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An excitation is applied to a system at t = T and its response is zero for
—oo <t <T. Such a system is

t
(@) non-causal system 4 X®
(b) stable system T
(c) causal system =T *

(d) unstable system

In a series RLC high Q circuit, the current peaks at a frequency
(a) equal to the resonant frequency

(b) greater than the resonant frequency

(c) less than the resonant frequency

(d) none of the above

The voltage across an impedance in a network is V (s) = z(s)I(s), where V(s),

Z(s) are the Laplace transforms of the corresponding time function
v(t),z(t) andi(t). The voltage v (t)is:
1
(@) v(t)=z(t)v(t) R (b) v(t)=[i(t).z(t-7)dz
0
1

(©) v(t)=[i(t)-z(t+7)dz (d) v(t)=z(t)+i(t)

0

Two two-port networks are connected in cascade. The combination is to be
represented as a single two-port network. The parameters of the network are
obtained by multiplying the individual

(a) z-parameter matrix (b) h-parameter matrix
(c) y-parameter matrix (d) ABCD parameter matrix

The pole-zero pattern of a certain filter is shown in the figure below. The filter

must be of the following type. jw
- +j2
(a) low pass (b) high pass T )
(c) all pass (d) band pass X -t o
> O
-1 +1 —>
X --j1 O
—'j2
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1.6 The necessary and sufficient condition for a rational function of s. T(s) to be
driving point impedance of an RC network is that all poles and zeros should be

(a) simple and lie on the negative axis in the s-plane

(b) complex and lie in the left half of the s-plane

(c) complex and lie in the right half of the s-plane

(d) simple and lie on the positive real axis of the s-plane

1.7 In the signal flow graph of Figure, the gain c/r will be

5

11 22 44
@) 5 (b) T5 _. © 33 (d) 55

1.8 A second order system has a transfer function given by

25
GS e —
(s) s> +8s+25

If the system, initially at rest is subjected to a unit step input at t = 0, the
second peak in response will occur at

V.4 2z V.4
(a) = sec (b) 5sec (c) ?sec (d) Esec

1.9 The open loop transfer function of a feedback control system is:
1
(s+ 1)3

G(s)H(s)=

The gain margin of the system is:
(a) 2 (b) 4 (c) 8 (d) 16

1.10 A unity feedback control system has the open loop transfer function
4(1+2s
G (5) = ¥

s?(s+2)
If the input to the system is a unit ramp, the steady state error will be
(@) 0 (b) 0.5 (c) 2 (d) infinity
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The characteristic equation of a feedback control system is given by
s> +55°+(K+6)s+K =0
Where K > 0 is a scalar variable parameter. In the root loci diagram of the

system the asymptotes of the root locus for large values of K meet at a point in
the s-plane whose coordinates are

(a) (-3,0) (b) (-2,0) (c) (-1,0) (d) (2,0)

A linear second order single input continuous time system is described by the
following set of differential equations

X, (t) = =2x, (t) + 4x, (t)

X, (£) = 2x, (8) =, () +u(t)
Where x, (t) and x, (t)are the state variables and u(t)is the control variable.
The system is:

(a) controllable and stable (b) controllable but unstable
(c) uncontrollable and unstable (d) uncontrollable and stable

A linear time-invariant discrete-time system is described by the vector matrix
difference equation .

x(k+1)=FX(k)+Gu(k)
Where X (k)is the state vector, F is an n x n constant matrix, G is a
(nxr)constant matrix and u(k)is the control vector. The state transition matrix
of the system is given by inverse Z-transform of
(@) ZI-F (b) (ZI-F) Z (c) (ZI-F)'G (d)(zZI-F)'Zz

A silicon sample is uniformly doped with 10 phosphorous atoms/cm?® and
2x10'* boron atoms/cm?. If all the dopants are fully ionized, the material is

(a) n-type with carrier concentration of 10'° /cm’
(b) p-type with carrier concentration of 10" /cm’

(c) p-type with carrier concentration of 2x10' /cm’®
(d) T, will get damaged and T, will be safe

An n-type silicon sample, having electron mobility u, =twice the hole mobility
4,, is subjected to a steady illumination such that the electron concentration

doubles from its thermal equilibrium value. As a result, the conductivity of the
sample increases by a factor of ...
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1.16 The small signal capacitances of an abrupt P, —njunction is 1nF /Cm®at zero

bias. If the built in voltage is 1 volt, the capacitance at a reverse bias voltage of
99 volts is equal to ...

1.17 Referring to the figure. The switch S is in position 1 initially and steady state
conditions exist from time t = 0 to t =t,. The switch is suddenly thrown into

position 2. The current 1 through the 10K resistor as a function of time t from t =
0, is ... (Give the sketch showing the magnitudes of the current at t = O,
t=t,and t =)

-

1.18 Discrete transistors T, and.T, "having-maximum collector current rating of 0.75

amps are connected in parallel as shown in the figure. This combination is treated
as a single transistor to carry a total current of 1 ampere, when biased with self
bias circuit. When the circuit is switched on, 7, draws 0.55 amps and 7, draws

0.45 amps. If the supply is kept on continuously, ultimately it is very likely that

C|)
Tl \I T I/Tz
O
®)
(a) both T, and T, get damaged (b) both T, and T, will be safe

(c) T, will get damaged and T, will be safe

(d) T, will get damaged and T, will be safe
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1.19. The built-in potential of the gate junction of a n-channel JFET is 0.5 volts. The
drain current saturates at V,; = 4.0 volts when V_ =0. The pinch off voltage is

1.20. In figure, all transistors are identical and have a high value of beta. The voltage

V,c is equal to

T 10 volts

1

1.21. In figure, both transistors are identical~and~have a high value of beta. Take the
dc base-emitter voltage drop as 0.7 volt and KT/g = 25 mV. The small signal low
frequency voltage gain (V,/V;) is equal to

10 volts

Vo/V="?

1kQ

N
[

-5.7 volts
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1.22. In figure the input V| is a 100 Hz triangular wave having a peak to peak

amplitude of 2 volts and an average value of zero volts. Given that the diode is
ideal, the average value of the output V; is

o %
bq 0.6 volts
_|_

1.23. In figure, the n-channel MOSFETs are identical and their current voltage
characteristics are given by the following expressions: 5 volts

2
S AN O

M
) O
Where V,, and V,; are the gate source and drain source voltages respectively
and I, is the drain current.

O

For VDS’ID = |:(VGS - 1)VDS -

2
For Vs 2 (VGS - 1)’(VGS - 1) = (VGS - 1) mA

v

-2 volts

The current I, flowing through the transistor ‘M’ is equal to

1.24. In order that the circuit of Figure works properly as differentiator, it should be
modified to (draw the modified circuit)

o>

RN
J_—/

o+

>0

O_
1.25 Two non-inverting amplifiers, one having a unity gain and the other having a gain

of twenty are made using identical operational amplifiers. As a compared to the
unity gain amplifier, the amplifier with gain twenty has

(a) less negative feedback (b) greater input impedance
(c) less bandwidth (d) none of the above
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1.26 Two dimensional addressing of 256 x 8 bit ROM using to 1 selectors requires
(how many?) NAND gates.

1.27 The CMOS equivalent of the following nMOS gate (in figure) is (draw the
circuit).
+

A 4

O o/p

oo
5 o

A

v

1.28 In figure, the Boolean expressi-'on. fbr the output in terms of inputs A, B and C
when the clock ‘CK’ is high, is given by

O+
) p-channel | '
L | o/p=>
O—e O— I—( )
CK A B __|=_
< | C
| n-channel
1.29 An S-R FLIP-FLOP can be converted into a T FLIP FLOP by connecting to

Q and to Q.
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A bit stored in a FAMOS device can be erased by

A signal has frequency components from 300 Hz to 1.8 KHz. The minimum
possible rate at which the signal has to be sampled is

A sequential multiplexer is connected as shown in figure. Each time the
multiplexer receives the clock, it switches to the next channel (From 6 it goes to
1). If the input signals are

A =5cos27z(4x10°t)

B =2cos27(3.8x10°t)
C =6cos27(2.2x10°t)
D = 4cos2r(1.7x10°t)

>

@®

O
l YVYVYVYY

MUX

@]

A U WN =

_> )
Sampling and
quantizing

TCIock

he minimum clock frequency should be KHz.

For the signal constellation-shown in figure below, the type of modulation is

coserQt
T
° )
Sz St ogin2z 2t
T
S3 S4
° )

T=symbol duration

Two resistors R, and R, (in ohms) at temperatures 7, and T,K respectively, are
connected in series. Their equivalent noise temperatures is K.

A binary source has symbol probabilities 0.8 and 0.2. If extension coding (blocks
of 4 symbols) is used. The lower and upper bounds on the average code word
length are

(a) lower
(b) higher

In a reflex Klystron oscillator

(a) the maximum possible efficiency is 58%

(b) the frequency of oscillation varies linearly with the reflector voltage
(c) the power output varies continuously with reflector voltage

(d) the power output is maximum at fixed frequency.
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1.37

The input impedance of a short-circuited lossless transmission line quarter wave
length is

(a) purely reactive
(c) infinite
(d) dependent on the characteristic impedance of the line.

(b) purely resistive

1.38 The electric field component of a uniform plane electromagnetic wave
propagating in the Y-direction in a lossless medium will satisfy the equation.
aZEy aZEy 82 82
(a) 3y =,ue? (b) axz =UE 2
(©) o°E, Cue azi \/EZ + E2
ay’ ot* JH? + H? H2

1.39

1.40

3.

A radio wave is incident on a layer of ionosphere at an angle of 30 degree with
the vertical. If the critical frequency is 1.2 MHz, the maximum usable frequency
is

(a) 1.2 MHz (b) 2.4 MHz (c) 0.6 MHz (d) 1.386 MHz

In a broad side array of 20 isotropic-radiators, equally spaced at a distance of

i,the beam width between first nulls is

(a) 51.3 degrees
(c) 22.9 degrees

(b) 11.46 degrees
(d) 102.6 degrees

(a) Find the Laplace transform of the waveform x(t) shown in figure.

2F--

z(t) 1

Nl
TE 3T

-1

2F-

A4T]5T 6T
—t
(b) The network shown in figure is
initially  under  steady  state

1l R;=5Q
condition with the switch in

position 1. The switch is moved .
from position 1 to position 2 at t =
0. Calculate the current Ry=5Q
i(t)through R, after switching.

i(t)

The open loop transfer function of a
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feedback control system incorporating a dead time element is given by
-Ts
G(s)= K& __
s(s+1)
Where K > 0, and T > 0 are variable scalar parameters.
(a) For a given value of T show that the closed loop system is stable for all value
of K <K, where K, = m,cosecw,T and a,is the smallest value of w satisfying
the equation w = cotwT

4, The current I in a forward biased P*N junction shown in figure (a) is entirely due
to diffusion of holes from x = 0 to x = L. The injected hole concentration
distribution in the m-region is linear as shown in figure (b), with

1012
p(0) ==—= and L =107cm. Determine:
cm

(a) The current density in the diode assuming that the diffusion coefficient holes
is 12 cm?/sec.
(b) The velocity of holes in the n-region at x = 0.

A
p(o)
l
p(x)
o
Hole
Iy Density
> x
p+ n (6] L
L
(0] —> X
5. It is required to use a JFET of figure as linear resistor. The parameters of the
JFET are as follows:
W =100 ym, L =pugm, a = 2.5um.
The doping in the n-layer is  Tx 3
N, =10 /cm’and the electron mobility is 3
1500 cm®/V —sec. The depletion layer
width of each junction due to the built in
potential is 0.25um. The two p*"—gate §~*
h
regions are connected together externally. é‘
The resistances of the regions outside the 3 o by
gate are negligible. Determine the ) p = 3
minimum value of the linear resistor which 9 | 3 n—Llayer
can be realized using this JFET without Source | p* —Gate Drain
forward biasing the gate junctions. L
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In figure, the operational amplifier is ideal and its output can swing between - 15
and +15 volts. The input v, which is zero for t < 0, is switched to 5 volts at the

instant t = 0. Given that the output v,is +15 volts for t <0, sketch on the same
diagram the waveforms of v, and v,. You must give the values of important
parameters of this sketch.

1uF
| |

5 volts |l

| 1K

0 1 =
=0 O | IS |
Vi —O
Vo=?

Vi=? / N
L

In figure, the operational amplifiers are ideal and their output can swing between
-15 and +15 volts. Sketch on same diagram, the waveform of voltages
V, and V, as a function of time. You must give the values of important parameters

of this sketch.

—T—_ Vi=2, :
1K

3uF
||
1

3K

1K
1
| S|
Qm

The program given below is run on an 8085 based microcomputer system.
Determine the contents of the registers: PC, SP, B, C, H, L after a half instruction
is executed.

LOC

2000 START LXI SP 1000H
LXI H2F37 H
XRA A
MOV A, H
INX H
PUSH H
CZ 20 FF H
JMP 3000 H
HLT

20FF ADD H
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RZ

POP B
PUSH B
RMZz
HLT
3000
HLT

The four variable function f is given in terms of min-terms as:
f(A B,C,D)= Zm(z, 3,8,10,11,12,14,15).

Using the K-map minimize the function in the sum of products form. Also, given
the realization using only two-input NAND gates.

(a) A signal A sin @, t is input to a square - law device (e, —e,,,). The output of

which is given to an FM modulator as the modulating signal.
The frequency deviation characteristics of the FM modulator is f = f. + Ke(t).
Where e (t)is the modulating signal and K is a constant.

Determine the FM signal and the frequency components in its spectrum.
In the figure, x(t)is the modulating signal and t_is the carrier frequency.

Determine the value of gain K so that the output is a suppressed carrier DSB
signal.

x(t) ~ | e, +
> X K Q'ezin —> eou
O/ I ~ ()

X "= in

A Gaussian random variable with zero mean and variance cis input to a

limiter with input output characteristic given by
& =€, forle,|<o
e,=0 fore, >0
e.=-c fore <o

out - in =

Determine the probability density function of the output random variable.

(b) A random process X(t) is wide sense stationary. If
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Y (t)=x(t)-x(t-a)

Determine the auto correlation function R, (i)and power spectral density
S, (w)of Y (t)in terms of those of X (t).

12. A uniform plane electromagnetic wave traveling in free space enters into a
lossless medium at normal incidence. In the medium its velocity reduces by 50%
and in free space sets up a standing wave having a reflection coefficient of -
0.125. Calculate the permeability and the permittivity of the medium.

13. In the radiation pattern of a 3-element array of isotropic radiators equally spaced
at distances of % it is required to place a null at an angle of 33.56 degrees off

the end-fire direction. Calculate the progressive phase shifts to be applied to the
elements. Also calculate the angle at which the main beam is placed for this
phase distribution.
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Time: 3 hours Maximum Marks: 200 Part A: 80 Marks Part B: 120 Marks

OUnAWN=

1.1

1.2

1.3

1.4

This paper consists of two parts: "Part A” and “Part B”.

Part A contains 40 questions, each carrying 2 marks.

Part B contains 15 questions, each carrying 8 marks.

Read the instructions given at the beginning of each part carefully.
Attempt ALL questions.

There is no negative marking.

PART - A

Relative to a given fixed tree of a network,
(a) Link currents form an independent set
(b) Branch voltage from an independent set
(c) Link currents from an independent set
(d) Branch voltage from an independent set

For a 2-port network to be reciprocal
(@) z, =2, (b) ¥y =i, (c) h, =-h, (d) AD-BC =0

For the series R-L circuit of figure(a), the partial fissure diagram at a certain
frequency is shown in figure (b)iThe operating frequency of the circuit is:

+ O— W _
VR VL +

Ve
% Ve —~ v
_ & B
Ve
(a) (b)
(a) equal to the resonance frequency
(b) less than the resonance frequency
(c) greater than resonance frequency (d) not zero

For the compensated attenuator of figure, the impulse response under the

condition RC, = R,C,is: Ri
1
o—— o)
(a) —2_|1-eRe u(t) T+ N +T
R +R, It
Vl(t) ! J-_ VZ(t)
(b) R 5(t) C = Rs(t)
R +R, (l)_ . | _%
1
© =R _yt)  (d) —_1-efSu(r)
R +R, R +R,
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1.5  Of the four networks, N,,N,,N, and N,of figure, the networks having identical
driving point functions are

T

2 1 —-oe
i :
( ! 4' ( - N

|
Ny 1

(a) N, and N, (b) N, and N, (c) N, and N, (d) N, and N,

1.6 A linear time invariant system is described by the state variable model

Lo Sl 2]

(a) The system is completely controllable
(b) The system is not completely controllable
(c) The system is completely observable
(d) The system is not completely observable

ke—sT4

1.7 A process with open-loop model G(s)= i1 is controlled by a PID controller.
7S+

For this process

(a) the integral mode improves transient performance

(b) the integral mode improves steady state performance
(c) the derivative mode improves transient performance
(d) the derivative mode improves steady state performance

1.8 A linear discrete time system has the characteristic equation, z°> —-0.81z =0. The
system

(a) is stable (b) is marginally stable
(c) in unstable
(d) stability cannot be assessed from the given information
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Bode plot of a stable system is shown in figure. The transfer function of the
system is

dB

20 20 dB/Decade

log ®
\ o

Given a unity feedback system with open loop transfer function,

G(s)= # The root locus plot of the system is of the form.
s(s+1)(s+2)
j(D“/ j(,)
K————> c
(o}
N<

A semiconductor is irradiated with light such that carriers are uniformly
generated throughout its volume. The semiconductor is n-type with N, = 10" per
cm®. If the excess electron concentration in the steady state id An =10 per
cm?and if 7, = 10u sec [minority carrier life time] the generation rate due to
irradiation

(a) is 10®°e - h pair/cm® /s (b) is 10**e — h pair/cm® /s
(c) is 10*%e - h pair/cm’® /s

(d) cannot be determined as the given data is insufficient

A P - N junction in series with a 100 ohms resistor, is forward biased so that a
current of 100 mA flows. If the voltage across this combination is instantaneously
reversed to 10 V at t = 0O, the reverse current that flows through the diode at t =
0 is approximately given by

(a) O0mA (b) 100 mA (c) 200 mA (d) 50 mA
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1.13 An infra red LED is usually fabricated from

(a) Ge (b) Si (c) GaAs (d)Ga As P
1.14 In a transistor having finite B, the forward bias across the base emitter junction
is kept constant and the reverse bias across the collector base junction is
increased. Neglecting the leakage across the collector base junction and the
depletion region generating current, the base current will
(increase/decrease/remain constant).
1.15 An n-channel JFET has a pinch-off voltage of V, =-5V,V, . (max)=20V,and
6, =2mA/V. The minimum ‘ON’ resistance is achieved in the JEFT for
(@) Vi =-7V and V,c =0V (b) Vs =7V and V,, =0V
(c) Vo, =0V and V,, =20V (d) V., =-7V and V,, =20V
1.16

The JFET in the circuit shown in figure has an I, =10mA and V, =5V. The value
of the resistance R_for a drain current I, = 6.4mA is (select the nearest value)

lIDS

A

> = 10V
%Rs
(a) 150 ohms (b) 470 ohms (c) 560 ohms (d) 1 kilo ohm
1.17 An op.amp has an offset voltage of 1 mV and is ideal in all other respects. If this
op.amp is used in the circuit shown in figure, the output voltage will be (select
the nearest value)
1MQ
NW—
1KQ
fugg—
(a) 1 mv (b) 1V

() £1V (d)ov
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1.18 If the transistors in figure, have high values of  and a V,. of 0.65 volt, the
current I, flowing through the 2 kilo ohms resistance will be

I
6.5kQ I l 2kQ

1.85kQ ’
10v

1.65kQ

%lkﬂ
N

1.19. The circuit of figure uses an ideal op amp. For small positive values of V,_,the
circuit works as —D—
(a) a halfwave rectifier
(b) a differentiator n O—N h
(c) a logarithmic amplifier -.Vm- : " —OVou
(d) an exponential amplifier '

b

|

1.20. Assume that the operational amplifier in figure is ideal. The current I, through the
1 K ohm resistor is .

2mA

T T T

1.21. The 6 V Zener diode shown in figure has zero zener resistance and a knee current
of 5 mA. The minimum value of R so that the voltage across it does not fall below

6 Vis: 50Q
(a) 1.2 Kohms N
(b) 80 ohms
_|
(c) 50 ohms ~— oV /ZKIV R
(d) 0 ohms -
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The logic realized by the circuit shown in figure is:
(@) F=A.C

C Io
(b) F=A+C L
(c) F=B.C " Mux F
I
(d) F=B+C ’
c L 5 g

Choose the correct statement(s) from the following:
(a) PROM contains a programmable AND array and a fixed OR array
(b) PLA contains a fixed AND array and a programmable OR array

(c) PROM contains a fixed AND array and a programmable OR array
(d) PLA contains a programmable AND array and a programmable OR array

The figure shows the circuit of a gate in the Resistor Transistor Logic (RTL)
family. The circuit represents a Q Vee

(a) NAND
(b) AND .
(c) NOR Ve

(d) OR AN ——

R

The initial contents of the 4-bit serial-in-parallel-out, right-shift, Shift Register
shown in figure, is 0110. After three clock pulses are applied, the contents of the
Shift Register will be

(a) 0000 Clock _
(b) 0101 Serial in 0
(c) 1010

1
o [
(d)y 1111 NG

In an 8085 microprocessor system with memory mapped I/0,

(a) I/0O devices have 16 bit addresses

(b) I/O devices are accessed using IN and OUT instructions

(c) there can be a maximum of 256 input devices and 256 output devices

(d) arithmetic and logic operations can be directly performed with the I/O data.
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The following program is run on 8085 microprocessor:

Memory Address in hex Instruction

2000 LXI SP, 1000

2003 PUSH H

2004 PUSH D

2005 CALL 2050

2008 POP H

2009 HLT
At the completion of execution of the program, the program Counter of the 8085
contains and the Stack Pointer contains

Dual slope integration type Analog-to-digital converters provide
(a) higher speeds compared to all other types of A/D converters

(b) very good accuracy without putting extreme requirements on component
stability

(c) good rejection of power supply hum

(d) better resolution compared to all other types of A/D converters for the same
number of bits.

Which of the following signals is/are-periodic?
(a) S(t)=cos2t+cos3t +cos5t (b) S(t)=-exp(j8xt)

(c) S(t)=exp(-7t)sin10xt (d) S(t)=cos2tcos4t

If G(f)represents the Fourier transform of a signal g(t)which is real and odd
symmetric in time, then

(a) G(f)is complex (b) G(f)is imaginary
(c) G(f)is real (d) G(f)is real and non-negative

The maximum power efficiency of an AM modulator is
(a) 25% (b) 50% (c) 75% (d) 100%

For a random variable x following the probability density function, p(x), shown in
figure the mean and the variance are, respectively,

(a) % and % (b) 1 and 4p(x)

1
4

wlh Wl

(c) 1and % (d) 2 and
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The bit stream 01001 is differentially encoded using ‘Delay and Ex OR’ scheme
for DPSK transmission. Assuming the reference bit as a ‘1’ and assigning phases
of ‘0" and = for 1’s and 0’s respectively, in the encoded sequence, the transmitted
phase sequence becomes

(a) m0nn0 (b) Ommx0O0 (c) OmmnO (d) =n0nn

Coherent demodulation of FSK signal can be effected using
(a) correlation receiver

(b) band pass filters and envelope detectors

(c) matched filter

(d) discriminator detection

Source encoding in a data communication system is done in order to
(a) enhance the information transmission rate

(b) reduce the transmission errors

(c) conserve the transmitted power

(d) facilitate clock recovery in the receiver

A transmission line whose charactéristiciimpedance is a pure resistance
(a) must be a lossless line (b)=must be a distortionless line
(c) may not be a lossless line (d) may not be distrotionless line

Which of the following statements is/are correct?

(a) All the resonant frequencies of a microwave cavity are harmonics of a single
frequency

(b) No two of the resonant frequencies of a microwave cavity are harmonics of a
single frequency

(c) Resonant frequencies of a microwave cavity form distinct sets of
harmonically related frequency

(d) None of the above, because a microwave cavity does not resonate at a
number of frequencies.

Two dissimilar antennas having their maximum directivities equal,

(a) must have their beam-widths also equal

(b) cannot have their beam widths equal because they are dissimilar antennas
(c) may not necessarily have their maximum power gains equal

(d) must have their effective aperture areas (capture areas) also equal.
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1.39. The beam width between first null of uniform linear array of N equally spaced
(element spacing = d), equally excited antennas is determined by

(a) N alone and not by d (b) d alone and not by N

(c) the ratio, (%) (d) the product, (Nd)

1.40. In a multi-cavity magnetron, strapping is employed primarily
(a) to prevent mode jumping

(b) to increase the separation between the resonant frequencies in the © mode
and in the adjacent modes

(c) to reduce the back heating of the cathode
(d) to increase the output of the magnetron.

PART- B
(15 x 8 = 120 MARKS)

2. The two-port Darlington impedance booster of figure uses identical transistors
(h, =1K,h,, =100,h, = h,, =0). Calculate the z-parameters of the network (use

I re

relevant approximations)

V>
3. Block diagram model of a position control system is shown in figure.
Amplifier Motor

R(s) 1 Y(s)
'+C> > K M) S(0.55+1) >

e
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(a) In absence of derivative feedback (K, =0), determine damping ratio of the
system for amplifier gain K, =5. Also find the steady state error to unit
ramp input.

(b) Find suitable values of the parameters K, and K, so that damping ratio of the
system is increased to 0.7 without affecting the steady state error as
obtained in part (a).

1
s(2s+1)(s+1)

Sketch Nyquist plot for the system and there from obtain the gain margin and the
phase margin.

4, A unity feedback system has open loop transfer function G(s)=

5. A P-N-P transistor shown in figure has uniform doping in the emitter, based and
collector regions, where in the doping concentrations are 10*° per cm?®, 10" per

cm?,and 10 per cm’, respectively. The minority carrier diffusion lengths in the

emitter and the base regions are 5 microns and 100 microns, respectively.
Assuming low level injection conditions and using the law of the junction,
calculate the collector current density and the base current density and the base
current density due to base recombination. [Suitable approximations may be

made if required]. In all the regions of the transistor D, = 8cm? per sec.

D, =16cm?* per sec, n, =1.5x 101 |per-cm?, KT/ q = 26mV,q =1.6 x10™"¢

Emitter Base Collector
P N P

_. N, =10" per cm’ | N, =10Y percm® | N, =10' per cm? .—
L, =5 Microns L, =100 Microns
<+— 10 Microns —» |«— 5 Microns —» |«—200 Microns —»

10 volts

[ 1
+|||—

[, 0.78 volts
+ 10

6. An n-channel MOSFET(T) having a V,of 2 V [Threshold voltage] is used in the

circuit shown in figure. Initially, tis
off an in steady state. At time t =
1K
-

0, a step voltage of magnitude 4V
is applied to the input so that the v
MOSFET turns ‘ON’ } °
instantaneously. Draw the
equivalent circuit and calculate the
time taken for the output V, to fall

to 5V. The device constant of the Vi =T 100pF
MOSFET, K = 5 mA/V?
Rps =0, Cps =0;Cpg = 0.

+
+ e — 10V
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7. The transistors in the differential amplifier shown in figure are identical with

h, =100 and r, =250hms at 1 mA collector current. The circuit has a Common
Mode Rejection Ratio (CMRR) of 100.

(a) What is the differential gain V—O)of the circuit?
Vi—=V;

(b) What is the common mode gain of the circuit?

(c) If d.c. voltage of 1010 mV and 990 mV are allied to inputs 1 and 2
respectively with reference to ground, what will be the output voltage V, ?

+5V

g g output
Input 1 \| T
Vi K, - Z

V2 Input2
G_

% 2mAl l
e AN

-5V

8. Consider the circuit shown in figure. This circuit uses an ideal operational
amplifier. Assuming that the impedances at nodes A and B do not load the
preceding bridge circuit, calculate the output voltage V.

(a) when R, =R, =R, =1000hms (b) when R, =R, =R_ =100 ohms
+10V and R, =120 ohms
12kQ
AW

Ra \ﬁv R4
VWA =
10kQ 0Vo
~\MW\— +
B
Ry Rc é
12kQ
%3’}
e
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A combinational circuit has three inputs A, B and C and an output F.F. is true only
for the following input combinations?

A is false and B is true

A is false and C is true

A, B and C are all false

A, B and C are all true

(a) Write the truth table for F. use the convention, true = 1 and false = 0.

(b) Write the simplified expression for F as a Sum of Products.

(c) Write the simplified expression for F as a product of Sums.

(d) Draw a logic circuit implementation of F using the minimum number of 2
input NAND gates only.

A new clocked X-Y flip flop is defined with two inputs, X and Y is addition to the
clock input. The flip flop functions as follows:

If XY=00, the flip flop changes stage with each clock pulse

If XY=01, the flip flop state Q becomes 1 with the next clock pulse
If XY=10, the flip flop state Q becomes 0 with the next clock pulse
If XY=11, the change of state occurs with the clock pulse

(a) Write the Truth table for the XFY[flip-flop

(b) Write the Excitation table for the-X-Y-flip-flop

(c) It is desired to convert a J-K flip flop into the X-Y flip flop by adding some
external gates, if necessary. Draw a circuit to show how you will implement
in X-Y flip flop using a J-K flip flop.

A sinusoidal signal of 4 kHz frequency is used as a modulating signal for an FM
and an AM transmitter. Both of the transmitters use the same amplitude for the
unmodulated carrier. The peak frequency deviation in the FM transmitter is set to
four times the bandwidth of the AM transmitter and, the magnitudes of the
spectral components at f, + 4kHz (f. = carrier frequecy)are same for beoth of the

transmitters.

Determine the modulation indices for the AM and FM transmitters.
LIf required use the values of the Besset function given below:
J,(2)=0.577,7,(4)0.066, J, (8) = 0.235,J, (16) = 0.094 ]

Figure shows the memory circuit of an 8085 microprocessor.
(a) What is the total size of the memory in the circuit?

(b) What are the beginning and ending addresses of the memory in Chip 1?
(Give the answer in hexadecimal numbers)

(c) What are the beginning and ending addresses of the memory in Chip 2?
(d) Are the memory chips in the circuit ROM or RAM?
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(e) How will you replace the two NAND gates in the circuit with one 3 to 8
decoder without changing the memory size or the memory addresses?
Assume that the decoder has one active high enable E, and one active low

enable E,.
AIS e
Aig _Do_
A13 _m_
A _>0_
Ay —— Ao-10 CsS
8085 11 Memory
chip
A 16 D i
0-15 |=— o 0-7 OE
Doy |8 10/ M 8
10/ M |—
— RD Ao-
RD RD 0-10 ﬁ
_ 11 Mémory
WR |— Do chip
—_Cs
Ais 8
A14 _m_
A13 >—
A12 — ]
A1 —DO—

(a) A low pass signal x(t) has a spectrum given by
x(f)=1- 1L, for |f| < 2000Hz.
2000
0, elsewhere.

Assuming that x(t) is ideally sampled at a sampling frequency of 3 kHz sketch.
(i) X(f),and

(i) the spectrum of the sampled signal for |f| < 3kHz.

(b) An analog low pass signhal of 4 kHz bandwidth is sampled at the Nyquist rate,
subsequently quantized and encoded into a binary PCM wave with 128
quantization levels. The word synchronization is effected by adding a
synchronizing pulse at the end of each code word. Determine the bit ratio to the
resulting PCM signal.

A received binary NRZ signal assumes the voltage levels of 500 millvolts and -
500 millivolts respectively for ‘1’ and ‘0’ transmission with a bit rate or r
bits/second. The signal is corrupted by additive white Gaussian noise with a two
sided spectral density of volts’/Hz. The received signal is processed by an
integrate and Dump circuit in every bit interval and compared with a zero
threshold to take a bit decision.

Assuming ‘1’ and ‘0’ transmission to be equally likely, determine the maximum
value of r such that the bit error probability < 10~
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. 1 = 2
Given X=——| e2dz=10" at x = 4.27
=l
erfc x=ij°°eT2dz=2x1o-5 at x = 3.02
\/7_[ x
15. A uniform plane wave traveling in free space along the +z direction and having

its electric field along the x-direction, is normally incident on a thick brass sheet,
infinite in extent along the x-and y-directions). The electric field intensity of the
wave is given by

E, =1225co0s(5.89x 10"t — 3z) volts/metre.

Calculate the power per square metre that causes heating of the brass sheet
taking ¢ =1,4, =1 and o =1.649x10” mhos/metre for brass.

16. Elements of a linear array of three equally spaced (element spacing = 0.51)
vertical mast radiators, are excited as given in figure. For the horizontal plane
radiation pattern of the array, determine the direction of the major lobe (main
lobe or principal lobe), and calculate its half-power beam width in degrees.

\d)

0.5 0.5

‘e
<

1/+90° 21.,0° 1/-90°

.Y
A
Y.
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Time : 3 hours PART I Maximum Marks : 200
SECTION - A
1. This questions 1.1 to 1.7 below one or more the alternatives are correct.

Write the code letter(s), (A,B, C and D) corresponding to the correct
alternatives in the answer book. Marks will be given only if all the correct
alternatives have been selected and no incorrect alternative is picked up.

00O
1.1 The eigen vector(s) of the matrix |0 0 0|,a #0,is/are:
00O
(a) (0,0,) (b) (e,0,0) (c) (0,0,1) (d) (0,,0)
2
1.2 The differential equation, d_);+d_y+ siny =0, is:
dx® dx
(a) linear (b) non-linear (c) homogeneous (d) of degree two

1.3  Simpson’s rule for integration gives exact result when f(x)is a polynomial of
degree
(a) 1 (b) 2 (c) 3 (d) 4

1.4 Which of the following is (are) valid FORTRAN 77 statement(s)?
(a) bO131 =1 (b) A = DIM***7 (¢) READ = 15.0 (d)GOTO 3 =10

1.5 Fourier series of the periodic function (period 2n) defined by

-0

r 1, 1 .
Z+Z —n°|cosnr—-1cosnx ——cosnzsinnx
T\ n

By putting x = r in the above, one can deduce that the sum of the series

1 1 1 :
1+3—2+?+7—2+...,|s
2 2

7’ 7’ z
@) 5 (b) & (© 5 (d) 15

1.6 Which of the following improper integrals is (are) convergent?

()j S (b) [ Xax (c) j

_dx (d) .[1 cosxdx
0

X2

1-cosx
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The function f(x,y) = x’y —-3xy + 2y + x, has

(a) no local extremum

(b) one local minimum but no local maximum
(c) one local maximum but no local minimum
(d) one local minimum but one local maximum

In questions 2.1 to 2.10 below, each blank ( ) is to be suitably
filled in. in the answer book write the question number and the answer
only. Do not copy the question. Also no explanations for the answers are
to be given.

_ x(e*-1)+2(cosx-1)
lim is
x50 x (1 -cosx)

(Bm)! o,

IS

The radius of convergence of the power series i( )3
o (m!

If the linear velocity V is given by V = x?yi + xyzj — yz2k the angular velocity @ at

the point (1, 1, -1) is

Given the differential equation, y = x — y with the initial condtion y (0) =0. the
value of y(0.1)calculated numerically up to the third place of decimal by the
second order Runge-Kutta method with step size h = 0.1 is

For X = 4.0, the value of I in the FORTRAN 77 statement

I=—2**2+5.0*X/X*3+% is

1
L5

The value of the double integral ” X__dxdy is
0 x

1+y?
1 0 0 1
If A= 0 -1 0 —'1
0 O i i
0 0 0 —ij

The matrix A*, calculated by the use of Coyley - Mamilton theorem or otherwise,
is
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2.8  Given, V = xcos? yi + x2e*j + zsin? yk and S the surface of a unit cube with one
corner at the origin and edges parallel to the coordinate axes, the value of the
integral ﬂs V.ndS is

2.9 The differential equation y+y =0 is subjected to the boundary conditions
y(0)+0y(4)=0. In order that the equation has non-trivial solution (s), the
genral value of 7 is

2.10 The Laplace transform of the periodic function f (t)described by the curve below
i.e.
F(t) = {sint if (2n-1)z<t<2nz(n=1,2,3,..)
0

Otherwise is

f(t)

b 2n

0 3n 4n 5n 6n 7n 8n t R

SECTION B: PHYSICS

3. In the following questions 3.1 to 3.17 there are some multiple choice
questions and some questions where blanks are to be filled in. Answer
ALL the questions. All multiple choice questions have ONE or MORE
correct answers those suggested. Credit will be given only if every
correct alternative(s), and no incorrect alternative, is selected. Write
only the letters corresponding to the select alternatives in the answer
book. In the fill in the blank type questions, write the answer only in the
answer book.

Useful data: h=6.63x10"*J_ =3x10°m/s

3.1. Two particles of masses M, and M, (M, > M,)attract each other with a force

inversely proportional to the square of the distance between them. The particles
are initially at rest and then released. The centre of mass relative to a stationary
observer

(a) moves towards M, (b) moves towards M,

(c) remains at rest

(d) moves with a speed proportional to %
2
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The temperature of an ideal gas is held constant while its volume is increased.
The pressure exerted by the gas on the walls of the container decreases because
its molecules

(a) strike the walls with smaller force

(b) strike the walls with lower velocities
(c) strike the walls less frequently

(d) collide with each other more frequently

Although a laser beam is highly directional, its beam width increase with
propagation. This increase is due to

(a) coherence (b) diffraction (c) polarization (d) interference

A plane electromagnetic wave of the form
E = yE, [ cos27(5x 10" sec™ )t - (2.5x10°m™ ) x |
Where E, is a constant and y is the unit vector along y-direction) represents a
wave propagating along
(a) + x direction (b) + y direction (c) - x direction (d) - y direction

While you are listening to’a programme from a radio, if a near by electric light
bulb is switched on or switched"off,"you-hear.a momentary noise in your radio.
This is due to electromagnetic radiation emitted by

Nuclear fusion reactions required very high temperatures so as to overcome
(a) nuclear forces (b) van der waals forces
(c) coulomb forces (d) gravitational forces

In radioactive decay, the disintegration rate of the nuclei is:
(a) constant at all times

(b) inversely proportional to half-life of the nuclei

(c) inversely proportional to the nhumber of nuclei at any time
(d) directly proportional to the number of nuclei at any time

In an hydrogen atom 10.2 eV is given out as radiation when an electron is de-
excited to the ground state. The principal quantum number of the excited state is
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3.9 Typical current voltage characteristic of a solar cell is given in the following figure

by
A B C D

= /J//

o

5

O

Voltage -

(a) curve A (b) curve B (c) curve C (d) curve D

3.10. Consider a solid sphere and a hollow sphere, both of mass M, radius R and
initially at rest, which start rolling down the same inclined plane without slipping.
At the bottom of the inclined plane, the ratio of speeds V, ,, / V, ..., iS:

(a) 1 (m,fgﬁ . (@) 3§ (@NEE

[Note: The moment of inertia about any diameter for a solid sphere is (2/5) MR?,
and for a hollow sphere (2/3) MR?].

3.11. An optical fibre consists of a cylindrical dielectric rod of refractive index n,,
surrounded by another dielectric of refractive index n,, where n, <n,,as shown

in the following figure. If a ray is incident from air at an angle i to the axis, then
it undergoes total internal reflection at the interface AB if

(@) i=sintyn? —n: Air

A B

(b) i>sin*/n, —n, /\_\\ Nt

(c) i<sintyn?—n }/

(d) i=sintyn, —n,

3.12. For a uniformly charged sphere of radius R and charge density p, the ratio of

maghnitude of electric fields at distance g and 2R from the centre, i.e.,

(-2

E(r=2r)°
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A long solenoid of radius R, and having N turns per unit length carries a time
dependent current I(t)=I,cos(mt). The magnitude of induced electric field at a

distance greadily from the axis of the solenoid is
R . R
(a) EuoNIOa)sm(a)t) (b) EuoNIOa)cos(a)t)

(c) guoNIowsin(wt) (d) guoNIOwcos(wt)

In an electron diffraction experiment, planes of a crystal with spacing 1A°
between them yield the first maximum at a Bragg angle of 6=30°. The
momentum of the electrons is J-s/m.

A conventional unit cell of close packed face centered cubic (FCC) structure made
up of hard spheres has a cube edge of a A°. The radius of the sphere is
Ao,

A light beam of frequency 1.2x10% Hz is incident on a metal in a photoelectric
effect experiment. The corresponding maximum kinetic energy of the ejected
photoelectrons from the metal| is- 6.63x10'°J. The characteristic cut-off
frequency of the metal is Hz.

Consider the semiconductors A and B. the figure shows variation of In p with I/T,
where p is resistivity and T the temperature, for the two semiconductors. Choose
the correct statements(s).

A B

In A

v

k)

(a) the bandgap energy of A is larger than that of B.
(b) the bandgap energy of A is smaller than that of B.

(c) the maximum wavelength of light needed to create an electron hole pair is
larger in A than in B

(d) the maximum wavelength of light needed to create an electron hole pair is
smaller in A than in B
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SECTION F

4. The questions 4.1 to 4.9 below are multiple choice questions carrying 1
mark each. There could one or two or more choices for the answer.
Indicate your choice by writing the appropriate capital letter/letters
against each question number. No credit will be given for writing only
one choice in cases where more than one correct answers are possible.
Answer the questions 4.1 to 4.9 on one page, in the same order in which
they appear.

4.1. A dc circuit shown in figure has a voltage source V, a current source I and several
resistors. A particular resistor R dissipates a power of 4 Watts when V alone is
active. The same resistor R dissipates a power of 9 Watts when I alone is active.
The power dissipated by R when both sources are active will be

(a) 1 W

+ Resist
(b) 5W V<E network %R
(c) 13 W -
(d) 25 W ‘ \
I

4.2. In the series circuit shown in figure for series resonance, the value of the
coupling coefficient K will be

(a) 0.25 [K ~N

(b) 0.5 |
© 0.599 A _j.l(mll_%(i\ ] pu—
(d) 1.0 120 8o

4.3. If the secondary winding of the ideal transformer shown in the circuit of the
figure has 40 turns, the number of turns in the primary winding for maximum
power transfer to the 2° resistor will be

Ideal
8 Transformer
— W
w@® 8 %\ e
40
turns
(a) 20 (b) 40 (c) 80 (d) 160
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4.4. While starting a dc shunt motor:
(a) reduced armature voltage V, and reduced field voltage V, should be applied
and full regulator resistance R. should be included in the field circuit.

(b) reduced V, but full V. should be applied and R. should be zero.
(c) rated V, but rated V; should be applied and R should be zero.

(d) rated V and rated V, should be applied and R. should be maximum.

4.5. A 6 pole 3 phase wound rotor induction machine is driven by another machine at
180 rpm. The rotor of the induction machine is connected to a 50 Hz system. If
the mechanical rotation of the rotor is in the same direction as the rotor winding
flux rotation, then the frequency of the stator voltage will be

(a) 50 Hz (b) 140 Hz (c) 150 Hz (d) 200 Hz

4.6. For the amplifier circuit of figure, the transistor a B of 800. The mid-band voltage
gain V, /V, of the circuit will be

+15V
—0
200KQ %
< 4700
—— o
4',7“F 7 ear 4
+ C
' I N ve
Vi 100KQ
¥
2 3
(a) O (b) <1 (c) =1 (d) 800

4.7. The wave shape of V,in figure will be
4.1V 4.1V

I 3 N :
N
10sin314t <~> §1OK Vo

—»O
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(a)

(b) 4.1|/
Vo 0 PR PRI I

(c) 4.1

1 » t (ms)

(d) Oi : ' T T T
2 4 6 8 A0 1212 1618

4.8. For the logic circuit shown in figure, the output Y is equal to

— T D—

B_DD::D Y

{:}_

(a) ABC (b) A+B+C (c) AB+BC+A+C

4.9. In figure, the ideal moving iron voltmeter M will read

(a) 7.07 V (M)

(b) 12.24 V N

(c) 14.14V . Ideal diode L 100uF
(d) 20.0V @105in314t
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5. The question 5.1 to 5.8 below carry 2 marks each. Give the complete calculation
necessary for arriving at the results.

5.1. In the circuit of figure, when switch S, is closed, the ideal ammeter M, reads 5A.
What will be ideal voltmeter M, read when S, is kept open? (The value of E is not

specified). @Mz
4Q 3Q
A ——AMW- .
A
§69
_m+
E 10Q
_/ g 50
8Q
20 3Q
A\ ANV~
5.2. For the circuit shown in figure, determine the readings of the two wattmeters.
Phase sequence is RYB.
N
( L:—’?;; ) R
W, L
400V
3Phase

50Hz

R
supply
|
Y R=50
) L=275.66mH
W,
B

5.3. Figure shows the core and armature of a relay. Flux of 50 mWb is produced in
this circuit. Find the force in Newtons acting on the armature. Neglect fringing.

0.0254cm
l — —
Core
//\ T T o
—> «— 0.635cm 2.54cm %
! I
<C
\
b 7.62 P
-« . an___»___»g —
y 0.635cm

Plan -0.635cm | |:|
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5.4. In a 110 volts compound generator, the armature, shunt and series windings are
0.06Q, 27.5Q and 0.04Q respectively. The load consists of 200 lamps each rated
at 55W, 110V. Find the total e.m.f an armature current when the machine is
connected for long shunt operation.

5.5.  Two 500 kVA alternators operate in parallel to supply the following loads:
(i) 250 KW at 0.95 p.f. lagging

(ii) 100 KW at 0.85 p.f. leading

One machine is supplying 200 KW at 0.9 p.f. laying. Calculate the p.f. of the
other machine.

5.6. For the ideal op-amp circuit of figure shown, determine the outpour voltage V..

99Q
100Q :[: T

\/ 100Q ve
N £

5.7. The truth table for the output Y in terms of three inputs A, B and C are given in
table. Draw a logic circuit realization using only NOR gates.

100Q

Al0Oj1j0j1|0|1]|0]|1
B/oOjoj1|1|0(0|1]|1
c|iojofojoj1j1141
Y(i1(1j1/0|1/0(0]0

5.8.  Mn figure, is a rectifier type 200 V full scale voltmeter having a sensitivity of 10
kQ/Volt. What will be the reading in M if the source voltage V, is a symmetrical

square wave of 800 volts peal to peak?

2MQ

WW-

Ideal diode

Vs
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PART 11

Read the following instructions carefully:

1.

6.1.

6.2.

6.3.

This part contains 16 questions: 6 to 21. Answer all the questions. Question 6
consists of 25 sub-questions each carrying 2 marks. All the sub-questions must
be answered in the sequence in which they appear.

In the multiple choice questions, four alternatives A, B, C and D are given, of
which more than one may be correct. Indicate the correct alternative(s) by
writing the corresponding letter (s) in CAPITALS. Marks will be given only if all
the correct alternatives are written. For the “Fill in the blanks” type of questions
and for questions asking for illustrations, sketches etc. only the answers must be
written against the relevant question number in the answer book.

Questions 7.21 carry 5 marks each. Answer to each question should appear at
one place only. Answers must be neatly and legibly written and well separated
from any rough work.

Make reasonable assumptions wherever necessary. There is no negative marking.

A network contains linear resistors and ideal voltage sources. If values of all the
resistors are doubled, then the voltage across each resistor is

(a) halved . . (b) doubled
(c) increased by four times (d) not changed

The two electrical sub network N, and N,are connected through three resistors

as shown in figure. The voltage across 5 ohm resistor and 1 ohm resistor are
given to be 10 V and 5V, respectively. Then voltage across 15 ohm resistor is

+ 10V
150 29
Ny WV N2
1Q
+W\C 5V
(a) - 105V (b) + 105V (c) -15V (d)+ 15V

In figure, A,A, and A, are ideal ammeters? If A reads 5A, A, reads 12A, then
A, should read.

(@) 7 A B—w
(b) 12 A (A5 c
(c) 13A () |_
(d) 17 A mlOOsinmt
—/
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6.4. If zF (s)=[f(t)]= mthen limf (t)is given by

(a) g (b) zero (c) 0<A<12 (d)5<A<12

6.5. If s? +3s® +4s+ A =0,then all the roots of this equation are in the left half plane
provided that

(a) A> 12 (b) -3<A<4 (c) 0<A<12 (d)5 < A < 12

6.6. The built-in potential (Diffusion Potential) in a p-n junction

(a) is equal to the difference in the Fermi level of the two sides, expressed in
volts.

(b) increases with the increase in the doping levels of the two sides
(c) increases with the increase in temperature
(d) is equal to the average of the Fermi levels of the two sides

6.7. o - cut off frequency of a bipolar junction transistor
(a) increase with the increaselin base width
(b) increases with the increase in emitter width
(c) increase with increase in the collector width
(d) increase with decrease in the base width

6.8. Negative feedback in amplifiers
(a) improves the signal to noise ratio at the input
(b) improves the signal to noise ratio at the output
(c) does not affect the signal to noise ratio at the output
(d) reduces distortion

6.9. In a multi-stage R-C coupled amplifier the coupling capacitor
(a) limits the low frequency response
(b) limits the high frequency response
(c) does not affect the frequency response
(d) blocks the d.c. component without affecting the frequency response

6.10. The bandwidth of an n-stage tuned amplifier, with each stage having a band
width of B, is given by

(a) % (b) % (c) BY2" -1 (d)lL

V2n -1
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In a transistor push-pull amplifier

(a) there is no d.c. present in the output

(b) there is no distortion in the output

(c) there are no even harmonics in the output
(d) there are no odd harmonics in the output

2's complement representation of a 16-bit number (one sign bit and 15
magnitude bits) is FFFI. Its magnitude in decimal representation is

(@) 0 (b) 1 (c) 32,767 (d) 65, 535

Boolean expression for the output of XNOR (Equivalent) logic gate with inputs A
and B is:

(a) AB+ AB (b) AB+ AB (c) (A+B)(A+B) (d) (A+B)(A+B)

Consider the circuit shown in figure (a). If the diode used here has the V-I
characteristic as in figure (b), then the output wave form v, is:

A

A 'f % =300Q
_____ 2V for
% 2n % Vo V=0.5V
T » V
--2v 0.5V

Figure (a) Figure (b)
(a) (b)
ﬁ 2V 0 i 2
0 n 2n
_____ 2V
c-=-=-2V
(c) m (d)

0 T 2n

A pulse train with a frequency of 1 MHz is counted using a modulo 1024 ripple
counter built with J-K flip flops. For proper operation of the counter, the
maximum permissible propagation delay per flip flop stage is n sec.
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In a microprocessor, the register which holds the address of the next instruction
to be fetched is:

(a) accumulator (b) program counter
(c) stack pointer (d) instruction register

In a microcomputer, wait states are used ot

(a) make the processor wait during a DMA operation

(b) make the processor wait during an interrupt processing
(c) make the processor wait during a power shutdown

(d) interface slow peripherals to the processor

The function shown in figure, can represent a probability density function for A
- f(x)

3A

>N

v

3 2 p10= 1 2 3

Which of the following demodulator(s) can be used for demodulating the signal
x(t) =5(1+2cos2000xt)cos2000xt.

(a) Envelope demodulator (b) square law demodulator
(c) synchronous demodulator (d) None of the above

A superheterdyne radio receiver with an intermediate frequency of 455 KHz is
tuned to a station operating at 1200 KHz. The associated image frequency is
KHz.

Sketch the waveform (with properly marked axes) at the output of a matched
filter matched for a signal s(t), of duration T, given by

A for0<1<%T
S(t): 5
6.22 for 5Tst<T

Six independent low pass signals of bandwidth 3W, W, W, 2W, 3W and 2W Hz are
to be time division multiplexer on a common channel using PAM. To achieve this,
the minimum transmission bandwidth of the channel should be
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6.23 A material is described by the following electrical parameters as a frequency of

10 GHz, o =10°mho/m, p = po and 2 _10. The material at this frequency is
O-O
considered to be

1
=—— x10°F/m
(00 367 / j

(a) a good conductor

(b) a good dielectric

(c) neither a good conductor, nor a good dielectric
(d) a good magnetic material

6.24. Consider a transmission line of characteristic impedance of 50 ohm. Let it be
terminated at one end by +j50 ohm. The VSWR produced by it in the
transmission line will be

(@) +1 (b) O (C) e (d) +j

6.25. A plane wave is incident normally on a perfect conductor as shown in figure. Here
E. =H’ and P are electric field, magnetic field and Poynting vector respectively,
for the incident wave. The reflegted-wave should be

(a) E,, =-E, Ex >
(b) H,=-H,
(c) P=-P = > K
(d) E. =E, i,
7. An infinite grid is built up by connecting resistors in the manner indicated in

figure, where each branch represents one ohm resistor. Calculate the effective
resistance between the nodes A and B.

B
8. Find the Y-parameters (short circuit admittance parameters) for the network
shown in figure.
1F
1 1Q 2Q 2
— AW/ VW
3
1 2’
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Consider the following interconnection of the three LTI systems (figure),
h, (t),h, (t) and h, (t) are the impulse responses of these three LTI systems with

H, (»),H, (w) and H, () as their respective Fourier transforms. Given that

h, (t) =i[sma)ot}
dt 2t x(t) + y(t)
) —> h(t) hy(t) F—>
v _
h, (t) = exp{ }
a)O
hy (t)=u(t), and h(t) |—

X (t) = sin2w,t + cos [%}

Find the output y (t).

The reverse saturation current of the collector base junction (I,)of a BIT is

found to be 10n A at low collector voltages. The low voltage current amplification
factor (o) is 0.98. Find out the change in collector current with its base open
(Iso ) When the collector voltage is increased such that o increases by the 1.0%.

A JFET with the following parameters is used in a single stage common source
amplifier with a load resistance of 100kQ.-Calculate the high frequency cut off
(upper 3 dB cut off frequency) of the amplifier.

G, =2.0mA/V
C,, =2.0pF
r, =100kQ
C,y =2.0pF
C,, =1.0pF

In the following circuit the capacitance varies as C = KW, where K is a constant
equal to 0.5 Farads/Coulomb and Q, the charge on the capacitor in Coulombs.
Determine the current through the circuit and sketch the voltage waveform
across the capacitor (V_)for a step input V, as shown in figure.
i 3KQ

+

S5sVi——— Vi C Ve

I |
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13. Find the output voltage, V, in the following circuit (figure), assuming that the op-
amps are ideal.

1KO 2KQ
— ANV AW
2KQ
————ANN—
2KQ
AN~ A - 2KQ
_| A A\Ya -
= + B —O Vo
+
fE v |
2V
14. Signals A, B, C, D and D are available. Using a single 8 to 1 multiplexer and no

other gate, implement the Boolean function f(A,B,C,D)=B.C + AB.D + AC.D

15. A clocked sequential circuit has three states, A, B and C and one input X. As long
as the input X is 0, the circuit alternates between the states A and B. If the input
X becomes 1 (either in state A or in state B), the circuit goes to state C and
remains in state C as long as-X continues to be 1. The circuit returns to state A if
the input becomes 0 once again and from then on repeats its behaviour. Assume
that the state assignments are’A-= 00; B'='01'and C = 10.

(a) Draw the state diagram of the circuit
(b) Give the state table for the circuit
(c) Draw the circuit using D flip flops

16. A microprocessor has five address lines [A, - A, | and eight data lines [D, - D, |.

An input device A, an output device B, A ROM and a RAM are memory mapped to
the microprocessor at the addresses as shown in figure. Devices A and B have
four addressable registers each; RAM has 8 bytes and ROM has 16 bytes.

B 1F
1C
rROM | 1B
0C
RAM gB
4
A 03
00

(a) Indicate the address lines to be connected to each device and memory.

(b) Obtain the minimum sum of product expression for the chip select (CS)
function of each device/memory.
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It is desired to generate a random signal x(t), with autocorrelation function,
R, (T)=5ne™!, by passing white noise n(t), with power spectral density
S,(f)= gwatts/Hz, through a LTI system. Obtain an expression for the transfer

function H(f) of the LTI system.

Obtain an expression for the signal v, (t)in figure, for

v, (t) =10cos(2000xt) + 4sin(200xt). Assume that v, (t)=v, (t)+0.1v(t) and
that the BPF is an ideal unity gain filter with pass band from 800 Hz to 1200 Hz.

o Non-linear R BPF
Vi(t) system Va(t) Va(t)

A low pass signal m(t) band limited to B Hz is sampled by a periodic rectangular

pulse train, P, (t) of period T, = Lsec. assuming natural sampling and that the

(38)

pulse amplitude and pulse width are A volts and sec, respectively, obtain

I
(308)

expression for the frequency spectrum of the sampled signal m, (t).

Consider an array of two non-directional radiators with spacing d = 0.5
Determine the directions of maximum radiation when the radiators are excited as
shown in figure. Calculate the phase shift required for turning the direction of the
maximum radiators by 90°, keeping the separation, d, unchanged.

140°/L¢ 140°/£¢

d=0.5% '

Match the following descriptions with each of the diagrams given in figure. Fields
are near the interface, but on opposite sides of the boundary. Vectors are drawn
to scale.

(a) Medium 1 and medium 2 are dielectrics with g > ¢,
(b) Medium 1 and medium 2 are dielectrics with ¢ < ¢,

(c) Medium 2 is a perfect conductor
(d) Medium 1 is a perfect conductor. -

Ex
—> ———————— -
—
1 1 E1: 18 H; =0
_—— 1
2 o, / ! 20—

1 Hz =0

. . 2
(i) (ii) (iif) (iv) (v)
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Read the following instructions carefully:

(i)

(ii)
(iii)
(iv)
(v)

(vi)

1.1

1.2

1.3

1.4

1.5

1.6

This question paper consists of two sections: A & B.

Section A has NINE questions, Answer all questions in this section.

Section B has TWENTY questions. Answer any TEN questions in this section.
Begin answer for this section on a fresh page.

Answer to questions in each section should appear together in the same
sequence in which they appear in the question paper.

There will be no negative marking.

SECTION - A

For each of the following (1.1 - 1.19) questions, four possible
alternatives (A,B, C and D) are given. Indicate the correct or the best
answer by writing the corresponding letter (A,B,C,or D) in each question
number.

