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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.

Questions no. 1 and 5 are compulsory and oud of the remaining, any THREE are (o be attempled

choosing at least ONE question from each section.

The number of marks carrvied by « question [ part is indicated against il

Ancivers must be written in the mediwan authorized in the Admission Certificate which must be
stated clearly on the cover of this Question-cum-Answer (QUA) Rooklet in the space provided. No
marks will be siven for answers written in a mediuwm other than the authorized one.

Asswne suitable data, if considered necessary. and indicate the same clearly.

[Inloss and otherwise indicated, symbols and notations carry their usual standard meanings.

Attempts of questions shall be counted n sequential order, Unless struck off. attempt of « question
shall be counted even if altempted partly. Any page or portion of the page left Dlank in the
Question-cum-Answer (QCA) Booklet must be clearly struck off.
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Yth SATRIYT <l TagAeiierd] (WEgameh) g, = 8854 x 10-12 F/m

Heh HThTRI ohl TR Ly = 4n x 10~/ Henry/m
SAFZT T 3T 1:6 x 10719 Coulombs
SAFST ] ZedHA m, =91 x 1031 kg
grates 79 faadres R = 8:3 Joules/gm.mole
AT TheaTshyul fadTeh G =666 « 10-11 NmZ/kg?
Physical Constants :
Velocity of light c =3 x 108 m/s
Boltzmann constant k=138 x 10723 J/K
Planck’s constant h =6:627 x 10% J sec
Permittivity of free space g0 = 8854 x 10712 F/m
Permeability of free space 1y = 4n x 10~7 Henry/m
Charge of the electron 1:6 x 10719 Coulombs
Mass of the electron m, = 9-1 x 103! kg
Universal gas constant R = 83 Joules/gm.mole
Universal Gravitational Constant G = 666 x 10-11 Nm?4/kg?
Wus A
SECTION A

Q1.

(a)

(b}

Uh U] &1 U el 8 &9 T 1 = ke T givlq fear e 2. T8 T k 3%
o I 2 | Afc U =1 ZomE m 2, d 5 &) 7o 3179 hifsu

A particle moving in a central force field describes the path r = ke®Y,
where k and « are constants. If the mass of the particle 1s m, find the
law of force. 10

Uh 1:0 mm =FH 30 20 cm cdmns aredl wfvbr afasm s w4,
ECCEE 102 kg/m FAcd 1 Uewhlgle T 2, @l dtas foom o 3 2
hivehla AlAH & g %! &S VehIEled o g8 § 40 em H 2 | 10194?21?
hiSTehld At B 581 916l Ueplalel sl U=l 3714 hITSU | Ueahigiad =h1 I97T4]
T 0-0012 Ns/m2 8 |

A capillary tube having 1-0 mm diameter, 20 ¢m in length 18 fitted
horizontally to a vessel in which alcohol is kept fully up to the neck.
Density of alcohol is 8 x 102 kg/m>. The depth of the centre of the
capillary tube below the surface of alcohol is 40 em. Find the amount of

alcohol that will flow out of the capillary tube in 10 minutes. Coefficient
of viscosity of alcohol is 0-0012 Ns/m?2. 10
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(¢) U U 71 [aeere Z@dl 2, Tgel S fo 35 g TR @Ha w B B oA
7 % “*- - 5 =k
A % 2:0 ms 96 100 km ol ald] g | Uh U H&sh HId g f& 2

fqEhIe Ush &1 TIH T B 2 | T Yefeh ol fawsiel 1 g9 3Tl
iﬂ:l || ‘:)

An observer detects two explosions, one that occurs ncar him at a
certain time and another that occurs 2:0 ms later 100 km away. Another
observer finds that the two explosions occur at the same place. What

time interval separates the explosions to the second observer ? 10

d) 9« 1076 ¢m Taet gidl <l Wa (Then) 1 orEad fgwn @ 30° S W 2@l

AE 2 | WrEafdd U % 3 aesd (1) i T HiAU Al T 77 FulshA
(Fqaem) T 3779 & | Yeidd <l 9ia (T%ed) &1 3dadqme p=1-358 |

