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KINETIC THEORY OF GASES

LONGANSWER QUESTIONS
Q. 1. Derive an expression for Maxwell's law of distribution of molecular speeds in a gas ?

Ans : The law of distribution of velocities was first guessed and partially established by Clark
Maxwell, the proof of which by dircct methods was given by Boltzmann. The law is known as the
Maxwell-Boltzmann's distribution law for the molecular velocities. Magwell and Boltzinan's utilizing
probability considerations, have in fact shown that the actual distribution of molecular velocities depends
upon the temperature and molecular weight of a gas.

In order to derive the Maxwell-Boltzmann's law.
Let the gas molecules be assumed to obey the following conditions;
1. The velocities along the three perpendicular co-ordinate axes arc independent of cach other.

2. The probability that any molecule selected at random has velocities lying between certain limits is
purely a function of the velocity and of the limits considered.

Consider a gas containing » molecules per unit volume. Supposc.
n, is the number of molecules having component velocity u along x-
direction. Then the number of molecules having component velocities
lying between u and u + du is n du. It can also be shown that the _ dw P
probability of molecule having some component of velocity in a particu- '
lar direction is a function of that component. The probability of a mol- du
ecule having Y-component between u and u + du.is f(1) du. Similarly the
probability of a molecule having Y - component between v and v + dv o
and Z-component between w and w + dw are respectively f(v) dv and
Jhw)adhw.

yA

v rig.

So the probability of ''%" molecules having components of velocity between u and (i + du), v and (v
+ dv), wand (w + dw) simultaneously is

Jtu) fiw) du dv dw.

Such probability of n molecu]es is nf(u) f(v) fiw) du dv dw. Now let us rcprcscnt all the molecules in
a velocity diagram with OX, OY, OZ, as the coordinate axes along which the component #, v, w of the
velocity C are respectively measured. Thus a molecule having the velocity components u, v, w will be
represented by a poing P” whose coordinates are #, v, w. Such a point is called a velocity point. All the
molecules whose velocity components lie in the range » and (u + du), v and (v + dv), w and (n + dw)
molecules in n_f{u) f(v) fiw) du dv dw.

These molecules will have the resultant velocity C where

C=uw+V +w
;zf/z()f(v)f(w) — ’7F(C) - ¢ (C’Z) ......... (])
Hence Fand ¢ are some other functions.
Differentiating the equation (1),
1) f1v) fiw) du + nftu) fv) fiw) dv + nnf(u) f(v) fiw) dw = 0
Dividing by nfu) f(v) fiw) we get
L @) du+ L) dv+ff(w) dw=0 (2)
7@ M o o) ( dassenns

Differentiating C? = u? + v? + w?
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Multiplying the above expression by a constant

L) = 4e
Stmilarhe, . zAE A iwd
Sl \‘ ) = .4(‘ = ‘I\k\\‘) — :{‘\ Y
Bl ek it i
: RERURN )

SFE) £ (= e

:i)

Seme-3, Physies

The constant Aand 4 can be caleulated by integrating the above aquation applying the boundary

conditions.
sra Tt P RN ~ < - . S - ~
Here "n" be the number of molecules per e, the molecules move with all velocities anging from

.
- 10+ . Then the number of molecules per c.e with velocity components between & and (& + ik

vand (v + av), wand (w = dwl is nfju) v fiw) din v dw

Hence n [ J-J.f(u\ T AW dudhGv=n
.f_ e £ FWduavav=1

Substituting the value of fu) 77v) M, we get

= R _‘5\5: S
Pllde 2 du avadw=
*= =5
~ . 5 i -t { &R
The value of definite integral | € du= \f—b—
“o

o)
by
‘o
o3|+
TR
V72000
Il
_

o1
Putting 7 A =
; 3 s el
N LE) or d= Léj- el @)

To determine the value of B, let us constder the pressure exerted by the gas. Lot "m” be

of each molecule.
As the molecules strike the wall in the YZ plane with the velocity @ and rebound, the rate of change

of momentum = 2mu (un_du)

X

Varn du
\l

Total change of momentum = 2m
A\

‘E"': fg _55:
= =n,— < -
\ o

But n, = nflu) =n ¢

s S

> the mass

4
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’)‘ i ‘u'
«. Pressure = 2mn [e " du

0

B [x] i
!

o Pressure = P 2mn / 3 S P =
n o4 I;‘_ Y]

. RT NkT
But {tom pas equation P = — = .

e

Where N is Avogadro's number, 4 is Boltzmann's constant

.’\,). . . o mn
Because T m o onkl ) 77;)) - k'l

B m

3 = ’
2k17 v (7)

1 :
B 1)‘)2 o m )
) w) A \2R kL) 0 L v o e @®)

Thus the Number of molecules having velocity components between # and (# + du) and v and
+ dv), wand (w + dw) is given by
dn = nf() J(v) J(W) du dv dw

. an' = A.‘C-A/Z(u: A 4w

v

du dv dw

dn = n (——Ql-—— e '"'/2”.(": D dudvdw e, ©)
2akT . :

Maxwell's eqn. (9) represents Maxwell's distribution Law. :

From this expression we can deduce the number of molecules having velocities lying between C
and (C + dC). Hence du dv dw represents an element of volume in the velocity space and its place, we
must substitute the total volume in the velocity space lying between C and C + dC. In spherical polar
coordinates the volume of the clement becomes 4 7w C°dC.

3

m g ~mC* 12kT ~2

codn=4mn (——— e CodGC: a7 e (10)
2akT :

This is the general expression for Maxwells distribution velocities of molecules.

1. The different parts of the gas has different velocities. This will result in relative motion of the
different layers of the gas with respect another. In such a case, the layers moving faster will impart
momentum to the layers moving slower to bring about an equilibriums state. This transfer of momentum
is known as "Viscosity".

2. The temperature of the gas may not be same through out. In such a case the molecules of a gas
will carry kinetic energy from regions of higher temperature to the regions of low lcmpcmtun, to bring
about an equilibrium state. This transfer of energy is known as "Conduction".

3. The different parts of the gas may have different molecular concentrations, in such a case the
molecules of the gas will move from regions of higher concentrations to regions of lower concentration to
bring about equilibrium state. This transport of molecules themselves is the phenomenon of diffusion. It is
thus clear that viscosity, conduction and diffusion represents the transport of momentum, energy and
mass respectively which are all grouped under the general term "Transport Phenomenon.”
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Q. 2. Derive an expression for the coefficient of viscosity of a gas on the basis of Kinefic theor:v
Ans : a) Consider a gas in motion parallel to the horizontal plane 2
(XY plane) and no motion along Z-axis. Let v be the velocity and it vu.%
increases upwards as z increases. ———y .
Let v be the velocity of the molecules of gas in the layer 4. The - l;’ v
molecules in B, above 4 possess greater velocity and the molecules in C, - % ¥
below A possesses smaller velocity. : A E—r v —A-g{-
We can consider every molecule, on the average to traverse a o -

distance 2 equal to the mean free path and then suffer a collision. If the

: L dv
velocity gradient is Z along Z-axis the mean molecu

Y

) ' dv ' av )
lar velocity of the molecules in B is (V = ;td-j and in C is (V -4 d_) . Due to thermal motion, on the
/z 'z '

average, the number of molecules along the Z-axis is one-third of the total number of molecules and only
one sixth of the total number in the down ward or upward direction along Z-axis.

Consider the gas consisting of n molecules per unit volume possessing the mean velocity ¢« The

: . . 1 .
number of molecules Crossing unit area per second in the upward direction is g n ¢ and this also equal

to the number of molecules in a pafallelopiped of unit face area and height Cis C n

The momentum transferred across the layer A due to the molecules going upward direction is 5

. dv .
mn C (V -4 ;) Similarly the momentum transferred across the layer A dut to the molecules going

. dv
downward is g mn (V"‘ A E (since momentum = mass x velocity)

Hence the total momentum transferred downwards on the

layer A is % nCm (v +A %) - -é-)fm (v - A ﬂj

Z dz
= 2 nCm A v = lnmEA Lid = lp CA i
6 dz 3 dz 3 dz

(Since mn= p density of the gas)
Since the change in momentum per second is the force acting, this change in momentum exert an
accelerating force on the lower layers or the lower layers will retuned this faster layer by the same force.

'

etarding force = 77

From the definition of viscosity, r per unit area.

dz
a 1 —_ dv 1. = -
H n—=— C/l —_— 5 - =— C/l
e METIP =g ,
b) As the temperature increases the coefficient of viscosjty of the gas increases. This g because
C T and neC

Q. 3. Derive an expression Jor thermal éonductividz of a gas on the basis of kinetic theory ?
Ans : Consider the planes 4, B, C parallel to-the XOY
plane and the distance between the planes Aand Bis 3 and A

and C is also 2 where 2 is the mean free path of the molecules

. —
e var YRR R I e
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z

de . : : . de
of the gas I the temperature gradinent along the Z-axis. __.._/r_ 0+r g
Hence the temperatures of molecules of the gas in the layers B A | E‘Q g

(9+/1d9j (0 PR ke
: are | and —A— scti . . Ay

‘ and C a dz s | respectively. __LE—"’"}»%;
' Fig ' o)

Due to thermal motion of the moiecules of the gas, the mass
of the molecul.es crossing unit area of the layer A per second v

.- mnC | :
in the upward direction or downward direction is ( 6 J where n is the number of molecules per

unit volume, m is the mass of molecule and ¢ is mean velocity of the molecules.

Quantity of heat carried by the molecules from B crossing unit area of A per second

mnC do .
=[ z jC‘_(G“L)»Ej i ‘ e D)

(C, is the special heat constant volume of the gas) ,
Quantity of heat carried by the molecules from C crossing unit area of A per second

mnC | do ' . :
=(~6—] c‘_(Q—lE] | » A @)

The net amount heat transferred per unit area of A per unit time is from hotter side to cooler side is

mnC dé mnC dé
ﬂz‘_‘ - = 16_3.;—
(6JC‘(9+'dzJ (6](’3( dz)

2mnC do 1 —= de , o
= A—|==pCAC, — - -
- ( 6 JCV( dz) 3,0 e : R 3)
(Sincemn= p)
From the definition of thermal conductivity the quantity of heat flowing per second across unit area
do ‘ ' . .
1 = — 4
1s O =kl 7 N | 4)
v dBirdip i do
From (3) and (4) We have k.l s - 3 PCAC" &=
1 —
SE= E pCLC,

O. 4. Derive an expression for the coefficient of viscosity of a gas on the basis of Kinetic theory?
Ans : Consider the case of two gases (say H, and N,) at the same temperature and pressure. Let

the two gases be brought in a vessel in such a way that the lighter gas H, is in th‘e_uppcr part and heavier
gas N, is in lower part. It is observed that the heavier molecules of N, move up while the lighter molecules

of H, move down till the gases become throughly mixed. This phenomenon is called as diffusion.
The diffusion is the process by which the mass gets transferred inside a gas from a region of higher
concentration to a region of lower concentration. '
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Panther, the diffusion coefficjens (03 of s yas is defined as the it "f pretessiibes of ”;':, :"h
CHOSSINGE Per Uil sug bice ey pret s per anit conicontition pradient. The phetiotnetion ",;m );, ,f:
pliinsed omy the Bisis of kinetio (e v ok gsises by conpsidering the seanspeort of the trinss G a given plane,
Vxpresston for diffuston coutficlent (13) 1 Comsider thnt a s of n
the gas is moving betweey gt sillef plsaties Abs aped € f g, |t thies compeenitin /4
o Ginbey of tiolee ey s snil w,hm,;:) Wi rensa iy yertieul diges i
an s po lrom A 1o CL theougli (e termedinte platie 4% (ser fipg
Thus, the concentration of e sas above K i grester than that below
XY onder o bring e cquilibrinm, the widee iles of e s wnill crerss ‘
e plane X% from Al 1o € 1y and vice yiy iy e s thersal apitation, | he nes B0
phenomenon is knowi s Adittasion. thie dif fusiens of pas tneleciiles thiretigphi o
the interiediate plane can be considered ue (e transpiont of the sy V.
Lt i concentration of s pnnlecules of plane 4,

7
’; .

-

pell VA

SN

i ,
fy " oM coteation peadient (pate of chiangpe of coticenteation in vertical direction ),
o ‘

’ ‘ n
Fhen, concentrntion pliane C1) < F
72

whete 7= distance hetween planes %Y and €15, Here 7. denites the trcan free path

’

. v_ n
salarly, concentration st plane Abs - -7, J

dz

A the molecules are inoving in sl possible disections due to thersnal agitation, we can take (1/3) of
the total nurmber move along any uzis or (116) of molecules along any azis in one particular direction. The
number of molecules crossing, plane 20 dowywards per unit asen per second will be

} o= . dn
(Ywiy, J
0 /.

ouz

‘ l( . dn
and  those upward will e Cl w7,
0 2
B, the net number crossing unit ares per second of plane XY in dowmward direction is
] - Lodn ) cLdn N dn
Clnt s, Cln=7. s o (', o
6 ! dz) 6 ! dz) 3 dz
Mo, the coctficient 1) is piven by

Mo, of moleeules eronsing unit arca per seo

J) = e . .
Caoncentration gradient
V. tn
7
:ll I/Z ’ ' - ’
"7 :
n ;] or (PR ,&(. /.
177

7 1 '
Movy, 1)+

Cwhere - L pC 7 coetficient of viscosity,
3op f 5
. "'
IR
f?
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1

Y
7 —00 —
For A oo nop Coo~JT , hence

D =T pl,
Conclusion : Thus, the coefficient of diffusion is directly proportional to T*2, where T is the
absolute temperature and is inversely proportional to pressure p.
SHORT ANSWER QUESTIONS
Q. 1. Derive the toothed wheel experiment to verify the Maxwell's law of distribution of molecular
speeds.

Ans : Inthe year 1920, Stern verified Maxwell's speed distribution law experimental arrangement, O
is an oven which Hg is evaporated. And the Hg atoms pass through the slits S, S, and two wheels A,B.
These wheel are arranged on the same axis at a distance, x. On the edge of each wheel there are 50 slots.
The slots in B are not exactly parallel to the slots in A, but are inclined at an angle at an angle 2°.

Oven S,

(o011

' kg ;
The beam of Hg molecules passes through S, towards S, through slots in 4 and B-and then strike the
glass plate P. S

The principle of the experiment is based on the fact that these molecules are able to pass through
a slot in B which have the requisite speed to cover the distance 'x' in the interval of time taken by the
wheel to turn through an angle of 2°. hese molecules deposited on the plate P. By rotating the wheels with
various speeds, the molecules of different speeds can be separated. By measuring relative densities, the
relative number of molecules lying in different ranges are calculated. It is found that the distribution of
speeds is in accordance with Maxwell's law. : '

Q. 2. Describe the experimental methods to verify the Maxwell's law of distribution of molecular
speeds. S ol
" Ans : It is observed from the graph that it resembles with the theoretical curve for Maxwell's
distribution law of molecular speeds. S
Estermann, Simpson and Stern Method : In 1947 Estermann, Simpson and Stern designed a
more precise apparatus to study the velocity distribution as shown in fig. -
Cesium atoms from the oven emerge from the opening 4. After

passing through the slit S, they fall on a hot tungsten wire P. The tungsten ——A. i[
wire is placed in a negatively charged cylinder which can be moved into l ': e o
different positions along the tungsten wire. The entire arrangement is en- Oven Sl

. s
closed in an almost evacuated chamber. , ! : T ,’Z.',
4 ' ' . T g

In the absence of downward gravitational pull, the cesium atoms strike the wire at P. But due to

gravitational pull, the atoms travel along parabolic path. The faster moving atoms meet the wire at P’ while
slower one at P". The slowest atom fails to reach the wire. ‘

When cesium atoms strike the wire, they get ionised and re-evaporate. They are collected by the

negatively charged detecting cylinder. The magnitude of the current indicates the intensity of the atoms.

“The cylinder is moved to different positions and the ionising current is measured. This gives the number of’

atoms striking the wire at different points.

L.w
R’
Nagatively charged
cylngesr positicn
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. : : o . : « strike the evlinder correspond to
The vertical heights on the detecting cylinder at which the atoms \\mkn. the eyling : long Y-axis and
the velocity of' the atoms reaching there, A graph is then drawn between tonisation curru\\tt { t\_ \; & 1‘6und S
. . = S .. alocityv distr S
the vertical height s (speed of atoms) of the detector along the \=axis. The velocity distributic

- . R TR . ith the Maxwellian distribu-
be inagreement with the Maxwellian distribution is found to be in agreement with the Maxwe 1
tion law of velocities. R

. D
Miller and Kusch Method : The Miller and Kusch appara- 1 - é\\} A;‘
tus (f1g) consists of an oven O in which thallium vapour is filled. The 0o S W&J /
molecules of the vapour come out at the oven through slit S. Then — -
they fall ona rotating eviinder R which has ¥ E————

a number of helical grooves Fie
1 te » . .
cutmnto its bedy. Finally the molecules come to a detector D where s

their intensity is recorded. The apparatus 1s

Here the rotating cvlinder acts
having a definite spead can only pas
speed of the evlinder

Kept in highle evacuated chamber.

as a velocity selector. At a particular angular speed. the molecules
s through the grooves and reach the detector. Let @ be the angular
and v be the speed of molecules that could reach the detector. Now

Time taken by the molecule to travel along the

grooves=/v (1)
where 1is the length of the cvlinder.
Further, t= 9/
where @ is the angular displacement of the eylinder . 2
From egs. (1) and ().
/- 8 oo e .
l—) = ort ——9— N R)

The angular speed of the cyvlinder is adjusted such th

pass through the grooves. They then strike the cylinder. The intensity of the beam of molecules (recorded
by detector) depends on the speed L selected by a groove. In this way. the numbe
particular velocity is given by the intensit

at molecules of different velocities are made to

r of molecules at a
v of molecules recorded by detector. It is observed that the
velocity distribution is found to be in agreement with Maxwell's distribution |

0. 3. Write the postulates of kineric theory of gases.
Ans ;1. All gases contain tiny, rigid, spherically shaped particles known as Molecules.
. The molecules are in random motion with different velocities ranging from zero to infinity.
- The molecules are colliding with the walls of the vessel and with the other molecules.

4. The molecules are perfectly elastic and there are no inter molecular forces of
repulsions.

QAW

90 12

attractions or

S. As the temperature increases the velocity of the molecules increases.

6. The average kinetic energy of the gas molecules is directly proportional to the absolute tempera-
ture of the gas. )

7. Between two successive collisionsm. a molecule moves in a straight line. This dist
the free path of the molecule. The average distance travelled by a molecule betw
known as Mean Free Path.

8. The time spent at a collision is neglected in comparison with the
free path.

ance 1s called
een the two collisions 18

ume taken to ravel the mean

9. The number of molecules per c.c. of the gases is very large and remains const

ant in the space.
From kinetic theory of gases. we can write

1 A
PV=—-mnC"

al

~

V = Volume containing 'n' number of molecules
m = mass of each molecule

¢ = mean square speed of molecules

T R RTINS =
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But C er = VCZ kY

According to law of equilibration of encrgy the total energy of a molecule is equally divided among
its degree of freedom. In translation motion, the molecule has three degrees of freedom.

< 1
Average KL.E. per degree of freedom = 5 kT

Q. 4. Writc a brief note on Mean free path and Degrees of freedom ?

Ans : According to kinetic theory of gases, the molecules of a gas are continuously moving with
large velocitics. They collide with each other. At each collision the speed as well as direction changes.
Between two successive collisions, the molecule moves in a straight line. This distance is called as free
path. Let a, b, ¢, d..... be the free paths i.e., distances travelled by a molecule between successive

collisions. Then average distance ) travelled between two collisions is

A=

a+b+c+d+...
n

'

where 1 is the number of collisions suffered by the molecule and 2 is known as mean free path.

Thus. the mean free path is defined as the average distance travelled by a molecule between two
successive collisions.
Expression for mean free path : For the simplicity of calculation, it is assumed.that

(i) Only one molecule under consideration is in motion while all other molecules of the gas are at

rest.
(ii) The molecule under investigation will collide with ,.___ o —mt
all those molecules whose centres lie within a distance d - {
from its centre as shown in fig (8). Alternately, we mdy v
describe the collision by regarding the moving molecule of : A
diameter 24 and all other molecules as point particles. ' __.’ , ‘, l
Let us now think that a molecule of equivalent diam- v bt 2 s -
eter 24 is moving with speed v through a gas of molecules @) 5 ! ®
ig.

assumed to be point spheres.
It is assumed here that only this molecule is under consideration and other point spheres of the gas

exert no force on each other. Now in time ¢, the moving molecule will sweep out a cylinder of length v ¢

and cross-sectional area 7 d? as shown in fig. Moreover, in time t this molecule will collide with all the
molecules whose centres lie w1thm the clyinder whose axis is the line of motion of its centre and radius

as shown in fig.

= Vv ' 0O O 0O 0O 0 0O 0O ©
The volume of the cylmdcr T’ : G‘) ©goggoo vo)
The number of molecules in the cylinder = 7’ v n v/ 0O 0 0o 0o o 00O
(when 7 is the number of molecules per unit volume) (@)
( number of collisions made by the molecules in one second
4
=gdvn ] 7,
Hence thc average time between two succcsslvu collisions dal q
| Lt L A -
rd*vn | (l"
v « ‘l I.
So the-average distance between two Successive colhslons &
. diytance cov ered in one sec ond 1 i ood
= 2
= number of collisions made per scc ond md®vn Crd*n
'
e —..‘ W - — - e e e R IR S, Ve B0 W
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1 1
Mean free pe T xdin
ean free path, rd n

. . e expression f
If m be the mass of the molecule, then m 5 = p , the density of the gas. Thus the expres or
mean free path in terms of density becomes

LA

erzp

Here (m/7r &) is a constant, hence 1 o 1/p

This expression shows that mean free path is inversely proportional to the density of the gas. We
also know that the density of a gas varies directly as the pressure and inversely as the absolute temperature. .
Thus the mean free path varies directly with absolute temperature and inversely as the pressure. -
_ Boltzmann on the consideration that all the molecules travel with the same average speed in all
possible directions, obtain an expression .

3 |

‘oL

Maxwell improved the above result by considering the distribution of molecular speeds and obtained

the result

1 _ '
JQ) wd*n : : Fonegs 2

Eq. (3) shows that the mean free path of a molecule is iﬁversely proportional to the square of the
diameter d and the number of molecules 7 per unit volume i.e., the density of gas

We know that ' ' ’

p=nkT or n=p/kT »
where k is Boltzmann constant.
Substituting the value of 7 in eq. (3), we get '

kT
J@) md® p

This expression shows that mean free path 2 is inverse
gas and directly proportional to the absolute temperature.

- 0. 5. What do you mean by Transport Phenomenon ?

ly proportional to the pressure of the

Ans ¢ The kinetic theory of gases explains satisfactorl

y the observed phenomenon like viscosity,
conduction and diffusion.

According to this theory, the molecules of a gas are in a st
possesses mass, momentum and energy hich it carries with in
collision with another molecule, it transfers either the moment
molecule in turn repeats the same as it collides with the third m
the gas may be treated as carriers or transporters of mass,
another through a series of successive collisions.

If the gas were in a steady state, transport of any these physical quantities in. one direction js just
balanced by an equal transport of same quantity in the reverse dircction.and, there would be no net
transport. But in the non-equilibrium state of a gas, there may be a large concentratio
momentum in one region of the gas. Molecules transport the quantity concerned fr
latter region through a long chain of collisions.

ate of thermal agitation, Each molecule
itself as it moves about in the gas. On
um or energy to the latter. This second
olecule and so on. Thus the molecules of
momentum or energy from one region to

n of either energy or
om the former to the

1. The different parts of the gas has different velocities. This will result in relative motion of the .
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different layers of the gas with respect another. In such a case, the layers moving faster will impart

momentum to the layers moving slower to bring about an equilibriums state. This transfer of momentum is
known as "Viscosity". :

2. The temperature of the gas may not be same through out. In such a case the molecules of a gas

will carry kir'xe.tic- energy from regions of higher temperature to the regions of low temperature to bring
about an equilibrium state. This transfer of energy is known as "Conduction".

3. The different parts of the gas may have different molecular concentrations, in such a case the
molecules of the gas will move from regions of higher concentrations to regions of lower concentration to
bring about equi}ibrigm state. This transport of molecules themselves is the phenomenon of diffusion. It is
thus clear that viscosity, conduction and diffusion represents the transport of momentum, energy and mass -
respectively which are all grouped under the general term "Transport Phenomenon." -

Q. 6. Obtain the relation between viscosity (n) and thermal conductivity (k) of gases.

Ans : The relation between thermal conductivity and viscosity is expressed as
The coefficient of viscosity of gases expressed as

1 —
n =—§pC/l

9

and the coefficient of thermal conductivity of gases expressed as

| _
K=§,0C C, A

| — :
in place of 5 pCA put 77 ineq (2) we get

1
k= ngl-Cv K=1nC,

k 1
So—= Cv (Or) l e
n K C,
. SOLVED PROBLEMS |
Q. 1. - Calculate the mean free path of hydrogen molecules given that the diameter of the mol- -
ecules =3 x 107°m. At standard pressure of 760 inm of Hg a mole of the gas has 6 x 107
molecules and occupies 22.4 x 10° m3. ~ ' ' '

Sol:d=3 x 10°m

6x10%
n= W molecules / m3

1 22.4%x107°

)L:\/Eﬂ'nd?‘ T 6x102 x9x107%

A=9x10"* = m (nearly)

. Q. 2. Find the mean free molecular path in air given the density of air = 1.2 x ]_0'3 gm/cn?® at 0°C
and the pressure of 10° dynes/Sq..cim and its coefficient of viscosity h=1.7 x 10" dynes / Sq.
cm per unvelocity gradient.

1 -
Sol : Since 11 = 3 pCA
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% A = A—:—;!].—
pC

. 3P
From C = |—

P

A

Hence,

A=17%x107 % |3

10° % 1.2 % 10"
0°C and a pressure
gradient.

] 2
Sol :1) p = ?; pc

1 -— 41
et ) 5/)/1 3Ip/p :/l\/,)p/."i.

Substituting value given

3

A=17%107° W=8.4‘)8%10’”m
Sl ,

Q. 4. The viscosity of argon gas at N.T.Pis 2.1 « 10°* Newton sec mr

20

Find the mean free path of molecules of air,

Sem-=3, Physicy

i

3
— -
3/ ’\//’/’
Iy e

8.A98 210" ¢m

)
taken as uniform gas. Given v = 1.2kg m" at

of 10° Newtons. m? and h = 1.7 v 10" Newtons m* per unit velocity

i) 1) = l’ P A

‘ 3
A= |-
ol n ,\//,/)

*Argon is inonatomic gas with

a molecular weight of 40. What is its mean Jree path and collision Jrequency ?

Sol : We know
iy n= % pCA or A= 3n/pC

A
uP =4

100(
1000 kggm ™
560

If m be the mass of one molecule of the gas we have m =

I 12
and K.E. of one molccule of gag = é ”7(7) .
| L Mz
But K.E k7 2N
C = 3NKT =4,118%10% m sce !

M

__ 3x20x10°
T 100
560 % 411.8 = 1072

=8.567 % 10" m

M
N
l» M (.,'2
2 N
3 | =2 3N
== kT C =—
2 ‘ M
3
g
pe
C 4118

._: —— 2T s e, ‘ 5 X
d A 8.567x10" 4.8%10° 11z
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0. 5

The coefficient of viscosity of Nitrogen at S.T.P. is 66 x 10° poise and density 1.25 kgnr
3 and average speed of the molecule 450 ms” and molecular density n is 2.7 x 10%m.
Find the mean free path and diameter of molecule.

3n

Sol : a) We know mean free path 4 = ;
Cocfficient of viscosity of Nitrogen at S.T.P 16.6 x 10 poise
_3x16.6x10°

1.25x450

x8.853x10% m

' 1
b) Diameter of the molecule d = (mj
TR

Molecular density n=2.7 % 1025

1
| J2 % 3. 141><27><1025><8853><10‘
=3.069 x 10°m

The mean free path of nitrogen molecules at 0°C and 1 atmosphere is 0.8 x 107 cm. At
this temperature and pressure there are 2.7 x 1 0" molecules / c.c. Calculate the molecu-
lar diameter ?

Sol : Here,  =0.8 x 10° em, n=2.7 x 10",d="?

