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2t.

f:::l1g a Maxwell's law of distribution of verocities of morecules, the most probabreveloclw rs -(a) Geater than the rnean velocitv
1t) Equatitth";,il;;.;id-"'(c) Equal to root mean squanJ velocitv
(d) - Less than the root mehn square velocitvffiE a molecutes e? dT* A & t BH )rr6EE, re * dq lis'.fe-J df A
(a) )iqu''6aT-$+)?{fud O) ri+r'aar*ire,us
(c) rs fql+'c eeo-ar* i r+as (d) xpl riqi+.-a sfir dr* + ufa
A Ge semiconductor is doped with an acceptor impurity concentration of l0l5 atomvcm3.
For the girren hole mobility of l 800 cm2A/-s, the risistivity of this material is(u) 0.288 Oqn O) 0.694 Ocm - (c)' 3.a72 Acni (d) A.gi++ gbrl-
fua ce nrLle'ua $3lbr5 atomvcrn3 s fu,rrdq-Jr{ 6E sHg-dH'fu r fe-$
ar* 1800 cm2N-s fi hole mobility uS fen rrecs-* resistivitv il(a) 0.288 Ocrn O) 0.694 Ocm (c) 3.472e(xn (di 6.944{twr
what should be the clock frequency of a 6-bit A/D convef,ter so that its maximum
coirversion time is 32 us?
(a) f MHz (b) 2MHz ^ ^ -(cJ- -0.sMHz (d) 4MHztu o-uitao rnHd cro!!,'.'Ft fi itsdfr-stu',;E,tu',ffi ;# sz ps i? ?(a) I MHz (b) ZMHz (c) 0.5 MHz (d) 4MHz
The voltage resolution ofa l2-bit digital to analog converter (DAC), whose output varies
from - I 0v-to + I 0V is, approximately -(a) I mV (b) --5 mV - (c)
fir-d l2-bit DAc * ffi r+und Ba-$.'ftF
a rtdTrdr ffi

20mV (d) l00mV
fr output -lov + +l0V fus s€Fd dfrtfi

24. The common Mode Rejection Ratio (cMRR) of a differential amplifier using an
ogerational amplifier is 100 dB. The output voltage for a differential inpw of 200 pV is2V. The common mode eain is -(a) l0 O) -0.1 (c) 30 dB (d) l0 dB
fud Hd' amplifier r{fld-s66 u,npi#," 

- 
$--s+ uui'Z"r#"Mode Rejecrion

Ratio (GMRR) l00dB t- 1200 pV fuJ}fi ftvz f ffi r+d,w Ed-$ * outp.rt zvt tcommonmodeURdt+dfr

(a) l mV O) 5mV (c) 20mV (d) l00mV

25.
(a) l0 O) 0.1 (c) 30dB (d) t0dB
under norm-al operating conditons, the gate terminal ofan n-channel junction field effect
F-€gEi_slol({FET) and n-channel' me6t oiiAe 

-sJm6il";tor-E;fdiii&";ilffi;
(MOSFET) in enhancement mode is -(a) both biased with positive potentials(b) pgth Qias$ with iregative potentiils
lql .Dtaseo wlth posltlve and negative potentials, resoectivelv(o) brased wrti qega{ve and positive potenti-als, resfectively
mr.r€E grq HtrJl b{rll6. n-channel JFET }rd n-channel UbSfef fr gate terminal S{d*Ur$t
(a) t* racgra ao {o yau ii.x} uc
O) €q a-+-ogne ao €o gatrrr dae 16
(c) n} qxeto Fo{rov}fd rrr3 atq.fid s6 +s Far}r{ dr*i a-a
(d) it qne.o a*-crsxa ry] pa.-6.:lq ao fo ya,rrr iiqe T6
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26. A common emitt€r transistor anrplifier circuit is operated under a fixed bias. In this
circuit, the operating point
(a) remains fixed with an increase in ternp€rature

O) moves towards crrt-off region with an increase in temperature
(c) moves towards saturation region with a dec:rease in t€inp€rature
(d) moves towards saturation region with an increase in temperature

fw nna q€rda transistor arnplifier circuit gfqo es€ '3 drdil Td fu+ tt fen re*z
fsdardrftr
(a) srrnrra t €qDrr f€ FfFd dfrig A

O) sarrr.6 i eq'al fgg *1-ogtro €6 €q-e'A
(c) .*ar.s i uzDr{ fg saturation +Jd ft fuet t
(d) s'ul{.6 ? Eqth{ fug satuation l-f,d fr fuet }

27 . The resolution of a D/A converter is 4proximately 0.4% of its full scale range. It is -
(a) An 8-bit converter O) A I Gbit oonverter
(c) A l2-bit converter (d) A l6-bit converter

D/A ufu€3-6 Sffiyea fu{'} ftg3rd S riud '3 Resolution 6er?!t}.4o/o A fsd a
(a) An 8-bit converter O) A lGbit converter
(c) A l2-bit converter (d) A l6-bit oonverter

2t. The speed of conversion is maximum in
(a) SuccessiveErproximationA/Dconverter
O) Parallel-comparatorA/D convertcr
(c) Counter ramp A./D @nvert€r
(d) Dual-slope A/D converter
uf6€-dJ-d f affi )rrfud li$ a
(a) SuccessiveapproximationA/Dconvcrter

O) Parallel-comparatorA/D converter
(c) Counter ramp A./D conv€f,ter
(d) Dual-slope A/D conv€rt€r

29. Which of the following stat€,rn€nts is true ?
(a) AND and NOT gstes are necessary and sufficieirt for the realization of any logical

function.

O) OR and NOT gpt€s are necessary and sufficient for the realization of any logical
fi,rnction.

(c) NOR gates ue zufficient to realize any logical function.
(d) NAND gates are not sumcient to realize any logical function.

fu tnart fei'kas''ac6 FSt
(a) AND x{3NoT gste HErfr ud }?B ffi fi veagea euc A }?{c;.f,S uS Qugr{s rd

. O) oR DB NoT gates r-ee cs )tr3 ffi €:ra5os ffi 6lrttr-d-$ ?81 SIqd-J
ir6 |

(c) NoRgates ffi e? sea-u-cs as-c * nr5.r$ uS Qr.qas -# Td

(d) NAND gates fdls 3€d!Bd e6'6 * Dr-6--d-$ d gu-u-d-J aoT ua r
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30. The terminal count ofa modulus-I3 binary counter is -(a) 0000 O) I I I I (c) l10l (d) I 100 ..

Modules -13 binnary counter fr t{rlF{d ffi A
(a) fino O) llll (c) ll0l (d) ll00

31. When an I bit s€rial iniserial out r€gister is used for a 24 ps time delay, tho clock
frequency must be -
(a) 4r.67kHz O) 333kHz (c) l25kHz (d) 8MHz
# fud 8 bit serial inls€rial out dfrFed 24 pS FIF tfrf,+ d e-dfuD{' ri€'a 3r q*
rrr'tr$A+dfr
(a) 4r.67 kHz O) 333 k Hz (c) l2skEz (d) 8 MHz

32. In Miller integrator a resistance is used in parallel with the capacitance in the feedback
path

(a) to speed up the integration O) to avoid the opelr loop for dc
(c) to give high input impedanc€ (d) no differentiation occurs
Miller integrator f€ tffiiua A ffid 61ad' q"c'S S capaciance 3 mf6Bs gs+

ir-st
(a) tltr_d66fr dt*€q'_g€FEt O) dc i opentoop d +dE d
(c) U$u'q' ?i $e tput te ufr (O **ueas a-& <nree'

33. The Schmitt higger based circuits are better because they
(a) work faster (b) protect from false sip.als such as noises
(c) have longer life (d) rcquire less nurrber of componeirts.
Schmitt Trigger I DtrqrfTJ Fdilc fstrJd us @fu $o :

(a) ifr rnrtixastua O) ilFJfi-drffi fiTti-d+iifumrslua
(c) dislixoslus (d) uieqai$r_eoe.iv?us

y. The depletion region in a p.n junction is created by -
(a) Ionization O) Difrrsion
(c) Recombination (d) All of these
pn junction fee deplaion A3-d firdf*s iie a
(a) hrrisdildd O) f€B.d
(c) V6d-fdF6 (d) @n'fonfgro

35. The dynamic resistance of an ideal p.n junction with a forwards cunent of l0 mA at
room t€mp€ratur€ -
(a) 2.5 ohm (b) 0.4 ohm (c) 250 ohm (d) 4.0 ohm
fua ry.e-sra pn junction firn er gq.oe 3R+{r6 '3 )rrdrdns afz l0MA t er dr$fr6
l;Siq i+dF
(a) 2.5 ohm O) 0.4 ohm (c) 250 ohm (d) 4.0 ohm
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36. The input to a lock-in amplifier has the form lrs(t) = ftsin (at + 0) where V;, ot,0i tQ
the amplitudg frequency and phase of the input signal respectively. This signal is
multiplied by a referpnce signal of the same frequency <o, amplitude f. and phase 4. If
the multiplied signal is fed to a low pass filter of cut-off frequency o, the final output
signal is

(a) lviu,ros (gi -,0,)
(c) ViV,sin (0i - 0")

(a) )VY"cos(h-0,)
(c) ViV"sin (0i - 0r)

