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Time : 3:00 Hours® Maximum Marks: 200

INSTRUCTIONS

1.  You have opted for English as medium of Question Paper. This Test Booklet contains
seventy five (20 Part‘A’+25 Part ‘B’ + 30 Part ‘C’) Multiple Choice Questions (MCQs).
You are required to answer a maximum of 15, 20 and 20 questions from part ‘A’ ‘B’ and
‘C’ respectively. If more than required number of questions are answered, only first 15,
20 and 20 questions in Parts ‘A’ ‘B’ and ‘C’ respectively, will be taken up for
evaluation.

2. Answer sheet has been provided separately. Before you start filling up your particulars,
please ensure that the booklet contains requisite number of pages and that these are not
torn or mutilated. If it is' so, you may request the Invigilator to change the booklet.
Likewise, check the answer sheet also. Sheets for rough work have been appended to the
test booklet. .

3. Write your Roll No., Name, Your address and Serial Number of this Test Booklet on the
Answer sheet in the space provided on the side 1 of Answer sheet. Also put your
signatures in the space identified.

4, You must darken the appropriate circles with a pencil related to Roll Number,
Subject Code, Booklet Code and Centre Code on the OMR answer sheet. It is the
sole responsibility of the candidate to meticulously follow the instructions given on
the Answer Sheet, failing which, the computer shall not be able to decipher the
correct details which may ultimately result in loss, including rejection of the OMR
answer sheet.

5. Each question in Part ‘A’ carries 2 marks, Part ‘B’ 3.5 marks and Part ‘C’ 5 marks
respectively. There will be negative marking @ 25% for each wrong answer.

6.  Below each question in Part ‘A’, ‘B’ and ‘C’ four alternatives or responses are given.
Only one of these alternatives is the “correct” option to the question. You have to find,
for each question, the correct or the best answer.

7.  Candidates found copying or resorting to any unfair means are liable to be disqualified
from this and future examinations.

8.  Candidate should not write anything anywhere except on answer sheet or sheets for
rough work.

9.  After the test is over, you MUST hand over the Test Booklet and the answer sheet
(OMR) to the invigilator.

10.  Use of calculator is not permitted.

I have verified all the information filled
in by the candidate.

Signature of the Invigiiator=
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LIST OF THE ATOMIC WEIGHTS OF THE ELEMENTS

Element

Symbol Atomic Atomic Element Symbol Atomic Atomic
Number Weight ) Number Weight
Actinium Ac 89 (227) Mercury Hg 80 200.59
Aluminium Al 13 26.98 Molybdenum Mo 42 95.94
Americium Am 95 (243) Neodymium Nd 60 144.24
Antimony Sb 51 121.75 Neon Ne 10 20.183
Argon Ar 18 39.948 Neptunium Np 93 (237)
Arsenic As 33 74.92 Nickel Ni 28 £8.71
Astatine At 85 (210) Niobium Nb 41 92.91
Barium Ba £6 137.34 Nitrogen N 7 14.007
Berkelium Bk 97 (249) Nobelium No 102 (253)
Beryllium Be 4 9.012 Osmium Os 76 190.2
Bismuth Bi 83 208.98 Oxygen o} 8 15.9994
Boron B 5 10.81 Palladium Pd 46 106.4
Bromine Br ‘ 35 79.909 Phosphorus P 15 30.974
Cadmium Cd ‘ 48 112.40 Platinum Pt 78 185.09
Calcium Ca 20 40.08 Plutonium Pu 94 (242)
Californium Cf 98 (251) Polonium Po 84 (210)
Carbon ¢ 6 12,011 Potassium K 19 39.102
Cerium Ce 58 140.12 Praseodymium Pr 59 140.91
Cesium Cs 55 132.91 Promethium Pm 61 (147)
Chlorine ci 17 35.453 Protactinium Pa 91 (231)
Chromium Cr 24 52.00 Radium Ra 88 (226)
Cobalt Co 27 58.93 Radon Rn 86 (222)
Copper Cu 29 83.54  Rhenium Re 75 186.23
Curium Cm 96 (247) Rhodium Rh 45 102.91
Pysprosium Dy 66 162.50 Rubidium Rb 37 85.47
Einsteinium Es 99 (254) Ruthenium Ru 44 1011
Erbiun.n Er 68 - 167.26 Samarium Sm 62 150.35
Europium Eu 63 151.96 Scandium Sc 21 44.96
Ferm.lum Fm 100 (253) Selenium Se ) ] 34 78.96
Fluorine F ® 1900 Slicon Si 14 28.09
Francium Fr 87 (223) Silver Ag 47 107.870
Gadolinium Gd 64 157.25 .
. Sodium Na 1" 22.9898
Gallium Ga 31 69.72 i
Germanium Ge 32 72.59 Strontium Sr 38 87.62
Sulfur S 16 32.064
Gold Au 79 196.97
. Tantalum Ta 73 180.95
Hafnium Hf 72 178.49 R
Helium He 2 4.003 Techn.etlum Te 43 (99)
Holmium Ho 67 164.93 TeIIu.rlum Te 52 127.60
Hydrogen H 1 1.0080 Terbl.um Tb 65 158.92
Indium In 49 114.82 Thallium TI 81 204.37
lodine | 53 126.90 Thor‘ium Th 90 232.04
Iridium Ir 7 1922 Thulium Tm 59 168.93
Iron Fe 26 5585 i Sn 50 118.69
Krypton Kr 36 83.80 Titanium Ti 22 47.90
Lanthanum La 57 138.91 Tungsten w 74 183.85
Lawrencium Lr 103 (257) Uranium u 92 238.03
Lead Pb 82 207.19 Vanadium \ 23 50,94
Lithium Li 3 6.939 Xenon Xe 54 131.30
Lutetium Lu 71 174.97 Ytterbium Yb 70 173.04
Magnesium Mg 12 24.312 Yttrium Y 39 88.91
Manganese Mn 25 54.94 Zinc Zn 30 65.37
Mendelevium Md 101 (256) Zirconium Zr 40 91.22

Based on mass of C' at 12.000... . The ratio of these weights of those on the order chemical scale (in which oxygen ot
natural isotopic composition was assigned a mass of 16.0000...) is 1.000059. (Values in parentheses represent the most
stable known isotopes.)
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a7 [PART A

ZﬁXS#?XSﬁsﬁwvaigrcﬁm—c’chraﬂQ#i xsﬁm$5ﬁ.rﬁ 72 geel §
arer wrar &1 g7 gee @l 2 ﬁﬁ@wﬁwwm?/ﬁm@wﬁaﬁ@ﬁ:ﬁm
BT g o APl &7

A granite block of 2m x 5 m x 3 m size is cut into 5 cm 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 can be covered with these slabs?

