fo/u fopkjr Hi# tu] ugh wijEHk die] foifr n[k NiM rjr e/;e eu dj *;leA
1#' flg 1dYi dj] Igr foifr vud] “cul® u NM /;; di] j%cj jH[k VdAA
Jlort eluo /e i.tri
Inx# Ji j.MNWnkl th eglfit

STUDY PACKAGE
Subject : PHYSICS

Topic : KINETIC THEORY OF GASES & THERMODYNAMICS

Avallable Online : www.MathsBySuhag.com

alke

CLASSES

..... the support

Index

Theory

Short Revision

Exercise (Ex. 1 + 5 = 6)

Assertion & Reason

Que. from Compt. Exams

39 Yrs. Que. from IIT-JEE(Advanced)
15 Yrs. Que. from AIEEE (JEE Main)

1.
2.
3.
4.
5.
6.
/.

Student’s Name :

Class
Roll No.

Address : Plot No. 27, llI- Floor, Near Patidar Studio,
Above Bond Classes, Zone-2, M.P. NAGAR, Bhopal
a2 0903903 7779, 9893058881, WhatsApp 9009 260 559
www.TekoClasses.com www.MathsBySuhag.com




Get Solution of These Packages & Learn by Video Tutorials on www.MathsBySuhag.com
SHORT REVISIONS

c Kinetic Theory Of Gases
@)
% 1. Assumption of kinetic theory of gases
©
g ® A gas consist of particles called molecules which move randomly in all directions.
U; 2 These molecules obey Newton’s law of motion.
a ) Size of molecule negligible in comparison to average separation between the molecules.
0 4 The forces on molecule are negligible except at the time of collision.
< © Al collision between molecules or between molecules and wall are pefectly elastic. Time of collision is
S very small.
= (6) For large number of molecules the density and distribution of molecules with different velocities are

§ independent of position, direction and time.
o3 2. Pressure of an ideal gas
&
@)
7 P= vz = py? H d

= -pvVi=ZpV ere y =mean square spee
8 3PV = 3PV v q p
8 v =root mean square speed
CG - >
= p = density of gas
O
2 p= 2 (o)

= (ZzpV
q) 3 2 ms:
=

p=2E

3
.. 3
& ==t
n
3 3
()
= So total K.E. K= EPV
€ 3.R.MS. velocity — depends on tempearture only for any gas.
2
L R R T
] Vims= n
v
S 1
& P=3 Vi
>
©
3 3P 3RT
N Vims = \E =\m
©
@®©
c—é 4. Most Probable velocity — velocity which maximum number of molecules may have
H 5. Average velocity
Y — VAV etV
LL Vg = n =0
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6. Average speed

v = [Vy| + [V, | +] Vg | + |V, |. _ [8RT
avg n ™M

7. Ideal gas equation

com

PV=nRT (container form of gas law/ pressure volume form)

= (ﬁ) RT (openatmosphere / pressure density form)

o

8. Graham’s law of diffusion :—

When two gases at the same pressure and tempearture are allowed to diffuse into each other the rate of
diffusion of each gas is inversely proportional to the square root of the density of the gas
rov where r =rate of diffusion

S

I.
L _ [P
I’2 P1

wn
o

9. Degree of Freedom (f)—No. of ways in which a gasmolecule can distribute its energy

10. Law of equipartition of energy : — Energy in each degree of freedom = 1/2 KT joules

If degreeof freedomisf. Energy= % KT joules.

f

_/f -
U='. KTnN, = © nRT

N |

11. Degree of freedom(f) in different'gas molecules

Molecules Translational Rotational
Monoatomic 3 0
Diatomic 3 2
Polyatomic 3 2 (linear molecule)
3 (non-linear molecule)

3
Translational energy for all type of molecules = > (nRT)

Law of Thermodynamics

1. Zeroth law of thermodynamics :— Iftwo bodies Aand B are in thermal equilibrium and Aand C are also
in thermal equilibrium.Then B and C are also in thermal equilibrium.

