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Q. 1 - (). 25 carry one mark each.

.1  Consider a system of lincar equations:
x=2y+3z=-1,
x=3y+4z=1, and
-Ix+4dy=-bz=k.
The value of & for which the system has infimtely many solutions 1=
Q2 A function f(x)=1-x"+2" is defined in the closed interval [—l, |]. The value of x| in the
open interval (=1, 1) for which the mean value theorem is satisfied, is
(A) — 172 (B) —1/3 (C) 1/3 (D) 1/2
.3 Suppose A and B are two independent events with probabilities P(4) # 0 and P(B) # 0. Let A
and B be their complements. Which one of the following statements i1s FALSE?
(A)P{A N B) = P(A)P(B) (B) P(A|B) = P(4)
(CYP{AU B) = P(A) + P(B) D) P(ANE) = P(A)P(E)
.4  Let z=x+iy be acomplex variable. Consider that contour integration 15 performed along the unit
circle in anticlockwise direction. Which one of the following statements is NOT| TRUE?
(A) The reqidue of =112
4 —
(B) 55‘,: zidz =10
(C) —ﬁr_. - dz=1
(D) I (complex comjugate of = ) is an analytical function
Q.5 4 1 2
The value of p such that the vector, |2 15 an eigenvector of thematrix [ p 2 1| 15
14 -4 10
Q.6 In the circuit shown, atvesonance, the amplitude of the simusoidal voltage (in Volts) across the
capacitor 15
401 0.1mH
YWW—TI
10cos wt L 4,.F
(Volts) = 1u
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(0.7 Inthe network shown in the figure, all resistors are identical with R = 300 £2. The resistance

E, (in £2) of the network 15

a
o
I_) R = 300 L2
R“.:I:r
o
b
(0.8 In the given circuit, the values of F, and V,respectively are
L L]
Ay
ki
+ 21 ¥
v b ) sa 02 .0 < 1> v,

A5V, 25NV (By 10V, 30V (C) 15V, 35V (D) 0y, 20V
0.9 A region of megatrvedriferentmt resmstance s observed- i the corrent-vottage chaactenstics of a

silicon PN junction if

{A) both the P-region and the N-region are heavily doped

(B) the N-region 15 heavily doped compared €othe P-region

(C) the P-region is heavily doped compared to the N-region

(D) an mtrinsic silicon region is inserted between the P-region and the N-region
(.10 A silicon sample 15 uniformly doped with donor type impurities with a concentration of 10" fem’

The electron and hole mobilities in the sample are 1200 em’/V-5 and 400 cm®/V-s respectively.

Assume complete ionization of impurities. The charge of an electron is 1.6 = 10" C. The resistivity

of the sample (in £}-cm) is
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(2.11  For the circuit with ideal diodes shown in the figure, the shape of the output (v, ) for the grven
sine wave input (v, ) will be

(A) B)

() D) N
S/ 3 I P

(2.12  In the circuit shown below, the Zener diode is ideal and the Zener voltage 15 6 V. The output
voltage ¥, (in volts) is

1k€2

+
10V — E S ’1kﬂ§"-"n:|

(0.13  In the circuit shown, the switeh 5W 15 thrown from position 4 to position 8 at ime t=0. The

energy (in ) taken from the 3 V'source to charge the 0.1 pF capacitor from 0 Vo 3 Vs

