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NET June 2017
PART A
An ant starts at the origin and moves along the y -axis and covers a distance |. This is its
first stage in its journey. Every subsequent stage requires the ant to turn right and move a
distance which is half of its previous stage. What would be its coordinates at the end of
its 5™ stage?

3l 13l 131 3l
@ (E’Ej (b) (E’E]

131 3l 3l 13l
© (?’E] (@) (E’?)

In a group of siblings there are seven sisters and each sister has one brother. How many
siblings are there in total?
(@ 15 (b) 14 (c) 8 (d) 7

What is the average value of y for the range of x shown in the following plot?

@o0 (b) 1 ()15 (d) 2

A bread contains 40% (by volume) edible matter and the remaining space is filled with
air. If the density of edible matter is 2 g/cc, what will be the bulk density of the bread (in
g/cc)?

(@) 0.4 (b) 0.8 (c)1.2 (d) 1.6

A board has 8 rows and 8 columns. A move is defined as two steps along a column
followed by one step along a row or vice-versa. What is the minimum number of moves
needed to go from one corner to the diagonally opposite corner?

(@ 5 (b) 6 ()7 d) 9
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Q6.

Q7.

Q8.

Qo.

Q10.

Q11.

A job interview is taking place with 21 male and 17 female candidates. Candidates are
called randomly. What is the minimum number of candidates to be called lo ensure that at
least two males or two females have been interviewed?

(a) 17 (b) 2 (c) 3 (d) 21

The graph shows cumulative frequency % of

research scholars and the number of papers o\;/\loo
published by them. Which of the following 5 5 80

. =5 60
statements is true? 2o
(a) Majority of the scholars published more than 4 % % :8
papers. E é

3 i 3} 02 46 8 10

(b) 60 % of the scholars published at least 2 papers. NUmber of papers
(c) 80 % of the scholars published at least 6 papers. published

(d) 30% of scholar’s have not published any paper.
A tells only lies on Monday, Tuesday and Wednesday and speaks only the truth for the
rest of the week. B tells only lies on Thursday; Friday and Saturday and speaks only the
truth for the rest of the week. If today both of them state that they have lied yesterday,
what day is it today? /
(a) Monday (b) Thursday (c) Sunday (d) Tuesday
A fair die was thrown three times and the outcome was repeatedly six. If the die is thrown
again, what is the probability of getting six?
(@) 1/6 (b) 1/216 (c) 1/1296 (d)1
Which is the odd one out based on a divisibility test?

154, 286, 363, 474, 572, 682
(@) 474 (b) 572 (c) 682 (d) 154
My birthday is in January. What would be a sufficient number of questions with
“Yes/No’ answers that will enable one to find my birth date?
(@) 6 (b) 3 ()5 d) 2
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Q12.

Q13.

Q14.

Q15.

Q16.

A square is drawn with one of its sides as the hypotenuse of a right angled triangle as
shown in the figure. What is the area of the shaded circle?

257 2 257 2

(@) Tcm (b) Tcm 257, 257,

(©) Tcm (d) Tcm

What should be added to the product of the two numbers 983713 and 983719 to make it
a perfect square?

(@ 9 (b) 13 (c) 19 (d) 27

In AABC, AB=AC and ZBAC =90°; EF ||AB and DF ||AC . The total area of the

shaded region is A
D

B C

(@) AF?/2 (b) AF? (c) BC?*/2 (d) BC®
Consider a circle of radius r. Fit the largest possible square inside it and the largest
possible circle inside the square. What is the radius of the innermost circle?

r
27Zx/§

In how many ways can you place N coins on a board with N rows and N columns

@) r/~2 (b) zr /-2 (©) d) r/2

such that every row and every column contains exactly one coin?

@ N (b) N(N-1)(N-2)...2x1

(c) N2 (d) NV
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Q17.

Q18.

Q19.

Q20.

