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KINETIC THEORY OF GASES
@referfa RAged)

Points to remember (TAIOAT d29) :

eKinetic theory of gases - assumptions

(i)

(iii)
(iv)

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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(iii)

(iv)
(v)

(vi)
(vii)

(viii)
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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=35RT

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

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

egrees of freedom

molecules 39 307 & R.M.S. a3

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. da1, 39 370 & de1 & T & AT &
e & ®7 & IR AT ST ¥ RM.S.
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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)
3 For triatomic linear 3 2 3(at high
molecule temp)
4 Triatomic nonlinear 3 3 9(at High
molecule temp)
o Law of rtition of ener & gHA-
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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=NKp (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= %NKBT:%RT
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U= ?NKBT = ERT

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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e Avogadro'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




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 v of the mixture :

T Al THIATS 30 F U Al GR#AoE
A & Ty AT orar &, Ayer F ¥ ¢ F AW
FaT 87

a. 1.0 b. 15

c. 25 d. 20

Ig 6.022140857x10% & sXeX | UfAfhar & 7.  Mean free path depends upon :
Ui 3R uerd &1 gpia & B;T;-TIT ERy ?@T a. Absolute temperature of the gas
séiagm 3T, AT a3 el & 37 b. Pressure of the gas
Rt verd & 3 Ao ¥ FON B FeEAr g ot ot e e o th
T = 3 x 6.022 x 102 = 1.81 x 10% FHoT c. Botha - None of these
AT AFT T7 ... R Far §
a. AT & WA AUAT |
MULTIPLE CHOICE QUESTIONS: b. g ¥ g« 9w
agﬁwq‘h et c. a3kb @ W
d. 38 ¥ frdt W 8T
S.I. unit of unlvers‘al gas constant R is : 8. On which factor does the average kinetic
aifA® A Faae R i S s ...R 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 soEt B sitwa afasr et P FRE W
st A Agas F1 A § it e 7
a. 8.31 J' mol K a. A #T yPpfd W b,  AHART W
b. 8314 J' mol K’ C. 3MIcded WX d. "dcd W
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 U bl 4 7
a gas is directly proportional to : c. nstable : ero
a. Pressure b. Volume & e AF & ot F dtwa A F=AT 37
c. Temperature d. None of these a. 3dd b. faam
do & apd # dtwa e e c. Hieraq d
FTHATETUTAS et ¢ 10. At Boyle's temperature :
a. o« b. 3adA a. Joule's effect is positive
c. digHATT d. I8 ¥ FIS 6T b. Vander waal's equation becomes zero
In monoatomic gas molecules, degrees of c. Gases Boyle's law
freedom is : d. Water solidifies
UF A A IO H, FEaAar f ;e ST & YA 9T
%' a. S 1 GHIG UATHE gl &
o b. 3 b. dST dTeT T FHGIOT Yo & AT B
c. 3 d. 7 c. I srga &1 F9A
The degree of freedom of a diatomic gas d. e JH TG gl
molecule is : 11 For Boyle’s law to hold good, the gas should be
. y w , u :
;T aia AT A 1 HT FFATA ... a. Perfect and of constant mass and
] b 3 temperature
' ' b. Real and of constant mass and
c. 3 d. 7 temperature
One mole of a monoatomic gas is mixed c. Perfect and at constant temperature
hET-11 (’-ﬂﬁ@f) (Ao




d. Real and at constant mass
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a. 3cY aur I geuAR 3R avHA )

b. arEdafas aur g ST AT 3R JOAT W
c. 3MeY 3R A¥g auaET W
d. arEdfas iR Fud gegaa )

d. May be high or low
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a. 3=
b. &&=
c. IH FA H g & FATT
d. 3Tg a1 & g @&t ©

