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J.6 X IQ-I'> J 

1.67 X I 0 27 kg 

8.854 x t0- 12 Fm-1 

4n x to-7 Hm- 1 

Mass of electron 

Planck's constant 

Charge of electron 

2 

USEFUL FUNDAMENTAL 
CONSTANTS 

Boltzmann constant 

Velocity of Light 

l.(ix]O·I9J 

1.67xl0 27 kg 

6.67 x J0- 11 Nm2kg 2 

Rydberg constant 

Avogadro number 

8.854 x J0- 12 Fm- 1 

Molar Gas constants 

9.11 x 10 31 Kg 

6.63"' IO''Jsec 

1.6 X IQ-19C 

1.38 X 10'21 J/K 

3.0 x 108 m/Sec 

6.023 x 1021 mote- 1 

8.314JK-1 mole 1 

9.11 X 10 31 Kg 

6.63 x 10 ·14 J sec 

1.6 X 10 1"C 

1.38" 10 21 J/K 

3.0" 10~ m/Scc 

1.097 x I 07 m 1 

6.023 x I 021 mote· 1 

8.314 J K 1 mo1c·1 
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1. ~ f8"'4T rFt lfTE~ 'g:rrT fr 1 $fT rrfterr ~ if ~ (20 'lf77T 'A' if+ 25 'JfT1T 'B' 
+ 3 0 'JfFT 'C 1 

) cT!fc;T R 0 .--;'-7 Jl~ct ( M CQ) ~ 7JT[ ~ I 3fJflCii! 'lf77T 'A' if ?1 ~ 
15 .JiT? 'llil. 1B1 if 20 fi2H •wr 'C' 4 ir 20 rrFit ciJ ITrfR' ~ ~ 1 ~ frmtfffl ir 3lfE/cp 
!liT-if ciJ \:TrrR (?;r:; lfl[ tTo~ C.'J,~ic1 tft:c>f 'JfFT 'A' fr 15, 'JfT1T 'B' if 20 'fi'!H 'lf77T 'C' # 
2 o o:mm -crfr VitCT <rr 

2. i.JITf'( rr1 3TcPT ir RZfT TfZ!T 5' I .JTrpJJ ?B ~- 3/R R C/iT ~ ~ ir ~ l[f:' \il'tir 
rf/fCJrr[ fcri rffRrcPr if f[153 rp 3/R 'fit! ~ 'fi'!H Cf>tfi ir Cli?- f!J't ryfJ ff I ~ l{m t rrT 3TJlf 

~P:tvf!<>ic: ~ ir ~ ~ CfiT f.1ig~ Cfi?' ~ ~ 1 ~ f1'{g ir i.JITf'( TR q;)- '47 \il'tir 
cf I $fT ~ if ?Tfi CfiTl'f ~ cj;_ ~ .JTfrrftcm fFf ~ ff I 

3 . i.JITf'( rr;:r zi> 1f153 1 it f&t; 7JT[ ?'I2!Pf fR .JFFfT irfr ;pw_ ~ .JTfFfT r:rffT 'fi'!H ~ WerT 
~ CfiT ~ ~ I Jrrr:rciJ ~R 'Jfr ~ ff I 

4. 3TJl{ 3NrfT .JTT. r;rr..JTW. \TrfR' ~ if ?B ;:t-R, FcWJ cMs: ~ CfiT\5 .:HR R m * 
~ ~ crm'f rFt .JT?ffll- CfiR?T <R C:' 1 w l[iJi 1fT?{ ~ <tfT MH'ictiif1 t ~ w 
i.JITf'( ~ if ~ Tf<! f.1cfWt <tiT rpr ~ ?1 rrtcR cR, 1[m ~ ffl w ~ 
filcRurT eM mft rr#ct ir ~ rrEff <R rw'TT, m# 3imr: 3fJflCii! ~ fGrmf .JTTflCifr 

5. 

6. 

7. 

8. 
9. 

i.JITf'( ~ <tfT ~ 'JfT wrfifc;r, lff 'frifiCft # I 
'lf77T I A I if r;:rr=it-cp ~ ciJ 2 .JiCfi ' 'JfTTf I B I it ~ ~ ciJ 3 . 5 .JiCfi fff!JT I c I if ~ ~ 5 
.JiCfi CfiT tf I r;:rr=it-cp 'l'J(7fT \TrfR' CfiT =::ti on fi'/ CJ> ~ 2 5 % ctft <:? # fcrilJT \JTT\[7TT I 
grircp ~ ciJ ;fTir 'ilR ~ fc:t; 7JT[ ~ I ~ ?1 ¢crc;r f[Cfi fcictJc;q tf "'fit!" .JT'2FfT 
"wifrrrq '&!" t I .JT/TJCii"r r;:rr=it-cp ~ CfiT mft .JT2TEIT ~ '&! rfpfrt I 
~_0_flJ_§f[3J..Jf@JLryJi_cp_LCfiT !llWr C!mf Sf TJK lifT{ ~~-!!'1 m_Jfr? ;JEg 
'JfF[r__T!flerr_JJj__q} ~ @'{ !f'A'l}! _d i'N] 41 _Vf[~_'ffC/i0l_~_j 
JTR:rm w \TrfR' 4T ?Tfi rp;ff ci> ~ Cf>tft 3/R ?§tP '47 ~ ff;mnr ~ 1 
rrft& m lJ! 'iJf'Pr w rrfterr ~ 3/R ITrfR' rr;:r cit $P:t vfJ<>ic: ~ cit ~ mrr ~ 1 
ci>0i~j_<>!n w ~ ~ ctr 3-ITfFrr m t 1 
fct;-#t ~ if FcffiTffr7 ciJ ~ it 3#vft 'f!N>{DT J;['qff ~ I 

irfr ~ ....................... . 
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111 ~Cfil~ 9.11 X 10 ll Kg 

h ~~ 6.63 x 10 '" J sec 

e ~Cfil~ 1.6 X 10 l'l C 

k <ifiR~~1~ 1.38 X IQ-23 J/K 

c ~Cfilifrl 3.0 x IOKm/Sec 

ty ).6 X IQ-IO J 

amu 1.67 x 1 o-27 kg 

G 6.67 X I o-Il Nm2kg-2 

R ~~ 1.097 x I 07 nr1 
y 

NA 311CIT~~ 6.023 x I 021 moie-1 

E 8.854 x I0- 12 Fm-1 
0 

flo 
4n: X I0-7 Hm-l 

R ~~w.rocn 8.314 J K- 1 mole 1 

USEFUL FUNDAMENTAL 
CONSTANTS 

m Mass of electron 9.11 X 10;31 Kg 

h Planck's constant 6.63 x 10 ·14 J sec 

e Charge of electron J.6 X IQ-19 c 

k Boltzmann constant 1.38 X I0-23 J/K 

c Velocity of Light 3.0 x 108 m/Sec ,. 

ty J.6 X J0-19 j 

amu \.67 X J0-27 kg 

G 6.67 X I o-Il Nm2kg-2 

R Rydberg conslant 1.097x 10.1 m 1 

y 

N Avogadro number 6.023 x 1021 moie· 1 
A 

E 8.854 x I0-12 Fm-1 

0 

flo 
4n: X I o-7 Hm-l 

R Molar Gas constants 8.314 .I K 1 molc 1 

S/75 POK/12-SA H-1 B 
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LIST OF THE ATOMIC WEIGHTS OF THE ELEMENTS 

Element Symbol Atomic 
Number 

Actinium Ac 89 
Aluminium AI 13 
Americium Am 95 
Antimony Sb 51 
Argon Ar 18 
Arsenic As 33 
Astatine At 85 
Barium Ba 56 
Berkelium Bk 97 
Beryllium Be 4 
Bismuth Bi 83 
Boron 8 5 
Bromine Br 35 
Cadmium Cd 48 
Calcium Ca 20 
Californium Cf 98 
Carbon C 6 
Cerium Ce 58 
Cesium Cs 55 
Chlorine Cl 17 
Chromium Cr 24 
Cobalt Co 27 
Copper Cu 29 
Curium Cm 96 
Oysprosiull) Dy 66 
Einsteinium Es 99 
Erbium Er 68 
Europium Eu 63 
Fermium Fm 100 
Fluorine F 9 
Franci urn Fr 87 
Gadolinium Gd 64 
Gallium Ga 31 
Germanium Ge 32 
Gold Au 79 
Hafnium Hf 72 
Helium He 2 
Holmium Ho 67 
Hydrogen H 1 
Indium In 49 
Iodine I 53 
Iridium lr 77 · 
Iron Fe 26 
Krypton Kr 36 
Lanthanum La 57 
Lawrencium Lr 103 
Lead Pb 82 
Lithium Li 3 
Lutetium Lu 71 
Magnesium Mg 12 
Manganese M n 25 
M c n de l._e_v_i u_m ___ ;...M;...d'---- 1 01 

Atomic 
Weight 

(227) 
26.98 
(243) 

121.75 
39.948 
74.92 
(210) 

