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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 each 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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e Ao / Physical Constants ' *

e=1-6x10"1° C

1
0 = g C*/(N-m?)
41 x9 %10

U5 =47 x1077 H/m
kg =1:38x107%3 J/K

h=6-63x103% J.s
m, =1-67x10°" kg

c=5-672%x10"° MKS unit

dugs—A / SECTION—A

1. (a) B0 r 6 T U B H, TAEE m F UH IR b S0 G w1, fRS it o

FSll o ®Y H =A7H hHIFT |
Express angular momentum in terms of kinetic, potential and total energy of a
satellite of mass m in a circular orbit of radius r. 1.0

(b) HIEHcEA-HRA YA 1 o FHifsre 3R giisy f 36 =M & W FHoneas giondt 1 759 var
= v mam o)

Describe Michelson-Morley experiment and show how the negative results
obtained from this experiment were interpreted. 10

(c) TH WG A G B TR qWEida g 21 e &, wafda W 100% ydwa @ S 2
g4 v fafost & e & @ 39 Hifs

Sunlight is reflected from a calm lake. The reflected light is 100% polarized at a
certain instant. What is the angle between the sun and horizon? 10

(d) AT F e 3R w1 fausE % SR B8R 9T Sgiae ) ) agad 38 g
HHLATRU |

Explain with proper example the interferences due to ‘division of wavefront’
and ‘division of amplitude’. 10

(e) @ﬁFﬁﬁHﬁwﬁ%a‘l oﬁlﬂld%,ﬁmﬁﬂfﬂéﬁl-OOmaﬂil-OlmEﬁ@fﬂﬁ3m
4 10 foreg= Ye1 et 8

Find the velocity of sound in a gas in which two waves of wavelengths
1-:00m and 1:01 m produce 10 beats in 3 seconds. 10
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" 8. I(a} sreea el i afenfya Hifse wd sa o 7Ea B wE FINT| T Tt gl w1 3Eh
o5 § TR TR 9Tl Td 3% d¢1 o ofaiad, 3181 o 91ue] e Ul ol Yieha shifsig |

Define moment of inertia and explain its physical significance. Calculate the

moment of inertia of an annular ring about an axis passing through its centre

and perpendicular to its plane. 20

(b) T fEum 319 R UF Fd gl r 3 y¥Ea < FEEl my; T my, § SF1 31 AF Hehd o
SoTUH m, ¥ TAAF-%5 C 3 g & e 1 == wonfya hifsie) @y & qwise f6 ¢ 8 ge

3 B o mym
o 9ol 3R r &% oirEEq 316 & gy e o e Al pur? B, SEl po= —2 2 R
my +1mo

A diatomic molecule can be considered to be made up of two masses m; and
m, separated by a fixed distance r. Derive a formula for the distance of centre
of mass, C, from mass m,. Also show that the moment of inertia about an axis

. . m
through C and perpendicular to r is p.rz, where u = M2
my + iy 15

(c) W & Frm & Fua Fif 3R sas We VY| B591 0-01m % 51d 6l T 9§ Th W
megm 4 ¥ e @ 2 e 993 1-21 kg/m° 8 W n=1-8%x10"° N-s/m? R 5 Hi
39 g 1 HiHw 37 F1a hIWT |

State and explain Stokes’ law. A drop of water of radius 0:01 m is falling
through a medium whose density 1s 1-21 kg/rn3 and n =1.8x107° N—s/mg.

Find the terminal velocity of the drop of water. lis

3. (o) wg-Trogs =afoeor @ 87 ==l Hifg 6 sg-frogs safaeorfafa fea wer fg-feongs
SRy & Sgel THeR® 81 Shsil-URie safaatomTdt g == Thsil &1 Tag i

What is multiple-beam interference? Discuss the advantages of multiple-beam

interferometry over two-beam interferometry. Explain the fringes formed by

Fabry-Perot interferometer. 15

(b) Trize T @) eref-amada SFT 1 &A@ T SR BAl T Th FH gigehl H, R By

Z 50 cm T ufad W™ F A 500 nm §, YA A-IEdT AT H B I
EAIEI

Show that the areas of all the half-period zones are nearly the same. Find the

radius of 1st half-period zone in a zone plate whose focal length 1s 50 cm and
the wavelength of the incident light is 500 nm.

15
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(c)

(d)

(b)

(c)

(d)

U FHAA - THR 40 pm "2 9 T fg-3r9afda frwea 3 8 e @ i gl yfid
B Tt Feharan 81 Ife fhear =1 f-3m™ada 000004 2, a1 Afdd Y&E &1 90 37

st

A plane-polarized light passes through a double-refracting crystal of thickness
40 um and emerges out as circularly polarized. If the birefringence of the
crystal 1s 0-00004, then find the wavelength of the incident light.

