correct conditions. In the table AQ is the heat
supplied, AW is the work done and AU is change in internal
energy of the system

Process Condition
(A) Adiabatic (p) AW=0
(B) Isothermal (Q AQ=0

(C) Isochoric (r) AU#0, AW #0,AQ#0

(D) Isobaric (s) AU=0

(A) A= (q),B—=(s),C—=(p),D—(x)
B) A=(q),B=(p)C—=(s),D=(r)
€ A-(p),B=(p),C—=(q.D=()
(D) A= (p),B—1(q),C—(s),D—(s)

[Online September 2020]

Three different processes that can occur in an ideal mona-
tomic gas are shown in the P vs V' diagram. The paths are
labelled as A— B, A — C and A — D. The change in inter-
nal energies during these process are taken as E 5, E ¢, E 1
and the work done as W, W, and W,p,. The correct rela-
tion between these parameters are

>\
(A) Egp=Euc=EapWap >0, Wye =0, Wyp>0

(B) Eap <Euc <Esp,Wap>0, Wye >Wyp

(C) Eag=Eac <Eap, Wap>0, Wyc =0, Wyp >0

(D) Eag>Eac>Eap, Wap <Wac <Wyp

[Online September 2020]

In an adiabatic process, the density of a diatomic gas
becomes 32 times its initial value. The final pressure of the

gas is found to be n times the initial pressure. The value
of nis

24,

25.

26.

27.

28.
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(A) 326 (B) —

32

©) 32 (D) 128

[Online September 2020]
An engine operates by taking a monatomic ideal gas
through the cycle shown in Figure.

3P, 1 B > c
2P, 4 |
P. -
°T A D
A
v, 2V,

The percentage efficiency of the engine is close to

[Online September 2020]

A metallic sphere cools from 50 °C to 40 °C in 300s.
If atmospheric temperature around is 20 °C, then the
sphere’s temperature after the next 5 minutes will be close to
(A) 33°C (B) 35°C

(C) 31°C (D) 28 °C

[Online September 2020]

Three rods of identical cross-section and lengths are made
of three different materials of thermal conductivity K;, K,,
and K, respectively. They are joined together at their ends
to make a long rod (see figure). One end of the long rod
is maintained at 100 °C and the other at 0 °C (see figure).
If the joints of the rod are at 70 °C and 20 °C in steady state

the there is no loss of energy from the surface of the rod, the
correct relationship between Ky, K; and Kj is

K2 KS
70|:|o°c
A) K{:K;3=2:3,K,:K;=2:5
B) K;<K,<K,
C) K;:K;=5:2;K;:K
D) Ki>K;,>K,

100 °C| 0°C

(
(
( ,=3:5

(

[Online January 2020]

A Carnot engine having an efficiency of — 15 being used as
a refrigerator. If the work done on the refrlgerator is 10 ],

the amount of heat absorbed from the reservoir at lower
temperature is

(A) 99] (B) 100]

(©) 90] (D) 1]

[Online January 2020] P
Which of the following is an equiva-  } 1

lent cyclic process corresponding to
the thermodynamic cyclic given in
Figure? Where, 1— 2 is adiabatic.
(Graphs are schematic and are not to
scale) E ————
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(A) v ® v
2
3 K
3 1 1
e — -7

© v D) Vv

5 2

3 1 3 1
[Online January 2020]

Starling at temperature 300 K, one mole of an ideal diatomic
gas (y =14)is first compressed adiabatically from volume

%
Vito V= é It is then allowed to expand isobarically to

volume 2V;. If all the processes are the quasi-static then the
final temperature of the gas (in °K) is (to the nearest integer)

[Online January 2020]
An engine takes in 5 moles of air at 20 °C and 1 atm, and

1
compresses it adiabatically to 00 of the original volume.

Assuming air to be a diatomic ideal gas made up of rigid
molecules, the change in its internal energy during this pro-
cess comes out to be X kJ. The value of X to the nearest
integer is

[Online January 2020]

Two moles of an ideal gas with %: E are mixed with
v

3 moles of another ideal gas with % = g The value of %

. . v v
for the mixture is

(A) 1.50 (B) 142
(C) 145 (D) 147
[Online January 2020]

A non-isotropic solid metal cube has coefficients of linear
expansion as 5 x 107° °C! along the x-axis and 5x 107 °oC!
along the y and the z-axis. If the coefficient of volume

expansion of the solid is C x 107 °C™! then the value of C
is

[Online January 2020]

M gram of steam at 100 °C is mixed with 200 g of ice at its
melting point in a thermally insulated container. If it pro-
duces liquid water at 40 °C (heat of vaporization of water is
540 calg"'l and heat of fusion of ice is 80 calg"l), the value of
M is .

[Online January 2020]
Consider a mixture of 7 moles of helium gas and 21 moles
of oxygen gas (molecules taken to be rigid) as an ideal gas.

Its & value will be
v

35.

36.

37.
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39.

67 19
A) — B) —
(A = B 3

23 40

= D) =
© @) -
[Online January 2020]

Three containers C,, C, and C, have water at different
temperatures. The table below shows the final tempera-
ture T when different amounts of water (given in liters) are
taken from each containers and mixed (assume no loss of
heat during the process)

C, C, C, T
11t 21t - 60 °C
- 11t 21t 30°C
21t - 11t 60 °C
11t 11t 11t 0

The value of 6 (in °C to the nearest integer) is......

[Online January 2020]

Consider two ideal diatomic gases A and B at some tem-
perature T. Molecules of the gas A are rigid, and have a
mass m. Molecules of the gas B have an additional vibra-

m
tional mode, and have a mass 1 The ratio of the specific

heats (C} and Cy;) of gas A and B, respectively is

(A) 7:9 (B) 5:7
(©) 3:5 (D) 5:9
[Online January 2020]

Two gases argon (atomic radius 0.07 nm, atomic weight 40)
and xenon (atomic radius 0.1 nm, atomic weight 140) have
the same number density and are at the same temperature.
The ratio of their respective mean free times is closest to
(A) 3.67 (B) 4.67

(C) 1.83 (D) 23

[Online April 2019]
A thermally insulated vessel contains 150 g of water at 0 °C.
Then the air from the vessel is pumped out adiabatically.
A fraction of water turns into ice and the rest evaporates at
0 °C itself. The mass of evaporated water will be closest to
(Latent heat of vaporization of water = 2.10 x 106 ]kg"l and
Latent heat of Fusion of water = 3.36 x 10° ]kgfl)

(A) 130 g (B) 150 g
(© 20g (D) 35g
[Online April 2019]

The given diagram shows four pro-
cesses i.e., isochoric, isobaric, isother-
mal and adiabatic. The correct assign-

ment of the processes, in the same
order is given by

(A) adch
(C) dabc

(B) adbe
(D) dach
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[Online April 2019]

For a given gas at 1 atm pressure, rms speed of the mole-
culesis 200 ms™ at 127 °C. At2 atm pressureand at 227 °C,
the rms speed of the molecules will be

(A) 1005 ms™ (B) 100 ms™!

(C) 80V5 ms™ (D) 80 ms™

[Online April 2019]

Following figure shows two processes A and B for a gas. If
AQ, and AQj are the amount of heat absorbed by the system
in two cases, and AU, and AU}, are changes in internal ener-
gies, respectively, then

(A) AQ, >AQg, AU, = Al
(B) AQ, =AQg AU, = Al
(C) AQ, >AQp, AU, > Ally
(D) AQ4 <AQg, AU, <Al
[Online April 2019]

An HCI molecule has rotational, translational and vibra-
tional motions. If the rms velocity of HCI molecules in its

gaseous phase is U, m is its mass and kj is Boltzmann con-
stant, then its temperature will be

2

2

mo mo

A) — B —

™ S ® o

"o’ mo>

(© T (D) TR

B B
[Online April 2019]

Two identical beakers A and B contain equal volumes of
two different liquids at 60 °C each and left to cool down.
Liquid in A has density of 8 x10” kgm * and specific heat
of 2000 ]kg'll(_'l while liquid in B has density of 10° l<gm"3
and specific heat of 4000 Jkg™'K™". Which of the following
best describes their temperature versus time graph sche-
matically? (assume the emissivity of both the beakers to be
the same)

(A) T (B) T
A
60°C} 60°C
[} %
\\\\\ B \\\-ﬁA
\\"w-__ é -——
_—.A Sm=- — - ot
© T D) T
60 °C 60°C}
\ \ A
“AandB VN
S~ S e,
- B ===
4 st

[Online April 2019]

The specific heats, Cp and Cy, of a gas of diatomic molecules,
A, are given (in units of Jmol 'K ™) by 29 and 22, respectively.
Another gas of diatomic molecules, B, has the correspond-
ing values 30 and 21. If they are treated as ideal gases, then
(A) Aisrigid but B has a vibrational mode.

(B) A has a vibrational mode but B has none.

(C) Both A and B have a vibrational mode each.

(D) A has one vibrational mode and B has two.

45.

46.

47,

48.
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[Online April 2019]

Two materials having coefficients of thermal conductivity
3K and K and thickness d and 3d respectively, are joined
to form a slab as shown in the figure. The temperatures of
the outer surfaces are 6, and 6, respectively, (6, > 6, ). The
temperature at the interface is

d 3d
6, 8K K o,
W 8,5 B 0.5
6 6 10 10
6, 20 6, +0,
C) 1+=2 D) 21
(©) 3+ (D) n
[Online April 2019]

n moles of an ideal gas with constant volume heat capacity
Cy undergoes an isobaric expansion by certain volume. The
ratio of the work done in the process, to the heat supplied is

4nR nR
*) - ®)

v +nR Cy +nR

4nR nR
C D
© Cy-nR D) Cy-nR

[Online April 2019]
A cylinder with fixed capacity of 67.2 It contains helium gas
at STP. The amount of heat needed to raise the temperature

of the gas by 20 °C is (Given that R =8.31 Jmol 'K ™)

(A) 700] (B) 350]
(C) 374] (D) 748]
[Online April 2019]

One mole of an ideal gas passes through a process where

1V, Y
pressure and volume obey the relation P =T}, |:l - E( 7”) ]

Here F, and V| are constants. Calculate the change in the
temperature of the gas if its volume changes from V| to 2V},.

) LA L
4 R 4 R
1 RV, 3 RV,
(©) 57(}{0 (D) ZLRO
[Online April 2019]

When heat Q issupplied toa diatomic gas of rigid molecules,
at constant volume its temperature increases by AT. The
heat required to produce the same change in temperature,
at a constant pressure is

3 2
(A) 5Q (B) EQ

7 5
© 30 (D) gQ
[Online April 2019]

A sample of an ideal gas is taken through the cyclic pro-
cess abca as shown in the figure. The change in the inter-
nal energy of the gas along the path ca is -180 J. The gas
absorbs 250 ] of heat along the path ab and 60 | along the
path be. The work done by the gas along the path abc is
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(A) 130]
(B) 100]
(C) 1407
(D) 120]

%
[Online April 2019]

When M; gram of ice at 10 °C (specific heat 0.5 calg °C™")
is added to M, gram of water at 50 °C, finally no ice is left
and the water is at 0 °C. The value of latent heat of ice, in

calg™is
(a) 2 5 @ M5
M, M,
50M. 5M
© % T
1 1
[Online April 2019]

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=83Jmol'K™!)
(A) 19.7 Jmol 'K
(C) 15.7 Jmol'K™*

(B) 21.6 Jmol 'K
(D) 17.4 Jmol K™

[Online April 2019] 1
A Carnot engine has an efficiency of R When the tem-

perature of the sink is reduced by 62 °C, its efficiency is
doubled. The temperatures of the source and the sink are,
respectively,

(A) 99 °C, 37 °C
(C) 124 °C,62°C

[Online April 2019]

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

(B) 37°C,99°C
(D) 62°C,124°C

(A) 30] (B) 35]
(C) 25] (D) 40]
[Online April 2019]

The temperature, at which the root mean square velocity of
hydrogen molecules equals their escape velocity from the
earth, is closest to

[Boltzmann constant k; =1.38x 10 JK ™!

