Kinetic Theory Of Gases (Part - 1)

Q. 62. Modern vacuum pumps permit the pressures down to p = 4.10™™® atm to be
reached at room temperatures. Assuming that the gas exhausted is nitrogen, find
the number of its molecules per 1 cm® and the mean distance between them at this
pressure.

Solution. 62. From the formulap-nk T

e 2o %107 %101 x10° per m’
kT 1-38 x 10~ % x 300

= 1x 10" ptrma- 10° per c.c
Mean distance between molecules

(10" ce)? = 10 % 10" *cm = 0-2 mm.

Q. 63. A vessel of volume V = 5.0 | contains m = 1.4 g of nitrogen at a temperature
T = 1800 K. Find the gas pressure, taking into account that = 30% of molecules
are disassociated into atoms at this temperature.

Solution. 63. After dissociation each N2 molecule becomes two Adatoms and so
contributes, 2 x 3 degrees of freedom. Thus the number of moles becomes

Z(iem) and p= 2L (14 m)

Here M is the molecular weight in grams of No.

Q. 64. Under standard conditions the density of the helium and nitrogen mixture
equals p = 0.60 g/l. Find the concentration of helium atoms in the given mixture.

Solution. 64. Let n; = number density of the atoms, n2 = number density of
N2 molecules

Then p=nimgy+n, my

Where m: = mass of the atom, m> = mass of N> molecule also p = (n: + n2) kKT

From these two equations we get



-2y

Q. 65. A parallel beam of nitrogen molecules moving with velocity v = 400 m/s
impinges on a wall at an angle 0 = 30° to its normal. The concentration of
molecules in the beam n =0.9.10!° c¢cm™. Find the pressure exerted by the beam on
the wall assuming the molecules to scatter in accordance with the perfectly elastic
collision law.

Solution. 65.

nvx2myvecos 0 xdd cos O
dd

2 1
= 2mnv cos O

Q. 66. How many degrees of freedom have the gas molecules, if under standard
conditions the gas density is p = 1.3 mg/cm?® and the velocity of sound propagation
initisv=330m/s.

Solution. 66. From the formula
If i = number of degrees of freedom of the gas then
C,= Cy+RT and Cy= SRT

C 2 .2 2
y=L=14+4> or i= -—

C, i y-1 pv-

P

1

Q. 67. Determine the ratio of the sonic velocity v in a gas to the root mean square



velocity of molecules of this gas, if the molecules are
(2) monatomic; (b) rigid diatomic.

Solution. 67. " \/I?' \ I',%{ » and v, = \/S’NE- V/T;j
":ur-d- @- ﬁ

SO, o

(a) For monoatomic gases i = 3
¥

el '\/—ST-. 075

o 9

(b) For rigid diatomic molecules i =5

Facund 1 }l
¥ 15 " 68

ieil ]

Q. 68. A gas consisting of N-atomic molecules has the temperature T at which all
degrees of freedom (translational, rotational, and vibrational) are excited. Find the
mean energy of molecules in such a gas. What fraction of this energy corresponds
to that of translational motion?

Solution. 68. For a general no collinear, nonplanar molecule

3 . 3 :
mean energy = 2.& T (translational) + 3 kT (rotational) + (3N - 6) KT (vibrational)

= (3N - 3) KT per molecule

= %H (translational)

For linear molecules, mean energy + KT (rotational) + (3 N - 5) kT

(vibrational)

= [3 N- %] kT per molecule

L and 1
2(N=-1) 5

. . . IN - =
Translational energy is a fraction 3

in the two cases.

Q. 69. Suppose a gas is heated up to a temperature at which all degrees of freedom
(translational, rotational, and vibrational) of its molecules are excited. Find the



molar heat capacity of such a gas in the isochoric process, as well as the adiabatic
exponent v, if the gas consists of

(a) diatomic;

(b) linear N-atomic;

(c) network N-atomic molecules.

