Kinetic Theory of Gases

Postulates of Kinetic Theory

Suppose a container with volume V contains a very large number of identical molecules N, each of mass m.

Then, the kinetic theory postulates the following :

(@ The molecules behave as point particles as compared to the size of the container and as compared to the
average distance between the molecules.

So, the volume of the molecules can be neglected as compared to the volume of the container and hence
the total volume occupied by the molecules is same as the volume of the container.

(b) The molecules are in constant motion in all the possible directions in a random manner. Each molecule
collides occasionally with the walls of the container and with each other as well. These collisions are
perfectly elastic.

So, the molecules possess kinetic energy which is translational in nature only as the molecules are point
particles and hence they can not rotate and vibrate but translate only.

(c) There is no force of attraction among the gas molecules and between the gas molecules and walls of the
container.

So, the molecules do not possess any potential energy.

(d) The container walls are rigid and infinitely massive and do not move.

(e) The molecules obey Newton’s law of motion.

(f) The average time of collision is much less than the averaged time between two successive collision.

Pressure Exerted by the Gas

How does pressure of the gas originate ? During collisions, the molecules exert forces on the walls of the
container. This is the origin of the pressure that the gas exerts on the wall of the container.
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Steps to calculate the pressure exerted by gas molecules on the walls of the container

1. Number of collisions that occur per unit time for a certain area A ofthe wall.
2. Total momentum associated with these collisions
3. Force needed to cause this momentum change.

Assuming that all molecules in the gas have the same magnitude ofx- component of velocity, |vx| , We have
For each collision the x-component of velocity changes from —|vx| to |vx|

So, the change in the momentumis Ap, =m|v,|-(-m|v, [)=2mlv,| .. (1)

Ifamolecule is going to collide with a given wall of area A during a small time interval dt, then at the beginning
of time dt if must be within a distance |vX | dt fromthe wall and it must be headed toward the wall.

So, total number of molecules that collide with area A during time interval dt = Number of molecules within the
cylinder with base area A and length |v, | dt and leading towards the wall,

where volume of cylinder = Alv, |dt

Assuming uniform distribution of molecules, number of molecules in this cylinder = ( j(A|vX| dt)

v
On the average, half of these molecules are moving towards the wall (that causes pressure) and halfare moving
away fromit.

So, number of collision with A during dt = %(g] (Alv,|dt) .. (2)
Due to all molecules in the gas, the total momentum change during dt is
dp, =(No.of collisions)x 2m|v,|

1(N
:E(V](A|vx|dt)x 2m|v, |

Ty )

According to Newton’s second law, this rate of change of momentum equals the force exerted by the wallareaA
on the gas molecules. From Newton’s I11 law, this is equal and opposite to the force exerted on thewall by the
molecules.

So pressure P, the magnitude of the force exerted on the wall per unit area, is

F dp N ,
P—_ — ™ _| %
A Adt (ijvx - (4)

Hence, pressure exerted by the gas depends on the number of molecules per unit volume (N/V), the mass m
per molecule, and the speed of the molecules.

Note: |vx| is really not the same for all the molecules. But we could have sorted the molecules into groups

having the same

v,| with each group, where net effect of the molecules is (Vf )avg :
Also, speed v of ‘a’ molecules is

2 2 2 2
Ve =V V) Y,
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For all molecules,

(V2 )avg - (Vi )avg + (vf’ )avg + (VZZ )avg (5)

Since there is no real difference in our model between x—, y —and z—direction, we have

2 ) (2
<Vx>avg _(Vy )avg _(vz )avg

<V2 >avg = 3<Vf >avg

2

1
= (VX )avg - g(vz )avg (6)
Using equation (4), we have

P= lﬂm(vz )avg

3V
1 2 .. 2 _(e2) _ 2
= [PV :gNm(v )avg [ (v )avg _(v )_<v >} .. (7
If p be the mass density of the gas, then
_mN
Vv

1
So, P :gp(vz)avg

Problem : One mole of a gas is contained in a cube of side 0.2 m. If these molecules, each of mass 5 x 10 kg, move
with the translational speed 483 ms, calculate the pressure exerted by the gas on the sides of the cube.
(@ 2.9x10°N/m*>  (b) 29 x 10° N/m*>  (c) 5.8 x 10°N/m?  (d) 5.8 x 10° N/m?
Soln.  Given:V =(0.2)°’m® m=5x10"*°kg, n =1 mole, v =483 m/s
The pressure is given by
1mN  ,
P= 3V (V) avg

_1 5x107 x6.023x10%
3 (0.2)°

=1.65 kPa.
Correct optionis (a)

x (483)°

Problem : The r.m.s. speed of nitrogen at STP, if the density of nitrogen is 1.25 kg-nm2 at these conditions is
(@) 490 km/s (b) 490 mm/s (c) 490 m/s (d) 490 m/s

Soln. Given: P=1atm, p=1.25 kg-m®
The pressure ofthe gas is

1
P= gp(vz)avg ) where Vims = \/m

1 3P
P :gp(\/r.m.s)2 = Vims =4

Jol
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5
= V. =\/3X1X11£51X10 ~ 492 mls.

Correct optioniis (c)

(@) Relation between pressure, volume and translational kinetic energy :

. . . 1
Now the average translational Kinetic energy (K.E) of a single molecule = > m (v2 )

avg

So the average total random Kinetic energy E of translational motion of all the molecules is

N
E==m(v),, .. (8)
Equations (7) and (8) = | PV =§E .. (9)

Problem : Calculate the number of molecules in 1 litre of an ideal gas at 1.5 atm pressure. The mean K.E. ofa

Soln.

molecule is 4 x 1071 J.
(@) 5.68 x 10* (b) 5.68 x 10% (c) 5.68 x 10* (d) 5.68 x 10

Given:V =1L, P=15atm, E, =4x107M)
The total average thermal energy is
3

N molecules — E

molecule

E PV

:gx (15x1.01x10° Nm2) x (1x10-3m?)

=227.25]
Therefore, required number of molecules, N = %02_?1 =5.68x10%.
X
Correct optionis (a)
(b) Average thermal translational kinetic energy :
Comparing with ideal gas equation
PV =nRT,
where n is the number of moles of the gas and T is the absolute temperature, we have
3
E = nRT .. (10)

This is average thermal translational kinetic energy of ‘n” moles of an ideal gas which clearly shows that trans-
lational kinetic energy depends only on the temperature of the gas.
Now, average translational kinetic energy of ‘a’single molecule is given by

:%: SRT , Where n=nN, .. (11)
E 3[R
=2 T
So, N Z(NA] (12)

. R . .
The ratio N occurs frequently in molecular theory. It is called Boltzmann’s constant k. .
A
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1L
k== B31AIMOL K 35,107 gk

N, 6.022x10% mol™

. 3
So, average kinetic translational energy of amolecule = > kgT

Problem : What is the average translational kinetic energy of a molecule in 1 mole of a gasat 27°C ?

