
2013 (I) 
~C/} !4$/lrJ 

Jl!trt f/?1 

454 

y:urfW : 200 a:fq) 

~ 
( 

.~======:;:===·=-:====================== 

l. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 
9. 
10. 
11. 

3lT1ot ~ ..... -Jt q;;f T{{F;Q11 '!J'7T ~ I f{fT WIHT ~ # T:f1'WrfR (20 ~ffiJ 'A'#+ 25 'Jff1T 'B' + 
30 W<r 'C' #) qg;a fcm;c;q rrH (MCQ) ~ Tf1! t I 31lr:rcir 'JfTTT 'A' # # ~ 
15 3/R 'Jff1T 'B' # 20 fMi 'Jfl?T 'C' # # 20 ffl -cit \IffR' # t I ~ fr!W/W" # ~­
rr:rrff <5 B<Tf\'" ~ 1rq rrsr cffCf(>f w.r& WIT 'A' xf 15, 7-Tf1T 'B' # 20 rF!IT 'JfT1T 'C' # 
2 o i3"iTT\'1' qf'f "iif"fr! w li1N J n 1 
Bl'fW rpf JWl1T # WH 77ZlJ ~ I arrFfT iTf1 'THR 3fR crRr CfiT ;:rrr:r ft;m,r;f # W&" "lH! "li(jq 
"ffrfG:Iv fc!i g;{krq7T If T[fO fJ! Jik "frift jf ~~ <fflff "# ~-~ rfcfr Ff I zrfit fflr "! rrT 31fTl if.'CiufMa # ~ ~r w7 f¥K;:r "i!R. "ff7liff t .1 ~ "fffff # lmf? rr-;r r5r '4t IJftq 
& 1 "!fff gftff<tJ7 T!' N ifi"f1f ?!Fr.f ct ft:rr[ arfrrftclrr rr"'r vf;:;rr.:r d 1 
Bmr rr::r <t "f{l'O 1 if ;fifrr mt r-e1rrr qv 3f/T'ff -:ffc;r ~ "fT/1, JlTFrT rrm ffPH ~ Wttffr 
~ W Jfif'T/q; ~ i JlTfFff ffltTlHV iff ~ 1f I 
8T!Tf :wr.ft oit.~onv. "ffifR ~ it Wiif <t~R; ~ ~ ~r ~ Ji'lv ~ r5r;s # 
Wifinf ~ rrrlt CliT :srC!!Rl CfiTi'?T qw cr , <llJ l[iff 1fT-;{ ~ "iffr ~- ~ fili ?fi5 
::!J"(ffl' gftfrqir if ~ w f:rif:wr w 9ft ~ # 1J"!"C>R C!1t tm ;r ~ w "ifilVI.CV 
fimvif C1iT w!i fR7tt # ~ rrtff 0-v rm[ITT. f.JR.T# afc'rff: arrrrrtJt errf.1; ~ ~ 
ffiffi'" ~ qff 3lt4Jifllf'l 1/T '¥flfirc;r, tH ?.tflifft "! I 
'3-"ffTT'A.' if~ rrR ct 2 3Tiff, 1fl7J"'B' if Ilfltc!i !lFf 'f# 3.5 a:i<P a<?JT'C' # r.mTcti rrFr 5 
3iiP "i:ffT if I JR"itiff 7f"fffl" 13frr? ifiT ~""U[ffqCfi ~ 25 % r#t 'R. # ff!R:rr \ifTl!'fT I 
_Y;ffirq) JTFf rP ;ffil "il"N" ~ ftq 'IV Ff I ~ # ~ VCfi ~ Eft Wift• 3T21Cff 
"Nfifffflilri:?' if I~-~ fli!7 "i1'J7 i!1ifr 31~ ifTtifiTflf 'tJ(>f' ~g I 
_T!!"f_1!_~:L!l!._~{Jler ffflcr#_PLJI9!!L .. "f!!:rr!.sY __ HlS__"YfJ_1 __ CfE1 ~3!LF1 Jj)y_~ 
~I!Lcfl_yjle,TJ'Hl..!E. fJ'Jx__§l~i!!!:L::g_~!?!.L_Uf.Lft!!I:rfJ .!t__! 
Jl'Rll!ff w ITm'f err '?!ff rJH'ff eli Jfffrft"cffr Cf]if/ JfT{ ~TP 1ft rJtf ~ ~ 1 
wm 7f1lfli:T fit "iJfTit "Cfi?. rrft!ffT ~<tJT ;J/k umv rf37 <rff ~f.'?FJiCircr ?PT ~~ vtlrr rfttfJtv 1 
rp~'&C?" ip{ fJfl7lf7T Cfi?<t qfr 3T:JI'flft rytf ft J 
tiffi'ft II"R •'I ftR:t7rfri "ct 11rlf<'t # wvfi W'fw'{Uf Niff ~'rrrr I 

*";:fit'( ....................... . arrl!"f'.t{ .mr 1T.ft ~rt wrwli.t ifiT if Wfilrfrra 
'ifi~fti '! ! 
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!lliL'_~_j PART 'A' 

1. 3:35 
3. 6:~.6.5 

1. R/3 
3. R/8 

2. 49 
4. 154 

2. R/4 
4. R/12 

in the XY plane 
Tr1:2 distance of 

area of 

2. A sphere of iron of radius R/2 fixed to one end 
of a string was lowered into water in a 
cylindrical container of base radius R to keep 

3 

exactly half the sphere dipped. The rise in the 
level of water in the container will be 

1. R/3 
3. R/8 

2. R/4 
4. H/12 

Jrn:n·~:r 10 X 20 X 5 U01 

lit &fr. ~·, q;1· 1JCfif':iR1 ~ st ~ ~~ tm, 
~rr ft:r~ ~· 3raJffR", ~ff ~r ~-~ 
~ U<r:T 

t-t·~· 

$ i[Cfi ~l.fift'"cfi ~ Gf'~ 

'if;l-..~ <®' 3fl~'ll':flrll" ~ ? 

10 nrr\ 
Crystal {not to scale) 

3. A crystal grows by stacking of unit cells of 
10x20x5 nm size as shown in the diagram 
given below. How many unit cells will make a 
crystal of 1cm3 volume ? 
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~~ 
10nm 

Unit Cell (not to scale) 

lOnm 

Crystal (not to scale) 

1. 2/3 

3. 2 

2. 1 

4. 00 

4. What is the value of 1 + 1 + 1 + to 00 ill 3X4 ... 
oo? 

1. 2/3 

3. 2 

2. 1 

4. 00 

s. ~ ~ A em 'QCfi ~ ~. 'QCfi t<;r;r 

~ -crr:f, ~ fatq(;rr ~ 2 A~.# W 

tffiift~~~~~~~~ 

~ ~ h ~ ~ tTtift ~ 3fG{ ~. 

m .~ Cffi" ~ mt qn;r ~ ~ 3=IT1T ~ 

h ~ tR ~I ~ ~ tm qn;r ~ ~ 

h ~·. 'fiT tmT # qr;rfr CfiT fO{ <RTf ~ ? . 

4 

______ MfO'I ... }: ____ _,_ __ ___ """" ___ ... 
-- _ .... _II!D..,... 

1. 2h 2. ~h 
2 

3. 4 !!..h -h 4. 
3 4 

5. A solid cylinder of basal area A was held 

dipped in water in a cylindrical vessel of basal 

area 2A vertically such that a length h of the 

cylinder Is Immersed. The lower tip of the 

cylinder Is at a height 11 from the base of the 

vessel. What will be the heigh~ of water in the 

o~essel when the cylinder is taken out? 

h 

h 

1. 2h 2. ~h 
2 

3 ~h 4 ! h 
• 3 • 4 

6. l!Cfi~,~~R~,#~ 

iXlm Cfi)" 'QCfi ~ ~ F ~ ~ ~ 
~ 3i(1rn..,,u~ ~ ~ ~ C1if ~ ~ : 

3. R2.J3 4. 2R2 
\-. {' \. ~·: 

6. Of all the triangle~i"th'at can be inscribed in a 

semicircle of radius R with the diameter as 

one side, the·'~igge;t one has the area . 

:1,. R2 :,;,2. R242 
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5 

l. 2soo 

7. Choose the largest number: 

1.2500 

3. 4300 

9. How many rectangles (which are not squares} 
are there in the following figure? 

I ~ 

' 
" 

1. 56 

3. 86 

I 

..... 

