ESE

Electronics & Telecom. Engineering

Preliminary Examination

(Previous Years Solved Papers 1999 to 2000)

T, NEtWOIK TREOTY ..o 2
2. Electronic Devices and CirCUILS ..........cccoverreeeinerrenreceneseseseeesese e 19
K TR 1 T 1o To B 41 ot U OSSP 26
N 0 [ 1 = 4T ot V) ST 37
5. Materials SCIBNCE ........c.cueiiirerericcerire e 46
6.  Electronic Measurements and Instrumentation ..............ccoceoveenneinciencenenes 49

NS

PUBLICATIONS




1. Basics of Network Analysis

1.1 Anideal constant voltage source is connected in
series with an ideal constant current source.
Considered together, the combination will be a
(a) constant voltage source
(b) constant current source
(c) constant voltage and a constant current

source or a constant power source
(d) resistance
[ESE-1999]

1.2 The circuit shown in Figure-l is replaced by that
in Figure-Il. If current ‘I’ remains the same, then

R, then will be
I I
<>
I $r 4
> > < > < <
S32R 216R S8R 4R 2R ZR
iv iv
FigL;re | Figu-re 1l
(a) zero (b) R
(c) 2R (d) 4R
[ESE-1999]

1.3 If the II-network of Figure-l and T-network of
Figure-Il are equivalent, then the values of R;, R,
and R, will be respectively

16 Q R, R,
° MWW ° o—MWW——WW—o
< < <
240 EE EE 240 EE R,
o o ©
Figure | Figure Il

(@ 9Q,6Qand6Q
(b)6Q,6Qand9 Q

1.4

1.5

1.6

Network Theory

(c)9Q,6Qand9Q

(d)6Q,9Qand6Q [ESE-1999]

In the circuit shown in the figure, for R =20 Q the
current ‘I’ is 2 A. When Ris 10 Q, the current 'I’
would be

4A
)
20Q
(@ 1A (b) 2 A
(c) 25A (d) 3A
[ESE-1999]
For the circuit shown in the figure, the current ‘I’ is
2R
AVAVAVAV
4R
< MW
S3R 2R
+ AW
\Y
Q ix
< VVVYV
S 4R 1A

(a) indeterminable due to inadequate data

(b) zero

(c) 4A

(d) 8A [ESE-1999]

Consider the following sets of values of E, Rand
C of the circuit shown in the figure

MW o+
R
E — ——
c— A
o —

2V, 1Qand 1.25F
1.6V,08Qand1F
16V, 1Qand0.8F
2V, 1.25Qand 1F

Hwn =
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1.7

1.8

1.9

+
20£0° C)

Which of these sets of £, R and C values will
ensure that the state equation,
av /dt=-1.25 v, + 2is valid?
(@) 1and 4 (o) tand 2
(c) 3and 4 (d) 2and 3
[ESE-1999]

If a coil has diameter ‘d’, number of turns ‘N’
and form factor ‘F’ then the inductance of the
coil is proportional to
(a) NedF

(c) N2d?IF

(b) Nd?F

(d) N2d/F  [ESE-2000]

A coil would behave as
(a) aninductor at high frequencies
(b) a capacitor at very low frequencies
(c) acapacitor at very high frequencies
(d) aresistor at high frequencies
[ESE-2000]

In the circuit shown below, if the power dissipated
in the 6 Q resistor is zero then Vis

j8 Q 5Q
,666\ #VV&

b =+
> 5Q C)v
> —

1Q 6 Q
AAA AAAA
Vv

>

<
L

yvvy
gng

(@) 20v2 £45°

AAAA

(b) 20 £ 30°

(d) 2042 £30°
[ESE-2000]

(C) 20 £ 45°

1.10 In the circuit shown below, V, =40 V when R is

10 Q. When Riis zero, the value of V, will be

0Q v, R v, 10Q
AAAA AAAA AAAA
\AAAJ \AAAL \AAA
60V T 2095% 2OQE§ ZOQE§ Q 5A
(8) 40V (b) 30V
(©) 20V (d) 10V [ESE-2000]

1.11 A network contains only independent current

sources and resistors. If the values of all resistors
are doubled, the values of the node voltages
(@) will become half

(b) will remain unchanged

(c) will become double
(d) cannot be determined unless the circuit
configuration and the values of the resistors
are known
[ESE-2000]

2. Steady State Sinusoidal Analysis & Resonance

2.1

2.2

2.3

A series resonant circuit has an inductive
reactance of 1000 Q, a capacitive reactance of
1000 Q and aresistance of 0.1 Q. If the resonant
frequency is 10 MHz, then the bandwidth of the
circuit will be
(@ 1kHz

(c) 1 MHz

(b) 10 kHz
(d) 0.1 kHz
[ESE-1999]

In the circuit shown in the figure, if R, is adjusted
suchthat | V,g| =] V.|, then

By

By

<
W
AAAA _o  AAAA
lw}
vy]

[ESE-1999]

In the circuit shown in the figure, i(t) is a unit step
current. The steady-state value of v(t) is

0
1
> EQ
i(t) CD —1F Z71a v(t)
T 1
ieH
O
(@) 25V (b) 1V
(c) 0.1V (d) zero

[ESE-1999]
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2.4 The average value of the periodic function v(t) of 2.9 A capacitor used for power factor correction in
the given figure is single-phase circuit decreases
Vcoso (a) the power factor
(@ —— V) (b) the line current
Vsino v (c) both the line current and the power factor
(b) . ) (d) the line current and increases power factor
/ / m [ESE-2000]
© 2V cos¢ B— AJ Ton O t
T -0 e N 2.10 The circuit shown in the figure below, will act as
v an ideal current source with respect to terminals
(d) P [ESE-1999] Aand B, when frequency is
OO oA
2.5 Inthe circuit shown in the figure, output | A (ju))| is 1y
+ 16
- v(t) =1F
=R R _C>
10V (~ H—o v, 0— °B
<> < ° (a) zero (b) 1rad/s
SR '|' c (c) 4 rad/s (d) 16 rad/s
[ESE-2000]
(a) indeterminable as values of Rand C are not
given
(0) 2.5V 3. Network Theorems
(©) 52V 3.1 Assertion (A): Tellegen’s theorem is used in
(d) 5V [ESE-1999] developing the sensitivity coefficient of a network
2.6 Aseries LCR circuit with from the concept of adjoint network.
R =10 Q, |X |= 20 Q and |X |=20 Q is Reason (R): Tellegen’s theorem is applicable to
connected across an AC supply of 200 V, . The any lumped network.
rms voltage across the capacitor is (a) Both A and R are true and R is the correct
(@) 200 £ -90°V (b) 200 £ 90°V explanation of A
(c) 400 £90°V (d) 400 £-90°V (b) Both Aand R are true but R is NOT the correct
[ESE-2000] explanation of A
2.7 An inductor tunes at 200 kHz with 624 pF () A is true but R i? false
capacitor and at 600 kHz with 60.4 pF capacitor. (d) Als false but R is true [ESE-1999]
The self-capacitance of the inductor would be 3.2 |Ifaresistance 'R’ of 1 Qis connected across the
(a) ?'BO?CE)FF (td)) ;8?8 pE terminals AB as shown in the given figure, then
(c) 16.10p (d) 20.10p (ESE-2000] the current flowing through F?willb;ann
2.8 Inthe circuit shown in the figure below, the current A
supplied by the sinusoidal current source I'is 10
AVAVAVAV
< R
=R L L L
! T 3 s
> NORERSC L
12A 16A 1o 5
(a) 28 A AW O <-———-
(b) 4 @ 1A (b) 0.5 A
(c) 20 A (c) 0.25 A (d) 0.125A
(d) not determinable from the data given [ESE-1999]

[ESE-2000]
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3.3 Theresistance ‘R’ looking into the terminals AB (@ 1A (b) 1.25A
in the circuit shown in the figure will be (c) 6A (d) 68.25 A
[ESE-2000]
3.7 Consider the following statements:
1. Tellegen’s theorem is applicable to any
lumped network.
2. Thereciprocity theorem is applicable to linear
bilateral networks.
3. Thevenin’s theorem is applicable to two-
terminal linear active networks
(@) 05Q b)2Q 4, Norton’s theorem is applicable to two-terminal
©) 3Q (d) 7 Q [ESE-1999] llmear active networks
Which of these statements are correct?
3.4 In the circuit shown in the figure, the power (@) 1,2and 3 (b) 1,2,3and 4
dissipated in 30 Q resistor will be maximum if (c)1,2and 4 (d)y 3and 4
the value of Ris [ESE-2000]
“2( 3.8 Which one of the following theorems can be
conveniently used to calculate the power
. AW consumed by the 10 Q resistor in the network
VC) 16Q 300 shown in the figure below?
5Q 5 mH 10Q
(@) 30 Q (b) 16 Q . .
) 9Q (d) zero  [ESE-1999] 10sin 200 t (~) 10 sin100 ¢ 0.02 uF
3.5 Inthe circuit shown in the figure below, the power
consumed in the resistance Ris measured when (@) Thevenin's theorem
one source is acting at a time, these values are (b) Maximum power transfer theorem
18 W, 50 W and 98 W. When all the sources are (¢) Millman’s Fheorem
acting simultaneously, the possible maximum (d) Superposition theorem [ESE-2000]
and minimum values of power in R will be
]_0_| |_°_| ’_0—‘ 4.1  On closing switch 'S’, the circuit in the given
o figure is in steady-state. The current in the
RESISTIVE NETWORK SR inductor after opening the switch ‘S’ will
><' t=0
(@) 98 Wand 18 W  (b) 166 W and 18 W S o o
(c) 450 W and2W  (d) 166 Wand 2 W +
[ESE-2000] ZVC)_
, o 1H 1k
3.6 Inatwo-terminal network, the open-circuit voltage T 4

measured at the given terminals by an electronic
voltmeter is 100 V. A short-circuit current
measured at the same terminals by an ammeter
of negligible resistance is 5 A. If a load resistor
of 80 Q is connected at the same terminals, then
the current in the load resistor will be.

(a) decay exponentially with a time constant of 2s

(b) decay exponentially with a time constant of 0.5s

(c) consist of two decaying exponentials each
with a time constant of 0.5s

(d) be oscillatory [ESE-1999]
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4.2 Inthe circuit shown in the figure below, steady- The network is reciprocal if and only if
state was reached when the switch Swas open. (a) 1and 2are correct
The switch was closed at t = 0. The |n|t|§1| value (b) 2and 3 are correct
of the current through the capacitor 2 Cis

- (c) 3and 4 are correct
'2'3 § J_ (d) 4 alone is correct
102 2C [ESE-1999]
18V T —}< ,
. c 5.2 Foratwo-portreciprocal network, the output open-
% T circuit voltage divided by the input current is
(a) zero (b) 1A eq“;' © s
©) 2 A (d)3A  [ESE-2000] (@) (0) 22
(c) 1/Y,, (d) hy,

4.3 In the circuit shown below, S was initially open. [ESE-2000]
At time t = 0, S is closed. When the current 53 If the t o . f the bel
through the inductor is 6 A, the rate of change of ) © Jansmesiy Caggmeters ot fhe helow

. . networkare A= C=1,B=2and D=3, thenthe
current through the resistor is 6 A/s. The value of | (7 i
the inductor would be value of i, 18
S;\/v t=0 1Q f f T .
—MWW— "
2-Port S
3 Network v, z10Q

18V = gL |-

() 1H (b) 2H Zin
= 12 13

(c) 3H (d) 4H [ESE-2000] (@) ﬁg ) e 0

4.4 !nthe circuit shown mthef!gure pglgw, switch K © 30 ()40 [ESE-2000]
is closed at t=0. The circuit was initially relaxed.

Which one of the following sources of V() will 5.4 Theimpedance matrices of two, two-port networks

produce maximum current at t = 0+7?

; ;’ K R L
v ) @

Unit step

Unitimpulse

Unitramp

Unit step plus unit ramp

a
b
@
d

=

(
(
(
(

= =

[ESE-2000]

5. Two Port Network Parameters

5.1

Consider the following statements for a 2-port
network:

1. 2y =2y
3. Yo ==Yy

2. h12:h21
4. BC- AD = -1

are given by

3 2 15 5
and
2 3 5 25
If these two networks are connected in series,

the impedance matrix of the resulting two-port
network will be

3 5 5 18 7
@ |5 25 ©1 2 o
(c) {155 ﬂ (d) indeterminate

[ESE-2000]

6. Graph Theory & Magnetically Coupled Circuits

6.1

Consider the graph and tree (dotted) of the given
figure
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6.2

6.3

6.4

6.5

p
,
@-——————€——————
\
N

()]

The fundamental loops include the set of lines
(@ (1,5,3),(5,4,2)and (3, 4, 6)

(
(b) (1,2,4,3),(1,2,6),(3,4,6)and (1,5, 4, 6)
() (1,5,3),(5,4,2),(3,4,6)and (2,4,3, 1)
(d) (1,2, 4,3)and (3, 4, 6)

[ESE-1999]

Assertion (A): The fundamental loop of a linear
directed graph contains four twigs and two links
corresponding to a given tree.
Reason (R): In a linear directed graph, a link
forms a closed loop.
(a) Both A and R are true and R is the correct
explanation of A
(b) Both Aand R are true but R is NOT the correct
explanation of A
(c) Alis true but R is false
(d) Ais false but R is true
[ESE-2000]

Which one of the following is a cut set of the
graph shown in the figure below?
3

(@) 1,2,3and 4

(b) 2,3,4and 6
(c) 1,4,5and 6

(d) 1,3,4and 5
[ESE-2000]

Two coils have self-inductances of 0.09 H and
0.01 H and a mutual inductance of 0.015 H. The
coefficient of coupling between the coils is
(a) 0.06 (o) 0.5
(c) 1.0 (d) 0.05

[ESE-2000]

In the transformer shown in the figure below, the
inductance measured across the terminal 1 and

6.6

2 was 4 H with open terminals 3and 4. It was 3 H
when the terminal 3 and 4 were short circuited.
The coefficient of coupling would be

T 2
o 0
1 ° * 3
V1‘ LP% §L5=2H ‘Vz
2 4
O —0
(@) 1
(b) 0.707
(c) 0.5
(d) indeterminate due to insufficient data
[ESE-2000]

A network has 10 nodes and 17 branches. The
number of different node pair voltages would be
(@) 7 (b) 9

(c) 10 (d) 45 [ESE-2000]

