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Single Correct Answer Type

A gas mixture consists of 2 moles of oxygen and 4 moles of argon at temperature T. Neglecting all
vibrational moles, the total internal energy of the system is

a) 4 RT b) 15 RT c) 9RT d) 11 RT

A gas at the temperature 250 K is contained in a closed vessel. If the gas is heated through 1K, then the
percentage increase in its pressure will be

a) 0.4% b) 0.2% c) 0.1% d) 0.8%

The graph which represents the variation of mean kinetic energy of molecules with temperature t°C is

a)E‘ b)E‘ ) E| i d)E‘ ’
t°c t°c t°c t°c

The gas in vessel is subjected to a pressure of 20 atmosphere at a temperature 27°C. The pressure of the
gas in a vessel after one half of the gas is released from the vessel and the temperature of the remainder is
raised by 50°C is

a) 8.5 atm b) 10.8 atm c) 11.7 atm d) 17 atm

A given mass of a gas is allowed to expand freely until its volume becomes double. If C}, and C, are the
velocities of sound in this gas before and after expansion respectively, then C, is equal to

) 2C b)v2¢ ) C d) ! C
a C —
b b b \/E b
The relation between the gas pressure P and average kinetic energy per unit volume E is
1 3 2
a)P==E b)P =E c)P=-=-F d)P=-F
)P =3 ) )P =3 )P =3

If 2 mol of an ideal monatomic gas at temperature T, are mixed with 4 mol of another ideal monatomic gas
at temperature 27T, then the temperature of the mixture is

2T, b)>T; 3T D21,

A steel tape measures the length of a copper rod as 90.0 cm, when both are at 10°C, the calibration
temperature, for the tape. What would be tape read for the length of the rod when both are at 30°C.Given,
a for steel 1.2 X 107°°C~1 and « for copper is 1.7 X 1075°C1,

a) 90.01 cm b) 89.90 cm ) 90.22 cm d) 89.80 cm

The specific heats of argon at constant pressure and constant volume are 525 J/kg and 315 ] /kg,
respectively. Its density at NTP will be

a) 1.77 kg/m3 b) 0.77 kg/m?3 c) 1.77 g/m3 d) 0.77 g/m3

A box contains N molecules of a perfect gas at temperature T;and pressure P;. 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

T T
a) P, =P, T, =T, b) P, =P, T, =~ Q) P,=2P,T, =T, d) Py = 2P, T, = —
Find the ratio of specific heat at constant pressure to the specific heat constant volume for NH;
a) 1.33 b) 1.44 c) 1.28 d) 1.67

An ideal monatomic gas is confined in a cylinder by a spring-loaded piston of cross-section 8 x 103m?2.
Initially the gas is at 300 K and occupies a volume of 2.4 X 10~3m3 and the spring is in a relaxed state. The
gas is heated by a small heater coil H. The force constant of the spring is 8000 N/m and the atmospheric
pressure is 1.0 X 10>Pa. The cylinder and piston are thermally insulated. The piston and the spring are
massless and there is no heat loss through heater coil wire leads and thermal capacity of the heater coil is
negligible. With all the above assumptions, if the gas is heated by the heater until the piston moves out
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slowly by 0.1 m, then the final temperature is

: Gas i
i Spring
. ?{ :wm{

a) 400K b) 800 K c) 1200K d) 300K

An ideal 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 becomes half?

a) 4 times b) 16 times c) 8 times d) 2 times

The temperature of the hydrogen at which the average speed of its molecules is equal to that of oxygen
molecules at a temperature of 31°C, is

a) —216°C b) —235°C c) —254°C d) —264°C
At 0 K which of the following properties of a gas will be zero
a) Kinetic energy b) Potential energy c) Vibrational energy d) Density
The root mean square velocity of a gas molecule of mass m at a given temperature is proportional to
1
a) m° b)m c d)—
) ) ) vim )=

The temperature of the mixture of one mole of helium and one mole of hydrogen is increased from 0°C to

100°C at constant pressure. The amount of heat delivered will be

a) 600 cal b) 1200 cal c) 1800 cal d) 3600 cal

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

— |7

T T T
(i) (ii) (iii)
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

The figure shows the volume V versus temperature T graphs for a certain mass of a perfect gas at two
constant pressures of P; and P,. What inference can you draw from the graphs

v P,
Py
&
fal .
a)P; > P, b) P, <P,
d) No interference can be drawn due to insufficient
C) P]_ = PZ . .
information
Kinetic theory of gases was put forward by
a) Einstein b) Newton c) Maxwell d) Raman
According to the kinetic theory of gases the r. m. s. velocity of gas molecules is directly proportional to
a)T b) VT c) T? d) 1/4T

The temperature at which the average translational kinetic energy of a molecule is equal to the energy
gained by an electron in accelerating from rest through a potential difference of 1 volt is

a) 4.6 X 103K b) 11.6 x 103K c) 23.2 x 103K d) 7.7 x 103K
The value of % for one mole of an ideal gas is nearly equal to
a) 2] mol ' K™t b)8.3 ] mol 1 K™?! c) 4.2 mol t K™t d) 2 cal mol™ K1

Forty calories of heat is needed to raise the temperature of 1 mol of an ideal monatomic gas from

20°C to 30°C at a constant pressure. The amount of heat required to raise its temperature over the same
interval at a constant volume R = 2 cal mol=3K™1) is

a) 20 cal b) 40 cal c) 60 cal d) 80 cal
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When an ideal gas is taken from state a to b, along a path abc, 84 K] of heat flows into the gas and the gas
does 32 k] of work. The following conclusions are drawn. Mark the one which is not correct
P(pressure of the gas)

>V
(volume of the gas)

a) If the work done along the path abc is 10.5 k], the heat that will flow into the gas is 62.5 k]

b) When the gas is returned from b to a along the curved path, the work done on the gas is 21 k], and the
system absorbs 73 K] of heat

c IfU, =0,U; = 42 K], and the work done along the path adb is 10.5 k] then the heat absorbed in the
process ad is 52.5 K]

d)IfU, = 0,U; = 42 K], heat absorbed in the process db is 10 k]

A gas is filled in a closed container and its molecules are moving in horizontal direction with

uniform acceleration. Neglecting acceleration due to gravity, the pressure inside the container is

a) Uniform everywhere b) Less in the front

c) Less at the back d) Less at the top

The average translational kinetic energy of O, (relative molar mass 32) molecules at a particular at a

particular temperature is 0.048 eV. The translational kinetic energy of N, (relative molar mass 28)

molecules in eV at that temperature is

a) 0.0015 b) 0.003 c) 0.048 d) 0.768

The plots of intensity versus wavelength for three black bodies at temperatures Ty, T, and T3, respectively

are as shown. Their temperature are such that

Y T

3
T m
I

0 X

A —

a)T; >T, >T; b)T; >T;>T, AT, >T;>T; dA)T;>T,>T;
If r.m. s. velocity of a gas is V}.,,s = 1840 m/s and its density p = 8.99 x 10~2kg/m3, the pressure of the
gas will be
a) 1.01 N/m? b) 1.01 X 103N /m? c) 1.01 X 10°N/m? d) 1.01 x 10’ N/m?
A fixed mass of gas is first heated isobarically to double the volume and then cooled isochorically to
decrease the temperature back to the initial value. By what factor would the work done by the gas
decreased, had the process been isothermal?
a) 2 b) %2 c)In2 d)In3
A cylinder of radius r and thermal conductivity K is surrounded by a cylindrical shell of linear radius r
and outer radius2r, whose thermal conductivity is K,. There is no loss of heat across cylindrical surfaces,
when the ends of the combined system are maintained at temperatures T; and T,. The effective thermal
conductivity of the system, in the steady state is
2) KK, K, + 3K, q 3K, + K,

K; + K, 4 4

b) K; + K, c)
If C, and C,, denote the specific heats of nitrogen per unit mass at constant pressure and constant volume

respectively, then
a) tp —Cy = R/28 b) G, — Cy = R/14 ) C,—Cy, =R d) €, — C, = 28R
The rate of cooling at 600 K, if surrounding temperature is 300 K isR. The rate of cooling at 900 K is
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16 2
For ideal gas, which statement is not true
a) It obeys Boyle’s law b) If follows PV = RT
c) Internal energy depends on temperature only d) It follows Vander-Waal’s equation

A volume V and pressure P diagram was obtained from state 1 to state 2 when a given mass of a gas is
subjected to temperature changes. During this process the gas is

N

) %
a) Heated continuously b) Cooled continuously
c) Heated in the beginning and cooled towards the d) Cooled in the beginning and heated towards the
end end
At constant volume, temperature is increased. Then
a) Collision on walls will be less b) Number of collisions per unit time will increase
c) Collisions will be in straight lines d) Collisions will not change

The gases carbon-monoxide (CO) and nitrogen at the same temperature have kinetic energies
E; and E, respectively. Then

a)E, = E, b)E, > E,

c) E; <E, d) E; and E, cannot be compared

Read the given statements and decide which is/are correct on the basis of kinetic theory of gases
(I) Energy of one molecule at absolute temperature is zero

(I) r.m. s. speeds of different gases are same at same temperature

(II1) For one gram of all ideal gas kinetic energy is same at same temperature

(IV) For one mole of all ideal gases mean kinetic energy is same at same temperature

a) All are correct b) I and IV are correct c) IVis correct d) None of these
The pressure is exerted by the gas on the walls of the container because
a) It loses kinetic energy b) It sticks with the walls

) On collision with the walls there is a change in d) It is accelerated towards the walls
momentum

The volume of a gas at 20°C is 200 ml. If the temperature is reduced to —20°C at constant pressure, its

volume will be

a) 172.6 ml b) 17.26 ml c) 192.7ml d) 19.27 ml

A monoatomic gas is kept at room temperature 300K . Calculate the average kinetic energy of gas molecule
(Use k = 1.38 X 10723 MKS units)
a) 0.138eV b) 0.062eV c) 0.039¢V d) 0.013eV

In kinetic theory of gases, which of the following statements regarding elastic collisions of the molecules is
wrong
a) Kinetic energy is lost in collisions

b) Kinetic energy remains constant in collision

¢) Momentum is conserved in collision

d) Pressure of the gas remains constant in collisions

The value of critical temperature in terms of Vander Waal’s constant a and b is

8a a 8 27a
AT = 27k e =2xp VT = 27Rp )Te = 5Rb
The root mean square velocity of gas molecules at 27°C is 1365 ms™!. The gas is
a) 02 b) He C) NZ d) COZ

If the intermolecular forces vanish away, the volume occupied by the molecules contained in 4.5 kg water
at standard temperature and pressure will be given by
a) 5.6m3 b) 4.5m3 c) 11.2L d)11.2m3
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Temperature remaining constant, the pressure of gas is decreased by 20%. The percentage
change in volume

a) Increases by 20% b) Decreases by 20% c) Increases by 25% d) decreases by 25%
At a given temperature the r.m. s. velocity of molecules of the gas is

a) Same

b) Proportional to molecular weight

c) Inversely proportional to molecular weight

d) Inversely proportional to square root of molecular weight

The temperature of a gas contained in a closed vessel of constant volume increases by 1°C when
the pressure of the gas is increased by 1%. The initial temperature of the gas is

a) 100K b) 273°C c) 100°C d) 200K

The volume of a gas at pressure 21 X 10*N/m? and temperature 27°C is 83 litres. If R = 8.3 ] /mol K, then
the quantity of gas in g — mole will be

a) 15 b) 42 c)7 d) 14

The average kinetic energy of a gas at —23°C and 75 c¢cm pressure is 5 X 10~ *erg for H,. The mean kinetic
energy of the 0, at 227°C and 150 cm pressure will be

a) 80 x 10~ erg b) 20 x 10~ erg c) 40 x 10~ erg d) 10 x 10~ erg
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 temperature of the calorimeter and its contents rises to 80°C. The mass of the steam
condensed in kilograms is

a) 0.130 b) 0.065 c) 0.260 d) 0.135

Which of the following statements about kinetic theory of gases is wrong

a) The molecules of a gas are in continuous random motion

b) The molecules continuously undergo inelastic collisions

c) The molecules do not interact with each other except during collisions

d) The collisions amongst the molecules are of short duration

Which of the following formula is wrong
R YR

a)CV=y_—1 b)CP:]/Tl C)CP/CV:]/ d)Cp—CVZZR

Volume, pressure and temperature of an ideal gas are V, P and T respectively. If mass of its molecule is m,

then its density is [k = boltzmann’s constant]
P P

a) mkT b) — c) — d)—
kT kTV kT

An ideal gas is initially at temperature T and the volume V. Its volume is increased by AV due to an

increase in temperature AT, pressure remaining constant. The quantity § = AT /V AT varies with
temperature as

? ? TY ?

Dol D / x 97—y D ——" 5
O T 7r+aT O T r4AT O T ra4AT O T 714AT
Temperature (K) Temperature (K) Temperature (K) Temperature (K)

The equation for an ideal gas is PV = RT, where V represents the volume of

a) 1 ggas b) Any mass of the gas c) One g mol gas d) One litre gas

A black body is at a temperature of 2880 K. The energy of radiation emitted by this body with wavelength
between 499 nm and 500 nm is U;, between 999 nm and 1000 nm is U, and between 1499 nm 1500 nm is
Us. Wien’s constant, b = 2.88 x 10° nm-K. Then

a)U; =0 b) Uz =0 c) U; > U, d) U, > U,

When the temperature of a gas is raised from 27°C to 90°C, the percentage increase in the r.m. s. velocity

of the molecules will be
a) 10% b) 15% c) 20% d) 17.5%
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If the mean free path of atoms is doubled then the pressure of gas will become

a) P/4 b) P/2 c) P/8 d) P

The temperature of a gas at pressure P and volume V is 27°C. Keeping its volume constant if its
temperature is raised to 927°C, then its pressure wil be

a)2P b)3 P c)4P d)6P

For an ideal gas

a) Cp is less than G, b) C, is equal to Cy,

c) Cp is greater than Cy d)C=C =0

Which law states that effect of pressure is same for all portions

a) Pascal’s law b) Gay Lussac’s law c) Dalton’s law d) None of these

Three processes compose a thermodynamic cycle shown in the accompanying P — V diagram. Process
1 — 2 takes place at constant temperature, process 2 — 3 takes place at constant volume and process

3 — 1 is adiabatic. During is 10 J. During process 3 — 1, 20] of work is done on the system. Which of the
following statements is incorrect?

PA 1
2
3 -
14
a) (AU)cycle =0 b) (AQ)cycle =10]
c) (AQ); —»,=30] d) During process 1 — 2, work is done on the system

One mole of monoatomic gas and three moles of diatomic gas are put together in a container. The
molar specific heat (in ] K~! mol™!) at constant volume is (R = 8.3 ] K™ mol™1)

a) 18.7 b) 18.9 c) 19.2 d) None of these
The degrees of freedom of a stationary rigid body about its axis will be
a) One b) Two c) Three d) Four

The pressure and temperature of an ideal gas in a closed vessel are 720 kPa and 40°C respectively. If ith

of the gas is released from the vessel and the temperature of the remaining gas is raised to 353°C, the final
pressure of the gas is
a) 1440 kPa b) 1080 kPa c) 720 kPa d) 540 kPa

n moles of an ideal gas undergoes a process A = B as shown in figure. Maximum temperature of the gas
during the process is:

P
2Py A\
PN
E ! -
Vo 2V
3P,V 9P,V 9P,V 9P,V
a) 0Vo b) 0Vo J 0Vo d) 0Vo
2nR 4inR 2nR nR
The relationship between pressure and the density of a gas expressed by Boyle’s law, P = KD holds true
a) For any gas under any conditions b) For some gases under any conditions
c) Only if the temperature is kept constant d) Only if the density is constant

Five moles of hydrogen gas are heated from 30°C to 60°C at constant pressure. Heat to the gas is (given
R =2 cal/mol degree)
a) 750 cal b) 630 cal c) 1050 cal d) 1470 cal

The change in volume V with respect to an increase in pressure P has been shown in the figure for a non-
ideal gas at four different temperatures Ty, T,, T3 and T,. The critical temperature of the gas is
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\,

T
T3

T
(0,0) v

a) Ty b) T, ) Ts d) T,
A sample of ideal gas is expanded to twice its original volume of 1 m3in a quasi-static process for which

P = aV? with @ = 3 X 10°Pa/m® as shown in figure. Work done by the expanding gas is
P

\
\
\
\N\
~

1 m? 2m? 17
a) 8 x 10°] b) 7 x 105] c) 6 x 10°] d) 3 x 10°]
The temperature of an ideal gas is increased from 27°C to 127°C, then percentage increase in V., is
a) 37% b) 11% c) 33% d) 15.5%

Two spheres made of same material have radii in the ratiol : 2. Both are at same temperature. Ratio of
heat radiation energy emitted per second by them is

a)l:2 b)1:4 c)1:8 d)1:16

If for hydrogen C, — €, = m and for nitrogen C,, — C;, = n, where C,andC, refer to specific heats per unit
mass respectively at constant pressure and constant volume, the relation between m and n is (molecular
weight of hydrogen =2 and molecular weight of nitrogen = 14)

a)n=14m b)n=7m cgm=7n d)m = 14n

When an ideal gas (y = 5/3) is heated under constant pressure, what percentage of given heat energy will
be utilized in doing external work?

a) 40% b) 30% c) 60% d) 20%

Two different isotherms representing the relationship between pressure p and volume V at a given
temperature of the same ideal gas are shown for masses m; and m, of the gas respectively in the figure
given, then

p
k
my

>
a)m; >m, b) m; =m, c) my <m, d) m, zmz

Graph between volume and temperature for a gas is shown in figure. If @ = volume coefficient of gas
= %per%, then what is the volume of gas at a temperature of 819°C
V(litre)
1
0.75
0.5
0.25
| °Cc
a)1x1073m3 b)2 x 1073 m3 c) 3x1073m? d)4x1073m3
The average translational kinetic energy of a hydrogen gas molecules at NTP will be
[Boltzmann'’s constant kg = 1.38 x 10723] /K]
a) 0.186 x 1072%Joule  b) 0.372 x 1072%Joule  ¢) 0.56 X 1072%]oule d) 5.6 x 1072% oule
One mole of an ideal gas is taken along the process in which PV =constant. The graph shown represents
the variation of molar heat capacity of such a gas with respect to 'x’. The values of ¢’ and x’, respectively,

are given by
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(3/2)R

’ =X
/x
5 5 7 7 7

5 5 5
a)ER'E b)ER'g ) ERE d)ER’E
Three samples of the same gas A, B and C(y = 3/2) initially have equal volume. Now the volume of each
sample is doubled. The process is adiabatic for 4, isobaric for B and isothermal for C. If the final pressures
are equal for all the three samples, the ratio of their initial pressures is
a) 2v2:2:1 b) 2v2:1:2 Q) V2:1:2 d) 2:1:42
The density of a substance at 0°C is 10 g/cc and at 100°C, its density is 9.7 g/cc. The coefficient of linear
expansion of the substance is
a) 1074 °c™1 b) 1072 °C1 c) 1073 °Cc1 d) 102 °Cc™t
At 100 K and 0.1 atmospheric pressure, the volume of helium gas is 10 litres. If volume and pressure are
doubled, its temperature will change to
a) 400 K b) 127 K c) 200K d) 25K
Three rods made of same material and having the same cross section have been joined as shown in 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 the junction of the three rods will be

90°C
0°C
90°C
a) 45°C b) 60°C c) 30°C d) 20°C
Which one of the following is not an assumption of kinetic theory of gases?
a) The volume occupied by the molecules of the gas is negligible
b) The force of attraction between the molecules is negligible
c) The collision between the molecules are elastic
d) All molecules have same speed
One mole of an ideal gas at pressure Py and temperature Ty is expanded in isothermally to twice its volume
and then compressed at constant pressure to (V,/2) and the gas is brought back to original state by a

process in which PaV (pressure is directly proportional to volume). The correct temperature of the
process is

+ H o,

P : : plL2

1 1 1
1 1 1
1 | 1
Py | | |

(Vo2 Vo 2V, I—/» Vo2 ¥, zVOI_/>

* *ﬂ

P By ﬁ ““ Vv ﬁ
) Py2- i d) Vol i

| To/4 T, = T

—

T

If R = universal gas constant, the amount of heat needed to raise the temperature of 2 mol of an ideal
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monatomic gas from 273 K to 373 K when no work is done is

a) 100R b) 150R c) 300R d) 500R

1 cm? of water at its boiling point absorbs 540 cal of heat to become steam with a volume of 1.671 cm3. If
the atmospheric pressure is 1.013 x 10°N/m? and the mechanical equivalent of heat = 4.19 J/cal, the
energy spent in this process in overcoming intermolecular forces is

a) 540 cal b) 40 cal c) 500cal d) Zero

The density of a polyatomic gas in standard conditions is 0.795 kgm™3. The specific heat of the gas at
constant volume is

a) 930] —kg™1K™?! b) 1400 ] — kg 1K™! c) 1120 — kg 1K™? d) 1600 ] — kg 1K™?
The average Kinetic energy of a gas molecule can be determined by knowing

a) The number of molecules in the gas b) The pressure of the gas only

c) The temperature of the gas only d) None of the above is enough by itself

What is the value ofCi for diatomic gas
P

a) 3/4 b) 3/5 c) 2/7 d)5/7
The adjoining figure shows graph of pressure and volume of a gas at two temperatures T; and T,. Which of
the following inferences is correct

P k
\ T
T
v

a) T1>T2 b)T1=T2
)T, <T, d) No interference can be drawn
In Vander Waal’s equation a and b represent (P + %) (V—b) =RT

a) Both a and b represent correction in volume

b) Both a and b represent adhesive force between molecules

c) a represents adhesive force between molecules and b correction in volume

d) a represents correction in volume and b represents adhesive force between molecules

Molecular motion shows itself as

a) Temperature b) Internal Energy c) Friction d) Viscosity

10 moles of an ideal monoatomic gas at 10°C is mixed with 20 moles of another monoatomic gas at 20°C.
Then the temperature of the mixture is

a) 15.5°C b) 15°C c) 16°C d) 16.6°C

A sample of an ideal gas is taken through the cyclic process ABCA shown in figure. It rejects 50 ] of heat
during the part AB, does not absorb or reject the heat during BC, and accepts 70 ] of heat during CA. Forty
joules of work is done on the gas during the part BC. The internal energies at B and C, respectively, will be

! @

y—
a) 1450 ] and 1410] b) 1550 ] and 1590 ]
c) 1450] and 1490] d) 1550 ] and 1510]
In thermal equilibrium, the average velocity of gas molecules is
a) Proportional to VT b) Proportional to T2 c) Proportional to T3 d) Zero

Argon gas is adiabatically compressed to half its volume. If P,V and T represent the pressure, volume and
temperature of the gaseous system, respectively, at any stage, then correct equation representing the
process is

a) TV?/5 =constant b) VP5/3=constant c) TP~2/5 =constant d) PT?/5= constant
Three processes compose a thermodynamic cycle shown in the accompanying P — V, diagram an ideal gas
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v
Process 1 — 2 takes place at constant temperature, during this process 60 | of heat enters the system
Process 2 — 3 takes place at constant volume. During this process 40 ] of heat leaves the system

Process 3 — 1 is adiabatic

What is the change in internal energy of the system during process 3 = 1?7

a) —40] b) —20] c) +20] d) +40]

Two moles of helium gas are taken along the path ABCD (as shown in figure). The work done by the gas is

20 D
~ 15
—
<10 B ©
5
4 T T >
250 500 750 1000
T(K)
1 4 16 16
a) 2000R (E + In§) b) S00R(3 +In 4) c) 500R (2 + In;) d) 1000R (1 + In?)
If number of molecules of H, are double than that of 0,, then ratio of kinetic energy of hydrogen and that
of oxygen at 300 K is
a)l:1 b)1:2 c)2:1 d)1:16

If 2 moles of diatomic gas and 1 mole of monatomic gas are mixed, then the ratio of specific heats for the
mixture is
7 5 19 15
a) 3 b) 7 c) 'l d) o)
If 1 mole of a monatomic gas (y = 5/3) is mixed with 1 mole of a diatomic gas (y = 7/5), the value of y for
the mixture is
a) 1.40 b) 1.50 c) 1.53 d) 3.07
If p is the pressure, V the volume, R the ags constant, k the Boltzmann'’s constant and T the

absolute temperature, then the number of molecules in the given mass of the gas is given by

pV pV PR
L b) — — d) pV
a) RT ) T c) T )P

A gas is at 1 atm pressure with a volume 800 cm3. When 100 ] of heat is supplied to the gas, it expands to 1
L at constant pressure. The change in its internal energy is

a) 80] b) —80] c) 20] d) —20]

Air is filled at 60°C in a vessel of open mouth. The vessel is heated to a temperature T so that 1/4th part of
air escapes. Assuming the volume of vessel remaining constant, the value of Tis

a) 80°C b) 444°C c) 333°C d) 171°C
A cylinder rolls without slipping down an inclined plane, the number of degrees of freedom it has, is
a) 2 b) 3 c)5 d)1

One litre of oxygen at a pressure of 1 atm and two litres of nitrogen at a pressure of 0.5 atm, are
introduced into a vessel of volume 1 L. If there is no change in temperature, the final pressure of
the mixture of gas (in atm) is

a) 1.5 b) 2.5 c) 2 d) 4

The mass of a gas molecule can be computed from the specific heat at constant volume. C,, for argon is
0.075 kcal/kg K. The molecular weight of an argon atom is (R = 2cal/mol K)

a) 40 kg b) 40 x 10~3kg c) 20 kg d) 20 x 10~3kg

When an air bubble of radius ‘1’ rises from the bottom to the surface of a lake, its radius becomes 5r/4
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111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

(the pressure of the atmosphere is equal to the 10 m height of water column). If the temperature is
constant and the surface tension is neglected, the depth of the lake is
a)3.53m b) 6.53 m c) 9.53m d) 12.53m

A gas is collected over the water at 25°C. The total pressure of moist gas was 735 mm of mercury. If the
aqueous vapour pressure at 25°C is 23.8 mm. Then the pressure of dry gas is

a) 760 mm b) 758.8 mm c) 710.8 mm d) 711.2 mm

A vessel of volume 20 L contains a mixture of hydrogen and helium at temperature of 27°C and pressure
2.0 atm. The mass of the mixture is 5 g. Assuming the gases to be ideal, the ratio of the mass of hydrogen to
that of helium in the given mixture will be

a) 1:2 b) 2:3 c) 2:1 d) 2:5

A spherical black body with a radius of 12 cm radiates 450 W power at 50 K. If the radius were halved and
the temperature doubled, the power radiated in watts would be

a) 225 b) 450 c) 900 d) 1800

A cylinder of fixed capacity 44.8 litre contains a monoatomic gas at standard temperature and pressure.
The amount of heat required to cylinder by 10°C will be

(R = universal gas constant)

a)R b) 10R c) 20R d) 30R

Air is pumped into an automobile tube upto a pressure of 200 kPa in the morning when the air
temperature is 22°C. During the day, temperature rises to 42°C and the tube expands by 2%. The
pressure of the air in the tube at this temperature, will be approximately

a) 212 kPa b) 209 kPa c) 206 kPa d) 200 kPa

A closed compartment containing gas is moving with some acceleration in horizontal direction. Neglect
effect of gravity. Then the pressure in the compartment is

a) Same everywhere b) Lower in the front side

c) Lower in the rear side d) Lower in the upper side

What is an ideal gas?

a) One that consists of molecules b) A gas satisfying the assumptions of kinetic
theory

c) A gas having Maxwellian distribution of speed d) A gas consisting of massless particles
If mass of He is 4 times that of hydrogen, then mean velocity of He is
a) 2 times of H-mean value

b) % times of H-mean value
c) 4 times of H-mean value

d) Same as H-mean value

A diatomic molecule has how many degrees of freedom
a) 3 b) 4 c)5 d) 6

: PV
In the relationn = =

a) Number of molecules b) Atomic number ¢) Mass number d) Number of moles
r.m.s. velocity of nitrogen molecules at NTP is
a) 492 m/s b) 517 m/s c) 546 m/s d)33m/s

An ideal gas expands isothermally from volume V;toV, and is then compressed to original volume V;
adiabatically. Initial pressure is P; and final pressure is P5. The total work done is W. Then

a)P; > P, W >0 b)P; <P, W <0 ) P;>P,W<0 d)P; =P,W=0
According to Maxwell’s law of distribution of velocities of molecules, the most probable velocity is
a) Greater than the mean velocity b) Equal to the mean velocity

c) Equal to the root mean square velocity d) Less than the root mean square velocity

Which one of the following graph is correct at constant pressure
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a) | b) | g | a |
1y — vy — 1y — 1y —

124. If the oxygen (0,) has root mean square velocity of C ms~1, then root mean square velocity of the
hydrogen (H,) will be

1 C
a)Cms™?! b) Ems_1 c) 4C ms~! d) st‘l

125. The diameter of oxygen molecule is 2.94 X 10~1%m. The Vander Waal’s gas constant b’ in m3 /mol will be
a) 3.2 b) 16 c) 32x107* d)32x107°

126. Hydrogen gas is filled in a balloon at 20°C. If temperature is made 40°C, pressure remaining same, what
fraction of hydrogen will come out?
a) 0.07 b) 0.25 c) 0.5 d) 0.75

127. The root mean square speed of hydrogen molecules at 300 K is 1930 m/s. Then the root mean square
speed of oxygen molecules at 900 K will be

1930
a) 1930vV3 m/s b) 836 m/s c) 63m/s d)fm/s
128. If the temperature of an ideal gas increases three times, then its rms velocity will become
a) V/3 times b) 3 times c) One third d) Remains same
129. An ideal gas is taken around ABCD as shown in the above P — VV diagram. The work done during a cycle is
P Bsp 31
A C
A%} L(P, 3V)
E b vV
a) 2PV b) PV c) 1/2PV d) Zero

130. The temperature of an ideal at atmospheric pressure is 300K and volume 1m3. If temperature and volume
become double, then pressure will be
a) 10°N/m? b) 2 x 105N /m? c) 0.5 x 10°N/m? d) 4 x 105N /m?

131. The temperature of a gas is -68°C. At what temperature will the average kinetic energy of its
molecules be twice that of at -68°C?
a) 137°C b) 127°C c) 100°C d) 105°C

132. A bubble is at the bottom of the lake of depth h. As the bubble comes to sea level, its radius
increases three times. If atmospheric pressure is equal to [ metre of water column, then h is equal
to
a) 261 b) [ c) 251 d)301

133. A cylinder of radius R made of a material of thermal conductivity 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 thermal conductivity of the system is

KK, (K, + 3K;) (3K, + K)

(K1 + K3) 2 4 d) 4

134. The pressure is P, volume V and temperature T of a gas in the jar A and the other gas in the jar B is at
pressure 2P, volume V /4 and temperature 2T, then the ratio of the number of molecules in the jar A and B
will be
a)l:1 b)1:2 c)2:1 d4:1

135. An ideal gas expands in such a manner that its pressure and volume can be relates by equation PV? =
constant. During this process, the gas is
a) Heated b) Cooled

a) K1 + K, b)
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137.

138.

139.

140.

141.

142.

143.

144.

145.

146.

147.

148.

149.

150.

151.

c) Neither heated nor cooled d) First heated and then cooled
Pressure of an ideal gas is increased by keeping temperature constant. What is the effect on
kinetic energy of molecules?

a) Increases b) Decrease

c) No change d) Can’t be determined

The ratio of mean kinetic energy of hydrogen and oxygen at a given temperature is
a)l:16 b)1:8 c)1l:4 di1:1

A gas is filled in a cylinder, its temperature is increased by 20% on kelvin scale and volume is reduced by
10%. How much percentage of the gas will leak out

a) 30% b) 40% c) 15% d) 25%

The capacity of a vessel is 3 L. It contains 6 g oxygen, 8 g nitrogen and 5 g CO, mixture at 27°C.If R =8.31
J/mol K, the the pressure in the vessel in N/m? will be (approx)

a) 5x10° b) 5 x 10* c) 106 d) 10°

The average translational energy and the rms speed of molecules in a sample of oxygen gas at 300 K are
6.21 x 1072'] and 484 m/s, respectively. The corresponding values at 600 K are nearly (assuming ideal
gas behaviour)

a) 12.42 x 10721],968 m/s b) 8.78 x 10721],684 m/s

c) 6.21 X 10721],968 m/s d) 12.42 x 10721],684 m/s

A fixed mass of helium gas is made to undergo a process in which its pressure various linearly from 1 kPa
to 2 kPa, in relation to its volume as the latter various from 0.2 m3 to 0.4 m3. The heat absorbed by the gas
will be

a) 300] b) 900 ] c) 1200] d) 1500]

A gas mixture consists of 2 mol of oxygen and 4 mol 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

A certain ideal gas undergoes a polytropic process PV" = constant such that the molar specific heat during
the process is negative. If the ratio of the specific heats of the gas be y, then the rage of values of n will be
a)0<n<y b)l<n<y Agn=y dn>y

A closed vessel contains 8 g of oxygen and 7 g of nitrogen. The total pressure is 10 atm at a given
temperature. If now oxygen is absorbed by introducing a suitable absorbent, the pressure of the remaining
gas in atm will be

a) 2 b) 10 c) 4 d)5
The ratio of root mean square velocity of O3 and O, is
a) 1:1 b) 2:3 c) 3:2 d)v2 : /3

The pressure and volume of saturated water vapour are P and V respectively. It is compressed
isothermally thereby volume becomes V /2, the final pressure will be
a) More than 2P b) P c) 2P d) 4P

Two spheres made of same substance have diameters in the ratiol : 2. Their thermal capacities are in the
ratio of

a)l:2 b)1:8 c)1l:4 d2:1

The molecular weight of a gas is 44. The volume occupied by 2.2 g of this gas at 0°C and 2 atm. pressure

will be

a) 0.56 litre b) 1.2 litres c) 2.4 litres d) 5.6 litres
22 g of CO, at 27°C is mixed with 16 g of oxygen at 37°C. The temperature of the mixture is
a) 32°C b) 27°C c) 37°C d) 30°C

2
The equation of state of a gas is given by (P + %) V¢ = (RT + b), where a, b, c and R are constants. The
isotherms can be represented by P = AV™ — BV", where A and B depend only on temperature and

ajm=—-—candn=-1 b)m=candn=1 cm=—-candn=1 djm=candn = -1
A gas is allowed to expand isothermally. The root mean square velocity of the molecules
a) Will increase b) Will decrease
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153.

154.

155.

156.

157.

158.

159.

160.

161.

