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CHAPTER 8

ANALOG & DIGITAL ELECTRONICS

McaQ 8.1

McCQ 8.2

McaQ 8.3

McCQ 8.4

YEAR 2012 ONE MARK

In the sum of products function f(X, Y,Z):Z(2,3,4,5), the prime
implicants are

(A) XY, XY (B) XY, XY Z, XYZ
(C) XYZ,XYZ XY (D) XYZ, XYZ, XY Z, XY Z
The i-v characteristics of the diode in the circuit given below are

v— 0.7
i — | 7500 A, 0v=07V

0 A v< 0.7V

1 kQ

10 V= +

The current in the circuit is
(A) 10 mA (B) 9.3 mA

(C) 6.67 mA (D) 6.2 mA

The output Y of a 2-bit comparator is logic 1 whenever the 2-bit input A is

greater than the 2-bit input B. The number of combinations for which the

output is logic 1, is

(A) 4 (B) 6

(C) 8 (D) 10

Consider the given circuit

A
D

CLK

o_ :

B
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McCQ 8.5

MCQ 8.6

ANALOG & DIGITAL ELECTRONICS CHAP 8
In this circuit, the race around
(A) does not occur
(B) occur when CLK =0
(C) occur when CLK =1and A= B=1
(D) occur when CLK =1and A= B=0
YEAR 2012 TWO MARKS

The voltage gain A, of the circuit shown below is

13.7 Volts
g 12 k2
>
100 k2 ¢ £
C 0—”—0
10 kO B=100
Y;
(A) | A, | = 200 (B) [ 4,] = 100
(C) |4, ~ 20 (D) | 4,| = 10

The state transition diagram for,the logic circuit shown is

L 2-1 MUX
D Q X,
_ Y
_ ICLK @ X,
Select
|
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CHAP 8 ANALOG & DIGITAL ELECTRONICS PAGE 421

McQ 8.7 The circuit shown is a

+
Input

l Ouput
. . _ 1

(A) low pass filter with fiu5 = 7(]{ TR C rad/s
(B) high pass filter with fi;s = R Vel rad/s
(C) low pass filter with fup = I C rad/s

. . . _ 1
(D) high pass filter with fiu5 = 7(}21 TR rad/s
YEAR 2011 ONE MARK

McCQ 8.8 A low-pass filter with=a cut-off frequency of 30 Hz is cascaded with a high
pass filter with a cut-eff fréquencysof 20 Hz. The resultant system of filters
will function as
(A) an all — pass filter
(B) an all — stop filter
(C) an band stop (band-reject) filter
(D) a band — pass filter

McaQ 8.9
R
AN
» 112V
12
A > 2V
v
+ ——o V,

i 12V

R —-12V

I [ & p I

The CORRECT transfer characteristic is
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McaQ 8.10

McaQ 8.11

ANALOG & DIGITAL ELECTRONICS CHAP 8
v Vo
A A
+12 V- -] 12V
_ | | 6V
(A) v : -V (B) - o -V
! +6V 6V !
/1 12V —12 V p---X
Vo Vo
A A
+12V +12V
6V +6V —6V +6 V
—12V —12V

The output Y of the logic cireuit given below is

(A)1 (B) 0
(€) X (D) X
YEAR 2011 TWO MARKS

A portion of the main program to call a subroutine SUB in an 8085
environment is given below.

LXI D, DISP
LP: CALL SUB
LP+3

It is desired that control be returned to LP+DISP+3 when the RET
instruction is executed in the subroutine. The set of instructions that
precede the RET instruction in the subroutine are

GATE Previous Year Solved Paper By RK Kanodia & Ashish Murolia
Published by: NODIA and COMPANY ISBN: 9788192276243
Visit us at: www.nodia.co.in






CHAP 8 ANALOG & DIGITAL ELECTRONICS PAGE 423
POP H
DAD D
POP D INX H
(A) DAD H INX H
PUSH D INX H
PUSH H
XTHL
POP H INX D
(C) DAD D (D) INX D
PUSH H INX D
XTHL
MCQ 8.12  The transistor used in the circuit shown below has a ( of 30 and Igpo is
negligible
<
1xQ D Vig= 0.7 V
VCE(sat) = 02 V
V,=5V
!
—12V

If the forward voltage drop of diede is 0.7 V, then the current through
collector will be
(A) 168 mA (B) 108 mA

(C) 20.54 mA (D) 5.36 mA

McCQ 8.13 A two bit counter circuit is shown below

Q4 Qp

J Q——L——T Q—T

K QI 5{

CLK r

It the state Q4 @p of the counter at the clock time ¢, is ‘10’ then the state
Q4 Qp of the counter at t,+ 3 (after three clock cycles) will be

(A) 00 (B) 01

(C) 10 (D) 11
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McCQ 8.14

McCQ 8.15

ANALOG & DIGITAL ELECTRONICS CHAP 8
A clipper circuit is shown below.
1 kQ
A AAY *
D T
Ui <~ V,=10V Yo
T 5V l

Assuming forward voltage drops of the diodes to be 0.7 V, the input-output
transfer characteristics of the circuit is

UD UO
A A
(A) B B) I3[ 1 |
! > /UZ' : : = vi
4.3 4.3 10
UO UO
A A
10 f-=====~ :
C 57 ______ I D i
(©) /—; B VR ; ¥
— 57 7’ ! 10 '
—0.7 |
. —5.7
YEAR 2010 ONE MARK
Given that the op-amp is ideal, the output voltage v, is
2R
eed
+10 V

R
J:T Lo,
+
+2 V.
I —-10V
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CHAP 8 ANALOG & DIGITAL ELECTRONICS PAGE 425
(A)4V (B) 6 V
(C) 75V (D) 12.12 V

MCQ 8.16  Assuming that the diodes in the given circuit are ideal, the voltage Vj is

10 kQ

= 15V

YEAR 2010 TWO MARKS

McQ 8.17 The transistor circuit shown uses'a silicon transistor with Vpp = 0.7, I = I
and a dc current gain of 100s The value of 1} is

+10 'V
10 kKO 50 k2
v,
100 ©
(A) 4.65 V (B) 5V
(C) 6.3V (D) 7.23 V

McQ 8.18 The TTL circuit shown in the figure is fed with the waveform X (also
shown). All gates have equal propagation delay of 10 ns. The output Y of
the circuit is

A

X
X

V| =100 s > °\_[ D—OY

0 e }_[ }—P
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McQ 8.19

McCQ 8.20

ANALOG & DIGITAL ELECTRONICS

A

\J

Y Y
(D) (©)
1 1
0 > 0 |_ >

2

CHAP 8

When a “CALL Addr” instruction is executed, the CPU carries out the

following sequential operations internally :

Note: (R)  means content of register R
((R)) means content of memory location pointed to by R.
pPC means ProgrammCeunter
SP means Stack/Pointer
(A) (SP) incremented (B) (PC)<Addr
(PC)<Addr ((SP))<(PC)
((SP))<(PC) (SP) incremented
(C) (PC)<Addr (D) ((SP))<(PC)
(SP) incremented (SP) incremented
((SP))<(PC) (PC)<Addr

Statement For Linked Answer Questions: 6 & 7

The following Karnaugh map represents a function F'.

FYZ

X 00 01 11 10

0] 1 1 1 0

A minimized form of the function F' is
(A F=XY+YZ
C)F=XY+YZ

N

_|_
+

(B)
(D)

|
=~

F:
F=

~l

Z
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McCQ 8.21

MCQ 8.22

ANALOG & DIGITAL ELECTRONICS PAGE 427

Which of the following circuits is a realization of the above function F' 7

(A) o }
I{—D_L}F

YEAR 2009 ONE MARK

The following circuit has a source voltage V, as shown in the graph. The
current through the circuit is also shown.

ar—1b
V. 10 k

15 1.5
10 . 1
V. 5 <é 0.5
(Volt) = 0
=

-5 g—O.S rf
-10 g -1
—15 —-1.5

100 200 300 400 100 200 300 400
Time(ms) Time(ms)
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McCQ 8.23

McCQ 8.24

McCQ 8.25

McCQ 8.26

ANALOG & DIGITAL ELECTRONICS CHAP 8

The element connected between a and b could be

The increasing order of speed of data access for the following device is
I) Cache Memory

(

(II) CD-ROM

(ITT) Dynamic RAM
(IV) Processor Registers
(V) Magnetic Tape

(A) (V), (), (IID), (IV), (I) (B) (V), (D), (III), (1), (IV)
(©) (1), (1), (111), (IV), (V) (D) (V), (1), (1), (111}, (IV)

The nature of feedback in the op-amp circuit shown is

-6V

(A) Current-Current feedback  (B) Voltage-Voltage feedback
(C) Current-Voltage feedback (D) Voltage-Current feedback

The complete set of only those Logic Gates designated as Universal Gates is
(A) NOT, OR and AND Gates

(B) XNOR, NOR and NAND Gates

(C) NOR and NAND Gates

(D) XOR, NOR and NAND Gates

YEAR 2009 TWO MARKS

The following circuit has R =10k, C= 10 uF. The input voltage is a
sinusoidal at 50 Hz with an rms value of 10 V. Under ideal conditions, the
current I, from the source is
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McCQ 8.27

MCQ 8.28

McCQ 8.29

ANALOG & DIGITAL ELECTRONICS PAGE 429
R
ALY
10 k2
1
> +
V.(~)50H | '
10 mV 10 KO
= AN
. R
10 p T C
(A) 10m mA leading by 90° (B) 20 mA leading by 90°
(C) 10m mA leading by 90’ (D) 10m mA lagging by 90°

Transformer and emitter follower can both be used for impedance matching
at the output of an audio amplifier. The basic relationship between the
input power P, and output power P, in both the cases is

(A) P, = P,, for both transformer and emitter follower

(B)

(C) P, < P,, for transformer-and P,, = P,, for emitter follower
(D)

D

P, > P,, for both transformier and emitter follower

P, = P, for transformer and P, < P,, for emitter follower

In an 8085 microprocessor, the Contents of the Accumulator, after the
following instructions*aré execited will Become

XRA A

MVI B, FOH

SUB B
(A) 01 H (B) OF H
(C) FO H (D) 10 H

An ideal op-amp circuit and its input wave form as shown in the figures. The
output waveform of this circuit will be

6V

3po-mm 2 k0
-3V

1 kO

L VAV Ve
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ANALOG & DIGITAL ELECTRONICS

YEAR 2008

CHAP 8

ONE MARK

MCQ 8.30 The equivalent circuits;of.a, digdesduring forward biased and reverse biased

conditions, are shown.in the figure:

(D
(IT)

10 sinwt C

+o_>|_°— — +°_|| _
TP =
10 kQ

&

vV, §10 k)

5V-|-

If such a diode is used in clipper circuit of figure given above, the output
voltage V; of the circuit will be

(A)

-5V

A

—-10V
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McQ 8.31

McCQ 8.32

McQ 8.33

ANALOG & DIGITAL ELECTRONICS PAGE 431
A A
(€)
D
+5.7V P19 v
y 27 .
0 wt T 2TT R
0 \\J wt
) V4 E— 5.7V
YEAR 2008 TWO MARKS

Two perfectly matched silicon transistor are connected as shown in the
figure assuming the 3 of the transistors to be very high and the forward
voltage drop in diodes to be 0.7 V, the value of current [ is

1 kO +5V

&N
(A) 0 mA (B) 3.6 mA
(C) 4.3 mA (D) 5.7 mA

In the voltage doubler.circuit-shown-in-the figure, the switch ‘S’ is closed at
t = 0. Assuming diodes D; and Pytio heyideal, load resistance to be infinite
and initial capacitor voltages to be zero. The steady state voltage across
capacitor C; and (5 will be

Ve D,
t=0 - :
EELE

+
5 sinwt <~> D1 02 ==TV02 §Rlocal

(A) Va=10V, V=5V (B) Va=10V,Vo=-5V
(C) Va=5V, V=10V D) Va=5V,Vo=—10V
The block diagrams of two of half wave rectifiers are shown in the figure.
The transfer characteristics of the rectifiers are also shown within the block.

P Q

v v
V,—»| 0 LV, Vi .y

0! V.,
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PAGE 432 ANALOG & DIGITAL ELECTRONICS CHAP 8

It is desired to make full wave rectifier using above two half-wave rectifiers.
The resultants circuit will be
(A)

MCQ 8.34 A waveform generator circuit using OPAMPs is shown in the figure. It
produces a triangular wave at point ‘P’ with a peak to peak voltage of 5 V
for V,=0V.

fPl
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If the voltage V; is made +2.5 V, the voltage waveform at point ‘P’ will

become

IRV ol NN

Statement for Linked Answer Questions 21 and 22.

A general filter circuit is shown in the figure :

R,
I
1l
R, C
v 0——AAA—
R3 _ovo
+

McQ 8.35 If R = Ry = R4 and R3 = Ry = Rp, the circuit acts as a
(A) all pass filter (B) band pass filter

(C) high pass filter (D) low pass filter
MCQ 8.36  The output of the filter in Q.21 is given to the circuit in figure :
The gain v/s frequency characteristic of the output (v,) will be

R./2
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McQ 8.37

MCQ 8.38

ANALOG & DIGITAL ELECTRONICS CHAP 8
Gain Gain
(A) (B)
w w
Gain Gain

(C) | (D) '

A 3-line to 8-line decoder, with active low outputs, is used to implement a
3-variable Boolean function as shown in the figure

Op—

1
Z A, 2°_°
y——A4, 30—C}F
x—A B

66—

T—

The simplified form of Booléan function F(A, B, C) implemented in ‘Product
of Sum’ form will be

(A) (X+2)(X+ Y+ Z)(YZ)

B) (X+ Z)(X+ Y 4Z) (¥t %)

C) (X+ Y+ 2)( X+ X+ D XHY+ ) (X+ Y+ 2Z)

D) (X+Y+2)(X+Y+2)( XX 4+8) (X + Y+ Z)

The content of some of the memory loecation in an 8085 accumulator based
system are given below

Address Content

26FE 00
26FF 01
2700 02
2701 03
2702 04

The content of stack (SP), program counter (PC) and (H,L) are 2700 H,
2100 H and 0000 H respectively. When the following sequence of instruction
are executed.

2100 H: DAD SP

2101 H: PCHL

the content of (SP) and (PC) at the end of execution will be
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McaQ 8.39

McQ 8.40

McaQ 8.41

ANALOG & DIGITAL ELECTRONICS PAGE 435
(A) PC = 2102 H,SP = 2700 H (B) PC = 2700 H,SP = 2700 H
(C) PC = 2800 H,SP = 26FE H (D) PC = 2A02H,SP = 2702 H
YEAR 2007 ONE MARK

The common emitter forward current gain of the transistor shown is r = 100

+10 V

1 kQ

270 kO 1 kO

The transistor is operating in
(A) Saturation region (B) Cutoff region

(C) Reverse active region (D) Forward active region

The three-terminal linear veltage regulator is connected to a 10 €2 load
resistor as shown in the figure. If V;, is 10 V, what is the power dissipated
in the transistor 7

+10 Ve

R,=10 Q

(A) 0.6 W (B) 2.4 W
(C) 42 W (D) 5.4 W

The circuit shown in the figure is
R, | |

V= Load

]
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PAGE 436 ANALOG & DIGITAL ELECTRONICS CHAP 8
(A) a voltage source with voltage rv
R R
(B) a voltage source with voltage %}b Vv
1
(C) a current source with current (%)%
(D) a current source with current (Rﬁ%Rg)Z

McQ8.42 A, B ,C and D are input, and Y is the output bit in the XOR gate circuit
of the figure below. Which of the following statements about the sum S of
A,B,C,D and Y is correct ?

S is always with zero or_odd

S =1 only if the sum ofyd 8B, C and D is even

(A)

(B) S is always either zerg or even

(©)

(D) S=1 only if the sum_of 4, B,C and D is odd

YEAR 2007 TWO MARKS

MCQ 8.43  The input signal Vj, shown in the figureis a 1 kHz square wave voltage that
alternates between +7 V and —7 V with a 50% duty cycle. Both transistor
have the same current gain which is large. The circuit delivers power to the
load resistor R, What is the efficiency of this circuit for the given input ?
choose the closest answer.

+10 V
v,
R,=10 Q
—-10V h
(A) 46% (B) 55%
(C) 63% (D) 92%
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CHAP 8 ANALOG & DIGITAL ELECTRONICS PAGE 437

MCQ 8.44  The switch S in the circuit of the figure is initially closed, it is opened at
time ¢t = 0. You may neglect the zener diode forward voltage drops. What is
the behavior of v,,, for ¢ >0 7

+10V
+10 V
1 kO
S 0.01
pF
-10V

A) It makes a transition from —5V to +5 V at t = 12.98 us
B) It makes a transition from —5V to +5V at ¢t = 2.57 us
C) It makes a transition frem +5V to —5V at t = 12.98 us
D) It makes a transition from +5V to —5V at ¢t = 2.57 us

(
(
(
(

MCQ 8.45 The Octal equivalent of HEX and number AB.CD is
(A) 253.314 (B) 253.632

(C) 526.314 (D) 526.632

McQ 8.46 IC 555 in the adjacent figure is configured as an astable multi-vibrator. It is
enabled to to oscillate at ¢t =0 by applying a high input to pin 4. The pin
description is : 1 and 8-supply; 2-trigger; 4-reset; 6-threshold 7-discharge. The
waveform appearing across the capacitor starting from ¢t = 0, as observed on
a storage CRO is

+Veo
10 k
7 8
%z 3
10 k
2.6
T 4 11
|
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MCQ 8.47

MCQ 8.48

ANALOG & DIGITAL ELECTRONICS CHAP 8
(A) (B)
/|
/ \\ \ / \ V. V.
/
(©) (D)
/ ({
/
YEAR 2006 ONE MARK
What are the states of the three ideal diodes of the circuit shown in figure ?
1Q
A 'A'A%
10
A% >
D,
0VT Dl% 1Q§ D, 5A
(A) D;ON, D, OFF, D; OFF (B) Dy OFF, D, ON, D; OFF
(C) D,ON, D, OFF, D; ON (D) D, OFF, D, ON, D; ON

For a given sinusoidal input voltage, the voltage waveform at point P of the
clamper circuit shown in figure will be

c +12 V

n S

A
vin
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A
(A)
A
(B) .
(C) A
12V
oTvE  H — z
(D) N
0.7 V 4 — o
12V |—

YEAR 2006 TWO MARKS

McQ 8.49 Assuming the diodes D; and D, of the circuit shown in figure to be ideal
ones, the transfer characteristics of the circuit will be

NI
1
1

20

10\7|' 5V'|'

Vi v
(A) EJ (B) /

\/

10 v, 5 Vv
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PAGE 440 ANALOG & DIGITAL ELECTRONICS CHAP 8
A
V“ V A
10 ’
(€) (D)
2 10
v 0 v

McQ 8.50 Consider the circuit shown in figure. If the § of the transistor is 30 and I¢zo
is 20 mA and the input voltage is +5 V, the transistor would be operating in

+12'V
2.2 kO

15 kQ
Vi Q

100 kQ =

12V

(A) saturation region (B) active region
(C) breakdown region (D) cut-off region

McCQ 8.51 A relaxation oscillatoris made'using OPAMP as shown in figure. The supply
voltages of the OPAMP are £12 V. The voltage waveform at point P will be

i
\(

— WA
® 10 kQ
10 kQ
(A) (B)
6 10
e N 11 .
—of L 5 — =
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MCQ 8.52

McCQ 8.53

ANALOG & DIGITAL ELECTRONICS PAGE 441
() (D)
6 10
—6
—10

A TTL NOT gate circuit is shown in figure. Assuming Vzp = 0.7 V of both
the transistors, if V; = 3.0 V, then the states of the two transistors will be

+5V

1.6 kQ2

A) @ ON and @, OFF

B) @ reverse ON and @, OFF
C) @ reverse ON and @, ON
D) @ OFF and @, reverse ON

(
(
(
(

A student has made a 3-bit binary down counter and connected to the R-2R
ladder type DAC, [Gain = (— 1k /2R)| as shown in figure to generate a
staircase waveform. The~output—achieved is different as shown in figure.
What could be the possible cause ©f this error 7

R R R 1 kQ
—MWT— MWV A%
2R +12'V

2R
$ _
: g L

+
1kHz
Clock® | Counter 10 kQ% 1y

© = N W o o

0 1 2 3 4 5 6 7 ms

(A) The resistance values are incorrect option.
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McCQ 8.54

McaQ 8.55

MCQ 8.56

McaQ 8.57

ANALOG & DIGITAL ELECTRONICS CHAP 8

(B) The counter is not working properly
(C) The connection from the counter of DAC is not proper

(D) The R and 2R resistance are interchanged

A 4% 1 MUX is used to implement a 3-input Boolean function as shown in
figure. The Boolean function F(A, B, C) implemented is

A I,
ey
— F(A,B,
S (4,B,0)
R
B C
(A) F(A,B,C) =X%(1,2,4,6) (B) F(A,B,C) =X(1,2,6)
(C) F(A,B,C) =%(2,4,5,6) (D) F(A,B,C) = %(1,5,6)
A software delay subroutineds written as given below :
DELAY : MVI Hi 255D
MVI L, 255D
LOOP : DCR L
JNZ LOOP
DCR H
JNZ LOOP
How many times DCR L instruction will be executed ?
(A) 255 (B) 510
(C) 65025 (D) 65279

In an 8085 A microprocessor based system, it is desired to increment the
contents of memory location whose address is available in (D,E) register pair
and store the result in same location. The sequence of instruction is

(A) XCHG (B) XCHG
INR M INX H
(C) INX D (D) INRM
XCHG XCHG
YEAR 2005 ONE MARK

Assume that Dy and D, in figure are ideal diodes. The value of current is
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MCQ 8.58

McCQ 8.59

McCQ 8.60

McCQ 8.61

ANALOG & DIGITAL ELECTRONICS PAGE 443

2 k2

2 k2

(A) 0 mA (B) 0.5 mA
(C) 1 mA (D) 2 mA

The 8085 assembly language instruction that stores the content of H and L
register into the memory locations 2050y and 2051y, respectively is
(A) SPHL 2050x (B) SPHL 2051

(C) SHLD 2050y (D) STAX 2050y

Assume that the N-channel MOSFET shown in the figure is ideal, and that
its threshold voltage is +1.0 V the voltage V,;, between nodes a and b is

1 kQ 1 kQ
A% AA'A% °

D

G
10 V= ||:S 2kQ§ Vi
2 VT
+ O

(A) 5V (B) 2V
(C)1Vv D)oV

The digital circuit shown in the figure works as

D P

CLK— —0
(A) JK flip-flop (B) Clocked RS flip-flop
(C) T flip-flop (D) Ring counter
YEAR 2005 TWO MARKS

The common emitter amplifier shown in the figure is biased using a 1 mA
ideal current source. The approximate base current value is
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MCQ 8.62

MCQ 8.63

MCQ 8.64

ANALOG & DIGITAL ELECTRONICS CHAP 8
R.=1KkQ
(A) 0 puA (B) 10 pA
(C) 100 pA (D) 1000 pA

Consider the inverting amplifier, using an ideal operational amplifier shown
in the figure. The designer wishes to realize the input resistance seen by the
small-signal source to be as large as possible, while keeping the voltage gain
between —10 and —25. The upper limit on Rp is 1 MS). The value of R,
should be

R,
R,
vin
Uout
(A) Infinity (B) 1 MQ
(C) 100 k2 (D) 40 kQ

The typical frequency response of a two-stage direct coupled voltage amplifier
is as shown in figure

|Gain| |Gain|
A
(A) |\ B)
Frequenc;f Frequenc;
|Gain)| |Gain|
A
() 1/ (D)
Frequenc; Frequenc;

In the given figure, if the input is a sinusoidal signal, the output will appear

as shown
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+V

<
>
S

(C) (D) I

S

S

Select the circuit which will produee the given output @) for the input signals
X; and X, given in the figure

ST Tl

— LT
T | t
X . X .
(A) (B)
X X
© g ’ o L ’
X— X—
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MCcQ 8.66 If X; and X; are the inputs to the circuit shown in the figure, the output @
is

Ve,
PR
Q
xed[l M
L
(A) X1 + X2 (B) Xl‘ X2
(C) X+ X, (D) X+ X

MCQ 8.67 In the figure, as long as X; =1 and X; = 1, the output () remains

D
XF_}j

(A) at 1 (B) at 0
(C) at its initial value (D) unstable

Data for Q. 68 and Q. 69 are given below. Solve the problems and
choose the correct option.

Assume that the threshold voltage of the N-channel MOSFET shown in
figure is 4+ 0.75 V. The output characteristics of the MOSFET are also

shown
V=25V A 1ps(mA)
i V. -4V
5 V-3V
5] V.2V
" V-1V
0 v.(V)
MCQ 8.68 The transconductance of the MOSFET is
(A) 0.75 ms (B) 1 ms
(C) 2 ms (D) 10 ms

GATE Previous Year Solved Paper By RK Kanodia & Ashish Murolia
Published by: NODIA and COMPANY ISBN: 9788192276243
Visit us at: www.nodia.co.in






CHAP 8

MCQ 8.69

McCQ 8.70

McaQ 8.71

McCQ 8.72

ANALOG & DIGITAL ELECTRONICS PAGE 447
The voltage gain of the amplifier is
(A) +5 (B) =75
(C) +10 (D) —10
YEAR 2004 ONE MARK
The current through the Zener diode in figure is
2.2 kQ)
—AW
R,=0.1kQ
g +
10 V== l R, g 35V
V=33V
(A) 33 mA (B) 3.3 mA
(C) 2 mA (D) 0 mA

Two perfectly matched siliéon transistor are connected as shown in figure.
The value of the current [\is

+3V
= 1 kQ ?
1

l
-5V
(A) 0 mA (B) 2.3 mA
(C) 4.3 mA (D) 7.3 mA

The feedback used in the circuit shown in figure can be classified as
VCC

¥

2

O

1 v fto RE§——|—1_ C=00
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McCQ 8.73

MCQ 8.74

McCQ 8.75

MCQ 8.76
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(A) shunt-series feedback (B) shunt-shunt feedback
(C) series-shunt feedback (D) series-series feedback

The digital circuit using two inverters shown in figure will act as

A)
B)
C) a monostable multi-vibrator
D)

(A) a bistable multi-vibrator
(B) an astable multi-vibrator
(

(D) an oscillator

The voltage comparator shown in figure can be used in the analog-to-digital
conversion as

v,0———
v,
Vo—+

A) a 1-bit quantizer

)
B) a 2-bit quantizer
C) a 4-bit quantizer
D) a 8-bit quantizer

YEAR 2004 TWO MARKS

Assuming that the diodes are ideal in figure, the current in diode D is

1 kQ 1 kQ

%DIW\’ Dz
_|_8 A%
1

5VT

(A) 9 mA (B) 5 mA
(C) 0 mA (D) —3 mA

The trans-conductance g _ of the transistor shown in figure is 10 mS. The
value of the input resistance R, is
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(A) 10.0 k) (B) 8.3 k2
(C) 5.0 kQ (D) 2.5 k)

The value of R for which the PMOS transistor in figure will be biased in
linear region is

+4'V
J_—l V=1V
Y
R<1mA
(A) 220 Q (B) 470 O
(C) 680 Q (D) 1200 ©

In the active filter circuit shown in figure, if Q = 1, a pair of poles will be
realized with wy equal to

R,=200 kO
AAY

>

(A) 1000 rad/s (B) 100 rad/s
(C) 10 rad/s (D) 1 rad/s

GATE Previous Year Solved Paper By RK Kanodia & Ashish Murolia
Published by: NODIA and COMPANY ISBN: 9788192276243
Visit us at: www.nodia.co.in






PAGE 450

McCQ 8.79

McaQ 8.80

McCQ 8.81

McCQ 8.82
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The input resistance R;, = v, /i, of the circuit in figure is

10 kQ2 100 k2

:Di> Uy

v,0———0—AN——
b 1 MQ
(A) +100 kQ (B) —100 k2
(C) +1 MQ (D) —1MQ
The simplified form of the Boolean expression Y = (A- BC+ D) (A- D+ B- O)
can be written as
(AYA-D+B-C-D (B) AD+ B-C-D
(C) (A+ D)(B-C+ D) (D) A-D+ BC-D

A digit circuit which comparesitwo numbers A3 A; A1 Ay and B; B, B, By is
shown in figure. To get output ¥ = 0, choose one pair of correct input
numbers.

B,A, BA, B,

N
Sy

o Ao

efofe]e
;

Y
(A) 1010, 1010 (B) 0101, 0101
(C) 0010, 0010 (D) 1010, 1011

The digital circuit shown in figure generates a modified clock pulse at the
output. Choose the correct output waveform from the options given below.

PR=1

1—J  Q _)?/P

CLKo >
— K Qf—

lors
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L I

MCQ 8.83  If the following program is executed in a microprocessor, the number of
instruction cycle it will take from START to HALT is

START MVI A j14H=; Meve-14 H to register A

SHIFT RLC ; Rotate left without carry
JNZ SHIFT ; Jump-on non-zero to SHIFT
HALT

(A) 4 (B) 8

(C) 13 (D) 16

MCQ 8.84 In the Schmitt trigger circuit shown in figure, if Vopga) = 0.1V, the output
logic low level (Vor) is

+5V

200 ©

1=1.25 mA
1 kQ
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McCQ 8.85

MCQ 8.86

McCQ 8.87
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(A) 125V (B) 1.35 V
(C) 2.50 V (D) 5.00 V
YEAR 2003 ONE MARK

The variation of drain current with gate-to-source voltage (Ip— Vs
characteristic) of a MOSFET is shown in figure. The MOSFET is

A
I

0 Vs

A) an n-channel depletion mode device
B

)

) an n-channel enhancement mode device
C) an p-channel depletion mede device

)

(
(
(
(D) an p-channel enhancement mode device

In the circuit of figure, assume that the transistor has iy = 99 and Vgpp = 0.7
V. The value of colle¢tior €arrent (I of the transistor is approximately

33k

- 12V

(A) [3.3/3.3] mA (B) [3.3/(3.3+3.3)] mA
(C) [3.3/.33] mA (D) [3.3(33+3.3)] mA

For the circuit of figure with an ideal operational amplifier, the maximum
phase shift of the output w,,, with reference to the input v, is

R

+

1
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(A) 0° (B) —90°
(C) +90° (D) +180°

Figure shows a 4 to 1 MUX to be used to implement the sum S of a 1-bit
full adder with input bits P and @ and the carry input C,. Which of the
following combinations of inputs to Iy, I;, b and I of the MUX will realize
the sum S 7

_]o
— I 41 S
—1L MUX
_13 Sl So
[
PQ
(A) IO:L:C;n;IQZIB,:a-n (B) [0:]1257?71;]2:]3:0:‘
(C) IOIISZQ7L7L:b:a (D) 10213:5%[1:[226%

When a program is being ex@cuted in an 8085 microprocessor, its Program

Counter contains

(A) the number of instructiensfin the current program that have already
been executed

(B) the total number of ifistructions in the program being executed.
(C) the memory address of thegnstruction that is being currently executed

(D) the memory address of the/instiuction that is to be executed next

YEAR 2003 TWO MARKS

For the n-channel enhancement MOSFET shown in figure, the threshold
voltage Vi, = 2 V. The drain current Ip of the MOSFET is 4 mA when the
drain resistance Rp is 1 k€.If the value of Rp is increased to 4 k€2, drain
current Ip will become

10V
1,
'Sk
(A) 2.8 mA (B) 2.0 mA
(C) 1.4 mA (D) 1.0 mA
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Assuming the operational amplifier to be ideal, the gain v, /v, for the
circuit shown in figure is
10 k©2 10 kQ
AAY
%1 k2
v, AMV——] L
1 kO Uy
=L_+
(A) -1 (B) —20
(C) —100 (D) —120

A voltage signal 10sinwt is applied to the circuit with ideal diodes, as shown
in figure, The maximum, and minimum values of the output waveform V,,;
of the circuit are respectively

10 kQ

_I\AA 0
Df fnz
- 4V
v (—) + oy v
10 kO -‘:
(A) +10V and —10V (B) +4V and -4V
(C) +7V and —4V (D) 44V and -7V

The circuit of figure shows a 555 Timer IC connected as an astable multi-
vibrator. The value of the capacitor C is 10 nF. The values of the resistors
R4 and Rp for a frequency of 10 kHz and a duty cycle of 0.75 for the output
voltage waveform are

— o VU

(A) Ry = 3.62kQ, Ry = 3.62 kQ)
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(B) Ry = 3.62kQ, Ry = 7.25 kQ
(C) Ry = T7.25kQ, Ry = 3.62 kO
(D) Ry=7.25kQ, Ry = 7.25k)

The boolean expression XY Z+ XYZ+ XYZ+ XY Z+ XYZ can be
simplified to

(A) XZ+XZ+YZ B) XY+ YZ+YZ

(C) XY+ YZ+ XZ (D) XY+ YZ+ XZ

The shift register shown in figure is initially loaded with the bit pattern
1010. Subsequently the shift register is clocked, and with each clock pulse
the pattern gets shifted by one bit position to the right. With each shift, the
bit at the serial input is pushed to the left most position (msb). After how
many clock pulses will the content of the shift register become 1010 again 7

Clock

Serial::|1|0| 1| o]

Input
C=C
\ e
(A) 3 (B) 7
(C) 11 (D) 15

An X-Y flip-flop, whose Characteristic Table is given below is to be
implemented using a J-K flip flop

X | Y |Qa

0 0 1

0 1| @

1| o | @

1 1 0
A J=X,K=Y B)J=X, K=Y
C)J=Y,K=X M) J=Y,K=X
A memory system has a total of 8 memory chips each with 12 address lines
and 4 data lines, The total size of the memory system is
(A) 16 kbytes (B) 32 kbytes
(C) 48 kbytes (D) 64 kbytes
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The following program is written for an 8085 microprocessor to add two
bytes located at memory addresses 1FFE and 1FFF

LXI H, 1FFE

MOV B, M

INR L

MOV A, M

ADD B

INR L

MOV M, A

XOR A

On completion of the execution of the program, the result of addition is
found

(A) in the register A (B) at the memory address 1000

(C) at the memory address 1F00 (D) at the memory address 2000

YEAR 2002 ONE MARK

The frequency of the clockssignal applied to the rising edge triggered D-flip-
flop shown in Figure is 10 kHz. The frequency of the signal available at Q is.

D Q
<UL
10 kHz | CLK O
(A) 10 kHz (B) 2.5 kHz
(C) 20 kHz (D) 5 kHz

The forward resistance of the diode shown in Figure is 5 €2 and the remaining
parameters are same at those of an ideal diode. The dc component of the
source current is

_>|_

V. sinwt (_) 45 Q

w=314 rad/sec

Vi Vi

A m B m
(A) o207 B) 50mv'2

|4 2V

C m D m

(©) 1007y 2 (D) 507

The cut-in voltage of both zener diode D; and diode D shown in Figure
is 0.7 V, while break-down voltage of Dy is 3.3 V and reverse break-down
voltage of D is 50 V. The other parameters can be assumed to be the same
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as those of an ideal diode. The values of the peak output voltage (V,) are

1 kQ
MV

D,

10sin wt<~> V”T gl kO

w=314 rad/sec
/ D

A) 3.3 V in the positive half cycle and 1.4 V in the negative half cycle.
B) 4 V in the positive half cycle and 5 V in the negative half cycle.

(A)
(B)
(C) 3.3 V in both positive and negative half cycles.
(D) 4 V in both positive and negative half cycle

The logic circuit used to generate the active low chip select (CS) by an 8085
microprocessor to address a peripheral is shown in Figure. The peripheral
will respond to addresses in the range.

A/ —
A1 | CS
An_
A,——

(A) E000-EFFF (B) 000E-FFFE
(C) 1000-FFFF (D) 0001-FFF1
YEAR 2002 TWO MARKS

A first order, low pass filter is given with R = 50 and C'= 5 uF. What is
the frequency at which the gain of the voltage transfer function of the filter
is 0.25 7

(A) 4.92 kHz (B) 0.49 kHz

(C) 2.46 kHz (D) 24.6 kHz

The output voltage (v,) of the Schmitt trigger shown in Figure swings
between +15V and —15V. Assume that the operational amplifier is ideal.
The output will change from +15V to — 15V when the instantaneous value
of the input sine wave is

10 kQ

10 sn(wt) v,
10 kQ

3 kQ

+2V
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(A) 5 V in the positive slope only

(B) 5 V in the negative slope only

(C) 5 V in the positive and negative slopes
(D)

D) 3 V in the positive and negative slopes.

McCQ 8.105 For the circuit shown in Figure, the boolean expression for the output Y in
terms of inputs P, Q,R and S is

P_I:}L

Q—E}r

D

==t < )j
S

- )

(A) P+ Q+R+S B) P+ Q+R+S
C) (P+ Q)(R+5) (D) (P+ Q) (R+9)

Common Data Questions Q.106:108*
For the circuit showmin=Figuresfp=-=mA, =99 and Vzp =0.7V

+15V
R.~=1KkQ
R,
Vv,
R=17 k)
1 mA 1 kO

MCQ 8.106 The current through R¢ is

(A) 0.99 mA (B) 1.1 mA
(C) 1.20 mA (D) 1 mA
McaQ 8.107 Output voltage V; will be
(A) 16.1 Volt (B) 14 Volt
(C) 13.9 Volt (D) None of these

MCQ 8.108 Value of resistance Ry is
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(A) 110.9 kQ (B) 124.5 kQ
(C) 130.90 k2 (D) None of these

Common data question Q.95-97*.

The following network is used as a feedback circuit in an oscillator shown
in figure to generate sinusoidal oscillations. Assuming that the operation
amplifier is ideal.

given that R = 10k and C'= 100 pF

A "
Il
Vy C= RLZ |V,
[
R,
AN

McCQ 8.109 The transfer function %of the first network is

jwCR jwCR

A B
(4) (1-W"R*C? + BwCR (B) (1-W"R*C? + RwCR
JwCR JwCR

©) 15 Bucr (D) 1 pwcr

McQ 8.110 The frequency of oscillation will be
1 1

(A) RC (B) 2RC

(C) ﬁ (D) None of these
McQ 8.111 Value of Ry is

(A) 1 kQ (B) 4 kQ

(C) 2 kQ (D) 8 kO
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*The ripple counter shown in figure is made up of negative edge triggered
J-K flip-flops. The signal levels at J and K inputs of all the flip flops are
maintained at logic 1. Assume all the outputs are cleared just prior to
applying the clock signal.

module no. of the counter is:

o~ el e @
_El;lK—ll_—O CLK —< CLK —|—<>CLK
o— K — K — K
CIR | [cIR |cir
A
-
(A) 7 (B) 5
(C) 4 (D) 8

*In Figure , the ideal switch S is switched on and off with a switching
frequency f= 10 kHz. Theé switching time period is T = toy + topr us.
The circuit is operated in|steady state at the boundary of continuous and
discontinuous conduction, sewthat the inductor current 7 is as shown in
Figure. Values of the_on-time 4oy _of the switch and peak current i,. are

l1
N
+ i -
100 V7T | 3100 pH o S5500 Y
1
S ON OFF_| ON
ip
T()I\ T()FF t
(A) 63.33 psec, 63.33 A (B) 63.33 psec, 63.33 pA
.06 psec, 66.66 m none of these
C) 66.66 66.66 mA D f th

Common Data Questions Q.114-115*

In the circuit shown in Figure, the source [ is a dc current source.The switch
S is operated with a time period T and a duty ratio D. You may assume
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that the capacitance C' has a finite value which is large enough so that the
voltage. Ve has negligible ripple, calculate the following under steady state
conditions, in terms of D, I and R

Ve
+|=
Il +
C

I S Rg v,

ON |OFF
DT t

The voltage V , with the polarity shown in Figure,

1 1
o ®) La-bn

I I
(C) U(l—D)T (D) _UT
The average output voltage V “with the polarity shown in figure

1 1

(A) _UT (B) —WDZT
(C) 5¢(1 = DT) (D) (1=D)T

2C 2C
YEAR 2001 ONE MARK

In the single-stage transistor amplifier circuit shown in Figure, the capacitor
Cp is removed. Then, the ac small-signal mid-band voltage gain of the
amplifier

+12 'V

- +
+ °_| Output

Input
Gy
— O J_ —|_°—
(A) increase (B) decreases
(C) is unaffected (D) drops to zero
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Among the following four, the slowest ADC (analog-to-digital converter) is
(A) parallel-comparator (i.e. flash) type

(B) successive approximation type
(C) integrating type
(D) counting type

The output of a logic gate is “1” when all its inputs are at logic “0”. The
gate is either
(A) a NAND or an EX-OR gate

(B) a NOR or an EX-OR gate
(C) an AND or an EX-NOR gate
(D) a NOR or an EX-NOR gate

The output f of the 4-to-1 MUX shown in Figure is

1

3
EQ oo | f

1 MUX
J_—o s S,

[

= XY
(A) zy+ (B) 2+ y
(C) T4y (D) Ty + T

An op-amp has an open-loop gain,of| 10° and an open-loop upper cut-off
frequency of 10 Hz. If this op-amp is connected as an amplifier with a closed-
loop gain of 100, then the new upper cut-off frequency is

(A) 10 Hz (B) 100 Hz
(C) 10 kHz (D) 100 kHz
YEAR 2001 TWO MARKS

For the oscillator circuit shown in Figure, the expression for the time period
of oscillation can be given by (where 7= RC)

R
A A'A%
C
J__|| >
|
Lo,
AN
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(A) 71n3 (B) 271n3
(C) 71n2 (D) 271n2

An Intel 8085 processor is executing the program given below.
MVI A, 10 H
MVI B, 10 H
BACK: NOP
ADD B
RLC
INC BACK
HLT
The number of times that the operation NOP will be executed is equal to
(A) 1 (B) 2
(€)3 (D) 4

A sample-and-hold (S/H) cif€uit, having a holding capacitor of 0.1 nF, is
used at the input of an ADC (analog-to-digital converter). The conversion
time of the ADC is 1 usec, andfduring this time, the capacitor should not
loose more than 0.5% of the charge put across it during the sampling time.
The maximum value of the input signal to the S/H circuit is 5 V. The
leakage current of the-S /H-ecirenit-should be less than

(A) 2.5 mA (B) 0.25 mA

(C) 25.0 pA (D) 2.5 puA

An op-amp, having a slew rate of 62.8 V/usec, is connected in a voltage
follower configuration. If the maximum amplitude of the input sinusoidal is
10 V, then the minimum frequency at which the slew rate limited distortion
would set in at the output is

(A) 1.0 MHz (B) 6.28 MHz

(C) 10.0 MHz (D) 62.8 MHz

An n-channel JFET, having a pinch off voltage (V,) of —5V, shows a
transconductance (g ) of 1 mA/V when the applied gate -to-source voltage

(Ves) is —3 V. Its maximum transconductance (in mA/V) is
(A) L5 (B) 2.0
(C) 2.5 (D) 3.0

*The circuit shown in the figure is a MOD-N ring counter. Value of N is

GATE Previous Year Solved Paper By RK Kanodia & Ashish Murolia
Published by: NODIA and COMPANY ISBN: 9788192276243
Visit us at: www.nodia.co.in






PAGE 464 ANALOG & DIGITAL ELECTRONICS CHAP 8

(assume initial state of the counter is 1110 i.e. Q3@ Q) Qo= 1110).

D QP QlD or1°2 ef—

2

| | | | LK
(A) 4 (B) 15
(C) 7 (D) 6

McaQ 8.127 *For the op-amp circuit shown in Figure, determine the output voltage wv,.
Assume that the op-amps are ideal.

1 kQ 2 k2 4 kQ) 8 k2
1 Vo—"VW A AA% AMAN AMAN
—o U
—1V
WAAY
3 kQ
% k0
_8 _20
(a) -8 v ) -2y
(C) —-10V (D) None of these

Common Data Questions Q.128-129%.

The transistor in the amplifier circuit shown in Figure is biased at Io = 1 mA
Use Vr = kT/q= 26 mV, 3, = 200, 7, = 0,and ry — oo

VC C

GATE Previous Year Solved Paper By RK Kanodia & Ashish Murolia
Published by: NODIA and COMPANY ISBN: 9788192276243
Visit us at: www.nodia.co.in






CHAP 8 ANALOG & DIGITAL ELECTRONICS PAGE 465

McaQ 8.128 Small-signal mid-band voltage gain v, /v; is
(A) -8 (B) 38.46
(C) —6.62 (D) —1
McQ 8.129 What is the required value of Cy for the circuit to have a lower cut-off

frequency of 10 Hz
(A) 0.15 mF (B) 1.59 mF

(C) 5 puF (D) 10 uF

Common Data Questions Q.130-131*

For the circuit shown in figure

R,

' I >—o v,
F +

McCQ 8.130 The circuit shown is a
(A) Low pass filter (B) Band pass filter

(C) Band Reject filter (D) High pass filter

McaQ 8.131 If the above filter has a 3 dB frequency of 1 kHz, a high frequency input
resistance of 100 k{2 and a high frequency gain of magnitude 10. Then

values of R, R, and C respectively are :-
(A) 100 k2, 1000 k€2, 15.9 nF

(B) 10 k2, 100 k2, 0.11 uF
(C) 100 k€2, 1000 k€2, 15.9 nF
(D)

D) none of these

Rk KRkkok sk okook kR ok
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SOL 8.1

SOL 8.2

SOL 8.3

ANALOG & DIGITAL ELECTRONICS CHAP 8

SOLUTION

Option (A) is correct.
Prime implicants are the terms that we get by solving K-map

YZ
X 00 01 11 10
R
0 1 ............... 1 B B
............................ F _ XY+ XY
————

prime implicants
Option (D) is correct.
Let v > 0.7V and diode is forward biased. Applying Kirchoff’s voltage law
10—ix1lk—v=0

10-—[9§i§§z](1000)—-v —0

10— (v—0.7) X 2— =0

v = % =38V >0.T (Assumption is true)

907 1 3.8-0.7 _
So, iy (it w——— 6.2 mA

Option (B) is correct.

A
o—
Y
——— o
o—
B Y =1, when A > B
A= ai Ao, B= b1b0
a o) b bo Y
0 1 0 0 1
1 0 0 0 1
1 0 0 1 1
1 1 0 0 1
1 1 0 1 1
1 1 1 0 1

Total combination = 6
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SOL 8.5
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Option (A) is correct.
The given circuit is

A 4,
[ DT )
CLK
e >

B

Condition for the race-around
It occurs when the output of the circuit (Y}, ¥3) oscillates between ‘0’ and ‘1’
checking it from the options.
1. Option (A): When CLK =0
Output of the NAND gate will be A, = B, =0 = 1. Due to these input to
the next NAND gate, ;=Y - 1=Y and V=Y, + 1 = V..
If =0, Y, = Y, =1 and it will remain the same and doesn’t oscillate.
If Y,=0, Y=Y, =1 and it will also remain the same for the clock
period. So, it won’t oscillatedor \CLK = 0.
So, here race around doesn’t occur for the condition CLK = 0.
2. Option (C): When CLK =1l /A =B=1

Ai=B =0andso Yi=Y,=1
And it will remain same for the ¢lock period. So race around doesn’t occur
for the condition.
3. Option (D): When CLK = 1;4= B=0
So, Ai=B =1
And again as described for Option (B) race around doesn’t occur for the
condition.
So, Option (A) will be correct.

Option (D) is correct.
DC Analysis :

13.7V

12 kQ

Using KVL in input loop,
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Ve —10015—-0.7 =0

Ve = 10015+ 0.7 (1)
~ 13.7 =V,

Io = ]E:TC: (B+1)1p
13.7—- Ve .
————= = 1007,
125100 0 (i)

Solving equation (i) and (ii),
Iy =0.01mA

Small Signal Analysis :
Transforming given input voltage source into equivalent current source.

Rp=100 kQ

This is a shunt-shunt feedback amplifier.
Given parameters,

_Vr_ 25mV _
B = Ty T0.0bmA 20K

_ B 300
In = =95 % 1000 — 0048

Writing KCL at output node

Yo
Re + G U+

Vo — Ur __
R =0

vo[RijLRiF]Jr v g = RLF] =0
Substituting Re = 12k), Ry = 100kS2, g, = 0.04 s
19(9.33 X 107°) + v,(0.04) =0
v =—428.72V, ..(i)
Writing KCL at input node

K R I el /RO 0 SIS ST S
R.-“RTrn T R ~YU|RTw TR B

= v,(5.1 x 107%) = o

Substituting V, from equation (i)

v, _ =51x10" v
R, ~ 49872 Ry
ﬁ =—1.16 X 100y — 1 X 10 vy R, = 10 kQ (source resistance)

GATE Previous Year Solved Paper By RK Kanodia & Ashish Murolia
Published by: NODIA and COMPANY ISBN: 9788192276243
Visit us at: www.nodia.co.in






CHAP 8 ANALOG & DIGITAL ELECTRONICS PAGE 469
v; -5
—t—— =—1.116 x 10
10 x 10°
1
A, :‘E = >~ 8.96
| vi| 10 x 10° x 1.116 x 10°°
SOL 8.6 Option (D) is correct.
Let Q.1 is next state and @), is the present state. From the given below
figure.

D - Y: ZXO—f—AXl
Qni1 = D= AX,+ AX,

Quir = A Qu+AQ, Xo=Q, Xi=Q
If A=0, Quir = Q. (toggle of previous state)
IfA=1, Qni1 = @Qn
So state diagram is
A=1 A=1
o

SOL 8.7 Option (B) is correctg
First we obtain the transfer function.
Ry
1 AN
wC R

° =0
1 R,
JwC +
Vo(w) _ = Vi(jw)
R, 1
. Vi(jw) R
V, (jw) __R (ji ) 12
[ Tel
At w = 0 (Low frequencies), % - 0,50 V,=0
. . 1 . R .
At w — oo (higher frequencies), P Tol 0, so V,(jw) :—Ff Vi (jw)
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The filter passes high frequencies so it is a high pass filter.

mwz%zgi%_
el
|-Ry| R
‘H(oo)’ - R12 _Fi

At 3dB frequency, gain will be v'2 times of maximum gain [H ()]
, _ 1
H(gw)| =7 [ H(%)]

So Ry _ <R2>
’ \/RQ-i- 1 Vo \ R
tTe?
2R2 — R2 1 = R2 — 1
' o w; C? LI
_ 1
T R.C
SOL 8.8 Option (D) is correct.
Gain
A
LPF : i
i 30 Hz
¥ =
Gain i i
A : !
HPF : i i
20 Hz f
Gain E i
4 i i
BPF :

So, it will act as a Band pass filter.
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SOL 8.9

SOL 8.10

SOL 8.11
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Option (D) is correct.

R |
AN— |
. +12V :
i 12
T : +12V
Vi .
o—AM—¢ | — V,
R |

I

The first half of the circuit is a differential amplifier (negative feedback)
Vo= (V)

Second op-amp has a positive feedback, so it acts as an schmitt trigger.

Since
V., =— V, this is a non-inverting schmitt trigger.
Threshold value
Vin = 12 26
VTL = B 6 V

Option (A) is correct.

X'uD"”

al

Option (C) is correct.

LXI D, DISP

LP : CALL SUB

LP + 3
When CALL SUB is executed LP+3 value is pushed(inserted) in the stack.
POP H = HL=LP+3

DAD D = HL=HL+ DE
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SOL 8.12

SOL 8.13

ANALOG & DIGITAL ELECTRONICS CHAP 8

= LP+3+ DE

PUSH H = The last two value of the stack will be HL value i.e,
LP+ DISP+ 3

Option (D) is correct.
Zener Diode is used as stabilizer.
The circuit is assumed to be as

1

1 kQ

+

l

12V

We can see that both BE and BC Junction are forwarded biased. So the
BJT is operating in saturation.

Collector current I [= %

Note:- In saturation mode I 7 31z

£15.36 mA

Option (C) is correct.
The characteristics equation of the JK flip-flop is

Qui=JQ,+KQ, Q.+1 is the next state
From figure it is clear that
J =Qp; K= Qp

The output of JK flip flop

Qi = QpQu+ Qs Qa = Qu(Qu+ Q) = Qs
Output of T flip-flop

QB(n+1) = QA
Clock pulse Q4 Qs Qan+1) @B(n+1)
Initially(¢,) 1 0 1 0
t,+1 1 0 1 0
t,+ 2 1 0 1 0
t,+3 1 0 1 0
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SOL 8.14  Option (C) is correct.
We can obtain three operating regions depending on whether the Zener and
PN diodes are forward biased or reversed biased.
1. v; = —0.7V, zener diode becomes forward biased and diode D will be off
so the equivalent circuit looks like

v, <~> l\:/:vj j Io
T 1 |

The output v, =—0.7V
2. When —0.7 < v; < 5.7, both zener and diode D will be off. The circuit is

—
1 G

Output follows inputtine v,= v;
Note that zener goes in reverse breakdown(i.e acts as a constant battery)

te

]
|

only when difference between its p=n junction voltages exceeds 10 V.
3. When v; > 5.7V, the diode D will be forward biased and zener remains
off, the equivalent circuit is

1 kQ

e % 'wl .

U, =54+07=57V

SOL 8.15 Option (B) is correct.
Since the op-amp is ideal
v = v =+ 2 volt
By writing node equation
v—-0,v—v _ 0

R T 2R
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2, 2-v) _
rt g Y
44+2—v,=0
v, = 6 volt

SOL 8.16 Option (B) is correct.
Given circuit is,

10 kQ

10 V] =15V

We can observe that diode D, is always off, whether D is on or off. So
equivalent circuit is.

D,
10 k€

10 VT
10 k2

D, is ON in this condition and

10
W =10F10 <10

= 5 volt

SOL 8.17 Option (A) is correct.
By writing KVL equation for input loop (Base emitter loop)

10 — (10kQ) Iy — Vg — Vo =0 (1)
Emitter current Ip = 1‘6700
I = Iy =B
50, 1VT00 = 1001,
I = 155 107

Put I into equation (1)
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10— (10x 10— 07—V, =0
10 x 107
9.3 2V, =0
N V, = % — 465 A

SOL 8.18 Option (A) is correct.
The circuit is

X B
L[D»{jf

Output Y is written as
Y =X®B
Since each gate has a propagation delay of 10 ns.
A
X

<—]100 ns —

j

SOL 8.19  Option (D) is correct.
CALL, Address performs two operations

(1) PUSH PC = Save the contents of PC (Program Counter) into stack.
SP = SP — 2 (decrement)
((SP)) < (PC)
(2) Addr stored in PC.
(PC) < Addr
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SOL 8.20

SOL 8.21

SOL 8.22

SOL 8.23

SOL 8.24

ANALOG & DIGITAL ELECTRONICS CHAP 8

Option (B) is correct.
Function F' can be minimized by grouping of all 1’s in K-map as following.

YZ
YN\ 00 01 11 10

0] 1 1 1 ]o

F=XY+YZ
Option (D) is correct.

Since F=XY+ YZ
In option (D)

Y
E Z— YZ

Option (A) is correct,
Figure shows currenticharacteristic-of-diode during switching.

F=XY+YZ

Option (B) is correct.

The increasing order of speed is as following

Magnetic tape> CD-ROM> Dynamic RAM>Cache Memory>Processor
register

Option (B) is correct.
Equivalent circuit of given amplifier
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Feedback samples output voltage and adds a negative feedback voltage (vp)
to input.
So, it is a voltage-voltage feedback.

SOL 8.25 Option () is correct.
NOR and NAND gates considered as universal gates.

SOL 8.26 Option (A) is correct.
Let voltages at positive and negative terminals of op-amp are V. and V.
respectively, then
V. = V.=V, (ideal op-amp)
In the circuit we have,
V-0 V- W)
1 R
(CS>
(RCs) V.+ V.— Vy(s) =0
(14+ RCs) V; = V()

=0

_|_

Similarly current [, is, L = %
_ RCs
1 =filsy,
I =" OV,

I, = WG [t 90
| I| = 2mf>¢10<107° X 10
| L] =2Xmx50x10x10°X 10
]I,,,] = 107 mA, leading by 90’

SOL 8.27 Option (D) is correct.
Input and output power of a transformer is same
P = Fout
for emitter follower, voltage gain (A,) =1
current gain (A;) > 1
Power (P,,) = A, A, P,
Since emitter follower has a high current gain so F,; > P,

SOL 8.28 Option (D) is correct.
For the given instruction set,

XRA A= XOR A with 4 = A =0
MVI B, F0 H=B = FOH
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SUB B=A=A-B
A=00000000
B =11110000
2’s complement of (— B) =00010000
A+(=B)=A—B =00010000
=10H

SOL 8.29 Option (D) is correct.
This is a schmitt trigger circuit, output can takes two states only.

Vor =+ 6 volt

Vor =— 3 volt
Threshold voltages at non-inverting terminals of op-amp is given as

Vi =6, Vir =0 _

2 1
3Vrg—6 =0
Ve =2,V (Upper threshold)
Similarly
VL _2(_ 3) 4 V{L -
3V +:3 =0
Vip==1"V==(Tzower threshold)
For Vin < 2 Volt, Vy =06 Volt

Vin > 2 Volt, Vp =— 3 Volt
Vi, < —1Volt Vp =+ 6 Volt

Vin > —1Volt 1 =— 3 Volt
Output waveform

A

VD

6

SOL 8.30 Option (A) is correct.
Assume the diode is in reverse bias so equivalent circuit is
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10 sinwt (~> _T_ Vélo kO
5 V'|'

_ 10sinwt .
Output voltage 1 = 10 + 10 X 10 = 5sinwt

Due to resistor divider, voltage across diode Vp < 0 (always). So it in reverse
bias for given input.

Output, Vo = bsinwt

SOL 8.31 Option (C) is correct.

This is a current mirror circuit.<Simee Gyis high so Ioy = I, Ip = I

Vg = (= 5740.7)
=—4.3 volt
Diode D, is forward biased.
So, current [ is, I =1In=1In
— w = 4.3 mA

SOL 8.32 Option (D) is correct.
In positive half cycle of input, diode D is in forward bias and D, is off, the
equivalent circuit is

I | I T
V=+5 sinwt<~> E TVcZ

Capacitor (; will charge upto +5 volt. Vo =+ 5 volt
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In negative halt cycle diode D is off and D, is on.

