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Question Paper Specific Instructions

Please read each of the following instructions carefully before attempting questions :
There are EIGHT questions divided in TWO SECTIONS and printed both in HINDI and in
ENGLISH.

Candidate has to attempt FIVE questions in all.

Questions no. 1 and 5 are compulsory and out of the remaining, any THREE are to be attempted
choosing at least ONE question from each section.

The number of marks carried by a question [ part is indicated against it.

Answers must be written in the medium authorized in the Admission Certificate which must be

stated clearly on the cover of this Question-cum-Answer (QCA) Booklet in the space provided. No
marks will be given for answers written in a medium other than the authorized one.

Assume suitable data, if considered necessary, and indicate the same clearly.
Unless and otherwise indicated, symbols and notations carry their usual standard meanings.

Attempts of questions shall be counted in sequential order. Unless struck off, attempt of a question
shall be counted even if attempted partly. Any page or portion of the page left blank in the
Question-cum-Answer Booklet must be clearly struck off.
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Ql. (a)

(b)

(©)

(d)

(e)

@vus A
SECTION A

Tsh Tehe Sreatert famm & fer v, & W e & | o 36 R v, $9E h W

Vo, h, R (3t 1 firsam) ofR g (et it wae W ety wor) % ual ° =reh
|

Uehe gRI ST 6t ¢ aifrehan Fums o1 aRepem ot AR St % voimem a1 %

90% =T | afud foham smar & |

A rocket starts vertically upward with speed v,. Then define its speed v

at a height h in terms of vg, h, R (radius of Earth) and g (acceleration

due to gravity on Earth’s surface).
Also calculate the maximum height attained by a rocket fired with a
speed of 90% of the escape velocity.

eI R 3R Z5UH M % Tk UHEEH 3 NS % germm e ) Ry
IH% IMER & Hg-farg ¥ fwifa Hifvm |

Determine the location of the centre of mass of a uniform solid
hemisphere of radius R and mass M from the centre of its base.

Th 1 m @& 3R 1 mm | H @S H S wH R W IRa ? et
WhE T R W 1 kg F YR weH R | AR W W I
0-05 x 101! dynes cm™2 ?, A WR & FEATER el 1 IETHA F1d HIRTT |

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 cm™2, then find the period of the vertical
oscillations of the weight.

S & T T 2 I Q) ThIT el g T TR w9 & 2
What are Newton’s rings ? How are they formed by two curved
surfaces ?

T A< qrereh W T forg & e (X) & for aeftencor freferfaa @
x=5e 025t gin (g)t Hiex
= T ¥ T W Qe g &1 a1 7@ A, s T A B sade
B yew fufed an i e 2 2

The equation for displacement (X) of a point on a damped oscillator is
given by

x=5e 025t gip (g) t metres.

Find the velocity of oscillating point at t = % and T, where T is the time

. period of the oscillator. What is the direction of velocity in each case ?
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Q2. (a)
(b)
(c)
Q3. (a)
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Obtain expressions for the moment of inertia of a solid cone about its
(i) vertical axis and (ii) axis passing through the vertex and parallel to

its base.

UF 5 m T 3R 8 cm AE 1 T4 300 ufspaur yfd e i € | 8 kW
vIfts waTiE o @ 8 | 3R fee o ugref 1 ggan Ui 8 x 1011 dynes/em?
2, @ S & A Bl &% st smifdes faeemaa i o Hif

A shaft of diameter 8 cm and length 5 m is transmitting power of 8 kW
at 800 revolutions per minute. If the coefficient of rigidity of the
material of the shaft be 8 x 1011 dynes/cm?, then calculate the relative
shift between the ends of the shaft.
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=t T HIT |

What do you understand by length contraction ? Calculate the
percentage length contraction of a rod moving with a velocity 0-8 ¢ in a

direction inclined at 60° with respect to its own length.
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Discuss the conditions for interference. Describe Young’s double-slit
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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Q4.

(b)

(c)

(a)

WH W T R ? WA Ao faewor G | Rame & 9 wie %
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TF 60 cm BIHH g F IA AF i WE HH HE A T AT e F 50T
Y AT T % AefAE h AT 6000 A TR F e F Rrw Hif |
What is a zone plate ? Give its theoretical description. Show that a zone
plate has multiple foci. Differentiate a zone plate from a convex lens.

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.

AU IS A RS F AT emgReET & smumwonsit Y G8w § ==t
HINT | ATEeTE *F A 3R B Uil % ToIu ok sgeam AR ot Rt
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AT B 7 | X-fhwi St 3= st ) I Ser e s e =il
ST ?
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e A = 5000 A % e wwsmsy |

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.