(a) rof'.rb'aur.dril(,P<ofiP
(c) eofl?,a{ egfldli/[Pcto{

3t. Dead time of p,roportional counter is -
(a) about 1.5 p sec

(c) about 0.25 p sec

Proportional counter er xf,f3H FIF a
(a) about 1.5 p sec

(c) about 0.25 p src

39. In a thermocouple pressnre gauge, the
pressure for pressure range
(a) above atmosphere

et_cnis6 f tjro

below 10-3 mm ofHg

(b) v{,fco,s(oi 7 0") - cos (rot + 0i + ort ,

(d) lz;r, 
fcos 

(0i - 0,)+ cos (r.rt + et + 0)l

(bl V{,[cos(01 - 0") - cos Qott + er+ eSl,

(d) ViV,lcos(*i- 0,) + cos (art + 0r + 0't

O) roEP.ahP attdri,oP>a$P

(d) aEP'roLoP and a{,P>af;P

O) abouJ 270 p sec

(d) about 100 p sec

(b) about 270 p sec

(d) about 100 p sec

temp€rature of heater elemerlt is a func{ion of

(b) below l mm of Hg

(b) below I mm of Hg

(d) below I pm ofHg

9

fsa bck-in amplificr S input s6-Jd yt(t) = ftsin (art + 91) ] fsr f€ Yi, a, 0i

ht'ts$ )rB input signal s *fr ir6 | fu fmr56, fitdlg-d fudre ftF nxrs ra{ffi o,
amplitude %t?d afr 4 d6 66 der fu i l-ds CrEr ifurrr frarm cut-onDrffi dca
low pass f€Eq f€F &{e' t s' LffJH u'ge-trc fiff66 t

37. Band-pass and band-rejec't filterrs can be implemented by combining a low pass and a
high pass filter in series and in parallel, respectively. Ifthe cut-off frequencie of the low
pass and high pass filters are arfP and of;P, respectively, the condition required to
implement the band-pass and band-reject filters are, respectively -
(a) a{'.riih' ardot{P<at{ O) a,l'.at' eff.dci/fP>afiP

(c) aEPrabP andrl,oP<ri,f;P (d) rirEP,aLoP andra,{,P>af;P

Band-perss €3 band-reiect fam, low Pass Dri trigh Pass fdgg 6rrl il: i qHetd

rf,ssdt u? HHr;Ed grqt A] il rdfo6 | *{d 100 pass rat} high-pass fds-a * cut-

66 ryrffiarfP ,t3 ar5,r' qH€.d t 3i band-pass rr,r3 iand-reiet eu-za e Oql aes fi
HffiA

(c) below l0-3 mm of Hg (d) below I pm of HE

& thottro*ople eanaf trnt fes, +ed fs g 3R0{r6, egrD{ tfd d egr}r{ drfi t
(a)

(c)
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40. Radiation pyrometers are used in the ternperature range of-
(a) 0-500"C O) s00-1000'c(c) -250-500"C(d) 1200-2500'C
Radiationpyrometers S Fd+ 3rux6 f€Erd f{d fS a
(a) 0-500'c O) s00-lmo"c(c) -2s0-500'C(d) 1200-2500"c

41. A set ofreadings has a wide range and therefore it has -
(a) low precision (b) high precision (c) low accuracy (d) high accuracy
u6s e fsd Fa e' f<se'd ffi€ t bB ffi fuH ;6 A

(a) rrfc$TJr O) dqd€r (c) ulzrr*€' (d) frFA€'
42. The voltage of a circuit is measured by a voltmeter having high input impedance

comparable with the output impedance of the cirrcuit thereby causing error in voltage
measurement. This error may be called -
(a) gross eror O) random eror
(c) enor caused by misuse offurstnrna (d) error caused by loading efect.
fsa rs*a S falit$ ris'E F{$ volrneter eDf'd'.Hnfi f,tA A fi{r$ reae d output

U#rqr * 36-6r f-d <Di input V-iEq' A ftn a.ea voltage lff& fes iH Eur€' il
fuFnFd fddra'tdF
(a) f1rd6in O) MEiF
(c) ri-Jd A gd{d+arcs erqfuryr is (d) rrrfoa esDaf i gs.< y €nfdvr iH'

43. The degree to which infonnation on a rnap or in a digital database matches tnre or
accepted values is referred to as :

(a) precision and accuracy O) precision
(c) accuracy ' (d) None ofthe above
k FR '3 #kJ flr fairfu 3$rki '3 h{rqrfes frH ilEarS + ffi uftrrsqEr;rr

rr€tr3l^bd edFget
(a) g{H3T}r'fr}'r3 ufd_Fqlr O) E{}f3+rnfr
(c) u@q-r' (d) S&€A*Ftr

44. Systematic emor occuned due to the poor calibration of the instrument ftat can be
correc{ed by
(a) taking swerral readings O) replacing instrumens
(c) taking mean of values (d) taking median of values
ti-JdSf€)?r'Ffi{rSFsars*a'se e'ut fuwsHdiH 6 frH3-fl Fdtdbra'Fd€r A
(a) s_trJxr$lru6sr$a O) fronufoe-crsgrrd'
(c) risitiQ+ne7,f'd. (d) db*riqn+ezr'-o

45. One factor in the accuracy ofreconstucted PCM signal is the
(a) signal bandwidth (b) carrier frequency
(c) number ofbib usod for quatization (d) baud rate
U-daFrvfiT3 pcM fFrdffi *9fuss'sf€aa'ild t
(a) signal bandwidth O) canier frequency
(c) nrmiber of bit usod for quartizAior (d) baud rate
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46. Straiti gauge can be used to monitor change in
(a) Pressure O) Torque (c) Displacement (d) All of these

ittuiogag" de-d+frFa E€o')tf d fttift-s d:dd u$at$a' r*E i
(a) sElrt}{ O) Torque (c) Hsr6 Eed (O gtfid-J He

47. Which bridge is utilized in signal conditioning circuits for balancing purposes ?

(a) Maxwell Bridge O) WheastoneBridge
(c) Wein Bridge (d) Kelvin Bridge
fiorm arq-ao-s F-ddze +-J66 arrdr f<s fuF Bridge S e-d+ q$t
(a) Maxwell Bridge
(c) Wein Bridge

#d {iae e'* Lill D{'€Fd t
(a) 2.4kdt O) 410 O

(a) AL = 0, *1; A.5 = 0; Al = 0, t1
(c) Al = 0,*1; A.S = t1; Al = 0,*1

Wheatstone Bridge
Kelvin Bridge

o)
(d)

48, If the gain of closed loop inverting amplifier is 3.9, with input resistor value of 1.6 kf,),

what value of feedback resistor is needed ?

(a) 2.4ka O) 4l0o (c) 6240a (O 0.62kJ,
i*s t.o ko inpute ![-S€'qa fo nfas fatoe gu {€d:rd amplifier s 6ts 3.9

+-+

(c) 62400 (d) 0.62ks,

49. Op-amps used as higlr- and low-pass filter circuits ernploy which configuration ?

(a) Comparator @) Non-inverting (c) OpenJoo,p (d) 
-Invertin-g

9srr3 ft){6-un kasre*ae#s€ Ft? opampskn F,{'ffi 6 <s* *s? as r
(a) comparator O) non-inverting (c) open-loop (d) inverting

50. The value of coefficient of correlation lies between
(a) Otol O) lto-10 (c) 0to-l (d) -l to+l
#fq e orcr-d i Lis fan e-d0+'r.6 ilg A

(a) Otol (b) lto-10 (c) 0to-l (d) -l to+l

51. The first Stokes line of a rotational Raman spectrum is observed at 12.96 cm-r.

Considering rigid rotor approximation, the rotational constant is given by -
(a) 6.48 cm-r (b) 3.24 ryrrlt (c) 2.16 crn-' - _(d) -1.62 

crn -'

# nurn* ,p""t * fr qex strok line 12.96 qrit fr&iE *$ aE r nrrs eid
rrOn o d fqb{'6 fsd inia &, ffi Hfu€' sdntt tr Edit }
(a) 6.48 crn I (b) 3.24 crrfl (c) 2.16 crn | (d) 1.62 cn-l

52. For a multi-elec tron, l, L and S specifu the one-elechon orbital angular momentum, total

orbital angular momentum ard total spin angular momentum, respectively. The selection

rules for electric dipole hansition between the fwo elechoni! energy levels, specified by
/. I and ,S are
(a) AL - 0,*1; AS = 0; A! = 0, *1 O) AL = 0,11; AS = 0; Al = *1
(c) AL = O,!l; AS = 11; Al = 0, t1 (d) - At - 0,11i AS - i1; 41 --+1
iba ug-fred-c.6 d I, r u3 s qx<.o fw-@6 ffi *teq d-S, HUq ffi
+Ee.d dr$ Dt3'HLifi Hnr6 +se'd at* 6 ft*F * '3 e-dF$e T6 | i ffi gd-r'
'rirdr ; /, z, s g)rrr-o ffirs oo, ss0ry'e ffi i-q-ES gwrdE d gt -H Td

O) Al = 0,11; A.S - 0; At = t1
(d) AI = 0, *1; A^S - *1; Al = *1
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53. The coherence le,ngth oflaser light is -
(a) Directly pmportional to the length of the active medium

O) Directly proportional to the width of the spectral line
(c) Inversely proportional to the width ofthe spechal line
(d) Inversely proportional to the length ofthe active laser modium.
&;ro{d'F etftdnrdrfutA
(a) fdtdrrtrfrs )t'fqDrH S ffi i afv nrqu.:-a

O) spectral dvr A ftofi t \FiH la6urfd
(c) sp€ctral ew S ffi e fef,SJ )rt6urrd

(d) fafurfro nmd H'iqrro{ a fard-s ugrrra
54. The Zp line of X-mys e,mitted from an atom with principal quantum numb ers n : I, 2, 3 ..

arises from the transition
(a) n= l: n=l
(c) n=$-+n=l

(b) n=l -+n=l
(d) n=l-+n=l

fra atom i ge'fus X-rays fr zp iu' Sh{' qL{H ff€ ffqh{r+ n = I, 2, i .. Wrrd6 +
te' iifix{i T6
(a) n = 4-n=2 O) n=!sn=l
(c) n=l+n=l (d) n=J+n=!