7. Network Synthesis and Filters

7.1

7.2

Voltage transfer function of a simple RC integrator
has

a
b
c
d

a finite zero and a pole at infinity

a finite zero and a pole at the origin

a zero at the origin and a finite pole

a zero at infinity and a finite pole
[ESE-1999]

(
(
(
(

= = =

The given figure shows the pole-zero pattern of a
filter in the s-plane. The filter is a

Jox

{-

s-plane

(d
&/
Q

band elimination filter
band-pass filter
low-pass filter
high-pass filter

a
b
c

(
(
(
(d

= = =

[ESE-1999]
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7.3 Driving-pointimpedance of the network shownin 7.7 An R-L-Cecircuit for the driving-point admittance
the figure is 1/RLs
? 10 1E 10 function [l+i+cs] is
o—MWW——)F—T—""WW—o R Ls
(o]
g 1H g 1H
(a) §§ R % L  =c
(o 0
P +28 +5+1 P+ s+ ©
(@) 28° +1 & +1 o
28 +1 S +28° +5+1 R
©) P +25 +5+1 @ 21 (b) =cC
[ESE-1999] L
7.4 Match the List-1 (Network) with List-1l (Poles of o
driving-point impedance) and select the correct c
answer using the codes given below the lists: o T
List-I List-11
A. LC 1. Negative real (©) - g L
B. RC 2. Imaginary 3
C. RLC 3. Eitherreal or complex ~
D. RL
Codes: O—MII_W—‘O'%G‘—
A B C D
(@ 1 2 3 1 (d) =C
(b) 1 2 1 3
(c) 2 1 1 3 °
d 2 1 3 1 [ESE-1999] [ESE-1999]
7.5 If two identical first order loss-pass filters are 7.8 Match List-1 (Form) with List-I (Networks) and
cascaded non-interactively, then the unit step select the correct answer using the codes given
response of the composite filter will be below the lists:
(a) critically damped (b) underdamped List-1 List-1l
(c) overdamped (d) oscillatory A. Cauer| 1. Linseries arms and Cin
[ESE-1999] shunt arms of a ladder
7.6 Consider the following statements regarding the B. Cauerll 2. Cinseries arms and L in
driving point admittance function. shuntarms of a ladder
) C. Foster | 3. Series combination of L
Y(s) = 2+ 2.55 +1 and Cin parallel
§°+4s+3 D. Foster Il 4. Parallel combination of L
1. lItis an admittance of RL network. and Cin series
2. Poles and zeroes alternate on the negative Codes:
real axis of the s-plane. A B C D
3. The lowest critical frequency is a pole. @@ 1 ) 3 4
4. Y(0)=1/3 ©) 1 2 4 3
Which of these statements are correct? © 2 1 4 3
(@) 1,2and 3 (b) 2and 4 d 2 1 3 4
(c) 1and 3 (d)1,2,3and 4

[ESE-1999]

[ESE-1999]



MRDE ERSY

Network Theory 9

7.9 Poles and zeroes of a driving-point function of a
network are simple and interlace on the jm axis.
The network consists of elements.
(@) Rand C (b) Land C
(c) Rand L (d) R Land C
[ESE-1999]

7.10 For the circuit shown in the figure, the order of
the differential equation relating V, and V, will be

+ O AvAvAvAv AvAvAvAv 0 +

v, == = = =V,
(a) 4 (b) 3
(c) 2 (dy 1 [ESE-1999]

7.11 Assertion (A): The functions given by
2 2
Z(s) = 3(32 +2)(2 +10)
(8" +1)(s°+6)

represents an L-C driving pointimpedance function.

Reason (R): Poles and zeroes interlace on the

imaginary axis of the complex s-plane.

(a) Both A and R are true and R is the correct
explanation of A

(b) Both Aand R are true but R is NOT the correct
explanation of A

(c) Ais true but R is false

(d) A'is false but R is true [ESE-2000]

7.12 Consider the following statements:
If a network has animpedance of (1—) at a specific
frequency, the circuit would consist of series

1. Rand C 2. RandL 3. R Land C
Which of these statements are correct?
(@) 1and 2 (b) 1and 3

(c)1,2and 3 (d) 2and 3 [ESE-2000]

7.13 The circuit shown in the figure below is a

— 00— MWW
L r
o MWW MWW °
R R
Input —-=C Output
o 7o)

(a) low pass filter
(c) band pass filter

(b) high pass filter
(d) band stop filter
[ESE-2000]

7.14 Z(s) for the network shown in the below figure is

3Q R
o AAAA AAAA
VVVV VVVY

(] l
9]
11
1
Nl =
a
11
1
AAAA

3(s® +65+8)
s +45+3
The value of Cand R are, respectively
(@) 1/6 Fand 4 Q (b) 2/9 F and 9/2 Q
(c) 2/3Fand1/2Q (d) 1/2Fand1Q
[ESE-2000]
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11 () 12 ) 13 (® 14 (B 15 () 16 (@ 1.7 © 1.8 © 1.9 ()
110 @ 1.11 () 21 (@ 22 (@ 23 () 26 (d 27 (b 28 () 29 ()
210 (c) 24 (@ 25 (d 381 (d 32 (© 33 (d 34 (d) 35 () 36 (a)
37 (b) 38 (d 41 (o) 42 (© 43 () 44 () 51 (d) 52 () 53 (a)
54 (b) 61 (@ 62 (d 63 (d 64 () 65 () 66 (d 7.1 (@ 7.2 (b
73 (@ 7.4 (d 75 (@ 76 () 7.7 () 7.8 (@ 7.9 () 7.10 () 7.11 (a)

712 (b) 713 (&) 7.14 (9

Network Theory
1. Basics of Network Analysis m (b)

The current ‘I is independent of R. So, it will remain

11 O 2A.

Ideal current-source in series with any element is m (d)
redundant

A c E
I
) 3
) 7o) :’3/'_\’ 4 A 8A
[1
VCD = 1 VCD 1A 1A |2A §E4R §52R
4R= 4R 2R
o < < < I Ig=1
I I I,
EEN © B D F
, ;o 1 _ 32R Given, L=1A
Fromfig.l, Req = 1 .1 T then L=1A
32R " 16R ' 8R Iy=2A
UsingKCL, I, =1+ 1+2=4A
) =% 1 4R 1
From fig. Il, Rey = ﬁ=7 Equivalent resistance of branch AB
ﬁJrﬁJfﬁ R,s=3R+4RI4RI2R
equating both Fug=4 R ( )
’ " Iy=1=4A 5 Rep=Rag
Req = Req + Fo then Iy;=8A=1
32R 4R 28R
R = ———=—=4R d
= == 1.6 [0
Applying KVL,
ﬂ (b) -E+ Ri+v=0
Equivalent T-network impedances are
g b But, i=cd%
__24x16 _24x16 _ at
= = =
24+16+24 64 dv
So, - c =0
__24xi6 _24x16 _ 0 —ERRCTG Ve
27 24+16+24 64 av, ~ E v
24x24 _24x24 o dt RC RC

ST D4+16+24 64
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Comparing with the given equation, i.e.

Ve _ 1257 42
dt

L

RC

E _5

RC

. (i)

)

The values given in sets 2 & 3 satisfy the above

equations.

()

NPA
Inductance, L o« ——
F
But A= nd¥4
2P
[ o Ned
F
s I8
1 vy, 6Q j8Q v, 5Q
Av ! W ‘v‘v‘v‘v Av‘v‘v‘v
* >
20.£0° j1Q 502

Ov

v, = L2000
1+ A1
20
= V = —4450
2
Power dissipated in 6 Q resistor is zero.
= current through 6 Q resistor is zero.

= \/1 = V2
20 5 V
V,= 2 4502 \y/= L
SN ) 5+5 2
= V=202 £45°

[1.10 [8)

V, is independent of A.

when R=0V,=40V
Since R=0,s0V,=V,
= V, =40V

111 8

Since the network contains only independent
current sources, so changing all resistors in the
same proportion the current through each branch
will remain same but node voltages will change
in the same proportion. Hence, doubling all

resistors, node voltages will be doubled.

Note: If there are only independent voltage
sources, then doubling all resistors, the node
voltages will remain same but the current through
each branch will be half.

2, Steady State Sinusoidal Analysis & Resonance
Bl @

Inductive reactance,
w,L = 1000 Q
Capacitive reactance,
1 = 1000
0,C
Resistance, R = 0.1 Q
Resonant frequency,

fy = 10MHz
h__h _Fh

BW= 2= =
Q wol/R ool

Putting values,

6
Bw = 9:1x10x10° _ 45 _ 4 kpy
103
Other formula,
f f
BW = 2=—-2
Q 1w, CR
_ Rf _0.1x10x10°
1/woC 10°
BW = 1kHz
22 [0
From the figure,
Vao = Voo
= |VAD| = |VDC|
Given that
|VAB| = |VBC|
Drawing the phasor diagram of the given network,
c
D
012 0
A 5 I
InA ADB& A CDB
AB=BC- |Vl =1Vl
AD = DC - [ V,5| = |Vl

ZADB = ZCDB(i.e. 90°)
So, AADB & ACDB are congruent triangles.
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.. ZABD= /CBD
But ZABC = 180°-0
: ZABD = (180°-0)/2

=90°-0/2
Z/BAD = 0/2
Now, in AABD,
tan /2 = BD
AD
|Vapl — 2Vl
or tan 6/2 = = =
vlil2 M
or 9/2 = tan™ 2Vp|
%
or 0= 2tan”’ AV
V]

EN «©

The circuit in steady state will be

O + o +
i(t) CD %Q%E %Qgé ut) =i(t) CD %Qgg ut)
0 — o —
1
V(t) = 1x—=0.1V
10
24 [
_[g Vsin(owt + ¢)amt
Vavg = on
vV = %
= —|- t } = —-2C0s
2n[ cos(wt + )|, o )
Vavg = %cos¢

25 [T

Vo_|VR_VC|
R

— 10x4L=5V
V= 19"
1
10%

L, . jeC__ 10
¢ g, 1 joCR+1
joC
.10
© JoCR +1
5/0CR+5-10
Vo= " joRC+1

B NjwCR-1)
°"  jwCR+1
2, 2
) - SPrPECR o
7 + 2GR
B @
Quality factor
_ X el
©="F "R
So, Q= @:2
10

rms voltage across capacitor,
V. =QVZ£-90°

Crms
Voe = 2%200 £—90°
V, = 400 £-90°V

(b)

Let the self capacitance of the inductor be Cg.
I
2n,JL(C + Cy)

1

200x 103 = — N
on JL(624 + C.) 0

600 x 108 = 1 . (i)
2nJL(60.4 + C)

Dividing equation (ii) by equation (i)

.. [5G0
60.4+ C,

- g 624+C
60.4 + C,
= 543.6+9 C, = 624 + C,
= 8C, =804
= C, = 10.05pF
Alternate solution:
2
Self capacitance (C,) = G -nCy
n? -1
where f, = nf, n= @ =3
200
c, - 624 — (a8>< 60-4) _ 1005 oF

28 [0
1= J(12)? + (16> =144 + 256 = V400 =20 A
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29 [

I, and cos ¢, are old line current and power factor
respectively.

Using capacitor for power factor correction, ¢, will
decrease to ¢,. So, the resultant line current will
decrease but power factor will increase.

210 B

Internal impedance of the circuit is

Ls-1/Cs

Ls+1/Cs

The internal impedance of an ideal current source
is infinite. In other words, the internal admittance
of an ideal current source is zero.

Y=0= Ls+i =0
Cs

1 1
W = —
16 0]

= o = 16

= o = 4rad/s

3. Network Theorems
El ©

Tellegen’s theorem states that the sum of power
delivered to each branch of any electric network
is zero. It is applicable for any lumped network
having elements which are linear or non-linear,
active or passive, time-varying or time-invariant.

EY ©

Apply superposition theorem.
First, consider only current source.

I I
= s 1,5 303
1A 192: 10 1Q E;1Q:>1A EQE: EQE:
WA

_+_
2 2

Now consider only voltage source.

1Q I 1Q
A
VVWVy -
1Q =1Q
<
s o = 10Q
=:1Q > 1Q:; N 10 10
1V
MW [:‘\
1Q N\
1V

The above circuit is a balanced Wheatstone’s
bridge. So 1, = 0.
Current flowing through Ris I =1, + I,

=025A
BN o
%
Y _R
Use 7 AB
4 —
+ C%F_——————<<:>———AAAAF___;:r1 1
1Q
5Vep
O
V=11-5V+11 ()
A=V, (i)
V=1I+571+11
vV
T =7Q=Ry
34 [C)]

The power dissipated in 30 Q resistor will be
maximum when maximum current will pass
through 30 Q resistor.

Foritobei_,,, Ashouldbe short-circuited, i.e.
R=0.

EN ©

Maximum power,

P = (18 +/50 + B8
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= P o = 450 W
Minimum Power,

P = (V8 ~50 - T8

= P =2W

El @

Vpp = Voo =100V
Lo=5A
ZThz‘/O—Czwozzosz
R =80Q
Vi = (R + R -1
N oV _ 100 _ 100
R +FR, 20+80 100
= I=1A

El @

Reactive elements with sources operating at
different frequencies, only superposition theorem
is useful to find the response in the circuit.

4. Transient State Analysis
41 JU

When the switch 'S’ is closed and the circuit is in
steady state, the circuit will be as shown below:

2 VJ:C) T 2 Q%J{
_|__2 %

N
0

AA
1A

- 1
I=1A TF

Now on opening the switch, the circuit in s-domain
will be as shown below:

2Q 2Q
1
1H 1(s) zF
1V %
Applying KVL
4 2

—-I(S)——=+2-1(s)+2-I(s)+s-1(s)-1=0
S s

’
= 1(s) =

(s) s$+2
- i(t) = e2A
Comparing with e,

T= l:0.58.
2

So, the current in the inductor will decay
exponentially with a time constant of 0.5 s.

(©)

The circuit at steady state when the switch was
open, is shown below:

2Q
AVAVAVAV A
+
> 4V
:;49
18V —
+
3A T_SV

The circuit at t = 0 when the switch is closed, is
shown below:

2

AA
\AJ

<¢)

<
<

403

vy

18V T

- 8V

T

The equivalent circuit of the above circuit is shown
below:

\AJ
1
40
% T4V
10V T

> N
- 3
- o)

43 0]

1=M_f=3_1=2A
2 4
Ldi

vV, = —

Lot

V,=iR=6x1=6V
V, + V=18V
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V, =18-6=12V

12=Lx6
= L=2H
44 U
I(s) = V(s)
R+sL

Initial value of current
= i(t)],_ o+ = lim si(s) = Iim
= S—y0

For current to be maximum, V(s) = 1
= V() =)

= v(t) should be unitimpulse for maximum current.