Va
Il

= TVJ

V=-5 sinwt<~> o l
i

Now capacitor Vi will charge upto —10 volt in opposite direction.

+

SOL 8.33 Option () is correct.
Let input Vj, is a sine wave shown below

/N N\
NV VA

According to given transfer eh@racteristics of rectifiers output of rectifier P

A

‘/in

1S.

A

Ve

<+ v

vV

Similarly output of rectifier Q is

ANV VA

A

Vs

S8

Output of a full wave rectifier is given as
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SOL 8.34

SOL 8.35
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+ Vv

To get output Vj

Vo=K(= Vr+ V) K — gain of op-amp
So, P should connected at inverting terminal of op-amp and Q with non-
inverting terminal.

Option () is correct.

Option (C) is correct.
For low frequencies,

w—»O,soL—»oo

wC

Equivalent circuit is,

R,
o O
R,
v,0 A"A%% =
R, —ov,
b’

Applying node equation at positive and negative input terminals of op-amp.

?JA—M;_{_UA—UO =0

R R,
204 = v+ U, VU Ri=Ry= Ry
Similarly,
v —v , vu—0
s + R 0
2U4 = U, " R3=R,= Rp
So, v, =10

It will stop low frequency signals.

For high frequencies,

w—»oo,then%ﬂo

Equivalent circuit is,
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SOL 8.36

SOL 8.37

ANALOG & DIGITAL ELECTRONICS
R,
AN
R,
v, 0——AAMN—>
R, —o,
+
R,
Output, VU, = V;

So it will pass high frequency signal.
This is a high pass filter.

Option (D) is correct.
In Q.7.21 cutoff frequency of high pass filter is given by,

W= 27?1%,4 C
Here given circuit is a low pass filter with cutoff frequency,
Wy — 1 g B
o % & 271 RA C
wr, = Qwh

When both the circuits ate connécted together, equivalent circuit is,

I/P  [High pass Low pass o/P
filter (w,) “|filter (2w,)

So this is is Band pass filter, amplitude response is given by.

Gain

Option (B) is correct.
In SOP form, F' is written as
F =¥m(1,3,5,6)
=XYZ+XYZ+XYZ+XYZ
Solving from K- map

Yz B
Y7z Yz Yz YZ
. — -
X 1 1
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F=XZ+YZ+XYZ
In POS form F=(Y+2)(X+2)( X+ Y+ 2)
Since all outputs are active low so each input in above expression is
complemented

F=(Y+2)(X+2Z)(X+ Y+ 2)

SOL 8.38 Option (B) is correct.

Given that SP =2700H
PC =2100H
HL = 0000 H

Executing given instruction set in following steps,
DAD SP = Add register pair (SP) to HL register

HL = HL + SP
HL = 0000 H + 2700 H
HL =2700H

PCHL = Load pregram counter with HL contents

PC = HIL, =2700 H
So after execution contents are;
PC =,2700 Hy HL = 2700 H

SOL 8.39 Option (D) is correct.
If transistor is in normal active region,| base current can be calculated as
following,
By applying KVL for input loop,
10 — I (1X10%) — 0.7 — 270 X 10° Iz = 0
Blp+ 270 Iy = 9.3 mA, s Ao = Pl
Iz(6+270) = 9.3 mA

Iy —-93mA  _ ggo5 A

270+ 100
In saturation, base current is given by,
10—1Ic(1) — Vep— Ip(1) =0
% = IC(sat) IC =~ Ip
Veg = 0
I (sar) = 5 mA
- IC (sat) i o

Iy < Ip(sar), so transistor is in forward active region.
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SOL 8.40

SOL 8.41

ANALOG & DIGITAL ELECTRONICS CHAP 8

Option (B) is correct.
In the circuit

C "

+10 Ve

We can analyze that the transistor is operating in active region.
Veeon) = 0.6 volt
Ve— Vg =0.6
6.6 — Vg =0.6
Ve =6.6—0.6 =06 volt
At emitter (by applying KCL),

Iy =Ip+ 11
_ 6-+46.6 6
Iy = %) +1()Q ~ (0.6 amp

Ver = Vo — Vg =10 — 6 = 4 volt
Power dissipated in transistordis given by.
Pr'= VepX Ie =4 %0.6 o do~1Ig=0.6 amp
=24 W

Option (D) is correct.
This is a voltage-to-current converter circuit. Output current depends on

input voltage.

Since op-amp is ideal v, = v. =
Writing node equation.
w—v , u=0 _
R R
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SOL 8.42

SOL 8.43

SOL 8.44
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=R

oyl
v =g+ w)

Since the op-amp is ideal therefore

R+R\_V
“(“hw )

i =4 =

w _Vi R
r T(R1+R2>

Option (D) is correct.
In the circuit output Y is given as

Y =[A® B|®[C® D

Output Y will be 1 if no. of 1’s in the input is odd.

Option () is correct.
This is a class-B amplifier whose efficiency is given as
n= E%
where Vp — peak value of input ‘signal
Vee = supply voltage
here Vp = 7 volt, Voo = 10 volt

s0, n =T S E 100 = 54.95% = 55%

Option (B) is correct.
In the circuit the capacitor starts charging from 0 V (as switch was initially
closed) towards a steady state value of 20 V.

for ¢t < 0 (initial) for ¢t - oo (steady state)
+10 V +10 V

1 kQé 1 kO
==v,(0)=0

v, () =20 Vol

—18 A% —-10V
So at any time ¢, voltage across capacitor (i.e. at inverting terminal of op-
amp) is given by
v (1) = ve(00) 4 [1:(0) — we(o0)] ¥
(1) = 20(1 — e%)
Voltage at positive terminal of op-amp
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SOL 8.45

SOL 8.46

ANALOG & DIGITAL ELECTRONICS CHAP 8

UVt — Yout vy —0
0 100 0

Uy = % Vout

Due to zener diodes, —5 < v <+ 5

So, v = %(5) \Y
Transistor form —5 V to +5 V occurs when capacitor charges upto v,.
_ t/rey _ 10X5
So 20(1—e ) 11
_gl/RC _ D
1—e€ 99
17 _ _-tykrC
22 ~ ¢
t=RC ln(%) = 1x10°X.01 X 10°°% 0.257 = 2.57 psec
Voltage waveforms in the circuit is shown below
t
1),,( ) 11)”( t) Towards 20 V
0
t
75 —

Option (B) is correct.
First convert the given number from hexadecimal to its binary equivalent,
then binary to octal.

Hexadecimal no. AB. CD

Binary equivalent 1010 1011-1100 1101
A B C D

To convert in octal group three binary digits together as shown

019 101 011-110 011 010
2 5 3 6 3 2

Option (B) is correct.

In a 555 astable multi vibrator circuit, charging of capacitor occurs through
resistor (R4+ Rp) and discharging through resistor Rp only. Time for
charging and discharging is given as.
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1o = 0.693(R4+ Rp) C = 0.693 R C
But in the given circuit the diode will go in the forward bias during charging,
so the capacitor will charge through resistor R4 only and discharge through
Rp only.
RA = RB
So 10 = 1p

Option (A) is correct.
First we can check for diode D,. Let diode D, is OFF then the circuit is

10vVT 5A

1
IS
— K
2
2A'AY
IS

In the above circuit diodeD; must be ON, as it is connected with 10 V
battery now the circuit is

10
AN
T |
o

Because we assumed diode D, OFF so voltage across it Vp, <0 and it is
possible only when Dj is off.

1Q

+<—VD2_> — 25 V

10
IOVJ:I 1Q§ 5A

So, all assumptions are true.

Option (D) is correct.
In the positive half cycle of input, Diode D; will be reverse biased and
equivalent circuit is.
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ANALOG & DIGITAL ELECTRONICS CHAP 8

£+

Since there is no feed back to the op-amp and op-amp has a high open loop
gain so it goes in saturation. Input is applied at inverting terminal so.

Vo =—Voe =—12V
In negative half cycle of input, diode D; is in forward bias and equivalent

circuit is shown below.

c V=07 VJ_

R,
v, + !

|||—|

Output Vp =V, + V.
Op-amp is at virtual ground.so.Ve=V.=0 and Vp =V, =07 V
Voltage wave form at point P is

Vi
07VH = —

~12V |_

-~V

Option (A) is correct.
In the circuit when V; < 10 V, both D; and D, are off.
So equivalent circuit is,

10 \T 5 VT
° A

<
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Output, V, =10 volt

When V; > 10 V (D, is in forward bias and D; is off
So the equivalent circuit is,

Lt ]
B2

10\T SVT

Output, Vo=V
Transfer characteristic of the circuit is

A
ﬂJ

10 v,

SOL 8.50  Option (B) is correct.
Assume that BJT is in agtive region, thevenin equivalent of input circuit is
obtained as

—-12V

Vi— Vi Va—(=12)
5t 100 -0

20V, =20V, + 3V, +36 =0
23V, =20x5-36,V, =5V

Thevenin resistance Ry, = 15 KQ || 100 K2
= 13.04 KQ

So the circuit is
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+12'V

R,=13.04 kQ

V,=2.78 VI =

Writing KVL for input loop
278 — Ryl —0.7 =0
Iy = 0.157 mA

Current in saturation is given as,

Tosa
IB(sat) = Cé 2
-[C(sat) — % =54 A
So, T, = 15 A — 0,181 mA

Since Ip(a) > Ip, thereforelassumption is true.

SOL 8.51 Option (C) is corrects
Here output of the multi Mdbrator-is
Vo =% 12 volt
Threshold voltage at positive terminal of op-amp can be obtained as following
When output Vo =+ 12 V, equivalent ¢ircuit is,

L
I :l% V=+12V
2 kQ

10 k2
L AM—o—o]
%10 kQ

writing node equation at positive terminal of op-amp

‘/th_]-z ‘/th_O_
w0 T 0

Vi, = 6 volt (Positive threshold)
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So, the capacitor will charge upto 6 volt.
When output 1) =— 12 V, the equivalent circuit is.

1

%10 k2

node equation

Vin + 12

I :[>7_o V=—12V
2 kO

V;h_ 0

2

+

T

5 Vi + 60 + Vy, =0

Vi =— 10 volt (negative threshold)

So the capacitor will discharge upto —10 volt.
At terminal P voltage waveform is.

A

A A
o NN

Option () is correct.

Option () is correct.

Option (A) is correct.
Function F' can be obtain as,

F =588+ LSS+ LSS+ LSS
—ABC+ABC+1-BC+0-BC
= ABC+ ABC+ BC = ABC+ A BC+ BC(A+ A)
— ABC+ ABC+ ABC+ A BC
=(1,2,4,6)
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SOL 8.55 Option (A) is correct.
MVI H and MVI L stores the value 255 in H and L registers. DCR L
decrements L by 1 and JNZ checks whether the value of L is zero or not. So
DCR L executed 255 times till value of L becomes ‘0.
Then DCR H will be executed and it goes to ‘Loop’ again, since L is of 8 bit
so no more decrement possible and it terminates.

SOL 8.56 Option (A) is correct.

XCHG= Exchange the contain of DE register pair with HL pair So now addresses of
memory locations are stored in HL pair.

INR M= Increment the contents of memory whose address is stored in HL pair.

SOL 8.57 Option (A) is correct.
From the circuit we can observe that Diode D; must be in forward bias
(since current is flowing through diode).
Let assume that D, is in reverse bias, so equivalent circuit is.

2 kQ

Voltage V, is given by

V, =1x2=2Volt

V, =0
V, >V, (so diode is in reverse bias, assumption is true)
Current through D, is Ip, =0

SOL 8.58 Option (C) is correct.
SHLD transfers contain of HL. pair to memory location.
SHLD 2050 = L — M[2050H]

H — M[2051H]

SOL 8.59 Option (D) is correct.
This is a N-channel MOSFET with Vg =2V

Viu =4+ 1V

VDS(sat) = Vos— Vrm
VDS(sat) =2-1=1V
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Due to 10 V source Vpg > Vpg(sat) 50 the NMOS goes in saturation, channel
conductivity is high and a high current flows through drain to source and it
acts as a short circuit.

So, V=0
Option (C) is correct.
Let the present state is Q(t), so input to D-flip flop is given by,
D=Q(t®eX
Next state can be obtained as,
Q(t+1)=D

—Q(ex

= Q)X+ Q1) X

=Q(t), if X=
and QUt+1)=Q(t), if X=0

So the circuit behaves as a T flip flop.

Option (B) is correct.
Since the transistor is operating in active region.
Iy & 01p
Ip.. 1 mA
Iy = S=—rr=10 uA
PEF =00 e

Option (C) is correct.
Gain of the inverting amplifier is given by,

6
A, =L —_IXI0° By MG

R R

_1x10°

By ==
A, =—10 to —25 so value of R,
6

Rlz%:wom for A, =— 10

C_10° _ _
R, = 925 =40 k2 for A, =—25

R, should be as large as possible so R; = 100 kf2

Option (B) is correct.
Direct coupled amplifiers or DC-coupled amplifiers provides gain at dc or
very low frequency also.
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SOL 8.64

SOL 8.65
CHECK

SOL 8.66

SOL 8.67

SOL 8.68

ANALOG & DIGITAL ELECTRONICS CHAP 8

Option (C) is correct.

Since there is no feedback in the circuit and ideally op-amp has a very high
value of open loop gain, so it goes into saturation (ouput is either + V or
— V') for small values of input.

The input is applied to negative terminal of op-amp, so in positive half cycle
it saturates to — V' and in negative half cycle it goes to + V.

Option (B) is correct.
From the given input output waveforms truth table for the circuit is drawn
as

OOH%
HOO:xj
= D)

In option (A), for X; =1,Q = 0 so it is eliminated.

In option (C), for X; =0,0Q = 0 (always), so it is also eliminated.

In option (D), for X; = 0,Q = 1, which does not match the truth table.
Only option (B) satisfies the truth table.

Option (D) is correct.

In the given circuit NMOS)Q; and) Q, makes an inverter circuit. Q, and Q,
are in parallel works as an-OR: circuit and Q, is an output inverter.

So output is

Q =X+ X = X.X

Option (D) is correct.
Let Q(t) is the present state then from the circuit,

Xl:l—DQ(ij)Q(t)

X=1
Qt

C

So, the next state is given by

Q(t+ 1) = Q(t) (unstable)

Option (B) is correct.
Trans-conductance of MOSFET is given by
_ Jdip
I = Vs
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_(2-1)mA
BRCESIA =1mS

Option (D) is correct.
Voltage gain can be obtain by small signal equivalent circuit of given

amplifier.

Vo =— gmvgsRD
UVgs = Uin
SO’ Vo =— ngDUm
Voltage gain A, = % —— guRp =— (1mS) (10kQ) =— 10

Option (C) is correct.
Given circuit,

2.2 kQ i

10 V=

In the circuit
Vi =3.5V (given)
Current in zener is.
I, = Vi—Vz _35-33 — 9mA

Ry 0.1x10°

Option (C) is correct.
This is a current mirror circuit. Since Vpp is the same in both devices, and
transistors are perfectly matched, then
[Bl = IBQ and [Cl = ICQ
From the circuit we have,
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SOL 8.72

SOL 8.73

ANALOG & DIGITAL ELECTRONICS
+3V
°

1

I
leooog_[ =1000
1, 1,

-5V
Ip = Inn+ Ip1 + Ipp = Ion + 21po
:]@-1-22@
_ 2
In _I@<1+ 6)
I :1:7132
(1 +3>
Ir can be calculate as
L= =980 43 mA
1x10
So, I =44-3T:4.3 mA
=100)

Option (B) is correct.

The small signal equivalent circuit of given amplifier

CHAP 8

e IBl — IBQ

Vo= I, Iy =Bl

Here the feedback circuit samples the output voltage and produces a feed

back current Iy which is in shunt with input signal. So this is a shunt-shunt

feedback configuration.

Option (A) is correct.

In the given circuit output is stable for both 1 or 0. So it is a bistable multi-

vibrator.
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Option (A) is correct.

Since there are two levels (+ Voo or — Vie) of output in the given comparator
circuit.

For an n-bit Quantizer

2" = No. of levels
2" =2

n =1

Option (C) is correct.

From the circuit, we can see the that diode D, must be in forward Bias.
For Dy let assume it is in reverse bias.

Voltages at p and n terminal of D is given by V, and V,,

V, < V, (D is reverse biased)

1 kO 1 kO

NN
v l
© 8V
5V )
T v

Applying node equation

L

%;5+%f8:0
2V, =—3
V,=—15
V, =0

V, < V, (so the assumption is true and D is in reverse bias) and current in
Dy
]Dl =0 mA

Option (D) is correct.
The small signal ac equivalent circuit of given amplifier is as following.

B C
+

Us R B L g Uy G, Vx
Rm

Here Rp = (10 kQ | 10 kQ2) = 5 kQ
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SOL 8.77

SOL 8.78

SOL 8.79

ANALOG & DIGITAL ELECTRONICS

gn = 10 ms
50
Vgt =P = =5k
: g ’ 10x 107
Input resistance

Ry, = Rp|m =5kQ |5 k2 =25kQ

Option (D) is correct.
For PMOS to be biased in non-saturation region.
Vsp < Vsp(sat)
and
Vspaty = Vsa + Vr

CHAP 8

VS‘D(sat) =4-1 { VSG =4 —0=4 volt

= 3 Volt
So, Vep < 3
Vo—Vp <3
4—-IpR <3
1< IpR

IpR > 1, Ip=1mA

R > 1000 ©
Option () is correct.

Option (B is correct.

If op-amp is ideal, no current will enter in op-amp. So current 7, is
_ LY

S 1x10°

b

(1)

v =U- =1, (ideal op-amp)

Uy — Uy Uy — 0 o
100x10°  10x 103
vy — v+ 100, =0

11v, = v,
For equation (1) & (2)
_ v —11v, _ 10w,
Co1x10®  10°
Input impedance of the circuit.

b

6
Ry =2 :—%:— 100 kO
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SOL 8.80 Option (A) is correct.
Given Boolean expression,
Y =(A-BC+D)(A-D+ B-C)
(A-BCD)+ (ABC-B-C)+ (AD)+ B CD
= ABCD+AD+BC D

= AD(BC+1)+BCD =AD+BC D

SOL 8.81 Option (D) is correct.
In the given circuit, output is given as.

= (4y® B)) O (4@ B) O (A:® By) O (4;® By)
For option (A)
Y =(101)0(0®0)0(1®1)0 (0®0)
=0000000 =1
For option (B)
Y =(000)0(1®1)0(0®0)0(1®1)
=0000000=,1
For option (C)
Y = (0©0)0 (0000 (1®1)0 (0@0)
=0000000=1
For option (D)
Y =101 6 0®00(Le1)o0al)
=0000001 =0

SOL 8.82 Option (B) is correct.
In the given circuit, waveforms are given as,

SOL 8.83 Option (C) is correct.
The program is executed in following steps.
START MVI A, 14H — one instruction cycle.
RLC = rotate accumulator left without carry
RLC is executed 6 times till value of accumulator becomes zero.
JNZ, JNZ checks whether accumulator value is zero or not, it is executed 5
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SOL 8.84

ANALOG & DIGITAL ELECTRONICS

times.
HALT — l-instruction cycle.

RLCNo[o]o]olo[o]o]o0

NN L

So total no. of instruction cycles are
n=14+6+5+1
=13

Option (B) is correct.
In the given circuit
Vi=0V
So, transistor @) is in cut-off region and () is in saturation.
S —IcRe — Vepay —1.25 =0
5—IcRc—0.1—-125=0
5—IsRc =1.35
=135 { Ww=>5—-I1-R¢
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+5V

1=1.25 mA

1 kQ

Option (C) is correct.

Since there exists a drain current for zero gate voltage (Vgg = 0), so it is a
depletion mode device.

Ip increases for negative values lof gate voltages so it is a p-type depletion
mode device.

Option (B) is correct,
Applying KVL in input laop,
4 — (33 % 10% Iz — Vi — (3.3 X 10%) Iji= 0
4 —(33x10% Iz — 0.7 — (3.3 x 10%)(hpe 1) I =0
3.3 =[(33x10%) + (3.3 10°) (99 + 1)]I5

g = (hfe + 1)[3

_ 3.3
Iy = 3 3
33 x10°+3.3x10°x 100
Ic = hplp
99%33 o _ 33

~ [0.33+3.3] 100 T 0.33+33

Option (D) is correct.
Let the voltages at positive and negative terminals of op-amp are v, and v.
respectively. Then by applying nodal equations.

V. — Uin + V- — Vout __ O
Ry Ry

20 = U+ Uput (1)

Similarly,
Uy — VUin

U+_O .
i =0

(%)

_|_
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SOL 8.88

SOL 8.89

ANALOG & DIGITAL ELECTRONICS CHAP 8

vy — Ui+ v (JWCR) =0

v (1 4+ jwCR) = Vj, -(2)
By equation (1) & (2)
2Uin oy . _ : _
T3 wCR Vin + Uout { v = v (ideal op-amp)
Uin 1 +ijR 1 Vout
(1 —jwCR)

Vout = Umm
Phase shift in output is given by
0 =tan' (— wCR) — tan™' (wCR)
= 71 —tan ' (wWCR) — tan™' (WCR)
=1 —2tan"' (wCR)

Maximum phase shift 0=

Option (C) is correct.
In given circuit MUX impléments a 1-bit full adder, so output of MUX is
given by.
F=Sum=AoQ®C,,
Truth table can be obtain.as.

P Q Cin Sum
0 0 0 0
0 0 1 1
0 1 0 1
0 1 1 0
1 0 0 1
1 0 1 0
1 1 0 0
1 1 1 1

Sum = P Q Cyy+ PQCu+ PQ Cy+ PQCy
Output of MUX can be written as
F=PQ L+PQ L+PQ L+ PQ- kL

Inputs are,

IUZC;?ny Ilzany IQZC;n; ISZC’m

Option (D) is correct.
Program counter contains address of the instruction that is to be executed
next.
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Option (A) is correct.
For a n-channel enhancement mode MOSFET transition point is given by,

VDS(sat) = Vos— Vrm " Vg = 2 volt
Vps(sat)y = Vas — 2
From the circuit,
Vbs = Vs
So Vpsat)y = Vps —2 = Vbs = Vps(sar) + 2
Vps > Vbs(sat)
Therefore transistor is in saturation region and current equation is given by.
Ip = K(Vgs — Vig)?
4 = K(Vgs—2)°
Vs is given by
Ves= Vps =10—IpRp =10—4X1 =6 Volt

So, 4 =K(6-2)°
_1
K =7

Now Rp is increased to 4 K€2, Let\current is Ip and voltages are ng = V&;S
Applying current equation.
Ip = K(Vas,— Vin)®

iy ! %(V'GS— 2)>2

Ves = Vps = 10 — IpbaRp =0 — 41
So,
4y = (10 — 4Ip — 2)* = (8 — 41p)?
= 16(2 — Ip)*
Ip = 4(4+ I — 4lp)
41h - 17416 =0
I'H =2.84 mA

Option (D) is correct.
Let the voltages at input terminals of op-amp are v. and v, respectively.
So, v = v. = 0 (ideal op-amp)

0K 10 kO
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Applying node equation at negative terminal of op-amp,

Oty Dot — g (1)
At node z
Ua:_o Uz — Vout Uaf,_o_
o 10 1 VY
(o + Uy — Vout + 107}1 -
12 Uy = Vout
— Yout
LD
: Uin, & —
From equation (1), 4 10 0
o Vout
Uin =790
Lout — 120
,U’I;”L

SOL 8.92 Option (D) is correct.
In the positive half cycle (when'V;, >4 V) diode D, conducts and D; will
be off so the equivalent cireuit is,

10 kQ
— AW

! °+
3-

V. () 4V + V.
== + 4V
10 k2 T
O

V;ut =+ 4 Volt

In the negative half cycle diode D; conducts and D, will be off so the circuit
is,

10 kQ

10 kQ T
: )

Applying KVL
Vi, —10I+4—101 =0
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Vint+4 _
20 !
Vi,=—10 V (Maximum value in negative half cycle)
_—10+4 __ 3
50 I'=""% ="1gm4
‘/in_ V(v)ut —
10 =1
_ 10 _ I/out __i
10 10
Vour =— (10 — 3)
Vour =— 7 volt

SOL 8.93 Option (C) is correct.

In the circuit, the capacitor charges through resistor (R4 + Rp) and discharges
through Rp. Charging and discharging time is given as.

T = 0.693 (R4 + Rp)C

T) = 0.693MR ;€
I Y 1
Frequency  J= 7 = 5 S 0.693 (Ra 1 205) C
1 = 10x10°
0.693 R4+ 2Rp) X 10 x 10
4AXI0" =Rs+ 2Rp (1)
duty cycle = % =0l
0.693(Ra+ Rp)C 3
0.693 (R4 +2Rz) C 4
4R s+ 4Rp — 3R4+ 6Rp
Ry = 2Ry (2)

From (1) and (2)
2R, = 14.4x 10
Ry =7.21 kQ
and Rp = 3.60 kQ

SOL 8.94 Option (B) is correct.
Given boolean expression can be written as,

F=XYZ+XYZ+XYZ+XYZ+ XYZ
=XYZ+YZ(X+X)+ XY(Z+ 2)
= XYZ+YZ+ XY
=YZ+Y(X+XZ) - A+BC=(A+B)(A+ 0
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=YZ+Y(
=YZ+Y(
=YZ+ YX+Y.

X+ X)(X+2)
X+7)

SOL 8.95 Option (B) is correct.

Clock X X XN X
0

Serial::] 1{o] 1]

Input

Y

ala

X: X1®X(), Y :X2
Serial Input 7= X® Y = [X;® X)| ® X,
Truth table for the circuit can be obtain as.

Clock pulse Serial Input Shift register
Initially 1 1010
1 0 1101
2 0 0110
3 0 0011
4 s 0001
5 0 1000
6 1 0100
7 1 1010

So after 7 clock pulses contents of the shift register is 1010 again.

SOL 8.96 Option (D) is correct.
Characteristic table of the X-Y flip flop is obtained as.

X Y Q | Q.
0 0 0 1
0 0 1 1
0 1 0 0
0 1 1 1
1 0 0 1
1 0 1 0
1 1 0 0
1 1 0 0
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Solving from k-map

YQ!E
XN\ 00 01 11 10

o 1 | 1| 1

Characteristic equation of X-Y flip flop is

Q’n+1 — ? @ + an
Characteristic equation of a J-K flip-flop is given by

Q’n+1 = ?QH—{— J @
by comparing above two characteristic equations
J=Y,K=X

Option (A) is correct.
Total size of the memory systénuis given by.

= (2'¥x4) X8 bits
= 2" X' 8wbits

= 2'LByfes

= 16K bytes

Option (C) is correct.
Executing all the instructions one by one.

LXIH,1FFE = H = (1F)y, L = (FE)4
MOV B,M = B = Memory [HL| = Memory [1IFFE]
INR LsL =L+ (1)g= (FF)y
MOV A M= A = Memory [HL] = Memory [IFFF]
ADD B=A =A+B
INR LoL =L+ (1)g= (FF)g+ (1)g = 00
MOV M, A = Memory [HL| = A
Memory [1F00] = A

XOR A=A =AXORA =0
So the result of addition is stored at memory address 1F00.

Option (D) is correct.
Let the initial state Q(t) = 0, So D = @ = 1, the output waveform is.
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SOL 8.100

SOL 8.101

ANALOG & DIGITAL ELECTRONICS CHAP 8

Clk(ﬁnzlokHz){ | { | { | l | ] | ] | { |
output | | | | | | I_

Q)

So frequency of the output is,

fout - ,];n :%: 5 kHz

Option (A) is correct.
This is a half-wave rectifier circuit, so the DC voltage is given by

V;lc:ﬁ
e

Equivalent circuit with forward resistance is

=5 Q
AN

. §45 0

DC current in the circuit

'y
I, 2 — (Vi /)
¢ T+ R (5 =+ 45)
Vin
lie = 50

Option (B) is correct.

In the positive half cycle zener diode (D,) will be in reverse bias (behaves as
a constant voltage source) and diode (D) is in forward bias. So equivalent
circuit for positive half cycle is.

1 kQ

10 v————: W\'VJ_

V,=3.3

+
10sin wt<~> I 1 ng VOT
V,=0.7 V-|-

Output Vo=V+ V.
=0.7+3.3

=4 Volt
In the negative halt cycle, zener diode (D,) is in forward bias and diode (D)
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is in reverse bias mode. So equivalent circuit is.

1 kQ
A% J_
~10 V———: v, -
10sin wt <~> 1 kO

So the peak output is,

10
0o — 1
Vo= X
V, =5 Volt

SOL 8.102 Option (A) is correct.
For active low chip select CS = 0, so the address range can be obtain as,
A Aig A1z A1y A Arg Ao As A7 AgAs Ay Az Az A Ay
1110 0000 0000 0000

1110 1111 1111 1111
So address range is EQ00-EFEE

SOL 8.103 Option (C) is correct.
A first order low pass filter is shown in following figure.

AN ot

vi(@) o= v

Transfer function

v Wlw) 1 1 1
A1) = 3w e L w0 " jweR+1

Given that | H(jw)| = 0.25
_1

1
VWi CPRP+1 4
16 = wiR*C*+ 1
WiR*C* =15
47 f£(50)*(5 x 107°)* = 15
fi = 2.46 kHz
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SOL 8.104

SOL 8.105

SOL 8.106

ANALOG & DIGITAL ELECTRONICS

Option (A) is correct.
In the circuit, voltage at positive terminal of op-amp is given by
Ve — U , Vp—2
0 T3 0
3(vy— ) +10(vy—2) =0

13vy =20+ 3w,
Output changes from +15V to —15 V,when v. > vy

20+ (3% 15)
- 13

Ut

Option (B) is correct.
Output for each stage can be obtain as,

B

DXt

pe

So final output Y is.

B
Dir
B
D;F

S

-
wy)

§

P QRIS (P+Q) (R+9)
P+Q+

Option (B) is correct.
We can analyze that the transistor is in active region.

(ﬁil)IE - (99931)(1 mA) = 0.99 mA

Ic =
In the circuit

+15 V
1,
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SOL 8.107

SOL 8.108

SOL 8.109

ANALOG & DIGITAL ELECTRONICS

In the circuit

Ver = 0.7V
Ve = Ip X1 k2
Vg — Vg =0.7
Vp =0.7+1=1.7 volt
Current through Ry
W 1T
I =170 T 17 ~ 100k

Current through Rp

Ipp

T B+1 " (99+1)
, by writing KCL at Base
= Ip+ In

=10+ 100 =110 pA
Current through R¢

L =Io+ Inp = 0.99mA + 110 gA = 1.1mA

Option (D) is correct.
Output voltage

Vo = 15 — LRy
L1154 (1.1 mA) (1kQ) =139V

Option (A) is correct.
Current in Rp

_W—Vp
Inp = Ry
011mA — 139 1.7kQ
Rp
Rr =110.9 k2

Option (A) is correct.
By writing node equations in the circuit

C
—AW\ I

<
o
Q
Il
Il
5
I——MA—
=
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Lo Ve v, O+ (V- V) Cs =0
or V.(1+2RCs) — V,— sCRV, =0 (1)
V,
or (%—%)Cs—i—?:()
or V,(1+ sCR) — V,sCR =0 .(2)
From equation (1) & (2)
(L§%§y1+%mam—%—smngzo
(14 sCR) (1 +2sCR) B
Vy[ sCR sCRI =V
Vu+%mu4§ﬁﬁ—§§m)_v
Y sCR T
Transfer function
Vi CR
T(s) =L = 5
(5) Voo 14+3sCR+ 8C°R’
T(jw) = jwCR _ JwCR
1+3wCR— C°R*w* (1 - C°R*W) + 3jwCR
SOL 8.110 Option (A) is correct.
Applying Barkhausen eritérion of oscillation phase shift will be zero.
ZT(jwy) =0 wy —frequency of oscillation.
1- CRuw =0
1
“ e
“ = pe
SOL 8.111  Option (C) is correct.
In figure
__ W
= Rr+ R f
T3] Vo 1 — Wi C*R*+ 3wy CR
_ 1
“~RC
Vi _J _1
50, Vi, 35 3
R _1
Rr+ R 3

Rpr=2R=2Xx1=2k
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SOL 8.113
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Option (C) is correct.
By writing truth table for the circuit

CLK @3 G @
Initially 0 0 0
1 0 0 1
2 0 1 0
3 0 1 1
4 1 0 0
1 0 1

All flip flops are reset. When it goes to state 101, output of NAND gate
becomes 0 or CLR = 0, so all FFs are reset. Thus it is modulo 4 counter.

Option (A) is correct.
When the switch is closed (i.e. during Toy) the equivalent circuit is

N .
wov = 5 100 pH

Diode is off during Thx.writing KIVL in the circuit.
di

100 — (100 x 10_6)% =0
di Y
o =10

i = [10°dt = 10°¢+i(0)
Since initial current is zero i(0) =0
So, i =10%t
After a duration of Toyx the current will be maximum given as
ipeax = 10° Tox

When the switch is opened (i.e. during T ) the equivalent circuit is

100 pH zl == 500 V

Diode is ON during Ty, writing KVL again
di

500 =— (100 x 10—6)%

i =—5 x 10°t+i(0)
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SOL 8.114

So,

ANALOG & DIGITAL ELECTRONICS
Z(O) - va - 106 T()N

i =—5 % 10°¢+ 10° Tox

After a duration of T., current ¢ =0

So, 0 =—5x 10% Ty + 10°Ton
= r11ON == 5 Toff
Given that

Ton+ Tor = 100 psec

TON+% = 100 psec
T — 100

ON=T5 = 63.33 psec

Peak current 1, = 10% x Ton

=63.33 x 1075 x 10° =63.33 A

Option (C) is correct.

CHAP 8

When the switch is opened, current flows through capacitor and diode is ON

in this condition.
so the equivalent circuit during ZTegr is

dV.
I=cC pr
= V. =L+ v(0)
c C C
Initially V.(0) =0
_ 1L
Vo= ot
At t = Tos
Vo =L T
— TON _ TON
Duty cycle D = Tomt Tome = T
Toxn =DT

TOFF — T— T()N — T—DT
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SOL 8.115

SOL 8.116
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So v.=L(r-pm
) c C
=50-D)T

During Topr, output voltage V= 0 volt.

Option (B) is correct.
When the switch is closed, diode is off and the circuit is

Ve
+H=
Il
C

d oS4
o

In steady state condition

dv. _
Ccht_j2
Ry’ LAV, I
IQ_CC Todt T C
e

Average output voltage

Vo = }HDT‘ T““(-ét)dwr 1o dt]

[ e U R D 0
2] —TTC T2 TTC0z2

N
QI~

Option (B) is correct.
Equivalent hybrid circuit of given transistor amplifier when Rp is by passed
is shown below.

U RB:R1| |R2

In the circuit

U
b= (1)
Vo = hfeib-RC hfe IZS RC’

GATE Previous Year Solved Paper By RK Kanodia & Ashish Murolia
Published by: NODIA and COMPANY ISBN: 9788192276243
Visit us at: www.nodia.co.in






PAGE 516

SOL 8.117

SOL 8.118

ANALOG & DIGITAL ELECTRONICS CHAP 8
. hs R
Voltage gain 4, = Yo = ¢
U; }He

Equivalent hybrid circuit when Ry is not bypassed by the capacitor.

In the circuit
Vs = Z.bhz'e + ('Lb + hfeib) Rp

vy = B [hie + (1 + hy) Rg] ..(2)
W = hfelb}?C (3)
from equation (2) and (3)
_ Vs
w = hye-Hg hlpt (1 + hy) Rp

. e hse Re
Voltage gain, A,UQ - Vs \ hie+ (]- + hft) R

Av _ hie (1 + hye)Re__ 1+ (14 he) Re
Auy hig hie
Avg < Av,

So

Option (C) is correct.
Conversion time for different type of ADC is given as

Counting type Tr — Conversion time
Tr =2"1T¢ T — Clock period
Integrating type

TT — 2n+1 TC
Successive Approximation type
TT = ’I”LTc

Parallel (flash) type — fastest
Conversion time is highest for integrating type ADC. So it is slowest.

Option (D) is correct.

F = A+ B (NOR)
Output is 1 when A = B=0
OR, F =A0OB (Ex-NOR)
Output is 1 when A = B=0
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SOL 8.120

SOL 8.121

SOL 8.122
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Option (B) is correct.
Output of the multiplexer is written as
f=50SS%+ LSS+ LSS+ 5SS
L=0L=L=5L=1
So, f=0+azy+tay+ay =zy+ay+mzy
=zy+z(y+y) =zy+a cyty=1
= (z+ 2)(z+ ) A+ BC =(A+B)(A+ 0O
=z+vy VT r4r=1

Option (C) is correct.
Since gain-bandwidth product remains constant

Therefore  10°x 10 = 100 X £,
£y = 10 kHz

Option (B) is correct.

Given circuit is an astable multi vibrator circuit, time period is given as

_ 1+8 _
T —2’rln<1_6>, T=RC

B8 — feedback factor

R
A AAY
C
I >
r .
= +
v —AAA
R
ki
v 1
B= v, 2
1+
So, T =27In 1= 2tIn3
L)
Option (C) is correct.
MVI A, 10 H = MOV (10)y in accumulator
A =(10)H
MVI B, 10 H = MOV (10)y in register B
B = (10)x
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BACK : NOP
ADDB = Adds contents of register B to accumulator and result stores in
accumulator
A=A+ B = (10)u+ (10)x

000 10000
ADD 000 10000
A=001 00000

= (20)n
RLC = Rotate accumulator left without carry

acc [oJof1]ofofoJofo] CY=0

RLC [o]o[1]o]o]o]o]0] A=(40),

JNC BACK = JUMP TO Back if CY =0
NOP

ADDB=>A=A+8B
= (40)u+ (10)n
0100 0 00,0

ADD 0001 00 0.0

A=0101 00000
= (60) 4

[o]1]o]1]0]0]0]0] €¥Y=0

Al1{o]1]o]oololo] CY=0

A = (A0)y
JNC BACK
NOP
ADDB= A=A+B
1010 0000
ADD 0001 0000
A=1011 0000

[1fofr]t]ofoJofo] €Y=0

RLC

Afofififofofofofo] €¥=!
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CY =1 So it goes to HLT.
therefore NOP will be executed 3 times.

Option (D) is correct.
Leakage current is given by
705X X @ 0 5 X x CV
-[Lcakag(‘, - QT - 1290 1%0
O5><10 X 0.1x107"x5
1x10°°
_ 25 x10°"

oo — 25X 107° = 2.5pA

Option (A) is correct.

Slew rate is defined as the maximum rate of change in output voltage per

unit time.
duy
1 te = —7%
Slew rate i
For voltage follower, W = Ui
So, Slew rate = dg;f” , Uy = 10sinwt
_d

=l (10sinwt) = 10w coswt

= 10w.= 62.8 volt/usec (given)
10 X 27f = 62.8%10°

_62.8x10° _
f =68 — Mz

Option (C) is correct.

Trans conductance of an n-channel JFET, is given by.
On = _ 9lps _ =2Ipss(y _ Ves
" Vs Vp Ve

Trans conductance (g,) is maximum when gate - to - source voltage

Vas =0
_ —2Ipss
(gm) max Vo
Ves
S m — (Ym) max 11—
o, G = (gm) ( v,
Here 1= )max [1 %] (gm) maxX%

(
_ 5 _
(gm)max - 2 =2.5
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SOL 8.126 Option () is correct.
The circuit is a synchronous counter.
Where input to the flip flops are

Dy = s+ Qo+ @

Dy = @3, D1 = @2, Dy= ()
Truth table of the circuit can be drawn as

CLK Q, Q, Q, Q,

Initial state 1 1 1 0
1 0 1 1 1
2 0 0 1 1
3 0 0 0 1
4 1 0 0 0
5 0 1 0 0
6 0 0 1 0
7 0 0 0 1
8 1 0 0 0

From the truth table we can'seethat counter states at N =4 and N= 8 are
same. So mod number is 4.

SOL 8.127 Option (B) is correct.
In the circuit

1k, 2 kO v 4 kQ v 8 k)
1 Vo—"VW— A'A'A% —A\N AN
—o v,
+ —1 Vo—t
Op-amp-1 Op-amp-2
v A4

3 kQ
%1 k2

Writing node equation in the circuit at the negative terminal of op amp-1
u—1 u—wn _
it =0
Similarly, at the positive terminal of op amp-1

u—1 , un—0 _
5 t—1 U
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ANALOG & DIGITAL ELECTRONICS

dv,— v, =0
At the negative terminals of op-amp-2
A
—2—-2w—1—1v,=0
v+ 2 =—3
From equation (1) and (2)

3%—2@2:1

From equation (3)

§v0—2(—3—v0) =1

4
%vo—kvo =—95
%vo =—9
Uy :—% volt

Option (C) is correct.
Small signal circuit is (mid-band frequency range)

Cr — 0, for mid-band frequencies

Vo =— GnUr RC
In the input loop
v = Vi Tr
T Rp+ 1,
_ —gnRenv
So, v, = Rt
. _ U _ = Im T RC
Gain A, = 0= Rptr
Trans-conductance
I (I mA) 1
9 =y = @6 mvy 26 Y

Im T :60 =" :@ =200%X26 =5.2 kQ

m
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—200 % (1 k)
(25 kQ + 5.2 kQ)

So gain A, = =—6.62

SOL 8.129 Option (B) is correct.

Cut off frequency due to Cp is obtained as

_ 1
fO N 27TReq CE

Req — Equivalent resistance seen through capacitor Cg

_ L[ Bo(Bp+ 1)
Req = Rp | Rp+ tw = 7ot Ryt
. 1(RE—|—RB—|-T7T) . .
So fo= 2Ry (B + 1) Cp 10 Hz (given)
3
So, (0.1+25+45.2)x10 — 159 mF

P 2r%0.1(25 4 5.2) x 10°

SOL 8.130 Option (D) is correct.
We can approximately analyze the circuit at low and high frequencies as
following.

For low frequencies w — 0 = 1 . (i.e. capacitor is open)
C

Equivalent circuit is

v, —A\WN\—o0 OEN; v,=0
Lo
+
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So, it does not pass the low frequencies.

For high frequencies w — oo = Ly (i.e. capacitor is short)

. . - w
Equivalent circuit is ‘
R,
R,
v, =
—ouv,
+
Ry

= Vo :—E'UZ'

So it does pass the high frequencies. This is a high pass filter.

At high frequency w — oo = 1 0, capacitor behaves as short circuit
w,

and gain of the filter is given as
Ry

| A, | :‘_E‘: 10
Ry =101,
Input resistance of the circuit” R;, = R; = 100 k)
So, Ry, =10x100 k2 =1 MQ
Transfer function of the circuit
Vo(j) L <wR, C
Vi(jw) b+ jwdy C
High frequency gain ‘AUOO =10
At cutoff frequency gain is
‘A, _ 10 _ —ju_)cRgC
v J2 1+ R C
10 w. Ry C

V2 1+ BRI
100 + 100w R7 C* = 2w R3 C*
100+ 100 X w X 10" x * =2 x w2 X 10" x C*
100 = W’ C* x 10*

_ 100

W x 10"
_ 1 _ 1

2nf x 10" 2 x 3.14 x 10° x 10"
= 15.92 nF

Skoskoskoskeoskeoskoskoskoskoskosk
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CHAPTER 6

CONTROL SYSTEMS

McCQ 6.1

McCQ 6.2

McCQ 6.3

MCQ 6.4

YEAR 2012 TWO MARKS
The state variable description of an LTI system is given by
3.71 0 ax 0 I 0
.fl:}2 =10 0 s || 22|+ 0lu
11.73 as 0 0 T3 1
Iy
€3
where y is the output and u 4§ the,input. The system is controllable for
(A) aliO,(ILg:O,agiO (B) alzo,agio,agio
(C) (11:0,(1,37&0,(1/3:0 (D) (11#0,@2#:0,013:0
The feedback system shown-below escillates at 2 rad/s when
R(s) . K(s+1) ¥(s)
(T) S+ass+2s+1 "]
(A) K=2and a=0.75 (B) K=3and a=0.75
(C) K=4and a=0.5 (D) K=2and a=0.5
Statement for Linked Answer Questions 3 and 4 :
The transfer function of a compensator is given as
_Ss+a
Gels) = s+
G.(s) is a lead compensator if
(A)a=1,b=2 (B) a=3,b=2
(C)a=-3,b=—-1 (D) a=3,b=1
The phase of the above lead compensator is maximum at
(A) V2 rad/s (B) v/3 rad/s
(C) v'6 rad/s (D) 1/+/3 rad/s
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McCQ 6.5

MCQ 6.6

McCQ 6.7

MCQ 6.8

CONTROL SYSTEMS CHAP 6
YEAR 2011 ONE MARK

The frequency response of a linear system G (jw) is provided in the tubular
form below

1G(jw)| |1.3 1.2 1.0 0.8 0.5 0.3
ZG(jw) | —130° | —140° |—150° |—160° |[—180° |—200°

(A) 6 dB and 30° (B) 6 dB and —30°
(C) —6dB and 30° (D) —6dB and —30°

The steady state error of a unity feedback linear system for a unit step
input is 0.1. The steady state error of the same system, for a pulse input
r(t) having a magnitude of 10 and a duration of one second, as shown in the
figure is

(1)

A
10
> 1
1s

(A)O (B) 0.1

(€)1 (D) 10

An open loop system represented by the, transfer function

B (s—1) .
Gls) = (5+2)(s+3) >

(A) Stable and of the minimum phase type

(B) Stable and of the non—minimum phase type
(C) Unstable and of the minimum phase type
(D)

D) Unstable and of non—minimum phase type

YEAR 2011 TWO MARKS

The open loop transfer function G(s) of a unity feedback control system is
given as

K (s + %)
G(s) =—5——-
(S) 82 (S + 2)
From the root locus, at can be inferred that when K tends to positive
infinity,
(A) Three roots with nearly equal real parts exist on the left half of the s
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CHAP 6 CONTROL SYSTEMS PAGE 315

-plane
(B) One real root is found on the right half of the s-plane
(C) The root loci cross the jw axis for a finite value of K; K # 0
(D) Three real roots are found on the right half of the s-plane

MCQ 6.9 A two loop position control system is shown below

The gain K of the Tacho-generator influences mainly the
(A) Peak overshoot

(B) Natural frequency of oscillation

(C) Phase shift of the closed loop transfer function at very low frequencies

(w=0)

(D) Phase shift of the closed loop transfer function at very high frequencies
(w > o)

YEAR 2010 TWO MARKS

1

MCQ 6.10 The frequency response of G(§) = 54 1) (5+2)

G (jw) plane (for 0 < w < ) is

plotted in the complex

Alm ATm
~3/4 .  w=0
A / - B i
S50 73}/4 Re
A - ATm
' Re
w=0
(©) o (D) f
w=0
~1/6 ~1/6
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McCQ 6.11

McCQ 6.12

MCQ 6.13

MCQ 6.14

CONTROL SYSTEMS CHAP 6

The system X = AX + Bu with A = l l l is
(A) Stable and controllable (B) Stable but uncontrollable
(C) Unstable but controllable (D) Unstable and uncontrollable

The  characteristic  equation of a  closed-loop system s
s(s+1)(s+3)k(s+2) =0,k> 0.Which of the following statements is true
?

A) Tts root are always real

(A)
(B) It cannot have a breakaway point in the range —1 < Re[s] <0
(C) Two of its roots tend to infinity along the asymptotes Re[s] =— 1
(D) It may have complex roots in the right half plane.

YEAR 2009 ONE MARK

The measurement system shown in the figure uses three sub-systems in
cascade whose gains are spe€ified as G, Gs,1/G5. The relative small errors
associated with each respective subsystem Gi, G, and Gj are e1,69 and 3.
The error associated with the.output is :

1
Input — G, = G, o —> OQutput
2
(A) &1+ &2+ (B) &2
€3 €3
(C) e1+ e —e3 (D) e14+e2+ e

The polar plot of an open loop stable system is shown below. The closed
loop system is

—1.42 Re

w

w=0

(A) always stable

(B) marginally stable

(C) un-stable with one pole on the RH s-plane
(D) un-stable with two poles on the RH s-plane
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MCQ 6.15

MCQ 6.16

MCQ 6.17

CONTROL SYSTEMS PAGE 317

The first two rows of Routh’s tabulation of a third order equation are as
follows.

$ 22

s 44
This means there are
(A) Two roots at s =+ 7 and one root in right half s-plane
(B) Two roots at s =% j2 and one root in left half s-plane
(C) Two roots at s =% j2 and one root in right half s-plane
(D)

D) Two roots at s =+ j and one root in left half s-plane

The asymptotic approximation of the log-magnitude v /s frequency plot of a
system containing only real poles and zeros is shown. Its transfer function is

A

—60 dB/dec

—40 dB/dec

0.1 5 s 235 > w rad/s
10(s+5) 1000 (s + 5)
&) G2+ B) 5+ 2)(s+ 25)
100 (s+5) 80(s+5)
©) S +2) 5+ 25) D) 52+ 25)
YEAR 2009 TWO MARKS

The unit-step response of a unity feed back system with open loop transfer

function G(s) = K/ ((s+ 1) (s+ 2)) is shown in the figure.
The value of K is

1

3 P
Z 0.75 /
2 0.5 /
~0.25

0 T D) 3 ]

Time(s)

(A) 0.5 (B) 2
(C) 4 (D) 6
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MCQ 6.18

McQ 6.19

MCQ 6.20

McCQ 6.21

McCQ 6.22

CONTROL SYSTEMS CHAP 6

The open loop transfer function of a unity feed back system is given by
G(s) = (¢""%) /s. The gain margin of the is system is
(A) 11.95 dB (B) 17.67 dB
(C) 21.33 dB (D) 23.9 dB

Common Data for Question 19 and 20 :

A system is described by the following state and output equations

BlD) - 3a,(1) 4+ () + 20 (9
WD) — (1) + u()

y(1) = u(1)
when u(t) is the input and y(¢) is the output

The system transfer function is
(A) 2«9#2 (B fi
§$+55—6 §$+5s5+6
2545 25s—5
C) —=—1—— D) —25=9
© s+ 55+ 6 (D) s+ 55— 6
The state-transition matrix ofithe. above system is
-3t -3t -2t -3t
e 0 e’ e —e
8]y e ®|y
3t -2t -3t 3t -2t -3t
e e +e e e —e
Cl oy
YEAR 2008 ONE MARK

A function y(t) satisfies the following differential equation :

WD 4y =5(

where 6 () is the delta function. Assuming zero initial condition, and denoting
the unit step function by w(t),y(?) can be of the form

(A) € (B) e
(C) e'u(?) (D) eu(?)
YEAR 2008 TWO MARK
The transfer function of a linear time invariant system is given as
1
G(s) =—5—————
(9 §+3s5+2
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CHAP 6

MCQ 6.23

MCQ 6.24

MCQ 6.25

MCQ 6.26

CONTROL SYSTEMS PAGE 319

The steady state value of the output of the system for a unit impulse input
applied at time instant ¢t =1 will be

(A) 0 (B) 0.5
(€)1 (D) 2

The transfer functions of two compensators are given below :

0210(5+1) __s+10
YT (s+10) 7 P 10(s+ 1)

Which one of the following statements is correct 7
(A) ( is lead compensator and (; is a lag compensator

(B) (i is a lag compensator and C; is a lead compensator
(C) Both (i and C, are lead compensator
(D) Both € and C are lag compensator

The asymptotic Bode magnitude plot of a minimum phase transfer function
is shown in the figure :

A —40dB/decades
G (jw)
(dB)
. 20dB /decad
— ecades
0 A i
0.1 \ w(rad/sec)
1og scale
—20
\OdB Jdecade
This transfer function has
(A) Three poles and one zero (B) Two poles and one zero
(C) Two poles and two zero (D) One pole and two zeros
Figure shows a feedback system where K > 0
K
s(s + 3)(s +10) -

The range of K for which the system is stable will be given by
(A) 0< K< 30 (B) 0 < K< 39

(C) 0 < K< 390 (D) K> 390
The transfer function of a system is given as

100
$*+20s+ 100
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MCQ 6.27

MCQ 6.28

McCQ 6.29

CONTROL SYSTEMS CHAP 6
The system is
(A) An over damped system (B) An under damped system
(C) A critically damped system (D) An unstable system

Statement for Linked Answer Question 27 and 28.

The state space equation of a system is described by X = AX + Bu,Y = CX
where X is state vector, w is input, Y is output and

0 1 0
A=y ol B=|/lc=0 0
The transfer function G(s) of this system will be
s s+ 1
A) 39 B) =9
S 1
©) =g D) S5+

A unity feedback is provided to the above system G(s) to make it a closed
loop system as shown in figure.

r(?) (E i) G(s) y(t)‘

For a unit step input r(t), the gteadys state error in the input will be
(A) 0O (B) 1
(C) 2 (D) oo

YEAR 2007 ONE MARK

The system shown in the figure is

Uy (8—1)
(s+2

~—

(s—-1)

(A) Stable
(B) Unstable
(C)

(D) Stable for input 1, but unstable for input wu,

Conditionally stable
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CHAP 6

McCQ 6.30

McCQ 6.31

McCQ 6.32

McCQ 6.33

CONTROL SYSTEMS PAGE 321

YEAR 2007 TWO MARKS

If z=Re[G(jw)], and y =Im[G (jw)] then for w— 0", the Nyquist plot for
G(s)=1/s(s+1)(s+2) is

(A) z=0 (B) x=—13/4

(C) z=y—1/6 (D) z=y/V3

The system 900/s(s+ 1) (s+ 9) is to be such that its gain-crossover frequency
becomes same as its uncompensated phase crossover frequency and provides
a 45° phase margin. To achieve this, one may use

(A) a lag compensator that provides an attenuation of 20 dB and a phase
lag of 45° at the frequency of 3v/3 rad/s

(B) a lead compensator that provides an amplification of 20 dB and a phase
lead of 45° at the frequency of 3 rad/s
(C) a lag-lead compensator that provides an amplification of 20 dB and a

phase lag of 45° at the frequency of V3 rad/s

(D) a lag-lead compensator that provides an attenuation of 20 dB and phase
lead of 45° at the frequency of 3 rad/s

If the loop gain K of a negative feed back system having a loop transfer
function K(s+ 3)/(s#88)%is t6 beadjusted to induce a sustained oscillation
then

(A) The frequency of this oscillation hust be 4v/'3 rad/s

(B) The frequency of this oscillation must be 4 rad/s

(C) The frequency of this oscillation must be 4 or 4v/3 rad/s
(D)

D) Such a K does not exist

The system shown in figure below

can be reduced to the form
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MCQ 6.34

McCQ 6.35

MCQ 6.36

CONTROL SYSTEMS CHAP 6

Consider the feedback system shown below which is subjected to a

unit step input. The system is stable and has following parameters
K,=4,K, =10,w =500 and £ = 0.7.The steady state value of 7 is

(,02

5" #2805 + o

Data for Q.35 and Q.36 are|given below. Solve the problems and
choose the correct answers.

R-L-C circuit shown in figure

R=10 Q) L=1 mH

It

For a step-input ¢;, the overshoot in the output ¢, will be

C=10 pF

(A) 0, since the system is not under damped

(B) 5 %

(C) 16 % (D) 48 %

If the above step response is to be observed on a non-storage CRO, then it

would be best have the ¢ as a
(A) Step function
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CHAP 6

MCQ 6.37

MCQ 6.38

CONTROL SYSTEMS PAGE 323
(B) Square wave of 50 Hz
(C) Square wave of 300 Hz
(D) Square wave of 2.0 KHz
YEAR 2006 ONE MARK
For a system with the transfer function
3(s—2)
H(s) =——"—,
(s 48— 25+ 1
the matrix A in the state space form X = AX + Bu is equal to
(1 0 0 [0 1 0]
(A)jo 10 B)| 0 0 1
-12 -4 -12 -4
010 [1 0 0]
)3 -21 M)|o 0 1
1 —-24 —-12 —4
YEAR 2006 TWO MARKS

Consider the following Nyquist plots of loop transfer functions over w = 0 to

w = oo. Which of these plots-zepresent-a-stable closed loop system ?

(B)

(A) \Im
A\ [m w
w=oo ] w=00
-1 Re —1 Re
w
I
(©) . (D) \
Im
W=00 w=o0o
Re Re
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McCQ 6.39

McaQ 6.40

CONTROL SYSTEMS CHAP 6
(A) (1) only (B) all, except (1)
(C) all, except (3) (D) (1) and (2) only
4 .
The Bode magnitude plot H(jw) = 19 (1+jw) — is
(10 4 jw) (100 + jw)
| H(jw)|dB | H(jw)|dB
A A
(A) a0 (B) [
1 —20
20 \
T 0 T2 3 Jog(0) “T 0 1 log ()
- [-20 +-20
{40
t-40
| H(jw)|dB | H(jw)|dB
4 A
(C) T40 (D) 740
—~_ghte [/
T 0 12 3 10g=(w) -1 0 12 : log(;)
1_90 +—20
140 +—40
A closed-loop system has the characteristic function
(s —4)(s+1) + K(s—1) = 0. Its root locus plot against K is
Jw Jw
[ A
(A) (B)
=_2 1 _=1 +1 42 o© -2 e -1|+1 +2 o
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McCQ 6.41

MCQ 6.42

MCQ 6.43

CONTROL SYSTEMS PAGE 325
A .
Jw
. A
Jw
(©) (D)
—— X0 ——%—0—
-2 —1 +1 +2 0 22 -1 |+1 +2 o
YEAR 2005 ONE MARK

A system with zero initial conditions has the closed loop transfer function.

