PHYSICS

Q.4 One kg of a diatomic gas is at a pressure of
Q.1 A vessel is filled with a gas at a pressure of 76 8 x 10* N/m2 The density of the gas is 4 kg/m?3.
cm of mercury at a certain temperature. The What is the energy of the gas due to its thermal
mass of the gas is increased by 50 % by motion ? [AIEEE- 2009]
introducing more gas in the vessel at the same (A) 3x10%J (B) 5x10%J
tﬁ;npigr_ature. The resultant pressure, in cm of (©) 6x10°J (D)7 x 104 [B]
(A)76 (B)152 (C)114 (D) 1117 [C]
Sol. Pom Sol. E= 2 RTn.
Since m is increased by a factor of E , . o .
2 Since gas is diatomic henece f =5
therefore, P will increase by a factor of 3 . 5
. 2 E= 2 RTn (~PY=nRT)
.. New pressure = > x 76 cm of Hg
=114 cm of Hg. E=2py
2
Q.2 One mole of ideal monoatomic gas (y = 5/3) is B\PKI (M = Mass
mixed with two mole of diatomic gas (y = 7/5). E= 2 D |\D= Density
What is y for mixture ?
_ 5 _ 8x10%x1 _ .
(A) 312 ®) 22 E= 2 x —— — = 5x10%.
15
So option (2 ) is correct.
© = (D) 4/3 © prion )
13 Q.5 Pressure versus density graph of an ideal gas is
C, +u,C shown in figure -
Sol. Yo = Hibp T Ha4p, g
“lel +|~*2Cv2 F‘)‘
5 7
Ix-R |+ 2x_R /s
_(Xz H "2 )_E
1SR |+ 2><5R) 13 B -
4
FL-xX D o
Q.3 RMS velocity of an-ideal gas at 27°C is 500 m/s.
Temp_eratu_re is increased four times, rms (A) during the process AB work done by the gas
velocity will become - ) o
(ARL000W/s (B) 560 m/s IS positive
(C) 2000'm/s (D) None of these [B] (B) during the process AB work done by the gas
Sol. Vindec T [T =temperature in Kelvin] is negative
T,=27+273=300K (C) during the process BC internal energy of the
To=4x27+273=381K gas is increasing
261 (D) none of these [D]
SV = /ﬁ x 500 = 560 m/s Sol. As density increases, work done is — ve.
KT.G.



Q.6 Maxwell's velocity distribution curve is given Q.9 At NTP the density of a gas is 1.3 kg/m® and the
. . velocity of sound propagation in the gas is
for two different temperatures. For the given 330 m/s. The degree of freedom of gas molecule is-
curves - (A) 3 (B)5
(C)6 (D)7 [B]
T Sol.
N V= yPlp
5
IANN 330 = 1/yxlxm
| 1.3
v — (33)2x100x1.3 _
(A) T1>T, (B) T1<T: 1x10°
(C) TL<T> (D) T1=T> [B] 1.089 x10° x10% x1.3 p
5
Sol. Higher is the temperature greater is the most ) 1x10
probable velocity. T +1=y=14=V/5
Q.7 Container below are filled with three different 2 =9/5
gases as shown. Piston is made to oscillate in f
below three cases. Time Period of oscillation is f=5
Ta, Tg, Tc_ Then-
iz ¢ iy i Q10 S USe I O B
ENR R N PSS - Rt I e s oo Ny L] e
L L L Two containers A & B contain ideal gases
....................................... helium and oxygen respectively. Volume of
both containers are equal and pressure is also
(A) Ta>Te >Tc B)Tc>Ta>Ts equal. Container A has twice the number of
(C)Tc>Te>Ta (D) Te>Ta>Te molecules than container B then if va & vs
Sol. [B] represent the rms speed of gases in containers A
1 & B respectively, then -
Time period of oscillation of pistop is T'cc —
Jr A) LA =2
where y = C,/C,  adiabatic exponent Ve
Ymono = 5/3; Ydi = 7/5; Ypoly 413 (B) V_A =4
Ymono > Ydi = Ypoly Vg
C) YA =
Q.8  Anideal gas is helghin a container of volume V © Vg
at pressure”P. The average speed of a gas
molecule ‘under these conditions is v. If now the (D) Ya - /8
volume and pressure are changed to 2V and 2P, Vg
the,average speed of a molecule will be |
(A)\ 112w (B) v Sol. €]
C).2v D) 4v
Sak: EC% ®) Taz AYA ang 1, = 8VE
1 Na ngR
PV = =m Nv2
3 Given, PA=Pg, Va=Vgand na=2ng
(2P) (2V) = 1mc,Nv'fms T
3 Ta= B
@'rms = 2Vims = 2V 2
Now. ﬁ = T_Axm =2
’ VB TB MA
KT.G.



