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1. Basics of Network Analysis

1.1 Asquare waveform as shown in figure is applied

across 1 mH ideal inductor. The current through
the inductor is a .......... wave of .......... peak
amplitude.

v

1

t(m sec)

[1987 : 2 Marks]

1.2 Of the networks, N;, N,, N; and N, of figure, the

networks having identical driving point function are
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1.4

1.5

Network Theory

(@ N,and N,
(c) Nyand N,

(b) Nyand N,
(d) N,and N,
[1992 : 2 Marks]

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)

d) not changed [1998 : 2 Marks]

The two electrical subnetworks N, and N, are
connected through three resistors as shown in Fig.
The voltages across 5 ohm resistor and 1 ohm
resistor are giventobe 10V and 5V, respectively.
Then voltage across 15 ohm resistor is

(@) — 105V
(c) —15V

(b) +105V
(d) + 15V
[1993 : 2 Marks]

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

(@ 1W .

Resisti <
mow Q| W | 2
(c) 13W I
(d) 25 W

[1993 : 1 Mark]




4|

GATE Previous Years Solved Papers : |

1.6 Two 2 Hinductance 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
(@) 0.4H (b) 3.2H
(c) 4.0H (d) 4.4H

[1995: 1 M]

2. Sinusoidal Steady State

2.1

2.2

2.3

2.4

The value of current through the 1 Farad capacitor
of figure is

05F
102 10 20
< 1F
G 2sin 100t  ¢—]
10= 10 1H
S
05F
(a) zero (b) one
(c) two (d) three

[1987 : 2 Marks]

The half — power bandwidth of the resonant circuit
of figure can be increased by:
[«

Ry

11
L]
9]
AAAA
v
P

o4
(a) increasing A,
(c) increasing A,

(b) decreasing R,
(d) decreasing R,
[1989 : 2 Marks]

The resonant frequency of the series circuit shown
in figure is

HHO /O {¢ °
2H 2H 2F
LHz 1 H
@ 43 ©) 37"
1 1
———Hz ——Hz
© 2110 (d) An2

[1990 : 2 Marks]

In a series RLC high Q circuit, the current peaks
at afrequency

2.5

2.6

2.7

a
b
c
d

equal to the resonant frequency
greater than the resonant frequency
less than the resonant frequency
none of the above is true

o~ o~ o~ o~
- = =

[1991 : 2 Marks]

For the series R-L-C circuit of fig. 1, the partial
phasor diagram at a certain frequency is a shown
in fig. 2. The operating frequency of the circuit is

— -
Ve Vi
+ -+ UUU -
+
t
v - V¢
o
Figure-1
—
Vr
/////’ -
v

N

V. Figure-2
a
b
C
d

equal to the resonance frequency
less than the resonance frequency
greater than the resonance frequency

(
(
(
(d) not zero [1992 : 2 Marks]

= = O

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

/k.\

o—MWW— 00— —o
18Q _j12q j2Q j8Q
(@) 0.25 (b) 0.5
(c) 0.999 (d) 1.0

[1993 : 1 Mark]

Infigure, A,, A, and A, are ideal ammeters. If A,
reads 5 A, A, reads 12 A, then A, should read

®—w

@ LT
7\
O

100 sin ot

(b) 12A
(d) 17 A
[19983 : 2 Marks]
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2.8

2.9

2.10

2.12

2.13

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

(b) 200 £ +90°V
(d) 400 £ -90°V
[1994 : 1 Mark]

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

(@) Ronly (b) Lonly

(c) Conly (d) Rand L combination
[1995: 1 M]

Consider a DC voltage source connected to a series
R-Ccircuit. 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
(@) 0.362 (b) 0.500

(c) 0.632 (d) 1.000 [1995 : 1 M]

The current, i(t), through a 10-Q resistor in series
with an inductance, is given by
i(f) = 3+4sin(100 t+ 45°) +
4 sin (300 t + 60°) Amperes.
The RMS value of the current and the power
dissipated in the circuit are:

(@) J41 A, 410 W, respectively

(b) /35 A, 350 W, respectively
(c) 5 A, 250 W, respectively
(d)y 11 A, 1210 W, respectively [1995 : 1 M]

A series R-L-C circuit has a Q of 100 and an
impedance of (100 + j0) Q at its resonant angular
frequency of 107 radians/sec. The values of Rand
L are:

R=___ohms. L=

__mH.  [1995:1 M]

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

(@) V (b) LTTZ‘V
() % (d) %V [1995 : 1 M]

3. Network Theorems

3.1

If animpedance Z, is connected across a voltage
source V with source impedance Zg, then for
maximum power transfer the load impedance must
be equal to

3.2

3.3

3.4

3.5

a
b
c
d

source impedance Zg
complex conjugate of Zg
real part of Zg

imaginary part of Zg

o~~~ o~
= ==

[1988 : 2 Marks]

In the circuit of figure, the power dissipated in the
resistor Ris 1 W when only source ‘1’ is present
and ‘2’ is replaced by a short. The power
dissipated in the same resistor R is 4 W when
only source ‘2’ is presentand ‘1’ is replaced by a
short. When both the sources ‘1’ and ‘2’ are
present, the power dissipated in R will be :

1Q 2Q
AVAVAVAV AVAVAVAV
k] i)
© ©
> > >
3 (: Source E; R=1Q Source Ci) 3
® “qr > o K
Ny N
a) 1 W (b) 3W
c) 4 (d) 5W

[1989 : 2 Marks]

Aload, Z, = R, + jX, is to be matched, using an
ideal transformer, to a generator of internal
impedance, Zg = Rg + jXg The turns ratio of the
transformer required is

@ \|2.1Zs| (b) IR/ Rs|

© IR/ Zs| (d) |2, /Rl
[1989 : 2 Marks]

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

8Q
AAA /
\AAA

40 =50
% | | g turns s

(b) 40
(d) 160 [1993

Ideal
transformer

(a) 20

(c) 80 : 1 Mark]

In the circuit of figure, when switch S, is closed,
the ideal ammeter M, reads 5 A. What will the
ideal voltmeter M, read when S, is kept open?
(The value of E is not specified).
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) (@ OA (b) 2A
~ (c) (1/2) A (d) 1A
40 30 . ’ [1989 : 2 Marks]
AVAVAVAV ‘VAVAV‘V .
L Sy 4.3 For the compensated attenuator of figure, the
EEGQ A) M, impulse response under the condition
_O+ E§1OQ R1C1:R202i8
- N R
E :E 8Q 5Q AvAvAlA
20 T 3Q o— | °
MWW Av"v"v‘v + I { +
1993 : 2 Marks L
[ : V() " og, L SR, VD
3.6 A generator of internal impedance, Z, delivers j’
maximum power to a load impedance, Z, only if ° °
ZL T R i
[1994 : 1 Mark] @) 2_[ eRC‘]u(t)
R+ R,
3.7 Thevalue of the resistance, R, connected across I
the terminals, Aand B, (ref. Fig.), which will absorb (b) 2_3(t)
the maximum power, is 2
o RZ
©) ()
. 4KkQ R+ R,
R L
2 RG
d) 5—5¢ " ul) 1992 : 2 Marks
C~> o R+ R, [ ]
6 KO 4 KO 4.4 Aramp voltage, \(t) = 100 tVolts, is applied to an
RC differentiating circuit with R = 5 kQ and
- C = 4 uF. The maximum output voltage is
(@) 4.00 kQ (b) 4.11 kQ (@) 0.2 volt (b) 2.0 volts
(c) 8.00 kQ (d) 9.00 kQ [1995: 1 M] (c) 10.0 volts (d) 50.0 volts

4. Transient Analysis

4.1

4.2

A 10 Qresistor, a 1 Hinductor and 1 uF capacitor
are connected in parallel. The combination is driven
by a unit step current. Under the steady state
condition, the source current flows through :

(a) the resistor

(b) the inductor

(c) the capacitor only

(d)

d) all the three elements [1989 : 2 Marks]

If the Laplace transform of the voltage across a

capacitor of value of %F is

s+1
V(s) = —F——,
c S +5°+s+1

the value of the current through the capacitor at
t=0%is

4.5

[1994 : 1 Mark]

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

T,-T.

(@) V (b) %v

@ v

7 [1995 : 1 M]

Sl <

(©)

5. Two Port Networks

5.1 Two two-port networks are connected in parallel.

The combination is to be represented as a single

two-port network. The parameters of this network

are obtained by addition of the individual

(a) zparameters (b) hparameters

(c) yparameters (d) ABCD parameters
[1988 : 2 Marks]
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5.2

5.3

5.4

5.5

5.6

5.7

For the transfer function of a physical two-port

network:

(a) all the zeros must lie only in the left half of the
s-plane

(b) the poles may lie anywhere in the s-plane

(c) the poles lying on the imaginary axis must be
simple

(d) a pole may lie at origin

[1989 : 2 Marks]

The condition AD—- BC = 1 for a two-port network
implies that the network is a:
(a) reciprocal network
(b) lumped element network
(c) lossless network
(d) unilateral element network
[1989 : 2 Marks]

The open circuitimpedance matrix of the two port
network shown in figure is

I 20 L
to MWW —— o+
Vi 2519 3 Ve
<D
-2 1 -2 -8
a b
()[_8 3} ()[_8 3}

2 -
027
[1990 : 2 Marks]

Two Two-port networks are connected in cascade.
The combination is to the represented as a single
two-port network. The parameters of the network
are obtained by multiplying the individual
(a) z-parameter matrices
(b) h-parameter matrices
(c) y-parameter matrices
(d) ABCD parameter matrices

[1991 : 2 Marks]

For a 2-port network to be reciprocal,
(@) 244 = Zp () Y1 = Y1z
() hyy =—-hy, (d) AD-BC=0
[1992 : 2 Marks]

The condition, that a 2-port network is reciprocal,
can be expressed in terms of its ABCD parameters
as

[1994 : 1 Mark]

6. Graph Theory and State Equations

6.1

Relative to a given fixed tree of a network,

(a) Link currents form an independent set.

(b) Branch currents form an independent set.

(c) Link voltages form an independent set.

(d) Branch voltages form an independent.
[1992 : 2 Marks]

7. Network Functions

7.1

7.2

7.3

A driving point admittance function has pole and
zero locations as shown below. The range of sfor
which the function can be realized using passive
elements is

jo
. Jjo
i s-plane
o
-2 -0} -1 o
):c ———————— —joy
(@) o<—1 (b) o> 1
(c) o<1 (d) o>-1

[1988 : 2 Marks]

The necessary and sufficient condition for a rational
function of s, T(s) to be a driving pointimpedance of
an RC network is that all poles and zeros should be
(a) Simple and lie on the negative real axis of 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
[1991 : 2 Marks]

Indicate True/False and give reason (For the
following question)

5
Z(s) = 214 represents the input impedance of

a network.
[1994 : 2 Marks]
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m Network Theory
1.1 (0.5) 1.2 (o) 1.3  (d) 1.4 (a) 1.5 (d) 1.6 (d) 2.1 (a)

2 (@)&(d) 2.3 (b) 2.4 (a) 25 (b) 26 (a) 2.7 (o) 2.8 (d)
2.9 (o) 2.10 (b) 2.11 (o) 2.12 (100,1) 2.13 (a) 3.1 (b) 3.2 (a)
3.3 (a) 3.4 (o) 3.5 (5 3.6 Sol 3.7 (a) 4.1 (b) 4.2 (o)
4.3 (b) 4.4 (b 45 (a) 51 (¢ 5.2 (c&d) 5.3 (a) 5.4 (a)
5.5 (d) 56 ((&c) 5.7 (1) 6.1 (a) 7.1 (b) 7.2 (a) 7.3 (False)
Network Theory
Vi) = St AT 2s+ ]

EEH ©5)

Triangular wave, 0.5 Amp peak.
1
=7 [vat

So, the current through inductor is the integration
of the applied voltage across the inductor.
Integration of square wave is a triangular wave.

So, the current through the inductor is a triangular
wave.
Now,

= u(t) -
nt) -

2u(t—0 5) + 2u(t-1) +
2r(t—=0.5) + 2r(t—1) + ...

| 05 1 15 2 25 3 t (msec)
Ip:O.5A
12 [0
1 1
Ny Yi(s) = s+ +
2s+1 1.,
s
282 + 25+ 1
V(9 = 20T
25+1
1 1 1+s
N,: Y, (s) = + =
2s+1 5, 1 2s+1
s
Ny Yy(8) = s+ ! =S+ 1+s
14 1 S+1+s
—
1+ —
S
Y(S)_zs2+2s+1
ST 25+ 1

So, N, and N, networks having identical driving
point function.

El

If all resistors are doubled then the current get halved.

-
2
R =2R

V' = é~2F]’=IFw’=V

14 [0

Current through 5 Q resistor,

. 10
iy = 3:2Amp.

Current through 1 Q resistor,
i = % =5 Amp.

So, the current through 15 Q resistor,

is = —(i; + i) = (5 + 2) = -7 Amp.
Voltage across 15 Q resistor.
Vig = 15(i;5) = 15(-7) =105V

15 JC
P,=4Wand P,=9W

From superposition theorem

= (P + R = (4 + oy

P=(2+32=25W

s I
L=l +L,+2M= L +L,+2k

L=2+2+2001W2x2=4+04
L=36Hand4.4H

L L
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2. Sinusoidal Steady State m (a)

Atresonance frequency

EN @ Z., =R

The given circuit is a bridge, [ =

(25 [0

Given network is the series R-L-C circuit in resistor
R, voltage Vj and current I is in phase and in
series circuit current is same in all the elements.

1

\Z/

200 @ ]2 <

I1=1
Product of opposite arms are equal, So, the Curﬂrent is leading the voltage in the circuit.
So, the given circuit will behave as capacitive
1(1_1_2) = 1(1+§j circuit.
s S Vo>V,
So, the current through the diagonal element IXe > 1X,
(1 F capacitor) is zero. Xo> X,

22 JORIU) we ~ Ok

Selectivity < Q 5 1
0 < —
f, ; LC
Q = ;o Qo — °
BW. BW. ® < f
BW. < & BWee—— 0<w,
selectivity
f R, -0 26 0]
and R, — At resonance
then the circuit will have only L & C elements and X -X.=0
. - L~ %c
has high selectivity. Ix| = |x.|
So, the half power bandwidth can be increased L o
by reducing the selectivity. |XL| = |12
So, by increasing the series resistance R, and X =12
decreasing the parallel resistance R,, the half X = X, + X, +2k X X,
l 2 il 2

power bandwidth can be increased.
X = j2+[8+2kyj2j8 =12
23 [0 2kj4 = j2

Leg=Li+L-2M k = 025

Lg=2+2-2(1)=2H

At resonance 27 §@;
=% = A
L 2 _ 2 2
Lg=—= = (6)2+(12)
©ha = ue A32
o A3 = 169
- LeqC A, = 13 Amp.
o= = —rad/sec m (d)
vex2 2 v X = X,
_ 1 So, the circuit is at resonance.
2nf = 5
1 I=K:@:20Amp.
f= —Hz R 10
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Voltage across the capacitor
V. = I(-jX,) = 20(-j20) = —j400
V, = 400£-90°V

29 0]

For DC supply

Inductor behave as short circuit

capacitor behave as open circuit

So, under steady state conditions, the applied dc
voltage drops entirely across the capacitor (c) only.

[ 2.10 [0

1
W, = C\2 W, = 5cvs2

0.5

4N (4
Lo = 32+(—) +(—) =5Amp.
ms \/E \/E p
Power is dissipated only in the 10 Q resistor.
P=12.R=(5°x10=250 W
2] (100,1)

Z=R+j(X -X,) =100+ /0
Compare the real part

R=100Q
ol
Q= —
R
|- %z 1OO><71OO —1mH
Q) 10
| 213 O
x(f)
<—T1 —
+V
T T+ T, t
_V _______ S
<—T2—>
RMS value of x(t)

3. Network Theorems
El ®

According to maximum power transfer theorem,

Z = Zé
32 [0
P, =1W P,=4W
Since the polarity of both the sources are different
P= ([P -JRY

P=W1-VapP=(1-2% = 1w
El @

2

my_2_1

n| -8 4
n, 1
n 2

>
|
[\
>
N
Il
N
X
AN
o
Il
@
o

35 [0
Across switch S,
I, =5A
Ry, = [(4]6+2]8) +3+3][10+5
Ry =(@24+16+3+3)110+5
101110+5=5+5
10 Q
Vg =1 Rr=5x10=50V

P,
v

o/c

m Sol.

1l
N

+ [Xg
- X5

©

I
L T

I\N CDN I\N
11
®

WAl (a)

Maximum power will be absorbed by R when
R =Ry,

RAB = RTh = (3 | 6) + (4 | 4)

Ry, =R=2+2=4kQ
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4, Transient Analysis
41 JO

At steady state

Inductor behave as short circuit.

So, under steady state condition the source current
flows through the inductor.

42 0]

1 2
="
[(s)= L& __ Ss+D) __ sls+
c Zo(s) 2P+ +s5+7) 2L +N(s+)
S
I(s) = 2(s? +1)
N . s
)= Jm s1ole)= Im 2o
2v0 2 P
(23 I8
1
oo UGSy
2> 1 R,Cs+1
Ro+—=— '"272
Cos
1
, . R‘]Xﬁ_ R1
Kg_ﬁﬁgl_RQwﬂ
Cis
Vols) _ _ Z5(9)
Vi(s)  Z4(8) + Z,(s)
R,C, =R, C,
RZ
VZ(S) _ H202S+1 — Hg
\/1(3) - /-_1’1 + /:1’2 R1+F1)2
R,C,s+1 R,C,s+1
R.
Vy(s) = =—2=—V,
A8 = B g, i)
Forimpulse response.
Vi(s) = 1
vi(f) = &(h)
R.
= —2
vl = =g, 30

d

av, _
Vo= RC—L =(5%x10%)(4x107%) —
o n ( ) ( )dt

(100t)
V, = 2 Volts

Bl @

x(f)

1
S = [V (7, ~0]+ V2 [T -]
- [RvAreT-1)
;
RMS = %VZT V2 =y

5. Two Port Networks
(51 [0

B} ©&@

The poles lying on the imaginary axis must be
simple.
A pole may lie at origin.

El @

For reciprocal network,
AD-BC =1

54 [0

L Y
2= 7
]211=O
Z,= 1>;12 =10
2
V.
Ly = -
]211=O
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12
21, +11,
222 = [2 =39
Vi
Zy = -
I
1, =0
21 x 1
Z, = I =-2
Zpy = ﬁ
I
1,=0
Ly = I, - I,
Zyy=-8

55 G

ABCD parameter matrices,
A B8] _[A B[4 B
C D C DG D,
56 [OEIC)
Yor = Yiz 5 hpy=—hyp

LAl (1)
AD-BC=1

7. Network Functions
®

c-1>0
o> 1

# (a)

Simple and lie on the negative real axis of the
s-plane.
The poles and zeros of the Z () should be simple
and alternate on the negative real axis of the
s-plane.

yAJ (False)

For Z(s) to represent the input impedance of a
passive network, the numerator and denominator
degrees should not differ by more than 1.

5 .
So, Z(s) = — can not represent the input
s“+4

impedance of a network (False).
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1. Basics of Electromagnetics

1.1

1.2

1.3

1.4

An electrostatic field is said to be conservative
when:

(@) The divergence of the field is equal to zero
(b) The curl of the field is equal to zero

oE
(c) The curl of the field is equal to —?

