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at g helght rts Vertically upward with speed vy. Then define its speed v
. . $
due to gravity In termgs of vo, h, R (radius of Earth) and g (acceleration

Also calc °n Earth’s surface).
ul . . i
Speed of 90;: i the maximum height attained by a rocket fired with a
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Determine the iﬁ?“a et |

hemisph ocation of the centre of mass of a uniform solid
misphere of radiyg R and mass M from the centre of its base. 10
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A rubber 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 % Fo w1 E 23 9o 3 T el % g R e T § 0
'~ What are Newton’s rings ? How are they formed by two curved
surfaces ? 10
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The equation for displacement (X) of a point on g damped oscillator is

given by a
X = 5 e 025t sin (—é)t metres-

. ot : o 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
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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.
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mitting power of 8 kW
of rigidity of the
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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.
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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
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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. ' : 20
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What ; |
- zone plate ? Give its theoretical descrip
Jate from a convex lens.

tion. Show that a zone

Plate has multiple foci. Differentiate a zone P .
Calculate the radius of the first half period zone in a zone plate behaving

like a convex lens of focal length 60 cm for light of wavelength 6000 A.
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Briefly discuss the postulates of Einsteih 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.

fat it % fore, SMAfarArT S 1 T ZTE % A % ey wze B
mﬁm@m|m;@aﬁfmw%mﬁéﬂ( ) TS Sl
.. dE o .
Derive the relativistic expression for kineti
C energy by considering

the relation between
dE

mass variation with velocity. Hence establish
’ 1S

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

dp
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: - 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.
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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
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A vertically oriented electric dipole having dipole mo
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i i thod of images.
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For the electric field given by E = Eg ¢!t show th
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current is in phage with the electric field, while the disp

. that the
Current leadg the electric field by g radians. Also, show
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Based on the hysteresis 100
diagram, which mate

transformer cores an
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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
cong
volume. Calculate the increase in its internal energy. Stant

Given : Cy, = 0-172 cal g-1e°Cc-1
10

e (@) wvatqﬁr%mamﬁ(mﬁﬁm)aw%w
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E, = (n+—;—j hyv, @n=0,1,2, ..
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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-ﬁﬂaﬁmwmwmﬁm |

Calculate the partition function of a two level system.
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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 ' '
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(b) Tk Y LC iy # fogq wd ek anli o qrer 1 g it |
o ufed § T deds B (4 + 3i) e ¥ 3T aRormf T R @ - 40)
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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.
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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.

Q7. (a) ﬁﬂmmw%m@mﬁwm%ﬁ@aﬁw
Ay | v T g0 I T TR wd e |
frrae 1 o ifv R TR @ 3 K o 3 W YR &5 W
10,000 3iers & fom ofF oy i w3 | fem TR
frr grah &9 TS _ 02 Jg! K ok = P wiy wm
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
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Startin

g from Max

3-dimension, obtaj W}‘EH‘BOMZmann distribution for a free particle in
’ 1 the expression for root mean square (rms) speed of 2

particle. Calcula
te the rms .
temperature (27°C) speed of nitrogen (Ng) molecule at room 20

a9 (27°C) T ot

mg“'[llmﬁmaﬁm|wmwz@m$
5 = i aaaﬁTWmmﬁaﬁmeﬁmqtp_Tééa,p=poe‘1‘/kT
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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 = Py 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 a8

T — oo.
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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 deﬂve pit
. . . . et er ’ u

(i) Assuming the classical equipartition of en olume 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.
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mﬁﬁmﬁm@m%ﬁ@wﬁﬁaﬁém !
ﬁﬁmﬁaﬁ%lwﬁmaﬁwﬁ%mmﬁmm@ﬁ
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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 ?
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ith a capacitor of 1.0 P
an

. geries W
h is closed at time t
= 0’ t

tor 1S conneCted 1 .
A 10 Q resistor o v, Beforé the switc

battery with emf 120
capacitor 18 uncharged-
Calculate the following -

(i) The time constant.
t fraction of the

q
€

(i) Wha fnal charge is on the plates at the i;
timg
t = 46 seconds ?
(iii) What fraction of the initial current remains at the ¢

t = 46 seconds ?
rnal resistance of the battery is ze

Consider that the inte

the resistance of all the connecting wires.



