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Estimate the fraction of molecular volume to
the actual volume occupied by oxygen gas at

y A

STP. Take the diameter of an oxygen
molecule to be 3A. PV !
Sol.  Given, Diameter, d=34, r=d/2=1.54 s L
= =15x 108
=
z 43
z V = molecular volume = —7r N (Where >
¥ 3 e —
+2 N-Avogadro's number) (@) What does the dotted plot signify ?
© (b) Whichistrue: 7\ > T, or T, <T,?
© _4 (22 813 23 :
@ = —x| — |(1.5x107°)” x(6.023x10°7) (¢) What is the value of PV/T where the
- 3 7 curves meet on the y-axis ? =
% =8.52cc () If we obtained similar plots for 1.00 x O
S V'’ = actual volume occupied by 1 mole of 1073 kg of hydrogen, would we get the o)
RS 0, at STP = 22400cc same value of PV/T at the point where O
: - the curves meet on the y-axis ? If not, -
- ¥ _ 8.52 ~38x10~ what mass of hydrogen yields the same 2
N V'o22400 valuc of PV/T (for low pressurc high o
(4% ] . =
X 13.2  Molar volume is the volume occupied by 1 temperature region of the plot)? o
2 mole of any ideal gas at standard temperature (Molecular mass of H, = 2_(:2 f" of S
§ and pressure (STP) which are 1 atmospheric 0, =32.0 4, R =831 J mol~'K"1.) 2
pressure and 0°C. Show that it is 22.4 litres. PV o m
Sol.  For one mole of an ideal gas, PV = RT Sol.  (a) For dotted plot, T RNt which is i'
RT true for ideal gas. z
N =7 [Where, R = 8.31J mol 'K "1, (b) As the temperature decreases, the :;
. deviation from ideal behaviour increases. 5
I'=2D3K, P=1atmosphere=1.013x 10°Nm™] Hence as deviation for 7, is more than 7, s
Fa
8.31x273 3 . Hence, 7| > T, X
= ——— =0.0224 m* =224 litres. B §
1.013x10 (¢) Required value of —= nR ®
13.3 Figure shows plot of PV/T versus P for T 3
1.00 x 1073 kg of oxygen gas at two different 1073 x 103 e
temperatures. = —————x8.314 JK'!=0.26 JK! §
o
=
I
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(d) No, because the no. of moles for
hydrogen will be different from that for
oxygen.

The required mass of hydrogen can be

3
BRI emiicig

found from

m= fibixd x103kg=6.3x107kg
8.314

13.4 An oxygen cylinder of volume 30 litres has

Sol.

CBSE-PHYSICS

an initial gauge pressure of 15 atm and a
temperature of 27°C. After some oxygen is
withdrawn from the cylinder, the gauge
pressure drops to 11 atm and its temperature
drops to 17°C. Estimate the mass of oxygen
taken out of the cylinder. (R = 8.31 J mol™
k-1, molecular mass of O, = 32cc)

Initially in the O, cylinder,

¥, = 30 litre = 30 x 10~3 m3

P, =15atm =15 x 1.01 x 10 Pa,

I =27+ 273 =300°K

If n| be the moles of O, gas in the cylinder,
PV, = nRT,

_(15x1.01x10°)x(30x107)
8.3x300
M = molccular weight of O, = 32g; Initial
cylinder mass = m; = nyM = 18.253 x 32
=584.1g
Let, n,

=18.253

— moles of O, left in the cylinder

=30 x 1073m3,
RT2

P,=11x101 x 105 Pa, T, =17+273 =290°K]

_ (11x1.01x10%)(30x1073)

- 8.3x 290

-, m, = final mass of O, in cylinder
=13.847 x 32=453.1g

Mass of Oxygen taken out of the
cylinder.

=13.847

584.1 —453.1 =131g

Iﬂl = ”12 =

13:5

Sol.

13.6

Sol.

13.7

Sol.
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An air bubble of volume 1 cm? rises from the
bottom of a lake 40 m deep at a temperature
of 12°C. To what volume does it grow when it
reaches the surface, which is at a temperature
of 35°C? Given 1 atm = 1.01 x 10° Pa.

Given, ¥, = 1.0 cm® =1 x 1076 m?,
=12°C=285K, P, = | atm + h|pg
=1.01 x 10° +40 x 103 x 9.8 = 493000 Pa

Let, V, = volume of bubble at the surface of

the lake M: P_~,_V2
T T,
AT,

T2 [Where, T, = 35°C = 308K,

142

P, = latm = 1.01 x 10> Pa]

V2

_(493000)x(1.0x107%)x308
285x1.01x10°

=5.275 x 10"5m3

Estimate the total number of air molecules

(inclusive of O,, N,, water vapour and other

constituents) in a room of capacity 25m? at

a temperature of 27°C and | atm pressure.

[Boltzmann constant = 1.38 x 10723 JK 1|

Given, V'=25m3, T=27 + 273 = 300K,

k=138 x 10733 JK.

Now, PV = nRT = n(NK)T = N'kT

where, nN = N'= total no. of air molecules in

the given gas

PV 5
v BV (1.01x10%)x25

=6.10 x 1026,
KT (1.38x1072)x300

Estimate the average thermal energy of a
helium atom at (i) room temperature (27°C)
(ii) the temperature of the surface of the sun
(6000K) (iii) the temperature of 10 million
kelvin (the typical core temperature in the
case of a star).

(i) Given, T=27°C=300K
Avcrage thermal cnergy = 3/2 kT

x1.38x1072 x300 = 6.2 x 10-21J

0| w
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(i) At 7= 6000K; Avg. thermal energy

Let C, C' be the rms velocity of Ar and He at
temperatures 7 and 7" K respectively.

= 3kt = 3><(1.38x|0‘33)x6000
2 2 3RT _ [3RT
I() NOW, C= — S —
= 124 % 107 ] M 39.9

(iiiy At 7= 10 million K, 7= 10K
; s e [T T
Avg. thermal energy = EkT M 4
Since, C = C',

x(1.38x1073)x10"=2.1 x 10-16 .

