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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 out of the remaining, any 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 (QCA) Booklet must be clearly struck off.
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ﬁﬁﬁﬁm:

TSN T T c=3x 108 m/s
FieeTdH fFFdis k=138 x 1023 J/JK
AT fadies h = 6627 x 10734 J sec

qh T i fogaefiarar (Wagais) gy = 8:854 x 10-12 F/m

Uk HThTE I JIET=a

Ho = 47 x 107 Henry/m

3@3’?;1'? 1 3T 1:6 x 10719 Coulombs

AT HT T me =91 x 1031 kg

Tt g faames R = 8:3 Joules/gm.mole

HTEife Teeaeyur faais G =666 x 1011 Nm2/kg?
Physical Constants :

Velocity of light c=3x108 m/s

Boltzmann constant k =138 x 1023 J/K

Planck’s constant h = 6627 x 10734 J sec

Q1.

Permittivity of free space
Permeability of free space
Charge of the electron

g0 = 8:854 x 1012 F/m
Ho = 4n x 10~7 Henry/m
1:6 x 10712 Coulombs

Mass of the electron me = 9-1 x 1031 kg

Universal gas constant

R = 8:3 Joules/gm.mole

Universal Gravitational Constant G = 6-66 x 1011 Nm?2/kg?

(a)

(b)

T us A
SECTION A

T T H1 99 o T &7 A r = ke®® § affa R s 2, siwt Kk sk
o a8 | afe 9 F FEEH m B, 9 9 F1 w7 Hifv |

A particle moving in a central force field describes the path r = ke9,
where k and o are constants. If the mass of the particle is m, find the
law of force.

Th 10 mm M AR 20 cm @R awll HREE AR wd,
e 8 x 10 kg/m® o9 #1 Uehreia wu 2, & e R § 9@ 2
Bk Al F F5 hI TR Vehlerdt F I8 F 40 cm A9 2 | 10 fore
BRI TfTH F 7 AT Aehiardl AT T HIC | AeHEI BT AT
T 0-0012 Ns/m2 2 |

A capillary tube having 1:0 mm diameter, 20 ¢cm in length is fitted
horizontally to a vessel in which alcohol is kept fully up to the neck.
Density of alcohol is 8 x 102 kg/m3. 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.
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(c)

(d)

(e)

wF Yo o) faEee @A R, ggen S fp e g frd @ W g @ an
Zg0 1 % 2:0 ms 91g 100 km G B B | TH gEU Yareh wrar @ f g
foepie T € T WA § | g Yaw & fou faesiel # s a7
B 2

An observer detects two explosions, one that occurs near 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 ?

9 x 10~6 ¢m Yael Ugel it wa (fhow) i Traq fam @ 30° Ho1 W @
ST R | qUafdd g % 39 qreed(F) B g Hife st fE g auiEn
(Teew) ¥ 37d B | Ugrer <l wa (fhen) 1 rvadie p=135%2 |

A thin film of petrol of thickness 9 x 10~8 c¢cm is viewed at an angle
30° to the normal. Find the wavelength(s) of light in visible spectrum
which can be viewed in the reflected light. The refractive index of the
film p = 1-35.

o7 & guift S9ar v gewH m, 31 8 e sa e k; 3k, 23, &
FCHAT T 2 | ZoIHH m I Feater fesn A 9 i aww e fowenfia
Fh Big o s B | ARG Fopeft w99 ¢ W gmE m 1 favumm x @, @
feamse & geawm i nfd w@ smad wfa 2 et smgfa

k.k
f=i .5l fooio o 8 2
27 | m k1+k2
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Q2.

(a)

(b)

A mass m is suspended by two springs having force constants k, and ko
as shown in the figure. The mass m is 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 harmonic motion
having frequency

S [ kky ]
2n | m k1+k2

U ZeaHH m H1 fuvg, St o foor srawen # 2, us fawwie & 2w @ am
m; 3N m, ZeTHHI % 3 favei § fawfsa & sman 2 | s & =g 2l fivs
ﬁnﬁame%mﬁqﬂﬁﬁmaﬁﬁn%m%lﬁ@mﬁﬁaﬁzﬁ

Aferes =Te 2Tm/m m, % |

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

opposite direction. Show that their relative speed is _/2Tm/ m,m, .

