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Dur ati on: Three Hours Maxi mumMarks: 100

Read thefollowinginstructionscar efully.

1. Thisquestion paper contains 24 printed pages inciuding pagesfor rough work. Please check all pages and
report discrepancy, if any.

2. Write your registration number, your name anc name of the examination centre at the specified locations
on theright half of the Optical Response Sheet ORS .

3. Using HB pencil, darken the appropriate bubb’2 under each digit of your registration number and the
letters corresponding to your paper code.

4. All questionsin this paper are of objective type.

5. Questions must be answered on Optical Responsz Sheet (ORS) by darkening the appropriate bubble
(marked A, B, C, D) using HB pencil against the erestion number on the left hand side of the ORS. Each
guestion has only one correct answer. In case yveu wish to change an answer, erase the old answer
completely. More than one answer bubbled agains: a question will be treated as an incorrect response.

6. There are a total of 60 auestions carrying 100 marks. Questions 1 through 20 are 1-mark questions,
questions 21 through 60 are 2-mark questions.

7. Questions 51 through 56 (3 pairs) are common dzta guestions and question pairs (57, 58) and (59, 60) are
linked answer questions. The answer to the second guestion of the above 2 pairs depends on the answer
to the first question of the pair. If the first gquestion in the linked pair is wrongly answered or is
un-attempted, then the answer to the second guestion in the pair will not be evaluated.

8. Un-attempted questions will carry zero marks.

9. Wrong answers will carry NEGATIVE marks. For Q.! 10 Q.20, % mark will be deducted for each wrong
answer. For Q. 21 to Q. 56, % mark will be dsduct=d for each wrong answer. The question pairs
(Q.57,Q.58), and (Q.59, Q.60) are questions with linked answers. There will be negative marks only for
wrong answer to thefirst question of the linked zanswer question pair i.e. for Q.57 and Q.59, % mark will
be deducted for each wrong answer. There isnc n=zative marking for Q.58 and Q.60.

10. Calculator (without data connectivity) isallowsac in the examination hall.

11. Charts, graph sheets or tables are NOT allowed in the examination hall.

12. Rough work can be done on the question parer i:s2'%. .Additionaly, blank pages are given at the end of
the question paper for rough work.
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Q.1-Q. 20 carry onemark each.

Q1

Q.2

Q3

Q.4

Q.5

Q.6

2 N3
The order of the differential equation %)'X + (i%) +yt=e? s

(A) 1 B) 2 ©) 3 (D) 4
The Fourier series of areal periodic function has only

cosine termsif it iseven
sinetermsif itiseven
cosine termsif it is odd
sinetermsif it is odd

»nwaoO T

Which of the above statements are correct ?
(A)Pand S (B)Pand R (C) Qand S (D) QandR

A function is given by f{z) = sin’ * cos2t. Which of the following istrue ?

(A) T hasfrequency componentsat 0 and 1/276 Hz

(B) T hasfrequency componentsat O and 1/76 Hz

(C) T hasfrequency componentsat 1/26 and 1/7 Hz
(D) T hasfrequency componentsat O, 1/27 and 1/76 Hz

A fully charged mobile phone with a 12 V battery is good for a 10 minute talk-time. Assume that,
during the talk-time, the battery delivers a constant current of 2 A and its voltage drops linearly from
12V to 10V as shown in the figure. How much energy does the battery deliver during this talk-time?

t
0 10 min

(A)220J (B) 12kJ (C)13.2KkJ (D)144kJ
In an n-type silicon crystal at room temperature, which of the following can have a concentration of
4X10” cm™?