137.34 
(249) 
9.012 

208.98 
10.81 

79.909 
112.40 
40.08 
(251) 

12.011 
140.12 
132.91 
35.453 

52.00 
58.93 
63.54 
(2471 

162.50 
(254) 

167.26 
151.96 

(253) 

19.00 
(223) 

157.25 
69.72 
72.59 

196.97 
178.49 
4.003 

164.93 
1.0080 

114.82 
126.90 
192.2 
55.85 
83.80 

138.91 
(257) 

207.19 
6.939 

174.97 
24.312 

54.94 
(256) 

Element Symbol Atomic Atomic 
Number Weight 

Mercury Hg 80 200.59 
Molybdenum Mo 42 95.94 
Neodymium Nd 60 144.24 
Neon Ne 10 20.183 
Neptunium Np 93 (237) 
Nickel Ni 28 58.71 
Niobium Nb 41 92.91 
Nitrogen N 7 14.007 
Nobelium No 102 (253) 
Osmium Os 76 190.2 
Oxygen 0 8 15.9994 
Palladium Pd 46 106.4 
Phosphorus P 15 30.974 
Platinum Pt 78 195.09 
Plutonium Pu 94 (242) 
Polonium Po 84 (210) 
Potassium K 19 39.102 
Praseodymium Pr 59 140.91 
Promethium Pm 61 (147) 
Protactinium Pa 91 (231) 
Radium Ra 88 (226) 
Radon Rn 86 (222) 
Rhenium Re 75 186.23 
Rhodium Rh 45 ·102.91 
Rubidium Rb 37 85.47 
Ruthenium Ru 44 101.1 
Samarium S m ()2 150.35 
Scandium Sc 21 44.96 
Selenium Se 34 78.96 
Silicon Si 14 28.09 
Silver Ag 47 107.870 
Sodium Na 11 22.9898 
Strontium Sr 38 87.62 
Sulfur S 16 32.064 
Tantalum Ta 73 180.95 
Technetium Tc 43 (99) 
Tellurium Te 52 127.60 
Terbium Tb 65 158.92 
Thallium Tl 81 204.37 
Thorium Th 90 232.04 
Thulium Tm 59 168.93 
Tin Sn 50 118.69 
Titanium Ti 22 47.90 
Tungsten W 74 183.85 
Uranium U 92 238.03 
Vanadium V 23 50,94 
Xenon Xe 54 131.30 
Ytterbium Yb 70 173.04 
Yttrium Y 39 88.91 
Zinc Zn 30 65.37 
=Z:..:.i r..:c..:o:..:.n.:..:i u:.:.m:..:_. ____ Z:..:_r ______ 4_0 ______ 91.22 

Based on mass of C12 at 12.000 .... The ratio of these weights of those on ~he order chemical scale (in which oxygen of 
natural isotopic composition was assigned a mass of 16.0000 ... ) is 1.000050. (Values in parentheses represent the most 
stable known isotopes.) 
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( ~/PART A ) 

J. 2 -f/. X 5 -f/. X 3 -f/. 3WJTCT c/J \[Cfi ~ ifWr(€:{ Z/7t 2 -f/. X 5 -f/. 3!JiflTT cj} 5 ~ -f/. 1'fTt rrc;c'f if 

wcr WffT fr I lPf if\cT CfiT 2 rf7. ~ rrctT w mr \ifTffT fr I lPf rrc:cT ?1 fJCft c!fr fqm;ft ~ 

Z/7t CTcfiT vrr ?fCPffT fr? 

') 

A granite block of 2 m x 5 m x 3 m size is cut into 5 em thick slabs of 2 m x 5 m size. 

These slabs are laid over a 2 m wide pavement. What is the length of the pavement 

that c'an be covered with these slabs? 

(1) 100 iftlm (2) 200 *.lm (3) 300 iftlm (4) 500 *./m 

FIB if ?1 CJ?R-w ~ fr? 

Which is the least among the following? 

0.33033, 0.44044, -lin 
1t 

e-1/e 

(1) 0.33033 (2) 0.44044 (3) 1t-iln (4) e-1/e 

What is the next number in this "see and tell" sequence? 

11 21 1211 111221 

(1)312211 (2) 1112221 (3) 1112222 (4) 1112131 

4 ?JVfT a VC/5 iiffrur ~711fi7fr ~ \iflf!;f ct ciJrr;: if a 'f'fRfTI CFT f{11 ~ ~ ~ ~ 1 lif1ft;r w ~ 

f[C{I- -w1 rrm ~ ctT '77rli ciJ -;ft-i;r ~ fi&! §<I N?t efT 'f'fRffl -&ft : 

A vertical pole of kngth a stands at the centre of a horizontal regular hexagonal 

ground of side a. A rope that is fixed taut in between a vertex on the ground and the 

tip of the pole has a length 

(1) a f'J) r:;--2 
~- '\)La (3) Fa (4) /(;; 
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12 1ft 13M Cjef lR ~ T[Cfi 11H Cjef qft IJfrrrt ct ff7Tft cr!t -# \fflT Cjef ct ;ftit ~ ;wA fitc;r qft 

3/R \JITff: s& T[Cfi wt CfiT ~ t 1 -.TR I3W m w "f'RTfi r:;cfi WrJr ?w if ~ t ff2J 11H cr wt 
cfAT W Tffrmi ~ -g I Cjef cfi 1J!? -# fcJRf crft lR 11H wf CfiT ~? 

A peacock perched on the top of a 12 m high tree spots a snake moving towards its 

hole at the base of the tree from a distance equal to thrice the height of the tree. The 

peacock flies towards the snake in a straight line and they both move at the same 

speed. At what distance from the base of the tree will the peacock catch the snake? 

(1) 16 ~lm (2) 18 ~lm (3) 14 ~lm (4) 12 ~lm 

6. T[CI? W? cfi ;:m 3irRfvfm ~ H ¥. -g I ~ Cf5tt "iflT? fcW:r &-&lr cfi 3Rl "flTif H ?fhl 1!Wf "t 
t fir i3W fcW:r "iflT? ~ vrrrrr t 1 ~ ctiJi 'flT? ?PI ?t&lr cfi 3RT ;:pffl -# "fftEl ~ t, fir I3W 
?PT "iflT? "l"fBT vrrrrr t 1 fir ~ if -# Cf5't-;:r-m 3Rfi:rcr t? 

The cities of a country are connected by intercity roads. If a city is directly connected 

to an odd number of other cities, it is called an odd city. If a city is directly connected 

to an even number of other cities, it is called an even city. Then which of the 

following isimpossible? 

1. fctr'rq ;pr/f ctff ~ ?PI "t 1 I There are an even number of odd cities 

2. fctr'rq ;pr/f $T ~ fctr'rq "t 1 I There are an odd number of odd cities 

3. ?PI ;pr{f W ~ ?PI "t I 
4. ?PI ;pr/f W ~ fctr'rq 6 I 

I There are an even number of even cities 

I There are an odd number of even cities 

7. fEr! if L_ABC = 1r I 2 am 

AD =DE =EB 

~ ADC am ~ CDB ct ~;ff ctft JTT1Tff CfllT 6? 

In the figure LABC=Jr /2 

AD =DE =EB 
What is the ratio of the area of triangle ADC to that oftriangle CDB? 

c 
.---------------~ 

A D 

(1) 1:1 (2) 1:2 (3) 1 :3 (4) 1:4 

www.examrace.com
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8. f[CfJ 3172/m(/]N m ABCD ~ f'R"ff m VfTffT # FcP Wtrf A met C ir ~ rrctm fi'tc>rftT $ FcP 

f[CfJ ?w- PQ 6M ~ & 1 <rt! "I1Pirt grr FcP AB=3 rrm BC=4, PQ C!?T ~ 1 f:Zlfrf ~ FcP AP=PC 

rrm AQ=QC 

A rectangular sheet ABCD is folded in such a way that vertex A meets vertex C, 

thereby forming a line PQ. Assuming AB= 3 and BC=4, find PQ. Note that AP = PC 

andAQ=QC. 
or------.c 

p 

Q 

A ...._ ____ _. B 

(1) 13/4 (2) 15/4 (3) 17/4 (4) 19/4 

9. 1 fi'r.1ff: czm:r CffT f[Cfi ffR; lit f[Cfi w "frfnti ~ ~ riR'f ct iftrr CJJtt ~ rrtf &, ct ~ 
-if f[CfJ *n fR ?"W" 1fllT & I ~ ir ~ *n CffT ~ 1 CJ7f1ff: & I aT C'IR ?ffr ~ & : 

A string of diameter 1mm is kept on a table in the shape of a close flat spiral i.e. a 

spiral with no gap between the turns. The area of the table occupied by the spiral is 1 

m2
• Then the length of the string is 

(1) 10 1ff:/m (2) 102 "ift/m (3) 103 -47:/m (4) 106 -47:/m 

1 0. f[CfJ ?Tfir ct 2 5% CFJT 2 5% I:R:fT ?Tfir CFJT x% &, VIFf x & 

25% of 25% of a quantity is x% of the quantity where x is 

(1) 6.25% (2) 12.5% (3) 25% (4) 50% 

11. ~ {an} -if 6? qc; ~ ?747 ~ m "$ ~ cff ?f1Tfrf & I ~ ao=l aT ?ft7:rrrn 

l . an+i ~ 
zmn~oo- (i 

an 

In sequence {an} every term is equal to the sum of all its previous terms. 