2

0°E
(d) The Laplacian of the field is equal to ueﬁ

[1987 : 2 Marks]

On either side of a charge - free interface between

two media

(@) the normal components of the electric field
are equal

(b) thetangential component of the electric field
are equal

(c) the normal components of the electric flux
density are equal

(d) thetangential components of the electric flux
density are equal

[1988 : 2 Marks]

Vector potential is a vector
(a) whose curlis equal to the magnetic flux density
(b) whose curlis equal to the electric field intensity
(c) whose divergence is equal to the electric
potential
(d) which is equal to the vector product Ex H
[1988 : 2 Marks]

The electric field strength at a far - off point Pdue

to a point charge, +q located at the origin, O is

100 millivolts/metre. The point charge is now

enclosed by a perfectly conducting hollow metal

sphere with its centre at the origin, O. The electric

field strength at the point, P

(a) remains unchanged in its magnitude and
direction

(b) remains unchanged in its magnitude but
reverse in direction

(c) would be that due to a dipole formed by the
charge, +q, at Oand —g induced

(d) would be zero [1989 : 2 Marks]

Electromagnetics

1.5

1.6

1.7

1.8

Which of the following field equations indicate that
the free magnetic charge do not exist

- 1 = - IdixR
a) H=—VxA b) H=¢p———
@ u (®) qS4TCRZ
() V-H=0 d) VxH=J

[1990 : 2 Marks]

Given V =xcos?yi + x%e°] + zsin’ yk and S
the surface of unit cube with one corner at the
origin and edges parallel to the coordinate axis,

the value of the integral HCV.ﬁdS is .
[1993 : 2 Marks]

For a uniformly charged sphere of radius R and

charge density p, the ratio of magnitude of electric

fields at distances R/2 and 2R from the centre,
E(r=R/2) is

E(r=2R)

[1993 : 2 Marks]

Match List-l with List-l1l and select the correct
answer using the code given below the Lists:
List-I List-1

Al VxH=J 1. Continuity equation
- 0B —
B 4‘35- dl=—p—-ds 2. Faraday’sLaw
! ot
S
- 9 ’
C V-J=—§ 3. Ampere’s Law

4, Gauss’s Law
5. Biot-Savart Law

Codes:

A B C
(@) 3 2 1
(o) 2 1 3
(c) 4 3 1
(dy 1 2 3

[1994 : 2 Marks]




Electromagnetics

1.9

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

(@) zero

(c) =100 uV/m

(b) 100 uV/m
(d) 50 uV/m
[1995 : 1 M]

In the infinite plane, y = 6 m, there exists a uniform
surface charge density of (1/6000x) uC/m?. The
associated electric field strength is

(@ 307 V/m (b) 3/ V/m
(c) 30kV/m (d) 60 V/m
[1995 : 1 M]

2. Uniform Plane Waves

2.1

2.2

2.3

For an electromagnetic wave incident from one

medium to a second medium, total reflection takes

place when

(a) The angle of incidence is equal to the Brewster
angle with Efield perpendicular to the plane
of incidence

(b) The angle of incidence is equal to the Brewster
angle with E field parallel to the plane of
incidence

(c) The angle of incidence is equal to the critical
angle with the wave moving from the denser
medium to a rarer medium

(d) The angle of incidence is equal to the critical
angle with the wave moving from a rarer
medium to a denser medium

[1987 : 2 Marks]

In a good conductor the phase relation between
the tangential components of electric field £,and
the magnetic field H, is as follows
(@) E,and H,arein phase
(b) E,and H,are out of phase
(c) H,leads E, by 90°
(d) E,leads H,by 45°
[1988 : 2 Marks]

The skin depth of copper at a frequency of 3 GHz
is 1 micron (10°% metre). At 12 GHz, for a non
magnetic conductor whose conductivity is 1/9
times that of copper, the skin depth would be

2.4

2.5

2.6

2.7

(@) Jox4 microns (b) ./9/4 microns

(c) /4/9 microns (d) 1/+/9x 4 microns
[1989 : 2 Marks]

The incoming solar radiation at a place on the
surface of the earth is 1.2 kW/m?. The amplitude
of the electric field corresponding to this incident
power is nearly equal to
(@ 80mV/m (b) 2.5V/m
(c) 30V/m (d) 950V/m

[1990 : 2 Marks]

The electric field component of a uniform plane
electromagnetic wave propagating in the
Y-direction in a lossless medium will satisfy the
equation

0°E 0°E 02F 0%F
i G Y _ y
(a) ayZ U at,2 (b) axg ne atg
O°E, O°F, JEZ +E?
(€ 52 ~HEZe @ ——=u/e
y JH? +H2

[1991 : 2 Marks]

A material is described by the following electrical
parameters at a frequency of 10 GHz: 6= 10°mho/m,
u=u,ande/e,=10. The material at this frequency is

1 _
considered to be (€,= =——x107° F/m)
36n

(a) agood conductor
(b) agood dielectric
(c) neither a good conductor, nor a good dielectric
(d) agood magnetic material
[1993 : 2 Marks]

A plane wave is incident normally on a perfect

conductor as shown in figure. Here £, H; and

P are electric field, magnetic field and Poynting

vector, respectively, for the incident wave. The
reflected waver should have
X A

__>Z

Y
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(€ P =-P (d) E =E, o -
1993 : 2 Marks] 3.1 A transmission line of real characteristic
[ ) arks impedance is terminated with an unknown load.
2.8 Along solenoid of radius R, and having N turns The measured value _Of'VSWR on the line is equal
per unit length carries a time dependent current to 2 and a voltage minimum point is found to be
I(1) = I, cos (wt). The magnitude of induced electric at thg Ioadl. The load mgedpancle 'S ther_l,
field at a distance R/2 radially from the axis of the (8) Complex . () ureygapam !ve
lenoid is (c) Purely resistive  (d) Purely inductive
sole [1987 : 2 Marks]
R
(@) o Ko NI, wsin (wi) 3.2 A Two-wire transmission line of characteristic
impedance Z; is connected to aload of impedance
R Z,(Z, # Z;). Impedance matching cannot be
(©) 7N Iy cos () achieved with
o (a) aquarter - wavelength transformer
(c) 7 NI, sin (wi) (b) ahalf - wavelength transformer
_ (c) anopen - circuited parallel stub
(d) Ru, NIywsin (o)) (d) ashort-circuited parallel stub
[1993 12 MarkS] [1988 : 2 Marks]
29 4},1, dl :J'_,CTS [1994 : 1 Mark] 3.3 A 50 ohm lossless transmission line has a pure
c s reactance of (j 100) ohms as its load. The VSWR
2.10 A plane electromagnetic wave traveling along the Q- line is
P Apanece 2gnelic wave raveling aloge (@) 1/2(Half) (b) 2(Two)
+z direction, has its electric field given by L
£_>o dE <2 ol (c) 4(Four) (d) oo (Infinity)
= cog (ot) an = cos(wf + 90) [1989 : 2 Marks]
the wave is
(a) linearly polarized 3.4 Theinputimpedance of a short circuited lossless
(b) right circularly polarized transmission line quarter wave long is
(c) leftcircularly polarized (@) purely reaptiye
(d) elliptically polarized [1994 : 1 Mark] (b) purely resistive
(c) infinite
2.11 The intrinsic impedance of a lossy dielectric (d) dependent on the characteristic impedance
medium is given by of the line
jou jwe [1991 : 2 Marks]
@ —5- (b) "
. 3.5 A transmission line whose characteristic
©) Jou ) \/E impedance is a real
(o+jwe) € (@) must be a lossless line
[1995 : 1 M] (b) must be a distortionless line
(c) may not be a lossless line
2.12 Copper behaves as a d)

(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

[1995: 1 M]

3.6

d) may not be a distortionless line

[1992 : 2 Marks]

Consider a transmission line of characteristic
impedance 50 ohm. Let it be terminated at one
end by (+/50) ohm. The VSWR produced by it in
the transmission line will be
(@) +1 (b) O
(€) e (d) +J

[1993 : 2 Marks]



Electromagnetics

| 17

3.7

3.8

Aload impedance, (200 + jO) Q is to be matched
to a 50 Q lossless transmission line by using a
quarter wave line transformer (QWT). The
characteristic impedance of the QWTrequired is
[1994 : 1 Mark]

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. True/False (Give Reason)

[1994 : 2 Marks]

4. Waveguides

4.1

4.2

4.3

4.4

The cut off frequency of a waveguide depends upon

(@) The dimensions of waveguide

(b) The dielectric property of the medium in the
waveguide

(c) The characteristicimpedance of the waveguide

(d) The transverse and axial components of the
fields [1987 : 2 Marks]

For a normal mode EM wave propagating in a

hollow rectangular wave guide

(a) the phase velocity is greater than the group
velocity.

(b) the phase velocity is greater than velocity of
light in free space.

(c) the phase velocity is less than the velocity of
light in free space.

(d) the phase velocity may be either greater than
or less than the group velocity.

[1988 : 2 Marks]

Choose the correct statements

For a wave propagating in an air filled rectangular

waveguide

(a) Guided wavelength is never less than the free
space wavelength.

(b) Wave impedance is never less than the free
space impedance.

(c) Phase velocity is never less than the free
space velocity.

(d) TEM mode is possible if the dimensions of
the wave guide are properly chosen.

[1990 : 2 Marks]

. . 20 20
The interior of a ?cmxjcm rectangular

waveguide is completely filled with a dielectric of

€,=4. Waves of free space wave lengths shorter

than ..... can be propagated in the TE,, mode.
[1994 : 1 Mark]

5.1

5.2

5.3

5.4

5.5

5.6

The electric field £ and the magnetic field Hof a

short dipole antenna satisfy the condition

(a) the rcomponent of Eis equal to zero

(b) both rand 6 components of H are equal to
zero

(c) the 6 component of £ dominates the r
component in the far - field region

(d) the 6 and ¢ components of Hare of the same
order of magnitude in the near field region

[1988 : 2 Marks]

Two isotropic antennas are separated by a
distance of two wavelengths. If both the antennas
are fed with currents of equal phase and
magnitude, the number of lobes in the radiation
pattern in the horizontal plane are
(@ 2 (b) 4
(c) 6 (d) 8

[1990 : 2 Marks]

In a broad side array of 20 isotropic radiators,
equally spaced at distance of A/2, the beam width
between first nulls is
(a) 51.3degrees
(c) 22.9degrees

(b) 11.46 degrees
(d) 102.6 degrees
[1991 : 2 Marks]

Two dissimilar antennas having their maximum

directivities equal, which of the following

statements are right?

(a) must have their beam widths also equal

(b) cannot have their beam widths equal because
they are dissimilar antenna

(c) may not necessarily have their maximum
power gains equal

(d) must have their effective aperture areas
(capture areas) also equal

[1992 : 2 Marks]

The beamwidth between first nulls of a uniform linear
array of Nequally spaced (element spacing = d),
equally excited antennas, is determine by
(a) Nalone and not by d
(b) dalone and not by N
(c) theratio, (N/d)
(d) the product, (Nd)
[1992 : 2 Marks]

For a half-wave dipole antenna, which of the
following statements are right?
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(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
[1994 : 1 Mark]

m Electromagnetics

1.1 (b) 1.2 (b&c) 1.3 (a 1.4
1.8 (a) 1.9 (b) 1.10 (b) 2.1
25 (c&d) 2.6 (a9 2.7 (a&c) 2.8
2.12 (a) 3.1 (o) 3.2 (b 3.3
3.7 (100) 3.8 (False) 4.1 (a,b) 4.2
5.2 (d) 53 (b) 5.4 (a,0) 5.5

SCGIELENLL T Electromagnetics

1. Basics of Electromagnetics
G [

An electrostatic field is said to be conservative

when the closed line integral of the field is zero.
$E-di =0

Stoke’s theorem

§E.-Gi - [(VxB)ds
c

S

So, VxE =0

12 JOELG)

Boundary conditions: £, = E;, and Dy, = D,

(13 8

Vector potential in magnetic fields is the measure

of work done to move a current element 1di

- 7%
A= —=
Idl
It relates to B (which is force experienced by a
currentelement) as Vx A = B.

—

VxA = ézuH

5.7 An antenna, when radiating, has a highly
directional radiation pattern. When the antenna is
receiving, its radiation pattern
(a) is more directive

(b) is less directive

(c) isthe same

(d) exhibits no directivity atall ~ [1995 : 1 M]

EEE

(@) 1.5 (o) 1.6 (1) 1.7 (2
(c) 2.2 (d) 2.3 (b) 2.4 (d)
(c) 2.9 (sol) 2.10 (c) 2.11 (d)
(d) 3.4 (o) 3.5 (b&c) 3.6 (o
(a&b) 4.3 (a&c) 4.4 (8 51 (b,c)
(d) 5.6 (a) 5.7 (b)

) @

The radially outward field is normal to conductor
and no induction effects E is same.

R ©

Magnetic field lines are closed around the current
and have no sources or sink points.

JpB-ds = [[v-Bav
V-B=0
In any closed surface,
Entering flux = Leaving flux
Dipole is the cause of magnetic fields.
Magnetic monopoles or free charges do not exist
is justified by V- B = 0.
According to the Gauss’s law for magnetic fields.

§8-3 = 0
S
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Tl ﬁji

-
<
T

Il

0
0
0
0

<
T
I}

([[(v-Vyav
cos?y + sin?y = 1
av =1

< &l
I

Pyr r<Rm
_ A
T

Applying Gauss law with spherical Gaussian

surface concentric with the charge.

r>R

Fatr=Ai2) = 24
(atr=FHi2) = 6e
_ PR

H2h) = 12¢€
E(at r=R/2)

SO Fatr=2R)
Kl @
(A)-3,(B)-2,(C)-1

x H

\v4 = Jo Ampere's law

$E-di - —@%-JéaFaraday's law
c S
i ap 4 _
vV.J = —E—>Cont|nwtyequat|on

(19 Q)

The radially outward field is normal to conductor
and no induction effects E is same.

1

= x107° C/m?
Ps = Booon /
. 10°xn .
E = 12 a,
2% 8.854x107"° x 60007
E =34, =3jV/m

2. Uniform Plane Waves

€

. 1N y _ r
0,=sin"| 2|=sin"" |—=
ny €,
1

For total internal reflection,
0,0,

18-
6[_ > Sin — | with €, >€&,,
€,

For total internal reflection to take place, the wave
should move from a denser medium to a rarer
medium and the angle of incidence should be
greater than or equal to the critical angle.

E} @

1 = intrinsic impedance
_E_ | Jon
" H \o+jmwe
For a good conductor
o> >Mme

B fiow _ [or
H[ (&) o

So, E,leads H, by an angle of 45°.

23 [0

We know that: For a good conductor,
1

Jrnfuo

Skin depth =6 =

So
Jfo
Sy _ fio;
&4 f, 0,
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Given that,
8, = 1micron
f, = 3GHz
c 1
f,= 12GHz 2=
2 o, 9

=
3 = \/7m|crons

24 [0
2

E
Power density, P= —

2n
E= 2P

n=mn,=120n

P = 1.2 kW/m? = 1200 W/m?
E= \/ZX(1207I)><(1200)

E = 950 V/m

m (c&d)

When E'is a function of y and directed in x and z
possibly orthogonal to propagation.

E,=H,=0
9°E, PE
a? Mo
E EZ+H2 \f
H™ JHP+H
El @
Loss tangent,
o _ 10°
owe 2n(10x10°%)(8.854x1072 x 10)
2 - 1798 % 105 >> 1
w e

So, the given material at f= 10 GHz is considered
as a good conductor.

(a&c)

Reflection coefficient for electric fields

SO _ 420m
r. = ~% =1 forconductors
O P

/

As =~ 0 with o being large

=
1l

when E reflection completely out of phase,
Hreflects in phase

El = —E’x
H = H;!
So, /3r = _ﬁ;i
El ©
H-1 = ni(t)
where, n = Total number of turns
N=1I1
/
H = NI(t)
B = P (H)=p,NI(D)
B = p, NI cos(wi)

According to Maxwell’s equation,

4}5.& = —f— ds

E~2ng = uoNlowsin(mt)#

E

gpo NI, sin(wt)

m Sol.

Using Stoke’s theorem
4},2\'.&7 = J.V x A-ds
S

2.10 [0

Two equal E field components out of phase by
90° gives circular polarization.

E. = 2cosmt

Ey = 2cos(mt + 90°) = -2sinmt
Tracing with time for sense of rotation as left or

right.
O Ex:2 Ey:O
t‘: Z E =O E =—2

4 . y
Y

t=TI2 t=0 M
~ .

t=Ti4

Left circular for + z propagation.
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B @

A material behave as conductor if,

S s>
we
o> >Mme
For copper, conductivity 6 = 5.8 x 107 mho/m
€ = 8.856 x 1072 F/m
So, even at very large frequencies,
o> >Mme
So, copper always behave as conductor for

practical frequencies.

EN ©

Given, voltage minimum (V

min
If V_. or V___ occurs at the load for a lossless

) point is at load.

min max
transmission line then load impedance Z, is purely
resistive.
If Z, (resistive) > Z_, voltage maxima occurs at
the load.
If Z, (resistive) < Z, voltage minima occurs at
the load.

32 Q)

A2 length transmission line has Z | = Z, and hence
cannot be aimpedance matching device.

El @
ZL - ZO

Reflection coefficient =T = m
j100-50
~ 100+ 50
(100)? + (50)°
(100)? + (50)2

101+
-0 1-1

IT| =1

= o0

VSWR =

EJ ©

For a quarter wave transformer (A/4),

ol

Z
2,2
Z =0

A
Zin: sz

m(b&c)

For a distortionless line,

RC = LG
o= JRG
B=wvLC
L
Z, =R, = Ie) (real)
For a lossless line,
R=0
G=0
oa=0
B= wJLC

L
Z =R = \/g (real)

Z_ is real means either lossless or distortionless
and lossless lines also satisfies LG = RC which
means they are distortionless.

EX ©
ZL - ZO

Reflection coefficient =T = 2+ 2,

j50-50 _ ~50+ 50
= j50+50 50+ ,50

=
Il

Il
"

vewr = JHE_1+1_2_
—|F| 1-1 0
LAl (100)
For quarter wave line transformer,
Z5=2,2
Z2 = (50)(200)
Z,=100Q

m (False)

For a pure resistive load of a lossless line,

RL .
VSWR= g it R >R,
F’)O .
VSWR=g" if R,>R,
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Given that, VSWR = 3
So, R, = VSWR xR;=3x75=225Q

fo _75_ 550
VSWR 3

Hence, R, =250r 75

N -

Y (@)ﬂ(@f
2 a b

C
Where, v, = ——
¢ VM€,

o R =

-l )
¢ U, e x2 a b
So, f, depends on ‘a’ and ‘b’ (dimensions of

waveguide)

1
f o<
° ke

So, f_depends upon the dielectric property of the
medium in the waveguide.

42 JCEAY)

A= k
g f 2
1-| e
g
kg>k
Nre 0 >
f
1-| e
g
e > Mo

N < Mo

©
=™|e
|
H
m
=
&
m
I
_
—_
|
I/
\|o\"
N
N

44 U

1

1
V = =
\/U_e \/“OEOEr
1 1
—X_
VMoo Jer

, - 3x10°
J4
= 1.5x108 mysec
m=n=1

e
cT 2n a b

fe] 2 2
_ 15x10 (3) +(i) 102

2 20) (20
7.5%10°
o= g %5 = 1.875x10°Hz
8
A, = v o_ 1.5x10 ~=8cm
f 1.875%x10

So, waves of free space wavelength shorter than
8 cm can be propagated.
A, =8cm

m (b, c)

Every dipole antenna has fields in directions of r,
0, o with E,, E,, H¢.

These fields depend on 1/r, 1/r? and 1/r® with
distance.

1/rterms are called as radiation fields and exist
even at far away distance.

E,and H¢ have 1terms each depending on 1/r.
1/r2 and 1/r3 terms are called as induction fields
and exist at closer distances with zero values far
away.

E.has only 1/r2 and 1/r® terms.

Option (a)-wrong-£, exists.

Option (b)—right-E¢ only exists.
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Option (c)-right-E, has 1/r terms which E, does
not have.
Option (d)-wrong-H, does not exist.

(52 [0
Giventhat: d=2Aand o =0
Y = o+ pdcoso

Y= O+27n‘2}vcosez4ncose

When y = 0, 2rn, -2, 41, —41 maxima occurs in
that direction.

T 2n _ 4n 3n 5m

imum =05 55t 55

Maximum at 6 3237:323
So, number of lobes in the radiation pattern in the

horizontal plane = 8.

53 [0

Electric field strength of Nelement array

E = NE sin(My /2)

° sin(y/2)

For null points Sin(N%j =0
with sin(%j # 0 (denominator term)

[Ng) = 2nm for null points

_ 4m
V=N
o + Bdcoso = 4nm
N
With oo = O for broadside array.
en }»cose - 4m
A2 N
4n
0=—
cos N
with n = 1 for 18! null points
4
COSO\py = —
NP1 20
Oyp; = 78.46
with n = 2 for 2" null points
8
COSO\p, = —
NP2 20
Oyp, = 66.42

Beam width between first nulls = 12.04°

EX o

4 4
Directivity = }\—g Ag = T

Q,
Q, = Beam solid angle
A, = Capture area
Power gain depends on efficiency and losses, so
they may not be equal is right.
Capture areas depend on gain and frequency also.

55 T

N
Beam widths depend on the array factor 7‘"

N
when 71“ =2nn for minima condition

4nm
dcosd = y=——
o + Padcos W N
pn -a
N 4rm - aN
coso = =
Bd BNd

o = 0 for equally excited (in phase)
C0SH o< 1
Nd

BWFN in both arrays is determined by the product
(NQ).

Bl @

e Dipole antenna has radiation depending as

COs gCOSG
and maximum at 90° to array axis.

sing

e Current distribution is uniform only for very short
lengths like hertzian dipole.

21
o ly = P for A/2 dipole

e Z forany wire antenna depends on loading effects
from either sides of the feed points or length on
either sides.