The Laplace transform of a unit ramp function starting at t = a, is
1 e—as e—as
(a)

i (© & (d) 5
(s+a) S S

(s+ a)2

The Fourier Series of a odd periodic function, contains only
(a) odd harmonics  (b) even harmonics (c) cosine terms (d) sine terms

A series LCR circuit consisting of R = 10Q, |X,| =20Q and |X,| = 20Q,is connected
across an a.c. supply of 200V rms. The rms voltage across the capacitor is:
(a) 200« -90°V (b) 200« +90°V () 400£-90°v (d) 400« +90°V

A ramp voltage, v(t) =100 volts, is applied to an RC differentiating circuit with R
= 5kQ and C = 4pF. The maximum output voltage is:
(a) 0.2 volts (b) 2.0 volts (c) 10.0 volts (d) 50.0 volts

The 3-dB bandwidth of a typical second-order system with the transfer function

C(s) = @, is given b
R(s) s +2xw,s+ @} 9 Y

n

(@) @, =1-2& (b) @, = 1-282)+ & —£ +1
() @, =\1-28)+Jaz" 42 +2 (d) @, = 1-28)+ 4z - & +2

If the open loop transfer function is a ratio of a numerator polynomial of degree
‘m’ and a denominator polynomial of degree 'n’, then the integer (n-m)
represents the number of

(a) breakaway points (b) unstable poles
(c) separate root loci (d) asymtotes
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1.7 A small concentration of minority carries is injected into a homogeneous
semiconductor crystal at one point. An electric field of 10 V.cm is applied across
the crystal and this moves the minority carriers a distance of 1 cm is 20usec. The
mobility (in cm?/volt.sec) will be

(a) 1,000 (b) 2,000 (c) 5,000 (d) 500,000

1.8 The threshold voltage of an n channel MOSFET can be increased by
(@) increasing the channel dopant concentration
(b) reducing the channel dopant concentration
(c) reducing the gate-oxide thickness
(d) reducing the channel length

1.9 A class - A transformer coupled, transistor power amplifier is required to deliver
a power output of 10 watts. The maximum power rating of the transistor should
not be less than

(a) 5W (b) 10W (c) 20w (d)40 W
1.10 Data can be changed from spatial code to temporal code and vice-versa by using
(a) ADCs and DACs i (b) shift registers

(c) synchronous counters (d) timers

1.11 The output of a logic gate is ‘1" when all its inputs are at logic ‘0’. Then gate is

either
(a) a NAND or an EX-OR gate (b) a NOR or an EX-NOR gate
(c) an OR or an EX-NOR gate (d) an AND or an EX-OR gate

1.12 A PLA can be used
(a) as a microprocessor (b) as a dynamic memory
(c) to realize a sequential logic (d) to realize a combinational logic

1.13 A dynamic RAM consists of
(a) 6 transistors (b) 2 transistors and 2 capacitors
(c) 1 transistor and 1 capacitor (d) 2 capacitors only

1.14  v(t)= 5[cos(1067rt) —sin(10°zt)x sin (10%1“)] represents

(a) DSB suppressed carrier signal (b) AM signal
(c) SSB upper sideband signal (d) Narrow band FM signal
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Increased pulse-width in the flat-top sampling leads to
(a) attenuation of high frequencies in reproduction
(b) attenuation of low frequencies in reproduction

(c) greater aliasing errors in reproduction

(d) no harmful effects in reproduction

Medium wave radio signals may be received at far off distances at night because
(a) radio waves travel faster at night

(b) ground wave attenuation is low at night

(c) the sky wave is stronger at night

(d) there is no fading at night

For a short wave radio link between two stations via the ionosphere, the ratio of
the maximum usable frequency to the critical frequency

(a) is always less than 1
(b) is always greater than 1

(c) may be less than or more than 1 depending on the distance between the two
stations

(d) does not depend on the distance between the two stations

A plane electromagnetic wave traveling along +z - direction, has its electric filed
given by E, =2cos(*t) and E, = 2cos(*t +90°). The wave is

(a) linearly polarized (b) right circularly polarized
(c) left circularly polarized (d) elliptically polarized

For a dipole antenna

(a) the radiation intensity is maximum along the normal to the dipole axis

(b) the current distribution along its length is uniform irrespective of the length
(c) the effective length equals its physical length

(d) the input impedance is independent of the location of the feed-point

In each of the following questions (2.1 - 2.20) fill in the blanks
appropriately.

fAdt = {.-ds

The rank of an (mxn)matrix (m < n)cannot be more than

The condition that a z-port network is reciprocal, can be expressed in terms of its
ABCD parameters as
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A generator of internal impedance, Z;, deliver maximum power to a load
impedance, Z;,only if Z, =

The open loop frequency response of a system at two particular frequencies are
given by: 1.2<180° and 1.0 < -190°

The closed loop unity feedback control is then
The poles of a continuous time oscillators are

The forward dynamic resistance of a junction diode varies as the
forward current.

The transmit time of the current carriers through the channel of an FET decides
its characteristics.

In order to reduce the harmonic distortion in an amplifier, its dynamic range has
to be

A common emitter transistor amplifier has a collector current of 1.0 mA when its
base current is 25pA at the._room temperature. It's input resistance is
approximately equal to

A pulse having a rise time of 40n sec is displayed on a CRO of 12 MHz bandwidth.
The rise time of the pulse as observed on the CRO would be approximately equal
to

For the 2N 338 transistor, the manufacturer specifics P, =100mW at 25°C free

ax

air temperature and the maximum junction temperature T, =125°C . Its

Jjmax

thermal resistance is

The frequency compensation is used in op-amps to increase its

A 2u sec pulse can be stretched into a 10 msec pulse by using a circuit.

Synchronous counters are than the ripple counters.

A ring oscillator consisting of 5 inverters is running at a frequency of 1.0 MHz.
The propagation delay per gate is nsec.

A 10 MHz carrier is frequency modulated by a sinusoidal signal of 500 Hz, the
maximum frequency deviation being 50 KHz. The bandwidth required, as given
by the Carson’s rule is
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The bandwidth required for the transmission of a PCM signal increases by a factor
of when the number of quantization levels is increased from 4 to 64.

A load impedance, (200 + jO)Q is to be matched to a 50Q lossless transmission

line by using a quarter wave line transformer (QWT). The characteristic
impedance of the QWT required is

The interior of a 23—0cm x? cm rectangular wave guide is completely filled with a

dielectric of & =4. Waves of free space wave-lengths shorter than can
be propagated in the TE,, mode.

For each of the following questions (3.1 - 3.10) indicate whether the
statements is TRUE / FALSE. Give reason for your answer.

represents the input impedance of a network.

Z(S)=52+4

Tachometer feedback in a d.c. position control system enhances stability.

If G(s) is a stable transfer function, then nF (s) = %S)is always a stable transfer
function.

A p-type silicon sample has a higher conductivity compared to an n-type sample
having the same dopant concentration

Channel current is reduced on application of a more positive voltage to the gate
of a depletion mode n-channel MOSFET.

The look-ahead carry adder is a parallel carry adder where all sum digits are
generated directly from the input digits.

In the output stage of a standard TTL, have a diode between the emitter of the
pull-up transistor and the collector of the pull down transistor. The purpose of
this diode is to isolate the output node from the power supply V..

Pulse width modulated signals are immune to noise since their amplitude is
constant.
Noise figure of an amplifier is always greater than 1.

If a pure resistance load, when connected to a lossless 75-ohm line, produces a
VSWR of 3 on the line, then the load impedance can only be 25 ohms.

Marks will be given only if all the three items A, B, and C are matched
correctly.

In each of the following questions (4.1 - 4.8) match each of the items A,
B and C with an appropriate item from 1, 2, 3, 4 and 5.
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d’y dy
al W‘l‘azya'i' a3y = a4

d’y
a, e +ay =a,
2
a, %+azx%+a3x2y =0
Non linear differential equation
Linear differential equation with constant coefficients
Linear homogeneous differential equation
Non-linear homogenous differential equation

Non-linear first order differential equation

4.2 The response of an LCR circuit to a step input is

(a)
(b)
(c)

over damped
critically damped
oscillatory

If the transfer function has

(1)
(2)
(3)
(4)
(5)

4.3 (a)
(b)
(c)
(1)
(2)
(3)
4)
(5)

4.4 (a)
(b)
(c)
(1)
(2)
(3)

poles on the negative real axis

poles on the imaginary axis

multiple poles on the positive real axis
poles on the positive real axis

multiple poles on the negative real axis

Very low response at very high frequencies.
Overshoot

Synchro-control transformer output

Low pass systems

Velocity damping

Natural frequency

Phase sensitive modulation

Damping ration

The current gain of a BJT will be increased if

The current gain of a BJT will be reduced if

The breakdown voltage of a BJT will be reduced if
The collector doping concentration is increased.
The base width is reduced

The emitter doping concentration to base doping concentration ratio is
reduced.
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4.5

4.6

4.7

4.8

(4) The base doping concentration is increased keeping the ratio of the emitter

(a)
(b)
(c)
(1)
(2)
(3)
(4)
(5)
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doping concentration to base doping concentration, constant.
(5) The collector doping concentration is reduced.

Hartley

Wien-bridge

Crystal

Low frequency oscillator

High frequency oscillator
Stable frequency oscillator
Relaxation frequency oscillator
Negative resistance oscillator

Type of ADC

(a)
(b)
(c)

Successive approximation
Dual slope
Parallel comparator

Maximum conversion for 8 bit ADC in clock cycles.

(1)
(5)

(@)
(b)
(c)
(1)
(2)
(3)
4)
(5)

(a)
(b)

()

(1)
(3)
(5)

1 (2) 8 (3) 16
512

Single side band
Amplitude modulation
Binary phase shift keying
Envelope detector
Integrated and dump
Hilbert transform

Ratio detector

Phase locked loop

—. 4
Vi=-2L
t

Continuity equation

Ampere’s law (4) Gauss’s law

Biot-Savart law

(2) Faraday’s law

(4) 256
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Solve the following equations using Cayley-Hamilton theorem.
X+x*+x>=3
x'-x>=0
xX'-x"+x’=1

Write down the mesh equations of the following network in term of
i, (t) and i, (t) . Derive the differential equation for i, (t) from these and solve it.

T AW
t=

+
1H
10e* . 50
€ g) < iy (t) (L %

Show that the minimum conductivity of an extrinsic silicon sample occurs when it
is slightly p-type. Calculate the electron and hole concentrations when the
conductivity is minimum.

Given that u, =1350 cm®/vsec,u, =450 cm® /vsec, and the intrinsic carrier

concentration, n, =1.5x100"%cm .

In the common emitter amplifier shown in the figure below, the transistor has a

forward current gain of 100, and a base-emitter voltage, V,. = 0.6 volt. Assume
I, to be negligible. Choose value of R and R, such that the transistor has a

collector of 1 mA and a collector to emitter voltage of 2.5V.

L 4 L 4 5V

A Boolean function, F, is given as sum of Product AB

(SOP) terms as P =) m(3,4,5,6) with A, Band C €

as inputs. The function, F can be expressed on the
Karnaugh’s map shown below.

(1) Implement this function on an 8:1 MUX.

(2) What will be the minimized SOP expression for F2.
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SECTION - B
Attempt any TEN questions in this section.

10.  Evaluate integral, jF.Hr, where C is the helical path described by,
C

X =cost,y =sint,z =t joining the points givenbyt=0and t =%

11. Assuming that the amplifier shown in the figure below, is a voltage controlled
voltage source, show that the voltage transfer function of the network is given by
V, (s
Vi(s) 2+(3-k)s+1
1HF
1Q 10
o——"\\W, AW - {>——o
Vi(s) 1F = Va(s)
O— 0
12. Calculate the frequency at which zero-transmission is obtained from the Wien
bridge shown in the figure below.
o=
x\/
Vll’\(t)

13. The circuit shown in the figure, is initially in its steady state. Switch is opened at

t=0. ?{t=0

10 10
W\ W\
20
— 12V 10%F ——
10MV
—0
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(1) Determine the initial voltage, V. (0-)across the capacitor, and the initial
current, it. (0 -), through the indicator.

(2) Calculate the voltage, V, (t), across the inductance for t > 0.

Reduce the signal flow graph shown in the figure below, to obtain another graph
which does not contain the node e,. Also, remove any sell loop from the resulting

graph.

The open loop transfer function of a unity feedback control system, is given by,
G(s)=e™®. Sketch the output of the feedback system for a unit step input.

Assume that the system is initially relaxed.

A servo mechanism is designed to keep a radar antenna pointed at a flying aero
plane. If the aero plane is flying with a velocity of 600 km/hr, at a range of 2 km
and the maximum tracking error is to be within 0.1°, determine the required
velocity error coefficient.

Derive the relation for the maximum electric field in a p*” junction. Assuming that

the critical field strength for a_avatanche  break down is 3x10°V /cm, what
should be the donor dopant concentration if @ breakdown voltage greater than
100V is desired? Given: e _=1x10"F/cm and g =1.6x10"°C.

Find the output voltage of the following circuit (figure below), assuming ideal op-
amp behaviour.

v K 2K 4K 8K
—— Vo
t 1vo——|+
7K
VW
1K
i
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19. In the MOSFET amplifier shown in figure below, the transistor has p = 50
r, =10kQ,C, =5pF,C,, =1pF and C,, =2pF. Draw a small signal equivalent

circuit for the amplifier for midband frequencies and calculate its midband voltage

gain.
I VDD
Rp=20KQ
50uF
+ =100Q
fore é R.=20KQ
VS R5= 1K

20. A typical CMOS interval has the transfer characteristics (VTC) (V, - V,,),as shown

in the figure below. Evaluate the value of the Inverter threshold, V,, , which is the
value of the input at which V; falls abruptly by AV, =V, +T,.
Given 4, = 1, ox(an 5, = u,C,, (%]p
Ve, =1V,V,, =-1V and V,, =5V
Vo
Vo
A
VDD _T
—0 p
T R e —
oO——I L O A - Vo=VT,+VTe
Vin — Vo
0 I T, B
] 0 —>
Vin
21. For the digital circuit shown in the figure below, explain what happens at the

nodes N,,N, F and F, when

(1) C, =1and ‘A’ changes from ‘0’ to '1’.

(2) A=1and'C, changes from ‘1’ to ‘0".

(3) C, =0and ‘A’ changes from ‘1’ to ‘0’.

(4) Initially, C, = 0and ‘A’ changes from ‘0’ to '1’, and then C, goes to '1’.
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(5) What is the circuit performing?
N1

CK
—e
NK
o—

Write down the sequence of instructions which are actually executed (till a HLT
instruction), if the programme begins with the location 1 FF5 H.

Address 8085

(HEX)

IFF 5 Instruction
IFF 6 XRAA

IFF 9 LXI H, 2000 H
IFF A PCHL

IFF B HLT

IFF E LXI H, 2100 H
2000 LXI,H, FFFFH
2003 INXH

2004 JZ 2100 H
2005 HLT

2100 LXIH, IFFFH
2103 MOV A, M
2104 INR A

2105 HLT

A signal, f(t)=e™, where u(t)is the unit step function, is applied to the input
b

%,for which 50% of the input signal energy is transferred to the output.

of a low-press filter having |H(a))| = . Calculate the value of the ratio,
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A given AM broadcast station transmits a total power of 50 kW when the carrier
is modulated by a sinusoidal signal with a modulation index of 0.7071. Calculate

(1) the carrier power
(2) the transmission efficiency, and

(3) the peak amplitude of the carrier assuming the antenna to be represented by
(50 + jO)Q load.

An FM transmitter delivers a power of 100 W to a load of 50W when non
modulation is present. The carrier is now frequency modulated by a single
sinusoidal signal and the peak frequency deviation is so adjusted to make the
amplitude of the 1% sideband zero in the output. Under this condition, calculate
the average power

(1) at the carrier frequency
(2) in all the remaining sidebands, and
(3) in the 2" order sidebands
Given:

J,(0.0)=1.00

J,(2.4)=0.00 J,(2.4)=0.52 J,(2.4)=0.43

J,(3.8)=-0.40 7, (3.8)=0.00 J,(3.8)=0.41

J,(5.1)=-0.16 J,(5.1)=-0.33 J,(5.1)=0.00
When a radio receiver is tuned 'to—a station of 670 kHz frequency, its local
oscillator frequency is 1105 kHz. At the output of the receiver, along with the
desired signal another station’s output is also present, 20 dB below the level of
the desired signal. Determine the frequency of the other station and also its

strength, given that the desired stations is producing an antenna signal of 68uV
and the antenna coupling coil has a ‘Q’ of 50.

Two spacecrafts are separated by 3000 km. Each has a paraboloidal reflector
antenna of 0.85 m diameter operating at a frequency of GHz with an aperture
efficiency of 64%. If the spacecraft A’s receiver requires 1 pW for a 20 dB signal
to noise ratio, what transmitter power is required on the spacecraft B to achieve
this signal to noise ratio?

A rectangular hollow metal waveguide of internal cross-section, of 7.366 cm x
3.556 cm carries a 3 GHz signal in the TE,; mode. Calculate the maximum power

handling capability of the waveguide assuming the maximum permissible electric
filed inside the waveguide to be 30 kV/cm.

A wave traveling in the +Z-direction is the resultant of two linearly polarized
components

E, =3cosot, and E, = 2cos (ot +45°)
Determine

(1) the axial ratio, and
(2) and angle between the major axis of the polarization ellipse and the +X-axis.
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SECTION - A

For each of the following questions (1.1 - 1.47), 4 alternatives, A, B, C
and D are given. Indicate the correct or the best answer by writing the
corresponding lable, A, B, C or D in CAPITALS against each question
number.

A DC voltage source is connected across a series R-L-C circuit. Under steady-
state conditions, the applied DC voltage drops entirely across the

(a) Ronly (b) L only (c) Conly
(d) R and L combination

Consider a DC voltage source connected to a series R-C circuit. When the steady
state reaches, the ratio of the energy stored in the capacitor to the total energy
supplied by the voltage source, is equal to

(a) 0.362 (b) 0.500 (c) 0.632 (d) 1.000

Two 2H inductance coils are connected in series and are also magnetically
coupled to each other the coefficient of coupling being 0.1. The total inductance
of the combination can be

(a) 0.4H (b) 3.2 H (c) 4.0H (d)3.3H

The RMS value of a rectangular wave of period T, having a value of +V for a
duration, T, (< T)and -V for the duration, T - T, =T,, equals

T,-T, v T,
a) Vv by 2 —2Vv c) — d 2V
(a) (b) T (c) N (d) T
If L[f(t)]= 2(s+1) then f (0 +) and f () are given by
s*+25+5’
(a) 0, 2 respectively (b) 2, O respectively
(c) 0, 1 respectively (d) %,0 respectively

Note: 'L’ stands for ‘Laplace Transform’ of]
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1.6 The value of the resistance, R, connected across the terminals, A and B, (ref.
figure), which will absorb the maximum power, is

(a) 4.00 ko (b) 4.11 ko (c) 8.00 ko (d) 9.00 kQ

1.7 The current, i(t), through a 10Q resistor in series with an inductance, is given
by
i(t) =3+4sin(100t + 45°) + 4sin (300t + 60°) Amperes

The RMS value of the current and-the-power dissipated in the circuit are:

(a) V41A,410 W, respectively (b) /354, 350 W, respectively
(c) 5A, 250 W, respectively (d) 11A, 1210 W, respectively

1.8 Signal flow graph is used to find

(@) stability of the system (b) controllability of the system
(c) transfer function of the system (d) poles of the system
1.9  The step error coefficient of a system G(s) = ;with unity feedback is
(s+6)(s+1)

(a) é (b) o () 0 (d) 1

1.10 The final value theorem is used to find the
(a) steady state value of the system output
(b) initial value of the system output
(c) transient behaviour of the system output
(d) none of these

Join All India Mock GATE Classroom Test Series - 2007 conducted by GATE Forum in over 25 cities all over India. Question
Papers including section tests and full tests are designed by IISc alumni according to the latest syllabus. Percentile, All India Rank,
interaction with IISc alumni in our online discussion forums, and more.
visit
www.gateforum.com
Think GATE Think GATE Forum




GATE EC - 1995 www.gateforum.com

&ATE Forum

engnesing s uccess

Join discussion of this test paper at http://forum.gatementor.com

1.11 For a second order system, damping ratio, (£) is 0 < ¢ <1, then the roots of the
characteristic polynomial are
(a) real but not equal (b) real and equal
(c) complex conjugates (d) imaginary

1.12 The transfer function of a linear system is the
(a) ratio of the output, v, (t),and input, v, (t)
(b) ratio of the derivatives of the output and the input

(c) ratio of the Laplace transform of the output and that of the input with all
initial conditions zeros

(d) none of these

1.13 e*can be expanded as

) Aktk oo Aktk oo Aktk+1 oo Aktk
(2) Z(/<+1)! (®) ,;,T (©) Z(/<+1)! (d),;,T

k=0 k=0

1.14 Non-minimum phase transferfunction is defined as the transfer function
(a) which has zeros in the right\halfiS-plane
(b) which has zeros only in the left-half'S-plane
(c) which has poles in the right half S-plane
(d) which has poles in the left-half S-plane

1.15 The solution of X = A(t) X (t),is

jA(f)dr
(a) e*, X, (b) e X,
t
(c) {I+J'A(r)dr X, (d) None of these
to

1.16 Let h(t) be the impulse response of al linear time invariant system. Then the
response of the system for any input u(t) is

(a) [h(c)u(t-7)ds (b) %jh(r)u(t—r)dr

(c) D;h(z')u(t—r)df} (d) Ihz (r)u(t-7)dr
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The probability that an electron in a metal occupies the Fermi-level at any
temperature (> 0 K)

(a) 0 (b) 1 (c) 0.5 (d) 1.0

The drift velocity of electrons, in silicon
(a) is proportional to the electric field for all values of electric field
(b) is independent of the electric field

(c) increases at low values of electric field and decreases at high values of
electric field exhibiting negative differential resistance.

(d) increases linearly with electric field at low values of electric field and
gradually saturates at higher values of electric field.

The diffusion potential across a P-N junction

(a) decreases with increasing doping concentration
(b) increases with decreasing band gap

(c) does not depend on doping concentration

(d) increases with increase in doping concentrations

The breakdown voltage of a transistor with its base open is BV_,and that with
emitter open is BV,,,,then

(a) BVCEO = BVCBO (b) BVCEO > BVCBO (c) BVCEO < BVCBO
(d) BV, is not related to BV,

In a P type silicon sample, the hole concentration is 2.25x10% /cm’. If the
intrinsic carrier concentration is 1.5x10'° / cm?, the electron concentration is

(a) zero (b) 10" /cm’ (c) 10°/cm?
(d) 1.5x10%® /cm®

A zener diode works on the principle of

(a) tunneling of charge carriers across the junction
(b) thermionic emission

(c) diffusion of charge carriers across the junction
(d) hopping of charge carriers across the junction

A BJT is said to be operating in the saturation region if
(a) both the junctions are reverse biased

(b) base emitter junction is reverse biased and base-collector junction is forward
biased.
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(c) base emitter junction is forward biased and base-collector junction reverse
biased

(d) both the junctions are forward biased

The depletion capacitance, C,,of an abrupt P-N junction with constant doping on
either side varies with reverse bias, V,, as

-1 -1

(@) C, =V, (b) C, e« V,* () C, =V,2 (d) C, = V3

A change in the value of the emitter resistance, R,, in a difference amplifier
(a) affects the difference mode gain A,

(b) affects the common mode gain A,

(c) affects both A, and A,

(d) does not affect either A, and A

The Ebers-Moll model is applicable to
(a) bipolar junction transistors (b) NMOS transistors
(c) unipolar junction transistors ' (d) junction field-effect transistors

To obtain very high input and output impedances in a feedback amplifier, the
topolomostly used is

(a) voltage series (b) current series
(c) voltage shunt (d) current shunt

The output of the circuit shown (in figure) is equal to
(@) 0 Ao——)
(b) 1 B O—
(c) AB+ AB j) >
) Output

(d) (A*B)*(A*B)

A

=D

The minimum number of NAND gates required to implement the Boolean function
A+ AB + ABC, is equal to

(a) zero (b) 1 (c) 4 (d)7

A switch-tail ring counter is made by suing a single D flip-flop. The resulting
circuit is a

(a) SR flip-flop (b) IK flip-flop (c) D flip-flop (d) T flip-flop
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When a CPU is interrupted, it

(a) stops execution of instructions

(b) acknowledges interrupt and branches of subroutine
(c) acknowledges interrupt and continues

(d) acknowledges interrupt and waits for the next instruction from the
interrupting device.

The minimum number of MOS transistors required to make a dynamic RAM cell is
(@) 1 (b) 2 (c) 3 (d) 4

An R-S latch is a
(a) combinatorial circuit (b) synchronous sequential circuit
(c) one bit memory element (d) one clock delay element

A ‘DMA’ transfer implies
(@) direct transfer of data between memory and accumulator

(b) direct transfer of data between memory and I/O devices without the use of
MP

(c) transfer of data exclusively"within MP. registers

(d) A fast transfer of data between uP and I/O devices

An ‘Assembler’ for a microprocessor is used for

(a) assembly of processors in a production line

(b) creation of new programmes using different modules

(c) translation of a programme from assembly language to machine language
(d) translation of a higher level language into English text

The image (second) channel selectivity of a super beterodync communication
receiver is determined by

(a) antenna and pre-selector (b) the pre-selector and RF amplifier
(c) the pre-selector and IF amplifier (d) the RF and IF amplifier

For a narrow band noise with Gaussian Gradrature components, the probability
density function of its envelope will be

(a) uniform (b) Gaussian (c) exponential (d) Rayleigh

If the number of bits per sample in a PCM system is increased from improvement
in signal to quantization noise ratio will be

(a) 3dB (b) 6dB (c) 2ndB (d) 0 dB
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A PLL can be used to demodulate
(a) PAM signals (b) PCM signals
(c) FM signals (d) DSB-SC signals

A PAM signal can be detected by using
(a) an ADC (b) an integrator
(c) a band pass filter (d) a high pass filter

A 1.0 kHz signal is flat-top sampled at the rate of 1800 samples sec and the
samples are applied to an ideal rectangular LPF with cut-off frequency of 1100
Hz, then the output of the filter contains.

(a) only 800 Hz component (b) 800 Hz and 900 Hz components
(c) 800 Hz and 1000 Hz components
(d) 800 Hz, 900 and 1000 Hz components

The signal to quantization noise ratio in an n-bit PCM system
(a) depends upon the sampling frequency employed

(b) is independent of the value of 'n’

(c) increases with increasing value of-'n’

(d) decreases with the increasing value of 'n”

The electric field strength at a distance point, P, due to a point charge, +q,
located on the origin, is 100y V/m. If the point charge is now enclosed by a
perfectly conducting metal sheet sphere whose centre is at the origin, then the
electric field strength at the point P outside the sphere becomes.

(a) zero (b) 100 p V/m (c) -100 p V/m (d) 50 p V/m

In the infinite plane, y = 6m, there exists a uniform surface charge density of
(1600 1) 100 C/m?. The associated electric field strength is:

(a) 30iV/m (b) 30jV/m (c) 30k V/m (d)60iV/m

The intrinsic impedance of a lossy dielectric medium is given by

(a) 1% (b) 1% (© [2% () \/E
o &

Y7, o+ jwe

An antenna, when radiating, has a highly directional radiation pattern, when the
antenna is receiving, its radiation pattern

(@) is more directive (b) is less directive
(c) is the same (d) exhibits no directivity at all
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1.47 Copper behaves as a

2.1

2.2.

2.3.

(a) conductor always

(b) conductor or dielectric depending on the applied electric field strength
(c) conductor or dielectric depending on the frequency

(d) conductor or dielectric depending on the electric current density

In each of the following questions, (2.1 - 2.10), fill in the blanks
approximately.

A series R-L-C circuit has a Q of 100 and an impedance of (100+ jO)Q at its

resonant angular frequency of 10’radian/sec. The values of R and L are: R =
ohms, L = ohms.

A transistor having a = 0.99 and V,. = 0.7V, is used in the circuit shown (figure).
The value of the collector current will be
+12V

1k

g "

¢

glk
}

The circuit shown (in figure) supplies power to an 8Q speaker, LS. The values of
I.and V. for this circuit will be: .

—0 +15V
I.=
and VCE= ........ C
Vce
_|:= LS
= 8Q
& —0-15V
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2.4. In the given circuit (figure), if the voltage V and V, are to be amplified by the
same amplification factor, the value of R should be

22K
-/V\W

10K

N VATAYA -
———0 Vo

V+ 0———/V\ t

15K \

R=? Ideal op-amp

2.5. An npn transistor under forward active mode of operation is biased at I. =1maA,
and has a total emitter-base capacitance C, of 12pF, and the base transit time
7.0f 260 psec. Under this condition, the depletion capacitance of the emitter-
base junction is . [use V, =26mV ]

2.6. An RC coupled amplifier is assumed _to have a single-pole low frequency transfer
function. The maximum lower jeut;off frequency allowed for the amplifier to pass
50 Hz square wave with no more than10% tilt is

2.7. An Op-amp is used as a zero-crossing detector. If the maximum output available
from the Op-amp is £12V p-p, and the slew rate of the Op-amp is 13 V/usec,
then the maximum frequency of the input signal that can be applied without
causing a reduction in the p-p output is .

2.8. A power amplifiers delivers 50W output at 50% efficiency. The ambient
temperature is 25°C. If the maximum allowable junction temperature is 150°C,
then the maximum thermal resistance ¢, than can be tolerated is

2.9. An amplifier has an open-loop gain of 100, and its lower and upper cut off
frequency of 100 Hz and 100 kHz, respectively. A feedback network with a
feedback factor of 0.99 is connected to the amplifier. The new lower and upper
cut off frequencies area at and

2.10. An n-channel JFET has I, =1mA and V, = -5V. Its maximum transconductance
is
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3. In each of the following questions (3.1 - 3.9), match each of the items,
A, B, and C with an appropriate item from 1, 2, 3, 4 and 5.

Note: Marks will be given only if ALL the three items, A, B and C are matche

correctly.
3.1
(A) Fourier transform of a Gaussian function (1) Gaussian function
(B) Convolution of a rectangular pulse with itself (2) Rectangular pulse
(C) Current through an inductor for a step input voltage (3) Triangular pulse
(4) Ramp function
(5) Zero
3.2 In a bipolar junction transistor if
(A) the current gain increases (1) the base doping is increased and the base

width is reduced

(B) the collector break-down. (2) the base doping is reduced and the base width

voltage increases isdncreased
(C) the cutoff frequency increases (3) the base doping and the base width are
reduced

(4) the emitter area is increased and the collector
area is reduced

(5) the base doping and the base width are

increased
3.3. In a JFET If
(A) the pinch off voltage decreases (1) the channel doping is reduced
(B) the transconductance increases (2) the channel length is increased

(C) the transit time of the carriers in the channel (3) the conductivity of the channel
is reduced increased

(4) the channel length is reduced

(5) the Gate area is reduced

3.4.

In an extrinsic semiconductor If

(A) the resistivity decreases (1) the doping concentration is low

(B) the temperature coefficient of (2) the length of the semiconductor is
resistivity is negative reduced

(C) the photo conductivity is low (3) the band gap is high
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(4) the area of cross-section of the
semiconductor is increased

(5) the doping concentration is incrased
3.5. For a TTL gate, match the following

(A) V,, (min) (1) 2.4 volts
(B) V,, (min)  (2) 1.5 volts
(C) V,, (max) (3) 0.4 volts

(D) (4) 2.0 volts
(5) 0.8 volts

3.6. For an ADC, match the following

(A) Flash converter (1) requires a conversion time of the order of a few
seconds

(B) Dual slope converter (2) requires a-digital to analog converter

(C)Successive approximation (3) minimizes the effect of power supply

converter interference

(4) requires a very complex hardware

(5) is a tracking A/D converters

3.7.

(A) Common collector amplifier (1) Provides voltage gain but no current gain
(B) Common emitter amplifier  (2) Provides current gain but no voltage gain
(C) Common base amplifier (3) Provides neither voltage nor power gain
(D) (4) Provides neither current nor power gain

(5) Provides both voltage and current gain

Join All India Mock GATE Classroom Test Series - 2007 conducted by GATE Forum in over 25 cities all over India. Question
Papers including section tests and full tests are designed by IISc alumni according to the latest syllabus. Percentile, All India Rank,
interaction with IISc alumni in our online discussion forums, and more.
visit
www.gateforum.com
Think GATE Think GATE Forum




&ATE Forum

engnesing s uccess

3.8.

3.9.

GATE EC - 1995 www.gateforum.com

Join discussion of this test paper at http://forum.gatementor.com

(A) AM system (1) Coherent detection
(B) DSB-SC system (2) Envelope detection
(C) PAM system (3) Correlation detection
(D) (4) PLL
(5) LPF

(A) AM system (1) 2B (Band width of the modulating signal)
(B) SSB system (2) 2B
(C) PCM (n bit) system (3) Between B and 2B

(4) 2nB

(5) nB

A

V, (s) = ) coth (as)

Where « is a constant. Determine the value of «.

Obtain a state space representation in diagonal form for the following:

d’y _d’y dy
+6 +11=2=+6y =6u(t
g to g g roy=6u(t)

Two identical silicon junction diodes, D, and D, are connected back to back as

shown figure. The reverse saturation current, Is, of each diode is 10® Amps and
the break down voltage, V. ,is 50V. Evaluate the voltage V,, and V,, dropped

across the diode D, and D, assuming kT/q to be 25mV.

Dl Dz

[
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7. Sketch the output as a function of the input voltage (for negative values) for

circuit shown in figure. Show all the OP-AMP, and forward drop of the diode

D, =0.

1K 1K
Vin 0=——"—"/V\ VN —0
D
+
Op-amp

8. The waveform input to the sweep generator circuit shown in figure, is a square

wave of period 2m sec and an amplitude varying between 0 and 12 volts.
(a) Draw the waveform V, (t),in relation to the input

(b) Specify V, (t) determine the voltage levels and the time constants involved.
100 12K

NV —— VW

. 12v
f D——— Ideal —1—0
11.3K .
———-¢ | amplifier Vo(t)
0—\/\/\/—( B=100  O-1MF ~ T gain =1
Input

T

SECTION - B
(Attempt any TEN questions from this section. Each question carries 5 marks)

9. Determine the current, i(t),in the circuit given below, (in figure below), using
the Thevenin’s theorem.
iy
20 3 20
W\ ¢ -/WV\ i
|
+
141
25in(3t+60)<~> 1H —~F
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10. For the 2-port network shown in figure, determine the h-parameters. using
these parameters, calculate the output (port ‘2’) voltage, v,,when the output

port is terminated in a 3Q resistance and a 1V (DC) is applied at the input port
(v, =1v).

3i

11. Find the current transfer-ratio, j__—z,for the network shown below (figure). Also,
1

mark all branch currents

213

12. From the signal flow graph shown in figure, obtain the state space model with
X,,X,,X; and x, as state variables and write the transfer function directly from

the state space model.

13.

Where y (0) = 0,u(t) = unit step input.
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14.

15.

16.

17.

18.

Calculate the capacitance of a circular MOS capacitor, of 0.5 mm dia and having a
SiO, layer of 80 mm thickness, under strong accumulation. Assume the relative

dielectric ¢ of SiO, to be 4, ¢ to be 8.854x107'*F/cm. Calculate the break
down voltage of the capacitor if the dielectric strength of SiO, film is 10’V /cm.

The Fermi level of an n-type Germanium film is 0.2 eV above the intrinsic Fermi
level (towards the conduction band). The thickness of the film is 0.5 pm.
calculate the sheet resistance of the film. Assume:

n, =10%cm™, un = 3500cm” / V.sec, sec p = 1500cm* /V,kT /g = 0.026V.

In the JFET circuit shown in figure assume that R, || R, =1MQand the total stray
capacitance at the output to be 20 pF. Determine the under cut-off frequency of
the amplifier.

Rz Rp 5K 1pF

Rs §1K R.=5K
Ri 2K
O Joor

Show that the system shown in figure is a double integrator. In other words
prove that the transfer gain is given by
Vo(s) _ 1

= ———, assume ideal OP-AMP.
Vs (S) (CRS)

In the amplifier circuit shown in figure, determine the value of R such that Q, is
biased at V., =7.5V. Assume Q, and Q,to be identical, V,. =0.7V and neglect
base currents. Also, determine the small signal input impedance of Q, and Q,, if
both of them have g =200.Use V, =26mV.
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R; S 10K R
¥ Vo
V-CEZ
Q2 -
CB Rs
Vy 0—— ——A/\\—¢ Q1
1K
19. A ROM is to be used to implement the Boolean functions given below.

F,(A,B,C,D)=ABCD+A B C D
F,(A,B,C,D)=(A+B)(A+B+C)
F,(A,B,C,D,)=%13,15+%3,5

(a) What is the minimum size of the ROM required?
(b) Determine the data in each location of the ROM.

20. A hypothetical CPU has a parallel address bus, a parallel data bus, a RD and a

WR signal. Two ROMs of size 4K words each and two RAMs of sizes 16K and 8K
words, respectively, are to be connected to the CPU. The memories are to be so
connected that they fill the address space of the CPU as per the memory map
shown in the figure. Assuming that chip select signals are active low.

(a) What is the number of lines in the address bus of the CPU?
(b) Determine the values of address X, Y, Z and W as decimal numbers.

(c) Using a 2-4 decoder and some additional gates, draw a circuit for the
decoding logic.

0
4K ROM
X
X+1|
16K ROM—]
Y
Y+1[—
. 4K ROM
Z+1 8K ROM
W

21. A ‘code converter’ is to be designed to convert from the BCD (5421) to the
normal BCD(8421). The input BCD combinations for each digit the given below. A
block diagram of the converter is shown in figure.

(a) Draw K-maps for outputs, W, X, Y and Z.
(b) Obtain minimized expression for the outputs W, X, Y and Z.
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BCD(5421)
Decimal
AIB|C!|D BCD(5421)data BCD(8421)data
0 0|0|0]O0 A——» —————» W MSB
B N Code > X
1 ololol1 cC— Converter |y
2 |olol1]o b > Z L8
3 0|01 |1
4 0(1(0]0
5 1000
6 110|001
7 10|10
8 1011
9 1100

The probability density function of a random variable x is shown (in figure). The
density function is zero for x < 3 and x > 5. Find P(x)

(@) the largest value of the density function!
(b) E(x) and
(c) Var[x].

The message signal input to a delta modulator is m(t) = 6 sin(2n 1000t) + 4 sin
(2mn 2000t) volt, with t in seconds. Determine the minimum pulse rate that will
prevent the slope over load, if the step size is 0.314 volt.

A carrier signal of 1.0 volt amplitude and a sinusoidal modulating signal of 0.5 V,
put in series, are applied to a square law modulator of characteristics,

iy =10 + Kv, + K'v2mA

Where v, is input in volts, K = 2mA/V and K’ =0.2mA/V?. Considering only the

frequency components of the AM signal corresponding to the carrier frequency,
find the depth of modulation in the resulting AM signal.

A signal v (t) =[1+m(t)]cos(a.t)is detected using a square law detector, having

the characteristic v, =V?. If the Fourier transform of m(t)is constant,
M,, extending from -f, to +f_, sketch the Fourier transform of v, (t)in the
frequency range —f <f <f .
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Three electrostatic point charges are located in the xy-plane as given below:
+Q at [—%,0]+Q at [;,Oj and -2Q at (O,a\/§/2)

Calculate the coordinates of the point, P, on the y-axis, where the potential to
these charges is zero. Also, calculate the magnitude of the electric field strength
at P. At the point, P, what is the angle between the equi-potential passing
through P and the y-axis?

Two dipoles are so feed and oriented in free space that they produce the
following electromagnetic waves:

| wtizl
E, = 10e][ ;) volts/metre

a4

_ 06 * 5
E, = j10e volts/metre

(a) Write down the expression for the corresponding magnetic field strength
vector.
(b) Calculate the frequency of the wave

(c) Given the complete description of the polarization of the wave.

A rectangular hollow metal wayeguide is required to be so designed to propagate
a 9375 MHz signal in its TE,, mode that the guide wavelength equals the cut-off

wavelength. Calculate the value of ‘a’ (breadth or the wider dimension of the
waveguide). Take b =;. Also, calculate the cut-off frequency of the next higher

order mode.
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SECTION - A

1. For each of the following questions (1.1 - 1.20), four alternatives (A,B, C and D)
are given. Indicate the correct answer by writing the letter (A,B,C or D) against
the corresponding question number.

1.1 In Fig.1.1, A, A andAzare ideal ammeters? If 4, andAzread 3A and 4A

respectively, then 4, should read L
(a) 1A ) @ o
(b) 5A NG @ R
(c) 7A

(d) None of the above ()

Sinusoidal voltage source

1.2 In the circuit of Fig.1.2, assume that the diodes are ideal and the meter is an
average indicating ammeter. The ammeter will read

(a) 0.42A . D1
(b) 0.4A
0.8
© TA 4sinot volts éloK
(d) % k : 10K
-0 @

1.3 The number of independent loops for a network with a n nodes and b branches is
(@) n-1 (b) b-n
(¢) b-n+1
(d) independent of the number of nodes

1.4 A lossless transmission line having 50Q characteristic impedance and length %is
short circuited at one end and connected to an ideal voltage source of 1V at the
other end. The current drawn from the voltage source is
(@) O (b) 0.02 A
(c) (d) None of the above

1.5 The p-type substrate in a conventional pn-junction isolated integrated circuit
should be connected to

(a) nowhere, i.e. left floating

(b) a dc ground potential

(c) the most positive potential available in the circuit
(d) the most negative potential available in the circuit
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1.6 If a transistor is operating with both of its junctions forward biased, but with the
collector base forward bias greater than the emitter - base forward bias, then it
is operating in the

(a) forward active mode (b) reverse saturation mode
(c) reverse active mode (d) forward saturation mode

1.7 The common-emitter short-circuit current gain p of a transistor
(@) is a monotonically increasing function of the collector current I
(b) is a monotonically decreasing function of I

(c) increases with I¢, for low I¢, reaches maximum and then decreases with
further increase in I¢

(d) is not a function of I¢

1.8 A n-channel silicon (E, =1.1eV) MOSFET was fabricated using n* poly-silicon gate

and the threshold voltage was found to be 1V. Now, if the gate is changed to p*
poly-silicon, other things remaining the same, the new threshold voltage should
be

(a) 0.1V (b) OV (c) 1.0V (d)2.1V

1.9 The circuit shown in Fig.1.9.is that of
(a) a non-inverting amplifier

-—OV

R
(b) an inverting amplifier A

(c) an oscillator R>
(d) a Schmitt trigger

1.10 Schottky clamping is resorted in TTL gates
(a) to reduce propagation delay (b) to increase noise margins
(c) to increase packing density (d) to increase fan-out

1.11 A pulse train can be delayed by a finite humber of clock periods using
(@) a serial-in serial-out shift register
(b) a serial-in parallel-out shift register
(c) a parallel-in serial-out shift register
(d) a parallel-in parallel-out shift register

1.12 A 12-bit ADC is operating with a 1psec clock period and the total conversion time
is seen to be 14pusecs. The ADC must be of the

(a) flash type (b) counting type
(c) integrating type
(d) successive approximation type
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The total number of memory accesses involved (inclusive of the op-code fetch)
when an 8085 processor executes the instruction LDA 2003 is

(@) 1 (b) 2 (c) 3 (d) 4

The trigonometric Fourier series of an even function of time does not have the
(a) dcterm (b) cosine terms
(c) sine terms (d) odd harmonic terms

The Fourier transform of a real valued time signal has
(a) odd symmetry (b) even symmetry
(c) conjugate symmetry (d) no symmetry

A rectangular pulse of duration T is applied to a filter matched to this input. The
output of the filter is a

(a) rectangular pulse of duration T (b) rectangular pulse of duration 2T
(c) triangular pulse (d) sine function

The image channel rejection in a superheterodyne receiver comes from
(a) IF stages only \ ' (b) RF stages only
(c) detector and RF stages-only (d) -detector RF, and IF stages

The capacitance per unit length and the characteristic impedance of a lossless

transmission line are C and Z, respectively. The velocity of a traveling wave on
the transmission line is

1 Z, C

c) =2 d) —

> (c) c (d) >

o o

(@) Z,C (b)

A transverse electromagnetic wave with circular polarization is received by a
dipole antenna. Due to polarization mismatch, the power transfer efficiency from
the wave to the antenna is reduced to about

(a) 50% (b) 35.3% (c) 25% (d) 0%

A metal sphere with 1m radius and a surface charge density of 10 Coulombs/m?
is enclosed in a cube of 10m side. The total outward electric displacement normal
to the surface of the cube is

(a) 40= Coulombs (b) 10m Coulombs
(c) 5r Coulombs (d) None of the above

For each of the following questions (2.1 - 2.20), four alternatives (A, B, C and D)
are given. Indicate the correct answer by writing the letter (A, B, C or D) against
the corresponding question number.
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In the circuit shown in Fig.2.1, N is a finite gain amplifier with a gain of k, a very
large input impedance, and a very low output impedance. The input impedance of
the feedback amplifier with the feedback impedance Z connected as shown will
be

z
(a) 2(1—%] (b) Z(1 - k) VWV
+0— +
Z Z Vi N Vo
d
The inverse Laplace transform of the function __S*5 is
(s+1)(s+3)
(a) 2et -3 (b) 2et +e3¢ (c) et -2 (d) et +e73

The voltages V,4,V,, and Vzacross the capacitors in the circuit in Fig.2.3,
under steady state, are respectively

2F 2H
10K W +H _ 25K
1H Ve
t + . . +
100V Vei =¥ 1F n %40K Ves __,73F
(a) 80V, 32V, 48V (b) 80V, 48V, 32V
(c) 20V, 8V, 12V (d) 20V, 12V, 8V

A uniform plane wave in air is normally incident on infinitely thick slab. If the
refractive index of the glass slab is 1.5, then the percentage of incident power
that is reflected from the air-glass interface is

(@) 0% (b) 4% (c) 20% (d) 100%

In a bipolar transistor at room temperature, if the emitter current is doubled the
voltage across its base-emitter junction

(a) doubles (b) halves
(c) increases by about 20 mV (d) decreases by about 20 mV

As npn transistor has a beta cutoff frequency fﬁ of 1 MHz, and common emitter
short circuit low-frequency current gain g,of 200. It unity gain frequency f;and
the alpha cutoff frequency f, respectively are

(a) 200 MHz, 201 MHz (b) 200 MHz, 199 MHz

(c) 199 MHz, 200 MHz (d) 201 MHz, 200 MHz
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2.7. A silicon n MOSFET has a threshold voltage of 1V and oxide thickness of
A°. [g, (si0,)=3.9,¢, =8.854x 107 F /cm,q =1.6 x 10‘19C]. The region under

the gate is ion implanted for threshold voltage tailoring. The does and type of the
implant (assumed to be a sheet charge at the interface) required to shift the
threshold voltage to -1V are

(a) 1.08x10' /cm?,p-type (b) 1.08x10% /cm?,n-type

(c) 5.4x10' /cm?, p-type (d) 5.4x10' /cm?,n-type

2.8. A Darlington stage is shown in Fig.2.8. If the transconductance of Q; is g,,; and

iC
Q2 is g,,,, then the overall transconductance g,,. {é Ig 1is given by

Vee Vbe
(@ Im
(b) 0.5g,, o ycc
(©) Ima

(d) 0.57,,, o
Vie

2.9. Value of R in the oscillator circuit shown in
Fig.2.9, is so chosen that it just oscillates at an
angular frequency of w. The value of o and the
required value of R will respectively be

(a) 10° rad/sec, 2x10%Q
(b) 2x10* rad/sec, 2x10*Q

(c) 2x10%ad/sec, 10°Q 0.01pF =

A
89
=
o
3
T
e AV A
=
~

(d) 10° rad/sec, 10°Q

2.10. A Zener diode in the circuit shown in Fig.2.10, has a knee current of 5 mA, and a
maximum allowed power dissipation of 300mW. What are the minimum and
maximum load currents that can be drawn safely from the circuit, keeping the
output voltage V, constant at 6V?

(a) 0 mA, 180 mA 50Q s
(b) 5mA, 110 mA
(c) 10 mA, 55 mA + tzg/sv v
— oa
(d) 60 mA, 180 mA T 9V £
—_—0 —

Join All India Mock GATE Classroom Test Series - 2006 conducted by GATE Forum in over 25 cities all over India. Question
Papers including section tests and full tests are designed by IISc alumni according to the latest syllabus. Percentile, All India Rank,
interaction with IISc alumni in our online discussion forums, and more. Registration starts 10t May, 2005. For more details,
visit
www.gateforum.com
Think GATE Think GATE Forum




GATE EC - 1996 GATE Forum www.gateforum.com
Join discussion of this test paper at http://forum.gatementor.com

2.11. A dynamic RAM cell which hold 5V has to be refreshed every 20 m secs, so that
the stored voltage does not fall by more than 0.5V. If the cell has a constant
discharge current of 0.1 pA, the storage capacitance of the cell is

(a) 4x10°°F (b) 4x107°F (c) 4x1071%F (d) 4x1071°F

2.12. A 10-bit ADC with full scale output voltage of 10.24 V is designed to have a *
LSB/2 accuracy. If the ADC is calibrated at 25°C and the operating temperature
ranges from 0°C to 50°C, then the maximum net temperature coefficient of the
ADC should not exceed

(a) +200uV/°C (b) +400uV/°C
(c) +600pV/°C (d) +800pV/°C

2.13. A memory system of size 26K bytes is required to be designed using memory
chips which have 12 address lines and 4 data lines each. The number of such
chips required to design the memory system is

(a) 2 (b) 4 (c) 8 (d) 16

2.14. The following sequence of instructions are executed by an 8085 microprocessor:

1000 LXI SP, 27 FF
1000 caLL A |} 1006
1006 POP H

The contents of the stack pointer (SP) and the HL, register pair on completion of
execution of these instructions are

(a) SP = 27 FF, HL = 1003 (b) SP = 27 FD, HL = 1003
(c) SP =27 FF, HL = 1006 (d) SP =27 FD, HL = 1006

2.15. The number of bits in a binary PCM system is increased from nton + 1. As a
result, the signal to quantization noise ratio will improve by a factor

(n+1)
(a) 2+1 (b) 2 7
n
2(n+1)
(c) 2 n (d) which is independent of n

2.16. The autocorrelation function of an energy signal has
(a) no symmetry (b) conjugate symmetry
(c) odd symmetry (d) even symmetry

2.17. An FM signal with a modulation index 9 is applied to a frequency trippler. The
modulation index in the output signal will be

(a) O (b) 3 (c) 9 (d) 27

Join All India Mock GATE Classroom Test Series - 2006 conducted by GATE Forum in over 25 cities all over India. Question
Papers including section tests and full tests are designed by IISc alumni according to the latest syllabus. Percentile, All India Rank,
interaction with IISc alumni in our online discussion forums, and more. Registration starts 10t May, 2005. For more details,
visit
www.gateforum.com
Think GATE Think GATE Forum




GATE EC - 1996 GATE Forum www.gateforum.com

Join discussion of this test paper at http://forum.gatementor.com

2.18. The critical frequency of an ionospheric layer is 10 MHz. What is the maximum
launching angle from the horizon for which 20 MHz wave will be reflected by the
layer?

(a) 0° (b) 30° (c) 45° (d) 90°

2.19. A 1 km long microwave link uses two antennas each having 30 dB gain. If the
power transmitted by one antenna is 1 W at 3 GHz, the power received by the
other antenna is approximately

(a) 98.6pW (b) 76.8pW (c) 63.4pW (d) 55.2pW

2.20. Some unknown material has a conductivity of 10® mho/m and a permeability of
47 x1077H / m. The skin depth for the material at 1 GHz is

(@) 15.9 ym (b) 20.9 pm (c) 25.9 ym (d) 30.9 um

3. In the following questions (3.1 - 3.5), match each of the items 1,2 on the left
with the most appropriate item a,b,c or d on the right.

3.1 In the circuit shown in Fig.3.1(a) - (c), assuming initial voltage and capacitors
and currents through the indicators to be zero at the time of switching (t = 0),
then at anyt iem t > 0.

R
T

(a) (1) Current increases monotonically
+ L with time
TV
R
(b) >§=o VWA (2) Current decreases monotonically
with time
+
— v —=C
(c) R (3) Current remains constant at V/R
>—w
t=0
(4) Current first increases then
L L decreases
TV (5) No current can ever flow
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3.2 (a) Cascade amplifier (1) does not provide current gain
(b) Differential amplifier (2) is a wideband amplifier
(c) Darlington pair common-emitter (3) has very low input impedance
amplifier and very high current gain

(4) has very high input impedance

and very high current gain
(5) provides high common mode

voltage rejection.

3.3 (a) A shift register can be used (1) for code conversion
(b) A multiplexer can be used (2) to generate memory chip select
(c) A decoder can be sued (3) for parallel-to-serial conversion

(4) as a many-to-one switch
(5) for analog-to-digital conversion

3.4 (a) Capture effect is a characteristics of (1) An AM system
(b) Granular noise occurs in (2) An FM system
(c) Guard band is required.in ' _ (3) A DM system
(4) a FDM system
(5) A PCM system
(6) A TDM system

3.5 (a) SSB Modulation (1) Transmission line
(b) V.B=0 (2) Hilbert transform
(c) Model dispersion (3) Faraday’s law

(4) Absence of magnetic monopoles
(5) Wave guides
(6) Phase-locked loop

4. A signal 3sin(zf,t)+5cos(3zf,t)is applied to an RC low pass filter of 3 dB cut off
frequency f,. Determine and plot the output power spectrum also calculate total
input and output normalized power.
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5. A common emitter amplifier with an external capacitors Cc connected across the
base and the collector of the transistor is shown in Fig.5.

Transistor data:

g, =5mA/V
r, =20kQ
C, =1.5pF and
Vee
Cﬂ =0.5pF
Rc X 10K

25PF

10K —] Vo
Vs o——""NV\V—] Cc

Rs Q

(a) Determine the ac small-signal midband voltage gain %

S

(b) Determine the upper cut off frequency £, of the amplifier.

6. Given the Boolean functionF in three-variables'R, S, and T as
F = RST + RST +RST
(a) Express F in the minimum sum-of-products form
(b) Express F in the minimum product-of-sums form

(c) Assuming that both true and complement forms of the input variables are
available, draw a circuit to implement F using the minimum number of 2-
input NAND gates only

7. In the circuit shown in Fig.7, it is known that the variable current source I
absorbs power. Find I (in magnitude and direction) so that it receives maximum
power and also find the amount of power absorbed by it.

30 40
+
24V__——_ A ; B
60 40
8. A system having a unit impulse response h(n) is excited by a signal

x (n) = &"u(n).Determine the output y(n).
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SECTION - B

Attempt ANY TEN questions from this section. (Each question carries 5 marks).

10.

11.

12.

13.

14.

In air filled rectangular wave-guide, the vector electric field is given by

E = cos(20ny)exp{—j(%)z + jwt} fx V/m

Find the vector magnetic filed and the phase velocity of the wave inside the wave
guide.

A uniform plane wave having parallel polarization is obliquely incident on an air-
dielectric interface as shown in Fig.10. If the wave has an electric field E = 10
V/m, find:

(a) the angle of incidence 6; for which there is no _ % Dielectric
reflection of the wave, and Alr ﬁ =4

(b) the surface charge density at the interface I “‘fﬁ ““““

- 7

E *’fﬁ

Z

Two isotropic antennas A and B form an array as shown in Fig.11. The currents
fed to the two L antennas are

I,20 and I, Z« respectively. What! should 'be’the

value of o so that he radiation pattern has a null
at 6=30°? Find the direction of the maximum
radiation for that value of o and draw the
radiation pattern. (A is the wavelength of
operation).

An input signal A exp (at) u(t) with o > 0 is applied to a causal filter, the impulse
response of which is A exp(-at). Determine the filter output, sketch it as a
function of time and label the important points.

Eight baseband analog signals each of 100 Hz bandwidth, are to be transmitted
by a single binary PCM system in such a way that the quantization error for each
signal does not exceed 0.1% of the peak amplitude of the signal. The sampling
rate for each signal is to be 50% higher than its Nyquist rate. Calculate the bit
transmission rate and the minimum transmission bandwidth of the PCM system
based on the first Nyquist criterion.

White Gaussian noise of two sided spectral density 107'2 \V2/Hz is applied to an RC
low pass filter having a 3 dB cutoff frequency of 1 kHz. Find the output noise
power.
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18.

19.

Join discussion of this test paper at http://forum.gatementor.com

Find the input resistance R;,of the infinite section network shown in Fig.15.

10 1Q 10 10 10
0
VWA WA VWA VWA WA
Rin = 10 10 10 10
C;

The open circuit impedance matrix Z,.of a three-terminals two-port network with
A as the input terminal, B as the output terminal and C as the common terminal,

is given as
2 5
[Z"C]:L 7}

Write down the short circuit admittance matrix Ys.of the network viewed as a

two port network, but now taking B as the input terminal, C as the common
terminal and A as the common terminal.

Refer to the circuit shown jin Fig..17.
Choosing the voltage v, (t)across the capacitor, and the current /, (t) through the
inductor as state variables, i.e.

v (©
[x(0)]- { (r)}

V(t)

Write the state equation in the form

I [x(e)]=[A][x(6)] + [B][u(t)] and find [4],[8], and [u ()]

In the linear time-invariant system shown in Fig.18, blocks labeled D represent
unit delay elements. Find the expression for y(n), and also the transfer function

Y(2)

X(2)

in the z-domain.

k(s+3)

mis used in a

A system having an open loop transfer function G(s) =

control system with unity negative feedback. Using the Routh-Hurwitz criterion,
find the range of values of k for which the feedback system is stable.
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20. A small number of readily ionized donors Npare added to an intrinsic
semiconductor, such that N, < n;,where n; is the intrinsic carrier concentration.
Find the free electron and holle concentration in the semiconductor, accurate to

the first order in h.

n;

21. The n MOSFET shown in Fig.21, is used as a voltage variable resistor. Determine
the expression for the resistance and compute its value for V, = 2V.Neglect body
effect. o+
MOSFET data: '

Threshold voltage, v, =1V, |l: Vi
Channel length modulation parameter, A=0.3V"!
Transconductance parameter, kN = (%j 1,C,y = 401 A/V? 0-

22. A resistively loaded and resistively biased

differential amplifier circuit is shown in Fig.22.
neglect base current and . assume matched
transistors with V,; — « AND B=100+

Use
Vy =26mV, Ve (0n) = 0.7V, and V¢ (sat)=0.1v  Va

(a) Determine the values of Rc and Rg to meet
the following specifications:

Differential mode gain (double ended) = -
500 Common-mode rejection ratio = 500.

VEE
Differential mode input resistance = 2MQ

(b) Determine the minimum values of Vcc and Vg such that the transistors
remain in the forward active region under zero-signal condition. Assume that
the dc common-mode input voltage is zero.

23. A JFET with V, =-4V and Ipss =12mA is used in the

circuit shown in Fig.23. Assuming the device to be
operating in saturation. 400V

(a) Determine Ip, Vps and Vga and

(b) Check to confirm that the device is indeed operating
in saturation

Join All India Mock GATE Classroom Test Series - 2006 conducted by GATE Forum in over 25 cities all over India. Question
Papers including section tests and full tests are designed by IISc alumni according to the latest syllabus. Percentile, All India Rank,
interaction with IISc alumni in our online discussion forums, and more. Registration starts 10t May, 2005. For more details,
visit
www.gateforum.com
Think GATE Think GATE Forum




GATE EC - 1996 GATE Forum www.gateforum.com
Join discussion of this test paper at http://forum.gatementor.com

24. Assuming ideal op-amps, show that the circuit shown in Fig.24, simulates in

V. (s
inductor, i.e. show that I’E ;is inductive and write the expression for the
(s
1
effective inductance.
R
VWV
Vo2
1
C
25. A state machine is required to cycle through the following sequence of states:

ABC
> 000->010-> 111> 100->011 > 101

One possible implementation /of. the_state . machine is shown in Fig.25. Specify
what signals should be applied to each of the multiplexer inputs.

Io F ) FI—A
I;
4-1
I, MUX FF
>
I sy So
A B
Io D Fr——B
I;
4-1
I, MUX FF
>
13 Sl So
A B
Io F D F C
Ii 41
1, MUX FF
>
I3 Sl So
A B
CLK
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26. A 4-bit shift register, which shifts I bit to the right at every clock pulse, is
initialized to values (1000) for (Qy,@Q,Q,,Q;). The D input is derived from

Qy, @, and Qs through two XOR gates as shown in Fig.26.

(a) Write the 4-bit values (Q,Q,Q,Q;) after each / q/
clock pulse till the pattern (1000) q\ \
reappears on (Q,QQ,Q;). T | _‘

(b) To what values should the shift register be b Q@ Q Q Q
initialized so that the pattern (1001) occurs

after the first clock pulse?