5. Two Port Network Parameters

Bl «©

The condition of reciprocity for various parameters

is as follows:

Zpara= Z,, = Z,,
Ypara=Y,, =Y,
hpara= h,, =-h,,

gpara= g, = -0y,
ABCD para= AD- BC =1
A"B C'D" para= AD' -B'C =1

52 O

EN @
Vi=AV,-Bl,= V,=V,-2I,
I,=CV,-DI,=1,=V,-3l,
But V, = =101, (given)
Vi _-101,-21, 12

Z,- -

54 [0

For series connection of two port network
(2] = [Z,] + [Zg]

i B iHS 255}
) [178 278}

sW(s)
s—e [+ 8L

6. Graph Theory & Magnetically Coupled Circuits
61 [0

The number of fundamental loops = b—n+ 1
Here, b=6andn=4.
So number of fundamental loops =6-4+1=3

62 [T

(i) In a linear directed graph, a link forms a
closed loop.

(i) The fundamental loop of a linear directed graph
contains only one link and a number of twigs.

63 [T

The cut set of thé graph shownis (1, 3, 4, 5).
(Y3 (b)

M= KL L
= 0.015 = K/0.09 x 0.01

0.015

=— =05
0.3x0.1

=

65 |G

When terminals 3 & 4 are open, then
Vi=oly I, =L,=4H

When terminal 3 and 4 are short circuited, then
Vi = oLl + oMI,

and 0 = wlgl, + oMI,

-M
= 12 = Zh
SO, V1 = 40)11+(1)M(_—J[1

Ls
Given, Ly=2H
= 4-— =3
2

= % =1=M2=2
= M= o
Now, M= K{LpLg
= /3 = KVax2 = 23K
= K=05
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66 JC
Nodes, n=10

Node pair voltages
="C,="C,=45

7. Network Synthesis and Filters

71 [C)

Simple RC integrator circuit is

o MMW——
R
v, cCxE Y,
o 0
V, ~1Cs _ 1
V, p, ! 1+RCs
Cs

Itis clear from the above expression that voltage
transfer function of a simple RC integrator has a
finite pole and a zero at infinity.

73 @

Driving-point impedance of the network is

S(1+S) 1+3(32+1)

S S
Z(s) = 1+ 5
s+lis 28° +1
S S
= Z(s) = 1+ S
25% +1

25° +1+s° +s
25° + 1

s +25% +s+1

= Z(s) =
(s) 252 +1

yZ 3 (d)
(i) Form of LCdriving pointimpedance function is

wwhereO«aK b<c<d
S(? + b)( + d)
Itis clear that the poles are at imaginary axis.
(i) The form of RC driving point impedance function
S (s+b)(s+d)
(s+a)(s+0)
Itis clear that the poles are at negative real axis.

where0<a<b<c<d.

(iii) The form of RL driving pointimpedance function

(s+a)s+0)
(s+b)(s+d)

Itis clear that the poles are at negative real axis.

is whereO0<a<b<c<d

75 |8

Let the first order response of LPF be 1/(s + 1).
Since two identical LPF are cascaded non-
interactively, so the unit step response of
composite filter will be 1/(s + )2, which is critically
damped response.

A3 (b)

_ §°+25s+1
) = s?+4s5+3
'
0 = 3
(s+0.5)(s+2)
19 = (s )(s+9)

Pole zero plot

= Since, there is a zero nearer to origin, hence
lower critical frequency is zero.
So it is RC admittance function.

77 [

Driving point admittance function
1/RLs

Y(S)= ﬁ+CS
7+7
R Ls
1/RLs 1
- Ls+HJrCS - Ls+R+CS
RLs

79 KWB)

Poles and zeros of the LC functions always lie
on jw-axis.

Poles and zeros of RC or RL functions always lie
on negative real axis.

YALN (b)

The equivalent circuit of the given circuit is shown
below:
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2 3
+ o MW MW o +
Z =c, =c =C; A
— 0 o —
b
Y% _ Css
Vi~ 1
Cis+ ! ]
R, + ]
Cos+
1
Ry + —
Css
e
Yo - Css
% 1
1
Cis+ ]
R, + - Cs
»S +
R3C3s +1
n
_ Css
1
Cis+ !
! R;Css +1

2% C,S(RsCss + 1) + Css

1
Css

o, CoS(RsCs8 + 1) + Css

Cis  Rp{CyS(RsCss+1)+ Cs8} + RyCas + 1
> 1
Css

Ry {Cy5(R3Css + 1) + Cas} + RyCas + 1
+Ci8{C,5(R3Css + 1) + Cys}
013[5’2 {Co5(RsCas + 1) + Cas} + RaCas + 1}

2
= AS3—+ where A and B are constants.
Bs® +....
So, the differential equation will be of order of 3.
Note: It can directly be claimed that the order of
the differential equation is equal to the number of
capacitors in equivalent circuit. In fact, it can be

generalized for such type of network.

(a)

712

713

Inan L-Cfunction,

(i) Poles and zeros are alternate on jm-axis.

(i) Thereis either a pole or a zero at origin and infinity.

(i) The highest and lowest powers of sin numerator
and denominator can differ at the most by 1.

(b)
Z(8)=1-]
Since the impedance is capacitive, the circuit will
consist of either R and C or R, L and C but it
cannot consist only Rand L.
Note: If the impedance is inductive, the circuit
will consist of either Rand L or R, L and C.

(a)

11

|1}

@]
— < —1

Applying KVL in loop 1 and 2,
Vi(s) = R[I4(s) - I»(s)] + éh
(sL+ ) I(s) + R(2I,(s)) - 1,(s)) =0

Vy(s) = RIy(s)+ é[h(s) —I,(9)]

1 (sL+r+2R)

= Vy(s) = (R—i)zg(sn— - Ip()

Cs Cs R

[

)= (R_1){SL+r+2Ff}
Cs sCR

~ (SCR—1)(sL +r + 2R)/sCR
~ SC{(sCR+1)(sL+r+ 2R) - sCR}/sCR

(SCR - )(sL +r +2R)
SC{(SCE’ +1)(sL+r+2R)- SCF)’Z}

Vo(s) N
Vi(s)
Vo(s)

o= ———0
S— =>VI(S)_)

Therefore, the circuit shown in the above figure is
a low pass filter.

= =




18 m Electronics & Telecommunication Engineering « Volume-| 0 '
Solved Papers

Alternate solution: (a)
At o = 0, equivalent network is
; 3Q R I
Av‘v‘v‘v EE" Q
R R ‘ .
4 —MWW MW : o (s) Network at s =0
““““““““““““““ . At zero frequency i.e. at s = 0,
Input e Output
° Z(s),_, =8
o o =3+ R+ 1=8
= R=4Q
Input reaches output. At s=1
At ® = o, equivalent network is '
31+6+8) 45
Z(8) = —= —
o—WW— 1+44+3 8
r At s=1,
R R
o MW MW ° Z(S) _ 34 14
14C+3
Input R Output 45
o P, g 14
8 14C+3
@ ° 14 21
= = —
Input do not reach at output. 14C+3 8
-, Circuit shown is low pass filter. = 16 = 42C+9
= 2C=7
= C= 1 F
6
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1. Semiconductor Physics

1.1

1.2

1.3

1.4%

The Ohm'’s law for conduction in metals is
(@) J=oE (o) J= Elo
(c) J< oE (d) Je< E/lo [ESE-1999]

Assertion (A): In a graded semiconductor, a
built-in electric field exists.
Reason (R) : The built-in electric field gives
improved performance to a graded base
transistor as compared to a uniform base
transistor.
(a) Both A and R are true and R is the correct
explanation of A
(b) Both Aand R are true but R is NOT the correct
explanation of A
(c) Alis true but R is false
(d) A is false but R is true
[ESE-1999]

Quantum effects have to be taken into account

in determining the properties of materials if

(@) Ep=3/2 kT (b) Ep< 3/2 kKT

(c) Ex>3/2 kT (d) E>> 3/2 KT
[ESE-1999]

The band structure shown in the given figure is
that of

1.5

1.6

1.7

Electronic Devices and Circuits

Gallium Arsenide (Ga As)
Silicon (Si)

Copper (Cu)

Germanium (Ge)

a
b
c
d

~ o~ o~ o~
= = =

[ESE-1999]

Which one of the following pairs of semiconductors

and current carriers is correctly matched?

(@) Intrinsic : number of electrons = number of holes

(b) p-type : number of electrons > number of holes

(c) n-type: number of electrons < number of holes

(d) Bulk : Neither electrons nor holes
[ESE-1999]

For the n-type semiconductor with n= N, and
p = n?/N,, the hole concentration will fall below
the intrinsic value because some of the holes
(a) drop back to acceptor impurity states
(b) drop to donor impurity states
(c) virtually leave the crystal
(d) recombine with the electrons

[ESE-2000]

Match List-I with List-Il and select the correct
answer using the codes given below the lists:
List-I

Drift current

Einstein’s equation

Diffusion current

Continuity equation

List-II

Law of conservation of charge

Electric field

Thermal voltage

. Concentration gradient

Codes:

PO TDOD>

IO

N NN D
W= W= m
Ao N RO
4w =2 wg

[ESE-2000]
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1.8 Consider the following statements: List-I
If an electric field is applied to an n-type A. Silicon diode
semiconductor bar, the electrons and holes move B. Germanium diode
in opposite directions due to their opposite C. LED
charges. The net currentis D. PIN diode
1. dueto both electrons and holes with electrons List-Il
as majority carriers 1. High frequency applications
2. the sum of electron and hole currents. 2. Verylow reverse bias saturation current
3. the difference between electron and hole 3. Low forward bias voltage drop
current. 4. Cut-off wavelength
Which of these statements is/are correct? Codes:
(@) 1alone (o) tand 2 A B C D
(c) 2alone (d) 3alone (@ 1 3 4 2
[ESE-2000] by 2 4 3 1
1.9 Assertion (A): Hall crystal can be used as a © 1 4 3 2
(dy 2 3 4 1 [ESE-2000]

multiplier of two signals.
Reason (R): Hall voltage is proportional to the
currents or voltages applied in perpendicular
directions across the Hall crystal.
(a) Both A and R are true and R is the correct
explanation of A
(b) Both Aand R are true but R is NOT the correct
explanation of A
(c) Ais true but R is false
(d) Ais false but R is true
[ESE-2000]

2. PN-Junction Diodes

2.1

2.2

2.3

A p-n junction diode’s dynamic conductance is
directly proportional to

(a) the applied voltage

(b) the temperature

(c) its current
(

)
d) the thermal voltage [ESE-1999]

The AC resistance of a forward-biased p-n
junction diode operating at a bias voltage 'V’ and
carrying current ‘I’ is
(a) zero
(b) a constant value independent of Vand 1
(c) V/I
(d) AV/AI
[ESE-2000]

Match List-l (Devices) with List-Il (Property) and
select the correct answer using the codes given
below the lists:

2.4

The depletion layer across a p* —njunction lies
(a) mostly in the p* —region

(b) mostly in the n—region

(c) equally in both the p* and n-regions
(d) entirely in the p* — regions [ESE-2000]

3. Bipolar Junction Transistors

3.1

3.2

A transistor with emitter base voltage (V) of
20 mV has a collector current (1) of 5 mA. For
Vg of 30 mV, 1, is 30 mA. If Vg is 40 mV, then

the 1, will be
(a) 55 mA (b) 160 MA
(c) 180mA (d) 270 mA
[ESE-1999]

Match List-I (Devices) with List-1l (Charac-
teristics) and select the correct answer using the
codes given below the lists:

List-1 List-1
A. BJT 1. Voltage controlled
—ve resistance

B. MOSFET 2. Highcurrentgain
C. Tunnel diode 3. Voltage regulation
D. Zenerdiode 4. Highinputimpedance
Codes:

A B C D
(@ 1 4 2 3
by 2 4 1 3
() 2 3 1 4
(dy 1 3 2 4 [ESE-1999]
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3.3

3.4

3.5

3.6

4. Field Effect Transistors

4.1

In a junction transistor, the collector cutoff current

‘Igo reduces considerably by doping the

(a) emitter with high level of impurity

(b) emitter with low level of impurity

(c) collector with high level of impurity

(d) collector with low level of impurity
[ESE-1999]

In a junction transistor biased for operation at
emitter current I and collector current ‘1, the
transconductance ‘g, is
(a) KT/qI- (b) gl /KT
(c) 1./1; (d) I/1,

[ESE-1999]

A transistor has a current gain of 0.99 in the CB
mode. Its current gain in the CC mode is
(a) 100 (b) 99

(c) 1.01 (d) 0.99 [ESE-2000]

Match List-I (Biasing of the junctions) with List-II

(Functions) and select the correct answer using

the codes given below the lists:
List-1

A. E-B junction forward bias and C-B junction
reverse bias

B. Both E-B and C-B junctions forward bias

C. E-B junction reverse bias and C-B junction
forward bias

D. Both E-B and C-B junctions reverse bias
List-1

1. Very low gain amplifier

2. Saturation condition

3. High gain amplifier

4. Cut-off condition

Codes:

A B C D
@ 2 3 1 4
) 3 2 1 4
© 3 2 4 1
d 2 3 4 1

ee

[ESE-2000]

The transconductance ‘g, of a JFET is equal to

(a) ~2loss (b) i\/IDssIDs
Ve Vel

_2lps Ioss[4_Vas

(©) v, (d) V ( Ve

[ESE-1999]

4.2

4.3

4.4

4.5

Assertion (A): FETs are more suitable at the input
stages of millivoltmeter and CROs than BJTs.
Reason (R): A FET has lower output impedance
than a BJT.
(a) Both A and R are true and R is the correct
explanation of A
(b) Both Aand R are true but R is NOT the correct
explanation of A
(c) Ais true but R is false
(d) A is false but R is true
[ESE-1999]

In a biased JFET, the shape of the channel is as
shown in the given figure

1
S \J D
/—\

ol

because

(a) itis the property of the material used

(b) the drain end is more reverse biased than
source end

(c) the drain end is more forward biased than
source end

(d) the impurity profile varies with the distance
from source

[ESE-1999]

Drain

Substrate

Gate ‘
)

JI L

Source
The above figure shows the circuit symbol of
(@) FET (b) P-MOSFET
(c) CMOSFET (d) N-MOSFET
[ESE-2000]

Match List-l (Structures/characteristics) with
List-1l (Reasons) in respect of JFET and select
the correct answer using the codes given below
the lists:

List-I
A. n-channel JFET is better than p-channel JFET
B. Channelis wedge shaped
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C. Channelis not completely closed at pinch-off
D. Inputimpedance is high
List-11

1. Reverse bias increases along the channel

2. High electric field near the drain and directed
towards source

3. Low leakage current at the gate terminal

4. Better frequency performance since
w,>>u,

Codes:

A B C D

(@ 4 1 2 3

by 4 2 1 3

(c) 3 1 2 4

(d 3 2 1 4 [ESE-2000]

5. Special Diodes and Optoelectronic Devices

5.1

5.2

5.3

Consider the following statements:

He-Ne LASER

1. gives continuous output

2. emits red light

3. requires a DC magnet

4. can be voice modulated by using a Kerr cell
Which of these statements are correct?

