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39NN Fersqe g/ USEFUL FUNDAMENTAL CONSTANTS

Soldelel T G HTe
Colieh foadish
EREMEEIRICH]
SlecHTT adiH
YRTT ShT 4T
Arer 37 fagares
Reeer Aaas
ARG HEAT
e fAadis
Wrdeged 3R

gaﬁ'zraﬂcq?n

leV
amu

Mass of electron
Planck’s constant
Charge of electron
Boltzmann constant
Velocity of light
Molar gas constant
Rydberg constant
Avogadro number
Newton constant

Permittivity of
vacuum
Permeability of
vacuum

lev

amu

9.11 x 1073'kg
6.63 x 10734 ] s
1.6x1071°C
1.38 x 10723 J/K
3.0 x 108 m/s
8.314] K 'mole™!
1.097 x 107 m~!
6.023 X 1023 mole™?!
6.67 X 10™11 N m?kg~2
8.854 x 1072 Fm™!

47 X 1077 Hm™?!

1.6 X 107197
1.67 x 10727 kg
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Element

Actinium
Aluminium
Americium
Antimony
Argon
Arsenic
Astatine
Barium
Berkelium
Beryllium
Bismuth
Boron
Bromine
Cadmium
Calcium
Californium
Carbon
Cerium
Cesium
Chlorine
Chromium
Cobalt
Copper
Curium
Dysprosium
Einsteinium
Erbium
Europium
Fermium
Fluorine
Francium
Gadolinium
Gallium
Germanium
Gold
Hafnium
Helium
Holmium
Hydrogen
Indium
lodine
Iridium
Iron
Krypton
Lanthanum
Lawrencium
Lead
Lithium
Lutetium
Magnesium
Manganese
Mendelevium

4

LIST OF THE ATOMIC WEIGHTS OF THE ELEMENTS

Symbol

Ac
Al
Am
Sh
Ar
As
At
Ba
Bk
Be
Bi
B
Br
Cd
Ca
Cf
C
Ce
Cs
Cl
Cr
Co
Cu
Cm
Dy
Es
Er
Eu
Fm
F
Fr
Gd
Ga
Ge
Au
Hf
He
Ho
H
In
|
Ir
Fe
Kr
La
Lr
Pb
Li
Lu
Mg
Mn
Md

Atomic
Number
89
13
95
51
18
33
85
56
97
4
83
5
35
48
20
98
6
58
55
17
24
27
29
96
66
99
68
63
100
9
87
64
31
32
79
72
2
67
1
49
53
77
26
36
57
103
82
3
71
12
25
101

Atomic
Weight
(227)
26.98
(243)
121.75
39.948
74.92
(210)
137.34
(249)
9.012
208.98
10.81
79.909
112.40
40.08
(251)
12.011
140.12
132.91
35.453
52.00
58.93
63.54
(247)
162.50
(254)
167.26
151.96
(253)
19.00
(223)
157.25
69.72
72.59
196.97
178.49
4,003
164.93
1.0080
114.82
126.90
192.2
55.85
83.80
138.91
(257)
207.19
6.939
174.97
24.312
54.94
(256)

Element

Mercury
Molybdenum
Neodymium
Neon
Neptunium
Nickel
Nlobium
Nitrogen
Nobelium
Osmium
Oxygen
Palladium
Phosphorus
Platinum
Plutonium
Polonium
Potassium
Praseodymium
Promethium
Protactinium
Radium
Radon
Rhenium
Rhodium
Rubidium
Ruthenium
Samarium
Scandium
Selenium
Silicon
Silver
Sodium
Strontium
Sulfur
Tantalum
Technetium
Tellurium
Terbium
Thallium
Thorium
Thulium
Tin
Titanium
Tungsten
Uranium
Vanadium
Xenon
Ytterbium
Yttrium
zZinc
Zirconium

Symbol

Hg
Mo
Nd
Ne
Np
Ni
Nb
N
No
Os
(0]
Pd
P
Pt
Pu
Po
K
Pr
Pm
Pa
Ra
Rn
Re
Rh
Rb
Ru
Sm
Sc
Se
Si
Ag
Na
Sr
S
Ta
Tc
Te
Th
Tl
Th
Tm
Sn
Ti
W
U
\Y
Xe
Yb
Y
Zn
Zr

Atomic
Number
80
42
60
10
93
28
41
7
102
76
8
46
15
78
94
84
19
59
61
91
88
86
75
45
37
44
62
21
34
14
47
11
38
16
73
43
52
65
81
90
69
50
22
74
92
23
54
70
39
30
40
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Atomic
Weight
200.59
95.94
144.24
20.183
(237)
58.71
92.91
14.007
(253)
190.2
15.9994
106.4
30.974
195.09
(242)
(210)
39.102
140.91
(147)
(231)
(226)
(222)
186.23
102.91
85.47
101.1
150.35
44,96
78.96
28.09
107.870
22.9898
87.62
32.064
180.95
(99)
127.60
158.92
204.37
232.04
168.93
118.69
47.90
183.85
238.03
50.94
131.30
173.04
88.91
65.37
91.22

* Based on mass of C*2 at 12.000... . The ratio of these weights of those on the order chemical scale (in which oxygen of natural

isotopic composition was assigned a mass of 16.0000...) is 1.000050. (Values in parentheses represent the most stable known

isotopes)
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HIT \PART 'A’

T ael & FePgt #A & T H U qEd
%ﬂ’rgé%,ﬁWWWﬁlqwﬁqu

AT H A
H F G H 2. E,GFH
H,F, G, E 4. H,EFG

In each of the following groups of words is
a hidden number, based on which you
should arrange them in descending order.
Pick the correct answer:
Papers | Xeroxed

Wi-Fi veteran

Yourself ourselves
Breaks even

H F,GH 2.
H F G E 4.

wERErITOTM

mo
™

Im
OI

IR & 7 qof & dear §
1. 30 2. 29
3. 25 4. 20

The number of squares in the above figure
is

1. 30 2. 29

3. 25 4. 20

U GFHECR TS 3clg H Rs. 100 H
glear § dur 38 10% o # 9 gl

5.
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Mg AT AT H I GHEER P 10%
THA HIIA g 9T &l &1 3 dAi-oef A

A shopkeeper purchases a product for
Rs.100 and sells it making a profit of 10%.
The customer resells it to the same
shopkeeper incurring a loss of 10%. In these
dealings the shopkeeper makes

1. no profit, no loss

2. Rs.11

3. Re.l

4. Rs. 20

AT T T §, 9RAT 165 & Uh &9
T F R Urg FEPEHA I Wi
ST g1 37 Ui Har A F fRdr TR @
gR&eAT FIr 87

1. 37 2. 75
3. 15 4. 165

Five congruent rectangles are drawn inside
a big rectangle of perimeter 165 as shown.
What is the perimeter of one of the five
rectangles?

1. 37 2. 75
3. 15 4. 165

T IfFT 10 kmh H aIfd & 3referel, 6
km/h &1 aifd & F&q, dar 7.5 km/h & arfa
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¥ §AAA H ToIdr gl I 39 TUH A
T T B T S & faw 3 €¢ o
g, aur auEr & fov 19er, AdarB& g
@rq&%"
15 km.