27. It is desired to generate the following three AL
Boolean functions: P,
F, = abc + abc + bc P, g
F, = alzc +bc +abc P, ®
F; = abc +abc + ac .
4
By using an OR gate array as shown in Fig.27, jf
where P; to Ps are the product terms in one or Ps
more of the variables a, a, b,b,c and c. Fi |F2 Qﬁ:s
Write down the terms P4, P5, P3,'P4 and Ps.
28. Consider the deoder circuit shown in Fig.28 for providing chip select signals to an

EPROM, a RAM and an I/O chip with four addressable registers from a
demultiplexed 8085 address bus.

A= eprom | ™ Ao—
: SRAM : | Lo
Ay 8Kx8 As 8x8 A, . CHIP
—q cs —0 cs —4q cs
Io/M —— MSB 0
10—
A 2p————
3 p—
Aiz LS 4 jo—
50—
3to8 6p—
Decoder 7 p—

(a) Specify all the memory address ranges to which the EPROM will respond
(b) Specify all the memory address ranges to which the RAM will respond
(c) Specify all the I/O address ranges to which the I/0 chip will respond.
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SECTION - A

1. For each of the following questions (1.1 - 1.11), four alternatives (A, B, C and D)
are given. Indicate the correct answer by writing the letter (A, B, C or D) against
the corresponding question number. All parts of this question must be attempted
strictly in order.

1.1  The current /i, in the circuit of Fig.1.1 is equal to _ca
ey

(@) 12A

(b) -12 A

(c) 4A ® %
(d) None of the above

—> «—
i4=7? i3=4A

1.2 The voltage V in Fig.1.2 is equal to 4V

(a) 3V G

(b) -3V

() 5V 5V * O av

(d) None of the above

+ V-

1.3 The voltage V in Fig.1.3 is always equal to

(a) 9V A 20

(b) 5V +

(c) 1V v 5V

(d) None of the above L5

1.4 The function f(t) has the Fourier Transform g(w). The Fourier Transform

ff(t)g(t)= [: T g(t)e‘f“’tdt]is

—o0

1 1
(@) 5_f(@) (b) 5-f(-0)

(c) 2zf (-w) (d) None of the above

1.5  The Fourier Transform of e® cos(at)is equal to

(@) 9 () 29
(s-a) +a (s—a) +a

(©) ;2 (d) None of the above
(s-a)
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1.7

1.8

1.9

1.10

1.11
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A transmission line of 50Q characteristic impedance is terminated with a 100Q
resistance. The minimum impedance measured on the line is equal to

(a) 0Q (b) 250 (c) 500 (d) 100Q

A rectangular air-filled wave-guide has cross section of 4 cm x 10 cm. The
minimum frequency, which can propagate in the wave-guide, is

(a) 1.5 GHz (b) 2.0 GHz (c) 2.5 GHz (d) 3.0 GHz

The line code that has zero dc component for pulse transmission of random
binary data is
(a) Non-return to zero (NRZ) (b) Return to zero (RZ)

(c) Alternate Mark Inversion (AM) (d) None of the above

A probability density function is given by p(x)=Ke 2 - < Xx <. The value of K
should be

1 /2 1 1
a) — b) .= ) —— d) —
(2) 2z (®) T p ; (©) 2r () 2
A deterministic signal has the power As(f)

spectrum given in Fig.1.10. The
minimum sampling rate needed to
completely represent this signal is

(a) 1 kHz
(b) 2 kHz
(c) 3 kHz
(d) None of the above -2-15-1 0 115 2

> f(kHz)

The voltage V in Fig.1.11 is 3Q
(a) 10V +
(b) 15V v ©1ov 5A

(c) 5V |

(d) None of the above 0—

For each of the following questions (2.1 - 2.10), four alternatives (A, B, C and D)
are given. Indicate the correct answer by writing the letter (A, B, C or D) against
the corresponding question number. All parts of this question must be attempted
strictly in order.
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2.1 In the BJT amplifier shown in Fig.2.1, the transistor is based in the forward active
region. Putting a capacitor across Rz will

Vee
o— °
Reine Ru
T
Vi, Re Vout
- 5

=

(a) decrease the voltage gain and decrease the input impedance
(b) increase the voltage gain and decrease the input impedance
(c) decrease the voltage gain and increase the input impedance
(d) increase the voltage gain apnd-increase the input impedance

2.2 A cascade amplifier state is ‘equivalent to
(a) a common emitter stage followed by a common base stage
(b) a common base stage followed by an emitter follower
(c) an emitter follower stage followed by a common base stage
(d) a common base stage followed by a common stage

2.3 For a MOS capacitor fabricated on a p-type semiconductor, strong inversion
occurs when

(a) surface potential is equal to Fermi potential

(b) surface potential is zero

(c) surface potential is negative and equal to Fermi potential in magnitude
(d) surface potential is positive and equal to twice the Fermi potential

2.4 In a common emitter BIT amplifier, the maximum usable supply voltage is limited
by
(a) Avalanche breakdown of Base-Emitter junction
(b) Collector-Base breakdown voltage with emitter open ( BV o)
(c) Collector-Emitter breakdown voltage with base open (BV 5, )

(d) Zener breakdown voltage of the Emitter-Base junction
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Each cell of a static Random Access Memory contains
(a) 6 MOS transistors

(b) 4 MOS transistors and 2 capacitors

(c) 2 MOS transistors and 4 capacitors

(d) 1 MOS transistor and 1 capacitor

A 2 bit binary multiplier can be implemented using
(a) 2 inputs ANDs only

(b) 2 input XORs and 4 input AND gates only
(c) Two 2 inputs NORs and one XNOR gate
(d) XOR gates and shift registers

In standard TTL, the ‘totem pole’ stage refers to
(a) the multi-emitter input stage (b) the phase splitter
(c) the output buffer (d) open collector output stage

The inverter 74 ALSO4 has the following specifications:
IOHmaX = _0.4mA, IOLmaX = 8ma, IiHmaX = ZOmA, IiLmaX = _0.1mA,

The fan out based on the above'will be
(a) 10 (b) 20 (c) 60 (d) 100

The output of the logic gate in Fig.2.9 is

D—

(@) O (b) 1 (c) A (d)F

.|||}_‘

In an 8085uP system, the RST instruction will cause an interrupt
(a) only if an interrupt service routine is not being executed

(b) only if a bit in the interrupt mask is made 0

(c) only if interrupts have been enabled by an EI instruction

(d) None of the above

For each of the following questions (3.1 - 3.11), four alternatives (A, B, C and D)
are given. Indicate the correct answer by writing the letter (A, B, C or D) against
the corresponding question number. All parts of this question must be attempted

strictly in order.
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3.1 In the circuit of Fig.3.1 the energy absorbed by the 4Q resistor in the time

interval (0,) is Jg\f

(a) 36 Joules (b) 16 Joules +

(c) 256 Joules (d) None of the above 10V ZF 7~Ve
Vc(0)=5V

3.2 In the circuit of Fig.3.2, the equivalent impedance seen across terminals a,b is

ao
() (?j@

8
® [
(©) (%+12j]§2
(d) None of the above bo—

3.3 In the circuit of Fig.3.3, the current i, through the ideal diode (zero cut in voltage
and forward resistance) equals

(a) 0A 40 T

(b) 4 A

(c) 1A 1OV<D 40 10 ="
(d) None of the above

3.4 In the signal flow graph of Fig.3.4, %equals

(a) 3 (b) g X 5 2 1 y
(c) 2 : ;
(d) None of the above )

3.5 A certain linear time invariant system has the state and the output equations
given below

R AR
-0l
If X, (0)=1,X,(0)=-1,u(0) =0, then %hzo is

(a) 1 (b) -1
(c) O (d) None of the above
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A communication channel has first order low pass transfer function. The channel
is used to transmit pulses at a symbol rate greater than the half-power frequency
of the low pass function. Which of the network shown in Fig.3.6 can be used to

equalize the received pulses?

R c
@ W + ®) o +
Input C T Output Input R Output
-0 . —0 - _ 00— —0 -

(c) R

(d)
+ i L
+ +
Input R Output
Input R Output

The power spectral density of deterministic signal is given by [sin(f)/fz}where f

is frequency.
The autocorrelation function-of this signal in the time domain is
(b) a delta function

(d) a triangular pulse

(a) a rectangular pulse
(c) a sine pulse

An amplifier A has 6 dB gain and 50Q input and output impedances. The noise
figure of this amplifier as shown in Fig.3.8(a) is 3 dB. A cascade of two such
amplifiers as in Fig.3.8(b) will have a noise figure of

| N | A | A
50Q 500 50Q 50Q
(a) 6dB (b) 8 dB
(c) 12dB (d) None of the above

A parabolic dish antenna has a conical beam 2°wide, the directivity of the
antenna is approximately

(a) 20 dB (b) 30 dB (d) 50 dB

(c) 40 dB
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A very lossy, %Iong, 50Q transmission line is open circuited at the load end. The

input impedance measured at the other end of the line is approximately
(@) O (b) 50Q
(€) o (d) None of the above

The skin depth at 10 MHz for a conductor is 1 cm. The phase velocity of an
electromagnetic wave in the conductor at 1,000 MHz is about

(a) 6x10°m/sec  (b) 6x10"m/sec  (c) 3x108m/sec (d) 6x108m/sec

For each of the following questions (4.1 - 4.10), four alternatives (A,B, C and D)
are given. Indicate the correct answer by writing the letter (A,B,C or D) against
the corresponding question number. All parts of this question must be attempted
strictly in order.

10K
The output voltage V, of the circuit shown in Fig.4.1 is VW

(a) -4V o

~\WA———
(b) 6V —-V+
(c) 5V \ v [ 1
(d) -5.5V 100K L
10K

The decoding circuit shown in Fig.4.2 has been used to generate the active low
chip select signal for a microprocessor peripheral. (The address lines are
designated as AO to A7 for I/O addresses).

Ay ————

=D o
CHIP SELECT

— D

As
As
A} —

The peripheral will correspond to I/O addresses in the range
(a) 60 Hto 63 H (b) Adto A7H
(¢) 30Hto 33 H (d) 70Hto 73 H
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4.3 The following instructions have been executed by an 8085 pP

ADDRESS (HEX)  INSTRUCTION

6010 LXI H, 8A, 79 H
6013 MOV A, L
6015 ADDH
6016 DAA
6017 MOV H, A
6018 PCHL
From which address will the next instruction be fetched?
(a) 6019 (b) 6379
(c) 6979 (d) None of the above

4.4 A signed integer has been stored in a byte using the 2's complement format. We
wish to store the same integer in a 16-bit word. We should

(a) copy the original byte to the less significant byte of the word and fill the
more significant with zeros

(b) copy the original byte to the|mere significant byte of the word and fill the
less significant with zeros

(c) copy the original byte to the less significant byte of the word and make fit of
the more significant byte equal to the most significant bit of the original byte

(d) copy the original byte to the less significant byte as well as the more
significant byte of the word

4.5 A half wave rectifier uses a diode with a forward resistance R;. The voltage is
V., sinot and the load resistance is R, . The DC current is given by

v, V., 2V,

Vm
T} ®) &R (c) m (d)

@ Ve R,

4.6 The intrinsic carrier density at 300 K is 1.5x10'° /cm?3,in silicon. For n-type

silicon doped to 2.25x10Yatoms/cm?®,the equilibrium electron and hole
densities are

a n=1.oX cm,p=1.0X cm
(a) 1.5x10% /cm? 1.5x10%° /cm?
n=1.5x cm”,p=2.25x% cm
(b) 1.5x10%° /cm? 2.25x10%* /cm?
Cc) n=2.25x cm’,p=1.0x cm
(c) 2.25x10*° /cm? 1.0x10° /cm’®
(d) n=1.5x10'°/cm?,p=1.5x10'° /cm?
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V.
4.7 For the NMOS logic gate shown o

in Fig.4.7, the logic function
implemented is

(a) ABCDE [:ﬂ%:;

(b) MB+Q(EIE)

—0oF

A
(c) A(B+C)+DE o— —oP
o—|

(d) (A+B).C+DE

4.8 In a J-k flip-flip we have ]J=Q and K=1. (Fig.4.8).
Assuming the flip-flop was initially cleared and then
clocked for 6 pulses, the sequence at the Q output will 3 Q Q
be

(a) 010000
(b) 011001 _
(c) 010010 cK
(d) 010101

4.9 The gate delay of an NMOS inverter is dominated by charge time rather than
discharge time because

(a) the driver transistor has larger threshold voltage than the load transistor

(b) the driver transistor has larger leakage currents compared to the load
transistor

(c) the load transistor has a smaller W/L ratio compared to the driver transistor
(d) None of the above

4.10 The Boolean function A+BC is a reduced form of
(a) AB + BC (b) (A +B).(A+C) (c) AB+ABC (d)(A+C).B
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5. In the following questions (5.1 - 5.6), match each of the items 1,2 on the left
with the most appropriate item a,b,c or d on the right.

[e.g. If you feel I matches with b and 2 with ¢, write (1,b) (2,0)].

5.1 In the case of a linear time invariant system

(1) Poles in the right half plane implies (a) Exponential decay of output
(2) Impulse response zero for t < 0 implies (b) System is casual
(c) No stored energy in the system

(d) System is unstable
5.2 If the Fourier Transform of deterministic signal g(t) is G(f), then

(1) The Fourier Transform of g(t-2) is  (a) G(f)e“*™
(2) The Fourier Transform of g(t/2) is  (b) G(2f)

(c) 2G(2f)
(d) G(f - 2)
5.3
(1) An 8-bit wide 5 word sequential memory (a) 8 Fixed ‘AND’ gates and 4
will have programmable ‘OR’ gates
(2) A 256 x 4 EFROM has (b) Eight 4 bit shift registers
(c) 4 words of 32 bits each
(d) 8 address pins and 4 data pins
output
5.4
(1) Wave tilt (@) Under-water propagation
(2) Faraday Rotation (b) Ground wave propagation

(c) Space wave propagation

(d) Ionospheric propagation
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5.5 While moving data between registers of the 8085 and the stack

(1) a PUSH instruction  (a) Pre increments the stack pointer
(2) a POP instruction (b) Post increments the stack pointer
(c) Pre decrements the stack pointer

(d) Post decrements the stack pointer

5.6 Negative feedback in

(1) Voltage series configuration (a) increase input impedance
(2) Current shunt configuration (b) decrease input impedance
(c) increases closed loop gain

(d) leads to oscillation

y(t)

Fig.6
Fig.6 shows the block diagram representation of control system. The system in

block A has an impulse response h, (t)= e u(t). The system in block B has an

impulse response hj (t) = e u(t). The block ‘K’ amplifies its inputs by a factor k.
For the overall system with input x(t) and output y(t)

(a) Find the transfer function LS)when k=1
X(s)
(b) Find the impulse response when k = 0
(c) Find the values of k for which the system becomes unstable
Note: u(t) =0 1<9
=1 t>0
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7. Circuit shown in Fig.7(a) is an NMOS shift register. All transistors are NMOS
enhancement type with threshold voltage V; =1V.Supply used is V,, =5V
o

VDD= 5V

J [ & [

s L= I f:

p Vop=5V

Two non-overlapping clocks ¢; and ¢, are as ;hown in Fig.7(b) and have large
pulse widths.

5V

01

ov

6V

02 oV
All capacitors are initially discharged and the input V,, =0volts is applied. If

values of capacitors are C, =2pf and C, =1pf,find out voltage V,,on capacitor
C, after ¢, goes low.

Neglect body-effect on V;in your evaluation.

Vee= 5V
8. The transistor in the circuit shown in Fig.8 is =
so biased (dc biasing network is not shown) R
that the dc collector current I. =1mA.Supply ¢
is V. =5V.

"|||—90< +

The network components have following Rs
values:

RC = ZkQ Vs

R, =1.4kQ | R

and R =100Q

E
Ce

The transistor has specifications.

|
i ——

B = 100 and base spreading resistance
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Assume k?T =25mV.

Evaluate small signal Voltage Gain A, at a frequency of 10 kHz, and Input
Resistance R; for two cases:

(a) CE, the bypass capacitor across R; is 25 pF.

(b) The bypass capacitor C.is removed leaving R unbypassed

07 Y
9. A %section of 600Q transmission line, short circuited at 50,

one end and open circuited at the other end, is shown in

Fig.9. A 100 V/75Q generator is connected at the mid point 100V
of the section as shown in the figure. Find voltage at the

o= . 0
open circuited end of the line. T e %_»
4

10. In the circuit of Fig.10, R=100Q, L = 20nH and C = 32 pF.

+

The circuit is maintained at a temperature of 300K. Derive and plot the power
spectral density of the voltage V,. Mark all the relevant points on the plot with

numerical values. (The Boltzmann constant k =1.28x10723J/K)
SECTION - B
Attempt ANY TEN questions from this section. (Each question carries 5 marks)
11. Consider the circuit given in Fig.11, using an ideal operational amplifier.

N
LT

R
—~/V\V/— -
—t Va
I
Vi =RIS —
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The characteristics of the diode are given by the relation I =1Ig (%— 1) where V
e

is the forward voltage across the diode.
(a) Express V,as function of V;assuming V; >0

(b) If R = 100kQ, I =1uA and k?T=ZSmV,find the input voltage V,for which
v, =0.

12. In the circuit shown in Fig.12, assume that the operational amplifier is ideal and
that V, =0V initially. The switch is connected first to ‘A’ charging C; to the voltage

V. It is then connected to the point 'B’. This process is repeated f times per
second. G

A G

o 1 T
71

(a) Calculate the charge transferred per second from node A to node B.
(b) Derive the average rate of/change-of the output voltage V.

)

|I||—'

(c) If the capacitor and the switch are removed and a resistor is connected
between points A and B, find the value of the resistor to get the same
average rate of change of the output voltage?

(d) If the repetition rate of the switching action is 10*times per second,
C, =100pF,C, =10pF and V =10mV. What is the average of change of the

output voltage? Vee=9V

R B

13.

Re

R1

10|.1FJ—_|: R,

Re=200

L
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In the cascade amplifier circuit shown in Fig.13, determine the values of Ry,R;
and R_ such that the quiescent current through the transistors is 1 mA and the
collector voltages are V. =3V and V., =6V, take Vg = 0.7V, transistor B to be

high and base currents to be negligible.

14. A sequence generator is shown in Fig.14. The counter status (Q,, Q;,Q,)is
initialized to 010 using preset/clear inputs.

TQU Q: Q2

| | |
Preset J Preset Preset
DO QO — D 1 Q1 :Di Dz Q2 —

FFo FF1 FF2

F CK 0, K Q K Q
Cr Cr cr
| | |

Clock

The clock has a period of 50 ns and transitions take place at the rising clock
edge. \

(a) Give the sequence generates at Qo till-repeats.
(b) What is the repetition rate of the generated sequence?

15. Given an NMOS circuit as shown in Fig.15. The specifications of the circuit are:
Vpp =10, 8 =K = p,C,, (W/L) = 10‘4Amp/V2,VT =1V and Ipg = 0.5mA.

Evaluate V¢ and R for the circuit. Neglect body - effect for V.
VDD=10V

Iosl
Rp

VDS
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16. Find Static Noise-Margins for a BJT inverter
shown in Fig.16. Transistor used is an n-p-n type 5V
with specifications as follows: 7
Br =70
Veon = 0.7V %RL:IK
Vaesar = 0.8V

17.

I
— 10K [ - ot
VCESAT = 0. 1V. A S Vout
Vin

Also R, =1kQ; Rz =10kQ and Rs 1
supply Ve =5V. i =

For a typical n-p-n transistor, as shown in Fig.17, we have the following data
available:

(a) W, =20umand Collector doping = 5 x 10'%/cc
(b) W =1umand Emitter doping = 10'°/cc

(c) Base doping = 5 x 10**/cc
(d) Minority carrier life time in the Base region is 7, = 5u sec.

we A\ WA gy,
[ e e
B C

E

T
L

Under Punch-through condition the V- =10V +V,, volts.

Here V,is the built in potential of Base-collector junction. Emitter Injection
efficiency can be assumed as 1 for this transistor.
Evaluate Base Width Wgzand the current gain a.

[Standard data for this question is:g =1.6x 10‘19coloumbs;% =25mV

For silicon at T = 300 K, D, = 30cm? /sec;Ks e,=107*2F /cm;n; =1.5x10'° / cc]
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x=0

phosphorous atoms to a concentration 4.5 x 10%%/cc.
The bar has cross-section of 1 mm? and length of 10
cm. It is illuminated uniformly for region x < 0 as
shown in Fig.18. Assume optical generation rate n-semiconductor
10%! Electron-Hole pairs per cm?® per second, for this
case. The hole lifetime and electron lifetime are

Ligh
18. An n-type silicon bar is doped uniformly by é

equal, and equal to 1psec. x<0 i x=10cm
[}
|
[}
x=0
Evaluate the hole and electron diffusion currents at x = 34.6 pm.
Following expressions and data can be used in this evaluation:
dp dn
P = 9% G 9n ax
where,
D, =12cm® /sec; D, =30cm?* /sec.
g =1.6x10""°coloumbs (kt/q)=26mV.
19. An IC 555 chip has been used to construct a pulse-Generator. Typical pin

connections with components is shown below in Fig.19, for such an application.
However it is desired to generate a square pulse of 10 kHz.

Ra
4 8

V
Reset | Discharae

Output 3 IC555 2 Triaaer %RB

Threshold

1 5 0.01pF ~C

1

Ground Control
IS
.0

0.05uF

Evaluate values of R, and Ry if the capacitor C has the value of 0.01 pF for the

configuration chosen. If necessary you can suggest modification in the external
circuit configuration.
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20. An 8085 pP uses a 2 MHz crystal. Find the time taken by its to execute the
following delay subroutine, inclusive of the call instruction in the calling program.

Calling program DELAY: PUSH PSW

..................... MVI A, 64 H

CALL DELAYLOOP: NOP

......... DCR A
JNZLOOP
POP PSW
RET

You are given that a CALL instruction takes 18 cycles of the system clock, PUSH
requires 12 cycles and a conditional jump takes 10 cycles if the jump is taken
and 7 cycles if it is not. All other instructions used above take (3n + 1) clock
cycles, where n is the number of accesses to the memory, inclusive of the opcode

fetch.
21 x(n) + yi(n) y2(n)
. D
y2(n)
1
Fig.21
In Fig.21, a linear time invariant discrete systems is shown. Blocks labeled D
represent unit delay elements. For n < 0, you may assume that x(n), yi(n), y>(n)
are all zero.
(a) Find the expression for y;(n) and y,(n) in terms of x(n).
. Y (2). .
(b) Find the transfer function X(2) in the z-domain.
z
Ifx(n)=1 atn=0
(c) (7) .
=0 otherwise,
Find y,(n).
22.

5(

In the circuit of Fig.22 when R = 0Q, the current iz equals 10A

(a) Find the value of R for which it absorbs maximum power
(b) Find the value of €

(c) Find V, when R = « (open circuit)
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23. 2Q 4Q 40
AN —~/\AN

+
e(t)(D 1H —= 1F 1H

=

iL1(t) Veot) yis

In the circuit of Fig.23, all currents and voltages are sinusoids of frequency ®

rad/sec.
(a) Find the impedance to the right of (A,B) at ® = 0 rad/sec and o = « rad/sec.
(b) If o = @ vrad/sec and i (t)=1Isin(w,t)A where 1 is positive

wp # 0,0, # ~then find I, wy and i, (t)

24, A
1Q 10
) 1Q
10sin(wt) ~> = %
volts \ iF
10 7
B i2(t)
For the circuit showh in Fig.24, choose state variables
X1, X3, X3, to be iy (t),Vea (£) i3 (t)
(a) Write the state equations
X, X,
X, |=A|lX; |+Ble(t)]

(b) If e(t) = 0, 20, i;;(0)=0,V,,(0)=0,i5(0)=1Athen what would the total
energy dissipated in the resistors in the interval (0,) be?

25. A block diagram of a system is shown in Fig.25. Draw the spectrum of the output
signal with relative aptitudes of the frequencies.

_ 100% 5.5kHz 0.5kHz
fn=2kHz
AM S1 Sampler S, LPF Output
Ideal
ch=4kHz (Ideal) (deal)
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26. Find the mean of a function X(T) = sin?(aT), where o is a constant, and T is a
random variable.
The pdf of T is given by, f(T) =e" for T=0
=0 for T<0

27. Fig.27 shows the block diagram of phase-locked-loop (PLL) in the locked

condition.
Qi Phase Vp
> detector

Qo

V.
VCO &=

The output voltage of the phase detector is given by V, = K, (¢, - ¢,), where ¢; is

phase of the input signal, and ¢,is the phase of the output Voltage Controlled
Oscillator (VOC). The value of K,is 1 Volt/radian, the frequency deviation of the
VCO output is Af, =KV, where V_is input voltage of the VCO, and
ks =159.15Hz /volt. The amplifier A is a buffer with a voltage gain of unity.

% (5)
¢ (3)

(b) Let the loop to be locked for time t<0 and @;(t)=u(t) radian, where u(t) is
the unit step function. Determine @, (t) for t>0.

(a) Derive the transfer functiom

28. Fig.28 shows the first stage of a super heterodyne receiver. The desired input
signal is at a frequency of 700 MHz. The local oscillator (L.O) frequency is 1 GHz.
The mixer is an ideal multiplier with a gain independent of frequency. A band-
pass filter (BPF) is used to select the Intermediate Frequency (IF) output at 300
MHz.

Mixer

BPF IF Input

L.O.

(a) What is the image frequency of the desired input?

(b) A Low Pass Filter (LPF) can be used before the mixer to reject the image
frequency. If a perfect rejection (zero transmission) of the image is desired,
what type of LPF should be employed?

(c) The input in Fig.28 is corrupted by an undesired 750 MHz signal, which has
the same amplitude as those of the desired signal at 700 MHz. Let the BPF
be of second order. At the BPF output, the undesired signal should be 20 dB
below the desired signal. Calculate the Q required for the BPF.
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29. A uniform plane wave is normally incident from air on an infinitely thick magnetic
material with relative permeability 100 and relative permittivity 4 (see Fig.29).
the wave has an electric field of 1V, meter (rms). Find the average pointing
vector inside the material.

Magnetic material
m, =100¢,=4

30. A dipole antenna has a sin 6 radiation pattern where the angle 6 is measured
from the axis of the dipole. The dipole is vertically located above an ideal ground
plane (Fig.30). What should be the height of the dipole H in terms of wave length
so as to get a null in the radiation pattern at an angle of 45° from the ground
plane? Find the direction of maximum radiation also.

___I ____________ + Dipole

e

Ground“ptane
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SECTION - A

For each of the following (1.1 - 1.40) four alternatives (A, B, C and D) are given,
out of which ONLY ONE is correct. Indicate the correct answer by writing (A, B, C
or D) as appropriate, against the corresponding question number in the answer
book.

A network has 7 nodes and 5 independent loops. The number of branches in the
network is

(a) 13 (b) 12 (c) 11 (d) 10

The eigen values of the matrix A = ﬁ) é}are

(a) 111 (b) _11_1 (C) jl-j (d) 11_1
If f(t)= L,then the value of limf(t)

s? + o&? toe
(a) cannot be determined (b) is zero

(c) is unity (d) is infinite

The trigonometric Fourier series of a periodic time function can have only
(a) cosine terms (b) sine terms
(c) cosine and sine terms (d) d.c. and cosine terms

The nodal method of circuit analysis is based on
(a) KVL and Ohm'’s law (b) KCL and Ohm'’s law
(c) KCL and KVL (d) KCL, KVL and Ohm’s law

Superposition theorem is NOT applicable to networks containing
(a) nonlinear elements (b) dependent voltage sources
(c) dependent current sources (d) transformers

The parallel RLC circuit shown in Fig.1.7 is in resonance. In this cicuit

(@) |Iz|<1mA

(b) |Ig +1,|>1mA I L le
1mA RMSG) R L

(€) [Ig+1Ic|<1mA -

]

(d) Iz +Ic|>1mA
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1.8 A periodic signal x(t) of period T,is given by
L |t<Ty

x(t)=
=10, 7 < it < Lo
2

The d.c. component of x(t) is

T 2T,
(a) T_o (b) ﬁ () T_o T,

1.9 The unit impulse response of a linear time invariant system is the unit step
function wu(t). For t>0, the response of the system ot an excitation

etu(t),a > 0will be

(a) ae? (b) [5(1—5‘“) (c) a(t-e™) (d) 1-et
o 1
1.10 The short-circuit admittance matrix of a two-port network is 1 2
=~ 0
2
The two port network is j
(a) non-reciprocal and passive (b) *non-reciprocal and active
(c) reciprocal and passive (d) reciprocal and active
1.11 The voltage across the terminals a and b in Fig.1.11 is
(a) 0.5V 20 a 10
(b) 3.0V
(c) 3.5V o 20 " 3A
(d) 4.0V v -

-+ @

1.12 The electron and hole concentrations in a intrinsic semiconductor are n; and p;
respectively. When doped with a p-type material, these change to n and p,
respectively. Then

(@) n+p=n;+p; (b) n+nm=p+p; (c) np; =n;p (d) np =n;p;

1.13 If frof BJT is related to its g,,,,C, and C, as follows:

C, +C er(C,+C
(@) fp =—4£ (b) fT=M
m m
g g
(c) fr=—=m_ (d) f=—-=Tm
TT¢c,+C, " 2z(c,+C,)
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1.18
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Join discussion of this test paper at http://forum.gatementor.com

The static characteristic of an adequately forward biased p-n junction is a straight
line, if the plot is of

(@) log1Ivs.logV (b) logIvs.V (c) Ivs.logV (d)Ivs.V

A long specimen of p-type semiconductor material
(@) is positively charged

(b) is electrically neutral

(c) has an electric field directed along its length
(d) acts as a dipole

The Z-transform of the time function Z 5(n-k)is
k=0

z-1 z z (z-1)
(a) —Z (b) Z_1 (c) W (d)T

The number of roots of s* +5s% +7s +3 = 0in the left half of the s-plane is
(a) zero (b) one/s (c) two (d) three

The transfer function of a tachometer is of the form
K K
d -2~
(s+1) ( )s(s+1)

(a) Ks (b) g (c)

Consider a unity feedback control system with open-loop transfer function
G(s)= L.The steady state error of the system due to a unit step input is

s(s+1)

(a) zero (b) K (c) (d) infinite

1

K

The transfer function of a zero-order-hold system is

(a) (l](ue-“) (b) (lj(l—e‘”)
S S

© 1—[1] esT (d) 1+[1je-57
S S

In the Bode-plot of a unity feedback control system, the value of phase of G(jw)
at the gain cross over frequency is —125°. The phase margin of the system is

(a) -125° (b) -55° (c) 55° (d) 125°
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1.22. Consider a feedback control system with loop transfer fucntion

K(1+0.5s
G(s)H(s) = ( )
s(1+5s)(1+2s)
The type of the closed loop system is
(a) zero (b) one (c) two (d) three
. . 1+3Ts .
1.23. The transfer function of a phase lead controller is 127s " The maximum value of
+
phase provided by this controller is
(a) 90° (b) 60° (c) 45° (d) 30°

1.24. The Nyquist plot of a phase transfer function g(jo) H(jo) of a system encloses the
(-1,0) point. The gain margin of the system is

(a) less than zero (b) zero
(c) greater than zero (d) infinity
25? +65+5

1.25 The transfer function of a system is —
(s+1) (s+2)

The characteristic equation-of the system-is

(a) 252 +65+5=0 (b) (s+1)*(s+2)=0

(c) 252 +65+5+(s+1)°(s+2)=0 (d) 252 +65+5-(s+1)°(s+2)=0

1.26 In a synchro error detector, the output voltage is proportional to [a)(t)}n,where
o(t)is the rotor velocity and n equals

(a) -2 (b) -1 (c) 1 (d) 2

1.27 Two identical FETs, each characterissed by the parameters g,, and rjare
connected in parallel. The composite FET is then characterized by the parameters

@ %2 and2r, () I2and L (o) 2g,and L (d) 2g,, and 21,

—— W—— ;v
1.28 The circuit of Fig.1.28 is an example of e

feedback of the following type

——|—ov,

(a) current series
(b) current shunt
(c) voltage series Vi
(d) voltage shunt
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1.29 In a differential amplifier, CMRR can be improved by using an increased
(a) emitter resistance (b) collector resistance
(c) power supply voltages (d) source resistance

1.30 From a measurement of the rise time of the output pulse of an amplifier whose
input is a small amplitude square wave, one can estimate the following
parameter of the amplifier:

(a) gain-bandwidth product (b) slow rate
(c) upper 3-dB frequency (d) lower 3-dB frequency

1.31 A distorted sinusoidal has the amplitudes A, A,, A, ... of the fundamental, second
harmonic, third harmonic, ...respectively. The total harmonic distortion is

(a) Ay + Ag+ ... (b) VA + AR+

A Ay

© JAZ + A2 + . (d) [A22+A32+...]

\/Alz +A22 +A§... Al

1.32 The emitter coupled pair of BIT'S gives a linear transfer relation between the
differential output voltage and the differential input voltage V,, only when the

magnitude of V,,is less a times the thermal voltage, where o is
(a) 4 (b) 3 (c) 2 (d)1

1.33 In a shunt-shunt negative feedback amplifier, as compared to the basic amplifier
(a) both, input and output impedances, decrease
(b) input impedance decreases but output impedance increases
(c) input impedance increases but output impedance decreases
(d) both, input and output impedances increase

1.34 A multistage amplifier has a low-pass response with three real poles at s = -y,
-o, and ;. The approximate overall bandwidth B of the amplifier will be given by
1 1 1

1
(@) B=w, +w, + oy (b) = =—+—4+—
B o o
1

(€) B=(w +a,+w)3 (d) B=a?+ o2+ w2
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A high Q-quartz crystal exhibits series resonance at the frequency w.and parallel
resonance at the frequency @,. Then

(a) w,is very close to, but less than w,. (b) o, < w,.

P P
(c) w,is very close to, but greater than Wp- (d) o, > Wp-

One input terminal of high gain comparator circuit is connected to ground and a
sinusoidal voltage is applied to the other input. The output of comparator will be

(b) a full rectified sinusoid
(d) a square wave

(a) a sinusoid
(c) a half rectified sinusoid

In a series regulated power supply circuit, the voltage gain A, of the ‘pass’
transistor satisfies the condition:
(@) A 2> (b) 1« A, <o

(c) A =1 (d) A <1

For full wave rectification, a four diode bridge rectifier is claimed to have the
following advantages over a two diode circuit:

(1) less expensive transformer

(2) smaller size transformer, and

(3) suitability for higher voltage application.
Of these,

(a) only (1) and (2) are true

(c) only (2) and (3) are true

(b) only (1) and (3) are true
(d) (1), (2) as well as (3) are true

In the MOSFET amplifier of Fig.1.39, the signal outputs V; and V, obey the
relationship

+
v, Vi
(b) V; = > o+ -
+ Ve
(C) V1 = 2\/2 \ RTD B
(d) v, =-2V, -
the units of iare
kT
1 J
(a) v (b) v (c) J (d) e
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2. For each of the following (2.1 - 2.40) four alternatives (A, B, C and D) are given,
out of which ONLY ONE is correct. Indicate the correct answer by writing (A, B, C
or D) as appropriate, against the corresponding question number in the answer
book.

2.1 The minimum number of 2-input NAND gates required to implement the Boolean
function Z = A B C,assuming that A, B and C are available, is

(a) two (b) three (c) five (d) six

2.2 The noise margin of a TTL gate is about
(@) 0.2V (b) 0.4V (c) 0.6V (d)0.8V

2.3 In Fig.2.3, A= 1 and B =1, the input B is now replaced by a sequence 101010....

the outputs x and y will be
(a) fixed at 0 and 1, respectively A )' X
(b) x =1010 .... whiley = 0101 ...
B
B He— ]

(c) x=1010...andy = 0101 ...
(d) fixed at 1 and 0O, respectively

2.4 An equivalent 2's complement representation of the 2's complement number

1101 is

(a) 110100 (b) 001101 (c) 110111 (d) 111101

2.5 The threshold voltage for each transistor in Fig.2.5, is 2V. For this circuit to work
as an inverter, V; must take the values e

(a) -5VandoOoV
(b) -5Vand5V <
(c) -OVand 3V

(d) 3Vand 5V vie——1 o\,

-5V
2.6 An I/0 processor control the flow of information between
(a) cache memory and I/O devices (b) main memory and I/O devices
(c) two I/O devices (d) cache and main memories
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2.7 Two 2’'s complement number having sign bits x and y are added and the sign bit
of the result is z. Then, the occurrence of overflow is indicated by the Boolean

function
(a) xyz (b) xyz
(c) Xyz+xyz (d) xy +yz + zx

2.8 The advantage of using a dual slope ADC in a digital voltmeter is that
(@) its conversion time is small (b) its accuracy is high
(c) it gives output in BCD format (d) it does not require a comparator

2.9  For the identify AB+ AC + BC = AB + AC, the dual form is
(a) (A+B)(A+C)(B+C)=(A+B)(A+C)

2.10 An instruction used to set the carry Elag in'a computer can be classified as

(a) data transfer (b) arithmetic
(c) logical (d) program control
2.11 Fig.2.11 shows a mod-K
counter, here K is equal to T J
(a) 1 ] Q J Q
(b) 2 _ K 3
— K Q 10—
(d) 4 ~ | |
CLK

2.12 The current I through resistance r in the circuit shown in Fig.2.12 is

-V 4 V4
(a) 1R (b) 1R (c) 6R (d)ﬁ
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The K-map for a Boolean function is shown in Fig.2.13. The number of essential
prime implicants for this function is

(a) 4 D 00 01 11 10
(b) 5 00| 1 1 0 1
(c) 6

(d) 8 01| o 0 0 1

11 1 0 0 0

10/ 1 0 0 1

For small signal a.c. operation, a practical forward biased diode can be modeled
as

(a) a resistance and a capacitance in series
(b) an ideal diode and resistance in parallel
(c) a resistance and an ideal diode in series
(d) a resistance

The amplitude spectrum of a-Gaussian pulse is
(a) uniform k | (b) a sine function
(c) Gaussian (d) an impulse function

The ACF of a rectangular pulse of duration T is
(a) a rectangular pulse of duration T

(b) a rectangular pulse of duration 2T

(c) a triangular pulse of duration T

(d) a triangular pulse of duration 2T

The image channel selectivity of super heterodyne receiver depends upon
(@) IF amplifiers only (b) RF and IF amplifiers only
(c) Preselector, RF and IF amplifiers

(d) Preselector, and RF amplifiers only

In a PCM system with uniform quantization, increasing the number of bits from 8
to 9 will reduce the quantization noise power by factor of

(a) 9 (b) 8 (c) 4 (d) 2
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2.19 The Fourier transform of a function x(t) is X(f). The Fourier transform of

ax (f
d)E )wiII be
dx (f) X (f)
b) j2zfX(f ifxX (F d)y 22
@ —¢ (b) j2zfX(f) (c) JEX(f) ()J.f
2.20 Flat top sampling of low pass signals
(a) gives rise to aperture effect (b) implies over sampling
(c) leads to aliasing (d) introduces delay distortion

2.21 A DSB-SC signal is generated using the carrier cos(w.t + #) and modulating singal
x(t). The envelope of the DSB-SC signal is

(a) x(t) (b) |x(t)
(c) only positive portion of x(t) (d) x(t) cosé

2.22 Quadrature multiplexing is
(a) the same as FDM (b) the same as TDM
(c) a combination of FDM and DM |
(d) quite different from FDM and TDM

2.23 The Fourier transform of a voltage signal x(t) is X(f). The unit of |X(f)| is

(a) volt (b) volt-sec (c) volt/sec (d) volt?

2.24 Compression in PCM refers to relative compression of
(a) higher signal amplitudes (b) lower signal amplitudes
(c) lower signal frequencies (d) higher signal frequencies

2.25 For a given data rate, the bandwidth B, of a BPSK signal and the bandwidth B, of
the OOK signal are related as

(a) B, =BT4° (b) B, :% () B, =5, (d) B, = 2B,

2.26 The spectral density of a real valued random process has
(a) an even symmetry (b) an odd symmetry
(c) a conjugate symmetry (d) no symmetry

2.27 The probability density function of the envelope of narrow band Gaussion noise is
(a) Poisson (b) Gaussian (c) Rayleigh (d) Rician
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2.28 The intrinsic impedance of copper at high frequencies is
(@) purely resistive (b) purely inductive
(c) complex with a capacitive component
(d) complex with an inductive component

2.29 The Maxwell equation V xH = J%—fis based on

(a) Ampere’s law
(b) Gauss’ law

(c) Faraday’s law
(d) Coulomb’s law

2.30 All transmission line sections

shown in Fig.2.30  have 5 ’_%ZR
characteristic impedance “*——> °
R, + jo,-The input impedance o— 1 —
Z;,,equals ‘

T e T
(@) 2R, ) R . %R_o
3 2
3

(©) SR, (d) 2R, PP

2.31 The time averages Poynting vector, in W/m? for a wave with
E = 24e’*#2)3, v/m in free space is

2.4 2.

@) 243, ) 243, © *83, @ -*83
T T T

2.32 The wavelength of a wave with propagation constant (0.17+j0.2n)m™* is
2
(@) ——m (b) 10 m (c) 20 m (d)30m
+0.05

2.33 The depth of penetration of wave in a lossy dielectric increases with increasing

(a) conductivity (b) permeability (c) wavelength (d) permittivity
2.34 The polarization of wave with electric field vector E = E,e’(®*#?) (ax +ay)is

(a) linear (b) elliptical

(c) left hand circular (d) right hand circular
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The vector H in the far field of an antenna satisfies
(a) VH=0and VxH =0 (b) V.H#0and VxH #0
(c) VH=0and VxH #0 (d) VH#0and VxH =0

The radiation resistance of a circular loop of one turn is 0.01Q. The radiation
resistance of five turns of such a loop will be

(a) 0.002Q (b) 0.01Q (c) 0.05Q (d) 0.25Q

An antenna in free space receives 2uW of power when the incident electric field is
20 mV/m rms. The effective aperture of the antenna is

(a) 0.005 m? (b) 0.05 m? (c) 1.885 m? (d) 3.77 m?

The maximum usable frequency of an ionospheric layer at 60° incidence and with
8 mHz critical frequency is

(a) 16 MHz (b) 18 MHz (c) 8 MHz

NE

(d) about 6.93 MHz

A loop is rotating about the y#axis in-a magnetic field E = B, cos (wt + ¢) axT.The
voltage in the loop is

(a) zero (b) due to rotation only

(c) due to transformer action only

(d) due to both rotation and transformer action

The far field of an antenna varies with distance r as

(@ + (6) — © @

Determine the frequency of resonance and the resonant impedance of the parallel
circuit shown in Fig.3. What happens when L = CR??

L R
o——— T\
I} V-
C R
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4, A voltage source of internal impedance R, + jX supplies power to a load of
impedance R, + jX,in which only R, is variable. Determine the value of R, for

maximum power transfer from the source to the load. Also, find the numerical
value of R, if the source impedance is 3.0Q (purely resistive) and X is 4.0Q.

5. (a) Draw the transfer characteristic of the circuit of Fig.5, assuming both D; and
D, to be ideal.

(b) How would the characteristic change if D, is ideal, but D, is non-ideal in that
it has forward resistance of 10Q and a reverse resistance of infinity?

1KQ

6. Given an irrotational vector field
F = (klxy + k223)éx + (3x2 A k3Z)5y =t (3xz2 - y)éz
Find V. F at (1,1,-2).
SECTION B

(50 Marks)
Answer any TEN questions. Each question carries 5 marks.

7. The loop transfer function of a single loop control system is given by
G(s)H(s) = ——100 g7
s(1+0.01s)
Using the Nyquist criterion, find the condition for the closed loop system to be
stable.
8. The characteristic equation of a feedback control system is

s*+20s® +155% + 25 +K =0
(i) Determine the range of K for the system to be stable.

(ii) Can the system be marginally stable? If so, find the required value of K and
the frequency of sustained oscillation.

Join All India Mock GATE Classroom Test Series - 2006 conducted by GATE Forum in over 25 cities all over India. Question
Papers including section tests and full tests are designed by IISc alumni according to the latest syllabus. Percentile, All India Rank,
interaction with IISc alumni in our online discussion forums, and more. Registration starts 10t May, 2005. For more details,
visit
www.gateforum.com
Think GATE Think GATE Forum




GATE EC - 1998 GATE Forum www.gateforum.com
Join discussion of this test paper at http://forum.gatementor.com

9. Draw a signal flow graph for the following set of algebraic equations:

Y, =ay; —gys
Y3 =€y, +CYq4
Y4 =by, -dy,

2

Hence, find the gains y—land Y3
y Y1

10. Consider the system shown in Fig.10. Determine the value of such that the
damping ratio is 0.5. Also obtain the values of the rise time t.and maximum

overshoot M, in its step response.

R(s) 16 C(s)
—_ [—>
s(s+0.8)
(1+as)
11. Determine the input impedance of the circuit of Fig.11 and investigate if it can be
inductive. \
4\/\/\/\_—
R>
C
o——eo—]
—>
Z(s) R,
12. Find the value of R’in the circuit of Fig.12 for generating sinusoidal oscillations.
Find the frequency of oscillations.

R
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13. In the circuit of Fig.13, determine the resistance R, seen by the output
terminals. Ignore the effects of R, and R,.

+Vee

Vs

+12V
14. The JFET in the circuit of Fig.14 is characterized by
the parameters Ipgs = 4MA and V, = -4V. .
2
Find (a) V, if V; =0, and
(b) vV, if ; =0 +
Vo
+ 2k T_
Vi =
) -12v

15. The mod-5 counter  shown in Fig.15 counts through states
Q,Q,Q, =000,001,010,011 and 100
(a) Will the counter lockout if it happen to be in any one of the unused states?
(b) Find the maximum rate at which the counter will operate satisfactorily.

Assume the propagation delays of flip-flop and AND gate to be tr andt,
respectively.

Jo Qo Jq Q: :D & Q

CLK —I
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16. For the TTL circuit shown in Fig.16, find the current through the collector of
transistor Q4 when Vy = 0.2V.

Assume Vg (g, = 0.2V, f =100 and Vi o,y = 0.7V. The o of Q,in its inverse active
mode is 0.01.
)Y
40K 0K 500K
Q
A N Qs .
Qs
12K
e s
17. Write a short assembly language program, without using any arithmetic

instruction, to store hexadecimal 5D in the flag register of 8085 microprocessor.
Data in other registers of thg processor must not alter upon executing this
program.

18. Implement a monostable multivibrator using the timer circuit shown in Fig.18.

Also determine an expression for ON time T of the output pulse.
Vee

Comparator 1

Threshold
0— + | Output
S QL5

. R Comparator 2
Trigger 2

0— - | R
+

Discharge

| \/\/\/\
GND r/‘

19. The pulse rate in a DM system is 56,000 per sec. The input signal is 5
cos(2n1000t) + 2cos(2x2000t) V, with t in sec. Find the minimum value of step
size which will avoid slop overload distortion. What will be the disadvantages of
choosing a value of larger than the minimum?

Ql
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An SSB signal is demodulated by using a synchronous demodulator. However,
the locally arranged carrier has a phase error 6. Determine the effect of the error
on demodulation. What will be the effect of this error if the input is DSB-SC in
place of SSB?

White noise of two-sided spectral density 2 x 10 VV?/Hz is applied to a simple R-C
low pass filter whose 3dB cut off frequency is 4 kHz. Find the mean squared
value of the noise output.

Consider a rectangular pulse g(t) existing between t= —g and t=%. Find and

sketch the pulse obtained by convolving g(t) with itself. The Fourier transform of
g(t) is a sine function. Write down to Fourier transform of the pulse obtained by
the above convolution.

A rectangular wave guide with inner dimensions 6 cm x 3 cm has been designed
for a single mode operation. Find the possible frequency range of operations such
that the lowest frequency is 5% above the cut off and the highest frequency is
5% below the cut off of the next higher mode.

A plane wave with E:lOeJ('”t_ﬁz)ayis incident normally on a thick plane

conductor lying in the x-y plane. Its-conductivity is 6 x 10° S/m and surface
impedance is 5 x 10 £45°Q. Determine the propagation constant and the skin
depth in the conductor.

The electric field vector of a wave is given as

E -E ei(a)t+3x—4y) 85)( + 65y + 552
- =0

\125

V/m

Its frequency is 10 GHz.

(i) Investigate if this wave is a plane wave.
(ii) Determine its propagation constant, and
(iii) Calculate the phase velocity in y-direction.

The region between a pair of parallel perfectly conducting planes of infinite extent
in the y- and -z directions is partially filled with a dielectric as shown in Fig.26. A
30 GHz TE;,wave is incident on the air dielectric interface as shown. Find the

VSWR at the interface. X

I
e

Air _’ﬁ er=4 5cm

24cm
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SECTION - A

1. This question consists of TWENTY-FIVE sub-questions (1.1 - 1.25) of ONE mark
each. For each of these sub-questions, four possible alternatives (A,B, C and D)
are given, out of which ONLY ONE is correct. Indicate the correct answers in the
boxes corresponding to the questions only on the FIRST sheet of the answer
book.

1.1 Identify which of the following is NOT a true of the graph shown in Fig.P1.1
(a) begh N
(b) defg
(c) adfg 1 3
(d) aegh

[a )
o

4 5

1.2 The z-transform F(z) of the function f(nT)=a""is

z z z z
(2) z-a (b) zva () z-a’ () z+a’
1.3 If [f(t)]=F(s), then [f(t<T)]is equal to
sT -sT F(S) F(S)
(a) e’'F(s) (b) e*"F(s) (c) TioT (d) Fp=ia

1.4 A 2-port network is shown in Fig.P1.4. the parameter h,, for this network can be

given by
L— R Re—1I,
+ +
Vi 1opF R V2
_0 40_
1 1 3 3
_= b = -2 d) +2
(a) -3 (b) +3 (© -3 (d) +3

1.5 The early effect in a bipolar junction transistor is caused by
(a) fast turn-on
(b) fast turn-off
(c) large collector-base reverse bias
(d) large emitter-base forward bias
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1.6 The first dominant pole encountered in the frequency response of a compensated
op-amp is approximately at

(@) 5Hz (b) 10 kHz (c) 1 MHz (d) 100 MHz

1.7 Negative feedback in an amplifier
(a) reduces gain
(b) increases frequency and phase distortions
(c) reduces bandwidth
(d) increase noise

1.8 In the cascade amplifier shown in

. ) . Q> .
Fig.P1.8, if the common-emitter P L _ov,
stage(Q;) has a transconductance
d.i,and the common base stage R
(Q.) has a transconductance

Vi (oF
J.», then the overall =

transconductance g=[li)of the

i

cascade amplifier is

(@) Gm (b) G (c) Im1. (d) %

1.9 Crossover distortion behaviour is characteristic of
(a) Class A output stage (b) Class B output stage
(c) Class AB output stage (d) Common-base output stage

1.10 The logical expression y = A + ABis equivalent to

(a) y=AB (b) v =AB (c) y=A+B (d)y=A+B

1.11 A Darlington emitter-follower circuit is sometimes used in the output stage of a
TTL gate in order to

(@) increase its Ig. (b) reduces its Igy
(c) increases its speed of operation (d) reduce power dissipation

1.12 Commercially available ECL gears use two ground lines and one negative supply
in order to

(a) reduce power dissipation

(b) increase fan-out

(c) reduce loading effect

(d) eliminate the effect of power line glitches or the biasing circuit
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1.13 The resolution of a 4-bit counting ADC is 0.5 volts. For an analog input of 6.6
volts, the digital output of the ADC will be

(a) 1011 (b) 1101 (c) 1100 (d) 1110

1.14 For a second-order system with the closed-loop transfer function
9
T(S)=——"——
(5) s2+4s5+9
The settling time for 2-percent band, in seconds, is
(a) 1.5 (b) 2.0 (c) 3.0 (d) 4.0

1.15 The gain margin (in dB) of a system having the loop transfer function

G(s)H(s):%is

(@) O (b) 3 (c) 6 (d)

1.16 The system mode described by the state equations

X =[O 1 }x+[o}u
2 -3 1
y=[1 1]x
is:
(a) controllable and observable
(b) controllable, but not observable

(c) observable, but not controllable
(d) neither controllable nor observable

1.17 The phase margin (in degrees) of a system having the loop transfer function

G(s)H(s):s(zs—\/fl)is

(a) 45° (b) -30° (c) 60° (d) 30°

1.18 A signal x(t) has a Fourier transform X(w). If x(t) is a real and odd fucntion of t,
then X(m) is

(a) a real and even function of ®

(b) a imaginary and odd function of ®
(c) an imaginary and even function of ®
(d) a real and odd function of ®
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The input to a channel is a bandpass signal. It is obtained by linearly modulating
a sinusoidal carrier with a single-tone signal. The output of the channel due to
this input is given by

y(t)= (ﬁ] cos (100t -107°) cos (10°t - 1.56)

The group delay (t,)and the phase delay (t,)in seconds, of the channel are
(a) t, =107°,t, =1.56 (b) t, =1.56,t, =10"°

(c) t,=10%1¢,=1.56x10"° (d) t, =10%1t, =1.56

A modulated signal is given by, s(t)=m; (t)cos(2zf.t)+m, (t)sin(2zf.t)where
the baseband signal my (t) and m, (t) have bandwidths of 10 kHz and 15 kHz,
respectively. The bandwidth of the modulated signal, in kHz, is

(a) 10 (b) 15 (c) 25 (d) 30

A modulated signal is given by s(t)=e " cos|(am, +Aw)t]u(t), where a,o. and
Aw are positive constants, and o, > Aw.

The complex envelope of s(t) is'given by

(a) exp(-at)exp|j(a. +Aw)t|u(t) (b)~exp (-at)exp (jamt)u (t)

(c) exp[jrmt]ul(t) (d) exp|[(jo, +Aw)t]

An electric field on a plane is described by its potential V = 20(r‘1 +r‘2)where r

is the distance from the source. The field is due to
(a) a monopole (b) a dipole
(c) both a monopole and a dipole (d) a quadrupole

Assuming perfect conductors of a transmission line, pure TEM propagation is NOT
possible in

(a) coaxial cable (b) air-filled cylindrical wave guide
(c) parallel twin-wire line in air
(d) semi-infinite parallel plate wave guide

Indicate which one of the following will NOT exist in a rectangular resonant
cavity.

(@) TEiq (b) TEpyy (c) T™iyq (d) TM; 4,
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1.25 Identify which one of the following will NOT satisfy the wave equation.
(a) 50e’(@32) (b) sin[w(10z +5t)] (c) cos(y2 +5t) (d) sin(x)cos(t)

2. This question consists of TWENTY-FIVE sub-questions (2.1 - 2.25) of ONE mark
each. For each of these sub-questions, four possible alternatives (A, B, C and D)
are given, out of which ONLY ONE is correct. Indicate the correct answers in the
boxes corresponding to the questions only on the SECOND sheet of the answer
book.

2.1 The Fourier series representation of an impulses train denoted by

s(t)= ). d(t-nTy)is given by

N=—co

1 < j2znt 1 < jrnt
(@) — ) exp- (b) — ) exp-

To ,,:Z_:w 0 To ,,:Z_:w To
© 1 exp Jznt (d) 1 exp Jj2znt

Ty =, To To =,

2.2. The Thevenin equivalent voltage V;,jappearing between the terminals A and B of
the network shown in Fig.P2.2'is given by

(a) j16(3-j4) 3R s
(b) j16(3+j4) | | "
(c) 16(3+j4) 10040°v<~> j2 = -i6 i4 Vin
(d) 16(3-j4) .

B

2.3. The value of R (in ohms) required for maximum power transfer in the network
shown in Fig.P2.3 is

(@) 2
(b) 4
(c) 8
(d) 10

2.4. A Delta-connected network with its Wye-equivalent is shown in Fig.P2.4. The
resistance R;, R; and B3 (in ohms) are respecgively

30Q - Ri

Rs
b 150 € b MC
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(a) 1.5,3and 9 (b) 3,9and 1.5
(c) 9,3 and 1.5 (d) 3,1.5and 9

An n-channel JEFT has Ipss =2mA and V, =-4V.Its transconductance g, (in
milliohm) for an applied gate-to-source voltage Vs of -2V is:

(a) 0.25 (b) 0.5 (c) 0.75 (d) 1.0

An npn transistor (with C=0.3 pF) has a unity - gain cutoff frequency fof 400
MHz at a dc bias current I. =1mA.The value of its C,(in pF) is approximately
(Vy =26mV)

(a) 15 (b) 30 (c) 50 (d) 96

An amplifier has an open-loop gain of 100, an input impedance of 1 kQ, and an
output impedance of 100Q. A feedback network with a feedback factor of 0.99 is
connected to the amplifier in a voltage series feedback mode. The new input and
output impedances, respectively, are

(a) 10Q and 1Q (b) 10Q and 10 k&
(c) 1002 and 1Q ) _ (d) 10kQ and 1 kQ

A dc power supply has a no-load voltage of 30V, and a full-load voltage of 25 V
at a full-load current of 1A. Its output resistance and load regulation, respectively
are

(a) 5Q and 20% (b) 25Q and 20%
(c) 5Q and 16.7% (d) 25Q and 16.7%

An amplifier is assumed to have a single pole high frequency transfer function.
The rise time of its output response to a step function input is 35 nsec. The upper
-3 dB frequency (in MHz) for the amplifier to a sinusoidal input is approximately
at

(a) 4.55 (b) 10 (c) 20 (d) 28.6

The minimized form of the logical expression (Z B C+ ABC + ABC + ABE) is
(a) AC+BC+AB (b) AC+BC + AB
(c) AC+BC+AB (d) AC+BC+AB

For a binary half-sub-tractor having two inputs A and B, the correct set of logical
expressions for the outputs D (=A minus B) and X (=borrow) are

(a) D=AB+AB,X = AB (b) D=AB+AB+AB,X = AB
(c) D=AB+AB,X = AB (d) D=AB+AB,X = AB
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2.12. The ripple counter shown in Fig.P2.12 works as a

E '
Preset Preset Preset
Q J Q J
’7 A B > C
\q — ] \ 1 ’ J— \ 1 ’
1 | Q K Q K
Clock

(a) mod - 3 up counter
(c) mod - 3 down counter

(b) mod - 5 up counter
(d) mod - 5 down counter

2.13. If CS = AA4A ;3 is used as the chip select logic of a 4 K RAM in an 8085
system, then its memory range will be
(a) 3000H - 3 FFFH (b) 7000 H -7 FFF H
(¢) 5000 H -5 FFF H and 6000, H.= 6. FFF H
(d) 6000 H - 6 FFF H and 7000 H - Z-FFF H
2.14. If the closed loop transfer function T(s) of a unity negative feedback system is
given by
T(s) = a,l,_ls +a,
s"+as" +...+a, 5+a,
then the steady state error for a unit ramp input is
(a) (b) (c) 22 (d) zero
n-1 an_2 an_2
2.15. Consider the points s; =-3+ j4ands, =-3-j2in the s-plane. Then, for a

system with the open loop transfer function
K
G(s)H(s)=——%
(s+1)
(a) s;iis on the root locus, but not s,

(b) s, is on the root locus, but not s;

(c) both s; and s; are on the root locus

(d) neither s; nor s, is on the root locus
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For the system described by the state equation
0O 10 0
x=| 0 0 1|{x+|0|u
051 2 1

If the control signal u is given by u = [—0.5—3—5]x+v,then the eigen values of
the closed-loop system will be

(a) 0, -1, -2 (b) 0, -1, -3 (c) -1, -1, -2 (d)0, -1, -1
1271 (1—2‘4)

The z-transform of a signal is given by C(z) = ——————~*. Its final value is
4(1-z7)

(a) % (b) zero (© 1.0 (d) infinity

The Nyquist sampling frequency (in Hz) of a signal given by
6 x10% sinc? (400t) * 10° sinc? (100t ) is

(a) 200 (b) 300 (c) 500 (d) 1000

The peak-to-peak input to an 8-bit ' PCM coder is 2 volts. The signal power-to-
quantization noise power ratio (in dB) for an input of 0.5cos (@,,t)is

(a) 47.8 (b) 49.8 (c) 95.6 (d) 99.6

The input to a matched filter is given by
10sin(27x10°) 0<1<10*sec
s(t) =
0 otherwise

The peak amplitude of the filter output is
(a) 10 volts (b) 5 volts
(c) 10 millivolts (d) 5 millivolts

Four independent messages have bandwidths of 100 Hz, 200 Hz and 400 Hz,
respectively. Each is sampled at the Nyquist rate, and the samples are time
division multiplexed (TDM) and transmitted. The transmitted sample rate (in Hz)
is

(a) 1600 (b) 800 (c) 400 (d) 200

In a twin-wire transmission line in air, the adjacent voltage maxima are at 12.5
cm and 27.5 cm. The operating frequency is

(a) 300 MHz (b) 1 GHz (c) 2 GHz (d) 6.28 GHz
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A transmitting antenna radiates 251 W isotropically. A receiving antenna, located
100 m away from the transmitting antenna, has an effective aperture of 500 cm?.
The total received by the antenna is

(a) 10pW (b) 1 pw (c) 20 pW (d) 100 pw

In air, a lossless transmission line of length 50 cm with L = 10 pH/m, C = 40
pF/m is operated at 25 MHz. Its electrical path length is

(a) 0.5 meters (b) A meters

(c) %radians (d) 180 degrees

A plane wave propagating through a medium [& =8,v, =2, and o =0]has its
V4

electric field given by E =0.5Xe (3) sin(logt—ﬁz)v/m.The wave impedance, in

ohmsis

(a) 377 (b) 198.5.,180° (c) 182.9-14°  (d)133.3

SECTION - B

This section consists of TWENTY questions-of-FIVE marks each. ANY FIFTEEN out of
them have to be answered. If more humberiof ‘questions are attempted, score off the
answers not be evaluated, else, only the first fifteen unscored answers will be
considered.