(A) Silicon atoms (B) Holes (C) Dopant atoms (D) Vaence eectrons

Thefull forms of the abbreviations TTL and CMOS in reference to logic families are

(A) Triple Transistor Logic and Chip Metal Oxide Semiconductor

(B) Tristate Transistor Logic and Chip Metal Oxide Semiconductor

(C) Transistor Transistor Logic and Complementary Metal Oxide Semiconductor
(D) Tristate Transistor Logic and Complementary Metal Oxide Silicon
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1 n 1 n
Q.7  TheROC of Z-transform of the discrete time sequence x(n) = (5] u(n) —(-2-) u(-n-1) is

1 1 1 1
—<|zl<— B) |z|>— & Zl<— D) 2<]|z(<3
(A)3IZ]2 ® |z|>7 © lzl<3 | z|
Q.8  The magnitude plot of arational transfer function G(s) with real coefficients is shown below.
Which of thefollowing compensators has such a magnitude plot ?

|G(w)|

T 20dB
TN /AN

T | / T
log w

~A0dB N S

(A) Lead compensator (R) Lag compensator
(C) PID compensator (D) Lead-lag compensator

Q.9 A white noise process X (¢) with two-sided power spectral density 1x10™"° W/Hz is input to afilter
whose magnitude squared response is shown below.

X (@) | 1HD i Yo
—> >
f

—10kHz = 10kHz °

The power of the output process Y (t)isgiven by

(A) 5x107 W (B) 1x107° w (C) 2x10° w (D) 1x107° W

Q.10 Which of the following statements is true regarding the fundamental mode of the metallic waveguides

shown ?

P. Coaxial Q: Cylindrical R: Rectangular
(A) Only P has no cutoff-frequency (R) Only Q has no cutoff-frequency
(C) Only R has no cutoff-frequency (D) All three have cut-off frequencies

Q.11 Afair coin istossed 10 times. What is the probability that ONLY thefirst two tosses will yield heads ?

1Y . 1) 1)° | 1\
A) | — B | = O | = D) "C,| =
( )[2) (B) C“[Q) ()(Zj (D) 2| 3

RC 7174
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Q.12 If the power spectral density of stationary random process is a sinc-squared function of frequency, the
shape of its autocorrelation is

(A) (B (C )

) ) (D
NR(D) R(7) 1 R(7) ﬁl(r)
7 T T AR

Q13 If f(z)=c0+c1z_1,then. j) 1—+;Mdz isgiven by
unit
circle

(A) 27c, B) 27 (1+¢,) (© 27 je, (D) 27 j(l+¢,)

Q.14 In the interconnection of ideal sources shown in the figure, it is known that the 60 V source is
' absorbing power.

&

I GD Oeov

Which of thefollowing can be the value of the current source | ?

(A)10A (B) 13A (C) 15A (D) 18 A

Q.15 Theratio of the mobility to the diffusion coefficient in a semiconductor has the units

(A) V! (B) cm-v™ (C) V.cm™ (D) V.s

Q.16 In amicroprocessor, the service routine for a certain interrupt starts from afixed location of memory
which cannot be externally set, but the interrupt can be delayed or rejected. Such an interrupt is
(A) non-maskableand non-vectored
(B) maskable and non-vectored
(C) non-maskable and vectored
(D) maskable and vectored

EC an4
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Q.17

Q.18

Q.19

Q.20

Vi) _ 1
V(s) 2+sCR’

If the transfer function of thefollowing network is

the value of the load resistance R, is
(A) R/4 (B) R2

© R

®) 2R

1 0
Consider the system % =Ax + Buwith A= and B= &
g 0 1 q
numbers. Which of the following statements about the controllability of the system istrue ?

} where p and ¢ are arbitrary real

(A) The systemis completely state controllablefor any nonzero values of p and ¢
(B) Only p=0and ¢ = 0 result in controllability

(C) The system is uncontrollable for al values of p and ¢

(D) We cannot conclude about controllability from the given data

For a message signa m(t)=cos(27 f,t) and carrier of frequency f., which of the following
represents a single.side-band (SSB) signal ?

(A) cos(2mf, t)cos(2n £, 1)

m

(C) cos [27m(f, +f,) 1]

(B) cos (27rf(, 1]
(D) [1+ cos(27 f,,#] cos(27 £, 1)

Two infinitely long wires carrying current are as shown in the figure below. One wire is in the
y-z plane and paralléel to the y-axis. The other wire isin the x-y plane and parallel to the x-axis. Which
components of the resulting magnetic field are non-zero at the origin ?

