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USEFUL FUNDAMENTAL
CONSTANTS

Mass of electron
Planck's constant
Charge of electron

Bolizmann constant

Velocity of 'LightT '

1.6 = 100]

167 107kg

6.67 % 107" Nmkg2
Rydberg' constant .
Avogadro mimber
B.854 x 10- P

4w = 107 Hm™!

Molar Gas constants

901 = 10" Kg
6.63 = 107 I sec |
Lex 107 C
138 102 K

3.0 = 10" m/Sec

1057 = 10" m!

6,023 * 109 mole

BIM4IK 'mole!

Silx 10" Kg
6.63 = 10" Jsec
L= 109C
138 = 102 WK
30= 10* mySec

LO9T = 107 !

6.023 = [0P maole!
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- LIST OF THE ATOMIC WEIGHTS OF THE ELEMENTS

Element Symbol Atomic Atomic Efement 's‘rm.bﬂl Atomic Atomic
: Humber 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 Hd &0 144.24,
Antimony Sh 51 121.75 Neon Ne 10 20,181
Argon Ar 18 39.948 Meptunium Np -~ 93 {237}
Arsenic As & 74.92 Nickel Ni 28 58.71
Astatine At 85 (219) Niobiwm Mb 41 -92.91
Barium Ba 56 43734 Nitrogen H 7 14.007
Berkelium Bk - : a7 {249) Nobelium No 102 1253
Beryllium Be 4 9.012 Osmium Os 76 190.7
Bismuth Bi 83 208.98 Oxygen 0 [:} 159594
Boron B 5 10.51 Palladium P 46 106.4
Bromine Br 38 78.909 Phosphorus P 15 30.974.
Cadmium Cd 43 12.40 Platinum Pt 78 195.09
Calcium Ca 20 40.08 Plutonium Pu 94 {242)
Californium ci ' 98 {251} Polonium Fo B4 [210)
Carbon c : 6 12,01 Potassium K 19 29,102
Cerium Ce 58 140.12 Prasecdymium Pr 59 140.51
Cesium Cs 55 132.91 Proemethium Pm 81 11473
Chlerine a 17 35.453 Protactinium Pa 91 {231
Chromium Cr 24 52.00 Radium Ra a8 [226)
Cobalt Co 21 5693 padon Rn s (222)
: Cl:lpber Cu . 5 5\3.5‘ Rhenium R& 75 186.23
Foslum cm 8 {287) . mhodium Rh 4s - 102.91
Dysprosium Dy 66 162.50 Rubidium Rb a7 85,47
Einstelnium Es 9 1234) Ruthenium Ru 44 101.1
Ertium Er R 18726 samarium Sm 82 150.35
-Europium 'FE“ 63 "5;;5 Scandium Sc 21 44.96
Fer ey m Ll '1 % ; Selenium Se 34 78.95
Fis F X - Silicon si 14 . 28.08
Francium Fr 87 [223) i i
Gadolinium Gd 64 157.25  Sver Ag 14 sl
. z Sodiuwm Ma 11 22.9898
Gahlium Ga kil 63.7T2
Strontium Sr 38 87.62
Germanium Ge Az 72.59 ;
Sulfur S 16 12,064
Gold Au 79 196,87 3 :
Tantalum Ta 73 180.95
Hafnium Hf T2 178.45 : : . : :
Helium He 2 4.003 Technetivm Tc 43 [_ﬁﬂ} g
ey Tellurium Te 52 127.60
Holpilum Mo , W VR 2 farblug b 65 158.92
Hydrogen b ! L I T 81 204,97
Indium In 49 114.82 Ih" :“"‘ . = s
lodine 1 53 12690 3 arkim h e
Iridium - I 77 192.2 rf‘“““’“ Tm :2 st
iron Fe 26 s585 TN o :
Lanthanum - La 57 13891 Tungsten w 74 183.85
. Lawrencium Lr 103 {25T) Uranium u 92 8.0
Lead Pb - 82 0719 Vanadium 2 50,84
' Lithium Li -3 6.939 Xenon Xe 54 131.30
Lutetium Lu 71 174.97 Yiterbium Yh 70 173.04
Magresium Mg 12 24312 Yitrium Y 39 BE.91
Manganese Mn 25 54.94 Zinc In 30 B5.37
Mendelevium Md 101 {258} Zirconium ) 40 91.22

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

natural isotopic composition was assigned a mass of 16.0000...j is 1.

stable known isctopes.)

