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PHKM-U-PHY

PHYSICS (PAPER-])

Time Allowed : Three Hours Maximum Marks : 250

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.

Question Nos. 1 and 5 are compulsory and out of the remaining, THREE are to be attempted
choosing at least ONE question from each Section. j

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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Physical Constants :
Velocity of light

Boltzmann constant
Planck constant
Permittivity of free space
Permeability of free space
Charge of the electron
Rest mass of the electron
Universal gas constant

Universal gravitational constant
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3x108 m/s

1.38x10723 J/K
6-627x1073% J s
8-854x10712 F/m
4nx1077 H/m
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8-314 Jmol ! K!

6-67 %1071 Nm? /kg?
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@Us—A / SECTION—A

1. (a) 3N AV, 3R F=TH m kg & T U W T Hedh o T 1A 8, S 36h qTeaiiors S
% THIUT B) THE & o & €9 H F0 F A v Iuh fRufa F fow =iemw ww Hifvd)

A particle of mass m kg having an initial velocity V;, is subjected to a retarding
force proportional to its instantaneous velocity. Obtain the expression for the
velocity and position of the particle as a function of time. 10

(b) T 6 n Foi F  Fem i vfew o= B

1 2 1< 2
i=1

¥ = fFn s wwa R, e M FA 5EH R, V,, THH F5 H I R, V) TEAH FR &
gfta: FON #1 am ® 3R m,, ith F0 F F=HE R

Show that the kinetic energy of a system of n particles is given by

1 2 1 ’
=§Mch +52miv,.2
=1

where M is the total mass, V, is the velocity of the centre of mass, V; is the
velocity of the particles about the centre of mass and m; is the mass of the
ith particle. 10

(c) T z=mm 273m, 1 & mARE n-wai frmEen § w A § R frm s=mm
207m, & Th p-HEA § @R[ S 71 p-dai h afes Fei ik e it St 3@ fifvd
(m, A H1 foam somm ?)

A charged n-meson with rest mass of 273 m, at rest decays into a neutrino and

a p-meson of rest mass 207 m,. Find the kinetic energy of the p-meson and
the energy of the neutrino. (m, is the rest mass of the electron) 10

(d) & f3-fRme wam # ohi W Ifia e sfem wdis@ 2x1072 W/ m2 R aR ehR & @&
ﬁgmqgeﬁgéaﬁwmwﬁaaaﬁaqw%%,amwmﬁmmmmz,
@ 3@ fag W Fiwa g FRRA

The intensity at the central maximum observed on a screen in a double-slit
experiment is 2x107° W / m?2. If the path difference between interfering waves
reaching a point on the screen is %, where A is the wavelength of the light used

in the experiment, determine the intensity at that point. 10
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(e) T FaEll & 3ifiigeas o™ %1 AW 10 cm B Fuifa fifR 5 =0 a8 Teefl 24 FF02 9Im
(3h) F TF B gYHA I D AR H AN W owHa | (AR F gE w1 qeH
550 nm A i)

A telescope has an objective lens of diameter 10 cm. Determine whether this
telescope can resolve two stars having an angular separation of 2-4 seconds of
arc. (Assume the wavelength of starlight as 550 nm) 10

2. (@) (i) TEE G F Fer ® FEmE H qan § = AR

Briefly discuss the Kepler’s laws of planetary motion. S

(ii) <uizd T geedt ) wag W 9e@= 9V, = \2gR ?, &l g =9-8 m/s? 3R Ry=h A

B R
Show that the escape velocity V, on the surface of the Earth is given by
V, =,2gR, where g=9-8 m/s? and R is the radius of the Earth. 5

(iii) FHH FAHH o 3 I9E A 3R By % IR 3R HH: IS R 3R SRR I R @ §,
&l R yeeht ) freen B 1 37t wamadt 1 geitg e 3R Tfee Setedl ofR fufow setedi &
ATl T Hif

Two satellites A and B of same mass are orbiting the Earth at altitudes
R and SR, respectively, where R is the radius of the Earth. Assuming their
orbits to be circular, calculate the ratios of their kinetic and potential
energies. 5

(b) <A % fdwi 93 OXYZ ¥ yefag O A AR o 1@ F Uia: TH A&k Fofid a1 o
¥ P FQ W@ FEEA my, i=1,2,3, -, n @ o0 W F T T g U H i
L =1 o B g, & IIea giew R

Show that the angular momentum of a rigid body consisting of n particles of
masses m;, i =1, 2, 3, -+, n, rotating with an instantaneous angular velocity ®
about an axis passing through the origin O of the coordinate system OXYZ is
given by L =I-m, where I is known as the inertia tensor. 20

(c) Tom-somm frvE & T 31eq Hewfed sradi e & Fr=fafaa y=a oF § -
$EE m = 0-25 kg, T &% k=100 Nm™},
mﬂ‘ﬂi‘%y=lem'l
W fPa W & Edf @ F =Scoswt () g% fH1 I ) (1) IR W A B
M 3R (i) ATH F Q-UF Fia HfA|
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A weakly damped harmonic oscillator consisting of spring-mass system has the
following parameters :

Mass m = 0-25 kg, Spring constant k =100 N m™},

Damping coefficient y =1 N sm™!

