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39T Fersfe faars/ USEFUL FUNDAMENTAL CONSTANTS

Soldelel T G HTe
Celteh faadren
SolargTel ol 3TALT
SlecHHTeT felddich
GERIRT ShT Q9T

AleR 3 fagdie
ReseT Faames
TR T
e fAadis
Wrdegd 3R

ga@'craqmm

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
8.854x 10”2 Fm™!

47 X 1077 Hm™?!

1.6 X 107197
1.67 x 10727 kg
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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 Sh 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 58.71
Astatine At 85 (210) Nlobium Nb 41 92.91
Barium Ba 56 137.34 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 (¢} 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 78 195.09
Calcium Ca 20 40.08 Plutonium Pu 94 (242)
Californium Cf 98 (251) Polonium Po 84 (210)
Carbon C 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 Cl 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 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 44 101.1
Erbium Er 68 167.26 Samarium Sm 62 150.35
Europium Eu 63 151.96 Scandium Sc 21 44.96
Fermium Fm 100 (253) Selenium Se 34 78.96
Fluorine F 9 19.00 Silicon Si 14 28.09
Francium Fr 87 (223) Silver Ag 47 107.870
Gadolinium Gd 64 157.25 Sodium Na 11 22.9898
Gallium Ga 31 69.72 Strontium Sr 38 87.62
Germanium Ge 32 72.59 Sulfur S 16 32.064
Gold Au 79 196.97 Tantalum Ta 73 180.95
Hafnium Hf 72 178.49 Technetium Tc 43 (99)
Helium He 2 4.003 Tellurium Te 52 127.60
Holmium Ho 67 164.93 Terbium Th 65 158.92
Hydrogen H 1 1.0080 Thallium TI 81 204.37
Indium In 49 114.82 Thorium Th 90 232.04
lodine | 53 126.90 Thulium Tm 69 168.93
Iridium Ir 7 192.2 Tin Sn 50 118.69
Iron Fe 26 55.85 Titanium Ti 22 47.90
Krypton Kr 36 83.80 Tungsten W 74 183.85
Lanthanum La 57 138.91 Uranium U 92 238.03
Lawrencium Lr 103 (257) Vanadium \Y 23 50.94
Lead Pb 82 207.19 Xenon Xe 54 131.30
Lithium Li 3 6.939 Ytterbium Yb 70 173.04
Lutetium Lu 71 174.97 Yttrium Y 39 88.91
Magnesium Mg 12 24.312 Zinc Zn 30 65.37
Manganese Mn 25 54.94 Zirconium Zr 40 91.22
Mendelevium Md 101 (256)

* 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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S SUTT T g, URAT 165 & TH &3
I & 3R U FAPEA AT Wi
S &1 3o Uit Al A ¥ R v &
qR&ATT Fr 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

el &701 G & Uz & °HC A g v
e &1 g$ 5 dur 6 3 & @T TH &
3W UH A gl 39 &1 A Aee 1 g
N A

1. 6 3% & 3% 9 B

2. 5UT 6 3l A WA gl W Bl

3. 5 3% & AW 9 B

4. 11dU112 3l @ FALT g0 W 8l

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. is closer to the marking for 6
2. is equidistant from the markings for 5

and 6
3. iscloser to marking for 5
4. is equidistant from the markings for

11 and 12

AQUTB & aedl g1 IRA A A#H 2
A AN B I RE AT BHTH
ey Ja TUEARd har Sirar g, aur
366 MY B F UeEad BH A F - R
T TATART fRar Srar &1 STeg ¥ Slog

A Grell 814 :
1. 549l & dI¢ 2. 49el & 9
3. 3d9ecl & 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. 4h

3. 3h 4, 2

T &R 60 km/h IIfd & =eT WY &1 3TH
AT & Fed IR P Negsit
dcaTfeleh T &

1. 60 km/h 3T T RE

2. 120 km/h 38T &1 TR®

3. 60 km/h 3T &I REB

4. 120 km/h 31T FHr RNE

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

Teh ATdd & 37eATol T Helcd %1.Sg/cc?-r%1T
gl & & H Y Heled § 0.80 glce |
gfe 1Tl & U 9 dY A @ Q@ R
fear Srar &, @ o & Red wu= & Fo

3T BI9T SIITSaT
1. 350cc 2. 465cc
3. 550cc 4, 665cc

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



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

gaAV+HI+M=?

1. ST IT =TT ST ST Fehdl

2. 1009

3. 1006

4. 509

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

WhatisV+1+M=?

1. Cannot be found

2. 1009

3. 1006

4, 509

YR ged, OH @ & Th B B e g,

U FI S & & ged a AR oot A

Tl 8, U1 37eh g Th g7 & IR MY
Usd §1 IRT Jeal & o/ A & @ e

¢
1. n-1 2. m-2
3. 3= 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. -1 2. m-2

3. 31 4. 4-n

fAFeT ereal & |Agl F W UF H TH qE&AT
oy gé g, T8 3MMYR WX 379eT 30 gcd
HH H TIEAd FLT gl

UTell H DG AT A

I H 9T A AT
T T B

AT H e

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

F,H
lFlG

wrEr T @ mom

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:

10.

10.