12. A gas behaves as an ideal gas at : 18. Pressure of gas is due to the .............
a. Low pressure and low temperature a. Collision of gas molecules with the wall
b. Low pressure and high temperature of containers
C. H|gh pressure and IOW temperature CO||ISIOI‘I Of gaS m0|eCU|eS W|th eaCh Other
d. High pressure and high temperature c. Random motion of gas molecules
& N Ed g A avE cadEr FX ¥ d. Vlbrat_lon of solid particles in the wall of
container
a. &HA g IR HA dGATT W
b. & &9 3R 3oT ATAE | ﬁva?rgw ......... aﬁmwm%l
a. 9rEl Fr Sar ¥ AT A3 A T
c. 3Td g¥ 3R &A AT R e st %
d. 3=9 g« 3R 3T d9AET ) b. oL T TH @ H A
13 The d ¢ froed ¢ tistomi o c. I\ 3t v Aeow At
. ! e 3egree of free ombo a6tr|atom|c gas is : 4. 9F & 4R & g FO F FUT
c. 7 d. Both a and ¢ 19. Ifov»:: increase pressure, volume of gas
. . would :
a. 3 Z i i ¢ c. Remain same d. None of these
c. 7 . c o
IfY g7 g9 ToIT, A AW FT WIAA...... A
14. Random motion of gas particle in air is a. S b. FH
termed as : . a%’r . q SR o
a. Bruneian motion b. Brownian motion ' '
c. Rotatory motion d. None of these 20. §tate of matter that h.as . strongest
. intermolecular force of attraction is :
El'g H ?NT FUT 1 IESFH Afd B e hel a. Solid b. Liquid
&l c. Gas d. Gel
a. TS A b. s Wy - . .
c. U arfd d. sH & i qeTY T IF AT FIHH Had Asiqd HAAT0ash
h I Tl HTHYOT ol BT & |
15. Boiling point of water is : a. 3F b. ad
9l FT FIYATH..... § | c. g d. 3o
a. 0 Co b. 50 E: 21. Considering kinetic theory of particles, solids
c. 100°C d. 200°C have :
16. Brownian motion was discovered by scientist : a. Fixed shape and volume
a. Albert Brown b. John Brown b. Variable shape & volume
c. Robert Brown d. Isan Brown c. Variable shape but fixed volume
sefage afa i @s dafas....... & A i d. Fixed shape but variable volume
a. 3MedC 3 b. el ST3a Foit yvprfay Rigid W AR #w e, ot
c. at s d. SETTET e far 8
17. If car tires are hot, pressure of gas molecules a. fafRead 3R 3R 3mraw
in them would be : b. tlﬁﬁ?—‘lﬂ"\’ﬁ?vl' KICAES 3'ﬁT KRG
a. High c. uRadasfier &R oifehd ARG AT
b. Low d. TfRaa meRr Afhd IRaderele 3maae
c. Same as before heating
hET-11 ("ﬁﬁﬁ (AaE)




22. Movement of particles in liquid and gases is R.M.S & ..... & 3mequrfas g
observed as : a. m° b. m
a. Bruneian motion b. Brownian motion c. 1/m d.  1/m
¢ Blacklan. mOtIOFI. 'd' Random motion 28. A gas is taken in a sealed container at
aver 3R AT & Foil F ... & S R 300K. It is heated at constant volume to
a. gom-é afa b. sr3faasa aifa a temperature 600K the mean K.E. of its
c. st afa d. wefos afa molecules s :
23 Ol i ] icles i lids in : a. Halved b. Doubled
. ose pac mg of particles in S(.J.I s in : c. Tripled d. Quadrupled
a. Low density b.  Ductility . .
c. Brittle d. High density U 3 F1 300K W v Herdg a9 # forar Sar
e . , ¢l 3@ fa ImIae W 600K A9HET aF IeF
3T # Foit f Fara AfFer fr Ry F @ar farar Srar 81 3w 3rop3d @ sitea KE.....gvem
¥ a. mr b. R
a. H Yelcd b. oriter
' c. o e d. =l
c. #HIX d. 3=d Yedcd . .
> 29. The r.m.s velocity of the molecules in
24. State of matter that has highest volume is : the sample of helium is 5/7th that of the
a. Solid b. Liquid molecules in the sample of hydrogen. If the
c. GQGas d. Gel temperature of the hydrogen sample is 0°C
that of helium is :
ugred #Y 9§ IaEUT EET IadT ged IHOF
ﬁHT%Iag A & o & o3 FT rms AT FHIHSA F
S b, o a‘aﬁ#mafrrﬂsnm%luﬁmaaﬂa;m
ol . FT A9HA 0°C ¥ at ARH F1 AIAE... ¥
¢ : a. 0°C b. 0K
25. At constant volume, temperature is increased then: c. 273°C d 100°C
a CoII!s!on on walls WI”_ be Ie:ss 30 The specific heat of a gas in an isothermal
b. Collision frequency will be increases process is :
c. Collision will be in straight line a. Zero b. Negative
d. Collision will not changes c. Remain constant d. Infinite
fa A X A qedr § ... FAAMT wHA A 3w Hr RBftse Fvar g @
a. QENl W THG FHA I a. = b. FERIcHS
b eFwE #r mafed ag Seef c. fud e d 3&d
c. THFRY T @l A g 31. Average kinetic energy of molecules is :
d. THE ¥ IRade et g a. Directly proportional to square root of
26. The specific heat of a substance at its temperature
boiling point or melting point is : Directly proportional to absolute temperature
a. Zero c. Independent of absolute temperature
b. Infinity d. Inversely proportional absolute
c. Negative temperature
d. Lies between 0 and 1 3TUT37T #r stga e Falee 1
Pl e A 3uF FayAw AT AEAFE W a.w%aﬁw%mmﬁ%
faftrse FeAL... @ & b FRUT AT & J-lc:i_,gh&-iluj_,l-llfaqw
a. YH c. ToRUeT AT & FTadd
b. 3=id d. foR9eT d9AET & gohATEAH
. Eaﬁ; % 32. If the average speed of nitrogen molecules
d 0 1 T © in 675 ms”' and mean free path of nitrogen
27. R.M.S velocity of a gas molecules of mass molecules is 4.1x107 m. What is its collision
m at given temperature is proportional to : frequency?
v v @A W m geme & AW s afy amgeies sropEt #r sitwa AfY 675 msT ¥
FerT-11 (ifady (55R)




3R AT LAY FT AT HFT 97 4.1 x 107
m%lsﬂﬁwﬁmms’nﬁ?

