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PHKM-U-PHY

PHYSICS (PAPER-I)

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 § are compulsory and out of the remaining, 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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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

PHKM-U-PHY/12

3x10% m/s
1.38x1072 J/K
6-627x103% J s
8-854x10712 F/m
4n x1077 H/m
1.6x1071° ¢
9.1x1073! kg

8-314 Jmol 1 K!

6-67x107!! Nm?/kg?
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W@Us—A / SECTION—A

1. (a) 3RS AV, 3R FF0H m kg F Th U R TH Heh o1 FTT a1 8, S 3G qTeaiiores 3
0
F AU B GG % Te % ®9 A w0 & Jn IR Iuh ffy F fore e ym Akl
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) =g & nwo F & frem H fow s A
=Lav2 v 1§ pmy2
T—2MV‘,,,,+22‘;m,Vl

¥ = R < wea R, & M FA TEE R, V,,, TN F% F A R, V) THAE &
uftE: FON H AT § AR m;, ith FO H FEAA B

Show that the kinetic energy of a system of n particles is given by
1 2 1 ;2
i=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) Trm z=wm 273m, #1 & JAERE n-¥6H e § @ JRA § R fam s=wm
207m, % & pu-9EH ¥ GRa g j1 pu-dEiA A e S v A f =i I ARl
(m, so9RA %1 fm soamm )

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

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

(d) = fa-fere vam & whn W e S s m @ 2x10° W/ m2 1 aR s &
ﬁgmqﬁﬁmmﬂbﬁ%mm%%ﬂﬁmﬁmﬁmmmmﬁ%
@ 39 fag W g 7@ A

The intensity at the central maximum observed on a screen in a double-slit
experiment is 2x10™° W / m?. 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)

(@)

(b)

(c)

TF Tl & ANGYIS " F AW 10 cm ?| Fuifa fiR 5 =0 a7 e 2:4 902 90
(3) ¥ TH B guEHT Tt QA AR H faded W owwar R (AR F yEm w e
550 nm #F 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)

(i) TEA Tfa % Fer % Frami hi daw § == Hifs)

Briefly discuss the Kepler’s laws of planetary motion.

(i) <uizd T geet i Gag W 9@ IV, = 2gR ¥, &l g =9-8 m/s? 3R Ryt A
P &1

Show that the escape velocity V, on the surface of the Earth is given by
V, =,2gR, where g=9-8 m/s2 and R is the radius of the Earth.

(iii) T SSHHM % &) IUE A 3R By F =Rl 3R HAN: IHA1S R ¥R SRR I R R E,
&l R gzt it freen # 1 37 wemadt ) et we IR Tifos et iR fRufow Stfeti %
TgaTat i Mo A

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

Tuigd o Fdwis 01 OXvyZ % gafeg O ¥ TR ToRa 314 & IRa: TH aAwames Hofd 31 o
¥ P+ W@ T my, i=1,2,3, -, n A n F A T T g G H Hof
Ham L =10 Bl §, & [ g Ry 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.

- e % & 9 el Tadl dlas % efeiad yeE 7 §
WA m = 0-25 kg, f&m f@Xi% k=100 Nm™?,
&aﬁﬁmy=lem'l
W fem W & Edl 96 F = Scosot (F2A) Tgw fFa1 S R (i) FFAR W AH B
™ AR (i) AdH F Q-AF T HiA |

PHKM-U-PHY/12 4

10

20



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. (@ (i) R-svads vfeen ) =men | s i Fores e #7187 3%
A

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

(ii) ST ot A 3T R wwEr &7 U Yk w9 & gfard yehTe 0-2 om e % T wigS e
¥y (TfRs) a1g ¥ i wafa 1 Ak <R (tge) 99 gfia stk am (dwe) 99 i
-Gt ¥ o srvardiE § 3R 7 x 1075 % ¥R v 1 AR 0-5 pm R, A g F
o1 Y o AR

What do you understand by optical activity? A linearly polarized light is
propagating along the optic axis of a quartz crystal of thickness 0-2cm. If
the difference in the refractive indices corresponding to right circularly
polarized and left circularly polarized beams is 7 x10"° and the
wavelength of the light is 0-5 um, calculate the angle of polarization. 10