57 KU

An antenna, when radiating, has a highly
directional radiation pattern. When the antenna is
receiving, its radiation pattern is the same.
Antenna is a reciprocal device, whose characteristics
are the same when it is transmitting or receiving.
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1. Basics of Control Systems,

Block Diagram and SFG’s

1.1 In the signal flow graph shown in figure
X, = TX, where T, is equal to

(d) 10
[1987 : 2 Marks]

1.2 Forthe system shown in figure the transfer function

% is equal to :

C(s)

0 0
a) s°+s+10 (b) s°+11s+10
_ 10 10
(©) #2+9s+10 (d) s +2s+10

[1987 : 2 Marks]

1.8 The C/Rfor the signal flow graph in figure is:
1 Gy G, 1 G, G, 1

Ro oC
NN AN
I -1 -
1+ GG,) (1+ G5G,)

(b) GiG,G5G,

(1+ G+ G, +GG,) (1+ G5 + G4 + G3Gy)

Control Systems

GG,GiGy
©) (1+G +Gy)(1+ G, + G,
GG.GG,

@) 1+G +G, +G, +Gy)

[1989 : 2 Marks]

1.4 Inthe signal flow graph of figure the gain ¢/rwill be

%
r 1 2 3 4 1 c
° VW °
=i -1 -1
(@ 119 (b) 22/15
(c) 24/23 (d) 44/23

[1991 : 2 Marks]

1.5 Signal flow graph is used to find
(a) Stability of the system
(b) Controllability of the system
(c) Transfer function of the system
(d) Poles of the system.
[1995 : 1 M]

1.6 The transfer function of a linear system is the
(a) ratio of the output, v,(1) and input v,(1).
(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. [1995 : 1 M]

2. Compensators and Controllers

2.1 The transfer function of a simple RC network
functioning as a controller is:
s+ z
s+p;
The condition for the RC network to act as a phase
lead controller is:
(@) Py < Z (b) Py = 0
(© Py =24 (d) Py > 24
[1990 : 2 Marks]

G (s) =

c
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Ke~5To (a) msec (b) m/3sec
2.2 Aprocess with open-loop model G(s) = ] (c) 2m/3 sec (d) m/2 sec.
| oo [1991 : 2 Marks]
is controlled by a PID controller. For this process.
(a) the integral mode improves transient 3.4 A unity-feedback control system has the open-
performance 41+ 25)
(b) the integral mode improves steady-state loop transfer function G(s) = ——— ifthe input
performance s°(s+2)
(c) the derivative mode improve transient to the system is a unit ramp, the steady-state error
performance will be
(d) the derivative mode improves steady-state (@0 (b) 0.5
performance. (c) 2 (d) Infinity
[1992 : 2 Marks] [1991 : 2 Marks]
2.3 Tachometer feedback in a d.c. position control

system enhances stability (T/F)
[1994 : 1 Mark]

3. Time Response Analysis

3.1

3.2

3.3

The unity feedback system shown in fig. has:

_K
s(s + 10) C(s)

R(s)

(a) Zero steady state position error

(b) Zero steady state velocity error

K
(c) Steady state position error 0 units

K
(d) Steady state velocity error 0 units

[1987 : 2 Marks]

The steady state error of a stable ‘type 0’ unity
feedback system for a unit step function is

1
1+ Kp

(@) 0 (b)

y
(C) oo (d) Ky
[1990 : 2 Marks]
A second-order system has a transfer function
25

s? +85+25
If the system, initially at rest, is subjected to a

unit step input at t = 0, the second peak in the
response will occur at

given by G(s) =

3.5

3.6

3.7

3.8

The poles of a continuous time oscillator are ......
[1994 : 1 Mark]

The response of an LCR circuit to a step input is
(a) Over damped
(b) Critically damped
(c) Oscillatory
If the transfer function has
(1) poles on the negative real axis
(2) poles on the imaginary axis
(3) multiple poles on the positive real axis
(4) poles on the positive real axis
(5) Multiple poles on the negative real axis.

[1994 : 2 Marks]

Match the following codes with List-I with List-II:
List-1
(a) Very low response at very high frequencies
(b) Over shoot
(c) Synchro-control transformer output
List-11
(1) Low pass systems
(2) Velocity damping
(3) Natural frequency
(4) Phase-sensitive modulation
(5) Damping ratio.
[1994 : 2 Marks]

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
[1995 : 1 M]
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o(s +1) 4.4 If $+35%+4s+ A=0, then all the roots of this
3.9 If L[A(H)] = F1o5tE then f(0*) and f(e) are equation are in the left half plane provided that
, S tes+ @ A> 12 (b) 3<A<4
given by (€) 0<A<12 (d) 5< A< 12

(@) 0, 2 respectively (b) 2, 0 respectively

(c) O, 1respectively (d) 2/5, 0 respectively.

[Note : 'L’ stands for ‘Laplace Transform of’]
[1995: 1 M]

3.10 The step error coefficient of a system

G(s) =

m with unity feedback is
(a) 1/6 (b) oo
(c) 0 (d) 1 [1995 : 1 M]
3.11 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 behavior of the system output

(d) none of these.

[1995 : 1 M]

4, Stability Analysis

4.1 Consider a characteristic equation given by
s*+ 353+ 552+ 65+ K+ 10
The condition for stability is
(@ K>5 (b) —10< K
(c) K>-4 (d-10<K<-4
[1988 : 2 Marks]

4.2 Inorder to stabilize the system shown in figure T,
should satisfy,

r(t) 1+sT, 1 c(t)
@ s s(1+sT)

@ T.=-T (b) T.=T

) T.<T d T>T

1

[1989 : 2 Marks]

4.3 Anelectromechanical closed-loop control system
has the following characteristic equation;
2+ 6K 2 + (K+ 2)s + 8 =0. Where Kis the
forward gain of the system. The condition for
closed loop stability is:
(a) K=0.528
(c) K=0

(b) K=2
(d) K=-2.258
[1990 : 2 Marks]

[19983 : 2 Marks]

4.5 If G(s)is astable transfer function, then F(s) =

1
G(s)

is always a stable transfer function. (T/F).
[1994 : 2 Marks]

5.1 Consider a closed-loop system shown in Figure (A)
below. The root locus for it is shown in Figure (B).
the closed loop transfer function for the systemis

R(s) —=(* K G(s) oft)
(A)
jo
-1.05 ‘
* a3 Re
-2 -0.1
)
K
@ 5 (05s+1)(10s+9)
Kk
(b) (s+2)(s+0.1)
K
(©) T¥K(05s+1) (105 +1)

K
() KT02(055+1) (105 +1

) [1988 : 2 Marks]

5.2 The OLTF of a feedback system is

K(s+1)(s+3)
G(s) H(s) = ——2*~ =

s°+4s+8
The root locus for the same is

Im

I
i
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Im jo
’sz
(c) x *
K=0 \ K=0 ©
K= oo
Im
I
(c) —o o] Re
-3 i -1
(d) @ p
Im
[1990 : 2 Marks]
5.4 The characteristic equation of a feedback control
[1989 : 2 Marks] system is given by s3 + 552 + (K+6)s+ K=0
Where K > 0 is a scalar variable parameter. In
5.3 The transfer function of a closed loop system is:

K
2+ (B3-K)(s+1)

T(s) =

Where Kis the forward path gain. The root locus
plot of the system is:

Jjo

)
/

5.5

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

(b) (-2,0)
(d) (2,0)
[1991 : 2 Marks]

Given a unity feedback system with open-loop
transfer function.

G(s)= m The root locus plot of the
system is of the form.

jo
(@) —
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5.6

6.1

Jjo

(D) <—%—=x %
o

jo
(C) =—x—x =

jo
(d)

c

[1992 : 2 Marks]

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) asymptotes

[1994 : 1 Mark]

6. Frequency Response Analysis

A system has fourteen poles and two zeros. Its
high frequency asymptote in its magnitude plot
having a slope of:
(a) —40 dB/decade
(c) —280 dB/decade

(b) —240 dB/decade
(d) -320 dB/decade
[1987 : 2 Marks]

6.2

6.3

6.4

6.5

6.6

0
The polar plot of G(s) = SEt 1)2
axis at o = m,. Then, the real part and w, are
respectively given by:
(@) —2.5,1
(c) -5, 1

intercepts real

(b) -5,0.5
(d) -5,2
[1987 : 2 Marks]

The open-loop transfer function of a feedback
control system is

1

G(s) - H(s) = ——=
(s+1)
The gain margin of the system is
(@ 2 (b) 4
(c) 8 (d) 16

[1991 : 2 Marks]

Bode plot of a stable system is shown in figure
The transfer function of the system is

dB

20 —20 dB/decade

RN

\ log ®

[1992 : 2 Marks]

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

C(s) _ o;
R(s) s +2tw,s+0

(@) on1-262

(0) 0n(1-E2)+ JEF —E7 4 1

(©) on1-262)+ag* — 42+ 2
(@) o126 - Jags - ag2+ 2

[1994 : 1 Mark]

5, is given by
n

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

[1994 : 1 Mark]
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6.7 The 3-dB bandwidth of a typical second-order 7.2 Alinear second-order single-input continuous-time
system with the transfer function. system is described by following set of differential
C(s) w? <aivenb equations
= ,is given .
RS L +2tw sl oo #(t) = ~2x,(8) + 4x,(0);
(a) mn\/@ xz(l‘) = 2x1(l‘)—x2(l‘)+u(l‘)
Where x,(t) and x,(1) are the state variables and
(b) wn\/(1 —E2) +JEY —E? +1 u(t) is the control variable. The system is
\/ 5 7 5 (a) controllable and stable
(©) (1= 287) + 4" - 46+ 2 (b) controllable but unstable
trollable and unstable
(@) w,(1-27) - Jaes — 42+ 2 [1995: 1 M] (¢) uncon
”\/( ) -V -4 (d) uncontrollable but stable. [1991 : 2 Marks]
6.8 Non-minimum phase transfer function is defined

7.1

as the transfer function

(@) which has zeros in the right-half s-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
[1995: 1 M]

7. State Space Analysis

Given the following state-space description of a
system

e SR
=il

Find the state-transition matrix.
[1988 : 2 Marks]

7.3

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

a)-[0 S
-2

X2

a
b
c
d

The system is completely controllable

The system is not completely controllable

The system is completely observable

The system is not completely observable
[1992 : 2 Marks]

o~ o~ o~ —~
= — =
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m Control Systems

1.1 (d) 1.2 (b) 1.3 (o)
2.2 (b,c) 2.3 (True) 3.1 (a)
3.6 (sol) 3.7 (sol) 3.8 (o
4.2 (d) 4.3 (b) 4.4 (c)
5.4 (b) 55 (a) 5.6 (d)
6.5 (o) 6.6 (-10) 6.7 (o)

DCIELEMIE Control Systems

1. Basics of Control Systems,
Block Diagram and SFG’s

ﬁ_é_ 5 _3_10
X, A_1—(O.5)_O.5_
b
2 [ .
A9 _ s(s+1)
Ats) 1+ 10 X S
s(s+1)
10
s(s+1)
1+ 10 X1
s(s+1)
.10
As) _ _s(s+1)+10s _ 10
Rs) 4, 10 s+s+10s+10
s(s+1)+10s
C(s) 10

R(S) s?+11s+10

(13 Q]

By using Masson’s gain formulae
_ A
A
B G,G,G; G,
B 1—[—61 -G, -G, —G4]
+{GG; + GG, + G,G; + G,G, |
GG,G;G,
1+ G +G, +G; + G, + GG,
+G,G, + G,G5 + G.G,
GG.G,G,
(14 G, +G,) (1+ G, +Gy)

IO TJO

DO

1.4
3.2
3.9
4.5
6.1
6.8

(d) 1.5 (o) 1.6 (o) 2.1 (d)
(b) 3.3 (a) 3.4 (a) 3.5 (sol)
(b) 3.10 (a) 3.11 (a) 4.1 (d)
(False) 5.1 (d) 5.2 (a) 53 (a)
(b) 6.2 (o) 6.3 (c) 6.4 (sol)
(a)&(c) 7.1 Sol. 7.2 (b) 7.3 (b,c)

14 I

By using Masson’s gain formulae,

2R Ak

A
(Ix2x3x4xN+(Ix5x)x(1+3)

T 1-(2-3-4-5)+(-2)x(-4)
24+20 44

T 1+14+8 23

C
R
C
R
C
R

R ©

The signal flow graph can not be used to comment
on stability, controllability, observability or pole
zero locations. It only gives transfer function.

(16 Q]

The transfer function of a linear time invariant
system is defined as the ratio of the Laplace
transform of the output and that of the input with
all initial conditions zero.

2. Compensators and Controllers
El ©

0=tan | L |-tan {2
Z1 &

For phase lead controller
6>0

tan(ﬂ) - tan1[2j >0
Z P
tan‘(ﬁj > tan(ﬁj

Z Py

Py > 24
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EX ¢ o E3 5o
The integral mode improves steady state a-1,b-5c-2
performance and the derivative mode improves (a) Overdamped — (1) poles on the negative real
the transient performance. axis & > 1.

m (True)

The tachometer feedback is a derivative feedback.
So, tachometer adds zero at origin.

Hence, type decreases and stability is improved
(True).

3. Time Response Analysis
El @
K, = limG&s)H(s) = [ S
NG s-08(s+ 10)
A A

2 _0

€. = =
¥ 14K, 4

E}

The steady state error of a stable ‘type 0’ unity

feedback system for a unit step function is 3 +1

El @

w2 =25

®,=5

28w, =8
-8 3 s
20, 5

0y = 01— =5/1-(0.87 =3
For 2" peak n=3

nt  3m
t = —=—=mSsecC.
Py

EJ @

. . S4(1+ 2s)
K = = -
/= lmsGe)H(s) = m "5~
B A1+2s)
T 550 S(5+2)

A A
€5 = K_V_;_

m Sol.

The poles of a continuous time oscillator are pure
imaginary.

0

s=-to,to, &2 -1
(b) Critically damped — (5) Multiple poles on the
negative real axis.

E=1

S=-0, -0,

(c) Oscillatory — (2) Poles on the imaginary axis.
£=0
S=x*jo,
LAl Sol.
(a)-1,(b)-5,(c)-4.

(a) Very low response at very high frequencies
— Low pass system.

(b) Overshoot — Damping ratio.

(c) Synchro-control transformer output — Phase-
sensitive modulation.

E} ©
E< 1

For underdamped system, roots or poles are:

s = ~Lo,tjo,1-E

El

2
f0%) = lim sF(s) = =5 +25__
s s+2s+5
. 2s% +2s
f(e0) = liMm SF(S) = 5———=
() = Iy eFte) s®+25+5

B @

K, = lim G(s)H(s)

s—0
jm———1 1
s50(s+6)(s+1) 6

EH @

The final value theorem is used to find the steady
state value of the system.

4, Stability Analysis
Kl @

Using R-H criterion:
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st 1 5  K+10 6K? +12K -8 0
s 3 6 0 6K
g2 3 K+10 0 BKZ + 12K-8>0
3KE+B6K-4>0
& | T12-3K 0 B
—_ 6+
3 K= 0EVI+48 oo L0508
s° | K+10 6
. K > 0.528
For stable system, all the coefficients of 18t column K> _2528
should be positive. So. K> 0 5;28
S0, T12=3K g So, from given option for
3 K = 2 system will be stable.
-12-3K >0
12 > +3K 44 8
4> K $?+3s2+45+A=0
and K+10 > 0 Using R-H criteria
K > -10 &8 1 4
So, the range of K 5 3 A
10 < K< -4 s
L 12-A

(42 [ i

- , | A
Characteristic equation
1+GH=0 For stable system
A>0
1+(1+S7;)>< L x1=0
S S(1+s7) and 1274 S 9
2 (1+sT)+(1+sT)=0 3
T+ 82+sT.+1=0 12-A>0
Using R-H method 122> A
S T T 0 < A<12
111 m (False)
s | T,-T
0 TF of G(s) = (s+2y)(s+25)
sl (s+P)(s+P)
For stability, 15t column should be positive.
So, T,-T>0 TF of F(s) = 2O+ F)
' i (s+Zy)(s+2y)
N\ N The condition for stability is that none of the pole
m (b) of G(s) should be on the right half of s-plane, but

G(s) may have zeros in the right half of s-plane.
These zeros become pole of F(s). Therefore the
F(s) need not be stable (False).

s° 1 K+2
& 6K 8 5. Root Locus

S +6KP+(K+2)s+8=0
Using R-H criteria

1| BK? +12K -8
s 6K 0 51 JC
s° 8 1
G S) = ——M8M
(s) (s+0.0(s+2)
For stable system, 15t column element should be K-Gls)

positive. TF = WG(S)
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K P-z=14-2=12
TE = _(s+0.0(s+2) Slope = -20(P-z) = -20(12)
. . K = 240 dB/decade
(s+0.0)(s+2)
- p 2 [0
T (s+0)(s+2+K Gl = — 10
T K s(s +1)?
"7 K+0.2(1+ 10s) (1+ 0.5s) ZG = -180° =-90° - 2tan'(w)
2tan(w) = 45°
52 I8 oo
(b) & (d) options are wrong, because root locus is Wy = 1 rad/sec.
symmetrical about real axis. 10 10
Option (c) is wrong because root locus directions | |m=wpc y o1+ 0?) T 1+

are from pole to zeros.

54 Q)

OLTF = G(s) H(s) = ot
LIF = G(9) (s)_33+532+63
K(s+1)
s(s® + 5s + 6)
K(s+)
G(s)H(s) = ——— 1
S = Ss+20+3)
Poles — 0, -2, -3
Zeros — —1
Centroid = (2-9-(=9
3-1
-5+1
- N
5 (=2, 0)
55 JO)
P=3
z=0
P-z=3-0=3
_ (2g+1)180°
- P-z

6 = 60°, 180°, 300°
So, only option (a) satisfy this.

56 G

(n—m)
difference between poles and zeros gives number
of asymptotes.

6. Frequency Response Analysis
61 JO

Atw = Wpe the polar plot crosses the negative real

axis at —5.
o3 I8
Wpe =
—3tan‘1(oopc) = —180°
tan‘1(mpc) = 60°
0, = /3 rad/sec.
IGH.| = Xz%
(J1+mpc)
1 1
(V1+ (B)7)
GM = l=8
X

m Sol.

Corner frequency = 1 rad/sec.

1y
;
T=A1
y=mX+C
20=0+C
C=20
C = 20 log(k) =20
log(k) = 1
k=10
TE - k 10
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A -0 Do = Ja-2e2)x Jagt —ag? 42

At180° = |GH| =12 o,

G.M. = 20|og(|G1 Ij 20 Iog(%) W, = mn\/(1—2é2)i\/4§4—4§2+2

Since w, cannot be negative.

=-1.6dB
At |GHl =1 —0¢=-190° w,= m,,\/(1—2§2)+\/4g4—4§2+2
PM. =180°+ ¢
— 180°-190° = —10° Bl @&0©
Since both G.M. and P.M. are negative. The non-minimum phase transfer function is
So, the system is unstable. defined as the transfer function which has zeros

© (or) poles in right side of s-plane.

Given that 7. State Space Analysis
2

Transfer function, H(s) = ZES;= > 2;” 2
S) s°+28m,Ss+ ] Sol.
Put s=jo 2 0
) o A
H(jow) = — o 2 A
(jo)~ + 28w, (jm) + o], s+2 0
o2 sl- A= { }
_ 2 s+4
(@2 - 02)+ 280, ® §+4
1 [sI- A = { }
i = (s+2) s+4 §+2
( wZJ 2Em
2 e,
)
2 n [sT— A" = S+2

Let x= &
®

1 State transition matrix

H(jw) = =22+ j2x o) = eMt= s - AT}
. 1 2t
H = o |€ 0
| H(jo) | N <2ax)2 o) = et = { . 6_4
at 3dB frequency H(jo_) = T (b)
1 1 X -2 47 %] [0
S N 1 _ 1
RN CEE e H 2 —J LzHJU(t)
Ji- 2P+ (@ = 2 %=1548
(1-x2)2 + (28x)2 = 2 510
1+ x4—2x2 4+ 4822 =2 R
x4 = 2x? 4 422 = 1 _
x*+x2(482-2)-1=0 AB = -2 4}[0}:{4}
o (482 —2)£J4E? - 2P - 4() (-1) 2 UL L
X< = - 5 0 = 0 4}
colr

X2 = (1= 282)+ J4E* —4E2 + 2 Q| =0-4=-420

¥ = \/(1 _282)+ /4‘;:4 _ 4240 = % Hence the given system is controllable.

n
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Characteristic equation So, the given system is not completely controllable.
[sI-A]=0 AT:__1 0

s+2 -4 | 0 | 0 -2
-2 s+1| c=1[12
(s+2)(s+1)-8=0 o - 1
$?+3s-6=0 12
-3+4V9+24 -1 01 -1
= —F ATCT = =
2 | 0 -2]|2] |4
s =-437,1.37
’ Q =[CT AlCT
Since 1 pole lie in R.H.S. of s-plane. ° [_ ]
So, the given system is unstable. Q, = ; _H
A (b) & (c) Q| =-4-(2=-220
1 0 So, the given system is completely observable.
A= 0 _2} (b) The system is not completely controllable.
:O (c) The system is completely observable.
- [0
L [ ] ] ]
AB - (-1 0][0 10
Lo =21 |-2
. = [B AB]
10 0
c 1 -2
lQ| =0-0=0

c
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1.1

1.2

1.3

1.4

1.5

1. Basic Semiconductor Physics

Consider two energy levels: E,, E eV above the

Fermilevel and E,, E eV below the Fermi level. P,

and P, are respectively the probabilities of £, being

occupied by an electron and E, being empty. Then

(a) P, > P

(b) P

(©) P < P

(d) P and P depend on number of free electrons
[1987 : 2 Marks]

In an intrinsic semiconductor the free electron
concentration depends on
(a) effective mass of electrons only
(b) effective mass of holes only
(c) temperature of the semiconductor
(d) width of the forbidden energy band of the
semiconductor
[1987 : 2 Marks]

According to the Einstein relation, for any
semiconductor the ratio of diffusion constant to
mobility of carriers
(a) depends upon the temperature of the

semiconductor
(b) depends upon the type of the semi conductor
(c) varies with life time of the semi conductor
(d) is a universal constant

[1987 : 2 Marks]

Direct band gap semi conductors
(a) exhibit short carrier life time and they are used
for fabricating BJT’s
(b) exhibit long carrier life time and they are used
for fabricating BJT’s
(c) exhibit short carrier life time and they are used
for fabricating lasers
(d) exhibit long carrier life time and they are used
for fabricating lasers
[1987 : 2 Marks]

Due to illumination by light, the electron and hole
concentrations in a heavily doped N type semi
conductor increases by Anand Aprespectively if
n;is the intrinsic concentration then,

Electronic Devices

1.6

1.7

1.8

1.9

and Circuits

(@) An< Ap
(€) An=Ap

(b) An> Ap
(d) Anx Ap = ’712
[1989 : 2 Marks]

The concentration of ionized acceptors and donors
in a semi conductor are N,, N, respectively. If
N, > Nyand n. is the intrinsic concentration, the
position of the fermi level with respect to the
intrinsic level depends on

() N,— N, (b) N, + N,
(©) Nalb (@ n,
n

i

[1989 : 2 Marks]

Under high electric fields, in a semiconductor with

increasing electric field,

(a) the mobility of charge carriers decreases

(b) the mobility of the carries increases

(c) the velocity of the charge carriers saturates

(d) the velocity of the charge carriers increases
[1990 : 2 Marks]

A silicon sample is uniformly doped with

10'6 phosphorus atoms/cm? and

2 x 10" boron atoms/cm3. If all the dopants are

fully ionized, the material is

(a) n-type with carrier concentration of 10'6/cm3

(b) p-type with carrier concentration of 10'6/cm3

(c) p-type with carrier of 2 x 10'6/cm?