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

a. 167 x 102 S' b, 167 x 10° S i F RAEOT A W BV E
c. 1.67 x 105 S d. 1.67 x 10* S a. Helcd & IYTET §T F TR
33. How many molecules are in one mole of b. EAcT % YeHAIICN
substance ? c. I & °efca & FAAS F FeHAAC
a. 6.022 x 10%" molecule/mol d. I & "elca & A F IWcTET T &
b. 6.022 x 10% molecule/mol SUGR Sk
c. 6.022 x 102 molecule/mol 38. The energy of each atom of metal is equal to:
d. 6.022 x 10%* molecule/mol U1 F Y &S WA FT FAT ... T FHeAT T |
vard & v Aver # opat A wEAr Rl el ¥ a. KT b. 3 KT
a. 6.022 x 102" 3oy/#AT c. 10 KT d. 5KT
b. 6.022 x 102 HUI/FﬁTvr 39. The temperature at which all metals have
c. 6.022 x 1023 3yur/HATer constant Cv is called :
d. 6.022 x 102 3-TU?I'/9:|>IT‘/|' a. Constant temperature
2 ki
34. With the increase of the temperature, b. Boyle's temperature
Brownian motion : c. Zero temperature
a. Increases d. Debye temperature
b. Decreases g¢ arATe o o gl arqai #1 e Cv gar
c. Remain constant g .. FEAETE .
d. May be increase or decrease a. fwa d#AmE b.  STaer  dTHTA
AATT §ga W afags afa ... I S S d. feats dEA
a. 9¢ gnr.ﬁ g 40. Boyle’s law is applicable for an
b. T ST ¥ a. adiabatic process.
c. foraa wf b. isothermal process.
c. isobaric process.
d. gig ar T g Fencll & i ! ° 'r P ;
35. With the increase in viscosity, Brownian isochoric process.
motion : s #1 A Fas @ aeg g 82
a. Increases b. Decreases a. TEISH Ushe | b. mqr-rrChtr UehH |
c. Remain constant d. None of these C. THAGET UshHA | d.  FH AR Y|
et # 3y ¥ @, sEfAEs afA....... #1141, One mole of monoatomic gas (y = 5/3) is
a. dadl b gedr mixed with one mole of diatomic gas (y =
: ‘ 7/5) . What will be the value of Cy for the
c. faua & d. 395 ¥ FIg 80 ixture?
36. :I::e;r;cvii::nszioo: .the medium decrease, & AT F ST S (y = 5/3) 1 wF A
. aﬁwﬂv(y—wsﬁ?mﬁmm%
a. Decreases b. Increases 0T F 1%1'@' Cyv FT HTT AT EI?
c. Remain constant d. None of these a 9 b ER
9 ATEYH &1 Uelcd HA @ AT §, af s3faga t ¢
a. gcdr b. edr & 42. The temperature at which the r.m.s. velocity of
c. Ta w®ar d. ST § HIS FE H2 becomes escape velocity from the earth is,
37. The rate of diffusion of a gas is : ac E"q’aw”“ ﬂ?m W;Z W%Irms T gt @
a. Indirectly proportional to densit TefTael el et
b Inversely proportional to density a. 10063°C b. 10063 K
' Y proport Y c. 10332°C d. 10332 K
c. Inversely proportional to the square root
of the density of the gas 43. Moon has no atmosphere because
a. It is far away form the surface of the earth
FefT-11 (A =