(@) 1,2and 3 (b) 1,3and 4
(c) 1,2,and 4 (d) 2,3and 4
[ESE-1999]

Assertion (A): When light falls at the junction of

a p-n photo diode, its P side becomes positive

and N side becomes negative.

Reason (R): When a photo diode is short-circuit,

the current in the external circuit flows from the

P-side to the N-side.

(a) Both A and R are true and R is the correct
explanation of A

(b) Both Aand R are true but R is NOT the correct
explanation of A

(c) Alis true but R is false

(d) A'is false but R is true [ESE-2000]

Match List-1 (Optical devices) with List-II
(Electrical/optical characteristics) and select the
correct answer using the codes given below the
lists:

List-I
A. LASER
B. Solarcell

C. Photo diode
D. LED
List-II
1. Emits monochromatic light of low intensity
2. Consumes electrical power due to the incident
light
3. Delivers power to a load
4. Emits monochromatic light of high intensity
Codes:

A B C D
@ 4 3 1 2
) 3 4 2 1
© 4 3 2 1
@ 3 4 1 2

[ESE-2000]

6. Power Switching Devices

6.1

6.2

6.3

Which one of the following devices is NOT used

as the controller in a stabilizer?

(a) Diac (b) Triac

(c) SCR (d) Power transistor
[ESE-1999]

SCR turns OFF from conducting state to blocking

state on

(a) reducing gate current

(b) reversing gate voltage

(c) reducing anode current below holding current
value

(d) applying a.c. to the gate [ESE-1999]
! /ON
v OFF
BO 1
Y,
VBO

OFF

on/

The above graph depicts

(a) drain characteristic of a MOSFET

(b) drain characteristic of an IGBT

(c) volt-ampere characteristic of a triac

(d) volt-ampere characteristic of an SCR
[ESE-2000]
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6.4 Assertion (A): Thyristors are preferred over power 6.5 Consider the following statements:

diodes in variable power rectifiers.

Reason (R): Thyristors provide controlled

rectification even though they have more power

loss in comparison to power diodes.

(a) Both A and R are true and R is the correct
explanation of A

(b) Both Aand R are true but R is NOT the correct
explanation of A

(c) Ais true but R is false

(d) A'is false but R is true [ESE-2000]

A four-layer PNPN device having two gate leads
can be turned on by applying a
1. positive current pulse to the cathode gate
2. positive current pulse to the anode gate
3. negative current pulse to the anode gate
4. negative current pulse to the cathode gate
Which of these statements is/are correct?
(a) 1alone (b) 1and 3
(c) 2alone (d)y 2and 4

[ESE-2000]
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11 @ 12 () 1.3 () 1.4 (@ 1.5
21 (¢ 22 (d) 23 (d) 24 (b 3.1
36 () 41 () 42 @ 43 (b) 4.4

6.1 (a 6.2 (c) 6.3 (c) 6.4 (a 6.5
Electronic Devices and Circuits

1. Semiconductor Physics
11 O

The Ohm'’s law for conduction in metals is

J=0ocE
Wehave I=J-A
=oE-A

= (GTV)A = % where (chl_Aj

where, [ — length of the conductor
A — area of cross-section
V — voltage applied

12 O

In a graded semiconductor, as a result of the non-
uniform doping, an electric field is generated within
the semiconductor.

14 [B)

The band structure shown is of a material having
direct bandgap energy and GaAs is a direct
bandgap material.

El @

In intrinsic semiconductor,
number of electrons = number of holes

(d)

(i) Drift current is due to electric field.
(i) Diffusion current is due to concentration

gradient.
(iii) Einstein’s equation is
B D, _,
- - T
(%) Un

where V= thermal voltage

(iv) Continuity equation is also called the law of
conservation of charge.

18 [0]

In a semiconductor, the net current is the sum of
electron current and hole current.

2. PN-Junction Diodes
Bl ©

p-njunction diode’s dynamic conductance

1
9,= W org, 1

E} «

AC resistance or dynamic resistance

r=AV/AI
EN @

(i) The V-I characteristics of a silicon diode and
germanium diode are shown below:

1(mA) Ge S
\ /
. )
!
T V (Volts)
Ge

(i) LED works in forward bias.
(i) PIN diode is used in high frequency applications.

24 0]

Doping T — depletion layer |. Therefore, the
depletion layer across a p* — njunction lies mostly
in the n-region.
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3. Bipolar Junction Transistors
EN ©
+Ves

We know that 7, = 1,e T
20
5= I, ()
30
and, 30 = 1,e'7 (i)
from equations (i) & (ii)
10

e =6
5 L
So, Iy = %mA from equation (i)
40
40 5
So, I, = 1, = %6 =180 mA

36

32 O

(i) Zener diode is used for voltage regulation.

(i) MOSFET has very high inputimpedance.

(i) The tunnel diode exhibits a negative-
resistance characteristic between the peak
current 7, and the minimum value, 7, called
the valley current.

EN @

By doping the emitter with high level of impurity,
the large-signal current gain of a common-base
transistor, o increases. But
Ic = 1Iggo

Ie
Therefore, I,5, reduces on increasing o.

El

o=

%o
A
where, o, — large-signal current gain of a
common-base transistor
r,— emitter diode resistance

9n =

ry= i where V= %
9, = aok]fq o= 1
El »
g, = %o

where, o, — large-signal current gain of a
common-base transistor
r,— emitter diode resistance

r,= ﬁ where VT= ﬂ
Ie aq
_agle g
In= kT
o =1
. _ 9l
- In = kT
35 O
o=0.99
o 0.99
b= 1-o 1-0.99 bl

The current gainin CC mode =B+ 1=99 + 1 =100

4, Field Effect Transistors
41 [0

The transconductance of a JFET,

VGS
e onfi)

where Jm, is the value of g, for Vo =0, and is

given by
—2 Ipss
A
V 2
Also, Ipg = IDSS[ —%]
P
= 1—@ = 1ps.
Ve Ipss
So, gm: —2& [ﬁ
Ve \lpss

2
or 9, = m VIpss Ips

6. Power Switching Devices
61 [0

Diac does not have a controlling signal.

62 0

The holding current may be defined as the
minimum value of anode current below which it
must fall for turning off the SCR.

EEE



1. Diodes Circuits

1.1

1.2

The ratio of available power from the DC
component of a full-wave rectified sinusoid to the
available power of the rectified sinusoid is

(a) 8 (b) 2

(c) 4/n (d) 8/m? [ESE-1999]

Consider the following statements in relation to a
large value of capacitor filter used in a full-wave
rectifier:

It gives the

1. low conduction period for the diode rectifier.
2. increased peak current rating of the diode.
3. large peak inverse voltage rating of the diode.
Which of these statements are correct?

(@ 1,2and 3 (b) 2and 3

(c) 1and 2 (d)y 1and 3 [ESE-2000]

2. BJT Circuits

2.1

Assertion (A): In the circuit shown in the figure,
a prescribed value of load current 7, V, will
gradually fall.

Reason (R): Above the prescribed value, as load
current /, increases, /5 decreases.

VbC
c &
<
s
<>
Ig
o
D7 v
= > I
‘>
‘>
<>
SR
<>
>
S
<>
<>
o o)

(a) Both A and R are true and R is the correct
explanation of A

(b) Both Aand R are true but R is NOT the correct
explanation of A

2.2

2.3

2.4

Analog Circuits

(c) Ais true but R is false
(d) A is false but R is true
[ESE-1999]

The given figure shows a composite transistor
consisting of a MOSFET and a bipolar transistor
in cascode

_V%C

\AAAJ
AAAA
AAA A

—= Cis very large

\AAAJ
AAAA
\AAAJ
|

(-] T o
AAAA AAAA

L

The MOSFET has a transconductance g, of
2 mA/V and the bipolar transistor has B(A hy,)

of 99. The overall transconductance of the
composite transistor is
(a) 198 mA/V

(c) 1.98 AV

(b) 19.8 MAN
(d) 1.98 mANV
[ESE-1999]

The input resistance of a common emitter stage

can be increased by

1. unbypassing emitter resistance

2. bootstrapping

3. biasing it at low quiescent current

4. using compounded BJTs

The correct sequence in descending order of the

effectiveness of these methods is

(@ 2,4,1,3 (b) 4,3, 2, 1

() 2,4,3, 1 (d) 4,2,3,1
[ESE-1999]

The collector voltage V,, of the circuit shown in
the given figure is approximately
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0 +10V The slope of AC load line is
22k0
< p= 1 1 1
20kQ S ) S (@) —(—"'—J (b) —L J
s Ve R, AR R, +R.
) 1 1
€ -5 (d) -5
20kQ E§ A, A
< 43kQ [ESE-2000]
= = 2.8 Consider the following circuit configurations:
(@ 2V (b) 46V 1. Common emitter
(c) 8V (d) 86V  [ESE-1999] 2. Common base
2.5 Consider the following devices: 3. Emitter follower
1. BJT in CB mode 4. Emitter follower using Darlington pair
2 BJTin CE mode The correct sequence in increasing order of the
3. JFET input resistances of these configurations is
4. MOSFET (@ 2,1,4,3 (b)1,2,4,3
The correct sequence of these devices in (2134 (d)1,2,3,4
increasing order of their input impedance is [ESE-2000]
Ei; ; ? i g Eg; f ; 2 jr[ESE-1999] 2.9 Anamplifier circuit is shown in the given figure:

2.6

2.7

The voltage V,, of the circuit shown in the given
figure is

5Q

(@) 5V
(c) 25V

(b) 3.1V

(d) zero [ESE-1999]

A common emitter amplifier circuit is shown in
the given figure

-<
{1
= Vee
Ry
>
<: E: R,_
Re :; =cC < 2.1
— < e
=7

0 +12V
= S 4k
60kQ S v,
)| KI; hee= 150
10 uF k ov,
A <9 30 kQ iz 3.3 kQ%é == 50 uF
The voltage gain (V,/ V,) is
(a) 4/3.33 (b) 100
(c) 150 (d) 160
[ESE-2000]

0 Consider the following statements regarding the

bootstrap biasing arrangement for a BJT emitter
follower:

1. The input impedance is very high.

2. The voltage gain is exactly equal to one.

3. The output impedance is equal to zero.
Which of these statements is correct?
(a) None (b) 2 alone
(c) 3alone (d) 1alone

[ESE-2000]

In the circuit shown in the given figure, the
approximate voltages at the transistor
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0-10V section having cut-off frequency f,,,, with a high-
pass second-order section having cut-off
A KO 2kQ frequency f,,, provided
@ for> o, (0) for < for
©) for =Ty (d) foys1/2 1y
[ESE-1999]
16 kQ 4.2 Consider the following statements:
10 kQ 9
The lower cut-off frequencies for an RC coupled
= = CE amplifier depend on
(a) base and emitter respectively are -8 V and 1. inputand output coupling capacitors
73V 2. emitter bypass capacitor
(b) base and collector respectively are s. .Junct|on Capagigys .
_8Vand -5V Which of these statements is/are correct?
(c) collector and emitter respectively are (a) Talone Ly alone
8Vand_73V (c) 1and 2 (d) 2and 3 [ESE-2000]
(d) base, emitter and collector respectively are 4.3 Anamplifier network is unconditionally stable if
-8V,-7.3Vand-5V (a) real partof Z and Z , are greater than zero
[ESE-2000] for some positive real impedances of the
source and load.

2.12 If a common emitter amplifier with an emitter (b) real partof Z_and Z, , are greater than zero
resistance A_has an overall transconductance gain for all positivg real im(gedances of the source
of -1 mA/V, a voltage gain of -4 and desensitivity and load
of 50, then the value of the emitter resistance A, () Z_and Z,, are complex conjugates of each
would be other for some positive real impedances of
(a) 50 ke (0) 0.98 k@ the source and load
(¢) 50 M& (d) 0.98 M& (d) Z,and Z,, are complex conjugates of each

[ESE-2000] other for all positive real impedances of the

2.13 CE configuration is the most preferred transistor source and load
configuration when used as a switch because it [ESE-2000]
(@) requ?res only opépower supply 4.4 Ifthe Q of a single-stage single-tuned amplifier
(b) requires low voltage'or current is doubled, then its bandwidth will
(c) is easily understood by every one (a) remain same (b) become half
(d) has smallZceo [ESE-2000] (c) becomedouble (d) become four times

[ESE-2000]

3. FET and MOSFET Circuits » , , .
4.5 Anamplifier using BJT has two identical stages
, each having a lower cut-off (3 dB) frequency of

3.1 AnFET is a better chopper than a BJT because 64Hz due to coupling capacitor. The emitter
it has bypass capacitor also provides a lower cut-off
(@) Igweroffsgt voltage _ (8 dB) frequency due to emitter degeneration
(b) hlghe.r series ON resistance alone of 64 Hz. The lower (3 dB) frequency of the
(©) Igwer mput c.urrent overall amplifier is nearly
(d) higher inputimpedance [ESE-2000] (a) 100 Hz (b) 128 Hz

(c) 156 Hz (d) 244 Hz
4. Frequency Response of Amplifiers & Filters [ESE-2000]
4.6 Assertion (A): The hybrid m-model of a transistor

4.1

A second-order band-pass active filter can be
obtained by cascading a low-pass second-order

can be reduced to its h-parameter model and
vice-versa.
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Reason (R): Hybrid = and h-parameter models
are inter-related as both of them describe the
same transistor.
(a) Both A and R are true and R is the correct
explanation of A
(b) Both Aand R are true but R is NOT the correct
explanation of A
(c) Ais true but R is false
(d) Ais false but R is true
[ESE-2000]

5. Feedback Amplifiers

5.1

5.2

5.3

Assertion (A): A large negative feedback is
deliberately introduced in an amplifier to make
its gain independent of the variation of parameters
of the active device and other circuit components.
Reason (R): A large negative feedback results
in a high value of return difference compared to
unity, which makes the feedback gain inversely
proportional to the feedback factor.
(a) Both A and R are true and R is the correct
explanation of A
(b) Both Aand R are true but R is NOT the correct
explanation of A
(c) Ais true but R is false
(d) Ais false but R is true
[ESE-1999]

The given circuit has a feedback factor of

= +Vee

AAA
VVV
Ry
S

(b) -R./ R,
(d) -R./ R,
[ESE-1999]

(@) -R,/ Rq
(c) -Rg/ Rg

The voltage gain of an amplifier without feedback
and with negative feedback respectively are 100
and 20. The percentage of negative feedback

5.4

29
(B) would be
(@) 4% (b) 5%
(c) 20% (d) 80%
[ESE-2000]

Assertion (A): For equal outputs, the harmonic

distortion is reduced in CE amplifier with the

introduction of negative feedback.

