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Question Paper Specific Instructions 

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

There are EIGllT questions divided in TWO SECTIONS and printed both in HINDI and in . 

ENGLISll. 

Candidate has to attempt FIVE questions in all. 

Questions no. 1 and 5 are compulsory and out of the remaining, TllREE are to be attempted 

choosing at least ONE from each section. 

The n,umber of marks carried by a question f part is indicated against it. 

An.~wers must be written in. the medium authorized in the Admission Certificate which mu.~t be 

stated clearly on the cover of this Question-cum-Answer (QCA) Booklet in the space provided. No 

marks will be given for answers written in a medium other than the authorized one. 

Assume suitable data, if considered necessary, and indicate the same Clearly. 

Unless and otherwise indicated, symbols and notations carry their usual standard meaning. 

Attempts of questions shall be. counted in chronological 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 the 

Question-cum-Answer Booklet must be clearly struck off 
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SECTION A 

~swer all of the following : . 10XlJ=50 

(a) · ~ a it; 1% im 1ffiOI it> ~ 'iRrC! p = Po a it> ~ ~ t ~ Po ~ '1\ 
r 

'iRrC! ~ 3fu r ~ it ~ ~ I ~ 1ffiOt it> CORUT, -~ ~ it 2a eft ~ '1\, 

~(lfCIICfl~UI ~ "ffiQ ch)f';w: I 

The density inside a solid sphere of radius a is given by p =Po a, where ·. 
r 

p0 is the density at the surface and r denotes the distance from the 
' 

centre. Find the· gravitational field due to this sphere at a distance 2a 

from its centre. 

(b) ~I' 3fu I Sfllm: 1% ~ (311f.f?t1) 1@ it it~~ 1% 3li'J it>~-~, 

3fu ~-~ (~ ~ lffil) it it ~ ~ 1% ~ 3li'J it> ~-~ 1% m 
. . . ~ 

it; ~ ~ m, W • fcF; r' = MR2 + I, ~ R ~ 1@ if; ~I'J 

~-~001~·~ 3fu MmOOT S!;04GH ~I 

' If I and I be the Moments of Inertia of a body about an axis passing 

through an arbitrary origin and about a parallel axis through the centre 
' ~ 

of mass respectively, show that I' = MR2 + I, where R is the position 

vector of the centre of mass with respect to the arbitrary origin and M is 

the mass of the body. 
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(c) ~ R <liT~ Tffi:n ~ ~~tft~11, ~<iHdl!!i"' (':1'f::r-f<lf<fl~) ·~ (ffi1' ~ ~ ri 
~ m~ TJfu qmn t I ~ ~ ~ ·~ ·~ ·GJO! ~ fcld(OI <liT qf{Cfli?H cf>lRitQ> I.~ 

~ fcRrn ~ ~ "Cflll(Cfl~'iH TJfu ~ ~ ~ ~ ~ ~ ~ ~ 3il<l~'1Cfldl 

~? 

A sphere of radius R moves with velocity ri m an incompressible,-· 

non-viscous ideal fluid. Calculate. the pressure distribution over the 

surface of the sphere. Do you think that a force is necessary to keep .the 

sphere in uniform motion ? 

(d) . 3iiFRI~'1 ~ A-~ <liT • ~ ~ ~ ? ~'1$11~1!> f.!;.~ ."CflT(UT ~ 31cm!i 

(BPJ-{s) ai•1~uf ~ ~8:ll 'Q>CR1-~ ai•1~uf 1R 'ffiR ~ (~ ~) m11 

<llBT ~· q;f3'1 ~ I 

What is the physical significance of Einstein's A-coefficient ? Explain , 

why it is more difficult to achieve Lasing action at X-ray wavelength 

than at infra-red wavelength .. 

(e) ~ ~m Hlql:f1 ~i!CfliCfl SICfli~ICfl '(jg ~ ~' sols 3Jq<.jJ"'iCfl (M;fcR:<l 'Wm) 
. 1·5 ~ 3:itt 'B1'illr'1Cfl (~i111HC1) l{i!CfliCfl ~ 0·001 ~ I ~·ig· ~ 1 km ~ ~ . . 

~ ~ 'f<lf1R!Cfl(UI (~ Jj:gf.i•l) 'CflT qf{CflC1'1 4il~Q> I (jg ~ 2 km ~ 'iR. 

~fu0111rn ~ f.RT 'Eiilf{d ~ ~ ~ ~ =-<tJd'i ~ ~l!l<tCfl(UI <liT qf{CflC1'1 

cf>l~Q> I 

For a multimode step index optical fibre, the core. refractive index is 
. - . " 

.. 