3.

In the circuit of Fig.P3, the switch 'S’ has remained open for a long time. The
switch closes instantaneously att = 0

(@) FindV,fort<O0Oandast-> «
(b) Write an expression for V, as function of time for0 <t <
(c) Evaluate V, at t = 25 pusec.

10Q s! 120
+
T=0s
25V +> 2.50F Vo %59 2A

For the network shown in Fig.P4, evaluate the current I flowing through the 2Q
resistor using superposition theorem.

—>I

VvV
2Q

10£0°A (D i8 4Q G>10420°A
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5. A coil with a quality factor (Q) of 10 is put in series with a capacitor C; of 10 uF,
and the combination is found to draw maximum current when a sinusoidal
voltage of frequency 50 Hz is applied. A second capacitor C, is now in parallel
with the circuit. What should be the capacitance of C, for combined circuit to act
purely as a resistance for a sinusoidal excitation at a frequency of 100HZz?
Calculate the rms current drawn by the combined circuit at 100 Hz if the applied
voltage is 100 V (rms).

6. A bipolar junction transistor amplifier circuit shown in Fig.P6. Assume that the
current source I, is ideal, and the transistor has vary large b,

r, =0, and r, — . Determined the ac small-signal midband voltage gain (EJ,
VS

input resistance (R;)and output resistance (R,)of the circuit. Assume V; =26mV

Vce
Ibias
0.5mA
Co=c0
H ® Vo
L =
100KQ R
1KQ
R; 1 Ro
Ci=o 50Q
I
Ri =
. - . VDD . .
7. A JFET having py=50 and r, =10kQis used in a common-source configuration as

shown in Fig.P7. The JFET capacitances are Cys =5pF,Cyy = 2pF, and Cys = 2pF.

Determine the ac small signal midband voltage gain (%}and the upper -3dB

s
10kQIRp
Vo

frequency of the circuit.
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8. Neatly sketch and label the dc R R
transfer characteristic v, ,=1y0——WW VWA
(ie.,V, vs. V,)of the circuit b, ?SDz
shown in Fig.P8, as V,varies e »

from -2V to +2V. Assume ideal

. R
op-amp, and the diodes have a Vi, O—— WM
forward voltage of 0.6 V and . e—0V,
zero incremental resistance.

9. A transistor LC oscillator circuit is shown in Fig.P9. Assume that the transistor has
very high B (so that you may neglect r;). Derive an equation governing the

circuit operation, and find the frequency of oscillation. Also, state the gain
condition required for oscillation to start.

Vee

10. In the CMOS inverter circuit shown in Fig.P10, the input V; makes a transition
from V, (= 0V) to V, (= 5V).Determine the high-to-low propagation delay time

(t,1 ) when it is driving a capacitive load (C,)of 20 pF. Device data:
VDD=5V
(o]

NMOS : Vyy =1V; Ky = 1,Cox (%j =40uA/V?, 4 =0,

n

A

PMOS : Vi = ~1V; K, = 11,Cox (%j =20uA/V?, 2 =0.
p

Neglect body effect. Vi | ) Vo
g Yy Vor oL
VOLI l _:L ; 20pF
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11. The circuit diagram of a synchronous counter is shown in Fig.P.11. Determine the
sequence of states of the counter assuming that the initial state is ‘000’. Give
your answer in a tabulor form showing the present state
Qu(nyr Qa(n)r Qe (n)r ] — K inputs (JarKarJg,Jc, K)and the next state

Qa(n+1)r @p(n+1)7 Qc(n+1)- From the table, determine the modulus of the counter.

™ -
L ] Q ] Q — ) ] Q
—P A —p> B > cC
\1/ K 6 _\1/ K 6 K 6 —
Clock
12. In a certain application, four inputs A, B, C, D (both true and complement forms

available) are fed to logic circuit, producing an output F, which operates a relay.
The relay turns on when F(ABCD) = 1 for the following states of the inputs
(ABCD):'0000’, '0010’, '0101", 0t1t0/,"1101" and '1110’. States '1000’ and ‘1001’
do not occur, and for the remaining-states, 'the relay is off. Minimize F with the
help of a Karnaugh map and realize it using a minimum number of 3 - input
NAND gates.

13. An 8085 assembly language program is given below:

MVIC, 03H
LXI H, 2000H
MOV A, M
DRC C
LOOP:  INX H
MOV B, M,
CMP B
INC LOOP2
MOV A, B
LOOP2: DCRC
INZ LOOP1
STA 2100H
HLT
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Contents of the memory locations 2000 H to 2002 H are:
2000 : 18 H 2001:10H, 2002:2 BH.

(a) What does the above program do?

(b) At the end of the program, what will be
(i) the contents of the registers A, B, C, H and L?
(ii) the condition of the carry and zero flags?

(iii) the contents of the memory locations 2000 H, 2001 H, 2002 H and
2100H.

14. The loop transfer function of a feedback control system is given by
K(s+1)

G(s)H(s) = S(I+T,)(1+2s)’

K >0

Using Routh-Hurwitz criterion, determine the region of K-T plane in which the
closed-loop system is stable.

15. The asymptotic Bode plot of the minimum phase open-loop transfer function G(s)
H(s) in as shown in Fig.P15.-Obtain the transfer function G(s)H(s)

IG(s)H(s) -40dB/decade
[dB]
0 . O O
«— -20dB/decade
0 olrad/s]
(log scale)
20k DN
-40dB/decade
16. Consider a feedback system with the open-loop transfer function, given by
K
G(S)H(s)=——
(s)H(s) s(2s+1)

Examine the stability of the closed loop system using Nyquist stability theory.
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17. A baseband signal m(t) modulates a carrier to produce the angle modulated
signal, A. cos[Zrzx 108t+kpm(t)],where m(t) is shown in Fig.P17. Determine the

value of k,so that the peak-to-peak frequency deviation of the carrier is 100

kHz.
A
12.5
m(t)
[Volts] 15
_10_
18. Input to a linear delta modulator is a sinusoidal signal whose frequency can vary

from 200 Hz to 4000 Hz. The input is sampled at eight times the Nyquist rate.
The peak amplitude of the sinusoidal signal is 1 volt.

(a) Determine the minimum: value of the step size in order to avoid slope
overload when the input signalfrequency is 800 Hz.

(b) What is the peak amplitude of-the—-input signal, to just overload the
modulator, when the input signal frequency is 200 Hz?

(c) Is the modulator overloaded when the input signal frequency is 4000 Hz?

19. The power spectral density (PSD) of a noise process is given by

108
{10‘8{1+lﬂ12%9—] |f| < 10°

0 || >10°

SN(f):

The noise is passed through a unit-gain ideal bandpass filter, centered at 50 MHz
and having a bandwidth of 2 MHz.

(a) Sketch neatly the PSD of the output noise process.
(b) Determine the output noise power.

(c) Using the band-pass representation for the output noise process, sketch the
PSD of the in-phase and quadrature noise components, and determine their
respective powers.

20. A plane wave in free space with
E = (\/;)(10.0)?+11.8)7).expj(47z><108t —kz),where X and y are unit vectors in

the x-y directions, respectively, is incident normally on a semi-infinite block of ice
as shown in Fig.P20.
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For ice, u=ug, 6 = 0, and € = 9¢y (1 - j0.001).
(a) Calculate the average power density associated with the incident wave.
(b) Calculate the skin depth in ice.

(c) Estimate the average power density at a distance of 5 times the skins depth
in the ice block, measured from the interface.

X

.

? u,E,0
.

ff

Incident wave

U Uand

Ho/Eo ?ﬁ
_.__.-" .
:f-’;_: Block of ice
21. A 100 m section of an air-filled rectangular wave-guide operating in the

TE;, mode has a cross-sectional dimension of 1.071 cm x 0.5 cm. Two pulses of

21 GHz and 28 GHz are simultaneously launched at one end of the wave-guide
section. What is the time delay difference between the two pulses at the other
end of the wave-guide?

22. The average power of an omni directional antenna varies as the magnitude of
coso, where 6 is the azimuthal“anglé. Calculate the maximum Directive Gain of
the antenna and the angles at which it"occurs.
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SECTION - A (75 marks)

1. This question consists of TWENTY-FIVE sub-questions (1.1 - 1.25) of ONE mark
each. For each of these sub-questions, four possible alternatives (A,B, C and D)
are given, out of which ONLY ONE is correct. Indicate the correct answers in the
boxes corresponding to the questions only on the FIRST sheet of the answer

book.
1.1 In the circuit of Fig.P.11, the voltage v(t) is 10 1Q
t bt t | bt v VYW
(a) e -e (b) e +e +

(c) ae? — bebt (d) ae? + be’t <T> et VIS 1H bt <T>

1.2 In the circuit of Fig.P1.2, the value of the voltage source E is Vz'y _\\<.0V
- &

(a) -16V 20~ 1V
(b) 4V
(c) -6V +
E=?
(d) 16V -
+
+
/\4v 5\//\.
Vi 10V

1.3 Given that L=[f(t)] =%,L[f(t)] =%,h(n = lf(f)g(t_f)df.

L[h(t)]is

2
s“+1 1
a b
(@) s+3 (b) s+3
2
s“+1 s+2
C + d) None of the above
(©) (s+3)(s+2) s?+1 (d)
Vee
1.4 In the differential amplifier of Fig.P1.4, if the
source resistance of the current sourcelgis ]
infinite, then the common-mode gain is R
(a) zero
(b) infinite Vins Vinz
(c) indeterminate
(d) Vinl +Vin2
2VT IEE
'VEE
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1.5

1.6

1.7

1.8

1.9

1.10
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15V
In the circuit of Fig.P.15, V,is i

(@) -1V ifﬁ}i\
(b) 2V 7 >y

—— M ———14
R /

n

(c) +1V
(d) +15V -15V
VVV -
R

Introducing a resistor in the emitter of a common amplifier stabilizes the dc
operating point against variations in

(a) only the temperature (b) only the B of the transistor
(c) both temperature and (d) none of the above

The current gain of a bipolar transistor drops at high frequencies because of
(a) transistor capacitances (b) high current effects in the base
(c) parasitic inductive elements (d) the Early effect

An amplifier with resistive negative feedback has two left half-plane poles in its
open-loop transfer function. The amplifier

(a) will always be unstable at h'igh frequencies

(b) will be stable for all frequencies

(c) may be unstable, depending on the feedback factor
(d) will oscillate at low frequencies

If the op-amp in Fig.P.1.9, is ideal, then v, is ?:(
(a) zero V; sinot C( \
(b) (V;, -V,)sinat
o—|F N —oV,

(©) -(V, +V,)sinat Vasinot — c
(d) (V, +V,)sinat pza

) Ry Rz
The configuration of Fig.P.1.10 is a £| A% % /MW

(@) precision integrator

(b) Hartley oscillator - o\,
(c) Butterworth highpass filter + R %

(d) Wien-bridge oscillator

~C

AY|

R% =~ C
i
ﬁ
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1.12

1.13

1.14

1.15

1.16

1.17
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Assume that the op-amp of Fig.P1.11 is ideal. If v;is a triangular wave, then
v, will be

(a) square wave

(b) triangular wave v, e———]C >
(c) parabolic wave }—Ovn
(d) sine wave

ez

The Fourier Transform of the signal x(t) = e3 is of the following form, where A
and B are constants:

(a) A (b) Ae®f (c) A+B|ff (d) Ae®’

A system with an input x(t)and output y(t)is described by the relation:
y (t) = tx (t).This system is

(@) linear and time-invariant (b) linear and time varying
(c) non-linear and time-invariant (d) non-linear and time-varying

The amplitude modulated-wave from-—s(t)="A4;[1+K,m(t)]cosa tis fed to an

ideal envelope detector. The maximum magnitude of K,m(t)is greater than 1.
Which of the following could be the detector output?

(a) Ami(t) (b) AZ[1+K,m(t)]

()

A 1+K,mi(t)] () A [1+K,m(t)]

An 8 bit successive approximation analog to digital converter has full scale
reading of 2.55 V and its conversion time for an analog input of 1V is 20us. The
conversion for a 2V input will be

(a) 10 ps (b) 20 ps (c) 40 ps (d) 50 ps

The number of hardware interrupts (which require an external signal to interrupt)
present in an 8085 microprocessor are

(a) 1 (b) 4 (c) 5 (d) 13

The most commonly used amplifier in sample and hold circuits is
(a) a unity gain inverting amplifier

(b) a unity gain non-inverting amplifier

(c) an inverting amplifier with a gain of 10

(d) an inverting amplifier with a gain of 100
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1.19.

1.20.

1.21.

1.22.

1.23.

1.24.

1.25
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The number of comparators in a 4 bit flash ADC is
(a) 4 (b) 5 (c) 15 (d) 16

For the logic circuit shown in Fig.P1.19, the required input condition (A,B,C) to
make the output (X)=1is

(a) 1,0, 1 § -
(b) 0,0, 1 B—eT

(c 1,1,1

(d) 0,1, 1 C_:>D :] y

In the 8085 microprocessor, the RST6 instruction transfers the program
execution to the following location

(a) 30H (b) 24 H (c) 48H (d) 60 H

The magnitudes of the open-circuit and short-circuit input impedances of a
transmission line are 100Q and 25Q respectively. The characteristic impedance of
the line is,

(a) 250 (b) 500/ (c) 759 (d) 1000

A TEM wave is incident normally upon a perfect conductor. The E and H fields at
the boundary will be, respectively.

(@) minimum and minimum (b) maximum and maximum
(c) minimum and maximum (d) maximum and minimum

The frequency range for satellite communication is

(a) 1 KHz to 100 KHz (b) 100 KHz to 10 KHz
(¢) 10 MHz to 30 MHz (d) 1 GHz to 30 GHz
. A . - A A .
If the diameter of a = dipole antenna is increased from —— to —,then its
2 100 50
(a) bandwidth increases (b) bandwidth decreases
(c) gain increases (d) gain decreases
L1
The circuit of Fig.P1.25 represents a s v,
(a) low pass filter
(b) high pass filter G L
gnp . <">Vs R,
(c) band pass filter
(d) band reject filter CZT
0
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This question consists of TWENTY-FIVE sub-questions (2.1 - 2.25) of ONE mark
each. For each of these sub-questions, four possible alternatives (A,B, C and D)
are given, out of which ONLY ONE is correct. Indicate the correct answers in the
boxes corresponding to the questions only on the SECOND sheet of the answer
book.

2 -1 0 O

The eigen values of the matrix 0 3 00 are
0 0 -2 0
0 0 -1 4

(a) 2,-2,1, -1
() 2,3,1,4

(b) 2/ 3/ -21 4
(d) None of the above

Use the data of Fig.2(a). The current i in the circuit of Fig.(b) is

(a) -2A R> R>
(b) 2A mVAAYA mVAAYA
R1 R3 Rl R3
() -4A VWA MW WAV
(d) +4A N
T 10v Ra !} 2A ‘} I=? Re 20V |
o
For the circuit in Fig.P2.3, the voltage v, is “/Z\Q/\_ \/E/g\z/\
(a) 2v (b) 1V _
1+ -1 2v
(C) -1V T 4v 2Q Vo T___
(d) None of the above +

A linear time invariant system has an impulse response e?,t > 0. If the initial
conditions are zero and the input is e*, the output for t > 0 is

(a) e3t_eZt (b) eSt

(c) e +e?t (d) None of the above

15V
In the circuit of Fig.P2.5, assume that the transistor is in
active region. It has a large B and its base-emitter voltage is Re
0.7V. The value of I_is 10kQ
I
(a) Indeterminate since R_is not given c
(b) 1 mA Y
5kQ
(c) 5mA
(d) 10 mA 430Q
B
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2.6. If the op-amp in Fig.P2.6, has an input offset voltage of 5 mV and an open-loop
voltage gain of 10,000, then v, will be

+15V
(a) ov
(b) 5 mV T v
(¢) +15Vor-15V +
(d) +50V or-50V L _15V
i
2.7.  For the logic circuit shown in Fig.P2.7, the simplified Boolean expression for the

output Y is A

(a) A+B+C B DO_\_
(b) A J::>}__}__

(c) B v
(d) C L

C

2.8. For the 4 bit DAC shown in Fig.P2.8, the output voltage v, is

o 1K 7K
R

+15V

R R —® v,
VWW Va%4% a%A%
2R 2R 2R 2R 2R -15V
T T Y, TH
(a) 10V (b) 5V (© 4V (d)8V

2.9. A sequential circuit using D flip-flop and logic gates is shown in Fig.P2.9, where X
and Y are the inputs and Z is the output. The circuit is

1 1
1 1
1 1
1 1
1 1
1 1
; !
H CLK !
: D> !
: !
1 1
1 1
1 1
1 1

1

(a) S - R Flip-Flop withinputs X =RandY =S
(b) S - R Flip-Flop with inputs X =SandY =R
(c) J - K Flip-Flop with inputs X =Jand Y = K
(d) J - K Flip-Flop with inputs X =KandY =]
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2.10. The contents of Register (B) and Accumulator (A) of 8085 microprocessor are
49H and 3AH respectively. The contents of A and the status of carry flag (CY) and
sign flag (S) after executing SUB B instructions are

(@) A=F1,CY=1,S =1 (b) A=0OF,CY=1,S =1
(c) A=F0,CY=0,S =0 (d) A=1F,CY=1,S =1

2.11. In Fig.P2.11, the ] and K inputs of all the four Flip-Flops are made high. The
frequency of the signal at output Y is

F=10kHz | — —P _|_Q>

\Y4

—

T,

(a) 0.833 KHz (b) 1.0 KHZ (c) 0.91 KHz (d) 0.77 KHz

/T

2.12. One period (0,T) each of two periodic waveforms, W; and W, are shown in
Fig.P2.12. The magnitudes of the n'™™ Fourier series coefficients of W; and W, for
n > 1, n odd, are respectively proportional to

-3 -2
(a) ‘n ‘and ‘n ‘ ! 1

_ W, W,
‘ T/2 . T
(c) ‘n‘l‘ and ‘n‘z‘ 0 0 T/Z\/

(d) ‘n““ and ‘n 2‘ -1 -1

(b) ‘n‘z‘ and ‘n 3

2.13. Let u(t) be the step function. Which of the waveforms in Fig.P2.13(a) - (d)
corresponds to the convolution of u(t) — u(t - 1) with u(t) - u(t - 2)?

(a) (b)

1
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1.5

(d)

===

In Fig.P2.14, the steady state output voltage corresponding to the input voltage 3
+ 4 sin 100t V is

4 . T 1KO
(a) 3+ﬁsm(100t—zjv A 0
input 10pF 7= output
(b) 3+4«/§sin(100t—ljv
4 6; —0
3 4 V4
C) —+—-sin| 100t +— |V
© 3+ fgoin[t00t+ 7]

(d) 3+ 4sin(100t +%]V

In a digital communication system employing Frequency Shift Keying (FSK), the
0 and 1 bit are represented by sine waves of 10 KHz and 25 KHz respectively.
These waveforms will be orthogonal for a bit interval of

(a) 45 psec (b) 200 psec (c) 50 psec (d) 250 psec

A message m(t) band-limited to the frequency f,, has a power of P,. The power
of the output signal in the Fig.P2.16 is

@) P, cosé

2 Itipl

b (multiply) Ideal low pass
(b) Tm m(t)coswot If:n:tefzr ::)l;t; gff — Output signal
band gain =1 (@o>2nfrm)

(©) P, sin? 6

4

ot+6

) P,, cos® 6 cos(@nt+6)

4

The Hilbert transform of cosw,t + sinayt is
(a) sinat - cosawt (b) sinwt + cosmyt
(c) cosayt —-sinawyt (d) sinat +sinayt
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A system has a phase response given by ¢(w), where w is the angular frequency.
The phase delay and group delay at ® = w, are respectively given by

¢(a)o) d¢(w) d2¢(a)o)
I R P (6) o(a),~2 2,
@, d¢ (o) o
©) S0 do [o-a, (d) @9(a,), [ 9(2)d2

A system described by the transfer function

1
H(s)=
(s) s +as® +ks+3

(@) a>0,0k <3 (b) >0, 0k >3 (c) a>0,0k>0 (d)a>0,ak<0

is stable. The constraints on a and k are.

In an FM system, a carrier of 100 MHz is modulated by a sinusoidal signal of 5
KHz. The bandwidth by Carson’s approximation is 1 MHz. If y(t) = (modulated
waveform)3, than by using Carson’s approximation, the bandwidth of y(t) around
300 MHz and the and the spacing of spectral components are, respectively.

(@) 3 MHz, 5 KHz (b) 1 MHz, 15 KHz
(c) 3 MHz, 15 KHz _ _ (d) 1 MHz, 5 KHz

A uniform plane wave in sair impinges at 45° angle on a lossless dielectric
material with dielectric constant ¢..The transmitted wave propagates in a 30°

direction with respect to the normal. The value of ¢, is

(a) 1.5 (b) V1.5 (c) 2 (d) V2

For an 8 feet (2.4 m) parabolic disk antenna operating at 4 GHz, the minimum
distance required for far field measurement is closest to

(a) 7.5cm (b) 15 cm (c) 15m (d) 150 m

A rectangular wave guide has dimensions 1 cm x 0.5 cm. Its cut-off frequency is
(@) 2dB (b) 5dB (c) 8dB (d) 12 dB

A rectangular wave guide has dimensions 1 cm x 0.5 cm. Its cut-off frequency is
(a) 5 GHz (b) 10 GHz (c) 15 GHz (d) 20 GHz

Two coaxial cables 1 and 2 are filled with different dielectric constants

Gl

&4 and g, respectively. The ratio of the wavelengths in the two cables, [Z] is

(a) F (b) F (c) (d) 2
8r2 8r1 ng grl
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SECTION - B (75 marks)

This section consists of TWENTY questions of FIVE marks each. Attempt ANY FIFTEEN
questions out of them. If more number of questions are attempted, score off the
answers not be evaluated, else only the first fifteen unscored answers will be
considered.

3. For the circuit in Fig.P3

(a) Find the Thevenin equivalent of the sub circuit faced by the capacitor across
the terminals a, b.

(b) Find v, (t),t >0, given v.(0)=0
(c) Find i(t),t>0

Fig.P3

4, For the circuit in Fig.P4, which is in steady state

(a) Find the frequency ,at which the magnitude of the impedance across
terminals a, b reaches a maximum.

(b) Find the impedance across a, b at the frequency a,

(c) If vy (t) =V sin(aw,t), find i, (t),ig(t). 20

;
()

b
5. For the circuit in Fig.P5, write the state equations using v, and i as state
variables.
Ve 10
VA
Ji 20 2H
Ve == 1F

6. The network N in Fig.P6 consists only of two elements: a resistor of 1Q and an

inductor of L Henry. A 5 V source is connected at the input at t = 0 seconds. The
inductor current is zero at t =0. The output voltage is found to be 5e~3V, for

(a) Find the voltage transfer function of the network.

(b) Find L, and draw the configuration of the network.

(c) Find the impulse response of the network.

)
+
Input N Output
voltage voltage
I

Fig.P6
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7. For the linear, time invariant system whose block diagram is shown in Fig.P7(a),
with input x(t) and output y(t),
(a) Find the transfer function.
(b) For the step response of the system [i.e. find y(t) when x(t) is a unit step
function and the initial conditions are zero]
(c) Find y(t), if x(t) is as shown in Fig.P7(b), and the initial conditions are zero.
: O
x(t) y(t)
1._
>t
1 2
Fig-P7(@) Fig.P7(b)
8. A certain linear, time-invariant system has the state and output representation
shown below:
{(1 _ -2 13X . 1 "
X
=(1 1)t
v 93]
(a) Find the eigen values (natural frequencies) of the system.
(b) If u(t) = (t) and x, (0,)=x,(0,)=0, find x, (t),x, (t) and y(t),fort > 0.
(c) When the input is zero, choose initial conditions
x;(0,) and x, (0,) such that y (t) = Ae* for t > 0.
9. The block diagram of a feedback system is shown in Fig.P9(a).
(a) Find the closed loop transfer function.
(b) Find the minimum value of G for which the step response of the system
would exhibit an overshoot, as shown in Fig.P9(b).
(c) For G equal to twice this minimum value, find the time period T indicated in
Fig.P9(b).
O
:V\ 3T
Input / Output §
(Vs) a
p
[e]
(0]
(G>0) &
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10. (a) For Fig.P10(a), Plot v,under steady state conditions, with and without C.
Assume that the diode is ideal.

(b) Design a circuit using two ideal diodes, one resistor and two voltage sources
that would convert the input voltage of Fig.P10(b) to the output voltage of
Fig.P10(c). The resistor value need not be specified.

Vi
N
Vi
t 1 Yo
‘ U R pr— C
Fig.P10(a) =
Vi Vi
A
10V|- —\
n
U a ! \—/ B
_10V ___________ 0]
Fig.P10(b) " : Fig.P10(c)

11. For the amplifier of  Fig.P11,

q VCC
vs =0.01sin(wt)V and C, = C, = 10uF.
(a) What is the small-signal voltage gain, A, = Yo 5 Re

Ve % Ry

(b) What is the approximate A, if C,is removed? Ic Ve

(c) What will v, be if C,is short-circuited? | !

12. For a feedback amplifier, the open loop transfer function has three poles at 100k
rad/s, 1 M rad/s and 10 M rad/s. The low frequency open loop gain is 1000 and
the feedback factor (B) is 1. Use Bode plots to determine the phase margin of the
amplifier. Is the amplifier stable?
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13. Fig.P13 shows a common base amplifier.

(a) Write expressions for the time-constants associated with the capacitors,
Cg and Cs.

(b) What is the approximate lower cutoff frequency of the amplifier?
Ve

Re

)
! < v
Rs
—|
— CB Rz RE CS VS
T

14, For the CMOS monostable multi-vibrator of Fig.P14, R = 50 kW, C = 0.01pF,
Vpop =5V, and the CMOS NOR gates have a threshold voltage (V;)of 1.5 V. v,,is a

trigger pulse (7, < RC)as/showrtin the figure.

(a) Plot vy; and vgas functions of time.
(b) Write the equation for v, (t),for t > 0.

(c) Find the time period of the output pulse.

Vin 4 Vin % Vv
0 0

5V

Ve -

15. The operating conditions (ON = 1, OFF = 0) of three pumps (x,y,z) are to be
monitored. x = 1 implies that pump X is on. It is required that the indicator (LED)
on the panel should glow when a majority of the pumps fail.

(a) Enter the logical values in the K-map in the format shown in Fig.15(a). derive
the minimal Boolean sum of products expression whose output is zero when
a majority of the pumps fail.

(b) The above expression is implemented using logic gates, and point P is the
output of this circuit, as shown in Fig.P15(b). P is at 0 V when a majority of
the pumps fails and is at 5 V otherwise. Design a circuit to drive the LED
using this output. The current through the LED should be 10 mA and the
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voltage drop across it is 1V. Assume that P can source or sink 10 mA and a 5

V supply is available.

z

Y4

1
1
| Logic
1 Circuit
1

X X X X|
<XI'X X X

16. A one-bit full adder is to be implemented using 8-to-1 multiplexers (MUX).
(a) Write the truth table for sum (S) and carry to the next stage (Cy )in terms of

the two bits (A, B) and carry from the previous stage (C,).The truth table
should be in the ascending order of (A,B,Cp), i.e. (000,001,010,...etc.).

(b) Implement S and C,using 8-to-1 multiplexers.

17. (a) The program and machine code for an 8085 microprocessor are given by
3E MVI A C3
C3 _

00 / NOP-

80 ADD B

3D DEC A

C2 INz 800A
0A

80

C3 IMP 800C
0C

80

D3 OUT 10
10

76 HLT

The starting address of the above program is 7FFF H. What would happen if
it is executed from 8000 H?

(b) For the instructions given below, how many memory operations (read/write)
are performed during the execution in an 8085 uP?

(c) Write an instruction which takes the minimum possible time to clear the
accumulator of the 8085.
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18. A band limited signal x(t) with a spectrum X(f) as shown in Fig.P18(a) is
processed as shown in Fig.P18(b). p(t) is a periodic train of impulses as in
Fig.P18(c). The ideal bandpass filter has a passband from 26 KHz to 34 KHz.

(a) Calculate the Fourier series coefficients C, in the Fourier expansion of p(t) in

jn2xt
T

the form p(t)= > C,,exp(

N=—co
(b) Find the Fourier Transform of p(t).
(c) Obtain and sketch the spectrum of x; (t).

(d) Obtain and sketch the spectrum of y (t).

x(f) 1
Ideal band
x(®) (E ;) Xs(t) pass filter
0 4KHz T
— fin KHz p(t) y(t)
Fig.P18(a) Fig.P18(b)
Train of impulses of unit strength
-T 0 T 2T 3T Time->
1
—=10KHzT
T
Fig.P18(c)
19. Zero mean white Gaussian noise with a two-sided power spectral density of 4

W/Khz is passed through an ideal lowpass filter with a cut-off frequency of 2 KHz
and a pass band gain of 1, to produce the noise output n(t).

(a) Obtain the total power in n(t).

(b) Find the autocorrelation function E[n(t)n(t+7) of the noise n(t) as a function
of 1.

(c) Two noise samples are taken at times t; and t,.Find the spacing |t1 —t2|so
that the product n(t;)n(t,)has the most negative expected value and obtain
this most negative expected value.
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4x -kt

20. Given E =10e”/! Iy V/min free space.

(a) Write all the four Maxwell’s equations in free space.
(b) Find VXE.
(c) Find H.

21. The three regions shown in Fig.P21 are all lossless and non-magnetic. Find
(a) Wave impedance in mediums 2 and 3.

(b) d such that medium 2 acts as a quarter wave (%) transformer.

(c) Reflection coefficient (I')and voltage standing wave ratio (VSWR) at the

interface of the medium 1 and 2, when d = (%)

Medium 1 Medium 2 Medium 3
g1=1 €2=5 €3=9

Incident Team —»
Wave (f=1GHz)

22. Design a lossless impedance matching network shown in Fig.P22 to transform
Z, =10+ j10Qto Z, =50Q.Find the values of L, C and quality factor (Q) of the

circuit at f = 1GHz.
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SECTION - A

1. This question consists of TWENTY-FIVE sub-questions (1.1 - 1.25) of ONE mark
each. For each of these sub-questions, four possible alternatives (A,B, C and D)
are given, out of which ONLY ONE is correct. Indicate the correct answer by
darkening the appropriate bubble against the question number on the left hand
side of the Objective Response Sheet (ORS). You may use the answer book
provided for any rough work, if needed.

1.1 The voltage g in figure 1.1 is J,\S,l\,\ ﬁ
(a) 2v N
4 % :
(b) 5\/ 12V__“__ 4Q €o 2Q
¢+ o
(c) 4v ‘
(d) 8V

1.2. If each branch of a Delta circuit has impedance +/3Z,then each branch of the
equivalent Wye circuit has impedance.

Z | : Z
a) — b) 32 c) 332 d) =
(a) 5 (b) (c) (d) 3
1.3. The transfer function of a system is given by H(s)= 2(1 2).The impulse
s°(s-
response of the system is: (* denotes convolution, and U(t) is unit step function)
(a) (£ * e)U(t) (b) (t*e*)u(t) (c) (tet)u(t) (d) (te)U(t)

1.4. The admittance parameter Y;; in the 2-port network in Figure 1.4 is

(a) -0.2 mho 1 500 L
(b) 0.1 mho —> .

(c) -0.05 mho

(d) 0.05 mho E, T ;59 élog TEZ

1.5. The region of convergence of the z-transform of a unit step function is
(@) |z >1 (b) |z]<1
(c) (Real partofz) >0 (d) (Real partofz) <0
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1.6. The current gain of a BJT is

(@) gmo (b) Im (©) Gmke (d) Im

o] T
1.7. MOSFET can be used as a
(a) current controlled capacitor (b) voltage controlled capacitor
(c) current controlled inductor (d) voltage controlled inductor

1.8. The effective channel length of a MOSFET in saturation decreases with increase in
(a) gate voltage (b) drain voltage
(c) source voltage (d) body voltage

1.9. The ideal OP-AMP has the following characteristics.
(@) Ri=w,A=0,R, =0 (b) RR=0,A=,Ry; =0
(C) R,-:OO,A:OO,R():OO (d) R,.=0,A=00,R0=oo

1.10. The 2's complement representation of =17 is
(a) 01110 (b) 01111 (c) 11110 (d) 10001

1.11. Consider the following two statements:
Statement 1: A stable multi-vibrator can be used for generating square wave.
Statement 2: B stable multi-vibrator can be used for storing binary information.
(a) Only statement 1 is correct
(b) Only statement 2 is correct
(c) Both the statements 1 and 2 are correct
(d) Both the statements 1 and 2 are incorrect

1.12. For the ring oscillator shown in Figure 1.12, the propagation delay of each
inverter is 100 pico second. What is the fundamental frequency of the oscillator
output?

(a) 10 MHz
(b) 100 MHz ) Do—Do—>o0—>0— Vo
(c) 1 GHz
(d) 2 GHz

1.13. An 8085 microprocessor based system uses a 4K x 8-bit RAM whose starting
address is AA0OQ. The address of the last byte in this RAM is

(a) OFFFH (b) 1000 H (c) BOFF H (d) BAOO H
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1.14. The equivalent of the block diagram in Figure 1.14 is given in
E C
e

(@) E ——C (b)
E—»{GiG, » C
F4+—1H/G, |«
F4—1HG, |«
(o) E  »C (d)
E—»|GiG; » C

F4+— HG; |«

F ¢—H/G, |«

15. If the characteristic equation of a closed-loop system is s? +2s+2 =0, then the
system is
(a) over damped ] (b) critically damped
(c) underdamped (d). undamped

1.16. The root-locus diagram for a closed loop feedback system is shown in Figure
1.16. The system is overdamped. jo

o K

(a) onlyif0<kK<1

(b) onlyif1 <K<5
(c) onlyifK>5

(d) f0<K<1lorkK>5
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The Nyquist plot for the open-loop transfer function G(s) of a unity negative
feedback system is shown in figure 1.17 if G(s) has no pole in the right half of s-
plane, the number of roots of the system characteristic equation in the right half

of s-plane is Im(s)
(a) 0 t
(b) 1 G(s)-Plane
(c) 2
(d) 3
1 > Re(s)

Let 5(t) denote the delta function. The value of the integral .[ 5 (t)cos (%) dtis

(@1 (b) -1 (©) 0 (d)%

A band limited signal is sampled at the Nyquist rate. The signal can be recovered
by passing the samples through

(a) an RC filter (b) an envelope detector
(c) aPLL
(d) an ideal low-pass filter with appropriate bandwidth

(x-4)
The PDF of a Gaussian random variable X is given by P, (x) = 1L o718 The
N2z
probability of the event {X = 4} is
1 1 1
a) - b) —/— c 0 d) —
(@) 3 (b) = (0) (d) 5

If a signal f(t) has energy E, the energy of the signal f(2t) is equal to

(a) E (b) g (c) 2E (d) 4E

A transmission line is distortion-less if

(a) RL :G_1C (b) RL = GC (Q) LG = RC (d)RG = LC
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2 2
9’E, Cza

5 , the wave

1.23. 1If a plane electromagnetic wave satisfies the equation >
X

propagates in the

(a) x-direction (b) z-direction

(c) y-direction

(d) xy plane at an angle of 45° between the x and z directions

1.24. The phase velocity of waves propagating in a hollow metal waveguide is
(a) greater than the velocity of light in free space.
(b) less than the velocity of light in free space.
(c) equal to the velocity of light in free space.
(d) equal to the group velocity.

1.25. The dominant mode in a rectangular waveguide is TE;,, because this mode has
(a) no attenuation (b) no cut-off

(c) no magnetic field component (d) the highest cut-off wavelength

2. This question consists of TWENTY-FIVE sub-questions (2.1 - 2.25) of TWO marks
each. For each of these sub-questions, four possible alternatives (A, B, C and D)
are given, out of which ONLY ONE"is. correct. Indicate the correct answer by
darkening the appropriate bubble against the question number on the left hand
side of the Objective Response Sheet (ORS). You may use the answer book
provided for any rough work, if needed. 20

2.1 The voltage g in figure 2.1 is —— 16V
(a) 48V (b) 24V 8A<D 10Q %69
(c) 36V (d) 28V

2.2. In figure 2.2, the value of the load resistor R which maximizes the power
delivered to it is

1H
(a) 14.140 R R
(b) 100
(c) 2000
(d) 28.280Q EmcoslotC\) )
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2.3.  When the angular frequency o in Figure 2.3 is varied from 0 to «, the locus of the
current phasor I, is given by

i(t)

Emcosot <> R, R

(@) | 40 (b)

v

(c) (d)

v

E=E,/0°

N Vel . ZR%
E =E_«0° i
e T B

= R 2, |

W=oco

2.4 The Z parameters Z;; and Z,; for the 2-port network in figure 2.4 are
6 16 2Q

(b) le B HQ;ZZ:l = HQ; E1T % TEZ
TlOEl

L

6 16

Q) Zyy=— 7y = - o .

© 2 11 21 11 ¢ °
4 4

d) Z,,=—Q: 7, =—Q;

(@) 2 11 21791

2.5 Annpn BIT has g, = 38m A/V, C,=10" F, C,=4x10"*F, and DC current gain B, =
90. for this transistor fr and f; are

(a) f; =1.64x10%°Hz and f; =1.47x10'°Hz

(b) f; =1.47x10'Hz and f; =1.64x10%Hz
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(c) f; =1.33x10"Hz and f, =1.47x10'°Hz

(d) fr =1.47x10'Hz and f; =1.33x10'*Hz

2.6 The transistor shunt regulator
shown in Figure 2.6 has a 20Q
regulated output voltage of 10  e——/NVW . *
V, when the input varies from I Ic
20 V to 30 V. The relevant
parameters for the Zener diode Vz
and the transistor are: V, =  Vi=20-30V Vo=10V
9.5, Vg=0.3V, B=99. Neglect Veet
the current through Rs. Then Re J

the maximum power dissipated
in the Zener diode (P,) and the
transistor (Py) are

(a) P;=75mW, Pr=7.9W (b) P;=85mW, Pr=8.9W
(c) P;=95mW, Pr=9.9W (d) P;=115mW, P;=11.9W

®

2.7 The oscillator circuit shown in Figure 2.7 is
Vo

-
/

—— I—.__.LVO

C1 = 2pF| Cy= 2pF

Cc = % R1

l

A 4

3 L.
I

+—
(a) Hartley oscillator with f cgation = 79.6MHz
(b) Colpitts oscillator with f,cgation = 79.6MHZz

(c) Hartley oscillator with f ..ation = 159.2MHz
(d) Colpitts oscillator with . ation = 159.2MHz

R,=10K
2.8 The inverting OP-AMP shown in Figure AAA
. Ri=1K /
2.8 has an open-loop gain of 100. The
p v p g .__NW\ = l—.Vo
closed loop gain -2 is Vs Vi
Ve b 1
(a) -8 (b) -9 (c) -10 (d)-11

Join All India Mock GATE Classroom Test Series - 2006 conducted by GATE Forum in over 25 cities all over India. Question
Papers including section tests and full tests are designed by IISc alumni according to the latest syllabus. Percentile, All India Rank,
interaction with IISc alumni in our online discussion forums, and more. Registration starts 10t May, 2005. For more details,
visit
www.gateforum.com
Think GATE Think GATE Forum




GATE EC - 2001 GATE Forum www.gateforum.com

Join discussion of this test paper at http://forum.gatementor.com

2.9 In Figure 2.9, assume the OP-AMPs to be ideal. The output v, of the circuit is:

10mH
(666 \ 10pF
|1
11
10Q 100Q
Vs._NW\_q .
Vs=10cos(100t) ] b o \Vo
t
(a) 10 cos(100t) (b) 10| cos(1007)ds
0
‘ d
(c) 10-4jcos(100r)dr (d) 10‘4Ecos(100t)
0

2.10 In Figure 2.10, the LED

:

Vee=5V

4
—o

1K
LED

1K T%11(

T ) 1K
S1i 521 ) })

(a) emits light when both S; and S, are closed.
(b) emits light when both S; and S, are open.

(c) emits light when only S; or S, is closed.
(d) does not emit light, irrespective of the switch positions.

2.11 In the TTL circuit in Figure 2.11, S, to Sy are select lines and X; and Xpare input
lines. Sp and X, are LSBs. The output Y is

(a) indeterminate (b) A®B
(c) A@B (d) C.(A@B)+C.(A®B)
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®0
Xo X1 X2 X3 X4 X5 Xg X7
——(E
i —
B——1S:
A So
l Fig.2.11

2.12 The digital block in figure 2.12 is realized using two positive edge triggered D-
flip-flops. Assume that for t < t;, Q; = Q, =0. The circuit in the digital block is

given by:

— DIGITAL
BLOCK

(b) Figure 2.12 (b)

(a) Figure 2.12 (a)
(d) Figure 2.12 (d)

(c) Figure 2.12 (c)

1_D1 Q1—|:D2 QZ_Y 1— D, Ql 1— D, QZ_Y
_ — _ o> _
x—P g, P g, —p ol T g
Figure (a) Figure (b)
1—ip, Q: D> Q—Y 1—p, Q: D> Q—Y
X > ra) J > ) X = J —=
@ Q, Q4 Q,
Figure (c) Figure (d)
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In the DRAM cell in Figure 2.13, the V. of the NMOSFET is 1 V. For the following
three combinations of WL and BL voltages.
Word Line (WL)

Bit Line (BL)
Ic

(@) 5V; 3V; 7V (b) 4 V; 3V; 4V (c) 5V;5V;5V (d)4V; 4V; 4V

The impulse response functions of four linear systems S1, S2, S3, S4 are given
respectively by

h (t)=1
hy (t) = U(t)
hy (t) = %

hy (t) = €U (t)

where U(t) is the unit step function..Which.-of.these systems is time invariant,
causal, and stable?

(a) S1 (b) S2 (c) S3 (d)s4

An electrical system and its signal-flow graph representations are shown in Figure
2.15(a) and 2.15(b) respectively. The values of G, and H, respectively are

Z;(s) 25 ()

NFACEFACEFACRACEFAG

b ~Z5(s) ~Z5(s)

REACEEACEACRACIEAD
Z5(s) Z (s)

© z (5)+Z5(s)+2Z4(s)" Zy (s)+ Z5 ()

~Z3(s) Z3(s)
Z,(5)=2Z5(s)+ Z4(s)" Zi(s) + Z5 (s)

(d)
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Zi(s) Z5(s) ® Vo(s)
Li(s) Ix(s) '
<> > Z5(s) D 2.(9) Figure (b)
Vi(s)
Gy  Ii(s) G, I(s) G;
Vi(s) Vo(s)
Figure (a)
L

2.16 The open-loop DC gain of a unity negative feedback system with closed-loop

transfer function i is

s?+7s+13

4 4
(a) 13 (b) ) (c) 4 (d) 13

2.17 The feedback control system in Figure 2.17 is stable
(a) forallK=0

R Ve T C
@ oy 10K <1 O Ele [T m md
c) onlyif0 <K<
(d) onlyif0<K<1 S-2

2.18 A video transmission system transmits 625 picture frames per second. Each
frame consists of a 400 x 400 pixel grid with 64 intensity levels per pixel. The
data rate of the system is

(a) 16 Mbps (b) 100 Mbps (c) 600 Mbps (d) 6.4 Gbps

2.19 The Nyquist sampling interval, for the signal Sinc (700t) + Sinc (500t) is

1 1 V.4
a) ——sec b) ——sec c) ———sec d) ——sec
@) 350 (b) 350 © 700 (d) 175

2.20 During transmission over a communication channel, bit errors occur
independently with probability p. If a block of n bits is transmitted, the probability
of at most one bit error is equal to

(@) 1-(1-p) (b)y p+(n-1)(1-p)
(c) np(1-p)™! (d) (1 -p)"+ np(1 -p)™*

Join All India Mock GATE Classroom Test Series - 2006 conducted by GATE Forum in over 25 cities all over India. Question
Papers including section tests and full tests are designed by IISc alumni according to the latest syllabus. Percentile, All India Rank,
interaction with IISc alumni in our online discussion forums, and more. Registration starts 10t May, 2005. For more details,
visit
www.gateforum.com
Think GATE Think GATE Forum




GATE EC - 2001 GATE Forum www.gateforum.com

2.21

2.22

2.23

2.24

2.25
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The PSD and the power of a signal g(t) are, respectively, Sq(®) and P;. The PSD
and the power of the signal ag(t) are, respectively
(a) &S, (w) and a°p, (b) a’S, (w) and aP,

(c) aS,(w) and a°P, (d) aS,(w) and aP,

A material has conductivity of 102 mho/m and a relative permittivity of 4. The
frequency at which the conduction current in the medium is equal to the
displacement current is

(a) 45 MHz (b) 90 MHz (c) 450 MHz (d) 900 MHz

A uniform plane electromagnetic wave incident normally on a plane surface of a
dielectric material is reflected with a VSWR of 3. What is the percentage of
incident power that is reflected?

(a) 10% (b) 25% (c) 50% (d) 75%

A medium wave radio transmitter operating at a wavelength of 492 m has a
tower antenna of height 124m. What is the radiation resistance of the antenna?

(a) 250 (b) 36.5Q (c) 500 (d) 730

In a uniform linear array, four isotropic radiating elements are spaced %apart.

The progressive phase shift between the elements required for forming the main
beam at 60° off the end-fire is:

(a) - mradians (b) —%radians (c) —%radians (d) —%radians

SECTION - B

This section consists of TWENTY questions of FIVE marks each. Attempt ANY FIFTEEN
questions. Answers must be given in the answer book provided.

3.

For the circuit shown in figure 3, determine the phasors E;, Eq, I and I;.

1Q .
2Q
I E; 0.5Q 1

— O

E1=10£20°

<~> i@ 0.50 % Eo
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4, The circuit shown in Figure 4 is operating in steady-state with switch S; closed.
The switch S; is opened at t = 0.

(a) Find i, (0").
(b) Find e (0%).

(c) Using nodal equations and Laplace transform approach, find an expression
for the voltage across the capacitor for all t > 0.

2Q 2Q P4 5Q
MM_e‘l(t) ANAA e(t) M
15V 10V
—— = C=lF T
8
5. The admittance parameters of a 2-port network shown in figure 5 are given by

Y11 = 2 mho, Y;; = -0.5 mho, Y,; = 4.8 mho, Y,, = 1 mho. The output port is
terminated with a load admittapce-Y—= 0.2 mho. Find E, for each of the following
conditions?

(a) E;=1020"V
(b) I;=10£0" A

(c) A source 10£0° V in series with a 0.25Q resistor is connected to the input
port.

6. For the circuit shown in figure 6, D1 and D2 are indentical diodes with idealilty
factor of unity. The thermal voltage V1 = 25 mV.

(a) Calculate Vfand V..

(b) If the reverse saturation current, I, for the diode is 1 pA, then compute the
current I through the circuit.

D1 DZ
+,> [- +I<l-
Ve V.
1A
|\
|I
50mV
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7. An emitter-follower amplifier is shown in Figure 7. Z; is the impedance looking
into the base of the transistor and Z, is the impedance looking into the emitter of
the transistor.

(a) Draw the small signal equivalent circuit of the amplifier.

(b) Obtain an expression for Z;.

(c) Obtain an expression for Z,.

(d) Determined Z; and Z, if a capacitor C_ is connected across R,.

Ve
Ic
Rs
NV
— Ne Mz,
+ Zi Vo
Vs RL ‘I:
_VEE
8. Assume that the OP-AMP in Figlire|8lis ideal.

(a) obtain an expression for v, in terms of vs;, R, and the reverse saturation
current I; of the transistor.

(b) If R = 1Q, I = 1 pA and the thermal voltage V1 = 25 mV, then what is the
value of the output voltage v, for an input voltage v¢ = 1V?

(c) Suppose that the transistor in the feedback path is replaced by a p-n junction
diode with a reverse saturation current of I;. The p-side of the diode is
connected to node A and the n-side to node B. Then what is the expression
for v, in terms of vs, R and 1,?

N /]
R =
Vg +0—NW\ A 4‘_ DB—t Vo
pt r

9. A monochrome video signal that ranges from 0 to 8V, is digitized using an 8-bit
ADC.

(a) Determine the resolution of the ADC in V/bit.
(b) Calculate the mean squared quantization error.

(c) Suppose the ADC is counter controlled. The counter is up count and positive
edge triggered with clock frequency 1 MHz. What is the time taken in
seconds to get a digital equivalent of 1.59 V?
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In figure 10, the output of the oscillator, V; has 10V peak amplitude with zero DC
value. The transfer characteristic of the Schmitt inverter is also shown in figure
10. Assume that the JK flip-flop is resent at time t = 0.

(a) What is the period and duty cycle of the waveform V,?

(b) What is the period and duty cycle of the waveform V3?

(c) Sketch V4, V, and Vs for the duration 0 < t < 6us. Clearly indicate the exact
timings when the waveforms V, and V; make high-to-low and low-to-high
transitions.

Vee=5V
[ ]
—e
Vy V> v
. > i
5V——e:
oscillator Schmitt J-K flip-flop o
inverter /T\ \{’
v e
] ] =V1

1
2.5V 3.5V

For the digital block shown in‘Figure-11(a), the output Y=f(S;,S,,S:,S0) where S3

is

Y:
7:

(a)
(b)
()

MSB and S; is LSB. Y is given in terms of minterms as
Zm(1,5,6,7,11,12,13,15)and its complement is
> m(0,2,3,4,8,9,10,14)

Enter the logical values in the given Karnaugh map [Fig.11(b)] for the output

Y.
Write down the expression for Y in sum-of products from using minimum
number of terms

Draw the circuit for the digital logic boxes using four 2-input NAND gates
only for each of the boxes.

S:1So
Si Ss So Sz SsS; 00 01 11 10
DIGITAL DIGITAL Y 01
LOGIC LOGIC [ *
BOX 1 BOX 2 11
10
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12. Consider the following sequence of instructions for an 8085 microprocessor based
system.

Memory address  Instructions

FFOO MVI, A FF H
FFO2 INR A

FFO3 iC FFOC H
FFO6 ORI A8H
FFO8 M FF15 H
FFOB XRA A

FFOC ouT PORT 1
FFOE HLT

FF10 XRI FF H
FF12 ouT PORT 2
FF14 HLT

FF15 MVI, A FF H
FF17 ADI 02 H
FF19 RAL

FF1A 1Z FF23 H
FF1D 1C FF10 H
FF20 A1 NG FF12 H
FF23 CMA

FF24 ouT PORT 3
FF26 HLT

(a) If the program execution begins at the location FFOO H, write down the
sequence of instructions which are actually executed till a HLT instruction.
(Assume all flags are initially RESET)

(b) Which of the three ports (PORT1, PORT2 and PORT3) will be loaded with data
and what is the bit pattern of the data?

13. A feedback control system is shown in figure 13.
(a) Draw the signal-flow graph that represents the system.

(b) Find the total number of loops in the graph and determine the loop-gains of
all the loops.

(c) Find the number of all possible combination of non-touching loops taken two
at a time.

(d) Determine the transfer function of the system using the signal-flow graph.
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+ +
Gy -';O—' G —» C(s)
R(s) A

Fig.13

14. Consider the feedback control system shown in figure 14.
(a) Find the transfer function of the system and its characteristic equation.

(b) Use the Routh-Hurwitz criterion to determine the range of K for which the
system is stable.

» C(s)

R(s) T\ K(s+1) |

N+~

1
s+0.1

15. For the feedback control system shown in figure 15, the process transfer function

is G, (s) = ;, and the complification factor of the power amplifier is K > 0.
s(s+1)
The design specifications required for the system are a time constant of 1 sec
and a damping ratio of 0.707.
(a) Find the desired locations of the closed loop poles.
(b) Write down the required characteristic equation for the system. Hence
determine the PD controller transfer function G, (s)when K = 1.

(c) Sketch the root-locus for the system.

PD Power L5 | Pprocess C(s)

)
NG controller amplifier

R(s) +
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16. The Fourier transform G(w) of the signal g(t) in Figure 16(a) is given as
G(a)):iz(ej”’—ja)ej”’—l). Using this information and the time-shifting and
0]

time-scaling properties, determine the Fourier transform of signals in Figures
16(b), 16(c) and 16(d).

g(t) gi(t)
A A
+1 +1
=] 5 >t 01 >t
gx(t) gx(t)
A A
1 1
>t >t
-1 0 101
2 2

17. The periodic modulating signal m(t) is shown in Fig.17. Using Carson’s rule
estimate Bgy (bandwidth of the FM signal) and Bpy (bandwidth of the PM signal)

for Kf =z x10* and kp =%. Assume the essential bandwidth of m(t) to consist

only up to and including the third harmonic.
m(t)

2x10™

>t

(sec)

AAN
Vv .l VLV

-1
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18. A baseband signal g(t) bandlimited to 100 Hz modulates a carrier of frequency f,
Hz. The modulated singal g(t)cos 2xf t is transmitted over a channel whose input
x and output y are related by y = 2x + x%. The spectrum of g(t) is shown in
Figure 18. Sketch the spectrum of the transmitted signal and the spectrum of the
received signal.

G(f)
A

> f(Hz)

-100 0 100

19. A periodic signal g(t) is shown in Figure 19. Determine the PSD of g(t).

g(t)
A
| | | t
o AN o an  sec
2 2
20. A system of three electric charges lying in a straight line is in equilibrium. Two of

the charges are positive with magnitudes Q and 2Q, and are 50 cm apart.
Determine the sign, magnitude and position of the third charge.

21. A medium has breakdown strength of 16 KV/m r.m.s. Its relative permeability is
1.0 and relative permittivity is 4.0 A plane electromagnetic wave is transmitted
through the medium. Calculate the maximum possible power flow density and the
associated magnetic filed.

22. A rectangular hollow metal waveguide has dimensions a= 2.29 cm and b = 1.02
cm. Microwave power at 10 GHz is transmitted through the waveguide in the TE;,
mode.

(a) Calculate the cut-off wavelength and the guide wavelength for this mode.

(b) What are the other (TE or TM) modes that can propagate through the
waveguide?

(c) If a = b = 2.29cm, What are the modes which can propagate through the
waveguide?
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SECTION - A (75 marks)

1. This question consists of TWENTY-FIVE sub-questions (1.1 - 1.25) of ONE mark
each. For each of these sub-questions, four possible alternatives (A,B, C and D)
are given, out of which ONLY ONE is correct. Indicate the correct answer by
darkening the appropriate bubble against the question number on the left hand
side of the Objective Response Sheet (ORS). You may use the answer book
provided for any rough work, if needed.

1.1 The dependent current source shown in Figure 1.1 ,\5,\9,\,\
(a) delivers 80 W f)
(b) absorbs 80 W i I v
. — v,=20v 50 T Vi,
(c) delivers 40 W : 5
(d) absorbs 40 W

1.2 In figure 1.2, the switch was closed for a long time before opening at t = 0. the
voltage Vx att = 0* "

t=0
(@) 25V .
(b) 50V
(C) -50V _. 2.5A
5H
T
_ NWA
20Q

- +
|‘— \a —’|

1.3 Convolution of x(t + 5) with impulse function §(t — 7) is equal to
(@) x(t-12) (b) x(t + 12) (c) x(t-2) (d) x(t + 2)

1.4 Which of the following cannot be the Fourier series expansion of a periodic

signal?
(a) x(t) = 2cost + 3 cos 3t (b) x(t) = 2cosnt + 7 cos t
(c) x(t) =cost+ 0.5 (d) x(t) = 2cos 1.5xnt + sin 3.5 nt

1.5 In Figure 1.5, a silicon is carrying a constant current of 1 mA. When the
temperature of the diode is 20°C, Vp is found to be 700 mV. If the temperature

rises to 40°C, Vp becomes approximately equal to . 'e)

(@) 740 mv T T+

(b) 660 mV 1mA<D Vi

(c) 680 mV

(d) 700 mV l
® O
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1.6 In a negative feedback amplifier using voltage-series (i.e. voltage-sampling
series mixing) feedback. (R; and R, denote the input and output resistance
respectively)

(a) R, decreases and R, decreases (b) R; decreases and R, increases
(c) Rjincreases and R, decreases (d) Rjincreases and R, increases

1.7 A 741-type op-amp has a gain-bandwidth product of 1 MHz. A non-inverting
amplifier using this op-amp and having a voltage gain of 20 dB will exhibit a 3-dB
bandwidth of

1000 1000
50 KH b) 100 KH =—— KH d) =>——
(a) z (b) z © 5 z (d) —&5

1.8 Three identical RC-coupled transistor amplifiers are cascaded. If each of the
amplifiers has a frequency response as shown in Figure 1.8, the overall frequency
response is as given in

4624

>
a
@
>

40Hz 1KHz

,\
e
>
a
g
4

10Hz 0.5KHz

1.9 4-bit 2's complement representation of a decimal number is 1000. The number is
(a) +8 (b) O (c) -7 (d) -8
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1.12

1.13

1.14
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If the input to the digital circuit (Figure 1.10) consisting of a cascade of 20 XOR-
gates is X, then the output Y is equal to

L — Y

(@) 0 (b) 1 (c) X (d) X

The number of comparators required in a 3-bit comparator type ADC is
(a) 2 (b) 3 (c) 7 (d)8

If the transistor in Figure 1.12 is in saturation, then

C

Q llr
I
E—
O Bac denotes the dc
current gain

EO
(a) Ic is always equal to B4cls (b) Ic is always equal to -Bq4clp
(c) Icis greater than or equal to Bqcls (d) Icis less than or equal to Bycls
Consider a system with the transfer function G (s) = 25 +6 .Its damping ratio
ks +s+6
will be 0.5 when the value of k is
2 1
a) — b) 3 c) = d) 6
(a) 5 (b) (c) 5 (d)

Which of the following points is NOT on the root locus of a system with the open
k

|00p transfer funCtion G (S) H (S) = m

(@) s = —j3 (b) s=-1.5 (c) s=-3 (d)s = -

Join All India Mock GATE Classroom Test Series - 2006 conducted by GATE Forum in over 25 cities all over India. Question
Papers including section tests and full tests are designed by IISc alumni according to the latest syllabus. Percentile, All India Rank,
interaction with IISc alumni in our online discussion forums, and more. Registration starts 10t May, 2005. For more details,

visit
www.gateforum.com
Think GATE Think GATE Forum




GATE EC - 2002 GATE Forum www.gateforum.com

Join discussion of this test paper at http://forum.gatementor.com

1.15 The phase margin of a system with the open-loop transfer function

G(s)H(s):%l

(a) 0° (b) 63.4° (c) 90° (d) o

1.16 The transfer function Y (s)U(s)of a system described by the state equations
x(t) = -2x(t) + 2u(t) and y(t) = 0.5x(t) is
0.5 1 0.5 1
b — d) ——
@ -3 ®) 53 ©) 52 @D 5+2)

1.17 The Fourier transform F{e‘lu(t)}is equal to ;_.Therefore, F ; is
1+ j2xf 1+ j2xt

(a) eu(f) (b) eu(f) (c) eu(-r) (d) e"u(-f)

1.18 A linear phase channel with phase delay Tp and group delay T4 must have
(a) Tp= Ty=constant (b) Tpof and Tgecf
(c) Tp = constant and Tge<f (d) Tpefand Tg =constant

1.19. A 1 MHz sinusoidal carrier-is' amplitude-modulated by a symmetrical square wave
of period 100usec. Which of the following frequencies will NOT be present in the
modulated signal?