(b) (i) FRwA FEER F &R A o w1 wE §7 &vE F Y PR A FRew I 87

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

(i) U 0-5 dB/km # 50 km Tl T BT 7 A AR oA 10 mW Hi T o I
F iR | fas ¥ o 3 I h wRe (Tr) i e FiRA)

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

© ) g%mmmmwmmmw%mmmmam
s ¥ for wftea -l atm 6 et £ @de § == Hfd)

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 i Felt ¥ AR TR T % YaTE ) T ¥ R o i e SRR 36
T o6 Aot & wrarg s Bemsit ry ol r, aon @ 4 ok 1, 2 R AR F 5

1 2
Q=_ _—
BII(I’{‘ r24]

&, sl P famma & sR-R 7@ & 3l n 74 w1 @ 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 n and r,
having lengths [, and I,, respectively, are connected in series, the rate of
flow of the liquid is given by

-1
nP ll 12
Q=_ —_—
sn['14 ’;J

where P is the pressure across the arrangement and n is the coefficient of
viscosity of the liquid.

4. (a) (i) 3N GlEH A Ta TEI F TEH H fore P s (Rreen M) forRad | R ddiem
1 Fiww gl 3R T qaer H Ry ww Hikd

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.

(i) 25 cm 3H A JoF 3R FH: WFA AL £, = + 10 cm 3 £, = + 20 cm ¥ A T I
T F T Fi AR | T R P g0 ik T aaaat Rt futia SR

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

(b) @W\ﬂz%msﬁw?ﬂm2-4mm%mﬁ600nmai1ﬁuf%m%®ﬁga’m
H I <V 50 m A g W @ a2, @ v whifva 6 R e iR
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.

() () o Seefia fdw 3 0, 0’ 3k O0” F A 0 F ww 0’ A VA 3k O’ F WA
O” A V' | 7fewm ¥ A1 am v & R & §) x,y,Z,t'F WY x, y, z, t 3R
x”,y", 2/, t"F WA x’, y’, z’, t’ QA GrafUa i g B ke | R 35 e
X, Y, z, t A x”, y”, z”, t” ¥ = g 5 W HRR | (worgar 3 ) e x4 F
sgfew < st B)
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5. (a)

(b)

(c)

Consider three inertial frames of reference O, O’ and O”. Let O’ move with
a velocity Vwith 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, 2z, t and x”, y”, z”, t”. (The direction of velocity is chosen
along the x-axis as per convention)

(i) ARTTEE 361 AR & wH ww- (Fevaedt) 15000 km/s Y fe @ gt A @S W@ R IR
ot ST Ieafsia FehTn <t STfirengfoe atneet # ¥ T 550 nm R, @ g W @ies! g7
YT TR ETA e T 7

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?

@us—B / SECTION—B

Tﬁ?ﬁaﬁ?mmi‘rr=2cmm@mmV=—25vmtf=35cmmagim
WV =150V B 9rei®l & @9 ¢, =312 F TH WaAYd ¢8| Flerhl W Y8 &Y Tl i
a Hi’ |

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

Yo L F TF TR U7 T & &3 | b &3 N figan (H) 3a hifvd)

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

gl Hae A diw FWN Yol & AgHed ¥ wwIa: fremm shwa g & 1 ofmmr @mm
150 N/C %, St y=it & = #i 3R Broa: Fifma @) gedt g0 s 3 32 98 emdw =«
?7? gedt =1 ww wes AW i) (et B B 6-37 x10° 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)

15

10

10

10
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(d) T FifvA % = Wfvrres T TR & A & ARy W g e mn w1

(7)
w=hYil,_ Py
y-1 B

2, vt y fafe Semedl #1 sgua R

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

y-1 P,

1

BV, 1_(1)(*"3

where y is the ratio of specific heats. 10

(e) ufeam ¥ fo wff Sl (sAeA-aIee F) A T HIRA, 77 TR % 3899 vfa w1 & gw
A B Aftam #1 o = 097 gm/cc ® iR Aifemm 1 wEW) 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. 10

6. (@) HeEW wiFU F WM T W @E @HEw AR A wlEe Tw AR
—g<i<ﬁﬁiﬁmqﬂﬁp=10'8cos( )(C/ms)%wmmmmm

=

Zg 2 2y
T R @ s @ fagq fawa v ok fagq & E 3@ Al
Using Maxwell’s equations, obtain Poisson’s equation and Laplace’s equation.
The region T 2T has a charge density p= 1078 cos| = (C/ms).

