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provesses, Fist Law of thermodynamics and internal energy, Jule's
law. Apphications of first law. Camot cycle, Carnot Engine and
Refmgerator. Reversible and Irreversible processes, Carnol's
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CHAPTER 1 : THERMODYNAMICS
rove that heat given to any system (or taken fromit) in

an isochoric process is equal to the change in s internal

cnergy. (2014)
Q2 Show that enthalpy remains constant in a reversible
~ isobaric adiabatic process. {2014)

.\Q..\ rate the Kelvin-Planck statement of the second law of
\\._F::EE_E_:_S (2014, 16)
m.&& Slate mnq:_: law of thermodynamies and use it to establish
the concept ol empirical temperature.

(2013, 14, 16, 19)
fi"a'cartain process, 500 cal, of heat 15 supplied to a
system and al the same tme 100 1 of work is done on
the system. What is the increase in the internal energy
ol the systent? (2014, 17
Q6. Describe Carnot's engine and find its efficiency.
il (2016, 18, 19)

gn::n thermodynamic potentials and use them to obtain

Maxwell's thermodynanical relations.
(2011, 14, 16)
Or  Apply conditions of exact differentials for srmodynamic
potential to derive maxwell's relations, (2017)

Q8. Define Entropy, Derive an expression for entropy of an
ideal gas. (2014, 17,1 ﬁ.___
Explain first order phase transition. (2014, 16, 19

10.Write short notes on second order phase transition.
(2012, 14, 16,17, 19)

Q1 Caleulate under what pressure water w il boil at 120°C

i the change e specific volume when | gm of water 15

comverted o steam is 1670 em’ Grven that © Latent
heat o st = 540 ealip, J = 4.2 > WX eros/cal.
I atm pressure 107 dynes eme (2014)
Q12.Write short notes on Toule-Thompson effect.
\ (2014, 16.17,19)
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Q13 Write short potes on ahsolute temperature seale. i
= (2011, 14, 17, 18)
( “.,u P,._.i...w_‘__;._: quasi-static thermodynamic _..:.,Hnmm._uwa_ 5, 16)
“Q15.A carnot engine has 50% efficiency, il the lemperalure
of the sink is 7°C for increasing efficiency to 0.7, by

how many degrees, the temperature of the source be
increased? (2015)
Q16.Discuss the variation of boiling and melting points with
pressure. (2015, 17)

\ (Q17.0btain an expression for change 1n temperature of gases

- under coing joule-Thomson expansion. Explain, why
usually hydrogen and helium show heating effect upon
/ suffering joule-Thomson expansion? (2015)
/Q18.Using Maxwell's thermodynamical relation, obtain
_ Clausius-Clapeyron equation, (2015)
(19.5how  that there is increase in entropy for a
thermodynamic  system undergoing an irreversible
process, while a reversible process is an isentropic
process. (2013}
Q20.1 kg of water at (°C is mixed with 1 kg of water at
100°C. resulting a 2 kg of water at 50°C. Find change in
entropy due to mixing.

cAm A m

W \Y (2015, i8)

023 Write short notes on ZdS equation and their application.

. _ (2015)

()24.0btain an expressign for the work done by an 1deal gas

when 1t expands adiabatically. {2016, 19)

)25. Applying the first law of thermodynamics derive the

equation Cp— Cp-= R for an 1deal gas, (2016, 19)

026, The efficiency of a camot engine 1s 1/6. If the

temperature of the sink 1s decreased by 65°C, the
¢fficiency becomes 173, Caleulate the temperature of

~~ Source & sink. (2016, 18)

aww.rﬁmr_i.q the concept of Entropy and disorder. (2016)

28.1 kg of water a1 273 k is brought in contact with a heat

reservoiral 373 k. What is the change in entropy of waler

as 1ts lemperature reaches 373 kY E_:__E

Clausius statements of second law of thermodynamics,

(2015%
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\.m What do you understand by the internal energy of a

/ systen? State first law of thermodynamics and use 1t 10
derive a relation between the changes in volume,
temperature and heat, (2007

030.Write short notes on joules law. (2017}
(31.What is T-S diagram, Draw T-S diagram for Camnot-
cycle. (2012, 18)
Q3211 4 kg of water at 10°C is mixed with 8 kg of water at
40°C, then find the resulting change in entropy for m_._nw
system Cy, = | caligmC. (2018)
Q33.Prove that
Egy Cp
_m_u.. ﬁ.u.\ i ’
Where, £ is adiabatic bulk modulus and £ 1s isothermal

bulk modulus. - (2018)
Q34.Derive expression for joule thomson coefficient p for

Vander Waal's gas. (2018)
Q35.Prove that,
Cp-Cy =—TEGV. (2018)

@.} carnot engine takes 1000 calories heat at 627°C and
~ rejects a part at 27°C. Find its efficiency, work done and

heat rejected. (2019)

CHAPTER - 2 : KINETIC THEORY OF GASES

Q1. Prove that mean free path ‘A in any gas 15 given by—
o M

) HQGME

Where, o and p are the molecular diameter and mass
density respectively. (2014)

I

. Q2. Write notes on maxwell's distribution of molecular speed

-~ of gas, (2014, 17, 19)

Y3, Write shote note on viscosity of gases. (2015)

Obtain expression for most probable, average speed and

root mean square, speed of gas molecules using Maxwell

Boltzmann distribution law. (2014, 15, 17)

ﬁm. Derive an expression for the coefficient of thermal
~ conductivity of a gas from kinetic theory. Discuss its

variation with temperature and pressure.

(2017, 19)
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Q6. Show that for a zas coefficient ol viscosity is given by

. - ) .

when p, C, & are density, mean speed and
mean free path respeetively (201%)

Q7. Tor ideal cas show that ratio of rms speed and most

I

probable speed is | /= (2018)
Show Maxwell's Boltzman distribution of molecular
velocity at different temperature 7, > Ty > Ty, How total
number o molecules can be obtamed at a given
temperature using velocity distmbution curves? (2015)

CHAPTER -3 : CONDUCTION OF HEAT
“ Q1. Drive Fourier's differennial equation for rectilinear flow
ol heat long a metal bar. Obtain an expression for the
temperature distribution when rod is - (2017)
1) Open
(1) Covered.
Q2. Write short note on periodic flow of heat.(2011, 14, 16)

CHAPTER -4 : RADIATION
Q1. State and prove Kirchoff's Law for thermal radiation.
What 15 its importance? ' (2012, 14, 16)
QL Derive Planck's distribution law for Black body
" radiation. (2012, 14, 15,17, 18, 19)
ﬁjﬁ It Wemn's constant = b = 0.3 em - k. Calculate the
~ temperature of sun whose radiations has maximum
energy al wavelength 2 = 5500A. (2014, 16)1
Q4. Ifa black body at a temperature of 6174 k emits 4700A
with maximum energy. Calculate the temperature at
which it will emit a wavelength of 1.4 % 107> m with
. maximum energy. (2015)
_h.\ (45} Establish that black radiation remains black even after
undergoing adiabatic expansion. Radius of a spherical
black body is doubled during adiabatic expansion, If the
nitial temperature is 300°C, find the temperature after
-, the expansion, 2015
&mm,m. Deduce the Wein's Displacement law using the __Hms._m cw.
'/ thermodynamics, (2016)

(8.

(7.) Show that for radiation inan enclosure. P— Ly w
ﬁ g sure, 2= m:. where

Pis the pressurc and u 15 Ihe r_:nﬁmﬂ.{ H_r._._.-.:v._. -M:__ .m__.-
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Q8. Show that for adiabatic expansion of black body
radiation AT = constant, (2017, 19)
(9. Deduce Stefan's law from Planck's radiation formula.
N (2017, 18, 19)
Q10.Show that for adiabatic expansion of radiation
PV = constant. (2018)
Q11. The emissive power of Regal star is 17000 times that of
sun. If temperature of sum is 6000 k. What will be the
(2018)
(2019)

temperature of star.
Q12.Write short notes on Temperature of the sun.

Solved Paper 2019

Q1. Find the Stefan Boltzmann's Law thermodynamically.

(2019)

Q2. Explain the concept of temperature & thermal
equilibrium. (2019)

Q3. Obtain an expression for work done by an ideal gas when

it expands adiabatically. (2019)
Q4. Applying the first law of thermodynamics, derive the
equation Cp— C}-= R for an ideal gas. (2019)
Q5. Describe Carnot's engine and derive an expression for
its efficicncy, (2019)
Q6. Explain the first order and second order phase transition.
Give examples, (2019)
Q7. Establish the concept of entropy and disorder. (2019)
Q8. Calculate the increase in entropy when 10 gm of ice at -
3°C is converted into vapour at 100°C. (Specific heat of
ice = (1.5 cal/gm®C, latent heat of ice = 80 cal/gm, latent
heat of water = 540 cal/gm). (2019)
Derive the maxwell Boltzmann distnbution law for speed
of molecules of gas. (2019)
Q10.Derive an expression for the coeflicient of thermal
conductivity of gas from kinetic theory. (2019)
Q11.Show that for adiabatic expansion of black body
racdiation, A7 = constant, (2019)
Q12.Discuss Planck's distribution law for black body
radiation, (2019)
Q13.Write short notes on Joule's-Thomson effect.  (2019)

Q9.
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CHAPTER - 1
Thermodynamics

\mv\\
(17 Prove that heat given to any system (or taken from it) in an

“" isochoric process is equal to the change in its internal energy.
(2014)

Ans. In an isochoric process, the volume is remain unchanged it
heat is added or removed from the system, therefore, work done 15
ZETO,

Now, according to first law of thermodynamics.

AQ =AU + AW A1)
Since for a isochoric process, AW = O

AQ=AU+0

AQ =AU (1)

Where, AQ is the heat added to the system and AU is the increase
in internal energy of the system.

So, from equation (11),

heat given to the system (or taken from it) in an isochoric process
is equal to change in its internal enegy.

Q2. Show that enthalpy remains constant in a reversible isobaric
adiabatic process. (2014)

Ans. Entropy of a system is given by
<20
L

Where, AQ is the heat exchanged
T is the absolute temperature of system or surrounding.
For a reversible adiabatic process,

AQ =0 and §;., = 0

AS + _mmn__

oo AS=0 1)
Now, From first law of thermodynamics,
AQ = AU+ AW .
= AQ =AH+ Vdp
= TdS=AH+ Vdp .A2)

For an isobaric process, dp = O
. TdS=AH k)



(3). It must read
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Fromeq. (1) and (31,
AH=0
= H = constant
. Theretore. Enthalpy change is zero or enthalpy remams constang
1 a reversible 1sobaric adiabatic process.

