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Ｄｾｃｦｾｬｬｲｬ＠ Cf;T ｾｕｕＢＧｉｉｲｬ＠

ｾ＠ f;1:u(1i<h 

Ｄｾｃｆ＿ｦｬｲｬ＠ Cf;T .mchr 
ｾ＠ f;1:u(1i<h 

ｬＬｬＧｃｨｦｾｲ＠ Cf;T em 
1.6 X 10-19) 

1.67 X 10-27kg 
6.67 X 10-11 Nm2kg-2 

f;1 :U(1 i<h 
ＳＱＱｊｩｴｩｩｊｾＩ＠ ｾ＠

8.854 X 10-12Fm-1 

4rr x 10-7 Hm-1 

ｾｾｦＮ＿ｩＺｕＨＱｩ＼ｨ＠

3 

9.11 x to-31kg 

6.63 x 10-34/ sec 

1.6 x 10-19C 

1.39 X 10-23//K 

3.0 x 108mjsec 

1.097 x 107m-1 

6.023 x 1023moze-1 

USEFUL FUNDAMAENT AL CONSTANTS 

Mass of electron 
Planck's constant 
Charge of electron 
Boltzmann constant 
Velocity of Light 
1.6 X 10-19J 
1.67 X 10-27kg 
6.67 X 10-11Nm2kg-3 
Rydberg constant 
Avogadro's number 
8.854 X 10-12Fm-1 

4rr x 10-7 Hm-1 

Molar Gas constant 

9.11 x to-31kg 
6.63 x 10-34] sec 

1.6 x 10-19C 
1.38 X 10-23]/K 
3.0 x 108 mjsec 

1.097 x 107m-1 

6.022 x 1023mole-1 
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LIST OF Till ATOMIC WEIGl ITS OF TilE ElEMENTS 

Element Symbol Atomic Atom•c Element Symbol Atom1c Atomic Number We1ght Number We1ght Actinium Ac 89 (227) Mercury Hg 80 200 59 Alumm1um AI 13 26.98 Mol\bdcnum Mo 1-_Q_-__,.95.94 Americium Am 95 (243) Neodymium 'N"d - 60 IH 24 Antimony ｾ｢＠ 51 121 75 l'con Ne 10 20 183 Argon Ar 18 39.948 NcjltllniUm Np 93 t237) Arsenic As 13 74 92 ｾﾷｾｊＮＮ｣ｬ＠ N1 28 58 71 ----Astatine At 85 (210) Niobium Nb ·t - -- 41 92 91 Barium----Ba --
ｎ［ｴｲｯｧｾ＠

- r-56 137 34 N 7 11007 ｾｨｵｭ＠ Bk 97 (249) Nobelium 
-f- No 102 (253) Be -- - 76- -

I <JOT 
Beryllium 4 9.0 12 Osmium Os Bismuth 01 83 208 98 OX\I!Cil 0 I 8 15 999-1 Boron B 5 10.81 Pallad1um Pd 46 106-1 11rominc Or 35 79909 Phosphorus p 15 30 97-1 CadmiUm Cd 48 112 40 Platinum Pt 78 ｟ｊＹＵｾ＠Calcium -Ca 20-- ｾｯＮｯｳＭ Plutumum Pu 94 (242) Calilormum cr 98 (25 I) Polomum Po 84 (210) Carbon c 12 011 Potass1um --

f---J9To2 
6 K 19 Cerium Cc 58 140 12 Prascodvm10m Pr 59 14091 Cesium Cs 55 132.9\ Promethium Pm I 61 ( 147) Chlorine Cl 17 35 453 Protactinium Pa 91 (131) 

ｾｉｕｭ＠ Cr --- 24 52.00 Rad1um Ra 88 (226) Cobalt Co 27 58 93 Radon Rn 
--

86 -- pn) -
Copper Cu 29 6354 - ｾｨ･＠ mum Re 75 JH6i3-

Ｍｾ＠ --Cunum Cm 96 (247) Rhod•um Rh 45 102 91 Dysprosium [)y 66 162 50 Rub1d10m Rb I 37 85 n Einstem1um Es 99 (254) Ruthcmum Ru 44 101 I Erbium Er 68 167.26 S<um•num Sm 62 ISO 35 Europium Fu 63 151 96 Scandium Sc 21 4196 Ferm1um Fm 100 (253) Sdcnium Sc 34 7896 Fluonne F 9 1900 Silicon Si 14 2!109 Franc1um Fr 87 (223) SiJ,cr Ag 47 107 870 ｾＱＰＱＱＱｭ＠ Ud 64 157 25 Sodium Na II 229!198 -Ualhum Ga 31 6972 Strontium Sr 38 8761 ｾｮＱｵｭ＠ Gc 32 72 59 Sulfur s 16 32 064 Gold Au 79 196 97 Tantalum Ta I 73 180 95 -----
17879 - I -llafmum Iii 72 ·1 cchnctium Tc 43 ｾ＠llchum llc 2 .j 003 T.:llunum Tc 52 ｾ＠ 1:!760 llolm1um llo 67 16193 Terh1um Tb I 65 15X lJ2 llydrogcn II I I OOXO Thallium Tl 81 204.37 lnd1um In 49 114 82 Thonum Th I 90 232 ().1 lodano: I 53 126.90 Thulium Tm 69 168 93 lnd•um lr 77 ｟ Ｑ Ｙｾ｟Ｑ｟｟＠ ｾ＠ Sn - r-- 50 118.69 ---

Iron re 26 55.85 TitaniUm ,., 22 47 90 Krypton Kr 36 8380 Tunl!sten w 74 183.85 Lanthanum La 57 138 91 Uramum lJ 92 238.03 La\\Tcncium l.r 103 (257) Vanadium v 23 50 94 Lead Pb 82 207 19 Xenon Xc 54 13130 
ＭｾＭ ＷＰ＠ -l.llh1um !.I 3 6.939 Ytlcrh•um Yb 173 04 l.utCtiUill l.u 7 1 174.97 Yunum y l _12_ _ ｟｟｟ｊｊＮｾ＠ 9_1 -!\llagncsium Mg 12 2-1.312 Zinc Zn --r 30 65 37 Manganese Mn 25 54.94 Z•rcomum Zr 40 91 22 Mendelevium Md 101 (256) 

•Based on mass ofC1
! at 12.000 . The ratio of' these \\eights of those on the order chcm•cal scale (m "h•ch oxygen of natural ISOtOpic composit ion was ｡ｾｳ Ｑ ｧ ｮ ･､＠ a mass of 16.0000 .. ) is 1.000050. (Values in parentheses rcpn:sent the mnst stable known ISOtopes) 
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'J1T1T /PART 'A' 

I. ｾｾｾｾ｣Ｉ［ｾｾｻｦ＼ｆｾ＠

ｾ＠ ｾ＠ t. ｾ＠ 3i1trr{ q"{ 3{N ｾ＠

ｾ＠ SFJr * m ｾ＠ ｾｾ＠ ｾ＠ 3'('(1'{ q;r 

'il'<r.f ｾｉ＠

I. mr<fr ｾ＠ cf;'r 

J. ﾷ ｾｾｭｯ［ｱ＠

ｋＮｾｾｾ＠

L. ｾ＠ ｾ Ｎ＠ ｾ＠ q;r CfiT11 t 
I. L.K.J.I 
3. K. L. J. I 

2. I. J. K. L 
4. K.J.I.!. 

I. Each of the following pairs of words 
hides a number, based on which you can 
arrange them in ascending order. Pick 
the correct answer: 

2. 

2. 

3. 

3. 

I. Cloth reel 
J. Silent wonder 
K. Good tone 
L. Bronze rod 

I. L, K,J, I 
3. K, L, J.l 

2. I.J,K.L 
4. K, J,l, L 

ｾ＠ ｾ＠ ｾ＠ fcR:r q;r '11r.l 2222 ｾ＠ ｾ＠

t? 
I. 26 
3. 2•6 

2. 28 

4. 2 222 

Which of the lollowing values is same 
z2 

as 22 ? 
I. . 26 2. 28 

3. 2t6 4. 2222 

ｾ＠ 12 m x 4 m cfi'r 311<11(11Cfil{ u:cf 'm{ 

ｾ＠ ｾ＠ ｾ＠ ｾ＠ q"{ ｾ＠ tl trcl 
" 

ｾｲｲ＠ ｾ＠ 4 so "' Cfi)'O'r tR u:cf 1R -wt <fi'r 
" 

ｾ＠ ｾ＠ t ｾ＠ tm<Wr 11{ u:rm 
ｾ＠ tl u:rm q;r ｾ＠ q=m t? 
I. 24 m2 2. 36 ｭ ｾ＠
3. 48 ｭ ｾ＠ 4. 60m2 

A 12 m x 4 m rectangular roof is resting 
on four 4 m tall thin poles. Sunlight falls 
on the roof at an angle of 45° from the 

5 

east. creating a shadow on the ground. 
What wi II be the area of the shadow? 
I. 24 m2 2. 36 m1 

3. 48 m2 4. 60m2 

4. ｾ＠ 2a 

4. 

5. 

5. 

6. 

6. 

X b2 
c6 

84 
&u6 

t; ｾ＠ a. b. c <1m d ｾｊＧｊｲｮｱ＠ 3fct; ｾｉ＠

<1Gfa + b -

I. 4 2. 9 
3. I I 4. 16 

If 2a 
X b2 

c6 
84 
8d6 

llcrc a, b. c and dare digits. 
Then a + b -= 

I. 4 
3. II 

2. 9 
4. 16 

ｾ＠ ｾ＠ 3Nf ｾ＠ mr CfiUIT "' ｾ＠ "' -> 

l'lf<h.t'k; ｾＳｉｔ＠ <fi'r ｾ＠ ｾ＠ t 
I. 70 2. 400 
3. 120 4. 190 

The maximum number of points formed 
hy intersection of all pairs of diagonals 
of convex octagon is 
I. 70 2. 400 
3. 120 4. 190 

{fcF 'GI"CR)' cfi'r ｾ＠ ｾ＠ ｾ＠ ｾ＠

tm<Wr ｾ＠ 24 em x 48 em t (1"UT 

ｾ＠ ｾ＠ 56 em ｾ＠ U:S n!ft' ;;rr 

ｾｴｬ＠

I. 8 em 2. 32 em 
3. 37.5 em 4. 16 em 

Find the height of a box of base area 24 
em x 48 em. in which the longest stick 
that can be kept is 56 em long. 
I. 8 em 2. 32 em 
3. 37.5cm 4. 16cm 
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7. ｾ＠ F:t1pr <frr qf:(\'Jlffi' ｾ＠ 3f$ <frr 
ｾ＠ (1tiT ｾ＠ ｾ＠ Cf'T <IJOJG11h('t -n1 

..> 

ｾ＠ ｾ＠ ｾ＠ ｾ＠ m:tr.f ｾｉｾｾ＠
I. 1/4 2. 1/3 
3. 1/2 4. I 

7. The product oft he perimeter of a 
triangle, the radius of its in-circle, and a 
number gives the area of the triangle. 
The number is 
I. 1/4 2. 1/3 
3. 1/2 4. I 

8. ｾ＠ <frr ｾ＠ ｾ＠ qfcffl ｾｯｲＤＢ＠ ｾｉ＠

ｾｾｯｭｲｱ［ｲｾｾｭ＠

ｾ＠ ｾ＠ q;r 3fltrr ｾｉ＠ ｾ＠ ｾ＠ ｾ＠

m q;r ｾ＠ 20 cc ｾ＠ nt ｾ＠ <m 
ｾｾ＼ｆｭｗｴｲ ＿＠..> 

8. 