' 

2. 70 

4< 100 

8. ~ 2013 <lif lJCfi" ~-'Q'j'()fqi ~ ~ 10 10. ~ ~ a®b = m;r lfr lJ6=f 
~. dfr. X 10 ~. ~. ~ m~ ~ I ~ c); {a,b} + ;3ft lfT tr {a,b) c:TtiT 
-mff ~ Cfi)' 5 Jfr. X 7.31-ft. Jl1mtT ~ 'Qeli 

~c);~tR~~~ I ~q;r 

'fm' ~~m ~ ~ JIJ-c.UIR\a ~ ? 

1. 0.1 

3. 10 

2. 1 

4. 1C'i 

8. A daily sheet calendar of the year 2013 
contains sheets of 10x10 em size. All the 
sheets of the calendar are spread over the 
floor of a room of Smx7 .3m size. What 
percentage of the floor will be covered by 
these sheets? 

1. 0.1 

3. 10 

2. 1 

4. 100 

aE9b = a0 +bal(1$2) ® (3®4) iliT 1ITU1 <fliT 
•' . ~ tj $" ? ~ l]('f 't"'l 't!1=l' = ('! €1 m<H tl A I q ck (l1!rr 

,;) 

-;tr lft lfl"= 6f(kdll'"l Jm1 ~ t I 

1. 145 

3. 436 

2. 286 

4. 572 

10. Define a®b = lcm(a,b} + gcd(a,b) and affib = 
ab+ba. What is the value of (1EB2) ® (3$4)? 
Here lcm = least common multiple and 
gcd=greatest common divisor. 

1. 145 
3. 436 

2. 286 
4. 572 

11. lJCfi" CTR" q;r ~ ~ • (R' ;;fiR ~ ~ 1JCfi 
9. ~ ~ * ~ 3mRI' ~(~ Cfclt ~ tr) t? ~ (>IZ' q;r ~ ~ ' 1JCfi cr.n-~ 

6fci11VIT 6 1 (il"t em Cfi,FI" c)j Cfi,FI" ~ ifR" 

~ t:f$1IT "Cl11% ~ GfVf ~ ? 

1. 56 

3. 86 

2. 70 

4. 100 

1. 3 

3. 2 

2. 7 

4. 1 
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11. A square pyramid is to be made using a wire 

such that only one strand of wire Is used for 

each edge. What is the minimum number of 

times that the wire has to be cut in order to 

make the pyramid? 

l. 3 

3. 2 

2. 7 

4. l 

'12. 'Qi'fl' ~tl1'r!~T ;tlr:n;;:r {~· R ~ ~ 'T{ f;i.:r:m· R ;1; 

lr<ll l}'fftor CT~(if it lJq;' Cfi't3;r ~ w tt! tt:u.;~ 

ir ~fi~ cnti t'fo{i'\fi· tt <."1:. ~rq; #r qn:.JT fcr.; Cfi'lw <f~ · 
~ ~ ~ ' ~ 

q;)filr<'fl 3mr~· QCfi :m:r.r <n1ur e (< 45°) ~rr, 7:irn 

Cf'ti 3fT~ fai&icinT ~.u 1 <:J)· :4' mfr q"Q\Sft <fit 
.? 

1. R+R sinO ~I 

2. R+H cosO ~·1 

3. R+R tanO ~I 

4. R+R cotO ~I 

12. A crow is flying along a horizontal circle of 

radius R at a height R above the horizontal 

ground. Each of a number of men on the 

ground found that the angular height of the 

crow was a fixed angle a (< 45°) when it was 

closest to him. Then all these men must be on 

a circle on the ground with a radius 

1. R+R sin() 
2. R+R cos f) 
3. R+R tan8 
4. R+R cote 

13. ~ ~ tr.r11(-~ijl ~t ~ ~ ~. 

f-;r~ ~ Jll1=f ~ 20 (ftiT {>l'¥<1J1 

~J114Cirlib 600 i?r? 

1. 4 
3. 1 

2. 0 
4. 7 

6 

13. How many pairs of positive integers have gcd 
20 and lcm 600? 
(gcd •.: greatest common divisor; lcm= least 

common multiple) 

L 4 
3. 1 

2. 0 
4. 7 

1..4. crf6f 'QCfl ~ITH ~ rJ.TffiiJ{t0'f ti' fFf,ff ·~:Z,\q:;, f:lr.r:r 

il'fJ301 C1tfr ~ ~~c; fit1.i;J·. f+l~l w.:r.;r <~t <n(>T 

":Q~ ~ ~ ~ trrtr \'ff;l1t <11· ·tl(.o:rrct ~~ ~:~r:;r;:~. 

~m::r..; m &t.r<~=~ 6, q:r t;:J?:f.tq:;· ~ ft;rcr wr111 cr tJT 

fm;rfi' ur~l" 11lf[ ~{ at ~~ f~m. "~'fif.;-;;r 

~~'Rf tNI~ lff51ill'Clf ~r·F(r ~nT<iT ;;r(1T" ~ 

~ttl~ 'ff.#t 
.,:) 

1. fjj'f( cw~r~ em ~cfl' ?rr301 tiT I 

2. f.m:[ ~tq; <m ~T ~G' :liT! 

3. fm:( c~~ CfiT tf'f,fifT(H ~ ~IT I 

4. fm:( ~~ "fiT t:fif<i11Cfl' I§~ t!TI 

14. During an evening party, when Ms. Black, Ms. 

Brown and Ms. White met, Ms. Brown 

remarked, 111t Is interesting that our dresses 

are white, black or brown, but for each of us 

the name does not match the colour of the ' 

dress!". Ms. White replied, "But your white 

dress does not suit you!". Pick the correct 

answer. 
1. Ms White's dress was brown. 

2. Ms. Black's dress was white. 

3. Ms. White's dress was black. 

4. Ms. Black's dress was black. 

15. ~ 15 ~q; ~ tt l~ ~ ~ 

~~ ~ tr CfTtRT ~ firm ~ ~ ~~ 
.) 

~ m ~em $' ~ q;r 20 ~ cfi'r· ~~~r 

~t'? 

1. 3 2. 1 
4 21 

3. .l 4. 1 
'ios 20 
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15. Two integers are picked at random from the 
first 15 positive integers without 
replacement. What is the probability that the 
sum of the two numbers is 20? 

, 3 
2. 1 .1.. 4 21 

1 
4. 1 3. lOS 20 

1. 2. 

3. 

16, Identify the next figure in the sequence 

3. 