Two identical wheels B and C move on the periphery of circle A. Both start at the same
point on A and return to it, B moving inside A and C outside it. Which is the correct

statement?
A C

(@) B wears out 7 times C “

(b) C wears out 7 times B
(c) B and C wear out about equally
(d) C wears out two times B

Which of the following is the odd one out?

(a) Isosceles triangle (b) Square

(c) Regular hexagon (d) Rectangle

Find the missing word: A, AB,......, ABBABAAB

(@) AABB (b) ABAB (c) ABBA (d) BAAB

A 100 m long train crosses a bridge 200 m long and 20 m wide bridge in 20 seconds.
What is the speed of the train in km/hr?
(a) 45 (b) 36 (c) 54 (d) 57.6
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Q21.

Q22.

Q23.

Q24.

Q25.

PART B
Which of the following can not be the eigenvalues of a real 3x3 matrix
(a) 2i,0,—2i (b) 1,1,1 (c) e’ e 1 (d)i,1,0

Let u(x,y)=e*cos(by) be the real part of a function f(z)=u(x,y)+iv(x,y) of the
complex variable z = x+1iy, where a,b are real constants and a = 0. The function f (z)

is complex analytic everywhere in the complex plane if and only if

@) b=0 (b) b=+a (c) b=+27a (d) b=a+2r
irzl2

The integral <]5r T ] dz along the closed contour I" shown in the figure is

Lo y

A
I
X
@ 0 (b) 27 () —2x (d) 4ri
The function y(x) satisfies the differential equation x%+2y _COSTX ¢ y(1)=1, the
X

value of y(2) is
@) 7 (b) 1 () 1/2 (d) 1/4

The random variable x(—oo< x<oo) is distributed according to the normal distribution

P(x) = p e 2o° The probability density of the random variable y = x* is
270°
(8) —e "> 0<y<w (b) —1 e 0<y<o
27’y 2\ 2710°y
1 -yl20? 1 -ylo?
——e V"% 0<y<w (d) ————=e"7"7, 0<y<w

© V20? \27o?y
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Q26.

Q27.

Q28.

Q29.

Q30.

The Hamiltonian for a system described by the generalised coordinate x and generalised
momentum p is

2

P
2(1+25x)

H=ax’p+ +%a)2x2

where «, f and @ are constants. The corresponding Lagrangian is

(a) %()‘(—axz)2 (1+ Z,Hx)—%cozx2 (b) m% —%a)zx2 —ax*x
©) %(x2 —a’x) (L+ Z,Bx)—%a)zxz (d) m;(z —%a)zxz +axix

An inertial observer sees two events E, and E, happening at the same location but 6 us
apart in time. Another observer moving with a constant velocity v (with respect to the
first one) sees the same events to be 9 us apart. The spatial distance between the events,
as measured by the second observer, is approximately

(@) 300 m (b) 1000 m (c) 2000 m (d) 2700 m

A ball weighing 100 gm, released from a height of 5m, bounces perfectly elastically off
a plate. The collision time between the ball and the plate is 0.5s. The average force on
the plate is approximately

(@ 3N (b) 2N (c) 5N (d) 4N

A solid vertical rod, of length L and cross-sectional area A, is made of a material of

Young’s modulus Y . The rod is loaded with a mass M , and, as a result, extends by a

small amount AL in the equilibrium condition. The mass is then suddenly reduced to

M /2. As aresult the rod will undergo longitudinal oscillation with an angular frequency

(a) V2YA/ ML (b) YA/ ML
(©) 2YAIMAL (d) JYAIMAL

If the root-mean-squared momentum of a particle in the ground state of a one-

dimensional simple harmonic potential is p,, then its root-mean-squared momentum in

the first excited state is

@ pov2 (b) p,v/3 () p,v2/3 (d) p,v/3/2
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Q31.

Q32.

Q33.

Q34.