If - 3 h z· an+! . a0 - , t en zmn~oo- IS 

an 

(1) 3 (2) 2 (3) 1 (4) e 

www.examrace.com
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12. f.rq m if CfiTur ABC= n/ 2 I I, II,III JPlfW: Cf5Tur B I A rrm c cff ~ 'ijUfTJii w ~ 
31WjmT "¢ ~ & I 

In the figure below, angle ABC = n/2. I, II, III are the areas of semicircles on the 
sides opposite angles B, A, and C, respectively. Which of the following is always 
true? 

(1) 112 + nf = e (2) II + III = I (4) II+III<I 

13. lfCP 13 ff'lfo:r ~ rrm ~ ~ 6{Jq ct ¢ 13 ff'lfo:r ~ ct ifm ct ~ r#t #?Jm Cfl[{ 6? 
( "lff'f FcP qrf r:[ili 3lfE/crrf 6) 

What is the minimum number of days between one Friday the 13th and the next 
Friday the 131h? (Assume that the year is a leap year). 

(1) 28 (2) 56 (3) 91 (4) 84 

14. 1fT't FcP CZJFcirr A \fCP Cf7f ( f.'r1ry m "iPT ~ "¢ ~-IJ:Cf ~ if fferrr 61 ~ ~ # W fc/cpuf 

cff ?'TM-"f~Tf2l ~ 6 I fc/cpuf -$ \fCP fr®t 'JfT7T ffCP ~ "¢ 6[Jq JlTFft w! 3ft? ~ 61 CfJf9 ~ 

6{Jq w ~ 6, 90° ~ ~ ct 6{Jq #hl F[(?ffT 61 CfJf9 fiRe 6{Jq w ?iiCllffT 6, 180° 

CfT1ffCfff FJ!1rfT 6 I 3Fl INf7fiT ~ fiRr ffflr r#t fRTl} 6? 

Suppose a person A is at the North-East comer of a square (see the figure below). 
From that point he moves along the diagonal and after covering 1/3rd portion of the 

diagonal, he goes to his left and after sometime he stops, rotates 90° clockwise and 
moves straight. After a few minutes he stops, rotates 180° anticlockwise. Towards 
which direction he is facing now? 

www.examrace.com
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( 1 ) u ,Tfll--l[cf 

(I) North-East 

l:~·r 
\ w ,~--r----< 

( 2) ITrfF!- rr~rJ1J 

(2) North-West 

t!Jft? if 99% \Jf0 8tfrr 6 I ~ 1 00 fcp~ m ~ tr.<R/c:f!T 

mer 6 I 3[6{ IFf7'i 9 8% \J/(7 6 I &if CfiT C[fC7 <TT? 31'1 crm 

[rrffTlT 

South- Wesl 

Cucumber contains 99% water. Ramesh buys l 00 kg of cucumbers. After 30 days 

of storing, the cucumbers lose some water. They now contain 98% water. What is 

the total weight of cucumbers now? 

(1) 99 M m/kg (2) 50 fitJ. m/kg (3) 75 f0. m/kg (4) 2 fitJ. m/kg 

(A) 1837 tfcfr ~ (B) 1907 ~ ~ (C) 1947 ~ ~ (D) 200 #w i[cf 

~~/~eM~ 

In a museum there were old coins with their respective years engraved on them, as 

follows. 

(A) 1837 AD (B) 1907 AD 

Identify the fake coin(s) 

(1) tmrPr /coin A (2) ffiWiT /coin D 

(C) 1947 AD 

(3) HCFCt A cr B 

/coins A and B 

(D) 200 BC 

(4) ~/coin C 

www.examrace.com
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17. VCP ~ 'fiR Fifdf cfi" ~ CfJT Jte:rur qmrr. ~ rrm ffa (A), (B), (C) rrm (D) it ct~lfiljfiN 

1FT# rJTf?rr crfrllT cfi" 31Tcffl ~ ~I 

A student observes the movement of four snails and plots the graphs of distance 

moved as a function of time as given in figures (A), (B) (C) and (D). 

lime Time 

Which of the following is not correct? 

(1) 31Rffl(A) 

(1) Graph (A) 

18. (?TrrrrJ 3Teff cp]- ~ : 

(2) ~(B) 

(2) Graph (B) 

Find the missing letter : 

A EGK 

? 
u 
Q 

8 OJF 

(1) H (2) L 

1 9 . f.p::ry fflfl CJj ~ 0/ w fit=clR : 
x2 + 4/ + 9i = 14x + 28y+42z + 147 

Time 

(3) ~(C) 

(3) Graph (C) 

c 
p 

R 
v 
D 

(3) z 

urgt x, y rrm z C/Nftfcl Cj} #&!r t 1 n7 x+ 2 y+ 3 z CfJT lfR ~ 

Consider the following equation 
x2 + 4/ + 9z2 

= 14x + 28y+42z + 147 
where x, y and z are real numbers. Then the value of x+ 2y+ 3z is 

(1) 7 (2) 14 (3) 21 

lime 

(4) ~(D) 

(4) Graph (D) 

(4) y 

(4) m~ 

/not unique 

www.examrace.com
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2(). Rk7 qPrfta \TCfi 3l'dcjm qw w 4e;-& r:,rcp fcR:rrff rycft C!?'r cmfrrr t I rr21 if ~ ciT Tficii; A rrm B 
ciJ ofTq ctT c;fl rxcf-~ fimr rJ? ~ if 7 >R. Tft: t 1 A rrm B ciJ ofTq rycft ctT ~ IJf1'f'B 
qfj fimr4t t? 

The map given below shows a meandering river following a semi-circular path, along 
\vhich two villages arc located at A and B. The distance between A and B along the 
cast-west direction in the map IS 7 em. What is the length ofthe river between A and 
B in the ground'! 

SCALE= 1:50000 

(I l I. I 1$ 1'/Ukm (2) 3.5 f~!' •fl:/km (3) 5.5 fcri ift/km (4) 11.0 Fcr>: ift/km 
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( 'JfTTT I PART B I 

1. 20 2. 30 3. 60 4. 120 

21. A 2 X 2 matrix A has eigenvalues ein 
15 

and ein 
16

. The smallest value of n such that A" = I 

is 

1. 20 2. 30 3. 60 

1.00 

0.75 

0.50 

0.25 

g 0.00 

·0.25 

·0.75 

-1.00 
0 2 3 4 5 6 7 8 9 10 

X 

2. COS X 

1 
4. --cos x 

X 

22. The graph of the function f( X) shown below is best described by 

1. The Bessel 

--x 
3. e COS X 

1.00 

0.75 

0.50 

0.25 

~ 0.00 

·0.25 

-o ·o 

-0.75 

-1.00 

\-v·-.--._·_----_--·. \ ..... 
. . . --· 

0 1 2 3 4 5 6 7 B 9 10 

function 1
0 
(X) 2. cosx 

1 
4. -cosx 

X 

4. 120 
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2 3 . qtq fi/5ck iTrif ctT ~ k \if(! cm FcP<rr \iiTffT t. 105 ~ "Pmr , k' Wa-m t 1 ~ em 3 "ffT? 

vftrr;f q 2 "ffT? fJR't qft ~ m-17 : 

1. 1/8 2. 'S/8 3. 3/16 4. 5/16 

23. In a senes of five Cricket matches, one ')fthe captains calls ''Heads" every time when the toss 
is taken. The probability that he will win 3 times and lose 2 times is 

l. 1/8 2. 5/8 3. 3/16 4. 5116 

24. 

1. 
bci +ca} +abk 

2. 
ai +b}+ck 

~a2 +bz +c2 ~a2 +b2 +c2 

3. 
hi +c}+ak 

4. 
i+}+k 

~a2 +b2 +c2 J3 

24. ( 
a b c J The unit nonnal vector at the point -J3 , J3 , -J3 on the surface of the ellipsoid 

2. 
ai +b}+ck 

~a2 +b2 +c2 

2 5. &err-~ H, ttvm R cr FF/(q p , Cf>T r::i om itfr;r T[Cfi 0r, ctT -m'/8 w -rmrr ~ fPffq p o t 1 

\if7! f[CfJ 3Tf<J J!Fir:Fit 610 ~ \ifTffT fr, i«f;:r c;) f/7 <PII'""I lfr \iiTffT t I cf'rwr qft 3!TCf{fn m7ft : 

1. 2. 4. ~p"g 
pH 

25. A solid cylinder of height H, radius R and density p, floats vertically on the surface of a 

liquid . of density Po . The cylinder will be set into oscillatory motion when a small 

instantaneous downward force is applied. The frequency of oscillation is 

www.examrace.com
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1. 2. 3 ~ pg 
. PoH 

26. v'M ffn if ~Tfm TRITt:: "fTlffrT ~ m cii ?fr.J· zrur, cir ~ C:C471J'1Efi·1 CFJTf.'tdt &m ¥ 

g I Cf5TfTf.1df CfiT ~ ~ k if I 

k k 

m m 171 

<1ft X
1 

, X 
1 

Cf X
3 

<P'm.' ~ c/) 3TfFit fflRTTCR'2lT.:if if itfrr<Jr ~-fTTF{ t_ r;rurrc;ft ctfr ~ \3\Jff 

-g 

1. -~k[x,'+x,'+x,'] 
2 - . 