(1) 100 #/m (2) 200 #/m (3) 300 #/m (4) 500 #/m

e % @ Bla—ar g &7

Which is the least among the following?

0 330.33 0.440.44 n#]/n e—l/e

(1) 033°% (2) 0.44"% 3) ' (4) e

ga ‘e v gansilt 74 @ STl T T E7
What is the next number in this “see and tell” sequence?

1 11 21 1211 111221

(1) 312211 (2) 1112221 (3) 1112222 (4) 1112131
4o a v dfT T TSYITER oA B B 4 srers 7 v Al @ @t &1 i v Rerd

qas'?ﬁ#awzqﬁaﬁa?a?%‘sﬁama‘ﬁgﬁw#aﬁmﬁvﬁ:
A vertical pole of length 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 ‘

I a (2) \2a (3) 3a 4) J6a
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12#'7.Gﬁ?gaw?awwvgaaﬁmﬁﬁgﬁgﬁ#wﬁgﬂa??ﬁﬁﬁemmﬁaaﬁ
aﬁvmﬁgﬁwm‘wmﬁ/mwwﬁﬁmwwﬁaﬁ?@r#mgwmaw
g @ afar @A &1 g @ o @ [ @ W% AR WY @ qEe?

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 #/m (2) 18 #/m (3) 14 s#t/m (4) 12 #/m

wwgﬁwaﬁvﬁ&ﬁaw&##qﬁﬁlﬁaﬁwﬁwmﬁmmﬁ@vﬁﬁwﬁ
2 o 9 fwe T 5 o &) AR B T @ e @ o T @ e g B ar 9
wF F% AT ey 81 ar e 7 W Pia-ar sd 87

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 is impossible?

1. fawg 7uv @& wer w7 81/ There are an even number of odd cities

2. fawg e @ o favg &/ / There are an odd number of odd cities

3. @7 7% @) wegr w7 &1/ There are an even number of even cities

4. g 7 @ wewr fva &1/ There are an odd number of even cities

fog d ZABC=m/2 e
AD = DE = EB
fBsir ADC @ fr@ior CDB @ a=werl @1 igurd @l 87

In the figure LABC=nr/2
AD = DE =EB :
What is the ratio of the area of triangle ADC to that of triangle CDB?
C

(1) 1:1 Q) 12 (3) 1:3 (4) 1:4
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ve srara@R drTsr ABCD 297 ave asrar widr & 15 9 A e C & g9 g ferar & 1
v Y@r PQ g7 o) &/ 98 A gV 1 AB=3 o BC=4, PQ &I g/ &ar7 & f& AP=PC
a1 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
and AQ =QC.

D c
P
Q
A B
(1) 13/4 (2) 15/4 (3)17/4 (4) 19/4

1 Af are @7 v ar, o v 9 G geof forad Bl & diT PIF W TEl 8 B PR
¥ v A9 T v@r T &/ geelt W BIRT A @7 dFwer | o Hl &/ ar ar @ =g 8 -

A string of diameter 1mm is kept on a table in the shape of a close flat spiral i.c. a
spiral with no gap between the turns. The area of the table occupied by the spiral is 1
m?. Then the length of the string is

(1) 10 #/m (2) 10> #/m (3) 10 #/m (4) 10° #/m

TP IR B 25% T 25% I I FTx% & TETx 8

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

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

agmH {a,) ¥ &¢ Ug 9we wHl gdad st & AGA & w@HA e/ AR ag=3, al W

[
e

a,

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

lim,_,

. a .
If ao=3,then lim, 2L is

1 3 2 2 3 1 (4) e
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ﬁvirz%ar#aﬁvrABC w/y 1 LILI a9 @ B, A aer C & 9= yorrsi i erd
pfqaal & &FHe

In the figure below, angle ABC = w/2. I, 1L, IIl are the areas of semicircles on the
sides opposite angles B, A, and C, respectively. Which of the following is always
true?

() IP+0P=F (2 OI+II=1I @) IP+1P>F (@) I+1I<I

v 13 QY gerar aur 9w ged 917 @ v 13 PR gwar @ fig @ 71 31 e 741 87
(71 f&F % vo ATy 2)

What is the minimum number of days between one Friday the 13" and the next
Friday the 139 (Assume that the year is a leap year).

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

7 5 @fda A v T (A7 R @) 8@) @ gav-qd @i 7 Rd &) 39 R & a8 e
P wrr—ary e &1 RFY @ ve e 9T a% gor $ 915 I a1 3R Ford 81 Y A
a7 78 wadr & 90° aRad g @ are W gear & 7w fae §ig a8 waar & 180°
qrarad geaT 81 39 SEHT g8 1 e @ ave §7

Suppose a person A is at the North-East corner of a square (see the figure below).
From that point he moves along the diagonal and after covering . 1/3" 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?
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e T

Wy Ao b
{

(1) '\;"(f‘]{"—-—gcf (2) Fare—uidgH {3y &l -y {4y o ufdm
(1) North-East (2) North-West (33 Soun-rast {4y South-West

@R 7 99% e &lar &1 e 100 frar @R wdlear &1 30 fa vad @ 918 W ge 9
@it &/ o7 T7H 98% uer &/ ERT @ ol IR 31 T &7
Cucumber contains 99% water. Ramesh buys 100 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 f5 @r/kg (2) 50 7 71/kg (3) 75 & a1/kg (4) 2 @ w/kg

v GUEITT ¥ §w QYA [ o o Se Sua-ord g $9 YaN S o
(A) 1837 §ff w7 (B) 1907 d&ft w7 (C) 1947 &ft /7 (D) 200 Far g
FFHA g,/ Riap & vgar

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

(A) 1837 AD (B) 1907 AD (C) 1947 AD (D) 200 BC
Identify the fake coin(s) '

(1) f@er /coin A (2) @7 [coin D (3) s A7 B (4) R [coin C
/coins A and B
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wﬁanﬁwvfafﬁaavaﬂﬁavrm.?aaﬂl%sr(A),(B),(C) aer (D) % g9fagar
g7e gIRa R & 3Tl FaraT &/

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).