Soln.

(@) 6.21x 102t (b) 6.21 x 102) (c) 6.21 x 103 (d) 6.21 x 10
Given: T =27°C=300K

Average translational kinetic energy per molecule = g keT = % x1.381x1072% x 300 = 6.21x 1074 J

Correct optionis (a)

Problem : The average translational kinetic energy of O, (molar mass 32) molecules at a particular temperature is

Soln.

0.048 eV. The translational kinetic energy of N, (molar mass 28) molecules in eV at the same temperature is

(2) 0.0015 (b) 0.003 (c) 0.048 (d)0.768

Average translational kinetic energy of an ideal gas molecule is 3/2 kT which depends on temperature only.
Therefore, if temperature is same, translational kinetic energy of O,and N, both will be equal.

Correct optioniis (c)

(c) Molecular Speeds : Root-mean-square speed (v, )

X 3
The average translational kinetic energy of amolecule is equals to > kgT .

Also , fromthe basic definition of kinetic energy, the average translational kinetic energy ofa molecule must

also be equals to lm(vz) So,
2 avg.

_m(vz)avg_ =ngT .. (13)

where square-root of (V*) = Root-mean square speed (or r.m.s. speed) v
q avg

ms

Vims = V(Vz )avg N V 3l::]T B V?)RVT |: kB :NiA:| (14)

where M is the molar mass of the gas and is equal to mN.,..

Problem : What is the root-mean-square speed of a molecule of hydrogen gas at room temperature?

Soln.

(@ 1.93mi/s (b) 19.3 km/s (c) 19.3m/s (d) 1.93 km/s
Molar mass of hydrogen gas, M =2 x 103 kg

_\/3RT _\/3><8.314><300
rms. — -

M %103 [~ T=300K (roomtemperature)]
X

=1.93 km/sec
Correct optionis (d)
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Problem : According to the kinetic theory of gases, the root-mean-square speed of gas molecules ina monoatomic
ideal gas at a temperature T is

(a)\/Wa/kB?T (b)Wa/k;; (©) VW2 = 3‘? (d)\/WZ,/l;B—; [H.C.U.-2012]

Soln. The root mean square speed is

/3k T
Vims = <V>2 = TB

Correct optioniis (c)

Problem : Assuming that the hydrogen molecules have a root-mean-square speed of 1,270 m/s at 300 K, calculate the
rms at 600 K.
(@ 179.6 m/s (b) 1796 m/s (c) 2796 m/s (d) 279.6 m/s

Soln.  Given: (v, s)1 =1270m/s, T, =300 K and (V,ns)2 =7 T, =600 K

3kBT — (Vr.m.s.)l — L
m (Vr.m.s.)z T2

Since, (Vrms) =

= (V; s ) = \/_Trz (Vs )1 = N2 x1270 =1796 m/s.
1

Correct optionis (b)

Problem : At room temperature, the rms speed of the molecules of a certain diatomic gas is found to be 1930 ms. The
gasis

@H, (b) F, (©) 0, (d)cCl,

3RT
Soln. We have, V., = ‘/V and room temperature T ~ 300 K

3
1930:\/3x8.317\/|10 %300

M =2.0 g/mol and hence, the gas is H,.
Correct optionis (a)

Problem : Estimate the temperature at which the root-mean-square velocity of nitrogen molecule in earth’s atmo-
sphere equals the escape velocity from earth’s gravitational field. Take the molar mass of nitrogen molecule =28 gm/
mol and radius of earth = 6,400 km.

() 1.4 x 10°K (b) 1.4 x 10" K ) 1.4x10°K d) 1.4 x 10*K

Soln.  Given: M =28 g/mol, R, = 6400 km

We have, V, ¢ = Ve

3RT
Vm VAR

_29RM
3R

= T
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_ 2x10x6.4x10° x 28x107°
3x8.314

=1.4x10° K.
Correct optioniis (c)

Problem : Five gas molecules chosen at random are found to have speeds of 500, 600, 700, 800 and 900 m/s? What

Soln.

is the rms speed and average speed?
@ v =700 m/sand v, =714 m/s (b) v =7l4m/sandv, =70.4m/s
() v =7l4m/sandv =700 m/s (d) v =70.4m/sandv, =71.4m/s
Given: v; =500 m/s, v, =600 m/s, v3 =700 m/s, v, =800 m/s, vg =900 m/s
5

2V

—ry 500+ 600 + 700+ 800+ 900
Vavg. = =

-5 5
5 12

v
{

=700 m/s

5002 + 6002 + 7002 + 8002 + 9002
5

i=1
5

1/
and Vrms. = ] =714.14 m/s

Correct optioniis (c)

Problem : One gram mole of oxygen at 27°C and one atmospheric pressure is enclosed in a vessel.

Soln.

(@) Assuming the molecules to be moving withv_, find the number of collisions per second which the mol-
ecules make with one sqaure metre area of the vessel wall.

(b) The vessel is next thermally insulated and moved with a constant speedv,,. It is then suddenly stopped. The
process results in a rise of the temperature of the gas by 1°C. Calculate the speedv,,

@ v, - \/3RT _ 3><8.31><_3300 WA
M 32x10

Let n molecules of oxygen strike the wall per second per n? and recoil with same speed.
So, change in momentum per m?is (2nmv_).

ms
Hence, the pressure is P, = 2nmv,

P . >
ne__-0 _ 1.01x10 =1.96 x10°" per sec

2mv 32
meo2l ——— (4834
{6.02x1026}( )

(b) For this, we have

M)V =nC, AT

5
(2) (n) ( X 8.31] @
Vv, = 2nCyAT _ 2 =36 m/s
\/ My (6.02x10%) (32)
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Problem : Acubical box of side 1 m contains helium gas (atomic weight 4 units) at a pressure of 100 N/n¥. During an
observation time of 1 s, an atomtravelling with the root mean square speed parallel to one of the edges of the
cube, was found to make 500 hits with a particular wall, without any collision with other atoms. Take,

R :§J/mol-K and k, =1.38 x 10 J/K.

(a) Evaluate the temperature of the gas.

(b) Evaluate the average kinetic energy per atom.

(c) Evaluate the total mass of helium gas in the box.
Soln.  Given: Volume of the box=1m?

Pressure of the gas = 100 N/m?