A periodic force F = 5coswt (newton) is applied to the system. Determine (i) the
amplitude of the oscillator at resonance and (i) the Q-value of the oscillator. 15

3. (@ () R-omads oieen i =men i) s i wones e F da §7 3T e
el

Explain the phenomenon of double refraction. What are positive and
negative crystals? Give their examples. 5

(i) Y1 oTehal A 31T FT HHAA €7 T e w9 A gferd webr1 0-2 cm AT 3 T HI e
¥ i (TRw) 31 ¥ srfen wafa ¥ 1 3R afm (Tse) 99 yfa steam () 3w gfea
-GSt ¥ fore sradiR & 3R 7 %1075 ¥ 3R w1 RS 0-5 pm B, A g F
o it T AR

What do you understand by optical activity? A linearly polarized light is
propagating along the optic axis of a quartz crystal of thickness 02 cm. If
the difference in the refractive indices corresponding to right circularly
polarized and left circularly polarized beams is 7 x107° and the
wavelength of the light is 0-5 um, calculate the angle of polarization. 10

(b) () RHe FrEa H afvE A 39 R0 G £ &R F Y PR A R I 77

What do you understand by attenuation in optical fibers? What are the
factors responsible for the attenuation? S

(i) &F 0-5 dB/km F 50 km w=ft T Higar foreh & Rt ToRelt 10 mW 6 T& TR g
F ARA | faF ¥ o § S R wife (Trer) Y o FifE

Consider a 10 mW laser beam passing through a 50 km fiber link of
attenuation 0-5 dB/km. Calculate the power of the laser at the end of
the link. 10

© (i) T % yard fam w1 3ga Fid i 3uh =rEn FIRA | TF aR W 9gd Jfdea | 386
e % forg wRtere-fpf Yarfm 6 frdvwanedt i wam & =i Ak

State and explain the Hooke’s law of elasticity. Briefly discuss the features
of stress-strain diagram for the behaviour of a wire undergoing
increasing stress. 10
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(i) T B Tt | TR oA 59 FaR R F R @ g 6 sren SRR TR
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&, STl P = % sm-ur 7@ & 3l n 59 5 v e 3

Explain the Poiseuille’s equation for the rate of flow of a liquid through a
capillary tube. From this, show that if two capillary tubes of radii nandr,
having lengths [} and 1,, respectively, are connected in series, the rate of
flow of the liquid is given by

-1
nP| I l
R
811 n )
where P is the pressure across the arrangement and 1 is the coefficient of
viscosity of the liquid. 10

4. (@) (i) IV Wi F A va FE % HAH % fore Febra e (R iew) Rifed | R wdiom
1 Fiwd g IR T anae $ Ry ww SR

Write down the system matrix for a combination of two thin lenses in
paraxial approximation. Hence obtain the focal length of the combination
and the positions of unit planes. 10

(i) 25 cm G0 A 9U% AR F: WFE A £, =+ 10 cm 3 £, = + 20 cm F 2 T7R I
<t % FE AR | T R gl ok i waet 6 Rt Rt SR

Consider a thin lens combination of two convex lenses of focal lengths
fi=+10cem and f, =+20cm, respectively, separated by 25 cm.
Determine the focal length of the combination and the positions of unit
planes. 10

(b) TF A T F A K F AW 2-4 mm ¥ AR 600 nm TEH F yEw F 0w forg A
B SH W A 50m H @ W @ o g, @ wem wRifem H @R H oo SRe
The diameter of central zone of a zone plate is 24 mm. If a point source of light

of wavelength 600 nm is placed at a distance of 50 m from the zone plate,
calculate the position of the first image. 10

