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I. 

2. 

PAPER - I 

SECTION A 

Answor any lour of Ute lollowing: 

(D) l\ l<1on revolves around Earth making r• eomplt to revotulion m 27.3 days. Assume thnt the 
<,ubit ;_, cil'l:,utar and hos a radiu~ of ~.00.000 kms. What i• the ma!!f1itude of uecclcratiV•' Of 
Mountownrd$ E••th? 

(II) O<~e.' lhe f~uency of sound cmilled by one movlng frame of rclcrL'Ill.\e 411tl he.'lnl on the 
utlH::r fnunc of refcr<.'1lt.:c depend on the \1eiUdtic::s of the- moving. &notes? 

Di<icu." tl• is a~ peel when both the frame.-; are moving in OPtlO$ite direction~ to each other with 
un!fomt vet~ilies V1 and V2 resp<.'Clively. Tbe first frame emits the sound and Ute other 
tcc~lvcs it. 

(c) A vertb lly suspended 2m lengtb of string Is given a tension equal to lbe weight of a 0.8\l kg 
mass. 11te string is found lo resonate in four equaJ segments to a fi-equency of 520 Hz. Wbal 
is u,., mass per unitlcngtl1 oftl1calriog'l Tak" tho value of accclt:ration due to gravity of Earlb 
to be 9.8 ms0

• 

(d) Whnt do you understand by the l<:nns: S()~tl~ l coherence and Tempora l coherence? Jllustro le 
by giving one cxamp lo for un<:h. 

Deduce the relationshtp between coherence 11me and coherence length. 

(~) What is double rcfbction1 Tok:mg e<~laile ory•taJ u. ou exaruple. explain the pbcuomcuou of 
double refraction. 

(a) Wh~ t is a Fouc.11Jlt"s pendutunfl Show that tlld plane of vilualion of the pL-ndulum ar "'"~' 
pole cx.ccutes one com plete rotntiou in one day hut it doos not rotate at all :ti the EquatOJ'. 

m> 
(l>) Derive an expn:$sioo tor Lite Rutbcrlord se<~Uering cross-section and show U1>1 it vntie$ as tl1c 

square of the K.H. oflhe pa11lcle. 

(l~) 

(c) A m:t.•s 2 kg is placed on a smooth horiT.ontal plane and att.1ched by a •tring to another mass 
I kg hanging over a mass less and frictionless pulley. Find tho acceleration of the !fyslem and 
tension iu tl1c •lrmg. 

( 14) 

3. (a) Brio~ out clc.1rly how tl~c; Lorentz lriUtsfornwtion equations explain fun~ dilotion nnd L.:ngtb 
conlr3ction, 

(13) 

(b) Sbte Huygens· prinoip le, Ho\< docs Huygcos theory ""pla.in tl1~ la\<s of refraction of ligbl in 
n transparent medium"/ Deduce the pnth difference between lwo waves of WO\'e lengtl" ,;. 

nudA,. trovclin.g in 4 li'An~porCIIl medium. 

( I 4) 
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(c) If s is the mmrrnum disiAnce between on object and iL• ml image f0cnned by 3 thin 

converging lens of focal lensth f. then <hOI' that ; = 4/ 

(n) 

(13') 

O tsfinguish between l'rannhofer and Fresnel diJl'ractions. \VItal ts a C01'T1u's ~puo:li'l With the 
help of a noai diagrnru. expl11ut its si&nificance. 

(13) 

lb) Explain Uu~ opel'lllion of 3 f·lc-Ne laser with U1c help of t•elevnnt energy level diagram. 
Wha t is tho role of Nc OIO!ru in tJ;~ los.,(i 

em 
(c) In" Yonng ·s espcrimco~ light of two mNclenglhs, 520 run and 650 nro, ore n•cd to Jonn the 

interference lringcs. The distance between th~ plano ilf the slit• nrul the screen is 12ll em. 
l'ind tho 

(i) Di~tance of Slh brigUt fringe ti·om the central nmxunum t~r Ute wavelength 650 run: 

(li) L"ast distance fmm the central ma&imum at 11hkh the bright fringes due 10 both th" 
wavckngtlts coincide. 