Reason (R): Nonlinear distortion usually arises

due to signals traversing the large part of the

dynamic characteristic of the transistor at the

output stage.

(a) Both A and R are true and R is the correct
explanation of A

(b) Both Aand R are true but Ris NOT the correct
explanation of A

(c) Ais true but R is false

(d) A'is false but R is true [ESE-2000]

6. Oscillators

6.1

6.2

6.3

Assertion (A): Miller sweep circuit producing
sawtooth waveform is a relaxation oscillator.
Reason (R): The active device alternately
supplies power to the load and relaxes when itis
cut-off.
(a) Both A and R are true and R is the correct
explanation of A
(b) Both Aand R are true but Ris NOT the correct
explanation of A
(c) Ais true but R is false
(d) A is false but R is true
[ESE-1999]

A Hartley oscillator is used for generating
(a) very low frequency oscillation
(b) radio-frequency oscillation
(c) microwave oscillation
(d) audio-frequency oscillation
[ESE-1999]

In every practical oscillator, the loop gain is
slightly larger than unity and the amplitude of
the oscillations is limited by the
(a) magnitude of the loop gain
(b) onset of non-linearity
(c) magnitude of the gain of the amplifier
(d) feedback transmission factor
[ESE-2000]
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7. Operational Amplifiers 7.5 Assertion (A): Op-amps with FET input stages
have less gain than those with BJT.

7.1 Inasingle-stage differential amplifier, the output ?}Z?]SISET(R): BJT has higher transconductance
offset voltage is basically dependent on the (a) Both A and R are true and R is the correct
mismatch of explanation of A
(@) Vg Igandf (0) Vgzand /g (b) Both A and R are true but R is NOT the correct
(c) Igand B (d) Vggandp explanation of A

[ESE-1999] (c) Alis true but R is false
7.2 The output voltage V; of the given circuit (d) Ais false but R is true [ESE-2000]
JAKS 7.6 Consider the following statements:
VvY A totem pole configuration used in the output
1uA ol stage of an op-amp has the advantage of using
v 1. only n-p-n BJTs
Yo 2. complementary symmetrical pair of transistors.
R, 3. only one transistor
= Which of these statements is/are correct?
90 k2 (a) 1alone (b) 2 alone
10ke2 (c) 3alone (d) 1and 3 [ESE-2000]
= 7.7  The op-amp circuit shown in the given figure is
(@) —100V (b) =100 mV c
(c) 10V (dy -10mvV ¢
[ESE-1999] R
AvAvAvAv i
7.3 The voltage gain versus frequency curve of an V, 0— —o V,
Op-Amp is shown in the given figure A'AI/?W )
volta_ge -=C
gain
80 dB | _I_
; +20 dB/decade =
! (a) ahigh-pass circuit
(b) alow-pass circuit
0dB 20 Hz e rcy (c) a band—pass.circ.uit
The gain-bandwidth product of the Op-Amp is (d) anall-pass circuit [ESE-2000]
(a) 200 Hz (b) 200 MHz 7.8 In the circuit shown below, the current flowing
(c) 200 kHz (d) 2MHz through resistance of 100 Q would be
[ESE-1999] +10V
7.4 The V,of the Op-Amp circuit shown in the given 1kQ
figure is
10 kQ +10V
AVAVAVAV
1 kQ
AvAvAvAv — Y
V.o—¢ Op-amp —oOo V,
AWW ’ I 10V
1k % - 100 Q
10 kQ
= (a) 8 mA (b) 10 MA
(&) 11V, (b) 10V, (c) 20 mA (d) 100 mA
© V (d) zero [ESE-1999]

[ESE-2000]
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’ N |sma E1ee
8.1 |If aclass C power amplifier has an input signal v 9 v
with frequency of 200 kHz and the width of ' °
collector current pulses of 0.1 ps, then the duty 5§1 kQ
cycle of the amplifier will be oY= ] -5
@ 1% (b) 2% =
(C) 10 % (d) 20 % The VO will be
[ESE-1999] (@) 12V (b) 17V
(c) 24V (d) 29V [ESE-1999]
8.2 Thermal runaway will take place if the quiescent , ,
L 8.8 The input voltage of Zener regulator varies from
point is such that 20V to 30 V. The load current varies from 10 mA
(@) Vee>1/2 Ve (b) Vee< Ve to 15 mA. If the Zener voltage is 5V, the value of
(©) Vee<2 Ve (d) Vee<1/2 Ve series resistor will be
[ESE-1999] (a) 1 kQ (b) 1.5 kQ
8.3 Toavoid thermal runway in the design of an analog ©) G (d) 2.5 k@
circuit, the operating point of the BJT should be [ESE-2000]
such that it satisfies the condition 8.9 Thethermal run-away in a CE transistor amplifier
@) Vo= Vel 2 (o) Vo< Vel 2 can be prevented by biasing the transistor in such
() Vipe> Vil 2 (d) Voe<0.78 Ve amanner that
[ESE-1999] @ V> 'E () Ve D
8.4 The unit of a thermal resistance of a semi- V
conductor device is (©) Vee _% (d) Vee=0
(@) Ohms (b) Ohms/°C [ESE-2000]
(c) °C/Ohm (d) °C/ Watt , ,
8.10 Consider the following statements:
[ESE-1999] L
Sziklai pair
8.5 Inafeedback series regulator circuit, the output 1. isalso called complementary Darlington.
voltage is regulated by controlling the 2. acts like a single p-n-p transistor with a very
(a) magnitude of the input voltage high current gain.
(b) gain of the feedback transistor 3. can be used in class B push-pull power
(c) reference voltage .amplifier.
. . Which of these statements are correct?
(d) voltage drop across the series pass transistor
[ESE-1999] (@) tand 2 (b) 1and 3
(c) 2and 3 (d)1,2and 3
8.6 A three-terminal monolithic IC regulator can be [ESE-2000]
used as 8.11 Which one of the following power amplifiers has
(a) an adjustable output voltage regulator alone the maximum efficiency?
(b) an adjustable output voltage regulator and a (a) Class A (b) Class B
current regulator (c) Class AB (d) Class C [ESE-2000]
8 ZEE:Z: ::Sj:::g::lr;ij power switch 8.12 Thermal runaway is not pogsible in FET because
as the temperature of FET increases
[ESE-1999] (a) the mobility decreases
8.7 A 12V monolithic regulator is adjusted to obtain a b) the transconductance increases

higher output voltage as shown in the given figure

(b)
(c) the drain currentincreases
(d)

d) the mobility increases [ESE-2001]
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9. Multivibrators and Timers

9.1 Assertion (A): A monostable multivibrator can
be used to alter the pulse width of a repetitive
pulse train.
Reason (R): Monostable multivibrator has a
single stable state.
(a) Both A and R are true and R is the correct
explanation of A
(b) Both Aand R are true but R is NOT the correct
explanation of A
(c) A'is true but R is false
(d) A'is false but R is true [ESE-1999]
9.2 Circuit shown in the given figure represents
°Vee
R 2
T 418
7 3 4
< Vout
Rez 555 f;
6 5 T
c= (5 1L —_
T 2 = =
m Analog Circuits
11 d 1.2 () 2.1 (¢) 22 (d) 2.3 (d
28 (c) 29 (d 210 (d) 211 (@ 2.12 (b)
43 (d 44 () 45 (¢c) 46 (@ 5.1 (9
6.2 (b)) 63 (B 71 (¢ 7.2 d) 7.3 (o
7.8 (@ 81 () 82 (@ 83 (b 8.4 (d
89 (b) 810 (b) 8.11 (d 8.12 (@) 9.1 (b)

SCGIELEULL Analog Circuits

1. Diodes Circuits
11 JC

For full wave rectifier,

21
fo= =7
5. =1z

a) an astable multivibrator

(@
(b) a monostable multivibrator
(c) voltage-controlled oscillator
(d) ramp generator [ESE-1999]
9.3 A 1mspulse canbe stretched to 1s pulse by using
(a) an astable multivibrator
(b) a monostable multivibrator
(c) abistable multivibrator
(d) a Schmitt trigger circuit [ESE-2000]
9.4 Which one of the following sets of circuits can be
obtained by using a 555 timer?
(a) Pulse modulator and amplitude demodulator
(b) Pulse modulator and astable multivibrator
(c) Amplitude demodulator and AC to DC
converter
(d) AC to DC converter and astable multivibrator
[ESE-2000]
[ ] ] ]
24 (c) 25 (@ 26 (x) 2.7 (a
213 (b) 3.1 (@ 4.1 (@ 4.2 (o
52 (b) 53 (@ 54 () 6.1 (d
74 (d 75 (@ 76 (@ 7.7 (M
85 (d 86 (a 8.7 (d 8.8 (a
9.2 (c) 93 () 9.4 (b

T=RC=Toe
T'=Ton+ Tore
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e when C increases, T, increases and Ty
decreases. Hence Conduction period
decreases.

e |arger value of capacitor requires larger
currentto charge it.

2. BJT Circuits
22 [O

9, = v
Inthe figure, Ip=15and I.= ol

= 1.98 mAV

EN @

In bootstrapping, A, — 1, and effective input
resistance becomes extremely large as

Ry = 1 f)i\v
Thus the most effective way to increase the input
resistance is through bootstrapping and the least
effective way is to reduce the bias current.

o —Vee

>
R =
‘>
4 KIJD
<
Sk e
< It
O +
V. It

A
vV
9]
AAMA
YVVY
Py
AN

20

Vi= 20420 ¢ 1070V
20% 2

R, = 22X20 _ 4540
20+ 20

+10V

2 kQ

l 4.3KQ

KVL:

Vi=Rg+ Vge+431,
LetB>1.S0/;=08&1.~1,

Vi= Vge+431,
= 5-07=431,

= I, = 1TmA
Vo=10-2x1
= Vc=8V

25 |8

The increasing order of impedance is given below:
BJT (CB) < BJT (CE) < JFET < MOSFET.

(a)

AC equivalent of the circuit is

oV

AAAA
Yvvy
2
AAAA
\AAA
2
O

e

N
|o<+

AAAA
\A
B

ey
AAMA

KVL in collector loop

1
1L, = - V E
c F?Z C
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Bl @

210 )

1

= _ﬁ:(VCE_ Ver)
Ll 0
Total DC
1 1 1
Slope = ——=—-| =—+—=—
TR {RL ch}
12x 30
VTh= 90 =4V
o Vin=Vee _4-07 _
c Re 3.3kQ
G = IV—C:4OmU
2

= g, R=40x 4 = 160

In the bootstrap biasing arrangement, voltage
gain A,— 1 but not exactly equal to 1 that's why
the input impedance is very high and the output
impedances is not equal to zero.

(Since B is not given, we assume P to be very

large).

211 [8)

Equivalent circuit is shown below:

-10V

2 kQ

3.2kQ

8V
I 10 kQ

Hence by approximate analysis we get,

Let

=
=

I;=0

V, = -8V

Ve= Vg + Vg
Ve =0.7+(-8)
V.=-73V

3. FET and MOSFET Circuits

Bl @

FET exhibits no offset voltage at zero drain current,
and hence makes an excellent signal chopper.

4. Frequency Response of Amplifiers & Filters
41 [

LPF
i i fOH
— HPF
i fOL ;

BPF
fOL fOH

It is clear from the diagram that to make a
bandpass filter f,,, > f,,

(©)

For the RC—coupled amplifier, the drop at low
frequencies is due to the increasing reactance of the
coupling capacitorsi.e. C,, C, or Cgwhile its upper
frequency limit is determined by either the parasitic
capacitive elements of the network and frequency
dependence of the gain of the active device.

LT3 (b)

Q= L BWe -
“BwW T Q

5. Feedback Amplifiers

EN =
A - _A
"1+ AB
A 1
whenp>>1, A =~ = —
"TAB B
Thus, gain /L\f is independent of A,
Note: Return difference, D=1+ A B.

52 [0

B:ﬁz [CHE:—RE
VO ICRC RC
ENl @
A = 100
A= 20
A
A =
1+ AB
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~ 100
~ 1+ 100B
= 1+100p =5
- B= 2 x100=4%
100

6. Oscillators

62 [0J]

RF oscillators HartI‘ey

(f> 20 kHz) Colpitt
Clapp
Crystal

AF oscillators _|: RC‘pha-se shift
(f<20 kHz) Wein bridge

64 [B)

UJT characteristic curve:

Peak point

7. Operational Amplifiers

()

The output offset voltage
Voov = (Aca)Vio + Rr g
where A,,depends on fand /.

(d)

1kQ
—MWW——
1 pA 0——
V1
90 kQ
10 kQ
10
V. = )
710490 °
V
= Vv, = %

=

=
(©)

=

V, =-1x103x1x10°
Yo _ 0

10

Vo =-10mV

80dB = 201log A,
A, =10

v

GBW product = 104 x 20 = 200 kHz

(d)

=

(a)

NN
Il

b _EVL +\/’(l)(‘]+m)
1 10+1 1

= —10V, +1ov[(10)(11)

NN
Il

ﬁ
V,=-10V,+10V,=0

.. Gain =« transconductance. Device having low
transconductance will have low value of gain.

g

Vi(s)

i

! BN
V() = —E5V(s) + L5 1+&J

R
R+—
Cs

Vo(s) _ _ 1 (1 RCs+1 _0
V(sy  RCs \1+RCs)| RCs |

Hence the given circuit will not pass any signal at
any frequency.

yZ: 3 (a)

+10V

Using virtual ground  V, =2V )
Current flowing through 1 kQ resistor

= 10-2 _gma
1k

Since no current flows through op-amp

I~ 1,~8mA
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8. Power Amplifiers and Regulators
81 JU

Time period,
1 1 B 6
T= f_—200><103_5><10 =b5pusec

Pulse width T = 0.1 p sec

Duty cycle = %x100:%x100:2%

EY @

To avoid thermal runway,

V
V.. < —<C
CE >

EN

To avoid thermal runaway,

Ve < Ve !/ 2
@

o 7812 o
+ 812 | )7 +
S
5mA| 12V::1k£2
-
Vi — Vo
Il‘>
EE1kQ
o—— —o

Output of IC 7812is + 12 V.