3y 1200 SV,

o—"\A @I=DL

I A pF

(A) 0.3 (B) 0.45 (C) 0.9 (D) 3
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.14 Inan 8085 microprocessor, the shift registers which store the result of an additton and the overflow
hit are, respectively
(A} B and F
(BY A and F
(CYH and F
(¥ A and C
Q.15 A 16 Kb (=16,384 bit) memory array is designed as a square with an aspect ratio of one (number of
rows is equal to the number of columns). The minimum number of address lines needed for the
row decoder 1s
Q.16 Consider a four bit D to A converter. The analog value corresponding to digital signals of values
0000 and 0001 are 0 V and 0.0625 V respectively. The analog value (in Volts) corresponding to
the digital signal 1111 is .
Q.17 The result of the convolution x(—=t) » &(=t — t5) 15
(A) x(t + £g) (B} x(t = t5) (C) x(=t + tg) (D) x(=t—=t5)
Q.18 The waveform of a periodic signal x(¢) is shown in the figure.
A, xli
k]
NG IN N
- -3\| 1 2 3\| -
-3
ff—
A signal gUf) 1s defmed by g{r)= IL J The average power of £{7hs
.19 Negative feedback in a closed-loop control system DOES NOT
{A) reduce the overall gan i{B) reduce bandwidth
(C) improve disturbance rejection (D) reduce sensitivity to parameter variation
Q.20 . . . _ K
A unity negative feedback system has the open-loop transfer function G(5) = SEPEA3) The
value of the gain & (=0} at which the root locus crosses the imaginary axis is :
Q21 The polar plot of the transfer function G(5) = IDT:-DI} for 0 < < = will be in the
{A) first quadrant
{B) second guadrant
(C) third quadrant
(D) fourth quadrant
EC i3
» kE r.com www_FirstRanker.com

Firstranker's chaice



FirstRanker.com
https://firstranker.com/
https://firstranker.com/

:l » FirstRanker.com

l Furstranker 5 chmce
GAT www. FirstRankercomcs oo covpmww RirstRankercomoc

.22 A sinusoidal signal of 2 kHz frequency is applied to a delta modulator. The sampling rate and
step-size A of the delta modulator are 20,000 samples per second and 0.1 V, respectively.
To prevent slope overload, the maximum amplitude of the sinusoadal signal (in Volts) 1s

1 |
(A] — By —
2T T
2
(C) — D) x
g

Q23 Consider the signal s() = m{r) cos( 2 f 1)+ m(r) sin{ 2 1) where m(1 ) denotes the Hilbert
transform of m(r) and the bandwidth of m(1) is very small compared to [ . The signal s(f)isa

(A) high-pass signal

(B) low-pass signal

(C) band-pass signal

(D) double sideband suppressed carrier signal

.24 Consuder a straight, mnfinitely long, current carrying conductor bying on the z-axis. Which one of the
following plots (in linear scale) qualitatively represents the dependence of Hy on r, where Hy is the

magnitude of the azimuthal component of magnetic field outside the conductor and r is the radial
distance from the conductor?

Y (B)
H, + H,
*\\H
-
r r
(C) (D)
Hg ¢ H,
r‘ r

.25  The electnc field component of a plane wave traveling in a lossless dielectnc medium is given by

E{:,I} = &_L.ECDS.[IUFI —i] V/m. The wavelength (in m) for the wave 1s

2

EC a3
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Q. 26 - (). 55 carry two marks each.

Q.26 d*y _dy ,
The solution of the differential equation F+2 E+_}' =0 with W0)=y(0)=11s
(A} (2-1)e' B} (1+21)e”
(C) (2+1)e (D) (1-2)¢
Q27 Avector P is given by P= xiyd, — x%y? dy = x*yz d, . Which one of the following statements
iz TRUE?
(A} P is solenoidal, but not irmotational
(B) P is irrotational, but not solenoidal
(C) P is neither solenoidal nor irrotational
(D) P is both solencidal and irrotational
(328  Which one gf the following graphs describes the function f(x) = ™ (x® + x H{1) ?
(A} (%) iB) i (XD
- | -
(C) i fix) (D) %)
f-'\""--
X vy X
029 The maximum area {in square units) of a rectangle whose vertices lie on the ellipse P+ 4)'! =1 1s
(30 The damping ratio of a series RLC circuit can be expressed as
Rc 2L
(A) — []-— :C:EE lD}Ei
2L 2YL RYC
EC 613
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.31  In the circuit shown, switch 8W is closed at r = 0. Assuming zero initial conditions, the value of
velty (i Volts) at ¢ = 1 sec s .

t=0 10
SW +
10V 20 5
—_ —F -
- - vir)

2.32  Inthe given circuit, the maximum power (in Watts) that can be transferred to the load Ky is

20y

AAAY

0.33  The built-in |potential of an abrupt p-n junction is 0.75 V. [fis junction capacitapee (C)) at a reverse
bias (V) of|1.25 ¥ 15 5 pF, the value of C, (in pF} when¥g'=725V is :

.34 A MOSFET mn saturation has a drain current of 1lmA for Vs = 0.5 V. If the channel length
modulation coefficient is 0.05 V', the output résistance (in kQ) of the MOSFET is

