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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 S 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 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 meaning.

Attempts of questions shall be counted in sequential order. Unless struck off, attempt of a

question shall be counted even 1if 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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ifdss P9 / Physical Constants

e=1-6x10"17 C

£y = 8 854 %1071 F/m
Ug = 41 x 1077 H/m

kp =1-38x 1072 J/K
h=6-63x103%Js

my =1-67 X 10747 kg

ETus—A / SECTION—A

1. (@) (i) <4 AA-3ETEE (CO) T8 % ) § FEH qu SadisH & WAS! & bl & s H gl
1-130 x 10710 m | e AV * GU&T 9] & HEld-ohg i TR |

The distance between the centres of the carbon and oxygen atoms in the
carbon monoxide (CO) gas molecule 1s 1:130 x 107!'® m. Locate the centre

of mass of the molecule relative to the carbon atom.
(i) B q & @il SEgEeR < 1 HEid-hes 91d |

Find the centre of mass of a homogeneous semicircular plate of radius a. 10

(b) HINATTAG & 1 =Feish TH FL a4 g9 T 98 @ 97 W@ PoH-3Y & WAcid 8| 38 <A
THfd o 9R H ford |
Derive the expression for Coriolis force and show that this force 1s

perpendicular to the velocity and to the axis of rotation. What is the nature of
this force? 10

(c) <t {3 97 TNk Y, €@al Nk n A1 WEl HJIA ¢ & e FaE TR Y = 2n(l + 0) T

TMYd gral g
Show that the Young’s modulus Y, modulus of rigidity n and Poisson’s ratio ¢
are related by the equation Y =2n(l + o). 10

(d) =R gaE YRR g % IS TH URMUT F 9adAiR HE: 1052 991 1-48 €1 HiS H A
30 um 21 IR T=eH qOREd 1-3 um @, a1 a9 &0 N e 6 Aihdy qegl e
Mericaisitexseicy

The refractive indices of core and cladding in a step index optical fiber are 1-52
and 1-48 respectively. The diameter of the core is 30 um. If the operating

wavelength is 13 um, calculate the V parameter and the maximum number of
modes supported by the fiber. 10

N-ESC-U—RIFH/58 2
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(e) Tafm #1f deem § Rk fu o Afon & T@edl 6 wem 450 &1, @ w01 Hifean &y |
Icafsid D, @1 D, @il (A, = 5890 A @1 Ay, = 5896 A) I FAING a1 S Hhal &7
™E & |
Can D; and D, lines of sodium !light (kD1 =5890 A and }*DQ = 5896 A) be

resolved in second-order spectrum if the number of lines in the given grating is
4507 Explain. 10

2. (@) IRIWAE A, B, C a D, 1 uedw B wefd m aw Bn o 7, & F-agen w1 9= b
¥y TF T % IR B W W@ W e, we 5 AR e 9 fTgm = g

Four solid spheres A, B, C and D, each of mass m and radius a, are placed with
their centres on the four corners of a square of side b as shown in the figure

below :
A b
G &

G,

D

arf <l U T o WTE 39 T o STged STl qferet 68 | 919 21 971 % Uk TR0l & GTieT 39

g < STgcd ATYYT i i aiteherd |

b

D
C

Calculate the moment of inertia of the system about one side of the square.

Also calculate the moment of inertia of the system about a diagonal of the
square. 20

(b) T TRW 0. 8c AN ¥ T w8 At (1) TS F FHIR qUl (i) TR © 30° &1 6 foum A
i 2 3 fuRel % e se 6 o § fawa e 9Refea 0 (i) & AEd B TTiEH
ey 93§ g & fig-fa=m =0 g’

Calculate the percentage contraction in the length of a rod in a frame of
reference, moving with velocity O- 8c in a direction (i) parallel to its length and

(ii) at an angle of 30° with its length. What is the orientation of the rod in the
moving frame of reference in case (i1)? 20

(c) eFd T e & H 1S fie delavia Fan § Iehsdl e U1 STEdHE y W MAEH 7 | AT
T % 90 F F5 F O UM 3@ H B e QW FA 4 Tz B Fran ww ) | A
=rEn w5 g4 % 9 areh el sidean A gy F FAA 18% WAA € bl oIl B