( 14) 

SECTION B 

Answer any tour ol' the fullowlng; (IU 4 = 4ll) 

(II) Stat<>Bioi.SavMI"s lo\11. Explain. bow Ute fllugnctic field protluccd ot Ut< ccntr<: uf u cun'cot­
currying cinmlnr wire can be obtained. 

(b) A qunttcr-\\ llvc plote is rilade of thin sheets of mio.1 who~c birefringence lor sodium light 
( ). = 589 nm) l~ ().OQ41. What is Ute thickness <>f Ute qun1tcr-\\ :tvc plote1 

(c) Deduce Maxwell's fom1h eqnalion in the differential fonn , i.e. 

- - oD 
J. • H = J + - . 

f./ 

(d) Show thal th\!> cliiciuncy of a Cannot engine- us.lng nn idcnl gas as the woricing substcmto and 
opernling between T ,.K and T,K i• gtven hy 

"- (1j1]) 
z; 

(<>) A 50 gin block or coppor takeu from • fumoce i• dropped iuto a 200 gm glass bt:akcr 
contnittutg 100 grn ofwol.,.. The temperature of wolcr rise-s fmm I S"C to 30°C. What was Ute 
tetlJI'er.>lure of the furnace? 

(") 

(b) 

A thin plastic rod of IWJ:t.b L has pO'litiw cllilrge of uniform linear density ...<,. Fiud U.c 
eloeU'ic pol.:ntial due to it at P .Lt • pcrp.:ndicu1111' d istonccd from 011e end of Ute rod. 

( i) 

( 13) 

In n single-loop drouil conllliniug a bnltery of c.m. f. £ and o resistance R. find Otc 
vnlue of the cum:nl. by applymg the energy principle. 

(5) 
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(ii) 11tree resi~tors RL. R~ and RJ. are connected m parallel. One battery of e.m.f. E1 Is 

connoted between R1 and R1such that the currenl ln the bauery tlows anti-clocl:wise. 
Anoth<T bcmc:cn havins e.m.J' E1. ill- connected bclwet..t R: and R1. on lbc ~amc line 
as E1 .. TI1c current through E: . flows clockwise. O!kubtc tl1c cucrcnt~ through R1. R., 
nndRj. Assume R, = R, - R, = -:!0;£, " 41' and If, = 2v. 

(!)) 

(c) Wha l is an ideal ttansfonu.,·? Expl>in lb.: llteory of a lnusform~r t>k.ing inlo ac.:ounl tbe 
requirements nf energy transtni.ssion~ 

(a) 

(b) 

(c) 

(a) 

EXJ)Iain Ute t.:chnique oflu>IOg•·•l' hY. TVI<mlion some of illl imponanl appli~U~tion~. 

Doduce.Moxwell's second equation in the differential furm. i.o. A 8 - 0 

(I~ ) 

(13) 

(D) 

A magnetic neld of 2.6 x I()'' Am·• is applied to an optica lly ~clive medium whose Verdet's 
ctlltSlant for Sodium-0 light is 0.104 are nuu/ A. If tJJe liglll troverses a patJ1 !0<:111 long. 
through wltich angle wiU Ut~ pl:uto of oscilbuon lwn'! ( 14) 

Write bliefbut comprehensive notes on !he following: (20) 

( i) Suha ionisntion formulo 

(ii) Bose-llinsiein C<)ndensalion 

(h) Sho" lhat for nn ideal g•• undcrgoios an >diabutic P">ccss pv~- co••~tont. 
!"•l.:ulale th<> ch:mge m entropy when I kg ot' ice ar o0r mells to \Voter ~I th~ same 
tcmpcn>lurc. The lak:nl heal of mcltin!,l of icc is 79.6 cal. &n• '-

(20l 
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PHYSICS 

PAPER - II 

SECTION A 

L JS'r o•· LISI!:FUL CONSTA.!liiT S 

Mass of pro1.0n 
M3Bi of n!'utron 
Mass of oloctron 
Mass of t<lnst.nnL 
Boltzmann .:Qn~t.ant 
Bohr Mo,b"rflCton 
EJeet.rurUe cbarg(t 

