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Please read each of the following instructions carefully before attempting questions.

sn{ ?i t td FTrrfunsa fdyif +1 pq-qT Rrqqn\-*qr qa 
I

1. This question paper contains ten questions in five Sections. Attempt onn question

from each Section.

{q qq-+rd if dq dst i (s yr;T t r q-*+. sr3rilrr t gm q$r ql srr *H r

2. Each question carries equal marks. l\{arks are divided and indicated against
each part of the question. Write answer in legible handwriting. Each part of
the question must be answered in sequence and in the sarne continuation.

v-+fi qw * sqn 3i6 t r qvq * siq-i ql frqTfud 6-r qrq * r*+ qrrT t qrqi

FFTn ff,-qt rrqt t I TrR sq fo.or*a { fui I sw * !-&-*. s{Fr sl Tf,{ TS Fq ii kq
wfl q|"feq 

r

3. Attempts of questions shall be counted in sequential order. Ifnless 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.

s-{=ii * Ftr{i qi wril m-qi3€R s1 qruqi r qR qra {fr t, fr qFT * w-r 6l ryHr q1

qTq,fi e€ e-6 Tri si{a: fffi rTqr d r srr gk-fl ii iqmi dgT gqT yB ?Tr iR* 3fqr

al sq 6q i srer qr{T qRq 
r

4. Use of Log table is permitted. Re-evaluation/Re-checking of answer book is
not allowed.

ETq Zqfr * 3rdl ei er5qfr t r r_.Kg|<-fir + Tdwis-i/gr: 'rtu qi eryfd =rcl t r
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1.

Section I

(qus r)

(a) State Biot-Savart law and Ampere's law. Calculate the magnetic induction

at a distartce'd'from an infinitely long straight wire in which a current

'I' flows using :

(t) Biot-Savart law, and

(ii) Ampere's law.

qd-{rqd * fiqq 3t{ qEflqi $ faqq at

q10 dR t q-an qfr 'd' qi :jqstq }'{"T qi

4r 3qqtrt 4-{-* :

(t) qrfr-qr+J t t{qq, 3tR

q"h qifqq I qfr 3rstq Fq * aia

qq-{r qt fr-s{ q-.F. tq-€d eqr6 'I'

10

(b)

(ii) qqiqr + i{qq ai sq+ri fqrqr qrar t r

Show that the following potentials satisfy Laplace equation : 10

(i) Y = e 5' 
"os13v 

sinhl2z

(iL) V= zcos Q

p

freTgq fm ftq6l3u qrrrdT erccrs

(t) Y = e-5'cos 13y sinh 122

zcosd(ii) V=- |
nP

qqtmrq qi {g€ smi t :
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2. (a) State Gauss's law and express this law in both integral and differential

forms. Show that Gauss's law and Laplace-Poisson's equation are just

the mathematical expression for the same. 10

"lig * faqq q-r erh qifqq ei}i ye' ft=qq 61 qril.F?R 3fu 3aadF-qr{ ffi F.qt

ii aqda Ehlfq\ | Rqr{q fs fis ql fTqq *r orqrs-rqruii fi q*flq Bfr

* fdq rn{-fi-q e*rqk t r

(b) In a uniform magnetic field of 6.5 x 104 T is maintrined. An electron

is shot into the field with a speed of 4.8 x 106 -r-1 normal to the field.

Determine the radius of the circular orbit of electron

(e = 1.6 " 10-19 C, m = 9.1 x 10-31 kg). 10

6.5 x 10-4 T * q-i6-qqrq 3-q-slq e-d n erq {ur qrdr t I gd' gW{ d
*r i 4.8 x 106 d-1 ql .Tfr * qrq Q-d ii v6R E1 qfr t I gaET{ *i qftvr

6qrT q1 frqT frqtfud Ht

k = 7.6 , 10-19 C, m = 9.1 x 10-31 ffiqr-q1 I

Section II

(urg 11;

3. @) Formulate the Schrridinger's equation for a linear harmonic oscillator

and solve it to obtain its Eigen values and Eigen function. 10

q-d6 tng=fr 6mfr6 srms-&-c{ + fdq *fu"R + Rrfl-fiu'r ql fuR qi sir E€-S

3rT{t-{ qFif 3nr 3rT{t{ q,m-{ 4l srq q-G * idq q0 co qt i
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4.

(b) The lifetime of an excited state of an atorn is about 10-8 sec. Calculate (

the minimum uncertainty in the deterrnination the energy of the excited

state. 10

q-*. qrqru q1 q-* stfuir Rrrfr er qtflmTd drrefir 10-8 ffi t't sfrfq-d fT{Tfr

q.l g.-qi * frqitrT tf arnr e+frkeon al qot-qr q.itqq 
r

(a) Discuss Stark effect and show that the first order Stark effect for the

ground state of hydrogen is zero. 10

erqf qqrq q{ qqi qTq\ eti fqurq'q fu *q1-* +} frrrdq eil++etT * fdq

eerrT 3d1$-q erd sqH Yf< t,

(b) A substance shows a Raman line at 4567 A when exciting line 4358 A

is used. Deduce the positions of Stokes and anti-Stokes lines for the same

substance when exciting line 4047 A is used. 10

qfr qfl?i 4567 A q{ qm' TEn tqt RisrdT t q-q r+q-*. tqr asss A w sq*q

fq-qr qrcn t r qq r*q-f, tsr +o+z A qr Bq+r fa;qr qrm t, fr q+ e] qqlri

+ fdq dqq 3t{ \ifi-rdw tsT q1 qrq 61fqq r

Section III

(uu-g 11t,

5. (a) Expiain each terms of semi-empirical mass formula and state its

limitations. Show that an odd mass nucleus can emit F* o. B- but an

even mass nucleus can emit both. 10

eitf-wjqfu-*. q-qqn w qi rd*. yTd 6l {Erfl-{q e*t g€-{i RiqTsit el edr{q r

RqtEq fq. qan fqqq trqqiq rTfrrfr 0* ql p- ql Brq-ft qr q.Fdr t Af*o
qs' €rT tr rytq rTfrTf, qr.ii qt 3-is-dq q-i e.filT t'r
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(b) 1 gram of Radium is reduced by 2.1mg in 50 years by a decay. Calculate

the half-life period of Radium.