9§ 1@ Tsh UH Udol o &1 3 TR 1 hIT, ) {991 1- 5 ol 98g | &1 ? wa fogs
Tk 98 bl Sehd1-3991 50 cm B 39 o 6wy gh off 3ra i

Obtain the system matrix for a thin lens placed in air and made of material of

refractive index 1-5 having radius of curvature 50 cm each. Also find its focal
length,

O m/s hl TR ¥ TdHH T 715 Tk gk 89 7, S fOR B, ¥ 39 9@ <wudl & T6 e &
|8 A% Tg Al IRfEe ffen | 30° 1 &I "9l B 39 T & 9 el il TR [T
FISTT | 1 3G Za N TS Hel AUard @dl &7

A ball moving with a speed of 9 m/s strikes an identical stationary ball such
that after the collision the direction of each ball makes an angle 30° with
the original line of motion. Find the speed of the balls after the collision. Is the
kinetic energy conserved in this collision?

g FIRT 6 x2 + y? + 22 = c?t? IN=H TR0 & d8d =R 2}

Prove that x~ +y2 + 2% =c?t? is invariant under Lorentz transformation.

SIS W19, AHT ThTel ¥ fohg geer g 7 <l oOsr hl sriyonet w ==t Fifve) 39y 3
SHITHAA A1 6l a1 sJfaehT 87

How is laser light different from ordinary light? Discuss the working principle
of ruby laser. What role do chromium ions play in this process?

YTl g <R AR & Rrgra w T Hifsw) uwilie g 3 @R arelt b s ufweand
FH-TH Gl 27

Explain the principle of operation of optical fibre. What are the different losses
that take place in optical fibre?

K- -"PIGH/9 4
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Q@uis—B / SECTION—B

5. (a) FEE S & fagra £ ==l fifve) soe v w7 fea S 87

Discuss the principle of ‘artificial dielectric’. Where do you find its use? 10

(b) T 120 V, 60 W & Tk §cd 1 240 V, 60 Hz H e omafd & @y e w1 8, )
38 W €9 9 o & g Svfien (W) # foran o1fees 51 o1 Waed &1 S ST
EAYTH BT 87

How large an inductance needs to be connected in series with a 120 V, 60 W

lightbulb if it is to operate normally when the combination is connected across
a 240 V, 60 Hz supply? 10

(c) TH A€W g =2 uC hl 3= HHIhd ATATF FHTA 91’ § g =10 cm 6 g0 | @1 e ¢
(i) 38 I H ol IR AW, (i) AT g | FA W (i7i) 39 799 ! dR-tR 917 & a1 |
HAd g doh o SIM H TR 916l Tl w1 F1d i |

A charge g =2 pC is placed at a=10 cm from an infinite grounded conducting
plane sheet. Find the (i) total charge induced on the sheet, (ii) force on the
charge g and (1) total work required to remove the charge slowly to an infinite
distance {from the plane. 10

(d) 1 <X g13gvH 127 °C a1 U4 10° dynes/cm? ¥ W GHAYRG: YaRd Bidl & <19 % 5
3] A AT A8 & STl § 3R TR 98 99 o saisa: Jaid Bidl & 59 9% T 39eh
A GH: QAT & | 11 2 | IR 319 1 gRepe e (y = 1-42)

1 litre of hydrogen at 127 °C and 10° dynES/Cm2 pressure expands
1sothermally until its volume is doubled and then expands adiabatically until
its volume 1s redoubled. Calculate the resulting pressure. (y =1-42) 10

(e) VFgAT-SlosHM Tadqto] FaH &1 EaTd Xd TC qRIsT 6 13 oft /o W a8 & e

qahdl 2|

Using the Maxwell-Boltzmann distribution law, show that there cannot be any
negative absolute temperature. 10

6. (a) g Ui I TR & @ AR ifcas TEAF & G & 9 W oA 8, dl @ i I
gt 81 36 WisHAT 1 RO T9E Hifg

Th 200 Q 1 TfaAiereh 3 CF 15 pF 1 guiid 220 V, 50 Hz a.c. frq emgfd @ Sofiss
T SIg Y R gReY A fagq o/ au wiiiys @ auiE & SR-UR F-"ieg-ge dieedl w6
qiehe HITNT | 91 34 |l Fieedisti &1 sfismfrda am Agfd dieear @ sarer 27 gk &, dt =
faRien &1 T i |
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When a person carrying something metallic walks through the doorway of a
metal detector, it emits a sound. Explain the reason behind it.

A 200 Q resistor and a 15 uF capacitor are connected in series to 220 V, 50 Hz
a.c. supply. Calculate the current in the circuit and the r.m.s. voltage across
the resistor and the capacitor. Is the algebraic sum of these voltages more than
the supply voltage? If yes, resolve the paradox. 45

b) () WA-seemE & fafEo-frm w fafae o1 @ wie % fafer-tam @ sges i

Write down Stefan-Boltzmann law of radiation and derive it from Planck’s
law of radiation.