Consider a potential barrier A of height V, and width b, and another potential barrier B
of height 2V, and the same width b. The ratio T, /T, of tunnelling probabilities T, and
T, through barriers A and B respectively, for a particle of energy V,/100 is best

approximated by

@) exp[(m ~/0.99) /Bmv,p? /47 J (b) exp[(m ~/0.98)JBmV,b? /72 }
(c) exp[(\/ﬁ—\/@)\m mV,b? /hz} (d) exp[(\/ﬁﬂ/ﬁ)ﬁ mV,b? /hz}

A constant perturbation H' is applied to a system for time At (where H'At<<h)

leading to a transition from a state with energy E; to another with energy E;, . If the time

of application is doubled the probability of transition will be

(a) unchanged (b) doubled (c) quadrupled (d) halved
a b

The two vectors (Oj and (c] are orthonormal if

(@) a=+1 b=+1/~/2, c=+1//2 (b) a=+1 b==1 c=0

(c)a=+1,b=0,c=+1 (da=+1,b=41/2,¢c=1/2

Two long hollow co-axial conducting cylinders of radii R, and R, (R, <R,) are placed

in vacuum as shown in the figure below.

The inner cylinder carries a charge +4 per unit length and the outer cylinder carries a

charge —A4 per unit length. The electrostatic energy per unit length of this system is

A° A°

(a) p In(R,/R,) (b) 4”€O(R2/Rl)
A 5
) rpy In(R,/R,) (d) T e, In(R,/R,)
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Q35.

Q36.

Qa37.

Q38.

A set of N concentric circular loops of wire, each carrying a steady current | in the

same direction, is arranged in a plane. The radius of the first loop is r, =a and the radius
of the n" loop is given by r. =nr,_,. The magnitude B of the magnetic field at the centre
of the circles in the limit N — oo, is

(@) 11, (€* 1)/ 4ra (b) w4l (e-1)/7a

(©) ol (e*-1)/8a (d) w4l (e—1)/2a

An electromagnetic wave (of wavelength 4, in free space) travels through an absorbing

medium with dielectric permittivity given by ¢ =g, +ig, where i:@_ If the skin
€r

depth is 4& the ratio of the amplitude of electric field E to that of the magnetic field B,
7T

in the medium (in ohms) is
(a) 120 7 (b) 377 (c) 30v2 7 (d) 307
The vector potential A=ke ®rf (where a and k are constants) corresponding to an
electromagnetic field is changed to A’ =—ke™rf. This will be a gauge transformation if
the corresponding change ¢'—¢ in the scalar potential is
(a) akr’e™ (b) 2akr’e™ (c) —akre™ (d) —2akr?e™
A thermodynamic function
G(T,P,N)=U-TS+PV
is given in terms of the internal energy U , temperature T , entropy S, pressure P,

volume V and the number of particles N . Which of the following relations is true? (In

the following « is the chemical potential.)

oG oG oG oG
a) S=—— b) S=— QV=-—"""T d) y=-—
( ) aT N,P ( ) oT N,P ( ) oP N,T ( ) a oN PT
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Q39. A box, separated by a movable wall, has two compartments filled by a monoatomic gas

C .
of ap =y . Initially the volumes of the two compartments are equal, but the pressures are

3R, and P, respectively. When the wall is allowed to move, the final pressures in the two

compartments become equal. The final pressure is

2Y 2Y 1, v 3 Y
(@) (gj P, (b) 3@ R, © 5(1+37) R (@ (W) R,

Q40. A gas of photons inside a cavity of volume V is in equilibrium at temperature T . If the
temperature of the cavity is changed to 2T , the radiation pressure will change by a factor
of
(@) 2 (b) 16 (c) 8 d) 4

Q41. In a thermodynamic system in equilibrium, each molecule can exist in three possible

states with probabilities 1/2,1/3 and 1/6 respectively. The entropy per molecule is

@) k, In3 (b) %kB In2+§kBIn3
©) %kB In2+%k8 In3 (d) %kB In2+%k8 In3

Q42. In the n-channel JFET shown in figure below, V, =-2V, C =10pF, V,, =+16V and
RD =2kQ. EVDD

If the drain D - source S saturation current 1, is 10mA and the pinch-off voltage V, is
—8V , then the voltage across points D and S is

(a) 11.125V (b) 10.375V () 5.75V (d) 4.75V
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Q43. The gain of the circuit given below is L :

Q44.

