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KINETIC THEORY OF GASES
GEreparfa Rgred)

Points to remember (FAXONT d29) :

eKinetic theory of gases - assumptions

(ii)

(iii)
(iv)

(viii)

Kinetic theory of gas was developed by Max-
well and Clausius in order to explain the gas
law in terms of motion of the gas molecule.
The kinetic theory of gas molecule is based
on the following assumptions:

A gas consists of small indivisible particles
called molecules. Molecules of gas are con-
sidered to be a perfectly rigid, elastic solid
sphere and identical in all respects. The size
of the molecule is negligible as compared
with their distance apart.

All gas molecules are in the state of con-
tinuous and random motion with all possible
velocity and possible direction.

The distance between the two molecules is
large as compared to their size.

During random motion, molecules collide with
one another and the walls of the container.
Collisions are perfectly elastic.

In spite of repeated collisions, the density of
gas remains constant.

The time of impact is negligible in comparison
to the time between two successive collisions.

Between two successive collisions the
molecule moves in a straight line with uniform
speed or velocity. The distance between two
successive collisions is called the free path of
the molecule.

The average distance traveled by the molecule
between two successive collisions is called
mean free path.
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e Kinetic interpretation of temperature

The temperature of a gas is a measure of the
average kinetic energy of a molecule, inde-
pendent of the nature of the gas or molecule.
In a mixture of gases at a fixed temperature
the heavier molecule has the lower average
speed. Energy of one mole of monatomic gas
is given by

-3
E=5RT

Hence energy or velocity increases on in-
creasing temperature. Average K.E. of gas is
directly proportional to absolute temperature (
EocT).

Thus at absolute zero temperature kinetic en-
ergy of gas molecules should reduce to zero.

It means at absolute zero temperature mole-
cules of gases are in a perfect state of rest
and have no kinetic energy. Since KE cannot
have negative value so absolute tempera-
ture cannot be negative, so minimum possible
temperature is absolute zero.

But before absolute zero temperature reaches
all gases change their state to liquid or solid.
Thus temperature of gas is a measure of the
mean KE of translation per molecule. This is
called kinetic interpretation of temperature.
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Root mean square (R.M.S.) speed of gas

molecules ¥ IT & R.M.S. ar

It is defined as the square root of the mean
of the square of the velocities of the gas mol-
ecule. R.M.S. velocity is directly proportional
to the square root of absolute temperature: It
is given by

RM.S. 391, 39 310 & de1 & aa & AT &
a?ﬂxﬂa;w#qﬁaqﬁamm%|RMs

391 ToReT argEeT & getee {el & WAL g &:
T 3KT ZanrT fear Srar §
egrees of freedom $1 ifear

The minimum number of independent coor-
dinates or dimensions required to represent
the position and configuration of a system
completely is known as degrees of Freedom.
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Sr Type of gas Translational|Rotational | Vibrational
No. molecule motion motion |motional
1 |Monoatomic molecule 3 - -
2  |Diatomic molecule 3 2 1(at high
temp)
53 |For triatomic linear 3 2 3(at high
molecule temp)
4 Triatomic nonlinear 3 3 9(at High
molecule temp)
° Law of equipartition of energy Foll & HH-
Tk G G D N Ea K2
FoefT-11 (e

According to this law, for a thermodynamical
system in equilibrium, total energy is equally
distributed among various degrees of freedom
and energy associated with each degree of

freedom per molecule is %KBT

Where, R=NKg (R- gas Constant, N- Avoga-
dro's number and Kg- Boltzmann Constant)
If there are f degrees of freedom, then total
energy of one mole is given by

U= %NKBTZ%RT
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U= ?NKBT =3

RT

e Concept of mean free path

Between two successive collisions the mol-
ecule moves in a straight line with uniform
speed or velocity. The distance between two
successive collisions is called the free path of
the molecule. The average distance traveled
by the molecule between two successive col-
lisions is called mean free path. Mean free
path is given by

_ 1
\/Enn’dz

Where n is the number density of gas mole-
cules and d is the diameter of the molecule
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ro's number

The number of units in one mole of any sub-
stance is called Avogadro’s number or Avoga-
dro’s constant. It is equal to 6.022140857x10%.
The units may be electrons, ions, atoms, or
molecules, depending on the character of the
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reaction and the nature of the substance.
Hence the number of particles in 3 moles of
a substance would be Total no = 3 x 6.022x
102 = 1.81 x 10% particles
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with mole of a diatomic gas what is the
value of vy of the mixture :