¢) Will remain unchanged d) Depends on the other factors

An ideal gas is filled in a vessel, then

a) Ifit is placed inside a moving train, its temperature increases

b) Its centre of mass moves randomly

c) Its temperature remains constant in a moving car

d) None of these

The velocity of 4 gas molecules are given by 1 km/s, 3 km/s, 5 km/s and 7 km/s. Calculate the
difference between average and rms velocity.

a) 0.338 b) 0.438 c) 0.583 d) 0.683

Figure shows two flasks connected to each other. The volume of the flask 1 is twice that of flask 2. The
system is filled with an ideal gas at temperature 100 K and 200 K respectively. If the mass of the gasin 1
be m then what is the mass of the gas in flask 2

100 K 200 K

1 2
ajm b)m/2 c) m/4 d)m/8

Oxygen gas is made to undergo a process in which its molar heat capacity C depends on its absolute
temperature Tas C = aT. Work done by it when heated from an initial temperature T, to a final
temperature 2T, will be

3T, T
a) 4aTg b) (aTy — R) 5 ) (3aTy — 5R) d) None of these

Variation of internal energy with density of 1 mole of monatomic gas is depicted in figure. Corresponding

variation of pressure with volume can be depicted as (assume the curve is rectangular hyperbola)
U

P
X

! 2
P P P P
a) b) c) d)
\% % A% A%

To what temperature should the hydrogen at room temperature (27°C) be heated at constant pressure so
that the R.M.S. velocity of its molecules becomes double of its previous value

a) 1200°C b) 927°C c) 600°C d) 108°C

Two cylinder 4 and B fitted with pistons contain equal amount 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 A4 is 30K, then the rise in temperature of the gas in B is

a) 30K b) 18 K c) 50K d) 42K

During an adiabatic process, the pressure of a gas is found to be proportional to the cube of its absolute
temperature. The ratio C,/C, for the gas is

3 4 5
a) — b) = c) 2 d) =
)3 )3 ) )3
The molecular weights of 0, and N, are 32 and 28 respectively. At 15°C, the pressure of 1 g O, will be the
same as that of 1 g N, in the same bottle at the temperature

a) —21°C b) 13°C c) 15°C d) 56.4°C

The kinetic energy of translation of 20 g of oxygen at 47°C is (molecular wt. of oxygen is 32 g/mol and R =
8.3J/mol/K)

a) 2490 joules b) 2490 ergs c) 830 joules d) 124.5 joules
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163.

164.

165.

166.

167.

168.

169.

170.

171.

172.

173.

The amount of heat required to convert 10 g of ice at —10°C into steam at 100°C is (in calories)

a) 6400 b) 5400 c) 7200 d) 7250

A gaseous mixture consists of 16g of helium and 16g of oxygen. The ratio g—P of the mixture is
|4

a) 1.4 b) 1.54 c) 1.59 d) 1.62

A gas at 27°C temperature and 30 atmospheric pressure is allowed to expand to the atmospheric pressure.
If the volume becomes 10 times its initial volume, then the final temperature becomes

a) 100°C b) 173°C c) 273°C d) —173°C

A cylindrical chamber A of uniform cross section is divided into two parts X and Y by a movable piston P
which can slide without friction inside the chamber. Initially part X contains 1 mol of a monochromatic gas
and Y contains 2 mol of a diatomic gas, and the volumes of X and Y are in the ratio 1:2 with both parts X
and Y being at the same temperature T. Assuming the gases to be ideal, the work W that will be done in

moving the piston slowly to the position where the ratio of the volumers of Xand Y is 2:1 will be
P P’
A -

X Y

a) —5.8T b) 8.3T c) 12.3T d) Zero
One mole of gas having y = 7/5 is mixed with 1 mole of a gas having y =4/3. What will be the y for the
mixture?

15 5 5 15
a) el b) 3 c) el d) 'l
The specific heat at constant volume for the monatomic argon is 0.075 kcal/kg-K, whereas its gram
molecular specific heat is €;,=2.98 cal/mol/K. The mass of the argon atom is (Avogadro' s number
= 6.02 X 1023 molecules/mol)
a) 6.60 x 10723g b) 3.30 X 107%3g c) 2.20 x 107%3g d) 13.20 x 10~23g
An ideal gas is expanding such that pT?= constant. The coefficient of volume expansion of the gas
is
1 2 3 4
a) T b) T c) T d) T
Three perfect gases at absolute temperature T;, T, and T; are mixed. The masses of molecules are

my, m, and mz and the number of molecules are nq, n, and n; respectively. Assuming no loss of
energy, the final temperature of the mixture is

anl + nsz + n3T3 b) n1T12 + nzTZZ + Tl3T32
a
nq + n, + nig n1T1 + nsz + n3T3
9 n, 2T, % + ny2T,% + ny?Ty° Q T, + T, + Ts
nTy + n,T, +n3T; 3

The temperature of argon, kept in a vessel, is raised by 1°C at a constant volume. The total heat supplied to
the gas is a combination of translation and rotational energies. Their respective shares are
a) 60% and 40% b) 40% and 60% c) 50% and 50% d) 100% and 0%

The molecules of a given mass of a gas have a rms velocity of 200 m/s at 27°C and 1.0 x 10> N/m?
pressure. When the temperature is 127°C and pressure is 0.5 X 10°N/m?, the rms velocity in m/s
will be

2) 100+/2 400 d) None of these

b) 100v2 )75
Alead bullet of 10 g travelling at 300 ms~! strikes against a block of wood comes to rest. Assuming 50% of
heat is absorbed by the bullet, the increase in is temperature is ( Specific heat of lead = 150 JkgK™1)

a) 100°C b) 125°C c) 150°C d) 200°C

The kinetic energy, due to translation motion, of most of the molecules of an ideal gas at absolute
temperature T is
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175.

176.

177.

178.

179.

180.

181.

182.

183.

a) kT b) k/T c)T/k d) 1/kT

One mole of a monoatomic ideal gas is mixed with one mole of a diatomic ideal gas. The molar
specific heat of the mixture at constant volume is

a) (3/2)R b) (5/2)R c) 2R d)4R

The density (p) versus pressure (P) of a given mass of an ideal gas is shown at two temperatures T; and T,

|

I

P—>
Then relation between T; and T, may be
a)T, > T, b)T, >T,;
ATy =T, d) All the three are possible

A balloon contains 500m3 of helium at 27°C and 1 atmosphere pressure. The volume of the helium at —3°C
temperature and 0.5 atmosphere pressure will be
a) 500 m3 b) 700 m3 c) 900 m3 d) 1000 m3
Two cylindrical conductors A and B of same metallic material have their diameters in the ratio 1 : 2 and
lengths in the ratio2 : 1. If the temperature difference between their ends is same, the ratio of heat
conducted respectively by A and B per second is
a)l:2 b)1:4 c)1:16 d)1:8
If Vy, Viy and V,; denote the root -mean square velocities of molecules of hydrogen, nitrogen and oxygen
respectively at a given temperature, then
a)Vy >Vo >Vy b)Vy >Vy >V, ) Vo=Vy=Vy d) Vo >Vy >Vy
Consider a gas with density p and ¢ as the root mean square velocity of its molecules contained in a
volume. If the system moves as whole with velocity v, then the pressure exerted by the gas is
2) 3 0 b) 3 plec +v)? ) 3p(E~ v’ )3 p(c? — v)?
Two chambers containing m; and m, gram of a gas at pressures p; and p, respectively are put in
communication with each other, temperature remaining constant. The common pressure reached will be
p1p2(my +my) b) P1P2My o e (p1 +p2) 0 mymyp,

pamy + pim; p2my + pimy p.mq + pim, p2my + p1m;
At the same temperature and pressure and volume of two gases, which of the following quantities is
constant
a) Total number of molecules b) Average kinetic energy

c) Root mean square velocity d) Mean free path
A block of ice at —10°C is slowly heated and converted to steam at 100°C. Which of the following curves
respresents the phenomenon qualitatively?

a); /- b); c); / d); —

» P
: o o

Heat supplied —» Heat supplied —» Heat supplied - Heat supplied -

An ideal gas (1 mol, monatomic) is in the initial state P(see figure) on an isothermal A at temperature Tj,. It
is brought under a constant volume (2V;)process to Q@ which lies on an adiabatic B intersecting the
isothermal A at (Py, Vy, Ty)- The change in the internal energy of the gas during then process is

(in terms of Tp) (22/3 = 1.587)
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185.

186.

187.

188.

189.

190.

191.

192.

193.

(P(), V())

— "

a) 2.3T, b) —4.6T, c) —2.3T, d) 4.6T,

The tyre of a motor car contains air at 15°C. If the temperature increases to 35°C, the
approximate percentage increase is (ignore to expansion of tyre)

a) 7 b) 9 c) 11 d) 13

Three rods made of same material and having same cross-section have been joined as shown in figure.
Each rod is of same length. The left and right ends are kept at 0°C and 90°C respectively. The temperature
of the junction of the three rods will be

90°C

90°C

a) 45°C b) 60°C c) 30°C d) 20°C

Five moles of hydrogen (y = 7/5), initially at STP, is compressed adiabatically so that its temperature
becomes 400°C. The increase in the internal energy of the gas in kilojoules is (R = 8.30]/mol-K):

a) 21.55 b) 41.50 c) 65.55 d) 80.55

Two gases A and B having same pressure p, volume V and absolute temperature T are mixed. If
the mixture has the volume and temperature as IV and T respectively, then the pressure of the

mixture is

p
a) 2p b)p )5 d) 4p
Under constant temperature, graph between P and 1/V is
a) Parabola b) Hyperbola c) Straight line d) Circle
For a gasy = 7/5. The gas may probably be
a) Helium b) Hydrogen c) Argon d) Neon

Speed of sound in a gas is v and r.m. s. velocity of the gas molecules is c. The ratio of v to c is

3 3
a)> b)L 9 |2 O
14 3 14 3
P —V diagram of an ideal gas is as shown in figure. Work done by the gas in the process ABCD is

Py
C D

2P0 """ e

Polot—eri |

Vo 2V 3V v

a) 4PV, b) 2PV, c) 3PV, d) PyVy

The r.m. s. velocity of a gas at a certain temperature is v/2 times than that of the oxygen molecules at that
temperature. The gas can be

a) H, b) He c) CH, d) SO,

A closed gas cylinder is divided into two parts by a piston held tight. The pressure and volume of gas in
two parts respectively are (P,5V) and (10P, V). If now the piston is left free and the system undergoes
isothermal process, then the volume of the gas in two parts respectively are
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195.

196.

197.

198.

199.

200.

201.

202.

203.

204.

205.

206.

a) 2V,4V b) 3V,3V c) 5V,V d) 4V,2V
What is the velocity of wave in monoatomic gas having pressure 1 kilopascal and density 2.6 kg /m?3
a)3.6m/s b) 8.9 x 103m/s c) Zero d) None of these

On giving equal amount of heat at constant volume to 1 mole of a monoatomic and a diatomic gas the rise
in temperature

a) Monoatomic b) Diatomic c) Same for both d) Can not be predicted

The average kinetic energy of a gas molecules is

a) Proportional to pressure of gas b) Inversely proportional to volume of gas

c) Inversely proportional to absolute d) Directly proportional to absolute temperature
temperature of gas of gas

70 cal of heat are required to raise the temperature of 2 mole of an ideal gas at constant pressure from
30°C to 35°C. The amount of heat required to raise the temperature of the same sample of the gas through
the same range at constant volume is nearly (Gas coristant = 1.99 cal K~ — mol™1)

a) 30 cal b) 50 cal c) 70 cal d) 90 cal
At a given temperature, the pressure of an ideal gas of density p is proportional to
1 1
a) = b)— c) p? d
)pz )p )p )p

Find the amount of work done to increase the temperature of 1 mol of an ideal gas by 30°C if it is
expanding under the condition V o T2/3

a) 166.2] b) 136.2] c) 126.2] d) None of these

Two moles of an ideal gas at 300 K were cooled at constant volume so that the pressure is reduced to half
the initial value. Then as a result of heating at constant pressure, the gas expands till it attains the original
temperature. Find the total heat absorbed by the gas, if R is the gas constant

a) 150R ] b) 300R ] ) 75R ] d) 100R ]

In a certain region of space there are only 5 molecules per cm? on an average. The temperature
there is 3 K. The pressure of this dilute gas is (k = 1.38 X 10723 JK™1)

a) 20.7x 107 Nm™! 1b)153x 10713 Nm™! ¢) 23 x 1071 Nm™?! d)5.3x 107> Nm™?!

If y is the ratio of specific heats and R is the universal gas constant, then the molar specific heat at
constant volume C,, is given by

2 VR b) (y—1DR R YR

c) d)
The temperature gradient in the earth’s crust is 32°C km~?! and the mean conductivity of earth is 0.008

Y y—1 y—1

cals~tcm™1°C~1. Considering earth to be a sphere of radius 6000 km loss of heat by earth everyday is
about

a) 103° cal b) 10%° cal c) 102° cal d) 10*8 cal

Figure shows five paths traversed by a gas on a P — VV diagram

A4Uq,AU,, AU3, AU and AUs are the change in initernal energy of the gas in paths 1, 2, 3,4, and 5
respectively. Then

a) AUz > AU; b) AU; > AU; c) AU; > AU, d) AU, > AU;

For a gas at a temperature T the root-mean-square velocity v;.,5, the most probable speed vy,;,, and the
average speed v, obey the relationship

a) Vay = Vrms > Ump b) Vrms = Vay > Ump C) Ump > Vay > Vrms d) Ump > Vrms = Vav
Cooking gas containers are kept in a lorry moving with uniform speed. The temperature of the gas
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207.

208.

2009.

210.

211.

212.

213.

214.

215.

216.

217.

218.

molecules inside will
a) Increase b) Decrease
¢) Remain same d) Decrease for some, while increase for others
Specific heats of monoatomic and diatomic gases are same and satisfy the relation which is
a) Cp(mono) = C,(dia) b) C,(mono) = Cy,(dia) c¢) C,(mono) = C,(dia) d) C,(mono) = C,(dia)
The expansion of an ideal gas of mass m at a constant pressure P is given by the straight line D. Then the
expansion of the same ideal gas of mass 2m at a pressure P /2 is given by the straight line
Volume

A (slope = 8)

B (slope = 6)

C (slope = 4)
|- D (slope =2)
— E (slope =1)

Temperature
a)E b) C c)B d A
If pressure a gas contained in a closed vessel is increased by 0.4% when heated by 1°C, the initial
temperature must be
a) 250K b) 250°C c) 2500 K d) 25°C
One kg of a diatomic gas is at a pressure of 8 X 10* Nm™~2. The density of the gas is 4 kgm™3. What
is the energy of the gas due to its thermal motion?
a) 3 x10%] b)5 x 10%*] c) 6 X 10%] d)7 x 10%]
The r.m. s. speed of the molecules of a gas at a pressure 10°Pa and temperature 0°C is 0.5km sec™!. If the
pressure is kept constant but temperature is raised to 819°C, the velocity will become
a) 1.5 kms™? b) 2 kms™! c) 5kms™t d)1kms™!
If the ratio of specific heat of a gas at constant pressure to that at constant volume is y, then change in
internal energy of the mass of gas, when the volume changes from V to 2V at constant pressure p, is
a)R/(y —1) b) pV JpV/(r—-1 d)ypV/(r —1)
An ideal gas in initially at a temperature T and volume V. Its volume is increased by AV due to an increase
in temperature AT, pressure remaining constant. The quality § = AV /VAT varies with temperature as

5 sl & .

2) / b | L 9 \M Q) /
T T+AT T T+AT T T+AT T T+AT
(Temp. K) (Temp. K) (Temp. K) (Temp. K)

Two gases of equal mass are in thermal equilibrium. If P, P, and V, and V}, are their respective pressure
and volumes, then which relation is true

a) B # P Vg =V b) Py =Py Vg # V) C)%:% d) PV = PpVy
According to the kinetic theory of gases, at absolute temperature

a) Water freezes b) Liquid helium freezes

c) Molecular motion stops d) Liquid hydrogen freezes

The product of the pressure and volume of an ideal gas is

a) A constant b) Approx. equal to the universal gas constant
c) Directly proportional to its temperature d) Inversely proportional to its temperature

The molar heat capacity at constant volume of oxygen gas at STP is nearly % and it approaches % as the

temperature is increased. This happens because at higher temperature

a) Oxygen becomes triatomic b) Oxygen does not behaves as an ideal gas
c) Oxygen molecules rotate more vigorously d) Oxygen molecules start vibrating

For one gram mol of a gas, the value of R in the equation PV = RT is nearly
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a) 2 cal/K b) 10 cal/K c) 0.2 cal/K d) 200 cal/K
219. Relationship between P, V, and E for a gas is

3 2 3 2
= - b =—-EP = — d) PV =—F
a)P 2EV )R 3 c) PV 2E ) PV 3

220. A flask of volume 103 cc is completely filled with mercury at 0°C. The coefficient of cubical expansion of
mercury is 180 x 1076°C~! and that of glass is40 x 107¢°C1.
If the flask in now placed in boiling water at 100°C, how much mercury will overflow?
a) 7 cc b) 14 cc c) 21cc d) 28 cc

221. Considering the gases to be ideal, the value of y = E—P for a gaseous mixture consisting of 3 moles of carbon
|4

dioxide and 2 moles of oxygen will be (yo, = 1.4,y¢o, = 1.3)
a) 1.37 b) 1.34 c) 1.55 d) 1.63

222. The kinetic energy of one gram molecule of a gas at normal temperature and pressure is (R =
8.31J/mol — K)

a) 0.56 x 10*J b) 1.3 x 102 ] c) 2.7 x 10%] d) 3.4 x 103]
223. The molar specific heat at constant pressure for a monoatomic gas is
3 5 7
a)=R b) — c) =R d)4R
)5 )R )5 )

224. The r.m.s. speed of the molecules of a gas in a vessel is 400 ms 1. If half of the gas leaks out, at constant
temperature, the r.m.s. speed of the remaining molecules will be
a) 800 ms™! b) 400v2 ms~?! c) 400 ms™1 d) 200 ms™t
225. For a gas ci = 0.67. This gas is made up of molecules which are
v

a) Diatomic b) Mixture of diatomic and polyatomic molecules
c) Monoatomic d) Polyatomic

226. At temperature T, the r.m.s. speed of helium molecules is the same as r.m.s. speed of hydrogen
molecules at normal temperature and pressure. The value of T is
a) 273°C b) 546°C c) 0°C d) 136.5°C

227. Mean kinetic energy (or average energy) per g molecule of a monoatomic gas is given by

3 1 1 3
a) ERT b)EkT ) ERT d)EkT
228. A sealed container with negligible coefficient of volumetric expansion contains helium (a monoatomic
gas). When it is heated from 300 K to 600 K, the average K.E. of helium atoms is
a) Halved b) Unchanged
c) Doubled d) Increased by factor /2
229. Volume of gas becomes four times if
a) Temperature becomes four times at constant pressure
b) Temperature becomes one fourth at constant pressure
c) Temperature becomes two times at constant pressure
d) Temperature becomes half at constant pressure
230. Which of the following statements is true
a) Absolute zero degree temperature is not zero energy temperature
b) Two different gases at the same temperature pressure have equal root mean square velocities
c) The root mean square speed of the molecules of different ideal gases, maintained at the same
temperature are the same
d) Given sample of 1 cc of hydrogen and 1 cc of oxygen both at NTP; oxygen sample has a large number of
molecules
231. In the following pressure-volume diagram, the isochoric, isothermal and isobaric parts, respectively, are
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232.

233.

234.

235.

236.

237.

238.

239.

240.

C

D

.
a) BA, AD,DC b) DC,CB, BA c) AB,BC,CD d) CD, DA, AB

Let A and B the two gases and given ITW—B = 4. ITVI—B; where T is the temperature and M is molecular mass. If C,
A B

and Cg are the r.m. s. speed, then the ratio E—A will be equal to
B

a) 2 b) 4 a1l d) 0.5

The temperature at which protons in proton gas would have enough energy to overcome. Coulomb barrier
of 4.14 x 1071%J is (Boltzman constant = 1.38 X 10723JK~1)

a) 2 x 10°K b) 10°K c) 6 x 10°K d) 3 x 10°K

PV versus T graph of equal masses of H,, He and O, is shown in fig. Choose the correct alternative

a) C corresponds to H,, B to He and A to O, b) A corresponds to He, B to H, and C to O,

c) A corresponds to He, B to 0, and C to H, d) A corresponds to 0,, B to H, and C to He

A spherical balloon contains air at temperature Ty and pressure Py. The balloon material is such that the
instantaneous pressure inside is proportional to the square of the diameter. When the volume of the
balloon doubles as a result of heat transfer, the expansion follows the law

a) PV =constant b) PV?/5 =constant c) PV~! =constant d) PV ~2/3 =constant

At the top of a mountain a thermometer reads 7°C and a barometer reads 70 cm of Hg. At the bottom of the
mountain these read 27°C and 76 cm of Hg, respectively. Ratio of density of air at the top with that of

bottom is
7°C, 70 cm of Hg

Ry Y

27°C, 76 cm of Hg
a) 75/76 b) 70/76 c) 76/75 d) 76/70

Two identical vessels A and B with frictionless pistons conatin the same ideal gas at the same
temperature and the same volume V. The masses of gas in A and B are m, and mp respectively.
The gases are allowed to expand isothermally to same final volume 2 V. The change in pressures
of the gas in A and B are found to be Ap and 1.5 Ap respectively. Then

a) 9Imy = 4mg b) 3my = 2mgp c) 2my = 3mg d)4my = 9mg

125 ml of gas A at 0.60 atmosphere and 150 ml of gas B at 0.80 atmospheric pressure at same
temperature is filled in a vessel of 1 litre volume. What will be the total pressure of mixture at the same
temperature

a) 0.140 atmosphere b) 0.120 atmosphere c) 0.195 atmosphere d) 0.212 atmosphere

A gaseous mixture contains equal number of hydrogen and nitrogen and nitrogen molecules. Specific heat
measurements on this mixture at temperatures below 100 K would indicate that the of y (ratio specific
heats) for this mixture is

a) 3/2 b)4/3 c)5/3 d)7/5

A perfect gas at 27°C is heated at constant pressure so as to double its volume. The increase in
temperature of the gas will be

a) 300°C b) 54°C c) 327°C d) 600°C
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241.

242.

243.

244,

245.

246.

247.

248.

249.

250.

The kinetic energy of one mole gas at 300K temperature, is E. At 400 K temperature Kinetic energy is E’.
The value of E' /E is

4

a) 1.33 b) (3

16
) )5 d) 2
An ideal gas is taken through a cyclic thermodynamic process through four steps. The amounts of heat
involved in these steps are @; = 5960/, = —5585], Q; = —2980].Q, = 3645 ], respectively. The
corresponding works involved are W; = 2200 ], W, = —825], W3 = —1100 ] and W,, respectively. The
value of W, is

a) 1315] b) 275] c) 765] d) 675]

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

40amu) is kept at 300K in a container. The ratio of the rms speeds [%] i

a) 0.32 b) 0.45 c) 2.24 d) 3.16
Pressures versus temperature graph of an ideal gas of equal number of moles of different volumes is
plotted as shown in figure. Choose the correct alternative

a) V1 = Vz, V3 = V4, and Vz > V3 b) Vl = Vz, V3 = V4and VZ < V3
C)V1:V2:V3:V4 d)V4>V3>V2>V1

The ratio of the molar heat capacities of a diatomic gas at constant pressure to that at constant
volume is

7 3 3 7

a) = b) = c) — d) =

) > ) 5 ) z ) z
Two identical glass bulbs are interconnected by a thin glass tube. A glass is filled in these bulbs at NTP. If

one bulb is placed in ice and another bulb is placed inside hot bath, then the pressure of the gas becomes
1.5 times. The temperature of hot bath will be

o
L zse &
(77 o, CDDD

AN

16 Hot bath
a) 100°C b) 182°C c) 256°C d) 546°C

Calculate the ratio of rms speeds of oxygen gas molecules to that of hydrogen gas molecules kept
at the same temperature.

a) 1:4 b) 1:8 c) 1:2 d) 1:6
In a given process on an ideal gas, dW = 0 and dQ < 0. Then for the gas

a) The temperature will decrease b) The volume will increase

¢) The pressure will remain constant d) The temperature will increase

Ajar contains a gas and few drops of water at T K. The pressure in the jar is 830 mm of mercury. The
temperature of jar is reduced by 1%. The saturated vapour pressure of water at the two temperatures are
30 mm and 25 mm of mercury. Then the new pressure in the jar will be

a) 917 mm of Hg b) 717 mmof Hg c) 817 mmofHg d) None of these

If a Vander-Waal’s gas expands freely, then final temperature is
a) Less than the initial temperature

b) Equal to the initial temperature

c) More than the initial temperature
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251.

252.

253.

254.

255.

256.

257.

d) Less or more than the initial temperature depending on the nature of the gas
P — V plots for two gases during adiabatic processes are shown in figure. Plots 1 and 2 should
corresponds, respectively, to

P
&1
2

v

a) He and O, b) O, and He c) He and Ar d) O, and N,

A cylinder contains 10 kg of gas at pressure of 107 N /m?. The quantity of gas taken out of the cylinder, if
final pressure is 2.5 X 10® N/m?, will be (Temperature of gas is constant)
a) 15.2 kg b) 3.7 kg c) Zero d)7.5kg

A ring-shaped the contains two ideal gases with equal masses and molar masses M; = 32 andM, = 28.
The gases are separated by one fixed partition and another movable stopper S which can move freely
without friction inside the ring. The angle « is

S
a) 182° b) 170° c) 192° d) 180°
Three rods of identical cross-sectional area are made from the same metal and form the sides of an
isosceles triangle ABC, right-angled at B. The point A and B are maintained at temperature T and (\/E)T,
respectively. In the steady state, the temperature of the point is T,.. Assuming that only heat conduction

takes place, T, /T is
1

3 1 1
aA) T = b) —— Q) = = d)——
ICCREY e ) B3z-1) ) 711
A thermodynamic process is shown in figure . The pressures and volumes corresponding to some points in
the figure are

B C
P

A D
o V—

P, =3 x 10*PaV, =2 x 1073m?3

Py =8x10*PaVp =5x 1073m3

In the process AB, 600 ] of heat is added to the system. The change in intermal energy of the system in the
process AB would be

a) 560 ] b) 800] c) 60] d) 640]

The translational kinetic energy of gas molecule for one mole of the gas is equal to

3 2 1 2
a)— b) =RT c) - d) -KT
)ZRT )3 )ZRT )3

Figure shows an isochore, an isotherm, an adiabatic and two isobars of two gases on a work done versus
heat supplied curve. The initial states of both gases are the same and the scales for the two axes are same
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tan 0, =2/7
tanf; =2/5
tanQy=1

>0

Which of the following statements is incorrect?

a) Straight line 1 corresponds to an isochoric process

b) Straight line 2 corresponds to an isobaric process for diatomic gas
c) Straight line 4 corresponds to an isothermal process

d) Straight line 5 corresponds to an isothermal process

258. In kinetic theory of gases, a molecule of mass m of an ideal gas collides with a wall of vessel with velocity
V. The change in the linear momentum of the molecule is
a) 2mV b) mV c) —-mV d) Zero

259. In the given elliptical P — Vdiagram
)

e

Vi 7V,
V—
a) The work done is positive b) The change in internal energy is non-zero
c) The work done = —(1t/4)(P, — Py) (Vo — V4) d) The work done = n(V; — V,)%2-m(P; — P;)?

260. At 100°C the volume of 1 kg of water is 10™3 and volume of 1 kg of steam at normal pressure is 1.671 m3.
The latent heat of steam is 2.3x 10° J/kg and the normal pressure is 10°N/m?. If 5 kg of water at 100° C is
converted into steam, the increase in the internal energy of water in this process will be

a) 8.35 x 10°] b) 10.66 x 10°] c) 11.5 x 10°] d) Zero
261. Pressure versus temperature graph of an ideal gas is as shown in figure
A
P C
B
S D
-4

a4 o T
Corresponding density (p) versus volume (V) graph will be
fel A

A
C B C
a
) B
A T
/,A

262. A box contains n molecules of a gas. How will the pressure of the gas be effected, if the number of
molecules is made 2n
a) Pressure will decrease b) Pressure will remain unchanged

c) Pressure will be doubled d) Pressure will become three times

263. At constant volume the spec1flc heat of a gas is 22 then the value of 'y’ will be

a) 2 b) 2 c) 2 d) None of the above
2 2 3

264. Mean free path of gas molecule of constant temperature is inversely proportional to
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a) P b)V cam d) n (number density)

265. A stationary cylinder of oxygen used in a hospital has the following characteristics at room temperature
300 K, gauge pressure 1.38 X 107 Pa, volume 16 L. If the flow area, measured at atmospheric pressure, is
constant at 2.4 L/min, the cylinder will last for nearly
a)5h b) 10 h c) 15h d) 20 h

266. One mole of an ideal gas at temperature T; expands according to the law (P/V) = constant. Find the work
done when the final temperature becomes T,

a) R(T; = Th) b) (R/2)(T, = T1) c) (R/4)(T —T1) d) PV(T = Ty)

267. A gas is expanded from volume V, to 2V, under three different processes. Process 1 is isobaric process,
process 2 is isothermal process and process 3 is adiabatic .Let AU;, AU, and AU; be the change in internal
energy of the gas in these three processes. Then

PA

Py

a) AU, > AU, > AU; b) AU, < AU, < AU, c) AU, < AU; < AU, d) AU, < AU; < AU,
268. The heat capacity per mole of water is (R is universal gas constant)
9
a) 9R b) ER c) 6R d) 5R
269. For an ideal gas of diatomic molecules
5 3 7
a)Cp:ER b)Cv=ER c) C, —C,=2R d)Cp=ER

270. A vessel contains 14 g (7 moles) of hydrogen and 96 g (9 moles) of oxygen at STP. Chemical reaction is
induced by passing electric spark in the vessel till one of the gases is consumed. The temperature is
brought back to it’s starting value 273 K. The pressure in the vessel is

+

: 02 = j—' : Spark
a) 0.1 atm b) 0.2 atm c) 0.3 atm d) 0.4 atm

271. Two identical containers A and B with frictionless pistons contain the same ideal gas at the same
temperature and the same volume V. 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 the same final volume 2V. The changes in the pressure

in A and B are found to be Ap and 1.5 Ap, respectively. Then

a)4dmy =9mg b)2m, =3 mg c) 3my =3mg d)9my =4mg
272. At what temperature will the rms speed of air molecules be double than that at NTP?
a) 519°C b) 619°C c) 719°C d) 819°C

273. Two thermally insulated vessels 1 and 2 are filled with air at temperatures (T4, T,) volume (V;, V,) and
pressure (P, P,) respectively. If the valve joining the two vessels is opened, the temperature inside the
vessel at equilibrium will be

1T, (P1Vy + P,Vs) d T1T,(PiVy + P V)
PiViT, + PV, Ty PViT, + P,V,T,
274. The average kinetic energy of hydrogen molecules at 300 K is E. At the same temperature, the average

kinetic energy of oxygen molecules will be
a) E/4 b) E/16 ) E d) 4E

. PV . , .
275. The gas equation — = constant is true for a constant mass of an ideal gas undergoing

a)T; + T, b) (T, +T,)/2

a) Isothermal change b) Adiabatic change c) Isobaric change d) Any type of change
276. Vapour is injected at a uniform rate in a closed vessel which was initially evacuated. The pressure in the
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vessel
a) Increases continuously b) Decreases continuously

c) Firstincreases and then decreases d) First increases and then becomes constant
277. Root mean square speed of the molecules of ideal gas is v. If pressure is increased two times at
constant temperature, the rms speed will become

a) ; b) v c) 2v d) 4v

278. It is seen that in proper ventilation of building, windows must be opened near the bottom and the
top of the walls, so as to let pass
a) In hot near the roof and cool air out near theb) Out hot air near the roof
bottom
¢) In cool air near the bottom and hot air our d) In more air
near the roof
279. A gas under constant pressure of 4.5 X 10°Pa, when subjected to 800 k] of heat, changes the volume from
0.5 m3 to 2.0 m3. The change in internal energy of the gas is
a) 6.75 x 10°] b) 5.25 x 10° ] c) 3.25 x 10°] d) 1.25 x 10° ]
280. An ideal monatomic gas is taken round the cycle ABCDA as shown in the P — V diagram (see figure). The
work done during the cycle is

Py
2P,V 2P 2V
B C
A ]
A D
PV — P2V
v
a) PV b) 2PV c)1/2 d) Zero

281. An ideal heat engine has an efficiency 7. The coefficient of performance of the engine when driven
backward will be
a) 1 - (1/n) b)n/(L = 1) ¢) (1/m) -1 d) 1/(1 —n)
282. For matter to exist simultaneously in gas and liquid phases
a) The temperature must be 0 K
b) The temperature must be less than 0°C
¢) The temperature must be less than the critical temperature
d) The temperature must be less than the reduced temperature
283. Two balloons are filled, one with pure He gas and the other by air, respectively. If the pressure
and temperature of these balloons are same, then the number of molecules per unit volume is

a) More in the He filled balloon b) Same in both balloons
¢) More in air filled balloon d) In the ratio of 1:4
284. A cyclic process ABCD is shown in the V — T diagram. Process on the P — V diagram is
14
C 73
A
- T
j2) C P B P P
A B A
a) b) c) d)
v V Vv vV
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285.

286.

287.

288.

289.

290.

291.

292.

293.

294,

295.

296.

297.

Some gas at 300 K is enclosed in a container. Now, the container is placed on a fast moving train.
While the train is in motion, the temperature of the gas

a) Rises above 300 K b) Falls below 300 K

c) Remains unchanged d) Become unsteady

The rate of diffusion is

a) Faster in solids than in liquids and gases b) Faster in liquids than in solids and gases
c) Equal to solids, liquids and gases d) Faster in gases than in liquids and solids

The ratio of the vapour densities of two gases at a given temperature is 9: 8. The ratio of the rms
velocities of their molecules is

a) 3: 22 b) 24/2:3 c) 9:8 d) 8:9

A vessel is partitioned in two equal halves by a fixed diathermic separator. Two different ideal gases are
filled in left (L) and right (R) halves. The rms speed of the molecules in L part is equal to the mean speed

of molecules in the R part. Then the ratio of the mass of a molecule in L part to that of a molecule in R part
is

a) \E b) /m/4 ) /2/3 d) 3m/8

The temperature of a given mass is increased from 27°C to 327°C . The rms velocity of the
molecules increases

a) V2 times b) 2 times c) 22 times d) 4 times

The diameter of oxygen atom is 3A. The fraction of molecular volume to the actual volume occupied by
oxygen at STP is

a)6x107%8 b)8 x 107* c) 4x10710 d)4x 107

Ideal gas and real gas has major difference of

a) Phase transition b) Temperature c) Pressure d) None of them

At room temperature (27°C) the rms speed of the molecules of a certain diatomic gas is found to be 1920
ms~1. The gas is

a) Cl, b) 0, c) N, d) H,

A cylinder of fixed capacity (of 44.8 litres) contains 2 moles of helium gas at STP. What is the amount of
heat needed to raise the temperature of the gas in the cylinder by 20°C (Use R = 8.31 ] mol K1)

a) 996 ] b) 831] c) 498] d) 374]

A pressure P-absolute temperature T diagram was obtained when a given mass of gas was heated. During
the heating process from the state 1 to state 2 the volume

P 2
/

o) T
a) Remained constant b) Decreased c) Increased d) Changed erratically
At which temperature the velocity of 0, molecules will be equal to the velocity of N, molecules at 0°C

a) 40°C b) 93°C c) 39°C d) Cannot be calculated

A certain balloon maintains an internal gas pressure of P, = 100 kPa until the colume reaches V, = 20 m3.
Beyond a volume of 20 m3, the internal pressure varies as P = Py + 2k(V — V,)? where P is in kPa, V is in
m3 and k is a constant (k = 1kPa/m?). Initially the balloon contains helium gat at 20°C, 100 kPa with a
15m3 volume. The balloon is then heated until the volume becomes 25 m? and the pressure is 150 kPa.
Assume ideal gas behavior for helium. The work done by the balloon for the centre in k] is

a) 1256 b) 1414 c) 1083 d) 1512

One mole of an ideal monoatomic gas requires 210 J heat to raise the temperature by 10K, when heated at
constant temperature. If the same gas is heated at constant volume to raise the temperature by 10K then
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heat required is
a) 238] b) 126 ] c) 2107 d) 350
298. If the rms velocity of a gas is v ,then

a) v2T = constant b) v?/T = constant
¢) vT? = constant d) v is independent of T
299. P — T diagram is shown in figure. Choose the corresponding V — T diagram
PA
A*AC
B D
T
A
v V V D
A D B D B C
B C
a) b) N 9 + } d)
B C 4 C A D
I ; | > I - A .
T T T
300. A gas is heated at a constant pressure. The fraction of heat supplied used for external work is
1 1 1
a) — b(l——) cy—1 d(l——)
) ” ) y )y ) 2
301. The specific heat of a gas
a) Has only two values Cp and Cy, b) Has a unique value at a given temperature
c) Can have any value between 0 and oo d) Depends upon the mass of the gas
302. The translatory kinetic energy of a gas per g is
3RT 3RT 3 3
a)—— b)—— Cc) =RT d) = NKT
) 2N ) 2 M ) 2 ) 2
303. For a gas if y = 1.4, then atomicity, Cp and Cy of the gas are respectively
a) Monoatomic,ZR,ZR  b) Monoatomic,R,ZR  c) Diatomic, ZR,>R d) Triatomic, 2R, R

304. 0, gas is filled in a vessel. If pressure is doubled, temperature becomes four times, how many times its
density will become
a) 2 b) 4 9 1 d) 1

4 2

305. Vessel A is filled with hydrogen while vessel B, whose volume is twice that of 4, is filled with the same
mass of oxygen at the same temperature. The ratio of the mean kinetic energies of hydrogen and oxygen is
a)16:1 b)1:8 c)8:1 d1l:1

306. From the following P — T graph what inference can be drawn

T
Va

6 v
G P
aVv, >V, b))V, <V; A=V d) None of the above
307. When a vander waal’s gas undergoes free expansion then its temperature
a) Decreases b) Increases
c) Does not change d) Depends upon the nature of the gas

308. Two moles of an ideal monatomic gas undergoes a cyclic process as shown in figure. The temperatures in
different state are given as 6T; = 3T, = 2T, = T3 = 1800K. Determine the work done by the gas during
the cycle
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309.

