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) I
- ome Useful Constants

Speed of hight in free space c=3x10" m/s
Boltzmann constant ky = 1.38x 10 WK

Planck’s constant i = hi2m=1.05%10 s
Electron charge e=1.6x10"C @
Permittivity of free space £,=8.85x 107" CYNm’

Permeability of free space Mo = %107 NIA? @®
redif.

NOTE : In numerical problems. the option closest to the correct answer will be 8”%&

Q. 1~ Q. 25 carry one murk each. % %

invertible matrix P. Which of

Q.1  Two matrices A and B are said to be similar if 8= P'AP
the following statements is NOT TRUE? Q

(A) DetA=Det B (B) Traceof A
tC) A and B have the same cigenvectors (b have the same eigenvalues

Q2 If a force F s derivable from a potential function)V (#) , where r is the distance from the origin
of the coordinate systen, it follows that
(A) VXF =0 (B) V-F=0 y Vv =0 @) V¥V =0

Q.3  The quantum mechanical operator ﬁ@&yomentum of a particle moving in one dimension is

given by
. d . &g? e 0 . P L L
h— B) —ik ; h—— D) = e e—
RS M) O

Q .
Q4 A Camot cycle operates o
with 7, > T,. During

amount (2, is deliv

% ng substance between two reservoirs at temperatures 7; and T,
e, an amount of heat @, is extracted from the reservoir at 7, and an
the reservoir at 7, . Which of the following statements is INCORRECT?

(A) work done%@cl is Q-0

diverges and its entropy has finite discontinuity
© remains unchanged and its entropy has finite discontinuity
(D) has finite discontinuity and its entropy diverges
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Q.o

Q.7

Q.8

Q9

Q.10

Q.11

Q.12

The semi-empirici  Farminla + . .
term. Thi lmpm‘;..u mass formula tor the binding energy of nucleus contains & surface correction
- s term depends on the mass number A of the nucleus as

A A (B8) A" (©) A (D) A N
The population inversion in a two level laser material CANNOT be achieved by opti ing
because

(A) the rate of upward transitions is equal to the rate of downward transitions @
(B) the upward transitions are forbidden but downward transitions are allow

(C) the npward transitions are allowed but downward transitions are forbidd:%Q
(D} the spontancous decay rate of the higher level is very low

The temperature ( T) dependence of magnetic susceptibility (%) of %@neﬁc substance with

a Curie temperature (T ) is given by

c ¢

(A) ——, forT<T

T-T ‘ (B) T-T. , ]
© —-—C-—— forT>T D for all

T+T' ‘ (D) or all temperatures
where C is constant. @Q
The order of magnitude of the energy gap o N superconductor is
(A) 1 MeV (B) 1KeV & ) 1eV D) 1 meV

Which of the following statemetits is\C l'-f‘ CT for a common emitter amplifier circuit?

(A) The owtput is taken fromt

(B) There is 180° phase shif input and output voltages
(C) There is no phase shift between input and outpul voltages

(D) Bath p-n junctions ar biased

A 3X3 matrix haﬁ%ts such that its trace is 11 and its determinant is 36. The eigenvalues of
t

the matrix are@l be positive integers. The largest eigenvalue of the matrix is
(A) 18 (B) 12 €9 (D) 6

A heﬂ e\fi N el

. ical top is rotating about its own axis of symmetry (the z-axis). If 1,,1, and I,




L]

—_—_—

Tt an a potential barrier, given by

= E s incident from ke
; i th 3 inct
Q.13 An electron with energy Vix)=0 for £ <0
= V. farx > 0
Q
as shown in the figure,
. Vix)
A @
;s O
Y ©
x %@
0
For E <V, the space part of the wavefunction for x> 0 isof the f@)
- : —iax

(A) %7 (B) e %% © £%° P

where @ is a real positive quantity.
Q4 M L. L and L are respectively the X y and 2 compm@ ulur momentum operator L,

the commutator [L‘ L. L::I is equal to \

(A) i(L +L2) (B) 2ihL, (©) L) (D) O
Q.15 The normalized ground state wavefun%@f a hydrogen atom is given by

wn= : -—%;e“”“.where a is the BCN and r is the distance of the electron from the

Jar @
nucleus, located at the origin. The expettation value (—%—) is
r
* S @
87 4 4 2
) =1 (8) —é’% © ) =
a a a a