A body moving in an inverse square attractive field traverses on elliptical orbit
with eccentricity e and period y. Find the time taken by the body to traverse the
half of the orbit that is nearer the centre of force. Explain briefly why a comet
spends only 18% of its time on the half of its orbit that is nearer the sun. 10

IM-ESC-U-PIFB/58 3 Ban #)
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(b)

()

(d)

(b)

T TR 9T TiaEE R s a1 wfiee @ y = Ssinn(0- 01x — 2t). 38 Wi A y 3R
x FIHIR 1 ¢ qo ¢ 9 W = B T 6 AWM, A R A F gREEE wL gfe Bed) e
HI3 31 0 ThH-gA | 200 cm g R T g, a1 3 H01 % si= FATR ($e 3TR) 1 7MY

The equation of a progressive wave moving on a string is y =5 sin {0 - 01x — 21).
In this ecquation, y and x arec in centimetres and t is in seconds. Calculate

amplitude, frequency and velocity of the wave. If two particles at any instant

are situated 200 cm apart, what will be the phase difference between these
particles? 10

(i) TfE vawo, (i) @0 IS A (i) IR Seesia % Tagrdl 1 =men ) g9 R

N 8mhy> -
H1FZIEA OTh] maﬁmg— ‘?’ % ZN 9 2|
e
Explain the principle of (i) induced absorption, (ii) spontaneous emission and
(1) stimulated emission. Show that the ratio of Einstein’s coefficients is given

by

w |

A 8nhy
B 3 20

Alghedd SAfqRomTd §, 100 %< 79 3-8 =+ IR =l &, 59 9% IeEgE g F
0-029 mm TR {61 ST 81 JaE & T Ad & aviesd &1 9Read =t

In Michelson interferometer, 100 fringes cross the field of view when the

movable mirror is displaced through 0:-029 mm. Calculate the wavelength of
the light source used. o

former Bl Y1 <t FHE Y SAREn w0 g A f REsE amar w1 uw ey H

Obtain an expression for the resolving power of a grating explaining the
Rayleigh’s criterion of resolution. 1o

A §R % T afs 9gd # g 39 TR 58 @ 8 S g wew 2 om une W g
g€l 81 &1 971 40 cm/s Bl 39 55 W @ 1 201, T 9819 1 97 60 cm/s &7
(g=980cm /s* AU A %1 oed = 1 g/c.c. Al

A horizontal pipe of non-uniform bore has water flowing through it such that
the velocity of flow is 40 cm/s at a point where the pressure is 2 cm of mercury
column. What is the pressure at a point where the velocity of flow is 60 cm/s?

(Take, g =980 cm /s? and density of water = 1 g/c.c.) 10

TS W W & T B =0.995 WM T @ G SMNER S qen g w87
my =1-67 x107%% g &1

Given a proton for which f =0-995 measured in the laboratory. What are the

corresponding relativistic energy and momentum? Take. m, = 1-657 % 10 = c. 10

N-ESC-U—RIPE/58 4
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(c) =5 IN@ 6 FEEa ¥ W, g ad G-3fuada fafy grn gied v & Ianed &
fogra @ Te

Explain the principle of producing polarized light by the method of retlection,
refraction and double refraction with the help of neat diagrams. 1o

(d) ETEd T % FRo aq fhen # g cafaem aun fommefl Safaeer di s B wie L

Obtain the conditions for constructive interference and destructive interference
in a thin film due to reflected light. 15

"Yus—B / SECTION—B

5. (@) = fe@m 1o afgy omw | S§ diezamd W 400 Q Filg % AR-YR S S 8, O 56
50 diee Ofen ym Brdl ®) gt st Secamdt w300 Q FfRig % FAR-IR T s, @ At
ERI il
In the circuit diagram shown below, the voltmeter reads 50 volts when it 1s

connected across the 400 Q resistance. Calculate what the same voltmeter will
read when connected across the 300 Q resistance.

—

VWA VAVAVAVA
400 & 300 £2

o 10
100 volts

(b) T s A foret fagq-grashE @ & fagd & @ E (x, t) =120 cos(ot - kx)j V/m §
frefia fean man 1 yz-O9ad H T T B % gaeR &3 ° H TSR drelt 3TEd STith i AT

”
Jid i |

In free space, the electric field of electromagnetic wave 1s given as

i
E (x, t) =120 cos{wt — kx)y V/m. Find the average power crossing a circular

area of radius one metre in the yz-plane. 10

(c) == & W S 9 § 38 470 nm IR 14 pum W WA Bd €1 T ST G 9 F4
fred o T 27 To% Oy B SF] "l § 9l 94cd Ud oo ee oft ofiestera ) fean
%,Eﬁﬁf@lﬁﬁ hb=2.892 x10° m K, 2o B 6 =5-67 x107% IJm ™ %s 'K den

TH F AT c=3x10% m s L.