310.

311.

312.

313.

314.

315.

316.

317.

318.

319.

320.

< ——p

a) —10 k] b) —20 k] c) —15K] d) —30KkJ

The equation of state for 5g of oxygen at a pressure p and temperature T, when occupying a
volume V, will be

a) pV = (5/32)RT b) pV = 5RT c) pV = (5/2)RT d)pV = (5/16)RT

If the internal energy of n; moles of He at temperature 10 T is equal to the internal energy of n, mole of
hydrogen at temperature 6 T. the ratio of s

nz
3
a) g

b) 2 a1l
One mole of a diatomic gas undergoes a process P = Py/[1 + V /V,)3] where P, and V, are constants. The
translational kinetic energy of the gas when V =V is given by

5
d) =
)3

a) 5PV, /4 b) 3PV, /4 c) 3PVy/2 d) 5PV, /2
At a given temperature the root mean square velocities of oxygen and hydrogen molecules are in the ratio
a)16:1 b)1:16 c)4:1 d)1:4

Which of the following cylindrical rods will conduct maximum heat, when their ends are maintained at a
constant temperature difference?

a)l=1m,r = 0.2m b)! =1m,r = 0.1m )l =10m,r = 0.1m d)!=0.1m,r = 0.3m
The root mean square speed of the molecules of a diatomic gas is v. When the temperature is doubled, the
molecules dissociate into two atoms. The new root mean square speed of the atom is

a) V2v b)v c) 2v d) 4v

Air inside a closed container is saturated with water vapour. The air pressure is p and the
saturated vapour pressure of water is p. If the mixture is compressed to one half of its volume by
maintaining temperature constant, the pressure becomes

a) 2(p +p) b)(2p +p) o) (p+p/2 d)p+2p

A type kept outside in sunlight bursts off after sometime because of

a) Increases in pressure b) Increases in volume c) Both (a) and (b) d) None of these

The number of translational degrees of freedom for a diatomic gas is

a) 2 b) 3 )5 d)6

A cylinder of capacity 20 L is filled with H, gas. The total average Kinetic energy of translatory motion of
its molecules is 1.5 x 10°]. The pressure of hydrogen in the cylinder is

a) 2 X 10°N/m? b) 3 X 10°N/m? c) 4 X 10°N/m? d) 5 x 10°N/m?

Figure shows the adiabatic curve for n moles of an ideal gas; the bulk modulus for the gas corresponding

to the point P will be
J

5V, _‘Tangent
)0 S—
3V
2V

Vo

Ty 2Ty 3T44To5T,
5nRT,
3V
The curve between absolute temperature and v2,,; is

T, 2nRT,
0) d) 0

a) 70

b)nR<2+%) c) nR <1+
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a) V2ims l b) V2ims l 9 Vs d) V2 l
T T T T
321. The r.m.s. speed of gas molecules is given by

,RT ,RT M fM
a - b i C — d
)25 7 ) 1.73 o ) 2.5 =T ) 1.73 =T

322. To what temperature should the hydrogen at 327°C be cooled at constant pressure, so that the
root mean square velocity of its molecules becomes half of its previous value?
a) -123°C b) 123°C c) —100°C d) 0°C

323. The rms velocity of gas molecules is 300 ms™~1. The rms velocity of molecules of gas with twice
the molecular weight and half the absolute temperature is
a) 300 ms™?! b) 600 ms~?! c) 75ms™?! d) 150 ms™?!

324. At constant pressure, the ratio of increase in volume of an ideal gas per degree rise in kelvin temperature
to it’s original volume is (T = absolute temperature of the gas)
a) T? b) T c) 1/T d) 1/T?

325. A diatomic ideal gas undergoes a thermodynamic change according to the P — V diagram shown in figure.
The total heat given to the gas is nearly

Vv
Vo 2V
a) 2.5P,V, b) 1.4P,V, c) 3.9P,V, d) 1.1P,V,
326. The expansion of unit mass of a perfect gas at constant pressure is pressure is shown in figure. Here
a
ol
; b
a) a =volume, b = °C temperature b) a =volume, b=K temperature
c) a = °C temperature, b=volume d) a=K temperature, b= volume

327. A cyclic process for 1 mole of an ideal gas is shown in figure in the V — T, diagram. The work done in
AB, BC and CA, respectively, is

o T, T, d

Vi Vi

a) 0,RT,In (—),R(Tl —-T,) b) R(T; — T,),0,RT; In (—)
V2 V
V2 £

c) 0,RT, In (—),R(Tl —-T,) d) 0, RT,In (—),R(TZ -T)
Vi Vi

328. If mass of He atom is 4 times that of hydrogen atom then mean velocity of He is
a) 2 times of H-mean value b) 1/2 times of H-mean value
c) 4 times of H-mean value d) Same as H-mean value
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329. For a certain gas, the ratio of specific heats is given to be y = 1.5. For this gas

Y 3R b) C 3R X 5R q)C 5R
a = —-— = — C = — — —_—
Y T T _
330. The average momentum of a molecule in an ideal gas depends on
a) Temperature b) Volume c) Molecular mass d) None of these

331. Energy of all molecules of a monatomic gas having a volume V and pressure P is 3/2 PV. The total
translational kinetic energy of all molecules of a diatomic gas at the same volume and pressure is
a)1/2 PV b) 3/2 PV c) 5/2PV d)3 PV

332. Four moles of hydrogen, 2 moles of helium and 1 mole of water vapour from an ideal gas mixture. What is
the molar specific heat at constant pressure of mixture?

16 7R 23
e b) == R d) =
a) 7 R ) T c) ) 7 R
333. Volume-temperature graph at atmospheric pressure for a monoatomic gas (V in m3, T in °C) is

Vlk/ !
a) b)
T(°C)= T("C):
v A
VA
c) d)
> T(°C)=
7(°C)

334. A gas is filled in the cylinder shown in figure. The two pistons are joined by a string. If the gas is heated, the
right piston will

Gas

|
a) Move towards left b) Move towards right c) Remain stationary d) None of these
335. 70 cal of heat is required to raise the temperature of 2 moles of an ideal gas from 30°C to 35°C
while the pressure of the gas is kept constant. The amount of the heat required to raise the
temperature of the same gas through the same temperature range at constant volume is (gas
constant R = 2 cal mol™! — K1)

a) 70 cal b) 60 cal c) 50 cal d) 30 cal
336. Six molecules speeds 2 unit, 5 unit, 3 unit, 6 unit, 3 unit, and 5 unit respectively. The rms speed is
a) 4 unit b) 1.7 unit c) 4.2 unit d) 5 unit

337. Awheel is 80.3 cm in circumference. An iron tyre measures 80.0 cm around its inner face. If the coefficient
of linear expansion for iron is 12 X 107°°C~1, the temperature of the tyre must be raised by
a) 105°C b) 417°C c) 312°C d) 223°C

338. At what temperature the rms velocity of helium molecules will be equal to that of hydrogen
molecules at NTP?
a) 844 K b) 64 K c) 273°C d) 273K

339. One mole of an ideal gas requires 207 J heat to raise the temperature by 10 K when heated at constant
pressure. If the same gas is heated at constant volume to raise the temperature by the same 10 K, the heat
required is
(Given the gas constant R = 8.3 J/mol — K)
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340.

341.

342.

343.

344.

345.

346.

347.

348.

349.

350.

351.

a) 198.7] b) 29 ) c) 215.3]) d) 124 ]

For hydrogen gas Cp — Cy = a and for oxygen gas Cp — Cy, = b. So the relation between a and b is given by
a)a = 16b b) b = 16a c)a=4b da=0»b

Air is filled in a bottle at atmospheric pressure and it is corked at 35°C. If the cork can come out at 3
atmospheric pressure than upto what temperature should the bottle be heated in order to remove the
cork

a) 325.5°C b) 851°C c) 651°C d) None of these

The value of densities of two diatomic gases at constant temperature and pressure are d; and d,, then the
ratio of speed of sound in these gases will be

a) did, b) \dz/dy c) ydi/d, d) {/d,d,

The identical square rods of metal are welded end to end as shown in figure, Q cal of heat flow through
this combination in 4 min. If the rods were welded as shown in figure, the same amount of heat will flow
through the combination in

| | |
(a)

(®

a) 16 min b) 12 min ¢) 1 min d) 4 min
A diatomic gas is heated at constant pressure. What fraction of the heat energy is used to increase the
thermal energy

a) 3/5 b)3/7 ) 5/7 d)5/9
When the temperature of a gas increases by 1°C, its pressure increases 0.4%. What is its initial
temperature?

a) 250K b) 125K c) 195K d) 329K

C0,(0 — C — 0) is a triatomic gas. Mean kinetic energy of one gram gas will be (If N-Avogadro’s number,
k-Boltzmann'’s constant and molecular weight of CO, = 44)

a) (3/88)NkT b) (5/88)NkT c) (6/88)NkT d) (7/88)NkT

Pressure versus temperature graph of an ideal gas at constant volume V of an ideal gas is shown by the
straight line A. Now mass of the gas is doubled and the volume is halved, then the corresponding pressure
versus temperature graph will be shown by the line

a)A b) B cC d) None of these

Two moles of an ideal gas is contained in a cylinder fitted with a frictionless movable piston. Exposed to
the atmosphere at an initial temperature T the gas is slowly heated so that its volume becomes four time
the initial value. The work done by the gas is

a) Zero b) 2RT, c) 4RT, d) 6RT,

Heat energy absorbed by a system in going through a cyclic process shown in figure is

®

=

g

P(KPa) —
a) 107w ] b) 10%m ] c) 10%m] d) 10737 ]
The molar heat capacity varies as C = C,, + BV. Then the equation of the process for an ideal gas is given as
B BT R R
a) TRV =constant b) & =constant ¢) TV =constant d) 757 =constant

In an adiabatic process pressure is increased by 2/3% if €, /C;, = 3/2. Then the volume decreases by
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352.

353.

354.

355.

356.

357.

358.

359.

360.

361.

362.

363.

364.

about
4 2 9
) b)Zo 49 d)Zo
a)9A) )3A) c) 4% )4/0

Two cylinders A and B fitted with pistons contain equal amounts of an ideal diatomic gas at 300K. 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. 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 temperature of the gas in B is

a) 30K b) 18K c) 50K d) 42K

Twenty -two grams of CO, at 27°C is mixed with 16 g of O,at 37°C. The temperature of the mixture is
about

a) 31.5°C b) 27°C c) 37°C d) 30.5°C
If temperature of gas increases from 27°C to 927°C the K. E. will be
a) Double b) Half c) One fourth d) Four times

Suppose ideal gas equation follows VP3 = constant. Initial temperature and volume of the gas are T and V
respectively. If gas expands to 27 V then its temperature will become

a)T b) 9T c) 27T d)T/9

In the absence of intermolecular forces of attraction, the observed pressure p will be

a)p b)<p c)>p d) Zero

At a given temperature the ratio of r.m. s. velocities of hydrogen molecule and helium atom will be
a)V2:1 b)1:2 c)1:2 d)2:1

The speeds of 5 molecules of a gas (in arbitrary units) are as follows: 2,3,4,5,6. The root mean square
speed for these molecules is

a) 291 b) 3.52 c) 4.00 d) 4.24

An ideal 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 2.0 times?

a) 4 times b) 16 times c) 8 times d) 2 times

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

Y
Isobaric W,
T \\_ Isoth¢rmal
i Wy
P | Adiabatic
s
. ' X
0] v, V,
a)W2>W1>W3 b)W2>W3>W1 C)W1>W2>W3 d)W1>W3>W2

Saturated vapour is compressed to half is volume without any change in temperature, then the pressure
will be

a) Doubled b) Halved ¢) The same d) Zero
At what temperature the molecule of nitrogen will have same rms velocity as the molecule of
oxygen at 127°C?
a) 457°C b) 273°C c) 350°C d) 77°C
Simple behaviour under all conditions of real gas is governed by the equation
a
a) Pv = uRT b) (P+?) (v—>b) = URT
c) Pv = constant d) PvY = constant

If 50 cal of heat is supplied to the system containing 2 mol of an ideal monatomic gas, the rise in
temperature is (R = 2 cal/mol-K)
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365.

366.

367.

368.

369.

370.

371.

372.

373.

374.

375.

376.

377.

s
il

a) 50 K b) 5K ) 10K d) 30K

If one mole of a monoatomic gas (y

Monatomic

Py

gas

= 2) is mixed with one mole of a diatomic gas (y = g), the

value of y for the mixture is

a) 1.40 b) 1.50 c) 1.53 d) 3.07
At what temperature, the mean kinetic energy of 0, will be the same for H, molecules at —73°C
a) 127°C b) 527°C c) —73°C d) —173°C

Oxygen and hydrogen are at the same temperature T. The ratio of the mean kinetic energy of
oxygen molecules to that of the hydrogen molecules will be

a)le6:1 b)1:1 c)4:1 d1:4

For a gas molecule with 6 degrees of freedom the law of equipartition of energy gives the
following relation between the molecular specific heat (Cy,) and gas constant (R)

R
2) Gy =5 b)C, =R ) C, = 2R d)C, = 3R

Root mean square velocity of a particle is v at pressure P. If pressure is increased two times, then the
r.m.s. velocity becomes

a)2v b)3v c) 0.5v d)v
Molecules of a gas behave like

a) Inelastic rigid sphere b) Perfectly elastic non-rigid sphere
c) Perfectly elastic rigid sphere d) Inelastic non-rigid sphere

A diatomic ideal is heated at constant volume until the pressure is doubled and again heated at constant

pressure until the volume is doubled. The average molar heat capacity for the whole process is
13R 19R 23R 17R

a) e b) e c) e d) .
The coefficiency of apparent expansion of a liquid when determined using two different vessels
A and B are 1, and A,, respectively. If the coefficient of linear expansion of the vessel 4 is «, the coefficient
of linear expansion of vassel B is
ayi vz Y1~ V2 Vi—VY2ta Yi— 72
) Y1tV b) 2a 2 3a d) 3
A closed vessel is maintained at a constant temperature. It is first evacuated and then vapour is
injected into it continuously. The pressure of the vapour in the vessel
a) Increases continuously b) First increases and then remains constant
c) First increases and then decreases d) None of the above
8 g of 0,, 14 g of N, and 22 g of CO, is mixed in a container of 10 L capacity at 27°C. The pressure exerted
by the mixture in terms of atmospheric pressure is
(R =0.082 Latm K~ mol™1)
a) 1.4 atm b) 2.5 atm c) 3.7 atm d) 8.7 atm
An ideal gas at 27°C is compressed adiabatically to 8/27 of its original volume. If y = 5/3, then the rise in
temperature is
a) 450K b) 375K c) 225K d) 405K
A bubble of 8 mole of helium is submerged at a certain depth in water. The temperature of water
increases by 30°C. How much heat is added approximately to helium during expansion?
a) 4000] b) 3000 ] c) 3500] d) 4500]
A vessel contains 32 g of O, at a temperature T. The pressure of the gas is p. An identical vessel

+a
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378.

379.

380.

381.

382.

383.

384.

385.

386.

387.

388.

containing 4 g of H, at a temperature 2T has a pressure of

2)8p b)4p A p oL

On colliding in a closed container the gas molecules

a) Transfer momentum to the walls b) Momentum becomes zero
c) Move in opposite directions d) Perform Brownian motion
Kinetic theory of gases provide a base for

a) Charle’s law b) Boyle’s law

c) Charle’s law and Boyle’s law d) None of these

22 g of carbon dioxide at 27°C is mixed in a closed container with 16 g of oxygen at 37°C. If both gases are
considered as ideal gases, then the temperature of the mixture is

a) 24.2°C b) 28.5°C c) 31.5°C d) 33.5°C

A sample of an ideal gas occupies a volume V at a pressure P and absolute temperature T, the mass of each
molecule is m. The expression for the density of gas is (k = Boltzmaan’s constant)

a) mkT b) P/kT c) P/kTV d) Pm/kT

The molar specific heat of oxygen at constant pressure €, = 7.03 cal/mol°C and R = 8.31 ]/mol°C. The
amount of heat taken by 5 mol of oxygen when heated at constant volume from 10°C to 20°C will be
approximately

a) 25 cal b) 50 cal c) 250 cal d) 500 cal

A thermodynamic process is shown in figure. The pressures and volumes corresponding to some points in
the figure are: P, = 3 X 10*Pa, Py = 8 x 10*Paand V, = 2 x 1073m3,V, = 5 x 1073m3

In process AB, 600 ] of heat is added to the system and in process BC, 200 ] of heat is added to the system.
The change in internal energy of the system in process AC would be

P B _C
A D
0 v
a) 560 b) 800 ] ¢) 600] d) 640

An air bubble doubles its radius on raising from the bottom of water reservoir to be the surface of water in

b) 20 m c) 70m d) 80 m
At what temperature volume of an ideal gas at 0°C becomes triple
a) 546°C b) 182°C c) 819°C d) 646°C

Six moles of O, gas is heated from 20°C to 35°C at constant volume. If specific heat capacity at
constant pressure is 8 cal mol™ — K™ and R = 8.31 Jmol™! — K™%, what is change in internal
energy of gas?

a) 180 cal b) 300 cal c) 360 cal d) 540 cal

The value of the gas constant (R) calculated from the perfect gas equation is 8.32 joules/g mole K,
whereas its value calculated from the knowledge of Cp and Cy, of the gas is 1.98 cal/g mole K. From this
data, the value of ] is

a) 4.16 J/cal b) 4.18 J/cal c) 4.20 J/cal d) 4.22 J/cal

The relation between internal energy U, pressure P and volume V of a gas in an adiabatic process is
U=a+bPV

Where a and b are constants. What is the effective value of adiabatic constant y?
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389.

390.

391.

392.

393.

394.

395.

396.

397.

398.

a b+1 a+1 b
a) — b) —— C d) —
)5 )— ) — )=
The ratio of mean kinetic energy of hydrogen and nitrogen at temperature 300 K and 450 K respectively is
a)3:2 b)2:3 c)2:21 d)4:9

The average degrees of freedom per molecule for a gas are 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 relation between the internal energy U and adiabatic constant yis

PV pPVY 2174 ¥
a)U=yT1 b)U=y_1 c)U=7 QU =57
The gas having average speed four times as that of SO, (molecular mass 64) is
a) He (molecular mass 4) b) O, (molecular mass 32)
c) H, (molecular mass 2) d) CH4 (molecular mass 16)

The value of Cy for one mole of neon gas is
1 3 5 7
a) =R b) =R c) =R d)=R
) 5 ) 2 ) 2 ) 2
n moles of gas in a cylinder under a piston is transferred infinitely slowly from a state with a volume of V;

and a pressure 3P, to a state with a volume of 3V, and a pressure P, as shown in figure. The maximum
temperature that the gas will reach in this process is

PA
3Pyt \
L) """ ]
v, 3V, V
2) PyVy b) 3PV, 0 4P, V, a) 2P,V
nR nRkR nR nR

A gas at 27°C has a volume V and pressure P. On heating its pressure is doubled and volume becomes
three times. The resulting temperature of the gas will be

a) 1800°C b) 162°C c) 1527°C d) 600°C

A polyatomic gas with n degrees of freedom has a mean energy per molecule given by

(N is Avogadro’s number)

nkT nkT nkT 3kT
a) — b) — ) — d) —
N 2N 2 2
In the adjoining figure, various isothermals are shown for a real gas. Then
P A £ |
\ H
F
B Cc ¢
D
(0,0) v
a) EF represents liquification b) CB represents liquification
c) HI represents the critical temperature d) AB represents gas at a high temperature

Which one of the following graphs represents the behaviour of an ideal gas?

A A
pTV pTV
a) b)

\J

o

—> 14
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399.

400.

401.

402.

403.

404.

405.

406.

407.

408.

4009.

) d)

Py

V—i V—>

Equation of gas in terms of pressure (P), absolute temperature (T) and density (d) is
PP PTy,  PT, Pid;  Pdy Pid;  Pd,
VTd; ~ Tods o 4 9T T noh
When the pressure on 1200 m! of a gas in increased from 70 ¢m to 120 cm of mercury at constant

temperature, the new volume of the gas will be

a) 700 ml b) 600 ml c) 500 ml d) 400 ml

At what temperature is the kinetic energy of a gas molecule double that of its value of 27°C

a) 54°C b) 300 K c) 327°C d) 108°C

At room temperature, the rms speed of the molecules of a certain diatomic gas is found to be 1930 m/s.
The gas is

a) H, b) F, c) 0, d) CI,

The temperature of 5 mol of gas which was held at constant volume was changed from 100°C to 120°C.
The change in internal energy was found to be 80 J. The total heat capacity of the gas at constant volume
will be equal to

a) 8JK™1 b) 0.8 JK™1 c) 4JK™1 d)0.4JK™1

Four molecules of a gas have speeds 1, 2, 3 and 4 kms™1. The value of rms speed of the gas
molecules is

1 1
a) E\/E kms™! b) > V10 kms™? c) 2.5 kms™?! d) E kms™!

A vessel of volume 4 L contains a mixture of 8 g of oxygen, 14 g of nitrogen and 22 g of carbon dioxide at
27°C. The pressure exerted by the mixture is

a) 5.79 x 10°> Nm™2 b) 6.79 x 10° Nm~2 c) 7.79 x 103 Nm™2 d) 7.79 x 10° Nm~2

A steel ball of mass 0.1 kg falls freely from a height of 10 m of 10 m and bounces to a height of 5.4 m from
the ground. If the dissipated energy in this process is absorbed by the ball, the rise in its temperature is
a) 0.01°C b) 0.1°C c) 1.1°C d) 1°C

A vessel contains 1 mole of O, gas (relative molar mass 32) at a 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 27T has a
pressure of

a) P/8 b) P c) 2P d) 8P

The intensity of radiation emitted by the sun has its maximum values 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, the ratio of the surface temperature of the sun and the
North Star is

a) 1.46 b) 0.69 c) 1.21 d) 0.83
The P — V equation for a process of an ideal gas is given as

12P, 4P,
P = V——V2-7pP,

Vo Vs

The graphical representation of the above process is shown as

P

P P P

2P, 2P,

2P poemmoe :
b) p, \\ ) p, d) p, -v/

v Zi/ol; Vo 2Vy V Vo 2V V Vo 2V, V
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410. At what temperature the kinetic energy of gas molecule is half of the value at 27°C?
a) 13.5°C b) 150°C c) 75K d) —123°C

411. Two moles of oxygen is mixed with eight moles of helium. The effective specific heat of the
mixture at constant volume is
a)1.3R b)1.4R c)1.7R d)19R

412. A cylinder of ideal gas is closed by an 8 kg movable piston (area 60cm?) as shown in figure. Atmospheric
pressure is 100 kPa. When the gas is heated from 30°C to 100°C, the piston rises by 20 cm. the piston is
then fixed in its placed and the gas is cooled back to 30°C. Let AQ;be the heat added in the gas in the
heating process and |AQ,|the heat lost during cooling. Then the value of [AQ; — |AQ,|] will be

Piston

Gas

a) Zero b) 136] c) —136] d) —68]

413. A vessel contains a mixture of 7 g of nitrogen and 11 g of carbon dioxide at temperature T = 300K. If the
pressure of the mixture is 1 atm (1 X 10°N/m?), its density is (gas constant R = 25/3 J/mol K)
a) 0.72 kg/m3 b) 1.44 kg/m3 c) 2.88 kg/m3 d) 5.16 kg/m?

414. At constant pressure, which of the following is true?

1 1
a)v X ,/p b)v « — C)vXp d)v

415. The temperature at which the r.m. s. speed of hydrogen molecules is equal to escape velocity on earth
surface, will be
a) 1060 K b) 5030 K c) 8270 K d) 10063 K

416. In the two vessels of same volume, atomic hydrogen and helium at pressure 1 atm and 2 atm are filled. If
temperature of both the samples is same, then average speed of hydrogen atoms < Cy > will be related to
that of helium < Cy, > as

a) < CH >=2 < Cye > b) < Cy >=< Cy, >
< Cye >
€) <Cy>=2<Che> d)<CH>:%

417. A flask is filled with 13 g of an ideal gas at 27°C and its temperature is raised to 52°C. The mass of the gas
that has to be released to maintain the temperature of the gas in the flask at 52°C, the pressure remaining

the same is

a)25g b)2.0g c)15¢g d)10g
418. The degrees of freedom of a molecule of a triatomic gas are

a) 2 b) 4 c) 6 d) 8

419. A thermally insulated container is divided into two parts by a screen. In one part the pressure and
temperature are P and T for an ideal gas filled. In the second part it is vacuum. If now a small hole is
created in the screen, then the temperature of the gas will
a) Decrease b) Increase c) Remain same d) None of these

420. As air bubble of volume Vj, is released by a fish at a depth h in a lake. The bubble rises to the surface.
Assume constant temperature and standard atmospheric pressure P above the lake. The volume of the
bubble just before touching the surface will be (density of water is p)

Vi
) Vo b) Vo(ogh/P) 9 (H—(Lin) vy (1+28)
P

421. The quantity of heat required to raise one mole through one degree kelvin for a monoatomic gas at
constant volume is

3 5 7
2 b) 2 z d) 4R
a) 5 R ) > R c) 5 R )
422. A horizontal uniform glass tube of 100 cm length sealed at both ends contains 10 cm mercury
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column in the middle. The temperature and pressure of air on either side of mercury column are
respectively 31°C and 76 cm of mercury. If the air column at one end is kept at 0°C and the other
end at 273°C, the pressure of air which is at 0°C is (in cm of Hg)
a) 76 b) 88.2 c) 102.4 d)12.2

423. Three closed vessels A, B and C are at the same temperature T and contain gases which obey the
Maxwellian distribution of valocities. Vessel A contains only O,, B only N, and C a mixture of equal
quantities of 0, and N,. If the average speed of the O, molecules in vessel A is v;, that of the N, molecules
in vessel B is v,, the average speed of the O, molecules in vessels C is

(v1 +v7)

a) — b) v, Q) (v vy)/? d) /3kT/M

424. A cylinder of 5 litre capacity, filled with air at N.T.P. is connected with another evacuated cylinder of
30 litres of capacity. The resultant air pressure in both the cylinders will be

a) 38.85cmof Hg b) 21.85cmof Hg c) 10.85cmofHg d) 1485 cmofHg
425. The specific heat relation for ideal gas is
a)CP+CV=R b)CP_CV=R C)CP/CV=R d)Cv/szR

426. Two moles of monoatomic gas is mixed with three moles of a diatomic gas. The molar specific heat of the
mixture at constant volume is
a) 1.55R b) 2.10 R c) 1.63R d)2.20R

427. The temperature of 5 moles of a gas at constant volume is changed from 100°C to 120°C. The
change in internal energy is 80 J. the total heat capacity of the gas at constant volume will be in
JK~1is
a) 8 b) 4 c) 0.8 d) 0.4

428. 310 J of heat is required to raise the temperature of 2 mole of an ideal gas at constant pressure from 25°C
to 35°C. The amount of heat required to raise the temperature of the gas through the same range at
constant volume is
a) 384 ] b) 144 ] c) 276 ] d) 452 ]

429. The pressure and temperature of two different gases is P and T having the volume V for each. They are
mixed keeping the same volume and temperature, the pressure of the mixture will be
a)P/2 b) P c) 2P d) 4P

430. The mean kinetic energy of one mole of gas per degree of freedom (on the basis of kinetic theory
of gases) is

)1kT b)3kT )3RT d)lRT
a) — = c) = -
2 2 2 2
431. Boyle’s law holds for an ideal gas during
a) Isobaric changes b) Isothermal changes c) Isochoric changes d) Isotonic changes
432. KE per unit volume is E. The pressure exerted by the gas is given by
) E b) 2E | 3E 4 E
a) — — c) — -
3 3 2 2
433. The figure below shows the plot of % versus p for oxygen gas at two different temperatures.
A
T
T
S
g
AU

>
pP—>

Read the following statements concerning the above curves.
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I. The dotted line corresponds to the ideal gas behavior

I. T, >T,

[II. The value of :—Z at the point where the curves meet on the y-axis is the same for all gases.
a) (i) only b) (i) and (ii) only c) All of these d) None of these
What is the mass of 2 L of nitrogen at 22.4 atm pressure and 273 K?

a)28¢g b)14 x 22.4 g c)56g d) None of these
The relation between two specific heats of a gas is

a)CP_CV:§ b)CV_CP:§ ) Cp—Cy =] d)Cy—Cp =]

A metal ball immersed in water weights w; at 0°C and w, at 50°C. The coefficient of cubical expansion of
metal is less than that water. Then

a) wy < w, b) w; > w, ) wy = w, d) Data is not sufficient
Graph of specific heat at constant volume for a monoatomic gas is
a) ¢ b) -
c 0) %R— d) %R
T 7 7 T

Universal gas constant is

C
a) = b) Cp — Cy
Cy
C
C) Cp + CV d) _V
CP

The temperature of an ideal gas is increased from 27°C to 927°C. The root mean square speed of its
molecules becomes

a) Twice b) Half c) Four times d) One-fourth

A vertical column 50 cm long at 50°C balances another column of liquid 60 cm long at 100°C. The
coefficient of absolute expansion of the liquid is

a) 0.005°C™1 b) 0.0005°C™1 c) 0.002°C™1 d) 0.0002°C™t

If the ratio of vapour density for hydrogen and oxygen is %, then under constant pressure the ratio of their
rms velocities will be

4 1 1 16
= b) = il d) —
) 1 )4 ) 16 ) 1
If the degree of freedom of a gas are f, then the ratio of two specific heats Cp /Cy, is given by
2 2 1 1
a)—=+1 b)1—- c1l+-= d1--=
)7 i 177 177
2 g of 0, gas is taken at 27°C and pressure 76 cm. Hg. Find out volume of gas (in litre)
a) 1.53 b) 2.44 c) 3.08 d) 44.2

The temperature of a gas is raised while its volume remains constant, the pressure exerted by the gas on
the walls of the container increases because its molecular

a) Lose more kinetic energy to the wall

b) Are in contact with the wall for a shorter time

c) Strike the wall more often with higher velocities

d) Collide with each other with less frequency

An ideal gas is taken around the cycle ABCA shown in P — V diagram. The net work done by gas during the
cycle is equal to

Page |40



446.

447,

448.

449,

450.

451.

452.

453.

454,

P

4p -8B

P ¢

o y, 3V,
a) 12P,V, b) 6P, V, c) 3PV, d) PV,

If masses of all molecules of a gas are halved and their speeds are doubles, then the ratio of initial

and final pressures is

a)1:2 b)2:1 c)4:1 d)1:4

1 mol of gas occupies a volume of 200 mL at 100 mm pressure. What is the volume occupied by
two moles of gas at 400 mm pressure and at same temperature?

a) 50 mL b) 100 mL c) 200 mL d) 400 mL

Gas at a pressure P, in contained is a vessel. If the masses of all the molecules are halved and their speeds
are doubled, the resulting pressure P will be equal to

a) 4P, b) 2P, c) Py d)%

Two containers of equal volume contain the same gas at pressures P;andP,and absolute temperatures
Tiand T,respectively. On joining the vessel, the gas reaches a common pressure P and common
temperature T. The ratio P/T is equal to

P, P, PiT, + P,T, PiT, + P,T; P, P
a) —+ = —_— ) d) o+

Iy T, (Ty + Tp)? (Ty + T)? 2Ty 2T,
The vapour of a substance behaves as a gas
a) Below critical temperature b) Above critical temperature
c) At 100°C d) At 1000°C
A thermodynamic system is taken through the cyclic PQRSP process. The net work done by the sysyem is

P
200KPal-- S R
\
100 KPa P —> 0
100 cc 300 cc V

a) 20] b) —20] c) 400] d) —374]

A vessel contains a mixture of one mole of oxygen and two moles of nitrogen at 300 K. The ratio of the
average rotational kinetic energy per O,, molecule to per N, molecule is

a) 1:1

b) 1:2

c) 2:1

d) Depends on the moment of inertia of the two molecules

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) 4v b) 2v c)v/2 d)v/4
From the following V — T diagram we can conclude
v P,
T: T, T
a)P; =P, b)P; > P, )P <P, d) None of these
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The efficiency of a Carnot engine is 50% and temperature of sink is 500 K. If temperature of source is kept
constant and its efficiency raised to 60%, then the required temperature of sink will be

a) 100K b) 600 K c) 400K d) 500K

A container of volume 1 m3 is divided into two equal compartments by a partition. One of these
compartments contains an ideal gas at 300K. The other compartment is vaccum. The whole system is
thermally isolated from its surroundings. The partition is removed and the gas expands to occupy the
whole volume of the container. Its temperature now would be

a) 300K b) 250 K c) 200K d) 10K

The root mean square speed of the molecules of a gas is

a) Independent of its pressure but directly proportional to its Kelvin temperature

b) Directly proportional to the square roots of both its pressure and its Kelvin temperature

c) Independent of its pressure but directly proportional to the square root of its Kelvin temperature

d) Directly proportional to both its pressure and its kelvin temperature

A wall has two layers A and B, each made of different materials. 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 b) 12°C c) 18°C d) 24°C

An experiment is carried on a fixed amount of gas at different temperatures and at high pressure such that
it deviates from the ideal gas behavior. The variation of % with P is shown in the diagram. The correct

variation will correspond to

PV/RT
207 A
B
1.0
c
—
0,0 20 40 60 80 100 P (atm)
a) Curve A b) Curve B c) Curve C d) Curve D

The root mean square speed of hydrogen molecules of an ideal hydrogen gas kept in a gas chamber at 0°C
is 3180 metres/second. The pressure on the hydrogen gas is (Density of hydrogen gas is 8.99 x
10~2kg/m3, 1 atmosphere = 1.01 x 10°N/m?)

a) 1.0 atm b) 1.5 atm c) 2.0 atm d) 3.0 atm

The P — V diagram of a system undergoing thermodynamic transformation is shown in figure. The work
done on the system in going from A - B — C is 50 ] and 20 cal heat is given to the system. The change in
internal energy between A4 and C is

p C

A B

p
a) 34] b) 70] c) 84] d) 134]

A gas mixture consists of molecules of type 1,2 and 3, with molar masses m; > m, > ms. V., and K are
the r.m.s. speed and average kinetic energy of the gases. Which of the following is true

a) Vrms)1 < rms)2 < (Vms)3 and (1?)1 = (R)Z = (1?3)
b) (Vrms)l = (Vrms)z < (Vrms)3 and (E)l = (K)z > (1?)3
&) Wrms)1 > Vrms)z2 < (Vrms)z and (K); < (K)z > (K3)
d) Wrms)1 > (Wrms)z > (Vrms)z and (K); < (K)z < (K)3
On 0°C pressure measured by barometer is 760 mm. What will be pressure at 100°C

a) 760 mm b) 730 mm c) 780 mm d) None of these
For a gas, the r.m. s. speed at 800 K is

a) Four times the value at 200 K b) Half the value at 200 K

c) Twice the value at 200 K d) Same as at 200 K
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A sample of gas is at 0°C. To what temperature it must be raised in order to double the r.m.s. speed of the
molecule

a) 270°C b) 819°C c) 1090°C d) 100°C

To double the volume of a given mass of an ideal gas at 27°C keeping the pressure constant, one must raise
the temperature in degree centigrade to

a) 54° b) 270° c) 327° d) 600°

Two different masses m and 3m of an ideal gas are heated separately in a vessel of constant volume, the
pressure P and absolute temperature T, graphs for these two cases are shown in the figure as A and B. The
ratio of slopes of curves B to A is

a)3:1 b)1:3 c)9:1 d)1:9

A perfect gas at 27°C is heated at constant pressure to 327°C. If original volume of gas at 27°C is IV then
volume at 327°C is

a)Vv b)3V )2V d)Vv/2

Two gases occupy two containers A and B; the gas in 4, of volume 0.10 m3, exerts a pressure of 1.41 MPa
and that in B, of volume 0.15m3, exerts a pressure 0.7 MPa. The two containers are joined by a tube os
negligible volume and the gases are allowed to intermingle. Then if the temperature remains constant. The
final pressure in the container will be (in MPa)

a) 0.70 b) 0.98 c) 1.40 d) 2.10

An electron tube was sealed off during manufacture at a pressure of 1.2 X 10~7mm of mercury at 27°C. Its
volume is 100 ¢m3. The number of molecules that remain in the tube is

a) 2 x 1016 b) 3 x 101° c) 3.86 x 10! d) 5 x 10!