Let T be the temperature of the gas. Then,

(a) Time between two consecutive collisions with one wall = %s . This time should be equal to 2 , Where

rms

I is the side of the cube.
< £ >
a1
= 500

= V,,,=1000m/s (I=1m)

= ,/E =1000
M

_ (1000)°M _ (10)° (4 x107%)
3R 3(25/3)

T =160 K

3 3 _ _
(b) Average kinetic energy per atom = EkBT =3 (1.38x107%) (160) J =3.312 x 107*J

(c) From PV =nRT =%RT , We have

. . PVM
We get mass of helium gas in the box, m = T

Substituting the values, we get

Q0@ _,
(25/3) (160)

Molecular Speeds Distribution

The molecules in a gas don’t have the same speed rather the molecules posses a value of speed that lies from
zero to infinity and hence the speeds are distributed among the molecules. So we will study a function f (v)

that will help us to know how a particular number of molecules possess a certain amount of speed. This
function is called molecular speed distribution function.
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If we observe dN molecules out of total N molecules having speed lies fromv to v + dv, the corresponding
fraction or the probability is given by

dWNz f(v)dv .. (15)

The Maxwell-Boltzmann Speed Distribution

The function f (v) describing the actual distribution of molecular speeds is called the Maxwell-Boltzmann
speed distribution function.
Deriving from the statistical physics, it is, in 3-dimensions, equals to

3/2 mv?
. i
f(v)zm{znk T] e ™ | osves - (16)
B

where m is the mass of a molecule of the gas

v is the speed of the molecules which is different for different group of molecules.
T isthe absolute temperature.
In terms of number of moles, the distribution function is

M 3/2 %
f(v)=4r vie 28T
2nRT

The graph representing Maxwell-Boltzmann distribution function is

f(v)4

Features of the Speed Distribution Graph

(@ The graphis not symmetrical.
(b) Ateachtemperature, the height of the curve for any value v is proportional to the number of molecules with
speeds near v.
(c) Thearea A, represents the fraction or the probability that some molecules (say N,) have speed lies be-
tween v, and v, . Mathematically,
Vo
dN N
= f(v)dv=|—=-1,
A J (v) N
where N is the total number of molecules.
(d) The total area under the curve is given by

o 312 4, / ™1
AZJf(V)dV:47T( ] Ivze‘mV2 2T dv
5 2 kgT 5 A
< 2 1/2
Using Ix” e dx :.(n+—n+/1)’ we have
0 ZaT

ViV,
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m 3
A=4rx =1
2 kg T m
2

So the total area under the curve is unity. This is because the sum of the total probability is one.

(e) There are very few number of molecules having very slow speed and very large speed as well.

(f) There is aspeed corresponds to which the function f (v) is maximum. It means the maximum number of
molecules possesses speed near this particular value of speed. We call this speed as the most probable
speed (v,).

Problem : Aquantity of gas containing N molecules has a speed distribution function f (v) .How many molecules have
speeds between and v,and v,?

Vo Vi Vo Vi
@ [fadv-|fdv (b) N jf(v)dv—jf(v)dv
0 0 L 0 0 ]
vy Vo v vy ]
© [fdv—[fvdv @ N|[fdv-] f(v)adv
0 0 0 0

Va

Soln.  Required number :va Nf(v)dv=N UO f (v)dv—J'Ovl f (v)dv}

Correct optionis (b)

Various Speeds Possess by the Molecules

(@) The average speed (vavg/(v)/ V):
(i) Definition : It is the average speed possesses by the molecules of the gas.
(if) Calculation : Itisgiven by

2

3/2 mv
0 m 0 -
Vaug =J0 vf (v)dv:4n(2nkBT] IO vie 2T dv

iy

Using J':X”e‘axde=—nj,we have .. (17)
2a ?
m )" 2 b m Vi1 BT
Vy, =41 = e .. (18)
’ 2nk, T (. m o\ 2k T ) 2 m
2k.T
8k;T  [8RT
= | Vayg = m N ZM ... (19)

(b) Most probable speed (vmp) :
(i) Definition : The maximum number of molecules possess speeds near a particular value. This particular
value is known as the most probable value.
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(ii) Calculation : For this speed, the value of f (v) is maximum. So using (19) and concept of maxima and

minima, we have

—f(v)=0
v\
3/2 mv 3 mv
. m ove 2T _Zﬂ 2T |
2k, T 2k, T
3/2 ~ mv? mv2
4 2ve 2T |1~ =0
2nk, T 2k, T
This gives
- mv?
Either v = 2T — v=o0 or, 1- =0
itherv=0 or, e 0 =>v=co or, KT
=Vv=0,vo>om,0rv= AT
m
where v =0 and v — oo corresponds to minimum value of f (v).
2k, T 2RT
So Vi =\/ g = |— ... (20)
m M

(c) The rmsspeed (v,,. ) :
(i) Definition : It isthe speed observed during the experiments and is given by

v = .. (21)

2

3/2 mv
. L 2 [®.2 . m © 4. 2kgT
(i) Calculation : Now V —IO vif (v)dv _4T{2nkBT] IO v'e #eldy

n+1

Using r x"e~ dx = Ll we have
0 [
2a 2

3/2 5
vz_4n( m] % 3T

2nk, T m Y m
2 )
So vrms:ﬁ:\/%TBT: % - (22)
Problem : Consider a collection of molecules of an ideal gas at temperature T. The ratio of the rms speed to the most
probable speed of the molecule is [11Sc 2009]
(@) V3:42 (b) V3:/8 (c) 3:8 (d) 3:2

Vr.m.s. — V3RT/M —
V,  2RT/M

Correct optionis (a)

Soln.

V3
-
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Problem : Three closed vesselsA, B and C at the same temperature T and contain gases which obey the Maxwellian
distribution of velocities. Vessels A contains only O,, B only N, and C a mixture of equal quantities of O, and
N,. If the average speed of the O, molecules in vessel Ais v, that of the N, molecules in vessel B is v,, the
average speed of the O, molecules in vessel C is

(@) (v, +v,)/2 (b) v, ©) (v, v,)" (d) /3ksT/M

Soln. The average speed of molecules of an ideal gas is given by

8RT
(V)= —Mle (v e \T for same gas.

