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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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YRIET 1 9T ¢ = 3x108 m/s

degmE i k = 1.38x107% g/K

S EREDIE h = 6-627x103* Js

T TR I fergEierar (qegai) €9 = 8:854x10712F/m

T TN ) IRl ho = 4nx1077 H/m

T T ST e = 1.6x1071° ¢C

o 1 form s e m, = 9-1x10731 kg

BICIECRIGREDRICD R = 8314 Jmol ' K!

T TEeaTRyY i G = 6:67x107 Nm?2/kg?
Physical Constants :

Velocity of light c = 3x10% m/s

Boltzmann constant k =.1-38x107% Jg/K

Planck constant h = 6-627x103% Js

Permittivity of free space Eg = 8-854x107 2 F/m

Permeability of free space Ko = 4m x1077 H/m

Charge of the electron e = 1.6x1071 ¢

Rest mass of the electron m, = 9:1x1073! kg

Universal gas constant R = 8:314 Jmol ! K™!

Universal gravitational constant G = 6-67x10711 Nmr"/kg2
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1. (a)

(b)

(c)

(d)

(e)

W@Us—A / SECTION—A

L @TE 3R m 58 il U TN 98, UF GUE Hag W HEi §9 ¥ @i @9 ? 3
iR (Ge®) Sl B1 519 Je DT Hag | THAA 8, A TS HIOHA AT 1 EML

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?

w ed I fRy (Faeiie) s whe ® ward @ 5 ge fi 9 ow eEdd e
(S TP fedifen améh) i Brsa 10% %7 8 T 21 38 g5 () | T F |9 Y9
A TR % ot v # fe wfowrd gfg it sraveear 2t 9 9m i 76 w6 A e
AR uwf F wrarg sofEfda wd Rl

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.

6000 A d0Teed &1 Wh® 0-40 mm e’ & Wiws (fRre) W mfad g #1 % i fee |
2 m g W@ ™ R () yym 3w S R v @) FHEE e e A Dl I
S|

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.

uad gfaa v (A = 6000 A) F geE yfed weEm § e (F9iaia w) F fon Fewne
g (wie) $ avas Hierd g ffm| (Feane F Y p =1-658 R pg =1-486)

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

T F AW A R FE AP o F WY G FGd T FAO 21 F R AT F G T
e 9 T Bl & | T F Fed & €9 H FU F R & foe Sew e fifvg ik
AW qYT AR W FaHeT & g91E == Hifw) a1y @, 39 7 Hi A A s T
HZH G WRIYE TH F1 A1 | ST R, AR IGHEA [N b 3R F=IH 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.
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10

10

10

KVMS-P-PHY/18 3 - [P.T.O.

Optional Province - optionalprovince.com



2. (a) <% EviF FAOH A N A 7 x g0 A y¥gE A F UF W F sl F forg wd
® geus A AT A gRde epand fim ¥

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) FRARH faada firgia #1 IWEM FQ g FAER g (753) F Fro dgan faw ¥ fg
5 e i 3R wem fife ¥ e wid ww At 38 ofom w1 s w0, R
YR 73 A favie e % forg =iew sgem A o 3§ 38 =gFan Fofa g H
FIfe, 8 D =10 cm g7 =AM F1@ T & R 500 nm TR % waHm % fu fadka
B w1 g 21

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 FMF A G whita @ (2f7) W few A, e R (fe) R w@ m e s s
T e &3 96 @1 21 7' wHa gu i R ot w Rl wonfedt ¥ qw-fig g
&, @z %1 ifoe Puffa Hfvg) w0 918 @ Sofe @30 §, 9 ofe w87 9k @ 9
el icies Syl

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. (@) TFHEH RN I FE =hy ¥ &9 8 = f6a 11 2, &l b i fORE 2 ol v Bl @
arqmmﬁzﬁm@q_’g B &, el ¢y A ¥ <wize 6 AR A B P T

R (s smm m, §) & vl 3 2, @ whiths seh €

-1
E'=E|1+-E (1 —cos®)
m,c?

wfl, Sl 6 7' w ¥, el wrei vRftls dar 21wy @, T s i B e o R
S

E? 1-cos®

2
MeC™ |1+ (1 -cosb)

T=

m,c?