Solution. 69. (a) A diatomic molecule has 2 translational, 2 rotational and one
vibrational degrees of freedom. The corresponding energy per mole is

%RT, (for translational) + 2 x %RT, (for rotational) + 1 x RT, (for vibrational) = %RT

c
C,= 1R, and y= £ =

9
2 C, 7

Thus,

(b) For linear N - atomic molecules energy per mole

= [M - %] RT as before

6N - 3
6N -5

Cp= (JN—%)R and y =
So,

(c) For non collinear N- atomic molecules

N-2 N-273
IN-3 N-1

Cy= 3(N-1)R as betore (268) y=

Q. 70. An ideal gas consisting of N-atomic molecules is expanded isobarically.
Assuming that all degrees of freedom (translational, rotational, and vibrational) of
the molecules are excited, find what fraction of heat transferred to the gas in this
process is spent to perform the work of expansion. How high is this fraction in the
case of a monatomic gas?

Solution. 70. In the isobaric process, work done is



A = pdv = RdT per mole.

On the other hand heat transferred Q = CpdT

c,= [BN-"E)R

Now C, = (3N - 2) R for non-collinear molecules and for linear

molecules

1 non collinear
N=2

linear

L =1F3

_w-%
Thus
For monoatomic gases,

Q. 71. Find the molar mass and the number of degrees of freedom of molecules in
a gas if its heat capacities are known: cv = 0.65 J/(g*K) and ¢, = 0.91 J/(g°K).

Solution. 71. Given specific heats cp, cv (per unit mass)

Mic,=c)= R or, M= 2
P L
[ 2c
y=La —2.-+1, 0s, w2 a *
c._ i C-Pl Ep-r:l'
Also Sy

Q. 72. Find the number of degrees of freedom of molecules in a gas whose molar
heat capacity

(a) at constant pressure is equal to Cp = 29 J/(mol.K);

(b) is equal to C =29 J/(mol*K) in the process p' = const.

J 29
- (3} C = 29;—-—. ---R
Solution. 72. F K mole 83

207 2 a7
Com g3 R ¥= 5p7= 14=3

i= 35

(b) In the process pT = const



T dl dv
V-c::rnst, So 2 -V-ﬂ

T
CdT = Cvd:r“'PdVI CFJT'*%WIC?JT-P%dT
Thus
29 124 3
or C= 'I::I-'I-H-(EJR So l':v- ER- ER

Hence i = 3 (monoatomic)

Q. 73. Find the adiabatic exponent y for a mixture consisting of vi moles of a
monatomic gas and v2 moles of gas of rigid diatomic molecules.

Solution. 73. Obviously

1 3 3
ROv=antan

3
: : Cy= =R _ _ c
(Since a monoatomic gashas * 2 and a diatomic gas has

diatomic molecule is rigid so no vibration])

1 3 5

RO = gNhitsnhtnty;
LG _dnutTn

Hence Cv 3n+dn

Q. 74. A thermally insulated vessel with gaseous nitrogen at a temperature t =
27°C moves with velocity v = 100 m/s. How much (in per cent) and in what way
will the gas pressure change on a sudden stoppage of the vessel?

Solution. 74. The internal energy of the molecules are

U= %m”d{?—-nzb- %mﬁquz—vz}

Where V= velocity of the vessel, N = number of molecules, each of mass m. When

lnﬂﬁuzz-
the vessel is stopped, internal energy becomes 2



. . .. ALl = lmﬂri.
So there is an increase in internal energy of 2

temperature of

This will give rise to a rise in

%mﬁﬁ
AT= .

i
ZR

mNv*
1.4

There being no flow of heat This change of temperature will lead to an excess pressure

, p_MY o
And finally P iRT

Where M = molecular weight of N2, i = number of degrees of freedom of N

Q. 75. Calculate at the temperature t = 17°C:

(a) the root mean square velocity and the mean kinetic energy of an oxygen
molecule in the process of translational motion;

(b) the root mean square velocity of a water droplet of diameter d = 0.10 pm

suspended in the air.