2, What is the nature of the curve obtained when:
Its surface temp.erature is 10°C a. Pressure versus reciprocal volume
The r.m.s. velocity of all the gas is plotted for an ideal gas at a constant
molecules is more then the escape temperature.
velocity of the n.1oons surface| . b. Volume of an ideal gas is plotted
d. The escape velocity of the moon's surface is against its absolute temperature at constant
more than the r.m.s velocity of all molecules pressure.
IGHT W IIASA ¢l § FhIh Ans- a. It is a straight line.
a. Ig YA # FE ¥ dgd I e b. It is a straight line.
b. sHFH Adg & dgAT 100°C Afeqaw gl o & G F o
Tl 3 U3 HT rms AT AT T Telg
¥ qolTT AT F HAF T | a. t& Aad auAE W v e 3 & Qv g
T ATIAA & UchdA ATf@d fhar srar g
d. TEAT HI HAG HT Tl a1 Fefr 30p3iT & >
rms 39T ¥ HF B b.uF gl W @1 IUAw U qE W IEH
44. At tain t t hyd lecul h * ¥
. a certain temperature, hydrogen molecules
have r.m.s. velocity of 3 km/s. What is the > 0% 2 I T 3¢ @ El
r.m.s velocity of the oxygen molecules at b. TE TH &Il T &
the same temperature? 3. What would be the ratio of initial and final
 faftad aaesr @, gEgiee HoEt A rms pressures if the masses of all the molecules
3T 3 RPAREE ¥ THEE QAT ) e of a gas are halved and their speeds are
3OTHT FT r.m.s AT FAT §? 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 afy et dw & @it vt w1 gewene smen
T T ;{TW 3R 3 T A A & ame ar
URAS sfaw g & :ﬂvma FIT gNM?
MULTIPLE CHOICE QUESTIONS: S 1: 2 (- P =( A)mnvC?)
.:E ¢ SR 4. Water solidifies into ice at 273 K. What
happens to the K.E. of water molecules?
1b. 2a. 3.c. 4b. b5 6.b. 7. Ans- |t is partly converted into the binding energy
8b. 9.d. 10.b. 11a. 12b. 13.d. 14.b. of ice.
15.c. 16.c. 17.a. 18.a. 19.b. 20.a. 21.a. gt 273 K W A &T a6 a1 SIaT g9t &
22.b. 23.d. 24.c. 25.b. 26.b. 27.d. 28.b. Jrog3it #T K.E &7 F41 ghar 87
298 304 31b 32a 33c 3da 35b 3R TE N T & ath H dUHR Fof ¥ IR
36.b. 37.c. 38.b. 39.d. 40.b. 41.d. 42.b. &1 STl &
43.c. 44.c. 5. Name three gas laws that can be obtained
from the gas equation.
Ifa g el g 2. Charle’s law
3. Gay Lussac’s law.
1. What does gas constant R signify? What is & A7 BH & T TaEv O A aHeor
its value? ¥ grca fFAT ST FhaT B
Ans- The universal gas constant (R) signifies the 3cdi- 1. draa &1 s
work done by (or on) a gas per mole per 2. gy &1 uH
kelvin. Its value is 8.31 J mol' K
. 3. & oA F1 fAga.
o A R & et &2 A 2 6 What is the average velocity of the molecules
o= W dw fuds (R) v 39 gEnr gy of a gas in equili%rium? Y
Aol 9fd Shfedsl gaRT (A 38 W) U 70 S
Y gATdT &1 ST AT 8.31 J mol' K ¥ Ans-  Zero.
e (A) # AW & Iropt F e dor 4
hET-11 ("ﬁﬁﬁ rﬁ\




2 Ans- At very low temperature, Charle’s law breaks down.
3edl- e . fre araee W aed 1 e g S §7
7. A vessel is filled with a mixture of two different  3ca¥- sgd FH d9HT 9T el H e g< Sircr gl
?naoslzz;.m\a’vglf g:;h m‘:z:s kt';;et;c u:li\"er&;ﬁs?per 12. A container has an equal number of molecules
o 9 qualt y of hydrogen and carbon dioxide. If a fine
Ans- Yes. This is because the mean K.E. per mol- hole is made in the container, then which of
ecule i.e. (3/2) kT depends only upon the the two gases shall leak out rapidly?
temperature. ) Ans- Hydrogen would leak faster as r.m.s. the
TF ddd & -3 AT & Fsor ¥ swr i speed of hydrogen is greater than the r.m.s.
Fa1 At AWt & wfa 3oy A sitwa afas Fa speed of CO2.
? ?
TR g7 A2 TF U A gESee 3R FEA SEdEaEs &
3ceR- &1, HH FRUT g & foh Aem KE. 9fd 3 3ot B wAS wEd gt ¥ IR uwm A
mﬁ(s/z)kTWWWﬁﬁkm%‘l TiflE 8¢ FT AT T ar St 7 ¥ FiF O A
8.  Four molecules of a gas are having speeds, aslt & aey fawanit?
v1, v2, v3 and va. 3cdi- g3l &I rms Ifd CO2 # rm.s. afd &
a. What is their average speed? MU &1 gsgiolT & Rara doit & grem|
b. What is the r.m.s. speed? 13. Two dif‘fererg gases Ta;/e htheh same
) temperature. Can we conclude that the r.m.s
AT F AR T F¥ A vi, v2, v3 A va B velocities of the gas molecules are also the
a. 3 twa arer AT §2 same? Why?
b. RMS =ITer FaT 872 Ans- No. If the temperature is the same, then (
VitV 3/2) KT is the same. Also( ¥2) mC? is the
Ans- a. Vav = 4 same. But m is different for different gases.
b. Vims = V12 + Vo2 + V32 + Vg2 C will be different.
4 &Y SIT-3rer AT FT AIAT AT §| FAT §H
8. The density of a gas is doubled, keeping all T fsed fagrer woa & & 9 & aropat @
other factors unchanged. What will be the rms J97 #ff WA greM? FA?
effect on the pressure of the gas? 3ccR- ALY, IS ATIHAT FAT §, aF (3/2) kT T g
Ans- It will be doubled. (- P o p if other factors Y 8 (Y2) mC? WA g1 olfchel [affiet T &
are constant). g m 37eTT-37679T &1 C 81 376097 g9 31T rms
. I
37 Tl R A IRafda @ ge A A AT g
Ueleq Q[T X fam wen §1 AW & §i 9 W Fm 14, A gas enclosed in a container is heated up.
qHTT q%vrr‘? What is the effect on pressure?
3ccd- Ig QT 8 Suem. (0 P oc p IfG 37T & Ans- The pressure of the gas increases.
T 8)| fret o 7 a5 AW F T BT AT ¥ W W
9. What is the average translational K.E. of an FIT GG 93T 87
ideal gas molecule at a temperature T? 3ca¥- AT &7 & §¢ AT &
Ans- (3/2) kT, where k is Boltzmann Constant. 15. What is an ideal gas?
T a9A 9T & Jeet AW 3T T HeT I-F  Ans- Itis a gas in which intermolecular forces are
K.E. a1 87 absent and it obeys gas laws.
3ccR- (3/2) KT, STl k siecords adis gl eet I T 2
10. Define the mean free path of a molecule. 3ca¥- 9g g SEd 3anivas go y;rqﬁzm ga &
Ans- It is defined as the average distance traveled IR TE AT PAIA FT GeT T T ST
by a molecule between two successive colli- Fgoldr ¢ |
sions. 16. Define absolute zero.
T Y] HT ALY FFd 99 TRATNT | Ans- It is defined as the temperature at which all
3cR- 34 al m aim'la’r % ST Teh 30T GaRT o &l molecular motions cease.
?réaﬂwq&a:mﬁqﬁmaﬁmw%l WA T B aRERa F
11. At what temperature, Charle’s law breaks down? 3Icqy- gg aaAT fSF 9T @t 3nmuifdss arfaar gATT
FerT-11 (ifady (550)