23.5 km.
16 km.

g & IRpeT F T Y 73 3R
3T gl

> wneE

A person walks downhill at 10 km/h, uphill

at 6 km/h and on the plane at 7.5 km/h. If

the person takes 3 hours to go from a place

A to another place B, and 1 hour on the way

back, the distance between A and B is

1. 15km.

2. 23.5km.

3. 16 km.

4. Given data is insufficient to calculate
the distance.

T T H ST YW M Srar gl 3R
I 3EH ST ST g, §HF & 99
m@raﬁr@r[am‘m oct]IGiFra?
gmmvaﬁmta:mar-mu
gRadeT A et afREt § ¥ Sia-ar @@
gerar g2

oL . 0 t

A vessel is partially filled with water. More
water is added to it at a rate directly propor-

tional to time [i.e., " o< t]. Which of the

following graphs depicts correctly the varia-
tion of total volume V of water with time t?

1.V 2.V
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3.v 4.V
OKt 0‘4%

ey &701 U & Uz & HC A ge wd
fAse &1 g3 5 dur 6 Al & T T &
3W TS A gl 39 & A Beie # gg
#r oA

1. 6 3% & 3w 99 F

2. 54T 6 3l § WA gl W Bl

3. 5 3% & s 9w §

4, 1199712 3t & G g R Bl

At one instant, the hour hand and the minute
hand of a clock are one over the other in
between the markings for 5 and 6 on the dial.
At this instant, the tip of the minute hand
1. iscloser to the marking for 6
2. is equidistant from the markings
for5and 6
3. iscloser to marking for 5
4. is equidistant from the markings for
11 and 12

Teh gefl 39a g9igel FI BISHL 35 AT gl
°iFel & 38 g0 x, HAT t & Bolel &
& # RAT & mar g e e A
FIA-AT e 81 A& Hehell?

AN

nest nest
3. 4.
& |
nest  t nest  t

A bird leaves its nest and flies away. Its
distance x from the nest is plotted as a
function of time t. Which of the following
plots cannot be right?

AN

nest nest
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10.

10.

11.

3. 4,
X X
nest t nest t

18 A ITed § Tl Toh O I o
FI aEg ured 29 & & &1 34 A &
GE Uh qF9 H I HX HER @M

A & QU FHT # fhael o gy gl
1. 29 2. 28
3. 15 4, 14

A cubical cardboard box made of 1 cm thick
card board has outer side of 29 cm. A tight-
fitting cubical box of the same thickness is
placed inside it, then another one inside it
and so on. How many cubical boxes will be
there in the entire set?

1. 29 2. 28

3. 15 4. 14

oA, &0 UG AT, 3 T WA guit
d el ATl H AT wIh gfadg
gof s S &1 & WufAe ot 8 Gemew
TRT A AT &1 E, o, gL T alel &
A et & AT § A §l W

Secondary colours are made by a mixture of
three primary colours, Red, Green and Blue,
in different proportions; each of the primary
colours comes in 8 possible levels. Grey
corresponds to equal proportions of Red,
Green and Blue. How many shades of grey
exist in this scheme?

1. 8 2. 8

3. 3 4. 8x3

gfafad @rda T, W@t y=x,y=1-x
dUT x =0 S ar AT FefeT & (x AUy
3787 AT ATIHHA & @)

1. gfawwsst vd eigehror

2. SfAUAST W AGhIOT gl

3. SERIVT W SATHIS el

4. o A efaqeeLst, o A elehror

11.

12.

12.

13.

13.
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The triangle formed by the lines y = x,y =
1 —x and x = 0 in a two dimensional plane
is (x and y axes have the same scale)

1. isosceles and right-angled

2. isosceles but not right-angled

3. right-angled but not isosceles

4. neither isosceles nor right-angled

ATUTB g aedl gl IRT A AH 2faeX
STE AN BTN WEaE AT BH TS
e o TUEEART fRar Srar g, aur
366 MY B F wAd B A F - e
T TATART fFar Srar &1 STeg ¥ Slog

A Gl 814 :
1. 549l & dI¢ 2. 4dch & 91
3. 39el & 9 4. 249el & 9

There are two buckets A and B. Initially A
has 2 litres of water and B is empty. At
every hour 1 litre of water is transferred

from A to B followed by returning %Iitre

back to A from B half an hour later. The
earliest A will get empty is in:

1. 5h 2. 4nh

3. 3h 4, 2h

FUT A e FUT T B

FUT B: INFd HIT I ¢

e ey @1 oot 7 & Ion

1. YT ATAT HUT B il gHAT Ter g1

2. HYT AT FUF BT TE & T &,
Ife ATUB & T FA-T-FH T 30T
FYUeT BTl

3. ®UFATUT HUT BT TET & Tohd &,
Ife AGUTB & &g HH-B-5 ar 3T
FUT gl

4., HYTATUT FUA B AT Tada: HelT T@gr
e & Hehd |

Statement A: The following statement is
true

Statement B: The preceding statement is
false

Choose the correct inference from the

following:

1. Statements A and B are always true

2. Statements A and B can be true if there

is at least one statement between A and B
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14.

14.

15.

15.

16.

3. Statements A and B can be true if there
are at least two statements between
Aand B

4. Statements A and B can never be true,
independently.

T FR 60 km/h IIfT & T W@ g1 3T
U & Fed IR FUT Weg3it @
Jeaifas afg &

1. 60 km/h 3ET Hr RE

2. 120 km/h 31T T R®E

3. 60 km/h 3T AT R®

4. 120 km/h 33T Hr RE

A car is moving at 60 km/h. The instantan-
eous velocity of the upper most points of its
wheels is

1. 60 km/h forward

2. 120 km/h forward

3. 60 km/h backward

4. 120 km/h backward

gfe D+1+M=1501
C+l+V+1+L=157
L+I1+V+1+D=557
C+l+V+1+C=207

gaAV+I+M=?

1. S IdT =TT o9AT ST Hehcll
2. 1009
3. 1006
4. 509

If D+1+M=1501
C+1+V+I1+L=157
L+1+V+1+D=557
C+l+V+I1+C=207

WhatisV+I1+M=?

1. Cannot be found

2. 1009

3. 1006

4, 509

Ta Siifad Fifter & Fa-3maRd shage

& AT gfaRd Feer & AR g1 I

aﬂfﬂaﬂaﬁmma:%ﬂmﬁw

FI T8 [AwTeeT & a1

1. PS TG @ A& ST

2. SIS deh HIAPT °Id I FTIEYT g
T a9 o g$ & Fels IR B A
Shaged &1 afgara grm|

16.

17.

17.

18.

18.
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3. 9 deh HIAST A Tl A dd doh
Sagey &1 Sfgdrd gedr am|
4. AR S HIRIAT e

A living cell has a protoplasm which is
water based and demarcated by a lipid
bilayer membrane. If a cell is pierced up to

%th of its diameter with a very sharp needle,

after taking the needle out

1. no effect will be observed.

2. protoplasm will leak out from the hole
made by the needle for a few minutes
until the cell heals the wound.

3. protoplasm will keep on leaking out till
the cell is dead.

4. the cell will burst like a balloon.

