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Please read each of the following instructions carefully before attempting questions.
3O 3 7 1 Ruferfea [t #r F9am aEgeaEs 12
1. There are TEN questions divided in FIVE SECTIONS and printed both in English & in
Hindi.
THY 7 T & S O @t § farariorg € qur st o B 2 8 36 )
2. Candidate has to attempt one question from each part.

ST T T IF 9T |/ UF TF F7 39 247 2

3. All questions carry equal marks. The number of marks carried by a question / part is
indicated against it.

TT ST o FHT 3i 8| T W / 0T o (93 3 I 9TH (<T 7 5l

4. Write answer in legible handwriting. Each part of the question must be answered in sequence
and in the same continuation.

ot ferarae § 3% fore| W7 % Tcsh 9RT &7 3¢ AT %A § {31 ST AR

5. Assume suitable data, if considered necessary, and indicate the same clearly.
e ST9TF 2T, TT ITIH SATHSI AT T L TAT IAH! (AT FHe

6. 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 answer book must be clearly struck off.

AT % TATHL w0 TUET HATTATE il SATUIAT A &9 & {7U 70 wf & IqC A AT
{2 &1 SO af I8 FTeT T2l T 21 &S T HS I8 ATaT 8 F WH H Oid: FE
HUERL

7. Re-evaluation / Re-checking of answer book of the candidate is not allowed.

STHIEATT &l ST AT T [AHeA T [ TF: T Agl =l SO
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1. (a)
(b)
2. (a)
(b)

SECTION-I
EED
A particle of mass m moving with velocity u collides head-on with a particle of
mass M initially at rest. After the collision, if v; and v, be their respective velocities
along the same line.

(1) Find the ratio of their masses if v;=-v,
(i1) If the particles coalesce in a collision, what will be the common velocity?

(10)
u AT F AT m TS T UF F7 IRT H SAHma=am § 53919 M % U w07 F
SHITAT 81 TFHT o d1G, TTE v, TAT v, T ol L@T o A Q9T I AT a1 gl
() ST FSAATT FT SATATT ATT hITo1T TS vy = - v,
(i) =TT FOT AT H FYE gF AT 8, qT SHATAS AT FAT R

Describe Jaeger’s method for determining the surface tension of a liquid. Further,
discuss the advantages and disadvantages of this method over the other such
methods. (10)

oo

Rt 53 &7 79 a9 ST 3 6 o0 S it fAter &1 Joi9 i) 6 o=,
UHT =7 TAfert it q@T § =9 91T & HAQ S THE 98 F97 H]

Calculate the speed of recession of a star from the earth, if the H, line emitted from
the star has a wavelength shift of 656.3 A°® due to Doppler’s relativistic effect. Also,
estimate the distance of the star from the earth. Given the wavelength of the H,, line
as 6563 A° and Hubble constant, H=3x10""%/s. (10)

T & FoRET QT T Hae T ol TOET Y, ATS SAAL o qr9e] TATT F R0 qe H
Fehere ATl H, ¥@T § 937 368 7 656.3 A° =¥ f9rde gidt g1 I=AT & qIL a0l g0 &7
T STHTT R0 H,, T@T T T3 <87 6563 A° 3% gae fRaeis H=3x10""/s g

Derive the equation for the orbit of a particle moving under the influence of an
inverse square central force field. Also, determine the time period of motion in an
elliptical orbit. (10)

F[GHT A HR 1T I A & T § TIAHT HT 6 FAT 6 o7 w7 T
AT T AT, UF AR FT | Aia 7 a9 rafer Faiha w2

SECTION-II
gz-11
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3. (a)

(b)

4. (a)

A metal sphere with a black surface and radius of 30mm, is cooled to 200K and
placed inside an enclosure at a temperature of 300K. Calculate the initial rate of
temperature rise of the sphere, assuming the sphere is a black body. Take density of
metal = 8000kg/m’, specific heat capacity of metal = 400Jkg 'K and Stefan’s
constant = 5.7x 10 Wm2K™*. (10)