Avogadro Number N, = 6.02x10% kg™

Radius of Earth 6.4x10° m
Gravitational acceleration on Earth g =10 ms™]

(A) 10* K (B) 650 K
(C) 800K (D) 3x10° K
[Online April 2019]

A 25x107 m? volume cylinder is filled with 1 mol of O,
gas at room temperature 300 K. The molecular diameter of
0, and its root mean square speed, are found to be 0.3 nm
and 200 ms™, respectively. What is the average collision
rate (per second) for an O, molecule?

57.

58.

59.
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(A) -10% (B) -10"
(€ ~10" (D) ~10"
[Online April 2019]

The number density of molecules of a gas depends on their

distance r from the origin as n(r)= noe'“r4. Then the total
number of molecules is proportional to
3 1
(A) myor # (B) \/?gaz
1
(D) noe”

(©) neort

[Online January 2019] p
A gas can be taken from A and B 4
via two different processes ACB and
ADB. When path ACB is used 60 ] of
heat flows into the system and 30 | of
work is done by the system. If path
ADB is used work done by the sys-
tem is 10 ]. The heat Flow into the
system in path ADB is

(A) 100] (B) 80]
©) 20] (D) 407
[Online January 2019]

Temperature difference of 120 °C is maintained between
two ends of a uniform rod AB of length 2L. Another bent

3L
rod PQ, of same cross-section as AB and length EX is con-

nected across AB (see figure). In steady state, temperature
difference between P and Q will be close to

|

A B
e—> ————»| ()
L p L
2
(A) 35°C (B) 45°C
(C) 60°C (D) 75°C
[Online January 2019]

A mixture of 2 moles of helium gas atomic mass 4 u and
1 mole of argon gas atomic mass 40 u is kept at 300 K in

Uy (helium)

a container. The ratio of their rms speeds .
Upms (argon )

close to

(A) 224 (B) 045
(©) 316 (D) 0.32
[Online January 2019]

A rod, length L at room temperature and uniform area of
cross section A, is made of a metal having coefficient of
linear expansion & °C'. It is observed that an external
compressive force F, is applied on each of its ends, prevents
any change in the length of the rod, when its temperature
rises by AT kelvin. The Young’s modulus Y for this metal is

F F

(A) Ac(AT -273) B) AcAT
2F F

© AoAT D) 2AGAT
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[Online January 2019]

Two Carnot engines A and B are operated in series. The first
one, A, receives heat at T} (=600 K) and rejects to a reser-
voir at temperature T,. The second engine B receives heat
rejected by the first engine and, in turn, rejects to a heat res-
ervoir at Ty (=400 K). Calculate the temperature T, if the
work outputs of the two engines are equal

(A) 300K (B) 400K
(C) 600K (D) 500 K
[Online January 2019]

A 15 g mass of nitrogen gas is enclosed in a vessel at a tem-
perature 27 °C. Amount of heat transferred to the gas, so
that rms velocity of molecules is doubled, is about (Take

R=8.3JK 'mol™)

(A) 3K] (B) 14k
(C) 10Kk] (D) 09k]
[Online January 2019]

Three Carnot engines operate in series between a heat
source at a temperature T) and a heat sink at temperature
T, (see figure). There are two other reservoirs at tempera-
ture T, and Tj, as shown, with T} > T, > T; > T,. The three
engines are equally efficient if

1 1
(A) T, =(T1T42)§; T: Z(T12T4 )E

oL
1 1
B) T=(7L);T= (1) O¢ k
2
1 ! 1=
©) L=(0T,)%;T;= (T12T4 )3 Qg 3

1 1 L mn
D) T,= (T12T4 )3F Ty= (T1T42 ]3
[Online January 2019]
Half mole of an ideal monoatomic gas is heated at constant
pressure of 1 atm from 20 °C to 90 °C. Work done by gas is
close to
(Gas constant R = 8.31 Jmol 'K ™)

(A) 291] (B) 581]
(C) 146] (D) 73]
[Online January 2019]

An unknown metal of mass 192 g heated to a temperature
of 100 °C was immersed into a brass calorimeter of mass
128 g containing 240 g of water at a temperature of 8.4 °C.
Calculate the specific heat of the unknown metal if water
temperature stabilizes at 21.5 °C. (Specific heat of brass is

394 Jkg'K™)
(A) 916 Jkg 'K
(C) 654 Jkg 'K

(B) 1232Jkg 'K

(D) 458 Jkg 'K

[Online January 2019]

Two kg of a monatomic gas is at a pressure of 4x 10 Nm ™.

The density of the gas is 8 kgm%. What is the order of
energy of the gas due to its thermal motion?

(A) 10°] (B) 10°]
(C) 10*] (D) 10°]
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[Online January 2019]

Aheat source at T =10° K is connected to another heat reser-
voirat T=10* K by a copper slab which is 1 m thick. Given
that the thermal conductivity of copper is 0.1 WK 'm™’, the
energy flux through it in the steady state is

(A) 200 Wm™ (B) 65Wm™
(C) 120 Wm™ (D) 90 Wm™
[Online January 2019]

A gas mixture consists 3 mole oxygen and 5 mole argon
at temperature T. Considering only translational and rota-
tional modes, the total internal energy of the system is

(A) 4RT (B) 12RT
(C) 15RT (D) 20RT
[Online January 2019]

Arigid diatomic ideal gas undergoes an adiabatic process at
room temperature. The relation between temperature and
volume for this process is TV" = constant, then x is

2 2
A) - B) —
(A) 5 ® 3

5 3
(©) 3 (D) 3
[Online January 2019]

Ice at 20 °C is added to 50 g of water at 40 °C. When the
temperature of the mixture reaches 0 °C, it is found that
20 g of ice is still unmelted. The amount off ice added to the
water was close to

(Specific heat of water = 4.2 Jg™' °C™
Specific heat of ice = 2.1Jg™" °C™!
Heat of fusion of water at 0 °C =334 Jg ')

(A) 100 g (B) 40¢g
(©) S0g (D) 60 g
[Online January 2019]

A metal ball of mass 0.1kg is heated upto 500 °C and

dropped into a vessel of heat capacity 800 JK~' and contain-
ing 0.5 kg water. The initial temperature of water and ves-

sel is 30 °C. What is the approximate percentage increment
in the temperature of the water? [Specific Heat Capacities

of water and metal are, respectively, 4200 Jkg"'K™' and
400 Tkg K™

(A) 25% (B) 20%
(C) 30% (D) 15%
[Online January 2019]

When 100 g of a liquid A at 100 °C is added to 50 g of a lig-
uid B at temperature 75 °C, the temperature of the mixture
becomes 90 °C. The temperature of the mixture, if 100 g of
liquid A at 100 °Cis added to 50 g of liquid B at 50 °C, will be
(A) 85°C
(©) 70°C

(B) 80°C
(D) 60 °C
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[Online January 2019]

Two rods A and B of identical dimensions are at tempera-
ture 30 °C. If A is heated upto 180 °C and Bupto T °C, then
the new lengths are the same. If the ratio of the coefficients
of linear expansion of A and B is 4: 3, then the value of T is

(A) 270 °C (B) 230°C
(C) 250°C (D) 200 °C
[Online January 2019]

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 tem-
perature of the gas is increased by AT. The amount of heat
absorbed by gas is (R is gas constant)

3 1
A) —RAT B) —RAT
® ®
© Ear (D) LkraT
3 2
[Online January 2019]

A thermometer graduated according to a linear scale reads a
. . e X .

value x; when in contact with boiling water, and ?D when in

contact with ice. What is the temperature of an object in °C,

- : . . X
if this thermometer in the contact with the object reads EO?

(A) 40 (B) 60
© 35 (D) 25
[Online January 2019]

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

p(Pa)
6ol € A
5 L
4 L
3 L
21 B
" 3
12345 vim)
(A) 30] (B) 10]
© 5] D) 1]
[Online January 2019]

A cylinder of radius R is surrounded by a cylindrical shell of
inner radius R and outer radius 2R. The thermal conductiv-
ity of the material of the inner cylinder is K| and that of the
outer cylinder is K,. Assuming no loss of heat, the effective
thermal conductivity of the system for heat flowing along
the length of the cylinder is

K,+K K, +3K
A) S22 B) —17°™2
() = ® -~
©) K+K, 0) T
[Online January 2019]

An ideal gas occupies a volume of 2m® at a pressure of
3x10° Pa. The energy of the gas is

(A) 10°] (B) 9x10°]

(C) 6x10*] (D) 3x10?]

80.

81.

82.

83.

84.

85.

[Online January 2019]

A vertical closed cylinder is separated into two parts by a
frictionless piston of mass 1 and of negligible thickness. The
piston is free to move along the length of the cylinder. The
length of the cylinder above the piston is I}, and that below
the piston is [, such that /; > I,. Each part of the cylinder con-
tains n moles of an ideal gas at equal temperature T'. If the
piston is stationary, its mass, m will be given by: (R is uni-
versal gas constant and g is the acceleration due to gravity)

(A) ﬂ(ll_li] (B) ﬂ[l+1]
g \ hb g \h k
© E(Zﬁﬂz) D) Q{II—SIZJ
g\ L ng\ L
[Online January 2019]

An ideal gas is enclosed in a cylinder at pressure of 2 atm
and temperature, 300 K. The mean time between two suc-
cessive collisions is 6 x 10 s. If the pressure is doubled and
temperature is increased to 500 K, the mean time between
two successive collisions will be close to

(A) 2x107 s (B) 3x10°s
(C) 05x10°s (D) 4x10° s

[2018]

The mass of a hydrogen molecule is 3.32 x i kg. If 10%
hydrogen molecules strike, second, a fixed wall of area 2 cm”
atan angle of 45° to the normal, and rebound elastically with

aspeed of 10° ms™, then the pressure on the wall is nearly
(A) 235x10° Nm? (B) 4.70x10° Nm™

(C) 2.35x10° Nm™ (D) 4.70x10° Nm™

[Online 2018]
The value closest to the thermal velocity of a Helium
atom at room temperature (300K) in ms™* is

[y =1.4x107 JK™; myy, =7x 107 kg |

(A) 1.3x10° (B) 1.3x10°
(C) 1.3x10? (D) 1.3x10*
[Online 2018]

Two moles of helium are mixed with 7 moles of hydrogen.

If S = % for the mixture, then the value of n is
v
(A) 1 (B) 2
3
C) 3 D) =
© o 3
[2018]

Two moles of an idea monatomic gas occupies a volume
V at 27 °C. The gas expands adiabatically to a volume 2V.
Calculate (1) the final temperature of the gas and (2) change
in its internal energy.

(A) (1)198K @) 27k
(B) (1)195K 2) 27k
(©) (1)189K @) 27k
(D) (1)195K 2) 27k
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[Online 2018]

One mole of an ideal monoatomic gas is compressed iso-
thermally in a rigid vessel to double its pressure at room
temperature, 27 °C. The work done on the gas will be

(A) 300R (B) 300RIn2

(C) 300RIn6 (D) 300RIn7

[Online 2018]

A Carnot engine works as a refrigerator between 250 K
and 300 K. It receives 500 cal heat from the reservoir at the
lower temperature. The amount of work done in each cycle
to operate the refrigerator is

(A) 2520] (B) 772]
(C) 21007 (D) 420]
[Online 2018]

Two Carnot engines A and B are operated in series. Engine
A receives heat from a reservoir at 60 K and rejects heat to a
reservoir at temperature T. Engine B receives heat rejected
by engine A and in turn rejects it to a reservoir at 100 K. If
the efficiencies of the two engines A and B are represented

by 1, and 7, respectively, then what is the value of UL

Na
7 5
A) — B) —
(A) 12 (B) 2
12 12
© 7 (D) 5
[Online 2018]

One mole of an ideal monoatomic gas is taken along the path
ABCA as shown in the PV diagram. The maximum temper-
ature attained by the gas along the path BC is given by
A P

8 R
25 BV,
8 R
25 BV,
4 R
25 BV,
16 R

3P, B

[2017]

C, and C, are specific heats at constant pressure and con-
stant volume respectively. It is observed that

C, —C, =afor hydrogen gas

C, —C, = b for nitrogen gas

The correct relation between a and b is

1
A) a=—b B) a=b
(A) a m (B) o
(C) a=14b (D) a=28b
[Online 2017]

An ideal gas has molecules with 5 degrees of freedom. The
ratio of specific heats at constant pressure (C; ) and at con-
stant volume (Cy, ) is

7

(A) 6 ®
5 7

© > O ¢

92.
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[Online 2017]

N moles of a diatomic gas in a cylinder are at a temperature
T. Heat is supplied to the cylinder such that the tempera-
ture remains constant but # moles of the diatomic gas get
converted into monoatomic gas. What is the change in the
total kinetic energy of the gas?