Q3. State the Kelvin-Planck statement of the second law ﬂm
thermody namics. (2014, 16)

Ans. According to Kelvin-Plank statement—It is impossible
1 ConstIie don1 oo c fon T i
0 constrict a device which. operating in a cyele, has sole effect of
eufracting heat from a resenvior and performing an equivalence amount
of work. r

atp i h "
Q4. State zero™ law of thermodynamics and use it to establish
the concept of empirical temperature. (2013, 14, 16, 19)

Ans. Zeroth law was fi J 1

. Zerot s formulated by R.H, F 5
s1aie ”_...“._ tf two-syst IS ATe Seng | ! I hD_._..____ﬁ.q " _mw...h _ _._
116 tial systems are separately in thermal equilibrium with a
hurd system ther those two system must be in thermal equilibrium

e g, i

e _..,.._ﬂ.....u.&n.._. q ﬂn.;..__ﬂ A A = = O
Che P 5 erence state C. Let pressure and volume of gas
be P 3

e 1d _ﬁ ¢ If we choose a particular value of P, and demand
1zrmas equilibnum between 4 and €. 1t is determined by Fy It is

CXDTEs r_.l.L a5

N __m ﬁ.”_.._h_..,n..._ Fel=0 (1)
~imilariy, equilibrium state between B & C demands.

g (P Ve P Vo) = 0 (2)
We can solve equation (1) and (2), to give

Ve =L tPy Vg Pe)
P =g (Py Vg Pr)
Ierefore, fic :_C.: “{..h. o ___...m,n..._..__.uh? \__wr mn__ﬂ;
or fue—Jpe=10 ] (3)
If A and B are also in equilibrium with each other then .
fag (Py Vi Py Vg)=0 . (4)

From zeroth law equation (3) mus agree with equation (4). In

other words, the extra coordinates Ve must drop out from equatio
: ation

: Ja Py V) =1 (Py, Vp)=0 (5)
n general, we can say that two

e S R R Or more systems are in therma
equilibrium if there exists a function f; of its variables X, ¥ ic |
have a common value for all system. Thus e T

pE——t e — e sy
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W . W e W W W . e O, X

T

{1 (X4, Yy) = fg (Xg Yg) = common value

The common value T of these functions
temperature. Thus we can write—

fX =T -48)

Where T is same for all systems. Equation is called the equation
of state and T is the emperical temperature.

is the emperical

5. Tna certain process, 500 cal. of heat is supplicd to a systemt

-

and at the same time 100 J of work is done on the system.

What is the increase in the internal energy of the system?
(2014, 17)

.@lﬁﬁw — S bde
— Wﬁd._m.f._.,.mu

Ans. dQ =+ 500 Cal.
=+2092 Joule
Al =—100.J

From. 1% Law of thermodynamics. Ll @ -y 263l
dQ = AU +dW ﬂmfu..u L
AU = dQ —dW 4Qedurd©
= 2092 - (~100) Q=ay
Z21921] Q:ﬂn@fa_&

"Q6- Pescribe Carnot’s engine and find its efficiency.
(2016, 18,19)

o convert heat
oretical

Ans. A heat engine is a practical arrangement
|| work, Sadi Carnot conceived and ideal the
iess of actual engines and hence
His imaginary engine is, however
performance of actual engines

into mechanice
engine free from all the imperfec
never realized n actual practice,
waken as a standard against which the
is judged.
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The ideal Carnot’s engine consisis of :

(i) A cyclinder with perfectly non-conducting walls  but
perfectly conducting base containing air (which is supposed
to behave like a perfect gas) as the working substance and
fitted with a perfectly insulating and frictionless piston upon
which weights can be placed.

(i1} A hot body of infinitely large heat capacity maintained at a
constant high temperature T, absolute serving as the source
of heat.

(iii) A cold body of mfinitely large heat capacity maintained at
a lower constant temperature T, absolute serving as the sink
of heat.

(v} Perfectly insulating platform serving as a stand for the
cylinder.

The cyclinder may be placed on any of the three bodies and may

be moved from one to the other without frinction, i.e., without doing
any work,

Efficiency of the cycle—

Efficiency, 7= Useful output
Input
W
N=—
A,
Heal supplied from the source from A to B
H, =RT, log ”
. 1
Heat rejected to the sink
H,s =RT, _omw_
"
- ._.._ “.m....l = au..m._ . mﬁ___m
H, H,
A
R(T; ~13)log| 2 |
|
Nrs————e
RT; log 2 4_
T
._1_ = H —_ |w._
7
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. Q7. Define thermodynamic potentials
" Maxwell's thermodynamical rela

and use them to obtain
tions. (2011, 14, 16)
s for thermodynamic

Or Apply conditions of exact differential
(2017)

potential to derive maxwell's relations.

Ans. Thermodynamic potentials— )
(1) Internal Energy, U-—According 10 first law ol
thermodynamics, there is a certain function U, of the variables which
characterises the systemand this function may be called intrinsic energy
or internal energy.
dU = dQ — dW.
(2) Helmholtz's function, F—Itis another characteristic property
of the system and depends only on its thermodynamic state.
F=U-T5
(3) Enthalpy, H—Enthalpy is an extensive thermodynamic
property and is given by the symbol H.
H=U+F¥F
(4) Gibbs Potential, G—Like helmholtz free energy, the Gibb's
free energy is also a characteristic property of an open system and
depends only on the thermodynamic state of the system.
G=H-T5
Maxwell's Relations from thermodynamic potentials—
(1) Internal Energy— The internal energy {/is a function whose
change is independent of path fol lowed between two states.
dU = dQ— dW
Now, dQ = TdS from second law of thermodynamics,
dU = TdS - pdV
Taking partial differential with respect to § and V', we get
(eU au |
rmm . v Jg
Since dU is perfect differential. Hence

Gl ﬁ.ﬂ o [auT]

T

=T and __ =—F
L%

VoS oV |as )y aSLavls
2 my=2(=py
oy s

ary _ | mﬁz_

v )  \as)

I is first thermodynamical relation of Maxwell.
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(2) Helmholtz function—From [irsl and second law of
thermodynamics
dU = Tds - W
For isothermal process we can write
Ty =d (%),
dl = d (TS - &N
dl' = d (TR alr
U =TS ==-38W
Now. U -T85=F
dF =dl’ — TS - SdT
it law,
dl = TdS H._t_q.
dF = (Td§ — pdV) - SdT

"= —pdl" - 84T
ing E:E_ differential of F
..u.l. = — P and e =—34
| T | HJH__| A
Simmece F is-a perfect differential
.-|..__. _ ﬁa _|,.”..._.||_ _ é “.. n.r 3
frey  @rier), evier)y
Z —Pi=L (-5
b £l
|_ﬂ B (ah Y _
TSy \év )

_, 15 second thermodynamical relation of maxwell,
3) T:_E_E. H-—1It 15 an extensive thermodynamic property,
ca _...:. tonal hea H function. l
h__h._. = [/ - __:__
.m,___,m dU = pdV = Vdp

dfl = (TdS — pdVy + pdV + Vdp
dff = TdS ~ Vp

Parteal differential of ating b
al differential of /1 treating § and P as independent variables.

f ‘_____h___ rar
_ =7 and mk,_ _ I
ef?
A . gt
APAS  0Sp
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_WJ .xﬁn“ ey

m;... as Jp

It 1s the __J__:_ _:nq:_c.n_u.:mﬂ_ni maxwell relation,

{4) Gibb's potential, G —This function is such that it remains
constant if a thermodynamic process remain isobaric as well as
isothermal.

G=U+pV-TS§

dG =dU + pdV + Vdp — TdS - SdT.
Using dU = TdS — pdV

dG = VdP - SdT

Taking P and T is independent variables, the partial differentials

will be,
_\Q|Q. =¥ and o =-3
\éP )y er
( is an exact differential,

G (av) oS
: i : g___u ﬂ.n.u._|

erep \ a1 ,
vy _ (as)
o )p \aP )y

It is fourth thermodynamical relation of maxwell.

Q8. Define Entropy. Derive an expression for entropy of an ideal
gas, (2014, 17, 18)

Ans. The concept of entropy was first introduced by Clausius in
1854, while working on the formulation and application of the second
law of thermodynamic. It is very important thermodynamic quantity
and has proved very useful in the study of behaviour of heat engines.

In general, if © is the amount of heat absorbed or rejected at a
temperature 7 in going from one adiabatic to the other, then

[+

= gonstant,

N

This constant ratio is called the change in entropy between the
states represented by the two adiabatics.

Henee, entropy of'a system is a function of the thermodynamuical
coordinate defining the state of system viz., the pressure, temperature,
volume or internal energy, and 1ts change between two state 1s equal
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en the states along any reversible

lo integral of the quantity dQ/ T betw versi|
r il of an

path joining them d8 is an exact di fTerential as it is different
actual function. e
Entropy for ideal gas— Let us consider unit mass of perfect gas
occupying Volume V at pressure P and Temperature T. Let the quantity
of heat Q) be given to the gas, them by first law of thermodynamics,
dQ = dU ~dIV
Now, if C;-is the specific heat of the gas at constant volume, dT
15 the rise in temperature, d1” the change in volume,
dU = CydT and dIV = PdV
dQ = C;dT + PdV

—

. dy
I8 ===,
T
- CpdT Pdv
LUH|-.I|+ 3
T T
e dT P,
.,“.Thﬂ%m& A1)
. ¥+ ¥
Full iy D I
R R
from (1),
(PdV + VdP rPdV
5=|Gp B
_. "R )T
( PdV +VdP\ ¢ PdV.R
[ [P [ 222
| R T Pl
B 7 Codr
.mﬂuﬁﬁ._ h|..+ﬂ..._4.‘-_“._ﬁ.gu_!ﬁ._v.uﬂ,
i dv
S 8, =4 | £
% A7 .ﬁ.ﬁ v
, 2 y
§=Cp log—2+ Cp loo 2
[ ° 8 / ww_

Q9. Explain first order phase transition. (2014, 16, 19)

Ans. Suppose, m | and m; are the masses in the liguid and vapour
phases and gy and g, are the specific values of the Gibb's potential in
the two phases. Then for the whole system.