Solution. 75. (a) From the equipartition theorem

3kT IRT
kT = 6 x 1072 J; and um-‘\j_m =Y - = 04Tkm/s

(b) In equilibrium the mean kinetic energy of the droplet will be equal to that of a
molecule.

I | L

2kT
cfpvfﬂ-%k?' of Voms ™= 3 xd p = 015 m.s

x
6

b | =

Q. 76. A gas consisting of rigid diatomic molecules is expanded adiabatically. How
many times has the gas to be expanded to reduce the root mean square velocity of
the molecules = 1.50 times?

Here i= 5,Cp= ER, ¥= %ghﬂ:n

Solution. 76. 2



v -\,"JRT-lv - 14/3R1 or T-LT

V' le TV¥ = constant or VT?= constant
i

v'[%r] VI or V=V or VenV
mn

The gas must be expanded ' times, i.e 76 times.
Q. 77. The mass m = 15 g of nitrogen is enclosed in a vessel at a temperature T =

300 K. What amount of heat has to be transferred to the gas to increase the root
mean square velocity of its molecules n = 2.0 times?

Sm o, .
Solution. 77. Here ©v= 2= 3 bere)

m = mass of the gas, M = molecular weight If vims increases 1 times, the temperature
will have increased n? times. This will require (neglecting expansion of the vessels) a

heat flow of amount

b |

LU -
TROP-1)T = 10 .

Q. 78. The temperature of a gas consisting of rigid diatomic molecules is T = 300
K. Calculate the angular root mean square velocity of a rotating molecule if its
moment of inertia is equal to 1 = 2.1.10%° ge cm?.

Solution. 78. The root mean square angular velocity is given by

%Imz- 2x ;—,ET (2 degrees of rotalions)

W = kT 63 x 10 rad/s

or I

Q. 79. A gas consisting of rigid diatomic molecules was initially under standard
conditions. Then the gas was compressed adiabatically n = 5.0 times. Find the
mean kinetic energy of a rotating molecule in the final state.

Solution. 79. Under compression, the temperature will rise



TV' '« constant, TVY" = constant

or’ T{“—IVI})Z/:" Tﬂp.%ﬂ' or, 7= “-tl‘i'T“

Q. 80. How will the rate of collisions of rigid diatomic molecules against the
vessel's wall change, if the gas is expanded adiabatically n times?

Mo. of collisions = %n <y = P

Solution. 80.

v H_' <y’ 1 E

Now ¥ v ) T

(When the gas is expanded n times, n decreases by a factor 1). Also

, . . v ) . —_—
T{'I'il"}y*-ﬂ' or T= 111"!]-- 50, ?- -_I-'I--'I'I =T i

i+l
i.e. collisions decrease by a factor " © ¢ = 3 here

Q. 81. The volume of gas consisting of rigid diatomic molecules was increased n =
2.0 times in a polytrophic process with the molar heat capacity C = R. How many
times will the rate of collisions of molecules against a vessel's wall be reduced as a
result of this process?

Solution. 81. In a polytrophic process pV" = constant. where n is called the polytrophic
index. For this process

pV"= constant or TV" "' = constant

dar av
T-l-{r.r—l} v =

Thep 9@= CdT=dU+pdV=C,dT+pdV

i RT i 1 i1
- 2RdT+8lav= LRaT-—1=RaT- [z‘n-1)R”

C=R so é-L- 1
Now =



1\=2_ (1y=2_ =l 1.
[ ] - [—] =7 i-2 lUmes = 552 times

Q. 82. A gas consisting of rigid diatomic molecules was expanded in a polytropic
process so that the rate of collisions of the molecules against the vessel's wall did
not change. Find the molar heat capacity of the gas in this process.

Solution. 82. If a is the polytrophic index then

pV®= constant, TV~ ! = constant.

vV ne's V. [TT vr\?