9. 

9. 

ｉＮｾ＠

3. 40 cc 
2. 400 cc 
4. 80 cc 

An infinite row of boxes is arranged. 
Each box has half the volume of the 
previous box. If the largest box has a 
volume of20 cc, what is the total 
volume of all the boxes'? 
I. Infinite 
3. 40 cc 

2. 
4. 

400 cc 
80 cc 

ｾｾｾｾＳｦｲｴｲｲｻｾｾｾｾ＠

Ｍｭ･［ｾ＠

A. () B. Q_ C.-o 
A. 9 B. d c. ? 

1. 9 2. p 

3. b 4. d 
Find the missing element based on the 
given pattern 

A. () B. Q_ C.-o 
A. 9 B. d c. ? 

1. 9 2. p 

3. b 4. d 

6 

10. ｾ＠ ｾ＠ .-;rrq; <frr ｾ＠ ｾ＠ ｾ＠ * ｾ＠
ｾｾｾＭｭ･［ｾ＠

10. 

' ', liquid 
' ' ' ' ' ' ' ; 

/' gas 

Temperature 

I. ｾｾｾｭｴｲｾｾｬ＠

2. ｾ＠ ｾ＠ ｾ＠ mtr UG<1T ｾｉ＠

3. ｾｾｾｭｴｲｾｾｬ＠

4. onr. ｾ＠ cr mr mmr ｾ＠ cr c=rrq ｾ＠

ｾｃｦｬｻｾｾｬ＠

By reading the accompanying graph. 
determine the INCORRECT statement 
out of the following. 

(1) 
'-
::J 
Vl 
Vl 
<lJ 
'-
0.. 

' ', liquid 
' ' ' ' ' ' 

, 
I 

gas 

Temperature 
I. Melting point increases with pressure 
2. Melting point decreases with pressure 
3. Hoiling point increases with pressure 
4. Solid. liquid and gas can co-exist at 

the same pressure anu temperature 

II. ｾ＠ 10 ｾｾ＠ * ｾ＠ 3rr4" fWl; ｾ＠ ｾｾ＠

ｾ＠ ｾ＠ nt ｾ＠ * ｾ＠ m ｾｲｦｦｬｭ＠
ｾ ＿＠

I. mt.<r 
3. ｾ＠

II. If you change only one observation from 
a set of I 0 obsen at ion .... which of the 
following will definitely change'? 
I. Mean 
2. Median 
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12. 

12. 

3. Mode 
4. Standard deviation 

'Q'Cl; ｾ＠ ｾ＠ ｾ＠ 0 I 00 rl 'Q'Cl; 

ｾ＠ ｾｾｲ＠ ｾ＠ ｾ＠ m:n- .3!1Uf ｾ＠ ｾ＠
ｾｲ＠ 1R ｾ＠ ｾ＠ o9oo rl, 3<ft 
<"''l'fu:g ｾ＠ ｾ＠ ｾｉ＠ ｾ＠ ｾ＠ am:ft 
m:n- 3<ft ｾ＠ ｾ＠ ｾ＠ 2100 rl 
ｾｾｾｾｾｴｒｾｭＺｮＧ＠

ｾＪｾｾｾｾｾｾｾ＠

ｾｾｲ＠ CfiT ｾ＠ q;n;r ｾ＠ #ffi" ｾ＠ <fi 
" 

ｾ＠ q;n;f * 10 tit ｾ＠ ｾ＠ <=IT ｾ＠

ｾｾｾＪｾｾｾｩｦｬＧｐ＠

ｭｾｾ＠

I. 4X tit 
3. 25 tit 

2. 20 tit 
4. 36 tit 

A man starts his journey at 0 I 00 I Irs 
local time to reach another country 3t 
0900 Hrs local time on the same date. 
lie starts a return journey on the same 
night at 2100 !Irs local time to his 
original place, taking the same time to 
travel back. If the time zone of his 
country of visit lags by I 0 hours. the 
duration for which the man was away 
from his place is 
I. 48 hours 
3. 25 hours 

2. 
4. 

20 hours 
36 hours 

13. ｾ＠ ｾ＠ r\!Cfi' tr.f ｾ＠ ｾ＠ ｾ＠ ｾ＠
r <t/1234) + r <-t/1234) = 2 

m 
r432t + r-4321 =? 
I. 2 
3. 23087 

2. 2(4321!1234) 

4. 2 12J4 

13. Let r be a positive number satisfying 
r Ct/1234) + r <-1/t2J4) = 2 
Then 

r432t + r-432t = ? 

I. 2 
3. 23087 

2. 2(4U1112H) 

4. 21214 

14. 'Q'"q; ｾ＠ \!Cfi' ｾ＠ * if6 w ｾ＠ ｾ＠ ｾ＠
'QCfi ;:nq * tmr ｾ＠ ｦ｡Ｇｾｲｲ＠ * 1 o 1ftn 3iP)' 

61 ;:nq ｾ＠ ｾ＠ tmft' * 7l'fct I 0 

7 

14. 

15. 

Ｑｦｴ Ｎ ｾ＠ 61 ｾ＠ ;:nq ｾ＠ tmr ｾ＠ ｾｲｲ＠

Ｊｾｾｦｦｩｾｮｱ［ｾＪ＠

ｾ＠ Q'l('IT ｾ＠

ｉＮｾｾｾ＠

2. ｉｾＪｾｗｲＧｲ＠
J. I ｾ＠ * Cfilf Wrr 
4. ｾ＠ ｾ＠ ｾ＠ 7l'fct ｾ＠ ｾ＠ cmt ｾ＠
ｾｾｾｾｾ＠

A Ooat is drifting in a river, I 0 m 
downstream of a boat that can be rowed 
at a speed of I 0 m/ minute in still water. 
1 f the boat is rowed downstream, the 
time taken to catch up with the noat 
I. will be I minute 
2. will be more than 1 min 
3. will be less than I min 
4. can be determined only if the speed 

or the river is known 

A nc 'Q'"q; c>TMif q:;)ur ｾ＠ 6 ;;rr 'Q'"q; 
.:> 

ｾ＠ <fi ｾ＠ Ｓｩ［ＮＬＮＮ｜ＱｲｯｾｦｯＱ］｜Ｑ＠ ｾｉ＠ ｾ＠ BC 

ntrr AC tR 3ft' ｾ＠ ｾ＠ ｾ＠ ｾｉ＠

ｾ＠ ｾ＠ CfiT ffi'q;(;r a ｾ Ｎ＠ <=IT ｾ＠

ｾ＠ CfiT ｾ＠ ffi'q;(;r Cfm ｾ＠

I. (I 

J. alrt 
2. 1t(l 

4. al2n 

15. ABC b a right angled triangle inscribed 
in a semicircle. Smaller semicircles are 
drawn on sides BC and AC. If the area 
of the triangle is a. what is the total area 
of the shaded lumes'? 
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16. 

16. 

17. 

17. 

I. a 
3. aln 

2. 1[0 

4. a/2n 

"Q'Cfi ® ｾ＠ fr 3fmTtr ｾ＠ "Q'Cfi ｾ＠
ﾮｾＳＰｔｾｾｾＢｑＧｃｦｩｾ＠

ｾ＠ fr 3fmTtr ｾ＠ ｾ＠ ｾ＠ ｾ＠ 30T mt 
ｾＮｾ＠

Ｑ Ｎ ﾮｾｾｾｾｾ＠

ｾｾｾｾｾｾｾ＠
ｾ＠

2 .,...IT ｾ＠ (i(q'rrT ｾ＠ ｾ＠ ｾ＠ 3ilo'Ni\?tCf1(1: • t;>t"'t ｾ＠ ｾ＠

mt ttt ｾｾｉ＠
3. 3fmTtr ｾ＠ cnl ｾ＠ ｾ＠ ｾ＠ ｾ＠ ｾ＠

ｾｾＳｦｭＱｴｲｾｭＱｾｾｾ＠

ＳｭＧｾｾｾ＠

4. ｾ＠ ｴｬＤｬｬｾｦｬｬＨＱ＠ qm:r ｾ＠ ｾ＠ ｾ＠

ｾ＠ alfcf(1dl(1 qm:r ｾ＠ ｾｉ＠

An ant can I i ft another ant of its si/e 
whereas an elephant cannot lift another 
elephant of its size, because 
1. ant muscle fibres are stronger than 

elephant muscle fibres. 
2. ant has proportionately thicker legs 

than elephant 
3. strength scales as the square of the 

size while weight scales as cube of 
the si7e 

4. ants worl-.. cooperatively, whereas 
elephants work as individuals 

U_ G_ C_C_ S_ I R 

ｾ＠ 3faR ｾ＠ zyl "Q'Cfi <g1f ｾ＠ ｾ＠
(1'1n" ｾ＠ ｾ＠ ｾ＠ 3faR \l'U11 ｾ＠

tR 3fT'iR "Q'Cfi ｾｲＮｴ＠ ｾ＠ <ROT ｾｉ＠
r.t;:;; ｾ＠ ｾ＠ ｾｔｩｬＧ＠ ｾ＠ ｾ＠ ｾ＠

ｾ＠ ｾ＠ ｾ＠ c q'ffi-q'ffi ｾ＠ ｾ＠
I. 3 2. 10 
3. 19 4. 25 

Consider a series of letters placed in the 
following way: 

U_ G_ C_ C_ S_ I_ R 

Each letter moves one step to its right 
and the extreme right letter takes the 

8 

18. 

18. 

19. 

19. 

20. 

first position. completing one operation. 
After which of the following numbers of 
operations do the Cs not sit side by side? 
1. 3 2. I 0 
3. 19 4. 25 

ｾｒ＠ ｾＢｑＧｃｦｩｾｾｴｒｾ＠

ｾ＠ ｾ＠ fcrmr <ROT ｾｉ＠ ｾ＠
ｾ＠ t.mc'fM ｾ＠ 30° 'Cf1T q;)ur ｾ＠ ｾ Ｎ＠

･ｲｲｾ＠ CfiT ｾ＠ tR ｾｲ＠ ｾ＠ ｾ＠

ｾｴｒｾＺ＠

I. 1.500 R 
3. 1.414R 

2. 1.866 R 
4. 1.000 R 

An inclined plane rests against a 
hori7ontal cylinder of radius R. If the 
plane makes an angle of 30° with the 
ground. the point of contact of the plane 
with the cvlindcr is at a height of 
I. 1.500. R 2. 1.866 R 
3. 1.414 R 4. 1.000 R 

C'll'ffi t4o ｾ＠ ｾ＠ "Q'Cfi m ｾ＠ ｾ＠ ;;rr 
ｾ＠ ｾ＠ ｾ＠ Jl;:jj..,_{)jQ;(1 ｾ＠ f'ttm 
ｾ＠ 3"''tl(1ii ｾ＠ Cfm ｾＮ＠ ｾ＠ ｾ＠ 3fT 
ｾｾｾｾｾｾｾｾＶＰ＠

ｾ＠ $1'? 
1. 6 
3. 12 

2. 7 
4. 4 

What is the maximum number of 
parallel, non-overlapping ｣ｲｩ｣ｾ･ｴ＠ pitches 
(length 24 m. width 3 m) that can be laid 
in a field of diameter 140 m. if the 
boundary is required to be at least 60 m 
from the centre of any pitch? 
I. 6 2. 7 
3. 12 4. 4 

ｾ＠ ｾＤｦ｣Ｉ［ｬｬＧＡ＠ -cm;ft ｾ＠ ｾ＠ ｾ＠ ｾ＠ｾ＠

ｾ＠ ｾ＠ ｾ＠ ｾ＠ ｾ＠ 3ffifr ｾ＠ q'CfVf 

q;)' ｾ＠ 'RC'IT ｾｉ＠ tRq ｾ＠ ｾ＠ ｾ＠ 'Cf1T 
ｾｾｾｾｾＮｾ＠

I. ｾｾｾｾｾｾｾｱＧｃｦ［ｦ＠

ｾ＠ ｾ＠ ｾ＠ ｾ＠ ｾ＠ ;;rrcft ｾｉ＠
2. q'CfVf ｾ＠ ｾ＠ ｾ＠ ｾ＠ 3fT'iR ｾ＠ ｾ＠

ｾ＠ %f ｾ＠ ｾ＠ liD' ｾ＠ 3ffifr q'CfVf CfiT ｾ＠

ｾ＼ｒｏｔ＠ ｾｉ＠.;) 
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3. qcrar ｾ＠ ｾ＠ ｾ＠ 30\'ft, (;1fT 

qcrar q;r .3fVI11cf mr ｾ＠ 61 
.:> 

4. c5tr ｾ＠ (iTCf em ｾ＠ t. Jffi: ?JGf 

ｾｾＶＱ＠

20. In a fast moving car with open windows. 
the driver feels a continuous incoming 
breeze. The pressure inside the car. 
however. does not keep increasing 
because. 
I. air coming in from the front window 

goes out from the rear. 
2. air comes in as well as goes out 

through every window but the driver 
only feels the incoming one. 