Q.16 Two charges g and 2q are %ng the x-axis i front of a grounded, infinite conducting plane,

as shown in the figure; They afe located respectively at-a distance of 0.5 m and 1.5 m from the

plane. The force acting o% arge g is

S

@ 4 - 2, oy
l.5m——m—m—>
|l _ | 2
(B) —2¢’ (©) ——¢* Dy ——L
4y dme, ®) drme, 2

410
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TQ.17 A uniform surface currem is flowing i : .
- .o ing in the pos ~directi i i .
plane. The direction of the magnetic ﬁew . positive v-direction over an infinite sheet lying in x-y

(A) along 1: for >0 and along -7 for > <0 ’
(B) along k.for 2> 0 and along ~k for z<0 @
(C) along "-l'” for 2> 0 and along 7 for =<0

(D)along —k for >0 and along k for z <0 @

Q.18 A magnetic dipole of dipole moment # is placed in & non-uniform mngnetic@ﬁ'- If the

position vector of the dipole is 7, the torque acting on the dipole about the origin is o
(A) Fx(ixB) (B) FxV(m-B) @
(C) mxB (D) mx B+ FxV(#-B

Q.19 Which of the following espressions for a vector potential A D@ % represent a uriform

magnetic field of magnitude B, along the z-direction?

(A) A=(0.Byx,0) (B) )i:(-.)

(C A= —-2--,..0_‘0 i») = '__0_... 1
) ( 7 ] (D} e 0)

Q.20 A neutron passing through a detector is detected becaus

(A) the ionization it produces \
(B) the scintillation light it produces
(C) the electron - hole pairs it produces %

(D) the secondary particles produced in clear reaction in the detector medium

Q.21 An atom with one outer electron h, iital angular momentum ! is placed in a weak rhagnetic
field. The number of energy levels. ich the higher total angular momentum state splits, is

(A) 2! +2 @é@ (B) 20+

Q
Dya-1

(2 ®

Q.22 For a multi-elect I, L and S specify the cne-electron orbital angular momentumn, total
i um)and total spin angular momentum, respectively. The selection rules for

he two electronic energy levels, specified by /. L and S are

electric dipol ition between (
. 0; Al =0, £l (B)AL =0, £}; AS=0; Al =zl
cAS = +1; Al =0, £! (DYAL =0, 21; AS==x1; Al = %l

ree-dimensional crystal having N primitive unit cells with a basis of p atoms, the number of

branches is

(B)3p (C) 3p-3 (D) 3N -3p
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Q.24 For an inrinsic semiconductor. m, and m, are respectively the effective masses of electrons ang
[ the Fermi leve) ©

holes neur the corresponding band edges Ata finite temperature. the position o
(A) depends on m, but not on m, @

(B) depends on m, butnoton m,
(C) depends on hoth m_ and m,
(D) depends neither on m, noron m,

Q.25 In the following circuit, the voltage across and the current through the 2 k

500 Q 1 kO

AN A~

20V

R{JAY Z

S

L

(A)20 V, 10mA (B)20 V,5 mA , 10 mA (D) 10V,5mA

Q. 26 to Q. 55 carry two marks each. &

Q.26  The unit vector normal to the surface @ =1 at the point P(1,1,1) is
i+j-k )2+ Qf 1+2]—k A +2j-k
i+2j-k D) J-k

Ay L2
J§ - J6 3

radius a, closed at both ends, centered at the origin. Let

Q.27 Consider a cylmdcr of héi ¢

F=ix+ jy+kz be [he ector and 7 a unit vector normal to the surface. The surface
integral J. F-fids over ed surface of the cylinder is
z -