. 1
. A=———(or)d? =
We know «/En e (or) \/——ﬂ /111

: 1 - 1 ;
or:d = \/[ﬁﬂ ,1/1j _\/(ﬁxn x2.7x10” x 0.8 xlO‘SJ

d=3.228 x 10®%cm
Calculate the mean free path of Nztrogen molecules gtven that at N.T.P the coefficient of
viscosity is 166 ¢ 10-° dynes / cm’ / unit velocity gradient, average molecular speed i. is 4.5
( 10* em/sec. molecular weight of Nttrogen is 28 ?
Sol : Here, 1 =1.66 x 10°, ¢ =4.5 x 10* c;/sec

dyne/cm?/unit velocity gradient

v 28 _3 ;
. . osen P = - 212,510 |
.. Density of the nitrogen P = 2.4 .

1 —=. 3
3 =—pCAorA=—
But, n 3 P e pC
ol 3x166x107° :
S0, 4 =1 125%10° x 45x10° )
A =8.853 x 10 cm.
—O—
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UNIT - 11
THERMODYNAMICS
LONGANSWER QUESTIONS

What are Isothermal and Adiahatic processes 7 Derlve the expression for work done v
isothermal and Adiabatic processen 7
Ans : 1sothermal and Adishatic Change
Isothermal hange
The system is

o 1.

¢ Isethiertal Chatige is the prevscss that takes plh(,l: at comstant 1:;”{12‘?:?:1!;1
i therssial cquilibrinm with it sturrutiding throughout the juothermal change. for Lfrf;ﬂ}’; ©
A gas mnoa cybinder s in comact with g cotstant temperature enclosure can be conmpres] ("("” / {/
lowering the piston. I he work done on the yas appeats in the form of heat encryy and heat f]n"//,'-. it tf;t.:
surroundings keeping the temperature of the pas constant, Sisnilarly when the yas in the cylinder 5 4'f
lwred 1 enpand the work done by the pas is at the crpenise of heat encryy of the yas and heat flows fmrrn
the surroundings 1 the pas, keeping the ternperature of the pas constant, Henee the isotherimal change is
slow compression and crpansion of the guy keeping its temperature constant, In this process }f';’t flows
from the gas to the surraundings and vice versa, fhis change is represented by the equation PV =
constant a4l constant temnperature,

Adiabatic Change @ fAdishatic chiange is the process during vihich no eneryy enter of Jeaves the
system. In an adisbatic expansion of 4 70

v meshanical work is done by the gas as ity volume increases
and the temperature of the gas falls, Por an ideal yas undergoing adiabatic changes it can be shown that
Ve = Conpstant 777 Constant
TV" ' = Constant where 7 is the ratio of the specific heats of a
(’

Il
(‘l

v

pas i.e,,
y -

Work done by a gas during an Fothermal process @ Consider 4
pas underpoing an isothermal change, 14 dV be the eapa
a pressure 2. Then dW the work done i given by

aw — rdv

Lt 1, and V| represents the initial condition of the gas and P, and V. the
/ / q L 7 Vi

inothermal cxpansion. Hence W the wtal work done is given by

gram molecule of a perfect
nsion produced (st constant temperature) against

final condition after

7 T RT
4 f/"/" But PV=RlorpP = "““-‘
% v |
17 oy V.
naw - { gy AV
v, 14 2

Since /s constant and T also a constant during an isothermal process

N ‘ v .
Hence W = KT (og, V)Z’ =T log, V/ Cog, ;l =2.3026log,, (K’.J
i I : X 1
Y,
W 29026 KT 0 log,, )
i

APy
or W = 23026 RT' n //1;{”/ 7) J ) - L= .’; J
0 I

\ p
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Work done by a gas during an Adiabatic process : During an
thermally insulated so th

Sem-3, Physics
adiabatic process the system is
at heat is allowed to either enter or leave the system as a result of which the heat
content of the system does not remain constant during the process. Hence the temperature may either
rise or fall. B

Consider a gram molecule of a perfect gas under going an adiabatic change. Let dV be the expan-
sion produced ag{;t;;lst aP L()Iressure P. Then dI¥ the work done is given by
"=Pdv -

Let P, anc} V', represents the initial condition of the gas and P, and V, the final condition after
adiabatic expansion. Hence the 17 the total work done is given by,

Fs
- | Pdv K
W= ;l.‘ P‘a’\ But PV=K0rp=W
l':. - N l—;/ V: =5 1_7 - ‘
.'.H'=J1:,dlf’=K[V WK Voi o W7
W e 1=y 1y
£ 1*7> 1-y _ . ¢
= .| {\7 dv .. I’V-—_:“K L_ V; - 1 KV;]'}’ _KVvll—Y] .
W =y 1-y | 1-y .

But B = BV =K

W =[ — | [ —rw )= [ay, — ]
L1-7 : 1-y

If the temperature of the gas changes from T, to T, during the process then
PV, = RT, and PV, = Rz, o
1

y—1

O. 2. Describe the working of Carnot's Reversible Engine and derive.an expression for its effi-
ciency ? : " ' '
Ans : Aheat engine is a device which converts heat continuously into mechanical work by absorb-
ing heat from a hot body. .
Carnot designed an ideal and simple heat engine (which can not be realised in practice) having the
maximum efficiency. The ideal engine consists of : o :
1. A cylinder with perfectly non-conducting walls and perfectly conducting base. It is fitted with a
perfectly non-conducting frictionless piston. The cylinder contains a perfect gas as the working
substance. . B

S W=

R . R
(RT, - RT))=——(T,-T,) : - W=—-(T,-T,)
y—1 y—1

Working ___| ~. ! Cylinder
substance =
Non-conducting
Source stand Sink
AT, AtT, x

Fig. . -
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Sy Maiervinl 24 Sem-3,
i . : srature 717 A serves as
Ao A hot bady of infinite thermal capieity maintained a1 o constant high temperature 7,
(the monnee,

P X 2 () e S T

nlin ; o ! vemmetatire’ SCrves a

Lo Avolibody of infinite thernal eapacity maintained at o constant lower temperature 7,7 A s 3
the ink,

Ao A perfectly nan-condueting platform o serve as a stand for the cylinder.

Curnot's eyele ¢ e

, , . ing four operations
working substance is supposed to undergo the following four op ’
nown it the i

{ 1 s , y ' ey ? as 1 > CY ““dcr bc
HCyele s shown in the Fig, Let the initial temperature of the gas in the ¢y
1l s

1 Ansthat o the sonree 1

atate be represented by the point A4 on the' 2V indicator diagram.
I

The eyl in plae ; . as expands. As the gas
e eylinder i placed on souree and the piston is moved slowly so that the gas expands. As the gas,

expinds, the fempernture tends 1o full, Henee hea is absorbed from the source at constant t(’:mp'cri.l—
e 7 The operation i performed very slowly so that the temperature of the gas is always T',. This
processas imothermal and is represented by one curve A8 on the indicator diagram.,

Fhe nmount of hent O, absorbed from the source is equal 1o the work done W, by the gas in free
EXPHDKION [rom o press

e 2 and volume V, al A to a pressure P, and volume V, at B.
/" ' s

/ ”
Oy =W, [ Pdy Carca ABER = RT, log |~ v (1)

I / I/l

non-conducting stand. Now the gas is allowed to
ly. Since no heat is supplied, Its temperature falls. The expansion is contin-
ved until the temperature falls (o ’I’;’ A, the temperature of the sink, This expansion of the gas is

represented by the adinbatic B¢ Let Py and ¥V, be the pressure and volume of the gas at C. The
work done I, by the gas is piven by,

The eylinder is tranaferred from the source to the
expand further, adibatics

R
oy
-1

Since the pressure of the pas is now very much reduced, it has lost its expansive power. Hence in
order to recover its original capacity for doing work, it must be brought back to original conditions.
This s achicved in two stapes by compressing the gas first is thermally and then adiabatically as
follows : ’

Iy
W, ‘J PV = wreq BCGE = v (2)
]

' -Y
During the isothermal compression, the cylinder
shifted from the insulated stand to the sink at 7)) A.
The piston is moved very slowly so that (he £as is

compressed until its pressure and volume become ‘

>yand V. The heat which is developed during com- 1
pression will now pass 1o the sink so that the change
takes place at constant temperature, This isother-
mal compression is represented by the curve CD.
The amount of heat O, rejected to the sink during

this process is equal to the work done on the £2as
and is given by ‘

”4
0, =W, ,,J’ PAdV = area CGHD

’

“RT, log, ;:1 _ . (3)
-\ V4

4. The cylinder is removed from the sink and placed again on the insulared stand. The gas is further
compressed adiabatically. Since no hedt rejected by the substance, its temperature rises. This

'
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process is continued until the temperature rise o ’I;" A (The temperature of the source) and the

pas attains its original pressure P, and volume V. The work done I, on the gas during adiabatic
mupuulmnx is given by,

|
. , R
v, j”-‘”‘ = area ADHF (—"--*l)(/.—/z)

From eqn (2) and (4) it is clear that IV, = w,
. Network done by the gas = 1w, + 17/, - W) W, =W,- W, = area ABCD
The net amount of heat absor lml by the gas in units 0( wm k=Q,-0,
~|lu||n(mn of efficiency of engine : The elficiency of a heat engine is (Icrnc(l as the ratio of the
external work done inone eyele to the corresponding amount of heat taken in from the source,
The efticiency 17 ol the engine is given by

lmmmt o/ he heat converted to work

Amount of heat dravwn from the source

The efficiency 77 can also be expressed in terms of the temperature of the source and sink. We
know that,

‘ v, 8 v, v, V,
- O, =W, - W, =RT, log, [E] - RT, log, (Z) . R|:T log, (VnJ T, log, (mjjl

0,-0.=

Since the point B and C lic on the same adiabatic ' PV) =PV
Similarly the points D and 4 lie on the same adiabatic P, V=PV
Since the points A and B lic on the same isothermal at T, ' PV, = P,V
Similarly the points C and D lie on the same isothermal.at 7, = P,V, = PV,

Multiplying the equations (6), (7), (8) and (9) we have
(PIP.'P,\'PJ) (VI Vzr VJ "{xy) = (PIP.?P.7P4) (I/]y' Vz' Vsy' V4)

v, _Y
e, 7V = or NANA
Substituting this value in Eqn., (5) we have .
V, £ ' . |
0,-0,=- R|T; log—l;l——Tz log;7l Q,-0Q, =Rlog (V,- V) (T,-T)
R log, ( ](T— y
-n_Ql—Qz_ Vl l __:(711'"712):1_&
) : v, (A
= RT log, | =
| 108 (V, PP
‘o
8 .on=1-2and n=1-==
2 chcu 1 T | 0,
‘0_
e 0, T
§ -'.77=1—Q'ana’l=l—Q Qz*—?
;?4 o Ql 7 Ql Ql 71
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()’ ()A'
oo ‘
This equation hiows

1 . e (LM "'“l‘f il“ll
'I‘“' ”“. (.‘“‘lh.“(.y ""'“‘“‘l“ “”l,v “” "‘”ll""“l“"' ”l ”" "”'“‘ ol l ” .
IN l"\\'ll)’fl l(‘NN ”Illll llll“v\l,

O S Stare and Prove Carnot's theorem,

Ans : Stitement () No e

‘ ' : oo i ctyeen e
e cin be more efficient than a reversible engine working betw
NIIME TWO Temperatuyes, (or)

VU | Al . i 1 . 1"t ’ v 1 !‘ : ’:‘ v
Al reversible ehpnes working, between the same (wo femperstures have the same efficiency
\ P {rep ¢ kg
FAptmation ; () # iy e reversible heat engine and 5 i the ineversible heat engine and these
(WO nre coupled,

" e " ‘rlea | s direc
Ihese two engines work hetween (he temperatures 1k and 7'k, 5 works in the: direct
provess and & works in the indirect Procesy,

. A ulmn‘ul):e Q, rom (he Rouree, rejects O, 1o the wink and converts 0,0, into mechanical energy,
Fhis mechanien] enerpy in supplied 1o R,

' ' ' . ST, 4
Rabsorbs O and rejecty O and receives (he enerpy ' el ,
Q- ) from S, | B S —

’("'il !.I'
Henee O 0, = ) Q) wsiCl)
Let the officiency of' 8 in 1, and that of & s 1 and et uy ( )
ARKUIMe 1) ), S
' $ " ()J
R R (& [” " Gy e j
&) L R L. S
Since 1), =1, Iy
| | kK
L9 Ql(_),. O QI(), and w5 0 0, = Q! - ) ,(.h.')‘.’ (i: O )

From equations (1) and (2) Q) ~Q2 = O O, (positive)
Q,-02=Q! () (Positive quantitics)

Hence the heat is transferred from the cold body o (he hot body without the aid of the external

ageney. This is contrary to the second Jaw of thermodynamics. Hence (he cificiency Ny of irreversible

engine can not be more than Ny - This proves the first part of the theoren,

(b) To prove the second part of the theorem let us consider the two engines £ and § (o be both

reversible and suppose that R is more efficient than S0 A8 explained as above Iy cannot be more than T «

Thus it can be proved (hat the clficiency of all the reversible heat engines working between the same two
lcmpcrnturcs is sane,
Q. 4. What is Entropy - Temperature (1.8) diagram ? What are is ses ¢ Obtain expression

Jor the efficiency of a Carnot's engine using the entropy ~ temperature diagram ?

Ans : The temperature and entropy of a substance form a pair with o
volume. So that the values of § and 7' for the substance or system completely
state. Willard Gibbs was the first (o supgest that the changes in the entropy of'a given of a given substance
or system undergoing a reversible process may be represented on a Temperature Entropy or 75 diagram
exactly like the changes in volume on an indicator (P-1) diagram, Such 1-8 diagrams are particularly
convenient and useful in the case of reversible cycles,

wh other like pressure and
specily ity thermodynamic
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Although the nctual form of 755 diagram depends on the dctual reversible process in progress, yet

in penernl (D) the isothermal process is represented by a horizontal line parallel to entropy axis (i) the

adinbatic process i represented by o vertical line parallel to temperature axis, on these diagrams.

These 75 diagrams are also ealled tephigrms (particularly in meteorology)

i) 18 diagram for a carnot eyele. The isothermal
expansion along A8 in the carnot cycle, is represented by a 1 A " g
' b A Y iy , ' :
horizontal line A “Blon T-8 diagram. Since heat (), is ab- 5
. ap AN r B s
sorbed at temperature 7' from the source, the pain in en- g
()l D' . Cr
tropy along AB"= . -
| | |8, s,
. . _ 18,  is,
The adiabatic expansion B¢ of the Carnot cycle is Vomm:)a._. Entropy
iy p "3 ' F K . ) (" b gy
represented by B'CYa vertical line, with no change in en- ri =
C o
tropy. however, we have a fall in temperature from T o7, 4

The isothermal compression C1) along which heat Q,is rejected to the sink at 7, is represented by
0, ‘ |
€' The loss inentropy is . Finally, adiabatic compression DA of the Carnot cycle is represented by

bl

D' on the 125 diagram with no change in entropy. But we have a rise in temperature from 7, to 7.

It will thus be seen that the curvilinear quadrilateral Carnot cycle on the indicator diagram becomes
a rectangle on the tephigram. Further, the arca of ABCD gives work done during a cycle AB'C'D on 7-S
diagram gives the quantity of heat converted into work during the cycle and is therefore a heat-diagram.

. o 0)
Arca of A'B"C'D' = AD" ». D"C' = (T,-T,) (S,-S)=(T,- T, [?"?2 =0Q,-9)
I 2

. Change of entropy along AB' = D'C' = §, - §,, as shown in Fig.

But change in entropy AB' = 77 and change in entropy along (D"C') = '772
| 2

or TI Tz ‘ 7;”T2

Relation (i) represents the heat energy converted into work.

Q!. = QZ_ - Q‘ _ QZ = S2 - S,

Hence efficiency of engine
O, —Q, Heat energy converted into work

7= ~ET— Total heat absorbed

Which is the same as obtained by usual treatment of a Carnot cycle.
We may note that ), is the unavailable energy for work and

g, = »“I” 2T, - Gain in entropy % temperature
I
Thus, for a givcn. temperature of the sjnk, the unavailable energy is proportional to the gain in
entropy, '

Uses of '1-S diagram or importance of T-S diagram :

I. They are used in metcorology.

2. For calculating the work value of the fucl,
- 3.¥or finding out the defects in the working of the engine.

4. These are convenient and useful in the case of reversible cycles.
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. ] ; : ' aitropy change s
Q. 5. Define entropy P What is rhysical concept of entropy ? Write a note on entropy ¢l A
reversible and Jrreversible processes

. 5 . Yoma A s change
Ans : Definition ot entropy as 8 and ealled it as entropy. It Be

(
¥ Clausiug symbolised
¥ is ‘defined by S , at o v oceurs 1.,
v’ s defined by the tatio of the heat change and the temperature at which the heat change ocet
U (\‘(‘)I.‘
\/\\ o ;

7

There N . y TR s . v evuele Smpera-
] where 80, s the heat absorbed veversibly by an infinitesimal portion of the system at temper:

ture 7

I the heat change takes place at different temperatures then

00, 50, 00, . Q0
dS= b= By oy Wy o
' T T, v o
. : .00, o0, ..
Eqn. (2) can be written ag [ dS = [ S w S = [X’ ..
'1\ (l Pl‘

From the above equation it follows that "the entropy difference between two states of a given
e . . N (:.)nw' N 1
systemiis equal to the summation of all the Ty terms olall the steps necessary (o bring about a revers-

N s . ; " . . P
ible transformation between these two states, where @, stands for the heat absorbed reversibly and 7' the

=t
corresponding temperature,

Physical significance of entropy : We will now discuss some aspeets which will provide a definite
physical significance to entropy. \

L. Entropy and unavailable energy : The internal energy ofany substance is composed of various
contributions. A part might be the kinetic energy of molecules, another part might be the vibrational energy
of the molecules, another part might be due to intermolecular attraction and the remaining parts might be
distributed in various other ways. '

Second law teaches us that all these various contributions ol energy are not cqually convertible into
useful work. Without caring to consider which part of'these different forms of internal energy is useful, the
second law tells us that a portion of this energy is always unavailable and entropy is a measure of this
unavailable energy. In fact we can regard the entropy as the unavailable energy per unit temperature, i.e..
entropy multiplied by the temperature (*K) gives the total quantity of energy which unavailable for useful
work. .

Unavailable energy

ERtEeRy' =S Temperature

or Unavailable energy = Entropy x Temperature

2. Entropy as an Order-disorder phenomenon : Whenever a spontancous process (such as
the flow of heat in a metal base {rom the to the cole end, diffusion of one gas into another, the dissolution
of a solid by a solvent etc) proceeds, it is accompanied by an increase in the "disorder" or "randomness"
of the molecules constituting the system. In all such process there also oceurs an increase of entropy.
Hence entropy can be regarded as "a measure of disorder or random arrangement of the molecules in a
system." !

We will illustrate the concept of "disorder" or "randomness" of a system by reference to Fig. When
a gas is at low pressure, the molecules are free to move freely in all possible directions.

" When the pressure of the gas is increased, the same number of molecules are foreed to oceupy a

smaller volume so that the chances of finding a molecules within a specied region are greater than
before. Thus, the degree of disorder has decreased and there occurs a greater "order” in the system,

5 "

\
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I'he molecules now are very much closer together than in the gascous state. They are in an even
) " -
more highly "ordered" state than in the gas at high pressure.

v

i I w—A
S ) ¥,

L L

Cryatalling latticn

Sl
Liquid Gas under Gas under
high pressure low pressure '

. Fig.

I the temperature is further lowered to the freezing point, the liquid passes into the solid state. The
molecules, atoms or ions in the solid state arc no longer free to move away from each other. The only
freedom that they posses is that of vibration or rotation which also become zero at O"K i.e., an "absolute
order" prevails, The degree of disorder is now conslduud to be zero.

The gradual decrease in the degree of "freedom” or "disorder” as a substance passess from the
gascous to the solid state is identifiable with change of entropy which is very high for a gas and low for a
solid. At 0°C, the entropy of a solid is considered to be zero.

Units of entropy : The dimensions of entropy are Energy x Temperature-1. The entropy is
expressed as calories per degree which is sometimes referred to as the "entropy units" (e.u). Since entropy
depends on the qu.mmv of the substance involved, the same must also be stated clearly. Thus one can say
that entropy units are "calories per degree per mole" or "calories per gram" etc.

Change in Entropy in a reversible process (C.lrnot's cycle) : Consider a revelslble Carnot's
cycle ABCD shown in Fig. F rom A to B the working to substance. absorbs a quantity of heat O, at 7,

during the isothermal expansion.
o)

Hence, increase in entropy = "
: 1. . .
During the isothermal compression CD. the working substance rejects a quantity of heat O, at 7.

0.

Hence, decrease in Entropy = 7
"
During the adiabatic con1prcssfion DA (which finally completes the cycle) again there is no change
in entropy, = _ \
- Net change in entropy of the working

. O

=~ —

Substance i}1 the cycle ABCDA = "YT T,
But by the definition of absolute scale of temperature

) _ 0 Q2 2

..

R

1ge in entropy of the working substance in a Carnot's reversible cycle is zero.

Hence, the total char

Change in Entropy in an irr
tion or mdmuon heat is lost by a body

ture 1‘ e / ~ T
Let Q bc the quantity of heat given out by the hot body at temperature 7, and the quantity ©

gained by the cold body at temperature 7, be Q. C onsidering the hot and cold bodies as one systent.

reversible process : During an in irreversible process like conduc-
at higher temperature T, and is gained by a body at lower tempera-

of heat

LN e N e .
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Q
h

Dccrc;asc in entropy of the hot body =

and increase in entropy of the cold body = .

7
, : Q_9
.~ Total increase in entropy of the system = T T
I 2

is e . : irreversible process,
[tis a +ve quantity as T, <T,. Thus the entropy of the system.increases in all irreversible proces

K SHORT ANSWER QUESTIONS
Q. 1.  Difference between Isothermal and Adiabatic processes.

Ans : a) Isothermal change is a process in which a change in pressure and volume of a substance takes

place keeping the temperature constant. Adiabatic change is a process in which a change in pressure
and volume of a substance takes place keeping it thermally insulated from the surroundings.

b) During isothermal process, the gas is enclosed in a metallic cylinder while in an adiabatic process the
£as 1s I a non-conducting cylinder.

-

¢) Isothermal change is a stow process while adiabatic change is a quick process.

d) During an isothermal change, the temperature of the gas remains constant, while in an adiabatic
change the temperature of the gas does not remain constant.

¢) Anisothermal change is represented by Boyle's law given by the equation PV = constant.

An adiabatic change is represented by Poissons's law given by the equation P}/7 = constant.

V. .
f) The work done in isothermal process is W =2.3026 RT log 72 - The work done in adiabatic process
! 1
R
isw=—"(T;-T)
A y — 1

g) There is an exchange of heat from system to surroundings and surroundings to system in isother-

mal process. But in adiabatic there is no such exchange of heat.
h) Melting of ice at its melting point is isothermal. Burst of a motor tyre is adiabatic.

Q. 2. Define Reversible and irreversible processes ? Give examples.

Ans : Reversible process :A reversible process is one which can be traced in the opposite direc-
tion so that the working substance passes rough exactly the same stages in the opposite direction as in the
direct process. For example, in a certain path where heat is absorbed in the direct process, it is given out
in the reverse process and vice versa. Similarly in a certain path, where work is done on the working
substance in the direct process an equal amount of work is done by the working substance in the reverse
process and vice versa. o :

Irreversible Process : An irreversible process is one which cannot retraced in the opposite
“ direction by reversing the controlling factors. :

The Examples of Reversible Process :
1. Isothermal and Adiabatic expansion and compression of a perfect gas when performed slowly.
2. Conversion of solid into liquid or viceversa at the same temperature.
3. Conversion of liquid into vhpour or viceversa at the same temperature,
The Examples of irreversible Process :
1. Work done in overcoming friction.

2. Joule Thomson effect is irreversible, since on reversing the direction of flow of the gas there is no
change in the cooling or heating effect.

3. Heat produced in a conductor when electric current flows through it.
4. Conduction of heat through a metallic bar.
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0. 3. Define second law of thermodynamics ? Write the applications for it ?

Ans : Clausius statement : Heat cannot by itself, without performance of work by an external
agency, pass from a body at a lower temperature to one at higher temperature,

Kelvin's statement : It is impossible to derive a continuous supply of work by cooling a body to a
temperature lower than that of the coldest of its surroundings.

Explanation : When the Carnot engine works in reverse order in absorbs heat form the sink (body
of lower temperature) and rejects heat to the source (body of higher temperature) and in this case work is
done on the engine. This explains the Clausius statement.

When the Carnot engine works between the temperatures 7T, T, its efficiency is (. In this process
heat Q, is absorbed from the source at T, and rejects heat O, to thc smk at 7,. In this process the heat
energy (0 - 0,) is converted only mechamcal energy. This can be continued urml (T'-T,) and on further
cooling the source the heat energy cannot be converted into mechanical energy. ThlS explams kelvin's
statement.

Application of the second law of thermodynamics

Clausms—Clapeyron Equation : It relates the change in the boiling point or the freezing point of a
substance with increase in pressure. We will derive here the expression. - .

Let EBA and GHIJ represent two 1sotherms for a substance at 7 and 7 - d7 temperatures respec-
tively, below its critical point. Then if the change of state involved be from vapour to liquid (or vice versa)
we have the substance existing only in its vapour phase at B and H and only in its liquid phase at Aand [
whereas along B4 and H7 the change of state is actually in progress and the substance thérefore exists in
both phases, vapour and liquid. Clearly T is the boiling point of the liquid at pressure P - dP corresponding
to point /. Similarly, if the change of state were from liquid to solid (or vice versa) we have substance only
in its liquid phase at B and A and only in its solid phase at 4 and /. Along AB and /H the change of state is
in actual progress. 7 and T - dT @re then meltmg points of the solid at pressure P (pomt A) and at pressure
(P - dP) at point /) respectlvely

Let 4D and BC be two adiabatic joining isotherms "B and DC Then work done in one cycle
ABCDA is dW and is related to heat quantities and temperatures by .
.dW_Q1 ng B ;T (T dT) dT
o) o T, . T T
If dT be small, Camot cycle is a parallelogram of area (V,-V,) dP: If the mass of the substance is

unity then the quantity of heat absorbed during the change of state is the latent heat L, at temperature 7.
Then in units of work

Go=W)dP T 1. g,=1) (or)( j Y
L T T )yy TW,=V))
. . . dp
This is called the first Latent heat equation or Clausius - Clapeyron equation. -d_T— is the rate at

which saturated vapour pressure of a liquid increases with the temperature.

dP . o gl -
Clearly, the sign of -677—, will depend on the sign of (V,-V). It is always positive for liquid to vapour

state changes. Therefore, boiling point of a liquid must rise with increase in pressure (and vice versa).

In the case of liquid solid phase changes the difference in specific volume may not always hence for
solids which expand on melting, the melting point rises with increase in pressure whereas those which
contract on melting the melting point lowers with increase in pressure.

Special case : When V,= V. In this case change in specific volume is zero then either I = 0, or

dP.
dr
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av au '
or »
dT 5 aI/ ...... (3)
e k th . . e aU
But we know that at constant temperature there is no change in internal energy i.e., av .= 0
T

and for a perfect gas PV = RT or P4dyV = R4T

(av
ie. r (d_Tj =R

0. 5. Explain thermo dynamic scale of Temperature 2 Explain How it is pe}fect fo absolute
scale ?

Ans : The efficiency of a Carnot's engine depends only on the temperatures of the source and the
skink. So the property, that the work done by the Carnot's engine dedpends only on the difference of
temperatures of Source 7', and Sink T, can be utilised to measure 7,-7,. The thermometers, other than
this, depended on some property of thermometnc substance. So there was no ideal thermometric scale,

the absolute scale. When the temperature measured on then did not agree with one another Lord Kelvin
propounded the idea of absolute scale with following sequence of arguments.

Let one Carnot engine be working between 6, and 6, temperatures measured on any aribitary
scale then

f=7(8, 8,) where fis some function of @, and 6,
Q-0 .. & _,
But we know 7= -l—Ql— =1-_§=f (6,,6,)
.-.Qz—l— F(6,.,6,)
0, 1-/(6,.6)

where F is some other function.