Now v n<» VVT yp-iz’

1

1

Hence a-1- "2 % a=-t
iR R
Then C=2 2=k



Kinetic Theory Of Gases (Part - 2)

Q. 83. Calculate the most probable, the mean, and the root mean square velocities
of a molecule of a gas whose density under standard atmospheric pressure is equal
top =1.00 g/1.

Solution. 83.

,V‘E,ﬁﬂ_ﬂ'%ﬂ - O
v, p- 7] o 0-45 km/s,

vom V2B = slkm/s and v, = V£ = 055 kmvs
np p

Q. 84. Find the fraction of gas molecules whose velocities differ by less than on =
1.00% from the value of

(a) the most probable velocity;

(b) the root mean square velocity.

Solution. 84. (a) The formula is

df (u) = ;If:_:.ule-"'du, where = ;‘l
P

l+bmn

Now Prob [lv—:le:e.q]-f df ()

£ 1-&n

- %E'luﬁﬁﬂ* %ﬁn - 00166

V= vV Ve

Um
IH‘i‘!ﬂ.l'

uwﬁ
2

(b) P'rnh[ < =B s

=

VEom)

o F f

- Pmb{



3 3
Vz+V3 én
-f ;—-uza"":du
k.1

VEoE
7-V3zon
= ixle_mxl 'b' % 1= 1

2V3 _in
e ¥2pn = 00185
Yr£ 2 V2nm

Q. 85. Determine the gas temperature at which

(a) the root mean square velocity of hydrogen molecules exceeds their most
probable velocity by Av =400 m/s;

(b) the velocity distribution function F (v) for the oxygen molecules will have the
maximum value at the velocity v = 420 m/s.

(3) Vg = ¥p= (V3 =¥2) ;-—T = Av,

Solution. 85.

2
Ta %(H‘?;‘i——vﬁ}] Jk = 384K

\ /2T mv’
p = v ofr T= 2% = 342 K

Q. 86. In the case of gaseous nitrogen find:

(a) the temperature at which the velocities of the molecules vi = 300 m/s and v, =
600 m/s are associated with equal values of the Maxwell distribution function F
(V);

(b) the velocity of the molecules v at which the value of the Maxwell distribution
function F (v) for the temperature To will be the same as that for the temperature
1 times higher

Solution. 86. (a) We have,

e

2
- I | 1,% .1 ¥y A I | 2kT v'i—vi
AL EA - - i or b':- =i

¥z

rms — g — m - {Invffv;j

| T

[



m (- v)

T= ——F = 330K
v
2kin—+
So €
3 2 -
Fv)= -—4—%—:'”\’::& 1L comes from F (V) dv=d f (), du= dv
(b) Vel "
- _da ety 2kT 2kT.
E—E ’Jr,- vif‘vhe Jfl, Vil-'Tn,l';:* Tnﬂlll}“"
Thus &

2 * U, 2
v_.‘li'gnu 1{' In 7
Thus m Vi-1/m

Q. 87. At what temperature of a nitrogen and oxygen mixture do the most
probable velocities of nitrogen and oxygen molecules differ by Av =30 m/s?

Y - Y s S i
. l#.,.- - — s - _M
Solution. 87. i My g 0
VEL (1 ./ M ]
vﬁ- "’p[,' Av= M, [1 = M,

M, (A my (Av)?
Tm — K - =
zn[l-\f-ﬂT:] 1&(1-1;‘%:)

Q. 88. The temperature of a hydrogen and helium mixture is T = 300 K. At what
value of the molecular velocity v will the Maxwell distribution function F (v) yield
the same magnitude for both gases?

i
e';_r{]_;l]- - or ﬂi(l-:{l—]- 11n\"|

7 = 363K

Solution. 88.
He =f 32
2 —vifvi Vz vzfvz v{_'r ur) Mg,
Tﬂ' L TE Ay, OF & = |=—
¥ My
Py Py



In myy, [ my,
Ve e H
My = My,

Putting the values we get v = 1.60 km/s

Q. 89. At what temperature of a gas will the number of molecules, whose velocities
fall within the given interval from v to v + dv, be the greatest? The mass of each
molecule is equal to m.

