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SECTION A

1. (a)‘
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at a height rts. Vertically upward with speed vi. Then define its speed v
N term ] d g (acceleration
due to grayigo s of vo, h, R (radius of Earth) and g (

Also cq] on Earth’s surface)
cul ) y :
Speed of 90;: 2 the maximum height attained by a rocket fired with a

f the esc . 1 0
®) R s ape velocity.

I I g M 3 T e 3 s & FeE e A

Determine the I_ﬁ% ﬁ ﬁﬂfﬁ"ﬁ ﬁﬁﬁ'{ |

hemisph ocation of the centre of mass of a uniform solid
phere of radius R and mass M from the centre of its base. 10

SH W MR W 1 kg owm e 2| AR WS w AT
0-05 x 101! dynes em—2%, AR % FedieR el 1 ATadehld T4 ShitY |

A I:ubber cord 1 mm in diameter and 1 m long is fixed at one end and a
weight of 1 kg is attached to the other end. If the Young’s modulus of

rubber is 0-05 x 1011 dynes cm2, then find the period of the vertical
oscillations of the weight. 10
(d) A % 99T T2 23 999 Q THA T4 B g0 R v I ¥ 0

What are Newton’s rings ? How are they formed by two curved
surfaces ? 10

(o) T IR e W foarg F A (X) % fore wleor et 2
x=5e 025 gin g—)t HeX

t=-1—‘ WTWWWWWWW,WTWWW
3 |y feufa § a1 e w7
The equation for displacement (X) of a point on g damped oscillator is

given by .
x =5 e 025t gin (§)t metres.

_ o s . T
. Find the velocity of oscillating point at t = 7 and T, where T is the time

period of the oscillator. What is the direction of velocity in each case 9 10
5 :
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Q2. (a) @@H@%mm@%mmﬁ(i)$@m 3 AT
' (ii)w%m%msﬁwﬁﬁémmgqaa%qﬁa:mml

Obtain expressions for the moment of inertia of a solid ¢
h the vertex an

(i) vertical axis and (ii) axis passing throug

one about its

d parallel to
20

its base.

#i @ W 8 kW
11 gynes/cm?

o 1 e 300 wfGEHw i e
S5 ¥ wgd & gga e 8 x 10
forger i TR ST |
mitting power of 8 kW
of rigidity of the
e relative

(b) @5m€1¢§T3ﬁ"(8cm
ot daria X @ R | AR
%,aﬁﬁwé?aﬁﬁﬁé;aﬁaaﬂﬁm

A shaft of diameter 8 cm and length 5 m is trans

at 300 revolutions per minute. If the coefficient

material of the shaft be 8 x 1011 dynes/cm
shift between the ends of the shaft.

© oA (wé)éﬁ?ﬁmw.qmi 9 Il WS % AUE 60°
W@mﬁo-sc%maﬁm@m%méw(m)w

& T HINT |

What do you understand by

percentage length contraction of a rod m
with respect to its own length.

2 then calculate th
15

length contraction 9 Calculate the

oving with a velocity 08cina
direction inclined at 60° 15

SafeRTor 1 St 1 =l HINT | 9 ¥ ffere @ el Hife w@ TR
£ <heré s B F I S e T | fafm st (Ydied)

W gEeh) Fsfrar & == HIT |
w G fere @ frea = 5100 A TOieed w1 B Y™ T fgfEe W

safira g & | R 10 Bisll ot F T 200 em H ] W e T W W
9 cm 2, @) fGere Wi (FqTeT) A HT | \

Discuss the conditions for interference. Describe Young’s double-slit

Q3. (a)

experiment and derive an expression for the estimation of fringe width

Discuss its dependency on various parameters.
Green light of wavelength 5100 A from a narrow slit is incident on a

double-slit. If the overall separation of 10 fringes on a screen 200 cm

away is 2 cm, find the slit separation.
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(a)

Qa?eocmqaw : ‘
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What s a zone plate ? Give its theoretical descrip
Jate from a convex lens.

tion. Show that a zone

plate hag multiple foci. Differentiate a zoné P Lnte behavi
Calculate the radius of the first half period zone 1% & zone pia ng