(A) X,y, Z components
(©) vy, z components

(B) X,y components
(D) x,Z components

EC
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Q.21t0Q. 60 carry two markseach.

4.21

4.22

Q.23

Q24

Consider two independent random variablesX and Y with identical distributions. The variables X and
Y take values 0, 1 and 2 with probabilities % %1 and %, respectively. What is the conditional

probability P(X +Y =2|X -Y =0) ?

1 1
A0 B) — C) = D) 1
(A) ()16 ()6 D)

: : sinx .
The Taylor seriesexpansion of n a X =7 isgiven by

(x-m)’ (x-n)’
(A) 1+ 3l Fes B) -1- 3
(x-n) (x-nY
(C) 1—T+... (D) -1+T+...

If avectorfield V is related to another vector field A through V=VxA , which of thefollowingis
true ? Note: Cand S¢ refer to any'closed contour and any surface whose boundary is C.

(A) °dl ff
(B) °dl ff

- = - -
(C)&Vx V edl =.I-fV><A-dS
(&

Sc

(D)&VXA cdl = ff dS

t
Giventhat F(s) istheone-sided Laplace transformof f (t),theLaplace transformof J. f(r)dr is
0

@ FO-FO  ® L © [Foar  © ~F6)-1O)]

EC
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Q.25

Q.26

Q.27

Q.28

Match each differential equation in Group | to itsfamily of solution curvesfrom Group II.

Group | Group I
p L._Y 1. Circles
dx X
o L._Y 2. Straight lines
dx X
dy x
R. Fra 3. Hyperbolas
dy__x
S. —-= S

(A) P-2,Q-3,R-3,S-1 (B) P-1,Q-3,R-2,8-1 (C) P-2,Q-1,R-3,S-3 (D) P-3,Q-2,R-1,S-2

Theeigen vaues df thefollowing matrix are

-1 3 5

-3 -1 6

0O 0 3
(A) 3, 3+55,6-j (B) 6+5j,3+j,3-]
(C) 3+j,3-j,5+j (D) 3, -14+3j, -1-3j

An AC source of RMS voltage 20 V with interna impedance Z, =(1+2 ) 2 feeds a load of
impedanceZ, = (714 j) Q in thefigure below. The reactive power consumed by the load s

Z =1+2/)Q
—__}
20./0°y C) []
' Z,=(1+4)Q
(A) 8VAR (B) 16 VAR (C) 28VAR (D) 32VAR

The switch in the circuit shown was on position a for a long time, and is moved to position b at
timet =0. Thecurrent i(z) for t > 0 isgiven by

10kQ 4 b

MN oﬁts “1)
100 V 1 02uF

O

05SuF -~  ~~03uF
NT T M

(A) 0.2¢7P'u(r) mA (B) 20" u(t) mA
(C) 0.2¢™*"u(t) mA (D) 20e7*u(t) mA

EC
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Q.29 Inthecircuit shown, what value of R, maximizes the power delivered toR, ?

Vy 4Q

4Q
T
R,
Vi
4
8
(A) 24Q (B) gsz C) 4% D) 6Q
Q.30 Thetimedomain behavior of an RL circuit is represented by
di ;
L="+Ri=V,(1+Be™" sint)u(r).

dt

1%
For aninitial current of i(0) = ?R” , the steady state value of the current is given by

(A) i(ﬂ—)% (B) i(t)—>2—F‘;°
©) i(t)e%(l'l'B) (D) i(t)ﬁ%’-(HB)

4.31 Inthecircuit below, thediodeisideal. The voltage V isgiven by

+ V-
1Q 1Q
v, 1A
—
(A) min(V,,1) (B) max (V,,1) (C) min(-V,1) (D) max (=V,,1)

Q.32 Consider the following two statements about the internal conditions in an n-channel MOSFET
operating in the active region.

S1: Theinversion charge decreases from source todrain
S2: The channel potential increases from source to drain
Which of the following is correct ?

(A) Only S2istrue

(B) Both S1 and S2 are false.

(C) Both S1 and S2 are true, but S2 is not a reason for S1
(D) Both S1 and S2 are true, and S2 isa reason for S1

EC 8/24
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4.33 Inthefollowing astable multivibrator circuit, which properties of v, (t)depend on R, ?