Since temperature of Aand C are same, average speed of O, molecules will be equalinAand C i.e., v..
Correct optionis (b)

Problem : This problem is a multiple select question (MSQ).
Let v, v, and v, respectively denote the mean speed, root mean square speed and most probable speed of

the molecules in an ideal monoatomic gas at absolute temperature T. The mass of amolecule ism. Then,
(a) no molecule can have a speed greater than +/2 Vs

(b) no molecule can have a speed less than vp/\/E

(C) Vp <v<vrms

3
(d) the average kinetic energy of amolecule is 2 me,

Soln.  The molecules can possess any value of speed lies from zero to infinity. Hence options (a) and (b) both are
incorrect.
Moreover, we know that,

3RT 8 RT 25RT 2RT
and Vp = V

From these expressions we can see that, v, <V <V,

3
Secondly, Vs = \/; v,

and average kinetic energy of a gas molecule

2
1 1 ( 3 ] 3 .,
rms 2 p p

2 2 4

Correct options are (c, d)

Comparison of the Different Speeds

We know that,

_ [3RT _ [2rT _ [8RT
L VIR VIR C R vy

Clearly, Vs Vinp :Vayg :\/§:J§;\/§
T

=1.732:1.414:1.596
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S0, Vrms > Vavg > Vmp

The graph representing Vy,s, Vayg s Viyp 1

f(V) A

Vmpv ms v "

Problem: If C, . ,C and C,, denote respectively the r.m.s speed, average speed and most probable speed mol-

Soln.

ecules in a gas obeying Maxwell-Boltzmann distribution law for the molecular speeds, then [B.H.U-2011]

(@ C,>C>C,,., (b) C>C, .. >C, (¢ C,,s>C>C,(d) C,,.>C,>C
We know that,

3RT = 8 RT 2RT
Crms \/V i :\/; R e

C...:C:C, :\/5:\/5 12 =1.732:1.596:1.414
T

C,ms >C>C,
Correct optioniis (c)

Speed Distribution of the Same Gas at Different Temperature

The speed distribution graphs for the same gas at two different temperatures T, and T, (>T,) isgivenby:

Ty

f(v)
-

The reasons for this nature of the graphs are :

(@) Since speed varies proportional to the square root of the temperature, the increase in the temperature
causes the greater fraction of molecules to have more value of speed. This causes the broadening of
the graph.

(b) Since the graphunder the curve is unity, the broadening of the curve, on increasing the temperature, falls the
curve’s peak down.
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Problem : For temperature T, > T, the qualitative temperature dependence of the probability distribution F(v) of the
speed v of amolecule in three dimensions is correctly represented by the following figure:

T2 T,
> >
o o
@) o (b) T2
v v
T, U
> >
o o
© T (d) &
v

Soln. Correct option is (a)

i ion- f(v)=4
(@ Inthreedimension: () T{anBT

m
i ion: f(v)=2
(b) Intwodimension : ( ) T{anBT

2
T 2kgT

. on+ T (V)= ol ) e
(c) Inonedimension : 2nk,T

As we did for the 3-dimensions, we can also calculate different speeds in other dimension as well. Using the
Maxwell-Boltzmann speed distribution functions in different dimensions, we are getting the following values of

the various speeds as :

Dimensions — 3 2 1
Speeds ¥

\/EKB_T \/E"B_T \/EKB_T
g Vs 2 m T m

V.

r.m.s.

3kgT JszT keT
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Problem : Electrons of mass m ina thin, long wire at a temperature T follow a one-dimensional Maxwellian velocity

distribution. The most probable speed of these electrons is, [JEST 2015]
kT 2kT 8kT
(a) (—) (b) (—] (©0 (d) (_j
2rm m m

Soln.  The one-dimensional Maxwellian distribution for speed is

U2
f(v)=2 e 2T - 0<v<owo
2nkgT
For most probable speed (v=V,), we have
q f(v) =0=v,=0
dv V=V, P .

Correct optioniis (c)

Maxwell Bolzmann Velocity Distribution Function

Till now, we have studied about the distribution of speeds among the molecules. Now, we will study about the
same thing interms of velocity distribution.

(@ Inonedimension :

The velocity distribution function ( say in x-direction) is given by

m 12 —mvy
f(v,)= e 2T _ocy, < ..(23
(v,) (mBT] o<y <0 (23)
(i) The average velocity :
It isgiven by
12 o —mv2

T _|_m 2ksT
<vx>__jw v, f(v,)dv, _(—anBT] _jw v.e*e' dv,

Using [ f(x)dx=0 if f(-x)=~f(x), we have

—a

{v,)=0
This shows that molecules are distributed uniformly and moving randomly in a gas.
(i) The most probable velocity :

For this, we have

9ty

=0
dv,

Vx=(vx) p
= (Vx) p— 0
(iii) The rms velocity : It is given by

(Vx)rms = <V§>

Now <v§> = ]‘Jvi f (v, )dx

—00
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2

mvi
] J‘Vz o2eT dv,
—00

(ZTEKBT
_ksT
m

/k T
(Vx)rms: B?

Hence, the rms velocity is same as rms speed. Similarly we can calculate iny and z-axes and we will get the
same result as all the directions are identical in nature.
(b) Intwo dimensions : The velocity distribution is given by

Fveovy) = T(v) F(vy)

212 -m 2 2
_|m eZkBT(VX ) —0 < V,,V, <00 (24)
anBT ' X’ y "

(i) The average velocity : It is given by

<\7>:<vx>i+<vy>]

where J vaf(vx,vy)dv dv, = jv f (v, )dv, I f(vy)av,

—00 —00

=0x1=0 l: T f (v,)dv, :1:|

—00

Similarly, (v, ) =0

(V)=0

(i) The most probable velocity : Itis given by

Ty = i+ (%), ]

d
here — f (v,,v
where —— f (v,,v,)

X

=0=dif(vx, v,)
(vx)p y

(vy)p
= (Vx)p:(vy)p:O

v, =0
(iii) The rrm.s velocity : It is given by
Vors = (V) =)+ ()

Now, <Vx2>=T Tvif(vx, v, )dv,dv,

—00 —00

[*e}

= vaf(vx)dvxj f (v, )dv,

—00 —00
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m m
keT
Similiarly, (V) =2
2k, T
Vims = I’ﬁ

(¢) Inthreedimension:
The velocity distribution function is

F(veovysvg) = F(v,) T vy) T(v,)

3/2 -m
m
= ——— e
2nkg T

2kgT
As we have done in last two cases, we can calculate the following :
(i) The average velocity :

(v)=0

(i) The most probable velocity :
v, =0

(iii) The rms velocity :

/3k T
Vims = rﬁ

(d) Other quantities :

(v% +v)2, +v%)

,—oo<V,V,,V, <©

x1Vy1Vz

(i) <va§v§>:T T Tviv?vg f(v,,vy,V,)dv, dv, dv,

= Vit )y, [V F(v,)dv, [vef(v,)dv,

= () (4){)

=0 if atleast one out of a, b or c is odd.

... (25)

.. (26)

Problem : Aclassical gas of molecules each of mass m, is in thermal equilibrium at the absolute temperature, T. The
velocity components of the molecules along the Cartesian axes arev,, v, and v.. The mean value of (v + vy)2

Soln.