A thin film of petrol of thickness 9 x 107 cm is viewed at an angle
30° to the normal. Find the wavelength(s) of light in visible spectrum
which can be viewed 1n the reflected light. The refractive index of the

film gt = 1:385. [0

ey o= O Zoiv @R v gEEE m, @ ferm ae 99 FEas k, 3k, 8, ¥
SATHIT T 2 | Zeg9T m hl HEdier fZen ° = i ave argr-en faretud
ik 2ig fear a1 8 | afz Tl 999 ¢ W ZemHE m o #1 faryms ¢ 7, Al
fZ@nsu fob ZeqqME i TTid 53 3rad 7Tid & {55kl 379

I
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A mass m is suspended by two springs having force constants k; and k,
as shown in the figure. The mass m s displaced vertically downward
and then released. If at any instant t. the displacement of the mass m is
X, then show that the motion of the mass is simple harmonie motion
having frequency 10)

1 1( kllgiﬁ_. |
2 \ m ik, -k

- 3 ...'

11l

- =

Q2. (a) UF geFHME m bl Mue, A1 o frgr s7a%en 9 2, us favwie & 2= a1 g
m, 310 m, 22991 & 21 fqugi § faurtaa &1 510 2 | fawsE & ar 241 fug

A TMad Sl T & 91y fauliq fzonsn o nfa «d 2 | fe@ee &6 24 &

ATedeh =T J2Tm/m,m,, 2 |

A body of mass m at rest splits into two masses m; and m. by an

explosion. After the split the bodies move with a total kinetic energy T in

oppostte direction. Show that their relative speed is \I.-"'2Tm /m,m, . L5

(b) 100 ¢m SEETS % Uk Feeh BT bl 2191 bl W A9 ofFals & @] Fediad am
HAgR 39§ afds 250 O e w2 | Uk dr 1 4 997 2 Taee
HAITAAT=H2 0-05 sq. em & A4 g9 AW FrE (Fde) F1 991 7 e
T2 0°1 sq. em 2 | D3 T IG LAH H1 719 HITA0 T8 9 v 91
P! ATHE T T HEH 5 2 79 o

(1) T gldaed,

(i) STEE TRl

3094 TR =1 Jeb |

EIES (‘-ﬁd&:’i) AW 3G & T & JeATEAd Qulith a9 1:0 « 101! N/m? 3R
2:0 » 10T N/m2 & |
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A light rod of length 100 em is suspended from the ceiling, horizontally

by means of two vertical wires of equal leneth tied to its ends. One of the
wires 1= made of steel and it= cross-section 1s 0-05 sq. ¢m and the other is
of brass of cross-section 0-1 sq. em. Find the position along the rod at
which a weight may be hung to produce

(1) Equal stresses in both the wires,

(110 Kqual strain in both the wires.

Young's modulus of elasticity of brass and steel are 1-0 ~ 10T N/m? and
2:0 <« 1011 N/m* respectively. 7

-l |

¢y 1AEEU ik 21 FEaiar g 3 gm T B3Rt faade &6 uﬂudrn ARG
F9 {6 7l @ =fqeo i veet Tt o faads 1 aigaq 2m 2 | safaean
AP =HAH uH 1 Fafa £ o urs Fifso

Show that the phenomenon of Fraunhofer diffraction at two vertical slits

15 modulation of two terms viz. double slit interference and single slit
diffraction. Obtain the condition for positions of maxima and minima. 2()

Q3. (a) Uk FU3EHH AlMehd FEF [TEH O 02 (4e8) YhvE i 921w
e ; - g s S r " g
U Sehel Hieal, [39F HE 37 Fefien 920 F1 399497 ol

ny = 1463 37 n, = 1-444 2. U oI SHTE, THEH }” 150 CSaE!
SGFeA SIS 2 nm, B I RIA B | 20 @S] W oAfz gmed @y g
JJUII*:% [ = 1823 ps/km.nm 2, d 1 km «H B2l & AU =z (T4 )

- £ r-‘-
b0 37 7219 gehtoia <f1 o i
In a step-index optical fiber system, explain the terms pulse dispersion
and material dispersion.