1·5 .and fractional index· difference is 0·001. Calculate the pulse 
. . . 

broadening for 1 km length of the fibre. Over a length of 2 km of the 

fibre, calculate the minimum pulse separation that can be transmitted 

without overlap. 
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Q2. (a) ~""llf\l!> ~ -Q:m ~ m "'T <tiloA;q ~ rt iii m~, m -q ·~ f.r<ra ~ -q it 

:rr@ ~ ~ 31P.1 ifi ~-~ ~ CR "® m I ~ 31P.1 if; ~ cBr (cnl~ 

fffi:m) -q ~ )!CiiT{ ~ ~ ~ m <fit • ~ CflT f.r'l.lRur cf>l~ ll> 1 ~ 

~2:C(t 3i"t:l H<t> ~ cg;:rr ofc: CR ~' ciT ~ • ~ CflT <FIT Wm. ? ~«11{ it 
QcqoA chl~li; 1 . 

Consider a rigid body rotating about an axis passing through a fixed 

point in the body with an angular velocity ci. Determine the kinetic 

energy of such a rotating body in a coordinate system of principal axis. If 

the Earth suddenly stops rotating, what will happen to the rotational 

kinetic energy ? Comment in detail. 

cb) ~ m ~ f.r<r<r .~iii ~-~ 3~(';(11 ~ 1 ~fop ~ f.r<r<r ~iii ~"~ 

~ <t>'luA;q ~·mzyr 3ft<~ Cf>luA;q ~ mzyr if;~ CflT cnlur Wtm 4:_-i<f>lul 

Wml 
A body turns about a fixed point. Show that the angle between its 

angular velocity vector and its angular momentum vector about a fixed 

point is always acute. 

(c) . ~ 3-~ ~ if; <t>l<f<t>ltl ~ cnl, ~ 3C:Il'!<"l • 1;14$ll~li; I QcqoA 

cfil ~ li; fop ~ CfiRUI it (frffi ~ <fit ~ mcft ~ I 

Explain the working principle of a 3-level laser with a specific example. 

Comment on why the third level is needed. 

Q3. (a) ~ ~ x-mn -q 311i'if~ rffir v if; m~ ~ f.rcrfu. (~) if; ll'E<! rffir CR 

WT ~ I mi ~ CfR1T ~ ~· fcti< 01S"l ~ 'R ~: ~ ~ 

(x ==it) I 

Cil 4<1C1Rli1 ~ (r\Cf8cR:s ~) <fit mi, c 3ft< v. iii ~ -q .~ ~ 
Cf1:lt ~ ? 

(ii) ~ 4{1Cifctd 'Cf>liR <fit~ <FIT~ ? 
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A mirror is moving through vacuum with a relativistic speed v in the 

x-direction. A beam of light with frequency roi is normally incident 

(from x = oo) on the mirror .. 

(i) What is the frequency of the reflected light expressed in terms of 

roi, c and v? 

(ii) What is the energy of each reflected photon ? 

(b) m 3(a) -q, ~ 3l1Gfdi1 f<t;{olg"' Cfil 3fu:m ~ ~- Pi (CITVm2) m, "(1) 

G{l<'lffii1 f<t;{olg"' Cfil ~ ~-~ Cf<IT Qlln? 

In question 3(a), if the average energy flux of the incident beam is 

25 

pi (watts/m2), what is the average energy flux of the reflected beam? 15 

(c) 1!.'1' ~ -q, ~ -q 10 em~~ m2l", ~~m SHM mor ~ I~~ 
~ :tR 1!.'1' <nm WTT ~ I~-~ ·"!1li< -q;) $)_$) ~ b ~ t ~-~ 
foR! ~ tf{ qw: ~ -~ ~ -q 1fi· Wn ? 

. In a certain engine, a piston undergoes vertical SHM with an amplitude 
' of 10 em. A washer rests on the top of the piston. As the motor is slowly 

speeded up, at what frequency will the washer no longer stay in contact 

· with the piston ? 

Q4. (a) ~ a:h -~ i:Jt1 311~~1(1 q:;uJ ~ )loi))o\OJ (**C:fl:'l) <€\ 1;14'&41 tf{ ~ ~ I 

~' <<;<'hli! :s~cfi)o\OJ ql{~<; ~ ~ 1!,C!l ~ "51TH ch1~({ I ~ ~ CfiT 

Cf<IT ~ ~? 

Discuss the problem of scattering of charged particle by a coulomb field. 

Hence, obtain an expression for Rutherford scattering cross-section. 