Let another Carnot engine be working between 6, and 0, temperature limits, thén,

Q. _ F (6, ,0,)
{ : ' g F (6,
Let another Canrnot engine be works between 8, and 6;. Such that 0 (6,,6; )
O Q7 Q :
From (i) and (ii) (—E_L) (BZJ = F(6,,6,) F (6,,6,) or, j = F(6,.6,) F (6,.6))
or, F (6,.0,)=F(6,,6,) F (6,,6;)
$(6,)
In order that this functional equations be satisfied F (1) should be of the from (6,) Le.
g (.-6(91)
Q, ¢,
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. R TR : gice can be used to mensire
P(0) is thus n quantity which increases monotonously with ¢ and hence can be u
. . oo g s temperature of the
the temperature. Kelving chose the linear function ¢(0y 1o represent directly the temper
working substance of the enpine, Denoting, ¢(0) by 4 we have
O A
<, A
Thie slogt o s . . ¢ thermao-
T'his relation is the new seale of temperature and is called (he absolute or the work of l:l (1) the
1 [ (' » N ( . . m Xy | ’ i J f ;l
dynamical scale of temperature, Thus the thermodynamic temperature scale in defined 5o th { hieats
ratio of the thermodynamic temperature of (he two reservoirs is equal (o the ratio of the :mmun}l.; 0 |j¢;’(‘[‘
exchanged among these reservoirs by Carnot engines working between their temperatures (2) the l;l &
the thermodynamic temperatures is independent of the nature of the working substance, and depends only
on the property that is common to all substances,
Temperatures measured on this seale are in Kelvin,
LAl L7 Al
_2-0 - _/}L:&A LT

O, A 7§

T,=0,0,= 0andthe efficiency of the cliginc i unity. Thus the zero of the thermodynamic s;ca!c
is that temperature of the sink at which no heat i rejected and all the heat taken from the source is
converted into useful work. A temperature lower than absolute zero is not possible as it would implics 7
> 1. According to Kelvin's statement Q, » Wic, Ql'- 0,<Q, on 0, # 0, then lowest attainable

temperature will be greater than absolute zero, e
Q. 6. Deduce the expression Jor the change of entropy when ICE changes into steam ?

The efficiency here, 4 again

n

' . . = ] ()
Ans : Here we shall find an expression for the change of entropy when m gm of ice at 1, K
changes into steam at T, K. Let L ; and L, be the latent heats of fusion and vapourisation respectively.

1) First of all m gm ice at ’I‘l" K changes into water at ’I;" K, i.c., there is no change in temperature.
The change in entropy is given by '
. ml
AS, === (1)
Il ;

if) Secondly m gm water at 7,° K changes into water at Ty K. The change of entropy is given by

(T, dQ T, medTl T. ‘ .
A‘S’ :I..."..._‘:‘_:I....?'.-...__ :,n:]oy‘ 2
2 rl-; r/v rI; rlv c El rI; . ....(2)

where ¢ is the specific heat capacity of water

iii) Finally m gm of water at 'I’z" K changes into steam at ’1'2O K changes into steam at Tz" K. The
change in entropy is given by

ml.
ASJ = "—Fz"

2

(3)

The total change in entropy when ice is converted into steam

L
AS = AS, + AS, +AS, or AS= “,ﬁ‘_l +me log, | - pem
- Ll & 7 | - 2 =M. 3 ]1l . I-; 12

nl T L
or AS=";"--4-2.3026mc log | - +~'-'f7,~2~ r(4)
|

I 2
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Q. 7. Deduce the expression for the change in entropy of the universe ?

Ans : Wc wil! now Sl.IOW that the entropy of the universe remains constant in a reversible process
but increases In an irreversible one. If a system undergoes a physical or a chemical process, there is a
change in the entropy of thff System and also in its local surroundings. This total change in the entropy of
the system and its surroundings is called the entropy change of the universe brought about by the process.

Let us first consider the entropy change of the universe due to any reversible process.

a) Entropy change of the Universe in Reversible process : Let us consider a Carnot's cycle
consxde.r the first stage represented by AB. In this process the working substance absorbs heat Q, from the
reservoir at temperature 7',. This results in an increase in the entropy of the working substance given by

o :
(SB - SA)sy.rrcm = ?1 ""(1)

'ljhe surroundings lose the same amount of heat Q1 at the same temperature. The result is that
there will be a change in the entropy of the surroundings as given by

Y
(SB - SA)sur = T’l ) (2)

therefore, the total change in the entrdpy of the universe due to an isothermal process is given by
(SB - SA) rev = (SB T SA) system + (SB - SA) sur

Q9 Q4 |
T, T, ~ v (from equations (1) and (2))

Il

Hence, the change of the entropy of the universe during a reversible isothermal process is zero.

Now consider a reversible adiabatic curve BC. In this process the working substance does not
transfer or take the heat from the surroundings, i.e., Q = 0. Therefore, the change in entropy along

reversible adiabatic BC is given by (S.- Sp) ystem = 0[O ='0] - ) I
Similarly the surroundings does not undergo any heat change. It, therefore leads to
(S.-Sy),,,.=0 T ‘ (@)

Therefore, the total change in entropy of the uﬁive_rse during reQerSibl_e adiabatic process is
(Sc - SB)rev = (Sc - Sa)mrem + (Sc - SB)rev
= 0 (from equations (3) and (4)) ‘
. It means that the entropy of the universe during, a feversible'adiabatic'proc'ess is also zero. These
adiabatics (like adiabatic BC) of constant entropy are known as "isentropics".
Now consider the complete Carnot's cycle. The total change in the ehtropy over the Carnot's cycle

o (e,e)
ABCD is given by T T | orzero.
' 1 2 , ‘ .

Similarly the entropy chahge of the surroundings is also zero. Therefore, we conclude that the
entropy of the Carnot's cycle in a reversible process remains unchanged.

\

o .
de:—aQ‘ +——Q2 =0
L T |
The integral sign denotes the summation over the complete cycle. Hence, the net increase in entropy

ina Carnot's cycle is zero. :

b) Entropy change of the universe in an irreversible process : In a.lrreve;slxble process.there is an
increase in the entropy of the universe. This can be shown by assuming an irreversible conducthn of heat
O from a body 4 at higher temperature T, to another body at lower temperature 7',. Therefore, the change

in the entropy of this irreversible process is given as
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, 50 50 I
(AS),, «:—f,/; ~ZX . l e e l il 1)
b /l / /l“

0 ()

G ()
where ~

,//' the entropry pained by 5. At
7

) , A wrekesres follomros that
places from a higher 1o lower temperature, it, therefore fol

/I - represents the decrease in entropy of body and
conduction of heat always takes

T,>7,
1 | 50 60 5 ( 5 ()

(or) 7o = s (or) ‘(’; e > ==l (OF) 'U“J - OQ =0
1, T 1, T T, T

Applying this condition to equation (1) we get (AS),, =0

This condition. implics
conduction, radiation etc,

Principle of increase in Entropy :
process

AS = AS, + AS, + AS, =0

that the entropy of the universe increases in an irreversible process like

In general, we can write entropy change for any reversible

wl2)
and for any irreversible process,
AS = AS) + AS, + NS, + ool >0 ()
on combining cquations (2) and (3) we get
AS, =20 .(4)

where the equality sign refers to a reversible process and the inequality sign to a irreversible process. But
most of the natural process are irreversible in nature. This led to the principle of increase of entropy as -
"The energy of the universe remains constant and the entropy of the universe tends towards a |
maximum." e
0. 8 Give relation between T hermodynamics and perfect gas scale ?
Ans : The efficiency 17 of a reversible engine on the thermodynamic scale is given by

‘ -1-2 .5
2 T

1L 2, =0 and 0, = 0, then the efficiency 17 = 1. Now T, ¢annot be less then zero i.c., negative,
because if is were so, the efficiency would be greater than 2, , which is impossible.
Thus the zero on the thermodynamic scale is that temperature where the efficiency of a reversible
engine becomes unity and further all the heat absorbed by the engine is converted to work.
. On the gas scale the cfficiency 77 is given by,
T. .
n=1-=% ,
1] _
The value of h will again be unity only when T, = 04, Now T, cannot be less than 0’4 i.e.,
negative, because if it were so, the efl ficiency would be greater than /, which is impossible,
Hence zero ‘of the perfect gas scale and that of the thermodynamic scale is the same,
As the efficiencies in both the cases have the same values.
I, _7

5.0 T

n

If T, and T, represent the temperature of the boiling points of water and melting point of ice at
normal pressure, then

: T,-T,=100
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For the same fixed points on the thermodynamics scale, T,-7T,=100 .

7.-7, 100
On the thermodynamic scale, n=-t—=i= e
7 7
7,-7, 100
and on the perfect gas scale, n=-t—t=—o
Lo,
. 100 100 :
Since the efficiency is the same. T —z(r)r) T, =T,
|

]

This means that the boiling point of water or the melting point of ice (at normal pressure) are
identical on both the scales,

e similar manner it can be shown that any other temperature will have the same value on both the
scales i.e.. the two scales are identical. .

Q. 9. Explain about absolute scale of temperature (or) kelvin scale of temperature ?

Ans : An ab§olute scale of température is one which independent of the properties of any particular
substance. The various thermometers used for the measurement of temperature are based on the variation

of some property of a material with heat (eg : Expansion of a solid, liquid or gas, change in resistance of
platium, development of thermo e.m.f, etc).

From Carnot's theorem it is clear the efficiency of a reversible engine depends only'ori the two
temperatures (of -the source and sink) between which it work, and is independent of the working sub-
stance. Taking this concept, Lord Kelvin defined a temperature scale which does not depend upon the

properties of the working substance. This is known as the Kelvin's. absolute thermodynamic scale of
temperature.

SOLVED PROBLEMS

Q. 1. A gram mole of air expands at constant temperature so that its volume changes from 2 litres
to 10 litres. Find the work done by the gas. Initial pressure is 5 atmospheres.

(Assume 1 atmo:cphere = 10° N-m?)

Sol : Work done by the gas,
v, £
W =RTlog 3, =2.303 PV log,, 3, © PV =RT)
1 1
o 10\ - ' |
= 2303 x5 x 107 x 2 x10° log,, | 7 | =2.303 x5 x 10° x2 x 10° 5 log,, (5)

=2303 x 5 x 1P x 2 x 107 % 0.6990 = 2.303 x 10° x 107 x 0.6990
= 2.303 % 0.6990 x 10° Joules = 1.61 x 10° Joules ) :
Q. 2. If the temperature of the sink is 27°C and of the source is 127°C, calculate the efficiency
of the Carnot engine. ‘ g '
Sol : T,=273 + 127 =400k, T, =273 + 27 =300k
_L-T, _400-300 1405 as0,
T 40 4 . |
0. 3. The temperatures of source and sink in a Carnot engine is. 800k and 300 k. Calculate
the mechanical work done during a cycle if heat absorbed from the source is 100 Calories.
Sol : T,= 800k ; Q,= 100 Calories , T,= 300 k;
Work done by the engine =-Q, - 0, =7

QI—QZ Tl—

2
Since 0, = 7} 0,-0,= 9,

L-T,

1

’ 800-30
800

=100

_ 100500 _ (5 5 oyt = 62.5 x 4.2 = 26.5 Joules
300
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Q. 4 An ideal heat engine operates in a Carnot cycle between 227 and 127°C 1t absorby

6.0 x 10° Calories at the higher temperature. How much work per cycle this engine can
perform ? )

Sol : T, =273+ 227 = 500 k. Q, = 6.0 x 10 cal
T, =273 + 127 = 400 &
Workdone per eyele = 1y = Q,-0,=?

@ - W _T1-7. W 500-400 |
o . Q L " 6.0x10 50 5
e
W= 5 T L2 x 10¢calories = 1.2 x 18 x 10" = 5 x 10" Joules

X
- ) . J Fad
Q. 5.  In a mechanical refrigerator the low temperature coils are at a temperature of - 13°C
and the compressed gas in the condenser has a temperature of 27°C. Iind the theoritical
coefficient of performance ?
Sol : T, =273 + 27 = 300 &, T,=273-13=260k; k=7

T, 260

T LT, 40

6.5

Q. 6. How much work must be done to transfer 1.0 joule of heat from the reservoir as 7°C to
one at 27°C by means of a refrigerator using a Carnot cycle.
Sol : O, =1.0Joule, T, =273 +27 =300k ; W=7

!

Since 22 =—L o L0 _ 280 280 14
W n-1, W 300-280 20 1

W= LU 0.071 Joule
14

Q. 7. How is the efficiency of a reversible heat engine related to the co-efficient of perfor-
mance of a reversible refrigerator obtained by running the engine backward ?
Sol : The efficiency of a Carnot engine working between the temperature
T, and T, of source and sink is

_L-T,
n T | N we(1)
- Q;‘ — TZ .
Coefficient of performance k is given by k= W T _T ‘ wn(2)
: : 1 42 )

L

1) x () ’7ka T-T,

Q. 8.  Find the difference in entropy between 1 gram of water and 1 gram of steam at 100°C
and at one atmospheric pressure. ‘ .
(Latent heat of vapourisation of water = 540 cal/gm)
Sol : In this case to convert lgm of water at 100°C to steam at 100°C under one atmospheric
pressure, the latent heat O = 540 calories is absorbed. In this process the
Temperature = 1000 C = 100 + 273 = 373 K is constant.

Increase in entropy = }}: = 5,75 = [.448 cal/k
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0.9 Calculate the change of entropy when 1 gm of ice at 0°C changes to 1 gm of steam at
100°C.

, Sol : (Assume the specific heat of water = 1, latent heat of fusion of ice Lx

80 cal/gm and latent
heat of vapourisation of water L,=540 cal/gm)

Lt LR D/
-S = —+2.303lo 2 2
S:lzam ice ]'1 gjo 711 ;
80 373 540
-2 1230310 4240
273 %80 3731 373
= 0.293 + 0.312 + 1448
= 2.052 callk

Q. 10. Find the change in entropy when 1 gm of steam at 100°C is condensed into water at 0°C.

Sol : In this case the entropy decreases. Decrease of entropy of the system

AS=£+ _d_T
I, o T
AS=£S—-+Iog£
L I
%, L
————540 +2.303 log, 373
373 273

A, = 1.448 + 0.312 = 1.760 cal/k
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THERMODYNAMICS POTENTIALSAND
MAXWELL'S KOQUATIONS
PONGANSWER QUESTIONS

Q. 1. Explain the concept of thermodynamte putentialy ? Deduce the Muswell’s ¢ watloms Jrom
thermodynamic potentialy ? Give their wlynificance,
Ans 2 Any thermodynamical system can be represented fiterng of pressure, s, 1 y
. » I M e { j f : ‘ ;;’ /.’ v
and entropy. These are named uy thermodynamical varinbles, We o the firet and so /0 e g
thermodynamics can be written as follows,

dQ = dU v dw A = dt) v Py i) = 1d
To know the complete idea of the system, we require other selations also, Vor that pusgess, 7
have to usc encrgy terms or functions of thermodynatical variables which are Ynomn as "erimertysiativ
ics potentials". So thermodynamic functions o potentinls are encryy functions which are doyelopes ;'(7
combining the thermodynamical variables, ‘The thermo-dynarnical pt)it:nti::lf: are |, Internal ey (M), 2.
Helm hlotz function (1), 3. Enthalpy or total heat function (11), 4. Gibb's function ((7),
Maxwell's equations from Thermodynamic Potentialy :

.

1. Internal energy (U) : The internal energy of the system s the eneoryy dus 1o motion of mol-
ecules and duc to mutual attraction of molecules, we ktow

dQ = dU + dw
dU =dQ) - dw
dU = dQ - PdV ' . k)
dagQ
But dS = 7‘ sodQ = TdS oAU = TS - Py

ol ou
| — | =T 3| —| ==P
From this I:OS :IV | I:OVl i

Since dU is a perfect differential, hence we can write

i[a_U} _E_[Qﬁ]

ovias |, aslov | , (1)
w2 o OE | __,[_g] _j/_[ff_li]
Lov,  Losl, oviaes ], oslov]
[or) __[ar] ]
| OV | | 0S|, ‘ (D)

This is Maxwell's first thermodynamic rclation
2. Heltom holtz function (F) : We know dU = 1dS - PdV
If we consider a process in which temperature is constant then
TdS = d (TS)
dU = d(TS) = -PdV
d(U - TS) = - Pdv
d(U-TS) = -PdV

54
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Hence (U -TS) is represented by FF

s dFE = -Pdy

Sem-3, Physics
named as Helmholtz free energy or Helmholtz function'

When the system changes from one cquilibrium to another equilibrium, then /= (U - 75)
dF = dU - TdS - Sdr
But we know, dV = TdS - pjr

dF = (Tds - PdV) - TdS - SdT dF= - PdV - SdT
From this we can write

] p[2] -5 5] - [z
;_,I’__T cT v 514 T or I

Since dF is a perfect differential

S )]

¢ [eF] :i[ai] .i[a_F} _o[or
évierl. e&r|av ], . ovler), arlov
[es] __FE_P}

LEVJT Ler |,

. This is second thermodynamical relation,

3. Enthalpy (H) (or) Total heat function : It can be represented mathematically by H = U + PV
Here H is the total heat content. This is heat function at constant pressure.
dH = dU + PdV + Vdp
But  dU =TdS - PdV dH = [TdS - PdV] + PdV + VdP
dH = TdS + VdP '

-

) cH cH 7
From this we can write, t—g I =T 5 . =V -.

Since dH is a perfect differential we can write

This is third thermodynamic at relation.
4. Gibbs function (G) : . )
Weknow H=U + PV dH = dU + PdV-+ VdP
But dU = TdS - PdV ° dH = (TdS - PdV) + PdV + VdP
dH = TdS + VdP
If we consider isothermal process then 7dS = d(TS)
If consider isobaric process where the pressure is constant then

dP =0
dH = d(TS)
diH - TS) = 0

H - TS = constant
This is represented by G named as Gibbs function.
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G=H-TS
dG = dH - TdS - SdT
But we know dH = TdS + VdP
dG = TdS + VdP - TdS - SdT
dG = VdP - SdT ’
From this we can write

.‘.l:gc—;} :—[Qﬁ =V
ot |~ " Lar,

Since dG is a perfect differential we can write,
> o) 2 e
oT | 6P |, oP|oT P

{5]-(2]

This is fourth thermodynamical relation.

Significance of potentials : These are very much useful in studying the equilibrium conditions of
a system. .

0. 2. Derive the Maxwell's thermodynamical relations from thermodynamical laws ?

Ans : Maxwells Equations from Thermodynamics Laws : From the two laws of thermody-
namics, Max-well deduced six fundamental thermodynamical relations. The state of a system can be
defined by any pair of quantities viz., pressure (P) volume (V) temperature (T) and entropy (S). In order
to solve any thermodynamical problem the most suitable pair is chosen and the quantities consulting the
pair are independent variables. From the first law of thermodynamics.

dQ =dUu + dw

or dQ = dU + PdV

or dU = dQ - PdV (A
From the second law of thermodynamics, s
. 40 X R
ds = 701" dQ = TdS ‘ .' ....(B)
Substituting equation (B) in (A) we get
du = T1dS - PdV e (1)

Let us consider S, U and ¥ to be functions of two indepeﬁdent variab'l‘eS x and y (here x and y may
be any two variables out of P, ¥/ T and S.

oS 8S .aUJ oU
| =1 dx+|=—| d = | — dx+ d
dS.“'(axl ~ (ayJ Y du .(ax (ayl Y

. oV oU
dv = (——) dx + (——J dy
ox ), oy ).

On substituting these values in equation (1) we get

(8) «(5) or[(®) o+ 8) o]A[) () 4]
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/ N ) i ; / y
(n’(k) ‘,\'(l'l ) ol ,/,(4\’.\'] /,(HI J dlliny ({)SJ I'(UV
O\ i [EA PR A NN ay ), ay ),

) A
On comparing the coselficients of oy and oy in CIA) ond (113), we pet

[t“(l’) _ ,.(“):\:1 ,,(1”'] (UI/) , ,/,(IWJ ~'/’(”V
AN AN N, a0y ), Y ), ay ),
Differentinting cquation (2) with respect oy and equation (3) with respect to x, we pet
‘)-‘(} » [()'[‘ ) L ‘)‘\‘ ] . ‘)."N ( (’I' ) ( (.),(, ) p "‘)7’/
RANEAY A ) LoX " Ao Loy ) LoX ), Oy

AU (O (oS L a's (orY (o v
and oy - 8 |- e [ e , s P e

Ay v J oY ) dyaoy - Lav )\ ay ) Oxdy

The change in internal enerpy brought about by changing, Vand 7, whether Vig changed by d7 first
and 7°by dT Tater or viee versa s the same, TCmeans that /5 is a perfect differential, Therefore,

U QU (or oy o o's PN (oV k4
e e - , o - | o — — A o
ey avay WaY ) Uax ) avox \or )\ ox J Ayox

: (‘"’"‘] (!7”) IO 0”,) vy _p v
av ) Loy )| vy L ox )\ dy Oxy

Lo oS ot o
COvdy vy T Ovdx Oxdy

.(f"!"] (!7‘*‘,) (.f”!’} (0'{) ( f?.’!f) ( o8 (OL) v
Nay) e ), oy \lac), Lox) \ay) \ox)\ay)

where x and y can be any two variables out of /2 ¥, T'and S, .
Derivation of Relations :

i) Relation I : Taking 7 and V as independent variables

andx = T'and y = V

or oV oT oV

. ls"’ - I , i (),w:—_()
Ox oY e oy ox

sy _for
On substituting these values in equation (4), we get o), “or By

dO (02 __p(or
But dy = o “loav y or ),
i) Relation 11 : Taking 7' and 7 as independent variables and x = 7, p = P
7 AP 07 or
.-‘ (ﬂ!_ — ]‘ f“!__ o l {”"/ ..(“ —-— ()’ ren—— o ()
Ox Oy ay ox
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On substituting these values in equation (4) we obtain

a/) p_g] orY (ov (_a_.S‘_J
(ﬂ\ oy ] 6\ A\ Ov . oP ),

_ (QK]
-~ \or),

. do , ng ](an
- “\or ), oT
iii) Relation III : Taking $ and 1 as independent variables and X =5, ¥ = V.
oS oV oS oV
—l———lmi“-o =0
ox oy oy ox

On substituting these values in equation (4) we get

6-E et
av ).~ ~\as), A=y

;(PTj —_rlor
av ) 80 ).

iv) Relation IV : Taking S and V is independent variables and x =S,y = P

DS na B0,
Ox oy oy ox

Substituting these values in equation (4) we get

23 @@
(&) or ()

v) Relation V : Taking P and V as independent variables X = P and Y -y

POV _ 0P _ oV
ox oy oY ox

On substituting these values in equation (4) we get

) (2)-(2)(E) -
-\oP ), \ oV ), ov ), \ oP
vi) Relation VI : Taking 7"and S as independent variables and x = T and v=3_
o\ 38y o _o 35 _,
Ox oY dy  Ox

Substituting these values in equation (4) we get

() (%) -(Z)(Z) -
or )\ as as ) \oT )y~

These are the i |mportdnt thermodynamull rclallons Whllb solving a particul
equation is to be used.

ar problem, the suitable

i
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When C,, correspond to the specific heat at constant pressure, volu
called Joule-Thomson cocfficient.

; . o
me for | gram of the gas /118

Joule-Kelvin effect in the case of ideal gas and real gases
i) For an ideal gas :.
PV =RT PdV + VdP = RdT

oV
To obtain ( j , dP = 0 and here PdV = RdT
oT ),

(GV) R [PVI 14 PV
— | === ——=—||®O R ="—.
or), P T P T T

T\ | -V
ap (5),
Ho

From equation (_é;

c
V.

(QT_) I

oP), C, C,

Hence in the case of ideal gas the Joule-Thomson effect is zero. ,
ii) For real Gases : In the case of real gases obeying vander Walls equation, we have

a : . a ab ab
[P'f-?) (V—b)zRT PV—I—;—bP—*I;—z-:RT GS?Z“ 15 neg]igib]c
a ’ . a . i
PV+'I_/' -bP =RT PV=RT+‘bP—; ‘ ' (])

The internal work done by the gas for a small change in volume dV is equal to (‘V—zj dV. The

internal work done by the gas as the volume of the gas chaﬁges from V, to V.

[ ir_ aal
=15 vl , )
External work done by the gas =PV, - PV, ‘ ..(3)
, . a a .
Total workdone by the gas = P,V,- PV, + "I;l— v (4
From the equations (1) and (4)
‘ ‘ : 2a 2a
Total work done by the gas = R(T,-T,) + b (P, - P)+ 7_7
e
o 2a 2a ‘
=RAT-+ bdP + 7, — 3,
‘ v, v, ..(5)
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Assuming the gas obeys 1dcal gas equation

PV, =RT; PV, =<RT; 3y =%r 5 =pr

N [ (M - 2a(-dP)

a\n o RT. RT
2adP

RT
The fall of temperature in d7, the quantity of heat lost is C dT'
From the principle of conservation of energy

2adP
RT

Total work done by the gas = RAT + bdP - ..(6)

RAT + bdP - +Cdr =0

2a
(C,-C,) dT + bdP - E_ dP+ CdT =0 ‘(_._ C,-C,=R)

wify " (B
<. CpdT = (—"—bj dp dI _\RT N
R dP C,
P

' ) ar " 2a 2a
From the equation (7) ar - 0 when v b; R Rb

This temperature of gas at which their is no changes of temperature during Joule's expansion is
called the temperature of inversion.

a
>b and as dP is negatlve there is the Cooling effect.

Frorn the equation (7) when — Rb

2a '
Hence T < Rrp © produce heating effect.

2a . : . ;
Also when — < b as dP is negative there is heating effect.

Rb

2a e
Hence T > Rb to produce heating effect.

When the temperature of gas is above the tcmperalure inversion there is heating effect during
throttle expansion. Also when the temperature of the gas is below the temperature of inversion there is
cooling effect during throttle expansion. Hence to produce eoolmg during the throttle expansion, the gas
should possess the temperature less than the temperature of inversion of the gas.

SHORT ANSWER QUESTIONS

0. 4. Define thermodynamic potentials.? Using this derive clausius - clapeyron's equations
and gives applications of clausius - clapeyron equation ?

Ans : The Clausius-Clapeyron's latent heat equation relates the change in mcltmg point or boiling
point with change in pressure. The equation can be derived from Maxwell's second thermodynamic

relation which is expressed as
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) ()
ar ). \av ),

Multiplying both sides by 7, we have

P S\ - (Tés |
TLL:l =7 (— ) = ( T = constant)
o v v T oV T ( ;
S OAT X |
: oV  (Second law of thermodynamics)

Here AQ represents the heat absorbed at constant temperature. i.c., 0Q IS Jatent heat. Let unit

r
mass of a substance under constant temperature is converted from one-state to another state abslo/ bm(g1
an amount of heat L (latent heat). Suppose the specific volumes in the first and second states be V, an

L then g = V. -V,. Hence
P L
ar ), V=1 ), or) (V,=")
oP e

T . T (V,-V)

This is Clausius-Clapeyron latent heat equation.

Applications of Clasius-Clapeyron Equation :

1. This equation can be used to study the variation of boiling point of a liquid with pressure. When
a liquid boils, i.e., changes from liquid state to gaseous state, there is an increase in volume ( V,>V).As
(V,-V,) is a positive quantity dP/dT is also a positive quantity. This means that the boiling pomt of a liquid
rises \vuh increase in pressure or vice versa. This also indicates that under reduced pressure, a liquid boils
at lower temperature.

2. This equation can be used to study the variation of meltmg point of a solid w1th pressure. This is
chqsmed into two classes. °

a) When V, >V, (As for wax and sulphur) In this case (dP/dT) 1s a positive quantity. This means tht
melting point of such substances rise with increase in pressure. _

b) When V, < ¥V, (As for i ice, gallium and Bismuth). In this case (dp/dT) is a negative quantity. This
means that the melting point of such substances decrease with increase in pressure.

3. The equation also explains the regelation of ice. When the two pieces of ice are pressed together,
they form a single piece. This phenomenon is known as regelation. We know that melting point of ice is
lowered with increase in pressure. When between the two surfaces in contact. On removing the pressure,
the original melting point is restored. Now water film is frozen and the two pieces form a smgle ice piece.

0. 5. Define specific heat of Materials ? Deduce the relation between specific heat C C,

Ans : Concept of specific heats : Consider a gasof massmata pressure Pand volume V. If the gas
is compressed, there is rise in temperature. In this case, no heat has been supplied to the gas-to raise its
temperature.

7O
mao

On the other hand, if heat is supplied to the gas and the gas is allowed to expand such that there is
no rise of temperature, then :

123 |
mo - : . E

-. Specific heat, C = ButQ=0;C=0

C=

Pl s
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= =0
mxg@

Here O =0

Thus, the specific heat of g gas varies from zero to infinity.

In order to fix the value of the specific heat of a gas, the pressure or volume has to be kept
constant. Consequently a gas has two specific heats.

. Specific heat at constant volume ¢
2. Specific heat at constant pressure C

C. : It is defined as the qQuantity of heat reauired to raisc the temperature of one gram of a gas
through 1°C at constant volume,

C, : It is defined as the qQuantity of heat required to raise the temperature of one gram of a gas
through 1°C at constant pressure.

