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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
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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
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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.
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LIST bF 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 4 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 0 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)
Chiorine ci 17 35453 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 63.54 Rhenium Re 75 186.23
Curium Cm 96 (247) Rhodium Rh 45 102.91
Dysprosium Dy 66 162.50 Rubidium Rb 37 85.47
Einsteinium Es 99 : (254) Ruthenium Ru 44 1014
Erbiun.1 Er 68 - 167.26 Samarium Sm 62 150.35
Euror..num Eu 63 151.96 Scandium Sc 21 44 .96
Fermium Fm 100 (253) Selenium Se 34 78.96
Fluorine F ® 19.00 Silicon 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 .
Germanium Ge 32 72.59 Strontium St 38 87.62
Gold Au 79 196.97 Sulfur S 16 32.064
Hafnium Hf 72 178.49 Tantalun'1 Ta 73 180.95
Helium He 2 4.003 Techn.etlum Tc 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 I 53 126.90 Thor»ium Th 90 232.04
Iridium Ir 77 192.2 Thulium Tm 59 168.93
Iron Fe 26 55.85 Tin 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 v 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 1.000053. (Values in parentheses represent the most
stable known isotopes.)




o

LI

g7 [PART A

2#7‘.XS#kx3‘177?3;71771727%@%27‘3736’9?77@1%72#XS#?.Wa%Sv#ﬁ.H?éuaﬁ#
zﬁrawrar?/svffaﬁﬁ’zrﬁa?@?aeﬁwwm?/svuaﬁ@ue@aﬁﬁmiﬁwﬁ
T P o THAT 87

A granite block of 2 m 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 a2 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 #t/m (4) 500 #/m

e & @ FT—-ar gaad 87

Which is the least among the following?

0‘330.33 0.44044 n—l/‘ll’, e—l/e

(1) 033" (2) 0.44%% 3) " (4) '

e o) 3N qarsit 9 BT ST T T 87
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 T T TSYITER T B B 4 d srrd @7 T FEalR @ @S & o uv e

W?ﬁ#ﬁ%@ﬂ#&ﬁﬂ?ﬂ?%sﬁamaﬁ@wﬁaﬁmﬁﬁ:
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 ‘

M a (2) 2a (3) 3a 4) V6a
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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 #/m (4) 12 #/m

v e @ TR s el @ g &1 aft wig A% A wer @ o TR ger @
2 g 99 AT TR A W &) AR FIE TR 6 e $ g TN @ @ ger & a 9w
T T A AT &) a e ¥ 9 Bl avwd 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. 1f 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. fowg 7o & @y w7 &1/ There are an even number of odd cities

2. fayg % @ wenm fwg ¢/ / There are an odd number of odd cities

3. @7 7t & we=r w7 &1/ There are an even number of even cities

4. w7 T # wegr Ay 21/ There are an odd number of even eities

o 4 LABC=n/2 1
AD = DE = EB
Azir ADC aor e CDB & 87wl @ 3gurd @l 87

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

(1) 1:1 @12 (3) 13 (4) 1:4
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ve araradN wrret ABCD 3w ave gerr oar & [ i A i C o 39 gar el € 1
v Y@ PQ &7 ol &1 a8 @ v 1 AB=3 @er BC=4, PQ @/ ge/ 457 7 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 (o
P
Q
A 8
(1) 13/4 (2) 15/4 (3) 17/4 (4) 19/4

1 A# @w @7 vE ar, @ ve a7 wuret geof forad Y @ @19 I 9N e 8 B BN
¥ v F5 gv vear a7 &/ geell © BIRT A 7 &F%er | aif @ &) ar ar @ g 8

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

T IR B 25% T 25% o I T x% & FErx 8

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

(1) 6.25% Q) 12.5% (3) 25% @) 50%

g {a,) ¥ 8¢ 9T Swe il gdad] usr @ AR » GHA &/ 4% ap=3, al W

a
; n+l
lim, -2 2

a,

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

. a .
If ao=3,then lim, .~ is

a,

(1) 3 (2) 2 31 4) e
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In the figure below, angle ABC = =/2. [, 1L, III are the areas of semicircles on the
sides opposite angles B, A, and C, respectively. Which of the following is always
true?