Q45.

oRC

ground

The modification in the circuit required to introduce a dc feedback is to add a resistor

(a) between a and b

(b) between positive terminal of the op-amp and ground

(c) in series with C

(d) parallel to C

A 2x4 decoder with an enable input can function as a

(@) 4x1 multiplexer (b) 1x4 demultiplexer

(c) 4x2 encoder (d) 4x2 priority encoder

The experimentally measured values of the variables x and y are 2.00+0.05 and

3.00+0.02 respectively. What is the error in the calculated value of z =3y —2x from the

measurements?
(@) 0.12 (b) 0.05 (c) 0.03 (d) 0.07
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PART C
Q46. The Green’s function satisfying

2

Wg(X,XO)Zé'(X—XO)

with the boundary conditions g(-L,x,)=0=g(L,X,), is

i(x()—L)(XJrL), -L<x<x, i(XO+L)(X+L), —L<x<X,
Z(xoer)(x—L), X, <X<L Z(XO—L)(X—L), X, <X<L
1
—(L=%)(x+L), -L<x<x
2L 1

(c) . (d) Z(X—L)(X-l—L), -L<x<L
Z(xO+L)(L—x), X, <X<L

Q47. Let o,,0,,0, be the Pauli matrices and Xo +Yy'o, +7'0, :exp['egZ ]x
0o,

[xax+yay+wz}exp |

Then the coordinates are related as follows
x! cosd -singd 0)(x X' cosd singd 0)(x

@ |y |=|sin@ cosé O0||y (b) |y |=|-sin@ cos@ O]y
Z' 0 0 15}z Z' 0 0 1)\z

cosg sing 0 cosg —sing 0

ARV s o |[*

c)|y |=|-sin= cos— O d |y [=|sih=— cos— O

(c) y' 5 > y (d) y' 5 5 y
: 0 0o 1|\f g 0 0 1|\f

Q48. The interval [0,1] is divided into 2n parts of equal length to calculate the integral

i . . 1 . ..
_[:e'z”xdx using Simpson’s 3 rule. What is the minimum value of n for the result to be

exact?

(@) o (b) 2 (€3 (d) 4
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Q49.

Q50.

Q51.

Q52.

Which of the following sets of 3x3 matrices (in which a and b are real numbers) forms

a group under matrix multiplication?

1 0 a 1 a 0

@-</0 1 0f; a,beR (b)<{0 1 b|; abeR
b 0 1 0
1 0 a 1 a 0

()40 1 Db|; abeR d</b 1 0; abeR
0 01 0 01

The Lagrangian of a free relativistic particle (in one dimension) of mass m is given by

L =-—m+y1-%* where x=dx/dt. If such a particle is acted upon by a constant force in
the direction of its motion, the phase space trajectories obtained from the corresponding
Hamiltonian are
(@) ellipses (b) cycloids

(c) hyperbolas (d) parabolas

A Hamiltonian system is described by the canonical coordinate q and canonical
momentum p. A new coordinate Q is defined as Q(t)=q(t+7)+ p(t+7), where t is
the time and 7 is a constant, that is, the new coordinate is a combination of the old
coordinate and momentum at a shifted time. The new canonical momentum P (t) can be
expressed as

@ p(t+7)-q(t+7) (b) p(t+7)-q(t-7)

(©) %[p(t—r)—q(wr)] (d) %[p(t+r)—q(t+1)]

The energy of a one-dimensional system, governed by the Lagrangian

where k and n are two positive constants, is E,. The time period of oscillation

satisfies

1 1-n 1 n-2 1 I+n

1 LI L on=2 Lo Ln
(@ rock ™ (b) 7ck NES (€) Tock 2ME2 (d) 7ock "E>2"
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Q53.