TidSt St % foe MY s ) AT FEEE ¥ AT F 91y sedd H
M 8§ W@d AN | 3 v b %0 & e €30 (p) v ot ()

%WW%:vaﬁwﬁﬁﬁﬁnl

Derive the relativistic expression for kinetic energy by considering

mass variation with velocity. Hence, establish the relation between

momentum (p) and energy (E) for a relativistic particle; (;—E =V.
p
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(b) =T TR (w)%ﬁ%ﬁgﬁmz@aaﬁﬁqaﬂtmﬁmaﬁﬁq | st
¥ frgia ¥ ged § v % SeRE RO T Y i Rl A Sehuviia
& ==t fe | wat F Rigia F1 ST HW@ gL TGS A9 (thin lens) H T

6 Ieata HRC |
State and explain Fermat’s principle of extremum path. Discuss the
| cases of rectilinear propagation of light and reversibility of light rays in
context of Fermat’s principle. Using Fermat’s principle, deduce the thin

\ lens formula. 15

© Foumse frea § R-omady i afmew W wwemgy | fgowed frea w1
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A=5890 A, pg=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

path difference of % between extraordinary and ordinary waves. 15

Given :

A=5890 A, pg=153, p =154
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SECTION B
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A vertically oriented electric dipole having dipole moment ?)) is kept at

height h above an infinitely large horizontal conducting plate, which is
grounded as shown in the diagram. Calculate the force between the

electric dipole and the conducting plate by using method of images. 10 |
v +
h
d
— q
h
Grozsigl i Conducting plate

()  foT T fogham E = B elot % fou Ran fF oom o s & o
aﬁnﬁ@?ﬁ%wﬁwwmﬁgq-@aﬁmﬁgmaﬁ@?ﬁ% | 78
Hft e % foearm uw ws oreR gerers § Sew uw ) qen # ah
FArgfeEl ot o6 senfta safEt & w0 € (f < 1016 Hz), W 70w €t §
For the electric field given by E = Eg el®t show that the conduction

current is in phase with the electric field, while the displacement
current leads the electric field by % radians. Also, show that the

displacement current in a good conductor is negligible compared to the

conduction current at any frequency lower than the optical frequencies
(f< 101 Hz). 10
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Based on the hysteresis loops for soft iron and steel as shown in the
diagram, which material would you prefer to utilise for making

transformer cores and why ? 10

B

y Soft iron

(=
/
/
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Q6.

(d)

(e)

(a)

s oot o= o Fem ¥ e samfeh & g fem +1 3g@
HIfT | FRR A™ET T 10 g T T qUHE 2°C TG AT B | IFh! AT
Fai 7 gfg i o hifsT |

fem w8 :C, =0172 cal g1 °C1

State the first law of thermodynamics for a diffusively interacting
system. The temperature of 10 g of air is raised by 2°C at constant

volume. Calculate the increase in its internal energy.

Given : C, = 0-172 cal g~1 °C-1

(i) U v IAGhT 3 FATeH AT (T Qeteh o Holl T 38 THR T 1Y
g
En=(n+%) hv,ﬁﬁn=0, 1,52, =
T Tlaor Be Iienfera shifor |

The energy level of a quantum harmonic oscillator with frequency v
is given by

E, = (n + %) hv, wheren=0, 1, 2, ...

Calculate its partition function.
(i) T Tg-wata Frepm w1 Gfaawo wom aitesfoa i |

Calculate the partition function of a two level system.

fBRaTE &9 & oY SEasl (s 3t e % =Hoe fafay | 3@ wEi
3 ATATE FHYEROT Sl I I |
mﬁrlﬁrz(rl<r2)ﬁaﬁﬁwwwiﬁmz
Vy 3R V, fava w mafym forn Srar 2 | 39 QA1 S & W ofe §
foegq fawa ok ora: fagg-aw 61 o Hifve | =l FIw W MW H
T ot ma shifs |

Write expressions for divergence and curl of an electrostatic field. From
these, obtain Poisson and Laplace equations.

Two concentric conducting spherical shells having radii r; and
rg (r; < r9) are charged to potentials V; and Vy, respectively. What are
the electric potential and hence electric field in the space between the
shells ? Also find the charge on the inner shell.
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Q7.

(b)

(c)

(a)

s oed LC uiuy § fagq wd b &5 % Qi 1 v i |

& TREY #H W deest B (4 + 3i) diee B 3 gfomt g B (3 + 40)
AR 2 | B @ @it AT | ahey B sfern @ dive @
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g off wma i

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 resulting
current phasor is (3 + 4i) ampere. Draw the phasor diagram. Determine
the impedance of the circuit and indicate whether it is inductive or
capacitive in nature. Also find the power dissipation in the circuit.

fiafa % fou feame @5 fga-gedha EM) & i THia g ad 2 |
fata 3g feamsy fF fredl a0 S I % M@ V&t SXaT 8, § SRt I a1
Fa Frq-graha e (W), 36 e V 8 81 ardt faga g
il < BT ST h SR B B |

Th 2 mm T H AR g i Ea e 20 GW IWFﬁﬁgﬁi’:ﬁ'{
raeh &1 % frer wEt i moE Hif |

For free space show that electromagnetic (EM) wave is transverse in
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.

i T T w0 % e ege fagee wEe % fagea ==l
FRT | Tgw Rgeed g0 3 T gEH uged % AW e |
fiktae 6 oFn Hfe e T a9 3 K o1 3R 99 gEdE &9 @
10,000 3RS ¥ &= 7% H Y@ = fon s ¢ 1 fon mm R
R grashm & W S uiiar = 02 J g1 K1 of gt e wia g
o fa a3 = 0-042 erg K1 g1 Oe 2.