3. no air actually comes in and the 
reeling of breeze is an illusion. 

4. cool air reduces the temperature 
therefore the pressure docs not 
increase. 

ffidf /PART-'B' 

3MA<hlt4 

tR ftmitl 

t = 1(2n-l) 
2 

T ｾ＠ ｾ＠ 3fiCrCft Q;t'l7f f ( t) 

fit) 

tR ｾ＠ ｾＮ＠ ｾ＠

n = 0, ±1, ±2, ... t, <ii"N ±1 ｾ＠ ｾｾ＠

ｾ＠ ｾ＠ ｾｉ＠ ｾ＠ fclt=(1{ul 

f(t) = ｌ ｾ］Ｍ･ｯ＠ ane2rrint/T 

I. (-1)" 2. 2....sin ｾ＠
"" 2 3 .. "" . tsm2 4. nrr 

21 . Consider the periodic function f(t) with 
time period T as sho\\ n in the figure 
belo\\. 

9 

A.fit] 

-· -·1-=<-Tr I , 1',, 
The spikes. located at t = i<zn-1). where 
n = 0, ± 1, ±2, · · ·. are Dirac-delta func-
tions of strength ±1. The amplitudes a11 in 
the Fourier expansion 

f(t) _ '\'00 a e2rrintf1" 
- 4-n=-eo n 

are given by 

2. ＮＲＮＮＮｳｩｮｾ＠
IITr 2 

.., .. nn 
.>. LStnz 4. nrr 

22. ｾ＠ IT ＼ｾｨｨｴｲＨＱ＠ x2 + 'ly2 = 8 tR ｾ＠

q;ur ｾ＠ tl ｾ＠ ｾ＠ e1UT tR ｾ＠ ｾ＠

(x,y) = (2,1) q"{ 6 (;1fT ｾ＠ d'Tfct q;r x-

ｾ＠ ＶＨｾ＠ ｾ＠ oT) t.c=IT ｾ＠
d'Tfct q;r ｹＭｾ＠ 6: 

I. -3 
... 
.). 

2. -2 
..J. 1 

22. A particle moves in two dimcn:,ions on the 
ellipse x 2 + 1y2 = 8. 1\t a panit:ular 
instant it is at the point (x,y) = (2,1) anu 
the x-component or its velocit) is 6 (in 
suitable units). Then the y-component or 
its velocity is 
I. - 3 ., -2 
3. .t. 4 

d 2x ､Ｎｾ＠23. ｾ＠ 'RHlCfl{OI -, - 3-+ 2x = 0 tR 
dl. til 

ftmltl ｾ＠ t = 0 tR X = 0 (1m l -= 1 q'{ 

X = 1 t, (1l I = 2 tR X q;r ｾ＠ t: 
I. e2 + l 2. el. + e 
3. e + 2 ..J. 2e 

23. Consider the differential equation 
dlx dx · 
-- 3 - + 2x = 0. If x = 0 at t = 0 dt 2 dt 
and x = 1 at t = 1, the value of x at 
t = 2 is 
I. e2 + 1 
3. e + 2 

2. e2 + e 
-1. 2e 
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ＲＴＮｾ＠ f_<A>.., dx 
q;r mif ｾＺ＠

l+x• 

I. " 2. 
7r 

,,2 -
2 

3. J2n 4. 2rr 

2-'. The value of the integral f:'co dx 

1+x4 

I. 
... 
.). 

1. 

4 . 

11 

2 

2rr 

25. 6t3 + 3 sin 4t q;r ｾ＠ 't'qi('I{Of ｾ＠

I. 
)(> 12 

2. ｾＫｾ＠-+--
s• t 2+16 s• s1 · 16 

3. ｾＫＭＱＲ｟＠s• .t 2 -16 
4. 36+_12_ 

sl .t2+ 16 

is 

25. The Laplace transform of 6t :{ + 3 sin 1t 
is 

I. :l6+_t2_ 
s• s2+t6 

2. 

3. ｾＫＭＱＲ｟＠
s• s2 -16 

4. 

1.. I ·2 • • ｾ＠=2mx +mxy '=' • 

ｾＺ＠

I. II =.2..p p +....!....p2 
m x Y 2m Y 

2. lf=.2..pxpy+....!....p: 
m 2m 

3 lf I I 2 . ' = ;;; PxPy - z;;; Py 

4 H = .2..p p - ....!....p2 
· m x Y 2m x 

ＳＶＫｾ＠
s• s2-t6 
36 12 
-+--
sl s2+16 

26. If the Lagrangian of a dynamical system in 

two dimensions is L = !.mx2 + mxy, 
2 

then its llamiltonian is 

I. II= .2..PxPy + .2_Py2 
m 2rn 

2. H- I + I 2 - -;;;PxPy 2m Px 

..,.) f/=.2_pp--Ip2 
· m x Y 2m Y 

4. H- 1 p p I p2 
ＭｾｸｹＭｺＬ［ｸ＠

27. ｾ＠ ｾ＠ fcmQ V(x) = ｾｸＺｴ＠ + f.x4 , ｾ＠
3 4 

a, {J > 0 ｾＭ it ｾ｣Ｔ ｓＱＱＰＱ＠ m q;r ｾ＠ CfiOT 

-m;rc:rr ｾｉ＠ {11 J041 a ftrr ｾＺｩｬｬ＠ it ｾ＠ lJql ｾ＠

X = 0 I ｾ＠ {J IJ04idfm ｾ＠ ｾ＠ .3flll-Y'ffi 

mt ｾ＠ cti'r ｾ＠ ili{ili{('lf ｾ Ｚ＠

10 

I. 
20' 

2 . 
a 

Ｎ｛Ｓﾻｾ＠ .JmP 
3. 

a 
-L 

a 

Jif,np j24mfJ 

27. A particle of mass m moves in the one-

dimensional potential V(x) = ｾｸ Ｓ＠ + !!.x4 
3 4 

where a, p > 0. One or the equilibrium 
points is X = 0. The angular trequency or 
small oscillations about the other 
equilibrium point is 

I. 
2a 

2. a 

J3mfl FnfJ 
3. 

a 
4. a 

jt2m{l j24m{l 

28. ｾ＠ (\c4AI01 q;r lJql CfiOT xy-{1'(:1' 1t ｾ＠
ｾ＠ ｾ＠ ｾ＠ 1% x(L) = y(t) am y(t) = 
-x(t) ｾｉ＠ PI' ｾ＠ ｾ＠ tR ｾ＠ ｾ＠ ｾ＠

ｾ＠

ｪＥｾｑｱｬｭＭｾｾｾｾｾｦ｡ｭｦｾ＠

CJ:j('qFrw1(1 ｾ Ｚ＠
ｾ＠

t. .t..cx2 + y2) 
2 

3. X+ y 4. x-y 

28. A particle of unit mass moves in the xy-
plane in such a way that x(t) = y(t) and 
Y(t) = -x(t). We can conclude that it is 
in a conservative force-field which can be 
derived from the potential 

I. icx2 + yz) 

3. X+ y 

2. .: (x2-y2) 
2 

4. x- y 

29. ｾ＠ ;;tsc-q"\4 ｾｲ＠ ｾ Ｎ＠ A. B am c tR 

fcroR' I A ｾ＠ ma; B 7@ c/2 ｾ＠ mtr 

ｾ＠ ｾＮ＠ (1m B ｾ＠ mtre C 7Tfa c/10 ｾ＠

mtr :nfr ｾｲｲ＠ it ｾ＠ ｾｉ＠ A tR ｾ＠ C 

ｾ＠ 7Tfa ｾＺ＠

I. 
Ｑｾ＠

2. 
4<' -

7 7 

" 
c 

4 . 
./3( 

• 1. -
7 

29. Consider three inertial frames of reference 
A. B and C. The frame B moves with a 
velocity c/2 with respect to A, and C 
moves with ::t velocity c/10 with respect 
to B in the same direction. The velocity of 
C as measured in A is 
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I. 
3c 

2. 4C -
7 7 

3. 
c 

4. 
.f?.c - -

7 7 

30. ｾ＠ ｾ＠ 1m.<ff ｾ＠ <'WT U;f ＷＮＭｾｔｔ＠

ｾ＠ ｾ＠ ｾｉ＠ ｸＭｾｔｔ＠ ｾ＠ 3"t.il(M 1m.<rer aR 
.;) 

ｾ＠ 10 Y/m. ｾ＠ ｾ＠ ｾ＠ q"{ ｾｲｦ｣ｲｮ＠ '(,l'Cf 

ｾ＠ ｾ＠ B <ii 'flf;:o1<tlR:C1 ｾ＠ mvr 
Sflmr: ｾＺ＠
I. 3.3 X 10-7 watts/m! ('I1IT 10 tcsla 

2. 3.3 X 10-7 wattslm! ('I1IT 3.3 x 10-8 tcsla 

3. 0.265 wattslm2 'C1'm I 0 testa 

4. 0.265 watts/m2 '(1'm 3.3 X 1 o-e tcsla 

30. A plane electromagnetic wave is travelling 
along the postttve x-dircction. The 
maximum electric field along the x-
direction is I 0 V /m. The approximate 
maximum values of the power per unit 
area and the magnetic induction 8. 
respectively, arc 

I. 3.3 X 1 o-7 wattslm2 and I 0 testa 
2. 3.3 x 10-7 watts/m2 and 3.3 x 10-8 tcsla 
3. 0.265 watts/m2 and I 0 testa 
4. 0.265 watts/m2 and 3.3 x lo-s testa 

11 

31. ro;;:'t ｾ＠ yz-<WI' ｾｾ＠ Et.,n 'C1'm Eright <ii 
ｾ＠ -mt.-m:IT <ii ｾ＠ em 'QCf> ｾｾ＠ lftm ｾ＠

ｾ＠ q:;rc:rr ｾ＠ ｾ＠ Eten: Eright = 1:2 ｾｉ＠ ｾ＠

ｾ＠ C'R'tO l!Cfi'fl<HICI'i fm-<rer aR ｾ＠ Elert = 
.;) 

c(L + j + k) Ｈｾ＠ c :mR h CiT zyf C'R'tO 

fm-<J" aR H right ｾＺ＠

I. c(2i+]+k) 
2. c(i + 2J + 2k) 
3. c(ii+j+k) 

4. c(i+iJ+ii<) 

