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l. This paper is divided into fwo Sections, Section-A and Section-B.

a q?qq.{ A EiA ii E.nB.a t, erc-n efu cis-B

2. Each Scction contains four (4) questions.

qdm cie it qrr crq B r

3. Candidate has to attempt five questions in all.
qtenfr A qiq caif 6r r-ir R-qcr t r

4. Question Nos. I and 5 are compulsory and out of the remaining, THREE questions are to be attempted

choosing at least ONE question from each Section.

csq {iqr 1 eil{ 5 s{Fgrd B Bn{ r}s cefr q A ffi fr-q .6r ,r<r fusqr B,

qA+ cis fr q+ crq d ao orqr B I

5. Word limit in questions, where specified, should be adhered to.

cafr fr QTq 1frqr, q-d m{ffie E, or wgvr.r Bqr qr=n erBc r

6. The number of marks carried by a question/part is indicated against it.

r&+ crq/ qrr + Rc trq-d eizr sfl+ rrrqi Rq ,ic E I

7. Questions are printed in English & Hindi languages. In case of any ambiguity in translation

of any question, English version shall be treated as final.

c-&m crq trdr si-( €ii.fr ffi anslei fr sqr Brssfr * wgqr q ffi srerqcrT fr R{TR q,

e+ifr (t+.{ur d A erRq qrfl qrg.rl I
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Q-r

I (a)

SECTION.A qS-37

Write answers of the follorving questions .

frEfrfudqfllfirtrt frrfui I

Prove that the addrtion.of two velocities cannot cxcced the velocity of light in free space.

Fsfrffi fi 4-o w+rlraifrrS sfr AM, h+ifsaq'-chlcr* Aad 3rfq6 a-fr rf s.an-mt I (8)

l(b) A point charge q is situated at a positiorr / fi'orn the centre of a grounded conducting

sphere of radius R(. > R). Dctennine the potential at any point outside the sphere. (8)

(1o' fu6 rrdrr q 6t R F{FqT * Sgrufoa qr+o rH fi il-d A R?{F i {€-e t
(, > R) t rir$ fr or51 ffi f{gqr Ega ErE ara fiBt 

I

l(.) A resistance R and a capacitor C are connected in serics rvith an ideal cell of ernfE at

time f = 0. Calculate the energysupplied by thc ccll and thcenergy loss in the circuit
ina tirne cqual to two time constants.

g'er{i t : o W (.6' qfttsr R da{r scrlfu{ C fugA

MFfl ffi S1 q) oraio il Eau s-ru d-Sa

6ft 6t rrsrflr 6$t

(8)

Er66 EirEfi r.o ffilt €-a }-gru

dRr [qii s-si aqr qRqq ,t 55f

l(d) Define displacernent current, hence deduce Maxlvell's fburth equation using it. (8)

l++znqa Errr 6l qftaTrfud +-t t rsfi sq-+rr t ffia fir a-{rt Ttro.{q
qfrql.Ra6-if 

r

1(e) Prove Invariance of Maxwell equation under Lorentz transfbrtnation. (g)

dtsqRgdq$a-eaffi-d A erqRiad{qmR-sott

Q-2 Write answers of the following questions.

ffrcRGd ya] t sd{ frGqr

2(a) A damped oscillator stafts oscillating with amplitude of 40 crn. After 100 oscillations,
its amplitude becomes 4 cm. If the time period of each oscillation is 2.3 sec,find its
relaxation time and the damping coefficient (1 0)

rro 3rEaEd qld-6 +O ffi 3lrqrfi *. Eld-d qlTs{ 6-{dr tt rOO *ila b qqrd W?Fr

3{rrniH 4 M Et sratt qfr q-.+fi *a-a mr Ela-a 6-ra 2.3 +hs O, d f€-6.I frryift
6"rFr aqr 3Td(d uJuno en att

2(b) Discuss the boundary conditions for electric field E and electric displacement D at the

interface of two homogeneous dielectric media. Prove that the electric field lines at the

interface change according to e1cotO1 = t2Cot02, where 0 1 and 02 are the angles of the

electric field directions fi'om the common nomal and s1 and E2 zte- the relative

(1s)

A Fffidt q{rA-{d art-a-d'fi'siirtrgs w faga al-* r aur fuga Fa+enq-a o * qndrfrr qF-d--q ilrfr 6t I

R-d 6IG.E fir ai.r*rqs ER f{giT t)-{W' e1 cot01 = rz cot0z fi rSsn unrfi-a rtfr t rti et

der e2f{ga s+{ orssTftE 3{ffr?ia g qaro Sui E1 aer E2<tdl areq-'S tr{ tgai6 $ 1

(2)