, 12

I = 1k9—‘|2mA
Using KCL
I=5+1"=17mA
So Vo=12+1x17=29V

(a)

Zener diode should have minimum current,

i.e., I, (min) =0
_ V(min-V, _ 20-5
© L(min)+/,(max) (0+15)107°
R=1kQ

89 [0

To prevent thermal runway;,

VCC
Vee< -

8.11 [T

Increasing order of efficiency:
Class A < Class AB < Class B < Class C

8.12 [0

In FET, there are only majority charge carriers. On
increasing temperature, their mobility decreases.
So speed decreases and further increase in
temperature does not occur due to the collision
of charge carriers.

9. Multivibrators and Timers
91 [U

Monostable multivibrator is used as pulse
stretcher.

EEN )

The output pulse width of the monostable multivibrator
can be viewed as a stretched version of the narrow
input pulse, hence the name pulse stretcher.

Input Output No Output
trigger triggered change triggered
Vv ¥

s

ol I

Output i
voltage !

~ Vot
cc I‘Tlt ,_
0 P




1. Number Systems

The minimum decimal equivalent of the number
11C.0is
(@) 183
(c) 268

(b) 194

(d) 269  [ESE-2000]

2. Boolean Algebra

The Boolean theorem AB + AC + BC

= AB+ AC corresponds to

(@) (A+B).(A+C).(B+C)=(A+B).(A+0C)

(b) AB+AC+BC = AB+BC

(c) AB+AC+BC=(A+B)A+C)B+C)

(d) (A+B)(A+C)(B+C)= AB+ AC
[ESE-1999]

Karnaugh map is used to

(@) minimise the number of flip-flops in a digital
circuit

(b) minimise the number of gates only in a digital
circuit

(c) minimise the number of gates and fan-in of a
digital circuit

(d) design gates

[ESE-2000]

3. Logic Gates

The given figure shows a NAND gate with input
waveforms A and B

1
1L L

L
0

3.2

3.3

3.4

Digital Circuits

The correct output waveform X of the gate is

(a) |

O— 1
e L1
(d)
L
[ESE-1999]

The output Y of the given circuit is

i

(@) 1 (b) zero
() X d) X [ESE-1999]

Y = f(A B) =TIM (0, 1, 2, 3) represents (M is

Maxterm)

(a) NOR gate

(b) NAND gate

(c) OR gate

(d) asituation where output is independent of input
[ESE-1999]

The input waveform V;and the output wave-form v
of a Schmitt NAND are shown in the given figures.
The duty cycle of the output waveform will be

0.2V TU

(a) 100%
() 72.2%

(b) 85.5%

(d) 25%  [ESE-1999]
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3.5 (FE35),,XOR(CB15),4is equal to (@) (ATB+ C)DE) (b) (er C)(DE)
(@) (332006 (D) (P3O (©) (A+B+C)(DE) (d) (A+B+C)DE)
() (FF50),4 (d) (3520),, [ESE-2000]
[ESE-2000]
3.6 Which one of the following figures represents the
coincidence logic? 3.9 Thelogic operations of two combinational circuits
@ A givenin Figure-l and Figure-Il are
a
B Xo
F o@b_()
Y
Figure |
A
(0) 7 N
F Yz::)—o
Figure Il
(a) entirely different  (b) identical
(© g_ (c) complementary  (d) dual [ESE-2000]
F
4, Combinational Circuits
(d) g [ESE-2000] 4.1 Assertion (A): A demultiplexer can be used as
a decoder.
F Reason (R): A demultiplexer is built by using
AND gates only.
(a) Both A and R are true and R is the correct
3.7 Which one of the following circuits is the explanation of A
minimised logic circuit for the circuit shown in (b) Both Aand R are true but Ris NOT the correct
figure below? explanation of A
A (c) Alis true but R is false
(d) A'is false but R is true [ESE-1999]
B —) >—
4.2 Match List-1 (Circuits) with List-1l (Types of
c integration level) and select the correct answer
(a) é_c} using the codes given below the lists:
j List-I List-Il
0) gﬂ A. Fulladder 1. VLS|
A B. Magnitude comparator 2. SSI
() g } C. Programmablelogicarray 3. MSI
A Codes:
(@) gﬂ} [ESE-2000] A B C
3.8 The circuit shown in the given figure realizes the @ 2 3 !
function b) 3 2 1
A (c) 1 3 2
g (dy 2 1 3 [ESE-1999]
b 4.3 Thelogic circuit realized by the circuit shown in
E the given figure will be
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4.4

4.5

4.6

4.7

c 104to1MUX
11
o -
12
= [ I
S1 SO
A B
(@) BO® C (b) F=B® C
c) A® C d F=A®C

[ESE-1999]

Which one of the following statements correctly

defines the full-adder?

An adder circuit

(a) having two inputs used to add two binary digits.
It produces their sum and carry as output.

(b) having three inputs used to add two binary
digits plus a carry. It produces their sum and
carry as outputs.

(c) usedinthe least significant position when adding
two binary digits with no carry-in to consider. It
produces their sum and carry as outputs.

(d) having two inputs and two outputs.

[ESE-2000]

The half-adder circuit in the given figure has
inputs AB = 11
A B

—) [ 2

j— ) st

The logic level of Pand Q outputs will be

(@ P=0and Q=0 (b) P=0and Q=1

(c) P=1and Q=0 (d)P=1and Q=1
[ESE-2000]

Which one of the following can be used as parallel
to series converter?
(a) Decoder

(c) Multiplexer

(b) Digital counter
(d) Demultiplexer
[ESE-2000]

Consider the following statements:

A multiplexer

1. selects one of the several inputs and
transmits it to a single output

2. routes the data from a single input to one of
many output

3. converts parallel data into serial data

4. isacombinational circuit

Which of these statements are correct?

(@) 1,2and 4 (b) 2,3,and 4
(c) 1,3and 4 (d)1,2and 3
[ESE-2000]

5. Sequential Circuits

5.1

5.2

5.3

5.4

5.5

In a negative edge triggered J-Kflip-flop, in order

to have the output Q state 0, 0 and 1 in the next

three successive clock pulses, the J-K input

states required would be respectively

(a) 00,00 and 10 (b) 00,01 and 11

(c) 00, 10 and 11 (d) 01,10 and 11
[ESE-1999]

The initial state of MOD-16 down counter is 0110.
After 37 clock pulses, the state of the counter will be
(a) 1011 (b) 0110
(c) 0101 (d) 0001

[ESE-1999]

Athree-bit shift register is shown in the given figure
oo gl ol
CPQ CPQ cPa
s | T | T | —
pulse
Reset ©
To have the content ‘000’ again, the number of
clock pulses required would be
(@) 3 (b) 6
(c) 8 (d) 16 [ESE-1999]

Symmetrical square wave of time period

100 us can be obtained from square wave of time

period 10 us by using a

(a) divide by-5 circuit

(b) divide by-2 circuit

(c) divide by-5 circuit followed by a divide by-2
circuit

(d) BCD counter [ESE-1999]

A 1 us pulse can be converted into a 1ms pulse
by using

a) amonostable multivibrator
b) an astable multivibrator

c) a bistable multivibrator

d) a J-K flip-flop

o~~~ o~

[ESE-1999]
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5.6 Assertion (A): Synchronous counter has higher (a) low cost
speed of operation than ripple counter. (b) high frequency stability
Reason (R): Synchronous counter uses high (c) simple circuitry
speed flip-flops. (d) ability to set the frequency at the desired value
(a) Both A and R are true and R is the correct [ESE-2000]
explanation of A
(b) Both A ar.]d Raretrue butRis NOTthe correct 6. Memories and Programmable Logic Devices
explanation of A
(c) Ais true but R is false
(d) Ais false but R is true [ESE-2000] 6.1 Foraparticular type of memory, the access time
. . . and the cycle time are respectively 200 ns and
5.7 Assertion (A): Aring counter is preferred over a 200 ns. The maximum rate at which the data can
binary sequential counter. be accessed. is
?:szgzrftzsz The decoding logic is simple for a (8) 2.5 x 10° /s (b) 5 x 10° /s
’ 6 6
(a) Both A and R are true and R is the correct (¢) 02x10°%/s (d) 10°/s
. [ESE-1999]
explanation of A
(b) BothAandRaretrue butRisNOTthecorrect 6.2 Which one of the following statements is correct?
explanation of A (a) RAM is a non-volatile memory whereas ROM
(c) Alis true but R is false is a volatile memory
(d) Ais false but R is true (b) RAM is a volatile memory whereas ROM is a
[ESE-2000] non-volatile memory
5.8 A T-lip-flop function is obtained from a JK flip- (c) Both RAM and ROM are volatile memories
flop. If the flip-flop belongs to a TTL family, the but in ROM data is not lost when power is
connection needed at the input must be switched off
(@ J=K=1 (b)) J=K=0 (d) Both RAM and ROM are non-volatile
(c)J=1and K=0 (d)J=0and K= 1 memories butin RAM data is lost when power
[ESE-2000] is switched off
5.9 Consider the following statements: [ESE-2000]
1. Race around condition occurs in a JKflip-flop 6.3 Match List-1 (Memory elements) with List-I|
when both the inputs are one (Properties) and select the correct answer using
2. A flip-flop is used to store one bit of the codes given below the lists:
information List-I
3. }Alxitr?lr;sparent latch consists of a D-type A. Semiconductor memory
p-Top , . . B. Ferrite core memory
4. Master-slave configuration is used in flip-flops C. M fic t
to store two bits of information ) .agne ICtape memory
Which of these statements are correct? List-I .
(@) 1,2and 3 (b) 1,3and 4 1. Destrgctlye read qut
(c) 1,2and 4 (d) 2,3and 4 2. Combinational logic
[ESE-2000] 3. Volatile
Codes:
5.10 Aring counter consisting of five flip-flops will have A B C
(a) 5 states (b) 10 states @ 2 1 3
(c) 32 states (d) infinite states b) 1 3 5
[ESE-2000] © 3 5 y
5.11 A crystal oscillator is frequently used in digital (d 3 1 2

circuits for timing purposes because of its

[ESE-2000]
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7. Logic Families

7.1

7.2

7.3

The voltage levels of a negative logic system

(a) must necessarily be negative

(b) may be negative or positive

(c) must necessarily be positive

(d) must necessarily be 0 Vand -5V
[ESE-1999]

The load resistance A, between X and Y'in the
switch shown in Figure-|

X

%RL

y oV,

<
o

CANNOT be replaced by
(~35% QX
[ ]
b
(@) — (b) I
[
oy oY
oX o X
(©) (d) 4‘1
[
1] J_
oY oY
[ESE-1999]

Consider the following statements regarding ICs:
1. ECL has the least propagation delay.
2. TTL has the largest fanout.
3. CMOS has the biggest noise margin.
4. TTL has the lowest power consumption.
Which of these statements are correct?
(@) 1and 3 (b) 2and 4
(c) 3and 4 (d)1and 2
[ESE-1999]

7.4

7.5

7.6

For a logic family
Vo is the minimum output high level voltage
V, is the maximum output low level voltage
V), is the minimum acceptable input high level
voltage
V,, is the maximum acceptable input low level
voltage
The correct relationship among these is
@ Vi > Vo> Vi > Vg,
(©) Vo, > Vig> Vi > Vg,
©) Vi > Vou> Vo, >V,
(d) Vor > Vig> Vo, > Vi,

[ESE-1999]

Assertion (A): Schottky transistors are preferred
over normal transistors in digital circuits.
Reason (R): Schottky transistors operate in active
and saturation region.
(a) Both A and R are true and R is the correct
explanation of A
(b) Both Aand R are true but Ris NOT the correct
explanation of A
(c) Ais true but R is false
(d) A is false but R is true
[ESE-2000]

The figure of merit of a logic family is given by

(a) Gain x Bandwidth

(b) Propagation delay time x Power dissipation

(c) Fan-out x Propagation delay time

(d) Noise margin x Power dissipation
[ESE-2000]

8. ADC and DAC

8.1

Assertion (A): The output of an 8-bit A to D
converter is 80H for an input of 2.5 V.
Reason (R): ADC has an output range of 00 to
FFH for an input range of -5V to + 5 V.
(a) Both A and R are true and R is the correct
explanation of A
(b) Both Aand R are true but Ris NOT the correct
explanation of A
(c) Aistrue but R is false
(d) A is false but R is true
[ESE-1999]
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8.2 The output voltage V;, with respect to ground of the (@ 1V b) 2V
R-2Rladder network shown in the given figure is (c) 3V (d) 4V [ESE-1999]

I—i:lfOA T4
2R

R L] ]

|

m Digital Circuits

11 b)) 21 (@ 22 (b 31 (d 32 (b 33 (d 34 (¢c) 385 (d 3.6 (a
37 (b 38 (@ 39 (@ 41 (b 42 (b 43 (d 44 ([ 45 ([ 46 (o
47 () b1(ab) 52 (d 583 () 54 (¢c) 55 (@ 56 (¢c) 57 (@ 5.8 (3
59 (@@ b510@ 511 () 6.1 (d 62 (O 63 (@ 71 (O 72 (d 7.3 (@
74 (b) 75 (¢ 76 (b)) 81 (d 82 (a

Digital Circuits

1. Number Systems 3. Logic Gates
[0 Bl ©

Let the base be x. _
Decimalvalue =1-x>+1-x+ 12-x9 A | | |
Taking base x = 13, _ —

132+ 13+ 12 =194 ] [

B
2. Boolean Algebra _
AB
21 JQ

AB+AC+BC = AB+ AC EN ©

Taking dual of the given equation Y= X®[XD (XD X]

(A+B)A+C)B+C)=(A+B)A+C) = Y=X®[X®O]

= Y=X&X

m(b) = Y=0

Karnaugh map provides a simple straight forward m (d)

procedure for minimizing Boolean functions and

hence the number of gates to realize the Boolean Y=1f(A B)=IIM(0, 1, 2,3)
function are minimized.
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K-mapfor Y: ~4 o
o|[o ] 0
1o | o

If all the cells in a maxterms K-map are grouped,
this means that the output yis equal to O for every
possible input.

y = 0 which represents a situation where output
is independent of input.