000050. [Vaiues in parenthases represent the inost



PART A

The most abundant element by mass
in the human body is

(1) carbon  (2) hydrogen

(3) calcium \J})/Dx;gen

A number systcin consists of digits
0,1, 2,3 4 and 5. What is the
decimal equivalent of 15 in this
number system? | '

(1 15 @ 13

.\/(Jﬁ/l'l' ) 12

A segment of a circle (slightly
greater than a semicircle, whose
centre is Q) is given below. Identify
the correct statement regarding the
three angles A, B and C.

1A is equal to B but not equal

. nC.
\ﬂ/ﬁ. B and C are equal and

‘have a value of 85°,

3. A,BandC are unequal.

4. " A,Band C are each equal to’
Q5%

After bubbling air through pure

water (pH = 7.0), its pH decreased.
Which of the following is
responsible for the pH change?

(1) Nitrogen mn dioxide

(3) Oxygen  (4) Helium

Which of the following caused:
disruption of air-traffic in Europe

" after the wvolcanic eruption in
Iceland in the year 2010?

' \_}(’ﬁ\-}f engine damage by

B

volcanic ash.
2. Increased local temperature.
3. Reduced visibility due to
volcanic gases. .
4. Presence of toxic gases.

Three boys A, B and C kicked
three balls horizontally from the
edge of the roof of a building.
The horizontal distances
traversed by these balls before
kitting the ground are da, dp, dc
respectively, with dy > du > de.
Ifta, 1o and ic are the times taken
to- hit the ground respectively,
then

() x> >tc (2) a<te<ic

3) 1y > < th=tp=1Ir -

What is the minimum number of
cards you.need to uncover from
the top of 2 well-shuffled deck of
52 playing cards, to ensure that
you have two cards of a suit?

(2) 15
@7 - @S5

A swinging door is o be stopped
by driving a wedge between the
floor and the door. The most
favourable position of the wedge
is close to the :

. %t’;cdge of the door because -

even a small frictional force
can provide adequate torgque
to stop the door swing,

2. outer edge of the door because
the frictional force is the
largest at the outer edge.



10.

3. hinged edge of the door because
the moment of force is smallest

~ near the hinge.

4. hmged edge of the door because
there is friction in the hinge.

9. The simple represeniation of a
detergent molecule is given below:

tail head

Which one of the following
representations describes the

interaction of the detergent molecule -

in a system composed of grensc and
water?

The figure shows cumulative weight

percent curves for different types of
sediments. Which t)rpe of sediment
has the narrowest size distribution?

F

I £
e [

. oy
il

L)

Cumulstive we {8}

Wm:,snnd (@) Glacial till

{3) Flood gravel (4) Locss

6

11. thh of the following animals
does not have modified legs used
for flight?

Mﬂm‘ (%) Bat

3) Flylng squmPl l")/{ Ilerﬂy

12. A polypeptide of 300 amino acids
has tyrosine at the 157" position.
If the tyrosine codon mutates fo a

nonsense codon, what would be

the size of the polypeptide in this
mutated organism?

(1) 157 (2)156
\,‘(31{99/ (4) 144

13. A rtoom has a westfacing
window with glass panﬁ& Which
of the following is the  most
effective way to prevent the room
from getting hot in summer?