Papers | Xeroxed

Wi-Fi veteran

Yourself ourselves

Breaks even

H,F G H 2. EGFH
H F G, E 4, HEFG

wrITEOTMm

Th G@GR Tdh 3cdlg @ Rs. 100 &
TG § aU1 38 10% o H Jadr gl
ek 3 AT A IAT gFECGR F10%
AFAEA HIA §F T T &l §H der-ee 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

no profit, no loss

Rs. 11

Re. 1

Rs. 20

el N

T cafdd 10 km/h Fr aIfd @ 3iefereT, 6 km/h
$r afa & FE, gar 75 kmh & afa @
AT # Tolal ¢l I 38 TUT A & gW
TA B T o & fav 3 8¢ o@ra §, Jor

gl & fU 18er, AGUTB & o #T gl &
. 15 km.
23.5 km.
16 km.

I & aiwea & fow &I 1 3es
ATeT B

> o

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.
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12.
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IRIFdT 7 &7 et $r gear §
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

UH T4 H ST Y T S § 3R
I 3EH Sl ST g, AT & @Y
I B oAy F [ e t] | S &
F AAAT V R AT t F AT
IR A T Y@fE § F Hla-ar a@r
gelfar g2

1. v 2.v/

oL 0 +

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?

1LV 2.V

3.V 4.V
OKt 0‘44

13. T Uafy 319« Hige I DISA 35 AT ¢

13.

14.

14.

el ¥ 38 gl x, FAT t & Boled &
& F T Far mar g [ R #
FIT-AT eI 81 A& Hehell?

1 2.
X X
nest £ nést t
3 4,
X X
nest t nést 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?

1. 2.

X X

nest t nest t
3 4.

X X

nest t nest t

o, 8T UG AT, 3T T wAafAe guit
@ JHelET ATl H AN Ak gfada
ol I S &1 & WrAfAe ol 8 Hemey
TR A 30T B I, ofel, & T oAl &
A IOt & AT § AT § W
ASATHR GER & fohelel T g2

1. 8 2. 8

3. 3 4, 8x3

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,



15.

15.

16.

Green and Blue. How many shades of grey
exist in this scheme?

1. & 2. 8

3. 3 4. 8x3

FUT A AET FAT I B

YA B: IWIFd HUA S &

e fvwy @ Feet 7 @ o

1. HUTATUT HUT Bl gHAT TEY 2

2. HUTATUT FUF BT FE & FhA g,
Ife ATGUTB & &g FA-U-5F Th 3N
HYA g

3. HUTATUT FUT B Tel & T &,
IfE AGUTB & T FA-T-HF ar 3T
FUT gd|

4. FUT ATAT HUT BT Tada: HeT T@Er
oTEl g1 Hehdl|

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

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 Sifad HIfAdr H STer-3mamia Ssfaged

T gaT gfaRd Biear ¥ dAifed g1 afg

FIRAFT F 307 E & - AT dH Th

agd TP g A Sfad fhar S ®, g

H T AP & 96

1. IS YHT @I AgT ST

2. 9 deh HIAPT GG DI TG gl I
T 9 o g$ & Fels IR B A
Sltaged @1 dfgdra gam|

3. I doh IAH A AGl ATl dd deh
Saged &1 Sfgdra gedr gl

4. AR S IR Bl

16.

17.

17.

18.

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.

Teh JeclhR dlelld HT IR ) Fyd v
g AQ Th FPIHT ReAT Y& AT g1 Th
A W@ H 4 Y RS & d1¢ 98 dreld
@1 aRfer @ [Pya g B @ 3dr g1 agr
¥ ag G dgordr § aur 3 HieX 'Xer X&@r
# R & alg 96 A & ST 3ol fdg D

O 3T ST g1 A ¥ DT @ gl g2
1. 3m 2. 4m
3. 7m 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?

1. 3m 2. 4m

3. 7m 4, 5m

T Thed Wisieel duT Ueh geAeRll AT

made 2d g1 R Shfad IRt

T & v el w1 & gafed =@

forar sirar T

1. T Shfad e & Th Geldel |
@M g ST Hebell

2. e T I geHeRll & 9w gl g,
T WX § BT T Bl &

3. geHeRl U Hieud faee oo &
Siafeh Wioleel T aredfde faee
AT &

4. WIS Y 3T gereRl dr el
It fasie ufed gl



18.

19.

19.

20.

20.

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.

1EA. A Icd § &7 U O T a8
FI 9T 9red 29 H.H. &7 g1 34 A &
G TH §F9 HI IS AT FHAP @M

T Bl W FH=AT # fhcdal oeT g ghare
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

WWW, WTBﬁy=x,y=1—x
qUT x =0 Serar I FBFegeT & (x Uy
3H&T GHTT HATIHHA & 8)

1. gfawssst vd oigehior

2. SfAEAST G SARIOT G

3. SISV W STAEHIS el

4. o r SfaqHeST, o ar ohior

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

21.

21.

22.

22.

23.

23.

HIT \PART 'B'

f(x) T BRY FeALoT

flky = [ dx e f(x) B1 A

f(x) =ad(x) + B8 (x) +y38" (x)

g, 518l &(x) 3¥&F Secr Wold (adur RIEr
3ahorsl ol ARGSE AT g) ar f(k) &

g2

1. a+ifk+iyk?
2. a+fk—vyk?