6.

1qlq tfu-qq c &I{ dRr 50 qfr ii 2.1 fiffiqrq qrq d qRT tt tkqq * enq

qtfi qi ei-qf$r 6l r1q-a1 eiteq r

(a) Discuss the various types of interactions between elementary particles

giving their characteristics, coupling constants and lifetime. Compare

the four fundamental interaction.

10

10

10

qrs{fufi q-'ii * fi-q anr- q-sr-{ q1 ein:to-qr qt qqf q1fuq, d} BT*1 ffiq-tnii,
g'q-{ furriq. ertr qt{{-sT-€ t G t r qn qird-*. ein:flm-qr ml gcn eifqq r

(b) A deuterium reaction that occurs

Hz (d, P) us followed by H3 (d, n)

in each of these.

in experimental fusion reactor is

He4. Calculate the energy release

10

sT tfu;ilqrrm qtcrs' qm' *r qro

rfi{ed qff,m'fi. T6-d ffi{q "iH 4t

q-*. qtRqq qfrb-qT d sqlnrlm ridqq ftq€{ i ilfr t, H2 (d, p) Hs *
qK H3 (d, n) Hea tr E-+'i n e-&s tf gqn (frcfiGr) s-qi si TUHI alfqqr

Section fV

(qrs rv)

7 ' (a) Show that the reciprocal lattice of a simple cubic lattice is another simple

cubic lattice. Hence deduce the first Brillouin zone of the simple cubic

crystal lattice.

fquTqq fm q-+ qTqrcur q'.il.Frr qTeffi

FilcFI-{ q?fs- t I ggPn qTqpq q;11-q-R

niq qifqq 
r
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(b) NaCl crystals have FCC structure. The density of sodium chloride is

2180 kg --3. Cui.ulate the distance between two adjacent atoms. (Atomic

weight of Sodium = 23 and Chlorine = 35.5)

e--
t9h(<(| d€s

Using Einstein Model, derive the expression

solid. Discuss its merits and demerits.

fsrilrTq {r3

for the specific heat of a

*'
QIgf+II

10

10

\a)8.

erT{dq qfsd mr ewfrrr o-G gq, {s *q q'i fqRTE sqt + frq aiq-o vm

q1fqq | {€-*1 qfdt it ft 3r-q-J'ii q{ qqf eifqq r

(b) Find the Fermi energy ip Copper on the assumption that each Copper

atom contributes one free electron to the electron gas. The density of

Copper is 8.94 " 1g3 kg *-3 and its atomic mass is 63.54. 10

qq qruTr q{ ffi it v-fi s-qf ar qil' crr-{q fr- e-d-fi nfiqr qiqrE {AETI fu

i r'*. 5m {W{ q.r drqqq t-dT tr di qr q-{d 8.94 x 103 ffirJTq' qi-3 t

efrr Ee-*t q-{qnJ trqqn os.b4 tr
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9.

Section V

(sus \D

(a) Draw the energy band diagram of an open circuited p-n junction.

Explain the following terms with reference to a p-n junction : uncovered

charges, barrier field, depletion region, potential barrier and barrier

energy. 10

qm. q"A qffi-o p-n dawn * s-qf +s 3ilts el qqT-{q i qs' p-n dwn
* {E.i ii frETfufun {Tqt q'r {T{r{q : gff eil-+$, qiqt Q-{, frk+-rq *r,
frqq qrqr e*r erqr s-qf r

(b) An npn transistor with u = 0.98 is operated in the CB configuration.

If the emitter current is 3 mA and the reverse saturation current

is Ico = 10 lrA, what are the base current and the collector

current ? 10

o = 0.98 * qTq (;F npn Eifqe{ CB okrrtflr i {iqrff,-d d-dr t r qR qfq-a

tr{t 3 mA t sfu fr-dd riEFa qRT Ico = 10 pA t, dl erqR qrur eih q.-C€{

qrcrHrt ?

(a) Verify the following Boolean identities :

(r) A+AB=A+B

-..............-..:
\LL) A+B+A+B = A.

10. 10

n
,

frETfufuT qhq-{ vrfsqdr q} ssrfud slfqa :

(i) a+An:A+B

(iil A-Bn4-3=A
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6\ What are the Barkhausen criterion ? State the basic conditions for

oscillations in a feedback amplifier. What are primary requirements to

obtain steady oscillations at a fixed frequency ? 10

eT+ffiq qTrEs RT t ? qo qfrfuqT n-q*n fr +etl * ftq gfrqTqi rTd

ol qaaq I qs iq|{{d 3T-qfa q{ fteR +d'itel qr-K 6-{i * leq nvfr-+ e]TqqqEFilt(

RTT ?
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