' , h 6000 A.
like a convex lens of focal length 60 cm for light of wavelengt

wﬁﬁwﬁ@m%mmﬁmm@ﬁgfﬂzgw
Hifor | W%AﬁBW%WWWW %T’a@w
B s 5 odfi s & et S e ST B =
ST BT 2 | Xt el e et 1 Tt S TR ST =
Hisd g ? | .
W@Wéaﬁ%ﬁm:@wﬁﬁﬂﬁaﬁﬁwé ? 3T
qaeed A = 5000 A % g EHEATRT |

Briefly discuss the postulates of Einstein to explain stimulated emission.
Derive an expression for Einstein’s A and B coefficients and show that
the ratio of coefficients of spontaneous versus stimulated emission is
proportional to the third power of frequency of radiation. Why is it
difficult to achieve laser action in higher frequency ranges such as
X-rays ?

Can there be a temperature at which the rates of spontaneous and
stimulated emission are equal ? Illustrate with wavelength A = 5000 A.

et it < fere, SARRART SASH A T FoEE F A % @iy weeg |

e H W@d g HIT | m:waﬁfmﬁuw%mﬁéﬂ (p) T§ 1 (E)

Derive the relativistic expression for kinetic
energy by considering

the relation between
dE

mass variation with velocity. Hence establish
’ S

momentum (p) and energy (E) for 5 relativistic p
ar

dp

15

15

ticle; S = XF - 20
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= A0 (W)%W%%@iamg@@m@xmmm\w |
%W%ﬁﬁﬁm%mmﬁmﬁﬁwﬁﬁﬁm
£ ==t five | w %mmmm@mammmmnﬁ@
& 3l fifve

: - g the
State and explain Fermat’s principle of extremum path. Discus

s . s 1n
cases of rectilinear propagation of light and reversibility of light &y

context of Fermat’s principle. Using Fermat’

S pr'mciple, deduce the thin
lens formula.

15

mmﬁﬁ-mﬁqﬁw&maﬁmxﬁ-mwﬁ
Wwﬁmmﬁmﬁmﬁaﬁgﬁmmmgﬁﬁ—mﬁ
T HIT |
@@ﬁ-aﬁ?ﬁ@ﬁﬁm&mmﬁﬁmﬁm
aﬁﬁ%aﬁa%mwﬁmm%\

T R

2 = 5890 A, po= 153, pe=154

Explain the phenomenon of double refraction in calcite crystal.

Considering birefringent crystal as non-conducting material, explain

double refraction using electromagnetic theory. '
Calculate the thickness of a double refracting plate which produces a

paﬁh difference of -)—;; between extraordinary and ordinary waves,

Given :

2 = 5890 A, po =153, pe=154

I,
l

|
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SECTION B
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7 =
A vertically oriented electric dipole having dipole moment p is kept at

i i i i ducting plate, which is
ht h above an infinitely large horizontal con
Eglf:)inded as shown in the diagram. Calculate the force between the

electric dipole and the conducting plate by using method of images. 10
.
f-a
|n
Grounded _,_ | Conducting plate

Wﬁ@ﬁ%am%@wwﬁgﬁ-ﬁaﬁwﬁgm L
ﬁ@@q%ﬁ?wmwmwﬁwmﬂﬁw
I S o ity amgfet @ w9 § (F < 1015 Hz), 0 107 €10 £ |

For the electric field given by E = E, eiot show that the conduction

>

. J t
current is in phage with the electric field, while the displacemen

current leads thq electric field by g radians. Also, show that the
d

1sp1acement Current

- ! : he
n a good conductor is negligible compared to t
conduction Current g¢ .

. 1es
any frequency lower than the optical frequencié
(f< 1015 Hz) i

&
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(c)
éﬁﬁgaﬁaﬁﬁaﬁaﬁ(ﬁﬁ?

Based on the hysteresis loops for soft iron and steel as shown in the
diagram, which material would you prefer to utilise for making
10

transformer cores and why ?

—»>H
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@szﬁma@ﬁm%ﬁmmﬁiﬁ%gwﬁmm%
Hfow | R Fad W 10gzata;rmqw2°cmm§ | Sy
ot & gfg Y 7or HIRT | B

feqr T ® : C, = 0-172 cal g~1 °C~1

(d)

State the first law of thermodynamics for a diffusively ipt
eract;
system. The temperature of 10 g of air is raised by 2°C ot Ing
. Consg
volume. Calculate the increase in its internal energy. tant

Given : Cy, = 0-172 cal g~loc-1
10

e (@) wvatqﬁr%mamﬁ(mﬁﬁm)am%w
3 : WWW%UW
E, = (n+—;—j hyv, @n=0,1,2, ..

