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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 5 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
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3x10% m/s
1.38x10722 J/K
6-627x103* J s
8-854x1072 F/m
4n x1077 H/m
1:6%10°22 ¢
9-1x1073! kg
8-314 Jmol ' K}
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WUs—A / SECTION—A

1. (@) L&=E 3R ms9A 6l T THEAH 88, TF GEd Hae | SEim &9 3 € @l 2 iR iR
iR (ge®) St B| 9 98 9 Hag | TR &, A THH HIUIE AT 0 BT

A uniform rod of length L and mass m stands vertically upright on a rough floor
and then tips over. What is the rod’s angular velocity when it hits the floor? 10

(b) T 7eg U fadwy (FfAiRe) o wle ) ward @ 6 weg it 9 o s o
(T TARaR fedifen améh) A Bisan 10% #° 8 T B 1 38 gl (D) | T F1 9 T9TR
T TR % fore TR # fora wioerd afg i srawesar g7 @8 AW ofifer 6 ok i s
IR g it g srufafda @l Bl

A cardiologist reports to her patient that the radius of the left anterior
descending artery of the heart has narrowed by 10%. What percent increase in
the blood pressure is required to maintain the normal blood flow through this
artery? Assume that the viscosity of the blood and the length of the artery
remain unchanged. 10

(c) 6000 A qUiesd %1 Y 0-40 mm Trer % W@ies (RF) W smfed g 21 & & fere &
2 m A @ w@ ™ R (1) w3 B A e R @) FE e S H R 3.
i

Light of wavelength 6000 A is incident on a slit of width 0-40 mm. The screen is
placed 2 m away from the slit. Find (i) the position of the first dark fringe and
(ii) the width of the central bright fringe. 10

(d) uHda gfad T (A = 6000 A) 1 Fia gfea v § Fead (FUia w) F e Hewme
ufget (wie) H TavEE e g Fe| (Fease F Y py =1-658 A pg =1-486)

Find the required thickness of the calcite plate to convert plane polarized light
(A, =6000 A) into circularly polarized light. (For calcite, uo =1-658 and
pp =1-486) 10

(e) TH FHI AEM A 3R Ffig PR o F AL WA Gd T FAT 81 HV W 97 F GEHI T
e ool 1 HAl B | T BoH S &9 8§ FU % fRemm & fow 2ee gow Fifvg R
M AT AR T IGHEA F FHTG Y == hieig | Y &, 39 TG hl 01 AT T 1w
e 39 YRS W F1 I @ @ 2, qfe FGHeA O b AR FAAH m R

A particle executes simple harmonic motion of amplitude A and angular
frequency w. A damping force proportional to velocity acts on the particle.
Derive the expression for the displacement of the particle as a function of time
and discuss the effect of damping on amplitude and frequency. Also, calculate
the time at which the amplitude reduces to half its initial value, if the damping
coefficient is b and mass is m. 10
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2. (a) O % EUiE wESE D TN A 7 x g0 A gua A F UF W i F o e
1 eqa Hfg | AT A A aRE mand e §)

What is meant by achromatic combination of lenses? Derive the condition for
achromatization of a pair of lenses separated by a distance x. The two lenses
have different dispersive powers. 20

(b) TR faada frgla %1 WM F0 g & FaER gRE (f53) * SR daar fFaw ¥ f
=W FeqA i R wem fife F fre wid ww Hifv) @ ghom w1 s w0, B
TR 73 6 st ama % o =i geow A ofd 3§ 38 =gan Hof gee 6 e
HIY, S D =10 cm FR =419 91 T @& G 500 nm TR % v % fere fdfa
TR 5w R

Using Fraunhofer diffraction theory, derive the expression for the intensity
distribution due to a circular aperture and obtain the condition for the first
minimum. Using this result, derive the expression for the resolving power of an
optical instrument. Finally, calculate the minimum angular separation that
can be resolved by a telescope of aperture diameter D =10 cm for light of
wavelength 500 nm. 15

(c) M FHR A T wHita @ () W fEr A, few R (Re) Br @ m ek S
T TecalHuy & 8 oH @1 21 ¥ A g0 6 fRr ol wm fidwis yonfrdt ¥ q@-fig dord
2, @ %1 HfveA Ruffa A 70 218 3@ Fola dan &, s dfa @ § R o, @
SRl 1 Jra HIR)

Consider a symmetric top of mass M, with its tip held fixed, rotating in a
gravitational field. Assuming that the origins of the fixed and body coordinate
systems coincide, determine the Lagrangian of the top. Are there any angular
momenta which are conserved? If yes, find their expressions. 15