(A) (e)l (© : (D)
: g / g ( flc;

famr 5 & dl7—ar a8t 787 87

Which of the following is not correct?

(1) sre@(A) (2) s (B) (3) smam (C) (4) s (D)

(1) Graph (A) (2) Graph (B)  (3) Graph (C) (4) Graph (D)

AT 3ER Bl Go -

Find the missing letter :
Al EGK |C
? P :
U R
Q \Y
B, OJF D

(1) H 2 L () Z @Y

A gHiavr o faar -
x* 44y + 927 = 14x + 28)+42z + 147
WET x,y def z aedfdd wear & al x+2y+3z @ A &

Consider the following equation
X+ 47+ 927 = 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 (4) srro &t
' /not unique
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73 grfeE v spfgad gor gy aed) v gt 95§ @) qefar &1 v § Rerd g wa) A ger B

@ dlg @1 gl yd—ufde) faen v arafam 4 7 9H &1 A qur B @ dig 78 B ermard oA
@ [Ferdl 87

The map given below shows a meandering river following a semi-circular path, along
which two villages are located at A and B, The distance between A and B along the
cast-west direction i the map is 7 em. What is the length of the river between A and
B in the ground?

SCALE = 1:50000f °

(O 1.1 /& #i/km  (2) 3.5 f@& #/km (3) 5.5 & 4r/km (4) 11.0 f& #i/km
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21. va 2x2 su=E A @ sifcfors aE &5 g &0 g ar mm @i A" =18 8

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

21. A 2x2 matrix A has eigenvalues ™5 and €’° . The smallest value of 7 such that A" = 1
is

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

22. @ f(x) @1 sreka ot A qwiar T e, frer @ sreoaT aftfd &

1.00
6.75 b--- el e

050 |-t

0.25

0.00 - lA A

1(x)

-0.25

-0.50 -

-0.75 |

-1.00
o}

1. der werT J (x) 2. cosx

3. e 'cosx 4. —COS X

22. The graph of the function f(x) shownbelow is best described by

1.00
0.75
0.50

0.25 - ¢

1(x)

0.00 -

-0.25

-0.70

075 - -

-1.00

1. The Bessel function J,(X) 2. cosXx

3. e ‘cosx 4. —cos X
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979 fbee dal B S0 ¥ @9 7g a1 Grar & ve serT g99 ‘8 glorar 8/ 99d 2l 3 ar
a7 2 g% s8R B gifdewar st

1. 18 2. 518 3. 3/16 4. 5/16

In a series of five Cricket matches, one of the captains calls “Heads™ every time when the toss
1s taken. The probability that he will win 3 times and lose 2 times is

1. 1/8 2. 5/8 3. 3/16 4. 5/16
'c;%%_ﬁwxz+y2+zz—l a%was'aﬁmﬁi[ a b L] T FPIS 79 AL &
a b B BB
bei +caj +abk 5 af+bj’+c/€
Ja'+b* +c’ Ja'i+b* +c?
bi +cj+ak ' i+j+k
2 2 2 4'
Ja +b +c” J3
, A a b c o
The unit normal vector at the point | —=, —=, -+ | on the surface of the ellipsoid
VBB
xl 2 Z'.Z
~;+y7 +—=1,is
a b
bei +caj +abk , ai +bj +ck
Ja'+b +c’ N PR
bi +cj+ak ) P+ j+k

Jai +b* ¢ B

sard H, frwr R 7 we7 p, &7 v& o 9o v 79, @) wag 97 dvar forar g7 p, &1
OTd U 3T S §37 [od1 SITaT 8§67 SIGIArT 8 Ol 8 ]IerT @ SiglaT s

. PE , P /ﬁ_ . |re . |PE
IO()H po H poH IDH

A solid cylinder of height A, radius R and density L0, floats vertically on the surface of a

liquid of density p,. 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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. pg , P \/E e Y
pH p, VH p,H pH
26. ﬁﬁw#vﬁnm?wmmﬁdﬁmﬁwﬁmmﬁwmq@
&) gy @1 gerar e k8
k k
m m m

afe x,, X, H.xBWmﬂfa?mﬁﬁwmmW&#ﬁa?ﬁwﬁwmﬁﬁwnsﬁﬁf@ﬁam

g
L. f;—k[xlz +x, +x" ] 2. %k[xl2 +x) +x7 —x (g +x,)]
3. lEk[x,2 +2x, X+ 2%, (x X, ) 4. ;—k[xf +2x, +x7 - 2%, (x, +x,)]
26. Three particles of equal mass m are connected by two identical massless springs of stiffness

constant K as shown in the figure:

m m m

If x,,x, and Xdenote the horizontal dispiacements of the masses from their respective
equilibrium positions, the potential energy of the system 1s

| 1 R
1. ;k[x,'+xz‘+x(] 2. Ek[xl‘+x1“+x; —x, (x, +x,)]

3.1 k[x +2x,) x4 2%, (x, +x,)] 4. lk X H2x, +x - 2x, (X +x,)
2 i ) R 2 I 2 1 b4 3 2 Il 3

27. Ufé‘(rafﬁ?rﬁ—azwa‘m?wgaaawm‘?vﬂw@vaﬁwaewfm:v,paEﬁai

1. dE = 3V 2. =mv
//a’p p=m

3. V:CV —— 4. E=mc’
: SNprme

www.examrace.com
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28.

28.