Solution. 89.

- T

For a given range v to v + dv (i.e. given v and dv ) this is maximum when

5 dN(v) 3;*3"3 R,
- = ”
Er_ ;!dv P v:
v’-iu}- L ..
or 2 m 3k

Q. 90. Find the fraction of molecules whose velocity projections on the x axis fall
within the interval from vy to vx + dvx, while the moduli of perpendicular velocity
components fall within the interval from v, to vi + dvi. The mass of each molecule
is m, and the temperature is T.

Solution, 90, ¢ v=2mv,dv,dy,

32
] E'% (v:+ vi)dv_t?.va_va_

m
dn(v)= N{sz]’

Thus

Q. 91. Using the Maxwell distribution function, calculate the mean velocity
projection {vx}and the mean value of the modulus of this projection 1 ¥= I if the
mass of each molecule is equal to m and the gas temperature is T.

Solution. 91. <¥«>= 0 by symmetry

=

-'!Ib' "'I"I'
{lP‘I}I-’. v]e” urdv ‘,f',.em dv, = v &TT dv ’ffe AT dv,



- "I“" % J‘ue'"tduffe"' du
o 0
1 _, e dx
VE [fera) [ e e
1] 1]
[2kT 1\ _ /2
“V5 T/ "[5]' m
Q. 92. From the Maxwell distribution function find %} the mean value of the

squared vy projection of the molecular velocity in a gas at a temperature T. The
mass of each molecule is equal to m.

Solution. 92.
<V :-'f EE J‘ _%;
/ot
1 0

ﬁ

B (3 p(l)-

Q. 93. Making use of the Maxwell distribution function, calculate the number v of
gas molecules reaching a unit area of a wall per unit time, if the concentration of
molecules is equal to n, the temperature to T, and the mass of each molecule is m.

Solution. 93. Here vdA = No. of molecules hitting an area dA of the wall per second

-jdﬂ{v)uxﬂ
]

m
v-fn o
2nkT
0

or,



_J-L )
Vel m
[1]
L /2T L
2"V " Vama 4™
BkT
[whcu <V = '\f ;; ]

d.

Q. 94. Using the Maxwell distribution function, determine the pressure exerted by
gas on a wall, if the gas temperature is T and the concentration of molecules is n.

2 1
] e - W{m]— dv"

Let, dn (v,) = n (z:‘ﬂ

Solution. 94.

be the number of molecules per unit volume with x component of velocity in the
range Vx to vx + dvy

p-fzmv‘wxdn{vx}

"‘1!*
a‘—-, '
ﬁ]&

Q. 95. Making use of the Maxwell distribution function, find (A/v), , the mean value
of the reciprocal of the velocity of molecules in an ideal gas at a temperature T, if
the mass of each molecule is equal to m. Compare the value obtained with the
reciprocal of the mean velocity.



Solution. 95.

<l> -I[L)M B anay)
p 2akT ¥
0

-2 m_ﬁ - [l mm) 4
2nkT n kT uzﬂkT] b T

Q. 96. A gas consists of molecules of mass m and is at a temperature T. Making use
of the Maxwell velocity distribution function, find the corresponding distribution
of the molecules over the Kinetic energies €. Determine the most probable value of
the Kinetic energy &p. Does gp correspond to the most probable velocity?

Solution. 96.
’ 32

M!E! m _."im dv
or. de N(Enﬂ' e 4m vz,;_f;

em Lo? so WL
Now 2 de  mv

32
) e VE 2

or,

2 _
- N kT) 32 o~V 172
Ve WD e

aN (e) = N%'{kﬂ‘me"’" eV? de
i.e. n

32 2
dN (v) = N(E%] e ™ g xvidv= dN (2) = L“Eﬂdg

The most probable kinetic energy is given from

d M{e}_

L2
=172 _-wiT E

1 1
* & 0 or, FE e - _eY™M_opor g= Ej:i"- Epr

kT



P-‘JLIHFF

Q. 97. What fraction of monatomic molecules of a gas in a thermal equilibrium
possesses kinetic energies differing from the mean value by 6n =1.0 % and less?