3. a-—ipk—yk?
4. ia+ Pk —iyk"2

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

fO) =aé(x) + ps'(x) +yd" (x),
where &(x) is the Dirac delta-function
(and prime denotes derivative), what is

f(k)?
1. a+ifk+iyk?
2. a+fk—yk?
3. a-—ifk—yk?
4. ia+ Bk —iyk?
'Clﬁ y= tanlll(x) %-’ Fn- x %-
y+1 y—1
3. In /i—: 4. In i—j
1 )
If y=m,thenx|s
y+1 y—1
3. In z—: 4, 1In z—j

g3t (x,y) = (a,0) AU (—a,—a) W a
GSIHAT, Ucddh m, IW ST gl af 3=
aegA , 9% 2m, foeg3it (a,—a) T
(—a,a) W @ A gl dF & FBcad &

e 3 ¢
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



24,

24,

25.

25.

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

1. 2ma?, 4ma?
3.  4ma?, 4ma? 4.

z

HFAS T 2 H Hold ——
SINnmmtz
1. &l Uh O 3aAdesh 0 W § T
n=123 & &0 +/n W Hife 2
F 3Ade &
2. o Ueh TIA 3oideh 0 U § Iar

n=123 & [0 +/n T +ivn R

Ffe 2 F 3Ads &

3. & n=0123- & @T +tn W
HE & 2 HAded ¢

4, *H n=0123F AT +tn |
Ffe & 2 3Ads &

The function

z has

1. asimple pole at 0 and poles of
order 2 at ++v/nforn =123

2. asimple pole at 0 and poles of
order 2 at ++/n and +iv/n for
n=123--

3. poles of order 2 at +v/n ,

<o,z of acomplex variable

n=20,123"-
4. polesof order 2 at +n,
n=2012,3:-

$O HA ®OT & TR A, o
IqARTSE o, Tl Foll E  dUT HAHA

IR h (h F W) dUr ¢ (Ada A

gehrer Fr Ifad) W R g 9 I
AT QeeYor & 39T ¥, 0 T 5A
TRIAT ) FeRaT 589 fGar ST g

hc hc

hc2 hc
3 (%) 4 3

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 ¢ (the speed of light in
vacuum).  Using dimensional analysis,
the dependence of ¢ on these quantities is
given by

26.

26.

217.

27.

28.

28.

h h
L= 2. =&

hc 2 hc
3 (E) 4. %
RAfeA 3wy A T Fey fQwg
V(r) =kr* #, S8 k U& 3R §, TH

®OT IS 1 TH Jocdig wET
i 3mgfcd o 3TR B R W 39

g AR &
1. w«R 2. wou RT
3. wx RY* 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. wox Rt

3. wx R4 4, @ o R72/3

GSAT m & Teh HUT o aR) H AaK ST
Id v & Ty Afaefer g oIl T
mafeshT aifaeh Fei 1 JAT Ty 3EE
saAnfafT afedasmed & Afdse Fa §
A v=001c & AT (T —Ty)/Tz T

AT §
1. 1.25%x 1075 2. 5.0x%x107°
3. 7.5%x10°5 4. 1.0x 1074

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 (Tg — Ty)/Tg for v = 0.01 ¢, is

1. 1.25x 1075 2. 5.0x107°
3. 7.5x107° 4. 1.0x107*
T a7 Fr RIS

L=3ma’ +2ma,* — k (SaF + 203 - 2010
¥ & ST § STeT m AATk O 3R §1 38T
g e fr angfeaar §

k 3k k
1. \/;\/; 2 \/;(Bim)
5k k k 6k
SINEINE SNCNC
The Lagrangian of a system is given by
. . 5
L =2mg;? +2mq,* —k (Sq? + 243 - 24:4,)

where m and k are positive constants. The
frequencies of its normal modes are



29.

29.

30.

30.

11

k 3k k
1. /ﬁ /; 2. /ﬁ(131\/73)
S g 0 X [

2m m 2m m

gRfA® gfaee, t =0 Wx=0 & &
S W, aawmfnwj—’::z\h—xz
T gl §

sin2t, 0<t<Z
1. x=9 . t
sinh 2t, tZZ
sin 2t, o<t<Z
2 x= e
1, t>-
277.'
sin2t, 0<t<-
3. x= 4

4, x =1 — cos 2t,

The solution of the differential equation

% = 241 — x2, with initial condition
x=0att=0is
sin2t, 0<t<Z
1 X = 411:
sinh 2t tZZ
sin 2t, 0<t<Z
2 X = 7[2
1, t=>-
2
sin 2t, OSt<%
3 X = -
1, t=>-
4
4, x=1—cos2t, t=0

WA R e, & Th ACGH AUl

WG W €, =3¢, & I ALIH &

I & YT F IYAT THRI FT TH

gl gfddfdd gidr g aell AegH #

qoshy  oaregdd gauAe §l 3

HIAA HIOT 60°¢ o gfaafda yeprer

1. 3Idd df ¥ &9, do gfad @

2. TG dd § AR, do giad §

3. gediEe: yfe &

4. T YauT IMAfdd JehIT & I &F
A §

A beam of unpolarized light in a medium
with dielectric constant e, is reflected from a
plane interface formed with another medium
of dielectric constant e, = 3¢;. The two
media have identical magnetic permeability.

31.

31.

32.

32.

33.

