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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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Physical Constanis :
Velocity of light
Boltzmann constant
Planck’s constant
Permittivity of free space
Permeability of free space
Charge of the electron
Mass of the electron
Universal gas constant
Universal gravitational constant

c=3x108m/s

k =138 x 10723 J/K
h=6627x1034Js

go = 8:854 x 1012 F/m

Ko = 4m x 10-7 H/m
e=16x10"19C

m, =91x 1031 kg

R =8314J mol"1 K1

G = 6:67 x 1011 Nm?/kg?

c=3x 108 m/s

k =138 x 10723 J/K
h=6627x 1034 J s

go = 8:854 x 1012 F/m

o = 4n x 107 H/m
e=16x10"192C

m, = 91 x 1031 kg

R =8314J mol"1 K1

G = 667 x 10711 Nm?/kg?

Tus A
SECTION A

Ql. (a)

1 74 |

Tsh &1 i‘)=x2y§ + zy2§ +x227 | fem w2 | §Ta hifse o oot dwefi 2

= =
A force F isgiven by F = xzyﬁ + zy2§ + xz27 . Determine whether or

not the force is conservative.

(b)
e mn 2

10

goeft 1 TeeetT AF-FA hl AT HIT |

et 1 ZEAE M, = 6 x 1024 kg 3 gedft i B R, =64 x 10°m

Calculate the gravitational self-energy of the Earth.

Given :

Mass of Earth M, = 6 x 1024 kg and the Radius of Earth R, = 6-4x 10°m 10
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Q2.

(e)

(d)

(e)

(a)

A o ® faRiic 9 & S 29 A g § dReE s & aer
3 Y G AT IHE 9= ?

What are the consequences of Lorentz transformations on length and
time when observed from a frame moving at relativistic velocities ?

B & W 1 M A jY, U aHad W aer & e, st e
wey 1 ¥ @O Hem 2§ o @ 2, ez 6

&1 foh i 3R r SHAST: 19 HI0T IR 39FdT HI07 3 | vy, 1y 3R v, p, HTEH
1 3R Teaw 2 | AW 9 3R U B |

Using Huygens’ principle for a plane wave travelling from rarer
medium 1 to a denser medium 2, show that

where i and r are the angles of incidence and refraction, respectively.
Vs Uy and v, U, are the velocities and refractive indices in media 1 and

2, respectively.

@ 3R 9r i uft disa| w®n g 2 = A G w5 9ite ake
afgd F93Tsy |

What are three and four level pumping schemes ? Explain the lasing
action in these with schematic diagrams.

6 W%%m%ﬁﬁmmwﬁﬁq,aﬁﬁg
(I) Tiefiar shrer & aTee &),
(I) Tefta e & 372 8 |
(ii) 10 kg 53HH % foreft fivg & yetm a1 i v S F a9 @ i
(Ferm =G )
F5HT T ZIIH = 7-3 x 1022 kg
T H 55 = 1.7 % 105 m
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(1)

(ii)

Derive the expressions for gravitational potentials at a point

(I) outside the spherical shell,

(II) inside the spherical shell.

Calculate the escape velocity of a body of mass 10 kg from the

1
surface of Moon (g Mo, =g P rth) :

Mass of Moon = 7-3 x 1022 kg
Radius of Moon = 1-7 x 10 m

b) uw fifvea gt w R @ gae S % foe sraviwa 1 wd S A |
Ifz 31 ot % veret it uRE@uur &war 0-020 3T 0-028 &, qAT FhH HIH
@ﬂ'ﬁm: 100m3ﬂ15cm§,ﬁﬁ%hﬁaﬁ§ﬁqﬁiﬁ%ﬁmmﬁﬁa
U Iuish HH A1 T |

Obtain condition for achromatism of two thin lenses separated by a
finite distance. If the dispersive powers of the materials of the two
lenses are 0-020 and 0-028, their focal lengths are 10 cm and 5 cm,
respectively. Calculate the separation between them in order to form
achromatic combination.

(e @)

(ii)

(1)

(ii)

3. (a) @)

(i1)

(1)

(ii)
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ol fy i AT T Tfd $ A % Sy g 8 | guid U
TR0 T % a THison i fafieg |

U GHAd R % fU orEad i gEa Sl % WEA H aue
Hife |

The quantities of rotatory motion are analogous to those of
translatory motion. Write the corresponding equations of
translatory and rotatory motion.

Describe the theorems of perpendicular and parallel axes in case
of a plane lamina.

sfeertor ¥ F We T v % fAu sravaes vdi @i fafey |
fafort wim & o % frelt fag W b 1 <fterg qen diwar & o
e SYcqd I |

What are the requisite conditions for observation of interference
pattern on a screen ?

Derive the expression for fringe width and intensity at a point on
the screen in a double slit experiment.
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Q4.

(b)

(c)

(a)

() fag Hifse % geamm o it w@men Femt § ifea @ o @
(FagHt) ®ori o e A gt T Bt R

(i) UH 0-5 kg GeIHM 3R 0-2 m NgAE hl Yaell dishehl I9F da &
TrEad 3R 36 b5 © B I 318 o 9id: 100 gl gfd devg i
W guiE T R | Sk it i ot o v |

(i) Prove that the separation of two colliding particles is same, when
observed in centre of mass and laboratory systems.