The spectral energy curve of the moon shows maxima at 470 nm and 14 pum.
What inference can you draw from this data? Also calculate the energy
density and radiation pressure in both cases. Given, Wien’s constant

b=2-892%x10" m K, Stefan’s constant o =5-67 X 108 Um ?%s K™ and
speed of light c=3%x10° ms™!. 10

M-ESC-U-PRIFE/58 5 | P.T.O.



https://prepp.in/

www.prepp.in

prepp

Your Personal Exams Guide

(d) dH T, & m UM A H GESTH a0 T WHH T T, a9 % Sl ol SR Hald & @y e

/ \
e wmar ) zmme 7 ogom werft o 9 AS -2m C, lu Tow S0 o4 ¥, 8l

. L+ 75
Tav = > L Tg{:ﬂz‘\/ﬂTE'

m gram of water at temperature 7j is isobarically and adiabatically mixed with
an equal mass of water at temperature 7,. Show that the change in entropy is
r" L \‘ T

1 2

given by AS=2mC, In , where T,, = and T,., =N T5.

10

\ " B€O )

(e) Tk NH & v NFHdT-dicgdAl [aatul 1 9e id &1 STP W Halfles 8978 9N & 1% &
a9 & U] & AW &1 INSHad HL| 9 gRomy 1 FHfgarsd off sand)

The molecules of a gas obey Maxwell-Boltzmann distribution. Calculate the

fraction of molecules of the gas within 1% of the most probable speed at STP.
Interpret your result. 10

6. (a) qmwwmﬁmﬁaﬁ%@ﬁam%sﬁﬁgaéﬁmﬁwv—4l  peost

TE g r
gR1 < a1 &, S8l p A& faaww =1 fayga srgof & aen 6 f§ya & &% F1 fiv 7o fog @ e
arett [ vd fsya & 31w % =9 F F R

With the help of a neat diagram, show that the potential due to a dipole at a
1 pcos?

point is given by V = , where pis the dipole moment of the charge

dney 2

distribution, 8 is the angle between the line joining the centre of the dipole to
the point of interest and the axis of the dipole. 10

(b) SEFHEA: IREaId fREl TeeEdi oW Rl g 50 Hz 91 F-WE-§ (r.m.s.) O
40 A B\ AUHIH gAcHS T § 9 oA & 916 0- 00125 BHs R YR il dleaiiies A1 31d
Eq
An alternating current varying sinusoidally with a frequency of 50 Hz has

an r.m.s. value of 40 A. Find the instantaneous value of the current at
0-00125 second after passing through maximum positive value. 10

(c) Was qUagdl = OC Jaead & eIk &) fad qun 91 & gt $1 sgafa o)

Write down Maxwell’'s equations for linear dielectrics and deduce the equation
of continuity, 10

(d) AT T w1 wR w e 39 genfid w2

Slale and prove Poynting's theorem. 20

M-ESC-U—"PIFG/ 58 6
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7. (@) T % FHomw fafEo Fem R e 7 smen ® ewid fF e 3= s dimen ®
e &1 FFa e dE e 9o W-si Fam o gardia @) St B
Briefly explain Planck’s law of blackbody radiation. Show that Planck’s law

reduces to Wien’s law and Rayleigh-Jeans law at lower and higher wavelength
limits respectively. 20

(b) =il T TR ufgem Guia N ufEmen F = G g Ses % AR-R Ao u| F

ENCI I
Show that the displacement current between the plates of a parallel-plate
capacitor is equal to the conduction current across the conductor. 10

(c) TF g9 qfgert Bl 1 300 rad/s FIME 37N qo1 240 V o Yedradi 91 HAId ¥ i8]
S 21 ufgy ¥ =eE O o a-AeI-TA (r.m.s.) O 970 6 B S aighis & W
forymm v feeh 27 |G &, € =200 pF.