6= D o7

The system output is zero at the frequency
(A) 0.5 rad/sec (B) 1 rad/sec

(C) 2 rad/sec (D) 4 rad/sec

Figure shows the root locus plot (location of poles not given) of a third order
system whose open loop transfer function is

A
Im
2031
J3
32 21T Nd 2 3 Re
/31
—2J31
K K
A) = B) ——
(A) 3 ® 2611
K K
K D) #&
s(s+1) (D) s(s*—1)
The gain margin of a unity feed back control system with the open loop
transfer function G(s) = (S:; D) is
1
A) O B) ——
(A ®) L
(C) V2 (D) o
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MCQ 6.44

MCQ 6.45

MCQ 6.46

MCQ 6.47

CONTROL SYSTEMS CHAP 6
YEAR 2005 TWO MARKS

A unity feedback system, having an open loop gain

G H(s) =15
becomes stable when
(A) |K|>1 (B) K>1
(C)|K|<1 (D) K<—-1

When subject to a unit step input, the closed loop control system shown in
the figure will have a steady state error of

R S e P

s+2

(A) —1.0 (B) —0.5
(C) 0 (D) 0.5

In the G(s) H(s)-plane, the Nyquist plot of the loop transfer function
G(s) H(s) = ¢~ passes throighthe negative real axis at the point

(A) (—0.25,50) (B) (—0.5,50)
(C) 0 (D) 0.5

If the compensated system shown in the figure has a phase margin of 60° at
the crossover frequency of 1 rad/sec, then value of the gain K is

B(s) K+0.3665[—>( (31+ D ),
(A) 0.366 (B) 0.732
(C) 1.366 (D) 2.738

Data for Q.48 and Q.49 are given below. Solve the problem and choose
the correct answer.

. 0 1 1
A state variable system X(t) = [0 _3 X(t)+ 0 u(t) with the initial
condition X (0) = [— 1, 3]" and the unit step input u(#) has
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CHAP 6

MCQ 6.48

McCQ 6.49

McCQ 6.50

McCQ 6.51

MCQ 6.52

MCQ 6.53

CONTROL SYSTEMS PAGE 327

The state transition matrix _

T A L —e)
Wl )

1 é(efift o 6737“) 1 (1 B e*f)_
(©) lo = D) |, .
The state transition equation

t—e' 1—¢'

(a) X =|" . (B) X(1) =y &

© xt -5

YEAR 2004 ONE MARK

The Nyquist plot of loop transfer function G(s) H(s) of a closed loop control
system passes through the point (— 1,5 0) in the G(s) H(s)plane. The phase
margin of the system is

(A) 0° (B) 45°
(C) 90° (D) 180°
Consider the function,
3
F(s)=— 30 22
) s(s*+ 35 +2)

where F'(s) is the Laplace trangform [of the of the function f(#). The initial
value of f(t) is equal to
(A) 5 (B) %
(€) 5 (D) 0

For a tachometer, if 0(t) is the rotor displacement in radians, e(?) is the
output voltage and K; is the tachometer constant in V/rad/sec, then the

transfer function, E(s) will be

Q(s)
(A) K; s (B) K; /s
(C) Kis (D) K
YEAR 2004 TWO MARKS
For the equation, s* — 454+ s+ 6 = 0 the number of roots in the left half of
s-plane will be
(A) Zero (B) One
(C) Two (D) Three
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MCQ 6.54

MCQ 6.55

MCQ 6.56

McCQ 6.57

MCQ 6.58

CONTROL SYSTEMS CHAP 6
. . C(s) .
For the block diagram shown, the transfer function R(s) is equal to
R(s) 1 1 O(S)
e
2 2
s s
2
C S+ s+ 1 D 1
€ B o
The state variable description of a linear autonomous system is, X=A4X
where X is the two dimensional state vector and A is the system matrix
2
given by A = [2 Ol. The roots of the characteristic equation are
(A) —2 and +2 (B) —j2 and + 52
(C) =2 and —2 (D) 42 and +2
The block diagram of a clésed loop control system is given by figure. The
values of K and P such that the system has a damping ratio of 0.7 and an
undamped natural frequency w, of 5 rad/sec, are respectively equal to
R(s) K G s)w
s(s +2) L
14-5P |=
(A) 20 and 0.3 (B) 20 and 0.2
(C) 25 and 0.3 (D) 25 and 0.2
The unit impulse response of a second order under-damped system starting
from rest is given by c(t) = 12.5¢%sin8¢, ¢>0. The steady-state value of
the unit step response of the system is equal to
(A) 0 (B) 0.25
(C) 0.5 (D) 1.0
In the system shown in figure, the input z(¢) = sin ¢t. In the steady-state, the
response y(t) will be
o) | s y(1)
s+1
1 . , 1 . .
A) ——sin(t—45 B) ——=sin(t+ 45
(A) —sin(t— 45 (B) —Lsin(t-+ 45"
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McCQ 6.59

MCQ 6.60

MCQ 6.61

MCQ 6.62

MCQ 6.63

CONTROL SYSTEMS PAGE 329

(C) sin(t—45°) (D) sin(t+ 45°)
The open loop transfer function of a unity feedback control system is given
as

G(s) = 7%—; 1

s

The value of ‘a’ to give a phase margin of 45° is equal to
(A) 0.141 (B) 0.441
(C) 0.841 (D) 1.141
YEAR 2003 ONE MARK
A control system is defined by the following mathematical relationship

&z dx o2

+ 6 +5x=12(1—

i ( )
The response of the system as t — oo is
(A) z=6 (B) x=2
(C) z=24 (D) z=-2
A lead compensator used for a/ closed loop controller has the following
transfer function

K(1+#)
(1+3)

For such a lead compensator
(A)a<d (B)b<a
(C) a> Kb (D) a< Kb

2
A second order system starts with an initial condition of [3l without any

-2t
. o . . e’ 0
external input. The state transition matrix for the system is given by l

-t
. The state of the system at the end of 1 second is given by 0 ¢
A 0.271 B 0.135
(A) 1.100 (B) 0.368
0.271 0.135
0.736 (D) 1.100
YEAR 2003 TWO MARKS

A control system with certain excitation is governed by the following
mathematical equation

dx  1dr | 1 —at 5t
dt2+2dt+18$ 10 4+ 5e ™ + 2e
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MCQ 6.64

MCQ 6.65

MCQ 6.66

MCQ 6.67

CONTROL SYSTEMS CHAP 6

The natural time constant of the response of the system are
(A) 2 sec and 5 sec (B) 3 sec and 6 sec

(C) 4 sec and 5 sec (D) 1/3 sec and 1/6 sec

The block diagram shown in figure gives a unity feedback closed loop control
system. The steady state error in the response of the above system to unit
step input is

u(t) 3 15 | )

s+15 s+1 -
(A) 25% (B) 0.75 %
(C) 6% (D) 33%

The roots of the closed loop characteristic equation of the system shown
above (Q-5.55)

u(t) 3 | 15 y(9)
q%sm 1s+1 ]

(A) —1 and —15 (B) 6 and 10
(C) —4 and —15 (D)—6 and —10

The following equation defines a separately excited dc motor in the form of

a differential equation
dw , Bdw , K K

The above equation may be organized in the state-space form as follows

o
% =Pl dt |+ QV,
a w
dt
Where the P matrix is given by
ek 5
, L. L. ,
w7 Ol
0 1 1 0
©C)|_x _B D) 8 _x
L7 J LT
The loop gain GH of a closed loop system is given by the following expression
K
s(s+2)(s+4)

The value of K for which the system just becomes unstable is
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McCQ 6.69

MCQ 6.70

CONTROL SYSTEMS PAGE 331
(A) K=6 (B) K =8
(C) K =48 (D) K =96

The asymptotic Bode plot of the transfer function K/[1 + (s/a)] is given in
figure. The error in phase angle and dB gain at a frequency of w = 0.5a are

respectively
A
G(jw)|dB
GGl 20 logK 2’0/dB/decade
a N

0.1a 10a w

45°/ decade
Phe e

/

(A) 4.9°,0.97 dB
(C) 4.9°, 3 dB

(B) 5.7°, 3 dB
(D) 5.7°, 0.97 dB

The block diagram of a control system is shown in figure. The transfer
function G(s) = Y(s)/U(s) of thesystem is

[o]
L=
fOY 9 for Y(i)
Integrator Integrator
(A) Ry (B) R
Bt ) ) 21451+ g)
(C) Ry (D) R
()t ) (4 g) L+ 3)
YEAR 2002 ONE MARK

The state transition matrix for the system X = AX with initial state X (0)
is

(A) (sI— A)!
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McCQ 6.71

MCQ 6.72

MCQ 6.73

MCQ 6.74

CONTROL SYSTEMS CHAP 6

(B) e X(0)
(C) Laplace inverse of [(s] — A)™]
(D) Laplace inverse of [(sI— A)™" X (0)]

YEAR 2002 TWO MARKS
. 23 1

For the system X = 05 X+ ol® which of the following statements is true

?

(A) The system is controllable but unstable
(B) The system is uncontrollable and unstable
(C) The system is controllable and stable

(D) The system is uncontrollable and stable

A unity feedback system has an open loop transfer function, G(s) = Kz The

root locus plot is 5

juw jw“
(A) (B)

Jw Jw
(€) (D)

The transfer function of the system described by

Ty dy _du g,

qe dt T dt
with v as input and y as output is
(A) (s+2) (B) (s+1)

(8 + s) (s 4+ )

2 2s
(®) Z 1) (D) 19
For the system

. 0 1

X = 0 4]X+ 1% Y:[4 O]X,
with » as unit impulse and with zero initial state, the output g, becomes
(A) 2¢* (B) 4¢*
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MCQ 6.75

MCQ 6.76

McQ 6.77

CONTROL SYSTEMS

(C) 2" (D) 4¢*
The eigen values of the system represented by
0100
0010
=000 1 X are
(A)0,0,0,fh ¢ 01 (B)1,1,1,1
(C)0,0,0, -1 (D) 1,0,0,0

PAGE 333

*A single input single output system with y as output and u as input, is
described by

&Ly du

pra -|-2 +10y 5dt 3u

for an input u(#) with zero initial conditions the above system produces the

same output as with no input and with initial conditions

% 4y (0) =1
input u(t) is
(A) £6(1) — o 9" u(t) (B) £6(1) — o ¢ u(t)
(C) — 75 ~GRy () (D) None of these
*A system is described by.the following differential equation
Zz); + Z’,}; 2y =u(t)e’

dt

the state variables are given as z; = y and 2, = (ﬂ — y> ¢', the state

varibale representatlon of the system is

.il 1 (& ! 0 1
W15 = o e ] T{o]*)
ELI.717 71 1 I 1

-ii’l_ -1 e_t
ii’z 0 —1|fz

(D) none of these

Common Data Question Q.78-80%*.

The open loop transfer function of a unity feedback system is given by

2(s+a)

Gls) = s(s+2)(s+ 10)
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MCQ 6.78

MCQ 6.79

McCQ 6.80

McCQ 6.81

MCQ 6.82

MCQ 6.83

CONTROL SYSTEMS CHAP 6
Angles of asymptotes are
(A) 60°,120°,300° (B) 60°,180°,300°
(C) 90°,270°,360° (D) 90°,180°,270°
Intercepts of asymptotes at the real axis is
(A) —6 (B) %
(C) —4 (D) -8
Break away points are
(A) —1.056, —3.471 (B) —2.112, — 6.9433
(C) —1.056, — 6.9433 (D) 1.056, — 6.9433
YEAR 2001 ONE MARK

The polar plot of a type-1, 3-pole, open-loop system is shown in Figure The
closed-loop system is

\
GH-plane

—1.42 Re

(A) always stable

(B) marginally stable

(C) unstable with one pole on the right half s-plane
(D) unstable with two poles on the right half s-plane.

-3 1
Given the homogeneous state-space equation z = 0 —9|® the steady state
value of z, = tlim z(1), given the initial state value of z(0) = [10 - 1O]T is
0 -3
(A) Tss = 0 (B) Los = —2
—10 0o
(C) Tss = 10 l (D) Tss = OO]
YEAR 2001 TWO MARKS

The asymptotic approximation of the log-magnitude versus frequency plot
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MCQ 6.84

MCQ 6.85

MCQ 6.86

MCQ 6.87

MCQ 6.88

CONTROL SYSTEMS PAGE 335

of a minimum phase system with real poles and one zero is shown in Figure.
Its transfer functions is

A

dB

—40 dB/dec  —60 dB/dec

—40 dB/dec
//}dB/dec
01 A % - wrad/s
(A) 20(s+5) ( 10(s+5)
s(s+2)(s+25) (s+2)%(s+ 25)
(©) 20(s+5) (D) 50(s+5)
§(s+2) (s+25) §(s+2) (s+25)

Common Data Question Q.84=87%*.

A unity feedback system has ‘an gpen-loop transfer function of

10000

Glo) = s(s+10)7
Determine the magnitudesof G\(ju)'in dB at an angular frequency of w = 20
rad/sec.
(A) 1dB (B) 0 dB
(C) —2 dB (D) 10 dB
The phase margin in degrees is
(A) 90° (B) 36.86°
(C) —36.86° (D) —90°
The gain margin in dB is
(A) 13.97 dB (B) 6.02 dB
(C) —13.97 dB (D) None of these
The system is
(A) Stable (B) Un-stable
(C) Marginally stable (D) can not determined

*For the given characteristic equation
$+ 8+ Ks+K =0

The root locus of the system as K varies from zero to infinity is
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K=00  jw Jw

oo —0.5 K=0
_9 —1 k=0 ©
(0.9]
Jw
K= A
(@) (D) none of these
K=0
O ¥
9 -1 k=0 ©
K=00
A\

Rk Kkkok sk ok kR kok
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SOLUTION

SOL 6.1 Option (D) is correct.
General form of state equations are given as
= Az+ Bu
y = Cx+ Du
For the given problem
0 a O] 0
A=(0 0 a| B=
az 0 O 1
0 a OO0 0]
AB =|0 0 a|0|=|a
az 0 01 0
[ 0 0 aal0] [wa
A’ Bi= |ayas 0 offo1={ O
0 aaq 0ff 1 0
For controllability it is necessafy that following matrix has a tank of n = 3.
0 0 aga
U:[B:AB:A2B]: 0 a 0
1 0 0
So, ay + 0
ma; 0= a#F0
az may be zero or not.
SOL 6.2 Option (A) is correct.
V() = ) (R () - V()
y(s)[1 4 K(s+1) _ K(s+1) R(s)

S+ as+2s+1 S+ as+2s+1
Y(s)['+as’+s(2+k) +(1+ k)] =K(s+1)R(s)

) Yi(s K(s+1
Transfer Function, H(s) = R((s)) TPt as+ s((2 T k))+ (1+ k)

Routh Table :
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s 1 24+ K
s2 a 1+ K
Ll a2+ K) - (1+K)
S a 0
For oscillation,
a2+ K)— (1+ K) —0
. =
0= K+1
. ) - K+2
Auxiliary equation
A(s) =as+ (k+1)=0
> k+1
S =——
a
2 —k+1 _
s = (k+1)(k+2) =—(k+2)
s =jvVk+2
Jjw = jv k2
w=vk+2=2
(Oscillation frequency)
k=2
(241 § 33
and a—'2+2—4—0.75
SOL 6.3 Option (A) is correct.
_s+a_‘jwta
Gel8) =53 = ot b
el WY 1w
Phase lead angle, ¢ = tan <a) tan ( b)
W w
= tan' a b|_ tan™' 7w(b )
14 w? ab+ w’®
ab
For phase-lead compensation ¢ > 0
b—a >0
b>a
Note: For phase lead compensator zero is nearer to the origin as compared
to pole, so option (C) can not be true.
SOL 6.4 Option (A) is correct.

o = tan’1<%) — tan’l(%>
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CHAP 6 CONTROL SYSTEMS PAGE 339
dp _ 1/a  1/b
dw (WY Wy
(a) 1+(5)
1, 1,14
et TV
71
a

SOL 6.5 Option (A) is correct.
Gain margin is simply equal to the gain at phase cross over frequency (w,
). Phase cross over frequency is the frequency at which phase angle is equal

to —180°.
From the table we can see that £ G(jw,) =— 180°, at which gain is 0.5.
1 1
GM = 20logu( 7+ | = 2010 (—): 6 dB
o [eiay]) = 20%(05

Phase Margin is equal to 180° plus the phase angle ¢, at the gain cross over

frequency (w,). Gain crossfover frequency is the frequency at which gain is

unity.

From the table it is clear that }G (Jwy,) ‘ = 1, at which phase angle is —150°
Opy 7= 1807 +ZG (jw,) = 180 — 150 = 30°

SOL 6.6 Option (A) is correct.
We know that steady state error/is given by
. sR(s
where R(s) = input
G(s) = open loop transfer function
For unit step input

R(s) ==
s(L
So — £i£%1 +<2)(s) =0.1
1+ G(0) = 10
G(0) =9
Given input r(t) = 10[p(t) — p(t—1)]
or R(s) = 10[% — i 75] = 10[1 —Se‘*]

So steady state error
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, sx10tt=c) 10(1 - ¢)
6, = lim S = -0
s=0 1 + G(S) 1 + 9
SOL 6.7 Option (B) is correct.

Transfer function having at least one zero or pole in RHS of s-plane is called

non-minimum phase transfer function.
—1
G(s) = —2=~—
)= Gr 2619

e In the given transfer function one zero is located at s =1 (RHS), so this

is a non-minimum phase system.
e Poles —2,— 3, are in left side of the complex plane, So the system is

stable

SOL 6.8 Option (A) is correct.
2
K(S + g)
s (sa42)
Steps for plotting the rootflocus
(1) Root loci starts at s =0ys =0 and s =— 2
(2) n > m, therefore, number of branches of root locus b = 3

(3) Angle of asymptotes i given by
(2¢-+ 1RO E

G(s) =

(2 X 141)180°
(IT) 51

(4) The two asymptotes intersect on real axis at centroid

_t§>_ 2

= 270°

S > Poles — >} Zeroes

n—m 3—1 3
(5) Between two open-loop poles s =0 and s =— 2 there exist a break away
point.
s (s+2)
FT ey
3
dK _
ds =
s =0

Root locus is shown in the figure
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SOL 6.9

SOL 6.10
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y

Y
g S

Y

Three roots with nearly equal parts exist on the left half of s-plane.

Option (A) is correct.
The system may be reduced as shown below

R(s) 2t m > Y(s)
4 11
Y(s) 0 sls+1+K) 1
R(s) 1 C$+s(14+K)+1
(s 1+s(s-|—1+K) R )

This is a second order system transfer function, characteristic equation is
Sf+s(1+K)+1=0
Comparing with standard form
§+ 26w, s+ws =0

We get & :#

Peak overshoot
M, = ¢/1-¢

So the Peak overshoot is effected by K.

Option (A) is correct.
. B 1
Given G(s) = SGT D) (+2)
Gs) =

o (Jw+ 1) (o +2)
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SOL 6.11

CONTROL SYSTEMS

: 1
G =
| (]w)’ WV W+ 1V w4

Z G(jw) =—90° — tan”'(w) — tan"'(w/2)
In nyquist plot

For ‘G]w‘
G (jw) =
For w= o0 ‘G]w‘

ZG(jw) = 90°—90°—90° =—270°
Intersection at real axis

Q) = —— L = 1

w(w+1)(w+2)  jw(—w + Bw+2)

1 —3W — jw(2 — W)

= X
3w+ w2 -w) " =3 — w2 - W)
32—
W (2 - W)’
_ — 3w’ L w(E2-w)
I ALR2 — W) W'+ W2 — W)

At real axis
Im[G(jw)] =0
w(2—w)
Iw' + W (2 — W)
2-w=0= w=+2 rad/sec
At w=+2 rad /sec, magnitude response is

So, =0

CHAP 6

. 1 1 3
O s = /3351244 674
Option (C) is correct.
Stability :
Eigen value of the system are calculated as
‘ A—NI ‘ =0
12 1-—
el
‘A )J’ J(2—=XN)—-2x0=0
= ANy =— 1,2
Since eigen values of the system are of opposite signs, so it is unstable
Controllability :
—12 0
oo
2
ap -}
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SOL 6.12
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02
[B: AB] :[1 2]

[B: AB] #0
So it is controllable.

Option (C) is correct.
Given characteristic equation

s(s+1)(s+3)+ K(s+2) =0; K>0
s(£+4s+3)+ K(s+2) =0
$$+48+ 3+ K)s+2K =0
From Routh’s tabulation method

s 1 3+ K
§ 4 2K
s 4(3+K)—2K()_12+2K>0

4 T W
& 2K

There is no sign change insthe4irst~column of routh table, so no root is lying
in right half of s-plane.
For plotting root locus, the equation can be written as

K(s+2)
s(s+1)(s+3)

Open loop transfer function

G(s)

=0

1+

 K(s+2)

- s(s+1)(s+3)

Root locus is obtained in following steps:

1. No.of polesn=3,at s=0,s=—1and s=—3

2. No. of Zeroes m =1, at s=—2

3. The root locus on real axis lies between s=0 and s=—1, between
s=—3 and s=— 2.

4. Breakaway point lies between open loop poles of the system. Here
breakaway point lies in the range —1 < Re[s] < 0.

5.  Asymptotes meet on real axis at a point C', given by

o - > real part of poles — Y real parts of zeroes
o n—m
0—-1-3)—(—2)
3—1
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SOL 6.13

SOL 6.14

SOL 6.15

CONTROL SYSTEMS CHAP 6

=1
As no. of poles is 3, so two root loci branches terminates at infinity along
asymptotes Re(s) =—1

Option (D) is correct.
Overall gain of the system is written as

G:&@é

We know that for a quantity that is product of two or more quantities total
percentage error is some of the percentage error in each quantity. so error in
overall gain G is

AG :81—1—82-1—l
€3

Option (D) is correct.
From Nyquist stability criteria, no. of closed loop poles in right half of s
-plane is given as
Z=P—N
P — No. of open loop poles in right half s-plane
N — No. of encirclement of (— 1470)

Im

Here N =-—2 (.. encirclement is in clockwise direction)
P =0 (.. system is stable)
So, Z=0-—(—2)
Z = 2, System is unstable with 2-poles on RH of s-plane.

Option (D) is correct.
Given Routh’s tabulation.

s 2 2

$ 4 4
s 0 0
So the auxiliary equation is given by,
41844 =0
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SOL 6.16

SOL 6.17

CONTROL SYSTEMS PAGE 345
¢ =—1
s==%7j

From table we have characteristic equation as
288 +25+45+4 =0
§+54+284+2=0

s(£+1)+2(8+1) =

(s+2)(s+1) =

s=—2,8=17

Option (B) is correct.

Since initial slope of the bode plot is —40 dB/decade, so no. of poles at

origin is 2.

Transfer function can be written in following steps:

1. Slope changes from —40 dB/dec. to —60 dB/dec. at w; = 2 rad/sec., so
at w;, there is a pole in the transfer function.

2. Slope changes from —60.dB/dec to —40 dB/dec at w, = 5 rad/sec., so
at this frequency therd is a zero lying in the system function.

3. The slope changes from = 40/dB/dec to —60 dB/dec at w; = 25 rad/sec,
so there is a pole in the system at this frequency.

Transfer function
K(s5)

s (s+ 2¥(sh 25)

Constant term can be obtained" as:

T(']w) ‘atw:O.l - 80

T(s) =

K(5)
S 80 = 20log-——5—"—
o °810.1)? x 50
K = 1000
therefore, the transfer function is
1000 (s+5)
T =
(8) = 25+ 2) (s 1 25)

Option (D) is correct.

From the figure we can see that steady state error for given system is
e =1 —0.75=0.25

Steady state error for unity feed back system is given by

Iy sR(s)
€ = lim 1+ )]

. s(s)
= lim : s) =
W K  B(s)
(s+1)(s+2)

®w [

(unit step input)
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SO, €ss =

SOL 6.18  Option (D) is correct.
Open loop transfer function of the figure is given by,

—0.1s
G(s) =¢

S

e*jO.lw

G (jw) =

Phase cross over frequency can be calculated as,
Z G(jw,) =—180°
(—0.1% 180) 90° = 180°

W

180°

0.1w =90°
190X T
0.1, e 7 L
w, = BT rad/sec
. ) 1 1
So the gain margin (dB = 20log[ =+ =20lo

= 20log15.7 = 23.9 dB

SOL 6.19 Option (C) is correct.
Given system equations

d (t)

o == 3n(t) + (1) + 2u(?)
dmét(t) = — 22, (1) + u(?)
y() = (1)

Taking Laplace transform on both sides of equations.
sXi(s) == 3Xi(s) + Xa(s) +2U(s)

(s+3)Xi(s) = Xs(s) +2U(s) (1)
Similarly sX5(s) =—2X5(s) + U(s)
(s+2)Xs(s) = U(s) .(2)
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From equation (1) & (2)
U(s)

(s+3) Xi(s) :S_i_—2‘|—2U(S)
U [1+2(s+2)] (2s+5)
50 =3[ sz | = TG
From output equation,
Y(s) = Xi(s)
B (2s+5)
So, Y(s) = U(s)m

Y(s) (2s+5)  (25+5)
S U(s) (s4+2)(s+3) §+5s5+6

SOL 6.20  Option (B) is correct.
Given state equations in matrix form can be written as,

.'il _—3 1 I 2
Bl =l o =2llm|t]1]u®
dX (1)

) = AX(#) + Bu (1

State transition matrix is given by

o (1 —1?1[@(]
B (s) = (s[— A)
31
(sI—A) l l [ ]
(sI— A) :[8—53 31121
-1 1 s+2 1
s e
o 1
So®(s) = (sI— A)' = (s+3) (s+3)1(5—|—2)
0 (s+2)
o) =L@ =) ©

SOL 6.21 Option (D) is correct.
Given differential equation for the function

WO Ly (1) = 51
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SOL 6.22

SOL 6.23

SOL 6.24

CONTROL SYSTEMS CHAP 6

Taking Laplace on both the sides we have,
sY(s)+ Y(s) =1
(s+1)Y(s) =1

_ 1
Y(s) = s+1
Taking inverse Laplace of Y(s)
y(t) = e 'u(t), >0
Option (A) is correct.
Given transfer function
_ 1
G(s) = §+3s+2
Input r(t) =0(t—1)

R(s)=L[6(t-1)]=e
Output is given by

— S

Y(s) = R()@(s) = 5"

§+ 3542
Steady state value of output

— S

fimy(f) =lim s¥{s) =lim 5% 'y =

Option (A) is correct.
For () Phase is given by

0, = tan ' (w) — tan”(i)

10
]
= tan"' —19 = tan1<97w2> > 0 (Phase lead)
11w 10 +w
Similarly for (5, phase is 10
0 = tan 1(%) — tan " (w)
Yo_w
= tan~'|10 | =tan™! —9w2 < 0 (Phase lag)
14w 10+ w
10

Option (C) is correct.
From the given bode plot we can analyze that:
1. Slope —40 dB/decade—2 poles

2. Slope —20 dB/decade (Slope changes by +20 dB/decade)—1 Zero
3. Slope 0 dB/decade (Slope changes by +20 dB/decade)—1 Zero

So there are 2 poles and 2 zeroes in the transfer function.
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SOL 6.25

SOL 6.26

SOL 6.27

CONTROL SYSTEMS

Option (C) is correct.

Characteristic equation for the system
K =0
s(s+3)(s+ 10)
s(s+3)(s+10)+ K =0

§+138+30s+ K =0

1+

Applying Routh’s stability criteria

s’ 1 30
s 13 K
s (13 x 30) — K
13
& K
For stability there should be no sign change in first column
So, 390 - K >0 = K <390
K >0
0<K&g9

Option (C) is correct.
Given transfer function is

J 100
A09)) = 29054 00

Characteristic equation of the system is‘given by
§+20s+ 100 =0
wp = 100 = w, = 10 rad/sec.
26w, = 20

_ 20 _
or E=g5510-1

(£ = 1) so system is critically damped.

Option (D) is correct.
State space equation of the system is given by,
X = AX + Bu
Y =CX
Taking Laplace transform on both sides of the equations.
sX(s) = AX(s)+ BU(s)
(sI—A)X(s) = BU(s)
X(s) = (s[— A)"'BU(s)
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oY (s) = OX(s)
So Y(s) = C(sI— A)"'BU(s)
_ Y(s) _ A1
TF =[5 = Ol 4)7'B
A s 0 0 1 s —1
(sT=A)=1g 5|~ o —2| =0 s+2
1 1
1 [sF2 L s os(s+2)
(s 4) _5(5—1—2)[ 0 5| |p 1
(s+2)
Transfer function
11 1
0
G(s) = ClsI— A" B=[1 0] ’ S(SIFZ) [1 =1 0] 5(81+2)
(s+2) (s+2)
_ 1
- s(s+2)
SOL 6.28  Option (A) is correct.
Steady state error is given by,
= lilm I O
= SR E Gls)H(s)
Here R(s) = L[r(t)] :% (Umit step input)
_ 1
Gls) = s(s+2)

H(s) =1 (Unity feed back)

1
)
. s B s(s+2) |
So, S P —Pl%ls(ﬁ 2)+1] =0
s(s+2)
SOL 6.29 Option (D) is correct.

For input u;, the system is (u; = 0)

u, (s 1)
(s+2)

(s 1)

System response is
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(s—1)
+2) (s—1)
H(s) = (s —
1(8) 1+(3—1) 1 (5_|_3)
(s+2)(s—1)
Poles of the system is lying at s =— 3 (negative s-plane) so this is stable.

For input u, the system is (u; = 0)

(s—1
(s+2)

~—

1 u,

(s-1)

System response is

1
—1) (s+2)
Ho(s) = (s —
:(9) oL (=D T (=1 (5+3)
(s—1)(s+2)
One pole of the system isdyinghin right half of s-plane, so the system is
unstable.
SOL 6.30 Option (B) is corrects
Given function is.
_ 1
) =G D12
) = 7

o (1 + w) (2 + )
By simplifying

N (1 —gw 1 1—jw 1 2 — jw
G(]w)_(ij—jw)<1+ijl—jw)<2+ij2—jw)

- (_Jw)<1 —jw><2 —jw) (2w — Bw)

N+ N4+ P+ (44 W)
_ — 3’ g (W — 2)
S0+ A A1) A+ Dd+ D
G(jw) = z+ iy
7 =Re[G(w)]| , =15 ="2
w0 1 x4 4

SOL 6.31 Option (D) is correct.
Let response of the un-compensated system is

900
Hue(s) = s(s+1)(s+9)
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Response of compensated system.

900
He(s) = s(s+1)(s+9) Ge(s)

Where G¢(s) > Response of compensator

Given that gain-crossover frequency of compensated system is same as phase
crossover frequency of un-compensated system

So,
(wg) compensated — (wp) uncompensated
—180° = £ Hyc(jw,)
—180° =—90° — tan ' (w,) — tan_l(%)
w
W, + o
90° = tan | — 5;’
_w
9
2
./
9 = 0
w, = 3 rad/sée.
So,

(wg) compensated — 3 rad/SeC.
At this frequency phase margin oficompensated system is

dpv == 1807 & AHC(JQy)
45° =180° — 90 %= tan ' (w,) — tan"'(w,/9) + £ Ge(jw,)
45° = 180° —90° = tan‘1(3) —tan'(1/3) + Z Ge(jw,)

=
(J

45° =90° — tam’1 + £ Ge(jw,)
45° =90° —90° + Z Ge¢

Z Ge(jw,) = 45°
The gain cross over frequency of compensated system is lower than un-

)

compensated system, so we may use lag-lead compensator.

At gain cross over frequency gain of compensated system is unity so.

‘HC]wg)lzl
900[Gelj)|
Wy v/ W2+ 1,/ + 81
Golo)| = 3YO+ 19481 _3x30_ 1
|Gelwy)| = 900 =900 —10

in dB ‘Gc w,) ’ = 2Olog<10>
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=—20 dB (attenuation)

SOL 6.32 Option (B) is correct.
Characteristic equation for the given system,
K(s+3) 0
(s+8)°
(s+8)*+K(s+3)=0
s+ (16+ K)s+ (64+3K) =0
By applying Routh’s criteria.

1+

§ 1 64 + 3K
st 16+ K 0
S0 64+ 3K

For system to be oscillatory
6+K=0=>K=—-16
Auxiliary equation A(s) = s+ (64 +3K) =0
= §+64+3x (—16) =0
§+64—48 =0
§=—16 = jw=4j

@ =4 rad/sec

SOL 6.33 Option (D) is correct.
From the given block diagram we can obtain signal flow graph of the system.
Transfer function from the signal flow graph is written as

P aP

TF — I +T o (Co+ C1S)P
T Pb Pb, (& _
1+%+%_?0_71 (8 + a8+ ag) — P(bo+ sby)

(co+ c18) P
(82 + a5+ ao)
P(bo+ sby)
B s + a8+ ag
from the given reduced form transfer function is given by

_ XYP
LY =1"5py

by comparing above two we have

X =(co+ as)

S S
S+ ms+ a

Z = (bo + Sbl)
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SOL 6.34  Option (A) is correct.
For the given system Z is given by

7 = E(s)&
s
Where E(s) — steady state error of the system

Here

Input  R(s) :% (Unit step)

Gls) = <I§l * K,,)(82 + 2§sz+ wQ)

H(s) =1 (Unity feed back)

So,
| {5)
ZZEE%H 55 R S W <l§>
_ (3 p>(32+2§w3+w2)
:1’15%_ Ki 5 :%: 1
s+(Ki+Kps)(82+2ng+w2) '

SOL 6.35 Option (C) is correct.
System response of the given cir¢dit can be obtained as.

H(s)= e(s) _ <é>
Cals) <R+Ls+1>

Cs
< 1
1 LC
H == =
(5) LCs+ RCs+ 1 82+%8+L10

Characteristic equation is given by,

2, R 1
S“"fé"f—m—o

1
Here natural frequency w, = ——
q Y T.C
28w, = %

~ - _R 10 -R /C
Damping ratio € = 5T LC = oy T

=3
Here € = % / 110>;711%4 = 0.5 (under damped)

GATE Previous Year Solved Paper By RK Kanodia & Ashish Murolia
Published by: NODIA and COMPANY ISBN: 9788192276243
Visit us at: www.nodia.co.in






CHAP 6

SOL 6.36

SOL 6.37

SOL 6.38

SOL 6.39

CONTROL SYSTEMS PAGE 355

So peak overshoot is given by

—mE —n x0.5
% peak overshoot = g1 X 100 = € 1_X<0‘5)2 X 100 = 16%
Option () is correct.

Option (B) is correct.

In standard form for a characteristic equation give as
S a1+ asta =0

in its state variable representation matrix A is given as

0 1 0O - 0

0 0 1 - 0
A= . : : : :

—Qy — @ — Q2 " —Qp—1

Characteristic equation of the system is
48 —25+1 =0

SO, (12:4701:—2,0/0:1

0O 150 010
A=[0 0 "I=|0 0 1
— Qe Com— o -12 -4

Option (A) is correct.
In the given options only in option'(A){the nyquist plot does not enclose the
unit circle (— 1,70), So this is stable.

Option (A) is correct.
Given function is,

. 10*(1 + jw)
H —
() = 00+ ) (100 + ju)”
Function can be rewritten as,
10*(1 + jw) - 0.1(1 + jw)

10[1 —i—j%] 104[1 +jﬁ]2 (1 +j%)(1 +jﬁ>2
The system is type 0, So, initial slope of the bode plot is 0 dB/decade.
Corner frequencies are

w, = 1 rad/sec
wy = 10 rad/sec

ws = 100 rad/sec
As the initial slope of bode plot is 0 dB/decade and corner frequency w; =1

GATE Previous Year Solved Paper By RK Kanodia & Ashish Murolia
Published by: NODIA and COMPANY ISBN: 9788192276243
Visit us at: www.nodia.co.in






PAGE 356 CONTROL SYSTEMS CHAP 6

rad/sec, the Slope after w = 1 rad/sec or logw = 0 is(0 4+ 20) =+ 20 dB/dec.
After corner frequency w,=10 rad/sec or logw, =1, the Slope is
(+20 —20) = 0 dB/dec.

Similarly after w; =100 rad/sec or logw =2, the slope of plot is
(0—20 x 2) =—40 dB/dec.

Hence (A) is correct option.

SOL 6.40 Option (B) is correct.
Given characteristic equation.
($—4)(s+1)+ K(s—1)=0
K(s—1)
(—4)(s+1)
So, the open loop transfer function for the system.

_ K(s—1)
) = o)1) s+ 1)

or 1+

no. of poles n =3

no of zeroes m =1
Steps for plotting the root-locus
(1) Root loci starts at s=2,8 == 1,5 =—2
(2) n > m, therefore, number of branches of root locus b =3
(3) Angle of asymptotes is given by
(2q+ 1)180°

n—tm 4701
o @ ><(0+1))180°_90
any 2 Xéfll))wo — 270°

(4) The two asymptotes intersect on real axis at
_ 2 Poles — > Zeroes _ (=1-2+42)—-(1) _ 1

n—m 3—1 o
(5) Between two open-loop poles s=—1 and s=— 2 there exist a break
away point.
__(82—4)(8—|- 1)
=6
dK
ds =0
s =—1.5

SOL 6.41 Option (C) is correct.
Closed loop transfer function of the given system is,
§+4
T = 1 1) (s 1 4)
GATE Previous Year Solved Paper By RK Kanodia & Ashish Murolia
Published by: NODIA and COMPANY ISBN: 9788192276243
Visit us at: www.nodia.co.in






CHAP 6

SOL 6.42

SOL 6.43

SOL 6.44

CONTROL SYSTEMS PAGE 357

() = ) !

o+ 1) (Jw+4)
If system output is zero
()| = e R
‘(jw—f—l)(jw-i—ll)‘
4—w =0
W =4

= w = 2 rad/sec

Option (A) is correct.

From the given plot we can see that centroid C(point of intersection) where
asymptotes intersect on real axis) is 0

So for option (a)

G(s) = %

Y. Poles — > Zetos
n—m

— _0—-0 _
Centroid = =37 =0

Option (A) is correct,
Open loop transfer function is.
s+ 1
G5 =50
Gl) =224

Phase crossover frequency can be calculated as.
Z G(jw,) =—180°
tan'(w,) =— 180°
w, =0
Gain margin of the system is.

1 1 w;
G.M = . = = B =0
‘G(pr)‘ \/w?ﬁ—l \/wfﬁ—l
2
Wp

Option (C) is correct.
Characteristic equation for the given system

1+ G(s)H(s) =0

1—35
k=)

(145 +K(1—-s5 =0

GATE Previous Year Solved Paper By RK Kanodia & Ashish Murolia
Published by: NODIA and COMPANY ISBN: 9788192276243
Visit us at: www.nodia.co.in






PAGE 358 CONTROL SYSTEMS CHAP 6
s(1—-K)+(1+K)=0

For the system to be stable, coefficient of characteristic equation should be
of same sign.

1-K>0,K+1>0

K<1, K>-1
-1<K<1
\K’<1

SOL 6.45  Option (C) is correct.
In the given block diagram

s+2

Steady state error is given as

ess = lim sE( s)

s 0

E(s) = R(s) — Y(s)
Y(s) can be written as

Y@:ng—w@3 m% 2

g_

=R (o5 9) *sre| YO sy g

Y@P+§£ﬁﬂ:R@E%§a

Y@:R@wg¥?®
So, m@:R@yﬁégggaﬁ@
2
- R(S)[SQi;jj 6]
For unit step input R(s) = %
Steady state error e, = lgll% sE(s)
>
sy = 1915% s%%} =0
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SOL 6.46 Option (B) is correct.
When it passes through negative real axis at that point phase angle is —180°
So  ZG(jw)H(jw) =—180°

—0.250 — 5 =—
iy — T
—0.25w = 9
40.25w = g
— T
I =97%0.25
§ = Jw =27
Put s = 27 in given open loop transfer function we get
—0.25 X 271
G(S) H(S) ‘s:?‘n = MT = — 05

So it passes through (— 0.5,70)

SOL 6.47  Option (C) is correct.
Open loop transfer functiom of the system is given by.

G@ﬂﬂQ:(K+OB%@S@11A
G(j) H(jw) = * T LA

Phase margin of the system is givew as
Ppy = 60° = 180" + £ G(ng) H(]%)

Where w, = gain cross over frequency = 1 rad/sec

170.366w,\
Cx)

So, 60° = 180° + tan 90° — tan"'(w,)

=90° + tan”(()'?(%) —tan™'(1)
::90°-—45°-+tan.1<95533>

15° = tan! <O'§’(66>
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SOL 6.48

SOL 6.49

CONTROL SYSTEMS

Option (A) is correct.
Given state equation.

CHAP 6

. [0 1 ] 1
X(1) =g _3|X @) +|q[u®
Here . / .
[0 1 ] 1]
4=lo —37=|o|
State transition matrix is given by,
b (1) = L(sI— A)7]
s 0
[s7— 4] :[0 sl [0 —3] lo s+3l
11
1 1 s+31 |5 s(s+3)
[sT= 4] _5(5—1—3)[ 0 sl "o 1
(s+3)
& (1) = L(sI— A)7]

1 1(1—eh
0 e !

Option (C) is correct,
State transition equation (s given by

®(s) X(0)+®(s)BU(s)

Here ® (s) — state transition matrix

X(s) =

1 1

s(s+3)
1
(s+3)

s
0

X (0) ~ initial condition

o
él

ol

_l R
s T s(s—l—3)

043

s+ 3

1

l s s+3 [l

0 s—|—3

1
1‘1 s—|—3 1
+ g 3 S
0

s+ 3
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(11
2 3
X(S) _ S S+
3
| s+3
Taking inverse Laplace transform, we get state transition equation as,
-t Sl
X(t) — 36—3t

SOL 6.50 Option () is correct
Phase margin of a system is the amount of additional phase lag required to
bring the system to the point of instability or (— 1,50)
So here phase margin = 0°

SOL 6.51 Option (D) is correct.
Given transfer function is

_ 0]
F(s) = s(8+3s+2)
F(s) J

~ s(s+1)(s5+2)
By partial fraction, we get

_5 15 5
P(9) = 95 A5 @it 39
Taking inverse Laplace of F(s) we have

f(t) = gU(t) — 5e*t_|_%e~2t

So, the initial value of f(¢) is given by
: 5 501) —
limf(f) =5 —5+5(1) =0

SOL 6.52 Option (C) is correct.
In A.C techo-meter output voltage is directly proportional to differentiation
of rotor displacement.

d
e(t) « L1 (0)
do ()
dt
Taking Laplace tranformation on both sides of above equation

FE ( 8) = Kt s0 (S)
So transfer function

e(t) = K,

T.F = = (Ki)s
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SOL 6.53 Option (B) is correct.
Given characteristic equation,
§—48+5+6=0
Applying Routh’s method,

s 1 1

$ —4 6

st —4—-6 0
—I =25

& 6

There are two sign changes in the first column, so no. of right half poles is 2.

No. of roots in left half of s-plane = (3 —-2) =1

SOL 6.54  Option (B) is correct.
Block diagram of the system is given as.

R,
Rs).: e
R(s) [1 < 1 (s)
R(s) R(s)

From the figure we can see that

O(s) = [R(s)% + R(s)]% + R(s)

C(s) :R(s)[;JriJr 1]

SOL 6.55 Option (A) is correct.
Characteristic equation is given by,

‘sI—A’:O

PR I R
(sI=A) =g 5|72 0| =|-2 s|=54=0
81,82:i2

SOL 6.56 Option (D) is correct.
For the given system, characteristic equation can be written as,
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SOL 6.57

SOL 6.58

CONTROL SYSTEMS

1 +3(3K+2)(1 Y sP) =0
s(s+2)+ K(1+sP)=0
§+35(2+KP)+ K =0
From the equation.
w, = v K =5 rad/sec (given)

So, K=25

and 2tw, =2+ KP
2x0.7x5=24+25P

or P =02

so K=25, P =0.2

Option (D) is correct.

Unit - impulse response of the system is given as,
c(t) =12.5¢ "sin8t, t = 0

So transfer function of the system.

H(s) = Lle(0] = 5 Hs:
H(s) = 100

8+ 12s+.100
Steady state value ofloutput for unit step input,

limy(t) = lim sY(s) = lim sH(s) R(s)

t— o
= lim s[ 100 ]1 =1.0

S50 |+ 125 41008

Option (A) is correct.
System response is.

_ s

H(s) = s+1

Cy o Jw

H(jw) = jo+1
Amplitude response
‘H(jw)’ B Y ww—i- 1

Given input frequency w = 1 rad/sec.
1 1

So ‘H(]w) ‘w:h-ad/sec - \/1—|—1 B \/5
Phase response

0, (w) = 90° — tan ' (w)

O (w)| _, =90° —tan (1) = 45°
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SOL 6.59

SOL 6.60

CONTROL SYSTEMS CHAP 6

So the output of the system is
y(t) = H(w) |z(t—0) = J%sin(t —45°)

Option (C) is correct.
Given open loop transfer function

. ] 1
G (o) = %27,

()"
Gain crossover frequency (w,) for the system.
‘ G (jw,) ’ =1
Jauw+1
vER TS o
aw,+1 =uw
w,— a’w,—1=0 (1)

Phase margin of the system is
dpy = 457 = 180° + £ G (jw,)
45° = 180° # tan ' (w,a) — 180°
tan” ' (w,a) = 45°%

wya =1 (2)
From equation (1) and|(2)
1
1 1 19y
a4
o' =3 = a2 0841

Option (C) is correct.
Given system equation is.

d’z dx _ =Y
i7E +6E+5$_12(1 e )

Taking Laplace transform on both side.

§X(8)+6sX(s) +5X(s) = 12[1 1 ]

s s+2
(3+6s+5)¥@):12hﬁﬁﬁﬁ]

System transfer function is

24
X = G )G+ D)

Response of the system as ¢ > <o is given by

lim f(t) = lim sF° (s) (final value theorem)
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SOL 6.61

SOL 6.62

SOL 6.63

CONTROL SYSTEMS

= lims 24

520 [s(s+2)(s+5)(s+1)
_ 24
= 9B = 24

Option (A) is correct.
Transfer function of lead compensator is given by.

K(1+2
H(s) = K+ 8“)
(1 + 5)
1+ j<3)

So, phase response of the compensator is.

0 (w) = tarfl(%) _ tanﬂ(%)

w w

= tan ' @ b 32 =tan"' 7(»(1) — Z)]
14w ab+ w
ab
0, should be positive for phase lead compensation
L[w(b= a
SO, eh (L\)) = tan ! ﬁ] >0
b>a

Option (A) is correct.
Since there is no external input, so state is given by

X (1) = (1) X(0)
¢ (t) —state transition matrix

X[0] —initial condition

-67225 O 2
So z(t) = 0 et]l3l
:26—2t
=(8) = 364‘
At t =1, state of the syétem
2¢7%  [0.271
T, = 91| =|1.100

Option (B) is correct.
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SOL 6.64

SOL 6.65

CONTROL SYSTEMS CHAP 6

Given equation

Fr  ldz 1

42 T2qr T18”

Taking Laplace on both sides we have

=10+ 5e "4+ 2¢ "

1 1 10 ) 2
SQX(S)+§8X(S)+EX(8):?+S+4+8+5
o, 1.1 _ 10(s+4)(s+5)+5s(s+5)+2s(s+4)
(s +55+15) X(s) = S5+ 4) (54 5)
System response is,  X(s) = 10(s+4)(s+5) +55(5+15) +215(5+4)

2
s(s+4)(s+ 5)(8 +55+4g
_ 10(s+4)(s+5)+5s(s+5)+2s(s+4)
s(s+4)(s+ 5)(84—%)(84—%)
We know that for a system having many poles, nearness of the poles towards
imaginary axis in s-plane dominates the nature of time response. So here

time constant given by two poles which are nearest to imaginary axis.
Poles nearest to imaginary @xis

S1 :—g, So :—%

. =_Jsec
So, time constants {Tl

Ty =.0 sec

Option (A) is correct.
Steady state error for a system is given by

_ sR(s)
s =1+ G(s) H(s)

Where input R(s) = % (unit step)
—_ 3 15
G(s) _<s—|— 15><s+ 1)

H(s) =1 (unity feedback)

1
()
e s 15 15
So Cs = llE%H 15 =15+45 — 60
(5+15) (s+ 1)

Yoew = g3 x 100 = 25%
Option (C) is correct.
Characteristic equation is given by

14+ G(s)H(s) =0
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SOL 6.66

SOL 6.67

CONTROL SYSTEMS

Here H(s) = (umty feedback)

60 ()5 71)

So, 1+<s+315><sl+51> =

(s+15)(s+1)+45 =0
§+16s+60 =0
(54 6)(s4+10) =0

s =—6, —10

Option (A) is correct.
Given equation can be written as,
d’w _ Bdo K’ K

ar o Jdt LIt Ir
Here state variables are defined as,

w = 2

So state equation is
B K K

hE—mut ety Ve
.1.72 :E = Ty
In matrix form
| |-B/J —K?/EJ|x| [K/LJ ”
.Z"Q o 1 0 T2 0 .
d*w] &
ae | _
i | = af+ e
dt |
So matrix P is
—B/J —KQ/LJ
1 0

Option (C) is correct.
Characteristic equation of the system is given by

1+ GH =0
K
1 =0
+s(s-l—?)(s—l—él)

s(s+2)(s+4)+K =0
$+65+8+K =0
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SOL 6.68

SOL 6.69

CONTROL SYSTEMS CHAP 6

Applying routh’s criteria for stability

s 1 8
s? 6 K
st K—48
6
s |K
System becomes unstable if K% B_0 > k=48

Option (A) is correct.

The maximum error between the exact and asymptotic plot occurs at corner
frequency.

Here exact gain(dB) at w = 0.5a is given by

2
gain(dB) L:o.zm, = 20log K —20log,/ 1+ %

2.1/2
— 201og K — 20 log[l + %] — 201og K — 0.96
Gain(dB) calculated from @asymptotic plot at w = 0.5a is
= 20log K

Error in gain (dB) = 20log K — (20log K — 0.96) dB = 0.96 dB
Similarly exact phase angle at' w = 0.5a is.

0L, = o] (1)

w=0.5a

—26.56°

Phase angle calculated from asymptotie plot at (w = 0.5a) is —22.5°
Error in phase angle =—22.5—(—26.56°) =4.9°

Option (B) is correct.
Given block diagram

Given block diagram can be reduced as

o1
L9

Q-
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SOL 6.70

SOL 6.71

CONTROL SYSTEMS PAGE 369
(5)
_ § _ 1

Where G, = 1 <1>3 =513
+ -
S
(5)

G2 — i 1

_1+(iy2__3+12

Further reducing the block diagram.

9]
+Y(S)
_ (2)(Si3><84}12>
1+ @)(53) (57 12)©
::@+$@ilm+18:§+1i+54
2 1

(54 9(s1+6) 27(1+§)(1+)

Option (C) is correct.
Given state equation is,

X=AX
Taking Laplace transform on both sides of the equation,

sX(s) — X(0) = AX(s)

(sI— A)X(s) = X(0)

X(s) = (sI—A)"'X(0) = ®(s) X(0)

Where ¢ (1) = L'[®(s)] = L '[(sI— A)""] is defined as state transition

matrix

Option (B) is correct.
State equation of the system is given as,

._23 1
X—O5X+Ou
4 23 1
Here —05,3—0

Check for controllability:
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SOL 6.72

CONTROL SYSTEMS

SRR E
B =19 sllo] = o
U=[B:AB] =

12

00
’U’:(1X0—2><O):O

Matrix U is singular, so the system is uncontrollable.

Check for Stability:

Characteristic equation of the system is obtained as,

‘sI—A’:O
s 0 23
(sI—4) :lo sl_lo 5]
s—2 —3
:[ 0 s—5l
(sI—A|=(5s-2)(s=5) =0
§s=2,8=05H

There are two R.H.S Poles in the system so it is unstable.

Option (B) is correct.
Given open loop transfer function,
G(9) i,
s no of zeroes = (
For plotting root locus:
(1) Poles lie at s,5 =0
2) So the root loci starts (K = 0) from s = 0 and s = 0

no of poles =2

CHAP 6

(2)
(3) As there is no open-loop zero, root loci terminates (K = o) at infinity.
(4)

4) Angle of asymptotes is given by
(2¢+1)180 g=0.1

n—m
So the two asymptotes are at an angle of

) 2% O;l)lSO _og°

iy 21 ; 1)180° _ o

(5) The asymptotes intersect on real axis at a point given by

> Poles —> zeros 0 -0
= n—m 2

=0

(6) Break away points

1+5 =0

S
GATE Previous Year Solved Paper By RK Kanodia & Ashish Murolia
Published by: NODIA and COMPANY
Visit us at: www.nodia.co.in

ISBN: 9788192276243






CHAP 6 CONTROL SYSTEMS PAGE 371
K=-5¢
4K _ 95— =s5=0
ds

So the root locus plot is.

Jw

SOL 6.73 Option (A) is correct.
System is described as.

de dy  du

Taking Laplace transform on both sides.
SY(s)+ sY(s) = sU@ +2U(s)
(s+5)Y(s) = (s£2)U(s)
So, the transfer function is
Y(s) g (s 2)
- U(s) ' (£4 9)

T.F

SOL 6.74  Option (A) is correct.
Here, we have

20 1
A= 04,B: 1,02[4, 0]
We know that transfer function of the system is given by.

szggzﬂXﬂ—M”B

s 0] 120 s—2 0
[SI_A]:[O sl_lo 4]2[ 0 s—4l

1
; (s—4) 0 -2 O
(s]— A) :?t_izj_[ . l:
L B
1 0 . 1
So, 58 —u ¢ ) H —[4 0] (512)
0 (s—19) (5—4)
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SOL 6.75

SOL 6.76

CONTROL SYSTEMS CHAP 6
Y(s) _ 4
U(s)  (s—2)
Here input is unit impulse so U(s) = 1 and output
_ 4
Y(s) = G-2)
Taking inverse Laplace transfer we get output
y(t) = 4e”

Option (D) is correct.
Given state equation
[0 1
00
00
00

X =

S O = O
— 0 O

(0100
0010
Here A= 01

1

00
000
Eigen value can be obtained as
‘A—)J’:O
0 1.0 0
0010
0001
0 001

(A=\D) =

‘A )J‘ N(1-X) =0
or )\1, >\2, )\3 —0, >\4 =1
Option (A) is correct.
Input-output relationship is given as

d’y dy du
e a 5= —3u

dt
Taking Laplace transform on both sides with zero initial condition.
s Y (s) +2sY(s) +10Y(s) = 5sU(s) — 3U(s)
(8 +25+10) Y(s) = (hs—3) U(s)

5s—3)
Y(s) = _(5s=3) U

(3) (s + 25+ 10) ()

With no input and with given initial conditions, output is obtained as

d’y dy
2% + 10y =
T + + 10y =0

+2

+ 10y =

Output
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SOL 6.77

CONTROL SYSTEMS PAGE 373

Taking Laplace transform (with initial conditions)
[ Y (s) — sy(0) — 9/ (0)] +2[sY(s) — y(0)] + 10Y(s) = 0
Given that 3'(0) =—4, y(0) =1
[Y(s)—s—(—4)]+2(s—1)+10Y(s) =0
Y(s)[8+2s+10] = (s —2)

__ (s=2)
Y(s) = (s + 25+ 10)
Output in both cases are same so
(5s—3)  (s—2)
125110 V¥ = Fx 254 10)
_(s—=2) 1(bs—10)
Uls) = (55—3) ~ 5 (55— 3)

_1{(s=3) 7
5 5s—3  (5s—13)
D | P
Ul9) = 5|1 a5 3)]
Taking inverse Laplace transform, input is
u(t) — %6 5 3/ot ] S e3/5tu(t)
Option (C) is correct.
d’ d _
dt% + d?; 2y = u(t)e’ (1)
State variable representation is given as
X = AX+ Bu
i
Or = A[ l—i— Bu
T

Here =y, ”2:(%{_ )et

C(l;él = ill?; =me 'dy =me '+
or % =z + me '+ (0)u(t) .(2)
Similarly
dny _ A%y o dy i g dy
R TR A i

2

Put Cfitg from equation (1)
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SOL 6.78

SOL 6.79

CONTROL SYSTEMS CHAP 6
@ — —t_ d_y to it
So, 7t —[u(t)e 7t +2y]e ye
_ _@ t tt . —t t t
= u(t) g € T 2ye — ye = u(t) — [me "+ yle' + ye
= u(t) — @
@ — 0 — 24 u(t) (3)
From equation (2) and (3) state variable representation is
.'il 1 €7t I 0
2 _lO — 1|z 1 u(?)

Option (B) is correct.
Characteristic equation of the system
14+ G(9)

2(s+«)

s(s+2)(s+ 10)
s(s+2)(s+10)+ 2(s+a) =0
$"+ 125" +20s+2s + 200 =0
§'+ 128 + 225+ 2a = 0

200 —0
SF 125° 4224

No of polessns=I3

~ 0
1+ =0

No. of zeros m="0

Angle of asymptotes
(2¢+1)180°

d)A :W; q= 07172

24+ 1)180° :
o, = 24+ 1)180° q+3) 807 _ (244 1)60

b4 = 60°,180°,300°

Option (A) is correct.
Asymptotes intercepts at real axis at the point

C - Y. real Parts of Poles — > real Parts of zeros
n—m

Poles at s =0
SS9y = — 2
S§3 — — 10
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0-2-10-0 _
So C = 30 =—4

SOL 6.80 Option (C) is correct.
Break away points
do

s =0
« :—%[834— 128 + 224
Ao 1394245+ 22) = 0

51,8 ——1.056, —6.9433
SOL 6.81 Option () is correct.