B.Sc. - I"' Year : Physics : Paper 11/ 9

G=mg +mg, )
If"a small quantity of liquid changes to vapour, differentiating
eq. (1),
o0 = by gy + dmags «(2)
As the change takes place at constant temperature and pressure,
the process 15 isothermal and isobaric.
Lo 8G=0 ~(3)
from equation (2) and (3)
om gy + dmaygy = O
But, dmy = — 6m;
- 81T &2
Let the temperature of the system be increased from T'to T + d.
For equilibrium
g tdg =g tdg
= dg =dg
If the condition of saturation is satisfied

doy | _[de .
ar | ar | (4)

sl
The pressure also changes from p to P + dP

L dg = Bl are|%L| ap
. L aT |p 8P |r
O _[% | (3| [3P 5

or . = TR
5T | 8T |, | &P ), | 8T

But, for unit mass,

dg = VdP - S4T
2| _yund| 2| -5
5P ; 5T |,
Substituting these values in equation (3),
|@m.4 sai _n_u_‘ sal,
Similarly,
= "
Ivm.w = |-M__..- + _.\...1 m
| 67 L o LAt L

Substituting these values in equation (4),
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10/ B.5¢. -
Ea.P .;___q;
IQ._ _—
-5 + ﬁ:_,__; + ar |
. o L
_WE Uu |ﬂ_ H.ﬂulﬂ
Eld -T.” -5
r:__w||._vu4. I“u |__.
[ dP L

LT Ly T2 =)
This is known as Clausius-Clapeyron heat equation.

nd order phase transition.
(2012, 14, 16,17, 19)

there is no transference
on 18 known as

Q10. Write short notes on seco

Ans. The phase transition during which
of heat and there is no change in volume, such transiti

second order phase transition. - B
Suppose m and my are the masses of liquid and vapour phase

and g, and g, are the v_uan_mn value of Gibb's potential in the two

phase. Then for whole system.
G=myg *mg; (1)
Ifa small quantity of liquid changes to vapour,
&G = 9____:_%_ e w_;ﬁqh.m _M..J
As the change takes place at constant temperature and pressure.
8G=0 w30
from equation (2) and (3)
bm, gy + 6magy =0
But, 8m| = om»
o B1= B2
If ¥ and & are the specific volume and entropy. Then §; = §; and
Vi="3

08y | g |
ﬁmﬂ_h mﬂxur-aw1guna
g | (g
and | == | -| = | =—(V, -
! mwgﬁ ﬁmﬂ_ﬂ (h-1K)>0
2| (%
Th =& | 2] —_
. mﬁh \ar ), =62 -50=0

B.Sc. ;z Year : 1:%.9 Paper _:__
o

or @ = o83
ar Jp \ T )p Y@‘\\m \&
dg; 0g,

e =—(l, -¥)=0

Wit
-

P )y | apP

) (%
o \8PJ)r \aP)
If k is isothermal compressibility and o is the coefficient of

volume expansion at constant pressure, then

Co (85 | |2
ro\orp mﬂ plp  loT?],

w—(%) wwﬁﬁi@

aﬁuhwmp umwhmmu _ &g
er/p @r{\ep/;| éToP

T

e | |Pa| _%a Cn
or* |, |or?|, T T
m_u.wu m_um_
S . N .
muwm mmm_ _y
atap arap | 2T %)

For second order phase transition,
.......H = M_m

,m___ + bq_m._ = m,m._m * m_.,w_m u

at T+dTand P+dP
But, dS = el n__HL\mh
aT Jp \éP ),
asy (o
o) \ar " for maxwell's relation.

dr
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Here, F0 = 540 cals. = 540 « 4.2 x 10 ergs.
¥V =1676cc, T =373k
dT =50k, dp="17
4
J

0

Su

a¥ = ‘nl__”.____._ﬂ __C._ .-:J.._
| 54042107

. Cr 1676
h...lp._—..__..l—;u._ﬂ ._H.._.. = kH-_.._q. _ :u:‘._:. ']
: 50 % 540 < 4.2 % 107

_ . o

i |_H.P .‘,P @) 373 1676
dr - T (e —ay) or  0P=1815x10" dynesiem”

I.815 atm,

Hence, pressure required at which water would boils at 150°C.

7 =15
" P=1815+1=2815atm.

.ﬂ.i.
\

L

I

and similarly,

| < .. ; {81 QI2.Write short notes on Joule-Thompson effect.
faat] PP N E. _ dpP (201416, 17, 19)

el ._,5_. o i Ans. The principle of Joule-Thomson experiment consists in

&l = VadTl - Vkdp forcing a gas nat a constant pressure through a porous plug thermally

insulated from outside. The porous plug consists of a compressed

Va,dT - VkdP=Vaoydl - Vksdp porous material like cotton, @8._ or silk fibres _EE.dm a :E._.&.E of

_ - fine holes or pores and is thus equivalent to a number of narrow orifices

dP o, -4 (5 in parallel. The gas, on n.mmi_”_m through the plug under a large drop of

P T K . ﬁ._.m”._f,:”na mm”w H”._“,_::mn_, b..m._.d its ﬂ_.E_u”“.m..uhﬁ_._ﬁ,‘... get ﬂ:urmﬂ _Mﬁan MEE one

. " e another, so that the gases has to be do s ernal w 5

Equation (4) and () are known as. Eherenfest's equations. inter-molecular m:EMEMM. if these mimrvc_.:m e e s

Let us consider a simple arrangement. Let LL' is a cylinder of

non-conducting walls having a porous plug C fitted with two non-

conducting piston 4 and B. A fixed mass of a gas having volume V| is
filled between piston 4 and porous plug.

42 _._.__ _ - nh.h“

Calculate under what pressure water will boil at 120°C if the

change in specific volume when 1 gm of water is converted
into steam is 1676 cm”. Given that : Latent heat of steam =

O11.

s al/ = b 7 al.

wbﬁmﬁ”_ﬂuwwmﬁwm __”_umc&w “WW_WME_M. (2014) . ,E nm_nc._m:n m_,ﬁ E_Er done ,.a:n: gas passes thorugh :.__,.. pores
- om high pressure side, we can assume that the gas is pressed forward
Ans, rrom maxwell's second relation, by means of an imaginary poiston A and the gas pushes another
resy fep) __uﬁmEmJ. piston B on the other side of plug at constant pressure Ps.
— | = — The Piston A takes the dotted piston A" and the piston B' takes the
vy 18T )y position B when whole of the gas has passed to the other side to the

rasy . [aP) lug. : _
Tl —| =T |¥ Itis the arca of ¢ross-section of the piston is 'a’ and o, is the
oV Jy ol Jy distance moved by the piston A4 then the external work done on the gas

‘&0 - onhigher pressure side will be-
or Q = W= Bad, = 21
/

I
—~



B Se, - 19 e 45 on the lower pre,
14/BSe. - 17 ¢ + py the gas on Pressyy,

Sinularly, exten
sule of the plug

dy =Bl _ .
: ~ved by the piston B, and V, i the

__ 1 . -ﬁ- -
s mass al higher p
¢ NSS B qnmmc._.m.

- A
is the distances __:: e
) are 5y having >
g gl pressure 2 e
15 | _.J_.._ .__.._n. m_.h-w_ 15

Where, s

volume of the £ ;
stermal work done

Wete . .
i =i - =Bh - RN "

Using first law of t \ermodynamics— ’

. J_._H.._....:_.uAﬁ:..::E,_ﬁn.|u,1

; its i
Hence, external work 18 Jdone on the EXpense of its own Intery|
o b [ i .

g

If L and Ly be the internal
nd states, then—

AW ==l =U)

cnergies of the gas in the initial g

fram equation (1},
—(Us =U, ) =Bl il
U, + BV, =Uy + B>
h__.m_ = Hn__.u
The quantity (L' + PV) which is conserved, is called enthalpy or
heat function and denoted by H. This is why Joule-Thomson

l
t 15 sometimes referred to as the iso-enthalpic effect.

() 13. Write short notes on absolute temperature scale.
(2011, 14, 17,18)

Ans. |f a temperature scale defined utilizing property of workin
of Carnat's engine, 1t is an absolute scale of temperature because it
dees not depend upon the particular property of any substance as in
the case of other thermodynamic scales,

~ Suppose an engine works between temperatures T} and 7. Here
I1) 15 heat absorbed at T) and H, is the heat rejected at 7.

n=f(1.1,)

ﬂ-_:._. 4 o
1 m 17, 1)
| I W o

|M_ﬁ_- [, 1)
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moo

Hy |- (1.1
Similarly, if engine works between Ty and Ty and H; is heat
absorbed at T and Hy 1s heat rejected at 75

= F (1. 1) A1)

h..qn._
—= = F (L, 1) [2)
H, 4
If the engine works b/w 7 and 7. then—
H
—L=F(.5) )
Hy .
From equation (1), (2) and (3)
H H£ H,
— = — i
Hy H, H;

F(T,, Ty)= F(T,.T,)x F(T5.13)

I
PO 4 (%)
F(T,, 1)
This relation can be satisfied only 1f—
T
(T, 1) = 240
olfs)
T,
___....__L_;u. HLH|GA. 2)
o(73)
F(Ty =200
D75
Where, § is another function
- Ay =F(T,. ") = e:_,:.
H : dils)

The expression on the night hand side represents the ratio ol the
two kelvin temperatures and this can be denoted by T/ 15.

o, T
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s geale & this does not
The relation (4) is used to represent  new seale & this d

depend upon the property of working substance

n= T

H, i

Hy-Hs Ti-1)

Q14.Explain quasi-stafie thermodynamic process. (2015, 16)
o Ans. A quasi-static process 1s defined as the process 1n which
. brium is infinitesimal and

Ha deviation from the thermodynamic equils _ agkig
the system passes during a quasistatic

| the states through which
process ¢an be considered as equilibrium state. e
In actual practice, many process closely approach a quasistatic
nrocess and may be treated as such with no significant error. € E.ﬁiﬂ
. h a piston. Initially

process d . ;
he expansion of a gas ina closed cylinder fitted witha p

ights are small

s can be considered

s are on the piston and the pressure of the gas We

.nd are taken off slowly one by one, the proces ]
ve [Fhowever, all the weights are removed at once, expansion
Iy and it will be a non-equilibrium process. The
71 will mot be in equilibrium at any time during the process.

asistatic process is an ideal concept that is applicable to all
rmodynamic system including electric and magnetic systems. It

1akes place sudden

3hald
A

v Ou

1t conditions for such a process can never be satisfied

ould be noted t
rigorously In practice.

()15.4 carnot engine has 50% efficiency, if the temperature of the
cink is 7°C for increasing efficiency to 0.7, by how many
degrees. the temperature of the source be increased? (2015)

....W_
Ans, Casel: n=50%=05 _ — e
ot -
7, =27347= 280k L |
__ﬂ. - T} \.\MM Mlmgﬁ.

s

&
T Mo -Te
05=1-220 AR
i
T =560 k. hS = \- Qv

@,ﬁ
T Shel
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Case I1: M =70%=0.7

T, =280 k
____._ H._._
T
n'=1-=
'
0.7=1 |%
.__._
T =840k

Increase in temperature = 840 — 560 = 280 k.

Q16.Discuss the variation of boiling and melting points with
pressure. (2015,17)

Ans. Effect on boiling points—When a liquid boils .. changes
from liquid to gaseous state, there is an increase in its volume so that

V5 > ¥, or the quantity (J; - V';) is positive. Hence, 4P isa positive

dr
quantity which means the boiling point of a liquid rises with increase
in pressure or vice-versa. Thus a liquid will boil at lower temperature
under reduced pressure. Hence, water will boil at lower temperature
under reduced pressure. Hence, water will boil at a temperature less
than 1000°C when the atmospheric pressure is less than 76 c¢m of
mercury of normal pressure.