o | W

, \/3RT_J3RX253
399 N 4

13.8 Three vessels of equal capacity have gases at
the same temperature and pressure. The first or, T=2523.7K
vwsel-contams - (.mono?tomlc), the sec(fnd 13.10 Estimate the mean free path and collision
contains oxygen (diatomic), and the third frequency of a nitrogen molecule in a
o hexa!'luor Mie{polyntosmic). cylinder containing nitrogen at 2 atm and
Do the vessels contain equal number of temperature 17°C. Take the radius of a
e respective molecules? Is the root mean square nitrogen molecule to be roughly 14
m . A .
E spccd‘,o;' fmoltccl.llcs :lhchs S ",' the th:;c Compare the collision time with the time, the
z Ic::eess.t" s fsinanaha il Lo molecule moves freely between two
- RFE successive collisions. (Molecule mass of
5 Sol. At same temperature and pressure, all the nitrogen = 28u)
v vessels have same volume. ) 5 5
0 ) Sol. Given, P=2atm=2 x 1.013 x 10° Nm ~;
o By Avogadro's law, three vessels contain ey B .
a cqual number of molecules r=17C=20K,0=2x1=2 e
© = 10 Z
G Avogadro's no. N = 6.023 x 1023 =2x10""m o
S k=1.38 x 1023 J molecule 'K !; g
. ¢ =
N As Vypy = L M =28 x 1073 kg g
+ m w
< kT g
‘:ll I Mean free path, A = > A
w Voms < ——=, thercfore, at a given V2no?p =
o ' m o
%) . 0
§ Lcmrcraturc. .rmilspc:d of molcc:lcs will Ir:ot 1.38x 10723 x 290 g
= ¢ the same in the three cases. As ncon has = =T 3 i
the smallest mass, therefore, rms speed will be IR IRl ™ I e e ) Y.
the largest in case of neon. =i=1.11%10"m 2
13.9 Atwhat temperature is the root mean square §
speed of an atom in an argon gas cylinder _ [3RT  [3x8.31x290 z
5 Vims — - = 508.24m/s =
equal to the rms speed of a helium gas atom M 28x10 5
at —20°C? (Atomic mass of Ar =39.9 u and s
He = 4u). Collision frequency = no. of collisions per :
Sol.  Given, M=39.9, M'=4, z
dpsontie — 20T o 4 ag.% (P =
T'=-20+273=253°K 1.11x10~7 >
T
-
:‘;
o
=
I
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3.11 A metre long narrow bore held horizontally The diffusion of another gas under the same
(and closed at one end) contains a 76 cm long condition is measured to have an average rate
mercury thread, which trapsa 15 cm column of 7.2 em’s~!. Identify the gas.
of air. What happens if the tube is held |Hint : Use Graham’s law of diffusion :
vertically with the open end at the bottom ? R|/R, =(M,/M,)/>, where R,, R, are diffusion
ol.  In horizontal position, the bore will leave an rates of gases 1 and 2, and M, and M, their
air-column of 9 cm as shown in figure (a) so respective molecular masses. The law is a simple
as to balance the atmospheric pressure (= 76 consequence of Kinetic theory. |
cm of Hg) Sol. According to Graham's law of diffusion,
I5cm. 76 cm o 3 0 A_/I;
: i " M,
ﬂlllllllllllll). where, | = diffusion rate of H, = 28.7 cm- 3
— r, = diffusion rate of unknown gas = 7.2cm’s”!
ke e— M‘ molecular wt. of H, = 2u
91 cm 9cm -
Fig (a) (28T _ My o M =32
T P, =76cm & 72 V2 )
(= Volumc of air column = 15 cm? As M, = 32, which is the molecular mass of
% assuming area of cross section of tube = 1 O, gas hence the gas is Oxygen.
m cm? 13.13 A gas in equilibrium has uniform density and
* Total length of air column in the tube = 24 cm. pressure throughout its volume. This is
> = - strictly true only if there are no external
'g /\ influences. A gas column under gravity, for
7 24+ h example, does not have uniform density (and
= £ % pressure). As you might expect, its density =
o s \\ decreases with height. The precise o
o = \ 26 - i dependence is given by the so-called ‘law of 8
N § atmospheres’ O
° \ n, = ny exp [mg(hz —hl)/kBT] where n,, };
& 5 n, refer to number density at heights 4, and =~
§ Fig (b) h respectively. Use this relation to derive the 2
o In vertical position as shown in figure (b) if equatwl.l fo:: sedl.mefltatlon equilibrium of a E
S h' cm of mercury flows out to balance the Buspenion i 4 Houldeolomurs g
S atmospheric pressure then new pressure on ny = nyexpl-mg N 4(p— P)(hy = ) (pRT))| )
mercury column = 76 — (76 — h)= h cm of Hg where p is the density of the suspended =
The new volume of air column = 24 + A. particle, and p’ that of surrounding medium. =
Since the temperature remains constant [N, is Avogadro’s number, and R the >
during the transition from horizontal to vertical universal gas constant.| >
position |Hint : Use Archimedes principle to find the o
PV, =PV, apparent weight of the suspended paricle.| o
76 >< ]5 = h'x (24 + h) Sol.  According to Archimedes’ Principle : E
or i+ 24h - 1140 =0 Apparent weight ofthe suspended particle (mg) o
= h=238cm = Actual wr — (weight of an equal volume of §
Hence, 23.8 cm of mercury flows out from the the liquid) 2
tube in vertical position. B % 4
3.12 From a certain apparatus, the diffusion rate (mg) = mg — L—p' g J X
of H, has an average value of 28.7 emds!, p >
'E
CBSE-PHYSICS
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(++ Volume of particle = m/p and weight
= Vol. x density x g)

(mg") = mg (1 — p'lp) wll)
Given equation is

1Ny = 1y exXp {—%(/12 -h )} -(2)

Replacing mg by the apparent weight (mg)’
From equations (1) and (2), we get

ny =Ny exp{%[l —'p—') (112 —/11 )}
p

(X

This is the required equation.
13.14 Given below are densities of some solids and
liquids. Give rough estimates of the size of their

= RIN,)

atoms :
Substance Atomic Density (103
Mass (u) ke m-3)

Carbon (diamond) |12.01 2.22

Gold 197.00 19.32
Nitrogen (liquid) |14.0] 1.00

Lithium 6.94 0.53

Fluorine (liquid)  |19.00 1.14

Sol.

PHYSICS

@ INETIC

c0ORY
OF GASES

[Hint : Assume the atoms to be ‘tightly
packed’ in a solid or liquid phase, and use the
known value of Avogadro’s number. You
should, however, not take the actual numbers
you obtain for various atomic sizes too
literally. Because of the crudeness of the
tight packing approximation, the results only
indicate that atomic sizes are in the range
of a few AJ.

. 4 :
For carbon, Atomic mass = ET[RS X density

[ Volume =inR3)
3
= 12.01 x 1.67 x 1027 kg

4
== MB AR R3 x2.22 x 103 kg m™

s R3=215x%x1030m3

= R=129%x10"m=1.29A
Similarly for Gold , R = 1.59A
Liquid N,, R = 1.77A
Lithium, R = 1.73A
Liquid fluorine, R = 1.88A

| secrions]|  PRACTICE QUESTIONS <3

VERY SHORT ANSWER QUESTIONS

1.  Forideal behavior of a gas, state the condition
in terms of density of the gas.

2. Thevelocitics of three molecules A,B,C of a gas
arc 3V, 4V, and 5V respectively. Calculate the
R.M.S velocity?

3.  The ratio of vapour densities of two gases at
the same temperaturc is4 : 9. Calculate the ratio
of their r.m.s velocitics of molecules.

4. A container filled with Helium gas at 300 K is
heated to 600K. The coefficient of thermal
cxpansion of the container is negligible.
Calculate the change in the average K.E. of the
helium atoms.

The pressure of a gas at —173°C is 1
atmosphere, what should be the temperature of
the gas when the pressurce is 2 atmosphere if
the volume of the gas is kept constant?

The absolute temperature of a gas is increased
2 times. What will be the increase in r.m.s
velocity of the gas molecules?

Nitrogen and hydrogen gas are taken at the
same temperature. What will be the ratio of the
kinetic energies of nitrogen and hydrogen
molccule when nitrogen is 14 times heavier than
hydrogen?

2 ecm? of oxygen and 2 cm? of nitrogen gas are
taken at N.T.P. Which will have larger number
of molecules?

c P STUDY CIRCLE
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9. There are N no. of molecules of a gas in a 9.  Derive Gay Lussac’s law on the basis of kinetic
container. It is increased to 2N. Explain, with theory.
reason, how the pressure, total energyandr.m.s  10. Derive Avogadro’s law from kinetic theory of
speed of the gas will change? gases.
10. When a scooter runs for a long time, the air 11 Twoideal gases at absolute temperature T,and
pressure in its tyres increases slightly. T, are mixed. There is no loss of energy. Find
11. On what factors does the average kinetic the temperature of the mixture if the masses of
energy of gas molecules depend : Nature of the the molecules are m, and m, and the no. of
gas, temperature, volume? molecules are », and n, respectivel
12. Obtain the demensional formula for R used in : ~ ¥ : y
: ; _ 12. Draw P — V curves showing deviations from
the ideal gas equation PV = RT. ideal behaviour for a siven mass of for
13. Whatisthe relation between ratio of specific heats cal benaviour for a gIve i
: " two different temperatures.
y and degree of freedom £ of an ideal gas ? o .
14. At what temperature does all molecular motion 13- When air is pumped into a cycle tyre the
coans 9 volume and pressure of the air in the tyre both
15. Compare the mean kinetic energy of one mole arc incrcased. What about Boyle’s law in this
of Helium and Nitrogen at the same case ?
temperature. 14. Why temperature less than absolute zero is not
16. At OK, which of the following propertics of a gas possible ?
will be zero. K.E., P.E., Vibrational energy, Density? ~ 15. A box contains cqual number of molecules of
= 17. T1f in an isothermal process, pressure is hydrogen and oxygen. If there is a fine hole in
) decreased then what will be its effect on mean the box, which gas will leak rapidly ? Why?
Z free path ? 16. Two gases, each at temperature 7, volume V
. SHORT ANSWER QUESTIONS and pressure P are mixed suc.h that the
o temperature and volume of the mixture are 7'
5 1.  Statc the postulates of the kinctic theory of and V respectively. What would be the
& gases. pressure of the mixture ? Justify your answer
= 2. The rms speed of hydrogen molecule at a on the basis of kinetic theory. -
o certain temperature 7' is V. If the temperature 17, Calculate the value of the gas constant for one z
© of the gas becomes double and the molecule mole of an idcal gas. Given that onc mole of a .
g dissociatcs into atoms, what will be the speed gas at S.T.P. has a volume of 22.4 L. 8
Py of atomic hy drogch? _ 18. The pressure of a gas increases on increase of x
) 3. When a gas ﬁ!"—‘d na CIOS_Cd vessel is heated its temperature and also on decrease of its g
N through 2°C, its pressure increascs by 0.2%. volume. How are these cases different on the 3
N What is the initial temperaturc of the gas. basis of kinctic theory of gascs? &
§ 4.  The volume of vessel 4 is 4 times the volume L A E
o of vessel B and both of them are filled with the ONG ANSWER QUUESTIONS O
& same gas. If the pressure and temperature of 1 perive an expression for the pressure duc to 5
gas A is 4 times as that of gas B, then calculate an ideal gas. m
the ratio of no. of molecules of 4 and B. 2 F kinetic it r fisis ol [
5.  Derive a relation between pressure and kinetic ' FORIL KIEHIE S1E0rY 10K @Rsts, GKp R KISHC >
’ r P interpretation of temperature and absolute zero Z
CheERy 01 & (595, of temperature. "
6.  Show that average K.E. of each molecule of a R 2 0
. 3.  Explain the mecaning of mean speed, rms speed L
gas doesn't depend on the mass of the o
and most probable speed of a gas. s
molccule, but depends on the temperaturce of i . =
the gas. 4. Calculate the specific heats of mono, di and —
: _ o : » — <
7. Derive Boyle's law on the basis of kinetic triatomic gases from the law of equipartition of z
theory. CNELEY. . 2
8. Derive Charles’ law on the basis of kinctic >  Calculate the expression for mean free path of T
theory. an ideal gas. o
N
0
o
'."
I
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VERY SHORT ANSWER QUUESTIONS As it becomes double,
I.  For ideal gas, P = pRT oo Pressure will also be doubled.
For ideal behavior, p should be low. KE. = lmnCz
2 2 2 .
2 C= Cy+Cp+Cc “ It will also become double.
3 R.M.S speed, Cocﬁ
) 3 ) [t doesn't depend on the no. of molecules. So,
\/(3V) +@)"+(F) rSOV —408V it remains unchanged.
’ 10. On running the scootcr, the work donc against
7 friction is converted to heat. .+ Poc T, S0, as
3. J ; 2 ( the temperature of the tyre increases, pressure
will also increase.
3.9 11. The average kinetic energy of the molecules of
SRS Ay a gas depends only on temperature i.c.,
D E,, =1 (D).
4. Average K.E. = EAT 12. Since PV = RT
; 2943
Change in average K.E. So R =ﬂ=££ or Re [MLT ][]

