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I PHYSICS t:=======---

I r.erul Ct~nSUIDL< 

PAPER - I 
SI!CTION ·A 

Elc~tron cbar~t: c = 1.602 )( ur'' c 
~Eiertron muss: m, - 9.109 X HY31 kg 

rroiun ma.'l'i : m. ~ '1.672 )( w -l? 'kg 

Vocuum 1•crmillivity : s. - 1!.8..~ >< JU'u raradlm 

Vutuum llCI'mc<lhili ty: ~'<• = 1.257l< IH-6 hcnry/m 

Velocity orlight: r ~ 3 >< 10~ m/s 
Boltt.m:m con~innt : k = 1 .'38" Hr'·' .1/K 
E lectron vult : c V = 1.602 x Ll)'._. .I 

I, Answer any four of the rollowing 

2. 

(4 • lU = 40) 

(n} The roordinntes of a p011icle or mass m ure gh·en by •·= ~, c"""'•' "'"' .Y= y,sin'!>>' 
(i) Pind U1e x..) components of force acung ou the partfclc Under wbat conditions will 

this bo a ccnual force'? 
(ii) Find Lbc palcntinl cucrg) uud sbo1' that the totnl cmlrg)' is conserved 

tb) Discuss Michelson- Morlc) cxperimonL Sbow ns to bow it led to too rejcc~ou of the ether 
h) polhcsis. 

(o) A quartz quurtcr-wtwe plate is to bo used wiU1Ihc sodium llght (~.=5lt96 A l. What should be 
Its !hockness'! 
(The rcfrncth·e onditcs for the ordJunry ond U1o o;xlrllordinnry ni)'S nro gi\'Cn respccti,·c ly h} 
Ilji =1.54-125 and n.: J.55336) 

(d) Wbat are the pregressi ve "a1•es nod standing "noes'/ Ho" will ) ou disLingulsh bot,rectl the 

h~o'l The eqttauon of a s1anding wn\'e In o mcral rod is gwen b) v= 11,!102 run( ; r )•m (I (lOt) , 

Obtain the value of the maximum tensile sttaSS :il a pOint x =I ()(J em, Young's modulus lo r 
the moterialof tho rod = R x .1 011 dynostcm1 

{e) A !,'fating has 3 15 ruhngs per mm. For wl1a1 wavelengths 111 the VISible spectnm1 can o•1c 
obseryc the l\lll1 order diffraction'/ 

Co} Explain \\hnt is coriolis force. Show IJUJL the dallootion of a ficcly falling pnrticle w1der the 
earth·~ gravity due to ~orinhs fo.rce is. 

=__!!1.~$11' sin9 
3 8 • 

where 0 is the colatitude. h is lhe heig.hl tl1rough winch the j)llrticle falls and w is the angular 
vciQCil) of the earth. 

(20) 
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lnf l3 
(b) Derivel~e Eull!f equ~lions f9r ~1e 1110tion of a rigid body 

(20) 
3. (a) Write ill I Ute four componeJI!S of U1e 4-momentum in speoilil dtL'OI)' of rela1i vity ~onsider a 

frame S' moviog 1\<ith rc:speot to the menial frame S with a velocity li: vi, where i, is 8 
umt vector along X-roos. Apply Lorenrc rmnsfonnation 10 transfunn the oomponeniS oflhe 4-
DIOmentum rrOjl\ s lO S' 

4. 

(20) 

(b) Consider a panicle of mass m pcrfonning osdllalions along lhc X-axis under 1he lnnuente of 

(nl 

!he forces · Ia·. •r~ mJ<l F = F, sm II' Here k. IUld Fu. p are all constiUlts Writ~> 1he EX1ua1ion ,, 
uf motitm forthls panicle (do not sol¥< !Ills ~quatfon ), Cakuls1~ th~1tmplitude of o,.:illation 
and d1~ plu~se differenc~ be1ween tlte driven oscillator and the applied force 

(2fl) 
F'"md the intenshy eKpressiou for the Eraunhofer diffraction pattern of the double sl.it DedUl:e 
1h~ conditions for iJil\XIDia and mlmma 

Dis~uss the missing ordersma double Blit patrom 
(20) 

(b) Derive !he expression for the 1nlensity of imerfertnce fringes fonlll!d by rransrnis'sion In a 
Fabl)•- Perm interferometer and its chromatic resolving power. 

E~ plain why ii is suitable t(l $1udy 1he hyperfi,te wucture. 
('2Q) 

SECTION B 
5_ Answer any four or d1e following,. 