TS I1del & 3Tl &l gedcd ¢ 1.5 g/cc d2T
g & & B Yl Heled § 0.80 glce |
I 1 foex & b U F AEST F QIR
fear Smar &, A o & Red &= &1 Fo

3TAAT G TSN
1. 350cc 2.
3. 550cc 4,

465 cc
665 cc

Density of a rice grain is 1.5 g/cc and bulk
density of rice heap is 0.80 g/cc. If a1 litre
container is completely filled with rice,
what will be the approximate volume of
pore space in the container?

1. 350cc 2. 465cc
3. 550cc 4. 665cc
T e drenrd i aRfer w0 g v

g AT Th FHP3M TRAT Y& T &l Th
W I@T H 4 HX Rl & 91 dg dred
$ R W Py g B amar &1 @@
T g feur sgaar § aur 3 Hiex War ¥@r
H R & alg 9 A § T 3edT fdg D

U 3T ST 81 A & D T gl &2
1. 3m 2. 4m
3. 7Tm 4, 5m

A turtle starts swimming from a point A
located on the circumference of a circular
pond. After swimming for 4 meters in a
straight line it hits point B on the circum-
ference of the pond. From there it changes
direction and swims for 3 meters in a straight
line and arrives at point D diametrically
opposite to point A. How far is point D from
A?



www.prepp.in

19.

19.

20.

20.

AR god, S & & TH H BFedr e g,
W FI S & & ged & IR el
Tl §, YT 3e1sh she Teh T & UR MY W
usd g1 IRT Jeal & 9T A & F A
3

1. n-1 2. mn-2
3. 3—=x 4. 4—1

Four circles of unit radius each are drawn
such that each one touches two others and
their centres lie on the vertices of a square.
The area of the region enclosed between the
circles is

1. n-1 2. -2

3. 3—=x 4, 47

Teh fthed Wisleey TUT Teh FeACRHT FATT

et a g1 W Sifad Hifremsi &

dEa & AU Wagel FH F sfod F@

forr Srar &

1. U SNifad FIRF A TE WeiFel W
@' 81 ST bl

2. ¥ & W gaHeR F ure g €,
T o ¥ T g Bl &

3. geHeel v wfoad RAFa gavar &
Safh Woleed U aredides fard
FATCT

4. WrotFeY T AT FgaweRl o FHE
st fage afed B

A film projector and microscope give equal
magnification. But a film projector is not
used to see living cells because

1. aliving cell cannot be placed in a film
projector.

2. the viewer’s eye is close to a
microscope whereas it is far away from
the projector’s screen.

3. amicroscope produces a virtual image
whereas a projector produces a real
image.

4. amicroscope has greater resolving
power than a projector.

21.

21.

22.

22.

23.
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HIT \PART 'B'

TO HA FOT F FROA A, ol
IARTSE o, el Foll E U HAH
W h (vld &1 3R) 991 ¢ (Fata &
garer &1 afa) W AR g arar I

AT fQeevor & 39A9T ¥, ¢ Hr A

TR X eRar saw f&ar Jrar gl
hc hc

1. \/; 2. PEE
hc 2 hc

3. (E) 4. %

In the scattering of some elementary
particles, the scattering cross-section o is
found to depend on the total energy E and
the fundamental constants h (Planck’s
constant) and c¢ (the speed of light in
vacuum).  Using dimensional analysis,
the dependence of ¢ on these quantities is
given by

’hc hc

hc\2 hc
3. (%) 4. %
Zl'ﬁ\' y= tan:l(x) %—’ arx %—
y+1 y—1
3. In [ 4. In 22
y+1 ' y-1
If y=—1 then x is
y= tanh(x) ’ x
y+1 y—1
3. In |22 4. In 22
’ y+1 ’ y—1

sinz2

1. & Ush Tl 3eide 0 O g adr
n=123" & T +/n W FIfC 2
& Heldedh g

2. T T TIA 3eideh 0 I g oIdr
n=123" & &0 +/n qur
+ivn W P 2 F HAdd ¢

3. & n=0123 % QAT +tn W
FE & 2 3dd ¢

4, & n=0123F AT +n W
Ffe & 2 3ds &
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23.

24.

24,

25.

25.

10

The function

z has

1. asimple pole at 0 and poles of
order2 at +vnforn =123

2. asimple pole at 0 and poles of
order 2 at ++/n and +iv/n for

prm— of a complex variable

n=123:-

3. poles of order 2 at +y/n ,
n=20123:-

4. polesof order 2 at +n,
n=20123:-

f(x) T BRY FEALOT

flk) = [77 dx e f(x) &1 TG

f(x) = ad(x) + B8'(x) +y8" (x)

g, STeT &(x) 3y Secr Weold (adur RIEr
adorst & Afgse &ar §) ar f(k)
FAT § ?

1. a+iBk+iyk?

2. a+fk—yk?

3. a-—ifk—yk?

4. ia+ Pk —iyk"2

The Fourier transform of f(x) is
flo) = [*7 dx e™ f(x). If

f(x) = ad(x) + ps'(x) +v8" (x),
where &(x) is the Dirac delta-function
(and prime denotes derivative), what is

f(k)?

1. a+iBk+iyk?
2. a+fk—vyk?
3. a-—ifk—yk?
4, ia+ Bk —iyk?

IRfA® gfdey, t =0 Wx=0 & f&&
aﬁw,maﬁmj—f=2\/1—x2
B §

sin2t, 0<t<Z>
1. x= *
sinh 2t, tZZ
sin 2t, o<t<Z
2 x = x’
1, t>-
2
sin 2t, o<t<Z
3. x= ot
1, t>-—
4

4, x=1—cos2t, t=0

The solution of the differential equation
& = 2v1— 22, with initial condition
x=0att=0is

26.

26.

27.

217.

28.
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sin 2t, 0St<%
1 X = . Vs

sinh 2t, tZZ

sin 2t, O<t<§
2 x =

1, t>Z

2

sin 2t, OSt<%
3. x =

1, t>

T
4
4, x=1—-—cos2t, t=0

e e #F o FEE Qe
V(r)=krt #, S8 k U&h 33K g, TH
®OT IS 1 TH Focidg  wET
FofiT gfed o 3TA Feam R W 39

ghR s &
1. w«R 2. woR1
3. wo R4 4, @ o« R72/3

A particle moves in three-dimensional space in
a central potential V(r) = kr*, where k is a
constant. The angular frequency w for a
circular orbit depends on its radius R as

1. wxR 2. wou R

3. wo R4 4, @ x R72/3

ﬁlﬁg&ﬁ (x,y) = (a,a) AU (—a,—a) W ar
SeAN, e m, W A g1 ar 3
GeTA , 9AF 2m, foeg3it (a,—a) FUT
(—a,a) W W A gl dF & I5cd &

AT T
1. 2ma?, 4ma? 2. 4ma?, 8ma?
3. 4ma?, 4ma? 4. 8ma?, 8ma?

Two masses, m each, are placed at the
points (x,y) = (a,a) and (—a,—a). Two
masses, 2m each, are placed at the points
(a,—a) and (—a, a). The principal moments
of inertia of the system are

1. 2ma?, 4ma? 2. 4ma?, 8ma?

3.  4ma?, 4ma? 4. 8ma?, 8ma?