T AT (K]

3 3 .
= K(600-300) = x300 x 1.38 x 10 = or  R=[MLAT 2K

* ANI1d13H

le =6.21 x 102! Joul 2

Youle - foule 13. v=Il+—

5.  When Vis constant, Poc T if
P P 14. Absolute zcro.

T T 15. Since mean kinetic energy per mole depends
I 2 only on temperature, hence it will be same for
Helium and Nitrogen.

ol . 2XQ@I-ND) 200 K 16. Since K.E. oc T and vibrations are excited only

:>T2:

S0S0S96ELL16* // OEL98BS6E66" L6+

N

i

o

0

A at high temperature, hence K.E. of vibrational g

= (200 — 273)°C = - 73°C cnergy will be zero at 0K. %

2

6. Cox+T .. Newrms velocity will bev2C  17. As mean free path A OC% [at constant T] §
Increase in r.m.s velocity = J2c-cC Hence on decreasing pressure, A will increase. 2

= (N2-1)C =(1.414 - 1) C=0.414C SHORT ANSWER QUUESTIONS %

3 1. Postulates of kinetic theory : — =

7.+ K.E/molecule= EkT (i) A gas consists of a very large number of =
Both will have the same K.E. and ratio will molecules which are perfect elastic spheres =

bel: L and arc identical in all respects for a given >

8.  Both will have the same number of molecules gas and arc different for different gascs. Q
as Avogadro's hypothesis says equal volumes (i) The molecules of a gas are in a state of %

of all gases contain equal number of molecules. continuous, rapid and random motion. =

i 1mn (iii) The size of the gas molecules is very small <

9.  Pressure= P=—pC’=——C? as compared to the distance between them. =
3 3 So, volume of all molecules of the gas is %

P o no. of molecules. negligible than the volume of the gas. §

S

Q0

S

I
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(iv) The molecules do not exert any force of
attraction or repulsion on each other, except
during collision.

(v) The collisions of the molccules with
themselves and with the walls of the
container are perfectly elastic.

(vi) Molecular density is uniform throughout
the gas.

(vii) A molecule moves along a straight line
between two successive collisions.

(viii) The collisions are almost instantancous.

RM.S speed, =C= C= m=V
M
New r.m.s speed = C' = AT,
M2

[Mass of atomic hydrogen is half that of its
molecular mass]

C'=2 2 =2V
M

R.M.S speed becomes double.

0.2
P =(P+—P) and 75, = (T +2)
2 100 2

0.2

P+—P

Ak P Mo’
I, T, T T+2

P _ P(1+.002)
T~ T30

= T+2=1002T

= 2=1.002T-T=0.002T

2
= T=——==1000K
0.002
Vy=4 Vg T,= 4T, and !I_jAV= 4Py
From ideal gas equation, %= n4R and
A

PV

A = HBR

Ty

5 3 .qs V
Dividing we get, i, A L>< T—B ;
I?B TA‘ PBVB

-4 _ =4 Loonging=4:1

From kinectic theory, pressure of a gas

P= %pcz , where p = density of the gas, Mean

PHYSICS

@ INETIC THEORY
OF GASES

K.E/unit volume of the gas = E :%pC2

[ Mass/unit volume = density = p]

2
P_1/3pC* 2 =§E

E 1/2pc* 3
Consider one mole of an idecal gas at absolute
temperature 7, volume /"and molecular weight M.
If m be the mass of each molecule and N is the
Avogadro's number then M =m x N

Pressure, P = lrlC2 = -l--ﬁ—/f-C2
: 3 3V
% PV=§MC2
From ideal gas equation PV = RT
Yucr—rr o Lmc2=2rr
3 2 2
1 2 3 1.2 3.R
— == = —mC" ==—T
szC ZRT > N

|
K.E/molecule= Em' &

RETLAPEE Y
2\ N 2

R
where, k = N = Boltzmann's constant.

“KEwxT
From kinetic theory, pressure due to an ideal

gas,

P=lpC2 =1£C2 — PV=1MC2
3 V 3
= PV« 2
But CocT (from kinetic interpretation of
temperaturc) “PVe«T

When T is constant, PV = constant

P:acl or V oci when T is constant,

which is Boyle's law.
From kinetic theory, pressure due to an ideal

I 5 1M, I M
as, P=—pC* =——C =2 V=C_C
. 3P T3Y 3PC

Vo C? fora given mass of a gas at constant

pressure. But C? « T (from kinctic theory)

V o T at constant pressure, which is
Charles’ law.
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From kinetic theory, P:%pC2 i M
For a given mass of a gas (i.e. M = constant)
and at constant volume (/ = constant)

P o C? but C% o T (from kinetic theory)

. P oc T which is Gay Lussac's law.
Consider two gases 4 and B at same

temperature 7, pressure P and having same g5

volume V.
Let M, My = Total mass of gas 4 and B; C,
c B R.M S velocities of gas 4 and B

m , mp = mass of each molecule of 4 and B;
n, ng = no. of molecules of 4 and B
rcspc.uwc,ly

M, =nm, and My = npmp

From Kinetic theory, prcssurc of gas 4 and B

are, P:l&c- nd P=— I MB Ctz.’, 13
3y A 3V :
M M
. P:l—AC3=l—BC12;
3V = 3F
2 2 14.
= MACA :MBCB ..... (l)

*" Both the gases are at same temperature 7.
. Average K.E./molecule of both the gases will
be equal.

1 2 1

)
. E-m/,(':‘ =—2—IHBFB

= mAC% E mBC[zg ..... (2)

2 2
Dividing (1) by (2), M4Ci MB(E
myCq  mpCy 15.
n,my =anB i n1 = IIB

my mp

All gases contain equal no. of molecules 16,

under same condition of pressure, volume
and temperature, which is Avogadro's
law.

3
Average K.E./molecule of a gas= EI\'T . Before

mixing, the average K.E. of the molecules of the

3 3
two gases = -2-/\’"1 T, + E/\’nz Ty , where n, and

n, are no. of molecules of gas 1 and 2
respectively.
After mixing, the average K. E. of both the gases

3
= EI\’(n] +ny))T

17

PHYSICS

@ INETIC THEORY
OF GASES

T is the absolute temperature of the mixture.
There is no loss of energy.