I. Cover the inside of the glass
pane by a black paper. :
" 2. Cover the outside of the glass
pane, by an aluminum foil.
\_/Jf’ﬁ:r the ouiside of the plass
pane by a white thermocol
sheet.
4. Cover the inside of the glass
pane by a white thermocol
sheet.

14. A jar containing an iron block B
was floating on wafer in a bigger
container. The block was taken -
out and put into water. As a
result, the level of water in the

“container will




-

; " remain the same’

15.

4, rise or fall depending upon the
mass of the block

Suppose the Sun somehow becoinss
a black hole without change in its

" mass. Then this black hole will pull

inte itself

1. all the planets
2. only Mercury
3. all planets from Mercury to

.\% of the planets

16,

' Ab&olﬁte water content in the air in

the squatonal region is measured to
be 18 gm 3 and the same is 4 g m™
in the polar region. However, the
values of relative humidity reported
are 60% and 78%, respectively. This
could be because

\//l/a‘qualonal region is warmerand

ST

"Oxitin'tinn of - aicohols to

therefore the atmosphere has a
higher water holding capacity.
2. winds are stronger in the polar
region.
3. polar region is ice-covered and
therefore its atmosphere has a
»-_higher water content.
4, ofhigher snowfail in the polar
TEgion.

acids
involves formation and cleavage of
bonds. Which of the following
possibilities is valid in the process?

1. Formation of C=0 bond.and
. cleavage of O-H and C-H
‘bonds. '
2.  Formation of C=0 bonds and
cleavage of O-H bond,

7

‘-ﬂ/gfm of C=0 bonds

El

and cleavage of C-H bonds.
4, Formation of C=0 bond
and cleavage of O-H and
~ C-H bonds.

18.  Droplets of a herbicide solution

form various shapes on a leaf as
shown. '

By e Y

A B e

Assuming that the droplets have
~ the same volume, the trend in the '
rates of ‘herbicide uptake would

be

1. A=>B>C.
2. B=A>C.

C> A,
4. C>=A>B.

19, Parents with blood groups A and

AB have two children. Which of
the following cannot be the
blood groups of their children?

(1) Aand AB (2) Band AB.

(3) AandB ( and B.

20. A long cylinder has an axially

placed two-bladed fan spinning
inside it. Bullets are shot through
the cylinder at a constant rate. If
the number of blades is increased
to four, the number of bullets

1. missing the blades is halved.
2. missing the blades is reduced
" by one-fourth.
3. hitting the blades is doubled.
h_—4""hitting the blades remains the
same.
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}{./Cunsidcr three polarizers -R,Band P,

placed along an axis as shown in the
Figure.

The pass axis of _fand Eare at right
angles 1o each other while the pass axis of
F,makes an angle @ with that of £. A
beam’ of unpolarized light of intensity I,
is incident on P as shown. The intensity
of light emerging from Ais

;
1) o =
(1) >

! 526 @) .—l}sinzze

22. A double pendulum consists of two point
masscs m attached by massless strings of
length 7 as shown'in the figure:

) / £ = :
" The kinetic energy of the pendulum is’

]\‘/%mf’ [9,’ +él’]

s
A8
J}; (287} +264,c05(6, - 6,)]
]
8
o (ﬁﬂ"{{p 10 cm"_@ w
(el P s Qf i_fﬁ)

J = %—':, “ T --ff"‘lﬁ\\ _’Z’é
U |

- (BFT R

30 L[4+ 28 42060056,

(2040 2808, 400)
23. In the operational amplifier cireuit -

; below, the voltage at point A is

. +5V

w@,.:;%-,&¢

-
Ve 1K

. —}
Fr
j:-h

WA
f _ﬁ'—-f—,;:

= = S
Vp 4= DV 29

.ov | @'0.51’/

W S50V

i

24. A point particie of mass i carrying an
electric charge q is attached to a spring
of stiffness constant k., A constant
electric field E along the direction of the
spring is switched on for a time interval
T(where 7T Jm/k )} Neglecting
radiation  loss, the amplitude  of
oscillation after the field is switched off
is: :