100 cm TS % Tsh Booh S i ol hAR] G THF TS & ¢ FHeaier ari
¥ iy Bd ¥ @fas e § cesrn e ® | v 9 3o & 5 2 R
ITIY-AN=DE 005 sq.cm B TAT g AR wE (diqer) w1 s § Frmen
FTIEI-IR=BE 01 sq. cm B | B T 3G TAM I T HITAT F& W Th YR
I TeHET I T formd fop 21 and A

(i) SR yfce,

(ii) =R fospfa

3Icad fopam S wh |

@ (fiaer) 3 39T & AT % YAREAT Ok HA: 1:0 x 1011 N/m?2 3kt
2:0 x 1011 N/m2 § |
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Q3.

(c)

(a)

(b)

A light rod of length 100 cm is suspended from the ceiling, horizontally
by means of two vertical wires of equal length tied to its ends. One of the
wires is made of steel and its cross-section is 0-05 sq. cm and the other is
of brass of cross-section 0-1 sq. cm. Find the position along the rod at
which a weight may be hung to produce

(1) Equal stresses in both the wires,
(i) Equal strain in both the wires.

Young’s modulus of elasticity of brass and steel are 1-0 x 1011 N/m2 and
20 x 1011 N/m? respectively.

feamy f6 3 Fwim il & 89 9 R fGads 6 gfwen @ @,
S T f5-forl @ =afomon o wwrar 3l @ foerds 1 wtgem dran 2 | sifrepam
R =gam " i feafe i od area hifs |

Show that the phenomenon of Fraunhofer diffraction at two vertical slits

is modulation of two terms viz. double slit interference and single slit
diffraction. Obtain the condition for positions of maxima and minima.

U WY-3Sq HAfeshad BIg v # o= (ved) i 3t verst wehiolg
9al %! T |

Th HAMhd SR, ms ®R 3 wifen ugd #1 svadais waw
n; = 1463 3R n, = 1444 8, TF T 3ATE, 5@H 4y = 150 pm 3R
WFEA S 2 nm, HT AN F1 8 | 39 qOeed W AR e w1 ghl
T D, = 18-23 ps/km.nm ?, @ 1 km o e % fU W (Yew)
SehIvi 37 gerel wehio <t o Hifd |

In a step-index optical fiber system, explain the terms pulse dispersion
and material dispersion.

An optical fiber having refractive indices of core and cladding n; = 1-463
and ny = 1-444 respectively, uses a Laser diode with Ag = 1:50 ym with a
spectral width of 2 nm. At this wavelength if the material dispersion
coefficient, D, is 1823 ps/km.nm, then calculate the pulse dispersion
and material dispersion for 1 km length of the fiber.

quf fouer e 2 22 Uh-gE @ W2 §U 9a Tl bl IUEN § @1 gU Sraviear
1 9rd = wed HifSe | 3 I SF & ggd F 9 &, @ = 9w e
Havfe ek I TE HE B Hehal & ? T I FT AT SR |

What is chromatic aberration ? Obtain the condition for achromatism
using combination of two thin lenses placed in contact to each other. Can
this system work as achromatic doublet if both are of same material ?
Justify your answer.
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Q4.

(c)

(a)

(b)

(i) T WA & g IR dam H e Hifw Seer for g=mm
1-67 x 1027 kg 8 qYT I8 0-8¢ o a7 & 7Ifd o &I B, &l ¢ YW i
wfd 8 | AfE T8 e U R aifies fme geamm 5:0 x 1026 ke B, &
THTAT 8 AR 398 faues Srar B, a1 gftordt sor &1 a1 sma difso |

(i) TH HU &% geEHE H AT Hife eh 1fes St suh o et hi
et 8 | o1 5| o | ifq oK 1@ B 39 97 1 1 i |

(i) Calculate the mass and momentum of a proton of rest mass
167 x 1027 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 5:0 x 10726 kg, find the velocity of the resultant particle.

(i1) 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

(i) T A& % IR WH P Hd §¢ Th 5994 M & foIu Tgea amepef 3ik
gftymo B &t fonfya i | Sigca st & auR 3t Ty
3z Hifor 3R 38 fag Hif |

(i) T 0-5 kg FFHM HI Menl foehd 98 W fomn foaat 30 m/s & wham™
o | Geh @1 2 | TRl HA TS ol hl THT HIT |

(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.