2
e (a+h) (B) 3za*h
(C) 2na*h (D) zero
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Q38 Thesolutions to the ﬂdlmnﬂg[ equalion
X
dx y+l “
are a family of
(A) circles with different radii
(B) circles with different centres
(C) straight lines with different sl
(D) straight lines with di Lo
. ith different intercepts an the y-axis
Q%8 A particle is moving under the action of a generalized potential <
Vig.g=L2 @
, q
Tho magnitude of the generatized farce is
201+ ) 21 - @@ ;
) q q q
Q.30 Two bodies of mass m and 2 are connected by a spring.of 0 stant k. The frequency of the
normal mode is
(A N3k /2m (B) vk/m (%) (D) Vki2m
Q.31 Let (p.g)and (P.Q) be two pairs of canonical yariables. The transformation
Q=q" cos(B
P= qa sin( ﬁ
is canonical for &
Ay a=2 =112 B a=2 0 ©€) a=], =1 o) a=1/2, =2
Q.32 Two particles, each of rest mass ead-on and stick together. Before collision, the speed of
each mass was 0.6 times the spe%' ht in free space. The mass of the final entity is
(A) 5mi4 (g) (C) 5m/2 D) 25mi8
Q.33 The normalized eigenstate% icle in a one-dimensional potential ‘well

0 if0£x<a

{w otherwise
are given by @
Q w,(x)= Jg sin (Eﬂj , where n=1,2,3,++
T NXa a
subjeeted to a perturbation

Vix)=V, COS(E] for 0<x g%
a

=( otherwise
hift in the ground state energy due to the perturbation, in the first order perturbation theory, is
' Yo v,
o 0% o
3z 37 An
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Q.M

Q35

Q.36

Q.37

If the isothermat compressibility of a solid & A = 107 (Pa)'. the pressure required to incregse
its density by (% is approximately . .
1A) 10° Pa (B) 10* Pa ¢ t0* Pa (D) 10" Pa

A system of N non-interacting and distwguishable  particles of spin | 15 in the
equilibrium. The entropy of the system is

(A) 2k, In N (B) M, In N () Nk in2 (D) Nk@

A system has two energy levels with energies &€ and 2¢. TT}G IGWO}' leveliis 4<old 978@“;:
while the level is doubly degenerate. If there are N non-interacting classical panticles in
upper leve) 1s Coubly (eg the fb of particles in the

system, which 1s in thermodynamic equilibrium at a temperature 7,
upper level s

* ! Q%
() l D) )

\

A spherical conductor of radius a is placed in a unic field £ = Eoi.: . The potential a1 a

pownt P(r.0) for r > a . is given by o
3
a
@{(r.8) = constant ~ £, %2 cosé

r
where 7 is the distance of P from the ccn@& sphere and & is the angle OP makes with the

Yramuc

2-2XIS.

P

Qphew at §=30°is

The charge den
(8) 3V3EEN2 N (B) 36,E, 12 ©) 3&,E, 12 (D) &,E, 12

single particle nuclear shell model, the spin-parity of the ground state of 'O is

3" 2t R
(B) = 3 5
(C) — ‘ d

2 ) 5 (D) 5
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Q.39

Q40

Q.41

Q42

Q.43

Q.44

Q.45

m

In the A-decay of neutron n —+ pre +0
infarred from the measurement of

(A) energy distnibution of electrons
(B) angular distribution of electrons
(C) helicity distribution of electrons @

- the anti-neutrino ¥, escapes detection. Its existence is

(D) forward-backward asymmetry of electrons

The isospin and the strangeness of Q- baryon are
%@

(A) 1,-3 (B) 0.-3 (©) L3 (D) (@
Thc Ii;fctime of an atomic state is | nanosecond. The natural line width spectral line in the
emission spectrum of this state is of the order of

(A) 107" eV (B) 10™ eV %
(C) 107 eV (D) 107 eV
The degeneracy of an excited state of nitrogen atom haviné& configuration 15>2522p*3d’ is

(D) 150

(A)6 (B) 10 (C) L3 <§

The far infrared rotational absorption spectrum of a di tom%c olecule shows equidistant lines with
spacing 20 cm™ . The position of the first S es@m the rotational Raman spectrum of this
molecule is '