An optical fiber having refractive indices of core and (:Indding n, = 1-463

and n., = 1-444 respectively, uses a Laser diode with o = 150 pm with a
spectral width of 2 nm. At this wavelength if the material dispersion

coeffictent, )15 1823 py/km.nn, then caleulate the pulse dispersion

and material dispersion for 1 km length of the fiber. 2()

by G GG R 22 UHRGH A AL BU 9AA oAd] ] IUAN H AT AU 37U

£1 54 @1 U FifAu | 3z 249 o Ueh w1 921 S99 7. 91 ] 98 HEE
U 75 F1 A8 F FT FRAT B 2 379 I 1 =T F4730 |

What 15 chromatic aberration ? Obrain the condition {or achrom:atism

using combination of two thin lenses pliced in contact to cach other. Can

this syvstem work as achromatic doublet if both are of same material ?

oy

Justify vour answer. ]
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(¢} (1) U YidH @ ZeAAME W T <kl uH Hifau fFmer fear zeamm
1:67 x 10727 kg & 9T I8 0-8¢ & A7 T T(d i T&T &, &I ¢ Y9 &)
mid B | afg 98 Wiei v feer iy Fent zeadH 5.0 « 10726 ke B, &
ZhITdT & 3R 3I9E Taush a1 8, a1 gfomdt sur <1 a7 {19 Shifsu |

(ii) Ush U1 & gedwA hl Mol Hifau Frmeht fas $af 3@ e F1 h
el B 1 0 99 90 9 Tfq o @1 8 39 97 &1 {19 hifHu |

(1) Calculate the mass and momentum of a proton of rest mass
1-:67 x 10727 kg moving with a velocity of 0-8c, where ¢ is the
velocity of light. If it collides and sticks to a stationary nucleus of

mass 50 x 10720 kg, find the velocity of the resultant particle.

(11}  Calculate the mass of the particle whose kinetic energy is half of its

total energy. Find the velocity with which the particle is travelling. 8§+7

Q4. (a) (i) Uh A & IR T HUH Hd §U Uk ZeadqHE M & ol Fgea ol 3
qRYAu S5 1 qRuTiva e | Fecd A0 o JHR 3787 THT 6
39 hifau 3R 389 fag hifsu |

(i) U 0-5 kg Zo4HM 1 el forehd g8 W 591 {6Ed 3-0 m/s & THAAT
I H Tgh 1@l & | $Heh! el Tdal HaAl bl TUET HIfAU |

(1) Define moment of inertia and radius of gyration of a body of mass
M rotating about an axis. State and prove Parallel Axis theorem on

moment of inertia.

(11) A sphere of mass 05 kg rolls on a smooth surface without slipping

with a constant velocity of 30 m/s. Calculate its total kinetic

energy. [H5+5

(b) g1 &1 A 64 < 106 m B, 3P HIEF T 55 x 103 kg/m? 377 Ty
(A1) Tocdd Fd@® 666 x 10711 Nm2/kg? 8 | gedl o I8 9T Teearanyu]
fava =h) TUET e |

The radius of the Earth is 64 x10° m, its mean density is

55 % 10% kg/m? and the universal gravitational constant is
6:66 x 10711 Nm<%/kg?. Calculate the gravitational potential on the
surtace of the Earth. 10
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(¢)  3Tgdfed gaEl (BMiH®) 29 991 B 2 39 2l Tid o fog e fafee
31 3T AT B UTed HITAU | QAU §A 9L 3G 52 favaed shifde
37aded 3 aredq 1fd & == i |
Uk AGHIEd Al Fh 1 ALIUELA YT F BN Al FHeRl YRITH
JATATH 30 {:m% EIRE? ‘{3: 20 filc'H + dfa 3 cm gl STd] % ?

What is damped harmonic oscillation ? Write the equation of motion and
obtain the general solution for this oscillation. Discuss the cases of dead
beat, critical damping and oscillatory motion based on the general
solution.

What would be the logarithmic decrement of the damped vibrating
svstem, 1f 1t has an initial amplitude 30 ¢m, which reduces to 3 ¢em after

20 complete oscillations ? 20
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Wiz B
SECTION B

Ush AT & T3 &1 Jgd (a9 v:'l_‘)_#_l_ diee 9 fed T B | hIdig

r I
~ | sl i 5 . _ |
23 (4, 2, 3) m R fead oz = v deqa e gfqw &1 momn Hifse |
o 121
(riven that the electric potential of' a system of charges 1s 'V = g o
e B

volt. Calculate the electric field vector at the Cartesian point (4, 2, 3)m. 10

13 Alaytza w2 1 3 faufeqd feean 1 @1 2 | g9 9@ $1 nun SifFv &

39Y<E 1A @1 el Tohd-l falgan @ 7 7 7 |

!