2. 

3. ~k[x,' + 2x,' + x,' + 2x, (x, + x, )] 4. 
1 

k[ ' 2 2 
' 2 ( )] 2 x, + x, + x, - x, x, + x, 

26. Three particles of equal mass tn are connected by two identical massless springs of stiffness 

constant k as shown in the figure: 

k k 

m m rn 

If X 1 
,X2 

and X
3 

denote the horizontal displacements of the masses from their respective 

equilibrium positions, the potential energy ofthe system is 

1. 
1 k[ ' ' ' l -- x,· +x,· +x,· 
2 . -

2. 

3. I k[x,' +2x,' +x,' + 2x, (x, +x, )] 
2 - . . 

4. 1 k[ 2 2 ' ., 2 ( )] '2. x, + x,· +x,·- x, x, +x, 

I. dE~-/ dp- JTfH 2. p=mv 

3. v = cy ~--:,---;- 4. E=mc 2 

I p+nz·c-
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2 7. Let V, p and E denote the speed, the magnitude of the momentum, and the energy of a free 
particle of rest mass m . Then 

1 . d%p = constant 2. p=mv 

3 v~1Jp'+m'c' 

28. f[Cii -gnmm ~ it ~ m cr 2m cff ~ nR S
1 

Cf S
2 

3/TWf ?JiT CfJT r if tmrr "t I ~ 
?i}f{ it sl q s2 <fr;=if ~ ~-R qff "'CfT?'i 3/R Cf)1ffl: VI q v2 "llffr<lj ct "ffl2T ~ q;eml/ it 
~ &, fir TTffrzit qff 3fTJTff vI I v 2 t- : 

I.J2 2. 1 3. 1/2 4. 2 

28. A binary star system consists of two stars S
1 
and S

2
, with masses m and 2m respectively separated 

by a distance r. If both S
1 
and S

2 
individually follow circular orbits around the centre of mass 

with instantaneous speeds V
1 
and V 

2 
respectively, the speeds ratio V

1 
IV 

2 
1r 

r.J2 2. 1 3. 1/2 4. 2 

2 9. m f?r3r it 'N'; 4l:J wN f?rvzrr R ct f[Cii rm ?ffT qfiffj if rfB awm m.m t 1 ~ 3Wffl Q R it 
Cf>Tur 90° cit JJ(ffirr CFdt t 1 3Wffl q c:'Rr 3Wffl Q -& ~: Wrrr t' I ~ R it fcJwr eh 
~ t, fir Q qff f{f;H Cf4! t'? 

Q Q 

q 

3. 2q 4. 4q 
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29. Three charges are located on the circumference of a circle of radius R as shown in the figure 

below. The two charges Q subtend an angle 90° at the centre of the circle. The charge q is 

symmetrically placed with respect to the charges Q . If the electric field at the centre of the 

circle is zero, what is the magnitude of Q ? 

~------

Q 

q 

2 . .fiq 3. 2q 4. 4q 

3 0. ~ f5rwrr a cr ~ f!!rv'llT b ct r:;cP ~ -ifrc;fTll C!i'tw ct "fiR it fcrirr? 1 et:r a < r < b it 

k 
3Tfcm CfiT 3fTllfPf- F;frffC{ -g p( r) = 2 ( k 3TfR ~ 1 c;j7 r > a w ~ FcJwr et:r ctt '7T?TT -g : 

r 

1. 
k(b- a) 

? 
wiftr>a $FAil 

&or-

k(b- a) 
a<r<b $FAil 

kb 
r>b $FAil 2. ff21T 

? , 

&or 
2 &or-

3. 
k(r- a) 

a<r<b ct FAil ff21T k( b- a), r>bctfAiJ 
&or 2 &o rz 

4. 
k(r- a) 

a< r <b ct FAil ff2!T 
k(b-a) 

,r>bctfAiJ 
? 

&o a- &o a 2 

30. Consider a hollow charged shell of inner radius a and outer radius b. The volume charge 

k 
density is p( r) =-----:; ( k is a constant) in the region a < r < b . The magnitude of the electric 

r-
field produced at distance r > a is 

1. 
k(b- a) 

for all r> a 
&o r2 

k(b- a) 
for a<r<b and 

kb 
2. --

2 
for r > b 

&or 2 &or 
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k(b-a) , b 
for a<r<h and torr> 

&o r2 

k( r- a) k(b-a) _ 
for rt < r < h and --------;--- for r > b 

['" ([ 

31. fc/fgfr en ~ £
1 
= i Eo co scot cr E2 = ) E" cos( mt + rp ), Uf8i (j) CfiMTcH E!, c/1 z:! 

~~ Rli]ri'!JRict!4 rrtrif c/1 C4R!CfJ?O! c/1 <rr? if ~ 1 qf{vrr1't rrt<T ct! r.furm 
60 

\ E 2
) ir R4T 

2 

IJITr7T f!, U78i \ E 2 
) ' E 2 

Cf}T ~- 'fTFif .g I '![(7 r.furm 8'r1T . 

I. 0 

31. Consider the interference of two coherent electromagnetic waves whose electric field vectors 

are given by E
1 
= [ E0 cos mt and E

2 
= } E0 cos( mt + rp) where rp 1s the phase 

difference. The intensity of the resulting wave is given by 
60 

\ E 2
), where \ E 2

) is the time 
2 

average of E 2 
. The total intensity is 

1. 0 

q -q 

r r -- r R ______ .p 

l' ~j L ___ _j 
-q q 

1. 1/ R 

5~ 
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_, 

~H 

17 

32. Four charges (two +q and two -q) are kept fixed at the four vertices of a square of side a as 

shown 
q -q 

.II 
1~~ 

-n I i E'( ,_P 
I 

L_ I 
I 

I 

.l 
I 

* -q q 

At the point P which is at a distance R from the centre ( R »a), the potential is proportional to 

1. I/ R 

3 3. xy -oo # ffwn f[iJi ~ JPRr ~ rrrrr rt ;ftt:l d c;!i w ~ m Cf}f f[iJi 31Tcffl q WT 

li!TfiT ~I d rF fcRr 'l1T'7 W 3Tfim •3ffl(1 ?trrr? 

1. q I 4)mg:r&0 

3 . d Cf}f ?P'rl ?ftfim 'l1T'7 m ~ 1 

2. q/ )mgtr&0 

4. ~ mg7r&0 I q 

33. A point charge q of mass m is kept at a distance d below a grounded infmite conducting 

sheet which lies in the xy -plane. For what value of d will the charge remains stationary? 

3. There is no finite value of d 

2. q I )mgtr&0 

4. ~mg:r&0 I q 

-& ~ Vl7ffT fr, ~ If 
1 

, CfflT&r 3ic!i n, l ?J m ( VIT ?fT'CJRTlT ~ # ~ fMf1 crT"& 
nm 

JN/J11F-41C/l.fl 31fi1c;r~-~ W f.!rMr:c CfRftT ~I fMf7 'I' # Lz CffT WlWTT 'l1T'7 ~ : 

1. 151i/16 2. llli/16 3. 31i/8 4. n/8 

S/75 POKI12-5A H-2A 
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34. The wave function of a state of the hydrogen atom is given by 

where ljl l is the nom1alized eigenfunction of the state with quantum numbers n,l and 
nm 

11f in the usual notation. The expectation value of L:: in the state 'I' is 

1. 15tz/16 2. lltz/16 3. 3tz/8 4. tz/8 

( 1) a
2 

E, = (n +_!_ )nw + ~ 1. E=n+-liw--- 2. 
" 2 2mw2 2 2mw 

3. E = n+- liw- --( 1) a
2 

n 2 mw2 
4. E,=(n+~)liw 

35. The energy eigenvalues of a particle in the potential V(x) =_!_mw 2x 2 -ax are 
2 

( 1) a
2 ( 1) 2 

1. E, = n+- liw- --, 2. E, = n +- liw + ~ 
2 2mw- 2 2mw 

( 1) a
2 

E, =( n+~)liw 3. E, = n+- licv- --2 
4. 

2 mw 

1. 21i/5a 2. 51ij2a 3. JlOn/a 4. Fsn/.fia 

S/75 POK/12-5A H-28 
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36. If a particle is represented by the normalized wave function 

l Jl5 ( a2- x2) I . -- ...... 