29.
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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. dEdp: constant 2. p=mv

3. v=P — 4. E=mc’
NP tmer

V@ gHART JUed F g ma 2m @ & ar 8,7 S, smvw # g@ v ¥ R & | afdaa
w1 48,78, @ e wefi-ww @ ant sk s v, v, vﬁw?zp*mag‘amvmnaﬁ#
gad & @l vl @ sgarT v, /v, &

L2 2. 1 3. 1/2 4. 2

A binary star system consists of two stars SI and SZ, with masses mand 2m respectively separated
by adistance 7. If both .S, and S, individually follow circular orbits  around the centre of mass

with instantaneous speeds V,and V, respectively, the speeds ratio v,/ v, 1©

L2 2. 1 3. 1/2 4. 2

=1 fory & gefargar fBoar R @ UF g B GREY F i s Rerg 81 @) s Q @ A
#rr 90° @I SFART v &/ e q q s Q @ watad: Rerg & | afz a4 g &3
g9 & a Q @ a7y 87

L. q/\/f 2. \/Eq 3. 2¢q 4. 4q

www.examrace.com
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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 (J subtend an angle 90° at the centre of the circle. The charge g is
symmetrically placed with respect to the charges O . If the electric field at the centre of the

circle is zero, what is the magnitude of (0 ?

1. q/\/i 2. J2q 3. 2q A 4. 4q

30.  araR® B a 7 15T B b @ ve st aelta sl @ an 7 A dF a<r<bd

SIS BT HTIAT—HTd & p(r)zi2 (k s d) 189 r >a W S~ fAga &7 1 AT 8
r

k(b—a
1. (—7—-2 T r>a @ ford
80}’"
k(b—a kb
2. (—-—) a<r<b @ foa @ —, r>b @}
801"_ 507‘-
k(r—a k(b-a
3. g a<r<b @ foz FIWT~(7) r>b @ fora
g, r g r
k(r—a k(b—a
4, (4’) a<r<b as‘f%'ziaw(—l,r>b$/%ﬂ?
g,a g,a
30. Consider a hollow charged shell of inner radius @ and outer radius b. The volume charge

k
density is p(¥ )=— (k is a constant) in the region @ <r<b. The magnitude of the electric
e

field produced at distance » >a is

k(b—a

—(—,) forall ¥>a
g7

k(b—a

u for a<r<b and 5 forr > b
g1 £, r

0
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31

32.

k(r—a k(b—a

\—(—747~—)~ for a<r<b and (——)—-Z for r>b
gu r 8“ "

k(r—a k(b—a

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

fereger el @i EI:fE'()cosa)t g Ezz‘}E(,cos((UH—(/))ﬁ el @ AN & @l

evig Reagaaia avil @ e @ ar 3 far ) R avr @ daar %<b> @ R

I 8 G/%'T<E> E’ @7 @ifera—arg &1 @er digar anil

e E° 3.

0 4]

1. 0 2. e E ’sin’ 4. g E’cos’
) 0 q) 0 ) g/)

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

are given by E =iFE coswt and E,= jE cos(wt+@) where ¢ is the phase
e e . . . . . 80 2 2 . .

difference. The intensity of the resulting wave is given by 3<E > where <E > is the time

average of E7. The total intensity is

1. 0 4. g, E’cos’p

2. g E; 3. g Ejsin’g

aR JAT (5) +q T 3 —q ) yoT a @ V& g @ il e g ¥ G 8 orer g T 8

q -q
A @ — [
a | R P
|
. .
-q q

fag Pov st @ g R o & (R>a), favg za srgura 4 &im

1. /R 2. /R 3. /R 4 1/R

5/
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32. Four charges (two +¢ and two —@ ) are kept fixed at the four vertices of a‘square of side ¢ as
shown

s & : a

PP
’i—-—‘”( -
i
|
1
e

At the point P which is at a distance R from the centre ( R>>a ), the potential is proportional to
1. 1/R 2. /R 3. IR 4. 1/R

33, xy-ao d Ry vE q@iford s @rad va @ A d g8 9% g moaT U HE g vEl
arar 81 d @ 5w 517 g% 73T Srad Y

1. q/4/mgne, 2. q/\mgnme,

3. d @7 FF AT T T@ E 4, Jmgne,/q
33. A point charge g of mass m is kept at a distance d below a grounded infinite conducting

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

1. q/4mgre, 2. q/\mgre,

3. There is no finite value of d 4. ymgme,/q
34. ETESIT qvATy @ U Refd &1 avT—%er

Y=y + 20, + 30, +\,/§-l//21—1

& Ry ST 8, orEt u/nm,aﬂrc"vafw nl am (& GrERer weaT + 8) Refy ard

l
g sfcEfrE—wer @) [fde avar &) Rfc Y 7 L, @1 gearan a7 8 -

1. 151/16 2. 11x/16 3. 3h/8 4. /8

\H

S/75 POK/12—5A H—2A
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36.
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The wave function of a state of the hydrogen atom is given by
W=+ 205+ 30 2 V0

where {/ is the normalized eigen function of the state with quantum numbers n,l and

nlm

 in the usual notation. The expectation value of L_, in the state ¥ is

1. 15h/16 2. 117/16 3. 3h/8 4. h/8

g V(x) :%ma)zx2 —ax ¥ Rera &1 &7 St sifdcrerfors a7 &

2 2
1. E, :(n+tha)— 4 - 2. E"=(n+l)ha)+ 5
2 2me” 2 2mw
' 2
3. En:(n-{-ljha)— a > 4. E":(n+ljha)
2 mw” 2

The energy eigenvalues of a particle in the potential ' (x) =%ma)2x2 —ax are

2 . 2
1. E":(n+l)ha)— a — 2. E = n+l ho + a
2 2me” 2 2me’
1 a’ 1
3. E, =|n+=|ho —— 4. E =|n+=|ho
2 mao 2

qfe v F &7 glafferE gerrigd aRT—%eT

(«/B(az —xz)
V)=
0 3T

o —a<x<a

@ farar o & & 99 " @ sifaREaar Ap &Fft

1. 2h/5a 2. Sh)2a 3. J10h/a 4. sn/V2a

S/75 POK/12—5A H—2B
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37.

38.

38.