—:D_—o Volt)
5 %z,

(A) Only the frequency

(B) Only the amplitude

(C) Both the amplitude and the frequency
(D) Neither the amplitude nor the frequency

Q.34 In thecircuit shown below, the op-amp is ideal, the transistor has V,; =0.6 V and S =150. Decide
whether the feedback in the circuit is positive or negative and determine the voltage V at the output of

the op-amp.
10V
5kQ %
| 4
14 kQ
T 5V
(A) Positive feedback, V=10 V (B) Positive feedback, V=0 V
(C) Negativefeedback, V=5V (D) Negativefeedback, V=2V

Q.35 A smadl signa source v,(¢)=Acos 20t + Bsin10°%: is applied to a transistor amplifier as shown
below. The transistor has 8 =150 and #, =3kQ. Which expression best approximates v, (t)?
12V

100 kQ 3kQ

0
vi(f) .ﬁi 100 nF

20 kQ 900 Q T 10 uF

(A) v,(t)=-1500(Acos 20t + Bsin10°t) (B) v,(r)=—150(Acos 20t +Bsin10°t)
(C) v, (¢)=-1500Bsin10°¢ (D) v,(t)=-150Bsin10°¢

EC 9/24
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Q36 If X =1 inthelogic equation [X +Z{)7+(Z+ X?)H{}?'FZ(X +Y)) =1, then
A)Y=2Z B)Y=Z (C) Z=1 (D) Z=0
4.37 What are the minimum number of 2-to-1 multiplexers required to generate a 2-input AND gate and a
2-input Ex-OR gate ?
(A)land 2 (B)land 3 (C) 1and1 (D) 2and 2
Q.38 Refer to the NAND and NOR latches shown in the figure. The inputs (7, P,) for both the latches are
first made (0,1) and then, after a few seconds, made (1,1). The corresponding stable outputs (Q,, Q,)
are
P ) | P
I 0, ! O;'le
P ) Q> , 0,
(A) NAND: first (0,1) then (0,1) NOR: first (1,0) then (0,0)
(B) NAND: first (1,0) then (1,0) NOR: first (1.0) then (1,0)
(C) NAND: first (1,0) then (1,0) NOR: first (1.0) then (0,0)
(D) NAND: first (1,0) then (1,1) NOR: first (0,1) then (0,1)
4.39 What are the counting states (Q,,Q,) for the counter shown in the figure below ?

0 0,
Ji Q, I 0, J
Clock _f\.d> JK Flip Flop -¢[> /K Flip Flop
Kl Ql | | — KZ .5;.
T
(A) 11, 10,00, 11, 10,.... (B) 01, 10, 11, 00, OL,....
(C) 00, 11, 01, 10, 00,.... (D) 01, 10, 00, 01, 10,....

EC
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Q.40

Q41

Q42

4.43

A system with transfer function H(z) has impulse response A(-) defined as h(2)=1, h(3)=-1 and
h(k) =0 otherwise. Consider the following statements.

S1: H(z) isalow-passfilter.
S2: H(z) isan FIR filter.

Which of thefollowing is correct ?

(A) Only S2istrue

(B) Both S1and S2 arefase

(C) Both S1and S2 aretrue, and S2 isareason for S1
(D) Both S1 and S2 are true, but S2 is not areason for S1

Consider a system whose input x and output y are related by the equation

y(t)= [ xe-1)h0)de,

where A(z) is shown in the graph.

Which of thefollowingfour propertiesare h(t)
possessed by the system ? /\T

BIBO: Bounded input gives a bounded output. N l\/ t

\ 4

Causal: The systemiscausal.
LP. The systemislow pass.
LTI: The systemislinear and time-invariant.