( ) . , f .:JI a <. ·' ·. a 
(jl x = 4a' 2 

0 otherwise 

the uncertainty /J.p in its momentum is 

1. 2tz/5a 2. 5h/2a 3. Mn/a 4. J5 n/ J2 a 

37. ~ wi114Piil4 "fi<idf ci; ~ iJTB rw, A =i( xpy-YPx) cr B=(YPz + zpy) ctiT w'f{c}Pfi/4¢ 

[A,B] t: 

1. n(xpz-pxz) 

3. n( xp= + pxz) 

2. -n(xp=-pxz) 

4. -n(xp=+pxz) 

3 7. Given the usual canonical commutation relations, the commutator [A, B] of A = i ( xpv - YPx} 

and B=(YP: + zpv) is 

1. n(xp=-pxz) 

3. n(xpz + PxZ) 

2. -n(xp=-p,z) 

4. -n(xp= + pxz) 

3 8. vrgt E. N cr V JIJ17W: \Ji\ilf; CJ>Uif crf! &Im cr 3f77TrR ?, rr<!i JrUTT(ft CfiT ~ S , 3/fi17rRr ~ 

~ 3lTlffJrf T c[; ~ ~ !Fffl ~ t: S = k8 lnT(E,N,V) I~ 48 ~ ~ 

vrr "f/7FfiT t FcP r 

1. ~ crf! 3/R filcF>m r:r? JTiR t I 
2. ~ crf! 3/R filcF>m r:r? cfJc;rry ?fi?ffT t I 
3. w~ w ~ t1 
4. ~w~t1 

38. The entropy of a system, S, is related to the accessible phase space volume r by 

S = k8 ln r (E, N.V) where E, Nand V are the energy, number of particles and volume 

respectively. From this one can conclude that r 

1. does not change during evolution to equilibrium 
2. oscillates during evolution to equilibrium 
3. is a maximum at equilibrium 
4. is a minimum at equilibrium 
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_\ l). 1'fA' fct> ~ W r:;cti ~f?!q; C/? C'4 fctrrif<J \3 GfJil f?Jq; ~ if fct>r; TTr:; CfiT<f t I ~ W Cfi <fR if fct>r; Tf\! 
~ q;~ if it C/?"t;r-m ?17ft 6? 

I . zrR r;rfc$zrr "fTlTff7Tfr g fir ~ W % Zf2Jirf2! 3{C{c!)(7 g I 
2 . ::rfct r;rfc$zrr F:[d/N:r t fir ~ W % Zf2Jirf2! 3{C{c!)(7 if I 
.\ . ~ W Pmr % Zf2Jirf2! 3{C{c!)(7 t I 
4 . ~ W Zf2Jirr2T 3[C[Cfi(7 ~ fiT ?'fc!)ffT I 

39. Let ~ W be the work done in a quasistatic reversible thermodynamic process. Which of the 
following statements about ~ W is correct? 

1. ~ W is a perfect differential if the process is isothem1al 
2. ~ W is a perfect differential if the process is adiabatic 
3. ~ W is always a perfect differential 
4. ~ W cannot be a perfect differential 

40. ffJ.r 'fifWUT S
1 

, S 
2 

CT S 3 ctfr r:;cfi ~ o:JfN 6? r:;cfi + 1 CT - 1 1J?I ~ "ffCfiffT t_ Cfi "fiT? if ~I 

!JUTT<>fT ctfr \Ji\iff E = -1[ sl S2+ S2 S3 + S3 sl J it ctr lifTff7 t: ~ 1 <;iii ~ 3JW t 1 

~ lrvTf cr ?flrrr ~ fc/;=lm# ctfr ?ft9rr wm: M : 

1. J q 1 2. -31 q 1 3. -31 q 2 4. -61 q 2 

40. Consider a system of three spins sl ,52 and s3 each of which can take values +1 and -1. The 

energy of the system is given by E = -1[ S
1 
52 + 52 53 + S3 SJ, where 1 is a positive 

constant. The minimum energy and the corresponding number of spin configurations are, 
respectively, 

1. 1 and 1 2. -31 and 1 3. -31 and 2 4. -61 and 2 

41. $rl L Cfi r:;cfi-fcr1fm JFRf Cflf C![!T ~ if '?'& "1fT[ 6 31"4)"4fffi4ttfi'1 1fifWUT -~ cr ~ m Cfi 
~ qi "fl7[t! qff ~ \Ji\iff lWft : 

1. 14tr2n2/mL2 

3. 7tr 2n2/mL2 

2. 91Jr 2n2/mL2 

4. 3Jr2n2 I mL2 

41. The minimum energy of a collection of 6 non-interacting electrons of spin-_!_ and mass m 
2 

placed in a one dimensional infinite square well potential of width L is 
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42. &ftrr ct r[CP ~ 'RfTVUT ct ~-C'f?'TT <P7; fGmqft ~ 7 tPrr otrff ~ ~ ~ 10 fil;c;ff 
otrff ct Wkr crrc? f!CP '11$ffi)l{})<t Frr1rr # m ~ FcP<JT iifTf1T g! ~ frrifrr f5T ~ 
t¥rr 3fTC{ftfr tk ct 6/TR ~ mr-

1. 7.00 ~ # 7.01 ~ (fffj 
3. 6.99 ~ \'17.00 ~ (fffj 

2. 6.99 ~ #7.01 ~ (fffj 
4. 6.995 ~ #7.005 ~ (fffj 

42. A live music broadcast consists of a radio-wave of frequency 7 MHz, amplitude-modulated 
by a microphone output consisting of signals with a maximum frequency of 10 kHz. The 
spectrum of modulated output will be zero outside the frequency band 

1. 7.00 MHz to 7.01 MHz 
3. 6.99 MHzto 7.00 MHz 

2. 6.99 MHz to 7.01 MHz 
4. 6.995 MHzto 7.005 MHz 

43. ~ lf ~ fffih41f'1Cb TNFfrff ~ lf ~ r[CP u-4Wifl4 f.!rcm Wffa g ~ 3fTC[fc'rr 10 ttlif ~ 

cr V0 frrifrr "firiRr ~ 1 ~ cr ~ ct tiPtiPc!'lqzn 1fFf "! 

1. s.fi q n"/2 
3. 10 q ~ 

Vo 

2. s.fi cr -tr/2 
4. 10crtr 

43. In the op-amp circuit shown in the figure, V; is a sinusoidal input signal of frequency 10 

Hz and V0 is the output signal. 

Vo 

__L 

The magnitude of the gain and the phase shift, respectively, close to the values 

1. s.fi and n"/2 

3. 10 and zero 

2. s.fi and - Jr/2 

4. 10 and tr 
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HIGH o--- y 

1. y=A·B 2. y=A·B 3. y=A·B 4. y=A+B 

44. The logic circuit shown in the figure below 

y 

implements the Boolean expression 

1. y=A·B 2. y=A·B 3. y=A-B 4. y=A+B 

10. 
.~ .J. 

+ 1-----~:) 

10V 
--~ 

D ' VD 
-~ 

L___ _____ ___J 

I. (-i+Jll)V 2. 8 v 3. 5 v 4. 2 v 
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45. A diode D as shown in the circuit has an i- V relation that can be approximated by 

. -{VD
2 
+2vD, for v[) > 0 

l[)-
0, for vn:::::;: 0 

10. 

+ 
10V D 

1------<0 

The value of vn in the circuit is 

l. ( - 1 + -JU) v 2. 8 v 3. 5 v 4. 2 v 

( 'JfT7T /PART C ) 

46. vr<r x ~ t, ~ ln (cosh x) ct, f<0;; x = 0 eli Jrmr:Tm Cf5T rrmur, f¥rr rrc:T eli ?Wr ~ 

fflT t: 

l. 
1 2 1 4 

--x + -x +··· 2. 
1 2 1 4 -x --x + ... 

2 12 2 12 

3. 
1 2 1 4 

--x+-:-x+··· 4. 
1 2 1 4 
-x + -x +··· 

2 6 2 6 

46. The Taylor expansion of the function ln (cosh X), where x is real, about the point X= 0 

starts with the following tenns: 

1 2 1 4 
I. --X +-X + ... 1 2 1 4 

2. -x --x +··· 
2 12 2 12 

1 7 1 4 
3. - - x- + - x + · · · 

1 2 1 4 
4. -X +-X + ... 