If the angle of incidence is 60°, then the
reflected light
1. isplane 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

GETAT m & Ueh &ul &HI, [aHT  V(x) =
V, cosh (%) F, ofel L aur v, 3R, (3R

hZ
Vo » 2 —5) g 3MUR  gEA Far
gfeaewed: &
R A i 2 V0+ﬁ\/E
L m LAlm
3. U+ | 4. Vo+~ R
4L\ m 2L\ m

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

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

2
(and vy » 2:1—“) is approximately

h[2r RV
L Vo+i 2 2. Vo+7i [

L) %
3. Vot o |2 4 Vot |2

THAAT I &F B = Bok  (STeT B, ©H
IR P) F T I |, dedy wfgy g 4 &
foU U FHT 10T &

1. Byl 2. —Byyi

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]))

fell & WoRe 0 & &1 yHERdST
HIAETOIR AT § |1) T |2), foetar
HIAEIO AT HAT: 1 A1 2 gl ar
IFEART  |u) = cos@|1) + sin ]2) TqUT
cos ¢|1) + sin ¢|2), VAT g & (U|0|V>=7/4
TAT (uly)=01 0T ¢ & AT HT
A & T

lv) =



33.

34.

34.

35.

35.

1 9:—% qur ==
_r m

2. =% T ¢ =1

3. 6=-7 T =7

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

1. 9:—% and¢p =2

3
T

2. f=Zandp ==
671' 37‘[

3. QZH—Z and¢=nz

4 9=§and¢=—g

BASAT a FT Th @WEAT UTcdrg e, S
Qorg v, & @ | §, U g H
3EA Q T@AT gl Mt & 6T, Pog I

@' r ], fdua g
@ 4 Vea
1.V 2. e+
3. L phe g fe
4TEGT r 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. Vv, 2. + ==
4ATTEQT r
Q Voa? 4 Voa
4TEyT r2 ) T

12

36.

36.

3RTA HIEAT H @ TIHUT-Y T Fr giFecar
H = Ey(0, + ao,) § & STl 8, 561 o, 4T o,
ATl TEHUT HEIg AT E, a4 a 3R g1 39
gfAcer & fAweIOs A §

1
2
3.
4

+EV1+ a?
+E,V1 — a?
E, (&fde 3798752)
B (12te)

37.

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 a are
constants. The eigenvalues of this Hamiltonian

are
+EyV1 + a?
+E,;V1 — a?
E, (doubly degenerate)
1 2
Eo(1+5a?)

M wobd P

Afer s a7 & eI § W I Iy
Q W faum| s A, TEehr Fars h awr
g 9¢ T PR G F R #7 g
I F), F TF 56 ¥ AoRd faegd &
3HaE §

1. L 2 2
g T 26

5 e PR
" 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

1. L 2 9
B-N T 2¢

3 he 4 QR
" Rep " 2heg

A 6 P, TS 3w ugfa &
gISZIoTel GRATY] T JifHereTforh 3raeamai
&1 fAfése aar g1 e

=[2%200 = 3 %211 + V7 Y210 = V5 P214]
e & & fradhr sfaarfes saeer &2
1. I?, R gAees ar L, & a8

2. gfce, wg L2ar L, &1



37.

38.

38.
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3. gffccar, L2aur L, &
4. LPUTL, #, W gAET T w8

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

1
c [2 V200 — 3 Y211 + V7 P10 — \/§¢21—1]
is an eigenstate of
1. L?, but not of the Hamiltonian or L,
2. the Hamiltonian, but not of L2 or L,
3. the Hamiltonian, L? and L,
4, L% and L, but not of the Hamiltonian

Ife gTae y dUT x A Y y = log(x) &
g, O TRuy SEF 39T F x & @Y
e faafia @& deear v, 3cafea
g HhaT B, I &

1.
_“_;
y — oV,
2 '
__u__—
y o Vg
3.
——WW—
4, '
— MMA—
y O__| —0 Vo

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
1.

_“__

39.

39.

40.

40.

2.
—_—
y D—OVO
3.
——MW———
Y o——bh— oV,
4. '
_‘:\W—
YHJF:I>_MVO
Tadd, OISR AR, T 3 aiete &

T dF & fou, AT T -0 & & aodh

& HFT Soll HT A &

1 -ho 2. hw
3

3. chw 4. 0
2

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

1, %hw 2. hw
3

3. he 4. 0

AT 1 mv dar 05 mV  I@AdTS ar
oA gaRT ATY =AY dieledr & 60
AT 10 GTSAThT AT T 3HThs HHE A U
B 3idfdse o¥d g1 s FHEl ATAB Y
qrRft IRy ATE dlecd3it A JfARTIarRy
HHA: U, dar Ug g1 afe aaifaa 3nmes
g # Aem B ARAREAdT Upg &,
oo wyat F T Fa-ar T &2

1. Upp<Ux T Ups>Ug

2. Upp<Ux T Upg<Ug

3. Upg>Ux T2T Upg < Ug

4. Upg>Up a@UT 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



41.

41.

42.

42.

43.

14

mean voltage obtained from the data sets
A and B are Ua and Ug, respectively. If
the uncertainty of the mean of the
combined data sets is Uag, then which of
the following statements is correct?

UAB < UA and UAB > UB

Uag < Ua and Uas < Ug

Uag > Ua and Uas < U

UAB > UA and UAB > UB

bR

N 3TSTAT Yol & Ueh oF T HEaAROT
Wl & Z =AY 4+ Y, S8l A, 91 A, a9 &
ol §, W N W AR 7t awxan) afs
A >, 8 AT N - 00 X g TAHUT ST

HqFT Foll §

1. —kgTh (%) 2. —kgTln A,
2

3. _kBT ln (Allz) 4 _kBT ln Al

The partition function of a system of N Ising
spins is Z =AY + A%, where A, and A, 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 (A414,) 4.