(d) n-type with a carrier concentration of
2 x10'%/cm3

[1991 : 2 Marks]

A semi conductor is irradiated with light such that
carriers are uniformly generated throughout its
volume. The semiconductor is n-type with
Np= 10"9/cm?. If the excess electron concentration
in the steady state is An=10'%/cm?3 and if
T, = 10 usec. (minority carries life time) the
generation rate due to irradiation
(a) is 1020 e-h pairs/cmd/s
(b) is 102* e-h pairs/cmd/s
(c) is 109 e-h pairs/cmd/s
(d) cannot be determined, the given data is
insufficient
[1992 : 2 Marks]



Electronic Devices and Circuits

| 39

1.10

1.13

A p-type silicon sample has a higher conductivity
compared to an n-type silicon sample having the
same dopant concentration.  (True/False)

[1994 : 1 Mark]

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.

[1995 : 1 M]

The probability that an electron in a metal occupies
the fermi level, at any temperature. (T > 0K)
(@ 0 (b) 1

(c) 05 (d) 1.0 [1995: 1 M]

In a p-type Si simple the hole concentration is

2.25 x10%/cm3. The intrinsic carrier concentration

is 1.5 x 10'%cm? the electron concentration is

(a) zero (b) 10"%cm3

(c) 10%cm3 (d) 1.5x 10%5/cm?3
[1995: 1 M]

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 carries a
distance of 1 cm in 20 usec. The mobility
(in cm?/V-sec) will be
(@) 1,000

(c) 5,000

(b) 2,000
(d) 500,000 [1995 : 1 M]

2. PN-Junction Diodes and Special Diodes

2.1

The diffusion capacitance of a p-n junction
(a) decreases with increasing current and
increasing temperature
(b) decreases, with decreasing current and
increasing temperature
(c) increases with increasing current and
increasing temperature
(d) does not depend on current and temperature
[1987 : 2 Marks]

2.2 For a pn-junction match the type of breakdown

2.3

2.4

2.5

with phenomenon

1. Avalanche breakdown

2. Zener breakdown

3. Punchthrough

A. Collision of carriers with crystal ions

B. Early effect

C. Rupture of covalent bond due to strong electric
field.

(@) 1-B, 2-A, 3-C (b) 1-C, 2-A, 3-B

(c) 1-A, 2-B, 3-C (d) 1-A, 2-C, 3-B

[1988 : 2 Marks]

In the circuit shown below the current voltage
relationship when D, and D, are identical is given
by (Assume Ge diodes)

1
—~ | 7 b,

[1988 : 2 Marks]

The switching speed of P*N junction (having a

heavily doped Pregion) depends primarily on

(a) the mobility of minority carriers in the

P*-region.

(b) the lifetime of minority carriers in the P*-region

(c) the mobility of majority carriers in the N-region

(d) the lifetime of majority carriers in the N-region
[1989 : 2 Marks]

In a Zener diode

(a) only the P-region is heavily doped

(b) only the N-region is heavily doped

(c) both Pand N-regions are heavily doped

(d) both Pand P-regions are lightly doped
[1989 : 2 Marks]

= == =
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2.6 Inajunctiondiode (c) increases with the increase in temperature
(a) the depletion capacitance increases with (d) is equal to the average of the Fermi levels of
increase in the reverse bias the two sides
(b) the depletion capacitance decreases with [1993 : 2 Marks]
increase in the reverse bias 2.11 The diffusion potential across a pn-junction
(c) the depletion capacitance increases with (a) decreases with increasing doping concentration
increase in the forward bias (b) increases with decreasing band gap
(d) the depletion capacitance is much higher than (c) does not depend on doping concentrations
the depletion capacitance when it is forward (d) increases with increase in doping concentration
biased [1995 : 1 M]
[1990 : 1 Mark] 2 12 A Zener diode works on the principle of
2.7 Inauniformly doped abrupt p-njunction the doping (a) tunnel_lnglof chgrge carriers across the junction
L : . (b) thermionic emission
level of the n-side is four(4) times the doping level of U . . .
n e th o of the depletio | i of (c) diffusion of charge carriers across the junction
t eip—3| e the rat‘|oo_ the depletion layer width o (d) hopping of charge carriers across the junction
n-side verses p-side is [1995 : 1 M]
(@) 0.25 (b) 0.5
(c) 1.0 (d) 2.0 2.13 The depletion capacitance, Cjof an abruptly p-n
[1990 : 2 Marks] jupction with constant doping on either side varies
with R.B.V, as
i i +
2.8 The gmalll signal capacitance pf an abrupt ‘P .n (8) C,e< V (b) C, o V,§1
junction is 1 nF/cm? at zero bias. If the built-in
voltage is 1 volt, the capacitance at a reverse bias (© C, oV (d) Cjoclg”®
voltage of 99 volts is [1995 : 1 M]
(a) 10 (b) 0.1
(c) 0.01 (d) 100 3. BJT and FET Basics
[1991 : 2 Marks]
2.9 Referring to the below figure the switch S is in 3.1 The pinch off voltage for a n-channel JFET is 4V,

position 1 initially and steady state condition exist
from time t=0 to t = t,, the switch is suddenly
thrown into position 2. The current | through the
10 K resistor as a function of time £, from t = 0 is?
(give the sketch showing the magnitudes of the
currentatt=0, t=f,and t = ).

NI
1
f

L.,
"1 I

10 kQ 1

[1991 : 2 Marks]

2.10 The built-in potential (diffusion potential) ina 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

3.2

3.3

when V¢ = 1V, the pinch-off occurs for V,gequalto
(@ 3V (b) 5V
(c) 4V (d) 1V

[1987 : 2 Marks]

Inan n-channel JFET, V,¢is held constant. V¢is
less than the breakdown voltage. As Vg is
increased
(a) conducting cross-sectional area of the channel
‘S’ and the channel current density ‘J’ both
increase
(b) ‘S’ decrease and ‘J’ decrease
(c) ‘S’ decreases and 'J’ increase
(d) ‘S’ increases and ‘'J’ decreases
[1988 : 2 Marks]

In MOSFET devices the n-channel type is better
than the P-channel type in the following respects
(a) it has better noise immunity
(b) it is faster
(c) itis TTL compatible
(d) it has better drive capability

[1988 : 2 Marks]
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3.4

3.5

3.6

3.7

3.8

3.9

3.10

In a MOSFET, the polarity of the inversion layer is
the same as that of the
(a) charge on the gate electrode
(b) minority carriers in the drain
(c) majority carriers in the substrate
(d) majority carriers in the source
[1989 : 2 Marks]

The ‘Pinch-off’ voltage of a JFET is 5.0 volts, Its
‘cut-off’ voltage is
(@) (5.0)"2V

(c) 5.0V

(b) 25V
(d) (5.0)%2V
[1990 : 2 Marks]

Which of the following effects can be caused by
arise in the temperature?
(a) increase in MOSFET current (/)
(b) increase in BJT current (1,,)
(c) decrease in MOSFET current (1,5)
(d) decrease in BJT current (/)
[1990 : 2 Marks]

In a transistor having finite B, 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
generations current, the base current will ____
(increase/decrease/remains constant).

[1992 : 2 Marks]

An n-channel JFET has a pinch-off voltage
Vp =-5V, Vyg(max) =20 V,and g,, = 2 mA/V. The
min ‘ON’ resistance is achieved in the JFET for
(@) Vgg=-7Vand Vye=0V
(b) Vgg=0Vand Vyg=0V
(€) Vgg=0Vand V,g=20V
(d) Vgg=-7Vand Vyg=20V

[1992 : 2 Marks]

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

[1994 : 1 Mark]

The transit time of the current carries through the
channel of a JFET decides its ______
characteristic

(a) source
(c) gate

(b) drain
(d) source and drain
[1994 : 1 Mark]

3.11

3.12

3.13

3.14

3.15

3.16

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

[1994 : 1 Mark]

The break down voltage of a transistor with its
base open is BV, and that with emitter open is
BVigo. then
(@ BVeeo = BVego
(0) BVeeo > BVigo
(€) BVogo < BViogo
(d) BVigq is notrelated to BYgq
[1995 : 1 Mark]

Match the following:
List-I

A. The current gain of a BJT will be increased

B. The current gain of a BJT will be reduced

C. The break-down voltage of a BJT will be reduced
List-1l

1. The collector doping concentration is increased

2. The base width is reduced

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

4. The base doping concentration is increased
keeping the ratio of the emitter doping
concentration to base doping concentration
constant

5. The collector doping concentration is reduced

[1994 : 2 Marks]

The transit time of current carriers through the
channel of an FET decides it Characteristics.
[1994 : 1 Mark]

The break down voltage of a transistor with its
base open is BV, and that with emitter open is
BVigo. then

(@) BVoeo =BVogo
(b) BVego > BVego
(©) BVego < BVego
(d)

d) BVgoisnotrelatedto BV 5, [1995: 1 M]

A BJT is said to be operating in the saturation
Region if
(a) Boththe Junctions are reverse biased.
(b) Base-Emitter Junction is reverse biased and
Base-Collector Junction is forward biased.
(c) Base-Emitter Junction is forward biased and
Base-Collector Junction is reverse-biased.
(d) Both the junctions are forward biased.
[1995 : 1 M]
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3.17 A BJT is said to be operating in the saturation

region if
(a) both junctions are reverse biased.

GATE Previous Years Solved Papers : | MRDE ERSY
3.18 Ina JFET
List-

(b) base-emitter junction is R.B and base collector

junction is forward biased.

(c) base-emitter junction is forward biased and

base-collector junction reverse biased.
(d) both the junctions are forward biased.

[1995 : 1 M]
m Electronic Devices and Circuits
1.1 (b) 1.2 (o) 1.3 (a) 1.4
1.8 (b) 1.9 (a) 1.10 (False) 1.11
2.1 (o) 2.2 (d) 2.3 (b) 2.4
2.8 (b) 2.9 (sol) 2.10 (a&b) 2.11
3.2 (o) 3.3 (b) 3.4 (d) 3.5
3.9 (b 3.10 (b) 3.11 (False) 3.12
3.15 (o) 3.16 (d) 3.17 (d) 3.18

SCIELZENT T Electronic Devices and Circuits
1. Basic Semiconductor Physics

(12 Q]

By mass action law:

n-p=nf

n. = intrinsic carrier concentration
p = hole concentration
n = electron concentration

n, e T3
1

For intrinsic semiconductor,
n=p=n,
Noee 732

EEN @

We know that

Einstein equation —

A. The pinch-off voltage decreases
B. Thetransconductance increases
C. The transit time of the carriers in the channel

is reduced
List-II
1. The channel doping is reduced
2. Thechannel lengthis increases
3. The conductivity of the channelis increased
4. The channellengthis reduced
5. The GATE areais reduced [1995 : 2 M]
[ ] ] ]
(c) 1.5 (o) 1.6 (a) 1.7 (a,0)
(d) 1.12 (c) 1.13 (o) 1.14 (o)
(d) 2.5 (o) 26 (b 2.7 (9
(d) 2.12 (a) 2.13 (c) 3.1 (a9
(©) 3.6 (b,c) 3.7 (sol) 3.8 (b)
(c) 3.13 (A-2,B-3,C-1) 3.14 (sol)
(A-1,B-3,C-4)
Where,

T = Temperature in °K

V; = Thermal voltage

D = Diffusion constant

y = Mobility
D, = Electron diffusion constant
Dp = Hole diffusion constant
H, = Electron mobility
W, = Hole mobility

()

DBG (Direct Band Gap) semiconductors exhibit short
carrier life time they are used for fabricating lasers.
In DBG semiconductor during the recombination
the energy is released in the form of light.

N ©

= Ap
Due toillumination by light EHP (electron-hole pair)
generation occurs.
So, An = Ap
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Where
An = increase in electron concentration due to
illumination by light
Ap = increase in hole concentration due to
illumination by light

(a) &(c)
J

Vd = ME
Where
v, = Drift velocity
p = Mobility

E = Applied electric field
For high electric field, with increasing electric field:
1. The mobility of charge carriers decreases as
electric field increases.
1
HeE
2. The velocity (drift velocity) of charge carriers
saturates.

(18 [0

P-type with carrier concentration of 10'%/cm3.
Given that,

Ny = n = Phosphorus atoms = 10'¢/cm?

N, = p = Boron atoms = 2 x 10'6/cm?3

- Ny>>Ny
So, the resultant material will be p-type
semiconductor carrier concentration
= N,= N,

2x 1016 -1016
= 10'%/cm?3

(19 &)

1020 e-h pairs/cm,/s
Given that, An = 10'%/cm?3
1. = 10 usec = 10 x 106 sec.

P
, A 107
Generationrate = —=—""—5
T, 10x10

= 10?0 e-h pairs/cm?3/s

m Sol. (False)

The given statement is false, because for a given
semiconductor the electron mobility (u,) is always
higher than the hole mobility (pp).

(for a given semiconductor) we know

that, the conductivity of a given n-type
semiconductor

o, = Nqu,
the conductivity of a given p-type semiconductor.
6, = PaH,

given that n = p = same dopant concentration
g = 1.602x 107'° Col.

S0,
111 )

where, v, = Drift velocity ; p = Mobility
E = Applied electric field
M

E(V/m)

3 7
10 10 10

So,

1. For smaller electric field applied, mobility of
change carrier will remain almost constant. So
for smaller electric field applied, drift velocity
(v,) increases linearly with electric field.

2. For large electric field applied, mobility of
charge carrier will be very small, so the drift
velocity gradually saturates at higher values
of electric field.

113 [0

By Mass Action Law

n-p=nf

n = electron concentration

p = hole concentration

n, = intrinsic carrier concentration
p = 2.25x 10'%/cm?3

n = 15x10'%m?3

Where,

Lo M _(1.5x101°  2.26%10%
p  225x10"™  225%x10"
n = 10%cm?®
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114 (0]

Velocity = —D|st.ance
Time

Vy= —— = 50,000 cm/sec
20x10
Drift velocity =v, = pE

Where,
u = Mobility
E = Electric field
_ Yg 50000 _ 5,000 cm?/volt-sec

E 10

2. PN-Junction Diodes and Special Diodes
Bl &

Decreases with decreasing current and increasing
temperature.

Diffusion capacitance = Cp, = tg = ~
-

= ﬁ
If
c.= M _ T
YomV kT
CD o< Iy
;
C-oc
boT
22 JC
1-A, 2-C, 3-B
Avalanche breakdown — Collision of carriers with

crystal ions.

Zener breakdown — Rupture of covalent bond due
to strong electric field.

Punch through — Early effect.

Diode D, is in forward bias

Diode D, is in reverse bias

So, the current through diode D, is forward current
I,and current through diode D, is reverse current 7
So, total current = I = I, + I

1= 1% _9) = e _ |

= (1,9 —1,)+ 1, = 1,6

eV _ £l
IO
%
_d =N L
nVT IO
1
Vd= T]VTln —)
I
ﬂ]n i
V, = g\, {For Ge,n =1}
V,=V
KT Ij
= —In| —
1o

EZ @

The lifetime of majority carriers in the N-region.
The switching speed of a P*N (heavily doped
p-region) junction depends on the lifetime (t) of
majority carriers (electrons) in the N-region (lightly
doped region).

25 Q]

Both Pand N-regions are heavily doped.

In a Zener diode P and N both the regions are
heavily doped.

Doping level of Zener diode is 1: 10°.

E «

The depletion capacitance decreases with increase
in the reverse bias.
Depletion width = W

W o< Y, VRB
W e \JReversebias voltage
Ae

Capacitance = C= W

1
CocW

1
~ /Reverse bias voltage

(a)

In the step graded diode, by using charge density
condition or charge neutrality condition

Wy _ Na
W N,
WN — NA

]
Wo 4N, 4
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28 Q)

For abrupt p-n junction

Cjoc\/—vz

L
Gy W
C, _ f1+O / 1
c, 1+99 V100
02= 10 ﬁ—omF/cm

m Sol.

When diode instantaneously switched from a
conduction state it needs some time to return to
non-conduction state, so diode behaves as short
circuit for the little time, even in reverse direction.

This is due to accumulation of stored excess

minority carrier charge when diode is forward

biased.

Time required to return back to state of non

conduction is ‘Reverse recovery time’ which is

‘storage time’ and ‘transition time’.

e Storage Time is the period for which diode
remains in conduction state even in reverse
direction.

e Transition time is time elapsed in returning
back to state of non conduction.

ForO<t<t;V, =20V, D is Forward biased
V, 20
i= d=—"=2mA
R 10kQ
Fort>t;V =-20
During storage time: t, < t <t + t;
Vi 20
L= ———=-2mA
‘"R 10ke

During transition time: t, + t, < t <t +t + 1,
i decreases exponentially to (/)
Fort>t +t +t
i= ()
I

2 mA

-/

-2 mA

B @&

Increases with the increase in the doping levels
of the two sides.

Built in potential or diffusion potential across a
p-njunction diode.

— NA ND
o et

1

So, V, e P
Vo Ny- Ny
So, option (a) and option (b) both are correct.

B @

Increases with increase in doping concentration
contact potential of diffusion potential across a
pn junction

o

1

len( Na NDJ

at constant temperature
Vo o« Ny Np

EX] @

Tunneling of charge carriers across the junction a
Zener diode works on the principle of tunneling of
charge carriers across the junction which leads the
junction to breakdown.

213 U
-1/2
Ce Vg
The depletion layer capacitance of a diode is given
Croec VI

n = — for step graded or abrupt p-n junction

1
2
CT o V§V2

3. BJT and FET Basics
El @

Given that,

Vp: 4V

Vg =1V
|VDS| = |Vp| - | VGS|
|Vl =4-1=3V



46 | GATE Previous Years Solved Papers : |

MBDE EBSY

EY ©

V;gis held constant and Vs is increased then the
depletion width increases, so the cross-sectional
area of the channel ‘S’.

-+ Current density =

Sl—uT
So, the channel current density increases.

33 [0

n-channel MOSFET is faster than the p-channel
MOSFET.

Mobility of electrons is always higher than the
mobility of holes.

My > My

In n-channel the charge carriers are electrons
whereas in p-channel MOSFET the charge carriers
are holes.

El @

In a MOSFET, the polarity of the inversion layer is
the same as that of the majority carriers in the source.

EX ©

Pinch-off voltage = Cut-off voltage
So, cut-off voltage =5.0V

El v &
I = BI, +(1+B) o
as temperature increases, [, increases, so the
current (1) increases in BJT with rise in
temperature.
- mobility decreases as temperature increases.
TT = pl
So, in MOSFET, current (1,,5) decreases with rise

intemperature.
TT > Il

Sol. (decrease)

As the reverse bias increase at CB(collector base)
junction then the collector current (1) increases
and the effective base width decreases, so the
recombination in base decreases.

38 JU)
Veg=0Vand V=0V
For n-channel JFET, JFET offers minimum ‘ON’
resistance when V4 is positive and large and
voltage Vg is very small, ideally Vo =0 V.

EX

For the NMOS threshold voltage is given by
V= Vo + Y|:\/2¢f + Vs — \/2¢f:|

_ \/ZqNA €s _ Z’0)(\/2CINA Es
Y=7TC, T 345x10
So, the threshold voltage of an n-channel MOSFET
can be increased by reducing the channel dopant
concentration.

3.10 03]

The transit time of the current carries through the
channel of a JFET decides its drain characteristic.

m Sol. (False)
For depletion mode n-channel MOSFET, if the GATE
terminal is made more positive then the channel
becomes more and more n-type hence the drain

current will increase.

312 (0]

The relationship between open base breakdown
voltage (BV¢o) of BJT with open emitter voltage
(BVgo) is given by

3
B VCEO =B VCBO\/%

. B> 1
S0, BV < BV g0

m Sol.

(A-2,B-3,C-1)

e As the base width of the BJT is reduced then the
recombination current (base current /) decreases
as aresult collector current (1) increases. So, the
current gain of the BJT increases.

e |fthe emitter doping concentration to base doping
concentration ratio is reduced then the emitter
injection efficiency decreases, so the current gain
(o) of BJT reduces.

e |[fthe collector doping concentration is increased
then the breakdown (V) of a BJT will be reduced.

m Sol.

The transit time of a current carriers through the channel
of an FET decides its switching characteristics.
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EH ©

The relationship between open base breakdown
voltage (BVgn) of BJT with open emitter voltage
(BVgo) is given by

3
BVoeo = BVego, |5

p
. B> 1
S0, BV < BVigo

3.16 [T

Both the junctions are forward biased.

When emitter base (E-B) junction and collector
base (C-B) junction both are forward biased then
the BJT is said to be operating in saturation region.