17. ~ ~ ~ISfiCfR' ('fcfi ~ 'Q'CF; ~ 
~ ~. 3117ia191Hl ~ fmJ ~-amr ~ 
~ 'Cffi')' ~ :A" 23 % ;rt ~ om ~ 
3tmr t!'tl ~ :fr 19.9 % ~ ;::rtiT 8.8 % 
~~~~ttfta-a~~~~ I .:1 .:1 

A. fmr a<Sr-Sffi'f ~ ~ am ~ .:1 .;) 
-m il'rt't ~· em 3f<Tftm1 CRTr ~ ? .:1 

7 

B. ~ ~"UT ~ !6 i(i it f%?.IT "JT'm tlffir 
err~~~~? 

~.~~~A<fiT~~-;;rr~ t\'l 
2. ~ ~ B q.iT ~ ~ JIT 'frq;(if t\' I 
3. ~ A "?Tm ~ B, a'io1l ct ~ fa<)" 
~r~tf 

4. af nT ~:rcrr~ A , ;;r {it B <fiT ~ fam 
ar~t! 

17. In a customer survey conducted during 
Monday to Friday, of the customers who 
asked for child care facilites in super markets, 
23% were men and the rest, women. Among 
them, 19.9% of the women and 8.8% of the 
men were· willing to pay for the facilities. 

A. What is the ratio of the men to women 
customers who wanted child care facilities? 

B. If the survey had been conducted during the 
weekend instead, how will the result change? 

With the above data, 

1. Only A can be answered 
2. Only B can be answered 
3. Both A and B can be answered 
4. Neither A nor B can be answered 

1s. ~ atr ~~~~~em~ 
~ ~ ~ fa!IH1 ~lo:tfmr ~ ~frt ~ 
~~ ~ oo:m em m II v " 3fiCfiR" ~ :l1T7f " 
'Q'CF; mZt q;r ~ ~ g-, ~ Q'Cfi o¢t ~ 
~ 1 o¢t ~ 3101 Sl c:n ~ ~rr C:fliT t\' ? 

1 . 

3 . 

Nt 
200 ------
180 ~. 
16~ 

.SCALE.,. 1:5000 

2. ~ 
4.~ 
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18. The map given below shows contour lines 

which connect points of equal ground surface 

elevation In a region. Inverted 'V' shaped 

portions of contour lines represent a valley 

along which a river flows. What Is the 

downstream direction of the river? 

---~ A..., Nt 
oo_. __ _....... .......___ 

-. -""-.. 
~.-·......._ .. -.__ 

o_M:::'~--

1. North 
3. East 

SCAI.e • t:sooo 

2. South 
4. West 

19. m:ft cr,r ~ c):; ~if lfq;' 'ilmcfm i\1 20 

f.Fim 'it ~Cfl o'}· '{f{ ii,~ q;)- '(.lefi ~ ~ I 

rc;r ~~· mt r~.rm -~ ~ ~ = 

1. 20 2 .. 400 

3. 200 4. 380 

19. During a summer vacation, of 20 friends from 

a hostel, each wrote a letter to each of all 

others. The total number of letters written 

was 

20. 

1. 20 
3. 200 

2. 400 
4 .. 380 

DOC 
. tNQR: 

lAST 

A B 

VCfi ~- ·q;t ·A tf C ·m# ··~-- 'QCf; Cfll~ 

m q;t tfR" ~ t\"1 :m ·-.-~ Cfi't ~ ~ 

~- (Rtri, m 3CTit '*" (Rqf, 'liT ~or cnm $ 'Qlli 

~it~-~ ~I o)" ~ t ."llfu:r 

~~ 
1. if{~ cftr ~ ~ M' ~I 
2. en« fi:lv CJW ~ tf:r -~ tr{ iimt t\"1 

..:J 

3. Jrn1T 311'fJT tTtit t,' fmr 3m1T 3milT t"l 

4. tmT tl"tit '$'. ~tr 'Q"'~ ~I 

8 

zo. 

to•n~ 
lAST 

A B 

A person has to cross a square field by going 

from A to C. The person is only allowed to 

move towards the east or towards the north 

or use fl combination of these movements. 

The total distance travelled by the person 

1. · depends on the length of each step 

2. depends on the total number of steps 

3. Is different for different paths 

4. Is the same for all paths 
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210 

21. 

8n'iT ''«'/PART 'B' 

?:"f1fl'1 m cff err ~ mw'frr 1[Cii i[i!fi-~ 
~ V(x) = ~nuu2x2 if?'& "i:iiT"ff g, ilffl'f;r 
Vlfi ~ fir.::?! 

= Vo e:t~p[-mfl(x1 -· x2) 2 /4h] 
if'W ,,~;zrffr:''JI c;::'!fr ~ urffi Xt al!ff x2 

t;T;,;'"'*'"' ~::; ;ctz; T'Ifr t f{J,- Jl7"lrrff 

l7fcvi<r 1./J 0 (x) = 

(l) 

(2) fu.v ·+ 
w 

~ !"i )-1/2 
(3) hw + V0 ( 1 + 2: 

( 4) hw + V0 ( 1 + *) 

Two identical bosons of mass m are 
placed in a one-dimensional potential 
V(:.:~J" = .!.mv;2x 2 • The bosons interact . 2 
via a weak potential, 

where X1 and x2 denote coordinates of the 
particles. Given that the ground state 
wavefunction of the harmonic oscillator 

)
.!_ mwx2 

is t/J0 {x) = (m~ 4 e-"'"2h. The ground 
1'!:1!. 

state energy of the two-boson system, to 
the first order in V0 , is: 

(1) nw + 2V0 

(2) hw +Von 
(J) 

( n.., -112 
(3) fi{IJ + tl0 . 1 """- - I \ ' 2(JJ) 

(4) hw + Vo ( 1 + 7)\ 
' .A 

9 

22. ifCP itt'tcrr? tTT?f, trJm# 25°C ffTTl q;r 3 0 1fTif 
rifC9" t. ij 0° c ffTTl q;r c:w- 1/Tif if?Tli -;sr& lffffiT 
"!I iJf6l cffl iFfSlf!zr m~ Tf 3/TffT t, crT 
lfflCffT JfffR ff7Tl Cfll7 m c IJf(1 q{t ~ I£6TfT 
1 ~ !lffr ?lTif !lffr oc C'fWT 6RTTi rt ~ 
CffT T?f" iPlff 80 ~ !lffr mTf "! ) 
(1) 0° c 
(2) 7.5° c 
(3) 12.5° c 
(4) ··-1.25° c 

22. Ten grams of ice at 0°C is added to a 
beaker containing 30 grams of water at 
25°C. What is the final temperature of the 
system when it comes to thermal 
equilibrium? (The specific heat of water 
is lcal/gm/°C and latent heat of melting 
of ice is 80 cal/gm.) 
(1) 0° c 
(2) 7.5° c 
(3) 12.5° c 
(4) -1.25° c 

.23. VCfi iifrf.T <t -;:r ~ t ~ a'([lfffry V1 rrey 
Vz t. Fvf;:r# Jfil'lW: ([Tf{ P1 acy Pz ct fflll T1 
n2l!T2 ct ~ trff ~I ~ ~ rt "i/Fq CfiT 
~ f.iqJT(H ~ lil1l!, crT r:r/?rrrr1ft ~ 
ffTq" FJPrr : 

(l) P1T1 +pzTz 
P1+Pz 

V1T1 +V2 T2 
(2) - -

V1 +V.z 

P1V1 +pzVz (3) _.....;;...;;;.,....,::_....;..;;;....:;:;......_ 
(Pl V1./T1)+(pz V2/Tz) 

(4) (T1Tz ) 112 

23. A vessel has two compartments of 
volume V1 and V2 , containing an ideal gas 
at pressures p1 and p2 , and temperatures 
T1 and 12 respectively. If the wall 
separating the compartments is removed, 
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the resulting equilibrium temperature will 
be 

P1T1+PzTz 
(1) P1 +pz 

V1T1+V2T2 
(2) V1 +Vz 

(J) Pl. V1 +P2 Vz 

(Pl V1./T1)+(pz V2/Tz) 

(4) (T1T2 )112 

24. mer T1 > T2 ct ~ tMiP1 'If i3P!J qfJ- 1fffr v rt 
Ilfi'rclmr 'i/Crr F( v) 'flft :JU7TflfCff fl71l ~ "ifff 
00 ~ f.%'r ftr:;r CffW ~ : 

----------, 

10 

24. For temperature T1 > T2, the qualitative 
temperature dependence of the 
probability distribution F(v) of the speed 
v of a m_olecule in tlu·ee dimensions is 
correctly represented by· the following 
-figure: 

~-----

(1) 

S/46 BJ/13-5AH-2B 
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25. A system of non-interacting spin-Y:! 
charged particles are placed in an extemal 