(A) 20 cm™ (B) 40 cm™ @(@0 em” o) 120:3;;1*1

A metal with body centered cubic axc% e shows the first (i.e. smallest angle) diffraction
peak at a Bragg angle of 8=30°. T ength of X-ray used is 2.1 A. The volume of the
PRIMITIVE unit cell of the metal 1

(A) 26.2 (A)* (B) 13.1 (©) 9.3 (A) (D) 4.6 (AY
In the following circuit, ’ﬁ% are identical transistors having Vas = 0.7 V. The current

passing through the tran sis% is

100€ Tr2

_:___4-_5‘1 Qi

)Tl

(B) 50 mA (C) 48 mA (D) 43 mA
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Q.46 The following Boolean expression _ L
Y=Ao§oEoE+EoBofoD*Z-EoE.U+Eu§o(i‘o£)+A eBeleDrAsBe("o])
can be simplified to

(AYAeBeCi+AeD (B) AsBeTU +A®D
(CY AsBeC +AeD (D) AeBeC+AeD

@

Q47 Consider the following circuit.

1 kQ 4kQ
W ANANP
. +10V
- +
"
viu - Vl:n.ll

o
2 v F

A - - -

1 3

i : H ! : P . E ; ; ; i
S A RS N Y +10V Fiaket o -
Hov po) é ;
Yout 1 ' L Vour ' : —>
T T T B IR
10V | 1y A = -10v | SR NS N
(D)
+5V
VLS Z,\______E - _E
Vin / \ ] \% >
-2V ZL-——--\-\-/{-L-«-\timc
T
i
-‘sv [T T A P --d—_q—r -
10V il i ol o —
Vout . =
T
time
-0V L - -

10w
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“Common Data Questions

“Poromon Data for Questions 48 and 49

_zsing

Oensider a function f(z) = ony of a complea variable z. @

QA8 Which of the following statements is TRUE for the function f(z)? @
(A) f(2) is analytic everywhere in the complex plane Q

(B) f(2) hasa zeroat : =5
{C) f(2) has a pole of order 2 at

I=n
(D) f(z)has asimple pole at z =2 Q

Q49 Consider a counterclockwise circular contour |z]=1 about the % s integral ff (2)dz over

this contour is

(A) —inm (B) zero (C) m o 2ir

Common Data for Questions 50 and 51: @

The tight binding energy dispersion ( £-&) relation for el o t0> a one-dimensional array of atoms having
lattice constant @ and total fength L is

0 B- 2r
where E,, f and y are constants and k!s the w

Q.50  The density of states of electrons (in pin degeneracy) in the band is given by

L
(A) ___ﬂya sintka )" %§§ 2717:1 sm(ka)

) ———
Zzzra cos(ka) <> nye cas(]ca)
Q.5) The effective mass rls in the band is given by
h!
B) —s—7 =
&) ya’ cos(ﬁi § 2ya’ cos(ka)
hz
© e n(% ®) e sintka)
Q

11220
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Linked Answer Questions

Statement for Linked Answer Questions 52 and 53

<&
In 2 one-dimensional harmonic oscillator, @, @, and ¢, are respectively the ground. first and the second
excited states. These three states are normalized and are orthogonal to one another.

¥, and i, are two states defined by @

v, =@, 29 +30,;

V=R -RTaP
Q&

where ¢ is a constant,
Q.52  The value of « for which y, is orthogonal to ¥, is @

(A) 2 ® 1 (€ -l C%Q-?

Q.53  For the value of e determined in Q. 52, the expectation value o of the oscillator in the state

" O
(A) ho (B) 3hw/?2 (C) 3A (D) 9aw/2

Statement for Linked Answer Questions 54 and 55: @

A plane electromagnetic wave has the magnetic ﬁel{:lQ

B(x,y,z,t)= B, sin [(x

where & is the wave number and [ ,} and k& the Cartesian unit vectors in x, ¥ and z directions,
respectively. @
Q.54 The electric field E(x,y,2,1)co ing to the above wave is given by