Effects on melting point— When a solid melts, there may be an
increase in volume as in the case of certain substances like wax and
sulphur or there may be decrease in volume as in the case of certain
substance like ice, gallium and bismuth,

(i) When 15 > V| (as for was and sulphur) dPdT 1s a + ve
quantity. This means that melting point of such substances rises with

Increase in pressure.
(i) When 5 < V| (as for 1ce, gallium and bismuth), (V5 - V)

is a negative quantity. Henee dP/dT is also negative which means that
SE 1N pressure.

melting point of such substance decreases with ine
Thus ice will melt at a lower temperature then 0°C when pressure 1s
higher then normal pressure, 76 em of mercury.



¢ in temperature of
jon, Explain, why %

Q17.0btain an expres2 ansion.
under m,__:E.E_E pousofl €5 ting effect upon % lly
| helium show heatifs Suffe;
hydrogen an Tiim fip
G_:mu

joule-Thom

o a gas under constant pressure 1 forced throygy”

o 10 a region of lower constant pressyre :
This is called the joule-Thomson effect, i
perature change depends i

ign of this termpers :
nd —...H.QE_.EDEH to the di m,ﬁ._.ﬂﬂn

Ans, Whe
insulated porous plu
temperature changes. Th

The magnitude and §
he initial temperature of gas

pressure between two sides of u_:._..m. .
[ et us consider 1 gm mole of real gas 1S allowed to expend fron

Py, V. to Ps, V. And temperafure changes from 7 to 7. Net CXlerny
i i

work done by gas
- BV, — B}
Now. an internal work is also done by the gas in overcoming i,

n._.._._.

force of molecular attraction,

I5 4
( .P:.u,_...ﬁm._uh|ﬂn.
nyt h h

Hence total work done by the gas—

W= (Bl =R,
A
From Vander Waal's equation for a gas—

rr_.u _:..l_._u.._u,aw...
Pral_py 0 _pr
M H.\M '
170 .
RT + Ph-— Ineglecting —- |
h‘ m h\.m |
Now ( |
’ W= RT Ja&uh_ ( )
| BEREED =
) Efﬁ-hﬁh-h
w=R(T. . __x_ A
) .H._lewqﬁlﬁ.vumeluMﬁ

.T_ A

I+ —

WER( =1 -bir - pyy, 2P 2ap,
RT, h_..mw,
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2a
= —RAT - F =P )+ £-F)
W dT -b(F = 1) E_.__”_ 2)
._-w._l.m..mlz__.ﬁ.
2a 1 ,
w=(f—-F) b |-RdT
RT |

[f C, is specific heat of gas al constant volume, then heat loss by

the gas to do work is C.dT.

P I,
AT =R =0) gz _

" =
Co + VAT =(B -B)| ——
(C, + ) .“_ |u RT ;_

2a
C,dl =(R -P)|—-b
! (f —3) RT

Hence, fall in temperature

B-B)[2
gr=li- ) 22
Cn LRT
The gas will be heated if its initial temperature is more than the
inversion temperature. The inversion temperature of hydrogen and
helium are much below than room temperature and hence ordinary

temperature these gases show a heating effect.
If these gases are cooled below their temperature of mnversion

and them passes through the porous plug, they will also show a cooling

effect.

Q18.Using Maxwell's thermodynamical relation, obtain Clausius-
E_:mu

Clapeyron equation.
Ans. Maxwell's second relation of thermodynanuc

(&) (o

\ oV AT &7 V

A% =fe
T n|rn_ =T m_
v Jy ar ly
) (2
F.m_._.___ - 7/_3..._ 1 TdS =d0}.
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1 volume due [0 ¢ dnge :__ﬁ.

o change I
iy be latent heat, iy

ae i heal b
e} 1 sl

f 10 the systel

__._ ._.L..._r.._.
and 61 =17 -1

S =L A

- i ._,ﬁ ]
_u, = | \ _.__1 .__
YL

iR

Mhic i« the Clausius-Clapeyrons. equations.

—

()19.8how that there is increase in entropy for a :.E-.E..,:.._w,..uimn
system undergoing an irreversible process, while a reversipy,

process is an isentropic process. AHSE
— 1)

Ans, Irreverisble process—Supposse the working substance i
1 engine performs an imeversible cycle of changes. absorbing ,,
amount of heat (0, at a temperature T from the source and _,&.nn::m
he quantity of heat 0 at a temperature T of the sink. Then efficienc,

of this evcle 15—

Q_mu? Q-
N=——=l-=5
Y G

According to Camot's thearem, this efficiency is less than that of
reversible engine working between the same two temperature T,
I

and 5.
1 _H
T
Thus
s 75
g 7
x...n..” T
q.F.._" . _____i
D__.. n\__
7. ) /
O
AR T
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Considering the whole system, the source losses entorpy by

g ; ),
amount __‘_ and sink gains entropy by amount Mqr .
! 2
..Hu_
as=-2_@
hoh

Which is greater than zero or positive. Thus there is an increase
in entropy of the system during irreversible process. Therefore, the

entropy of a system increases in all the irreversible processes.
Reversible process—1Let us consider a carmot enging, 1n which

heat (| is absorbed at temperature 7 and is + ve and heat O, 1s rejected
al temperature [ and 1s — ve.

. _ g ¢
The gain in entropy during absorption of heat 0 = ﬂ_
. g m i O
Loss in entropy during rejection of heat @5 = q,. ;

: o ; O o
Thus net gain in entropy in whole cycle = = Iﬂ.c..
but in an complete reversible carnot's cycle @ = F

L T

L a2,

U

It means total change in entropy of working substance is zero.
Thus in a cycle of reversible process the entropy of system remains

unchanged or the change in entropy of the system is zero.

Q20.1 kg of water at 0°C is mixed with 1 kg of water at 100°C,

resulting a 2 kg of water at 30°C. Find change in entropy due
to mixing. (2015)

Ans. Change in entropy of universe due 1o mixing

2ml | log lith
=0 5 og,. ——
__.u.,.__ﬂ_.r |

2734373 |

AS =2x1x!] log, =
= u,:.n;.ﬁL

AS =1.294 kJ/K.
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_ L (2015
(Q21.Write short note on specific heat of saturated vapour. (2015)
f vapourisation of water of temperature T’

Ans. The latent heat o

is given by—
L=800-0705T

£ o - Dl et
vap lig AT T
§ _.. 800
— n_.J,_EIﬁ._E._HIm;Du. |L..___._|._ 0.705
0
ﬁl._,m._u Iﬁ__ﬁ - |lru.“..l.
Since. for water Cy, = 1.
8O0
ﬁ...::._ =1 Iﬂ.
4 0°C, Cpp = 1 — 2.9034 = ~1.9304
at 100°C, =1-2.1440=-1.1440

.;m . .
Thus, specific heat of saturated vapour is a negative quantity.

The meaning of saturated vapour of 100°C 1s — 1.1440 means, if a
gram of water vapour at 100°C and 760 mm pressure has its pressure
increased to the vapour pressure corresponding to 101°C and if at the
same time 1.144 calories are withdrawn, then the water vapour will
remain saturated at 101°C.

Q22.Write short note on equivalence of Kelvin-Planck and Clausius
statements of second law of thermodynamics, (2015, 18)

Ans. Clausius statement—No process is possible whose sole
result is the transfer of heat from a colder body to a hotter body

Kelvin statement—No process is possible whole sole result is
the complete conversion of heat into work,

- _mu,eﬁ. uEu___mE_E between kelvin and clausius statement of second
aw ol thermodynamic we prove that if Kelvi

Clausius statement (C) is flge, 1 (K) statement false =
Let K is flase. Then .
. We can draw heg . .
temperature T, and convert it entr o Toma heat rescrvoir at

ely into work W= ), with no

B.Sc. - ¥ Year : Physics : Paper I1/23

other effect. Next we convert this work into heat @ by means of
friction and deliver it to a reservoir at temperature Ty > T, with no
other effect. The total result of this two step process is the transfer
of heat O amount from a cooler body to a hot body with no other
effect. Therefore C is false.

HEAT RESERVQIR

0>,
A |
Q¢
Q .
ENGINE w=Q
L FALSE
P
=

HEAT RESERYOIR

Fig. Equivalence of Clausius and Kelvin statcments.

Proof that C false = K false. Let us define an engine to be
thermodynamic system that can under go a cyclic process in which
the system does the following things—

(1) It absorbs heat Q) from hot reservoir at 7).

(2) It performs a work W,

(3) It rejects heat O, to cold reservoir at 7.

Let us operate the above engine which absorbs (Q + (') heat
from the reservoir, converts Q' into work W and rejects ) amount heat
to cold reservoir of T; which is again transferred to hot reservoir.
Hence the total result is that Q" is extracted from single reservoir and
entirely converted into work with no other effect. Hence K is false.

Q23.Write short notes on 7dS equation and their application. (2015)

Ans. First TdS equation—The entropy § of pure substance can
be taken as a function of temperature and volume.

ds={ B ar( ) w
ar )y v )
multiply both side by T
i )
Tds=T| 2| ar+7| 5| av h
ar |, av |, il
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ras ]
=] r_..ﬂ._
s from maxwell relation,

clarh
hese values in equation { 1)

R = .ﬁ-n..ha.;

Tis=Cpdal =+ .._m,.__‘L;

Second TdS Equation—
The entropy S of @ pure substance can

finction of emperature & pressure.
dsS= _\ﬁ|.ml_ a7 + TM; P
L ml_: LEP Ir
AMultiply both sides with T

also be regarded as g

i .| n:m. g
:.;L_L %;ﬁ%ﬂ. dr %
..m.HL_a _V_EUL.
Buf .= ! m
r__...H__..u_b_.
& from maxwell's relationg—
|1_ 7 B |-m__ 1
Pl LoT
o 10 equation (2)
745 = CodT-7| % | 4p
0T |,

-H_m_. .ﬂn._:u &
" P quations are ;
calculation of heg eveled 3 used to derjye latent heat equatior,

pressure, ete Hing reversible isothermal change of

10 an expressjop f,
i 0
it expands m&mE:E:.H the work done by an ideal pas when

(2016, 19)
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L .|_
x.- h -E:H_

During an adiabatic process

PIT = constant = K.

p=
v
Py K | |
W |._- -h__..__:a = |.L—ﬁ| l||_ |j .
“._ h; ¥ ﬁ == w_ _\Mq_ —a_
ok k|
W=g |_ﬁ|_ e
=y[™ W
we | B2 _B1 |
BICEG
I i
W=—-I R, - A"l
o=
Q25.Applying the first law of thermodynam ies derive the equation
(2016, 19)

Cp— Cy= R for an ideal gas.

