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Preface

This book doesn’t make promise but provides complete satisfaction to the readers. The
market scenario is confusing and readers don’t find the optimum quality books. This book provides
complete set of problems appeared in competition exams as well as fresh set of problems.

The book is categorized into units which are then sub-divided into chapters and the concepts
of the problems are addressed in the relevant chapters. The aim of the book is to avoid the
unnecessary elaboration and highlights only those concepts and techniques which are absolutely
necessary. Again time is a critical factor both from the point of view of preparation duration and time
taken for solving each problem in the examination. So the problems solving methods in the book are
those which take the least distance to the solution.

But however to make a comment that this book is absolute for GATE preparation will be an
inappropriate one. The theory for the preparation of the examination should be followed from the
standard books. But for a wide collection of problems, for a variety of problems and the efficient way
of solving them, what one needs to go through is there in the book. Each unit (e.g. Networks) is
subdivided into average seven number of chapters on an average each of which contains 40 problems
which are selected so as to avoid unnecessary redundancy and highly needed completeness.

I shall appreciate and greatly acknowledge the comments and suggestion from the users of
this book.

R. K. Kanodia

rajkumar kanodia@nodia.co.in

www.gatehelp.com



GATE EC BY RK Kanodia

Acknowledgments

My primary debt remains to my friends and all those wonderful people who provided real
inspiration and encouragement in taking up this challenging project.

No amount of thanks can ever repay the great debt which I owe to my classmates Dinesh
Bisht, Biju Deka, Nitin yadav, Bhupesh Kumar, Sushant Ranjan and Mayank Thakur who have
supported me during the publishing of this book. A special word of thanks to Miss Shalvi Agarwal
who have written the article for back page.

I am also indebted to my grandparents, mother and my sister for their emotional support they
have provided while preparing this book.

R. K. Kanodia

www.gatehelp.com



GATE EC BY RK Kanodia

SYLLABUS

ENGINEERING MATHEMATICS

Linear Algebra: Matrix Algebra, Systems of linear equations, Eigen values and eigen vectors.

Calculus: Mean value theorems, Theorems of integral calculus, Evaluation of definite and improper integrals,
Partial Derivatives, Maxima and minima, Multiple integrals, Fourier series. Vector identities, Directional derivatives,
Line, Surface and Volume integrals, Stokes, Gauss and Green's theorems.

Differential equations: First order equation (linear and nonlinear), Higher order linear differential equations with
constant coefficients, Method of variation of parameters, Cauchy's and Euler's equations, Initial and boundary value
problems, Partial Differential Equations and variable separable method.

Complex variables: Analytic functions, Cauchy's integral theorem and integral formula, Taylor's and Laurent's
series, Residue theorem, solution integrals.

Probability and Statistics: Sampling theorems, Conditional probability, Mean, median, mode and standard
deviation, Random variables, Discrete and continuous distributions, Poisson, Normal and Binomial distribution,
Correlation and regression analysis.

Numerical Methods: Solutions of non-linear algebraic equations, single and multi-step methods for differential
equations.

Transform Theory: Fourier transform, Laplace transform, Z-transform.

ELECTRONICS AND COMMUNICATION ENGINEERING

Networks: Network graphs: matrices associated with graphs; incidence, fundamental cut set and fundamental
circuit matrices. Solution methods: nodal and mesh analysis. Network theorems: superposition, Thevenin and
Norton's maximum power transfer, Wye-Delta transformation. Steady state sinusoidal analysis using phasors.
Linear constant coefficient differential equations; time domain analysis of simple RLC circuits, Solution of network
equations using Laplace transform: frequency domain analysis of RLC circuits. 2-port network parameters: driving
point and transfer functions. State equations for networks.

Electronic Devices: Energy bands in silicon, intrinsic and extrinsic silicon. Carrier transport in silicon: diffusion
current, drift current, mobility, and resistivity. Generation and recombination of carriers. p-n junction diode, Zener
diode, tunnel diode, BJT, JFET, MOS capacitor, MOSFET, LED, p-I-n and avalanche photo diode, Basics of LASERs.
Device technology: integrated circuits fabrication process, oxidation, diffusion, ion implantation, photolithography,
n-tub, p-tub and twin-tub CMOS process.

www.gatehelp.com



GATE EC BY RK Kanodia

Analog Circuits: Small Signal Equivalent circuits of diodes, BJTs, MOSFETs and analog CMOS. Simple diode
circuits, clipping, clamping, rectifier. Biasing and bias stability of transistor and FET amplifiers. Amplifiers: single-and
multi-stage, differential and operational, feedback, and power. Frequency response of amplifiers. Simple op-amp
circuits. Filters. Sinusoidal oscillators; criterion for oscillation; single-transistor and op-amp configurations. Function
generators and wave-shaping circuits, 555 Timers. Power supplies.

Digital circuits: Boolean algebra, minimization of Boolean functions; logic gates; digital IC families (DTL, TTL, ECL,
MOS, CMOS). Combinatorial circuits: arithmetic circuits, code converters, multiplexers, decoders, PROMs and
PLAs. Sequential circuits: latches and flip-flops, counters and shift-registers. Sample and hold circuits, ADCs, DACs.
Semiconductor memories. Microprocessor(8085): architecture, programming, memory and I/O interfacing.