.35 Fora 5L_lu|:1:|n diode with long F and N'regions, the accepter and donor impurity concentrations are
1= 10" cm™ and 1 = 10" cm™, respéetively. The lifetimes of electrons in P rcglun and holes 1 n N
region are both 100 ps. The rlﬂ:u'nn and hole diffusion coefficients are 49 cm'/s and 36 cm'/s,
respectively. Assume kT/q =26 mV, the intrinsic carrier concentration is 1 = 10" cm”, and
g = 1.6 x 107" C. When a forward voltage of 208 mV is applied across the diode, the hole current
density {in nA/em”) mjected from P region to N region is )

Q.36  The Boolean expression FIX,Y.Z)=XYZ+XYZ+XYZ + XY Z converted into the canonical
product of sum (POS) form 1s

(A) (X+Y+DIX+Y+Z) X+ TY+D)(X+Y+2L)  (B) (X+Y+ D (X+Y+2)(X+Y+ I (X+Y+D)

(C) (X+Y+DE+Y+D)X+T+IE+Y+D) (D) (X+Y+D(X+Y+ D (EX+T+ D)X+ Y+Z)
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Q.37

0.38

039

All the logic gates shown in the figure have a propagation delay of 20 ns. Let A=C=0and B= 1
until time t = 0. Att =0, all the inputs flip (i.e., A=C =1 and B = ) and remain in that state. For
t >0, output £ =1 for a duration (in ns) of .

> >

A 3-input majority gate is defined by the logic function M (a, b, ¢) = ab+bc+ca . Which one of
the following gates is represented by the function M (M (a,b,c), M (a,b.0).c) ?

(A) 3-input NAND gate
{(C) 3-input NOR gate

{B) 3-mput XOR gate
(D) 3-input XNOR gate

For the NMOSFET in the circuit shown, the threshold voltage 15 Vi, | where ¥V, > 0. The source
voltage Ve 1s vaned from 0 to V. Neglecting the channel length modulation, the dran current I
as a function of Vig 15 represented by

"
‘I Feb)

Y (B)

r
a5 I L]

V=
Y

(C) (D)

.._F.x'.

Vs

Voo — Va
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(240 In the circuit shown, assume that the opamp is ideal. The bridge output voltage ¥V, (in mV) for
&=0005 15

100 +
oy Y
250 (1+6) £2 . 250 (1-8) © -
250 (1-8) Q 47250 (1+8) Q
uut
100 Q
50 Q2

(.41 The circuit shown in the figure has an ideal opamp. The oscillation frequency and the condition to

sustain the oscillations, respectively, are

1
WA
R;
P>t
T | —A
JrI g € R
(A) = and R, =R, (B) — and R, = 4R,
1 1
[Ciﬁﬂﬂdm:k} fuiﬁﬂﬂd Ry = 4R

(.42  In the circut shown, 1; = 80 mA and |.= 4 mA. Transistors T, and T, are wentical. Assume that the
thermal voltage Vr 15 26mV at 27 °C. At 50 °C, the value of the voltage V), =V, =V, (m mV) s

Wil
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Q.43

Q.44

.45

Two sequences [r.l, b, r:].uml l.a!, 8, f'] are related as,

4] 11 1 |[af .
Bl={1 w7 wW{b| where W,=¢ °.
| lrow® owtel

]

If another sequence [;J, {q, J"J 15 denived as,

el 11 1'_[1 0 n'_[.qu
g|=|1 W, W0 w0 ||B/3|
HEINS Hf_ib] 0 H*',,‘_i[rfl

then the relationship between the seguences [p, g, !‘] amd [4::|!1 b, r:] 5
(A) |p.g.r]=]b.a, ¢l (B) |p.gq.7]|=|b.c.a]
(C) |p.g.r]=|c.a.b] (D) |p.g.r]=|c.b.al

For the discrete-time system shown in the figure, the poles of the system transfer function are

located at

z-l.