31. Suppose the y7.-plane f9rms a chargelcss 
boundary between two media of 
pennittivities Eteft and Eright where 
EJcft: Eright = 1:2. If the uniform electric 

field on the left is Eteft = c(i + J + k) 
(where c is a constant), then the electric 
field on the right Bright is 

I. c(2! + J + k) 
2 . c(t + 2] + 2k) 
3. cGt+j+k) 

4. c L 'J<) c t+z-1+2 

32. U;r ｺＭｾｔｔ＠ ｾ＠ I tcsla i!Rlcfllll m it xy-<WI' 
.;) 

q"{ ｾ＠ 300 m/s cii ｾ＠ ｾ＠ ¢ifCI1' ｾ＠

ｾ＠ Cfi'2:lT ｾｾｾｉｾｾ＠ ｹＭｾｔｔ＠ Jl 
1 v /m em 'QCf> fm-<J" m ｾ＠ f$<rr ｾ＠

ｾＮ＠ ｾ＠ Cfi1l:1T <fir ｾ＠

ｉＮｾｾｾ＠

2. ｾ＠ ｸＭｾｾｔｔ＠ it I m/s 'lTfR ｾ＠ m:r<=IT 6 
3. U;r ｺＭｾｔｔ＠ ｾ＠ I m/s ｾ＠ ｾ＠ m:r<=IT 6 
4. U;r ｸＭｾｾｔｔ＠ it I m/s ｾ＠ ｾ＠ m:r<=rr ｾ＠

32. A proton moves with a speed of300 m/s in 
a circular orbit in the xy-plane in a 
magnetic field I testa along the positive z-
direction. When an electric field of I Y/m 
is applied along the positive y-direction. 
the centre of the circular orbit 

I. remains stationary 
2. moves at I m/s along the negative x-

direction 
3. moves at I m/s along the positive z-

direction 
4. moves at I m/s along the positive x-

direction 

33. fm-<rer ｾ＠ fmrcr V 'C1'm ｾｔ＠ fmrcr 
.;) 

A cii ｾ＠ 't'qi(1:tul1 (v, ｘＩｾ＠ (v', .4') it 
ｾＭｭ＠ ｾ＠ 't'qi(1:tul ｾﾷ＿＠

I. (V' = V +ax, A' = A+ at k) 
2. (v' = v +ax, A' = A- at k) 
3. (v' = V +ax, A' = A+ at 1) 

4. (V' = V +ax, A' =A- at t) 

33. Which of the following transformations 
(v. A) ---t (V',A') of the electrostatic 

potential V and the vector ーｯｴｾＺｮｴｩ｡ｬ＠ A is a 
gauge transformation? 

1. (V' = V +ax, A' = A+ at k) 
2. (v' = V +ax, A' = A- at l<) 
3. (V' = V +ax, A' =A+ at t) 
4. (V' = V +ax, ii' =A- at!) 
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34. mer L. L C'lm L/2 "liCf<1 ｾ＠ ｾ＠
ｾ＠

ｾｾｾｾｾｱ［ｵｲ［ｆｾ＠

m 3rM'31n ｾ＠ ｾ＠ H. nm 3flt.<:r 
ｾ＠ ｾ＠ E0 CfiT .3fOiCITC1' t: 

ｾ＠

l. 3:2 
3. 4:1 

2. 2:1 
4. 4:3 

34. The ratio of the energy or the first excited 
state E1• to that or the ground state H0 • of a 
panicle in a three-dimensional rectangular 
box of sides L. L and L/2. is 

I. 3:2 
3. 4:1 

2. 2:1 
4. 4:3 

35. ｾｾＢＢＧ＠ ｾ＠ * ｾ＠ fm:ft q;ur <F 
C1{diQ'ic>!Ci1 em t/J(x) ｾ＠ nm mrn- ｾ＠ * 
cJ>(p) = f tjJ(x)e-•pxfhdx ｾ＠ ｾ＠ f%"m 
ｾ＠ t1 ｾ＠ t/J(x) tR ｾ＠ ·r ｾ＠ fsRrr 
1'tjJ(x) = tjJ(x+a) ｾ＠ h ｾｾＮｾ｡＠
Jror t. Cit 1'¢(p) ｾ＠ fa"m ｾ＠ t 
l. -*apcf>(p) 
2. e-•ap/hcJ>(p) 
ｾ＠

.J. e1wp/h¢(p) 

4. ( 1 +f. ap) cJ>(p) 

35. The wavcfunetion of a panicle in one-
dimension is denoted by tjJ(x) in the 
coordinate representation and by ¢(p) = 
f 1/J(x)e-ipxflldx in the momentum 
representation. I r the action of an operator 
·r on t/J(x) is given by 'ft/J(x) = tjJ(x + 
a). where a is a constant. then fcJ>(p) is 
given by 

I. Ｍｾ｡ｰﾢＨｰＩ＠

2. e-iap/l•¢(p) 
ｾ＠ e+iap/lt¢(p) .J. 

4. ( 1 + T, ap) ¢ (p) 

36. ｾ＠ ｾ＠ mrn- ｾ＠ r <F QCCF 1., ｾ＠

ｃｩｴｾ＠ Li=t.z,:dl i. L,!. l.,j ｾ＠ ｾ＠
t: 
I. L 
3. 3I 

2. 2I 
4. -i 
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36. If L; are the components of the angular 
momentum operator r. then the operator 
.L=t.V [fi. Li], Ld equals 

I. L 
3. 3L 

2. z[ 
4. -L 

37. ｾ＠ ftrn * ｾ＠ <fiUT fct3.rcr V = ｾ ｫＨｌＩｸ Ｒ＠ tR 
'i«'''C1T ｾＮ＠ ｾ＠ k(L) ｾ＠ ｾＭｾ＠ ｾ＠ t1 
Cit ｾ＠ (V). fcmq ｾ＠ lF ｾ＠ ｾ＠ (V) 

ｾ＠ ｱｦｻｱｾｃｩｩ＠ ｾ＠ t : 
I. ｾ＼ｴｫ＠ (xl) + k (xp + px) 

ｾｴｴｬ＠ 2m 

., ＮＡＮｾＨｸＲＩＫｾＨｰＲＩ＠
Z dl 2m 

.1. ...!!.. (xp + px) 
2m 

4. ＮＡＮｾＨｸ Ｒ Ｉ＠
2 dl 

37. A particle moves in one dimension in the 
potential V = ｾｫＨｴＩｸ Ｒ ＠ where k(t) is a 

time dependent parameter. Then ＭｾＨｖＩＮ＠
dt 

the rate of change of the expectation value 
(V) or the potential energy. is 

I. ; Ｚｾ＠ (x2) + ｺｾｮ＠ {xp + px) 

:!. .!. <tk (xz} + _1 ( 2 ) 
2 tiL 2m p 

3. k ( + ) ;;;;- xp px 

4 . .!. dk (xz) 
2 dt 

38. N ｦｭｾｴＮ＼Ｚｲ＠ CfiU'IT lF ｾ＠ <'hi Jt, ｾ＠ ｾ＠

q;ur ｾ＠ 3rcn=trr3l't o nm € ｾ＠ * ｾ＠
ｾ＠ * ｾ＠ ｾ＠ t1 ｾ＠ (fi(:f ｾ＠ nt: t 

ｾ＠

ｾＱＱｾ＠ ｾｾｃｩｴ＠ <'hi CfiT ｾ＠ ｾ＠

.3fOiCITC1' ｾ＠ t : 
ｾ＠

I. N In 11 2. 11 InN 
3. ｉｮＨｾＩ＠ ,, 4. In (-N-1 -) 

n!(N-n)' 

38. A system of N distinguishable panicles. 
each or which can be in one of the two 
energy lc\'Cis 0 and c. has a total energy 
nc. "here 11 is an integer. The entropy of 
the system is proponional to 

I. N Inn 2. n InN 

3. In ＨｾＩ＠ 4. In ｃＡＨＺｾｮＩｊ＠
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39. ｾ｣ＺＴｈｉＰＱ＠ m cm;t N 31rii) ... ｾｦＪ［ｾｴｻｴＧｬＰＱ＠
ｒｬｵＱ｜＿ｉｾｃＱ＠ q;ot eli t:.rcfi ｾ＠ ｾ＠ ｾ＠

V(r) = a(x2 + y 2
) eli t:.rcfi c;_mfcM"l ｴｴｔｊｩＧｊｾｃｦｬ＠

ｦ｣ｴｾ＠ f.!f;m ｾ＠ ｾＮ＠ ｾ＠ a t:.rcfi tr.r 
:mR ｾｉ＠ ｾ＠ T 1R ｾ＠ <iiT ｾ＠ ｾ＠

ｾｾ＠ (P=k:J 
I. f(2:)

2 
ｾｲ＠

3. (an )N 
2mP 

39. A system of N non-interacting classical 
particles, each of mass m is in a two-
dimensional harmonic potential of the 
form V(r) = a(x 2 + y 2

) where a is a 
positive constant. The canonical partition 
function of the system at temperature T is 
(P = ｫｾｊ＠

I. ｛｣Ｚｊ
Ｒ

ｾｲ＠ :2. 

3. ( an )N 
2mP 4. 

40. "(!Cfi ｾＭｾ＠ ｾ＠ * "(!Cfi CfiUT ｾ＠ ｾ＠

I ｾ＠ ｾ＠ 2 or ｾ＠ ｾ＠ ｯｲｒｾＢ＠ ｾ＠ t12· 

ｯｭｾｭ＠ Ｒｾｾ＠ ｴｯｲｾｾ＠

ｯｲｒｾＢ＠ t21 ｾｉ＠ ｾ＠ ｾｾｉｔ＠ or. CfiUT ｾ＠ ｾ＠

I or ｾ＠ ｾ＠ l)lfflliflctl ｾ Ｚ＠

I. 
_ ,2_1 _ 

2. _ ,1_2 _ 
l u -t-t21 ｴｬＲｾ＠ 121 

3. ｾ＠ 4. 
l u-t z 1 

tu+tz• '•z +1z1 

40. In a two-state system. the transition rate of 
a particle from state I to state 2 is L12• and 
the transition rate from state 2 to state I is 
L21• In the steady state, the probability of 
finding the particle in state I is 

I. 
_ cz_•_ 
t12+t2 1 

2. _c1_2 _ 

t,z+Czl 

3. ｾ＠ 4. c 12-Lz1 
t,z+tz, L12+tz1 

41 . ｾ＠ ｾ＠ t' ?;cr Jfir '(fj'lSq" ｾ＠ Ｇｦｬｩｒｬｬ｡ｾ＠

t' ｾ＠ ｾＮ＠ 'flf.::triCfiQ:(i 'flsflifi(Uf 
dP ::::: ....!f.L ＨｃｦＨ＾ｬｬＱ＿ｦｾＧｦＱＭｃｦｾ｣ＩＨｪＰＱ＠ 'flit"JCfi{Ui) ｾ＠dT TJ>vap ' 

ｾｾｾＮ＠ ｾｖｶ｡ｰｾｾｴｲｲＪｾ＠

13 

CfiUT <iiT ｾ＠ ｾＮ＠ ('I'm Q, ｾ＠ n ｾ＠
mR mvrr ;5IT ｾ＠ ｾｾ＠ ｾ＠ ｾ＠ ｾｾｉｴ＠

1m fafU <iiT ｾ＠ ｾ＠ ｾＮ＠ (1)" f.P:;r .;) 

ｮｮｲｲＮｴｾＭｭｾｾ＠

1. 
ｾ＠ 2. 