(d)

In saturation region:
Collector-base (C-B) junction — Forward bias
Emitter-base (E-B) junction — Forward bias.

m Sol.
A-1,B-3,C-4
e As the channel doping is reduced then the
pinch-off voltage decreases.
— [D
— Vas
So, the transconductance increases as drain
current increases and the drain current
increases as the conductivity of the channel
isincreased.
e |fthe channellength is reduced then the transit
time of the carriers in the channel is reduced.
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1. Operational Amplifiers

1.1 In figure shown below, if the CMRR of the
operational amplifier is 60 dB, then the magnitude
of the output voltage is:

100 kQ
AAAA
yyvy
- Lo +
+ V0
100k~ L

[1987 : 2 Marks]

1.2 The Op-Amp shown in figure below is ideal.
R= |L/C. The phase angle between V, and V,

atow=1/JLC

L R
R C
vV, o—MW—|
(a) m2 (b) ©
(©) 32 (d) 2n

[1988 : 2 Marks]

1.3 Referto figure shown below:

R
() For V.>0, V, = —Ff\/,-
(b) For V.> 0, V,=0

1.4

1.5

1.6

Analog Circuits

[1989 : 2 Marks]

The Op-Amp of figure shown below has a very
poor open loop voltage gain of 45 but is otherwise
ideal. The gain of the Amplifier equals:

8 kQ
AAAA
\AAAJ
2 kQ
AAAA
T VVVyv =
= ——O
> Vout
Vin
(@ 5 (b) 20
(c) 4 (d) 4.5

[1990 : 2 Marks]

The CMRR of the differential Amplifier of the figure
shown below is equal to

90 kQ
QAAA
1kQ
v,o MW >
v, +
1kQ
100 kQ
(@) e (b) O
(c) 1000 (d) 1800

[1990 : 2 Marks]

If the input to the circuit of figure is a sine wave
the output will be

ip o—m—-=
olp
4=

A half-wave rectified sine wave
A full-wave rectified sine wave
A triangular wave

A square wave

a
b
c

(
(
(
(d

= —= =

[1990 : 2 Marks]



output voltage V,

99 Q
100 Q
100 Q
4V V,
100 Q l

[1998 : 2 Marks]
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1.7 An Op-Amp has an offset voltage of 1 mV and is 1.11 The frequency compensation is used in OP-Amps
ideal in all other respects. If this Op-Amp is used to increase its
in the circuit shown in fig. The output voltage will [1994 : 1 Mark]
be (Select the nearest value). 1.12 Inthe given circuit figure, if the voltage inputs V-
1kQ S
MW and V, are to be Amplified by the same
Amplification factor, the value of ‘R should be
1kQ
22 kQ
AAAA
—o V, \AAAJ
10 kQ
= V_o—WW =
= = — oV
v, +
(@ 1mv (b) 1V 15k [YaT N
(c) =1V (d) OV R—o  ldealop-Amp
[1992 : 2 Marks]
1.8 The circuit of fig. uses on ideal OP-Amp for small - [1995 : 1 M]
positive values of Vi, the circuit works as 1.13 An op-Amp is used as a zero-crossing detector.
> If maximum output available from the Op-Amp is
R +12 V, , and the slew rate of the Op-Amp is
on WW . 12 V/u sec then the maximum frequency of the
Vot input signal that can be applied without causing
L a reduction in the P— Poutput is
- 1995:1 M
(a) a half wave rectifier [ ]
(b) a differentiator - —
(c) alogarithmic Amplifier 2. Diodes Applications
(d) an exponential Amplifier  [1992 : 2 Marks]
2.1 The 6V Zener diode shown below has zero Zener
1.9 Assume that the operational amplifier in figure is resistance and a knee current of 5 mA. The
ideal the current 7 through the 1 kQ resistor is _. minimum value of R. So that the voltage across it
2 kQ does not fall below 6 V is
——WW\——
50Q
— e MVVV
i 1kQ & L T
2mA 22k — 10V 6VRS 6V
1992 : 2 Marks
[ ] (@) 1.2 kQ (b) 50 Q
1.10 Fortheideal Op-Amp circuit of fig. Determine the (c) 80 Q (d)y 0 Q

[1992 : 2 Marks]

2.2 The wave shape of V in figure is

\AAAJ

C~ 10sin314t  10kQ
<




Analog Circuits

59
(@ v 0
-59
4.1
(b) VOT 0

4.1
4.1

(©) V|0

4.1
5.9

@ v o

[1993 : 1 Mark]

2.3 The Ebers Moll model is applicable to

(a) Bipolar junction transistors
(b) NMOS transistors

(c) Unipolar junction transistors
(

)
d) Junction field-effect [1995 : 1 M]

3. BJT Analysis

3.1

3.2

3.3

The configuration of cascode amplifier is
(@) CE-CE (b) CE-CB
(c) CC-CB (d) cC-cCcC
[1987 : 2 Marks]

The quiescent collector current 1, of a transistor
is increased by changing resistances. As a result
(@) g, will not be affected
(b) g, will decrease
(c) g,,willincrease
(d) g, willincrease or decrease depending upon
bias stability.
[1988 : 2 Marks]

Each transistor in the Darlington pair (see Fig.
below) has h. = 100. The overall h. of the
composite transistor neglecting the leakage
currentsis

c

3.4

3.5

3.6

(a) 10000
(c) 10100

(b) 10001
(d) 10200
[1988 : 2 Marks]

The ampilifier circuit shown below uses a composite
transistor of a MOSFET and BIPOLAR in cascade.
All capacitances are large. g, of the
MOSFET = 2 mA/V, and h,, of the BIPOLAR = 99.
The overall transconductance g,, of the composite
transistor is

0

C
o

AAAA
\AAA
AAAA
\AAAJ

c
T

(@) 198 mA/V (b) 9.9 mMAN

(c) 4.95 mAN (d) 1.98 mA/V

[1988 : 2 Marks]

The transistor in the amplifier shown below has
following parameters :

h,, =100, h=2kQ, h =0, h,,=0.05mhos. C
is very large. The output impedance is

AAAA
Wy
AAAA
VWy
o
=
)

58 kQ2

I,
6&

yyvy

<
10kQ 2
p-

=
Q= =cC

[ 0
(a) 20 kQ (b) 16 kQ
(c) 5 kQ (d) 4 kQ
[1988 : 2 Marks]

Of the four biasing circuits shown in Fig. For a
BJT, indicate the one which can have maximum
bias stability

Vee Vee
Vbc

o—AAAA
yyvy
&
9]
AAAA
\AAAJ

\AAAJ

AAAA
\AAAS
AAAA
\AAAJ

o—AAAA

(a) (b) (c) (d)
[1989 : 2 Marks]
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3.7 For good stabilized biasing of the transistor of
the CE Amplifier of fig, we should have

0 + Vie
>
< SR
= <
SR s °
= 2 <

—°+
R
Ry IR, =Rsg

<
AAAA
VVVy
&3
AA
| li_]
=

Re Re

— << 1 b) = >>1
(a) Rg (b) Rg

Re Re

—£ << h d) = >>h
(c) Ra FE (d) Rs FE

[1990 : 2 Marks]

3.8 Which of the following statements are correct for
basic transistor Amplifier configurations?
(a) CB Amplifiers has low input impedance and
low current gain
(b) CC Ampilifiers has low output impedance and
a high current gain.
(c) CE Amplifier has very poor voltage gain but
very high inputimpedance
(d) The current gain of CB Ampilifier is higher than
the current gain of CC Amplifiers
[1990 : 2 Marks]

3.9 |In figure all transistors are identical and have a
high value of beta. The voltage V. is equal to .
10 volts

5 mA 1kQ

[1991 : 2 Marks]

3.10 Ifthe transistor in fig. has high value of B and Vg
of 0.65 the current I flowing through the 2 kilo ohms
resistance will be

3.11

3.12

3.13

3.14

1y
= 2kQ
6.5 kQ :;
-
L +
1.85 kQ EE —..__ 10V
-
=

.|||_

[1992 : 2 Marks]

The Bandwidth of an n-stage tuned Amplifier, with
each stage having a bandwidth of B, is given by

(@) B/n (b) BIn

(c) By2"" 1 (d) B2"" -1

[1993 : 1 Mark]

For the Amplifier circuit of fig. The transistor has a
B of 800. The mid band voltage gain V,/V; of the
circuit will be.

T+15v

L 200
200kQ = <
2 o+
4.7 uF 6.4 UF
P
s % v,
Vin  100kQ = out
(@ 0 (b) <1
(c) =1 (d) 800
[1993 : 1 Mark]
o cut-off frequency of a bipolar junction transistor

(a) increase with the increase in base width

(b) increase with the increase in emitter width

(c) increases with the increase in collector width

(d) increase with decrease in the base width
[1993 : 2 Marks]

In order to reduce the harmonic distortion in an
Amplifier its dynamic range has to be .
[1994 : 1 Mark]

A Common Emitter transistor Amplifier has a
collector current of 1.0 mA when its a base current
is 25 uA at the room temperature. It’s input
resistance is approximately equal to

[1994 : 1 Mark]
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3.16 A transistor having oo = 0.99 and V.= 0.7 V, is
used in the circuit of the figure is the value of the
collector current will be

+12V
1kQ
= 1kQ
= 10kQ
-
1kQ

[1995 : 1 M]

4. FET and MOSFET Analysis

4.1 The JFET in the circuit shown in fig. has an
Ings = 10 mA and V, = — 5 V. The value
of the resistance Rg for a drain current
I,c=6.4mA s (Select the Nearest value)

(a) 150 ohms
(c) 560 ohms

(b) 470 ohms
(d) 1 Kiloohm
[1992 : 2 Marks]

4.2 Ann-channel JFET has /5o =1mAand V,=-5V.
Its maximum transconductance is
[1995: 1 M]

5. Frequency Response of Amplifier

5.1 In a multi-stage RC-Coupled Amplifier the
coupling capacitor.
(a) Limits the low frequency response
(b) Limits the high frequency response
(c) Does not effect the frequency response
(d) Blocks the d.c components without effecting
the frequency response.
[1993 : 1 Mark]

5.2 An RC-Coupled Amplifier is assumed to have a
single-pole low frequency transfer function. The
maximum lower-cutoff frequency allowed for the
Amplifier to pass 50 Hz. Square wave with no more
than 10% tilt is

[1995: 1 M]

5.3 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 are at and

[1995 : 1 M]

6. Feedback Amplifiers

6.1 The feedback amplifier shown in Fig. has:
VCC

(a) current — series feedback with large input
impedance and large output impedance.

(b) voltage — series feedback with large input
impedance and low output impedance.

(c) voltage — shunt feedback with low input
impedance and low output impedance.

(d) current —shunt feedback with low input
impedance and output impedance.

[1989 : 2 Marks]

6.2 Two non-inverting amplifiers, one having a unity
gain and the other having a gain of twenty, are
made using identical operational amplifiers. As
compared to the unity gain amplifier, the amplifier
with gain twenty has
(a) less negative feedback

(b) greater inputimpedance

(c) less bandwidth

(d)

d) none of the above. [1991 : 2 Marks]
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6.3 Negative feed back in Amplifiers 8.3 AClass— Atransformer coupled, transistor power

(a) improves the signal to noise ratio at the input

(b) improves the signal to noise ratio at the output

(c) does not effect the signal to noise ratio at the
output

(d) reduces distortion [1993 : 1 Mark]

6.4 Toobtain very high input and outputimpedances

in a feedback Amplifier, the mostly used is
(a) Voltage -series  (b) Current - series
(c) Voltage - shunt (d) Current-shunt
[1995 : 1 M]

7. Oscillator Circuits

7.1

Match the following

List-I List-11
(a) Hartley (1) Low frequency oscillator
(b) Wein-bridge (2) High frequency oscillator
(c) Crystal (3) Stable frequency oscillator
(4) Relaxation oscillator
(5) Negative Resistance oscillator

[1994 : 2 Marks]

8. Power Amplifiers

8.1

8.2

In case of class A amplifiers the ratio (efficiency
of transformer coupled amplifier)/(efficiency of a
transformer less amplifier) is
(@ 29 (b) 1.36
(c) 1.0 (d) 0.5

[1987 : 2 Marks]

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 is no even harmonics in the output

(d) there is no add harmonics in the output
[1993 : 1 Mark]

=

=

8.4

8.5

Amplifier is required to deliver a power output of
10 watts. The maximum power Rating of the
transistor should not be less than
(@ 5W (b) 10W
(c) 20W (d) 40W

[1994 : 1 Mark]
The circuit shown in the figure supplies power to

an 8 Q speaker, LS. The values of /,and V. for

this circuit will be I, = and VCE =
+
0 15V

[1995 : 1 M]

A power Amplifier delivers 50 W output at 50%
efficiency. The ambient temperature is 25° C. If
the maximum allowable junction temperature is
150° C, then the maximum thermal resistance 69,
that can be tolerated is

[1995: 1 M]
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m Analog Circuits

1.1 (100) 1.2 (c) 1.3 (b,c) 1.4 (d) 1.5 (c) 1.6 (d) 1.7 (%)
1.8 (o) 1.9 (-4 1.10 (0.02) 1.11 (sol.) 1.12 (33) 1.13 (159) 2.1 (o)
2.2 (a) 23 (a) 3.1 (b) 3.2 (o) 3.3 (d) 3.4 (d) 3.5 (d)
3.6 (a) 3.7 (b 3.8 (a,b) 3.9 (5 3.10 (1) 3.11 (c) 3.12 (c¢)
3.13 (d) 3.14 (large) 3.15 (1) 3.16 (3.75) 41 (a) 42 (04) 51 (a)
5.2 (1.59) 5.3 (10) 6.1 (o) 6.2 (ac0) 6.3 (b d) 6.4 (b)
7.1  (a-2,b-1,c-3) 8.1 (b) 8.2 (a.c) 8.3 (o)
Analog Circuits
1. Operational Amplifiers v, (R+ jol)
\/i = —Ri‘]
11 R e
By voltage divider rule: \/7 1
R: —
V- = ZL:H/ ; V+=2 il =1V C \/LC
R+R R+R
(( ]
VO
— Zo
VRLARA/ BEL IV Vv 1
2 2 C j 1
A= B 100K _ 409 “
R, 1k
. (R 100 ) _(,, 100k (100 [\ﬁ \f] (\f 1+/)J
A= (”/%’Jx(mon)_[” 1 )(101] _ e
= 100 L
— 4+ = | 14+=
— \Eﬂ\fc \E( +/]
A :A -A
°2 L, (e)_ (£45)
A, = 100—;—100)210O o 1-j (—245°)
CMRR = 60 dB = 10° = 71457+ 457 =-90
A L T 3n
Zo _ _Z_og_= _ 22
So % v, 2°7727
) Ac
A EER ) &
= Ac=ﬁ_ﬁ Case 1: V>0 —
D1
Now V= | Ac| Ve +] Ad| Vg R, o—o ,
1 vie— VW oo
V= [ A Ve =55x1 = 100mv —° DoV,
12 [ S
When V. > 0 then V/ is negative.
A Z _ _ N So, diode D, is forward bias and diode D, is
7,-:_71 ---For inverting amplifiers reverse bias.

So, V,=0V
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Case2: V.<0—

Ry
v,o VW

—O0—0——o0V
D, °

When V. is negative then V_ is positive.
So, diode D, is reverse bias and diode D, is
forward bias

l=1+& =1+%=1+4=5
2k

1
= —= 0.2

b 5

AB = 45x02=9

So, AP is not very greater than 1

A 45
A = = _45
SO =R | T 140
(15 0
PR
R, 1k

_ 44 (ﬂj=9o.o9
2 R, JL100 + 1

A, — A, 90.09 - (-90)

= = 90
Ag 2 2
A, =A +A,=-90+90.09 = 0.09
A 90
CMRR = |-%|=——=1000
A.| 0.09

1.6 [T

The open loop gain of amplifier is very high, so it
will act as a comparator.

So, if sinusoidal signal is applied to the input of the
high gain comparator, then the comparator generates
the square wave outpult.

2

V) =Gain (V)
v, =V

in offset voltage

=1mV

G|ain=1+i =1+l=2
R, 1k

V=2x1x108=2mV

KR ©

Logarithmic amplifier

V.
[=-n
R

I, = 1,8

I: If =Ioevd/'n‘/7'

V.
ﬁ = IOeVd/TlVT
eVd/T]VT h
RI,
Vd = In Vin
nvr RI,
V) ==V,

MW
2kQ

_»[

ZmAg‘ 1kQ

Vo=-2x103%x2x103=—-4V

AAA

\AAAJ
N
F
)

Apply KCL at output node
v, 4
I+2mA 5k ok
I=-4mA

V_:—&\/ :—ﬂx
100

=-0.99 x4 =-3.96

100
4x—" =
x 100+ 100

v =(1+&J V. =(1+£}x2

R, 100
- 1.99x 2 =3.98

MBDE EBSY



MBDE ERSY | Analog Circuits

V,=Vi+V; [=398-3.96=002V

m Sol.

To increase the stability of op-amps, frequency
compensation is used in op-amps.

K o

A=l
R,
22k
A = _222-_ 2D
10k
A = 22
R
V. =
a +(R+15)
A+—1+i
R,
Vo BV
V, R, R
*\R+15
P IR
V, 10) "\ R+15
A = 3 ( A j
R+15
32R _ 5,
R+15
32R =22R+33
R = 33kQ
[ 1.13 JQER)
SR.
fmax_ 27TV
12 1
- =159 kHz
e 1070 2nx12

2. Diodes Applications
Bl ©

;= 10-6_14 _ooma
50 50
‘ I= Iz + IL = Izmin + ILmax = Izmax + ILmin
[zm\'n =5mA
80 =95+ .
I = 75mA

L max

I max = Fw’_

VL _ 6 _
ML e 75%107°

B} @

80 Q

5.9
vwlo
5.9
D, Dy
4ﬁ—K—o—o+
41V 41V X
-<
CN 10sin314¢ Soke Vv,
-
o —

Case 1: During +ve half cycle

Diode D, is forward bias, so D, is short circuit.
Diode Dy is reverse bias, so Dgis in conducting
state when V; > 4.1 V.

Case 2: During —ve half cycle

Diode Dy is forward bias, so Dy is short circuit.
Diode D, is reverse bias, so D, is in conducting
state when | \/l.| >4.1V.

1%

[o]

N

59V

23 8

Ebers Moll model is a composite model and is
used to predict the operation of BJT all of its
possible modes.

It consists of two ideal diodes placed back to
back with reverse saturation currents I, and I,
and two dependent current controlled sources
shunting the diodes.
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3. BJT Analysis
31 O

Cascode amplifier is the common emitter followed
by common base configuration.

E} ©

So,if7,Ttheng, T 91,
So, if the quiescent collector current I increases
then the transconductance g, also increases.

El @

E
So, overall B of the composite transistor

C = p=p,+B,+ By,

B
— 10200
El @
—
Vin=vgs
I
In = o5
m Vgs
B
[C_ (XIEzmIE
B
— 1
g, = 1+ Bl
" Vgs  (14B) Vgs
L=1
, B Ip B 99
- P o _ B L 2mA
Im = g Ve 1+ 109 MAN
g, = 1.98 MAN

(35 O

VWV o o
> > = 1 =
=10kQ =58kQ S — S 5kQ
= > > hoe >

AAAA
AAAA
AAAA
AAAA

Z=20kQ 7
h, h
Output admittance, Y, = hy —h:TrReS
= 0.05x107° - 1300><0 :
2x10°+10x10
Y, = 0.05x 102
Zo1 = i=;3=20k9
Y, 0.05x10
Outputimpedance,
Z =2 II5k=20k|5k=20X5
20+5

Z, = 4kQ

EX @

In the BJT self bias circuit or potential divider
circuit provides the maximum bias stability.

(b)

R
£ 551
Rg

Simplified self bias circuit
using Thevenin theorem

Thevenin open circuit voltage

Vcc R1
Vi = R,+R,
Thevenin internal resistance
RR
R. = R|R,=—1"2 =R
= AlA= 5 = Fo

Apply KVL to input mesh
Vi = IR+ V,  + I R
Put I=1g+1,
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. . Vi, = 1g Ag+ Vt)_e+(15+lc)RE
Differentiate w.r.t. I, keeping f and V, , constant.

=

Re
B(RB +RE]
R

S=1+--L
HE

For better stability
S=1

R R
So, H_i<<1 : H_Z>>1

EJ @& ®)

In common base (CB) amplifiers input impedance
(Z) is low and current gain (o) is also low.

o=-2
1

e
In common collector (CC) amplifiers output
impedance (£,) is low and current gain (y) is high

Ie
=-<=1+
Y I B

EX 5

Given that B is very large

So, I, = I
So, the current through 1 kQ resistance
I=5mA
Voo = 10-1R=10-5x 103 x 1 x 10°
Voe =5V

[ 3.10 Q)

1
6.5 kQ §§ 2k
1.85 kQ Eé - 1oV
. +
< Vv,
165kQ = Vg5 be =] I,
- 1kQ
=
Given that B is very large.
So, I,=0
S0, Vyge = 10x—— 102 _q65Y
' 1.65+1.85+6.5

Apply KVL at input mesh,
Vies= Vet 1,A,=065+1,x1k=1.65

1.65
I, = 1mA
.+ Bis very large,
So, I =1,
I=1,=1mA

EH ©

The overall bandwidth of an n-stage turned
amplifier is

BW* = By2'" -1

E2 ©
Ig

+ 0—¢ ’

Vv,

- 100 kQ 200 kQ &>
=h
:> e

c——o+
470Q %E Vo
v, Ig(1+ hy )R
A= = =1
Vi Ig[he +(1+ he) Re
313 JU
foc = D52
nWs

Thus, if Wy will decrease fou will increase.
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E sol. Vog=—1V
i di ion i Vs = ~Ips s
In order to reduce the harmonic distortion in an >
e . -1=-64x10°R
amplifier its dynamic range has to be large. s
(315 I " Gaxioe Y
For common emitter configuration, R, = 150 Q
Input resistance = R, m (0.4)
_ W _25x10° =
Ig 25)(10_6 gm(max) _ ZIDSS =2X1X1O —04ms
- 1kQ 1A |- 5]

m (3.75)

Loop-1
> 1 kQ
> 10 kQ

AAAA

Loop-2

1 cannot be 5.32 mA because I, = 5.32 mA will
make V. negative which implies transistor is in
saturation. Through KVL,
1215+21,=11.2 (Loop-1)
1015-1,=0.6 (Loop-2)
Upon solving

I, = 3.75mA

4. FET and MOSFET Analysis
Kl @

2
V
Ips = IDSS|: - _\?S}
P

2
6.4x 1073 = 1Ox10_3{1—@}

(-5)
VGS 2

Z

1+55 =08
5
VGS
e =02

5. Frequency Response of Amplifier
51 JO

The low frequency of operation of a multi-stage
RC coupled amplifier is limited by the coupling
capacitor.

m (1.59)

%Tnt:%XmO%

=159 Hz

¢ _ fx%Tit _ 50x10
ET X100 mx100

B2 o

1+AB=1+100x0.99=1+99 =100

S 100y,
1+ AB | 100

f

£ = f,(1+ AB) |= 100 x 10° x (100) = 10 MHz

6. Feedback Amplifiers
61 [0

Emitter is output node, it is voltage sampler
voltage shunt feedback.