() IP+1P=F (2) U+1I=I @) IP+IF>F (4 I+1I<I

v 13 AT yrar aor IEd ged a7 @ geR 13 Y gwar @ dra & Rl @) wer 791 €7
(7 & aof ve sy @)

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

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

7 % @ A & T (F=1 R @) 36) & gov-gd 19 & Rea 81 g9 R @ a8 fAeY
P wrR—ary Fed 81 REY @ UF I8 9IT aF Fe & §I9 ST A8 N Ferd 8/ @Y a¥
a7 78 wadr & 90° aRrad grt @ ae W wear 81 v e 919 a8 wear & 180°
qrarad gaar &/ 3 S9HT g5 1 e 1 TP 87

Suppose a person A is at the North-East comner 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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(1) view-qd (2) Sarv-ufeam 3y shmr-gd
(1) North-East (2) North-West RS IRETS:

(47 afor-uleem

{4y South-West

G 99% oo glar &1 e 100 faar Wik wéiear & 30 g v & §i @R e o
@i &) a9 g 98% e &/ T &7 el IR 31 a &

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 f @r/kg (2) 50 5 1/kg (3) 75 @ a1/kg (4) 2 & /g

v wTEId ¥ TE QR R o o 9e Su-ore af 39 YN SffdT o -
(A) 1837 §=ff @7 (B) 1907 & &g (C) 1947 §ft w7 (D) 200 gar g
Tebof! Ryad / Ryaw! & 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) @@ /coin A (2) w7 /coin D (3) v AuB (4) fiawr [coin C
Jcoins A and B
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cf‘m“ff‘}anﬁawWﬁwaﬂﬁwm.?awﬁa(A),(B),(C) aer (D) # gulRgarR
79 qIRa gRal & 3irelg &rar &/

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) (8) © : (D)
3w & 9 H—wr w8 781 87
Which of the following is not correct?
(1) smera(A) (2) s (B) (3) s (C) (4) s (D)
(1) Graph (A) (2) Graph (B) (3) Graph (C) (4) Graph (D)
AT 3R Bl Go -
Find the missing letter :
Al EGK |C
? P
U R
Q Vv
B OJF D
(1) H 2L (3) Z @Y

A7 FHiEer gv faanr -
X’ + 4y +92° = 14x + 28y+42z + 147
WET x,y 97 z ardfdd wer & ar x+2y+3z @1 A 8

Consider the following equation
X2+ 4y + 977 = 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) s 78T
' /not unique
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77 HrferE va sefger g gy aed) v 1t 75t @ guifar 81 vy & Rera @ gl A e B

@ dlg @1 g¥) q@—ufderfl faem v Arifea 47 wH 81 AT B @ dg T3 @) org g T
@1 faper &7

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 in the map 1s 7 em. What is the length of the river between A and
B in the ground?

SCALE = 1:50000]

(y 1.1 f& 4t/km  (2) 3.5 f #t/km (3) 5.5 f& 4r/km (4) 11.0 & #/km
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41T /| PART B

21, va 2x2 s A @ sificfoes 9 &5 g &' g1 n wr =g g afe A" = 18] 8

. 20 2. 30 3. 60 4. 120

21. A 2x2 matrix A has eigenvalues &5 and €”™’° . The smallest value of # such that A" =1
is
1. 20 , 2. 30 3. 60 4. 120

22. wa f(x) @1 srek S A gafar T4 e, fr= 3 s affd @ ¢

1.00 —

050 |- t-

0.25 R

0.00 ot N e ok

1(x)

-0.25

050}t 4

0.75 | ;

-1.00

1. dwer werg J,(x) 2. cosx

3. e 'cosx 4. —COS X
X

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

1.00
0.75
0.50

025 - v

1(x)

c.00

-0.25

070+

075 - -

-1.00

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

3. e ‘cosx 4, —COS X
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g1 e daf @ vt § §9 iy ar arar B v s 599 ‘8 gleiar 8 9@ e 3 IR
a7 2 g s @ wifdewar s -

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

I a sertes 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
x oy oz a b ¢ ,
AT —+ o+ —=1 @ waE @ vw Y| =, =, = | T 5eE A AR 8
a b c NENNEINE]
bcf+ca]+abl€ 5 ai +bj+ck
Ja+b+¢’ Ja+b +¢’
bi +cj +ak ' i+ j+k
2 2 2 4
Ja +b +c’ \[3;
, . a b ¢ o
The unit normal vector at the point | —=, —=, —= | on the surface of the ellipsoid
V333
’xl 2 ZZ
~7+y—7+—,:1,is
a b
bei +caj +abk , ai +bj +ck
Ja+b +c’ CJd b el
bi +¢j +ak ) i+ j+k

Ja' +b* ¢ B

sar¥ H, frwar R @ ae7 p, &7 v o 3o Y 79 @) wag w8 dvar Rrear gaea p, &1
U9 U ey SEIg) 961 391 GIAT 8, §o7 SITaArT 81 WraT 8/ gl @ smgfar ghft

| PE , L& 5 P2 i |PE
IO()H po H poH pH

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

liquid of density £,- The cylinder will be set into oscillatory motion when a small
instantaneous downward force 1s applied. The frequency of oscillation is
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P8 , P \fg N . [P
pOH p() H p()H pH
W%#Wﬁ'mﬁwmmﬁﬁﬁwﬁwwﬁvwﬁﬁmﬁ