(ii) A sphere of mass 0-5 kg rolls on a smooth surface without slipping
with a constant velocity of 3:0 m/s. Calculate its total kinetic

energy. 15+5

yeeft 1 B 6-4 x 106 m B, 3HHT HIST A 55 x 103 kg/m3 IR gevm
(wreifeh) Tecdta FEdis 6:66 x 10711 NmZ/kg? 8 | Yedt & U8 W Tocarehyur
fawa it o Hifs |

The radius of the Earth is 64 x10% m, its mean density is
55x 103 kg/m® and the wuniversal gravitational constant is
6:66 x 10~11 Nm?/kg2. Calculate the gravitational potential on the
surface of the Earth.
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(c)

Sfamfed T (FWIAH) G @1 B ? 39 geM id & o wdten fafag
3N 3T FATT B T HIfT | T g W NG &g fawae wifas
3gHe 3R gred Tfd i == AT |

U HGHIEA Aol IR 1 TYUERIE 3T9sE #91 BN AfE SHeR Wi
3™ 30 cm 2 S fh R 20 Qe & 918 3 cm & 1T 2 ?

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
system, if it has an initial amplitude 30 cm, which reduces to 3 cm after

20 complete oscillations ?
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Q5. (a)

(b)

(c)

(d)

WUE B
SECTION B

wh S % A g fawm V=12 L diee & fen e 2 1 el
¥ b 1f
fGer (4, 2, 8) m W ferq forg % forw Sega & afew i mom Afs |

Given that the electric potential of a system of charges is V = = - <

o

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

e Afadfed gl 1 =: favfea fesai & @@ 2 | 39 s 6 7o Sifse f
39 &1 Bl pot fhat faferdi & ot wed & |

Eight indistinguishable balls are to be arranged in six distinguishable
boxes. Calculate the total number of ways in which the above can be

done.

| TS I U B UHANH T &3 B % a8 | I8 B8 I Th R
Y A §U A9 TFh™ & B % GHRR A& H IR 0B B IA 0.8
U @ 2 | B % Bl % AN-UR G deear Jma i |

A rod of length [ is perpendicular to a uniform magnetic field 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.

CO, ¥ wifew frdim f A B Pk f ars aww B
a = 0:0072 3 b = 0-002 fe&n ™ 8 | CO, & fou sfaa am H ft ToF
HIfSU | gE 1 qEH (S?ﬂé) EH'QFIEFI (atmosphere) 3 TG4 1 HEH
(3%18) NTP W 79 % TH gm-mole & 9H 2 |

Calculate the critical constants for CO, for which the Van der Waals
constants are given by a = 0:0072 and b = 0-002. Also calculate the

Boyle’s temperature of COy. The unit of pressure is atmosphere and the

unit of volume is that of a gm-mole of the gas at NTP.
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(e) T ¥ fau wu fz-smeh = uftay & forw s smgfa it mom i |

Ry, % Re

L ca ;.

o

Consider the two branch parallel circuit shown in the diagram.

Determine the resonant frequency of the circuit. 10
[
Ry, % Re
L e,
o

Q6. (a) UF TScdid HeHd %W S H UHHWE dfiedr 1 Igd & E =8kVm! foemm
2| B 3 B % e gm e ded S F W S St fe S
¥ e TEEME A v @ 9 GRW B 89 @ o = 45° % H0 9 IR 9 @
2 1 %0 S’ 1 AT YIS b T ¢ T 0-6 T R |

In an inertial reference frame S there is only a uniform electric field
E‘.} = 8 kVm~L. Find the magnitude of —}-5, and ?3)’ in the inertial reference
frame S’ moving with a constant velocity ¥ relative to the fatis B.atan
angle o = 45° to the vector E The velocity of the frame S’ is 0-6 times

the velocity of light c. 20
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() fumwafgg d L=20uH,R=10Q,Ry)=20QIATE=30VR | 5&
qfitay & FHeit S H W R T Irn R, A Feh § saw F h w9
HITT | | 1 AT gfady T B |

LR

LIL0LR

Ro

NV

———o——>o———| ’
S |

E

In the given circuit, L = 2-0 uH, R = 1-0 Q, Ry=20Qand E =30 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

L,R
LIL00R

Ro
AMA

E

(c) oy o & fou fFafafea swmfes sfrast & sfiwan 6 smen
Hifom
(i) aHardt
(ii) &g wfska
(iii) w9t gfshan
(iv) HHAAHS Sispar
394 Nfskati % SR AW % g foRu e e 1 ek g Shifv |

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

(i) Isothermal process
(11) Adiabatic process
(iii) Isobaric process
(iv) Isochoric process