What is the impo.rtance of the above expression ? 
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(b) '% 3'11~~~(1 q;ur "\% ~ ~ ("~;m:r)% "Sf'lWl:% 31'tfH 1"J"ffi ~ wr ~ 1 

• f<n q;ur cfit C!>~ (~) "\% ~ ~ I 1"J"ffi % 31cffQ_Cfi"JB 

(~ 4~ fl:%) q;"') "Wa 4il Nl QO I 

A charged particle is moving under the influence of a point nucleus. 

Show that the orbit of the particle is an ellipse. Find out the time. period 

of the motion. 

(c) "\% ~411('1 4R'I4'1 fclctd'l itWT (S'(i~f?l'll'l W><t'IH M) 'R fcr;;m: ~ ~, ~ 

d ~ Sli41'1(1 {@if<t>l1 ~ % ofrq cfit ~ m, m ~ mr afu: 0 ~ . . . 

3fTCl(R' %. ~ f'Clctd'l .q;"')u[ ~' 11(11~uf ').. % "\% 3'114fud >JCfiT'IT % ~ ct>'loftll 

Cfllf-fcfliltrur dO C!>T qf):Ofi("''l <f>lN!QO I 
dt.. 0 

Considering a plane transmission diffraction grating, where d is the 

distance between two consecutive ruled lines, m. as the order number 

and 0 as the angle of diffraction for normal incidence, calculate the 

15 

angular dispersion dO for an incident light of wavelength A. 10 
d/.. 
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·SECTIONB 

Answer all of the following: .. 10X5=50 

(a) ~WI·~-~ wifrr .q, ~<fur~. y = 2 em~~~ 3ilt:iCfli14 B 
~ mm ~I~~~ ofF!.~~ BfiHB ~~: '0·1 i:nm~ 
1 m m' m >r<fim q;r (1 {I 1~€4 'ffiO 4>1 PI!!; I 

· In a Young double slit experiment, . the. first bright · maximum is 
· displaced by y = 2 em from the central maximum, If the spach1g.l:>ctwcci1 

slits and distance from the screen arc 0·1 mm and.1 m respectively, find 
the wavelength oflight. 10 

(b) ~ ~ ~ ~ ~ ~ f.fi ~ ~qj mfill· (~dft'l .-5fimr) .q 
3i41\<:jRk~ ~ I . . . . 

Define Enthalpy and show that it remains constant in a throttling 
process. 10 

(c) ~~'nwfi'l f.fiB >ICflR 41(4fl:Cfl q,lcJ!Aicfil B ilm ~ ·~ ? ~'h1hu4 ~ ·fcRT.R ~ 
<j(f.f ~ ~ ~-qm 3il<l~4Cfli11~ ~·? 
How docs holography differ from conventional photography ? What arc 
the requirements for the formation and reading of a hologram? 10 

~. '1 
I 

.. ·. ~ 
; 

i 

I 
' 

l !, 
ll 

. (d) fclfi+;(UI f.r;q-ql q;) "SN~ c:nB .q, ~ tll'""<ll<l~ .q ~ ~ B 1il: ~ ~ v ! 

~ ~ tr.fl<r '4"BI' tR ~ ~ ~ 1 • ro ~ ~ ·;fftffi fcim3il ~ ~ .j 
~· q;r qf{Cf>(''Fl 4>1~1!; I ! 
In deriving radiation laws, we consider a cubical container of volume V 
containing a photon gas in equilibrium. Calculate the differential 
number of allowed normal modes of frequency ro. 

(c) ~i.ffi~("' ~ wfl<fl(UI ~ ~ ~ ~. :Jm 3lT<mT .q ~-~ E ~ ~ o(rT·. 

flli"iCfl(UI ~ ~-~ E = Ez (x, y, z) ~ ~ ~ ~ o{7T ttlflCfl(UI >ITH 

~I 
Starting from Maxwell's equation, obtain the wave equation for the 

~· . 
electric field E in tree space and appropriate wave equation for the 

• 
10. 

·~ ·. A . 

electric field E = Ez (x, y, z) z. 10 
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Q6. (a) ~ fcn ~ ~ (1!'1 fcll:'ft!Ml) q;ur ~ ~ .~ ~ ~ I m~ ~ ~ '1ft~ 
chlMt!> fcn g,'Jd·i'i CfiT ~ ~ c, >rrnr ~ ~. ~.~ ~ ~ 1 

. Show that the group velocity is equal to particle velocity. Also prove that 
the group velocity ofthe photons is equal to c, the velocity oflight. 15 

(b) ~~~ (~) ~m I=I0~t=O'R :~ =0~~. ~fcn 
fcnBT LCR -qftq~ ~ ~ St>ikl<h ~ 'lll1ffi -q ~ 31Tmftf ~ ~ 
(~) f.l1001R1fun, ~ ·wu ~ ~ : 

1=10 (1+ ~)e-Y112 

~ R 2 1 R~.il-.' -y 
~ y=-, ro =-, ro= 611~ tan6=-. 