&) gy o1 gwar e k81
S -

m m m

are X, X, a.gmawmvfa?m:ﬁwm?emﬁﬁa?ﬁwfawmﬁwn?ﬁaﬁﬁwﬁww
g

: 13 | TR TEI
1. ,;_k[xl“ +x2“ +x3" ] 2. ‘2—k[XI. +x2h +x3' _xz ()C‘ +x3 )]

3. %k[xlz+2le+xf+ 2x, (x, +x,)] 4. ;-k[xf+2x;+xj—2x2 (x,+x,)]

Three particles of equal mass 771 are connected by two identical massless springs of stiffness
constant k as shown in the figure:

k k
o T /T

m m m

If x,x, and X, denote the horizontal dispiacements of the masses from their respective

equilibrium positions, the potential energy of the system is

| O S
1. '7“1‘,[-‘71"+x{+xf] 2.

| S
Ek[xl’ +x, 4x —x ()

3. —l—k NP4 2x x4 2%, (3 X)) 4. lk x4 2x 4 - 2x, (x +x)
2 i 2 R 2 ] 2 1 2 3 2 1 3

af v fRIA-gE M@ Ve gad FU B o @ aEr g gt ewerc vV, p aE & ar

1. C/E = 35V 2. =myv
//C{p p=m

3. V:CV —— 4. E=mc’
SN p e
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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 #1 . Then

1. dEdp: constant 2. p=mv

3.ov= P 4. E=mc’
P tmer

v JEHART gl F g ma 2m & @ an S, .S, smoew & g8 r ¥ Rer & 1 i
w7 4S8, 7S, @ A def-vw @ At ak s v, g v, vﬁw?a%wmajamvmm##
gad & @ f @ sgara v, /v, 8

1 V2 2. 1 3. 1/2 4. 2

A binary star system consists of two stars SI and § ,» with masses mand 2m respectively separated
by a distance . If both SI and S2 individually follow circular orbits  around the centre of mass

with instantaneous speeds v, and V, respectively, the speeds ratio v, / v, i

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

A= @ gefargar B R a?wgﬁrﬁqﬁ?@#ﬁasm@m?’/a?mQ w7
wrr 90° @l SFART vd &) e q 7 s Q W wEaa: R & 1 afy v ¥ A o
g9 & a Q @ gy Fay 87

L. q/\/z 2. \/Eq 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 () 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 Q) ?

. g/\2 2. 29 3. 2g | 4. 4q

30.  oraRw Avar a 7 5T B b @ v s ety @i & ar d a7 a<r<b ¥

ITST FT HTIAT—Ecd & ,o(r)zi2 (k s ®) 189 ¥ >a 7 Iq [Iga &7 T AT 8 -
r .

k(b—-a
1. (—;—Z, wr>a @ ferd
gor‘
k(b-a kb
2. L—,—), a<r<b @ forr @ ——, r>b ¥ frd
EF 501’-
k(r—a k(b-a
3. (ij) a<r<b @ oy aw~(7,) r>b @ forg
g, r E,F
k(r—a k(b—a
4. (47) a<r<b ?WWL,—Z,I’>[)$W
g,a g,a
30. Consider a hollow charged shell of inner radius @ and outer radius b . The volume charge

k
density is ,0(}’):—7 (k is a constant) in the region @ <r <b . The magnitude of the electric
'

field produced at distance » >ais

k(b—a
1. ——(—7) forall r>a
N
k(b-a
(—7) for a<r<b and for ¥ >b

2 2
E ¥ g, ¥
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kir—a k(b—a

L(—f—4~—7~—)~ for a<r<b and (——)—Z for r > b |
gu r 5“ r

ki(r—a k(b—ua

,L(f,,,,,‘,,f), for a<r<b and "tL““T-"Z for > b
&a £, d

3. faga & wRY E]:fE“cosa)t g Elz‘/tE(, cos(wt +¢), FIE1 @ @emaw s & @l

Ferviag RgagrEaia avil & afaeve & g8 7 [Fan | aRorHr v @) dlar %<E7> a fear

ST & 673’7<E7> E* @7 @ifera—area & @er dgar shl) -
1.0 2. g E; 3. g Esin’p 4. &, E cos’p .

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

are given by El =i E coswt and Ez = jE cos(wt +¢) where ¢ is the phase

. . . . . . . 80 2 2 . .
difference. The intensity of the resulting wave 1s given by ?<E' > where <E“> is the time
average of E° . The total intensity is

1. 0 2. ¢ E 3. ¢ E’sin’p 4. g, E’cos’p

32. SR IPI(5I+q T —q) qA aF v T P ARl Ml g% 7@ T & o e T 8

q -q
y ._.,_._‘., —— [
a | R > P
|
. . :
-q q

fag Pov st a= @ gt R w & (R>a), fawg gw sigura & srm

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

51
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33.