55. The last two t€nns of the electronic configuration of manganese (Mn) atom is 3d4s2.
The term factor of Mzt* ion is -
(a) nD"n O) nFr/, (c) tF"p (d) ,Drn

ffi* lrrany foH + ffi FH'Q-$ i bftrS i rre m- if 4l t Mn4* ioncr term factor t
(a) nDrn O) nFr/, (c) ,Frn (d) tDr/,

56. An atomic transition tP - ls in a magnetic field I Tesla shows Zeeman splitting.
Given that the Bohr magneton Fs = 9.27 x 10-24 J/f, and the wavelength corresponding
to the transition is 250 nm, the separation in the Zeeman spectral lines is approximately -(a) 0.01 nm O) 0.1 nm (c) l.0nm '(d) l0nm
iir$ t-s-d I Tesh ftg atomic luEir6 lP - 15 Zeeman {rs { eenrget t tSoh.
magneton ,fi!frn pB =9.27 x lO24 Jn ? h.ri fEF Eut3-6-6 6 gdHIg-S *i.n lffi ZSO

nm t, zeeman rp""tof av'f€-d Dqlftfas +iH t-
(a) 0.01 nrn (b) 0.1 nm (c) l.0nm (d) t0nm

s7. consider the hydrogendeuterium molecule HD. If the mean distance between the two
atoms is 0.08 nm and the mass of the hydrogen atom is 938 MeV/c2, then the energy
ditrerence AE between the two lowest rotational states is approximately -
(a) l0"reV (b) l0-2 eV (c) 2xt0a ey (d) l0r eV
hudrogen-deuterium molecule HD Er Fgr<t af t **s i +elF fgdard )iqxr6 gfr
o.08nm t rrrS hudrogen rlan e' mass 938 MeV/C t 3' t fax6 tr{dqrfi 

"fuirrrtf€-d-d.d gd-'+ fxis'as e' u6xn t
(a) l0-r eV O) l0r eV (c) 2x t0-2 ey (d) l0r eV
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5t. For an electron in hydrogen atom the states are characterized by the usual quantum
nurnhs n, /, 21. The elecbic dipole hansition between any two stat€s rcquir€s that -
(a) N=O;Lry= 0,+l O) N=tl;Lry=+1,+2
(c) A/=tl'Alll,=0,+l (d) A/=+l; Arrq=0,*z
Hydrogen atom fu €lecton * Hffi rttn-tr€ Quantum fia n, l, n1 gtr-o gda€t f,tf
t r ffi + ; Hffidi fu ffi €-qf+ *Ff,d6 d * E-Se' a
(a) N=0'Aw=0,*l O) N=+l;Lmt=+1,+2
(c) N=+l;Lq=o,+l (d) N=+l;btq=0,+2

59. In a Stem-Gerlach experiment the atomic beam whose angular momeirtum state is to be
detfinineq must tavel througlr -
(a) homogenoous radio fuqueircy magnetic field
O) homogeneous static magnetic field
(c) inhomogeireous satic magnetic field
(d) inhomogeneous radio @uency magnetic field.
Stern-Gerlach V,fiat t<e r}afr fd-d6 ffrF S A5-e.d al;fr ft5gf€ a, fdg fE€'d1J n
trtdfr?
(a) Ftrgtr iidt-lg$+S€ trt'ft-S Ol HH:dr Ffrs ffi tf,dS
(c) "fxttgtlgtrdgdq-fi (d) uaacuffi t-ro*+S€Drtr$

60. The doublet observed in alkali spectra are due to -
(a) screening ofthe K-electrons O) spin-orbit interaction ofthe electrons
(c) pressure ofisotopes (d) none ofthe above
Alkali spocba feg ffiflr doubla er a-ea il
(a) K-€lechons +ffit O) electrons fr spin-orbit rtfc-d-fdfdx{t

(c) ry*iiirrserury (O q{+{si*rrfi
' 61. The hperfine splitting of thc spectral lines of an atom is due to

(a) the coupling bawean the spins of two or more electnons

O) the ooupling between the spins and the angular momentum of the eleclnons
(c) the coupling between the electron and the nuclear spin
(d) the efrect of external electrromagnaic fields
Fd frai * spectal ilr S trypernne splitting er drdd a
(a) € f,' €q electnons e # f€d.d fiFtd
O) electnons S ise-d a$ ryl fu ftrdrd ffin6
(c) eloctrons ntJ nuclear trdd t fgfird fdt6
(d) E-trSffiiidH,etVsr€

e2. If 50 kV is the ap,plied potential in an X-ray tube, rhen the minimrmr wavelength of
X-nys produced is -
(a) 0.2 nm O) 2 nm (c) 0.2 A (d) 2 A
fr{d fud x-ray tube f€ rylied potential sokv t, 3 x-ray gtttt-dt gJutfgJ ufc + {e
s+dTffia
(a) 0.2rmr O) 2mn (c) 0.24 (d) 2L
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Consider the pure rotational spectrum of a diatomic rigid rotor.
two consecutive lines (A-r) in the spectrum -(a) is directly proportional to the moment of intertia ofthe rotor.
abl is invers,ilv orooortional to the moment of inertia of the rotor.
icl deoends oir ihe'ansular momentum.
id) is lirectly proportional to the square ofthe interatomic separation.
Ea diatomic iilia .tor A dq ftied sp€crum d futlr'o Fd ifut?{'
fgd i f6fvd +qr€t fts &A
(a) rotor t inertia moment ? +iu trtOlga
(b) rotor ? inertia moment t feu$s rr-sutra
(c) +te'da$'3 DrrqrfuJ

(d) )'ftd r}afi & t eeo t $ic lri_du'Jd

U. For Raman spectrum, the selection rules are
(a) AJ=0,*l;Amr=0,+l
(c) N=0,+2; Am1:6,41
Raman spechumu$, ie fsqH cr6

(a) AJ = 0, +l; Amr = 0, +l
(c) 4=Q,+2; Arnl = 6 a1

65. L-S coupling often occurs in -(a) all atoms
(c) heavier atoms
L-S coupling rtldFd <rtrd-S t
(a) grt rrgx"eattfgs
(c) g't uox'ent, fug

Debye's T3 law
Optical branches in lattices

The separadidil betvreen
--.

..--:. .
rr'€ | specmrm

O) N=+|,+2;Arnr:+1,+2
(d) N=+2;Amr=+l

(b) AJ=+1,+2;Amr:+1,+2
(d) N=+2; Amr=+l l

O) lighter atoms
(d) occun only in nuclei

O) atd u-dHE)1f'{€s-

(d) frse nudeifueenrd-6t

O) Dulong Petit's law .

(d) Thermal expansion

6. Which one of the following CANNOT be explained by considering a harmonic
approximation for the lattice vibration in solids?
(a) Debye's T' law (b) Dulong Petit'! law
(c) Optical branches in lattices (d) Thermal expansion
6H l]-de.der fge httic€ E-drdla 6S harmonic 

'f6)fr6:p 
e)rrro to fiBfobtr f€f fd-dJr 6-tr

e€Frfebtr Hr FofEr ?

(a)
(c)

67. Considering the BCS theory of superconductors, which one of the following statern€Nrts
is NOT CORRECT? (i is the Planck's constant and e is the electmnic charge)
(a) Presence ofenergy gap at ternp€ratures below the critical ternp€ratures
O) Different critical temperatures for isotopes
(c) Quantization of magnetic flux in superconducting ring in the unit of @/e,)

. (d) Presence of Meissner effect
Superconducton ? scS fu3 d fot?f'6 f€s dtie tB, fu fuforyi f<+ frtri'ds6 F&
a-fr t t (,l Planck's constant t ry3 e ffi gtes 1 I

' (a) f-a:4rd6 3ar{r6 + b' 3n+{r6 3 grfir xfrJ-d d fr3ufi
O) isotopes trs feftis fa- 

=ouce 
vwr-s

(c) (M4 qfre t superconducting tr*g fu iia-fi {€rJ A quantization
(d) meissner.q-e.<fr@
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6& The tqnp€ratur€ @ d@ae of magnaic susceptibility (fl of a ferromagretic
$bstanoe with a Curie temperature ?i is given by

(a) fr,fort <r, O) ft,forr>r,
aa(c) ft,wr.r, (d) ft,wr>r"

fw ferromagnetic uggq et 3nDfrd (O ; iir$ susceptibility (/ '3 rl{rqrf€ t, Curie

sa;Hr6 ?: HFtrJ d g-dn frr?r, ir r*e, t
(a) {n,forr <r, O) ft,forT>r,
(c) ft,forT.r" (d) ft,wr >r,

6ft. For a three dimeirsional crystal having IV primitive unit cells with a basis ofp atoms, the
number ofoptical branches is
(a) 3 O) 3p (c) 3p-3 (d) 3N-3p
k l-)t{qaDft crystal i p atoms rrFgro n ,rf Vffi rmit cells dt|-e' a , d optical 5t|t
+ffi't
(a) 3 O) tp (c) 3p -3 (d) 3N -3p

7O: Consider X-ny diftaction from a crystal rvith a face-centered cr$ic (ftc) lattice. The
lattice plane for which therc is NO diftaction perk is
(a) Qrz) O) (lll) (c) (200) (d) (3ll)
,+6 € fu crysd tr€'foc lattic rfor x-ray diftaction tr to ftrfurrr e€'fda wt
lattic qin6 * dS diffrction flffd a-tr t
(a) (2r2) O) (lll) (c) (200) (d) (3ll)

11. Th€ Hall co-etrcien! Xn of sodium d€petds on
(a) The effective chrge carier mass and carier density
(b) The charge crrier deosity and relaxation time
(c) The charge crricr darity only
(d) The effective charge carrier mass

Sodirnn F Hall co+fficent,nr, hflQrftB A

(a) tSgt<d-+ g.fi f<!Ud mass vr{i 4?r3e fErd6[

(b) €r€f, f€rdd ur6:J€ ry3 ffi;rfs nxt
(c) frTrcErffifEruaura=
(d) qarEanrdvraefqruamass

72. Which one of the following axes of rotational symmetry is NOT pennissible in single
crystals ?
(a) Two-fold axix (b) threfold axis
(c) four-fold axis (d) five-fold axis

Rcfiatiornl symmeiry + t6 frfi+dt fi+ ffi ]flan-i'{r, ffiG aptat r€ fr.t€ Ffi ?