B
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If a particle is represented by the normalized wave function

Vis(a - )
R

0 otherwise

for ~u<x<u

the uncertainty Ap in its momentuni is

1. 2h/5a 2. 5h/2a 3. J10h/a 4. 5n/\2a

fafea wafafraa w’zfaf.a%/?v T @, A:i(xpy —ypx) aB:(yp:+zpy) & T THID
[A,B] &:

1. h(xp.—p.2) 2. —h(xp,—p.z)
3. h(xp,+p.z) 4. —h(xp,+p,z2)

Given the usual canonical commutation relations, the commutator [A4, B} of A =i ( xp, —yp, )

and BZ(yp_, + Zpy) is

1. h(xp.—p,z) 2. —h(xp,—p.2)
3. h(xp:+pxz) _ 4. —h(xp,+p.z)

el E. N gV &9 &l &) &) a7 sraad & e gurcl! &1 Ygidt S, ST graver
vl A I @ & g9 g daia & 0 S=kIn(ENV) 1 gad 78 ey farer
T wwar & fa I

G @) 3R A% gv 3Ev 8
GrRIGvRT @) 3V fABIT UY gl &var &/
TR v 9Tdd &/
ARITARRIT UV ATH B |

The entropy of a system, S, is related to the accessible phase space volume /~ by
S= kgin I” (E ,N, V) where E, N and V are the energy, number of particles and volume
respectively. From this one can conclude that 7~

does not change during evolution to equilibrium
oscillates during evolution to equilibrium

is a maximum at equilibrium

is a minimum at equilibrium
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o+ & AW v wiffeecy Quda swrfae gidar 4 e av ard &) AW & an 7 v 77
371 B & I BiF—wT WEt 8

. ofe gfear gaard & a5 AW ve gerger sigeer 8
2.z gfdar wersy & ar AW v gefraer sieder 8
3. AW g5wn v qeraer siamer 8

4. AW zgeraer samer 76 81w

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

1. AW is aperfect differential if the process is isothermal
2. AW is a perfect differential if the process is adiabatic
3. AW is always a perfect differential

4. AW cannot be a perfect differential

a7 geror S,,S,7 Sy @ v goref, 5ieT &% v +1 7 -1 qog o wear & @ §R # @En
gorelt #1 ot E=-J[§,5,+S,8, +8,5,] @ & arft & wer J v& o emw 2
1. J 71 2. -3J 71 3. 3J 72 4. —6J 72

Consider a system of three spins SI ,Sz and § , €ach of which can take values +1 and —1. The

energy of the system is given by £ =—J[S,§,+8S,S, +5, 5,1, where J is a positive

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

1. Jand1 2. =3Jand1 3. =3Jand?2 4, —6J and 2

dsi¥ L & v s af 0 fvg # v 0 6 SraatarET gamv -, 9 5T T m B

1. 147°0 /mL 2. 97’H /ml

3. TR mL 4. 377K /mL’

The minimum energy of a collection of 6 non-interacting electrons of spin- % and mass m

placed in a one dimensional infinite square well potential of width L is

L 147°0 /mLl 2. O1°R[/mL 3. TR [/ml* 4 3z /ml?
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Wid @ U W FERT @ ASA-awT P, et safa 7 #w gdor & Swmaw amgfar 10 o
80 @ Wad aid UF AHIEH [Aa @ g diglera @ arar &1 wiglerd fifa @1 waew
=7 smgfar # @ arev o= &rIr

1. 7.00 #medsr & 7.01 #Fmeds a@ 2. 6.99 #rede ©@7.01 FsT aw
3. 6.99 #mEew @7.00 FmEcT as 4. 6.995 #mecsr 7 7.005 FeeT am

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 MHzto 7.01 MHz 2. 6.99 MHzto 7.01 MHz
3. 6.99 MHzto 7.00 MHz 4. 6.995 MHz to 7.005 MHz

o 4 gafd wibarees gaeie aiae § V, oo wamir (e d@a & frast sl 10 8w 2
g V, frfa gaa & @l 7 sarav & afedgd a7 &

0.01uF
i
*——WW——
10K
1K
vi&wwwat:[i:)»«——oVb
+

1. V2772 2. 527 -7/2
3. 107 g 4. 107~

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

001uF

1L
I

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

1. 52 and 7/2 2. 5V2 and - 7/2

3. 10 and zero 4. 10and 7
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faer R 7 gerfar a@ aReer (7 gofla ore &) Fraffad oear &

The logic circuit shown in the figure below
>

HIGH —) v

: ) o

implements the Boolean expression

1. y=A4-B

2. y=A-B 3. y=A-B

aRger 4 werfd srae D a1 i—v vAqE 3V GBI AlHCIHd &/
‘ {,f+2vn,ﬁn v,>0
1, =9 .

n o

0, for v, <0
1Q
W .
N l’D
+ ]
10V — D ¥ Up
GRyer 3 U, BT 7T 8
L(=1+J1)V 2 8V 3.5V

. y=A+B

. y=A+B

.2V
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A diode D as shown in the circuit has an i — U relation that can be approximated by

. |v,’+2v,, for v,>0
"o, for v, <0
180
W
+
10V j_T% D §
The value of U, in the circuit is -
L(-1+/1DV 2. 8V 3. 5V
HIT /PART C

.2V

79 X arwﬁa»‘?,m#ln(coshx)a%f?r—g'x:O & YT BT TERY [T 9] @ Rl g

I & -
1
o ——x"+—x
2 12
3. ——x'+—x'+

The Taylor expansion of the function In (COSh x), where X is real, about the point x=0

starts with the following terms:

2

e U= e @ arer U'U = UU” =1 #71 gfic @var g b 2% 2 @ﬁa—cﬁangm‘z%v
o gv e V =1 @ arer ga el o arzg V (VV =VV' =) gw gor Affa faar

ST wHar &/
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LU ate ™% g qor v

2. U @ faelt v sagg ot e 0 @ qon o

3. U & el oo dfg wear e 000 @ T Y,
4. U @ e & g e

Givena 2 < 2 unitary matrix U satistying U U = UU =1 withdet U = €, one can

construct a unitary matrix ¥ (V'V =VV" =1) with det " = | from it by

1. multiplying U by e*i(/’/l

:(/)

[}

multiplving any single elcment of U by ¢

—ip/
. multiplying any row or colurnr of U by e /2

3
4. multiplying U by ™%

org C v gwe7 gR¥], w?w#?wvr?,izi—S:O & uRMif§e @ g qrrad fem & "wiaa fFar oar

8 wWHFC j 2de &7 qoq &
' ' C ZZ ‘_‘SZ+6
1. —lérxi 2. lémi 3. 8xi 4. 2rwi
3
, 7dz .
The value of the integral J—-—— , where C is a closed contour defined by the
oz =5z+6 .

equation 2 ‘Z ’ —5=0, traversed in the anti-clockwise direction, is

1. =16r7i 2. 167[1‘» 3. 8xi 4. 2mi

weri f(x) sawer wfaeor —c;{—(3—2i)f:0 # srgaRe @var & o7 afaer f(0)=1
x

7 f(x)>0 sw x>0 argre ava 2/ f(x) e a7 2.