(4) 0 B 2uRT
1 3
©) EHRT (D) EHRT

[2017]

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 1x 10° Pa. If n; and 1, are the
number of molecules in the room before and after heating,
then ny —n; will be

(A) -161x10%
(C) 25x10%

(B) 1.38x10%
(D) -2.5x10%

[2017] p

An engine operates by taking n ]

moles of an ideal gas through Y - B L C
the cycle ABCDA shown in I\
figure. The thermal efficiency

of the figure. The thermal effi- Fo[---- a0
ciency of the engine is (Take i !
Cy=15R, where R is gas * >V
constant) Yo 2Vo
(A) 0.15 (B) 0.32

(C) 0.24 (D) 0.08

[Online 2017]

For the P-V diagram given for an ideal gas, out of the
following which one correctly represents the T-P diagram?

P

(A) T
A
2
1 2
1
I I
©T O T
>-— 2
2 1 /
1
- -

[Online 2016]

Which of the following shows the correct relationship
between the pressure P and density p of an ideal gas at con-
stant temperature?
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(A) P ® P

o ° o F
© P D) P

or 7 o — °
[2016]

An ideal gas undergoes a quasi-static, reversible process in
which its molar heat capacity C remains constant. If dur-
ing this process the relation of pressure P and volume V is
given by PV" = constant, then n is given by (Here Cp and
Cy are molar specific heat at constant pressure and constant
volume, respectively)

c-C C
A) n=—=VY B ==
®) n==gh ®) n=gt
C-Cp Cp-C
C) n= ! D) n=-t
© n=c¢. ©) n=ge
[2016]

i 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

9P V.

(A) ﬁ P

® TN
|

© et e
o

o) o v Y

[Online 2016]

The ratio of work done by an ideal monoatomic gas to the
heat supplied to it in an isobaric process is

2 3
A) = B) —
(A) : (B) 5

3 2

2 D) =
© 5 (D) 3
[Online 2016]

200 g water is heated from 40 °C to 60 °C. Ignoring the
slight expansion of water, the change in its internal energy

is close to (Given specific heat of water is 4184 Jkg 'K ™)

(A) 1674 K (B) 84k
©) 42k (D) 167 K
[Online 2016]

A Carnot freezer takes heat from water at 0 °C inside it
and rejects it to the room at a temperature of 27 °C. The
latent heat of ice is 336 x10° Jkg ™. If 5 kg of water at 0 °C
is converted into ice at 0 °C by the freezer, then the energy
consumed by the freezer is close to

102.

103.

104.

105.

106.

107.

(A) 151x10°]
(C) 1.71x107 ]

[2015]

Consider an ideal gas confined in an isolated closed cham-
ber. As the gas undergoes an adiabatic expansion, the
average time of collision between molecules increases as
V1, where V is the volume of the gas. The value of 7 is

G
=G,

(B) 1.68x10°]
(D) 1.67x10° ]

3y+5 3y-5
A B) ——
(A) 6 (B) P

y+1 y-1

i - D) ~—
© = ©) =
[Online 2015]

In an ideal gas at temperature T, the average force that
a molecule applies on the walls of a closed container
depends on T as T7. A good estimate for g is

(A) 2 (B) 1

1 1
© 3 (D) 1
[Online 2015]

Using equipartition of energy, the specific heat (in ]kgflel)
of aluminium at room temperature can be estimated to be
(atomic weight of aluminium = 27)

(A) 25 (B) 410
€ 925 (D) 1850
[2015]

A solid body of constant heat capacity 1]/°C is being
heated by keeping it in contact with reservoirs in two ways
(i) Sequentially keeping in contact with 2 reservoirs such
that each reservoir supplies same amount of heat.
(ii) Sequentially keeping in contact with 8 reservoirs such
that each reservoir supplies same amount of heat.
In both the cases body is brought from initial temperature
127 °C to final temperature 527 °C. Entropy change of the
body in the two cases respectively is

(A) In2, 4In2 (B) In2, In2
(C) In2, 2In2 (D) 2In2, 8In2

[2015]

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 vol-

ume u=Y «cT* and pressure p = l( E) If the shell now
4 3\v

undergoes an adiabatic expansion the relation between T
and R is

(A) Tece™® (B) Teek
© Tos O) Teos
[2014]

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 400 K, 800 K and 600 K
respectively. Choose the correct statement
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800 K

600 K
c

A 400K

>/

(A) The change in internal energy in whole cyclic process
is 250R.

(B) The change in internal energy in the process CA is
700R.

(C) The change in internal energy in the process AB is
-350R.

(D) The change in internal energy in the process BC is
-500R.

[2013]

The below pressure volume diagram represents the ther-
modynamic cycle of an engine, operating with an ideal
monoatomic gas. The amount of heat, extracted from the

source in a single cycle is p
(A) povy
2pof-----

13

(B) ( 5 ]PUUD
Pof=—--- X |

11 | :
© (EJPDUU Vo 2v, >V
(D) 4pov,
[2012]

A Carnot engine, whose efficiency is 40%, takes in heat
from a source maintained at a temperature of 500 K. It
is desired to have an engine of efficiency 60%. Then, the
intake temperature for the same exhaust (sink) tempera-
ture must be

(A) 1200K
B) 750 K

(

(C) 600K

(D) efficiency of Carnot engine cannot be made larger
than 50%

[2012]

Helium gas goes through a cycle ABCDA (consisting of
two isochoric and two isobaric lines) as shown in figure.
Efficiency of this cycle is nearly (Assume the gas to be close

to ideal gas) 8 c
(A) 9.1% 2Ry~

(B) 10.5%

(C) 12.5% Pop---- A :D
(D) 15.4% !
[2011] Yoo W%

Athermally insulated vessel contains an ideal gas of molec-
ular 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 in
kelvin by

112.

113.

114.
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(y-1) Mo?

2
(&) 2(y+1)R ®) 2yR Mo

yMv? (y-1),, »
Q) R (D) T My
[2011]

A Carnot engine operating between temperatures T,

and T, has efficiency % When T, is lowered by 62 K, its
1

effi+ciency increases to 3 Then T, and T, are, respectively

(A) 372K and 310 K
(C) 330 K and 268 K

(B) 372K and 330 K
(D) 310 K and 248 K
[2011]

100 g 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 Jkg 'K ™)

(A) 42K (B) 84K

(C) 84K (D) 2.1K]

[2010]

A diatomic ideal gas is used ‘

in a Carnot engine as the 2x10%f A B
working substance. If dur-

ing the adiabatic expansion ~ P(Pa)| 1

part of the cycle the volume

of the gas increases from V. 1x 10°1 D C
to 32V, the efficiency of the

engine is 300K 500 K
(A) 0.25 (B) 05

(©) 0.75 (D) 0.99

Directions: Question number 115, 116 and 117 are based on the
following paragraph. Two moles of helium gas are taken over
the cycle ABCDA, as shown in the P-T diagram. Take In2 = (.69

115.

116.

117.

P (in pascal)

2 10°p-A—>—B

5-- -
1x10 D! |C
i LT

300K 500 K

[2009]
Assuming the gas to be ideal, the work done on the gas in
taking if from A to B is

(A) 200R (B) 300R

(C) 400R (D) 500R

[2009]

The work done on the gas in taking it from D to A is
(A) -414R (B) +414R

(C) -R (D) +690R

[2009]

The net work done on the gas in the cycle ABCDA is
(A) zErO (B) 276R

(C) 1076R (D) 1904R
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118. [2009] . B
One kg of a diatomic gas is at a pressure of §x10* Nm ™. (A) 3x107] (B) 5x10%]
The density of the gas is 4 kgm™. What is the energy of the (C) 6x10*] (D) 7x10*]
gas due to its thermal motion?
ARCHIVE: JEE ADVANCED
Single Correct Choice Type Questions
(In thi . N b § hoices (A), (B), (C) and (A) 0.78 mm (B) 0.90 mm
n this section each question has four choices (A), (B), (C) an
(D), out of which ONLY ONE is correct) (©) 1.5 mm (D) 234 mm
1. [JEE (Advanced) 2019] 4 UEE (Advanced) 2016] , .
. . . . A gas is enclosed in a cylinder with a movable friction-
A current carrying wire heats a metal rod. The wire provides 1 iston. Tts initial thermodvnamic state at u
a constant power (P) to the rod. The metal rod is enclosed €9 p: on- 18 ¢ ?3 yn3 ¢ state .press e
in an insulated container. It is observed that the temperature p;=10" Paand volume V; =10™ m" changes to a final state
(T) in the metal rod changes with time (¢) as at py = ( B%JX 10° Pa and V, =810 m® in an adiabatic
l ) =
T(t)zTn(l + ,Btz) quasi-static process, sgch that p°V° = constant. Consider
another thermodynamic process that brings the system
where f§ is a constant with appropriate dimension while from the same initial state to the same final state in two
Tﬂ is a constant with dimension of ternperature. The heat Steps: an (is@vglumetric) process at volume Vf The amount
capacity of the metal is of heat supplied to the system in the two-step process is
4P(T(1)-T,) ®) 4P(T()-T,)" approximately
‘B“TO* (D) ﬁ4T02 5. [JEE (Advanced) 2013]
Two rectangular blocks, having identical dimensions, can
2. [JEE(Advanced) 2016] ) ) be arranged either in configuration I or in configuration II
Awater cooler of storage capacity 120 l?tre can cool water at as shown in Figure.
a constant rate qf P wz'atts.vln a closed circulation system (as Configuration I1
shown schematically in Figure), the water from the cooler Configuration 1
is used to cool an external device that generates constantly
3 kW of heat (thermal load). The temperature of water fed x 2 2;
into the device cannot exceed 30 °C and the entire stored »X
120 litres of water is initially cooled to 10 °C. The entire One of the blocks has thermal conductivity K and the other
system is thermally insulated. The minimum value of P 2K. The temperature difference between the ends along the
(in watts) for which the device can be operated for 3 hours is X-axis is the same in both the configurations. It takes 9 s to
Cooler Hot Device transport a certain arlnount‘of heat frm.n the hot end to the
—' cold end in the configuration I. The time to transport the
same amount of heat in the configuration II is
(A) 20s (B) 3.0s
— — (C) 45s (D) 6.0s
Cold
. ' s ) 6. [JEE (Advanced) 2013]
(Spec1f1c heat of v\igter is 42 kJkg K and the density of Two non-reactive monoatomic ideal gases have their atomic
water is 1000 kgm™) masses in the ratio 2: 3. The ratio of their partial pressures,
(A) 1600 (B) 2067 when enclosed in a vessel kept at a constant temperature, is
(C) 2533 (D) 3933 4.3, The ratio of their densities is
3. [JEE (Advanced) 2016] (A) 1:4 (B) 1:2
The ends Q and R of two thin wires, PQ and RS, are sol- (€) 6:9 (D) 8:9
dered (joined) together. Initially, each of the wire has a 7, [IIT-JEE 2012]

length of 1 m 10 °C. Now, the end P is maintained at 10 °C,
while the end S is heated and maintained at 400 °C. The
system is thermally insulted from its surroundings. If the
thermal conductivity of wire PQ is twice that of the wire
RS and the coefficient of linear thermal expansion of PQ is

1.2x107 K™, the change in length of the wire PQ is

Two moles of ideal helium gas are in a 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=831]Jmol'K™)
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(A) 62] (B) 104]
(C) 124] (D) 208]
[IIT-JEE 2012]

Three very large plates of same area are kept parallel and
close to each other. They are considered as ideal black sur-
faces and have very high thermal conductivity. The first
and third plates are maintained at temperatures 21" and 3T
respectively. The temperature of the middle (i.e., second)
plate under steady state condition is

WS e ()
Q) (%)ET (D) (97)5T
[IIT-JEE 2012]

A mixture of 2 moles of helium gas (atomic mass = 4 amu)
and 1 mole of argon gas (atomic mass =40 amu) is
kept at 300 K in a container. The ratio of the rms speeds

Uy (helium) ),

mms T s

Upms (argon )
(A) 032 (B) 0.45
() 2.24 (D) 3.16
[ITT-JEE 2011]

5.6 litre of helium gas at STP is adiabatically compressed
to 0.7 litre. Taking the initial temperature to be T}, the work
done in the process is

9 3
(A) gRE (B) ERTl

15 9
© gRTl (D) ERTI
[ITT-JEE 2010]

A substance of mass M kg requires an input power P watt
to remain in the molten state at its melting point. When the
power source is turned off, the sample completely solidifies
in time ¢ second. The specific latent heat of fusion of the
substance is

2Pt Pt
A) == B) —
(A) — ® i

Pt PM

el Dy ——
© Y (D) t
[IIT-JEE 2010]

Areal 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

[IIT-JEE 2009]

A piece of glass is heated to a high temperature and then
allowed to cool. If it cracks, a possible reason for this is the
following property of the glass

(A) low thermal conductivity

(B) high thermal conductivity

(C) high specific heat

(D) low specific heat

14.