[ERUGERCARCCIE )

L=3md,* +2mg;” —k (Faf + 243 ~ 20:4;)
F & A E T mAAk G IR E| 3TR
SEAY faur & i §

k 3k k

1. /% /; 2. /%(13i\/73)
5k k k 6k

3 \/%\/% 4 Jomom
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29.

29.

30.

30.

31.
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The Lagrangian of a system is given by

1 . . 5
L =3ma,” +2ma,” — k (Sa? +2q% — 20,9,
where m and k are positive constants. The
frequencies of its normal modes are

k 3k k
1. /% /; 2. /%(131\/73)
N a [L, [

2m m 2m m

GSOHATT m o Teh HUT & aX H A9 ST
I v & Ty I g IR T
NPT AfdS FAT P JAT Ty 3Th
3R afedmed & Afdse aa g,
@A v=001c & AU (T, —Ty)/Tx

AT §
1. 1.25%x 1075 2. 50x%x107°
3. 75%x107° 4. 1.0x107*

Consider a particle of mass m moving
with a speed v. If Ty denotes the
relativistic Kinetic energy and Ty its non-
relativistic approximation, then the value
of (Ts — Ty)/Tg forv =0.01c¢,is

1. 1.25%x107° 2. 50x107°

3. 7.5x107° 4. 1.0x107*

BASAT a T Th @WEAT Ucdr T e, S

fQorg v, & @ | g, 39U g H
AT Q TWAT gl el & S, heg F
@ r W RvE
LV 2. 4-1TQer %

Q Voaz Voa
3. ATteoT r2 4. r

A hollow metallic sphere of radius a,
which is kept at a potential V,, has a
charge Q at its centre. The potential at a
point outside the sphere, at a distance r
from the centre, is

Q Voa
1.V, 2. 2 4 ha
ATEQT T
Q Voa? 4 Voa
4TEyT r2 ) T

Rfow s a7 & 3m # W ™ NP
Q W faar| us g, S Far$ hoawr
gedig 9 &1 BeAR (G0 & Ry 7 qarar
AT &), & dh 56 ¥ IoRd fdegd & &
3ifraTE &

31.

32.

32.

33.
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1. 2 7 2
e T 2¢

3 hQ 4 QR
" Reg ' 2heg

Consider a charge Q at the origin of 3-
dimensional coordinate system. The flux
of the electric field through the curved
surface of a cone that has a height h and a
circular base of radius R (as shown in the
figure) is

L e @
€p 260
3. 4 4, &
' REO ' ZhEO

ThEHAT Ydhd &9 B = Bok  (SET B, TH
IR P) & T I W, goh wfew g 4 &
T U HT a7 &

1. Byyi 2. —Byyt

3. By(xj+yD) 4, B,(xi—y])

Given a uniform magnetic field B = Byk
(where B, is a constant), a possible choice for
the magnetic vector potential 4 is

1. Byl 2. —=Byyi

3. By(xj+yd 4. By,(xi—y]))

WAegd MW ¢, & TS ACIA Ul

WIS I €, = 3¢, H qE AILIH &

9 & AHRges F IYfAd THRI HT ThH

9e Yididd gidr gl &l AegH

by SAregdd  gauEAe gl I

HAGA HIUT 60°F aF Ffaafdd Jehrer

1 3AT ad § &, ad gfad §

2. TG dd § FACK, do giad §

3. W%ﬁﬁ%

4. T YaquT IMAfdd JehIT & ¢auT H
A &
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34.
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35.
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A beam of unpolarized light in a medium
with dielectric constant ¢; is reflected from a
plane interface formed with another medium
of dielectric constant e, = 3¢;. The two
media have identical magnetic permeability.
If the angle of incidence is 60°, then the
reflected light
1. is plane polarized perpendicular to the
plane of incidence
2. is plane polarized parallel to the plane
of incidence
3. iscircularly polarized
4. has the same polarization as the
incident light

el gE doRe 0 & &1 yHERT
HBCRIO R ¥ (1) @ [2), e
AfFaOes AT AW 1 U 2 g oar
ATAFT  |u) = cosO|1) + sin 6|2) TAT
cosp|1) +sinp|2), T & & (v|0|v) =7/4

lv) =

T (uv)=01 60 dA ¢ & FHT AT
Gt

L 0=-2 @M ¢==

2 9=§ GEI ¢=§

3 9=—§ GEN ¢=%

4. =7 TU ¢p=-=

A Hermitian operator O has two
normalised eigenstates |1) and |2) with
eigenvalues 1 and 2, respectively. The
two states |u) = cos@|1) + sinf|2) and
|v) = cos ¢p|1) + sin¢p|2) are such that
(v|0|v) = 7/4 and (u|v) = 0. Which of
the following are possible values of 6
and ¢?

1L §=—-Zand¢ =1

3
1

2. 6="andp ==
671' 31‘[

3. QZE—Z and¢=nz

4 9=§and¢>=—g

GSTATT m & Uh H0T &I, TAHd  V(x) =

V, cosh (f) F, S|t L aar v, 3R E (3R
hZ

Vo>»-—) & 3UR e Falr
gfeaewed: &

1 V0+%\/2mz 2 V0+%\/V%°

3. U+ |2 4. Vy+~ R

35.

36.

36.

37.

37.
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The ground state energy of a particle of
mass m in the potential V(x) =

V, cosh (%) where L and V,, are constants

n? o . .
(and Vy » 2 1S approximately

LN T r v
L Vo+7g |5 2. Vo+i |2

LI LI
3. V0+4L - 4, V0+2L =

A & P, TAF 3T Tgfa &
gISSIoTel UXATY] 1 JTACaTfOTn aenai
& fAfese aar g1 3w

%[2 Ya00 = 3211 + \/71/)210 - \/§¢21—1]
T & O fhaeT rfaaariOe raear g2
1. 1?9 gf@ees ar L, & &E

2. gffeesd, W 1291 L, & =@r

3. gffccar, L2dar L,

4. 2AATL, #, W AT Hr aE

Let ,,;,, denote the eigenstates of a hydrogen
atom in the usual notation. The state

1
T [2 Y200 — 3 Y211 + V7 Y10 — \/§¢21—1]

is an eigenstate of

1.

2
3
4

L?, but not of the Hamiltonian or L,

: the Hamiltonian, but not of L or L,

. the Hamiltonian, L? and L,

. L?and L,, but not of the Hamiltonian

RIS GEAT H | T=IHUT-Y FUT &7 gfAecar
H = Ey(0, + ao,) & & N §, ST&T 0, AAT 0,
UTEell Tl 3Shg aUT E, T « 3R g1 39
gffecesr & eI A §

1
2.
3.
4

+En1+ a2
iEO Vv 1 - az
E, (Gfa% 3793rs2)
E, (1 + %az)

The Hamiltonian for a spin-%2 particle at rest is

given by H = Ey(o, + ao,), where g, and o,
are Pauli spin matrices and E, and « are
constants. The eigenvalues of this Hamiltonian
are
1. +E;V1+a?
2. iEO \Y 1 - az
3.  E, (doubly degenerate)

12
4. E(1%30?)
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38.

39.

39.