1. ¥ 2. e 3. e 4, -

d’ ,
The function f(x) obeys the differential equation 7 { - (3 - 21) S =0 and satisfies the
X

conditions f(O):l and f(x)—>0 as x—> 00, The value of f(ﬂ') is

1. &7 2. 27 3. —e 4, —*™
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50. g (zermra M) @ ey g5 2 g@ErT modr YE 98 doral 8 wel @ -3 g sef-org
ser T T b & ar yg a1 HIvfig FaT g '

1. \/2(/'Mm’\‘(a+/)) 2. \/ZGMmZ(a—b)
. 2GMm’ab
: a+b
50. A planet of mass /77 moves in the gravitational field of the Sun (mass M ). If the semi-major

and semi-minor axes of the orbit are @ and b respectively, the angular momentum of the planet
is: : '

1. J2GMm’(a+b) 2. \2GMm*(a-b)
2GMm’ab - A [2GMm’ab
a—b ' a+b
51, &9 ¢ @ geAEElT vE SR W gl g M & AEINT oldle @ Bffeed!
. dL
H :—7&; + mg(l(l—cos@) W & ardt &) gl L et fAffe #yar 8 Fﬁ? &7
2me” : t
7T 8
2 . :
1. __gp” sin@ 2. —gposm 20
¢ 14
3. £, cosf * cosf
3. Zp(, cos 4. ¢p, cos
S1. The Hamiltonian of a simple pendulum consisting of a mass #1 attached to a massless string
oflength ¢ is H = 2p0€7 + mgé(l—cosé’). If L denotes the Lagrangian, the value
e’
dL
of — is:
dt
2 ) .
1. —Tgpesmé? 2. —if-pesm 20
g 2
3. P cosé 4. ¢p, cos@
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52. WWWWW@@W@WWJ%%'%W—WWJWWﬁ##
PiT—aT §9q 78 87

X
(
2 P 4 P
— <
52. Which of the following set of phase-space trajectories is not possible for a particle

obeying Hamilton's equations of motion ?
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Xy-ae # U8 0% FREAER @ad qUS W WA R m @ & fIve g9 4R g9 & & 77 a1

g qafts ¥ R & 3z I8 gurel! z -3 uv Bl SIgia @ & wr gadt & al 9wl
.o omlw/4 2. mtw/2 3. mlo 4. 2miw

Two bodies of equal mass /1 are connected by a massless rigid rod of length ¢ lying in the Xy -
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. mlow/4 2. mlw/?2 3. mblw 4, 2mli’w

v g gl et WAl s e z 4 & ve et fganars [ @1 agT @t 81 e 9
R g@ ov afer fma A

. srev @ vd R & aqura # aR=iforeT & 1ev geeral &/

[S]

e R & arqura # georar @ vq aRifordr @ arev o &/

1
3. —]3 BT 3T H 3gv vq gReIferT @ aieY R @t srgura # qaerar 8/

1
4. v R @ srgura 7 v affaiforat & arev 7 F1 U H gaarar &/

An infinite solenoid with its axis of symmetry along the z -direction carries a steady current / .
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The vector potential A ata 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
3. varies as — inside and as K outside the solenoid
4. varies as R inside and as — outside the solenoid

xy-m#ﬁaawaﬁawma?m?ﬁ@w?ﬁwwﬁzﬁmmﬁrKﬁﬂim ‘
w—fnfe 8 osr K v arav 81 (x,y,z) Wwﬁwﬁwz~ﬂ“ (ct—é) [ ¥ far s

81 gy 89 B2

. ,u“!{t) 5 MKz ;
2 2c
1K : | 1K :
———\cf -z 4, ——\cl -z
2¢ (¢ ) 2¢ (e : )J

Consider an infinite conducting sheet in the Xy -plane with a time dependent current density

K ti,where K isa constant. The vector potential at (x,y, Z) is given by

. uk ) -
A= # ( I—:) i . The magnetic field B is
4c
1Kt~ Kz -
5 2 - f =]
2 2¢
IRLYPIY Ky
Yo (c1—=2)i S (ct-2)J

old U S @ fAggrgradl [fdve Swfsfa avar & Swrde ¥ g9 ¢ gy fAga &y E v
: 1 1
wighva e S = 1 lsz’ FHI — - @ IR ggeid &1 0 d M fow [ @A
A
0 %) la-vr w8

1. n=1 vam=1 2. n=2vgn =2

3on=i ewim=2 4. n=2 rgm=4
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57.

57.

58.

When a charged particle emits electromagnetic radiation, the electric field £ and the
. C 1 "o D . . 1 1

Poynting vector S = f’(fE x B at a large distance » from the emitter vary as — and
r ¥

n

respectively. Which of the following choices for # and m are correct?
I. n=1and m=1 2. n=2 and m=2

3. n=land m=2 ) 4. n=2 and m=4

@WV(X)#%WW?#WWHWWW&##W‘ -4 7-1 & (57

vl § oel h=18)) afR W ar-wad (,//l( )=w,(x)sinhx @ @afor & ar arer
JTe BT AT FAT & -

1.y, (x)=4/sechx 2. y,(x)=sechx

3. w,(x)=sech’x 4. y,(x)=sech’x

The energies in the ground state and first excited state of a particle of mass m =5 in a potential

V(x) are —4 and —1, respectively, (in units in which % =1). If the corresponding

wavefunctions are related by i/, (x):(//o (x) sinh'x, then the ground state eigenfunction is

1. y,(x)=4/sechx 2. y,(x)=sechx

3. y,(x)=sech’x 4. y,(x)=sech’x

&y

, {b(a—x), —a<x<a
H'=
0, 32T

v 3 7 @Y g V(x) 7 W7 g m @ vF &9 v oy gar &

V‘(x):{o,

0, 3777

—a<x<a

|, ba ) ba

2 2
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The perturbation

”,_[b(a—x), —a<x<a

7=

10, otherwise
acts on a particle of mass 17 confined in an infinite square well potential

V(x)—J 0, -—a<x<a

loo, otherwise.

