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Question Paper Specific Instructions 

Please read each ofthe following instructions carefully before attempting questions: 
There are EIGHT questions divided in two SECTIONS and printed both in HINDI and m 
ENGLISH. 

Candidate has to attempt FIVE questions in all. 

Questions no. 1 and 5 are compulsory and out of the remaining, THREE are to be attempted 
choosing at least ONE from each section. 

The number of marks carried by a question I 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. 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 
answer book must be clearly struck off 
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"@iTS A 

SECTION A 

(a) ~ ~ ~ fcR:fT ~ fu ~ ~~ ~ rrRr ~ ~ ~ om 6bluA'Q 00 
ff'~®~ I 

(b) l1R ~Ritz ~ ~ S'-~ ~ tf'm %li ~ ~a:£ ~ CR ~ ~ ~ ~-~ 
~ tf ~ I <:fic--q'"ll ch1Gitz ~ S'-~ CflT cfi)uAll Wr at ~ ~ ~ 

" 2" " at = 2t i - t j + (2t + 4) ~ ~' 

~ t "fl1ilr ~ am S'-~ -ij "fl1ilr t l:f{ ~ Sli~M<:fi <:fiUT Cfil iWfu ~ ? ~ 
rml~ 

2 " " 3" ? = (t + 1) i - 6 tj + 4 t k . 

cnfft3Tffffi:r ~' t = 1 ~ l:f{ q R<:fiR:i d 4}1 ~ lZ I 

(c) ~ fen ~ <:fiUT ~B<:fil fcRm-s;~lOIH m 0 , ~ ~ E o2fr ~ 00 jt 
~'~~q~~~~ 

E2 = c2p2 + m~c4 

~ c ~ ~ -ij >rcnm Cfil Wr ~ I 

(d) ~ ~ ~ ~, ~ ~~ ~~m ~ Cf){ffi~ 1 ~ ~ l"ffu ~ 
31TCRff m;ft ~' -m ~ ~ ~ 3WITl1 CfiT ~ 11R "ffi(f ~' ~ ~ l:f{ 