TF AT THWAEF I F TF AT fIaAmH
I & Ty AT arar &, Byer § ¥ v w1 AR
T T2

a. 1.0 b. 1.5

c. 25 d 20

Ig 6.022140857x10% & s«¥ g1 9fdfshar &1 7. Mean free path depends upon :
gpfd 3R gerd #i1 gpfd & IHUR R ghgAl a. Absolute temperature of the gas
m W??gﬂ3 mw@rﬁa@%% b. Pressure of the gas
AT = 3 x 6.022 x 108 = 1.81 x 10% F07 c. Botha &b d. None of these
AT AFT T7 ... Far ¥
a. A F WH AYAT W
MULTIPLE CHOICE QUESTIONS: N S
W’ﬂ' et c. a3dRb gt ®
d. g & R © A
S.I. unit of universal gas constant Ris : 8. On which factor does the average kinetic
aEsifaw A Aaais R Y S. so61S ... B) energy of a gas molecule depend ?
a. J'mol K b. Jmol'K" a. Nature of gas b. Temperature
c. J'mol K' d. J'mol K c. Volume d. Density
Value of universal gas constant is : A 31'073# #r g afaer FoT g FRE
waifas 3w @diw &1 A7 §: iy el ¥
a. 831 J' mol K a. JEr Hr qTfﬁf W b. dYAT W
b. 8314 J' mol K* Cc. 3Uded 9T d. Ydcd WX
c. 83.14 J' mol K' 9. What is the average velocity of a molecules
d. 813 J' mol K* of an ideal gas :
L a. Infinity b. Constant
Average kinetic energy of the molecules of
a gas is directly proportional to : ¢. Unstable d. Zero
a. Pressure b. Volume TF reet W F IopHt F T AT FAT 82
c. Temperature d. None of these a. 3fld b. faudi®
o & vt B ostwa afes se c. 3feEd d. =
m gt B 10. At Boyle's temperature :
a. E\"IH b. 3Td- a. Joule's effect is positive
c. dgHAmT d. SH ¥ FIg AT b. Vander waal's equation becomes zero
In monoatomic gas molecules, degrees of c. Gases Boyle's law
freedom is : d. Water solidifies
UF AT A IO A, FEaAar # wfeEr ST F IIIAT T
%l a. SIel 1 IHIG TATHS gl
1 b. 3 b. &S aTer T GHIRROT LT & Sl B
c. 5 d 7 c. I &tga & A
The degree of freedom of a diatomic gas d. UeY IH AT
molecule s : 11.  For Boyle’s law to hold good, the gas should be :
;T aﬁw ﬂ“ a7 #Y FAAAA HL.... FHeA a. Perfect and of constant mass and
temperature
a. 1 b. 3 b. Real and of constant mass and
c. 5 d. 7 temperature
One mole of a monoatomic gas is mixed c. Perfect and at constant temperature
HefT-11 (D = FHEIRA. — qe IF-TE-IR TeAF Ageh Rewor &9 (2024)




d. Real and at constant mass

Te & A 9 w6 & A, o @5
g =fRel

a. 3ee aur Aud gegAe R amAe W)
b. aredfas aur Aad geganT 3R agaEe 9w
c. 3y 3R Fad amHAd W
d. ardfas 3R 99 gegdas )
12. A gas behaves as an ideal gas at :
a. Low pressure and low temperature
b. Low pressure and high temperature
c. High pressure and low temperature
d. High pressure and high temperature
T I ... et A i W TR FI B
a. %#A a¥ 3R A dIAA W
b. & g 3R ITT AYAT W
c. 3Td & 3R HFA dIHAH W
d. 3T9 g 3R 3Tg dAT W
13. The degree of freedom of a triatomic gas is :
a. 3 b. 6
c. 7 d. Both aand c
s e 1 FEdEar AR R
a. 3 b. 6
c. 7 d. b 3R c =l
14. Random motion of gas particle in air is
termed as :
a. Bruneian motion b. Brownian motion
c. Rotatory motion d. None of these
ag & AW For A Iefes afq # ....F@
STaT g
a. F A b. s W
c. U A d. sAH ¥ FIg QT
15. Boiling point of water is :
9l FT FIYATH..... § |
a. 0°C b. 50°C
c. 100°C d. 200°C
16. Brownian motion was discovered by scientist :
a. Albert Brown b. John Brown
c. Robert Brown d. Isan Brown
sfaga afy fr @ dafas......... & 1 A
a. 3fedc SI3T b. Siiel ST3aT
c. Tec §3A d. gaT S
17. If car tires are hot, pressure of gas molecules
in them would be :
a. High
b. Low
c. Same as before heating
FefT-11 (IR

d. May be high or low

I R & TR o o, A 3o ot v

a. 3=d
b. @&

e e A ggd b mEe
d. 3= a1 AT & g&ar

18. Pressure of gas is due to the .............

19.

20.

21.

a. Collision of gas molecules with the wall
of containers

Collision of gas molecules with each other
Random motion of gas molecules
Vibration of solid particles in the wall of

container
daFaw ... F FROT gaT B
a. 9nl T AR F AT AU F THIT
b. I U & TH qE F TR
c. T 3TU;|'3-1>|' fr Ireeos afa
d. 9T & AR H 3| HUN H FUT
If we increase pressure, volume of gas
would :
a. Increase b. Decrease
c. Remain same d. None of these
i &0 g WY, ar AW F WIA....... §EMI
a. qal b. &
c. dgr T&am d. SH F FIS AT
State of matter that has strongest
intermolecular force of attraction is :
a. Solid b. Liquid
c. Gas d Gel

veTd #Y a7 raeyT e wa@ Aeqy Aeanas
THYOT o T & |

a. o b. &R

c. I d. oo

Considering kinetic theory of particles, solids
have :

a. Fixed shape and volume

b. Variable shape & volume

c. Variable shape but fixed volume

d. Fixed shape but variable volume

mmﬁﬁmwﬁwmgaﬁ#

fafRaa 3mer AR 3maas

gRadaeiier 3R 3T 3maaa
gRadIRfe R afhed ARTT AT
AR 3meR AfhaT aRadeaier 3madae

FWEITA. — T dF-Hg-3R [eas fyed RFavor g (2024)




22. Movement of particles in liquid and gases is
observed as :
a. Bruneian motion b. Brownian motion
c. Blackian motion d. Random motion
e 3R AW F Fot A ... @ S B
a. T b. s
c. sofeas afa d. Icos afa
23. Close packing of particles in solids in :
a. Low density b. Ductility
c. Brittle d. High density
3| & Fof f Feller AfFer A Rufq... & ar
gl
a. HA Yecd b. orer
c. IR d. 3= "edca
24. State of matter that has highest volume is :
a. Solid b. Liquid
c. Gas d. Gel
gerd Y gg ’aTYT HSET AadT gew AfOw
gar ¥ |
a. a9 b. &
c. I d. S
25. At constant volume, temperature is increased then:
a. Collision on walls will be less
b. Collision frequency will be increases
c. Collision will be in straight line
d. Collision will not changes
fAad I W AI9ATT dedT § al....|
a. GORI 9 THIT HA gET
b eag &I Hgfed d ST
c. THFH Gl Y@l H gl
d. <Hug ¥ gRadsT 8T gem
26. The specific heat of a substance at its
boiling point or melting point is :
a. Zero
b. Infinity
c. Negative
d. Lies between 0 and 1
R g Y IUF FEYAE AT TAATHE W
fafse Fear... @ §1
a. q[H
b. 3feld
C. RUllcHR
d 03R1F 9T Ryag
27. R.M.S velocity of a gas molecules of mass
m at given temperature is proportional to :
T 71T aEE W m gewAe ¥ A orat @
FoefT-11 (e

28.