Kight indistinguishable balls are to be arranged in six distinguishable
hoxes. Calculate the total number of wavs in which the above can be

done, 10

| TTFeTg 31 Ush € UshdqH FHaehid &7 B % ofiead & | I8 98 31949 Ush

q A FU AT HEEhE &9 B o HEISAL 3 F FE W@ hOid G o 9

U TR B | BE & (93 b AW YA dreedl A shiAu |

A rod of length [ 1s perpendicular to a uniform magnetic ficld B. The rod
revolves at an angular speed o about an axis passing through one end of
the rod and parallel to the magnetic field B. Find the voltage induced

across the rod’s ends. 10

(O, & HMAe [H¥ars & mo fifsu 3o v arer g Gaas

a = 0-0072 31 b = 0:002 @& T & | CO, & v FFa a9 =1 i 7o

$IS0 | 219 1 " (3H13) dIYHEA (atmosphere) 317 A &1 AT

('335|§) NTP 9 5 Uh ogm-mote F T 7 |

Calculate the eritical constants for CQ, for which the Van der Waals
constants are given by a = 0-0072 and b = 0-002. Also calculate the
Boyvle's temperature ot CO.,. The unit of pressure 1s atmosphere and the

unit of volume i1s that ot a gm-mole of the gas at NTP. 10
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oy faa 1 fzu v faomEt e gty & v sgare sngia i quEn i |

5 =
= <
<Ry, %R‘
%L =
. | .

Consider the two branch parallel circuit shown 1n the diagram.

Determine the resonant frequency of the circuit. 10

Q6. a) Uk 'fr!c‘rciiﬂ H79 %H S d UhAHN AMAl Fl A g9 E = 8 kVim) TggdH
21 E #n B 1 IRHIV Ze Feed @ H424 A S H A4 HITH0 A1 T S A

.. > . ;
% ATIT UhHHE o vzqmmxﬁﬁrEfmqﬁu—-rﬂmemmqimﬁqﬂ{w
?

IBFHSGH I Achl-}IOh*‘:#JiL—}ﬂUt}qtﬂ |

In an inertial reference frame S there s only a undorm electrice field
—> e

E =8 kVm L. Find the magnitude of £ and B in the inertial reference
; o/ ; : : 5% . -
frame S moving with a constant velocity v relative to the frame S at an

>
angle « = 45° to the vector E . The velocity of the frame S 1s 006 times

the veloeity of hght c. 2()
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by T U AT 4 L =20 H,R=10Q, R, =20Q 3 E=30V2 |79
qitay = 3l S w1 91 T A 2, 91 Feell § 37w = H gEn A
HITU | AT 1 3T giauy 9799 2 |

L, R
B5058°

R,

In the given circuit, L = 2:0 y\H, R =10 Q, R, =2:0 Q and E = 3-0 V.
Find the amount of heat generated in the coil after the switch S is
disconnected. The internal resistance of the source is negligible. 10
LR
755068

R,
AN

?
3

K

& p

= iy

(¢} ARY T & foqu fgeafatega swmfas afwaen & sfyeaaui & smen
(i) guardt gfspan
(i) ey gfsea
(1i1) GHZTS] Tishal
: - 8
(iv) FH3TIAS gisee
3T iR o 29 T8 & grT {0 11U s 1 sseh Ui hifFu |

lixplain the characteristics of the following thermodynamic processes for
a perfect gas :

(1) Isothermal process

(11)  Adiabatic process

(111) Isobaric process

(1v) Isochorie process

Obtain the expression for the work done by the gas during the above
pProcesses, 20
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Q7.

(a)

()

7 1,z < 0 TIGd 9214 ¢, = 32 H 99 B AW &F 2, z > 0 WA

2 o =20 A | 9 wirgu & fovenm afew em o1 o
_} ., s =
Dy =-30a, +50a, + 70 a, nCm =22 | 94 #1790 fo AR T3]

- .h .. 3 . > . R T o .
97l A R | & 2H D, #NW P, WA &MU, 8l P, &3 2 H dgd yau
AZ9 8 |

A regron 1, z < 0, has a dielectric material with ¢, = 3-2 and a region 2,

z > 0 has a dielectric material with ¢ = 2:0. Let the displacement vector

->
in the region 1 be, Dy =-30a, + 50 a,. + 70 a, nCm™2. Assume the

— —
intertace charge density i1s zero. Find in the region 2, the D, and P, .