15.

16.

17.

18.

19.
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[1IT-JEE 2008]
An ideal gas is expanding such that PT* =constant. The
coefficient of volume expansion of the gas is

1 2
(A) T (B) T

3 4
© T (D) T
[IIT-JEE 2005]

Calorie is defined as the amount of heat required to raise
temperature of 1 g of water by 1 °C and it is defined under
which of the following conditions?

(A) From 14.5 °C to 15.5 °C at 760 mm of Hg

(B) From 98.5 °C t0 99.5 °C at 760 mm of Hg

(C) From13.5 °Cto 14.5 °C at 76 mm of Hg

(D) From 3.5 °Cto 4.5 °Cat76 mm of Hg

[IIT-JEE 2005]

Variation of radiant energy emitted by sun, filament of tung-
sten lamp and welding arc as a function of its wavelength is
shown in figure. Which of the following option is the correct

2

—_— —

E;

TZ
T

¢
(A) Sun-Ty, tungsten filament-T,, welding arc-T;

(B) Sun-T,, tungsten filament-T;, welding arc-T;

(C) Sun-T;, tungsten filament-T,, welding arc-T;

(D) Sun-T, tungsten filament-T,, welding arc-T,

[IIT-JEE 2005]

In which of the following process, convection does not take
place primarily?

(A) Seaand land breeze

(B) Boiling of water

(C) Warming of glass of bulb due to filament
(D) Heating air around a furnace

[IIT-JEE 2005]

Water of volume 2 litre in a container is heated with a coil of
1kW at 27 °C. The lid of the container is open and energy
dissipates at rate of 160 Js™". In how much time temperature
will rise from 27 °C to 77 °C?

[Given specific heat of water is 4.2 k]kg'l]

(A) 8min20s (B) 6min2s
(C) 7min (D) 14 min
[IIT-JEE 2004]

Three discs, A, B and C having radii 2m, 4 m and 6 m
respectively are coated with carbon black on their outer
surfaces. The wavelengths corresponding to maximum
intensity are 300 nm, 400 nm and 500 nm, respectively. The

power radiated by them are Q,, Qp and Q. respectively
(A) Q4 is maximum (B) Qp is maximum

(D) QA :QB = QC

(C) Q. is maximum
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[IIT-JEE 2004]

Two identical conducting rods are first connected indepen-
dently to two vessels, one containing water at 100 °C and
the other containing ice at 0 °C. In the second case, the rods
are joined end to end and connected to the same vessels. Let
g, and g, gs™" be the rate of melting of ice in the two cases

respectively. The ratio M

1 " 2
(A) 2 (B) 1

4 1
(©) 1 (D) 1
[1IT-J EE 2004]

An ideal gas expands isothermally from a volume V; and
V, and then compressed to original volume V, adiabatically.
Initial pressure is P, and final pressure is P;. The total work
done is W. Then

(A) P,>P,W>0 (B) <P, W<0

C) P>P,W<0

[ITT-JEE 2004]

Liquid oxygen at 50 K is heated to 300 K at constant pres-
sure of 1 atm. The rate of heating is constant. Which of the
following graphs represents the variation of temperature
with time?

(D) =P, W=0

(A) Temp?rature (B)  Temperature

4 »

| Time | Time

© Temp?rature (D)  Temperature

/_J /-/

[ Time | Time
[ITT-JEE 2003]

The p-T diagram for an ideal gas is shown in Figure, where
AC is an adiabatic process, find the corresponding p-V

diagram
8 p

A

4 4

24,

25.

26.

27.

28.

(O3 (D) P

A A

B c,y c B,,
[IIT-JEE 2003]

2 kg of ice at —20 °C is mixed with 5 kg of water at 20 °C
in an insulating vessel having a negligible heat capacity.
Calculate the final mass of water remaining in the con-
tainer. It is given that the specific heats of water and ice are
1 kcalkg’1 °C™' and 0.5 kcalkg’1 °C™! while the latent heat

of fusion of ice is 80 kcalkg'l.

(A) 7kg (B) 6kg
(C) 4kg (D) 2kg
[LIT-JEE 2003]

Two rods, one of aluminium and the other made of steel,

having initial length I, and [, are connected together to form

a single rod of length I, +I,. The coefficients of linear expan-

sion for aluminium and steel are ¢, and o, respectively. If

the length of each rod increases by the same amount when

their temperature are raised by t °C, then find the ratio
L

L+
a) & B %
aﬂ 5
o (04
S D a
© ara) O G
[IIT-JEE 2003]

The graph, shown in the diagram, represents the variation
of temperature (T) of the bodies, x and y having same sur-
face area, with time (¢) due to the emission of radiation.
Find the correct relation between the emissivity and absorp-
tivity power of the two bodies T

(A) E,>E,anda, <a,
(B) E,<E,anda, >a, Yy

(C) E.> E, and a, >a, X

(D) E,<E,anda, <a, i

[IIT-JEE 2002]

An ideal black-body at room temperature is thrown into a

furnace. It is observed that

(A) initially it is the darkest body and at later times the
brightest

B) itis the darkest body at all times

C) it cannot be distinguished at all times

D) initially it is the darkest body and at later times it
cannot be distinguished

—~ e~

[IIT-JEE 2002]
Which of the following graphs correctly represent the varia-

dv/dp . .
tion of ﬁ:—’T with P for an ideal gas at constant

temperature?
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(A) Pt (B) B
— P ——————P
(©) By D) p
P —pP
[ITT-JEE 2002]

An ideal gas is taken through the cycle A=B—C— A, as
shown in the figure. If the net heat supplied to the gas in the
cycleis 5], the work done by the )

gas in the process is

(A) -5]
(B) -10]
© -15]
(D) -20]
[IIT-JEE 2001]

P-V plots for two gases during adiabatic processes are
shown in the figure. Plots 1 and 2 should correspond respec-
tively to P

(A) Heand O,

(B) O, and He

(€) Heand Ar 1

(D) 02 arld N2 2
[IIT-JEE 2001] v
In a given process of an ideal gas, dW =0 and dQ < 0. Then
for the gas

(A) the temperature will decrease

(B) the volume will increase

(C) the pressure will remain constant
(D) the temperature will increase

[ITT-JEE 2001]
Three rods made of the same material and having the same
cross-section have been joined as shown in the figure. Each
rod is of the same length. The left and right ends are kept at
0 °C and 90 °C respectively. The temperature of junction of
the three rods will be 90°C
(A) 45°C
(B) 60 °C
(C) 30°C
(D) 20 °C

[IIT-JEE 2000]

Two monatomic ideal gases 1 and 2 of molecular masses 1,
and m;, respectively are enclosed in separate containers kept
at same temperature. The ratio of the speed of sound in gas
1 to that in gas 2 is given by

0°C

90°C

34.

35.

36.

37.
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[1IT-JEE 2000]

An ideal gas is initially at a temperature T and volume V.
Its volume is increased by AV due to an increase in tem-
perature AT, pressure remaining constant. The quantity

AV . .
o= varies with temperature as
VAT

T T+AT T

T+AT
Temp. (K) Temp. (K)
[IIT-JEE 2000]

Starting with the same initial conditions, an ideal gas
expands from volume V) to V; in three different ways.
The work done by the gas is W, if the process is purely
isothermal, W, if purely isobaric and Wj if purely adiabatic.
Then

(A) Wy >W,>W;
Q) Wi>W,>W;

(B) W,>W;>W,

(D) Wi>W;>W,

[IIT-JEE 2000]

A block of ice at -10 °C is slowly heated and converted to

steam at100 °C. Which of the following curves represents
the phenomenon qualitatively?

(A) (B)

Temperature
Temperature

S —

Heat supplied Heat supplied

Temperature
Temperature

Heat supplied Heat supplied

[IIT-JEE 2000]

The plots of intensity verses wavelength for three black bod-
ies at temperature T;, T, and T respectively are as shown.
Their temperatures are such that |

(A) 1>T,>Ts
(B) 1>T;>T, T, T2

) T,>T;>T,

D) T,>T,>T, A
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[IIT-JEE 2000]

A monatomic ideal gas, initially at temperature T, is
enclosed in a cylinder fitted with a frictionless piston. The
gas is allowed to expand to a temperature T, by releasing
the piston suddenly. If L, and L, be the lengths of the gas

. . T;
column before and after the expansion respectively, then T—l

is given by 2
2

L\ L
A) | =L B =X
" (L2] ®) L,

2

L L, \3
© = ) [—]

L Ly
[IIT-JEE 1999]

A gas mixture consists of 2 mole of oxygen and 4 mole of
argon at temperature T. Neglecting all vibrational modes,
the total internal energy of the system is

(A) 4RT (B) 15RT
(C) 9RT (D) 11RT
[TIT-JEE 1999]

The ratio of the speed of sound in nitrogen gas to that in
helium gas, at 300 K is

2 1
(A) 7 (B) 7

V3 J6
© 5 (D) 5
[IIT-JEE 1998]

A black body is at a temperature of 2880 K. The energy of
radiation emitted by this object with wavelength between
499 nm and 500 nm is U, between 999 nm and 1000 nm
is U, and between 1499 nm and 1500 nm is U;. The Wein
constant, b= 2.88x10° nm-K. Then

(A) U, =0 (B) Uy=0

© U >4, D) U,>4,

[IIT-JEE 1998]

Pressure  versus temperature p

graph of an ideal gas at constant B
volume V of an ideal gas is shown A

by the straight line A. Now mass
of the gas is doubled and the

C
volume is halved, then the cor- K /
] /

responding pressure versus tem- 50t T
perature graph will be shown by

the line

(A) A (B) B

© C (D) None of these

[IIT-JEE 1998]

Two identical containers A and B have frictionless pistons.
They contain the same volume of an ideal gas at the same
temperature. The mass of the gas in A is m, and that in B
is mg. The gas in each cylinder is now allowed to expand
isothermally to double the initial volume. The change in the
pressure in A and B respectively is Ap and1.5 Ap. Then

14

45,

46.

47,

48.

49,

50.

