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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 Constants :
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=3x 108 m/s

k =1-38 x 10723 J/K
h=6627x1034Js

g0 = 8:854 x 10712 F/m

Ho = 4n x 1077 H/m
e=16x10"19C

m, =91 x 1031 kg

R = 8314 J mol"1 K1

G = 667 x 10~11 Nm?/kg?

c=3x108 m/s

k = 1-38 x 10723 J/K
h=6627x1034J s

gp = 8854 x 10712 F/m

Ho = 41 x 1077 H/m
e=16x10"19C

m, =91 x 1031 kg

R = 8314 J mol-1 K1

G = 6-67 x 10~11 Nm?%/kg?

RCLEW:Y
SECTION A

Ql. (a)
1 & |

T T F o= x2y +2y2) + x223 @ fom mn 2 | 9@ i ww wah @

> >
A force F isgiven by F = x2y X + zy2y + xz22 . Determine whether or

not the force is conservative.

10

(b) gt i Tocd1d ATl 1 TUMT HINT |

ﬁmw%:

geaft 1 g M, = 6 x 1024 kg 3R gt 1 51 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.

(c)

(d)

(e)

(a)

Imferh 9 W fasfie @ @ B At g d witem s 1 e
IR T T T I9E 9= ?

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

B % w1 T FQ g, v ae w9 % fw, St R R
wTe 1 ¥ Hee Heaw 28 o1 @ R, quise R

sin i

e
sine ¥, p,

STET 1% i 3T r Shuer: YA HI SR A B F | v, py I v, p, T
1 3R H1eaw 2 ® UM T I AqadS B |

Using Huygens’ principle for a plane wave travelling from rarer
medium 1 to a denser medium 2, show that
sini _ ok B Y

sinr v, p,

where i and r are the angles of incidence and refraction, respectively.
V1, Uy and vy, U, are the velocities and refractive indices in media 1 and

2, respectively.

d o wr wlw ufqn Gied w®=n § 2 = A fEn e 9fE rahs
Tfgd q93sy |

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

) Teclt foava & forg foreft fomg w =ores =g ifSe, seifes farg
() e i & a8,
(II) AT B & e 7 |
(i) 10 kg 5o % foreft fivg & vt a1 1 ToET T % aa @ Hife
(Beram G 1
SGHT 1 GHM = 7-3 x 1022 kg
Te5H1 ot B9 = 1.7 x 108 m
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(i) Derive the expressions for gravitational potentials at a point

(I) outside the spherical shell,

(II) inside the spherical shell. 10
(ii) Calculate the escape velocity of a body of mass 10 kg from the

1
surface of Moon (g Hied rth) :

Mass of Moon = 7-3 x 1022 kg

Radius ofMoon=1-7x106m 10
b) e fifvEa g W R @ gaa o % fog srEviwa o[ S e hife |
If2 2 oigl % vt i GREUY &HaT 0-020 3 0-028 B, TAT ARl BiHH

3t H: 10 em 3 5 cm &, @ ¥ i A ght afewfem i Fred 6 3
U Ui G ST Heh |

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. 15
© @) Wﬁﬁmwﬁﬁw@%mﬁ% | goiF T
TR T & |iTd GHteRton ot fafEy |

(i) UH GHael RS & foU orad i @ A % THA w1 AU
HIT |

(1) The quantities of rotatory motion are analogous to those of
translatory motion. Write the corresponding equations of
translatory and rotatory motion. 5

(ii)  Describe the theorems of perpendicular and parallel axes in case
of a plane lamina. 10

3. (a) () ot ded o we W e & fore smeavass vt i fafag |

Giy Tt wm & o % fedt fag w Tk it =ie 9o e & fore
S cdd hIY |

(1) What are the requisite conditions for observation of interference
pattern on a screen ? 5

(ii)  Derive the expression for fringe width and intensity at a point on
the screen in a double slit experiment. 10
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b G Tag AT F gomm &g i w@wmemen Fert § i@ @ e
(wergft) ot & &= 6 gl quH B R |

(ii) T 0-5 kg GHM 3TN 0-2 m AgeA™ hl Udell dfsherl Ik dad &
TFEd 3 3ok b3 ¥ BT oA 319 o qiE: 100 U 9fd dehug i
W g T R | Ffshent B aifest St B omn i |

(1) 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.

(c) Javfed WA 3M&ad qreHl o fou g faflae o sgorhia swem

S cqd HINT |

U JFufed T AMEd d H, YU M 10 cm &, S % 50 qAeHl F 1@

HZH 2 cm B A1 7, FEH TAF Qe HT FadhIA 4 YHUS B | ALEHN

FUEF H AT AT | 37 et vt aen it o off Hise e 5 smm

HEH 25% T8 11 8 |

Write equation for damped harmonic oscillations and obtain expression

for logarithmic decrement.

In a damped harmonic motion, the first amplitude is 10 cm, which

reduces to 2 cm 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%.