(a) 990 KHz (b) 1010 KHz (c) 1020 KHz (d) 1030 KHz

1.20. Consider a sampled signal y(t):5><10‘6x(t)zz_w5(t—nTs)where x(t) =10
cos(8mx10°)t and T, =100usec. When y(t) is passed through an ideal low-pass
filter with a cutoff frequency of 5KHz, the output of the filter is

(a) 5x10°° cos(87rx103)t (b) 5x107° cos(87rx103)t

(c) 5x107" cos(8zx10°)t (d) 10cos(87x10%)t

1.21. For a bit-rate of 8 Kbps, the best possible values of the transmitted frequencies
in a coherent binary FSK system are

(a) 16 KHz and 20 KHz (b) 20 KHz and 32 KHz
(¢) 20 KHz and 40 KHz (d) 32 KHz and 40 KHz

1.22. The line-of-sight communication requires the transmit and receive antenna to
face each other. If the transmit antenna is vertically polarized, for best reception
the receive antenna should be

(a) horizontally polarized (b) vertically polarized
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(c) at 45° with respect to horizontal polarization
(d) at 45° with respect to vertical polarization

1.23. The VSWR can have any value between
(a) Oand 1 (b) -1 and +1 (c) 0and = (d)1 and =

1.24. In an impedance Smith chart, a clockwise movement along a constant resistance
circle gives rise to

(a) a decrease in the value of reactance
(b) an increase in the value of reactance
(c) no change in the reactance value
(d) no change in the impedance value

1.25 The phase velocity for the TE;o-mode in an air-filled rectangular waveguide is (c
is the velocity of plane waves in free space)
(a) less than c (b) equal to c

(c) greater than c (d) none of the above

2. This question consists of TWENTY-FIVE sub-questions (2.1 - 2.25) of TWO marks
each. For each of these sub-questions;-four-possible alternatives (A,B, C and D)
are given, out of which ONLY ONE is correct. Indicate the correct answer by
darkening the appropriate bubble against the question number on the left hand
side of the Objective Response Sheet (ORS). You may use the answer book
provided for any rough work, if needed.

2.1 In the network of Figure 2.1, the maximum power is delivered to R, if its value is

I —

1y
40 ) )

—50V

(a) 16Q (b) ?Q (c) 60Q (d) 200
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2.2. If the 3-phase balanced source in Figure 2.2 delivers 1500 W at a leading power
factor of 0.844, then the value of Z_ (in ohm) is approximately

(@) 90«£32.44°
Z|_ ZL

(b) 80.32.44° 430\/

_ 0 3 PHASE
(c) 80«-32.44 BALANGED J, 7
(d) 90«£-32.44° SOURCE

2.3. The Laplace transform of a continuous-time signal x(t) is X (s) = ZS;SZ.If the
s -s5-—

Fourier transform of this signal exists, then x(t) is
(a) e*u(t)-2etu(t) (b) -e®u(-t)+2etu(t)
(c) -e®u(-t)-2etu(t) (d) e*u(-t)-2etu(t)

2.4. If the impulse response of a discrete-time system is h[n]=-5"u[-n-1],then
the system function H(z) is equal to

(a)

—Z

z and the system is stablej™| (b) z z and the system is stable

—Z

(c)

c and the system is unstable (d) z c and the system is unstable

2.5.  An amplifier using an opamp with a slew-rate SR = 1V/usec has a gain of 40 dB.
If this amplifier has to faithfully amplify sinusoidal signals from dc to 20 KHz
without introducing any slew-rate induced distortion, then the input signal level
must not exceed.

(a) 795 mv (b) 395 mV (c) 79.5 mV (d) 39.5 mV
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2.6. The circuit in Figure 2.6 employs positive feedback and is intended to generate

Ve (F
sinusoidal oscillation. If at a frequency f,B(f)= AVfEf; =é40°,then to sustain
0
oscillation at this frequency N
2
A ")) VS —
Ry
— NWA A
+ +
Vo(f)
+ Network B(f)
Vi(f)
- O-
Ry Ry
(@) Ry = 5Ry (b) R; = 6R; (c) Ry = & (d)R; = 3

2.7. A zener diode regulator in Figure 2.7 is to be designed to meet the specifications:
I, =10 mA, Vo = 10 V and V,y variesifrom-30,V, to 50 V. The zener diode has
V, =10V and I, (knee current) = 1 mA.-For satisfactory opertion

(a) R < 18000 - llFlOmA
(b) 2000Q <R <2200Q
(c) 3700Q<R<4000Q R,
(d) R>4000Q l |
V Vop=+10V
2.8. The voltage gain AA = Voof the
i
JFET amplifier shown in Figure Ro(3K) Sy IP=1mA
2.8 is
G
(a) +18 (_.+
(b) -18 i
(c) +6 v =
(d) -6 + \ T
Vi
Re(IMQ)Z  Rs(2.5KQ) .
J. T~ Cs

l
T
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2.9. The gates G; and G; in Figure 2.9 have propagation delays of 10 nsec and 20
nsec respectively. If the input V;, makes an abrupt change from logic 0 to 1 at
time t = t; then the output waveform Vj is

G1
0o &
Vo
i [T —_— 'va
Vi Vi |,
0 Vi
to
(a) (b)
1 - 1
0 1 1
0 : : ! !
tO tl tz t3 to t1 tz t3
(c) (d)
1 — 1— —
0 } } 0
to t1 tz t3 to tl tz t3

2.10. The circuit in Figure 2.10 has two CMOS NOR gates. This circuit functions as a:

Vss
0 i — C
(a) flip flop (b) Schmitt trigger
(c) Monostable multivibrator (d) Astable multivibrator
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2.11. Consider the following statements in connection with the CMOS inverter in Figure
2.11 where both the MOSFETs are of enhancement type and both have a thresh
old voltage of 2V.

Statement 1: T; conducts when Vi > 2V.
Statement 2: T,is always in saturation when V, = 0OV.
+5V

T2

ViO———=

|_
—>
—
——— 0O v,
|_
—>
—]

T1

Which of the following is correct?

(a) Only Statement 1 is TRUE (b) Only Statement 2 is TRUE

(c) Both the statements are TRUE (d) Both the statements are FALSE
2.12. If the input X3, X5, X;, X,to the ROM in figure 2.12 are 8-4-2-1 BCD numbers,

then the outputs Y3Y, Y Yyare

1 010
Xz Xo X1 Xo

| e = - =TT =-======== 1
! 1
I ROM 1
! 1
! 1
! 1
| BCD-to-Decimal DECODER !
! 1
i Do Dit oo Ds Do !
! 1
: ° |1 !
! 1
: —_NW\ K : Y3
1
: —NWA : Y2
: —VWW\ < : Yi

1
: p—/VVWA X K 3 : Yo
! 1
! 1
e o o | o o o e e e e e

1
(a) gray code numbers (b) 2-4-2-1 BCD numbers
(c) excess 3 code numbers (d) none of the above
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2.13. Consider the following assembly language program.

MVI B,87H
MOV A,B
START: IMP NEXT
MVI B,00H
XRA B
ouT PORT1
HLT
NEXT:  XRA B
P START
ouT PORT2
HLT

The execution of the above program in an 8085 microprocessor will result in
(a) an output of 87H at PORT1
(b) an output of 87H at PORT2

(c) infinite looping of the program execution with accumulator data remaining at
OOH

(d) infinite looping of the program execution with accumulator data alternating
between 00H and 87H '

2.14. The system shown in Figure 2.14 remains stable when

R(s) .
O »() ») »() :O Y(S)

(@) k<-1 (b) -1<kx<1 (c) 1<k<3 (k>3

100
(s+1)(s+100)

to the system the approximate settling time for 2% criterion is
(a) 100 sec (b) 4 sec (c) 1sec (d) 0.01 sec

2.15. The transfer function of a system is G(s) = .For a unit step input
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The characteristic polynomial of a system is q(s)=2s>+s* +4s® +2s? + 25 +1.
The system is

(a) stable (b) marginally stable (¢) unstable (d) oscillatory
The system with the open loop transfer function G(s)H(s) =;has a
s(s2 +S+ 1)

gain margin of
(a) -6dB (b) 0dB (c) 3.5dB (d)6 dB

An angle modulated signal is given by

s(t) = cos27(2x10°t +30sin150t + 40 cos 150t ).

The maximum frequency and phase deviations of s(t) are

(a) 10.5 KHz, 140x rad (b) 6 KHz, 80x rad
(c) 10.5 KHz, 100x rad (d) 7.5 KHz, 100x rad
_ 2sin2xt _ sin199xt

In figure 2.19 m(t) ,S(t) = cos200xt and n(t) .The output

t
y(t) will be

R - Lowpass
m(t) r® r@ filter > Y(t)

Cutoff frequency = 1Hz
Passband Gain =1

sin2xt sin2zt sinxzt

a s(t) n(t) s(b + cos 3t
(@) t tb) t t g
(c) Sth”t + sm0t.57rt cos1.5xt (d) smtz;rt + S”’;”t cos0.75xt

A signal x(t) = 100 cos(24nx103)t is ideally sampled with a sampling period of 50
Msec and then passed through an ideal low-pass filter with cutoff frequency of 15
KHz. Which of the following frequencies is/are present at the filter output?

(a) 12 KHz only (b) 8 KHz only
(¢) 12 KHz and 9 KHz (d) 12 KHz and 8 KHz

If the variance o} of d(n)=x(n)-x(n-1)is one-tenth the variance oZof a

stationary zero mean discrete time signal x(n), then the normalized

H . RXX (k) H
autocorrelation function 5 atk=1is
O-X
(a) 0.95 (b) 0.90 (c) 0.10 (d) 0.05
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Jzy
2.22. A plane wave is characterized by E = {0.5)“( +ye? ]ef“’t‘]kz. This wave is

(a) linearly polarized (b) circularly polarized
(c) elliptically polarized (d) unpolarized

2.23. Distilled water at 25° C is characterized by ¢ = 1.7 x 10* mho/m and e=78¢, at
a frequency of 3 GHz. Its loss tangent tan & is (¢ = 10™° /(36m)F/m)

(a) 1.3x107° (b) 1.3x 1073
(c) 1.7 x10%/78 (d) 1.7 x 10%/(78¢,)

2.24. The electric field on the surface of a perfect conductor is 2 V/m. The conductor is
immersed in water with e =80¢,. The surface charge density on the conductor is

(e = 107 /(36m)F/m)
(a) 0 C/m? (b) 2 C/m?
(c) 1.8 x 10! C/m? (d) 1.14 x 10° C/m?

2.25. A person with a receiver is 5 Km away from the transmitter. What is the distance
that this person must move further-to-detect a 3-dB decrease in signal strength?

(a) 942 m (b) 2070 m (c). 4978 m (d) 5320 m

SECTION - B (75 Marks)

This section consists of TWENTY questions (EC3-EC22) of FIVE marks each. Attempt ANY
FIFTEEN questions. Answers must be given in the answer book provided. Answer for
each question must start on a fresh page and must appear at one place only. (Answers
to all parts of a question must appear together).

3. The switch in Figure 3 has been in position 1 for a long time and is then moved to
position 2 att = 0.

25Kk te0 10u(-t)v
e T 1O
1L
x|
20kQ 5H
- 4H %mg
6V§ 2OHF/_VC
50kQ
|
a) Determine V.- (0") and I, (O* (b) Determine ave (¢) att=0"
(a) c(07) and I, ( i

(c) Determine V(t) fort > 0

Join All India Mock GATE Classroom Test Series - 2006 conducted by GATE Forum in over 25 cities all over India. Question
Papers including section tests and full tests are designed by IISc alumni according to the latest syllabus. Percentile, All India Rank,
interaction with IISc alumni in our online discussion forums, and more. Registration starts 10t May, 2005. For more details,
visit
www.gateforum.com
Think GATE Think GATE Forum




GATE EC - 2002 GATE Forum www.gateforum.com

Join discussion of this test paper at http://forum.gatementor.com

4, For the network shown in Figure 4, R = 1 KQ, L; = 2H, L,= 5H, Ls = 1H, Ly = 4H
and C = 0.2 pyF. The mutual inductances are M;; = 3H and Ms4 = 2H. Determine

(a) the equivalent inductance for the combination of Ls and Ly.
(b) the equivalent inductance across the points A and B in the network.
(c) the resonant frequency of the network.

I

Ls Ls

—
n
Vs(t) C") Mi> L> Msa L

°

=

B
C
5. Consider the network in Figure 5.
10Q
— NW\
5Q
10—0——N\N\ L 4 o 2
L —»
PORT-1 Lrh
100 ¢ o1,  PORT-2
1'e l * o2’
I

(a) Find its short-circuit admittance parameters.
(b) Find the open-circuit impedance Z,,.

6. A triangular voltage waveform V;(t) figure 6(a) is applied at the input to the
circuit of Figure 6(b). Assume the diodes to be ideal.

(a) Determine the output Vy(t).

(b) Neatly sketch the output waveform superimposed on the input V;(t) and label

the key points. 0.5K0 D,

Vi(t)
T >

12Vi--+

AAVAVEN S i a

Join All India Mock GATE Classroom Test Series - 2006 conducted by GATE Forum in over 25 cities all over India. Question
Papers including section tests and full tests are designed by IISc alumni according to the latest syllabus. Percentile, All India Rank,
interaction with IISc alumni in our online discussion forums, and more. Registration starts 10t May, 2005. For more details,
visit
www.gateforum.com
Think GATE Think GATE Forum

1KQ

[ ]




GATE EC - 2002 GATE Forum www.gateforum.com

Join discussion of this test paper at http://forum.gatementor.com

7. Figure 7 shows a 2-stage Vee=+10V
amplifier. The transistors Q1
and Q2 are identical with
current gain B = 100; further
Bac = Bac = B. The Zener diode
D, has a break down voltage
V,= 10.7 volt. Assume that D,
is in breakdown region and its
dynamic resistance r, is zero.
The capacitors C1 and C2 are
large and provide negligible
impedance at signal
frequencies.

©

(a) Identify the configuration
in each of the amplifier Vee=-10V
stages (i.e., whether CE,
CC, CB etc.)

(b) Determine the quiescent quantities Ic; and V¢;.

Vv
(c) Derive an expression for the voltage gain AVAVOand determine its value.
S

(Assume Vgg = 0.7V, rp=e and Thermal voltage V1 = 25 mV)

8. Consider the circuit of Figure 8. The op-amp used is ideal.
Vcei=+15V
+5V
Veeo=+12V
R L Vi
100KQ § Q
~
<
N
<
N
< Re
10KQ
I
RSP
= 1091 l
VEEl='15V
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(a) In which mode is the BJT operating (i.e. active, saturation or cutoff)? Justify
your answer.

(b) Obtain an expression relating the output current Iy and the input voltage V..
(c) Determine Iy and Vgp if V; = 2 Volt (Vgp:output of opamp)
(Assume B = 99 and Vge = 0.7 V)

9. The inputs to a digital circuit shown in Figure 9(a) are the external signals A, B
and C.
+5V
5 Table 9
A —Dbn s
B DIGITAL s | Y
CIRCUIT X Y 0 | Do
C D1 1 D
L

(A,B and C are not available). The +5V power supply (logic 1) and the ground
(logic 0) are also available. The output of the circuitis X = AB+ A B C .
(a) Write down the output function in_its canonical SOP and POS forms.

(b) Implement the circuit usingionly_two’'2:1 'multiplexers shown in Figure 9(b),
where S is the data-select line, Dy and D; are the input data lines and Y is
the output lines. The function table for the multiplexer is given in table 9.

10. Each transistor in Figure 10 has dc current gain B4 = 50, cut-in voltage
Vy =0.65V and Vgg, ot = 0.75 V. The output voltage V, for T, in saturation can be

as high as 0.2 V. Assume 0.7 V drop across a conducting p-n junction.
Determine?

L 4 0

Re=1kQ

Re: Vo(output)

Vi(inp(;it)_]li

T

T2
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(a) the minimum value Iz, necessary to keep T, saturation.
(b) the maximum permissible value for the resistance Rg;.

(c) the worst-case high input (logic 1) and the worst-case low input (logic 0) for
which T, will be either in saturation or in cut off.

11. It is required to design a binary mod-5 synchronous counter using AB flip-flops
such that the output Q,Q:Qo changes as 000 - 001 - 010 ..... and so on. The
excitation table for the AB flip-flop is given in table 11.

(a) Write down the state table for the mod-5 counter.

(b) Obtain simplified SOP expressions for the inputs A,, B,, A;, B;, Ay and Bg in
terms of Q,, Q;, Qo and their complements.

(c) Hence, complete the circuit diagram for the mod-5 counter given in Figure 11
using minimum number of 2-input NAND-gate only.

A B | Qu
0O O 1
0 1| Q,
1+ 0| Qn
1 B1l{o
—> —> —a>
Clock
12. An 8085 microprocessor operating at 5 MHz clock frequency execute the
following routine.
START MOVE A,B
ouT 55H
DCR B
STA FFF8H
JMP START

(a) Determine the total number of machine cycles required to execute this
routine till the JMP instruction is executed for the first time.

(b) Determine the time interval between two consecutive MEMW signals.
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(c) If the external logic controls the READY line so that three WAIT states are
introduced in the I/O WRITE machine cycle, determine the time interval

between two consecutive MEMW signals.

1

13. A unity feedback system has the plant transfer function G, (s) = m

(a) Determine the frequency at which the plant has a phase lag of 90°

(b) An integral controller with transfer function G, (s) :gis placed in the feed-

forward path of the feedback system. Find the value of k such that the
compensated system has an open-loop gain margin of 2.5.

(c) Determine the steady state errors of the compensated system to unit-step
and unit-ramp inputs.

14. The Nyquist plot of an all-pole second order open-loop system is shown in Figure

14. Obtain the transfer function of the system. ;54

» Real

15. The block diagram of a linear time invariant system is given in Figure 15.

raN

+

- X + Xi(s)
U(s)O—¢ > 1/s ) =CZ> » 1/s : >ﬁ\ T yF—>0Y(s)

A
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(a) Write down the state variable equations for the system in matrix form
assuming the state vector to be | x (t)x, (t)]T.

(b) Find out the state transition matrix.

(c) Determine y(t), t = 0, when the initial values of the state at time t = 0 are x;
(0) =1, and x, (0) = 1.

16. A deterministic signal x(t) = cos2nt is passed through a differentiator as shown in
Figure 16.

x(t) 1 d y(t)
- - -
27 dt

(a) Determine the autocorrelation Ry, (T) and the power spectral density S,,(f).
(b) Find the output power spectral density S,,(f).

(c) Evaluate R,,(0) and ny[%j.

17. A DSBSC modulated signal s(t) = 10 cos (2n x 10%+0¢)m(t’) is corrupted by an
additive white Gaussian noise of power spectral density 10 W/Hz. The message
power spectral density Smm(f)\iS @s shown in Figure 17 and ¢ is uniformly
distributed over the range 0-to 2~.

Smm(f)
A

10 W/Hz

» f

-3KHz +3KHz
(a) Express the signal autocorrelation function Rss(T) in terms of the message
autocorrelation function R,,»(T). Clearly state the necessary assumptions.
(b) Determine the signal power spectral density Sss(f).

(c) Find the power of the modulated signal and the noise power in the
transmissions bandwidth.

18. A continuous time signal with finite energy, band limited from 3 MHz to 5 MHz is
ideally sampled, encoded by a fixed length PCM coder and then transmitted over
a digital channel of capacity 7 Mbps. The probability density function (pdf) at the
output of the sampler is uniform over the range -2V to +2V.

(a) Determine the minimum sampling rate necessary for perfect reconstruction.
(b) Determine the maximum SNR (in dB) that may be achieved.
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19. A discrete memory-less source generates either 0 or 1 at a rate of 160 Kbps; 0 is
generated three times more frequently than 1. A coherent binary PSK modulator
is employed to transmit these bits over a noisy channel. The received bits are
detected in a correlator fed with the basis function of unit energy (for this binary
PSK scheme) as the reference signal. The receiver makes a decision in favour of
1 if the correlator output is positive, else decides in favour of 0. If 0 and 1 are

represented as —(6«/§cos6407rx103t)v and (6J§cos640zx 1O3t)Vrespectiver,

then
(a) determine the transmitted signal energy per bit.
(b) determine the basis function of unit energy for this binary PSK scheme.

(c) determine the probability that the receiver makes a decision in favour of 1
when the channel noise is characterized as zero-mean AWGN with power

spectral density % =3.125x107*W / Hz

20. Transmission line transformation of a load Z, and Z is given by

77 Z, + jZytan(pl)
" 707z, + jZ, tan(BI)

(a) Show that the above transformation implies that the impedance Z gets
transformed to Z, for real Z.

(b) What is the importance of the result- derived in (a)?

21. Consider a parallel plate wave-guide with plate separation d as shown in Figure
21 electric and magnetic fields for the TEM-mode are given by

_ —jkz + jot
E, =Eye

E ez i
H =_Oe—] Z+ jot
Y ' 'n
where k = nee

(a) Determine the surface charge densities ps on the plates at x = 0 and x = d.
(b) Determine the surface current densities Js on the same plates.

(c) Prove that ps and Js satisfy the current continuity condition.

l Z
T
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22. Consider a linear array of two half-wave dipoles A and B as shown in Figure 22.
The dipoles are %apart and are excited in such a way that the current on

element B legs that on element A by 90° in phase.

(a) Obtain the expression for the radiation pattern for Egin the XY plane (i.e,
06=90°)

(b) Sketch the radiation pattern obtained in (a).

Fa
\
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Q.1 - Q.30 Carry One Mark Each

1. The minimum number of equations required to analyze the circuit shown in
Fig.Q.1 is C c
-
AW\ AW
R R

(a) 3 (b) 4 (c) 6 (d)7

2. A source of angular frequency 1 rad/sec has a source impedance consisting of 1Q
resistance in series with 1 H inductance. The load that will obtain the maximum
power transfer is

(a) 1 Q resistance

(b) 1 Q resistance in parallel with 1 H inductance
(c) 1 Q resistance in series with 1 F capacitor
(d) 1 Q resistance in parallel with |1 Fcapacitor

3. A series RLC circuit has a resonance frequency of 1 kHz and a quality factor Q =
100. If each R, L and C is doubled from its original value, the new Q of the circuit
is
(a) 25 (b) 50 (c) 100 (d) 200

4. The Laplace transform of i(t) is given by I (s) = 2

s(1+5)
As t 2 «, the value of i(t) tends to
(a) 0 (b) 1 (c) 2 (d) =
5. The differential equation for the current i(t) in the circuit of Figure Q.5 is
2- .
(a) Zd—zl+2ﬂ+i(t):sint A
dt dt + i(t) 20 2H
2. . . 1F
(b) £+2ﬂ+2i(t)=cost smt()
de? dt -
2 .
(c) 2%+2%+i(t) = cost
d’i L di . .
d) —+2—+2i(t)=sint
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6. n-type silicon is obtained by doping silicon with
(a) Germanium (b) Aluminum (c) Boron (d) Phosphorus
7. The bandgap of silicon at 300 K is
(a) 1.36 eV (b) 1.10 eV (c) 0.80eV (d) 0.67 eV
8. The intrinsic carrier concentration of silicon sample of 300 K is 1.5 x10%/m3. If
after doping, the number of majority carriers is 5 x 10°°/m?, the minority carrier
density is
(a) 4.50 x 10'Y/m? (b) 3.33 x 10%/m?
(c) 5.00 x 10°°/m3 (d) 3.00x 10°/m?
9. Choose proper substitutes for X and Y to make the following statement correct

Tunnel diode and Avalanche photodiode are operated in X bias and Y bias
respectively.

(a) X: reverse, Y: reverse (b) X: reverse, Y: forward
(c) X: forward, Y: reverse (d) X: forward, Y: forward
10. For an n-channel enhancement &ype- MOSFET, if the source is connected at a

higher potential than that of the bulk (iiel.Vég > 0), the threshold voltage V; of
the MOSFET will

(a) remain unchanged (b) decrease
(c) change polarity (d) increase
11. Choose the correct match for input resistance of various amplifier configurations

shown below.

Configuration Input resistance
CB: Common Base LO: Low

CC: Common Collector = MO: Moderate
CE: Common Emitter HI: High

(a) CB-LO, CC-MO, CE-HI (b) CB-LO, CC-HI, CE-MO
(c¢) CB-MO, CC-HI, CE-LO (d) CB-HI, CC-LO, CE-MO

12. The circuit shown in figure is best described as a
(a) bridge rectifier
(b) ring modulator <~> YZ
(c) frequency discriminatory l tO_
(d) voltage doubler —" T
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13. If the input to the ideal comparator shown in figure is a sinusoidal signal of 8V
(peak to peak) without any DC component, then the output of the comparator
has a duty cycle of

Input &——

+
Output
Vier =2V @&——~
1 1 1 o]
= by = = d)
(a)2 ()3 (C)6 ()12
14. If the differential voltage gain and the common mode voltage gain of a

differential amplifier are 48 dB and 2 dB respectively, then its common mode
rejection ratio is

(a) 23 dB (b) 25 dB (c) 46 dB (d) 50 dB

15. Generally, the gain of a transistor amplifier falls at high frequencies due to the
(a) internal capacitances of the device
(b) coupling capacitor at the input
(c) skin effect ) .
(d) coupling capacitor at the output

16. The number of distinct Boolean expression of 4 variables is
(a) 16 (b) 256 (c) 1024 (d) 65536

17. The minimum number of comparators required to build an 8 it flash ADC is
(a) 8 (b) 63 (c) 255 (d) 256

18. The output of the 74 series of TTL gates is taken from a BJT in
(a) totem pole and common collector configuration
(b) either totem pole or open collector configuration
(c) common base configuration
(d) common collector configuration

19. Without any additional circuitry, an 8:1 MUX can be used to obtain
(a) some but not all Boolean functions of 3 variables
(b) all function of 3 variables but none of 4 variables
(c) all functions of 3 variables and some but not all of 4 variables
(d) all functions of 4 variables
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A 0 to 6 counter consists of 3 flip flops and a combination circuit of 2 input
gate(s). The combination circuit consists of

(a) one AND gate (b) one OR gate
(c) one AND gate and one OR gate (d) two AND gates

The Fourier series expansion of a real periodic signal with fundamental frequency

fois given by g, (t) = z c,e’?™t it is given that C; = 3 + j5. Then C.sis

N=—o0

(@) 5+j3 (b) -3-i5 (c) -5+j3 (d) 3-j5

Let x(t) be the input to a linear, time-invariant system. The required output is
4x(t-2). The transfer function of the system should be

(a) 4ej47rf (b) ze—j87rf (C) 4e—j47rf (d) zejSﬂ'f

A sequence x(n) with the z-transform X(z) = z* + 22 -2z+2-3z"*is applied as
an input to a linear, time-invariant system with the impulse response h(n) =
28(n-3) where

5(n) = 1,n=0 .
0, otherwise

The outputatn =4is
(a) -6 (b) zero (c) 2 (d) -4

Figure shows the Nyquist plot of the open-loop transfer function G(s)H(s) of a
system. If G(s)H(s) has one right hand pole, the closed loop system is

Im
A

GH-plane

} » Re
0=0 N\ (-1,0)

o
o positive

(a) always stable

(b) unstable with one closed loop right hand pole
(c) unstable with two closed loop right hand poles
(d) unstable with three closed loop right hand poles
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25. A PD controller is used to compensate a system. Compared to the
uncompensated system, the compensated system has

(a) a higher type number (b) reduced damping
(c) higher noise amplification (d) larger transient overshoot

26. The input to a coherent detector is DSB-SC signal plus noise. The noise at the
detector output is

(a) the in-phase component (b) the quadrature-component
(c) zero (d) the envelope

27. The noise at the input to an ideal frequency detector is white. The detector is
operating above threshold. The power spectral density of the noise at the output

is
(a) raised cosine (b) flat (c) parabolic (d) Gaussian

28. At a given probability of error, binary coherent FSK is inferior to binary coherent
PSK by
(a) 6dB (b) 3dB (c) 2dB (d)0 dB

29. The unit of Vx H is
(a) Ampere (b) Ampere/meter
(c) Ampere/meter? (d) Ampere-meter

30. The depth of penetration of electromagnetic wave in a medium having
conductivity ¢ at a frequency of 1 MHz is 25 cm. The depth of penetration at a
frequency of 4 MHz will be

(a) 6.25cm (b) 12.50 cm (c) 50.00 cm (d) 100.00 cm

Q.31 - Q.90 Carry Two Marks Each

31. Twelve 1Q resistances are used as edges to form a cube. The resistance between
two diagonally opposite corners of the cube is
5 1 6 3
a) —Q b) = c) =Q d) =Q
(a) 5 (b) 5 (c) c (d) >
32. The current flowing through the resistance R in the circuit in figure has the form
P cos 4t, where P is M=0.75H

1/10.24F
(a) (0.18+j0.72) —

(b) (0.46+j1.90) % 30 % %szm
(c) -(0.18+j1.90) '

(d) -(0.192+j0.144) Vercosdt
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The circuit for Q.33-34 is given in figure. For both the questions, assume that the
switch S is in position 1 for a long time and thrown to position 2 at t = 0.

——o

C
1l
1

e L
V—
R -—=C
33. At t = 0%, the current iy is
-V -V -V

a) — b) — Q) — d) zero

(a) SR (b) R () IR (d)
34. I, (s) and I, (s)are the Laplace transforms of i, (t) and i, (t)respectively. The

equations for the loop currents I, (s) and I, (s)for the circuit shown in figure
Q.33-34, after the switch is-brought from position 1 to position 2 att = 0, are

_ ) ) )
R+ L —_— -L Vv
“Ls R+ L|LL(S)] g
L Cs | -
(b) R+Ls+— -Ls Il(S) i _%
1 || (s)
-Ls R+— (L2 0
L Cs | -
R+LS+C— —LS Il(S) ~ K
(©) I =|s
“Ls R+Ls+ 1 |2(5)] |o
@ R+Ls+— —-Ls Il(S) ) _K
L(s)| | o
-Ls R+Ls+—|L2 0

35.  An input voltage v(t) = 102 cos(t+10°)+10y3 cos(2t+10°)Vis applied to a

series combination of resistance R = 1Q and an inductance L = 1H. The resulting
steady state current i(t) in ampere is
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(@) 10cos(t+55°)+10 cos(2t +10°+tan™! 2)

(b) 10cos(t+55°)+10\/§cos(2t+55°)
(c) 10cos(t—35°)+10cos (2t +10° - tan™* 2|

(d) 10cos(t-35°)+ 10\/2 cos (2t —35°)
The driving point impedance Z(s) of a network has the pole-zero locations as
shown in figure. If Z(0) =3, then Z(s) {ﬁq
3(s+3)
s +25+3
2(s+3)
s +25+2
3(s-3)
s2-25-2 V ) Re
2(s-3)
s2-25-3 : 1

(a)

(b)

s-plane

()

(d)

O - denotes zero
x — denotes pole

The impedance parameters Z;; and Z,, of the two-port network in figure are
(a) Zy = 2.75Q and Zi> =0.25Q

20 2Q 3Q
(b) Zi1 = 3Q and Zi; =0.5Q 10—N\N\ —9)
(C) Zi1 = 3Q and Z1 =0.25Q 10 10

(d) Zi1 = 2.25Q and Zi> =0.5Q

1l'e 2

An n-type silicon bar 0.1 cm long and um? in cross-sectional area has a majority
carrier concentration of 5 x 10?°/m3 and the carrier mobility is 0.13m?%/V-s at
300K. if the charge of an electron is 1.6x10°*° coulomb, then the resistance of the
bar is

(a) 10° ohm (b) 10% ohm (c) 10 ohm (d) 10 ohm

The electron concentration in a sample of uniformly doped n-type silicon at 300 K
varies linearly from 10Y/cm® at x = 0 to 6 x 10!%/cm® at x = 2um. Assume a
situation that electrons are supplied to keep this concentration gradient constant
with time. If electronic charge is 1.6x10™'° coulomb and the diffusion constant
D, = 35 cm?/s, the current density in the silicon, if no electric field is present, is

(a) zero (b) -112 A/cm?
(c) +1120 A/cm? (d) -1112 A/cm?
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Match items in Group 1 with items in Group 2, most suitably.

Group 1 Group 2
P LED 1 Heavy doping
Q Avalanche photodiode 2 Coherent radiation
R Tunnel diode 3 Spontaneous emission
S LASER 4 Current gain
(@) P-1 Q-2 R-45S-3 (b)y P -2 Q-3 R-15S-4
(c) P-3 Q-4 R-15S5-2 (dP-2Q-1R-45S5-3

At 300 K, for a diode current of 1 mA, a certain germanium diode requires a
forward bias of 0.1435V, whereas a certain silicon diode requires a forward bias
of 0.718V. Under the conditions stated above, the closest approximation of the
ratio of reverse saturation current in germanium diode to that in silicon diode is

(a) 1 (b) 5 (c) 4x 103 (d) 8 x 103

A particular green LED emits light;ef-wavelength 5490°A. The energy bandgap of
the semiconductor material usédi.there is/(Planck’s constant = 6.626x1034]-s)

(a) 2.26 eV (b) 1.98 eV (c) 1.17 eV (d)0.74 eV

When the gate-to-source voltage (Vgs) of a MOSFET with threshold voltage of
400mV, working in saturation is 900 mV, the drain current in observed to be 1
mA. Neglecting the channel width modulation effect and assuming that the
MOSFET is operating at saturation, the drain current for an applied Vgs of 1400
mV is

(a) 0.5 mA (b) 2.0 mA (c) 3.5 mA (d) 4.0 mA

If P is Passivation, Q is n-well implant, R is metallization and S is soruce/drain
diffusion, then the order in which they are carried out in a standard n-well CMOS
fabrication process, is

(a) P-Q-R-S (b) Q-S-R-P (c) R-P-S-Q (d) S-R-Q-P

An amplifier without feedback has a voltage gain of 50, input resistance of 1 KQ
and output resistance of 2.5 KQ. The input resistance of the current-shunt
negative feedback amplifier using the above amplifier with a feedback factor of
0.2, is

1 1
(a) Ke (b) KO (c) 5KQ (d) 11 KQ
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46. In the amplifier circuit shown in figure, the values of R; and R, are such that the
transistor is operating at V= 3V and I = 1.5mA when its B is 150. For a
transistor with B of 200, the operating point (Vcg, I¢c) is

(a) (2V, 2 mA) . oV =6V
(b) (3V, 2 mA) R R2
(c) (4V, 2 mA) —

(d) (4V, 1 mA)

™

47. The oscillator circuit shown in figure has an ideal inverting amplifier. Its
frequency of oscillation (in Hz) is

C C C
— I} I}
R R R
1 1 1 J6
(a) (2;;@Rc) (b) [27RC) (c) (@Rc) ( )—(anc)

48. The output voltage of the regulated power supply shown in figure is

+
1KQ
15V DC 3
Unregulated SR
Power N Va=3V | N
Source
NWA °
40KQ
20KQ Regulated
DC Output
(a) 3V (b) 6V (c) 9V (d) 12V
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The action of a JFET in its equivalent circuit can best be represented as a
(a) Current Controlled Current Source
(b) Current Controlled Voltage Source
(c) Voltage Controlled Voltage Source
(d) Voltage Controlled Current Source

5kQ
If the op-amp in figure is ideal, M
the output voltage V.. will be 1kQ
equal to v e——NWW - oV
(a) 1V 3V M |+ .
(b) 6V 1kQ
(c) 14V 8ka
(d) 17v L

Three identical amplifiers with each one having a voltage gain of 50, input
resistance of 1 KQ and output resistance of 250Q, are cascaded. The open circuit
voltage gain of the combined amplifier is

(a) 49 dB (b) 51 dB (c) 98 dB (d) 102 dB

An ideal sawtooth voltage waveform—of frequency 500 Hz and amplitude 3V is
generated by charging a capacitor of 2 puF in every cycle. The charging requires

(a) constant voltage source of 3V for 1 ms
(b) constant voltage source of 3 V for 2 ms
(c) constant current source of 3 mA for 1 ms
(d) constant current source of 3 mA for 2 ms

The circuit shown in figure has 4 boxes each described by inputs P, Q, R and
outputs Y, Z with

Y=P®Q®R
S Q
Z=RQ+PR+QP f_LW
P{
> Q P Q P Q P Q
Z R z R Z R z R
Y Y Y
——
Output
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The circuit acts as a

(a) 4 bit adder giving P + Q (b) 4 bit subtractor-giving P - Q
(c) 4 bit subtractor-giving Q - P (d) 4 bit adder givingP + Q + R
54, If the functions W, X, Y and Z are as follows

W =R+PQ+RS
X=PQRS+PQRS+PQRS
Y =RS +PR+PQ+P.Q
Z=R+S+PQ+PQR+PQS

Then
(@) W =2ZX=2Z (b)W=2ZX=Y (c) W=Y (dwW=Y=2Z
55. A 4 bit ripple counter and a 4 bit synchronous counter are made using flip-flops

having a propagation delay of 10 ns each. If the worst case delay in the ripple
counter and the synchronous counter be R and S respectively, then

(@) R=10ns,S =40ns (b) R=40ns,S =10ns
(c) R=10ns,S=30ns (d) R=30ns,S=10ns

56. The DTL, TTL, ECL and CMOS families of digital ICs are compared in the following

4 columns
(P) (Q) (R)y (S)
Fanout is minimum DTL DTL TTL CMOS
Power consumption is minimum  TTL CMOS ECL DTL

Propagation delay is minimum CMOS ECL TTL  TTL

The correct column is

(a) P (b) Q () R (d)s

57. The circuit shown in figure is a 4-bit AA

DAC I ||| S—
2
The input bits 0 and 1 are represented MRM -
by 0 and 5 V respectively. The OP AMP °
is ideal, but all the resistances and the ,.4”'} —t

5V inputs have a tolerance of +10%.
The specification (rounded to the MW R
nearest multiple of 5%) for the

tolerance of the DAC is =

(@) +35% (b) +20% (c) +10% (d) £5%
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58. The circuit shown in figure converts
INPUTS

MSB

Doy

—

1=

MSB

(a) BCD to binary code

(c) Excess - 3 to Gray code

OUTPUTS

(b) Binary to excess - 3 code

(d) Gray to Binary code

59. In the circuit shown in Figure, A is a parallel in, parallel-out 4-bit register, which
loads at the rising edge of the clock C. The input lines are connected to a 4-bit
bus, W. Its output acts as the input to. a 16x4 ROM whose output is floating when
the enable input E is 0. A partiglitable of the contents of the ROM is as follows

Address 0 2 4 6 8 10 11 14
Data 0011 1111 0100 1010 1011 1000 0010 1000
W
MSB
[
C
1
E
I
C:
: —
§tl t2 Time
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The clock to the register is shown, and the data on the W bus at time t; is 0110.
The data on the bus at time t, is

(a) 1111 (b) 1011 (c) 1000 (d) 0010

60. In an 8085 microprocessor, the instruction CMP B has been executed while the
content of the accumulator is less than that of register B. As a result

(a) Carry flag will be set but Zero flag will be reset
(b) Carry flag will be reset but Zero flag will be set
(c) Both Carry flag and Zero flag will be reset

(d) Both Carry flag and Zero flag will be set

61. Let X and Y be two statistically independent random variables uniformly
distributed in the ranges (-1,1) and (-2,1) respectively. Let Z = X + Y. then the
probability that [Z<-2] is

1 1 1
(a) zero (b) 5 (c) 3 (d) 5

62. Let P be linearity, Q be time-invariance, R be causality and S be stability. A
discrete time system has the input-output relationship,

x(n), n>1
y(n)= 0, n=0
x(n+1), n<-1

where x(n) is the input and y(n) is the output. The above system has the

properties
(a) P, SbutnotQ, R (b) P, Q, S but not R
(C) PI QI RI S (d) Q, R, S but not P

Data for Q.63-64 are given below. Solve the problems and choose the correct answers.

The system under consideration is an RC low-pass filter (RC-LPF) with R = 1.0 kQ and
C = 1.0pF.

63. Let H(f) denote the frequency response of the RC-LPF. Let f; be the highest
IH ()
H(0)

(a) 327.8 (b) 163.9 (c) 52.2 (d) 104.4

frequency such that 0 <|f| < f, >0.95.Then f; (in Hz) is

64. Let t,(f) be the group delay function of the given RC-LPF and f, = 100 Hz. Then
ty(f2) in ms, is

(a) 0.717 (b) 7.17 (c) 71.7 (d) 4.505
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Data for Q.65 - 66 are given below. Solve the problems and choose the correct
answers.

X(t) is a random process with a constant mean value of 2 and the autocorrelation
function R, (7) = 4[e_0'2‘f‘ - 1}.

65. Let X be the Gaussian random variable obtained by sampling the process at t = t;
2
T 1 A
and let Q(a)=|—=—¢€ 2 dy.
Q(a) i 52 dy
The probability that [x <1]is
(a) 1-Q(0.5) (b) Q(0.5) (©) Q[ij (d) 1—Q[Lj
' ' 242 242

66. Let Y and Z be the random variables obtained by sampling X(t) att =2 andt =4
respectively. Let W =Y - Z. The variance of W is

(a) 13.36 (b) 9.36 (c) 2.64 (d) 8.00

67. Let x(t) = 2cos(800xnt) + cos(1400xnt). x(t) is sampled with the rectangular pulse
train shown in figure. The only_spectral components (in kHz) present in the
sampled signal in the frequency‘range 2.5 kHz to 3.5 kHz are

p(t)
A
3
>t
-To -To/6 0 To/6 To

To=1073sec
(a) 2.7, 3.4 (b) 3.3, 3.6
(c) 2.6, 2.7, 3.3, 3.4, 3.6 (d) 2.7, 3.3

68. The signal flow graph of a system is shown in figure. The transfer function
C(s)
R(s)

of the system is

R(s) 1
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6 6s s(s+2 s(s+27
S°+29s5+6 S°+29s+6 S°+29s+6 S°+29s5+6
69.  The root locus of the system G(s)H(s)= K hasthe break-away point
s(s+2)(s+3)
located at
(a) (-0.5,0) (b) (-2.548,0) (c) (-4,0) (d) (-0.784,0)

70. The approximate Bode magnitude plot of a minimum-phase system is shown in
figure. The transfer function of the system is

dB
A
160
140
20
0.1 10 100 "
s (s+0.1) . (s+0.1)
(a) 10 5 (b) 10
(s +10)* (s +100) (s+10)(s+100)
2 3
s+0.1 s+0.1
(C) 108 ( 2 ) (d) 109 ( ) 2
(s +10)" (s+100) (s +10)(s +100)
C
71. A second-order system has the transfer function (s) 4

R(s) TS ias+4

with r(t) as the unit-step function, the response c(t) of the system is represented

by
(a) Step Response (b) Step Response
1.5 1
I S A~
(] ()
E E 0.5
g g
£os £
0 0
0 2 4 6 0 2 4 6
Time(sec) Time(sec)

Figure (a) Figure (b)
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Step Response

(c) (d),
5 Step Response
1.5
(]
© (0]
= T A A T N | T 0.5
os S
< { <E(
0
0 5 10 15 20 25
Time (sec) 0
. 0 5 10
Figure (c) Time(sec)
Figure (d)
(a) Figure (a) (b) Figure (b) (c) Figure (c) (d) Figure (d)

The gain margin and the phase margin of a feedback system with

G(s)H(s):mare

(a) 0dB, 0° (b) oo, oo (C) oo, 0° (d) 88.5 dB,

The zero-input response of a sy}stem given by the state-space equation

I S o) Lol
o] el el el

A DSB-SC signal is to be generated with a carrier frequency f. = 1MHz using a
nonlinear device with the input-output characteristic

Vo = Vv, +a,v?

where ap and a; are constants. The output of the nonlinear device can be filtered
by an appropriate band-pass filter.

Let v; = A, cos(2zf/t) + m(t)where m(t) is the message signal. Then the value of
f/ (in MHz) is

(a) 1.0 (b) 0.333 (c) 0.5 (d) 3.0
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The data for Q.75 = 76 are given below. Solve the problems and choose the correct
answers.

Let m(t)= cos[(47rx103)tJ be the message signal and

c(t) =5cos [(an 106)t] be the carrier.

75. c(t) and m(t) are used to generate an AM signal. The modulation index of the
Total sideband power is

Carrier power

generated AM signal is 0.5. Then the quantity
1 1 1 1
= by — - d) =
(a) > (b) 7] (c) 3 (d) 8

76. c(t) and m(t) are used to generate an FM signal. If the peak frequency deviation
of the generated FM signal is three times the transmission bandwidth of the AM

singal, then the coefficient of the term cos[27r(1008><103t)]in the FM signal (in

terms of the Bessel coefficients) is

(@) 57, (3) (b) ng (3) (©) gJB (4) (d) 57, (6)

77. Choose the correct one from among the alternatives A, B, C, D after matching an
item in Group 1 with the most appropriate item in Group 2.

Group 1 Group 2
P Ring modulator 1 Clock recovery
Q VCO 2 Demodulation of FM
R Foster-Seely discriminator 3 Frequency conversion
S Mixer 4 Summing the two inputs
5 Generation of FM
6 Generation of DSB-Sc
(@) P-1 Q-3 R-2S-4 (b) P-6 Q-5 R-2S-3
(c) P-6 Q-1 R-3S-2 (dP-5Q-6 R-1S5-3

78. A superheterodyne receiver is to operate in the frequency range 550 kHz - 1650
kHz, with the intermediate frequency of 450 kHz. Let R = ﬁdenote the
min
required capacitance ratio of the local oscillator and I denote the image frequency
(in kHz) of the incoming signal. If the receiver is tuned to 700 kHz, then

(@) R=4.41,1= 1600 (b) R=2.10,1= 1150
(c) R=3.0,1= 1600 (d) R=19.0,1=1150

Join All India Mock GATE Classroom Test Series - 2006 conducted by GATE Forum in over 25 cities all over India. Question
Papers including section tests and full tests are designed by IISc alumni according to the latest syllabus. Percentile, All India Rank,
interaction with IISc alumni in our online discussion forums, and more. Registration starts 10t May, 2005. For more details,
visit
www.gateforum.com
Think GATE Think GATE Forum




GATE EC - 2003 GATE Forum www.gateforum.com

79.

80.

81.

82.

83.

84.

85.

Join discussion of this test paper at http://forum.gatementor.com

A sinusoidal signal with peak-to-peak amplitude of 1.536 V is quantized into 128
levels using a mid-rise uniform quantizer. The quantization noise power is

(a) 0.768 V (b) 48 x 107°Vv? (c) 12 x 10°Vv? (d) 3.072 Vv

If E,, the energy per bit of a binary digital signal, is 10® watt-sec and the one-
sided power spectral density of the white noise, No = 10 W/Hz, then the output
SNR of the matched filter is

(a) 26 dB (b) 10dB (c) 20dB (d) 13 dB

The input to a linear delta modulator having a step-size & = 0.628 is a sine wave
with frequency f,, and peak amplitude E,,. If the sampling frequency f; = 40 kHz,
the combination of the sine-wave frequency and the peak amplitude, where slope
overload will take place is

Emn fim
(@) 0.3V 8 kHz
(b) 1.5V 4 kHz
(c) 1.5V 2 kHz
(d) 3.0V 1 kHz

If S represents the carrier synéhrohization at, the receiver and p represents the
bandwidth efficiency, then-the correct-statement-for the coherent binary PSK is

(@) p =0.5, Sis required (b) p =1.0, Sis required
(c) p = 0.5, Sis not required (d) p = 1.0, Sis not required

A signal is sampled at 8 kHz and is quantized using 8-bit uniform quantizer.
Assuming SNR, for a sinusoidal signal, the correct statement for PCM signal with
a bit rate of R is

(a) R = 32 kbps, SNR, = 25.8 dB (b) R = 64 kbps, SNR, = 49.8 dB
(c) R =64 kbps, SNR, = 55.8 dB (d) R =32 kbps, SNR, = 49.8 dB

Medium 1 has the electrical permitivity €;=1.5 g9 farad/m and occupies the region
to the left of x = 0 plane. Medium 2 has the electrical permitivity &, = 2.5 g
farad/m and occupies the region to the right of x = 0 plane. If E; in medium 1 is

E, = (2u, -3u, +1u,)volt/m, then E; in medium 2 is
(a) (2.0u, -7.5u, +2.5u,)volt/m (b) (2.0u, -2.0u, +0.6u, )volt/m

(¢) (1.2u, -3.0u, +1.0u,)volt/m (d) (1.2u, -2.0u, +0.6u, ) volt/m

If the electric field intensity is given by E = (xux +yu, + zuz)volt/m, the potential
difference between X(20,0) and Y(1,2,3) is
(a) +1 volt (b) -1 volt (c) +5 volt (d) +6 volt
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86. A uniform plane wave traveling in air is incident on the plane boundary between
air and another dielectric medium with &, = 4. The reflection coefficient for the
normal incidence, is

(a) zero (b) 0.5,180° (c) 0.333.0° (d) 0.3332180°

87. If the electric field intensity associated with a uniform plane electromagnetic
wave traveling in a perfect dielectric medium is give by

E(z,t)=10 cos(27r><107t = 0.17zz)volt/m, then the velocity of the traveling wave

is
(a) 3.00 x 10® m/sec (b) 2.00 x 10® m/sec
(c) 6.28 x 107 m/sec (d) 2.00 x 107 m/sec

88. A short-circuited stub is shunt connected to a transmission line as shown in
Figure. If Zy = 50 ohm, the admittance Y seen at the junction of the stub and the
transmission line is

/8 /

Zg
Z Zo Z,=1000hm

}47 M2 ———

A4

Y
(a) (0.01 -3j0.02) ohm (b) (0.02 -3j0.01) ohm
(¢) (0.04 -3j0.02) ohm (d) (0.02 + jO) ohm
89. A rectangular metal wave-guide filled with a dielectric material of relative

permitivity . = 4 has the inside dimensions 3.0cmx1.2cm. The cut-off frequency
for the dominant mode is

(a) 2.5 GHz (b) 5.0 GHz (c) 10.0 GHz (d) 12.5 GHz
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90. Two identical antennas are placed in the 6 = %plane as shown in figure. The

elements have equal amplitude excitation with 180° polarity difference, operating
at wavelength A. The correct value of the magnitude of the far-zone resultant

electric field strength normalized with that of a single element, both computed for
0=20,is

0]
E=d
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Q.1 - Q.30 Carry One Mark Each

1. Consider the network graph shown in figure. Which one of the following is NOT a
‘tree’ of this graph?

(a) [ \ (b) .
() \ / (d) T

2. The equivalent inductance measured between the terminals 1 and 2 for the

circuit shown in figure, is
M

[ ] /\ [ ]
o —— T —

(@) L,+L +M (b) L,+L,—-M () Ly+L+2M (d) L, +L, —-2M

3. The circuit shown in Fig.Q.3, with R = Q,L:%H,C:3F has input voltage

W~

v (t) = sin2t. The resulting current i(t) is

(a) 5sin(2t +53.1°)

(b) Ssin(2t —53.1°) - |
(c) 25sin(2t +53.1°) o RZ L% T¢
(d) 25sin(2t —53.1°) R I
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4, For the circuit shown in Fig.Q.4, the time constant RC = 1ms. The input voltage
is v, (t) = J2sin10°t. The output voltage v, (t)is equal to
R
(a) sin(10°t —45°) o—NWA o
H 3 o
(b) sin(10°t +45°) it Lo o
(c) sin(10°t —53°)
(d) sin(10°t +53°) ¢ *
5. For the R-L circuit shown in Fig.Q.5, the input voltage v, (t)= u(t).The current
i(t) is
1H
_—
i(t)
vi(t)
20
. |
(a) o (B i
0
0.31f--> 1
! 0.63 -~
2 t '
(sec) 1/2 t(sec)
i(t) i(t)
(c) (d)
J1/2 t(sec) 2 t(sec)
6. The impurity commonly used for realizing the base region of a silicon n-p-n
transistor is
(a) Gallium (b) Indium (c) Boron (d) Phosphorus
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7. If for a silicon n-p-n transistor, the base-to-emitter voltage (Vge) is 0.7V and the
collector-to-base voltage (Vc) is 0.2V, then the transistor is operating in the
(a) normal active mode (b) saturation mode
(c) inverse active mode (d) cutoff mode

8. Consider the following statements S; and S..

S:: The B of a bipolar transistor reduces if the base width is increased.

S,: The B of a bipolar transistor increases if the doping concentration in the base
in increased

Which one of the following is correct?

(a) S;is FALSE and S, is TRUE (b) both S;and S, are TRUE
(c) both S;and S, are FALSE (d) S;is TRUE and S, is FALSE
9. An ideal op-amp is an ideal
(a) voltage controlled current source (b) voltage controlled voltage source
(c) current controlled current source (d) current controlled voltage source
10. Voltage series feedback (alsocalled series shunt feedback) results in

(a) increase in both input /and Outputimpedances
(b) decrease in both input and output impedances
(c) increase in input impedance and decrease in output impedance
(d) decrease in input impedance and increase in output impedance

11. The circuit in Figure is a
R R — % V.t
Vine——NW N
—C = C
(a) low-pass filter (b) high-pass filter
(c) band-pass filter (d) band-reject filter

Join All India Mock GATE Classroom Test Series - 2006 conducted by GATE Forum in over 25 cities all over India. Question
Papers including section tests and full tests are designed by IISc alumni according to the latest syllabus. Percentile, All India Rank,
interaction with IISc alumni in our online discussion forums, and more. Registration starts 10t May, 2005. For more details,
visit
www.gateforum.com
Think GATE Think GATE Forum




GATE EC - 2004 GATE Forum www.gateforum.com

12.

13.

14.

15.

16.

Join discussion of this test paper at http://forum.gatementor.com

Assuming Vcesa=0.2V and B = 50, the minimum base current (Ig) required to
drive the transistor in Fig.Q.12 to saturation is

3V
(a) 56 pA
(b) 140 mA l‘c
(c) 60 pA T Lka
(d) 3 mA W 1

A master slave flip-flop has the characteristic that

(a) change in the input immediately reflected in the output

(b) change in the output occurs when the state of the master is affected
(c) change in the output occurs when the state of the slave is affected
(d) both the master and the slave states are affected at the same time

The range of signed decimal numbers that can be represented by 6-bite 1’'s
complement number is

(a) -31to +31 (b) -63 to +64 (c) -64to +63  (d)-32to +31

A digital system is required toamplify a binary-encoded audio signal. The user
should be able to control the gain of the-amplifier from a minimum to a maximum
in 100 increments. The minimum number of bits required to encode, in straight
binary is

(a) 8 (b) 6 (c) 5 (d) 7

Choose the correct one from among the alternatives A,B,C,D after matching an
item from Group 1 with the most appropriate item in Group 2.