3 3
304 %l\'(ﬂl ‘+‘ﬂ2)T = EkﬂlT] +5k”2T2

B mTy +nyT5
(m +ny)
1 T, >T,

Ideal Gas

Real Gas

______
.........................

—_ 7

When air is pumped into a cycle tyre, a large
number of molecules are pumped in, and
Boyle’s law is applicable in a situation in which
the number of molecules remain constant.
According to the kinetic interpretation of
temperature,
Absolute temperature o average K.E. of
molecules.
As the heat is removed, the temperature falls
and velocity of molecules decreases. At
absolutc zcro, the molccular motion cascs 1.c.,
the kinetic energy becomes zero. As kinetic
energy cannot be negative, so no further
decrease in kinetic energy is possible. Hence
temperature cannot be decreased below 0K.

|
VM
Hence hydrogen gas will leak more rapidly
because of its smaller molecular mass.

From kinetic theory, p = %ﬂv

As v

nm‘x

MT

But7 T & Pac—
po o =

As both 7 and V remain unchanged but mass
M is doubled, so the pressure of mixture gets

doubled i.e., it is ecqual to 2P.
Volume of 1 mole ofa gasatS.T.P.=22.4 L
=224x103m?
_r
a3
_ 0.76x13.6x10° x9.8x22.4x10~2
- 273

=8.31 J/mole/K
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18. When the volume of a gas is decreased, the space Momentum transferred in one second by
for the given number of molecules of the gas ) 9
decreases and no. of molecules per unit volume Ay = 2mx x S L
increases. So, more moelcules collide with the 2a a
walls of the container per second and a larger Force exerted by molecule 4, on the wall
momentum is transferred, to the walls per second. ‘ ,,,xl2
Therefore, pressure of the gas increases. = hE—
When the temperature of the gas is increased, & : " .
the molecules gain more kinetic energy. Hence s f= mxy fi= mx3 f = mx,
they start moving faster and collide more T g AT g nT g

frequently with the walls of the container. Energy . Total force on the wall by all the molecules
and hence transfer of monentum per second to =F.=fith+ .. it
the wall of the container increases. Hence, 2 2 2
— o mx;  mx3 mx,
pressure increases. = —_— ... -
a a a
Long ANswer QUESTIONS o

1.  Let us consider, an idcal gas in a cubical

container of side a. F,
T V = volume of the container = a*, n = no. of Pressure exerted on the wall = P =—-
m
= molecules, m = mass of cach molecule v
= Total mass = M=m x n m . 2 2
ya o =—3—(\'| FX0 Fron T Xy ) :
o C, G, , C; = velocities of 4,, 45, ....., 4, a
o Y1021 (X5 V95 25), weeeee. s (x,,1,» 2,) arc the m .
. components of C}, C,, ......, C, along x, y, zaxes P\ = —3(\'| +y; +etyy ) ;
: - a
X respectively.
& R T 2 N
© Y ¥ 2 ——3(:, +25 +..... :,,) pa
= A a o
w 3 .o - 5 -
o | G + The molecular density is uniform. o
~. s \J = — = —
SN 2(//7 " v [3 13' ft P 2311‘+ Rr-+11 3P g
S | | I A P A X ¢
: T P, AP, +F, =
N Z A, —— O
3 * . :
% ) 1| m,, 5 m o
S .C}’ - P=§ _z(-Vl+"2+ ..... +.\‘,‘,)+—3 O
(S} a a =
= 4, d/ﬂ E
2 my( 5 5 5 pY:
4 (\1 +y3 +eaty ) +—=( +23 + +:,',)} _4
a o -
Z >
ya
e m 2
Initial momentum of 4| along OX = mx ; =— [(\12 +.‘,]2 4 :]2) " (\5?' +y§ + _,-5) z
Final momentum of 4, after collision along 3a =
OX = — mx, A 5 ( y _)] s
Change in momentum = —mx, = mx, =-2mx,, 77 Y+ Vn 2y 2
According to law of conservation of mome- %
m ] ) o)
ntum. Momentum transferred by the wall to = _(Clb +C 2, +Cn-) >
A= 2mx v >
e : ‘s T
- Time between two successive collisions o . 2
(C2+ct 2
2a I x _ i} G° +Cy" i +C," 1 MC2
= Z—: No. of collisions/s = - = — - 3_VL J_ 3_V
X 1 2a %

HIFZZ 16T8
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Where C = R.M.S velocity

_\/Cl2 +C23 +...+C,,2

n

|
:>P=_ C‘-q
3P

where, %: p = density of the gas
From Kinetic Theory of gases, Pressure of |

mole of an ideal gas = P:%%Cz

= py =%MC2 [ PV = RT)

c2 = 3RT

1.3
RT =—M
= " " I

= CoeT = CaxiT
When 7=0,C=0

Absolute zero is that temperature at which
the r.m.s speed of the molecules become

For three degrees of freedom,
3

K.E.= 4T
2

Total K.E. of I gm mole of the gas

3 3
= 5k7’xN=ERT, where R = kN

If dQ is the small amount of heat given to

increase the temperature by d7 of 1 gm mole
of a gas at constant volume, then dQ = 1.C.dT

LB (3y) 3
dl dT\2 2
C,-C,=R= C,=C,+R

e

- 2R+R=2R
2 2

Cp (IR _5

Cy T3/ 3
For diatomic gases, there are 5 degrees of

freedom.
Energy associated with one gm mole of a

zZero. . . 1 5
The molecular motion ceases at that diatomic gas = £=3 XEI"T x N =5RT
temmra@re. . . do d (5 5

Mean speed is the average speed with which C = T ar ERT = ER

a molecule of a gas moves.

If Vi Vs sases v, are the individual speeds of . C =C +R-= £R+R= ZR
the molecules then, mean speed £ k 2 2
Vi +V) +o 4, kT _S /)R _7
=y= — e ;
n mrn . QIR 5

r.m.s speed is the square root of the mean of

the squares of the random velocities of the
individual molecules of a gas.

:\j(‘|2+C32+....C,2, _ [T

C

ms n m

Most probable speed of the molecules of a gas
is that speed with which the maximum fraction
of total no. of molecules moves.

2kT

m
For monoatomic gases, there is only three

degree of freedom.

Most probable speed = v =

ax

|
K.E/molecule/degree of freedom = 5/\’7w (From
law of equipartition of energy)

For triatomic gases with linear molecule, there
are seven degrees of freedom.

Total energy associated with 1 gm

molecule of such a gas = 7 x %kT %N = %RT

e —i(7RT)=1R
dT \2 2

E C,:C‘.+R=1R+R:2R
' 2 2

Sp _O/DR_9

G IR 7

For non linear triatomic molecule, there are six
degrees of freedom.

Total energy associated with one
gm molecule of such a gas

= 6xlkaN=£RT=3RT
2 2

A T P STUDY CIRCLE

N
z
o
-
|
O
O
=
w
>
—
A
O
c
o
0
O
=
0
m
.)<
-
ar
>
Z
r
0O
aw
O
>3
=
b
>
<
@
>
Pl
I
o
N
0
N
=
I




PHYSICS

@ INETIC THEORY
OF GASES

NT-NEET-CBSE

ST'UDY CIRCLE

ACCENTS EDUCATIONAL PROMOTERS

dNITd13H

8 =i(3RT)= 3R
dT

C,=C,+R=3R+R=4R

Let us consider a gas possessing n-molecules
per unit volume. If d is the diameter of cach
molecule, then the moving molecule will collide
with all those molecules whose centres be
within the distance d from its centre.

o o o o o (o] o
o o o o o o °

— v/ »

Number of collisions made by a moving
. 2
molecule in 1 sec = nd“vn

. Mcan free path A

Total distance traversed in | sec

No of collisions suffered in 1 sec

v 1

pJ 2
nd“vn  ndn

Maxwell made correction to the term and found

\/_na' n'

A=

| secrion ¢ | NCERT EXEMPLAR QUESTIONS 3

CBSE-PHYSICS

MutrirLe CHoice Questions (MCQs)

volume ¥, ABCDEFGH at 300K (figure). One face
of the cube (EFGH) is made up of a material
which totally absorbs any gas molecule incident
on it. At any given time,

B

(a) the pressure on EFGH would be zero
(b) the pressure on all the faces will the equal