~ 1.618. 10'" kg 
&: 1.675 Jf 1ett' kg 

9.11 x 10• • kg 
x 6.626 • JO·"' Js 
; 1.380 X Ht" JK·L 

9.273" 10'" Ahn' 
a 1.602 .x 10 I t C 

I, Answer any four of tl1e following: 

A~omic mass unH. (llmu) 1.660 x 10..u kg 
931 ~leV 

Maas or •~N • 14..007650 amu 
Moss of"B ; 11 .0128!1 amu 
Mo." or Alpha pnr1itle z 4..003879 arnu 
Mo .. or "0 ; 15.99495 ~mu 
Velocity dtt.ight in Yacuo, C • 3 x lOA m.s'' 

•I ol 7 

(n) Cwt an ~lcctron stay insid...: u nuclcus1l JustiJ") your dJISW4!r usiug quantunl mcc:lumical 
principl.:.s. 

(b) Show thO! the d011>llY of states fora particle ofrns:l1' )t. inside o ~ubold of's ide l is 

lL' 
p(k)a-1-. -ksiJ\OdOdt;. 

Rr.'h' 

Thls pnrtide has momentum p = nk with <pbcncal co-ordinates of k gt\'"11 by(k.IJ. ~) . 

(10) 

( 10) 

(c) What is the pol:uisability of a molecule? How doos II k;•d to an "xplanation of Ram au efl~ct? 

(10) 

(d) Explain II•~ menning.s of tho followlng in momlc spectroscopy: 

Elcc:trQn configur~lion. equival~nl elct:truu. term Ny~nhQJ. lev.:) sy•uboL degcm<ra~y 

(10) 

(e) Wlrot is Lamb shift'! Hnw mucb his il be-en measured for an atom with atomic- number one'/ 
C:ln it b\! "xplained wdug. Dirac·~relutiVi!Hic w~w~ e.t,uation for an ~Hom? 

2. Consider th~ OU\!~diml.!.usiou.al pu1i:nLin1 

0 Jot x<O(Re glonl) 

r; forO-s x-sa, (R~gion{l} 
vc~-),. 

-I', [lit· a, ::; x:-s o, (Re glo11 /ll) 

0 for x.o, 

(tO) 

Hor< both \",, V: , 0. As~unl< that a partjck of 11111" p ""d ontrgy B is incident from left on tllis 

potential. 
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Vlx) 
V,f-----, 

a, a 
0~--~~--·r---• 

-v, ._ __ _, 

(a) Write time-independent Sduodinger equations and the1r rcsp«tive solutions for ench reg1,0n 
taking 0< E <VJ. 

(13) 

(b) Apply boundal)' conditions (do not solve U1e consequent equations). 

(12) 

(o) Obtain the nonnalization integral for the wave function in the whole rcgton. 
Stmplify it as much as you can without p..'t"forming integration. 

( t5) 

3. t.o.t H;;,. roprtl;ent the interaction potential in the Ham ill on ian. of n hydrogen atom which gives riso to 
the ti ne structure spliting. 

(a) Write thee>.'Plicit from ofH,.,. 

(6) 

(b) Show thal is commutes netther with l.nor lvtlh S (the total orbtral and spu1 angulnr 
momenta, re~;pectively). 

(8) 

(c) De fin~ the angulnr momentum operator 1 that commutes wilh H1, and prove your slatemenL 

(6) 

(d) Obtllin an e>.'Pression for Htil n renns of L', s'. and square oJ the new angular n1omentum 
opemtor J you have defihed. 

(6) 

(e) Which degenera¢y in the spectrum of an al.om is removed by the presence of H,..? 

{6) 

(1) Calculate H& tor a 3d electron (leave your ans.wer Ill terms of radial func.Uon). 