· L 0 LC 2ro 

For initial current conditions I = 10 and dl = 0 at t = 0, show that the 
dt 

time dependent current in the critical.damping case for an LCR circuit is 
given by 

1=10 (1+ ~)e-yt/ 2 

-y 
and tano=-. 

2ro 

(c) Qpil<H ~ f.Fm ~· ~ wfl<h<"i CfiT ~fd4111 ~ ~, ~ fcn ~ ~ 
~ (~) ~ CfiT 3ffiRUT ~ ~ ~ I 

Using Ampere's Law and continuity equation, show that the divergence 

20 

of the total current density is zero. 15 

Q7. (a) R'fiT"'-•it("<!_',il4H f.Fm CfiT 'fi2R chlMC!; ~ ~ ~ chlMt!> I ~ fcn 

logP =log K + 4 log R, ~ P 'ffWI<hl (~ ofM) ~ ~ Jr~Nrd ~ ~ ~ 

R 'ffWI<hl CfiT >rfuitq t K R"""d jq; ~ I 

State and explain Stefan-Boltzmanp. Law. Show that 

log P = log K + 4 log R, where P is the power emitted by black body and 

R is the resistance of the black body, K is a constant. 

8 

10 
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(b) 20°C.l:R 1:fFft ~ ~ fct>c:.·il!ll'i (k~rq;) f.1<rn ~ lR -l0°C lR "'*·:q otzyn ~ 
t I 1:fFfi ~ ~ mftn (~ iMfBil) 4,200 Jlkg.K ~ afu: "'* ~ ~ mfun 

2,100 Jlkg.K ~ · I ooc lR "'* -~ ~ (~) ~ ~ 335 x 103 J/kg ~ I 

tBr ~-~ .q ~ qf{Cid"' Cfil qf{Cf>(1'1 cfl~Q; I 

One kg of water at 20°C is converted into ice at -10°C at constant 

pressure. Heat capacity of water is 4,200 J/kg.K and that of ice is 

2,100 Jlkg.K. Heat of fusion of ice at ooc is 335 x 103 J/kg. Calculate the 

total change ih entropy of the system. 

(c) ~ ~ .q ~ ~. (f<f.Ll, C1 ~'<Itt~~~. ';;f)~ .q ~ 
L2, C2 ~~·I fu;& cfl~Q; fci;·~·~ "@ft ~·~·.'Cf>'r -~ .q ~ <!>\· 

. ~ ~. m ·""'ll: ~ ~ '1ft '<Itt ~ ~ ~· ';;ft ~ 3~fu!(1 "Y'fttlm .q 
B fci;BT ~ '1ft ~ I 

When connected in series, L 1, C1 have the ,same resonant frequency as 

L 2, C2 also connected in series. Prove that if all these circuit elements 

are connected in series, the new circuit will have the same resonant 

frequency as either of the circuits first mentioned. 

(d) • fcn ~ q{l~9;(1 (s1$~~Fci'?;<t>) _l11~ .q z-~ ~ m2l ~ <1>1: WI. ~ 
~'1(1(1 ~'Siil<fl<l cRrr ~ 'Cf>RUT ~ >l'Cffi? f.P""'1~fu!(1 ~ ~ >1Gn -~ : 

A k 2 2 z -. E
0 

cos (kz- rot), 
roJl 

. ~ k afu: ro tfcRur ~ afu: Cfll 0fi<l ~ t E0 ~-~ 3m t Jll1T~ 
~ a:nqf'P;l<fi q l{l I U@ ( wftQ;f.i ~ i1 ) ~ I 

Show that the energy flow due to a plane electromagnetic wave 

·propagating along z-direction in a dielectric medium is given by 

A k 2. 2 · 
z- E

0 
cos (kz- rot), 

roll . 

where k and·w are the propagation vector and angular frequency, E0 is 

15 

15 

electric field amplitude, Jl is the relative permeability of the medium. 10 
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QS. (a) . fCI ill FN '("q d ?I C1 I <€T f CfiTR: qffi :fii fro q:;uj1 'fiT ~ <f;r R 14 R1 ful C1 ~'!:! 

~mm '!lG iii~ ~'llNR m 'fiT ~«141(.1 clil~l!; = 

2 

f= (~~-lr 
~ cP 3fu: Cv ~= ~ ~ 3fu: ~ 3lT<rcR '11: ~ ~ ~.~ 

CP if; faqW1Cfl 3fu: Giq{41'1Cfl ilm ifi ~ lfR" >1m clil~l!; I 
Cv 

Consider a system of free gas particles having f degrees of freedom. Use 

equipartition theorem to establish the relation 

. where CP and Cv are molar specific heats at constant. pressure and 
.· . c . . 

constant volume respectively. Obtain the values of ___E_ for diatomic and 
Cv 

triatomic gases. 