Discuss the principle of adiabatic demagnetization process to achieve
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 g-1K-1and
Curie constant per gram mole per cm3 = 0-042 erg K1lg10e2.
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Qs.

(b)

()

(a)

Th G v % fore Bi-fefte fvwad-siees e deT @ T S gY T w50
<l T-AEIIA (rms) T HT st Ted I | TGEH (Np) 31 61 H&
d19 (27°C) W t-Area-qe ifa st ToHT hifre |

Starting from Maxwell-Boltzmann distribution for a free particle in
3-dimension, obtain the expression for root mean square (rms) speed of a
particle. Calculate the rms speed of nitrogen (Ng) molecule at room
temperature (27°C).

FATTIEFAN G0 1 A HRY | 50 Tfiehor 1 ST g
femrsT % g ot ary wrewensit i wrawen @M W p-T @Y, p = p, e /AT
% &9 U foran 1 wehar ® | I8t a8 9@ 0 & R T S L arene W i
qﬁm%,m@mﬂ?%ﬁtvw=V>>V@3ﬂTp—apom

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 = Po e~ I/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 >> Vijjquiq and that p — p, as
T — oo,

foEma (Classical) Wit it Avarferss faveran & 98w Ho@ ¥ gr

Ieafiia foga-grashr ffeel #t aftfa 9 & amr 2 | o sedt FHom

T T dfea 7w fifre, S foF © wmgm e ?, Rt w e L2 sik

forat wh a9 = o gew fog R

() Feorew ot Tnfas w w9 gu it St 9fy g ot ofit wfy
318 Mg foam & fore sdiotes sgeam Hifse | 78 sfomg fre @ @
Iredfers Sgor & o= & wr @ 2 38 fom vl wmn wwa § 2

LI o
(i) T (FTeH) faem H e § W@ gu Sudw e W g Hif

Frea T 3faa St Aeeht St faao % R siee s e s o |
fo% @ $a Icafia wfts i aowm W Fvfen 39 Hifm |
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A historic failure of Classical Physics is its inability to describe the
electromagnetic radiation emitted from a black body. Consider a simple
model for an ideal black body consisting of a cubic cavity of side L with a
small hole on one side.

(i) Assuming the classical equipartition of energy, derive an
expression for the average energy per unit volume and unit
frequency range. In what way does this result deviate from actual
observation ? What is this law called ?

L[ o

(i) Repeat the calculations now using quantum idea to obtain an
expression that properly accounts for the observed spectral
distribution.

Find the temperature dependence of the total power emitted from
the hole. 20

b)) frafa § dwoae afieEl ® sEwd Td @Hha oWl ®di A fafew | @
Tl @ g e T feemse 6 frga-gesa 7@ faid 3 gea R
Tty @ TiemE B Tt § | w1 Dawae SR % THTRA §9 A qOT FHR
! TTe fepan S weRar B 2

Write Maxwell’s equations in free space in both differential and integral

forms. Obtain wave equations and show that electromagnetic waves can
travel in free space with a speed of light. Can one get the wave equations

from the integral form of the Maxwell’s equations ? 15

(© TH 10 Q F TRiY®, T 1-0 pF % duia i w fgq-amws sa 12:0 Vi
O A A A G 2 | O t = 0 W 9 o5 @ 8 95 qumiA
ARG B |
fr=fafaa =1 e HikT
() wa A |
(i) G99 t = 46 Yhve W il W Afew yay 1 fohaan 9w g 2
(iii) T t = 46 YIS T YRR G 1 fha=1 W7 A9 a1 8 ?

T e R Y2 w1 oriaies Ry I R T @t I3 gu an 1 S
o R |
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A 10 Q resistor is connected in series with a capacitor of 1-0 uF and a
battery with emf 12-:0 V. Before the switch is closed at time t = 0, the
capacitor is uncharged.

Calculate the following :

(i) The time constant.

(i) What fraction of the final charge is on the plates at the time
t = 46 seconds ?
(iii) What fraction of the initial current remains at the time

t = 46 seconds ? r

Consider that the internal resistance of the battery is zero and neglect
the resistance of all the connecting wires. 15
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