(A) Causa, LP (B) BIBO, LTI
(C) BIBO, Causal, LTI (D)LP, LTI

The 4-point Discrete Fourier Transform (DFT) of adiscretetimesequence{1,0, 2, 3} is

(A) [O! -2 + 2j9 21 -2 _2.]] (B) [2’ 2+ 2.]a 67 2- 2.”
©)[6,1-3j,2,113)] (D) [6, -1 + 3j, 0, —1 3]
o . S —2s5+2
The feedback configuration and the pole-zero locationsof G (s) =m are shown below. The
s°+2s

root locus for negative values of Kk, i.e. for —eo <k < 0, has breskaway1 bresk-in points and angle of
departureat pole P (with respect to the positive real axis) equd to

Im (s)

J)C?_> =) © *

0 xP

Y

Re (s)

(A) £v/2 and 0° (B) +2 and45°  (C) +V3 and0° (D) +V/3 and 45"

EC
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Q.44

4.45

Q.46

4.47

2

An LTI system having transfer function 2ST+1+1 and input x(#) = sin(z+1) isin steady state. The
s s

output issampled at arate w, rad/s to obtain thefinal output{y(k)}. Which of thefollowing istrue ?

(A) y(-)iszerofor all sampling frequencies w,
(B) y(-) isnonzerofor all sampling frequencies,
(C) y(-) isnonzerofor w, > 2, but zero for @, <2

(D) y() iszerofor w, > 2, but nonzerofor w, <2

The unit step response of an under-damped second order system has steady state value of - 2. Which
one o thefollowing transfer functions has these properties ?

-2.24 -3.82
(A} —3 (B) —
s°+2.59s+1.12 s +1.91s+1.91
-2.24 -3.82

©) (D)

§=2.59s+1.12 s> —1.91s+1.91

A discrete random variable X takes values from 1 to 5 with probabilities as shown in the table. A
student cal cul ates the mean of X as 3.5 and her teacher calculates the variance of X as 1.5. Which of the
following statementsis true ?

k 1 2 3 4 5
P(X=k) 0.1 0.2 0.4 0.2 0.1

(A) Both the student and the teacher are right
(B) Both the student and the teacher are wrong
(C) The student is wrong but the teacher isright
(D) The student is right but the teacher is wrong

A messagesignal given by

m(r)= (%)cos wt —[%)sin w,t

is amplitude-modulated with a carrier of frequency w, to generate
s (t) = [1 + m(t)]cos w,.t

What is the power efficiency achieved by this modulation scheme ?

(A) 833% (B) 11.11%
€ 0% (D) 5%

EC
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Q.48

4.49

Q.50

A communication channel with AWGN operating at asignal to noise ratio SNR >>1 and bandwidth B
hascapacity C,. If the SNR is doubled keeping B constant, the resulting capacity C; is given by

(A) C,=2C

(B) C,=C,tB
(C)C,=C,t2B
(D) C,=C,+0.3B

A magneticfield in air is measured tc be

3 _ X _a__Y
B = B, xz_,_yz)’ x2+y2%

What current distribution leadsto thisfield ? [Hint: The algebraistrivia in cylindrical coordinates.]

B,z 1
A 7 =—— ( ) p2l

My {2+

B/\
®) 7 =- °Z( 2 ),r¢0

y \ %% +2

(€ 7=0,r#0

D7—B°% E 0
() —”0 x2+y2 >r¢

A transmission line terminates in two branches, each of lengthA/4, as shown. The branches are
terminated by 50Q loads. The lines are lossless and have the characteristic impedances shown.
Determine the impedance Z; as seen by the source.

Al4

l-» Z,=50Q
Z:

A

(A) 200Q (B) 100Q
(C) 509 (D) 25Q

EC
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Common Data Questions
Common Data for Questions51 and 52:

Consider asilicon p-n junction at room temperature having the following parameters:
Doping on the n-side= 1 x 10"7 ¢cm™

Depletion width on then-side=0.1 um
Depletion width on the p-side= 1.0 um
Intrinsic carrier concentration = 1.4 x 10*° cm™
Thermal voltage= 26 mV

Permittivity of free space=8.85X 107“F - cm™
Dielectric constant of silicon =12

Q.51 The built-in potential of the junction

(A)is0.70V (B)is0.76 V
(C)is0.82V (D) cannot be estimated from the data given

Q.52 Thepeak electricfield in thedeviceis

(A) 0.15 MV . cm™, directed from p-region to n-region
(B) 0.15 MV - em™ , directed from n-region to p-region
(C) 1.80 MV - em™ , directed from p-region to n-region
(D) 1.80 MV - ¢cm™, directed from n-region to p-region

Common Data for Questions53 and 54

The Nyquist plot of a stable transfer function G(s) is shown in the figure. We are interested in the stability of
the closed loop system in the feedback configuration shown.