C is grcater.thsim C, : When a gas is heated at constant volume, the heat supplied to the gas is
wholly used up to raise its temperature. On the other hand when a gas is heated at constant pressure, a part

of the heat is used to raise its temperature and a part is used to do external work to keep the pressure
constant.

L G>6
Relation between Cp and C, :

(eo 8s do (0 os
Y . =| == =7T|— ndS =—= _ | = =T | —
We know, Cp (BT)P (GT),, [ d. T ] and C, = (GT),, (aT)V'

Let us consider S as a function of temperature and volume

as oS
2 aro(85)
R (aTj,, . (EVJ,

Differentiating the above with temperature at constant pressure, we get

=& EE) ),
aTJP_ er ).\or) \ev).\or ),

: oS\ (oP !
.But from Maxwell's relations ﬁ i _ ﬁ N

Substituting equation (18) (17) we get

&) F) (&) F)
er), \er), \or),\oT),

Multiplying above equation (19), by T on both sides we get

T(_aﬁ' =T(9§) +T(g’_’) (é’i)
orT ), orT ), or )y \ 0T ),

Substituting equations (15) and (16) in equation (20), we get

oP aVJ
~.C, _‘c,, ol (57—,)" (aT ,

1y s oP aV).
..cp_c‘,+T(57)V(aT !
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ﬁl’) m*)
orC,-C. =1 Lar ,(m‘ ,

This is the required relation between C, and C,.

C, - C, =R for an ideal gas : For idcal gas, PV = RT

((’P) TR ’av) R . '
| =——and| — | =—
T ). Vv (ar ), P

o r(OP) (o
ButC - C = (’{7? ) or ) (from equation 21)

‘ ' RY (R
Substituting equation (22) in (21) we get C,-C=T (,7) (F)
—TRZ*TRZ PV=RT)=R
~pr ~rr PVTRD=
= C -C =R

Relation between C, and C_ for a gas obeying vander wall's equation :
For a gas obeying vander wall's equation

a ‘a RT
Differentiating above equation with respect to T at constant volume ¥, we get
(22 = 2
or ), V-b

Differentiating equation (24) with respect to T at constant pressure P, we obtain
" R
'_Z_g(ﬂ'_ R~ RT (?K] (Q’i)= T=b
vi\er), w-by (v-by \or), " \oT/)p &I __2a

(V—b): 3

(ap) (6V)
From equation (21 he Cp-Cv=T

rom eq n (21) we have p - or ), \or ),
Substituting equations (25) and (26) we get

T(J?)fk) R
c-c - \V=b)\r-b)__ (¥-b)

T | R 24| | RT 24
v-b' Vv v-b' vV
C,~C, = £
1=2a(r-b)" |
V'RT
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Neglecting "5" as compared to ¥ we get

Expanding (28) by binominal theorem and remembering that a is small we get

¢, -C = R(1+2a )

Where R is in heat units.

0. 6. Define Specific heat of materials ? Derive the expression for ratio of two specific heats C /C ?

Ans : The specific heat of a substance is essentially the amount of heat required to raise the
temperature of unit mass of the substance through /°C. In case of solids and liquids, the change of volume
and hence, the external work done during the change of temperature is negligible small and hence, there is
only one specific heat in case of solids and liquids. We know that gases suffer big changes of pressure and
velume during the change of temperature. Thus, it is important to state the condition under which the heat
is supplied. In case of gases, generally, heat is supplid under the following two conditions :

1) at constant volume, and ii) at constant pressure

Specific heat at constant volume C, : The specific heat at constant volume is the amount of heat
required to raise the temperature of one gram gas through 1°C when the volume of gas is kept constant.

Specific heat at constant pressure C, : The specific heat at constant pressure is the amount of heat
required to raise the temperature of 1 gram gas through 1°C when the pressure is kept constant.

Ratio of two specific heats : Here we shall obtain the ratio (C /C ‘/'= 7 , using Maxwell's relations,
The coefficient of volume elasticity is defined by ’

Stress _ dP £
- dav

E= Volume strain dviv B

Therefore, the adiabatic elasticity E_ (entropy constant) and isothermal elasticity E, (temperature
constant) are given by : .

(aP)
. 7 - -
Es=-7 v ). (1)
(2)
and E =-V L@V i -(2)
| E, (eP/oV), — oT oV s _ ET\S oV )
Dividing the two equations, - we get _E_ = (oP/oV), (i 9;5:) (B_PJ (_55* )
T os ov ). \as ,(aVJ,

Substituting the values from Maxwell's relations, we have

(55“ [gﬁ) as) (éP
E 51/),, OS)y _|QV | | 85

S _ N =

E, (o) (eP) [T ||¢@P
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(.*w‘) [ﬂ’/’) _(DS) a8
orj,\o8s ). \or), ol
NMultiplying the numerator and denominator by 7, we get

7,( 08 J (ng)
l:‘ ™y "'}71 ‘
v o), _\ar), OT S =0Q)

I, ,/,( ﬁ.s‘) (oC
L OT " orT ),

00 ) o0
! { . J C, oand | =| =C,
Hul or ), ; ( or ), :
»( v!' =y = /,"‘5
C, I,

[hus, the ratio of specific heats of the substance at constant pressure and at constant vo:umc 15
eguil to the ratio of adiabatic and isothermal elasticities.

O. 7. Explain the importance of thermodynamical functions ? :

Ans : Thus, the four thermodynamical potentials, i.e., U (S.T) ; F (T.V) ; H(S, P) and G(T.P) lead
us to the four thermodynamical relations known as Maxwell's relations.

fmportance of the thermodynamical functions : Thermodynamic functions are of practical im-
portance in studying the conditions of equilibrium of a system. The internal energy is an extensive prop-
erty. Its values is proportional to the quantity of matter constituting the system under consideration. The °
change in internal energy, when a system passes from one state to other, is independent of the path
followed between the two states. .

The condition of equilibrium for a process in which temperature and volume of the system remain
constant (isothermal - isochoric process) may be expressed as

drr =0 (® dF =-PdV-S8drI)

So in isothermal - isochoric process only those states are stable in which the Helmholtz free
cnergy is o a minimgn (not maximum). We have shown that Helmholtz free energy in any process at
constant temperature is equal to the reversible work done by the system [- dF = dW]

We know that reversible work done is the maximum work which can be obtained from the given
change in state, Thus, in an isothermal process, the decrease in Helmholtz free energy is a measure of the
maximun work obtainable from the change in state. .

Linthalpy is an extensive property of the system. The change in enthalpy is equal to the quantity of
heat given to the system for the change of state at constant pressure.

Gibb's free energy G is also a characteristic property of the system. It depends upon the thermody-
namic state of the system, In an isothermal-isobaric process (Temperature and pressure constant) dG = 0,
which means that Gibb's function ¢ is a minimum.
SOLVED PROBLEMS

0. 1. Calculate the depression of freezing point for water Jor an increase of pressure of 1
atmosphere.
Sol : Specific volume of'ice V, = 1.09 cc
Specific volume of water V, = 1.00 cc
or L

Since ;77/? T v, - V) where L is expressed in ergs.
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N

cP L7

. i Y . - .
Also ar T(, - ) where is expressed in calories and
4.2 x 107 ergs’ Calories

-
N

St

_1dP (5 -1 _273x76x13.6 x 980 (1-1.09) _ —0.09x273% 76 x13.6 x 980
LJ R0x4.2x107 - 80 x 4.2 %107

== 0.0074°C per atmosphere.

Calculare the elevation of boiling point of water for an increase of pressure of 1 cm of
mercury.

Sol : Specific volume of water = 7.0 ce Specific volume os steam = /677 cc
Boiling point of water = 700°C

Latent heat of vapourisation of water = L = 539 cal/gm

JL =1 7dpP

dr = I — When L, is in ergs
.05 =) T@dP) " (1677-1)373x1x13.6x 980
dT = 17 where L is in calories = 5390 <42 %107

dT = 0.3681°C per cm of mercury.
Deduce the Lhanoe in the boiling point of water when the pressure is changed by 1cm of
mercury (L =2.268 x 106 J kg!)

Sol : dp = I cm ong— 10° x (13.6 x 10°) x 9.8 = 13.6 x 98 Nm?
Volume.of / kg of water (7)) =1000 c.c = 10°m"*
Volume of / kg of steam (V) = 1.674 m3

: dP L
From Clausius - Clayperon equation ar = T (V )
_ al 2"

TdP (V,—V,) _ 373x13.6 X 98 (1.674-0.001)
== . 2.268x10° = G

Change in boiling point of water = 0.3667K :

Calculate the change in melting point of ice under a pressure of 100 atmospheres.
(Density of ice = 0.0917 gm/c.c., L, = 336 J/gm) '

Sol : Pressure dp = 100 atmosphere ~ =100 x 1.03 x 10° N/nr’

Latent heat, L = 336 J/gm = 336000 Jkg :

dPR (V, - V,)

Initial volume ——L"——— " Final Volume 7, = ‘g
dPxT x(V,=V1)
From Clausius.— Clayperon equation dl = I3
(76 136 x 980) (773)( l j [ l ) '
X X ~| ==
£ 000) \IN7) __o0714K
336000
—0—
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UNIT - IV
LOW TEMPERATURE PHYSICS

LONGANSWER QUESTIONS

Q.1 Describe Joule-Thomson pmom plug experiment. What are the important infe
this experiment.

rences from

s thettr ingulated
Ans : Description : The principle of Joule-Kelvin experiment is shown in fig. / P() is thermally in
Cot-
cylinder containing porous plug (porous material such as cotton wool) and fitted with two noncot

duclmg, pistons 4 and B. The porous plug separates the cylinder in two parts.
et )

The gas is compressed to a high pressure P, on one side. The ” 2
S ; T e, Elo ow

gas then passes through the porous plug on the other side.  » f‘ M /411 ':rt:'::gr
g 3 ‘ nane—etd v, V5 Y,

There is a constant lower pressure P,. When the compressed »“j.: VB :

gas molecules come towards the lower pressure side after pass rig

ing through porous plug, they are drawn apart and hence, suffer a change in temperature, I'he
change in temperature is called as Joule-Thomson effect.
This effect may be stated as follows :

"When a gas under a constant pressure is passed through a porous plug to a region of low it
constant pressure, the gas suffers a change in temperature. Such a change was actually
demonstrated by Joule and Kelvin and hence, known as Joule-Kelvin or Joule-Thomson

effect.
Results of Joule-Kelvin Effect (Conclusion)

1. All gases‘suffer a change in temperature after passing through the porous plug.

2. At ordinary temperatures all gases except hydrogen and helium show cooling cffect. For example,
at 0°C hydrogen shows a heating of 0.04°C per atmospheric pressure difference.

. The change in temperature is directly proportional to the difference in pressure on the two sides of

93]

the porous plug. : _

4. The fall in temperature per atmospheric difference of pressure decreases as the initial tcfnpcm-

ture of the gas is raised. It becomes zero at a particular temperature which is different for differ-
ent gases. Above this temperature, instead of cooling, heating is observed. The particular tem-
perature at which Joule-Kelvin effect changes the sign is called as temperature of inversion.
Thus, every gas below, its temperature of inversion will cool on passing through porous plug. The
inversion temperature of hydrogen is — 80°C. so if it is pre-cooled to a temperature less than —
80°C and then passed through the porous plug, it suffers cooling.
Referring to fig., consider unit mass of a gas in the left compartment. Now suppose that the piston
A is moved towards the porous plug. The result is that a certain mass of the gas is transferred from
left compartment (high pressure side) to right compartment (low pressure side). Here it is as-
sumed that the high pressure in left compartment and low pressure on right compartment are kept
constant because the compartments are thermally insulated and the piston is moved very slowly.
Let P, V, and T, represent pressurc, volume and temperature respectively on high pressure side
and PV, and T, similar quantities on low pressure side. Let U, and U, be the internal energies of
unit mass of the of the gas before and after passing through porous plug,

Work done on the gas by piston A =PV,
Work done by the gas on piston B=PV,
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Net work done by the gas = PV, ~ P.V,).

As the system is thermally isolated, this work must have been done at the expense of the internal
energy of the gas. Hence, '
P'2V2_P1V1:U/"Uz :
or U, + Py, = U, + P,V, = constant
The quantity U + Pl{ is known as "enthalpy". Thus, in Joule-Kelvin effect, the initial and final
enthalpies are equal, 1e., the enthalpy remains constant.
U + PV = constant

Now we shall discuss the behaviour of gases at different temperatures.
Perfect Gas

In cgse of a perfect gas Boyle's law is obeyed, i.e., PV, = P,V, hence,

U =u, ' .
If K, and p, be the kinetic and potential energies of the gas on left hand side respectively and X,
and p, similar quantities on right hand side, then ) '

Kl + P 1 = Kz Ea ,02

We know that there. is no force of attraction between the molecules of a perfect gas and hence,
p, = p,= 0. Thus, ,

| K, =K,
or T, =T,
Therefore, the Joule-Kelvin effect is zero for a perfect gas.

Real Gases : ° ; . . . _
For real gases P\V, = P,V,. So the net external work done by the gas P,V, + P,V, = 0. There-
. fore, there are three cases to be considered depending upon the initial temperatures (

i) Below the Boyle temperature : Experiments show that below. Boyle's temperature, the prod-
uct PV decreases as the pressure P increases upto a moderate value, i.e., ‘

PZI/Z - PI VI )
U,>U, (@ YU = Py, |
Thus, on passing through porous plug, the internal energy of the gas will decrease and hence, the
temperature falls (cooling effect). . P
ii) At Boyle's temperature : At Boyle's temperature, the gas strictly obey Boyle's law, i.e., the
product PV remains constant. Thus, ~
P sz w0 P 1 VI ' o
. U,v= Uz © Pl V1+U1 :Psz +U3) .
i.e., the internal energy remains unchanged or the temperature of the gas remains constant.
iii) Above Boyle's temperature : The product PV increases as the pressure increases, i.e., PV is
smaller at lower pressure than at high pressure or
P /V/ > P 2 VZ
or u,> U, - : : . A .
Thus, the internal energy of the gas will_ipcrease, and hence, its temperature will rise (heating
effect). _ ‘ .
Q. 2. What is Joule-Kelvin effect? Obtain an expression for the cooling produced due to this

effect? .
. ) ; ided i artments by a porous plug G. Let
Ans : 1ly insulated cylinder AB divided into tvyo compar .
S’or:iilg e\r/ abtc}:1 et:}rlrc?fl/ol};lmes of the gas before and after passing through the porous plug respectively.
1 2 ' ’ '

External work done on the gas by the piston =PV, R

e BT AR NS T A A T YT T A PR R A N I e
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External work done by the gas on the piston = I
Net external work done by the gas = (PV,~PV)

. . : e exnands 1 volu
The internal work done against the forces, when one  gram mole expands fron
volume V, is

me V, to

‘ ; ': B
" a a a A K NSNS
|5 v=2_4 NSSN I
v, V Vl Vz ' é‘ ) D

Total work done by the gas | Fig.
' a a
= y A gPeEmeE L L I

W= (PJV, PV)+ v, Vv, 2y

a
According to Vander Wall's equation, we have (P+72—) (V—b)=RT

As a and b are small quantities, VZ ‘can be neglected

pr+2 e e,
7 —Pb=RT(or)PV=RT—72+Pband'P2V2=RT— v, + Pb

1

1 1 '
~ (P,V~PV) = (V VJ bR, =P} + . & G e 2)
. (1 1 ) a a
i W=a|7, 7, |-b(@®P,-P)+ 5 —7
From equations (1) and (2), we get' W=a v, 7, (P, % vV, 7,
11 ‘ SRR
W=2 v, v, -b®,-r). Tl 3)

s ) 1
As a and b are very small quantities PV = RT (or) _17 =T

& 44 L fa - e )

"V, TRT ™V, TRT
Substituting in the equations (3)
Fa Pa
= = ——(P,-P) -b(P,-P,) ... 5
W= 2(RT RTJ b(P pP) W= ( ) —b(®P -P) (5)

2
“W=(P, - sz[—i~b)

As the system is thermally insulated, this work is drawn from the K.E. of the molecules of the gas.
Hence the gas cools. Let d7 be the fall in temperature.

If C, be the specific heat at constant pressure, then the amount of heat that must be supplied to
restore the original température will be C, dT calories (or) CPdTJ ergs.
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) 2a '
-~ CdT) = [P P (}” “‘/’J s (0)

If P~P, = dP (change in pressure)

2a
dr | gp=?
dP e e T L (7)

c,J
Cases :

e

2a i
1. It (RT) > b, then dT = +ve and there will be a cooling effect because o1’ represents fall in

temperature.

2a '
2. 1f ('R-T_) > b, then dT = — ve and there will be a heating elfect,

2a
3. If (ﬁ) > b, then dT = 0 then will be no effect.

The temperature at which joule-Thomson effect is zero and changes sign is known as the "Tem-
perature of invertion"(T ).

24 _ ks
“RT, =b(or) T, = Rb

In equation (7) the —— represents, the change in temperature due to change in pressure and is

dP
referred to as "Joule Kelvint Coefficient" (dr)’ "differential Joule-Kelvin effect”.

Q.3. Explain what is meant by Adiabatic demagnetization? How it is achicved in practice ?
‘Discuss the result obtaiyed? - ' ;

Ans : Definition : Ina paramagnetic substance, the clementary molecular magnets inside it all lic in a
disorderly fashion. They form neutralizing groups so that their net effect is zero. When we magnetise
such a substance, -these groups of dipoles get broken up and get arrnaged in an orderly manngr

parallel to the field applied. Work is done on the substance and this appcars in the form of heat. So
its temperature rises. The stronger the magnetisation, the
greater the rise in temperature. If we demagnetise the sub-

stance, the properly aligned dipoles in it, again get back to . 1
their enutralising disorderly state. in the process, work is {\ﬂ {5
done by the substance, with the result that if it be in thermal > \]
isolation from its surroundings the necessary energy for this

work is drawn from the substance itself and its tempcra- " Liquid My
ture, therefore, falls. This is known as 'adiabatic Fig.

demagnetisation'.
Method : The specimen is a single crystal, oram

It is either suspended or placed on a thin glass . '
supplied with helium gas, or evacuated by a diffusion pump as desired, is surrounded by Dewar

ixture of small crystals or in the form of powder.
pedestal, inside a glass bulb B. Bulb B can be

B T L P IO ML LYy - s
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flasks D, and D, containing liquid helium and liquid hydrogen respectively. The entire assembly is
placed in between the pole pieces N and S of a powerful magnet.

Helium gas is introduced in the bulb B which helps to have thermal contact of the specimen, kc':pt
in it, with the liquid in D, so that it may acquire the temperature of the latter. This temperature lies
between /.2 and 1.5 K, depending upon the pressure. Thus, the helium gas introduced r.ncre]y
serves as a conductor of heat- to enable the specimen to attain temperature equilibrium rap idly. It
is referred as the exchange gas. The current of electromagnet is then switched on. This produces
a magnetic field of order of 707 oersted at the specimen. The specimen is thus magnetised. T}?e
heat produced in the specimen, during magnetization, is conducted away by the exchange gas in
B to the liquid helium in D,. Here the specimen in B is left both cold and highly magnetised. The
exchange gas in B is now thermally isolated from D , and D,. The current is, switched off, thus ,
cutting off the magnetic ficld. This results in the specimen getting almost instantaneously
demagnatised adiabatically, and its temperature falls.

Theory : When an external magnetic field is applied on'a paramagﬂctic substance, the molecules
present in it try to allign in the direction of field. This is due to work done on the molecules. Let 'B'
be the magnetic induction field strength applied on the paramagnetic substancc Then the intensity
of magnetisation changes by an amount d/

Work done by the field = Bdl. .

When the substance is demagnetised, work done by the substance = — BdI

'e know from first law of themodynamics dQ =dU + dw |
dQ = dU + (PdV — Bdl) o L TR (D)
Here the process is carried at constant volume. So the change in volume dV = 0.
From (1) we can write dQ = dU — BdIl »

. dg -
But change in entropy dS = T
dQ = TdS TdS = dU — BdI ‘
. oT ov
But from maxwells thermodynamical relation, we know that P == as
S P
Hereput-Bfor Pand/forV |75 1 %c!| .. 2) .
P oPl,  Las ], =
If m is the mass of substance, C is the specific heat at constant magnetic induction fixed, then
60=mC,oT
a0 . :
[ar] me, (R
7]
We know 9§ = 7Q

[‘”} {?Q}_L"_CL
oT orT |~ T

By substituting this value in cquation (2) we get
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Q1=+

o (1)

i | A

I he ulm\"t‘ caquation represents the fall in temperature of the substance due to Adiabatic
demapnetisation. “The magnetic susecéptibility of a substance is defined as the ratio of intensity of
magnelisation o specimen 1o the intensity of magnetising field.

|
A B Ty an s (4)
According Carie law, the susceptibility is inversely proportional to absolute temperature.
| &
W= 00 = =
7 Y/ T (5)
Here Cas a constant
| C BC
B T ' ool = T

By substituting this 1 value in equation (3)

o r|o (ClB .
- 0T=+ mC|oT\ T B in i ko (6)

Let 7, and 7', be the initial and final temperatures of the substance, B, and B, are the initial and
final magnetic induction field strengths respectively.

7,

for-L 2 (42)
mC "‘('3'1‘ r )oB

7

rc,[ 5 ([-—_ID €
T,~T, =+ mCl 2 T2 | = mCT (B; -B)

B
When B,= 0, then
T T Cl 133
et amer
The -ve sign shows that there is fall in temperature.
SHORTANSWER QUESTIONS
Q. 1. Write the distinction between Adiabatic and Joule Thomson expansion.

Ans : Distinction between Adiabatic and Joule Thomson :

Joule-Thomson expansion Adiabatic expansion
1. The cooling is mainly due to imternal wm'kd_(mc 1. The cooling of a gas is lll:lil‘ll)’ due to the g‘-.\w‘r—
by the gas against intermolecularforces ol at- nal W(-)rkdun.c by the gas. For perfect gas also
traction. That is why, this is also called throttle there is cooling.
expansion.

o

2. For perfect gas, there is no cooling. For any gas, we can observe cooling effect ir-
respective of its initial temperature.
3. For a real gas, there is cooling effect, when its' 3. There is no such heating eftect.
initial temperature is below its temperature of
inversion,
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Sty Material
1 There will be heating effect if the gas is ini-| 4. There is always cooling cffect.
tally above ity inversion temperature,

T R . o ] it fall i €SSUre s
A Cooling produced per unit fall in pressure is| 5, Cooling produced per unit fall in press g

sl high.
O TCis e isenthalpy process, 6. It is an isentropic process.
01w alwavs irreversible, 7. Itis reversible.

Q.20 Bxplain the methods Jor producing Low temperatures. .
Ans The researches of various seientists have conclusively established that the lowest tcmpﬁTfltlffc 1
A7 This is known as the absolute zero of temperature. Low temperatures can be achicved
by the following methods.

1. Freezing mixtures @ Pure melting ice produces a temperature of 0°C. Still lower tcm}')"v'fﬂtl“’?fy
are obtained by freezing mixtures. When common salt is mixed with ice, some of the i!fc melts o
cooling the salt to 0°C. The salt readily dissolves in the water formed from the melting ice. h“a't s
now absorbed while salt is dissolving in water (heat of solution) and further ice will melt absorbing
latent heat of fusion of ice. Thus the temperature falls below 0°C.

. A . o N - . - T 1
A mixture of ice and common salt gives — 22°C, ice and calcium chlorides gives — 55°C and ice

potassium hdroxide gives — 75°C.

Bl

2. Evaporation of liquids at reduced pressure : When a liquid evaporates it draw the latent heat
of evaporation from the surroundings. By reducing the pressure on the liquid surface the liquid can
be made to boil at the room temperature, without supply of heat from outside. The latent heat
necessary for boiling is taken from the liquid itself and consequently the temperature of the liguid
falls. ’

Easily liquefiable gases boiling under atmospheric pressure given temperature less than 77C.

R

a)  Boiling liquid SO, given — /0°C "~ b) Boiling liquid methychloride gives — 24°C ;
¢) Boiling NH, gives — 33.4°C . d) Boiling liquid CO, gives —103.7°C.

Still lower temperatures were obtained after the announcement of the liquefaction of permanent
gases, Liquid O, enable to obtain temperature of —/83°C. Liquid V, boiling under normal pressure
gives — /96"C, Neon gives — 246°C and H, gives — 253°C. By boiling helium under reduced
pressure, a temperature of about — 272°C or 1°K were obtained by adiabatic demagnetisation of
paramagnetic salts. ' A

Adiabatic demagnetisation : When a paramagnetic substance is magnetised, external work is
donc on it. This results in a rise of temperature. Similarly, when it is demagnetised (under adiabatic
conditions) the temperature falls. This principle was utilised by Giaque, Debye and others in pro-
ducing very low temperatures below /K.

Q. 3. Explain the principle of regenerative cooling. _

~Ans : The cooling produced in Joule-Thomson expansion of a gas depends on the difference of pressure
on the two sides of the porous plug and the initial temperature. For most of the gases the Joule-
Thomson cooling is a very small. However, the cooling effect can be intensified by employing the
process called the regenerative cooling.

In this method a portion of the gas which suffers Joule-Thomson expansion and becomes cooled
is employed to cool other portions of the incoming gas before the latter reaches the nozzle to suffer 3
Joule-Thomson expansion. A fier su ffering the Joule-Thomson expansion at the nozzle, the incom-
ing gas becomes further cooled.. By a continuous application of this process, the temperature of
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the gas coming out of the nozzle, Falls continuously till the gas starts liquilying on the low pressure
side. The commutative process used to cool a gas continuously is called (ilc repencrative cooling,
- The arrangement of regenerative principle is shown in /ig. The

gas is compressed to a high pressure i

) in the compressor. The heat of | yOm
i : . .  FAVAVAVASS
compr6551hon 18 removed by passing the gas in a water cooled jacket [ \?%’%\\; 1™
hen this T o 4 i T
AT gas enters the inner tube of regenerator R and suffers ‘ "I n

Joule-Thomson expansion. This cooled gas returns by the outer tube bl 1 w

and absorbs heat from the incoming high pressure_gas before it COMRRSSEN

reacbes the compressor almost at the same temperature as the in-

coming gas at R. After being compressed and passing through the : 5 t"
water cooled jacket, if reenters the regenerator and is further cooled ‘ v

. by the outgoing gas which has previously suffered joule-Thomson '“""JJI
expansion. Then it suffers Joule-Thomson expansion and hence its "
temperature further falls. As the process continues the gas approach- rig. il
ing the valve

becomes more and more cooled till the Joule-Thomson cooling at ¥ is sufficient to liquity the gas.
A portion of the escaping gas is condensed in the flask F. At this stage the temperature of the
whole apparatus becomes steady. . .
Q.4. Explain briefly the principle and working of a rcffigerator. y
Ans:a) Refrigeration : Refrigeration is to maintain low temperature surroundings. A machine used for
producing low temperature below surroundings and maintaining an enclosurc at that temperature
called as refrigerator. The liquid used to produce cooling is called réfrigérant,
Properties of Refrigerant : £
1. The refrigerant should have low boiling point and low freézihg point.
2. Tt should be vapour at normal temperature and pressure. ‘
3. It should be non-flammable, non-explosive and should not have bad effect on the stored food
material. . ' . T )
4. It should have high thermal conductivity. _
5. The latent heat of vapourisation must be large. : : l“ '
6. The specific volume should be small. - 4}
b) Refrigerator : Refrigerator can be considered to be the heat ' ‘
engine operated in the reverse order. That is the heat engine ab- ( =w
sorbs heat from a high temperature source converts part of heat
into mechanical work output and rejects the difference as heat to r—_jﬂ_ﬁ
a lower temperature sink. But the refrigerator absorbs heat from LQ, 2
the low temperature sink, the compressor supplies mechanical work Fig.

input and the sum is rejected at high temperature source.
From the diagram Q, is the heat removed from refrigerator by the cooling coils with in it. W is the
2

work done by the motor and Q, the heat delivered to the external cooling coils and removed by

Q;=W+Oz

circulating air water.
Hence, Q0=0,+ W
" The Coefficient of performance 0
to the machanical work /¥ done by the compressor.
.9 9
Coefficient of performance =K = py = 0 -0,

f a refrigerator is the ratio of heat removed from the refrigerator
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Refrigerators are of two types depend-

ing upon how the low pressure vapour is

compressed. They are vapour compres-

sion machine, the vapour absorption us-

ing a motor. In the vapour absorption ma- = pmss{’:’ ges

chine, the low pressure vapour is dissolved

in a dilute solution of the refrigerant lig- 2

uid at room temperature and the concen-

trated solution is heated to expel the Low pressuro liquid

High
prossure gag

o X High
< -<— pressura liquid

vapour under high pressure. The vapour
compression machines are more eff ficient
and can easily be operated.

