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INSTRUCTION :

1. The question paper is divided into two sections. The candidates will be required to
answer Four compulsory subjective questions from Section — A and four optional
subjective questions from Section — B, There shall be compulsory Four subjective type
questions, each of 10 marks. In addition, there shall be 7 optional subjective questions
in Section — B, of which candidates will be required to answer only 4 subjective
questions, each of 40 marks. The optional questions shall be answered in the descriptive
form.

2. The pages are reserved for each section and their respective questions in the answer
booklet. The candidates are instructed to write the answers of the questions reserved
for that question only. If the candidates do not write the answer of the question on the
reserved page, then the answer of that particular question will not be evaluated and the
entire responsibility for non-evaluation of that answer will be of the candidates only.
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@UE - A / Section - A
1. =i féuries & 31 o awe § 2 gl GaT o st i T | [10]

* What do you mean by generalized co-ordinates? Obtain the expression for generalized
momentum.

2. fafse smafresar fugra % surdia @ & 7 Im-wase i = i [10]
What are the postulates of special theory of relativity? Describe velocity addition.

3.  3adfid SIe ¥ 71T 97 GHQ 87 ‘m’ SN STl STaHTed e W1 HHTE Bl WTH wi[10]
What do you mean by damped oscillations? Obtain a general solution for the
displacement of a damped oscillation of mass ‘m’.

4. HE g e S w §7 guid f e I wie wehied B 87 [10]
What are Fresnel’s Half-period zones? Show that a Fresnel zone-plate has multiple
focit.

@ug - & / Section- B {4 x40 = 160]

1. a) B Jo TN S THTSEH U9 ST TG § WA HTd U, o W H foge @

TEHIT 8T % T g ql G o Sgead whiv | [10]

Starting from the integral and differential forms of Maxwell’s equations, derive
the homogeneous wave equations for the electric and magnetic fields in free space.

b) ¥ WA i o s aliem  ance s g i e Ay e € [10]
B =B, ) it BB oo g afew R % o wrry g shifsra)
Show that these equations admit plane-wave solutions of the form E=Ege
and obtain the relationship between E,B and the propagation vector K .
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2. a)
b)
3. a)
b)

Extend your analysis to a linear, isotropic dielectric medium of relative permittivity
g,. Derive expression for

1)  the phase velocity

11} therefractive index, and
iii) the ratio of field amplitudes Ig—oll :

0
Tg T I o T W@t-siwg fem o wmeed ut stes aifd) Rifwor 1 v aofy
R Tl T B | Fergge grerehie Tiigw Y Wi srensd % e 8 I T ge el -
S Frem =geaa Fife 3 @ fawe 819w Wi s samg) [20]

Explam why the classical Rayleigh-Jeans law fails to describe blackbody radiation
at short wavelengths. Starting from the classical density of states for
electromagnetic modes, derive the Rayleigh-Jeans law and discuss the physical
reason for its breakdown.

T o TREHTIHT % AR, FrEd deten i $9l B = nhv & &9 & wifea wr s
8, wTeR o1 fafsRor Form syers <hifv) 7% +ft feamsu for fmm 3t o= sngfr efimait o
TE SR TS IR A % Fom § et g §) [20]

Using Planck’s hypothesis that the energy of oscillators is quantized in units of
E = nhv, derive Planck’s radiation law. Show that its low.and high frequency limits
reduce respectively to the Rayleigh-Jeans and Wien laws.

TS T T ST el G, T TR R =tk et % Tl (@ w fiig ey
%Wmﬁmwﬁgﬁmmﬁmlw,ﬁﬁasﬁam%wmﬁg
JTEY T T 5 shi 70T Hiiw [20]

Using the method of images, determine the potential and electric field due to a
point charge placed near a grounded conducting plane. Hence, compute the force
on the charge due to its induced image.

e R 91t v oM w0 @ gefiepa el g Seaw e & 3 hifve, 9ot aee
Tt <ht wfifersh s fafgw) g & gl w e 8 B o1 fromar &) o g
| [20]

Find the electric field produced by a uniformly polarized sphere of radius R, and
write the physical interpretation of bound charges. Graphically plot the variation
of electric field E with increasing distance from centre of sphere.
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4.