3. (@) THERAFH I HE = hy % &9 1 =1 B 511 2, S&l A wolis RS § R v Brel @
m%nmmw% A &, Tl ¢ v A R ¥ <wiee B AR B v e g
wR (R 5omm m, 2) ¥ whftfa 2 2, @ whift B ) s

-1
E'=E |1+ . 5 (I —cosH)
m,c

wl, et 0 7' F ¥, Rl Wl v g 2wy A, 77 o cuise B e T R
Ex

e E22 1E—cos9
MeC™ |1+ 3 (I —cosb)
mgc

W Tl gl
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The energy of a photon is expressed as E = hv, where h is the Planck’s constant

and v is the frequency of the photon. The momentum of the photon is ﬁv—,
€
where c is the speed of light. Show that if a photon scatters from a free electron

(of mass m,), the scattered photon has energy

~1

E’'=E|1+ - 7 (1 —cos6)
meyc

where 6 is the angle through which the photon scatters. Also, show that the

electron acquires a kinetic energy

E2 1-cos®©

2
meC |1+

T=

5 (1 —cosb)
mycC 20

(b) Termareeen & @@ w wige, T WM R w A & fula @ s ® (e 3faw) -

A

v
o
Gl

B3 F a0 ga HifSg)

A pion at rest decays into a muon and a neutrino (see the figure) :

< Ehn

Y
(Before) \
(After)

Find the velocity of the muon. 15

(c) 6000 A TORE] F AW YHTW Ed F FRH hl ASE 3 mm T Ve 20 mW 2| THMN &
¥ 200 m Hi g R ywm F Figa@ H O Ffw)

The aperture width of a laser light source of wavelength 6000 A is 3 mm and its
power is 20 mW. Calculate the light intensity at a distance of 200 m from the
light source. 15

KVMS-P-PHY/18 5 [ P.T.O.



4. (a) (i) g TE P TN, GHAA-ITA @9 3R HIE ) w12 F 1= A p 9IS 9 T Ea A
W B € | FRse o6 g i gemn & safos wfaww 3§ fora weer afada simar | safoson
T ¥ YR R §¢ nd €W Ted i e & e ww e oo A faa= Aifse 6
Ife ITYaHIS Sgdl €, O I Yorelt § R R gftad s 2

In Newton’s ring experiment, the space between planoconvex lens and
glass plate is filled with a liquid of refractive index u. Explain how
interference pattern changes as compared to air. Starting from the
condition for interference, derive an expression for the radius of the nth
dark ring. Discuss how the ring system changes if the refractive index
increases. 10

(i) T Wsft-Tre AR (FTHIHR) B A = 500 nm TR a1t ThHavll T & T
R s g1 i F fR R g d = 0-8 mm B | 78 I@ S ? 6 @ sHARTA TG 3,
T A 3R + AL T B &, 3R A I srfirerrar aTe Y 9 1 HgE R § | 39 =
TR AR A 1 OH J1d v, 8 g7 safaeommd v o g 81 ifes w9 3
Tuensy T 7 Uit advit & 9 At g W A fal =@ R

A Fabry-Pérot interferometer is illuminated by monochromatic light of
wavelength A = 500 nm. The mirror separation is d =0-8 mm. It is observed
that two successive transmitted maxima correspond to wavelengths A and
A+ AA, both satisfying the condition for normal incidence. Determine the
smallest wavelength difference AA that can be resolved by the
interferometer. Explain physically why this quantity depends on mirror
separation. 10

(b) A A =600 nm FHi TF THA FHR FRUGT @ =0-3 mm e Al & T
(fee) ® amofoad Bt R PFE g f =1 m F1 0 90 o9 T | BRI Fadq gfoeq
ECicid

(i) 98 W I Ha 3w H Pl D ok e der 3 fifm)

(ii) afe fere it Irerd smeht o= <t WY, AETCRS w9 § quwsy B fHads ufeww § @ gieda
T

(iii) I 450 nm 1 TH U T o 97 g e S, o @ ST aeest & fifee durd gm e
T w9 | Rt g i)

A monochromatic parallel beam of wavelength A =600 nm is incident on a
single slit of width a =0-3 mm. A convex lens of focal length f =1 m forms the
Fraunhofer diffraction pattern on a screen.

() Determine the angular width and linear width of the central maximum on
the screen.

(i) If the slit width is halved, explain quantitatively how diffraction pattern
changes.

(i) A second wavelength 450 nm is added. Will the minima of the two
wavelengths coincide? Justify mathematically. 15
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(c) aﬁmaﬁﬁﬁ?vmmwm@mmwm,ﬁvm@mmf=—ﬁwﬁa

2, 5l k U gATTE FAdis § 9°1 7 99 g % @ wu o B afew 2
() =t F3 % arE F9 % POl & J w0 27 guiee B J Gl @

(i) g frdment & <) fermadi & nifa 1 wefreror - forfa | g Frepra 1 wes wfison el wwen

3 it iR i s RIS S U 3 Roe anfiean 31 A

Consider a particle of mass m in two dimensions experiencing a central force

-
F =-k7, where k is a positive constant and 7 is the radius vector of the particle

relative to the force center.

