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Question Paper Specific Instructions

Please read each of the following instructions carefully before attempling 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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SECTION A

Ql. (a) @ﬁﬁﬁmﬁmﬁﬁvgﬁﬁmméI%d:ﬁHﬁﬁv,ﬁhW
Vg, h, R (3% 1 F59m) 3R g (geft il Idg W oo i) & 9ei H =
#ﬁml

Uehd GRT T <Y 715 Aferehan =S o7 aftehets oft E1fe St fos womg 31 &

90% AT | aIfug feram Sram 2 |
A rocket starts vertically upward with speed vg. Then define its speed v

at a height h in terms of v, 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. 10 l

(b) YA R iR g=a9H M F U UHEAH 31 141 & Zoamm e &) foufy |
Iheh YN o Hg-fag @ fulfa Hifvw

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. 10

() Tk 1m @&l 3N 1 mm M HI &8 K S Tk R w Ff3a 2 2k
aﬂ%@iﬁimlkg?ﬂwmélﬁwswmw 4
0-05 x 1011 dynes cm2 2, O W &% FHEAEL T i AR T HIFRTT |

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 101! dynes em=2, then find the period of the vertical
oscillations of the weight. 10

(d) YT F I TR ? Y IAA T Ak qell o g TRH TR 99 § 2

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

(€)  Uh JIAI=d qleteh W Ush fag & fagemmm (X) & foqu et fafafag 2

x =H e V25t gip (g]t et

- —— e,

t = } I T W oA fomg 1 a1 s7q Fifvw, S&f T et #1 AEaw
8 | I feufq | au & fesm 7 2 2

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

x = 5e Vet gip | g]t metres.
2

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 ? i,
URC-U-PHY 2
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Q2. (a) waﬁ%%s{gmm@%%@mmmmﬁnaaaﬁ?
(i) 3T SMUR % AR 3 3 | B T gU 318 o IRG: I1ed AT |

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. 20

(b) TUH 5 m &1 3 8 cm S H AF 300 IIEHAU id WA shl @ T 8 kW
yitr HETRE o @1 8 | Ife F9e & uerd I ggal o 8 x 1011 dynes/em?
} 2, @ IR & 2 T & = i faema s ToET i |

A shaft of diameter 8 em and length 5 m is transmitting power of 8 kW

at 300 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. 15

(¢) o (Emd) §Fed @ o9 o9 WHId & ? AT wEeIs % €NE 60° %
FHE oo d 0-8 ¢ % A § i Th S & Uiawra q@d (reTs) A
&Y TUMAT hifY |

What do you understand by length contraction ? Calculate the

percentage length contraction of a rod moving with a velocity 0-8 ¢ 1n a

direction inclined at 60° with respect to its own length. 15

Q3. (a) SRt i Srdl ht ==l shifsw | I & fg-fese s 1 au it wa TR
#t e Eha S % oy s gaag hifse | fafim yree (Jutes)
@ 3gh Ffrar 61 == T
s TF e @ e &t 5100 A dUTeEd 1 B0 TS Uk g W
Tafd g & | a2 10 BhST o1 Fe 3T 200 cm i g8 U R T 9 W
2 em 2, dl feere e (eraue) s g |

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. 20

URC-U-PHY 2
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(b) N @ T 7 ? WA A oo dfw | Rere 5 99w % w8
BIhE &3 (foci) B & | TH w12 311 IaaT oig & ot o9 5y |
T 60 cm BIFH gll o ITA 9 HI 9@ HM A qefl Th T e F T2
HY A T o Tedeq h T 6000 A TR F YTy % e Hfdw |

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 c¢m for light of wavelength 6000 A. 15

(c) JEUA IcaoH Il =A1Ed & U amE=rET & sumonal ) g9y § =gt
IR | STETET 3 A 3 B Turiel % foru siors sgeqe v ot femmen
feh ¥Iq: U9 IEMUG IcasiHl & Torieh] 1 1qara fafentor 1 angfy & =9 %
AU Bl 8 | X-fontont Sefi 3= srmafvat 6 39 8 e fpar wrea s a0
HicT & ?