Thfi ~ $ ~ BPlcf; -ij ~ ~ I g = 9·8 ms-2 <1m T = 0·5 s ~ I 

(e) ~ Cf'41 ~ ~ ~ ~ '~ fchBT 301TR<:fi<:1 ~ ~ ~ mm -q com CR 

~~''ill~~~~~~~~~" ?~en~~ ~I&JI 
cf)~tz I ~ ~ .. J>cru 31TR<:fi<:1 ~ cnr ~ ~ ~ ~ Lfftm ~ ~ Cfil1 

~~~? 

Answer all the five parts given below : 10x5=50 

(a) Show that the kinetic energy and aniular momentum of the torque free 
motion of a rigid body is constant. 10 
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(b) Suppose that an S'-frame is rotating with respect to a fixed frame 

having the same origin. Assume that the angular velocity (j of the 
S'-frame is given by 

1\ 1\ II 
ot == 2t i - t 2 j + (2t + 4) k 

where tis t ime and the position vector ? of a typical particle at time t 
as assumed in S'-frame is given by 

') 1\ 1\ 31\ ? = (t~ + 1) i -6 tj + 4 t k. 

Calculate the Coriolis acceleration at t = 1 second. 

(c) Show that a particle of rest mass m 0 , total energy E and linear 

momentum It satisfies the relation 

E2 = c2p2 + m~c4 

where c is the velocity of light in free space. 

(d) During an earthquake, a horizontal shelf moves vertically. If its motion 
can be regarded simple harmonic, calculate the maximum value of 
amplitude of oscillation so that the books resting on it stay in contact 

10 

10 

with it always. Take g = 9·8 ms-2 and T = 0·5 s. 10 

(e) Explain why information carrying capacity of an optical fibre can be 
enhanced by reducing the pulse dispersion. How does one minimize 
pulse dispersion using a graded index optical fibre ? 10 

Q2. (a) ~ ~ q)Uf 1R wR ~ ~ maft ~' ~ ~ fco Cf)Uf cfiT ~ ~ \l1l 
~ ~ ~ ~ ~3il CfiT 4lll\h(1 t 00&10 ~ I 

(b) ~ m ch1Niq: fco ~ Cf>UIT ~ ~2f ~ ~ 41(1fCl%\4, \ill ~ ~0'4l11;fl ~ 
m~ ~~ aJ;r -B t Slcfi1of'i cn1ur 90° ~ 1 311R '3m Cf>1 ~ 311W cfiT 
fl~ l 4<11 ~ ~ ~ I 

(c) ~ ~ m, NiflCfll ~0'4l11'i 0·1 kg t '3m tfiT ~ -B ~ Wr 100 ms-1 ~ 
~~ 'q\ 30° N 31~ 'q\ TTRr tfi1: WT ~, m '3'B 1R wR ~ q:;fft~ ~ ~ 
~ t:fGq) Chl' q RCflR1 <1 ~ I 

(d) ctft .. {':ii {C'q (<=(1{Uf CfiT ~ ~ ~ ~ ~ ~ (~ fi~'i:H) Chl' 
61rq~ ch1Niq: I 

(a) If the forces acting on a particle are conservative, show that the total 
energy of the particle which is the sum of the kinetic and potential 
energies is conserved. 20 

(b) Prove that as a result of an elastic collision of two particles under 
non-relativistic regime with equal masses, the scattering angle will be 
90°. Illustrate your answer with a vector diagram. 5 
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(c) Calculate the horizontal component of the Coriolis force acting on a body 

of mass 0 ·1 kg moving northward with a horizontal velocity of 100 ms-1 

at 30° N latitu de on t he Earth. 15 

(d) Der ive t he relat ivistic length contraction using Lorentz tr ansformation. 10 

m2 = gk + ak3 

~ g (f2ll a f?~ ~ I d{l l~\::4 A ~ 'tfG} 'if ~ (~) ~ (f2ll ~ ~ ~ 
~ ~ >rrn ch1~ q; 1 ro 3fu: k ~: en1un;q • 3fu: ~-~ R{C'Md 
~~I 

(b) He- Ne 'Bm: (A = 630 nm) B ~ 'chl' "Q\Cfi '8l0l l'"d{ fct;{olg\il ~ 

0·2 x 10-3 m 'chl' "Q\Cfi ~ fWt 1:R ~ ~ I 0·3 m 'chl' ~ ~ ~ '3'm1 ~ 
~ ~ '8l0l<1~ -q & ~ 1:R :sni\3Ti~Lf){ fclClJTi m (~) m&Rr ~ Tfm 1 ~ 