2)

b)

e 3ropait 3 PR Reeaier—aieesi 1 frae oo i qon we wwfya, e ik
YA AT (rms) A7 o fore saores s Hifs [20]
Derive the Maxwell-Boltzmann velocity distribution for gas molecules and

obtained expression for the most probable, mean and root-mean-square (rms)
speeds.

IS T W9 (equipartion theorem) T ST T FY gt % fore wiew f4fie
FoT o Tord getim - e syeaw ifsre| qervsma, wwifese Sreet ) 9 ek TR
T GUT TS, 31T G207 | =i hifTe il Sa o1 fagia f 19 ot Sesr &t e
U 2| [20]
Using the equipartion theorem, derive the Dulong-Petit law for the molar specific
heat of solids. Then, outline Einstein’s correction by introducing quantized
oscillators, and discuss qualitatively how Debye’s theory improves the
low-temperature behaviour,

‘g8 rEvd & fop o Tehia I3 Qo s S ok TSreent e 0 v 98 8 o 98 e
forelt sl o Fiat ®9 9 AT ] T g @ R STk AT Al aeg A S
Hil"

i)  Iude U hl S HIRY ST T ST o gEr Frm 3w wue &
3aR W g FifSrw) =g of samge f T frgra Wester & wrd-wored =
TSI ST B | [61

i) T UERET 1 PRI U (COP) 5.00 2 3t a7 500 we & fagm wiw @
Feral §1 598 20°C W 500g T+ W@t 7 & S8 0°C W 9% | SgerT | ol
1T T 39 wilsha # ToRaeT w9 @RI, 98 W BY R IR | o hig Il
YT T2 B T8 & 37 haer art & & wert Fepreft s @ ¥ wrn v < fafste
ST C = 41861 /kg°C 3 o 7 it 0 AT L= 3.33%1057/kg &1 [10]

i) 3FT TROITH % TR W I8 frweraor Hifrg o a7 Wheitex =i g @ fepa

Fue 81 78 oy Fifdre B oo et ot 18 it w0t @ i e ol
ST A aread Frenerar ¥ [4]

“If in impossible to construct a cyclical machine whose sole effect is to transfer
energy continuously by heat from one object to another object at a higher
temperature without the input of energy by work”.

i)  Explain & prove this statement using the Claustus form of the second law of
thermodynamics. Discuss its implications on the operation of refrigerators.
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it)

iii)

b) i)

i1)

iii)

1ii)

A fefrigerator has a Coefficient of Performance (COP) of 5.00 and consumes
electric power at a rate of S00W. A 500g sample of water at 20°C is placed
in the freezer. Calculate the time required to freeze the water completely,
assuming the freezer compartment is at 0.0°C and the only energy removed
by the refrigerator in from the water only. Consider specific heat of water,
C = 4186J/ kg°C and latent heat of fusion of ice L ;= 3.33x10°J/kg.

Based of your results, evaluate the efficiency of this refrigerator in practical
terms. Why is the COP greater than 1, and what does this imply about energy
use in refrigeration?
HHIE $9 3T areafares gl F Aeief 3R ot 91 | v 37 ] T
HITT| ShITE S5 h TG &1 TSI 8, 3N ST S SHeh! & oIl 81
TH L Hehd ? [5]
Wb P-V 3TRE T F12) Tsh o) §19Y 3T Uiz T8 3F YohI Ueh 9= Adiere
St % o Rrgra o ewfan & 7 3od - = ubmamd B 7, 3iR e s
H T T ST o T BT & 7 [5]
T ShH1E $oi 600K AIHH aTed 3= a1 Wer 3R 300K Trua aret fe andia
e[ o o6 1 Hlal 8| T8 T 956 | FoIdid &id & 10007 51 I8 T 8]
[6]

1)  HHIC o sh S&TET T shifeid]

2)  wfa s fon man w i s <Al

3)  wf¥ =% soETAE S (heat rejected) %1 UM ST

T 5k ST ST o5k <l e <hY oTieHs g st o aifefa | diee
o, NIl 399 1 o § il <@ B ST || {4]
Explain the fundamental difference between a Carnot engine and real-life

engines such as gasoline and diesel engines. Why is the Carnot engine
considered ideal, and why can’t real engines achieve its efficiency?