Ans. The internal energy of a system is 4 s1 e vilued Tuncton
of the state variables, i e., pressure. temperature. volume. ete. In the
case of a gas any two of the variables £ 17 T are suthicient to define

completely its state. It 1" and 7 are chosen as the independent

variables-
U=1(rm
differentiating.
L e
dv=| 22| it *._H |l i
_.,. ' “ .__ A __. waay
from first law ol thermodynamies,
.m.:x = ﬁ.___...__ -+ n.un: .A:”_
from eq. (i) and (i),
; ALJ A
st =[ L) ar+[2Y) av 4 pav

__u”._:.“ _..,.M._T...__.. .
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v [ ey lav ou |
s _(2U) 4l pe[% id ~Ali) But, | —| =0
] * 5l _ dl oV )y
5T \&éT )y | ur IEd
[ zas is heated at constant volume, o CpmCy=p v _ i
SHY - oT Jp
mn.l._. =L = ﬁ.m.l_h.__xn___..n.
0y
(026.The efficiency of a carnot engine is 1/6. If the temperature of
ind _W =0. the sink is decreased by 65°C, the efficiency becomes 1/3.
. Calculate the temperature of source & sink. (2016, 18)
SHY (8U) o
| = Hnl\w.?. Hh._. ._Pu._m- _..__H._I
! | L8P S m_
When gas 1s heated at constant pressure. | 7, i)
8H ) . :_|m| |N
— | =Lp
L d .H; |I_|
rom equation (iif), | N2 = 3
_feuvY [, (8u) ,_?t _ _1_, 565 i)
L= = _ - _ﬁu+ e _ T .w._u o u = m-..
cf J L _,ﬁﬁ\_ﬂn__,mwa}u ﬁ. ) )
Subtracting equation (i) from (11).
[ (au) ](av) T,-65 T
RO ey £ T , LN SRR GG )
=G| P43 G, i L T -
From joule's experiment, for an ideal gas on opening the stopcock, | L-T,+63
n work was done and no heat transfer took place. e T :
S0, H=0=dU~0
! ....ﬂ.d..p.._...m.ﬁ. _.n___. = [} ml_ — w@ﬁ mﬁ = _ .—.wﬂn.
£ = from equation (1),
==l =P 1 4 5
6 390
1 ideal gas equation .
Pr=R7 7, =390 - 2 =305 K =52°C
£ &
.._......_ ._...-h._._ﬂ | % » T Hr.ﬂ__m_._n...
[ .__: - -
5% Establish the concept of Entropy and disorder. (2016)
Cp-Cy=p m } _1 ou | [ av _ h Ans. With an incredase ::..::o_q,__._ﬁ:__ﬁ._E: mm._::._o_: z_ﬂ.xﬁ ?..:.n n
Ll e | ar |, disorder of the molecule of subtsance increase, i.e., growth of entropy
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disorder. Thus the principle g
intimately connected with the less ordered sta

of affiars. Entropy of a substance is therefore La _S .”._MM___H_.MR_““.H__H of
the degree of disorder prevailing among molecules, just a: perature
¢ of hotness of 8 substance.

The entropy of any isolated system InCreases and approaches,
r Tess rapidly. to the inert state of maximum entropy. We may
recoenize this fundamental law of physics to be an inherent tendency
of nature to proceed from a more ardered state to a less ordered one or
from a less disorderad to a more disordered state, or we may state in
other words that the ultimate destiny of the universe is not order bul
chaos or disorderness.

28/ B.Sc.

implies @ transition from order 10

increase in entropy 15

is a measure of the degree

more 0

(28.1 kg of water at 273 K is brought in contact with a heat
reservoir at 373 k. What is the change in entropy of water as
its temperature reaches 373 k? (2016)

Ans. Increase in entropy when the temperature of 1000 g of water
raised form 273 10373 k

. (T2 dH 15
n.__ﬂ = _|| ._| =My x M...mﬁ_m.m._“ﬁ'.ﬂ“c -
45 = 1000 1x 2.3026 10y 2

273

d5=7312 cal
o §=312 cal’k.

-\... |1
_ .C-u..,,. hat do vou understand by the internal energy of a system?
. mE_m. first law of thermodynamics and use it to derive a
wn_u::u between the changes in volume, temperature and
ks
€a (2017)
" W_M-M :_E_”um_ Energy—It can be defined as the energy possessed
¥ y or by a svs i
S a system due to molecular motion and molecular
- ..__‘.m_ﬁMJ_Jh_ums...ﬁ:_mqsc&_q_m:_mn_..l:,:ﬁ quantity of heat supplied
in _._J.;..m_._.ﬁ_ n_ﬂwm _:_m ﬁ\,___‘ug_u.::_H o esemal work done be 8 and increase
= gy of the mo _
Dm = r____mx e hu.n.%. n.n._..__mw *vﬁ hu_m....._. ;ﬁn.
This represents first law of the
Now, 60 = dlJ + s
gl = n__mwu dW
A =TS - PdV

rmodynamics,

“_.... _u___mn.__ = .u..b___....r and —.....__”.“.._. = mn___“_‘_m._.. “
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At constant volume, dV = O

dU =TdS .
ras (0 rrect-eng
@ =T k1)
ds |, 7
differentiating equation (1), w.r.L. volume at constant entropy
d’u [er 2
dsav | av %)
At constant entropy, d5 = U
dU=— PdV
f
L] - 3)
dv |
differentiating equation (3), w.r.t. entropy at constant volume
2
Y _1Z )
dSdV a8 |y
from equation (2) and (4) :
ar| _ [P
dV s as Iy
(2017)

Q30.Write short notes on joules law.

Ans. Joules law state as follow—
The internal energy of a perfect gas is a function of the absolute
temperature only.
ie, U=f(T).
According to non-flow energy equation,
dQ =dU + dW
dW = O, since volume remain constant
5 do=dUu
At constant volume for perfect gas, for 1 kg
dQ = CydT
and integrating
u=CyT+K
According to joule’s law U = { (T, which means that internal
energy varies linearly with absolute temperature. Internal energy can
be made zero at any arbitrary reference temperature.
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For a perfect gas 1t ¢an be &
hence k 1§ zero.
u=CpT

T

For mass ni. U= mCy1

Q31.What is T-S diagram. Draw T-S diagram for Carnot-cycle,

(2012, 18)

Ans. For a Camot cyele, it consists of two isothermal and two

sdiabatics. The isothermal and represented by horizontal straight lines
(parallel 10 entropy axis) and adiabatics by vertical straight lines
(parallel to tenperature axis) on T-S diagram.

A
T A
i .q. L
2 D - H_ﬁ..“
| 1
F £
S—

Line 45 represents the isothermal expansion at a constant

temperature T of the source, the vertical line BC is the adiabatic
cupansion during which there is no change in entropy but a fall of

temperature from 7y 1o 75 |, the temperature of sink.
. Line CB is the second isothermal representing compression at
conciant wemperature Ty and DA is the final adiabatic c

| e R
mvoiving & nise of temperature from 7 1o I

Same.

ompression
entropy remaining the

The amount of heat en ini
o mount of b ergy absorbed in isothe i1
15 given by the area under 48 | e, ABLF A

_ - Heat rej in ‘
compression CD is given by the area ¢ DFE e e
Total heat absorbed - : |

Area ABEF
=T (5-5))
Heat rejected = Arey COLF
= m..m _ﬂm.u = __u____

Heat energy cony ;
3 _w._...__n.& o ._..E._H._r i
0 -N)(s; -8
2 LT |q_u- '

cumed that U = (O when T = 0.
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Efficiency = Work output

Heat input
_(h-T)(5,-5)

n
T(S, - 5))

-“_I|r
L

Q32.11 4 kg of water at 10°C is mixed with 8 kg of water at 40°C,
then find the resulting change in entropy for such system

Cy =1 cal/igm/°C. (2018)
Ans, Change in entropy
b
S=mCy In—=.
Ly ._.__.__
Find temperature of mixture,
oS e
Now, change in entropy, when 4 kg of water reaches 25°C.
298
S, =4x10°x11n r

5, =0.202x10° cal/°C O
Change in entropy when 8 kg water change from 40°C to 25°C
298

=8x10° x 1 In=—
T

$, =-0343x10° Cali°C.
Thus total entropy change of system.

AS = ~0.141x10° Cal°C.

(33.Prove that :
Eg m,h
Er Gy
Where, Eg is adiabatic bulk modulus and Ey is isothermal
bulk modulus. (2018)
Ans. The bulk modulus 1s detined as the ratio of the excess
and the corresponding volume strain,

pressure
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32/ BA¢. -
AP AL
E=rFy
e .
A1 will be negative and vice-versa. ,_J_.mn,anm.mcn
ure that £ is positive,

I AP s positive.

i : NS
<jem in our definition of bulk modulus €

The hulk modulus of gas %mﬁ% on :_a. pressure. {p &
t _.:s_ condition the bulk modulus 18 equal _n.. is pressure,
isothe ¢ bulk modulus is equal to P, whe,

Under adiabatic condition. the ul
. spec =t at constant pr
v = CpCy-and is the ratio of specific heat a pressure

constant volume.

..__llq L= _t_

Ee =P = n.m P
. c

E_C

h.-.»_l n..._

Q34.Derive expression for joule thomson coefficient p for Vander
Ll (2018)
T -

Cp |RT

Ans. In Joule-thomson experiment, enthalpy remains constant
H=U+ PV = constant, k
dH =dU + PdV + VdP = 0
dQ =dU + pqy
dQ = Tds
dH = TdS + VdP=p

Consider entropy as functj (1)
Pl e wonof Pand T
£
= =
ﬁ 77, ,i = Ne)
from (1) and (2),
m..n.w._n.,.l.m._ d ._. fas
|—| dr+|7[35)
Lar | o), TV dP=0 (3)

_..\ -
and Cp = .nl,mp HJ_._W..J.
T
L_.u
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from Maxwell's eq.

(s |_Tj
,

\er)p \ar
|
Cpdl =| T mﬁw VP
ar)s |
T A@w v |aP
Cel \eTJp |

Joule-Thomson ceefficient,
ap) cp| \oT)p |

for Vander Waal's gas equation of state,

T:inl (V—h)=RT (3
2
a ab
2 L.
BF §+w =3
. ab
neglecting, —-,
H.\I.
wwlmfwuﬁ

differentiating both sides with T, keeping P as constant.