gl STl §1 A YT Fgelrar g |
17. What do you understand about the term
‘Collision frequency’?

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

'THU Hgfea AsE F AT FAT FATA 87
W—g@'wmaﬁmwmﬁmﬁr@rm
I
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 307 & AT FIFT UY Ase ¥ WY FA
AT 82
3ccl- IE al shifh Tohral & o< 3] eaRT g i a1$
sraa ¥ &
19. Mention two conditions when real gases
obey the ideal gas equation PV = RT?
Low pressure and high temperature.
ar aRfPufadl &1 seaw w9« awafaw Ad
3Teel 3w HNRIOT PV = RT &7 9raiel &3l 8§72
3ccR- &A g§ 3R 3TT YA 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.

TF U A HoEt Ay wEar aneh g S Bl
msﬁa?rRMsaﬂqumahrr?

3c- aﬁé 1T FAET 93T |

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

Zero.

WA YT HATT 0 K AT - 273°C T & 3
AT FT a9 fraar Aar 2

3cX- .

22. What do NTP and STP mean?

They refer to a temperature of 273 K or 0°C

and 1 atmospheric pressure.

NTP 3 STP &1 Fa1 Aded 872

3cck- 273 K 31 0°C & d9#Ae AR 1 dag#AsAT &
T Fefid A & |

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

Ans

Ans-

24. Name the temperature at which all real
gases get liquified?

Ans- All real gases get liquified before reaching
absolute zero.

fg,—amwmﬁmﬁa:ﬁﬁaﬁaa‘raﬁﬁ

?

3ccR- T arEdfas AT oA LT I g § e
afaa g s €1

SHORT ANSWER TYPE QUESTIONS:
oY 3cdllT 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.

WH T @ FA AGAT FA GHT 781 87
3ccR- dUA Hr Ifdel AT & 3qER @Rye
T9AT &7 3 33T Y AT Foir @ ¥

S & FeAT SeT Farer S &, dmHEe AR
ST § 3R safaT 397 +F 8 ST §1 WA =T
W IO F AT T @ oer § i o
HTQI_JETTHI??(%IHH KE & #1$ & I0a
& grfl sEfeT aEe F 3R PRee A9 &
gehclT|

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 &t & WA gegdAT &' AW
AT # FEAT Y Iqhd oS 71w dw v

Ans- Zero.
WA T W U A5 A A HaReE FAt A ool §fH v WAE § Siafh Oz Sfaw@AE g
OIS ot w4 gt 2 Qe & Ul &, 31t i 718 FAT A haer
3el- | e & g3 #1 WWH KE T Ferer g
FefT-11 (AN (530)




cadl 3R, IR & R A, i #r ag
mﬁﬂvmﬁww%@ﬁua’rﬁ FuaT 3R
mﬁKEﬁmm%lsﬂwéﬁma?
Wﬁmaﬁ:am

T o< 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.