(a) Two-fold axix O) three-fold axis

(c) four-foldaxis (d) five-fold oris
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The Bloch theorem states that within a crystal, the wavefunction, ty'(i), of an.clecnon has
the fonn - ":,.r ii
(a) {(f) = u(i)efr'D where u(D is an srbihary function and I is an arbifary vector.

O) {(l) = u?)eid'D where z(fl) is an arbitary function and d is a reciprocal lattice
vector.

(c) {(f) = u(i)eie'D where u(D = u(f + D, i is lattice vector ard d is a reciprocal
lattice vector.

(d) tG) = u(i)efr'D where u(i) = u(i + D, i is lattice vector and I is an arbitrary
vector.

Bloch theorem CrS a fa frd crystal fee, electrons t wavefunction, , V(i) S 88d A

(a) {(i) = u(i)e'i'D where z(i) is an arbihary function and i is an arbitrary vector.

O) t(f) = u(i)etd'r) where z(i) is an arbihary function and d is a reciprocal lattice
vector.

(ci {(i) = u(jDeiG'O where u(l) = u(i + D, i is lattice vector anA d is a reciprocal
lattice vector.

(d) {(i) = u(i)eiLr) where z(i) = r(f + D, i is lattice vector and f is an arbitrary
voctor.

71. A low density oxyge,n gas at low temp€ratu€, only the hanslational and rotatioaal modes
of the molecriles art ex6ted. The sp&ific heat pei molecule of the gas is
(a) io, (b) kB (c) Xo" (d) Xu"
fsr6 u6€ )r{qfi-f6 aH ufc anl}rd 93, molecules i fuge transtation Df3 rotationa
modes Q}firs ifi u6 | e|n et g* molecule w frFx sa{ }
(a) )o'

, ,. 3,(D, Ks (c) iKa (d) ir"

(a) + o) €s (c) + (d) +

75. The electron dispersion relation for a onedimensional metal is given by

^ I."ka Lrnrkol
ek= zeolsln-T-es 

I
where ft is the rnome,ntum, a is the lattice constant, es is a constant having dimeirsion of
energy and lkal < r, If the average number of eleclrons per atom in fhe conduction
band is l/3, then the Fermi e'nergy is -
(a) ? O) €s (c) + (d) ?
ftd -ri'q'fr qr3 d Etelcbon eE-J'd trq feri 3gt gdqrfuur are'b

r ^ka 1 - r
ek = zeo ftin' T - 6sin' kal
frB /c momentum t, a lattice constant t e6 $e* Er HrU dlfet constant t U];ta; < r.
*{d conduction band fEg g* uo atom e *F-J ?iag l/3 A s' Fermi *e*t t

76. Electronic contribution to the specific heat ofmetals at low temperature is -:(a) an exponential function oTT O) a linear function'of T(c) zoto (d) none ofthese
ufe 3rrDF6 '3 qrJ t fefg s'u d ffi fr-d€.6 a
(a) T er& orponeirtial66'
(c) fFd-d

PrprI-U (Phyrt$)
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77 . The absolute value of velocity of elechons corresponding to the point of inflexion in the

E-& diagram is -(a) 'minimum (b) maximrun (c) ?Eto - -(d)- not kngwn
Eiec{rons * ar$ e' mlsr S.6 E-frdiagrdn k inflexion e fig e Ftr-du a
(a) fr-gcsH O) ,?{fr6|3H (c) frdd (d) fu)?{Er&

78. In the original BCS model of superconduc'tivity the dependorce of Tc on isotope mass is -
(a) Tc o< M-r (b) T6 c M (c) T6 c M-rrz (d) T. 5 M"'
Superconductivity i rifa Bcs lfTE6 fr iotopemass 93 rc ugtd.gt t
(a) Ts d Lfr O) T6 d M (c) Ts o( lvfrz (d) Tc q Mrz

?9. The mardmum radius of the interstitial sphere that can just fit into the void between the

body centered atom ofbcc structure is -
(a) rl(z1.,lT)-rl o) r\(13t2)-Ll
(c) r[V3-r] (dt -r[rl2-rliit"otitia rixiE €q * tq )d-du fu',t"i i frfo *ds6'? bla's *ffi void furard
FHT mrer a

E0. If the static dielectiq constant ofNaCl crystal is 5.6 and its optical refrective index is 1.5,

the ratio of its electrib dolarizability and its total polarizability is -
(a) 0.5 O) 0.7 (c) 0.8 - (d) 0.9

*#g u"ct crystal er ifue aieutric constant 5.6 a )r{3 fen et o6icat refreactiv indes

1.5 i fex S elecbic polarizabitty u3 totoal porlarizability g uCqrg t+drr :

(a) 0.5 (b) 0.7 (c) 0.8 (d) 0.e

81. Deuteron has only one'bound state with spin parity lt, isospin 0 and electri-c qudrupole

moment 0.286 efin2. These data suggest that the nuclear forces are hpving
(a) orily spin and isoepin dependence

O) No spin dependence ard no tensor components
(c) Spin depeirdence and no tensor components
(d) Spin dependence alongwith tensor

beuteron d spin puity ll isospin 0 ){} M qudrupole moment 0.286 efin2 6ra

ftffc fsd fir€ Ffr* t r fsoje ?g€T sdx,9iEr A fa frs@no Eaibdi ilr$ldi il6
(a) frea spin rrr3 isospin udrd-€'
O) 6t spin uil*53r ry3 A fr t€nsor compon€nts

(c) spin LrdrfrSSr 3 dtr6rr{r ir6' ug tensor components &if
(d) tensor compon€nt rfos spin uo*;-+

82. Which one of the following sets conesponds to fundamental particles ?

(a) Proton, electron and neutron O) Proton, elcc{ron and proton

(a) rl(21,'ti) - rl
(c) 

"U3- 
1l

(b) rl(,|-t1z) - tl
(d) ,W-LI

(c) Elechon, photon and neutrino (d) Quark, elgctron and meson

t6 ftfox{t f€f fd-rJ, de rflrqrdg3 rrdH 
-Erti atu *s qie'r a

(a) rii6, fueaT?t)r{3fi59<.6 O),i+4, ma<ntt3Ei6
G) ti5"Af69kF (O 3gtt{rild, fr#d-<'5"{3fi{F6
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t3. In the p decay process, the hansition 2+ + 3+, is(a) allowed both by Fermi and Gafimow-Teller selection rule(b) allowcd by Ferrni and not by Gammow-Teller selection rule(c) not allowed by Fermi but allowed by Gammow-Teller selection rute(d) not allowed both by Fermi and Ganimow-Teller selection rute

" /ferre6 {FdFdrrf' f<u, ;q6* 2+ + 3+ 1' rt (a) Fenni rr3 Gammow-Teller iur +€ frqt{t gD{rdr F+drfJ
O) F€rmi+d f6qH e,rrdr lr€tr€ UiI Garnmow-reller p,fro i'd
(c) Gammow Teller ie fuX glrfrdt lf+drcr lfdF€rmi g,rfrdr 6+
(d) Fermi tr{3 Gammow Teller ie feun+ fu g}rrt-o F-+d.dJ zl#

t4. The serri-cmpirical mass formula for the binding enerry of nucleus oontains a ssface
correction term. This term depends on the mass number A of the nucleirs as
(a) A-v3^ ^ ^(b) Ard (c) Aar (d) A
nucleus d* 4trS gd-dt er Seai-enrprical mass.€rolf6r ht'qtw fiilfa rfe trrer il ftq
tt€ neucleus i a mass '3 fuH E# h{'qrff,g t
(a) r'.tt3 o) Ara (c) An (d) A

85. A neuhon passing through 6 dslectsl is detected because of(a) the ionization it produces
O) the scintillation light it produces
(c) the electron-hole pairs it produces
(d) 