Internal energy of n; mol of hydrogen of temperature T is equal to the internal energy of n, mol of helium
at temperature 27T. The ratio n,/n, is

3 2 6 3
a) 3 b) 3 c) T d) -
A sound wave passing through air at NTP produces a pressure of 0.001 dyne/cm? during a compression.
The corresponding change in temperature (given y = 1.5 ans assume gas to be ideal) is
a) 8.97 x 107*K b) 8.97 x 107°K c) 8.97 x 1078K d) None of these

An ideal gas of mass m in a state A goes to another state B via three different processes as shown in figure.
If 9,,9,andQ; denote the heat absorbed by the gas along the three paths, then

P A
1
B
v
a) 01 < Q2 <Q3 b) 91 < Q=03 €) 91 =02>03 d) Q1> 0,>0;
The average kinetic energy of a helium atom at 30°C is
a) Lessthan 1 eV b) A few keV c) 50 —60eV d) 13.6 eV
The ratio of two specific heats E—P of CO is
|4
a) 1.33 b) 1.40 c) 1.29 d) 1.66

An ideal gas is taken through A - B = C — A, as shown in figure. If the net heat supplied to the gas in the
cycle is 55 ], the work done by the gas in the process C = A is
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1 10

—P(Nm?)—»
a) =5] b) —10] c) —15] d)—-20]
Mean kinetic energy per degree of freedom of gas molecules is
3 1 3
= b) kT = d) -
a)sz ) c)ZkT )ZRT

Four curve 4, B, C and D are drawn in figure for a given amount of gas. The curves which represent
adiabatic and isothermal changes are

P

B C

A
N
A
V

a) C and D, respectively b) Dand C,respectively
c) A and B, respectively d) B and 4, respectively

A monatomic ideal gas, initially at temperature T;, is enclosed in a cylinder fitted with a frictionless piston.
The gas is allowed to expand adiabatically to a temperature T, by releasing the piston suddenly. If L; and
L, are the length of the gas column before and after expansion, respectively, then T; /T, is given by
) (ﬂ)m b) 1 e Q) (ﬁ)m

L, L, Ly Ly
For a gas the difference between the two specific heats is 4150 J/kg K. What is the specific heat at constant
volume of gas if the ratio of specific heats is 1.4
a) 8475 ]/kg-K b) 5186 J/kg-K c) 1660 J/kg-K d) 10375 J/kg-K
The molar specific heat at constant pressure of an ideal gas is (7/2)R. The ratio of specific heat at constant
pressure to that at constant volume is
a)5/7 b)9/7 c) 7/5 d) 8/7
The following sets of values for Cy, and Cp of a gas has been reported by different students. The units are
cal/g-mole-K. Which of these sets is most reliable
a)Cy,=3,Cp=5 b)Cy =4,Cp =6 c)Cy=3,Cp=2 d)Cy, =3,Cp =42
Inside a cylinder closed at both ends is a movable piston. On one side of the piston is a mass m of a gas, and
on the other side a mass 2 m of the same gas. What fraction of the volume of the cylinder will be occupied
by the larger mass of the gas when the piston is in equilibrium? The temperature is the same throughout.

2 1 1 1
a) — b) - c) = d) -
)3 E )5 )5
% mole of helium gas is contained in a container at S.T.P. The heat energy needed to double the pressure of
the gas, keeping the volume constant (specific heat of the gas = 3 ] gm™1K 1) is

a) 3276 ] b) 1638 c) 819) d) 409.5]
At 0°C the density of a fixed mass of a gas divided by pressure is x. At 100°C, the ratio will be
273 373 100
b) — -/ d) —
a)x )373% 973" )o73*

In the following indicator diagram, the net amount of work done will be
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a) Positive b) Negative c) Zero d) Infinity
Two samples A and B of a gas initially at the same pressure and temperature are compressed from volume
V to V/2 (Aisothermally and B adiabatically).The final pressure of 4 is

a) Greater than the final pressure of B b) Equal to the final pressure of B

) Less than the final pressure of B d) Twice the final pressure of B

A monoatomic gas molecule has

a) Three degrees of freedom b) Four degrees of freedom

c) Five degrees of freedom d) Six degrees of freedom

The absolute temperature of a gas is determined by

a) The average momentum of the molecules b) The velocity of sound in the gas

c) The number of molecules in the gas d) The mean square velocity of the molecules

A pressure cooker contains air at 1 atm and 30°C. If the safety value of the cooler blows when the inside
pressure = 3 atm, then the maximum temperature of the air, inside the cooker can be
a) 90°C b) 636°C c) 909°C d) 363°C
When volume of system is increased two times and temperature is decreased half of its initial
temperature, then pressure becomes
a) 2 times b) 4 times 1 . 1

) ) ) 7 times d) 3 times
Two containers of equal volume contain the same gas at the pressure p; and p, and absolute temperatures
T; and T, respectively. On joining the vessels, the gas reaches a common pressure p and a common
temperature T. The ratio p/T is equal to

p1T, + p2Ty b) p1T; + p2Ty . 1 T2+ P2T1] a) p1T; — p2Th
Ty XT, T,+T, 2 T\ T, T, XT,
The mean Kinetic energy of a gas at 300 K is 100 J. The mean energy of the gas at 450 K is equal to
a) 100/ b) 3000 J c) 450 d) 150

The ends of 2 different materials with their thermal conductivities, radii of cross section and length all in
the ratio of 1 : 2 maintained at temperature difference. If the rate of the flow of heat in the longer rod is 4
cals™1, that in the shorter rod in cals~! will be

a) 1 b) 2 c) 8 d) 6

When temperature of an ideal gas is increased from 27°C to 227°C, its r.m. s. speed changed from 400
metre/s to V;. The V; is

a) 516 metre/s b) 450 metre/s c) 310 metre/s d) 746 metre/s

A cubical box with porous walls containing an equal number of 0, and H, molecules is placed in a large
evacuated chamber. The entire system is maintained at constant temperature 7. The ratio of v,.,;,s of O,
molecules to that of the v, of H, molecules, found in the chamber outside the box after a short interval is

1 1 1
- b) = — d
a) 5 )7 c) NG )V2
At what temperature rms speed of air molecules is doubled of that at NTP?
a) 819°C b) 719°C c) 909°C d) None of these

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 4 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 and 1.5 Ap. Then

a) 4my = 9mg b) 2my = 3mg c) 3my = 2mg d)9my = 4mg

When an ideal diatomic gas is heated at constant pressure, the fraction of the heat energy supplied which
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increases the internal energy of the gas is
2 b3 o3 0%
A3 5 7 7
A thin copper wire of length [ increase in length by 1%, when heated from 0°C to 100°C. If a thin copper
plate of area 21 X [ is heated from 0°C to 100°C, the percentage increase in its area would be
a) 1% b) 4% c) 3% d) 2%
Carbon monoxide is carried around a closed cyclic process abc, in which bc is an isothermal process, as

shown in figure. The gas absorvs 7000 ] of heat as its temperature is increased from 300 K to 1000 K in
going from a to b. The quantity of heat ejected by the gas during the process ca is

p,l..b
C
fra e
v, v,
a) 4200] b) 500 ] ¢) 9000 ] d) 9800 ]

An ideal gas has an initial pressure of 3 pressure units and an initial volume of 4 volume units. The table
gives the final the final pressure and volume of the gas (in those same units) in four, processes. Which
processes start and end on the same isotherm
A|B|C |D

P|5|4 |12 |6

Vi7i6]|1 |3
a)A b) B cC d)D
One mole of air (C,, = 5R/2) is confined at atmospheric pressure in a cylinder with a piston at 0°C. the

initial volume occupied by gas is V. After the equivalent of 13200] of heat is transferred to it, the volume of
gas V' is nearly (1 atm = 10°N/m?)

a) 37 L b) 22 L c) 60 L d) 30 L

Supposing the distance between the atoms of a diatomic gas to be constant, its specific heat at constant
volume per mole (gram mole) is

5 3 1
z b) — R d) -
a)zR )2R c) )ZR

A cyclic process ABCD is shown in the following P — V diagram. Which of the following curves represents
the same process?

P

«5 T : T
A diatomic gas molecule has translational, rotational and vibrational degrees of freedom. The Cp/Cy is
a) 1.67 b) 1.4 c) 1.29 d) 1.33

Two metallic spheres S; and S, are made of the same material and have got identical surface finish. The
mass of S is thrice that of S,. Both the spheres are heates 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 of S,is

Page |46



508.

509.

510.

511.

512.

513.

514.

515.

516.

517.

518

1

a) 1 b) — g3 d) (1)3
3 V3 1 3

Logarithms of readings of pressure and volume for an ideal gas were plotted on a graph as shown in figure.
By measuring the gradient, it can be shown that the gas may be
A
b2ag
S 230F |
2.20
2.10

log P(kPa

-

1.10 120 130
log V(dm®) —»
a) Monatomic and undergoing an adiabatic change

b) Monatomic and undergoing an isothermal change

c) Diatomic and undergoing an adiabatic change

d) Triatomic and undergoing an isothermal change

Two spherical vessel of equal volume, are connected by a a narrow tube. The apparatus contains an ideal

gas at one atmosphere and 300K. Now if one vessel is immersed in a bath of constant temperature 600K
and the other in a bath of constant temperature 300K. Then the common pressure will be

4 4
a) 1 atm b) A atm c) —atm d) —atm

For a real gas (van der Waal'’s gas)

a) Boyle temperature is a/Rb

b) Critical temperature is a/Rb

c) Triple temperature is 2a/Rb

d) Inversion temperature is a/2Rb

A gas mixture consists of 2 moles of oxygen and 4 moles of argon at temperature T. Neglecting all
vibrational modes, the total internal energy of the system is

a) 4RT b) 15RT c) 9RT d) 11RT

On any planet, the presence of atmosphere implies (C,,s = root mean square velocity of molecules and

V., = escape velocity)
a) Crms <<V b) Crms > Ve C) Crms = Ve d) Crms =0

If the volume of the gas containing n number of molecules is V, then the pressure will decrease due to
force of intermolecular attraction in the proportion

a)n/V b)n/V? c) (n/vV)? d)1/v?

S.I. unit of universal gas constant is

a) cal/°C b) J/mol c) Jmol K1 d)J/kg

70 calories of heat are required to raise the temperature of 2 moles of an ideal diatomic gas at constant
pressure from 30°C to 35°C. The amount of heat required (in calorie) to raise the temperature of the same
gas through the same range (30°C to 35°C) at constant volume is
a) 30 b) 50 c) 70 d) 90

RT a

. then mass of the gas in container is

a)llg b)22 g c)33g d)44 g

The latent heat of vaporization of water is 2240 ]. If the work done in the process of vaporization of 1 g is
168 ], then increase in internal energy is

a) 2072] b) 1904 ] c) 2408] d) 2240]

If pressure of CO, (real gas) in a container is given by P =

. The value of C,, — C;- = 1.00R for a gas in state A and C,, — C,, = 1.06R in another state. If Pyand Pz denote
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the pressure and T, and Ty denote the temperatures in the two states, then

a) Py =Pg, Ty >Tp b)Py > P, Ty =Tpg c) Py <Py, Ty>Tp d)Py =P, Ty <Tpg
A real 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

The power radiated by a black body is P, and it radiates maximum energy around the wavelength A,. If the
temperature of black body is now changed so that it radiates maximum energy around a wavelength 1,/4,
the power radiated by it will increase by a factor of

4 16 64 256
a) 3 b) 5 ) > d) T8
According to the kinetic theory of gases, the temperature of a gas is a measure of average
a) Velocities of its molecules b) Linear momenta of its molecules
c) Kinetic energies of its molecules d) Angular momenta of its molecules
In gases of diatomic molecules, the ratio of the two specific heats of gases Cp/Cy is
a) 1.66 b) 1.40 c) 1.33 d) 1.00

One mole of an ideal gas is taken from state A to state B by three different processes
(a) ACB, (b) ADB and (c) AEB as shown in the P — V diagram. The heat absorbed by the gas is
P B

C E
A
V
a) Greater in process (b) than in (a) b) The least in process (b)
c) The same in (a) and (¢) d) Less in (c) than in (b)
Oxygen boils at (—183°C). The temperature on the Fahrenheit scale is
a) —297.4°F b) —253.6°F c) —342.6°F d) —225.3°F
The kinetic energy of one g-mole of a gas at normal temperature and pressure is (R = 8.31 J/mol — K)
a) 0.56 x 10 b) 1.3 x 10?] c) 2.7 X 10?] d) 3.4 x 103]

Consider a collection of a large number of particles each with speed v. The direction of velocity is
randomly distributed in the collection. What is the magnitude of the relative velocity between a pairs in
the collection

a)2V/m b)V/m c) 8V/m d) 4V /m

A body cools from 50°C to 40°C in 5 min. Its temperature comes down to 33.33°C in next 5 min. The
temperature of surroundings is

a) 15°C b) 20°C c) 25°C d) 10°C

The temperature of a piece of metal is increased from 27°C to 84°C. The rate at which energy is radiated is
increased to

a) Four times b) Two times c) Six times d) Eight times
In Boyle’s law what remains constant
%4 P
a) PV b) TV c) = d) =
) ) ) 7 )7

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

p T
22
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%

p T
a)Z’T b) C) p'T d)p;i
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For a diatomic gas change in internal energy for unit change in temperature for constant volume is U; and
U, respectively. U;: U, is

a)5:3 b)3:5 cl:1 d)5:7
What is the ratio of specific heats of constant pressure and constant volume for N Hs
a) 1.33 b) 1.44 c) 1.28 d) 1.67

For the specific heat of 1 mole of an ideal gas at constant pressure (Cp) and at constant volume (Cy,) which
is correct

a) Cp of hydrogen gas is gR b) Cy of hydrogen gas is %R

c) H, has very small values of Cp and Cy, d) Cp — Cy = 1.99 cal/mole — K for H,

The specific heats at constant pressure is greater than that of the same gas at constant volume because

a) At constant pressure work is done in expanding the gas

b) At constant volume work is done in expanding the gas

c) The molecular attraction increases more at constant pressure

d) The molecular vibration increases more at constant pressure

The specific heat of an ideal gas is

a) Proportional to T b) Proportional to T2 ¢) Proportional to T3 d) Independent of T

A body takes 10 min to cool from 60°C to 50°C. If the temperature of surroundings is 25°C and 527°C
respectively. The ratio of energy radiated by P and Q is

a) 48°C b) 46°C c) 49°C d) 42.85°C

An air bubble of volume 1.0 cm3 rises from the bottom of a lake 40m deep at a temperature of 12°C. The
volume of the bubble when it reaches the surface, which is at a temperature of 35°C, will be

a) 5.4 cm3 b) 4.9 cm3 c) 2.0cm3 d) 10.0 cm3

Three containers of the same volume contain three different gases. The masses of the molecules are

my, m, and m3 and the number of molecules in their respective containers are N;, N, and N3. The gas
pressure in the containers are Py, P, and P; respectively. All the gases are now mixed and put in one of the
containers. The pressure P of mixture will be

P, +P,+P
a)P<(P1+P2+P3) b)P=—1 32 3

The time average of the kinetic energy of one molecule of a gas taken over a long period of time
a) Is proportional to the square root of the absolute temperature of the gas

b) Is proportional to the absolute temperature of the gas

c) Is proportional to the square of the absolute temperature of the gas

d) Does not depend upon the absolute temperature of the gas

The kinetic energy per g mol for a diatomic gas at room temperature is

C)P=P1+P2+P3 d)P>(P1+P2+P3)

5 3 1
a) 3RT b) — c) — d) -
) )ZRT )ZRT )ZRT

The equation of state for a gas is given by PV = nRT + aV, where 7 is the number of moles and « positive
constant.The initial pressure and temperature of 1 mol of the gas containes in a cylinder is P, and T,
respectively the work done by the gas when its temoperature doubles isobarically will be

;’zﬁ)f; b) 11;27;?1; O PyToR In 2 d) None of this
At what temperature is the root mean square velocity of gaseous hydrogen molecules equal to that of
oxygen molecules at 47°C
a) 20K b) 80 K c) =73 K d)3K
The temperature of an ideal gas is reduced from 927°C to 27°C. The r.m. s. velocity of the molecules

becomes

a) Double the initial value b) Half of the initial value

c) Four times the initial value d) Ten times the initial value

At constant temperature on increasing the pressure of a gas by 5% its volume will decrease by
a) 5% b) 5.26% c) 4.26% d) 4.76%

Mean free path of a gas molecule is
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a) Inversely proportional to number of molecules per unit volume
b) Inversely proportional to diameter of the molecule
c) Directly proportional to the square root of the absolute temperature
d) Directly proportional to the molecular mass

547. A solid whose volume does not change with temperature floats in liquid. For two different
temperaturest; and t,, the fractions f; and f, of volume of solid remain submerged. What is the coefficient
of volume expansion of liquid?
2) f—f b) f—f o trz fith 4Tz it h

f2t1 — fitz fit1 — fatz f2t1 — fitz fit1 — faty

548. Certain amount of an ideal gas is contained in a closed vessel. The vessel is moving with a constant velocity
v. The molecular mass of gas is M. The rise in temperature of the gas is M. The rise in temperature of the
gas when the vessel is suddenly stopped is (y = C,,/C,,)

Mv2(y —1) b) Mv2(y — 1) ) Mv? " Mv?
———————————————— C —— —
2R(y + 1) 2R 2R(y + 1) 2R(y — 1)
549. If universal gas constant is R, the essential heat to increase from 273 K to 473 K at constant

volume for ideal gas of 4 mol is

a) 200R b) 400 R c) 800 R d) 1200 R
550. At NTP, sample of equal volume of chlorine and oxygen is taken. Now ratio of no. of molecules is
a)l:1 b) 32 : 27 c)2:1 d) 16 : 14

Multiple Correct Answers Type

551. Let U, v and vy, respectively, denote the mean speed root mean square speed and most probable speed
of the molecules in an ideal monatomic gas at absolute temperature T. The mass of a molecule is m. Then
a) No molecule can have a speed greater than v2v,ns
b) No molecule can have speed less then vp/\/f
c) Vp <V < Vpys
d) The average kinetic energy of a molecule is 3/4mv§

552. 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 a. and ag. 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 |ag — a |
d) Inversely proportional to |ag — a¢|

553. In the arrangement shown in figure, gas is thermally insulated. An ideal gas is filled in the cylinder having
pressure Py (> atmospheric pressure P,). The spring of force constant K is initially unstretched. The piston
of mass m and area S is frictionless. In equilibrium, the piston rises up by distance x,, Then

m, §

Py

a) Final pressure of the gas is Py + @ + me

b) Work done by the gas is %Kxo + mgx,

c) Decrease in internal energy of the gas is
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554.

555.

556.

557.

558.

559.

1
EKxg + mgx, + PySx,

d) All of the above

In steady state

a) Temperature does not change with time

b) There is no absorption of heat

c) There is no flow of heat

d) All parts of the body are at same temperature

Two bodies A and B have thermal emissivities of 0.01 and 0.81, respectively. The outer surface areas of the
two bodies are the same. The two bodies emit total radiant power of the same rate. Wavelength Az
corresponding to maximum spectral radiancy in the radiation from B shifted from the wavelength
corresponding to maximum spectral radiancy in the radiation from A4, by 1.00 ym. If the temperature of A
is 5802 K

a) The temperature of B is 1934 K b) A = 1.5um

c) The temperature of B is 11604 K d) The temperature of B is 2901 K

A thermally insulated chamber of volume 2V,is divided by a frictionless piston of area S into two equal
parts Aand B. Part A has an ideal gas at pressure P, and temperature Tpand part B is vaccum. A massless
spring of force constant K is connected with the piston and the wall of the container as shown. Initially the
spring is unstretched. The gas inside chamber A is allowed to expand. Let in equilibrium the spring be
compressed by xy.Then

: . K
a) Final pressure of the gas is %

b) Work done by the gas is %Kxg
c) Change the internal energy of the gas is % Kx?

d) Temperature of the gas is decreased
During the process AB of an ideal gas

a) Work done on the gas is zero

b) Density of the gas is constant

c) Slope of line AB from the T-axis is inversely proportional to the number of moles of the gas

d) Slope of line AB from the T —axisis directly proportional to the number of moles of the gas

The indicator diagram for two processes 1 and 2 carrying on an ideal gas is shown in figure .If m;andm, be
the slope (dP/dV) for Process 1 and Process 2, respectively then

A
50

o
a)my =my b) my > m, c) my <m, d) myC, = myC,
A spherical body of radius r radiates power P and its rate of cooling is R.
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560.

561.

562.

563.

564.

565.

a)Pxr b) P o 12 c) R« r? d)R o -
r

During the melting of a slab of ice at 273 K at atmosphere 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 system increases

d) The internal energy of the ice-water system decreases

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 statement(s) from the following:
The work done by the gas in process A to B exceeds the work that would be done by it if the system

4 were taken from 4 to B along the isotherm

b) In the T — V diagram, the path AB become a part of a parabola

) 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

Figure shows an indicator diagram. During path 1 — 2 — 3, 100 is given to the system and 40 cal worth

work is done. During path 1 — 4 — 3, the work done is 10 cal Then

2 3

}

rl Y
1 4

o V—

a) Heat given to the system during path 1 — 4 — 3 is 70 cal

b) If the system is brought from 3 to 1 along straight line path 3 — 1, work done is worth 25 cal

c) Along straight line path 3 — 1, the heat ejected by the system is 85 ]

d) The internal energy of the system in state 3 is 140 cal above that in state 1

An ideal gas undergoes a thermodynamic cycle as shown in figure. Which of the following statements are

correct?
P

(0)

a) Straight line AB cannot pass through O

b) During process AB, temperature decreases while during process B( it increases

. During process BC, work is done by the gas against external pressure and temperature of the gas
increases
During process CA, work is done by the gas against external pressure and heat supplied to the gas is
exactly equal to this work

Which of the following statements are correct?

. Two bodies at different temperatures T;andT, are brought in thermal contact. When thermal
equilibrium is attained, the temperature of each body is (T; + T,)/2

b) The coolant used in a car or a chemical or nuclear plant should have high specific heat

c) Vapour in equilibrium with its liquid at a constant temperature does not obey Boyle’s law
Two vessels Aand B of equal capacity are connected to each other by a stop cock. Vessel A contains a

d) gas at 0°C and 1 atm pressure. Vessel B is completely evacuated. When the stop cock is opened, the final
pressure of gas in each vessel will be 0.5 atm

Figure shows the P — IV diagram for a Carnot cycle in this diagram
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a) Curve AB represents isothermal process and BC adiabatic process
b) Curve AB represents adiabatic process and BC isothermal process
c) Curve CD represents isothermal process and DA adiabatic process
d) Curve CD represents adiabatic process and DA isothermal process
566. Under which of the following conditions, the law pV = RT is not obeyed by a real gas?

a) High pressure and high temperature b) Low pressure and low temperature
c) Low pressure and high temperature d) High pressure and low temperature
567. Temperature versus pressure graph of an ideal gas is shown in figure. During the process AB
T
A
-, B
P

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
568. 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 translation kinetic energy per molecule of oxygen gas is 3kT, k being the Boltzmann

constant
¢) The mean free path of molecules increases with decreases on pressure
d) In a gaseous mixture, the average translational kinetic energy of the molecules of each component is

different
569. Which of the following graphs do/does not represent the behaviour of an ideal gas?
pV v 24 pv
A
a) / b) \ ) d)

vV V V L— 7
570. A partition divides a container having insulated walls into two compartments [ and II. The same gas fills
the two compartments whose initial parameters are given. The partition is a conducting wall which can
move freely without friction. Which of the following statements is/are correct, with reference to the final
equilibrium position?

PV, T |2P2V, T
I II

a) The pressures in the two compartments are equal
b) Volume of compartment I is 3V /5
c) Volume of compartment Il is 12V /5
d) Final pressure in compartment I is 5P /3
571. 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 statement (s) from the following
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P

<P
A
L \\P2

B
D
Vo ar Vo

The work done by the gas in process AB is greater than the work that would be done if the system were

taken from A to B along the isotherm
b) In the T — V diagram, the path AB becomes a part of parabole
c) In the P — T diagram, the path AB becomes a part of hyperbola
d) In going from A to B, the temperature T of the gas first increases to a maximum value and then

decreases
572. An ideal gas undergoes a thermodynamic cycle as shown in figure. Which of the following graphs
represent the same cycle?

V

B A—»D A
¢ I, ¢
a) C b) c qp d) p

C C

- 4 - k- k-
' L

T— T— V— V—

573. A gas undergoes change in its state position A to position B via three different paths as shown in figure.
Select the correct alternatives:

P

a) Change in internal energy in all the three paths is equal
b) In all three paths heat is absorbed by the gas
c) Heat absorbed/released by the gas is maximum in path (1)
d) Temperature of the a gas first increase and then decreases continuously in path (1)
574. An ideal gas is taken from state A (pressure P,volume V/) to 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 toB exceeds the work done that would be done by it if the
system were taken from A to B along isotherm
b) In the T — V diagram, the path AB becomes a part of a parabola
) In the P — T diagram, the path AB becomes a part of hyperbola
d) In going from A to B, the temperature T of the gas first increases to a maximum value and then
decreases
575. At ordinary temperatures, the molecules of an ideal gas have only translational and rotational kinetic
energies. At high temperature they may also have vibrational energy. As a result of this, at higher
temperature

3R . 3R :
a)C, = > for a monatomic gas b) C, > > for a monatomic gas
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576.

577.

578.

579.

580.

581.

582.

) C, < % for a diatomic gas d)C, > % for a diatomic gas
One mole of an ideal monatomic gas has initial temperature T, is made to go through the cycle abca

shown in figure. If U denotes the internal energy, then choose the correct alternative
PA

P73 S
Poprommes ta b‘

Vo 2V V
9RT, 3RT,

a)U. > U, > U, b) U, — U, = 3RT, AU.—U, = 20 du,-U, = 20
P — Vdiagram of a cyclic process ABCA is as shown in figure.Choose the correct alternative
P A

BA

// C

>

a) AQ, —p is negative b) AUg — is positive c) AU, =, is negative d) AW, 4pis negative

Pick the correct statement (s):

a) The rms translational speed for all ideal gas molecules at the same temperature is not the same but it
depends on the mass
Each particle in a gas has average translational kinetic energy and the equation 1/2 mv32,x = 3/2kT

b) establishes the relationship between the average translational kinetic energy per particle and
temperature of an ideal gas
If the temperature of an ideal gas is doubled from 100°C to 200°C, the average kinetic energy of each
particle is also doubled

d) It is possible for both pressure and volume of a monatomic ideal gas to change simultaneously without
causing the internal energy of the gas to change

C, and C,, 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 monoatomic ideal gas

b) C, + C,, is larger for a diatomic ideal gas than for a monoatomic ideal gas

¢) C,/C, is larger for a diatomic ideal gas than for a monoatomic ideal gas

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

Select the correct alternatives for an ideal gas:
The change in internal energy in a constant pressure process from temperature T;toT, is equal to

a) nC,(T, — T,), where C,, is the molar specific heat at constant volume and n the number of moles of the
gas

b) The change in internal energy of the gas and the work done by the gas are equal in magnitude in an
adiabatic process

c) The internal energy does not change in an isothermal process

d) No heat is added or removed in an adiabatic process

A gas in container A is in thermal equilibrium with another gas in container B. Both contain equal masses

of the two gases. Which of the following can be true?

P, P
a) P,V = PV b) Py = P,V # Vp C) Py # Pg,Vy=Vp d)V—sz—B
A B

An ideal gas undergoes the cyclic process show in a graph below:
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583.

584.

585.

586.

587.

588.

589.

Pressure (P)

Va Va Vy Ve

Volume (V)
)Ty =T, b) Ty > T, ) VaVe = ViVa d) VoVp = VeV
In accordance with Kirchhoff’s law
a) Bad absorber is bad emitter b) Bad emitter is good absorber
c) Bad reflector is good emitter d) Bad absorber is good reflector

During an experiment, an ideal gas is found to obey a condition P?/p = constant (p =density of the gas).
The gas is initially at temperature T, pressure Pand density p. The gas expands such that density changes
top/2

a) The pressure of the gas changes to V2P

b) The temperature of the gas changes to v2T

c) The graph of the above process on the P — T diagram is parabola

d) The graph of the above process on the P — T diagram is hyperbola

The molar heat capacity for an ideal gas cannot

a) Be negative b) Be equal to either C,or C,

c) Lieintherange C, < C <, d) It may have any value between —ooand +oo
Three moles of an ideal gas C;, = 7/2R at pressure P, and temperature Ty is isothermally expanded to

twice its initial volume. It is then compressed at constant pressure to its original volume. Finally the gas is
compressed at constant volume to the original pressure P4. The correct P — V and P — T diagrams
indicating the process are

P P P Ii
A A p 4
PA ....... ‘A. _ PA C PA PA """""" %
4& P P
a) P, b) P, c) La B d) Lal ] c
[T S —— JEEEC T R, > 2 ! '
2 ¢ K 2 A IB c ; 2 B |
i ! — A H 4
— —» |/ TA TA T T
Vi 2V, v, 2V, 5 7A A

In the cyclic process shown in figure AU;and AU, represents the change in internal energy in process A
and B, respectively. If AQ be the net heat given to the system in the process and AW be the work done by
the system in the process, then

P A
B

0 V —s
a) AU; + AU, =0 b) AU; + AU, =0 c) AQ —AW =0 d)AQ +AW =0
At a given volume, the pressure of a gas
a) Varies linearly as its mass b) Varies linearly as its temperature
c) Varies inversely at its mass d) Is independent of its temperature

An ideal gas undergoes an expansion from a state with temperature T; and volume V; through three
different polytropic processes 4, B and C as shown in the

P —V diagram. If |AE,|, |AEg|and|AE,| be the magnitude of changes in internal energy along the three
paths respectively, then:
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590.

591.

592.

593.

594.

595.

596.

PA

. .

Vi Vs

a) |AE4| < |AEg| < |AE(| if temperature in every process decreases

b) |AE4| > |AEg| > |AE(| if temperature in every process decreases

c) |AE,| > |AEg| > |AE(| if temperature in every process increases

d) |AEg| < |AE,| < |AE(| if temperature in every process increases

If @ and A are coefficients of linear, superficial and volume expansion respectively, then

a)Ezl b)E:E C)ZZE d)E:Z
a 2 y 3 a 1 a p

A box contains a mixture of H, and He gases. Which of the following statements are correct

a) The average translational kinetic energies of H, molecules and He atoms are same

b) The average energies of H, molecules and He atoms are same

c) H, molecules have greater average energy than that of He atoms

d) The average speed of H, molecules and He atoms are same

A closed vessel contains a mixture of two diatomic gases Aand B. Molar mass of 4 is 16 times that of B and

mass of gas A contained in the vessel is 2 times that of B. Which of the following statements are correct?

a) Average kinetic energy per molecule of A is equal to that of B

b) Root-mean-square value of translation velocity of B is four times that of A

c) Pressure exerted by B is eight times of that exerted by A

d) Number of molecules of B, in the cylinder, is eight times that of A

Choose the wrong statement (s) from the followings

a) The average KE of a molecule of any gas is the same at the same temperature

b) The average KE of a molecule of a gas is independent of its temperature

c) The average KE of 1 g of any gas is the same at the same temperature

d) The average KE of 1 g of any gas is independent of its temperature

An insulated 0.2 m3 tank contains helium at 1200 kPa and 47°C. A valve is now opened, allowing some

helium to escape. The valve is closed when one-half of the initial mass has escaped. The temperature of the

gas is(?{/Z = 1.6)

a) 100K b) 200K c) 73°C d) —73°C

For an ideal gas:
The change in internal energy in a constant pressure process from temperature T; to T, is equal to

a) nCv(T, — T;) where Cv is the molar specific heat at constant volume and n the number of moles of the
gas

b) The change in internal energy of the gas and the work done by the gas are equal in magnitude in an
adiabatic process

c) The internal energy does not change in an isothermal process

d) No heat is added or removed in an adiabatic process

A system undergoes three quasi-static processes sequentially as indicated in figure 1 — 2 is an isobaric

process, 2 — 3 is a polytropic process with y = 4/3 and 3 — 1 is a process in which PV =constant

P, = P; = 4 x 10°N/m?,P; = 1 x 10°N/m?and V; = 1 m3. The heat transfer for the cycle is AQ, the

change in internal energy is AU and the work done is AW. Then
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P
4x10° N/m?