IS
K.T 3 kT 1 kT
® 5 ® 3 m ©7 m
(v +V,)%) = (V) +(vp) + 2(V,v,)
KgT

Putting (Vi) = (V)= (v}) ===

and (v,v,)=0

S0, ((v, + v, =& 2KeT

m

+0=

Correct optionis (d)

2kgT
@

1 2 1 2 2 2 3
cImve==m(v: + Vv + V) =—k.T
[ 2 2 (x y z) 2 B
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Problem : Agas of molecules each having mass ‘m’is in thermal equilibrium at a temperature T. Let v,,v,,V, to be the

. . 2,
Cartesian components of velocity, v, ofa molecule. The mean value of (Vx —av, + BV, ) is:

@) (1+062 _}_ﬂz)ks?-r (b) (1—062 _}_ﬂz)ks?-r © (ﬂz _az)kfnT (d) (az +ﬂ2)kB?T

Soln.  From Maxwell-Boltzmann’s distribution, we have

<vf>:<v§>:<vzz>:kB—T and <vxyy>:<vyvz>:<vzvx>:0

m

So, <(VX—avy+ﬁvz)2>=(1+az+ﬁz)k%

Correct optionis (a)

Problem : Letv v, and v denote the components of the velocity along x-,y-, and z- directions, respectively,of an
ideal gas particle. At the absolute temperature T, the average value of the product vxzvyzvz2 is proportional to
@T (b) T2 T (d) T°

Soln.  The law of equipartition gives

<%mv§>:<%mv§>:<%mv5>:%kBT

(vivpve)=(vi)(v;) (V)= (kB?TT ocT?
Correct optioniis (c)

Problem : A gas, the molecules of which have mass m, is at equilibrium at absolute temperature T. The root-mean-
square of the relative velocity between any two molecules of the gas is:

(@) 4k T / zm (b) /3k,T /2m (©) /3ksT /m (d) 6k, T /m

Soln. Relative velocity of two gas molecule is

where we have used (v, -V, ) =0
v,) =,/<vf> = ,/6kgT /m.
Correct optionis (d)

Problem : Suppose you measured v, (the x-component of the velocity) of every atom in a one-litre can of helium
gas (“He), kept in equilibrium at 300 K and at atmospheric pressure, at a particular instant of time. The

standard deviation <Vf —<VX)2> in the measurement is approximately equal to

(a) 450 m/s (b) 1120 m/s (c) 1400 m/s (d) 800 m/s  (e) 14000 m/s
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Soln.

The average velocity is given by (v,) =0

)= = )

:\/£<Vz>: 1,3RT _ RT
3 3 M \M

_ 8.314 x 300 ~800 m/s.

4x10°°
Correct option is (d)

Problem : If energy (<) distribution formula for an ideal gas in thermal equilibrium at temperature T is given by

Soln.

dN_ oc el e</*8T( < (where j is a real number), then the velocity distribution of the system is proportional

to
(a) 2 g™ /2KeT gy (b) \2i g™v/2ksT 4y,
(c) 2it e—mv2/2kBT dv (d) 2i+ e—mVZIZkBT dv [H.C.U.-2016]

Given: dN, o« gle T dg

We know that the molecules of an ideal gas do not have any potential energy and hence

£ :%mvz — deg =mvdv

1 i mv? o_m?
dN, oc(EmVZ] e 2T (mvdv) oc v2itle 2keT gy,

Correct optionis (d)

Degree of Freedom

(@) Definition : It is defined as the total number of independent variables required to describe completely the
state of motion of a body. It can be calculated as

f=3N-C,
where N represents the number of particles [atoms in case of molecules] and C represents the number of
constraints [bonds or lone pairs in case of molecules].
Different molecules have various types of degree of freedom corresponds to various types of motion they
perform like translation, rotation and vibration. When the molecules are at low temperature, they exhibit only
translational motion and hence have only translational degree of freedom. When the temperature increases,
they also perform rotational motion along with the translational motion and hence possesses degree of freedom
corresponds to both type of motion. When the temperature is sufficiently high, the bonds get weaker and
causes the molecules to vibrate along with both translational and rotational motion.

The degree of freedom for various molecules can be calculated as :

(@ For monoatomic molecules [e.g., Ar, Xe, Rn, He].
Each molecule contains one atom and has no bond. So,N=1and C=0.
Therefore, f=3x1-0=3.
All these three degree of freedom corresponds to translational degree of freedom.
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(b) For diatomic molecules [e.g., O,, N,, H,].
Since each diatomic molecule contains two atoms, we have N = 2.
(i) At low temperature : The bond between the two atoms remain rigid and hence there is only one
constraints.
Therefore, f=3x2-1=5.
Out of these 5, 3 corresponds to translational motion and 2 corresponds to vibration motion.

(i) Athigh temperature : The bond between the atoms do not remain rigid causing the atoms to vibrate
as well and hence there is no constraints at high temperature.
Therefore, f=3x2-0=6.
Inthis 3 corresponds to translational, 2 corresponds to rotation and the remaining 1 corresponds to
vibrational motion.

(c) For linear triatomic molecules [e.g., CO,, N,O].
Since each linear triatomic molecule has three atoms, we have N = 3.
(i) Atlow temperature : Since there are two bonds, the number of constraints will be two.
Therefore, f=3%x3-2=7.
Out of these 7, 3 corresponds to translation, 2 corresponds to rotation [as the molecules are linear]
and the remaining 2 are because of vibrational motion. But if the molecules have rigid bonds, thesetwo
vibrational degree of freedom are not active.

(i) At high temperature : The bonds will not remain constraints and hence C = 0.
Therefore, f=3x3-0=09.
Out of these 9, 3 corresponds to translation, 2 corresponds to rotation and the remaining 4 corre-
sponds to vibrational mode.

(d) Non-linear triatomic molecules [e.g., O,, H,O].
Since each non-linear triatomic molecules has three atoms, we have N = 3.
(i) Atlow temperature : The three bonds will behave as three constraints. So, we have
f=3x3-3=6.
The three, here, corresponds to translational and the remaining three corresponds to rotation [as the
molecule is non-linear].

(i) Athigh temperature : The bonds will not remain constraints. So, we have

f=3x3-0=0.
The three will corresponds to translation; three to rotational and the remaining three will corresponds
to vibration.