Q.11

P-V diagram of a diatomic gas is a straight line

Sol. = +
passing through origin. The molar heat capacity Ymina 2 1 7
of the gas in the process will be - 5
(A) 4R (B)25R 3 342
; 2
4R Ymin-1
(©)3R () =~ [Al 3 u
Sol. P=KV Vmina 2
PV = nRT ~_6
Ymin-1 = 1
KV2 =nRT
6 17
2KVdV = nRdT n=—+1="—
TR
_ _ NnR _nR
W= ,[KVdV T o .[dT_ 7AT Q.14 Molecule of a gasican be modelled as three
. . sphere connected through three rigid rods as to
from first law of thermodynamics make triangle liKe, structure. A gas containing
Q=W+AU such molegules, performs 25 J of work when it
. expands‘at‘eonstant pressure. Heat given to gas
nCAT = T AT + nCyAT Is —
2 (A). 75, (B) 100J
R R 7R (€)-1507 (D) 1251 [B]
C= > +Cy = > + - = 4R Sol. For isobaric process
Q _ K+2 _
Q.12 Volume versus temperature graph of two moles W K [K = degree of freedom]
of helium gas is as shown in figure. The ratio of
_6+2 _
heat absorbed and the work done by the gas in Q= x25=1001
process 1-2 is - Q.15 Choose the incorrect statement regarding the
Vi energy of gas molecules -
(A) Average KE of a diatomic gas molecule at
/2 normal temp isg KT.
1 (B) Average translational KE of a molecule is
=T
% m'v2, where m' is the mass of
(A)3 (B) 5/2 molecules and vay is the average speed of
(C)5/3 (D) 7/2 [B] the molecules
Sol Q n€,AT (C) Average translational KE of all the gas
ol. —\
W NRAT . 3
molecules is the same as > kT
Q.#83™ 2 mole of an ideal monoatomic gas mix with (D) Rotational KE of all the diatomic gas
1 mole of a ideal diatomic gas. The g—Pfor the molecules is the same as kT [B]
Y Sol Itis £ m'v2
mixture is - ol S5 M Vi -
(A) 15 (B) 17 Q.16  The absolute temperature of a gas increases
11 1 3 times. The root mean square velocity of the
13 molecules will become:
(©) 1 (D) None [B] (A) 3 times (B) 9 times
KT.G.