(b) ~ ~ ~ E '!\ lfilff-m 3fu: oftB-3li~'+CI~"l -ey"ll ~ ~ f.lqR-JfulCJ 
~ I:JD >r0f ~ : 

irE) !:>!. exp[(J.t- E) I knTl, 

~ f(E) ~ B ~ ~ t J.l3fu: knT ~ il:> Ul:llllRCfl fcMq 3fu: 3>G4l4 

~~I 

Show that both Fermi-Dirac and Bose-Einstein distribution functions at 

an energy E are given by : 

f(E) ~ exp[(J.l-'- E) I knTL 

where f(E) is much smaller than unity, J.l and knT are the chemical. 

15 

potential and thermal energy of the atom. 10 · 

(c) ~cmCl(?l il1 'i:fR 3>"41'1RICfl WOF'!:I ~ cl>1~t!> 1 ~ 'fiT ~W'"11<"1 ~ ~' 

CfC"'1 TfBlll:l-#1 Cld"l l:141Cfl{OI 

dP 
dT 

>1m clil~t!> I 
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T; ·::• "{-\.~ .. • h 

Explain the four thermodynaiJ1ic relations of Maxwell. Using the sa:me, _,, .. 
obtain the Clausius~Clapeyronequation · · ·• . . · ' .. · .· · . ·' · ·· 15 

'dP L 
= 

(d) ~cffi~t:'t-•il~(':ll'"lH. fc«RuJ f-i<m. <fiT ~fd'"llt:'t ~ ~ ~~ <fi'l~(( f<f> "<.fiW tfi 
"'t011r4i.f> 'Wi (ffq ~ m m ~ .1· . 

Using Maxwell-Boltzmann distribution law prove that there cannot be 
any negative absolute temperature. '10 

C:DRN-N-RIZA 11 

•. 

. : ~ 

www.examrace.com



f.mfftr f!'flT : fff.r rft 
Time Allowed : Three Hours 

'+liRictfl 
~-'nf-11 

PHYSICS 
Paper-II 

~..:-q;r <f; ~ ~ ~ 

jc-DRN-N-RIZB 1 

~ *' :250 
Maximum Marks : 250 

3""f'IT ffrwrr ~ m ir wit ~ f.1R f.'rfflf it ir ~ til" ezw~~ ~ ~, :mo rwiT <if W <tif if 00 7JirT ~ 3fh: fF<ft ffP?T :iir.;fT "# E9TrrT 7JirT ~ I 
J ~I[)~ Cf/ ( <if q;('f "lR )JV;f/' <t :mT N ~ I 

"' 
)JV'f ~ I QCf' 5 3/f.rCfTl.f ~ ~ rwfr -4 -« ffT:r q;r :mT ~ ~ -« 'lf.."WT l{'fi )JV'f "ffit ~ 
Cf)("fT ~I 

riV'f / 3ivr ;t 3i<f; ~ "(fT1f;f ~ 7f<J: ~ I 
;nn:- ;n:/7· lffv:{lf if fiiir iifP1 ~ uft mfffWf,-c: "# 3PJ1fff ~I ;n:rq;r ~ rJV'f-W-:m< (QCA) ~c 
-q' f.rWftl ffWf 'R ~fCJ~llO 'R qiBT ~ ~I 3PJ1fff lffv:{lf ft ~ lfTf'Wf "# fiiir ~ 'R 'f# *' m W!r urrimr 1 
iifm tfT;f 'R, ~ ~ lfT'f fl', ;n:rq;r ~ f'[riCrf. 'fit I 
l:ffii 3RP1T WWr m it, R'tom QCf' 'fTtVR 3T111rih rrr "il!J'fTI ffl1IFT 3f!f crti"f m ~ 1 'f# l?m'ft TFfT liT 3ivr llfit :mT ~ "# $J 7JirT ~' Jit f'T'SCff: 3fiWT 'f'TC ~ I 
trift rJV'lT <Fr iP'li·CflJ if fir'lT urrimr 1 )JV'f ~ 1M -4 f2l>l!T w, m- 1ft fil-rr urrimr llfit Jit m 
'f'TC Wrr 7JirT tfT I 

QUESTION PAPER SPECIFIC INSTRUCTIONS 
Please read each of the following instructions carefully before attempting questions. 
There are EIGHT questions divided in Two Sections and printed both in HINDI and in ENGLISH. 
Candidate has to attempt FIVE questions in all. 
Question Nos. I and 5 are compulsory and out of the remaining, THREE are td be attempted choosing at least ONE from each section. 

