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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 Booklet must be clearly struck off.
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SECTION A

Ql. Tr=feRaa uee o1 & IWT 150 vreal & I/ =t i ¢
Answer/Explain the following in about 150 words each : 10x5=50

(a) () =¥ oo 71 8 2 H5 9 % G QR AT |

What is a central force ? Give two examples of the central force.

(i) fameu 5 H=a oo &7 § v & & HoiY g3 (1) T w1 R
g1

Show that the angular momentum (_L)) of the particle in a central
force field is a constant of motion. 10

(b) () WicgH H&I atel i & 767y § F Weg Hd 8 ?
How does Reynolds number help in the study of fluid motion ?

(i) THEEH Y iR arelt @fes Teft #, 1 km i g & q fagaAt F
f9 F IR W@ 5 Nm2 fir 5mar B | 7 fargadt = w7 ot wfa
1 e e it vfes Swt # ufeda it T Hifvw 1 dd W=
¥ed = 800 kg m3,
In a horizontal pipeline of uniform area of cross-section, the

pressure falls by 5 Nm=2 between two points separated by a
distance of 1 km. Calculate the change in kinetic energy per kg of

oil flowing at these points. Density of oil = 800 kg m™3. 10

(c) &9 JANTEIen § sifaes sravfed vay (sfafees) feaddie & a1 &% 6 &
i aligar 2a & 2 Sret shifaes sYewfea Wity #1 @ ?
Why do we prefer to work with a critically damped ballistic

galvanometer in a laboratory ? What is external critical damping
resistance ? 10

@  efig aftfes fquem w=n 3 2
UF TG 99 § Al 1 % U 155 x 102 m R S @ % fow
1445 x 102 m i B8 gl Bt B | 3 et avg 1 <@ @ 40 cm A gl
W T AR, A o F W e afvie fagem i momr fifs |

What is axial chromatic aberration ?
A convex lens has a focal length of 15-5 x 1072 m for red colour and

14-45 x 1072 m for violet colour. If an object is kept at a distance of
40 cm from the lens, calculate the longitudinal chromatic aberration of
the lens. 10
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(e) @

(ii)

Q2. (a) ()

(ii)

A Hierg & et iR aue govra & fibet = & 2
What are the fringes of equal thickness and fringes of equal
inclination ? '

e & gom (R) =aen & @ @@eAd A, = 6 x 107m 3R
hg =59 x 1077 m Ic@NId FH a1 €q F @1y, I§ I I @ ww
T % FOT mth FEA TOF TR TRA & FAU (m + 1) 7w
Wﬁﬁﬂ@ﬁﬁ%laﬁﬁﬂﬁmﬁ?ﬂQOcm%,?ﬁm‘hmm
1 A T HIIT |

In a Newton’s ring arrangement with a source emitting two
wavelengths 1, = 6 x 1077 m and Ay = 59 x 1077 m, it is found that

the m'® dark ring due to one wavelength coincides with the
(m + 1) dark ring due to the other. Find the diameter of the
m?" dark ring, if the radius of curvature of the lens is 90 cm.

g¢ foummyes otv) w1 fafim smfafa e W geawm/dgla-g & ma
STgcd SATEU 1A SHITT |

Find the moments of inertia of rigid diatomic molecule about
different axes of symmetry through the centre of mass.

TH WieH Th a4 @ 1837 TAT Wt B | EESINA G A
SEmH/AE-hg J1d IR |

A proton is 1837 times heavier than an electron. Find the centre of
mass of hydrogen atom.

(b) UH wA-3l H HLATE % dEa Uk Fifvea fag & il uh g awg i vl %
e & e wien i fafae (sgeafa 78 | e 5 fom aa-amt
Tt # foe il fEeR et § |

Write down Euler’s dynamical equations of motion (no derivation) of a
rigid body about a fixed point under the action of a torque. Show that
the kinetic energy of the torque-free motion is constant.

() feame i o G R & & oW a8 Mias & g 0 fog &0 & Joarey
seot 3 fore srgveer whedz B A | oo o frd 7 2 2

Show that the cross-section for elastic scattering of a point particle from

; 2
an infinitely massive sphere of radius R is RT What is the inference of

this result ?
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(i1)

UH Ted BH S THEAH o & § fRR W S % wuw x-fGm &
e 3 | wiheeE Wi & fwe fh @ frm R (x, # x,) B T
S U § FHHITTH (t; = t,) B & ft FHT ®7 & S HH § WIS
TEl Bt 2 |

A reference frame S’ moves with respect to rest frame S with a
uniform velocity ‘v’ parallel to x-direction. Show from Lorentz
transformation that two events simultaneous (t; = t;) at different-

positions (x; # Xy) in S frame are not in general simultaneous in S’
frame.

n BT T 39 Sited 2 x 1085 B | 0-8 ¢ 97 o @1y 7Ifd T Tt AEA
& 3ftgd Sfaq i o HifSe, JEf cTFm HT AT R | :
The mean life of © meson is 2 x 108 s. Calculate the mean life of a

meson moving with a velocity of 0-8 ¢, where ¢ is the velocity of
light.