Signals and Systems: Definitions and properties of Laplace transform, continuous-time and discrete-time Fourier
series, continuous-time and discrete-time Fourier Transform, DFT and FFT, z-transform. Sampling theorem. Linear
Time-Invariant (LTI) Systems: definitions and properties; causality, stability, impulse response, convolution, poles
and zeros, parallel and cascade structure, frequency response, group delay, phase delay. Signal transmission
through LTI systems.

Control Systems: Basic control system components; block diagrammatic description, reduction of block diagrams.
Open loop and closed loop (feedback) systems and stability analysis of these systems. Signal flow graphs and their
use in determining transfer functions of systems; transient and steady state analysis of LTI control systems and
frequency response. Tools and techniques for LTI control system analysis: root loci, Routh-Hurwitz criterion, Bode
and Nyquist plots. Control system compensators: elements of lead and lag compensation, elements of
Proportional-Integral-Derivative (PID) control. State variable representation and solution of state equation of LTI
control systems.

Communications: Random signals and noise: probability, random variables, probability density function,
autocorrelation, power spectral density. Analog communication systems: amplitude and angle modulation and
demodulation systems, spectral analysis of these operations, superheterodyne receivers; elements of hardware,
realizations of analog communication systems; signal-to-noise ratio (SNR) calculations for amplitude modulation
(AM) and frequency modulation (FM) for low noise conditions. Fundamentals of information theory and channel
capacity theorem. Digital communication systems: pulse code modulation (PCM), differential pulse code
modulation (DPCM), digital modulation schemes: amplitude, phase and frequency shift keying schemes (ASK, PSK,
FSK), matched filter receivers, bandwidth consideration and probability of error calculations for these schemes.
Basics of TDMA, FDMA and CDMA and GSM.

Electromagnetics: Elements of vector calculus: divergence and curl; Gauss and Stokes theorems, Maxwell's
equations: differential and integral forms. Wave equation, Poynting vector. Plane waves: propagation through
various media; reflection and refraction; phase and group velocity; skin depth. Transmission lines: characteristic
impedance; impedance transformation; Smith chart; impedance matching; S parameters, pulse excitation.
Waveguides: modes in rectangular waveguides; boundary conditions; cut-off frequencies; dispersion relations.
Basics of propagation in dielectric waveguide and optical fibers. Basics of Antennas: Dipole antennas; radiation
pattern; antenna gain.

*kkkkkx

www.gatehelp.com



GATE EC BY RK Kanodia

CONTENTS

UNIT-1 NETWORKS 1
1.1  Basic concepts 3
1.2  Graph Theory 12
1.3 Methods of Analysis 23
1.4  Circuit Theorems 33
1.5 Basic RL and RC Circuits 43
1.6 The RLC Circuit 54
1.7 Sinusoidal Steady State Analysis 62
1.8  Circuit Analysis in the S-Domain 72
1.9 Magnetically Coupled Circuits 82
1.10 Two-Port Network 91
1.11 Frequency Response 101
UNIT-2 ELECTRONICS DEVICES 107
2.1 Semi Conductor Physics 109
2.2 The pn Junction 117
2.3 The Bipolar Junction Transistor 125
2.4  The Field Effect Transistor 132
2.5 Integrated Circuit 139
UNIT-3 ANALOG ELECTRONICS 143
3.1 Diode Circuits 145
3.2 Basic BJT Circuits 155
3.3 Basic FET Circuits 167
3.4 Amplifiers 175
3.5 Operational Amplifiers 184
UNIT-4 DIGITAL ELECTRONICS 195
4.1  Number System & Boolean Algebra 197
4.2 Combinational Logic Circuits 250
4.3 Sequential Logic Circuit 216
4.4 Digital Logic Families 224
4.5 Digital Systems 232
4.6 Microprocessor 239
UNIT-5 SIGNALS & SYSTEMS 247
5.1 Continuous - Time Systems 249
5.2 Discrete-Time Systems 258
5.3 The Laplace Transform 269
5.4 The z-Transform 279
5.5 The Continuous-Time Fourier Transform 290
5.6 The Discrete - Time Fourier Transform 300
5.7 The Continuous - Time Fourier Series 308
5.8 The Discrete - Time Fourier Series 316

www.gatehelp.com



GATE EC BY RK Kanodia

UNIT-6 CONTROL SYSTEMS 323
6.1 Transfer Functions 325
6.2 Stability 335
6.3 Time Response 344
6.4 The Root-Locus Techniques 353
6.5 Frequency Domain Analysis 362
6.6 Design of Control System 373
6.7 State variable Analysis 376
UNIT-7 COMMUNICATION SYSTEMS 387
7.1 Random Variable 389
7.2 Random Process 399
7.3 Noise 407
7.4  Amplitude Modulation 414
7.5 Angle Modulation 424
7.6 Digital Transmission 434
7.7  Information Theory & Coding 442
7.8 Spread Spectrum 450
UNIT-8 ELECTROMAGNETICS 455
8.1  Vector Analysis 457
8.2 Electrostatic 469
8.3  Magnetostatics 481
8.4 Maxwell’s Equations 489
8.5 Electromagnetic Wave Propagation 495
8.6  Transmission Lines 503
8.7 Wave Guides 511
8.8 Antennas 518
UNIT-9 ENGIINEERING MATHEMATICS 523
9.1 Linear Algebra 525
9.2 Differential Calculus 534
9.3 Integral Calculus 545
9.4 Differential Equation 555
9.5 Complex Variable 564
9.6 Probability & Statsitics 574
9.7 Numerical Methods 582
UNIT-10 PREVIOUS YEAR PAPER 589
10.1 EC 2003 591
10.2 EC 2004 603
10.3 EC 2005 615
10.4 EC 2006 628
10.5 EC 2007 639
10.6 EC 2008 650
10.7 EC 2009 662