33.

34.
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Four charges (two +¢ and two —q ) are kept fixed at the four vertices of a 'square of side ¢ as

shown
q g
Eed ‘ il t . ” .
]
|
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. 1/R 2. /R 3. YR 4. 1/R

Xy -da § Reya va y@frd o7 @i ovd & e d g8 9% GET M 1 U JE9 g vEr

T 81 d @ g 519 9% 19 el BT

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

3. d @1 B Hifag a7 T8 2 4. ymgrme,/q

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/4mgrne, 2. q/\mgre,
3. There is no finite value of d 4. mgre,/q
ETSgIaTT TeATY] @1 U efa @7 avi—word

Y=y, +20,, +3p,, +\/§-V/21—1

o faor Gmar 8, et u/nm,aarc'#afw nl am (o awmer w@aT & &) Rerfa ard

l
FaARAGEd fcters—wer @ [Afde avar 8 Refr ¥ 7 L, &1 gearar 7 8

1. 15h/16 2. 11n/16 3. 3h/8 4. h/8

S/75 POK/12—5A H—2A
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35.
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36.
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The wave function of a state of the hydrogen atom is given by
\II = l//200 + 2(//211 + 3‘//210 + \/5 {//'_’l—]

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

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

1. 15416 2. 11716 3. 38 4. h/8

farrg V(x) :%ma)zx2 —ax ¥ Red & &7 9ot sifeerfore 7T &

2 2
1. E":(n+tha)— a = 2. E"=(n+tha)+ 4 5
2 2ma” 2 2mw
) 2
3. Enz(n+ljha)— ? - 4. E = n+—1— hw
2 maw- 2

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

5 .

1. E":(n+l]ha)— 2 3 2. E = n+—1- ho + —
2 2me” 2 2ma*
1 a’ 1

3. E,,:(n+—jh(u— 5 4. E =\ n+— |ho
2 mew” 2

qre v T FT glareg FEErfied avT-HerTd

( \/1_5_(a2 - xz)
(//(x) = 4a°?
0 3rger

U —a<x<a

W [ orar & o 9w @avT @1 sifreaaar Ap g4

1. 2h/5a 2. Sh/2a 3. J10h/a 4. 51r/2a

S/75 POK/12—5A H—2B
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38.

38.
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If a particle is represented by the normalized wave function

J15 ()
—_—
w(x)= 4q°"

0 otherwisc

Or —ad<x<a

the uncertainty Ap in its momentum is

1. 2h/5a 2. 5h/2a 3. J10#/a 4. 5n/2a

fafea wwfafaa vv'zfaf%f?v T @, A:i(xpy —ypx) HB:(yp:+zpy) &7 IS
[A,B] &

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

Given the usual canonical commutation relations, the commutator {4, B} of A =i (xpy —yp, )

and B :(yp: + Zpy) is

1. A(xp.—p,z) 2. —h(xp,-p.z)
3. h(xp,+p,z) _ 4. —h(xp,+p,2)

wel E. N gV 99 sof &0 & o g sraad & @ qorent &7 Ygrdt S, ST graverr
vk srqas I @ wer 59 9@ daia &« S=kn T (E,N,V) | g9 78 [epy fFerar
graear 8 f& I

TR Bt 3R A gv 3EY &
GregreeRlT @ 3N [T UY glerT vl 8/
TR YUY ST 8/
ARITIRR]T UY ATT B |

RIS

The entropy of a system, S, is related to the accessible phase space volume 7~ by
S=kyinl (E N, V) where E, N and V are the energy, number of particles and volume
respectively. From this one can conclude that 1~

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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g+ [ AW ve wiffeecy Avdg swrfae giear § v av & 81 AW & av & v 77
A1 we § 3 sla—ar wel 8

afe gfear wgaardt & @ AW ve gerae sigeer 8/
afe gfear wersr & @ AW va geraer s 8
AW gaen v geraer siaser 8/
AW gerraer sramer 7€ 87 waar)

B =

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

AW is a perfect differential if the process is isothermal
AW is a perfect differential if the process is adiabatic
AW is always a perfect differential

Sl o

AW cannot be a perfect differential

&7 gawor S,,5,7 S @ vE gored, Ws'r'ngﬂaul?gw#m?‘, P g8 H [@Ar
goreft @1 sl E=-J[S,S,+S,S8, +S8,S5,] & @ orht & w&r J ve ghras s 2
1. J 71 2. -3J 71 3. =3J 72 4, —6J 72

Consider a system of three spins .S, , 5, and S, each of which can take values +1 and —1. The
energy of the system is given by E =—J[S S,+S§, 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. =3Jand2 4. —6J and2