40.
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T IWhoReX & Al Her & FSAT
eTRAT 4.2 kI/K &, 3R SR &1 drgAsT
27°C gl Ihokex & dUAT 18° C &
17°C dh HH A F AU gAdH

FIY § I
1. 2.20kJ 2. 0.80kJ
3. 0.30Kj 4. 014Kk

The heat capacity of (the interior of) a
refrigerator is 4.2 kJ/K. The minimum
work that must be done to lower the
internal temperature from 18° C to 17°C
when the outside temperature is 27°C
is

1. 2.20kJ 2. 0.80kJ
3. 0.30kJ 4. 0.14kJ

FUuhar s far, @Fd T-0 F &
aleleh & FHerd Foll T AT g

1, %hw 2. hw

3, %hw 4. 0

For a system of independent non-interacting
one-dimensional oscillators, the value of the
free energy per oscillator, in the limit 7 — 0,
is

1. Zhe 2. hw

2

3

3. -—hw 4. 0
2

N TSI Yo & Teh dF T HiFaor
Boled & Z =AY + A, 5187 A, a1 A, a9 &
Telel &, Wd N W AR et ear| afe
>, & AT N - o I g TAHUT &7

HqFT Foll §

1. —kBTln(%) 2. —kyTln A,
2

3. —kpTIn (A1) 4. —kgTInl,

The partition function of a system of N Ising
spins is Z = AY + AY, where A, and 1, are
functions of temperature, but are independent
of N. If A; > A,, the free energy per spin in
the limit N - oo is

1. —kgTln (j—:) 2.
3. —kgTIn (414,) 4.

_kBT ln AZ
—kgTIn A,

41,

41.

42.

42.

43.

prepp

Your Personal Exams Guide

N 3AI-afhdTglel Jashvl-1/2 HOTN & Th oF
& gfficest & H=—uBY,;S? 581 S =+1
&F & FAKR (™ JAhT & SE YIhT &7
B &1 f&am # g gl AT T IS eloB/kT = 2
g, & &ur &1 fafdrse Foar §

1 2k 2.
3. kz(n2)? 4.

8
ng In 2

16 2
= kg(In2)

The Hamiltonian of a system of N non-
interacting  spin-1/2  particles is H =
—uoBY;S?, where S7=+1 are the
components of ™ spin along an external
magnetic field B. At a temperature T such
that etoB/ksT =2 the specific heat per
particle is

16
1 kg 2.
3. kz(n2)? 4,

2_85k31n2
—kp(In2)?
gfe R RAfeeid RNeer f ok

SO dleedl gilell i STl &, HaTed HsheAoT
TR AT

1 V2 7 S Bl
2. I gl E
3. V2 & Hed
4. 3T g B

If the reverse bias voltage of a silicon varactor
is increased by a factor of 2, the corresponding
transition capacitance

1. increases by a factor of v2
increases by a factor of 2

2.
3. decreases by a factor of V2
4. decreases by a factor of 2

T Y ¥ 3 Ry # 4 e [eaua
gfoar Adar B & URfA® A AT § 1011
JAT 0010 | TIE T, F &I SOx dAT SO W
AT HAT: &

hift Regi A ‘ hift Regi B
SL_‘I Shift Register ’_‘_iSOA sl Shift Register '_.SOE

A
CLK CLK

CLOCK
SHIFT

To T T,

oo | [ LT LTL
SHIFT -
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1. 1110and 1001 2.
3. 1101 and 1100 4.

1101 and 1001
1110 and 1100

In the schematic figure given below, the
initial values of 4 bit shift registers A and B
are 1011 and 0010 respectively. The values
at SO, and SOg after the pulse T, are
respectively

hift Regi A|—1—{ hift Regi B}—'
S\I_—‘ Shift Register s0, sl Shift Register $0q

A
CLK CLK

CLOCK
SHIFT

To T T2

e | | LT
SHIFT \—

1. 1110 and 1001 2. 1101 and 1001
3. 1101 and 1100 4. 1110 and 1100

g grael y dUT x & T y = log(x) &
g, o 9oy SHs 3wer & x & 9y
W@ea: faafka @& deear v, 3cafea
g WhdT ¢, T &

1.
_“_—
y —o V,
2.
e -,
y oV,
3.
—MW——
4 '
_‘)\W—
y o—— oV,

If the parameters y and x are related by
y = log(x), then the circuit that can be
used to produce an output voltage V,
varying linearly with x is

45.

45.
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1.
_“_;
y —0 VO
2.
__u__—
y — o Vp
3.
—WW——
4 =

. — W
y HJF:{>—H Vo

fafes 1 mvdar 05 mv  Y@earer ar
diecH el garT AT R dleedl & 60
TUT 10 UTSAThT T aT 3Miehs FHE A TUT
B 3idfdse &d g1 3hs HHE ATATB A
qrT IR AT Atecd3it A ARG
HHA: U, TUT Ug 81 Il FAITSIT 3iThs
g # Aem B AR Upg &,
e Fyat 7§ @ HlT-Ar q& g2

1. Upp<Up T Upg>Ug

2. Uag<Up T Upg < Ug

3. Upe>Ux @1 Upg<Ug

4. Upg>Up dUT Upg>Ug

Two data sets A and B consist of 60 and
10 readings of a voltage measured using
voltmeters of resolution of 1 mV and 0.5
mV respectively. The uncertainty in the
mean voltage obtained from the data sets
A and B are Up and Ug, respectively. If
the uncertainty of the mean of the
combined data sets is Uag, then which of
the following statements is correct?

1. Ups<Upand Ups > Ug

2. Uag < Up and Uas < Ug

3. Uag > Up and Uas < U

4, Upg>Upand Upg > U
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HIT \PART 'C'

g TEIC  Hy (x) ahel FHIRROT

47. A function f(x) satisfies the differential
2
Z—xj; — w?f = —-8(x — a), where w

is positive. The Fourier transform f (k) =
[72 dx etk * £ (x) of £, and the solution of

equation

d*H, dH, the equation are, respectively,
dx?z zxﬁ + 2nH, (x) = 0 1. etka and i(e—wlx—al + ewlx—al)
T HATUTT AT gl HIA STeAsh Holel k2 +w? 20
o 1 ika
G(t,%) = Ni-o— Hn ()L™ 2. <— and —e~ka
T THRUT HT TATIT HT § pika L ioleal o iwlx—d]
2 - —iw|x—a iw|lx—a
L -+ l=0 3. azgn and 5o (e te )
eika 1 . .
2 4. and — e—lwlx—al _ elwlx—al
2. - X-2Z=0 k2 -2 7ia ( )
3. L-2x2422=0 48. waEoT = 2VT—xZ, el |x|<1 @
L, P, 0, 6, ﬁmﬁawmﬁﬁaaﬁﬁﬁv
a2 Yot oo 1 x=-1da x=1, q=" 3EUrd
46. The Hermite polynomial H,,(x) satisfies ¢

the differential equation

d*Hy, dHy -
— o T 2nH,(x) = 0.