_kBT ln /12
_kBT ln /11

T IMholRel & HIAT HET ST FAT arikdr
42 KIK & 3R ST &1 agAT 27°C
hoteY & drgATd 18° C ¥ 17°C d& &H

A & T ~geAqd & § oTasyar
1. 220KkJ 2. 0.80kJ
3. 0.30Kj 4. 0.14KkJ

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. 220kJ 2.
3. 0.30kJ 4.

0.80 kJ
0.14 kJ

A Y T 3T Ry 7 4 9 R
gforar Adar B & URAS AT $AT: & 1011
| TG T, & d1¢ SO, dAT SOg W

Jar 0010
AT HHT: &

43.

44,

44,

SL_‘I Shift Register A |_‘_*S On Sl Shift Register B '—'S Os

A
CLK CLK

CLOCK
SHIFT

To T T

CLOCK _
SHIFT \—

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

SL_‘I Shift Register A |—’—is 0, Sl Shift Register B '—'s Os

A
CLK CLK

CLOCK
SHIFT

To T T

CLOCK
SHIFT _, \—

1101 and 1001
1110 and 1100

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

N O GThATEIe TeshUl-1/2 Ul & Teh o
& eeedr 8 H=—p BY;S7, STel S7 = +1
8T & AR (™ GUHUT & SEY YT &
B & feem & g &1 a9 T S eHoB/ksT =
¥, &0 @ur dr AfRse Fvar ¥
1. ;—ng 2.

3. ky(In2)? 4

8
Z_SkB In2

16 2
= kg(In2)

The Hamiltonian of a system of N non-
interacting  spin-1/2  particles is H =
—poBYiS7, where S7=4+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. kg(In2)? 4,

8
EkBan

1s 2
v kg(In2)



45.

45.

46.

46.

47.
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Iy Y Rfosla RFx I Tafes
ST dleedl gl #T S §, Herd HshHAOT
BIEG]

V2 T e B

gItelr Bl B

V2 T Tedr g

3er gl &

> w0 NP

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

2. increases by a factor of 2

3. decreases by a factor of v/2

4. decreases by a factor of 2

49 \PART 'C'

FAEOT = = 2T —xZ, E x| <1 @
Tafya e afadg a7 & fov
1. x=-13T90 x =1, gt 37U

2. x=—-1ddl x =1, =T TARNY

mﬁ?% 48.

3. x=-1T% ey foga foig & qar
x=1T% T T foig &

4. x=-1Th TR @9 &g & aur
x=1W3~lFﬂTdTﬁ'€IT—Tﬁ§%

For a dynamical system governed by the

equation % = 2v1 —x2, with |x| < 1,

1. x =—1andx = 1 are both unstable
fixed points

2. x =—1and x = 1 are both stable
fixed points

3. x = —1is an unstable fixed point and
x = 1 is a stable fixed point

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

g TGIG  Hy (x) Hahel FHIROT

d*Hy 2 dH"+2 H,(x) =0
dx? X dx i lX) =

FT FATUTT FIAT &1 TIA SAdh Folel
G(t,x) = Lo Hn ("

47.

L S-aZiuls
2 %—ng—z 22% =
3. Ti-wf4+22=0
4. Z8o2x%4220 =g

The Hermite polynomial H, (x) satisfies
the differential equation

d?Hy, dHy, _
o ZxE + 2nH, (x) = 0.

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

equation

L 20 ¥4 %=y
2 3273—2 E 22 =
3. o420
4. To-2x% 4220 =

STelsl  Thelel inquzcotQ & 3T
@'mﬁ?ﬁ'H=$p2+%mw2qza€rﬁﬁH
AR (p,q) > (P,Q) U=l fhaAT Srcm
gl ARG Q) =0 § ar o 3Tor@l & &
FF-TT Q) I ¢ W FIRAr = gafar
&7

—

ot

AN
\/\

r

o
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3 49. 3MgfeaT o T TATRIOT ScHTISI AaTel
Teh &Y Wi AT & @mer R &
g e IR TRl fear & a1fd 4c/5%
ary aifaeier &
Source
: 4c/7<:.
t 0
4. i
'S' '. Receiver
HfRafeT 1 3=a HART HAgicd 3w/2
- gl A R S g I g, Hor o
g1 fenfeT & afeor & dqa &
A canonical transformation (p,q) — (P,Q) T 9 & FHA F HA T ART
is performed on the Hamiltonian 11 _1(3
1 1 . . 1.  cos (—) 2. cos (Z)
H= Epz + Ema)zq2 via the generating 22 :
-1(_~4 -1 z
function F = %ma)q2 cotQ.1fQ(0) =0, 3. cos (\/E) 4. cos ( 3)
which of the following graphs shows _ - o
schematically the dependence of Q(t) on t? 49. A distant source, emitting radiation of
frequency w, moves with a velocity 4c/5
L. in a certain direction with respect to a

receiver (as shown in the figure).