"the 
secondaVparticles pioduced in a nuclear reaction in the dctcdc m€diun

lt-d ri-H.d-d f€d'dut neutroner q3f g6pftrarr ;|rmrerA frB{d
(a) ionization i fsogi{'fu-Jdr€'A
O) scintillation 1grr i Fo $+rFes a-cer t
(c) elechon-hole i3 i fe-o $;rrfus a-cu t
(d) )t-ffi6 H'fuxo{ fee nuclearr5* qtf'+d'6 $su'ru= $} rrorg

t6. The basic process underlying the neuhon pdecay is
(a) d. )u+e-+v-e O) d. )u+e-
(c) s +u*e- ! v-e _ (d) u + d*e- *fc
Neutron p-decay I ry.q-c-*s {fuFdrrtt A

d, +u*e- *%
s su*0- 17)-e

tt. Weak nuclear forces act on
(a) both hadrons and leptons

(b) d. +ule-
(d) u +d*e-tgc

(a)
(c)

t7. In the nuclear shell model the spin parity of lsl\l is given by.(a)+ o)+ c)T (d)+
fud nuclear shell Hrall f€s ls,M S spin parity fd* n'+ t -

(a) + o)+ (c) +
O) hadrons only

(c) all particles (d) all chrsed Darticl€g
anri-o ft-ffiaa Eg frF '3 a':gg 51-sg'r !
(a) hadrons ry3 leptons fu $3 O) free naarons s3("I fr{Hgv,f'$3 (d) xds'fii}WrErrigl

(d) +
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89. Which one of the folloving disintegration series of the heavy. elements will give 20e8i as

a stable nucleus ?
(a) ' Thorium series O) Neptunium series
(.t Uranium series (d) ACtinium series

e't aern-tr* t6 ftnfl{t H fuu-$ f"usd d 20eBi f, xfuo nucleus i:d 'l DH atdfr
(a) Thorium series(c) Uranium series

(b) Neptunium series
(d) Aciinium series

90. According quark model, the rf meson is composed of the following quarks :

(a) uud O) e (c) us -(d) sE

ir*n'-gs e )or-c'Rrd, ^K meson d fJ3 gDrdat e'gfexfl t
(a) :uud O) e (c) uS (d) sii

91. donsider tho following prticles: the proton p, the neuton r, the neutal pion n0 and the

delta resonance A+. When ordered in terms of decreasing life time, the codect

arrangement is as follows :

(a) -aJ,n,p,A+ O) p,n,A+,tto (c) p,n,to,A* (d) A!,n,t+,p ^-# ftt';#Elrr d-ii.-? tB, protonp, n"rrtror"r-, r};*;'p;;; o[ CA d.t'
resonance A+ 

-a 
r l-*e fu5 r,{f€,nt{c d's qH fus dfrg 3' fa-o-* qH F-S } :l :'

(a) ro,n,p,L+ O) p,n,A+,tto (c) p,n,tto,L+ (d) A+,n,n+,p
y2. The binding enerry p€r nucleon of helium nucleus is ? MeV and that of deuteron is

I MeV. Then- r!)

fal 
-- 

itltir."n 
"ucleus 

is more stable O) deuteron nucl,eus is-more stable
icl both are less stable (d) both are equally stable -
if"fiu. ft,*a5f}am t nucleon fr U$ gg binding $dilr TMeV t 1113 de*teron I MeV

ttfas
(a) fflfi.er Hfud A

(c) itrriaxfusuo
93. Nuclei which are p- e'mitters lie -

(a) below the line of P-stabilitY
(c) above the line of P+tabilitY
Nuclei i 0- emitters tl€'itrJ Tde T6'

(a) P-stabilitytu'Jd
(c) P-stability ati'+ 93

(a) fiision {b) fission

Paper-tr (Physics)

ftD{Er Ffqd t
A-fu& fta xfss us

o)
(d)

94. The nuclear reaction 4 rHl '+ 2hea * 2- po t 26Mev r€pres€nts -
(a) tusion O) fission (c) p-decay (d) Ydecay

fuo nuclear 4sfrfanr 4 rHl l zrre+ + 2-1eo + 26Mev e-dF trS t :''

(b) on the line ofP-stability
(d) below the N=Z line

Hrl' tcts (,E (Jo

O) p-stauritv tc'93
(d) N=Ztc''*d

(c) pdecay (d) ldecay

One, one, zero and one
Z,ero, one, one and zero

95. The baryon number of protgr! the lepton number of proton, the baryon number of
electron, the lepton nwnb€r of electon alre respecnvely -
(a) 26ro, zerb, one and z-ao A) One' on€' z€ro -9 9l-e-(O- qo",-ttto,'zero ani one (d) Z€ro, one' one and zero.--3---:- : r'tiis t t".yon rf,d, V:6 I lepton xf,a' Fg-a-<'-s ? barvon ?ird' |!.B-dEd € lepton

tirg {it<ts os
(a) Zqo, zero, ollre and zsro O)
(c) One, zero, zero 3nd one (d)

c19'



Identi$ the CORRECT statenrent for the following vectors d = 3l * 2J afiE 
= 

t + 2J.
(a) The vetors d and d are linearly independent
(b) The vectors d and d are linearly dependent.

(c) The vectors li and d are orthogonal.
(d) The vectors il and 6 are nomralized.
td-ed d = 3i + 2J ry3 d = 3t + 2i d g€ aqs S ue.e ai:
(a) +tr{c drrd d tcdq riqe'3 t.irsoa
O) +{-d d }rr3 i +q'tq tqd '3 udr*6 u6 r

(c) +{eddhr3d mHoa
(d) +r-d dDr} 6 fei f'n T6

97 . The number of independent components of the symmetsic tensor Ai1 with indices r', .1 = 1 ,
2.3 is
(a) -l- (b) 3 (c) 6 (d) e
Hr-clfr }6-dd .4,r aro fii$rx ij =r, 2,3 U Efus ulai * ffi t:
(a) I o)3 (c) 6 (d) e

f(r) is a symmetric periodic finrction ofx i.e.f (x)= f (-x). TherU in general, the Fourier
series of the ftnction/(x,) will be of the form
(a) ftrl = I' ,(q 

cos(n/<r) + D,,sin (nkr))

o) f@) = ao+l- 
,(a"codn*r))(c) 

;1ry = )- ,{a"sin 
(nkr))

(d) 
f @) = ao* l- ,{a,, 

rin{ntr))

f (x),! e fr HH-.d'fr x+r'k em t ttawz 17x1= f Fd,faa, Fqrd6 gu tea, f f*l
eu-c S'*&rs o-S u * gu t?urrt
(a) p'1 =\' 

,<ucos(n 
<r) + Dasin (nk))

(b) 
f @) = ao+ l' ,{a" 

codntr))
(c) /G) = I- ,(b"sin 

(z/cr))

/,lf t-r@\e/ f(x)=ao+ ) (Dnsin(nkr))
4n=l

yr. Two matrices A and B are said to be similar if B : FrAp for some invertible matrix p.
Which one of the following statements is NOT TRUE ?

(c) A and B have same eigen vecton. (d) A and B have same eigen values.
e H'T&h{' A }0d B f }*o nn'6 fd-d'€; u3 a: r-tnr f p F.f,# f€d @r,r, ;rre
3' t6 fofubn f€i' fdrJ' as6 Fd 6# t ?

(a) DetA=DetB O) Trace ofA = Trace ofB

(a) DetA=DetB 1u) Atfsaa=Bifssa
(c) A )rr3 B i m+'e *ra**a aa (d) A,r,r3 B i mr.a *nis ae

Prper-n (Phydcc)
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100. The value bf W ntega $ ff*,where the contour C is the rmit circl e; l z - 2 
1. = f , f

(a) hd O) 4ni (c) ri (d) 0

W frye' Liu, tiB fiirs c ffi d*o t:.1 z - 2l = Lt
(a) 2ni O) 4ni (c) t i (d) 0

(O forx<3.l0l. ltf (x) = I, _ Z'f *-r;, 3, 
then the taplace transform ofl(x,) is

(a) sr e$ O) s's" (c) s' (d) t2e 3s

il*o 11x,,r =[l - rtr"{r'ri3, t ='y1',r.' 
&.rtn au'rc; t :

(a) s-2 e} O) s2 e 3" (c) s-2 (d) s-2 e-3s

102. If F = xt * yj +zE, then its divergence is-
(a) i+t+ [ o) 3
(c) x+y+z (d) None ofthese
torsF = xt+yj+2ft t3'fen-e'feemt :

(a) t+1+ft. o) 3

(c) x+y+z (d) fufsfa*rfi
103. If L+11P,r(x)dr = 2, then z is -(a) I (U) 0(c) -l (d) None ofthese

ft*ol*r1r"1r)ar=2, l'rt
(a) I (b) 0

' (c) -l (d) H f€'AS r#
104. The Newton Raphson method is used to find the root of the equation x2 - 2 = 0. If the

iterations are started from -l, the iterations will -
(a) Convergeto-l O) ConvergebJ2
(c) Convergeto-V2 (O Not converge
nsgas arrrs-eft E Uria Fln-dd6 xz -2= 0 e. dE d{d d *s' r'€' A, i{d
gud€ -t + D{'lis iie'a =' edd€ i-dr
(a) -r ?nx€-su O) JZf m{'fr-dq

(c) -VZn E{'fd-.du (d) m{'fE--du Fe

105. The minimum number of cards to be dealt from an arbitrarily shuffled deck of52 cards to
guarantee that three cards are from the same suit is -i"l 3 O) 8 (c) e '(O t2
si sE d +A ffi d* €S ui-e i urc ftiB a'es di a'e s' fr fa rfrfufos *3'm
Fe fd fiid d(E Flrr6 fra €i ua :