(i)  Determine the kinetic energy of a thin disc of mass 0-5 kg and
radius 0-2 m rotating with 100 rotations per second around the
axis passing through its centre and perpendicular to its plane.

Hewfed W@ Iad gl & fore wfiesr fofae it agoeba swem &
A SFeqd T |
U Agufed TS 3Ed Td H, JUH AW 10 cm B, S % 50 el & e
HZH 2 cm B AT B, TEH TS e H1 ATadhie 4 YRS B | AT
39 =1 TUET HIAC | 397 et h g it e ot Hifse e s
HeH 25% T8 a1 8 |

Write equation for damped harmonic oscillations and obtain expression
for logarithmic decrement.

In a damped harmonic motion, the first amplitude is 10 c¢m, which
reduces to 2 em after 50 oscillations, each of period 4 seconds. Determine
the logarithmic decrement. Also, calculate the number of oscillations in
which the amplitude decreases to 25%.

T3S YN qq hi Frfafa i wal # fofee | s wRuidw ag #,
HR 3R FAfET gl & qadis HAw: 1-50 3N 1438 |
ﬁﬁ%ﬁiﬁﬂﬁﬁﬁ%:

(i)  Shifcep T=TOT HIvT

(i)  ERToT T

(i) 1 km T % dq H FA THAAUA

(iv) 50 km TS % g ¥ FoT ThviA
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Write conditions for working of a step-index optical fiber. In a step-index
fiber, the core and cladding materials have refractive indices 1-50 and

1-43, respectively.

Find the following : 20
1) Critical propagation angle

(i1)  Acceptance angle

(iii) Total time delay in 1 km length of the fiber

(iv) Total dispersion in 50 km length of the fiber

(b) UH T % YRG! a8 ! IRuia HifSe | Giaes & GHiRT H1 ITEIT Hd

7 anefieh @t & fore wfa veies smaam it o ol & faftm gzl #1
T |

Define streamline flow of a fluid. Using the equation of continuity for an

isotropic fluid, find different components of total energy per unit volume. 15

(© () e faadd 3R weTae faads § «=2 = g ?

(i) h gy 1 faved &mar w0 & @ 2 U gawew i favg e
UV 919l # 299 Sehrel 1 e sme1 1 Al @ ?

(1) What is the difference between Fresnel diffraction and
Fraunhofer diffraction ? 5

(i) What is resolving power of a telescope ? Why is the resolving
power of microscope more with UV light than with visible light ? 10
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Q5. (a)

(b)

(c)

(d)

(e)

@us B
SECTION B

it FEemenl Ry(1, 1), Ry(2, 1), Ry(1, 4) 3 R, (2, 2) W H: foom =m
&R Q= 1nC, Qy=2nC, Q3=3nC 3R Q,=4nC & TH fFE
Gfva St ma Hifse | g e H feafa o <fifsg )

Find the energy stored in a system of four charges Q; = 1 nC, Q, = 2 nC,
Q3 = 3nC and Q4 = 4 nC placed at the cartesian coordinates R,(1, 1),
Ro(2, 1), Rg(1, 4) and Ry(2, 2), respectively. Assume free space.

3 T IR TR ari, o ges i B a B 3R S ueh g | 3 e
& g it gt d w o &, # wom ok faulia g 198 @ 2 | 3 T
TS % Sehed ol SF91eh gcdd hifaTT |

Derive the expression for the inductance per unit length of two long
parallel wires each of radius a, separated by distance d from their axes

and carrying equal and opposite current I.

zuiis fop @iaea =1 weftertor Aemae & aufinton § gariEd @ |

Show that Continuity equation is embedded in Maxwell’s equations.

FwnTiaehl % I Hife % 7w F1 y@m wd g a9 Hogwon H gl
#ife | =arE Hif e Fa @ srem-sem e % e gwae e Ei=f
ST Rl 2 |

Using Zeroth law of thermodynamics, introduce the concept of
temperature. Explain how the isotherms of two different systems can be

drawn.

FHi-fetres 929 3 TH-3A5=LeT 9ed & foru =goreh forfigu | 39 241 sedt &1
HTAEA Hol o BoAd o €9 | il |

Write down the expressions for the Fermi-Dirac distribution and the
Bose-Einstein distribution. Plot the distributions as a function of the

energy.
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Q6.

Q7.

(a)

(b)

(c)

(a)

A U, e W Ly 3R Ly B, auva %9 # g2 & | e 1
Wehed M2 | afomdt e & foe e sgem Sifsie | wm ifsie fo Sl
%1 gfeliy 107 B |

Two inductors having inductances L; and L, are connected in parallel.
The inductors have a mutual inductance M. Derive the expression for
the effective inductance. Assume the inductors have negligible

resistances.
(i)  S[@-hfead TUTeh ! qiTiya =hifSte | saept ot w9 o forfiau |

(i) UH IER Ied N9 & U Ja-Hfead s Fuifa Hifvw | o
T kUl a9 o foft saeies w Fif | TR vt % et
Fefieto a1 sfder 3eaa 2, =t i |

(1) Define Joule-Kelvin coefficient. Write it in its mathematical form.