(o2 [0

For identical operational amplifiers, Gain-
bandwidth product is constant
G.B.W = Constant

A, x BW, = A, x BW,
A xBW, 1xBW, BW,

A, 20 20
So, as compare to the unity gain amplifier with
gain twenty has less bandwidth.

BW, =
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63 JOELC)
Negative feedback in amplifiers
(b) improves the signal to noise ratio at the output
(d) reduces distortion.
64 U
Current-series feedback amplifiers has very high
input and very high output impedances.
R¢ = R.(1+ AB) = R,(1+ G,.B)
R, =R,(1+ AB) = R,(1+ G,B)
7. Oscillator Circuits
Sol. Ve =07V
a-2,b-1,¢c-3 \/E1 — \/B1 07V
(a) Hartley oscillator
Ve -0 =07V
(2) High frequency oscillator &
(b) Wein-bridge oscillator Ve, =07V
(1) Low frequency oscillator VE1 = V& =07V
(c) Crystal oscillator Vop =07V
(3) Stable frequency oscillator Rk '
V52 - V,_:2 =07V
8. Power Amplifiers 0.7V-Vg, =07V
m (b) Apply KVL at emitter terminal
Class A amplifier ratio 0=1IghRg=15
- e 1 1
_ efficiency of transformer coupled amplifier I = R_5 =§5
efficiency of transformer less amplifier °
Vg = Vo= Vg=15-0=15V
50%
25% 85 JE
Power dissipated (Pp) = 50 x 50%
(a2 [0 b
The output of push pull power amplifier consists P_O DY
n
of only odd harmonics terms.
P, =2P,=2x50=100W
| 1, = 2k[B;coswt + B3 cos 3wt + Bs cosbwt + -] ‘ T.-T,
J
PD = Pin - Po = 9
BN © o liTa_150-25_125
S PR 50 50
7/3 max = 2 e = 2506/\/\/
ACmax
For class-A transformer coupled amplifier, EEE

P =2xP

D max AC max

.. Powerrating>20W

=20W
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1. Number Systems

1.1

The subtraction of a binary number Y from another

binary number X, done by adding the 2’s

complement of Yto X, results in a binary number

without overflow. This implies that the result is:

(a) negative and is in normal form

(b) negative and is in 2’'s complement form

(c) positive and is in normal form

(d) positive and is in 2's complement form
[1987 : 1 Mark]

2's complement representation of a 16-bit number
(one sign bit and 15 magnitude bits) if FFFF. Its
magnitude in decimal representation is
(@ o0 (b) 1
(c) 32,767 (d) 65,535

[1993 : 1 Mark]

2. Boolean Algebra

2.1

The number of Boolean functions that can be
generated by n variables is equal to:

(8) 22" (b) 2

(c) 2 (d) 27 [1990 : 1 Mark]

3. Logic Gates

3.1

3.2

For the circuit shown below the output Fis given by

X&—:} z:>oF

(b) F=0
d) F= X
[1988 : 1 Mark]

Minimum number of 2-input NAND gates required
to implement the function,

3.3

3.4

3.5

3.6

3.7

Digital Circuits and
Computer Organization

(d) 6 [1988 : 1 Mark]

Indicate which of the following logic gates can be

used to realized all possible combinational Logic

functions:

(a) OR gates only (b) NAND gates only

(c) EX-OR gates only (d) NOR gates only
[1989 : 1 Mark]

Boolean expression for the output of XNOR
(equivalence) logic gate with inputs Aand Bis

(@ AB+AB (o) AB +AB
(c) (A+B)(A+B) (d) (A+B)(A+B)
[1993 : 1 Mark]

For the logic circuit shown in Figure, the output is

equalto

A

£ v
B

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

[1993 : 1 Mark]

The output of a logic gate is ‘1’ when all its a inputs
are at logic ‘0’. The gate is either
(a) aNAND or an EX-OR gate
(b) aNOR or an EX-NOR gate
(c) an OR or an EX-NOR gate
(d) an AND or an EX-OR gate
[1994 : 1 Mark]

Aring oscillator consisting of 5 inverters is running
atafrequency of 1.0 MHz. The propagation delay
per gate is n sec.

[1994 : 1 Mark]
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3.8 The minimum number of NAND gates required to

implement the Boolean function A+ AB+ ABC

is equal to
(a) Zero (b) 1
(c) 4 (dy 7 [1995: 1 M]

3.9 The output of the circuit shown in figure is equal

to ( = P=
AIj[) (b) = ,P=
B (c) For V.=0V, P=0 always
:)3 (d) For V.=0V, Pcan be either 0 or 1.
[1987 : 1 Mark]
A :>D°7 5.2 Arripple counter using negative edge-triggered
g b) 1 D-flip flops is shown in figure below. The flip-flops
(@) (b) are cleared to ‘0’ at the R input. The feedback
(c) AB+AB d) (A®B)® (A® B) logic is a to be (jesigned to .obtain the count
[1995 : 1 M] sequence shgwn in the same figure. The correct
feedback logic is:
4. Combinational Circuits
. . PRI DO QO
4.1 The minimal function that can detect a “divisible - k>_° c
OCI —
by 3” 8421 BCD code digit (representation is ;QO
D, D, D, D,) is given by T
a) D, D, + D, D, + DzD,D
() g1+ b T et Feedpack
(o) DgD, + D,D,D, + D,D,D, + DgD,D,D, F|  Lodie
(c) D 2D, + D,D, + D 5 D 51 Count sequence in the order of Q,Q;Qy :
000 = 001 010> 011> 100~ 101
(d) D,D,D, + D,D,0, + DyD,0,D, T W
[1990 : 1 Mark]

4.2 The logic realized by the circuit shown in figure is @ F =00 (b) F=QCQy

) F=QQ, @ d F=QQQ,
fo 1987 : 1 Mark
c I 4x1 [ ark]
S I, MUX 5.3 The circuit given below is a
I
T ’s, s, | ko
A B
(@ F= AoC (b) F= A@C B
(c) F=BoC (d F=B&C (@) J- KFI|p flop ) Johnson’s counter
[1992 : 1 Mark] (c) R-Slatch (d) None of above.

[1988 : 1 Mark]

5. Sequential Circuits 5.4 A 4-bit modulo-16 ripple counter uses JK

flip-flops. If the propagation delay of each FFis
50 ns, the maximum clock frequency that can be

5.1 Choose the correct statements relating to the circuit _
used is equal to:

of figure
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(a) 20 MHz (b) 10 MHz (a) Among the TTL Families, family
(c) 5MHz (d) 4 MHz requires considerably less power than the
[1990 : 1 Mark] standard TTL (74 XX) and also has comparable

5.5 An S-RFLIP-FLOP can be converted into a Tflip- propagation delay.

5.6

5.7

5.8

5.9

5.10

Qand to Q.
[1991 : 1 Mark]

flop by connecting to

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

clock

Serial in

—<&(—

b) 0101

(a) 0000 (b)
(d) 1111

(c) 1010
[1992 : 1 Mark]

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.

[1993 : 1 Mark]

Synchronous counters are than theripple
counters.

[1994 : 1 Mark]
A switch-tail ring counter is made by using a single

D flip-flop. The resulting circuit is a
(a) SRflip-flop (b) JK flip-flop
(c) Dflip-flop (d) THAlip-flop
[1995: 1 M]

An R-S latch is

(a) combinatorial circuit

(b) synchronous sequential circuit.
(c) one bitmemory element
(d)

d) one clock delay element [1995 : 1 M]

6. Logic Families

6.1

Fill in the blanks of the statements below
concerning the following Logic Families :

Standard TTL (74 XXLL), Low power TTL (74L XX)
Low power schottky

TTL(74L SXX), Schottky TTL(74 SXX), Emitter
coupled Logic (ECL), CMOS

6.2

6.3

6.4

6.5

(b) Only the family can operate over
a wide range of power supply voltages
[1987 : 1 Mark]

Given that for a logic family,

Von is the minimum output high-level voltage.
Vi is the maximum output-low-level voltage.

V,, is the minimum acceptable input high-level
voltage and

V|, is the maximum acceptable input low-level
voltage,

The correct relationship is
@ Vig> Vo > ViL > Vo,
(0) Vo > Vi > Vi > Vo,
©) Viu> You> Vo > Vi
(d)

d) Vo> Vo> Vo >V, [1987 : 2 Marks]

Among the digital IC-families-ECL, TTL and

CMOS:

(a) ECL has the least propagation delay

(o) TTL has the largest fan-out

(c) CMOS has the biggest noise margin

(d) TTL has the lowest power consumption
[1989 : 1 Mark]

A logic family has threshold voltage V= 2V,
minimum guaranteed output high voltage
Von = 4V, minimum accepted input high voltage
Vi, = 3V, maximum guaranteed output low voltage
VoL = 1V, and maximum accepted input low
voltage V| = 1.5 V. Its noise margin is
(@) 2V (b) 1V
(c) 1.5V (d) 0.5V

[1989 : 1 Mark]

In figure, the Boolean expression for the outputin
terms of inputs A, Band C when the clock ‘ck’ is
high, is given by

o+

Tl

ck

[1991 : 1 Mark]
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6.6

6.7

6.8

The CMOS equivalent of the following n MOS gate
(figure) is (draw the circuit).

s

A°—||:

© O/P

—oB
—ocC

[1991 : 1 Mark]

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

‘{cc
¥ ov
o—MWW———
Viz
(a) NAND (b) AND
(c) NOR (d) OR [1992 : 1
Mark]
In the output stage of a standard TTL, we 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.

[1994 : 2 Marks]

7. Memories

7.1

7.2

Choose the correct statement 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.

[1992 : 1 Mark]

A PLA can be
(a) as a microprocessor
(b) as a dynamic memory

7.3

7.4

(c) torealize a sequential logic
(d) torealize a combinational logic.
[1994 : 1 Mark]

A dynamic RAM consists of
(a) 6 transistors

(b) 2 transistors and 2 capacitors
(c) 1transistor and 1 capacitor
(d)

d) 2 capacitors only [1994 : 1 Mark]

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

(©) 3 (d) 4 [1995 : 1 M]

8. ADC and DAC

8.1 Which of the resistance networks of figure can be

used as 3 bit A-2R ladder DAC. Assume V;
corresponds to LSB.

(i)
2kQ
V,0 AW oV
21ka
2 kQ p<
v,o———MWW———
1 <:
2 kO :;1 kQ
-
v, o MWW
>
Sk
(ii)
2kQ
V,0 AW oV
S
2kQ S2kQ
<
v,© MW
=
2kQ S 1kQ
-
V,© MWW
>
S1kQ
(iii)
2kQ
V,0 AW oV
S
2kQ S1kQ
<
v,© MW
‘>
2kQ S1kQ
-
V,© MWW
>
S2kQ
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8.2

(a) Both (i) and (ii)
(c) Only (iii)

(b) Both (i) and (ii)
(d) Only (ii)
[1990 : 1 Mark]

(a) Successive approximation
(b) Dual-slope
(b) Parallel Comparator
Maximum conversion time for 8 bit ADC in clock
cycles
(1) 1 @) 2 (3) 16
(4) 256 (5) 512
[1994 : 1 Mark]

8.3 Foran ADC, match the following: if

List—1

(A) Flash converter

(B) Dual slope converter

(C) Successive Approximation Converter

List—1I

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

(2) requires a digital-to-analog converter

(3) minimizes the effect of power supply
interference.

(4) requires a very complex hardware

(5) is a tracking A/D converter.

[1995 : 1 M]
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1.1 (b, c) 1.2 (b 21 (b) 3.1 (b 3.2 (b 3.3 (b,d) 34 (bc)
3.5 (b) 3.6 (b 3.7 (100) 3.8 (a) 3.9 (b 41 (b) 4.2 (b
43 (b 4.4 (c) 51 (b) 5.2 (a) 53 (o) 5.4 (c) 5.5 (sol.)
56 (c) 5.7 (100) 5.8 (sol) 5.9 (d) 5.10 (c) 6.1 (a,b) 6.2 (b
6.3 (a) 6.4 (d) 6.5 (sol) 6.6 (sol) 6.7 (d) 6.8 (sol) 7.1 (c,d)
7.2 (d) 7.3 (o) 7.4 (b 8.1 (o) 8.2 (sol) 8.3 (A-4,B-3,C-2)
Digital Circuits and Computer Organization
1. Number Systems w XY w h A
F = XYZ + XYW
=(X+Y)(Z+W)

KBl ) &

Negative and is in 2’'s complement form.
Positive and is in normal form

(12 [0
;

FFFF

1111 1111
2's complement
0000 0000 0000 0O0OT1

0001
]

2. Boolean Algebra
21 JU

1
Boolean functions possible are 22

3. Logic Gates
BN

Output of 1StEX-OR gate
F=X®X=0

Output of 2nd EX-OR gate
F,= X®0=X

Output of 3@ EX-OR gate
F=X®X=0

E} ©

F=(X+Y)(Z+W)=(XY)-(Z+W)=XYZ- XYW

1111 1111

33 [OEIC)

NAND and NOR gates can be used to realize all
possible combinational logic functions.

34 JOELG)

AB + AB and (A+B)(A+B)

35 [0

s I
NOR gate - F= A+ B=AB
EX-NOR gate - F=A® B= AB+ AB
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VAN (100)

fclk = !
2N tpoer
R 1
pAFE " 2Nf,  2x5x10°

tpo’FF

E} @

F= A+AB+ABC = A1+B+BC) = A

= 100 nsec

So, toimplement A, zero NAND gates are required.

EX ©

Y ®B)®(Ac®B)
Y= AOBOAGB
Y=(A0A)®B®B) =060
Y=1

4. Combinational Circuits

N

Truth table:
Dy D, D, D;|Y

0l]0 0O 0 0|1
110 O O 1|0
2/0 0 1 0]0
310 0 1 1|1
410 1 0 010
5/0 1 0 110
60 1 1 0|1
710 1 1 110
8/ 1 0 0 0]0
911 0 0 1|1

K-Map:
DgD,

D,ON_ 00 01 |

-
o

X > - o |3

00| 1 0 1

01 0 0 0

" X X 1

10| 0 1 Xw
I

22 JO
F= ABC+ ABC + ABC + ABC
F= AC(B+B)+ AC(B+B)
F= AC+AC =A®C

43 Q)

Two bit binary multiplier

(44 [T

Y,
X, v 0
X, Y, 1
Yy
|H.A.‘ | H.A. ‘ Co
C3 CZ C1
X4 Xo
Yy Yo
X1 Yo X Yo
X1 Yy Y4 X l
C3 CZ C1 CO
A B D (difference) X (borrow)
0 0 0 0
0 1 1 1
1 0 1 0
1 1 0 0
D= A®B=AB+AB
X= AB

5. Sequential Circuits
51 JU

For V.=+3V,P=0

When V.= +3V

Output of comparator 1 = logic 1
Output of comparator 2 = logic 0

P =1 + (output of 2nd NOR gate)

B} @

P=7
P=0
Dy = QO
Dy = 61
D, = Oz
So, flip-flop will be cleared at
1 0
NAND gat —_—
gate — o O Q.
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R-S latch.
El ©
’
f =
_ 1 2* =16
T 4x50x107° n=4
fClk = 5MHz
E Sol.
S=T1Q,
R=TQ,

S-R flip-flop can be converted into T-flip-flop by
connecting Rto Q,and Sto Q.

B3 ©

clock

Serial in

—&((— |

Serialin = D, ® D,

01 10
ek 1 0 1 1
2Yck 0 1 0 1
3%k 1 01 0
LAl (100)
Ripple counter — n-states
n = log,(1024) = 10
t L ! =100 n-sec

PIf = nfy ~ 10x10°

Synchronous counters are faster than ripple
counters.

Bl «

If a switch tail ring counter using single Dflip-flop,
the complementary output Q is connected to D,
so it becomes a T flip-flop.

[ 5.10 [0

An R-S latch is a one bit memory element.

Bl @&

74LS and CMOS.

(62 0

Vo > Vi > Vi > Vo

(63 8

ECL is the fastest logic family.

64 [T

(NM), = Vo -V =4-3=1V
(NM), =V, =V, =15-1=05V

Noise margin = min of [(NM)y, (NM)_ ]
=05V

m Sol.

When clock is high then p-channel is off, so the
input to CMOS is logic 0, then the output of the
CMOS inverter is logic 1.

m Sol.

CMQOS circuit: PMOS and NMOS both

e

_—

e

=

Output = A+ BC
(A (d)

Output V_ will be low when all the inputs are low.
If any of the input is/are active high then the output
will be high. So, the given circuit represents the
OR gate.

m Sol.

The purpose of keeping a diode is the output of
TTL circuit is to keep pull-up transistor in the OFF
state as long as pull-down transistor is the ON state.
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@)

PROM contains a fixed AND array and a
programmable OR array
PLA contains a programmable AND array and a
programmable OR array.

&3 (d)

PLA is a type of fixed architecture logic devices
with programmable AND gates followed by
programmable OR gates. The PLA can be used
to implement a complex combinational circuits.

A (c)

A dynamic RAM consists of 1 transistor and
1 capacitor or 2 MOSFETs.

8. ADC and DAC
Bl ©

R-2Rladder DAC has Rwith ground & 2R with input.

m Sol.