2 2y 2 2y

Elsewhere the charge density is zero. Find the electric potential V and electric
field E from the Poisson’s equation. 15

(b) () e faggor w27 fadee $i ofeen A fFa TR =@ TH H I6H qUeH TN A GAER
Bran 87

What is anomalous dispersion? How does the phenomenon of dispersion
lead to the separation of white light into its constituent colours? 5

(i) SIS q IR T M = Moz ¥ 0F w9 A Frarka T T F1 o, fresh =il i
frafa &= ?)1 aRw g=hia e &1 =, r < a & fog ym HifA)
Consider a uniformly magnetized sphere of radius a and magnetization

—’
M = M,z surrounded by a vacuum region. Obtain an expression for scalar

magnefic potential for r <a. 10
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(c) ¥R el U, Berelegs e F, Thedt H, fiss fava G =1 whonfia AR ik iR fewaw
% IR SRl rERl H UTH hifSR |

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) Taofifga (Fnfeh) sifos faam g0 woe e faug (stegamace Fergifhl) i < &l
frm form R gasmar ®7 AR T =1800 K W 3@ 0-60x10'* s7! & & Jas
3frga S & A Mo AR, T8 TR TR 98 T (1) Fenfieht Qe @ 3R (i) < H e ¢

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

oscillator. 15

(b) (i) Y@ FEAS AR Ge TS A AW T gHAA 87 Ha9 F wHen |

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

(ii) T H-ET TR T 550 nm F T & AR YT H Icqi HLal & | I I F TR At
e, e T i SEE @ 25% Afts R, @ 7 1 ifsrenefors sonerss aases fAuifa
Hif |

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 fom & <oig € ffa i HifR) somm m iR sy r AR PO, T 1 R
yyga foft &fte s wefEl w fhaa war ) wefEl = gy Fva ) o wweEe
JEY &7 B JEaER &9 § faeme R oit s wfly R g &9 | 9 w2fEl i Sea
B t=0¥9 |, TR PQ F T V, & W qRA 3R when men B1 () 59 aR PQ H 7l
VR, WU U H UR R (6) I GU aR 1 @0 Ja Hi

XPX

X X X
x | x b3 X X
R
X | x X X X
X HX X
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(@)

(b)

(c)

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 PQis 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

(i) SR HE1 =5 o fTe T- s Y i sarean FIRR ok iR w1 399 i agan & fog s
preaisef!

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

(ii) = sl T 3 i ke s g ), = AT R SR Y ST R, SRl A O R

R 3R 79w a9 § 1 m gm % 3 1 qI9HA 300 K ¥ 500 K T 96 § avdeh A1 H
o ISR |

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?

AV T o 91 UR U9 K F 3 e measl % 9 o R w 8Ei E, B, DM H &
o =ames g wfeesdl 1w fifkvd |

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.

TF THOH E 001 E = E, 4, T GaRER MM €, =4, p, =1, 6=0) § z-Rwm §
mélm?ﬁmﬁzx,a@ﬁ100MHz%muwmﬁu%sﬂtt=oamz=% (m) |
3G I=aH qF 1074 (V /m) R

(i) Tt off ¢t 3R z & fore areefirs E g =5 fafed)

(i) <l H % fag =ve fafed )|

(i) @ t=1078 (g%, 3 afRfemt # Puifa A, sl E, s st 21
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A uniform plane wave with 13 =E,a, propagates in a lossless medium (€, =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.
(i) Determine the locations where E , is a positive maximum, when t =108 ().

20

* &k
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