The number of marks carried by a question/part is indicated against it. 
Answers must be written in the medium authorized in the Admission Certificate which must be stated clearly on the cover of this Question-cum-Answer (QCA) booklet in the space provided. Ncrmarks wW be given for answers written in medium other than the authorized one. 
Assume suitable data, if considered necessary, and indicate the same clearly. 
Unless and otherwise indicated, symbols and notations carry their usual standard meaning. 
Any page or portion of the page left blank in the answer book must be clearly struck off 
Attempts of questions shall be counted in chronological order. Unless struck off, attempt of a·question shall 
be counted even if attempted partly. 

*** 

www.examrace.com



~---31' 

SECTION-A 

Q. l(a) 500 eV l!ft1ur ~ ;of; W21 ~ (i) -c;q; ~~T'l 3Th: (ii) -c;q; ~~<t;;_11 ;of; tr ~ ct(•l~t4' 
oFt lffi'Pi ~ 1 (1 eV = 1.602 x 10-19 J) 

Find the de Broglie wave length of (i) a neutron and (ii) an electron moving with a kinetic 

energy of 500 eV. (I eV = 1.602 x 10-19 J) 10 

Q. !(b) ~ (/)<pUT 'l'T llTUf ;;ftcr;r 'liT\'! 2.6 x 10-10 s ~I ~ ~c4'11'1 ;of; eV if f.ruhur if 

'fliT 31 f.1 fh1 ctM tiPft ? 

The mean life time of Lambda (l) particle is 2.6 x 10-10 s. What will be the uncertainty 

in the determination of its mass in eV ? 10 

Q. !(c) 3lll1: x 3Th: p ~mil 3Th: tm ~ ~. \IT f.1~11f1R<1ct lli'lfi1f.1'14 (~tVR) ~Er it 
~ ~ : [p2 ,xJ=-2ilip 1 

If x and P are the position and momentum operators, prove the commutation relat~n 

10 

Q. !(d) ~ <A ~..,. >il·Miill~il (CO) ;of; ifi~qf.1ifi ~ ;of; -.fRr 'Iii 3lCrui1 ~ <N 8.45 x 10-2 eV 

~I ~ ;of; <!\'!-~~ oFl lffi'Pi ~I 

Given that the spacing between vibrational levels of CO molecules is 8.45 x 10-2 e V of 

energy. Find the force constant of the molecule. 10 

Q. !(e) ~ lJ'ifl!iUT ~ (Jtq.., ~"ffir) oFt ~I ~ lJ'ifl!iUT ~ if; W if Jx, JY 3Th: 

Jz<N ~~~I 

Write down Pauli spin matrices. Express Jx, JY and Jz in terms of Pauli spin matrices. 

10 

Q. 2(a) Mfi1f.1 '14 ~m 

(X, p ) = (y, p ) = ( Z, p ) =iii 
X y Z ' 

'fiT ~ ~ SQ:, ~ WfiT ~ L ;of; ri ;of; olfq lli'ifi1Al14 ~'fiT f.'rr:lo1 ~ : 

[L , L ) =iii L 
X y Z 

[L , L ] = iliL 3Th: 
y Z X 

[L ,L ]=iii L 
. Z . X y · 

2 
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Using the commutation relations 

[x, Px] = [y, Pyl = [z, P
2

] =iii, 

deduce the commutation relation between the components of angular momentum operator L. 

[L L J~iliL x' y z 

[L ,L ]=iliL and y Z X 

~,L ]=~L 20 Z X y' 

Q. 2(b) 1J,'ifi' 'f>UT '* fu\; 'fm'[-3!W.;rcr ~ Miifi(OI 9iT ~ ~I <rrff ~. 'Pffi-~ ~ 
(11flifi(OI 'FT ~ ~I 

Obtain the time-dependent Schrodinger equation for a particle. Hence deduce the time
independent Schrodinger equation. 20 

Q. 2(c) "t('fiffi tf'ff<'f 0.3 hfm '* 1J,'ifi' ~ ~ if ~ wq 'FT 1J,'ifi' ~'ff nciT iiiTciT ~I 
4500 A Cl{ll~uf '* ~ ·'tm 'liT ~ 'R'I> ~ ~ 3l(1IT ~ 7 (e/m = 1.76 x 1011 c/kg, 
c = 3.0 x 108 ms-1) 

A sample of a certain element is placed in a magnetic field of flux density 0.3 tesla. How 
far apart is the Zeeman component of a spectral line of wavelength 4500 A ? Given : 
e/m = 1.76 x 1011 c/kg, c = 3.0 x 108 ms-1. 10 

Q. 3(a) ~ m '* 1J.'fi' 'f>UT '* 1m( ~ <:i41<ti<'l f.i~1R1Rw (('lifil'1°1'1 f<f>l'f 'l);f (<i'lt~,q\1 ~) : 

v = 0, ~ 0:::; X:::; L 

= oo, ~ X < 0, X > L 

if ~ ~ cl1111 '1 m '* 1J,'ifi' 'f>1JT '* ~ ~ li1 +i'l ifi (O I l'\1" '!ft1~ I 
! 