*kkkkkkk

www.gatehelp.com



GATE EC BY RK Kanodia

CHAPTER

1.1

BASIC CONCEPTS

A solid copper sphere, 10 cm in diameter is deprived
of 10%° electrons by a charging scheme. The charge on
the sphere is
(A) 160.2 C

(C) 16.02 C

(B) -160.2 C
(D) -16.02 C

P A lightning bolt carrying 15,000 A lasts for 100 ps. If
the lightning strikes an airplane flying at 2 km, the
charge deposited on the plane is

(A) 13.33 uC B) 75 C

(C) 1500 nC D) 15C

a If 120 C of charge passes through an electric
conductor in 60 sec, the current in the conductor is
(A) 0.5 A (B) 2 A

(C) 3.33 mA (D) 0.3 mA

The energy required to move 120 coulomb through

3 Vis
(A) 25 mJ (B) 360 J
(C) 40 J (D) 2.78 mJ
Bi=2
1A ;
Fig. P.1.1.5

(A)1A
(C)3A

B)2A
D)4 A

[ In the circuit of fig P1.1.6 a charge of 600 C is
delivered to the 100 V source in a 1 minute. The value

of v, must be

)
U/
20 Q g C_) 60V
)
U/
100 V
Fig. P.1.1.6
(A) 240 V (B) 120V
(C) 60 V D)3V

In the circuit of the fig P1.1.7, the value of the
voltage source E is

Vy 0V
% X
N 1Y
hd
=E
\&/w

4V
& Moy

2

Vl
Fig. P.1.1.7
(A)-16 V (b) 4V
(C) -6V (D) 16 V
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UNIT 1

ﬂ Consider the circuit graph shown in fig. P1.1.8. Each
branch of circuit graph represent a circuit element. The

value of voltage v, is

+105V-_-15V+ —10V+
+ + +
65V 55V 35V
100VC_> o + U1 —g- -
%“4/ %L\
Fig. P.1.1.8
(A) =30V (B) 25 V
(C)-20V D) 15V

ﬂ For the circuit shown in fig P.1.1.9 the value of

GATE EC BY RK Kanodia

vlz?

Networks

+ U —
AAA%
1kQ
Z\7V ‘1»\‘9
/
v(©) Osv
‘b\QO % ) 6V
4kQ
AN
Fig. P1.1.12
(A) -11V B)5V
)8V (D) 18V

The voltage v, in fig. P1.1.11 is always equal to

voltage v, is 1A 10
50Q ?
o 2'A'AY
+ v, 5V
v, 15V 1A 0
_ Fig. P1.1.11
o}
Fig. P.1.1.9 A1V B)5V
9V (D) None of the above
(A) 10V B) 15V
R, =?
C© 20V (D) None of the above K
5Q 10 Q 100 10Q
R =? —\N ANV A'A'A% ANN—------
Be Zwe Zee 3
AN o LN 10Q 10Q 10Q up to o
+
Rl
+ - —~——-
100V <_> v OV Fig. P1.1.14
R, 20V
- (A) 11.86 O (B) 10 Q
° (C) 25 Q (D) 11.18 O
Fig. P.1.1.10
v, =7
(A) 25 Q (B) 50 Q 180 Q
(C) 100 (D) 2000 Q VWV +
60 QO 20V
Twelve 6 Q resistor are used as edge to form a cube. v, C) 0o g _
The resistance between two diagonally opposite corner %00 1800
of the cube is
(A) % Q (B) g Q Fig. P.1.1.15
©) 50 (D) 6 O (A) 320 V (B) 280 V
(C) 240 V (D) 200 V
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UNIT 1

PN Let i(¢) = 3te ™" A and v(£) =0.6(001 — e ™" V for
the network of fig. P.1.1.24. The power being absorbed

by the network element at ¢ =5 ms is

o
b
v N
|
Fig. P.1.1.24
(A) 18.4 uyW (B) 9.2 uW
(C) 16.6 uW (D) 8.3 uW

m In the circuit of fig. P.1.1.25 bulb A uses 36 W when
lit, bulb B uses 24 W when lit, and bulb C uses 14.4 W
when lit. The additional A bulbs in parallel to this

circuit, that would be required to blow the fuse is

20 A
Y,
RONEN Sl CRl e
Fig. P.1.1.25
(A) 4 B) 5
(C) 6 (D) 7

m In the circuit of fig. P.1.1.26, the power absorbed by
the load R; is_
i

1

hy,
1 VC_) 10 g 2i1<T> ng 20
Fig. P.1.1.26
A2 W B)4 W
(C)6 W (D)8 W
v, =7?
+ + +
02A 5Q§vl 0.30; SQ§U2 50, 18£2§v0
Fig. P.1.1.27
A6V B)-6V
C)-12V D) 12V

GATE EC BY RK Kanodia

Networks

m Upp = ?