29.

30

31.

32.

R.M.S 3T ... & Iquifa® B
a m° b. m
c. 1/m d. 1~m

A gas is taken in a sealed container at
300K. It is heated at constant volume to
a temperature 600K the mean K.E. of its
molecules is :

a. Halved b. Doubled

c. Tripled d. Quadrupled
& 39 F 300K W & Hideg =7 A foar srar

gl 30 A¥a 3ada W 600K dAMHIA d& I
o Srar §1 swF sropat @1 stwa KE......ghm
b

a. 3 . g
c. o I d. =T
The r.m.s velocity of the molecules in

the sample of helium is 5/7th that of the
molecules in the sample of hydrogen. If the
temperature of the hydrogen sample is 0°C
that of helium is :

AT & T & 03 FT rms T FEIAA F
;mﬁﬁamar wrsnm%mﬁa@m*mﬁ
FT dI9A 0°C § &t AfTH &1 agaAe... ¥

a. 0°C b. 0K

c. 273°C d 100°C

The specific heat of a gas in an isothermal
process is :

a. Zero b. Negative

c. Remain constant d. Infinite

AT 9HA & A fr [{fdse Fear LB
a. Q‘]\FJ b. dRRIcHAS

c. foaa wer d 34
Average kinetic energy of molecules is :

a. Directly proportional to square root of
temperature

Directly proportional to absolute temperature
c. Independent of absolute temperature

Inversely proportional absolute
temperature

st #r twa aifasr st gl

a. TIUAGT & T & IfeIhAIIIdS
b. fAR9eT AUAT & AR
c. ToRYeT A9AT & FadF

d. ToRUeT A9AET & SFcshATAH

If the average speed of nitrogen molecules
in 675 ms”' and mean free path of nitrogen
molecules is 4.1x107 m. What is its collision

frequency?

Ifg amseierer gt @ sitaa afa 675 ms' @
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3R AT VT FT ATET AFT 97 4.1 x 107
m 1 $HH TFFT AT Agfea F4T gl ?

a. 1.67 x 108 S b. 1.67 x 10® S

c. 1.67 x 10° &' d 1.67 x 10* &'

33. How many molecules are in one mole of
substance ?
a. 6.022 x 10%' molecule/mol
b. 6.022 x 10% molecule/mol
c. 6.022 x 10?2 molecule/mol
d. 6.022 x 10% molecule/mol
ver & U Aver & opt F sEAr e g 87
a. 6.022 x 107 3-101/34’!?
b. 6.022 x 10?2 31‘01/94174
c. 6.022 x 10% 34'01/#!?
d. 6.022 x 10% 3-1'01/3=ﬂ7-r
34. With the increase of the temperature,
Brownian motion :
a. Increases
b. Decreases
c. Remain constant
d. May be increase or decrease
AAT e W aBfageT afa ... I
a. §¢ Sar g
b. ©c ST §
c. foga wh
d. 3fg ar Ff & Fhehr ¥
35. With the increase in viscosity, Brownian
motion :
a. Increases b. Decreases
c. Remain constant d. None of these
et # 3Ry F wwy, sefage af.... 2
a. adr b wgedr
c. f@ua w d. SAH q FS AGT
36. When the density of the medium decrease,
the Brownian motion :
a. Decreases b. Increases
c. Remain constant d. None of these
aamw;rmma’rm% ar sfae
|
a. gedr b. ¥ear g
c. faga war d. 38 ¥ HIg 7L
37. The rate of diffusion of a gas is :
a. Indirectly proportional to density
b. Inversely proportional to density
c. Inversely proportional to the square root
of the density of the gas
FefT-11 (IR

38.

39.

40.

41,

42,

43.

d. Indirectly proportional to the square root
of the density of the gas

T F RAEOT A T BT
Wﬂmﬁwﬂm
Ua-lcda'?cgcqwd-llalqldl

I & Gefca & I & GeshATIA

I & uefca & e & T T 4
EIIGRIRED

S
The energy of each atom of metal is equal to:
U1 & T AF AT F FA ... ST FIA T |
a. KT b. 3 KT
c. 10 KT d. 5KT
The temperature at which all metals have
constant Cv is called :
a. Constant temperature
b. Boyle’s temperature
c. Zero temperature
d. Debye temperature
gg arATe 99 W wsft argat F @A Cv gar

a. faua ameas b. §&a dgHET

c. T AIHART d. fe5 aua=
Boyle’s law is applicable for an

a. adiabatic process.

b. isothermal process.

C. isobaric process.

d. isochoric process.

e & e Fad AT ang g 82
a. JgISH T | b. WHT—FM’RTWI
c. FHeWT YA | d. FH JAdfes THA|

One mole of monoatomic gas (y = 5/3) is
mixed with one mole of diatomic gas (y =
7/5) . What will be the value of Cy for the
mixture?