Im A
+
T —> G (S) =2
-1 0.5 Re i
“]
Q.53 Which of thefollowing statements istrue ?
(A) G(s) isan dl-passfilter (B) G(s) hasazero in theright-half plane

(C) G(s) isthe impedance of a passive network (D) G(s) is marginally stable

EC 14/24
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Q.54 Thegain and phase margins of G(s) for closed loop stability are

(A) 6dB and 180° (B)3dB and 180°  (C) 6dB and90° (D) 3dB and 90°

Common Data for Questions 55 and 56:

The amplitude of arandom signal is uniformly distributed between -5V and 5 V.

Q.55

Q.56

If the signal to quantization noise ratio required in uniformly quantizing the signal is 43.5dB, the step
size of the quantization is approximately

(A) 0.0333V (B) 0.05V (C) 0.0667V (D) 0.10V

If the positive values of the signal are uniformly quantized with a step size of 0.05V, and the negative
values are uniformly quantized with a step size of 0.1V, the resulting signa to quantization noise ratio
IS approximately

(A) 46 dB (B) 43.80B (C) 42dB (D) 40dB

Linked Answer Questions

Statement for Linked Answer Questions57 and 58:

Consider the CMOS circuit shown, where the gate voltage V; of the n-MOSFET is increased from zero, while
the gate voltage of the p-MOSFET is kept constant at 3 V. Assume that, for both transistors, the magnitude of
the threshold voltage is 1 V and the product of the transconductance parameter and the (W/L) rétio, i.e. the
quantity 4Co(W/L),is1mA .V~

Q.57

5V
el

Vo >

For small increase in Vi beyond 1V, which of the following gives the correct description of the region
of operation of each MOSFET ?

(A) Both the MOSFET arein saturation region

(B) Both the MOSFETSs are in triode region

(C) n-MOSFET isin triode and p-MOSFET isin saturation region
(D) n-MOSFET isin saturation and p-MOSFET isin triode region

EC
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Q.58 Estimate the output voltage V, for Vo = 1.5 V. [Hint: Use the appropriate current-voltage equation for
each MOSFET, based on theanswer to Q.57.]

@Wa-pv o @tV @4V (o) aely

Np 7

Statement for Linked Answer Questions59 and 60:

Two products are sold from a vending machine, which has two push buttons P, and P.. When a button is
pressed, the price of the corresponding product isdisplayed in a 7-segment display.

" If no buttons are pressed, '0' isdisplayed, signifying ‘Rs. 0.
If only P, is pressed, 2 isdisplayed, signifying 'Rs. 2'.
If only P, ispressed, '5' isdisplayed, signifying 'Rs. 5'.
If both P, and P, are pressed, “E’ isdisplayed, signifying 'Error'.

The names of the segmentsin the 7-segment display, and the glow of the display for 0, ‘2’, 5’ and 'E', are
shown below.

([ oy By B e
L1 A Y B

(i) push button pressed/not pressed is equivalent to logic 1/0 respectively,
(i) asegment glowing / not glowing in the display isequivalent to logic 110 respectively.

Q-39 I segments a to g are considered asfunctions of P, and P, then which of the following is correct ?
(A) g=F+P, d=c+e (B) g=P+P, d=c+e

(C)g=FP+P, e=b+c! (D) g=PR+P, e=b+c

Q.60 What are the minimum numbers of NOT gates and 2-input OR gates required to design the logic of the
driver for this 7-segment display ?

(A) 3NOT and 4 OR (B) 2 NOT and 4 OR
(C) 1NOT and 30R (D) 2NOT and 30R

END OF THE QUESTION PAPER
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