The corresponding generating function
G(t,x) =Ynso % H,, (x)t™ satisfies the

—2x

2. x=-1da x=1, a=A TR
3. x=-1T% IEYRN g f&ig & @
x =1Th TURR forae foig &

equation 4. x=—1U% TR Aad &g & aur
9%G oG oG _ :
1. ﬁ—2x5+2t§—0 x—1w3ﬁwmﬁﬁ§%
5 %6 9226 _ 51296 _ ¢ 48. For a dynamical system governed by the
- ox? 0x ot equation % = 2vV1 —x2, with |x| < 1,
22G 26 oG 1. x =—1andx =1 are both unstable
8 gmdaytag =0 fixed points
2. x =—1and x = 1 are both stable
2 2 - .
4, ZE_ x4 026 fixed points N
0x ox ~  0xdt 3. x = —1is an unstable fixed point and
x = 1is astable fixed point
47. Th Helel f(x) Hdshel HHTRIOT ’

2
%—w2f=—6(x—a) T AT HIam

§, STl T §l f F BRI TR
fo) = [*7 dx e f (x) auT FHIEHIOT T

4. x = —1isastable fixed point and
x = 1is an unstable fixed point

49.ufah=2ﬁmsrrtr,aaﬁm'a?ra:§ﬁm

8 1
gl AU & &I 3UANT Fh AR [ 5 dx HT AT g
plka L 1. 0565 2. 0620
1 o @ — (@bl 4 evlmal) 3. 0.698 4. 0.736
ika 1 _ _ . 8 1
2. o qer Leuked 49. The value of the integral [ = dx,
ika . . -
3. k;’_—wz G i(e‘iwlx-al + glwlx=al) evaluated using Simpson’s érule with
h=2,1is
ika . .
4. k‘;__wz e i(e—lwlx—al _em)lx—al) 1. 0.565 2. 0.620
3. 0.698 4, 0.736
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2.
50. Sl Wl F =-mwq’cotQ & 3G /\ /\

o gfAccsr H=$p2+%mw2q2 Fr fafga \
FAROT (p,q) » (P,Q) TYUwaT ThAT FATAT
gl Q) =0 & ar e me@ H A

FlA-AT Q) N t W HIAT & gATAT ¥? r

o(t)

('S

O(t) -
o)

A 0
v\

;

ovt)

oft)

(98]

ot

51. 3mgfed w & fafRor Scafasia wEaren
Th oI Wd e & amder =y &
R 3FaR Rl e & a1fd 4c/5 %
' aryy aifaeie gl

4. Source
Ac/5
3]

o

f .
® Receiver

R 1 3 HART HAgicd 3w/2

50. A canonical transformation (p,q) — (P,Q) is

performed on the Hamiltonian gl A & S g I=m g, T 9
H =5 p° +;mw’q® Via the generating ¥ TR AR & wEe &
function F = ~mwq? cot Q. If Q(0) = 0, T 0 & F7 ¥ 7 @ TIRT

which of the following graphs shows 1. cos™? (%) 2. cos™! G)

schematically the dependence of Q(t) on t? ) .
3. cos?! (ﬁ> 4. cos™! ( g)

51. A distant source, emitting radiation of
frequency w, moves with a velocity 4c/5
in a certain direction with respect to a
receiver (as shown in the figure).

1.

Qft)
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1
® Receiver

The upper cut-off frequency of the receiver
is 3w/2. Let 8 be the angle as shown.

For the receiver to detect the
radiation, 8 should at least be

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

3. cos™t (\/Z—g) 4, cos™?! <\E>

Ush FHAAA H Afafe T For i Faieir

FdfT dener 7 0 I 2w §
L=xy— x?>—y?

ydrr fadenst # fafga @aer p, (B

e » & Fgee) §

¥sin @ + r6 cos 6

7cos@ + rdsinb

27 cos 20 — 6 sin 26

7sin 260 + 16 cos 26

MowbdpE

The Lagrangian of a particle moving in a
plane is given in Cartesian coordinates as
L=xy— x?—y?

In polar coordinates the expression for the
canonical momentum p,. (conjugate to the

radial coordinate r) is

1. 7sinf + 16 cos O

2. 7cosf + rfsind

3. 27cos260 — 16 sin26
4. 7sin26 + r6 cos 26

T DI ek g T (0,0) W I
STl & orfeh 3HeRT 3TYOT x-3787 & TTY-AY
g1l gEl U o gehrg gs &g T (1,
1) W § a1 8 xy-HAdA H gUS & T
HqFT ¢ AAEEAT H 3olsh Yoy et
& o< T 0T 9 TH e A

1. tan6 =1/3 2. tan8 =0
3. tanf =3 4. tanf =1

A small magnetic needle is kept at (0,0)
with its moment along the x-axis. Another
small magnetic needle is at the point (1, 1)
and is free to rotate in the xy-plane. In
equilibrium the angle 8 between their
magnetic moments is such that

54.

54.

95.

55.
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tan6d =0
tanf =1

1. tan6 =1/3 2.
3. tanfd =3 4,

3TET § 1 T gfaed, gfcd w & A1y
alelel Y gV, MR M 1 fafetiond
A &1 D gfr ® afewr v &

A =10 51 () & B T, g

T
F:rﬁwgaﬁ'amﬁ%

2 ikr

Uo @ ~ O\ A
e PR
elkr

e

o w?

4nC(nxp)r‘k

B N il

o Ok (AP —
2 ikr

> w0 Do

A dipole of moment p, oscillating at
frequency w, radiates spherical waves. The
vector potential at large distance is

S Uo . elkr

A(r)za iw — p. B
To order (1/r) the magnetic field B at a
point 7 = rfi is

etkr

2
Ho W AN A
1. -2 = (q-
4T C (Tl p)n r
2 ikr
Ho @ A > €
2. —— — (X
4T C ( p) T
ikr
Ho 2 A~ - —)el
3. —— wk(nn- —
y (- p)p —
o w? _ etkr
“mc P

forely et w1 mgfea e wrdegd R
s(w)=1+;@m\_ﬂ?ﬂ g, S8l A

2 -
w§-w?-iwy

Teh e TR T, w, AT giea aur y,
37aHGT W%’IWH@%—T o << My
&1 U Taegddehy a9 & v e 7 @
Wﬂ'@r%?(mﬁ'irﬁ?wlo«l%‘)

1. aRer &r 39eTofT 3raenvoT gl

2. T YOROT 3cdd alkerdr g

3. Taegcgeshid oRaT T Jael 3HGRvoT ¢l
4

THE AT AT TG AT a97 & et
3oc giar|

The frequency dependent dielectric constant
of a material is given by

tw)=1+— R

Wy — we — lwy

where A is a positive constant, w, the
resonant frequency and y the damping
coefficient. For an electromagnetic
wave of angular frequency << w,
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which of the following is true? (Assume
that = « 1.)
0

1. There is negligible absorption of the
wave

2. The wave propagation is highly
dispersive

3. There is strong absorption of the
electromagnetic wave

4. The group velocity and the phase
velocity will have opposite sign

T grsaiele IXATIT Hr Vpert (r) = € cos(2r/ay)
& &Ny e foham SIrar §, S|l a, SR Bear
gl e 9UA HIfE T HURN HTEAT Fall A

gRade &
1. €/4 2. €/2
3. —€/2 4, —€/4

A hydrogen atom is subjected to the
perturbation V,.,. (1) = € cos(2r/ay),
where a, is the Bohr radius. The change in
the ground state energy to first order in € is
1. €/4 2. €/2

3. —€/2 4, —€/4

w6 fefewm @A) (GH) & e wh
gifoleiel & 3 EMPT FE
fefead Het 3myar # dRafda gar g1 I
UReT H fefedd WA @ Soleclal TR
JTEAT H AT, A He' 33T 3IYaAT HTUR
3aEdr H g1 i uidehdr §

1. 1 2. &
9
128

3. — 4.