T UHT IO B Gehdl 8 S8l @d: U9 Iea Icas 1 @ GHE B 2 s9ehl
e A = 5000 A % foTu g9y |

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 ? [llustrate with wavelength A = 5000 A. 15

Q4. (2) TS Hol F U muferhiy sa/es i T T=HE F AT F 91 Tedd
2 H W@d §U IR | 37 T mafirh %u % fae gan (p) te 9 (B)

aaaﬁam%@ﬂaﬁwﬁawl
P

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: oL = Vi 20

dp

URC~U-PHY 4
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(b) wnﬁ(w)%W%Wde@maﬂimﬁmsﬁﬁnlw
%%ﬁ%@ﬁﬁm%w@ﬁw@w#%mﬁﬁm
$1 ==t FINY Im%ﬁqﬁﬁﬁm?ﬂﬁ@qd& A9 (thin lens) & g3
& Icu Hig |

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

(© Foaee feed § Rowadd @i afeed @ wmgmsy | fg-otved feees ol
e agre A . fagd g fagia w1 e wd g fG-erved

STEAT shilT. |
w Ul footuadt wie & dieri i oA Hifde S R wurer ta S5

Jqamn ‘%aﬁﬁzwwid{dﬂﬂwﬁ%l

ﬁ{EITTI'-EIT%:

L =5890 A, pg =153, pe=1-54

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 i— between extraordinary and ordinary waves. 15

Given :

A =5890 A, jy=153. pe =154

URL-U-PHY 5
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WIS B
SECTION B

Q5. (a) ﬁm%%ﬁﬁqamlw% T S HlhT ST Waﬁﬁfﬁﬂ% S A

h

% JT_ * gwﬂ%‘ﬁl’d

A vertically oriented electric dipole having dipole moment E} 1s kept at

height h above an infinitely large horizontal conducting plate, which is
grounlded. as shown in the diagram. Calculate the force between the
electric dipole and the conducting plate by using method of images. 10

-+q |

Td

v

— e - s e, e T, . s s e [ o

h

Grounded ' =
i_ Conducting plate

(b) 1T M fagq-& E = E, eiot % fou fewny i smem v femas % o
el § Bl & qut faxems uma fagq-8 & war @~ teaw o ot 2 | T
ﬁﬁ@@q%ﬁ%%@@gﬂweﬁﬁwmaﬁgﬂﬂﬁw
AgRrEr ot fo6 geprefia safcrll @ 9 € (f < 1015 Hz), W 199 gt § |

For the electric field given by E = Eg et show that the conduction

current 1s in phase with the electric field, while the displacement

current leads the electric field by g 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 < 1017 Hz). 10
URC-U-PHY 5
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*ﬁv T4 A7

() To= # g9i| U 7 &R MR o & foru ffdew ameit H YR AR warse
foh 319 -8 9gd FT ST TABIHC hl I Y T F BT R .4 2

[

transformer cores and why ?

I3

%

A
Ve

?Hnﬁ 1ron

> H

Based on the hysteresis loops for soft iron and steel as shown in the

diagram, which material would you prefer to utilise for making

> H
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d) U T sa:ea are feem % fou Ssmfadt & gem fem & 3ga@
$FIT | fOR 31™aT W 10 g 791 &1 AUsH 2°C =T AT 8 | 38shl 3T 1h

st § iz < TR AT |

IECIRIC I Cy =0'172 cal g_1 o1

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, = 0172 cal g1 °C-1 10

() (i) Tk yAG & FCH adl (GHIHH) Gretsh o Holl & 38 TR <T 7Y
B :

Eﬂ=(n+;] hy, F8In=0,1, 2, ...

SHHT IIdUT Fodd IiehicTd hilau |

The energy level of a quantum harmonic oscillator with frequency v
1S given by

BE. = [n + ;) hv, wheren=0, 1, 2, ...

Calculate its partition function.

(i) w gt A =1 gfad waa ulissiera shifg |

Calculate the partition function of a two level system. 10

Q6. (a) TORAYT &F o ToTU SIS (3TTH) 3T FHel & 9 ARIY | 379 &l
I ATATE GHIROT sl ITed hifag |
st ry 3R 1y (1] < o) HI G Tohegl AT TAT I Tl THAI:
Vq 3RV, fawg w mafya foeam Smar 8 | 39 @1 i & i ofata |
fagq fawe ok em@: fog@-am <1 o Fifve | ar=afes & W emaw i
a1 &t ot ST shifs |

Write expressions for divergence and curl of an electrostatic field. From
these, obtain Poisson and Laplace equations.
Two concentric conducting spherical shells having radi ry and

ro (ry < r9) are charged to potentials Vi and Vs, respectively. What are

the electric potential and hence electric field in the space between the
shells 7 Also find the charge on the inner shell. 15

URC-U-PHY %
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(b) T 37ew LC aiuy § fagdq ud rahia &30 o gl sl JUN hilaY |
Tk UGy H UYTh dlces Bl (4 + 3i) diee @ 3 RO uwr e (3 + 40)
ferr 8 1 B o = gifeg hifsm | aftwy i gfdeman sta shitsig o
Farsu % a7 Wit sruan gt & <=1 °§ @ fFw wefd o1 @ | afgy 7 wifw
g Wi {1 T |