A parallel-plate capacitor is connected to a 240 V AC supply having angular
frequency of 300 rad/s. Find the r.m.s. value of the conduction current in the

circuit. What is the displacement current between the plates of the capacitor?
Given, C =200 pF. 10

(d) TFd A F n A F A areR awa B ERen-geeE fad o Y w1 9g qE IR ied
59 W 5 O M 5 atm @ W 20 Tefet 3Fdd =il |

fem 2, R=8-31x10"' erg mol™! K71, a=1-34 %10 dyne cm? mol 2,
hb=31-2cm®> mol™! @ latm =1-013 x10° dyne cm .

Write down van der Waals’ equation of state for n moles of a gas and calculate
the temperature at which 5 moles of the gas at 5 atm pressure will occupy a
volume of 20 litres.

Given, R=8:31x10" erg mol ' K™!, a=1-34x10'? dyne cm® mol™?,
h=31-2cm® mol™! and latm =1-013 x10° dyne cm™. 10

8. (a) UF ww NfeH wEremen d, e qm 27 °C ¥, SR W SIH GO % S 3
F3 ¥ fu FE W T 2 EEEE ® aR F FIEY-aREae a9%d 085 x 10°° m* R 4w

AR § 20 N &1 9@ da ARG 81 4 g8 ool & g $l gl 1.2 m 8 T aR Hi dM
7 °C 9 8 T, @ (i) aR § AT T T q9 (i) 9R % w1 Fl go g aRketad R
T WER & e qul OHa™ 4 & OhE FAR: 1-5x 1070 KT ae

2.0x10M Nm™? &)

A student is working in a physics laboratory, which 1s at temperature 27 °C, on

a sonometer to study formation of stationary waves. The cross-sectional area of

2

the sonometer wire is 0- 85 x 10™® m? and a tension of 20 N is applied on it. If

the rigid supports are 1-2 m apart and the temperature of the wire drops by
7 °C, calculate the (i) final tension and (ii) fundamental frequency of vibration
of the wire. Take, coefficient of linear expansion and i1sothermal Young's

modulus as 1-5 X 10 K™ ! and 2-0 x 10'' N m 2 respectively. 10

M-ESC-U-RIFH/58 7 ( P.T.O.
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YERA AT U2 W A9 R FHHAd g FATEIE-FRAYUA THI 1 SFAIHEN ek 99l
YR RIS YTl GehHu o felg 9T 1" aTd < WY -|1Y =Eeh] B o 3TTHR Ul § | S
T ¥ohd 7 Toh aT59 3T1@9 1 ) id SHaeR Ll § 3R 0 SO 91 % @Y =R &+ @l g

What do you understand by the term ‘phase transition’? Using
Clausius-Clapeyron equation, show that for first-order phase transitions,
vapour pressure decreases exponentially with temperature. You can assumece

that the vapour behaves like an ideal gas and latent heat remains constant
with temperature.

foam & N =00 =1 T 9F 3R O Il € (> 0) FoA o WY heled < LT3 H Th ]
qafy 81 9fe 98 fHem Wo-dlo AfEgdl &1 SIued R, 0 39F GlAT0 FoH qe AR
Sl o sl WIH W

Consider a system of N particles and a phase space consisting of only two

states with energies O and ¢ (>(0). Obtain the expressions for the partition
function and the internal energy of the system, if it obeys M-B statistics.

() Tordt Tt vered A waHar Il 3TTEE WAl o o= "9 & R I Bid) 8 | T T vl e
0T © ] 87 T8 R

The viscosity in a liquid arises due to friction between adjacent layers.
What causes viscosity 1in a gas? Explain.

(i) DA -lcgdaH Tl o1 STUTa & a1t T & A 450 m s = 30|a =7 8 TiaHH
AR B EEA RN =166 x 10° Nsm ™%, fFa®gdadp =125 kg m > a9
& I =27 x 107 m Y @, @ g F el & Ay ety gy o o9 s 9

qiieheiq i |

The molecules of a gas obeying Maxwell-Boltzmann distribution move with
an average speed of 450 m s71. If the coefficient of viscosity of the gas nis

16-6 x10°® Nsm 2, density of the gas p 1s 1-25 kg m™> and number

density 1s 27 X 10“°> m™, calculate the mean free path and diameter of

the gas molecules.

* k&

15

10

10
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