El ©

.
Duty cycle = % x 100

= %MOO x 100

72.2%

El @

(FE35),,® (CB15),,converting to binary
=(1111111000110101), @

(1100 10110001 0101),
= (00110101 0010 0000), converting to Hex.

=(3520),4

Truth table for XOR gate is
A B|A®B
00| O
0 1 1
10 1
1 11 0

El @

EX-NOR logic is also called coincidence logic.
F= AB+AB.

(b)

F= A+ABC+C
or F=A+A+B+C+C
or F=A+B+C
or F= ABC

Therefore, the given circuit can be minimised as

below:

OwW>

E} @

F= A+B+C+D+E
or F=(A+B+C)D+E)
or F= (A+B+C)DE)

55 |8
In Figure I,
Fi=(X+Y)+X
= (X+V)X = XY
In Figure I,
Fy= XY

Thus, the logic operations of two combinational
circuits are entirely different.

4. Combinational Circuits

I (d)
F= ABC+ ABC + ABC + ABC
= F= ACB+B)+AC(B+B)
= F= AC+AC
. B+B =1
= F=A®C
45 [0
A=1B=1
P=A®B= AB+AB=0
Q=AB=1

Multiplexer can be used as parallel to series converter.

5. Sequential Circuits
BN v

Characteristic Table for JK flip-flop is

J KlQt+)

0 0|Q® Hold state
0110 Reset state
101 Set state

1 1|Qt Toggle state
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52 [C)
37=16x%x2+5
After 37 clock pulses, the state of MOD-16 DOWN
counter will be five states below the present state.

0110
-0101
0001

EN

The given circuit is a switch-tail ring counter or
Johnson counter in which n flip-flops provide 2n
distinguishable states. Therefore, 3 flip-flops will
provide 6 states.

54 8

1
OQutput frequency f . = ———
PULITEAUENY Tour = 300 s
Input frequency . = ——
P k Yin 10 us
_
out — 9
fa divide | /5 divide | £ /(5 x 2) =1f,,
by -5 n by —2
circuit circuit

El @

A monostable multivibrator is used as a pulse
stretcher.

EN @

For a JK-flip-flop to function as T-flip-flop,
J =K. Ifthe flip-flop belongs to a TTL family, then
J=K=1.

El @

Master-slave configuration is used in flip-flops to
store one bit of information.

B @

A ring counter consisting of n flip-flips will have n
states.

511 [0J]

A crystal oscillator has high frequency stability.

6. Memories and Programmable Logic Devices
62 JU

RAM is a volatile memory which means that RAM
loses the stored information when power is turned off.
ROM is a non-volatile memory which means that
ROM retains the stored information when the power
is turned off.

7. Logic Families
®

The voltage levels of a negative logic system may
be negative or positive provided voltage level of
logic 1 < voltage level of logic 0.

(d)

One advantage of the MOS device is that it can be
used not only as a switch, but as a resistor as well.
Aresistor is obtained from the MOS by permanently
biasing the gate terminal for conduction, the
resistance of the conduction channel thus created
effectively acts as load resistance. In MOS,

channelresistance, R o< ﬁ where Wand L are
the width and length of the channel respectively.
@

(i) CMOS has the largest fan-out.
(i) CMOS has the lowest power consumption.

Z 3 (b)

High-state
noise margin

cc cc

Low state noise margin
(NM,)

Output voltage range Input voltage range

(©)

Schottky transistors are prevented from entering
saturation to reduce the propagation delay time.
Therefore, they are preferred over normal
transistors in digital circuits.
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(b)

Figure of merit (pJ) = Propagation delay time (ns)
x Power dissipation (mW)

8. ADC and DAC
81 JU

(FFH), = (255),,
(80H), = (128),,
Input for the output of 80H is

5+128 [5-(-5).ie. 0V
255

EY @

The equivalent circuit is shown:

2RI+(R+2R)1, =4
I, +1,=1and 31, =2I,

=

=

L A

3
L+=1 =
150 1
[=251,
2R(251,) + 3RI, = 4
8AI, = 4
L=24_1
8R 2R
V, = 2RI,
=2F1"i=1V

2R



1. Crystalline Structures

The difference between the number of atoms in a
unit cell of a BCC crystal and an FCC crystal is
(a) 1 (b) 2

(c) 4 (d)6 [ESE-2000]

2. Dielectric and Ceramic Materials

Consider the following statements regarding an
insulating material connected to an a.c. signal:
1. The dielectric constant increases with
frequency
2. The dielectric constant decreases with
frequency
3. Atomic polarization decreases with frequency
Which of these statement(s) is/are correct?
(a) 3alone (b) 2 alone
(c) 2and 3 (d)1and 3
[ESE-1999]

The most important set of specifications of

transformer oil includes

(a) dielectric strength and viscosity

(b) dielectric strength and flash point

(c) flash point and viscosity

(d) dielectric strength, flash point and viscosity
[ESE-1999]

Assertion (A) : A uniaxial stress on the ends of

a piezoelectric crystal develops a potential

difference between the two ends of the crystal.

Reason (R) : The ions in the crystal get displaced

and produce dipoles.

(a) Both A and R are true and R is the correct
explanation of A

(b) Both Aand R are true but Ris NOT the correct
explanation of A

(c) A'is true but R is false

(d) A'is false but R is true [ESE-1999]

2.4

2.5

Materials Science

For an insulating material, dielectric strength and

dielectric loss should be respectively

(@) highand high (b) low and high

(c) highand low (d) low and low
[ESE-2000]

Assertion (A): BaTiO, is a piezoelectric material
and is used in a record player.
Reason (R): In a piezoelectric transducer, stress
induces polarization and an electric field strains
the material.
(a) Both A and R are true and R is the correct
explanation of A
(b) Both Aand R are true but Ris NOT the correct
explanation of A
(c) Ais true but R is false
(d) A is false but R is true
[ESE-2000]

3. Magnetic Materials

3.1

3.2

3.3

The magnetic moment in units of Bohr magnetron
of a ferrous ion in any ferrite is
(a) zero (b) 2
(c) 4 (d) 6
[ESE-1999]

For a permanent magnetic material

(a) the residual induction and the coercive field
should be large

(b) the residual induction and the coercive field
should be small

(c) the area of hysteresis loop should be small

(d) the initial relative permeability should be large

[ESE-1999]

Match List-1 (Magnetic materials) with
List-1l (Dipole arrangement in external field) and
select the correct answer using the codes given
below the lists:
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List-I

Paramagnetic

Ferromagnetic

Antiferromagnetic

Ferrimagnetic

List-1

. All dipoles are aligned in one preferred

direction and have equal magnitudes

2. Half of the dipoles are aligned in opposite
direction and have equal magnitudes

3. Half of the dipoles (with equal magnitudes)
are aligned in opposite direction to other half
having equal but lower magnitudes

4. All dipoles have equal magnitudes but are
randomly oriented

00w

—

Codes:

A B C D
@ 4 3 2 1
) 4 1 2 3
) 2 1 4 3
d 2 3 4 1

[ESE-2000]

3.4 Assertion (A): Alnico is commonly used for

electromagnets.

Reason (R): Alnico has low hysteresis loss.

(a) Both A and R are true and R is the correct
explanation of A

(b) Both Aand R are true but R is NOT the correct
explanation of A

(c) Ais true but R is false

(d) Ais false but R is true

[ESE-2000]
4, Conductors and Superconductors
4.1 The magnetization ‘M’ of a superconductor in a
field of His
(a) extremely small  (b) -H
(c) -1 (d) zero [ESE-1999]
m Materials Science
11 ) 21 (¢) 22 (d 23 (a 24
34 () 41 () 42 () 48 (c) 4.4

(©)
(a)

4.2 The maximum power handling capacity of a
resistor depends on
(a) total surface area
(b) resistance value
(c) thermal capacity of the resistor
(d) resistivity of the material used in the resistor
[ESE-1999]

4.3 Ifasmallamount of Cuis added to a Niconductor,

then the

(a) resistivity of Ni will increase at all
temperatures because Cu is a better
conductor than Ni

(b) residual resistivity of Ni at low temperature
will increase as Cu atoms act as defect
centres

(c) resistivity of Ni will increase at all
temperatures as Cu destroys the periodicity
of Ni and acts as defects

(d) resistivity of Ni remains unaltered as Cu atoms
give the same number of free electrons as Ni
atoms.

[ESE-2000]

4.4 Which one of the following is the best definition

of a superconductor?

(a) Itis a material showing perfect conductivity
and Meissner effect below a critical
temperature

(b) Itis a conductor having zero resistance

(c) It is a perfect conductor with highest
diamagnetic susceptibility

(d) It is a perfect conductor but becomes
resistive when the current density through it
exceeds a critical value

[ESE-2000]
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CGIELEVLL I Materials Science

1. Crystalline Structures
11 JU

Number of atoms in a unit cell of BCC crystal = 2
Number of atoms in a unit cell of FCC crystal = 4
Difference =4-2=2

2. Dielectric and Ceramic Materials
N

In an insulating material connected to an a.c.
signal, the dielectric constant and atomic
polarisation decrease with frequency.

Atomic
polarisation
or
dielectric
constant

Frequency

El @

In piezoelectric crystals, the mechanical strain
may produce an electrostatic charge on the faces
of the crystal because the ions in the crystal get
displaced and produce dipoles.

24 8

A good insulating material should have:
e A low dissipation factor.

e High insulation resistance.

e Good dielectric strength.

¢ High mechanical strength.

e High thermal conductivity.

3. Magnetic Materials
El ©

Ferrous ion (Fe?*) has electron configuration
152252 2p%3523p0 452304

3d shell 1] 1[1[1]0]
Since number of unpaired electrons = 4

Therefore, magnetic moment
= 4 Bohr magnetron

EY @

Permanent magnetic materials are those which retain
a considerable amount of their magnetic energy after
the magnetizing force has been removed, i.e. the
materials which are difficult to demagnetize. Therefore
for a permanent magnetic material, the residual
induction and coercive field should be large.

EN »

The arrangement of dipole moments in different
magnetic materials is shown below

ANAN
ERRNN
RERRN
SARNE
El ©

Alnico has high hysteresis loss.

4. Conductors and Superconductors
41 [0

In superconductor, B=0
o wH+M)=0
= M=-H

42 [0

Maximum power handling capacity of a resistor
depends on thermal capacity of the resistor.

@
Palioy = Ppure metal + S-p;

where s is atomic percentage of added impurity and
p, is increase in resistivity per atomic percentage.

Paramagnetic
Ferromagnetic
Antiferromagnetic

Ferrimagnetic



1. Basics of Measurement and Error Analysis

1.1

1.2

1.3

1.4

1.5

Loading effect is primarily caused by instruments
having

(a) high resistance
(c) low sensitivity

(b) high sensitivity
(d) highrange
[ESE-1999]

The difference between the measured value and
the true value is called
(a) gross error

(c) probable error

(b) relative error
(d) absolute error
[ESE-1999]

A 300 V full-scale deflection voltmeter has an
accuracy of +2%, when itreads 222 V. The actual
voltage

(a) lies between 217.56 V and 226.44 V

(b) lies between 217.4V and 226.6 V

(c) lies between 216V and 228 V

(d) is exactly 222 V

An ammeter of range 0-25 A has a guaranteed
accuracy of 1% of full-scale reading. The current
measured by the ammeter is 5 A. The limiting
error in the reading is
(@) 2%
(c) 4%

[ESE-1999]

(b) 2.5%

(d) 5% [ESE-2000]

“The current internationally recognised unit of time
and frequency is based on the Caesium clock,
which gives an accuracy better than 1 us per day.”
This statement is related to

(a) Working standards

(b) International standards

(c) Primary standards
(d)

d) Secondary standards [ESE-2000]

2. Analog Systems for Measurements

2.1

Measurement of an unknown voltage with a dc
potentiometer loses its advantage of open-circuit
measurement when

Electronic Measurements

and Instrumentation

2.2

2.3

2.4

(a) the primary circuit battery is changed
(b) standardization has to be done again to
compensate for drifts
(c) voltage is larger than the range of the
potentiometer
(d) range reduction by a factor of 10 is employed
[ESE-1999]

Match List-1 with List-1l and select the correct
answer using the codes given below the lists:
List-I

A. Former
B. Cail
C. Core
D. Spring

List-11
1. Produces deflecting torque
2. Provides base for the coll
3. Makes the magnetic field radial
4. Provides controlling torque
Codes:

A B C D

(@ 1 2 3 4
(b) 2 4 3
) 2 1 3 4
(dy 2 1 4 3 [ESE-1999]

If the secondary winding of a current transformer
opened while the primary winding is carrying
current, then
(a) the transformer will burn immediately
(b) there will be weak flux density in the core
(c) there will be a very high induced voltage in
the secondary winding
(d) there will be a high current in the secondary
winding
[ESE-1999]

Assertion (A): The needle of an indicating
instrument attains a position where deflecting and
control torques acting on the moving system are
equal and opposite.