Q54.

Q55.

An electron is decelerated at a constant rate starting from an initial velocity u (where

u<<c) to u/2 during which it travels a distance s. The amount of energy lost to

radiation is
1,e°U° b 1,e°U° . 1,€°U d 1,€°U
3zmc?s 67rmc?s 87zmcs 1677mcs

The figure below describes the arrangement of slits and screens in a Young’s double slit

experiment. The width of the slitin S, is a and the slits in S, are of negligible width.

S1 SZ
O
PEEGES S flo-.....18
O
— J 3
If the wavelength of the light is 4, theaaly ‘—OJd for which the screen would be dark is

aY b |(a) a(by ab
@ b,/(zj -1 (b) E"(E] -1 (©) E(E) (d) =

A constant current | is flowing in a piece of wire that is bent into a loop as shown in the

figure. Y
« b
i A
2b ' a
el
Y 1 2a
A 1 v
»12a 1:-0 > > X
«—bh—re—ph—>»

The magnitude of the magnetic field at the point O is

w2 ml (11
@ 472'\/§|n£bj (®) 472\/5(3 bj

(1 ! (1
© 47[\/5(3J @) 4%\/§(bj
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Q56.

Q57.

Q58.

Q59.

Consider the potential
V(F)=>V,a%s® (r - )

where T, are the position vectors of the vertices of a cube of length a centered at the

2
origin and V, is a constant. If V,a’ <<h—, the total scattering cross-section, in the low-
m

energy limit, is

mV.a® 16a2 ( mv.a? Y

(a) 16a2(h—gJ (b) ~ ( hg j
64a%(mv.a? )’ 64a’( mV.a®
(c) . ( h% J (d) 2 h‘;

The Coulomb potential V(r):—ezlr of a hydrogen atom is perturbed by adding

H'=bx* (where b is a constant) to the Hamiltonian. The first order correction to the

ground state energy is

(The ground state wavefunction is w, = e™"%)

3
ma;

(a) 2ba? (b) ba? (c) baZ /2 (d) </2ba?
Using the trial function
A(a*-x*), -a<x<a
()= A ) e
0 otherwise

the ground state energy of a one-dimensional harmonic oscillator is

@) ho (b) \/gha) (©) %ha) (d) \/gha)

In the usual notation |n|m> for the states of a hydrogen like atom, consider the
spontaneous transitions |210) —[100) and |310) —[100). If t, and t, are the lifetimes

. . . ot .
of the first and second decaying states respectively, then the ratio t—l is proportional to
2

32’ 27’ 2\ 3\
o[z o (%) @ 3) o3)
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Q60.

Q61.

Q62.

Q63.

A random variable n obeys Poisson statistics. The probability of finding n=0 is 10°.

The expectation value of n is nearest to

(@) 14 (b) 10° (c) e (d) 10°

The single particle energy levels of a non-interacting three-dimensional isotropic system,

labelled by momentum k , are proportional to k®. The ratio P/ e of the average pressure

P to the energy density < at a fixed temperature, is

(@ 1/3 (b) 2/3 (1 (d) 3

The Hamiltonian for three Ising spins S, S, and S, , taking values %1, is
H=-JS,(S,+S,)

If the system is in equilibrium at temperature T , the average energy of the system, in

terms of 5 =(k,T) ", is

1+cosh(28J)
(a) —W (b) -2 ':1+C03h(2,8‘] )]
N sinh(23J)
©) =215 @ 1+cosh(2/33)

Let 1, be the saturation current, » the ideality factor and v. and v, the forward and
reverse potentials respectively, for a diode. The ratio R, /R. of its reverse and forward
resistances R, and R_, respectively, varies as (In the following kg is the Boltzmann

constant, T is the absolute temperature and q is the charge.)