F AT TF WA A (y = 5/3) B T A
RN 3 (v = 7/5) F | e o ¥,
fAsor % fT Cy HT AT 4T g7

oo oo

9 8
a. fR b. 9 R
c. 4R d 2R

The temperature at which the r.m.s. velocity of
H2 becomes escape velocity from the earth is,

gg a9Ae I 9w Hz &1 rms 97 qedt @
JoI e 97 & & & AT ¢l
a. 10063°C b. 10063 K

c. 10332°C d. 10332 K

Moon has no atmosphere because
a. It is far away form the surface of the earth
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b. lts surface temperature is 10°C

The r.m.s. velocity of all the gas
molecules is more then the escape
velocity of the moon's surface

d. The escape velocity of the moon's surface is
more than the r.m.s velocity of all molecules

UGHT T AGHSA AGT § FAIH

a. g I B AAg H IgA L & |
sHFI Tdg FT dgA=T 100°C afeaaw gl
Tl AF U3t T rms 9T AT H Fg

2.

Ans-

What is the nature of the curve obtained when:

a. Pressure versus reciprocal volume
is plotted for an ideal gas at a constant
temperature.

b. Volume of an ideal gas is plotted
against its absolute temperature at constant
pressure.

a. It is a straight line.
b. It is a straight line.
g % Y gFfa Far g oS
a. tF fA9d auAe R v e A9 & v g

i 1A 0 | AT A & oA IMaf@d frar Smar g1
d. HEHT HT HAG HT YoTdel a1 Fell 370731 & >
rms T ¥ 3F T b.u®w e ¥ F Igad AFT g W 3EF
44. At a certain temperature, hydrogen molecules fercaat * fea Rt men ¥
- have r.m.s. velocity of ,3 km/s. What is the 3cR- a. ¥ TF WA W 5
r.m.s velocity of the oxygen molecules at b. TE T el 1T &l
the same temperature? 3.  What would be the ratio of initial and final
t fafad aae W, gEgee ot & rms pressures if the masses of all the molecules
3o 3 PFAVRSE ¥ GAE AUAT W sitEdee of a gas are halved and their speeds are
3OTHT T r.m.s AT FAT 2 doubled?
a. 0.25 km/s b. 0.5 km/s Ans- 1: 2 (.. P =(%)mnVC?
c. 0.75 km/s d. 6 km/s afr B A & G OIS FT FOUATT ITE
= ﬁm&w;%;m 7T Sl #X g;qw ar
RS Qe &l 3-17-|TI1T-|' C2 1
MULTIPLE CHOICE QUESTIONS: S’ 1: 2 (- P =( 4)mnVC?)
gaPedT TR 4.  Water solidifies into ice at 273 K. What
happens to the K.E. of water molecules?
1b. 2a. 3.c. 4b. 5c 6.b. 7.c. Ans- It is partly converted into the binding energy
8b. 9.d. 10.b. 11a. 12b. 13.d. 14b. of ice.
15.c. 16.c. 17.a. 18.a. 19.b. 20.a. 21.a. 9t 273 K @ IH & 9% §a SaT 196t &
22.b. 23.d. 24.c. 25b. 26.b. 27.d. 28.b. 3rop3it #1 K.E FT F1 g 87
298 304 31b 32a 33c 34a 35b I TE IRE TG ¥ a B FUH Sof F ARafie
36.b. 37.c. 38.b. 39.d. 40.b. 41.d. 42.b. &1 ST &
43.c. 44.c. 5. Name three gas laws that can be obtained
from the gas equation.
VERY SHORT TYPE QUESTIONS: Ans- 1. Boyle's law
I T SeallT we: 2. Charle’s law
3. Gay Lussac’s law.
1. What does gas constant R signify? What is e A PEw & A gaev B S gt
its value? ¥ urd fFAT ST At gl
Ans- The universal gas constant (R) signifies the 3caR- 1. Sigel & faH
work done by (or on) a gas per mole per 2. grey & A
kelvin. lts value is 8.31 J mol"' K
) 3. I o F .
ﬁvﬁuaﬁRwa%ﬁaT%?mmw%9 > _
Seat- AEEIEE g R (R) T g zarT Sy 6. \é\:haat is th.e aver:':;%e.velgcuy of the molecules
Hor gfy m(mmw)ﬁmmm gas in equilibrium?
T Gl &1 ST AT 8.31 J mol' K ¥ Ans- Zero.
el (A) # AW & o 1 T v F
HefT-11 (D 558) FMEITA. - We FF-0g-3W [aF fnyed Aawor §q (2024)




3t
7.

&2
SR
A vessel is filled with a mixture of two different

gases. Will the mean kinetic energies per
molecule of both gases be equal? Why?

Ans- Yes. This is because the mean K.E. per mol-
ecule i.e. (3/2) KT depends only upon the
temperature.

TF add QY erer-3rere A\ F Foor § sw B
Fa1 at At F gfq srop A itwa wfas s
T geit? F4i?

3cci- §1. 3l HRUT Jg ¢ b #Aeg KE. id 30T
mﬁr(3/2) kTWWW%ﬁTW%l

8. Four molecules of a gas are having speeds,
Vi, V2, v3 and va.

a. What is their average speed?
b. What is the r.m.s. speed?
I & ar opEt A AT v, vz, va 3R va B
a. et taa aTer F4T 82
b. RMS aTer &41 §?
+V,+ Vs +
Ans- a. Vav = Vi V24V3 \
b. Vrms = YVi2 + Va2 + Va2 + Va2
4

8. The density of a gas is doubled, keeping all
other factors unchanged. What will be the
effect on the pressure of the gas?

Ans- It will be doubled. (.- P o p if other factors
are constant).
3ea @t I A HURAfAd @A ge Ad
TeTcd T X T Srar 1 3 & S o
THTT T2

3ccl- I LT &1 S, (P o< p I 37T FRSP
forra 8)1

9. What is the average translational K.E. of an
ideal gas molecule at a temperature T?

Ans- (3/2) kT, where k is Boltzmann Constant.