Group 1 Group 2
P. Shift register 1. Frequency division
Q. Counter 2. Addressing in memory chips
R. Decoder 3. Serial to parallel data conversion
(@) P-3Q-2R-1 (b) P -3 Q-1 R-2
(c) P-2 Q-1 R-3 (dP-1Q-2R-2
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17. Figure shows the internal schematic of a TTL AND-OR-Invert (AOI) gate. For the
inputs shown in Figure, the output Y is

(@) 0 A
(b) 1 °
(c) AB 1"
—_— Inputs arer ——
(d) AB floating —
Vout
18. Figure is the voltage transfer characteristic of 4

(a) an NMOS inverter with enhancement mode

transistor as load AN

(b) an NMOS inverter with depletion mode transistor
as load

(c) A CMOS inverter
(d) A BJT inverter

19. The impulse response h[n] of a linear time-invariant system is given by
h{n]=u[n+3]+u[n-2]-2u[n-7]
where u[n] is the unit step sequence.~The above system is
(a) stable but not causal (b) stable and causal
(c) causal but unstable (d) unstable and not causal

20.  The distribution function f, (x)of a random variable X is shown in Fig.Q.20. the
probability that X = 1 is

(a) zero (b) 0.25 (c) 0.55 (d) 0.30
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z
z-0.2

If the ROC is |z| < 0.2, then the impulse response of the system is

The z-transfrom of a system is H(z) =

(a) (0.2)" u[n] (b) (0.2)" u[-n-1]

() —(0.2)"u[n] (d) —(0.2)" u[-n-1]

The Fourier transform of a conjugate symmetric function is always

(a) imaginary (b) conjugate anti-symmetric

(c) real (d) conjugate symmetric

The gain margin for the system with open-loop transfer function

2(1
G(s)H(z) = %,is
(@) = (b) O (c) 1 (d) -
Given the G(s)H(z) = A,the point of intersection of the asymptotes
s(s +1)(s 43
of the root loci with the real axis'is
(a) -4 (b) 1.33 (c) -1.33 (d) 4

In a PCM system, if the code word length is increased from 6 to 8 bits, the signal
to quantization noise ratio improves by the factor

(a) g (b) 12 (c) 16 (d) 8

An AM signal is detected using an envelope detector. The carrier frequency and
modulating signal frequency are 1 MHz and 2 KHz respectively. An appropriate
value for the time constant of the envelope detector is

(a) 500 psec (b) 20 psec (c) 0.2 psec (d) 1 psec

An AM signal and a narrow-band FM signal with identical carriers, modulating
signals and modulation indices of 0.1 are added together. The resultant signal
can be closely approximated by

(a) broadband FM (b) SSB with carrier
(c) DSB-SC (d) SSB without carrier
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In the output of a DM speech encoder, the consecutive pulses are of opposite
polarity during time interval t;<t<t,. This indicates that during this interval

(a) the input to the modulator is essentially constant

(b) the modulator is going through slope overload

(c) the accumulator is in saturation

(d) the speech signal is being sampled at the Nyquist rate

The phase velocity of an electromagnetic wave propagating in a hallow metallic
rectangular waveguide in the TE;; mode is

(a) equal to its group velocity

(b) less than the velocity of light in free space

(c) equal to the velocity of light in free space

(d) greater than the velocity of light in free space

Consider a lossless antenna with a directive gain of +6db. If 1mW of power is fed
to it the total power radiated by the antenna will be

(a) 4mw (b) 1mw Q) 7mw (d) %mW

Q.31 - Q.90 Carry Two Marks Each

For the lattice circuit shown in Fig. Q.31, Z, = j2Q and Z, = 2Q. The values of

the open circuit impedance parameters Z = \Z“ 12| are
Z21 222
1-j 1+
@ |, 7 1“.] 2
+J 1+ . 3
1—-j7 1+7
ORI
-1+j 1—j Z,
1+7 147
© [T z
1-7 17
1 -1 i
(@ [T 2 4
—1—j 1-7 Zy
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The circuit shown in Fig.Q.32 has initial current j, (0‘) = 1Athrough the inductor

and an initial voltage V. (0‘) = —1V across the capacitor. For input v(t) = u(t), the
Laplace transform of the current i(t) foert >0 is

10
MWV ——
+ —
i(t) +
S S+2 s—-2 s-2
a ———— b ———— C ——— d ————
(@) s +s+1 (b) s +s+1 © s +s+1 ()sl+s—1

Consider the Bode magnitude plot shown in Fig.33. The transfer function H(s) is

(a) (s +10) 20l0g|H(jo)]
(s+1)(s+100) ol

) -20dB/decade
10(s +10)
(s +1)(s +100)
10% (s +1)
(s +10)(s +100)

(b)

()

10° (s +100)
(s+1)(s+10)

-20 !
I
I
I
I
I
I
I
!
1

(d)

10 100

Vo (s)
Vi (s)

The transfer function H(s) = of an R-L-C circuit is given by

10°
Hs)=———7——
(5) s’ +20s +10°
the Quality factor (Q-factor) of this circuit is
(a) 25 (b) 50 (c) 100 (d) 5000

For the circuit shown in Fig.Q.35, the initial conditions are zero. Its transfer

V. (s
function H(s): C( )is
Vi (S) 10kQ 10mH
s* +10°s +10° (b) s? +10%°s +10°
10° (d) 10°
s> +10°s +10° s> +10%s +10°

(a)

Vi(t) 100pF 7=~ Vc(t)

()
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A system described by the following differential equation
2

(ZIT)Z/ + 3% +2y = X(t) is initially at rest. For input x(t) = 2u(t), the output y(t) is

(a) (1-2e* +e)ult) (b) (1+2e" —e)u(t)

(c) (0.5+e*+1.5e )u(t) (d) (0.5+2e" +2e*)ult)

Consider the following statements S;and S,
S:: At the resonant frequency the impedance of a series R-L-C circuit is zero.

S,: In a parallel G-L-C circuit, increasing the conductance G results in increase in
its Q factor.

Which one of the following is correct?
(a) S;is FALSE and S, is TRUE (b) both S; and S, are TRUE
(c) S;isTRUE and S, is FALSE (d) both S; and S, are FALSE

In an abrupt p-n junction, the doping concentrations on the p-side and n-side are
N, =9x10" /cm® and N, = 1x10" /cm’respectively. The p-n junction is reverse
biased and the total depletion width is 3 ym. The depletion width on the p-side is

(@) 2.7 um (b) 0.3 ymT| (c) 2.25 um (d) 0.75 pm

The resistivity of a uniformly doped n-type silicon sample is 0.5Q-cm. If the
electron mobility (p,) is 1250 cm?/V-sec and the charge of an electron is
1.6x107*° Coulomb, the donor impurity concentration (Np) in the sample is

(a) 2x10*/cm? (b) 1x10* /cm? (c) 2.5x10% /cm?® (d) 2x10" /cm®

Consider an abrupt p-junction. Let V; be the built-in potential of this junction and
Vg be the applied reverse bias. If the junction capacitance (C;) is 1 pF for Vy; + Vi
= 1V, then for Vi, + Vg = 4V, C; will be

(a) 4 pF (b) 2 pF (c) 0.25 pF (d) 0.5 pF

Consider the following statements S; and S,.

S;: The threshold voltage (V1) of a MOS capacitor decreases with increase in gate
oxide thickness

S,: The threshold voltage (V1) of a MOS capacitor decreases with increase in
substrate doping concentration.

Which one of the following is correct?
(a) S;is FALSE and S, is TRUE (b) both S; and S, are TRUE
(c) S;is TRUE and S, is FALSE (d) both S; and S, are FALSE
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The drain of an n-channel MOSFET is shorted to the gate so that Vgs = Vps. The
threshold voltage (V1) of MOSFET is 1V. If the drain current (Ip) is 1 mA for Vgs =
2V, then for Vgs = 3V, I is

(@) 2mA (b) 3 mA (c) 9mA (d)4 mA

The longest wavelength that can be absorbed by silicon, which has the bandgap
of 1.12eV, is 1.1um. If the longest wavelength that can be absorbed by another
material is 0.87 um, then the bandgap of this material is

(a) 1.416 eV (b) 0.886 eV (c) 0.854 eV (d) 0.706 eV

The neutral base width of a bipolar transistor, biased in the active region, is 0.5
pm. the maximum electron concentration and the diffusion constant in the base
are 10%/cm® and D, = 25 cm?/sec respectively. Assuming negligible
recombination I the base, the collector current density is (the electron charge is
1.6x107*° coulomb)

(a) 800 A/cm? (b) 8 A/cm? (c) 200 A/cm? (d) 2 A/cm?

Assuming that the B of the transistor is extremely large and Vg = 0.7V, I. and
Vce in the circuit shown in Figure, are gy

4kQ

1kO 3000
(@) I. =1mA,V., = 4.7V (b) I.=0.5mA,V, =3.75V
(©) I. =1mAV. =2.5V (d) I.=0.5mA,V, = 3.9V

A bipolar transistor is operating in the active region with a collector current of
1mA. Assuming that the B of the transistor is 100 and the thermal voltage (V7) is
25 mV, the transconductance (g,) and the input resistance (r;) of the transistor
in the common emitter configuration, are

(@) g, =25mA/V and r, =15.625kQ (b) g, =40mA/V and r, = 4.0kQ
(c) g, =25mA/V and r. = 2.5kQ (d) g, =40mA/V and r. = 2.5kQ
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47. The value of C required for sinusoidal oscillations of frequency 1kHz in the circuit

of Fig.Q.47 is 2.1k
(a) o= F :

T L
(b) 2muF L >—<—Vout
( ) 1 F C pr—
C [

27T\/gu

1kQ

(d) 2nV6uF

L
%1 kQ c

48. In the op-amp circuit given in Fig.Q.48, the load current I, is

i—

1% R1 R1

(a) _R_Z V.—VWV—

S

(b) ==

W : c
(c) —== A E
RL i
v, R>
@ 2 iL%RL

49, In the voltage regulator shown in Fig.Q.49, the load current can vary from
100mA to 500mA. Assuming that the Zener diode is ideal (i.e., the Zener knee
current is negligibly small and Zener resistance is zero in the breakdown region),
the value of R is R
(@) 7@

(b) 70Q +

12V Variable load
© 73_0Q sv 7N 100 to 500 mA
(d) 140 |

50. In a full-wave rectifier using two ideal diodes, V4 and V., are the dc and peak
values of the voltage respectively across a resistive load. If PIV is the peak
inverse voltage of the diode, then the appropriate relationships for this rectifier

are
v v
(@) V, =-=,PIV =2V, (b) V, =2-=,PIV =2V,
™ m
© V, =2 prv—v ) v, =m prv - v,
T T
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The minimum number of 2 to 1 multiplexers required to realize a 4 to 1
mutliplexer is

(@) 1 (b) 2 (c) 3 (d) 4

The Boolean expression AC + BC is equivalent to
(a) AC + BC + AC (b) BC + AC + BC + ACB
(c) AC +BC + BC + ABC (d) ABC + ABC + ABC + ABC

11001, 1001 and 111001 correspond to the 2’s complement representation of
which one of the following sets of number?

(a) 25, 9 and 57 respectively (b) -6, -6 and -6 respectively
(c) -7, -7 and -7 respectively (d) -25, -9 and -57 respectively

The 8255 Programmable Peripheral Interface is used as described below.

I. An A/D converter is interfaced to a microprocessor through an 8255. the
conversion is initiated by a signal from the 8255 on Port C. A signal on Port C
causes data to be strobed into Port A.

II. Two computers exchange data using a pair of 8255s. Port A works as a bi-
directional data port supported by appropriate handshaking signals.

The appropriate modes of operation-of-the-8255-for I and II would be
(a) Mode 0 for I and Mode 1 for II (b) Mode 1 for I and Mode 0 for II
(c) Mode 2 for I and Mode 0 for II (d) Mode 2 for I and Mode 1 for II

The number of memory cycles required to execute the following 8085 instructions
I. LDA 3000H
II. LXID, FOF 1H

Would be
(@) 2forIand 2 forll (b) 4 forIand 3 forII
(c) 3forIand 3 forll (d) 3 forIand 4 forll

Join All India Mock GATE Classroom Test Series - 2006 conducted by GATE Forum in over 25 cities all over India. Question
Papers including section tests and full tests are designed by IISc alumni according to the latest syllabus. Percentile, All India Rank,
interaction with IISc alumni in our online discussion forums, and more. Registration starts 10t May, 2005. For more details,

visit
www.gateforum.com
Think GATE Think GATE Forum




GATE EC - 2004 GATE Forum www.gateforum.com

56.

57.

58.

59.

Join discussion of this test paper at http://forum.gatementor.com

In the modulo-6 ripple counter shown in Figure, the output of the 2-input gate is
used to clear the J-K flip-flops.

1
| | Clock
< <p <P input
I ] I
The 2-input gate is:
(a) a NAND gate (b) a NOR gate (c) an OR gate (d) an AND gate

Consider the sequence of 8085 instructions given below.

LXI H, 9258 MOV A, M, CMA, MOV M, A

Which one of the following is performed by this sequence?

(a) contents of location 9258 are moved to the accumulator

(b) contents of location 9258 are compared with the contents of the accumulator
(c) contents of location 8529 are complemented and stored in location 8529

(d) contents of location 5892 are complemented and stored in location 5892

A Boolean function f of two variables x and y is defined as follows:
f(0,0) = f(0,1) = f(1,1)=1; f(1,0) =0
Assuming complements of x and y are not available, a minimum cost solution for

realizing f using only 2-input NOR gates and 2-input OR gates (each having unit
cost) would have a total cost of

(@) 1 unit (b) 4 unit (c) 3 unit (d) 2 unit

It is desired to multiply the numbers 0AH by OBH and store the result in the
accumulator. The numbers are available in registers B and C respectively. A part
of the 8085 program for this purpose is given below:

MVI A, O0OH
Loop; --------- -

HLT END
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The sequence of instruction to the complete the program would be
(a) JNZ LOOP, ADD B, DCR C
(b) ADD B, JNZ LOOP, DCR C
(c) DCR C, JNZ LOOP, ADD B
(d) ADD B, DCR C, JNZ LOOP

60. A 1 kHz sinusoidal signal is ideally sampled at 1500 samples/sec and the sampled
signal is passed through an ideal low-pass filter with cut-off frequency 800 Hz.
The output signal has the frequency

(a) zero Hz (b) 0.75 kHz (c) 0.5 kHz (d) 0.25 kHz
61. A rectangular pulse train s(t) as shown in Fig.Q.61 is convolved with the signal
cos® (4p x 10°t). the convolved signal will be a s(t)
A
(a) DC

1
(b) 12 kHz sinusoid

(c) 8 kHz sinusoid
(d) 14 kHz sinusoid

—» 0
0.1 msec

62.  Consider the sequence x[n|= [—4 —-j51+j2 4
1

The conjugate anti-symmetric part of the sequence is

(@) [-4-j2.5 j2 4 -ij2.5]
(b) [-ij2.5 1 j2.5]
(o) [-35 j2 0]
(d) [-4 1 4]
63. A casual LTI system is described by the difference equation

2y[n] = ay[n—2]-2x[n]+ Bx[n —1]
the system is stable only if
(@) |of=2, |8 <2 (b) |of>2, |6>2

(c) |o| <2, any value of 3 (d) |8/ <2, any value of a

64. A causal system having the transfer function H(s)= S 1 5 is excited with 10u(t).

The time at which the output reaches 99% of its steady state value is
(a) 2.7 sec (b) 2.5 sec (c) 2.4 sec (d) 2.1 sec
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65. The impulse response h[n] of a linear time invariant system is given as

—22n=1,-1
h{n] = 42 n=2,-2
0, otherwise

Jmn
If the input to the above system is the sequence e “ , then the output is

—jmn jmn jmn

(a) 4J§eh7n (b) 42e ¢ (c) 4e (d) —4e *

66. Let x(t) and y(t) (with Fourier transforms X(f) and Y(f) respectively) be related as

shown in Figure. X(t)
y(t)
1
-2 -1 0
-2 0 2 t t
-1
Then Y(f) is
1 (f) _; 1 (f) AN AN
—_—X|= —j2=nf = X|= j2=f _X|= j2=f _X|Z —j2xf

(a) >X|5e (b) > (c) > (d) 5|€

67. A system has poles at 0.01 Hz, 1 Hz and 80 Hz; zeros at 5 Hz, 100 Hz and 200
Hz. The approximate phase of the system response at 20 Hz is

(a) -90° (b) 0° (c) 90° (d) -180°
68. Consider the signal flow graph shown in Figure. The gain %is
1
X1 a
e f g
1—(be +cf +dg bed
@ : (b) Z
abc 1—(be +cf +dg)
©) abcd ) 1-(be + cf +dg) + bedg
1—(be + cf +dg) + bedg abcd
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69. IfA= _12 _23],then sin At is
1|sin(—4t) + 2sin(—t) —2sin(—4t)+ 2sin(-t)
(@) 3| _sin(-4t) < sin(-t)  2sin(-4t) + sin(-t)
sin(—2t) sin(2t)
(®) sin(t) sin(-3t)
1| sin(4t)+2sin(t) 2sin(—4t)+ 2sin(-t)
() 3|_sin(-at)+sin(t)  2sin(4t) + sin(t)
g 1 cos(—t)+2cos(t) —2cos(—4t)+ 2sin(-t)
() 3 —cos (—4t) +sin(—t) —2cos(—4t)+ cos(-t)

70. The open loop transfer function of a unity feedback system s

G(s)= K .The range of K for which the system is stable is

s(s+s+2)(s+3)

(a) %>K>O (b) 13>K>0 (©) %<K<oo (d) -6<K<x

71.  For the polynomial P(s)=s’ +s* +2s° + 2s* + 35 + 15, the number of roots which
lie in the right half of the s-plane is

(a) 4 (b) 2 (c) 3 (d)1
72. The state variable equations of a system are:
1.x, =-3x, —x, +U
2. X, = 2X,;
y=x,+u
the system is
(a) controllable but not observable (b) observable but not controllable
(c) neither controllable nor observable (d) controllable and observable
- 1 0 -y = - At - -
73. Given A= 01 , the state transition matrix e”*is given by
0 et e 0 e’ 0 0 €
a b C d
()e‘to ()Oef] (©) Oe‘t] ()\eto
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74. Consider the signal x(t) shown in Fig.Q.74. Let h(t) denote the impulse response
of the filter matched to x(t), with h(t) being non-zero only in the interval 0 to 4
sec. The slop of h(t) in the interval 3 <t < sec is

x(t)
1 1 A
a) =sec
(a) >
(b) —1sec!

(c) —%sec’1 1

(d) 1sec™

I I I » t(sec)

75. A 1mW video signal having a bandwidth of 100 MHz is transmitted to a receiver
through a cable that has 40 dB loss. If the effective one-sided noise spectral
density at the receiver is 102 Watt/Hz, then the signal to noise ratio at the
receiver is

(a) 50db (b) 30 dB (c). 40 db (d) 60 db

76. A 100 MHz carrier of 1 V amplitude and a 1 MHz modulating signal of 1 V
amplitude are fed to a balanced modulator. The output of the modulator is
passed through an ideal high-pass filter with cut-off frequency of 100 MHz. The
output of the filter is added with 100 MHz signals of 1 V amplitude and 90° phase
shift as shown in Fig.Q.76. The envelope of the resultant signal is

(a) constant

(b) \/1+sin 27 x10°t)  1MHz, 1V +
( ) z Balanced HPF 100MHz|
Modulator
(c) Efsin(27r><106t) +
: I !
100MHz, 1V 100MHz, 1V.90°

5 6
(d) \/Z +cos (27 x 10°t )

77. Two sinusoidal signals of same amplitude and frequencies 10 kHz and 10.1 kHz
are added together. The combined signal is given to an ideal frequency detector.
The output of the detector is

(a) 0.1 kHz sinusoid (b) 20.1 kHz sinusoid
(c) a linear function of time (d) a constant
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78. Consider a binary digital communication system with equally likely 0’s and 1’s.
When binary 0 is transmitted the voltage at the detector input can lie between
the level s-0.25V and +0.25V with equal probability: when binary 1 is
transmitted, the voltage at the detector can have any value between 0 and 1 V
with equal probability. If the detector has a threshold of 2.0V (i.e., if the received
signal is greater than 0.2 V, the bit is taken as 1), the average bit error

probability is
(a) 0.15 (b) 0.2 (c) 0.05 (d)0.5
79. A random variable X with uniform density in the interval 0 to 1 is quantized as
follows:
If 0<X<0.3, Xqg =0
If 0.3<X<1, Xq= 0.7

Where xq4is the quantized value of X
The root-mean square value of the quantization noise is

(a) 0.573 (b) 0.198 (c) 2.205 (d) 0.266
80.
Group 1 Group 2
1. FM P. Slopeioverioad
2. DM Q. y-law
3. PSK R. Envelope detector
4. PCM S. Capture effect
T. Hilbert transform
U. Matched filter
(@) 1-T2-P3-U4 -5S (b)y1-S2-U3-P4-T
(¢)1-S2-P3-U4-Q (d1-U2-R3-S5S4-Q

81. Three analog signals, having bandwidths 1200 Hz, 600 Hz and 600 Hz, are
sampled at their respective Nyquist rates, encoded with 12 bit words, and time
division multiplexed. The bit rate for the multiplexed signal is

(a) 115.2 kbps (b) 28.8 kbps (c) 57.6 kbps (d) 38.4 kbps
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82. Consider a system shown in Fig.Q.82. Let X(f) and Y(f) denote the Fourier
transforms of x(t) and y(t) respectively. The ideal HPF has the cutoff frequency

10 kHz.
x(t) Balanced HPF Balanced
™ Modulator | 10MHz ”| Modulator > y(t)
10KHz 13KHz
X(f)

| | I I .

= » " > f(kHz)
The positive frequencies where Y(f) has spectral peaks are
(@) 1 kHz and 24 kHz (b) 2 kHz and 24 kHz
(c) 1 kHz and 14 kHz (d) 2 kHz and 14 kHz

83. A parallel plate air-filled capacitor has plate area of 10* m? and plate separation

of 10> m. It is connected to a 0.5 V, 3.6 GHz source. The magnitude of the

displacement current is e = %w x10°F/m

(a) 10 mA (b) 100 mA (c) 10 A (d) 1.59 mA

84. A source produces binary data at the rate of 10 kbps. The binary symbols are
represented as shown in Figure.

Binary 1 Binary 0

1v

»

t(msec) 0 0.1
0 0.1 t(msec)

-1v

The source output is transmitted using two modulation schemes, namely Binary
PSK (BPSK) and Quadrature PSK (QPSK). Let B; and B, be the bandwidth
requirements of BPSK and QPSK respectively. Assuming that the bandwidth of
the above rectangular pulses is 10 kHz, B; and B, are

(a) B; = 20 kHz, B,= 20 kHz (b) B; = 10 kHz, B,= 20 kHz

(c) B; = 20 kHz, B,= 10 kHz (d) B; = 10 kHz, B,= 10 kHz
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85. Consider a 300Q quarter-wave long (at 1 GHz) transmission line as shown in
Figure. It is connected to a 10V, 50Q sources at one end and is left open circuited
at the other end. The magnitude of the voltage at the open circuit end of the line

is
10V, 50Q Zo=300Q
Source
|
«— V4 —»
(a) 10V (b) 5V (c) 60V (d) ?V
86. In a microwave test bench, why is the microwave signal amplitude modulated at
1 kHz

(a) To increase the sensitivity of measurement

(b) To transmit the signal to a far-off place

(c) To study amplitude modulation

(d) Because crystal detector fails at microwave frequencies.

87. If E=(4, +Jj4, )" and H = [L

(éy — jéx)ejkz’m,the time averaged Poynting

wit
vector is
(a) null vector (b) [ﬁ] , ©) [%] 5 (d) [L] 5
Wit Wit 2wp
88. Consider an impedance Z = R + jX marked with point P in an impedance Smith

chart as shown in Fig.Q.88. The movement from point P along a constant
resistance circle in the clockwise direction by an angle 45° is equivalent to

(a) adding an inductance in series with Z
(b) adding a capacitance in series with Z
(c) adding an inductance in shunt across Z
(d) adding a capacitance in shunt across Z
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89. A plane electromagnetic wave propagating in free space in incident normally on a
large slab of loss-less, nhon-magnetic, dielectric material with ¢ >¢3. Maxima and
minima are observed when the electric field is measured in front of the slab. The
maximum electric field is found to be 5 times the minimum field. The intrinsic
impedance of the medium should be

(a) 120 nQ (b) 60 nQ (c) 600 nQ (d) 24 =Q

90. A lossless transmission line is terminated in a load which reflects a part of the
incident power. The measured VSWR is 2. the percentage of the power that is
reflected back is

(a) 57.73 (b) 33.33 (c) 0.11 (d) 11.11
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Q.1 - Q.30 carry one mark each

. . . . d?y ayY
1. The following differential equation has 3F+4 ar +y“+2=x
(a) degree=2, order=1 (b) degree=3, order=2
(c) degree=4, order=3 (d) degree=2, order=3
2. Choose the function f(t);— <1<+w,for which a Fourier series cannot be
defined.
(a) 3sin(25t) (b) 4cos(20t+3)+2sin(10t)
(c) exp(-[t])sin(25t) (d) 1
3. A fair dice is rolled twice. The probability that an odd number will follow an even
number is
1 1 1 1
a) — b) = c) = d) —
(a) 3 (b) < () 3 (d) 5
4, A solution of the following differential-equation.is given by
d’y .dy
—=-5-—"+6y =0
dx? dx 4
(@) y=e*+e (b) y =e* +e*
() y=e* +e* (d) y=e* +e3x
5. The function x(t) is shown in figure. Even and odd parts of a unit-step function
u(t) are respectively.
x(t)
A
1
0 %
-1
11 11 1 1 1 1
=, x(t b) -=,=x(t =, -=x(t d) -=,-Zx(t
@ 5.5x(t) (0) —55x()  (© F5x(0) @ —5,-5x()
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6. The region of  convergence of  Z-transform of the sequence

(gjn u(n)- (gjn u(-n-1)must be

5 6 5 6 6
(a) |z|<g (b) |z|>§ (©) g<|z|<E (d) g<|z|<c><>
7. The condition on R, L and C such that the step response y(t) in figure has no

oscillations, is

N O
: 1
u(t) C T T y(t)
O

(a) Rz% é (b) Rz\% (©) RzZé (d)R:%

8. The ABCD parameters of an ideal n:1 transformer shown in figure are

[n )O(}.The value of X will'be. /*

0
I1 Iz
V1 Ei é VZ
n:1

1 1
(@) n (b) — (c) n? (d) =
n n
9. In a series RLC circuit R = 2kQ, L=1H, and C = 4—(1)0,uF.The resonant frequency
is
(a) 2x10%*Hz (b) 1 10%Hz (c) 10%*Hz (d) 27 x10%Hz
T
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10. The maximum power that can be transferred to the load resistor R, from the
voltage source in figure is

1000
NWA
+ Ru
10V —_ %
(@) 1w (b) 10W (¢) 0.25W (d)o.5w
11. The band gap of Silicon at room temperature is:
(a) 1.3 eV (b) 0.7 eV (c) 1.1eVv (d)1.4ev
12. A Silicon PN junction at a temperature of 20°C has a reverse saturation current of

10 pico-Amperes (pA). The reverse saturation current at 40°C for the same bias
is approximately

(a) 30 pA (b) 40pA (c) 50 pA (d) 60 pA

13. The primary reason for the widespread use of Silicon in semiconductor device
technology is

(a) abundance of Silicon on the surface of the Earth.

(b) larger bandgap of Silicon in comparison to Germanium.
(c) favorable properties of Silicon-dioxide (SiO,)

(d) lower melting point

14. The effect of current shunt feedback in an amplifier is to
(a) increase the input resistance and decrease the output resistance.
(b) increase both input and output resistances.
(c) decreases both input and output resistances.
(d) decrease the input resistance and increase the output resistance.
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15. The input resistance R, of the amplifier shown in figure is

30K
ANV
10K
; —O
+
“» \ ideal operational amplifier
= Ri —
30 P
(a) TkQ (b) 10kQ (c) 40 kQ (d) infinite

16. The first and the last critical frequency of an RC-driving point impedance function
must respectively be

(a) a zero and a pole (b) a zero and a zero
(c) a pole and a pole (d) a pole and a zero

17. The cascode amplifier is a multistage configuration of

(a) CC-CB (b) CE-CB ___, (c) CB-CC (d) CE-CC
18. Decimal 43 in Hexadecimal and BCD number system is respectively

(a) B2, 0100 0011 (b) 2B, 0100 0011

(c) 2B, 0011 0100 (d) B2, 0100 0100

19. The Boolean function f implemented in figure using two input multiplexers is

C [E—
f
E— A
E
B
(a) ABC + ABC (b) ABC + AB C (c) ABC+ABC (d) ABC+ABC
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20. Which of the following can be impulse response of a causal system?
(a) h(t) (b) h(t)
A A
t > t >
(©) h(t) (d) h(t)
A
‘ e e

21. Let

and Y(ej“’) be the Fourier-transform-of-y-(n).-Then Y(ejo) is

1 4

a) — b) 2 c) 4 d) —

(a) 7] (b) (c) (d) 3
22. Find the correct match between group 1 and group 2.
Group 1 Group 2

P - {L+km(t)} Asin(w.t)
Q- km(t)Asin(w.t)
R - Asin{a.t + km(t)}

S - Asin{a)ct+kj m(r)dr}

—oo

(@) P-ZQ-Y R-X S-W
() P-X Q-W R-Z S-Y

W - Phase modulation

X - Frequency modulation

Y - Amplitude modulation

Z - DSB-SC modulation

(b)) P-W Q-X R-Y S-Z
(d) P-Y Q-Z R-W S-X

Join All India Mock GATE Classroom Test Series - 2006 conducted by GATE Forum in over 25 cities all over India. Question
Papers including section tests and full tests are designed by IISc alumni according to the latest syllabus. Percentile, All India Rank,
interaction with IISc alumni in our online discussion forums, and more. Registration starts 10tk May, 2005. For more details,
visit
www.gateforum.com
Think GATE Think GATE Forum




GATE EC - 2005 GATE Forum www.gateforum.com

23.

24,

25.

26.

27.
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The power in the signal s(t) = 8cos[207rt —§]+ 4sin(15zxt)is:

(a) 40 (b) 41 (c) 42 (d) 82

Which of the following analog modulation scheme requires the minimum
transmitted power and minimum channel bandwidth?

(a) vsSB (b) DSB-SC (c) sSsB (d) AM

A linear system is equivalently represented by two sets of state equations -

X = AX + BU and W = CW + DU.The eigen values of the representations are also
computed as [A] and [p]. Which one of the following statements is true?

(@) [M] =[pland X =W (b) [A] =[p]and X =W
(c) [M]#[M]land X =W (d) [A] #[M]and X =W

Which one of the following polar diagrams corresponds to a lag network?

A
(a) A (b) 1m
Im
F ®=0 =00
=0 W=oo 1 3 | ~
13 > Re ©
Re
A A
Im Im
— _ =co 0=0
(©) == 20 (d) g SN
Re > Re

Despite the presence of negative feedback, control systems still have problems of
instability because the

(a) components used have nonlinearities.

(b) dynamic equations of the subsystems are not known exactly.
(c) mathematical analysis involves approximations.

(d) system has large negative phase angle at high frequencies.
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28. The magnetic field intensity vector of a plane wave is given by

H(x,y,z,t)=10sin(50000¢t + 0.004x + 30)a, where a, denotes the unit vector in
y direction. The wave is propagating with a phase velocity

(a) 5x10*m/s. (b) -3x10®m/s.
(c) -1.25x10"m/s. (d) 3x108m/s.
29. Many circles are drawn in a Smith chart used for transmission line calculations.

The circles shown in figure represent

(@) unit circles. (b) constant resistance circles.
(c) constant reactance circles:
(d) constant reflection coefficiént cirefes.

30. Refractive index of glass is 1.5. Find the wavelength of a beam of light with a
frequency of 10%** Hz in glass. Assume velocity of light is 3x108m /s in vacuum.
(@) 3 um (b) 3 mm () 2 um (d)1 pm

Q.31 - Q.80 Carry Two Marks Each

31. In what range should Re(s) remain so that the Laplace transform of the function
eler2)t5 axists?
(a) Re(s)>a+2 (b) Re(s)>a+7 (c) Re(s)<2 (d) Re(s)>a+5
32. Given the matrix

4 2 , the eigen vector is
4 3

o) el el wf]
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33. Let
1
A:[é _03'1} andal|2 °
0 b
Then (a+b)=
7 3 19 11
Z by > =z d) =——
(@) 25 ®) 25 () 5o ST
34. The value of the integral
1 7 x? :
I=—|exp|-—|dxis
o)
(@) 1 (b) = (c) 2 (d) 2n
35. The derivative of the symmetric function drawn in figure will look like

A

A

A

‘ >

(c) (d)

AN
N

\4

v
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36.
E
F
G
H
37.
38.
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Match the following and choose the correct combination:

Group 1 Group 2

. Newton -Raphson method 1. Solving nonlinear equations
. Runge-Kutta method 2. Solving linear simultaneous equations
. Simpson’s Rule 3. Solving ordinary differential equations
. Gauss elimination 4. Numerical integration
5. Interpolation
6. Calculation of Eigen values
(a) E-6 F-1 G-5 H-3 (b)) E-1 F-6 G-4 H-3
(c) E-1 F-3 G-4H-2 (d) E-5F-3G-4H-1

Given an orthogonal matrix

11 1 1
A 11 -1 -1 ,
1 -1 0 0
0 0 _1_-1
1 '
[AAT | is
1 0 0O L 0 0O 1 0 0O
4 2 4
1000
0 % 0 0 0 % 0 0 0100 0 % 0 0
(a) 1 (b) 1 © 1o 0 1 o@D 1
0 0 -0 0 0 =0 0 0 — 0
2 2 0001 4
0 00 L 0 0O 1 0 0O 1
L 2] L 2] L 4]
For the circuit in figure the instantaneous current i (t)is
20 -j2Q
5/0°A ilT 30 10£60°A
(a) ¥A90°Amps (b) %4—90°Amps
(c) 5«£60° Amps (d) 5£-60° Amps
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i50Q i2Q
39. Impedance Z as shown in figure is: [6@’\0 .W

(a) j290
(b) j9 \ é
j10Q 20

(©) j19Q
(d) j39¢Q j10Q
07
z
40. For the circuit shown in figure, Thevenin’s voltage and Thevenin’s equivalent
resistance at terminals a - b is 1A
— N
_/ l =
+ I
0.5I, 50 % 2 1T jov
Tb |

(d) 5Vand 2 Q (b) 7.5V and 2.5Q

(¢) 4Vand2 Q R (d) 3Vand 2.5Q

41. If Ry =R, =R, and R; =1.1R in the bridge

circuit shown in figure, then the reading in

the ideal voltmeter connected between a

and b is R1§/ Ra

(a) 0.238V +

(b) 0.138 V v QO nUs b
(c) -0.238V

(d) 1V R, R3

|I|—

42. The h parameters of the circuit shown in

figure are
Ly 100 I,
o——WW O
+ +
V1 %209 V2
o I—
0.1 0.1 10 -1 30 20 10 1
(a) (b) (c) (d)
-0.1 0.3 1 0.05 20 20 -1 0.05
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43. A square pulse of 3 volts amplitude is applied to C-R circuit shown in figure. The
capacitor is initially uncharged. The ouput voltage v, at time t=2 sec is

v} 0.1pF

3V O O O
VIT %1'(9 TVO

0 S

2sec

(a) 3V (b) -3V (c) 4V (d) -4V

44, A silicon sample A is doped with 10'® atoms/cm? of Boron. Another sample B of
identical dimensions is doped with 10'® atoms/cm?® of Phosphorus. The ratio of
electron to hole mobility is 3. The ratio of conductivity of the sample A to B is

1 2 3
a) 3 b) = c) = d) =
(a) (b) 3 (c) 3 (d) >
45, A Silicon PN junction diode under reverse bias has depletion region of width 10

um. The relative permittivity of,Silicen, £, =11.7and the permittivity of free space

g, =8.85x 10712 &, The depletion capacitance of the diode per square meter is

(a) 100 pF (b) 10 pF (¢) 1pF (d) 20 pF

46. For an npn transistor connected as shown in figure, Vg = 0.7 Volts. Given that
reverse saturation current of the junction at room temperature 300°K is 10713 A,
the emitter current is ¢Ic
(a) 30 mA
(b) 39 mA

(c) 49 mA
(d) 20 mA Vee

1M
NWA
47. The voltage g,indicated in figure has been measured by
an ideal voltmeter. Which of the following can be
calculated? h e
(a) Bias current of the inverting input only. + —O
(b) Bias current of the inverting and non-inverting
inputs only.
(c) Input offset current only. 1M

(d) Both the bias currents and the input offset current.
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48. The Op-amp circuit shown in figure is a filter. The type of filter and its cut-off
frequency are respectively.

10K
NWA
10K
NV R
l ViH + _O
= 1uF
%m
(a) high pass, 1000 rad/sec. (b) low pass, 1000 rad/sec.
(c) high pass, 10000 rad/sec. (d) low pass, 10000 rad/sec.
. . . e O Vec
49, In an ideal differential amplifier shown

in figure, a large value of Rg

(a) increases both the differential and
common-mode gains.

(b) increases the common-mode[gain

only.
(c) decreases the differential-mode
gain only. vi v,
(d) decreases the common-mode gain
only.
'VEE
50. For an n-channel MOSFET and its transfer curve shown in figure, the threshold
voltage is
Vp=5V
it D
Transfer Vg =3V
Characteristics o——(
G >
R S
T >Ves
1v o
Vs=1V

(a) 1V and the device is in active region.
(b) -1V and the device is in saturation region.
(c) 1V and the device is in saturation region.
(d) -1V and the device is in active region.
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51. The circuit using a BJT with =50 and Vge = 0.7 V is shown in figure. The base
current Igand collector voltage V- are respectively

—0

20V

430kQ 2kQ
—ovo
10uF
o—

1kQ 40uF

: [,
(a) 43 pA and 11.4 Volts (b) 40 pA and 16 Volts
(c) 45 pA and 11 Volts (d) 50 pA and 10 Volts

52. The Zener diode in the regulator circuit shown in figure has a Zener voltage of
5.8 Volts and a Zener knee current of 0.5 mA. The maximum load current drawn
from this circuit ensuring proper functioning over the input voltage range
between 20 and 30 Volts, is

10000
oL AAAA —0
Vi 2=5.8V Load
20-30V
0— 0
(a) 23.7 mA (b) 14.2 mA (c) 13.7 mA (d) 24.2 mA

53. The transistors used in a portion of the TTL gate shown in figure have B=100. the
base-emitter voltage of is 0.7V for a transistor in active region and 0.75V for a
transistor in saturation. If the sink current I=1mA and the output is at logic 0,
then the current I, will be equal to

5V
1.4k

Vo

IRl

(a) 0.65 mA (b) 0.70 mA (c) 0.75 mA (d) 1.00 mA
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54. The Boolean expression for the truth table shown is:
A| B

|k |k |kr|lo|lo|lo|o
H|m|lolo|r |~ |o|o
m|lo|lr|lo|r]|o|r|o
o|~|lo|lo|r|o|lo|o |-

(a) B(A+C)(7\+E) (b) B(A+E)(7\+C)
(c) E(A+E)(7\+C) (d) E(A+C)(7\+E)

55. Both transistors T1 and T2 in figure have a threshold voltage of 1 Volt. The
device parameters K; and K,of T1 and T2 are, respectively, 36 pA/VZ and 9

WA/VZ, The output voltage Vg is
“\ sy

(o]

.
L.

(@) 1V (b) 2V (c) 3V (d)4vVv

o

56. The present output Q,of an edge triggered JK flip-flop is logic 0. If J=1, then

Qn+1
(a) cannot be determined (b) will be logic 0
(c) will be logic 1 (d) will race around
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57. Figure shows a ripple counter using positive edge triggered flip-flops. If the
present state of counter is Q,Q,Q, = 011, then its next state (Q,Q,Q,) will be

1 1
1 L N
CLK
(a) 010 (b) 100 (c) 111 (d) 101

58. What memory address range is NOT represented by chip #1 and chip #2 in
figure? A, to A5 in this figure are the address lines and CS means Chip Select.

e
Ao - A; i 256 bytes
—>

Chip #1

—£>
Ao - A7 ¢ 256 bytes
I
Chip #2
H
Ao = Ass } Not used
>

(a) 0100 - 02FF (b) 1500 - 16FF (c) F900 - FAFF  (d) F800 - FOFF

59. The output y(t) of a linear time invariant system is related to its input x(t) by the
following equation: y(t)=0.5x(t-t; +T)+x(t -t4)+0.5x(t -ty —T). The filter
transfer function H(w)of such a system is given by

(@) (1+coswl)e ™ (b) (1+0.5cosaT)e /™

(c) (1+ cosaT)e/ (d) (1-0.5coswT)e 7™
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60. Match the following and choose the correct combination:
Group 1 Group 2
E. continuous and aperiodic signal 1. Fourier representation is continuous and
aperiodic

F. continuous and periodic signal 2. Fourier representation is discrete and aperiodic
G. discrete and aperiodic signal 3. Fourier representation is continuous and periodic
H. discrete and periodic signal 4. Fourier representation is discrete and periodic

(@) E-3 F-2G-4H-1 (b) E-1 F-3 G-2 H-4

() E-1 F-2G-3 H-4 (d E-2 F-1G-4H-3
61.  Asignal x(n)=sin(ayn + ¢)is the input to a linear time-invariant system having a

frequency response H(ej"’). If the output of the system is Axn-ng), then the
most general form of AH(ej“’)wiII be

(a) —-nyw, + pfor any arbitrary real p.

(b) —nyw, + 27k for any arbitrafy integer K.
(c) nym, + 27k for any arbitrary integer k.
(d) —ngawy +¢.

62. For a signal x(t) the Fourier transform is X(f). Then the inverse Fourier transform
of X (3f +2)is given by

—jant

(a) %X(%)ej&rt (b) %X(%)e 3 (c) 3X(3t)e‘j4ﬂt (d) X(3t+2)

63. The polar diagram of a conditionally stable system for open loop gain K=1 is
shown in figure. The open loop transfer function of the system is I<Anown to be

stable. The closed loop system is stable for Im
-8
(a) K<5and%<K<% \/\ ‘O;Z\A
(b) K<land lck<s /4\‘/ Re
8 2
1 -2
(©) K<§ and 5<K
1
(d) K >§ and K <5 GH Plane
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64. In the derivation of expression for peak percent overshoot,

M, =exp T x100%, which one of the following conditions is NOT required?
J1-&2
(a) System is linear and time invariant.

(b) The system transfer function has a pair of complex conjugate poles and no
zeroes.

(c) There is no transportation delay in the system.
(d) The system has zero initial conditions.

65. Given the ideal operational amplifier circuit shown in figure indicate the correct
transfer characteristics assuming ideal diodes with zero cut-in voltage.
+10V
Vi
O
V, V,
(a) N (b) N
+10V +10V
-8V +5V -5V +8V
PV >V
) -10V Ve -10V
A A
_+10V
(o &Y (d)
-5V +5V -5V +5V
>V »Vi
-5V
-10V
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A ramp input applied to an unity feedback system results in 5% steady state
error. The type number and zero frequency gain of the system are respectively.

1 1
(a) 1 and 20 (b) 0 and 20 (c) 0and 20 (d) 1 and 20

A double integrator plant, G(s):ﬁz,H(s):lis to be compensated to achieve
s

the damping ratio £=0.5,and an undamped natural frequency, «, =5rad/s.
Which one of the following compensator G, (s)will be suitable?

s+3 $+9.9 s-6 sS+6
b —_ d
@) s+9.9 (b) s+3 © s+8.33 (d)

An unity feedback system is given as

K(1-

G(s) = K{A=s)
s(s+3)

Indicate the correct root locus diagram.

(a) 3 (b) 4
jo jo
< >»O—> > /
o \\’ (¢
(c) 4 (d) A
jo jo .
> :/. > :/ >»O—>
\\’ ; \ J

A MOS capacitor made using p type substrate is in the accumulation mode. The
dominant charge in the channel is due to the presence of

(a) holes (b) electrons
(c) positively charged ions (d) negatively charged ions
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A device with input x(t) and output y(t) is characterized by: y (t)= x*(t).An FM

signal with frequency deviation of 90 kHz and modulating signal bandwidth of 5
kHz is applied to this device. The bandwidth of the output signal is

(a) 370 kHz (b) 190 kHz (c) 380 kHz (d) 95 kHz

A signal as shown in figure is applied to a matched filter. Which of the following

does represent the output of this matched filter?
input
A

1

v

(a) \ 2 /\ R (b) 1

(c) ‘ (d)

1 / 2\ 3

o —

/N R
-1

Noise with uniform power spectral density of NyW /Hz is passed through a filter
H(w) = 2exp(—jat,)followed by an ideal low pass filter of bandwidth B Hz. The

output noise power in Watts is
(a) 2NyB (b) 4N,B (c) 8N,B (d) 16N,B

A carrier is phase modulated (PM) with frequency deviation of 10 kHz by a single
tone frequency of 1 kHz. If the single tone frequency is increased to 2 kHz,
assuming that phase deviation remains unchanged, the bandwidth of the PM
signal is

(a) 21 kHz (b) 22 kHz (c) 42 kHz (d) 44 kHz
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74. An output of a communication channel is a random variable v with the probability
density function as shown in figure. The mean square value of v is

v
k
0 4 v
(a) 4 (b) 6 (c) 8 (d)9
75. Which one of the following does represent the electric field lines for the

TE,, mode in the cross-section of a hollow rectangular metallic waveguide?

(a) vt (b) 4
A y >
X > X >
(c) A (d) A
y y
>
3
4
g > g
X - x
76. Characteristic impedance of a transmission line is 50 Q. Input impedance of the

open circuited line is Z,. =100+ j150Q. When the transmission line is short-
circuited the value of the input impedance will be

(a) 50 & (b) 100 + j150Q

(c) 7.69 +j11.54 Q (d) 7.69 -j11.54 Q
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77. Two identical and parallel dipole antennas are kept apart by a distance of %in

the H-plane. They are fed with equal currents but the right most antenna has a
phase shift of +90°. The radiation pattern is given as

(a) (b)

"

(c) (d)

) .

o
¢
¢

Common Data Questions:
Common Data for questions 78, 79, 80:

Given ry = 20kQ, Ipss =10mA,V, = -8V. 20V

2kQ

Vi
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78. Z; and Z, of the circuit are respectively
(@) 2 MQ and 2 kQ (b) 2 MQ and % kQ
- - 20
(c) Infinity and 2 kQ (d) Infinity and 11 kQ
79. I, and I,s under DC conditions are respectively
(a) 5.625 mA and 8.75V (b) 7.500 mA and 5.00 V
(c) 4.500 mA and 11.00 V (d) 6.250 mA and 7.50 V

80. Transconductance in milli-Siemens (mS) and voltage gain of the amplifier are
respectively

(a) 1.875 mS and 3.41 (b) 1.875 mS and -3.41
(c) 3.3 mS and -6 (d) 3.3 mS and 6

Linked Answer Questions: Q.81a to Q.85b carry two marks each.
Statement for Linked Answer Questions 81a & 81b:
Consider an 8085-microprocessor system.
81. (a) The following program stafts at lecation'0100H.
LXI SP, OOFF

LXI H, 0701

MVI A, 20H

SUB M
The content of accumulator when the program counter reaches 0109H is
(a) 20H (b) 02H (c) OOH (d) FFH

(B) If in addition following code exists from 0109H onwards.

ORI 40H

ADD M
What will be the result in the accumulator after the last instruction is executed?
(a) 40H (b) 20H (c) 60H (d) 42H

Statement for Linked Answer Questions 82a & 82b:

-2s
The open loop transfer function of a unity feedback is given by G(s) = %.
82. (A) The gain and phase crossover frequencies in rad/sec are, respectively
(a) 0.632 and 1.26 (b) 0.632 and 0.485

(c) 0.485 and 0.632 (d) 1.26 and 0.632
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(B) Based on the above results, the gain and phase margins of the system will be
(a) -7.09dB and 87.5° (b) 7.09dB and 87.5°
(c) 7.09dB and -87.5° (d) -7.09dB and -87.5°

Statement for Linked Answer Questions 83a & 83b:

A symmetric three-level midtread quantizer is to be designed assuming equiprobable
occurrence of all quantization levels.

83. (A) If the input probability density function is divided into three regions as shown
in figure, the value of a in the figure is

p()f)

1
4

|+

+a +1

1 2 1
@ 3 (b) 3 () (d) 4

2

(B) The quantization noise power for the quantization region between -a and +a
in the figure is
5

4 1 2
(a) 81 (b) 5 (c) a1 (d)ﬁ

Statement for Linked Answer Questions 84a & 84b:

Voltage standing wave pattern in a lossless transmission line with characteristic
impedance 50Q and a resistive load is shown in figure.

4[vz)]

4

A

Z' A A2
Load

84. (A) The value of the load resistance is
(a) 50Q (b) 200 (c) 12.5Q (d) 0Q
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(B) The reflection coefficient is given by
(a) -0.6 (b) -1 (c) 0.6 (d)o

Statement for Linked Answer Questions 85a & 85b:
A sequence x(n) has non-zero values as shown in figure.

| =
-
-

NN

Sy

85. (A) The sequence

x(ﬁ - 1) for n even
y(n)=

0 for n odd

will be

(a)

(b)

(c)

(d)

(B) The Fourier transform of y(2n) will be

(a) e7**[cos4w+2cos2w+2] (b) [cos2w+2cosw+2]

(c) e7”[cos2w+2cosw+2] (d) e/**[cos2w+2cosw+2]
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Q.1 - Q.20 Carry One Mark Each.

1. The rank of the matrix
11 1
1 -1 0] is:
11 1
(A) O
(B) 1
(©) 2
(D) 3
2. VxVxP, where Pis a vector, is equal to

(A) PxVxP-V?P
(B) V’P+V(VeP)
(C) V2P +VxP

(D) V(VeP)-V?P

3. J'J‘(VxP) e ds, where P is a vector, is equal to
(A) q‘>P-dl
(B) 4‘>V><V><P-d/
(C) vxPed
(D) mv-Pdv

4, A probability density function is of the form
p(x)=Ke™ ™, x e (—o,).
The value of Kis
(A) 0.5
(B) 1
(C) 0.5a
(D) o

5. A solution for the differential equation
x(t)+2x(t)=4(t)

with initial condition x(0-)=0 is:
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(A) e*u(t)

(B) e*u(t)

(C) efu(t)

(D) €e‘u(t)

A low-pass filter having a frequency response H(jw)=A(w)e’” does not
produce any phase distortion if

(A) A(w)=Ca’, ¢ (o) = ke’

(B) A(w)= Ca),¢( ) = ko
(C) A(w)=Ca,¢(0)= ke’
(D) A(w)=C, ¢(0)=kao™

The values of voltage (V) across a tunnel-diode corresponding to peak and valley
currents are V, and V, respectively:=-The range of tunnel-diode voltage V, for
which the slope of its I -V, characteristics is negative would be

(A) V, <0

(B) 0<V, <V,

(C) V, <V, <V,

(D) V, >V,

The concentration of minority carriers in an extrinsic semiconductor under
equilibrium is:

(A) directly proportional to the doping concentration
(B) inversely proportional to the doping concentration
(C) directly proportional to the intrinsic concentration
(D) inversely proportional to the intrinsic concentration

Under low level injection assumption, the injected minority carrier current for an
extrinsic semiconductor is essentially the

(A) diffusion current

(B) drift current

(C) recombination current
(D) induced current
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The phenomenon known as “Early Effect” in a bipolar transistor refers to a
reduction of the effective base-width caused by

(A) electron-hole recombination at the base
(B) the reverse biasing of the base-collector junction
(C) the forward biasing of emitter-base junction

(D) the early removal of stored base charge during saturation-to-cutoff
switching.

The input impedance (Z)and the output impedance (Z,)of an ideal trans-
conductance (voltage controlled current source) amplifier are

(A) Z,=0,Z,=0

(B) Z =0,Z, = oo

(C) Z, =,2Z,=0

(D) Z, =, Z, =

An n-channel depletion MOSFET has following two points on its I, -V, curve:
(i) Vi =0atI,=12mA and
(i) Vo =-6Voltsatl, =0

Which of the following Q-points will give the highest trans-conductance gain for
small signals?

(A) V., =-6 Volts
(B) V.. =-3 Volts
(C) V, =0 Volts
(D) V. =3 Volts

The number of product terms in the minimized sum-of-product expression
obtained through the following K-map is (where “d” denotes don't care states)

1/0/0]1

0[d|0]|0

0/0|d|1

1/0/0]1
(A) 2
(B) 3
(C) 4
(D) 5
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14.  Let x(t) < X (jw)be Fourier Transform pair. The Fourier Transform of the signal
x (5t - 3)in terms of X (jw)is given as

(A) le'j?’x(j—“’j
1 B (jo

(B) ge X(?j
1

(©) =

(D) Zemx (1—“’)

15.  The Dirac delta function §(t)is defined as

(A) 5(t)={1 t:OI

0 otherwise

(B) &(t)=1
0 otherW|se
©) & 1 and [ &(t)dt =1
0 otherW|se k4
D = [s(t)dt =1
(D) & {0 otherW|se and ig( )d
16.  If the region of convergence of x,[n]+x,[n] is %<|z| <§, then the region of

convergence of x,[n]-x,[n]includes
(A) % <|7|<3
(B) % <l7<3
(© 2<fz|<3

1 2
(D) §<|z|<§

17. The open-loop transfer function of a unity-gain feedback control system is given
by
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K
“ e
The gain margin of the system in dB is given by
(A) O
(B) 1
(C) 20
(D) =

In the system shown below, x(t)=(sint)u(t). In steady-sate, the response
y (t)will be:

y
v

x(e) | °*t y(t)

1 V4
(A) Esm(t —Zj

1 T
(B) Esm(t +Zj

(@) %e‘t sint

(D) sint —cost

The electric field of an electromagnetic wave propagating in the positive z-
direction is given by

E = ax sin(wt - z) +ay sin(a)t—ﬁz+gj.

The wave is

(A) linearly polarized in the z-direction
(B) elliptically polarized

(C) left-hand circularly polarized

(D) right-hand circularly polarized

A transmission line is feeding 1 Watt of power to a horn antenna having a gain of
10 dB. The antenna is matched to the transmission line. The total power radiated
by the horn antenna into the free-space is:

(A) 10 Watts
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1 Watt
0.1 Watt
0.01 Watt

The eigenvalues and the corresponding eigenvectors of a 2 x 2 matrix are given

by

Eigenvalue Eigenvector

o}

o0

The matrix is:

(A)

(B)

(®)

(D)

For

the function of a complex variable W=Inz

(where, W =u+ jv and Z = x + jy), the u =constant lines get mapped in Z-plane

as

(A)
(B)
()
(D)

The

(A)

(B)

()

set of radial straight lines
set of concentric circles
set of confocal hyperbolas
set of confocal ellipses

value of the contour integral cJS
\z—ﬂ:Z

5 dz in posiive sense is
z°+4

iz
2
-

2
-z
2
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T
(®) 2

24,  The integral Isin3 6 dé is given by
0

) 3
®) 2
© %
() S

25. Three companies, X, Y and Z supply computers to a university. The percentage of
computers supplied by them and the probability of those being defective are
tabulated below.

Company | % of co-'mbut.ers supplied | Probability of being defective
X 60% 0.01
Y 30% 0.02
z 10% 0,03

Given that a computer is defective, the probability that it was supplied by Y is:
(A) 0.1
(B) 0.2
(C) 0.3
(D) 0.4

4 2 101
26. For the matrix {2 4} the eigenvalue corresponding to the eigenvector [181} is:

(A) 2
(B) 4
(C) 6
(D) 8

d’y

27. For the differential equation > + k?’y =0 the boundary conditions are
X
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(i) y=0forx=0and
(ii) y=0forx=a
The form of non-zero solutions of y (where mvaries over all integers) are

mzx

(A) y=> A,sin

mrX

(B) y =) A,cos
(C) y :zAmX%

maX

(D) y=>Ae

28.  Consider the function f (t)having Laplace transform
@
F(s)=—=—- Re[s|>0
(€)= s Rels)

The final value of f(t)would be:

(A) O
(B) 1
(C) -1<f()<1
(D)
29. As X is increased from -« to «, the function
eX
f(x)=
(x) 1+e”

(A) monotonically increases
(B) monotonically decreases
(C) increases to a maximum value and then decreases
(D) decreases to a minimum value and then increases

30. A two port network is represented by ABCD parameters given by

Vil |A BV,
| |c D],
If port-2 is terminated by R, ,the input impedance seen at port-1 is given by

A+BR,

A
() C +DR,
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AR
(B) AR +C
BR +D
DR + A
(C) R A
BR, +C
(D) B+ AR,
D +CR,
31. In the two port network shown in the figure below, z,, and z,, are, respectively
Il Iz
+

re § Cl BL; gro

(A) r. and gr,
(B) 0 and - jr,
(C) 0 and pr,
(D) r. and - Br,

32. The first and the last critical frequencies (singularities) of a driving point
impedance function of a passive network having two kinds of elements, are a
pole and a zero respectively. The above property will be satisfied by

(A) RL network only
(B) RC network only
(C) LC network only
(D) RC as well as RL networks

33. A 2mH inductor with some initial current can be represented as shown below,
where sis the Laplace Transform variable. The value of initial current is:

Ls)
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(A) 0.5A
(B) 2.0 A
(C) 1.0A
(D) 0.0A
34. In the figure shown below, assume that all the capacitors are initially uncharged.
If v, (t) =10u(t) Volts,v, (t) is given by
1K
—AMW—
+ \ 1 +
A A
4uF
Vi(t) — Vot
(A) 8e%%% Volts
(B) 8(1-e™%*) Volts
(C) 8u(t) Volts
(D) 8 Volts
35. Consider two transfer functions
1 S
G (s)=———— and G, (s)= ———F—.
1 (5) s’+as+b 2 (5) s’+as+b

The 3-dB bandwidths of their frequency responses are, respectively

(A) Va® —4b,Na’ +4b

(B) V& +4b,\a’> - 4b
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(C) Va? —4b,\a* - 4b

(D) V& +4b,\Ja’ +4b

36. A negative resistance R, is connected to a passive network N having driving

point impedance Z, (s)as shown below. For Z, (s)to be positive real,

A\~
|—V Rneg |—> N
Z5(s) Zy(s)

(A) |R| <ReZ (jo),Vao

(B) |Ro| <|Z: (Jo)|, Voo

(C) |Rg| <IMZ, (jo), Voo

(D) Ry < 42, (jo) V&
37. In the circuit shown below, the switch was connected to position 1 at £ <0 and at

t =0, it is changed to position 2. Assume that the diode has zero voltage drop
and a storage time t.. For 0 <t <t_,v,is given by (all in Volts)

~___N
2 ! +

—— I 1K§ VR

5v
(A) vp=-5
(B) v, =+5
(C) 0<v,<5

Join All India Mock GATE Classroom Test Series - 2007 conducted by GATE Forum in over 25 cities all over India. Question
Papers including section tests and full tests are designed by IISc alumni according to the latest syllabus. Percentile, All India Rank,
interaction with IISc alumni in our online discussion forums, and more. For more details,
visit
www.gateforum.com
Think GATE Think GATE Forum




GATE EC - 2006 www.gateforum.com

F
&AT—E—m Join discussion of this test paper at http://forum.gatementor.com

engnesing s uccess

38.

39.

40.

41.

(D) -5<v, <0

The majority carriers in an n-type semiconductor have an average drift velocity v
in a direction perpendicular to a uniform magnetic field B. the electric field E
induced due to Hall effect acts in the direction

(A) vxB

(B) Bxv

(C) along v

(D) opposite to v

Find the correct match between Group 1 and Group 2:

Group 1 Group 2
(E) Varactor diode | (1) Voltage reference
(F) PIN diode (2) High frequency switch

(G) Zener diode (3) Tuned circuits
(H) Schottky diode | (4) Current controlled attenuator

(AYE-4 F-2 G-1H-3
B)YE-2 F-4G-1H-3
(C)E-3 F-4 G-1H-2
(D)E-1 F-3 G-2 H-4

A heavily doped n -type semiconductor has the following data:
Hole-electron mobility ratio : 0.4
Doping concentration : 4.2x10° atoms/m?

Intrinsic concentration : 1.5x10* atoms/m?3
The ratio of conductance of the n-type semiconductor to that of the intrinsic
semiconductor of same material and at the same temperature is given by
(A) 0.00005
(B) 2,000
(C) 10,000
(D) 20,000

For the circuit shown in the following figure, the capacitor C is initially uncharged.
At t=0, the switch Sis closed. The voltage V_.across the capacitor at

t =1 millisecond is:
C=1pF
S
|
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In the figure shown above, the OP-AMP is supplied with £15V and the ground has
been shown by the symbol V.

(A) 0 Volt
(B) 6.3 Volts
(C) 9.45 Volts
(D) 10 Volts
42, For the circuit shown below, 'assume ‘that''the zener diode is ideal with a
breakdown voltage of 6 Volts. The waveform observed across R is:
6V
N

N +

12sinot G) R § Vi

(B) 6V

VAV
/\ Ax SN \J

Ve Na
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A new Binary Coded Pentary (BCP) number system is proposed in which every
digit of a base-5 number is represented by its corresponding 3-bit binary code.
For example, the base-5 number 24 will be represented by its BCP code 010100.
In this numbering system, the BCP code 100010011001 corresponds to the
following number in base-5 system

(A) 423

(B) 1324
(C) 2201
(D) 4231

An I/0 peripheral device shown in figure (b) below is to be interfaced to an 8085
microprocessor. To select the I/O device in the I/O address range D4 H - D7 H,

its chip-select (E) should be connected to the output of the decoder shown in

figure (a) below:

o —
A LSB 1
2 Data <——>
3-8 3} —— TORD ————»| 1/0
As Decoder 4 |— —_— Peripheral
;‘ IOWR ———» P
6 | — As
A MSB 7 Ao
A \
As o
A / B cs
EN
Fig. (a) Fig. (b)

(A) output 7
(B) output 5
(C) output 2
(D) output 0

For the circuit shown in figure below, two 4-bit parallel-in serial-out shift registers
loaded with the data shown are used to feed the data to a full adder. Initially, all
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the flip-flops are in clear state. After applying two clock pulses, the outputs of the
full-adder should be

-

MSB LSB

Shift Registers

Clock

(A) S=0 C, =0
(B) S=0 C, =1
(C) S=1 C,=0
(D) S=1 C, =1

46. A 4-bit D/A converter is connected to a free-running 3-bit UP counter, as shown
in the following figure. Which of the following waveforms will be observed at V, ?

