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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 § 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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3x10% m/s
1-38x107% J/K
6:-627x1073% J s
8-854x1072 F/m

41 x1077 H/m
1.6x1071% C
9.1x1073! kg

8-3 J/gm mole/K
6-66x107'' Nm?/kg?

Physical Constants

Velocity of light (c)

Boltzmann constant (k)
Planck constant (h)
Permittivity of free spacé €o)
Permeability of free space (ug)
Charge of electron (e)

Mass of electron (m,)
Universal gas constant (R)

Universal gravitational constant (G)
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3x108 m/s
1.38x1072 J/K
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8.-854x10"2F/m

41 x10”7 H/m
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8:3 J/gm mole/K
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2. (a)

@WUs—A / SECTION—A

T T, T FHiE 2 % fag e F awE # e R awis B ewt f s
dga R

An electron is moving under the influence of a point nucleus of atomic
number Z. Show that the orbit of the electron is an ellipse.

T9ItEe 3 Fi-weh wa ad S @ 6 iaa e o e St ateR B

Show that the mean kinetic and potential energies of non-dissipative simple
harmonic vibrating systems are equal.

wF o) Rewnt wTh duw 3 @ 75 9 @ @ 31 RYE A 108 km/hr F A @ TR R,
& $ smgft § 350 Hz A w4 vl 8 @ ¥ 6 A emaf 3@ Fifv) (ag § =h #=
A = 380 ms})

An observer on a railway platform observed that as a train passed through the
station at 108 km/hr, the frequency of the whistle appeared to drop by 350 Hz.
Find the frequency of the whistle. (Velocity of sound in air = 380 m s'l)

zﬂmﬁa@ﬂaﬂ%mﬂmmfmmK=Amc2,K=%mov2?lm%,ﬁﬁ
Thdl F1 A9 A 7Y B R

Show that for very small velocity, the equation for kinetic energy, K = Amc?

becomes K = %mo v2, where notations have their usual meanings.

TS B T FA Ued W F AE 0-1436 mm | T &7 & Frw aoeed ¥ T @@
- T e F w9 A v wof? R R, po = 1:5443 I pg = 1-5533.

A phase retardation plate of quartz has thickness 01436 mm. For what
wavelength in the visible region will it act as quarter-wave plate? Given that
Ko = 15443 and pg = 1-5533.
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Consider two frames of reference S and S’ having a common origin O. The
frame S’ is rotating with respect to the fixed frame S with a uniform

®= 3a, rads™!. A projectile of unit mass at position vector 7 = 7a, +4a, m is
moving with v = l4a, m s”!. Calculate in the rotating frame S’ the following
forces on the projectile :

(i) Euler’s force

(i) Coriolis force

(i) Centrifugal force 15

(b) FHEWH my 1 Th H9 P, Formmean § @ 52mH m, % @R 0 Q | @l #1 F0 P 3R
Q, P H wrfir® fesm & wmig wHw: A0 6 3R ¢ W WA F@ ) 0 F AfFaw wH F e
S FeaA I |

A particle P of mass m; collides with another particle Q of mass m, at rest. The
particles P and Q travel at angles 6 and ¢, respectively, with respect to the
initial direction of P. Derive the expression for the maximum value of 6. 15

(c) W | H T AR Ja HINY 3R Taet d9 w1 g7 W HfvY)

Obtain the system matrix for a thick lens and derive the thin lens formula. 20

3. (a) @mmm,mmmammm%@aﬁﬁﬁm
™ ?) frifie w1 Stee-amepl wiew (2Rw) @ Aifv

A homogeneous right triangular pyramid with the base side a and height % is

shown below. Obtain the moment of inertia tensor of the pyramid :

VA
A

3a
2
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24 % 9o (R) 100 cm Thar-fBsm $i ©& Mamsr gag iR guaa si9 6 < F 99 <@
Sd §1 49 3R 154 AW 9@l F =@ FH: 0-314 cm 3R 0-574 cm 1 243 IR 364 4
Jodl o A IR WY TR & qUIH hl AT HIR)

Newton’s rings are observed between a spherical surface of radius of curvature
100 cm and a plane glass plate. The diameters of 4th and 15th bright rings are
0-314 cm and 0-574 cm, respectively. Calculate the diameters of 24th and 36th
bright rings and also the wavelength of light used.

He-Ne @sR # He f &) @1 fféish1 27 He-Ne o1 % foiu el w st@ #it wemar @ 3w
e $ifvm|

In He-Ne laser, what is the function of He gas? Explain the answer with the
help of energy level diagram for He-Ne laser.