rnagnetic Heid. At low temperature T, the 
leadmg behavior of the excess energy 

(3) 

26. 

state energy, depends 

if fT::l/ .ffit"«".:P'Fr 

zri ·~~ ff!Fl!ltr 

11 

~ ?& fF<'H AftWlldt ~ Q cpr mfr 
~f!Rd7 ~? 

"!c; 
( ~.al%) 

:~:2 

Is= 
.... ~ .. -----·- 35 ilA 
------···--· 32)!A 

~-----~~ 30 11A 

Xs!# 
········--·- 35l.t;1l, 

-·-·---~---·-· 32)!A 
.. --·--·---- 30 )lA 

27. silicon transistor ·with built-in voltage 
O.TV is used in the circuit shown, with 
VnB =" 9.7V, RB = 300 kQ, Vee= 12 V 
and Rc = 2 kQ. Which of the following 
figures con·ectly represents the load line 
and the quiescent Q point? 
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'c 
(ttA) 

32 

Is~ 

----·-- 35ttA 

_..----- 32ttA 

--~~--::A 
9.7 VCI!!(V) (1) 

(2) 

J8 c 

----Sii11A 
-3211A 

.-..---S011A 

(3) 

:~A)~ ~~~A 32 Q ---::::::= 32~A 
·-·-30ttA 

(4) - 9. ~ 

28. "llfcr f[iff ~-~ 13cf1'<)rrt'< wAC/1erJ 
:3~-rr-~ qffqrf¢ (ADC) c$ :3FJWCf frrffl 

em- 1.0 v # 2. 0 v ffCff ~ '!, -m qRclrf.r 

'ifiTC'f 

(1) \314RclRht ww 
(2) ·"ffP" W!r 
(3) arq;t 1J.C>T 1J.Rf # :merr FJTtrr . 
( 4) rrR :JrJT $rr 

28. If the analog input to an 8~bit succe-ssive­
approximationADC is increased from 1.0 
V to 2.0 V, then the conversion time will 
(1) remain unchanged 
(2) double· 
(3) decrease to half its original value 
(4) increase four times 

12 

29. ii'/W crwf'liT 'Tflff f! r..,rq; FT~1fT\!}efr "f/J\Pr& cf/f 

filrJnV)PfJ· rrffl'<}er R, VJW(w'J; w'm#~ C, ('{}'R:lffcY 

fr.llT ~ B cff "f/Tf!! rf11iff'{ ui'r~ rrrrrr urrm 
if I ffcrtr S cff £iW {.$-( q} 1 000 ;ki!irr.s ~C: 

ctifim 'iff alWCTR' ctr<Ytw q;~ 150V ·-& 15V acff 

fimn· tJ 1 ~ ctifi!N eft f:rrfmr 5 p,F 8', rr'r 
~T Fctv-rrmtr rrfi'r?tf:l 'fVT!fJT<'r fr : 

I 
~ 

Bl V R 

-L__.___.____. 

____ ,_~ .. -~:·---·~--1 
cl_ 

(1) 109 0 
(2) 1080 
(3) 107 o 
(4) 106 0 

29.·The insulation resistance R of an insulated 
cable is measured by connecting it in 
parallel with a capacitor C, a voltmeter, 
and battery B as shown. The voltage 
.across the cable dropped from 150V to 
15V, 1000 seconds after the switch S is 
closed. If the capacitance of the cable is 
5 pF then its insulation resistance is 
approximately 

(1) 109 0 
(2) 108n 
(3) to7 n 
(4) 106 0 

R c 
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30, ~ cos e ~ 1 rftrr i[!ffl{(>/7!{ ~ail' ffCff 
tiw lt w~ frfij. i e ! < rwi FcP~ 180°1 rr ::::: 
57.29°) If'fiW "'" ~: 
(1) 1.28° 
(2) 1.81° 
(3) 3.28° 
(4) 4.01° 

30. The approximation cos 8 ~ 1 is valid up 
to 3 decimal places as long as IBI is less 
than: (take 180~ jn ::::: 57.29°) 

(1) 1.28° 
(2) 1.81° 
(3) 3.28° 
(4) 4.01° 

31. arcFt ~ rt;r s T{ f!?ff ~ CfiT ~ 
1{?P ~ ( p 1fFJ/(/) J)) I 'flfil;q;J ¢ 'frlfffN ¢ 
'fiTP.l-"ff!W s ti; Wrr4 T{ u qf{ 77ffr # ~ Cfl& 

~ ~ 0 wfl/;cpr CfiT ~ WffT ~ I ~ 0 
eli ~ ff:;r i{ 1fTfl "lflJ ~ cpJ ~ t! 
( f.1ctfcr 1{ f[lfiPff qff 7fftr c t) 

(1) ( 1- ;:)1/Z 
(2) ( 1 - ;:) ;_1/2 

(3) ( 1- ;:) 

(4) (1- ;:) -l 

31. The area of a disc in its rest frameS is 
equal to 1 (in some units). The disc will 
appear distorted to an observer 0 
moving with a speed u with respect to S 
along the plane of the disc. The area of 
the disc measured in the rest frame of the 
observer 0 is ( c is the speed of light in 
vacuum) 

(1) ( 1- ;:)1/2 

( u2)-1/2 
(2) 1- c2) 

(3) ( 1-::) 

1~ 
IV 

'ift'-?i· fff5r llf ~- <mr ~ ~ wffl '* c:t 
~r ?1~'13[ l~/'f t:it ~;<] crrNt Wrr $ 1%2l if 
"ff'lflfPf rn ff2ff 3Tim e em T{fff 'lffilr ~ D' 1 
(CfWT U·it fk~?' l!J7 vir.s~ W!r rw Eft ~ 
cit fail· "ill~ 8) w 11FT& g<l frt;· ~ qft 
"iiiqTf/ .iFf?!} 6/'ter qf; ~ qft fF1W 1{ :fl£ff fli1f e; 
q?flf q} q-'RPf qff ~ ~- tJ : 

i 
>roE R-~ 

! 
i 

2d 2d 

(1) 

(2) 

(3) 

(4) 

32. A particle of charge e and mass m is · 
located at the midpoint of the line joining 
two fixed collinear dipoles with unit 
charges as shown in the figure. (The 
particle is constrained to move only along 
the line joining the dipoles.) Assuming 
that the length of the dipoles is much 
shorter than their separation, the natural 
frequency of oscillation of the particle is 

l--R ... : ... R----1 
I I 
I I 
I 

' 
I 

--$ I • • • ' ·-+ e,m - + I I I I 
:~ ..,..._, 

' 
2d 2d 
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33. ~N ~rrc:r u rt wr.rr w1•r 'i:JTr-t !l)c;f;:fl' cTJT \'i!J­

~i;lfiuf mjyor ~>· r:rqr !'J/\!1' 1 (fjf 'lflir<r t.r>nr tr, 
~NUT cff 'ii/IF.l'?, oTCT ?} 1' ( W} {i}i-'{Uf i:7Jl· w');;<JJY/ ilft 

£'{&rrf ·/f i3l'fWf&'rtfi tf) qft c;:-/1· tr?, 'aVTl[fifflf tlfcr'!tf 

S CJ{J' ffmr ff2lr rrN"11JUr ili"TW: 'if : 

... ~ 1~1 {l. 
(1) S .l u and S ::.:: - 2 -1~1 2 

47r e-0 u 1' • 

(3) § II u and 1~~1 = - 2 ~-~-z 1·11' co lttl t' • 

33. A current l is created by a narrow beam 
of protons moving in vacuum with 
constant velocity u . The direction and 
magnitude, respectively, of the Poynting 

vector S outside the beam at a radial 
distance r (much larger than the width of 
the beam) from the axis, are 

- ~ I~~ rz 
(l) S l u and S = ~,-1 .2 411' £ 0 . u r 

(2) -s II C -u) and lsi = -2-~'}.1 _. 1 4 4n e0 u r· 

14 

34. 'iifF.! wRt~r fc/'ITif A, A -) A + ?, \rfN r 

r· ( t) f 't~ r/}· 37~ q'ffcrfffo oktr ~ ( i'fiTfJC!ff 

~'IT?fc())' '~-}) 'lrM· firi[[n ftl!Tf 'Efrrtlftlf 11hr arcr~crfrfrr 
U, m· &frm frtqq ( <!>) qjf Wfl9#rcrm: 'f[ff I/CTil\[ 

qJ"tCltffrr &7 WFrr wtftJl) : 
(1) {]) -- r 
(2) ¢l + r 
(3) <I> -~· or I at 
(4) cD + iJrf ot 

34. If the electric and magnetic D-':lds a:t: 

unchanged when the vector potential !\ 
changes (in suitable units) according to 

'A~-~ A.+ r, where r = r(t) -r, then the 

scalar potential <I> must simultaneously 
change to 

(l) -(J) -· r 
(2) <I> + r 
(3) cp ··~ or/ at 
(4) <I> + (}r/ at 

35. p ~.~ Po(!;)'~ e-r/ro cos2 <p ct wr 7f arlffff: 

rrrrfi:m- 'f{i:li \re't!fi'Cff Jllc{:rr 61'e<r w '{'i{qr?' 1 JF<'T 
mrc}w· "l!'c•r c$ zrfrurrq m Cfl(>( ~ 3llfl!'f 'i/iT 