6 

(4 !0= 4U) 

• (a) A point dipole I' at r is in the 'fioldof a poim <hwge q locn~ nl !he origin f ind d1e ouet.h'Y 
of the dipoleand !he force experienced by it 

ll') What is the displacemem curreJ11n bplain clearly ~1e reasons for which Maxwell had Jo 
introduce this current lo generalize ~me or the electromagnetic equations to 8 non-stationary 
case 

(~) In the case of ·wa1er al t)OC, !he laienl l1ea1 of fus•on is 3.35 Jlkg, I he volume of one gm of 
ice 1s 1.0'1070 ccc, and the volume of one gm or water is 1.00013 cc. Find Ote- change in 
melting poim of ice for I atrn increase in pressure. 

(d) Dlstin,guish between mean value, peak value. m•d the roo! mean squaJ>e v~ue of an alternating 
current 

(e) Calcola1e !he number nf molecules in 0. I ~g of o~ygen, whose velocities lie betweon 195 and 
205 m/s at 00 C-
\Vrite Lhe f•oisson equauon '" electrostrulcs in the sphencal pOlar coordinates for potontlal 

m( ;) nnd the volume cbarge density p(r) Specialise il to !he case of n sphere of radius m 

w101 p( r ) - consran1 (say p. ) for r ~ r1,, p(;) = 0 for r > r0.Find <~>[ ;) , botl1 inside and 

outside the sphere. Now apply tl1e following boundary conditions. 
(1} q,,., -t 0 for r ->...., 
(l/) q, ,, fi rule r or r = 0; 

~ 

(iii) (!) and the componen1 of ll normal to !he surface ~f lho sphere are co11tinuous at r = 
Io Th.!n ~liow !bar 
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U>,.(~)~~(3ni - r'} 
II~. lD .. ruld (!),. are d1e putenlinb outside and i11sido tho sphel'e. respecli•·el~ 

1 ~~ lJ 

(20) 

(b) Dra" the d18gtlllll.l fer LCR circuits equivalent to a damped osclllator "11hout mw extemal 
force and to a dm'<n osclllator (w1th dampmg) Wnte. but do not solve. differenttnl e<tuallons 
for each or them. 

(a) 

Dnr.l· dingrmu$ l'or a senes resooance cunnt and a parallel resonance cm:uiL Sbo11 
that resonantdrequency for ooib of these ,;ucoits IS same, 

(20) 

Consider the propagatiOn or a ~I nne electmma:;rn:ric II"' e along the r, axis Ill a 
homOgenect~~. ISob"opiC, linear and sl3tionlll) ftlediuni Show Frl)m Mat"ell'~ equallons that 

if" along the ,, • .,,.,s 1hen H 1s along 1he v·axlli and (ii • H) pomts m I be direc~m> or 
pro~agation Show furiher 

!!,_ (i)jl 
H - k. 

1 

; ' where <1) IS tb~angular freq1rem:y. k IS the wave number and D: 11 fl 

(10) 

(b) What ,hl ) oil understand b.l· a bloc~ bod)'l ('an it he re~lized tn prOctTce1 
E.~plam tl1e 1enns ·emtSs11·e po11er' au~ ' absorplll'e ~o11er 
Deduce at llll) teruperoture for r.tdiahon or the same w~velet1gth tho ratio of ouussil'e pu11tr 
"' the absorpU1'e po11cr o.r a subsronce IS ~onstanl aud TS e<tual 10 th~ emiss11 c t>OIIer or a 
perfectlv black' bod)'. 

(iO) 
S. (a) What are ISothermaL adiabatic. ISobaric nnd lsochonc processes• Obtain expressions for thi.\ 

11ork done 111 each ofthese prQCesses. 
(20) 

(b) Pemull ilte ~laxwell'$ thenno dynamical relalions11nd hen~exptam Joui~KeiHn effeo~ 

(201 
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l ______ ____;,P~HYSICS~-----~·1 

2 

PAPER .. n 
SECTION - A 

List of Useful Constants 

M~s of pmlon 
N,ln.;:~ or neucmn 
Mit>S (lf elec1t0n 
Planck consetn1 
Boltzmann constant 

BOlu ll)Q"gutton 
I!LCCL"'L~ic Chilf8t 
Ammic mnss unil (amu) 

Vclocily of ligbl 
in vncuum. 

= 1,673 X 10"21 ~g 
= 1-61$ X 1()-1' kg 
: 9.11 X 1()-" kt 
a 6.626·x 10'" ,._ J S 

= 1.300 I< 1()-D J K' ' 

= 9,Z7J X 10"' Nrn' 
; 1.602 " 10'' ' c 
~ ' .660 " w-" kg 
= 931 MeV 

c=3 )( ro~ nu:-l 

m(ls) "' 1.007825 amu 

mUH) = 2.014102 amu 

m(/ii) 3.0!6049 amu 

,.(l-'c) = f2.QOOOO WJ\U 

m(:Ne)= 19.992439 am~1 

m(iHe) ; 4.002603 an>u 

Answer W!Y [our of the [ollowing 
(a) C:Jiculnle l.he de Brogue wavelepgth of u thermal neutron nt ihc 1empernture of27° C , 

( 10) 

(I?) Ca.lculatc the minimum energy or u IJrolon conllJtcd wit bin a nucleu~ of radius hv11 fermi 
u~i nl,\ Hoh c•1bcrg uncertainty rclatiou. 