Source
4c/5
0

1
1
1
1
1
t 1
1
1
1
1
1

2.
/\ A I. Receiver

The upper cut-off frequency of the receiver
iS 3w/2. Let 6 be the angle as shown.
For the receiver to detect the
radiation, 8 should at least be

1. cos™?! G) 2. cos™?! G)

oft)

oft)

-

(3]

o)

50. Teh Wolel f(x) 3dehol HHIHIOT
dz—f—a)zfz—S(x—a) P AT HIAT

dx?
P g, S8T & g f & PRI FTROT
" fl) = [7 dx e f (x) TuT THIEIOT T
g AU &

1. ——— g i(e—wlx—al + e@lr-al)
2w

k2+w?

O(1)

ika
2. —— qur e wl-al
2w

k2+w?




50.

51.

ol.

52.

52.
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etka 1 —iw|x—al iw|x—al
3 o T (e + el
4 elka =L 1 iw|x—al iw|x—al
. S —\e” Hl—e -

k2-w? 2iw )

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

x2

is positive. The Fourier transform f (k) =
J57 dx e** f (x) of £, and the solution of
the equation are, respectively,

equation

eika 1 _ _ _
1. m and z(e wlx-al +€w|x al) 53.
etk 1 —wlx-al
2. S and —e
eika 1 . _ 3 _
3. - and %(e lwlx=al 4 giwlx-al)
eil 1 o—iwlx-a| _ iw|x—al
4. o and o —(e e )
afy h =2 far o, a'cr@xqﬂ?réﬁ%ﬁm
T 3TANT Tch HAThH fosxzisdxq;rm% 53.
1. 0.565 2. 0.620
3. 0.698 4, 0.736
R 8 1
The value of the integral [ ﬁdx’
evaluated using Simpson’s 3 rule with
h=2,1is
1. 0.565 2. 0.620
3. 0.698 4, 0.736
Tl werd &1 ngfca R Wdegd 3R 5

s(w)=1+mﬁﬁ'€ﬂm g, & A
T T I &, w, Al Hghea T4 v,

3TaHE IOtk &1 IO AT o << wp
&1 Toh fdegadeshrg @ler & far e 7 &
Wﬂﬁr%?(nﬁﬁﬁ?fo«l%‘)

1. T & 39870 3raenyoT g

2. O YAROT cad ke §

3. focgddedhig aier & gaer 3aeiyor g
4

N 54.
THG 97 TUT TIaEqT 97 & fRIget
3eC gl
The frequency dependent dielectric constant
of a material is given by
=1+———
£(@) wé — w? —iwy
where A is a positive constant, w, the -

resonant frequency and y the damping
coefficient. For an electromagnetic wave

of angular frequency w<< w,, which of the
following is true? (Assume that wl & 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

Ush AT H afaeiiel e T &7 sy

Frar e & 0 e &
L=xy— x?—y?

yarg et # fafga @aer p, (B

fodere r & TgIem) ¥

1. 7sinf +7r6fcosh

7 cos 6 + 16 sin6

27 cos 20 — rf sin 260
7sin 26 + 76 cos 20

o

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 6

2. 7cos@ + rfsind

3. 27 cos26 — rfsin20

4. 7sin26 + r6 cos 26

T B YT F$ T (0,0) R @l el
¢ oifés 3HT MELT x-36T & HY-AY B
@l T oI gehy g$ fog wue (1, 1) W)
g dUT 98 xy-THAA H gUA & AT FFd g
WHIGEAT # 3ofch gaehid YUl & o &
HIOT § TH I T

1. tan8=1/3 2.
3. tanf =3 4,

tan8 =0
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 6 between their
magnetic moments is such that
1. tan6 =1/3 2.
3. tanf8 =3 4,

tan@ =0
tanf =1

3TEOT § @ Th gfdaed, 3gicd w & A1y
glelel &Y §U, MR aan & RO




55.

56.

56.

S7.

A &1 HeH gl ® wlewr s &

A@) = iw = 51 (1/r) F AR 7, Wy

-
Fzrﬁwgiaﬁ?:rmﬁ%"

2 ikr
Ho W P NP
4T C (Tl p)n T

elkr

2

Ho @ ~ -
—= —(Ax

4T C p)r_k

Ho 2 N oy o e

— wk (-

o Ok PP~

T[szﬁelkr

c P

> w0 e

4T r

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

r . ikr -
AP = 5—7‘; iw er

p.
To order (1/r) the magnetic field B at a
point 7 = rf is

eikr

2
Ho W A\ A
1. -8 2 @
a4t C (Tl p)n r
2 ikr
Ho @ ~ o €
2. ———(@Ax
T C ( P) r
ikr
Ho 2 A~ - —)el
3. —— wk(n- —_—
o (-p)p —
o w? _ etkr
Tmc P

3EEAT a|1,1) + b|1,—1) (T&T |l,m) L? T
L, & s dfAaerOe aear & [fese
Fd g H WI T Fu F fov
HfARTTTIT  H AUERS  (AL,)(ALy)
~gATH B9 S8 AT

1. a=tib
2. a=0 Tdwm b=1
3. a=L gur p=1
2 2
4, a=+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 L2 and L,) will be a
minimum for
1. a=+ib
2. a=0andb =1
3. a= A£] andb =1

2 2
4, a=+b
s fefeadm @A GH) & aAfdw wh
gifoleld & e Edfid wE
feam Het 3masr & aRafda gar &1 afe
UReT # fefead WAl @ Selecle TR
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57.

58.