\__ ｾ＠.s .s 

0 - r 0 T 

( 

ｾｉ Ｎ＠ The condition for the liquid and vapour 
phases of a nuid to be in equilibrium is 
given by the approximate equation 
dP ::::: ___!?.!.__ (Ciausius-Ciayperon equation), dT Tvvap 

where Vvap is the volume per particle in 
the vapour phase. and Q1 is the latent heat, 
which may be taken to be a constant. If the 
vapour obeys ideal gas law. which of the 
following plots is correct? 

1. a. 
.s 2. \ 

ｾＢＭＭＭＭＭ
01---- - T 0 T 

3. a. 4. a. 
.s .s 

0 .• T • T 

I 
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ｾ＠ fthit (a) ｾ＠ (hl it ｾｩｦｬｩｒ＾ｏ＠ ｾ＠

ｾ＠ ＼ｐＮＬＬＩｾｲＺ＠ ｴｯｯｾ＠ 10 ｾＮ･ｲｲ＠ a 
I. ｾｲＺ＠ ｾ＠ trci' ｾ＠ m tR ｾ＠

ｭｾ＠

2. ｾｲＺ＠ ｾ＠ trci' ｾ＠ m tR ｾ＠

ｾｾ＠

3. ｾｾｭｩｴｾｭｾ＠

4. ｾｾｭｩｴｾｾｾ＠

42. Consider the circuits shown in Figures (a) 
and (b) below. 

ｾｉＨ＠ .( 

·L. 
10.7V ·;· 

2K -
· I 10V 

(a) 
1K 

101( • NH l 
J .,.,. { ': 10V 

SV ·- _j l ____ _ 
(b) 

If the transistors in Figures (a) and (b) 
have current gain (fJdc) of I 00 and I 0 
respectively. then they operate in the 

I. active region and saturation region 
respectively 

2. saturation region and active region 
respectively 

3. saturation region in both cases 
4. active region in both cases 

14 

-4--- ttl'n 4 

·B . ｾ＠ ｾ＠ ｾｾ＠ '1· ｾ＠ ｜ｦ｜Ｑｾ＼ＧＱＱ＠ 17 = liiV 
ｾ＠ ｾ＠ ｾ＠ ｾｉ＠ ma ｾ＠ I ｾ＠ V ｾ＠

mmt=r: ｾ＠ ｾ＠ ｾ＠ ｾＮ＠ trtJ p ｾ＠ em 
ｾ＠

;:nt.'lf ｾ＠ ｾ＠ I% ｾ＠ <'i'trr ｾ＠ a ｾ＠ 'QCfi 

ｾ＠ em ;:nt.'lf ｾ＠ ｾ＠ 3% ｾｾ＠ ｾｾ＠

ｾ＠ em ［ｭＮＮｾ＠ ｾ＠ ｾ＠ ｾ＠ ｾ＼ｴｩ＼Ｚ＼ｍ＠ ｾＺ＠

I. 2 °o 
3. 12 t!'o 

2. 4 % 
4. 13 °'o 

ｾ Ｓ Ｎ＠ The viscosity '7 of a liquid is given by 

I) . 'II ' t' I 11
"

04 
A oascua c s onnu a 71 = lii"V· ssume 

that I and V can be measured very 
accurately. but the pressure P has an rms 
error of I% and the radius a has an 
independent rms error of 3%. The rms 
error of the viscosity is closest to 

I. 2 % 
3. 12 % 

2. 4% 
4. 13% 

Ｔ ｾ Ｎ＠ f.:tH:r ｾ＠ it ｾ＠ ｾＭｭ＠ 'QCfi ｾ＠

｣ｾｃｩｦｩｊＧｩｏｦｴ＠ ｾ＠ ｾ＠ Cfi«''T ｾ Ａ＠
ｾ＠

I. 

2. 

c·oruol 

3. 

. ' ) L; .-

4. 
ut· • --r>---ll 1:u., '"'"'' l : r>-;=Df 

tD-j 

ｾＴＮ＠ Which of the following circuits behaves as 
a controlled inverter? 

I. 
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2. 

Cur.:rol 

: 7---j L> . 
) L :_ > "'I ' 

•• "'- f "'\... 
I , ./'- t _/ 

4. 
ilp Ｍ ｾＭ r >- 1 I ::::-y .,,,, 

Cun1ml - 1 I). _1 "'\_ .: 
I I . ./ 

ＴｓＮｾｔｮ＠ ｾ＠ ｾ＠ ｾＭｾ＠ ｾ＠ ｾ＠

ＤｾｃｦｾｾｯＱＱ＠ n ('I'm lmW 11 ｾ＠ ｾ＠ ｾ＠

n = p = AT312 cxp(-_!L) G_Qm ｾ＠
2kBr 

fc);m ｾ＠ ｾ＠ ｾ Ｎ＠ ｾ＠ ＯＺｾ＠ ｾＭＱｴｱＭ om A 

.mR tl ｾ＠ ｾ＠ ｾ＠ ｾ＠ ｾ＠ ｾ＠

ｭｭｾ＠ r 1
/ Z ｾ＠ ｾ＠ * ｾＮ＠ ffi 

ill <'I Cfi(11 "''" '<'117r, T 1 
"''" ｾ＠ ｾ＠ Cfii'r.f 

ｾｾｾｾｾｾ Ｚ＠

I. £9 /(2k8 ) 

3. -E9 /(2k 8 ) 

2. f:0 /ku 

4. -/::9 fko 

45. The concentration or electrons. n. and 
holes, p, for an intrinsic semiconductor at 
a temperature T can be expressed as 
n = p = AT312 cxp (- ...!!.L) where F is 2k11T ' •_q 

the band gap and A is a constanl. If the 
mobility of both types of carriers is 
proportional to T-:I/Z. then the log of the 
conductivity is a linear function of 7'- 1• 

with slope 

I. E0 /(2k8 ) 

3. -E0 /(2k8 ) 

2. E9 /k 8 

4. -£_9 fk8 

3ITdf/PA RT-'C' 

46. cft;r at'Rimcti 'tl"U a. b ('I'm c n ｾ＠ ｾ＠ ｾ＠
3fr:m<;r [0. I I * ｾ＠ (ICfift#il;j ＧｬｕｾｃｦｩＨＱＱ＠

ｾ＠ ｾ＠ 4t£fi:tJ<tiC1: ｾ＠ ｾ＠ ｾｉ＠
.3 

a+ b > 2c ｾ＠ ｾ＠ ＧｬｩｩｾｃｦｩＨＱＱ＠ ｾ Ｚ＠

15 

I. 
J 

2. 
2 - -

4 3 

3. ｾ＠ 4. ｾ＠
2 4 

ｾ ＶＮ＠ Three real variables a, b and c arc each 
randomly chosen from a uniform proba-
bility distribution in the interval [0. 11. 
The probability that a + b > 2c is 

I. 
3 

2. 2 - -4 3 

3. 
1 

4. I - -
2 4 

47. 4cl<t>)Q WT X 1X1• ｾ＠ Xj ｾ＠ * 
ｾＭｾｲ＠ ｾ＠ ｾ＠ ｾｲｩ｣ｦ［＠ ｾ Ｎ＠ ｾ＠ 6 

ｾ＠ m:<f tl ｾ＠ ｾ＠ ｾ Ｎ＠ ｾ＠ 6 (i('q, 

3i<'IElCfi<Ufill ｦｴＣｩｾｴｬｴｩＧｩ＠ n ｾ＠ ｾ＠ t .;) .3 

( 3flffi:r. ｾ＠ ft #i ｾｩｬｬｬ＠ ｾ＠ m:<f, 3<ft" f!J't ｾ＠ illl 
' .;) .3 

ｾ＠ nc=<it ｾ＠ 'ffil1<F :A Ｔｾ＠ 3ilrl'l n ｾ＠ ｾｱ＠ i (1 n (1 

ｾｾＩｾ＠

I. 4 '(1'tiT 2 m:<f ｾ＠ ｾ＠

2. 5 ('I'm I m:<f ｾ＠ t 
3. 3, 2 ('I'm I m:<f ｾ＠ 6 
4. 4, I ('I'm I m:<f ｾ＠ 6 

47. The rank-2 tensor xix1. where xi are the 
Cartesian coordinates of the position 
vector in three dimensions, has 6 
independent elements. Under rotation, 
these 6 elements decompose into 
irreducible sets (that is, the elements of 
each set transform only into linear 
combinatio.ns of elements in that set) 
containing 
I. 4 and 2 elements 
2. S and I elements 
3. 3, 2 and I elements 
4. 4, I and I elements 

48. ｾ＠ ｾｘ］＠ 0 tR' y = 2 ｾ＠ ｾ＠

ｾ＠ ftA'ICfi{Ui dy = x 2 - y tR' fctm'tl 
dx 

m;l ｾ＠ Y(t) ('I'm Y(t/2) , X = 1 q'{ ｾ＠

.wr ｾＭｾ＠ ｾ Ｎ＠ 1:f7T 3frnTq' ｾｲ Ｚ＠ 1om 

ｾ ｾｾｾｾｾＶＱ＠
2 

(Y(l)- Y{l/2))/Y{t/2) "''" m"if ｾ＠

I. -1/2 
J. 1/2 

2. - 1 
4. 1 

www.examrace.com
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48. Consider the difTercntial equation 
dy = x2 - y with the initial condition 
dx 

y = 2 at x = 0. Let Y(t) and Yc 1J2) be the 
solutions at x = 1 obtained using Euler's 
forward algorithm with step size I and i 
respecti vcly. 
The value of(Y(t)- Y(l/"l.J)/Y(lf2) is 

I. -1/2 2. -1 
3. 1/2 4. 1 

ｾ ＹＮ＠ ｾ＠ ｾ＠ f(x, L) ｾＭｦ｣ｰＺｲ＠ ｾ＠ 'tlsfiCfi{Oj 

ＡＺｾ＠ = ｶ Ｒ ＺＺｾ＠ CfiT ｾｾｾｉｾ＠ t = 0 q"{mft 

x <l;" ｾ＠ f(x,O) = e xz <1m ilf (x,O) = 0 t, 
iJt 

･ｲｲｾ＠ <l;" <'11ft wnf t>O <l;" ｾ＠

f(x, t) 'fiT croTol ｾ＠ ｾ＠ ｾＺ＠

I. e (xz-.,zcz) 

2. e-<x-vt)z 

). .! e-(x-vc)2 +:! e -(x< vc)2 
4 4 

4. i re-(x-vt)Z + e-(x+vc)21 

49. Let f(x, t) be a solution of the wave 
. azr 2 azr . I d" . If equatton iit2 = v axz tn - 1mens10n. 

-xz of at t = 0, f(x, 0) = e and at (x, 0) = 0 

for all x. then f (x, t) for all future times 
t > 0 is described by 

I. e-(xz-vztz) 

2. e-(x-vt)Z 

3. .!.e-<x-vt)2 + :!e-Cx+vt)2 

4 4 

4. ｾ＠ (e-(x-vt)Z + e-(X+Vt)Zl 

50. ｾ＠ ｾ＠ q (1m p fcmfr ｾ＠ cf;r *" ｾ＠
ｾｲｩｱ［＠ <1m mm t1 frp::;; ｍｩＨＧｈｏｾ＠ ｾ＠ｾ＠

ｭＭｭｾｾ＿＠

/\: Q =2...q2(it(f"p =2...p2 
I .fi I .fi 

13: Qz = ｾＨｰＫｱＩＨＧｻｭ＠ P2 = ｾＨｰＭｱＩ＠
l. a err 1\ 3-ftt a n 
2. 1\ (ftfT 13 ｾ＠

3 . cl;crc;r 1\ 

4. cl;crc;r R 

50. Let q and p be the canonical coordinate 
and momcmum of a dynamical system. 
Which of the following transformations is 
canonical? 