(@) Successive approximation:
7—ma>< = nTcIk = 8Tc|k

(b) Dual-slope:

T, ax 2n+1 7—clk = 2(8+ Y 7—clk

m

=29 T =512 T,
(c) Parallel Comparator:
Tmax =1 7—clk
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VII/ Signals and Systems

1. Basics of Signals and Systems

1.1 Anexcitation is applied to a system at t = Tand its

response is zero for —o < t< T. Such a systemis a

(a) non-causal system (b) stable system

(c) causal system (d) unstable system
[1991 : 2 Marks]

1.2 Which of the following signals is/are periodic?

cos2t+ cos 3t + cos 5t

(@) s(t) =

(b) s(t) = exp(j8 mt)
(c) s(t)=exp(-7t)sin10xt
(d) s(t) = cos2tcos4at [1992 : 2 Marks]

2. LTI Systems Continuous and Discrete

(Time Domain)

2.1 Theimpulse response and the excitation function

of alinear time invariant causal system are shown
in figure (a) and (b) respectively. The output of
the system at t = 2 sec. is equal to

h(t) x(t)

1 1/2 f---

N oo

0 6 f(sec) 0 6 t(sec)
(@) 0 (b) 1/2
(c) 3/2 (d) 1 [1990 : 2 Marks]

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

a) Jt.h(‘c)u(l‘ -1)ch

hr)ut - t)ck

A }df

-1)ch

o) <
)

O~ oe—m ~

[1995 : 1 M]

O~ O~

3.1

3.2

3.3

3. Fourier Series

A half-wave rectified sinusoidal waveform has a
peak voltage of 10 V. Its average value and the
peak value of the fundamental component are
respectively given by

20, 10 10,, 10
2y 2y By By

@ V5 ©) 75
10 20
—V,5V —V,5V

() —V.5 (@) —V.5

[1987 : 2 Marks]

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

f(x) = {O'

x, O<x<m

-n<x<0

is = 4 2[ [cos(nm) - 1]COS(I’7x)—%COS(nn)Sin(nx)}

n=1

By putting x = m in the above, one can deduce

1 .
that the sum of the series 1+3—2+5—2+7—2+"'IS

[1993 : 2 Marks]

The Fourier series of an odd periodic function,
contains only

(a) odd harmonics
(c) cosineterms

(b) evenharmonics
(d) sine terms

[1994 : 1 Mark]

4, Fourier Transforms , Frequency Response

4.1

and Correlation

Specify the filter type if its voltage transfer function
H(s) is given by
K(s® + 03)

H(s) =
©) s +(0g / Q)s + 03
(a) all pass filter (b) low pass filter

(c) band pass filter  (d) notch filter
[1988 : 2 Marks]
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4.2 The magnitude and phase functions for a 5.3 Thetransfer function of a zero-order hold is
distortionless filter should respectively be 1—exp(-Ts)
(Magnitude) (Phase) (@) s (b) /s
(a) Linear Constant 1
(€ 1 A T axn—To
(b) Constant Constant [1-exp(-Ts)]
(c) Constant Linear [1988 : 2 Marks]
(d) Linear Linear

5.4 Thetransfer function of a zero-order hold is

[1990 : 2 Marks]
2) 1—exp(-Ts)

4.3 If G(f) represents the Fourier transform of a signal s (b) /s
g(t) which is real and odd symmetric in time, then (c) 1 (d) 1/[-exp(-Ts)]
(@) G(f)is complex [1988 : 2 Marks]
(b) G(7) is imaginary 5.5 Theresponse of aninitially relaxed linear constant
(c) G(fis real parameter network to a unit impulse applied at
(d) G(f) isreal and non-negative t=0is 4e2u(t). The response of this network to

(1992 : 2 Marks] a unit step function will be
4.4 Match each of the items, A, B and C with an (a) 2[1-eu(1) (b) 4[e'—e2u(1)

(c) sin 2t (d) (1—4e) u(t)

appropriate item from 1, 2, 3, 4 and 5.
[1990 : 2 Marks]

List-I
A. Fourier transform of a Gaussian function 5.6 The pole-zero pattern of a certain filter is shown in
B. Convolution of a rectangular pulse with itself figure. The filter must be of the following type
C. Currentthrough aninductor for a step input voltage
List-1 I'WT
1. Gaussian function T2
2. Rectangular pulse x TH O
3. Triangular pulse " ]
4. Ramp function “ o
5. Zero [1995 : 2 M] x 1O
+ 2
(a) low-pass (b) high-pass
5.1 Laplace transforms of the functions tu(t) and u(t) (c) all-pass (d) band-pass
sin(t) are respectively: [1991 : 2 Marks]
(a) Sig st+ 1 (b) % 321+ ] 5.7 The voltage across animpedance in a network is
V(s) = As) I(s), where V(s), Z(s) and I(s) are the
1 1 S . .
(c) Pt (d) s, 2 Laplace transform of the corresponding time

functions v(t), z(t) and i(t). The voltage v(t) is

[1987 : 2 Marks] @ vit) = (1) - i(D)

5.2 The Laplace transform of a function f(f) u(t), where

f(t) is periodic with period T, is A(s) times the (b) v(t):'t[i(r)z(z‘—r)dr
Laplace transform of its first period. Then 0

(@) A(s) =s ¢

(b) A(s) = 1/(1 - exp(-Ts)) () W(t) = [i(x)z(t + )cht
(c) Als) = 1/(1 + exp(-Ts)) 0

(d) A(s) = exp(Ts) (d) v(t) = z(t) + i()

(1988 : 2 Marks] [1991 : 2 Marks]
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5.8 The Laplace transform of the periodic function f(t) 5.14 The final value theorem is used to find the
described by the curve below, i.e. (a) steady state value of the system output
sint if @n—Nm<t<2m (n=123--) (b) initial value of the system output
f(t) = {O otherwise (c) transient behaviour of the system output
(d) none of these [1995 : 1 M]

5.9

5.10

5.12

5.13

is
f(?)

0‘ n 2x 3t 4m 5t 6m 7m 8w
VAV AV AVA

[1993 : 2 Marks]

It F(s) = L[f(H)] = ——— then lmf(t) is
(s+1)(s“+4) toe
given by
(a) K/4 (b) zero
(c) infinite (d) undefined
[1993 : 2 Marks]
The Laplace transform of a unit ramp function
starting att= a, is
1 e ®

(@) (s+a) (b) (s+ay

e—as a
© 2 @ 2

[1994 : 1 Mark]

Indicate whether the following statement is TRUE/
FALSE, Give reason for your answer. If G(s) is a

’
stable transfer function, the F(S) = =— is always

Gls)
a stable transfer function. [1994 : 1 Mark]

2(s+1)

2

TLIAN] = S +2s5+5

, then f(0*) and f(«) are
given by
(@) 0, 2 respectively
(b) 2, O respectively
(c) 0, 1 respectively
(d) 2/5, O respectively
[Note: ‘L’ stands for ‘Laplace transform of’]
[1995 : 1 M]

The transfer function of a linear system is the
(a) ratio of the output, v,(t), and input, v,(1)
(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
[1995 : 1 M]

6. Z-Transform

6.1

6.2

6.3

Consider the system shown in the figure below.
The transfer function Y(z)/X(z) of the system is

(k) —(2) (=) k)
[]
1+az"! 14+ bz~
(@ 1+ bz ©) 1+az™"
1+az”! 1-bpz™"
©) 1Tp @ T

[1988 : 2 Marks]

The z-transform of the following real exponential

sequence
x(nT)=a",nT=0
=0,nT<0,a>0
1 1
@ ;=l>1 ) ke
(c) 1forall z (d) 1_82_1;|z|<a

[1990 : 2 Marks]

A linear discrete-time system has the
characteristics equation, 22 — 0.81 z = 0. The
system
(a) is stable
(b) is marginally stable
(c) is unstable
(d) stability cannot be assessed from the given
information
[1992 : 2 Marks]

7. Sampling

7.1

A signal containing only two frequency components
(8 kHz and 6 kHz) is sampled at the rate of 8 kHz,
and then passed through a low pass filter with a
cut-off frequency of 8 kHz. The filter output
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(a) is an undistorted version of the original signal
(b) contains only the 3 kHz component
(c) contains the 3 kHz component and a spurious

attenuation of high frequencies in reproduction
attenuation of low frequencies in reproduction

a
b

o~ o~~~
= = =

c) greater aliasing errors in reproduction
component of 2 kHz o d) no harmful effects in reproduction
(d) cpntams both the cpmponents of the original [1994 : 1 Mark]
signal and two spurious components of 2 kHz
and 5 kHz. 7.3 A 1.0 kHz signal is flat-top sampled at the rate of
[1988 : 2 Marks] 1800 lsamples/sec and the sgmples are applied
to an ideal rectangular LPF with cut-off frequency
7.2 Increased pulse-width in the flat-top sampling, of 1100 Hz, then the output of the filter contains
leads to (a) only 800 Hz component
(b) 800 Hz and 900 Hz components
m(t) — M(f) (c) 800 Hz and 1000 Hz components
(d) 800 Hz, 900 Hz and 1000 Hz components

[1995 : 1 M]
/\ L]
. . f

-w 0 w

m Signals and Systems

11 () 1.2 (abd) 21 () 22 (a) 3.1 () 3.2 (123) 3.3 (d)
41 (@) 42 () 4.3 (b) 4.4 (A-1,B-3,C-4) 51 (o) 52 (b
53 (a) 54 (a) 55 (a) 56 () 57 (b 58 (sol) 5.9 (d)
5.10 (c) 5.11 (sol)  5.12 (b) 5.13 () 5.14 (a) 6.1 (a) 6.2 (b
6.3 (a) 7.1 (d) 7.2 (a) 7.3 (o)

Signals and Systems

1. Basics of Signals and Systems 2. LTI Systems Continuous and Discrete
11 U

For the given system if the response is zero prior m (b)
to the application of the excitation. Then such a
. For causal LTI system
system is called causal system.
h(ty=0 fort<O

12 JOLL y(t) =

(Time Domain)

(1) = h(t)
(a) s(t)is periodic as the ratio of any two frequencies o
- P s rational y(t) = .‘.x(T) hit - ) dr
q —00
where pand g are integers. £
] o Ix Yh(t - 1)
(b) s(t)is periodic with m = 8m 0
(d) 2cosA cosB = cos(A-B) + cos(A + B) as x()=0 t<O
d h(t)=0 t<O0
s(t) = %[COSZZ‘+ cos6t] an 0 =
2
So, s(t) is periodic with fundamental frequency y(2) = fx(r) h2-1)dh

2 rad/sec. 0
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h(2-1) g, = dc value = average value
a = —j v(t)dt
O T
1 1 Tol4
|——| = I V., cos(w,t)at
—4 of 2 f ? o4
. T4
() L1 Vm[8|nwot]_To/4
° 7—O (DO
a, = Y sin 2 I - sin 2—”(—Lj
0~ 2_ T 4 T\ 4
Y I T
2
T
2 am = Vi E - sin n)
2n 2 2
1 1
S 2)= —x|2x—
o /@ 2X(X2j = Il (p)=L2 2
; 21
Y(z) = = Vm
a,= o
2 0 p
m £ So, average value = g, = Yo _ EV
For LTI system n o m
t) = u(t) = h(t
yt) = utt) = h(t) a, = TE [ v(t)cos(w,t)dt
o 0 T
y(t) = [ h(x)u(t - t)ar s
-~ a, = 2 j V., cos(w,t)cos(w,t)dt
u(t) =0 fort<O To i/
t 5 Tol4 ,
y(t) = [Ho)ult-7) ck a, = T—OT{MVm cos?(w,)dt
0
a - 2V, Tf4 (1+ cos2w t)dt

T, 2
To/4 To/4
m () a, = 22\;’"[ f dt + f Cos2(notdt]

~T,/4 ~Tol4

V(t)

Vi |:7;) ( Toﬂ V.. To
a = 2x|2-|-2||=Lx-2
v, T, 4 4 T, 2
/\ /\ v
: i : t a4 ="
I S S V=10
T 10
V(1) = V, cos(w,t) |t] < " S0, &= =5V
Time period = T,
1 ° E} 023
f,= T = fundamental frequency f(x)

o
= 18tharmonics
Fourier series of v(1) is given by
v(t) = ay+ a,cos(w,t) + a,cos(2m )+ - - - —

a
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Time period=T=n—-(-n) =21
At the point of discontinuity x = &
f(x) expressed in Fourier series converge to the

middle value = %

From the given trigonometric form of Fourier series,
atx =m.

fm = & -
(m) 4+s

ajlmn

T
2
1

2

where, s = 1+i2+ 4.
3 5

r
4

El @

The Fourier series of an odd periodic function does
not contain the dc term (a, = 0) and cosine terms.
The Fourier series of an odd periodic function
contains only sine terms.

4. Fourier Transforms , Frequency Response

and Correlation

Bl @

Given that,
H(s) = K(s? +w%)
32+(°°_(§)s+mg
S =jo
2
H(O) = K(0+®o; _K
0+0+wj
HO) # 0
2
K32[1+&]
H(ee) = f 5
o o
32[1+(60jg+s—§]
Hio) = 1K(1+0) K
+0+0
H(eo) # O

Here the given transfer function is a notch filter.

42 8

For distortionless transmission
| /—/(f)| = constantand

H(f) = —kf, where k is a constant

H(f) is the transfer function.

So, the magnitude function of a distortionless filter
should be constant.

The phase function of a distortionless filter should
be linear.

43 Q)

Fourier transform of real and odd symmetric signal
is imaginary and odd function of frequency.

m Sol.

(A)-1,(B)-3,(C)-4

(A) Fourier transform of a Gaussian function is also a
Gaussian function

—nf?

e—nl‘2 FT. o

(B) Convolution of a rectangular pulse with itself is a
triangular pulse.

(C) Currentthrough an inductor for a step input voltage
is ramp function

i= %det - %Ju(t)dz‘ - %r(z‘)

5. Laplace Transform
51 [0

tu(t) =T L
S
u(z‘)sinaz‘% >
s°+a
LT 1 1

u(t)sint — =—

s?+P s+
2 I

The given function represents a causal periodic signal.

f(tu(t) = 0 t<0
Periodof f(f) = T fort>0
Let f,(t) = f(u(t) O<t<T
=0 otherwise
f(t) u(t)
0 T o !
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fi(t)

0| T
oty = Y ht-nT)
Let, () — ;1-(03)
f(t=nT) — € F(s)
(0 u(t) - F(s) = ioe”sﬁ(s>

_ _k(s)
1-e’*

1 « | Transform of the 1
1—gTs period of f(t) u(t)

53 8

A zero order hold system holds the input signal
value for a period of T, i.e. for an input of short
duration (A) pulse, it produces an output pulse of
duration T, the sampling period.

T ﬁ“
Zero order
’ hold ’
Input, x(t) = 8(1)
So, X(s) = 1
Output, y(t) = u(t)-u(t-T)
Ts _AIs
So, Vi) = 48— _1=€
S S S
Transfer function,
Y(s) 1-e'®
H = — =
(s) X(s) s

54 O

The impulse response h(t) of zero order hold
system is

h(t) = u(t)—u(t-T)
Where Tis the sampling period.

/—/(s):% %e‘TS
Hs) = 1—exp(-Ts)

55 [0

Given that, h(t) = 4

]
S H(s) =
© ) =45
Given that
(1) = u(t)
So,  X(s)= J
S
We know that,
_ Y
Als) = X(s

Y(s) = H(s) X(s)

. SROR RN B B
Y(S)_(s+2)xg_2{s s+2}

Taking inverse Laplace transform on both side.

y(t) = 2[1-e*u(t)
56 Q]

In the given pole-zero pattern, poles and zeros
are symmetrical about imaginary axis. This is the
case of all-pass filter.

57 KU

We know that,
Multiplication of two functions in frequency (s) domain
is equivalent to the convolution in time domain.

t
So, v(t) = _fi(r)z(l‘—r)o’r

0
m Sol.

The given signal f(t) is a causal periodic signal
with period, T, =2n
f.(t) = (1) O<t<2m
=0 otherwise
f()

sin(f) u(t)
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sin(t — ) u(t — m)

ANANYERS
T 2n\?7 4n\/5n

sin(t — 2m) u(t — 2m)

P/
0 anWn

So,f,(t)= —[sin(t - mu(t - m) + sin(t — 2m)u(t - 2m)]
1
s% +1

o

sin(t) u(t) —

e*TES

S% +1
—27S

sin(t-n) u(t—-m) —

sin(t-2m) u(t-2m) — 5
s +1

e™s e—2ns
= {Wﬁ}

sl 1+
F(s) = —-e ”{ }
1(5) S+ 1

Fi(s)

-2ns

F(s) = F(s) _

1—e*  1-e
| 1+e™™ 1
F — _ TS
(9= e { s% +1 }( (1-e™2™)
_ 7S (1+e™)

Ao = e e v e ™)
Fs B _efns

(P + 1) (1- &™)

1-e™)

59 [JC)

F(s) = K

(s+1)(s® +4)
So, poles = -1, +2j

Since all the poles are not in the left half of s-plane.

So, the final value theorem cannot be applied.

So, [Iim f(t) is indeterminate.

B ©

m Sol.

If G(s) is stable then all its poles must lie in the
left half of s-plane and there is no restriction on its
zeros, which can lie also in the right half of s-plane.

1
The inverse function F(S) = —=— may or may not

Gls)
be stable. The zeros of G(s) may lie in the right
half of s-plane.
Hence the given statement is not true.

So, F(s)= is not always a stable transfer

1
Gs)
function.

| 5.12 03]

Initial value theorem

f0%) = fim 32(s+1)
so 5% +25+5
2
o) < fim 2225
5o 8% +25+5
(0%) = fim —S2+209)
5o of, 2 5
S (1+—+—2)
S s
f0%) = fim 2+2/s _ 2+0 _
s> g 2.5 14040
s &

Final value theorem

B s2(s+1)
flo) = I oFts) = y—%s +25+5
f(ee) = O
(515 0
_Ns)
H(s) = X

B @

Final value theorem is used to find the final value
or the steady state value of the system output

f(eo) = Lirré SF(s)
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6. Z-Transform
61 &

x(2) ¥(2)
y{(21 + bz "] = x(2)
¥2) = y(2) + az" y,(2)
n2) =y (2)[1 +az]
w2 = 2 qraz)
(1+bz™")
Transfer function
-1
H(z) = y(z) _1+az :
x(z) 1+ bz”
(62 [0
Given that
x(n) = au(n) a>0
ZT. __Z .
x(n) —215 X(2) = S il2> 4l
1
X(2) = z|>a
(2) 1_ar |21
(63 [0
Given that,
Characteristic equation
z3-081z=0
2(z22-0.81)=0

2(z-09)(z+09)=0

So, poles are z=0, 0.9 and -0.9

As all the three poles are inside the unit circle, so
the system is stable.

7. Sampling
@

f, = 8000 samples/sec

fry = 3kHz
Ty = 6kHz
The spectrum of sampled signal would have
nfy+ f
So,
3kHz, 8+ 3,16 £ 3, ... = 3kHz, 5 kHz,
11 kHz, ...
6kHz, 8 +6,16 £ 6 .... = 6 kHz, 2 kHz,
14 kHz, ...

cut-off frequencies of L.P.F. = 8 kHz
So, the filter output would have
3 kHz, 6 kHz, 2 kHz and 5 kHz

/&8 (a)
x(t) IX(f)| = |tsinc(fr)l

F.T.

t f
I
As pulse width tis increased, the width 1/t of the
first lobe of the spectrum is decreased.
Hence, increased pulse-width in the flat-top

sampling, leads to attenuation of high frequencies
in reproduction.

73 H@]

f, = 1800 samples/sec; f_ = 1000 Hz

The spectrum of sampled signal would have
nfy+ f

So,

1000 Hz, 1800 + 1000 Hz, 3600 + 1000 Hz ...

So, 1000 Hz, 800 Hz, 2800 Hz, 2600 Hz, 4600 Hz, ...

The cut-off frequency of LPF is 1100 Hz

So, the output of filter will contains

800 Hz and 1000 Hz components.
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1. Analog Communication Systems

1.1

1.2

1.3

1.4

1.5

In a superheterodyne AM receiver, the image
channel selectivity is determined by

(a) The preselector and RF stages

(b) the preselector, RF and IF stages

(c) The IF stages
(d)

d) all the stages [1987 : 2 Marks]

A carrier A, cos o, tis frequency modulated by a
signal £, cos w,, t. The modulation index is m;.
The expression for the resulting FM signal is

(@) A, cos[m,t+ mssino,t]

(b) A, cos[w,t+ m,cosw,t]

(c) A, cos|w,t+2nmsinw,f]

(d) A COS{U)CZ‘ + %003(0,4
(O]

m

[1989 : 2 Marks]

Which of the following schemes suffer(s) from the

threshold effect?

(a) AM detection using envelope detection

(b) AM detection using synchronous detection

(c) FM detection using a discriminator

(d) SSB detection with synchronous detection
[1989 : 2 Marks]

A signal x(t) = 2 cos (n.10%t) volts is applied to
an FM modulator with the sensitivity constant of
10 kHz/volt. Then the modulation index of the FM
wave is
(@) 4

(c) 4/m

(b) 2
(d) 2/n
[1989 : 2 Marks]

In commercial TV transmission in India, picture and
speech signals are modulated respectively as

(Picture) (Speech)
(a) VSB and VSB
(b) VSB and SSB
(c) VSB and FM
(d) FM and VSB

[1990 : 2 Marks]

Communication Systems

1.6

1.7

1.8

1.9

The maximum power efficiency of an AM
modulator is
(@) 25%
(c) 33%

(b) 50%
(d) 100%
[1992 : 2 Marks]

Which of the following demodulator(s) can be used
for demodulating the signal
x(t) =5(1 + 2 cos 200 rt) cos 20000 mt
(a) Envelope demodulator
(b) Square-law demodulator
(c) Synchronous demodulator
(d) None of the above
[1993 : 2 Marks]

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

[1993 : 2 Marks]

V(1) = 5[ cos(10°mt) - sin(10%xtt) x sin(10°7et) |

represents
(a) DSB suppressed carrier signal
(o) AM signal
(c) SSB upper sideband signal
(d) Narrow band FM signal
[1994 : 1 Mark]

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 Carsons’ rule is

[1994 : 1 Mark]

Match List-l with List-l1l and select the correct
answer using the code given below the Lists:
List-1 List-11
A. SSB 1. Envelope detector
B. AM 2. Integrate and dump
C. BPSK 3. Hilbert transform
4. Ratio detector
5. PLL
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Codes: (a) Areduction in the overall noise figure
A B C (b) Areductionininterference
(@ 3 1 2 (c) Animprovementin selectivity characteristics
(b) 3 2 1 (d) Animprovement in directional characteristics
(c) 2 1 3 [1987 : 2 Marks]
(dy 1 2 3 , , , _ _
2.4 Zeromean Gaussian noise of variance Nis applied
[1994 : 2 Marks] o
to a half wave rectifier. The mean squared value
1.12 The image (second) channel selectivity of a of the rectifier output will be

1.13

superheterodyne communication receiver is
determined by

(@) antennaand preselector

(b) the preselector and RF amplifier

(c) the preselector and IF amplifier

(d) the RF and IF amplifier [1995 : 1 M]

A PLL can be used to demodulate
(a) PAM signals

(b) PCM signals

(c) FM signals

(d) DSB - SC signals [1995 : 1 M]

A PAM signal can be detected by using
(@) anADC

(b) anintegrator

(c) aband pas filter

(d)

d) a high pass filter [1995 : 1 M]

2. Random Signals and Noise

2.1

2.2

2.3

The variance of a random variable Xis Gf . Then

the variance of — kx (Where k is an positive
constant) is

@ o° (b) -ko?

X

(c) ko2 (d) Kk?o2

[1987 : 2 Marks]

White Gaussian noise is passed through a linear
narrow band filter. The probability density function
of the envelope of the noise at the filter output is
(@) Uniform (b) Poisson
(c) Gaussian (d) Rayleigh

[1987 : 2 Marks]

In a radar receiver the antenna is connected to
the receiver through a waveguide. Placing the
preamplifier on the antenna side of the waveguide
rather than on the receiver side leads to

2.5

2.6

2.7

2.8

(a) Zero

) N/2

(b) N/2
(d) N
[1989 : 2 Marks]

A part of a communication system consists of an
amplifier of effective noise temperature, T,=21°K,
and a gain of 13 dB, followed by a cable with a
loss of 3 dB. Assuming the ambient temperature
to be 300° K, we have for this part of the
communication system,
(a) effective noise temperature = 30° K
(b) effective noise temperature = 36° K
(c) noise figure = 0.49 dB
(d) noise figure = 1.61 dB

[1991 : 2 Marks]

Two resistors A, and R, (in ohms) at temperatures

7,° K and T,°K respectively, are connected in

series. Their equivalent noise temperature is
°K.