T el W1 il gdg 3 30 [T i 5w arer arq & Trer w1 200K TF 37 =6
STAT 8 T 300K % qTIHTH 9% UF =T 6 &< TG JTdT g1 el T Tk FHrar 9
HAET U, Mol & JIEE § gl T TINTF T 61 TUET FE| &7 FT oOqeq o

=8000kg/m’, &g #T faforg FoAT ewar =400Jkg 'K 3w e w1 Fuwiw
=5.7x10*Wm K™ |

Describe the theory of the adiabatic demagnetization method to produce low
temperatures. (10)

FH ATTHTT ITH FLA 6 [0 TGO A e fafer & Rrgia 7 a0 <

Suppose 0.2 mol of an ideal diatomic gas (y=1.40) undergoes a Carnot cycle with
temperatures 227°C and 27°C. The initial pressure p,=10x10°P,, and during the
isothermal expansion at the higher temperature the volume doubles. Find the
pressure and volume at points 4, B, C, and D in the p-V diagram. (10)

AT A0 o TF smeel fBaAmE 39 (y=1.40) F7 0.2 7 arqaT 227°C 3
27°C % AT FIETE 6 F [LAT gl TTIHF T pa=10x10°P,, 3T IF qATIHE T
FHATAT FEEdTT % I AT IRAT gf STl gl T-aT s | f&gei U, o, |7 &
ST UT TATT I AFAA AT HI(orT)
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(b)

5. (a)
(b)
6. (a)
(b)

Describe the Bose-Einstein distribution law. Also, compare the results of this theory
with the Fermi-Dirac distribution law. (10)

-2 Ee A Aaeer = &7 quid SIS0 |1 g, T FIG0d & TOmHT i JaqT
wHI-FTr farar R | 4

SECTION-11I
ge-111

A particle is simultaneously subjected to two simple harmonic motions, both of the
same frequency and in the same direction. If the amplitudes are 0.5 mm and 0.4 mm
respectively and the phase difference between the first and second is 45°. Find the
resultant displacement and its phase relative to the first motion of amplitude 0.5mm.

(10)
T FHUT Ueh AT T 93 AAGGE AT 6 Tl grar g, I THIT AT T U g
o #) =t s Fwer: 0.5 T 3 0.4 O 8 3% 98 oY @< & &= 93w
AT 45° 81 0.5 T F AT A Tgel A ok dqT9eT TROTHT BEamae $iY 39

FLOT KT IAqT 90

Explain a forced harmonic oscillator with suitable illustrations. Derive an equation
of motion of this oscillator and also find the solution of the resultant equation of
motion. (10)

SYIH AT & AT UF JATd AAdG A #hl ATEAT FLl TH I il T Hl
FHHLOT [T I ToTT I THOTHT TF FHIHT T g ST AT lforg)

Write down an equation of motion of a damped harmonic oscillator and find out its
general solution. Also list some physical systems that possess damped oscillations.

(10)
HTHTRT ATTF I 0l T T GHIHLOT [T ST IHHT AT g AT 011910
THE FATAT, T AT TOTAT 6l GHT 410 (SHH TaHEd a1 2 gl

The vibrations of a string of length 60 cm fixed at both the ends are represented
by y = 4sin % cos 96mt, where x and y are in centimeters and # in seconds.