Q3. (a) fag Hifsu foF 5@ g T THaE U &% WeAw ¥ TH fag ¥ g fog W
T B, 9 YR g 99 foRm 9 aren At 98 g @ s o sem o
g qed Y g R |

Prove that when light goes from one point to another via a plane mirror,
the path followed by light is the one for which the time of flight is the
least.

b)) @

(ii)

¢ BT % TSR YdTha T i e 819 o TR Yelihd T
H 8 9ga Hhd 7 (3R gl o) ?

How can one convert a left-handed circularly polarised light into a
right-handed one (and vice versa) ?

TH- YT a0 wie hl "@eE i e Hife J§ oy Hi e
589 nm ® |
femmng:p, = 1-5443ﬂmE= 1-553.

Calculate the thickness of a quarter-wave plate when the
wavelength of light is 589 nm.
Given : p, = 1-544 and Mg = 1-553.

(¢ ==t hifu o waft ot o e Sgora 4 g R S # |
TR TATETRT R R 2 AR I Bl ] 2

Discuss how population inversion is achieved in Ruby laser.

What is ‘laser spiking’ ? Why does it occur ?
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Q4.

(a)

(b)

(c)

fsanfaca @ R g0 Ic@fda @ sffer &0 A 3R B, €9 % dny fagda
faemati § 09 ¢S 97 & WY I & | B 1 A A % G 74 hifore (& ¢
TSl T T B) |

Two p-particles A and B emitted by a radioactive source R travel in
opposite directions, each with a velocity of 09 ¢ with respect to the

source. Find the velocity of B with respect to A (Here c is the velocity of
light).

forg T Breiurd griefs BT & e § 2 S H gen fasvarei w
=i hIfTT | S s 3R 9gq F fore R SravEeRand € 2
In what way is holography different from conventional photography ?

Discuss the salient features of a hologram. What are the requirements
for the formation and reading of a hologram ?

STEERIT & ST el e & 2

Th 0-200 kg Zo99M 1 Tk Y (M) Uh yaet fomm o =1 B fomeht G==n
0-12m & | I8 %g ¥ B S 8 I Tvg gegme i U T 3wk dd W
e, s it § | foeh & = gft 003 m st B | i (o) o gETEn
Srar 8 FE® i 3EH 1y ST ¥ 0 = 20° FH HIV ST 3 A G
(SRATHA) IO ST 2 rad/s B | HofE =@ i moEn e Ses @y 98

qHaT 2 |
Where do you find the applications of gyroscope ?

A top of mass 0-200 kg is made up of a thin disc of radius 0-12 m. It is
pierced in the centre and a pin of negligible mass is mounted normal to
its plane. The pivot under the disc is 003 m long. The top is made to
spin with its axis making an angle 6 = 20° with the vertical and a
precessional angular speed of 2 rad/s. Calculate the angular speed with
which it spins.
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SECTION B

Q5. Fr=faRem yees & e 150 viset § SavsaTE dif
Answer/Explain the following in about 150 words each : 10x5=50

(a) ﬁqan{?w—égaﬁﬂam

1 p(l_‘))
§ (1) j o qy

0
41tao T
L

ﬁtmﬁwﬁwv%:-gi T ST |
0
[Eeha fal & 379w wm ot g
Starting from the expression for the electrostatic potential

1
¢(?)— 411:80 J.

v

p(?;)

- o
r —r
0

dV

o

obtain Poisson’s equation V2¢ =— ai
(0]

[Symbols have their usual meanings] 10

(b) TS a 3R b ITA 3 FHfga MaABR ag & HEn (Sew) FH aiar Ja
Hf | '

Find the capacitance of two concentric spherical metal shells having
radii a and b. 10

(c) TSI heregithl i W& | ==l hINU | TATh 4 30 THEAT 1 HH G ?

Discuss in brief the ultraviolet catastrophe. How did Planck solve this
problem ? 10

d T foggw (FE) @ @ oA drel g aed 19 & aeee § afada %
o o feufoat 2 2 fag Sife 6 fogge m @ Tora amelt omeet A9 &
aaHH # g gitads T8 g @ |

What are the conditions for the change in temperature of a van der
Waals gas passing through a porous plug ? Prove that the ideal gas
passing through the porous plug does not show any change in
temperature. 10
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Q6.

Q.

(e)

(a)

(b)

(c)

(a)

ws 9§ Fae A F 2 3 b § | AW I wEEE &, T ey G Eq
ot w1 diF FEen gEesd 1, 2, 3 § fFE weR ¥ (i) Aegad-sieeaqH,
(i) e, 3 (i) Are-aTTgAeTE wifesh # SHafeud H Hehd N

A gas has only two particles, a and b. With the help of a diagram, show
that how these two particles can be arranged in the three quantum
series 1, 2, 3 using (i) Maxwell-Boltzmann, (ii) Fermi-Dirac, and
(iii) Bose-Einstein statistics.