Fig. P.1.1.28
(A) 154V (B) 2.6V
(C) 26V (D) 154 V

m In the circuit of fig. P.1.1.29 power is delivered by
500 Q 400 O

NN—VWY

i}

40V (_) 2i,

Fig. P.1.1.29

g 200 Q

(A) dependent source of 192 W
(B) dependent source of 368 W
(C) independent source of 16 W
(D) independent source of 40 W

m The dependent source in fig. P.1.1.30

50

AN
20V<t>v1 5Q§ %ﬁgl

Fig. P.1.1.30

(A) delivers 80 W
(C) absorbs 40 W

(B) delivers 40 W
(D) absorbs 80 W

In the circuit of fig. P.1.1.31 dependent source

+ 8V —

Fig. P.1.1.31
(B) absorbs 16 W

(D) absorbs 32 W

(A) supplies 16 W
(C) supplies 32 W

www.gatehelp.com



Basic Concepts

@ A capacitor is charged by a constant current of 2 mA
and results in a voltage increase of 12 V in a 10 sec
interval. The value of capacitance is

(A) 0.75 mF (B) 1.33 mF

(C) 0.6 mF (D) 1.67 mF

The energy required to charge a 10 uF capacitor to
100 V is
(A) 0.10 J

(C)5x107°d

(B) 0.054J
(D)10x107° J

m The current in a 100 pF capacitor is shown in fig.
P.1.1.34. If capacitor is initially uncharged, then the

waveform for the voltage across it is

i(mA)
> t(ms)
Fig. P. 1.1.34
v v
10 10
5 ) t(ms) 5 3 t(ms)
, A) , (B)
0.2r 0.2
5 T t(ms) 5 1 t(ms)
©) (D)

@ The voltage across a 100 uF capacitor is shown in
fig. P.1.1.35. The waveform for the current in the

capacitor is

v

S t(ms)

1 2
Fig. P.1.1.35
i(mA) i(mA)
600
1 2 3 tms) 1 2 3 Hms)
(A) (B)
i(mA) i(mA)
600
T 2 3 t(ms) T 2 3 t(ms)
© D)
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Chap 1.1

m The waveform for the current in a 200 uF capacitor

is shown in fig. P.1.1.36 The waveform for the capacitor

voltage is
i(mA)
5
t(ms)
Fig. P. 1.1.36
5 50m u_
t(ms) t(ms)
4 4
(A) (B)
2500 50mV_
t(ms) t(ms)
4 4
©) (D)
C,="?
2.5 uF
Il
|
Il Il
° il |
1.5 uF 2 uF
Cey 1uF ==
o]
Fig. P.1.1.37
(A) 3.5 uF (B) 1.2 uF
(C) 2.4 uF (D) 2.6 uF

@ In the circuit shown in fig. P.1.1.38
i,,(t) =300sin 20¢ mA, for ¢ > 0.

CZ CZ CZ CZ
Il Il Il Il
+ 1 1 ) )
i v, Ci== C,=/= C, =/ C, =/ =60 mF
Fig. P. 1.1.38

Let C, =40 uF and C, =30 uF. All capacitors are
initially uncharged. The v,,(f) would be
(A) -0.25co0s 20t V (B) 0.25co0s 20t V

(C) -36¢cos 20t mV (D) 36¢cos 20t mV
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Basic Concepts

SOLUTIONS

1. (C) n=10", @ =ne=e10" =16.02 C

Charge on sphere will be positive.
2. (D) AQ =ix At=15000 x 100p =15 C

3. (B);-9@ _120

= =2 A
dt 60

4. (B) W =Qu =360 J

6. (A)

Fig. S1.1.5

6. (A) In order for 600 C charge to be delivered to the

100 V source, the current must be anticlockwise.

i= daQ - 600 =10 A
dt 60
Applying KVL we get

v, + 60 —100 =10 x 20 or v, =240 V

7. (A) Going from 10 V to 0 V
Ve ov
2z>2Y\\X(°1V
+
TE
4V\&/ 5V
V?/\\ ;\va

Fig. S 1.1.7

10+5+E+1=0o0or E=-16V

8.(D)100=65+v, = v,=35V
+105V—- -15V+ 10V +
+ A +
65V v, 55V
100VC_) IR e S N
47 x<5’0
Uy x‘bQ P\
Fig.S1.1.8

GATE EC BY RK Kanodia

Chap 1.1

v;,-30=v, = v,=65V
105+v, ~v,-656=0=> ©v,=25V
v, +15-55+1v,=0=> v, =15V

9. (B) Voltage is constant because of 15 V source.
10. (C) Voltage across 60 Q resistor =30 V
Current _30 =05 A