(C) (1/3) times (D) V3 times [D] 0=2 inowaT
4
Sol. Vims o0 /T
3Q _
So, /3 times 2 nCvAT
Q.17 A triatomic molecule can be modelled as three 3 NnCAT = nCyAT
rigid sphere joined by three rigid rods forming 4
an triangle. Consider a triatomic gas consisting
such molecule. If gas performs 30 J work when Q.20  The root mean square velocity of the moletules
it expands under constant pressure the heat in a sample of helium is 5/7¢ “hat Yof the
giventogasis - molecules in a sample of aydrogef. If the
(A) 60 J (B) 30 temperature of the hydrogen sample is 0°C, that
(C) 45 (D) 120 (O] of helium samples is abodt:
sol.  AQ _Cp (A) 0°C (B)0 K
w R (C) 273°C (D) 100°C [A]
_(f
Cr= (Eﬂj R Sol. Vi, = SV
(f = degree of produce)
= 4R JsRT zg\/stm
S AQ=4W =120 4 7 2
Q.18 Arr;;gjﬁ: dFi)ato_Irprig gassoﬁ%?resois\“;lur?gc\gésatis Q.24 LIf the rms velocity of oxygen molecule at
\F/)vhich theli ressu%e is rg ortiongl to the certain temperature is 0.5 km/s, the rms velocity
P prop for hydrogen molecule at the same temperature
volume. At the end of process the rms speed of will be:
the gas molecules has doubled from its initial '
value then the heat supplied to the gas in the (A) 2 km/s (B) 4 km/s
given process is - (C) 9 km/s (D) 16 km/s [A]
(A) 7 P1V1 (B) 8 P1V; v M 5
Sol. 20 _ [TH, [ £
(C) 9PV, (D) 10 P1V, (€] Vi Mo 32
2 2
Sol. As PV
PV~ = constant 05 _ \/I _1
Also, C=Cy— = 28R _ 45 Vi, 116 4
x-1 2 ¥1-1
Ealrjr:pe?;turren;;cosrfwizdfoulf tmt]j:subled therefore Q.22 The speeds of three molecules of a gas are 3v, 4v
Hence, Q = nCAT™=.0 X'3R x 3T, = 9 nRT; and 5v respectively. Their rms speed will be-
=9 P1V1 (A) @ v
V3
Q.19 The molar heat capacity in a process of a
/ 3
. . . B) .[—
diatomie gas if it does a work of %when a heat ®) 50 v
of Q is supplied to it is - © J50 v
2 5 3
(A) - R (B) SR
5 2 (D) 4v [A]
© Lr o) R [C] Sol. 2 = BT+ ()’
3 7 : s 3
Sol. From first law of thermodynamics
Q=W+AU Q.23 For agas, y = 1.4, then atomicity of gas, Cp and
Cv are respectively -
KT.G.



C)1.29 D) 1.33 B
(A) monoatomic] ER , ER ©) ) . () [B]
2 2 Sol. For diatomic
=14
(B) monoatomic] ZR, ER !
2 2
(C) diatomic] R 2R Q.27  The ratio of diameters of two spheres made of
2 2 same materials is 1 : 2. Then ratio of their heat
(D) triatomic] %R, gR [C] capacities is -
Sol. y=14 (A)1:2 B)1:8
7 5 C©1:4 (D) 261 [B]
.'.Cp:—Rande:—R 3 3
2 2 sor. (HO: _ MCon _ [E] _1
Q.24 1 mole of a monoatomic and 2 mole of diatomic (H.C), mM,Cypm, r23 2 8
gas are mixed, Now the resulting gas is taken 4,
through a process in which molar heat capacity FMEpV=px 3 g and
was found 3R. Polytropic constant in the p1 = P2, Cgml = Cgmz
process is -
1 1 Q.28  Theatio,of specific heats of an ideal gas is -
g ®s i R
(A) — R (B) 1+C_
2 1- Y,
© G (D) None of these  [A] Co
1 C
Sol.  C=Cvmy+ R Cupy = V1 +N OV, © —¢ (D) L +R [B]
1-n n,+n, _Lv p
R
. . e Cp R
Q.25 One mole of an ideal monoatomic gas is“mixed Sol. Cr-Cv=R, oot
with one mole of an ideal diatomic“gas: | The c N v
molar specific heat of this mixture ‘at censtant =P =y=1+ R
volume is- Cv Cv
3 Q.29 A certain amount of an ideal gas is taken from
(AR (B)h—=R .
2 state A to state B first along process 1 and then
(C)2R (Dy2.5R [C] along process 2. If the amount of heat absorbed
nCosen.C by the gas is Q1 and Q. respectively then -
Sol. o (C\)mix S T2V
ny+n,
. 3
For mongatemic C,, = ER
. . 5
Rordiatomic C,, = ER
3 5 (A) Q1> Q2 (B)Q1<Q2
o = xS R+1IxSR . (C)Q1=Q; (D) data insufficient [A]
v 1+1 Sol. Wi> W,
AU;1 = AU
Q.26 Ir_] a diatomic gas translatory, rotatory and Q.30  Figure shows a parabolic graph between T and
vibratory degrees of freedom are present. Then 1
Ce/Cy value is- vfor a mixture of a gas undergoing an
(A) 1.66 (B) 1.4
KT.G.