(i) T et i wE #, e smafas Iesear 041 8, 31 whiae el (T4 ),
9% 9799 HEI: 300 K U9 200 K 2, & o= w78 ) TR tewen umw g W e
1 ATIHE T hiteid |

An aluminium foil of relative emittance 0-1 i1s placed between two

concentric spheres (assumed perfectly black) at temperatures 300 K and

200 K respectively. Find the temperature of the foil once the steady state
1s reached. 15

(c) TF =Tk waed "iemd B fagq-gradh o wiehen i fafae) qeawEn Sy @

_
S=9] ] 9 v =M_]_“_ BT, SR] Uil o FHT SqERe 1
EWL

Write down the electromagnetic wave equations in non-conducting dielectric

il
medium. Hence show that the velocity of wave propagation 1s given by v = \1,

EQ
where the symbols have their usual meanings. 10

(d) TF G i) =(2e "t —e X)uA TE 120 nF G & 2 G608 d A@fd Hdl 81 Al
AYTRA ¥ TR-9R 3ifom dieeal 15 V 8, & 30F AR-UR YRFTH Jieedl =41 617

A current i(f) = 2e" —8_21) uWA charges up a 120 nF capacitor for a period of

2 seconds. If the final voltage across the capacitor is 15 V, what was the initial
voltage across it? 10

7. (a) (i) G F G g @ b 27

Why does a soap bubble expand upon electrification?

i) R A1 % T A % U0 UM T e StEes WOEET: +Q T - Q HTEY §HH
mﬁﬁﬁﬁﬁﬁlmf&»a|&ﬂWmﬁ@a@2@Ri%,aﬁEWﬁ%mﬁﬁa
* ydig 318 i1 AR FRRE 2
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A sphere of radius R contains a charge +Q and a charge —Q distributed

uniformly in the upper and lower hemispheres respectively. Show that the

dipole moment of charge distribution is E(_)1‘?7%,, where k is directed along

4
the polar axis of the spherical coordinate system. 15

(b) (i) &3k By H gt w1 gah § 9 hifsm

Discuss briefly the features of ‘guard rings’.

(i) TH \UMRE & Wid IHR 8, NHch Tcdeh U9 bl TS [ 21 A T2 399 § o IV 0T
gh B 21 34 W2 % di" hl g8 FH g q Bt 9 o BT B, a9 YRl 1 IRehed
EASiId

The plates of a capacitor are square-shaped, each of side [. The plates are
inclined at an angle o to each other. The smallest distance between the

plates 1s a. Calculate the capacitance when o is small. 1.5

(c) W & HHIEHWN 1 Hiids wewa foflay wa forenfia & fygr< ) & 3t e =0
FEIAT S BT G |

Write down the physical significance of Maxwell’s equations and explain the
concept of displacement current by using a proper example. 10

(d) SATHIE-FARA FHH 6] Gogd Y| T8 S &% Mo W T dlel] & HUHH W a6 &
UTE % hY TIE AT 87

Derive Clausius-Clapeyron equation. How does it explain the effect of pressure
on melting point of solids and boiling point of liquids? 10

8. (a) HIHdW-dlesHM faaor & foiay va we Hifsre) 39 oo & seara gR daifiess aesrfad o,
HILd oF Ud FI-AIEg-d a7 Rl s 96 i

Write and explain the Maxwell-Boltzmann distribution. Using this distribution,
find the expressions for the most probable speed, mean speed and
root-mean-square speed. 15

(b) FifeH & wHide dHIEE K UfFed i wifds FEds a=6-15x107°,
b=9.95x10"" fRu 7w B, W&l €9 & WHF atm & 3R YT F To Fo o T & TAT

Calculate the critical temperature for helium, given the values for critical

constants, a=6-15x107", b=9-95x10"%, where the unit of pressure is atm
and the sample 1s kept at NTP. 10

STIH-P-RIFE/9 7 [ P.T.O.
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(c) TUF IGAUE S5 S FEW F 1/6 H w@ & Rafda wwar 7)) 59 $us (Faek) 1 aame
62 °C 2T Sl &, 91 36! 2&qal ST B A ¥ 1 6 v Fve () 1 A9EH Jid i
A reversible engine converts 1/6 of the heat input into work. When the

temperature of the sink is reduced by 62 °C, its efficiency is doubled. Find the
temperatures of source and sink. 10

(d) |rE-3TTERTE faato Bl gueEy Td g'q fafed @g=E | 36 W |

Explain Bose-Einstein distribution and obtain the same from the grand
canonical ensemble. 15

* Kk
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