2. First law of Thermodynamics:—  Energy conservation for gaseous system.
Heat supplied to the gas = Increment in internal energy + work done by the gas.
AQ = AU + AW AQ is +ve for heat supplied
in differential form dQ =dU + dW AQ is —ve for heat rejected
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and  dQ=nCdT C =molar specific heat
C =C, (constant pressure) ; C = C,, = (constant volume)

f
du = > nRAT

V2
dw = j Pdv (P = pressure of the gas of which work is to be calculated)

V1
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AW = +ve for work done by gas (in expansion of gas)
AW = -ve for work done onthe gas (in contraction of gas)
Mol ific heat f i C—£R+ LdV—C +Ld\/
olar specific heat for a given process C =7 pavavae - SV T Pav L vap
Process C Monoatomic Diatomic Polyatomic
V= constant C,=(f2)R (312)R (5/2)R 3R
P = constant C, = R (5/2)R (7/2)R 4R

Mayor’s Relation C.,=C,+R

Note :— C of a gas depends on the process of that gas, which can be infinite in types.

monoatom'\c 513 =1.67
. - . Cp 42 diatomic o )
Ratio of specific heat :— rc, po’yafomic 7/5=14
4/3=1.33
and f= %_1
_ R . _ R
CV Tyl ! CP Tyl
Isochoric Process ( V= constant) Isobaric Process (P = constant)
dv=0=dWw=0 dP=0
By FLT dQ=dU=nC_dT By FLT dQ =dU +dw
T2
Q= [nC,dT =nC(T,-Ty) N, (T,=T) = (3)NR(T,~T J+nR(T,-T))
T
* Be careful if AV = 0 then not necessarily W=nR(T,-T)
an Isochoric Process.

* If AP =0 then not necessarily an Isobaric Process.
Isothermal Process (T = constant)

dT=0,dU=0

V2
Q=W =(nRT) [dv/V
%1
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So C is constantfor polytropic process
Efficiency of a cyclic process

AU = 0
0 AQ = AW

workdonebygas
heatinput

Efficiency N=

W Qout
an Qm
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(V1 b, = compression ratio)

isothermal

poly
di
mono o

\7 vV, V
Work done is least for monoatomic gas

V, P, VvV, P
W =nRT In v, T NRT In P,
» Adiabatic Process dQ =0hbut if AQ =0, it is not necessaserily adibatic.
dW=-dU ByFLT
anT nR(T1 -T,) PV,-R,\V,
W= I -
y-1 y-1
SoPdV +VdP=(y-1) ... (i)
For Adiabatic Process PV* = constant
dP dP
dV adiabatic - div isothermal
Polytropic process
PV"= constant
_ K dP | K N _ R R
P - 7 dT_n Vn+1 ) C - y—1+1—n
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EXERCISE - |
g Q.1  IntheP-V diagram shown infigure, ABC is a semicircle. Find the
% workdone in the process ABC.
©
=
3 P :
_____ B
U>J* Q.2 Two moles of an ideal monoatomic gas undergone a cyclic processABCAas 3P ) g
2 shown in figure. Find the ratio of temperatures at Band A . PN
= :
g v v,>V §
0 0 0
= Q.3  Theaverage degrees of freedom per molecules for a gas is 6. The gas performs 25 J of work when it g
§ expands at constant pressure. Find the heat absorbed by the gas . 9
(e}
(@)
o3 Q.4 1moleofanideal gas at initial temperature T was cooled isochorically till the gas pressure decreased n ©
& times. Then by an isobaric process, the gas was restored to the initial temperature T. Find the net heat o5
8 absorbed by the gas in the whole process. P E
%) o
: . 3Pr--------> B
% Q.5  Pressure versus temperature graph of an ideal gas is shown. ! &
0 Density of gas at point Ais p,. Find the density ofgasatB. [ ____ i 3
CG 0 P A | (@)}
@) ] ©
> Ty 2T, ! 2
o
= Q.6 PV-diagram of a monoatomic.ideal gasis a straight line passing through origin. Find the molar heat o
% capacity in the process. ]
o
e
Q.7  Anempty pressure cooker of volume 10 litres contains air at atmospheric pressure Q
g 10° Paand temperature of 27°C. It containsawhistle which has area of 0.1 cn? and < whistle ”(7)—\
D weight of 100 gm. What should be the temperature of air inside so that the whistle is @: .
8 just lifted up? .
= RN %
c Q.8 Inacycle ABCAconsisting of isothermal expansion AB, isobaric compression -t
o BC and adiabatic compression CA, find the efficiency of cycle cT -%
‘*G—) (Given: T,=Tg=400K,y=1.5) vV X
(@) o
G S
A
% Q.9  V-T curve for 2 moles ofa gas is straight line as shown in the graph here. %
o Find the pressure of gas at A. %
2
-] =
¢n Q.10 P-V graph for an ideal gas undergoing polytropic process PV™ = constant g
o) is shown here.Find the value of m. 39 @
C_CU) 4x105 V(m?3) 8
c 2
< Q.11 Airattemperature of 400 K and atmospheric pressure is filled in a balloon of volume 1 m?. If surrounding @
8 air is at temperature of 300 K, find the ratio of Buoyant force on balloon and weight of air inside
L
L
o
LL
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AQ
One mole of a gas mixture is heated under constant pressure, and heat required 2000 /
AQ is plotted against temperature difference acquired. Find the value ofy for
mixture. 0