1 x10° N/m?

a)AW =0

PV (PRV)

1 m? —=]

b) AQ = 1.08 x 10°]

c)AU =0

d) AQ > AW
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3)

6)

10)

14)

379)
383)
387)
391)
395)
399)
403)
407)
411)
415)
419)
423)
427)
431)
435)
439)
443)
447)
451)
455)
459)
463)
467)
471)
475)
479)
483)
487)
491)
495)
499)
503)
507)
511)
515)
519)
523)
527)
531)
535)
539)
543)
547)
1)

a,c 4)

a,b,c,d 7)

- I -V VI -V R~ P VR = PR N I T — S = P T S T I — ol - 2 " o T VI o T T VI = 2 = - 2 - " - R - P — 2 I T — PR PR = I = PR I — i = PR e B )

b,c 11)

bcd 15)

LM e DA T AT At QL e 0D QT 0 aT o T T LYo oToT oo 000000606

L0
o o

a,b,d

a,b,d

TToT T AN T Y QAT S 0 QAT 0T A a0 0 Qoo S an

17)
21)
25)
29)
33)
37)
41)

45)

acd 18)
a,b,c,d
abd 22)
a,b,d

a,d 26)
ad

b,d 30)
b,c

acd 34)
a,c

a,c 38)
b,c

a,c 42)
b,d
a,b,c,d 46)

a,c 19)

a,c 23)
a,b,c,d 27)
a,b,c,d 31)
b,d  35)
a,b 39)
a,b,c,d 43)

a,b,c

a,b,c

a,b,c

a,b,d

b,c

a,b,c

a,c

b,c,d

20)
24)
28)
32)
36)
40)

44)
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13.KINETIC THEORY

: HINTS AND SOLUTIONS :

1

(d)

Oxygen being a diatomic gas possesses 5
degrees of freedom, 3 translational and 2
rotational.

Argon being monoatomic has 3 translational
degrees of freedom.

Total energy of the system

= onygen + Eargon

1 1
= nifi (JRT) + nafs GRT)
=2X5X-RT +4X3X5RT
= 5RT + 6RT = 11RT

(@)
paroB L BB _T-T
P, T, Py Ty
= (ﬁ) % = (w) X 100 = 0.4%
P 250
(<)

Mean Kkinetic energy of gas molecule

E =§kT =£k(t+273) — (gk)t+£>< 273k;

Comparing it with standard equation of straight
line
y=mx+c.Wegetm = gk and ¢ = 5273k
So the graph between E and t will be straight line
with positive intercept on E-axis and positive
slope with t-axis
(©
PV=yRT=%RT:>PocmT

P, m,T, 1 (273+27+50) 7
TR T mT, 2 @73+2) 12

7

12

7
P, =—=X20=11.67atm.= 11.7atm

3P2: —12

()
For ideal gas, on free expansion there is no change
in temperature. Hence C, = C}

(d)
2
P = §E
()
Let T be the temperature of the mixture
Then U = U; + U,
or
Lou +n)RT =L (R (1) +L ) (R 2T0)
7 Ny TN 5> o) T7 0
or (24 4)T = 2T, + 8T,

10

(*ny=2,n,=4)
5
ST = —TO

3
(a)
As the steel tape is calibrated at 10°C, therefore,
adjacent centimeter marks on the steel tape will
be separated by a distance of
le = Lio(1+ a,AT) = (1 + a420) cm
Length of copper rod at 30°C
=90(1 + a,20)cm
Therefore, number of centimeters read on the

tape will be
_90(1+a;20) _ 90(1+1.7x1075x20)
T 1(1+as20)  1(1+1.2x1075x20)
_ 90x100034 _ g4 04
1.00024
(@)
_R PV P
P TMTTM T Td
. d j— P
N T(cp —cy)
_ 1013 x10° 177 ke /mn
= 273(525 —315) _ -/ ke/m
(b)
Kinetic energy of N molecules of gas,
3
E = = NkT
2
Initially
3
El = EleTl
and finally
3
E2 = ENZkTZ

But according to the problem E; = E;andN, =
2N,
3 3
EleTl = E (2N1)kT2
T

$T2=?

Since the kinetic energy is constant
3

> NikT; = %Nszz

= N.T1 = N,T,

~ NT =constant

From ideal gas equation of N molecules
PV = NkT

= PV, =PV,

~ Py =P

(asV; =V, and NT = constant)

Page]|®6l



11

12

13

14

15

16

(9

(4 + fvib)

(3 + fvib)

fvip = degree of freedom due to vibration

= Vpoly < g

Or ypory < 1.33

Also you can remember that as the atomicity of

Ypoly =

gas increases the value of y-decreases

(b)

V; =2.4%x1073m3, P, = Py = 10°N/m?

and T; = 300 K (given)

If area of cross section of piston is A and it moves
through distance x, then increment in volume of
the gas = Ax

If force constant of a spring is k, then force F = kx
and pressure = F /A = kx /A

V,=V;+Ax =24x10734+8x1073x0.1

=32x1073
_ kx _ .5, 8000X0.1 _ 5
and P, = Py + o= 10° + X 10— =2x10
From ideal gas equation
PV RV,
T, T,
10°x24x1073 2x10°x32x1073
= =
300 T,
=T, =800K
(b)
3RT
Urms = 7
OF Vpps X VT

Since v, becomes half, so temperature is

reduced to one-fourth of its previous value
T" 1

T 4

During adiabatic process,
TVY-1 =T1'y'r-1

1
v T \y-1
or— = (—,)y
v \r

1
= (4151 =42 =16

~ V=16V
(9
8RT

Vay = | or > T M [+ Vg, R — constant]
Ty, My, Ty,

=>—2= > =—
To, Mo, (273+31) 32

= Ty, = 19 K = —254°C

(@

AtT = 0K, vpps =0

(d)

17

18

19

21

22

23

24

25

3kT 1
= —_— « —
Urms m vaS \/m
(b)
u1Cp, + 1Cp.
(Cplmix = ‘ui ¥ i, : (CP1 (He)

5 7

= ER and CPZ(HZ) = ER)

1 2R+ 1X2R
1+1
~ Amount of heat needed to raise the temperature
from 0°C to 100°C
(AQ)p = uCpAT =2 x 6 x 100 = 1200 cal
(9]
PM

RT
Density p remains constant when P /T or volume

remains constant.
In graph (i) Pressure is increasing at constant

= 3R =3 X2 = 6cal/mol.°C

p_

temperature hence volume is decreasing so
density is increasing. Graphs (ii) and (iii) volume
is increasing hence, density is decreasing. Note
that volume would had been constant in case the
straight line the graph (iii) had passed through

origin
(a)
% %
w0, <6,>tanf; < tanb, = (—) < (—)
T/ \T/,
Form PV = uRT; Yt
T P
1 1
Hence (;)1 < (;)2 =>P>P
(b)
vaS x \/T
(d)
2eV/ = >< 1.6 x 10719
_kT =1V =T =3 = e ®
=7.7x 103K
(d)

The value of% for one mole of an ideal gas

= gas constant

= 2 cal mol™1K™?!
(a)
At constant pressure (AQ)p = uCpAT =1 X Cp X
(30 — 20) = 40
= Cp = 4 cal/mol —
~Cy=C)—R=4-2=2cal/mol-K
Now (AQ), = uC,AT =1 x 2 x (30 — 20) =
20 cal
(b)
For path abc:
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26

AQ = AU + AW

=84 =AU+32= AU =52k
Hence AU, = AUy, = AUyqp = 52 K]
For path adb:

AQ = AU + AW
=52+410.5=625K]

So option (a) is correct

For process ba, system will release the heat. So
option (b) is wrong

For path ad:

AMWaap = AWaq + AWy,

=105 =AW 3+ 0

= AW,4; = 10.5K]

AQqa = AUgq + AWgq
=(42-0)+10.5

=52.5K]

So option (C) is correct

AQuap =52+ 10.5 = 62.5K]

AQap = AQqap — AQqa

=62.5-52.5

=10KJ

So option (d) is correct

Hence answer of these question is (b)

(@)

When gas is filled in a closed container, it
exerts pressure on the walls of the vessel.
According to kinetic theory this pressure is
developed due to the collisions of the moving
molecules on the walls of the vessels.
Whenever a molecules collides with the wall,
it return with changed momentum and an
equal momentum is transferred to the wall.
According to Newton's law of motion, the rate
of change of momentum of the ball is equal to
the force exerted on the wall. Since, the gas
contains a large number of molecules which
are colliding with the walls of the vessel, they
exert a steady force on the walls. This force
measured per unit area gives pressure, which
is same as the molecules are moving in
horizontal direction with constant
acceleration.

27

28

29

30

31

32

(©

Average translational kinetic energy of an ideal
gas molecule is 3/2KT which depends on
temperature only. Therefore if the temperature is
same, translational kinetic energy of O, and N,
both will be equal

(b)

According to Wien’s law, AT = constant. From the
graph

A <A3 <A,

2T >T3>T,

(9

’3P pV2
Vims = 7 or P :%

_ 899X 1072 x 1840 x 1840

3 = 1.01 x 105N /m?

(c)
AWype = 2P(2V — V) = 2PV
AW,pe = nRT In (2V/V)
=2PVIn2

A

)
o

Pressure

Y

Volume

. The required factor will be

_zpvmz_
~~py "

()

(80) e * () e = (50)

Kymr?(T, — Ty) + Kom[(2r)? = r?](T, = Ty)
l l
_ Kn(2r)*(T, = Ty)
B l
nri(T,-T1) _ Kmw4r%(T,-Ty)
l l

or (K; + 3K3)
K, + 3K,
K=—"""2
4
(a)

Mayer Formula
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33

34

35

36

37

38

39

40

41

(a)
Rate of cooling proportional to (T* — Ty), as per
Stefan’s Law.

R'_ (900)* — (300)*

R (600)* — (300)*
9t —3* 3%(3t-1)
T o6t —3% 32t -1)
80 _16
15 3
o 16

K
(d)

Vander waal'’s equation is followed by real gases

(9

Draw two isothermals one passing through points
1 and 2 the other through mid point of straight
line joining 1 and 2

T, > Ty, at point 1 temperature is T; and that at
mid point is T, and then at point 2 again it is Ty

=~ The gas is first heated and then cooled towards
end

(b)

As the temperature increases, the average
velocity increases. So the collisions are faster

()

The gases carbon monoxide (CO) and
nitrogen (N,) are diatomic, so both have

equal kinetic energyng, ie.E; = E,.

(d)

Mean kinetic energy of any ideal gas is given by
E = gRT which is different gases. (f is not same

for all gases)

(@
F_ 1A .
Pressure, P = 1= Z.A—I: [Ap = change in
momentum]|
()
, T, 200 (273+4+20) 293
VT =>5—=—> = =
Vv, T, V, (273 -20) 253
_200><253_1726 ;
27793 AP
)

The average kinetic energy of monoatomic gas
. 3
molecule is K = ngT

Where kg is the Boltzmann constant and T is the
temperature of the gas in kelvin

42

44

45

46

47

48

3
K =5 % (138 x 1072%K ") x (300K)

_ 3% (1.38x 10723 JK 1) x (300K)
- 2 x (1.6 x 10719 /eV)
=3.9 x 10~2eV = 0.039¢eV

(a)
In elastic collision kinetic energy is conserved
(b)
Giventhat, T = 27°C = 300K
Vrms = 1365 ms™1
We know that
3RT
Urms = Y3
) 3RT
or  Vrms = ™
3RT
or M =—
vrms
3x8.31%300
= —_—
1365%1365
_ 3x831x300 1400 s=4 g
1365x1365

The molecular weight of helium is 4.

(@)
H =

Mass of water 4.5kg
Molecular wt. of water _ 18 x 1073kg
T = 273K and P = 10°N/m? (STP)
From PV = u RT,

- puRT 250 x 8.3 x 273

= 250

— 3
Z 105 = 5.66 m
(9
According to Boyle’s law
piV1 = p.V2
As the pressure is decreased by 20%, so
80
P2 = T50P1
80
piVi = EP1V2
80
Vi=1,5V2
Percentage increase in volume
= 21 % 100
1£]
100-80
— — 0
= %5 X 100 = 25%
(d)
3RT 1
= |— > o ——
Urms M vaS \/M
(a)
According to Gay Lussac’s lawp < T
dp

dT
£ %100 = — x 100
D T

1=1%x100
T
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49

50

51

52

53

54

55

56

57

= T =100K

(©
PV — LRT PV 21X 10* x 83 x 1073
=Y =
K== Rr = 8.3 x 300
=7
(d)
Average kinetic energy
E,_ Ty (273 -23) 250 1

E= —kT = =

2 EZ Tz (273 + 227) 500 2
= E,=2E; =2%x5x1071* =10 x 10~ *eryg
(@)

Heat required
Q = (1.1+40.02) x 103 x 1 x (80 — 15)
= 72800 cal
Let m gram of steam is condensed, then heat loss
=mx540 +mx1x20
=560 m
Heat loss = Heat gain
= 560 m = 72800
=>m=130g =0.130kg
(b)
The collision of molecules of ideal gas is elastic
collision
(d)
The difference of Cp and Cy is equal to R, not 2R
(d)
PV =nRT

pv = 2R
=1 .
M
PM_w
RT V
P

_PM _PxmXxN, _
TCTRT T RT (i)T_ﬁ

Ng

)
We know that V /T = constant

VAV _V VT 4 TAV = VT 4 VAT
T+AT T O
AV 1

orTAV = VAT or — ==
VAT T

This is represented by graph (c)

()

The given equation is for 1 g mol gas

(d)

Wien'’s displacement law is

AnT = b (b =Wien’s constant)
b 288x10°nm—K

n =7 = 2880 K

A =1000 nm

Energy distribution with wavelength will be as

follows:

58

59

60

61

63

' . $» A(nm)
88

From the graph it is clear that
U2 > U; (infact U,is maximum)

3 R T
Urms =

% increase =

(b)

499
500 |
99)
499
500

1

T, |273+90)
T, |@73+27)

v——l ><100—01><100—10%

Mean free path 1 « %; If A is doubled then P

becomes half

()
Using pressure or Gay-Lussac’s law % _n
2
or P, = P1fe _ PQ73+927) _ 4p,
Ty (273+27)
(©)
Cp is always greater than Cy
ie, CP > CV
(d)

Work done on the system is negative
For the process 1 — 2

Ty
T;

P
A1
2
3
=}
Process | AQ AW AU
1-2
2-13 —20]
3—-1 —20]
Cycle 10]
AU1_>2 =0
~AQyp = AWy,
For the process 2 — 3
AW2_>3 =0
AQ;y.3 =—20]
For the process 3 — 1
AQ3,, =20]

AU = AU, + AU 3 + AU3,, =0
AW = AW, 5 + AW, 3 + AW
=AW;.,+0-20]=10]

Work done in the process 1 - 2 =30]

AQ =AQ1,; +AQ5 3+ 4805, =30]—20]

=10]
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64

66

67

68

For the process 1 = 2, work is positive, i.e., work
is done by the system

(@

Ratio of specific heat for a monoatomic gas is
5 . . .7
3 and for diatomic gas is =

Given, ny =1,n, =3,n=4
nq ny

S

= +
y=1 vi—=1 y2-1
4 1 3
i W
y—1 2 2
4=9y-9
13
=3 9y =13 :>y=?
Now, C,((y—1)=R
C R 83 _ 83x9
or V7 T B 4
= Cy = 18.7 ] mol™! — K1
(b)
P; = 720kPa,T; = 40°C = 273 + 40 = 313K
by meT2_3 626
< > —=— .
MR T T, 47313

= P, =1.5P; = 1.5 x 720 = 1080kPa
(b)
Since P — V graph of the process is a straight line
and two point (V. 2Py) and (2V,, Py) are known,
its equation will be
(2Py — Po)
(Vo — 2Vy)
PyV
~ P =3Py — V_o
According to equation for ideal gas

Py
(P—Py) = (V_ZVO):V_O(ZVO_V)

_ 3P, Vo,V — PyV?
- nRV,
. dr
For T to be maximum, e 0
3POV0_2POV:0
2 (i)
Putting this value in Eq.(i), we get
3V, 9

3PV ( O) Py (ZVOZ) 9P, V,

nRV, ~ 4nR

M

orV =

Tmax -
(c)
At constant temperature; PV = constant

=P X (%) = constant

69

70

71

72

73

74

75

= % = constant = K. [D = Density]
(c)

(AQ)p = HC,AT = u( !

RAT
=)

7
5 X 2 % 30

=~ (AQ)p, =5X%X| =

5
7 5
=5><2><§><E><30=1050ca1

(asp =5molandy = 7/5 for H,)

(b)

At critical temperature the horizontal portion in

P —V curve almost vanishes as at temperature T,.
Hence the correct answer will be (b)

(b)
Work done, W = f:lz avzdv

where @ = 3 x 10°Pa/m®

— 3
W av3]?™™ 3% 105V3]V2
= = |— i [ —
V;=1m?3 3 Vi
=>W =103 - VP)

V; = 1m3V, = 2 m3
W=10°8-1)=7x10%]
(d)

_ [3RT
™™ms — M

el

% increase in V,.,, =

20— 1732 100 = 15.5%
= —X = .
17.32 ’
(b)
E, A (T1>4 _4mrf - <1)2 1
E, A;'\T,)  4mrf ~\2) 4
(9
Cp — C, = m, for hydrogen (M; = 2)
Cp — Gy, = n, for nitrogen (M, = 14)
_1do_
For hydrogen, C,, — C,, = MiaT
. 149 _
For nitrogen, C,, — C, = MyaT =
1 a
E_MldT_&_E_7
o 14T M 2
M, dT
sm=7n
(a)
AW AQ — AU
AQ  AQ
c,—C 1 1 2
=P Y _q1_Z=-1- ===
Cp )4 1-2 5
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76

77

78

79

80

81

i.e., percentage energy utilized in doing external
work = = x 100 = 40%

()

P
m

N

Vi

\

PV = uRT = mRT
For 1st graph,

mq RT

P = n v ..()

For 2nd graph,
mpRT

P = n v ..(ih)

. V;
Equating the two, we get, = 2 > m < V
m;

AsV, >V, =>m <m,

(b)
1
V, = Vo(1 + at) = 0.5 (1 o X 819) — 2 litre
=2x1073m3
(c)
f 3 _
Eav =5kT = EX 1.38 X 10723 x 273
— 0.56 x 10-29]
(b)

Atx =o0,C =R

From PV* = constant

= PY*V =another constant
Soatx = oo,V =constant

hence C = C, = %R

and thenC, = C, + R = ;R

atx = 0,P =constantand C = C’
hence C' = C), = gR

atx = x',C = 0, so the process is adiabatic, hence

(b)

Let the initial pressure as of the three samples be
P4, PgandP., then

Pa(V)%/% = (2V)*/2P (= Py = P)
or P, = P(2)3/?

Pc(V) =P(2V)

or Po = 2P

Py:P: P,

=(2)3/2:1:2 = 2/2: 1:2

()

As p — po(1 —yAT)

82

83

85

86

% 9.7 =10(1 —y x 100)
9.7

E =1-yx100
9.7 03
¥ X 100 zl_E:E:?’XlO_Z
1
y =3x107% - a=§y=10‘4°C‘1.
(a)

PV = uRT = PV xT

If P and V are doubled then T becomes four times,
i.e,

T, = 4T; =4 x 100 = 400K

(b)

Let 68°C be the temperature at B. Let Q be the heat
flowing per second from A to B on account of
temperature difference by conductivity

90°C

0°c 20

_ KA (9? 0) 0
Where k = thermal conductivity of the rod, 4 =
Area of cross section of the rod, [ = length of the
rod. By symmetry, the same will be the case for
heat flow from C to B
-~ The heat flowing per second from B to D will be

KA(6 — 0
ZQ=—(l ) i

Dividing Eq. (ii) by Eq. (i)

0
2= 55520 =60C

()
Process AB is isothermal expansion, BC is
isobaric compression and in process CA

[373 — 273]

Page |67



87

88

89

90

91

92

94

95

(as for monatomic gasy = 5/3)

()
Energy spent in overcoming inter-molecular
forces, AU = AQ — AW

=AQ-P(V,—Vp)
1.013 x 10°(1671 — 1) x 107°
=540 —
4.2
~ 500 cal
(b)

Ideal gas equation for m garms of gas is
PV = murT (where r =specific gas constant)
orP = %T‘T = prT

P 1.013 x10°
T 0795 x 273
Specific heat at constant volume

>7r 466.7

r 466.7
Cy = E = %—_1 = 1400 ]/kg-K
(y =4/3 for polyatomic gas)
()

Kinetic energy « Temperature
()

R R 2 [ _ 7R]
Cp 7/2R™ 7 )

()

For a given pressure, volume will be more if
temperature is more [Charle’s law]

Constant
pressure

T,
. : Tl

é re V

Vi 1,

From the graphitisclearthatV, >V, =T, > T;
()

In Vander Waal’s equation (P + Vi) (V—b) =RT
2

a represents intermolecular attractive force and b
represents volume correction

(d)

n,C,AT; = n,C,AT,

10 x (T —10) =20(20—-T)

T —10 =40 -2T

3T =50=>T = 16.6°C

(©

Along path AB

AQ =AU + AW =Up — Uy + AW

or —50 = Ugp — Uy = U — 1500

or Uz = 1450]

Along path BC

orAQ =U; — Ug + AW
or0=U;—Ug+ AW = U; — Ug + (—40)
or0 =U;— 1450 —40 or Uc = 1490 ]

96 (a)
8RT
Vaverage = W = Vgy X \/T
97 (c)

For an adiabatic process,

PVY = constant

TVY~1=constant

and TYP1~Y =constant

Putting, y=5/3 (argon being a monatomic gas),
the equation become:

PV>/3 =constant

TV ~2/3=constant

T5/3p~2/3= constant = TP~2/5 =constant
(d)

1 - 2 :isothermal, AU;, =0

2 — 3 :isochoric, AW =0

= AQ,3 = AU,3 = —40 = AUy,

For a cyclic process, AU =0

AU + AUy3 + AUz =0

0+ (—40) +AU;; =0

0+ (—40) +AU;; =0

98

AUz = +40]
99 (a)
A — B is an isobaric process,
VT
So, AW, = nRAT = 2 X R X (750 — 250) =
1000R
B — C is anisochoric process
~ AWge = 0and

C — D is an isothermal process

Vi
AWCD = nRT In (_)
Vi

=2XRx10001 (20) = 2000R I (4)
- "\15) = "3
Total work done, AW = AW, g + AWge + AW,p

(a)

. . Ep, 1
K.E. is function of temperature. So =7

02

(©
u1 = 1,¥; = 5/3 (for monatomic gas ) and
U, = 2,y, = 7/5 (for diatomic gas)
From formula

100

101

H1V1 H2Y2
711 y—-1
Vmixture = [T Uy
Y1i—-1  v2-1
5 7
1><§ ZXE
st 2 19
3 5~ _ 2 _ 7
1 2 7 3 -
—+— =-+5 13
2.1 -1 2
5
102 (b)
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103

104

105

106

107

Y1 = 5/3 means gas is monatomic or Cy, = %R
Y2 = 7/5 means gas is diatomic or Cy, = 5/2R
Cy (of the mixture)

3 5
_ niCy, + 0y, ) (ER) + (D) (5) R

= =2R
ny +ny 1+1

Cp(of the mixture) = Cy + R = 3R

Cp 3R
Vmixture = C_V = 2R =15
(b)
In a given mass of the gas

pV

n==—

KT
k being Boltzmann'’s constant.
(a)

Work done by the gas at constant pressure

AW = PAV

= (1 x 10°5Nm~2)(1000 — 800) x 10~°m? = 20 ]
AU = AQ — AW

AU =100]—-20]=80]

(d)
M; =M, T, = 60 + 273 = 333K
vy M _3M

2T 47 4

(as 1/4th part of air escapes)

If pressure and volume of the gas remain
constant, then MT=constant

I, My M\ 4

YT M, (W> ~3

4 4
=Ty =3 xT; =5 %333 = 444K = 171°C
(a)

As degree of freedom is defined as the number of
independent variables required to define body’s
motion completely. Here f = 2 (1 Translational +
1 Rotational)

(9

Ideal gas equation is given by
pV = nRT

..(1)

Foroxygen,p =1atm, V=1L, n=ny,

Therefore, Eq. (i) becomes

1x1=ny,RT
1
= n02=ﬁ

For nitrogen p =0.5atm,V =2L,n = ny
05 X 2 == nNzRT
1
2" RT
For mixture of gas

= Ny

108

109

110

111

112

PmixVmix = MmixRT

Here, npix =ng, +ny,
pmiXVmiX _ i + i
RT RT RT
= PmixVmix = 2 (Vmix =
1)
(b)

c—3R 1K—3R ke K
v—zl/mo —ZMI/g

= S 2z Cl/ke K = 0.075 keal/kg K

Molecular weight of argon atom
3R

2M x 4.2 x 0.075 x 103

25
3x—

_ 3 _ -3
=— 3 —40x
Txazx75  H0x107"kg

()

According to Boyle’s law

(Pl Vl)At top of thelake = (PZVZ)At the bottom of the lake
3

4 (5r

37"\ 4
:>(10+h)><4 3 h—610—953
37TT = _64_ oom

(d)

Total pressure (P) of gas = Actual pressure of gas
P, + aqueous vapour pressure (Py)

=P, =P—P,=735-23.8=711.2mm

(d)

Suppose there are n; moles of hydrogen and
n,moles of helium in the given mixture. Then the
pressure of the mixture will be

p_ MRT  naRT _ RT
=t = utn)y
(8.3)(300)
3 —_
2x101.3 X 10% = (ny + np) o= =0

2x101.3x 103 x20x%x 1073
(8.3)(300)
The mass of the mixture is (in grams):
nyX2+n,x4=5
(ny +2n,) =25
Solving Egs.(i) and (ii), n; = 0.74,n, = 0.88
my _ 0.74x2 _ 148

Hence — = =—>52:5
Mye  0.88X4  3.52
(d)

The energy radiated per second by a black body is
given by Stefan’s law,

(ny +ny) = =1.62

E
? =oT*x A
Where A is the surface of the black body
E
o= oT* X 4mr?
Since black body is a sphere, A = 4nr?
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113

114

115

116

Case (i)

E

i 450,T = 500K, r = 0.12m,

~ 450 = 4710(500)4(0.12)% (i)

Case (ii)

==7,T = 1000K,7 = 0.06m (i)

Dividing Eq. (ii) by Eq. (i), we get

E/t B (1000)*(0.06)? B 24

450 (500)4(0.12)2 22
E

:>?:450x4=1800W

(d)

As we know 1 mol of any ideal gas at STP

occupies a volume of 22.4 litres.

=4

44.8
—_— =2
22.4

Since the volume of cylinder is fixed,
Hence (AQ)y = uCy AT

Hence number of moles of gas u =

—2><3R><10—30R —3R
- 2 N T2
(b)

The ideal gas law is the equation of state of an
ideal gas. The state of an amount of gas is

¥ (CV)mOTlO

determined by its pressure, volume and
temperature. The equation has the form

pV =nRT
where, p is pressure, IV the volume, n the
number of moles, R the gas constantand T
the temperature.

piVi  p.V;

o T

Given, p, = 200kPa,V; =V, T; = 273 +
22=295K,V, =V +0.02V

T, =273+ 42 =315K
200XV _ ppx1.02V

295 315
. 200 x 315
P2 = 595 % 1.02
p> = 209 kPa
(b)

Pressure will be less in front portion of the
compartment because in accelerated frame
molecules will feel pseudo force in backward
direction. Also density of gas will be more in the
back portion

Y

L.

° f,_.—>' ed a

X

More pressure/‘v N Low pressure
more density Low density
(b)

117

118

120

121

122

An ideal gas is a gas which satisfying the
assumptions of the kinetic energy.

(b)

Average speed or mean speed of gas

molecules
o= 2L or P
RNE vM
7 M
or — = |=Z
VHe My
Here, Mye = 4 My
Uy 4 _
— = |=-=2 or UHe
VHe 1
1_
(c)

A diatomic molecule has three translational and
two rotational degrees of freedom
Hence total degrees of freedom f =3+ 2 =5

(b)

3RT 3% 8.3 x 300
Vrms = M = 8 x 10-3 =517m/s
(0)

The two processes are shown in the following
P-V

Diagram:
PA
3
P3 ________
Py
Pyl LTS 2
Vi Va ¥
For isothermal process:
PV =PV,

ie, P, = (Z—j) P,

For adiabatic process:

PV = Py

ie, Py = (Z—i)y P,

Asy > 1,hence P; > P;

Further, as slope of adiabatic is greater than that
of isothermal process curve, adiabatic curve will
lie above the isothermal curve. That is, area under
adiabatic curve > area under isothermal curve
i.e., Negative work > Positive work

ie, W <O

(d)
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123

124

125

126

127

128

From Maxwell’s velocity distribution law, we
infer that

Vrms > V > Unyp
ie, most probable velocity is less than the root
mean square velocity.

()
According to ideal gas equation
PV =nRTorZ="8

T P

At constant pressure
v
P = constant

Hence graph (a) is correct

(@)

1 1702 MH2 Cc 2 1
Vs XK —= = —2 = [—2 = —= [—=-
UM v, My, vy, 32 4

= vy, =4C cm/s

(d)

Vander Waal’s gas constant b = 4 X total volume
of all the molecules of the gas in the enclosure

3
Orb:4><1vxfn(3) 2INd3
3 2 3

2
3 X 3.14 X 6.02 X 1023 X (2.94 x 10710)3
3

m
=32x10"6—
mol
(@
AsV T
VT
Ty
v —(313>V
= V2= 2931

Friction of gas that comes out

-1 (%)Vl—Vl_ 20

v, v, 293
(b)
p_ PRT L Ghmido, _ [To, M,
M Gmsdu, (Tu, Mo,
(hmsdo, _ (900 2 _ V3
(rmsn, (300 32 4

= (Vrms)o, = 836m/s

(@

The rms velocity of an ideal gas is
_ |3RT
vaS - M

Where T is the absolute temperature and M is the
molar mass of an ideal gas
Since M remains the same

129

130

131

132

133

= v'rms = V3V

(a)
Work done= area enclosed by triangle ABC

1 1
5AC X BC = > x 3V = V) x (3P = P) = 2PV

(a)
PV = uRT = P § If T and V both doubled then
pressure remains same, i.e., P, = P, =l atm =
1 x 105N /m?
(a)
Average kinetic theory of one molecule is

E=2kT

2

where k is Boltzmann constant and T the
absolute temperature.

Given, T; = —68°C = 273 — 68 = 205K,
E,=E, E,=2E
Ei _Th
E, T,
TLE;
= T, = £
205 x 2E
2 = T =410K
(@)

From Boyle’s law
pV = constant

p1Vi = poV;
Here, p; = (h+ 1), V; = %nr3

p2=1 V= %”(37")3

4 4
(h + l)§m‘3 =1x gn(Sr)3

h+1=271
h = 26l

or

(9

Let R, and R, be the thermal resistances of inner
and outer portions. Since temperature difference
at both ends is same, the resistances are in
parallel. Hence,
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The formula for average kinetic energy is

@ @%KT

[ _(KE)eoox _ 600
1_1.1 (KE)3pox 300
R R, R, = (KE)goox = 2 X 6.21 X 10721]
K(4mR?) B K (mR?) K,(3mR?) K =12.42 x 10721]
l B l + l = Also the formula for rms velocity is
3K, + K;
=" 3KT
Crms = |—
134 (d) m
N PV, T,
PV =Nkl = —2 =24y "8 (Crms)soox _ [600
NB PBVB TA o =
NA PxV x (2’]‘) 4 (Crms)300K 300
-S> — = — = —
Ny 2pxixr 1 = (Crms)sook = V2 X 484 = 684 m/s
* 141 (c)
135 (b) 1 N
For an isothermal process, PV = constant and for AW = > (1+2)x103 — X (0.4 — 0.2)m3 = 300]
. m
the given process (P,V, — P,V;)
PV? =constant AU =nCAT = ——F—

y—1
Therefore the gas is cooled because volume A

expands by a greater exponent than in an

isothermal process ‘<
136 (c) )

Kinetic energy of ideal gas depends only on A

its temperature. Hence, it remains constant

-

whether its pressure is increased or 0.2 04
decreased. V (m?)
137 (d) =(3/2)(04%x2—-0.2x1)x103]=900]
Kinetic energy is function of temperature AQ = AW + AU = 1200 ]
138 (d) 142 (d)
Let initial conditions =V, T Total internal energy of system
And final conditions = V', T’ i £
By Charle’s law V « T [P remains constant] Uoxygen T Uargon = M1 ?RT + 1 ?RT
ror.v v V' =12V > 3
—_—_—0—_= — = . — — — — —
T T T 127 —22RT+42RT—5RT+6RT—11RT
But as per question, volume is reduced by 10% (As f, = 5(for oxygen) and f, = 3(for argon))
means 143 (b)
V=09V Since PV™ =constant and also PV = RT, taking 1
So percentage of volume leaked out mol of the gas for simplicity, dU = C,dT
_ (1.2-0.9)V % 100 = 25% Where €, »molar specific heat at constant
1.2v volume
139 (a)

Now the molar specific heat in a polytropic

By Dalton’s law process PV™ =constant is given by

M RT  pRT  usRT

P=P +P,+P;= = () ()= @R
1+t % + V + V CV (y—l) (n—l) (n-1)(y-1) (1)
_ RT [y + ty + 3] = RT my n m; n E] From this equation we S(.ee that C,, will b.e negative
|4 VIM, M, M; when n < y and n > 1, simultaneously, i.e.,
_ 8.31 x 300 [i + E + i] 1 < n <y.Since y for all ideal gases is greater
- -3 : . L
3x10 32 28 44 than 1,if n > y or n < 1, then C,, will be positive
=498 x 10® = 500 x 103 = 5 x 10°N/m? 144 (d)
140 (d)
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145

146

147

148

149

From Dalton’s law, final pressure of the mixture of
nitrogen and oxygen is

P:P1+P2

_ WRT yZRT_mlRT_I_mZRT
v vV MV M,V
=S IR _Ho10=2 ()
32V 28V 2V 2V

When oxygen is absorbed then for nitrogen let

pressure is
_7RT
28V

RT ..

=>P=_ (ii)

From Egs. (i) and (ii), we get pressure of the

nitrogen P = 5 atm

(d)

Root mean square velocity of gas molecules

_ [er
vrms - M
1
or Vs KX —
rms m
v M
or Vos _ [Mo,
vOZ M03
Here, Mg, = 32, M03 =48
Vo |32 V2
UOZ 48 \/§
(b)
Saturated water vapour do not obey gas laws
(b)

Thermal capacity = Mass X Specific heat

Due to same material both spheres will have same
specific heat.