1:R (i) )f~ ~ RfRISd (f2ll (ii) >r2lll ~ \3Rzl1Sd ~ ~ ~ qf{ChWld ~ I 

(c) "Q\Cfi Gtfcls:fl;q '8 l0l d~ ~ B ~ ~ ~ ~ ~ 

'¥ (x, y, z, t) ~ a cos [ ~ kx + ~ ky - rot J 
qf\<=hRid chl~Q\ "fCt; ~en\'®~ x, y (f2lT z-31&it B "fCt;(RT cn1uT ~ ~ 1 

(d) ~ Jlfillffill o;4\ilcnl ~ m~ nwr 'chl' fcT~ m Cf1l ~ ~ ~ ~ 1 

(a) The dispersion relation for deep water waves is given by 

w2 = gk + ak3 

where g and a are constants. Obtain expressions for phase velocity and 
group velocity in terms of the wavelength A. w and k represent the 
angular frequency and wave number, respectively. 5+10=15 

(b) A parallel beam oflight from a He- Ne laser (A. = 630 nm) is made to fall 

on a narrow slit of width 0·2 x lQ- 3 m. The Fraunhofer diffraction 
pattern is observed on a screen placed in the focal plane of a convex lens 

of focal length 0·3 m. Calculate the distance between the (i) first two 
minima and (ii) first two maxima on the screen. 15 
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(c) The displacement associated with a three-dimensional plane wave is 
given by 

'!' (x, y, z, t) ~ a cos [;; kx + ~ ky - rot J 
Calculate the angles made by the propagating wave with the x, y and 
z-axes. 

(d) Explain the physical significance of resolving power of a grating with 

10 

relevant mathematical expression. 10 

Q4. (a) ~ COUT ~ Cf>m ~' ~ 3'11Ch~Ch ~ ~ ~ m ~' \Jil ¥ 1R ~ ~ 
c€t ~ ~ t ~ CR WT ~ I ftr.& c(}) N1 Q; fcn ~, ~ ~ o::!cl>li ~ tmr ~ 
~ qfF~Rfct ~ ~ I 

(b) ~ c:nur ~HFhl fcw:i-S::Olllil'i M = 4 X lo- 27 kg t ~ cnun ~ RlttR:ct Q) \ilTdl ~ 

~ fcrw:r-S::04AH M1 = 3 x Io-27 kg <Tm M2 = 1 x Io-27 kg~ 1 ~ ~ 

Fn ~ ~ mriT -q ~ ~ ~ ~ E1 am E 2 , ~'il E 1 = 3 E2 "Ch) ~ 
crufT ~ ~ ~ RlYtld "Rw ~ ~ ~ ~ ~ "lffu Cf){ ~ ~ I 3'tlc4!(~Ch 

l lfOi dl~ ~c=qfu ~ I 

(c) ~ fcn ~ (~ChRCh) (v2 - _l_ 
02 J f!R.-6s1 {C~Y ict{oj'j ~ ~ 

c2 8t2 ..._. 

(a) A particle describes a circular orbit under the influence of an attractive 
central force directed towards a point on the circle. Show that the force 
varies as the inverse fifth power of distance. 15 

(b) A particle of rest mass M = 4 x lo-27 kg, disintegrates into two particles 

of rest masses M1 = 3 x 10-27 kg and M2 = 1 x lo- 27 kg. Show that the 

energies E 1 and E2 of these two parts after disintegration satisfy the 
condition E 1 = 3 E2 while moving in opposite directions with equal linear 
momenta. Give necessary mathematical derivation. 

(c) Show that the operator (v2 
- ~ 32

2
] is invariant under Lorentz 

c at 
transformations. 
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~B 

SECTIONB 

Q5. Rl"<i R1 fut d -,rift ~ mTiT ~ "3"fR ~ : 

(a) ~ ~ ~ -qftq~ 31it& it, fil<'f1l!\s:n<:\ it B SJcllfc;d ~ ~ mn cRT 1lUR1 

chl Nl l!\ I 

200Q 

rnA 
5V 

60Q 

Q 
4V 

(b) ~ RLC -qfu:r~ ~ ~ tP41Ch{Oilf{ foRm: chlWtl!\ om~~~ (Blffin:) 
~ -qftq~ B, ~ ~ ~<91~1 1Wr t cfil~l!\ : 

c ) L 

~ ~ RLC "Cffu:r~ om W~hH RLC -qftq~ ~ "ffmftr fcmq ~ ~ Q\ChBAH 

B41Ch\OI ~ m, ~ ~ -ey;IT it m L, Com Q m, ~ Q~ ~ t 
~ RP Cf>l ~ q[{Cfif8d ~ I 

(c) 1% 3lt5l11UfiTcf ~ ~ cn1 ~-Cflfq ~if~ ~ ~ ~ 
V0 , GJGf Po "H ~ 31eff~ ~ ~ Vf "l!\Cf ~ Pf (f<;f) ficftf$d ~ ~ ~ I 