Sol.

Q.31

Sol.

Q.32

Sol.

Q.33

adiabatic process. What is the ratio of Vys of
molecules and speed of sound in mixture -
T

A 1Y
To

\\_I\
\

- bk--

L

-

1
S|af--

<
/
7l

1
1
1

(B) V2

3
2

(D) V3 [B]

Teo? Vo = constant

=vy=3/2

NV _ 3.5
Vsound Y

N moles of monoatomic gas having
translational KE 2U per molecule are mixed
adiabatically inside a rigid boundry container
with N moles of diatomic gas having
translational KE U per molecule. What is final

temperature of mixture ?

3N,U 1IN, U
*) 8R ®) 12R
(C) SNV (D) None [B]

12R
(n1 Cvi+ N2 Cvp) T = M CUnT1+n2, Cva T2

Total K.E. per moleeules of O, gas at 0°C is -
(A)0 (B) 273K

(€) g x 1273 K (D) g x273K  [D]

5
Kotal = E KT

Consider a hypothetical dN/du Vs u graph for
an ideal gas particles. The root mean square
speed of given distribution is -

Sol.

Q.34

Sol.

Q.35

Sol.

Q.36

Q.37

Q.38

dN/du
4
u
4
8 2
(A) 3 (B) N
(©) % (D) Nane [A]
4
j u?dN
Vims = 0

The retational K.E. of 2 gm Hz gas at 27°C is -

A)-RT (B) 2RT
(CY15RT (D) 25 RT
(R — Universal gas constant) [A]

2
Krotational = E x1xRT
=RT

The ratio of total K.E. per molecule of O, and
He at same temperature is -

(A)1:1 B)5:3

©)8:1 (D)2:3 [B]
5

KEOZ = E_kT = E

KEwe 3,7 3

The root mean square velocity of the molecules
in a sample of helium is 5/7th that of the
molecules in a sample of hydrogen. If the
temperature of the hydrogen sample is 0°C, that
of helium samples is about -

(A) 0°C (B)OK

(C) 273°C (D) 100°C [A]

The rms velocity of a gas at a given temperature
is 300 m/s. What will be the rms velocity of a
gas having twice the molecular weight and half
the temperature in K ?
(A) 300 m/s

(C) 75 mis

(B) 600 m/s
(D) 150 m/s [D]

It takes for an electric kettle to heat a certain
guantity of water from 0°C to boiling point

K.T.G.