SOL 6.82 Option (A) is correct.
Given state equation

. -3 1
X = 0 _2X

. -3 1
Or X:AX,WhereA:[O _2l

Taking Laplace transform-on bothsides.
sX(s) — X(0) = AX(s)
X(s)(sI—A) = X(0)
X(s) = (s[— A)"'X(0)
Steady state value of X is given by
Ty = lim sX(s) = lim s(sI— A)"'X(0)

s 0 -3 1 s+3 —1
(SI_A):lo sl_lo —2l:l 0 s—I—QI

e 1 s+ 2 1
(sI= A7) =3 6+ 2)[ 0 543
1 1
| (84+3) (s+2)(s+3)
=1, 1
(s+2)
So the steady state value
1 1
10
Lss =lim s (s+3) (8+2)1(8+3) I l
50 0 - 10
(s+2)
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010
0
i s (s+3) (s+2)(s+3) :l l
s—0 _ 10 O
(s+2)

SOL 6.83 Option (D) is correct.
Initial slope of the bode plot is —40 dB/dec. So no. of poles at origin is 2.
Then slope increased by —20 dB/dec. at w = 2 rad/sec, so one poles lies at
this frequency. At w =5 rad/sec slope changes by +20 dB/dec, so there is
one zero lying at this frequency. Further slope decrease by —20 dB/dec at
w = 25 so one pole of the system is lying at this frequency.
Transfer function

B K(s+5)
H(9) = 212 (51 25)
At w=0.1, gain is 54 dB, so
5K
4 =20log K
b4 = 20108 (1132 (9 (25)
K =50
50 (s +.5)
H =
() s (s+ 2) (s 425)

SOL 6.84  Option (B) is correct,
Open loop transfer function of the_system is

__10°
Gls) = s(s+10)*
: 10 10
G pu— pu—
() = G+ 1002~ (100 — o 1 7200)
4
Magnitude |G (jw)| = 10

wy/ (100 — w*)? 4 4000

At w = 20 rad/sec

G(20)| = 10’ N (|
2079 x 10*+ 16 x 10* 20 X 5 x 10

Magnitude in dB = 20log;| G(jQO)‘ = 20log,yl =0 dB

SOL 6.85 Option (C) is correct.
Since |G(j w)| =1 at w = 20 rad/sec, So this is the gain cross-over frequency
w, = 20 rad/sec
Phase margin  dpy = 180° + £ G (jw,)
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20 w,
100 — w;

180 - 00° — tan [ 20X 20 ] _ g g
ey = 180 — 90° — tan 100_(20)2] 36.86

£ G(jw,) =—90° — tan'

SOL 6.86 Option (C) is correct.
To calculate the gain margin, first we have to obtain phase cross over
frequency (w,).
At phase cross over frequency

Z G(jw,) =— 180°

o 4 20w, o
—90° — S =1
90 tan [100_‘*{% 80
-1 20U)p o °
tan 7100_0{% =90
100 —w; =0 = w, = 10 rad/sec.
. .. 1
Gain margin in dB = 201o B
g glU(G(jwp)>
Gjy)| = | GULO)= 10
104/(100 — 100)* + 400 (10)*
10 x 2, x 107
Q.M. = 2010g10<%> —13.97 dB

SOL 6.87 Option (B) is correct.
Since gain margin and phase margin are negative, so the system is unstable.

SOL 6.88 Option (C) is correct.
Given characteristic equation

$+8&+Ks+ K =0

K(s+1)
1+——5=0
* § 4§
K(s+1)
1+—5—-2=0
* s (s+2)
so open loop transfer function is
_ K(s+1)
Gls) = s(s+1)

root-locus is obtained in following steps:

1. Root-loci starts(K=0) at s=0, s=0 and s=—2

2. There is one zero at s =—1, so one of root-loci terminates at s=—1
and other two terminates at infinity
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3. No. of poles n = 3, no of zeros ,m =1
4. Break - Away points

dK _
ds 0
Asymptotes meets on real axis at a point C
c— Y. poles — >, zeros

n—m
_(040-2) (1) _
—~ 1 ——05
>kokeoskoskoskoskosk sk sk skok
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CHAPTER 2

ELECTRICAL CIRCUITS & FIELDS

McQ 2.1

McQ 2.2

McaQ 2.3

YEAR 2012 ONE MARK
In the circuit shown below, the current through the inductor is
2 -1
R B reid
1
(C) T+ A (D) 0A
The impedance looking into nodes 1 and 2 in the given circuit is
(A) 50 Q2 (B) 100 ©
(C) 5k (D) 10.1kQ
2
A system with transfer function G(s) = Gs _‘Esl)—?sgj_(g)tfj_ 1
is excited by sin(wt). The steady-state output of the system is zero at
(A) w=1rad/s (B) w=2rad/s
(C) w=3rad/s (D) w=4rad/s
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McQ 2.4

McQ 2.5

MCQ 2.6

McaQ 2.7

ELECTRICAL CIRCUITS & FIELDS CHAP 2

The average power delivered to an impedance (4 —j3)§) by a current

5cos (1007t 4 100) A is

(A) 442 W (B) 50 W

(C) 62.56 W (D) 125 W

In the following figure, C; and C; are ideal capacitors. C; has been charged to

12 V before the ideal switch S is closed at ¢t = 0. The current i(¢) for all ¢ is
g t=0

[

Ci=—= r\ =,
i(t)

(A) zero (B) a step function

(C) an exponentially decaying function (D) an impulse function

YEAR 2012 TWO MARKS
If VA— VB: 6V then VC— VD is
RV, 20 V, R

sv Yoo oxn o R
(A) =5V (B) 2V
(C) 3V (D) 6V

Assuming both the voltage sources are in phase, the value of R for which
maximum power is transferred from circuit A to circuit B is

________________________________

Logla== (~)3v:

________________________________
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McCQ 2.8

McaQ 2.9

McaQ 2.10

ELECTRICAL CIRCUITS & FIELDS PAGE 33

Common Data for Questions 8 and 9 :

With 10V dc connected at port A in the linear nonreciprocal two-port
network shown below, the following were observed :
(i) 1€ connected at port B draws a current of 3 A

(ii) 2.5Q connected at port B draws a current of 2 A

o—Jr ——o
A B
o——— ——o

With 10 V dc connected at port A, the current drawn by 7 €2 connected at
port B is

(A) 3/7TA (B) 5/7A

(C) 1A (D) 9/7 A

For the same network, withs6 V dc connected at port A, 1§ connected

at port B draws 7/3 A. Iff8 V de is connected to port A, the open circuit

voltage at port B is
(A)6V (B) 7V
(C) 8V (D) 9V

Linked Answer Question

Statement for Linked Answer Questions 10 and 11 :

In the circuit shown, the three voltmeter readings are V; = 220V, V, = 122V,
V3=136V.

The power factor of the load is
(A) 0.45 (B) 0.50
(C) 0.55 (D) 0.60
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McaQ 2.11

McQ 2.12

McaQ 2.13

McQ 2.14

McQ 2.15

ELECTRICAL CIRCUITS & FIELDS CHAP 2
If R, = 5%, the approximate power consumption in the load is
(A) 700 W (B) 750 W
(C) 800 W (D) 850 W
YEAR 2011 ONE MARK
The r.m.s value of the current i(¢) in the circuit shown below is
1 1
A) 5 A B) —A
)3 ®)
(C)1A (D) V2 A
1F 1H
1Q
i(t) A
LS (1 0sint) V

The voltage applied to a eircuit/is 100+ 2 cos(100wt) volts and the circuit
draws a current of 10+/2 sin (100wt + «/4) amperes. Taking the voltage as
the reference phasor,fthe phasor fépresentation of the current in amperes is

(A) 10v'2 /—m/4 (B) 10 /— /4
(C) 10 /+7/4 (D) 10v'2 /+ /4

In the circuit given below, the value of R required for the transfer of
maximum power to the load having a resistance of 32 is

n

N AN

10V 60 SQgLoad

(A) zero (B) 3Q

(C) 6Q (D) infinity

YEAR 2011 TWO MARKS

A lossy capacitor C,, rated for operation at 5 kV, 50 Hz is represented by an
equivalent circuit with an ideal capacitor C, in parallel with a resistor R,.
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The value C, is found to be 0.102 pF and value of R, = 1.25 M(). Then the
power loss and tand of the lossy capacitor operating at the rated voltage,
respectively, are

(A) 10 W and 0.0002 (B) 10 W and 0.0025

(C) 20 W and 0.025 (D) 20 W and 0.04

A capacitor is made with a polymeric dielectric having an ¢, of 2.26 and a
dielectric breakdown strength of 50 kV /cm. The permittivity of free space is
8.85 pF/m. If the rectangular plates of the capacitor have a width of 20 cm
and a length of 40 cm, then the maximum electric charge in the capacitor is
(A) 2 pC (B) 4 pC

(C) 8 pC (D) 10 pC

Common Data questions: 17 & 18

The input voltage given to a converter is v; = 100v/2 sin (100wt) V

The current drawn by the cenverter is

i; = 10v/2 sin (100wt — w/3) + 5+ 2 sin (300wt + w/4)
+2v/2 sin (500t — w/6) A

The input power factex ofsthefeonwverter is

(A) 0.31 (B) 0.44
(C) 0.5 (D) 0.71
The active power drawn by the converter is

(A) 181 W (B) 500 W
(C) 707 W (D) 887 W

Common Data questions: 19 & 20

An RLC circuit with relevant data is given below.

v~

‘TRL y [

The power dissipated in the resistor R is

(A) 0.5 W (B)1W

(C) V2 W (D)2 W
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McCQ 2.20

McaQ 2.21

McaQ 2.22

McaQ 2.23
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The current I in the figure above is
(A) -2A (B) ~j 5 A
(C) + jﬁA (D) +2A
YEAR 2010 ONE MARK

The switch in the circuit has been closed for a long time. It is opened at
t=0. At t= 07, the current through the 1 uF capacitor is

1Q N
t=0
SVT 1 pF= §4Q
(A)OA (B) 1 A
(C) 1.25 A (D) 5 A

As shown in the figure, a 12 resigtance is connected across a source that has
a load line v+ ¢ = 100. The eurrent through the resistance is

7

Source Vv

(A) 25 A (B) 50 A
(C) 100 A (C) 200 A
YEAR 2010 TWO MARKS

If the 12 Q2 resistor draws a current of 1 A as shown in the figure, the value
of resistance R is

10 R

2 A 1A¢ 120 .‘.6\/

(A) 4 (B) 6
(C) 89 (D) 189
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The two-port network P shown in the figure has ports 1 and 2, denoted
by terminals (a,b) and (c,d) respectively. It has an impedance matrix Z
with parameters denoted by Z;. A 1 resistor is connected in series with
the network at port 1 as shown in the figure. The impedance matrix of the
modified two-port network (shown as a dashed box ) is

of 1Q 5 —— }
| T *¢C
| P
o] ——ed
Zn+1 Zp+1 Zm+1  Zp
A) ( Zo1 oot 1) (B) < Zn It 1)
Zn+1 Zy Zn+1 Zpy
(©) ( Zn 222) (D) (Z21+ 1 Zgg)
YEAR 2009 ONE MARK
The current through the 2 K2 résistance in the circuit shown is
1kQ ¢ 1kO
2'A'AY
A §2 KO =

AN
1k D 1k

I
L
6V

(A) 0 mA (B) 1 mA

(C) 2mA (D) 6 mA

How many 200 W/220 V incandescent lamps connected in series would
consume the same total power as a single 100 W/220 V incandescent lamp 7
(A) not possible (B) 4

(©)3 (D) 2

YEAR 2009 TWO MARKS

In the figure shown, all elements used are ideal. For time ¢ < 0, S, remained
closed and S; open. At t=10,5 is opened and S, is closed. If the voltage
V.o across the capacitor C; at ¢ = 0 is zero, the voltage across the capacitor
combination at t = 0" will be
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McaQ 2.28

McaQ 2.29

McaQ 2.30
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s, s,
i--_ — —
3 V= CTiF  CIF
(A)1V (B) 2V
(C) 1.5V (D) 3V

The equivalent capacitance of the input loop of the circuit shown is
i 1kQ 1 kQ

=100 pF
(A) 2 uF (B) 100 uF
(C) 200 pF (D) 4 puF

For the circuit shown, find out the current flowing through the 2 €2 resistance.
Also identify the changes to'besmade to double the current through the 2 2
resistance.

155 X
Vi—d VC_) §2 Q
(A) (5 A;Put Vs =30V) (B) (2A;Put Vs =8YV)
(C) (5 A;Put s =10 A) (D) (7T A;Put Is =12 A)

Statement for Linked Answer Question 30 and 31 :

9 kO %
MWA—s—> oA

5 VC_D 2 kQ 1kQ

o B

For the circuit given above, the Thevenin’s resistance across the terminals
A and B is
(A) 0.5kQ (B) 0.2k
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(C) 1kQ (D) 0.11kQ

For the circuit given above, the Thevenin’s voltage across the terminals A
and B is

(A) 1.25 V (B) 0.25 V
(C)1V (D) 0.5 V
YEAR 2008 ONE MARK

The number of chords in the graph of the given circuit will be

— MW MNV
o = O
(A) 3 (B) 4
(C) 5 (D) 6

The Thevenin’s equivalent of a circuit operation at w =75 rads/s, has
Voe = 3.7124 — 15.9" Vgmandy Z5 =238 — j0.667 2. At this frequency, the
minimal realization of*the<T'hevenih’s impedance will have a

(A) resistor and a capacitor and an inductor

(B) resistor and a capacitor
(C) resistor and an inductor
(D)

D) capacitor and an inductor

YEAR 2008 TWO MARKS

The time constant for the given circuit will be

1 F 30
W

1F== =F1F 3Q§ 3A

(A)1/9s (B) 1/4's

(C)4s (D) 9s

The resonant frequency for the given circuit will be
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=1 F§1 Q

(A) 1 rad/s (B) 2 rad/s
(C) 3rad/s (D) 4 rad/s

McCQ 2.36 Assuming ideal elements in the circuit shown below, the voltage V,;, will be

2 Q

1A

Tt e
O
=

a
w0
< w
E
(@)

Statement for Linked Answer Question 38 and 39.

The current i(t) sketched in the figure flows through a initially uncharged
0.3 nF capacitor.

mA6

40T5

MCQ 2.37  The charge stored in the capacitor at ¢t = 5 us, will be
(A) 8 nC (B) 10 nC
(C) 13 nC (D) 16 nC

MCQ 2.38  The capacitor charged upto 5 ms, as per the current profile given in the
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figure, is connected across an inductor of 0.6 mH. Then the value of voltage
across the capacitor after 1 us will approximately be

(A) 188V (B) 235V
(C) =235V (D) —30.6 V
In the circuit shown in the figure, the value of the current i will be given by
10 30
2, v, - b

/\ 4V,
5V 10 10 <+>

(A) 0.31 A (B) 1.25 A
(C) 1.75 A (D) 2.5 A

Two point charges @ = 10 uC and ¢ = 20 mC are placed at coordinates
(1,1,0) and (— 1, — 1,0) respectively. The total electric flux passing through
a plane z= 20 will be

(A) 7.5 uC (B) 13.5 uC

(C) 15.0 uC (D) 22.5 uC

A capacitor consists 0f two metal plates each 500 X 500 mm? and spaced 6
mm apart. The space between the metal plates is filled with a glass plate
of 4 mm thickness and a layer.of.paper of 2 mm thickness. The relative
primitivities of the glass and paper.are 8 and 2 respectively. Neglecting the
fringing effect, the capacitance will be (Given that gy = 8.85x10™"* F/m )
(A) 983.3 pF (B) 1475 pF

(C) 637.7 pF (D) 9956.25 pF

A coil of 300 turns is wound on a non-magnetic core having a mean
circumference of 300 mm and a cross-sectional area of 300 mm? The
inductance of the coil corresponding to a magnetizing current of 3 A will be
(Given that py= 47 x 107 H/m)

(A) 37.68 uH (B) 113.04 pH
(C) 3.768 uH (D) 1.1304 pH
YEAR 2007 ONE MARK
Divergence of the vector field
V(z,y,2) =— (zcoszy+ y) 1 + (ycoszy)j + (sin 22 + 2% + 1) k is
(A) 2z cos 2 (B) sinxy + 2zcos 2
(C) xsinzy — cos z (D) None of these
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YEAR 2007 TWO MARKS

McaQ 2.44 The state equation for the current I in the network shown below in terms
of the voltage Vy and the independent source V, is given by

3 02H | 50

dl, _ _ 5 dh _ ~ 5
(A) GL=—14Vi=3.750+ 5V (B) Tb=14Vy—3.75 -2V
dh, _ 5 ah _ _9
(C) b =—LAVy+3.75L+ 3V (D) 91 == 14Vx +3.751 —

MCQ 2.45  The R-L-C series circuit shown in figure is supplied from a variable frequency
voltage source. The admittance - locus of the R-L-C network at terminals
AB for increasing frequency w is

mGD j %L

I

Im
y

(A) m (B)

e
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In the circuit shown in figure. Switch SW; is initially closed and SW, is
open. The inductor L carries a current of 10 A and the capacitor charged to
10 V with polarities as indicated. SW, is closed at ¢t = 0 and SW; is opened
at t = 0. The current through C' and the voltage across L at (t=07) is

SW, R,
10 Q
ngloﬂ sw. L C==10V
10 A —‘_
(A) 55 A, 4.5 V (B) 5.5 A, 45 V
(C) 45 A, 5.5 A (D) 4.5 A, 55 V

In the figure given below all phasors are with reference to the potential

at point "O". The locus of voltage phasor Vyx as R is varied from zero to
infinity is shown by

Locus OfV,,

" 0 2V
Locus OfV,,

See

A 3V DC supply with an internal resistance of 2 ) supplies a passive
non-linear resistance characterized by the relation Vy; = I3;. The power
dissipated in the non linear resistance is

(A) 1.0 W (B) 1.5 W

(C) 25 W (D) 3.0 W
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McCQ 2.49

McaQ 2.50

McQ 2.51

McCQ 2.52
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The matrix A given below in the node incidence matrix of a network. The
columns correspond to branches of the network while the rows correspond
to nodes. Let V=W ..... Vé]T denote the vector of branch voltages while
I=[i.... iﬁ]T that of branch currents. The vector E = [e e €3 64]T denotes
the vector of node voltages relative to a common ground.

11 1 0 0 O
0 -1 0 -1 1 0
-1 0 0 0 —1-1
0 0 -1 1 0 1
Which of the following statement is true 7

(A) The equations Vi — Vo+ V5 =10,V5+ Vi — V5= 0 are KVL equations for
the network for some loops

(B) The equations Vi — V53— Vo =0,Vi+ V5— V5= 0 are KVL equations for
the network for some loops

(C) E=AV

(D) AV =0 are KVI equations for the network

A solid sphere made of insulating material has a radius R and has a total

charge @ distributed uniforml¥in its volume. What is the magnitude of the
electric field intensity ,.at atdistance (0 < r < R) inside the sphere ?

1 Qr 3 Qr
A) Toar w7 B) Zrer m7
1 Q 1 QR
©) drer 2 D) frer i

Statement for Linked Answer Question 51 and 52.

An inductor designed with 400 turns coil wound on an iron core of 16 cm?
cross sectional area and with a cut of an air gap length of 1 mm. The coil is
connected to a 230 V, 50 Hz ac supply. Neglect coil resistance, core loss, iron
reluctance and leakage inductance, (y = 47 x 1077 H/M)

The current in the inductor is

(A) 18.08 A (B) 9.04 A

(C) 4.56 A (D) 2.28 A

The average force on the core to reduce the air gap will be
(A) 832.29 N (B) 1666.22 N
(C) 3332.47 N (D) 6664.84 N
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YEAR 2006 ONE MARK

In the figure the current source is 1£0A, R =12, the impedances are
Zo=—73 and Z; = 27 ). The Thevenin equivalent looking into the circuit
across X-Y is

oX
T oY

(A) V220V,(14+2)Q (B) 2445V, (1 —2))Q

(C) 2245V, (14 ) Q (D) V2245 V,(1+5)Q

YEAR 2006 TWO MARKS

The parameters of the circuit shown in the figure are R;= 1M
Ry=109Q, A=10°V/V iy =1 V, the output voltage, input impedance
and output impedance respectively are

R, R,
+
U; Avi
o — o

(A) 1V,00,10 © (B) 1V,0,10 ©
(C)1V,0, 00 (D) 10 V, o0, 10 ©2

In the circuit shown in the figure, the current source I=1A, the voltage
source V=5V, Ri=R=R3=1Q0, L1, =1L,=L3=1H,Ci= G=1F

=c Qv

The currents (in A) through R; and through the voltage source Vrespectively
will be

(A) 1,4 (B) 5,1

(C) 5,2 (D) 5, 4
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MCQ 2.56

McaQ 2.57

MCQ 2.58
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The parameter type and the matrix representation of the relevant two port
parameters that describe the circuit shown are

1, b
+ —= +
vV, v,
A 00 10
(A) z parameters, 00 (B) h parameters, 01
b 00 10
(C) h parameters, 00 (D) z parameters, 01

The circuit shown in the figure is energized by a sinusoidal voltage source 1}
at a frequency which causes resonance with a current of 1.

VITVC “

The phasor diagram which is applicable to this circuit is

I V,
(A) NG \
I
v,

14

An ideal capacitor is charged to a voltage V; and connected at ¢ = 0 across

an ideal inductor L. (The circuit now consists of a capacitor and inductor

alone). If we let wy = #, the voltage across the capacitor at time ¢ > 0

VIC

GATE Previous Year Solved Paper By RK Kanodia & Ashish Murolia
Published by: NODIA and COMPANY ISBN: 9788192276243
Visit us at: www.nodia.co.in






CHAP 2

McQ 2.59

McQ 2.60

McCQ 2.61

MCQ 2.62

McCQ 2.63
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is given by
(A) Vo (B) Vicos (wot)
(C) Vpsin (wot) (D) Voe“' cos (wot)

An energy meter connected to an immersion heater (resistive) operating
on an AC 230 V, 50 Hz, AC single phase source reads 2.3 units (kWh) in 1
hour. The heater is removed from the supply and now connected to a 400
V peak square wave source of 150 Hz. The power in kW dissipated by the
heater will be

(A) 3.478 (B) 1.739

(C) 1.540 (D) 0.870

Which of the following statement holds for the divergence of electric and
magnetic flux densities 7
(A) Both are zero

(B) These are zero for static densities but non zero for time varying densities.
(C) It is zero for the electric flux density
(D)

D) It is zero for the magnetie flux density

YEAR 2005 ONE MARK

In the figure given below the value'of R is
8 A, K

A AAY
100 V== 10 Qg §10 Q
(A) 2.5 Q (B) 5.0 Q
(C) 7.5 (D) 10.0 ©
The RMS value of the voltage u(t)= 3 + 4cos(3t) is
(A) V1T V (B)5V
C) 7V (D) (3+2v2)V
For the two port network shown in the figure the Z-matrix is given by
L L
.

v [4] v,

°

ol
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MCQ 2.64

McCQ 2.65

MCQ 2.66

McCQ 2.67
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Z1 Z1 + ZQ Zl Zl
(A) [Zl + Z o l (B) L+ Z Z2:|
Z1 Z2 Zl Zl
(©) [22 %+ Zzl (D) [Zl %+ Zg]

In the figure given, for the initial capacitor voltage is zero. The switch is
closed at ¢t = 0. The final steady-state voltage across the capacitor is

t=0
e

Al

20 VC_) 10 uF== §10 Q

10 Q
AA'A%

(A)20V (B) 10 V

(C)5V (D)oV

If E is the electric intensity, V (VX E) is equal to

(A) E (B) | E|

(C) null vector (D) Zero

YEAR 2005 TWO MARKS

Statement for Linked Answer|Question 66 and 67.

A coil of inductance 10 H and resistanee 40 €2 is connected as shown in the
figure. After the switch S has been in contact with point 1 for a very long
time, it is moved to point 2 at, ¢t = 0.

If, at t = 0", the voltage across the coil is 120 V, the value of resistance R is
1 20 Q
——o
S5 2
10 H
120 V==
R 40 Q
(A)0Q (B) 20 @
(C) 40 © (D) 60
For the value as obtained in (a), the time taken for 95% of the stored energy
to be dissipated is close to
(A) 0.10 sec (B) 0.15 sec
(C) 0.50 sec (D) 1.0 sec
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The RL circuit of the figure is fed from a constant magnitude, variable
frequency sinusoidal voltage source V;,. At 100 Hz, the Rand L elements
each have a voltage drop pgrus.If the frequency of the source is changed to
50 Hz, then new voltage drop across R is

R
MV

TR

(A) \/% URMS (B) \/% URMS
(C) \/g URMS (D) \/% URMS

For the three-phase circuit shown in the figure the ratio of the currents

[RZ Iy: [B 18 given by

(A)1:1:v/3 (B) 1:1:2
(C) 1:1:0 (D) 1:1:,/3/2

The circuit shown in the figure is in steady state, when the switch is closed
at t= 0.Assuming that the inductance is ideal, the current through the
inductor at t = 0" equals

e ] |
[ -

(A) 0 A (B) 0.5 A
(C)1A (D)2 A

10 Q

AN/

In the given figure, the Thevenin’s equivalent pair (voltage, impedance), as
seen at the terminals P-Q, is given by
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McCQ 2.72

McaQ 2.73
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100
AN 5
20 Q§ Av= 10 Qg g:tl;l;‘f{n
(A) (2V,50) (B) (2V,7.59)
(C) (4V,5Q) (D) (4V,7.5Q)

The charge distribution in a metal-dielectric-semiconductor specimen is
shown in the figure. The negative charge density decreases linearly in the
semiconductor as shown. The electric field distribution is as shown in

Metal Dielectric Semiconductor

g
]

1 Ty L3

(A) |E|

(B) [#]

(C) ||

(D) |#]

YEAR 2004 ONE MARK

The value of Z in figure which is most appropriate to cause parallel resonance
at 500 Hz is
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5Q
o [
(A) 125.00 mH (B) 304.20 uF
(C) 2.0 uF (D) 0.05 uF

A parallel plate capacitor is shown in figure. It is made two square metal
plates of 400 mm side. The 14 mm space between the plates is filled with two
layers of dielectrics of €, = 4, 6 mm thick and ¢, = 2, 8 mm thick. Neglecting
fringing of fields at the edge the capacitance is

g, =4; d=6 mm

e, =2; d=8 mm

(A) 1298 pF (B) 944 pF
(C) 354 pF (D) 257 pF

The inductance of a long.solenoid-oflength 1000 mm wound uniformly with
3000 turns on a cylindrical papex tubegof 60 mm diameter is

(A) 3.2 uH (B) 3.2 mH
(C) 32.0 mi (D) 3.2 H
YEAR 2004 TWO MARKS

In figure, the value of the source voltage is

10 O 6Q 2A
A AAY

1A 6 Q C_) E

o

(A) 12 V (B) 24 V
(C) 30V (D) 44 V

In figure, R,, R, and R, are 20 €2, 20 €2 and 10 €2 respectively. The resistances
R, R, and Rz in 2 of an equivalent star-connection are
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(A) 2.5,5,5 (B) 5,2.5,5
(C) 5, 5,25 (D) 2.5, 5, 2.5
MCQ 2.78 In figure, the admittance values of the elements in Siemens are

Yr=0.5+40,Y, =0—j1.5, Yo = 0+ j0.3 respectively. The value of I as a
phasor when the voltage F across the elements is 10£0°V

I Y, Y,3 Y.==E=10£0°V
(A) 1.5+ 0.5 (B) 5— j18
(C) 0.5+ j1.8 (D) 5 — 412

McQ 2.79  In figure, the value of resistance R in () is
10 Q 2 A

100 VC_) 10 Q gR

McCQ 2.80 In figure, the capacitor initially has a charge of 10 Coulomb. The current in
the circuit one second after the switch S is closed will be

\ 20
S

100 V] ==05F

(A) 14.7 A (B) 18.5 A

(C) 40.0 A (D) 50.0 A
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The rms value of the current in a wire which carries a d.c. current of 10 A
and a sinusoidal alternating current of peak value 20 A is

(A) 10 A (B) 14.14 A
(C) 15 A (D) 17.32 A
0.9 0.2

The Z-matrix of a 2-port network as given by

0.2 0.6
The element Ys; of the corresponding Y-matrix of the same network is given
by

(A) 1.2 (B) 0.4
(C) —0.4 (D) 1.8
YEAR 2003 ONE MARK

Figure Shows the waveform of the current passing through an inductor of
resistance 12 and inductance 2 H. The energy absorbed by the inductor in
the first four seconds is

6 Af------- ;
2=s éil S "t
(A) 144 J (B) 98 J
(C) 132J (D) 168 J
A segment of a circuit is shown in figure vy = 5V, u. = 4sin2t¢.The voltage
v, is given by
Q
1A
+
5 Q2 v,
2A - 1F
po_@ —f——r
+ Uo
2 H§ v,
o
S
(A) 3 —8cos2t (B) 32sin2¢
(C) 16 sin 2t (D) 16 cos 2t
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McQ 2.85

MCQ 2.86

McaQ 2.87

ELECTRICAL CIRCUITS & FIELDS CHAP 2
In the figure, Z; = 10£ — 60", Z, = 10£60°, Z3 = 50£53.13".
Thevenin impedance seen form X-Y is

10040065 [Z]

oY
(A) 56.66245 (B) 6030’
(C) 70430 (D) 34.4265

Two conductors are carrying forward and return current of +1 and —1 as
shown in figure. The magnetic field intensity H at point P is

Z

+1 =1

< ® p ©

X I d } d {

Y

I v I x5
(A) 7Y (B) —-X
I < I <
(©) 27rdY (D) 27rdX

Two infinite strips of width w m in z-direction as shown in figure, are
carrying forward and return currents of +1 and — I in the z- direction. The
strips are separated by distance of x m. The inductance per unit length of
the configuration is measured to be L H/m. If the distance of separation
between the strips in snow reduced to x/2 m, the inductance per unit length
of the configuration is

Z
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(A) 2L H/m (B) L/4 H/m
(C) L/2 H/m (D) 4L H/m
YEAR 2003 TWO MARKS
MCQ 2.88 In the circuit of figure, the magnitudes of V; and V, are twice that of Vj.
Given that f= 50 Hz, the inductance of the coil is
Vi
MWV
0oLy
5£0°( ~
© L3
(A) 2.14 mH (B) 5.30 H
(C) 31.8 mH (D) 1.32 H
McCQ 2.89 In figure, the potential diffezence between points P and Q is
2 A
N
N\
20 R 40
Pe—WAV——" AN —30Q
10 Vé
8 Q 6Q
MWV T NMWN—o
(A) 12V (B) 10 V
(C) -6V (D)8 V
MCQ 2.90 Two ac sources feed a common variable resistive load as shown in figure.

Under the maximum power transfer condition, the power absorbed by the
load resistance Ry is

6Q R Q 60 RBQ
110.£0° R, 90 £0°
(A) 2200 W (B) 1250 W
(C) 1000 W (D) 625 W
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McCQ 2.91

McCQ 2.92

McQ 2.93

McCQ 2.94

ELECTRICAL CIRCUITS & FIELDS CHAP 2
In figure, the value of R is
R
4A%Y%
14 Q 10
A'A'AY 2'A'AY
10 A1 15 A
100 V? 2Q C_>40 A%
(A) 100 (B) 18Q
(C) 24Q (D) 12Q

In the circuit shown in figure, the switch S is closed at time (t = 0). The
voltage across the inductance at t= 07, is

t=0_ 30Q
: L
4F
10V g 410 %4 H
4Q
(A)2V (B)4V
(C) =6V (D)8 V
The h- parameters for a tvvo—port network are defined by
Py Pz
= |hat Moz
For the two-port network shown in figure, the value of hyy is given by
I 4Q 20 20 |
° AN ANW———

E, §2Q §4Q £

°

ol

(A) 0.125 (B) 0.167
(C) 0.625 (D) 0.25

A point charge of +I nC is placed in a space with permittivity of 8.85 x 102
F/m as shown in figure. The potential difference 1, = between two points P
and Q at distance of 40 mm and 20 mm respectively trOm the point charge is
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MCQ 2.95

McCQ 2.96

McQ 2.97

MCQ 2.98

McCQ 2.99

ELECTRICAL CIRCUITS & FIELDS PAGE 57
&“Q
8
+1nC 40 mm P
(A) 0.22 kV (B) —225 V
(C) —2.24 kV (D) 15V

A parallel plate capacitor has an electrode area of 100 mm?, with spacing of
0.1 mm between the electrodes. The dielectric between the plates is air with
a permittivity of 8.85x 102 F/m. The charge on the capacitor is 100 V.
The stored energy in the capacitor is

(A) 8.85 pJ (B) 440 pJ

(C) 22.1 nJ (D) 44.3 nJ

A composite parallel plate capacitor is made up of two different dielectric
material with different thickness (# and %) as shown in figure. The two
different dielectric materials are separated by a conducting foil F. The
voltage of the conducting foil'is

g, =3 t, =05 mm _l_
\

=100V

e, =4; 1t :ﬁ
(A) 52V (B) 60 V
(C) 67V (D) 33V
YEAR 2002 ONE MARK
A current impulse, 55 (1), is forced through a capacitor C. The voltage , v.(?)
, across the capacitor is given by
(A) 5t (B) 5u(t) — C

5 bu(t)
(© 5 (D)

The graph of an electrical network has N nodes and B branches. The
number of links L, with respect to the choice of a tree, is given by

(A) B—N+1 (B) B+ N

(C) N—B+1 (D) N—2B—-1

Given a vector field f‘, the divergence theorem states that

>

(A) [F-dS= [V-FaV
S A%
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McCQ 2.100

McCQ 2.101

McCQ 2.102

ELECTRICAL CIRCUITS & FIELDS CHAP 2
(B) [F-dS= [VxFdV
(C) Sfﬁ X dS :Vfﬁ - FdV
(D)S/Fx ds :V/%-de
S \%

Consider a long, two-wire line composed of solid round conductors. The
radius of both conductors. The radius of both conductors is 0.25 cm and the
distance between their centres is 1 m. If this distance is doubled, then the
inductance per unit length

(A) doubles

B

(B)
(C) increases but does not double
(D)

halves

decreases but does not halve

A long wire composed of a smooth round conductor runs above and parallel
to the ground (assumed to be a large conducting plane). A high voltage
exists between the conductorsand the ground. The maximum electric stress
occurs at

(A) The upper surface of the conductor
(B) The lower surface of the conductor.
(C) The ground surface.
(D)

D) midway between the conductor and ground.

YEAR 2002 TWO MARKS

A two port network shown in Figure, is described by the following equations
L= YuE+ Yok
L= Yak+ Yok

______________________

______________________

The admittance parameters, Y1, s, ¥2; and Y55 for the network shown are
(A) 0.5 mho, 1 mho, 2 mho and 1 mho respectively

(B

) 3
(C) 0. 5 mho, 0.5 mho, 1.5 mho and 2 mho respectively
)

(D) —= mho —% mbho, % mho and £ mho respectively

4+ mho, =+ mho, =1 mho and 1 mho respectively
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McCQ 2.103

McCQ 2.104

McCQ 2.105

MCQ 2.106
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In the circuit shown in Figure, what value of C' will cause a unity power
factor at the ac source ?

|
230 V( — Z, =302£40°
50 Hz ) TC
(A) 68.1 uF (B) 165 uF
(C) 0.681 puF (D) 6.81 uF

A series R-L-C circuit has R =50€; L =100 xH and C' =1 pF. The lower
half power frequency of the circuit is
(A) 30.55 kHz (B) 3.055 kHz

(C) 51.92 kHz (D) 1.92 kHz

A 10 V pulse of 10 us duration, is applied to the circuit shown in Figure,
assuming that the capacitor is completely discharged prior to applying the
pulse, the peak value of the capacitor voltage is

1 kQ
—MN\
10V
0 | | 10 kgg = 11nF
10ps
(o}
(A) 11V (B) 5.5 V
(C) 6.32'V (D) 0.96 V
In the circuit shown in Figure, it is found that the input voltage (v;) and
current ¢ are in phase. The coupling coefficient is K = \/Mi, where M is
the mutual inductance between the two coils. LnLy
The value of K and the dot polarity of the coil P-Q are
K
A2Q 00 T p O\ Q
o—]F—wW—"r
-8 Q -18 Q
L, I, .
v y?
o}
(A) K=0.25 and dot at P (B) K=10.5 and dot at P
(C) K=0.25 and dot at Q (C) K= 0.5 and dot at Q
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McaQ 2.107

MCQ 2.108

McCQ 2.109

McQ 2.110

ELECTRICAL CIRCUITS & FIELDS CHAP 2

Consider the circuit shown in Figure If the frequency of the source is 50 Hz,
then a value of #) which results in a transient free response is

5Q 001 H

t&t,
sin wt
(A) 0 ms (B) 1.78 ms
(C) 2.71 ms (D) 2.91 ms

In the circuit shown in figure, the switch is closed at time ¢t = 0. The steady
state value of the voltage v, is

1 mH
t=0
1Q
10V = 1 mH 5 uF
1 Q ) HF—|_-_FUC
(A) OV (B) 10 V
(C)5V (D) 2.5 V

Common data Question for Q. 109-110%* :

A constant current source is supplying 10 A current to a circuit shown in
figure. The switch is initially closed for a sufficiently long time, is suddenly
opened at t =10

b 0

w2

10A I  RQ10Q L35H

The inductor current i, (t) will be
(A) 10 A (B)0 A
(C) 10e* A (D) 10(1 — e ) A

What is the energy stored in L, a long time after the switch is opened
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(A) Zero (B) 250 J
(C) 225 J (D) 2.5 J

Common Data Question for Q. 111-112%* :

An electrical network is fed by two ac sources, as shown in figure, Given that

+ +
v, =30245° (~) (V. =s302-15°

McCQ 2.111 *Thevenin voltage and impedance across terminals X and Y respectively

are

(A) OV, (2+2)Q (B) 60 V, 10

(C) 0V, 10 (D) 30V, (1+§)Q
McQ 2.112 *Current i, through load is

(A)0 A (B)1 A

(C) 0.5 A (D) 2 A

McQ 2.113 *In the resistor network shown imfigurel all resistor values are 1. A current
of 1 A passes from terminal ¢ to-terminal b as shown in figure, Voltage
between terminal a and b is

1A
»—O
MV
°Tx MN
(A) 1.4 Volt (B) 1.5 Volt
(C) 0 Volt (D) 3 Volt
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McQ 2.114

McCQ 2.115

MCQ 2.116

McQ 2.117

MCQ 2.118

McQ 2.119

ELECTRICAL CIRCUITS & FIELDS CHAP 2

YEAR 2001 ONE MARK

In a series RLC circuit at resonance, the magnitude of the voltage developed
across the capacitor
(A) is always zero

(B) can never be greater than the input voltage

(C) can be greater than the input voltage, however it is 90" out of phase with
the input voltage

(D) can be greater than the input voltage, and is in phase with the input
voltage.

Two incandescent light bulbs of 40 W and 60 W rating are connected in
series across the mains. Then
(A) the bulbs together consume 100 W

(B) the bulbs together consume 50 W
(C) the 60 W bulb glows brighter
(D) the 40 bulb glows brighter

A unit step voltage is applied at ¢= 0 to a series RL circuit with zero initial
conditions.
(A) It is possible for the current to be oscillatory.

(B) The voltage across the resistor, at t = 07 is zero.
(C) The energy stored in the inductor in the steady state is zero.
(D)

D) The resistor current eventually fallsfto zero.

Given two coupled inductors I; and Ls, their mutual inductance M satisfies

(A) M= I3+ 3 @)M>Q%#Q

(C) M >/ L,Ly (D) M < VL L,

A passive 2-port network is in a steady-state. Compared to its input, the
steady state output can never offer

(A) higher voltage (B) lower impedance
(C) greater power (D) better regulation
YEAR 2001 TWO MARKS

Consider the star network shown in Figure The resistance between terminals
A and B with C open is 6 €2, between terminals B and C with A open is 11
2, and between terminals C and A with B open is 9 2. Then
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McCQ 2.120

McQ 2.121

McCQ 2.122
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A) Ry=4Q,Ry=2Q, Re =50
B) Ri=20,Ry=4Q,Rc =79
C) Ri=3Q Rp=3Q,Ro=4Q
D) Ri=5Q,Ry=1Q,Re =100

A connected network of N> 2 nodes has at most one branch directly
connecting any pair of nodes. The graph of the network

(A) Must have at least N branches for one or more closed paths to exist
(B) Can have an unlimited number of branches
(C) can only have at most N._branches
(D)

D) Can have a minimum mumber of branches not decided by N

A 240 V single-phase ac sourceis connected to a load with an impedance of
10£60° 2. A capacitoris eonnécted in parallel with the load. If the capacitor
suplies 1250 VAR, the-real.powerssupplied by the source is

(A) 3600 W (B) 2880 W

(C) 240 W (D) 1200 W

Common Data Questions Q.122-123*:

For the circuit shown in figure given values are

R=10Q,C=3uF, [ =40 mH, L, =10 mH and M = 10 mH
R c

AMN—F— M

Y\

ZONNNNNE I 2

The resonant frequency of the circuit is

A) %x 10° rad/sec (B) %X 10° rad/sec
(C) ﬁx 10° rad/sec (D) %X 10° rad/sec
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McCQ 2.123

MCQ 2.124

MCcaQ 2.125

MCQ 2.126

ELECTRICAL CIRCUITS & FIELDS CHAP 2

The Q-factor of the circuit in Q.82 is
(A) 10 (B) 350
(C) 101 (D) 15

Given the potential function in free space to be V(x) = (502” + 503 + 502°)
volts, the magnitude (in volts/metre) and the direction of the electric field
at a point (1,-1,1), where the dimensions are in metres, are

(A) 100;(7 + 7 + k) (B) 100/+/3;(i — 7+ k)

(C) 100v/3;[(— i +j — k) /v/3] (D) 100v/3;[(— i —j— k) /v/'3]

The hysteresis loop of a magnetic material has an area of 5 cm?® with the
scales given as 1 cm = 2 AT and 1 cm = 50 mWb. At 50 Hz, the total
hysteresis loss is.

(A) 15 W (B) 20 W

(C) 25 W (D) 50 W

The conductors of a 10 km long, single phase, two wire line are separated

by a distance of 1.5 m. Theydiameter of each conductor is 1 cm. If the
conductors are of copper, the inductance of the circuit is

(A) 50.0 mH (B) 45.3 mH
(C) 23.8 mH (D) 19.6 mH
ok R Aok Kok ok
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SOL 2.1

SOL 2.2
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SOLUTION

Option (C) is correct.

-120°V -1£0°V

Applying nodal analysis at top node.
Vi+1/0 —|—Vl+1 0 —1/0°

1 il
Vi(j1 + 1) 4+ 1/0%= 41
-1
Vi=11
1
_Vi+1/0° 1+ |
Current I = il = i =71+ A

Option (A) is correct.
We put a test source between terminal 1, 2 to obtain equivalent impedance

B 1kQ
A'AY
TItest
9 kQ g 100 Qg Viest 993,

Vies
ZTh - Itest
By applying KCL at top right node
V;&est Vvtest _ —
ok + 1k T 100 ~ 990 = Jies
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SOL 2.3

SOL 2.4

SOL 2.5

ELECTRICAL CIRCUITS & FIELDS

V;‘est I/test

10k T 100 ~ 990 = e
— ‘/test — ‘/test
But b ==9r Tk =10k
Substituting I, into equation (i), we have
I/test V;est 99 ‘/test _
10k 7100 T 1ok =l

]_00 I/test I/;est _
10 > 103 + 100 — Itest

2 ‘/test

100 - Itest
Zry, = % =500

Option (C) is correct.

(s"+9)(s+2)
(s+1)(s+3)(s+4)

(= w'+9) (jw+2)
(jw+ 1) (jw+ 3) (jw + 4)
The steady state output will be Zero if

G(s) =

G (jw)i=

|G(jw)| =0
—w'+9 =0
w = 3rad/s

Option (B) is correct.
In phasor form

Z =4-33
Z =5/—36.86"¢2
I =5/100° A
Average power delivered.
Py = g|I|?Zcosh =5 x 25 X 5¢0s36.86° = 50 W

Alternate method:
Z=(4-1)Q
I =5cos (1007t + 100) A

CHAP 2

Py = 5Re{ 12} =3 x Re{(5)* x (4~ j3)} = 5 x 100 = 50 W

Option (D) is correct.
The s-domain equivalent circuit is shown as below.

GATE Previous Year Solved Paper By RK Kanodia & Ashish Murolia
Published by: NODIA and COMPANY ISBN: 9788192276243
Visit us at: www.nodia.co.in






CHAP 2 ELECTRICAL CIRCUITS & FIELDS PAGE 67
i(s)
—>
1 £
sCy )
1,(0) sCy
S

I(s) = v.(0)/s _  v.(0)
[ P S R §
018 CQS 01 CQ

~

I(s) :<0?i0202)(12 V) ve(0) =12V
I(s) =120C,
Taking inverse Laplace transform for the current in time domain,
i(t) =12C,,6(1) (Impulse)
SOL 2.6 Option (A) is correct.
In the given circuit, Vi— Vg =6V
So current in the branch, Lip = g =3A

We can see, that the circuit is'a one port circuit looking from terminal BD
as shown below

I,n receee B B,
R R !
Bo ; ANV |
L .

:Rg :——+10VI
Do—— AN !
1 R 1

P

One port network

For a one port network current entering one terminal, equals the current
leaving the second terminal. Thus the outgoing current from A to B will be
equal to the incoming current from D to C as shown

i.e. IDC :IAB:3A

—>

RV, 20 v, R
A .

Rg 10V
+ - -—
sv Ve 2 A Ie ° R
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The total current in the resistor 12 will be

L =2+ 1Ipc (By writing KCL at node D)
=2+3=5A
SO, VCD:1><(_II) =—5HV
SOL 2.7 Option (A) is correct.
We obtain Thevenin equivalent of circuit B.
R
o NN

VTh7 R Th . -
— —j1 Q== <§)340°V

[

Thevenin Impedance :

R
o AN
ZTh i
— -1 Q==

Zrn = R
Thevenin Voltage :
Vi, = 3/0>V
Now, circuit becomes as
b T R
2"AAY A%

104@“v(§) | (; 3/0°V |

___________________

Current in the circuit, I, = 12()+7_}§

Power transfer from circuit A to B
P = (If)2R+ 3

_ [10—37? 10—-371_  49R 21
=la5 k| B3 25 r| = 2+ R’ 2+R)
_49R+21(24+ R) _ 42+ 70R
(24 R)? (2+ R)’
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dP _ (2+ R)’70 — (424 70R)2(2+ R)
dR — (2+R)*
(2+R)[(2+ R)70 — (42+T0R)2] =0
140 + 7T0R — 84 — 140R =0
56 = T0R
R =080

=0

SOL 2.8 Option (C) is correct.
When 10V is connected at port A the network is

______________________________

______________________________

Now, we obtain Thevenin|equivalent for the circuit seen at load terminal,
let Thevenin voltage is Vi, joyewith 10V applied at port A and Thevenin
resistance is Rrp,.

Ry,
Port B
AN i I,

e $h

I = Vinov
"7 Rpm+R;
For RL: ]_Q, [L:?)A
_ Vmaov .
3= R+ 1 ..(1)
For RL:25Q, IL:2A
_ Vmaov ..
2 —m ...(ll)
Dividing above two
3 _ Rp+25
2 RTh‘I’l
3Rm+3 =2Rp,+5
Ry, =20

Substituting Ry, into equation (i)
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SOL 2.9

ELECTRICAL CIRCUITS & FIELDS CHAP 2

Vinwov =3(241)=9V

Note that it is a non reciprocal two port network. Thevenin voltage seen
at port B depends on the voltage connected at port A. Therefore we
took subscript Vi i9v. This is Thevenin voltage only when 10V source is
connected at input port A. If the voltage connected to port A is different,
then Thevenin voltage will be different. However, Thevenin’s resistance
remains same.

Now, the circuit is

2Q
AA'A% iIL

e s,

For R,=7Q, I, :;/T;zizz—gw:m

Option (B) is correct.
Now, when 6 V connected at port A let Thevenin voltage seen at port B is

VTh76V- Here RL =10 and IL:%A

R Th

Vinev C_) 10

VT}L76V:RThX%+1X%:2X§ %:7\[

This is a linear network, so Vz, at port B can be written as

Vi, = Via+
where V] is the input applied at port A.
We have Vi =10 V, vTh,lOV =9V

9 =10a+p (1)
When V=6V, Vpsv=9V

7 =6a+p -..(ii)
Solving (i) and (ii)

a=05,0=4

Thus, with any voltage V; applied at port A, Thevenin voltage or open
circuit voltage at port B will be

SO, VYT}LV1 = 05‘/1—{—4
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For Vi=8V
Visy =05 X 84+4=8=1V, (open circuit voltage)

SOL 2.10 Option (A) is correct.
By taking Vi, V, and V3 all are phasor voltages.

Vi=WV,+ V;
Magnitude of Vi, V5 and V3 are given as

Vi=220V, V=122V, V=136V
Since voltage across R is in same phase with Vi and the voltage V5 has a
phase difference of 6 with voltage Vi, we write in polar form

Vi=1/0"+V;/0
Vi = Vo+ ViscosO+ jVisinf
Vi = (Va+ Vicosf) + jVisinf
Vi =/ (Va+ Vicos0)> + ( Visin6)>
220 = /(122 4 136 cos6)* + (136sin 6)>
By solving, power factor

cosf = 0.45

SOL 2.11 Option (B) is correct.
Voltage across load resistance

Vir = Vscosf .= 136 X 0.45 =61.2V
Power absorbed in R;

P, — Vi, _ (61.2)°

R, 5 750 W

SOL 2.12 Option (B) is correct.
The frequency domains equivalent circuit at w = 1rad/ sec.

-
1Q
q
Z(t) A
18 (1.0sint) V

Since the capacitor and inductive reactances are equal in magnitude, the net
impedance of that branch will become zero.
Equivalent circuit
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SOL 2.13

SOL 2.14

ELECTRICAL CIRCUITS & FIELDS CHAP 2
1Q

——\\N\N—

i(t) A
LS (1 0sing) v
Current i(t) = Sll—nt = (Isint) A
rms value of current
irms - L A
2

Option (D) is correct.
Voltage in time domain

v(t) = 100+/2 cos (1007t)
Current in time domain
i(t) = 104/ 2 8iM(1007t + 7 /4)
Applying the following trigonemetric identity
sin () = cos(d—=907)
So, i(t) 2= 109 2 Cos (2007t + 7/4 — 7/2)
= 10:/2-cos(100mt— 7/4)

In phasor form, I = % R s

Option (A) is correct.

6R/6+R
—T—1——o

R
10V C_) 2

. )

Power transferred to the load

P =I'R, :( 10 >2RL

Ry + R,
For maximum power transfer Ry, should be minimum.
_ _6R _
B =5 =0
R=0

Note: Since load resistance is constant so we choose a minimum value of Ry,
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SOL 2.15

SOL 2.16

SOL 2.17

SOL 2.18

ELECTRICAL CIRCUITS & FIELDS PAGE 73

Option (C) is correct.

=90 ggﬁ’

J

VTQated _ (5 X 103)2

R, " 1.25 x 10°
For an parallel combination of resistance and capacitor
1 1 1

Power loss = =20W

A

tand = e p = 97 % 50 x 1.25 x 0.102 — 40 — 00
Option (C) is correct.
Charge
TA V i

Q:CV:%V:(SOSTA)E C:%
Q = Quax

We have g, = 8.85 x 107" F/ém, ¢, = 2.26, A = 20 x 40 cm®
¥ E50% 10° KV /em

Maximum electrical charge on the capacitor

when % = (%)max =50kV /em

Thus, Q =8.85 x 107" x 2.26 x 20 X 40 x 50 x 10° = 8uC

Option (C) is correct.
v; = 100v/2 sin (100wt) V

Fundamental component of current
i, = 10v/2 sin (100wt — w/3) A
Input power factor

] ™ ms
pf =" cos by

I ;s 1s rms values of fundamental component of current and I,,,, is the rms
value of converter current.

10
= cosm/3 =0.44
B V10?4 5% 4 2° /

Option (B) is correct.
Only the fundamental component of current contributes to the mean ac
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SOL 2.19

SOL 2.20

SOL 2.21

SOL 2.22

ELECTRICAL CIRCUITS & FIELDS CHAP 2

input power. The power due to the harmonic components of current is zero.
So, Py = VipsLimscos¢; = 100 X 10cos7/3 = 500 W

Option (B) is correct.
Power delivered by the source will be equal to power dissipated by the
resistor.

P = V.l,cosm/4 =1 X v2cosm/d=1W

Option (D) is correct.
Io=TL—Tzy =v2/7/4—V2/—7/4
ﬁ{(cos m/4 + jsinm/4) — (cosT/4 — jsimr/él)}

2v/2 jsinm/4 = 2§

Option (B) is correct.
For t < 0, the switch was closed for a long time so equivalent circuit is

10

AAY
Lo
5V v(0) §4 Q

A

Voltage across capacitor at t =0

0(0) =25 =4V

Now switch is opened, so equivalent circuit is

v.(0")== §4 Q

For capacitor at t = 0"
v.(07) = 0. (0) =4V

v.(07)
4

so current in capacitor at t =07, i.(07) =4 =1 A

=1A

current in 4 Q) resistor at t =07, 4 =

Option (B) is correct.
Thevenin equivalent across 18 resistor can be obtain as following

Open circuit voltage vy, = 100 V (i=0)
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SOL 2.23

SOL 2.24

ELECTRICAL CIRCUITS & FIELDS

Short circuit current ise =100 A (vy, =0)
So,

Equivalent circuit is

.10
L AAA—

100 VC_D [Lo]

1+1
Option (B) is correct.
The circuit is
1Q V,i R
2A
2 A 1A} 212 Q .‘_ 6V

Current in R €2 resistor is
i = 2e—cdem=adedh
Voltage across 12 () resistor is
Vy=1x12=12"V

- Vy—=6 _12—-6 _
So, i ="p =9 =6

Option (C) is correct.

+oi>— —<IQ—O+ +o%o— —<I2—o+
v, v, v, v, v,
—o0—] > o— —o0——— o] > o
Vi=2ZnlL+ Zs b Vi=Z'wWI'+ 7.1
Vo= Zyli+ Zyl, Vio=Z'0 1’1+ 7' 1y

Here, 1 =1',, L=1,

When R =1 is connected
Vi=W+I'x1=WV+1
Vi =Zuh+ ZinL+ 1,
Vi=Zn+ 1)L+ Zuh

So, 7' =7Zh+1
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SOL 2.25

SOL 2.26

SOL 2.27

ELECTRICAL CIRCUITS & FIELDS CHAP 2

7'y = 7y
Similarly for output port
VoY =2'01'+ Z'»1"
=70+ Z' 5l
So, 7'y = Lo, 7' = Zs»
lZn +1 Zml

Z-matrix is =
Z21 Z22

Option (A) is correct.

In the bridge
RiRy = RyRg= 1
So it is a balanced bridge
I =0 mA

Option (D) is correct.
Resistance of the bulb rated 200 W /220 V is

220)*

Resistance of 100 W /220 V lamp is
2
Ry =V — (207 _ 0

=P ~ 100
To connect in series
Rr=nXxX R,
484 = n x 242
n =2

Option (D) is correct.
For ¢t < 0, S is closed and 95, is opened so the capacitor () will charged upto
3 volt.

VOl (0) = 3 Volt
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SOL 2.28

SOL 2.29

SOL 2.30

ELECTRICAL CIRCUITS & FIELDS PAGE 77

Now when switch positions are changed, by applying charge conservation
C.y Vo (07) = CL Ve (07) + Cy Vi, (07)
(241)x3=1x34+2x V(07
9=3+2V,(0")
Ve, (07) = 3 Volt

Option (A) is correct.

i 1kQ 1 kQ

=100 uF

100 pF

5 T

Applying KVL in the input loop

. l 1 . .
v — 7/1(1 + 1) X 10’; — ]UJC (Zl+4911) =0
V.= 2 X 103Z1+M%50Z1
. _u 3 1
Input impedance, Zy, = 7 2 x 10 +7jw(0/50)
Equivalent capacitance, C,, = % =400uF _ 2 1F

S0

Option (B) is correct.
Voltage across 2 Q resistor, Vs=2 V

Current, Lo = % = % =2 A

To make the current double we have to take
Ve =8V

Option (B) is correct.
To obtain equivalent Thevenin circuit, put a test source between terminals
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Applying KCL at super node

Vp—5 Vp VS -

Ve—54+ Vp+2Vs =215
2Vp+2Vs =21+ 5

Vot Vo = Is+2.5 (1)
Vo— Vs =3Vs
= Ve =4Vs
So, AVs+ Vs = Is+2.5
5Vs = Is+2.5
Vs = 02154+ 0.5 .(2)

For Thevenin equivalent circuit

R,

VS - ISRth + ‘/th (3)
By comparing (2) and(3)s

Thevenin resistance Ry.=.0.2.kQ

SOL 2.31 Option (D) is correct.
From above Vo =05V

SOL 2.32 Option (A) is correct.
No. of chords is given as

l=b—n+1
b —» mo. of branches
n — no. of nodes
[ = no. of chords
b=6, n=4
l=6—-44+1=3

SOL 2.33 Option (A) is correct.

Impedance Z, = 2.38 — j0.667 €2
Constant term in impedance indicates that there is a resistance in the circuit.
Assume that only a resistance and capacitor are in the circuit, phase
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SOL 2.34

SOL 2.35

ELECTRICAL CIRCUITS & FIELDS PAGE 79

difference in Thevenin voltage is given as
0 =—tan '(WCR) (Due to capacitor)

_p_J
Z,=R——5
So, —%7::(J667
and R =2.38¢%
- 1x 238y B
0 =— Cﬁ%mf) 74.34° X — 15.9°

given V, =371 —15.9°
So, there is an inductor also connected in the circuit

Option (C) is correct.
Time constant of the circuit can be calculated by simplifying the circuit as
follows
1 30 30
VW 2'A'AY
IF||IF =2 F= 3Q§ 3A %F:: 3Q§ 3A
C, 2T

Equivalent Resistance
3Q

R, =34+3=6Q

Time constant T=R,C,=06X %: 4 sec

Option (C) is correct.

Impedance of the circuit is
1

: wolt R 1 —jwCR
Z :mL—l-jj:_i_ﬂ :ij+1+ijR X 1—;’30}3
R(1 —jwCR)  jwL(1+ W C°R*)+ R— jwCR’
1+WCR 1+ W CR
B R JlwL(1 + W C*R*) — wCRY
1+ W COR 1+ W CR

= jwl +
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For resonance Im(Z) =0

So, WL(1+wW(C*R*) = wCR?