- -y

i

) k k
A) ¢B,sin| (x+ y}—== B) ¢B, si _
( 0 [ JEOL (B) ¢ osm[(x+y)ﬁ+a)r

(C) ¢B, sin[(x+ -4 %

Q.55 The average P&@w is given by
) e (—'@ @) -Bo -]
2y N2, 2 2

k]

By (T +))
(D) ——2 2 J7
Zun ,/2

(D) eBysin [(x-i- y)—%+ wt

b

3
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General Aptitude (GA) Questions

Q. 56 - Q. 60 carry one mark each,
Choose the mos ; : .
sentence. >t appropriate word from the options given below 1o complete the“following

Q.56

Q.57

Q.58

Q.59

Q.60

Q.61

————— e e .. PH

If you are ¢
y ryiug to make a strong Impression on your audience, you cannot d being

understated, tentative or
(A) hyperbolic
(B) restrained | v

(C) argumentative

(D) indifferem @

Choose the most g ropriste . ) _ .
sentence. Ppropriate word(s) from the options given be]o mplete the following

Icontemplated Singapore for my vacation but dec@? st it.

(A) to visit

(B) having to visit

(C) visiting

(D) for a visit N

If Log (P) = (1/2)Log (Q) = (1/3) Log (R), then which 6Fthe fallowing options is TRUE?

(A) P*= Q'R (B) Q*= PR © q ) R=PQ
Which of the following options is the closest in ng to the word below:

Inexplicable \
(A) Incomprehensible

(B) Indelible @
(C) Inextricable &

(D) Infallible @
Choose the word from the options u.g) ow that is most nearly opposite in meaning to the given

word:
Amalgamate

(A) merge @
(B) split Q x

(C) collect

@

(D) separate
Q. 61 to Q. 65 carry t@%ﬂ(s each.
the same number of orders each day. Currently, he has some pending orders

%‘ ped. If he uses 7 trucks, then at the end of the 4th day be can clear all the
ély, if he uses only 3 trucks, then all the orders are cleared at the end of the 10th

rativel y
'nimum number of trucks required so that there will be no pending order at the

(B)5 () o6 (D) 7

acturi ' i ton V= 4q, where q
V) of manufacturing a product varies according to the equation V=dq .

abtlf( coilofluged. The fixed cost (F) of production of same product reduces with q according
o = 100/q. How many units should be produced to minimize the total cost (V+F)*?

(B) 4 ()7 D) 6
&7 1]

PH
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Q.03

Q.64

Q.65

P. Q. R and .5 are t'm'n‘ types of dang_emua micrubes recently found in @ buman habitat, The area of
each cu:cle wu_h its duumcle_r p.nmed in brackets represents the growth of a single microbe surviving
human tmmunity system within 24 hours of entering the body The danger to human beings varie:r;Q

proportionately with the toxicity, potency and growth attributed to a microbe shown i:(@rc
(N

below:
P (50 mm) @

:

s 3

F =3

o

o
|

8

of

() R (30 mm) ﬁ(\\%/’\s (20 mm)

Q7"

02 0.4 @ 0.8 1
Potency

(Probability that mic ob%%rcome human immunity system)

half of the body mass in kilograms)

' Toxicity
(milligrams of microbe required to destroy

A pharmaceutical company is contempl development of a vaccine against the most
dangerous microbe. Which microbe should t mpany target in its first attempt?

Q)P (B)Q (C)R D)s )
ufiit on-how to deal with bereavement and grief, and vet all

Few school curricula include
students at some point in their er from losses through death and parting.

Based on the above passage @:@ ic would not be included in a unit on bereavement?
ondole

(A) how 1o write 2 I:fftu:r<> nce
(B) what emotional sta%{ ssed through in the healing process

s of death are
a grieving friend

(C) what the leading
(D) how to give su
A container o allyw contains 10 litres of pure spirit. From this container 1 litre of spirit is

f water. Subsequently, 1 litre of the mixture is again replaced with 1 litre of

replaced wi
water and thi ss is repeated one more time. How much spirit is now left in the container?
Q (B) 7.84 litres (C) 7 litres (D).7.29 litres
END OF THE QUESTION PAPER
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