() qE/k (2) gET*/m

() gENm/TE' (&) qET/-[mk

. A constant force Fis. applied to a
relativistic particle of rest mass m. If
the particle starts from rest at t=0, its
speed after a time ¢ is

W) Fi/m __ @ mh(ﬂ)

= fr-m F
@) c(l—e " )M%::T

i / 2,
o YO Yia =
1' v
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}6('[113 potenhal of a diatomic molecule aba -
function of the distance rbetween the

atoms is given by V{'r)—- —-a?+ %_The_
*oor

value of the potential at_eqguilibrium
separation between the atoms is: :

_24/b
~a*fab

-4a*fb
-a*f2b

(1) @

27, Four equal point charges are kept fixed at
the four vertices of a square. How many
neutral points (i.e., points where the
electric field vanishes) will be found

~ inside the s-quare‘? 4
m 3 2) 4q 19
NP S @ 7

; %A static charge distribution gives rise to

electric ﬁc!d of the form

(g
positive constants, The charge contained

within a sphem of radiss. R, centred at
the origin is :

2

(2)

B e )
- (1) mag, i AOE, I
" ! : ‘ pz
; R R
@Y 4nae, p @) mag,—

29 A counter consists of four flip-flops
connected as shown in the figure.’

e e e

'_"""—L“"
x [
o L=]
4
. [
o
Fal
of 2
.
. 3
lﬂf [+]

If the- counter is initialized as
A, A, A, A,=0110, the state after the next
clock pulse is

(2) 0001
4). 1100

Young's double slit interference;

. experiment, the slits are at a distance

. 2L from each other and the screen is at a
distance D from the slits. If a glass slab of
refractive index gand thickness d is
pfaced in the path of one of the beams, the
minimum value of d for the centra! fringe

to be dark is P y
: CAD o & B
(-WD 2 CaUT = ¢
%K
‘lD -
o R

/ . |
) @UT A < =N
\_}"/ EYPT ‘Xfi 4
2(u-1) e = =
31 The pins 0, 1, 2 and 3 of pat Aof a 2
microcontroller  are  connected  with

resisiors to drive an LED at various
intensities as shown in the figure.

“For V=42V and a voltage drop of 1.2 V
across the LED, the range (maximum

- current) and resolution (step size) of the.
drive current are, respectively,
1. 4.0 mA and 1.0 mA
2. 15.0mA and 1.0 mA
3. 7.5mAand 0.5 mA
4. 4.0mA and0.5mA

n unbiased dice is thrown three times
successively. The probability that the
numbers of dots on the uppermost surface
add up to 16 is

Lok, “’- 50%2&(1*{ ’L)
«.D._
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33. The generating function
F(x,t) ﬁ.E .F:!(x)!"
=i
for the Legendre polynomials P, (x) -
is F(I,I)z{]-2xt+t1)q”. The value of
A(-1)is
(1) 512 2
@) * “ -l 24
: : =]
34. Given that the ground state energy of —&[¥
the hydrogen atom is -l36 eV, the
ground state energy of positronium
(which is a bound state of an electron
and a positron) is
{1} +68eV () —6.8eV
(3) -136eV @) -272eV
38. Two particles of identical mass move in

circular orbits under a central-potential
¥ir)= %kr’, Let £ and ¢,be the
angular momenta and #, ~, be the radii

- ofthe orbits respectively. If B/ E=2,
~ the valueof r/n s

V2 @ 12
3 2  1/2
36.  The equation of the plane that is tangent
to the surface xyz=8at the point (1,2,4)
15

-

I x+2p+dz=12’
2. 4x+2y+2z=12
3 x+4p+2z=0
4. x+y+z=7
- v V) o -
£ PAVRY Vi A -
; ,iw_ : £
i
o A il