Also mass = Volume (V) X Density (p)

-~ Ratio of thermal capacity

3 3
_m_hp 3 :(r_l)
my, Vop ZSpp3 \n
4
N3
=(3)
(@)
PV=mrT=m(

| =

)1

M
m\RT 22y 831x (273 + 0)
:V:(—)—:(—)x d
M/ P 44 2% (1x10°)
=5.67 X 10~*m3 = 0.56 litre
(@)

22 g of CO, is half mole of CO, ie,n; = 0.5
16 g of O, is half mole of O, ie,n, = 0.5
nT; +nyT,

n, +n,

150

151

152

153

154

155

_0.5%(27+273)+0.5(37+273)

0.5+0.5
=305K
=305—-273 = 32°C
(a)

aT?
P+——|Ve=(RT +b)=P

= (RT + b)V ¢ — (aT?HV?
Comparing this equation with P = AV™ — BV™"
Wegetm = —candn = —1
()
No change, because rms velocity of gas depends
upon temperature only
()
Temperature of the gas is concerned only with it’s
disordered motion. It is no way concerned with
it's ordered motion

— Motion of train (order of motion)

o

— Motion of molecule (Disordered motion)

o

()

The average velocity

_ U1+U2+U3+...+Un

- N
14+3+5+7

Root mean square velocity

v2+vi+vi+.+vi
N

\/1+(3)2+(5)2 +(7)2

va \%

vrms

4

V21 = 4.583 km/s
Difference between average velocity and root
mean square velocity

=4.583-4

=0.583 km/s

(c)

PV = ZRT =V o T=>V1—m1 !
_M m Vz_mlez

_ _m 100 __m

TV T m, 200 ™7

()

C=Cp+W

where W' is the work done by the gas per unit
mole per unit rise in temperature. So
W' =aT — Cy = aT — (5R/2)

2T
5R
AW = fW’dT= f ((ZT—T)dT

To
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156

157

158

159

160

161

162

Ty
= (3aTo = 5R) =
(d)

Since Up =constant,

P RT

p M

P =constant since p is increasing, therefore
(vT‘mS)Z _

decreasing
(b)
Ty
(Vrms)1 - T_l
=>2= \/E = T, = 1200K = 927°C
300

(d)

For A: As piston is free to move, the process is
isobaric

AQ = uCy(AT),

For B: As piston is held fixed, the process is
isochoric

~ AQ = uCy(AT),

Now C,(AT); = C,(AT),

7R 5R

~ Ty, =42K

()

Given P o« T3. But for adiabatic process
P o< TY/Y~1 S0,

Vpms X VT =

3 C 3
L:g:y:-z—pz—
y—1 2 C, 2
(a)

ForlggasPV=rT=(%)T

Tn,

To

Since Pand V areconstant=>T « M =
T, 28 T = 252K = —21°C
= = = — o
(2734 15) 32 M
(@)

Kinetic energy form g gas E =

2

L mrT
2

If only translational degree of freedom is

considered

Then f = 3 = Eqpans = %mrT = %m (%) T
3 8.3

—§x20><§x(273+47) = 2490/

(d)

10 g of ice at —10°C to ice at 0°C

Q1 =cm,AB =0.5x10 x 10 = 50 cal

10 g of ice 0°C to water at 0°C

Q, =mL =10 x 80 = 800 cal
10 g of water at 0°C to water at 100°C

is

Mo

My

2

2

163

164

165

166

167

Q3 =cm,AB =1 x 10 x 100 = 1000 cal

10 g water at 100°C to steam at 100°C

Q4 = mL = 10 x 540 = 5400 cal

Total heat required, Q + Q; + Q2 + Q3 + Q4
=50+800+1000+5400 = 7250 cal

(d)
Hi1V1 H2Y2
_ -1 yx-1
Vmixture = e Uy
y1—1  yz2-1

41 = moles of helium = % =4

16 1
U, = moles of oxygen = e
4x5/3 1/2x7/5
5, VR
_ 3 5 _
= VYmix = i ﬂ =1.62
|
(d)
PV, P,V P,V
11 _f2 2:>T2=£XT1
Tl TZ P1V1
T LAV 300 = 100K 173°C
= = - X - X = = — o
273071
(@)

Since the piston is moved slowly we assume
isothermal condition for both gases as thermal
equilibrium is maintained throughout

Let the total volume of chamber be V. Then
volume of gas in X increases (expands) from V /3
to 2V /3. The work done is positive and given (for
1 mol of monatomic gas) by

2V/3
W, = +RT logeV—/3 = RT log, 2
The volume of gas in Y decreases (compressed)
from 2V /3toV/3

The work done (isothermally) is negative and
given (for 2 mol of diatomic gas) by

V/3
2v/3
Hence the total work done on the system is
W = Wy + Wy = —RT log, 2
Substituting R = 8.3,1og, 2 = 0.6996 and

simplifyingW = —=5.8T

Wy = 2RT log, = —2RT log, 2

(a)
7 R R 5R
Fory_E’C"_]:_g__l_T
YR (7/5R 7R
CP= = = = —
y—1 I_1 2

5
Fory=§,Cv =3R,C, = 4R
7

. E+4 15
“ Vmix = 5+_3= ﬁ
2

(a)
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Molar specific heat= molecular weight X gram
specific heat

Cy=MXc,

2.98 cal/mol-K= M x 0.075 kcal/kg -K

0.075x103
=M X Tcal/g—K

-~ Molecular weight of argon

_298
0075 '

i.e, mass of 6.023x 1023atom = 39.7g

Therefore, mass of single atom
39.7

T 6.023 x 1023
(c)

Given,

= 6.60 x 10~23g

168

pT?=constant

(g) T? =constant

or T3V ™1 = constant
Differentiating the equation, we get

2 3
Tar-.av=0
14 \%4
or 3.dT=§.dV

From the equation, dV = V,,.dT
y = coefficient of volume expansion of
gas

169 (a)

F F F
Enlle + Enszz + ETL3kT3
=§ (ny + ny + ng)kT
T = NniT1+ny;To+n3Ty
n, +n2+n3

170 (d)
Argon is a monoatomic gas so it has only
translational energy
(c)

RMS velocity doesn’t depend upon pressure,
it depends upon temperature only,

ie., Vyms < VT.

171

(273 +27)
(273 +127)

400
V3

300
400

= %)

172 (c)

m/s

Here,m = 10 g=10"2 kg
v =300ms™1,0 =?C,= 150 J-kg 1K1

_ 50 (1 2)_1 -2 2 _
Q == (3mv?) = 1% 107%(300)2 = 225]
FromQ =cm 6
Q 225
0 = —— = 150°C

~om 150 x 102
173 (a)

Most probable speed vy, = fZRTT = %mv,znp = kT

174 (c)
nlC,,1 + nzCV2

V= n, +n,
3 5
1X5R+1X§R
= = 2R
1+1
175 (b)

According to ideal gas equation PV = nRT

PV =2RT,P=2RT or2=Zorl o 2
M M P RT P T
Here, % represent the slope of graph

Hence T, > T;

176 (c)

PV; PV, 1x500 0.5x1,

T, T, _ 300 270 V2 =900m
177 (d)

Here, il

D, 2

A, D? 1

A, DI 4

dx, 2

dx, 1

d dT d dT

&:KA:L_:&: R

dt dx; dt dx,

dQijat _ A4 dxp 1,1 _ 1

dQ,/dt  dx, A, 4 2 8
178 (b)

1

Urmsoc‘\/_MﬁVH>VN>VO ['-'MH <MN<M0]

179 (a)

Pressure of the gas will not be affected by motion
of the system, hence by

3p __, 3P 1
Vrms = ?:>c :?szgpc

180 (a)
According to Boyle’s law, pV = k (a constant)
Or p% =k or p= %

k
Orp = % (where,g = k a constant)

P1 P1 mq mq kmq

So,pi == and V=t =—"2=—"2=—"

PLE Yk T mk
.. km
Similarly, V, = . =
2
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181

183

184

185

186

Total volume =V, +V, =k (% + %)
1 2

Let p be the common pressure and p be the
common density of mixture. Then

S mptm; o mptmg
=iy, k(e o)
Py P;
=k _my+my  PiP(my +my)
fPERe= My (myP, + myPy)
Py Py
(b)

Average kinetic energy o« Temperature
(b)
Temperature at state P = T, since P lies on the
isothermal of temperature Ty. If T be the
temperature at Q, then for the adiabatic process
B,we have, ToV) ! = T(2V)Y !
T T,

T 1T 23

Change in the internal energy of the gas is

R T,
y — 1) (22/3 B TO)
_ 3RTy(1—2%3)

= 46T

AU = Cy(T —Ty) =(

(a)

Temperatures T; = 15°C = 15 + 273 = 288 K
T, =35°C=35+4+273 =308K

Volume remains constant.

So Pr_ P2
! T, T
p_ho P 288
P2 T p. 308
P2 _ 308
p. 288
% increases in pressurez% x 100
1
_ 308 —288 % 100
~ 288
~ 7%
(b)

Let the temperature of junction be@Q. In
equilibrium, rate of flow of heat through rod 1=
sum of rate of flow of heat through rods 2 and 3.

(@), = (@), (&),
(0-0) _ KA(90°—0)  KA(90° - 0)

KA
I I I

8 =2(90° — )

30 = 180°,0 = B2 — 60°

(b)

Cr 7

¢, V75

187

188

189

190

191

192

193

Work done = y“—_i X AT

8.3 X400 x5
=7—

5
Work done = change in internal energy

(+ AQ = 0 for adiabatic process)
Therefore, change in internal energy
=41.5K]

(a)

The total pressure exerted by a mixture of

=41.5]

non-reacting gases occupying a vessel is equal
to the sum of the individual pressure which
each gas exert if it alone occupied the same
volume at a given temperature.

For two gases,

p=p1+p,=p+p=2p

(9
At constant temperature PV = constant = P < %
(b)
y = 7/5 for a diatomic gas
(d)
We know v; = \/E and vy, = \/3:1)
p p
. VUrms — Z
Vs 3
(©
Wap = =PV
WBC = O

and WCD = 4POV0
o WABCD = _P()VO + 0 + 4POV0

= 3POV0
(©)
1 (2 M,
Vpms X —==>—= |[—
™M v, M,

L M = i
A Fr i M, = 16. Hence the gas is CH,
(@)

Part (i) Part (ii)

P, 5V 10P, V

When the piston is allowed to move the gases are
kept separated but the pressure has to be equal.
(P; = P,) and final volume x and (6V — x), the no
of moles are same in initial and final position at

each parts.

v Py =P Py = nyRT

nRT  n,RT _ 5PV
x 6V—-x T RT
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ng m _10pPV
x 6V—x 2T RT
5PV 10PV 1 2

> = >—=
xRT (6V —x)RT x 6V —x

56/ —x=2x=>x2Vand 6V —x = 6V — 2V =

4V

~ (2V,4V)
194 (d)

5 3
V= ’p = ’ X = 25m/s

195 (a)

= AT !

M -—

f

Also fMono < fDia = (AT)Mono > (AT)Dia
196 (d)

Average kinetic energy E = %kT
= ExT
Thus, average kinetic energy of a gas

molecule is directly proportional to the
absolute temperature of gas.

197 (b)
As dQ = C,mAT
~ 70 = Cp X 2(35 —30)
CV = Cp —R
=7 —1.99 = 5.01 calmol~1°C™?!
.~ dQ' = CymAT
=5.01 X 2x (35—30) =50.1 cal
198 (d)
Vpms = \/% = P « p [Vms is constant for fixed
temperature]
199 (a)

PV = RT for 1 mol
RT
szPdefvdV

V=CT%3

= 2 om0 0V _ 24T
~3 Y T3T

T2 2\ dT 2
w =f RT (—) =—= 51!2(7"2 —T)) =166.2]
Ty

3 T

200 (b)
For 1 mol of gas,
AQ = C,AT + PAT
At constant volume, AT =0
For 2 moles of gas,
A= 2C,AT
From PV = nRT = 2R X 300

201

202

203

204

205

206

and 2V = 2RT}
« Tr = 150K
~ AQ = 2C,(Tf — T;) = 2C, (150 — 300)
= —300C, ]
In the next process,
AQ = 2C,AT = 2C,(300 — 150)
=300C5)
- Net heat absorbed = —300C,, + 300C,
=300(C, — C,) = 300R |
(a)
From ideal gas equation
pV = nkT
p = %kT
Here, 3 =5/cm3 =5 x 10%/m3
oo p
= (5% 10%/m3)(1.38 x 10723 /JK™1) x 3K
p =20.7 X 10717 Nm~2
(©
From the Mayer’s formula
C,—Cy =R

-..(ii)
Substituting Eq. (ii) in Eq. (i) we get
= yCy—Cy =R
Cv(r—1) =R
R
Cy = —y
(d)
AT
AQ = KA (—) At,
Ax
=0.008x 4 X
=108 cal
(a)
For paths 1, 2, 3 and 4, initial temperature of the
gas is T; and final temperature of the gas is T,
i.e, AU; = AU, = AU; = AU,
= nCyAT =nC,(T, — Ty)
T3>T,>Ty
For path5, (T3 —Ty) > (T, — Ty)
AUz > AU5
(b)
VUrms = Vay > Vmp
(9

Since P and V are not changing, so temperature

where A = 4w r?

22 8)2 i (32
2 (6 x 108)? x (105) X 86400

remains same
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208 (d)

209

210

211

212

Here (M /P) represents the slope of curve drawn
on volume and temperature axis. For the first
condition slope (M /P) graph is D (given in the
problem)

For the second condition slope

-

i.e., slope becomes four times so graph 4 is correct
in this condition

(@)
P,=P,T;=T, P,=P+(0.4% ofP)

P P+O'4P P+ P andr, T+1
= = — = —_— —

2 100 250212
From Gay-Lussac’s law
Py Ty
P, T,
P T

= =

P+ — T+1

250

(as V =constant for closed vessel)
By solving, we get T = 250 K
(b)
Thermal energy corresponds to internal
energy
Mass=1 kg

Density =4 kg m™
Mass 1 3

Density T4
Pressure = 8 X 10* Nm™2

3

Volume =

5
Internal energy = 5P X V =5x10%]
(d)
(Vyms)1 T, 500 0+ 273
= |=—= =
(Vrms)2 T, (Vrms)2 819 + 273

| 273
~ /1092

W), =500 |22 _ 500vE = 1000 = 15"
VrmsJ2 = 273 = s s
()
AU = nC,AT
Cp _
Also,C—v—y
Hencecp_cvzy—l
v
=>C,=R/(y—-1)
nR AV 2V —V 14
AU = AT = P _p( )_ P
y—1 y—1 y—1 y—1

213 ()
From ideal gas equation
PV =RT (i)

PAV=RAT (ii)

Dividing Eq. (ii) by Eqg. (i), we get
AV AT _ AV 1

v T var T 6 (given)

So the graph between § and T will be a
rectangular hyperbola

214 (d)
Thermal equilibrium implies that the temperature
of gases is same. Hence Boyle’s law is applicable

i.e
BaVa = PpVy
215 (c)
At absolute temperature T = 0 = v, = % =

0
Therefore, there is no motion of gas molecules at
this temperature

216 (c)
PV = uRT [Gas equation] = PV « T
218 (a)
The value of universal gas constant is approx.
cal
mole — Kelvin
219 (d)
P = 2 X (Energy per unit volume) = 2% = PV =
’E
3
220 (b)

Here, V, = 103 cc

¥ = 180 x 1076°C™1
g=40x107%°C™1, t = 100°C

Ya = ¥r—g= (180 —40)107°

Ve = Vo(1+ 140 X 107° x 102)

= (103 + 14)cc

~ Volume of mercury that will overflow

== Vt - VO - 14 cc
221 (b)
n1v1 Uzv2 3%X1.3 2X1.4
y1-1  y,—1  (1.3-1) (1.4-1)
Ymix = g =3 — =133
yi—1  y2-1  (13-1) (14-1)
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222

223

224

225

226

227

228

229

231

232 (

233

(d)

Kinetic energy per g mole E = gRT

If nothing is said about gas then we should
calculate the translational kinetic energy

3 3
i.e.,Errans = ERT =3 %X 8.31 X (273 +0)
= 3.4 x 103

(b)
CP_CV=R:>CP=R+CV=R+§R
=R+ 3 R = > R
20 2
(©
Since temperature is constant, so Vs remains
same
()
C =15R = 3R

YToe7 T T2

This is the value for monoatomic gases
(a)

3RT

T M
2 ST« M> _He _ "He

Ty My

Urms =

(273+0) 2

=2 —"=—= Ty, = 546K = 273°C
THe

()
For one g mole; average Kinetic energy = ERT
()
Kinetic energy « Temperature. Hence if
temperature is doubles, kinetic energy will also be
doubled
()
V o« T [as constant pressure]
(d)
Process CD is isochoric as volume is constant,
process DA is isothermal as temperature is
constant and process AB is isobaric as pressure is
constant

Ta _, T8
A M A M B

3RT, _, 3RT = ac Cy )
= = = = > — =
M, Mg 4 7y
(a)

The temperature at which protons in a proton gas
would have enough energy to overcome Coulomb
barrier between them is given by

3 .

EkBT =Kq (1)

Where k,,, is the average kinetic energy of the

234

235

236

237

proton, T is the temperature of the proton gas and

kg is the Boltzmann constant
2Kay

From (i), we getT =
3Kp

Substituting the values, we get
2 X 414 x 1071y
T 3x1.38x 10" 23JK1
(a)
m
PV = yuRT = - RT

=2x%x10°K

PV 1
= —«— [*M =molecule mass]

PV PV PV

From graph (7)< (%), < (F),
= My > Mg > M,
(d)
Pressure is directly proportional to square of the
diameter of the balloon,
P, :
DA
When VZ = 2V1 = D23 = 2D13 =

D, (V3
=>2= (—2) (ii)

Dy \Ih
From Egs. (i) and (ii),

P \1

= PV ~2/3 = constant

(a)
Ideal gas equation, in terms of density,

PL _ Py

= —= =constant

piTy p2T2
N W

pr P T

Prop _ Prop  Teowom _ 70 300 _ 75
PBottom PBottom TTop 76 280 76
(a)

Let p; and p, are the initial and final
pressures of the gas filled in A. Then

p, = NnaRT and Py Tlg‘le
nyRT
Ap=p,—p1 = A
- _ (M)E
M /)2y
(D)

where M is the atomic weight of the gas.

Similarly, 1.5Ap = — (%)%
..(i)
Dividing Eq.(ii) by Eq. (i), we get
15="28 or 3_mp
my 2 mgy
or 3mA = sz
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238

239

240

241

242

243

244

)

125%0.6
Pressure of gas A, Py = ———

1000

150x08 _ 0.120 atm
100

Hence, by using Dalton’s law of pressure
Prixture = P4 + Pg = 0.075 + 0.120 = 0.195 atm

(©
Below 100 K only translational degree of freedom

is considered. Hence
Bav1, Hava
_Y1—1 y2-1
- M1, K2
Y1—1 v2-1

= 0.075 atm

Pressure of gas B, Py =

VYmixture according

to question, py = ppandy; =y, =1 +§ = %

5
=>Vmix=]/1=§

(a)
i_ T
v, T,
1 300
2 T,

T, =600 K =600 — 273 = 327°C
At = 327 — 27 = 300°C

(@
E—3RT:E,—T,—400—4—133
) E T 300 3

()

A9 =01+0Q,+0Q03+ 0,

= 5960 — 5585 — 2980 + 3645 = 1040]
AW =W, + W, + W3 + W,
=220—-825-1100+ W, =275+ W,
For a cyclic process, U = Uy
AU=Us-U; =0

From the first law of thermodynamics,
AQ = AU + AW

1040 = 0 = 275 + WyorW, = 765 ]

(d)
[3RT
Vmsie _ N | Mar 149 _ 5 516
V;”msAT 3RT Mye 4 .
mar
()
From ideal gas equation,
PV = uRT
R
P = M—T
|4

Comparing, this equation with y = mx
Slope of line, tan 8 = m = uR/V

ie,V «

[t means line of smaller slope represents greater
volume of gas
for the given problem figure

245

246

247

248

249

V = constant

T
Points 1 and 2 are on the same line, so they will
represent same volume, i.e., V; = V5.
Similarly points 3 and 4 are on the same line, so
they will represent same volume, i.e.,, V3 =V,
But V; > Va(= V,)orV, > V3(=V,) as slope of line
1 — 2 isless than that of 3 — 4

(d)
5 7
Cy =§R and C, =§R
G T
Cyr 5
(d)

Quantity of gas in these bulbs is constant ,i.e.,
initial no. of moles in both the bulbs =final
number of moles

B1+ g = p + p

PV N PV 15PV N 1.5PV
R(273) R(273  R(273) R(T)
2 15

1.5
= — = — R

273 273 + T
= T = 819K = 546°C

(@)
Root mean square velocity
1
VUrms X \/_1\71
(Vrms)o, _ [Mu,
S =
(Vrms)Hz Mo,
12 1
32 4
(@)

From the first law of thermodynamics

dQ =dU +dw

Here dW = 0 (given)

~dQ =dU

Now since dQ < 0 (given)

~ dQ is negative = dU = —ve

= dU decreases=>Temperature decreases
-~ The correct option is (a)

(9

At TK, pressure of gas (P) in the jar

= Total pressure - saturated vapour pressure
= P = (830 —30) = 800mm of Hg

New temperature T’ = (T - L) =27
100/ ~ 100
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250

251

252

253

254

Using Charle’s law F= P—, =P = P
T T T

_ 800 x 99T _ 792 u

= foor _ /0¥mmof Hg

Saturated vapour pressure at T' = 25 mm of Hg
=~ Total pressure in the jar

= Actual pressure of gas + Saturated vapour
pressure

=792+ 25 =817mmof Hg

(a)

In free expansion of Vander waal’s gas, its
temperature decreases

(b)

For adiabatic process, PVY =constant

c
For monatomic gas,y = C—p = 1.67
v

For diatomic gas,y = 1.4

Since Ygiatomic < Ymonatomic, SO With increase in
volume, decrease in pressure will be more for
monatomic gas

= Graph 1 is for diatomic and Graph 2 is for
monatomic. Correct option is (b)

______________ 2

V
(d)
PV =muT=>Pxm [+ V,r,T - constant]
my P; 10 107
:m—zzg m_2:—2.5><106:>m2 = 25kg.

Hence mass of the gas taken out of the cylinder
=10 — 2.5 =7.5kg

(©
PV = %RT(for ideal gas)
mRT
TP

In the position of equilibrium of stopper S,
Py =P, Ty =T, my =my
~ MV = constant
MVy = MV,
= A% 32(360 —a) =28a x A
a =192°
(b)
AQ\  (AQ
(3, = G,
kKA(N2T —T;)  kA(T; —T)
- a - V2a

Solve to get

255

256

257

258

259

T 2+1
A
T
V2a
a
T
B a
N2T
(@)

No work is done along path AB because the
process is isochoric

~ work done= Pg(Vp — V)
=8x10*(5x1073-2x%x1073) =240]
(AQ) ac = (AQ) 45 + (Q)pc = 600 + 200 = 800]
&~ (AU) 4¢c = (AQ) — (AW) = 800 — 240 = 560]
(a)

Kinetic energy for 1 mole gas E = gRT

3
= EtTranslation = ERT

[ For all gases translational degree of freedom
f=3]

(d)

From the first law of thermodynamics
Q=W+AU

For an isobaric process

f+2
W = RAT,Q =CPAT=<T)RAT
w2
0 f+2

Where f is the number of degree of freedom
For an isochoric process,
w=0 v =0

Y
The straight line 1 corresponds to an isochoric
process. For monoatomic gas f = 3 and for
diatomicgas f =5
g = % (for monatomic gas)
= % (for diatomic gas)
Straight line 2 corresponds to isobaric process for
diatomic gas and straight line 3 corresponds to
isobaric process for monatomic gas
For isotherm W = Q,tan 8, = 1 straigh line 4
corresponds to isothermal process because
W = Q only if AT = 0O i.e,, AU = 0. For an adiabatic
process Q = 0, the straight line 5 corresponds to
it
(a)
Ap = mV — (—mV) = 2mV
(©
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260

261

262

263

265

266

The work done=area of P — V diagram

Vo-Vi  P,—P

vy B

- V1 27 11

W= _”< 2 ) ( 2 )
But the cyclic process is anticlockwise. Hence, the
work done is negative
(b)
Heat required to convert 5 Kg of water into steam
AQ =mL =5x23x10°=11.5 x 109]
Work done in expanding volume,
AW = PAV
=5x10°(1.671 — 1073) = 0.835 x 109]
Now by the first law of thermodynamics
AU = AQ — AW
= AU = 11.5 X 10° — 0.835 x 10° = 10.66 x 10°]
(b)
Process AB is an isothermal process, i.e., P « 1/V
and since p < 1/V, p — V graph will be a
rectangular hyperbola. Pressure is increasing;
therefore, volume will increase. Process BC is an
isochoric process. Therefore, V =constant and
since p = m/V, density is also constant, i.e,p —V
graph is a dot. Process CD is inverse of process AB
and process DA is inverse is BC
(9
If number of molecules in gas increases then
number of collisions of molecules with walls of

a =

container would also increase and hence the
pressure increses, i.e., P « N.

B M 2 p_op
S —_—=— = —
P N1 2 !
(c)
Cy = EPTE I
4 -1 V= Cy 3R 3
(c)
PV _ BV,
T, T,
5 L
(1.38 x 107Pa)(16L) _ (10°Pa) (2-4;t)
300K - 300K
_ 138x107 x 16 _ 920 i
T 105x24 ocoomm
920
= Eh = 15 h (approx.)
(b)
V2 Vs
W=deV=fKVdV
vy Vi

(-2

=K = constant)

267

268

269

270

271

PV =RT

But p = KV

o~ KV? =RT

or K(V3 = V) = R(T, = Ty)
R

“W =2 (T~ T0)

(@)

Change in temperature in process 1 will be
greater and in process 3 will be least

(@)

We treat water like a solid. For each atom average
energy is 3kgT. Water molecule has three atoms,
two hydrogen and one oxygen. The total energy of
one mole of water is

U=3X%X3kgT X Ny = 9RT ['.'k3=£
Ny
~ Heat capacity per mole of water is
_AQ AU
= AT TAT 9R
(d)
f 5 7
Cp = (§+1)R = <E+1)R :ER
(a)

When electric spark is passed, hydrogen reads
with oxygen to form water (H,0). Each gram of
hydrogen reacts with eight grams of oxygen. Thus
96 gm of oxygen will be totally consumed
together with 12 gm of hydrogen. The gas left in
the vessel will be 2 gm of hydrogen i. e.

Number of moles u = % =1
H2

H1
(¢ = Initial number of moles = 7 + 3 = 10 and

UsingPVzuRT:Pocy:%:
1

U, = Final number of moles = 1)

1
= 1 E:Pz_o.latm

()
Process is isothermal. Therefore, T = constant.
Volume is increasing: therefore, pressure will

decrease (P < %) in chamber 4 —»
n4RT  nuRT
AP = (P)); — (P = ———
(P)i = (Ba)y = = =5
__ MaRT .
==, O
In chamber B —»

1.54p = (Pg); — (Pg)f =
_ NnBRT ..

T2 (it
From Egs. (i) and (ii),
Ny _ 1 2

nBRT nBRT
vV 2V

np

15 3
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272

273

274

276

277

278

279

mB/M 3
my _ 2
mpg B 3
3my = 2mgp
(d)
We have v, = %; atT = T,(NTP)
3RT,
Urms = MO

But at temperature T,

3RT,
Vems = 2 X M°
3RT 3RT,
= — =2
M M
= VT = \[4T,
or T = 4T,
T =4 x 273K=1092K
T = 819°C
()

The number of moles of the system remains same,
PV, PV, PV, +V
11 2V W 2) N
RT, RT, RT
P+ VR)TWT,
(PLViT, + PV, Ty)
According to Boyle’s law,
P1V1+P2V2 :P(V1+V2) s T
_ (Vi + PV T,
(PAViT, + PV, Th)

T

(<)

EFxT

(<)

As number of moles increases, pressure increases
and at certain pressure vapour condenses hence
pressure now decreases

(b)

RMS speed of gas molecules does not depends
on the pressure of gas (if temperature
remains constant) because p o« p. If pressure
is increased n times density will also increase
by n times but v, remains constant.

(©

Moist and hot air being lighter rises up and
leaves the room throught the ventilator near
the roof and fresh air rushes into the room
throught the doors.

(d)

P = 4.5 % 10° Pa; dQ = 800 K]

280

281

283

284

285

286

287

V; =05m3V, =2md

dw =PV, —V;) = 4.5 x 10%(2 x 0.5)

= 6.75 x 10%]

Change in internal energy

dU =dQ —dw

=800 x 103 — 6.75 x 10° = 1.25 x 10° ]

(a)

Work done during the cycle = area enclosed in
the curve = (2P — P)(2V —V) = PV

()
Ty
T=ttn
w = T, _ T2/Th :(1—77):1_1
T, =T, 1—=(Tx/T1) n n
(b)
Ideal gas equation can be written as

pV =nRT
..(1)

From Eq. (i), we have
n

Z =L —constant
V  RT

So, at constant pressure and temperature, all
gases will contain equal number of molecules
per unit volume.

()

From the given V — T diagram, we can see that in
process AB,V « T.therefore pressure is constant
(as quantity of the gas remains same)

In process BC,V =constant and in process

CA, T =constant

Therefore these processes are correctly
represented on P — V diagram by graph (c)

(a)

According to kinetic theory, molecules of a
liquid are in a state of continuous random
motion. They continuously collide against the
walls of the container. During each collision,
certain momentum is transferred to the walls
of the container. So, kinetic energy of
molecules increases, hence due to random
motion, the temperature increase. So, random
motion of molecules and not ordered motion
cause rise of temperature.

(d)

It is because of their low densities

(b)

Root mean square speed

1
X

7

vrms
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Urmsq P2
vrmsz P1

. 9
Given, 12
P2 8

Urmsq

= _— _—= —
Vrms, 9 3

288 (d)

Root means square velocity of molecule in left
part

3KT

my,

vaS -

Mean or average speed of molecule in right part

_ [8kT
Uav - T[mR
According to problem /ﬁ = /EE
myp, T mpgp
3 8 3

my
> — = o> — =
mpg 8

my,
()

Root mean square velocity (vy,s), given by

T mpg
289

3RT

vrms M

where R is gas constant, T the temperature
and M molecular weight.
Given, T; =27°C=273+27 =300K,
T, = 327°C =327+ 273 =600K
(vrms)l

_ 300 |1
(Urms)z 600 2

= (vrms)z = \/E (Urms)l
Hence, rms speed increases \/7 times.

(b)
Neglecting bond length, the volume of an oxygen
molecule has been taken as 2 times that of one

290

oxygen atom.
In 22.4 litres i.e., 22.4 X 1073m3, there are
N, = 6.23 x 1023 molecules
Total volume of oxygen molecules = 2 X §m‘3 X
Ny
22.4 X 1073m3 is occupied by N, molecules
~ Fraction of volume occupied

2 X g X1 X (1.5 X 10710)3 x 6.2 x 1023
- (224 x 1073)

=8x107*%

292 (d)

293

294

295

296

297

o 3RT
rms — M
3RT 3%8.31 X300
OrM = Zns (1920)2

=2x10"3kg=12g

Since, M = 2 for the hydrogen molecule. Hence,
the gas is hydrogen.

()

Since the volume of cylinder is fixed, the heat
required is determined by C},

He is a monoatomic gas.

Therefore, its molar specific heat at constant

volume is
C —3R
Y72

~ Heat required = no. of moles X molar specific X
rise in temperature

3
=2 XERXZO = 60R = 60 x 8.31 = 498.6/

PV = uRT
=V x % (*+ wand R are fixed)

Since, T increases rapidly and P increases slowly
thus volume of the gas increases

()
3RT
Vrms = |1 =>T M [+ Vppys, R = constant]
T M T 32
522 _"%2 % 227 —31K
Ty, My, (273+0) 28 z
= 39°C
()
Work done by the balloon
20 m3 25 m3
W = PydV + f PdV
15 m3 20 m3
20 m3 25m3
15 m3 20 m3
(25 —20)3
= 100><5+100><5+2><T k]
= 1083 K]
(b)
(AQ)p = uCpAT and (AQ)y = uCyAT
A cy 3R
:( Q)V=_V=§_=3/5
(AQ)P CP ER
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298

299

300

301

302

303

304

305

306

308

3 5
[ (CV)mono = ER' (CP)mono = ER]

3 3
= (AQ)y = H X (AQ)p = T

(b)
RMS velocity is given by

x 210 =126)

3kT
m

or v

For a gas, kand m are constants.
.UZ
7 =constant

(d)

BC isisochoric. Vg > V4, Vg =V, Vp >
(b)

We know fraction of given energy that goes to
increase the internal energy = 1/y.

So we can say the fraction of given energy that is
supplied for external work = 1 — (1/y)

Ve

(9

Cisothermal = @ and Cygiabatic = 0

(b)

Kinetic energy for 1g = Erpans = %rT = %%
(9

y=1 +}%:> 14=1 +]27:> Degree of freedom
f=5
= Degree of freedom of diatomic gas is 5 and it’s
7 5

Cp =ER and Cy = ER
(d)

m P
PV=uRT=>P(F>=yRT=>poc?

Since T becomes four times and P becomes twice

1,.
SO p becomes E times

(d)
Average kinetic energy E = ng
Sinec f and T are same for both the gases so they
will have equal energies also
()
T

As 6, >0, > tanf, >tanf; = (;)2 > (;)1

Also from PV = ,uRT;% <xV=V,>V

(a)

6T, = 3T, = 2T, = T; = 1800K

T, =300K; T, =600K

T, =900K;T; = 1800 K

4 —» 1 and 2 — 3 are isochoric processes in which
Work done = 0

Wi, =PV, — V1) =nR(T, — Ty)

=2 X R(600 —300) = 600R

Wiy = P(Vy — V3) = nR(T, — Ts)

309

310

311

312

313

314

315

317

318

319

=2 x R(900 — 1800) = —1800R
Wrotal = 600R — 1800R = —1200R = —10000 |

(@)

No. of moles n = UL

molecular weight 32
So, from ideal gas equation
pV = nRT
V= > RT
= p—
P =32
(9
nlcleTl = nzcvaTz
3 5 ny
> X=-RX10=n,X-RX6=>—=1
2 2 n,
(b)
_ Po _ b
1+ (/)3 2
_ PV
2R
Therefore translational kinetic energy is equal to
3 T 3R PV 3P0V0
2 2 2R 4
(d)
v . i so (vrms)oz
s \/M (Urms)Hz
(d)
AQ x4 (AT) X (AT) r?
= x —
At ax) - ) S

2
. . - .
As — Is maximum for (d), it is the correct choice.

()
, 3RT : .
Vrms = |57 According to problem T will become

2T and M will becomes M /2 so the value of v,
will increase by V4 = 2times, i. e., new root mean
square velocity will be 2v

(b)

Pr = 2p+p

Saturated vapour pressure will not change if
temperature remains constant.