f:;~i.i-'lf/'l{ l:,J(!'CJ) ~ : 

(1) 2n·p0rd 
(2) rr:p0 r~· 
(3) Por~· 
(4) rcp0r6/2 

35. Consider an axially symmetric static 
charge distribution of the form, 

The radial component of the dipole 
moment due to this charge distribution is 

(1) 2rcp0 r04 

(1.) rrpor~ 
(3) Po't-6 
(4) rrp0r04/2 
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37. 

The probabilities that a measurement of 
will yield the values h/2 and -h/2 

are, respectively, 

(1) 1/2 and 1/2 
(2) 2/3 and 113 
(3) 1/4 and 3/4 
( 4) 113 and 2/3 

r;q; f{Cff-·t'1.Pf'm 3Wifff crw qft J;rffl1Rftqj""f( 
" ~ ll/J) = bdO) + b2ll) w fqq7( uwf 

I O) ~r 11} ,q;w.· ·3Tff£T ~r acy ~ 
iirr'IMrt ~ q;T f.rf'i!e q;-ffl- -!, nwr b1 
dWT b2 T{Ci Cllfdf~Cfj 3TfR' ~ I ~X "ffiT 

urm~a "ifPf arcrverr ll/J) <1 ~ ff?{ W!r iffil 
(1) b2 = 0' (b1 = 1) 

1 
(2) b2 = r.: bl 

v2 
1 

(3) b2 = 'ibl 
(4) b2 = bl 

37. Consider the normalized state lt/J) of a 
particle in a one-dimensional harmonic 
oscillator: 

15 

f~ VCP -;m::J/f'-1 -) q;t f!ll.. 7· JTtcFr . ..,. 
~ "fiP !!i'T~ iJRt "Jf~ cfi· ft;tr:· I 

<rr:r ;7:zrr £3TT g- FcP "R]ai'frr ~~R ctft gw;--rr it 
20{) ~mt g- ! i!it Ji'!f "$~ ~~ W::.<TJ qft 
?/!Ef(f'f rrt•r--~¢ iTtrT ( 'i:'fTIPTrt ~ ct ::HJ'@i) 
fll.) 5.62 A 
(l) 6.67 A 

3.75 A 
13.3 A 

38. A muon (fl. -) from cosmic rays is trapped 
by a proton to form a hydrogen-like atom. 
Given that a muon is approximately 200 
times heavier than an electron, the longest 
wavelength of the spectral line (in 
analogue of the Lyman series) of such an 
atom will be 
(1) 5.62 A 
(2) 6.67 A 
(3) 3.75 A 
(4) 13.3 A 

39. TJ7c;ra: ~ ~rq 1{ #em f!CP CffUT Cfi{ 

31Y'HIIftr4'1Cfjd ntrt· q;;:;pr l/J(r) = zf(r) # 
~ \ifTdf ~ ~ f(r) ~ w r Cffl. ~ 

~I ~ f} ( ~ ~ crfffUrcfi ~ 7fiT 
Cf1f) (fiT ~ lfTi7 ~ : 
(1) 112 /4 
(2) h2 /2 
(3) fi2 

(4) 21i2 
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39. Th(~ un~normalizcd wavcfunction of a 
particle in a spherically symmetric 
potential is given by 

tp(f) = .zf(r) 

where f(r) is a fim~~tion of the radi<o;; 
variable r. The eigenvalue of tlv: 

Op(~:a:ator L'2 (narndy the square of the 
orbital angular momentrnn) is 

(1) h2 /4 
(2) Vi? /2 
(3) ft2 

(4) 21i2 

40. lif'gr fcl~Tf •rlfr ir fiff 
00 I tn 

Hn(X) .n! = e~tz+ztx 
j :8 
n=O 

l-/4 (0) c7Jf 'lfl"'! 1.':- : 

(1) 12 
(2) 6 
(3) 24 
(4) --6 

40. Given that 
00 

~ H (x) t'n = e-ft+ux Ln. n! 
n=O 

the value of H4 (0) is 

(1) 12 
(2) 6 
(3) 24 
(4) -6 

41. n I,T(ff "I[P;f'-q; w{#r tf liff xy-a&" tj t cff &.'Jf 
•'f 120° q;!ur w ~·, ww.rff u = al: + b n 1{'4 
ii ::: an + b 1 c$ iifffl f5f qr)Tlf 60° EJlTfT 'lfff: 

(1) b = {3a.f2 
(2.) b ~ 2a/..f3 
(3) b = a/2 
(4) b =a 

16 

41. A unit vector fi on the xy~plane is at an 

angle of 120° with respect tot. The angle 
between the vectors u ""' a l ·-t· b fi and 

v = an + b 1 will be 60° if 

(1) b = ..f3a/2 
(2) b c-;;; 2aj~3 
(3) b :~ a/2 
(4) b ~.,a 

42. z = x + ly <'Rr sV: P1J~ T.~JC>Ffr f(x,y) ~r ;;•t 

ql!f z q]{ (?:j"TC'iJ ihz;lf€!7fi [f;"'Wf ":_1§}' ff ? 

(:d) l(x,y) :;.';~ (x + iy ...:. 8)3 

(4 + x2 - y 2 + 2ixyr' 
(2) f(x,y) :::.: (x + iy)"(1·-· x ·- iy) 3 

(3) f(x,y) = (x2 - y 2 + 2ixy ~ 3)5 

(4) f(x,y) = (1- x ··!> iy)4 (2 + x + iy) 6 

42. With z = x + iy, which of the following 
functions f(x, y) is NQI a (complex) 
analytic function of z ? 
(l) f(x,y) ~~ (x + iy- sr~ 

(4 + x 2 -· y 2 + 2ixy)1 

(2) f(x,y) = (x + iyf(1- x- iy) 3 

(3) f(x,y) = (x2 - y 2 + 2ixy- 3)5 

(4) f(x~y) ~;:: (1- X+ iy) 4 (2 +·X+ iy)6 

4 3. fiMir V ( 1') = --k I r, vfifl k f{(fl ~.rdill t, if 
rfCIP1l'f m rre:TT ~· W"~'f L 'lfiT fir;; "fm f[fP 

"1Jff1T'ilfl'{ CfflffT '1/ 'fftTtlf '1ff«Tf tJ I llftr \3\tf f!c;q;r 
ft;r-V'l/Tll m (cflrr iJ!Tffl' t ~ ~ ?frwr 
qft Ciffof/lr 811C[frtr t : 
(.i) mklj..fiL3 

(2) mlc2 fL3 

(3) ·..fimk2 I L 3 

(4) V'3mk 2 /L3 

43. A planet of mass m and an angular 
momentum L moves in a circular orbit in 
a potential, V(r) =· ..:..kfr, where k is a 
constant. If it- is slightly perturbed 
radially. the angular frequency of radial 
oscillations is 
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(1) mk2 /..f2L3 

(2) mk2 jL3 

(3) ..f2mk2 jL3 

(4) -f3mk2 jL3 

44. TTcfi fcl7r Tf ~ ffClf17/rf m ct f[Cl1 Cfi11T q;r 
f'f?iruft 

1 
L=-mx2 -bx 

2 
"# ,ff:zrr iJfTfTT "!, wf!i b f!7!ff ~ t 1 ( f.Fr Tf 
C1 ffPJTC2 ffeRtcfi Mf ff) Cfi11T ~ X(t) 
~· t W ~ fctzlT iJfTffT "!I 

(1) b 2 c1 t + c2 --· t 
2m 

(2) c1 t + c2 

(3) (bt) . (bt) c1 cos ;; + c2 sm ;; 

(4) (bt) . (bt) c1 cosh ;; + c2 s1nh ;; 

44. The Lagrangian of a particle of mass m 

moving in one dimension is given by 

1 
L = -mx2 - bx 

2 

where b is a positive constant. The 
coordinate of the particle x(t) at time t is 
given by: (in the following c1 and c2 are 
constants) 

(3) c1 cos (:) + c2sin (:) 

(b~\ (bt) (4) c1 cosh ...:.11 + c2sinh -m · m 

17 

(2) 4V $. 
(3) 

4V 

..Jf5 

(4) v (i4 
~ls 

45. A unifom1 cyljnder of radius r and length 
l, and a uniform sphere of radius R are 
released on an inclined plane when their 
centres of mass are at the same height. If 
they roll down without slipping, and if 
the sphere reaches the bottom of the plane 
with a speed V, then the speed of the 
cylinder when it reaches the bottom is: 

(1) 

(2) 4V $. 
(3) 

4V 

.ffS 

(4) v (i; 
"15 
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·:mar ·~ t? ART 'C' 
46. wfcnr ~Tcf 'iff ~ Af!. a (A0, A1, A2, A3),. All = k( -xyz, yzt, zxt, xyt ) w fll"ll urr& ~ wf# k Viii 

~if~~'$ ctPr 'E/CWI i: 

(1) k(yz,zx,xy) (2) k(x,y,z) 

(3) {0, 0, 0) (4) k(xt,yt,zt) 

46. The components of a vector potential All = (A0, A1, A2, A3 ) are given by 

All = k( -xyz, yzt, zxt, xyt) 
where k is a constant. The three components of the electric field are 

(1) k(yz,zx,xy) 
(3) (0., 0, 0) 

(2) k(x,y,z) 
(4) k(xt,yt,zt) 

· pe-P.'' 6 · 