A· Q = 2..q2 and P = 2..p2 
•1 .[2 1 .[2 

1 1 
13: Q2 = 12 (p + q) and P2 = ..n.CP-q) 
I. neither 1\ nor 13 
2. both 1\ and B 
3. only 1\ 
4. only 13 

ＵＱ Ｎｾｾｾ＠ "R ｾ＠ *" ｾ＠ ｾ＠
ｾ＠ Ｚｾ＠ (O,<p) = a2 + b2 cos2 e ｾ＠ l?;m 

ｾ＠ ｾｉ＠ ｾ＠ wrnvlT CfiOlT 'fiT trnCHf N ｾ＠

err ma Q<fiCfi wnr q"{ ｾ＠ CfiOlT <fi't 
ｾｾＺ＠

I. ｾ＠ N(a2 + b2
) 

3 

2. 'lrrN(a2 +;b2
) 

3. 4rrNGa2 +ib2
) 

4. 4rrN(a2 +ib2
) 

51. The differential cross-section for 
scattering by a target is given by 
da 
dfl (O,q>) = a2 + b2 cos2 e. 
If N is the nux of the incoming particles, 
the number of particles scattered per unit 
time is 
I. ｾｎＨ｡ Ｒ＠ + b2 ) 

1 

2. ＴｲｲｎＨ｡ Ｒ Ｋｾ｢ＲＩ＠

3. 4rrN Ga2 + ib2
) 

4. 4rrN(a2 +ib2
) 

52. ｾ＠ M fct31<f V(x) = -!x 2 + !x4 It 
2 4 

ｭ｡ｾｦｬ＼Ｚｲ＠ ｾ＠ CfiUT <fi't ｾｭ＠ ｾ＠ ｾ＠

<.mffi:r 3m{ "5i:ir *" ｾ＠ 'fiT ｾ＠
ｾ＠ FrP=;; ｾ＠ ｾｴ＠ m-m ifl«'lT ｾ＿＠

l. 

X 
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2. 

3. P· 

)( 

4. p 

52. Which of the following figures is a 
schematic representation of the phase 
space trajectories (i.e.. contours of 
constant energy) of a particle moving in a 
one-dimensional potential 
V(x) = -!.x2 +!.x 4? 

2 4 

I. 

)( 

2. 

X 
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3. p 

4. 

53. ｾ＠ qftmur 2 m x l m ¥<1 "QCii 

ｾ＠ <rtor qtrcfi ｾ＠ <itl{ili{(11 

w = 109 mils 't ｾ＠ ｾｉ＠ $<1 <rtoT tfU<ii 

ｾ＠ <ii'to:r-'t ｾｴｲ＠ fctt.<J<i ｾ＠ (TE) q;r 

)Rll"{OT Wm 
I. TE10• TEo1 3tR Tb1o 

2. TE10, TE 11 3tR TE2o 

3. TEoa. TEao3tRTE11 

4. TE0., TE1(\ 3tR TE2l 

53. Consider a rectangular wave guide with 
transverse dimensions 2 m x I m driven 
with an angular frequency w = 109 rad/s. 
Which transverse electric (TE) modes will 
propagate in this wave guide? 

I. TE,o, TEoa and TE2o 
2. TE10, TE,, and TE2o 
3. TE0., TE10 and TE11 

4. TEo., TE,o and TE22 

ＵＴ Ｎｾ＠ L c); "QCii ｾ＠ tR ｾ＠ ｾｔ＠ Q 
ｾ＠

QCfi'f1J11 CI1 C1: ｾ＠ ｾｉ＠ ｾ＠ ｾ＠ ))'lfftlT ｾ＠

ｾ＠ dJ1a v 't ｾｦｴｴ［ｲ＠ "QCii ｾ＠ 't 
ｾ＠ ;;rrcrr ｾＮ＠ ffi Ｈｾｦｴｴ［ｲ＠ ｾ＠ G_<mT 
J1Tq'f 7Tm) ｾ＠ ｾ＠ M q;r JrraltT ｾＺ＠

1. - 1 - -Q ( v2) 
I. c2 2. ｜ｊｴｾ＠- 1--

I. c2 

3. _Q_ 
4. Q 

10 ＱＮＨＱＭｾＩ＠L 
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54. A rod of length L carries a total charge Q 
distributed uniformly. If this is observed 

in a frame moving with a speed v along 

the rod, the charge per unit length (as 

measured by the moving observer) is 

I. - 1--Q ( v2) 
L c2 

2. QR - 1 - -
L c2 

3. Q 4. 
Q 

R t( ＱＭｾＩ＠
L -::2" 

55. ｾｴＭｾ＠ ｾｲ＠ z > o * ｦ｣ｴｴＮｾ＠ nm 
ｾｭ＠

.:> 

E(f, t) = 
ii(f, t) = 

E0e-k 1z cos(k2x - wt)j 

£ 
ｾ･Ｍｫ Ｒ ｛ｫ Ｑ＠ sin(k2x- wt) t 
w 

+ k2 cos(k2x - wt)k] 

ｾ＠ ｾ＠ -am ｾＮ＠ ｾ＠ w. k1 <'M kz tr.i :mR 

ｾｉ＠ ｸＭｾｔｔ＠ * ｭｌｾ＠ ｾ＠ ｾ＠ t: 

I. ･Ｘｾ･ＭＲｫ Ｑ ｺ＠
2110w 

2 ｅｾｫＲ＠ -2k 1z . -e 
I' ow 

3 £5kt -2k1z . -e z,..0w 

4. ｾｃｅｯｅｾ･ＭＲｫｴｚ＠
2 

55. The electric and magnetic fields in the 

charge free region z > 0 are given by 

E(f, t) = 

ii(f,t) = 

E0e-k•z cos(k2x-wt)j 

E 
ｾ･Ｍｫ Ｒ ｛ｫ Ｑ＠ sin(k2x- wt) i 
w 

+ k2 cos(k2x- wt)k] 

where w, k1 and k2 are positive constants. 

The average energy flow in the x -direction 

is 

" ＵＶ Ｎｾ＠ 1 em (1m ｾ＠ I n ｾ＠ 'QCfi 

C[n11ct>1{ CfR mr xy-Mr * tm t1 tr.i z-

ｦｴｾｲｲ＠ * 'QCfi QCf>'H AI01 ｾ＠ ahr ｾ＠

18 

11'r.f I s * ahr ifN 10 tcsla ｾ＠ 9 tcsla nct>" 

ｾ＠ ｾ＠ -;;m:rr ｾｉ＠ OR ｾ＠ ｾ＠ 3fr ｾ＠ ｾ＠

G'Tftn ｾｾ ｲ＠ ｾ＠ i'f1TWT 

I. 3.1 x 10-4 coulomb 
2. 3.4 x 10-4 coulomb 
3. 4.2 x to-• coulomb 
4. 5.2 x 10-4 coulomb 

56. A uniform magnetic field in the positive z-
direction passes through a circular wire 

loop of radius I em and resistance I n 
lying in the xy-planc. The field strength is 

reduced from I 0 tesla to 9 tesla in I s. The 

charge transferred across any point in the 

wire is approximately 

I. 3.1 x 10-4 coulomb 

2. 3.4 x 10-4 coulomb 

3. 4.2 x 10-4 coulomb 

4. 5.2 x 10-4 coulomb 

57. ｾ＠ ＤｾｃｦｓＺｃＩＰＱ＠ c); ft:tQ' frtq; ｾｦｩｯｬＨＢ｣Ｚ［［［ｻｪ＠

H = ca · p + Pmc2 ｒｈｓｩｦｦｩｾ｣ｴ＠ ｾ＠

£2 = p2c2 + m2c• ｾ＠ WR; ｾｉ＠ 'QCfi fm.<m 
.:> 

ｾ＠ fcmq (<t>.A) * ｾｲ＠ q ｾ＠ q;ur ｾ＠

ft:tQ' Rl ｻｓｩｦｦｩｾ｣ｴ＠ ＺｎｦｲＭｾ＠ ｾ＠ ｾ＠

(E- q¢)2 = c2(p- ｾＮＴＩＲ＠ + m2c•t 3{(1: 'QCfi 

fm-<Rf ｾ＠ m * 'QCfi Ｄｾ＼ｴｳＺ＼ＩＰＱ＠ ｾ＠ f<;ttr 
.:> .:> 

ｾ＠ ｾｦｩｯｬＨＢ ｣Ｚ［ ｊｬ＠ ｾＺ＠

1. ca · p + ｾａﾷ＠ A + pmc2 
- e<t> 

2. ca · (P ＫｾａＩ＠ + pmc2 + e<f> 

3. c(a · p + e<f> + ｾＱＮＴＱＩ＠ + Pmc2 

4. ca · (p ＫｾａＩＫ＠ Pmc2
- ecf> 

57. The Dirac Hamiltonian H = cii · p + 
Pmc2 for a free electron corresponds to 

the classical relation £2 = p2c2 + m2c4 • 

The classical energy-momentum relation 

of a particle of charge q in a 

electromagnetic potential (¢,A) is 

(E- q<J>)z = cz(p-ｾＮＴＩＲ＠ + mzc .... 

Therefore, the Dirac Hamiltonian for an 

electron in an electromagnetic field is 

I. cii · p + ｾＬＴＮ＠ A + Pmc2 
- e¢ 

2. cii · (p + ｾａＩ＠ + Pmc2 + e¢ 

3. c(ii · p + e¢ ＫｾｉｘＡＩＫ＠ pmc2 

4. cii · (p + ｾａＩ＠ + Pmc2 
- e¢ 
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58. ＿＼ＶＴｓｩｩｾ＠ m q,r 'Q'qi" CJi'tlT fct31cr V = .!.mw2x2 
2 

ｾ＠ 6, ｾ＠ w 'Q'qi" WR 61 ma't ｾ＠
a = ｾ＠ (x + iP) I ｾｾｾｊＡｾｇｉｾ＠ fU:;r ｾ＠ aa ..}2/i" mw dt 

ｾ＠ ｾ＠ arnr 6: 
I. wa 
3. wat 

2. -iwa 
4. iwat 

58. A particle of mass m is in a potential 
V = ｾ＠ mw2 x 2

, where w is a constant. Let 

a = ｾ＠ (x + 3!_). In ...J2h mw 
. dd . . b p1cturc - IS g1ven y dt 

I. wti 
3. wat 

59. 'Q'qi' ｾ＠ ｾ＠ fct31cr 

the lleisenbcrg 

2. -twa 
4. iw{it 

V(r) = {V0 for r <a 
0 for r ｾ｡＠

ｾｖ Ｐ＠ <'fUTa ｾ＠ WR ｾＮ＠ ｾ＠ ｾ＠ ＱＺＺｾ＠
'Q'qi" q:;tl'f q,r ｾ＠ ｾ＠ 61 )Wq' ｾ＠

ｾ＠ ｾＮ＠ ｾ＠ ｾ＠ qft&:f 6 
q=4rra2 Catanhka-1)