~~~~it ~1RW-mm ~1Wr ~ 

W = Cv (PrVr- P
0
V

0
) 

R 

~' ~ Cv om R ~ l1RCn 31~ ~ I 
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(d) ~ cig ( icF><:11if<: ) ~ ~' diYI~RCfl 3("fi;Jf""J 1·2 X 103 K-en:~~~ I 

~ ~ ~ ~ ~ fCTd: :O:kf!J'"l Cfi1 3~fGd 3("f!J'1 it ~ q f{CfifBd 

cf>1N=Jl{ I ~~it 3=f1R qf{viiJi c8- &1 1@011 <t)l)q: I 

~ "A = 550 nm, kB = 1·38 x lo-23 JK-1, h = 6 ·67 x lo-34 Js Cf2ll 

c = 3 x 108 ms- 1. 

(e) "QfF) ~ ~-"3t=~cfil~ (e.m.) ~ ~ z-31&1 ~ ~ llffilil'"l ~' Cfil 

~-&br ~ Tf1n ~ 

~ A A 
E = (E0 xx + E0yY) sin (wt- kz + ~). 

:! t:~cfil ~ l$r mo ~ 1 

Answer all the five parts given below : 10x5=50 

(a) In the circuit diagram shown below, calculate the current passing 
through the milliammeter. 10 

200 Q 

rnA 
5V 

60Q 

Q 

(b) Consider the equation for a series RLC circuit and compare this to the 
parallel resonant circuit shown below: 

lz 

c ) L 

Calculate the value of Rp if a series RLC circuit and the parallel RLC 
circuit are to have same equations for the potential of capacitance while 
they both have the same L, C and Q with Q being the total charge. 10 
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(c) A thermally insulated ideal gas is compressed quasi-statically from an 
initial state with volume V0 and pressure P0 to a final state of volume Vr 
and pressure Pr. Show that the work done on the gas in the process is 
given by 

W =; (PrVr- P0V 0 ) 

where Cv and R having standard meanings. 

(d) In a tungsten filament lamp, thermionic em1sswn takes place at 

1·2 x 103 K. Calculate the ratio of spontaneous emission to stimulated 
emission for non-degenerate energy levels. Interpret your result 
physically. 
Take /.. = 550 nm, kB = 1·38 x lo-23 JK-1, h = 6·67 x 10-34 Js and 

c = 3 x 108 ms-1. 

(e) The electric field of a plane e.m. wave travelling along the z-axis is 
~ 1\ 1\ • 
E = (E0xx + EoyY) sm (wt- kz + ~). 

Determine the magnetic field. 

Q6. (a) ~ ~ LCR -crft:q2f efiT ~ • w0 am ~ ~ ~ CflRCfl Q ~ I R, 

w, w0 am Q -&:> ~ ~ ~fulq;, ~ (i) ~ 11\ ~m, (ii) 31Tqr-fi 
~3TI 11\ ~m ~ (iii) rlfT am~ 30!1C[M'411R ~ ~m ~ f!81<:n2: 
~I 

(b) Pl 8 R1 ful <1 ~ Wc:n - -Bmfuf l:fftr.r~ 11\ 't:<lR ~ : 
L L 
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(c) ~-'S¢1Ct)(-Cl cfiT ~ BCflC"Y<i I~ "Cfl1 ~ ~ ~' ~ ~ ~'[Cf p Cf>T ~ 

7 1:R ~-$ ~ ~ ~-&f5r Jt ~ ~ ~ ~ cfilfsl~ I 

Cd) ABCD ~ ~ ~ ~ ~ + lo- 11 c, - 2 x lo-11 c ~ lo- 11 c ~: 
m B, C-a-m D 1:R W ~ ~ I 

D~----------------.C 

3cm 

A 1-L..---- ---___JB 
- - -- 4 em-----~ 

coR A 1:R fcMcf (f2IT 2 ~ ~ ~ ~ cnT A (fCf) -ft ~ # ~ ~ ~ Cf>Tlf 
cfiT TJURT cfi1!) c; I 

(a) A series LCR circuit has resonant frequency w0 and a large quality 

factor Q. Write down in terms of R, w, w0 and Q, its (i) impedance at 
resonance, (ii) impedance at half-power points and (iii) the approximate 
forms of its impedance at low and high frequencies. 15 

(b) Consider the following coupled inductor- capacitor circuit: 
L L 

Calculate the ratio of the frequencies of tlie anti-symmetric and 
symmetric modes Wa/W8 . 