512
243 729

A positron is suddenly absorbed by the
nucleus of a tritium (3H) atom to turn the
latter into a He™ ion. If the electron in the
tritium atom was initially in the ground
state, the probability that the resulting He™
ion will be in its ground state is

8
1. 1 2. -
9

128 512

-2 4., 2=

243 729

3¥aEAT a|1,1) + b|1,—1) (JT |,m) [* AT
L, & te eI racar & Afdse
a8 A W T FU F fAv
FfARTATIT  F AUEDRAT  (AL,)(ALy)
gAdH g 38 foIw

58.

59.

59.

60.
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1. a=+ib
2. a=0du b=1
_¥3 =1
a= 7 dar b = 2
4, a=4=b
The  product of the uncertainties

(AL,)(AL,) for a particle in the state
a|1,1) + b|1,—1) (where |l,m) denotes an

eigenstate of L? and L,) will be a
minimum for
1. a=+ib
2. a=0andb =1
3. a=2 andp=1
2 2
4., a=+=b

TETUT dETHAT

e :{ %(a2 —x%), x < |a|
0

, x = |al
& 39T § 3hfad @a Vx) = g|x| &
T&d Ush UT &Y TR HGTAT FolT (STal
g dAq ¢ WP E:

LoREHT e G
oA T

The ground state energy of a particle in the
potential V(x) = g|x|, estimated using the
trial wavefunction

c
b0 = |z @ =0
0

, x = |a
(where g and c are constants) is

15 (h2g? 1/3 5 (h2g? 1/3
1L (AL 2. 3(E%)

16\ m 6\ m

x <|a

S COE O

g a9 T & Th FSAT FUS &
Tuh & § 3R 3@ TS aEg gk 8T &
i foham STam §1 & &UT Hr gr FaieH
eI A Fed  +e, &1 I wfA
HOT BT AET Foll -€,/2 §, @ IHA HFd
FaT &

1 ~2¢, In(4/v3)

In3

2. —€9In(3/2)

E In2
OIn3

3. —2€¢In2 4.
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60. An ensemble of non-interacting spin-%

particles is in contact with a heat bath at
temperature T, and is subjected to an
external magnetic field. Each particle can be
inoneof the two quantum states of
energies +ey. If  the mean energy per
particle is -€y/2, then the free energy
per particle is

1 —2e,2R) 2. —eoIn(3/2)
3. —2¢yIn2 4, —6012—2

61. T W a9 T < T, (J&T T, Hifadsd a9
€) U T ST YahT & h H
e Taeh HT Fod FoAt f(h,T) N IOMcHS
IR A e 3merEt #§ ¥ FiF-ar
gear &2

=

(93]
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61. Which of the following graphs shows
the qualitative dependence of the free
energy f(h,T) of a ferromagnet in an
external magnetic field h, and at a fixed
temperature T < T, where T, is the critical
temperature?

1. f

h

[9%)

62. U FIT STeleh IR Thdl TTeTosed HAUTHAT
IR T & IS & T A wi&sdar
& Y Adeda gsr TUE H arfaeher
BT §1 e A YRS FIA U HAURT 3
FcH AT &l SH HAUT & SR Hs o
A T & 3f¥a arR W g o Srar

$HehT AT &
1. 12027 2. 27/64
3. 318 4. 9/16
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62.

63.

63.

64.

Consider a random walker on a square
lattice. At each step the walker moves to
a nearest neighbour site with equal
probability for each of the four sites. The
walker starts at the origin and takes 3
steps. The probability that during this walk
no site is visited more than once is

1. 12/27 2. 2764

3. 3/8 4. 9/16

f@ 9l JgFd UH  n-MOSFET W
far: faegd omT S K= 60 pAV?
3 dleedl  BVpg= 10 V, YHIE AR
ds & yOTe AT @ 3edd ¥= 5
JAT Sgell dleedl V= 05V | e
ga™ aRuy &, I8 n-MOSFET 589 &7 &

FH X G 8
15V

%som

VDS

1.2V0—{

1. 3gfas &= 2. 37ch &
3. Hoddr & 4. S &

Consider an n-MOSFET with the following
parameters: current drive strength K = 60
HA/V?, breakdown voltage BVps = 10 V,
ratio of effective gate width to the channel

length % = 5 and threshold voltage

Vi = 0.5V. Inthe circuit given below, this
n-MOSFET is operating in the

%som

VDS

1.2\7C>————+

1. ohmic region 2. cut-off region
3. saturation region 4. breakdown region

e IOy & Fera aedr 7T §:

[

Flip Flop
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1.
00, 01, 10
ke ol
01, 10, 11
2.
o1
.11
3.
4,

00, 01,10

64. The state diagram corresponding to the
following circuit is

—t 0 |y

Clock E
Flip Flop
1.
00, 01, 10
1 ' 00
01, 10, 11
2.

1,1

01,11
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0, 11
1,10
'o.o
00,11

00,01,10
11 11

ook
~_

00, 01,10

65. fo=T ORTT H 5 FAhs A & for ofy
T MY IEH 1V dUT AT NadRT F
T SAGHIT Tohd @ fder fhar Srar
gl e st wsaer # A9 (3ES).
AT & O PR Tahd FT adeTd &

0.1uF T
- i cou:l'lter

| 1K fmx

1. 2.5 ms 2.
3. 10 ms 4,

4 ms
5ms
65. A sinusoidal signal of peak to peak amplitude
1V and unknown time period is input to the
following circuit for 5 seconds duration. If the
counter measures a value (3E8)y in
hexadecimal then the time period of the input
signal is

~ 0.1uF 10 b
\ﬁ—f{>_“_ > counter|
| 1K %wK
2

1. 25ms
3. 10ms 4,

4 ms
5ms

66. 59 fRdT TwlehT 3T gy &1 RQadd
ST aereed 0.5 nm & x-fafewor 9o &
3uger ¥ IfAfaf@d gar §, 38T 9UH @ife

ader oY, FIT 30° W "ear g1 afg qiereed

66.

67.

67.
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dur HIOT F AGS HT FfAT FAM: 0.01 nm
aur 1°8 @ Jddeng gl &1 IReves #H I

grafr ofaTeTer
1. 1.1x102%nm 2. 1.3x10%nm
3. 25x1072nm 4, 2.0x10°%nm

The first order diffraction peak of a
crystalline solid occurs at a scattering
angle of 30° when the diffraction  pattern
is recorded using an Xx-ray beam of
wavelength 0.15 nm. If the error in
measurements of the wavelength and the
angle are 0.01 nm and 1° respectively,
then the error in calculating the inter-
planar spacing will approximately be

1. 11x102nm 2. 1.3x10%nm
3. 25x107%nm 4., 2.0x10%nm

a7 Sreres & soldelar s aReigor ey

gHg FEeT Hlewiehest &
g = acosky, a+ fcosk,a+ycosk,a

¥ far Jrar § @ a See AR OE
M  aq By FoT F @F g 3R E
B ar (L5F) & @ w

JHTET gegATeT ufeer ¥

- 0 o
a
h2 1
1,;0 BO
0o o <=
Y
-~ 0 o0
a
h2 1
2. L |0 -5 0
o o -1
Y
100\
a
h? 1
3? Oﬁo
0 0 1%
Y
100\
a
2 1
4E oﬁo
00 —2
Y

The dispersion relation of electrons in a
3-dimensional lattice in the tight binding
approximation is given by,

& = acosk,a+ fcosky,a +ycosk,a
where a is the lattice constant and a, 8,y are
constants with dimension of energy. The
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68.