(ii)  Determine the Joule-Kelvin coefficient for a van der Waals gas.
Hence, obtain an expression for temperature of inversion. Discuss

the conditions under which heating or cooling is produced.
3 qUAYd "EE % AT W UH fora-gradhia ain =ik W
frem $if | o fe@-8 B onued a9 % i &, dt e & aie
T§ Yau % T (FW @i 9w Hifw |
Consider the interaction of an electromagnetic wave at the interface of

_)
two dielectric media. If electric field E is parallel to the plane of

incidence, obtain Fresnel’s equations and Brewster’s law of polarization.

U I ] § UhEnE €9 | Aafva G ¢ & mefig 3y (—q) @
% fag T +q 2 | quisY o 9@ 39 R & T B T @A
frea-dm E 8 @ o 2, dt s weve gavfi i % e %
HHAT B 2 |

A neutral atom consists of a point nucleus +q surrounded by a uniformly

charged spherical cloud (—q) of radius r. Show that when such an atom is
-_)

placed in a weak external electric field E , the atomic polarizability of

the atom is proportional to the volume of the sphere.
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(b) T foreea-fafaret gfe yow § 150 kPa 3 27°C W a1y ymor @t 8 | 3@
sraeyr ¥, e @ syl w, Sar 5 o § 2ot mn 2, @R & ofk gom
A 400 L 8 | foed o1 goomm 39 @@ @ 2 b soent faeenfuq & 8
350 kPa g 1 ATGIhdl ISl 8 | 379 91 hl 9 q% TH Fd & 9« db 1
IGHI AT AT A & MY | {1 HIfA

G  Af=<m aeE,
(i) 91g % gr fopn e v, ek
(iii) 9T I ARG 6t T HoT FAT A AE |

foan ™ 8 1 Uggp g = 214 kd/kg 3R Usip = 1113 kd/kg

a1g &1 19 fdis, R = 0-287 kPa.m%/kg K

! I
% %
=
~ 2
T
é e Z
/ T: = 27°C /
Z éd———l Q
Ty
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A piston-cylinder device initially contains air at 150 kPa and 27°C. At
this state, the piston is resting on a pair of stops, as shown in the figure,
and the enclosed volume is 400 L. The mass of the piston is such that a
350 kPa pressure is required to move it. The air is now heated until the

volume is doubled. Determine :

(i)  the final temperature,

(ii) the work done by the air, and

(iii)  the total heat transferred to air. 20

Given : Uy g = 214 kd/kg and Uy, = 1113 kJ/kg

Gas constant of air, R = 0-287 kPa.m%kg.K

M —

7 s
Air /
V=400 L %
Pl1 = 150 kPa Z

Ty = 27°C %q: i

NI T T iy —

\

7777

(c) THEHM TSIT G ¢ o U R GSA™ o TEA HIT Hi 306 3§ & THa:
o T 3 & Ui FEn 1w R | 3Eh g ¢ fag W 3w ey fava
3 hIT |

A spherical shell of radius R, carrying a uniform surface charge o, is set
spinning at angular velocity ® about its axis. Find the vector potential it

N\

produces at point T . 15
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Q8.

(a)

(b)

(c)

x-y @ # e ot q@-fag W f5a & g™ R % IR a6 W T
UHEHH gk aw A G| ? | fawa Vir, 0) % 98Yd TR F 9IH o ug

(vehya, foya 3t =qya) sma Hifs |

A circular ring of radius R lying on the x-y plane and centred at the
origin, carries a uniform line charge A. Find the first three terms
(monopole, dipole and quadrupole) of the multipole expansion of
potential V(r, 0).

3 A Q, = 3 nC 3R Q, = 4 nC T fagait (0,2, 2) m 3R (0, -2, 49 m
T HAE: T M F | z = 0 qd q-Hufha 8 | wfafers fafa &1 w&m @ &g
fog (3, 2, 4) m W fouga fava ok faga-g= it o Hifsg |

Two charges Q; = 3 nC and Q, = 4 nC are placed at the cartesian points
(0, 2, 2) m and (0, — 2, 4) m, respectively. The z = 0 plane is connected to
the ground. Calculate the electric potential and the electric field at the
point ( 3, 2, 4) m using the method of images.

HEad-alegqi ™ §ed 1 TAN Hd §Y I IFadleH AU hl FEA A
$ifoe =T 0°C W T 195 m/s 3T 205 m/s & &= 8 | e i &1 e
T 29 0-1 kg B | (WS 1 90 1-66 x 1027 kg WH wife)

Use the Maxwell-Boltzmann distribution to find the number of oxygen
molecules whose velocities lie between 195 m/s and 205 m/s at 0°C. The

given mass of oxygen gas is 0-1 kg. (Assume mass of proton to be
1-66 x 10727 kg)
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