Aed L @ vo—ffe oy avf @ a5 ¥& 10 6 Sa=IaET guam -, 9 7T m B

1. 147°K /mL’ 2. 91z*h /mL’

3. TR/ ml 4. 37K [mL’

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

L 147°0 ml 2. OW'W/mL 3. TR /mLl> 4 3xh/ml?
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T & v e FGRe & ASA-awT P, et sngfar 7 g7 8 gwaw angfar 10 fFar
80 @ Wod i U ASHIGI fRa @ g diglera gt wirar 8! Higfera fvfa @1 wagw
A=7 sirgfar & & arse =7 &rm

1. 7.00 #medsr & 7.01 #sds aw 2. 6.99 #edy @ 7.01 #medy a@
3. 6.99 #Ede @ 7.00 dmEdT aw 4. 6.995 #rEesr @ 7.005 FmEde a@

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

e 4 el wiarcas gaEe aieger &V, ve waraprg e aea & foraet sigla 10 8da @
7 V, frfa apa & @Ry 7 sarav & wfrediga a7 &

0.01uF
1K 10K
vi“m—*'ij>_4—oVo
1. 52ax/2 2. 527 -x/)2
3. 107 v 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
f

—WW—o
10K

1K
Vi mm—lj>_‘,_o Vo

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

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

3. 10 and zero 4. 10and 7
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44. a7 RF # qEfar a@ gy (5 ot @erd @ Eraifad eyar &

D

HIGH o+ - i[j}my
Bo 1)
1. y=A4-B 2. y=A-B 3. y=A-B
44. The logic circuit shown in the figure below

implements the Boolean expression

1. y=4-B 2. y=A-B 3. y=A-B

45, gRger & cufd g D a1 i—v G 3 YHR AlTHSIFT 8/

._{u;+2wwfbrv”>0

=

0, for v, <0
10
AW _
L l"D
+ A
10V = D ¥ Up
—

GRyer 4 U, @7 817 &

L (~1+/1V 2 8V 3. 5V

4, y=A+B
4. y=A+B
4. 2V
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A diode D as shown in the circuit has an i — U relation that can be approximated by

, {UD2+2UD, for v, >0
1):

0, for v, <0
10
MWW
v '
+
10V f—f— Dy Up
The value of U, in the circuit is -
L(-1+VJ1D)V 2. 8V 3. 5V 4. 2V
HIT /PART C

w7 x arafs & wem In(coshx) @ fag x=0 @ JrRT &7 FOROL e 93T @ AR IR

glar &

1 —lx2+ Lx“+
2 12

3. ——x'+=—x'+

2 12

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

starts with the following terms:

1. —lx2+ix“+---
2 12

1, 1
3. — =X+ —x"+--
2 6

e U= e & amr U'U =UU =1 a1 gfic @var gar ve 2% 2 o arE # T
o o ale V=1 @ wrer e ik 0w arege V(VV =VV' =1) gw gor [ffa famr

ST HehaT B/
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LU are g gqm ave
2. U & foeht vas saga ot e % @ om v
3. U & frd v df o ey wr ¢ 0% @ qun wen

4. U @ e ' 5 qom e

E . . . i : 8 - 7 P
Givena 2 < 2 unitary matrix U satistying U U = UU = withdet U = €. one can
J =

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

1. multiplying U by e“if/’/Z

'y

[

multiplving any single element of U by ¢

i/’
. multiplying any row or colura: of U by e /2

3
.y —igp
4. multiplying U by e

oig C v g7 gR¥r, w1 gt 2izl—5:0 o ufdqifie & g amrad em 7 wmiaa [ar wrar
2dz

8 WAl J.)——— Pr qou &
Sz —=5z+6
1. —-léri 2. 167i 3. 8xi 4. 2rmi
3
, Z'dz ,
The value of the integral J—-— , where C is a closed contour defined by the
Jz°=5z+6 .

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

1. —16ri 2. 167[1’\ 3. 8xi 4, 2mi

weri f(x) samer wfaen fj;—{—(?)—Zi)f:O 7 SR @var & v afaer f(0)=1
x
7 f(x)>0 v x>0 a7 ghe avar 2/ f(7) a2 -

1. &7 2. %7 3. e 4. -

2

d { - (3 - 2i)f=0 and satisfies the
X
conditions f(0)=1 and f(x)—)O as X —» o0 . The value of f(7r) is

The function f (x) obeys the differential equation

1 62” 2. -2 . -2 . 27xi
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@l (gerr M) & qecaredor 83 7 g2 modr Y T8 Terar 8 wal & Ef—de g spf-org
st awer a 7 b 8 ar g a7 Hroflg G @

I \/2(}/&//111"((1+1)) 2. \/ZGMmZ(a—b)

26Mm’ab L [2GMmab

a—b . a+b

A planet of mass /7 moves in the gravitational field of the Sun (mass A ). If the semi-major