60

Voltage across R, is =70 -20 =50 V

50

R, =2-=100 Q
05

11. (C) The current { will be distributed in the cube

branches symmetrically

L
3

12
a o - -
]
. 1
z I
3 i
]
1
i |
3 !
15
‘{3 :
————— p——f----=L
- =l - o
I3 2
3
Fig. S. 1.1.11
6i 6i 61 .
=—+—+—=5i,

U
“ "3 6 3
R =Y& _50

eq i

12. (C) If we go from +side of 1 kQ through 7V, 6 V and
5V, weget v, =7T+6-5=8YV

13. (D) It is not possible to determine the voltage across

1 A source.

10(R,, +5)

+
10+5+R,
50 5Q

o—AAM—

Reg, g 100 R,

14. D) R, =5

Fig. S 1.1.14

= R} +15R, =5R, +75+10R, +50
= R, =+125-1118Q
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Basic Concepts

v,-20 v, 20
+ 2= =
5 5 5

v, =20V

Power is P =v, x 9L _920 x @:80 W
5 5

31. (D) Power P =vi =2i, x i, =2i’

i, =4 A, P =32 W (absorb)

t2
:ljidt = 12=%2m(t2 ~t)

11

32. D) v, —v

t1

= 12C=2mx10 = C=167 mF

33. (B) E :% Cv? =5 x 10°° x 100% =005 J

10x107°
100 x 1078

This 0.2 V increases linearly from 0 to 0.2 V. Then

current is zero. So capacitor hold this voltage.

2m
34. (D) v, =+ [idt = 2x10% =02V
¢ 0

35. @i-c®
dt

dv 60

For 0<t<1, 05—100 x107° =600 mA

For 1ms < ¢t < 2ms,
0-6

————=-600 mA
(3-2)m

c % _100x10° x
dt

36. (B) For 0 <t <4,

71 =550 10 ji tdt = 3125¢°
X

At t=4 ms, v, =005V
It will be parabolic path. at ¢ =0 #-axis will be tangent.

37. (A) 2 pF is in parallel with 1 pF and this

combination is in series with 1.5 uF
_15@2+1)
'15+2+1

C,=1+25=35uF

=1uF, C, is in parallel with 2.5 uF

38. (A) C, =392 60 _90 mF, ¢, 23020 +40) o5
30 + 60 30+20+0
Gl o Cenl Gl G
II2 II2 Il Il
] ] ] ]
Ci=—=! C=/=! Ci=/=!| C,=/= ——60 mF
Fig. S 1.1.38

GATE EC BY RK Kanodia

Chap 1.1

We can say C, =20 mF, C,, =20 + 40 =60 mF
V¢ =é.[idt= 1( ﬂ cos ZOtj x 107 =-025 cos 20t V

60m{ 20
. i, C, .
39. (O) iy, = N =0.8sin 600 mA
1 2

At t=2 ms, i, =0.75 mA

40. (B) Vo1 = Cvmcz :7412"1 = - =04
" +C, 6+4 v,

in

<

41. D) V=2+3+5=10,Q =1C, C:%:O.IF

42. (A) vL—L%: 100m = 1, 200™ L =2 mH

m

di

43. (B) v, =L o =001x2(377 cos 377t) V

=T754c0os 377t V

4. (A)i-L j vdt =i [120 cos 3¢ dt = 12000 ;. a774
01 377
P=vi= W( sin 377t)(cos 377t)

=1910sin 754t W

di dv

45. D) v, =L % i, =%

(D) v, e’ e dt

. d%, .

Ve =3, = I, :3LCW =-9.6sin 4¢ A
46. (B) v, =L %z
For 2 <t <4, v, :(0.05)[‘102‘0j —_25V
For 4 < <8, by :(0.05)(10(”1(’()) _25V
For 8 <t <10, v, =(0.05)(O _ZIOOJ =-25V

Thus (B) is correct option.
47. (C) Algebraic sum of the current entering or leaving
a cutset is equal to 0.

Iy +i,+1,=0 = g+—

+1i;=0

i,=—1TA, v,=—Tx3=-21V

sfesfestok skoskoskokok
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CHAPTER

1.2

GRAPH THEORY

Consider the following circuits :

S I G
: £

o Lo

(3) (4)

The planner circuits are
(A) 1 and 2 (B) 2 and 3

(C) 3 and 4 (D) 4 and 1

a Consider the following graphs

s

1) (2)
3) (4)

Non-planner graphs are
(A) 1 and 3 (B) 4 only
(C) 3 only (D) 3 and 4

E A graph of an electrical network has 4 nodes and 7
branches. The number of links [, with respect to the
chosen tree, would be

(A) 2 (B) 3

(C) 4 D) 5

For the graph shown in fig. P.1.1.4 correct set is

S

Fig. P.1.1.4
Node Branch Twigs Link
(A) 4 6 4 2
(B) 4 6 3 3
©) 5 6 4 2
D) 5 5 4 1

a A tree of the graph shown in fig. P.1.2.5 is

1 3
b 8
4 no 5
Fig. P.1.2.5
Aadeh B)acfh
Coafhg M aefg
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UNIT 1
[1 -1 0]
@Af-1 0 1
|0 1 -1
-1 -1 0]
©lo0 1 1
|1 0 -1]

GATE EC BY RK Kanodia

1 0 -1
B)[-1 -1 0
0 1 1
-1 0 1]
M| 0 1 -1
|1 -1 0]

