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@ug A
SECTION A

HIIE HesA R % U g o et (ffei) an e | sqdamm ¢ 1 o 21
3T ST Foq AT F I o1 bl eqgwat B 1 9 Ao A7 fq A1 FAE
fuffa fifsu |

Consider a large stﬁtionary cylinder of inner radius R. A smaller solid

cylinder of radius r rolls without slipping inside the larger cylinder.
Determine the equation of motion of the smaller cylinder.

7 M 3 SF=ATY R 3 O A 31 et 0 el 3.3 ¥ ferg e
RESEIEN

Derive the expression for the gravitational self-energy of a uniform solid
sphere of mass M and radius R.

forraTereerT 3578 1 kg 3R 0-9c TIHTT & o T T 0T fermraen #f zeaw 2 kg
& U 0T ¥ TRUAT & | §YE % T9EId QM1 0 Gl &1 Sid & 31N Zea@™ M a1
TV 1 U Ushed 0T a1 & | M 31V frifia fifsm |

A particle of rest mass 1 kg and velocity of magnitude 0-9c collides with
a particle of mass 2 kg at rest. After collision the two particles coalesce
and form a single particle of mass M and velocity V. Determine M and V.

e f3-fcte shreTei faadq i 4, ficre <eré 012 mm & 3i 3T et & e
i 048 mm ? | ficfel & b 1 gl 15 m § | 3f S e 1 e
600 nm 2, A1 (i) AfcHT e & qa FA, 3 (i) F= 3Fa it o
fAfiges o sfter <1 i 3 i |

In a double slit Fraunhofer diffraction experiment, the slit width is
0-12 mm and the spacing between the two slits is 0-48 mm. The distance
of the screen from the slits is 1-5 m. If the wavelength of the light used is
600 nm, determine (i) the missing orders of the interference maxima,
and (ii) the distance between the central maxima and the first minima.

T 20 mW oisi Gid 5T I~ aa1eed 600 nm i T bl Y57 U et 40T T
mﬁmﬁﬁufﬂaaﬁ‘rﬁm:

(i) dor ol e & TR Wi HeS BieH il e |

(i) T R TR ST g STt T S |

A light beam of wavelength 600 nm produced by a 20 mW laser source is

incident on a plane mirror. Determine :
(i) number of photons per second striking the surface of the mirror,
(i) force exerted by the light beam ¢n the mirror.
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ueh firs far fobedt gt o arefia uah foig ‘O’ ¥ ufrd: afquH 2 107 W d2e4 % giog
At 3A, SA 3R 6A & | qE AE & ufta: mfr%-ﬁrrﬁaﬂnrm
®q=1n,09= 03ﬂ?m3 = n%thﬁ-’»W\q’Hﬁ%mmml, 09 A 0o FI
Fra ifs | u

?A bO(.iy moves about a point ‘O’ under no force, the principal moments of
inertia at O’ being 3A, 5A and 6A. The components of the initial angular

7 velocity : , principal axe
ocity about the principal axes are 0 =1, 0y = 0 and 04 = n. Find the

j‘ & components o, 09 and o3 We t. .
0 =

(b) o e AT v et R e 8 T
=1
d2x dx c:r-"’-;/ s

m 51;5 +y a? +kx=0; —’/S

y =007 kg s-l3fltk =85 Nm*l‘%lﬁa‘rﬁ?raﬁﬁm)am

S&f m = 0-25 kg,
W T AT @

EIRIEGEINA ﬁt(ii)ﬁaﬁﬁmﬁﬁwmmmﬁﬁ

SITET |

A harmonic
2
d“x dx+kx=0;

—_—

m— +
i

where m = 0-25 kg, y = 0-07 kg s

od of oscillation, and (ii) the n
ginal value.

amp
m%aﬁ@ﬁm@ﬁ%mﬁ?ﬁgﬁ@aﬁﬁwmﬂﬁw%l

gnetic wave equation 1S invariant under Lorentz

— S s

oscillator is represented by the equation

-1and k = 85 Nm-L. Determine (i) the

peri amber of oscillations in which its
litude will become half of its ori

(c)
Show that the electroma

transformations.
— &

Q. (@ T T R i 5 o g e
< | G 35 A forg SR e (
ST 9T hifSIY |
C .

onsider a laser system consisting of an active pegium placed betweent
O}Mm for the

E’:hfzslroiﬁ mi”{)rs forming a resonator
population invers; . -
n inversion required for the oscillations of laser.
’_,______/
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(c)

(b)

(c)

U He - Ne o5 Ham % fav_afa sqai) winfa by 1017 g 1 ok ATTER
T =300 K2 & Aovyy 1 R g gy Ay v NI et a(o) % FWHM 1

Frefg a2

For a He - Ne laser system, what will he {he magnitude of Aoy, which

represents FWHM of the line shape function g(e), if resonant frequency
09 =3 10" s and temperature T = 300 K ?