100K AT

Ideal diatomic gas is taken through a process AQ = 2AU. Find the molar heat capacity for the process
(where AQ is the heat supplied and AU is change in internal energy)

page 7

A gas is undergoing an adiabatic process. At a certain stage A, the values of volume and
temperature = (V,,, T;) and the magnitude of the slope of V-T curve is m. Find the value of C,and C,,.

o

T (o0}

&

) ) 1 ] s}
Figure shows a parabolic graph between T and v for a mixture of a 2To )
[@))

gas undergoing an adiabatic process. What is the ratio of V, _.and speed To S
of sound in the mixture? ! o
(1/Vo) (4/Vo) (1/V) o

N~

The height of mercury is a faulty barometer is 75 cm and the tube above mercury having air is 10 cm -
long. The correct barometer reading is 76 cm. If the faulty barometer reads 74 cm, find the true barometer 0
reading.

903 90

A piston divides a closed gas cylinder into two parts. Initially the piston is kept pressed suchthat one part o
has a pressure P-and volume 5V and the other part has pressure-8P and volume V. The pistonis now left o,
free. Find the new pressures and volumes for the adiabatic and isothermal processes. For this gas 5
y= 1.5,

hopal Ph

e - b o CONLAINS 0Xygen at a pressure P, and.temperature T;/Another closed 2
vessel ofthe same volume V contalns heliumat a pressure of P, and temperature T0/2 Find the ratio of
the masses of oxygento the hellum

A gas undergoes a pracess in.which the pressure and volume are related by VVP" = constant. Find the
bulk modulus of the gas.

Anideal gas has amolar heat capacity C,, at constant volume. Find the molar heat capacity of this gas as
a function of volume, if the gas undergoes the process : T =T, e*V.

A standing wave of frequency 1000 Hz in a column of methane at 27°C produces nodes which are

20.4 cmapart. Find the ratio of heat capacity of methane at constant pressure to that at constant volume

(Take gas constant, R = 8.31 J-K-Imol1) v

One mole of an ideal monoatomic gas undergoes a process as shown in the /

figure. Find the molar specific heat of the gas in the process. .

T
One mole of an ideal gas is compressed from 0.5 lit to 0.25 lit. During the compression, 23.04 x 107 J
of work is done on the gas and heat is removed to keep the temperature of the gas constant at all times.
Find the temperature of the gas. (Take universal gas constant R = 8.31 J mol1K-1)

Teko Classes, Maths : Suhag R. Kariya (S. R. K. Sir), B

A mixture of 4 gm heliumand 28 gm of nitrogen in enclosed in a vessel of constant volume 300°K. Find
the quantity of heat absorbed by the mixture to doubled the root mean velocity of its molecules.
(R =Universal gas constant)
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The pressure of an ideal gas changes with volumes as P = aV where 'a' is a constant. One moles of this
gas is expanded to 3 times its original volume V. Find

the heat transferred in the process.

the heat capacity of the gas.

If heat is added at constant volume, 6300 J of heat are required to raise the temperature ofan ideal gas

by 150 K. Ifinstead, heat is added at constant pressure, 8800 joules are required for the same temperature
change. When the temperature of the gas changes by 300 K. Determine the change is the internal energy &
of the gas. e

70 calorie of heat is required to raise the temperature of 2 mole of an ideal gas at constant pressure from o
40°C to 45°C. Find the amount of heat required to raise the temperature of the same gas through the @
same range at constant volume (R = 2 cal/mol-K)

0 98930 588

a

The volume of one mole of anideal gas with specific heat ratioy is varied according to the law V = —,

=

where a isa constant. Find the amount of heat obtained by the gas in this process if the gas temperature
is increased by AT,

Find the molecular mass_of a gas if the specific heats of the gas are C,=0.2 cal/gm°C and
C,,=0.15 cal/gm°C. [Take R = 2 cal/mole°C]

Examine the-following plots and predict whether ini(i) P, <P, and T, > T ;in (i) T, =T,<T
in (i) V>V, in (iv) P, > P, or otherwise.

3!

PV A A A
2

1

ﬁv

(i) (i) (iif (v)
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