—>
where P, 1s the electrie polarization vector in the region 2.

Ush FeTeAsh, 9% o = 58 » 107 Sm™! 8, W 1 MHz &l fagd-se=hm 720
RIS | |19 SAifse T

ATIIAd adl 8 | 39 HATeAh o oAU card] TS shl U1
qATh & 2L 1=y = 41 < 1077 Hm- 1 8 |

Calculate the skin depth of electromagnetic waves of 1 MHz incident on
a good conductor having ¢ = 58 » 10/ Sm~!. Assume that inside the

conductor 1 = i, = 4 % 10~/ Hm™L.

AW fdieron =1 Fuish (Tqaeat) TaTsH Uk vt fafries % a2 (e

SAtehan It 1 qAEd 0-48 ym 2 | fafehor & wwo g3 6 zeame @fd

afd ARvg F1G HIfAU | IH THE T 1 vt Hifau e gg o zes

1% = AT 8 |

Zan 2w decduE A = 5669 <« 108 W m 2 K4, g

The spectral composition of solar radiation is similar to that of a black
body radiator whose maximum emission corresponds to the wavelength
0-48 pm. Find the mass lost by the Sun every second due to radiation.
Evaluate the time interval during which the mass of the Sun reduces by
1 per cent.

Bsa1 = 6:957 « 10% m, g4 & YE & a9 = 5772 K 30 g3 &1 ZeamA
1:9885 - 10°0 kg B |

™

v < g - S ) o : ~
Given : Stefan Boltzmann constant = 5:669 « 100° W m—~2 K= radius of

b/

the Sun = 6:957 « 10% m, surface temperature of the Sun = 5772 K and
mass of the Sun is 1-9885 x 107V kg
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Q8. (a) (i) 29 & TeHRR 232°C 8, 3% HNGH @l Tod S 14 cal/g 7 31 3
fe1 o wifera 29 & fafore 3o a9 0-055 37 0-064 calle °C & )

1-:0 gm T4 =1 100°C @ 300°C 9% TH &4 H U=l § 7O qigaT &
O <hITST |

(i) Ueh A ohl 2&3dl @bl TUMHT “hHiTu T38e giigd 3 dd 13-8 8 a1 YOH
A 6 2 | TR T SrAA AEfed wosm widr 8 | fgm e 2
= bd.

(1) The melting point of tin 1& 252°C, its latent heat of fusion is
14 cal/g and the gpeeific heat of solid and molten tin are 0-055 and
(:064 cal/g °C respectively. Calculate the change in entropy when
1:0 gm of tin 18 heated from 100°C to 300°C.

(1) Calculate the cfficiency of an engine having compression ratio 13-8

and expansion ratio 6 and working on diesel cycle. Given v = 1-4. 10+5

(b) () HHI-ferre faa & fAu e @ | T=03R T, > T, > 0% &0

wifi-femes faarm &1 wfag HifFw | 39 3@ @ wHl = il A
(e fead Iy 9eATidd hiiAu |

(i) T = 300 K W Ush A 1 BH & H 0:02 eV FI HA] T T Y70
A9 1 UTiehar =h1 Tt AU |

(1) Write the cxpression for the Fermi-Dirac distribution. Plot the
Fermi-Dirac distribution at T = 0 and for Tl > T2 > (). Now from the

plot propose two alternative definitions of the Fermi level.

(i1)  Calculate the probability of an electron occupyving an energv level
0-02 ¢V above the Fermi level at T = 300 K. 15+5

~ 2

(¢)  y-3&T o FHTAT q91 f972 (3, 0, 1)y m ¥ I 91 U AYNHG (W@ A9 %
A& WA 2 nCm-! 2 AA xy 9 & TR UE &g (0, 0, 6) m ® S
e Uch safrid  w3masT 9 (FQIE) %1 A9 T9ed 4 nCm=2 8 | Fﬁ'—é
(10, 10, 10) m 9% J=gd &7 @1 digal =hl 0T HITAU | Gk 3AhEl ! feid

R
qTH AU |

Given an infinite line charge of charge density 2 nCm~! parallel to the
y-axis and passing through the point (3, 0, 4) m and an infinite sheet of
charge of charge density 4 nCm™2 parallel to the x-y plane and passing
through the point (0, 0, 6 m. Calculate the electric field intensity at the
point (10, 10, 10} m. Assume free space. 15
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