. - CUb.IC vcs?cl e v'cruc.al) (c) the pressure of EFGH would be double the
contains an idcal gas at NTP. The vessel is being ABCD
e carried by a rocket which is moving at a speed i
+ ; : N ) (d) the pressure on EFGH would be half that
0 of 500 m s-1 in vertical direction. The pressure on ABCD
5 of the gas inside the vessel as observed by us : . :
© Boyle's law is applicable for an
w on the ground .
o . lic (a) adiabatic process
(¥ (a) remains the same because 500 ms—! is very )
© i (b) isothermal process
o much smaller than v ¢ of the gas i obari
= (b) remains the same because motion of the (Z) = lar'(f POt
N vessel as a whole does not affect the (@ i i o .
. relative motion of the gas molecules and A cylinder containing an ideal gas is in vertical
'3 thewalls position and hss a plSt'OE of 1};‘155 M tl}at is abﬁ‘
N () will increasc by a factor cqual to to move up or down without friction (figure).
w the temperature is increased
§ (v2 . +(500)%)/v2 . where vy, was the
& original mean square velocity of the gas , M
b . . W,
0 (d) will be different on the top wall and bottom
wall of the vessel
2. | mole of an ideal gas is contained in a cubical

(a) both pand V ofthe gas will change

’ (b) only p will increase according to Charles'
B D law
A G (c) Vwill change but not p
(d) p will change but not V

A P STUDY CIRCLE

N
7L
o
N
O
O
=
w
>
—
-~
o
=
=
0
O
<
)
o
o=
—
I
>
Z
>
0
ac
O
=
\7<
70
>
<
@
>
o
pn
o
N
0
N
’."
I




* ANI1d13H

S0S0S96ELL716* // 0E19856E667 16+

CBSE-PHYSICS

IIT-NEET-COBSE

ST'UDY CIRCLe

ACC:NTS csDUCATIONAL PROMOTERS

Volume versus temperature graphs for a given
mass of an ideal gas are shown in figure. Attwo
different values of constant pressure. What can
be inferred about relation between p| and p,?

4 P,

100 200 300 400 500

TK)
@ pi1>p b) p1=p>
© pr<p (d) Datais insufficient

I mole of H, gas is contained in a box of volume
V'=1.00 m3 at 7=300 K. The gas is heated to a
temperature of 7 = 3000 K and the gas gets
converted to a gas of hydrogen atoms. The final
pressure would be (considering all gases to be
ideal)

(a) same as the pressure initially

(b) 2 times the pressure initially

(c) 10times the pressure initially

(d) 20times the pressure initially

A vessel of volume ¥V contains a mixture of 1
mole of hydrogen and I mole oxygen (both
considered as ideal). Let fj(v)dv, denote the
fraction of molecules with spced between v and
(v | dv)with f5(v)dv, similarly for oxygen. Then,

(@) f,(v)+f,(v)=f(v) obeys the Maxwell's
distribution law

(b) f1(v), f>(v) will obey the Maxwell's
distribution law separately

(¢) neither fi(v), nor f5(v) will obey the
Maxwell's distribution law

(d) f>(v)and f;(v) will be the same

An inflated rubber balloon contains one mole of

an ideal gas, has a pressure p, volume V and

temperature 7. Ifthe temperature risesto 1.1 7,

and the volume is increased to 1.05 ¥, the final

pressure will be

(@ Llp (®) p

(c) less than p (d) between pand 1.1

PHYSICS

@ INETIC THEORY
OF GASES

MurnpLe CHoice Questions (MCQs)
(ONE OrR MORE THAN ONE OPTION CORRECT)
ABCDEFGH is a hollow cube made of an

insulator (figure) face ABCD has positive charge
on it. Inside the cube, we have ionised hydrogen.

The usual kinetic theory expression for pressure

B C
P
A D
F G
E H
(a) will be valid

(b) will not be valid, since the ions would
experience forces other than due to
collisions with the walls

(¢) willnot be valid, since collisions with walls
would not be elastic

(d) will not be valid because isotropy is lost

Diatomic molecules like hydrogen have energies

due to both translational as well as rotational

motion. From the equation in kinetic theory

2
PV=§E,Eis

(a) the total energy per unit volume

(b) onlythe translational part of energy because
rotational energy is very small compared
to the translational energy

(c) only the translational part of the energy
because during collisions with the wall
pressure relates to change in linear
momentum

(d) thetranslational part of the energy because
rotational energies of molecules can be of
cither sign and its average over all the
molecules is zero.

In a diatomic molecule, the rotational energy at

a given temperature

(a) obeys Maxwell's distribution

(b) have the same value for all molecules

(c) equals the translational kinetic energy for
cach molecule

(d) 1s(2/3)rd the translational kinetic energy for
each molecule
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Which of the following diagrams (figure) depicts
ideal gas behaviour ?

SHORT ANSWER QUESTIONS

1. The container shown in figure has two
chambers, separated by a partition, of volumes
ayll AN | - 7, =2.0Land /,=3.0L.
% p
T pla V[ p27 V2
\ My )
The chambers contain p; =4.0mole and p, =5.0
mole of a gas at pressures p; =1.00 atm and p, =
2.00 atm. Calculate the pressure after the partition
7 ' ’ isremoved and the mixture attains equilibrium.
When an ideal gas is compressed adiabatically, 5 A g5 mixturc consists of molecules of 4, B and
its temperature rises the molecules on the .
- C with masses my > mp> m¢. Rank the three
average have more kinetic energy than before. i :
S § types of molecules in decreasing order of
The kinetic energy increases,
(a) becausc of collision with moving parts of (a)average KE (b) rms speeds
T the wall only 3.  Wehave 0.5 g of hydrogen in a cubic chamber
) (b) because of collisions with the entire wall olsize 3 cm kept at NTP. The gas in the chamber
Z (c) because the molecules gets accelerated in is compressed keeping the temperature constant
i their motion inside the volume till a final pressure of 100 atm. s one justified in
:_.‘, (d) becausc of redistribution of cnergy assuming the ideal gas law, in the final state?
% amongest the molecules (Hydrogen molecules can be consider as
3 spheres of radius 1A).
S VERY SHORT ANSWER QUESTIONS g .)
o ) 4.  When air is pumped into a cycle tyre the volume N
o Calculate the numbf:r of atoms "1 l39.4 g gold. and pressure of the air in the tyre both are Z
o 1]\flholar rlnass Oigdfi 1s197g m;lc : foPC. 1 increased. What about Boyle's law in this case? 8
~ ¢ volume of a given mass of a gas a s : : S
~: dtiinis 100/ce. Whatsill be it voline 4t 327°C2 5.  Aballoon has 5.0 mole ofhelium at 7°C. Calculate »
© The molecules of a given mass of a gas have (@) the number of atoms of helium in the 4
N root mean square speeds of 100 ms-! at 27°C balloon. g
& and 1.00 atmospheric pressurc. What will be the (b) the total internal energy of the system. =
& LO0L mcan ng g Epeeds of. (e m.OICCUICS at 6. Calculate the number of degrees of freedom of 0
e the gas at 127°C and 2.0 atmosphcric pressurc? : O
= 6 molecules of hydrogen in 1 cc of hydrogen gas Z
o Two molecules of a gas have speeds of 9 x 10 -
) . atNTP. =
ms-! and 1 x 106 ms-!, respectively. What is — _ o ) b
the root mean square speed of these molecules. 7. Aninsulate contame‘r conta‘mmg.monoaton?lc =
A gas mixture consists of 2.0 moles of oxygen gas of molar mass m is moving with a velocity >
Neglecting all vibrational modes, calculate the the change in temperature. g
total mtcrnal cnergy of the system. (Oxygen has LoNG ANSWER QUESTIONS <
two rotational modes.) =
Calculate the ratio of the mean frcc paths ofthe . Explain why >
molecules of two gases having molecular _ z::,
diameters 1A and 2A. The gases may be (a) there is no atmosphere on moon >
considered under identical conditions of (b) there s fall in temperature with altitude 5
temperature, pressure and volume. o
0
o
=
I
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Consider an ideal gas with following distribution
of speeds.

(a) Calculate vy,candhence 7.(m=3.0x10-20kg)
(b) If all the molecules with speed 1000 m/s
escape from the system, calculate new v
and hence T.
Ten small plancs are flying at a speed of 150 km/
h in total darkness in an air space thatis 20 x 20
x 1.5 km3 in volume. You are in one of the planes,
flying at random within this space with no way
of knowing where the other planes are. On the

s

MutripLe CHoice Questions (MCQs)

(b) As the relative velocity of molecule with
respect to the walls of container does not
change in rocket, due to the mass of a
molecule is negligible with respect to the
mass of whole system and system of gas
moves as a whole and (g = 0) on molecule
energy where.

Hence pressure of the gas inside the vessel,
as observed by us, on the ground remain
the same.

(d) Pressurcon the wall due to force exerted by
molecule on walls due to its rate of transfer
of momentum to wall.

In an ideal gas, when a molecule collides
clastically with a wall, the momentum
transferred to each molecule will be twice
the magnitude of its normal momentum is
2 mv. For the wall EFGH, absorbs those
molecules.