T QAT W F e dw 37 #1 stwa s
K.E. &1 87

3cck- (3/2) KT, 8T k Slecard @adie gl

10. Define the mean free path of a molecule.

Ans- It is defined as the average distance traveled
by a molecule between two successive colli-
sions.

TF HT FT AT HFT 97 R F

3ccR- wamm*aawmmm@
& e gl & v F oRenRa fHar aww

11. At what temperature, Charle’s law breaks down?

FefT-11 (IR

Ans-

12

Ans-

13.

Ans-

14.

Ans-

3ccR-
15.
Ans-

16.
Ans-

3t

At very low temperature, Charle’s law breaks down.

e areer W oared F AEw g S 82
9§ FH AA W e F @A g S B

A container has an equal number of molecules
of hydrogen and carbon dioxide. If a fine
hole is made in the container, then which of
the two gases shall leak out rapidly?
Hydrogen would leak faster as r.m.s. the
speed of hydrogen is greater than the r.m.s.
speed of COa2.

TF 9 H gEsed 3R FEA sEeaEs F
HTHT A FA FEAT gl g1 IR’ 9T A vH
Tii® de W R AT a g F § w @ A
asit & aEY Awa?

gI8sleld & rms fd CO2 &I r.m.s. aifd &
HF &1 TSIl 1 R@ra e A gram|

Two different gases have the same
temperature. Can we conclude that the r.m.s
velocities of the gas molecules are also the
same? Why?

No. If the temperature is the same, then (
3/2) KT is the same. Also( %2) mC? is the
same. But m is different for different gases.
C will be different.

&Y HAI-3eT AT FT AUAT FAT &1 FAT &
7% s e wwa § & dw & ot @
rms a9 it GAT gem? FA?

e, IS a9AT HAW 8, o (3/2) kT AT g
qrd & (Y2) mC2 GAA gl wifchet fafdieet 4t &
T m 3rerar-370197 &1 C 8f 370197 gHMM| 377cT: rms
I FATT gl g |

A gas enclosed in a container is heated up.
What is the effect on pressure?

The pressure of the gas increases.

Y arT & &g A I fFwr ST ¥ g W
FIT Y19 92T 872

3 & g dg Sar #

What is an ideal gas?

It is a gas in which intermolecular forces are
absent and it obeys gas laws.

ameet st @ §2

ag e oA e ao IEuieyd g §
3R g g WA F e a)ar &1 et A
FHgelTdr g |

Define absolute zero.

It is defined as the temperature at which all
molecular motions cease.

WA YT A IR F
g duHAe fow o gl muifas arfaar garea
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gl STl §1 A YT FHgelldl & |
17. What do you understand about the term
‘Collision frequency’?

It is the number of collisions suffered by a
molecule in one second.

THUE Hgfea’ Aeq W T FIAT TAFA 872
3ccR- FE Teh U] GdRT Teh Wehs H cohqral i deam
gl
18. What do you understand by the term ‘mean
free path’ of a molecule?
It is the average distance traveled by the
molecule between two successive collisions.

et 37 & AT HEFd 9 Asg @ AT F;T
AT 82
3ccR- Fg 2l HiA% Tahral & de A G@rT aF H S
3aa ¥ &
19. Mention two conditions when real gases
obey the ideal gas equation PV = RT?
Low pressure and high temperature.
ar aRfPufaal 1 seaw Y S avafas A
3rgel 3w wHRIOT PV = RT & 9Tl &dr 872
3c- HF giF IR 3TT dIAH W)
20. The number of molecules in a container is

doubled. What will be the effect on the r.m.s
speed of the molecules?

No effect.

F U # ot A FEAr e @ S §.
3rop3t A R.M. 'S A9 YT FAT I 3’nrr'7

3ceR- aﬁ‘é UG T8l 93T |

21. What is the pressure of an ideal gas at
absolute zero i.e. 0 K or - 273°C.

Zero.

WA T HYUTT 0 K AT - 273°C W T 3t
T #T g e gar &2

3ceR- Y.
22. What do NTP and STP mean?

They refer to a temperature of 273 K or 0°C
and 1 atmospheric pressure.

NTP 3k STP #1 a1 Addd &2

3cck- 273 K &1 0°C & AMART 3R 1 dagHAST g
Fr Tefid X & |

23. What is the internal energy or molecular
energy of an ideal gas at absolute zero?

Zero.

WA T W @& et A & 3aRks Far q
OIS St F4T gl 2

3c’- |

Ans

Ans-

Ans-

HET-11 (b

24. Name the temperature at which all real
gases get liquified?
Ans- All real gases get liquified before reaching

absolute zero.

gﬁ:&mwmmﬁ#aﬁaﬁm
3cX- T ATEAfash I WA LT dh TGS F Tgel
afaa & e g1

SHORT ANSWER TYPE QUESTIONS:
Y Scalld e

1. Why is temperature less than absolute zero
not possible?

According to the Kkinetic interpretation of
temperature, absolute temperature means the
kinetic energy of molecules.

Ans-

As heat is taken out, the temperature falls
and hence velocity decreases. At absolute
zero, the velocity of the molecules becomes
zero i.e. kinetic energy becomes zero. So
no more decrease in K.E. is possible, hence
temperature cannot fall further.

WA T ¥ FA AGAT FAT THIT T8 872

3cal- d9AT HT IIfde SFrEdr & IR fARdet
TG 1 3 I3 ST ot & B

S & FTAT ST Aeprel ST §, agAE R
ST & 3T 3AfIT A9 A 8 ST §1 WH YT
UT HOIHT H1 AT Y B ST § AT
ﬁr‘rzl—qg‘rm?-ﬁ%la?-r KE & #15 & Toa
T gnf| sEfT aEe & 3R fRee A8 @
Hehell|

2. Equal masses of O2 and He gases are supplied
equal amounts of heat. Which gas will undergo
a greater temperature rise and why?