4, Tell the degree of freedom of: ga¢ & T @7 3EaT 3m- T frd @ -ﬂ,
a. Monoatomic gas molecules. 3HST dI9ATT dGT F41T THT T8l 87
b. Diatomic gas molecules. 3ccX- AT 3R &Td 1 fFad 1@ §U A 1 qraATeT
c. Polyatomic gas molecules. WI GTel grm TEE, S W UIR wHemN S
Ans- a. monatomic gas possesses 3 translational y ' .
degrees of freedom for each molecule. et & 3 :o'a'ii' SECICHE EQI.III,
b. Diatomic gas moles. (. C* = kT, 59 k U foardi )
A diatomic gas molecule has 5 degrees of Toc PV
freedom including 3 translational and 2 rota- 3 ek T, P 3R V & 0% &
tional degrees of freedom. Bl e P ARV fd £ @ T oh ga &
c. Polyatomic gas moles. 7. Why does the pressure of a gas increase
The polyatomic gas molecule has 6 degrees when it is heated up?
of freedom (3 translational and 3 rotational). = Ans- This is due to the two reasons:
A& &Y Tagaar A1 FIfear IaE: 1. The gas molecules move faster than be-
TR0 fore on heating and so strike the container
a. S ::_31‘01 walls more often.
b. &) S e 2. Each impact yields greater momentum to
c. SEUATIL I 3] the walls.
JecRX- gavw i qum T, "\m_‘g ;'fﬁaa;. 3;%? fow 3 T TR W A T g F4t 96 Frar 87
3ccR- 80 &l HRT g
b. T Ffaw&AR IF ] A 5 FTAFAA HI T ¥
FRAT B ¥ e 3 U Y@ Ay 3 2 it 1. 78 F R AF F 3] Gl N JeAT 7 FoA
A T T G AT e gl B & 3 gl ¥ 3l sEfer uT Y A & e
TERAH I 307 A TadTar HT 6 FifeAr o el
C.
(3 & Xy wifa 33 golt w1fa) e B 2. yA% Tqa ¥ A & I0] ggel H R
Taar aRafda g &
5. State law of equipartition of energy. .
. . 8. What is the average velocity of the molecules
Ans- It states that in equilibrium, the total energy of an ideal gas? Why?
of the system is divided equally in all possible ST
energy modes with each mode i.e. degree of Ans- The average velocity of the molecules of an
freedom having an average energy equal to ( ideal gas is zero because the molecules pos-
%) kaT. sess all sorts of velocities in all possible
directions. Thus their vector sum and hence
Felt & FAMTS F AIA IS average value is zero.
3cd- STH Fgl T ¢ 6 Ada (@) &, Fog $ir e w—
FA ST B TN TET S AT F T T gwul?:efﬂ;ra?msﬁam T
& fenfora fhar o &, geds Ais el Tacar
Hr P B HGT T () keT & avEy @iy S Tb M I F O F AT 9T G Bt
%) %Wﬁ:mﬁﬁﬂaﬁﬂﬂﬁﬁﬁmﬁﬁmﬁ
TR & AT @ &l $H THR I @R T
6. Explain why it is not possible to increase N giar & | safav 3faa &= N gl
the temperature of gas while keeping its .
volume and pressure constant? 9. A person putting on wet clothes may catch
. . . a cold. Why?
Ans- It is not possible to increase the temperature .
of a gas keeping volume and pressure con- Ans- The wate_r in the clothes_ eve_lporates. The
stant can be explained as follows: heat required for evaporation is taken from
] o the body of the person wearing wet clothes.
According to the Kinetic Theory of gases, So due to the cooling of the body, he may
(. C%2 = kT, when k is a constant) catch a cold.
DET-11 (1 ia‘§) rﬂ




3t

e FUS YgAe aTel SATFT T FST T FHhll 81 FA?
FYST T Ul afuT & Siar g1 arsdieor &
foT 3aegs FSAT I FYS Ygadd drel hferd
F R T o ST g1 ar R 337 gl & HROT
38 FEF 9T ool gl

Wg@mmﬁ@rwﬁmﬁ
Qe 3 TR ot & fasherd &1

10. Why do the molecules of an ideal monatomic 13- Many people enjoy bathing below Kempty
gas have only three degrees of freedom? fa" in MUSSOOI'ie, even though the water iS

Ans- It is so because the molecules of an ideal quite cold, explain? _ _ _
are not significant. Thus it can have only potential energy. This is converted into the
the translatory motion. known fact from the kinetic theory of gases

that an increase in kinetic energy of the sub-

T TG THTATS A & ot F Facar A stance increases its temperature, hence the

Faa i AR Fat e 37 temperature of water at the bottom of the fall

3ca¥- 0ET safaT § Fife U 3ee A & 3707 rises and it does not remain as cold as on

G Bl 8, sdfow goll arfd ?H?_clmﬁ the top. Therefore, people taking bath below

gidl 81 39 YR 38 W A F 3HTET the Kempty falls do not get frozen, they rath-
TIAFAT T hdel cilel HifedT g Tohall &l er feel warm and enjoy bathing.