A TaTEF T, ThogE H) THHN T AeIg W T, FE o, @ I R |
et & (@H)%@ﬁgmﬁwﬁmeﬁﬁqaﬁ%mam
(FE) FITT R QR |

Two conducting planes, intersecting at right-angles to each other, are
kept at a potential ¢,. Calculate the potential at a point in space if the

total charge on a plane of area o be Q.

$ A T ¥ @ TaE gal & g T gt et Al % §9 98 ®
2 |ﬁﬁﬁ%ﬁan.aa(é.@.@.)m:z,mﬂtﬁﬁﬁésﬂtmaﬁaﬁm
ofly 4, 3 oMK 2 3w # | 4 diee d@ & WEW | FEled G H TR
i |

Three cells are connected in parallel with similar poles connected
together with wires having negligible resistance. The emfs of the cells
are 2, 1 and 4 volts respectively and the corresponding internal
resistances are 4, 3 and 2 ohms. Calculate the current flowing through
the 4 V cell.

@wéaﬁa@mﬁmmEaﬁtH%mmﬁﬁmwﬁﬁnm
(éw)ﬁm(*qﬁn)m,%ﬁ@mﬁ%mﬁﬁﬁ%mm
yfafafereg =tar & | '

Find the values of E and H on the surface of a wire carrying a current.
By computing the Poynting vector, show that it represents a flow of
energy into the wire.

firsst o1 ST Frm T 2 7 T@dsaT 1 B F AH [ HiT TS
What is Gibbs’ phase rule ? Find the values of degrees of freedom when

@) aet WA CO,, i CO, o w1 Fge 4 # |

only the liquid COy is in equilibrium with the gaseous CO,.
(i) A, aToq-ate Gqfed & H 2 |

water is in the vapour-liquid saturation region.
(ifi) T, Ushel ST & H R |

water is in a single-phase region.

Gv) e, B (Ruw) g

water is at the triple point.
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(b) @aﬁaaﬁmﬁmm(ﬁm)ﬁﬁwmm&maaﬁﬁ%
H g

0

e
Og /T 4

- 12

R
7

(e

) ho
agreE=.E_
B

¥ AT | S5 1o HIRT
) FET>>6p
(i) 39T << 6

m%mmwﬁﬁmmmﬁﬁmﬁm%m
IEEIEA Hisd & faamfa = & 2 _
@wﬁmm(ﬁm)ﬁmmmﬂmﬁﬁ%ﬁmm%-SK
A9HE R 277 JK1 R | 319 % o w1 fiwr Hifva |

Einstein’s molar specific heat capacity of a solid is given by

0
Cy=3R (—E

2 6L/T
e E
{ i

O /T :
(e E - 1)%

where Op = s

B
Obtain the expressions for the cases :

(i) when T >> O
(ii)) when T << Og

What is the discrepancy of Einstein model to explain the variation of
specific heat capacities of solids with the temperature ?

The molar specific heat capacity of a solid at constant volume is
2:77 JK-! at 36:8 K. Determine the Debye temperature of the solid. 20

(c) mﬁmw%?ﬁgﬁﬁqﬁmwwﬁuwmw%aﬂtaﬁé
Wi $51 HHT S99 § Al Fer T8 @ wwn 2 |

What is Carnot’s theorem ? Prove that Carnot’s reversible engine is the
most efficient one and no other engine can be more efficient than
Carnot’s engine. 15
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Q8. (a)

(b)

(c)

a2 smeet | % fore wfeaor e fean w2

7= ¥ (2n mkT)3?2
h3

ot i (5) 3ve et St wfa 30 o (i) e Y ferfire AT |

If the partition function for a perfect gas is given by

Z = - (2n mkT)3?2
n

calculate (i) average kinetic energy per molecule and (i) specific heat of

the gas.

o Tag T g Rgd g fifem & sl % g 1 @89 A
mﬁmﬁtﬁmﬁﬁﬁwm|mm%=ﬁﬁtﬂ
) e FH H R @ ?

Briefly outline the theory of scattering of electromagnetic radiation by a
bound electron and hence derive the conditions for Rayleigh scattering.
How can you explain the blue of the sky ?

el e ¥ ORI SR FEYHIH W % TN I AT FAH F A
o gl (SR e 3HERH) GRI HINT |

120°C T TH AR ¥ Frw g 6 oEn Hifie, afg 1 am e w e |
ohad HE W 36 RN EE § 1676 cm 1 dfEdd B ® | W A
T ST (e EE) = 540 cal/g, 1 arpiee oe = 108 dynes/cm?,

Explain the effect of pressure on the melting and boiling points of a
substance using Clapeyron’s latent heat equation.

Calculate under what pressure, water will boil at 120°C, if the change
in specific volume when 1 gram of water is converted into steam
is 1676 cm3. Latent heat of steam = 540 callg, 1 atmospheric
pressure = 106 dynes/cm?2,
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