Helium is monatomic while O2 is diatomic. In
the case of helium, the supplied heat has to
increase only the translational K.E. of the gas
molecules.

Ans-

On the other hand, in the case of oxygen, the
supplied heat has to increase the translations,
vibrational and rotational K.E. of gas mole-
cules. Thus helium would undergo a greater
temperature rise.

02 3R He ¥l & oA goudAT N AR
AT # FEAT A i A St ¥ e A @
A9AE 3fE T s F4i?

3ccR- GfId Teh TRATUH & Sidich O SfduRHAH &

Ao & Uy #, wﬁaﬁrm—émaﬁm
ﬂv%mﬁw%@mKEaﬁrmgﬁm
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3R, et & feafa #, smgfd & o
Maﬁﬂvmsﬁarwm?r% FuaT 3R
wﬁKEaﬁmm%lsﬂwaﬁwa:
drgAT & 3w Ry g

4. Tell the degree of freedom of:
a. Monoatomic gas molecules.
b. Diatomic gas molecules. 3cci-
c. Polyatomic gas molecules.
Ans- a. monatomic gas possesses 3 translational
degrees of freedom for each molecule.
b. Diatomic gas moles.
A diatomic gas molecule has 5 degrees of
freedom including 3 translational and 2 rota-
tional degrees of freedom.
c. Polyatomic gas moles. 7.
The polyatomic gas molecule has 6 degrees
of freedom (3 translational and 3 rotational).  Ans-
faFr Y Taaaar i Fifear o
a. THIIHATF AF [
b. EfaaR#AToF 3 370y
c. SEUATILH I 3]
3ccR- a. Ush THWAS 39 # Jcdsh 3707 & fov 3
Tk YT A TacEar 1 St g B
Icdl-
b. T gfauATR I T H 5 TEAIA dHr
Fifear g & forae 3 ve YW a1fy 3R 2 goff
Il T TadIdT AT HIfeAT WA gar gl
C. SEURAUH IF 3] A T HT 6 FIfedr
(3 & Y wif 33 gl arfa) g &
5. State law of equipartition of energy. 3
Ans- |t states that in equilibrium, the total energy )
of the system is divided equally in all possible
energy modes with each mode i.e. degree of ANS-
freedom having an average energy equal to (
¥2) kBT.
Fol & FARATSA &1 A9d aaEd|
3ccR- SUH el 3T ¢ foh ddelel (A1) H, fAdT v
Tl ol F I TG Foil A H T &I
& faenfora frar Srar &, g A's A6 TadTar
& @ifear 7 3 T (%) keT & TR @dr S
gl
6. Explain why it is not possible to increase
the temperature of gas while keeping its
volume and pressure constant? 9.
Ans- It is not possible to increase the temperature
of a gas keeping volume and pressure con- Ans-
stant can be explained as follows:
According to the Kinetic Theory of gases,
(.. C? = kT, when k is a constant)
FoefT-11 (e 737)

T oc PV

Now as T is directly proportional to the prod-
uct of P and V. If P and V are constant, then
T is also constant.

Fard @& A9 F1 Iraaa AR aw fAua w@a ge
3HHT AT T1T FAT FHT AgT §2

3ITIdeT 3R ge & fAaa @a g0 A9 &1 aHEe
SelT WHT A §, 3 8 YRR FHSIAT S
HehdT &

It & oI RAed & 3ER,

(. C2 = KT, 519 k T& faadis 8)

Tec PV

IS Hfeh T, P 3RV & IUTHe & eTshATarcl
2l aie PR V fEd £ ar T o e &1

Why does the pressure of a gas increase
when it is heated up?

This is due to the two reasons:

1. The gas molecules move faster than be-
fore on heating and so strike the container
walls more often.

2. Each impact yields greater momentum to
the walls.

TH A W AT &1 g F41 9¢ AT 82
3HF 2l HROT

1. a8 el W A & 0] ggel A Jolel H Aot
¥ 3T Tod & 3R safoT T @1 AaRT ¥ e
IR T B

2. Yd%h THE A A & ] ggel dHI S
a1 aRafda gdr &1

What is the average velocity of the molecules
of an ideal gas? Why?

The average velocity of the molecules of an
ideal gas is zero because the molecules pos-
sess all sorts of velocities in all possible
directions. Thus their vector sum and hence
average value is zero.

e e AW F ot @ stwa dw F=w A
g7 17

U 3Meel A & O3 w1 HEd 9T g T g
%W%mﬁrﬁmﬁmqﬁa%%mﬁ#mﬁ
THER F 39T B &l 5§ USR IS Ty AT
YT B & | SHTAT 3 AT Y B

A person putting on wet clothes may catch
a cold. Why?

The water in the clothes evaporates. The
heat required for evaporation is taken from
the body of the person wearing wet clothes.
So due to the cooling of the body, he may
catch a cold.

FWEITA. — T dF-Hg-3R [eas fyed RFavor g (2024)
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10.

Ans-

11.

Ans-

12.

Ans-

HET-11 (b

M FYZ TgeAs aT SIFT B Tl 9T Thell g1 FAI?

FUST FT YT asyd @ SIar g1 arsdieIor &
T 39T FSAT el FUS Ugads dlod cTiad
F R & off ST g1 ar R 33T 8l & HRoT
38 GET o Hehall 1

Why do the molecules of an ideal monatomic
gas have only three degrees of freedom?

It is so because the molecules of an ideal
gas are point masses, so rotational motions
are not significant. Thus it can have only
three degrees of freedom corresponding to
the translatory motion.