9 Ry 1 smi@ w fmr Hifse, el Q sa-vare R R gt (AAnfie) i St § 3R
h Q1 FTIRY-HE FIFA A; IR A, F WRG Q F AW F A ek graw Hifwg
Consider the diagram below with a water flow rate Q. Derive the expression for

Q in terms of the difference in the manometer heights h and the cross-section
areas A; and A, :

THd e Fie faada N giee w == fifsie 3k 2wise 6w sfas 6 daastt =
T U R

4 4 4

1E - :
on? 2512 49x2

Discuss the phenomenon of Fraunhofer diffraction at a single slit and show
that the intensities of successive maxima are nearly in the ratio

4 4 4

¢ -
on? 2512 49n?2

A FARG-TH TH-FR F T TEE © B 3f W wF RR Yww g7 W S @ 6 I o @
e & e 1 IR TRE A 0-7¢ ) Yt W RR g g0 9N MY IS SaRkg-a\ F A
=1 fuafwmr fifsr)

Two spaceships approach each other, both moving with same speed as
measured by a stationary observer on the Earth. Their relative speed is 0-7c.
Determine the velocity of each spaceship as measured by the stationary
observer on the Earth.

15

15

15

20

15
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@us—B / SECTION—B

5. (a) WM i f gedhi 1 argre@ 300 K % q0H W ST A A Y6 AEeeE ¥ 9E-ad
# 39K A A fife R ® arpsa w1 o S6h 99E-a9 W w e B (N, #
FTfas WR 28 gm/mole )

Assume that the Earth’s atmosphere is pure nitrogen in thermodynamic
equilibrium at a temperature of 300 K. Calculate the height above sea level at
which the density of the atmosphere is one-half its sea level value. (Molecular
weight of N, is 28 gm/mole) 10

(b) Tra s= aifar C), mmnm@ﬁswrfm@ﬁw(w)%mﬁ
M@l §1 o= T W fig 3R ier F fiw wrmmen wifie A 2 F@ i gied @
ﬁqftmﬁﬁqaﬂtwﬁam%m[(q—mﬂf}%msﬁﬁﬁ%mwélm

wfiftre 7 -7l <1%
Ty

A body of constant heat capacity C, and a temperature T; is put into contact
with a reservoir at temperature T;. Equilibrium between the body and the
reservoir is established at constant pressure. Determine the total entropy
change and prove that it is positive for either sign of [(Tf —-T;)/ Ts). Consider
7y - T
e <1 10

f .

(c) Faerie fr 2 fig o1 Rt ¥l 1 oW g B, d 70 @ G R SRR A D @ TR
@ 1 2R A A B R e Y % e 2, @ 26w % e g T b
oy o TRty i s F W 7@ A e 7 vk AR

Consider two point particles of charge g each, separated by a distance d, and
travelling at non-relativistic velocity v. If the line joining the two charges is
perpendicular to v, then write an expression for the magnetic force between the
two particles, and illustrate the direction of the force on each particle. 10

(d) 1-5 3 o qo o qg1 1 AW il T" 1 T Fa 3K 2 ez fo oo 7e a1 2 37
SR gy 1 @0 & 5 AW F @ vy Rl w aniew w6 F 9 gu #) ooy A
A% WA § "W 1 7E §1d Hif)

A cell of internal resistance 1 ohm, 1-5 volt e.m.f. and another cell of internal
resistance 2 ohm, 2 volt e.m.f. are connected in parallel across the ends of an
external resistance of 5 ohm. Find the current in each branch of the circuit. 10
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(e) T % fam M R-L-C ahyy w fem A wieg % Q- A omn Hife) w0 aiey §
I gt At 7 IW w sffee e

Consider the R-L-C circuit shown here. Calculate the Q-factor of the circuit.
Does the circuit have a resonant frequency? Justify your answer :

| 1 mH
4V ——2 mF
4Q
10

6. (@) EEAE F TR B IF=Ter TeEw § g g o gniea (p = j=0) % Wy fafau)
zeiEe % B ol B A1 ain et 9 e o 8, 3l at an ¥ R ww =i 3w i)
B 3 B ¥ R wwaa win & forfe, ik <wiee 6 £ o B fra wer weifera §)
Write down Maxwell’s equations in a non-conducting medium with constant
permeability and susceptibility (p = j =0). Show that E and § each satisfies the

wave equation, and find an expression for the wave velocity. Write down the
- — - -
plane wave solutions for E and B, and show how E and B are related. 15

(b) (i) G F TH A GRS ol AFE THEU H I a1 8| AR TEh Hier ke S
u=cT-a/V 2 (el v O /e, q ee afid 3§ o R 3R o & R
?), @ Her Fom wf@ed C, 3R C, i Mo R

One mole of gas obeys van der Waals equation of state. If its molar
internal energy is given by u =cT-a/V (in which V is the molar volume,
a is one of the constants in the equation of state and c is a constant),
calculate the molar heat capacities C, and C,,. 10

(i) dfam A adifea F0 F I g A dfifes +0 g AvwRm = adifes w1 s5@m
o T R) 3@ A T @ R gdifen s mw R ®) 56 wwe i s=men i, 97
T ge 5 wfier @mm W R iR A W F Wb @ e R