Q4. (a) WUIIH WIS g H Hrifafy 6t wal w1 fofge | v Ru-ddww g 4,

HI 3N FATST wgrelt & AuadiH A 1-50 3 143 7 |

frfafaa =t sma i

(i)  Shifdeh 0T hIvT

(i)  ERToT T

(i) 1 km T % qq H F THAAUA

(iv) 50 km SIS % dg § FeT TehiviA
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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

(i)  Acceptance angle

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

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

(b) U T % YNNG FaTg Hi qRuriia HfFe | giaer & aefietor S 3R Hd
g ameRie o % o ufd wie stmad i F@ ol o fafe sl i A
HIfT |

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

© () W faada 3R BEAeIw faade o = 7= 8 ?
(i) Uh ey hI faveT gwar w0 AR 7 2 UF geHesll hi faved awd
UV oISl § 599 JehTel i 3708 TS 1 &t @ 2
(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)

@vs B
SECTION B

i fEemel Ry(1, 1), Ry(2, 1), Ry(1, 4) 3R R,(2, 2) W HAW: foom =m
& Q; =1nC, Qy=2nC, Q;=3nC 3N Q;=4nC & TH fHE |
T et 1a Hife | g AR 6 feafa o it |

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 R4(2, 2), respectively. Assume free space.

QU T 3R TR R, [ T 6 B a @ o S U g | 3 e
& oig A g d W o &, § e oit fawla amw 19 @ R | T
TS o Sehcd ol SASieh ogcdd It |

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.

29isu o dided &1 gt dagae & gt o gaTfed @ |

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

FHFTfash! % Y HifE & W w1 F=@m Fd g a9 A gren H gfoiea
HIe | = men i 6 Fa Q@ ster-srem et % foe auam @ i
T Hehell & |

Using Zeroth law of thermodynamics, introduce the concept of

temperature. Explain how the isotherms of two different systems can be

drawn.

HHi-fetreh §e7 3N TH-3MZLEA oA & fou suwres fafigw | 39 @1 et i
ATAGT HA1 o Hed & &9 H hiforu |

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)

QA 3, e e Ly 3 L, 8, 99 39 8 92 & | e 1 I
Tehed M ® | gt Sehea o fofe =eteh sgeae hifSie | A &fifste fop Sl
1 gl 07 8 |

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[d-hfead U i qRuTiya =hifSte | saert oty &9 8 fafau |

(i) TH IFSR ae8 T % foiu Ja-sfeas e Fuifa Aifse | 39
¥, SFoRdu d9 % fau =ee ww AR | R wat & erefi
e AT Sfide 399 8, ==l 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 WEYd "Il % IS W U foed-greehia qin i St W
foam #ifse | afe faga-a= E 379 e % @u 2, df e % g
Td Yavl o E % 99 Sl 9 H |

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.

T IR T § uhEEE ®9 8 FEfE B ¢ & Mo a1y (—g) & for
% fog TRF +q B | ST FF 99 39 THER & WA H TH gEA A
frea-&a E 8 war 9w 2, @ wn 6 s geoiidr det % s %
AT Bl & |

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
9

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) UH Tueea-faferet gfh sy § 150 kPa 3T 27°C W 1Y 9RO Hidt B | 36
srgee ®, feeq @ sty w, S 6 fom # qutan m @, for @ ok dom
FFE 400 L B | T o1 goawe 39 @@ & ? 6 swent foeenfya & #
350 kPa a0 ! TGl ISl 8 | 319 a1 I e b T Hd & 9« dh Toh
IHHT AFAH FMAT A & AT | [1a HIC
()  3f~<w amEm,

(i) arg % gr foram ma wE, sk

(iii) aTY I TG 6 T HA FAT I AET |

foa T R @ Uggy i = 214 kd/kg 3 Usipyg = 1113 k/kg

a1y &1 19 fdi, R = 0-287 kPa.m3/kg K

! I
7 ?
Z///% 7//%— ST
% Vi = j(?() L %
% P1 = 150"kPa /
% /<l:l Q
7
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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 :

(1) the final temperature,

(i1)) the work done by the air, and

(iii)  the total heat transferred to air. 20

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

Gas constant of air, R = 0-287 kPa.m3/kg.K

NN

DAMMIMIDNINDOY

NN

Air /
e Z
Ty = 27°C %@ ¥

//////////////////////////////

(c) UHTHN TS AW ¢ % Uh R IFGeA™ & T HIY Hl 30h 314 & TN
mﬁvﬁaénﬁzwhmm@% | 38 g v fog W 3eu wfew fava
T it |

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

produces at point . 15
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Q8.

(a)

(b)

(c)

x-y dd # fe¥rd ot qa-fog W Hf5a tF g™ R & R aoid W TH
THEHH ek AW A 9T 7 | fava Vi, 0) % 98Yd TER % 9UH diH g

(uhyd, foya 3R =gHe) Fd HIfC |

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 AW Q, = 3 nC 3R Q, = 4 nC FIAA fagati (0,2,2) m 3R (0,-2,49)m
T HAN: W M F | z = 0 qd -Hufha 8 | Safee fafar &1 s @ g
o5 (3, 2, 49) m W foga fava 3 forga-g= <t o A |

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.

AFHAA-SegHa S H TAM Hd §C I TG AT H FEA HA
FHifore =T 0°C T AT 195 m/s 3R 205 m/s % = 8 | Afadisq 19 H1 fen
T g 0-1 kg B | (EH T 30 1-66 x 1027 kg AH wHif)

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