2 6 2 6 

47. HRfiJrq,- U = e''~' cff C(JTf2! UtU = UUt = 1 Cf5T gfe CfRffT s3lT 1[Cfi 2 X 2 ~ 3lTfW eli Rrr 

IJI"f.r w m#lri:FJ v = 1 eli m f!Cii 3/R ~ 3TfClJ!J v ( vt v = vv t = 1 ) ~ ~ f.1fifn fcRJT 

\JfT "fiCfiffT fr I 
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.. .., 
1. u w e -up ·· ~ ri '] arr Cfi'!Cii 

2. u cfi frli?ft f!Cii :.Hcrzrcr cir e- i rp ;Tf :fUJT ct>·?Cf> 

~- u qi fcp?ft \'ZfJ rffc!rr '!'fT ~ <j,) e iqJI2 '(f ']UJ7 :-l}"l(q, 

4. u crT c-up ir :fUJT (jj «f) 

47. Given a !. < 2 unitary matrix U sottisfying U 'L' ' UU = ! with det U = e'·', one can 

constmct a unitary matrix v ( vtv = VV 1 
= 1) wtth det v -, 1 from it by 

I. multiplying U by e -i((ll 2 

2. multiplving any single ekment of U by c ··v1 

U -i(/)12 
3. multiplying any row or colur.u! of by e · ' 
4. multiplymg U by e -irp 

48. \if<! C f!Cii </.f.T rrfffl.In; \ifT '!!~T 2izl-5=0 if rrfV¥rtim [!, C/ zrTIJTCrff ~if riJt>fi1rr frlilfT \ifTffT 

z 3dz 
6; W'f[q,('! f ) Cf}{ ~ g. 

cz--5z+6 

1. -l6;ri 2. l67ri 3. 8Jri 4. 27l"i 

f 
::": 3dz 

48. The value of the integral 
2 

, where C is a closed contour defined by the 
cZ -5z+6 

49. 

49. 

equation 2lzl- S = 0, traversed in the anti-clockwise direction, is 

1. -l6;ri 2. l6Jri 3. 8Jri 4. 2 7l" i 

d 2 f 
lfiC>Ff j (X) J!ClClJ(? ~ -d J' - ( 3 - 2i) j = 0 crT ~ Cfml7 t I[E/ >lffm'El j ( 0) = 1 

x-

cr f(x)~o \if<lx~oo Cf}{gfeCfmiTtt f(7r) Cf}{11Pft: 

-21( 2. e 

d2f 
The function f (X) obeys the differential equation -- - ( 3 - 2i) f = 0 and satisfies the 

dY 2 

conditions f ( 0) = 1 and f (X) ~ 0 as X~ oo . The value of f ( 7l") is 

-21( 2. e -21( 
3. -e 4 

21Ci . -e 
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50. ?[4 ( "f:"czr•rFr M) ciJ lJ'<'lfCitCJ?t:fvt ir::! if~ m CfiT 1.[Cff w 'CfC1ffT t 1 CfiiHT ciJ 31Ef-rftd cr 31Ff-~ 
3fer cplffl. a cr b t, fiT w CfiT ciJvflzr "fiit:T t .· 

I. j2GMn/ (a+ b) 2. J2GMm 2 (a-b) 

2Ci!l4m'ah 2GMm 2 ab 
3. ~------ ------- 4. 

a-b a+b 

50. A planet of mass m moves in the gravitational field ofthe Sun (mass M ). Ifthe semi-major 

and semi-minor axes of the orbit are a and b respectively, the angular momentum of the planet 
IS: 

1. ~2GMm 2 ( a +b) 2. ~2GMm 2 ( a-b) 

2GMm 2ab 2GMnz 2ab 
3. 4. 

a-b a+b 

51. ff<rrff e <tT i:c4'"17'1!i'1 1.[Cff 6Tft it '!P[T ~ m q') ffl'4T?U{ ~ qff ~ 
J ~ 

H =_Po~-:; + mge(l- cos B) it eft liiTffT t 1 ~ L ~ w ~ ~ t, fiT- CfiT 
2me- dt 

lf1'1 g: 

2g . B 
1. - -JJ sm e 11 

3. 
g 
- p

11
cosB 

e 

2. - g p
0

sin 28 
e 

4. tp/ cosB 

51. The Hamiltonian of a simple pendulum consisting of a mass m attached to a massless string 
J 

of length e is H = _p;__ + mge(l- cos B). If L denotes the Lagrangian, the value 
2me2 

dL 
of-. is: 

dt 

2g . B 
1. --p sm e o 

2. - g p sin 28 e o 

4. tp/cosB 
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52. ~ W0 'H4ictJ'<Uf) w gfit CfR"it gr;r r;<fJ Cf)UT cj) FM<z· fip:ry C/JW-~ !lefrr-112! ?fl'JP it ?{ 

CffB-'HT "ftqq ~ &? 

Pt 
I 

i 

I 

lc~ 
L-----------~--X 

2 p 

X 

L. ______ _ 
X 

l __ -- -------------
X 

52. Which of the following set of phase-space trajectories is not possible for a particle 

obeying Hamilton's equations of motion '1 

p 3 PI 

() I 
I c--
I ~;;: I 

c~ 
I 

I 

I 

I 
L .. 

"-------···------ . ---------- X 

X 

2 p 4 p 

8 @ 
X X 

,, 
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53. xy- fTC? # rr# T[C1i t;C4'1F1ifJrt HOO z:vg # ~ ~ m ct cit ~ ~ JlCfiT? '!!# g fc!:i z:vg w 

~ ~ it ~ t I ~ W r;rurrc;fr Z -3Tef W cirufm JW{ff1r (t) cff ~ prrfT t nT \ffl7fiT 

cirufm "fWr t .· 
4. 

53. Two bodies of equal mass m are connected by a massless rigid rod of len~:rth t lying in the J1,Y-

plane with the centre of the rod at the origin. If this system is rotating about the z -axis with a 

frequency (!), its angular momentum is 

1. m€1(1)/4 2. mC1(1)/2 3. ml(t) 

54. T[C1i 3Fifr qR.-IIAC/57 fr;mcpr ~ 3Tef ~ zit t T[C1i ~ i4fj@qJ[5 I <liT 470 CfROT t I 3Tef # 

R c;!T w ~ fctqq A 

54. 

' 'R 
~ 
' 
' 
' 

1 . 3R'!' t r.;ci R qf( ~ it qp.-llfc1C!>J ct ~ ~ t I 

2. 3R'!' R ctt ,3FJ'!Tff it mr t r:;ci qR•nfMC/57 ct ~ ~ t 1 

An infinite solenoid with its axis of symmetry along the z -direction carries a steady current I. 

' 
' 

~ 
' 
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The vector potential A at a distance R from the axis 

1. is constant inside and varies as R outside the solenoid 

2. varies as R inside and is constant outside the solenoid 

J. van~.:s as inside and as R outside the solenoid 
R 

I 
4. varies as R inside and as - outside the solenoid 

R 

55. xy -ac>T it ffrmr r:;<!i 3Pia ~ qm ct fiR it fcrrrR ~ RIE]n!Ntt:: rFr.cr K t i ct 3fJ?1R 

?P1ZT-f1'41r t, lif6i K f[Cfi 3TfR tf I ( x,y,z) w ~ Fclw A= fioK ( ct- z r j ir frtm UfRI7 

4c 

1 . 

3. 

JL 11 Kt ': 
--·--; 2 . 

pK , 
--

11-(ct-.::)i 
2c 

2. 

4. 

JL11 Kz ': 
---} 

2c 

JloK ( ) ': ---- ct-.:: J 
2c 

55. Consider an infinite conducting sheet in the xy -plane with a time dependent cunent density 

K t j, where K is a constant. The vector potential at (X, y,.::) is given hy 

. J.L K 1' 

A= - 11 
- ( cl - .::) - i . The magnetic field B is 

4c 

1. 
j.L 11 K/ ': 
-·--- I 

I . 
2. 

ji11 KZ ~ 
----; 

2c · 

pK ~ 
4. -_II __ ( ct - .:}/ 

2c 

ul</ f[iJ! 3//<Jma cf)Uf f'tE]i.I'g'<ict/7! ~ IJr!rffi!-o if!T0T if ~ ir rr!t r w Fcirgrr it;{ E r::ci 

I. n=1 <.,'crm=1 
J /1 = j \!cJ f/J CC' 2 

1 1 
cr ------ cii 31Jf!R <I<:d~t tf 1 n cr m ct fMr; ~ fcrcl;~ 

r/1 rill 

2. II= 2 \'ci il! = 2 
4. 11 = 2 ~-:;r J/1 ~- 4 

I. 
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56. When a charged particle emits electromagnetic radiation, the electric field E and the 

Poynting vector S = 1~- EX B at a large distance r from the emitter vary as 
o r" 

respectively. Which of the fiJllowing choices for n and m are correct'! 

1. 11 = l and Ill = I 

3. ll = l and m = 2 

2. II= 2 and nz cc~ 2 

4. n=2 and m=4 

and 
Ill r 

57. fcMcr V (X) if ~ r;q> CfiUT ctft '3VIf 3{m CT '>l2l'f ~ JrcrmT31'i if cp7ffl. - 4 CT- 1 t ( \R 

~if \if8f fz=lt)f ~ ~ rrfiT-~ !JI
1
(x)=!J10 (X)SinhX if~ -t_ nJ 31m 

3{CR{W CffT Jffi1c;rtforcp ~ it 0 

I. !J10 (x) =) sech x 

3. !JI0 ( x )= sech 2x 

2. !J10 ( x )= sechx 

4. !Jio ( x) = sech 3x 

57. The energies in the ground state and first excited state of a particle of mass m = .!_ in a potential 
2 

58. 

V (X) are -4 and -1, respectively, (in units in which n = 1 ). If the corresponding 

wavefunctions are related by !JI
1 
(X)= !J1 

0 
{X) sinh X, then the ground state eigenfunction is 

1. 