~ ~ 1JT"iT 3\n: 9(ill11•<litCI ~"'f 11T'i1 'liT ~ ~I 
Solve the Schrodinger equation for a particle of mass m confined in a one-dimensional 
potential well of the form : 

V = 0, when 0 :<;; x :<;; L 

= oo, when x < 0, x > L 

Obtain the discrete energy values and the normalized eigen functions. 20 

Q. 3(b) famiUJ<ti 3l"J 'liT ·l:('P· anru~ <i'tm '* ~ -if ~ ~ iji~qf.iiji ~>IT ~ ~ ~ 1 

Discuss the vibrational spectra of a diatomic molecule treating it as an anharmonic oscillator. 
20 

Q. 3(c) 3A'a ~ 3\n: I A~ '* C(<tifcl!i~'1 m -if 1J.'!i' ~R 1Tf\11'JT'f ~I W ~R ~ 
~ml1 ~~~I 
An electron is moving in a one dimensional box of infinite height and width I A. Find 
the minimum energy of electron. I 0 

3 
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Q. 4(a) 9AIAHI ;;fil:rr;, ~ (;;ftl:rr;, fmc) of; fW; ·~ ~ ~ ~ 1 1;1~9)011 3!UJ of; ~>fi 

't<m3IT 911 ~ fcr:rrc'l (~ E4lfi1R:'lf) 3ft\ 1 = 1 q- 1 = 2 3!'fE2113IT of; fW; 3f'!l1cl' ~ 

'!it '3<;1~{01 of; 'ffitl AA'HI~~ I 

Obtain an expression for the normal Zeeman shift. Illustrate the Zeeman splitting of 

spectral lines of H atom and the allowed transitions for the l = 1 and 1 = 2 states. 20 

Q. 4(b) tlll'HI~l( 1if> ~ >RTWJT I 3!UJ3IT <tfr ~<41ll'1 tr@lT A 3\h: 'Rl1J1l] ~ Z 'R f'Rr '\l'<'PIT 

f.! m '1ji'\cfT ~. f?;uruft ~ 1 

Explain how the nuclear spin I depends on the mass number A and atomic number Z of 

atoms. 10 

Q. 4(c) (i) ~ ~ 311,'TIG ("Cf!.'l(l1.31IT.) if 3f'!'TIG GW of; fW; ~ ~ ~ ~I 
I 

(ii) ~ ~ 3f'!'TIG ~~ if ~Wft't ~ 'R liurufi ~I 

(i) Obtain an expression for the resonance condition in NMR. 10 

(ii) Explain the relaxation processes in NMR spectroscopy. 

(.0[11S-<f 

SECTION-B 

10 

Q. 5(a) tlll'HI~l( 1if> 'flD "~ tr<"f; ~ if Bm'l tr@lT i( mit'l 3ft\ ~<;_R i?Rt ~ ~ 'l1ftt 

~ if ~<;T'l <tfr ~ ih\T ~ I 

Explain why stable light nuclei have equal number of protons and neutrons whereas 

heavy nuclei have excess of neutron. 10 

Q. S(b) 3[('qi'[-lff4' (~ ~) of; 31!JN-l ~ ~ ~ 911 9/<'fifi\1'1 'ifi'\'1T tf"fif ~I f?;urufi ~ 
. 

1if; f'Rr '\l'<'PIT ? 

It is possible to estimate the nuclear radius from the study of alpha decay ? Explain 

how. 10 

Q. 5(c) f.c.c. ~ 3ft\ f.c.c. ~ if ~ 911 it1T ~: 2100 m/s 3ft\ 3800 m/s ~I 3ll1\ ~ 

911 ~ '(fj'q'ljj"f 348 K ~. ffi' ~ 911 ~ ~ f.!uffur ~ I 

~ N> ~ 911 ~ = 1.93 x 104 kg!m3 3ft\ ~ 911 ~ 0.89 x 104 kg/m3 ~ 1 

The velocity of sound in f.c.c. gold and f.c.c. copper is 2100 m/s and 3800 m/s respectively. 