_5 _7
YHe =3 Y =35

A compressor designed to compress air is used instead to compress
helium. It is found that the compressor overheats. Explain this effect,
assuming that the compression is approximately adiabatic and the

starting pressure is same for both the gases. [Y}le =§, Y air =%] 10
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(c)

(a)

(b)

TR TR A A wEme A o e ) st i fRR e WS i ¥ g
e feTgER €

p(T, V)=aT” +bT3 +cv2
C,(T,V)=dT” +eT?v+ fT*

SEl a @ fidis & S 73R VA w6 §)1 siahes I dU(T, V) F sEee 9F dT iR 4V
% 93 § 31 Hifvm)

A gas of interacting atoms has an equation of state and heat capacity at
constant volume given by the expressions

p(T, V)=aT” + bT3 +cV2
C, (T, V) =dT® se1%v 4 f T%

where a through f are constants which are independent of T and V. Find the
differential of the internal energy dU(T, V) in terms of dT and dV.

T U1g % FRR %1 G- 70 cm @M F WY 246:94 Hz i 37 7@t smafi ® 10 T %
THEAH P &, St aR % FE-aa & oeed 8, § w9 a @ R A R e
Y] H AW A 3R TR F Afman feee 3 mm R F F3 F ) R ¥ ar B
TS 3§ 3e9a ftrehad fo F1o we w1 ¥ oIk v v ar ) T & Y A 27 aR 78 Frer
1 AR JA g FET gft | F Fa B, @ fo @no w@ w=n gme waw § fdem hifv

A metal guitar string with a length of 70 cm vibrates at its fundamental
frequency of 24694 Hz in a uniform magnetic field of 10T oriented
perpendicular to the plane of vibration of the string. Assume a sinusoidal form
for the amplitude of the vibrational mode, and a maximum displacement of
3 mm at the centre of the string. What is the maximum e.m.f. generated across
the length of the guitar string, and at what point in time in the string’s motion
does that occur? What would be the e.m.f. if the same guitar string vibrates at
its second harmonic frequency? Briefly explain.

T FERH Rreiet, 3 Rl A w2 R, = advE In-aee e o § 9 Rek |
3 vt & i wa ) g #, fiea 32§ A9 s 2, el @ s A
200 K 3R 2 atm 3@ W 3R @0 T T et g1 300 K 3R 1 atm I R 2 31 e
* BIel ST @ 3R P 7@ aun aowE § e § oge R, ay e T Rl S
3 e B Sifem < SR qreHE ) or iR

A thermally insulated cylinder, closed at both ends, is fitted with a frictionless
heat-conducting piston which divides the cylinder in two parts. Initially, the
piston is clamped in the centre, with one litre of air at 200 K and 2 atm
pressure on one side and one litre of air at 300 K and 1 atm pressure on the
other side. The piston is released and the system reaches equilibrium in
pressure and temperature, with the piston at a new position. Compute the final
pressure and temperature.
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() & urI vEd z=0 W f& &, Rl K =9.0a, Am™ 1 &7 1, 2<0, p,, =4 M & 2,
z>0, p,, =3 ¥ 9 FagE () ?1 R ™ R, H,=14-5a, +8:0a, Am™"
H, ¥ B, %1 7= 7@ Fiftw)

i
A current sheet having K =9-0a, A m™! is located at z=0. The interface is

between the region 1, z2<0, u,, —4 and reglon 2, z>0, p,, =3. Given that
H, =14-5a, +8-0a, Am™". Find H, and B,. 15

8. (a) & R 9w W ¥ g, =18-5, p, =800 M c=1Sm™! ¥ 10° Hz MW
¥ fT o B, M A WM u §W ARm Hzt) y@ AR Rm om R,
E(z t) =50e™%“ cos (0t -Ba,)a, V m!

In a partially conducting medium, ¢, =18:5, p, =800 and 6 =1S m~!. Find a,
B, n and the velocity u, for a frequency of 10° Hz. Determine I_-} (z t). Given,

E(z, t)=50e™** cos (wt —Pa,)a, V m~L. 20

(b) FOTHF AGHH A Y FT GAFA &7 FOTHE qOHA I FAURON H WEF A 6 ¢
Frem R fafte wfeyt =t fafae ik awemse)

What do you understand by negative temperature? Write and explain various
restrictions on a system for the concept of negative temperature to be
meaningful. 15

(c) ermR e fdwis fiem 3§ aram aiiE 3 76 w6 3R =0 & gumo i fafl 3w
w0 fava & w2l r, ¢ 3R 2 F 7l & fo srawa vl ym i)

Starting from the Laplace’s equation in a cylindrical polar coordinate system
and using the method of separation of variables, obtain the differential
equations for the solutions of r, ¢ and z components of the potential. 15

* % Kk
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