(A) 4my =9mg (B) 2m, =3my
(C) 3my =2my (D) 9m, =4my
[IIT-JEE 1998]

A vessel contains a mixture of one mole of oxygen and two
moles of nitrogen at 300 K. The ratio of the average rota-
tional kinetic energy per oxygen molecule to per nitrogen
molecule is

(A) 1:1

(B) 1:2

(C) 2:1

(D) depends on the moment of inertia of the two molecules

[IIT-JEE 1997]

A spherical black body with a radius of 12 cm radiates
450 W power at 500 K. If the radius were halved and the
temperature doubled, the power radiated in watt would be

(A) 225 (B) 450
(©) 900 (D) 1800
[IIT-JEE 1997]

A vessel contains 1 mole of O, gas (relative molar mass 32)
ata temperature T. The pressure of the gas is P. An identical
vessel containing 1 mole of He gas (relative molar mass 4) at
a temperature 2T has a pressure of

P
(A) Y (B) P
© 2r (D) 8P
[1IT-JEE 1997]

The average translational kinetic energy of O, (molar mass
32) molecules at a particular temperature is 0.048 eV. The
translational kinetic energy of N, (molar mass 28) mol-
ecules in eV at the same temperature is

(A) 0.0015 (B) 0.003
(C) 0.048 (D) 0.768
[IIT-JEE 1997]

The intensity of radiation emitted by the sun has its maxi-
mum value at a wavelength of 510 nm and that emitted by
the north star has the maximum value at 350 nm. If these
stars behave like blackbodies, then the ratio of the surface
temperature of the sun and the north star is :

(A) 146 (B) 0.69
© 121 (D) 0.83
[1IT-JEE 1997]

The average translational energy and the rms speed of mol-
ecules in a sample of oxygen gas at 300 K are 6.21x107' |

and 484 ms™' respectively. The corresponding values at
600 K are nearly (assuming ideal gas behaviour)

(A) 1242x107' J,968 ms™ (B) 8.78x107*'J, 684 ms™

(C) 621x1072' 7,968 ms™ (D) 12.42x107' ], 684 ms™

[IIT-JEE 1996]

The temperature of an ideal gas is increased from 120 K to
480 K. If at 120 K the root mean square velocity of the gas
molecules is v, at 480 K it becomes

(A) 40 (B) 2v

© 3 O ;
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[IIT-JEE 1995]

Two metallic spheres S; and S, are made of the same mate-
rial and have got identical surface finish. The mass of S, is
thrice that of S,. Both the spheres are heated to the same
high temperature and placed in the same room having
lower temperature but are thermally insulated from each
other. The ratio of the initial rate of cooling of S, to that 5, is

1 1
A) — B) —
(A) 3 (B) 5

: o
) — D) | =
© 1 (D) 3
[IIT-]EE 1995]
Three rods of identical cross- A

sectional area and made from the

same metal form the sides of an

isosceles triangle ABC right angled

at B. The points A and B are main-

tained at temperatures T and V2T

respectively in the steady state. B C
Assuming the only heat conduction

takes place temperature of point C will be

3T T
" E ) V2+1
T T
9 BED O 7o
[IIT-JEE 1992]

Three closed vessels A, B and C are at the same temperature
and contain gases which obey the Maxwellian distribution
of velocities. Vessel A contains only O,, B only N, and C
a mixture of equal quantities of O, and N,. If the average
speed of O, molecules in vessel A is v, that of N, molecules
in vessel B is v,, then the average speed of O, molecules in
vessel C is (Mis the mass of an oxygen molecule)

v+,

() = B) o,

3kgT
© Jouo, (D) TB
[IIT-JEE 1990]

When an ideal diatomic gas is heated at constant pressure
the fraction of the heat energy supplied which increases the
internal energy of the gas is

2 3
(A) 5 (B) 5

3 5
© 7 (D) 7
[TIT-JEE 1988]

One mole of an ideal monatomic gas at temperature T
expands slowly according to the law gz constant. If the

final temperature is 2T, heat supplied to the gas is

(A) 2RT, (B) %RTD
© RT, (D) JRT,

56.

57.

58.
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[1IT-JEE 1988]
One mole of monatomic gas is mixed with one mole of

diatomic gas. Then y( = %] for the mixture is
v

(A) 140 (B) 150

(C) 153 (D) 3.07

[IIT-JEE 1986]

Steam at 100 °C is passed into 1.1 kg of water contained in a
calorimeter of water equivalent 0.02 kg at 15 °C till the tem-
perature of the calorimeter and its contents rises to 80 °C.
The mass of the steam condensed in kg is

(A) 0.130 (B) 0.065
(C) 0.260 (D) 0.135
[IIT-JEE 1985]

70 calorie of heat is required to raise the temperature of
2 mole of an ideal gas at constant pressure from 40°C to
45°C. The amount of heat required to raise the temperature
of the same gas through the same range at constant volume
is

(A) 90 calorie
(C) 50 calorie

[IIT-JEE 1984]
At room temperature a diatomic gas is found to have an rms

(B) 70 calorie
(D) 30 calorie

speed of 1930 ms™'. The gas is

(A) H, (B) Ch

©) O, D) K

[ITT-JEE 1983]

An ideal monatomic gas is "D

taken round the cycle ABCDA 2PV 2P 2V

as shown in the P-V diagram B ¢

(shown in figure). The work

done during the cycle is X

(A) PV

(B) ipv a b
PV P2V

(C) =PV : - v

2
(D) zERrRO

Multiple Correct Choice Type Questions

(In this section each question has four choices (A), (B), (C) and
(D), out of which ONE OR MORE is/are correct)

1.

[JEE (Advanced) 2020]

The filament of a light bulb has surface area 64 mm?. The
filament can be considered as a black body at temperature
2500 K emitting radiation like a point source when viewed
from far. At night the light bulb is observed from a distance
of 100 m. Assume the pupil of the eyes of the observer to be
circular with radius 3 mm. Then

(Take Stefan-Boltzmann constant =5.67 x10™ Wm™K™,
Wien's displacement constant =2.90 x 107 mK, Planck’s
constant =6.63x10"" Js, speed of light in vacuum
=3.00x10® ms™)
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(A) power radiated by the filament is in the range 642 W to
645 W

(B) radiated power entering into one eye of the observer is
in the range 3.15x107° W t0 3.25x10° W

(C) the wavelength corresponding to the maximum inten-
sity of light is 1160 nm

(D) taking the average wavelength of emitted radiation
to be 1740 nm, the total number of photons entering
per second into one eye of the observer is in the range

2.75x 10" to 2.85x 10

[JEE (Advanced) 2020]

As shown schematically in Figure, two vessels contain
water solutions (at temperature T) of potassium permanga-
nate (KMnOy, ) of different concentrations 1, and 1, (11, > 1, )
molecules per unit volume with An = (1, -1, ) < n;. When
they are connected by a tube of small length I and cross-
sectional area S, KMnO, starts to diffuse from the left to
the right vessel through the tube. Consider the collection
of molecules to behave as dilute ideal gases and the differ-
ence in their partial pressure in the two vessels causing the
diffusion. The speed v of the molecules is limited by the
viscous force —fv on each molecule, where f is a constant.
Neglecting all terms of the order (An )2, which of the follow-
ing is/are correct? (kj is the Boltzmann constant)

—— —
e— —
/-—___—-.\ /-—___—\-.,\
e— —
n s n2
{
~— ~—

(A) The force causing the molecules to move across the
tube is Ank,TS

(B) Force balance implies 1, vl = AnkgT
(C) Total number of molecules going across the tube per

sec 15(%)[%)5

(D) Rate of molecules getting transferred through the tube
does not change with time

[JEE (Advanced) 2019]

A mixture of ideal gas containing 5 moles of monatomic gas
and 1 mole of rigid diatomic gas is initially at pressure F;, vol-
ume V), and temperature T;,. If the gas mixture is adiabatically

Vi .
compressed to a volume I“, then the correct statement(s) is/

are, (Given 2% =2.3; 2*? =9.2; R is gas constant)

(A) The work |W| done during the process is 13RT,

(B) The final pressure of the gas mixture after compression
is in between 9L, and 10F,

(C) Adiabatic constant of the gas mixture is 1.6

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

4,

[JEE (Advanced) 2019]

One mole of a monatomic ideal gas goes through a thermody-
namic cycle, as shown in the volume versus temperature VT
diagram. The correct statement(s) is/are [R is the gas constant]

4

2V,

T2 T, 3T,/2 2T,

(A) The above thermodynamic cycle exhibits only isochoric
and adiabatic processes
(B) The ratio of heat transfer during processes 1— 2 and

35 40s[Qm2( 1
QS—)4 2

(C) The ratio of heat transfer during processes 1 — 2 and
2-3is Qa| 5
23 3

(D) Work done in this
(1—)2—)3—)4—>l)is|W\=%RTD

thermodynamic  cycle

[JEE (Advanced) 2018]

One mole of a monatomic ideal gas undergoes a cyclic pro-
cess as shown in the figure (where V' is the volume and T is
the temperature). Which of the statements below is (are) true?

T

3

1l

111

v

(A) Process Lis an isochoric process
(B) In process II, gas absorbs heat

(C) In process IV, gas releases heat
(D) Processes I and IIT are not isobaric

[JEE (Advanced) 2017]

A human body has a surface area of approximately 1m”.

The normal body temperature is 10 K above the surround-

ing room temperature T;. Take the room temperature to be

T, =300 K. For T, =300 K, the value of 0T, =460 Wm™

(where ¢ is the Stefan Boltzmann constant). Which of the

following options is/are correct?

(A) If the body temperature rises significantly, then the
peak in the spectrum of electromagnetic radiation
emitted by the body would shift to longer wavelengths

(B) If the surrounding temperature reduces by a small
amount AT <« Tj, then to maintain the same body tem-
perature the same (living) human being needs to radi-
ate AW = 46T, AT, more energy per unit time
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(C) The amount of energy radiated by the body in 1s is
close to 60 ]

(D) Reducing the exposed surface area of the body (e.g. by
curling up) allows humans to maintain the same body
temperature while reducing the energy lost by radiation

[JEE (Advanced) 2015]

A container of fixed volume has a mixture of one mole of
hydrogen and one mole of helium in equilibrium at tem-
perature T. Assuming the gases are ideal, the correct state-
ments is/are

(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 \/g

(C) The ratio of the rms speed of helium atoms to that of
1
hydrogen molecules is 5

(D) The ratio of the rms speed of helium atoms to that of

.1

hydrogen molecules is N
[JEE (Advanced) 2015]
An ideal monoatomic gas is confined in a horizontal cyl-
inder by a spring piston (as shown in Figure). Initially the
gas is at temperature T;, pressure p; and volume V, and the
spring is in its relaxed state. The gas is then heated very
slowly to temperature T,, pressure p, and volume V,.
During this process the piston moves out by a distance x.
Ignoring the friction between the piston and the cylinder,
the correct statements is/are

ad LIS

If V, =2V} and T, = 3T, then the energy stored in the
1
spring is 2 Vi
(B) If V,=2V, and T, =3T; then the change in internal
energy is 3p,V}
(C) If V, =3V, and T, = 4T,, then the work done by the gas

7
is =V,
15 3 i
(D) IfV, =3V,and T, = 4T), then the heat supplied to the gasis

[JEE (Advanced) 2013]

The figure below shows the variation of specific heat capac-

ity (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.
C

T(k)

P A,

100 200 300 400 500

10.

11.

12.
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(A) The rate at which heat is absorbed in the range 0-100 K
approximately 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.

The rate of heat absorption increases in the range

200-300 K.

(D)

[IIT-JEE 2011]

A composite block is made of slabs A, B, C, D and E of dif-
ferent thermal conductivities (given in terms of a constant
K) and sizes (given in terms of length, L) as shown in the
figure. All slabs are of same width. Heat Q flows only from
left to right through the blocks. Then in steady state

0 1L 5L 6L
heat A B 3K E
—* 1L
—_—
2K C 4K |6K
e
3L
E—
m D 5K

(A) heat flow through A and E slabs are same
(B) heat flow through slab E is maximum
(C) temperature difference across slab E is smallest

D Heat flow | ( Heat flow Heat flow
(D) through C )~ | through B * through D

[IIT-JEE 2009]

Cy and Cp denote the molar specific heat capacities of a

gas at constant volume and constant pressure, respectively.