) LU LM
dT Jp ¥ \dT

(&
dT jp |p_ ¢

h\u

P

from equation (5),

e B)

AT
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(7)

Som equation (6) and

Q35.Prove that,
11_ !ﬁ.r_. Hlm.;..m.ﬁ..__—_\_.-
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{35

B.Sc.
| 88 ir)
-.ﬁ P .1.__1 I ,_...._u._ —.r_u...uﬂ 2]
0 A
epety it 2| [
ar |y LT lp
Now, from gas equation.
P=f(K T
|
dP= HW dT + L dV
Lﬂa I m“..._ T
ap_fop) [aP] [V
T |or), LoV 18T lp
Al constant pressure,
dP=0
) __[@] [
ar ly av LE, P
P
_n.u.._._n. Iﬁ.._—‘ .Ill.m_.. .I_.n_.“l_—_” .n..ll__
av |- LT Ip
But, E=V .@W “Eanuu. WW%
av iy Vet ip
Cp-Cr =-TEa*V.
(Q36.A carnot engine takes 1000 calories heat at 62 7°C and rejects
a part at 27°C. Find its efficiency, work done and heat
rejected. (2019

Ans.T; =627 +273 =900k
T,=27+273=300k
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T
R
300
n=1-—
a0n
:l&usgﬁ 66.67%
G‘.urﬁ_l . or .m_ Ik}
N=0.667 =~
0,
W =0.667=1000
IV =667 cal,
_..“ Hmu— - @u

0, =1000- 667

05 =333 cal,

[ Q) =1000 cal ]

T

. CHAPTER -2
Kinetic Theory of Gases

Q1. Prove that mean free path ')’ in any gas is given by—

m

Am—
.g_mﬁqma

Where, o and p are the molecular diameter and mass density
respectively. (2014)

Ans. The mean free path is defined as the average distance
traversed by a molecule between two successive collisions.

Let us consider a gas processing n molecules per unit volume.
Let us assumne that only one molecule which is under consideration is
in motion while all other are at rest.

If o is the diameter of each molecule, then the moving molecule
will collide with all those molecules, whose centres lie within a distance
o from its centre,

If v is the velocity of the moving molecule then in one second it
will collide with all molecules whose centre lie in a cylinder of radius
o and length v. i.e., within a volume ?:un V).

Then the number of collision made by the moving molecules in
one second is given by—

?
N =na"w.

The distance moved in one second = v and the number of
collisions in one second = o’y * n.
mean free path

B Total distance traversed in one second

A
Number of collision suffered by the

molecules in one second.

= A= ;
xon

This equation is deduced by Clausius.

Maxwell assumed the realistic assumption that all the molecules
are moving with all possible velocities in all possible directions and

found result by applying distribution law of molecular speeds,
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The exact result obtai [y hi 1

\ == 5

J2moh

i .cules then mi % 1= p, whe,
Let m be the mass the each molecule P re, p i
the density of molecules

m
" | ———

Jlogtmnxm

3 = i
LS
V2 (o p)

4 Fed H : 1 RS-
2. Write notes on maxwell's distribution of molecular speed of
(2014, 17, 19,

gas.

: _ =1

Ans. Let us consider a zone of cells i.e., group of cells in the
phase space corresponding to the range in speed from v to v + dfv, [f o
represents number of cells in the zone, then the number of particles _Jd
its zone, each having energy close to— N

.
£ = - M,
2
By Maxwell's-Boltzmann law,
Ni=AgeP (1)
where, = |_|
kT

As the number of molecyl .
. s es with .
dv will be proportional to gy, we §Mﬁ ing between v and
N =N.dV, *
-~ .nﬁ.rﬂm. N is known as the distributio
peeds. so that equation (1) wnS:ﬁm

...‘.._..n ’ b__._..‘. -~ .\%.._..... __._.l._”_.m....

We have.

n function with regards to

A1)

o
e f

Volume of ;
of zone in
- = Phase spag
ol i ....I _rﬂ

One cell =
(HEYE ....jm._ﬁn-.

it niea,

; Volume of
olume of zone in pl

It
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If ii' is the volume of one cell, then

&= _. :. _ _ Jo &“ wm o i A3)
If V is the volume nnnnv._ma by gas, we must have,
V= :._& dy d= (4)

Let us imagine that P, P, P. are along three mutually

perpendicular axes and draw a sphere of radius P. Then the surface of

sphere will contain all the points for which PPiPl+ PA= P

dp

Now, draw another sphere of radius P+ dP.
The volume between two spheres will conta

in momentum space having momentum between P
Volume between two spheres

in all the molecules
and P + dP.

= [ ([ dr.dp. = mu._a_f, Py’ |mae.

_ 4 4 ;
s W.n_ (P+ dPY — _mu..“’n —n(3PdP).
3 'k .

= 4xP"dP. | |
Substituting these values in equation (3.

i i T,::m.;_u._ _4nl w.,.% i

= Ir I

1
from equation (2) and (5) and & = 5 "

&
drd b P b= 12

Npdl =—5—
fi
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dndim d... pnd =201

TR IE TS ey
Kol s Blse dl o [

} from () 10 2.

Inteerating gquation (i
2 A

B ‘_u ..___ il = m_w.o..,—__ un. :_i I .ur____..

iy Il

i | ¥n |
jpr= i T A
_..__.____ frm” |
B =4\
Ir | LE.,_
B=a4N | —| =
© ALAT ] En
B - r__n._}.__‘ m [
| 27KT |

. !&_.,:.E:_amﬁrn value of B n equation (6), Maxwell's distribun
4w of speed of molecules may be expressed as— , 1

y2mbE 2y

Q3. Write shote note op viscosity of gases

d s m

) Ans. Consider a pas fowing along hoy e
__H ¢or itact with the wall of he surface is 41 The layer
creases with inerease in distance - A Test The velocity of layer

the tangential f;
o P X ree PEF umig are :
i Fequired ¢ i
O maing

i scosity is defined
adien 4N a unit velocity
/ 0 1:__;

:__-
A1)
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Here 1 15 1 the cocfficient of viscosity and 4 is the area of the
layer and duldx is the velocity gradient.

The velocity of a molecule at any layer at a height x above the

; e
fixed layer = xx —.
dx
[f mean [ree path of molecule is &, then distance for first collision

to occur = (x — L). The average velocity of these molecules

={x— .uf__@.
dx

Now, the molecules are moving at random in all directions.
Approximately it can be assumed that about one-third of the molecules
are moving along each axis. As the molecule in a given space will be
free to move in any direction, one-sixth can be assumed to be moving
in one direction and other one-sixth in opposite direction.

Let € be the rms velocity of the molecules, n be the number of
molecules per ec and m the mass of each molecule. Then, the number

nC

of molecules crossing unit area in one direction in one second = o

mn( M
6

Mass of the molecules =

— I du )|
Momentum in opposite direction =M {) x— TEH :

,.
Total change in momentum in one second.

F= E?|E&J¢2a+5w.
dx dx

du
_ﬂn. = N.?:F|
dx

._
|mﬁwz_n.: P@.
il

L

=
]

-1 du
= —mnCh.— 2
F 3 mn = (2)

From equation (1) and (2)

|

il
nA :__H = H mn(h =
_H___.. 3 _:m.m
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But As——

T
|
i

Now Cox 4

n= VT,
he coefficient of viscosity of gas is directly proportiong) o
sguare root of its temperature in kelvin (k).

Q4. Obtain expression for most probable, average speed and roq

mean square, speed of gas molecules using Ma
Boltzmann distribution law. (2014, HM____H_V_

| Ans. Average speed—Let there be N molecules, each having
“80Gly 1, then the average speed (V) is defined as—

..}.T_H.L._‘w N
q“"._.__w_pr__nm. IS approximately cont ﬂs_nnsnm_ As the spee n_. of
mtegral je » WE may replace summation

o

| i
e

f) £ f) Mu.;_.ﬂ.\— i m.r_a___._ .__._mw.,_&.—w
I..u.mH_Jlﬂlu e Ly
L 2mkT | T eI b
1]
N m Al g
V=4n 2kr)?
| 2nkT 3
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kT

i)

mi
Most probable speed - For

Py will be maximum, Maxwell
may be expressed as—

most probable speed. the probability
s distribution law of speed of molecules

iz
N, dv=dz| g yRe~m 24T

Lamr| "¢ >
Ew_ m 312 i
— dv=4 2 —mvTi3kT
N - mkr| ¢ &

According 1o definition of probability, this is the probability of
molecules to possess the speed between Vand V + dV e,

12 5
PidV =4n| -2 | T i 1)
2nkT |
Now, differentiating w.r.t /' and equate it to zero,
32 1
4r m M_‘_.,m_nla;,u FakTy M _x..q..”\._ m¥* | 2KT) =0
2nkT | kT
o I R Lo
l-mV I 2UT) _ M 3 (-mV " 12KT)
kT
pl = 26T
"
24T
V= [—
m

Root mean square speed— The mean square speed—

_.wM == |_| _...u Hu_}_—
N
0
| x r 372 :
== 2o om Y (i3
V= l.— v AnN vt 3k gy
N 2nkT
i
y2® 3
57 m i
v = .5_ = _..._J,.__ "y
L2mkT| ¢
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3. Derive an expression for the a:&.:n.wn:_ of therp,
conductivity of a gas from kinetic theory. Discuss its varijatjg,
with temperature and pressure. (2017, 19,

o - i - T —
Ans. The thermal conductivity of gas in given by—

|
beidh(F
Pl

where, p = density
4. = mean free path
€ = Specific heat at constant volume
v = average velocity.
iCv _
— and ¥ =
no” Wl
I mC |8kT

=TT
W2 nat V mm
_2Cy mkT

fum.i 7

8 kT

=

h..

ure and indepeng
Q6. Show that i :

o Or a pag Coefficieny of viscosity is gi b
._._uw.bﬁ..u: " P_w is given U

..l._- w.“ N.—.m ﬂ—ﬁ =
n
free path respectivel, M1y, mean speed and med?

S T o
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Ans. Let G be the momentum of each molecule in the plane and

I .
w.% the momentum gradient upward direction perpendicular to
_u_._uzm n?___zu.

Let each of the planes AB and CD be at a distance & from MN,

where A is the man free path,
Then momentum of each molecule at plane CD
=G+ Mm.__lnh.
dz
and momentum of each molecule at plane AB
Lo,
dZ
Therefore, the momentum carried downwards by the molecules

crossing unit area of the plane MN per second from plane CD.

Thus net momentum transferred downward per unit area of the
plane MN per second.

L. mL.ﬁﬁ.;Lzm mhﬁ;_
6 AN dZ |
nl_.mwﬁ_mmn._.:mmh?::

3 dz 3 dz
B

3 dz

Thus coefficient of viscosity is defined as tangential force per
unit area between two layers required to maintain a unit velocity

gradient in 1, L.e.,
tangential stress

Coefficient of viscosity, 1= : :
velocity gradient

e ﬁw

3 iz
n= i
dz
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ow (hat ratio of rms speed and most Probap),

d.
._Jr.___“ s ____ : ﬁ“@ﬁmu
I - S
vy, Fordeal pas
[T
omean square veily = i—— =V,
.__.._ i
ok (Z&T
sl prahablespecd = J—— =1
_ _ N o Lk

[}K.

xw“s Maywell's Boltzman distribution of molecular velocity
al different temperature Ty > Ty > Ty, How total number of

mulecules can he obtaj i
ined at a siven t i
. : : em
velocity distribution curves? : ﬁmﬂm_:_.mﬁm.h“q__nm

o Jaw of speed of molecules may be
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312
¥ L R AL
NpdV =4aN a plpm 21247 e

This equation represents the effect of temperature on the speed
Jistribution of given number of molecules. The graph of Ny against
W' aecording to equation at different temperatures (7} > Ty > T1).