47. il'M wAq;c;.., ~ -g-q;rqr fcmcrV(r) =--;:- c5 fNtr (fr/Tfr 'If b = 2ksin 2,E = ft2k2/2m) JlCif)vff 

817lfJ1f f ( 8) ~ ftqr iiTTfff t : 

· zmp 
(3) - ft2[ii2"+iji 

zmp 
(2) - ft2(1l2+b2) 

. zmp 
(4) - ft2(1l2+b2)3 

47 •. In the Born approxiination; the scattering amplitude f(8) for the Yukawa potential 
.... · pe-llr 

V(r) =,__­
r 

is given by: (in the following b = 2 k sin i, E = ft2k 2 /2m). 

(1) 39ft2/25 
(3) 2 ft2 

(2) 13#i.2 /25 
(4) 26ft2 /25 •. 

. ~ .; . ' 

. ·:., 

:· ~ . 
48. If 1/Jnlm denotes the eigenfunction of the Hamiltonian with a potential V = V(r) 

then the expectation value of the operator L~ + L~ in the state .. 
1 . -~ 

1/J = 5 [3l/J2u + l/Jz1o- ffll/Jzt-1] 
is 

S/46 BJ/13-SAH-38 
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(1) 39h2/25 
(3) 2 h2 

19 

(2) 13h2 /25 
(4) 26h2 /25 

49. xy-~ if mit mf't; LO "#.1fr.2 ~ cnFFT f[tff rmcft errwft ~ ct rn y-31e1 rtT ~ # c:}&JwtF1 
4W I (t) = 10 exp( "- iwt) ~ ~ "! 1 Wf1CfT ~ ct rrffflt # rmrfffl~F~irf Clfr Tfffr ~ ~ 
w 1 00 "11: !ift lR ~' 

(1) ~2. 
4 

(3) Vo [1 + ~] 
4 9n2 

(2) 10 2 w2 / (12rrc:0 c3) 

(4) l0 w2 /(247rc0 c 3) 

= IQ exp(-icdt) flows in the direction of they-axis through a 
.0 ern"' kept in the xy-plane. The rate of total energy radiated per 

the metal sheet at a distance of 100 m is 

(2) /0 2w2 /(12rrc0 c3) 

(4) 10 w2 /(24rrc:0c 3 ) 

0 < x < a, 0 < y < a 
~ 

(2)~ [ 1 + 9~2] 

(4) ~ [l + 9~~] 
50. Consider a two-dimensional infinite square well 

V( . ) _ { 0 0 < x < a, 0 < y < a 
x, y - oo otherwise 

Its normalized eigenfunctions are 

"lj;.,. (x, y) = ~ sin (nxrrx) sin ('l'l.yny) 
t•x,ny a a a 

where nx• ny = 1,2,3, ., . If a perturbation 
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Jf={ V0 0 < X < i , 0 < Y < ~ 
0 otherwise 

is applied, then the correction to the energy of the first excited state to order V0 is 

(1) Vo 
4 

(2)Vo [t +~] 
4 - 9n2 

(4) Vo [1 + E.] 
4 - 9nz 

51. crT ~ Jl'fTiliUT ff;r, S1 rrwr S2 \iff a~r:Qtr<liPPzn r:JiiJff s = - J 8182 "cff wrer lifiT fi7Tl T w ~ 

WfR/7f/?WI' it 'I, Of/ ±l'lfrrT VV!f& U, ~ i/1? 7f ·fitfn? I ~ T cff ~ ~ "lift 1fT&l r:JiiJff 

C/k8T "cff ~ ~ tf, iifi#C ~: 

(1) -21-
(3) jl 

(2) -i 
(4). 4J 

51. Consider a system of two Ising spins S1 and.S2 taking values ±1 with interaction energy 

given by s = - J 8182 , when it is in thermal equilibrium at temperature T. For large T, the 
average· energy of the system varies as Clk0 T, with C given by 

(1) -21-
(3) jl 

(2) -J­
_(4) 4J. 

52. 'fiFr 'f!ii1T A, B, C trffrrit ~ ~ W wf S ~ iiff crT 'lfrrT ± 1-& WilfflT ~ I 'l{(if FcP ~ MUT it SA =1 , 
So =1 om-Sc = -1 I I ~ IH"T 'if~ S, -8 'if liRcrfrfrt, J17/1J¢C11 1/3 cff wrer "iff WilfflT ~I SA +So+ 
Sc 814Rrlfdtt W, ~ mfflq;m t: 

(1) 2/3 
(3) 2/9 

(2) 1/3 
(4) 4/9 

' 52. Consider tqr~e particles A, B and C, each with an attribute S that can take two values ± 1. 

Let SA =1 , So =1 and Sc = -1 at a given instant. In the next instant, each S value can 
change to- S with probability 1/3. The probability that SA + SB + Sc remains unchanged is 

(1) 2/3 
(3) 2/9 

(2) 1/3 
(4) 4/9 

53. ~flvonflfq; ~ 'fliWf 1/J(x) =A exp(-bx2) "cff ~ W, ~ ~-lff&rf fcmq ~ 
liz dz .. 

tf/Wc;ft, 8/dq, H = - 2ni dxi- a6(x) ~ ~ WUTf w tdfflv t : 
[Wffcf. f0«~ e-tt4 dt = f(a + 1)] 

(1) -ma2/4nh2 

(3) -ma2 /nh 2 

(2) -ma2 /~nh2 

(4) -ma2 ;V5nli2 
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53. The bound on the ground state energy of the Hamiltonian with an attractive delta-function potential, namely 
fi2 d2 

H = ---- a8(x) 2m dx 2 
using the variational principle with the trial wavefunction 1/J(x) =A exp( -bx2 ) is 

[Note: f0
00 e-ttadt = f(a + l)] 

(1) -ma2 j4rch?· 

(3) -ma2 frcli 2 

(2) -ma 2/2rcli2 

(4) -ma2J.J5rrh2 

54. cff rp.rc1i rt:if q} ifR "# fit-qR, fWr -lf ~ lR" i{ifi "# fflrr Vfiiwr 3f;;Q};;qfib<JII!Jrt CfiT1T f I crFr'f q} ~ q;vr ~ \JiiJfflY Eo, 3to mw 5to {to > 0) ct mw f. iiftd f!Cli fi5l fFtlC/iTll-!. qr& flUTR4t t$fif41ofl. # 2 ~ 'b ff2lT ~ "ifTfff.it "# ~ t I lifN EF rmr Es 1ffT1W: t$fifliiP/¢ ff2lT 6/):.tlfPI¢ r&f qft am:r ~ iJiiff{ll ~ EF- Es Cfff 1J!R1 qlff t ? 
(1) 6to (2) 2to 
(3) 4to (4) Eo 

54. Consider two different systems each with three identical non-interacting particles. Both have single particle states with energies Eo, 3Eo and 5t0, (to> 0). One system is populated by 
spin- i fermions and the other by bosons. What is the value of EF- Es where Ep and Es 
are the ground state energies of the fermionic and bosonic systems respectively? 

(1) 6to 
(3) 4eo 

(2) 2eo 
(4) eo 

55. f!?ff ~ ~ CbT f.tffl Vt(t) = vi sin(wt + Ot) $ ~ t. iiftd vi, w, oi "ifflm: Friffl ~ q} aTflfT1f, 37fi[{trr ff2lT CfiC?T f I "$W Wffff CbT f!?IJ ~ #r5rr ~ JTTfjftff w qifT t. 3TflWf Vr rf11lf CfiC?T 
8r I. "# T'fT fciRir iifTffT 'b I ~ T'fT fiiRt 7fll "ffrto f[fff Frs:<f JTTfjftff Pl'fli~Cb, ~ 3fc:fq; aTfi[ftrr W 
'b, em- frr4T \if7lffT t. rff JffWr f.rtfrr y:fq}o t : 

1 
(1)2 VtVrcos(8i- 8r) 

(3) vi Vr sin(8t- 8r) 

(2) VtVr [cos(Oi- 8r)- cos (iwt + 8i + 8r )] 

(4) VtVr [cos(8i- 8r) +cos (iwt + 8i + 8r )] 

55. The input to a lock-in amplifier has the form Vi(t) =Vi sin{wt + 8i) where Vi, w, 8t are the amplitude, frequency and phase of the input signal respectively. This signal is multiplied by a reference signal of the same frequency w, amplitude Vr and phase 8r. If the multiplied signal is fed to a low pass filter of cut-off frequency w, then the final output signal is 
1 

(i) 2 ViVrcos(9i - 8r) 

(3) Vt Y;. sin(8i- Or) 

(2) ViVr [cos(8i- Br)- cos (iwt + 8i + 8r )] 

(4) Vil'r [cos(8i- Br) +cos (iwt + 8t + Br )] 
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56. W>11T ~ u(O, t) = 0 = u(L, t) ffP.IT ~ 'fffrr~ u(x, 0) ::-..:: stn(7tx/ L) ffP-IT 

:t U(X, t)lt=O = sin(27tX/L) "i/i)' fJTff "ififflT galT ad{Wqs· ·,~ VPfi'lfRVT 

(1) sin(7tx/L) cos(nt/L) + .!-..sin(Zxx/L) cos(2rctfl,) 
27r 

(2) 2sin(1tx/L) cos(nt/L)- sin{u/L) cos(2nt/L) 