(100°C) in 15 minutes. It requires 80 minutes to P 1
turn all the water at 100°C into steam. The P F------53 B
latent heat of steam is - /:'
Po _____ A 1
(A) 513.3 cal/g (B) 493.6 callg ! !
(C) 533.3 callg (D) 425.4 callg  [C] L >T
To 2T
Q.39 A calorimeter contains 70.2 g of water at 0 0
15.3°C. If 143.7 g of water at 36.5°C in mixed 3 3
L . . (A) — po (B) - pe
with it the common temperature is 28.7°C. The 4 2
water equivalent of the calorimeter is - 4
— Po 0
€ 5p (D) 2% [B]
(A)15.6¢ (B)9.4¢g 3
(©)6.3¢ (D) 13.4¢g [D] Q.44 A vessel contains a“mixture of one mole of
Q.40  Calculate the time required to heat 20 kg of oxygen and two.motes, of nitrogen at 300 K.
water from 10°C to 35°C using an immersion The ratio of the average rotational Kkinetic
heater rated 1000 W. Assume that 80% of the energy per(Ozfplecule to per N2 molecule is -
power input is used to heat the water. Specific (A) L.l
heat capacity of water = 4200 J/kg-K. Eg 2 i
A) 24 min B) 34 min ’ L
) ) ) ) (D)yDepends on the moment of inertia of the
(C) 44 min (D) 54 min [€] two molecules [A]
Q.41 The root mean square (rms) speed of oxygen QM5 A gas mixture consists of 2 moles of oxygen
molecules (O,) at a certain absolute temperature and 4 moles of argon at temperature T.
is v. If the temperature is doubled and the Neglecting all vibrational modes, the total
oxygen gas dissociates into atomic oxygen; the internal energy of the system is -
ygen g YO (A) 4 RT (B) 15 RT
rms speed would be - (C) 9RT (D) 11 RT [D]
AV ® R Q.46  The ratio of translational kineti
. e ratio of average translational kinetic energy
2 D . o . .
©2v ©) 22 [€] to rotational kinetic energy of a diatomic
Q.42 A gas has volume V.and/pressure P. The total molecule at temperature T is -
translational kinetic'energy of all the molecules (A)3 (B) 7/5
of the gas is - (C) 573 (D) 312 (D]
(A) % RV only.if the gas is monoatomic Q.47  One mole of an ideal gas at STP is heated in an
insulated closed container until the average
B) 3 PV only if the gas is diatomic velocity of its molecules is doubled. Its pressure
2 would therefore increases by factor -
3
©) > 2 PV if the gas is diatomic (A) 15 (B) V2
(€2 (D) 4 [D]
(D) 3 PV in all cases [D] .
2 Q.48  Two vessels of the same volume contain the
Q.43  Pressure versus temperature graph of an ideal same gas at same temperature. If the pressure in
as is as shown in figure. Density of the gas at the vessels be in the ratio of 1.: 2, then —
g gure. y g (A) The ratio of the average kinetic energy is1 : 2
point A is po. Density at B will be — (B) The ratio of the root mean square velocity is
KT.G.



1:1
(C) The ratio of the average velocity is 1: 2
(D) The ratio of number of molecules is 1: 2

(O]

Q.49 At 0°C, the value of the density of a fixed mass
of an ideal gas divided by its pressure is x. At
100°C, this quotient is -

A) 22 x ®) 22x
273 100
273 373
C) —x D) — x C
© 373 ©) 273 [C]
Sol. P=p RT
I\/IW
P - Mw
P R
Pl - Mw
PJec Rx273

H - Mw _ 278,
PJiyc Rx373 373

Q.50  Jar A filled with gas characterized by parameter
P,V and T and another jar B filled with a gas with
parameter 2P, V/4 and 2T. The ratio of, the

number of molecules in jar A to those in‘jar B,is-

A)1l:1 B)1:2
(C)2:1 (D) 471 [O]
Sol. N:&
KT

Na_ PV KA ) 4
Ng KT = 2P(wd) 1

K.T.G.



PHYSICS

Q1 Under standard conditions the gas density is
p = 1.3 mg/cm® and the velocity of sound
propagation in it is v = 330 m/s then what will be
the no. of degrees of freedom of gas molcules ?

Sol. [0005]

Q.2 A diatomic molecule can be modelled as two rigid
ball connected with spring such that the ball can
vibrate with respect to centre of mass of the
system (spring + balls). Consider a diatomic gas
contain such diatomic molecule. If gas performs
20 Joule work under isobaric condition, then heat
given to the gas (in Joule) is.

Sol. [01407]

AQ _ nCpAT
W nRAT
Cp
=AQ= /.
Q R
=1 x 20
2
=140

Q.3 Under standard conditions the gas density is
1.3 mg/cm? and the velocity of sound propagation
in it is 330 m/s, then the number of degrees of
freedom of gas is. [0005]

SOI Vsound = ﬁ al’ld Y =1+ g

\/ o f
14 22 Viomaxp
f P
Q4 A cylinder contains®0.15 kg of hydrogen. The

cylinder is closedby a piston supporting a weight
of 74 kg (seeyfig.), n x 10% J amount of heat is
given to\lift the weight by 1.2 m ? The process
should be assumed isobaric, the heat capacity of
the vessel and the external pressure should be

neglected. Find n (n is single digit.)