' VN 3 ""‘M‘wa-l 1"“9?‘;
10

37. The energy of the first excited quantum
state of a particle in the two-dimensional

potential ¥(x, y)=%mm‘(x’ +4y") is
1) 2hw

{sirgﬁw

‘The internal energy £ of a system is given
3

by £=—— where b is a constant and
VN

) 3"fm_;
5
) —h
4) 2'm
38.

other symbols have their usual meaning, -
The temperature of this system is equal to

bS? 3bS*
1 _— § 2z
M N € al VN
g SV
3 T 4 2 N
& VN i (NJ

39. Consider a particle in a one dimensional

potential that satisfies V(x) V(_—_x_)

Let ]i,uo} and |f,£v’,}denote the gmund and
the first excited sfawerﬁpecllvcly, and let. _

[‘P} |l,e,-"lj +a "'f"') be a normalized
state __v._'_.{n__h an._.ancl @, being real constants.

The expectation value {x)} of the position

operator X in the state J‘P) is‘given by

; a: (Wn le'll”n:]"' all (vfl'lxlw’>

2 e [ s il L

T

37 al+at

' (’4“} 4 /"ff!
4. 2a,a
40.A 3x3 -matrix M has Ti{M]=6,

Tr{M*]=26 and Tr{ A*]=90. Which of

the following can be a possible set of 8 =

mgcnva]ues of M7 - Cetihis STy
3 T

('.' S TN VS

V¥, A ;s

—

=245,

A
[re 24,

A
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E / b’ ¢ ; i 8 -
(1) {1, L4} @ {-1,0,7} ‘ 43. Consider a Maxwellian distribution of the
{Sﬁl—)'],': 4} @) {2,2, 2} velocity of the mojecules of an ideal gas.

Let ¥, and ¥, denote the most probable

 velocity and the root mean square velocity,

< - . ‘A = )
41. The perturbation H'=bx"; where b s a e urely The magmlude of the ratio

constant, is added to_the one_dimensional

harmonic. oscillator potential . Voo / Vo

V(x)=4ma'x’. Which of the following -

PRSI v c O

denotes the correction to the ground. state n 1 () 213
dot in b7 e :

energy to fi !'rst order in b7 , ® 273 ) 3/2

[Hint: The normalized ground state wave

function of the one dimensional hirmonic - }d/ If the number density of a free electron gas
oscillator potential is in three dimensions is increased -eight

14 : " times, its Fermi temperature will
‘q' .
- %ease by a factor of 4

following integral

Tt Aok ih 2. decrease by a factor of 4 |
_I*’ KR (n+2) . 3. increase by a factor of 8 e~ (@n
il e .3
4.« decrease by a factor of 8 Ty = Ll
364 : 3bh? -
= ) Tr—— . : i i %
4w Imw 45. A system of N noninteracting spin-
3p° i5bh2 particles is placed in an external magnetic '
3y e (4). jrizs oy field 4 . The behaviour of the entropy of the
3 system as a function of energy is given by ci
- A battery powers two circuits C, and C,
asshown in the figure, {n 5 2 %
i mH e BT U P
The total curent 1 ﬂmﬂ from the battery (3 s

is_estimated by measuring the currents -
fand T, through the individual circuits. If
- 1, and [, are both 200mA and if the errors

in their measurement are 3 mA and 4mA “wH E ngH
respcct.ivcly, the error in the estimate of [ is

@) TSmaA _ sh (2270
@) 10.5mA _ N
- : £ k(ﬂi )
. L.
'I‘ = T'I"'IL ﬂ%::—.’& L My {Mﬁh v
B i B D)
ﬂ‘-:"f#‘i"i- 9= 14
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' | .PARTC ]