3yaTAT H AT, df He' 3MIT 39T TR
aEAT H @er T Iidear ¥
1. 1 2, g

128
243

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

1. 1 2. &
9
3. 128 4 512
243 729

T R a9 T<7T, (Jg T, Hifds ara
B) au UH Ed dehg &F oh A RR
g o &I HFd Fofl f(h,T) H JOMHS
fAeRar # T el # d wlear
eRifar &2

1. f

h



58.

59.

59.

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

(%)

TRYETOT IThelel

W) ={ :—S(az —x%), x <|a|
0

, X = |al
& 39T § 3hfed fG87d V(x) = g|x| &
@A Ueh 0T T YN HTEAT Foll (STaT
g ddqr ¢ AW P&

LT e
(€ RN

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

19

60.

60.

61.

61.

62.

Wx) = \/;(az -x%), x<|aq|
0

, x = |a

(where g and c are constants) is

n 15 (h2g? 1/3 5 5 (h2g? 1/3
\n), =
8. Z( m ) 4. E( m )

Tedd d9 T & Uk FSAT FUS &
Tuh & g, 3R 3@ U aeg gehg &9 &
3N fhar ST g1 g &UT dr gl FaieH
ETABT FA FAT +e, gl TG wla
HOT BT ATET Foll -€,/2 §, A IHA HF
Folt &

1. —2e,n0NE)

In3

2. —€0In(3/2)
3. —2€9In2 4,

€ In2
Ons3

. . .1
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 te,. If the mean energy per
particle is -¢€,/2, then the free energy
per particle is

1 26,20 2. —eoIn(3/2)
3. —2¢yIn2 4. —(_—‘012—2

Teh GISZIoled AT HI Ve, (1) = € cos(2r/a,)
& &Ny e o Srar §, S| a, R B
gl e FT TYF FIC T YR JTTAT Foll &

gRad &
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

T g7 Selsh IR Rl ATeiossd HHAUTRAT
IR TTEAT 7 JAe & v gaAe ari&sdar
& @iy [Awcad gy ' # - oafahe
BT 1 3¢IA A YRS HIA §U HAUIHAT 3



62.

63.

FEH odl Bl 3T HAUT & R Fis i
T T ¥ 38 aR W A fRar Srar

ST UITARdT &
1. 1227 2. 27/64
3. 3/8 4. 9/16

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. 27/64

3. 3/8 4. 9/16

o aROy § Herg aear T §:

—lp 0

Clock E
Flip Flop

1.

00, 01, 10

00

01, 10, 11
2.

m, 1

ORE
3.
4,

00, 01, 10

00, 01,10
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63.

64.

The state diagram corresponding to the
following circuit is

—p 0 iy

Clock E
Flip Flop
1.
00, 01, 10
00
01, 10, 11
2.
a1, 11
1,11
3.
4,
00, 01,10
11 /DH
00, 01,10

fAmT urger gFd THE  n-MOSFET W
fan: faegd ORT s K= 60 pANV
HAA dlecdl  BVpg= 10 V, YA AR
dls # yomer A F A L= 5
Jur Sgell dleedl Vy, = 05v | e
Za 99y &, I§ n-MOSFET 39 &F #

FIH F @ &



15V

%80k9

VDS

1.2VO—<

1. 3MgfAe & 2. 3ide &
3. HJCddr & 4. & 8T

64. Consider an n-MOSFET with the following

65.

65.

parameters: current drive strength K = 60
UA/V?, breakdown voltage BVps = 10 V,
ratio of effective gate width to the channel
length % = 5 and threshold voltage

Vi = 0.5V. In the circuit given below, this

n-MOSFET is operating in the
15V

% 80kQ

VDS

1.2VO—<

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

foe gRgy & 5 ez 3@ & v ofy
T MY IEH 1V dUT AT adRT F
T SIEHT Hohd & fder Far Srar
gl I oo Wy # A (3E8)
AT § a ARG dohd &1 3madera &

0.1uF
- .10 bit

V, counter
1 1K %ﬂJK
1. 2.5 ms 2. 4ms
3. 10 ms 4, 5ms

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
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66.

66.

67.

v 0.1uF 0B
\E—f{>_”_ > counter| °
1K % 10K

1. 25ms 2. 4ms
3. 10ms 4, 5ms
Mg, BAlL Vel @ar BAr #r o 3muR

FEAT T LS ey wAd: §

1. 38y, 2Py, 2Py AT 1S,
2. 38y, %P3y, %Py, OUT S,
3. 1Sy, 2Pysy %P3, AU 'S,
4. 'Sy, *Pgjy, PPy AT O3S,

The LS configurations of the ground state

of Mg, ¥AI, YCl and ™Ar are,
respectively,

1. 38y, %Py, %Py and 'S,

2. 3Sy, ?P3/,, *P3/pand S,

3. 1Sy %Pisy *P3jpand 'S,

4. 'S, 2Pgy, *Pyjpand 35

AT o F goehelal HT gREIUT FaY
gegd S Alowshes #

g = acosky a+ fcosk,a+ycosk,a

¥ f&ar Sar g @ a JAee IR §
aar a,ﬁ,yﬁ‘l’?ﬁﬂmﬂgl
s Ba aw (GLD) § @ W

1 0 o
(04
n2 1
1;0 BO
o o =2
Y
- 0 o0
a
h2 1
2; 0 /30
o o -1
Y
100\
a
2 1
350130
0 0 =
Y

100\
a
h? 1

4; 0ﬁ0|

00—3/

Y



67. The dispersion relation of electrons in a

68.