L=01H,C=1F, R=1Q

So,  wx 0.1[1+w(1)(1)] =w(1)(1)?
1+w =10

= w =+/9 = 3 rad/sec

SOL 2.36 Option (A) is correct.
By applying KVL in the circuit
Vi—2i+5 =0
i=1A, Vo =2X1—-5=—3 Volt

SOL 2.37 Option (C) is correct.
Charge stored at t =5 sec

Q= f i(#pdt y=area under the curve
0

A
i(?)
] A
2 E B
D C
0 2 5

t(us)

@ =Area OABCDO

=Area (OAD)+Area(AEB)+Area(EBCD)

:%x2x4+%x2x3+3x2

=4+3+6 =13 nC

SOL 2.38 Option (D) is correct.
Initial voltage across capacitor

_ Qo _ 13nC o
Vo = = 03nF — 43.33 Volt

When capacitor is connected across an inductor it will give sinusoidal

esponse as
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v.(t) = V,cosw,t

1 1
where W, = =
VLC  V0.3x10°%x0.6 X 10°°

= 2.35 x 10° rad/sec
At t=Tpsec, v.(t) =43.33¢c0s(2.35 X 10° x 1 x 10°°)
— 43.33 x (— 0.70) =—30.44 V

SOL 2.39 Option (B) is correct.
By writing node equations at node A and B
Vi=5_,V,—0

1 =0
2V,—5=0
V., =25V
Similarly
Vi—4Vw ,  Vi—=0 _
g+ =0
Vi) g
Vi—4(2.5—- V) + 3V, =0
8V,— 10 =0
Vo =1.25:V
Current i:%:1.25A

SOL 2,40  Option ( ) is correct.

SOL 2.41 Option (B) is correct.
Here two capacitance ()} and C, are connected in series, so equivalent
capacitance is

o _ GG

“ Ci+ Gy
C Glass e, =8 d =4 mm
C, Paper €, =2; d,=2mm

0 _ gen A _ 885 x 107" x 8 X 500 x 500 x 10”°
! A 4 %1077

=4425 < 100" F
C, = genA _ 8.85 X 107" x 2 x 500 x 500 x 10~°

dy 2x10°°
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SOL 2.42

SOL 2.43

SOL 2.44

ELECTRICAL CIRCUITS & FIELDS CHAP 2

=221.25 x 107" F

442.5 x 107" x 221.25 x 10" 1
C., = =147.6 x 10
T 4425 % 107 T+ 221.25 x 101 x
>~ 1476 pF
Option (B) is correct.
Circumference [ =300 mm
no. of turns n = 300
Cross sectional area A =300 mm?
2 -7 2 —6
Inductance of coil L= MOT; A _ dmx 10 (>; 0((;))(2?)10X3)300 10
= 113.04 pH

Option (A) is correct.

Divergence of a vector field is given as
Divergence =V « V

In cartesian coordinates

0, MG d;
v_ﬁxl+8y‘7+8zk
0

So VeV = %[— (ze0s 2y +Hy)| + 0—y[(yCOS zy)|+ %[(sin 247+ )]
=— z(— sinzy) Y&t y(Hsin vy) z+ 22c08 2 = 2zc08 7
Option (A) is correct.

Writing KVL for both the loops
daly

V—3L-3L—V,—05% =0 (1)
In second loop
—512+o.2v;+0.5% —0
I, =0.04V, +0.1% . (2)
Put I, from eq(2) into eq(2)
V—35,—3[004V,+01%L])_ v _05L _
! IR R et
0.8% — 112V, — 3L+ V
dn, - 5
ah — 14V, - 3750+ 5V
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SOL 2.45 Option (A) is correct.
Impedance of the given network is

Z :R+j<wL—1>

wC
. 1 1
AdmittanceY = 7= : 1
. 1 : 1
o Riel=Ge) R4« uc)
R4 j(wL— L, 8 R—jlwlL— L) Rfwr——LY
wC wC ( wC’)
: 1
o o)
T2 1\ 1\
— Re(Y) +Im ()
Varying frequency for Re(Y) and Im(Y) we can obtain the admittance-
locus.
Im

Rer
®

SOL 2.46 Option (D) is correct.
At t = 0", when switch positions are changed inductor current and capacitor
voltage does not change simultaneously
So at t=0"
v.(0") =0, (07) =10 V
ir(07) =iz(07) =10 A
The equivalent circuit is

v,(0) 10 Q

Applying KCL
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v, (0+) + vy, (0+) — U, (0+)

10 10
20,(0%) — 10 = 100

Voltage across inductor at t =07

o (07) =000 = 55y

So, current in capacitor at t =07

. 0") — v, (0" _

SOL 2.47 Option (B) is correct.
In the circuit

2V20%

V£0°
— C
0
VX:VLOO
—2V20° .
No2VA0 e
V,(1+ jwCR) =2V20°
v 2VZ0°
" =1+ juCR
o B v 2V
Vix =Vx—Vy =V TF juCR
R -0, Vix =V-=-2V==1V
R_’OO, Vixek =V-0=1V

SOL 2.48 Option (A) is correct.
The circuit is

20
AN—

3 VC_) I::I Vy=I",

Applying KVL
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3—-2x% Iy =V
320 = I3,
3G, =3 =1y =1A
Vie = (1)°’=1V
So power dissipated in the non-linear resistance
P=Vyly =1x1=1W

SOL 2.49  Option (C) is correct.
In node incidence matrix
by by by by b5 bs
mf1l 1 1 0 0 O
nf 0 —1 0 —1 1 0
ngl—1 0 O 0 —1 —1
ng 0O 0 —1 1 0 1
In option (C)
E=AV

[1 1 4 0.0 0

0 -1 h—2'1 0
[rezese] =\ 4 o o0 _1 [V W]

0Ff0 =1 170 1

a|l [ V¥EVTT

€ V= Vi+ Vi 11
=l_v_v_ Vi whic¢h is true.

€4 -+ Vi+ Vs

SOL 2.50 Option (A) is correct.
Assume a Gaussian surface inside the sphere (z < R)

Gaussian Surface

From gauss law

w - ancloscd
- fD * ds= Qenclosed
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ELECTRICAL CIRCUITS & FIELDS

CHAP 2
3
Qenclosed = Q 7 X é"‘TTB = Q,r:'
STRT 9 R’
3
So, f‘D cds = %
3
or D x 4nr* = % 47?80% C D=¢gFE
SOL 2.51 Option (D) is correct.
Inductance is given as
4w x 1077 x (400)* x (16 x 107Y)
= MUZNQA o (1 x 1077 = 321.6 mH
V = IX, :% o X, = 2nfL
230
= =228 A
2 X 3.14 X 50 x 321.6 x 10°*
SOL 2.52 Option (A) is correct.

Energy stored is inductor

E =3 LI = 358216 x 107 x (2.28)°
Force required to reduce the air gap of length 1 mm is
E 0.835
F == =835 N
I S i
SOL 2.53

Option (D) is correct.
Thevenin voltage:

Vi

=

oy

Viw=I(R+ Z,+ Zc) =120°[1+4 25—
—1(1+j) =v2 245V
Thevenin impedance

| .
Zy
[ £

Ipn =R4+Zp+Zc =142j—j =147
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SOL 2.54

SOL 2.55

SOL 2.56

SOL 2.57

ELECTRICAL CIRCUITS & FIELDS PAGE 87

Option (A) is correct.
In the given circuit

=0 R,

(o2

Output voltage
v, =Avy;, =10°x 1pV =1V
Input impedance

V; V;
! 1 0

Output impedance

Z,=U _Au_p _ 00
T T
Option (D) is correct.
All sources present in the ¢ircuit are DC sources, so all inductors behaves as
short circuit and all capacitors.as open circuit
Equivalent circuit is

1A R R, ‘IQ

L, G

Voltage across R is

5=1LR;
5 =1I(1)
L[ =5 A (current through Rj)
By applying KCL, current through voltage source
1+5L =1

Option () is correct.
Given Two port network can be described in terms of h-parametrs only.

Option (A) is correct.
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At resonance reactance of the circuit would be zero and voltage across

inductor and capacitor would be equal

VL - VC
At resonance impedance of the circuit
Zr = Ri+ R,
_ W«£0°
Current Iy = IR
Voltage Vo =IgRo+5(Vi— Vo)
Vi £0°
V=R R
Voltage across capacitor
1 1 VeZ0° _ VpZ —90°
Vo= 300 X I = 550 * Rt Ry ~ wO(Ri + R))

So phasor diagram is

I V,
Vi

SOL 2.58 Option (B) is corrects

This is a second order LC circuit showmbelow

Capacitor current is given as

io(t) = ¢l

Taking Laplace transform
Io(s) = CsV(s) — V(0), V(0) —initial voltage

Current in inductor

)=t
V(s
I1(s) :%
for t > 0, applying KCL(in s-domain)
Io(s)+ I(s) =0
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SOL 2.59

SOL 2.60

SOL 2.61

ELECTRICAL CIRCUITS & FIELDS PAGE 89
&w@—wm+%%$:0
[52 - LLCS] V(s) =1V,
V(s) = Vom, wﬁzﬁ

Taking inverse Laplace transformation
v(t) = Vocosw,t, t>0

Option (B) is correct.
Power dissipated in heater when AC source is connected

_— PR VTQWI,S

P =23kW = 7
s (230)°
2.3 X 10° =4

R =23 ) (Resistance of heater)
Now it is connected with a square wave source of 400 V peak to peak

Power dissipated is

2
2
- (23:(3)) =739 kW Vims = V,=200 (for square wave)

Option (D) is correct.
From maxwell’s first equation

VD =p,
vep=FP
B

(Divergence of electric field intensity is non-Zero)
Maxwell’s fourth equation

V+«B=0
(Divergence of magnetic field intensity is zero)

Option (C) is correct.
Current in the circuit

__ 100  _ .
[_R+(10||1O)_8A (given)
100
R+5 =8
Or R=2-1750
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SOL 2.62

SOL 2.63

SOL 2.64

SOL 2.65

SOL 2.66

ELECTRICAL CIRCUITS & FIELDS CHAP 2

Option (A) is correct.
Rms value is given as

2
s = 32+% =/9+8 =17V

Option (D) is correct.
Writing KVL in input and output loops

Vi—(h+14) 2 =0

Vi = Zyi+ Zyis (1)
Similarly
Vo— 92y — (i1+i2)Z1 =0

Vo = Zvin+ (Zi+ Zo) s ..(2)

From equation (1) and (2) Z-matrix is given as

p Z 7
4 L+ 7

Option (B) is correct.
In final steady state the capacitor will be completely charged and behaves

as an open circuit
10 Q

o
20V v, () §10 Q

Steady state voltage across capacitor

_ 20 _
V() = 10+ 10(10) =10V
Option (D) is correct.

We know that divergence of the curl of any vector field is zero

V(VXE)=0

Option (A) is correct.
When the switch is at position 1, current in inductor is given as

1 20 Q Z'L(Oi)

120 V=
40 Q

i (07) =520 - =2 A

~ 20 +40
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SOL 2.67
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ELECTRICAL CIRCUITS & FIELDS

At t=0, when switch is moved to position 1,inductor current does not

change simultaneously so
20 Q i,(0")

120V

i,(0%) = i,(07)=2 A

Voltage across inductor at t =07
0 (0%) = 120 V

By applying KVL in loop
120 = 2(40 + R+ 20)
120 =120+ R
R=0Q

Option (C) is correct.
Let stored energy and dissipatéd energy are F; and E, respectively. Then

Current
se =095
iy =+/0.95 iy = 097§y
Current at any time t, when the switch is in position (2) is given by
i(t) = el = 2¢ T = 27
After 95% of energy dissipated current remaining in the circuit is
1 =2-2x097=0.05 A
So, 0.05 = 2¢ %
t = 0.50 sec
SOL 2.68 Option (C) is correct.
At fi =100 Hz, voltage drop across R and L is prus
HRMS = Vin R :‘ Vi (leL) ‘
R+ ju L R+ ju L
So, R =wlL
At f, =50 Hz, voltage drop across R
W Rus = Vndt
R+ juwn L

GATE Previous Year Solved Paper By RK Kanodia & Ashish Murolia
ISBN: 9788192276243

Published by: NODIA and COMPANY
Visit us at: www.nodia.co.in






PAGE 92 ELECTRICAL CIRCUITS & FIELDS CHAP 2
prvs | R+l | _ [ R+ w1
Wras | R+l R+ Wil
WD+l
= Grrar el
[i+wd _ S+ /(100)*+ (50)* :\/E
20t 2ff 2(100)° 8
M,RMS = \/g HRMS

SOL 2.69 Option (A) is correct.
In the circuit

Ip =1,£0° +1,2120°

B=1+ Py 2IRchos<1220 ) = Lt D+ L,
Since Ip =1,
s0, =0+ R+ =30

Iy =v/31=31I,
Ipl; Iy =1:6/3

SOL 2.70 Option (C) is correct.
Switch was opened before-f =0, 8o current in inductor for ¢ < 0

10 Q
A A'A%

i,(07)

10V=

i(07) =19 =1A

Inductor current does not change simultaneously so at r = 0 when switch is
closed current remains same

iL(O+) - iL (07):]. A

SOL 2.71 Option (A) is correct.
Thevenin voltage:

10 Q p
AN °
20 Q§ -4V §10 Q v,

Nodal analysis at P
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SOL 2.72

SOL 2.73

SOL 2.74

ELECTRICAL CIRCUITS & FIELDS PAGE 93
Vi—4 Vo _
0 T10 ~
2 I/th - 4 -
‘/th - 2 V
Thevenin resistance:
10 Q3
AN\ =1>D
[ ]
o Sa 7
[ ]
O
Q

Ry =109]]10Q=5Q

Option (A) is correct.

Electric field inside a conductor (metal) is zero. In dielectric charge
distribution os constant so electric field remains constant from z; to 2. In
semiconductor electric field varies,linearly with charge density.

Option (D) is correct.
Resonance will occurvonly whemy Z is capacitive, in parallel resonance
condition, suseptance of circuit should be zero.

1
w = resonant frequenc
IO ( quency)

Q
I
—_

1
CL 4 x 7 x (5002 X 2 :
Option (D) is correct.
Here two capacitor C} and (5 are connected in series so equivalent Capacitance
is

_ GG
Ceq N C1+ C2
C . 80871A o 885 X 10_12 X 4(400 X 10—3)2
od 6 x 107°
~12 .
= 885 210 "X X160 X 10 _ 944 % 1071 F

6 x 107°
Similarly

g A 8.85 X 107" X 2 X (400 x 1077)?

C f
’ ds 8 x 107°
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PAGE 94 ELECTRICAL CIRCUITS & FIELDS CHAP 2

885 x 1072 x 2 x 16 x 107" 1
fr— — .4: 1 F
8x 10°° 39410

—11 —11
G = 94'%92.411 35%4?2%4151110 = 25,14 1077 = 257 pF

SOL 2.75 Option (C) is correct.
Inductance of the Solenoid is given as
_ A
o
Where A — are of Solenoid
[ = length
4w x 1077 % (3000)* X (30 x 107%)?

—31.94 % 10 H
(1000 x 107 ”

L

~ 32 mH

SOL 2.76 Option (C) is correct.
In the circuit

1A 10Q vy, 6€9Q 2/
—NWW———

1A §6 o_ (Oe

Voltage Vi=(2+4+1)X 6= 18 Volt
So, 2 = —E_G Va
_ FE-—18
2="%

EF=124+18 =30V

SOL 2.77 Option (A) is correct.
Delta to star (A — Y) conversions is given as

B=p R TR —20+10+10 — 229
 RR 2% 10 _

B=p TR —20+10+10 2%

" RR,  _ 20x10 _ .

ST R+ R,+R, —20+10+10 —

SOL 2.78 Option (D) is correct.
For parallel circuit
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SOL 2.79

SOL 2.80

ELECTRICAL CIRCUITS & FIELDS
E
I = =LY,
Leg o

Y., » Equivalent admittance of the circuit
Y., = Yr+ Y.+ Yo =(0.5+0)+ (0—41.5) + (0 + j0.3)
=0.5—-71.2
So, current I =10(0.5—71.2) = (5 —j12)A

Option (B) is correct.
In the circuit

100 y,2A

100 VC_) 10 Q gR

100 B 100 10R
10+ R
1000R 50R

~ 100+ 20R .54 R
Current in R ) resistor

Vi
25 %
9 — 50R
R(5+ R)
or R =200

Option (A) is correct.
Since capacitor initially has a charge of 10 coulomb, therefore

PAGE 95

)

Qo = Cv.(0) v.(0) — initial voltage across capacitor
10 = 0.5v,(0)
0.(0) = 32=20V

When switch S is closed, in steady state capacitor will be charged completely

and capacitor voltage is
v.(%0) =100 V
At any time 7 transient response is
0. (£) = 0.(%) + [1.(0) — . (e0)] "7
v.() = 100 + (20 — 100) ¢ 2% 05 = 100 — 80"

Current in the circuit
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PAGE 96 ELECTRICAL CIRCUITS & FIELDS CHAP 2

. o d/UC . i N —t
i(t) = Cdt = Cdt [100 — 80e™ ']

= (Cx 80e ' =05 x 80e ' =40¢ '

At t =1 sec,
i(t) = 40e ' = 14.71 A

SOL 2.81 Option (D) is correct.
Total current in the wire
I =10+ 20sinwt

(20)*
2

Lme = 1/ 10> + =100 +200 =+/300 = 17.32 A

SOL 2.82 Option (D) is correct.
From Z to Y parameter conversion

[Yn Y12l _[Zn Zml_l

Yo, Yoo Lo
g Y Yo 1 0.6 —0.2
o Yy Yol — 0.50|=0.20 0.9
T = gy =18

SOL 2.83 Option (C) is corrects
Energy absorbed by the inductor eoil isgiven as

E, = det
0
Where power P =VIi= [(L‘(%)
t
— al
So, E, _6[M<dt>dt
For0) < t < 4 sec
4
dl
Ep =2 ]<—>dt
6[ ’ dl
? A ce G4 < <
=2ff(3)dt+2f1(o)dt cgm0st=2
r : =0,2<t<4

= 6/]. dt=~6(area under the curve i(t) — t)
0

:6><%><2><6:36J

Energy absorbed by 12 resistor is
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CHAP 2 ELECTRICAL CIRCUITS & FIELDS PAGE 97
t

0
2 4
= [(30)* x 1dt+ [(6)dt
0 2
342 4
=9 x| & +36[t], = 244+ 72 =06 J
Total energy absorbed it 4 sec

E=FE+FE; =36+96 =132 J

[=3t, 0<(<2
{:6A 2<t<4

SOL 2.84  Option (B) is correct.
Applying KCL at center node

iL = iC + ]_ + 2
1, =1+ 3
e =— 0% =1 %asin2y
=—8cos2t
SO iy =— 8cos2t+ 3 (current through inductor)
Voltage across inductor
_ i _ g dig_ — 394
v, = Ldt =2 X pr [3 — 8cos2t] = 32sin2t

SOL 2.85 Option (A) is correct.
Thevenin impedance can be obtain as following

(7] [7,}—ox

oY

Zw = Zs+ (Z|| Za)
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SOL 2.86

SOL 2.87

SOL 2.88

ELECTRICAL CIRCUITS & FIELDS CHAP 2
Given that Z =104 —60° = 10(%59') —=5(1—+37)
Z, =10260° = 10(%) =5(1++3))

Zy = 50253.13° = 50(3E4J> =10(3 + 4j)

5(1—3j)5(1++/3)
(1—v35)+5(1+V3))

%0*3) — 30 + 40§+ 10 = 40 + 40;

So, Zy, =10(3+4)) + -

= 10(3 +4j) +
Zy = 402 £45°Q)

Option (A) is correct.
Due to the first conductor carrying + [ current, magnetic field intensity at
point P is

o _ I
H, = 2nd
Similarly due to second génduetor carrying — /[ current, magnetic field

Y (Direction is determined using right hand rule)

intensity is

0= L-v) 25Ly

27d - 27d
Total magnetic field intensity at point P.
H=H+H,= 21TdY+ 2'rrdY o ’T(dY

Option () is correct.

Option (C) is correct.
Given that magnitudes of V; and V, are twice of Vz

‘VL’ = ‘ VC‘ = 2V, (Circuit is at resonance)

Voltage across inductor

Vi =1ip X]LUL
Current iz at resonance

. 5Z0 _5_

ZR——R —5—1A
S0, ‘VL’:wL:2VR

wL =2 X5 Ve =5 V, at resonance
2 X mXxX5b0x L =10
_ 10 _
L =314 =31.8 mH
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SOL 2.89

SOL 2.90

ELECTRICAL CIRCUITS & FIELDS

Option (C) is correct.
Applying nodal analysis in the circuit
At node P

2+VP§10+%:0

1644V, —40+ Vp =0

5Vp—24 =0
Ve = 2 Volt
At node Q
_Vo—10 Vp—0
2=—"7 1%
24 =3Vp—30+4+2V,
5Vo—54 =0
_ 5
Vo = 5 Vv
Potential difference between P-Q
Voo = VoW, a2 5 — ¢y
5 5
Option (D) is correct.
First obtain equivalenty Thevenin circuit across load R;,
6 Q J8 6Q  8Q
N I\M

o0—]
+

110.£09 00./0°

=~

|

|||—

Thevenin voltage

Vi—11020° , Vau—9020° _,
6+ 8j 6+8

2V, —200£0° =0

Vi =100£0° V
Thevenin impedance

_|_

6 Q R Q 6Q R Q
apgp l\/\/\’

R,

Zy = (6+8)Q|| (6 +85) Q2
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ELECTRICAL CIRCUITS & FIELDS

CHAP 2

= (3+4))Q
For maximum power transfer
Ry =|Zn| =vV3+4 =5Q
Zy
1
Vm(") 0 § R,=5Q

Power in load

P = ifﬁ-RL
100 2 . (100)* .

Option (D) is correct.
By applying mesh analysis in the circuit

R
AN
(LY
uQ 10
AN A AN N
10 A4 A5 A
N 5 ) (I '_)40 v

TH—=AVNV—

100 Vg_)

[1:10A, [2:—5A
Current in 2 € resistor

So, voltage V,y =15 x 2 =30 Volt
Now we can easily find out current in all branches as following

Current in resistor R is 5 A
100 — 40
>=""r
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CHAP 2

SOL 2.92

SOL 2.93

ELECTRICAL CIRCUITS & FIELDS PAGE 101
R = % — 120

Option (B) is correct.
Before t= 0, the switch was opened so current in inductor and voltage
across capacitor for ¢ < 0 is zero
v.(07) =0, ©(07)=0
at t = 0, when the switch is closed, inductor current and capacitor voltage
does not change simultaneously so
v.(07) = v.(07) =0, i, (07)=14,(07)=0
At t= 0" the circuit is
3Q

AAA o
J—vp(o*):ov i0)=0 A

10 VC_) o g 40 " 0"

Simplified circuit

3Q
w !
10 VC_) o g 4Q UL(0+)
]

Voltage across inductor (at ¢t =07")

v (0 = 210 % 2 =4 Volt

~3+2
Option (D) is correct.
Given that E1 = hlljl + h12 EQ
and I = ho [y + hay By
Parameter hy, is given as
by =75

I, = 0(open circuit)

=0 4Q E 2Q E, 20
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SOL 2.94

SOL 2.95

SOL 2.96

ELECTRICAL CIRCUITS & FIELDS

At node A
EA — E1 EA — E2 EA _
gt T =0
5E, = 2F, + 2F,
Similarly
E—-FEy B _
gt =0
2E1 — EA

From (1) and (2)

8k, =2L,
_ B _1
h12_E2 —4

Option (B) is correct.
K K
Veo = Ve — =o—§—o—8
_9x10°x1x10° 9x10°x1x10"°
40% 10~° 20 x 107°
_ s( L 17 _
=910 [40 20] =225 Volt
Option (D) is correct.
Energy stored in Capacitor is
_1
E =3 %
g0d _ 8.85 x 107" x 100 x 10°° —12
= = — O. ]_ F
=" 0.1 % 10°° 885 10
E =3 % 885 x 107 x (100)* = 44.3 nJ

Option (B) is correct.
The figure is as shown below

100 v
e, =3 t =05 mm _L
r I v
—
e, =4 1, =1 mm
oV

CHAP 2

The Capacitor shown in Figure is made up of two capacitor C; and C,
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CHAP 2 ELECTRICAL CIRCUITS & FIELDS PAGE 103

connected in series.

Cl — €0€7>1A C . 8087-214.

L T
Since C; and C; are in series charge on both capacitor is same.
Q= @

Ci(100 — V) = G,V (Let V is the voltage of foil)
el (100 - ) = 22l y

2

3 4
g5(100—V) =1V

300-3V =2V
300 =5V = V=60 Volt

SOL 2.97  Option (D) is correct.
Voltage across capacitor is given by

[}

w(t) =4 [itdg=% f56(t)dt:%><u(t)

— 0

SOL 2.98 Option (C) is correct.
No. of links is given by

L =N-DB+1

SOL 2.99 Option (A) is correct.
Divergence theorem states that the total outward flux of a vector field F
through a closed surface is same as volume integral of the divergence of F
fF-ds = [(V-F)dv

\%

SOL 2.100 Option (C) is correct.
The figure as shown below

N
Inductance of parallel wire combination is given as
L= uolln(d>
T r

Where [ — Length of wires
d — Distance between wires
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PAGE 104 ELECTRICAL CIRCUITS & FIELDS CHAP 2

r — Radius

L « Ind
So when d is double, inductance increase but does not double.

SOL 2.101  Option (B) is correct.
Since distance from ground to lower surface is less than from ground to
upper surface so electric stress is maximum at lower surface.

SOL 2.102 Option (B) is correct.
Writing node equation for the circuit

1, 2Q E, 2Q I
+ +

°

Q|

I = By —2 Ey
wmd L= Fs B
At node A
EA E1 EA EA E2 _
5 T3 T 9.0
SEA - E1+ Eg (1)
From eqn(1)
1 1 (B + E,)
h=9b-5—3—
1 1
L = 3E EEQ (2)
. 1 1(Ei+ E»)
Similarly L = 5 E, — 9 3
1 1

From (2) and (3) admittance parameters are
[V, Yio Yo Yoo =[1/3 —1/6 —1/6 1/3]

SOL 2.103  Option (A) is correct.
Admittance of the given circuit

V(W) = joC+ 5

Zp =30£40° =23.14419.20Q
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CHAP 2 ELECTRICAL CIRCUITS & FIELDS PAGE 105
- 1 23.1 — j19.2
So, Y(w) =271 x50 X Ot 5375795 X 531 —519.2
| 23.1 — j19.2
931 . 19.2
= g02.25 T /| (100m) €'~ 555755
For unity power factor
L[Y(W)] =0
192
100 X 3.14 % C = gi0:2
C = 68.1pF

SOL 2.104 Option (B) is correct.
In series RLC circuit lower half power frequency is given by following relations

1 = —
UJ]L—wlc— R
- 1
2 1 1079 — S
(2 X fi X 100 x 107°) 2% A < 10°7) 50
£ = 3.085 kHz

SOL 2.105 Option (C) is correcty
Since initial charge across-capacitor is zero, voltage across capacitor at any
time ¢ is given as

Time constant T=R,C
= (10kQ2 || 1kQ) x C
= G?) kQ X 11nF =10 x 10"° sec = 10 psec
So, ve(f) = 10(1 — ¢ ousec)
Pulse duration is 10 psec, so voltage across capacitor will be maximum at
t =10 psec

10 psec

v.(t=10psec) = 10(1 — e 10psec) = 10(1 — ¢ ") = 6.32 Volt

SOL 2.106 Option (C) is correct.
Since voltage and current are in phase so equivalent inductance is

L,=12H
Li+ L, +=2M =12 M — Mutual Inductance
8+8 +2M =12
16 —2M =12 (Dot is at position Q)
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M =2H
Coupling Coefficient
K=—+2_ =02

V8 X 8

SOL 2.107 Option () is correct.

SOL 2.108 Option (C) is correct.
In steady state there is no voltage drop across inductor (i.e. it is short
circuit) and no current flows through capacitors (i.e. it is open circuit)
The equivalent circuit is

v v 1Q
10V =
1Q v, (o)
i
So, V() = % X 1=5 Volt

SOL 2.109 Option (C) is correct.
When the switch was closed beforest = 0, the circuit is

Z‘,‘(Of) 10 A

I
10 A R§10 Q

Current in the inductor
7;L (07) - O A

When the switch was opened at t = 0, equivalent circuit is

I
10 A R§IOQL 5H

In steady state, inductor behaves as short circuit and 10 A current flows
through it
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CHAP 2 ELECTRICAL CIRCUITS & FIELDS PAGE 107

10 A §}u@mA

ir(c0) =10 A
Inductor current at any time ¢ is given by
. . . . _R
i (1) = (%) +[i1(0) — ir(e0)]e L’
=10+ (0—10)e 10" =10(1 — ) A

SOL 2.110 Option (B) is correct.
Energy stored in inductor is

E=3irp =1

5 5 X 5 x (10)* =250 J

SOL 2.111  Option (C) is correct.
To obtain Thevenin’s equivalent, open the terminals X and Y as shown

below,
71— 11
+ U +
v, =3025°(~) V. (~)v, =30£-15°
o
Y

By writing node equation at X
Va= Vi V=V,

4 z 30
V, =30245° = 39 (1 4
1 \/5( J)
o 30 .
V=302 —45° = 30 (1)
J2
So,
Vth—j%(1+j) Wh—j%(l—j)
1=y 145 =Y
30 N2 30 52
2V — 30 1 49)2- 30 152 =0
th «/5( +7) ﬁ( 7)
Vth =0 VOlt

Thevenin’s impedance
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K1 X
4] 1Z]
° Zy
;H]
Y

Zn =212 = (A=) (1+4) = (1(1__j)j)+(1(1++j)j): e

SOL 2.112 Option (A) is correct.
Drawing Thevenin equivalent circuit across load :

1Q

V,=0 VG

So, current i =0 A

SOL 2.113  Option (A) is correct.
In the circuit we can gbserve that/there are two wheatstone bridge connected
in parallel. Since all resistor-values-are-same, therefore both the bridge are
balanced and no current flows<thzough diagonal arm. So the equivalent

circuit is
1A
AN »—oB
1Q
Sio $io
19
C AMN D

§19 §1Q

10
MWV

AT

We can draw the circuit as
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CHAP 2 ELECTRICAL CIRCUITS & FIELDS PAGE 109
C
1Q 20
1A A § L0 B _
20 10
D

From A — Y conversion

Now the circuit is

1(2 + 9 Q= EQ
2 10 10
o——MN—o
AR B
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SOL 2.114

SOL 2.115

SOL 2.116

ELECTRICAL CIRCUITS & FIELDS CHAP 2
Vig =1 % %3 — 1.4 Volt

Option (C) is correct.
In a series RLC circuit, at resonance, current is given as
i — V,20°

R
So, voltage across capacitor at resonance

V= 1 V. 20°

, Vs — source voltage

 wC R

Vi o
=y

Ve wCR 20

Voltage across capacitor can be greater than input voltage depending upon

values of w,C' and R but it is 90° out of phase with the input

Option (D) is correct.
Let resistance of 40 W and 60 W lamps are R, and R, respectively

1
Pa?
A _ Ry
PR
Ry e 40,
Ry 60
Ry < Ry

40 W bulb has high resistance than{60' W bulb, when connected in series
power is
B =rR
B =rR
w Ri> Ry, S0 B> P
Therefore, 40 W bulb glows brighter

Option (B) is correct.
Series RL circuit with unit step input is shown in following figure

R L

1, t>0

0, otherwise

u(?) :{
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SOL 2.117

SOL 2.118

SOL 2.119

SOL 2.120

SOL 2.121

ELECTRICAL CIRCUITS & FIELDS PAGE 111

Initially inductor current is zero

i(07) =0
When unit step is applied, inductor current does not change simultaneously
and the source voltage would appear across inductor only so voltage across
resistor at t =07

Ur (0+) =0

Option (D) is correct.
For two coupled inductors

M =Ky L L

Where K — coupling coefficient

0<K<1
M
So, K = <1
vV IiLy
M <L

Option (C) is correct.
Since the network containg passive elements only, output can never offer
greater power compared to input

Option (B) is correct.
Given that
When terminal C' is open

Ryp = Ra+ Rp =61 (1)
When terminal A is open

Rpe = Rp+ Re =110Q) (2)
When terminal B is open

Riyc = Rs+ Re =90 (3)
From (1), (2) and (3)
Ry=2Q, Rp=4Q, Re =70

Option () is correct.

A graph is connected if there exist at least one path between any two vertices
(nodes) of the network. So it should have at least N or more branches for
one or more closed paths to exist.

Option (B) is correct.
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PAGE 112 ELECTRICAL CIRCUITS & FIELDS CHAP 2

V IL ic
24040°<~> 10.£60° T

24020° _ . _24(1-V3))
Current IL —m =242 — 60 —fA
=12 - 20.784 A
P _ 1250 o0
IC_V_24040°_]5'20 0"A
Current [ =Io+ 1, =12 — 20.784 + 5.20 = 12 — j15.58

Power supplied by load
P = VI =240(12 — j15.58) = 2880 — 37397
Real power Pr = 2880 W

SOL 2.122 Option (A) is correct.
Let current in primary andésecondary loop is /; and I, respectively, then by
writing KVL equation (comsidering mutual inductance),

R ¢ "

A AAY 1

L] / \ [
v L3V

In primary loop

Ve— LR— Il(],wlc

Vi :Il[R+jw10+]wL1 + M, (1)

>— Ljwly — LjoM=0

In secondary loop
0— LjwLy— LjwM =0

Ll + LM =0
L :_LMQL
Put L into equation (1)
V=1 'R+jb}0+ij1]+jwM<—%)L: 0
V. :]1»R+LC+NL1—%]
V. :]1-R+j<wL1—%—%>
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ELECTRICAL CIRCUITS & FIELDS

For resonance imaginary part must be zero, so

wM* 1
wh ==, ~we =Y
> MY 1 _
2 LlLQ—M _l
“( L, >_C
oL
C(LiLy— M)

Resonant frequency

/Cg@—

PAGE 113

:J/ 10 x 10°°
3% 10 °[40 x 107* x 10 X 10— (10 x 10°%)’]

:% x 10° rad/sec

SOL 2.123  Option (C) is correct.

Quality factor is given as

_ whiy 1
©="R *LCR
Where, w :% x| 10 tad /sec
M? 5 (10 x 107%)°
L, =L —F+5 L
e 7 1 b TRV
=3x10°H
10> 3 x 10°° 3
S =
© C=3 X0 Tix3xi0°x10
=100+ 1 =101
SOL 2.124 Option (C) is correct.
Voltage and electric field are related as
E=-VV (Gradient of V)
av 6% LoV
(3
a 5019 0 (501°) %)E
gy It a 2
:s—p00x2-+100yy-%100zé]
E(1,—-1,1) __—{1001-10Q7+-100k] —— 1007 4 1007 — 100k
+j—k
E(1,—1,1) = 100/3| =t Fti=F
(1,-1.1) A
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SOL 2.125 Option (C) is correct.
Power loss in watt is given as

by = W, Vf
Where W, = Energy Density Loss
V' = Volume of Material
Here W,V = Area of hysteresis loop
=5 cm’
So, P, =5 cm® X 50

=5x%X2x50x10°%x 50 =25 Watt

SOL 2.126 Option (C) is correct.
For two parallel wires inductance is

L :Wln<d>

T r

[ - Length of the wires
d — Distance between,the wires
r - RadiusThus
-7 3
L:47r><10 ><10><101n< 1.5 >

0 0.5 x 10°*
=4 %10 %m (300)[= 22.81 mH

Sk3koskookoskokok ok >k kockosk
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CHAPTER 4

ELECTRICAL MACHINES

McQ 4.1

MCQ 4.2

McCQ 4.3

MCQ 4.4

YEAR 2012 ONE MARK
The slip of an induction motor normally does not depend on

(A) rotor speed (B) synchronous speed

(C) shaft torque (D) core-loss component

YEAR 2012 TWO MARKS

A 220V, 15 kW, 100 rpm shunt motor with armature resistance of 0.25 €2,
has a rated line current of 68 A and a rated field current of 2.2 A. The
change in field flux required/to obtain a speed of 1600 rpm while drawing a
line current of 52.8 A and a'field current of 1.8 A is

(A) 18.18% increase (B) 18.18% decrease

(C) 36.36% increase (D) 36.36% decrease

The locked rotor current in a 3-phase, star connected 15 kW, 4 pole, 230 V,
50 Hz induction motor at rated conditions is 50 A. Neglecting losses and
magnetizing current, the approximate locked rotor line current drawn when
the motor is connected to a 236 V, 57 Hz supply is
(A) 58.5 A (B) 45.0 A

(C) 42.7 A (D) 55.6 A

A single phase 10kVA, 50 Hz transformer with 1kV primary winding
draws 0.5 A and 55 W, at rated voltage and frequency, on no load. A
second transformer has a core with all its linear dimensions v'2 times the
corresponding dimensions of the first transformer. The core material and
lamination thickness are the same in both transformer. The primary winding
of both the transformers have the save number of turns. If a rate voltage of
2kV at 50 Hz is applied to the primary of the second transformer, then the
no load current and power, respectively, are

(A) 0.7A, T7.8A (B) 0.7 A, 155.6 W
(C) 1A, 110 W (D) 1A, 220 W
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McQ 4.5

MCQ 4.6

McQ 4.7

MCQ 4.8

ELECTRICAL MACHINES CHAP 4
YEAR 2011 ONE MARK

A 4 point starter is used to start and control the speed of a
(A) dc shunt motor with armature resistance control

(B) dc shunt motor with field weakening control
(C) dc series motor
(D)

D) dc compound motor

A three phase, salient pole synchronous motor is connected to an infinite
bus. It is operated at no load a normal excitation. The field excitation of
the motor is first reduced to zero and then increased in reverse direction
gradually. Then the armature current.

(A) Increases continuously

(B) First increases and then decreases steeply
(C) First decreases and then increases steeply
(D)

Remains constant

A single phase air core tram$former, fed from a rated sinusoidal supply, is
operating at no load. The steady state magnetizing current drawn by the
transformer from the supplypywill have the waveform

1 1
A

\/

(C) \\/ -t (D) (/\/_/ .t

YEAR 2011 TWO MARKS

A 220 V, DC shunt motor is operating at a speed of 1440 rpm. The armature
resistance is 1.0 2 and armature current is 10 A. of the excitation of the
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CHAP 4

McQ 4.9

McQ 4.10

McaQ 4.11

MCQ 4.12

ELECTRICAL MACHINES PAGE 153

machine is reduced by 10%, the extra resistance to be put in the armature
circuit to maintain the same speed and torque will be

(A) 1.79Q (B) 2.1Q

(C) 18.90 (D) 3.19

A three-phase 440 V, 6 pole, 50 Hz, squirrel cage induction motor is running

at a slip of 5%. The speed of stator magnetic field to rotor magnetic field
and speed of rotor with respect of stator magnetic field are

(A) zero, —5rpm (B) zero, 955 rpm
(C) 1000 rpm, —5 rpm (D) 1000 rpm, 955 rpm
YEAR 2010 ONE MARK

A Single-phase transformer has a turns ratio 1:2, and is connected to a
purely resistive load as shown in the figure. The magnetizing current drawn
is 1 A, and the secondary current is 1 A. If core losses and leakage reactances
are neglected, the primary current is

¢ 3

(A) 1.41 A (B) 2 A
(C)2.24 A (D) 3 A

ANV

A balanced three-phase voltage is applied to a star-connected induction
motor, the phase to neutral voltage being V. The stator resistance, rotor
resistance referred to the stator, stator leakage reactance, rotor leakage
reactance referred to the stator, and the magnetizing reactance are denoted
by ., 1, X,, X, and X,,, respectively. The magnitude of the starting current

of the motor is given by
V.

(4) Jrn+ 1)+ (X4 X,)? ®) V4 (X+ X))
© S+ 1)+ (X, + X,)? (D) i+ (X + X))
YEAR 2010 TWO MARKS

A separately excited dc machine is coupled to a 50 Hz, three-phase, 4-pole
induction machine as shown in figure. The dc machine is energized first
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McQ 4.13

ELECTRICAL MACHINES CHAP 4

and the machines rotate at 1600 rpm. Subsequently the induction machine
is also connected to a 50 Hz, three-phase source, the phase sequence being
consistent with the direction of rotation. In steady state

DC Machine

TEJ

(A) both machines act as generator

Induction machine
4 pole, 50Hz

— 50Hz, balanced
~a__ three- phase supply

(B) the dc machine acts as a generator, and the induction machine acts as
a motor

(C) the dc machine acts as a motor, and the induction machine acts as a
generator

(D) both machines act as motors

A balanced star-connected and purely resistive load is connected at the
secondary of a star-delta gransformer as shown in figure. The line-to line
voltage rating of the transformer'is 110 V/200 V.

Neglecting the non-idealities of the transformer, the impedance Z of
the equivalent star-gemneeted-load, referred to the primary side of the
transformer, is

R

§ 4Q

Be

Y

Bo
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McCQ 4.14

MCQ 4.15

MCQ 4.16

McQ 4.17

ELECTRICAL MACHINES PAGE 155
(A) (3+0)Q (B) (0.866 — j0.5) Q
(C) (0.866 + j0.5) Q) (D) (14 0)Q

Common Data for Questions 14 and 15

A separately excited DC motor runs at 1500 rpm under no-load with
200 V applied to the armature. The field voltage is maintained at
its rated value. The speed of the motor, when it delivers a torque of
5 Nm, is 1400 rpm as shown in figure. The rotational losses and armature
reaction are neglected.

Speed (rpm)

A

1500
1400

0 5 torqu=e(Nm)

The armature resistance of the motor is
(A)2Q (B) 3.4 Q
(C) 4.4 Q (D) 7.7 Q

For the motor to deliver a tofque of 2.5 Nm at 1400 rpm, the armature
voltage to be applied is

(A) 1255 V (B) 193.3 V
(C) 200 V (D) 241.7 V
YEAR 2009 ONE MARK

A field excitation of 20 A in a certain alternator results in an armature
current of 400 A in short circuit and a terminal voltage of 2000 V on open
circuit. The magnitude of the internal voltage drop within the machine at a
load current of 200 A is

(A)1V (B) 10V

(C) 100 V (D) 1000 V

The single phase, 50 Hz iron core transformer in the circuit has both the
vertical arms of cross sectional area 20 cm? and both the horizontal arms of
cross sectional area 10 cm”. If the two windings shown were wound instead
on opposite horizontal arms, the mutual inductance will

GATE Previous Year Solved Paper By RK Kanodia & Ashish Murolia
Published by: NODIA and COMPANY ISBN: 9788192276243
Visit us at: www.nodia.co.in






PAGE 156

MCQ 4.18

McQ 4.19

ELECTRICAL MACHINES CHAP 4
& —3
(A) double (B) remain same
(C) be halved (D) become one quarter

A 3-phase squirrel cage induction motor supplied from a
balanced 3-phase source drives a mechanical load. The torque-
speed characteristics of the motor(solid curve) and of the
load(dotted curve) are shown. Of the two equilibrium points A and B, which
of the following options correctly describes the stability of A and B 7

A —
L, ~

Torque

0
(A) A is stable, B is unstable (B) A is unstable, B is stable
(C) Both are stable (D)  Both are unstable
YEAR 2009 TWO MARKS

A 200 V, 50 Hz, single-phase induction motor has the following connection
diagram and winding orientations as shown. MM’ is the axis of the main
stator winding(M;M,) and AA’ is that of the auxiliary winding(A;A»).
Directions of the winding axis indicate direction of flux when currents in
the windings are in the directions shown. Parameters of each winding are
indicated. When switch S is closed the motor

M,
r,=0.1 Q
r=1% l L,=0.1 n/H
S L=10 n/H M,
o—"24 A — A,
200 V, 50 HZ M
O
A’ A
Rotor
Ml
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McCQ 4.20

McCQ 4.21

MCQ 4.22

ELECTRICAL MACHINES PAGE 157

A
B

) rotates clockwise

)
C) does not rotate

)

(
(B) rotates anti-clockwise
(
(

D) rotates momentarily and comes to a halt

Common Data for Questions 20 and 21 :

The circuit diagram shows a two-winding, lossless transformer with
no leakage flux, excited from a current source, i(?), whose waveform
is also shown. The transformer has a magnetizing inductance of
400/ mH.

1:1 A
S
i) H
30 Q
B
A
i(?) :
10 A
0 15 20/ >
5 10 25 =30 ifans)
10 A
A

The peak voltage across A and B, with S open is

(A) % \% (B) 800 V
(C) 4000 (D) 820 v
m s

If the wave form of i(¢) is changed to i(t) = 10sin (1007t) A, the peak voltage
across A and B with S closed is

(A) 400 V (B) 240 V

(C) 320 V (D) 160 V

Figure shows the extended view of a 2-pole dc machine with 10 armature
conductors. Normal brush positions are shown by A and B, placed at the
interpolar axis. If the brushes are now shifted, in the direction of rotation,
to A’ and B’ as shown, the voltage waveform Vjp will resemble
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ELECTRICAL MACHINES

Rotation at speed w rad/sec

(A NN

| | | | wt

0.2m 10.4w 10.6m 0.8 I T

e}

AN
(B)

wt

0 0.2% 047 0.6 087 ©™

i i i i L wt
0 10.2% 10.4% '0.6% ‘0.8 '™
A
Vi
(D) : ! ! ! !
i i i i L owt
0 10.2% 10.4w 10.6% 10.87 T

Common Data for Questions 14 and 15:

e 111 a
B o—/TTIN— b
Co—rnm— —® C
No—7 ~—

Sy S,
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CHAP 4

MCQ 4.23

McCQ 4.24

McCQ 4.25

MCQ 4.26

ELECTRICAL MACHINES PAGE 159

The star-delta transformer shown above is excited on the star side with
balanced, 4-wire, 3-phase, sinusoidal voltage supply of rated magnitude. The
transformer is under no load condition

With both S1 and S2 open, the core flux waveform will be
(A) a sinusoid at fundamental frequency

(B) flat-topped with third harmonic
(C) peaky with third-harmonic
(D)

D) none of these

With S2 closed and S1 open, the current waveform in the delta winding will be
(A) a sinusoid at fundamental frequency

(B) flat-topped with third harmonic
(C) only third-harmonic
(D)

D) none of these

Statement for Linked Answer Questions 25 and 26 :

Ao o(C
° °

Coil 1 H Coily 2

Boe oD

The figure above shows coils-1/and; 2, with dot markings as shown, having
4000 and 6000 turns respectively. Both the coils have a rated current of 25
A. Coil-1 is excited with single phase, 400 V, 50 Hz supply.

The coils are to be connected to obtain a single-phase, & V,

auto-transformer to drive a load of 10 kVA. Which of the options given
should be exercised to realize the required auto-transformer ?
(A) Connect A and D; Common B

(B)
(C) Connect A and C; Common B
D)

(

In the autotransformer obtained in Question 16, the current in each coil is
(A) Coil-1 is 25 A and Coil-2 is 10 A

(B) Coil-1is 10 A and Coil-2 is 25 A
(C) Coil-1 is 10 A and Coil-2 is 15 A
(D) Coil-1 is 15 A and Coil-2 is 10 A

Connect B and D; Common C

Connect A and C; Common D
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MCQ 4.27

MCQ 4.28

McCQ 4.29

McaQ 4.30

ELECTRICAL MACHINES CHAP 4
YEAR 2008 ONE MARK

Distributed winding and short chording employed in AC machines will result

A

) increase in emf and reduction in harmonics
) reduction in emf and increase in harmonics
C) increase in both emf and harmonics

D) reduction in both emf and harmonics

Three single-phase transformer are connected to form a 3-phase transformer
bank. The transformers are connected in the following manner :

I
AN, Lo,

I

I
B A N—B, [,

I

|
&rn'm_oczi%

Primary Secondary

The transformer connecting will be represented by
(A) Y dO (B) Y d1
(C) Y d6 (D) Y d11

In a stepper motor, the detent'torque means
(A) minimum of the static torque with the phase winding excited

(B) maximum of the static torque with the phase winding excited
(C) minimum of the static torque with the phase winding unexcited
(D)

D) maximum of the static torque with the phase winding unexcited

It is desired to measure parameters of 230 V/115 V, 2 kVA,
single-phase transformer. The following wattmeters are available in a
laboratory:

Wi : 250 V, 10 A, Low Power Factor

W, : 250 V, 5 A, Low Power Factor

W : 150 V, 10 A, High Power Factor

W, : 150 V, 5 A, High Power Factor

The Wattmeters used in open circuit test and short circuit test of the
transformer will respectively be

(A) Wi and W, (B) W5 and W,

(C) Wi and W} (D) W5 and W
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MCQ 4.31

MCQ 4.32

MCQ 4.33

ELECTRICAL MACHINES PAGE 161
YEAR 2008 TWO MARKS

A 230 V, 50 Hz, 4-pole, single-phase induction motor is rotating in the
clockwise (forward) direction at a speed of 1425 rpm. If the rotor resistance
at standstill is 7.8 €2, then the effective rotor resistance in the backward
branch of the equivalent circuit will be

(A)2Q (B) 4 Q

(C) 78 Q (D) 156 Q

A 400 V, 50 Hz 30 hp, three-phase induction motor is drawing
50 A current at 0.8 power factor lagging. The stator and rotor copper losses
are 1.5 kW and 900 W respectively. The friction and windage losses are 1050
W and the core losses are 1200 W. The air-gap power of the motor will be

(A) 23.06 kW (B) 24.11 kW

(C) 25.01 kW (D) 26.21 kW

The core of a two-winding transformer is subjected to a magnetic flux
variation as indicated in the figure.

A
&(wh)
D —>9 r
te = .
&a 100 200 eq 0.12
- .-
0 1 2 25 (s

The induced emf (e5) in the secondary winding as a function of time will be
of the form

ehh
ehu
48V
24 V
(4) T B) -
0 1 t | 225 ¢
() oy ()
48V
ehﬂ
48V €1
24 V
(®) | N (D) o 1 225
0 1 225 |
t(s) o1V t(s)
48 V
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MCQ 4.34

McCQ 4.35

McCQ 4.36

ELECTRICAL MACHINES CHAP 4

A 400 V, 50 Hz, 4-pole, 1400 rpm, star connected squirrel cage induction
motor has the following parameters referred to the stator:
R,=100Q,X,=X,=15Q

Neglect stator resistance and core and rotational losses of the motor. The
motor is controlled from a 3-phase voltage source inverter with constant V/f
control. The stator line-to-line voltage(rms) and frequency to obtain the
maximum torque at starting will be :

(A) 20.6 V, 2.7 Hz (B) 133.3 V, 16.7 Hz
(C) 266.6 V, 33.3 Hz (D) 323.3V, 40.3 Hz

Common Data for Questions 35 and 36.

A 3-phase, 440 V, 50 Hz, 4-pole slip ring induction motor is feed from the
rotor side through an auto-transformer and the stator is connected to a
variable resistance as shown in the figure.

EI:H: Induction R
Motor -
3-phase
50 Hz, supplyE' g _—
Auto Transformer l—r[m—l
+220V

The motor is coupled to a 220 V, separately excited d.c generator feeding
power to fixed resistance of 10 €2. Two-wattmeter method is used to measure
the input power to induction motor. The variable resistance is adjusted

such the motor runs at 1410 rpm and the following readings were recorded
W = 1800 W, Wy =—200 W.

The speed of rotation of stator magnetic field with respect to rotor structure
will be
(A) 90 rpm in the direction of rotation

(

B)
(C) 1500 rpm in the direction of rotation
D)

(

Neglecting all losses of both the machines, the dc generator power output
and the current through resistance (R.x) will respectively be
(A) 96 W, 3.10 A (B) 120 W, 3.46 A

90 rpm in the opposite direction of rotation

1500 rpm in the opposite direction of rotation
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McCQ 4.37

MCQ 4.38

McCQ 4.39

MCQ 4.40

McQ 4.41

ELECTRICAL MACHINES PAGE 163

(C) 1504 W, 12.26 A (D) 1880 W, 13.71 A

Statement for Linked Answer Question 37 and 38.

A 240 V, dc shunt motor draws 15 A while supplying the rated load at a
speed of 80 rad/s. The armature resistance is 0.5 Q and the field winding
resistance is 80 ).

The net voltage across the armature resistance at the time of plugging will
be

(A) 6V (B) 234V

(C) 240 V (D) 474 V

The external resistance to be added in the armature circuit to limit the
armature current to 125% of its rated value is

(A) 31.1 Q (B) 31.9 Q

(C) 15.1 Q (D) 15.9 ©

Statement for Linked Answer /Question 39 and 40.

A synchronous motor is connected to an infinite bus at 1.0 pu voltage and
draws 0.6 pu current at unity power factor. Its synchronous reactance is 1.0
pu resistance is negligibles

The excitation voltage (E£) and load angle () will respectively be
(A) 0.8 pu and 36.86° lag (B) 0.8 pu and 36.86° lead
(C) 1.17 pu and 30.96° lead (D) 1.17 pu and 30.96° lag

Keeping the excitation voltage same, the load on the motor is increased such
that the motor current increases by 20%. The operating power factor will
become

(A) 0.995 lagging (B) 0.995 leading
(C) 0.791 lagging (D) 0.848 leading
YEAR 2007 ONE MARK

In a transformer, zero voltage regulation at full load is
(A) not possible

(B) possible at unity power factor load
(C) possible at leading power factor load
(D) possible at lagging power factor load
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The dc motor, which can provide zero speed regulation at full load without
any controller is

(A) series (B) shunt
(C) cumulative compound (D) differential compound
The electromagnetic torque T of a drive and its connected load torque T,

are as shown below. Out of the operating points A, B, C and D, the stable
ones are

T
(A)

T

T
C C
(© A
Speed

(A) A, C,D
(C) A, D (D) B, C, D
YEAR 2007 TWO MARKS

A three-phase synchronous motor connected to ac mains is running at full
load and unity power factor. If its shaft load is reduced by half, with field
current held constant, its new power factor will be

(A) unity

(B) leading

(C) lagging

(D) dependent on machine parameters

A 100 kVA, 415 V(line), star-connected synchronous machine
generates rated open circuit voltage of 415 V at a field current
of 15 A. The short circuit armature current at a field current of
10 A is equal to the rated armature current. The per unit saturated
synchronous reactance is

(A) 1.731 (B) 1.5

(C) 0.666 (D) 0.577
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A single-phase, 50 kVA, 250 V/500 V two winding transformer has an
efficiency of 95% at full load, unity power factor. If it is re-configured as a
500 V/750 V auto-transformer, its efficiency at its new rated load at unity
power factor will be

(A) 95.752% (B) 97.851%

(C) 98.276% (D) 99.241%

A three-phase, three-stack, variable reluctance step motor has 20 poles on
each rotor and stator stack. The step angle of this step motor is

(A) 3° (B) 6°

(C)9° (D) 18°

A three-phase squirrel cage induction motor has a starting torque of 150%
and a maximum torque of 300% with respect to rated torque at rated voltage
and rated frequency. Neglect the stator resistance and rotational losses. The
value of slip for maximum torque is

(A) 13.48% (B) 16.42%
(C) 18.92% (D) 26.79%

Common Data for Question 49, 50 and 51:

A three phase squirrel cage inducfion motor has a starting current of seven
times the full load current and full load slip of 5%

If an auto transformer is used for/reduced voltage starting to provide 1.5 per
unit starting torque, the auto transformer ratio(%) should be

(A) 57.77 % (B) 72.56 %

(C) 78.25 % (D) 81.33 %

If a star-delta starter is used to start this induction motor, the per unit
starting torque will be

(A) 0.607 (B) 0.816

(C) 1.225 (D) 1.616

If a starting torque of 0.5 per unit is required then the per unit starting
current should be

(A) 4.65 (B) 3.75

(C) 3.16 (D) 2.13

YEAR 2006 ONE MARK

In transformers, which of the following statements is valid 7

GATE Previous Year Solved Paper By RK Kanodia & Ashish Murolia
Published by: NODIA and COMPANY ISBN: 9788192276243
Visit us at: www.nodia.co.in






PAGE 166

MCQ 4.53

MCQ 4.54

McaQ 4.55

McaQ 4.56

McCQ 4.57

ELECTRICAL MACHINES CHAP 4

(A) In an open circuit test, copper losses are obtained while in short circuit
test, core losses are obtained

(B) In an open circuit test, current is drawn at high power factor
(C) In a short circuit test, current is drawn at zero power factor

(D) In an open circuit test, current is drawn at low power factor

For a single phase capacitor start induction motor which of the following
statements is valid 7
(A) The capacitor is used for power factor improvement

(B) The direction of rotation can be changed by reversing the main winding
terminals

(C) The direction of rotation cannot be changed

(D) The direction of rotation can be changed by interchanging the supply
terminals

In a DC machine, which of the following statements is true ?
(A) Compensating winding issused for neutralizing armature reaction while
interpole winding is used for producing residual flux

(B) Compensating winding is.used for neutralizing armature reaction while
interpole winding is used for improving commutation

(C) Compensating winding is used for improving commutation while
interpole winding-is Gsed for néeutralizing armature reaction

(D) Compensation winding i3 ‘used for improving commutation while
interpole winding is used for producing residual flux

YEAR 2006 TWO MARKS

A 220 V DC machine supplies 20 A at 200 V as a generator. The armature
resistance is 0.2 ohm. If the machine is now operated as a motor at same
terminal voltage and current but with the flux increased by 10%, the ratio
of motor speed to generator speed is

(A) 0.87 (B) 0.95

(C) 0.96 (D) 1.06

A synchronous generator is feeding a zero power factor (lagging) load at
rated current. The armature reaction is
(A) magnetizing (B) demagnetizing

(C) cross-magnetizing (D) ineffective

Two transformers are to be operated in parallel such that they share load
in proportion to their kVA ratings. The rating of the first transformer is

GATE Previous Year Solved Paper By RK Kanodia & Ashish Murolia
Published by: NODIA and COMPANY ISBN: 9788192276243
Visit us at: www.nodia.co.in






CHAP 4

MCQ 4.58

MCQ 4.59

MCQ 4.60

MCQ 4.61

ELECTRICAL MACHINES PAGE 167

500 kVA ratings. The rating of the first transformer is 500 kVA and its pu
leakage impedance is 0.05 pu. If the rating of second transformer is 250 kVA,
its pu leakage impedance is

(A) 0.20 (B) 0.10

(C) 0.05 (D) 0.025

The speed of a 4-pole induction motor is controlled by varying the supply
frequency while maintaining the ratio of supply voltage to supply frequency
(V/f) constant. At rated frequency of 50 Hz and rated voltage of 400 V its
speed is 1440 rpm. Find the speed at 30 Hz, if the load torque is constant
(A) 882 rpm (B) 864 rpm

(C) 840 rpm (D) 828 rpm

A 3-phase, 4-pole, 400 V 50 Hz , star connected induction motor has following
circuit parameters

n= 1.09,’/"2: 05Q,X1: X‘QZ 129,Xm: 35Q
The starting torque when the motor is started direct-on-line is (use

approximate equivalent circuit model)
(A) 63.6 Nm (B) 74.3 Nm

(C) 190.8 Nm (D) 222.9 Nm

A 3-phase, 10 kW, 400 V., 4+pole; 50Hz, star connected induction motor
draws 20 A on full load~Its-ne-lead-and blocked rotor test data are given
below.