Then

(A) Cp-Cy is larger for a diatomic ideal gas than for a
monatomic ideal gas

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

Cp
© -

is larger for a diatomic ideal gas than for a

monatomic ideal gas

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

[IIT-JEE 2006]

A black body of temperature T is inside a chamber of tem-
perature T;. Now the closed chamber is slightly opened to
sun such that temperature of black body (T) and chamber
(T, ) remains constant

To

@

A) black body will absorb more radiation

B) black body will absorb less radiation

C) black body emit more energy

D) black body emit energy equal to energy absorbed by it

A~~~
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[IIT-JEE 1999]
A bimetallic strip is formed out of two identical strips one
of copper and the other of brass. The coefficients of linear
expansion of the two metals are ¢ and o;. On heating, the
temperature of the strip goes up by AT and the strip bends
to form an arc of radius of curvature R. Then R is

(A) proportional to AT

B) inversely proportional to AT

(
(C) proportional to | e — & |
(

D) inversely proportional to | o — o |

[IIT-JEE 1998]

During the melting of a slab of ice at 273 K at atmospheric

pressure

(A) positive work is done by the ice-water system on 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 the ice-water system decreases

[IIT-JEE 1998]

Let 7, v,,,, and v, represent respectively the mean speed,
root mean square speed and the most probable speed of the
molecules in an ideal monatomic gas at absolute tempera-
ture T. The mass of the molecule is m. Then

(A) no molecule can have energy greater than ﬁnrms

%

V2

(B) no molecule can have speed less than

© v

p < T <V

2

- .3
(D) the average kinetic energy of a molecule is 7%

[IIT-JEE 1995]
From the following statements concerning ideal gas at any
given temperature T, select the correct one(s)

(A) The coefficient of volume expansion at constant
pressure is the same for all ideal gases

(B) The average translational kinetic energy per molecule
of oxygen gas is 3kT, k being Boltzmann constant

(C) The mean-free path of molecules increases with
increase in the pressure

(D) In a gaseous mixture, the average translational kinetic
energy of the molecules of each component is different

[IIT-JEE 1994]

Two bodies A and B have thermal emissivities of 0.01 and
0.81, respectively. The outer surface areas of two bodies are
the same. The two bodies emit total radiant power at the
same rate. The wavelength A; corresponding to maximum
spherical spectral radiance in the radiation from B is shifted
from the wavelength corresponding to the maximum spec-
tral radiance in from A by 1.00 um. If the temperature of A
is 5802 K, then

(A) the temperature of Bis 1934 K

(B) Az=15um

(C) the temperature of Bis 11604 K

(D) the temperature of B is 2901 K

18. [IIT-JEE 1993]
An ideal gas is taken from the state A (pressure P, volume
V') to the state B (pressure P/2, volume 2V') along a straight
line path in the P-V diagram. Select the correct statements
from the following
(A) The work done by the gas in the process A to B exceeds
the work that would be done by it if the system were
taken from A to B along an isotherm
(B) In the T-V diagram, the path AB becomes a part of a
parabola
(C) In the P-T diagram, the path AB becomes a part of a
hyperbola
In going from A to B, the temperature T of the gas first
increases to a maximum value and then decreases

19. [IIT-JEE 1989]

For an ideal gas

(A) the change in internal energy in a constant pres-
sure process from temperature T, and T, is equal to
nCy (T, —T;), where Cy, is the molar heat capacity at
constant volume and n the number of moles of the gas.

(B) the change ininternal energy of the gas and the work done
by the gas are equal in magnitude in a adiabatic process

(C) the internal energy does not change in an isothermal
process

(D) no heat is added or removed in an adiabatic process

Reasoning Based Questions

This section contains Reasoning type questions, each having four
choices (A), (B), (C) and (D) out of which ONLY ONE is correct.
Each question contains STATEMENT 1 and STATEMENT 2. You
have to mark your answer as

Bubble (A) If both statements are TRUE and STATEMENT 2 is
the correct explanation of STATEMENT 1.

Bubble (B) If both statements are TRUE but STATEMENT 2 is
not the correct explanation of STATEMENT 1.

Bubble (C) If STATEMENT 1 is TRUE and STATEMENT 2 is
FALSE.

Bubble (D) If STATEMENT 1 is FALSE but STATEMENT 2 is
TRUE.

1. [IIT-JEE 2007]
Statement-1: The total translational kinetic energy of all the
molecules of a given mass of an ideal gas is 1.5 times the
product of its pressure and its volume.
Statement-2: The molecules of a gas collide with each
other and the velocities of the molecules change due to the
collision.

Matrix Match/Column Match Type Questions

Each question in this section contains statements given in two col-
umns, which have to be matched. The statements in COLUMN-I
are labelled A, B, C and D, while the statements in COLUMN-II
are labelled p, g, r, s (and t). Any given statement in COLUMN-I
can have correct matching with ONE OR MORE statement(s)
in COLUMN-IL The appropriate bubbles corresponding to the
answers to these questions have to be darkened as illustrated in
the following examples:
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If the correct matchesare A— p,sand t; B+ qandr; C —

p and g; and D — s and t; then the correct darkening of bubbles
will look like the following:

OO mw>»

@EEE°
OB\
QOOB|-
@@E®|«
PO~

[JEE (Advance) 2019]

Answer the following by appropriately matching the lists
based on the information given in the paragraph In a ther-
modynamic process on an ideal monatomic gas, the infini-
tesimal 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 = §R(i‘n[ L ] + R!ﬁ'n[ v }

2 T, Vy
Here, R is gas constant, V' is volume of gas, T, and V, are
constants. The COLUMN-I below gives some quantities
involved in a process and COLUMN-II gives some possible
values of these quantities.

COLUMN-I COLUMN-II
A. Work done by the system in 1
process 1 52— 3 p- 3R% In2
B. Change in internal energy in 1 RT
process 1 -2 —3 4 3%

C. Heat absorbed by the system in r. RT;
process1 -2 —3

D. Heat absorbed by the system in 4
s. —RT,
process 1 — 2 3

¢ %RTO(BJHI\Z)

5
u. —RT,
6 0

If the process carried out on one mole of monatomic ideal gas
is as shown in figure in the PV diagram with BV, = ERTO’

then give the correct match for COLUMN-I in COLUMN-IL

. P

Bl S p
2 3

.
Fo ; > 2

a4
V, 2V,
[JEE (Advance) 2019]

In a thermodynamic process on an ideal monatomic gas, the
infinitesimal heat absorbed by the gasis 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
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a mole of monatomic ideal gas X = ER]n l +RIn L .
2 T, Va

Here, R is gas constant, V is volume of gas, T, and V, are
constants. The LIST-I below gives some quantities involved
in a process and LIST-II gives some possible values of these
quantities.

LIST-I LIST-Il

A. Work done by the system in 1
process 1 -2 -3 P ERTO In2

B. Change in internal energy in 1 RT
process1 —»2—3 G 5%

C. Heat absorbed by the systemin |r. RT,
process1 -2 —3

D. Heat absorbed by the system in 4
5. —RT;
process 1 — 2 3

t %RT0(3+1n2)

5
u. —RT
P

If the process on one mole of monatomic ideal gas is as shown

in the TV diagram with BV}, = %RTD, the correct match is,

.
r
S 13
Bl )
s Y
v, 2V,

[JEE (Advance) 2018]

One mole of a monatomic ideal gas undergoes four ther-
modynamic processes as shown schematically in the
PV-diagram below. Among these four processes, one is
isobaric, one is isocharic, one is isothermal and one is
adiabatic. Match the processes mentioned in COLUMN-I
with the corresponding statements in COLUMN-IL

P

-

3Py - ---

A - g

=
w
=

COLUMN-I

COLUMN-II

(A) Inprocess|

(B) In process II

(p) Work done by the gas is zero.

(q) Temperature of the gas remains
unchanged.

(Continued)
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COLUMN-I COLUMN-II

(C) InprocessIIl | (r) No heat is exchanged between
the gas and its surroundings.

(D) InprocessIV | (s) work done by the gas is 6F,V},.

Directions (Q. Nos. 4-6) Matching the information given in the
three columns of the following table.

An ideal gas is undergoing a cyclic thermodynamic pro-
cess in different ways as shown in the corresponding p-V' dia-
grams in column 3 of the table. Consider only the path from state
1 to state 2. W denotes the corresponding work done on the sys-
tem. The equations and plots in the table have standards nota-
tions and used in thermodynamic process. Here ¥ is the ratio of
heat capacities at constant pressure and constant volume. The
number of moles in the gas is n.

COLUMN-I COLUMN-II | COLUMN-III

1 A) Isothermal P
(1) Wi, =ﬁ(P2V2 _plvl) (&) P)

(2) Wi, =-pVy+pVy (B) Isochoric | (q) P

(3) Wi =0 (C) Isobaric | (r) P

@ W,_,= _nRT]n( vy ) (D) Adiabatic | (s) P
1527

1

4.  [JEE (Advanced) 2017]
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?

(A) 4) (B)(r) (B) (1) (B)(Q
© (@), (D) (g (D) (3) (D) (R)
5. [JEE (Advanced) 2017]

Which of the following options is the only correct represen-
tation of a process in which AU = AQ — pAV?

(A) @2 (©O) ) B) @(©)(p)
© B © ) (D) ) (D) (x)

6. [JEE (Advanced) 2017]
Which one of the following options is the correct

combination?
(A) (2)(D)(p) (B) (3)(B)(s)
©) @ D)) (D) (4) (B)(s)

[JEE (Advanced) 2013]

One mole of a monatomic ideal gas is taken along two cyclic
processes E—-F—+G—E and E—F—H — L as shown
in the PV diagram. The processes involved are purely
isochoric, isobaric, isothermal or adiabatic.

N
32P, - F
A
E
P S,
0 H G
A v

Match the paths in COLUMN-I with the magnitudes of the
work done in COLUMN-IL

COLUMN-| COLUMN-II

(A) G E (p) 160R,V,log, 2
(B) GoH (q) 36B,V,

(C F-H (r) 24PV,

(D) F>G (s) 31RV,

[JEE (Advanced) 2011]

One mole of a monatomic ideal gas is taken through a cycle
ABCDA as shown in the P-V diagram. COLUMN-II gives
the characteristics involved in the cycle. Match them with
each of the processes given in COLUMN-L

[w]]
!

T, ST -

o
-
<
(9]
<
(o]
<

COLUMN-I COLUMN-II

(A) Process A — B p) Internal energy decreases

)
(B) Process B— C q) Internal energy increases

(D) processD — A

(
(

(C) ProcessC—D | (r) Heatis lost
(s) Heat is gained
(

t) Work is done on the gas

[1IT-JEE 2008]

COLUMN-I contains a list of processes involving expan-
sion of an ideal gas. Match this with COLUMN-II describ-
ing the thermodynamic change during this process.
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COLUMN-I COLUMN-II
(A) Aninsulated container has two | (p) The
chambers separated by a valve. temperature
Chamber I contain an ideal of the gas
gas and the Chamber II has decreases.
vacuum. The valve is opened.
L] --l - . - | II
Ideal gas
", Vacuum
(B) Anideal monatomic gas (q) The
expands to twice its original temperature
volume such that its pressure of the gas
Po i, where V is the volume increases
V2 Or remains
constant.

of the gas.

(C) Anideal monatomic gas
expands to twice its original
volume such that its pressure

P #, where V is its

volume.

(D) An ideal monatomic gas
expands such that its pressure
P and volume V follows the
behaviour shown in the graph.
P

4

\

ejpmees
N
A b
A
<

(r) The gas loses
heat.

(s) The gas gains
heat.

10. [IIT-JEE 2007]
COLUMN I gives some devices and COLUMN II gives
some processes on which the functioning of these devices
depends. Match the devices in COLUMN I with the pro-

cesses in COLUMN I1.

COLUMN-I

COLUMN-II

(A) Bimetallic strip

(B) Steam engine
(C) Incandescent lamp

(D) Electric fuse

(p) Radiation from a hot
body

(q9) Energy conversion
(r) Melting

(s) Thermal expansion of
solids
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11. [IIT-JEE 2006]
Match the following for the given process

P
301 J
M
201
101K L
—1t—t—>V (m3)
10 20
COLUMN-I COLUMN-II
(A) Process | » K (p) Q>0
(B) Process K— L (q) W<0
(C) Process L - M (r) W>0
(D) Process M — | (s) Q<0

Linked Comprehension Type Questions

This section contains Linked Comprehension Type Questions or
Paragraph based Questions. Each set consists of a Paragraph fol-
lowed by questions. Each question has four choices (A), (B), (C)
and (D), out of which only one is correct. (For the sake of com-
petitiveness there may be a few questions that may have more
than one correct options)

Comprehension |

In the Figure a container is shown to have a mov-
able (without friction) piston on top. The con- Q
tainer 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
arigid 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 monoatomic 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 monoatomic gas

3 5
are Cy = ER' Cp = ER, and those for an ideal diatomic gas are

5 7
Cy,==R,C,==R
Y22
1. [JEE (Advanced) 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

(C) 513K

(B) 525K
(D) 490 K
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[JEE (Advanced) 2014]

Now consider the partition to be free to move without fric-
tion 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) 250R (B) 200R

(C) 100R (D) -100R

Comprehension 2

A fixed thermally conducting cylinder has

a radius R and height L. The cylinder is |
open at its bottom and has a small hole at
its top. A piston of mass M is held at a dis- L,
tance L from the top surface, as shown in
the figure. The atmospheric pressure is F,.
Based on the above facts, answer the fol-
lowing questions.