The corresponding velocity is

Solution. 97. The mean kinetic energy is

& -
32 - efkT 172 - ofkT I‘1_:5;"2! 3
CE> = E d: f - -
f € E}f‘ £ e de HI"{JIZ} ZH
0 1]
Thus
20stmr
o _ 2 (k) ¥ - AT 12
~ f 1|'|I,:_'[,I:I_-i"j e e de
%H(l-ﬁql

2 a3 6 a2
-ﬁe 5 26n=3 x ¢ an

If &1 = 1% this gives 09 %

Q. 98. What fraction of molecules in a gas at a temperature T has the kinetic
energy of translational motion exceeding &o if g0 > D»KT?

AN 2 an- -
| V- =D f Ve e~ 4
Solution. 98. "

- %(&n‘” \'Ef e ™ de (g, >> kT)
t.

2 -3 - £y -t kT
- 7= &n Veg kT e™ " = z*\fm.e o

(In evaluating the integral, we have taken out Ve as Veo since the integral is
dominated by the lower limit.)



Q. 99. The velocity distribution of molecules in a beam coming out of a hole in a
vessel is described by the function F (v)= A V3¢ ™22 ‘where T is the temperature
of the gas in the vessel. Find the most probable values of

(a) the velocity of the molecules in the beam; compare the result obtained with the
most probable velocity of the molecules in the vessel;

(b) the kinetic energy of the molecules in the beam.

Solution. 99. @) F()= Av?e ™27
For the most probable value of the velocity

3 3
FEW) ) oor 3aFe ™ _g4 2 2m i
dv kT

Y L
So, o m
24T
m  for the Maxwellian distribution.

=
Vor

This should become pared with the value

1 3
= — HiV

(b) In terms of eneigy, "2

IR T
Fle)= Av e I

2

12
- A 2e v 1 _Az_te-wr
Vime m

From this the probable eneigy comes out as follows : F' (¢) = 0 implies

2A( _wnr E __usr
e -— =0, or, g_= kT
m?( kT ] ol

Q. 100. An ideal gas consisting of molecules of mass m with concentration n has a
temperature T. Using the Maxwell distribution function, find the number of
molecules reaching a unit area of a wall at the angles between 0 and 0 + d0 to its
normal per unit time.

Solution. 100. The number of molecules reaching a unit area of wall at angle between 0
and 6 + d0 to its normal per unit time is



Ve o

dQ
du-f dn (v) 4xvmsﬂ
v=0

y 2
_Iﬂ(ﬁ] e ™3y in B eos 0d0x 2 x
1]

12
2k _x . 12
-"(;-3 fe xdxsmﬁmﬂdﬁtnﬁ::) sin B cos 840
1]

Q. 101. From the conditions of the foregoing problem find the number of
molecules reaching a unit area of a wall with the velocities in the interval from v to

v + dv per unit time.

Solution. 101. Similarly the number of molecules reaching the wall per unit area of the
wall with velocities in the interval v to v + dv oer unit time is

B= 22

dv dn (V) %vmﬁ

B= 0

= x2
m T ;.
-‘?I “"[Enﬂ"] e dv sinf cosB 40 x 2n

- 32 ,
- =mv F2kT .I!'.r‘.f
""[zn&r} € v

Q. 102. Find the force exerted on a particle by a uniform field if the concentrations
of these particles at two levels separated by the distance Ah = 3.0 cm (along the
field) differ by n = 2.0 times. The temperature of the system is equal to T =280 K.