No Load Test: 400"V 6 A 1002 W

Blocked Rotor Test : 90 V 15 A 762 W

Neglecting copper loss in no load test and core loss in blocked rotor test,
estimate motor’s full load efficiency

(A) 76% (B) 81%

(C) 82.4% (D) 85%

A 3-phase, 400 V, 5 kW, star connected synchronous motor having an internal
reactance of 10 € is operating at 50% load, unity p.f. Now, the excitation is
increased by 1%. What will be the new load in percent, if the power factor
is to be kept same 7 Neglect all losses and consider linear magnetic circuit.
(A) 67.9% (B) 56.9%

(C) 51% (D) 50%

Data for Q. 62 to Q 64 are given below.

A 4-pole, 50 Hz, synchronous generator has 48 slots in which a
double layer winding is housed. Each coil has 10 turns and is short
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pitched by an angle to 36° electrical. The fundamental flux per pole is
0.025 Wb
The line-to-line induced emf(in volts), for a three phase star connection is
approximately
(A) 808 (B) 888
(C) 1400 (D) 1538
The line-to-line induced emf(in volts), for a three phase connection is
approximately
(A) 1143 (B) 1332
(C) 1617 (D) 1791
The fifth harmonic component of phase emf(in volts), for a three phase star
connection is
(A)O (B) 269
(C) 281 (D) 808
Statement for Linked Answer Questions 65 and 66.

A 300 kVA transformer has 95% efficiency at full load 0.8 p.f. lagging and
96% efficiency at halfToadjunity(p.f.
The iron loss (P,) and copper lgss (P,) in kW, under full load operation are
(A) P.=4.12, P =851 (B) P.=6.59, P, =9.21
(C) P.=8.51,P=4.12 (D) P.=12.72, b, = 3.07
What is the maximum efficiency (in %) at unity p.f. load ?
(A) 95.1 (B) 96.2
(C) 96.4 (D) 98.1
YEAR 2005 ONE MARK
The equivalent circuit of a transformer has leakage reactances Xi, X's and
magnetizing reactance X);. Their magnitudes satisfy
(A) Xi >> X'y >> Xy (B) Xi << X'y << Xy
(C) Xi= X9 >> Xy (D) X = X'y << Xy
Which three-phase connection can be used in a transformer to introduce
a phase difference of 30° between its output and corresponding input line
voltages
(A) Star-Star (B) Star-Delta
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(C) Delta-Delta (D) Delta-Zigzag

On the torque/speed curve of the induction motor shown in the figure four
points of operation are marked as W, X, Y and Z. Which one of them
represents the operation at a slip greater than 1 7

Torque
A

4=

For an induction motor, operation at a slip s, the ration of gross power
output to air gap power is equal to

(A) (1) (B) (1)
(C) v(1—59) (D) (1-V's)

YEAR 2005 TWO MARKS

Two magnetic poles révolve.around.a.stationary armature carrying two coil
(a— a',c— &) as shown in thefigure.Consider the instant when the poles
are in a position as shown. Identifyr the correct statement regarding the
polarity of the induced emf at this instant in coil sides ¢ and ¢.

(A) Oin ¢, no emf in ¢ (B) ®in ¢, no emf in ¢

(C) Oin ¢, no emf in ¢ (D) ®in ¢, no emf in ¢

A 50 kW dc shunt is loaded to draw rated armature current at any given
speed. When driven
(i) at half the rated speed by armature voltage control and

(ii) at 1.5 times the rated speed by field control, the respective output
powers delivered by the motor are approximately.
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A) 25 kW in (i) and 75 kW in (ii)
B) 25 kW in (i) and 50 kW in (ii)
Q) 50 kW in (i) and 75 kW in (ii)

) (i)

D) 50 kW in (i) and 50 kW in (ii

( ,
( .
(
(

In relation to the synchronous machines, which on of the following statements

is false 7

(A) In salient pole machines, the direct-axis synchronous reactance is greater
than the quadrature-axis synchronous reactance.

(B) The damper bars help the synchronous motor self start.

(C) Short circuit ratio is the ratio of the field current required to produces
the rated voltage on open circuit to the rated armature current.

(D) The V-cure of a synchronous motor represents the variation in the
armature current with field excitation, at a given output power.

In relation to DC machines, match the following and choose the correct
combination
List-1 List-1I
Performance Variables Proportional to
P.  Armature emf (&) 1.y Flux(¢), speed (w) and armature
current (1,)
Q. Developed torque (T') 2. _dland w only
R  Developed power (P) 3.« and I, only
4. [, and w only
5. 1, only
Codes
P Q R
(A) 3 3 1
(B) 2 5 4
(Cc) 3 5 4
(D) 2 3 1

Under no load condition, if the applied voltage to an induction motor is
reduced from the rated voltage to half the rated value,
(A) the speed decreases and the stator current increases

(B) both the speed and the stator current decreases
(C) the speed and the stator current remain practically constant
(D)

D) there is negligible change in the speed but the stator current decreases

A three-phase cage induction motor is started by direct-on-line (DOL)
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switching at the rated voltage. If the starting current drawn is 6 times the
full load current, and the full load slip is 4%, then ratio of the starting
developed torque to the full load torque is approximately equal to

(A) 0.24 (B) 1.44

(C) 2.40 (D) 6.00

In a single phase induction motor driving a fan load, the reason for having
a high resistance rotor is to achieve

(A) low starting torque (B) quick acceleration

(C) high efficiency (D) reduced size

Determine the correctness or otherwise of the following assertion[A] and the
reason|R]

Assertion [A] : Under V/f control of induction motor, the maximum value
of the developed torque remains constant over a wide range of speed in the
sub-synchronous region.

Reason [R] : The magnetic flux is maintained almost constant at the rated
value by keeping the rationd?/f pconstant over the considered speed range.
(A) Both [A] and [R] are true and [R] is the correct reason for [A]

]
(B) Both [A] and [R] are truesand but [R] is not the correct reason for [A]
(C) Both [A] and [R]sare false
(D) [A] is true but [Rfis false

Statement for Linked Answer Questions 79 and 80.

A 1000 kVA, 6.6 kV, 3-phase star connected cylindrical pole synchronous
generator has a synchronous reactance of 20 (). Neglect the armature
resistance and consider operation at full load and unity power factor.

The induced emf(line-to-line) is close to

(A) 5.5 kV (B) 7.2 kV

(C) 9.6 kV (D) 12.5 kV

The power(or torque) angle is close to

(A) 13.9° (B) 18.3°

(C) 24.6° (D) 33.0°

YEAR 2004 ONE MARK

A 500 kVA, 3-phase transformer has iron losses of 300 W and full load
copper losses of 600 W. The percentage load at which the transformer is
expected to have maximum efficiency is
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(A) 50.0% (B) 70.7%
(C) 141.4% (D) 200.0%
For a given stepper motor, the following torque has the highest numerical
value
(A) Detent torque (B) Pull-in torque
(C) Pull-out torque (D) Holding torque
The following motor definitely has a permanent magnet rotor
(A) DC commutator motor (B) Brushless dc motor
(C) Stepper motor (D) Reluctance motor

The type of single-phase induction motor having the highest power factor
at full load is

(A) shaded pole type (B) split-phase type

(C) capacitor-start type (D) capacitor-run type

The direction of rotation of as3-phase induction motor is clockwise when it
is supplied with 3-phase sinusoidal voltage having phase sequence A-B-C.
For counter clockwise rotatien of/the motor, the phase sequence of the power

supply should be
(A) B-C-A (B) C-A-B
(C) A-C-B (D) B-C-A or C-A-B

For a linear electromagnetic circuit;, the following statement is true
(A) Field energy is equal to the co-energy

(B) Field energy is greater than the co-energy
(C) Field energy is lesser than the co-energy
(D)

D) Co-energy is zero

YEAR 2004 TWO MARKS

The synchronous speed for the seventh space harmonic mmf wave of a
3-phase, 8-pole, 50 Hz induction machine is
(A) 107.14 rpm in forward direction

(B)
(C) 5250 rpm in forward direction
D)

(

A rotating electrical machine its self-inductances of both the stator and

107.14 rpm in reverse direction

5250 rpm in reverse direction

the rotor windings, independent of the rotor position will be definitely not
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develop
(A) starting torque (B) synchronizing torque
(C) hysteresis torque (D) reluctance torque

The armature resistance of a permanent magnet dc motor is 0.8 €2. At no
load, the motor draws 1.5 A from a supply voltage of 25 V and runs at 1500
rpm. The efficiency of the motor while it is operating on load at 1500 rpm

drawing a current of 3.5 A from the same source will be
(A) 48.0% (B) 57.1%

(C) 59.2% (D) 88.8%

A 50 kVA, 3300/230 V single-phase transformer is connected as an auto-
transformer shown in figure. The nominal rating of the auto- transformer

will be

1
V,=3300 V

(A) 50.0 kVA (B) 53.5 kVA
(C) 717.4 KVA (D) 767.4 kVA

The resistance and reactance of a T00KVA, 11000/400 V, A—Y distribution
transformer are 0.02 and 0.07 p1 réspéctively. The phase impedance of the

transformer referred to the primary is
(A) (0.02 + 70.07)Q (B) (0.55 + j1.925) Q

(C) (15.125 + j52.94) Q2 (D) (72.6 + 254.1)Q

A single-phase, 230 V, 50 Hz 4-pole, capacitor-start induction motor had the
following stand-still impedances

Main winding Z,, = 6.0 + 4.0 Q2

Auxiliary winding Z, = 8.0 4 76.0 €2

The value of the starting capacitor required to produce 90° phase difference
between the currents in the main and auxiliary windings will be

(A) 176.84 pF (B) 187.24 uF

(C) 265.26 uF (D) 280.86 uF

Two 3-phase, Y-connected alternators are to be paralleled to a set of common
busbars. The armature has a per phase synchronous reactance of 1.7 2
and negligible armature resistance. The line voltage of the first machine is
adjusted to 3300 V and that of the second machine is adjusted to 3200 V.
The machine voltages are in phase at the instant they are paralleled. Under
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this condition, the synchronizing current per phase will be
(A) 16.98 A (B) 29.41 A

(C) 33.96 A (D) 58.82 A

A 400 V, 15 kW, 4-pole, 50Hz, Y-connected induction motor has full load
slip of 4%. The output torque of the machine at full load is
(A) 1.66 Nm (B) 95.50 Nm

(C) 99.47 Nm (D) 624.73 Nm

For a 1.8°, 2-phase bipolar stepper motor, the stepping rate is
100 steps/second. The rotational speed of the motor in rpm is

(A) 15 (B) 30

(C) 60 (D) 90

A 8-pole, DC generator has a simplex wave-wound armature containing 32
coils of 6 turns each. Its flux per pole is 0.06 Wb. The machine is running at
250 rpm. The induced armature voltage is

(A) 96 V (B) 192 V

(C) 384 V (D) 768 V

A 400 V, 50 kVA, 0.8 p.f. leading A-connected, 50 Hz synchronous machine
has a synchronous re@ctance of 2(Q and negligible armature resistance. The
friction and windage losses are 2 KXW _and the core loss is 0.8 kW. The shaft
is supplying 9 kW load at a power, factor of 0.8 leading. The line current
drawn is

(A) 12.29 A (B) 16.24 A
(C) 21.29 A (D) 36.88 A

A 500 MW, 3-phase, Y-connected synchronous generator has a rated voltage
of 21.5 kV at 0.85 p.f. The line current when operating at full load rated
conditions will be

(A) 13.43 kA (B) 15.79 kA
(C) 23.25 kA (D) 27.36 kA
YEAR 2003 ONE MARK

A simple phase transformer has a maximum efficiency of 90% at full load
and unity power factor. Efficiency at half load at the same power factor is
(A) 86.7% (B) 88.26%

(C) 88.9% (D) 87.8%

Group-I lists different applications and Group-II lists the motors for these
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applications. Match the application with the most suitable motor and choose
the right combination among the choices given thereafter

Group-I Group-II

P. Food mixer 1. Permanent magnet dc motor

Q Cassette tape recorder 2. Single-phase induction motor

R. Domestic water pump 3. Universal motor

S. Escalator 4. Three-phase induction motor
5. DC series motor
6. Stepper motor

Codes:

P Q R S

(A) 3 6 4 5

(B) 1 3 2 4

(C) 3 1 2 4

(D) 3 2 1 4

A stand alone engine driven synchronous generator is feeding a partly
inductive load. A capacitor 1s'mow connected across the load to completely
nullify the inductive eurrent. For this operating condition.

(A) the field current and fuel input have to be reduced

(

B)
(C) the field current has to be increased'and fuel input left unaltered
(D)

Curves X and Y in figure denote open circuit and full-load zero power
factor(zpf) characteristics of a synchronous generator. Q is a point on the
zpf characteristics at 1.0 p.u. voltage. The vertical distance PQ in figure
gives the voltage drop across

the field current and fuel ifiput_haye to be increased

the field current has to be reduced and fuel input left unaltered

A

1.0F——-/-—~ Q Y

Field Clurrent=

(A) Synchronous reactance (B) Magnetizing reactance

(C) Potier reactance (D) Leakage reactance

MCQ 4.103 No-load test on a 3-phase induction motor was conducted at different supply
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voltage and a plot of input power versus voltage was drawn. This curve was
extrapolated to intersect the y-axis. The intersection point yields

(A) Core loss (B) Stator copper loss
(C) Stray load loss (D) Friction and windage loss
YEAR 2003 TWO MARKS

Figure shows an ideal single-phase transformer. The primary and secondary
coils are wound on the core as shown. Turns ratio N;/N, = 2.The correct
phasors of voltages Fi, Fn, currents [, L and core flux ® are as shown in

——&—— 12

E,

&
¥
=353
=
=
-+
‘NN
=

1,
(A) I (B)
Y
(©) ¢ +—f (D)
v E,
s

To conduct load test on a dc shunt motor, it is coupled to a generator which
is identical to the motor. The field of the generator is also connected to the
same supply source as the motor. The armature of generator is connected
to a load resistance. The armature resistance is 0.02 p.u. Armature reaction
and mechanical losses can be neglected. With rated voltage across the motor,
the load resistance across the generator is adjusted to obtain rated armature
current in both motor and generator. The p.u value of this load resistance is
(A) 1.0 (B) 0.98

(C) 0.96 (D) 0.94

Figure shows a A— Y connected, 3-phase distribution transformer used

to step down the voltage from 11000 V to 415 V line-to-line. It has two
switches S; and S,. Under normal conditions S; is closed and S, is open.
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Under certain special conditions S; is open and S, is closed. In such a case
the magnitude of the voltage across the LV terminals a and c is

Ao———4 | a
|
B'—I—<S2 || b
Co—/o—1—< c
S, ||
(A) 240 V (B) 480 V
(C) 415V (D)0 V

Figure shows an ideal three-winding transformer. The three windings 1,
2, 3 of the transformer are wound on the same core as shown. The turns
ratio Npi: No: N3 is 4:2:1. A resistor of 10 € is connected across winding-2.
A capacitor of reactance 2.5 €) is connected across winding-3. Winding-1 is
connected across a 400 V, agsupply. If the supply voltage phasor Vi = 400£0°
, the supply current phasor i“is given by

I, I,

K@ Ny N, 2 §R=10§2

N,

1377 %
171

i

_|

X,=2.5Q

w-"

(A) (=10 +j10) A (B) (— 10 — j10) A
(C) (10 + 10) A (D) (10 — 510) A

Following are some of the properties of rotating electrical machines

P. Stator winding current is dc, rotor winding current is ac.

Q. Stator winding current is ac, rotor winding current is dc.

R. Stator winding current is ac, rotor winding current is ac.

S. Stator has salient poles and rotor has commutator.

T. Rotor has salient poles and sliprings and stator is cylindrical.

U. Both stator and rotor have poly-phase windings.

DC machines, Synchronous machines and Induction machines exhibit some
of the above properties as given in the following table.

Indicate the correct combination from this table
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MCQ 4.109

MCQ 4.110

ELECTRICAL MACHINES

CHAP 4

DC Machine Synchronous Machines [Induction Machines
(A) P,S Q,T R,U
(B) Q,U P T R,S
(C) P,S R,U Q,T
(D) R,S Q,U PT

When stator and rotor windings of a 2-pole rotating electrical machine are
excited, each would produce a sinusoidal mmf distribution in the airgap
with peal values F; and F, respectively. The rotor mmf lags stator mmf by
a space angle ¢ at any instant as shown in figure. Thus, half of stator and
rotor surfaces will form one pole with the other half forming the second
pole. Further, the direction of torque acting on the rotor can be clockwise

or counter-clockwise.

Rotor |
manf axis

The following table gives-four-set-of-statement as regards poles and torque.
Select the correct set corresponding, togthe mmf axes as shown in figure.

Stator Stator Rotor Rotor Torque

Surface Surface Surface surface is

ABC forms CDA forms | abc forms |cda forms

(A) North Pole | South Pole | North Pole | South Pole |Clockwise

(B) South Pole | North Pole [ North Pole |South Pole |Counter
Clockwise

(C) North Pole | South Pole | South Pole | North Pole | Clounter
Clockwise

(D) South Pole [ North Pole | South Pole [ North Pole Clockwise

A 4-pole, 3-phase, double-layer winding is housed in a 36-slot stator for an
ac machine with 60° phase spread. Coil span is 7 short pitches. Number of
slots in which top and bottom layers belong to different phases is

(A) 24 (B) 18

(C) 12 (D)o
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A 3-phase induction motor is driving a constant torque load at rated voltage
and frequency. If both voltage and frequency are halved, following statements
relate to the new condition if stator resistance, leakage reactance and core
loss are ignored

1. The difference between synchronous speed and actual speed remains same

2. The airgap flux remains same

3. The stator current remains same

4. The p.u. slip remains same

Among the above, current statements are

(A) All (B) 1,2 and 3
(C) 2,3 and 4 (D) 1 and 4

A single-phase induction motor with only the main winding excited would
exhibit the following response at synchronous speed
(A) Rotor current is zero

(B) Rotor current is non-zero and is at slip frequency
(C) Forward and backward rotaling fields are equal
(D)

D) Forward rotating field is more than the backward rotating field

A dc series motor driving.andéelectric train faces a constant power load. It
is running at rated speedfand rated voltage. If the speed has to be brought
down to 0.25 p.u. the supply voltage has to be approximately brought down

to

(A) 0.75 p.u (B) 0.5 p.u

(C) 0.25 p.u (D) 0.125 p.u

YEAR 2002 ONE MARK

If a 400 V, 50 Hz, star connected, 3-phase squirrel cage induction motor is
operated from a 400 V, 75 Hz supply, the torque that the motor can now
provide while drawing rated current from the supply

(A) reduces
(B) increases

(C) remains the same
(D)

D) increases or reduces depending upon the rotor resistance

A dc series motor fed from rated supply voltage is over-loaded and its
magnetic circuit is saturated. The torque-speed characteristic of this motor
will be approximately represented by which curve of figure ?
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MCQ 4.116

McCQ 4.117

MCQ 4.118

MCQ 4.119

ELECTRICAL MACHINES CHAP 4
A
Speed A
D B

C

Torque=
(A) Curve A (B) Curve B
(C) Curve C (D) Curve D

A 1 kVA, 230 V/100 V, single phase, 50 Hz transformer having negligible
winding resistance and leakage inductance is operating under saturation,
while 250 V, 50 Hz sinusoidal supply is connected to the high voltage winding.
A resistive load is connected to the low voltage winding which draws rated
current. Which one of the following quantities will not be sinusoidal ?

(A) Voltage induced across the low voltage winding

(B) Core flux
(C) Load current
(D)

D) Current drawn from the source

A 400 V /200 V / 200 V, 50 Hz three winding transformer is connected as
shown in figure. Thegreading of the voltmeter, V', will be

[
400 V
50 Hz, . <V>
| 400:200:200
(A) OV (B) 400 V
(C) 600 V (D) 800 V
YEAR 2002 TWO MARK

A 200 V, 2000 rpm, 10 A, separately excited dc motor has an armature
resistance of 2 (). Rated dc voltage is applied to both the armature and field
winding of the motor. If the armature drawn 5 A from the source, the torque
developed by the motor is

(A) 4.30 Nm (B) 4.77 Nm

(C) 0.45 Nm (D) 0.50 Nm

The rotor of a three phase, 5 kW, 400 V, 50 Hz, slip ring induction motor
is wound for 6 poles while its stator is wound for 4 poles. The approximate
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average no load steady state speed when this motor is connected to 400 V,
50 Hz supply is

(A) 1500 rpm (B) 500 rpm

(C) 0 rpm (D) 1000 rpm

The flux per pole in a synchronous motor with the field circuit ON and
the stator disconnected from the supply is found to be 25 mWb. When the
stator is connected to the rated supply with the field excitation unchanged,
the flux per pole in the machine is found to be 20 mWb while the motor is
running on no load. Assuming no load losses to be zero, the no load current
drawn by the motor from the supply

(A) lags the supply voltage

(

B)
(C) is in phase with the supply voltage
(D)

*A 230 V, 250 rpm, 100 A separately excited dc motor has an armature
resistance of 0.5¢2. The motor igconnected to 230 V dc supply and rated
dc voltage is applied to the field winding. It is driving a load whose torque-
speed characteristic is given by 1}, = 500 — 10 w, where w is the rotational
speed expressed in rady/segand-Ty-s the load torque in Nm. Find the steady
state speed at which the motor wilk drive the load and the armature current
drawn by it from the source. Neglectthe rotational losses of the machine.

leads the supply voltage

1S zero

*A single phase 6300 kVA, 50 Hzj 83300 V// 400 V distribution transformer is
connected between two 50 Hz supply systems, A and B as shown in figure.
The transformer has 12 and 99 turns in the low and high voltage windings
respectively. The magnetizing reactance of the transformer referred to the
high voltage side is 500 2. The leakage reactance of the high and low voltage
windings are 1.0 €2 and 0.012 €2 respectively. Neglect the winding resistance
and core losses of the transformer. The Thevenin voltage of system A is 3300
V while that of system B is 400 V. The short circuit reactance of system A
and B are 0.5 and 0.010 € respectively. If no power is transferred between
A and B, so that the two system voltages are in phase, find the magnetizing
ampere turns of the transformer.

0.5 Q 0.01 ©
A nmn nmn B

3300 V, 9 § § <~ 400 V
50 Hz 50 Hz
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MCQ 4.123

MCQ 4.124

MCQ 4.125

MCQ 4.126

McCQ 4.127

ELECTRICAL MACHINES CHAP 4

*A 440 V, 50 Hz, 6 pole, 960 rpm star connected induction machine has the
following per phase parameters referred to the stator :
R,=06 QR =030, X,=10Q

The magnetizing reactance is very high and is neglected. The machine is
connected to the 440 V, 50 Hz supply and a certain mechanical load is
coupled to it. It is found that the magnitude of the stator current is equal
to the rated current of the machine but the machine is running at a speed
higher than its rated speed. Find the speed at which the machine is running.
Also find the torque developed by the machine.

A 415V, 2-pole, 3-phase, 50 Hz, star connected, non-salient pole synchronous
motorhassynchronousreactanceof2 2perphaseandnegligiblestatorresistance.
At a particular field excitation, it draws 20 A at unity power factor from a 415
V, 3-phase, 50 Hz supply. The mechanical load on the motor is now increased
till the stator current is equal to 50 A. The field excitation remains unchanged.
Determine :

(a) the per phase open circuit voltage F,

(b) the developed power forfthelmew operating condition and corresponding
power factor.

YEAR 2001 ONE MARK

The core flux of a practical transformer with a resistive load
(A) is strictly constant with load €hiangés

(

B)
(C) increases as the square root of the load
D)

(

Xy, X'g and X7, are steady state d-axis synchronous reactance, transient d
-axis reactance and sub-transient d-axis reactance of a synchronous machine

increases linearly with load

decreases with increased load

respectively. Which of the following statements is true 7
(A) X;> X'y> X", B) X7;> X'y > X,
(C) X,d>X”d>Xd (D) Xd>X”d>X,d

A 50 Hz balanced three-phase, Y-connected supply is connected to a balanced
three-phase Y-connected load. If the instantaneous phase-a of the supply
voltage is Vcos(wt) and the phase-a of the load current is Icos(wt— ¢), the
instantaneous three-phase power is

(A) a constant with a magnitude of VIcosd

(B) a constant with a magnitude of (3/2) VIcosd

(C) time-varying with an average value of (3/2) VIcos ¢ and a frequency of
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MCQ 4.131
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100 Hz

(D) time-varying with an average value of Vicos and a frequency of 50 Hz

In the protection of transformers, harmonic restraint is used to guard against
(A) magnetizing inrush current (B) unbalanced operation

(C) lightning (D) switching over-voltages

In case of an armature controlled separately excited dc motor drive with
closed-loop speed control, an inner current loop is useful because it
(A) limits the speed of the motor to a safe value

(B) helps in improving the drive energy efficiency
(C) limits the peak current of the motor to the permissible value
(D)

D) reduces the steady state speed error

YEAR 2001 TWO MARK

An electric motor with __“constant output power” will have a
torque-speed characteristic§ in the form of a
(A) straight line through the origin

(B)
(C) circle about the grigin
D)

(

*An ideal transformer has a linears B/H characteristic with a finite slope

straight line parallel to the speed axis

rectangular hyperbola

and a turns ratio of 1 : 1. The primary of the transformer is energized with
an ideal current source, producing the signal ¢ as shown in figure. Sketch
the shape (neglecting the scale factor ) of the following signals, labeling the
time axis clearly

A

1

=)
|
[\
<
W
@->
(=)
<
(o)
NV

the core flux ¢,. with the secondary of the transformer open
the open-circuited secondary terminal voltage v (1)
c¢) the short-circuited secondary current ig(t), and

d) the core flux ¢, with the secondary of the transformer short-circuited

*In a dc motor running at 2000 rpm, the hysteresis and eddy current losses
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MCQ 4.133

MCQ 4.134

MCQ 4.135
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are 500 W and 200 W respectively. If the flux remains constant, calculate
the speed at which the total iron losses are halved.

*A dc series motor is rated 230 V, 1000 rpm, 80 A (refer to figure). The
series field resistance is 0.11 2, and the armature resistance is 0.14 . If
the flux at an armature current of 20 A is 0.4 times of that under rated
condition, calculate the speed at this reduced armature current of 20 A.

*A 50 kW synchronous motor is tested by driving it by another motor.
When the excitation is not switched on, the driving motor takes
800 W. When the armature is short-circuited and the rated armature
current of 10 A is passed through it, the driving motor requires
2500 W. On open-circuiting the armature with rated excitation, the driving
motor takes 1800 W. Calculate the efficiency of the synchronous motor at
50% load. Neglect the losses in the driving motor.

*Two identical synchronous generators, each of 100 MVA, are working in
parallel supplying 100 MVA at 0.8 lagging p.f. at rated voltage. Initially the
machines are sharing load equally. If the field current of first generator is
reduced by 5% and of the second generator increased by 5%, find the sharing
of load (MW and MVAR) between the generators.

Assume X; = X, = 0.8 p.u, no field saturation and rated voltage across load.
Reasonable approxiniationis may be made.

KKk kR ok ROk KoKk
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SOLUTION

Option (D) is correct.

o Ng—"n
Slip is given as S ==

LF
where, ns = synchronous speed

n = rotor speed
Thus, slip depend on synchronous speed and the rotor speed. Also, torque
increases with increasing slip up to a maximum value and then decreases.
Slip does not depend on core/loss component.

Option (D) is correct.

E < ng
where n = speed, ¢ — flux and F — back emf
Given that, V=250V, R,=0.250Q

ny = 1000 rpm, I;; =68 A, I, =2.2A
Armature current, Iy =T, — I, =68 —-22=658A

EBy="V,=1,R,

=250 (65.8) (0.25) = 203.55'V

Now, ny = 1600-rpm, ;o =52.8 A, I, =1.8A
Armature current, I, =1p—Irn"'=528—-18 =51A

E, = V,—I,R, =220 — (51)(0.25) = 207.25V
B =%
203.55 _ (1000><¢>1>

207.45 ~ | 1600 \ b,
% reduce in flux = W % 100 = ¢1_0('b636%1 % 100
1
~ 36.3%

Option (B) is correct.
Given that magnetizing current and losses are to be neglected. Locked rotor
line current.

—b_ B (R, =0)

% JRiI+ X3

I
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SOL 4.4

SOL 4.5

ELECTRICAL MACHINES CHAP 4
I _B_ B (B
2 X2 CULQ f
50 _ (230\/57
S0 L (236)(50)
L' =45.0A

Option (B) is correct.

Since the core length of the second transformer is v'2 times of the first, so
the core area of the second transformer is twice of the first.

Let subscript 1 is used for first transformer and 2 is used for second transform.

Area a = 2a,

Length L =21
S N’pua

Magnetizing inductance, L = i

N = no. of turns
1 = length of flux path

a =, cross section area

[ = length
L« % N and p are same for both the
transformer
Li _fatab
L2 - [¢5) l1
L _ V2 b
Lg - 204 l1
L2 - 2 L1

Thus, magnetizing reactance of second transformer is v/2 times of first.

Magnetizing current X, = J2 X

Vv
In =%,
Iml _K . Xm2 _ Vvl \/§Xm1 .
Ly =V, X —<2V1>< X, ) (V2 =27)

]m2 - \/§Im1

Thus, magnetizing current of second transformer

Ls =v2 x 0.5=0.707 A
Since voltage of second transformer is twice that of first and current is v/'2
times that of first, so power will be 2v/2 times of first transformer.

P, =2V2 x55=155.6 W

Option (A) is correct.
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The armature current of DC shunt motor

_ V-5
1, = o

at the time of starting, Fj, = 0. If the full supply voltage is applied to the

motor, it will draw a large current due to low armature resistance.

A variable resistance should be connected in series with the armature
resistance to limit the starting current.

A 4-point starter is used to start and control speed of a dc shut motor.

Option (B) is correct.

The Back emf will go to zero when field is reduced, so Current input will be
increased. But when Field increases (though in reverse direction) the back
emf will cause the current to reduce.

Option (C) is correct.
An air-core transformer has linear B-H characteristics, which implies that
magnetizing current characteristic will be perfectly sinusoidal.

Option (A) is correct.

Initially E,=V—-I,R, =220—1 x10=210V

Now the flux is reduced by 10% (keeping the torque to be constant, so the
current will be

Ia,d)l - Iagd)Q
Iaa - I(hj;; =10 X 01‘9 =11.11A . (bz = Og(bl
B, « No
Ey, _ Naby _ _
= B, _Nl¢1—0.9 Ny =N,

B, =0.9E, = 0.9 x 210 = 189 V

Now adding a series resistor R in the armature resistor, we have

B, = V—1I,(R,+ R)
189 =220 — 11.11(1 + R)
R=179Q

Option ( ) is correct.
The steady state speed of magnetic field

ns = 7120? 50 _ 1000 rpm
Speed of rotor  n, = (1 — S)n, S=0.05

= 0.95 X 1000 = 950 rpm
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SOL 4.10

SOL 4.11

SOL 4.12

SOL 4.13

SOL 4.14
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In the steady state both the rotor and stator magnetic fields rotate in
synchronism , so the speed of rotor field with respect to stator field would
be zero.
Speed of rotor which respect to stator field

=n, — n, = 950 — 1000 =— 50 rpm
None of the option matches the correct answer.

Option (C) is correct.
Given

¢ 3

Iy, = 1 amp (magnetizing current)

AA'AY

Primary current Ip =7

12 - 1 A
I = secondary.current reffered to Primary
- % X 1 =2"amp

Ip =Vit+i3 =1 & =5 =224 Amp
Option ( ) is correct.

Option (C) is correct.
Synchronize speed of induction machine
_ 120f _ 120 x 50
N, = P 4

Speed of machine = 1600 rpm = Actual speed of induction machine

= 1500 rpm

. 1500 — 1600 _ —1 .
slip = —==e557 = 15 = 0.066 (negative)

Hence induction machine acts as induction generator and dc machine as dc
motor.

Option () is correct.

Option (B) is correct.
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Given no-load speed N, = 1500 rpm

Vo, =200 V,T =5 Nm, N = 1400 rpm
emf at no load

Ey =V,=200V

M _ B,
N e B = 3h =3

E@=<%3Ea:ﬁ£8x2my:umﬁ7v

o % 1400 1
I —3.926 A
V — Eb+ IaRa
V. E,_ 200—186.67 _
=T =T 306 — o4

SOL 4.15 Option (B) is correct.

T =2.5 Nm at 1400 rpm

than V=7
T = EbIb
®
9.5 1t 18646 X T 60
’ 27..xX..1400
I, =1.963 A

V=E+ 1R, =1866+1.963 x 3.4 =193.34 V

SOL 4.16 Option (D) is correct.

Given field excitation of = 20 A

Armature current = 400 A

Short circuit and terminal voltage = 200 V

On open circuit, load current = 200 A

. _ 2000 _

So, Internal resistance = 100 = 50
Internal vol. drop =5 X 200
= 1000 V

SOL 4.17 Option (C) is correct.

Given single-phase iron core transformer has both the vertical arms of cross

section area 20 cm?®, and both the horizontal arms of cross section are 10
2
cm
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SOL 4.18

SOL 4.19

SOL 4.20

SOL 4.21

SOL 4.22

SOL 4.23
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So, Inductance = NTBA (proportional to cross section area)

When cross section became half, inductance became half.

Option (A) is correct.
Given 3-phase squirrel cage induction motor.

A

Torque

At point A if speed 1, Torque 1
speed |, Torque |

So A is stable.

At point B if speed T Load torque

So B is un-stable.

Option () is correct.

Option (D) is correct.
Peak voltage across A and B with S open is

Vv :m%:mx (slopesof [= t)

_ 400
B

. 10 800
10°° = \Y
X [5 x10°%|7 =

Option () is correct.

Option (A) is correct.

Wave form Vg

! ! ! ! Lowl
0 10.27 10.4m 10.6% 0.8 i T

Option (B) is correct.
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When both S1 and S2 open, star connection consists 3" harmonics in line
current due to hysteresis A saturation.

Option (A) is correct.
Since S2 closed and S1 open, so it will be open delta connection and output
will be sinusoidal at fundamental frequency.

Option (A) is correct.
Ao oC
[ [ ]
Coil 1 H Coil 2
Be oD
N, = 4000
N, = 6000
I =25A

V =400V, f= 50 Hz

Coil are to be connected toebtain a single Phase, % V auto transfer to
drive Load 10 kVA
Connected A & D common B

10 A
5 ¢
25 A
A o V15 A 1000V
B D

Option (D) is correct.
Given 3-phase, 400 V, 5 kW, Star connected synchronous motor.

Internal Resistance = 10 (2
Operating at 50% Load, unity p.f.

So
kVA rating = 25 x 400 = 1000

Internal Resistance = 10 Q2

So
kVA rating = 1000 x 10 = 10000 kVA

Option (D) is correct.
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Distributed winding and short chording employed in AC machine will result
in reduction of emf and harmonics.

SOL 4.28 Option (B) is correct.
Transformer connection will be represented by Y d1.

SOL 4.29 Option (D) is correct.
Detent torque/Restraining toque:
The residual magnetism in the permanent magnetic material produced.
The detent torque is defined as the maximum load torque that can be applied
to the shaft of an unexcited motor without causing continuous rotation. In
case the motor is unexcited.

SOL 4.30 Option (D) is correct.
Given: 1-¢ transformer, 230 V/115 V, 2 kVA
Wi : 250 V, 10 A, Low Power Factor
Wy : 250 V, 5 A, Low.LPower Factor
W5 : 150 V, 10 A, High Power Factor
W, : 150 V, 5 A, High Power Factor
In one circuit test the wattmeter W, is used and in short circuit test of
transformer Ws is uséd.

SOL 4.31 Option (B) is correct.
Given: 230 V, 50 Hz, 4-Pele/~1-¢-"induction motor is rotating in
clock-wise(forward) direction

N, = 1425 rpm
Rotar resistance at stand still(R,) = 7.8 Q
So

N, = M — 1500

Slip(S) = % = 0.05

R 78
5_ g =92-005 49

Resistance in backward branch 7, =

SOL 4.32 Option (C) is correct.
Given: a 400 V, 50 Hz, 30 hp, 3-¢ induction motor
Current = 50 A at 0.8 p.f. lagging
Stator and rotor copper losses are 1.5 kW and 900 W

fraction and windage losses= 1050 W
Core losses = 1200 W = 1.2 kW
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So,
Input power in stator =+/3 x 400 x 50 x 0.8 = 27.71 kW
Air gap power = 27.71 — 1.5 — 1.2 = 25.01 kW

Option (A) is correct.

Induced emf in secondary =-— NQ%
During —0 < ¢t < 1, E, =—(100) (cjldt) —12V

E, and F, are in opposition
EQ — 2E1 - 24 V

During time 1 < t < 2, @ =0, then Fy=F,=0

During 2 < <25, B =—(100)% =24V
Then Fy=—0-48V

Option (B) is correct.
Given 400 V, 50 Hz, 4-Pole,; 1400/rpm star connected squirrel cage induction
motor.
RE=E1.00 O X(= X', =15Q

So,
For max. torque slip
R,
XL X,
For starting torque S,, =1
Then Xin+X'om =R,

2 Lo+ 0.27f, L', = 1
Frequency at max. torque

P .
"= o (Lo+ L)

- X 15
* T2 x50 T 21w x B0
r 1.5
L =9r550
ho=15 15 =5 =167 He
In const V/f control me‘@fpd’ 50
A 400
= =38
ﬁ
=8
ﬁ
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SOL 4.35

SOL 4.36

SOL 4.37

SOL 4.38

ELECTRICAL MACHINES

So Vo= fx8=167x8 =133.3V
Hence (B) is correct option.

Option (A) is correct.
Given 3-¢, 440 V, 50 Hz, 4-Pole slip ring motor
Motor is coupled to 220 V
N = 1410 rpm, W; = 1800 W, W, = 200 W

_120f 120 x 50 _
So, =—p = 1 —

Relative speed = 1500 — 1410

= 90 rpm in the direction of rotation.

1500 rpm

Option (C) is correct.
Neglecting losses of both machines

. N.—N 1500 — 1410
Slip(5) = = =" 1500

total power input to inductiefi motor is
P,= 1800 — 200 = 1600 W
Output power of induction ‘metor
P = (L= S)P, = (1—0.06)1600 = 1504 W
Losses are neglected 8o de.generator input power = output power
= 1504 W

= 0.06

So, PR = 1504

_ /1504 _
I = 0 = 12.26 A

Option (D) is correct.
Given: V =240 V, dc shunt motor
I =15A
Rated load at a speed = 80 rad/s
Armature Resistance = 0.5 €2
Field winding Resistance = 80 €2
So, E =240—-12 x 0.5 =234
Viotgging = V+ E =240+ 234 =474 V

Option (A) is correct.

External Resistance to be added in the armature circuit to limit the armature

current to 125%.
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SOL 4.39

SOL 4.40

SOL 4.41

SOL 4.42

SOL 4.43

SOL 4.44

ELECTRICAL MACHINES PAGE 195
_ _ a4
SO [a N 12 X 125 o Ra + Rexternal

R(l + Rexternal =31.6
Rexternal - 311 Q

Option (D) is correct.
A synchronous motor is connected to an infinite bus at 1.0 p.u. voltage and
0.6 p.u. current at unity power factor. Reactance is 1.0 p.u. and resistance
is negligible.
So,
V =140° p.u.
I, =0.6£0° p.u.
Zi =R, +jX,=0+,j1=1290° p.u
V=E£64+1,Z2,=120°—-0.620° x 1£90°
EZb =1.166£ — 30.96° p.u.
Excitation voltage = 1.17 p.u.
Load angle (8) = 30967 (lagging)

Option ( ) is correct.

Option (C) is correct:
In transformer zero voltage regulation atifull load gives leading power factor.

Option (B) is correct.
Speed-armature current characteristic of a dc motor is shown as following

Speed“ Differential

N.L. speed —————<<———-
Shunt

Series Cummulative

The shunt motor provides speed regulation at full load without any controller.

Option (C) is correct.
From the given characteristics point A and D are stable

Option (B) is correct.
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SOL 4.45

SOL 4.46

SOL 4.47

ELECTRICAL MACHINES CHAP 4

When the 3-¢ synchronous motor running at full load and unity power
factor and shaft load is reduced half but field current is constant then it
gives leading power factor.

Option (A) is correct.

Given star connected synchronous machine, P =100 kVA

Open circuit voltage V=415V and field current is 15 A, short circuit
armature current at a field current of 10 A is equal to rated armature
current.

So,
Line synchronous impedance
open circuit line voltage

V3 x short ckt phase current

- 415 — 1.722

/3 » (100 X 1000
V'3 % 415

Option (C) is correct.

Given 1-¢ transformer

P =50 kVA, V=250 V/5000V

Two winding transformer efficiency 95% at full load unity power factor.

100 A 200 A

500 V 250 V

Efficiency 95% — 20 X 1 X1

50 X W+ W,
So W+ W, =2.631
Reconfigured as a 500 V /750 V auto-transformer
200 A
300 A
750 V.
500 V.

auto-transformer efficiency

150
N =150 2,637 — 08:276%

Option (B) is correct.
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SOL 4.48

SOL 4.49

SOL 4.50

SOL 4.51

ELECTRICAL MACHINES PAGE 197

Given 3-¢, 3-stack
Variable reluctance step motor has 20-poles

_ 360 _ .o
Step angle—3x20—6

Option (D) is correct.
Given a 3-¢ squirrel cage induction motor starting torque is 150% and

maximum torque 300%

So
TStart =1.5 TFL
Enax =3 TFL
TSiar 1
Then ﬁ =35 (1)
TStart — 2Smax cee (2)

Toax S+ 17
from equation (1) and (2)

2SmaX — l
ASQIl‘laX + 1 2
S — 48 +1 =0
So S = 26.786%

Option (C) is correct.
Given 3-¢ squirrel cage induction motor has a starting current of seven the
full load current and full load slip s 5%

ISt - 7IF1
SFI - 5%
2
% :<1[—1—S$) X 7 X Spi
1.5 = (7)* x 2* X 0.05
r = 78.252%

Option (B) is correct.
Star delta starter is used to start this induction motor

So
TSt _l [St : _l 2
T _3><<IF1> ><SF1—3><7 % 0.05
Ty
o = 0.816

Option (C) is correct.
Given starting torque is 0.5 p.u.
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SOL 4.52

SOL 4.53

SOL 4.54

SOL 4.55

ELECTRICAL MACHINES CHAP 4
Ts _ (LeY
So, Tw _<IF1> X e
I 2
0.5 = (I—> x 0.05
Fl
Per unit starting current
I, /05 _
T =V 005 = 3.16 A

Option (D) is correct.
In transformer, in open circuit test, current is drawn at low power factor but
in short circuit test current drawn at high power factor.

Option (B) is correct.
A single-phase capacitor start induction motor. It has cage rotor and its
stator has two windings.

1 Sc
Main By /=
-0 vV Winding = s
X\I )
R X
Auxilliary
Winding

The two windings are displaced 90° in"space. The direction of rotation can
be changed by reversing the main winding terminals.

Option (B) is correct.

In DC motor, compensating winding is used for neutralizing armature
reactance while interpole winding is used for improving commutation.
Interpoles generate voltage necessary to neutralize the e.m.f of self induction
in the armature coils undergoing commutation. Interpoles have a polarity
opposite to that of main pole in the direction of rotation of armature.

Option (A) is correct.
Given: A 230 V, DC machine, 20 A at 200 V as a generator.
R, =029
The machine operated as a motor at same terminal voltage and current, flux
increased by 10%
So for generator

E, =V+ 1R,
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— 200 420 X 0.2
E, =204 volt
for motor E,=V-1LR,
— 200 — 20 X 0.2
E,, =196 volt
E, N, &
50 E, =N, <o,
204 N, 1
106 — N, <11
N 96— 087

N, 204 x 1.1

SOL 4.56 Option (B) is correct.
A synchronous generator is feeding a zero power factor(lagging) load at
rated current then the armature reaction is demagnetizing.

SOL 4.57 Option (B) is correct.
Given the rating of first transformer is 500 kVA
Per unit leakage impedance igy0:05 p.u.
Rating of second transformer is 250 kVA

actual impedance
basedimpedance

. . |
and, Per unit leakage impedan¢é; [« KVA

So,  Per unit impedance.=

Then 500 kVA x 0.05 =250 kVA X z
_ 900 _
T =555 X 0.05=0.1 p.u.

SOL 4.58 Option (C) is correct.
Given speed of a 4-pole induction motor is controlled by varying the supply
frequency when the ratio of supply voltage and frequency is constant.
f=50 Hz, V=400 V, N = 1440 rpm

So Voo f
Vi_1
Vo b
_ 30 _
Vo =400 X g5 =240V
V2
T o« ()8
(7)
S _ (MY by D
So S _<V2 > X 7 X T
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Given T =1
Then S, = 0.04 X (‘528)2 x 30
Sy = 0.066
N, = N,(1—5)
So N, = M(l ~0.066) = 840.6 rpm

SOL 4.59 Option (A) is correct.
Given a 3-¢ induction motor

P =4,V=400V, f=50 Hz
n=10Q, n"=0.>50Q
X, =X,=120Q,X,=350Q
So, Speed of motor is
120f _ 120"% 50

N, = D 1 = 1500 rpm
Torque
180 V.
Ty = X = oF
C2mNA )R X
4002
=\ x 0.5
180 (v 3)

= 63.58 Nm

= 2% 314 X 1500 ~ (155)° 1 (2.4)°

SOL 4.60 Option (B) is correct.
Given that 3-¢ induction motor star connected

P =10 kW, V=400 V,Poles = 4, f= 50 Hz
Full load current Iy =20 A

output
input

Efficiency =
So
Cu losses at full load

- (%)2 % 762 = 1354.67

Total losses = 1354.67 + 1002 = 2356.67

- _ 10000 _
Efficiency = 10000 = 2356.67 * 100 = 81%

SOL 4.61 Option (A) is correct.
Given 3-¢ star connected synchronous motor
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internal reactance = 10 €2
Operating at 50% load, unity power factor, 400 V, 5 kW

Excitation increased = 1%
So,

full load current

5 x 10°
- = 7.22
T3 x 400 x 1
E? = (Vcosd— I,R,)*+ (Vsin® — I, X,)”
4002
So, E= /(Z2) +(10 x 3.6F =2133.7289
(V5] raoxso

Excitation will increase 1% then F,
FE, =2133.7289 x 0.01 = 236

LX =/(B)’—V* = (236)2—<400>2 = 48.932

V3
1, = 43952 — 4 8937
Load (%) = 45952 — 67.83 %

SOL 4.62 Option (C) is correct.
Given P=4, f=50 Hz
Slots = 48, each coil has 10 turns
Short pitched by an angle(q)to 36 ¢lectrical

Flux per pole = 0.05 Wb
So,
E, = 4.44 6T, Ky

Slot /Pole/ph = 38— 4

Slot /Pole =

Slot angle = 9 = 15°

2
sin (4 X 15/2)
4

Ka = sin (15/2)

= 0.957

K, = cos% = cos18° = 0.951
In double layer wdg
No. of coil = No of slots

No. of turns/ph = w = 160
Then E,, =4.44 x< 0.025 x 50 X 0.957 x 0.951 x 160 =808 V
E, =3 x 808
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SOL 4.63

SOL 4.64

SOL 4.65

SOL 4.66

ELECTRICAL MACHINES CHAP 4
E; = 1400 V (approximate)
Option (A) is correct.
line to line induced voltage, so in 2 phase winding
Slot/ pole/ph = 6
T, =459 = 240
_ 180 x4 _ 4ro
Slot angle = 8 = 15
sin6 x (15/2)
Ka= 6sin(15/2) 0.903
K, = Cos<326> = 0.951
E,, =4.44 x 0.025 X 50 x 240 x 0.951 x 0.903 = 1143
Option (A) is correct.
Fifth harmonic component of phase emf
So Angle = % =367
the phase emf of fifth harmonie'is zero.
Option (C) is correct,
Given that: A 300 kVA transformer
Efficiency at full load is 95% and 0.8 p.f. lagging
96% efficiency at half load and unity power factor
So
For I** condition for full load
_ kVA % 0.8
9N = VA X 08+ Wt W, - (1)
Second unity power factor half load
_ kVA x 0.5
967 = VA X 0.5+ W T W, +(2)
So We, + W, =12.63
0.25W.,+0.96 W, = 6.25
Then W, =851, W, = 4.118
Option (B) is correct.
- X x p.f. Xx kVA
Eff =
iciency (n) X X kVA+ Wi+ W,, x X*
_ /4118 _
So X = QB — 0.6956
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SOL 4.67

SOL 4.68

SOL 4.69

SOL 4.70

SOL 4.71

SOL 4.72

ELECTRICAL MACHINES PAGE 203
6 = 0.6956 x 1 x 300
0.6956 X 300 + 4.118 + 8.51 x (0.6956)>
N = 96.20%

Option (D) is correct.
The leakage reactances X, and Xy are equal and magnetizing reactance X,
is higher than X;, and X,

X = X << X,

Option (B) is correct.
Three phase star delta connection of transformer induces a phase difference
of 30° between output and input line voltage.

Option (A) is correct.
Given torque/speed curve of the induction motor

Torque
A

X
o

0 7 ¥\/szed

When the speed of the motor i§ in fofward direction then slip varies from 0
to 1 but when speed of motor is in Teverse direction or negative then slip is
greater then 1. So at point W slip is greater than 1.

Option (B) is correct.
For an induction motor the ratio of gross power output to air-gap is equal
to (1 —s)

gross power .
So airgap power (1-s)

Option (A) is correct.
Given that two magnetic pole revolve around a stationary armature.
At ¢; the emf induced upward and no emf induced at ¢, and ¢’

Option (B) is correct.
Given A 50 kW DC shunt motor is loaded, then
at half the rated speed by armature voltage control

So P ax N
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SOL 4.73

SOL 4.74

SOL 4.75

SOL 4.76

ELECTRICAL MACHINES CHAP 4

TP

N

Puew = 2 = 25 kW
At 1.5 time the rated speed by field control
P = constant
So P =50 kW

Option (C) is correct.

In synchronous machine, when the armature terminal are shorted the field
current should first be decreased to zero before started the alternator.

In open circuit the synchrehous machine runs at rated synchronous speed.
The field current is gradually“increased in steps.

The short circuit ratio is thewratio of field current required to produced the
rated voltage on open to the rated armature current.

Option (D) is correct.
In DC motor,  E = PNqﬁ(%)

or E = Kow,
So armature emf E depends upon ¢ and w only and torque developed

depends upon

PZI,

21 A

So, torque(T') is depends of ¢ and I, and developed power(P) is depend of
flux ¢, speed w and armature current I,.

T —

Option () is correct.

Option (B) is correct.

Given a three-phase cage induction motor is started by direct on line
switching at rated voltage. The starting current drawn is 6 time the full
load current.

Full load slip = 4%
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SOL 4.77

SOL 4.78

SOL 4.79

ELECTRICAL MACHINES PAGE 205

So
T\ _ (IseY
() = (7] > S
6

= (6)° x 0.04 = 1.44

Option (B) is correct.
Given single-phase induction motor driving a fan load, the resistance rotor

is high
So
E, = V- LR, (1)
Pmech - EaIa
_ Puean
= (2)

From equation (1) and (2) the high resistance of rotor then the motor

achieves quick acceleration and torque of starting is increase.

Option (A) is correct.
Given V/f control of induction! motor, the maximum developed torque
remains same

we have, E =4.44K¢foT,y

If the stator voltageidrop.is neglected the terminal voltage F;. To avoid
saturation and to minimize logses motor is operated at rated airgap flux
by varying terminal voltage with frequency. So as to maintain (V/f) ratio
constant at the rated value, the magnetic flux is maintained almost constant
at the rated value which keeps maximum torque constant.

Option (B) is correct.

Given P =1000 kVA, 6.6 kV
Reactance = 20 € and neglecting the armature resistance at full load and
unity power factor

So P=v3VI,
1000
[ =——"" —=8747 A
V3 X 6.6
E, L
6.6V
So, IX =87.47 x 20 =1.75 kV
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SOL 4.80

SOL 4.81

SOL 4.82

SOL 4.83

ELECTRICAL MACHINES CHAP 4

B = (6'5>2+ (1.75)?

V3
6.5\ 2
E,, = —=\) + (1.75
ph \/(\/g) ( )
E,, =42kV
E, = \/ngh *." Star connection

E, =1.732 x 4.2 =7.26 kV

Option (C) is correct.
Torque angle o, = tan_1<i§‘”)

o = tan”(%) =24.6°
Option (B) is correct.
Given that
Transformer rating is 500 kVA
Iron losses = 300 W
full load copper losses = 600 W
Maximum efficiency condition

W, = X*W.
_ /W /300
So, X =/w =+ o0 =0707

efficiency% = 0.707 x 100 = 70.7%

Option (C) is correct.

Stepper motor is rotated in steps, when the supply is connected then the
torque is produced in it. The higher value of torque is pull out torque and
less torque when the torque is pull in torque.

Option (C) is correct.
The stepper motor has the permanent magnet rotor and stator has made of
windings, it’s connected to the supply.
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SOL 4.84  Option (D) is correct.
1-phase induction motor is not self starting, so it’s used to start different
method at full load condition, capacitor-run type motor have higher power
factor. In this type the capacitor is connected in running condition.
SOL 4.85 Option (C) is correct.
Given that if 3-¢ induction motor is rotated in clockwise then the phase
sequence of supply voltage is A-B-C. In counter clock wise rotation of the
motor the phase sequence is change so in the counter clockwise rotation the
phase sequence is A-C-B.
SOL 4.86 Option (A) is correct.
In linear electromagnetic circuit the field energy is equal to the
co-energy.
g lyoe 1., 1 o
Wf - Wf_ 2LZ - zﬂ)z_ 2Lﬂ>
W; = field energy
W; = co energy
ol of
Y — ]
o g
=7 =l
0 T i 0 iR
SOL 4.87 Option (A) is correct.
Given that
8-Pole, 50 Hz induction machine in seventh space harmonic mmf wave.
So,
Synchronous speed at 7™ harmonic is = N, /7
Speed of motor N, = 12]9f = 1208>< 50 _ 750 rpm
Synchronous speed is= = = 107.14 rpm in forward direction
SOL 4.88 Option (B) is correct.

Rotating electrical machines having its self inductance of stator and rotor
windings is independent of the rotor position of synchronizing torque.
synchronizing torque
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T’synchronizing - im% Nm/elect. radian

= (& ™ 180 Nm /mech.degree

_ (1 dP\wP
(&' )is0

SOL 4.89  Option (A) is correct.
Given that the armature of a permanent magnet dc motor is

R, =0.80
At no load condition
V =25V, I=15A, N= 1500 rpm
No load losses = £ x I

" E =V-1IR,
So
No load losses =(25—-15x0.8)1.5 =35.7W
At load condition
I =35A

Iron losses = FRI= (315)> X 0.8 = 9.8 W
Total losses = Noload losses + iron losses
=35.7+98 =455 W
Total power Pl= VL

P = 25=x=3%5

P =875W

. . __output
Efficiency = mput

_ total power — losses _ 87.5 — 45.5 B
B total power ="grs <100 =48.0%

SOL 4.90  Option (D) is correct.
Given that 50 kVA, 3300/230 V, 1-¢ transform

!
V,=3300 V

Vi = 3300 V
Vo = 3300 + 230 = 3530 V

Output current I, and output voltage 230 V
So
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3
I, :%: 217.4 A

When the output voltage is V,,; then kVA rating of auto transformer will be
I, = 3530 x 217.4
= 767.42 kVA

SOL 4.91 Option (D) is correct.
Given that 100 kVA, 11000/400 V, Delta-star distribution transformer
resistance is 0.02 pu and reactance is 0.07 pu
Sopu impedance Z,, = 0.02 + j0.07
Base impedance referred to primary

v: o (11 x 10%?

Vilr/3 100 x 10°

3
The phase impedance referred to primary

Zimary = Zon X Zpase = (0.02 + j0.07) (3630) = 72.6 + j254.1

LBase = = 3630 Q

SOL 4.92  Option (A) is correct.
Given that
230 V, 50 Hz, 4-Pole, capacitor-start induction motor

, 1 /S¢
‘ R
Main R~
%%OH\; Winding =G
XI\T :
R, X,
Auxilliary
Winding

Zp =R+ X, =6.04 4.0 Q
Zy=Rs+ X4 =8.04+76.0 Q
Phase angle of main winding
LI, =24 —2,=—2(6+74) =—2£33.7°
So angle of the auxiliary winding when the capacitor is in series.