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

1. J2GMn*(a+b) 2. \2GMm*(a-b)
@GMmzab | A [2GMm’ab
a—b ' a+b
agrg ¢ I FeEEElT vE SNl W g9l FEAT M @ AENT olde @ 8ffeed)
H:B&; + mgé(l—cos@) W § Gt &/ afe L oerareft @ fAfde svar 8 F/TC;—L &7
2me” : t
7T 8
2 . :
1. ~7gpﬁsm¢9 2. —%posm 20
3. £ 6 *cosd
3. ep(, cos 4. ¢p, cos

The Hamiltonian of a simple pendulum consisting of a mass #1 attached to a massless string

oflength ¢ is H = 2p0€7 + mgé(l —COS@). If L denotes the Lagrangian, the value
me’

dL
of — is:

dt

2 ) .
L. ——gpesmé’ 2. —g—pgsm 26
¢ ¢
g 2

3. =p,cosf 4. ¢p, cosO

¢
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52. ?ﬁﬁvwmwﬁmawwﬁﬁvﬁwm—mﬁ%qﬁmww##
PlT—-aT FYT T8 87

1 Py 3 Py
B |
O |
l e
‘\
— X
X
2 P 4 P
X 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 P |
™ \
@ N
-
|
D |
|
_ X
X
2 P 4 P
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Xy -ae ¥ 08 v gHHEA W GUS @ WA e m @ & five g9 qeR g3 § & ave a1
g qafg ¥ R & ae 98 qurel z-3@ gv P Mg @ & ARl gadt & ar gesr
1. omlw/4 2. mfw/2 3. mlw 4. 2mlew

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. mlw/4 2. mla/?2 3. mlew 4, 2mlw

v IFT GRAIIET RredT WAl el feer z 7 & v vt fAganars | @1 agT vl 8/ 9T 9

R g# wv @i g A |
-

‘R

™~

1. srev e vg R & argwa o gRIferdT @ qI8¥ gaoidl &/

o]

a=v R & arura & geaar & v aReiereT & are} 9 8

1
% B ST 7 35v vq gRiferaT @ arev R @t s1qura d aeorar 8

w

1
4. sr=v R @ 3rqura 5 vq aRiforaT & arev 2 Pt SUIT § gEear &/

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

}
R

NG

—
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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
varies as R inside and is constant outside the solenoid

9]

3. varics as — inside and as R outside the solenoid

4. wvaries as R inside and as — outside the solenoid

xy-wﬁ@wWWWW&#W#@WWWUT@Kﬁﬂ?W

L uk

aa-fai & et K ve are 81 (x,y,2) wv wler fna A:%(ct—z) [ @ far o
.

g1 gl eq B #:

LKt - u,Kz -
o 2. — Bt
2 / 2c /
1K : | 1K K
3}, ——\ct—z 4, ——cl—=z
2c (¢ )l 2¢ (c : )‘/

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 ") 1s given by

K

/i (CI - :)2 I'A . The magnetic field B is
4c
funK, ° 5 /l(,KZ 1
R T
LK : N ~
3, ~£~i——~(ct — )i 4. —h—f(ct -z)J
2¢ 2c ‘

id U R @y [ggrgraad [fave INIffT @var & gedvie 9 g8 o v fAgd 89 E v7

; T 1 | .
wighen afeer S= /} ExB @ws — q— & 3R agcid 8/ 0 m @ foy [ fAascdl
() I'” ’,/H i

0 eta-ar e &)

Ioon=1varm=1 2. n=2 vgm=2

3on=1 eum=2 4. n=2 rym=4
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57.

57.

58.

When a charged particle emits electromagnetic radiation, the electric field £ and the
. R 1 I°L D . . 1 1

Poynting vector S = 7’(')7E X B at a large distance ¥ from the emitter vary as — and
r ¥

m

respectively. Which of the {ollowing choices for 77 and m are correct?
I. n=1and m=l 2. n=2and m=2

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

ﬁwV(x)#@mwwaﬁaﬁmamaﬁﬁwm&##m— -4 7-1 & (s

vl 4 el h=18)) aRk wra ar-wod (//l( )=y, (x)sinhx @ wefm & ar are
e &7 A E BT 8

1. y,(x)=1sechx | 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 :E in a potential

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

wavefunctions are related by {/, (x)=l//0 (x) sinh'x, then the ground state eigenfunction is

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

3. ¥, (x)=sech’x 4. y,(x)=sech’x

&y
H,:{b(a—x), —a<x<a
0, 3T

T a3 Y g V(X) 7 &ffT g7 m @ vF #9797 o §iar &

V(x):{O, —a<x<a

0, a7l

|, ba ) ba

2 2

3. 2ba 4. ba
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The perturbation

. jb(a—x), —a<x<a

L.
i = .
10, otherwise
acts on a particle of mass p7 confined in an infinite square well potential

JO, —a<x<a

otherwise.