1K

AN,

Q2 D3
g D2 N
Q1 D1
> Q0 ——| Do
Clock 1K
3-bit D/A %7

Counter Converter

In the figure shown above, the ground has been shown by the symbol V

AW ArY

Join All India Mock GATE Classroom Tlest Series - 200f conducted by GATE Forumj in over ZAEcities over India. Question
us

Papers including seftion tests and full tes}s are designed by IISc alumni according t; e latest syllab rcentile, All India Rank,
interaction with I alumni in our online difycussion foryms, and more. For mor tails,

visit —

ww.gateforum.com

Think GATE Think GATE Forum




GATE EC - 2006 www.gateforum.com

&ATE Forum

engnesing s uccess

Join discussion of this test paper at http://forum.gatementor.com

) (D)

47. Two D-flip-flops, as shown below, are to be connected as a synchronous counter
that goes through the following Q,Q, sequence

00»01-511-510->00— -
The inputs D, and D, respectively should be connected as

DO Qo0 D1 Q1

WLSB | MSB
CK — ' >CK _
> Q0 |—— Ql |———

Clock

(A) Q; and Q,
(B) Q, and Q,
(C) Q.Q, and Q,Q,
(D) Q,Q, and QQ,

48. Following is the segment of a 8085 assembly language program:
LXI SP, EFFF H
CALL 3000 H

3000 H: LXIH,3CF4H
PUSH PSW
SPHL
POP PSW
RET
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On completion of RET execution, the contents of SP is:
(A) 3CFOH
(B) 3CF8 H
(C) 3FFD H
(D) EFFF H

The point P in the following figure is stuck-at-1. The output f will be

A

DLy

(A) ABC
(B) A
(C) ABC
(D) A

A signal m(t)with bandwidth 500 Hz is first multiplied by a signal g(t)where

g(t)= Y (1) §(t -0.5x10%K)

R=—oo

The resulting signal is then passed through an ideal lowpass filter with bandwidth
1 kHz. The output of the lowpass filter would be:

(A) &(t)

(B) m(t)
(©) 0

(D) m(t)s(t)
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The minimum sampling frequency (in samples/sec) required to reconstruct the
following signal from its samples without distortion.

. 3 R
x(t) = 5(sm 27;1000tj N 7(sm 271000t

2
j would be:
zt

zt

(A) 2x10°
(B) 4x10°
(C) 6x10°
(D) 8x10°

A uniformly distributed random variable X with probability density function
f(x) =5 (u(x+5)-u(x-5))

Where u(.)is the unit step function is passed through a transformation given in

the figure below. The probability density function of the transformed random
variable Y would be

-2.5 2.5

(A) £, (y) :%(u(y+2.5) -u(y -2.5))

(B) f,(y)=0.56(y)+0.56(y -1)

(C) f,(y)=0.256(y +2.5)+0.256 (y - 2.5)+0.56 (y)

(D) f, (y)=0.255(y +2.5)+0.255(y—2.5)+%(u(y +2.5)-u(y -2.5))

A system with input x[n] and output y[n] is given as y[n]|= (sin%zxnjx(n). The

system is:
(A) linear, stable and invertible
(B) non-linear, stable and non-invertible
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(C) linear, stable and non-invertible
(D) linear, unstable and invertible

The unit-step response of a system starting from rest is given by
c(t)y=1-e* fort=0

The transfer function of the system is:

()

2+sS

2s

(D) 1+2s

The Nyquist plot of G (jw)H (jw)for a closed loop control system, passes through
(-1, jO) point in the GH plane.The gain margin of the system in dB is equal to

(A) infinite A ]

(B) greater than zero

(C) less than zero

(D) zero

The positive values of “K” and “a” so that the system shown in the figure below
oscillates at a frequency of 2 rad/sec respectively are

R(s) K(s+1) C(s)
(s’ +as®+2s+1) v
(A) 1, 0.75
(B) 2, 0.75
1,1
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(D) 2, 2

The unit impulse response of a system is:
h(t)=e*, t=0
For this system, the steady-state value of the output for unit step input is equal
to
(A) -1
(B) 0
1
(D) =

The transfer function of a phase-lead compensator is given by

G,.(s)= 1+37S \here T >0
1+Ts
The maximum phase-shift provided by such a compensator is:
T
A) —
(A) >
T
BY =
(B) 3
T
c) =
(®) 4
T
D) =
(D) 5

A linear system is described by the following state equation

X (t) = AX (£)+ BU(t), A {_01 (1)}

The state-transition matrix of the system is:

[ cost sint
(A) .

|—sint cost

[—cost sint
(B) .

| —sint —cost

[—cost -sint
(@) .

| —sint cost

[cost —sint
(D) .

| cost sint
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The minimum step-size required for a Delta-Modulator operating at 32 K
samples/sec to track the signal (here u(t) is the unit-step function)

x(t) =125t (u(t)-u(t-1))+(250-125¢t)(u(t -1)-u(t -2))
So that slope-overload is avoided, would be
(A) 27°
(B) 2°°
() 2°
(D) 2

A zero-mean white Gaussian noise is passed through an ideal lowpass filter of
bandwidth 10 kHz. The output is then uniformly sampled with sampling period
t. =0.03 msec. The samples so obtained would be

(A) correlated

(B) statistically independent

(C) uncorrelated

(D) orthogonal

A source generates three symbbls with ‘probabilities 0.25, 0.25, 0.50 at a rate of
3000 symbols per second. Assuming-independent generation of symbols, the
most efficient source encoder would have average bit rate as

(A) 6000 bits/sec
(B) 4500 bits/sec
(C) 3000 bits/sec
(D) 1500 bits/sec

The diagonal clipping in Amplitude Demodulation (using envelope detector) can
be avoided if RC time-constant of the envelope detector satisfies the following
condition, (here W is message bandwidth and a_is carrier frequency both in
rad/sec)

1
A) RC<—
(A) RC <.

1
B) RC>_—
(B) >W

(C) RC <X
w

(o}

(D) RC>-1
w

c
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64. In the following figure the minimum value of the constant “C”, which is to be
added to y, (t) such that y, (t) and y, (t)are different, is

. . v, (t)
Quantizer Q with L levels, Same

Stepsize A allowable signal ) Quantizer

| dynamic range [-V, V] Q v, (t)
2

x (t) with

range

=3 ¢
(A)
(B)

()

| > B|>~ N> B

() 7

65. A message signal with bandwidth_10_kHz is Lower-Side Band SSB modulated with
carrier frequency f, =10° Hz{"\Thelresulting signal is then passed through a

Narrow-Band Frequency Modulator with carrier frequency f., = 10°Hz.
The bandwidth of the output would be:

(A) 4x10* Hz

(B) 2x10° Hz

(C) 2x10° Hz

(D) 2x10% Hz

66. A medium of relative permittivity ¢, =2 forms an interface with free-space. A

point source of electromagnetic energy is located in the medium at a depth of 1
meter from the interface. Due to the total internal reflection, the transmitted
beam has a circular cross-section over the interface. The area of the beam cross-
section at the interface is given by

(A) 2zm?

(B) #2m?
(C) =m

(D) =m?
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67. A medium is divided into regions I and II about x =0 plane, as shown in the
figure below. An electromagnetic wave with electric field E, = 4a, +3éy +5a,is
incident normally on the interface form region-I. The electric field E,in region-II
at the interface is:

Region I Region II
0'1:0“[[1:/[0, O'2=0,,L12=/10,
& = 3 E, = 4
E, > £,
x<0 x=0 x>0

(A) E, =E,

(B) 4ax +0.75a, —1.25a,
(C) 3ax +3a, +5a.

(D) -3ax +3a, +5a.

68. When a plane wave traveling in free-space is incident normally on a medium
having ¢ = 4.0, the fraction of power transmitted into the medium is given by

() 8

,-\
oY
~

~~
(@)
N
ol WKL N~ O

S

69. A rectangular waveguide having TE,, mode as dominant mode is having a cutoff
frequency of 18-GHz for the TE,, mode. The inner broad-wall dimension of the
rectangular waveguide is:

(A) g cms
(B) 5cms
(O g cms

(D) 10 cms
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70. A mast antenna consisting of a 50 meter long vertical conductor operates over a
perfectly conducting ground plane. It is base-fed at a frequency of 600 kHz. The
radiation resistance of the antenna in Ohms is:

27?
5

(A)

(B)

z
5
47

(€ —

(D) 20x?
Common Data Questions:

Common Data for Questions 71, 72, 73:

In the transistor amplifier circuit shown in the figure below, the transistor has the
following parameters:

Boc =60,V =0.7V, h, — oo, h; — o

The capacitance C_can be assumed to-belinfinite:

T 12v
53K §
ANN———
5.3K g |/ *
W— | Ve

In the figure above, the ground has been shown by the symbol V
71. Under the DC conditions, the collector-to-emitter voltage drop is:
(A) 4.8 Volts
(B) 5.3 Volts
(C) 6.0 Volts
(D) 6.6 Volts

72. If B, is increased by 10%, the collector-to-emitter voltage drop
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(A) increases by less than or equal to 10%
(B) decreases by less than or equal to 10%
(C) increases by more than 10%
(D) decreases by more than 10%

73.  The small-signal gain of the amplifier v_/v, is:
(A) -10
(B) -5.3
(C) 5.3
(D) 10

Common Data for Questions 74, 75:
Let g(t)=p(t)*p(t),where * denotes convolution and p(t)=u(t)-u(t-1)with
u (t)being the unit step function

74.  The impulse response of filter matched to the signal s(t)=g(t)-5(t-2)*g(t)is

given as:
(A) s(1-t)
(B) -s(1-t)
(C) -s(t)
(D) s(t)

75. An Amplitude Modulated signal is given as
X, (t) =100(p(t)+0.5g (t))cos w.t

in the interval 0 <t <1. One set of possible values of the modulating signal and
modulation index would be

(A) t,0.5
(B) t,1.0
(C) t,2.0
(D) t2,0.5

Linked Answer Questions: Q.76 to Q.85 Carry Two Marks Each.

Statement for Linked Answer Questions 76 & 77:
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A regulated power supply, shown in figure below, has an unregulated input (UR) of 15
Volts and generates a regulated output V., Use the component values shown in the

out.
figure.
15V (UR) Q1

LJ +
1K
§ g 12K 100 S Ve

I —

YANNSY, g 24K

) .

In the figure above, the ground has been shown by the symbol V

76. The power dissipation across the transistor Q1 shown in the figure is:
(A) 4.8 Watts
(B) 5.0 Watts
(C) 5.4 Watts
(D) 6.0 Watts

77. If the unregulated voltage increases by 20%, the power dissipation across the
transistor Q1

(A) increases by 20%
(B) increases by 50%
(C) remains unchanged
(D) decreases by 20%

Statement for Linked Answer Questions 78 & 79:
The following two questions refer to wide sense stationary stochastic processes

78. It is desired to generate a stochastic process (as voltage process) with power
spectral density
16

T
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By driving a Linear-Time-Invariant system by zero mean white noise (as voltage
process) with power spectral density being constant equal to 1. The system which
can perform the desired task could be:

(A) first order lowpass R-L filter
(B) first order highpass R-c filter
(C) tuned L-C filter

(D) series R-L-C filter

79. The parameters of the system obtained in Q.78 would be
(A) first order R-L lowpass filter would have R = 4Q L = 4H
(B) first order R-C highpass filter would have R = 4Q C = 0.25F
(C) tuned L-C filter would have L = 4H C = 4F
(D) series R-L-C lowpass filter would have R = 1Q, L = 4H, C = 4F

Statement for Linked Answer Questions 80 & 81:
Consider the following Amplitude Modulated (AM) signal, where £, < B:

X (t) =10(1+ 0.5sin2xf, t)cos 2xf.t

80. The average side band power for the-AM signal given above is:
(A) 25
(B) 12.5
(C) 6.25
(D) 3.125

81. The AM signal gets added to a noise with Power Spectral Density S, (f)given in

the figure below. The ratio of average sideband power to mean noise power
would be:

25 S, (f)
(A)
8N,B
25 N
4N,B
25
2N,B
25
N,B
Statement for Linked Answer Questions 82 & 83:
Consider a unity-gain feedback control system whose open-loop transfer function is:

(B)

()

(D)
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as+1
G(S): 52
82. The value of “a” so that the system has a phase margin equal to =is
approximately equal to
(A) 2.40
(B) 1.40
(C) 0.84
(D) 0.74
83. With the value of “a” set for a phase-margin of %, the value of unit-impulse
response of the open-loop system at t =1 second is equal to
(A) 3.40
(B) 2.40
(C) 1.84
(D) 1.74

Statement for Linked Answer Questions-84 & 85:

A 30-Volts battery with zero source resistance—is connected to a coaxial line of
characteristic impedance of 50 Ohms at t = 0 second terminated in an unknown resistive
load. The line length is that it takes 400 ys for an electromagnetic wave to travel from
source end to load end and vice-versa. At t =400us, the voltage at the load end is

found to be 40 Volts.

84. The load resistance is
(A) 25 Ohms
(B) 50 Ohms
(C) 75 Ohms
(D) 100 Ohms

85. The steady-state current through the load resistance is:
(A) 1.2 Amps
(B) 0.3 Amps
(C) 0.6 Amps
(D) 0.4 Amps
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Q.1 - Q.20 Carry One Mark Each

1. If E denotes expectation, the variance of a random variable X is given by
(A) E[)(Z]—E2 [X] (B) E[XZ]+EZ [X]
(C) E[Xz] (D) E?[X]
2. The following plot shows a function y which varies linearly with x. The value of
2
the integral I = jy dx is y
1 A
3 4
2 1
/
F—t—t—
7 1 2 3
(A) 1.0 (B) 2.5 (C) 4.0 (D)5.0
3. For |x| << 1, coth(x)can be approximated as
) 1 1
(A) x (B) x (O (D) —
X X
in(6/2
4. ”m—sm( 2) is:
6—0
(A) 0.5 (B) 1 (©) 2 (D) not defined
5. Which one of the following functions is strictly bounded?
n) L (B) e (©) x* (D) e
X
6. For the function e, the linear approximation around x = 2is:
(A) 3-x)e? (B) 1-x
(C) [3+2ﬁ—(1+ﬁ)x}e—2 (D) e2
7. An independent voltage source in series with an impedance Z; = R, + jX delivers
a maximum average power to a load impedance Z, when
(A) Z, =R, + jX, (B) Z, =R,
(C) Z, = JjX; (D) Z, =R, - jX;

© All rights reserved by GATE Forum Educational Services Pvt. Ltd. No part of this booklet may be reproduced or utilized in any form without the
written permission. Discuss this questions paper at www.gateforum.com. Page 1 of 22



&ATE Forum

enginesfing success

The RC circuit shown in the figure is

. Il .
* avaA% [ .
R C
V,- R __I_C Vo
(A) a low-pass filter (B) a high-pass filter
(C) a band-pass filter (D) a band-reject filter
9. The electron and hole concentrations in an intrinsic semiconductor are n; per

cm®at 300 K. Now, if acceptor impurities are introduced with a concentration of
N,per cm® (where N, >> n;), the electron concentration per cm® at 300 K will

be:
2
(A) n; (B) nj+N, (C) Ny—n; (D)
A
10. In a p*'n junction diode under reverse bias, the magnitude of electric field is

maximum at
(A) the edge of the depletion region on the p-side
(B) the edge of the depletion region on the n-side

(C) the p*n junction

(D) the centre of the depletion region on the n-side

11. The correct full wave rectifier circuit is:

(A) (B)

Input
Input

Output

!

Output
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(©) (D)
Input l Input
Output Output
! !
12. In a transconductance amplifier, it is desirable to have

(A) a large input resistance and a large output resistance
(B) a large input resistance and a small output resistance
(C) a small input resistance and a large output resistance
(D) a small input resistance and a small output resistance

13. X = 01110 and Y = 11001 are two 5-bit binary numbers represented in two’s
complement format. The sum of X and Y represented in two’s complement format
using 6 bits is:

(A) 100111 (B) 001000 (C) 000111 (D)101001

14. The Boolean function Y = AB+CDis to be realized using only 2-input NAND
gates. The minimum number of gates required is:

(A) 2 (B) 3 (C) 4 (D)5

15. If the closed-loop transfer function of a control system is given as
s-5 -
T(s)=—————+————, thenitis
(s) (s+2)(s+3)

(A) an unstable system (B) an uncontrollable system

(C) a minimum phase system (D) a non-minimum phase system
16.  If the Laplace transform of a signal y (t) is Y (s) = ﬁ, then its final value is:

(A) -1 (B) O O 1 (D) unbounded
17. If R(r)is the autocorrelation function of a real, wide-sense stationary random

process, then which of the following is NOT true?
(A) R(zr)=R(-7) (B) |R(z)|<R(0) (C) R(r)=-R(-7)

© All rights reserved by GATE Forum Educational Services Pvt. Ltd. No part of this booklet may be reproduced or utilized in any form without the
written permission. Discuss this questions paper at www.gateforum.com. Page 3 of 22



&ATE Forum

enginesfing success

18.

19.

20.

21.

22.

23.

(D) The mean square value of the process is R(0)

If S(f)is the power spectral density of a real, wide-sense stationary random
process, then which of the following is ALWAYS true?

(A) S(0)=S(f) (B) S(f)=0 (C) S(-f)=-S(f) (D) ]o S(f)df =0

A plane wave of wavelength Ais traveling in a direction making an angle 30° with

positive x-axis and 90° with positive y-axis. The E field of the plane wave can be
represented as (E, is constant)

N J(wt—%X—%ZJ ](a)t—gx—%z]
(A) E =yE,e (B) E =yE,e
R =N ](a)tﬁ-%)ﬁ%z] . . ](a)t——)ﬂ-ﬁz]
(C) E =yE,e (D) E =yE,e

If C is a closed curve enclosing a surface S, then the magnetic field intensity ﬁ,
the current density J and the electric flux density D are related by

(A) jjﬁ.dé:qs[ha—DJ dl (B) jﬁ.df:q%ﬁ[ha—ded

S

(C) qEﬁﬁ.dE:j[JJra—] di (D) i; jsj[n_]
Q.21 - Q.75 Carry Two Marks Each

It is given that Xj, x,,....X, are M non-zero, orthogonal vectors. The dimension of
the vector space spanned by the 2M vectors X, X,,...Xy,—X;,—X5,...— X is:

(A) 2M (B M+1 (C) ™M

(D) dependent on the choice of X;, X5,...X}

Consider the function f(x) = x? - x — 2. The maximum value of f (x)in the closed
interval [-4,4] is:

(A) 18 (B) 10

(C) -2.25 (D) indeterminate

An examination consists of two papers, Paper 1 and Paper 2. The probability of
failing in Paper 1 is 0.3 and that in Paper 2 is 0.2. Given that a student has failed
in Paper 2, the probability of failing in Paper 1 is 0.6. The probability of a student
failing in both the papers is:

(A) 0.5 (B) 0.18 (C) 0.12 (D)0.06

© All rights reserved by GATE Forum Educational Services Pvt. Ltd. No part of this booklet may be reproduced or utilized in any form without the
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24,

25.

26.

2
The solution of the differential equation kz% =y —-y,under the boundary
X
conditions (i) y =y, at x=0and (ii)) y=y,at x =, where k,y, and y,are
constants, is
(A) ¥ =(y1-vz)exp(-x/k?*) +y, (B) vy =(y2-yi)exp(-x/k)+y,

(C) vy =(yy —y3)sinh(x/k)+y, (D) vy =(yy —Yy,)exp(-x/k)+y,

The equation x> -x?+4x-4=0 is to be solved using the Newton-Raphson
method. If x =2is taken as the initial approximation of the solution, then the
next approximation using this method will be:

2 4 3
(A) 3 (B) 3 (1 )5

Three functions f, (t),f, (t) and f;(t), which are zero outside the interval [0,T],
are shown in the figure. Which of the following statements is correct?

fi(t) 2T

(A) f;(t) and f, (t) are orthogonal
(B) fi(t) and f5(t) are orthogonal
(C) f,(t) and f5(t) are orthogonal
(D) fi(t) and £, (t) are orthonormal

© All rights reserved by GATE Forum Educational Services Pvt. Ltd. No part of this booklet may be reproduced or utilized in any form without the
written permission. Discuss this questions paper at www.gateforum.com. Page 5 of 22
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If the semi-circular contour D of radius 2 is as shown in the figure, then the value
of the integral @—ds is:

e

4jo
2
D
0 > G
0 2 !
-j2
(A) jm (B) -jn (C) -n (D)n

28. Two series resonant filters are as shown in the figure. Let the 3-dB bandwidth of
Filter 1 be B, and that of Filter 2 be B,. The value of % is:

2
G L G =4¢ L =%
o | o |
+ I + + I +
Vi R Vo Vi R Vo
Filter 1 Filter 2
(A) 4 (8) 1 ©) = (D)=
2 4
29. For the circuit shown in the figure, the Thevenin voltage and resistance looking
into X-Y are:
10
VA AA * * +—o X
i
<+> é é
2i -y
v 10 20 !
- * oY :
(A) %v,zgz (B) 4v,§gz ©) %v%g (D)4V, 20

© All rights reserved by GATE Forum Educational Services Pvt. Ltd. No part of this booklet may be reproduced or utilized in any form without the
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In the circuit shown, V.is 0 volts at t =0sec. For t > 0, the capacitor current
i. (t), where t is in seconds, is given by

20kQ i
N\ ——=
n +
10V <_> 20k V. == 4uF
(A) 0.50 exp(-25t) mA (B) 0.25 exp(-25t) mA
(C) 0.50 exp(-12.5t) mA (D) 0.25 exp (-6.25t) mA
31. In the AC network shown in the figure, the phasor voltage V,z(in Volts) is:
A

0 50 2
5/30°A CD [ é
— j3Q

-i3Q —

(A) O (B) 54£30° (C) 12.5430° (D) 17.4£30°

32. A p*n junction has a built-in potential of 0.8 V. The depletion layer width at a
reverse bias of 1.2V is 2 ym. For a reverse bias of 7.2 V, the depletion layer

width will be:
(A) 4 um (B) 4.9 um (C) 8 um (D)12 pm
33. Group I lists four types of p-n junction diodes. Match each device in Group I with

one of the option in Group II to indicate the bias condition of that device in its
normal mode of operation.

Group I Group II
(P) Zener Diode (1) Forward bias
(Q) Solar cell (2) Reverse bias

(R) LASER diode
(S) Avalanche Photodiode

(A)P-1 Q-2 R-1 S-2
BP-2 Q-1 R-1 S-2
(P-2 Q-2 R-1 S-1
MP-2 Q-1 R-2 S-2

© All rights reserved by GATE Forum Educational Services Pvt. Ltd. No part of this booklet may be reproduced or utilized in any form without the
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The DC current gain (B)of a BJT is 50. Assuming that the emitter injection
efficiency is 0.995, the base transport factor is:
(A) 0.980 (B) 0.985 (C) 0.990 (D)0.995

35. Group I lists four different semiconductor devices. Match each device in Group I
with its characteristic property in Group II.

Group I Group II
(P) BIT (1) Population inversion

(Q) MOS capacitor (2) Pinch-off voltage
(R) LASER diode (3) Early effect

(S) JFET (4) Flat-band voltage
AP-3 Q-1 R-4 S -2
BP-1 Q-4 R-3 S -2
@P-3 Q-4 R-1 S-2
dyp-3 Q-2 R-1 S-4
36. For the Op-Amp circuit shown in the figure, V, is:
2kQ
VW
1kQ
—/V\- -
1V.—J n—.Vo
+
1kQ
1kQ
(A) -2V (B) -1V (C) -0.5V (D)0.5V
37. For the BJT circuit shown, assume that the g of the transistor is very large and
Vge = 0.7V. The mode of operation of the BT is:
10kQ
- /V\M

_'<
Yo

O

1kQ

?
T

© All rights reserved by GATE Forum Educational Services Pvt. Ltd. No part of this booklet may be reproduced or utilized in any form without the
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(A) cut-off (B) saturation (C) normal active (D)reverse active

38. In the Op-Amp circuit shown, assume that the diode current follows the equation
I=I exp(V/V4). For V,=2V,V, =V,,, and for V, =4V,V, =V,_,. The relationship

between V,; and V,,is:

2k
Vi e—— WV >
p—-=o Vo
N
(A) Vo, = ‘/Evol (B) Vo, = e2Vol
) V,=V,In2 (D) V,; -V, =Vs1In2
39. In the CMOS inverter circuit shown, if the transconductance parameters of the

: w w,
NMOS and PMOS transistors are k, =K, = #,Cox ™ = #pCox L—p =40 uA/V? and
n 4
their threshold voltages are Vi, = V| = 1V, the current L is:

— 5V

[ pos

2.5V
| NMOS
(A) OA (B) 25 pA (C) 45 pA (D)90 uA
40. For the Zener diode shown in the figure, the Zener voltage at knee is 7V, the

knee current is negligible and the Zener dynamic resistance is 10Q. If the input
voltage (V;)range is from 10 to 16V, the output voltage (V;)ranges from

2002
W\/\ » ®
+
sz ,
Vi 7— Vo
(A) 7.00 to 7.29 V (B) 7.14 to 7.29 V
(C) 7.14 to 7.43 V (D) 7.29 to 7.43 V

© All rights reserved by GATE Forum Educational Services Pvt. Ltd. No part of this booklet may be reproduced or utilized in any form without the
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41. The Boolean expression Y=ABCD+ABCD+ABCD+ABC Dcan be
minimized to

42. The circuit diagram of a standard TTL NOT gate is shown in the figure. When
V; = 2.5V, the modes of operation of the transistors will be:

* — Ve =5V

1.4kQ % 100Q
4kQ
Q,

—| Q
+ Q ’ +

Qs
v A
1 kQ % \‘

I :

(A) @ :reverse active; Q, :normal active; Qs :saturation; Q, :cut-off

(B) @ :reverse active; Q, :saturation; Qs :saturation; Q, :cut-off
(C) @ :normal active; Q, :cut-off; Qs :cut-off; Q, : saturation

(D) @ :saturation; Q, :saturation; Qs :saturation; Q, : normal active

43. In the following circuit, X is given by

0 I
0 I, 0
1 I 1 L 401
1 4-to-1 MUX Y ——x
MUX v 1 I
1 I
0 I
0 I 3
S, S
51 So 1 0
C
A B

© All rights reserved by GATE Forum Educational Services Pvt. Ltd. No part of this booklet may be reproduced or utilized in any form without the
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(A) X=ABC +ABC+ABC +ABC
(B) X=ABC +ABC+ABC +ABC
(C) X=AB+BC+AC
(D) X=AB + BC+AC
44, The following binary values were applied to the X and Y inputs of the NAND latch
shown in the figure in the sequence indicated below:

X=0Y=1 X=0Y=0;, X=1,Y =1.

The corresponding stable P, Q outputs will be:

X—I—:DD .
]

(A)P=1,Q=0; P=1Q=0; P=1Q=00rP=0Q=1

(B P=1,Q=0; P=0,Q=1;0rP=0,Q=1; P=0,Q=1

(C)P=1,Q=0; P=1,Q=1; P=1,Q=00rP=0,Q=1

(D)P=1,Q=0; P=1Q=1; P=1,Q=1
45, For the circuit shown, the counter state (Q,Q,)follows the sequence

DO QO - Dl Ql
Clock
(A) 00, 01, 10, 11, 00 ... (B) 00, 01, 10, 00, 01 ...
(C) oo, 01, 11, 00, 01 ... (D) 00, 10, 11, 00, 10 ...

46. An 8255 chip is interfaced to an 8085 microprocessor system as an I/O mapped
I/0 as shown in the figure. The address lines Ayand A; of the 8085 are used by

the 8255 chip to decode internally its three ports and the Control register. The

© All rights reserved by GATE Forum Educational Services Pvt. Ltd. No part of this booklet may be reproduced or utilized in any form without the
written permission. Discuss this questions paper at www.gateforum.com. Page 11 of 22
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address lines A; to A, as well as the IO/M signal are used for address decoding.
The range of addresses for which the 8255 chip would get selected is:

Ay ——— 8255
A6 1
A5 —— _
A ——(O CS
L o
Ay ————— A

oM | : A

Ay — Ay
(A) F8H - FBH (B) F8H - FCH (C) F8H - FFH (D)FOH - F7H

47.  The 3-dB bandwidth of the low-pass signal eu(t), where u(t)is the unit step
function, is given by

(A) zin (B) _\/ “1Hz (C) e (D)1 Hz
V4
48. A Hilbert transformer is a
(A) non-linear system (B) non-causal system
(C) time-varying system (D) low-pass system

49, The frequency response of a linear, time-invariant system is given by
5

H(f)= m The step response of the system is:
_t
(A) 5(1—e‘5t)u(t) (B) 5{1—e 5]u(t)
(© Z(1-et)ul(t) D) L e u(t)
5 5
50. A 5-point sequence x[n] is given as

x[-3]=1,x[-2]=1,x[-1]=0,x[0]=5,x[1]=1.

Let X(ej“’)denote the discrete-time Fourier transform of x[n]. The value of
ﬂ. .

j X(e”’)dw is:

-

(A) 5 (B) 10n (C) 16n (D)5 + j10=n

© All rights reserved by GATE Forum Educational Services Pvt. Ltd. No part of this booklet may be reproduced or utilized in any form without the
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51.  The z-transform X[z] of a sequence x[n] is given by X[z]= : 0;_1 . It is given
-2z
that the region of convergence of X[z]includes the unit circle. The value of x[0]
is:
(A) -0.5 (B) 0 (C) 0.25 (D)0.5
52. A control system with a PD controller is shown in the figure. If the velocity error

constant K, =1000 and the damping ratio ¢ =0.5 then the values of
Kp and K are:

100
r Kp +Kps — s(s+10)
+

(A) K, =100,K, =0.09 (B) K, =100,Kp, =0.9
(C) K, =10,K, =0.09 (D) K, =10,K, = 0.9
53.  The transfer function of a plant is T(s)= > . The second-order

(s+5)(s® +s+1)
approximation of T (s)using dominant pole concept is:

1 5 5 1
(s+5)(s+1) (B) (s+5)(s+1) © s +s+1 (D)52+s+1

(A)

54.  The open-loop transfer function of a plant is given as G (s) =

. If the plant is
s -1

operated in a unity feedback configuration, then the lead compensator that an
stabilize this control system is:

10(s-1 10(s+4 10(s+2 2(s+2

(y 0651 By 0(5+4) ) 0+2) 5y 2(5+2)

S+2 S+2 s+10 s+10
55. A unity feedback control system has an open-loop transfer function
G(s)= K . The gain K for which s =-1+ jlwill lie on the root locus

s(s2 +75+ 12)
of this system is:
(A) 4 (B) 5.5 (C) 6.5 (D)10

© All rights reserved by GATE Forum Educational Services Pvt. Ltd. No part of this booklet may be reproduced or utilized in any form without the
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The asymptotic Bode plot of a transfer function is as shown in the figure. The

transfer function G (s)corresponding to this Bode plot is:

60 1 -20 dB/decade
40+------3
1
: -40 dB/decade
20 + X
1
1
0 ' 20
i t t >
0.1 1 10\u 100
-60 dB/decade
1 1
A ——MM B
() (s+1)(s+20) (8) s(s+1)(s+20)
100 100
C D
© s(s+1)(s+20) (B) s(s+1)(1+0.05s)
57. The state space representation of a separately excited DC servo motor dynamics
is given as
do
d_t _ -1 1 a) N 0 u
diy -1 -10]|/, 10
dt
(A) — 10 B) — 1 2105+10 D) 1
s“+11s+11 s“+11s+11 s“+11s+11 s“+s+1
58. In delta modulation, the slope overload distortion can be reduced by
(A) decreasing the step size (B) decreasing the granular noise
(C) decreasing the sampling rate (D) increasing the step size
59. The raised cosine pulse p(t) is used for zero ISI in digital communications. The

sin4zWt
AxWt (1 16W2t2)

expression for p(t) with unity roll-off factor is given by p(t) =

The value of p(t) att = ﬁis:

(A) -0.5 (B) 0 (C) 0.5 (D)oo
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In the following scheme, if the spectrum

spectrum Y (f) of y (t) will be:

M(f) of m(t)is as shown, then the

cos(27Bt)
}
A M(f) m(t) > '®
+ v
S0,
+ A
f
-B 0 +B Hilbert QQ
—> transformer
sin(2zBt)
Y(f)
(A) I (B) Y(f)
> f
-B 0 +B R /‘ ]
-2B -B |0 +B +ZB'
C D
(®) o (D) Vo
f /I | l\ > f
B IR) +B -2B -B 0 +B +2B
61. During transmission over a certain binary communication channel, bit errors

occurs independently with probability p. The probability of AT MOST one bit in

error in a block of n bits is given by
(A) p”

(C) np(1-p)"

+(1-p)

(B) 1-p"

(D) 1-(1-p)

62. In a GSM system, 8 channels can co-exist in 200 KHz bandwidth using TDMA. A
GSM based cellular operator is allocated 5 MHz bandwidth. Assuming a frequency

reuse factor of é,i.e. a five-cell repeat pattern,

simultaneous channels that can exist in one cell is:

(A) 200 (B) 40

(C) 25

the maximum number of

(D)5

63. In a Direct Sequence CDMA system the chip rate is 1.2288 x10° chips per
second. If the processing gain is desired to be AT LEAST 100, the data rate

(A) must be less than or equal to 12.288 x10° bits per sec

(B) must be greater than 12.288 x103 bits per sec

© All rights reserved by GATE Forum Educational Services Pvt. Ltd. No part of this booklet may be reproduced or utilized in any form without the
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64.

65.

66.

67.

(C) must be exactly equal to 12.288 x10° bits per sec

(D) can take any value less than 122.88 x10° bits per sec.

An air-filled rectangular waveguide has inner dimensions of 3 cm x 2 cm. The
wave impedance of the TE,, mode of propagation in the waveguide at a

frequency of 30 GHz is (free space impedance 7, = 377Q)

(A) 308 Q (B) 355 Q (C) 400 Q (D)461

The H field (in A/m) of a plane wave propagating in free space is given by

H= )A(ﬂcos(a)t—,Bz)+)7£sin£a)t—ﬁz+£j.
o o 2
The time average power flow density in Watts is:
o 100 2 50
(A) —— (B) — (C) 507 (D) =—
100 o 0 o

The E field in a rectangular waveguide of inner dimensions a x b is given by
2
= wu(rx . (27X . ~
E=—"|=|Hysin|—| sin(wt - fz
%2 )y sinf 22 sin (ot - pz)

Where H,is a constant, and a and b are the dimensions along the x-axis and the
y-axis respectively. The mode of propagation in the waveguide is:
(A) TE,, (B) T™™,, (C) TM,, (D) TE;,

A load of 50Q is connected in shunt in a 2-wire transmission line of Z, =50Q as

shown in the figure. The 2-port scattering parameter matrix (S-matrix) of the
shunt element is:

—-A\\W—e

Z, =500 50Q 7, =500
L 1] i
2 2 01
A B
(A) 11 ()_1 o}
L2 2]
(L 2] (13
3 4 4
C D
(©) 2 1 (D) 31
L3 3] L 4 4
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69.

The parallel branches of a 2-wire transmission line are terminated in 100Q and
200Q resistors as shown in the figure. The characteristic impedance of the line is

Z, =50Q and each section has a length of % The voltage reflection coefficient

I' at the input is:

5 A 1000
R 4
’_. Z, =500
- 200Q
T
.7 -5 .5 5
A) —jZ B) —> c) j2 D) 2
(A) Jg (B) - (®) I3 ( )7

A %dipole is kept horizontally at a height of % above a perfectly conducting

infinite ground plane. The radiation pattern in the plane of the dipole
(E plane) looks approximately as

(A) (B)

) (D)

> Z
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A right circularly polarized (RCP) plane wave is incident at an angle of 60° to the
normal, on an air-dielectric interface. If the reflected wave is linearly polarized,
the relative dielectric constant ¢,,is:

Linea.rly
RCP polarized
60° 60°

air gy =1
e

dielectric £y

gt
(A) V2 (B) V3 (C) 2 (D)3

Common Data Questions

Common Data for Questions 71, 72, 73:
The figure shows the high-frequency capacitance-voltage (C-V) characteristics of a
Metal/Si O, /silicon (MOS) capacitor having an area of 1x10%cm?. Assume that the

permittivities (gy¢.)of silicon and SiO, are 1x10? F/cm and 3.5x107** F/cm
respectively. C

71.

72.

73.

A

1pF ---

The gate oxide thickness in the MOS capacitor is:
(A) 50 nm (B) 143 nm (C) 350 nm (D)1 um

The maximum depletion layer width in silicon is
(A) 0.143 pm (B) 0.857 ym (C) 1 um (D)1.143 um

Consider the following statements about the C-V characteristics plot:
S1: The MOS capacitor has an n-type substrate.

S2: If positive charges are introduced in the oxide, the C-V plot will shift to the
left.

Then which of the following is true?
(A) Both S1 and S2 are true (B) S1is true and S2 is false
(C) S1is false and S2 is true (D) Both S1 and S2 are false

© All rights reserved by GATE Forum Educational Services Pvt. Ltd. No part of this booklet may be reproduced or utilized in any form without the
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Common Data for Questions 74, 75:
Two 4-ray signal constellations are shown. It is given that ¢ and ¢, constitute an
orthonormal basis for the two constellations. Assume that the four symbols in both the

. i N, . .
constellations are equiprobable. Let 70 denote the power spectral density of white

Gaussian noise.

A A
- N2a + P]
AN Al AN
, N ’ ~
’ h ’ N
’ N ’ N
’ hs ’ A
, N , N
, N , N
, N ’ ~
, ~ ’ ~
’ | s v s
& I ‘e >
v i = > 4 ‘- ) > &
-2+2a ™ 710 -a . L0 a
N ’ N ,
N ’ N ,
N s N 4
N ’ N ,
N ’ N ’
N ’ N 7’
N ’ ~ v’
N // N /’
‘e N _a
—J2a—+
Constellation 1 Constellation 2

74. The ratio of the average energy of Constellation 1 to the average energy of
Constellation 2 is:

(A) 4a° (B) 4 (C) 2 (D)8

75. If these constellations are used for digital communications over an AWGN
channel, then which of the following statements is true?

(A) Probability of symbol error for Constellation 1 is lower

(B) Probability of symbol error for Constellation 1 is higher

(C) Probability of symbol error is equal for both the constellations

(D) The value of Nywill determine which of the two constellations has a lower
probability of symbol error.

Linked Answer Questions: Q.76 to Q.85 Carry Two Marks Each

Statement for Linked Answer Questions 76 & 77:
Consider the Op-Amp circuit shown in the figure.

Rl
W\
Rl
—\/\/\/\ _
v, e——¢ —e
—\/\{D\V‘ +

—I?—c
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The transfer function V, (s)/V; (s)

1-sRC 1+sRC 1 1
(A) (B) (©) (D)
1+sRC 1-sRC 1-sRC 1+sRC
77. If V, =V, sin(wt) and V, =V, sin(at + ¢), then the minimum and maximum values

of ¢ (in radians) are respectively

T T T T
(A) > and > (B) 0 and > (C) -trand O (D)7 and 0

Statement for Linked Answer Questions 78 & 79:
An 8085 assembly language program is given below.
Line 1: MVI A, B5H

MVI B, OEH

XRI 69H

ADD B

ANI 9BH

CPI 9FH

STA 3010H

HLT

0O N O U A WDN

78. The contents of the accumulator just after execution of the ADD instruction in line
4 will be

(A) C3H (B) EAH (C) DCH (D) 69H

79. After execution of line 7 of the program, the status of the CY and Z flags will be
(A) CY=0,Z2=0 (B Cy=0,z2=1 (©)Cy=1,z2z=0 (D)Cy=1,z2=1

Statement for Linked Answer Questions 80 & 81:

Consider a linear system whose state space representation is x (t) = Ax (t). If the initial

1 -2t
state vector of the system is x(0) ={ 2}, then the system response is x(t) ={ € Zt}.
- -2e”

If the initial state vector of the system changes to X(O):[ll}, then the system

—t

-t
e
response becomes Xx (t) :{ }
-e
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The eigenvalue and eigenvector pairs (4, v;)for the system are

w (3[4 ]me([3) ® (4[]l 2]

© [ ]me(=[2) © (2! [Jand(1,] 2]
81.  The system matrix A is:

A) [ ° ﬂ (8) [_11 _12} (©) [_21 _11} (D) [_02 _13}
Statement for Linked Answer Questions 82 & 83:

An input to a 6-level quantizer has the probability density function f (x)as shown in the

figure. Decision boundaries of the quantizer are chosen so as t maximize the entropy of
the quantizer output. It is given that 3 consecutive decision boundaries are *-1’, ‘0’ and
‘1.

4 f(x)
----a
---b
» X
-5 -1 0 1 5
82. The values of a and b are:
(A) a=L andb=1 (B) a=2 andb=—
6 12 5 40
(C) a=2 andb=-1 (D) a=L andb=1
4 16 3 24
83. Assuming that the reconstruction levels of the quantizer are the mid-points of the
decision boundaries, the ratio of signal power to quantization noise power is:
152 64 76
A) —=— B) — C) — D) 28
(A) 5 (B) 3 (®) 3 (D)
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Statement for Linked Answer Questions 84 & 85:

In the Digital-to-Analog converter circuit shown in the figure below, V; =10V and
R =10kQ.

R R R j 2R
VR —\/V\/\ 1 > W\/‘ J_
2R 2R g 2R 2R ; =
= —_ R
' = WA
VO
+

84. The current i is:
(A) 31.25 pA (B) 62.5 pA (C) 125 pA (D) 250 pA

85.  The voltage V, is:
(A) -0.781V (B) -1.562V (C) -3.125V (D)-6.250 V
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Q. 1 to 20 Carry One Mark Each

1. All the four entries of the 2x2 matrix P = {E“ Elz} are nonzero, and one of its
21 22

eigenvalues is zero. Which of the following statements is true?

(A) P11P2; — PPy =1 (B) P11P2; — PPy = -1

(C) PP —P1oPy; =0 (D) PiP2; + PPy =0
2. The system of linear equations

4x +2y =7

2X+y =6

has

(A) a unique solution (B) no solution

(C) an infinite number of solutions (D) exactly two distinct solutions
3. The equation sin(z) =10has

(A) no real or complex solution

(B) exactly two distinct complex solutions
(C) a unique solution

(D) an infinite number of complex solutions

4. For real values of x, the minimum value of the function f(x) = exp(x) + exp(-x)is
(A) 2 (B) 1 (C) 0.5 (D)0

5. Which of the following functions would have only odd powers of x in its Taylor
series expansion about the point x=07?
(A) sin(x’) (B) sin(x?) (C) cos(x?) (D) cos(x?)

. N : , . _dx(t)

6. Which of the following is a solution to the differential equation at +3x(t)=07
(A) x(t)=3e* (B) x(t)=2e™ ) x(t) =—§t2 (D) x (t) = 3t?

7. In the following graph, the number of trees (P) and the number of cut-sets (Q)
are
(A) P=2, Q=2 —~ ) .
(B) P=2, Q=6
(C) P=4, Q=6
(D) P=4, Q=10 () (3)
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8. In the following circuit, the switch S is closed at t=0. The rate of change of

current %(0 +) is given by

S R
I R @ L
R+R.)I
(A) 0 (B) Rsls (C) w (D)
L L
9. The input and output of a continuous time system are respectively denoted by
x(t) and y(t). Which of the following descriptions corresponds to a causal system?
(A) y(t)=x(t-2)+x(t+4) (B) y(t)=(t-4)x(t+1)
(C) y(t)=(t+4)x(t-1) (D) y(t)=(t+5)x(t+5)

10. The impulse response h(t) of a linear time-invariant continuous time system is
described by h(t) =exp(at)u(t)+exp(Bt)u(-t), where u(t) denotes the unit step

function, and o and B are real constants. This system is stable if

(A) o is positive and B is positive (B) o is negative and B is negative
(C) ais positive and B is negative (D) a is negative and j is positive
11. The pole-zero plot given below corresponds to a
jo
o]
*—% °
o]

(A) Low pass filter  (B) High pass filter (C) Band pass filter(D) Notch filter

12. Step responses of a set of three second-order underdamped systems all have the
same percentage overshoot. Which of the following diagrams represents the
poles of the three systems?
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jo jo
X
(A) % (B) 'S0 &0 ST DI
X
: o (4]
X
)F XX -Xovoooohooioaiiaiai,
X
jo .o
X
() X (D) :
‘X X
X X
5> X °
x'
-X x
'x ’
X

13. Which of the following is NOT associated with a p-n junction?
(A) Junction capacitance (B) Charge Storage Capacitance
(C) Depletion Capacitance (D) Channel Length Modulation

14. Which of the following is true?
(A) A silicon wafer heavily doped with boron is a p* substrate
(B) A silicon wafer lightly doped with boron is a p* substrate
(C) A silicon wafer heavily doped with arsenic is a p* substrate
(D) A silicon wafer lightly doped with arsenic is a p* substrate

15. For a Hertz dipole antenna, the half power beam width (HPBW) in the E-plane is
(A) 360° (B) 180° (C) 900 (D)450°

16. For static electric and magnetic fields in an inhomogeneous source-free medium,
which of the following represents the correct form of two of Maxwell’s equations?
VE=0 VE=0 VxE=0 VxE=0

(A) VxB=0 (B) vB=0 © VxB=0 (D)V.B=0

© All rights reserved by GATE Forum Educational Services Pvt. Ltd. No part of this booklet may be reproduced or utilized in any form without the
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17. In the following limiter circuit, an input voltage V., =10sin100xt applied. Assume

that the diode drop is 0.7V when it is forward biased. The Zener breakdown

voltage is 6.8V.
o—MWW * > o
1K D1
v, D2 V,
z
o 16.8v | o

The maximum and minimum values of the output voltage respectively are
(A) 6.1V, -0.7V (B) 0.7V, -7.5V (C) 7.5v,-0.7v (D)7.5vV, -7.5V

18. A silicon wafer has 100nm of oxide on it and is inserted in a furnace at a
temperature above 1000°C for further oxidation in dry oxygen. The oxidation
rate

(A) is independent of current oxide thickness and temperature

(B) is independent of current oxide thickness but depends on temperature
(C) slows down as the oxide grows

(D) is zero as the existing oxide prevents further oxidation

19.  The drain current of a MOSFET in saturation is given by /7, =K (Vg ~V,)* where K
is a constant. The magnitude of the transconductance g, is

K(Vg - V. ) K(Vg -V, )
(A) ( GS T) (B) ZK(VGS_VT) (C) Id (D) ( GS T)
VDS VGS - VDS VGS
20. Consider the amplitude modulated (AM) signal A.coswot+2coswm tcoswm.t. For
demodulating the signal using envelope detector, the minimum value of A. should
be
(A) 2 (B) 1 (C) 0.5 (D)0
Q. 21 to 75 carry two Marks Each
21. The Thevenin equivalent impedance Z; between the nodes P and Q in the
following circuit is
H 1F
p
10 %
1Q
10V 1A
QQ
2
(A) 1 (B) 1+s+2 (C) 2+s+1 (D) S *s+l
S S s*+2s+1
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22. The driving point impedance of the following network

O;
Z(S)E Lg —o0 %R
G
is given by Z(s) =&. The component values are
s +0.1s+2
(A) L=5H, R=0.5Q, C=0.1F (B) L=0.1H, R=0.5Q, C=5F
(C) L=5H, R=2Q, C=0.1F (D) L=0.1H, R=20Q, C=F5F

23. The circuit shown in the figure is used to charge the capacitor C alternately from
two current sources as indicated. The switches S1 and S2 are mechanically
coupled and connected as follows

For 2nT<t<(2n+1)T, (n=0,1,2,...) SltoPlandS2toP2
For (2n+1)T<t<(2n+2)T, (n=0,1,2,...) S1toQlandS2 to Q2

Q2 P2

Assume that the capacitor has zero initial charge. Given that u(t) is a unit step
function, the voltage V.(t) across the capacitor is given be

o

(A) Y (-1) tu(t-nT) (B) u(t)+2Y(-1)"u(t-nT)
(C) tu(t)+2Y (1) (t-nT)u(t-nT) (D) i[o.s ~ e 4 0,5¢ 7]

24. The probability density function (PDF) of a random variable X is as shown below

PDF
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25.

26.

27.

28.

The corresponding cumulative distribution function (CDF) has the form

CDF CDF
(A) . (B) )
|
-1 0 17X 1 0 1 X
ACDF
CDF 1
(C) 1 (D)
I ) 0 17‘x
-1 0 17X
-1

The recursion relation to solve x=e™ using Newton Raphson method is

(A) Xn = e’ (B) Xng =X, — e
e X2 —e™(1+x,)-1

C) X, =(1+x D) x . =" n

( ) n+1 ( n) 1+ e'x" ( ) n+1 Xn _ e_xn
The residue of the function f(z) = 21 satz=2is

(z+2) (z-2)
1 1 1 1

A) —— B) ——— Cc) — D) —

() 32 (®) 16 © 16 (B) 32

Consider the matrix P = [02 ﬂ The value of €° is

(A) [Ze‘ —3e!l el-g }

2e2_2el GeZ_et

©) [Se‘ —e' 3e —e‘} (D) [ 2et — e el_e }

2e2-6el 4e?iet 2et42e? _etly2e?

(B) elt+e? 2e?-gt
2el —4e? 3etl4+2e

In the Taylor series expansion of exp(x)+sin(x) about the point x=m, the
coefficient of (x —n)” is

(A) exp(n) (B) 0.5exp(n) (C) exp(m)+1 (D) exp(m) -1
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29. P, (x) =Mexp(-2|x|) + Nexp(-3|x|) is the probability density function for the real

random variable X, over the entire x axis. M and N are both positive real
numbers. The equation relating M and N is

(A)M+%N=1 $)2M+%N=1 (C) M+N=1 (D)M+N=3

30.  The value of the integral of the function g(x,y)=4x>+10y* along the straight
line segment from the point (0, 0) to the point (1, 2) in the x-y plane is
(A) 33 (B) 35 (C) 40 (D)56

31. A linear, time-invariant, causal continuous time system has a rational transfer
function with simple poles at s=-2 and s=-4, and one simple zero at s=-1. A unit
step u(t) is applied at the input of the system. At steady state, the output has
constant value of 1. The impulse response of this system is

(A) [exp(-2t)+exp(-4t)]u(t)
(B) [-4exp(-2t)+12exp(-4t) —exp(-t)]u(t)
(C) [-4exp(-2t)+12exp(-4t)]u(t)

(D) [-0.5exp(-2t)+1.5exp(-4t)]u(t)

32. The signal x(t) is described by
—-1<t<
X (t) = 1 for 1_t._+1
0 otherwise

Two of the angular frequencies at which its Fourier transform becomes zero are
(A) m,2n (B) 0.5m,1.5% (C) O, (D) 2w, 2.5¢7

33. A discrete time linear shift-invariant system has an impulse response h[n] with
h[0]=1, h[1]=-1. h[2]-2, and zero otherwise. The system is given an input
sequence x[n] with x[0] - x[2] -1, and zero otherwise. The number of nonzero
samples in the output sequence y[n], and the value of y[2] are, respectively

(A) 5,2 (B) 6,2 (C) 6,1 (D)5, 3

34. Consider points P and Q in the x-y plane, with P=(1,0) and Q=(0,1). The line
Q

integral 2J'(xdx+ydy) along the semicircle with the line segment PQ as its
p

diameter

(A) is -1

(B) isO

(C)is1

(D) depends on the direction (clockwise or anti-clockwise) of the semicircle
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35.

36.

37.

38.

Let x(t) be the input and y(t) be the output of a continuous time system. Match
the system properties P1, P2 and P3 with system relations R1, R2, R3, R4.

Properties Relations
P1: Linear but NOT time-invariant R1: y(t) =t*x(t)
P2: Time-invariant but NOT linear R2:y(t) =tx(t)
P3: Linear and time-invariant R3:y(t) = [x(t)
R4:y(t)=x(t-5)
(A) (P1,R1),(P2,R3),(P3,R4) (B) (P1,R2),(P2,R3),(P3,R4)
(C) (P1,R3),(P2,R1),(P3,R2) (D) (P1,R1),(P2,R2),(P3,R3)

A memoryless source emits n symbols each with a probability p. The entropy of
the source as a function of n

(A) increases as log n (B) decreases as log (1/n)
(C) increases as n (D) increases as n log n

{x(n)} is a real-valued periodic sequence with a period N. x(n) and X(k) form N-
point. Discrete Fourier Transform (DFT) pairs. The DFT Y(k) of the sequence

1 N-1

y(n):N;“x(r)x(n+r)is
&) x(f (B) &I X()X*(k+r)
©) lNl X (r)X (k +) (D) 0

r=0

Group I lists a set of four transfer functions. Group II gives a list of possible step
responses y(t). Match the step responses with the corresponding transfer
functions

Group I
P25 .36 o 36 g 4

s-+25 s- +20s+ 36 s°+12s+36 s*+75s+49
Group II

/\y(t)
(1) y(t) (2)
1+ 17
T 3
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(3) ) @
1__.
1__
t t
(A) P-3, Q-1, R-4, S-2 (B) P-3, Q-2, R-4, S-1
(C) P-2, Q-1, R-4, S-3 (D) P-3, Q-4, R-1, S-2
39. A certain system has transfer function G(s):zs;sé‘, o is a parameter.
S* +0s —

Consider the standard negative unity feedback configuration as shown below

% G(s) —>

Which of the following statements is true?
(A) The closed loop system in never stable for any value of o

(B) For some positive values of a, the closed loop system is stable, but not for all
positive values

(C) For all positive values of «, the closed loop system is stable
(D) The closed loop system is stable for all values of o, both positive and

negative
40. A single flow graph of a system is given below
-
1 l/S
C N N
1
G N
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The set of equations that correspond to this signal flow graph is
1| [B -y O][%| [1 O]
d P - u,
(A) —|% =7 o O|x,|+|0 O
X -0 B 0|y 01

3 L

(B) —[%X,|=]0 —a —y||x,|+|0 1

1] [0 « 1U*) [o 0]
Y u1]
0 B B« 1 o|\"%

(©) pre X, [=|-B -y Of|x,|[+]0 1
x,) Lo v 0] X, 10 0
g 1 [-y 0 B[*] [0 1] 4
(D)—x2=yOocx2+001j
dt u,

. 10 .
41. The number of open right half plane poles of G(s) = is
P g P P (s) s® +2s* +3s® +6s% + 55+ 3
(A) O (B) 1 (C) 2 (D)3

42. The magnitude of frequency response of an underdamped second order system is

5 at Orad/sec and peaks to Eat 5v2rad/sec. The transfer function of the

V3
system is
R 5 os 108 ® s
© o imrian ®) 5o
43. Group 1 gives two possible choices for the impedance Z in the diagram. The

circuit elements in Z satisfy the condition R,C, >R;C;. The transfer function ﬁ
represents a kind of controller. Match the impedances in Group I with the types
of controllers in Group II.

C
I 7 1
1 L— 1
\7 MM B
R —o
1 1—|__+ V,
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44,

45.

Group I Group II

1. PID controller
2. Lead compensator
3. Lag compensator

C
Q. I
i
R
(A) Q-1,R-2 _ (B) Q-1,R-3 (C) Q-2,R-3  (D)Q-3,R-2

For the circuit shown in the following figure, transistors M1 and M2 are identical
NMOS transistors. Assume that M2 is in saturation and the output is unloaded

QVDD
Ibiasd) %RE
1 Vout
Va IX y
| |
Ig
L
The current I, is related to I, as
(A) Ix = Ibias + Is (B) Ix = Ibias
V t
(C) Ix = Ibias - Is (D) Ix = Ibias - VDD i
RE

The measured transconductance g, of an NMOS transistor operating in the linear
region is plotted against the gate voltage Vs at constant drain voltage Vp. Which
of the following figures represents the expected dependence of g,, on Vg?

(A) (B)

Im Im

S S

Ve Ve

© All rights reserved by GATE Forum Educational Services Pvt. Ltd. No part of this booklet may be reproduced or utilized in any form without the
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Im
() (D)

9m

Ve Ve

46. Consider the following circuit using an ideal OPAMP. The I-V characteristics of the
\

diode is described by the relation I=1; {e"T —1]where V; =25mV, I, =1yA and V

is the voltage across the diode (taken as positive for forward bias).

For an input voltage V, = -1V, the output voltage V; is

(A) OV (B) 0.1V (C) 0.7V (D)1.1V
47. ne
Bl
M
P XEE- >
. ) .

The OPAMP circuit shown above represents a
(A) high pass filter (B) low pass filter
(C) band pass filter (D) band reject filter

© All rights reserved by GATE Forum Educational Services Pvt. Ltd. No part of this booklet may be reproduced or utilized in any form without the
written permission. Discuss this questions paper at www.gateforum.com. Page 12 of 22



EC | GATE Paper 2008 www.gateforum.com

48. Two identical NMOS transistors M1 and M2 are connected as shown below. V5 iS
chosen so that both transistors are in saturation. The equivalent g,, of the pair is

defined to be % at constant V.

The equivalent g, of the pair is Lout

(A) The sum of individual g,»'s of the transistors

bias

(B) The product of individual g.»'s of the transistors

(C) Nearly equal to the g, of M1 Vio—| M,

(D) Nearly equal to gn,/gg of M2

49, An 8085 executes the following instructions
2710 LXI H, 30A0H

2713 DADH
2714 PCHL

All addresses and constants are in Hex. Let PC be the contents of the program
counter and HL be the contents of the HL register pair just after executing PCHL.

Which of the following statements is correct

(A) PC=2715H (B) PC=30A0H (C) PC=6140H (D) PC =6140H
HL = 30A0H HL =2715H HL = 6140H HL =2715H
50. An astable multivibrator circuit using IC 555 timer is shown below. Assume that

the circuit is oscillating steadily

30K%

10K

lgv

(Reset) (Sup%ly)

ro—o

6 (Threshold)

(Output)3—o0

ww

2(Trigger)

(Gnd)
1

(Dis7ch arge)
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The voltage V¢ across the capacitor varies between
(A) 3V to 5V (B) 3V to 6V (C) 3.6V to 6V (D)3.6V to 5V

51. Silicon is doped with boron to a concentration of 4x10%” atoms/cm?. Assuming
the intrinsic carrier concentration of silicon to be 1.5x10'°/cm® and the value of

I%T to be 25mV at 300K

Compared to undoped silicon, the Fermi level of doped silicon

(A) Goes down by 0.13eV (B) Goes up by 0.13eV
(C) Goes down by 0.427eV (D) Goes up by 0.427eV

52. The cross section of a JFET is shown in the following figure. Let V, be -2V and let
V, be the initial pinch-off voltage. If the width W is doubled (with other
geometrical parameters and doping levels remaining the same), then the ratio
between the mutual transconductances of the initial and the modified JFET is
(A) 4

VG

Gate ?

p

1- 27V,

1
211-1/(2v,)

(B)

+

1- .27V,

1-J1/(2V,)
) 1-(2/V,) Gate 6VG

e

Source Drain

)

53. Consider the Schmidt trigger circuit shown below.

10k

A triangular wave which goes from -12V to 12V is applied to the inverting input of
the OPAMP. Assume that the output of the OPAMP sings from +15V to -15V. The
voltage at the non-inverting input switches between

(A) -12V and +12V  (B) -7.5V and +7.5V (C) -5V and +5V  (D)0V and 5V

© All rights reserved by GATE Forum Educational Services Pvt. Ltd. No part of this booklet may be reproduced or utilized in any form without the
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54, The logic function implemented by the following circuit at the terminal OUT is

Vdd
(A) PNOR Q
(B) P NAND Q -
(C) PORQ ‘P ‘Q L OUuT
(D) PAND Q
_
55. Consider the following assertions

S1: For Zener effect to occur, a very abrupt junction is required

S2: For quantum tunneling to occur, a very narrow energy barrier is required
Which of the following is correct?