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

ba ba

7 2. \/5
4 5 [l va-fHa wver Sadl qlcte @ JiTEl U9 g Sedford Savedisll W I gerEriigd
et st @ |0) 7 (1) @ Affe frr arar &1 amer - (|0)+[1)) 7 shfeT
Ax &

. Ax=\/h/2ma 2. Ax=\h/mo
3. Ax=.2h/mw | 4. Ax=.\(h/4mw

Let 10> and ‘1> denote the normalized eigenstates corresponding to the ground and the first

1. 3. 2ba 4. ba

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

Loy

1. Ax=+h/2ma 2. Ax=./h/mw
3. Ax=2h/me 4. Ax=\/h/4mo

eI grEe (g @ FINT OF BfecH!

@) FEfRa @ & Ty ST aviT—per w(x)=Ae'bxzaﬂGW?vrf37mw7ﬁTz% wer b
v frervrcaeE el 8 SffeeHl B e sawT Il T §1f17
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. . ¥ 2n _—2bx? — _”_% _1_
Eicza _{x e dx-(Zb) F(n-i—J.]

1. —ma’ /2N 2. =2mal /a3 —med Sl 40 mo /il
60. What would be the ground state energy of the 2w iian
Wwod’
H=-—————ad(x)
2m dx

. . . . . . . . . - .
if variational principle is used to estimate it with the trial wavefunction 1/ (x )= Ae™™ with b

as the variational parameter?

[Hint: wsz” e dy = (2b)‘””3 F(n +§-) ]

1. —ma’ /20 2. =2ma’/ah’ 3. —ma’/nh’ 4. ma’/ wh’

61. v garef @& arERg gd sifaarcid 3Tl T gaa—gal sav AF:FS—F,V:ar|t//|2+§|‘//|4 il
fear wirar & WEl w Ve g Wad 8, U9 a 7 B &% & ane e 4 o >0
sfrareras daverr # o <0 & ol qFem f>0 &) AF @71 w9 8

1. -a*/p 2. —a’2p 3. -3a’/28 4. —5a°/2p

61. The free energy difference between the superconducting and the normal states of a material is
givenby AF=F,-F), = IL//|: +-§—‘i;/|4 , Where 1 is an order parameter and ¢ and [ are

constants such that & > 0 in the normal and @ <0 in the superconducting state, while 8> 0
always. The minimum value of AF is

1. -a*/p 2. —a’f2p 3. —3a%/2p 4. —35a°)2p

62. O A= R # quifar Tar & v & g8 w4 a1y saenr A @ C ad Sapavig gibar g§RI, &
gf &, W AwCawm va Aw BarB @ Caw o omar wrar 81 A— C 7 /g o far 7ar

1 100 ] & 7 agenfdd s 1501 81 A —> B — C gy 7 afx arg & f&ar 727 & 30 )
g ar agefiT &o & -
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1. 20J 2. 80) 3. 2201 4. 280) -

A given quantity of gas is taken from the state A —> C reversibly, by two paths, 4 —> C
directly and 4 = B — C as shown in the figure below.

P A

During the process 4 —> 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 work done by the gas is 30 J, the heat absorbed is

1. 20] 2. 801J 3. 220] 4. 2807

N gaw7 aret ve— 310 srsRrT afaar @ R & W @9 sl =T qraa) 3 o il game

vE R @ @y gReaE & 3w yemv-gacd & &8 ve @ gl g 2J &ty

Fa—geeT #F va R % gorel @ ot E=—NJ + 2rJ & va afefrar @ wen "C,; .
rot 0@ N a@ geoar & | |idavT Berd &

J N NJkpT : J N : J N
1. | — 2. € ks 3. | sinh—— 4, | cosh——
k,T k,T k,T
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63. Consider a one-dimensional Ising model with NN 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 2.J . Ina configuration with # spin flips, the energy of the system is E=-NJ+2rJ

and the number of configuration is ~ ; » varies im0 to . The partition function is

7Y T 7Y S
Ll e 3. | sinh— 4. | cosh——
kT KT e

64. &l aRur v STTRT T gE@ &7 wdew | ym A ve Sifbed av As @ SRITT F

arar &1 ARTT & sgar gEEr &3 @ guikar 500 mV/Tesla v@ Scdorr faga gare ImA
# argvgear &1 JRYT HE F I GHIN wEonT bar A @Ry aifd @iBd & SR ARG
GIIEd g 8§ -

1. 1.25%x10%m™ 2. 1.25%x10%m™
3. 4.1x10%'m> 4. 4.1x10%m

64. A magnetic field sensor based on the Hall effect is to be fabricated by implanting As into a Si
film of thickness 1 um. The specifications require a magnetic field sensitivity of 500 mV/Tesla at

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

1. 1.25x10*m™ 2. 1.25x10%m”
3. 4.1x10"'m? 4. 41x10°m>
65. d5-gne U de-FNIEVT fvged, Ve [ UR% U9 Ud STE-URSG [Avaqdl @& BHEL 49 vq

W#WWWWW?/W%WWW—WWWW

aﬂgﬁmrm'wo a'a)o P @ do-ave v do-Fvmv Avreat @ awifta wv @ R

H
1. o <off w ol <op” 2. ol <ot ol > wy”
H
3. a)OP>a)OLP cfara)(}fp<a)0 4. a)é{P >a)O vzfa)(l)ﬂ)>a)(])“P
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

LP HP . e . . ‘
pass filters are @," and @, , respectively, the condition required to implement the band-
pass and band-reject filters are, respectively,

HP _ LP HP L
l. @y <o and @, < a)op 2. a)g{P <a)0LP nd coéﬂ) > a)OLP
HP _ LP P
3. Wy > da)glp<a)oLP 4. a)OHP >a)ép and a)glp>c0(];

/75 POKM2—5AH—3
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66. v [T 5V [H*fT wuif A § vE WRi-yedt @) fAefa Rffreary e i F guld ol &) afe
wd—He 5 Q & IgHR B g & af IFHR F el 1 afed & -

1. 97W 2. 73W 3. 50w 4. 45W
-66. The output characteristics of a solar panel at a certain level of irradiance is shown in the figure
below. ’