In general, the degree of freedom can be distributed as :
(i) Atlow temperature :

Types of molecule — | Linear molecule | Non-linear molecule
Mode
Translation 3 3
Rotation 2 3
Vibration 3N-C-5 3N-C-6

(i) Athightemperature :

Types of molecule — | Linear molecule | Non-linear molecule

Mode 4
Translation 3 3
Rotation 2 3

Vibration 3N -5 3N -6




O
Kinetic TheOI‘y of Gases CAREER ENDEAVOUR

Law of Equipartition of Energy

For 1-D, the Maxwell’s velocity distribution function is

1/2 m\/2
f(v)= m e 2T _so<V<o
2nk, T

So, average kinetic energy is

E = _(;Oo - © 1/2 B mv?2 (27)
j f (v)dv J m o 2T gy
. 2\ 2nk, T
jvze 2T dy jvze 2T gy
_ m —0 _ m 0
© mv? 2 mv?
J‘ e 2kgT dv J’e 2kgT dv
—0 0
ln+1
; —axlyy, | 2
Using Ix e ™ dx =—%-, we have
0 ZaT

ol 2ar 05 oy
T R

- E-= 2|<BT .. (28)

(@) Statement : Inthermal equilibrium, any degree of freedom (such as component of the position or velocity
of a particle) which appears only “quadratically” in the energy has an average energy per molecule of

1
EkBT'

This is the law of equipartition of energy.

(b) Examples:

(i) A free particle of mass m moving in xy-plane
The Hamiltonian will be

2 2
H= & + &
2m  2m
Since there are two quadratic terms, the average thermal energy is

(E) = 2>< KeT =kgT
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(i) Afree particle rotating in xy-plane about z-axis
The corresponding Hamiltonian is

21"
where I is the moment of inertia of the particle about z-axis.
Therefore, the average thermal energy is

(E)zlx%kBT:%kBT X

(iif) A one-dimensional harmonic oscillator in x-axis
The corresponding Hamiltonian is

2
2m 2

where k is the spring’s constant.
Therefore, the average thermal energy is

(E) :Zx%kBT =kgT
(c) Other statement : The law of equipartition of energy, therefore, can be re-stated as :

“The average energy corresponds to each translational degree of freedom is %kBT , corresponds to each

rotational degree of freedom is %kBT and corresponds to each vibrational degree of freedomis kgT ™.

. 1 1
Mathematlca"y’ <E> = fTranslattion " E I(BT + fRotaltion s E I(BT + fVibration R I(BT : (29)
Problem : Calculate the average thermal energy of a diatomic molecule in both low temperature and high temperature
condition.
Soln. (i) Atlowtemperature, we have
f 3and f =2.

Translational — Rotation

Therefore, (E) =3 % KT +2x % KT :% KT

(i) At hightemperature, we have

f 3, f == 2 and fVibratiOn :1

Translational — Rotation

Therefore, (E) :3x%kBT + Zx%kBT +1xkgT
7
=—kgT
2 B

: f - .
Note : The formula for average thermal energy per particle as (E) = > kgT isvalid only when there is no
vibrational mode.

Problem : Avessel 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
@1:1 (b)1:2 (©2:1
(d) depends on the moment of inertia of the two molecules
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Soln.  Since both the gases are diatomic, 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 =2 x 12k T or
k,T. Thus ratio willbe 1: 1.
Correct optionis (a)

Problem : A gas mixture consists of 2 moles of oxygen and 4 moles of argon at temperature T. Neglecting all vibra-
tional modes, the total internal energy of the system is
(@) 4RT (b) 15RT (c)9RT (d) 11RT

Soln. Internal energy of n moles of an ideal gas with no vibrational degree of freedom at temperature T is given by

U:n(iRT]
2

where, f = degree of freedom.
=5 for O,and 3 for Ar
Hence, U:U02+UAr:Z(ERT]+4(§RT]:MRT.

Correct optionis (d)

p2

Problem : In 1-dimension, an ensemble of N classical particles has energy of the form E = 5
m

+% kx?. The average

internal energy of the systemat temperature T is

3 1
(8) 5 NkgT (B > NKeT (©) 3Nk, T (d) NkgT
Soln.  The given Hamiltonian is

2
EoPe Ly
2m 2

According to equipartition theorem, the contribution of each quadratic term in Hamiltonian to average

thermal energy is %kBT . S0 the average thermal energy of one particle is

1 1
Ul :EkBT +EkBT = kBT

. Average thermal energy of N-particle system is
U =NU, = Nk, T
Correct answer is (d)

Problem : A system of N classical non-interacting particles, each of mass m, is at a temperature T and is confined
by the external potential V(r)= %2 Ar? (where A is a constant) in three dimensions. The internal energy of
the system is

@) 3NkgT (b) %N kgT © NCmA¥2ksT (d) N(@2mAY2 kgT

2

P

o . . 1
Soln.  The Hamiltonian of a classical particle H :2—+5Ar2
m

2 2 2
+ +
:M+£A(X2+y2+22)
2m 2
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Since the Hamiltonian has 6 quadratic term, the internal energy of a particle is 6><%kBT =3kgT

The internal energy of a system of N particles = 3Nk;T.
Correct answer is (a)

Problem : Asystemof N non-interacting classical point particles constrained to move in the two-dimensional surface
of a sphere. The internal energy of the system is
3 1 5
(@ 2 N kgT (b) 2 N kgT () NkgT (d) 2 N kgT

Soln.  Since the particle is moving on two-dimensional surface, its degree of freedom= 2
Hence, for N non-interacting particle total degree of freedom = 2N

Hence, totalenergy y = 2N xikBT
2

= U=NkT

Correct optioniis (c)

Problem : Mean total energy of a classical three-dimensional harmonic oscillator in equilibrium with a heat reservoir at
temperature T is:

3
(@) kgT (b) EkBT (€) 2kgT (d) 3kgT
Soln. The Hamiltonian of a three-dimensional harmonic oscillator is

2 2 2
+p2+
H :M+£klx2 +£k2y2 +£k3z2
2m 2 2 2

Since there are six quadratic terms, we have
(E) = Gx%kBT = 3kgT
Correct optionis (d)
Problem : Aclassical ideal gas of atoms with masses m is canfined in a three-dimensional potential [TIFR 2018]
V(X,Y,2) :%(x2 +y%+17%)

at atemperature T. If kg is the Boltzmann constant, the root mean square (r.m.s.) distance of the atoms from

the originis
< < 2k, T2 keT }'°
@ ( » ) ® ( 20 ) © ( 3 ] © (T]

Soln.  The given potential is V (X, y, z) :% (X2 +y? +2%)

Using law of equipartition of energy, we have
A 2 2 2 3
—(X“+y +2%))==KkgT
<2 ( y )> 5B

A, 3
= 2t =ZkeT
=5k




O
Kinetic TheOI‘y of Gases CAREER ENDEAVOUR

N /3kBT
I’r.m.s._ <I’ >_ 2 :