3. 

/ffTJr 

1. 

!J10 (x) =) sech x 

!JI0 (x )= sech 2x 

ba 

2 

H' ={ b( a-x), -a<x<a 

0, ~2JT 

V(x)={O, -a<x<a 
0 00, 3FlT2JT 

ba 
2. J2 

2. !JI0 ( x )= sech x 

4. !JI0 ( x )= sech 3x 

3. 2ba 4. ba 
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58. The perturbation 

b(a-x). -a<x<a 

0. otherwise 

a-:1s on a particle or mass !Jl confined in an infinite square \Veil potential 

-a<x<a 

otherwise. 

The first order correction to the ground-state energy of the particle is 

I. 
ba 
2 

ba 
2. J2 3. 2ba 4. ba 

59. lfB fc/J fci>m r:[Cfi-fcrlfrzr ?R(7 3l7CTfff cfrc:;rcp cF 31m f[C/ rf2Tif ~ ~3/T ir Wrrr 9'R/'11r4JC{?H 

3!fitfr~ ~Jlf <PT I 0) q II) ir ~ fcRrr \ifTffT t I ~ i (I 0) + [1)) if 31Pt~i1HHI 

6..t t .· 

1. ~=Ih/2m{l) 

3. !l_'(=~2n/mm 

2. &=~ 

4. &=~li/4m{l) 

59. Let I 0) and II) denote the normalized eigenstates corresponding to the ground and the first 

excited states of a one-dimensional harmonic oscillator. The uncertainty & in the state 

i(lo)+ll)) is 

1. &=~n/2mm 

3. 6x=~2n/mm 

60. /4i1~DI/MC/7 '!JTi'1(7 ~ cF EfRT WI~ 

tz2 d2 
H=----a5(x) 

2m dx 2 

2. &=~ 

4. & = ~ li/ 4mm 

CI7T ~ m ct ffrr:; ~ ffiJT-~ If/ (X)= A e -bx
2 

cpf ~ fcJ><H lillrfT t, vrtJj b 

% 14 i1 ~ UJ/f'"!C/7 r:rrr!M t, ~ qfJ 31m ~ 13\iTf CfllT rft7f/? 
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2. -2ma 2 
/ 

Vlhat would be the ground state energy oftl1c' 

1/ d 2 

H=----a5(x) 
2m dx 2 

31 

if variational principle is used to estimate it with the trial wavefunction If/ (X)= A e -bx
2 

with b 
as the variational parameter? 

oo 2n -2br2 
-

11
-

1 
( I J 

(Hint: _[X e . dx = ( 2b) 2 T 11 + 2 .] 

61. \[Cfi rJC:Ti!.f $ ~ r;;ci 31RtiJI(>!Ch 31''" il3if CfJT ym-\Iliff ,3fm M = Fs- FN =a \tf'\ 2 
+ fJ\t,f/\

4 
it 

2 
R<rr vmrr t, ~ lf/ f[CP FITfT J;{J"fJ(>1" t, r;;ci a cr f3 :+ri:R t; rrrfil> {/Jii/"4/q'<"i'.JT it a > 0 cr 
~ ~r it a < 0 "t, ~ ~ f3 > 0 i'~ 1 M' CfiT "<[iffl7f 1ffrf t · 

3. - 3a 2/2f3 4. - 5a 2 /2{3 

61. The free energy difference between the superconducting and the normal states of a material is 

given by M = ~'- FN =a \tp\ 2 
+ ~ \lf'r , where lf! is an order parameter and a and fJ are 

constants such that a > 0 in the normal and a < 0 in the superconducting state, while f3 > 0 

always. The minimum value of 11F is 

3. - 3a 2 /2f3 4. - 5a 2/2fJ 

6 2. liM f.rq ffi it ~ TTliT t, \[Cfi efT gt lff5fT it Cf7YJ :3fCRWT A it C ffCli \3 & 11 o~ 4 ~ ffm cj 

qdf it, -mel A it C ffCli ([Ci A it B rmr B it C (fCP, ~ \ifT'4T vmrr t 1 A ~ C it Cf7Yl # fcRrr TTliT 

q;pJ 1 oo J t cr ~ IFfl1T 1 so J t .t A ~ B ~ C '>lffRrT it zrf'q C!7!J it ~ 'T'4T cppJ 30 J 
fr, rrT ~ iJiNfT t : 
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p A 

v 

1. 20 J 2. 80 J 3. 220 J 4. 280 J 

62. A given quantity of gas is taken from the state A ----)> C reversibly, by two paths, A ----)> C 

directly and A ----)>B----)> C as shown in the figure below. 

p A 

B c 
v 

During the process A ----)> C the work done by the gas is 100 J and the heat absorbed is 150 J. If 

during the process A----)> B----)> C the workdone by the gas is 30 J, the heat absorbed is 

1. 20 J 2. 80 J 3. 220 J 4. 280 J 

6 3. N >FErffiTlT Cf"lH T{Cli-~ ~ ~ ct m T~ mr~ ur<r 3lfrr yr rrrrJ7ffrif T~ (fTTJf7T Wlft !TiffffUr 

T{Cli c;:W -& ~ r:ifcmq;JI t 1 C[ff§ ~-~ M 6? T{Cli ctT IJi\ilf "i!Tf.1 2J m-1T 1 r 

J:FiTWUT-~ ctT T{Cli ~ k !JTITTC'ft ctT IJi\ilf E =- NJ + 2r J t r:;cf ~ ctT -&IzrT N C ; 
r 

rufrO-&N rrct>~"t ~~~"t: 

L ( k~T r -NJjk8 T 
2. e 3 .. (sinh _!_JN 

k
8
T 

I, 
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63. Consider a one-dimensional Ising model with N spins, at very low temperatures when almost all 

the spins are aligned parallel to each other. There will be a few spin flips with each flip costing an 

energy 21. In a configuration with r spin flips, the energy of the system is E=- NJ + 2rl 

and the number of configuration is varies t om 0 to N TI1e partition function is 

I. ( k~T r 2. e 

64. 'tff<>r rrf?urri:r rJ? 3!l'fJTfW \[Cfi ~ m ~ 1 11m -;::fit \[Cfi Si ~ fR As ct 3fTitrrur ?f -qryprr 

\if7ffT ~~ ~ ct 3fJ?W ~ m $7 ~ 500 mV/Tesla r[Ci ~ fc/qfr ~ lmA 
$7 3/JqN(jj HI t" I 3fTitrrur 'fT5rT cir ;r?f !JC/JT? ~ fctNr \ifP7T rrTftrr "ffTf'iP ~ c5 m 1fTR! 

~ FFffCf t-: 

1. 1.25x1026 m-3 

3. 4.1x1021 m-3 

2. 1.25 X 1022 m-3 

4. 4.1 X 1020 m-3 

64. A magnetic field sensor based on the Hall effect is to be fabricated by implanting As into a Si 

film of thickness lj.lm. The specifications require a magnetic field sensitivity of 500 mY ffesla at 

an excitation current of 1 mA. The implantation dose is to be adjusted such that the average 
carrier density, after activation, is · 

1. 1.25 X 1026 m-3 

3. 4.1x1021 m-3 

2. 1.25 x 1022 m-3 

4. 4. 1 x 1020 m -J 

65. tkf-f[{?(jj' rrct tk!-f.mcRur ~ \[Cfi f.'r;:;=r rrRCFJ rrct \[Cfi \3T}Ej-f[{?(jj' Pifli~Chl' cir m: .o)vfr rrct 
~ # ~ (jjJ4fNH f<m[ vrr ~ g I ~ ~ rrT?C/) r[Ci ~-f[{?(jj' ~ W 3ifrcli 

~ m: w~P cr w~P ~ fir ~-r:rRC!i r:;ci th-f.1?rcmur ~ cir ~ m ct 1m: 
JT{?ff[[C/} Wfr<jf!_ Wlffl: g . 

. 1. w~P < mtP rrct w~P < m~P 

3. w~P > mtP rrct w~P < wtP 

65. Band-pass and band-reject filters can be implemented by combining a low pass and a high pass 

filter in series and in parallel, respectively. If the cut-off frequencies of the low pass and high 

pass filters are aJ~P and W~P , respectively, the condition required to implement the band

pass and band-reject filters are, respectively, 

1 ,,,HP <,,,LP d HP < LP 
. UJO U/0 an Wo Wo 

HP LP HP LP 
2. w0 <w0 and w0 > m0 

HP LP HP LP 
3. w0 > m0 and w0 < cu0 

HP LP HP LP 
4. w0 > m0 and w0 > w0 

S/75 POKI12-5A H-3 
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66. f[Cii ~ §V ~frrrr iJi\Jff·"lfR it f[Cii ?#4-rrc;c!l c#t f.1ifrr Fcl~r:cm</ f.'tkf fr0r it ~ 7flfT ~ 1 ~ 
~-& s n ct ~ qfr 'C(cY{JffT t m-~ ?t f.'1ct>rc;fT w milfr t : 

' ' 

' ' ' 3 ----r----r---- ----r---

2 ----~----~----:-- --~---
1 II : I I : 

' ' ' ' ----r----r-- -r---

OL-~------~~~-
0 5 10 15 20 

v 

I. 97 w 2. 73 w 3. sow 4. 4S w 

. 66. The output characteristics of a solar panel at a certain level of irradiance is shown in the figure 
below. 