TF G THFIAF A & o H FacAar H
Faa di Ffear F4t @ ¥

T v & Fife U e A & 3707
geaHe B §, gafan goff aify Hgeaqor
a?ﬁ%‘lquwsﬂﬁwmvrﬁré;m
TIATdT HT hdol died HIfAT & Thal gl

What are the different ways of increasing the
number of molecular collisions per unit time
against the walls of the vessel containing a
gas?

The number of collisions per unit time be
increased in the following ways:

1. By increasing the temperature of the gas.

2. By increasing the number of molecules.
3. By decreasing the volume of the gas.

AT e g A IRt F Reg 9 s T F
IUIfAF THEl fr &A1 g F R aOF
Fa1 87

9Ty shs THT F ol f TEar Aeafat@da
T F TS5 ST Thall &

1. 3\ FT AIHAT T |

2. 3UI3i H FEIT TerT |

3. A9 FT 3IFdT FH H |

Why does hydrogen escape more rapidly
than oxygen from the earth’s surface?

We know that Crms o< V1/p Also p0 =
16 pH. So Crms of hydrogen is four times
that of oxygen at a given temperature. So the
number of hydrogen molecules whose velocity
exceeds the escape velocity from earth (11.2
km s') is greater than the no. of oxygen
molecules. Thus hydrogen escapes from the
earth’s surface more rapidly than oxygen.

qedt Y wag @ iedioeT Y I9ET FTeiee
I A ¥ F4F Fhad &2
g Id g & Crms o< 1/p

g g o0 = 16 pH. dr et feu stw amgamT
W gIgISTel &1 C rms erdiiolel & TR AT giell

13.

Ans-

14.

Ans-

3t

€1 37T: gTSgIotel LT T HE&AT TSieTehr dar gt
T garsT 391 (11.2 fFey ufy Q)@ 31 &,
mﬂaﬁ@rﬁwﬁm%l FI. 39
YHER Fealeld g I gde @ 3ifedeT
Wﬂmaﬁrﬁﬁwﬁr%l

Many people enjoy bathing below Kempty
fall in Mussoorie, even though the water is
quite cold, explain?

When water falls from a height, it loses its
potential energy. This is converted into the
kinetic energy of the water molecules. It is a
known fact from the kinetic theory of gases
that an increase in kinetic energy of the sub-
stance increases its temperature, hence the
temperature of water at the bottom of the fall
rises and it does not remain as cold as on
the top. Therefore, people taking bath below
the Kempty falls do not get frozen, they rath-
er feel warm and enjoy bathing.

ARl A FFIA Gid A G FTO ST @A F
TG F§ AT FEA A F1 e AQ § w42
aam:ﬁﬁéﬁﬁw%a’ragm%uﬁa
Sl @I 3T g1 FE el & J0L3 A arferer Foi
¥ aRafdd o orar &1 A ¥ e Reia

S

Ig A dT § 6 9qrd dr afas I 7 gig

C.

¥ 3TFT dUAT §¢ ST g, ST & i 3IR

Uil T d9dA d¢ ST g 3R 98 3R fadar

33T AT T gl 3AfoT, HFUEr Bid & =i

TATT FeT dTel A9l &l 38 gl o9rdl, dfesd o6

?ﬁtmm%mamaﬁmm
|

Calculate the value of the universal gas
constant (R).

We know that R is given by
R=PV/IT

Now one mole of all gases at S.T.P. occupy
22.4 litrés.

P =0.76 m of Hg

= 0.76 x 13.6 x 10® x 9.8
= 1.013 x 10° Nm?

V = 224 litre

é‘b

=224 x 10°m?
T=273K.

n=1

. R = 1.013x10° x22.4x10°
A 273

= 8.31 J mol' k™
afw A @AFdas (R) & A 1 706 FX

gH Seid ¢ fh dafEe 9 fAgdies R gann
fefa forar arar §
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R=PVIT

Now one mole of all gases at S.T.P. occupy
22.4 litrés.

P = 0.76 m of Hg

0.76 x 13.6 x 10° x 9.8
1.013 x 10° Nm™?

V = 224 litre

224 x 10°m?
T=273K.

n=1

1.013x10°%x22.4x10°
= 273

8.31 J mol" k'

LONG ANSWER TYPE QUESTIONS:

A 3cadT vee:

3t

=% mMNC2 o T

If P = constant, then V o< T. Hence proved.
et & soprfa Rgia & A s grea #X
a. Sigd &l f3g#: I§ adrar § f& P oo 1V
e T = Agdis gl

2

_1
P—3nmc

_2N1 >
3y 2me

PV = RT

egcdfee: A oI giad & g7 Sed € &
7@l R = faads

Ifeg T = fAgdis g, af PV = fagds §

I P o< 1/V.

b. e FI AT

1. Derive gas laws from the kinetic theory of gases. Ig ¥ ¢ fr ey 9 & QU v gomAe &
Ans- a. Boyle’s law: It states that P oc 1V if T = foT, afe g @7d & ar 3 1 3mada @Y
constant. & WA d9HAE & FAGTICA gl &
Derivation: We know from the kinetic theory VoeT
of gases that .
g geufed: §H T§ Seld &
P = -nmc’
; Loct = 24t
_2N1 o2 2™ T2
3 V2 or mC? =3KkT
_2N,3 1
T3 v KT PV = 3N x 3KT = NkT
PV = NKT
PV = RT - NkT
Here R = constant P
If T = constant, then PV = constant Sl N = 37armer Hr &)
or P oc 1/V. SH& oAEl, §H Sd ¢ [ SHAT AdAS Teh
b. Charles’ law: It states that for a given Iy @A K.E =% mNC? o T gl
mass of a gas, the volume of the gas is di- g P =fAaais g, ar VvV o T.
rectly proportional to the absolute temperature
of the gas if pressure is constant e g g3l
i.e Vo T. 2, Define and derive an expression for the
Derivation: We know that mean free path.
. 3 Ans- It is defined as the average distance traveled
—mC? = =kT by a gas molecule between two successive
2. 2 collisions. It is denoted by A.
o LUt ) Derivation of Expression - Let us assume that
1 o :
PV = =N x 3KT = NKT only one molecule is in motion and all other
3 molecules are at rest. ,
NkT Let d = diameter of each molecule.
where N = AvogadroTs . | = distance traveled by the moving
Also, we know that mean K..E. of a molecule
FafT-11 (ifhn 533) FMEIRA. — et TF-Hg-3w GFah fged Aawor g (2024)




a P

=nd?

molecule

The moving molecule will collide with all those
molecules whose centers lie inside a volume
nd?l.