Correct optionis (a)

Molar Specific Heats

(@) Molar specific heat at constant volume (C ) :
It isgiven by

0
C,=| =—(E
v (8T< >]V .. (30)
where (E) is the average energy of one mole of the substance.

1

1
- Cv = fTranslation e E R+ fRotation X E R+ fVibration xR (31)

If there is no vibrational mode, we have

f=f + f

Translation Rotation

" CvzéR .. (32)
(b) Molar specific heat at constant pressure (Cp) :

For anideal gas, it is given by

Cp,=C,+R

If there is no vibrational mode, we have

Cp:(%+ljR ... (33)

(c) Ratio of specific heats/Adiabatic index (y) :
It is defined as
CP
Y= C_v .. (34)
If there is no vibrational mode, we have

(f + 1] R
Y= 2— =14+—
f A f ..(35)
2
Problem : For which gas the ratio of specific heats (C /C ) will be largest? [JEST 2014]
(a) mono-atomic (b) di-atomic C) tri-atomic (d) hexa-atomic
Soln. The ratio of specific heat is

c, (5+1R _
c - R ,Where f isthe degree of freedom for the gas

v 2

:1+£.
f

Since f is minimum for mono-atomic gas, i.e., f =3, C, /CV will be largest for mono-atomic gas.
Correct optionis (a)
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Problem : Consider the CO molecule as a system of two point particles which has both translational and rotational
degrees of freedom. Using classical statistical mechanics, the molar specific heat C, of CO gas isgiven in
terms of the Boltzmann constant k by [TIFR 2014]

5 3 1
(@) ks (b) 2k © ks (d) ks

Soln. For diatomic molecule, we have

ftranslation =3and frotational =2.
The average energy is

fransati ot 5
) :( translzatlonal + rotagonal + fVibrationaI] > kBT — EkBT'

d 5
Therefore, C. = —(U) ==k,
v dt< ) 2B

Correct optionis (a)

Problem : Consider oxygen gas at room temperature and pressure and assume that only translational and rotational
motions of the molecules contribute to the specific heat. If C,and C, denote respectively, specific heats at
constant pressure and volume, then the ratio C_/C, is

3 5 5 7
@ ¢ (b) 5 © 3 OF [11Sc : 2006]

Soln. Since there is no vibrational mode, we have

2

f
Since oxygen gas molecules are diatomic in nature, there are two degree of freedom associated with rotational
motion and three degree of freedom associated with translational motion.

So, total number of degree of freedom associated with motion of diatomic molecule, f =5
So, ¥ =1+§=1.4
Correct optionis (d)

Problem : Aand B are both classical ideal gases of diatomic molecules. The point-like atoms in Aare bonded rigidly
to formdiatomic molecules while in B they are connected by bonds of finite stiffness. The ratio ofthe specific
heat per molecule at constant volume of gas Ato gas B is [11Sc]

(@1 (b) 5/7 (c) 6/5 (d) 3/4

Soln. (i) Fordiatomic molecule A

f 3, f =2and fvibrational =0

translational — rotational

f i f ot 5
. Cv :( translzatlonal + rote;lonal + fvibrational ] R = E R
(i) For diatomic molecule B

f

translational — 3, frotational =3and fvibrational =1

7
" CV :ER

.. Required ratio = g

Correct optionis (b)
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Problem : Arigid triangular molecule consists of three non-collinear atoms joined by rigid rods. The constant
pressure molar specific heat (C,) of an ideal gas consisting of such molecules is
(a) 6R (b) 5R (c) 4R (d) 3R

Soln.  We know that,

fTr i f i

_ anslational Rotational

CV _( 2 : + 2| + fVibrational R

For anon-linear rigid triatomic molecule, we have
fTramslationall = fRotattional =3, and fVibrational =0

C, =3R
= C,=C,+R=4R
Correct optionis (c)
5
Problem : The molar specific heat of a gas as given from the kinetic theory is > R Ifitis not specified whether it is C,
or C,, one could conclude that the molecules of the gas.

(a) Are definitely monatomic (b) Are definitely rigid diatomic

(c) Are definitely non-rigid diatomic (d) Can be monatomic or rigid diatomic.
Soln.  We know that C, :@x R+@x R+@x RandC, =C, +R

For monoatomic gas, fTranslation =3 and fRotaltion = fVibration =0

Therefore, C,, = g Rand Cp = % R

For I‘igid diatomic gas, fTranslation = 31 fRotaltion =2 and fVibraltion =0

Therefore, C, =%R and C, =%R.

Therefore, the gas can be monoatomic or rigid-diatomic.
Correct optionis (d)

Mean Free Path

In the assumption of kinetic theory of gases, we assumed that the molecules of gas are moving with very high
velocity which means that molecules of gas contained in vessel should disappear in no time which iscontrary to
actual observation, because of absence of force to restrain their motion. Thus there was a serious objection
against the assumption that the molecules of a gas move with large rectilinear velocities. This difficulty was
solved by the Clausius who assumed that the molecules of a gas have a small, but finite size. These molecule
collide with one another after short intervals resulting in a change in both the magnitude and direction of the
velocities of the molecules.

Since there is no force acting on the molecules except during collision, they move in straight lineswith constant
speeds between two successive collision. Thus the paths of diffierent molecules is a series of short zig-zag
paths of different length. These paths of different length are called the free paths of the molecule and their
mean is called mean free path.

(@ The mean free path : It is defined as the average distance travelled by a molecule between two succes-
sive collision.
It can be calculated equals to

- 1
_\/EndZn (36)
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where d is the diameter of the molecule and n is the particle density i.e. number of molecules per unit volume.

N N
= k:m [ n:V} .. (37)
= A= KT , Where we have used PV = Nk,T .. (38)
J2 nd?P
(b) The collision time : It is defined as the time between two successive collision. It is equals to
A 1 _ KT
UV 2nd'nv V2nd?PY - (39)

where V isthe average speed of the molecules
(c) The collision frequency : It is defined as the number of collisions in one second. It is equals to

1 2w .. (40)
T

Problem : Estimate the mean free path of amolecule of air at 27 °C and 1 atm. Model the molecules as sphere with
radius r=2.0 x 10 m.
(@) 5.8x10°m (b) 5.8 x 10®m (c) 5.8 x10m (d) 5.8 x10m

Soln. Given: T =27°C=300K, P=1atm=1.013x 10° N/mz, r=2.0x10"%m

The mean free pathis A = LTZ , Where d is the diameter of the molecules = 2r
J2rd?pP
kgT

A=—8 _ _58%x10°%m
42nr?p

Correct optionis (b)

Problem : At what pressure will the mean free path be 50 cm for spherical molecules of radius 3 x 10°m? Assume an
ideal gas at 20°C.
Soln.  From the expression for the mean free path, we obtain

N 1

v - Ar2 2

where ‘r’is the radius of each molecule.