Which strike to it so rate of change in
momentum to it become only mv so the
pressure of EFGH would halfof ABCD.

(b) Boyle's law is applicable at constant
temperature and temperature remains
constant in isothermal process.

For ideal gas, pV = nRT = constant

average about how long a time will clapse
between near collision with your plane. Assume

for this rough computation that a saftey region

Speedm/s | % of molecules around the planc can be approximated by a
200 10 sphere of radius 10 m.

400 20 A box of 1.00 m3 is filled with nitrogen at 1.50

600 40 atm at 300 K. The box has a hole of an arca 0.010

800 20 mm2. How much time is required for the pressure

1000 10 to reduce by 0.10 atm, if the pressure outside is

l atm.

Consider a rectangular block of wood moving
with a velocity v in a gas at temperature 7 and
mass density p. Assume the velocity is along
x-axis and the area of cross-section of the block
perpendicular to v is A. Show that the drag force

on the block is 4r4v,, [—, where, mis the mass

m
of the gas molecule.

NCERT EXEMPLAR SOLUTIONS

So, pV'= constant (at constant temperature)

1

px -
So, this process can be called as isothermal
process.

(¢) Letus consider the given diagram where an
ideal gas is contained in a cylinder, having
a piston of mass M. The pressure on gas
does not change.

rpriiiizg

The pressure inside the gas will be

p=p,+Mgld

where, p, = atmospheric pressure

A = arca of cross-section of the piston.
Mg = weight of piston

Hence, p = constant.

As the piston and cylinder is frictionless
so the equation for ideal gas
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pV=nRT, volume (V) increases at constant
pressure.

as p, R, n are constant so,

VT

0 on increasing temperature of system its
volume increased but p will remain constant.
As we know that an ideal gas equation,

as the pressure and quantity of gas in
system are constant

pV =nRT =V = ["RJT
p

Vo 1 as n, R arc constant L oc (l]
T Np

pP
Slope of the V' — T graph,
_dV nR

m= ar 7 [m=slope of V-t graph]
& o« — Or moc : [-.- nR = constant]
dr p p

1
So, p X —

m
hence, 2L =2 o)

P2 m

where, m, is slope of the graph

corresponding to p; and similarly m- is
slopc corresponding to py. So slope of p,
is smaller than p,. Hence, (p, > p,).
Pressure exerted by gas is due to rate of
change of momentum (p) imparted by
particles to wall.
When the molecules breaks into atoms, the
number of moles would become twice.
From idcal gas equation,
pV =nRT
where, p = Pressure of gas, » = Number of
moles
R = Gas constant, 7= temperature
As gases breaks number of moles becomes
twice of initial, so 7, = 2n,

So, po« nT

Py _mh (2 )(3000)
o omT o m(300)
So, p, =20p,

Hence, final pressure of the gas would be
20 times to the initial pressure.

y 2

)

@

PHYSICS

@ INETIC THEORY
OF GAS

For a function f}(v) the number of molecules
(n) which will have their speeds between v
and v + dv.

For each function f;(v) and /5(v) number of
molecules remain same 1 mole each but due
to mass difference their speed will be
different.

Hence both gases of each function f;(v) and

f>(v) will obey the Maxwell's distribution
law separately.

As we know that an ideal gas equation,

pV =nRT

where, n=Number of moles, p = Pressure,
V= Volume, R = Gas constant,
T'=Temperature
pV
RT

If n, R are constant for the system or as
number of moles of the gas remains fixed,
hence, we can write

pV
— = constant
T

n=

p,V p.,V,
RT RT,
T,
0, =(p )
e

_(PX)A.1T)
ST pi=p =105V

and 75=1.17]
_ )Y( 1.|]
P 105

=p(1.0476)
So, final pressure p., will lics between p and
L.1p. )

MutneLe CHoice Questions (MCQs)
(ONE OrR MORE THAN ONE OPTION CORRECT)

(b,d)

Due to presence of hydrogen ions external
positive charge on the wall ABCD. The
usual expression for pressure on the basis
of kinetic theory will not be valid as ions
would also experience electrostatic forces
other than the forces due to collisions with
the walls of the container. Due to presence
of positive ion in place of hydrogen
molecules, the isotropy is also lost.
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2. (¢) According to the postulate of kinetic theory
of gases it assumed that pressure on the
gas molecule is due to only perpendicular
forces on wall due to motion of molecules.
They do not exert any parallel force, hence
there will not be any type of rotation
present.

So the pressure on the wall produces due
to only change in translational motion.

2
Hence, pV = EE

[where p = pressure, V= volume]
E is representing the only translational part
of energy.

3. (ad

Consider a diatomic molecule along z-axis
is so its rotational energy about z-axis is
zero.
So, the total energy associated with the
diatomic molecule is

1 2 1 5 1 o 1. 2 1. 3
=P+, +—mv =1 6. +—=1 0.
2 a2 * 2 2 27

try
Il

* ANI1d13H

In the above expression the independent
term is (5) and it contains translational

1 5
kinetic energy (—2"""' ] corresponding to

velocity in each x, y and z-directions as

1 5
well as rotation KE (31 m“] associated

with axis of rotations x and y.

S0S0S96ELL716* // 0E19856E667 16+
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As we can predict velocities of molecules
by Maxwell's distribution, hence the above
expression also obeys Maxwell's
distribution.

As 2 rotational and 3 translational energies
are associated with each molecule.

So the rotational cnergy at a given

2

temperature is (‘5

KE of each molecule.

er of its translational

CBSE-PHYSICS

PHYSICS

@ INETIC THEORY

OF GASES
(a,¢)
As we know that,
Gas cquation for idcal gas
pV=nRT, ... (1)

where, 7 and R are constant for a system
(a) Ifpressure p =constant, from (i)
V(Volume) o« 7(Temperature)
Hence verifes option (a).
(b) If 7= constant, from (i)
pV = constant.

Hence the graph must be rectangular
hyperbola.

So, reject option (b).
(¢) If V= constant,
from(i), poc T
Hence, the graph is straight line passes
through the origin.
So, verifies the option (c).

(d) Fromgraph (i), pV oc T

14 ;
So, %= (slope is constant)

atp=0,constant K=0, V=0
Hence, the graph through origin
Hence reject option (d).

(@) As the ideal gas compress, then the mean
frec path becomes smaller so the number
of collision per second between the
molecules.

When the gas is compressed adiabatically,
the total work done on the gas increases
its internal energy so wall increases which
increase the temperature of gas which in
turn increase the KE of gas molecules and
hence, the collisions between molecules
also increases.

VERY SHORT ANSWER QUESTIONS

As given that,
molar mass of gold = 197 g/mol

Molar Mass i.e. mass of Avogadro's number of
atoms = 6.023 x 1023 atoms

So, 197 gm gold contains = 6.023 x 1023 atoms
Number of atoms 1gm gold contain

~6.023x10%
197

atoms
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Number of gold atoms 39.4 gm gold contains
6.023x10% x39.4

) 197

_12.046x10%

=1.2046x10* atoms

Number of gold atoms.

As given that, for ideal gas equation
py=1atm,py=1atm, V;=100cc, V5 ="
T,=273+27=300K
T5,=273+327=600K

For idcal gas therelation is, pV oc T

pV
—— = constant
T
[V"= Volume of gas, T= Temperature of gas]
ph P
LT

:‘Vz—Vl{T’} (R)

But, V, = V[GOO X l
300 1

V2=2V!

Vy=2x100=200 cc

So, unit of P P,y) and (¥, ¥3) must same
separately but unit of 7must be in only on Kelvin
scale.

As we know that for a given mass of a gas the
root mean square velocity is

3RT
Vims = 7

where, R is gas constant, 7" is temperature in
Kelvin, M is molar mass of gas for a gas M is
constant.

SO’ Vrms o JF

(Vnns)l — ;‘_l (l)
(Vims )2 2

As given that, (v, ); =100 m/s, (V)5 =?
T,=27°C=27+273=300K
T,=127°C=127+273=400K

By putting the valuc of 7, T, (Vye); 10 €q. (i),

lod _ [0 _<3
(Vie)a V400 2

5.
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OF GASES

2x100 200

So, (vl‘lns )2 = _\/—3__ . ﬁ-

For n-molecules,
As we know that the r.m.s. velocity is

,
V2 vE v v
v _ 1 2 3 n
ms
n

m/s

where v|, v, V3, ....... v, are individual velocitics
of n-molecules of the gas.