Xyt

N

[l
v
1

I

T_ I
A2 3 g i1 1
() (B)3, 3 () 3, 2 (D) 2, 2
The pole-zero diagram of a causal and stable discrete-time system 1s shown in the figure. The zero

at the ongin has multiplicity 4. The impulse response of the system 15 h[n]. If A[0] = 1, we can
conclude

Im(z)
h

{A) h[n] 15 real for all n

{B) h[n] is purely imaginary for all n

(C) h[n] is real for only evenn

(D) h[n] 15 purely imaginary for only odd n

EC

13

ker.com www.FirstRanker.com

Firstranker's choice



FirstRanker.com
https://firstranker.com/
https://firstranker.com/

:l » FirstRanker.com

l Furstranker 5 chmce
GATE 201 www. FirstRankercomcs oo covpmww RirstRankercomoc

.46  The open-loop transfer function of a plant in a unity feedback configuration is given as

Kis+4) . The value of the gain K (> 0) for which =1+ f2 lies on the root locus is

Gis)s ——
[5+8}s =)

.47 A lead compensator network includes a parallel combination of £ and € in the feed-forward path. If
the transfer function of the compensator 15 (5 (5)= %, the value of BC 1s
£+

Q.48

K 1
A plant transfer function is given as {r(5) = (KP +—= . When the plant operates in a
\, 5 Js(s+2)

unity feedback configuration, the condition for the stability of the closed loop system 15

(A) ;:,.:.ﬁ}u (B) 2K, =K, =0 (C) 2K, <k, (D) 2K, > K,
2

.49 The input X to the Binary Symmetric Channel (BSC) shown in the figure 1s *1" with probability 0.8.
The cross-over pm-babﬂlty 15 1/7. If the received bit ¥ = 0, the conditional probability that “1" was
transmitied 1s

67

PlX=0]=02
117 /7

i | £ )
&7

3.50  The transmitted signal in a GSM systém 1s of 200 kHz bandwidth and 8 users share a common
bandwidth using TDMA. If at a'grven time 12 users are talking in a cell, the total bandwidth of the
signal received by the base station of the cell will be at least (in kHz)

EC 13
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Q.51

Q.52

0.53

Q.54

In the system shown in Figure (a), m(r) 15 a low-pass signal with bandwidth W Hz. The frequency
response of the band-pass filter f{ ) 1s shown in Figure (b). If it is desired that the output signal
z(t) = 10x(t), the maximum value of W (in Hz) should be stnictly less than :

_ = 10x(s) +x i L E
2= mi) cosA00RAL e (PO T i pess
filter

-1700 700 0 700 1700 f(Hz)

1 2
A source emits bit () with probability ia.nd it 1 with pmbabilir}rg. The emitted bits are

commumnicatpd to the recemver. The receiver decides for either 0 or 1 based on|the receved  value
R . It is given that the conditional density functions of R are as
]— —3izx=l l —1=x=5
S =13 T aa fgn={e T
L0 atheruice 0 otharwise.

The minimum decision error probability i1s

(A) O (B) 1/12 (C) 19 (D) 1/6

The longitudinal component of the maghetic field inside an air-filled rectangular wavegnide made
of a perfect electric conductor 15 giverl by the following expression

H (x,y.z,t) = 0.1 cos(25xx) cos(30.3 my) cos(12m x 10%t = fz) (4d/m)

The cross-sectional dimensions of the waveguide are given as a = 0L08 m and b = 0.033 m. The
mode of propagation inside the waveguide 1s

(A) TM |, (B) T™,,
(C) TE,, (D) TE,,

The electnic field intensity of a plane wave traveling in free space 15 given by the following
CXPrEssIon

E(x. )= a, 24 cos{wt — kyx) (V/m)

In this field, consider a square area 10 cm x 10 cm on a plane x + ¥ = 1. The total tme-averaged
power {in mW') passing through the square area is

EC
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(0.55 Consider a uniform plane wave with amplitude (E;) of 10 V/m and 1.1 GHz frequency travelling in
air, and incident normally on a dielectric medium with complex relative permattivity (£) and

permeability () as shown in the figure.

Alr Dielectric
T = 120m £2 p=1-j2
E=1-)2
"o k—— |E] =7
| } 10 om IEl
|E,] =20 W/fm
Freq = 1.1 GHz

The magnitude of the transmitted electnc field component (in ¥/m) after it has travelled a distance
of 10 cm mside the dielectnc region 15

END OF THE QUESTION PAPER
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