(a) 3 (b) 8 (c) e (O r2

106. In a Binomial distribution, if the mean is 9 and S.D' is 16', then values of z and p
respectively are -(a)' 27,173 O) 81,l/9 (c) 36,114 (d) 18,rt2
#hirrrlrfes.r6fui-d-d fi+r.s st nr} s.p.16 tv n u3p uqne'o{ut
(a\ -27,r/3 O) 81,1/9 (c) 36'rt4 (d) r8'rt2
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107. WiOr z = x + dy, which of the following functions / (x,y,) is NOT a (complex) analytic
function ofz ?
(a) f (x,y) = (x+ir8f 6+li+2wf O) f 6,y) = 7x+tylQ-x-iy)3
(c) f (x,fl =fi+2iry4)s @) f (x,y) = (t-x+iy)4(2+x+ig6

z = x + iy xfus, ta fsfwn y 6,y1€s-6' € frdJ' z er (frfu6) ffi eo-a a-fi t t
(a) f (x,y) = 1x+iy-sf 1t+fj+2Wl $) "f 

(x,y) = 7x+ig71l-x-iy)3
(c) f (x,g =dj+2ry4)5 . @) f (x,y) = (I-x+iy)4 (2+x+ig6

108. The solution of the partial differential qrnnon{uu@,t) - *L"u(x,t) = 0 satistnng

the boundary conditiotrs u(0, 0 = 0 : u(L, r/ and initial conditions u1x, O1 : sin(f) m
ftu{x,Dl,=o= sin(T)is-

(a) sta(T)cos (T) + i,'i"ff) c"' (T)
O) zsrnfficosffi-sin(f)cosffi
(c) "i"(f)ro" ffi + L'i"(4)'i"(i)
(d) sd" (T) c,s (T) + fi 'r"(u) "" 

(Y)
xftH-lrvtl tt6-J,{a 8frffi6 s ri.ry t fiu@,t) - *L,u(x,t) = 0 *Hr€d+ Ffqit
u(0, t) = 0 = u(L,t)ryJ ry,isdt,t' Hffirtr

u(x,o) = st'r (T) ndftuu,,D1,_o = "i" 
(T) i'-

(a) "i"(s)'o"(f) + j'i"(w),*(T)
O) zsin(Y),os (Y)- sia (f) cos ffi
(c) strl (T)cos (3llJ +fsinffi sin (a)

(d) sia (s) cos (f) + f sin ffi s,"(4)

lfll. Let z be a random variable uniformly distributed in the interval [0, 1] and lt ='-cln(u),
where c is a real constant. If Zis to be exponentially distributed in the interval [0, o]
with mit standard deviation the,n the value of c should be

(a) ln2 o) r/2 (c) I (d) -l
ilds DrFfTd a f 10,t1 t )d:id'6 fsg xxro g'{ fsd €B'D{' x€ nr} r = -c ln(r) fifB c f€a

. lltro Hs's hfd t r il*s rd t0, @l a ld.id'rt fud ffi rrsn'u fugc a'o r{rs bi*
W frs €lJDf';G s'c er $.ry itarr :

(a) ln2
Prper-fi (PhFlca)
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110. The inverse Laplace hansform offt is

(a) lrtz'e-t O) f,t'+t-e-t(c') t-1*e-t

",,"-3 
* fed3&uBH gur:-dd n

(d) )tz1t- s-t1

(a) |tze-t O) |t2+t-e-'(c) t-L*e-t (d) f,t21r - e-t';

111. Two uniforrr thin rods of .equal lengtb, Z, and masses Mt ard Mz are joined together
along the length- The mome,nt of inertia of the combined rcd of lengtlt 2, about an ds
passing through the mid-point and p€rpendicular to the length ofthe rod is -

,2 ,2 tz ,z(a) (h+M)h$) (h+M)?(c) (h+M)?(d) (h+M);
I rna rfa.s z )2l} FHr6 aq M w! Mz tcx Edldt H fiT&,rd :#tldi O ifJ,r'
fom r 3* * ffi e SEeg )rr],iq & ? nras t+ {$ <q-S 2L #E ftr6' d drr
elrg+efst:

2 12 tZ - t?(a) (h+M)?@) (L\+M)7 @) (h+M)T G) (h+M);

ll2. In a cental force fiel4 tbe najectory of a particle of mass m and angular momentum I in
plane polar co-ordinates is giv€n by,

i=#<t* e cosg) where, e is the eccotricity of the particle motion. Which one of the

following choices for e gives rise to a parabolic hajectory ?

(a) e=0 O) e=l (c) 0<e<0 (d) e>l
ad Fd$ trd f{d, FH:r6 q-s€ fu s'd z rr3 d.ago rd:trs, d'f,c €E uaq fi
sa-e-t+ fu igo ff$ m *o-S a: =ft(t+ecosl) ffi e ar+ <d ueug e'
ftatdtfJF t I to fu+nrt e frD{i fu)rr eE fa-a*t-o'gk €{d tc' d g31i6 atdfr ?

(a) e=0 (b) e= I (c) 0<€<0 (d) €> I

113. A particle of unit mass moves along the x-axis under the influence of a poterl,tial, Ir (x) =
x (x - 2)2. The particle is found to b€ in stable equilibrium at the point.r = 2. The time

leriod of oscillation ofthe particle is

(a) i Ol r (c) + (d) 2n

fu,gfrz llr fi€ <'sr Lro{re x-rardEil+' * v$) = x (x- zf w t r;f,€ ars ar$ qse'tr
*e 

" 
= 2 &l'3 Ffra fr-Jm,'3 urbd' F e' t r q * mko al* fu ere €'d' Ht+ A

114. An elec.tron is moving with a velocity of 0.85c in the same direction as that of a moving
photon. The relative velocity ofthe electron with respect to photon is

(a) ,c O) - c (c) 0.15c (d) - 0.15c 
.

fw e*ts 0.85c * al* am Aia * dr$ e'S feg €s e' fuo tr *is f udqt
f{sfr&z*ar$itofr:

(a) :

(a) c

Prpcr-II @hyrlcr)
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(d) -0.15c(c) 0.15c

2i- c

I

O) -c



I15. The lagrangian of a systern with one degree of fieedomq isgive,n by LFaQz + Iez,
where o and p are non-zero constants. Ifp, denotes the canonical momentum conjugate
to q, the,n which one of the following staternents is CORRECT ?
(a) Pq = 2Fq and it is a conserved quantity.

O) Fq = 2Fq and it is not a conserved quantity.
(c) Pq = 2aQ and it is a conserved quantity.
(d) Pc = 2dQ and it is not a conserved quantity.
fud f,ilds i Sart$am fes fsd ffi S 1a$ a'o c 6 L= aqz + pqz g,rrrdr

edgrfe)rrr fdprr t ftF Fs o rr3 F efd-ffi Es'S xfd d6 | fiatspo, q rm flr6 i
*t6tds i}sidH 6 e€F_g? t 3r t6 fre ae6r f€i'fd-d-r'r& t r
(a) Pc = 2Fqld3 ftolidfutgH'sE'a
O) Pq = 2!qy,tJ fud ffi{hg H'Td' F&A
(c) pq = 2aQ )rr3 fu ffi{h{3 n ro t
(d) pq = zaq)rf3 fu fdfu)?r:nrroa-&t r

116. A cylinder of mass M and radius R is rolling down without slipoine on an inclined nlane
of angle of inclination 0. . The number of generalized co-ordin-atd required to deslribe
the m-otion of this srntern rs -(u) t^ - 

'O)^ 2 -(c) 4 - (d)- 6
llq M lir u3 n ryoq-Eb{'F ;ire erot eFE d.d e'd q-d'J6 ,} ftffie + ffi fui. e i.'e
9] g;-*a-e rrr feu' t r fen * e<s's CFE d fe$ fnfi{' s F}r6 }r{fufid6r S rees t.(a) I O) 2 (c) 4 (d)6

117. Hamilton's canonical equations ofmotion are -AU AH AH AH(a) 4t=#,andPi=ft O) Qt=#,andpi= -Z
(c) Qi^= fr andp, - f^ _ (d) o_r = #, andpr = -!!
c€rs ffqr tln 6 er iEs| aa6'rd6 rnraaa t :

(a) 4,=#,andp,=9! O) 4,=#,andp,= -9!
-aH,aHaH,AH(c) qi=6,anopi=66 (d) qi=f,ptandpi- -fi

lfE. f a cgordi4ate is cyclic, Hamiltonian would reduce the nrmrbdr of variables in new
formulation by -(a) One O) Two (c) Three (d) Four
*{d fila }?{fo{d6 dad i, ilrw6 d-+ Ees-d f€ €-dr S ff!}ir ura t?m:
(a) Ed o)i (c) fii6 (d) srd

119. According to-the special theory of relativity, the s@ u of a free particle of mass m and
total enerly E is -'
(a) u=rE O) v--

(c) ulrlr-(4)' (d) '=r(r+$)
Fn)€r i ft*F firqB )IOFE, fr m rrr3 nri+ $c* E +rc €'S Efud ae S arg u t-
(a) v=c

(c) v=c
Plpel-n (Phpics)

(b) v=

(d) u=r(t*#)
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120. W x sod p.denotg rcspeg-tively, the m-ordinate and mom€ntum op€retors satisginS the
cononical commutation relation /x, pJ = i in naturat unis (ll = 1). Then the commutator

[x, pee] is
(a) (I-p)e p O) (l-p2)ea (c) (1-<-p) (d) i p s-0

ftqa'Br )rr3 drffn ris.F d Elerir x arl p e@t d6 i q:er$ fs'S (n = r) ?
AFe6r6 €d f€e {aa tx, pl : i * V-r* a-s} us r fuc 1x, pe'Pl e ffi frH'
}t.{dJd t
(a) (I-p)ea O) Wd)"n (c) (I-e-p) (d) ipe

121. The Poisson bracket oftwo integrals ofmotion is
(a) zeno O) unity (c) infinite (d) integral of motion
dr$ e])f € Hligsrei er uafifus atfic t :

(a) frd-d O) ffi (c) D{fu (d) ar$uYca

122. The Hamiltonian is defined as

(a) ll=fipplrQy*L O) H=E*p*fut-L
(c) 11 =\qrpy*L (d) H=E*q*i*-L
il+saeryr 6 frH 

=-il 
utdE FJ #J' s' r*e t :

(a) H -lpppQy+ L O) H =2*PrQ*- L
(c) H-\pqpPp+L (d) n=|,rq*Ptr-L

123. Which one of the following bansfomration is canonical ?

(a) P=q,Q=p G) P=Q,Q=-P(c) Q=-p,P:-q(d) Q=p'P=-q
td f6fi+?{r fei. f{6-J'Eurrd?r ai&{s t ?