3.

— 2R ——»

|| Piston

[IIT-JEE 2007]

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 piston will then be

(A) R (B) h
2
B, M P, M
c) L ME D o Mg
© 2 IR (D) 2 #R?

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 dis-
tance of the piston from the top is

2
]m) ® [73\@](>

A 2P 7R?
nR’P,

nR’Py + Mg

2 2
© (7P R+ Mg ](m (D) (750’”{ ](ZL)
nR°F, aR°F, - Mg

The piston is taken completely out
of the cylinder. The hole at the top
is sealed. A water tank is brought T
below the cylinder and put in a posi- 1' > Ly
tion so that the water surface in the l
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 11 of the water column in the
cylinder satisfies

(A) pg(Lo—H) +Py(Lo—H)+Loh =
(B) pg(Ly—H) ~Fy(Ly—H)- LRy =0
(©) pg(Lo—H) +Fy(Ly—H)- Lok =0
(D) pg(Ly-H) ~Fy(Ly~H)+ LRy =0

Integer/Numerical Answer Type Questions

In this section, the answer to each question is a numerical value
obtained after series of calculations based on the data provided
in the question(s).

[JEE (Advanced) 2020]

Consider one mole of helium gas enclosed in a container at
initial pressure P; and volume V). It expands isothermally
to volume 4V. After this, the gas expands adiabatically and
its volume becomes 32V;. The work done by the gas during
isothermal and adiabatic expansion processes are W, and

giar Yespectively. If the ratio W _ fIn2,then f is......

adia

wﬂ
[JEE (Advanced) 2020]

A thermally isolated cylindrical closed

vessel of height 8 m is kept vertically.

It is divided into two equal parts by a 8m
diathermic (perfect thermal conductor)

frictionless partition of mass 8.3 kg.

Thus, the partition is held initially at

a distance of 4 m from the top, as shown in the schematic
figure below. Each of the two parts of the vessel contains 0.1
mole of an ideal gas at temperature 300 K. The partition is
now released and moves without any gas leaking from one
part of the vessel to the other. When equilibrium is reached,
the distance of the partition from the top (in m) willbe ......
(take the acceleration due to gravity = 10 ms™ and the uni-

versal gas constant = 8.3 Jmol 'K ™)

[JEE (Advanced) 2020]

A spherical bubble inside water has radius R. Take the
pressure inside the bubble and the water pressure to be
po- The bubble now gets compressed radially in an adia-
batic manner so that its radius becomes (R —a). For 1< R
the magnitude of the work done in the process is given by

4mp,Ra )X , where X is a constant and y = T The
v

value of X is......

[JEE (Advanced) 2020]
A container with 1 kg of water in it is kept in sunlight, which
causes the water to get warmer than the surroundings. The
average energy per unit time per unit area received due to the
sunlight is 700 Wm™ and it is absorbed by the water over an
effective area of 0.05 m”. Assuming that the heat loss from
the water to the surroundings is governed by Newton's law
of cooling, the difference (in °C) in the temperature of water
and the surroundings after a long time will be...... (Ignore
effect of the container, and take constant for Newton’s law of

cooling = 0.001 s, Heat capacity of water = 4200 ]kg_lK"l)

[JEE (Advanced) 2019]

A liquid at 30 °C is poured very slowly into a Calorimeter
that is at temperature of 110 °C. The boiling temperature of
the liquid is 80 °C. It is found that the first 5 g of the liquid
completely evaporates. After pouring another 80 g of the
liquid the equilibrium temperature is found to be 50 °C. The
ratio of the latent heat of the liquid to its specific heat will
be °C. [Neglect the heat exchange with surrounding]

[JEE (Advance) 2018]

Two conducting cylinders of equal length but different radii
are connected in series between two heat baths kept at tem-
peratures T = 300 K and T, =100 K, as shown in the figure.
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The radius of the bigger cylinder is twice that of the smaller
one and the thermal conductivities of the materials of the
smaller and the larger cylinders are K, and K, respectively.
If the temperature at the junction of the two cylinders is the

steady state is 200 K, then L

K,
Insulating
material
T K; K; Tz
L L7
[JEE (Advance) 2018]

One mole of a monatomic ideal gas undergoes an adiabatic
expansion in which its volume becomes eight times its ini-
tial value. If the initial temperature of the gas is 100 K and

the universal gas constant R = 8.0 Jmol 'K, the decrease in
its internal energy, in Joule, is

[JEE (Advanced) 2016]
A metal is heated in a furnace where a sensor is kept above
the metal surface to read the power radiated (P) by the

metal. The sensor has a scale that displays log, [ PE]' where
0

F, is a constant. When the metal surface is at a temperature

of 487 C, then sensor shows a value 1. Assume that the

emissivity of the metallic surface remains constant. What is

the value displayed by the sensor when the temperature of

the metal surface is raised to 2767 °C?

[JEE (Advanced) 2015]
Two spherical stars A and B emit black body radiation. The
radius of A is 400 times that of B and A emits 10* times the

power emitted from B. The ratio [ l—’d‘} of their wavelengths
B
A, and Ay at which the peaks occur in their respective radia-

tion curves is

[JEE (Advanced) 2014] p
A thermodynamics system is taken
from an initial state i with inter-
nal state i with internal energy
L; =100 ] to the final state f along
two different paths inf and ibf, as

schematically shown in Figure. —_ >V

11.

12.

13.

14,

15.
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The work done by the system along the paths af, ib and bf
are W, =200 J, Wy, =50 ] and W, =100 J respectively. The
heat supplied to the system along the path iaf, ib and bf are
Qi Qu respectively. If the internal energy of the system in

the state b is U, =200 ] and Qj,; = 500 ], the ratio % i
ib
[ITT-JEE 2011]

Steel wire of length L at 40 °C is suspended from the ceil-
ing and then a mass m is hung from its free end. The wire
is cooled down from 40 °C to 30 °C to regain its original
length L. The coefficient of linear thermal expansion of the
steelis 107 Q(Tl, Young’s modulus of steel is 10" Nm *and
radius of the wire is 1 mm. Assume that L >»> diameter of the
wire. Then the value of m in kg is nearly.

[ITT-JEE 2010]

A piece of ice (heat capacity =2100Jkg™' °C™" and latent
heat =3.36x10° J kg ™) of mass m gram is at -5 °C at atmo-
spheric pressure. It is given 420 ] of heat so that the ice starts
melting. Finally when the ice-water mixture is in equilib-
rium, it is found that 1 g of ice has melted. Assuming there
is no other heat exchange in the process, find the value of m.

[ITT-JEE 2010]

Two spherical bodies A (radius 6 cm) and B (radius 18 cm)
are at temperature T; and T, respectively. The maximum
intensity in the emission spectrum of A is at 500 nm and
in that of B is at 1500 nm. Considering them to be black
bodies, what will be the ratio of the rate of total energy radi-
ated by A to that of B?

[IIT-JEE 2010] 1
A diatomic ideal gas is compressed adiabatically to = of

its initial volume. If the initial temperature of the gas is T,
(in Kelvin) and the final temperature is a7T;, then find the
value of a.

[IIT-JEE 2009]

A meal rod AB of length 10x has its one end A in ice at
0 °C and the other end B in water at 100 °C. If a point P on
the rod is maintained at 400 °C, then it is found that equal
amounts of water and ice evaporate and melt per unit time.
The latent heat of evaporation of water is 540 calg_l and
latent heat of melting of ice is 80 calg"l. If the point P is ata
distance of 1x from the ice end A, find the value of 4.
(Neglect any heat loss to the surrounding)..



ICON

2.196 )EE Advanced Physics: Waves and Thermodynamics

ANSWER KEYS-TEST YOUR CONCEPTS AND PRACTICE EXERCISES

Test Your Concepts-I

“1g-1
(Based on Thermometry and Thermal 17. 4200 Jkg™K

Expansion) 18. 5820 cal
19. 100 °C
1. (a) too long, (b) 20.0048 cm 20. 0.8
2. (a) 0.068 cm, (b) 88.49 cm e
3.900lem Test Your Concepts-lll
4. () y =3a (i) y = 20 (iff) y = 3r (Based on Kinetic Theory of Gases and
5. 0.00864 cm Ideal Gas Equation)
6 Vo(r-3a)t
: m 1. 87.76 cm of Hg
7. 36285 2. 600 ms™
8. 2.31x107° dyne 3. 10*myv and 0.073 Nm™
9. 1.6x10° N . Z[ﬁ+&)
10. 273K, (15x107 +273) K, 6.825%, 1.82 x 10% 2\, L
NE) 5. 15.35 cm
. o5 6. 24 cm
1 7. 2.32x107% ]
2= 9, 2.095x10° Nm™
13. -40 °F 10. 76.57 cm of Hg
14. (a) 0.0135 kgm’s™, (b) 3.2x107° 11. 0.026 N
15. (a) 29.94 °C, (b) 118.64 °C 12. 11528
17. 7/,=1416 cm and /, =9.16 cm 13. B =12471x 10° Pa
18. 2x107°(°C)™ P iadie = 28.06 x10° Pa and
19. 7cm Pyghe = 15.589x10° Pa]
21. For Neon -248.58 °C, —415.44 °F 15. (a) 8.26 km, (b) 0.09 km
For Carbon dioxide -56.60 °C, —69.88 °F 16. RT/Mg
2 1=—% angy, -t 17. 5.62x107% ]
%= =% 18. 1494 kgm
Test Your Concepts-Il 19. 4.1x10° Nm2
(Based on Calorimetry) 20. 13.32mg
o _ _ Ma’r?
1. 100 °C, Moy = 222.26 @, My =7.74 & 2. pe K
3 g
2. 8.6x107 °C Mg
3.200s B
4 23 2
5 20 °C 24. 85x1072 N o .
g /aRTy o
6.50g 1 25. (a) po(1—ah) ,(b) (Lo o)
7. 200 Jkg ' (°C)”
8. 100 °C, 667 g steam, 1333 g water Test Your Concepts-IV
9. 36.67 °C (Based on Internal Energy, Degrees of Freedom
10. 0.481 calg™'°C™,1655 g and Molar Specific Heats for Ideal Gases)
11. 20.25 °C 1 mh+mh
12. 410 ms™ ny
13. 0.805 kg 2. 2075 ]
14. (a) 37.8 W, (b) 2 Nm 3. (2)7.3x10° J, (b) 6.07 x 107 ]
15. 178K 4. (a) 6.21x 107 Jmole™ (b) 10.35x 10! Jmole™

16. 27.08 °C () 6235.5 Jmole™



. 7487

Tlrz(i?l +P2) Pzrl(Pl +P2) and 3pipV(T,-Th)

pL+pT " pL+pT 2(p T, +pTh)

7. 14

. 2x10° rads™

2RAT
y-1

Test Your Concepts-V
(Based on Work Done and First Law of
Thermodynamics)

10.

RN

1
30Ty
3.14]

. 421 kJ, 553 K]
. Process 1. -60, 50,

Process 2: 5, 80 and
Process 3: 20, 120

6. (a)5],(b) 45],(c)40],(d)15]
7. [6.6x10° J,1.8%10° ],8.4x10° J]
8.
9

[7500 ]

b
. — atmlt
2

[2400],0],-600], 0], 1800 ]]

Test Your Concepts-VI
(Based on Isochoric, Isobaric and
Isothermal Processes)

1.
. 320]
. 2490

10.

12.
13.
14.

15.

- RS I

(a) 300R, (b) 500R, (c) 200R

14
7]

. (b) 3RT010g£,(2)—%RT0

(c) 3RT, log, (2) - %RTO

- [ M
DA+l

. 50]

log, (x)

AV
log, ( 1+ 7)
24927
(@) 2RV, (b) 0
RT((n-1)-log,(n))
(a) 20 cal, (b) 50 cal

Test Your Concepts-VIl
(Based on Adiabatic Process)

1.