The incidence matrix of a graph is as given below

K

The graph is
2

A)

©)

0
0 -1
0

-1

0 0 0]

1 1 0

10 —1|

0 -1 -1]
2

1 3
®)
2

1 3
(D)

The incidence matrix of a graph is as given below

-1 0

0 0

A—‘ 0 0
0 1

The graph is

2

(A)

Page
14

0

-1 1 0 0]

1 0 1 1

0 0 0 -1|

0 -1 -1 0

0 0 0 OJ
2

1 3
5
(B)

Networks
2 2
1 3 1 3
5 5
(C) (D)

The incidence matrix of a graph is as given below

[—111000—’
00—1110}

A:
} 0 -1 0 -1 0 0
1 0 0 0 -1 -1
The graph is
1 3 1 3
4 4
(A) ®)
1 3 1 3
4 4
©) D)

The graph of a network is shown in fig. P.1.1.16. The

number of possible tree are

Fig. P.1.1.16
(A) 8 (B) 12
(C) 16 (D) 20

www.gatehelp.com
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= O O

The oriented graph of the network is

% The fundamental cut-set matrix of a graph is
[1 -1 00 0 O]
}0 -1 1 10 {
U=y 000 11
0 00 -1 0
(©) (D)

m A graph is shown in fig. P.1.2.24 in which twigs are
solid line and links are dotted line. For this tree

fundamental loop matrix is given as below

1110
B, -
1011

Fig. P.1.2.24

C D
© ) The oriented graph will be

m A graph is shown in fig. P.1.2.23 in which twigs are
solid line and links are dotted line. For this chosen tree
fundamental set matrix is given below.
[1 1 0 0 1 0]
B.={0 -1 1 1 0 0
0 0 0 1 1 1

(A) (B)
©

Fig. P. 1.2.23 (D)
The oriented graph will be Pl Consider the graph shown in fig. P.1.2.25 in which
twigs are solid line and links are dotted line.
(A) (B)

Fig. P. 1.2.25

www.gatehelp.com
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Graph Theory

A fundamental loop matrix for this tree is given as

below
1 0 0 1 0 1—‘
B,.=f0 1 0 -1 -1 0
L o 0 1 o0 1 —1J

The oriented graph will be
(A) (B)
() (D)

@ In the graph shown in fig. P.1.2.26 solid lines are

twigs and dotted line are link. The fundamental loop

matrix is
i
____________ ->_—_——"“~~\\
..'//CL WS E\\x
AR 1) ay /4 f
¥
Fig. P.1.2.26
1 1 0 0 0 O 0 1 O]
o 1 -1 -1 0 0 1 0 O
(A)

o 0 0 1 -1 1 0 0 O
-1 0 -1 0 -1 0 O 0 1]
(<1 1. 0 0 0 0 0 1 O]

O -1 -1 -1 0 0 1 0 O

(B)

o 0 0 -1 1 -1 0 O O
110 1 0 1 O O 0 1]
1 1. 0 0 0 0 0 -1 0]

o 1 1 1 0 0 1 0 o0

©)

o 0 0 1 -1 1 0 0 O
110 1 0 -1 0 O 0 1

GATE EC BY RK Kanodia

[1 1 0 0 0 O O 1 O
0 1 -1 1 0 0 1 0 O ‘
(D) ‘
0o 0 0 1 1 1 0 0 O
-1 0 1 0 1 0 0 0 1

Chap 1.2

Branch current and loop current relation are

expressed in matrix form as

i1 o 1 -1 o0
| |0 0 -1 1
il |1 0 0 -1 [111
i -1 1 0 oL
ii| |1 0 0 ol
il 1o 1 0o o]
il 0o 0o 1 0
il o o o 1]

where i, represent branch current and I, loop

current. The number of independent node equation are
(A) 4 B) 5

(C) 6 (D) 7

@ If the number of branch in a network is b, the
number of nodes is n and the number of dependent loop

is [, then the number of independent node equations

will be

A)n+l-1

C)b-n+1

Statement for Q.29-30:

B)b-1
D)n-1

Branch current and loop current relation are

expressed in matrix form as

i1 [0 0 1 0
i |-1 -1 -1 o0
B |0 10 o))
i, |1 0 o ol
i, [0 0 -1 -1||I,
Wl |11 0 -1|lg,]
il [1 0 0 o0
il Lo o o 1]

where i, represent branch current and I, loop

current.

m The rank of incidence matrix is
B) 5
(D) 8

(A) 4
(C) 6

www.gatehelp.com
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UNIT 1

m The directed graph will be

s s
///’— \\\\ ///’— \\\\
&5 6 N &3 6
3 P . Q@ P P
\ / \, /
\, / \ /
\, / \ /
\, 7/ \ /
\\ // \\ //
N2 Aoy A SRR 1
1\ / 1\ /
\, / \ /
\ / \ /
\\ // \\ //
|/ é \l/ 4
LA LA
_— — — ——
e ~Q e ~Q
/ 5 6 / 5 6
& < < & = <
\ / \, /
\, / \ /
\, / \ /
\, 7/ \ /
\\ // \\ //
) T2 //3 \ K ) T2 /3 \ &
X / X / /
\, / \ /
\ / \ /
\\ // \\ //
\\ // ‘4 \\ // ‘4
©) (D)