(G. k 1 k' -- LCll J 1ven = LC, 
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(c) Using the fundamental concepts of electromagnetism, determine the 

electric field of an electric dipole }i at a distance i and its energy in an 
-+ 

electric field E . 

(d) ABCD is a rectangle in which charges of+ 10-11 C, - 2 x 10-11 C and 

10-11 Care placed at corners B, C and D, respectively. 

D C 

3cm 

A L---L--------__JB 
+---- 4 em----? 

Calculate the potential at the corner A and the work done in carrying a 

15 

charge of 2 coulombs to A. 10 

Q7. (a) Ci) ~ flA~~~ct>, Thfr:r, 3i'Giftchl'4 , 3ijJO¢Ichl'4 ~ 3ifl!:filn q{l~"gd m'£<:fll ~ 
~ ~ 2 ~ ~ 
D = E E = £0 n (x, y, z) E ~, 

~ ~ ~ fcfl &tr E iri ~ ~--s~~chl<Q (f{rr fil"i1Cf>{OI ~ 1Fl1 ~ 

2 ~ ~ ( 1 ~ 2 ~J 2 a2:g 
V E + 'V ~ V n . E - J.lo £0 n at 2 = 0. 

(ii) '3$ fis:f)Cf){OI ~ Ex~~ ~ flAlCf>{OI R-Jfuic; I 

(iii) ~ ~ ~ "3B ~COT 31~~ cf))RiJ~ ~ Wl ~ lif'£<:[11 -B 
3ifl!:filA m~ cfiT 3fu: ~ ~ I 

(iv) fcnm 3i fl A j l 0 lif'£<:[11 ll "3kl chl '4 ~ It ~ fu"c; "3Bt )!CO["{ COT ~ 
fJJ:flCf){OI >rrn ~ I 

(b) fcfim Q\CfiWil'i (lR, Mfl<tl ~ L ~ :J1~ a(!'~~ fuU ~ llV-T fcMcrRR 
V m a~~ mu I~~ cfit ~ -4 m, ~ ~ ccti~Rll ~~em: 
q;l ~ ~ >Tfu ~ ~ "ij ~ <t'r TfURT chl Gi ~ I 
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(a) (i) Consider ing an isotropic, linear, non-conducting, non-magnetic 
and inhomogeneous dielectric medium with 

---7 ---7 2 ---7 
D = E E = £0 n (x, y, z) E , 

---7 
show that the electromagnetic wave equation for the field E is 
given by 

2 ---7 ---7 ( .1 ---7 2 ---7J 2 a2~ 
\1 E + \1 n 2 \1 n . E - ~o Eon Ot2 = 0. 15 

(ii) Write down the scalar equation for Ex from the above equation. 5 

(iii) Interpret physically the situation if we move from homogeneous 
to an inhomogeneous medium. 5 

---7 
(iv) Obtain the similar vector equation for the magnetic field H in 

inhomogeneous medium. 15 

(b) For a uniform wire oflength Land radius a having a potential difference 
V between the ends and a current I along it, calculate the energy per 
unit time delivered to the wire by Poynting vector. 10 

QS. (a) itB 3lCWn -q ~ "CRJ~ COT Hg ~ mm -q CfM "CJGf ~ 

3754 -&.,. ~ "" cfi~ ~ ~ ~ ln p = 23·03 - ~ ~ ~~'11 rriT Q, ~ TC"cF! 1-1 ~ I 0f ~ 1-1 ~ 

~~ Cf>T Hg~ mm -ij ~ ~ ~~ ln p = 19·49 -
3063 WU ~ ~ ~ I 

T 
qf\cnfulct <€l~C?: Ci) m ~ ~ Pt~~licn , (f~ em m ~ -en: C!1UH ~ :fA" 
~ I ~ ~ R4dicn R = 8·314 J mol- 1 K-1. 