(3) sin(nx/L) cos(2nt/L) + ~·stn(2roc/L) sin(1tt/L) 
1t 

(4) sin(nx/L) cos(1ctjL) + 1;sin(27tX/l.) sin(21tt/L) 

56. 'The solution of the partial differential equatiot~ 
' " az 82 . 

ai:2u(x, t) """axiu(x, t) = 0 

satisfying the boundary conditions u(O, t) = 0 = u(L, t) and initial conditions u(x, 9) ::::. · 
D . -

sin(1tX/L) and otu(x, t)lt=o = sin(27tX/L) is 

(1) siil('ltX/1 .. ) cos(7ttfL) + 2L sin(21tX/L) cos(21tt/L) 
. ' . . . ' . 7r . ' . 

(2) 2sin(u/L) c'os(1t~/L)- sin(icx/L) cos(2nt/L) 

(3) sin{rix/~) 'c9s(21tt/L) + !!sin(27tx/I.) sin(ntjL). . ; · .. ' .. · 
.. , .·, : . . Ln . . . .. . 

(4) sin(nxfL) cos(ntfL) + ;;sin(2n:x/L) sin(2ntfL) 

57. ~'Nfrr-~!Wq \f/T!l HD <If wr if fcr~ I lffrt err trrFfT?Joff <If rff'if ~ 'fJft 0.08 % 1flcv · ~ rMJ 

1Juk;)wr WrrfUJ ~ 938 MeV/c2~ ffl" cr)· ~.:rfflf- F{!'ff 8TCRP.Tf urwfJ'ff if affl~ M C'f7T'JPT d': .·. . ~ · 

(1) 10-~ev·· . 
(3) 2 x 1o~.2ev:. 

. • : 

'. ':; 

(2) 10- 2eV · ·. · ··· 
'.' .. ' . : ·.- .. ; ' .. 

· (4) 10~3eV , · 

~'"i '• ..... , .. : ·.'r .··;.~.·. ::· .. ;,'1--.~' ,_~;·T',._' '" ·. ':, " ...... ·.. .. ,.·· ·., ·. . ... ' .' ··, ';_·,, .. : •. -. 

57. Consider the· hydrogen-deuterium molecule HD. If the mean distance between the' two 

atoms is 0.08 nrn and the mass of the hydrogen atom is 938 MeVk·2, then: the energy 

differ~nce 4E between 'the. two la,west rotat~Qnalstates is approximately 
:. . . ... . . .•. . . . . .. ~ ~ 

( 0'-1 1) 1.. :ev ~, .. 
(3) 2'x io-2eV 

• •. j • . , ·. 
' ' 

.: . : . : ,. , (2) ,;~.o-2eV 
· (4) .to-3eV 

58. f[i/J ~ 7l#t·,¥ ·"IJ;trrv~· ~ criwp~ fff!"'l rkt ~ ~h rf;fn1~r,:. ~ ~ Mrr,V, P, ·r, ·· 
H ~ CfR# if. ·wf' ~ Yl#.W. ~ 85 .. fi:ff;.'7ft. 'yj& rkr,. 2. ;Jfrr, ,40°, ffP.ff50%. w rnw w _iiflCf .'8, .b 

w 1 Ti qRttfcfcr lfflt ~ '· f:trmJ?. w rmft,i/;):_ iJRffir'f: c!-.~ .Viff_WP' ~. fffTJrw/r.f?!rcn iifTCff t.1 . ·. ~ 
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FPr Tf q;;.yr ~ 

(l) v < 85 r;,;. mtr p <:: 2 
(2) v < 85 ~ :rrffr if."cr, p < 2 

(3) v > 85 fc/5: 

(4) v > 85 fcri. 

p<2 

gffnter, p < 2 

h<SO% 

<50 

t< h> 50 

58. Four digital outputs V, P, T and H monitor the speed v, tyre pressure p, temperature t and 
relative humidity h of a car. These outputs switch from 0 to 1 when the values of the 
parameters exceed 85 krn/hr, 2 bar, 40° C and 50%, respectively. A logic circuit that is used 
to switch ON a lamp at the output E is shown below. 

Which of the following conditions will switch the lamp ON ? 

(1) v < 85 krn/hr,p < 2 bar, t> 40° C, h >50% 

(2) v < 85 km!hr,p <2 bar, t> 40° C, h <50% 

(3) v > 85 krn/hr,p < 2 bar, t> 40° C, h <50% 

(4) v > 85 krn!hr,p < 2 bar, t < 40° C, h >50% 

59. rrr#ii:cff ~ X ( 0) = 1 cff "W'Jl, 3{Cf(li(? ~I[Uf ~; = x 2 CfiT ffl 'F ~ 'ff \Jf6! t ~ frrcr;c 3TmT 
t: 

(l) 1 
(3) 1/2 

59. The solution of the differential equation 

(2) 2 
(4) 00 

dx 
-=xz 
dt 

with the initial condition x(O) ~= 1 will blow up as t tends to 
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(1) 1 
(3) 112 
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(2) 2 
(4) 00 

60. 'IW')' tiff u a:ifrm;r [0, 1] 't¥ ~tiP~f'11"f ~ m~fiocp w it rreTT V = -c In u iJfffi c r.rq; CfffflffJlff ~ilff 

it I l!fct ~ [O,oo) "if 1W'flff ~i!Wf r.rq; cff Wl'l V q,t 'i/~t11HI'ill1'(ijlf "if ~ 6Frr ~ or c lfff TWT 6ffl 

~: 

(1) In 2 
(3) 1 

(l) 1/2 
(4) -1 

60. Let u be a random variable unifonnly distributed in the interval [0, 1] and V = -c ln u, 

where c is a real constant. If Vis to be exponentially distributed in the interval [O,oo) with 

unit standard deviation, then the value of c should be 

61. 

(1) In 2 
(J) 1 

(3) t -1 + e-t 

61. The inverse Laplace transform of 2( l. ) is 
s s+l 

(3) t -1 + e-t 

(1)2d 
(3) d(d + 1)/2 

(2) 6 
(4) dl 

62. The number of degrees of freedom of a rigid body in d space-dimensions is 

(1) 2d 
(3) d(d + 1)/2 

(2) 6 
(4) d! 

63. ~ m Cfff ~rq; q;ur JfCI'4T ~rcr mwf V (x) = ax - bx3 qfJ· ~If ~ ~ "if if. ~a, b 

f~fiifi fJ I \fflflfr 7ffrr -qff ~ 'lFfl<1 (/} ff:rl[ iii!rmt ~f'Jfflf ~ ~'"fr<ff cmr ~ : 
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(1) (64a3 f9m~b) 114 

(3) (16a3 f27m2b)114 

25 

(2) (64a3 f27m 2b)114 

(4) (3a3 /64m2 b)114 

63. A partiCle of mass m is at the stable equilibrium position of its potential energy 

V(x) = ax - bx3 

where a, b are positive constants. The minimum velocity that has to be imparted to the 
particle to render its motion unstable is 

(1) [eA, B] = eA 

(3) [eA, B] = [e- 8 ,A] 

(2) (64a3 /27m2 b) 114 

(4) (3a3 /64m2 b) 114 

(2) [eA,B]= [e 8 ,A] 

(4) [eA, B] = I 

64. If the operators A and B satisfy the commutation relation [A, B ] = I, where I is the identity 
operator, then 

(1) [e·\ B] = eA 

(3) [eA,B] = [e·-8 ,.4] 

(2) [eA,B] = [e 8,A] 

(4) [eA, B] = I 

1 1 2 
H = 2 (px - ay )2 + 2 (Py - bx) 

\lf ~r ~ \if~ a a11/T b f~~;, ~ 1[Ci Px• Py, x f1WT y $ ?Wr ~ ~ 1 a ff2lT b -$ flp.:r 1ffrit rr'{ 
wflr'llf (Px - 3y) v-4 (Py + 2x) #WKr "Mt ? 

(1) a = -·3, b = 2 
(3) a = 2, b = -3 

(2) a = 3, b = -2 
{4) a= --2, b = 3 

65. A system is governed by the Hamiltonian 

1 2 1 ( )2 H = 2 (Px - ay) + 2 Py - bx 
where a and bare constants and Px, Pv are momenta conjugate to x andy respectively. 

l;'or what values of a and b will th~ quantities (Px "'- 3y) and (Py + 2x) be conserved? 
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(1) a = -3, b = 2 
(3) a = 2, b = -3 
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(2) a = 3, b = -2 
( 4) a = ··~ 2, b = 3 

66. arJVtffr ~IV ~ "Cff!Tj& rff ~ W; ~-~ qfJ fiW ~- "# 3TT'f ~ mffqq; ffl? ClJT JPTTtft 

Wttw Y?C/ifif CfllT t ? [ frFr .q t;&tt~)rt f[OlJ1ffrf m, ~'Fr fFffCT n, fTR-Mm C, fr.!lT mv ~ CfilC 

nfflr~Rrr A if] 

(1) mA/(ne2 .f) 

(3) m.f /(ne 2 A) 

(2) zero 

(4) m.JA./(ne2! 2) 

66. Using the frequency-dependent Drude formula, what is the effective kinetic inductance of a 