( 10) 

(c) Using Gaussi;lto (Unction sl1ows Lhal expeclation v~lue (~·") =(} for odd values ofn_ 

( IU) 

(dJ S~11c de.11enuuy ideas about Lalllb shift rutd poinl ou1 its sigui ficnuce. 

( 10) 
(e) Explain spin multiplicity illld deduce llte teo11 symbols for the Sinl,\let and lriplet sllltes of 

sin!,lly ioniz.:d lithium atom, 
( 10) 

(a) Estimate the grouud srnte energy of 

( i 1 simple harmonic oscillator and 

(i i) hydrogen mom, using uncertainty principle. 
(2()) 
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1 ,.r 1 
(b) Define reflection and transmission coefficfen~ Deduce exwessicms fbr them considenng 

one-dimensiooal potential step of rectangular hamer and show that theu swn is uniry. 

\U) 

(201 
Denve cxprcsswns tor ternu wc10r ana l• emu energy 011 the txtsts of (reb electron tbeot) of 
RlCiliiS 

(20) 

lb/ Oistinsuish betw«n nonna! and anomalous Zee man t f1Cc.t Obtain nu cspn:..-sion for the 
splitting of energy levels. 

Ill) 

(201 
Explain tloore3Cence aod phosphorescence " '' th swtablc exat\1ples D•scuss two llPPIIcaumts 
w eatb case. 

POl 
(b} Gilc the ~lr111""ntlll')l th00f1' of illuclcm· Mugm;h" Re$ormnce (N MR) Oll(l dcsaibr nny tbree 

applications. 
(20) 

SECTION& 
S, 1\ llS\VCJ Ull)' fOUl Of tltc IOIIOWIII!k 

6, 

7, 

(n) Esplom the uhnmctcl'lstics or uucleur fusion 
OiSC~SS the 111<"\lh Untslll ofcncrgy pruducllon Ill $IarS 

( 10/ 
1b\ S111te t11e ooordinaoio~ number <Jf ~imple cuboc, bolly-cenlere(l C1tbic oocl fuce-centered C1obic 

lantce& Also dete)'l)llne 1he number ofa10111S per untt cell of all the 1hre.: cubic lamces 
[10/ 

1cl Wlncb uf1hc followiDg rcaCIJollS can oc:rur 7 Stare the woservamrn principles vlulated by 
other!\: 

m ·1 --ft 111i'"+r 
(U) _.- +p-t 1t • rc." 
4lii) .r ,., p - n"" t 1• .. rr • n.• 
(j\tj'f+• -+ tr+p 

(10) 

(d) A member of r group of panicles consisl5 of l\\O u quark~ and on~ s quarl.. Wlw i;; its 
domg~·· Wlttch qunrk> rrofll.e t41 Ute :: h)'lJ<Tl>n? 

( 10) 

tel Oc>et'obc tlw bnsic ~on5tructlon atl\1 \IOfklng of n Jre:r Oe.ct'tbe huw tin: cll•mtcttorlstlos or a 
FET ~1\! ullmln"d, 

ta) 
( 10/ 

Gh't' a simple theol)' of the deuteron, Obtnin and plo1 the wave fum:rion for 1he deuteron 
grotmd suuc taken ns an s sw.tc. 

(20) 

(b) Ulscus:. 111 dctatltltc sbcll tulhl~l llf thto nltl:lttl.'! with ussucclllio.es sod btultntlons. 
(20) 

en\ l:xplniqthe l'undnmemnl force.~ iu nqlJI~ and th~tr uullicullun, 
(2(1) 

(h) ()tiitlnj;ui5h bciWl'<.'fl ~~~~Otllht~'1iVtiY Ulld lugh ICn1pt.:l11tUI'I! S\IJIC~~?nduCitVity 0c:;nlhC t il~ 
pl\1p<:nollS of cupr.nes and fullen:s 
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8. (o) 
3 of13 

What tt u micropro=sor? Sketch tlte evolution of o present-day computer. Explain with o 
block diagram the structure 3Jid working of a digital Clllitputer. 

(20) 

Cb) NA>'IJD is unn'Ct113l gofe. E.xpl.:lin with suitoble logic diogroms ond tnnh tllb]es 
(20) 