Fig.

The vapour compression machine : In this an clectric motor works as a compressor and the

low pressure vapour like Sulphur dioxide or Freon is compressed. The figure below shows ma-
chine. |

P is a compression pump worked by means of an electric motor. At its bottom there are two valves
V, and /,. When the piston is pushed downwords the pressure of the vapour under it increases 'and
the valve ¥, opens while the valve V, remains closed. The vapour under high pressure enters into
the condenser coil C made of copper. This coil is surrounded by and enclosure containing cold
water or a stream of cold water can be circulated throu gh it. The heat of compression is removed
by the cold water and the vapour under High pressure émd low temperature liquefies in C.

This liquid refrigerant passes through a valve ¥ into the refrigerator coil R. Due to the low pressure
in R; the liquid evaporates. The pressure in R can be lowered by using P. The amount of heat
required for evaporation is extracted from the surrounding liquid say water. The water is cooled. As
the liquid evaporates, the pressure increases and when P is raised the vapour opens the valve and
enters into the barrel in which the position works. Now when P is lowered, the vapour opens V, and
enters into the coil C so on. Thus as more and more liquid evaporates in R, mor
produced and the temperature of the surrounding water is lowered. After a time the temperature
of the enclosure of R reaches the required low value. An automatic device is used for starting and
stopping the motor. By using the thermostat, the temperature can be controlled.

Q. 5. Explain briefly the principle and working of Air Conditioning Machine.

Ans : The main functioning of an air-conditioning machine is to keep the temperature
air in a room or hall at required comfortable levels.

The human body feels comfortable at about 20°C in winter and below 25°C in summer, In addition,

the relative humidity of the surroundings must be not less than 35% and not more than 75%. To

fulfil these requirements, we employ air conditioning, Air conditioning has become

many of us and new technology makes these systems lighter
. mentally friendly than ever before.

¢ cooling is

and humidity of the

away oflife for
» more efficient and more environ-

The few basic rules of physics, namely heat transfer,

cvaporation, condensation
used in air conditioning machine.

and pressure are
Parts of air conditioning machine :

Following are the main parts of an air conditioning machine :
1. Thermostat that controls the temperature,
2. Hygrostat that controlg the Humidity of air.

i
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3. Control damper that recirculates air and fresh air.

4. Filter that absorbs dust from mixed air.
5. Cooling and heating system,
6. Air-blower (fan)

An air conditioning machine is shown in fig.

Working : A part of the air UL L LU0
from air conditioned room is pg . }

recirculated. The recirculated i
air is mixed with the fresh air
in mixing chamber. There are
filters in the mixing chamber :
which absorb dust from the
mixed air. Now, the cleaned air :
is preheated by means of pipes
in which hot water is passed.

[,

74
e e
@

‘ Thormostat
l Rocirculated

alr r,wmyaﬂzya/,{wﬂmf

| ks e il ':
) ; : ) wilat ¢
Conral ’llollcuhled Filtor Coolos Huhl it J
damper for : / 7 =
pe | Fm‘h an 2

—-——-—:—u——-—-—.—-’
@ ) Alr blavror

ssrtlindshe

Ty
Hygrostat [

=3 A

GOy

Fresh an ="

This function is performed by . "::::::::::::';_._..”"'":§- Fumigitar] |1 ¢" €revating pump
. .. Coal t
preheater in the mixing cham- iy ven Rianeater | | Cooling water
ber. This is done because o
ettt e HO L wals Gt
warmer air con absorb more
. o
water vapour. - , fi

Also, in the mixing chamber, a part of air is cooled by the cooler system. The moisture content
and temperature of the air emerging out from the cooler are adjusted to the desired values by
adjusting the temperature of the cooler.

The air coming out from the cooler is mixed wsith the air coming str ‘ugjht from the preheater.
Therefore, an air mixture of desired temperature and humidity is obtained. If the humidity is very
low, then by -means of spray-nozzles, water is added to air mixture. By doing so, the temperature
is also decreased. To maintain the desired temperature, the air is again passed through a rcheater.
As a result, we get the air of desired temperature and humidity.. ;
The air blower or fan behind the reheater forces the conditioned air through ducts into the room.
Q.6. Give the properties of substances at low temperatures.
Ans

At low temperatures, the matter exhibits some peculiar properties as comimrcd to the properties

shown at ordinary temperatures. At low temperatures and very low tcmpcmlurcs followings are

the few surprising and unexpected properties of the substances :

1. At temperatures below 90 K, most of the chemical reactions cease to take place. At these tem-
peratures, animal and vegetable matter can be preserved without putrefaction.

2. Certain materials like cotton and wool exhibit the property of fluorescence whcn U(posul to the.

temperature of liquid air for some time.

3. At temperatures below 83 K lead loses elasticity and attains a plastic stalc The subsmnus like
rubber and glass become extremely brittle at these temperatures. Rubber cooled to such a low
temperatures breaks into pieces just like a cork when hammered.

4. For all substances, the atomic heat (product of atomic weight and specific heat) tends to become
zero as the absolute zero of temperature is reached.

5. Elements like oxygen are not paramagnetic in nature in their gaseous state. But, when they arc
converted into liquids at low temperatures, they become paramagnetic.

6. The magnetic susceptibility of certain paramagnetic salts like copper sulphate vary inycrscly at the
absolute temperature in the region of low temperatures.
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7. The entropy of a substance tends to zero value when it is exposed to very low temy

8. The electrical resistance of most metals decreases as the temperature is rcduclcd._ A't a pzll‘“ﬁllk}r
temperature, the resistance completely vanishes, i.c., the conductivity becomes infinity. L.h?du thig
situation the ordinary conducting material becomes super-conductor (infinity conductivity ) the
temperature is called as transition temperature. It is found that the resistance ofmcrcur:y‘ vanishes
suddenly at temperature of about 4.2 K. Good conductors like copper and platinum offer almost
negligible resistance at temperature helow 43 K.

The property of a metal of completely losing its electrical resistance in the neighbourhood of
absolute zero of temperature is called superconductivity.

9. Below 2.17 K, helium is called as He IT and it exhibits super-fluidity. Its viscosity is very low and
it can pass through a capillary tube without any resistance. The property is known as supcr-
fluidity.

Q.7. Explain the effects of chloro-fluoro carbons on ozone layer.

Ans :1In order to consider the effects of chloro and fluoro car-

Thermosphere
bons on ozone layer, first-of all, we consider the ozone ‘ “(lonosphere)
layer and then ultraviolet (U.V.) radiations and their harm- m
ful effects.
1. Ozone layer : The gaseous envelope surrounding our Pl ‘ZQ'I";;@":’:
earth is called the atmosphere. The atmosphere is com- Troposphere 17 km/ .‘i’5km

posed of mass of air containing primarily gases as N,.O,,
CO,.H,, 0,. 0,, O, etc. The atmosphere is mainly divided
into four regions as shown in fig. The major regions of the

Equator

atmosphere, their altitude ranges, temperature ranges and

the main gases present in tose regions are shown in table. . Fig.

' Table : Major regions of our atmosphere
Region | Altitude range . Temperature range (°C) Major gases present

' (in km) ) :

Troposphere 0-11 15 to (-56) N O His CO,, O,
Stratosphere 11-50 —56to-2 o 0O,
Mesosphere 50-85 —2 10,92, 0,, NO
Thermosphere 85-500 — 92 and below it. \ © 0,,0,NO
({onosphere) ‘

The layer of the atmosphere about 235 km from the earth's surface is known as ozone layer. The
ozone (O,) molecules present in this layer absorb ultraviolet radiations from the sun to the atimo-
sphere. The ozone molecules decompose into oxygen molecules (0O,) and single oxygen atoms
(O). in this way, the ozone layer acts as a protective shield surrounding our earth. So, the ozone
layer protects us from direct exposure to U.V. radiations from the sun.

U.V. radiations and their harmful effects :

The U.V. radiations damage the deoxyribonucleic acid molecules (DNA). They have the following
- deleterious effects : i)They damage the DNA of reproductive molecules in all living beings. ii)
They increase the occurrence of human skin cancer. iii)They increase the damage of human and
plantlife. iv) They reduce the rate and efficiency of photosynthesis. v)They affect the global cli-
mate, i.c., increase the global watming. '

Effect of chloro and fluoro carbons on ozone layer :
The chloro-fluoro carbons are responsible for the destruction of ozone layer. Already about 5%
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Sol.

Sol.

Sol.

Sol.

. Calculate the temperature of inversion of helium gas.

ozone layer has been depleted. (i.c., a hole has been formed in ozone layer) at global level. The
depletion of ozone layer is greatest over the south pole where about 50% hole is formed in the
ozone layer. The hole in the ozone layer results in increased U.V. radiations directly reaching the

earth. These radiations produce harmful effects on human life, plant life and under water acquatic
jife also. .

Therefore, chloro and fluoro ¢

) arbons produce destruction of ozone layer which is harmful for-
human life because U.V, radiat

ions reach the earth through destructed ozone layer.
PROBLEMS

. Calculate the change in temperature when carbon-di-oxide gas suffers Joule-Thomson

expansion at 27°C. The pressures on the two sides of the porous wall are 50 atmo-

spheres and one atmosphere. Given a = 0.363 nt-m'/mol’, b = 42.7 x 10° m’/mol. and
C, = 8.75 cal/(mol-K). . |

Giventhat P, — P, =50 = I = 49 atm. = 49 x (1.0] x 10°) = 49.5 x 10° nt/m?
JC, = (4.18 joule/cal) x [8.75 cal/(mol-K)] = 36.6 joule/(mol-K)

2a  2x0.363nt—m*/mol® , .
il O : _ 6 2043 / 2o
- RT " 8.31 joule ((mol —K)x 300K ~ 221 x 107 n* / mol

261 ' * X ; ‘
(RT )= 29.1 x 105~ 42.7 x 105 = 248 x 10°m* / mol

. -(Pl—Pz)x[Za _p| 49.5x10° i W b
Aleo="wge, RT T 248'x 10° =-33.5 K = - 306.5°C

- Calculate the temperature of inversion in case of H, and CO, from the given data. T, for

H, is — 239.9°C and for CO, is 31°C. s ol
Here, (T)y, == 239.9°C = —'239.9 + 273 = 33.1 K
and (T)co, = 31°C = 31 + 273 = 304 K

| 27) e 21N T y -
We know that T = (TJ T (T), =(Tj x 33.1 =223.4 K =—49.6°C

27 _ :
and (Ti)COZ =7 % 304 = 2052 K_ = 1779°C

Give : @ = 3.44 x 107 nt-m*/mol’ and b = 0.0237 x 10 .m* / mol and R = 8.31 joule/(mol-K). -
The temperature of inversion is given by '

 2a . 2x3.44x107
T,= Rb 8.31x0.0237x107

= 35K =-238C,

If critical temperature of a gas is 16.6°C, find its Boyle's temberat_inre.
8 ) 27
Tc=—27 T, 0"' ' TH?TC

27 ' A a :
T, -5 289.6 (© T, =273+ 16.6°C= 289.6 K)

or = 977:4 K = 704.4°C
.  —O—
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QUANTUM THEORY OF RADIATION

LONGANSWER QUESTIONS i

. . ) i TITU 2L

- Q. 1. What is Planck's Hypothesis ? Derive Planck's SJormula for the distribution of ,: m,f,'/',, ,I,”
black body radiation. Show that Wien's and Rayleigh-Jeans laws are spectal canes af
planck's radiation laws.

Ans : The classical theory of radiation, duc to the assumption that energy c‘lunu’!f-‘f ol ”"“”"f"”’ take
place continuously, could not explain the experimentally observed distribution of enerygry in ”',"" ol "“d”::f'r
a black body. Planck, therefore, was led to make amsimportant hypothesis known as [lanchk's WV", L «vt;:.
According to it, "A black body radiation chamber is filled up not only with radiation; but also with simply
harmonic oscillators or resonators of the molecular dimensions, and the exchange of encry ',""W“:"
matter and radiation does not take place continuously but discontinuously and discretely as an ”,'"”"'“'
multiple of small unit of energy called the quantum o7 photon. The vibration of the resonator entaily 'f""’
degree of freedom only. Thus, if the equiparition principle of energy were applicable. ‘The energy ushovls
ated with each resonator would have been %7 unit of energy with would be partly kinetic and partly
potential.

Planck assumed that the energy of a photon is proportional to the frequency of radiation, ic,,
e = hv. ’ :
- Where 7 is a universal constant called the "Planck's constant".

This means that an oscillator of frequency v can only emit or absorb the radition in units of
quanta of magnitude ho. The emission of radiation corresponds to a decrease and absorption to |
an increase in energy and amplitude of an oscillator, which would be partly kinetic and partly
potential. Thus ¢ =nho, n=20,1,2, 3 .......

The hypothesis was originally made to,explain the experimentally observed spectrum of black-body i
radiation. Later it was used by Einstein to explain the photoelectric effect and the variations in specific :
heats of solids and gases. Bohr used it to explain atomic spectra. It has.also been used to explain photo-
chemical reactions. ' '

A) Planck's radiation Law :.If N is the total number of Planck's resonators and £ their total |
energy, then average energy per Planck oscillator is given by , |
== - s L (1)
I ‘
According to Maxwell's law of molecular motion if e is a certain amount of energy, the probabili-
ties that a system will have energies. " ' '

§

0,e2e¢,.... Fe .. are in the ratio. |
€ 2 re :

1 3 el kT gkl ... ete. . |

e

If N, is the number of resonators having energy zero, then the number of resonators N, having

: < ; . 2 ;
energy e willbe N, okT 5 the number of resonators N, having energy 2 & will be N, e and in general, the

re
number of resonators N having energy re will be N, or and so on.

SN=N+N +N;+.. + N +.........
2 2e re
: € 2e re k7 kT kT
- = 2e re - +erl et 4. +ef +......
N, + /\,“ekT + NoekT + ... + N,ekr T = N,,A I+e PP
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Phring o \ (N
A A -l;v’ Ty %y Yook 3
N,
\ s §
A3
\ (1= ) vepras ()
e twtal energy of Planck's fesonators will be
F=O0x N, ¢+ gu N, +20¢ x N # ' ra Nr 4
¥ g j 1 l
| ot S
“‘"\‘1 '-‘k\"u' * r¢ \"Qf‘h \‘*tt rde™ + v re ;
Ny
A g
' -y 4
Theretore the ay erage energy of resonator wall be
: v
Et -y ¥ - g
i e W ———. @Y @€ W B i
A N, l"' ST e oD g e 45D
-} g et 1
] -y l -
According 10 Planck's hypothesis of quantum theory ¢ = Au, therefore the average energy of

Planck’s oscillator s given by

€
a—

et =1

Now the the energy density belonging to the range do can be obtained by multiplyving the averase

energy of Planck's oscillator by the number of oscillators per unit volume, in the frequency range © and ©
tdu, Le
“ L, 38

8o’ o sehy' b
or E dv - du . or Ed) = ~poe W o A
I I Cadh | ¢ et -1

where £/ du is energy density (i/¢., total energy per unit volume) belonging to the range du
Egn. (7) 15 called "Planck's radiation law™.
The energy density £, d4 belonging to range dA can be obtamed by using the relation o« (¢ A and
hence |[do| = | (¢/A7)dA], we pet

gnh () L [ ¢ p | Bhhe h
—y— |37 & vl by el (8
o A ) Ml ] A AT enr )

This is Planck's radiation law in terms of wavelength .
b) Deduction of Wien's formula from Plancks Radiation formula @ We bnow Planck’s Kadia-

I, da-

ton formulu i,

‘I)s.
Bahe | he 1 |
. ... | TR
L, dA 28 usp(. 2 “.J |
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he , :
] aed i e ator of the
For small (L‘lll])ol'l\llll'uh‘, c'_\‘[![ )\/"I' <=l and " can be lIC}','CLU.(l in the denominat hL
\
above equation
B, diow SR8 \p( /"') i 2)
"' ; (A ™ e C‘ oo aaA seeesaen Ls
! A' AT
he pr 5 3
laking SAhe = q; “I b, we can write I, dA L dA e (3)
\

This is Wien's formula which agrees at short wavelenpths,
- ¢) Deduction of Rayleigh-Jeans formula from  Plancks formula :

. he he (4)
For large temperatures oxp '}\',f,]‘ [ }\ /I """"
We know Plancks formula, |
adn ; dA
8nhe ——F7 7N 8nhe 7 T} .
. _ he o B = he
. E, dA = T cx,,()\;"[‘)_l B, dL= o _(, " xk’/'j—l
i
Smhe = 8k T
E,di= ——, fc ) B dd = =5 dA

....... 3)

d) Deduction of Wiens Displacement Law from Planck's formula : We know Planck's
formula is

8mhe __,LD“_

Evdd =733 T MT ]
he
- _he

' ' ‘ NkT
( OF, J _ =5(3rthe) _hlﬁ_ 8mhe o 7.
o) A g X (em‘ _1]

he
eMT

~40mhe 1 8mhe he { e 2
— lj

he C o
()}\:(’ =

AT Temr A TNRT

. i ok,
For maximum value of L 5}7 = ()
’_I('
M
 z40mhe 1 gmhe e T i
T .. + T X T =
A eMT _ | A AT (a“’ —l]

d
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81the Pl l;' h ;YT
TRkl ) AT c 2
) ),/l,"[‘ N -5 4 1‘ - (/ IS, -5+ 3;1‘{*7; . %—{I e
e - L P 1 1 e |
5 ¢ | [‘,)” __‘J 0 (CMT_IJ»U
he
KT Pe” Pe”
) S s é
P kg T 7 the above, — 5+ S = 0 e
From mathematical principle, P = 4,965
he /
; . 1c
Sy = 4965 ST =————— = constant
AkT 4.965k "
AT = constant . S =.*l—
T

This is Wiens-displacement law,

Q. 2. What is Black Body ? Discuss the spectral energy distribution of black body radiation?

Ans : Black body is that which absorbs all the incident radiation and does not reflect the rays
incident on it. The absorbing power of the black body is about 100% and the emmmissive power is also
about 100% but the reflecting power is almost zero. Hence the black body appears dark when it is cold
and bright when it is hot. ' g

Black body radiation : A perfectly black body is one which absorbs competely radiations of all
wavelengths incidenting on it. For all practical purposes a lampblackend surface may be treated as a
perfectly black body. A perfectly black body is a good absorber as well as a good radiator. So if it is"heated
to a suitable high temperature, it emits radiations of all wavelengths. Hence such a radiation is often
spoken as black body radiation (or full radiation or total radiation).

Ferry's Black Body : Ferry's black body consists of two hal-
low concentric spheres S, S, provide with a narrow opening A and
the projection B opposite to A. The inside surface of S, is coated with
lamp black and the outside surface of S| is brightly polished. The
space between S, S, is coinp]etcly evacuated. The incident radiation
through A suffers a number of reflections inside the sphere S, and it
is absorbed in it. The projection B avoids the reflection of radiation Fie.

incidenting normally on the surface S,. The narrow opening acts as _
black body absorbing all he incident radiation when the body is colde and emitting radiation of all wave-

lengths when it is hot. . o : .
Wien's Black Body : The Wicn's black body consists of a cylindrical hallow metallic chamber C.
The thin platinum foil is would over it. The chamber C can be heated by passing electgric current through

the platinum foil. The inner surface of the chamber is made black. The temperature of the chamber 1s

measured by the thermocoupl h
blackened diaphragms D and finally emerges out Sl

tubes P. P with air space between them.

—1
4392 2-“—?—"‘7‘“'?‘“"9‘0'#:\
T C

T MHeated Cod

The chamber is protected by the co-axial porcellian

L=--- i
Jasuis - e I
o‘%—g;ﬁf%%oo—.ﬂ—p‘ﬁq————/
[ =
Fig.

s A T SRR 10 O O
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Specteal Disteibution in Black Body
Radiation : Lammer and Pringsheim investigated
the distribution of enerpy among the radiation emit-
ted by a black body at different temperatures,

The experimental arrangement of Lummer
and Pringsheim is shown in Fig, The black body
was a smallaperture in an electrically heated cham-

ber whose temperature was recorded by a ther-
mocouple.

The radiations from the black body pass through the slit S, and fall on the reflector M. After being
reflected, the parallel beam of radiation fall on a rock-salt or ﬂu()rﬁpdr prism ABC placed on the turn table
of the spectrometer. The emergent light is focussed by the reflector (concave mirror) M, on a line bolom-
cter placed behind the slit S, The bolometer is connected to a sensitive galvanometer. The turn table is
rotated slowly so that different parts of the radiation §pcctrum successively fall on the bolometer circuit are
read. The intensity of cach line is proportional to the deflection in the galvanometer. Then a curve is drawn
between intensity and the wavelength. Then the body is heated to different temperatures and the curves
are drawn for various temperatures.

Result, from the curves :

i) The energy is not uniformly distributed in the radiation spectrum of a black body.

i) At a given temperature, the intensity of radiations increase v
with increase of wavelength and becomes maximum at a
particular wavelength. By further increasing the wavelength,
intensity of heat radiations decreases.

1640k

iii) An increase in emperature causes a decrease in A such that
AT = constant = 0.02896 ¢m K, where ) is the wavelength T
for which the energy emitted is maximum. This relation is
called Wien's displacement law.

1v) An increase in temperature causes an increase in energy
emitted by the body at a particular temperature for the range
of the wavelengths considered. This area increases with in-
crease of temperature. It is found that area is directly pro- ©O
portional to the fourth power of absolute tcmpcrature i.e,E Fig.
o T which is Stefan's Law.

0. 3. Define Solar Constant. Explain how it is determined u.wng Angstrom's Pyroheliometer. Using

.

it estimate the s urface temperature of sun.

Ans : Solar Radiation : The sun emits radiation continuously in space. A very small part of solar
radiation reaches the carth. But of this incoming radiation a considerable portion is lost by reflection and
scattering by the carth's atmosphere. The best reflecting constituents of the atmosphere are water vapour,
snow and cloud. The scattering is partly due to the dust particles and due to the air molecules. Further, the
radiation is absorbed heavily by the earth's atmosphere.
Experiment to Determine the solar constant : )

Definition of solar constant : Solar constant is the rate at which the solar radiation is received by
one square contimeter of a black surface held at right angles to the sun's rays and placed at the mean
distance of the earth provided the atmosphere were not present. The value of solar constant is 1.937 cal-
cm? min !,
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Experiment ¢ Solur constun iy determined by using the ,I/ ‘
'q i 2 cof pore . ‘
Angstmm s Pyroheliomerer, I consists of twa Wi ideaticnl sl A atl | 1
» i - 111s Py I . (y

;1 of platinum or manganin, ‘T'hey are stitably younted sicti thist A4 is // Py 1
exposed o solar vadiation falling normally on it wnd /1 is el illy Y |
heated and is shielded by the svereen & - ,{'// |
When the strip A is expos . , A 7 ,// ]
¢ B Exposed (g solu ridiation i1 receives et wnid : / |
{1 " 3 " ; / {

the deflection  will be produced iy (1e galvanometer, The current is ey |

passed through the strip # and (he steength of the current Js udjusted / g,
i ralvanomete » ( - , :
until the galvanometer does nof gliow any deflection, In this case e rate ot which the steip A receives

solar radiation and rate at which heat js eneriled i /e equnl,

It is the area of the sp A, the solar rudintion received PEr Ininue e soguare centitnetre pee o

‘ I~ 60
B ux4.2
. EIx60
That is § = E‘:Z'z* cal. em - min !,

' (£ = voltmeter reading in volts, / = ammeter reading in amnpers and o, = area of the strip A in square
centimetres).

The experiment is repeated at different times of the day and  the
solar constant S is observed and the Zenith distance 7 of the sun or
angular clevation Z of the sun is noted. 115, is the true solar constant if
can be shown that S = S a** where a is the transmission coefficient
which varies from 0.55 to 0,45, Taking logarithms log S = log 8, wee “ 1
Z log (o). Draw the graph taking log S along X-axis and Sec 7 along Y- ;’Z
axis. The intercept on Y-axis gives /og S, 'from which §, can be caleu- CO07
lated. The value of S, will be found to be equal to 1.94 cal-cm *-min/, Iig.

¢) Temperatue of the sun : The physical divisions of the sun are i) the Central Hot core terminat-
ing in a surface called the photosphere ii) the Reversing Layer, which is supposed (o contain most of the
terrestial elements in vapour form and gives rise to the Fraunhofer lines in the solar spectrum iiiy the
Chromosphere which is the extension of the reversing layer and the chromaosphere can be seen only
during total solar cclips and iv) the Carona,

The sun is a huge mass of gas (mass @ 2 x 10" gm) held together by the gravitational  force of
attraction amongst the atoms, The temperature at the centre of the sun will be about 10"K. 'I'he tempera-
ture of the sun has a vague meaning, We assume that the term photosphere is the limiting surface and we
can measure the temperature of the photosphere and this measurced temperature is referred to the black

—

Logs

|~

i
AT ST AT 4. - Bk

body temperature of the sun.
Let £ be the amount of radiation emitted per second by one square centimetre of the sun's surface,
If 'a' be the radius of the sun, the total amount of encrgy radiated by the sun in one minute = 4z’ » R »

60. '
This energy is reccived by a sphere which is equal to the carth's orbit,
If b is the radius of the earth's orbit, 5, is the solar constant the total enerpy of radiation received

'

by the sphere of radius b is 4ph*S,

. 4pa? x R x 60 = 4pb?S '
2
o o (i’, S e (1)
~ a 60 : )

- 2)
From Stefan's law E = o'T* i (2)

ORI B P e T R T Rl R e T T S
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h Y
Hlenes from (1) and (), o [ : J W wudl
L il

I d 60 o

11

) - i F ¢ . E o~ -:'_" e
e Blaek body temperatare 7 of e wun con be enleulnted, Thin ealealated femperature 18 less

(han tha temperature of the wan,
SHORT ANSWER QUESTIONS
O Lo Detine bluck body? Explain Ferey's Black body and Wien's black body with neat sketeh 7

Any ek Body b that whileh abgorbs all the inetdent radintion and does not reflect lh'c rays
tcident on it The absorbing, power of the blnek body is about 100% and the cmmimissive power 15 also
abont 100%, but the retlecting power i almost zero, Henee the blanek body appears dark when it is cold
and bright when i s hot,

ek body endintion @ A perlectly black body is one which absorbs competely radiations of all
wavelength incidenting on it For ol practical purposes o lnmpblackend surface may be (reated as a
perfectly blaek body,

A perteetly blnek body is n pood nbsorber ax well ns agood radintor. So, i it is heated to a suitable
hiph temperature, emits radintions of all wayvelenpths, Henee such o radiation is often spoken as black
Dody radiation cor (il eadintion or total radintion),

Ferey's Blnek Body : Forey's blnek body consists ol two
hallow coneentrie spheres 8,8, provide with o narrow opening,
and the projection 28 opposite (o A, The inside surface ol S, s
coted with lump blaek and the ontside surfiee of S, is brightly
polished, The wpace between 8, 8, s completely evacuated, The
imctdent tadintion through A sufters o number of reflections ingide
(the sphere S, and it is absorbed init, The projection /2 avoids the
retlection of radintion incidenting normally on the surface S, The
narrow opening aets ax black body absorbing all he incident radiation when the body is cold and emitting
radintion of all wavelenpths when it is hot. P

I'ig.

Wien's Blanek Body : The Wien's black |- ER— J
body consists of - eylindeical hallow metallic “f"j‘:ﬁﬁ:‘f:":ﬂ*"f’"“?‘”‘?‘c"f‘"‘#_ P '
chamber ¢ The thin platinum foil is would over ! «'j-l-. S eras ¢TI - | Jlonted Coll
i, The chamber € can be heated by passing [ STl “
clectprie current through the platinum foil, The —— m : !
mner surthee of the chamber is made black, The
temperature o the chamber s measured by the
||\&‘l‘lnm‘nll|\|\‘ thermometer,

The radintion from the chamber islimited by a number of blackened diaphragms 2 and (inally
cmerges out of 24, The chamber is protected by the co-axial poreellian tubes 72 P with air space between

Iip.

them,
Qo 20 Define the laws of thermal radiation,

Ans 1 Kivehhoft's Law @ This lnw states that at a given temperature, the ratio of emissive

power to the absorptive power for given wavelength is the same for all bodies and is equal to the emissive

power ofa black body at the same temperature,

Consider the case o a body (with any type ol surface), at equilibrium in an enclosure of uniform
temperature. Let the enerpy dQ ., (within wavelength range A and A+ 4) which depends only upon he
temperature, be incident on the unit area of the body per second. Now. '

S
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Energy absorbed by the body = energy emitted by the body
a,dQ, = e, di

where @, is the absorptive power

& _do,

aj d). = constant.