. 1 . ]
Ll ==2(8+50)+5,5 =2B+0) - ;o

a = LIA_ LIm
1
6 —
( 8w0>—(— 33.7)]
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1 _
C 1 1

So T I8 x 2nf 18 X 2 X 3.14 X 50

= 176.8 uF

SOL 4.93 Option (A) is correct.
Given that the armature has per phase synchronous reactance of
1.7 Q and two alternator is connected in parallel

So,

3300 V£ l 3200 V

both alternator voltage are in phase
So,
3300
By ===
V]
3200
Ep ===
SRVE
Synchronizing current or circulating current
To+ T
Reactance of both alternator are same
So = Ef="F;5—17/3300 — 3200
Ts1+ Tes \/§< 1.7+ 1.7

) = 16.98 A

SOL 4.94  Option (C) is correct.
Given V=400 V,15 kW power and P =4

f =50 Hz, Full load slip (5) = 4%
So N, = 120f _ 120 X 50

P 1 = 1500 rpm
Actual speed = synchronous speed — slip
4
N = 1500 — 100 * 1500 = 1440 rpm
Torque developed
I _ _ 2N
T = =9 where w,(1 — S5) =60
_ 15 x10°x 60 _
= onx 1440 94T Nm

SOL 4.95 Option (B) is correct.
Given 1.8° angle, 2-¢ Bipolar stepper motor and stepping rate is
100 step/second
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SOL 4.98
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So,
Step required for one revolution
_ 360 _
=18 — 200 steps

"." Time required for one revolution = 2 seconds
rev/sec = 0.5 rps
and

rev/min = 30 rpm

Option (C) is correct.

Given that:

P = 8 Pole, DC generator has wave-wound armature containing 32 coil of 6
turns each. Simplex wave wound flux per pole is 0.06 Wb

N = 250 rpm
So,
Induced armature voltage
B, = d)(sto]XP
7 = total no.of armature conductor
= 20 Ngy= 22X 32 %,6 = 384
g — 0.065¢ 250 X3.84 X 8
! 60 X 2
"* A =2 for wave winding
E, = 384 volt

Option (C) is correct.

Given a 400 V, 50 Hz and 0.8 p.f. loading delta connection 50 Hz synchronous
machine, the reactance is 2 €. The friction and windage losses are 2 kW and
core losses is 0.8 kW and shaft is supply 9 kW at a 0.8 loading power factor
So

Input power =9 kW + 2 kW + 0.8 kW =11.8 kW
“Input power = v'3 V3L, = 11.8 kW
11.8 kW

I, = =21.29 A

© /3 % 400 % 0.8

Option (B) is correct.
Given that 500 MW, 3-¢ star connected synchronous generator has a rated
voltage of 21.5 kV and 0.85 Power factor

So V'3 VI, =500 MW
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500 x 10° 3
I, = — 15.79 % 10
P /3 %215 x 10° X 0.85
I, = 15.79 kA

SOL 4.99  Option (D) is correct.
Given that 1-¢ transformer, maximum efficiency 90% at full load and unity
power factor

S0 ‘/QIQCOS d)g (LF) COS d)g

= ‘/QIQCOS(i)Q"‘ PZ + Pc - (L.F)COS¢2 + Pi(Pu)+ Pc
where L.F. is the load fator.
At full load, load factor is

_ /B
LF =[5 =1

cosd, = 1 at unity power factor

_1x1
so, 90%_1+QP1

P, = 0.0555 MVA

At half load, load factor is

_1_
L.F—Q—.5

05 1l
S = X 100 = 87.8
o 17 0.5 %10.0555 5 (0:5)2+ 0.0555 %

SOL 4.100 Option (C) is correct.
In food mixer the universal motor is-used and in cassette tap recorder
permanent magnet DC motor is used. The Domestic water pump used the
single and three phase induction motor and escalator used the three phase
induction motor.

SOL 4.101  Option (D) is correct.
Given a engine drive synchronous generator is feeding a partly inductive
load. A capacitor is connected across the load to completely nullify the
inductive current. Then the motor field current has to be reduced and fuel
input left unaltered.

SOL 4.102 Option (A) is correct.
A

1.0F——/-—- Q

Field Clurrent=
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SOL 4.103

SOL 4.104

SOL 4.105

SOL 4.106
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Given open circuit and full-load zero power factor of a synchronous generator.
At point Q the zero power factor at 1.0 pu voltage. The voltage drop at
point PQ is across synchronous reactance.

Option (D) is correct.

Given no load test on 3-¢ induction motor, the graph between the input
power and voltage drop is shown in figure, the intersection point yield the
friction and windage loss.

P A

Separation of fraction and windage loss

Option () is correct.

Option (C) is correct.
L T
V ‘f

Given that: The armature resistance in per unit is 0.2

SO, R, =0.2
back emf equation of motor is
Eb - V— IaRa

given that no mechanical losses and armature reaction is neglected, so per
unit value of emf induced by motor is

E, =0.98
The DC shunt motor is mechanically coupled by the generator so the emf
induced by motor and generator is equal

E, = E,
so voltage generated by the generator is

V=098-1x0.2=0.96
per unit value of load resistance is equal to 0.96

Option (D) is correct.
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SOL 4.107

ELECTRICAL MACHINES CHAP 4

Given that when the switch S; is closed and S, is open then the 11000 V is
step down at 415 V output

Second time when the switch S; is open and switch S, is closed then 2-phase
supply is connected to the transformer then the ratio of voltage is

Wi _ N, _ 11000
V, =N, = 415 = 26.50

The output terminal a and c are in opposite phase so cancelled with each
other and terminal is equal to zero volt.

Option (D) is correct.

Given that
Ni: Ny Ny is 4:2:1

Resistance R =109

Vi =400 V
S0,

W_N_4

Vo & Ny 42

v, =2 £200 v
and % = % = %

V3= 100 V

so current in secondary winding

_ V2000 C

The current in third winding when the capacitor is connected

_ Vs 100 _ .
SO I; = —iX. T —p5 - 740
When the secondary winding current I, is referred to primary side i.e I
L _N,_2
S0 L~ N4
L=%=104A

and winding third current I; is referred to Primary side i.e I;. I; flows to
opposite to I

L N, 1
So I, N 4
I, =— 410

So total current in primary winding is
L=0I+1=10-710 A
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SOL 4.108

SOL 4.109

SOL 4.110

ELECTRICAL MACHINES PAGE 215

Option (A) is correct.
Given that:

P Stator winding current is dc, rotor winding current is ac

Q Stator winding current is ac, rotor winding current is dc

R Stator winding current is ac, rotor winding current is ac

S Stator has salient pole and rotor has commutator

T Rotor has salient pole and slip rings and stator is cylindrical
U Both stator and rotor have poly-phase windings

So

DC motor/machines:

The stator winding is connected to dc supply and rotor winding flows ac
current. Stator is made of salient pole and Commutator is connected to the
rotor so rotor winding is supply ac power.

Induction machines:
In induction motor the ac supply is connected to stator winding and rotor
and stator are made of polysphase windings.

Synchronous machines:

In this type machines the statoris connected to ac supply but rotor winding
is excited by dc supplys The retorgis made of both salient pole and slip rings
and stator is made of-¢ylindrical.

Option (C) is correct.

Given that

F, is the peak value of stator mmf axis. F, is the peak value of
rotor mmf axis. The rotor mmf lags stator mmf by space angle
0. The direction of torque acting on the rotor is clockwise or counter
clockwise.

When the opposite pole is produced in same half portion of stator and rotor
then the rotor moves. So portion of stator is north-pole in ABC and rotor
abc is produced south pole as well as portion surface CDA is produced south
pole and the rotor cda is produced North pole.

The torque direction of the rotor is clock wise and torque at surface is in
counter clockwise direction.

Option (A) is correct.

Given that:

A 4-pole, 3-¢, double layer winding has 36 slots stator with 60° phase
spread, coil span is 7 short pitched

S0,
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SOL 4.111

SOL 4.112

SOL 4.113

ELECTRICAL MACHINES CHAP 4
. _ slot _ 36 _
Pole pitch = pole — 4 = 9

Slot/pole/phase = 3
so, 3-slots in one phase, if it is chorded by 2 slots then

Out of 3 = 2 have different phase
Out of 36 = 24 have different phase.

Option (B) is correct.

Given that:

3-¢ induction motor is driving a constant load torque at rated voltage and
frequency. Voltage and frequency are halved and stator resistance, leakage
reactance and core losses are ignored.

Then the motor synchronous speed and actual speed difference are same.
_120f

- P

The leakage reactance are ignored then the air gap flux remains same and
the stator resistance are ignored then the stator current remain same.

N,

Option (D) is correct.

Given that: 1-¢ induction motor main winding excited then the rotating
field of motor changes, the forward rotating field of motor is greater then
the back ward rotating field-

Option (B) is correct.

Given that:

A dc series motor driving a constant power load running at rated speed and
rated voltage. It’s speed brought down 0.25 pu. Then

Emf equation of dc series motor

E = V_ (R(l+RS€)

R,+R. =R
S0, E=V—-IR = KbN
_ B
then =Ko
In series motor ¢dad
_V—-IR
S0, N = K]
At constant power load
Ex I =Tx W= Const (1)
T = Kol = KI* .(2)

If W is decreased then torque increases to maintain power constant.
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SOL 4.114

SOL 4.115

SOL 4.116

SOL 4.117

SOL 4.118
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T o« [?
W = % then T'=4

So current is increased 2 time and voltage brought down to 0.5 pu.

Option (A) is correct.
Given 400 V, 50 Hz, Y-connected, 3-¢ squirrel cage induction motor operated
from 400 V, 75 Hz supply. Than Torque is decreased.

Machine is rated at 400 V, 50 Hz

and it is operated from 400 V, 75 Hz
S0, speed of Motor will increase as N = % = N« f

and we know Torque in induction motor

_ 3 p R 1
T;—I/VSI%S:}ZEGN

If speed increases, torque decreases.

Option (B) is correct.

Motor is overloaded, and magnetic circuit is saturated. Than Torque speed
characteristics become linear at saturated region.

as shown in figure

Speed A

D B
C

T orque'

actual torque-speed characteristics is given by curve B.

Option (D) is correct.

Given that transformer rating 1 kVA, 230 V/100 V, 1-¢, 50 Hz, operated at
250 V, 50 Hz at high voltage winding and resistive load at low voltage
winding which draws rated current, than current drawn from the source will
not be sinusoidal.

Option (A) is correct.
In this case voltmeter reading will be zero.

Option () is correct.
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SOL 4.119

SOL 4.120

SOL 4.121

ELECTRICAL MACHINES CHAP 4

Option (C) is correct.
Slip ring induction motor of 5 kW, 400 V, 50 Hz.

rotor = 6 Poles, stator= 4 Poles
than speed of motor =7
speed = 0
".* No. of rotor poles # No. of stator poles
so motor will not rotate.

Option (B) is correct.

Flux per pole in synchronous motor when stator disconnected from supply
is = 25 MWb

When stator connected to rated supply than flux per pole
=20 MWb

As in first case stator is disconnected from supply.

E=V,

Second case when stator connected to rated supply then terminal voltage

decreases and current will'lead from the supply voltage.

E,

Option () is correct.
Given: Separately Excited dc motor of 230 V, 250 rpm, 100 A

r, = 0.5 Q
It is driving a load.Torque speed characteristics as given below
T;, =500 — 10w
Steady state speed =7
Back emf of motor £, = V- I,R, =230—100(0—5) =180 V

B, 180 x 100 X 60 _
w T 250 x 2 x 3.14 — 08754 Nm

Now given that 7;, = 500 — 10w

Torque is given as T, =

500 — Ty _ 500 — 687.54 _

w 10 10 =

18.754 rad/sec
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N = —18-7257(3 X 60 _ _179.08 rpm

—ve sign employs that rotor direction is opposite to that of generator.

Given
0.5 Q 0.01 Q
A a'as g 'a'aa g B
[ ] [ ]
3300 V, 9 3 é <~ 400 V
50 Hz 50 Hz

X, referred to high voltage X,,= 500 €2

Xp=1.0 Q,Xp=0.012 2 (Leakage reactance of high voltage and low voltage)
Magnetising Ay =7

First we have to draw its equivalent circuit as

050 1Q 0:012 © 0.01 Q
A wmm B

; § 400 V
50 Hz

3300 V,

50 Hz 500 €2

AN/

now equivalent circuit referred te highvoltage side is as

05Q 10 X, X

X, = (5193)2 % 0.012 = 0.8167
X, = (%)2 % 0.01 = 0.68
Vi, = (5193) % 400 = 3300 V

now magnetizing current

3300 3300 B
In = G5+1.04500 T 0.8167+0.68 + 500 — 15-1605 Amp

magnetizing ampere turns
Ar = 13.1605 X 99 = 1302.84 Ampereturns
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SOL 4.123  Option () is correct.
Equivalent circuit of induction motor referred to stator side

060 0309 10

V =440 /43 V B _ 03
s 004
(o}
120
N, = Pf 120 50 — 1000 rpm
. N,— N, _ 1000 —960 _
slip = N = 1000 = 0.04
Current I = - y
\/<Rs+%7‘) + (X + X))
440 — 30.447 Amp
2
f\/ 06+004 +(1+1)
Torque T, = ( )
_ 3 X 60 2 0.3 _ :
T, = = 97 501000 < (30.447)° x 004 = 199.18 N-m
If it will work as genétatorithan §lip will be negative
w Ns‘ = Ne
SETN
_ 1000 — NV,
—04 =""1000
N, = 1040 rpm

SOL 4.124 Option () is correct.
Given 415 V, 2-Pole, 3-¢, 50 Hz, Y-connected synchronous motor

X, =2 Q) per phase =20 A at 4 PF
Mechanical load is increased till =50 A
Then
(a) Per phase open circuit voltage Fy =7

(b) Developed power = ?
In first case the UPF phasor diagram is being drawn as

LX,
Vz‘ » E1
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SOL 4.125

SOL 4.126

SOL 4.127
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from phasor diagram  Ef = V% + 1%, X &

_ (‘%’)ﬂ 20? % 22 = 242.91 V

now I, is increased than load angle and power factor angle is also increased
as (Fy = constant)
Than (I, X X,)* = Ei+ V* —2E; V,cosb
2

50 x 2)° = (242.91)>+ (415} — g 5 242.91

02 = BRIy V3
(242.91)% + (239.6)* — (100)>

2 % 242.91 x 239.6

cosd =0.914 = 6 =23.90°

Power P, — Lo ‘}Sin@ _ 242,91 5 239.6 i1, 93.9 — 11789.87

X 415 cosd

0s0 =

P, = VIcos = 11789.87
239.6 X 50cos® = 11789.87
cos = 9841
Power developed = 3 (P~ I*R) = 3(11789.87 — 50° x 2) = 35369.61 W

Option (A) is correct.
We know that in caseof practicalytransformer with resistive load, the core
flux is strictly constant with variation of load.

Option (A) is correct.
In synchronous machine it is known that

X, > X ,d > X ”d
where X, = steady state d-axis reactance
X', = transient d-axis reactance

X", = sub-transient d-axis reactance

Option (B) is correct.
50 Hz, balanced 3-¢, Y-connected supply is given to Y-load instantaneous
phase-a of supply is Veoswt and load current islcos(wt— ¢) then 3-¢
instantaneous power = ?
P = sum of individual power of all phases
= VL+ oL+ V313
= Vcoswt[Icos(wt — ¢)]+ Veos (wt —120°) Icos (wt — & — 120°)
+ Veos(wt+ 120°) Icos (wt+ 120° — @)

= H[COS(QuﬂE — &) + cosd + cos (2wt — 240° — &) + cos b

2
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SOL 4.128

SOL 4.129

SOL 4.130

SOL 4.131

ELECTRICAL MACHINES CHAP 4

+ cos (2wt + 240° — & + cos 0)]
p_VI

or T[COS (2wt — &) + 3cosd + cos (2wt — ¢) cos 240°

—sin (2wt — d)sin240° + cos (2wt — ¢) cos 240° + sin (2wt — ¢) sin 240°]
P = %[cos(Zwt — &)+ 3cosd — cos (2wt — )] = %cosd)

Hence power is constant.

Option (A) is correct.
In transformer protection, harmonic restraint is used to guard against
“Magnetizing inroush current”.

Option (C) is correct.

For armature controlled separately excited dc motor drive with closed loop
speed control. We use inner current loop because inner current loop limits
the peak current of motor to the permissible value.

Option (D) is correct.
Output of motor = F, I= constant
also power output P,;, = Tw

so Tw | = costant

or le
w

w

So torque speed characteristics is a rectangular hyperbola.

Option () is correct.
Ideal transformer of linear B-H with turn ratio 1:1

A

1

=)
]
[\)
Ny
N
(=)
<
(o)
NV

GATE Previous Year Solved Paper By RK Kanodia & Ashish Murolia
Published by: NODIA and COMPANY ISBN: 9788192276243
Visit us at: www.nodia.co.in






CHAP 4

SOL 4.132

ELECTRICAL MACHINES PAGE 223

(a) The flux ¢,., when secondary is open
Boe &« 1
so, it is same as current wave form.

(b) Secondary open circuited terminal voltage : vy(t) =7

we know ¢ =— dgl)t“
a _ N _
and o N, 1
So (1) = e :—%(d)w) (*." secondary open circuited)
we know differentiation of triangular wave form is square. so waveform is
given as
A
v(t)
! ! .
1 23] 4 |5 t

(c) Short circuited secondary.eurrent [iy(t)]

ig(t) Ny
SO ia(t) = u(t)

It is same as primary current which'is

(1)

(an)
|
[\
<
N
@->
N,
<
0’}
H“

(d) Short circuited secondary core flux.

(IDSC(t) =7
we know cl)sr(t) « Zg(t)
s0, it is same waveform as short circuit current in secondary.

*Option (B) is correct.

Given data

In dc motor N = 2000 rpm, W, = 500 W, W, = 200 W, ¢ = constant
N, os the speed at which is iron losses W, is halved.

we know hysteresis loss W, = k,fB,,
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and eddy current loss W, = k.f*B,,

flux is constant so speed « Frequency

again Wi = kN =500 = ki x 2000 = k= 1

W, = k,N? = 200 = k2(2000)2 = k=5x10"
We know that iron loss W, = W, + W,

% == k1N1+ kQNIQ
350 :iN1+5 % 107° N2

or 20 X 107° N7 + N, — 1400 = 0

N, = 623 rpm, — 1072.25 rpm
as N, =—1072.25 is not possible
S0, N, = 623 rpm

SOL 4.133  *Option (B) is correct.
Given

I=I

R=0.11 Q ‘

R=0.14Q 230V

=

rated

N = 1000 rpm

I, =80 A
¢ at I, =20 A is 0.4 times of rated.
we have to calucalte speed at I, =20 A
we know in case of series motor

N « E /b

N By &

Ny = Ep © O

Ey = V—1IL(R,+ R;) =230 —80(0.14 4+ 0.11) =210 V
N; = 1000 rpm

By =V—1I(R.,+ Ry) =230 —20(0.25) =225 V

N, =7

by = 0.4,
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SOL 4.134

SOL 4.135
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1000 _ 210 0.4d,
N, ~— 225 o

_ 225, 1
Ny, = 1000 x 510 X 0.4

Ny, = 2678.57 rpm

*Option () is correct.
Given 50 kW of synchronous motor driven by another motor.

excitation is off than driven motor takes 800 W of power
when armature is short circuited and rated I, = 10 A, than it takes 2500 W

Open circuited armature takes W, = 1800 W
n of motor at 50 % load, neglecting losses of motor.

"." excitation is off there is friction losses W; = 800 W
short circuit loss

W, = W, — W; = 2500 — 800 = 1700 W
open circuit loss

Wy = Wi — W; =1800~- 800 = 1000 W

Total loss = 800 + 1700%,1000 = 3500 W
at 50% load, output= 25 kW

_ (1 _losses
= (1 input)loo

- 3500
25 x 10° 4+ 3500

= 87.71%

* Option () is correct.
Given Two identical Generator each of 100 MVA in parallel

P =100 MW at, p.f. = 0.8 lagging
Equal load sharing at initial.

If It1 = reduced by 5% and I;, = increased by 5%
Then load sharing of generator = 7
Xs = X,=08Pu

0.8 pu 0.8 pu
” Load
A B
I L
Case 1
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Load sharing of each generator equal i.e 50 MW at 0.8 p.f. lagging
i.e 40 MW and 30 MVAR

V=I1I=1Pu
Back emf of generators
Eyn = Ep = VA4 IX;sing
=14+1x0.8x0.6=1.48 Pu
Case 11

Now in first generator field in decreased by 5% i.e

Ex =0.95(E4) =0.95 X 1.48 = 1.40 Pu
And in second generator field is increased by 5% i.e

Ep, =1.05, Ep =1.05 X 1.48 = 1.554 Pu
In this case I, and I, are being given by as

_14-—-1_

_ 1554 -1
I, = 048 = 1.154 Pu

SO Py =1 x0.846 = 0.846 Pu
Py =1 X 1.154 =1.154 Pu
Load sharing in MW by generator 1 = 0.846 x 40 = 33.84 MW
by ‘generator 2 = 1.154 x 40 = 46.16 MW
MVAR load sharing=by.genérator.l = 0.846 X 30 = 25.38 MVAR
MVAR load sharing by gemerator2 = 1.154 X 30 = 34.62 MVAR

soksfokok ok ok ok ok
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CHAPTER 7

ELECTRICAL & ELECTRONIC MEASUREMENTS

McQ 7.1

McQ 7.2

McQ 7.3

YEAR 2012 ONE MARK

A periodic voltage waveform observed on an oscilloscope across a load is
shown. A permanent magnet moving coil (PMMC) meter connected across
the same load reads

rou(t)
10V f-------
5V ==/~ --
0 10] |12 20 time (m$)
-5 ViE-=------
(A) 4V (B) 5V
(C) 8V (D) 10V
The bridge method commonly used for finding mutual inductance is
(A) Heaviside Campbell bridge (B) Schering bridge
(C) De Sauty bridge (D) Wien bridge

For the circuit shown in the figure, the voltage and current expressions are
v(t) = Eisin(wt) + E;sin (3wt) and

i(t) = Lisin (wt — ¢1) + I3sin (3wt — ¢3) + Lsin (bwt)

The average power measured by the wattmeter is

\ !
. Wattmeter’

olt) C_) H Load
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McQ 7.4

McQ 7.5

McCQ 7.6

ELECTRICAL & ELECTRONIC MEASUREMENTS CHAP 7

(A) %El I cos ¢,

—

(B) *[E1]1COS ¢1 + E1]3COS ¢3 + E1]5]

\)

(C) %[Elllcos 1+ E3 15008 ¢

[E1 ] cos ¢y + Fs 1 cos ¢y

N —

(D)

YEAR 2012 TWO MARKS

An analog voltmeter uses external multiplier settings. With a multiplier
setting of 20 k€2, it reads 440 V and with a multiplier setting of 80 k{2, it
reads 352 V. For a multiplier setting of 40 k€2, the voltmeter reads

(A) 371V (B) 383V
(C) 394V (D) 406 V
YEAR 2011 ONE MARK

Consider the following statement
(1) The compensating coil of a low power factor wattmeter compensates the
effect of the impgdanee of thecurrent coil.

(2) The compensating ceilof-alew-pewer factor wattmeter compensates the
effect of the impedance of thesvoltage coil circuit.

(A) (1) is true but (2) is false (B) (1) is false but (2) is true
(C) both (1) and (2) are true (D) both (1) and (2) are false

The bridge circuit shown in the figure below is used for the measurement
of an unknown element Zx. The bridge circuit is best suited when Zy is a

(A) low resistance (B) high resistance

(C) low @ inductor (D) lossy capacitor
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McQ 7.8

McQ 7.9

McQ 7.10
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A dual trace oscilloscope is set to operate in the ALTernate mode. The
control input of the multiplexer used in the y-circuit is fed with a signal
having a frequency equal to

(A) the highest frequency that the multiplexer can operate properly

(B) twice the frequency of the time base (sweep) oscillator
(C) the frequency of the time base (sweep) oscillator
(D)

D) haif the frequency of the time base (sweep) oscillator

YEAR 2011 TWO MARKS

A 41 digit DMM has the error specification as: 0.2% of reading + 10 counts.
If a dc voltage of 100 V is read on its 200 V full scale, the maximum error
that can be expected in the reading is

(A) £0.1% (B) *0.2%
(C) £0.3% (D) +0.4%
YEAR 2010 ONE MARK

A wattmeter is connected asishown in figure. The wattmeter reads.

(A) Zero always

(B) Total power consumed by Z; and Z,
(C) Power consumed by 7,
(D)

D) Power consumed by Z,

An ammeter has a current range of 0-5 A, and its internal resistance is 0.2
Q2. In order to change the range to 0-25 A, we need to add a resistance of
(A) 0.8 ©Q in series with the meter

)
(B) 1.0 ©Q in series with the meter

(C) 0.04 2 in parallel with the meter
(D) 0.05 © in parallel with the meter
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McaQ 7.11

McQ 7.12

McQ 7.13

McQ 7.14
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As shown in the figure, a negative feedback system has an amplifier of gain
100 with = 10% tolerance in the forward path, and an attenuator of value
9/100 in the feedback path. The overall system gain is approximately :

(A) 10 = 1% (B) 10 + 2%
(C) 10 £ 5% (D) 10 % 10%
YEAR 2010 TWO MARKS

The Maxwell’s bridge shown in the figure is at balance. The parameters of
the inductive coil are.

A) R= RyR;/R., L= C,R:Ry
B) L= RyRs/Ri, R = CiRyR;
C) R= Ri/RoRs, L = 1/(C.RoRy)
D) L= Ri/RyRs, R =1/(CiRoR)

(
(
(
(

YEAR 2009 ONE MARK
The pressure coil of a dynamometer type wattmeter is

(A) Highly inductive (B) Highly resistive

(C) Purely resistive (D) Purely inductive

The two inputs of a CRO are fed with two stationary periodic signals. In
the X-Y mode, the screen shows a figure which changes from ellipse to circle
and back to ellipse with its major axis changing orientation slowly and
repeatedly. The following inference can be made from this.

(A) The signals are not sinusoidal

(B) The amplitudes of the signals are very close but not equal
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McQ 7.15

McCQ 7.16

McQ 7.17

MCQ 7.18
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(C) The signals are sinusoidal with their frequencies very close but not equal

(D) There is a constant but small phase difference between the signals

YEAR 2009 TWO MARKS

The figure shows a three-phase delta connected load supplied from a 400V,
50 Hz, 3-phase balanced source. The pressure coil (PC) and current coil
(CC) of a wattmeter are connected to the load as shown, with the coil
polarities suitably selected to ensure a positive deflection. The wattmeter
reading will be

3-phase
balance
supply

400 Volts
50 Hz

(A) O (B) 1600 Watt
(C) 800 Watt (D) 400 Watt

An average-reading digitalamulti-meter reads 10 V when fed with a triangular
wave, symmetric about thé time-axis. For the same input an rms-reading
meter will read

(4) 2 (B)

10
V3
(C) 203 (D) 10V'3

YEAR 2008 ONE MARK

Two 8-bit ADCs, one of single slope integrating type and other of successive
approximate type, take Ty and Tp times to convert 5 V analog input signal
to equivalent digital output. If the input analog signal is reduced to 2.5 V,
the approximate time taken by the two ADCs will respectively, be

(A) Ty, Ty (B) Ty/2, Ty
(C) T, T2 (D) T4/2, T2
YEAR 2008 TWO MARKS

Two sinusoidal signals p(wy,t) = Asinwt and q(w.t) are applied to X and Y
inputs of a dual channel CRO. The Lissajous figure displayed on the screen
shown below :
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McQ 7.19

McaQ 7.20
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The signal g(w,t) will be represented as

AY
X
(A) q(wat) = Asinunt, ws = 2wy (B) q(unt) = Asinwst, wy = wy /2
(C) q(wnt) = Acosunt,wr = 2wy (D) q(wqt) = Acoswat, ws = wy /2
The ac bridge shown in the figure is used to measure the impedance 7.
0.398 pF
500
Oscillator 300 &
(M)
® ®
15.91 mH
7z
300

If the bridge is balanced for oscillator frequency f= 2 kHz, then the
impedance Z will be

(A) (260 + 0) Q2 (B) (0 + 5200) Q)
(C) (260 — j200) Q2 (D) (260 + 7200) Q2
YEAR 2007 ONE MARK

The probes of a non-isolated, two channel oscillocope are clipped to points
A, B and C in the circuit of the adjacent figure. V,, is a square wave of a
suitable low frequency. The display on Ch; and Ch, are as shown on the

right. Then the “Signal” and “Ground” probes S Giand S, G> of Ch; and
Ch, respectively are connected to points :

_—1_[Ch
/

/
A B )4

Q- _ e

/

/
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McaQ 7.21

McaQ 7.22
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(A) A, B, C, A (B) A, B, C, B
(C)C,B, A, B (D) B, A, B, C
YEAR 2007 TWO MARKS

A bridge circuit is shown in the figure below. Which one of the sequence
given below is most suitable for balancing the bridge 7

A) First adjust Ry, and thensadjust R
B) First adjust R,, and then adjust R;
C) First adjust R,, and themgadjust R,
D) First adjust Ry, and thenadjust R,

(
(
(
(

YEAR 2006 ONE MARK

The time/div and voltage/div axes offan oscilloscope have been erased. A
student connects a 1 kHz, 5 V p-p square wave calibration pulse to channel-1
of the scope and observes the screen to be as shown in the upper trace of
the figure. An unknown signal is connected to channel-2(lower trace) of
the scope. It the time/div and V/div on both channels are the same, the
amplitude (p-p) and period of the unknown signal are respectively

(A) 5V, 1ms (B) 5V, 2 ms
(C) 7.5V, 2 ms (D) 10 V, 1 ms
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McQ 7.23

McQ 7.24

McaQ 7.25

McCaQ 7.26

McaQ 7.27
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A sampling wattmeter (that computes power from simultaneously sampled
values of voltage and current) is used to measure the average power of a
load. The peak to peak voltage of the square wave is 10 V and the current
is a triangular wave of 5 A p-p as shown in the figure. The period is 20 ms.
The reading in W will be

I
0 t
I

N N,
VRN

(A)OW (B) 25 W
(C) 50 W (D) 100 W
YEAR 2006 TWO MARKS

A current of —8+ 6v/2 (sinwt$30) A is passed through three meters.
They are a centre zero PMMC meter, a true rms meter and a moving iron
instrument. The respective reading (in A) will be

(A) 8,6, 10 (B) 8, 6,8

(C) —8,10,10 (D) —8,2,2

A variable w is related to three other variables z,y,z as w= xy/z. The
variables are measured with meters of accuracy +0.5% reading, +1% of full
scale value and +1.5% reading. The actual readings of the three meters are
80, 20 and 50 with 100 being the full scale value for all three. The maximum
uncertainty in the measurement of w will be

(A) £0.5% rdg (B) £5.5% rdg

(C) £6.7 rdg (D) £7.0 rdg

A 200/1 Current transformer (CT) is wound with 200 turns on the secondary
on a toroidal core. When it carries a current of 160 A on the primary, the
ratio and phase errors of the CT are found to be —0.5% and 30 minutes
respectively. If the number of secondary turns is reduced by 1 new ratio-
error(%) and phase-error(min) will be respectively

(A) 0.0,30 (B) —0.5,35

(C) —1.0,30 (D) —1.0,25

R, and R, are the opposite arms of a Wheatstone bridge as are R; and Rs.

The source voltage is applied across R; and Rs;. Under balanced conditions
which one of the following is true
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McQ 7.31

McQ 7.32

McQ 7.33
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(A) Ri= R3Ry/R;
(B) Ri= RyRs/ Ry
(C) Ri= RoRy/Rs
(D) Ri= Ry+ R3+ Ry
YEAR 2005 ONE MARK
The Q-meter works on the principle of
(A) mutual inductance (B) self inductance
(C) series resonance (D) parallel resonance
A PMMC voltmeter is connected across a series combination of DC voltage
source ¥ =2 V and AC voltage source V5(t) = 3sin(4¢) V. The meter reads
(A)2V (B)5V
(C) 2+V3/2)V (D) (V17/2) V

A digital-to-analog converter with a full-scale output voltage of 3.5 V has a
resolution close to 14 mV. Its bitysize is

(A) 4 (B) 8

(C) 16 (D) 32

YEAR 2005 TWO MARKS

The simultaneous application of sighals-z(¢) and y(t) to the horizontal and
vertical plates, respectively, of an oscilloscope, produces a vertical figure-
of-8 display. If P and Q are constants and x(t) = Psin(4¢+ 30°), then y(¢)
is equal to

(A) Qsin(4t—30°) (B) Qsin(2t+ 15°)

(C) Qsin (8¢ + 60°) (D) Qsin(4t+ 30°)

A DC ammeter has a resistance of 0.1 €2 and its current range is 0-100 A.
If the range is to be extended to 0-500 A, then meter required the following
shunt resistance

(A) 0.010 © (B) 0.011 ©
(C) 0.025 Q (D) 1.0 ©

The set-up in the figure is used to measure resistance R .The ammeter and
voltmeter resistances are 0.01€2 and 2000 2, respectively. Their readings
are 2 A and 180 V, respectively, giving a measured resistances of 90 €2 The
percentage error in the measurement is
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McaQ 7.34

McQ 7.35

McQ 7.36

McaQ 7.37
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R
n
MWV W
O,
(A) 2.25% (B) 2.35%
(C) 4.5% (D) 4.71%

A 1000 V DC supply has two 1-core cables as its positive and negative leads
: their insulation resistances to earth are 4 M2 and 6 M2, respectively, as
shown in the figure. A voltmeter with resistance 50 k) is used to measure
the insulation of the cable. When connected between the positive core and
earth, then voltmeter reads

o<+—1000 V

4 MSQ 6 MQ

AN AN
(A) 8V (B) 16 V
(C) 24V (D) 40 V

Two wattmeters, which are connécted 'to measure the total power on a
three-phase system supplying a balanced load, read 10.5 kW and —2.5 kW,
respectively. The total power and the power factor, respectively, are

(A) 13.0 kW, 0.334 (B) 13.0 kW, 0.684
(C) 8.0 kW, 0.52 (D) 8.0 kW, 0.334
YEAR 2004 ONE MARK

A dc potentiometer is designed to measure up to about 2 V with a slide wire
of 800 mm. A standard cell of emf 1.18 V obtains balance at 600 mm. A test
cell is seen to obtain balance at 680 mm. The emf of the test cell is

(A) 1.00 V (B) 1.34 V

(C) 1.50 V (D) 1.70 V

The circuit in figure is used to measure the power consumed by the load.
The current coil and the voltage coil of the wattmeter have 0.02 €2 and 1000
() resistances respectively. The measured power compared to the load power
will be
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McaQ 7.41

McaQ 7.42
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0.02Q 90 A

4 pf
1000 200 V| Load

(A) 0.4 % less (B) 0.2% less
(C) 0.2% more (D) 0.4% more

A galvanometer with a full scale current of 10 mA has a resistance of 1000
Q2. The multiplying power (the ratio of measured current to galvanometer
current) of 100 €2 shunt with this galvanometer is

(A) 110 (B) 100
(C) 11 (D) 10
YEAR 2004 TWO MARKS

A CRO probe has an impedance of 500 k2 in parallel with a capacitance of
10 pF. The probe is used to measure the voltage between P and Q as shown
in figure. The measured voltage will be

100 kO
To CRO
10 V rms <9 100 kQ through
100 kHz probd
(A) 353V (B) 4.37V
(C) 4.54 V (D) 5.00 V

A moving coil of a meter has 100 turns, and a length and depth of 10 mm
and 20 mm respectively. It is positioned in a uniform radial flux density of
200 mT. The coil carries a current of 50 mA. The torque on the coil is

(A) 200 uNm (B) 100 uNm

(C) 2 uNm (D) 1 uNm

A dc A-h meter is rated for 15 A, 250 V. The meter constant is 14.4 A-sec/
rev. The meter constant at rated voltage may be expressed as
(A) 3750 rev/kWh (B) 3600 rev/kWh

(C) 1000 rev/kWh (D) 960 rev/kWh

A moving iron ammeter produces a full scale torque of 240 uNm with a
deflection of 120° at a current of 10 A . The rate of change of self induction
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MCQ 7.43

McCQ 7.44

MCQ 7.45

MCQ 7.46

McQ 7.47
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(uH/radian) of the instrument at full scale is
(A) 2.0 pH/radian (B) 4.8 pH/radian
(C) 12.0 pH/radian (D) 114.6 pH/radian

A single-phase load is connected between R and Y terminals of a 415 V,
symmetrical, 3-phase, 4-wire system with phase sequence RYB. A wattmeter
is connected in the system as shown in figure. The power factor of the load
is 0.8 lagging. The wattmeter will read

R 2 Annn

L ) 100 W
A% [Z:l 0.8 pf lag

A) =795 W (B) —597 W
C) +597 W (D) +795 W

A 50 Hz, bar primary CT! has a/secondary with 500 turns. The secondary
supplies 5 A current into a ‘purely resistive burden of 1 2. The magnetizing
ampere-turns is 200. The phase angle between the primary and second
current is

(A) 4.6° (B) 85.4°

(C) 94.6° (D) 175.4°

The core flux in the CT of Prob Q.44, under the given operating conditions is
(A)O (B) 45.0 uWb

(C) 22.5 mWb (D) 100.0 mWb

YEAR 2003 ONE MARK

A Manganin swap resistance is connected in series with a moving coil
ammeter consisting of a milli-ammeter and a suitable shunt in order to
(A) minimise the effect of temperature variation

(B)
(C) reduce the size of the meter
D)

(

The effect of stray magnetic field on the actuating torque of a portable

obtain large deflecting torque

minimise the effect of stray magnetic fields

instrument is maximum when the operating field of the instrument and the
stray fields are
(A) perpendicular (B) parallel
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(C) inclined at 60° (D) inclined at 30°

A reading of 120 is obtained when standard inductor was connected in the
circuit of a Q-meter and the variable capacitor is adjusted to value of 300
pF. A lossless capacitor of unknown value C, is then connected in parallel
with the variable capacitor and the same reading was obtained when the
variable capacitor is readjusted to a value of 200 pF. The value of C, in pF is

(A) 100 (B) 200
(C) 300 (D) 500
YEAR 2003 TWO MARKS

The simplified block diagram of a 10-bit A/D converter of dual slope
integrator type is shown in figure. The 10-bit counter at the output is clocked
by a 1 MHz clock. Assuming negligible timing overhead for the control logic,
the maximum frequency of the analog signal that can be converted using
this A/D converter is approximately

J N i £ B2 Disita
And control logic Clock 0 / P
1 MHz
(A) 2 kHz (B) 1 kHz
(C) 500 Hz (D) 250 Hz

The items in Group-I represent the various types of measurements to be
made with a reasonable accuracy using a suitable bridge. The items in
Group-II represent the various bridges available for this purpose. Select the
correct choice of the item in Group-II for the corresponding item in Group-I
from the following

List-I List-1I
P. Resistance in the milli-ohm 1. Wheatstone Bridge

range
Q. Low values of Capacitance 2. Kelvin Double Bridge

R. Comparison of resistance which 3.  Schering Bridge
are nearly equal

S. Inductance of a coil with a 4. Wien’s Bridge
large time-constant

5. Hay’s Bridge
6. Carey-Foster Bridge
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McaQ 7.52

McaQ 7.53

McCQ 7.54
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Codes :
(A) P=2, Q=3, R=6, S=5 (B) P=2, Q=6, R=4, S=5
(C) P=2, Q= 3, R=5, S=4 (D) P=1, Q=3, R=2, S=6

A rectifier type ac voltmeter of a series resistance R, an ideal full-wave
rectifier bridge and a PMMC instrument as shown in figure. The internal.
resistance of the instrument is 100 2 and a full scale deflection is produced
by a dc current of 1 mA. The value of R, required to obtain full scale
deflection with an ac voltage of 100 V (rms) applied to the input terminals is

Ry
Viammet
illiammeter
10 V a.c. (9
I/P
(A) 63.56 Q (B) 69.93
(C) 89.93 Q (D) 141.3 kO

A wattmeter reads 400 W when its current coil is connected in the R-phase
and its pressure coil i3 connected between this phase and the neutral of a
symmetrical 3-phase system-supplying-a balanced star connected 0.8 p.f.
inductive load. This phase sequenee is=RYB. What will be the reading of
this wattmeter if its pressure coil alonelis reconnected between the B and Y
phases, all other connections remaining as before 7

(A) 400.0 (B) 519.6
(C) 300.0 (D) 692.8

The inductance of a certain moving-iron ammeter is expressed as
L =10+ 30— (?/4) uH , where 0 is the deflection in radians from the zero
position. The control spring torque is 25X 10 Nm /radian. The deflection
of the pointer in radian when the meter carries a current of 5 A, is

(A) 2.4 (B) 2.0

(C) 1.2 (D) 1.0

A 500A/5A, 50 Hz transformer has a bar primary. The secondary burden is
a pure resistance of 1 €2 and it draws a current of 5 A. If the magnetic core
requires 250 AT for magnetization, the percentage ratio error is

(A) 10.56 (B) —10.56

(C) 11.80 (D) —11.80
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The voltage-flux adjustment of a certain 1-phase 220 V induction watt-hour
meter is altered so that the phase angle between the applied voltage and the
flux due to it is 85°(instead of 90°). The errors introduced in the reading of
this meter when the current is 5 A at power factor of unity and 0.5 lagging

are respectively
(A) 3.8 mW, 77.4 mW (B) —3.8 mW, —77.4 mW

(C) —4.2 W, —85.1 W (D) 42 W, 85.1 W

Group-II represents the figures obtained on a CRO screen when the voltage
signals Vi = Vigsinwt and V; = Vj,sin(wt+ @) are given to its X and Y
plates respectively and @ is changed. Choose the correct value of ® from
Group-I to match with the corresponding figure of Group-II.

Group-1I Group-1II

P.d=0 V
1. /‘ > 2. >
Q. ¢=m/2

R. < ®< 3m/2 3, C?> 1. —C o~

S. & = 3m/2 TS (\’\ :
TP

Codes :

(A) P=1, Q= 3, R=6, S=5 (B) P=2, Q=6, R=4, S=5

(C) P=2, Q= 3, R=5, S=4 (D) P=1, Q=5, R=6, S=4

YEAR 2002 ONE MARK

Two in-phase, 50 Hz sinusoidal waveforms of unit amplitude are fed into
channel-1 and channel-2 respectively of an oscilloscope. Assuming that the
voltage scale, time scale and other settings are exactly the same for both
the channels, what would be observed if the oscilloscope is operated in X-Y
mode 7

(A) A circle of unit radius (B) An ellipse

(C) A parabola
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McQ 7.58

McQ 7.59

McQ 7.60

McQ 7.61

McCQ 7.62

ELECTRICAL & ELECTRONIC MEASUREMENTS CHAP 7

(D) A straight line inclined at 45° with respect to the x-axis.

The line-to-line input voltage to the 3-phase, 50 Hz, ac circuit shown in Figure
is 100 V rms. Assuming that the phase sequence is RYB, the wattmeters
would read.

Rc / \\
UAAA 5260°Q

5£60°Q2 5./60°0Q

(A) W;=886 W and W,=886 W (B) Wi=500 W and W, =500 W
(C) Wi=0 W and W,=1000 W (D) W, =250 W and W, =750 W
YEAR 2001 ONE MARK

If an energy meter dis¢ makes| 10 revolutions in 100 seconds when a load of
450 W is connected to'it;the-meter-eonstant (in rev/kWh) is

(A) 1000 (B) 500

(C) 1600 (D) 800

The minimum number of wattmeter(s) required to measure 3-phase, 2-wire
balanced or unbalanced power is

(A) 1 (B) 2

(C) 3 (D) 4

A 100 pA ammeter has an internal resistance of 100 2. For extending its
range to measure 500 pA, the shunt required is of resistance (in 2)
(A) 20.0 (B) 22.22

(C) 25.0 (D) 50.0
Resistance R; and R, have, respectively, nominal values of 102 and 52

, and tolerance of £5% and *10%. The range of values for the parallel
combination of R, and R, is

(A) 3.077 Q to 3.636 Q (B) 2.805 € to 3.371 Q
(C) 3.237 Q to 3.678 © (D) 3.192 Q to 3.435 Q
Skoskoskoskoskoskoskoskoskoskosk
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SOL 7.1

SOL 7.2

SOL 7.3

SOL 7.4
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SOLUTIONS

Option (A) is correct.
PMMC instrument reads average (dc) value.

b [08 e
20[/tdt+[ dt+[5dt]
= (5], —sten+slen)

55150 —5(2) +5(8)] =50 =4V

o|’_‘

Option (A) is correct.
Heaviside mutual inductance bridge measures mutual inductance is terms of
a known self-inductance.

Option (C) is correct.
Let wt = 0, we have instaneou$ veltage and current as follows.

v(#) ="Eisih 0 + Fssin 30

i(t) = Lsin{# —¢1) + I;sin (30 — ¢3) + L;sin (50)
We know that wattmeter reads the.average power, which is gives as

P :%ﬁ(t)i(t) d ()

We can solve this integration using following results.
27
(i) %f Asin (0 + a)* Bsin (0 + ) d = & ABcos (a — )
0

(ii) %'[%Asin(ﬁ—k a)* Beos (0 + «) df = %ABsin(a —0)
(iii) % 2jzlsin(m& + )+ Beos(nf + () df =
0

iv) %liﬁsin(m@%— a)* Beos(nf + () df =

Result (iii) and (iv) implies that power is transferred between same harmonics
of voltages and currents. Thus integration of equation (i) gives.

P = %Elllcosqﬁ + §E3[3COS o3

Option (D) is correct.
A voltmeter with a multiplier is shown in figure below.
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SOL 7.5

SOL 7.6

ELECTRICAL & ELECTRONIC MEASUREMENTS CHAP 7

+ O O
T | L,

v CD R

1% l Load

»-C

RS
(multiplier)
4 o
Here I, = Fully scale deflection current of meter.

R,, = Internal resistance of meter

R, = Voltage across the meter

V' = Full range voltage of instrument
Voo =1, R,
V =I,(R,+ R,)
V. _R.+R,_ R,
V.~ R, ~'TR,
Here when, Ry = 20kS2, V=440V
vV o _ 20k .
SO, m —1—|—R—m (l)
When, ng = 80 kQ, sz =352V
V 80k ..
SO, 3572 =1 —+ Rm ...(ll)

Solving equation (i) and (ii), we get
V =480V, R, = 220k

So when Ry =40kQ, V,5="7
480 40k ~
V. = 1 +—220k = Ve =406V

Option (A) is correct.
The compensating coil compensation the effect of impedance of current coil.

Option (C) is correct.
Let Z1 :R1||]QJC1
. . i _ i .
so admittance Y = 7. =R + 1w

Jy =Ry, and Z, = R,

Let Zy = Rx+ jwLy (Unknown impedance)
For current balance condition of the Bridge
Z2 Z4 — ZX Z1 - ZT);
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SOL 7.7
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Let Iy = 2oy V)
Ry +jwLyx = R2R4<}]é1 + jw01>

Equating imaginary and real parts
RX = % and LX = R2R4 Cl

Quality factor of inductance which is being measured

Q = UﬁjXX = le 01

From above equation we can see that for measuring high values of @ we

need a large value of resistance R, which is not suitable. This bridge is used
for measuring low @ coils.r

Note: We can observe directly that this is a maxwell’s bridge which is suitable
for low values of @ (i.e. @ < 10)

Option (C) is correct.
In the alternate mode it switches between channel A and channel B, letting
each through for one cycle of.horizontal sweep as shown in the figure.

horizontal sweep

voltage
A
Flyback
1\ Hold-off/ =1 i i
\ | : | |
E —— : — E —+— : —e > Time
t Uity it Uity ot Lt it Uit ity
Voltage to | i i | i i | i i i i i
channel A | | | I A P
b I L .
— N - Ny
E i E i E i i i > Time
Voltage to i i i i i i i i i i i i
camel B L
A [ 1 [ 1 [ 1 [ 1
I I I I . I ! I > Time
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SOL 7.8

SOL 7.9

SOL 7.10

SOL 7.11

ELECTRICAL & ELECTRONIC MEASUREMENTS CHAP 7

Option (C) is correct.

4% digit display will read from 000.00 to 199.99 So error of 10 counts is
equal to =+ 0.10V
For 100 V, the maximum error is
e =% (100 x 0.0024+0.1) =+ 0.3V
Percentage error

— iW% ==+ 0.3% of reading

Option (D) is correct.
Since potential coil is applied across Z, as shown below

Q)
U
Potential Coil
<l
L]

Wattmeter read power consumed by 7,

Option (D) is correct.
Given that full scale enrrent-is=5-A:

[=5 A
— AW —D
1,25 A R, =02 Q

VWV
I1=20 A R,

Current in shunt I" = Ip— I, =25—-5 =20 A
20 X Ry, =5 x 0.2

R, = % — 050

Option (A) is correct.
Overall gain of the system is

= Lg = 10 (zero error)
1+ 100(@)
Gain with error
_ 100 + 10% _ 110 _
= 9 = 110 <9 — 10.091
1+ (100 + 10%)(10()) L+ 500

GATE Previous Year Solved Paper By RK Kanodia & Ashish Murolia
Published by: NODIA and COMPANY ISBN: 9788192276243
Visit us at: www.nodia.co.in






CHAP 7 ELECTRICAL & ELECTRONIC MEASUREMENTS PAGE 399

error A g =10.091 —10 = 0.1
Similarly

_100-10%  _ 90
1+ (100 - 10%) 105 1+90 x 195

= 9.89
error A g =989 —-10 =—-0.1
So gain ¢ =10 £ 0.1 =10 = 1%

SOL 7.12 Option (A) is correct.
At balance condition

(R+j°JL)<R4 H w_—ng = RyRs

— iR,
(R+ij)L4j — RyR,
(7:5c)
—JRR: | wLR, 48 _ JB: Ry
wC, + WO T RolRs R, wC,
—JRR, | LR, _ JRyRs
00 T, SRR e
Comparing real & imaginary parts:
RR, o RsRs,
wC4 o U.JC4
Ry R
. R="F,
Similarly,
LC}EZI — R2R3R4
L — Rsz 04

SOL 7.13 Option (B) is correct.
Since Potential coil is connected across the load terminal, so it should be
highly resistive, so that all the voltage appears across load.

SOL 7.14  Option (D) is correct.
A circle is produced when there is a 90° phase difference between vertical
and horizontal inputs.

SOL 7.15  Option (C) is correct.
Wattmeter reading P = Vpelce
Vre = Voltage across potential coil.
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Ioc = Current in current coil.
Vee = V,, = 4004 —120°
Ioe = I, = 400£120° _ 4/120°

100
Power P =400/ — 120° X 4./ 120°
— 1600 £240° = 1600 X % — 800 Watt

SOL 7.16 Option (D) is correct.
Average value of a triangular wave

Vw =

<

m

rms value V,,, =

S

Given that V., — ‘g —10V
So ums:‘%:ﬁmv:mﬁv

SOL 7.17 Option (A) is correct.
Conversion time does not depend on input voltage so it remains same for
both type of ADCs.

SOL 7.18 Option (D) is correct.
\Y

Frequency ratio Jfv _ meeting points of horizontal tangents

fx meeting points of vertical tangents
52
fo 4
=5 ()
2
Wy = U.)l/2

Since the Lissajous figures are ellipse, so there is a phase difference of 90°
exists between vertical and horizontal inputs.
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SOL 7.20
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So q(wt) = Acosuwat, wy = w/2

Option (A) is correct.
Impedance of different branches is given as

Z4p =500 €2

Zpe = 1

JX 2T X 2 X 10° X 0.398 p.F
~ (— 2005+ 300) ©
Zup =7 X 21 X 2 x 10° x 15.91 mH + 300
>~ (20075 + 300) Q2
To balance the bridge
ZABZOD — ZADZBC
500Z = (2005 + 300) (— 20075+ 300)
5007 = 130000
Z = (260 + j0) Q

-+ 300 Q

Option (B) is correct.

Since both the waveform appeared across resistor and inductor are same so
the common point is B. Signal Probe S is connecte with A, S, is connected
with C and both thefgrounit probes G; and G, are connected with common
point B.

Option (A) is correct.
To balance the bridge

(Ri+jX1) (Ry— jX4) = RoRs

(RiRs+ X1 X)) + j(XiRy— R Xy) = RoR3
comparing real and imaginary parts on both sides of equations

RiRi+ Xi Xy = RoR; (1)
XiRi—RX, =0=2_1h - (2)
X4 R4
from eq(1) and (2) it is clear that for balancing the bridge first balance R,
and then R;.

Option (C) is correct.
From the Calibration pulse we can obtain

Voltage () _5_95y

Division 2
Time _1lms 1
Division (2 T) =74 =7 msec
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So amplitude (p-p) of unknown signal is

Wwop=AVX5=25X5=75V

TimeperiodeATXSz%XSz?ms

SOL 7.23 Option (A) is correct.
Reading of wattmeter (Power) in the circuit

P, = % [ ! VIdt = Common are between V — [
AV

; L

Al

N N,
/\T/\

total common area = 0 (Positive and negative area are equal)
So P,=0

SOL 7.24  Option (C) is correcti.
PMMC instrument reads-only-dc-value.so

IPMMC =—8 A
rms meter reads rms value so

Lo, :\/(_ 8)24-(6‘/25)2
=V/64+36 =10 A

Moving iron instrument also reads rms value of current So
IMI =10 mA
Reading are (IPI\/Il\lC,-[7msy IMI) = (— 8 A, 10 A, 10 A)

SOL 7.25 Option (D) is correct.

Given that w = %

logw = logz+ logy — log 2
Maximum error in w

gpdw _ dv 4 dy 4 dz
w T y 2

d% ==+ 0.5% reading

GATE Previous Year Solved Paper By RK Kanodia & Ashish Murolia
Published by: NODIA and COMPANY ISBN: 9788192276243
Visit us at: www.nodia.co.in
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dy
= + 1% full scale
1
— 4+ _+ — 4+
=900 x 100 ==*1
4y _ 4+ 1 o 100 = + 5% readin
y 20 - &
dzz = 1.5% reading
So % =+ 0.5% + 5% + 1.5% =+ 1%

SOL 7.26 Option () is correct.

SOL 7.27 Option (B) is correct.

In balanced condition thetre is nofcurrent in CD arm so V= V)
Writing node equation at-€' _and D

VC— V &_ _ RS
R, +R3_0jVC_V<R1+R3>
W=V, Vv _ _ R,
Rg +R4_0:>VD_V<R2+R4)
R _ R,
So V<R1+R3> N V<R2+R4>
R2R3+R3R4 == R1R4+R3R4
R1 :R2R3/R4

SOL 7.28 Option (C) is correct.
Q-meter works on the principle of series resonance.

L R

At resonance Vp =V,
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and [ = %
. _wL 1 _wLxI_Vp_ Ve
Quality factor Q = R =Wk - Rx1 " E " E

Thus, we can obtain Q

SOL 7.29 Option (A) is correct.
PMMC instruments reads DC value only so it reads 2 V.

SOL 7.30 Option (B) is correct.

Resolution of n-bit DAC = 2,}/ f 1
_ 35V
So 14 mv = on 1
n__ . 35
2 -1= 14 x 107°
2" —1 =250
2" =251
n =8 hit

SOL 7.31 Option (B) is corrects
We can obtain the frequeney ratiefas following

Y

Jfv _ meeting points of horizontal tangents

fx meeting points of vertical tangents
K _2

fo 4

fr =gk

There should exist a phase difference(15°) also to produce exact figure of-8.

SOL 7.32 Option (C) is correct.
The configuration is shown below

GATE Previous Year Solved Paper By RK Kanodia & Ashish Murolia
Published by: NODIA and COMPANY ISBN: 9788192276243
Visit us at: www.nodia.co.in






CHAP 7

SOL 7.33
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It is given that I,, = 100 A
Range is to be extended to 0 — 500 A,

I =500 A
So,
LR, =(I-1,) Ry
100 x 0.1 = (500 — 100) Ry,

_ 100 x 0.1 _
Ry = 400 =0.025 Q

Option (D) is correct.
The configuration is shown below

Current in voltmeter is given by

I, = L I8 T g A

— 2000 — 2000 —
I+ 1y =2 amp
So [=2-.09=191V
R=2=180 020
Ideally R, =10 =90 0
% error = R}_%RO % 100 = 94.24 _9900 X100 _ 4 719

Option (A) is correct.
The measurement system is shown below

6 MQ
T
1000 V V§5OkQ §4MQ

GATE Previous Year Solved Paper By RK Kanodia & Ashish Murolia
Published by: NODIA and COMPANY ISBN: 9788192276243
Visit us at: www.nodia.co.in






PAGE 406

SOL 7.35

SOL 7.36
CHECK

SOL 7.37

ELECTRICAL & ELECTRONIC MEASUREMENTS

Voltmeter reading

14 :( 1000 >(50 kO 1| 4 MQ)

6 MQ + 50 kQ Il 4 MQ

_ 1000 _
=61 .040 * 049 =8.10 V

Option (D) is correct.
Total power P = P+ P, =10.5—2.5 =8 kW
Power factor = cosf
Where

0 =tan !