Combining this with the ideal gas law in the form PV = Nk_T, we have
ke T (1.38x107% J/K)(293K)

= = =5.1mPa
4n2r%  4An2(3.0x107°m)?(0.50 m)

Problem : If the pressure of a gas, at temperature T, in a closed container is decreased then the mean free path
of gas molecules will

(a) increase first then decrease (b) decrease
(c) increase (d) remain the same [H.C.U.-2016]
Soln.  The mean free path is given by
V

A=—frpr—

J27Nd?
For a closed container, all the quantities, i.e., Nand V will remain same and hence the mean free path will not
change.

Correct optionis (d)
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Problem : One mole of an ideal gas with average molecular speed v, is kept in a container of fixed volume. If the
temperature of the gas is increased such that the average speed gets doubled, then

(@) the mean free path of the gas molecule will increase

(b) the mean free path of the gas molecule will not change

(c) the mean free path of the gas molecule will decrease

(d) the collision frequency of the gas molecule with wall of the container remains unchanged
Soln. The mean free path of the gas molecule is given by

1
A= \/?nd n, (where n,, = number of molecules per unit volume)

Since the mean free path is independent of the temperature and of the average speed as well, the mean
free path of the gas molecule A will not changed in a container fixed volume.

Correct answer is (b)

Problem : Two boxes A and B contain an equal number of molecules of the same gas. If the volumes are V, and

Vg, and 4, and Az denote respective mean free paths, then

A A
a) Ay=2 b) A=-F
@ Ar=1g ()VA v
Box A Box B
N, d N, d
Soln. v, v,

The mean free path is given by

1 \

2{: =
\/Eﬂ'ndz \/EﬂNd2

Ve Ll
//LB VB VA VB

Correct option is (b)

An _ Je
Vi/Z _VE];JZ

© (d) AaVa =125V
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Problems to be Played
1. The gas exerts pressure on the walls of the container because the gas molecules
(a) Have finite size (b) Obey Boyle's law
(c) Have momentum (d) Collide with one another

10.

11.

Consider asample ofargon gas contained in a box of volume V. The root-mean square speed of the argon
atomsisv_. Ifthe gas is allowed to expand at constant pressure to a volume of 2V, the root mean square
speed of the gas molecules would be

\/_ V_m

(@ v, /2 (b) V2 v, (© NA (d) 2v,

A container of volume of 1 m? has a gas at 1 atm. The translational kinetic energy of the gas is
(@ 1.5x10*J (b) 1.5%x10°J () 1.5x10*J () 1.5x10°J

According to the kinetic theory of gases, pressure exerted by a perfect gas is equal to
1 . .
€)] 2 mv?, where v is average velocity (b) mgh

2 N / .
(© 3 E, where E is the mean kinetic energy per unit volume of gas
(d) all of these

The average translational kinetic energy of air molecules is 0.040 eV. The temperature of the air is (approxi-
mately) is
(@ 83.7K (b) 31.0K (c) 837 K (d) 310 K

The temperature of an ideal gas is increased from 120 K to 480 K. Ifat 120 K, the root mean square velocity
of the gas molecules is v, at 480 K it becomes

(@4v (b)2v (c)vi2 (d)v/4

If p isthe density of gas and C is the root-mean-square velocity of the molecules, the mean pressure of the gas
is given by

1 _ 2 \/§,D (1 4 =P C?
(@) P o (b) P=+3pC Cre T @ P=
The temperature in the Sun’s atmosphere is 2.0 x 10° K. The r.m.s. speed of a free electron, if it obeys kinetic
theory ofgas is
(@ 9.5x10°mis (b) 9.5x 10°m/s (€) 9.5x 108 m/s (d) 9.5x10°m/s

The most probable speed Vi and the root mean square speed 'c' are related by—

() Vi :\EC (b) Vinp :\EC (€) Vinp Z\EC (d) Vp Z\EC

A classical ideal gas in an enclosure is in equilibrium with a heat bath at a constant temperature. The ratio of the

root-mean square speed V, ., meanspeed V, .. and the most probable speed V,,, namely V, . 1V, ... 1 Vi,

ms !

IS
@2 0P owmaa 05

The average speed of molecules inagas at 20°C is v. At what temperature it will be 2v?
(a) 899°C (b) 586°C (c) 80°C (d) 40°C

ean
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12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Assuming the Maxwellian distribution of speeds for molecules of a liquid also, at temperature belowthe normal
boiling point of a liquid

1. molecules with higher speeds escape from the surface of the liquid.

2. molecules with lower speeds escape from the surface

3. average kinetic enegy of the molecules is the liquid increases as evaporation proceeds

4. average kinetic energy decreases with evaporation

(@)2and 3 (b)land 4 (c)2and 4 (dland3
Maxwell's law of distribution of speed show that the number of molecules with average speed is
(@) Very small (b) large (c) zero (d) exactly equal to 1.

Agas of molecules each having mass ‘m’is in thermal equilibrium at a temperature T. If v, and v, denote the

Cartesian components of velocity V of a molecule. The mean value of (v, + vy)3 §
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A gasofargon atoms is kept in a container of volume V and pressure P and is in equilibrium with aheat bath at
temperature T. The average energy of an argon atom in the gas is:

3
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where k_, is Boltzman constant.
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
@1l:1
(b)1:2
(©2:1
(d) depends on the moment of inertia of the two molecules
Above atemperature T, , the specific heat of a certain gas is approximate 3.5R, and is approximately 2.5R

below T, . The gas is most likely
(a) oxygen (b) ozone (¢) carbon dioxide (d) argon

In low density oxygen gas at low temperature, only the translational and rotational modes of the molecules
are excited. The specific heat per molecule of the gas is

1 3 5
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What is the mean free time of an oxygen molecule withv=v__ at27°C and 1 atm, where the radius of an
oxygen molecule can be taken equals to 2.0 x 107m?
(@) 1.2 x 10 sec (b) 0.2 x 107'° sec (c) 0.2 x 102 sec (d) 1.2 x 10-*2 sec

The mean free path is
(@) Inversely proportional to the pressure (P)  (b) directly proportional to the pressure
(c) proportional to P? (d) proportional to P*

The mean free path of the particles of a gas at temperature T, and pressure p, has a value A, . Ifthe pressure

is increased to 1.5 p, and the temperature is reduced to 0.75 T, the mean free path
(@) remains unchanged. (b) is reduced to half

(c) isdoubled (d)isequalto 1.125 A
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