Sem;3, Physics

and e, is emissive power of the body. Hence,

A :

c S SR A : s ;
© " p depends only on temperature and for a given temperature it is constant)
This is known as Kirchhoff's law.

2. Stefan-Boltzmann Law : This law states that the total amount of radiant energy -emitted by a

black body per second per unit area is directly proportional to the fourth power of its absolute tempera-
ture. i.c., A x

E o TVor E = oT*

where fis called as Stefan's constant. It has a value 5.67 x 10 W m~? K-, This law is strictly true only
when the medium surrounding the black body is vacuum. Stefan established this law experimentally in
1879 The same law was established in 1884 by Boltzmann theoretically from thermo dynamical consider-
ations. Hence, this law sometimes is known as Stefan-Boltzmann law.

Now consider the case of a black body B, at absolute temperature 7, which is surrounded by
another black body B, at absolute temperature T, Now, '

Heat lost by black body B ,=oT/ .
Amount of heat absorbed by black body A from black body B, = o T’ |

-~ Net amount of heat emitted by body B, per sec per unit area

doy - . .
(2)-coi-r

This is the form of Stefan-Boltzmann law.

3. Wien's Law : In 1896, while investigating the energy distr'ibution OQer different wavelengths.
Wien showed that the maximum energy point shifts towards the shorter wavelengths side when the
temperature of the body is raised. He showed that ‘

‘A, T = constant

where A_ is the wavelength éonesponding to maximum energy emission from a black body at absolute
temperature T. He also showed that the maximum energy emitted‘ by a black body is proportional to the
fifth power of its absolute temperature. Hence, e ' :

(E), ol or(E), /T 5 = constant.
This is called as Wien's displacement law. ‘
Wien by applyihg Maxwell's law for distribution of velocities and the principle of equipartition
of kinetic energy gave the expression for E, as i
E,= C A’ e C/MT
where C, and C, are constants.

4. Rayleigh-Jean's Law : According to Rayleigh-Jean's law, the energy distribution in the thermal
Spectrum is given by

8nkT
E/'l = 7\‘4 2
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where k is Boltzmann constant. .
. ' - : . i la for the
5. Planck's Law : On the basis of quantum theory, Planck derived the following formu
energy distribution in thermal spectrum

8mhe
E/I = KS (ell('/lkT _ 1_)-

where 72 is Planck's constant, ¢, the velocity of light and k being the Botzmann constant.

, - o ile Rayleigh-
It should be remembered that Wien's formula agrees for short wavelengths ng:l()n while Rayleig
Jeans formula agrees for long wavelengths region. Planck's formula covers the entire range.

Q. 3. Explain the construction and working of ANGSTROM''s pyrhelio mefer.
Ans : Experiment to Determine the solar constant :

Definition of solar constant ;: Solar constant is the rate at which the solar rad‘iation is rcc;:lVCd by
one square contimeter of a black surface held at right angles to the sun's rays and placed'at tgg 7mealn
distance of the earth provided the atmosphere were not present. The value of solar constant is /. cal-
em™? min . ' E

Experiment : Solar constant is determined by using the Angstrom's Pyroheliometer. It consists (?f
two thin ideotical strips 4 and B of platinum or manganin. They are suitably mounted such that 4 is
exposed to solar radiation falling normally on it and B is electrically heated and is shielded by the screen S,

When the strip 4 is exposed to solar radiation it receives heat and
the deflection will be produced in the galvanometer. The current is passed
through the strip B and the strength of the current is adjusted until the
galvanometer does not show any deflection. In this case the rate at which
the strip A receives solar radiation and rate at which heat is generated in B
are equal. . :

It a is the area of the strip 4, the solar radiation received per

) .. EIx60
minute per square centimetre per min is-. m
. EIx60
Thatis § = ———— cal. cm™ - min™!.
ax4.2

(£ = voltmeter reading in volts, = ammeter reading in ampers and o = area of the strip 4 in square
centimetres). i

The experiment is repeated at different times of the day and the

solar constant S is observed and the Zenith distance Z of the sun or angular r
elevation Z of the sun is noted. If S, is the true solar constant it can be S
shown that § = S & where a is the transmission coef] ficient which varies
from 0.55 to 0.85. Taking logarithms /og S = log S, tsecZlog (). Draw »

the graph taking log S along X-axis and Sec Z along Y-axis. The intercept }§

on Y-axis gives log S, from which $, can be calculated. The value of S, will *_?E“_:)_—
be found to be equal to 1.94 cal-cm 2-min-".,

Fig.
0. 4. Write a short note on solar constant. '
Ans : The sun is radiating energy in all directions by virtue of its temperature. The earth receives
only a fraction of this encrgy. A considerable portion of the incoming radiation is lost by reflection and
scattering by terrestrial atmosphere. Moreover, the radiation is heavily absorbed by earth's atmosphere.

|
The absorption of radiation depends upon the time of day and the scason of the year. Thus, the |
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amount of socalr radiation received by the surface of the e wrth depends on the location, the time of the
day, the time of the yean, the weather and the tilt of the s face to sun rays.

Thus, we need a more constant quantity which is furnished by thc rate at which solar radiations are
received per unit area of a black surface held at right angles to the rays of the sun and placed at the mean
distance of the earth. The constant quantity is termed as solar constant.. '

Solar c'lanstant 1s defined as the rate at which solar energy is received by a black surface per unit area
placed normal to the sun rays at the mean distance of the earth from the sun in the absence of carth's
atmosphere. Its value is 1340 W 2 (1.92 cal ecm™ min).

0. 5 Derive Wein's law Srom Planck's radiation law.

Ans : Deduction of Wien's formula from Plancks Radiation formula : We know Planck's
Radiation formula is,

a’)\‘ ) .
B 8mhe ] he '
2dA= T lex =% 0 o T L e (1)
A { ’ (MJ } |
—he ‘ 5
For small temperatures, exp kT )~ > ] and "I" can be neglected in the denominator of the above
equation )
- 8mhe —hc). , : '
VE, dA= 2 eXp T dA . ) e e " cebess (2)
; hc . I ' ’
Taking 8Ahc = a; o b, we can write
a - -b a
E,dA = 5 e dAsrgac e win e frgueany on g, fpaedriasie 3

This is Wien's formula which agrees at short wavelengths. "

Q. 6. Derive Rayleigh-Tean's law from Planck's radiation law.
Ans : Deduction of Wiens Displacement Law from Planck's formula : We know Planck’s

formula is
‘8mhe A -
E)'d./l— XS.'eﬂf_l ' :
OE, —5(0rhc) /u~1 s 8mhe s 5
AN = 26 . e*_ﬁ _1 ?\‘S (eur _1] .
he
oNT
. 1 8the ] ) 3
—40mhc : whe  he ¢ he _
=‘T_-e%_l+ }\35 x)\?kT eMT _ 1| o Mewsas 6)
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For maximum value of &,

be
o7

~40nhe Bnhe  he . S
: AL
;‘.'I ‘l,"l/ ] :/ ” '/,l/i’l’ ({.II/ l)

) ; he ¥
. ..._;hn.h' o’ Yy 2 Jie: o’
7 44 ) J4 v Y o
" [{,/II " I ]')41‘ % ’,/l l ( ’,/;rl 'J 0O /.F (,,Il‘/ IJ J
{
- hz - —_ P’ Je” .
= in the above, — 5 4 7] Lo J
KT p o
From mathematical principle, > = 4,965
he - " he
LT 4,90/ ST e vonytant
i 4,965k
L 2] - ]
ST = constant RV /

This is Wiens-displacement law.
PROBLEMS

- Calculate the surface temperture of the sun and moon given that /= 4753 and I4u
respectively, /. being wavelength of maximum intensity of emission.

Sol. According to Wien's displacement law

0.2898 « 10*
2, T = constant = 0.2898 » 107 mK or T=— 5

o 0.2898710
i) For sun, Doy =A4753 4= 4753 x 10 m T 47537100 V97K
. s

o = 026982107
1) Formoon, I, * S (@ L L micron < 10 ) 207 K
14210
2. A black body radiator at 0°C radiates energy of .2 o 10 Jm? sec’. Deduce i) the value
of stefan's constant, ii) the amount of heat radiated per second h) a sphere of radius 4
em., at a temperature 1000°C (Assumed to be a black body).

Sol. i) According to Stefan's law E=ol
Here - 3.2 0 100 dm? see ! and 1~ ('C ~ 273 K

£ 324107
T (273)"

B

57 » 10%Im? sec! K1

4
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The amount of energy radiated per second b 0
ii) (I 273°K) is'given by P y a sphere of radlus 4cm at temperature 1000°C

= oT% x area of surface = oT* x 4pr?
= (5.7 <109 (1273)" x 4 x 3.14 x (0.04)? = 1.2 % 10° Jjs.

3. A blacll( body at 500°C has a surface area of 0.5m? and.radiate heat at the rate of 1.02 x
10° Js7'. Calculate the Stefan's constant. '

Sol. The total heat radiated per second by a black body is given by E= o T’ x 4

where A is the surface area and T is absolute temperature of the body.

E
-0.= F Substituting the given values, we get
1.02x10*

W 5.7 x10°® Joule/(m .sec. K“)

4. What is the wavelength of the maximum intensity radlatlon, radiated from a source hav-
ing temperature 3000 K. The Wien's constant is 0.29 cm.K.

Sol. According to W;ens law lm T=5»

3 _ b _029emK _J" s T g
T _3000K = 9666 x 10~ cm = 9666 4

1

5. If l for solar radiation is 4753 A and Wien's constant = 2.89 x 1073, metre-K calculate
the temperature of the photosphere
Sol. According to Wien's law 4 T'= b

b 289><10 metre K

= T T T 4573107 metre .

m

6. A black body at 1127°C rédiatés maximum wavelength of 2 micrbns, if the wavelength of
maximum energy of moon is 14 microns, what is the temperature of the moon?

Sol. Given that T, — 11274273 =1400°K iy A,=2m; A,=14m; T,=?
AT, _1400x2 |
. 2T= 7\'2 ’ 14 =200K

Temperature of the moon T, = 200°K
7. Determine the temperature of the sun with help of Wlen ) dlsphcement law, given

b =2.92 x 10 mK, maximum wavelength = 4900 A‘

Sol. Given thatA =4900 AU; b=2.92 x 107

From Wien's displacement law A, T =b

p 292x107

b _ama0®
L T= 3 ~2900x10° 7%

Temperature of the sun, T-= 5959°K

\
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Avaly Mudovinl TH ; “””,’ bt‘,l’::;;::‘
W Cnlenbite nl whind dempevatare o hody would appesr red wnd filue, ‘The Wien's €0

) N g i
b Ao 10wk Pl b winyelengh of emtsston are 7,500 and AB00 ¢ for red and

e vespectively, _  the body, T
Nob Cliverthal b= 3 . 10 Vil 3 A = 7600 AL, Temperature of 1he DOCY,

ll LY '“ d
2o TAO0 « 0™

'Y L
1y

AN

/ 3210 _
I A= ahon 7w e = 02500
/ A L T a0 ‘ "
O Calentinte he wurfuce wren of tungsten filament of 100 W electric buth,) The operating

temperntare of tenguten In 2450 1K and ity emissivity Is 0.3,
Sol Giiven thi 1= 1001

o= S0 o= A e 0 "W/K T = 500K 1= A.eT?
I H)(J

el 0375677210 #(2450)"

= 104w 10 %sy.m = 1,63 sg-cm,

SNurface avea of the filament v A =

HO. A body ot 1500 K embis maximnn energy at a wavelength 20,0002. If the sun emits

manximum energy af wavelength 5500 ;, What would be the temperature of the sun.

Sol. Given that T, = 1500 K, T, = 20,000 A.1,
A= 5500 A0 T, = 7

I'rom Wien's formula, AT = AT,
A 20000

P A1 ] IS()()}/ & e BNAEAR

' /', ,I A 9\‘7 550” .)//.’4.)”/’:

1L, What are the units of Wien's constant ? Taking as 2,85 » 107 M.K.S. units, find he

temperature of the sun, if he wavelength corresponding to maxlmum emission is 4753
AU,

Sol. The units of Wien's constant are m l(
By Wien's displacement law, Am,, =

h 78’5/10’ ,
. Y o, e I e m 500450
o F = S Asaxio T~ S995K

m

12. Find the number of modes of vibration per unit volume in the wavelength region be-

tween 4.‘)‘)5;', and 5005;1 of a black body on Rayleigh Jeans law.,

‘ 499545005
Sol. Here Ao TS 5000 AU =5 4 107 m

dA = 5005 — 4995 = 10 A.U. = 10 *m

8
N “}-\",;“(M,
8x3.14 9 8
e x10 _8%3.14 00 ¢
N =T5x10 7y 5555 710”7 = 0.04019 5 10
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PHYSICS PRACTICALS

1. specific heat of 5 liquid - Joule's Calorimeter - Bartion's Radiation ’
correction. |

Aim : To determine the specific heat of liquid, using joules calorimeter,

Apparatus : Joule's calorimeter battery of constant e¢.m.f.
ammeter, voltmeter, rheostat, sensitive balance, weight box,
thermometer stop clock.

Description : Joule's calorimeter consists of a cylindrical
copper vessel closed by the non-conducting ebonite lid. To the lid the
heating coil is connected and the binding screws are provied above
hole lid. The thermometer can be introduced: into the central hole
provided in the lid. The calorimeter is enclosed in a non conducting
box. '

Procedure : The weight 17, of the empty calorimeter with stirrer in it is found. Taking water upto
2/3 of the calorimeter the weight 17, is found the calorimeter is placed in the non-conducting enclosure
and the heating coil is introduced in the calorimeters

K )—-—;(E,rt ——— /‘/"/':A/

The battery is connected, in series with the Joule's heating coil J

ammeter, theostat and plug key. The voltmeter is connected parallel
to tbe heating coil. The key is closed and the rheostat is adjusted until
the ammeter reads about 2 ampere. The key is removed and the
initial temperature @, of water in the calorimeter is noted. Then the
key is closed and the stop clock started simultaneously and while
passing current the ammeter reading C and voltmeter reading are
noted. Then the temperature is noted for -every 30 sec until the
temperature rises about 5°C, then the current is stopped but the
temperature is noted for every 30 sec until temperature falls about
2°C. Time t seconds during which the current is passed is noted. -,

Bartion's Radiation correction : A graph PQR is plotted
taking time along x-axis and temperature along y-axis. Theradiation
correction (AB) can be calculated as follows. Lines QM and PL are
drawn parallel to the x-axis at final and initial temperatures. A vertical
line MNL is. drawn parallel to y-axis.so that 'f' is greater then 1°C. .
Then areas on the curves A and B are calculated by counting small

squares. Then Bartions radiation correction.

A ‘ -
Ab= 3 S/ o ! e
| | | Fig.
Then corrected final temperature 6,=(6,+A0) )
The work done due to current in the heater element (ECt) must be equivalent to the heat generated.
SECU_ (s (9, - W) SHE, - 6)
J

From the above formula, the s;peciﬁc heat of the liquidA can be calculated.
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Observations ¢
Weipght ol the calorineter + stivrer W)= i pm

Weight of the calorimeter + stiveer + walter (W,) = i gm

Initinl temperature ol water = 0, = . UC
Amineter reading = C = L e mperes
Voltmeter reading = 18— . Volts

Finnd temperature of water = 0, = e, °C

Final cortected temp ol water = B, = i
Fine during current i passed = (= . sec

S heat of the material of the calorimeter = § = o,
Mechanical equivalent of heat = J = ........ Joules calorie
Sp. heat o liquid = 8 = Lo,

Procawtions @
I Thermometer should be removed with least loss of water.
20 Water should be stivred while passing current.
A Ammeter and voltmeter should be further from the rheostant.
Result @ Specific heat of the liquids S =
Viva-Voce Questions
1. What is specific heat ? |
20 Define C & CLY
L What ig Joule-Kelvin effect ? ‘
4. What is the value of Joule-Kelvin effect of a perfect gas ?
Viva-Voce Answers

1. The speeific heat of'a substance is the amount of heat required to raise the temperature of unit mass
of the substance through 1°C.

2o Specific heat at constant pressure (C,) : The specific heat at constant pressure is thé amount of
heat required to raise the teroperature of 1 gram gas through 1°C when the pressure ks kept
constant, '

Specific heat at constant volue (C,) ¢ The amount of heat required to raise the temperature of 1
pram pas through 1°C when the volume is kept constant,

Ao When a gas under a constant high pressure is passed through a porous plug to a region of constant
low pressure

A Joule-Kelvin effeet for a perfect pas is zero.

Y o
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2. Thermal Conductivity of bad Conductor - Lee's Method. Chr

Adm 2 To determine the coefficient of thermal conductivity of a bad conductor by Lee's method,
Apparatus :The Lee's apparatus, system generator, the given bad conductor in the form of a thin

stop watch, screw gauge, vernier calipers, a rough balance.
pDescription : The Lee's apparatus consists of a nickel coated
prass dise (fig) suspended with jts plane horizontal by means of three
sirings tied to the ring of a retort stand. On the brass disc, the given
had conductor in the form of a thin disc of the same diameter as the
brass disc is placed. And upon the bad conductor a brass stcam chamber
is placed and having the diameter as that of the bad conductor, The
steam chamber is provided with an inlet and outlet for the passage of . /—4;""~-*‘~ “/
stean, S

Jise, two thermometers,

[}ur:-~- et 1

, PP N Lo Fig
Procedure 1 i) The mass 'm' of the lower brass disc i1s found &

with a rough balance. The mean thickness d and the mean radius 7 of

the lower brass disc are determined with a vernier calipers. The mean i ’ \

thickness 7 of the bad conductor is determined with the screw gauge. gi ) Wl o s s, B
i1) The bad conductor is placed in its proper positidn between LY B ol

the lower brass disc and the steam chamber. Steam is paSsed for s X\

a sufficiently long time until a steady temperatures of Tl0 C and - ’ \\\

7, C respectively. In this steady state, heat is conducted across ¥

the bad conductor and received by the lower disc. The heat gained = ° _ e

by conduction per second by the brass disc is equal to the heat lost  Fig
by it per second due to radiation. - :

iii) The bad conductor is removed and the lower disc is directly put in contact with the steam
chamber. The brass disc is heated until its temperature rises by about 5° above its steady temperature 7,
C. The steam chamber is removed and the brass disc is allowed to cool. As the brass disc cools, its
temperature is noted af intervels of half a minute until the temperature of the disc cools 50C below the
stcady temperature 7;0 C. A cooling curve (Fig) is drawn showing the time intervals iq minutes on the x-
axis and the corresponding temperature on the y-axis. From the graph the time taken # minutes for the
temperature to fall from (T, + 1) C to (T, - 1)° C is noted. Then the rate of cooling ¢ at the steady
temperature 7, C is fouond by '

o= (—2——J C/sec
601 ; j ; _
Theory : During the first part of the experiment, the heat conducted per sec by the bad conductor

lower disc is

0=/C7Z'I’2(T2'_'Tz) ' CilD)

A

Where X is the co-efficient of thermal conductivity of the bad conductor to be determined.

The quantity of heat radiated by the lower disc per second is

. (2)

nd ' is the rate of cooling of the lower disc at the

Qcmsal
Where s is the specific heat of the lower disc a

steady temperature 7, C.

167[/'2(7; -T,)
!

. ! i3
Hence =msa r3)
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Bt part of the exporinent, the sirthee are o of the lower dise exposed to rmhmmn"lri

A0 2 I e second parts of the experiment, the surface area of the Tower dise

o 1 JEnd
eapd 2t 2d = 2 (010 200 Sinee the rte cooling i proportional (o the surfice area exposed,
' oar(ee X pa d R URRTATE |
a mrerd)y ey N 2 (4)
A A p
Arr (0 1) ms(r 4+ 2ed) ar
bl g2 L(5)

Fram ege (O and b p Ap ot )
Phe value of K can be tound by e, (5)

Observations ¢
N of the brass dise (n) =g pm
Mean thickness of the Tower dise () = e, em
Maean vadios ot the lower dise (1) = .o, em
Mean thickness, of the bad conduetor (1) = v, €M
Steady temperature of Steam Chamber (1)) o, = °C
Steady temperature of the lower dise (1)) = o 'C
Spaheat ot the lower dise (s)
Rate of cooling ( from the praph

Ao ( L=1)  me(r+2d)d
{ 2(r+4)

Preenutions @

places. 20 Steannis passed fora sutticiently long time until there is no further time of the temperature 0/C.,
Result @ Co-etficient of thermal conductivity of the bad conductor (k) = ........v... Cal/s/m/°C

Viva-Voce Questions
Define thermal conductivity Kool a material.
0 Does the value of thermal conductivity K of a material depend upon the dimensions of the material

inany why ¢
What are the units of thermal conductivity ?

TRy

What is meant by temperature gradient ?

-
—

S What are the units of temperature gradient ?
Viva-Voce Answers
1. Thermal conductivity of'a material K is defined as the quantity of heat flowing per second norlﬁully
through a unit area of cross section when the temperature gradient is unity.
Y. No. K depends only on the material of the body and not on its dimensions.
3. Units of thermal conductivity are
a) In C.LS. system cal/sec/em*/unit temperature gradient or cal/sec/cm/°C ,

) In SIthe unit s Hm - A

do
4. Temperature gradient 1 \ means the fall of temperature along unit length.

S, Units of temperature gradient are
a) in C.GS, = (. 00C7¢m DY inSI= .cooeeis K/
e )
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4. Thermal Conductivity of Rubber.

¢ To determine the co-effie;
Adm : To determine the co-efficient thermal conductivity of rubber.

Apparatus @ Rubber i o —
Apl er tubing, steam generator, Bunsen, burner, a stop watch, balance weight box
’ 2

calovimetet thermometer,
~y Steam

a1

peseription : The large rubber tubing is made into a coil
in the mh[‘““ and the coil portion ig inmwlscd into the water | (C
contained inthe calorimeter, One'end or the rubber tubing is “
connected to the steem ge : tedll w 1

)

i

, . generator and the other end is projected

a little outside the calorimeter, ‘

Y it o' N o3 .
| I Im’(“lmt'll ¢ 2 The calorimeter is cleaned, dried and weighed
topether with the stirrer, Let it be w o itable quanti °
s taken in the Calesir | B Suitable quantity of
water is tak © corimeter and the weight of the calorimeter
tstirrer owater s found. Let it be w, gm, The watch is well
stirred and its initial temperature 0,°C is noted.

{‘,3-. e~
Q

\__ ‘ J
Il‘l O ‘l oty ~ & ) Fig )

, | e L-m| portion of the rubber tubing is immersed in water Two cotton threads (A and B in the

fipure) are ticd round the rubber tubing, one where it enters the water and the other where is t leaves the

water, '

Steamis generated in steam generator when dry steam is issneing its temperature 0° C is noted.
' , . = . . . . i ?
Itis then passed through the rubber tubing for a time (until the temperature of water rises by about 10°
C) and the final maximum temperature 030 C of water is noted.

'l‘h.c l‘l‘lthl‘ tubing is removed from the calorimeter and the length / of the rubber tubing between
A and B is found by a meter scale. The inner radius r, and the outer radius r, of the rubber tubing are
found by the travelling microscope. '

Theory : The amount of heat conducted by the rubber tubing in a time t is -

kx 27 1(6,—0)) 1

Q =
2.3026log,, | 2
.

I
where k is the co-efficient of thermal conductivity of rubber to be determined 0, is the average
temperature of the calorimeter and its contents, or .

0 = 0, + 0,

This heat is gained by the cal + stirrer + water. Hence
Q=(W,s+W,-W)(6,-0)

Where is the known specific heat of the calorimeter

o, + 0 '

Hence /
N 53026 % logyo | 2
1
= (WI S + \V2 - Wl) (03 —_01)
from which k can be determined
()bservulions .

Weight of the cal + stirrer (W) = occoereer 8

 maw CEMRRY WP | NIRRT R AT
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Weight of the cal + stirrer (W) = ............ £m
Weight of the cal + stirrer + water (W,) ... gm
Initial temperature of water (0,) = ............... °C
Temperature of steam (0,) = ........... oC
Resultant temperature of water 0, = .......... °’C

Sp heat of the Calorimeter (s) = ...........

Length of the rubber tubing (/)= ............. cm
Inner radius of rubber tubing (r,) = .......... cm
Outer radius of rubber tubing 0 cm
Time of flow of heat (1) = ...ccooeviriininin, sec

A-xz,v/z[ez —9'-:93}
L = (W s + W, - W) (6,~6,)
2.3026 x log,, (’—)

I

Precautions :
1. The rubber tubing should be of uniform thickness.

2. The inner and outer radit of the rubber tubing should be determined very accurately, reading
taken along to mutually perpendicular diameters.

3. The cotton Joops tied round the tubing should be kept touching the free surface of water in the
calorimeter.
Result : Co-efficient of thermal conductivity of rubber (k) = ............. cal/sec/cmv°C
Viva-Voce Questions
1. Define thermal conductivity K of a material.

Does the value of thermal conductivity K of a material depend upon the dimensions of the material
in any why ?

N

What are the units of thermal conductivity ?

What is meant by temperature gradient ?

Los W

What are the units of temperature gradient ?

Viva-Voce Answers
1. Thermal conductivity of a material K is defined as the quantity of heat flowing per second normally
through a unit area of cross section when the temperature gradient is unity.

2

No. K depends only on the material of the body and not on its dimensions.
3. Units of thermal conductivity are

a) In C.G.S. system cal/sec/cm’/unit temperature gradient or cal/sec/cny'C
b) In SI the unit is W/m - K

do
4. Temperature gradient CTA means the fall of temperature along unit length.
5. Units of temperature gradient are
a)inC.GS. = ... 0°C/cm
b)in SI =
()
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4. Measurement of Stefan's constant.

Adm O measure i the |

.

(hree thermometers - 7 and I o be Kept in the

i o _ Jmy
Formula @ 1 Stefan's constang & =

(T _dT /e
e dpf (J() \l'(}

Jdr

3o H o dr
With 0 © wn a and 7 an fowe get o =

<

M W m K in S1

In th\ tormula (with C.G.S units) J -
Cal (In SLT= 1)

~mass of the silver (or copper) disc in arams
: \pc»:lm heat of the silver (or copper) dise in cal/gramm-"C

dr .

P rate of raise of temperature of the dise ¢
<

A = arca of the upper surface of the dise (em?)

dr

m)" 5N

aboratory, the value of Stefan's Constant ¢y
\pparatus @ The simple apparatus designed to de

Sem-3, Physics

termine the value 0! o, the Stefam's constant,

i

Jms

tan @

Wooden box B and T3 in the tube of oil O, a stop watch,
JI

(D

..‘.(;l)

A6 -0 tan p

Units ot o are (a) watts/ e’ - degreet or W oem* d

C/x)

careet in C.GS

vysss(2)

sSystem,

- Joule's um\mm = \k\h\nm‘\l cquivalent of heat = 4,18 1 /

“;:t‘)“ = Difference of hot junction (E) temperature of the thermo copule and the temperature of
) 4

cold junction (dise) (rooms temperature] -+ Corresponding difterence in Galvanometer detfection

de _ Diierence in deflection in the galvanometer

d'f rime it erval

&, 1s the absolute temperature of the enclosure A in Kelvin and

0, 1is the absolute temperature of the dise D in kelvin

The values of 22, s and A are constants of the (apparatus) instrument and the m.mut.lcturu of the -

instrument (apparatus) pm\'\dg us with the values,

Description of Experiment : The laboratory
apparatus used in laboratory to determine Stefan's
constant ( will be as shown in fig

A hollow hemisperical metallic vessel A of
diameter 23 ¢m is enclosed in a wooden bpx B. The
nner surface of A is coated with lamp black and the
wooden box B is lined with tin plates. The whole
apparatus is placed on a wooden base W - W having
a small hole of diameter 2.5 cm at its centre. The
vessel A is heated by passing steam inside the box
and A acts as a black body radiator. The thermometer
T. T record the temperature of A

A small silver or copper disc D whose upper
Surface is coated with lamp black is placed at the
central hole. The cbonite covering Cis usedtoc cover
and uncover the dise D from the radiations of the
nclosure. )
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It can be arranged from outside with the help of the handle /7. The ) - of the
thermocouple arrangement, The thermo couple is silver-constantan thermo couple. One Jll"ﬂ:“m‘ .‘A L
thermocouple is immersed in a tube O containing oil. The tube O is surrounded by a beaker 7’ CO‘:‘““‘_““S
water. A sensitive galvanometer (7 is used in the circuit. The leads connected to the t::.rmm:llh‘ of l:\c
galvanometer are immersed in cotton wool in the box () to avoid any distribution effect due 10 ?‘\c
difference of temperature in the leads. A rheostat RB can be used in the circuit to obtain the deflection
within the range if necessary. The actual experiment consists of two parts.

dise D 18 connected 1o a

1. The thermo couple is first standardized. Before
passing steam into the chamber the dise 1 is the room L ¢
temperature the water bath 22 acts as a hot junction, It is
heated and at various temperatures of the hot junction,

the corresponding deflections () ) in the galvanometer £e
. i €3
arc noted., A graph between the difference of 5{ A B
temperature of the hot junction and the room temperature ;.ﬁ} -
along the y-axis and galvanometer deflection along X-
axis s plotted (Fig)

) Deflection X

From the graph,

Al l[ ]
=lan a = —— szs(E)

A0 B(

2. The disc D is completely covered with € and steam is passed into the chamber. After some
time, the thermometers 7 and 7" show constant temperature. The bath £ is kept at room temperature,
With the help of the handle 4, the cover C s tilted so that the upper surface of the disc D) receives the
radiations from the enclosure. The deflections in the galvanometer are observed at equal intervals of
time

(say 10 seconds). A graph is plotted between time and deflection (fig.3). A tangent 15 drawn on the curve
ata point P,

— = {an f} = — 7
a0~ "= Gr salft)

Procedure :

1. Standardization of the Thermo couple : Before passing any steam through the wooden box,
the dise D will be at the room temperature. The steady temperatures of the two 7, and T, are noted down
SO0 : " 1 wratiire 19 wi » the mat o v, '
in as 7, .u.\d 15 u..spg.m\ cly. The room temperature 1"C will be the mean of 1, C and t",C. The thermo
couple junction at D will be a cold junction.