Solution. 102. If the force exerted is F then the law of variation of concentration with
height reads



n(z )= HUE'H&T So, 1= FMT of Fe E%I_:_Tt -9 x 10PN

Q. 103. When examining the suspended gamboge droplets under a microscope,
their average numbers in the layers separated by the distance h = 40 urrn were
found to differ by n = 2.0 times. The environmental temperature is equal to T =
290 K. The diameter of the droplets is d = 0.40 pm, and their density exceeds that
of the surrounding fluid by Ap = 0.20 g/cm®. Find Avogadro's number from these
data.

Here F= E‘d‘iﬁpg_m of N = ﬁRTlll!I

N_h a 3
Solution. 103. a nd gAph

In the problem, # = 1-39 here
i}

= = - -3 = -7 = O 2 = ) 3
T=290K, =2 h=dx10 "m, d=d4%x 10”7 m,g=98m/s*, Ap=02x 10° kg/m and R = 831 J/k

6% 831 w200 % In 2
= 6d x 98 200 = 4

Hence, N, = x 10% = 636 x 10~ mole ™"

Q. 104. Suppose that 1o is the ratio of the molecular concentration of hydrogen to
that of nitrogen at the Earth's surface, while n is the corresponding ratio at the
height h = 3000 m. Find the ratio n/no at the temperature T = 280 K, assuming
that the temperature and the free fall acceleration are independent of the height.

concetration of H, e~ Mu, VT (M =M, )
SOIUtlon 104 n= oncenbation anzn Tlﬂ E-Hyz-x"fﬂr. TL[IE My Hy gﬁ.fRT

So more N, at the bottom, [IL = 1.39 here]

Ma

Q. 105. A tall vertical vessel contains a gas composed of two kinds of molecules of
masses mi1 and mgz, with m2 > ms. The concentrations of these molecules at the
bottom of the vessel are equal to n1 and n: respectively, with nz > ni1. Assuming the
temperature T and the free-fall acceleration g to be independent of the height, find
the height at which the concentrations of these kinds of molecules are equal.

H - - my gkt - = m gh/kT
Solution. 105, ™M)= me » iy ()= mye



n
1 R - kT
I where — = ¥ {om, - )

They are equal at a height h where K

kT Inn;-Inn,
or f=s —————e
g m-m

Q. 106. A very tall vertical cylinder contains carbon dioxide at a certain
temperature T. Assuming the gravitational field to be uniform, find how the gas
pressure on the bottom of the vessel will change when the gas temperature
increases 1 times.

Solution. 106. At a temperature T the concentration n (z) varies with height according
to

niz )= nue'mr

fﬂ{:‘!}di

This means that the cylinder contains °

-J‘Hne_"""‘f" dz =
o

ny kT
mg

particles per unit area of the base. Clearly this cannot change. Thus no KT = po =
pressure at the bottom of the cylinder must not change with change of temperature.

Q. 107. A very tall vertical cylinder contains a gas at a temperature T'. Assuming
the gravitational field to be uniform, find the mean value of the potential energy of
the gas molecules. Does this value depend on whether the gas consists of one kind
of molecules or of several kinds?

Solution. 107.
fmgze_q'fhdz f:e'”dx
0 ) _
<Us= & - kT T = AT



When there are many kinds of molecules, this formula holds for each kind and the
average energy

<lfe= EZL%- kT

Where fi a fractional concentration of each kind at the ground level.

Q. 108. A horizontal tube of length | = 100 cm closed from both ends is displaced
lengthwise with a constant acceleration w. The tube contains argon at a
temperature T = 330 K. At what value of w will the argon concentrations at the
tube's ends differ by n=1.0%?

Solution. 108. The constant acceleration is equivalent to a pseudo force wherein a
concentration gradient is set up. Then

E—.‘d"‘ w [/RT = 1

-n

. _RTIn(1 -1]}. nRT

= T0g
or

Q. 109. Find the mass of a mole of colloid particles if during their centrifuging
with an angular velocity ® about a vertical axis the concentration of the particles
at the distance r. from the rotation axis is 1 times greater than that at the distance
r: ( in the same horizontal plane). The densities of the particles and the solvent are
equal to p and to Porespectively.