XTI Electronics & Telecommunication Engineering + Volume-| Oby

50 Solved Papers
Reason (R): The oscillations of the needle are [ESE-1999]
suppressed by the damping mechanism.

(a) Both A and R are individually true and R is 3.2 Consider the following operations in respect of a
the correct explanation of A Wheatstone bridge:

(b) Both A and R are individually true but R is (Key “K," ; is used for the supply battery and
not the correct explanation of A Key “Kg" is used for the galvanometer)

(c) Alis true but R is false 1. OpenK, 2. Close K,

(d) Ais false but R is true [ESE-1999] 3. Close K, 4. OpenK,

2.5 Match List-I (Instrument) with List-11 (Property/use) The correct sequence of these operations is
and select the correct answer using the codes (@ 1,234 (b) 3,1,2,4
given below the lists: (c) 4,321 (d) 3,2 4,1

List-I [ESE-1999]
g Eﬂhg\li/llr?g iron 3.3 A caoil is tuned to resonance at 1 MHz with a
C. Thermocouple resonating capacitance of 72 pF. At 500 kHz, the
D. Electrostatic type resonance is obtained with a resonating
List-11 capacitance value of 360 pF. The self-capacitance
1. Square law type scale of the coil is
2. Very good high frequency response (a) 12pF (b) 24 pF
3. Linear scale over the entire range (c) 36 pF (d) 72 pF
4. Voltmeter [ESE-1999]
Codes: ] . o
A B C D 3.4 Match List-1 (Bridges) with List-1l (Parameters)
@ 4 1 ) 3 and select the correct answer using the codes
(b) 3 ) 1 4 given below the lists:
(c) 4 2 1 3 List-1 List-1
(d 3 1 2 4 [ESE-2000] A. Andersonbridge 1. Low Resistance
B. Kelvin Bridge 2. Medium Resistance
C. ScheringBridge 3. Inductance
D. Wheatstone Bridge 4. Capacitance
3.1 Inthe circuit shown in the figure, if the currentin Codes:
resistance ‘R’ is Nil, then A B C D
A (@ 4 2 3 1
. by 3 2 4 1
R, R, (c) 3 1 4 2
(dy 4 1 3 2
vo(=) L R [ESE-1999]
3 A 3.5 In the balanced bridge shown in the figure, ‘X’
T Ca should be
@ 2=
1 0GR,
(6) g = CiF

(c) tan™ % +tan 'wC,R, =0
1

(d) tan™ OL 4 tan! =0
R, wC,R,

v
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3.6

3.7

3.8

3.9

a
b
@
d

=

a self-inductance having resistance

acapacitance

anon-inductive resistance

an inductance and a capacitance in parallel
[ESE-1999]

~

(
(
(
(

=

While using Maxwell bridge, the Q factor of a
coil is obtained as
(@ 1wCR
(c) oC/IR

(b) wCR
(d) RloC
[ESE-1999]

The a.c. bridge shown in the figure is balanced if
Z, =100 £30°% Z, = 150 £0°% Z, = 250 £-40°
and Z, is equal to

(@) 350 £70°
(c) 150 £0°

(b) 375 £-70°
(d) 150 £20°
[ESE-1999]

The Wein bridge circuit shown inthe figure below can
be used as a frequency measuring device, provided

©

(@) R,/R, =2 (b) R,/R, =2
(€) R,/R, =4 (d) R,/R, = 3
[ESE-2000]

The equations under balance condition for a bridge
are R, =R, Ry/R,and L, = R, R, C, where R, and
L, are unknown quantities. Which one of the
following sets of parameters should be chosen as
variables in order to achieve converging balance?
(@) R,and R, (b) R,and C,
(c) R,and C, (d) Ryand C,
[ESE-2000]

3.10 Atthe balance condition of the A.C. bridge shown
in the figure below, the value of Z, would be

(@) 120 £70°Q
(c) 187.5 £-70°Q

(b) 187.5 £-10°Q
(d) 333.3 £-70°Q
[ESE-2000]

3.11 Wagner’s earth in A.C. bridge circuits is used to
eliminate the effect of
(a) stray electrostatic fields
(b) stray electromagnetic fields
(c) inter-component capacitances
(d) parasitic capacitance to earth
[ESE-2000]

4. Power and Energy Measurement

4.1 The equivalent circuit of a resistor is shown in the
given figure. The resistor will be non-inductive if

R L
o——WW——T00——o

9}

(@) R=L/C (b) R=L/C
(c) L= CR? (d) C=LR?
[ESE-1999]

4.2 Consider the following statements:
A 3-phase balanced supply system is connected
to a 3-phase unbalanced load. Power supplied
to this load can be measured using
1. two wattmeters
2. one wattmeter
3. three wattmeters
Which of these statement(s) is/are correct?
(@) 1and 2 (b) 1and 3
(c) 2and 3 (d) 3alone
[ESE-2000]
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5. Cathode Ray Oscilloscope (CRO)

5.1

5.2

5.3

5.4

6.1

6.2

A dual-trace CRO has

(a) one electron gun

(b) two electron guns

(c) one electron gun and one two-pole switch

(d) two electron guns and one two-pole switch
[ESE-1999]

The bandwidth of a CRO is from 0 to 20 MHz.
The fastest rise time which a square wave can
have, in order that it is accurately reproduced by
the CRO is
(@) 0.175us
(c) 35ns

(b) 17.5ns
(d) 52.5ns [ESE-2000]

Assertion (A): CRTs, used in TV receivers are of

electrostatic deflection type and those used in

oscilloscopes are of magnetic deflection type.

Reason (R): TV receivers need a large screen to

view pictures, whereas accuracy is the main

consideration in oscilloscopes.

(a) Both A and R are individually true and R is
the correct explanation of A

(b) Both A and R are individually true but R is
not the correct explanation of A

(c) Ais true but R is false

(d) A'is false but R is true [ESE-2000]

A d.c. voltage of 1V is applied to the X-plates of
aCRO and an a.c. voltage 2 sin100t is applied to
the Y-plates. The resulting display on the CRO
screen will be a

(a) vertical straight line

(b) horizontal straight line

(c) sinewave
(d)

d) slant line [ESE-2000]

6. Digital System for Measurement

y
A 3§ digit voltmeter having a resolution of

100 mV can be used to measure maximum

voltage of
(@) 100V (b) 200V
(c) 1000V (d) 5000V [ESE-1999]

Consider the following statements:
1. Use of digital computers along with
transducers makes data manipulation easier.

6.3

6.4

2. Digital signals are not dependent on signal
amplifiers and so are easy to transmit without
distortion and external noise.

3. Increased accuracy in pulse countis possible.

4. There are ergonomic advantages in presenting
digital data.

The main advantages of digital transducers

include

(@) 1,2and 4 (b) 1,2and 3
(c) 2,3,and 4 (d) 1,2,3,and 4
[ESE-1999]

Harmonic distortion analyser

(a) measures the amplitude of each harmonic
component

(b) measures the rms value of fundamental
frequency component

(c) measures the rms value of all the harmonic
components except the fundamental
frequency component

(d) displays the rms value of each harmonic
component on the screen of a CRO

[ESE-1999]

In a distortion factor meter, the filter at the front
end is used to suppress

(a) odd harmonics

(b) even harmonics

(c) fundamental component
(d)

d) dc component [ESE-2000]

7.1

7.2

7.3

A Hall effect transducer can be used to measure
(a) displacement, temperature and magnetic flux
(b) displacement, position and velocity

(c) position, magnetic flux and pressure

(d) displacement, position and magnetic flux

[ESE-1999]
Load cell employs
(a) piezoelectric crystal
(b) capacitor
(c) mutual inductance
(d) strain gauges [ESE-1999]

Assertion (A) : The capacitive transducer is best
suited for measurement of very small pressure
differentials under dynamic conditions.

Reason (R) : The capacitance transducer can
be excited by both dc and AC voltages.
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7.4

7.5

7.6

7.7

7.8

7.9

(a) Both A and R are individually true and R is
the correct explanation of A

(b) Both A and R are individually true but R is
not the correct explanation of A

(c) Ais true but R is false

(d) A'is false but R is true [ESE-1999]

The device possessing the highest photosensitivity
is a

(a
(b
(c
(d

=

photoconductive cell
photovoltaic cell
photodiode
phototransistor

=~ ~—

[ESE-1999]

Radiation pyrometers are used for the measurement

of temperature in the range of

(@) —200°Cto500°C  (b) 0°Cto500°C

(c) 500°Cto1200°C  (d) 1200°C to 2500°C
[ESE-2000]

Magnetic flux can be measured by
(a) capacitive pick-up

(b) inductive pick-up

(c) resistive pick-up
(

)
d) Hall-effect pick-up [ESE-2000]

A semiconductor based temperature transducer
has temperature coefficient of 2500 uV/°C. This
transducer indeed is a

(a) thermistor

(b) forward-biased pn junction diode

(c) reverse-biased pn junction diode

(d) FET [ESE-2000]

The function of the reference electrode in a pH
meter is to
(a) produce a constant voltage
(b) provide temperature compensation
(c) provide a constant current
(d) measure average pH value
[ESE-2000]

Pirani gauge is used for the measurement of
pressure in the range of
(@) 108 mmto 105 mm of Hg
(b) 103 mmto 10-" mm of Hg
(c) 10 mm to 108 mm of Hg
(d) 10° mm to 108 mm of Hg
[ESE-2000]

7.10 The most light sensitive transducer for conversion

8.1

8.2

8.3

of light into electrical power is the
(a) photodiode

(b) solar cell

(c) photoconductive cell

(d) photovoltaic cell

= = = =

[ESE-2000]

8. Data Acquisition Systems

and Telemetry Systems

A 5-channel dc to 60 Hz telemetry system uses

PAM and PCM systems. For a good quality data

transmission, the minimum sampling rate must be

(a) 300 samples/s (b) 500 samples/s

(c) 1500 samples/s  (d) 1250 samples/s
[ESE-1999]

Which one of the following pairs of Modulation

techniques and Telemetry situations and

conditions is correctly matched?

(a) Pulse amplitude modulation : Low amplitude
signals

(b) Pulse position modulation :
distances when power is enough

(c) Pulse width modulation : Power to be spent
in telemetry is required to be low

(d) Pulse code modulation : Minimisation of
interference effects

For short

[ESE-1999]

Assertion (A): Prescalers are used in digital
counters to extend the frequency range.
Reason (R): Prescalers are simple dividing
circuits and as such do not have the high
frequency limitation of digital counters.
(a) Both A and R are individually true and R is
the correct explanation of A
(b) Both A and R are individually true but R is
not the correct explanation of A
(c) Ais true but R is false
(d) A is false but R is true
[ESE-2000]
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DCGIELEULL I Electronic Measurements and Instrumentation

1. Basics of Measurement and Error Analysis
EEH ©

Loading effect is primarily caused by instruments
having low sensitivity.

12 [T

Absolute error,
dA=A_-A
where, A = measured value of quantity
A, = true value of quantity
13 [0

Deflection = + 300 x i =+6V
100

Therefore, the actual voltage = 222 + 6 V Thus,
actual voltage lies between 216 V and 228 V.

s [0
1% of 25 A =0.25A

.. Absolute error

= 0A=025Aand A, =5A
limiting error = 8—A><1OO
S
0.25

= —x100=15%
5

2. Analog Systems for Measurements
25 [0

(i) InPMMC instruments, the scale is linear over
the entire range.

(i) Thermocouple is used for measurement of
radio frequency a.c. signals.

(iii) In moving iron instruments have square law
type scale.

3. Bridge Measurements and Q-meter
Bl @

For the bridge to be a balanced, the condition
should be

(R1+/wL1)[R4+ - ] - R, A,
joC,

On comparing real and imaginary part

R1Ff4+é—1 - R, R, (i)
4
joC,

oL A

R; wC,R,

E} @

The steps in the operation of a Wheatstone bridge
are as follows:

(i) Close K, (i) Close Kg
(i) Open Kg (iv) Open K,
55 [0
C,-n°C
n=2
c, = Cy-4C, _ 360-4x72 _ 24 pF

3 3
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34 B

(i) Anderson’s bridge method is used to measure
the self-inductance in terms of a standard
capacitor.

(i) Kelvin’s double bridge method is used for the
measurement of low resistance.

(iiiy Schering bridge is used to measure the
capacitance.

El @

The given circuit is Maxwell's inductance bridge.

E

R, R
Atbalance, R, = %
4
and L,=C,R,R,
(JJL«]
Q= R1 = (DC4 R4

(b)

Vi 7,
7 = L2438
4 Z,
150£0°- 2502 — 40°
> =375 £-70°
100.£30°

EN @

Under balance conditions,

g A
(F'” wCJF"“ (”/wcaﬁJﬁz

or i=ﬂ+%+j(m(33/-?1— L J

R4 /:1)3 C1 (O] R3
Equating real parts,
B R, G

In most Wien bridges, the components are so

chosen that R=R;=Rand C,=C,=C.
So, the above equation reduces to

R _,

Ry

EN ©

The given bridge is Maxwell’s inductance-
capacitance bridge in which the two balance
equations are independent if we choose R, and
C, as variable elements.

Maxwell's Inductance—Capacitance bridge
The two balance equations are

Ao A

4

R, = and L, = R, R, C,

B ©

At the balance condition,
pa 150 £0° - 250 £ —40°
4 200 £30¢°

3.1 [T

Wagner’s earthing device removes all the earth
capacitances from the bridge network.

4. Power and Energy Measurement
41 JLR
R L

o——MWW——T00——

C

Equivalent circuit of resistor

= 187.5 £-70° Q

Equivalentimpedance,
_ (1/joC) (R + jol)
R+ joL + 1/ joC)
R+ jo (L-0’’C—-CR?)
T 1+ 0?CPR2 — 202LC+ 0™ (2C?
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So, the effective reactance,
o{l(1-0’LC)-CR?]
Kett = 1+ 0°C°R? - 20°LC + 0*°C?
Since X is small, we have, 0?LC << 1.
So, w?LC can be neglected.
o(L — CR?)
1+ 0?C (CR® - 2L)
If the resistance is non-inductive, then
L-CR2=0

= F?=\/g
42 [0

One wattmeter method is used only for balanced load.

5. Cathode Ray Oscilloscope (CRO)
52 [0

Rise time, t = 085 _ _035
"7 Bandwidth 20 x 10

eff =

=17.5ns

53 G

The CRO uses electrostatic method of focusing
as comparedto a TV picture tube which employs
electromagnetic focusing.

54 |8

.

Voltage applied to
Y-plates

—= X

saje|d-x 0}

paiidde abejjon
O~NO O WN -

#~ > CRO screen
1,3

4,8
57
6

6. Digital System for Measurement
61 [0

Resolution = ﬁ
10"
where, Ve = Full scale voltage
So, n = Number of full digital =
Ves
100mV = 0 = V=100V

63 G

Harmonic distortion analyser is used to measure
the total harmonic distortion (THD).

1/2
[Z(Harmonics)‘z}

Fundamental

2 2 2
orTHD= [[E2)| ,[Es| , JE B+
E1 E1 E‘]

where, E_ = amplitude of nth harmonic
E, = amplitude of fundamental

@

The principle of Hall effect is that if a specimen
(metal or semiconductor) carrying a current I is
placed in atransverse magnetic field B, an electric
field Eis induced in the direction perpendicular
to both 7 and B.

Hall effect transducer can be used to measure
(i) Magnetic flux (i) Displacement

(i) Current (iv) Power

(v) Position

(d)

Load cells utilize an elastic member as the primary
transducer and strain gauges as secondary
transducers.

()

The capacitance transducer can be excited only
by AC voltages.

(d)

Magnetic flux (¢) = BA

THD =
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Where magnetic field B can be measured with

8. Data Acquisition Systems
the help Hall effect as

and Telemetry Systems

V- W
B= H
I-Ry, 81 Q)

Minimum sampling rate

78 Kt =2nf
In a pH meter, the reference electrode is at a = 2x5x60
constant voltage regardless of the pH value of = 600 samples/s
the solution under test. So, in the given options, option (d) is the most
suitable.