Sol.[3] w=mygh

Q5

Sol.

Q6

Sol.

Q7

Sol. [2]

Q.38

7
Q:E x mygh

:% Xx74%x98x%x12~3x10%)J

..n=3

Air separated from the atmosphere bya column of
mercury of length h = 15 cmnis present in a
narrow cylindrical two soldered at one end. When
the tube is placed harizentally the air occupies a
volume Vi = 240{mm?®. When it is set vertically
with its openend upwards the volume of the air is
V2 = 200“mmé,_The atmospheric pressure during
the experiment is 7n cm of Hg where n is single
digit-aumber. Find n.

(5]

hV,
Vl_VZ
n=>5

Two balloons of the same volume are filled with
gases at the same pressure, one with hydrogen

and the other with helium. The ratio of

buoyancies (including the weight of the bag) acts
on hydrogen to buoyancy acts on balloon filled

with helium. Give answer in single digit.

[1]
PVg

F= —= (Mair — Mgas
2 (Mar M)

i _ Mair - I\/IHZ
I:He Ivlair_MHe
=1.08

Gas at pressure Pg is contained in a vessel. If the
mass of all the molecules are halved and their
speed is doubled then the resulting pressure
becomes nPo. What is the value of 'n'.

A smooth vertical tube having two different
sections is open from both ends and equipped
with 2 pistons of different areas. Each piston can

K.T.G.



Sol.

Q.9

Sol.
Q.10

Sol.

Q.11

slide. One mole of ideal gas is enclosed between
the pistons tied with a non-stretchable thread.
The cross-sectional area of the upper piston is
AS = 10 cm? greater than that of the lower one.
The combined mass of the two pistons is equal to
5 kg. The outside air pressure is 1 atm. If gas
between the pistons be heated by (n x 107%)
Kelvin so that pistons shift through 5 c¢cm, then
what is the value of 'n' ?

L

-

™
1 Gas
/

[

T

e W W, W™

[ '\j

[9]

An ideal gas is trapped between a mercury
column and the closed end of a narrow vertical
tube of uniform base containing the column. The
upper end of the tube is open to the atmosphere.
The atmospheric pressure equals 76 cm of
mercury. The lengths of the mercury column and
the trapped air column are 20 cm and 43 cm
respectively. What will be the length of the air
column in cm when the tube is tilted slowly in a
vertical plane through an angle of 60°? Assume
the temperature to remain constant.

[0048]

A cubical box of side 1 meter contains helium gas
(atomic weight 4) at a pressure of 100 N/m2.
During an observation time of 1’second, an atom
travelling with the “root*mean-square speed
parallel to one of the edgesjof the cube, was found
to make 500 hits with.a’ particular wall, without
any collision with.other atoms.

(Take R =25/3 J/mol-K and k = 1.38 x 1022 J/K.)
Evaluateithe temperature of the gas. (in Kelvin)
[0160]

Gas at pressure Pq is contained in a vessel. If the
mass of all the molecules are halved and their rms
speed is doubled then the resulting pressure
becomes nPo. What is the value of 'n' ?

(Assuming same no. of molecules)

Sol.[2] P= %pvzrms

Q.12

Sol.[2]

Q.13

Sol.[2]

The mass of a molecule of a gas is 4 x 10-%° kg. If
102 molecules strike the area of 4 square meter
with the velocity 107 m/sec, then what is the
pressure exerted on the surface ?

(Assuming perfectly elastic collision and they are
hitting perpendicularly) (Ans. in N/m?)

2 N/m?

Calculate the root mean squarefyelocity of a gas
of density 1.5 gram per litre at a pressure of 2x
10% Nm2. ( Give answef, in km/sec)

2 x10°m/s

K.T.G.