2

, ｾ＠ kz= 
2m( ) ｾ＠ ..,.. h2 V0 - E > 0 I '<'11rtl<1 V0 ｾ＠ oo rt q, 
c=rm ｾ＠ a ｾ＠ 'Q'qi" 1ffi;r 't ft) ｻｓ ｾ＠ 1?1 ｾｃＱ＠
ｾ＠ qft$ q,r ｾ＠ 6: 
I. 4 
3. I 

2. 3 
4. 1/2 

59. A particle of energy E scatters off a 
repulsive spherical potential 

V(r) = (V0 for r <a 
0 for r;::: a 

where V0 and a arc positive constants. In the 
low energy limit, the total scattering cross-

2 section is u = 4tra2 C1
a tanh ka- 1) , 

where k 2 = 2'; (V0 -E) > 0. In the limit h 
V0 ｾ＠ oo the ratio of q to the classical 
scattering cross-section off a sphere of 
radius a is 

I. 4 
3. 1 

2. 3 
4. 1/2 
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60. ｾ＠ ｾ＠ ｃｬｆｆｃＱｾｃｦ＾＠ ｾｔ＠ ｾ＠ ｾ＠
ｾ＠

f ＨｾＩ＠ · ＨｾＩ＠ 1 ('fUT U2 G)· ;2 ＨｾＱＩ＠ 1 
'l)' ct ｾ＠ ｾ＠ 3fltm" ｾｔ＠ ｾ＠ ｾ＠
ｾｉ＠ ｾ＠ .3l'ltlTU lt ｾ＠ 'ffi9Cf>' ｾ＠ q,r 
ｾ＠ ｾ＠ 'Q'qi" ｾ＠ '('\qj(1{0j " 
ｾ＠ ｾ＠ ｾｉ＠ ｾ＠ ｾ＠ q,r (\CI' ｾ＠
ｾｾＭ［［ｲｲｾＶＺ＠ ., 

1. Ｈｾ＠ ｾＱＩ＠
I (1 1 ) 3· ,rz 1 -1 

2. Ｈｾ＠ ｾＩ＠
I (1 0) 4' .fi 1 1 

60. Two different sets of orthogonal basis 
vectors 

( ＨｾＩＮ＠ Ｈ ｾＩｽ＠ and (J2 G). J2 ＨｾＱＩｽ＠
are given for a two-dimensional real 
vector space. The matrix representation of 
a linear operator A in these bases are 
related by a unitary transformation. The 
unitary matrix may be chosen to be 

2. Ｈｾ＠ ｾＩ＠
1 (1 0) 4• .,fi 1 1 

61. m:nT t = 0 tf{', 'Q'qi" tmr * .3fft)cJ; ｾ＠
N ｾ＠ ｾ＠ CJi'tlT ｾ＠ ｾ＠ fcrn'{ur ｾ＠
ｾ＠ ｾｉ＠ fctmur ｾ＠ 6 D I ｾ＠ L tf{' 
ｾ＠ 'Q'qi" ｾ＠ 't ｾ＠ ｾ＠ m:nT q-rfu:{ 
Cf>l7iT ｾ＠ ｾ＠ L <'fUT ｾ＠ t tf{' ｾ＠

ｾｾＶＺ＠

I. 

2. 

3. 

4. 

_N_e-L2/(4Dt) 
./ltrrDI 

__!!!:___ e-4DL/L2 
,J1.rr01 

_N_e- L2f(4DI) 
Ｎ｛ｾＶｲｲｯ｣ｬ＠

Ne-•oct r.2 

61. A large number N of Brownian particles in 
one dimension start their diffusive motion 
from the origin at time t = 0. The 
di fTusion coefficient is D. The number of 
particles crossing a point at a distance L 
from the origin, per unit time, depends on 
L and time t as 
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_N_ e-L2/(4Dt) 
I. .P.nDI 

2 _!!_!:_e-4Dt/t.1 

• J4nDt 

., N -1.2 /(4Dl) 

"· .fl6nDtl e 
4. Ne -4Dtft.2 

62. cfr;r ｾ＠ ｾ＠ 'QCF ｾ＠ t' ｾｦｬＱｬＱＧｴ＠

;t ｾ＠ ｾｉ＠ F ｾ＠ ｾ＠ t' afm ﾫ＼ＧｾＧ＠ J 

ｾ＠ ｾＶＺｊ＼ｓｩ｣ｦ［Ｇｊｬｪ＠ ｾ＠ ｾ＠ c;rm 
ｾ＠

ｾ＠

ｾｉ＠ ('ITq' T Q't ｾ＠ iN fctm;;r.:r Ql'Mo1 ｾ＠

ｾｾｾ＠ (P=k:J 
I. 2e3PI + 6e- PI 

2. ze-1PI + 6ePI 

3. 2e3Pl + 6e- 3fll + JePl + 3e -PI 

4. (2 cosh pj)3 

62. Consider three Ising spins at the vertices 

of a triangle which interact with each other 

with a ferromagnetic Ising interaction of 

strength j. The partition function of the 

system at temperature T is given by 

(p = _:__ ): 
knT 

I. 2e3fli+6e-fll 

2. 2e-3Pl + 6eP1 

3. 2e:lf/J + 6e- 3Pl + 3ePI + 3e-Pl 

4. (2 cosh {31)3 

63. ､Ｍｾ＠ n TJil; ＳｬＧｔｇｾｴｴ＠ <llh1 m:r qfu.Tqur 

mftr t:(k) = ａｫｾＮ＠ ｾａ＠ (1tiT s .mR ｾＮ＠ CFT 

ｾ＠ <RCIT ｾｉ＠ <ilhl-311$r:{RI$01 ｾ＠

ｾ＠ t' ｾ＠ ＳＬｾｒｩＨＱ＠ ｾｬｩｴ＠ iN ｦｯＱ｡ｾｔＰＱＢ＠

"" E(a-s)ls 

N = cf dE 
e efl<c-,•> - 1 

0 

ｾ＠ c QCfi .mR ｾＮ＠ J1 = 0 t' ft:tq 3ft 

ｾｾｾｾ＠ ｾｾｗｉＧＨＱＱｾｾ＠

I. ｾ＼ＡＮ＠ 2. 
1 tl 1 
-<-<-

s 4 4 s 2 

3. ｾ＾Ｑ＠ .... Ｚ｟＼ｾ＼Ｑ＠
s 2 s 

63. An ideal Bose gas in d-dimcnsions obeys 

the dispersion relation c(k) = Ak s, where 

A and s are constants. For nose-Einstein 

condensation to occur. the occupancy of 

excited states 

20 

00 
E(d-s)js 

N = cJ dE 
e efi(E-IJ.)- 1 

0 

where c is a constant, should remain tinitc 

even for J.l = 0. This can happen if 

I. !!<.: 
s 4 

2. .: < ｾ＠ < ｾ＠
4 s ｾ＠

3. !! > 1 
s 

4. .: < !! < 1 
2 s 

M. ｾ＠ ｾ＠ n ｾｭｲ＠ ｾ＠ ｾ＠ ｾ＠ ｆｶｲ｡ｾｲ＠

ｊｬｬｬｱｾｬｪ＠ ｾ＠ t' ｾ＠ ｾ＠ ｾ＠

ｾ＠ CfliT ｾ＠

0 10 

0 .05 

0.00 --- -; -< 
·0 OS 

·0 lO 

I. 1.00 

0.50 

0 0.00 > 

·0.50 

·1.00 

2. 

1 ()0 

0 so 

0 0.00 > 

·050 

·1 00 
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3. 1.00 

0 50 

0 0 00 > 

ﾷＰＮｾＰ＠

-1.00 

4. 
1.00 t 
0.50 

0 0 00 > 

-0.50 

-1.00 

64. For the circuit and the input sinusoidal 
waveform shown in the ligures below. 
which is the correct waveform at the 
output? 

(The time scales in all the plots arc thl.! 
same.) 

I. 1.00 

0.50 

0 0.00 > 

-O.SO 

-1.00 

2. 
100 

050 

0 0 00 > 

-0 50 

-1.00 
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3. 1.00 

0.50 

0 0.00 > 

-0.50 

-1.00 

4. 1 00 

0.50 

0 0.00 > 

-0.50 

-1.00 

65. ｾ＠ ｾ＠ ｾ＠ <'fcf; qftq1r ｾ＠ ft:ro'. ｾｾ＠
71"0'101 ｾ＠ 't!Cf /\ 13 c I) 'R WT?' ｾ＠
＼ｦｩｔｾｾＺ＠ -" 

I. ., 
3. 
-t . 

'"" '"'!I ｾ＠ ... ,L!lter 

·\ B C 

'-tsull fLsn 

l 

ｬ ｾ＠ 1-lopJ I) r-; .. K __ f·l"r 

8 -+ 4 -> 2 -> 1 -+ 9 -+ S (mod 6) 
8 -• -1 -• 2 ｾ＠ 9 ｾ＠ 5-> '3 (mod 6) 
2 -> 5 -+ 9 -> 1 -+ 3 ( moJ 5 J 
8 ... S -+ 1 -+ 3 _, 7 Cmou 5) 

65. For the logic circuit givrn below. the 
decimal count sequence and th(; modulus 
of the circuit corrc!>ponding to A B C D 
arc 

ｆｬｾ＠ l ll 
1-l,•F J 

I . 8 + 4 ｾ＠ 2 ｾ＠ 1 -) 9 + 5 C moJ 6) 
2. 8 --+ 4 ｾ＠ 2 --; 9 + 5 + 3 ' mod 6) 
3. 2 ., 5 --; 9 ｾ＠ 1 --; 3 (mod 5) 
4. 8 ｾ＠ 5 ｾ＠ 1 --; 3--; 7 (mod 5) 

66. ｾ＠ ｾ＠ d]<:f qftq-?,( ｾＮ＠ ｾＵ ﾰ ＨＧ＠ tf{ ｾ＠

<fiT ｾ＠ 3 k! l ｾ＠ I 3\lmU1' tR 31TCfiT 

ｾ＠ ｾ＠ oc 150 n qm ｾ＠ t1 :1o·< 
liT qftq'?,( <fiT f.1m:r ｾ＠ t: 
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-IV 

I. -3.75 v 
3. 2.25 v 

2. -2.25 v 
4. 3.75 v 

66. In the circuit given below, the thermistor 
has a resistance 3 kO at 25°C. Its 
resistance decreases by 150 n per oc upon 
heating. The output voltage of the circuit 
at 30°C is 

I. -3.75 V 
J. 2.25 v 

T 

2. -2.25 v 
4. 3.75 v 

67. ｾ＠ <); trq> ｾ＠ mc;-t * 3Wt1-:Nll 
Ｄ＼ＧＱ＼ｴ＿Ｇｩｾｃｦｩ＠ ｾ＠ E(k) = hvk ｾ＠ ｾ＠

ｾ＠ ｾＮ＠ ｾ＠ v ＳＨＧｾＢＱＰＱｾ＠ ｾ＠ orfR tl 

ｾｃｦ＾ｔｾｾｾＧｒｾｉ＠
.:> 

I. £ 
3. £1/2 

67. The low-energy electronic excitations in a 
two-dimensional sheet of graphene is 
given by E(k) = livk. where v is the 
velocity of the excitations. The density of 
states is propottional to 

I. E 
3. £1/2 

68. ｾ＠ 3-l"'tR a QT({ mtfRUT UG1 ｾ＠ ｾ＠

(Ill l CWT ｾ＠ ＨｩｻｊｉｾｴＺｑ＠ A = a Cf>T ｘＭｾ＠
q:oafd(i ｾ＠ 61 ｾ＠ ｾ＠ Ch)ur ＼ｾ＠

'R)6: 