(A) Only S2 is true

(B) S1 and S2 are both true but S2 is not a reason for S1

(C) S1 and S2 are both true and S2 is a reason for S1

(D) Both S1 and S2 are false

56. The two numbers represented in signed 2's complement form are
P=11101101and Q=11100110. If Q is subtracted from P, the value obtained in

signed 2's complement form is
(A) 100000111 (B) 00000111 (C) 11111001 (D)111111001

57. Which of the following Boolean Expression correctly represents the relation

between P, Q, R and M;?
y4
Ml

amul)s,
>

R
(A) M; =(P OR Q)XOR R (B) M; =(P AND Q)XOR R
(C) M; =(PNOR Q)XORR (D) M; =(P XOR Q)XOR R
58. For the circuit shown in the following figure I5-1I3 are inputs to the 4:1 multiplexer

R(MSB) and S are control bits

© All rights reserved by GATE Forum Educational Services Pvt. Ltd. No part of this booklet may be reproduced or utilized in any form without the
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59.

O o
N

N

-

=<

c

X

N

P L
p
mpst
Q I [
R S
The output Z can be represented by
(A) PQ+PQS + QRS (B) PQ+PQR +PQS
(C) PQR +PQR +PQRS + QRS (D) PQR +PQRS +PQRS + QRS

For each of the positive edge-triggered J-K flip flop used in the following figure,
the propagation delay is AT

1—J —l 1/ — Q
CLK—> >

1—K, 1—K;

1
CLKO

t
Which of the following waveforms correctly represents the output at Q,?

(A) 11—1
o a1 -

t, + AT
{
B 0 —
(B) | 4T
t +2AT
1
(® 01—1 |_
«—2T—>
t, +2AT
!
0|
(D) 4T
ty + AT
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60.

61.

62.

63.

64.

65.

For the circuit shown in the figure, D has a transition from 0 to 1 after CLK
changes from 1 to 0. Assume gate delays to be negligible

1
Oj—CLK
1 —b
o—‘-’_

Which of the following statements is true?

(A) Q goes to 1 at the CLK transition and stays at 1

(B) Q goes to 0 at the CLK transition and stays at 0

(C) Q goes to 1 at the CLK transition and goes to 0 when D goes to 1
(D) Q goes to 0 at the CLK transition and goes to 1 when D goes to 1

A rectangular waveguide of internal dimensions (a=4cmandb=3) is to be
operated in TE;; mode. The minimum operating frequency is
(A) 6.25GHz (B) 6.0GHz (C) 5.0GHz (D)3.75GHz

One of a loss-less transmission line having the characteristic impedance of 75Q
and length of 1cm is short-circuited. At 3GHz, the input impedance at the other
end of the transmission line is

(A) O (B) Resistive (C) Capacitive (D) Inductive

A uniform plane wave in the free space is normally incident on an infinitely thick
dielectric slab (dielectric constant e =9). The magnitude of the reflection

coefficient is
(A) O (B) 0.3 (C) 0.5 (D)0.8

In the design of a single mode step index optical fiber close to upper cut-off, the
single mode operations is NOT preserved if

(A) Radius as well as operating wavelength are halved
(B) Radius as well as operating wavelength are doubled
(C) Radius is halved and operating wavelength is doubled
(D) Radius is doubled and operating wavelength is halved

At 20GHz, the gain of a parabolic dish antenna of 1 meter diameter and 70%
efficiency is

(A) 15dB (B) 25dB (C) 35dB (D)45dB

© All rights reserved by GATE Forum Educational Services Pvt. Ltd. No part of this booklet may be reproduced or utilized in any form without the
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66.

67.

68.

69.

70.

71.

72.

73.

Noise with double-sided power spectral density of K over all frequencies is passed
through a RC low pass filter with 3dB cut-off frequency of f.. The noise power at
the filter output is

(A) K (B) Kf. (C) Kaf, (D) e

Consider a Binary Symmetric Channel (BSC) with probability of error being p. To
transit a bit, say 1, we transmit a sequence of three 1s. The receiver will
interpret the received sequence to represent 1 if at least two bits are 1. The
probability that the transmitted bit will be received in error is

(A) pPP+3p2(1-p) (B) p° € (1-p)’ (D) p* +p* (1-p)

Four messages band limited to W, W, 2W and 3W respectively are to be
multiplexed using Time Division Multiplexing (TDM). The minimum bandwidth
required for transmission of this TDM signal is

(A) W (B) 3w (C) 6W (D)7W

Consider the frequency modulated signal
10cos|2nx10°t + 55sin(2mx 1500t) + 7.5sin(27x 1000t) | with carrier frequency of

10°Hz . The modulation index is
(A) 12.5 (B) 10 (C) 7.5 (D)5

The signal coswm.t+0.5cosm,tsinot is

(A) FM only (B) AM only
(C) both AM & FM (D) neither AM nor FM

Common Data Questions 71, 72 & 73

A speech signal, band limited to 4kHz and peak voltage varying between +5V and
-5V is sampled at the Nyquist rate. Each sample is quantized and represented by
8 bits.

If the bits 0 and 1 are transmitted using bipolar pulses, the minimum bandwidth
required for distortion free transmission is

(A) 64kHz (B) 32kHz (C) 8kHz (D) 4kHz

Assuming the signal to be uniformly distributed between its peak values, the
signal to noise ratio at the quantizer output is

(A) 16dB (B) 32dB (C) 48dB (D) 64dB

The number of quantitization levels required to reduce the quantization noise by
a factor of 4 would be

(A) 1024 (B) 512 (C) 256 (D)64

© All rights reserved by GATE Forum Educational Services Pvt. Ltd. No part of this booklet may be reproduced or utilized in any form without the
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74.

75.

Common Data Questions 74 & 75

The following series RLC circuit with zero initial conditions is excited by a unit
impulse function §(t)

5(t) 1F + Ve (t)

For t > 0, the output voltage V, (t) is

(A) %[e_;t—eft} (B) %te_;t

(©) %e_;t cos[gtj (D) %e_;t sin[gtj

For t > 0, the voltage across the resistor is

(A) %{e‘ft_e‘ﬂ (B) e 2 {cos(\/z—tJ %sin[gﬂ
©) Ee 2 sm(\/—tJ (D) %e 2 cos(\/;tJ

Linked Answer Questions: Q.76 to 85 Carry Two Marks Each
Statement for Linked Answer Questions: 76 & 77

A two-port network shown below is excited by external dc sources. The voltages
and the currents are measured with voltmeters V;, V, and ammeter A;, A, (all
assumed to be ideal), as indicated. Under following switch conditions, the
readings obtained are:

i) S;-Open, S,-Closed A; =0A, V; =4.5V, \, =1.5V, A, =1A
i) S;-Closed, S, -Open A; =4A, V, =6V, V, =6V, A, =0A

S
N F _(wy
&) 1 2 Y
1 + + 1t
T oV Two Port 1_5\/___
= Network =
1 2
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76.

77.

78.

79.

The z-parameter matrix for this network is

1.5 1.5 1.5 4.5 1.5 4.5 45 1.5
(A) (B) (®) (D)

45 1.5 1.5 4.5 1.5 1.5 1.5 4.5
The h-parameter matrix for this network is

-3 3 -3 -1 3 3 3 1
A B C D
(A) [—1 0.67} (B) [3 0.67} ©) [1 0.67} ( )[—3 —0.67}

Statement for Linked Answer Questions: 78 & 79

In the following network, the switch is closed at t = 0- and the sampling starts
from t = 0. The sampling frequency is 10Hz.

As ”]'OP'F X(z)
x(n)
Sampler z - transform
C_r) 5V 200% (f, = 10Hz)
_L_

The samples x(n) (n=0, 1, 2, ...) are given by

(A) 5(1-e%%")  (B) 5e %0 (C) 5(1-e™")  (D)5e™

The expression and the region of convergence of the z-transform of the sampled
signal are

5z - 5z -0.
A ——, 2 <e™ (B) — 555 |z < e
5z 0. 5z _
(C) Z_em, |Z|>e005 (D) Z_e_5, |Z|>e5

© All rights reserved by GATE Forum Educational Services Pvt. Ltd. No part of this booklet may be reproduced or utilized in any form without the
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Statement for Linked Answer Questions: 80 & 81

In the following transistor circuit Vg =0.7V, r. =25mV /I, andB and all the
capacitances are very large

T 3k
—
80. The value of DC current Ig is
(A) 1mA (B) 2mA (C) 5mA (D)10mA
81. The mid-band voltage gain of the amplifier is approximately
(A) -180 (B) -120 (C) -90 (D)-60

Statement for Linked Answer Questions: 82 & 83

In the following circuit, the comparator output is logic “I"” if V; > V, and is logic
“0"” otherwise. The D/A conversion is done as per the relations

3

Vpac = 2. 2"% Volts, where b; (MSB),b,, b; and b, (LSB)are the counter outputs
n=0

The counter starts from the clear state

4 bit
Up Counter
Binary 2 Digit
t —— >
BCD LED
+5V Display
- cir 4 bit

I + CIk—F> Up Counter

V,, =6.2V

Clock

82. The stable reading of the LED display is
(A) 06 (B) 07 (C) 12 (D) 13
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83.  The magnitude of the error between Vp,. and V,, at steady state in volts is
(A) 0.2 (B) 0.3 (C) 0.5 (D)1.0

Statement for Linked Answer Questions: 84 & 85

The impulse response h(t) of a linear time invariant continuous time system is
given by h(t) = exp(-2t)u(t), where u(t) denotes the unit step function
84. The frequency response H(w) of this system in terms of angular frequency o is
given by H(w)
1 sin(® 1 i
(A) (@) j

1+f2o (B) o © 2+ jo ) 2+ jo

85.  The output of this system to the sinusoidal input x(t) =2cos(2t) for all time t, is
(A) O (B) 27?5 cos(2t-0.125n)

(C) 27%°cos(2t-0.125n) (D) 27%° cos(2t - 0.25n)
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Q. No. 1 - 25 Carry One Mark Each
1. The eigen values of a skew-symmetric matrix are
(A) always zero (B) always pure imaginary

(C) either zero or pure imaginary (D) always real

2.  The trigonometric Fourier series for the waveform f(t) shown below contains

ftt)
A
AT [Tl [T T [T ﬁ
4 2 4 4 2 4 coe
— -2A -

(A) only cosine terms and zero value for the dc component

(B) only cosine terms and a positive value for the dc component
(C) only cosine terms and a negative value for the dc component
(D) only sine terms and a negative for the dc component

d’n n
3. A function n(x) satisfied the differential equation &— (X) =0 where L is a

dx? L2
constant. The boundary conditions are: n(0)=K and n (« ) = 0. The solution to this
equation is
(A) n(x) = K exp(x/L) (B) n(x) = K exp(-x/~L)
(C) n(x) = K? exp(-x/L) (D) n(x) = K exp(-x/L)

4. For the two-port network shown below, the short-circuit admittance parameter

matrix is
0.5Q2
1o 0. O 0 >
0.59% 0.5Q
1’0 J‘ 02’
4 -2 1 -0.5 1 0.5 4 2

A S B S C S D S
(){—2 4} ()[—0.5 1} (){0.5 1} (){24}
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5. For parallel RLC circuit, which one of the following statements is NOT correct?
(A) The bandwidth of the circuit deceases if R is increased
(B) The bandwidth of the circuit remains same if L is increased
(C) At resonance, input impedance is a real quantity
(D) At resonance, the magnitude of input impedance attains its minimum value.

6. At room temperature, a possible value for the mobility of electrons in the inversion
layer of a silicon n-channel MOSFET is

(A) 450 cm?/V._q (B) 1350 cm?/V_ (C) 1800 cm?/V.s (D) 3600 cm?/V.q

7.  Thin gate oxide in a CMOS process in preferably grown using
(A) wet oxidation (B) dry oxidation
(C) epitaxial deposition (D) ion implantation

8. In the silicon BJT circuit shown below, assume that the emitter area of transistor
Q1 is half that of transistor Q2.

|
e é R=9.3K Q2 Il
Io

Q1 |/ Q2
(B1=700) .(I |\ (B2=715)

§

-10V

The value of current I, is approximately
(A) 0.5 mA (B) 2mA (C) 9.3 mA (D) 15mA

9.  The amplifier circuit shown below uses a silicon transistor. The capacitors Cc and
Ce can be assumed to be short at signal frequency and the effect of output
resistance ro can be ignored. If Cg is disconnected from the circuit, which one of
the following statements is TRUE?

Vcc 9V

Rz=800K Q§ % Re=2.7KQ

Cc
AH{HW
V<9 'RO

=0.3KQ =

L
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(A) The input resistance R,
decreases

(B) The input resistance R,
decreases

increases and the magnitude of voltage gain Ay

decreases and the magnitude of voltage gain Ay

(C) Both input resistance R; and the magnitude of voltage gain Ay decrease
(D) Both input resistance R; and the magnitude of voltage gain Ay increase

10.
Ry

+
10,

R
(&) -2
Rl
© -Bl
Rl
11.

Column A
© D>
1>
C >
= D>

(A) P-2, Q-4, R-1, S-3
(C) P-2, Q-4, R-3, S-1

Assuming the OP-AMP to be ideal, the voltage gain of the amplifier shown below is

Vo
R>
R3
R
(B) -2
Rl
R, + R,

R

o2

1

Match the logic ga5tes in Column A with their equivalents in Column B.

Column B
s
D>
* ) >
4 ™ }—

e

(B) P-4, Q-2, R-1, S-3
(D) P-4, Q-2, R-3, S-1
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12.

13.

14.

15.

16.

For the output F to be 1 in the logic circuit shown, the input combination should be

A
B -9—
.
/.
C
(A)A=1,B=1.C=0 (B)A=1,B=0,C=0
(C)A=0,B=1.C=0 (D)A=0,B=0,C=1

In the circuit shown, the device connected to Y5 can have address in the range

A8 A P
A9 T 0
Al0— 1B O—— To device
Chip select
o
7415138 P
3-to-8 D
decoder o
A1l ] —aG2 o)
A12 —C ) L
Al13 1 G2
Al4 =5
A15 —C IO/M—I>O— G1
[
Vee GND
(A) 2000 - 20FF (B) 2D00 - 2DFF (C) 2EO00 - 2EFF (D) FDOO - FDFF

Consider the z-transform X(z) = 5z°> + 4z' + 3; 0<|z| < «. The inverse z-
transform x[n] is

(A) 53[n + 2] + 38[n] + 48[n - 1] (B) 58[n - 2] + 38[n] + 48[n + 1]
(C) 5u[ln+ 2]+ 3 u[n] +4uln-1] (D) 5u[n-2] + 3 u[n] +4u[n+ 1]

Two discrete time systems with impulse responses h;[n] = §[n -1] and h,[n] = §[n
— 2] are connected in cascade. The overall impulse response of the cascaded
system is

(A) 8[n-1] + 3[n - 2] (B) 8[n - 4]

(C) 8[n - 3] (D) 8[n - 1]18[n - 2]

For an N-point FFT algorithm with N = 2™ which one of the following statements is
TRUE?

(A) It is not possible to construct a signal flow graph with both input and output in
normal order

(B) The number of butterflies in the m™" stage is N/m

© All rights reserved by Gateforum Educational Services Pvt. Ltd. No part of this document may be reproduced or utilized in any form without the
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(C) In-place computation requires storage of only 2N node data
(D) Computation of a butterfly requires only one complex multiplication

17. The transfer function Y(s)/R(s) of the system shown is

+ 1
R(s) (2 S >Y(s)
A

v
)
\J;

1 2 2
(A) 0 ®) - © 1 O3

Y(S) S

18. A system with transfer function
X(s) s+p

has an output y(t) = cos(Zt —gj for

the input signal x(t) = p cos[Zt —g) Then, the system parameter ‘p’ is

2 ¥
(A) V3 (B) = (€1 (D) —
3 2
19. For the asymptotic Bode magnitude plot shown below, the system transfer function
can be A
o
Z
@ A0 3
© H
S :
=
&
=
0 | -
0.001 1000
10s +1 100s +1 100s 0.1s+1
(A) ®]) ——— © (D)
0.1s+1 0.1s+1 10s +1 10s +1

20. Suppose that the modulating signal is m(t) = 2cos (2= f,t) and the carrier signal is
xc(t) = Ac cos(2rft), which one of the following is a conventional AM signal
without over-modulation?

(A) x(t) = Acm(t) cos(2rfct)
(B) x(t) = A1 + m(t)]cos(2nf.t)

(C) x(t) = Ac.cos(2rft) + %m(t) cos(2nf.t)

(D) x(t) = Accos(2nfnt) cos(2nft) + Acsin(2rft) sin(2xf.t)

© All rights reserved by Gateforum Educational Services Pvt. Ltd. No part of this document may be reproduced or utilized in any form without the
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21. Consider an angle modulated signal x(t) = 6cos[2nx10%+2sin(8000nt) +
4cos(8000pt)] V. The average power of x(t) is.
(A) 10W (B) 18W (C) 20W (D) 28W
0 0
22. If the scattering matrix [S] of a two port network is [S]= 0.2/0 . 0'94900 then
0.9.90° 0.1£90
the network is
(A) lossless and reciprocal (B) lossless but not reciprocal
(C) not lossless but reciprocal (D) neither lossless nor reciprocal
23. A transmission line has a characteristic impedance of 50Q and a resistance of 0.1
Q /m. if the line is distortion less, the attenuation constant (in Np/m) is
(A) 500 (B) 5 (C) 0.014 (D) 0.002
24. Consider the pulse shape s(t) as shown. The impulse response h(t) of the filter
matched to this pulse is
s(t)
1
| t
0 T
(A) (B)
ht) h(t)
1 I S
—— t t
T 0 0 T
(© (D)
h(t) h(t)
1
t
0 T 0 T 2T
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25. The electric field component of a time harmonic plane EM wave traveling in a
nonmagnetic lossless dielectric medium has an amplitude of 1 V/m. If the relative
permittivity of the medium is 4, the magnitude of the time-average power density
vector (in W/m?) is

1 1 1

1
T ®) Son ©) 0x (O) 220x

Q. No. 26 - 51 Carry Two Marks Each

1
26. Ife' = X, theny has a
(A) maximum at x=e (B) minimum at x= e
(C) maximum at x= e’? (D) minimum at x= e!

27. A fair coin is tossed independently four times. The probability of the event “the
number of time heads shown up is more than the number of times tails shown up”
is

1 1 1 5
(A) T¢ (B) g © 5 (®) 7¢

28. If A = xy ax +x%a, then gSK.dT over the path shown in the figure is

©

y
3t €
\'4 N
C
1 >
| !
0 143 2/\3 X
2
(A) 0O (B) = (C) 1 (D) 243
. . 1-12z .
29. The residues of a complex function X(z) = ————————at its poles are
z(z-1)(z-2)
(A) %—% and 1 (B) % %and 1
1 3 1 3
C) =,-1and - = D) =,-1and =
(© > an > (D) > an >

© All rights reserved by Gateforum Educational Services Pvt. Ltd. No part of this document may be reproduced or utilized in any form without the
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d
30. Consider differential equation Z—L)Q-y (x) = x with the initial condition y(0) = 0.

Using Euler’s first order method with a step size of 0.1, the value of y (0.3) is

(A) 0.01 (B) 0.031 (C) 0.0631 (D) 0.1
. 1 3s+1 . .
31. Given f(t) =L .If lim f(t) =1, then the value of K is
s3+4s2 +(K-3)s X—>o0
(A) 1 (B) 2 (C) 3 (D) 4

32. In the circuit shown, the switch S is open for a long time and is closed at t=0. The
current i(t) for t=0% is

100
S t=0 15mH
1.5A <D 100
|(t)l 100
(A) i(t)=0.5-0.125e1%°%A (B) i(t)=1.5-0.125e1000t7
(C) i(t)=0.5-0.5e 1A (D) i(t)=0.375e1000tp
33. The current I in the circuit shown is
20mH
Y Y Y
20./0°V @ Il 10 “— S50uF
o=10%rad/s
(A) -j1A (B) J1A (C) OA (D) 20A

© All rights reserved by Gateforum Educational Services Pvt. Ltd. No part of this document may be reproduced or utilized in any form without the
written permission. Discuss GATE 2010 question paper at www.gatementor.com. 8
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34. In the circuit shown, the power supplied by the voltage source is

10
10

& O1ov

1A
3
2A

10
IV VA VAN

(A) OW (B) 5w (C) 10W (D) 100W

35. In a uniformly doped BJT, assume that Ng, Ng and N¢ are the emitter, base and
collector dopings in atoms/cm?, respectively. If the emitter injection efficiency of
the BJT is close unity, which one of the following conditions is TRUE?

(A) Ne=Ng=N¢ (B) Ne> Ng and Ng>Nc
(C) Ne=Ng and Ng<N¢ (D) Ng<Ng<Nc

36. Compared to a p-n junction with NA=ND=10'/cm?, which one of the following
statements is TRUE for a p-n junction with Na=Np=10?°/cm?>?

(A) Reverse breakdown voltage is lower and depletion capacitance is lower

(B) Reverse breakdown voltage is higher and depletion capacitance is lower
(C) Reverse breakdown voltage is lower and depletion capacitance is higher
(D) Reverse breakdown voltage is higher and depletion capacitance is higher

37. Assuming that flip-flops are in reset condition initially, the count sequence
observed at Q, in the circuit shown is

O Output

/\//
N

DA QA DB QB Dc Qc
[ J
— — —
Qa Qs Qc
Clock
(A) 0010111... (B) 0001011... (C) 0101111... (D) 0110100...

© All rights reserved by Gateforum Educational Services Pvt. Ltd. No part of this document may be reproduced or utilized in any form without the
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38. The transfer characteristic for the precision rectifier circuit shown below is (assume
ideal OP-AMP and practical diodes)

+20V
R
A VA VA NI
4R

VA VA VANVE
Y > e
D
VO VO
A A
(A \------ 10 (B)
> vl ! >
0 ! —10-5 0 vi
v‘? \:?
N
(©) (D) \\\x
5
0\+5 »vl 0 +5 >vl
39. The Boolean function realized by the logic circuit shown is
C Io
D I
4x1
_[>°_ I, Mmux Y[ F(AB,CD)
D
I
(A) F=3m(0,1,3,5,9,10,14) A B (B) F=2m(2,3,5,7,8,12,13)
(C) F=2m(1,2,4,5,11,14,15) (D) F=2m(2,3,5,7,8,9,12)

© All rights reserved by Gateforum Educational Services Pvt. Ltd. No part of this document may be reproduced or utilized in any form without the
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40. For the 8085 assembly language program given below, the content of the
accumulator after the execution of the program is

3000 MVI A, 45H
3002 MOV B, A
3003 STC

3004 CMC

3005 RAR

3006 XRA B

(A) OOH (B) 45H (C) 67H (D) E7H

41. A continuous time LTI system is described by

d’y(t)  , dy(t) _ 5 dx(t)
dtz +4 dt 3y(t) = ZT + 4X(t)

Assuming zero initial conditions, the response y(t) of the above system for the
input x(t)=e'u(t) is given by

(A) (e'-e*)u(t) (B) (e™-37Yu(t)
(C) (e™+e™u(t) (D) (e*+e*)u(t)

42. The transfer function of a discrete time LTI system is given by

2—%2’1
H(z) =
1-31 1,2
4 8

Consider the following statements:

S1: The system is stable and causal for ROC:|z|>2

S2: The system is stable but not causal for ROC:|z|<Va

S3: The system is neither stable nor causal for ROC: Ya<|z|<2
Which one of the following statements is valid?

(A) Both S1 and S2 are true (B) Both S2 and S3 are true
(C) Both S1 and S3 are true (D) S1, S2 and S3 are all true
43. The Nyquist sampling rate for the signal s(t) = 5|n(5(30nt)x sm(720)nt is given by
T T
(A) 400 Hz (B) 600 Hz (C) 1200Hz (D) 1400 Hz

44, A unity negative feedback closed loop system has a plant with the transfer function

G(s)=ﬁ and a controller G.(S) in the feed forward path. For a unit set
s +2s+

input, the transfer function of the controller that gives minimum steady state error
is

© All rights reserved by Gateforum Educational Services Pvt. Ltd. No part of this document may be reproduced or utilized in any form without the
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s+1 S+2
(A) G(5)= 272 (B) G(s) =272
_(s+1)(S+4) 4.2
(C) G.(s) " 5125+ 3) (D) G.(s)=1+ . +3s

45. X(t) is a stationary process with the power spectral density S,(f)>0 for all f. The
process is passed through a system shown below.

d
X(t) ————» +>—- & Y

Delay=0.5ms

-+

+

Let S,(f) be the power spectral density of Y(t). Which one of the following
statements is correct?

(A) S,(f)>0 for all f

(B) S,(f)=0 for |f|>1kHz

(C) S/(f)=0 for f=nfy, f;=2kHz, n any integer

(D) Sy(f)=0 for f=(2n+1)fo=1kHz, n any integer

46. A plane wave having the electric field component E=24cos(3x108t—[3y)éz V/m

and traveling in free space is incident normally on a lossless medium with m= m,
and e=9e0 which occupies the region y>0. The reflected magnetic field component

is given by
(A) — cos(3x10%t + y)ax A/m (B) —L cos(3x108t + y)ax A/m
10x 20n
(C) ——L cos(3x108t + y)ax A/m (D) —— cos(3x10%t + y)ax A/m
20xn 10n

47. In the circuit shown, all the transmission line sections are lossless. The Voltage
Standing Wave Ration (VSWR) on the 60W line is

Short
A
Z,=30 () /f
Zy=60 20::30J§Q Z,=30
<« ) /4—>
(A) 1.00 (B) 1.64 (C) 2.50 (D) 3.00

© All rights reserved by Gateforum Educational Services Pvt. Ltd. No part of this document may be reproduced or utilized in any form without the
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Common Data Questions: 48 & 49

Consider the common emitter amplifier shown below with the following circuit
parameters:

b=100, gm=0.3861 A/V, ry=, r,=259 W, Rs=1k W, Rg=93K W, Rc=250 W, R =1k
W, Ci=» and C,=4.7mF.

+10V
Rc
% §
C
1 Ma
Rs G
+
+ VO RI
Vs
48. The resistance seen by the source Vs is
(A) 258 © (B) 1258 © (C) 93 KQ (D) «
49. The lower cut-off frequency due to C; is
(A) 33.9 Hz (B) 27.1 Hz (C) 13.6 Hz (D) 16.9 Hz

Common Data Questions: 50 & 51

The signal flow graph of a system is shown below.

5 e . NP . Y
ey e——> 7 7 7 * '

© All rights reserved by Gateforum Educational Services Pvt. Ltd. No part of this document may be reproduced or utilized in any form without the
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50. The state variable representation of the system can be

11 0 -1 1 0
" [1 o}muu ® {1 O}HMU
y =[0 0.5]x y =[0 0.5]x
1 1 0 -1 1 0
©) X:[—l O}HMU (D) X{—l O}HMU
y =[0.5 0.5]x y =[0.5 0.5]x

51. The transfer function of the system is

s+1 s-1 s+1 s-1
(A) 71 (B) 71 C) 50— (D)

s +s+1 s +s+1

Linked Answer Questions: Q.52 to Q.55 Carry Two Marks Each

Statement for Linked Answer Questions: 52 & 53

The silicon sample with unit cross-sectional area shown below is in thermal
equilibrium. The following information is given: T=300K, electronic charge=1.6x10"
19C, thermal voltage=26mV and electron mobility = 1350cm?/V-s

| | 1V

Np=10%%/cm?3

x=0 Xx=1lum

52. The magnitude of the electric field at x=0.5 um is
(A) 1kV/cm (B) 5kV/cm (C) 10 kV/cm (D) 26kV/cm

53. The magnitude of the electron drift current density at x=0.5 um is
(A) 2.16x10* A/cm? (B) 1.08x10* A/cm?
(C) 4.32x10° A/cm? (D) 6.48x10% A/cm?

© All rights reserved by Gateforum Educational Services Pvt. Ltd. No part of this document may be reproduced or utilized in any form without the
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x(t)

54,

55.

56.

57.

58.

Statement for Linked Answer Questions: 54 & 55

Consider a baseband binary PAM receiver shown below. The additive channel noise
n(t) is whit with power spectral density Sy(f)=No/2=10"2° W/Hz. The low-pass filter
is ideal with unity gain and cutoff frequency 1MHz. Let Y, represent the random
variable y(ty).

Y=Ny if transmitted bit by=0
Yr=a+Ny if transmitted bit by=1

Where Ny represents the noise sample value. The noise sample has a probability
density function, Py(n)=0.5ae™"! (This has mean zero and variance 2/0?). Assume
transmitted bits to be equiprobable and threshold z is set to a/2=10"°V.

n(t)
r(t) y(0) y () :
+ » LPF > S/H > __,: > b :{1 Ty(t) =2
T 0ify(t)<Z
Sampling T
time Threshold z

Receiver

The value of the parameter o (in V1) is
(A) 10%° (B) 107 (C) 1.414x10° (D) 2x10™°

The probability of bit error is
(A) 0.5xe3> (B) 0.5xe™ (C) 0.5xe” (D) 0.5xe™°

Q. No. 56 - 60 Carry One Mark Each

Which of the following options is the closest in meaning to the world below:
Circuitous
(A) Cyclic (B) indirect (C) confusing (D) crooked

The question below consists of a pair of related of related words followed by four
pairs of words. Select the pair that best expresses the relation in the original pair.

Unemployed: Worker
(A) fallow : land (B) unaware : sleeper
(C) wit : jester (D) renovated : house

Choose the most appropriate word from the options given below to complete the
following sentence:

If we manage to our natural resources, we would leave a better planet
for our children.
(A) uphold (B) restrain (C) Cherish (D) conserve

© All rights reserved by Gateforum Educational Services Pvt. Ltd. No part of this document may be reproduced or utilized in any form without the
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59. Choose the most appropriate word from the options given below to complete the
following sentence:

His rather casual remarks on politics his lack of seriousness about the
subject.
(A) masked (B) belied (C) cherish (D) conserve

60. 25 persons are in a room. 15 of them play hockey, 17 of them play football and 10
of them play both hockey and football. Then the number of persons playing neither
hockey nor football is:

(A) 2 (B) 17 (C) 13 (D) 3

Q. No. 61 - 65 Carry Two Marks Each

61. Modern warfare has changed from large scale clashes of armies to suppression of
civilian populations. Chemical agents that do their work silently appear to be suited
to such warfare; and regretfully, there exist people in military establishments who
think that chemical agents are useful tools for their cause.

which of the following statements best sums up the meaning of the above
passage:

(A) Modern warfare has resulted in civil strife.

(B) Chemical agents are useful in modern warfare.

(C) Use of chemical agents in warfare would be undesirable.

(D) People in military establishments like to use chemical agents in war.

62. If 137+276=435 how much is 731+672?
(A) 534 (B) 1403 (C) 1623 (D) 1513

63. 5 skilled workers can build a wall in 20 days; 8 semi-skilled worker can build a wall
in 25days; 10 unskilled workers can build a wall in 30 days. If a team has 2 Kkilled,
6 semi-skilled and 5 unskilled workers, how long will it take to build the wall?

(A) 20 days (B) 18 days (C) 16 days (D) 15 days

64. Given digits 2,2,3,3,3,4,4,4,4 how many distinct 4 digit numbers greater than
3000 can be formed?

(A) 50 (B) 51 (C) 52 (D) 54

65. Hari (H), Gita (G), Irfan (I) and Saira (S) are sibiligs (i.e. brothers and sisters). All
were born on 1% January. The age difference between any two successive siblings
(that is born one after another) is less than3 years. Given the following facts:

i. Hair's age + Gita’s age > Irfan’s age + Saira’s age.

ii. The age difference between Gita and Saira is 1 year. However, Gita is not the
oldest and Saira is not the youngest.

iii. There are not twins.
In what order were they born (Oldest first)?
(A) HSIG (B) SGHI (C) IGSH (D) IHSG
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Answer keys

1 2 B 3 A 4 A 5 A 6 B 7 A
C 10 D 11 12 C 13 D 14 A
15 16 D 17 Cc 18 19 B 20 A 21 A
22 A 23 24 A 25 C 26 A 27 D 28 B
29 A 30 | A | 31 D 32 A 33 D 34 B 35 A
36 Cc 37 | A | 38 D 39 C 40 C 41 C 42 A
43 B 44 B 45 C 46 B 47 B 48 C 49 C
50 B 51 C 52 53 B 54 D 55 A 56 C
57 D 58 59 B 60 C 61 A 62 D 63 C
64 65 66 67 A 68 C 69 B 70
71 D 72 C 73 B 74 D 75 76 C 77 A
78 B 79 C 80 A 81 D 82 D 83 C 84 C
85

Explanation:
1. Use [AI-P]=0

r 0 Pip Pio| 0
0o 2 Py Poo)
r-P, P
[ 11 12 } _0
_le A - I:)22
= (A =Py ) (A =Pyy) =PyP1, =0
Putting 2=0, we get P;,P,, —P,,P;, =0

4x +2y =7 — (1)
2x+ y=6-(2)
(1) can be written as 2x+y=3.5 — (3)

Now LHS of equation (2) and (3) are same but RHS is different which is not
possible. Hence no solution

3. Sine value lies between -1 and +1. Therefore no real or complex solution exists
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4. f(x

S—
Il
D

f'(x)=€e*-e™
f(x)=0=>e*-e™=0
f'(x)=e* +e™ = +ve for x =0
Thus minimum.

Minimum f(x) = e® +e° =2

3 5
5 SINX=X—-——+—+.ccr......
3! b5l
2 4
cos(x):l—x—+x—+ .............
21 41

Thus sin(x®) will have odd powers
sin(x?) will have even powers
cos(x®) will have even powers
cos(x?) will have even powers

6. d);it) +3x(t)=0
ax(t) _
| (0 [ 3dt
logx(t) =3t
x(t) =ke™

Thus option (B) satisfies the solution

8. At t = 0, inductor acts like a open circuit

We know Lﬂ =V
dt

at t=o0", inductor path is open circuit
V=IgRg (at t = 07)

Thus 91 _[1sRs
dt L

9. Only option (C) satisfies the condition of causality

10. h(t) = e*u(t) + ef'u(-t)

For h(t) to be stable [h(t)dt <

It will happen when o is negative and p is positive.
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17.

19.

20.

21.

22.
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Curl of electric field is zero.
Divergence of magnetic field is zero.

During +ve part of V;

D, will be forward biased

Zener diode is reverse biased

Thus net voltage = 6.8 +0.7 = 7.5V
During —ve part of V;

D, will be forward biased

D, will be reverse biased

Thus net voltage = -0.7V

8l
Vas

ID:k(VGS_VT)Z’ =2k(Vgs — Vr) =gm

A; cos ot +2cos o, tcos ot

2
A cosoct|1+—coso,t
AC

. 2
for envelop detection p <1 = ~ <1 = Acshould be at least 2
C

For finding Thevenin equivalent
Short voltage source
Open circuit source

1+1+S+1
Now Thevenin equivalent = (1 + %) |(1+S)= ?— =1
1+=+1+S
S

Y=R+i+SL
CS

Cs
Z=—
S LC+RCS +1
Comparing it with given equation
0.25 3 0.1S
5 =
S +0.1S+2 %SZ+O.OSS+1

C=0.1
RC =0.05
R=0.5

LC:1
2

L-L -5
0.2
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X
Cumulative distribution function = J' (Pdf)dx

Thus when we integrate the line from (-1, 0) to (0, 1) we get a parabolic curve.
The maximum value of Pdf can be 1
Thus option (A) satisfies the solution

“n 7Xn 7Xn —X,
= x Xp € Xp ik Xe T - X, +e :(xn+1)e
n+ n — _ _
1+e™ 1+e™ 1+e™

Residue at z = 2

lim ii(z - 2)2 ;2 = Residue = -1
z—»211dz (Z n 2)(2 — 2) 32

% s

find L [SI- AT

I35 A

s 177
2 S+3
S+3 1
Lt e find inverse laplace transform of the expression
(S+1)(s+2) -2 S

f(x) =€e* +sinx

.. 2 1.,
Coefficient of (x—n) =zf (x)
f'(x) = € + cosx
f"(x) = e —sinx
f”(x)|X:n =e"

Thus coefficient of (x—rr)2 =0.5

Using property of probability density of I Pdx =1
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é'—uS

_ 2.
[Mexp (-2[x]) + N exp (-3[x) Jdx =1 = M+ SN=1

30. _[(4x3 +10y4)

y =2X

1
4
= £[4x3 +10(2x) }dx =33 oot

32. 1

33. Use convolution to get the result

35. Ry y(t)=1tx(t)
Linear time variant
R, y(t)=t(x(t))
Non linear non time invariant
Rs vy (t)=(x(1))
Non linear time invariant
R, y(t)=x(t-5)
Linear time invariant

36. H= nPIog%

Since they all have same probability
Thus it increases with n

37. Direct property
Convolution in time domain <>
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Multiplication in frequency domain

25 36

38. P=—"—",¢(=0, Re——————— ¢=1

S?2 425 S? +12S +36

36 20 49
Q=——"——, {=—>1S=——"-—— (<1

S?2 +20S + 36 12 S?2 + 7S + 49

39. Closed loop system transfer function
S+8

C(S) =

S*+S(a+1)+4

Use Routh criteria

s2 |1 4
S (2 + 1) 0
so |4

Thus for all positive value of ‘o’ this will be stable

dx

40. d—tlz—ocx1 +PBX, +U
dx
d—tzz—Bxl+yx2 +u
dx
d_t3 = ax, + X, +0U

Thus option (C) satisfies the solution

41. Use Routh criteria.

42. Satisfy the given condition with different option given
Option (A) satisfy the solution

V,
43, o __|Z
V, zZ,

1 R
Z, =R, H = L
SC; R,C;S+1

Now first case

Z-R,+ 1 _[(RCS+1
SC, SC,

V, (R,C,S+1)(R,C;S+1)

VvV, R,C,S

Thus it is PID controller
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44.

47.

50.

51.

53.

54.

56.

57.

Second case

1 R
“=Rz 5 :{Rcé 1]
2 2b2o +

thus Yo _ [RiCiS +11(R,
V. (R,C,S+1J(R,

Taking phase = tan'oR,C, - tan™* ©R,C,
Given that R,C; <R,C,

Thus phase is —ve

Hence this is phase lag compensator

Given circuit is current mirror
I =0
I

X = Ibias

Given circuit is low pass filter

Charging and discharging level of capacitor will be the voltage across it

This is equal to %VCC and %VCC

Thus 3V to 6V is the voltage V¢ across the capacitor

Use Er -E, = %znm—vj
A

Since it is doped with acceptor impurity, Fermi level will shift down

Vg is switching between +15 to -150

Thus voltage at non inverting input switches
15x10 to -15x%x10 . 75t0-7.5
10+10 10+10

AND gate

P=11101101 = -25
Q =11100110 = -18
ThusP -Q = -25 - (-18) = -7

Thus'-7's two complement representation is 11111001

M, = Z XOR R

between
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M, = (X.Y) XOR R
M, = [FTQ_ (P + Q)] XORR = (P("g + PQ) XOR R = (P XOR Q) XOR R

58. Use this to find solution
R S z

= O O

0
1
0
1

=

59. Two JK flip flop. Thus propagation delay will be 2AT
Frequency is getting reduced by a factor e

3

61. f

8 2 2 8
_3x10° (1) +(1j __3x10°x5 e cny,

2 4  2x4x3x1072

62 7 7 Z +jZytanPl
' 70z, +jZ, tanpl

X=10cm, Z =0, B¢ :ﬁxl
10
O0+jZ,tan™
Thus Z, is Z, O—é which is inductive
0
63. n2=1 “—0, n, = Ho
3\ g €
1
Thus reflection coefficient = 3 =-0.5
—+1
3

Thus magnitude is 0.5

67. Probability of error = P
Thus probability of no error = (1-P)
Now probability that transmitted bit, received in error
= all bits are with error + one bit is with error

=P®+3C,P?(1-P)=P> +3P?(1-P)

68. In TDM minimum bandwidth is twice the maximum frequency present
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Thus 6W is the answer

69. Total frequency deviation = 5x1500 + 7.5 x 1000 = 15000

Af 15000

Thus modulation index = =
f, /max 1500

71. According to Nyquist Criteria, minimum sampling frequency = 2 x4k = 8kHz

But each cycle can accommodate two bits
Thus minimum frequency = 4 kHz

72.  SNR=6n+1.7=6x8+1.7 = 48 +1.7. Thus correct answer is (C)

73. To reduce quantization noise by 4
No. of levels should increase by 2
Thus 512 levels are required.

74, V(1) = A

3
% 1 2 é 2 o2t sin V3

= 2t
2

1/+5+1 S2+S+1 3 2 2" 3
1 ﬁ/

e (s+%) +( 2)

75. Similar way this question can be solved

76. V), =2, +Z,1,
Vo =2yl + 251,
Using the given information: S;-open, S,-closed
45=72,1=2,,=4.5
15=2,1>272,, =15
S;-closed, S,-open
6=2,1=2,,=15
6=2,,4=>2,, =15

1.5 4.5}

Thus Z matrix =
1.5 1.5
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77. Vy = Zpqly +Zp5l, —> (1)
e SURAZ S (2

I
2
Z22

-Z
I, =Z—21|l +iv2 - (2)
22 22

Substitute (2) in (1) to get V, in terms of I, and V,

Thus H matrix = = 3
-1 0.67

78. Initial voltage across R = 5Vn
Final voltage across R = QV

Thus Vg =5.e7°*

When we sample this at f, =102

0.5
-—>n
We get x(n)=5. 10 =500

79.  X(2)= iS.e‘O'OS”.Z‘”
n=0

5

= Toooa  A>e’”
57 )
- e |Z| S @005

80. Design is independent of Iz as f is very high
|B ~0
_ 9x10
P 20+10
Thus applying Kirchhoff's Law in base emitter, we get

3=0.7+1:x2.3x10° = I =1mA

81.  Mid band voltage gain = R

e
_25
- E
R =3k |3k =R¢ ||[R, =1.5k

1500
25

r =25Q

e

Thus A, = - -60
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82.  bgb,bby  Vpuc

00O00O 0
00 01 0.5

0011 15

1101 65

1110 7

1111 75

Using the given Vp, relation we can get t,
Thus stable reading of LED is 6.5%x2=13

83. Magnitude error = 6.5-6.2=0.3

84. H(w) = je’Zte’jmtdt = (i + 2)
0

jo
85. When input is sinusoidal then output is also sinusoidal with same frequency but
amplitude and phase changes.
Thus amplitude is 2 |- __2 _,0s
jo+2, 242
Phase is tan™ [gj =0.2571
2 0=2

Thus y(t) = 27°° cos(2t - 0.25n)
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Answer Keys

1 B 2 A 3 B 4 C 5 C 6 C 7 A
8 D 9 B 10 A 11 C 12 B 13 D 14 A
15 A 16 D 17 C 18 C 19 C 20 D 21 C
22 D 23 B 24 B 25 A 26 D 27 A 28 B
29 C 30 A 31 D 32 D 33 A 34 D 35 D
36 D 37 A 38 C 39 A 40 A 41 B 42 D
43 B 44 A 45 B 46 B 47 C 48 B 49 C
50 D 51 B 52 B 53 C 54 C 55 C 56 D
57 A 58 59 B 60 D
Explanations:-
1. The order of differential equation is two
3. f(t) = e 2; TS 2L , then it has o and %[Hz frequency component
1Y 1
7. (5) u(n) - B I >%,
1--z
3
1)” 1
-1z u(-n-1) o —— |z|>y2,
(2 1 _lz‘l
2
1
3 < |z| < 12
8. Since magnitude plot shows both increasing as well as decreasing plot, it is lead-
lag compensator
9. Since Bandwidth is 10 kHz, thus output power is 10x10* x10x10> =1x10°W

11.  Use n_(p) (q)"" [for any two losses which yield head]

locz(l 2 l 8 o c. l 10
2 2 2

© All rights reserved by GATE Forum Educational Services Pvt. Ltd. No part of this booklet may be reproduced or utilized in any form without the
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But in present case it is required only for first two tosses. Thus in this case
ll 1 10 times
22 (2

12. Since autocorrelation function and power spectral density bears a Fourier
transform relation, then sin c required in frequency domain will five rectangular
convolutions in time domain, thus it is a triangular function

-1
13. f (z) {1”0—*'2}

(1+c)+cz?

f(z) = .
[7(2) = {“C Z+C}:2Tu'(1+co)

14. Since 12A current is coming from one source and it is also known that 60V source
is absorbing power i.e. current is flowing inside 60V source.

12 =x+I=1=12-X, thus possible option is (A)

15. u:iD:[E}:V‘I

R o
17. zC:—SE
RL+§
Z :L
¢ SCR, +1
RL
Vo (S) _ SCR, +1 _ R, R, R R
vi(s) R g "R_+RSCR, +R SCRR, +R+R_ "
SCR,

18. Use the condition of controllability

20. Apply right hand thumb rule

© All rights reserved by GATE Forum Educational Services Pvt. Ltd. No part of this booklet may be reproduced or utilized in any form without the
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5

X

3
22. sinx:x—X—+ .
3! I

(6]

(x —n)3 (x —n)5

sin(x -m) = (x-m) - 31 51
_sinx _,_(x=m (x-m)
(x-m) 3! >

24. Since it is one-sided Laplace transform

25.

Pa—

i) ﬂ:d?x:lnyzlnx+c

Yy
L = e® = straight line

i) xy = constant

(iii) x* =y® = constant
iv) x* +y* = constant
P-2 Q-3 R-3 S-1

36. [1+z{y+Z+y}][0+Z]=1, 2=1, z=0

40.

-1+

H(ej‘*’) = e -e TItis FIR high pass filter

2
44, w=1, H(j) = w +1 = 0. Thus output is zero for all sampling frequencies

- +2jw+1

w=1

46. The meanis 3

© All rights reserved by GATE Forum Educational Services Pvt. Ltd. No part of this booklet may be reproduced or utilized in any form without the
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1
efficiency = A =20%

1
47. M=——,
V2 2+1

48.  C=Blog,[1+SNR]

C =Blog,[SNR |
C' =Blog,[2SNR|=Blog, SNR +Blog, 2

C=C, +B
100)°
50. 21:( ) =200, z, =200
50
z' =z 0z,=100
ZinZSOXSO:25Q
100
P1 Pz g Cc €
0 0O 00
59. From the figure 0 1 1=9g=P, +P,, 0 1
1o 10
lpels 1 11

=

d=c+e
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EC GATE 2010 Answer Keys

1 C 2 C 3 D 4 A 5 D 6 B 7 A
8 B 9 A 10 A 11 D 12 D 13 B 14 A
15 C 16 D 17 B 18 B 19 A 20 C 21 B
22 C 23 D 24 C 25 C 26 A 27 D 28 C
29 C 30 B 31 D 32 A 33 A 34 A 35 B
36 C 37 D 38 B 39 D 40 C 41 B 42 C
43 C 44 D 45 D 46 A 47 B 48 B 49 A
50 D 51 C 52 C 53 A 54 B 55 D 56 B
57 A 58 D 59 C 60 D 61 C 62 C 63 D
64 B 65 B
Explanations:-
1. For a real skew symmetric matrix the non-zero eigen values are all pure imaginary and thus occurs in
complex conjugate pair.
2. Since given waveform is even, thus it will have only cosine terms. Function f(t) has more negative value
then positive, so it will have negative DC Component.
3. dz)z‘ 9y
dx L
[SZ —lej n(x) = 0, n(x) = Ae% + Beg
n(w)=0..B=0, n0)=k ~.B=k
1,1 1
4 0.5 0.5 0.5 _ |4 2
Y 1,1 -2 4
0.5 0.5 0.5
5. Bandwidth = 1 , 1 = l‘f'i‘f'i Thus it is maximum at resonance.
RC"Z R X X
9. Given circuit after removing Ce will behave as current-series feedback. Overall voltage gain will
decrease as feedback signal comes into picture and since it is current-series feedback, input impedance

increases.

© All rights reserved by Gateforum Educational Services Pvt. Ltd. No part of this document may be reproduced or utilized in any form without the
written permission. Discuss GATE 2010 question paper at www.gatementor.com. 1
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10. By rearranging
RZ
WA
R,

v, R, A =
V. R Vo

LV

11. A+B=A.B

12. B=A

F=AOGBOC=A0OAOC=C so, F=1whenC=1

AsPAAL AL AR
1. 00101 1oyﬁ&&&ﬁ%ﬂ%

5 — /0000 00000
~~ 1111 1111
F F

14, X(z)=52 +4z"+3 = {5’ " 4}

T

15. h, (n) > delay by 1, h,(n) — delay by 2, h, (n)*h, (n) — delay by 3

17. Construct a signal flow graph

n
v+ |-
A

R(s)

© All rights reserved by Gateforum Educational Services Pvt. Ltd. No part of this document may be reproduced or utilized in any form without the
written permission. Discuss GATE 2010 question paper at www.gatementor.com. 2
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1
ﬂ _ s+1 [1 - 0] _ 1
(s) 1_ [ 11 } s+1
s+1 s+1

18. |y (t) = M(w)[x(t)

20R 20

19. = - -
R+Cs+LCRs? 2+20j

-]

-0 (A)_)DSBm_Vim_Vim_oo
" (D)->ssB| V. 0
2

(B)yom===2

1
(C)is without over modulation

21. Power = i

22. S, #S,, #0lossy [S]' =[S]Reciprocal

23.  Distribution less %:

0le

«=JRGand Z, = RG »G= 2L

2500
o= [9:1%0-1 4 602NP/m
" 2500
24, h(t)=s(T-t)
2
25 Py-io- 1 - 1 :1210
T 2x120mx | 2><1207:><\/I "
€, 4
1 dy 1 Inx
26. y=;|nx, d—X=?—7=O, x = e(max)
4 0 3 1
27. 4 heads &0 tail or 3 head & 1 tail P=4c0(%j GJ + 4@[3 (%j -2

© All rights reserved by Gateforum Educational Services Pvt. Ltd. No part of this document may be reproduced or utilized in any form without the
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28.  [Adr=(xy & +x &) (&dx+aydy)

C C

) 7\/5 1«/5 34 11
:l(xy dx + x2dy) = J' xdx+I 3x dx+j§dy+£§dy=1

V5 Vi !
29. Zx (z)‘zzo = %, (z-1)x (z)‘z:1 =1, (z-2)x (Z)‘H = _73

s(3s+1) ‘ 3s+1 1
31, 1= _ - k=4
s3+4sz+(k—3)s‘sﬂ s’+4s+(k-3) k-3
32, i(f)=0.5, i(i)=0.75
i(t) =V, + (i -i)e* =0.5-0.125¢
20
[—+—+CS}
Ls R
20R 20 . 20(1:8363 R ::Ci
“R+Cs+LCRs 2+20j  ° o= s

34. 1 i+3 i
L 9
— Y SR
N Orov
1+ 2\ 1
. @™
KVL - 10 = 2(i+3)+2(i+2) Y IIN :
I
10=10+4i=i=0
. Power =0
37. ol ol o
Q] @ Qc
0l 0 O
1l 1 o0
0| 1 1
1l o 1
o] 1 0
0| 0 1
(0] 0 1

© All rights reserved by Gateforum Educational Services Pvt. Ltd. No part of this document may be reproduced or utilized in any form without the
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38. When V, =-10 V, =5 Only B option matches

39. cD

AB

1 0 0 0

1 1 0 0

F-3xm(23,5,7,8,9,12)
40. A —- 0100 0101

B - 0100 0101

Carry flag » 0

RAR will A —» 0010 0010

XRA B 0110 0111
6 7

4.y(s)= (si(ls):sz+)3)X 512 - (s+1)2(s+3)’ y(t) = (eit —e*u(t)

42, S1true, S2 False (meter stable nor causal) S3 True

43. fs = 2fm

_ z[¥+¥} ~1200Mz

sR(s)

1+[G(s)+G,(s)]H(s)

44, E(s) =

R S
1+ [G (s)+Ge (S)]

so, G. (s)‘H0 should be maximum for low error = « G (s)

s—0

s—0

46. y<0 y>0
n, =120n | n, =40n

B [40-120]n -1
P 40+120]x 2
. p = -Ve E will change direction & M will not change its direction,

Direction of M for incident field is in x, so direction of M in the reflected field is also is in x.

1
‘E.P‘ 24><E 1
me| -2 L
120 10n

© All rights reserved by Gateforum Educational Services Pvt. Ltd. No part of this document may be reproduced or utilized in any form without the
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47. | ‘_\60+30j—60\_\ 30§ | 1 [ l
© PI7l60+305+ 60 " [120+300 V17 ¢ o2
20 600 |_>
uswr - L7l 1 64 ©
1-o
60
60 + 30
R

48. Z, =R, +(Ry || Br,)

r, =2.475 Rg =B, <> R¢

=1.258kV
50. Let us take two state variable as shown x; and x;
1
2 X1 11s m 05
U(s) - i y
-1
Xy = X5 + Xy, X; ==X, +2V(s) )

SR R

X
y(s) = 0.5x, +0.5x, =[0.5 0.5]{ Z}
Xl

54. — exist in fourier transform pair

, Power =2 N—zo x1x107% =2x10™*

. 2 L . .
Variance = d—zwhlch is equal to power power since mean is zero = a =10’

55. Probability of error

EY

= j 0.50e " = 0.5 /2 = 0.51010° _(5e10

a/2

56. Circuitous means round about or not direct. Therefore the closest in meaning will be indirect

57. A worker who is inactive or not working is termed as unemployed, similarly land which is inactive or

not in use is called Fallow.

© All rights reserved by Gateforum Educational Services Pvt. Ltd. No part of this document may be reproduced or utilized in any form without the
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58. The clue in this sentence is ‘If we manage to our natural resources’ and ‘better planet’. This

implies that the blank should be filled by a word which means ‘preserve’ or ‘keep for long time'.
Therefore the word ‘conserve’ is the right answer.

59. The key words in the statement are ‘casual remarks’ and ‘lack of seriousness’. The blank should be filled
with a word meaning ‘showed’ or ‘revealed’. Hence, ‘betrayed’ is the correct answer.

60. Representing the given information in the Venn diagram, we have

p =25

N =15 ) =17

n=72

Let the number of people who play only hockey = a
The number of people who play only football = b
Now,a =n(H)-10=15-10=5
b=n(F)-10=17-10=7

Clearly,a+ b+ 10+ n =25
=>n=25-7-5-10=>n=3

.. The number of people who play neither Hockey nor Football is 3

61. Among the answer choices, the three options B, C and D can be inferred from the passage. But the
main essence of the passage is that chemical agents are being used my military establishments in
warfare which is not desirable. Therefore option C is the statement which best sums up the meaning of
the passage.

62. Given,
137 + 276 = 435

Adding units digits i.e. 7 + 6 = 13, but given as 5, which is 13 - 8 and also 1 is carry forwarded to the
tens place.

i.e., +1

05
Here, 7+ 3 +1=11i.e., 11 - 8 = 3 and 1 is carry forwarded to hundreds place

3 5
Now, the sum of digits in hundred’s placeis1 + 1 +2 =4

© All rights reserved by Gateforum Educational Services Pvt. Ltd. No part of this document may be reproduced or utilized in any form without the
written permission. Discuss GATE 2010 question paper at www.gatementor.com. 7
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i.e.,
2 3 7
s 3 s

Using the same logic, we have

+1
+1 7 3

6 7 2
1 6 2 3

Sum of units digits 1+2 = 3, sum of tens digit =3 + 7 = 10i.e. 10 -2 and + 1 carry forward and
Sum of hundreds digits= 1 + 7 + 6 = 14 i.e., 14 - 8 = 6 and one carry forward.

63. Given,
5 skilled workers can build a wall in 20 days i.e., 1 skilled worker can build the same wall in 100 days
. The capacity of each skilled worker is ﬁ
8 semi-skilled workers can build a wall in 25 days
i.e., 1 semi-skilled worker can build the same wall in 200 days
1

. the capacity of each semi-skilled worker is 500

Similarly, the capacity of 1 unskilled worker isﬁ .

Now, the capacity of 2 skilled+6 semi-skilled+5 unskilled workers is Z(LJ +

6 [i} .5
100 200 300

2 3 5 20 1
+ + = =

100 100 100 300 15
. The required numbers of days is 15

64. The given digits are 2,2,3,3,3,4,4,4,4 we have to find the numbers that are greater than 3000
. The first digit can be 3 or 4 but not 2.

Now, let us fix the first, second and third digits as 3, 2, 2 and then the fourth place can be filled in 3
ways.

i.e.,

3 2 2 2or3or4 | 3Ways

. the number of ways is 3.

Similarly, we fix first, third and fourth places as 3, 2 and 2 respectively, so the second place can be
filled in 3 ways again

i.e., 3 2 or3or4 2 2

The number of ways is 3.
Now, we fix first, second and fourth places just as previous cases and we obtain the same result.
. The number of ways is 3 so; the total number of ways is 9.

Similarly this can do by fixing the numbers as 3 and 4 (instead of 2) and thereby we obtain the 9 ways
in each case.

~. The number of numbers greater than 3000 starting with 3 is 27
Similarly by taking 4 as the first digit and applying the same process, we get 27 numbers

© All rights reserved by Gateforum Educational Services Pvt. Ltd. No part of this document may be reproduced or utilized in any form without the
written permission. Discuss GATE 2010 question paper at www.gatementor.com. 8
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- The total number of numbers that are greater than 3000 is 27 + 27 = 54

But, 3222 and 4222 is not possible as there are only two 2’s (given), 3333 is also not possible as there
are only three 3’s (given)

. The total number of numbers that are greater than 3000 is 54 - 3 = 51.

65.
DH+G>I1+S

iG-Sl =1

Meaning G & S will be next to each other in the order. So the option A is ruled out.

G not oldest

S not youngest

iii) No twins.

Going by the options, we will try to solve the equation,
Taking an example with youngest aged 1, we can try to solve the equation,
and correct the age (started with ages 4,3,2,1) to suit condition (i) and (ii) which gives 5,4,3,1

Generalizing, we can take their ages in

S I1+4 terms of I's age,
G I1+3 Inthiscase, H+ G>1+ S
H I+2 Since 2l + 5> 21 + 4
I I

I In this order, G is always less than I and H is always less than S.
G So G<I and H<S

S Implies G+H < I + S, all values are positive

H Defies condition i) Hence incorrect.

I In this order H< I, G<S

H Hence H +G < I+ S

S Defies Condition i)

G Hence incorrect.

© All rights reserved by Gateforum Educational Services Pvt. Ltd. No part of this document may be reproduced or utilized in any form without the
written permission. Discuss GATE 2010 question paper at www.gatementor.com. 9
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