(€ () o vigea fdw ¥t 0, 0’ 3 07 ;) <A 0 F wRm 0’ I VA 3k O’ F Wy
oMV AMER I A MEARM A x, v, 2/, ' F W9 x, y, 2, t 3
x”, y”, 2", t" W x’, y’, 2/, t’ QA GEiNa S afE S ke | v 3eF e
X, Y, 2, t AR x”, y”, 2", t” % &= vl ) 3w HRR | (vergEr 31 H R x-a18
Irgfew <t st B)
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Consider three inertial frames of reference O, O’ and O”. Let O’ move with
a velocity V with respect to O and O” move with a velocity V' with respect to
O’. Both velocities are in the same direction. Write down the transfor-
mation equations relating x, y, z, t with x’, y’, 2’, t" and also those
relating x’, y’, 2’, t’ with x”, y”, z”, t”. Hence obtain the relations
between x, y, 2, t and x”, y”, 2", t”. (The direction of velocity is chosen
along the x-axis as per convention) 15

(i) RS 361 AR F G Arw- (Feadt) 15000 km/s i 1fd A gt A w@ )3l
Noraet g1 IeafSia Wehrel <t STfirenones ares § ¥ T 550 nm R, @ 9ol | @it 51
9T TR GG aTeed w7

A galaxy in the constellation Ursa Major is receding from the Earth at
15000 km/s. If one of the characteristic wavelengths of light emitted by
the galaxy is 550 nm, what is the corresponding wavelength measured
by astronomers on the Earth? S

@us—B / SECTION—B

5. (@) e AEEE WM # £ =2 cm W T 96E WV = -25 V 3K r =35 cm W @ ¥

W V=150V 2| I & 9 g, =3-12 F T WG ¢! T W Y8 H&W Tl
@ FRA

In spherical coordinates, V =-25V on a conductor at r =2cm and V=150V
on another conductor at r =35 cm. The space between the conductors is a
dielectric for which €, =3-12. Find the surface charge densities on the
conductors. 10

(b) ¥ L% TH IMEHR 97 4 & 5 W gaha &3 6t figan (H) 3 Hikr

Find the magnetic field strength (H) at the centre of a square current loop of
side L. 10

(c) 9= H Hae ¥ IF IW Y F qgHea ¥ wmra: femm shwa faegq &9 1 afmmn wmm
150 N/C %, it geait & &% 91 3R fwa: fefma 1 geaht g0 1 $at 32 98 smaw =
27 et i wF wEs WA AR (et B Bsan 6-37x10% m )

The magnitude of the average electric field normally present in the Earth’s
atmosphere just above the surface of the Earth is about 150 N/C, directed
radially inward, toward the centre of the Earth. What is the total net surface
charge carried by the Earth? Assume the Earth to be a conductor. (The radius
of the Earth is 6-37 x10° m) | 10
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(d) Tag FA % = Witrwcy @™ TR F W & =y W g7 frn w™n s

(e)

(@)

(b)

Y- y-1 P.

1

L (Pf)(y;lj

3, el y faftre Femait #1 sum ?)

Prove that the work done by a perfect gas during a quasi-static adiabatic
expansion is given by

)
w=BYily (Z)r
y-1 P.

1

where y is the ratio of specific heats.

ofsam ¥ foe wff S (seragia-diee &) it T HIvA, 7 AeR 6 o wfd g o g
A B Gifeaw %1 w9 = 097 gm/cc ® 3R Wifeam w1 vy WR 23 R)
Calculate the Fermi energy in electron-volt for sodium assuming that it has one

free electron per atom. The density of sodium = 097 gm/cc and the atomic
weight of sodium is 23.

ogae Wl W WM A §Y WE wHew R deE e g hiRd )
—g<-zz—<—€ﬁﬁem%mmp 10~ cos( )(C/ms)%ammwﬁmmma
0 Zp

T R @ g ¥ fagq fava v ok fgq & E 3@ fivA)

Using Maxwell’s equations, obtain Poisson’s equation and Laplace’s equation.
The region T 2% has a charge density p= 1078 cos (C/m ).

2 2, 2 Zo
Elsewhere the charge density is zero. Find the electric potential V and electric
field E from the Poisson’s equation.

(i) rEa fadqor @1 {7 fadqun 6 often A e THR @a YEw F 39S quE T § Sl
Bran 7
What is anomalous dispersion? How does the phenomenon of dispersion
lead to the separation of white light into its constituent colours?