According to question, root mean square speed
for two molecules.

vl +v;
L )
S0, Ve = 5

As given that,v; =9x106m/s and v, = 1x106 m/s

) _J(9><10"')2+(1><10f’)2
*Yrms T 2

_\/81><10‘2+1><10'2
- 2

~[s141)x10?
2

12
82x10% _ /o 10 mis

To find total energy for a given molecule of a
gas, we must find the number of degree of
freedom.

The molecule of oxygen has 2 atom.

Soithas (37+ 2R)=5 degree of freedom.

So O, is a diatomic gas having 5 degrees of
freedom.

Encrgy (total intcrnal) per mole of the gas

_3RT
2

[R = Universal gas constant, 7= temperature]
For 2 molcs of the gas total internal cnergy

=2x%RT=5RT (i)

Neon (Ne) gas is a monoatomic so its degrees of
freedom is only 3. Hence total internal energy

3
permole = 5 RT
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so total internal energy of 4 moles of Ne.

3
Energy= 4 XERT =6RT (ll)

[Using Egs. (1) and (i1)]
Hence total internal energy of 2 mole oxygen
and 4 mole Ne.
.. Total energy=5RT+ 6RT=11RT.
As we know that,
Mean free path of a molecule is

1
A=
\/Edzn
where, 7» = number of molecules/ volume

d= diameter of the molecule

As both the gases are identical so » will be
constant,

Hence, A o« Lﬁ

rs

SHORT ANSWER QUESTIONS

As given that,

Vi=20L,V»=30L, T)=T,5,=T

1y =4.0 mole, 1, =5.0 mole

p= 1.00atm, p, =2.00 atm

For ideal gas equation, pJ/ = uRT

So, for ideal gases in chamber 1, py, V= RT;
For ideal gases in chamber 2, py, V> =pn,RT;

When the partition between gases removed then
get mixed without any loss of energy. The
mixture now attains a common equilibrium
pressure and the total volume of the system is
sum of the volume of individual chambers V,
and V5.

So, u=p +Hy, V=V +V,
By kinetic theory of gases,
The kinetic translational energy for / mole

szgE

3 (per mole)

So the KE by gas of p; moles,
2 :
21 =§H|El (1)

Then the KE by gas of p, moles,

2
P2V, =§p2E2 (1)

By adding above two equation.
So, total energy is,

2
(pVy + paVs) =§(H|El +H, k)

From the above relation the combined cffect is

2 . 2
pV =§11,0u,1 per mole ='_;,'PE per mole

> T3
pi+V3) =§>{5(pr1 + szz)]

L 3
= As given that, d, = 1A, d, = 2A Finkh +igEs =5 (ah + Ala)
& As iy & — and 2, x — _nli+pb

_(100x2.0+2.00x3.0)
2.0+3.0 Aan

2+6

= ( ) =1.6 atm

(@) The average KE will be same as condition
of temperature and pressure are the same.

(b) For thc rms speed, the temperature and
pressure are the same.

B /3pV B ’3RT
ms M M
_ ’3RT_ (3kBT
mN m

where, M= molar mass of the gas

m = mass of each molecular of the gas
R = gas constant

T= absolute temperature (same for all)

|
So, Vims € 4/—
m

my > mg>mec (given)

Hence, (vrms )(' = (vmls)B > (vnns ).4
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3.  Consider hydrogen molecules as spheres of
radius 1A.
So, r=1A=radius=10"1"m

4
Volume of hydrogen molecules = 3 nr

103

4
Volume of | molecule = ;(3-]4)“ 0

=4 x1030m3
Number of moles is 0.5 g of H, gas
Mass

Molecular mass

0.5
== 0.25 mole (H, has 2 mole)
Molecules of H, present
= Number of moles of H, present x 6.023 x 1023
=0.25 % 6.023 x 1023
.. Volume of H, molecules

— number of molecules * volume of each
molecule

=0.25%6.023x1023 x4 x10-30m3

dNIT1d13H

4 =6.023 x1023x 10306 x 10 7m3
o Now for ideal gas at constant temperature is
0 considered to be constant
& iV =pfVs
- 1
@ v, =| £ K:(—J(Z&xlOz)"
= :
)
6
3 =%= 2.7x10 "m’ i)
N 10
o (.". Volume of cube V; = (Side)® and p;= | atm at
P NTP)
§ Hence on compression the volume of the gas is

ofthe order of the molecular volume [from Eq. (i)
and Eq. (11)]. Ifthe intermolecular forces will play
the role as in kinetic theory of gas, molecules do
not interact each other so gas will deviate from
ideal gas behaviour.

4. According to Boyle's law, at a constant
temperature the volume of gas is inversely
proportional to pressure i.e. it is valid only for
constant mass of gas.

When air is pumped, more molecules are pumped
and Boyle's law is stated for situation where
number of molecules remains constant.

CBSE-PHYSICS
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OF GASES

In that case, as the number of air molecules keep
increasing. Hence this is a case of variable mass.
Boyle's law (and even Charle's law) is only
applicable in situations, where number of gas
molecules remains fixed.
Hence, Boyle's law is not applicable in this case.
As given that
Number of moles of helium, »= 5 mole.
T=7°C=7+273=280K
(a) Number of atoms (He is monoatomic) in
S mole
= Number of moles x Avogadro's number
=5x6.023 x 1023 atoms
=30.115 x 1023 atoms
=3.0115 x 1024 atoms.
(b) He-atom is monoatomic so degree of freedom
is 3.
Average kinetic energy per molecule
S

where, kz = Boltzmann constant
. Net energy (£) of all the atoms
=Total internal energy

3
= E-kBT x number of He-atoms

_-;-xl.38x10 23 %280x%3.01150x10%*

Hence net energy of 15 mole of He

=1.74 x 104]
Ilydrogen molecule is diatomic so it has 3
translational degree of freedom and 2 rotational.
So degree of freedom in Hy molecule=3 +2=35.
volume occupied by 1 mole
= | molc of the gas at NTP
=22400 mL = 22400 cc
.. Number of molecules in 1 cc of hydrogen,

For 22400 cc H, gas at STP has = 6.023 x 1023
molecule

So, for 1 cc H, gas at STP has

~6.023x10"
22400

H, is a diatomic gas, having a total of 5 degrees
of freedom (3 translational + 2 rotational)

So, total degrees of freedom possessed by all
the molecules =5 x 2.688 x 1019 =1,344 x 1020,

—2.688x10"

A P STUDY CIRCLE

N
Zz
w
N
O
O
b
w
>
-
-~
O
c
S
0O
O
=
-
m
>
_
L
>
Z
>
0
I
@)
=
‘7\'
70
>
<
®
>
7
L
o
N
0
[N
=
I




PHYSICS
INIT-NEET-CBSE e}” TI THEOR
AINETIC THEORY
STUDV CIRCLE OF GASES

ACCcNTS cDUCATIONAL PROMOTERS

7. By the kinetic interpretation of temperature, The air molecules have large range of
absolute temperature of a given sample of a gas speeds. Even though the rms speed of the
is proportional to the total translational kinetic air molecules is smaller than the escape
energy of its molecules. velocity on the moon, a significant number
So, any change in absolute temperature of a gas of molecules have speed greater than
will contribute to corresponding change in escape velocity and they escape.
trranslational KE and vice-versa. So, rest of the molecules arrange the speed
As the gas is monoatomic so its degree of distribution for the equilibrium temperature.
freedom will be due to only translational motion, Again a significant number of molecules
which is three. escape as their speed exceed escape speed.

So, over a long time the moon has lost most

3 . . x
So if KE per molecule = Y RT L L

When, the insulated container stops suddenly At300K, Vi = L7
its total KE is transferred to gas molecules in the e
form of translational KE, so increasing in the = -
absolute temperature of gas let it be AT if n is \/3 x138x10 " x300
moles of gas. 1.67x10 %
r If AT'= change in absolute temperature. =2.72 km/s
E Then, KE of molecules increased due to velocity (- m=1.67 % 10-24kg)
% 1 - As acceleration due to gravity of moon is
& soKE = 5(/71)1)\’5 (1)

| .
—th. So, the escape velocity (v,,) on moon
where, n = number of moles, 7 = molar mass of 6

the gas = ,/2gR =2.38 km/sec.

Due to gravitational force, v, is greater

3
. . = n2RAT) (i : .
e 2 PA 1) than escape velocity. So, molecule of air

According to kinetic theory Egs. (i) and (ii) are can escape out.

equal (b) The temperature of atmospheric is due to
the KE ofair molecule.

l(,,,,,),,g = niR(AT) As the molecules move higher, their

potential energy increases and hence,
kinetic energy decreases and hence
temperature reduces.
> 2 At greater height more volume is available
_(mn)vy — mvy d d & i
AT=—""=_2 and gas cxpands and hence, some cooling
3nR 3R takes place.