A network has 8 nodes and 5 independent loops.
The number of branches in the network is
A) 11 (B) 12

(C) 8 (D) 6

E A branch has 6 node and 9 branch. The independent

loops are
(A) 3 (B) 4
(C) 5 (D) 6

Statement for Q.33-34:

For a network branch voltage and node voltage

relation are expressed in matrix form as follows:

] [1 0 0 1
v, |0 1 0 0
o| [0 0 1 0|V
o, [0 0 0 1]V,
b |1 -1 0 0 {Vg
s |0 1 -1 oV,
v, 0 0 1 -1
o] [ 1 0 -1 o

where v, is the branch voltage and V, is the node

voltage with respect to datum node.

E The independent mesh equation for this network

are
(A) 4 (B) 5
(C) 6 D7

GATE EC BY RK Kanodia

Networks

m The oriented graph for this network is

5 5
5 5

©) (D)

www.gatehelp.com
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7. (D) D is not a tree

SOLUTIONS

1. (A) The circuit 1 and 2 are redrawn as below. 3 and 4 can

not be redrawn on a plane without crossing other branch.

AN |
AN
i $3
: :
— (B)
//?\\
(1) . 2) SN
Fig. S1.2.1 PO N
2. (B) Other three circuits can be drawn on plane i
without crossing :
(1D (2) Fig. S .1.2.7

8. (D) it is obvious from the following figure that 1, 3,

and 4 are tree

3) PaN
Fig. S1.2.1 a b l}/’ \\\b
_ /,/ . \\\\‘
8.(C)l=b-(n-1)=4. ! 16X K
\\\\d e
4. (B) There are 4 node and 6 branches. AN !
t=n-1=3, l=b-n+1=3 4
(2)
5. (C) From fig. it can be seen that a f h g is a tree of 2 2
given graph " s . 5

o

1 R 3
)
d € 4 //
w
Fig. S 1.2.5 @) )
6. (B) From fig. it can be seen that a d fis a tree. .
a \\\b
16 < % 3
\\d e
\\\\ f
4
(5)
Fig.S.1.2.6 Fig. S. 1.2.8

www.gatehelp.com
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UNIT 1

i
___________ ->_—__“~~~\
T 7 N
VAL o S %
\\ c I/
\ 4
N L2) o)/
\\ /
h \ \ i, dY / f
\, 4
\, /
\\ I/
\ o /
g
Fig. S 1.2.26

This in similar to matrix in (A). Only place of rows has

been changed.

27. (A) Number of branch =8
Number of link =4

Number of twigs =8 -4 =4
Number of twigs =number of independent node

equation.

28. (D) The number of independent node equation are

n-1

29. (A) Number of branch 6=8
Number of link [ =4
Number of twigs t=b-1=4

rank of matrix =n-1=¢=4

30. (B) We know the branch current and loop current
are related as
[i,1=[B"11I,]
So fundamental loop matrix is
[0 -1 01 0 1 1 0]

g (0110 0 100
11t -1 00 -1 00 0
0 000 -1 -10 1

f-loop 1 include branch (2, 4, 6, 7) and direction of
branch—-2 is opposite to other (B only).

31. (B) Independent loops =link
l=b-(n-1
= 5=b-7,b=12

32. (B) Independent loop =link
l=b-(n-1)=4

33. (A) There are 8 branches and 4 +1=5 node
Number of link =8 -5+1=4

GATE EC BY RK Kanodia

Networks

So independent mesh equation =Number of link.

34. (D) We know that [v,1=A" [V, ]

So reduced incidence matrix is
[1 000 1 0 O 1—|
060100 -1 1 0 O
"1oo 10 0 -1 1 —1‘
0001 0 0 -1 0]

A

At node-1, three branch leaves so the only option is (D).

stesteskosk ok steokokok sk sk

www.gatehelp.com
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CHAPTER

1.3

METHODS OF ANALYSIS

v, =? (A) 120 V (B) -120 V
A/ Y (©) 90 Vv (D) -90 V
N
4Us<-_l-> 6R g Ul l}‘9 ﬂ va = ? 10 o
- AN
12V 4 Q 10V
O #50
(A) 0.41)5 (B) 1.505 e Va 3
(C) 0.67v, (D) 2.5v, 10 ” 20
E v, =7 =
3A Fig. P1.3.4
_@_ (A) 4.33 V (B) 4.09 V
(C) 867V (D) 8.18 V
2Q
_M_“Ua a UZ = ?
20 Q 60 Q
39% ( 1 )1A :\N\r AN
UZ -
= 30 Qg 0.5A 10V § 30Q
Fig. P1.3.2
(A)-11V B) 11V
)3V (D) 3V Fig. P1.3.5
(A) 05V (B) 10V
o =2 ©) 15V D) 2.0V
W
+ 37Q
v (O Daa §3°Q ANV AN
200 y'b
W\' 10V C_D 05A
_ 36 Q 69 Q
60 Q gvl 9A 6A geog VWV MWV
+ Fig. P1.3.6
(A) 0.6 A (B) 0.5 A
Fig. P1.3.3 (C)0.4 A (D) 0.3 A