2(c) Show that Plank's radiation law reduces to Wien's law

Raylcigh Jean's lawfor longer wavelengths.

for shorter wavelengths and to

aeftfl' Fo r6i- al fuFolq frq-fr, dg a-llrtsd qzi ad
A-qH 3ll{ H-dr;s fi Ml qFtofi-d rt am tr

Q-3 Write ansrvers oJ the following questions.

frErftGr y+) t st.r frGqr

(1s)

dIJrtLd fi fr(' 6-+rar: fid il'

3(a) In the Northern Hemisphere on Earth, at the pointof latitude )., an object falls (t 0)

downwards from altitude h. Find the displacement of the body due to Coriolis forcc.

l 3{aTi?r fi ftig w qzfr t r+fr ffi it r.o fti< rr sqi$ t Frcar qrl.Fs{ 6-{ar t lFs fr-s e6T

ftigft-€errca otfufrft-€ qail'+rrsr qrs6t 
I

3(b) Dcrivc the gravitational self-energy due ofa solid spherical body ofradius R and
(ls)nrass M.

R E;qt aEI M dzqJiFi fi ds ;ri-frr6r fris 6r $.mq €a-s-Jt fi arurar otl

3(c) Derive Expression for specific heat of gases using Statistical distribution function. (15)

qiffi fud-{nT Fflrr an sqfrq 6-.S N o1frfte sqr A frq qf-rrqR m-tr

Q-4 Write answers of the following questions.

ffrrftGa s"i * sd{ ftGqr

4(a) A unilbnn rod of mass m and length / makes an angle 0 with the Y axis passing through

the center of therod in the X-Y plane. Find the inertial coefficients of the rod. (l 0)

m dzqllrd dETl a-r+r$ 6r rrsu 6s y 3{ar t e 6tur tr{ x-y a-d fr Rra t t Csh * 5 5q t vrka
a-srfr-q{qreFsraot I

4(b) Explain how a Michelson interferometer is used to determine small difference of (15)

wavelengths of two close spectral lines. What is the useof compensatory plate in this

experirnent.

Fa-STIi 61 fou e-6R 4ril6d+rf, tq1Mt fi fr*r S) 3{fr B-6-c R"?rd Tt+-(fr te.r3it 6l
atn|Ld 61 3ia{ ird ffi-qr srdr t I fg q-drrr fr sffi rfc o.r rqr scr*rr tz

4(c) Define Bernoulli theorem. A container of cross section area A is filled with a liquid

upto a heisht H. If there is ahole of areaa in its bottom, then how much tin.re will it take

for the vessel to become empty? (1 s)

{rsfr r*q 6t qftHrBd o-{tt afl-eqt{ e fi qrr H ffi ;ro uo r+ ffi g:n t I Ise it-e fr a qlrcrd 6r
fus S a frffii lrr+ frun qut Rm et qr<rynt

(3)



Section B (g-gE)

Q-5 Write answers of the following questions .

frHfrtudoo16561ft@t

5(a) If an electron and a proton have the same de-Broglic wave length, then prove that the

energy ofthe electronis greater. (8)

qE ('m'$-dqda:lkr.oqlcia 6i a-qirrfr aTrT H Fara 6t d frd 6-t F6 $a?r1id

6r s.rt :rtE-o tr 
I

5(b) The Bragg angle for the first order reflection from (l I I ) plane in a crystal is 60". (8)

Calculate the inter atomic spacing in crystal if X-rays of u'avelength 1.8 x 10-r0 m are

used.

frES fu.€-fr fi a-a'( r I l) t qprur 6tfr il q-{rd-ta fi fr('ilrr anur 6taIi;r 60" tl qE 3nqfrd ,-
l+-turi fi dirr aLt l . 8 x I 0 I oafi 

. d d ffiF-d d' :iau-ql-fftTo a-di fi atu q! en oil 
1

5(c) Calculate the binding energy of zinc isotope 3eZr.t6' ttsit.tu sctni-enrpirical mass fonnula.

Find its actual bindingenergy and estimate the percentage effor. Given constants:

ay-14.1 MeV,ar 13.0 MeV,a 5 0.595 MeVa.{: 19.8 MeV,rr p:-33.5 MeV.Mass of

Neutron m1s - 1.0008665 amu, mass of Proton (mp)- 1.007825 MeV and Mass of the

isotope( ,oZnuo ): 63.929 MeY .