[1991 : 2 Marks]

For arandom variable ‘X’ following the probability
density function, p(x), shown in figure, the mean
and the variance are, respectively

p(x)

1/4

X
-1 0 3

(@) 1/2and2/3 (b) 1and 4/3
(c) 1and 2/3 (d) 2and 4/3
[1992 : 2 Marks]

For a narrow band noise with Gaussian quadrature
components, the probability density function of
its envelope will be
(@) uniform

(c) exponential

(b) Gaussian
(d) Rayleigh
[1995 : 1 M]
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3. Digital Communication Systems

3.1

3.2

3.3

3.4

3.5

Companding in PCM systems lead to improved
signal to quantization noise ratio. This
improvement is for
(a) lower frequency components only
(b) higher frequency components only
(c) lower amplitudes only
(d) higher amplitudes only
[1987 : 2 Marks]

A signal having uniformly distributed amplitude
in the interval (-Vto +V), is to be encoded using
PCM with uniform quantization. The signal to
guantizing noise ratio is determined by the
(@) dynamic range of the signal
(b) sampling rate
(c) number of quantizing levels
(d) power spectrum of signal

[1988 : 2 Marks]

The message bit sequence to a DPSK modulator is
1,1,0,0, 1, 1. The carrier phase during the reception
of the firsttwo message bits is , . The carrier phase
for the remaining four message bits is
(@ m,m, 0,7 (b) 0,0,m,
(c)O,m,m, = (d) w,m 0,0

[1988 : 2 Marks]

In a digital communication system, transmissions
of successive bits through a noisy channel are
assumed to be independent events with error
probability p. The probability of at most one error
in the transmission of an 8-bit sequence is

@ [0=pP) P
8 8

(b) (1-p)® +8p(1-p)
() (1-pP+(1-p)
(d) (1-p)® + p(1-p)’
[1988 : 2 Marks]

In binary data transmission DPSK is preferred to

PSK because

(a) a coherent carrier is not required to be
generated at the receiver

(b) for a given energy per bit, the probability of
error is less

(c) the 180° phase shifts of the carrier are
unimportant

(d) more protection is provided against impulse noise

[1989 : 2 Marks]

3.6

3.7

3.8

3.9

3.10

3.12

A 4 GHz carrier is DSB-SC modulated by a low
pass message signal with maximum frequency
of 2 MHz. The resultant signal is to be ideally
sampled. The minimum frequency of the sampling
impulse train should be
(@) 4 MHz (b) 8 MHz
(c) 8GHz (d) 8.004 GHz

[1990 : 2 Marks]

In a BPSK signal detector, the local oscillator has
a fixed phase error of 20°. This phase error
deteriorates the SNR at the output by a factor of
(@) cos20° (b) cos?20°
(c) cos70° (d) cos?70°

[1990 : 2 Marks]

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

[1991 : 2 Marks]

For the signal constellation shown in the figure,
the type of modulation is
cos2m(n/T)t

sin2m(n/T )t
T = symbol duration

[1991 : 2 Marks]

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 (fill in
the blank)

[1991 : 2 Marks]

The bit stream 01001 is differentially encoded
using ‘Delay and Ex OR’ scheme for DPSK
transmission. Assuming the reference bitasa ‘1’
and assigning phases of ‘0’ and ‘m’ for 1's and 0’s
respectively, in the encoded sequence, the
transmitted phase sequence becomes

(@) OO (b) Omrm0OO
(c) OmmmO (d) tmOnm

[1992 : 2 Marks]
Coherent demodulation of FSK signal can be

detected using
(a) correlation receiver
(b) bandpass filters and envelope detectors
(c) matched filter
(d) discriminator detection
[1992 : 2 Marks]
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3.13 Source encoding in a data communication system 3.19 The signal to quantization noise ratio in an n-bit
is done in order to PCM system
(a) enhance the information transmission (a) depends upon the sampling frequency
(b) bandpass filters and envelope rate detectors employed
(c) conserve the transmitted power (b) is independent of the value of ‘n’
(d) discriminator detection [1992 : 2 Marks] (c) increasing with increasing value of ‘n’
3.14 Sketch the waveform (with properly marked axes) at (d) decreases with the mcreasmg[\;aglgs ?2 IK/I]
the output of a matched filter matched for a signal '
s(t), of duration T, given by 3.20 Foragiven datarate, the bandwidth B, of aBPSK
2 signal and the bandwidth B, of the OOK signal
0 A for O<t< gT are related as
S =
0 for 37 cioT (@) B,=By/4 (b) B, = By/2
3 (€) B,=5, (d) B,=28,
[1993 : 2 Marks] [1995 : 1 M]
3.15 Increased pulse width in the flat top sampling,
(a) attenuation of high frequencies in reproduction
(b) attenuation of low frequencies in reproduction 4.1 A source produces 4 symbols with probability
(c) greater aliasing errors in reproduction 11 1 1
(d) noharmful effects in reproduction —,—,— and — . For this source, a practical coding
[1994 : 1 Mark] & 8
scheme has an average codeword length of
3.16 The bandwidth required for the transmission of a PCM 2 bits/symbols. The efficiency of the code is
signalincreases by afactor of ___when the number (a) 1 (b) 7/8
of quantization levels is increased from 4 to 64. (c) 1/2 (d) 1/4
[1994 : 1 Mark] [1989 : 2 Marks]
3.17 If the number of bits per sample in a PCM system 4.2 Animage uses 512 x 512 picture elements. Each
isincreased froma nto n+ 1, the improvementin of the picture elements can take any of the
signal to quantization noise ratio will be 8 distinguishable intensity levels. The maximum
(a) 3dB (o) 6dB entropy in the above image will be
(c) 2ndB (d) ndB  [1995: 1 M] (a) 2097152 bits (b) 786432 bits
_ _ (c) 648 bits (d) 144 bits
3.18 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 Hzand 1000 Hz components

(d) 800 Hz, 900 Hz and 100 Hz components
[1995: 1 M]

[1990 : 2 Marks]
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(a) 1.2 (a) 1.3 (o) 1.4
(2110) 1.9 (d) 1.10 (101) 1.11
(d) 2.2 (d) 2.3 (9 2.4
(d) 3.1 (o) 3.2 (o) 3.3
(b) 3.8 (3600) 3.9 (sol) 3.10
(sol.) 3.15 (a) 3.16 (3) 3.17
(b) 4.2 (b)

CGIELEMLIE Communication Systems

1. Analog Communication Systems
11 JO

The image rejection should be achieved before IF
stage because ones it enters into IF amplifier it
becomes impossible to remove it from wanted
signal. So image channel selectivity depends
upon preselector and RF amplifiers only. The IF
amplifiers helps in rejection of adjacent channel
frequency and not image frequency.

(12 [0

Xeof) = Ascos| ot + ke[ mit)dt |
X () = A, cos [wct + ka'Em cos wmz‘dtJ

X, (1) = Accos{mcn k(’:) Em sinoo,ﬁt}

m
Modulation index

_ KEp

mg =
Om

‘ Xew(t) =[As coslot + m; sino,t]] ‘

EER ©

FM detection using a discriminator suffers from
the threshold effect.

14 [0

Modulationindex = M, = ki Am _ A0
(Dm (Dm
3
M, = (2nx10x10 )><(2):4

7 x 10*

(@) 15 (o) 16 (b 1.7 ()
@) 1.12 (b) 1.13 () 1.14 (o)
(b) 2.5 (b, c) 26 (so) 27 (b)
©) 3.4 (b) 3.5 (a) 3.6 (b
(3600) 3.11 (c) 3.12 (a) 3.13 (a)
(b) 3.18 (c) 3.19 (c) 3.20 (c)

R ©

In commercial TV transmission in India, picture signal
is modulated using VSB modulation and speech or
audio signal is modulated using FM modulation.

(16 Q)

When the message signal is symmetrical square
wave, 50% power efficiency can be achieved by
an AM modulator.

LVAR (c)
Given that
x(f) =5(1 + 2c0s200nt) cos20000mt )

The standard equation for AM signal is

| Xau(t) = A,(1+ mcosw, t)cosm,t |

By comparing the equation (i) and equation (ii),
we have m=2

Since the modulation index is more than 1 here,
so it is the case of over modulation. When the
modulation index of AM wave is more than 1 (over
modulation) then the detection is possible only
with synchronous modulator only. Such signals
can not be detected with envelope detector.

m (2110)

fy=hL+2IF
f., = 1200 + 2(455)
f,, = 2110kHz

(19 QI

V(1) = 5cos(10°mt) — goosm 0° - 10%)nt

+g(1o6 +10%)mt
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So, carrier and upper side-band are in phase and
lower side band is out of phase with carrier and
upper side-band.

So, the given signal is narrow band FM signal.

m (101)

By Carson’s rule
BW = 2(Af+ 1)
BW = 2(50 + 0.5)
BW = 101 kHz

1.1 (8]

SSB — Hilbert transform
AM —  Envelope detector
BPSK — Integrate and dump

[ 1.12 Q)

The image rejection should be achieved before IF
stage because ones it enters into IF amplifier it
becomes impossible to remove it from wanted
signal. So image channel selectivity depends
upon preselector and RF amplifiers only. The IF
amplifier helps in rejection of adjacent channel
frequency and not image frequency.

KB ©

PLL (Phase Locked Loop) is used to demodulate
the FM signals.

[ 1.14 Q)

An integrator.

2. Random Signals and Noise
Bl ©

5
T
Il
m
=’
|
B
N
L
|
m
|
B
o

Q
N
I
X
N
Q
N

22 U

Narrow band representation of noise is
n(t) = n(t) coswt—ny(t) sinw t

lts envelope is R(t) = \[n?(t) + n2(t)
Where n(t) and n((t) are two independent, zero
mean Gaussian processes, with same variance.

The resulting envelope is Rayleigh variable.

El @

A pre amplifier is a very large gain amplifier with
low noise figure.

Noise figure of cascaded amplifier can be given
as:

Fo-1 Fi—1

F, -1
+

+—
GG, Gy~ G,

F=F+

Therefore placing the pre amplifier on the antenna
side of the waveguide will result in the reduction
of overall noise figure of the system.

24 0]

Half wave rectification can be represented as

y =x for x20
=0 for x<O
1 1 2w
So, f = —§(V)+——¢
E[V2] = [y2f(y)dy
0
2 o[ 1
E[v2] = [y?| =8(y)+ eWZN}d
[Y2] £y {2 v) NI y
w 2
E[Y?] = 0+ [L=e”"Ng
[V?] ngN y
y
Let, = =t
= UN
dy = JNdt
1 % 0
E[Y?] = Nt2e 2N at
\/2nN'I(;
N T 2p
= — |t '“dt
N
21 — .
ElVY = 5
25 [OELC]
Given that
T, = 21K
T, = 300°K

Gain = (G)yz =13
13 = 10log,4(G)
G = 19.95
Cable loss = (3) 5 = 10log, (L)
L =1.995
Foracable,
Noise figure = F, = cable loss = L
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F, = 1.995
o . T,
Noise figure of amplifier = £, = 1+ T
a
F, = 1+£=1.07
300
Noise figure of cascaded amplifier
F= F+ il
= 1.07+%=1.12
19.95
F=0.49dB

T; of the cascaded amplifier.

T.=(F-1T,

e

T = (1.12-1)300

e

T, = 36°K

e

R, v_,721
Vi = VE+ V2
V2 = 4KT,BR=4KT_B(R, + R,)
V2 = 4KT,BR,

V> = 4KT,BR,
So,
4K T_B(R, + R,) = 4K T,BR, + 4KT,BR,
4KT B(R, + R,) = 4KB(R, T, + R,T,)
Te(R, + R,) = R,T, + R,T,
_AL+R T,

°  R+AR,

(b)

Mean = py = E[X]= J. xp(x)dx

—oo

3

1 [T
UX: ".)Czdxzz|:?:| 1
-1 -

11 1
by = ZX§[9—(—1)2]=§X8
UX:1

Variance = 6% = E[(x - MX)ZJ = ].o (x = Wy )? Py (x)dx

)

1 1
o% = ‘[1(x—1)22dx=z‘[1(x—1)2dx
3
gg( = —I(x2+1—2x)dx
>
3
> _ 1[_+2_}
°X = 4|3 2 |,
02X=1[(£+3—9)—(—1—1—1ﬂ
4\ 3 3
1 1 T
2
= —|3+—+2|=—%x—(9+1+6
ox 4[ 3 } 3l ]
4
2
GX=§

E} @

For a narrow band noise with Gaussian quadrature
components the probability density function (PDF)
of its envelope will be Rayleigh.

3. Digital Communication Systems
Bl ©

Companding results in making SNR uniform,
throughout the signal, irrespective of amplitude
levels. Since, in uniform quantization, step size is
same, the quantization noise power is uniform,
throughout the signal.

Thus, higher amplitudes of signal, will have better
SNR than the lower amplitudes.

Hence, companding is used for improving SNR
at lower amplitudes.

E} ©

Since the signal is uniformly distributed in the
interval -V to +V.

So, pdfis p:(x)

-V 4

Area under pdf is unity

K[V-(=WV] =1
2 VK = 1
Ko b
oV
So o L VoV
3 p)&x - 2V
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=0 otherwise

Signal power = s =

—oo

v 3 v

S = J.x2idx=i{x—}
5,2V 2VL3 1y

.- ;{VEJ—VS)} o1
2VL 3 3

In uniform quantization,

xsz(x) dx

2V 3 3

2
- : A
Quantization noise power = QNP = —

12
Vp—p _ Vp—p
L 2N
2
Vo-p _ (2Vvy? _ V?
12x 22" 12x2%"  3x2%"
S v
SQNR = —QNP = ? X 7\/2
So, SQNR o< 227
So, signal to quantizing noise ratio is determined
by the number of quantizing levels.

EN ©

where, step size = A =

QNP =

EX-NOR

b dy PSK j A BlY
D Modulation 0 0|1

0 1/0

Y=A OB 1. 0]0

Y=AB+AB |1 1|1

0 — isrepresented with a carrier has phase ‘r’
1 — isrepresented with a carrier has phase ‘0’
d,= by®d,_,or d=b06d_,
Logic function here is EX-NOR.
1 1 0 0 1

1
eV
b b 0 T T
Hence, the answer is O, , T,

EJ

Let getting an error be success.
P(success) = P

P(failure) =1-P

Px=atmost 1) =P(x=0) + P(x=1)
=8Cy(P)°* (1-P)B-2+8C,(P)' (1-P)B~1
=(1-P)8+8P(1-P)

0
b
T

EH @

A coherent carrier is not required to be generated
at the receiver.

36 [0

m
f,=f,+ 1 =4000 + 2 = 4002 MHz
f = f —f_ = 4000 -2 = 3998 MHz
2t
e
K= |t |=| 2002MAZ ) 4660 5= 1000
f, = 2X4002MHZ _ g 64 Mz ~ 8 MHZ
1000

(b)

In BPSK if detector has a fixed phase error ¢ then
the output power would change by a factor cos?.

EE) (3600)

3600 samples/sec

Given that
f,, = 1800 Hz
f, = 300 Hz

So, [BW.=1, -1,

B.W. = 1800 - 300 = 1500 Hz

K=—fH
B.W.

3 1800

~ 1500

So, K=1
2f,
(fs)min:7H
B 2x1800

(F)in = = 3600 samples/sec

m Sol.

For different phases are given which are 90° apart
with adjacent signal. So, it is the clear of QPSK
(Quadrature Phase Shift Keying).

m (3600)

f, = 3600 samples/sec
f,, = 1800 Hz
f, = 300 Hz

1
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B.W. = f,—f, = 1800 - 300 = 1500 Hz The output of matched filter
_ Ty _1800 . y(t) = x(8) = h(?)
- B.W. 1500 dh .. T
fo 2P 2x1800 sa00 camples) ar - AS( _5)_/46(t_T)
s(min) = 7— ] = sampies/ sec . .
= B A8| t —— |- x(t) = AS(t — T)dt
B o ) = [ 500 A 15 st A8 )
\V t T
input ) m y(t) = J;A[x(f —g)—x(l‘— T):|dl‘
f
= [yt
EX-XOR e
ABlY
0 0]0 _ ¥
0 1|1 Y=A9B
1 0 1 Y=AB +AB pril p» |
1110 3 3
. ; } + t
Glfven thatb.t 1 . of 1 2r |7 P
reference bit = 3 3
. —A2
logicO—m 1/#/3)/%/%/#
logic 1 —0° 0O n n m O .
ER @ y(t) = [ yyat
Coherent demodulation of FSK signal can be )
detected using correlation receiver. 0 A2
3
EQe P
The purpose of source encoding in a data , ¢
communication system is to represent non- 0| T T 5T
electrical discrete symbols with binary codes and 3 3
thus enhance the information transmission and
purpose of channel encoding is to decrease the m (a)
probability of error. The channel coding helps in Increased pulse width in the flat-top sampling
detection and correction of errors. leads to greater attenuation of high frequencies in
reproduction. This effect is known as aperture
B4 s
effect.

[ 3.16 &)

| (B'W')PCM = nfS |

0 IT2 T
3 3 n=log, L

We know that impulse-response of a matched filer is

n, = log,4=2
h(t) = x(T-1) n, = log,64="6
h(t) (BW.), = n,fs=2fs
(B.W.), = n,fs =6fs

A BW.),  6fs .

= — =3t

BW),  ofs "MeS
} t
of 7 o 7 (BW), = 3(BW),
3 3
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LAVA (b)

| (SQNR)dB = (1 76+ 6n)dB |

(SQNR), = 1.76 + 6n
(SQNR), = 1.76 + 6(n+ 1)
= 176 +6n+6

(SQNR), - (SQNRY), = (1.76 + 6n + 6) - (1.76 + 6n)
(SQNR), - (SQNR), =6 dB

So, for every one bit increase in bits per sample
will result in 6 dB improvement in signal to
quantization noise ratio.

E] ©

Given that
fo=1kHz
f, = 1.8 k samples/sec
The frequency components in the sampled signal are

n=0 = f =1kHz=1000Hz

n=1 = 1.8+1=800Hzand 2800 Hz
n=2 = 3.6+1=2600Hzand 4600 Hz
Cut-off frequency of LPF 1100 Hz.
S0, 800 Hz and 1000 Hz components.

EH ©

The signal to quantization noise ratio in an n-bit
PCM system is given by

(SQNR)dB =1.76+6n

SONR = 222“

From the above equation it is clear that SQNR
increases with increase in value of ‘n’.

4. Information Theory and Coding
41 JO

n
Entropy = H = - Y F109,(F)
i=1

H= - 1Iog (1] +1Iog (1) +1Iog (1j +llog (1)
222) 47 4) 87\ 8) 88

[STRLILIVE TV UL
2 4 8 8
H= 1+§=Z
4 4
. H
Code efficiency =n= T
L.
n_ 2 - g

(42 [0

Maximum entropy =512 x 512 x n
= 512 x 512 x 3 = 786432 bits/image

n=log, L =log,8=3
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IX/ Engineering Mathematics

1. Linear Algebra

1.1

1.2

The rank of (m x n) matrix (where m < n) cannot
be more than
(@ m

() mn

(b) n
(d) none
[1994 : 1 Mark]

Solve the following system of equations
Xy +x, +x5=23

x,—x,=0

Xy =X, + x5 =1

a) Unigque solution

=

(

(b) No solution

(c) Infinite number of solutions

(d) Only one solution [1994 : 2 Marks]

2.1

3.1

2. Differential Equations

y = €2 is a solution of the differential equation
y” +y -2y =0. (True/False).
[1994 : 1 Mark]

3. Transform Theory

2(s+1)
s?+2s+5
given by
(a) 0, 2respectively (b) 2, 0respectively
(c) 0, 1respectively (d) 2/5, 0 respectively
[1995 : 2 M]

If L{f(t)} = then f(0*) and f(eo) are



MEDE EBSY | Engineering Mathematics 95

m Differential Equations

1.1 (a) 1.2 (a) 2.1 (True) 3.1 (b

Differential Equations
1. Linear Algebra Auxiliary equation is

m2+m-2=0

Bl @ (m+2)(m-1)=0

If Ais a matrix of order m xn (m < n) then rank of m=-2,1
Ais <min {m, n} complimentary functionis C, e + C,e*
r(A) + m . solutionis y=C, e+ C, €
m( ) S y=e®isasolutionof y” +y -2y =0
a
Augmented matrix (AB) = 3. Transform Theory
1 11
110 g M=
Ry~ R, EN ©
1 -1 11
11103 Fo) = o
0 -2 -1 -3|R-R S rest
0 -2 0 -2 2+ 2s+))
1 1 1 3 C(s+1P+4 (s+1P+2°
0 -2 -1-3 By first shifting theorem
o 0 1 1 (1) = 2ecos2t

p(A) = p(AB) = 3
= Unique solution.

o) = |j =i -t =
2. Differential Equations fle) t'ﬂlf(t) tImZe cos2t =0
Bl (rrue) T

y +y¢-2y =0
(D?+ D-2) =

f0*) = limf(t) = lim2e cos2t = 2
t—0 t—0