(8) 

~. (a) Explain the meaning); of the terms (0. P. Q, R S) branches, bands, and of progression tn 

molecular spectroscopy. Which spectrum contains only branches. both branche.s and bands. 
branches and pmgression'l 

(25) 

(b) High resolution laser spectroscopy can resolve lmes that cannot be resolved by conventional 
spectroscopy. Justify this statement 

(15) 
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SECTION B 

5. Altcmpt an:· four of tl1c fullowing: 

1111 li<timute the p•ck.ing fracti<ID of"o ~ucteu~. 

(10) 

(b) Which of the fundam!:!~tal interoctions IS present in tbe fol!\:lwing nuclear process'/ Use tbe 
.:onsorvalion laws to urriv~ at the· CLII\Oiu!.tou: 

~- ..... "; + r rlife -limes W" Sl 

(10) 

(cl Wnal is tbe structure of sod1wn chlonde? How many orul ceUs of NoCI are tber~ in each 
vube? What are th~ posirion~ .. rNa 4n~ Cl itlil' tn e:Jch cell• 

(d) 

tel 

Simplify the logic expression 

f=Aii+AB 
by drawmg up truth tables. 

For the aircult desi!!O<XI as in diagram bdol\ 

Vlr * lOV 

R.Q t· 
~· ,, 
v 

Daermme· 

(i) 

tli) 

riiil 

The tjpc of BIT used. 

11tc resJstance value Rn. 

Titc value llf resistor RE. 

10 SCI tb~cmluer.elll'lh voltage ad V' when J, is oommaUy 2 mA end {f = 100. 

G•vcn. V66 = 0.65 V 

6. tal \l.lbat IS ~IJTic plotJ In what 1vay 11 lin~ u..;c tn nuclcurdccay? 

I h 1 (iJ DiJl1:ronllilte bctwo:n K..:apturc and inwrso l.>cta decay 

rit) \Vhot ure the propertte;; of neutrin<l'l 

tiiil Whotls rhe principle u~ in the e;:;-.-paiment c('nducted by Reines rmd Cowan1 

(10) 

(10) 

(10) 

(II)) 

(5) 

(5) 

m 
(cl E.xploin why 1s II that a U-135 is fiss1le With o tbennol nc"UITon whereas u.lJK requires~ fast 

Mutron to undergo li$llion <liven 13inding •'tleJ:gies 11f lhe odded neutmn5li1r F-135 and l'· 
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238 are 6.8 MeV and 5.9 MeV respectively. Estimate tho critical energies for the two nuclei 
to suppon your answer (13) 

What are quarks? List the vruious types ofU1em. Gfve the concept of coloured quarks. (20) 

(b) Discn~s the motion of electrons m a one dimenstonal cryst<llline lattice according to band 
theory. (6) 

(") On l.he basis of answer to (b), plot schematically, lhe eneJgy, velocity and e ll'ective mas.~ of 

(d ) 

(et 

ta) 

electrons as a function ofwave vector k. (6) 

How does band llteory le11ds to distinction between metals. insulators and 
semicondnti.NS'? 

' What is the concept of 'hole"/ 

Refeoing to the drctiil diagram given be low. lloe rouowis•g ill•ta hold good; 

!D..~ =SmA 
Vp=-4V 

RD ='L2k0 

Rs='U:Q 

lfw = LOV 

v_ 

• P, 
ov 

v, .. fV1 l ,lm.AI 
Q ~.0 

t1.5 
~ z.u 

.... u •• 

' u.u J 

(1) What is lhe lype of device llsed? 

(ii) Draw the transfer cbnracteri.rtic. 

(iii) Dmv the load l.ine. 

(i v) Obtain an awrox. value for lo. 

(ti) Obtain an approx. value for Vos 

intrinsic 
(6\ 

('2\ 

(2) 

(2) 

{2) 

(2) 

(2) 

(b) \Vltal. are the c!laracreristics of a rractic~ QP-AMP7 

How does the open loop gain of a 741 OP_ AMP vary with frequency? lfl1<' graphical 
illustnltio1~ Whahs CMRR? (1.5) 

(c) (i) Whatis the principle used in' 1uuf adder;'? (;i) 

(ii) Draw tb~ truth table for a half-adder. (5) 

(tii) What are llte Boolean .expressiorts for 'sum' and 'carry~ outputs of a bali~adder? (5) 