() What is the angular momentum 3 of the particle relative to the force

_)
center? Show that J is conserved.

(i) Write down the system of equations of motion in two dimensions in polar
coordinates. Reduce this system to a one-equation problem and find the
equation for the effective potential energy Ugg.

Wus—B / SECTION—B

6+9=15

5. (@) T3 ¥ guit sgar it & Frafalan gaem % gt s 6 o Hif qon s« fag A
3R B % &= 120 dee &1 fawara o siar 8, @ T% Skl W dieedr g @ ko

FIR

A.——T

3Q
18 Q 8Q-
~WWA VW —e B
6 Q
VWA
S5Q

Calculate the effective resistance of the following combination of resistances as
shown in the figure and determine the voltage drop across each resistance

when a potential difference of 120 volts is applied between points A and B :

KVMS-P-PHY/18
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(b) TF fog W -3-30 uC 1 T @M fBR ¥1 0-0455 m H &fsi 0 A 7-35x1073 kg
FAH 3R ~7-45 uC AV I Th ARG F9 A 62-5 m/s % TRE 1 F €Y BR
MY 1 AR AT o S 1 T s e T v €0 A veet fea gft qw wwan 27
A charge of -3-30 uC is fixed at a point. From a horizontal distance of
0-0455 m, a charged particle of mass 7-35x10" 3 kg and charge -7-45 uC is

fired with an initial velocity 62-5 m/s directly towards the fixed charge. How far
does this charge travel before its speed becomes zero? 10

(c) TH TAR =Tew &9 H, W' w, =13, &, ¥R o F 97 3@ A, IR
E =30mn e/ [©t=(4/3)y] a, (V/m)
H=1.0e/[0-#/3¥ g (A/m)
In a homogeneous non-conducting region where p, =1, find ¢, and o, if
E =30m e [©t-(4/3)y] a, (V/m)

H=1.-0e/0t-(4/3)y] a, (A/m) 10

(d) FEmah % g g A @ @t €7 0 °c w el e F = 9w, R eedt e W
?, % TR 7@ W q@ 7% ™ fF S} @ @ 6 sge aged 39 yRie 7 # A A
B WY rawifia s A wEn ) o i) R T R, ¢, =20-9 Jmol TP K e

R=8-3Jmol ' K1,

What are the limitations of the first law of thermodynamics? One mole of a gas,
assumed to be perfect, at O °C is heated at constant pressure till its volume
is twice its initial value. Calculate the amount of heat absorbed. Given,
C, =20-9Jmol 'K! and R=8-3 Jmol ' K!. 10

(e) 33 A R B F I 99WH HAW: 200 K 3R 300 K ¥ T =20 K | 71 Fafire Femait
% g Hifs)

Two solids A and B have Debye temperatures 200 K and 300 K respectively.
At T =20 K, compare their specific heats. 10

6. (@) Y& (37A) Rrgid F MR W degeda (RaRs) vl § g (Refiw) 6 safy @
T ifse | wmgmse o wshie graea & SR Sim il i nif ok fufim fore v et =1
F1 HRU S B

Discuss the origin of hysteresis in ferromagnetic materials on the basis of
domain theory. Explain how domain wall motion and pinning lead to energy
loss during cyclic magnetization. 20
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(b)

(c)

(@)

(b)

2000 K A9 W T a1 (Ffadl) & Fomm fafemw &1 10° cm?® o wnard soroiia
TER Bl 21 (i) WAk IS R () TRy g & oo At aR smiEe s
10 cm? o1, 3R voR wg™ dan, af ffEo F quee § 9 9@ ufeds fit e iR

(fen w3, ReH-sesmm féris, 6 =5.672x108 Jm 2 K+ s71)

Blackbody radiation in a cavity at 2000 K is subject to isothermal reversible

expansion through 103 cm?3. Calculate (i) the heat transferred and (ij) the work

done. If the initial volume was 10 cm® and expansion had been adiabatic,

calculate the change in temperature of the radiation. (Given, Stefan-Boltzmann
constant, 6 =5-672 x108 gm2K*s!

2 m TS & TF IR X-Y 0 % oeaq 8l 3@ V=2i+3j+k m/s % a7 ¥ THEAH
TEHEE W B =1 +2) Wb/m? aret & | 791 Wa1 B | 91 % Bl F drw IRa Rvaiw
AT T

A wire of length 2 m is perpendicular to the X-Y plane. It is moved with velocity
V=2i +3}' +k m/s through a region of uniform magnetic induction
B=1 +2_}' Wb/m?2. Compute the potential difference induced between the

ends of the wire.