W Al 2l
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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 E,

c
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+ L (1 —cos6)
m,c?

where 0 is the angle through which the photon scatters. Also, show that the
electron acquires a kinetic energy

T= E22 AIE—cos(-]
meC 11+ 5 (1 —cosb)
megC 20

(b) ez # @@ s e, @ FAH AR w A # el @ s @ (e 3faw) -

Y

v
o
(a1 )

=AM 1 9 g Hifg)

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

A
e v

(Before) \
(After)

Find the velocity of the muon. 15

(c) 6000 A T0ieed F AW YHTN Hd % FHH hl ASKE 3 mm a1 Wk 20 mW B| Y& Hd
¥ 200 m # g |y A faar B o Fif)

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
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4. (@) (i) A9 F TN H, THAA-ITA AH 3R HiF il W2 F o= FH WH p A9GdH S 99 T Ea A
R B B | FHETST foh g it o # safae wfereg 3 g werr afed st | =afeson 6
A ¥ YR A §Y nid W o 1 e & fog & e gooa Fif | fas= Aifsg e
Ife e Sga 8, 9 9o Toelt § fFe yer aREd i &

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.

(i) T Hsft-Tre AfammETd (T B A = 500 nm TR T THavil Jeh | T
e v 1 @il % F= g d = 0- 8 mm B | 7@ @ 5 ® 6 & wmwT wwefia sfas,
Freed A 3R A + AL WA B &, 3D ST rfirera e Y vid 1 HgE e # | 39 e
T FR AL F A Fia Hifre, (78 sHfeeromd fadfia = wwar 21 s w9 3
augse 5 7 uftn <ol % ff9 it g o Folk @ 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.

(b) TR A =600 nm F TH THEAN THR fHOGH @ =0-3 mm FE Il 0F A Bl
(fez) ® rmafod Bt 31 8 0 f =1 m # TF 390 o9 98 W BRARH faadq Jfoweq
EEicil ]

(i) 96 WA I Fag 3Fam f Fofa der ok W GeE 3w fif)

(i) afe fese i <rerd emeft o < e, ) 9ETeRs €9 ¥ gHese 6 foada wfoew § = fEds
|

(i) AR 450 nm &1 T gE0 qores of 3ai sirg fem sy, @ 9 4 qoeet % ffers gurd g
i w9 & 3@ g Aifs)

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.

(i) 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.

(iii) A second wavelength 450 nm is added. Will the minima of the two
wavelengths coincide? Justify mathematically.
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(©) 2 fmatt & for m zeaTm 9@ & F9 R Rrar Sk, Rh w @ 9 96 F = - k7 9
2, & k TF gATNS FdiE ® 991 7 A g & ane Fu s e alky R

() =t ¥z % are =0 5 Fo0g G4 J w0 27 2uize B J a1

(ii) gt et & <) famadi § wf o1 wefraro - Frama faflaw | 38 e =) o wdie areh wwan
% gurfia AR o yareh fufast o U, % o wdie @ Aifsg)

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.

(i What is the angular momentum :I) of the particle relative to the force
center? Show that 3 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 Ug.

6+9=15

WUus—B / SECTION—B

5. (a) o gwiy sgan it % frafafan w@em & waeE sfy i o Fifg qan s« fag A
iR B ¥ 99 120 dez #1 RAvarw o a8, @ 3% Uy W diezal 9id &1 g

Eﬁﬁ%ﬂl:
3Q
18Q 8Q
A o— VWA WMWAWA——2 B
6Q
VAN
5Q

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 :

3Q
18 Q 8Q
A e— VWA VWAV —e B
6Q
VWA
5Q 10
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(b) T foig W 330 pC 1 T 7AW fBR §1 0-0455 m # &fes g ¥ 7.35x10°3 kg
ZHA AR -7 45 uC @Y IA TF AERE S H 62.5 m/s F IHHEF a1 €Y B
e F 3R vafa fen s ¥ T R e i T 2R R ged e g @ e 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~> 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) T Gaifi e &7 H, W&l p, =18, ¢, 3N o F 97 79 HAfg, IR
E =30me/l0-(4/3W g (vV/m)
H=1.0e/19-4/3¥ q_ (A/m)
In a homogeneous non-conducting region where p, =1, find &, and w, if
E =30mn e/ [@t-(4/3)y] a, (V/m)

H=1.0e/[0t-(3/34 g (A/m) 10

(d) FTIfaR % guw w7 @l €2 0 °c w R e ¥ uw Aia, R srest i wEn omn
2, # for 7@ W q@ 7% ™ R ST @ @ o B sge sEed 39% w5 w5 A A
B W) FEwifya S owmEn A o i) R o , €, =209 Jmol T K sk

R=8-3Jmol ' K1

What are the limitations of the first law of thermodynamics? One mole of a gas,
assumed to be perfect, at 0 °C is heated at constant pressure till its volume
is twice its initial value. Calculate the amount of heat absorbed. Given,
C, =209 Jmol ' K! and R=8-3 Jmol ! K1, 10