2,

mV,
2yA’P,
-125]

2r
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3. (b) 113.1x107° m?, 0.44 x 10° Nm >
(c) 12470 1]

4. 423 Klwadia =-82 ]f]Nisob =-41], Vvisot =105], thta] =-18]
5. 369.3 K, 2.46 x10° Nm
6. 588 K, -5976 ]
7. (a) Adiabatic
8. 100]
9. (a) (P-l +P }T'sz b (P1 +P }T1
’ PT,+PRT, ' PT,+PRT,
PT. BT
O Vi =V| =2 | Vi = V| 55
RT,+PT, P, +PT,
10. 1.533,1.153
1. G, —[l—TﬂtanG}R, ¢, = Ko tanf
VO 0
Test Your Concepts-VliI
(Based on Polytropic Process)
1. gRT
2
RT,(n-1
2. () W= mn(n}-M
(r-1)
a(y-1)
(b) PV7e TV =constant
5 2[R
3R \V3a
4. C=CV+£,C=CV+
aV 1+aV
RAT
5, /8A
-y
6. 3R
av? oV? R
7. AU=——(n?-1),W="-(n?-1),C=C, +—
o (=), w=="(n?-1),C=Cy +
8. a=-y

9. (a) 500, (b) C=2R

Test Your Concepts-I1X
(Based on Cyclic Process, Heat Engine and
Refrigerator)

1. =1200R, Q 45 = 2100R, Qpc = 1500R and Q, = 831.6R
2. n=1- E
h
3 W= 1nR(T—3+ L ](Tz 1)
2 2 1
5. —4525.6 ]
6. 2304.64]

7. 2075]

n-1
8. n=1-
n=1-( 27
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Test Your Concepts-XI

% Uc=140], Qup =707, Qea =-180] (Based on Radiation)

Wapca ==20] 1. 9 minute
10. r]—( r-1 )(n—l) 2. 969.3 K
1+yn g1
3. 36.6 Wm K
Test Your Concepts-X 4. 1.01x10° s
(Based on Conduction) . pde(if -1)
1. (a) 1.6x10° watt, (b) 1.75 18geT;
2. (a) 84 °C, (b) 1.28 cals™ 6. 0.206 °Cs!
3 mlL logﬂ(lfz] 10
1007k¢ n 7. T=2000|:10gl,(ﬁ]+1:|
4. 10.34 cm from water at 100 °C o
5. 145.5 °C, 118.2 °C S' 2'215 Cs
6. T=(AT)ye ™, where at = kA(G+G) 10. 76.2 min
(C,C,
7. 087 (°C)em™ 11. 800 kgm™
8. 166 5 12. 3000 K
- ~at _ 2ThkA (T
9. (@) T=Ts+(T; - Ty )e ™, where a = P Vi (b).h—[]_“].h0
10. f:ll‘rzg log,(2)
Single Correct Choice Type Questions
1. B 2. B 3.B 4. C 5. C 6. B 7.B 8.
11. D 12. D 13. A 14. C 15. B 16. D 17. D 18.
21. C 22. B 23. C 24. A 25. C 26. C 27. B 28.
31. C 32. A 33. C 34. A 35. D 36. B 37. A 38.
41. A 42. C 43. C 4. D 45. C 46. B 47. C 48.
51. D 52. C 53. A 54. D 55. C 56. C 57. C 58.
61. A 62. D 63. B 64. B 65. D 66. C 67. D 68.
71. C 72. B 73. A 74. C 75. A 76. A 77. B 78.
81. B 82. B 83. A 84. D 85. A 86. C 87. C 88.
91. D 92. B 93. C 94. B 95. D 9. D 97. D 98.
101. A 102. D 103. C 104. C 105. B 106. C 107. A 108.
111. D 112. A 113. B 114. A 115. B 116. D 117. C 118.
121. A 122. C 123. B 124. A 125. D 126. C 127. C 128.
131. D 132. C 133. C 134. A 135. A 136. C 137. A 138.
141. D 142. C 143. B 144. B 145. B 146. D 147. D 148.
151. D 152. D 153. C 154. B 155. A 156. C 157. B 158.
161. B 162. A 163. A 164. C 165. A 166. A 167. A 168.
171. D 172. A 173. D 174. B 175. D 176. B 177. D 178.
181. C 182. C 183. B 184. A 185. B 186. B 187. A 188.
191. D 192. C 193. B 194. D 195. A 196. C 197. D 198.
201. A 202. B 203. C 204. A 205. B 206. B 207. C 208.
211. C 212. B 213. C 214. A 215. B 216. C 217. A 218.
221. B 222, C 223. A 224. B 225. A 226. A 227. D 228.

=S =~ s B~ TR~ B o R~~~ B~ ~ B o T i T~ = s~~~ =~ R oo W w IR 0 M ~= B == B = =

19.
29,
39.
49.
59.
69.
79.
89.
99.
109.
119.
129.
139.
149.
159.
169.
179.
189.
199.
209.
219.
229,

O ® > 00k @ @ 0008003 F =00

10.
20.
30.
40.
50.
60.
70.
80.
90.
100.
110.
120.
130.
140.
150.
160.
170.
180.
190.
200.
210.
220.
230.
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231.
241.
251.
261.
271.
281.
291.

Multiple Correct Choice Type Questions

1.

6.
11.
16.
21.
26.
31
36.
41.
46.
51.
56.
61.

N @« » % O O g

A,B,C
C,D
B,C
A,B,C
A B
A,D
A,B,C,D
A, B
B,C,D
C,D
A,B,D
B,C
C,D

232,
242,
252,
262.
272,
282,
292

(== B == R~ = B v = B v =

233.
243.
253.
263.
273.
283.
293.

> W E N NN

A

2. A,B,C

. B,C
12.
17.
. A,B,D
27.
32.
37.
. A,C
47,
52.
57.

B,C
B,D

A,C
CD
ACD

B,C
A C
A,B,C

Reasoning Based Questions

1.
11.

Linked Comprehension Type Questions

L
11.
21.
31.
41.
51.

61.

71,

C 2. A
A 12. A

22
12.
22,
32.

52.

W NOd WO P >N

72.

42,

62.

N @ s -~ R~ I |

w!

&
13.

3.
13.
23.
33.
43,
53.
63.
73.

C
D

e H e W

234.
244
254.
264.
274.
284.
294.

4,

4,
14.
24,
34.
44,
54.
64.
74.

= N = 0NN

D

NN NwW @ ON

ICON

235. D 236.
245. C 246.
255. B 256.
265. A 266.
275. C 276.
285. B 286.
295. D

3. A,C

8. A,D

13. A,B,C

18. B,D

23. A,B

28. A,B,C,D
33. A,B,C

38. A, C

43. A,B

48. A, C

53. B,D

58. B,C

5 B 6

5 C 6.
15. C 16.
25. A 26.
35. B 36.
45. B 46.
55. D 56.
65. A 66.
75. C 76.

Matrix Match/Column Match Type Questions

1
2
3
4.
5.
6
Y
8
9

10.
11.

N g x> < 0 »

Ow N egOgn e

C—o(
C—(
C—o(
C—o(
C—(
C—o(
C—(
C—o(
C—o(
C—o(
C—o(

237. B 238.
247. C 248,
257. D 258.
267. A 268.
277. C 278.
287. C 288.

4. A, B,C

9. A,D
14. A, B,C
19. C,D
24. A,B,C,D
29. B,C,D
34. A, B
39. A, B
4. C,D
49. B,D
54. B,C
59. A, C

7. D 8
7.D 8.
17. D 18.
27. B 28.
37. A 38.
47.D 48.
57. D 58.
67. C 68.
77. D

s)

q,s)

P L s)

p)

s)

p )

5)

qQ)

q)

P q7)

9

Chapter 2: Heat and Thermodynamics  2.199

> W WA e w

OgnNngww o

239.

249,

259.
269.
279.
289.

10.
15.
20.
25.
30.
35.
40.
45.
50.
55.
60.

19.
29.
39.
49.
59.
69.

O = 0 = 00N

. A C

A,B
AC
A C
B,D
B,D

240.
250.
260.
270.
280.
290.

N > N g @ N

A, B, C,D

A,B,D

CD

A,B,C,D

A,B,C

e WO NN W

10. D

10.
20.
30.
40.
50.
60.
70.
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Integer/Numerical Answer Type Questions

1. 495

7.
13.
19.
25.
31

35.

1830
80
42

5

(2)9, (b) 80

(a) 600; (b) Q45 =3000, absorbed, Qp-

2. 30,20,20

8. 70

14. 10

20. 2

26. 6, clockwise
32. 28

ARCHIVE: JEE MAIN

4.
14.
24,
34,
44,

3. 972

9. 280, 280,0

15. 2

21. 166
27. 12
33. 192

4.
10.
16.
22.
28.
34.

(a) 800, (b) 720

36
20000
172

40, 500
40

5. 1190
11. 589
17. 60
23. 384
29, 448

6. 3.96

12. (a) 25, (b) 2

18. 3
24. 96
30. 462

=1680 , absorbed, Q. = 1800, released, Qp, = 1680, released; (c) 1200

. 20
14.
24,
34.
44,
54.
64.
74.
84.
94.

104.

114.

4
19.00

N N > 0O %® O @ @ =

1. B 2.D 3.B
11. B 12. C 13. D
21. A 22, A 23. D
31. B 32, 60 33. 40
41, A 42, D 43. B
51. A 52. D 53. A
61. B 62. D 63. C
71. B 72. B 73. B
81. D 82. A 83. A
91. D 92. C 93. D
101. D 102. C 103. B
111. D 112. A 113. B
ARCHIVE: JEE ADVANCED
Single Correct Choice Type Questions
1. C 2. B 3. A
11. C 12. D 13. A
21. C 22, C 23. None
31. A 32. B 33. B
41. D 42. B 43. C
51. D 52. A 53. B

54,

O = 0 =N

Multiple Correct Choice Type Questions

1. B,C,D
6. B,.C,D
11.
16.

B,D
AC

2. A,B,C
7. A,B,D
12. D
17. A,B

Reasoning Based Questions

1.

B

5. C
15. D
25.
35.
45,
55.
65.
75.
85.
95.

105.
115.

o >

N ®E N0 %> > o

15.
25.
35.
45.
55.

b w R o s

3. A,B,C
8. A,B,C
13. B,D

18. A,B,D

6.
16.
26.
36.
46.
56.
66.
76.
86.
96.

106.
116.

16.
26.
36.
46.
56.

B
5

A
B

Bonus

WA O WO > ®

= O = 00 "

7. A 8. A
17. C 18. C
27. C 28. D
37. C 38. C
47. D 48. B
57. A 58. D
67. C 68. D
77. B 78. B
87. D 88. C
97. C 98. B
107. D 108. B
17. B 118. B

7. D 8. C
17. C 18. A
27. A 28. A
37. B 38. D
47. C 48. B
57. D 58. C

4.C,D

9. A,B,C,D

14. B,C

19. A,B,C,D

9. 266.67 10.
19. B 20.
29. 1818.00  30.
39. C 40.
49. C 50.
59. B 60.
69. C 70.
79. B 80.
89. B 90.
99. A 100.
109. B 110.
9.D 10.
19. B 20.
29. A 30.
39. D 40.
49. D 50.
59. A 60.
5. B,C,D
10. A,B,C,D
15. C,D

150
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Matrix Match/Column Match Type Questions

1. A>(q 1 s,u) B—(q,s, 1 u) C—o(s,1qt) D- (g1 p u
2. A= (prts) B—(ptqt) Co(ptp) D> (s t, g u)
3. Ao () B —(s) C—(p) D-(q)
4. (C) 5. (B) 6. (B)
7. A= (s) B—(r) C—-(q D—(p)
8. A= (prt) B—(p 1) C—(q,s) D—(rt)
9. A>(q) B—(p, 1) C—(p,s) D—(qs)
10. A (s) B—(q) C—(pq D—(qr)
11. A—(s) B—(p, 1) C—(p) D—(qs)
Linked Comprehension Type Questions
1. D 2.D 3. A 4. D 5. C
Integer/Numerical Answer Type Questions
1. 1.78 2.6 3. 205 4, 833 5. 270 6. 4.00 7. 900.00 8 9 9.2 10. 2

11. 3 12. 8 13. 9 14. 4 15. 9