(a) P=s,Q=p (b) p=q,Q:-P(c) Q:-p,P=-c(d) Q=p,P=-c

lZ. The Lagrangian of a free parti"l. io .pt eri"A polar co'ordinates is given by

L = 2mlt2 + rez + r262sia20] The quantity that conservod is -

(a) # o) # (c) H (d) ft+io
fig'ara q-es Flrariai €sta€*m e'Uiro m g€FrEhtr tr€r f,

.1
1 = )mfiz + 162 + 1262 sinz ol

fr H+d'E-drda
(a) # o) # (c) H (d) ft+i6

125. For a particle.moving in a cenbal field,
(a) the kinetic enerry is a constant ofmotion.

O) the potential e,nergy is velocity dependent' . .

(c) the motior is confined in a plane.
(d) the total energy is not conserved.

alus E-rdf€ arimu uo+g d
(a) GBrd f€ ar*fr6 ffi s661 6, ffi gtr# srs"o-'3 Ttr t^

i.l fea qilr56 f€d arS-Ffeo a (d) F=u-d6 gilr Eis"'}{ d 6fr dtfr ilS
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126. A plane electromagnetic wave bavelling in free space is incident nomially on a glass
plate ofretactive index 1.5. Ifthere is no absorption by the glass, its reflectivity is
(a) 4% (b) 16% (c) 2V/o (d) SV/o

fua ruz ffi iia* ufoo y*s y6rJ f€'dur$ nq.ee dr6rg uB-e 'e tS a ffrE
uqfo-e-css gsflffd 1.5 a }*d dr6TF gla{ril iS FH'aF F& a 3r rnrfu<-crs'?
(a) 4o/o (b) 16% (c) 2V/o (d) 5V/o

127. The electric and magnetic fieHs E(at) arAEQ,t), respectively corr€sponding to the
scalar potential gQ,t) :0 and v,ector potential i(z,t) = ig2 u"
(a) E = tz andd -- -Jt
(c) E = -izandd = -Jt

O) E=tzandd=Jt
(d) f=-Ya66fi=jt

O) fi = X2 71ifi -- Jt
(d) E = -izandd = jt

ffi Dtl iirfr &-d EQ,t)nE d1a4 qx<o Ea6 ftrgsr q(z,t) = 0 u3 +trco
t*s i(z,t) = ttz t Fltr6 ird :

(a) E =izandd = -jt
(c) E=-tzandd=-jt

128. The space-time dependence of the electric field of a linearly polarizod light in free space
is given by rEec os(at - kz) whae Eu ar and t are the amplitude, the angular frequency
and the wave vector, respectively. The time averaged energ5r density assoalated with the
electric field is
(a) iat| O) *trst (c) eoEB (d) 2esEA,

iEd ffi 6€ ,{drn er ir*s g6rJ r€it lffi6l k3-d gr1 gqre-dr{ta fdtqtdJr d
xEscos(ot - kz) qt eilrft?ar Fte' a tre Eu co d ft qlr€'lo D.rldft_fu, +€€l;
trf'H hB ufos **as os I d'?r+fr *FJ €tfrr r{Er ffi t-+g a's ffi t :

(a) itoti o) ieret (c) eoEt (d) 2esE3,

129. A circularly polarized monochromatic plane wave is incident on a dielectric interface ar
Brewster angle. Which one of tbe following stat@reots is CORRECT ?
(a) The reflected light is plane polarized in the plane of incidence and the hansrnitted

light is circularly polarized.

o) The reflected light is plane polarized perpendicular to the plane of incidence and
the transmitt€d light is plane polarized in the plane ofincidence.

(c) The reflected light is plane polrized perpeirdicular to the plane of incidence and
the hansmitted ligbt is ellipticatly polarized.

(d) There will be no reflected light and the hansmitted lieht is circularly oolarized.
fe-d d6'd.S 3fftrs HF$Ea ufoo, rym *€ B ffi fEif,d ufdriu"'i tS tr r to
f6'n+dr f"€ frag' are r& t t
(a) urfa +€ a q€Bs 'i r1sfr3 qa'n xr:d Tdfffi A DB {FFtrJ qau iiora-S

3$frrg

O) urb +€'t qE'g6 ,3 u*ffirs l.ta'r i iiT€ A lra {FflTJ qanwfu i-e i
TdE6 '3 F}rJd sifdB t

(c) urf-J +c t roso '] lt-+fiirs qa'n t dr* t hd VFrF€ r,g'n rffi 
=rifars(d) AS f$fiis3 !tr'F Ftr A r€ Vsfes 11a'F inffi'o gu f€d srifds t

PrpeFtr (Phyrlct



130. An insulating sphere of radius 'o' carries a charge density p(i) = po(az - 12) cos 0;

".o. Thp leading ordet term for the electric field at a distance d, fx away from the
charge $litiibutioq is proportional to

(a) il-t' (b) d-2 (c) d-r (d) d-1

fu fu-trd igc e.gr trg .a' ,?rgq ft)r{rg dH-e' t frEil €r€H urElr p(i) =
po(a2 -r2)cosl t ffi t-ro a gfi 'J sq* & + dd gs HfuJ t, fen e gr-ic

qriq fdn i nr6u.s'u sfus t :

(a) d-l o) d-2 (c) d-3 (d) d4

l3l. A magnetic dipole mom€nt fi is placed in a non-uniform magnetic field F. If the

position vector of the dipole is l, the torque acting on the dipole about the origin is -

itr* €q!|a ar$ fi rersrrn iia* t3-d t f{d Hs'nr3 *S ar$ r i-*e i q--r+ S +{e
Hffi i A s' Us e fg'q f{s i qgq 'a arqil dnfl iea t :

(a) i x 1fixd;
(c) fixE

(a) lx
(c) frx

(a) 20k cos [108t - kz] i

(c) ffisinlrost-lcz1t

(frr$ O) lxV(n.E)
E (o frxd+ixi1a.F)

o) r x i(fr.E)
(d) fixE+ixV1a.F1

O) ffish[10st-tz1;
(d) - 20lc cos ll08t - kz)i

132. ln a non-conducting medium characterized by r = €s, 1r = po and conductivity o = 0,

the electric field (in vm-r; is given by E = 20 sin[10st - kz]J. T"bemagnetic field F
(in em-t) is given by -
(a) 20k cos [10st - kz] i O) ffisin[lo8t - 1r"li

'(c) 
ffisin[l08t - kz] 0 (d) - z0r. cos ll08t- kzli

ftartefgtffiH'fut{H+ s= €o, p- po ffirstDd*grffi3ro=0dffit-Jd
gurgr e-dFFD{r srgr } I ffi *Js Om-t fs4, E=20sin[108t-kz]J P'{rfl
sdF fe'rr{T Hier a I iirs *Jd F 1in arn-' fso fdg errro sssfim wtar i

133. An oscillating current I(t) = 1o^o(p1-iart) flows in the direction of the y-axis through a

thin metal stieet of a.ea f.0 
"|n'tt"pt 

in the xy-plane. The rate of total energy radiated

per unit area from the surfaces of the metal sheet at a distance of 100 m is

(a) # o) # (c) # $)#
frd 4{Ffud aiiz r(tl = Io exp(-dart),y'urax-tu'€5' xv-ueso Fs i* rrsd qB ftF
e, r* t.o "tf i"-S' ;S ice' ti qrJ e qdBs + qd'kr HLrs grn' e' 5$ gfte

ts-d roomfigsid+dr
(a)# o)# (c)# (d)
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134. A point charge q of mass m is kept at a distanc€ d below a grounded infinite conducting
sheet which lies in xy-plane. For what value ofd will the charge remain stqtlonary ?