46. A particle of mass m moves inside a bowl. If the surface of the bowl is given by
~ the equation z=%a(x’+ y’), where @ is a conétant, the Lagrangian of the

particle is

1 -;-m(r‘*z+;*2¢iz—-garz) 5

2. %ﬂﬁﬂ[(l+c:’r2}:;2 +r2§2] | _
3. %m(-_,;t +lrzé?+rr._§-£nzt?é2 Hg#z) o | - TE :?E_j.f}u@
&

-4, %—m[(]+azr'2))’lz-+r:¢‘2—.g;1rz] — S

W

47.  An electron of energy 27 GeV collides with a proton of encrgy 820 GeV: The
“heaviest particle which can be produced inthis collision has mass close to

(1) 300Gev (2) 821GeV
(3) 850 GeV @) 1127 GeV

4B Let (1) and % (r) beltwo linearly independent solutions of the differentiai

5

o d'xdx _ () ex (N2 () - o dx ()
equation =+ 2 = + [(£)x=0, and let w(r)=x,(/) - .'rz{:)—dr—- :
If w(0)=1, then w(1) is given by
(i @ e
(3) /e @ e

}‘!/ Assume that the free energy of a magnétic system has an expansion in the order
parameter M of the form (M, T)=a(T =T, }M* +bM* + cM®, with a.b and
¢>0 . As the temperature is lowered below T,., the system undergoes a phase

transitton. The behaviour of the order parameter just below the tmnsition_, where
(T-T.)is very small, is best described by

O Mea(r-7)" O\ M (-1)"

() Mac(l.-T) @ Me(r-T)

<¥>

=
G e

T




51.

52.

53.
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A planet of mass m moves in the inverse square central force field of the Sun of
mass M . If the semi-major and semi-minor axes of the orbitare a and b,
rﬁpecllvcl}.’, the total energy of the planet is:

{iy ot @ - GM;;&&%} . J(Up- a:p)"'b

T | ; 1 :

a+h
_ . B
A e [%J‘! @ -Gmmia? }! c
) a ; @) ) (d‘ + b) - -;:a‘.;
Let |0)and |1) denote the normalized eigenstates corresponding to the ground and .
first excited states of a one dimensional harmonic oscillator. The uncertainty Ap :
1
in the state 0)+|1)}, is ﬁ_‘:—
S 0+1) Lé%h"’/
(1)~ Ap=Jima /2 @) Ap=Jhmaj2 ="
3) Ap=Jhme : @  Ap=2hmo '
A laser operating at 500 nm is used to excite a molecule.. If the Stokes line is
observed at 770 cm™', the approximate positions of the Stokes and the anti-Stokes
lines are ' g P o T Fe e
(1) 481.5 nm and 520 nm ) 481.5 nm and 500 nm i
(3) 500 nm and 520 nm (4) 500 nm and 600 nm 3
The graph of the ﬁ.n-:tmn - N
£(9) for2n<x<2n+1 R
xi= -
| 0 for 2m%1<x<2n+2 4 & T
(where n=0,1,2,---) is shown below. £ f -'F( y ) @d;’;/g
A : ' : 7 . -L
L g
o 1 2 3 a4 s % ) <« '
- | ;S
Fre: )— € d
Its Laplace transform [ {5} is .
e N W =
m = ’ @ = P
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55('/ The energy levels of elcct:cns of mass m' and charge e confined in an area Ai in
the xy-plane with a uniform magnetic field B apphed in the z-direction are

Bh .
gwen by _Eh (nrl-!)ﬁ— n= U' 1,2,---. The degeneracy of each level is

me
eBA ' _
“;i_ The lowest level is completely filled and the others are empty. The Fermi
7 ;

ere IV is the total number of electrons, is A hy =

W~ l*“"‘GQ-*

‘energy

1. coincident wuh the n= 0 level

cnmmﬁh. thf; n= .l‘icvel g o ,,‘_[ < }\' '
3. midway between the n=0 and the H-] ]evcls _ hsc q r}\km 2wy 2
. midway between the n=1 and the #=2 levels ~ , LE . F