(e) @3\ A IR B F T aHM HAY: 200 K 3R 300 K ¥ T =20 K | 39 fafkre semait
F o Fifs

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

6. (a) Y& (M) frgia F anuR W degEdE (FaRs) vl § ey (Refm) 6 saf 6
T hifom | wmeee o6 =i g & dnm S fafa R fa i fiffm fea war oot =1f
1 HRO TR 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) 2000 K 499 W @& a1 (Ffad) & Foem fafew 1 10° cm® @ wqard sopmfia
TR B R1 (i) WEERka I 3R (i) fey uowd ) om i) aR s s
10 cm? o1, iR yER T B, q RAfEo F aowm § 9 9@ ofed i o Hiftg
(e a3, REH-degsiH ferR#, 6 =5-672x108 Jm 2 K™ s1)

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

expansion through 103 cm3. Calculate (i) the heat transferred and (ii) 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 =5:672x108 Jm 2 K™* s} 15

() 2 m =TS F TF dR X-Y O % o=iaq &1 38 V=21 +3j+k m/s & a1 ¥ GEAH
FEHEE R B =1 +2) Wb/m? 9t &3 | 791 5@ B | 4R % Rl F = IRa favarw
AT I |

A wire of length 2 m is perpendicular to the X-Y plane. It is moved with velocity
V=21 +3j+k m/s through a region of uniform magnetic induction
B=1 +2_}’ Wb/m?. Compute the potential difference induced between the
ends of the wire. 15

7. (@ T WA FEA A T g I b ¥ ARG A geEa § awize @ A w0 B Ao
saeqadi 1, 2, 3 ® (1) Howad-degemH, (i) wi-feus iR (@) Sg-amEen wiferh =
IFM o fF yFR Faftud R w1 gwar 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. 20

(b) 38z ) WA A, @/ 150 °C R g I, 7 @A g H @ 1 am g 9
i ufafda g 8, @ fafie smaem & whads 1676 cm® @@ ) & ™0 &, ww ¥ R
iRl T FH = 540 cal WA AW, J=4-2x107 ergs/cal 3R TH IYHEEd
g™ = 10° dynes/cmz.

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=4-2x107 ergs/cal and one atmospheric pressure = 10° dynes/cmg. 15
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(c)

(a)

(b)

a P areft aga @l wfenfer #, fordht wia 6 o & n W E, 1, g yaifEd @ @ R
RATTAER & W9 ¥ME €9 A, b > a B |, R yfoly qen w guer ar @ ged (7o)
@ %1 59 ufeforen & yanfea uma @ -4 F9 form s @, @ 9o # 1, g Y @ S

%tI,Eﬁm%%ﬁﬁﬁmlmﬁ,qanm%mqﬁamﬁﬁﬁﬁmﬁﬁr#ﬁm
fea-87 E # moe it

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 [, is induced in the ring. Calculate I, in terms of g}s— Also, calculate

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

TF gAIR-TE HYURE 6 Wl F ff9 w1 WE uF wagd e 8 30 2, R gnfea fee
TR (x=0) W 0 A &M F40 e (x =d) | 1 % Wask &9 § fafda @l 2| g =
V dices arefl T 9l @ Sie T R ) et 9g smaw A e A @ik sife fif F ga
AN A 21 AA AR 6 a2l B @ vaER Ser ™ @ T faga-g - # € wwan R,
Sf o AW e, o, el we ®oaers R FH wie W R

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, o fo is positive at the
bottom plate and negative at the top plate.

 fgg-gedE o @ geEE &9 H g% @@ § —q, R # 30 rad/m % &

ﬁrwmﬁawﬁ‘rt(%} A/m % M F Y Tfa Fa1 21 R t=0 3R z=0 W &3 A
fam —a, &, A E ¥R H ¥ R suge =i fifay) @ B ol i aokel AR
i

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
n

the suitable expressions for E and H. Determine the frequency and wavelength
of the wave.

KVMS-P-PHY /18 10

Optional Province - optionalprovince.com

15

20

15




L

(© (i) T arhm agres § g wegeH TR i sfea s St 1-2 eV R, AR I8 aHTET R
T 3 AT g 3 § | g SAfoa 37aw 1 (n = 3) % e i wedn 3R () s
H qEHIA 6l HE&A1 1 I Fid HINT)
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) 3t hit fafire o 7 aromE W e W R fl wd R, sofe 3= aoem w97 gl @
a8 St 27

Why does the specific heat of solids depend on material at low
temperatures but become independent of material at high temperatures? 5

* ok
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