T T d Fad @ w0 3R p B @l h geEdr @ ewiEy B o3 A @il @l fW e
Faeqett 1, 2, 3 W (1) Mowad-segemH, (i) wi-feus iR (i) N9-mEET wifesh w1
IFM Fh FFE THR Faferd fhar s gear R

A gas has only two particles a and b. Show with the help of diagrams how
these two particles can be arranged in three energy states 1, 2, 3 using
(i) Maxwell-Boltzmann, (i) Fermi-Dirac and (iii) Bose-Einstein statistics.

39 T H T R, R 150 °C R UH I, I8 I@d g S 1 W ue wm
7§ gfEfda B &, o fafe smaaa # ufeda 1676 cm® @1 ?) e w0 &, ww ¥ R
afieor ) T8 T = 540 cal W AW, J=4-2x107 ergs/cal 3R TH AgHSE
I« = 10° dynes/crn2.

Calculate the pressure at which water will boil at 150 °C, given that the
change in specific volume when 1 gram of water is converted into steam is
1676 cm®. Given, latent heat of vaporization for steam = 540 cal per gram,
J=4-2x10"7 ergs/cal and one atmospheric pressure = 10° dynes/cmz.

15

15

20

15
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(c)

(@)

(b)

a e aeft sga @l aiefer &, et wfa 68 o % n W E, 1, g vz @ @ R
RATferR % WY T €9 Y, b > a B W, R yRklly 9o w gamR ar & ged (fan)
&a 81 5@ gfefas & varfea g =t oR-oR #7 fm S 2, o aem & 1, 9w Sfa @ S

%|I,ﬁm%%qﬁﬁ%ﬁxmua,wum%maﬁamaﬂtm%ﬁm
fire@-8 E 9 e i)

A very long solenoid of radius a, with n turns per unit length, carries a
current I;. Coaxial with the solenoid, at radius b > q, is a circular ring of wire
with resistance R. When the current in the solenoid is gradually reduced, a

current I, is induced in the ring. Calculate I, in terms of gdl_ts Also, calculate

the power dissipated through Joule effect and the electric field E near the
solenoid.

T GHIR - GUTRE 6 <l % #1961 M 06 Waga wad ¥ W 2, feeh gonlea frech
TR (x=0) W 0 ¥ T I W (x =d) W 1 7 ek & A ufafda 2t &) danfm =i
V e arell T J2d | Sre 2| wft ag s ) o i iR st il R ga
W A 21 AE AR R 32 B 58 yaER Ser mn @ T faga-gm x-Ren # i wwan R,
S G W T, o, FEell W W ogaend i S Wiz W ORI

The space between the plates of a parallel-plate capacitor is filled with a
dielectric material whose susceptibility varies linearly from O at the bottom
plate (x =0) to 1 at the top plate (x = d). The capacitor is connected to a battery
of voltage V. Calculate all the bound charges and check that the total charge is
zero. Assume that the battery is connected in such a way that the electric field
points along the x-direction while the free charge density, & £ 1s positive at the
bottom plate and negative at the top plate.

& fogq-gada @ w1 geEE 89 H 4% E J —a, & d 30 rad/m F Fa@

ﬁwmf@amaﬂz(si) A/m % 3™ & Y d R 21 AR t =0 I z=0 W &3 H
T

e —q, @, @ E R 4 F o Ivge e fafaw) & A amefa ok e fuita

s

The magnetic field H of an electromagnetic wave travels in the —a, direction

in free space with a phase shift constant of 30 rad/m and an amplitude

of (Si) A/m. If the field has the direction -a, when t=0 and z=0, write
4

the suitable expressions for E and H. Determine the frequency and wavelength
of the wave.
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© (i) T arhi argrea 3§ g TRgeH T 6 ofea s et 12 eV R, SRIg AT R
T 2 ATy dger 3 8 | gad 3afa Saw (n = 3) & qeamed e iR e (Freraw) sraeen
H T ) EE 1 U 1 I
The average kinetic energy of hydrogen atoms in a certain stellar
atmosphere, assumed to be in thermal equilibrium, is 1:2 eV. Calculate

the ratio of the number of atoms in the second excited state (n =3) to the
number in the ground state. 10

(i) 3\t i f4fie Fon 5 auEm | gered | @ ek w1 g, @ 3= e ) g e @
W B S 27
Why does the specific heat of solids depend on material at low

temperatures but become independent of material at high temperatures? 5

* ok Kk
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