(b)

Number of translational degrees of freedom (3)
are same for all types of gases

(d)

Kinetic energy E = 1.5 x 10° ], volume,

V =20L =20x10"3m3

Pressure

2E 2/15x10° & % 105N /m?
=== = X

3V " 3\20x 1073 /m
(d)

For adiabatic process:
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320

321

322

323

324

325

Bulk modules: B = yP

For point p: P = 28T _ k3T _ 1RTo
p p: v 3V Vo
YnRTy .
> B =
7
Now TVY~1 =constant
=> (@ —-1DTdV+VdT =0
N av 4
ar — (y—-1DT
For point P —
=3V, —(3V)
3T, (y—1D(3Ty)
S>y=2
So form Eq.(i), B = Zn‘fTo
0
(b)
3RT 5
Vrms = 7 S Vi X T
(b)
fSRT ’RT ’RT
Vrms = 7:\/§ ﬁ=173 ﬁ
(a)
3RT
VUrms & 7
T x vrzms
_h
= - T =
[ 2=
_ 273 + 327
B 4
= 150K = —-123°C
(d)
Root mean square velocity,
_ /ﬂ _ /ﬂ
’3R(T/2) ,3R
= 3% =150 ms™?!
(c)
At constant pressureV « T = AVV = A?T

Hence ratio of increase in volume per degree rise
in kelvin temperature to it’s original volume

_(v/AT) _ 1
v T
(o)
Qap = AUyp + Wyp
Wi =0

AUyp = gnRAT

326

327

328

329

331

] 7 —
Vo 2V,
5
Qup = 2.5 PV

Process BC,Qgc = AUpc + Wpe

Qpc =0+ 2PyVylog2 = 1.4 Pyl

Onet = Qap + 9pc = 3.9 RV

(©

In the given graph, line has a positive slope with
the x-axis and negative intercept on the y —axis.
So we can write the equation of line as
y=mx—c (i)

According to Charles’s law

Vv, = Yo t+V
t ™ 273 0

By rewriting this equation, we get
273
t = ( Ve =273 (i)
By comparing Egs. (i) and (ii), we can say that
time is represented on the y-axis and volume on

the x-axis

(c)

Process AB is isochoric; therefore
Wyg = PAV =0

Process BC is isothermal; therefore
V,

WBC = RTzln (_)
Vi

Process CA is isobaric; therefore
WCA == PAV == RAT == R(TZ - Tl)

(b)
1 Ve My 1 1 vy
(b)
Cp—CV=5=>CP R+CV R K
J J ] ](V—l)

3613:?(]%1) I]?(15151) 3]R

(b)

Energy of 1 mol of gas
f f

=—-RT =ZPV
2 2

Where f = degree of freedom
Monatomic or diatomic gases possess equal
degree of freedom for translation motion and that
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332

333

334

335

isequalto 3,ie, f =3
3
~ E==PV

2
(d)
C, for hydrogen = 5R/2, Cy, for helium= 3R/2,C,
for water vapour = 6R /2
4><57R+2§+1X3R 16R

* (Co)mix = 4+2+1 -7
* Cp+ C +R_16R+R—23R

TR R T g 7

(c)

At constant pressure, the volume of a given
mass of a gas is directly proportional to its
absolute temperature (7).

A
V

T

>
—>» T

ie., %zconstant

This is another form of Charles’ law. Hence,
variation of volume with temperature is as
shown.

Hence, correct graph will be (C).

(b)

When temperature of gas increases, it expands. As
the cross-sectional area of area of right piston is
more, greater force will work on it (because

F = PA). Piston will move towards right

(9
Specific heat at constant pressure (Cp) is the
amount of heat (Q) required to raise n moles
of substance by A8 when pressure is kept
constant. Then

Q
C, = Y
Given, Q=70cal,n = 2,
AB = (35— 35)°C = 5°C

Cp, = 79 —7 cal mol~t =K1
2%5

From Mayer’s formula €, — C, = R
where R is gas constant (= 2 cal mol™?1)
7—Cy=2

Cy =5calmol™! — K™ !
Hence, amount of heat required at constant
volume (Cy) is

=

Q' = nC, A0
Q' =2x5x5=50cal

v2+vi+.+vi
n

\/4+25+9+36+9+25
6

336 (c)

We have vpps

1.414 = 4.242 unit.
337 (c)
Here, Al = 80.3 —80.0 = 0.3 cm
l=80cm,a =12 x1076°C?
Rise in temperature AT = %
0.3

AT =
80 x 12 x 1076

338 (c)
The root mean square velocity

3RT
M
where R is gas constant, T the temperature

and M the molecular weight.
Ty =273K, My =

= 312.5°C

vrms

Given, vye = vy,

2, MHe=4
v _ [Ta M
VHe The My
_ [er3 4
| The = 2
> Ty =546K
In°C, Ty = (546 —273)°C = 273°C
339 (d)
(AQ)p = UCpAT = 207 = 1 X Cp X 10
5 Co=20722"" Asoc,—cp = R
P ol — g 0P T T
C C R=20.7—-83=12.4 Joule
=>C,=Cp—R=207—-83=124—_
4 P mole — K

So, (AQ)y = uCyAT =1x12.4x10 = 124]
(d)

Cp — Cy = R and R is constant for all gases
(9

At constant volume

P P P,
—=—=>T,=|—|T
T, T, ° ( )1

340

341

3P
ST, = (7> X (273 + 35) = 3 x 308 = 924K

= 651°C
342 (b)
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343

344

345

346

347

348

349

Speed of sound in gases in given by

R L S T
sound p %) P1 dq
(0)

From AA—f = KA (i—z)

AQAx
At =
KA(AT)
In arrangement (b), A is doubled and Ax is halved.
2 At > L2

1,.
— —time
2 4

.1 . .
le,zx4m1n= 1 min

(9
“Cp—C, =R
Fractional part of heat energy = C’;_
P
7
_ ER —R _ E
7R 7
2
(@)
If the volume remains constant, then
PL_Ty
p2 T
T
= +p°;* TT+1
P T 100P
or T = 250K
(d)
Mean Kinetic energy for y mole gas = p. gRT
. E=ulRT = (m)7NkT _ 1 (7)NkT
CEEEE T2 T\
7
= @NkT [As f =7 and M = 44 for CO,]
(b)
__URT _mRT ( _m)
v "mv T

So, at constant volume pressure-versus
temperature graph is a straight line passing

through origin with slope 7;—5. As the mass is

doubled and volume is halved slope becomes four
times. Therefore, pressure versus temperature
graph will be shown by the line B

(d)

Since the gas is slowly heated, it remains in
equilibrium (more or less) with the atmosphere,
i.e,, the process takes place at a constant pressure
Now, from PV = nRT,PdV = nRdT (i)

or, PAV is the work done by the gas

So, AW = nRAT = (2 mol)(R)(4Ty — Ty) = 6RT,
[From Eq. (i) AV « AT,i.e.,if AV = 3V, AT = 3T,]
(9

350

351

352

353

As AU = 0 in a cyclic process,
AQ = AW = area of circle= m r?
or AW =10%m]

(a)

c=C,+pV

dQ_dU+ dV=>C c +PdV
dr ~— dT '~ dT Vroar
Comparing, P Z—Z =BV

RT dV _ av B B dr

vV dTr V2 RT

On integration

= B _

v —RInT: _InT_ﬁV

= TFP?/R =constant

(a)

For an adiabatic process, PVY = K
Here,y = 3/2 and K =constant
PV3/2 =K

3
log P +§logV = log K

AP 3AV
P 2V

AV 2AP

Ty 3P

AV><100— (2)(AP><100)— 2><2— 4
v — \3/\p 373 9

Therefore volume decreases by about (4/9)%
(d)

A is free to move; therefore, heat will be supplied
at constant pressure

dQ =nCpdT, (i)

B is held fixed, therefore, heat will be supplied at
constant

Volume
dQB - nCVdTB (ll)
ButdQ, = dQp

nC,dT, = nC,dTg
ity = (2)ar
B c,) 4
=y(dT,) (y = 1.4 (diatomic)(dT, = 30K)
= (1.4)(30K)
dTp = 42K
(a)
Let t be the temperature of mixture,
Heat gained by CO, = Heat lost by O,
= w1 Gy ATy = p €y, AT,

22 Ry —27) = E(ER) 37-0)
44 —32\2

5
= 3(t — 27) =§(37—t)
By solving we get t = 31.5°C
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354

355

356

357

358

359

360

361

362

(d)
Kinetic energy « Temperature
E, T, E; (273+27) 300 1
= — = — E— — = —
E, T, E, (273+927) 1200 4
= EZ = 4‘E1
(b)
VP3 =constant=k = P = 1L
vi/3
URT
Also PV = uRT = — V1/3 V= uRT = V3 ===
vi\23 1 v N3 T B
Hence(v—z) —T—Z:(m) —T—2=>T2 =9T

(o)
In the absence of intermolecular forces, there
will be no stickness of molecules. Hence,

pressure will increase.

(@)

Vyms O i (vrms)Hz F f £
\/_ (Vrms)He 1

(d)

Urms =\/U12+V22+7§+VZ+U52 = 4.24

(b)

Vrms = % or Vpms X VT

Vrms 1S to reduce two times, ie, the
temperature of the gas will have to reduce

force times or
T _ 1

T 4
During adiabatic process,
TV 1=T'y'r"1

1

Vi _ (T
or % _(T’)
- (M)ET=42 =16
. Vi =16V
(a)

Work done is equal to area under the curve on PV
diagram (a) is the correct option

(9

When saturated vapour is compressed some of
the vapour condenses but pressure does not

change
(d)
Root mean square velocity
b= [3RT
rms — M

where R is gas constant, T the temperature
and M molecular weight.

Given, MN2 = 28, Mo2 = 32, T02 =
127°C =127 + 273 = 400K
UOZ T02 y MN2 _ 400 % 28
sz MOZ TN2 32 TNZ
> TN2 = 350 K = 77°C.
364 (b)
Cy
— X Q =nC,dT
Cp
Q 20
dT = = =5K
nCp 2 x g X R
365 (c)
H1YV1 Uz2y2
Y1—1 Y2—1
Ymax = }h ilz
Y1i—1 -1
1x2  1xZ
'
>—-1| |&-1
[3 5 3
=== 15
1 1| 2
5 . |T|7
>-1| |51
3 5
366 (c)

367

368

369

370

371

Mean kinetic energy of molecule depends upon
temperature only. For 0, it is same as that of H, at
the same temperature of —73°C

(b)
The mean kinetic energy for gas molecules
E=2kT > EoT

E; .
5o - (D)

According to question both gases are at the
same temperature 7.

T.
So, 21

E_T_1
So, E, T 1
= EiE, =1:1
(d)
From C, = fR =~ X 6R = 3R
(d)

r.m.s. velocity does not depend upon pressure
(©

Molecules of ideal gas behaves like perfectly
elastic rigid sphere

(b)

Let initial pressure, volume and temperature be
P,,VoandT,, respectively, indicated by state A in

P —V diagram. The gas is then isochorically taken
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372

373

374

to state B(2Py, V,, 2T) and then taken from state
B to stateC(2Py, 2Vy, 4T,) isobarically

VP oor,  ar,
2Popr B Ci
Py i Ty

Vo 2Vo V

Total heat absorbed by 1 mol of gas
AQ = C,(2Ty — Tp) + Cp(4Ty — 2T))

5 7 19
= ERTO +ER X 2Ty = 7RT0
Total change in temperature from serious 4 to C
is AT = 3T,
Therefore,
A0 _ SRTo 19
L _AQ _FRTo 19
Molar heat capacity = = = e
(d)
Using v, = va + 8 we get
Yr = y1+3a= y,+38
Y1— V2
B = 7 ta
(b)

The molecules of a gas are in a state of
random motion. They continuously collide
against the walls of the container. Even at
ordinary temperature and pressure, the
number of molecular collisions with walls is
very large. During each collision, certain
momentum is transferred to the walls of the
container. The pressure exerted by the gas is
due to continuous bombardment of gas
molecules against the walls of the container.
Due to this continuous bombardment, the
walls of the container experience a
continuous force which is equal to the total
momentum imparted to the walls per second.
The average force experienced per unit area
of the walls container determines the
pressure exerted by the gas. This should be
clear from the fact that although the
molecular collisions are random the pressure
remains constant.

(c)
_ MyRT +nyRT + ngRT
%4
=, +n, +n3)%

375

376

377

379

380

(G
(b)

For an adiabatic process TV?~! =constant.
Therefore,

T, V]!

7, =[5l

22 0.082 X300
—) ——— = 3.69 atm
44 1

277%/3
= 300 [?] =675K
= AT = 675 —-300 = 375K
(b)
Heat added to helium during expansion
H = nCyAT =
3 : 3
8 X R x 30 (CV for monoatomic gas = ER)
=360 R

=360 x 8.31] (R=8.31]mol™! —
K™
~ 3000]
(b)
For first vessel, number of moles
mq 32
n1 = —=— = 1
M; 32
Volume=V, Temperature=T
- piV =RT
(1)
For second vessel number of moles
m, 4
:nZ = M—Z = E = 2
Volume=V, Temperature=2T
. p.V = 2R(2T)
-..(ii)
From Egs. (i) and (ii),
p, =4p, =4p
(c)
Boyle’s and Charle’s law follow kinetic theory of
gases
(c)
For carbon dioxide, number of moles
22 1
(n)=-=3;

molar specific heat of CO, at constant volume
CVl = 3 R

16 _ 1.
32 2’
molar specific heat of O, at constant volume

5R
CVZ = 7.

Let TK be the temperature of mixture.
Heat lost by O, = Heat gained by CO,.

For oxygen, number of moles (n,) =
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381

382

383

384

385

386

n, CVZATZ = n1CV1AT1

15 1
> (E R) (310-T) = 7% (3R)(T —300)

Or 1550-5T = 6T — 1800
Or T = 304.54K = 31.5°C

(d)

(<)
Q =nGC, AT = n(C, — R)AT

8.31
_5 (7.03 - H) % (20 — 10) = 250 cal
(a)
By the graph, W,z = 0 and Wg, = 8 X
104[5 - 2] x 1073 = 240 ]
WAC = WAB +WBC =0+ 240 = 24‘0]
Now,
AQac = AQyp + AQpc = 600 + 200 = 800]
From the first law of thermodynamics,
AQac = AUyc + AWy
(9
According to Boyle’s law (P1V1)pottom = (P2V2)top
(10 + h) x %m‘f =10 X %nrg’ butr, = 2ry

~(10+h)r$ =10x8r >10+h=80 ~h

=70m
(a)
At sonstant pressure
T. %
2 2 2
VxT=s>s—==—= _(—)T
A VR VY

3V
=T, = (7> X 273 = 819K = 546°C
(d)
Consider n moles of a gas which undergo
isochoric process, ie, V=constant. From first
law of thermodynamics,

AQ = AW + AU

(1)

Here, AW = 0 as V = constant
AQ = nCyAT

Substituting in Eq. (i), we get
AU = nCy AT

..(ii)

Mayer’s relation can be written as
C,—Cy =R

= Cy=C,—R

..(iii)

From Egs. (ii) and (iii), we have
AU = n(C, — R)AT

387

388

389

390

391

392

Given, n=6, C, =8calmol™' —K™,
R =831]mol! — K1
~ 2 calmol™! — K1
AU = 6(8 —2)(35 —20)
=6 X6 X 15 = 540 cal

Hence,

(9
We know that Cp — Cy = ?
R
Cp —Cy

=]

Cp—Cy =198 cal
P T g —mol — K
R=8.32—]
g—mol —K

: —832—420 l
s = 98— *+ ] /ca

1.
(b)
For an adiabatic process,
0=dU+ Pdv
ord(a+ bPV)+PdV =0
or bPdV + bV dP + PdV =0
or(b+1)PdV +bVdP =0

or(b+1)d7v+b%P= 0
or (b+ 1)logV + blog P =constant

yb+1pb — constant
b+1
or PV b = constant

b+1

(b)
E, T; 300 2
E, T, 450 3

(b)
As f = 6 (given), therefore
—1+2—1+2—4
VAT ET e T3
Fraction of energy given for external work
AW 1
- (1-)
AQ Y
25 (1 1 ) 1 3 1
= — = —_—) = —_—_= =
AQ 4/3 4 4

>0 =25%Xx4=100]
(a)
Change the internal energy
AU = uC,AT = U, — Uy = uCy(T, — Ty)
Let initially T; = 0 so U; = 0 and finally
T, =TandU, = U

PV R
U=quT=uTva=ny_1=y_1
(AsPV = uRT,~ uT =PV/RandC, = R/(y — 1))
(a)

PV
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393

394

395

Average speed (v,y) of gas molecules is

8RT
M
where R is gas constant and M the molecular

weight.
Given, v, =v, M; =64, v, =4v

va A%

vy M,

v, My

4v 64
= M2_1_6_

Hence, the gas is helium (molecular mass 4).

(b)
Neon gas is monoatomic and for monoatomic
gases

C —3R

V72

(c)

P—P V-V

P—P, V-V,
(P_P1)(V1_V2) = (V_Vl)(Pl _PZ)
PA

3PO PlVl

PV,

Vo 3V,
(P —3P)(Vo —3Vp) = (V=V5)(3Py — Py)
(P —3P)(—2Vp) = (V = V) (2P))
_ZVOP + 6POV0 = ZVPO - 2POV0
ZVPO + ZVOP - 8P0V() =0

V2Py — 4PyVy + VonRT = 0
_ Py(—V? + 4VV,)
r= VonR
For maximum or minimum value of T,

T

d*T

vz

[t is negative so

T is maximum at V = 2V,

- Po(—4V§ +8V5) 4PV
max VonR ~ nR

(9

396

398

399

400

401

402

403

404

PV, PV,

Ty T,
r,=t2Var 203 300 = 1800K = 1527°C
= = —=X—=-X = = o

2Ty, T17

(0)

Mean kinetic energy per molecule E = ng =

Rrr

2

(d)

For an ideal gas keeping the temperature
same throughout,

pV =constant
Hence, for a given mass, the graph between
pV and V will be a straight line parallel to V-
axis whatever may be the volume.

(a)
PV = urT = "RT = p = L7 [D it d—m]
=uRT =4 = ensity d =
P it or 2 P,
> — = =
dT constan orlel d2T2
(a)
At constant temperature
PV = constant
P, V, 70 Y2 L co0m
S5 === — = = =
P, V, 120 1200 2 m
()
E, T, E (273+27)
E, T, 2E T, 2
= 327°C
(a)
3RT
Urms = 7

Room temperature, T = 300 K

3 % 8.31 x 103 x 300

1930 =
M

M=2g
or the gas is H,
()
At constant volume the total energy will be
utilized in increasing the temperature of gas

ie, (AQ), = uC,AT = uC,(120 — 100) = 80
80
>uC,=—==4]J/K
HGy =55=41/
This is the heat capacity of 5 mol gas
(d)

The square root of 72 is called the root mean
square velocity (rms) speed of the molecules.

2 2 3 4
S e B o b b
rms 4
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405

406

407

408

409

\/(1)2+(z)2+(s)2+(4)2
4

_ [1+4+9+16
= |/ =
f3o ,15 -
== [= kms™!
4 2

(d)
p=p1+p2tPp3

= (5o, * (), * (o,

= (no2 + ny, + nCOZ)I;—T
_ (0.25+0.5+0.5)(8.31)x300
4x1073

=7.79 x 10° Nm™2
(b)
Here,m = 0.1 kg, h; = 10m,h, = 5.4 m
c =460]-kg=1°C™!,g = 10ms~2,0 =?
Energy dissipated, Q = mg(h; — h,)
=0.1 x10(10 —5.4) = 4.6j]
FromQ =cm?©

_Q 4.6
= on = 260x 01

(o)
nRT
PV=nRT0rP=7 orPxT

= 0.1°C

If V and n are same. Therefore, if T is doubled,
pressure also become two times, i.e., 2P
(b)
According to Wein's displacement law,
AT =constant where 4,, is the wavelength for
which intensity of radiation emitted is maximum
Am)sTs = Amdns X Ts
S = sun
NS =north star

T, (Anys 350

=>——= =——=0.69
Tnvs  (Am)s 510
(@
The P — V equation is given as
12P, 4P,
P = V——V2-7P,
Putting P = Py, we get
V2=3VV+2V¢=0
A
2P,
3
Py ]
ve 3Vo 2V, 1V
2
I /g

410

411

412

413

- +3V, £ /9V§ — 8V¢

2 ::Zv%oer
AtP = 2P,V =22
dP_0 tV—3V0
v TN T
2
m=negatlve

P attains the maximum value at V = 3V, /2
(d)

Kinetic energy of a gas molecule

E=2kT
2

where k is Boltzmann’s constant.

FxT
or EE_T _E _ 300

E; T; (E/2) T;
or T,=150K

T, =150 — 273 = —123°C

(c)

Let for mixture of gases, specific heat at

constant volume be Cy,
_ n1(Cy)1+n,(Cy)»
Cy =—"7-"—""=
ni+n,
5R
where for oxygen; C,, = o= 2 mol
3R

For helium; Cy, = M2 = 8 mol
2X5R 3
Therefore, C, = = % _VR_ 7R
2+8 10
(b)
The gas pressure
weight of piston

= — + atm. pressure
area of cross — section

8x98 +1.00 X 10°> Nm?
=———+1.00 X
60 x 10—% m

= 1.13 X 10° N/m?

During the heating pressure, the internal energy
is changed by AU; and work AW, is done
Therefore, AQ; = AU, + AW, = AU, + PdV

= AU; + (1.13 x 10°)(0.20 x 60 x 10™%)

=AU, +136]

During the cooling process, no work is done as
volume is constant, AW = 0

Hence, AQ, = AU,. But AU, is negative as the
temperature decreases, and since the gas returns
to its original temperature, AU, = —AU;

Hence

[AQ; — |AQ,|] = (AU, + 136 — AU;) = +136]
(b)

Density of mixture, ppix = P“;?ix
Mass of nitrogen gas, my = 7g = 7 X 107 3kg

Mass of carbon dioxide, m¢o, = 11 g = 11 X
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414

415

416

417

107 3kg

Molecular weight of nitrogen gas, My = 28 X
103kg

Molecular weight of carbon dioxide, M¢o, = 44 X
103kg

my mco,
_ ongMy iy MV T3 Mcoz
Mmix - ny + nCOZ - my mC02
My MCOZ
_ my + mcoz _ (7 + 11) X 10_3
- MmN Meop AN
My~ Mco, (28 + 44)
18 x 1073 .
=—1 7 =36x10"kg
4 4
1x105)(36x 1073
= ( 25)( ) _ 1.44 kg/m3
5 X 300
(d)
Pressure due to an ideal gas is given by
M
b= ;U

Putting % = p, the density of gas

1
p=3pv
— 3P
= v = p)
1
Vo —
Nz
(d)

Escape velocity from the earth’s surface is
11.2 km/sec

2
3RT 14 XM
S0, Vs = Vescape = I; =>T= ( esca;;)
11.2 x 103)%2 x (2 x 1073
= ( ) ( ) = 10063K

3 x 8.31
(©)

Average velocity of gas molecule is

’SRT 1
Vay = _:vavx_

< Cye >

L <Cu>
7 e >

(d)

PV «Mass of gas X Temperature

In this problem pressure and volume remain
constant, so M;T; = M,T,=constant

M, T, (27+1273) 300 12

"M, T, (52+273) 325 13

12
:>M2—M1X__

13x2e - 12
X—g =
13 138 &

418

419

420

i.e., the mass of gas released from the flask
=13g—12g =1g

(9

As temperature requirement is not given so,
the molecule of a triatomic gas has a tendency
of rotating about any of three coordinate axes.
So, it has 6 degrees of freedom; 3
translational and 3 rotational.

Thus,

(3 translational+3 rotational) at room
temperature.

(9

In second part there is a vacuum, i.e.,, P = 0. So
work done in expansion = PAV = 0. Also, AQ = 0.
From the first law of thermodynamics, AU = 0O i.e,,
temperature of an ideal gas remains same due to
free expansion

(d)

According to Boyle’s law, multiplication of
pressure and volume will remain constant at the
bottom and top.

(P V)
If P is the atmosphere at the top of the lake and
the volume of bubble just before touching surface
is V.then from P, V; = P,V,

P+h
Pg> v,

(P+hpg)V0=PV=>V=( P

h
V= Vo[l+pg
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421 (a)
(AQ)y = uCyAT = (AQ)y =1 X Cy X1 =Cy

. 3
For monoatomic gas Cy = ER

3
= (AQ)y = ER
422 (c)
On keeping the temperature of the ends of
tube at 0°C and 273°C.
- 100 cm——mm»

0 cm

1
76 cm «——» 76cm 31°C

U

<45 cm—»

31°C

J

<« 45 cm—>»

Mercury
10
0°C - 273°C
(E P E—— < (90-1) 73
Mercury
Applying ideal gas equation
piVi _ p2Ve _ p3ls
76X45 poXl _ p3(90-10)

(273431)  (273+0)  273+273
76X45 _ p2><l _ p3(90—l)

304 273 546
I 11 I11
From Il and III
p2xl _ p3(90-D)
273 546

(Mercury column is at rest, so pressure

difference p, —p3; =0 = p, = p3)
p2xl _ p2(90-D)
273 546

= 2l=90—-1 =1=30cm

From [ and Il
76x45 _ p,x30

304 273
76 X 45 X 273
= P2 = 730 x 304
p, = 102.4
423 (b)

The average speed of molecules of an ideal gas is
given by

8RT
<v>= W

424

425

426

427

428

429

430

ie, < v >x T for same gas

Since temperature of A and C are same, average

speed of O, molecules will be equal in A and C,

ie, vq

(9

Here temperature remain constant

So PV, =PV, =76 X5 =P, x35

76 X 5
35

=>P2=

(b)

Cp — Cy = R = Universal gas constant

(b)

Molar specific heat of the mixture at constant

volume is
n,Cy, +nyCy,

= 10.85cm of Hg

V:

(ny +ny)
_ 2(3R)+3(3R) —21R
2+3
(b)

Number of moles n = 5 mol, T; = 100°C,
T, = 120°C, AU =80]
Rise in temperature At = 120 — 100 = 20°C

AU = msAt
Z=1x5x20
s=10.8]
. For5mol, s =0.8x5]JK™ 1 =4]JK!
(b)
Cp—Cy =R

At constant pressure, Heat = nCp6
= 310 = 2 X Cp X (35 — 25) = 20Cp
310
= (p = % =155
At constant volume, Heat required = nCy 6
=2 Q=2X(Cp—R)Xx(32—-25)

=2x(155-83)x10=2X7.2X 10 = 144/

(o)
_ PV _ PV
U = RT:.UZ = RT
(uq + u)RT 2PV RT
P = = X —=2P
v RT %4
(d)

The main kinetic energy of one mole of gas n
degree of freedom.
E =ZRT

The mean kinetic energy of one mole of gas
per degree of freedom.
g E_ 2"
n n
1

E' = ~RT
2
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431 (b)
In isothermal changes, temperature remains
constant
432 (b)
The pressure exerted by the gas,
_1 .
p=3pC
_1m _
3V
-5 ()
-3
1 E .
(- Emc =7, = energy per unit volume, V
= 1)
P=3
433 (c)

1. The dotted line in the diagram shows
that there is no derivation in the value
of % for different temperature
T; and T, for increasing pressure so,
this gas behaves ideally. Hence, dotted
line corresponds to ‘ideal’ gas
behavior.

2. At high temperature, the derivation of
the gas is less and at low temperature
the derivation of gas is more. In the
graph, derivation for T, is greater than
for T;. Thus,

T, >T,

3. Since, the two curves intersect at
dotted line so, the value of:—z at that
point on the y-axis is same for all
gases.

434 (a)

From ideal gas equation, we have

pV = nRT
_pv
"TRT

Given, p = 22.4 atm pressure
=22.4x1.01 x 10> Nm~?,
V=2L=2x10"3m?,
R=2831]Jmol ™t —K™1,
T =273K

224 x1.01 x10°%x2x1073

n= 831 x 273
n=199 = 2
. Mass
Since, n= —————
Atomic weight
We have,
mass = n X atomic weight =2 x 14 = 28g
435 (a)

When Cp and Cy are given with calorie and R
with Joule then Cp — Cy = R/]
436 (a)
Apparent weight (w,)= Actual weight (w)
- upthrust (F), where upthrust = weight of water
displaced =V pw g
Now, Fo = Vj po gand F5o = Vs pso8
Fso Vsopsog  1+4ym x50
" Fo Vopog  1+7y x50
As Ym < Y, therefore, F5q < Fy
Hence, (Wg)s0 (Wg)o Or wy > wy or wy < w,
437 (c)

For mono atomic gas, Cy is constant GR) It

doesn’t vary with temperature

438 (b)
Universal gas constant
R = Cp - CV
439 (a)
vy f(273 +927)
T —_
Vrms % NT, s f 273+27) !
=> v, =21
440 (a)

Here, h; = 50 cm, t; = 50°C

h, = 60 cm, t, = 100°C

Now, 2t =%2— _do_, L
’ hz dl 1+]/t2 do

50 14y x50

60  1+yx100
1
.y ==——=0.005°C"?

200
441 (
v Pz
rms p1
442 (a)
Cp 2
=y=14-=
Cy f
443 (a)
PV RT m RT =V mRT
= = —_— = [ —
# M MP
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444

445

446

447

448 (

449

_2><10‘3><8.3><300_153x10_3 5
T T 32x103x105 m

= 1.53 litre

(9

Due to increase in temperature root-mean-square
velocity of gas molecules increases. So they strike
the wall more often with higher velocity. Hence
the pressure exerted by a gas on the walls of the
container increases

(©

Work done =area of the AABC

=%><AC><AB =%x BV, =) X (4P, — Py)

1
:§X2V1X3P1:3P1V1

(b)

2
Using the relation p = %mzv
(1)

m 21)2
and also p' = % Zn(VV)
.. (i)

Dividing Eq.(ii) by Eq. (i), we get
P_y
p

So, p:p' =1:2

The ratio of initial and final pressures is 1: 2.
(b)

Given, p; = 100 mm, V; = 200 mL and p, =
400 mm

From Boyle’ Law

piVi = p2V2
_ P

VZ B D2
~ 100 x 200
400

VZ == 50 mL

Volume of 2 mol gas=2 x 50 = 100 mL

3PV
Urms - = vaS
V1 _ v

m/2

— — = — O w125 p
v, P2 m, 2v P2 2
= ZPO
(d)
Number of moles in the first vessel
B 1A%
H1 = RT,

Number of moles in the second vessel

_ RV
H2 = RT,
Initially
=
Finally

If both vessel are joined together, then quantity of

gas remains same i.e.,, 4 = yq + Uy
P2V) PV PV

RT ~ RT, RT,
P P P

T- 21, 2T,

450 (b)

From Andrews curve

451 (b)

Work done by the system=area of shaded portion
on P — Vdiagram

= (300 — 100)107% x (200 — 100) x 103 = 20]
And direction of process is anticlockwise so work
done will be negative, i.e, AW = —20]

452 (a)

Average kinetic energy per molecule per degree of
freedom = 1/2kT. Since both the gases are
diatomic and are at same temperature (300 K),
both will have the same number of rotational
degree of freedom, i.e., two. Therefore, both the
gases will have the same average rotational
kinetic energy per molecule

1
=2X EkT = kT
Thus, the ratio will be 1:1

453 (b)

3RT
Urms = 7

Vrms X \/T

When temperature is increased from 120 K to 480
K (i.e., four times), the root mean square speed

will become V4 or 2 times i.e., 2v

454 (b)

In case of given graph, V and T are related as
V = aT — b, where a and b are constants.

From ideal gas equation, PV = uRT
URT _  UR

WefindP = —=
aT-b a-b/T

Sinec T, > Tj, therefore P, < P;

455 (c)

As r]—l—T

1
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50 500 463 (d)

“ 100 L= orfa=1000K poro P T (273+100) 373
Again, =11 P, T, (273+0) 273
100 1000 760 x 373

OrT, = 400 K = P = ————— =1038mm

456 (a) 273
: : : : 464 (c)

It is free expansion, temperature will remain

b el B P01
457 (c) ms v, T, 800 2 72 !

Vr.m.s. is independent of pressure but depends 465 (b)

upon temperature as Vy,s « VT Vrms < VT; To double the rms velocity

458 (b) temperature should be made four times, i.e.,
y oA =T kAT —To) T, = 4T, = 4(273 + 0) = 1092K = 819°C
L L
T, T T, 466 (c)
VW T, V. (273+27) 300
B VaT=s—=—=—= =
A4 Vv, T, 2V T, T,
2K | K = T, = 600K = 327°C
467 (a)
L L
- <> P B
= 2T1 - 3T = _TZ
Adding T; on both sides: 3m A
3T1_3T:T1_T2 m
T, —T, T
= T1 - T = m
3 For agas, PV = uRT = ERT
36
=3 = 12°C For graph 4, PV = %RT
459 (b) Slope of graph A4,
At lower pressure we ca;r; assume that given gas (g) = %g ..(0)
behaves as ideal gas so =r = constant but when For graph B, PV = %RT
pressure increases, the decrease in volume will
i Slope of graph B,
not take place in same proportion so — will P\ _ 3mR .
RT ) =57 -~
increase 3mR
460 (d) Slope of curve B _ M _ E
3P 5 Slope of curve A ™R 1
VrmsP mv
Vrms = ’7 =>P= 3 468 (c)
W T
(3180)2 x 8.99 x 102 VT = V—1 = T—1
= 2 2
=3.03 X 10°N/m? = 3 at ’ =>V—(273+27)—300—1=>V—2V
sl (‘d)' /m” =3 atm V, (273+327) 600 2 2
469 (b
Heat given, AQ (b . .
As the quantity of gas remains constant,
=20cal =20x4.2=284] a+ g =
_ A B =
Work done, AW. = E‘.)Ol . PV, PgVs P(Vy+Vp)
(as the process is anticlockwise) RT + RT RT
By the first law of thermodynamics, - PaVa+ PpVp 1.4 x0.140.70 x 0.15
AU = AQ — AW =84 — (—50) = 134] TV +Vy 0.1+ 0.15
462 (a) ) = P = 0.98 MPa
Vrms X \/_ﬁ = (Urms)l < (Urms)z < (Urms)3 alsoin |470 (C)
mixture temperature of each gas will be same, Gas equation for N molecules PV = NkT

hence kinetic energy also remains same
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471

472

473

474

475

476

477

478

N PV
>N=—
kT

_12x 10710 x 13.6 X 103 x 10 x 10™*

B 1.38 x 10723 x 300

=3.86 x 1011

(©

Internal energy of n moles of an ideal gas at
temperature T is given by

U= gnRT (f = degree of freedom)
Ul = UZ

finaTy = fono T

n fol, 3x2 6
“n, fiTy, 5x1 5

Here f, = degrees of freedom of He = 3
and f; =degree of freedom of H, = 5
(©

Differentiating

yTY"XdT PV + TY(1 —y)PYdP =0

or,dT = G-ur apP
yP

1.5-1 273
or, dT' = ( 1.5 )(76x13.6><981
=8.97 x 108K
()
Area enclosed by curve 1< Area enclosed by
curve 2 < Area enclosed by curve 3
& Q1 < Qy < Q3(As AU is for all the curves)
()
Average kinetic energy E = ng = %kT

x 0.001)

3
= E =5 x (138 x 1072%)(273 + 30)

=6.27 x 1072}

=0.03%V < 1leV
(b)
CO is diatomic gas, for diatomic gas

_7 _s e _ 7R _
CP = zRandCV = 2R :>ydl = y = SR/2 =14
(@)
dUu =0

Therefore by the first law of thermodynamics
dQCyclic = dWCyclic

Since B — ( is an isochoric process
=>dW,,.=0

>5=dWy g +dWyc +dWc_4
=>5=102-1)+0+dW,,

= dWe,4 = —5]

()

According to law of equipartion of energy, kinetic
energy per degree of freedom of a gas molecule is
1

3 kT

(0

479

480

481

482

483

484

As we know that slope of isothermal and adiabatic
curves are always negative and slope of adiabatic
curve is always greater than that of isothermal
curve, in the given graph curves A and curve B
represent adiabatic and isothermal change,
respectively

(d)

Here TVY~! =constant

Asy = 5/3, hence TV?/3 = constant

Now T, 123 = T,12® (VL)
ﬂ _ L_z 2/3

Hence 5= (Ll)

(d)

Given ¢, — ¢, = 4150 (i)

and C,/C, = 1.4 = ¢p = 1.4 ¢, (i)

By substituting the value of cp in Eq (i), we get
1.4 ¢, —c, = 4150

= 0.4 c, = 4150

4150
2 ¢y =—— = 10375 J/kg — K

0.4
(9
Molar specific heat at constant pressure Cp = %R
Since,cp—cV=R=>cV=cP—R=§R—R=
R
2
Cp  (7/2)R 7
"¢, (5/2)R 5
(a)

CP—CV:R:2

cal
'g—mol — K
Which is correct for option (a) and (b). Further

the ratio E—P (= y) should be equal to some
|4

standard value corresponding to that of either,
mono, di, or triatomic gases. From this point of

. . . c 5
view option (a) is correct because (—P) ==
V/ mono
(a)

When the piston is in equilibrium, the pressure is
same on both the sides of the piston. It is given
that temperature and weight of gas on the two
sides of piston not change. From ideal gas
equation, pV = n RT, we have V « mass of the
gas.