(1) What is the maximum displacement at x=5 cm,

(1) What is the velocity of the particle at x=7.5 cm and ¢=0.25 second? and

(i11)) Where are the nodes located along the string?
(10)
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7. (a)

(b)

8. (a)

(b)

=T R 9T 7 A7 TE 60 FHT SATE FT T S F FU HT y = 4sin T cos 96mt,
FTT 39T STAT 8, ST8T x Y y Hdwie § ofiv t ¥ § 21 g

() x=35 T T AfrFaA eI FAT 82

(i) T T AT x = 7.5 FHT AT = 0.25 Fhe I FAT 82 3%

(iil) ST F AT AT Fai Taq 872

SECTION-IV
ge-IV

Describe with the aid of a ray diagram, the structure and action of an astronomical
telescope. With such an instrument what is the best position for the observer’s eye?
(10)

U TR s #r wErEar ¥ uE @eend geaef i /eeEr siw T & A
FITTT| UH I o 7 JeTah il 3779 o (o707 oy a7 feafa i o g2

In Young’s double-slit experiment, using light of wavelength 6.0x10"m, the slits
were 0.40 mm apart and the distance of the slits to the screen was 1.20 m. Find the
separation of the fringes. Also, find the angle, in radians, subtended by a central pair
of bright fringes at the slits. (10)

I % TA-FEAE AR | 6.0x107m T 25 F THI FT ITAN Fd gy, Faeq
0.40 THHT 3T o Sl Reteq it &hia & T 1.20 Hiex =T it &1 Jorgeor sira
o) =T &, e a7 a Tt & UF FT SE g Saia &, e |
BN IELY

A parallel beam of sodium light (A=5893A") is incident normally on a diffraction
grating. The angle between two first-order spectra on either side of the normal is
27°42". Find:

(1)  The number of rulings/mm on the grating

(1) The greatest number of bright images obtained

(10)
I THRTT AT UF FHETAL I (A=5893A°) faad= ITET u¥ Faaa smafaa gran

21 AT o T AT TAH FHIE o T TIFSHI o6 S T HI07 27°42° g1 AT RIforu:
()  IfEr ux srehre/ AT i g
(i) STH = AT Al a9 TS1 T

Describe one experiment in each instance to demonstrate:
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9. (a)
(b)
10. (a)
(b)

(1) Polarization of light by refraction
(i1) Polarization of light by double refraction. (10)

TAF IATELT TaT9TT XA o 70 U ST &7 q0I v
(i)  STIACT FTET STRTLT T LA R0
(i) FTEY ATAAT FIT TR T GATHLT

SECTION-V
gs-V

Draw a simple block diagram of an optical fiber communication system, and explain
the purpose and operation of each element. (10)

Fifeasher 101000 1L TUTAT FT UF 4 sl AG G470 3T TAF da99
IL T HATAT il SATEAT FiL |

A He-Ne laser operating at wavelength 6328 A° has an output power of ImW with a
1.0mm beam diameter. The beam comes out through the mirror which has 1%
transmittance at the laser wavelength. Find the ratio of stimulated emission to
spontaneous emission. The line width of laser light is 1.5x10°Hz. (10)

6328 A’ T ATl He-Ne @< | 1.0 mm 7 19 % A1 ImW FT 33
qTa< grat gl ohor TUOT o ATEAH | STg ATl g s oiore aar a2 9% 1% =0
ZIAT 81 ITIT ITESIT T Taq: TR Icasid & AT ATq o0l ST (111 []
#T AT ATETE 1.5x10°Hz B

(1). Calculate the number of propagation modes of a step-index fiber of diameter
200mm, and NA=0.3 at the wavelength of 0.85mm. (05)

0.85 Ty v a3 T&F ux 200 Ot =AM 3T AU = 0.3 F UFH UL

HTSIY & T HIS T AT il AT F2 |

(1) Determine the refractive index difference between the core and cladding of a
fiber with an NA of 0.1. Take refractive index of cladding to be 1.45. (05)

UAT = 0.1 % ATA FEAL & FIC AT FART & o= AIqqF GAHH sia?
gt #3) FATET 1 sraad+i® 1.45 |

Describe the principle and working of a semiconductor laser. Further, mention its
merits and demerits. (10)

TIATAT A< o HEIT ST FT FT A0 HL| T AATAT, THE I[OT AT AT AT
Ercreny
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