If the solar cell is to power a load of 5 €, the power drawn by the load is

1. 97W 2. 7T3W 3. 50w 4. 45W

67. HTTfIFH TZLITT AR F GhT [ 9T T Foif wv IRT Y AR

T

af g7 R, 10" vy e s & vd a7 wer 1, =20 ns 7 7,=1ps. @ wer zufy 7w
g arwe 2wl @ e wmaaver T gt '

0 t

1. 10" em®  and 2x10" em? 2. 2x10% em® and 10" cm?®

3. 2x10"7 em?® and 2x10° em? - 4. zero and 10%° cm?
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Consider the energy level diagram shown below, which corresponds to the molecular nitrogen
laser. v

» 2
To1

Rf % 1

w

\ L/’\A@ T

If the pump rate R is 10%° atoms cm™ s and the decay routes are as shown with 7, =20 ns

0

and.T, =1ps, the equilibrium populations of states 2 and 1 are, respectively,

1. 10" em™  and 2x10"7 cm? 2. 2x10% ¢cm® and 10" cm?

3. 2x10” ¢cm™ and 2x10° em? 4. zero and 10™ cm’

2P 1S weaw avd 57 vE EEsioT Gy OY fER | W I @ [y Py @) sy
1.6ns & 7 & @ 97 a7 G gav 102 eV &/ 7T & Juad1a n, 1 1 #7d gy, 9qdifaa
o7 T gt @ argea gt @ sgaa B, (0)/ 4, (@) e far w8

1. 0.683x10” m'1's" 2. 0.146x10™" Jsm?
3. 6.83x 10" m'1's’! 4. 1.463x 107" Jsm?

Consider a hydrogen atom undergoing a 2P—1S transiticn. The lifetime L, of the 2P

state for spontaneous emission is 1.6 ns and the energy difference between the levels is 10.2
eV. Assuming that the refractive index of the medium 7= 1, the ratio of Einstein coefficients

for stimulated and spontaneous emission BZI (a)) / A, (a)) is given by

1. 0.683x 10" m’I's™ 2. 0.146%x1077 Jsm®
3. 6.83x107 m'J!'s 4. 1.463x10"% Jsm?

gy R =1 va R, =0.98 @ @ gd7 a1t & He-Ne et JRa7 o¥ far | f7 7@
g @ d =20 @ g8 w R & o7 g B Ag 1 sgadI n, = 1a @y gne
o =0 &/ st @ g @ s7av OV U7 o JfReT @ &Y s 1 disi Av 8

1. 6v=75kHz, Av =24 kHz 2. 6v =100 kHz, Av, =100 kHz
3. Sv=750 MHz, Av =24MHz 4. 6V =2.4 MHz, Av, =750 MHz

Consider a He-Ne laser cavity consisting of two mirrors of reflectivities R, =1 and
R, = 0.98. The mirrors are separated by a distance d = 20 cm and the medium in between
has a refractive index 1, =1 and absorption coefficient & = 0. The values of the separation

between the modes OV and the width A v, of each mode of the laser cavity are :
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1. ov=75kHz, Av =24 kHz 2. ov=100kHz, Av =100 kHz
3. ov =750 MHz, Avp =24MHz 4 6v=24MHz Av, =750 MHz

70. WWWWWW@W—WW@WW’&W@W#WW%W
qre—amgers e (BEC) wear &1 BEC & gfeq &7 8g “rarafAd a9 g7 81 a1fey -

1. ho/?2 2. how 3. 3hw/2 4. 0

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

1. how/2 2. ho 3. 3how/2 4, 0

-

71. gefed dvgar GReerd § gelactl & fory aReror wae grar wrar 8 b
g = ,B(cos k.a + cosk a + cos kza)
F8r [ vE eEv 8 U7 a WWW?/W@@WW@?WWWW%

2K AR n’ n
. 2. ; 3. . 4. 3
5pa 5pa 2pBa 3Ba
71. In a band structure calculation, the dispersion relation for electrons is found to be

£ = ﬂ(cos k a + cos kya + cos k:a),

where [} is a constant and @ is the lattice constant. The effective mass at the boundary of the
first Brillouin zone is

2i : 4n’ n h’
. 2. . 3. , 4,
5p8aq° 58a® 2pa’ 3pBa’

72. BAB—BIET T YT B Vb VHEITd g @ god Foagil #1 Bl ad, gt 368 el T
yrgaT a’ & @ Aoar & -

IIENVE RN RN |
L. — | 2. | = | 4. =
a a .

72. The 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 a , 18

NPT 3,2\ IREVE
1| — - 3. | — 4,
a a a

Q

Q=
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74.

75.
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a7 % =g @ zerr 105 MeV / ¢ v swar arg argarer 2.2 us 8169 & g Gl
315 MeV /¢ arefht va = & wiRa g9 e it -

I. 3x10°km 2. 22cm 3. 6.6 um 4. 1.98km

The muon has mass 105 MeV / ¢” and mean lifetime 2.2 US in its rest frame. The mean

distance traversed by a muon of energy 315 MeV / ¢’ before decaying is approximately

1. 3x10°km 2. 22em 3. 6.6 um 4. 1.98km

f= st wr RER - gerT p, =era n, AR gEra nl e Seer sge A' o we 3 s
JTgFHIST & Ted HHIF § Faierd &Y Grd & a det ey §°f

1. 7°%n, p A 2. p,n, A, 7’
3. p,n A" 4. A n, 7’ p

Consider the following particles: the proton p, the neutron 7, the neutral pion 7° and the
delta resonance A". When ordered in terms of decreasing lifetime, the correct arrangement is
as follows:

1. 7' n, p, A" , 2. p,n A7’

3. ponmt, A 4. AN n 7’ p

2 légsna%p_a;aa)—) (Serever Dss Wpl/z) F g o1 v—auig Hul 3iav 3 MeV &/
g9 |f wedl & wavl @ dig B Gol-sav &

1. =7 MeV 2. 7MeV 3. 5MeV 4. —-5MeV

The single particle energy difference between the p-orbitals (ie., p,,, and pl ,,) of the nucleus

! ;g Snis 3 MeV. The energy difference between the states in its 1f orbital is

1. =7 MeV 2. TMeV 3. 5MeV 4, -5MeV
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