2. (a) As we know that

(mn)v(z, =n3R(AT)

S0S0S96ELL16* // 0E19856E667 16+

Lonc ANswer QUESTIONS

2

1. (@) The moon has small gravitational force ; Z"i"i
(pull) and hence, the escape velocity is Vi = —=——

small. The value of escape velocity for the Z"’
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moon is 2.38 km/scc.

2 2 Fald
As the moon is in the proximity of the earth _my +tmys +......... vy <
as seen from the sun, the moon has the By Ry bW Fossnidh, %
same amount of heal per unit arca as that 2

where, v, 1s the rms speed for all

of the carth. molecules collectively. So,

HIFZZ16T8

(BSE-PHYSICS A 2 P STUDY CIRCLE



dNIT1d13H

SO0S0S96ELL 16* // OE19856E667 L6+ ¢

INT-NEET-CBSE

A ST'UDY CIRCLE

ACCENTS SDUCATIONAL PROMOTERS

.
211iv,. 2
= i
ms
3

n-n

2
\/n,v, +n,v, +n3v3 +ontnV
m+n,+ny+...+n,

For five (5) molecules, then

\/n]v, +n-,v, +n3v +n4v4 +n5v5
n +ny +ny +ny +ng

+ 20x(800)° +10x (1000)>
100

J 10%(200)? + 20 x (400)* +40 x (600)?

\/lOOOOx(4+'%2+l44+l28+100)x10

,/ "408 = J408x1000 = 639 m/s

Now accordmg to kinetic theory of gasses

%mvrzmS =%kBT

[k = Boltzmann constant, m = mass of

gascous molcculcs]

2
_ 1 mv,,

3 ky

1 30x107% x4.08x10°

—X

3 1.38x107%

204x107 10
69%x107%

=2.96x 102K =296 K.

() When all themolecules with speed 1000 m/s
escape out then

10x (200)% +20 x (400)>
5 +40x (600)* +20 x (800)*
Vims =
90
. []x4+2xl6+)
10 x100% x
~ 4x36+2x64
N 90
CBSE-PHYSICS
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_"10000 %:ﬂﬁo

=33.33x17.55
Vims = 285 m/s
I mv?
S ’I — ms
9YTe &

_1 3x 10726 x (585)°
3 1.38x1072

138

_(585)°
138

When planes can be considered as motion of
molecule in confined space this situation can be
considered as the time of relaxation mean force
path () bascd on kinctic thcory of gases. Mcan
frece path (A) is the distance between two
successive collisions, which we will consider
here as the distance travelled by the plane before
it just avoids the collision safc radius is
equivalent to radius of the atom.

Hence, the required time,

x107' =248.04 K

1
A =mean free path = m
. distance () A
fifig 8=y ==
speed %
1 |
So, t =————x— (1)
2nd*n v

Number of particles per unit volume

Number of aeroplanes (V)
Volume (V)

n=

0

 20%x20x1.5
Asgiven thatd=2x 10m=20m=20x 103 km
V=150km/hr

=0.0167 km*

1

1
[ =——x—
«/Endzn v

[v=velocity of aeroplane]
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By putting the values of d, v, n in equation (i)

1
V2 x3.14%(20)% x0.0167x10 ¢ x150

ft=

B 10° _10°
T 1776.25%2.505 44495
=224.74 hrs. =225 hrs.
4.  Asgiven that volume of the box, = 1.00 m3
Area (a)=0.010 mm?2=.01 x 106 m?

N, gas
p=1.5min ‘
I

) Hole

Poutside ~ I atm

Temperature outside = Temperature inside
Initial pressure inside the box (p;)=1.50 atm.
For outside (p,) = 1 atm

Final pressure inside the box (p';) = 0.10 atm
So after time T pressure reduced by 0.1 and
becomes (p’;) =1.5-0.1=1.4atm.

Assuming,

v; = Speed of nitrogen molecule inside the box
along x-direction.

n; = Number of molecules per unit volume in a
time interval of A7, all the particles at a distance
(v Ar) will collide the hole and the wall, the
particle colliding along the hole will escape out
reducing the pressure in the box.

Let arca of the wall, number of particles colliding
in time Az on a wall of cube

* ANI1d13H

|
=—pn;(v, At)A
zp I( X )

S0S0S96ELL716* // 0E19856E667 16+

|
3 is the factor because all the particles along

x-direction are behaving randomly. Hence, half
of these are colliding against the walls on either
side.

Inside the box,

2 5 ) bl
Vie + Vi +Vii = Vi (N2 molecule)

CBSE-PHYSICS
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3
K.E. of gas molecule = EkBT

1, 3
or Emv,;m = EkBT
[vrms = Root mean square velocity,
k= Boltzmann constant, 7= temperature|

) —
‘rms

vn'ns =
From (i) equation,

&
5 V. . 1 3/\' T
NOW, vi..-\' IS, B

3 3 m

or v = kT o v, = kgl

m m
.. Number of N, gas molecule striking to hole in
At time (outward)

At =lp ‘{A TAtA
2 m

The number of air molecule striking to hole in Az

BT(Ar)a

1
inward = —pn,
2 m

If particles collide along hole, they move out.
Simiiarly, outer particles colliding along hole will
move in.

If @ = area of hole
Then, net number of particle flow in Az time
going outward,

At = l pn, /kB—TAta = l P, . ’ﬂAla
2 m 2 "\'m
= l(pnI = pn,), /k”—TAta
2 "N m

[Temperature inside and outside the box are
cqual]

pV
V=uRT > nu=—
P M K RT

N (total no. of molecule in box) ( MV,
Volume of box
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IN.fl

P RT

(per unit volume)
2Ny
RT
Now, number of molecules gone out

and pn, = (per unit volume)

=pmV —p'mV

= l(pn, —p'ny) kB—Tta
2 m

. _ AN, BN,
[ pm —pny = RT RT
N
P P
RT )]
| N, [k, T
=—(P,— pYy—4L |-B_
2([ 2)RT m

Equating equation (i) & (ii),

Loy —pyy . [Ty

5 P1=P2) Ry, = R (PP )

So,rzz(ﬁ—PﬂK m
\B=p, ) a\k,T

Putting the values from the given values,

t_2(1.5—1.4J 1x1.00 \/ 46.7x107
1.5-1.0/0.01x10°° V1.38x10 ** x300

=2[E]—1 4T 10
0.5)10% V1.38x3

Z(IJIxIOS x1072 x 46.7

: ANI1d13H

S0S0S96ELL16* // OEL98BS6E66" L6+

4.14
— 2 \/457-— 10°V11.28
5

=—><3358 105 = 8717 108
5 5

=1.34 x 105 seconds
5. Letus consider the drawn diagram

L

V()

m = mass of the gas
, P= density of the gas

© 0 ¢ 0 ©o o
© 0 ¢ 0 ©o ©

0
[¢)
0
o
o
[}

[+]

Let p,, = number of molecules per unit volume,
P, 18 also a molecular density per unit volume.
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PHYSICS

@ INETIC THEORY
OF GASES

Vims = Ims speed of the gas molecule

When block is moving with speed v in gas the
molecules of gas strike to front face in opposite
dircction and on back face in same direction as v
>> vy, (box) sorelative speed of molecules w.r.t.
front face of block = (v + vy)

and relative speed on back face = (v - v)
Coming head on change in momentum
transferred to block a molecule per collision
=2m(v+vy)

Change in momentum by a molccule on back
side=2m (v-v)

where m = mass of molecule.

Number of collission in time

At = %(v + V)P A

where, 4 = Arca of cross-scction of block and
factor of 1/2 appcars duc to particles moving
towards block.

Momentum transferred in time

At =m(v+vy)*p, AAt from front surface.
Similarly, momentum transferred in time
At = m(v—vy)*p,, AAt (from back surface)

.. Net dragging force

=mp, A[(v+vy)* —(v=v,)*]
= .rnpmA(4vv(,) = (4mpmAv)v0

=(4p,, Av)vym (1)
So magnitude of dragging force due to gas

(from front)

molccule = (4mwyAp,,)
KE of gas molecule :

Ifv = velocity along x-axis
Then, we can write

KE = V2 =%kBT

| —
=

m

[where kg = Boltzmann constant, KE = Kinetic
energy, 7= Temperature)]

.. From Eq. (1),

Dragging force becomes (Fpy)

=(4mp,, Av)vy =4mp,, A, ’-’ﬂvo
m
So, Fp = 4mApva1{kB—T
m
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