«/5(%;_%)] = tan’l[«/g X _813]

=—"70.43°
Power factor = cos = 0.334

Option (B) is correct.
for the dc potentiometer £ «_|[

E _ 4
SO, B =
[ 680
By, = E(7) = (1.18) x 280 =134V
’ (l) (1.18) > 600

Option (C) is correct®
Let the actual voltage and currént are[Ty and Vi respectively, then

£1 0.02 © 2(2 A
' T
Vi 1000 Q 200 V| Load

i |

Current in CC is 20 A

_ 1000
20 = k(1900 1 0.02)

[, =20.0004 A =20 A
200 = V;— .02 x 20 = 200.40
Power measured P,, = Vi, = 20(200.40) = 4008 W

Load power P, =20 x 200 = 4000 W
_ P,— P, _ 4008 — 4000
% Change = P = 4000 x 100
= 0.2% more
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SOL 7.39

SOL 7.40

ELECTRICAL & ELECTRONIC MEASUREMENTS

Option (C) is correct.
We have to obtain n = %
1
RM

7 L @
1000 Q
Rsh
L 100 Q
I _ Ry _ 100 _ 1
L, — R, 1000 10
[1 —|— [2 — I
L+10L =1
11]1 — I
_ I _
n = = 11
Option (B) is correct.
In the following configuration
100 k2
AN oo -
10 V rms <—~> 100 kQ§ X 500k
100 kHz
1 1

Rect X =1 _
ectance wC ~ 21 x 100 X 10° X 10 X 10 2

writing node equation at P

Ve — 10 1 L J\_
100 +VP(100+500 159)‘0

10 — Vo = Vp(1.2 — j0.628)
10 = (2.2 — 0.628) Vp

10 _
Ve 998 = 4.38 V

Option (A) is correct.
The torque on the coil is given by

T = NIBA
N — no. of turns, N =100
I — current, I =50 mA
B — magnetic field, B =200 mTA — Area,
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A =10mm X 20 mm
So, T =100 X 50 X 107 x 200 X 107* x 200 x 10 * x 1073
=200 X 107 Nm

SOL 7.41 Option (C) is correct.
Meter constant (A-sec/rev) is given by

R |
144 = speed
4= L
’ K X Power
Where ‘K’ is the meter constant in rev/kWh.
_ 1
WA =g5vr
_ 15
M4 =515 % 250
_ 1
K =950 %124
_ 1 _ 1000 x 3600 __
K= g5 tay — 3600  — 000 rev/kWh.
(1000 X 3600)

SOL 7.42 Option (B) is correct,
For moving iron ameter fill scale torque is given by

~ 1 pdL

To =50
6 _ Limz2dL
240 x 107" = 3 (10)* %%

Change in inductance

% = 4.8 pH/radian

SOL 7.43 Option (B) is correct.
In the figure

VRY - 4154300

415 o
Vay = —=—=2120
RV

Current in current coil

Io = Vey _ 415230° .. power factor = 0.8
A 100 £ 36.87° cosd = 0.8 = & = 36.87°
=4.1524 — 6.87

Power = VI* = 415 /190° % 4.15./6.87°
VE}
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SOL 7.44

SOL 7.45

SOL 7.46

ELECTRICAL & ELECTRONIC MEASUREMENTS PAGE 409

=994.3 £126.87°
Reading of wattmeter

P =994.3(cos 126.870) =994.3(—0.60) =—597 W

Option (A) is correct.
For small values of phase angle

% = nd, ¢ — Phase angle (radians)
s

n — turns ratio
Magnetizing ampere-turns = 200

So primary current Ip = 200 X 1 = 200 amp
Turns ratio n = 500

Secondary current Is =5 amp

So 200 = 5000
. _ (180 200
¢ (in degrees) —< e ><5 X 500>
~ 4.58°

Option (B) is correct.
Voltage appeared at §écoridary winding
Ey = IsoXetipmmad==d== 5 Volts
Voltage induced is given by
Es =2 /N, "¢ S flux
5=+v2 x3.14 x 50 x 500 X

S 6
® = V2 X314 % 25 % 10 "

Option (A) is correct.

In PMCC instruments, as temperature increases the coil resistance increases.
Swamp resistors are connected in series with the moving coil to provide
temperature compensation. Swamping resistors is made of magnin, which
has a zero-temperature coefficient.

il
Swamping Resistors coi
AN ‘VV\I—I I—
Mn Mn
Shunt Resistor
AN
+ —0
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SOL 7.47

SOL 7.48

SOL 7.49

SOL 7.50

SOL 7.51

ELECTRICAL & ELECTRONIC MEASUREMENTS CHAP 7

Option () is correct.
Effect of stray magnetic field is maximum when the operating field and
stray fields are parallel.

Option (A) is correct.

Let Cy = 300 pF
_ _ 1
Q =120 = WOR
Now when C, is connected in parallel with variable resistor C;' = 200 pF
_ _ 1
Q=120= ey OR
So C,= 0"+ C,
300 = 200 + C;
C, =100 pF

Option (B) is correct.
Maximum frequency of inputiinpdual slop A/D converter is given as

T;n =2" TC
where = TL — maximum frquency of input
fo'= Ti — cloeck frequency
C
SO fn = LC;, n =40
2
10°
= 1021 — L kHz (approax)

Option (A) is correct.

Kelvin Double bridge is used for measuring low values of resistances. (P — 2)
Low values of capacitances is precisely measured by schering bridge (Q — 3)
Inductance of a coil with large time constant or high quality factor is
measured by hay’s bridge (R — 5)

Option (C) is correct.

Full scale deflection is produced by a dc current of 1 mA
(le) 5 = 1 mA

For full wave reactifier

(Lie) s = 27{’”, I,, »peak value of ac current
_ 21,
L mA =379
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I, = 1.57 mA

Full scale ac current

1.57
Lms s — - =1.11 A
(Loms) 1 ) m

R, = 100 Q

V = (Rs + Rm) (Irms) fs
100 = (R, + 100) (1.11 mA)

100 _
100 x 900 = R,+ 100
R, = 89.97k()

SOL 7.52 Option (B) is correct.
First the current coil is connegted. in R-phase and pressure coil is connected

between this phase and the neutral as shown below

Bo

reading of wattmeter
Wi = Ip Vpcost;, cost = 0.8 = 0, = 36.86°

v
400 = I, 4~ cosH
L /_3 1
1.V,
400 = “LXL % (0.8 (1
z )

Now when pressure coil is connected between B and Y-phases, the circuit is
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T

R o—2rcc s

1

W \\ PC m /I

T N

Y o
B o

phasor diagram

R
I
0 ?}%/’/
\ .
B
Y
angle 0, = 23.14° + 30° = 54.14°2
now wattmeter reading W, = Viplycosb,
from equation (1) VI, = W
SO Wy = % X v/3 X cos53.14°
=519.5 W

SOL 7.53 Option (C) is correct.
In a moving-iron ammeter control torque is given as

_ _ 1 pdL
TC—KG—QF%
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Where
K — control spring constant

0 — deflection

Given that L = 104+ 30 — %

dL _ (4§
o —<3—§> pH/rad
So,
_6 1 0 _
.= (25 x 107%)0 :5(5)2<3—§> x 107°
0 =30
Wo3=0=0-12ma

SOL 7.54  Option (B) is correct.

Magnetizing current [, = @ = 250 amp

Primary current f, =500 amp

Secondary current I, =5 amp

Turn 5o vl = % a % — 100

Total primary current (I;) = {{[priniary current (I,)]> +
J/[maguetising current (I,,)]?

Ir =L+ 1,
= /(500)* + (250)* = 559.01 amp

Turn ratio n = IIT — 559.01 _ 111.80

I 5

Percentage ratio error A n = 2—" x 100

U
_ 100 —111.80 _
=" 11180 X 100=—10.55%

SOL 7.55 Option (C) is correct.
Power read by meter P, = VIsin(A —o)
Where

A —Phase angle between supply voltage and pressure coil flux.
& —Phase angle of load

Here
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SOL 7.56

ELECTRICAL & ELECTRONIC MEASUREMENTS CHAP 7

A =85",6=60" {. cosd=0.5
So measured power
P, =200 X 5sin(85° — 60°)
= 1100sin25°
= 464.88 W
Actual power Py = VIcosd =220 X 5 X 0.5 =550 W
Error in measurement = P,, — Py = 464.88 — 550 =—85.12 W
For unity power factor cosd =1
¢ =0
So P, =220 X 5sin(85° —0°) = 1095.81 W
Py =220 X 5cos0° = 1100
Error in Measurement
= 1095.81 — 1100 =—4.19 W

Option (A) is correct.
We can obtain the Lissaju péftern (in X-Y mode) by following method.
For ¢ =0°, Ve = Vinsinwi
Vi = Vipsii(wt 4+ 0°) = sinwt
Draw V. and V; as shown,below

Vy = Vym sin wt

/\
[\ 5 1,3,
W
\/
4 4
(P) — (1)
1
———
e
/3/
4
\5
V, =V, sinwt

Divide both V, and V, equal parts and match the corresponding points on
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SOL 7.57

ELECTRICAL & ELECTRONIC MEASUREMENTS

the screen.
Similarly for ¢ = 90°
Vi = Vimsinwt
V, = Vimsin(wt+90°)

L

N
B

w

D=I1/2 3 2

(Q—(3)

Similarly for ¢ = 37“

T
O =31T/2

(R) —> (6)

we can also obtain for 0 < ¢ < 3

2

Option (D) is correct.
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SOL 7.58

SOL 7.59

ELECTRICAL & ELECTRONIC MEASUREMENTS CHAP 7

We can obtain the Lissaju pattern (in X-Y made) by following method.

3 3
2/\4
2,4
1/ }\ /9 1,5,9
6\/8 6,8
7 7
Y - Channel
L P
s
X - Channel <°/ i
89

Divide the wave forms appéaring an channel X and channel Y in equal parts,
match the corresponding peints.on the screen. We would get a straight line
in X —Y mode.

Option (C) is corrects
In two wattmeters method angle between phase voltage and phase current
is given by

_ i JaWoa—W,
¢ = tan < s Ws + W1>
here o =—60°

readings in option (C) only satisfies this equation.

gl 0—1000\ _  ane
b = tan <\/§0+1000)— 60

Option (D) is correct.
Speed (rev/sec) of the energy meter is given.
S = K X power

K — meter constant

g = 0rev _ g 45

~ 100 sec
K — 10 rev 10 x 1000 x 3600
— 7 100 x 450 KWh - 100 x 450
1000 x 3600

= 800 rev/kWh
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SOL 7.60

SOL 7.61

SOL 7.62

ELECTRICAL & ELECTRONIC MEASUREMENTS PAGE 417

Option (B) is correct.
Power in a 3-phase three wire system, with balanced load can be measured
by using two wattmeters. The load may be star or delta connected.

Option (C) is correct.
Ameter configuration is given below

1,=100 pA @

I, _500 uA R, =100 Q
— A
I, R,
Here IR == Im + Ish
500 = 100 + I,
I, =400 pA
L _ R
Lh-_<Rm
100 _ R
400 — 100
Ry, =250Q
Option (A) is corrects
Equivalent resistance when connected in, parallel is
_ _RiRy
A ey
Let R1 + R2 - Rsum
_RRy, 10X5 _
So R = R = 15 =3.331)

% errorin R = AR (%) + ARy (%) — ARgum (%)
ARy = (10 £ 5%) + (5 = 10%)
=(10£0.5)+ (5 *£0.5) =15+ 0.1

AR (%) = 15 + = x 100% = 15 *+ 6.66%

% errorin R = 5% + 10% — 6.66% = 8.33%
valueof R = 3.33 = 8.33% =3.05Q1t03.61Q

Kokokook ok ok kR Rk ok
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CHAPTER 3

SIGNALS & SYSTEMS

McaQ 3.1

McaQ 3.2

McaQ 3.3

McaQ 3.4

McaQ 3.5

YEAR 2012 ONE MARK

If [n] = (1/3)!"I— (1/2)"u[n], then the region of convergence (ROC) of its
z-transform in the z-plane will be

1 1 1
(A)§<‘z’<3 (B)§<‘z’<§

1 1
(C)§<‘z‘<3 (D)§<\z\
The unilateral Laplace transform of f(t) is — 1 . The unilateral Laplace

. s+s+1
transform of ¢f(¢) is
( ) (52+8+1)2 ( ) (52+8+1)2
s 25+1

s D) <st1
(C) (82+8+1)2 ( )(82+8+1)2
YEAR 2012 TWO MARKS

Let y[n] denote the convolution of ‘h[n] and g[n], where h[n] = (1/2)"u[n]
and g[n] is a causal sequence. If y[0] = 1"and y[1] = 1/2, then g[1] equals

(A) 0 (B) 1/2
(€)1 (D) 3/2

The Fourier transform of a signal h(t) is H(jw) = (2cosw) (sin2w) /w. The
value of h(0) is

(A) 1/4 (B) 1/2

(€)1 (D) 2

Theinput z(t) and output y(¢) ofasystemarerelatedas y(t) = f " (1) cos (37) dr
. The system is -
A) time-invariant and stable

B)
C) time-invariant and not stable
D)

(
(B) stable and not time-invariant
(
(

not time-invariant and not stable

GATE Previous Year Solved Paper By RK Kanodia & Ashish Murolia
Published by: NODIA and COMPANY ISBN: 9788192276243
Visit us at: www.nodia.co.in
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McaQ 3.6

McaQ 3.7

McaQ 3.8

McaQ 3.9

McaQ 3.10

SIGNALS & SYSTEMS CHAP 3

YEAR 2011 ONE MARK

The Fourier series expansion f(t) = ay+ >, a,cos nwt+ b,sin nwt of
the periodic signal shown below will contaih the following nonzero terms

Hﬂﬁﬂﬂﬂ

(A) ap and b,,n = 1,3,5,...00 (B) ao and a,,n =1,2,3,...00
(C) apa, and b,,n=1,2,3,...0 (D) ap and a,n = 1,3,5,...0

Given two continuous time signals z(t) = ¢ ' and y(t) = ¢ *" which exist for
t> 0, the convolution z(t) = z(t) y(1) is

(A) 67t _ 672t (B) 673t
(C) et (D) ety e
YEAR 2011 TWO MARKS

Let the Laplace transformeof 4 function f(¢) which exists for ¢ > 0 be Fi(s)
and the Laplace transform.of its delayed version f(¢— T) be Fy(s). Let 1 * (s)

be the complex conjugate of Fy(s) with the Laplace variable set s = o + jw.
_ BB E*(s)

If G(s) IO then the inverse Liaplace transform of G(s) is an ideal
1

(A) impulse 6(¢) (B) delayed impulse (¢ — T)

(C) step function wu(t) (D) delayed step function u(t— 1)

The response h(t) of a linear time invariant system to an impulse 9 (¢), under
initially relaxed condition is h(t) = e '+ e . The response of this system
for a unit step input u(?) is

(A) u(t)+e'+e™* (B) (e "+ e *)u(?)
(C) (1.5 — e "= 0.5¢ ") u(t) (D) e "8(t) + e > u(t)
YEAR 2010 ONE MARK

For the system 2/ (s+ 1), the approximate time taken for a step response to
reach 98% of the final value is

(A)1s (B) 2 s

(C) 4s (D) 8s
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CHAP 3

McaQ 3.11

McaQ 3.12

McaQ 3.13

McaQ 3.14

McaQ 3.15

SIGNALS & SYSTEMS PAGE 117

The period of the signal z(t) = 88in(0.87rt—|— ﬂ) is

4
(A) 047 s (B) 0.87 s
(C) 1.25 s (D) 2.5 s

The system represented by the input-output relationship
5t

y(t) = /x(’r) dr,t>0

— 0

(A) Linear and causal (B) Linear but not causal

(C) Causal but not linear (D) Neither liner nor causal

The second harmonic component of the periodic waveform given in the
figure has an amplitude of

A
+1
0 /2 |T s

-1
(A)0 (B) 1
(C) 2/m (D) V5
YEAR 2010 TWO MARKS
z(t) is a positive rectangular pulse from ¢t =— 1to ¢t =+ 1 with unit height as

shown in the figure. The value of f oo| X(w)fdw {where X(w) is the Fourier
transform of z(?)} is. -~

Given the finite length input z[n] and the corresponding finite length output
y[n] of an LTI system as shown below, the impulse response h[n] of the
system is
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McaQ 3.16

McQ 3.17

McaQ 3.18

McaQ 3.19

SIGNALS & SYSTEMS CHAP 3

(A) hln] = {1T;070,1} (B) hln] = {1T,0,1}

(C) hln] = {1T,1,1,1} (D) h[n] = {1T,1»1}

Common Data Questions Q.6-7.
Given f(t) and g(t) as show below

fi) 4 g(t

1 1

0 2 7 0 3 5 i
g(t) can be expressed as
(A) g(t) = (2t - 3) (B) 9(t) = f(5 —3)
(©) 9(t) = fi2t—3) (D) 9(t) = f(5—3)
The Laplace transform of g(?) is
(A) L(e"—em) (B) L(e™—e™)

-3 -2s 1/ 5s 3s

(© £ (1 e (D) L (e~ e
YEAR 2009 ONE MARK

A Linear Time Invariant system with an impulse response h(t) produces
output y(¢) when input z(¢) is applied. When the input z(¢— 7) is applied
to a system with impulse response h(t— 7), the output will be

(A) y(7) (B) y(2(t—7))
(C) y(t—7) (D) y(t—27)
YEAR 2009 TWO MARKS

A cascade of three Linear Time Invariant systems is causal and unstable.
From this, we conclude that
(A) each system in the cascade is individually causal and unstable

(B) at least on system is unstable and at least one system is causal

(C) at least one system is causal and all systems are unstable
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McaQ 3.20

McaQ 3.21

McaQ 3.22

McaQ 3.23

SIGNALS & SYSTEMS PAGE 119

(D) the majority are unstable and the majority are causal

The Fourier Series coefficients of a periodic signal x(t) expressed as

z(t) = ::_ooakeﬂ”kt/T are given by a,=2—jl, a;=0.54+70.2, ay=j2,

a;=0.5—-70.2, a,=2+j1 and a;, =0 for ‘k‘>2

Which of the following is true ?

(A) z(t) has finite energy because only finitely many coefficients are non-
zero

(B) z(t) has zero average value because it is periodic

(C) The imaginary part of z(¢) is constant

(D) The real part of z(?) is even

The z-transform of a signal z[n] is given by 42°+ 32"+ 2 — 627+ 27°
It is applied to a system, with a transfer function H(z) = 32" —2
Let the output be y[n]. Which of the following is true ?

(A) y[n] is non causal with finite support

(B) y[n] is causal with infinite support

(C) y[n] =0;n| >3

(D) Re[Y(2)].-.» =— Re[ Wigllade
Im[Y(2)].coer =Im[Y(2)]seev; —m<O<m

YEAR 2008 ONE MARK

The impulse response of a causaldinear time-invariant system is given as
h(t). Now consider the following two statements :

Statement (I): Principle of superposition holds

Statement (II): i(t) =0 for t <0

Which one of the following statements is correct 7

(A) Statements (I) is correct and statement (II) is wrong

(B) Statements (II) is correct and statement (I) is wrong
(C) Both Statement (I) and Statement (II) are wrong
(D) Both Statement (I) and Statement (II) are correct

A signal e “'sin(wt) is the input to a real Linear Time Invariant system.
Given K and ¢ are constants, the output of the system will be of the form
Ke"'sin (vt + ¢) where

(A) 0 need not be equal to o but v equal to w

(B) v need not be equal to w but § equal to «
(C) B equal to a and v equal to w
(D)

D) (8 need not be equal to o and v need not be equal to w
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McCQ 3.24

McaQ 3.25

McCQ 3.26

McaQ 3.27

McCQ 3.28

SIGNALS & SYSTEMS CHAP 3
YEAR 2008 TWO MARKS

A system with z(¢) and output y(t) is defined by the input-output relation :

t

-2
y(t) = [ (1) ar

The system will be

(A) Casual, time-invariant and unstable

(B) Casual, time-invariant and stable

(C) non-casual, time-invariant and unstable

(D)

D) non-casual, time-variant and unstable

sin (7z)

A signal z(t) = sinc(at) where « is a real constant (sinc(z) =-—%;) is

the input to a Linear Time Invariant system whose impulse response
h(t) = sinc(ft), where 3 is a real constant. If min (¢, 3) denotes the minimum
of  and (8 and similarly, max («,(3) denotes the maximum of o and 3, and
K is a constant, which one of the following statements is true about the
output of the system ?

(A) It will be of the form Ksinc(vt) where v = min(«, )

(B) It will be of the form Ksinc(9¢) where v = max («, ()

(C) It will be of the form Ksine(evt)
(D)

D) It can not be a sinc type of signal

Let z(t) be a periodic signalwith-timeperiod T', Let y(t) = z(t — t) + z(t + &)
for some ). The Fourier Series ¢oefficients of y(t) are denoted by b;,. If b, = 0
for all odd k, then %, can be equal‘to

(A) T/8 (B) T/4

(C) T/2 (D) 2T

H(z) is a transfer function of a real system. When a signal z[n| = (1+ )"
is the input to such a system, the output is zero. Further, the Region of
convergence (ROC) of (1 — +z") H(z) is the entire Z-plane (except z = 0). It
can then be inferred that H(z) can have a minimum of

(A) one pole and one zero

(B) one pole and two zeros

(C) two poles and one zero

D) two poles and two zeros

Given X(z) = —*— with |z|> a, the residue of X(2)2""" at z=a for
n=0 will be *7 ¢

(A) an—l (B) a”

(C) na" (D) na"!
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CHAP 3

McaQ 3.29

McaQ 3.30

McaQ 3.31

McCaQ 3.32

SIGNALS & SYSTEMS PAGE 121

Let x(t) = rect(t— ) (where rect(z) = 1 for —§ < 2 < § and zero otherwise.
If sinc(z) = 27 then the FTof z(f) + :1:(— t) will be given by

(A) SinC(%) QSHlC(ﬁ)
(C) 2sin0<%) cos(%) smc< W ) < )

Given a sequence z[n], to generate the sequence y[n| = z[3 — 4n|, which one
of the following procedures would be correct 7

(A) First delay z(n) by 3 samples to generate z[n], then pick every 4™
sample of z[n] to generate z[n|, and than finally time reverse z[n] to
obtain y[n/.

(B) First advance z[n] by 3 samples to generate z[n|, then pick every 4™
sample of z[n| to generate z[n|, and then finally time reverse z[n| to
obtain y|[n]

(C) First pick every fourth sample of z[n] to generate v [n], time-reverse v [n]
to obtain w[n|, and finally advance w[n] by 3 samples to obtain y[n]

(D) First pick every fourthisample of z[n] to generate u[n|, time-reverse
v [n] to obtain w[n], and finally delay w[n] by 3 samples to obtain y[n]

YEAR 2007 ONE MARK

Let a signal a;sin(wit+ ¢) be applied|to & stable linear time variant system.
Let the corresponding steady state output be represented as as F(wst+ o).
Then which of the following statement is true?

(A) F is not necessarily a “Sine” or “Cosine” function but must be periodic
with W = Wa.

(B) F must be a “Sine” or “Cosine” function with a; = a,

(C) F must be a “Sine” function with w; = w, and &, = b

(D) F must be a “Sine” or “Cosine” function with w, = w»

The frequency spectrum of a signal is shown in the figure. If this is ideally
sampled at intervals of 1 ms, then the frequency spectrum of the sampled
signal will be

| Uljo)|

A

0O 1kHz w
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UG
v \/\/\/\/
< O w:
A
(B)
<< O w:
(C)
< 0 w:
(D)
<< 0 w:
YEAR 2007 TWO MARKS

McaQ 3.33 A signal z(?) is given by
1,— T/4 < t<3T/4

2(t) =1-1,3T/4 < t<7T/4

—z(t+ 1)
Which among the following gives the fundamental fourier term of z(¢) ?
4 og(Tt _ T T oos( L 4 T
(A) 7TCOS<T 4> (B) 4cos(2T+4)
4t o (T T
(C) 7Tsm( T 4> (D) 4sm<2 + 4>

Statement for Linked Answer Question 34 and 35 :

McQ 3.34 A signal is processed by a causal filter with transfer function G(s)
For a distortion free output signal wave form, G(s) must
(A) provides zero phase shift for all frequency

(B) provides constant phase shift for all frequency
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McaQ 3.35

McQ 3.36

McaQ 3.37

MCQ 3.38

McaQ 3.39

SIGNALS & SYSTEMS PAGE 123

(C) provides linear phase shift that is proportional to frequency

(D) provides a phase shift that is inversely proportional to frequency

G(2) = az'+ B2° is a low pass digital filter with a phase characteristics
same as that of the above question if

(A) a=0 (B)
(C) a= g (D)

-p
G

Consider the discrete-time system shown in the figure where the impulse
response of G(z) is ¢(0) =0,9(1) =¢(2) =1,9(3) =g(4) =---=0

=
o =

This system is stable for range of values of K

(A) [-1, 5] (B) [-1, 1]

(C) [= 3. 1] (D) [= 3, 2]

If w(t),r(t) denote the unitistep’and unit ramp functions respectively and
u(t) * r(t) their convolution, then the function u(t+ 1) * r(t — 2) is given by
(A) 3(t=1Du(t—1) (B) z(t—1)u(t—2)

(C) L(t—1)*u(t—1) (D) None of the above

X(2) =1-32" Y(2) =1+ 22F lare Z transforms of two signals z[n],y[n]
respectively. A linear time invariant system has the impulse response h[n]
defined by these two signals as h[n] = x[n — 1] * y[n] where * denotes discrete
time convolution. Then the output of the system for the input 6[n — 1]

(A) has Z-transform 2'X(z) Y(2)

(B) equals 6[n— 2] — 36[n— 3] +26[n— 4] — 65[n — 5]

(C) has Z-transform 1 — 32"+ 272 — 627

(D) does not satisfy any of the above three

YEAR 2006 ONE MARK
The following is true

(A) A finite signal is always bounded

(B) A bounded signal always possesses finite energy

(C) A bounded signal is always zero outside the interval [— ty, %] for some £,
(D) A bounded signal is always finite
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McCaQ 3.40

McaQ 3.41

McCQ 3.42

McaQ 3.43

McQ 3.44

SIGNALS & SYSTEMS CHAP 3

z(t) is a real valued function of a real variable with period 7. Its
trigonometric Fourier Series expansion contains no terms of frequency
w=2m(2k) /T;k=1,2--- Also, no sine terms are present. Then z(¢) satisfies
the equation

(A) 2(f) =— a(t— T)

(B) z(t) = 2(T—t) =— (- 1)

(C) z(t) =x(T—t)=—xz(t— T/2)

(D) z(t) =2(t—T) = 2(t— T/2)

A discrete real all pass system has a pole at z = 2230": it, therefore

d
(A) also has a pole at +2£30°
(B)

B) has a constant phase response over the z-plane: arg|H(2)| = constant

constant
(C) is stable only if it is anti-causal

(D) has a constant phase response over the unit circle: arg| H(e*")| = constant

YEAR 2006 TWO MARKS
z[n] =0;n < —1,n> 0,z[— =~ 1,2[0] = 2 is the input and

yln]=0;n< —1,n>2 y[— 1]=—1= y[l],y[0] = 3,y[2] =— 2 is the output
of a discrete-time LTI system. The, system impulse response h[n] will be

A) hn] = 0;n < 0,n'> 2TR[0 =T R[] = Rh[2] =—

B) h[n] =0;n < —1,n> 1,h[+ 1] =1,A[0] = A[1l] =2

C) h[n] =0;n<0,n>3,h[0] =—1,h[1] =2,h2] =1

D) h[n] =0;n < —2,n> 1,h[— 2] = h[l] = h[— 1] =— h[0] =3

o~ o~ o~

The discrete-time signal xz[n] ~— Zm 2" where <«~—
denotes a transform-pair relatlonshlp, is orthogonal to tﬁe 81gna1

(A) wi[n] < Yi(z :Z::()(g) o
(B) wln] = Ya(z) =2 ° (5" —m) 7Y
(C) wln] = Yi(2) == 21mlzm
(D) waln] = Yi(2) = 22" +327+1

A continuous-time system is described by y(t) = el*l, where y(t) is the
output and z(¢) is the input. y(¢) is bounded
(A) only when z(t) is bounded

(B) only when z(t) is non-negative
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MCQ 3.45

McCQ 3.46

MCQ 3.47

MCQ 3.48

McCaQ 3.49

SIGNALS & SYSTEMS PAGE 125

(C) only for ¢t <0 if z(¢) is bounded for ¢t = 0

(D) even when z(t) is not bounded

t 1 '
The running integration, given by y(t) = f z(t) dt

-00

A) has no finite singularities in its double sided Laplace Transform Y(s)

(
(
(C) produces a bounded output for every anticausal bounded input
(

)

B) produces a bounded output for every causal bounded input
)
)

D) has no finite zeroes in its double sided Laplace Transform Y(s)

YEAR 2005 TWO MARKS

For the triangular wave from shown in the figure, the RMS value of the
voltage is equal to

2
The Laplace transform of a function f(t) is F(s) :w as
t — oo, f(t) approaches s(s"+2s+2)

(A) 3 (B) 5

© 5 (D) o

The Fourier series for the function f(z) = sin’x is
(A) sin z+ sin 2z

(B) 1 —cos2x
(C) sin 2z + cos 2z
(D) 0.5 —0.5cos 2z

If w(t) is the unit step and 6(¢) is the unit impulse function, the inverse z

-transform of F(z) = 11 for k> 0 is

(A) (= 1)"6(k) (B) 6(k) — (- 1)
(C) (= 1) u(k) (D) u(k) = (= 1)*
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McaQ 3.50

McaQ 3.51

McCQ 3.52

McaQ 3.53

SIGNALS & SYSTEMS CHAP 3

YEAR 2004 TWO MARKS

The rms value of the periodic waveform given in figure is

AI
6 ______
T t,
T/2
_6 ______
(A) 2V6 A (B) 6v/2 A
(C) /4/3 A (D) 1.5A

The rms value of the resultant current in a wire which carries a dc current
of 10 A and a sinusoidal alternating current of peak value 20 is

(A) 14.1 A (B) 17.3 A
(C) 22.4 A (D) 30.0 A
YEAR 2002 ONE MARK

Fourier Series for the waveform, f(¢) shown in Figure is

A

:1/1 /2\3 -

(A) %isin (mt) + %sin (37t) + 2%sin (51) +....]
(B) %:Sm (1) — 5008 (37t) + 5 sin (57) + ... ]
(C) %:cos (7t) + %Cos (3m1) + %cos (5) + ...
(D) %icos (mt) — %sin (37) + 2L5sin (58) + ...

Let s(t) be the step response of a linear system with zero initial conditions;
then the response of this system to an an input w(?) is

(A) [s(t=ru(r)dr (8) 4] [st=ryu(r)dr
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McCQ 3.54

McQ 3.55

McCQ 3.56

SIGNALS & SYSTEMS PAGE 127

(C) fots(t—f) fotu(ﬁ)dn dr (D) fol[s(t—T)Pu(T)dT

Let Y(s) be the Laplace transformation of the function y(¢), then the final
value of the function is
(A) Lir61 Y(s) (B) Lim Y (s)
(C) Lirrol sY(s) (D) Lim sY(s)
What is the rms value of the voltage waveform shown in Figure ?

A
+100 V

;‘ >

~100 V}----

| I | |
n/3 2n/3  4m/3 5n/3 2w

(A) (200/w) V (B) (100/m) V
(C) 200 V (D) 100 V
YEAR 2001 ONE MARK
Given the relationship between.theinput u(¢) and the output y(t) to be
y(t) = [ @+t—7) e Pl
0
The transfer function Y(s)/U(s) is
2¢” s+ 2
A B
() 225 ®) 2
25+ 5 2547
C D) 28T
( ) 8—|—3 ( ) (S+3)2

Common data Questions Q.57-58*

Consider the voltage waveform v as shown in figure
Uy

+1V
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McQ 3.57 The DC component of v is

(A) 0.4 (B) 0.2
(C) 0.8 (D) 0.1
McCQ 3.58  The amplitude of fundamental component of v is
(A)1.20 V (B) 240 V
(C)2V D)1V
otk KAk K
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SOLUTION

SOL 3.1 Option (C) is correct.
K "
= {3f -3

= (é)nu[n] + (é)nu[— n—1]— (%)nu(n)

Taking z-transform

X[z] = ng: <i1’> 2" uln] + ng:m(il)))_nz_"u[ n—1]
-2 () e = B[ B ) B )

Ly, N/l oy NyLly .
(@)4-2(32 —Z<Z> Taking m=—n

Series I converges if ‘3%‘ <Tlor ‘ 2 ‘ > %
Series II converges if ‘ %z ‘ <‘Iwor ‘ z ‘ <3

Series III converges if l 21—21 < 1 or ‘ 2z ‘ > %

Region of convergence of X (z) will bé intersection of above three

So, ROC : < ] z \ <3
SOL 3.2 Option (D) is correct.
Using s-domain differentiation property of Laplace transform.
If f(t) <> F(s)
L dF(s
() <4 - L)
1 B 2s+1
o, L0 =3 o si] =@ sy
SOL 3.3 Option (A) is correct.

Convolution sum is defined as

yln] = hln] = g[n] = Zhn]g[n—]

k=—c0

For causal sequence, Zh | g[n —

[n]—h[] [n] + h[n]g[n—1] + h[n]g[n—2] + .....
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For n =0, y[0] = Rh[0] g[0] + R[1] g[— 1] + ..eeeee.
= h[0] g[0] gl=1=g[=2=...0
= h[0] g[0] (1)
For n =1, y[1] = h[1] g[1] + R[1] g[0] + A[1] g[— 1] + ....

= h[1]g[1] + h[1] [0]

1 _ 1 1 1V _ 1
3 =291+ 5900] nl=(3) =3
1 = g[1] + ¢[0]
g[1] =1 —g[0]
—_— _yl0] _1_
From equation (i), g[0] = W0 1 1
SOL 3.4 Option (C) is correct.
.y (2cosw) (sin2w) _ sin3w | sinw
Hijw) =774 =w P
We know that inverse Fourier transform of sinc¢ function is a rectangular
function.
4 1y (2)
1/2
Vi sin 3w
T w
3 0 3 f(seo)
$ hy(2)
1/2
/ F sin w
w

-1 0 1 f{(sec)
So, inverse Fourier transform of H(jw)
h(t) = hi (1) + ho(2)
h(0) = m(0) + hy(0) =

I
—_

_|_

N —
DO —

SOL 3.5 Option (D) is correct.
y(t) = ftx(T) cos (37) dr
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SOL 3.6

SOL 3.7

SIGNALS & SYSTEMS

Time invariance :
Let, z(t) =

y(1) = /té(t)cos(?n') dr = u(t)cos(0) = u(f)
For a delayed input (¢ — ty) output is

y(t,to) :f%(t— to) cos (37) dr = u(t)cos (3t)
Delayed output -
y(t—to) = u(t— t)

y(tto) F y(t—to)
System is not time invariant.
Stability :
Consider a bounded input z(t) = cos3t

y(t) :/t CcoS 3t_f 1 _COS6t fldt— ftCOStht

As t > oo, y(t) > oo (unbounded)
System is not stable.

Option (D) is correct.
[

A

0 T/2 T

f(t) = ao+ i(ancoswt—l- b, sin nwt)

n=1

e The given function f(¢) is an even function, therefore b, =0

e f(1) is a non zero average value function, so it will have a non-zero value

of Qo
1 T/2

ap = (T/Z)[ f(t) dt (average value of f(t))

e g, is zero for all even values of n and non zero for odd n
2 [T

a, = Tfo f(t) cos (nwt) d(wt)
So, Fourier expansion of f(t) will have ay and a,, n=1,3,5...0
Option (A) is correct.

z(t) =€’
Laplace transformation

GATE Previous Year Solved Paper By RK Kanodia & Ashish Murolia
Published by: NODIA and COMPANY ISBN: 9788192276243
Visit us at: www.nodia.co.in






PAGE 132 SIGNALS & SYSTEMS CHAP 3
1
X(9) =571
y(t) =™
1
Y(s) = s+ 2

Convolution in time domain is equivalent to multiplication in frequency
domain.

2(t) = z(t) * y(t)
Z(s) = X(s) Y(s) = (s—lk 1)<5‘|1‘2>

By partial fraction and taking inverse Laplace transformation, we get

_ 1 1
Z(s) = s+1 s+2

2(t) =e'—e™

SOL 3.8 Option (D) is correct.
f(t) <= i)
f(t—=7) <= e TFy(s) = Fy(s)
RO _ RO
i (9) | B(s)f
e 8 Fi( s)‘
O v

— ST

G(s) =

Fu(s) Fi'(s) = | Fi(s)?

=e
Taking inverse Laplace transform

g(t) =L [e ] =6(t—7)

SOL 3.9 Option (C) is correct.
h(t) =e'+e™
Laplace transform of h(t) i.e. the transfer function
_ 1 1
H(s) s+1 ts +2
For unit step input
r(t) = n(?)

or R(s) = %
Output Y(s) = R(s)H(s) = D ———

’ s[s+1 " s+2

By partial fraction
3 1 1\
V() =95 =531 <s—|— 2)2
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Taking inverse Laplace

y(t) = u(t) — ¢ u(t) - S

= u(f)[1.5— e ' —0.5e7]

SOL 3.10 Option (C) is correct.
System is given as

2
H(s) = (s+1)
Step input R(s) :%
Output Y(s) = H(s)R(s) = (5—12— 1)@) - % B (s—|2— 1)

Taking inverse Laplace transform

y(t) = (2—2eu(t)
Final value of y(?),

(1) = lim ylt) = 2

t— o0

Let time taken for step respomse to reach 98% of its final value is t,.
So,

2—-2e¢ " =2 x0.98
0.02'= ¢t
t, =1nb0 =[3.91 sec.

SOL 3.11 Option (D) is correct.
Period of z(t),

_ 2 _ 27w _
T = " 087 2.5 sec

SOL 3.12 Option (B) is correct.
Input output relationship

y(t) :[}(T)dT, >0

Causality :
y(t) depends on z(5t),t > 0 system is non-causal.

For example ¢t = 2
y(2) depends on z(10) (future value of input)

Linearity :

Output is integration of input which is a linear function, so system is linear.
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SOL 3.13 Option (A) is correct.
Fourier series of given function

z(t) = Ao+ Z @, cos nwyt + b, sin nwot

n=1

. x(t) =— z(t) odd function
SO, AQ =
a, =0
2 (T :
b, = —fx(t)smmuotdt
TJo
T
/2

cos nuwpt \I'2 [ cosnwot \T
(), ()

:T[f (1)sin nwo t df +
0

_ 2

T

(— 1)sin nwot dtl

0

T/2

= T[(l — cos nm) + (cos 2nm — cos nm))]
0

=201

nm

i, n odd
b, =) nm

0 ,“meven
So only odd harmonic.will.begpresent in z(t)
For second harmonicicomponent (n = 2) amplitude is zero.

SOL 3.14  Option (D) is correct.
By parsval’s theorem

%[:\X(w)fdw :f:x?(t) dt

[T1X(@)pdw = 27%x2 = 47

SOL 3.15 Option (C) is correct.

Given sequences zln] = {1,-1}, 0<n<1
!

y[n] = {1,0,0,0,—1}, 0<n<4
1

If impulse response is h[n] then

y[n] = hln] * z[n]
Length of convolution (y[n]) is 0 to 4, z[n] is of length 0 to 1 so length of
h[n] will be 0 to 3.

Let hin] = {a,b,c,d}
t
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Convolution

ylnl = {a,—a+b,—b+c¢,—c+d, — d}
!

By comparing
a =1
—a+b=0 =2b=a=1
—b4+c=0 =2c=bb=1
—c+d=0 =2d=c=1
So. Al = {LLLYy

SOL 3.16  Option (D) is correct.
We can observe that if we scale f(¢) by a factor of % and then shift, we will
get g(t).
First scale f(t) by a factor-of %
a(t) = f(1/2)
(0t

1

2t
Shift ¢ () by 3, g(t) = gi(t—3) =f(%)
g(t
1
0 3 5 e

0 =14

SOL 3.17  Option (C) is correct.
g(t) can be expressed as
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SOL 3.18

SOL 3.19

SOL 3.20

SIGNALS & SYSTEMS CHAP 3

g(t) = u(t—3) —u(t—>5)
By shifting property we can write Laplace transform of ¢(?)

-3s
G(s) = Lo Lgss o 67(1 — %)

S S

Option (D) is correct.
Let z(t) 5~ X(s)

y(t) - Y (s)

h(t) <= H(s)
So output of the system is given as

Y(s) = X(s) H(s)
Now for input z(t—T1 L.e7X (s)  (shifting property)
h(t—7 ¢ " H (8)
So now output is Y'(s) = e X(s)- €™ H(s)
= X () H(s) = ¢ V()

ylt — 27)

}\

5) =
)
)
)

y'(1)

Option (B) is correct.
Let three LTI systems having response H(z), H»(2) and H;(z2) are
Cascaded as showing below

A
Y

1/P—— H(2)

H,(2) H ) sl (2)

Assume H,(2) = 2+ 2 + 1 (non-causal)

Hy(2) = 22+ 2+ 1 (non-causal)
Overall response of the system

H(z) = Hi(2) Ha(2) H(2)

H(z) = (Z2+ 2+ 1) (2 + 2+ 1) H(2)
To make H(z) causal we have to take Hj(z) also causal.
Let Hy(2) = 2%+ 2%+ 1

= (Z+ 2+ )P+ 2D+ 27+ 1)

H(z) - causal
Similarly to make H(z) unstable atleast one of the system should be unstable.

Option (C) is correct.
Given signal

~ Rkt T
= Saen

k=-o
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Let wy is the fundamental frequency of signal z(t)

z(l) = Zak et ZTW =Wy

—
z(l) = a-y el g e M gy + @ e+ ay el
= (2 —5) e®*" 4 (0.5 4+ 0.29) e ™' + 25+
+(0.5 — 0.2) e 4 (2 + ) P!
— et 4 ePat] 4 et — g Pat] 4
0.5[e™" + e — 0.25[e™" — ']+ 25
= 2(2cos2wyt) + j(2sin 2wy t) + 0.5 (2 coswyt) —
0.27(27sinwyt) + 275
= [4cos 2wyt — 2sin 2wyt + coswyt + 0.4sinwyt ]+ 25
Im[z(t)] =2 (constant)

SOL 3.21 Option (A) is correct.
Z-transform of z[n] is

X(2) =427 + 37" 472 867" + 27°
Transfer function of the system
H(z) =32"'-2
Output
Y(z) = H(2)X(2)
Y(2) = (32" — 2) (427 5,34 B2 — 627 + 22%)
= 12244+ 9274 62 L1824 627 — 82° — 62 — 4+ 1222 — 47
=127" -8 +92°—4 — 182+ 182" — 42
Or sequence y[n] is
yln] =126[n—4] — 85[n— 3] + 96[n — 2] — 46[n] —
186[n+ 1] + 186 [n+ 2] — 46[n+ 3]
y[n] #0, n <0
So y[n] is non-causal with finite support.

SOL 3.22 Option (D) is correct.
Since the given system is LTI, So principal of Superposition holds due to
linearity.
For causal system h(t) =0, t<0
Both statement are correct.

SOL 3.23  Option (C) is correct.
For an LTT system output is a constant multiplicative of input with same

frequency.
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SOL 3.24

SOL 3.25

SIGNALS & SYSTEMS

Here input ¢(t) = e “'sin (wt)
output () = Ke'sin (vt + ¢)
Output will be in form of Ke * sin (wt+ ¢)

So a=[Fv=w

Option (D) is correct.
Input-output relation

v(t) = [a(r)dr

Causality :
Since y(t) depends on z(— 2t), So it is non-causal.
Time-variance :

-2t
y(t) = [ lr =m0 dr # y(t—70)

So this is time-variant.

Stability :

Output y(t) is unbounded forsan bounded input.

For example

Let z(t) = ¢ (bounded)
(. rent
y(t) = / e dr = [—_1]_00 Unbounded

Option (A) is correct.
Output y(t) of the given system is

y(t) = a(t) = h(1)
Or Y(jw) = X (jw) H(jw)
Given that, z(t) = sinc(at) and h(t) = sinc (1)
Fourier transform of x(t) and h(t) are

X(jw) = Fl=( rect( )—a<w<a

2

H(jw) = Fh( :%rect(%) f<w<p

Y(jw) = jrect( )rect(%)

rect (%j rect ( ;é j

A A

€y

- a

—B p
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SOL 3.26

SOL 3.27

SOL 3.28

SOL 3.29

SIGNALS & SYSTEMS

S Y(jw) = K rect (£
o, (jw) rec <2’y )
Where ~v = min(«a,(3)
And y(t) = Ksinc (1)

Option (B) is correct.
Let a; is the Fourier series coefficient of signal x(?)

Given  y(t) = z(t— t) + z(t + o)
Fourier series coefficient of y(t)

by = e g+ Mg,

b = 2, cos kwi

by = 0 (for all odd k)

kwty :%,kﬁodd

s
2
For k=1, % :%

Option () is correct.

Option (D) is correctt
Given that X(2) =—%—, Bl >a

(z—a)

Residue of X(2)2"" at 2= a is

dz r=a

d 2z n-1

—(z—a 2

dZ( ) (Z_ a)2 r=a
_i n — n-1 — n-1

152 - nZ'"|,_, = na

Option (C) is correct.
Given signal

z(t) = rect <t — %)

1 1 1
1, —=<t—=<_ 0<t<1
So, () =1" 2 9—9

0, elsewhere
Similarly

GATE Previous Year Solved Paper By RK Kanodia & Ashish Murolia
Published by: NODIA and COMPANY ISBN: 9788192276243
Visit us at: www.nodia.co.in

PAGE 139





PAGE 140 SIGNALS & SYSTEMS CHAP 3
e, 11 1 <<
eyl =gy o —1=t=0

0, elsewhere

]wt ]ut » 1 .
21— ™) 4= (e* -1
] = b e

_ ej. / (ejw/Q_ e—]w/?) 4 ej'/ (ejw/Q_ e—jw/Q)
Jw Jw
(ejw/2 _ e—jw/Q) ( e /2 ejw/Q)
— i
2 _ W W
= ;sm( 5 ) 2cos< 5 ) = 2cos 5 smc(QW)

SOL 3.30  Option (B) is correct.
In option (A)
z[n] = x[n— 3]
»[n] = z[4n] = r{dn -8
yln] = »[— n| = x[—4n — 3] # x[3 — 4n]

In option (B)

z[n] = z[n¥3]

»[n| = z[4n] = z[4n + 8]

yln] = »[—n| = x[— 4n+ 3]
In option (C)

w[n] = z[4n]

w[n] = u[=n] = z[—47]

y[n] = w[n+ 3] = z[— 4(n+ 3)] # z[3 — 4n]
In option (D)

w[n] = z[4n]

w[n] = u[=n] = z[—47]

yln] = wn—3] = z[—4(n—3)] # z[3 — 4n]

SOL 3.31 Option () is correct.
The spectrum of sampled signal s(jw) contains replicas of U(jw) at frequencies
+nf.
Where n =0,1,2.......

* T T. 1msec 1 kHz
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| Uljo)|

1 kHz ©

1s(f)

o----
ol----

0112)

1s()

f(kHz)

SOL 3.32 Option (D) is correct.
For an LTT system input and-eutput-have-identical wave shape (i.e. frequency
of input-output is same) withing a=multiplicative constant (i.e. Amplitude
response is constant)
So F' must be a sine or cosine wave with w; = w,

SOL 3.33 Option (C) is correct.
Given signal has the following wave-form

A

(1)

=1
(e

u>|:

4>|§
.
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SOL 3.34

SOL 3.35

SOL 3.36

SIGNALS & SYSTEMS CHAP 3
Function x(t) is periodic with period 27 and given that

z(t) =— z(t+ T) (Half-wave symmetric)

So we can obtain the fourier series representation of given function.

Option (C) is correct.

Output is said to be distortion less if the input and output have identical
wave shapes within a multiplicative constant. A delayed output that retains
input waveform is also considered distortion less.

Thus for distortion less output, input-output relationship is given as

y(t) = Kg(t—ta)

Taking Fourier transform.

Y(w) = KG(w) e = G(w) H(w)
H(w) = transfer function of the system
So, H(w) = Ke™"
Amplitude response | H(w)|= K
Phase response, 6, (W) =—wi,
For distortion less output, phase response should be proportional to frequency.

Option (A) is corrects
G(2)|_ . = ae T8

for linear phase characteristic ar==r3.

Option (A) is correct.
System response is given as

_ GQ
A2 =1"ka
gln] =6[n—1]+ 6[n— 2]
G(z) = 7'+ 272
So H(=— G FE) e+l

C1-K(Z'4+27Y)  FA-K:—K
For system to be stable poles should lie inside unit circle.
|z| =1

2
= BEVEFAK 1 gy JKP 44K <2

2

VE+4K <2- K

K+ 4K <4 — 4K+ K?

8K =4
K <1/2
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SOL 3.37 Option (C) is correct.
Given Convolution is,

h(t) =u(t+1)*r(t—2)
Taking Laplace transform on both sides,

H(s) = LIh(H)] = Llu(t+ )]« L]r(t - 2)]
We know that, L[u(t)] =1/s

Llu(t+1)] = es<12) (Time-shifting property)
s
and Lr(t)] =1/s
Lr(t—2)= 6'25(%> (Time-shifting property)
s

: -

Taking inverse Laplace transform

MU::%U—lqu—l)

SOL 3.38 Option (C) is correct.
Impulse response of given I system.
h[n] = z[n <A}yl
Taking z-transform on both sides.
H(z) = 7' X(2) Y(2) ox[n—1] < 71z(2)
We have X(2) =1—37" and Y(2)=1+2z"
So

H(z) = 2'(1-32")(1+277
Output of the system for input u[n] = §[n— 1] is,

y(2) = H(2) U(2) Uln] <=~ U(z) = =

So
Y(2) =211 321 (1+22%) 2"
=221 -32"4+222—67%) = 27— 37°+ 22— 627
Taking inverse z-transform on both sides we have output.
y[n] = 6[n—2] —36[n— 3]+ 26[n—4] —66[n — 5]

SOL 3.39 Option (B) is correct.
A bounded signal always possesses some finite energy.

_ ("2
E —[tu|g(t) dt < oo
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SOL 3.40

SOL 3.41

SIGNALS & SYSTEMS CHAP 3

Option (C) is correct.
Trigonometric Fourier series is given as

z(t) = Ao+ Za,ncos nwot + by sin nwyt
n=1
Since there are no sine terms, so b, =0

_2 ("
bn_TofO (1)

sin nwy t dt

AR . T .

== f z(7)sin nwy T dr + z(t)sin nwot dtl
To|Jo T,/2

Where 7=T—-1t =dr=—dt

2 T°/2

:—f T — t)sinnwy (T — t) (— dt+ ()sinnwotdt]
ol 73/2

— 2 fTox T— t)sinn 2T T ¢\dt ++ :r(t)sinnwotdt]
T < T > 7,/2

= 7% f (T — t)sin (2nm — nwp dt—i—/ )sin nthdt]

0

=20 x(T— t)sin (nwot) dt + + x(t)sinmuotdt]

Tl Jzy 5/2

by=0if z(t) = z(T— 1)
From half wave symmetry we know that if

o(t) = af b g)

Then Fourier series of z(t) contains,only. odd harmonics.

Option (C) is correct.
Z-transform of a discrete all pass system is given as

—1 %
zZ  — Z
H(Z) = 1 o zozgl

It has a pole at z and a zero at 1/z].

Given system has a pole at

z:2430°:2w§+ﬁ:(@+j)

7 =2/30°
30° .

GATE Previous Year Solved Paper By RK Kanodia & Ashish Murolia
Published by: NODIA and COMPANY ISBN: 9788192276243

Visit us at: www.nodia.co.in






CHAP 3

SOL 3.42

SOL 3.43

SOL 3.44

SOL 3.45

SIGNALS & SYSTEMS PAGE 145

system is stable if ‘ z ‘ < 1 and for this it is anti-causal.

Option (A) is correct.
According to given data input and output Sequences are
z[n]={-1,2},-1<n=<0
t

y[ﬂ]={—1,3;,—1,—2},—15n52

If impulse response of system is h[n] then output

y[nl = hn] *z[n]
Since length of convolution (y[n]) is —1 to 2, z[n] is of length —1to0 so
length of h[n] is 0 to 2.

Let hin] = {a,b,c}
1
Convolution
|
a b c

7
7/ 7
_ —a/s =ph =
1|-a/"=b,/ "—c ,
// // //
7 7/ 7/

—{ 2 (24,720 /" 2¢

yln] ={— a,QaT— b,20 f.¢,2¢c}

yln] ={-1,3,—1, -2}
So, f
a=1

20—b=3 =>b=-1

20— c=—1 =c=—-1
Impulse response hln] = {1T, -1,-1}

Option () is correct.

Option (D) is correct.
Output  y(t) = eIV
If z(t) is unbounded, |z(t)| - o
y(t) = 1" - 0 (bounded)
So y(t) is bounded even when z(¢) is not bounded.

Option (B) is correct.
t
Given  y(t) = fa:(t) dt

— 00
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SOL 3.46

SOL 3.47

SOL 3.48

SIGNALS & SYSTEMS
Laplace transform of y(?)
Y(s) :@, has a singularity at s =0
t
For a causal bounded input, y(t)= f z(t) dt is always bounded.
Option (A) is correct.
RMS value is given by
1 (T
Where ’
%)t, 0<t< %
V(t) =
0, Loi<r
2
1 (T2 L (772t
S [ v =2 [ (3 at 0) dt
° )y VWA =gl (7)), 0
=5 = dty=—=|%
T T2 0 TS[ 3 ]0
_ 4 T7L1
75724
— /4
Vims = 6 Vv
Option (A) is correct.
By final value theorem
2
lim f(¢) = lim s F'(s) = lim 3(58 2+ 235+ 6)
t— o0 s=0 s=0 s(s"+ 25+ 2)
_6 _
Option (D) is correct.
f(z) = sin’z = 1— c20821:
=0.5-0.5 cos2z
flx) = Ao+ Za,n cos nwy T+ by, sin nwox
n=1
flz) = sinz is an even function so b, = 0
Ay =05
—0.5, n=1
a’ll =
0 , otherwise
_ 27 _ 27 _
Wy = T(’) = T =2
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SOL 3.49 Option (B) is correct.
Z-transform  F(z) = S SR ——

241 z+1 1421
50, fk) =6(k) = (= 1)
: 1
Thus (—1)* <% e

SOL 3.50 Option (A) is correct.
Root mean square value is given as

Irms = 4/ L T[2(t) dt

12 T

= t0§t<—

From the graph, I(t) = T 2
T/2<t<T

So f]2dt %
1
T
LA- =1 —
T[T2< )+36 ] LI6T+187) = 24
Lms =1v/24 4246 A

SOL 3.51 Option (B) is correct.
Total current in wire

I =10+ 20sin wt

(20

Irms - (10)2 + 2

=17.32A

SOL 3.52  Option (C) is correct.
Fourier series representation is given as

f(t) = Ao+ Za,ncos nwot -+ by, sin nwyt

n=1
From the wave form we can write fundamental period T = 2 sec

(i)t’ T <i<p

="
—(T>t,0 <t=< 5
f(t) = f(—t), f(t) is an even function
So, b, =0

Ao :%ff(t) dt
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f m( >tdt+ fo Ti/g;{ywl
=+{#lal,.-7l2], )

_ 1

T

_ 1

T

- HH(E)- 45 -
%

2

&n_

/f cos nwyt dt

f e £+ / Ay, tdt
T_ T/2(T> COS Ny ) COS Ny
By solving the integration
, nisodd
a, = | e
So, 0, n is even
l 1
= [cos mt+ ~cos(3mt) + 55 COS (5mt) + .. ]
SOL 3.53 Option (A) is correct.
Response for any input «(%).is given as
y(t) u( t) * h( ) h(t) — impulse response

= T)dt
Impulse response h( )and step Tesporse s(t) of a system is related as

h(t) = [5(1)]

d
dt
So f s[t—T]d dtf s(t—7)dr

SOL 3.54  Option (B) is correct.
Final value theorem states that

fimy(?) lim ¥(s)

SOL 3.55 Option (D) is correct.
I/';'H'L‘J

here Ty = =«

]16_/;01/2(25) dt zl[fﬁ/3(100)2dt+f2w/3(— 100)2dt+f2:/3(100)2dtl
[104< )+ 104(3)+ 104(3)] =10'V
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SOL 3.56

SOL 3.57

SOL 3.58

SIGNALS & SYSTEMS

Vims =¥ 10* =100 V

Option (D) is correct.
Let h(t) is the impulse response of system

y(t) = u(t) = h(t)
y (1) :/(;tu(T)h(t—T) dr
= /(:(2 +t—1) e () dr

So h(t) = (t+2) e u(t),t >0
Transfer function
H(s) = Y(s) _ 1 + 2

S U(s) T (s+3)2 (5+3)
_ 142546 _ (2547)
(s+3)°  (s+3)

Option (B) is correct.
Fourier series representation is given as

v(t) = Ao+ Za,ncos nwot + by sin nwyt
n=1
period of given wave form-1"='5 ms

DC component of v is

Ay :%fv(t)dt

T3 5
:%l/ldH[—ldtl

0 3

1 1
—i[3-5+3] =1
Option (A) is correct.
Coefficient, a, = f v(t)cos nwyt dt
7

3
f cos nwt dt + f ) cos nwt dt
0

( mnwt] [Smnwt )
3

"IT

01\[\3

Put =

1. : :
a, = n—,ﬂ[sm 3nw — sin Hnw + sin Snw]
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1 2T\ 27
= nﬂ[2sm<3n 5 ) Sm<5n 5 >

= %[2 sin(MTn> — sin(er)

_ 2 . (6Tn
= 2 (031

Coefficient, b, = % f v(t)sin nwyt dt

(S (1)

3
= l/(l)smnwt dt+/ 1) sin nawt di

0

([—ML—[—MZ)

W
21 27
put =T =%

1
b, = H[_ cos3nw + 1 + cosHnw — cos 3nu)]

1
= ﬁ[_QCOS dnw + 1+ cos5nw]

_ 11 27 2T
= 2008<3n 5 >+ 1+cos<5n 5 >
_ 1[4 6mn
——m{ 2cos( 5 )—I—l—i—l]
_ 2 1—cos<6ﬂn>

N 5

Amplitude of fundamental componeént of v is

Vf = ai + b’

alzisin<6ﬁ), b, = 2(1—(3086“)

5) 7w 5
vp = 72T\/Sin26;+<1 — 0086;>2
= 1.20 Volt

kokoskokoskokokkokkox
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