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. 15

) Tiafa & fou sy 5 frp-grash (EM) @01 & Shfd 9 gl 2 |
frafa 7q fewsu for foret oo S St fob sTr@a V 1 wan 8, 9 gieR 9 arel

ol T graehia ifyame (veew), 38 A™TH V @ 8H 9l g g
Sl & B ¢ & JUSL Bl 3 |
TF 2 mm STH 6! AR 99 hHl 3NFd TE 20 GW 2 | oK 99 | fogq 3

rerehia st & @t wEi bl o i |

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 KM

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. 20

Q7. (a) T qUwmE W s % o wgren fagess wha & fagra & ==
Fitw | sg fAgesT g 39w US TEehi Uqd W dIOAE H
firree < orT S e It @9 3 K on 3t 99 grechi & W
10,000 3TEe 4 &= offe o = & @ I g | fean ™ 8
e grahE &9 W sw gifiar = 02 J g1 K1 iR gl ferars wid
Al 9fd T3 = 0042 erg K 1 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 imtial 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 cm? = 0-042 erg K1g10e2 15

URC~-U-PHY 9
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(b)  UH GF B & foru Br-forita Jemad-aiogdu = g2 U IREY U §U UH HUl
! S-AEAAA (rms) (T HT b T HIFTT | AGESH (No) 319 HT Had
dmq (27°C) W T-HILI-HSA T b1 AT hifay |

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 (Ny) molecule at room
temperature (27°C). 20

(c)  FATRRIH-FAYT T 1 W HIT | 36 TRl F1 IFFM F 7T
femmsT foh g9 SR ooy wrawenadt 1 wrawen @M @ p-T w6y, p = p, e /AT
%+ ®Y H forgl 1 wehar & | A8 98 A1 v @ 6 e e L areme Wi
Hﬁaﬂ?ﬁ%,mﬁmﬁﬂﬁ%aﬁiquq=V>>VﬁaﬁTp-+pou1qﬁa

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~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 Vi, = V >> Viiquig and that p — p, as
T > oo, 15

Q8. (a) TOEMA (Classical) Hifehl Hi tfearfas fawverar & 98 v HfmR & gm
Seatetd foegd gt faferren =01 aftfa 7 o0 o 8 | v siredt i ¥

T B Aisel WA WAl 1 fR ueh wamr et B, e e g LR ek

FEH Tk 96 W T geH fog 8 )

1) T=Ewa St gqfayrsT i HHd §U HEd Fal Ifd 318 e o wfy

sz A o) & foiu st syeqe Shifw | 9 gftomy frg a@ @
aTEdtersh Y&t o fa=ford 8t w1 8 2 39 999 )+ %583 8 2

(ii) HEN (FET=en) foemR 1 2 § T@d gU 3Tt 3ehad 1 G shifee
ey 1 3taa Sfda et 391 faaw « fov =59 v fpan 51 9% |

fo5 9 $o1 seaiiid Tits 61 qome W v wma Hifvm
URC-U-PHY 10
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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 cquipartition of energy, derive an
expression for the average energy per unit volume and umt

frequency range. In what way does this result deviate from actual
observation ? What is this law called ?

A
r

. ‘ S ;
v %

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

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

b) Tratg § fowae Tt 3T9%d Ud HRhd gFl &9 § [IRge | 9t
gffertont &1 UTed it e fewmst & fagd-gmesha @ Hald 3 U <hi
gy @ vfaae B gt 8 | 97 DEde GHIRN o GHThA & © a0 GHIRN
! UTed fomam ST Gepar 8 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

(¢) UF 10 Q FI Jayeh, Tk 1-0 uF & Tuiis 3R e fOe[-ams a9 12-0 VI
O ol A omg 2 | 99 t = 0 T foaw o< & ¥ 98¢ 99
RS 7 |

e TeTigd shT 3Tehedd shITWIT

(1) g HIaes |

(i) THT t = 46 YHUE T wiel G 37 A9 a1 TehaHT 911 8 2
(iil) T t = 46 YHUE U IRIETF a1 1 foha=n ¥TT 99 war § ?

e Shifie B ¥ef %1 oA afaly I B 9t ¥t 98 g 9 1 Siddy
A0 g |

URC-U-PHY by
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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 :
(1) The time constant.

(11) What fraction of the final charge is on the plates at the time
t = 46 seconds ?

(111) What fraction of the initial current remains at the time

t = 46 seconds ?

Consider that the internal resistance of the battery is zero and neglect

the resistance of all the connecting wires.

URC-U-PHY 12
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