131

55.  Anannulus of mass M made of a material of uniform density has inner and outer K B = Cz'n

radii @ and brespectively. Its principal moment of merha along thﬁ axis of
symmetry perpendmular to the plane of the annulus is:

- *“j.‘f‘;.‘i‘
| IM(F"‘“) 2 s (s ;TS
B 3 m - B = "'(.“‘)_

l 2 3 | 1 2, 2
&) —iM(b ~a?) “) E-M-(b +a’)

. | O

§6.  The value of the real integral /= [——"— s
_ _ SX +3x42
i

Ix | ' ' (i
(1) T_ | (2) .M(EJ

@ © @o
577 The minimum energy of an eleétron (the rest mass.of which is 0.5 MeV) that can

emit Cerenkov radiation while passmg through witer (of refractive index 1.5) 1s
appmxlmately

(1) 1.0 MeV (2) 3.0MeV
s.m/ 0.6 MeV (4) 0.5 MeV
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A heater and a thermocouple are used to meacure and control the lcmperature T
of a sample at T, =250°C. A feedback circuit supplics power P to the heater
according to 'the equation P= P+ G(T - T} - D% with apﬁropriaiely tuned

values of the coefficients G and D. In‘order to maintain temperature stabllll)r in
the presence of an external heat perturbation which causes small but rapid
« fluctuations of temperature, it is necessary to
) decrease D 2 incrcasc D
(3) decrease G . {(4) increase G

'59.  The trajectory on the zp,-plane (phase-space trajectory) of a ball Boﬁncing
- perfectly elastically off a hard surface at z=0 is given by approximately by

(neglect 'frictioq):
LI N - N
|
(3) | ﬁ.‘\P‘ _ (4) p‘?lp:
l z % >

m-snrdmg to the shell model the spin and panty of the two nuclei '§;Sband §Sr

are, respectwely, _ - _ | 5"}1,;-

B3

a5

GIm(%J‘T @ (G opes v e
' D:ﬁ&,: A5 P13
b'yf_a\\

o @=6) @@
- Usk)%-f o
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620

63.

H‘;’/ ko
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T Ve G B particle at time £ =0 is glvcn byl"i‘(ﬁ) T(|n1}+|ul})

where |udand |u,)are the normalized  cigenstates with cigenvalues £, and

E, respectively, (E,>E,). Thc shortest time after which |‘P(r]}mll become -

orthogonal to |‘P{0)>
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A gas of N non-inferacting particles is in thermal equilibrium at temperature T
Each particle can be in any of the possible non-degenerate states of energy 0, 2¢
and 4¢. The average energy per particle of the gas, when fr <1, is

(3) 2:/3

@ 3¢
@ =

The first few terms in the Taylor series expansion of the function f (x)=sinx
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A onc-dunensmnal chain consists of a set of N rods each of Iengﬂl a. When
stretched by a load, each rod can ahgn either parallel or perpendicular to the

‘length of the chain. The energy of a rod is <& when aligned parallel to the

length of the. chain and is - +& when petpcndwular to it. When the chain is in

thermal equilibrivm at temperature T, its average lengthis 25 w
(1) Na/2 . (@ Na ;

: _ s s ' (sH>—
@) Na f’(l 5 e-zm;) @ -Na(l_ W zmar) St

If the hyperfine interaction in an atom is given by H = a.§' .§ where § and
S denote the electron and protort spms, respectwely, the sphlung betwcen the _
’S,and 'S, state is : ' '15\ - g,

o : ; A (as>~ &1
M ahzfﬁ. o | (1)/;? *“s\’ ,-g’f:@
K a2 @ 2 & B ES

Consider a solenoid of radius R with » turns per unit length, in which a time
dependent current [ =1 sin@f (where @R /¢« 1) flows. The magnitude of

the electric field at a perpendioular distance < R from the axis of symmetry of
the solenoid, 1s . ' _ S R