(b) -m -q, 60"tt ~ uf;r -q ~ cnr or:r- 20°C 111111 'FIT 1 ~ 1 kg ~ Chll00°C 

-en: m1:f -q q f{q fdct ~ rriT, W ~ -q q f\Cl d<i "ffi(f cf)) ~ C?; I ~ lFfT ~ ~ ~ 

~~~~ ~ mftcn 500 cal kg- 1 K- 1 t, ~ cfi't :JH ~ 3·36 x 105 J kg- 1 

t m1:f ~ :!H "3iUJT 2·26 x 106 J kg- 1 ~ (f~ J = 4·2 J cal-1. 

(c) 27°C 1R tnfulll~ Cf>T !illl'"ldl ~ 2 X lo-5 kg m - 1 s-1 ~ I qn:<:t>R-1<'1 ~ 

(i) ~ ~ (f~ (ii) ~R:i4Y ~ Cf)T ~, ~ ~ 11R B fu:; ~ 
~Cffl~<'i - ~l("<_':iP=tH ~ cnr ~ ~ ~ 1 ~ TFIT ~ ~("{':l14H Rllcticn 
kB = 1·38 x.lo- 23 J K-1 (f~ d)R-144 ~ CfiT ~Oll'll"'l = 6·67 X lo-27 kg. 
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(d) N CfiiJT Rl{SlfdR5d t:~if®c€1 COT LfTW1 cnB ~ tf.:r ~~3ft if fctdf{d ~ ~ ~ 
~rtch1 ~ ~ £1 = o, £2 = kBT a~ £3 = 2 kBT, \51~1 kB ¢fl~<:_:JJGH Rllcticn 
~ I ~ ~ ~ ~ ~ ~ 1000 kBT t dl N COT 1iR qf{Cflf81cl 

~I 

(a) The vapour pressure, in mm of Hg, of a substance in solid state is given 

by the relation ln p = 23·03 -
3754 

, where T is in Kelvin. The vapour 
T 

pressure, in mm of Hg, of the substance in liquid state is given by the 

relation ln p = 19·49 -
3063 

. Calculate (i) the coordinates of the triple 
T 

point, and (ii) the latent heat of vaporisation at the triple point. Take 

Gas constant R = 8·314 J mol-l K-1. 15 

(b) In Leh, temperature of ice on a cold winter night is measured as- 20°C. 
Calculate the change in entropy when 1 kg of ice is converted into steam 

at 100°C. Given specific heat capacity of ice is 500 cal kg- 1 K-1, latent 

heat of ice is 3 ·36 x 105 J kg-1, latent heat of steam is 

2·26 x 106 J kg- 1 and J = 4·2 J cal-1. 15 

(c-) The coefficient of viscosity of helium at 27°C is 2 x 10-5 kg m-1 s-1. 

Calculate (i) the average speed and (ii) the diameter of a 
helium molecule, if it 1s assumed that the gas obeys 
Maxwell - Boltzmann distribution. Given Boltzmann constant 
kB = 1·38 x 10-23 J K-1 and mass of helium atom = 6·67 x 10-27 kg. 10 

(d) N particles obeying Classical Statistics are distributed among three 
states having energies £1 = 0, E2 = kBT and £3 = 2 kBT, where kB is 
Boltzmann constant. If the total equilibrium energy of the system is 
1000 kBT, calculate the value ofN. 10 
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