The higher is the temperature, higher is speed possessed by the
molecules. However area under all the cuves are same.

_.._J

__m__-__‘__. iy o r2 _._._.... 2ET
Y L|u|g gl b
dV | 2mkT |

%

» = 312
AN _aN[ m | 72 -t
db Lmﬁwaﬁ-

ay _4N]
dV  Jr L 2kT |
Thus. Maxwell's law of distnbut

mean kinetic energy of all the molecules of
a lixed temperaturc, though at any instant the molec

with different velocities

e g
Kl e

hat the

“a gas remams constant at
ules are MOVINg

jon of velocines show t



Q1. Drive Fourier's H_E._.ﬁi_
heat long a metal bar.

temperature distribution when

(i} Open
iti} Covered.

al equation for rectilinear flgy, -
Obtain an expression for the
rod is ¢ ﬁ__:.:

—

Ans. Consider the case of a

long bar of a good conductor wnmam

heated by a source at one end. Al a distance X from the hot end, Je; g
be the temperature above the surrounding and d0/dx the temperatyre

madrent at any instant

-———xz

N
!
|
1

Consider an element MN of
per second into the element at M |

¥ _ xdx

0

thickness dx at x. The heat flowing
5.

__....___ = —kA W__.u_.
_ a5 ()
2nd that flowing out at A js -
- d
Or = —kd —(0 + 49,
Oy =~k4 ap |E|n__rx_..lu|d_m
tlr dr| &y ) X
A 'ty =]
h=—ka &I.iiﬁlwb:
L ! dr- "
The gam of hest by the lemeny r?.? «{2)
. i L Ar mnﬂcn& mml-
0 -0, k" 2y,
dr- (3

B.Sc. - * i
Sc.-1 ‘q..mm?_...:ﬁnm.._umﬁma:?_@

ar is insulated 5o that no heat is Jogt 10 the surroundings

we have A3 =0. Due to the absorpti e
sorption of heat ), —

ureof [ . e

temperat the dement increases, |f pis the density, C, the m__unn_._._n

heal per unit mass and o0/ &1 the rate .
J of nise of te
have from the law mperature, then we

[f the bar

2

o0 A
kA—dx = pAdx C @

o’ P g
® k% .
m_._gn.h_,.mam -(4)

The quantity .IM_I 1s called the thermal diffusivity and k is a
PLp
property of the substance. If the bar is exposed to the surroundings,

then a part (), of the heat (J, -, will be emitted per second as

radiation by the surface to the surroundings and only the remaining
part would be absorbed by the element MN. Let E be the emmisve
power of the surface, p is perimeter and 0, the excess temperature
over that of surroundings. The heat lost per second by the surface area
pex of the element MN is :

m.m = E0 __q&
Now, equation (3) becomes,
%0 i)

" dx = pAdxCp.— + EO pdx.
o ot

kA

30 Ep A5

ot pCpax? pACy
This is the Fourier equation of one dimensional flow of heat. Itis
often written as !

22
%-rmlm_ia -6)
o &
k Ep
h=——, p=——
_u_ﬁ.___., _U.m._h....___ . .
For steady state solution of differential equation
A
.0
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Seady state with loss of heat from sides—

(il :?:_.
oo voof the for

[is =0 E;

T

T

N e
i » hot end, x = =, the tem
_.. .—uﬂw.m._”_._.:..

fepances from the
e hos that of surroundings. that is, @ = 0. Hence @ = O ang 0

(i) Covered—Steady state W ith no loss of heat from sideg
1 __r casg, d = { _-

Whese phvious solution 18
=ar+ b,
conetznt @ and b oare to be determined from boundary

TS, h=H, 4 i =
b=, anda=(0) -6,/ L. Then the temperature at any
§ATE 2iong the bar 15 given by-—

e lowof heat. (2011, 14,16
waling and cooling of the met S

Ans. The
be in Study spare .
. . al bar is never

Let us assume thyy 4
from the sides

QWHWZ.E.DF .n_ _

rod iy ¢y
ered .
The temmperyge O WAt there is no loss of heat

W the Foyrje al an ‘
HIIET equatiey, Y point x from the end A is

(s =
|I:|,,..I___.m : hi iy )
...uw = rI_I o

i A
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k

Where, h=——,
pCp

, and cooling of the end of rod can be represented by a sinusoidal

thermal diffusivity of bar. The alternate

peating
function of time.

O(t) o sin wt.

a(r) o Im[e™"].

B(x. 1) = B(x)8(1)
= Im[B(x)e™ ]
We have,
d
mfx)= __Tl_mﬁ..
_&H

N §
d7B0x) _ 2605y A1)

where, a° =—=—¢

Solution of equation (1),

...:..\ru Y+ Be ”

' W
—. |p...
L L h

Since, x = @, lemperature is finite.
A=0

Thus. B(x) = B¢

d

q _ _Irx | |8 m
Bix) = pe " = E_H:mzﬁ__ i ﬁr?m +isin vt X
L
:

w -
- p(OYexp| - ldl__,: Fidy

o o

.umi:nwj. &_ __né L |

| - expressed as—
['he complete solution can now be expre
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it _

tx, 1) = Im[B(O

[ [w ” ..x . W ;
O(x, )= Im[B{0) exp .__ﬁ .,m;n%., r:l_.____mﬂ._ _:.
[(fw ] [w,

O(x,t)= L= it =  f—X
(x,1)= EEEJ \ d4_=,= V2

It represents a damped simple harmonic wave, the damping factor

being exp - |- x
2h

The periodic part of solution can be written as—

sinf w— [ oo 25, [E,)
w_____r._..___. m__.v..n.._w m_z_m . __I._.__ﬁw...;.

¢
um_.srlﬁﬁwmlm _l_._
Mt 2 nth |
It is of the form E_zmmﬁ____f ¥
= x.
: A ’
ifv="ang = | 1 _,
T 2N th

CHAPTER - 4
Radiation

—
—
—

Q1. State and prove Kirchoff's Law for thermal radiation. What
is its importance? (2012, 14, 16)

Ans. Kirchoff"s Law-—It state that the ratio of the emissive power
(;) to the absorptive power (a; ) for the radiation of a particular
wavelength and at a particular temperature is constant for all bodies.
Moreover this ratio is equal to the emmissive power of a perfectly
black body.

Suppose ¢; and a; are the emissive and absorptive powers of a
body, Let O be the quantity of heat radiations incident on the surface
in one second. (7 1s the quantity of heat absorbed by the surface and
() 15 the quantity of heat reflected by it.

As the body radiates heat, at all temperature the heat emitted by
it in one second = ¢; dA.

l'otal heat falling on the surface = ¢ A1)
Total heat given out by surface = (Q — Q) + ¢;di. (2]
from equation (1) and (2,

(Q-Q) +edh=0.

But a, E
o
Q_ na“_..m
O-2,0+edh=0
= 2 = constant )
a  dh

e
For a perfectly black body, emissive power = E;, and absorptive
power a; = 1.

E; .@ (4)

5. _ E, =constant,
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.., the ratio of the emission power 10 absorptive power is equal 3
0 emissive power of a perfectly black-body at a given temperatyr, E dv= Bv” hv
which is Kirchoff's law. e > oI
~ ITemissive power ¢; of a body greater, Kirchoff's law tells (g 8mhv’ | -
M gqq.vmn_::_._m absorptive power a; must be greater, i.¢., from Kirchofys = |=I.¢|||~| dv
,Hu; _.M .a:_,:_..y, that good absorbers of radiation are also good emitter Y PR
O radiation, ! |
Kirehoff's law established . , | Where, ﬁ pdv 18 the energy density, i.e., total energy per unit
il __r 8t ishec that the atoms of each element gjye 4 volume belonging to range, dv. This law is called Plank's distribution
e 1s characteristic of that element. Thus the presence of law
Eﬂwzn:w_m_n spectal lines in the spectrum of an element indicates the .
caene o : : i
¢ of the element in the substance of which spectrum is taken Q3. IfWein's constant =b=0.3 cm - k. Calculate the temperature
Q2. Derive Planck's distri — \  of sun whose radiations has maximum energy at waveleng(h
distribution law for Black body radiation, % = 5500A. (2014, 16)
o (2012, 14, 15, 17, 18, 19) Ans. h T tant="0.3 cmk =03 x 107> mk
Ans. Planck found an empinical formul : ., T = constant = 0.3 emk = 0.3 :
; j a to expl A, = A= b
expenmentally observed distribution of energy in the s wn:._ e b =AHA =00 X I
black body. The formula i e e P
ostul may be deduced using the follow; 0310
postulates. wing .. Temperature of body, Tg = |_w.:|_.=.4u.
S,.._E.wo:w_wwﬂn Jcaw _.Ea_mnc: chamber is filled up not only with o
he Ec_omc_mq M_ __w” E.ﬁ mﬁﬁw__n harmonic oscillators or resonators of Ty=30 K
e ensions, which cannot b i i
but _u:.ﬁ Energies given by— BV ey vilue: of energy, Q4. Ifablack body ata temperature of 6174 K emits nd”_a.w. Eq_._
E=nin “__/ maximum energy. Calculate Hm._m temperature at ———
where, v is the frequency of oscillator emit a wavelength of 1.4 107 m with maximu n:ﬂ.mem
ki 1s the Planck's constant ==
3.0 " 15 & number that can take only integral values 01,2 " Ans. According to Wein's displacement law—
The oscillators cannot rad; - T
) . tors L radiate or absorb e . n = (ka2
%.En_:maﬂ of frequency v can be onj radi NErgy continously, but H.w.mw_,ﬁ_n _c-a.nx 6174=14% 107 x Ty
Units or quanta of magnitude hy. Th ¥ radiate or absorb energy in
oscillator... - 1he average energy of Planck's . 4700 x 1070 x 6174
_paly S
s b t A
AT T,=20727k
j:r: ._l._ﬂh._u.._l—._;.ﬂ ﬁ_u. resona e ikt B iati ins -uﬂﬂﬂr o ﬂ“ﬂmﬂ
1 - : Lors per . i t black radiation remains i
V10v+ dv s given by Per umt volume in the frequency range Qs. mmwu_“”..___#m:”._..mvu:n expansion. Radius of a spherical Enn#_
unde R i jon. If the initia
i i d during adiabatic expansion.
N3 bady by QoSS E_H_onn find the temperature after the
—dv. temperature 1% ¥ (2015)