Eq. qarzflfr-fi 3nZn6' fr a;tra ysl'o-r ara grfr-3fl'-{}nFffi rcqard q{ 6r SrqIrr 6-{ qta oir t ge-6r

qr€dfr.m E;qET s-s1 era of a2n qFqra 1E ar:m-a-a ni ;

frn-qAo-ol-: a1=14.1 MeV, a.r 13.0 MeV, a5 0.595 MeV,al: 19.8 MeV, ap--33.5

MeV, agia 
"nr Fumtdmi,t: 1.0008665 amu, ffiamril.qrit;l (m): 1.007825 MeV and

f;ia *'rrre2rB-6 q1qz{flra( ,oZnuo ) : 63.929 MeY .

5(d) What is an operational amplifier? Making circuitdiagranr,discuss its working as an

lntegrator and a differentiator.

€flmorcro qqrt6 €qr d-ar tu oi6;6 qftqu ia i E-aEF{ fsfi :r++-a-a azlT sfrr+-aa fi sq it
*.rq6f srrfr5i I

5(e) What is Raman Effect? Explain Stokes and anti-stokes lines with selection rules.

Tg;I qs{rd +-qr d17n tz sc}+S aefi qfr Fcf€s |qBA' fi dqr6,ql. zrcrr B-+s il uru o-$ 
I

Q-6 Write answers of the following questions.

ftE{frfu_d w} * si.r ftGqt

6(a) Determine the reflection and transmission coefficients for a one dimensional potential

step using Schrodinger equationfora particle ofenergy less than potential height. (10)

fusrq ffi t o-a'a-41'fi mor fi fr(',,fiE-s{ g"ffopr ol sqqIrr o-l-d gu rro fuarE fifr t
q-{rd-da Aqr q6rprd ffii fir ururn otl

(8)

(8)

(8)

\
I

(4)



6(b) Def-rne Nuclear Fttsion. Discuss the P-P cycle and C-N cycle as source reaction to

produce encrgy in Stars. (15)

af$-6rq silqa 6i q-ftsiTfu"d of t axi {fr F-st r-qr4?r fi'4r}f, fi Fq }i p-p Tm dsn C-N

!-dE ffiF{n{aT6-ir 
I

6(c) What is L-S coupling? Shou,the vector addition of orbital and spin angular momentun.l

of tvu'o valenceelectrons witl.rll - lz = 1 in the L-S coupling scherle. (15)

L-Sga-ra+-qrddTt:t--S Srra d \=tz = 1il'€rtr A dffi gffidl 6r mefrq

rlk qmur 6Mq rrft or sEqr q}rr ilftflr I

Q-7 Write ansu'ers of thc lbllorving questions.

ffiGnn)*stirfrftqr

7(a) Sholv that at room temperature, HCI molecule may be in ex'cited rotational states. (10)
(?rt$-rr fu Ffrt fi drqfrra q{, HCI 3{g riBd ryft ra*zn 6 ,1 q-fi-dr tr

7(b) Discuss the salient fcatures of Debye's theory of specific lreat. Deduce the Debye's Tl
lau, and discuss how l-ar it agrees with the experimental values. (15)

ffi fi frftg sn-aT R-sid fii ryau frtvarrf,' w fuffit ffi3 il r A-+s qi

"T.r-a 6-i' 3fk m?aT 6-$ 1o. T6 q-qbnaa-o rezit $ f6-d-ar s6-trd tl

7(c) Discuss the conservation laws of lepton number, baryon number and isospin for
elernentary particles with exarnples. (15)

qrerBo 6!Tt fi da-em Tiraqr, ilfr{rf, dEqr 3it{ :ngdR!-a il-waur fui 6r
5dl-6{ol sB_a Ens-dT 6-tt

Q-8 Write answers of the following questions.

fiqRGa ye] * sar frftqr

8(a) How much U'is is required per day in a Nuclear reactor of 2000 MW power of (10)

efficiency 60%. (Energyper fission : 200 MeV)

60% Eqt-dr Erd zooo frn-{rc Erd?n ErA qrfrruJ ftGr.{ fr gfrFd lfi-6} gz:s 5y

3flcras?F-flr dfr tZ (qfr furi5d s-dt = 2oo MeV)

8(b) Calculate the location at which the radial probability density is a maximum for the

ground state of the hydrogen atom. (15)

r€ R?{fd fi' arurar 6-t, Gr6r Fr{trtrf, qrfitg 6t qar+rur fi fr(' ffi+-ar
u-;r.E 3fq-6-dfr ilar tt

8(c) What is a Field Effect Transistor (FETX Bring out major advantages of using FET over

bipolar junction transistor (BJT). (lS)

sl-* qlTrq glGt"{ (FET) +-+r atar tt fr*Frrifq giB=€zr (BJT) 6r gaar fratl uano

ABFrt- (FET)fi 5qqFr fi u-go .Frqe {drcit

(s)