11. What are the different ways of increasing the agd # FFE Gid A g FTH SoT g F
number of molecular collisions per unit time ina\—:m' F$ AT A AT FT Aeig A &1 F4I?
against the walls of the vessel containing a 37 59 Eﬂ?r?r Fais ¥ FRar & ar a8 o Rufae
gas? Sl @ &aT &1 F€ Il & g3t B AT Fo

Ans- The number of collisions per unit time be 7 gRafda & smar g1 =t a}?awm%ﬁl@?rﬁ
increased in the following ways: g AT a2 § 5 g fir AT For aﬁ{
1. By increasing the temperature of the gas. H SHHN AIAT §G I &, $HAT i 6 E

. _ el T AGA §¢ S § 3R g8 IR A
2. By increasing the number of molecules. &eT &7 Tgar | sﬂﬁl‘? W T & ;ﬂz}
3. By decreasing the volume of the gas. TATeT el aTel oIl I 38 gl o9, diedh o6
I g aT F AR F g wfa s www A %'Ia €C FeHH Bl & 3R T e F 3Mere oA
HOTREAF THFEl A FEAT 9o F Affee ol
Fa1 &2 14. Calculate the value of the universal gas

3ccR- Ui SHS §AT F caal & gEr Featarad constant (R).

Tl & FEIS ST Tohall & Ans- We know that R is given by
1. 3\ Fr AIAT T | R=PV/IT
2. 3703t AT FEAT T | Now one mole of all gases at S.T.P. occupy
3. AT F AT FH T | 22.4 litrés.

12. Why does hydrogen escape more rapidly P =10.76 m of Hg
than oxygen from the earth’s surface? = 0.76 x 13.6 x 10° x 9.8

Ans- We know that Crms o< V1/p Also p0 = = 1.013 x 105 Nm?2
16 pH. So Crms of hydrogen is four times V = 22.4 litre
that of oxygen at a given temperature. So the
number of hydrogen molecules whose velocity =224 x 103 m?
exceeds the escape velocity from earth (11.2 T =273 K
km s') is greater than the no. of oxygen )
molecules. Thus hydrogen escapes from the n=1
earth’s surface more rapidly than oxygen. R - 1.013x10°%22.4x10">
gedt 1 wag ¥ e A YT FFer B 273
#AF Ao A T4 Prwere 82 = 8.31 J mol k-

3ccR- &7 STeid § & Crms o< V1/p wEf® W AT (R) & AT A AT FI
T & p0 = 16 pH. aF Y RU 7w g 3ak- 84 Sed ¢ [ @dfEes 3w &aas R gann
T gIEEIe F C rms o & IR I g ferefad fomar S &

FerT-11 (ifady (525)




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

22.4 x 10°m?

T =273 K.

n=-1

1.013x10° x22.4x10>
= 273

8.31 J mol" k'

LONG ANSWER TYPE QUESTIONS:

& Icadir e

Derive gas laws from the kinetic theory of gases.

=% mNC? oc T

If P = constant, then V o« T. Hence proved.
It & sroprfa Rl & dw s groa #:
a. ¥ &l ATH: g a1l & & P o< 1V
Ifeg T = Agdis gl

2

_1
P—3nmc

_2N1 o2

T3y me
-3 g
PV = NKT
PV = RT
geafed: 3 oEa e @ &7 Sed § &
T8l R = fagdis
g T = Agais &, @ PV = Agas &
TGP o 1/V.
b. Iey &1 fAue:

Jg 9drdr § f R 9 & u v gegaAe &
fore, It ge faga & ar 3 &1 3maas @ S

Ans- a. Boyle’s law: It states that P o< 1/V if T =
constant. & WA YA & HAGACH &Il ¢
Derivation: We know from the kinetic theory Vo T
of gases that !
g 1 geufcd: g4 I Seld ¢
P= gnmc2
— R ——
_ ;Emez sz 2kT
3va2 or mC? = 3kT
2N _3
_ 2 N5 1
3v KT PV = INx 3KT = NkT
PV = NKT
PV = RT v D
Here R = constant P
If T = constant, then PV = constant Ser N = 3731eTer &y &3]
or P o< 1/V. g% 37, §H SIdd g b SHHl Adeld Tdh
b. Charles’ law: It states that for a given oy @ K.E =% mNC? o T gl
mass of a gas, the volume of the gas is di- I P =fAgds g ar VvV < T.
rectly proportional to the absolute temperature
of the gas if pressure is constant 3 fag g3l
i.e Vo T. 2, Define and derive an expression for the
Derivation: We know that mean free path.
Ans- It is defined as the average distance traveled
lmC? . EkT by a gas molecule between two successive
2. 2 collisions. It is denoted by A.
% L ) Derivation of Expression - Let us assume that
. _ only one molecule is in motion and all other
Py = 3N * 3kT = NkT molecules are at rest. |,
NKT Let d = diameter of each molecule.
where N = Avogadro's rid. | = distance traveled by the moving
Also, we know that mean K..E. of a molecule
FerT-11 (ifady (533)