S < - e

0 : o 'ziai,u,,n!éR’cosmf M e
. | N :

3) %mpun I rsinot ¥ M}im;gniurcpsmt

The difference in the Coulomb encrgy between the mirror nuclei g ©
2Cr and ©Mn is 6.0 MeV . Assuming that the nuclei have a spherically

symmcmc charge dlstnbutmn and .hat eis apprommatcly l0 MeV-fm, the ﬂ._r “1’5""51
radius of the ¥ Mn nucleus is

bE— = (G Y™~V
RS

(1) 49x10™ m @ 4.9%x10™" m <
W, P : - o AL i
3) 5.ixl0™m b @ S.lel'l'” 'Q_ e -5, 73
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68. The ratio of lntensmcs of ﬂch and D, lines of sodlum ath.lgh lcmpcraturc is
O M .'_' g (2), 23
()/1.3 5 & @ 12

69, A constant pcrturhatmn ds shown in the figure hcluw acis on a partlcle of mass
- m confined in an infinite potential well between 0 and L.
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€ Thc first-order correction to the ground state energy of the partmle 1S
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R/ M 3V
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70.  An atom of mass M can be excited 1o a state of mass M +A b:.r photon capture. 5y
The frequency of a photon which can cause this transition is .,-—--—-——'t“"ﬁﬂ :
(1) AE 72k ] 2 Acffh M
() A 2Mh @ AlA+2M)P/2MR ,{,m.? ;ﬁ
Yy . _' h"‘” (.‘z
s | The excitations of a three- dimensional solid are bosamc i B
f frequency @ _and wave-number & are related by ‘@ oc k* in the large;
It 1T the chemical Fotential 1s zero, thé behaviour of thc sPecli' c heat 0f the
- gystem at [ﬁw‘t’é"mperamre is prop-ort:onal o : i
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19 .
72. - Gas molecules of mass mare confined in a cylinder of radius” R and helght

L(with R>> L) kept vertically in the Earth’ s gravitational field. The average
‘energy of the gas at low temperatures (such that mgl >k T} is given by

O NET/2 @ 3NKT/2

@) 2ZNKT \\/@ 5Nk, T/2

73, The figure below shows a voltage regulator utilizing a Zener diode of breakdown
~ voltage 5 V and a positive triangular wave input of amplitude 10 V.
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For ¥; > 5V, the Zener regulates the output voltage by channeling the excess .&-

-current through itself. Which of the followmg waveforms shows the current |

- passing thmugh the Zener diode? N,
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T4 . A constant élecﬁ:’ cutrent _{m :m .infll.lit_ﬁly long ﬁnﬁiglm! wire ls suddenly -
; switched_.on'at'!=ﬂ_. The vectorpntcnual at a perpendicular distance r from thg K
wir'é_.is gﬂ"f»‘n BIY _3=k—;:f{ .ll.fl[%(e?q-‘fc’-g‘z -t )} The Fle%lric_ field ata |
di‘siat‘n:? -r(«:l ct).is , o | o

CorEE aa N el R
0 O '(_z}_" -'zmﬁ'("- ;)
; cﬂu‘f 1 _-:' . S S %1_ i. :
! 2.}!\(61!1_—.# 75(£+J)@/ .ZR-JC?‘;"'_;,.I

;..'5./ Monochromatic ligm of wai-'eléngth 660 nm and intensjityl 100 ITIWfGI'I_Iz falls on.a

: solar cell of area 30 cm®. The conversion efficiency of the solar cell is 10%. If
each converted photon results in ‘an_electron-hole pair, what is the maximum
circuit. current supplied by the solar cell? (Take & =6.6 x 107 Jos; o= 3 % |0°
msand e =16x10%C). -

M]ﬁt:mA-- | 2 320 mA
(3) 1600mA N |

) 3200mA
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