(i) ST a IR T M = Moz % T &9 A Frafra T et 91 <A, R w1t 3k
frata &= R sifew g fava &1 =9, r < a & fag ym HiA)

Consider a uniformly magnetized sphere of radius a and magnetization
)

M = M,z surrounded by a vacuum region. Obtain an expression for scalar
magnetic potential for r <a.
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(c) R Sl U, deHeleds %o F, Tdedt H, fiest fava G+ whonfia Hifvd ik fw dewaw
* IR SR TRl Sl U iR |

Define internal energy U, Helmholtz’s function F, enthalpy H, Gibbs’ poten-
tial G and hence obtain the four Maxwell’s thermodynamic relations. 20

7. (o) TwufifEa (Fnfe) sifos foam g0 e e faug (segamee Fegidl) i < &
frm fFa weR goremar ®7 @R T =1800 K W 39 0-60x10'*s™! & w& Jas it
3fr|a S & i T IR, T8 A R 98 T (i) T S © R (1) T H ae 2

How does Planck’s law resolve the ultraviolet catastrophe predicted by classical
physics? Calculate the average energy € of an oscillator of frequency
0-60x10 s7! at T =1800 K, treating it as (i) classical oscillator and (i) Planck’s

oscillator. 15

(b) (i) T TSt R gEH yaEnSit ¥ AW F1 wHHA &7 WHY F wHgned |

What do you understand by macrostates and microstates? Briefly explain. 5

(i) T -0 TR AT 550 nm H T F TR ThI 1 ScdsiA Hal 8 | I FR F T H
e, = =R 6 e ¥ 25% it @, @ 5 F1 Afirensfors woners arased fHuiia
EAEe]

A three-level laser system emits laser light at a wavelength of 550 nm. If
the population of the upper level exceeds that of the lower level by 25%,
determine the negative temperature characterizing the system. 10

(¢ T 3 & =i ® fufa = i Hifd) s m ik sy r 1 ar PO, T 1 @
yugd ol &fce s el w frae s ®)1 wefEl & wfg e @) o e
F=EE &1 B AR &3 § femm § ol w ufely R gradfig 8 ¥ e wefEl it shea
%1 t=09W W, TR PQ & 7 V, & WY qIfehi 3R whenn Smen B1 () 59 R PQ < T
VR, 3\ &au g A uw 3R () S gu aR F e g A

x Px X

X X
x | x X X X

R
X | x X X X
X HX X X
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Consider a situation shown in the figure below. The wire PQ has mass m,
resistance r and can slide on the smooth, horizontal parallel rails separated by
a distance I The resistance of rails is negligible. A uniform magnetic field B
exists in the rectangular region and a resistance R connects the rails outside
the field region. At t =0, the wire PQ is pushed towards right with a speed V.
Find (i) the current in the loop at an instant when the speed of the wire PQ is V
and (i) the acceleration of the wire at this instant :

X PX X X X
X X X X X
R
X X X X X
X X X X X

8. (a) (i) IcHHONHHI =k % T T- s Yafem 6 same A ok fiR Ml 3o 1 e o forg =asie
T HifvR |

Explain the T-s diagram for the reversible Carnot cycle and hence obtain
the expression for the efficiency of the Carnot engine. 10

20

(ii) = s o 3 i fafe Sy C, = AT 3R s i 9T R, el A T e

2 3R 7Y a9 }1 m gm % 319 &1 q9HA 300 K & 500 K T dgH & Aawae F1 H
o s

The specific heat of a solid at low temperatures is given by the relation
Cy = AT3, where A is a constant and T is the absolute temperature. How

much heat will be required to raise the temperature of m gm of the solid
from 300 K to 500 K? >

(b) AN T o 91 W uAe K % A e Al & e o okl | & E, B, D 3R H %
e =ames i wftsrat i w hifE )

Obtain the general boundary conditions for fields E, B, D and H at a boundary
between two different media carrying charge density o or a current density K. 15

(c) T THENF A€ O E = E, 4, T HANER MM €, =4, p, =1, 6 =0) ¥ z-Rem §
o B 9F iR % E,, sm@f 100 MHz % @19 S9m@shig @ 3R ¢ = 0 au z=% (m) |

3G I=AH AE 1074 (V /m) R)

(i) Toet oft ¢ 3 z % forg areafirss E ¥g <o foRad |

(ii) <reales H % fag =wm fafad)

(i) s@t=1078 (9%, 3 safeufert ® Ruffa AR, s=&f £, oo it 21
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A uniform plane wave with E=E 0, propagates in a lossless medium g, =4,
K, =1, 0 =0) in the z-direction. Assume that E, is sinusoidal with a frequency

100 MHz and has a maximum value of 10™* (V/m) at t=0 and z=—;— (m).

(i) Write the expression for instantaneous E for any t and z.
(i) Write the expression for instantaneous H.

(iii) Determine the locations where E, is a positive maximum, when t =107 (g).
20

* % K
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