FoHT M 3RS a1 U W7 x-318 % SFAFET 0 O oAt 3 et 1077 A7 1
¥ O @ R | I Foig gan i R fas et ¥ fov sAa# # O
Fifor | l/f_
2 1 1

= 2 Ma2 = — 2 Ma2 9 2
lﬁmw%,lm 3 Ma?, Iyy = ; Ma? 3R Ly =~ 7 Ma“)
A cube of mass M and gi_@‘aﬂtating with angular velocity o around
one of its edges, which is, say, along the x-axis. Obtain the expressions
for its angular momentum and kinetic energy.

(Given that the IXX & g Ma2, Iyx =- i Ma? and IZX =- L Ma?)

4
A YA n & U gerd & Rfifd fiers ¢ & v a1 oy F i | 9 AT
& 30k 2 ysat T IAT F FSAW R, I R, # | i i i A (IE)

TS hifor |

Consider a thick lens of thickness t made of a material of relative
refractive index n. Let R; and Rq be the radii of curvature of its two
surfaces. Obtain the system matrix of the lens.

HTIHIF n, I ARTE b F T TG G fbed & B ATl g WAl 1
Ao 3 e 3 53 & B aTett et SraeRal o fofq o ot oty Ao |
Consider multiple reflections from a plane parallel film of thickness h
and refractive index ng and derive an expression for the total reflectivity
from the surface of the film.

o Fo M, ST | 3R e ¢ 3 3 F (J9e) W @ | 3§
oo 1 Y, T © Fe-gW 3 0 AEG F 8, & T T Giaet Tk g
wfereenfire foa T 2 | 41 @iaet 99 o T STGoATH 8k T ST i
BT R, ) e 7oA 3 I 1 e A | AT A o6 AT 0k
i e 1 9ar §HH € |

A solid shaft of mass M, length / and radius r is to be replaced by a

lighter hollow shaft of the same length / and having the same ratings of

/6, where(®is the couple and@)is the angle of twist. Estimate the
percentage reduction in mass of the hollow shaft if the outer radius of

the shaft is twice the inner radius. Assume the material of the new shaft
is same as that of the replaced shaft.
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(b)

(c)

(d)

~-alp

@vs B

SECTION B
{ m #1317 o1 5 nC F 7%

31 faed R F U 313y Iy 99ad (2 = 0)a
F1fs0 A 791130 B 77

farg st A ST | T g (2, 2, 0) m ot faregd -8 1A
qHd ¥ Ead ¢ |
placed at a distance of 1 m from a perfect

Consider a point charge of 5 nC
Find the electric field at a

cting plane (z = 0) of infinite extent.
10

condu
pﬂ% 2,0) m and s.lg)iv that it is normal to the plane.
g@@%ﬁwﬁaﬁéw5oﬂ:ﬁﬁ@3ﬂuﬁw§%ﬁaﬁﬁwﬁo-5mx0v4m%|
gaﬁlﬁAﬁﬁgﬁwuaT%ﬁaﬁ?%w%@mgwﬁmBzstﬁ
mwﬁmm%ﬁ@%ﬁﬁw@ﬁ%w%ﬂsmww
aqm?%,a?gmaﬁ?mima%?ﬁ\; qwgaﬁac—rr-mmj FRTE?
of 50 closely wrapped turns and has
5 A. If a uniform

A rectangular coil consists
It carries a current of 1

dimensions of 0-5 m x 04 m.
d such that the direction of the
plane of the

magnetic field B =01Tis applie
magnetic field makes an angle of 60° with respect to the
coil, what is the torque exerted on the coil by the magnetic field ? 10
ﬁﬂ@tﬁé;wﬁawaﬂiﬁr@wasémf ﬁwmmaﬁ?m@naﬁﬁm SIEN]
maﬁrmﬁm%ﬁ@?ﬁﬁyﬁaﬁﬁ@ﬂﬁ@ﬁm

ff’s current law and Kirchhoff’s voltage law.

1 and energy
10

State and explain Kirchho
Derive these laws from the

conservation.
2= 10 cmﬁmmnﬁﬁaﬁ@wmmﬁmm
e | o denfor 3 S Fet g0 R -4t 50V -1 -1 g & afafda
, —
ST 2, a1 gt 3 e Eehid dAdl |H| &1 ot Y |
A parallel plate capacitor having circule radius 10 cm is being
ges

charged. If the electric field at any instant within
at the rate 5:0 V m-1 g-1 calculate the magnetic intensi

principles of charge conservatior

ir plates of
the capacitog chan
ty |H] inside

10

the capacitor.
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(©) U Iraumfia 351 44 300 K400 K oM 100 K o A e ¥ o i g4 2
TR 1200 K W sign A 390 A s il 1000 k) 33 arsa gre A ogon ) F
F Wz #2a R | 3 A gl ¥ a3 ot gt a0 G for £ifam
A reversible heat engine operates with three resepvores at wn b 100 =
and 1200 K. 1t absorbs 1200 kJ energy as heat from the reservor i
1200 K and delivers 400 kJ work. Determine the heat interactions with

the other two reservoirs.