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

ba ba

5 2. 7
W#Z%I?W#Wﬁ%#?ﬂmﬁ%ﬂﬁfﬁ%?%@mﬁﬁﬁm&ﬁﬁwm
st st @t (0) 7 1) @ Pt for arar &1 emer —(|0)+{1)) # s@a
Ax #:

1. Ax=.\/h/2mw 2. Ax=.\Jh/mo
3. Ax=42h/mw | 4. Ax=.\lh/4ma

Let ‘0> and ‘1> denote the normalized eigenstates corresponding to the ground and the first

3. 2ba 4. ba

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

Lo+ s

1. Ax=h/2ma 2. Ax=\/h/mw
3. Ax=.J2h/mo 4. Ax=.h/4mo

fravuees grEer (99 @ gRT 59 8ffeeHr

®) FEfRa v & forg SIMEraifie avir—her l//(x)=Ae'b"Zaﬂaua?vrf3nnamré’, wer b
v [N grael 8 8ffecHl @t 3irer g gl T §1fi7
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[@aT g}xzn R (Zb)_”_% F(n +;—j ]

1. —ma’/2h 2 =2met /a3 —mal Sl A mad /ol
60. What would be the ground state energy of the 12 Laian
Wod’
H=- "4 6(x)
2m dx

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

as the variational parameter?

[Hint; ?xz" e 207 gy = (Zb)—”—; F(n +»12-) ]

1. —ma’ /2K 2. —2ma’/wht 3. —ma’/wh 4. ma’/ h’

61. v garf & amEry vq sifdares srTveisl B gaa—gal sav AFst—FN:cx|t//‘2+§]l//[4 7
fear wrar & Wer w U T wiae & V9 o 7 By & anfd warEer § a >0 F
siferereres sraver § o <0 8 wwld gHer >0 &1 AF @1 g T 8

1. -a?/B 2. ~ad’'2p 3. —3a’/2p 4. —s5a°/28

6l. The free energy difference between the superconducting and the normal states of a material is
. : 2 + .
givenby AF=F,-F, = a.y/| +—§‘w| , where y/ 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. —5a’[2pB

62. O =7 R A gl mar & ve & 58w A a1y sraveyr A W C ad Iapafig gibar givy |
gf & I AWCar vgAd Banr B Caw o orar amar 81 A—> C 7 aig & 17 7ar

#1100 ] & 7 senfya o 150 ) &1 A —> B— C ufbar # afe a1 w0 f&ar 731 &1 30 )
g @ JTIfT B & -
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P A
| AN
B~ =  C
vV
1. 20] 2. 80) 3. 2201 4. 280)

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

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 4 —» B —> C the work done by the gas is 30 J, the heat absorbed is

1. 20]J 2. 80J 3. 220]) 4. 2801]

N gez are va—f3dra amsfr afarT @ R 7 @i we 3fd =T gl 3 T el gamr
ve g@v @ wrEIY gReaE & ge yemv-geed 8 &7 v @ gul i 2J &t or
Fa—geeT @ ve Ry % gomeht @ wof E=—NJ +2rJ & v Rt @ wwr "C
r 0 &N a@ ggorar & | FEavT o & -

J N NJ kT : J N : J N
1. | — 2. € ks 3. i sinh—- 4, | cosh——
k,T k,T k,T



63.

64.

64.

65.

65.

33

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 7 spin flips, the energy of the system is E=—NJ + 21/

Y

. LN L ) .. " . .
and the number of configuration is ~ L _; » varies i1 ) to N. The partition function 18

J N P, > J vV J N
- , e 3. | sinh— 4. | cosh——
k,T k,T k,T

gl gfeurs gv smTRa ve gEET &5 wdgw 1 um A2 v Si e oY As @ IO ¥ g

wrar &1 AR & sgar gaE a9 @ guikar 500 mV/Tesla va ST fAga gare ImA
&) argvaear &1 JRTT FIF F I GHN wEorT [Ba7 ST TRy aifd @B & I ARd

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

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 :

. 1.25%x10%m™ 2. 1.25%x10%?m>

3. 4.1x10% m? s 4.1x10%°m3

d5-greE U Je-FRIBVT [ARIed, Ve [ YR U9 Ud ST-YNe [ANGqdHl @ FH HUf v
AT ¥ OiedY sraifad &y or Wed £/ afe 9 9Ne U9 STg-9RE [vgedl @ Sab

srgfrar v oyF 7 of" & @ de-rvw w7 de-FRERT Areat B aritad avd @

HP LP . HP LP HP LP __. HP LP
1. @y <oy @ 0y <og 2. wy <@y VT, >0
HP LP . .
3wy >wy va w(‘)“’ <a)(];p 4. a)(l){P >a)0LP (Taa)glp > a)OLP