T GIIAT0T Hoid qiehfad ST |
The energy level of a quantum harmonic oscillator with frequenc
v
is given by i
E,= (n + %] hv, wheren=0,1, 2, ...

Calculate its partition function.
(ii) @ﬁ-@ﬂaﬁmwquﬁ—oﬁ%ﬁﬁm |

Calculate the partition function of a two level system.

Q6. (a) @R-égaﬁa%%nmﬁm(m)aﬁtﬁ%m%ﬁammmﬁ
PR ST TR Y TTe HIT | .
ﬁwaﬁrlﬁﬂrz(rl<r2)ﬁa@mmmmﬁmi
V13ﬁtvzﬁwmaﬁﬁ16ﬁmm%lﬂaﬁﬁ¥ﬁ*mmﬁ
ﬁ@ﬁmﬁmzﬁm_m;ﬁmm|mﬁ$mmmﬁ

wr @i il IR |

Write expressions for divergence and curl of an ele

these, obtain Poisson and Laplace equations. . 3 ;
Two concentric conducting spherical shells having radii 11 an

r2 (ry < ry) are charged to potentials Vv, and Vo, respectively. What are
the electric potential and hence electric field in the space between the

| shells ? Also find the charge on the inner shell.
URC-LU-PHY ' ' ‘
g

10

ctrostatic field. From

15
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Q7.

(b)

(©)

(a)

o e LC whow § R w@ e 8 % drert s A Al
o ufed § T deds B (4 + 3i) e ¥ 3T aRormf T R @ - 40)
M 2 | ¥ B @ Yaitea Hfv | ofoy B i s A @
ST 6 T Sre ot wifen § 2§ @ frw vk o 3 | ofoe § A
ga i 9 St |

Describe the oscillations of electric and magnetic fields in an ideal LC

circuit.

The applied voltage phasor in a circuit is (4 + 3i) volt and T
current phasor is (3 + 4i) ampere. Draw the phasor diagram. Deter
the impedance of the circuit and indicate whether it is inductive oT

capacitive in nature. Also find the power dissipation in the circuit.

fata ¥ o e 6 forga geeh (EM)mﬁwﬁeﬁW@?ﬁ% \
ﬁaﬁ%@%@m%ﬁwﬁaﬂssﬁﬁsmvﬁmé,amaﬁm
Wﬁgﬁg&aﬁaaﬁqﬂm(ﬁw),wwvﬁ@ﬁaﬁﬁﬁgﬂﬂwﬁ“

a1 % B W H SO A 2 | o
WmeWﬁ@ﬁ'{ﬁﬁiﬁmﬁTﬁF 20 GW & |é’3{{g§{ﬁﬁ§a\3ﬁ{

e gt % e Wl h T hifsre | _
For free space show that electromagnetic (EM) wave is transverse 1M
nature. Show that for free space, the total outward flux of EM energy

‘through surface S bounding volume V is equal to the rate of loss of EM

energy from the volume V.
A laser beam of 2 mm diameter has average power of 20 GW. Calculate

the peak values of electric and magnetic fields in the laser beam.

ﬁmmmﬁ%ﬁ@mﬁ@m%ﬁgﬁﬁﬁ

fif | wgw R g0 IR O SHgeeE e % qw R

frrae 1 o ifv R TR @ 3 K o 3 W YR &5 W
10,000 3iers & fom ofF oy i w3 | fem TR
ﬁaagcaaﬁwﬁammmﬁmﬂ-wg-lx-laﬁw@mmm
sirer gfy A1 = 0-042 erg K1 g1 Oe 2. |

Discﬁss the principle of adiabatic demagnetization process to achieve

esulting
mine

15

20

low temperatures.
Determine the fall in temperature produced by adiabatic

demagnetization of a paramagnetic material at initial temperature
of 3 K when the magnetic field is switched off from 10,000 oersted to

zero. Given : heat capacity at constant magnetic field = 0-2 J g1 K1 and
Curie constant per gram mole per emd = 0:042 erg K1 g1 Qg2

URC-U-PHY ;.
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Qs.