8

.ﬂ:_.r.. cnergy density belonging 1, ran
multiplying the average energy of a
of resonators per unit volume

ﬁﬁu_.u..c?
Ans. In this cas

the surroundings. Asa :
of radiation 11 the enc

between the radiation mum
ge in volume, the density
e Since the density of

< no exchange of heat
consequence of chan

E¢ dv can be obtained by
osure would chang

d —u_“.._.u- sl .
i th :Err S 0scillator by the number
MERCY range v and v + dv
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radiation is function of temperature only, the temperature of radiatjy,
; ) be able to apply the laws of

would necessarily change. In order to : ET

black body radiation (o the radiation s:anqmﬁ_.._:m adiabatic change o

volume, we have to prove that the radiation, in the u_ﬂ.snmmm of change,

maintains the spectral energy distribution characteristic of a black body,

that 1s. the radiation remains completely black. . |

Ta prove this let us take a cyclinder .;_:_: a Em_cz.. all :ﬁ Interior
surface being perfect reflectors. Let the cyclinder be filled with black
body radiation at temperature 7). Let the piston moves outwards, thyg
nereasing the volume occupied by the radition. This has the effect of
lowering the temperature of radiation. If the radiation at any
wwmperature other than T) is not black body radiation, it can be made
0 have characteristic of black body radiation, by introducing a very
small black body of negligible thermal capacity inside the cyclinder.
Thus process being irreversible causes the entropy of the radiation tq
increase for the radiation still remains black by removing the black
body from inside the enclosure,

With the black body still inside the enclosure, move the piston
imwards till the radiation occupies its initial volume. The work done
during backward drive of the piston J
the forward drive.

This is because the density of radiation and therefore the pressure
of radiation is the same at every stage of compression or expansion of
volume. The original stage of radiation has thus reached and in the
entire cycle, there has been ng gain of work or heat energy though the
entropy of radiation has increased. This is violation of the second law

of thermodynamics, The original assumption that the irreversible
process of the redistribution of energy hy the | i

body cannot have occured, Hence, the energy distribution must haye

retained the characteristic of black body radiation during the process
of adiabatic change.

For an adiabatic Expansion—
Tr = constant
.ﬂ___.T.._. = uﬁu...m
. (300+273) rf
Ty =——
(24
_ 573

“ﬂu — = 2865 §
2

T, =13.5°C.

PdV is same as that done during
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m_m.\mﬁ_ﬁm the Wein's Displacement law using the laws of
thermodynamics,

=t (2016)

Ans. It states that product of wavelength corresponding to
maximum energy A, and absolute lemperature T'is constant. According
{o this A, decreases with increase in temperature,

The derivation of this law depends upon the change in wavelength
when radiation is reflected from a moving mirror or wall. Let us
imagine a spherical enclosure of perfectly reflecting wall and capable
of expanding. Let it be filled with diffuse radiation of energy u at m_
uniform temperature T. If I is volume of enclo-ure, then total interna
energy U/ 1s given by— i

U=nV | m

Let us suppose that the walls move out slowly _.EE Eﬂ orm

velocity hence the radiation expands adiabatically. If &V’ _” ﬂw.n ¢ mm___wmm,
in volume and P is the radiation pressure on enclosure wall. From
Jaw of thermodynamics, we have—

dQ =dU + dW r

dU+ PdV=20

4

t P=—u
Bu 3

4
s duh) +w=n€ =0

4 ;
udV + Vdu + -u_.r_n% =0

o udV +Vdu=0

3
44V du
3V u
On integrating,
.p..: ' =— Inu + constant.
3

Inu p ¥~ constant

But, u = T from stefan's law—
1, = l ...
H A = constant 4
H,_.,_..u_ = constant
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Let particular wave crest strike the wall at O. The crest wi]
E_m._.nn“& along OC. The next will reach at O in time 7. T being time
period of wave motion. During this time the wall has traversed 3

distance

OM=1VT

Path followed by the second crest will be @8D. The increse in

wavelength due to one reflection is

dh

OB+ BN =0B"+BN =0O'N
00" cosB=20M cosf

2vl,
cosf

2 A4}
Number of reflections in time .

-“.J ,
= —&f = ¢ ¢mh
u_..nstquwnsmm_,,..

/.c;._m“_u.r _
.,.mzm_.u;nsm{n_mmzuc: .
$ g F
reflection in time &t. gt eflection x number of

n

2vTensh =

o BVA .
_...:_-n|hnc,ﬂ:x ¢ ..M_.
g 2rcos® v
&h.=12.
r
0.  or
T A5)
from volume of sphere, = 4 e
3
o _1 6V
r 3 F

..6B)

L ee——
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from eq. (5) and (6)—
oL _dr 1V
| T |ﬁ._.| i
Integrating, we get
log A uwunm V+logk.
L= k'3
173 _A
S AB)
Substituting in equation (3),
A

—.T' = costant
k

AT = costant
This is wein's displacement law.

(7. Show that for radiation in an enclosure, P = 1 u, where Pis

3
the pressure and u is the energy density. (2017)

Ans. Consider the radiation falling normally on the surface of a
body.

In one second all the radiation contained in a cyclinder of length
¢ cmand unit cross sectional area. Thus on each unit area of the surface
in one second cw ergs of energy would fall. This will bring w units of
momentum per second, the momentum vector being directed normally
towards the surface. It the waves are absorbed by the surface, it receives
this momentum and consequently experiences a pressure equal to w.

Suppose the radiation in incident at an anlge 0. The energy
contained in the cyclinder of length ¢ and cross-sectional area unity

1

would now fall on a surface of area = The force per unit area of
cos

the surface is now wcos 8 andacts inthe direction of rays. It component

normal to the surface is w cos® B, If the radiation is absorbed, the

resulling pressure 15— _
p=weos B . AD

If N is the total number of beams moving towards the surface

then. total energy density in just front of the surface and the pressure

p is given by,
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1= N, p=Tweos” 8=nIcos” B

To calculate ¥ cos” @, we draw a hemisphere of radius p roung
a point O at the centre of the surface element. From the hemisphere
we cut out a rign of area 2mp sin Opd@ by means of two cones of

semizngle B and 0 + d0 drawn from O as apex. [f dN 1s the number of
beams that cross this ning, then

WN  areaofring  2rpsinBpd0
& area of henusphere Inp’
=sin Bd8.

The value of cos? @ is same of all the dN beams, Therefore, their

R s - . u . o ] .
contribution to £ cos™ 0 is cos” 0 dN or N cos® 8 sin 846,

nil
Zcos A= .—nomu 8dN =N .-. cos” Osin ma.mnw?ﬂ
_"._ i |
and from (1), we have
= H wN = H‘,__.
3 3

Q8. Show that for adiabatic expansion of black body radiation
AT = constant, (2017, 19)
¥

Ans, Adiabatic expansion of black body radiation
™ "u = constant
and 13

3
¥ T = constant

Alcn. 1 13t i

Also, for radiation of a particular wave length
s =143
rV = constant

So that, 3.7 = constant

This 1s Wein's displacement law.

i _mmm Deduce Stefan's law from

Planck's radiation formula.
Planck's radiation formula ip lerms of f

Ans.

(2017, 18, 19)
written as .

Tequency can be

&n :
Epdy =0

()
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The special radiancy Uy, is related to energy density £

C
U =—E;
i 4 (1)
The total radient energy over all frequencies
a5 o5 3
:uﬁsawumﬂ J%mw| ..(iii)
, C A -1
Let us make substitution,
hv
—_—= X
kT
dv= m.. dx,
h

Putting these values in equation (i11),

Aed 3

U umn” M ._. X dx

es 0 et -1

5.4

4 umn‘ufi

15 HC*

_,: 2 )
Q”QH;L. A _.M._m__wnﬂrm =
Q10.Show that for adiabatic expansion of radiation PV¥3 = constant.

(2018)

Ans. Let us imagine a spherical enclosure of perfectly reflecting
walls and capable of expanding. Let it be filled with diffuse radiations
of energy density u at a uniform temperature 7.

If V is the volume of the enclosure, then total energy of radiations
is given by,

U=uV

Let us now suppose that the walls of the enclosure move outward
slowly with uniform velocity so that the radiation inside it expands
adiabatically. If 4V is the change in volume of the enclosure, the work
done by the pressure of radiation on the walls ,2. the enclosure = PdV
which is drawn from internal energy of radiation.

If dU is decrease in internal energy. then from first law of
thermodynamics, we have.
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dU +Pdy =dQ =0
_

We know, p=—u

i
]
il )+ —udl =0
3
. |
udl +du +—udV' =0
3
4 n._ .._._.._.
3 u
miegrating,
4 .
—logl" = ~logu + constant
5
Y
log (¥7 “u) = constant
ﬁ.-.ﬂ_.".. = D.w..._

413 = constant
13T = constant
4

{: PV = RT).

PV = constant

. ..c__ H.H.E emissive power of Regal star is 17000 times that of sun
temperature of sun is 6000 k. What will be the EE_K-_EE&.

S

of star. (2018
Ans. From Stefan's Jaw, :
E=aT*
= 4
_m.,_._ﬁ_ =g H.E._
Ee =0Tt
___.UE_._ i _ ﬁ:u ._h_
=
Eger H,__nr. ;
| (6000)*
1 7000 4 E,
(T ) U Egge =17000 Egun )
Toar = (60001170004

T

alar

= mem: u_n
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(Q12.Write short notes on Temperature of the sun. (2019)

Ans. Temperature of the Sun—Knowledge of S; enables us 1o
estimate the temperature of the sun. The total energy radiated
per second from the surface of the sun is :

5
= 4nRy’ L
T
If r is the radius of the sun, then the total radiating surface

. 7 . . .
area is 4m and energy emitted per second per umt area 15

2 3
0 Ry S
7

st 60
By Stefan's law we must have
F =gT"
dmr”
where T is the surface temperature of the sun. Thus

5 174
(R S
ﬁ ore 60
Here r/R, is the mean angular radius of the sun at the earth

(angle subtended by the mo_qum&:m at the earth). Using
Sp=1.937 cal cm ™~ minute " .
5=5.735 x 10 erg sec” cm 2 °K™!

#/Ry= 959" =4.65 x 10" radians
we get

Hﬂ“

|
!
&

= =14

] 1.937x4.18x107
| 60x(4.65) x107° x5.735x 107
=5742 °K .
where we have multiplied S by J=4.18 10" ergs/cal to express
it in ergs. This is the brightness temperature of the sun's surface.
The temperature of the sun can also be estimated by using
Wien's law
A, T = constant = 0.293
Abbol's measurements show that &, = 4753 A for the solar
radiation, Hence
0.293

7553x10°
This temperature, called the colour temperature, is nearly

100°K. higher than the brightness temperature. This shows that
the sun does not radiate like a blackbody.

i

'3

= 6060 "k