_, 

' ' ' 3 ----~----~---- ----~---

' ' ' I I 1 I 

2 ----~----~----:-- --~---
111 ' : : : 

' ' 
' ' ' ----r--- -r----

1 
-r---

o~~----~~~-
o 5 10 15 20 

v 

If the solar cell is to power a load of S n, the power drawn by the load is 

1. 97 w 2. 73 w 3. sow . 4. 4S w 

~ rfr:r;f trfr1 R, 1020 trrtrrr:J cnf1 s· 1 ~ trcf lHl1 rrf!! T
21 =20 ns cr r 1 =lflS cff fflf!-r ~ TTV 

g_ aT ?'fR 2 ?t l ctr <fi1:m· ~ ~ m'1t .· 

4. zero and 1020 cm·3 
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67. Consider the energy level diagram shown below, which corresponds to the molecular nitrogen 

laser. 

If the pump rate R is 1020 
atoms cm-3 s· 1 and the decay routes are as shown with T21 

=20 ns 

and. T
1 
= 1 ~S, the equilibrium populations of states 2 and 1 are, r~spectively, 

and 2x 1012 
cm·3 2. 2 X 1012 

cnf3 and 1014 
cm·3 

4. zero and 1020 
cm·3 

68. 2P ~ lS ~ em& Sf[ r:;cP i51$'}?)\JI'""I rwrrr:J fR fctcrR' I -m: ~ qi ~ p ?'fR" qff ~ 

1. 6 ns t Cf roif CJi <fTr! CfiT i3ivrf 3Im 1 0. 2 e V ~ 1 1fT'dP1 CJi 3/4 4 ri '1/Ch 110 eM 1 ~ Sf[, ~ 

~ ~-~ qi ~ ~ qff 3lJ47ff B21 ((!))/~I ( (!)) ~ ~ \ifTf1T ~: 

1. 0.683 X 1012 
m 3J 1 

S 
1 

3. 6.83x1012
m3T 1 s 1 

2. 0. 146 X 10-12 1 s m·3 

4. 1.463 x 10-12 
1 s m·3 

68. Consider a hydrogen atom undergoing a 2P ~IS transition. The lifetime t of the 2P 
SfJ 

state for spontaneous emission is 1.6 ns and the enerf,'Y difference between the levels is 10.2 

eY. Assuming that the refractive index of the medium n
0 
= 1, the ratio of Einstein coefficients 

for stimulated and spontaneous emission B21 
( (!)) / ~ 1 

( (!)) is given by 

1. 0. 683 x 1012 
m3F 1 s·' 

3. 6.83 x 1012 
m3F 1 s- 1 

2. 0. 146 X 10-12 
1 S m·3 

4. 1.463 x 1 o-'z 1 s m·3 

69. ufftdmt/ R1 = 1 ~ R2 
= 0. 98 rt ~ ·rlur ~ r:;cP He-Ne ~ ~ CR fctcrR' 1 qrfur r::<P 

c;:m ?1 d = 20 ?M't: cr!T fR ~ -& r;ci <fTq qi 1fT'dP1 CfiT 3/44n'1/Ch no = 1 q .:wm'rrrur 7]UTfcP 

a = 0 ~ 1 3[CRcy3!)' rt <fTr! rt 3Im 8 v r;ci ~ ~ r#r ER" 3/CR<m r#r ~ ~ v [! ~ : 

1. 8v =75kHz, ll v =24kHz 2. 8v =100kHz, ll v =100kHz 
[! [! 

3. 8v =750 MHz, ll v =2.4 MHz 
I' 

4. 8v =2.4 MHz, ~ v =750 MHz 
[! 

69. Consider a He-Ne laser cavity consisting of two mirrors of reflectivities R, = 1 and 

R2 = 0. 9 8 . The mirrors are separated by a distance d = 2 0 em and the medium in between 

has a refractive index n
0 

= 1 and absorption coefficient a = 0. The values of the separation 

between the modes 8v and the width ~ V of each mode of the laser cavity are: 
[! 
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1. 5v =75kHz,~ v =24kHz 
. p 

2. 5v =100kHz,~ v =100kHz 
p 

3. 5v =750 MHz, ~ v =2.4 MHz 
f1 

4. 5v =2.4 MHz, ~ v =750 MHz 
f1 

7 0. ~'71Tfcrtf'B ~ "Cif<! ffCfi r:;cr> rff.=r- fcrl:fTzJ ~- •!rwr 31fcJfff fcMcr if r:rf?r \iT"T& 1!, ff7! 

00-311$"RI$'1 ?iFFr'1' (BEC) FJCffT g! BEC ciJ FJ0r m itg I'Tffrzrf."rq; fcMcr rfRr t/ ~ · 

1. /l{!)l2 2. fi OJ 3. 3/uo I 2 4. 0 

70. Non-interacting bosons undergo Bose-Einstein Condensation (BEC) when trapped in a three
dimensional isotropic simple harmonic potential. For BEC to occur, the chemical potential must 
be equal to 

1. tuv I 2 2. fi {J) 3. 3fi(V I 2 4. 0 

71. rrcfrn ~ ~ if ~ ciJ fBr! rrmtrrur ?t<IEJ qrm vrrm g Fc/i 

&k = fJ (cos kp + COS kva + COS k=a) 

\"if8i fJ T.[Cfi 3lW -g 1[fi a T.[Cfi ~ 3lW t- 1 W2P1' firc:Jcri eP! crfr "ffl7:rT w ~ ~ t 

1. 3. 

71. In a band structure calculation, the dispersion relation for electrons is found to be 

&k = fJ( cos kxa + coskya +cos kp), 

where fJ is a constant and a is the lattice constant. The effective mass at the boundary of the 

first Brillouin zone is 

1. 

72. ~-~ FJ'1' ~ ciJ r:;cr> '{CfJ'fi4)\iiCfJ mg ciJ :JCfff ~ crfr rt4f 777N, ffJR:rqff ~ #M CfiT 

~ a3 #: crfr ~ g · 

( 

Jr2 Jl/3 
3. 3 

a 
4. 

1 

a 

72. fhe radius of the Fermi sphere of free electrons in a monovalent metal with an fcc 

structure, in which the volume of the unit cell is a3 
, is 

( 

Jr2 Jl/3 
3. 3 

a 

1 
4. 

a 
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73 . fim7f-f't-;f if RJ.3Wf w ~ 1 0 5 MeV I c2 
f!Ci \HTffiT 'fTUl ~ 2. 2 llS fr 1 efll ct f[Cf \F\ilf 

3 15 MeV I c 2 crrcit f!7i? RJ.3Wf # rrrf'ffl <[fr WTl1lT ~ : 

2. 2.2 em 3. 6.6 llll 4. 1.98 km 

73. The muon has mass 105 MeV I c 2 and mean lifetime 2.2 ~s in its rest frame. The mean 

distance traversed by a muon of energy 315 MeV I C
2 

before decaying is approximately 

2. 2.2 em 3. 6.6llm 4. 1.98 km 

7 4. fi"rq cpuif w Fcrcrr? : ri'rc'f;:r p , ~ n , frRr<ffl rrrzlf;f Jr 
0 

f!Ci ~ ~ ~ + 1 \if7! <I ~ 

~ ct fJCff ~ if ~ frl><r -crrrir & m- mft ~ lWft : 

0 . A+ 1. Jr , n, p, D. 

0 A+ 
3. p, n, 1r , D. 

2 A+ 0 . p, n, D. , Jr 

4 A+ 0 
. D. , n, Jr , p 

74. Consider the following particles: the proton p, the neutron n, the neutral pion Jr
0 and the 

delta resonance ~ +. When ordered in terms of decreasing lifetime, the correct arrangement is 
as follows: 

0 A+ 
1. Jr , n, p, D. 

A+ 0 
2. p, n, D. , Jr 

0 A+ 
3. p, n, Jr , D. 

A+ 0 
4. D. , n, Jr , p 

75. ~ 116sn ct p-?!iwtit (~ p 312 
f!Ci p 112 ) ct <ftq w T:[Cli-CfiVf/7:! l'JJiJif .Jtrr? 3 MeV "?1 

I'Rfiii 1f qiefCPT ct roif ct <ftq CffT \JiV/f-.Jirr? t; : 

1. -7 MeV 2. 7 MeV 3. 5 MeV 4. -5 MeV 

75. The single particle energy difference between the p-orbitals (i.e., p 312 
and p

112
) of the nucleus 

116Sn is 3 MeV. The energy difference between the states in its If orbital is 

1. -7 MeV 2. 7 MeV 3. 5 MeV 4. -5 MeV 
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