(c)

(a)

ey TS T | AERE (Ng) 310 <1 A

Starting f M A HEUCHIE

rom

3-dimension, obt g-ixwen-BOlthann distribution for a free particle D
» Obtain the expression for root mean square (rms) speed of 2

particle. Calculat.
e the rms s eed . —
temperature (27°C). peed of nitrogen (Ng) molecule a 20

a9 (27°C) T ot

E'ﬁmmﬁmﬁm|wwﬂwwzﬁmm§q
W%@@TWWmﬁﬁwm@ﬁmmp_Téﬁa,p=poe‘1‘/kT
& ¥ # foran o wewan 2 laﬁa‘smw%%gﬁmLmﬂﬁﬁf
mm%’wwmﬁH%ﬁVm@=V>>V@3ﬁTpapom

T — oo,

Obtain the Clausius-Clapeyron . equation. Using this equation,

show that for the phase boundary of the liquid and vapour phases, p-T
relation can be written as p = pg e-L/kT Here it has been assumed that
the latent heat L is independent of temperature, that vapour is treated
as an ideal gas and that Vyapour = V >> Viiquid and that p = Po 28

T — oo. 15

W(Classical)ﬁﬁﬁzﬁmmm%%@m%m

ﬂﬁaﬁgq.gaaﬁaﬁﬁwﬁaﬁaﬁhqmm% | T e HOTH &
fmwﬁ@amm,sﬁﬁﬁ@aﬂmw%,mﬁ@ng%@t

it e Tt T e gen fon R |

@ Wﬁgﬁwﬁ@@mmﬁuﬁmwsﬂtﬁ
mmﬁwﬂ%m~mwﬁm | o8 giorm fore @@ |
vt Jen & fefed & @ @ 7 38 fem w0 wed 7 2

1] o

i) S (FFEH) FTR F G § T g I s A
fisg @ et IcAHA Wit 1 e e P By | SIS 4

I/(FEG’M—PH )/ 10
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- . . v 3 1 i 't i
A historic failure of Classical Physics is 1ts mablh éonsld ’ ?Jwith ?

ele(:itromagne_tic radiation emitted from a plack DO v ity of sid®

model for an ideal black body consisting of a cubic &V . an
small hole on one side. gy deriv® pit
- . . . Lo r ’ u

(i) Assuming the classical equipartitiont of neolu e an actual

expression for the average energy per unit ¥ jate Fore
frequency range. In what way does this result dev?
observation ? What is this law called ?

g

(i) Repeat the calculations now using quantum idea

expression that properly accounts for the observed

distribution. ¢
1 Tom

Find the temperature dependence of the total power emltted

the hole.

ﬁﬁﬁwmﬁ@m@maﬁ@ﬁ%@'g
mﬁﬁmﬁmwm%ﬁ@wﬁﬁaﬁém !
ﬁﬁmﬁaﬁ%lwﬁmaﬁwﬁ%mmﬁmm@ﬁ

= e fRe ST w8 2
Write Maxwell’s equations in free space in both differential and integral

forms. Obtain wave equations and show that electromagnetic waves can

0 Obtain an
Spectfa

travel in free space with a speed of light. Can one get the wave equations

from the integral form of the Maxwell’s equations ?

wlogmgﬁlﬁw,wlﬂﬂ%ﬁﬂm@?@ﬁ@?&mw 12:0 V&I
ézﬁﬁsrvﬁwﬁm% luﬂatzom%ﬁra’awﬁq@ém

ﬁﬂ%{ﬁaﬁwmﬁﬁﬂz;

6) o Faa |

(ii) mw%ﬁmm@ﬁmaﬁummmﬂm%?

(jii) mt=46ﬁmmﬁwmwmmﬁqm%?
mmﬁéﬁmaﬁﬁmgﬁﬁas@%awwa—g@mﬁ

7o 2 | | H1 vy

1z

20

15
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ted in .
gwitc

A 10 Q resistor ig conneCB e e
battery with emf 12:0 y. beé
capacitor 18 uncharged.

Calculate the followmg

(i) The time constant.

t fraction of the final charge

(i) Wha

t =46 seconds ?

(i) What fraction of the initial curt

t = 46 seconds ?

Consider that the internal resistance of the b

the resistance of all the connecting wires.

ith a capacitor of 1.0' P
h is closed at time ¢ - zn
=0, ¢

is on the plates at the i;
ent remains at the ¢
1Me

attery is zero and neglec
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