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

(a)

(b)

(c)

@'711,z<0wmar=3°2ﬁw%3ﬁ{%ﬂ2,z>0m§ﬁ
qd £.=20 & & | WA cfifw fF forgmm afew &3 1 4
31 =—30ax+50a + 70 a, nCm“Q%ImFﬁﬁQ%miﬂﬁ‘ﬂ
Y Y R | & 2 H Dgaﬂz Pzameﬁrﬁmaa Pzé'z’zﬁagﬁgam
qfew 2 |

A region 1, z < 0, has a dielectric material with ¢, = 3'2 and a region 2,
z > 0 has a dielectric materlal with g, = 2:0. Let the displacement vector
in the region 1 be, D1 =—-30a, +50 a, + 70 a, nCm™2., Assume the

_)

interface charge density is zero. Find in the region 2, the Dy and P2 ;
_.}

where Py is the electric polarization vector in the region 2.

U g, [SEH o = 5:8 x 107 Sm~1 8, W 1 MHz i fagq-gehig @i
Jafad &It & | 39 gaTersh & fore e e <l moEn hifve | A S
g b G p=py=4nx 107 Hm 1 2 |

Calculate the skin depth of electromagnetic waves of 1 MHz incident on
a good conductor having ¢ = 5:8 x 107 Sm™1. Assume that inside the
conductor p = gy = 47 x 1077 Hm™1.

| fafertor =61 auihn (Vager) HaoM Uk Hiwrn faferes & aam & s
Hfrehad Ieqs H1 A0 048 um 2 | fafeRr & o g H gemE afy
ufd evs F@ AT | 39 T iaue H o Hife fred g w1 e
1% &2 a1 8 |

fear mn 2 Wi Siegeme fdis = 5669 x 108 W m2 K4, g
s = 6957 x 108 m, T % Y8 & AW = 5772 K 3N gd # gemEm
1-9885 x 1030 kg & |

The spectral composition of solar radiation is similar to that of a black
body radiator whose maximum emission corresponds to the wavelength
0-48 pym. 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.

Given : Stefan Boltzmann constant = 5:669 x 1078 W m~2 K—4, radius of
the Sun = 6:957 x 108 m, surface temperature of the Sun = 5772 K and
mass of the Sun is 1-9885 x 1030 kg.
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Q8. (a ()

(i)

(1)

(i1)

(b) @)

(i1)

(Y

(ii)

HXS-U-PHY

& =1 TeHE 232°C.8, 39% e HT T FT 14 cal/g & 3N I
fea o nfera fomr <t fafare o saw: 0-055 3 0:064 cal/g °C & |
10 gm & &1 100°C & 300°C 7% ™ FH ¥ Tt #§ gu gRad Hi
o i |

TS 39 I gaFar i AT hifee e ddte U 13-8 8 99T YER
IIE 6 2 | TB T9 Sl AIERRA W HM wal & | fEm mm g
=14,

The melting point of tin is 232°C, its latent heat of fusion is
14 cal/g and the specific heat of solid and molten tin are 0:055 and

0:064 cal/g °C respectively. Calculate the change in entropy when
1:0 gm of tin is heated from 100°C to 300°C.

Calculate the efficiency of an engine having compression ratio 138

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

wi-fetre formor & fom =iee faflae | T=03R T, > Ty > 0% fom
wifi-fers faaw # smifga Hifse | 3@ s @ &l @ i
faepfeua gftummd yearfaa $Hifs |
T = 300 K T T sAdei &l Al T & 0-02 eV FW o1 T T UIT
S bt aTRreRdr i oM Sifse |

Write the expression for the Fermi-Dirac distribution. Plot the
Fermi-Dirac distribution at T = 0 and for T > Ty > 0. Now from the
plot propose two alternative definitions of the Fermi level.

Calculate the probability of an electron occupying an energy level

0-02 eV above the Fermi level at T = 300 K. 15+5

() y-218 o Fu=R a1 fog (3, 0, 4) m ¥ I et T IR [ A& &
AP T 2nCm‘1%HﬂTx-yﬂﬁ%WQéﬁ%(0, 0,6)111@31’3{
9 Th FUifd maw aw (3fie) @1 mEW ¥ 4 nCm2 B | fag
(10, 10, 10) m W Igd &= H digar I ToET FHISC | Jeb JwE H fEafd
a4 S |
Given an infinite line charge of charge density 2 nCm~1 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.
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