68.

69.

3-dimensional lattice in the tight binding
approximation is given by,

g = acosk, a+ fcoskya +ycosk,a

where a is the lattice constant and a, 8,y are
constants with dimension of energy. The
effective mass tensor at the corner of the first

Brillouin zone (E z E) is
a a

/—1 0 0
a
h2 1

g

=
|
o
|
|
(e]

|
;

Q

~N

_—
(@)
[e)
X Ir

-0 o
a
h2 _1
2 Do -5 0
o 0 -
Y
Lo o
a
n? 1
S
00
Y
100\
a
n2 1
4 5105 O
0 0 -1
Y

fave gieiar a1 &1 faegda aqya smgef

& A DD 2y § aﬂ]qﬁaﬁﬁum

2(]+1)

gl R, = 1.2 T Y I= wx, el Alse &
3TER 27Al A3 T T T FT Slel

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

The electric quadrupole moment of an odd

proton nucleus i js &/~1) (rz) where j is the

(
total angular momentum. Given that

R, = 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

STTeTeh 3T gl a gobd Ueh Al Teh-faef
STl A IR Th Sl & T, sdi@
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69.

70.

70.

71.

gAT ¥ A o JfHEIOF o &
I A7 T ol & F Plerar g2
Y(x) = A exp (i [% + cos (%)D
Y(x) = Aexp('[E + cos (?)D
Yx)=A4 exp( [— + i cosh (an) D
Yx)=A exp( [Z +i Z )

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 %x + cos (%)D

2 Y(x) = Aexp (i [%x + cos (?)])

3. Yx)=Aexp (z 2 lCOSh( x) D
4 Y(x) = A exp (l | ”)

S9 AT ThiehT o Yoy @ faade
Tt TReEd 0.15 nm & x-fafeor g1 &
39T ¥ AFAAET gar §, 39hr IIH Fifec
faader oY, FIvT 30° X gedr g1 Ifg aeeed
dquUT HOT F AGS FT JReAT FAM 0.01 nm
aur 1°§ o HAdNT gt #r aRepe H IR

> w0

grafr Srareger
1. 1.1x102%nm 2. 13x10%nm
3. 25x107°nm 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 x-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. 1.1x10%nm 2. 1.3x10"nm
3. 25x10°2nm 4. 2.0x10°nm

gAY 2 mm X 2 mm & T gdof Ulfcash
e & 4 x 1012 SoFeial gl dF I Bl
TRAT |fERT T qRATOT, Hhel Seleciol
AfedAdea #H, &

1. 2Jmx 107 cm™t 2. V2rx10” cm™?
3. Vrx107cm™! 4. 2 x 107 cm™!



71.

72.

72.

73.

73.

74.
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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. 2Jax107 cm™? 2. \V2rx 107 cm™?
3. VT x107 cm™! 4, 21 x 107 cm™?

K& 9Ua gt faera 4.34ev §,
CI T SoleFgial SYcT 3.82 eV TUT KCl#r
AEGTEEAT w¥FT 0.3nm 1 KCI 3707 Y
K T Cl A3t & faafaid it &

T 3M9Ts Fol §
1. 8.62eV 2. 8.16eV
3.  4.28eV 4, 4.14eV

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 KCl molecule into a K and a Cl atom is
1. 8.62eV 2. 8.16eV
3. 4.28¢eV 4, 4.14eV

GSTATT TEAT A =125 & AR § 4, &g
§g gfaaes @ aRefad dus Faf (Feia qur
IEATAAT Foli3i & T Fqoneht HaeT:

ac = 0.7MeV AT ag,,, = 22.5 MeV & &I
ST 0Y) 3Tadd 38+ fov g
1. 2Xe 2.
3. 12Te 4,

1251
13
235b

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
1. 1Z2Xe 2. 123
3. 12Te 4. 125sp

HqFT Hlt § FiFAfad e gfhanst @
ICEIEY

i) A-pt+et+v,

(i) p+n-mn-
(i) p+n-ont+a+n°
(ivy p+v,-on+e*

fAFT Fy=t A & i1 F@E 82

74.

75.

75.

1. gferar (i) @siy wveaor fafaar
qTeTeT T &

2. 9fehar (i) IRATA TEIT FHT EIETOT
T B, T Foil HAT HETT T
oo AT &

3. TR (jii) Yool eAITHATIT GaRT
IeafRaT3t qanT 3eTHa §

4. 9fehar (iv) SR T&AT 1 TIET0T
AT &, T decle HEAT FLET0T
FT Joote P ¢

Consider the following processes involving

free particles

i) A-p+et+v,

(i) p+n->mn-

(i) p+n-ont+n°+n°

(iv) 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

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

T SfAaEdT dF & fow, 398 qur e

TRI & GTATIBAT AT eI Haer 3 x 1018
aqur 0.7 x 10*° §| I 3AT ScHoieT unich
3.0 X 105 m¥W-s* T FaT &eicd 9.0 J/m*-Hz

gl 3RRT 3cgee afa gelr
1. 63 x10%s1 2. 41x10%s!
3. 2.7x10%s1 4, 18x10%st

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 x 101571 2.
3. 2.7x10%s7t 4,

4.1 %1051
1.8 x 101651
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[ FOR ROUGH WORK ]