If the De bye temperature of copper is 348 K, then determine the De bye temperature of 

gold. Take the densities of gold and copper as 1.93 x !04 kg/m3 and 0.89 x 104 kg/m3 

respectively. 10 

Q. S(d) 31R'Ii11<1<t>'l ('1q\'lis<tc:<:\) i( ~ aicrm1 ~'ftc.iT of; ~ aicrm1 ~ ~ ~ l?lcrr ~ ? 

31R1"'11\1<il. of; fW; '41> 'ill'1 of; mtr ~ 'll"'PPT yf(qRf(\ l?lcrr ~ ? 

How does the energy gap in superconductors differ from the energy gap in insulator ? 

How does it vary with temperature for superconductors ? I 0 
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Q. 5(e) ~ 'E!;fn:r ~ <t>'lf66<t>l («\'!) if ~ (Ill) 3ih: (121) <F mRll' <F ~ 'fiT 'ltur ~ 
~I 

In a cubic unit cell, find the angle between normals to the plane (111) and (121). 10 

Q. 6(a) Wr (SEM) 3ih: t+r (TEM) <F 'liT!f-q;;g:Ri<iT en: ~UJUlT ~ 3ih: ~ ~ <l\- ~ 6icrD 
'fit 'lJcllfit;d ~I ~ ~21T h11fi1"1 ~I 

Explain the working of SEM and TEM and highlight the major differences in principles. 

Draw neat schematic diagrams. 20 

Q. 6(b) n-~'1\'f 3f1fiffl< ~ <l\- MOSFET <F ~. ~ 'fit ~ 1 3Ffiffl< 3ih: ~ fct~T3IT if 
~" um4'1 ~ ~!WF 'fiT 'i:\'llfil"' <t~ 1 

Give the basic structure of n-channel depletion type MOSFET. Draw the drain current

drain voltage characteristics both in depletion as well as enhancement modes. 20 

Q. 6(c) ~~ 31·~'Hifsti~l if 3I'PfT >il'h~1<1 <F 311un: en:, ~ 'filliT (~rro Wt~) 'fiT qlff<ji(OI 

<Rtitw~? 

Q. 7(a) 

Q. 7(b) 

How are elementary particles classified on the basis of their participation in fundamental 

interaction ? 1 0 

(i) ~ <rffi ~ ~ ~lff"T 'fliT ~ ? 

(ii) ~ <rffi ~ ~ ~ ~ tR "l<rf ~I 
(i) What are salient features of nuclear forces ? 10 

(ii) Discuss Yukawa's theory of nuclear forces. 10 

(i) <Rt ~ ~ l1TW ~ (film'1) ~ C!:fRO!IT 9miT ~ ? 

(ii) m ~ ("fu1 ~) ~ 'fliT <fP:rrc( ~ 7 

(i) How does liquid drop model explain fission ? 10 

(ii) What are the limitations of shell model ? 10 

Q. 7 (c) 31 R1 ill M <t> 3F'I1221T if ~ (i'l~) 'fiT Vf<r ~ ~ en: 6.2 K 'fiT ~ (ITCll1['l 3ih: 0 K 

tR 0.064 MAm-1 'fiT ~ ~ ~ ~ I 4 K (ITCll1['l tR ml<t> ~ 'fiT f.raf-<ur ~ I 
Lead in the superconducting state has critical temperature of 6.2 K at zero magnetic field 

and a critical field of 0.064 MAm-1 at 0 K. Determine the critical field at 4 K. I 0 

Q. S(a) ~ ill1('f9i (~)'fliT itm ~ 3ih: ~ "fTI1 'IT\ 'f'IT ~ 7 ~ ill1('f9i <F 31~ f~l1ict(OI 
~ <j\- ~if, ~ ill1('f9i 'fiT 31~ f'"'l1ict(OI ~ <j\- ~ ~W 'fiT~~ I 

What is the reciprocal lattice and why is it named so ? Derive the relationships for the 

primitive translation vectors of the reciprocal lattice in terms of those of the direct lattice. 

5 
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What are the magic numbers in nuclei ? List the experimental evidences indicating their 

existence. 20 

Q. 8( c) 1 00 V /m 'fiT ~ IIDr n-"S!'!iR <F 3Ti-~ <F . ~'11 'R ('flTJ1:!T ;;mn ~ filrn<!>r ~-~ 
-0.0125 m3/coulomb ~I llx = 0.36 m2 v-1s-1 'fiT l1T'f ~ ~. ~~ ~ m\1-o/R<f ~uffu! 

~I 

' An electric field of I 00 V /m is applied to a sample bf n-type semiconductor whose Hall 

coefficient is -0.0125 m3/coulomb. Determine the current density in the sample assuming 

6 
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