(a) L-
+Jmgneo

(b) -,L
,JmgtEo

(c) Thereisnofinitevalueofd. (d) ry
mils ? fiig u.e* q d Hr+6 rrs d-* ris'lra *z ; fa ry-plane ffr Fkr t t i to a
gfr '3 dfo)r' famr r a i fdr U6 'l srss sfus qtdrr

(c) dei$Htudlisa-fii (O ryq

135. When a charged particle ernits electromagnetic radiation, the electric fie|d E and the
Poynting vector .d = ad x d at a large distance r fiom the emitter vary as fi anO 4
respectively, Which of the following choices for n and z are conect ?
(a) n= I andm: I O) n=2andm=2
(c) n-l andm=2 (d) n=2andm:4
i*d fud sr6s 5fur uo.{-g ffi-ffi aa'n }f€'fuJ de-s t, fuf,FS +sd E bd
poynting +drcqi = ad x t fEF6 gfr r i \f€ryd'd i qle.d 4 4rJ + fes ulee
ir6t z ry3 z fiffi ff] t6 fi5t fgdsut f€i fd-trr' rS t t
(a) n= I andm= 1 (b) n=2andm=2
(c) n=landm=2 (d) n:2andm=4

136. "The work done on the charges by the electromagnetic force is equal to the decrease in
anerg)r stored in the field less the energy which flowed out through the surfacdl is the
statenoent of-
(a) Gauss's thoorein O) Stoke,s theorem
(c) Gauss's divergence theorern (d) poynting theorem
..f$TsS ffi H-d$ grril sr€H '3 *3r frndr drrfr, A-Jd fed fdlf€ +$ gd-r, fds
afi i xr+'a a, gdilr f d)fr fi q-d'ss + q-+'fu ig" frre'aq; U :
(a) Gauss's theorerr F (b) Stoke's theorem Er
(c) Gauss's divergence theorern B .(d) poynting theorem U

137. The field ofmagnetic vector E is always -
(a) Inotational O) Solenoidal
(c) Non-soleiroidal (d) Both irrotational and non-sorenoidal

ffi?a-cdBe'+Jddlr ii€'i:
(a) Irrotational O) Solenoidal

. (c) Non-soleiroidal (d) irrotational vrfS non-sorenoidal €
P|pcr-II Chyrlcs) 28 C
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13t. Thc strte of polarization when the.r and y oomponents of the electric field is given by
equstion

E, = Eosinlkz -'rt +!l
J- zl

Ey = Eosinlkz - ,t -;l
(a) Lineady polarized O) Right-circularly polarized
(c) Left-circularly polarized (d) kft-elliptically polarized
qtrEaJ Srffi*Effi*rd t x ari y*+fennri-*eeg10r.d'fd3 fi us :

- 1- ltl
Ex= Eosinlkz- art+5J

ey = eosrnlkz - rt -il
(a) wt$q:trssJ' O) frt-iftfr*rcecu-_ceev
(c) qnt*trrdsor_ds€st (d) ge-t$dffie.oq:fssrr

139. In an elechomagnetic fid4 which one of the following remains invariant under Lorentz
tsansformation?

(a) d x E O) E2 - c2B2 (c) 82 (d) E2

fuid !is* t-+d fss, *te 5nftr6 'r{+6 
t6 fuiu}rf H'futrJ'Hfro.sffie't

(a) d x B O) E2 - czBz (c) 82 (d) Ez

140. A particle with an initial velocity vst €nt€rs a region with an electric field Eqi and a
magnaic field Bqll. The trNjectory of the padicle will
(a) be an ellipse . O) be a cycloid

' (c) be a helix with constant pitch (d) not be confined to any plane

)r{'€sd ar$ vot 615 fw ae, ffi }5g F{t }rB iia-* *rs So, fio UeF Tfer t,
rr+rre*eqq-?r+i'?afr r

(a) fudr.Fdqqe-ddfr O) rffifr-seeafr
(c) Hfudd*']q$e.d (d) ffi qorss'}fi;FfoJzrfi *J';Irnoret

1ll. A particle of mass zr is confined in a twodimensional square well pote,ntial of dime'lrsion

a. This pototial Y (t y)is $varby
V(x,y) = o for - a < x < a and - a < Y < a

= o elsewherc.
The ground state energy for this particle is given bn

(a) #" o)'# (c) # (o #
trd a-c er gr1t m er u-61{r5 rdErH a t'fs 

"tt 
i-}r{rq+fr gddr fug xbs ao ffs,

fawr t v (x, y) fr ftd fsrs6r wn'et ilS t: :

v(x,y) = o for - a < x <o and - a < Y < a
= o elsewhere

fex rrorg * qa'sd gff 6 fu rfl sss'Em ;Ir ftrer a

@\# o)'# (c)# (d)#
Prpcr-II @hyric) 29 C



142. The ground state of.sodium atom 111N4; is a zsrlz state. The difference in energy levels

arising in the presence.of a weak ext€rnal nlagretic field B, given in terths of Boln
magneton, ps is
(a) paB . O) zttBB (c) 4ttpB (d) 6peB
i*)?0{ fteH 111wa; S uo'sd Fffi 2sr, t i fu il{io €.trfr iia-fr t*i tfr o.t-fr
616 €rtrfr gg-ft qa,gt, Bohrmagreton ps otft retfem g, r*e'] : - : -

(a) tteB rO) zttBB (c) 4ttpB (d) 6tteB .-..

143. The normalized ground state wave function of a hydrogen atom is given by ty'(r) =
L 2 -it^ftfrr-''". where c is the Bohr radius and r is the distance of the elechon from the

nucleus, located at the origin. The expectation value (j) is -(a)T 1t)# (c)# (d)3
d'*iffa +eH fi FlurdE qd':d Fffi e uftrs a.e'r d V(") = LLe ,/" e't&.
etFrferyr flte' a ffre a Bohr radius i n3 r feffic fi Lm 's rq'fi.g ft-ffil{B + gS

-'t. r
iI TeF sr tddlrr63 tro (;) O :-

(a) fifi+)** +qn,
(c) '-*#*)0,2 +qEx

(a) 3 o) # (c) ; (d) *, .

144. A one-dimensional harmonic oscillator carrying a charge -4 is placgd in a uniform
electric field E along the positive x-axis. The corresponding Hamiltonian operator is -
(a) fifn+)*,, +ez, o) fifr+)*,, -qzi

h2 d2 .1, t .- hz d,2 r- ^

!c) -;^#+;*r'+^qn, !dl^ -A*+1kx,-tE1 - ^tta )?r'Hlit ttfiTfEg drdrlk ET il<nr -q a fgg $ oe.*t=ra x-"6rgew B Fr{6 fEHEt
E-s-d E f€-s dfo}rrr fdrv,{, t r mrsu? tflrs-a$rrm trd'F a

145. Which one of the following relations is true for Pauli matrices o" ,o" and or?
(a) oxoy = oyox (b) oxoy = oz
(c) 016, = i.o, (d) oxo! = -oyox
Pauli matrices o",o"ttJ o" 6fr t6 fuforyr H'fd-trJt tftiq gfu A
(a) oxoy = oyox O) oroy = oz
(c) oro, = io, (d) oxo! = -6yox i .,! , .i.

146. A muon (p-) from cosmic rays is bapped by a proton to form a hydrogenJike atom.
Given that muon is approximately 200 times heavier than an elgcUorg the lgngpJ
wavelength of the spectral line (in the analogue of Lymen series) ofsuch an atorn wiil be-
@) !.el A O) 6.67 A G) 3.7s A (d) l3.j A
qfd,i* ffi grlr.+ U<fo-s k muon G-) U:6 glrrrdr il*Affis@F fta{ E-€'fu
sd Bf*r'far*' I fs* frF6)?rr fdy{r fd Fd Ufi6 @6 i zoo qrg fwfi.e's's. t,
)?{fi{i +cH A F+a_c-dlr iu. <ts}s qx ful d rs i $f$q j,tfi -

(a) s.62 A
Pepcr-tr (Phydco)

(c) 3.7s A
30

(b) 6.67 A (d) 1334"



147. In the Bom aproximadon, tbe scattering anplitde /(0) for the Yukawa potential

v(r) =$;tgvanbv:
(in the foftowing b = zl/ Janl;, E = E#)

(a) -ffiot-ffi (c) -ffi<o-ffi
ga'e' w d *o rcmt ffi+s Airfrre$ fu frfu)dt fss flay $ uox.ferr eter t :-
vCrl=9#
td frfitr rt fw b = Z*snf, ,e = W'r
(a) -ffiat -ffi (c) -ffi<u>

lft The cncrgy eigrn values of a'particle in the potential [(r) = L^rzrz - ax ane

(a) e,=(n*i)^-* / r\ -zO) rn = (n +)hal+fi;
(c) e,=(n+|)n^-4 (d) r,, = (a -i)o^
fld uor"g S eigenvaluee gext y(r) =lmazxz - ff t sg 5t6 t
(a) e,=(n+i)nr-fi; O) E,=@+i)n +fr;
(c) e,=("+i)n -ff (d) E,= @-!)na

2mp

The pcrtutation
u' -lb(a-r),-a<x<a" - t0. otlvrwise
Sas on i porticle of mass ,n confined in an infinite square well pote'lrtial

vG) = [3, -:,#;7:
The first order onoction to the ground state enerry of the particle is

(a) + o) !t" (c) 2ba (d) ba

)dFfofJ

u, -[b(q-x),-a<x<a" - to, othcrwise
gd t ui)rg f*r { rar*x <cr f€ b fC3 s6 6'6 ft+s' ds trJ' te, :

rrorre e, qsrd g* * #'#L #J-X
(a) + o)E
The cordition for an opcrdorp to bc Hennitian in the state { is

(a) !V'i{a"= !{'4fid" 1t) I'f$rlar= 1$.p'4tar
(c) {'i{ a" =$ G) 

' 

! V'p{ dr = ! p *{n!' dt
fwp t g nffi fe uofifiara sr€ d' Fffi t

(c) 2ba (d) ba

o)
(d)

(a)

(c)
! V'iV a" = 1g'lP$ a,
{'fua"=$

!{'${a"= 1$'E r1t*

l rl'plt a" = J p:{ntt' th

hr.r'tr (tttd.$
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