HefT-11 (IR

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
_ /
nmfl
or A = 1
[l d (1)
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),

R 2 7nd’
Also

_N
n v

= NM
nm V

M

nm =, ,07 nm = o
o :ﬁ
. m

Putting this in eqn (2)
m

= J2mpd?

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

Ans-

we know that A = —(—>—

\/5 7Tpd2

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

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

3. Aoc % i.e. smaller the pressure, larger is
the A.

1
4. Loc p i.e. smaller the density (p), larger
will he the X

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

Aey FqEd 97w aRenfa w3k suF v
TF da 9Iod L

U &l HfAd chual & g G 3] GarT JF
1 18 3 &l & &7 & aRenRa far I
30 X ¥ T ST g

hsfeh T FcTicd - Al oNTAT o shael Teh 3]
i 7 § 3R 307 @l 307 farer &y Reufa # &

€a >

I —>

A AT d = TAF 3] HT |
= AT 0] G@aRT T &I 1S gl

AT 3707 3o Fefy 3703t @ eohrwam fSarehr
e ITITT nd F 3eX oua

AT oot n = A7 & 9fd s AT &
3UT3T dr HET|
m§=mﬁ@®mlm@rﬁw
" nrd’l

ar = -(1)

EFGQCC A, gad & forr & f& wh 3oy
&l BISHT Sﬁmﬁwmﬁr%lmag
ﬂl?””ﬂ%’fﬂ%’f%lmﬂmwa’rﬁrﬁ%l
zafore foheT 3107 aammaﬁrammyﬁmﬁ

I &l

$H R 3§ €O A IWd gU, AT HAFd ¥
T FHIEOT (1) & JowaTr 7 V2 mwﬁ'@m
ST ThdT gl

S0 FHIROT (2) H WA |
h= \/Eﬂ'pdz

S 3EeTS SIS ¢.
). (Adee Fqaa 99) fFT FRE W R wwar 7




3. Derive an expression for pressure of a gas
6t & o9 F AT g TuRT #X |
Ans- Derivation of pressure of a gas
Velocity of a molecule
> ~ o~ -~ A
c=ui+tvj+wk Y
. Cr=utvtw?
For molecule 1 v
cf = uf +vi+wf f
For molecule 2 w .
X
;= u§+v§+w§/
for molecule 7
N:ci = Ud + VA + W3
2 2
. 5 _Ci+ G +cy
mean square velocity C™# = N
clEuituit ... RV VA VA
............ Vit Wi W LW
N
Ne’=ui+us+.... + Ui
+
vitvit +v§
+ A
2 2 2 y
witw, o Wy oo (i) /
. /.
along x-axis 7 ul_ v
. 74
change in momentum <]
g u
. 77
of malecule 1: 2 W U1 X
AP1x=mui-m(-u1)=2mu1 |/
z
I
time takem to change the momentum
I I 2|
At=——+— ="
U1 U1 U1
FerT-11 (ifady

3t

gHAAI E L ="

A R Frar § /2 mod

1.319] &1 <A d, 'd' fSIdar sler gm, Ay
HFc 9 3T ST |

2. % oc T 3T d9ART forder 3 gem, A
3daT & 3 gl

3. hoc %Haﬁamﬁamwm,xm

& 31T grem|
4 %oc L aEh wwed (p) e F geM, A
3o 3T Q|

5. % oc - 3refid W & 9l sHE A A
agﬁ}ﬁ@fﬁwﬁa?ﬁwﬁ?ﬁ,xmé’rw
|

Force acting on malecule mp: Fix= APy _ 2mu;

At T 20
U4
2
mu
F‘lx = | !
mu®
.". Force acting on molecule 2: Fox = |
2
mu
1) ” 1) 2 N= FNX = I :
Net force acting along x-axis
Fx=r|n—(uf+u§+ ....... +uy)
Pressure along x-axis :
Px=%=m3(uf+u§+ ....... +uy)
I
Similarly along y-axis :
F m, - K
Py=Ty=T3(Uf+U§+ .......... + o}

And along z-axis:

PZ:%:%(U)%—FU)?‘F ...... ?UJZV)

Total pressure

Px+Py+Pz=rln—3
m . ~2

Px+Py+Pz = 1_3NC (from eq. 1)

As gas exerts equal pressure along all directions

Px+Py+Pz = P (say)

.. From eq. (2)

P+P+P=rln—3N62