0
L+ .
'rh:“ is ’Iu.ml : (J—_N-‘) C

2

The disc D and the Hemisphere A are now at this room temperature t°C. The junction at disc /) at
1"C acts as the cold junction,
The tube of oil O can be heated by heating the beaker of water P. The thermo couple junction £
nside (2 acts as a hot junction, '
. Ih.c water beaker is heated slowly and steadily, there by heating the oil and consequently heating
the junction £ of the thermo couple. Temperature £, of the hot junction is noted from thermometer 7, in
C. As the hot junction is heated slowly, the galvanometer deflections (6) will also increase. The deflection

¢ in the galvanometer in noted for every 5°C temperature raise of the hot junction £. Thus we get
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galva‘nometcr deflection (0) for various ternperatnte ,
differences of hot and cold junctions of the thermo couple 7
= (- )'C. T
A gl‘aplh Is dr;'x.wn with difference of temperature of ';3
: ouple juncti - . | #
thermo ¢ .P J ons (T (1, - )°C) on y -axis and 5 , -'“//5”
corresponding galvanometer deflections (0) on the x axis ) ~ ‘
The graph will be show n in fig.> | : e [ e —
¢ 1
Fig
F thi l dar AB #
rom this | — = tz _ . )
romn grap 40 tan o = “BC is casily found ....(9)

2. The second part consists of determini ) R ”

terminin so that 3 7 > calculated ;
| | g 0 0 0 can be calculated and
substituted in the formula. The tube of 0il O along with water beaker P is cooled down to room tes nperature,

The d'1sc D is completely covered with ebonite covering C. Steam is passed into the wooden box 13,
Afﬂel: son;eb t(l)f)l‘(lje, the two thermogneters T, and T, will be showing constant [(and nearly equal) temperatures
of about 1 temperatures t°,C and t° C respectively for more than 5 minutes. The mean temperature

t+ L,

0
of the hemisphere A (Which is acting as a radiator) will be ( ) C', But, we should express this

temperature in Stefan's Law as @, in absolute or Kelvin scale.

1+ ‘
That is 6, = K 5 4]+273}

As the tube oil O is now at room temperature, the junction £ of the thermo couple now acts as a
cold junction.

Now, with the help of the handle A, the ebonite cover
C is tiffed to be outside the disc D (D is uncovered) such y
that the upper surface of D receives the heat radiations
from the heat radiator, that is the hemisphere 4. As the disé
receives the heat, it will raise in-temperature and hence D
will now acts as a hot junction where as the junction £ acts

now as the cold junction. Again the deflections (@) in the
galvanometer will be increasing. The stop clock is starte.d
and the deflecttions (@) are noted down for every.. 10
seconds of time interval. A graph is plotted with time 7 (in
seconds) on y - axis and corresponding deflections (@) on

X - axis. The graph will come out as in fig.3.
On this curve a point P, not far from the origin is taken. A tangent to the curve is drawn at the point

P and from this, a hown in fig - 3; the value of - :

Teniperature
difference

Deflection -"X

79 =tan f8 = —EC-;—;:— is c?xlcPlated (1)

From equations (9) and (11).
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'l (/'I'/(// fan o

' ‘ (1)
ot Jd0 doo tim /!

i RN dAive 17 Vet e

Now, we have still to find out the temperature (), the abaolate te fripret Afeirs of the (b
1 1 y i fau i 7 4';;/?_,»;’;//?,/";.% 7
are have 1o Drst notice from fip- 3, the deflection U/' cottesponding (o the paint 17, 1ot this ¢ ) .
giattitf /’ A1}

At

temperature 77 s noted from fip-2, To'this value 7, in depree Celsing adled thies vexmmny HETH
convert the result into absolute (or Kelvin temperature,

~~

0, = (T, + 1)+ 273 ( 412
Substituting the appropriate values in Hguation ‘
4
 Jmy tan o }
A0~ 0y tan i e’
: o B P »
We get the value of Stefan's constant ¢ . Vg

' i T i y 1 i el b . anufacturer of the
Observations : 1. The values of the following will be specified by thie ppmnfacturer ¢
apparatus. They are mass of the silver (or copper disc), m = oo grame,
- « pw . ‘ . ’ ’ g
Specific heat of the silver (or copper disc), § = vvvvireinin, Callgram S

Arca of the upper surface of the disc, A4 = BTG

dT :
2. For *d—é graph. Junction £ is heated and junction at 1) kept at room femperature
Difference of hot junction (%) temperature and cold juriction (dxs; 1) tt:tinpcmturc l }
(room temperature) 7" in "C r i i
Galvanometer deflection @ in degrees i L '
V4
T on y-axis. Scale ] cm = ...........0000
Donx-axis scale ]l cm= ....oiiiinnnnn, .
' 53
dar AB 5y
—=tanoc=—— = ... o e 2L
do BC £
3. F a h D3] i
. ror srapn. et y
d0 grap .
Time interval f in seconds E v
’ , ' e —
Galvanometer deflection ¢ in degrees | §
ton y axis. Scale lcm = oo
@ on x axis scale 1em = A
dr | ErF
— =1an [3 == t
do GF 3
4. To find T, and ,= T, + 273. Deflection 1 .
‘ §
) . . e a <z )
corresponding to point P in fig 3 = 0,, ‘ J o SR,
Fig

|
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Temperature difference 7' for (),, from fig - 2
¢, inKelvin 1,V room temp (1) + 273

Caleulations Stefun's constant o is found from

above observations from the formula
Jims ton ex

‘o (()11 (),:') tan /3
(@ 1m, g and A pre specified in C.G.S units, then are have to substitute J = 4.18 J/cal and & will
be in walts/cm’- depree?, |

(b) W s and Aare in ST unigs, ) -

I and o will be in watts/m? - K or Wm? K,
Resull @ o

...... e i Wem? - degree!
v i W2 K4

LR RN R

Precautions

L "The upper surface of the dise 1 and the lower surface of the hemisphere A4 are to be perfectly
blackened, This is because Stefan's law /£ = o T or E= o (T"-T/")is true for a perfectly black body
only. y,

2. The galvnometer should be insulated from heat radiations.

3. When the dise D is heated by radiation from 4, in the beginning the galvnometer, deflections
increase rapidly. Therefore initially time'interval should be very small ~ 2 or 3 seconds only.

Source of Krror : In this experiment, the following are the main sources of error.

I. The temperature of the radiator - that is, the inetal herhisphere may not attain a fixed constant
value, ' : '

2. The mercury thermometers 7, and 7, that arc usually employed in our laboratory are not quite
sensitive. For this, we can make use of platinum resistance thermometers that are more sensitive.

3. Here we are assuming the emitter or radiator (metal hemisphere) as well as the absorber (silver
or copper dise D) to be perfectly black bodies. In actual practice, they are not so. As such the entire
thermal radiation falling on the disc D, may not be absorbed by it in full in increasing its temperature.

o Viva-Voce Questions
What is Stefan's Law of thermal radiation ? '
What is Boltzmann Law ? '
What is Stefan - Boltzmann Law ?
4, What is Stefan's constant o ?

wo -

5. How does o, Stefan's constant depend on the wavelength of thermal radiation ?
. Viva-Voce Answers

I. Stefan's Law states that the total heat radiation (of all wavelengths) per second from unit surface
arca of a perfect black body is directly proportional to the fourth power of absolute temperature of
the lmd()s _ '

Y_-raT'orE=0T*

The Slé{‘nn‘s Law is derived theoretically by Boltzmann and Boltzmann's law is the same as

Stefan's Law. : ' '

to

3. The law E =g T is itself called Stefan-Boltzmann law. Thus all the three names stand for the

same law. LR
4. Let the total encrgy (of all wavelengths) radiated per second from unit surface area of a perfectly

black body be Q— = [ at an ubS(.)lutc temperature T of the body According to Stefan's Law.
o A

Ea T"orkE=oc T’ . ST Ve

The proportionality constant o 1S called the Stefan's conslaqt. . L
Stefan's constant o does not depend on the wavelength of thermal radiation. It applies to the
. < - wilC b

entire whole range of all wzlvclellgtlls.

1

gy L
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5. Specific heat of a liquid by applying Mewion's Law

correction,

Y H 1 P il iy
Adm s To determine the specilic heat v ol gy jeven e by iy g it 1y ol 04 it

Apparatus @ A calorimeter comted with v Blael on the ontuide complotely, fhiwe it Diegraid

ot ' : |
whose specilic heat s o be determined, o sensiive thermonetor it e gemd coppeed gt j |
T UL LR LA

ditference of temperature and having o tnnge from 09 (o 10O, w stopr ik,
balance with weight box,
Formula : 11y s the specilic heat of the given Hegnid, v can b calealated fremn fher fear ekl
s (a, 'H',)“ W s A (I )
hy ly
Units of X = i, conenl/ g - 0,
Where 117, = weight of empty ealorimeter along with stirrer (i geaims)
s = Specetfie heat of the materinl of ealorimeler (nnd stivred) in eal/grany
W, = Weight of calorimeter with stiveer with waler (in grams)
(= tme taken by hot water ingide the ('ﬂlﬂi'ihlt'h't' (o cool fram ()" C o )", 0 G seconds)
W, = weight of calorimeter with stivrer with the glven liguid (in grames)
t, = time taken by hot liuid inside calorimefer to cool from smme ()" C o )", (0 G seconds)

Units : x will be in cal/gram -"C’

Description : The calorimeter used in (his experiment is Stlrror
shown in fig -1, It is a cylindrical copper vessel containing a stirver ( :,'d‘”“”mm'
of the same material, It is provided with a non-conducting lid having J ,
two holes. The sensitive thermometer is passed through one hole, ‘ l’

Through the other hole the stirrer is passed, Vor this particulay
experiment, the entire outside surfnce of the calorimeter is

completely coated with lamp black so that the calorimeter along

!

]

Yy

”t rclosirn
*, o

with contents inside acts as a black body radiator,

Theory of the experiment @ The rate at which thermal radiation is 1 uh.nlml from a bluck bady
depends upon 1. The arca of the radiating surface, 2, The nature of the radiating surface, that is ity
emissivity, 3. The mean excess ol the temperature of the hot body over the temperatare of the enclosure
or surroundings. When we keep the first two factors remaining, the sne, the rate of loss of hewt by the
radiating surface will be dircetly proportional (o the mean excess ol tempernture of (e body over the
surroundings. This is actually called Newton's Law of cooling,

Now, let the calorimeter (with stirrer) of weight W, having hot waler of weipht W, - W, at a
temperature ()% C be left in the open air (o cool fo o tcmpunlnw (0", C Let the time lnl.«.n [.,, this
cooling be 1 seconds, The rate of loss of heal by calorimeter and gontents (water) is therefore,

((/QJ s (W, =W)I(0, - 0,)
dt 1y

we @ e o Qe (%o , y P N o v ' . : 1
Here s 15 the specific heat of the ealorimeter and stifrer, Specific heat of water is one, ‘This is
because, specific heat of (- W, prams) water is | cal/pram “C,
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Next, let the calorimeter be filled (to the same extent as water) with the given liquid be raised to a
high temperature (about g° C) and left in the open air to cool. Let the time taken to cool from g9, C to

40 A = . . . . .y .
g°,C be now't l‘.scc_onds.'In this case the rate of cooling by calorimeter with hot liquid is given by

(d_Q) _ s+, -w) x1(6,-6,)
dt ' f, .

This 15 because, specific heat of [(W,- W) gm] of liquid is x.
As the area of the radiating surface (outside surface of calorimeter), and the mean excess of

0 R ‘ ' - v ’
temperature 6, - 62) C are the same in both the cases we have The rate of loss of heat is the same in
both cases And hence it follows

W s+ W =WDI(6,~6,) W, s+ —W)x](6,—-6,)
by _ ‘i B

Wis+Wy=W) _Wis+W,=W)x
ty ' ) t ’

That is

Procedure : F_irst of all the weight 7, of the empty calorimeter along with the stirrer (bul not the
lid) is determined with the sensitive physical balance. The readings are entered in table-1. Next the

3

of the calorimeter, say) is taken in a vessel and is heated upto 90°C. A mark is placed on the inner side of

calorimeter and stirrer are placed on a non-conduction stand: A suitable amount of water (0 as to fill

the calorimeter at a hight some what a little less than 'g thevheight of the calorimeter. The hot water is

gently poured into the calorimeter upto this ﬁxed mark. The lid is closed on the calorimeter and the'stirrer
and thermometer are inserted. When the temperature of the hot water is just 80°C, the stop clock is
started and the temperature and noted down at regular interals of time, say for every 15 seconds. This is
continued until the temperature falls upto 50°C. The calorimeter and contents are allowed to cool upto the
room temperature. Then the weight W, of the calorimeter along with stirrer and water is determined.

Readings are tabulated in table - 1.

The water is completely poured out of the calorimeter. The inside of the calorimeter is cleaned
thoroughly with a blotting paper and a clean dry cloth. It is then placed on the non-conducting stand. T L}c
given liquid, whose specific heat x is to be determined is taken (so as to have approximately more than 7
volume of the calorrmeter) in a separate vessel and is heated upto 90°C., It is then gently poured into the
calorimeter just upto the same fixed mark. After closing the lid the stirrer and thermometer reading is 80°C

and the temperatures at same regular intervals of time (15 seconds) are noted upto 50°C.

Calorimeter and the liquid is allowed to cool upto room temperature and the werght W, of the

calorimeter with stirrer an liquid is determined with the balance. Readings are tabulated in table - 1.

By taking the water and the liquid both upto the fixed mark we are ensuring that the same volume in
=) : . . )

taken.
Observations and Graph 1. Weights W,, W, and W, are determined with a sensitive balance and
taking the weight nearer to the sero resting point (Z.R.P) as the correct weight. These readings are entered

in the following table - 1

SRR  SIEEA W R T e £ R R
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Table - | ‘ .

SV WSS -5 - SO — Rcsti—n‘gm

‘ Object in Left| Massin Turning Points Average
RIS, Pan  |Right Pan U+I)J
2
LeM(3) | Right(2) | Left(a) | Right(b)
BT T ZR.P.
2 Calorimeter

(W) | Calorimeter

3 | Calorimeter +|
Water
(W,) | Calorimeter +
l Water

4 | Calorimeter +
Liquid

(W,) | Calorimeter + -
Liquid

2. Time - Temperature readings for drawing cooling curves.
(A) For water  * .
Time : 0 15 30 45 _ 60 75

(In seconds)

Temperature 80 - : = M i _
(In °C)
(B) For given liquid :

wn

Time : 0 | 15 30 45 - 60 7

(In seconds)

Temperature 80 - - S .
(In*C)

3. Two cooling curves, that is graphs with time on x-axis and corresponding temperature on y-axis

one for water and the other for the given liquid are drawn on the same graph sheet.
~ A. For water : '
Scale on x - axis (time) 1 cm =

Scale on y - axis (temperature) 1 cm =

Time

(seconds)

Temperature

(()()C)

B. For liquid :

Scale on x-axis (time) 1 ¢m =
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‘s;r‘r(n)(lk; )

Tempel lll-nl‘(_‘ D
(0°C")
M.
‘\':::\
.
b g, A
B 4‘NE“‘@“‘“’"~«
» E Nl
& %_..___._1 N et Wntor
. | g\'\. O W
® ! ; ! "y Liguid
£ {v 2 oo
0 I « 1 .
- i P '
e M
ot R AL 8 i
ol i Jrrtostomeey .
Time (Minutes) A

Fig

The curves will be as show in Fig.2

From these graphs, the times tyand?, taken by the water and the liquid respectively to cool from

0" ¢ 1o (), Care determined as shown in the graph.

4. The weights and other data are written as follows

Weight of the calorimeter with stirrer, W, = .................... gm
Weight of the calorimeter + water with stirrer, W, = ................. ... gm
Weight of the calorimeter + liquid with stirrer, W, = .................. gm
Specific heat of water = .....ooovciiiininen. = ] cal/gm-"C

Specific heat of material calorimeter and s stirrer that is, that of copper s =

Time taken by water to cool from g% to 9% C=1,=.............

Time taken by liquid to cool from 9% to 9% =1, = ... S

Calculations :
Formula used to calculate x, the specific heat of the given liquid

W s+ (W, = W,) _ W5+, ~W)x
Y l,

ly

Result ¢
111 = . 0
Specific heat of the given liquid X = o cal/gm-"C.
Precautions :

I The water and the liguid l
This is quite essential to ensure that same volum

5 e o W EE s calorimeter

2. ‘The temperature difference between tl;((a)"céb“
small, Preferably should be less than .

R N cal/gm-°C

are to be taken exactly to the same fixed mark-same height in the calorimeter.
: ¢ of water and liquid are taken.

and contents and the surroundings should be
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i ‘ | aoap | queht (toreed
st o the eseees should be Bmdred o be with fn 200 or 308 Tlowever ina drenupht (
vonvertion the excess ean be higher, soeh ag 500
VivieVoee Questiony

. qmee between
Lo One obthe precantions (o be tken in the experinient s that the lmnpumuu differen  cessnry
P b l( 881
the calorimeter and contents and the surtoundings should be samltl, Why i s this condition

Define specitic heat and mention ix unity

LOAWVIICh Hguid has pot the highest specitic heat 9

' . ' 9
EOAWhat i meant by "menn oxeess ol temperature” ol the body over its surroundings =
l‘

\ . . wly and the
Canwve apply Newton's law ot cooling it the temperature difference between the lml body
enclosure o surroundingt s aege U Which Taw is (o be applied in such a situation ?

Viva=Voce Answers

. ; P L . »
Lo Newton's law ol cooling s derived from the more general Stelan-Boltzmann's Law

J ) - A § (,>) . 1 e y
‘. Read (M 10N heve ; “ R s the rate at which the hot body is loosing heat by
il it

vadintion, o s Stefan's constant, A s the aren of the radiating surtaee, T is the absolute temperature
ol the hot body and T is the absolute temperature of the surroundings or enclosure.

.

Now, for unit surthee area, the rate of loss of heat iy
A | e | apa ) sy 2 T \ o L Maaay T T e enat N (O . >
Foo (8 00 o o (1 20 (P 1) (0 1) and when 7= 7, is small we can have
IER] R Ry \ . i‘l Ty "

T = Tiand B =d o 77 (1-T)

e A AN A N T . .
Hered o 707 is aconstant and henee 1 v (7°- 7). This is Newton's law of cooling. However, here

we assumed 7= 7 is smalls And henee, the condition is required.

2. Specific heatis the amount ol heat required to raise the temperature of unit mass of the substance
through unit temperature, In C.GS, system unit of specific heat is cul/g_,m-“( and in ST the unit is
Joule/kg - Kelvin,

3 Outof Tiquids, water has got the highest specific hcu o' 1 cal/gm-"C or 4280 joules/ke-Kelvin,

4. Letus suppose that originally the hot body is at a temperature 0, and tenyperature of the surroundings
O, Ina time 't the hot body cools to o temperature 0, . The mean excess of temperature of the

2 ) ()l l (),‘
body over surroundings is — . The rate of coolin L, according to Newton's law is
(// ()l + 0,
s ()u
(I'I P i ‘
-;

Phen we have to apply Stetan - Boltzmann Law.

e
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6. Heating efficiency of electrical kettle with varying voltages,
Aim @ Vi

wying the ; ‘n - ‘ .l
, ymg the applied voltage, to determine the efficiency of the electric kettle at different
voltages.

Note : Usually an clectric kettle ope
rheostat arid making connections
we usually do the experiment wiq
the heater clement,

rates at 230 V having a rating of some kilowatts, ‘o seljint the
atsucha high A.C. value will be dangerous and hence, in ot bibiegates ey
1adoule's Calorimeter, applying 6 V D.C and determine the efficion  of

Apparatus : A Joule calorimeter (inpl

; ace of the electric kettle), D.C, voltmeter 4 (', atnitrie
2 storage battery of6 v ) oltimeter anid 12,67, stntneter,

emf, connecting wires, rheostat, plug key, sensitive balance, stop elock.

Formula : The heating cfficiency of the heater element (kettle)

= WS+ 0V, ~ W10, - 0,)..

x 100 percent

Vit
e 7 o= aQe e - M
Here 177, = mass of empty calorimeter .......... in gm
1, = mass of calorimeter with water .......... ingm

s = specific heat of the material of the calorimeter in cal/gm-"C.

(as the Joule's Calorimeter is usually made of aluminium, s = 0.22 cal/ym-"C)

0, = temperature of water inside the calorimeter before passing any current in "C

6, = temperature of water inside the calorimeter after passing of current for f seconds ........ in °C
¢t = time of passage of current in seconds
V= voltage applied
= Voltmeter reading ........... in volts.
i = electric current passing through the heater element
= ammeter reading .............. in amperes.
J = mechanical equivalent of heat

=4.18 joules/calorie

17 = Heating efficiency of the heater element in joules calorimeter (or kettle) in percentage (%)
T

Description :

Joule calorimeter is a special kind of calorimeter used
in the laboratory used to determine the value of /, the mechanical
equivalent of heat. This is shown in fig - 1.

Unlike an ordinary calorimeter (made of copper) this is
made with aluminium. We do not require the stirrer here. This
calorimeter is kept in side a wooden box huvi{lg a h(.)lc, The .hd
covering this hole is made of a bad conductor of lxczultz like cbpmlc.
This lid will be just covering the calorimeter also. There will l)t,
two binding screws S, and S, on the lid. The ]owcr' parts of'thcmi l
two binding screws will be cach connected to a ll.nck copper roc l
extending down the lid (but not upto the bottom of'the culorlmclf:r
when it is covered with the lid). The lower ends ()ft.hc 'rods will K
be connected by a nichrome wire. This nichrome wire is the

[ e -
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heating element. Usually the lid will be having two holes having covered tighly with two corks b’deg
holes. Through onc hole a thermometer is inserted. The thermometer should go down inside the culorlmctcx:_
Through the second hole the stirrer is to be passed. But in the present experiment, there is no need for a
stirrer and hence we close down the second hole tightly and completely.

3 . . ) . . is used
The ammeter (4) and voltmeter (V) used in this experiment are D.C.meters. A rheorstat R
to change the current in the circuit. B is storage battery of 6V

. T e y I , -adiation,
The outer surface of the calorimeter is brightly polished to minimise the loss of heat duc tora

. : ; inimise the loss
The space between the calorimeter and the wooden box is packed with cotton or felt to minimise
of heat due to conduction.

Theory of the experiment : The work done by the current (i) passing through the heating
clement at a voltage (1) during a time (7) is given by

W = Vit (joules) eess( 1)
The heat gained by the calorimeter and water is Q = s + (W, —W))] (0, —0,) (calories) ...(2)
This heat O will be equivalent to a work of H = O x J = joules wsi(3)
Hence we expect J [W,s + W, -w)1(0,-6,) = Vit (D)

But, this is possible only when the heating element (kettle) operatés with hundred percent (100%)
efficiency. But a percent efficiency is impossible. ‘

output energy

The efficiency is given by 7 = put-enérgy x 100 (Percent)
H OxJ
ie), n=—x100= x 100
e) 1= Vit _ ‘
LI W+ =W (0,-6) 00 &
L Vit

Procedure : With the help of the sensitive balance, the mass (W ) of the empty calorimeter is
determined first. Then water is powered about two thirds of the calorimeter - such that, when the ebonite
lid is placed on the calorimeter, the heating element gets ‘sufficiently immersed inside the water. The
mass (W) of the calorimeter with water is now determined. The readings are tabulated in Table - 1..

Now, the calorimeter is placed inside the wooden box and the 1id is tightly closed. The thermometer
(T) is now inserted into the calorimeter through the hole in the lid. Care should be taken to see that the
bulb of the thermometer goes down sufficiently inside the water.- '

The storage battery B, rheostat R, ammeter 4 and plug key K are arranged in series and connected
across the two binding screws S, and S,. The voltmeter ¥ is connected in paralle, between S, and S,
The connecting wire coming out from the positive terminal (+) of the battery
(+) positive terminal of ammeter. As we are coming to S, in series from + posi
should connect the positive terminal of voltmeter to S o

First we have to make use of 6 ¥ P.D across tlie heating element H.
rheostat is adjusted to get 6 ¥ PD across the heating elements 7. The key i

* minutes, the reading of the thermometer (0,) is noted.

should be connected to the
tive terminal of battery, we

Closing the plug key, the
s opened. Then after five

Next, the key is closed and simultancously the stop clock is started. After a 'temperature raise ot"

about 5°C (i.e., 6, -6, +5 ) the stop clock is stopped, and the key'is opened. The time taken for this
(5°C) raise of temperature is noted as t seconds. 'Obviously 0,=0+5"C.

The values are substituted in equation - 1 and the value of n is calculated. The e

again repeated with 5V and 4 1 P.D, across the heating element H with the he
efficiency 7 is calculated at different voltages.

Xperiment is
[p of the rheostat. The
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(1) Balance :
Table - §
B R 4 ¥ ' {
§ No Object in | MM& m Turming Poas Averagy e
‘ Lefi Pan | "¢t Pan L {*3°)
1 i (L) | Rign) | Lefcs) | Righti) |
_,__!._.wmﬂw o 1 o 1 : IR
2 | Calorimeter | B § : |
| * oimaa 1 SR S |
1 | Calorimeter + | f ‘
Water i |
(l‘. oy, s - e o B iak iy ? o 1 .
Water z |

Note : For cach measurement of weight of any object, we

should have one higher resting powmt

(H.R ) fgreater than zero resting point Z.R_P) and one lower resting powt (1. R P) (less than 7 B #) OF

thewe HR P & L RP one will be nearer 1o Z.R.P. The mass of the ohject conrespemding 1o that ressmg
pomt = to be taken as the mass of the object (correct to a centigram).

A} 1. Mass of empty calorimeter, W, =

2. Mass of calorimeter + Water, L

fad

B) Experiment with V = 6V :

i

-

La2

6

instial temperature @, = ................ °C
Voltmeter reading, V' = ... ¥V
Ammeter reading, i = ... A

 Tene of passage of curremt, 1= ... . ... 8

. Fmal sempersture, @, = ..o °C

Mechanical Equivalent of hest, J = 4.18 J/Cal

Efficiency of the hesting clement a1 6 V

n= J (W + (W, - W)] (9, -6, « 100

Vir
- o
Similarly :
(CyWuh V"= 5V
b Iniua) wemperature, 0, = o N,
2. Voltmeter reading, V'~ o V
3. Amuncter reading, § < oo A
4 ¥

Tune of passage of current, £+

- Specific heat of material of calorimeter, s = cal/gm-*C
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5. Final temperature, 92.= ................. oc
6. Mechanical Equivalent of heat, J = 4.18 J/Cal

Efficiency of the heating element at 5V

_ S s+ W, -W)1(6,-6)

— 100
S ORRR—— %
D) With V=4V
1. Initial temperature, 6, = ................ °C .
2. Voltmeter reading, V' = ............... vV
3. Ammeter reading, i = .................. A
4. Time of passage of current, 7 = ................ )
5. Final temperature, 6, = .................. oc

6. Mechanical Equivalent of heat, J = 4.18 J/Cal

Efficiency of the heating element at 4

J Wys + (W, — )1 (6, - 6)

n= 1222 12100
: Vit
T %
Result :
The efficiency of the heating element at different voltages is as follows.
S.No. Voltage (V) Efficiency 17 (percentage)
Ie ' 6V
3, 5V
g 4v

Precautions : The following precautions are to be carefully observed during this experiment.