Q6. (2) T T I AR e L % U A e A e | A 7w e
fome P wfem v &' 91 if |

Consider a long straight wire of length L carrying a current L Detgrmine

-
the magnetic vector potential A at a point P located at distance x from

the wire.

S 5 fa o ewrfar man €, @ 200 V, 60 Hz @Te & g O AT 9t § 30 £

(b)
£t 7T SR 1 T G, 44 Q 7 T SO Wit 3 36 © qfdRT AT
90 0 F1 St e 1 0 el |
Xc=300Q
1
200V
Rl = 44 Q
60 Hz

W Xl; = 90 Q

FIGED ELE

() g o1 el i

(ii) oty Ry sERif vt
(i) beeft & &fad Al
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Q7.

-\F F‘hl“\. 1 3 3 - . . .

? n in the figure, a series circuif connected across a 200 V. 60 H

ine consists of a capacitor of T L 18R
a capacitor ol capacitive roactance of 30 €. 4

non-inductive resistor of T ke .
Juctive resistor of 44 ) and a coil of inductive reactance % () and

resistance 36 Q.

X =300
4 I
l
200V
- R] = 44 Q
60 Hz
R2 =36Q
Determine : .

(i)  Power factor of the circuit
Power absorbed by the circuit

(i)
(iii) Power dissipated in the coil
(c) @WWA%NAH@@T@WWB%NB AT F TF

Gy 7 A | 3 A # forg,
@Wﬁaaaﬁqarrrﬁﬁwrm% q= (2“1‘:;1"11}2 V).

molecules

Consider a mixture of Ny

molecules of monatomic gas B. For this mixture, obtain the Hel

ssure. (’I:;he particle partition fu

monatomic gas is q = (2?1;;121]{1‘}2 V).

free energy and pre

o Feify Fepm 1 ST o AT HeT
mﬁuumrmm;amﬂaﬁﬁﬁ
WWWWW%W$WﬁWW|

A ternary system consists of three componen
...-——-—"‘."_‘
Determine the nu

(a)

and te gk
mperature variations on the phase equilibrium
i

—

SLPM-p-PHY
8

Serdiees qAT Feil S W A AN

of a monatomic gas A and Ny

mholtz

nction for a

ﬁeﬂ?mm,uaﬂw)%lﬁm%
aﬁrﬁwﬁu’rﬁaaﬁrﬁqaﬂtm

ts (A, B and C) in
mb_e_t:__gf degrees of

:;milibrium with two phases.
eedom using the Gibb’s phase rule and discuss the effect of pressure
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Q8.

(b)

(a)

(b)

- =AM
AFNATI RUIATN, N VIFEITI = LAVUUD

H Ffufoalfaemt 6 day
by : o NN
P S ;‘m ! ]aai it h’f"” Alesd Ay &1 N apfrm F1
% ; %qz—ffﬁ . ‘l Ush ﬂ“ & wif-am fadis I # 0 q1-21 A7 TErFT
D_ﬁwﬁ o bl ol A |
iscuss briefly the considerations which led Van der Waals t Jif
aals to modify

the gas ati .
valuges t;(glat,lon. What are the critical constants of a gas ? Calculate the
of these constants in terms of the constants of the Van der Waélc{

equation.

@mmﬁ'ga-éiﬁ)ﬁuﬁwm‘a’%@wrhﬁaﬁaﬁﬁmﬁmmm
gﬂaﬂﬂaﬂéﬂmﬂmﬁﬁﬂaﬁ?ﬁwaﬁﬂ T g g faz P

_)
-4 B P AR
Consider a conducting sphere of radius ‘@

Find the induced surface charge density on the

-
the electric field E ata point P characterized by radius vector

. - __,
in a uniform electric field E .

sphere and determine
7

: =

@ gﬁmﬁ@ﬁ@-mm)
e A

E =10cos (ot - 100x)j V/m

ol A o 3 feree T T hitor |
-_> " . -
In free space, an electric field (E) is given by the following

expression :

_.—)-
E =10 cos (ot - 100 x)
gular frequency © and the displacemegt_%rrent.

§]=55x10“8T%1!31§ﬁ'THﬁ3T

A
j Vim

Find the an
qmﬁga-g;aaﬁﬂaiﬂa»‘rgmﬁwﬂ
7 RO 1 T |

An electromagnetic wave
e of the Poynting vector.
,._.—-—-——__"'

(ii)

-
has its magnetic field |B| = 55X 1078 T.

Determine the magnitud

3 grearaet MGER] ol e T
hemical potentiﬂl of a component must
-___———-"—_'. —

Explain why; ibrium, the ¢ = 'y
.+ phases. Derive the equilibrium condition

of chemical potential.
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Derive the Planck’s radiation law for bl
tion. Explain how results from quantum

from the Rayleigh-Jeans

ackbody radiation using the

Bose-Einstein distribution func
statistics differ from classical results derived

law.
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