68.

69.

22

effective mass tensor at the corner of the first
Brillouin zone (E z E) is

y
a a a

1
/—; 0 0\ 69.
n2 1
1 = | © 3 0 |
Y
a
h2 _1
2. = 0 3 0
o o -1
14
Lo 0\
a
n2 1
3. — 0 3 0|
0 0 l/ 70.
Y
(e 0 0)
a
n2 1
4 ; |O B 0 |
Y

gAY 2 mm X 2 mm & Th Ido Ulicash
e H 4 x 1012 Soaclal &l dF &1 Bl
TRAT |TERT T IRATOT, HFcl Selociel
gfeadeed #H, &

2T X 107 cm™?

V2m x 107 cm™!

VT x 107 cm™?!
4. 2w x 107 cm™?!

1.
2.
3.

71.

A thin metal film of dimension

2 mm X 2 mm contains 4 x 1012
electrons. The magnitude of the Fermi
wavevector of the system, in the free
electron approximation, is

1. 2vmx107 cm™t

2. V27 x107 cm™?

3. VA x107 cm™?!

4. 2w x 107 cm™?

STTereh 3T &l a gobdl Ueh Al Teh-aef
STeleh @ oRd U Folaeld & v, solig
gHT ¥ AU o FfHEEIOF Fod &
I et a1 Beredl H & Slar g2
1. P(x) = A exp (L' [% + cos (%)D
2. P(x) = Aexp (i [Tl—x + cos (%)D

70.

71.
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3 P =4 ep(i[Z +icosh(Z)])
4. Yo =4exp(i[Z +i|])

For an electron moving through a one-
dimensional periodic lattice of
periodicity a, which of the following
corresponds to an energy  eigenfunction
consistent with Bloch’s theorem?

1. yYx)=Aexp (i % + cos (%)D
2 Y(x) = Aexp (i [%x + cos (%)])

3. Yx)=Aexp (i % + i cosh (%) D
4 Y(x) = A exp (i A s D

20 2a
2Mg, Al Y'Cl Tar BAr @ 3TYUR aEATIT
F LS faeara wA: §
1. 38y, 2Py, 2Py AT 1S,
2. 38y, %P3y, %Py, OUT S,
3. 'Sy, 2Pysy %P3, AU 'S,
4. 'Sy, *Pgjy, PPy AT O3S,

X
2a

The LS configurations of the ground state
of Mg, *Al, 'Cl and *Ar are, respectively,

1. 383, 2Py *Pyjpand 'S,
2 3S1, ®Ps3/3, °P3jpand °S;
3. 'Sy, *Piy *P3spand 'S,
4 So, %P3z, °Pyijpand Sy

T SfANTEAT 97 & fow, 398 qur Fger

TR & GATILT AT JAEIeTT Haer 3 x 108
aur 0.7 x 10*° g1 I IHAT ScHoiT unh
3.0 X 105 m*W-s* AT FaT "elcd 9.0 J/m*-Hz

¥ DRI 3cHoRT afa gl

1. 63x10%s7! 2. 41x10%s7?
3. 2.7x10%s? 4, 1.8x101"s71

For a two level system, the population of
atoms in the upper and lower levels are
3x 108 and 0.7 x 108, respectively. If
the coefficient of stimulated emission is
3.0 x 10° m*¥W-s* and the energy density
is 9.0 J/m®-Hz, the rate of stimulated

emission will be

1. 6.3 x101s71 2.
3. 2.7x1016s71 4,

41 x 1016571
1.8 x 101651
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72. K& 9UH 3Teeor faea 4.34eV g,
Cl &1 golerelel SYcT 3.82 eV Ul KCl &t
qrEATEaEdT gy 0.3 nm §1 KCI 3707 @i
K T Cl aRATO3it & faafSid et &

T 39 TS FaT &
1. 862eV 2. 8.16eV
3.  4.28eV 4. 4.14eV

72. The first ionization potential of K is 4.34
eV, the electron affinity of Cl is 3.82 eV
and the equilibrium separation of KCl is
0.3 nm. The energy required to dissociate
a KCI molecule into a K and a Cl atom is
1. 8.62eV 2. 8.16eV

3. 4.28¢eV 4. 4.14eV

73. HFa woit @ FiFAfIT e gishansit w

faar

(i) 7A-op+et+7,

(i) p+n-mn-
(i) p+tn-ont+n’+n°
(ivy p+v,-on+et

T uat & ¥ Hla-ar T ¥

1. ufsrar (i) Tsfr TRetor Aty &
qrelel &l §

2. 9fshar (i) SRATT FE&AT FT HIETOT
FAT 8, T Foll HAIT FLETIT HT
ool Al &

3. 9fshar (jii) Seel Al fshant gan
I AI-Afh A3 GarT AT §

4. gfsrar (iv) SRT=T dwar F1 aefor
FAT §, W Aoelel HEAT FIEToT
FT 3ot HIAT §

73. Consider the following processes involving

free particles

(i) Aa-op+et+v,

(i) p+n-mn-

(i) p+n-ont+n°+n°

(ivy p+v,-on+e?

Which of the following statements is true?

1. Process (i) obeys all conservation laws

2. Process (ii) conserves baryon number,
but violates energy-momentum
conservation

74.

74.

75.

75.
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3. Process (iii) is not allowed by strong
interactions, but is allowed by weak
interactions

4.  Process (iv) conserves baryon
number, but violates lepton number
conservation

s gieier AT 1 fdegcda aqya e
wmﬁ%—;z(rz)%,aﬁjqﬁaﬂﬁmﬁﬁﬂ

gl R, = 1.2 BT &I I= ux, Rl AlseT &

3TER 27Al AHE HT TqYT ITEOT HT Slel
HAWTE

1 0043 2. 0023

3. 0915 4. 0

The electric quadrupole moment of an odd
(2j-1)
2(j+1)
total angular momentum. Given that

Ry, = 1.2 fm, what is the value, in barn,
of the quadrupole moment of the 27Al
nucleus in the shell model?

1. 0.043 2. 0.023
3. 0915 4. 0

proton nucleus is (r?), where j is the

SSHATT HEAT A = 125 & oANAd & 4, gd
¥g A & aRefAd dUe Foll (G aur
I ATAAT FSA13T & fIT IOTRT shaver:

ac = 0.7MeV a2l ag,,, = 22.5 MeV & &&
I W) 3TIdH 3hh Tov &
1. 12°Xe 2.
3. 18Te 4,

125
Sﬂ

125h

Of the nuclei of mass number A = 125,
the binding energy calculated from the
liguid drop model (given that the
coefficients for the Coulomb and the
asymmetry energy are a. = 0.7MeV and
asym = 22.5 MeV respectively) is a

maximum for

125 125
1. £aXe 2. 31
3. 1ZTe 4, 1%3sh