Draw and described the Otto cycle on a P-V diagram. Explain how it
represents the working principle of a typical gasoline engine. Identify the
processes involved and state were work is done and heat is transferred.

A Carnot engine operates between a high-temperature reservoir at 600K.
and a low-temperature reservoir at 300K. If absorbs 1000J of heat from the
high-temperature source per cycle.

1) Calculate the efficiency of the Carnot engine.
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b)

2) How much work is done by the engine per cycle?
3) How much heat is rejected to the sink per cycle?

iv) Compare the efficiency of the Otto cycle and Diesel cycle qualitatively.
Under what conditions is a diesel engine become more efficient than a
gasoline engine?

wiegs Wifgeh § Fomers TRus aaaE 6 Jauron T FIe| 3 S| A - [20]

i) 30 yurrelt o A sTraveeaT w0 B B o8 sHoTens aueE o |k,

i) Uw wonfora} § S % we uRedt A weetd §,

iii) @l FITcHS TR 6T JTaeT TRl off ahtcRes qrom 61 eETer ¥ ‘ot
" e et #1 s

iv) T AR Il QT BT unces TTInT I 5T B AT |

Explain the concept of negative absolute temperature in statistical physics.
In your answer, discuss:

1)  Thecriterion for a system to have a negative temperature.
i1} How entropy behaves as a function of energy in such system.

1) Why negative-temperature states are “hotter” than any positive-temperature
state.

iv) Give one physical example of a system exhibiting negative temperature,
with explanation of how that arises.

Terercor sl 136 8 woh Tel Uoh- 37T {eH o, Gifesshia wifeash § R sare-aftean

T wedt 81 fr= gl &1 v s | wiite il [20]

i) Torm v uep fewhie Yo ot ot v g e ding - O - wHR aieE e
&l

ii) (xg(r)>mraahaﬁwaﬁﬁwmma¢&fansﬁwé

iii) T wal # o7 afw o var dm e =l F1

iv) WER <t web Hifoes yonel! 1 IeTew €ifTe ol 5| ishar Y ww s 7|

Explain the connection between the discrete Random walk and the continuous
diffusion process in statistical physics, considering the following points in your
answer.

i) How a simple one-dimensional random walk leads (in the limit) to the
diffusion equation.
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1) Themeaning and significance of the mean square displacement <x2 (t )> oC f
result for normal diffusion.

iti) The conditions under which the random walk — diffusion limit holds. and

iv) One example of physical diffusion system that illustrates the process.

7. a) IS @ 1 UEE quieh (Q) Tty i) ek Jusfigy & wy wraey s
ST 311G 1 efteuman w1 Wifees maee wus il [10]

Define the quality factor (Q) of a resonant system. Derive its relation with band
width. Explain the physical significance of sharpness of resonance.

b) s it LCRwRwy # R =200, L= 0.5H @41 C = 50uF & 7orT shifsrg [15]
iy e s
if) T O (Q)
i) wefogy
A series LCR circuit has resistance R = 2002, inductance L. = 0.5H, and
capacitance C = 50uF. Calculate:
1)  Resonant frequency
1)  Quality factor
ii1) Bandwidth
¢) Rt o B Tt ST 1000Hz 7t SR WRw 0.05 %1 38 swaft @ P

i Rorer R ST BT 2| T STAIE T AT S B A e et %61 3 F
= 1N qUT €61 1 5899 0.1kg | [15]

A system has a natural frequency of 1000Hz and damping ratio 0.05. Find the
frequency at which resonance occurs and the amplitude at resonance if the driving
force amplitude in F, = IN and mass of oscillator is 0.1kg.
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