qve qQVe
(a) —Fexp{ ” Tj (b) —Rexp[nkBTJ

qVe QVe
(©) —FeXp( " T} (d) exp( UkBTj
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Q64. Inthe figures below, X and Y are one bit inputs. The circuit which corresponds to a one
bit comparator is

(@) ?T%}'_ X <Y

}'_X >Y

X_
——— X >Y
(b) N —
X =Y
Y —X <Y

© D
X=Y

X_

@ sy

Y
!
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Q65. Both the data points and a linear fit to the current vs voltage of a resistor are shown in the

graph below. 1
B
e °
I
0 V (volts) 25

If the error in the slope is 1.255x107° Q™ then the value of resistance estimated from the

graph is
(a) (0.04£0.8) O (b) (25.0£0.8) ©
(c) (25£1.25) O (d) (25+0.0125) O
Q66. In the following operational amplifier circuit C,, =10nF, R, = 20kQ, R, =200kQ and
R
C: =100 pF . A
i
|
R G
v
in —O\/

The magnitude of the gain at a input signal frequency of 16kHz is
(a) 67 (b) 0.15 (c) 0.3 (d) 3.5
Q67. An atomic spectral line is observed to split into nine components due to Zeeman shift. If

the upper state of the atom is °D, then the lower state will be
(a) °F, (b) °F, (©) R (d) °P,
Q68. If the coefficient of stimulated emission for a particular transition is 2.1x10" mW *s~®

0
and the emitted photon is at wavelength 3000 A, then the lifetime of the excited state is

approximately
(@) 20ns (b) 40ns (c) 80ns (d) 100ns
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Q69.

Q70.

Q71.

Q72.

Q73.

If the binding energies of the electron in the K and L shells of silver atom are 25.4keV
and 3.34keV , respectively, then the kinetic energy of the Auger electron will be

approximately
(@) 22keV (b) 9.3keV (c) 10.5keV (d) 18.7keV

The energy gap and lattice constant of an indirect band gap semiconductor arel.875 eV
and 0.52nm, respectively. For simplicity take the dielectric constant of the material to be

unity. When it is excited by broadband radiation, an electron initially in the valence band

at k =0 makes a transition to the conduction band. The wavevector of the electron in the
conduction band, in terms of the wavevector k_,, at the edge of the Brillouin zone, after
the transition is closest to

(@) k,, /10 (b) k. /100 (c) k., /1000 (d)o

The electrical conductivity of copper is approximately 95% of the electrical conductivity
of silver, while the electron density in silver is approximately 70% of the electron

density in copper. In Drude’s model, the approximate ratio z, /z,, of the mean collision

time in copper (7, ) to the mean collision time in silver (7, ) is

(@) 0.44 (b) 1.50 (c) 0.33 (d) 0.66
The charge distribution inside a material of conductivity o and permittivity € at initial

time t=0is p(r,0)= p,, a constant. At subsequent times p(r,t) is given by

@ Py exp[—%j ®) 5 {1+exp(%tﬂ

© —2—— (@) pocosh &
[ (O‘t ﬂ €
1-exp| —
S
If in a spontaneous « - decay of 5°U at rest, the total energy released in the reaction is

Q, then the energy carried by the « - particle is
(@) 57Q/58 (b) Q/57 (c) Q/58 (d) 23Q/58
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Q74. The range of the nuclear force between two nucleons due to the exchange of pions is

Q75.

1.40 fm . If the mass of pion is 140MeV /c* and the mass of the rho-meson is

770MeV /c?, then the range of the force due to exchange of rho-mesons is

(@) 1.40 fm (b) 7.70 fm (c) 0.25 fm (d) 0.18 fm
A baryon X decays by strong interaction as X — =" + 7~ +z°, where =" is a member

of the isotriplet (Y,ZO,Z‘). The third component |, of the isospin of X is

@ 0 (b) 1/2 (©) 1 (d) 3/2
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