Solution. 109. In a centrifuge rotating with angular velocity co about an axis, there is a

centrifugal acceleration w? r where r is the radial distance from the axis. In a fluid if
there are suspended colloidal particles they experience an additional force. If m is the

is —
mass of each particle then its volume P and the excess force on this particle
m 2 m 22
. —p=pwr . . —=—{p-plwF
is P ’ outward corresponding to a potential energy ~ %? ’

This gives rise to a concentration variation

n{r)= ngexp [+-2—I]Erf{p4pn]m:rzj



n(ry)

Thus "

M 2
= 1= exp +2PHTf|‘I-Da’}m (ri-rf]}

m M
i R‘M

where = ¥4 m is the molecular weight

_ 2pRTInm
Thus (p-pp) e’ (5 -r7)

Q. 110. A horizontal tube with closed ends is rotated with a constant angular
velocity @ about a vertical axis passing through one of its ends. The tube contains
carbon dioxide at a temperature T = 300 K. The length of the tube is | = 100 cm.
Find the value ® at which the ratio of molecular concentrations at the opposite
ends of the tube is equal to n = 2.0.

1 2 2
Solution. 110. The potential energy associated with each molecule is : 2"

and there is a concentration variation

mw® P M’ r
n{r)= noexp 2kT = Mo €XP 2RT

Mw* P [ZRT,
N=exp|Sep | or w= ﬁln‘q

Thus

. M=12+32=44gm, I= 100cm, R= 831x10" <% T 300,
Using e o X

we get o = 280 radians per second.

Q. 111. The potential energy of gas molecules in a certain central field depends on
the distance r from the field's centre as U (r) = ar?, where a is a positive constant.
The gas temperature is T, the concentration of molecules at the centre of the field
IS no. Find:

(a) the number of molecules located at the distances between r and r + dr from the
centre of the field;

(b) the most probable distance separating the molecules from the centre of the
field;

(c) the fraction of molecules located in the spherical layer between r and r + dr;
(d) how many times the concentration of molecules in the centre of the field will
change if the temperature decreases 1 times.



. Here n (r) = ngexp [- ﬁ]
Solution. 111. kT

(a) The number of molecules located at the distance between rand r + dr is

dxdrn(r)= dan, r,:{p(- g]rzdr

. d 2 _ _LJiT
(b) rpmgwmby;rir:[r]-ﬂ or, 2r iT 0 orr, "

(c) The fraction of molecules lying between r and r + dr is

dN 4zr2drnnexp (- ar*/kT)

H -
fftrl'.rzﬂ:rnﬂ:xp[-drzf’kﬂ
0

J“iurldrup( ](“] 4::_[1—.::];{-1}

32

GRNEGH

32
dN a - ar’
'ff“(;rr) ““’”f“l’[kr]

Thus

dN =N *E“-M dnrtdr exp[ﬁj

(d) n kT kT |
w2

|
o "0 N(ﬁ] P [-‘S: ]

When T decreases 1 times (n0) = no will increase n®? times

Q. 112. From the conditions of the foregoing problem find:

(a) the number of molecules whose potential energy lies within the interval from U
toU + dU;

(b) the most probable value of the potential energy of a molecule; compare this



value with the potential energy of a molecule located at its most probable distance
from the centre of the field.

. U 1 4U diy
Write U= ar® or r=\=, s0odr=Y - —==
Solution. 112. a a 2VU 2VaU

U du U
so dNs= nn4x-&*5~"-‘(a—'—'{? exp (E]

-3 g1 o (Y
=2nnya U cxp[kr]dﬂ

The most probable value of U is given by

d (dN 1 U -U 1
E[ﬁ]'“'[ﬁ'?]“l’[ﬁ] o Up= 34

From Q.111 (b), the potential energy at the most probable distance is KT.
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