V- m V. m
So,t=—or—+t+1=—+1
V2 my V2 m;
Vi+V; mp+m
Or 2172 — Mu¥me
Vs my
V; m 2m 2
Or 2 = 2 = = —
Vi+V, mq+my m+2m 3
(b)

Molecular mass of He; M = 4g
= Molar value of C, = Mcy, =4 X3 =
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485

486

487

488

489

490

491

492

J

mole—kelvin
At constant volume P « T, therefore on doubling

the pressure temperature also doubles
i.e.,T,=2T, > AT =T, —T, = 273K
Also (AQ)y = uCyAT = %x 12 x 273 = 1638]

(b)
m m  density M
PV =puRT =—RT = —= =

M VP P RT
density _ M .
( P )At o°c  R(273) x (i)
density _ M ..
( P )At 100°c  R@373) (i)
(density) 273x
= =
P Jat100c 373

(b)

Work done during process 1 is positive while
during process 2 it is negative, because 1 is
clockwise, while process 2 is anticlockwise. But
area enclosed by P — V graph (i.e, work done) is
process 1 is smaller, so net work done will be
negative

(9

For isothermal process

PV =p;2= Py =2P (i)

For adiabatic process

1% Y
- ()

= P, =2YP;, (ii)

Sincey > 1,P, > P,’

(@)

A monoatomic gas molecule has only three
translational degrees of freedom

(d)

Since vy X VT. Also mean square velocity
F = vrzms

(b)

Since volume is constant,

Hence 22 = & o 1 _ (273+30)
P, T, 3 T,

= TZ = 909K = 636°C

(9

As temperature decreases to half and volume

made twice, hence pressure becomes % times
(c)
For a closed system, the total number of moles
remains constant. So
pr = anT]_ and sz = anTz
~ p(2V) = (ny + ny)RT
n+n 1P, P
..P=(1 Z)R— 1+_2]

T 2 2l T T,

_1 [m T2 +p2 Tl]
2l

493 (d)
Average kinetic energy « Temperature
E, T; 100 300
> — 0 — =
E, T, E, 450
494 (a)

dQ,
oo 2o gaalst, L=
de, 27 dt 9 T4
sz/dt _ KzAsz/de . KZ AZ dxl

dQ /dt ~ KiA;dT/dx; K;A;dx;

=2x4x§=4

dQ, dQ,/dt 4 .

Pl 2 =7= 1 cals
495 (a)

v, T2:> vs _ |(2734+227) |5
v, Ty 400 | (273+27) 3
= v, = 400,/5/3 = 516m/s

496 (b)
Temperature remain constant so

1 v, [My, 1 1
v X—= —== = [—=-
STIM e, (Mo, 16 4

497 (a)
VUrms & VT
2

v T.
- n_h

v; T

v? _ 273

202 T,

T, =1092K

=819°C
498 (c)
For the gas in container A
nART nART
AP = (Py)final — (Pa)initial = 7 Ty
nART
AP = —
2V
For gas in container B
ngRT ngRT
1.5AP = (Pg)final — (PB)initial = v v
1.50p = — 2280
. = >V (ii)

From Egs. (i) and (ii), we get
ng = 1.5 Ny

= 2ng = 3ny
= 2mp = 3my
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499

500

501

502

503

(d)

The desired fraction is
_AU_nCVAT_CV_l
T AQ nCpAT  Cp ¥
=5 (asr=3)

f= - lasv=g¢

(d)

=1 (1+ 1)
-0 100

1
. 212 _ 92
w202 = 213 (1 + 100)

2 _ 972 _ 9J2 2
Or 21° — 215 = 21§ X o5
AS 2

- =70
_100_2/0

2

OrAS =S5 x— or =
(d)

(AQ)gp = +7000 = uC, (1000 — 300) (i)
For the process ca:

T, = 300K, T, =T, = 1000 K

(AQ)¢q = 1Cy(300 —1000) = —uC, X 700
= —u(C, + R)700 (ii)

For carbon monoxide:

T, =300K, T, =T, = 1000 K

(AQ)¢q = 1Cy(300 —1000) = —uC, X 700
= —u(C, + R)700

For carbon monoxide:

V=§

L __R __R SR
= e M

Hence, from Eq. (i)

5R 20
7000 = p1—-x 700 or yR == =4

(AQ)¢q = —(7000 + 4 x 700) = —9800]
Negative sign shows that heat is ejected
(©

For same isotherm; T — constant
1

-'-POCV:P1V1 :PZVZ

(c)

P =1atm = 10°N/m?

T=0°C=273K
_nRT 1x83x273

V= =0.0227m? = 22.7 L

P 10°

5 7
Cv =§R;Cp =§R

Heat transferred
7R
AQ = nC,AT = n7AT = 13200]

Work done

13200 x 2
7

=P(V,—V;) =3771

nRAT =

504

505

506

507

508

509

510

Vs — V; = 3771 x 1075 = 0.0377 m?
Vi =V;+377L

=22.7L+37.7L

= 60.4L ~ 60L

(@
f

C, = =R
V72

For diatomicgas f = 5

5
CV = ER
(a)
AB is isobaric process, BC is isothermal process,
CD is isohoric process and DA is isothermal
process
These process are correctly represented by graph
(@)
(d)
Degree of freedom f = 3
(Translatory)+2(rotatory)+1(vibratory) = 6

Cp 2 2 4
ﬁC—V=]/: 1+?:1+g:§:1.33
(d)

According to Stefan’s law
AQ = ecAT*At

Also AQ = mcAT = AQ = mcAT = ecAT*At
AT o AT* eoT* (3m )2/3
T 4mp

= — = =
At mc mc

1,173
= ()
m

AT /At mp\Y3
" AT,/At, (m_1> - (§)
()
logP = mlogV + C;, where C, is positive, m is
slope
2.38 — 2.10
m=T1-13 0t
logP = —1.4logV + C;
logPV14 =,
PVt =k

Thus, it represents an ideal diatomic gas
undergoing adiabatic change
(©
H=pgt
P2V) P'V N P'V 2P P'[T,+ Tl]
=t — = —
RT; RT; RT, RT, RILl TiT,
2PT, 2x1x600 4
= = =—atm
(T, +T,) (300+600) 3
(b)

For a real gas the two van der Waal’s

!

constants and Boyle’s temperature (Tg) are
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511

512

513

514

515

516

related as

Tp ==
B ™ pr

d
"([‘h)e internal energy of n moles of a gas is
u = ~nFRT
Where F =number of degrees of freedom
The internal energy of 2 moles of oxygen at
temperature T is

[y = % X 2 X 5RT = 5RT (F = 5 for oxygen

molecule)
Total internal energy of 4 moles of organ at
temperature T is

1
=u; =5 X 4 X 3RT = 6RT

Total internal energy = u; + u, = 11RT
()
Since ¢ << V,, hence molecules do not escape
out
(9
For intermolecular attraction is considered in real
gas and for real gases pressure is given by
na

nRT
— ——.Here
V-nb vz

reduction in pressure due to intermolecular
attraction

P = (%)2 represents the

()

S.L.unitof R is J/mol — K
(b)

9, = nCpAT

9, = nCyAT

9 G _1

Q1 Cp ¥

2 = % = 17—2 = 50 cal

(b)

Vander Waal’s gas equation for y mole of real gas

ura
P+W (V—Mb) :MRT

_( BWRT  pPa
b= <V —ub W)
Given equation,

RT a
b= <2V b 4_bZ>

On comparing the given equation with this

standard equation, we get

1
k=3

m
Hence, u =

1
= mass of gas,m = uM = =

X 44 = 22
> g

517 (a)
AsdQ = dU + dW
» dU = dQ — dW = 2240 — 168
=2072]

518 (c)

For state 4, C, — C, = R, i.e,, the gas behaves as an

ideal gas

For state B, C, — C, = 1.06R(# R), i.e,, the gas
does not behave like an ideal gas

We know that at high temperature and at low
pressure, nature of gas may be ideal

So we can say that Py < Pg and T4 > Tp

520 (d)

Let T, be the initial temperature of the black body

& AgTy = b (Wien's law)
Power radiated, P, = CTG‘, where, C is constant.

If T is new temperature of black body, then

32, 4
Tsz:AOTO or T=§TO

4

Power radiated, P = CT* = CT¢ G)

256 P 256
T 81
521 (c)
According to kinetic theory of gases the
temperature of a gas is a measure of the
kinetic energies of the molecules of the gas.
(b)
For diatomic gases 2—5
(d)
Heat absorbed by gas in three processes is given
by
Qace = AU + Wycp

Qapp = AU

Qagp = AU + Wygp

The change in internal energy in all the three
cases is same and Wyp is positive , Wygp is

522

y =14
523

negative
Hence Qucg > Qaps > QaEB
524 (a)
. C_ F-32
Using 5= o
183 F—32
5 9
183 x9
F—32= — = —3294
F =-329.4 4+ 32 = —297.4°
525 (d)

3 3
E =§RT=§><8.31><273 = 3.4 x 103
526 (d)

Page| 102



527

528

529

530

531

Figure shows the particles each moving with same
speed v but in different directions. Consider any
two particles having angle 8 between directions
of their velocities

—>

=
P

ir

Then, Vel = Vg — Vg

i.e., Ve = V2% +v2 — 2vvC0SH

= Vpe) =/ 2V2(1 — cos 0) = 2vsin(6/2)
So averaging v, over all pairs
[ vadd 7" 20sin(8/2)
Iy~ de 7" do
2v % 2[~ cos(6/2)3"
- 21
> Upe) = (4v/mM) >V [aS 4/t > 1]
(b)
Using Newton’s law of cooling,

02-60 _ _

e Kt

40-6y _ .
Log 500, Kx5 ..(D)

3333-09 _ .
Log 0.0, K x5 ..(i)

From Egs.(i) and (ii),
40 — 6, 33.33 -6,
50—6,  40—6,
On solving, we get

By = 19.95°C =~ 20°C
(b)

E, (Tn\*
5= (7)
4 4
= (o) = (o) =20
(@)

According to Boyle’s law PV = constant

(@

Internal energy of the gas remains constant,

Urel =

log —=——

hence
TZ = T
Using piVi = pV;
1%
p.-Z= p2V>
P2 = g
(o)

Fraction of energy supplied for increment in
internal energy = 1/y = 3/5 (asy = 5/3 for
monatomic gas) Therefore, percentage energy
=30/5=60%

Fraction of energy supplied for external work
done
5
1 y—-1 ;-1

A 4 5 5
3

~ Percentage energy
2
= X 100% = 40%

532 (c)
The temperature rises by the same amount in the
two cases and the internal energy of an ideal gas
depends only on it’s temperature

Hence 2 =2
U, 1

533 (a)

For NH;, degree of freedom f = 6

Cp 2 2 4

ﬁC—V—]/— 1+?—1+€:§=1.33
534 (d)

For any gas Cp — Cy = 1.99 = 2 mZﬁK
536 (d)

According to the equilibrium theorem, the molar
heat capacities should be independent of
temperature. However, variations in C, and Cp
are observed as the temperature changes. At very
high temperatures, vibrations are also important
and that affects the values of €, and Cp for
diatomic and polyatomic gases. Here in this
question according to given information (d) may
be correct answer

537 (d)
According to Newton’s law

06, — 6, =K[91+62_e ]

t 2
60-50 60+50 ,
e (e 1] )
Let 6 be the temperature after another 10 min
50-6 9+50 .
2 B2k [ERo28] L)
Dividing Eq.(i) by Eq. (ii), we get
10  30x2 8 = 42 85°C
s0-6 6 7
538 (a)
PV RV,
T, T

(P+hpg)10 PV,
273 +12 273435
V, = 5.4cm3
539 (c)
According to the Dalton’s law of partial pressure,
the total pressure will be P; + P, + P;
540 (b)
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541

542

543

544

545

546

547

548

3
F:EkT:EocT

(b)

E= gRT;f = 5 for diatomis gas = E = ;RT
()

AW = PAV: given: PV = uRT + aV

& PAV = uRAT + aAV

or, AV = [(URAT)/(Py — )]
PoRTo

ie, AW = - =1
(@

3RT
Vrms = [ = T <M [+ vpps, R = constant]
Ty My Tw, 2 . ook
To, M,, (273+47) 32 '
(b)

Temperature becomes %th of initial value
[1200K = 927°C — 300K = 27°C]
So, using v, X VT.r.m.s. velocity will be half of

the initial value

(d)
1 VvV, P 100 100
Pocvsv—lzp—zzﬁzvz :ﬁvl
=0.953V;
% change in volume = V1V;1V2 x 100

vV, —0.953V;
——x 100 = 4.76%

Vi
(a)

1

Mean free path, A = Tamdon
Where, n = Number of molecules per unit volume
d = Diameter of the molecules
(a)
Let V be the volume of solid ; d be its density and
m be its mass ; if g coefficient of volume

expansion of liquid, then

. . d
Density at temperature t; is,d; = —
1+yt,
. . )
Density at temperature t, is, d, = v

According to Archimede’s principle,
iVdi=m=f,Vd,
dy f2 do  (1+4yt)

O, =5~ o 4
Orfit+fivt=fo+ vty
fi— f2 = v(fats — fats)

_ (h-f)
Y f2th — fits
(b)
If m is the total mass of the gas, then its kinetic
energy = 2/1mv?

549

550

551

552

553

When the vessel is suddenly stopped, total kinetic
energy will increases the temperature of the gas
(because process will be adiabatic), i.e.,

1
Emvz = uC,AT

m
= 37 CoT
m R AT 1, (A c R )
> — = — [
My —1 MY\ =T
Mv?(y — 1)
AT TR
(d)
Specific heat for a monoatomic gas
3
Cy = ER
Heat dQ = uCy,AT
3
dQ =pux 3 X R(473 — 273)
=4x2xRXx200 (vp=4)
dQ =4 x 300R
= 1200R
(a)
According to Avogadro’s hypothesis
(cd)
_ |36RT _ (8 RT 2.5RT
b B VIR S P VR
2RT
and v, = e

From these expressions we can see that
Vp <V < Vpps

3
Second, vy = \/;vp

and average kinetic energy of a gas molecule

1 2
= E MVrms
2

1 3 3
Igm Evp :vap

(b,d)
The expression of radius of curvature R is
d

(a1 — az)At

Thus, R x L and R «
At

(a0)

Equilibrium of piston gives

P,

v

PS mg kx,

R =

1

lap—acl
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556

557

PS = PyS + mg + Kx,
mg Kxg
P=P+—+——
a+S * S

(P = final pressure of gas)

Work done by the gas

=work done against atmospheric pressure +
elastic potential energy stored in the spring +
increase in gravitational potential energy of the
piston

1 1
= P,AV + EKxg + mgxy, = P,Sx + EKxg + mgx,

There occurs decrease in internal energy of the
gas, because the gas is thermally insulated and
hence, work is done at the expense of internals
energy of the gas
(a,b)
Energy emitted per second by body A = ¢,06T{ A
where A4 is the surface area
Energy emitted per second by body B = e50T5A
Given that power radiated is equal
g40THA = egaTEA, 4Tx = egTh

g\1/%
=>Tg = (—) T, =1934 K

€B
According to Wien's displacement law (4,,) « %

Since temperature of A is more, therefore (4,,) 4 is
less
“ (Am)p — (Am)a = 1x107°m (given) (i)
Also according to Wien'’s displacement law
(Am)aTa = (Am)BTs

Ada Tp 1934 1

Cs Ty 58023

On solving Egs. (i) and (ii),

We getdz = 1.5 X 10™°m

(a,b,c,d)

Equilibrium of piston gives PS = Kx
_ Kxq

P=-5

&» kxo

Since the chamber is thermally insulated,AQ = 0
= Elastic PE of spring = Work done by gas

or, work done by gas = %Kxg

This work is done at the expense of internal
energy of the gas. Therefore, internal energy of
the gas is decreased by (1/2)Kx3

(a,b,d)

Graph is a straight line passing through origin
therefore, V = constant

-~ work done on the gas =0

558

559

560

561

Further, p = % « %

Volume of the gas is constant. Therefore, density
of gas is also constant

PV =nRT
nR
orP = (7) T
i.e, slopeof P —Tlinex n
(c,d)
During expansion, an isotherm lies above an
adiabat
( Slope of \ _ Slope
. =y of an
an adiabat .
isotherm

Cp
=my = (my)
v

= mzcv = m1Cp

Sincey — 1,
=>m, >my
(b,d)

According to Stefan’slaw E = a T*

Power radiated P = (4w 1r%)o T* = ms (_ %)

3 . SdT
T4 PS
dT
Where, —
’odt

& P ocr?

= R =rate of cooling

Also, from 4pr?pT* = g r3ps(R)
_ 3oT*

rps

1
R x —
T

(b,c)

There is a decrease in volume during melting of
an ice slab at 273 K. Therefore, negative work is
done by ice water system on the atmosphere or
positive work is done on the ice-water system by
the atmosphere. Hence option (b) is correct.
Second, heat is absorbed during melting (i.e., dQ
is positive) and as we have seen, work done by ice
water system is negative (dW is negative).
Therefore, from the first law of thermodynamics,
dU = dQ — dW, with change in internal energy of
ice-water system, dU will be positive or internal
energy will increase

(a,b,d)

Work done by the gas in the process 4 and B
exceeds the work that would be done by it if the
system were taken from A and B along the
isotherm. This is because the work done is the
area under the P — V indicator diagram. As
shown, the area under the graph in the first
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diagram will be more than that in the second
diagram. When we extrapolate the graph shown
in figure (a), let Py be the intercept on the P-axis
and V, be the intercept on the V-axis. The
equation of the line AB can be written as

A PA
Isothermal
A process

Vo av Vo v
(@)

P
P=—70V+P0 [“y=mx+c] ()
0

To find a relationship between P and T, we use
RT
PV=RT:>V=? (i)

From Egs. (i) and (ii),
Py RT
P=- 70 X ? + P
= P2V, — PPV, = —PyRT (iii)
Relation between P and T is the equation of a
parabola

Also PV = RT
kT

- P== (iif)
From Egs. (i) and (ii),
RT Py

—=——"V+P
v Vo 5o

PO 2 .
> RT = ——=V=+ PV (iv)
Vo

The above equation is of a parabola (between T
and )

P P
T=-——v24+2y

VoR R
Differentiating the above equation w.r.t. V we get
dT Py 2V + Py
—_— = —— X —_—
dv VoR R
When ar - 0,
av
Then —L X 2V =2 = =2
VoR R 2
2 -
Also g =0 — _ve
d2vV VR
= V = V,/2 is the value of maxima of
temperature

Also P4V, = PgVg = T, = Ty (From Boyle’s law)

= In going frm A to B, the temperature of the gas
first increases to a maximum (atV = V,/
2) and the decreases and reaches back to
the same value

562 (a,b,c)

The critical step is that work in path 1 — 3 is mean
ofthatfor1 —2 — 3 and 1 — 4 — 3 (considering
areas)
For (a) 100 —40 = x — 10
Or,x = 70 cal
(b) Itis also correct as half of (40 + 10) is 25 cal
(c) dU is —60, work is —25
So —60 = dQ — (—25)
or dQ = —85cal
(d) dU = 100 — 40 = 60cal
Hence, option (d) is not correct
563 (b,d)
For an isothermal process, PV = constant

p constant p 1
=——orP x—
Vv %4

It means, for an isothermal process the graph
between P and 1/V will be a straight line passing
through origin. Hence, the straight line AB will
pass through orogin Hence, option (a) is wrong.
During process AB, the pressure P remains
constant but 1/V increases. It means, volume V
decraeses. Hence, AB is isobaric compression.
Since volume of the gas decreases at constant
pressure, therefore its temperature decreases.
But temperature at C is equal to that of A. Hence
during the process BC, the temperatsure of the
gas increases. In fact, process BC is an isochoric
heating. Therefore, option (b) is correct. Since
during the process BC, volume remains constant,
no work is done by the gas against external
pressure. Therefore option (c) is wrong.
During process CA, 1/V decreases, it means
volume V increases. Since the volume increases,
work is done by the gas against external pressure.
Since process CA is an isothermal process, no
change in internal energy of the gas takes place,
according to the first law of thermodynamics,
Q = W + AU; heat supplied during this process is
equal to work done by the gas against external
pressure. Hence option (d) is correct

564 (b,c,d)
Statement (a) is incorrect. It is true only if the two
bodies have the same thermal capacity
Statement (b) is correct. The coolant is used to
prevent the engine or the nuclear plant from
becoming too hot. The heat absorbed by a
substance per unit mass is directly proportional
to its specific heat. Therefore if a coolant has a
high specific heat, it will remove a large amount of
heat from the engine or the nuclear plant.
Statement (c) is correct. If the volume of vapour is
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566

567

568

decreased, at a constant temperature a apart of
the vapour will condense into liquid such that the
vapour pressure remains unchanged. In other
words, the pressure does not increase but the
volume of vapour decreases

Statement (d) is also correct. Since the vessels are
of the same capacity, the volume occupied by the
gas is doubled, hence the pressure reduces to half
(a)

For an adiabatic process, PVY = constant
Differentiating w.r.t.V, we get

dpP

— VY +pyV¥ =0

dv

ap
or— =
av 14

For isothermal process, PV = constant

Hence,

dp P

av- v

Now, dP/dV is the slope of the (P — V)graph.
Thus, the slope of the (P — V) graph for an
adiabatic process is y times that for an isothermal
process. Hence, curves BC and DA both represent
adiabatic process and curves AB and CD both
represent isothermal process. Thus, the correct
choices are (a) and (c)

(a,b,d)

A real gas can behave as an ideal gas under low
pressure and high temperature, then all the gas
laws are obeyed.

(a,c,d)

T =constant

PV =constant (Boyle’s law)

1
orP o« =
14

Pressure of the gas is increasing. Therefore,
volume should decrease. Work done by the gas is
negative or work done on the gas is constant.
Therefore, internal energy will remain constant
(ac)

For 1 mole of an ideal gas
pV =RT (i)
At constant pressure:

PdV = RdT

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

av._dT
v oT

The coefficient of volume expansion at constant
pressure is given by

av 1
vdT ~ T

Same for all gases at same temperature.

569

570

571

The average translational kinetic energy per
molecule is (3/2)kT and not 3kT. With decrease
in pressure, volume of the gas increases so its
mean free path increases. [Option (c)]

The average translational kinetic energy of the
molecules is depended of their nature, so each
component of the gaseous mixture will have the
same value of average translational kinetic energy
(a,b,c)

For an ideal gas pV = a constant when
temperature is constant. Thus, the variation
between pV and V is a straight line parallel to V-
axis. Hence, graphs (a), (b) and (c) are wrong.
(a,b,c,d)

In the equilibrium position, the net force on the
partition will be zero

Hence pressure on both sides is same

Hence, (a) is correct

PV, PV
"™ = RT, T RT
@P)(2V) PV
nzzT:4‘ﬁ3n2:4n1

Moles remain conserved
Finally pressure becomes equal in both the parts
USlng ) P1V1 = anTl

P,V, = nyRT,
Pi=P,and T, =T,
Vi ng 1

V, mp 4

V, =4V,

AlSO, V1 + V2 =3V = V1 + 4V1 =3V
Vi=2VandV, ==V
Hence option (b) and (c) are correct.

In Compartment I:
P{Vl = anTl

Y (3V) _ (PV) R(T

b 5PV 5
173y T2

Hence option (d) also correct

(a,b,d)

(i) Work done = area under the curve,
Wy = (P +§) AR =;PV

Work done under isothermal process
W, = RT x 2.3026 log (%)

= 0.693 RT = 0.693PV

~ W; > W,, i.e, option (a) is correct

(i) Let Py and V, be the intercepts on the P andV
axes. Now the eqution of straight line would be
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573

P = b V + P
=——X
Vo 0

(y=mx+rc)
Further PV = RT or P = I;—T

(This represents parabola, so option (b) is also
correct)

(ac)

Process AB in the given figure is an isobaric
process. During this process

VT

But PV = nRT

or PV «xT

Therefore during this process, pressure P remains
constant. Process B( is an isochoric cooling.
During this process, volume of the gas remain
constant but the temperature decreases

Process CA is an isothermal process. During this
process volume decreases and temperature
remains constant. Hence, pressure increases
during this process. Hence, on P — V diagram,
process AB will be a straight line parallel to the

V —axis, process BC will be a straight line parallel
to the P-axis and CA will be a rectangular
hyperbola. Hence, option (c) is correct, while (d)
is wrong

On T — V diagram, process AB will be a straight
line parallel to the T-axis, during which
temperature increases. Process BC will be a
straight line passing origin, during which
temperatsure and apressures both decreases and
process CA will be a straight line parallel to the P-
axis during which pressure increases. Hence,
option (a) is correct while (b) is wrong

(a,b,c)

Internal energy (U)depends only on the initial
and final states. Hence AU will be same in all three
paths. In all the three paths, work done by the gas
is positives and the products PV or temperature T
is increasing. Therefore, internal energy is also
increasing. So, from the first law of
thermodynamics, heat will be absorbed by the
gas. Further, area under P — V graph is maximum
in path 1 while AU is same for all the three paths.
Therefore, heat absorbed by the absorbed by the
gas is maximum in path 1. For temperature of the
gas we can see that product PV first increases in
path 1 but whether it is decreasing later on we
cannot says anything about it unless the exact
value are known to us

574 (a,b,d)

575

576

Figure shows the straight line path along with the
corresponding isothermal path. Since the work
done by the gas is equal to area under the curve
(such as shown in the figure by the shaded
portion for the isothermal path), it is obvious that
the gas does more work along the straight line
path as compared with that for the isothermal

path.
P
A(P,V
L
i B(P/2,2V)
e

As the volume is increased from Vto2V, the
difference of pressure between the straight line
path and isothermal path initially increases and
then decreases after attaining a maximum value.
The same trend is observed in the case of
temperature (P « T, .. Vis constant)

Now, the slope of straight line path is

P—P/2 P

TV T T w
orP =—-2Vm
Putting this in the ideal gas equation,
PV =nRT
or [—2Vm]V = nRT
V2= —ﬂT

2m
V2 =kT

Which is the equation of a parabola
Similarly, eliminating V from ideal gas equation,
we get

P
P [— %] = nRT
or P? = (constant)T
Which is again an equation of a parabola
(a,d)
Vibrational kinetic energy of a monatomic gas =0
at all temperatures. So, C,, = 3R/2 for a
monoatomic gas at high temperatures also. In
case of a diatomic gas C;,, = 5R/2 at low
temperatures while, C, > 5R/2 at high
temperatures due to vibrationl KE
(a,b,c,d)
One mole of an ideal monatomic gas (initial
temperature T) is made to go through the cycle
abcd shown in figure U denotes the internal
energy
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578

579

PA

Py
Toia  b!
Vo 2Vo ¥
For the process ab, 2o — 2Pl
T, To

T, = 2T,

T, >T, = U, > U,

3RT,
2

3R
Up — U, = C,AT = 7(2% —Ty) =
For the process bc,
Po(2Vo) _ 2Py (2V0)
2T, Tc
T, > T,

= TC = 4‘T0

3R
Ue = Uy = - (4To = 2To) = 3RT,

For the process ca,
9RT,

2

3R
Us—Ug = 7(4710 _TO) =

(a,b,d)

During process AandB, pressure and volume both
are decreasing. Therefore, temperature and hence
internal energy of the gas will decrease

(T < PV) or AV, —=p= negatives. Further, AW, —p
is negative.

In process B to C, process of the gas is constant
while volume is increasing. Hence, temperature
should increaseor AUy —.=positive. During C to
A volume is constant while pressure is increasing.
Therefore, temperature and hence internal energy
of the gas should increase or AU, —,=positives.
During processCAB, volume of the gas is
decreasing. Hence, work done by the gas is
negative

(a,d)
3kT
m

Since PV = nRT, therefore P and V both can
change simultaneously keeping the temperature
constant

(b,d)

. 3
For monoatomic gas €, = =R, C, =
2

rms

R
2
And for diatomic gas C,, = gR, Cp = %R

Cp — C, = R (for all gases). So option (a) is no
correct.
Cp + C, = 4R (for monoatomic gases) = 6R (for

580

581

582

583

584

diatomic gases). So option (b) is correct.
% = g = 1.67 (for monoatomic gases) = g =14
(for diatomic gases). So option (c) is incorrect.
CpxCy = %SRZ (for monoatomic gases) = %RZ
(for diatomic gases). So option (d) is correct
(a,b,c,d)
a.AU = Q — W = nC,AT — PAV
= nCpAT — nRAT = n(Cp — R)AT
=nC,AT = nC,(T, — T)
b.AQ = AU + AW
But AQ = 0 for adiabatic process; hence
AU = -AW
or, |AU| — |AW|
c. AU =nC,AT =0 (~ AT =0)
d. AQ = 0 (in adiabatic change)
(b,c)
According to the problem, mass of glass is equal
so number of moles will not be equal, i.e., uy # ug
From ideal gas equation, PV = uRT
. PaVa _ PBVB

(as temperatures of the containers

Ha

are sequal) From this relation it is clear that if
P, = Pg: then

i _Ba g

Vg up

ie, Vy#Vg

Similarly, if V; = Vg then
D _ta Ly

Pp g

ie, Py # Py

(b,c)

For adiabatic process ‘bc’

T =TVET ()

For adiabatic process ‘da’

oVt =Tt (i)

Multiplying Egs. (i) and (ii)

= Ty T, (VpV)? ™t = Ty T, (VaVe)Y !

= VWV =1

Since adiabatic expansion leads to cooling
soT; > T,

(a,c,d)

According to Kirchhoff’s law, good absorbers are
bad reflectors, but they are good emitters.

(b,d)
p? PRT .
o PM

M 1
PT=(—>=>P0<T )
pz _ p7 , P
p p/2 V2
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586

587

588

589

Hence from Eq. (i) T’ = TV2

PT = constant, hence P — T curve is a parabola

(a,b,c)

The molar heat capacity has the general definition
1AQ

C=aaT

Where n =number of moles

AQ = heat absorbed by the gas

AT=rise in temperature of gas

It is possible to obtain almost any set of value for

AQ and AT by proper selection of a process

(ac)

Let the process start from initial pressure P,

volume V, and temperature Ty

MumJM—L+%ﬁ@me
2

111 C<ﬁ, v, Q)
2 2

I: Isothermal expansion (PV = constant) at
temperature T4to twice the initial volume V,
II: Compression at constant pressure P, /2 to
original volume V,(i.e., V « T)
III: Isochoric process (at volume V) to initial
conditions (i.e., P « T)
(ac)
For a cyclic process, AU = 0
ie, AU =AU, +AU, =0
From relation AQ = AU + AW
AsAU =0
Hence, AQ = AW
orAQ —AW =0
(a,b)

1mm

p =§702andc20cTorc2 = kT

=—— kT
P=37y

Thus, p x mT

(ac)

Initial state is same for all the three processes
(say initial internal energy = E;)

In the final state, Vy, = Vg =V

And Py > Py > P,

P,V > PgVg > P-V,

Es > Eg > E¢

IfT; <T,, then Ey > E for all the three processes
and hence (E, — E4) < (Ey — Eg) < (Ey — E¢)
|AE4| < |AEg| < |AE(|

IfT; <T,, then E, < Ef for all the three
processes and hence (E, — Ey) > (Eg — Ey) >

(Ec — Eo)

590

591

592

593

|AE,| > |AEg| > |AEC]
(b,c)

As f=2aandy =3«
B 2a 2 y 3a

=—= n
Yy 3a 3 a a
Both these choices are correct.
(ac)

The mean translational kinetic energy is ng is

3
1

independent of the nature of the gas. It
dependents only on it’s temperature. In jar both
the gases are at same temperature so they have
the same average translational kinetic energy.
Also, as hydrogen is diatomic with f = 5 and for
helium f = 3, so average energy of H, molecule

(g kT) is greater than that of helium G kT). Itisa

common misconception that all gases at same
temperature have same mean kinetic energy
(a,b,c,d)

Since both the gases are contained in the same
vessel, temperature of both the gases is same
Average KE per molecule of a diatomic gas is
5/2KT. Hence, average KE per molecule of both
the gases is same. Therefore, option (a) is correct

_ 3RT
Urms - M
Hence,
(Vens)2 M,
(vrns)l MZ

Hence, option (b) is correct

Let molar mass of B be M, then that of 4 will be
equal to 16M

Let mass of gas B in the vessel be m; then that of A
will be 2m. The number of moles of a gas, in the
vessel will be n=m/M. Hence, number of moles of

gases A and B will be
2m

ny = m and n, = M

Hence,

n 1

n, B 8

Hence, option (d) is correct
Partial pressure exerted by a gas is

__ nRT
P==
Hence,
P, ny
P ny
Therefore, option (c) is also correct
(b,c,d)
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595

596

The average KE of molecule of a gas =% kT, which

depends onT. The average KE per mole of a gas,
E = % RT and average KE per gram of a gas = ;Z—T
Where, M is the molecular weight of the gas. As M
is different gases, hence average KE per gram of
every gas is not same
(b,d)
. : PV
Initial mass of air, m = =—
RT,

Final mass of air

m P,V
=3 =%
PV PV
2RT, RT,

@)-2)
Ty Py
As the tank is insulated, the process is adiabatic

withy = g
y—1

5
PN7v  (Ty\2 Pz)
T, =T \= == ==
z 1<P1> (T1> (P1

T, \I 5
5
T, T,y\2 T,
T, T\ e
_ 320

=3 = 200K = —73°C [Giveni/4 = 1.6]
23

(a,b,c,d)

AU = nC,AT - for any process

In adiabatic process: AQ = 0,s0 AU = —Aw =

|AU| = |Aw|

In isothermal process, AT = 0,so AU =0

(a,b,c)

For the process 3 = 1

PV 4x105x1

= 4m?3
P, 1x 105 m

P1V1:P3V3:>V3:

For the process 2 = 3

PV (PaVy)
PT (1|){ 2

4 x 10°N/m?

IXTOIN/M? fooeoef oo

- -
Im* 2m’ 4m’

Purs
PV = PV) = (—3)y Vs = 4
P,
1
= 4am3 = v2m3
For the process 1 — 2,
Wi, = P (V, = V1)
=(V2-1)4x10%]
For the process 2 — 3,
(PV; — P3V3)
Wy =——77"—
r—-1
(4V2 — 1 x 4) x 10°
= 4
(:-1)

For the process 3 — 1,

=12(V2-1) x 10%]

V3
W31 = —PlVlln—
Vi

4
=—4><105x1><1n(1>

AU =0
AQ =AU + AW =4 x 105(V2 — 1)
1-2-3-1

+12 x 10%(v/2 — 1) — 4 x 10° x 1.386
~ 1.08 x 10°]
AQ = AW = 1.08 x 15%]

DCAM classes
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