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 . .. . .
pass filters are @y~ and @, , respectively, the condition required to implement the band-
pass and band-reject filters are, respectively,

HP LP HP LP HP LP HP LP
HP LP P . LP
3. Wy >w; and a)g”) < a)([)“ 4, a)éﬂ) >0)OLP and a)(l)“) > ax

§/75 POK/I12—5A H—3
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66. TP RV g fRfrT sof -5 § v @i-gedt @ fefa ffreary A fa A gefdt o & are
df—der 5 Q @& IgHR F Torar & aF SgHIN | il 1E afdd 8 -

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 €3, the power drawn by the load is

1. 97 W 2. 73W 3. 50w 4. 45 W

67. HIVIfdes AZLIGTT &Y W HTT A7 g9IfY Y Foif WY SR oY AR/

o

af g7 afy R, 10" gvirg em® st & o7 &7 wor 1, =20 ns 7 1, =1ps. @ wer sufy 7o
g ar v 2 9l @ wwer amarEver siwifer g6

0

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

3. 2x10" em® and 2x10° em? V 4. zero and 10% cm?



67.

"68.

68.

69.

69.

35

Consider the energy level diagram shown below, which corresponds to the molecular nitrogen
laser. :

S 2

R o1
[P
\ L}\XY\’Q

= 0

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

and-T, =1us, the equilibrium populations of states 2 and 1 are, respectively,

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

3. 2x10"% em? and 2x10° em® 4. zero and 107 cm’

2P 1S wowwr v g7 U ETESIaT WA UY fur | W e 3 [y Poway @l srgarel
1.6 ns & 7 Wt & A7 a7 Hof gav 10.2 eV &) T8 & 9ad7a n, # 1 A gV, IqeiId
v w sl @ argwd giat # sgwa B, ()] A, (@) g Ry w8

1. 0.683x10" m's's"! 2. 0.146x10™" Jsm?
3. 6.83x 10" m'r's 4. 1.463x107"7 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 n, = 1, the ratio of Einstein coefficients

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

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

gRadard R, =1 va R, =0.98 @ @ < arer v# He-Ne e qfewr o faar| a7 1%
g W d =20 @ g9 w Ryg & vd fiF & AT FT YIS N, =17 FFAIT TN
a =0 & st @ @ sav OV v oev e B &Y s B A@eE Av §

1. 8v=75kHz, Av, =24 kHz 2. 6v=100kHz, Av =100 kHz
3. év=750 MHz, Av =2.4MHz 4. 6v=2.4MHz, 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. Oov=75kHz, Av, = 24 kHz 2. ov =100 kHz, AVF:IOO kHz
3. ov=750MHz, Av =24 MHz 4. év=2.4MHz, Av, =750 MHz

W@WWWW@W—WW@WWW#WW? g
Fr7-agersT waad (BEC) wear &7 BEC & gfew & g wrirafy@ fawd 841 81 a8y

i. ho/?2 2. ho 3. 3hw/?2 4. 0

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

gefea wegar gReerd § gatacl & forg aRergor waer grar orar &8 b
gk:,E(cos k.a + cosk a + cos k:a)
@&l  vw eV 8 U7 a v G SR 2 g Real &5 @ e 9% g ZaEr &

2K’ , A , P .
5pa’ - 5pa° - 284’ 384’
In a band structure calculation, the dispersion relation for electrons is found to be

£ = ﬂ(cos k a + cosk a + cos kwa),
x ¥ z

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

o o L L
58a’ - 5Bab 2pa° - 3pa’

BAB—BIEd T GG B Uk (HGINTd 67 B G Faagia @ BH e, [orae)] g el a7

argaT o’ & @ Ao g
3”; 1/3 )3 |
( j 3 (_j . L
a a _ a

1/3
(127:2 J
3
a
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 @, is

. 1_27[2 1/3 372 1/3
) a3 ) a}
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a7 % =gaT @7 zerr 105 MeV / ¢ va g arg argarer 2.2 us 81 69 & gd gl
315MeV /¢’ areft v =gam & qiRa g8 & 8t -

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

= @ g7 R gler p, =gl n, ARRY i wt ud Seer sigme AT w9 2 s
JTgHTT F T HAIF H waRerd &y wra & a8l e gl

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

Consider the following particles: the proton p, the neutron #, 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, A, 71’

3. pon,at AT 4. A',n7’ p

o 1;88na%p—a?ﬁw(€?w Ds,, 97 D,,) ® @9 @& we—aoig ol sav 3 MeV 2/
g9 |f wedl & wWel & T H7 Hor—Iav & -

" 1. =7MeV 2. 7MeV 3. 5MeV 4. -SMeV

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