metallic wire that is to be used as a transmission line? [In the following, the electron mass 

ism, density of electrons is n, and the length and cross-sectional area of the wire are C and A 

respectively.] 

(1) mA/(ne 2.f) 

(3) m.f /(ne 2 A) 

(l) K(M1+M2) a 
2M1M2 

(3) K(Ml +M2) a 
M1M2 

(2) zero 

(4) mVA/(ne 2.f2) 

K 

67. The phonon dispersion for the following one-dimensional diatomic lattice with masses M1 

and M2 (as shown in the figure) 
K 

is given by 

S/46 BJ/13-5AH-4B 
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2 _ ( 1 1 ) l 4M1Mz . 2 (qa)l cu (q) - K M1 + Mz 1 ± 1 - CM1 + M2) 2 sm Z 

where a is the lattice parameter and K is the spring constant. The velocity of sound is 

68. fTiff !5"Rtt rrrfirq; (Z,A) q1t "l(t!Ff-lFiffi MeV #, wf.Ttq;Rd ~ 
3 (N- Z) 2 

B(A Z) ~ 16A- 20A213 - -Z2A-113 + 30---, · 4 A 

·;fi" ;ft Vflifr ~ lil"Si N "'"" A -- Z; '¢'7 "fkwr ~I ffiRft A ct vtpr ~ ~ # Wffl fflTlft TR1fl1!J 
q;r z '11"7 ft : 

A ( A2/3)-1 (1)- 1--
2 160 

4 (. AZ/3)-1 (3) :~ 1--
2 120 

A 
(2) -

2 

A ( A4/3) (4)- 1 +-
2 64 

68. The binding energy of a l.ight nucleus (Z, A) in MeV is given by the approximate formula 
3 (N- Z) 2 

H(A,Z) ~ 16A- 20A213 - 4zzA- 113 + 30 · A 
where N =A - Z is the neutron number. The value of Z of the most stable isobar for a given 
A is 

A ( A2/3·)-1 
(1) ·- 1·--

2 160 .. 

1 ( A2/3)-1 (3):.. 1---
2 ' 120 

A 
(2)-

2 

A ( A4/3) (4)- 1 +-· 
2 ' 64' 

69. tfiTlT a cm1· ~Nfii; Wfriffur -¢ JW.iM-.:r, Jmff( mllr a + a -+ !i + + p,- ?i hrf.Jr'frr frrfifn iWJ· ~ I 

Rj.&<-r f!P7 fcr'ffl1 rt'ClP17<r 105 MeV /c2 ~ (f£{7 ~ vfiq CfilN 2 1fltrw7 ~ ~ 1 ~ ~ 'iJiiJf'f 
mtfr-R ¢'f ~' 2.1 GeV 't. ffl" 3Rlr~w ~ '# 6 ftff. 1ft. Wf w fV€/fT w'f[E!Cfi w ~it~ hrf.Jifrif q;r ~ firwr lfflf !5lTfT 1 

(1) e-1 

(3) 1 -~ e-2 
(2) 1-
(4) e-1o 
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69. Muons are produced through the annihilation of particle a and its antiparticle, namely the 

process 

a+ a ~ /l+ + /l-

A muon has· a rest mass of 105 MeV/c2 and its proper life time is 2 JlS. If the center of mass 

energy of the collision is 2.1 GeV in the laboratory frame that coincides with the center··of­

mass frame, then the fraction of muons that will decay before they reach a detector placed 6 

km away from the interaction point is 

(1) e-1 (2) 1- e-1 

(3) 1- e-2 (4) e-1o 

70. 0.75 fiP."Ift c{tFf IU-rm ~~"#en 'C{ffi(ff ~ # w.rr r;:.ff 0.2 1ft arc>PT ~I ~ iR 'e/TN(f) Cfff 

Qll/W 4 W:7/T. 'd'. or ~ CTft srrffflr "b · 

(1) 8.85 JlF 
(3) 8.85 pF 

(2) 88.5 nF 
(4) 8.85 nF 

70. The conductors in a 0.75 km long two*wire transmission line are separated by a centre-to­

centre distance of 0.2 m. If each conductor has a diameter of 4 em, then the capacitance of 

the' line is · 

(1) 8.85 ,aF 
(3) 8.85 pF 

(2) 88.5 nF 
(4) 8.85 nF 

[ ka 1 ] 
Ek = 2E0 sin2 2 - 6 sin2 ka 

W ~ iJilffT t urtd k v#/'Tf, a iifWfqi ~ Eo vrP ~frl; ~ 1iPfr i1W1f CfiT I. ueTT lkal ~ n- ~"/ 

~ 'flT'(ifi/f ~ . ., "BV fRIIT'!! "lff ,~flt;)ril' 'ilff 1fiU! mr 1/3 t rh f(fl1f \7iU1f t: 

(1) t 0/4 
(3) 2E0/3 

(2) Eo 
(4) 5t0/3 

71 •. The electron di~persion relation for a one-dimensional ~etal i.s givep. by 

where k is the momentum, a is the lattice constant, t 0 is a constant having dimensions of 

energy and lkal ::;; n. If the average number of electrons per atom in the conduction band is 

1/3; then the Fermi energy is 
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(1) e0/4 
(3) 2e0 /3 
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(2) Eo 

(4) Se0 /3 

72. tJ1UIIi1'1 WTflTI] rfft $ilqy;)fifqj iFiiif ~En = -13.6/n2eV # ~ ifflff It 'l/fG: Vf/i ffiw "¢ 
BVliTtr \It n = 1 00 ??IV ffCli q'(OJJflfq; iRffvrrr fliWifT t m C>kR ?fiT ~ ~ ~ Wir-fiffirff t: 

(1) 6.5 MHz 

(3) 6.5 Hz 

(2) 6.5 GHz 

(4) 6.5 kHz 

72. The electronic energy levels in a hydrogen atom are given by En = -13.6/n2 eV. If a 
selective excitation to then= 100 level is to be made using a laser, the maximum allowed 
frequency line-width of the laser is 

(1) 6.5 MHz 

(3) 6.5 Hz 

(2) 6.5 GHz 

(4) 6.5 kHz 

73. fCfl/1f $cifJQJ;)'1 ffl1 f!ft iFiilf ~ ~ E =ulik t, crmi u 7Jfct fff!lT k m f. ~ FRfTf D(E) 
iFiilf w f"ff IliliN f.!IW t : 
(1) 1/..fi (2) ..fE 
(3) E ( 4) constant 

73. If the energy dispersion of a two-dimensional electron system is E = uhk where u is the 
velocity and k is the momentum, then the density of states D(E) depends on the energy as 

(1) ll..fi 
(3) E 

(2) ..fE 
( 4) constant 

74. ffr-;r 7f ~ 7fli" ~ 3/j"'/C:Cfl ~ "¢ ifff 7f ~ : 
~ lf1fur Mt W ~ f!ft rfmfrr It t, rreTT a r;r/uff "¢ i/TEr "¢ 11fWif f!ft ~ T"fr5 t M, \It ift x W 
W1ffl>f p w ~ qft iFiilf 'fFifif t : 

R1= 1 

X 

M1 

(1) (Idc)e-ax 

(3) (hfc)(eax + e-ax) 

I 

~ 
I 

.-:----
I 
I 

I 
i 
I 

p 

l 

M2 

{2) (hfc)eax 

(4) (ft/c)e2ax 
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74. Consider the laser resonator cavity shown in the figure. 

If /1 is the intensity of the radiation at mirror Mt and <:t is the gain coefficient of the medium 

between the mirrors, then the energy density of photons in the plane P at a distance x from 

Mt is 

(1) (Jlfc)e-·«x 

(3) (ftfc)(e«x + e·-ax) 

(2) (11/c)e«x 

(4) (ltfc)e2ax 

75. rfi/l/J'11f Y2 Cff<'ff f!'i/J CffiYT A "ifiT lifll A~ B + C + D <-ff ar..1?1N mr "!. lifoi ~ff IJ fitr B rrwrC ~tr 

JT'f/mVf Y2 c/T(ff q,-ur tfl q)Uf D cff ~ 8Tjlffl JTifjfiO{ ~~:c~Tr ({if wl[!'f 'fT~jf£fllT ~ : 

1. 3 5 
(1) - 1 - 2 .... 3 ... 

2 11 2 11 2 1 '· 

(3)t~·! 
2 

(2) 0, 1 

75. A spin~Y2 particle A undergoes the decay 
A-),B+C+D 

where it is known that B and C are also sp:in·Y2 particles. The complete set of allowed 

values of the spin of the particle D is 

1 3 5 
(1)- 1-· 2-3 ... z' 'zD oz' ' 

(2) 0, 1 

1 
(3) 2 only 
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