I. rr/6 
3. rr/3 

2. rr/4 
4. rr/8 
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68. X-ray of wavelength ). = a is renected 
from the (Ill) plane of a simple cubic 

lattice. If the I an ice constant is a. the 
corresponding Bragg angle (in radian) is 

I. rr/6 
3. rr/3 

2. rr/4 
4. rr/8 

6 9. (i"fq' 4 K c:rnT 8 K cfi ft;rcr Jf khll (>( Cfi <); 

ｾ＠ ｾ＠ m ｾ＠ ｾｲＺ＠ 11 m/\/m (;tiT 
.:> 

5. 5 m/\/m I ｾ＠ (i"fq' t "(>('JT31JT 

I. 8.4 K 
3. 12.9 K 

2. 10.6 K 
4. 15.0 K 

69. The critical magnetic fields of a super-
conductor at temperatures 4 K and 8 K are 
llmNm and 5.5 mAim respectively. The 
transition temperature is approximately 

I. 8.4 K 
3. 12.9 K 

2. 10.6 K 
4. 15.0 K 

70. ｾｭｱｶｯｵｲｱ［＠ 3-rur ｾｾｾＺｎｉｔ＠
' .;, .:> 

Ev = hw ( v + i) nm ｹ｟ｵｈＢｾｃｦｩ＠ ｾ＠

:NIT £1 = 8j(j + 1) <fi ｾ＠ ｾ＠ ｾＮ＠ ｾ＠ v 

(;tiT j 31:ftOT ｾ＠ ｾｉ＠ 301 fi Still o ｉｾ＠ Y"{ 

ｾ＠ ｾ＠ ｾ＠ ｾ＠ 3ffim ｾｭＭ＼Ｑ＠
v s 1 (;tiT j s 2 ｾ＠ ｾ＠ tt 3ffi 'il<Ta1 

fcrtUm f1 v = ± 1 (;tiT t!..j = ± 1 cfi ml'toi tt I 
<'IT ｾ＠ ｾ＠ ｾ＠ ＳｾｾＨＧＱＱＱ＠ :NIT 6: 
1. hw - 3 8 2. hw - 8 
3. hw + 48 4. 2hw + 8 

70. A diatomic molecule has vibrational states 

with energies Ev = liw ( v + ｾＩ＠ and 

rotational states with energies Ej = 
BjU + 1 ), where v and j are non-negative 
integers. Consider the transitions in which 
both the initial and final states are 
restricted to v ｾ＠ 1 and j ｾ＠ 2 and subject 
to the selection rules .1v = ± 1 and 
.1j = ±1. Then the largest allowed energy 
of transition is 

I. liw- 38 
3. liw + 48 

2. hw- 8 
4. 2hw + 8 

71. np2 ｾ＠ m..-<m:fi <); ｾ＠ qa- ｾ＠

'So. 1Po. Jp,. 3P2 (;tiT 1 D2. 'R <T Cfi'tvr-lft 

ＮｭｴＭｾ＠ t? 
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71. or the following term symbols of the np2 

ｾｴｯｲｮｩ｣＠ configurations, 1S0, 
3P0, 

3P1, 
3P2 and 

D2, which is the ground state ? 

72. Ile-Ne ｾ＠ Nc cfrr en 3i;ir .3rcR=m3i't, ;;IT 

2.26 cV ｾ＠ f3ln:r ｾＮ＠ <); ｾ＠ q;rc:rr ｾｉ＠

ｾｾ｣ｦｲｲｾｾｾ＠

* :;;qi)' ｾ＠ (M ｾ＠ ｾ＠ * 
tfOOt!J ｾ･ｭｾ＠ 1120 ｾｾｾ＼ｦｩｔ＠

ｾ＠ ｾ＠ ｾ＠ ｾＺ＠ (a)<"c;'HJ<tiG"' 3ffl"{ 

k8 = 8.6 x 10-s cV/K) 

I. lQIO K 
3. 106 K 

2. 108 K 
4. 104 K 

72. A Hc-Ne laser operates by using two 
energy levels of Ne separated by 2.26 eV. 
Under steady state conditions of optical 
pumping, the equivalent temperature of 
the system at which the ratio of the 
number of atoms in the upper state to that 
in the lower state wi II be 1/20. is 
approximately (the Boltzmann constant 
k8 = 8.6 X 10-s eV/K) 

I. 101° K 2. 108 K 
3. 106 K 4. 104 K 

73. ｾ＠ fcf;- Pf <mr ｾ＠ * ｾ＠ fcmcr em 
QCfi" ｾ＠ ｾ＠ 3n<Rf ｾ＠ ｾ＠

'flf.;1Cfif?:C1 ｾ＠ ｾｉ＠ r<l!G"'C1Ji en :;;;;IT 
" 

Jf<ffUTl!T em ｾ＠ ｾ＠ SfimT: l = 0 

(M 1 = 1 ｾＮ＠ ｾ＠ en ｾ＠ * ｾ＠
ｭｾｾｾｾｾ＠

ｾｦ［Ｇ＿＠

I. ｾｈ･＠ (M ｾ Ｖ Ｐ＠ 2. io nm !sc 
4 8 3. 
2

He (M 
4

Be 4. ｾｈ･＠ nm 1ic 

73. Let us approximate the nuclear potential in 
the shell model by a three dimensional 
isotropic harmonic oscillator. Since the 
lowest two energy levels have angular 
momenta l = 0 and l = 1 respectively, 

23 

which of the foliO\.ving two nuclei have 
magic numbers of protons and neutrons? 

4 16 I. 
2

He and 
8 

0 2. 2 8 
1 

D and 
4
se 

3. ｾｈ･＠ and !nc 4. ｾｈ･＠ and 
1
6
2c 

ＷＴ Ｎｾ＠ m* ｾ＠ cfrr m* ｾ＠ ｾ＠
c = 1 t'l' ｾ＠ ｾＮ＠ ｾ＠ ｾＭｾｬｭｲｮｲ＠

ｾ＠ ;;rr lm.<fl" Ｚｭ｡ｾｲ＠ "' fmr ｾＮ＠ em 
ｾ＠ cfrr 'ii'R ｾｬｴｩｦｩｬｬｬｬ＠ <); fmr ｾ＠ ｾ＠
q ｾ＠ q FcfC1 Cfi'{G'1T WIT? 

I I . /3 + 2 (B - S - C) 

2. /3 + i (8 - S +C) 
1 

3. /3 + 2 (8 + S-C) 

4. /3 + i (8 + S + C) 

74. The charm quark is assigned a chann 
quantum number C = 1. I low should the 
Gellmann-Nishijima formula for electric 
charge be modified for four Oavours of 
quarks? 

1 
I. / 1 + 2 (8 - S - C) 

2. /3 +.!. (B - S + C) 
2 
1 

3. 13 + 2 (B + S - C) 

4. 13 + ｾ＠ (B + S + C) 

75. ｾ＠ 2o+ 20 _, Ｔ ｈ｣Ｋｲｲ Ｐ ｾ＠
1 1 2 

ｊｩＭｲＺ［ｱＢＧＢＱＮＮＭｾｃｉＢＢＧ｜ｽ［ＬＮ｟ｃｉ｟ｉＳｦｴ＠ ｾ＠ QC G'1tt ｾ＠ ｾ＠
ｾ＠ ｾ＠ ffi"a'fUT em 31"i'iEl01 q;rc:rr ｾＺ＠

ＱＮｾｾ＠

2. lm-<rC1' Jmhr 
ｾ＠

ＳＮｾｾ＠

4. 311$:ffiff:q0'1 

75. The reaction 
2
0 + 2o -+ 

4He + rr0 cannot 1 1 2 
proceed via strong interactions because it 
violates the conservation of 
I. angular momentum 
2. electric charge 
3. baryon number 
4. isospin 
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JOINT CSIR-UGC-JRF/NET JUNE 2015 FINAL ANSWER KEY BOOKLET A               PHYSICAL SCIENCE (ENGLISH & BILINGUAL) 

 

Qn. Set A Key 

1 1 

2 3 

3 3 

4 3 

5 1 

6 4 

7 3 

8 3 

9 2 

10 1 

11 1 

12 1 

13 1 

14 1 

15 1 

16 3 

17 4 

18 2 

19 2 

20 2 

21 3 

22 1 

23 2 

24 1 

25 1 

26 3 

27 2 

28 1 

29 2 

30 4 

31 3 

32 4 

33 4 

34 1 

35 3 

36 2 

37 1 

38 4 

39 4 

Qn. Set A Key 

40 1 

41 1&3 

42 2 

43 3 

44 2&4 

45 3 

46 3 

47 2 

48 2 

49 4 

50 4 

51 4 

52 1 

53 1 

54 3 

55 1 

56 1 

57 4 

58 2 

59 1 

60 3 

61 * 

62 1 

63 3 

64 2 

65 2 

66 3 

67 1 

68 3 

69 2 

70 3 

71 1 

72 4 

73 1 

74 4 

75 4 

 

* Benefit of marks to those who have 

attempted 

Change in key indicated in bold 
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JOINT CSIR-UGC-JRF/NET JUNE 2015 FINAL ANSWER KEY BOOKLET B PHYSICAL SCIENCE (ENGLISH & BILINGUAL) 

Qn. Set B Key 

1 3 

2 3 

3 1 

4 1 

5 2 

6 4 

7 1 

8 1 

9 3 

10 1 

11 3 

12 1 

13 3 

14 4 

15 2 

16 1 

17 1 

18 3 

19 2 

20 2 

21 1 

22 1 

23 3 

24 1 

25 3 

26 2 

27 1 

28 2 

29 2 

30 4 

31 4 

32 1 

33 3 

34 4 

35 3 

36 1 

37 2 

38 1&3 

39 3 

40 2&4 

Qn. Set B Key 

41 4 

42 4 

43 1 

44 2 

45 3 

46 2 

47 4 

48 1 

49 1 

50 1 

51 3 

52 2 

53 4 

54 4 

55 1 

56 3 

57 4 

58 3 

59 3 

60 * 

61 2 

62 1 

63 1 

64 3 

65 2 

66 2 

67 3 

68 2 

69 3 

70 4 

71 4 

72 4 

73 1 

74 1 

75 1 
 

* Benefit of marks to those who have attempted 

 

Change in key indicated in bold 
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JOINT CSIR-UGC-JRF/NET JUNE 2015 FINAL ANSWER KEY BOOKLET C       PHYSICAL SCIENCE (ENGLISH & BILINGUAL) 

 

Qn. Set C Key 

1 1 

2 1 

3 4 

4 1 

5 2 

6 2 

7 2 

8 3 

9 1 

10 1 

11 3 

12 3 

13 3 

14 4 

15 3 

16 2 

17 1 

18 1 

19 1 

20 3 

21 1 

22 1 

23 3 

24 2 

25 3 

26 2 

27 4 

28 4 

29 1 

30 3 

31 2 

32 1 

33 2 

34 1 

35 4 

36 3 

37 1 

38 1 

39 4 

40 3 

41 3 

42 4 

43 1&3 

44 2 

Qn. Set C Key 

45 2&4 

46 2 

47 4 

48 4 

49 1 

50 1 

51 1 

52 3 

53 2 

54 4 

55 1 

56 3 

57 2 

58 3 

59 1 

60 2 

61 3 

62 4 

63 1 

64 * 

65 3 

66 2 

67 1 

68 4 

69 1 

70 3 

71 2 

72 1 

73 4 

74 3 

75 4 

 

* Benefit of marks to those who have attempted 

 

Change in key indicated in bold 
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