Let n = no. of molecules per unit volume in
the gas.
Now A = distance traveled no. of collisions
_ l
nrd?l
1
or A = (1
P g )
In this derivation, we have assumed that all

but one molecule are at rest. But this as-
sumption is not correct. All the molecules
are in random motion. So the chances of a
collision by a molecule are greater.

Thus taking it into account, the mean free
path can be shown to be V2 times less than
that in equation (1),

SN E e s 2
V2 ot )
Also
_N
n %
_ Nu
nm = Vv
_ M _
nm = 7,07 nm = Q
_ 0O
=y

Putting this in eqn (2)
m
A=
V2mpd’

which is the required expression.
On what parameters does the . (mean free
path) depend?

Ans-

we know that A = ———

«/5 7rpd2

.. A depends upon:
1. diameter d. of the molecule, smaller the
‘d’, larger is the mean free path A,.

2. Aoc T i.e. higher the temperature, larger is
the .

1
4. Lo o i.e. smaller the density (p), larger
will he the A.

5 Ao L i.e. smaller the number of mole-
cules per unit volume of the gas, larger is the
A.

arey #qad 97 # aRenfig w0 Ak 3@ v
TF U 9Ied

W o HfA® cHEl & &g A 30 garT a9
1 a1 sthad gl & &9 & gRenRa far o B
O X ¥ g S g,

Shsfeh T FcTicd - Al oSIT o Shael Teh 3]
afd & & 3R 37 @l 3oy fovrer v [eufa & &

€a D

A=nd?

o
y
&

i

A AT d = Jdh 0] &I I
= AT 3] @RI g &1 75 gl

TfATT 307 3o gl U3 @ eahrwan foietenr
&g 3T ndd F 3T Tud ¥

A oiioiv n = AT & 9fd FE 3Faq A
370p3t & FE|
m%=a¢raﬁrﬂé’{3m|aﬁaﬁ£fﬁw
" nrd’l

L= (1)

30 YR 3§ €O A W g0, HEd HFd 9y
H G (1) FT Jorell & V2 T[T F @
ST HHhT &

TAE A . 2
\/Eﬂndz @
- N
n \%
Nm _ M

0 FHEROT (2) H W@ W
- \/Enpdz

1 . .
fﬁe}b}:x p e smaller the pressure, larger is 3 3EeTE = g
). (AadT 7FT 9Y) BT FRe W e Far §7
HeT-11 (I 537) LI, - na TF-H-3R TFaS s Aaor g (2024)




3c- Force acting on malecule my: Fix= % = %
EH AT E A =" ur
\/E mod

L AR R §
1.310] &1 =g d, 'd' fSdar oler gem, Ay

Herd m 2
N hh ST 81| .". Force acting on molecule 2: Fp = mlu
2. % oc T 3T ar9A foider 3ifde gem, A ,
3T & e gl N=F, = mlIJN
L 29 2 2 2
% ;%a%g%ﬂ‘lﬁ as FH M, & 3 Net force rsczting along x-axis
. Fx=--(ui+uz+ ... + Uy
4.)Loc%?:rl?-ﬁuu1cq (p) aa &a grem, A T o )
3deAT 937 gIamm| Pressure along x-axis :
Fx _m
S. A e % At g & ufa s Iaa # PX:T=T3(U‘2+U§+ ....... +ug)
;Z.Tﬁaﬁ T AT TSI FT @M, A I & % Similarly along y-axis :
. . _l_m 2+ 2+ + 2
3. Derive an expression for pressure of a gas Py = AP (v + 05+ o oY)
At F q@ & v e FUIR wW And along z-axis:

Ans- Derivation of pressure of a gas Py m
Pz="A =5 wi+w + ... 0k)

Velocity of a molecule A
T A
C=ui+vj+wk Y Total pressure
© A2 1240242
L CEuTVEwW m urtus+ o +uitvitvit
For molecule 1 Px+Py+Pz="3 , .
5 5 ) F\..+vNtwitw,+ . Wy
ci=uitvitw m
L N TaYA
For molecule 2 . Px+Py+Pz = "' NC"  (from eq. 1)
c2 = 2+ v2+wl X As gas exerts equal pressure along all directions
Px+Py+Pz = P (say)
for molecule Z . From eq. (2)
N; cf = uf + v& + wi P+P+P=lm3N62
L, it Ch +c
mean square velocity C™~ = N 3p = msNCZ
ClE U U UL VIV :
............ +VEEW W LW [p =1Ngnaz]
N 31
Ne’=ui+ui+ ... + U p=1Ms
+ 3V
VitVit o + vy 1,
+ A [P = ng ]
2 2 2 y
witw,+ Wi oo (i) /
. /
along x-axis 5/; Y
. /4
change in momentum g
. 27 u
of malecule 1: 2 W U X
AP1x=mui-m(-u1)=2mu1 |/
z
I
time takem to change the momentum
I I 2
=4 — = =
At U1 U1 U4
FafT-11 (ifhn (e  AWEIRA. - 9 5-He-3 Tead e Fewor ¥ (2024)