. The voltage (V) and current (i) should remain constant throughout the experiment.
. The thermometer insertion should be done very carefully, taking care to see that no heat flows oﬁt

through the hole through which the thermometer is inserted.

. Water is to be filled in the calorimeter such that the heating element gets sufficiently well immersed

mside the water.

. In the electrical circuit, the ammeter (A) should be connected in series and the voltmeter (V) in

parallel.
Viva-Voce Questions . ’

. What is meant by the efficiency of a device.

. In the formula for 77, we have multiplied W, with 's' but, we did not multlply (Wz'- W) with 's'
N I ¢

Why ?

. What is specific heat of a substance ?
- Which liquid has the highest specific heat ?

- What is the value of specific heat of water in (a) C.G.S system and (b) Si

C} Scanned with OKEN Scanner



Study M aterial 99 Sem-3, Physics
Viva-Voce Answers

1. When We SUpply any device with a certain amount of energy (as input), the device either does
some \Y'Nk utxhsTng.this energy or converts the energy into another form and releases it (as output).
However the entire input eneTgy can never be converted as work or into equivalent output energy.
Due to several reasons, some of the input energy gets wasted or unutilized. N

The capabilitv of a device e e o . : . :
p 3 device to convert the input energy into output energy is termed as its efficiency.

5 ouiput energy
Percentage efficiency 7= —rrenergy 100 .

input energy

)

f v cica . :
W, x s 1s called the water equivalent of the calorimeter. When this quantity is multiplied by (0, - 0,)
we get the heat required to raise the temperature of the calorimeter from 0, to 0, .

But'tor water. the specific heat s = | (in C.GS system) and hence (W, - B")) will itself be the water
equivalent. . !

. The specific heat of a substance is the amount of heat required to raise the temperature of unit mass
of the substance through 1°C.

[F3]

4. Water
5. (@) nC.GS systems = | Cal'gm-"C
(b) In SI = s = 4200 J/kg-°C ' )
ater i SI 1s 4200 J&g-°C and hence (W.- W, should be multiplied by 4200 in the formula.

|~ S L W s X NER W OWLF T W oeme —
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S0 Thenmoe EVLE - Thermo Couple - Potentio Meter,

A et e b NEE b e conple tor vaciows temperatare differenees heiween the
T LAY [LERLATRANI] ‘\\\\\‘\““\ e
plup key,

NP et Patieres, Standard eadimtum coll, two resdstanes bhoses. batl
o Dty

ST A OO RS Corpie (COpper constinnt conple or coppet-iton conple) fwao wate
Pheiiein

‘ junctions are
Pravadinre © W hen o ciendt e composed o two dissdmilng metal janctions and junctions atg
ealted thermo

P A R ene femperaties an BN edeveloped i e elrendte The et s owls

y inetion slowlyy the
ARSI e e et at constant emperature and heating the other junction sgesvs T
Ehore e Cmradinaliy nereases il eenehes o masdmom vatue and there after decreases.

PR anporiment vonsists of thiee patts,

VPR rmination o the resistanes ot potentio meter wiee,

W Calibranon o patenio metet,

) Aaasiroment ot e ot the thermo couple, .

Do determine the vesistanee (1) of the potentiometer wirve L
S e pramany covnt, wilva battery BLplug Rey Ry accheostt Ry and T g iy At
e meadanee bones &R are conneetad e sertex with o potentio ‘
et e AR Than the (8 ve) ternunal of the standard cell (8.0 is -

\ ) s el e T,

venaviad e e eenon Cbenveen R and Ry and the nepative pole “—‘{"‘.]( lg\ T 4 y

e ochey ot the potento meter throngh o palvanometer 'Gand o
teeh rosatance TURL ax showna iy,

T the resintanee bon R avatue o) iy & ohm) is plugeed out - “‘_{ '*‘@“'lﬂ}-" -
Rocpie R 00 The primary cienit s elosed and the balanee point J,

: (s P
e found The balanemy tenpth 7 and Adpwiee is measuead, .

The renntance of same value 't (say & o) s plupged out from R and resistanee in R, is kept
serv and the balanee pomtd s found The balaneing lenpth /, ot the portion Al ot the potentiometer wite
IENETERRENTIRRN

Phen the reststanee of (-2) cane ot the wire is equal to 't olims, Henee the resistance of entire
feneth of the potentiameter wire is given by

P
\ N 1000 ol
‘ 4 ;
. —4)
Phe exvpermment s repeatad for diftferent values of 't and in cach case the resistance P of the
potentio meter wire i determinad. (Resistanee 't must always be less than the resistance of the potentio
meter ware) The readings ave tabulated,

i) Calibration of the potentio meter wire t The
connactions are wade as shown in fig. AB is the potentio g
meter wie ot resistance Pohms, The standard cell S.C, of ey NAMARY
PALE B volin iy balanced across ALB, B

T denrad that the fall of potential per millimeter
fength of the potentio meter wire should be 1 miero volt, then
the PDL between the ends of the potentio meter wire should

b

10°° X 10,000 = 10 = ! Fig
! 1.0(5 volts
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If1is the current in primary circuit and R the resistance the box R, then.

The P.D. between A and B = [p = 1]T0 volt

The P.D. between C and B = | (P + R) = E volts
R+P ' |

=E %100

- R=P(I00E-1)

. The re{51stance In the box R, is given a value a equal to P (100E - 1). The resistance in the box R, 15
adjusted untill the galvanometer shows zero deflection when jockey is pressed at B! If necessary the

rESiS.taﬂCe in the reaostat Rh may also be adjusted to get zero deflect on in the galvanometer. The standard
cell is now balanced across (R + P). ,

The 1potcntio meter is thus calibrated so that the fall of potential across I m.m. length of the wire is
1 micro volt. ‘ € '
e <. W Jov

iii) Measurement of the E.M.F. of the thermo couple :
Without disturbing the primary circuit, the standard cell in the
secondary circuit is removed and in its place a thermo couple is
connected as in fig with a galvanometer and a jockey J in series.

Cola |-i‘°[.

The cold junction is maintained at a constant temperature by keeping it a in a water bath kept at
room temperature. The hot junction is kept in another water bath and heated slowly. When the temperature
of the hot junction is 10° C above that of the cold junction, the water bath is kept constant at that
temperature and balance point is located. The temperature is noted and the balancing length 1 m.m from
. the +ve end of the potentiometer wire is measured. Then the thermo e.m.f. corresponding to the difference

of temperature @ is / microvolts.

The experiment is repeated for every 10° C rise of temperature until the boiling point of water is
reached. The thermo e.m.f. at each step corresponding to the difference of temperature is also determined.

A graphy is drawn with difference temperature along the X-axis
and the corresponding the rmo e.m.f. along the Y-axis. For small difference
in temperature between cold and hot junctions is almost a straight timeas  puemn

in fig. em s
Observations : S |
E.M.F. of the cell E = ............. volts i . _ 0 " temp diff
Resistance of the potentio meter wire P = .......... ohms. : | ' Fig
The value of R =P (100E - 1) = wcccvenee ohms
Temperature of cold junction = C "

Diff. in Balancing length _Ther{no em.f. in Thermo e.m.f. per
S.No. Temp tempel:atllr e 1 m.m micro volts degree diff. of temp /0
———
i S il
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Viva-Voce Questions

I For determiniation of potential differenfes and emfs, potentiometer is more accurate than a volt
meter, Why ?

2. What is the principle of a potentiometer ?
3. The sensitivity of o potentiometer is high. Why 2
4. What is the potentinl gradient in a potentiometer ? What are its units ?

, . . . q Ly y : o it ?
5. What is the material with which the potentiometer wire is made ? What is the reason for it

Viva-Voce Answers

1. The construction of an ideal voltmeter having infinite resistance is impossible. Hence, while measuring
p-d. with a voltmeter, the voltmeter will be drawing some current from the circuit. This makes the
p.d. across the resistor (1 = i'R) to be less than the actual iR drop. With a potentiometer, such a
problem will not a rise at all because, in the balancing condition, the potentiometer flfﬂWS no
current from the circuit. Henee, the actual p.d. will be measured. Hence, potentiometer is a more
accurate instrument than V.M. in measuring P.D. or emf.

2. Inthe balancing condition, the ya]u;: of P.D. (E) will be proportional to the balancing length 7’ (i.e.)
7 ¢ 11s the potentiometer principle. ,
3. Ina potentiometer we make use of a wire to total length 10 x 100 = 10,000 cm. This makes the

potential gradient (P.D. per unit length) very small. Hence, even very small P.D s can be accurately
measured. This makes a potentiometer more sensitive than a metre bridge.

4. The potential drop per unit length of the potentiometer wire is called its potential gradient. Its units
are volts/centimetre (V/em).

thn

. The potentiometer wire is made of either manganin ir constant. This is because, these materials
have high specific resistance (or resistivity) and low temperature coefficient of resistance.
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g. Thermal behavior of an Electric Bulb (Filament/ Torchlight Bulb)

u"\N / g g K. - 4 |
i ll( tudy the variation of resistivity of the tungsten filament and measurement of temperature
] [ nt,
ol the filame

Apparatus @ 5 Volts re

_ gulated power supply, Digital voltmeter with 200 mV/0-20V dual range.
Digital ammeter with 0 -

2000 4t A/0-2A dual range, Electric bulb (Torch) operating at 6 Volts.
Formula : Resistance of the filament at temperature ’l"'l('(R,,.) is given by l
R, = Ry

D
10

— Registance of .
R, = Resistance of the wire at room temperature (300 K)

Py = Resistivity at the temperature,
P, = Resistivity of the filament at room temperature (=5.65 1 -cm)
Formula for measuremet of Temperature (MT= 3.05 x 10° x p%®

Measurement of resistivity of metal wire and its temperature : The resistance (R) of a wire
of uniform radius is given by

L
R=P—
-
L = length of the wire
A = Cross -'Sectional area of the wire
£ = Resistivity
Generally length of the wire and its cross sectional area temperature dependent. However, the
percentage variations in length and cross sectional area of tungsten wire and estimated to be around 2%

for a temperature of 3000 K. Hence the more appropriate to describe in the temperature depend

ence of
resistance of wire is given by ‘

R, =R,Lr
Po

R, = Resistance of wire at temperature "T" K.

R, = Resistance of wire at room temperature

,0} = Resistivity of wire at temperature "T"

P, = Resistivity of wire at room temperature.

Temperature of the filament is given by

T= (3.05x10%) p"*

Here "T" is in Kelvin. p isin Qm

Experimental procedure : The experiment consists of two parts. In the first part, the resistance of
the cold filament is (lj)etermined i)y passing a small current through the filament. In the second part,
Tesistance of the heated filament is determined by passing a large current so that the bulb glows. The
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emperature of the flwis then ealevlated nsing equation (4)
LoThe budhy ds fieed i the saeket and the elrenit connections are g s shpam i fiigie bileryy

“ sl
,»_.4-‘4)-\ M i ‘ 4 )

H
i

T f
fifinn § /)

Fig Civewit conmection for menswring vesisianee of filumien

2 Comect Tk resistor in the place of "1 in series with bl sl note doym e simnieten (i
A A range) and voltmeter (in mV) reading, Repent e s with 20 gy md 4k gy e high esistiniee
(or low current) the bulb does not glow, Henee (the filament remuing cold and thegefore its peapsbines i
constant,

Resistance of the cold filament or resistance of filament al room lempersture (14,) i colited i
R o s Q

3. To determine the resistance of the filament ol dilferen Iumw'-mltui‘e;‘, e poper (earrent sl
voltage) is varied so that the bulb glows, This is done by connecting resistors of Jow vsalue in geries with
the bulb, To do this we need n sel of vesistors 1€y, 20) o 5¢), 0L 20€6) 000 40 L)

Observations

Table - 1 For the measurement of resistance of cold filnment,

SI.NoJ| Resistor conneeted  Vollage neross Crrent pagsing | esigtanee of thie cold
in the circuit (in series | bulb mV (V) through the filagient (1)
with bulb) Hilament (piA)

Average (R) = i ()

Table - 2 : For the measurement of vesistance of Hot filnment,

SINo. | Resistor connected Voltnge neross Curvent passing, | Resistance of the ot
in series with bulb bulb mV (V) through the filament (£2) (1)

filament (1)

Average (R,) = PP
g
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Table - 3 “3' Q'f‘,‘l??.q}_‘ql"1°"‘c"( of temperature of filament ’
Resistamee of hot filament Resistivity Aﬁlﬁ'—c:n&pcmtu:c of filament |
(€2) o 2 em
T Lo -"_N"‘—%“N—_ -

e .

Note : Maximum temperature of filament js around 2132 K

Result : The temperature of filament under maximum glow condition is

4. Connect I Q) resistor in series with the bulb, and the current flowing through the filament voltage

across the hlan.lcnt 1s noted. In this case bulb glows. Calculate the resistance of the filament (at that
temperature) with that current I and voltage (V) value. : 4

5. Repeat the same procedure by connecting

. 8 all other resistors in series with the bulb and calculate
resistance of the filament at those temper )

atures. Tabulate then in a table - 2.
6. Resistivity of the filament at different temper

il ature is calculated by rearranging equation (3) and
enter the observation in Table - 3. , ,

R 4
Pr ‘P()‘EO— T

7. Substitute the value of p,. in equation (4) to get the temperature of the filament ; at that fesistivity.
Precautions : ‘

I. The connections should be made carefully having no loose contacts.

2. The resistances should be of non-inductive type. ‘

3. The connecting wire ends should be scrubbed with sand paper.

4. The connecting wires should be short in length and straight.
Viva-Voce Questions

On what principle does the meters wo;k ? o

Then, how can you measure p.d. also with such an arrangement ?

Why an ammeter is connected in series in the circuit ? ’

What is the r.csistancc of an ideal ammeter ?

Why so ?

B I S

~ Viva-Yoce Answers
I. These meters work on the principle that a current carrying coil placed in a magnetic field gets
deflected and the deflection is proportional to the current.

This is possible because, according o Ohm's law the current is proportional to the p.d.
This is bec;luge the curr’ent to be measured should actually pass in full through the meter.
S i se, ‘

An ideal ammeter should have zero resistance. . b,
. - e ammeter (R,) if any, adds to the resistance R of the circuit and the
- Because, the resistance of the amm A

v

current gets altered as m

TRFNIR N

1%
instead of being —1_3_ only.

—0—
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9. Measurement of Stefan's Constant - Emissive Method.

Aim : To determine the Stefan-Boltzman constant by studying the radiation received from a black

body radiator.

Apparatus : Blackened hemisphere (metal), heating coil, blackened silver disc, thermocouple,

power supply, stop clock etc.

Formula : Stefan's constant is given by

JmS  dT,
O =
AT =T) dr

T, = Temperature of black body radiator.

' T, = Temperature blackened silver disc which receive radiation.

m = mass of silver disc
S= Speciﬁc' heat of the disc
A = Area of the disc

dr.

dt

is the rate of change of temperature of the disc.”

J = Joules equivalent = (4.2 x 107 ergs/calorie)

'Experimental Setup : The experimental setup (Fig-1) consists of a blackened hollow hemisphere
which could be heated to a uniform temperature (T,) by passing electric current through a nichrome

heating element wounded over it.

The black body could be maintained at any
desired constant temperature upto about 200°C
by passing appropriate current through heating
coil. A copper constant an thermocouple-1
connected to outer surface of "B" is used to ensure
that temperature of the body is constant before
starting the experiment. A blackened silver disc
is used to measure its temperature.

Procedure :

Thernocoupie-l

§ ’ g Gl 'N'::"’f.:'-.\,y :
e iA | oo |
e AL ‘ Heater
Sitver Y power
disc (8) I supply
- Thermo - RN ’

couple-2  pyiony voltraeier

1. Heat the black body (B) to a uniform température (usually heating will ‘be started before you’
come to the lab). Ensure that the temperature of the black body is constant by mbnitoi‘fng the thermo

e.m.f developed by the thermocouple-1 for few minutes. (Ignore small fluctuations in

display).’

2. Insert a thermometer through thé hole
provided for the disc "S" carefully and measure th
temperature T, of the black body." ' '

3. Replace thermometer with the silver disc

carefully and mount it properly (make sure that disc is
at room temperature before inserting). -

4. Record the thermo e.m.f. of thermocouple-2
developed as a function of time (say at 10 sec interval).

5. Note down the mass and diameter of the disc.

micro voltmeter

A

Termo,

emf Temp
r / ()

< dt =~

Time (sec) =
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o, Convert the thermo e, 1o tempoeratore CF) by usbog ealibration ¢l for i,

UL

T ong b e ol
£ POEE s Ranetion of thne, obindy 2 rom the dati and ealenlnte the vilue of (, fipecilic

o

heat ol the silver dine al room {e mperntare S - “.'.’.,W -l/l';)’,' I,
Ohservations

I, Mass ol the dige,
',_ Dinmeter of the dine,

Vo Temperature of the blgek |)n(|y (1)
A4 Temperature of the dise (7

Table for recording, thermo e, m l. as funetion of Ivnuwmlmv '

SILNo. ll“lt_‘ (See) Thermo el (mV) | Tempernture K
| 10

2 20

3 30

10 100

PlotT" Vs time and find slope, and uge equation (2) (o Caleulate (o)
Result @ Mceasured value of ¢ =
Precautions

[. The connections should be made carefully having no loose contacts, ’

9

The resistances should be of non-inductive Lype.

3. The connecting wire ends should be serubbed with sand paper.

4. The conneeting wires should be short in length and straight,
Viva-Voce Questions

What is Stefan's law 7 p

What are the units of Stefan's constant ?

o

o

Define Kirchoff's law.
What is the expression for Wien's law ?

e

What is Rayleigh-Jean's law ?
Viva-Yoce Answers ,
1. The total amount of radiant energy by a black body per unit arca per second due'to all wave length

is directly proportional to the forth power of absolute temperature is L T (or) £ = o 7

2. wm?*K!
3. Ata given temperature, the ratio of emissive power to the absorption power for a given wavelength
is the same for all bodies and is equal to the emissive power of a black body at the same temperature.

4. A, T = constant.

8K "

S ol 7

44:

-
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10. Study of variation of resistance with temperature Thermistor.

Aim : 1) To draw the resistance - temperature and the voltage current characteristics of a thermistor,
2) To evaluate constants in the formula for resistance variation with temperature.

Apparatus : Thermistor 2K () ;1K resistance - 2 (1 watt) or 2 resistance boxes (1 to 1000000
1 variable resistance box.

1 storage cell (2V).

‘1 table galvanometer.

. . . oy . H . e a
Theory : Thermistor is a temperature - sensitive semi conductor with high negative temperature

coefficient of resistance. They are made up of mixtures of metallic oxides such as manganesc, nickel,
cobalt, copper etc. Their resistance varies from 0.5 () to several kilo ohms.

The resistance of a thermistor varies with temperature according to the relation.

R=A B/T S (D

Where A and B are constants and T is the absolute
temperature. The constants A and B one characteristics of the Y
thermistor used. .

Fig . 4 /’i/”
Taking logarithms on both sides : . ) Hog /4 i
. _ 1°; L M
. B s
log R =log A+ F T 2 :

(or) 2.303 10

c10

R =2.303 log,, A —

- B o .
log,, R = loglr0 A+ 0.4343 ?; s o -.(3)
| o o
A graph is between log,, R and T It is a straight line graph as shown fig.
The scope N gives the value of 0.4343B. Hence B can be calculated knowing the value of B,

the constant A can be calculated from the formula
B .
log,, A = log,,R - 0.4343 T we(d)
If R is known at temperaturé (T).

By finding the resistance (R) at a known temperature (T), substituting the value of B, in the above
equation A can be found. /

Procedure : The thermistor is connected in the fourth arm 'S' of the wheat stonis bridge as shown
in fig.
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Fig

! >
In the two arms P and Q resistances 1 K each are placed and in the third arm R a variable
resistance box is connecting. The thermistor is placed in a test tube containing some oil and it is then
placed in water bath as shown, | .
The bridge is balanced by adju

: i : sting the variable resistance box., The 1eslslancc in the third arm R
pives (he resistance of the

thermistor at room temperature. Similarly the resistance is found at various
Al - » "
temperatures insteps ol 10°C. T'he water bath is cooled and the resistance of the thermistor is found again

at the temperatures at which the resistances are found while heating. The average résistance at each step
is caleulated,

A graph is drawn taking temperature (in °A) in X-axis and resistance on Y—axis. The graph gives
temperature characteristic of the thermistor.

moo’.o -

b

13

af

Nnt.

-1 8

too0 |

L1
120
Fig.
) MN
Another graph is drawn with ‘i: on X-axis and log,, R on Y—axm ﬁg The slope L]V[ gives the

alue 0.4343B. Hence B is calculated. Substituting the value of B and the resistance R at 'my temp (T°A)
in the equation (4) log,, A ct n be found and hence A can be calculated

Voltage current Lll.ll acteristics : Thermistor, battery and micr omnnetu are connected in series.
Avoltmeter (0 - 20) is connected across the thermistor. The current is varied gradually and the corresponding
current is to be measured. The potcntml across the thermistor increases with current to certain range, then

fall with increases of current. A graph is drawn between voltage and current as show (As the variation is
high different meters may have to be used to cover the complete range).

Vo“'q}‘
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Observations :

3 No. 'l‘\cm‘[uir:\turc 1 Resistance in the arm R while Resistance of /m
in°A T Heating. | Cooling Mean thermistor _
B IR
L———’/__‘
MN
Slope =——"...=0.4343B
Pe T LM
-. Value of B =
Value of A=
—a= R= _yr,

Temperature co-efficient of resistance Ri —Rt =
: 1f2 2h

Viva-Voce Questions
1. Is the energy gap Eg of a semiconductor the same at all temperatures ?

When will be Eg maximum ?

19

What do you mean by energy gap ? . T _

What is the importance of energy gap ? How will it be for conductor, insulators and semi conductors?

Bow

.Ul

Why bands are formed in solids 7 - |
Viva-Voce Answers

1. No. the energy gap E, decreases with increase of temperatures.

9

E, will be maximum at absolute zero temperature.

The gap between the energy levels of valence band and conduction band is called the energy gap.

(95}

4. The energy gap determines the electrical conducting properties of a material. For conductors E_ is
almost zero, for insulators £ -5¢V and more, and for semiconductors £ -1eV (it varies from 0.2

eV to 2.5 eV).
Bands are formed in solids because a large number of atoms are brought close together in a solid.

The discrete energy levels of individual atoms, now internal with each other and form bands. Each
allowed energy band actually comprises of a large number of closely spaced energy levels.

h

—O—
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MODEL PAPER - |
B.Sc., Second Year, SEMEST IR - I
PHYSICS
‘ (WAVE OPTICS)

Time @ 3 hrs] Max, Murks : 75
I'ime

Section <A (5 x 10 = 50 marks)

Answer any Questions with internal cholee from ench unit

, a) Deriveam expression for Maxwell's lnw of distribution ofmolecular speeds in a ga, ()

b) What is transport phenomena in o pas 7 Derive an expression for the coefficient of viscosity of 4 gras
on the basis of kinetic theory.

_a) Describe the working of Carnot's engine and derive an expression for ity efficie ney (Cy)

b) Whatis entropy temperature diagram ? Obtain expression for the cfliciency of u Carnot'y engine using
the entropy - temperature diagram,

. a) Derive Maxwell's thermodynamical potentials from thermodynamical Jaws 7 (Or)

b) Define thermodynamical potentials 2 Deduce the expression for Clausiug - Calyperon's equation,

. a) What is Joule-Kelvin effect 2 Deduce the expression for cooling produced inthis effect 7 (Or)

b) Explain the methods producing very low temperature,

. a) What is black body radiation ? Discuss the spectral energy distribution of black body radiation,

(Or)
b) Define Solar constant ? Using Anstran's perllLllom(,tLr, How we estimate temperature of th sun 7
Explain. '
Section - B (5 x 5= 25 marks)

Answer any Five of the followihg questions
Derive an expression for diffusion of gases.
Describe the experimental method to verify the Maxwell's law of distribution of molecular speeds.
Deﬁne Reversible and irreversible processes.
Deduce the expression for the change of enyropy in the universe.
Define specific heat of material ? Deduce the expression C,-C, for ideal gas ?’
Explain the importance of thermodynamical functions ?
Write the distinction between Adiabatic and Joule Thomson expansion.

. Explain the principle of Regenerative cooling ?

Explain Ferry's black body with neat sketch ?
Derive wein's law from planck's radiation law.

MODEL PAPER - 11
Section - A (5x 10 =50 marks)

Answer any Questions with internal choice from each unit

. a) Derive am expression for therﬁlal conductivity of a gas on the basis of kinetic theory ? (Or)

b) Write the postulates of kinetic theory of gases ? Describe the toothcd wheel experiment to veriry the
Maxwell's law of distribution of molecular speeds.

- a) What are isothermal and adiabatic processes ? Derive an expressions for work done in these pro-

cesses? (©r)

b) State and proye Carnot's theorem ?

- @) Whatare thermodynamlcacal potentials ? Deduce the maxwell's equations from thermodynamic poten-

tials ? i
b) What are thermodynamxcacal potentials ? Deduce the expr ession for Joule - Kelvin coefficient for ideal
and vander walls gas ?
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4. a) Explain what is meant by Adiabatic demagnetization ? How it is achicved in practical 7 DISCuss its
results? h (Or)

b) Desoribe joule - thomson porous plug experiment. What are the important in ferenfes from this experi.
ment.

ack bady
(Or)

ate using this?

5. @) What is planck's hypothesis ? Derive planck's formula for the distribution of energy in bl
radiation.

b) Explain the construction and working of Angstrom's phyro heliometer ? How we estim

Section - B (5 x 5 = 25 marks)

Answer any Five of the following questions
Obtain relation between viscosity and thermal conductivity of gases ?
Write a brief note on Mean free path and Degrees of freedom.

® o

Write the difference between isothermal and Adiabatic processes.
9. State and explain second law of thermodynamics ?
10. Deduce the expression for ratio of specific heat of material ? (C-C)
11. Explain the importance of thermodynamical functions ?
12. Give the properties of substances at low temperatures ?
13. Explain the principle and working of a refrigerator.
14. Discuss Weins black body of radiation.

15. Write a short note on solar constant. . ) '
MODEL PAPER - III
Section - A (5 x 10 =50 marks)
Answer any Questions with internal choice from each unit
1. a) Explain transport phenomenon of gases ? Derive an expression for diffusion of gases ? (Or)
b) Derive an expression for Maxwell's law of distribution of molecular, speeds in a gas ?

Define entropy ? What is physical concept of entropy write a note on entropy change in reversible and
irreversible processes ? o - (On)
b) Explain thermodynamic scale of temperature ? Explain how it is perfect to absolute scale.

18]
[\
~

3. a) Define specific heat of materials ? Deduce the relation between specific heat of materials a) CF-C\
b) C/C, - , , (Or)

b) Deduce the Maxwell's equations from thermodynamic potentials ? Give their significance ?
4. a) What is meant by Adiabatic Demagnitization ? Deduce the expression cooling produced in Adiabatic

Demagnitization ? (Or)
b) Discuss Joule - Thomson porous plug experiment ? Discuss the result ?
5. a) Define the basic laws of thermal radiation ? (o)

b) Derive the expressions for Wein's law and a Rayleigh - Jeans's law from planck's radiation law.
Section - B (5 x 5= 25 marks)
Answer any Five of the following questions
" Explain transport phenomenon ? : B
‘Write the postulates of kinetic theory of gases ?
State and explain first law of thermodynamics ?

x N o

9. Deduce the expression for the change of enyropy when IcE changes into steam 9
10. Explain the importance of thermodynamical functions ?
11. Give the applications of clausius - clapeyron equation ?
12. Explain the effects of chlro - fluoro carbons on Ozone layer ? "
13. Explain the principle and working of Air conditioning Machine ?
14. What is black body radiation ?
15. Write the postulates of planck's hypothesis ?
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