www.gatehelp.com
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UNIT 1 GATE EC BY RK Kanodia Networks
Q=7 (A) 20 mA (B) 15 mA
6A (C) 10 mA (D) 5 mA
@ i =?
8Q i, 2Q
—NMWN— TN AAAY 50 Q
100 AN
o) S S S §
v () ™
Fig. P1.3.7
(A) 3.3 A (B) 2.1 A GOQ4OQ 0.06 A
(C) 1.7 A (D) 1.1 A NN
I o
0.1A
wra [ 10 ka Fig. P1.3.11
75V
T 5mA CD I\ (A) 0.01 A (B) -0.01 A
Nl (C) 0.03 A (D) 0.02 A
ke iy 90 kQ
The value of the current measured by the ammeter
Fig. PL3.8 in Fig. P1.3.12 is
(A) 1 mA (B) 1.5 mA 24
(C) 2 mA (D) 2.5 mA < :)
70 40 Ammeter
B -2 AN W\,—«:E
2A
4@7 3a(} geg
3V 50 20
40
ANV == VWV VW=
Fig. P1.3.12
A
(D §3Q §2“ A2 A ® 2 A
yl 3 3
5 2
Fig. P1.3.9 © ) A (D) 9 A
A)4 A B)3 A
(A) (B) i =2
(C)6 A (D)5 A
200 Q
i=? A AAY
2 kO 40 mA 100 Qg N gsog 10 mA
AN
45VC> Ciy §5009 15 mA .
_ Fig. 1.3.13
(A) 10 mA (B) -10 mA
Fig. P1.3.10 (C) 0.4 mA (D) 0.4 mA

Page
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GATE EC BY RK Kanodia

The values of node voltage are v, =12V, v, =9.88 V

and v, = 5.29 V. The power supplied by the voltage

40

8Q

50

A'A%

A'A%

A'A%

DR gr\ § N (F
12V<_> 2Q o 20 (_)20\7

source is
60 D
A N\
40 3Q
Yoy o’ Ve Fig. 1.3.17
12VC> A §2Q 4 -2 0| 12
= A)|-2 8 -2|i,|=(-8
0 2 5]|i| [20]
Fig. 1.3.14 (‘6 -2 0][i | [12]
®B)|2 -12 2|/i,|=| 8
(A) 198 W (B) 27.3 W 10 2 -T]lig] |20]
(C) 46.9 W (D) 54.6 W "6 2 0[i] [12]
C)|-2 12 -2 = 8
i1:i2’i3:? © K
| 0 -2 7__L3_ 120 |
AAA 4 -2 o1 [12]
D), 2 -8 2|i,|=| 8
3o (Y 90 z
AN ANA— L0 2 5[5 ] [20]
15 V<_> N geg N C“) 21V For the circuit shown in Fig. P1.3.18 the mesh
equation are
6 kQ
Fig. P1.3.15 AN
6 kQ /13\ 6 kQ
(A)3 A, 2A and 4 A (B)3 A, 3A and 8 A AN AAA—
(C)1 A, 3A, and 4 A (D)1A,2A, and 8 A L /iy N
GVCD 5 mA §6kQ
v, =?
Fig. 1.3.18
4mh 2k 2mA [ 6k -12k —12k1[i1—‘ -6
1kQ 1kQ
AN AN ° (A) | -6k 6k -18k|ji,| =] O
-1k -1k 0k L’SJ 5
1kQ 1mA 2k & v, ) R
6k 12k -12k|[} -6
° (B)|-6k -6k 18k||i,| =| O
Fig. P1.3.16 _—]_k 1k Ok_ i, I 5_
w6y ® 8y 6k -12k 12k][i,] [-6]
5 '5 (C)| 6k -6k 18k||i,| =| 0
1k 1k  Ok||: 5
8 v D2V i 1] L 5]
7 7 6k 12k -12k][i,] [-6]
h N . tion for the cireuit in Fi (D) |-6k 6k -18k||i,| =| 0
o € mesn current equation ior € Circuilt 1 1g. 1k 1k 0k i3 5

P1.3.17 are L 1% ] L <]

www.gatehelp.com
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O

A'A'A%
i\

Fig. P1.3.25

The value of R, is

(A) 40 (B) 15
C) 5 (D) 20
26 R
2.5 kQ
NN
10 kQ 10k |
20V 10 kgg 5kQ 4 mA
Fig. P1.3.26
(A) 26 V B)19V
(C) 183V (D) 18 V
v="?
2A
()
/
10 Q v 20Q
AM—4—A—]
4 A
150 5Q
AN ANN—
Fig. P.3.1.27
(A)eo VvV (B) 60V
(C)30V (D) 30 V
m il =?
300 Q
NN
40VC_> Fll\ g 500 Q O.4i1
Fig. P1.3.28

GATE EC BY RK Kanodia Chap 1.3
(A) 66.67 mA (B) 46.24 mA
(C) 23.12 mA (D) 33.33 mA
B o, =2

100
10A 20 A
Fig. P1.3.29
(A) 342V B) 171V
(C) 198 V (D) 396 V
30 FAE
50 Q 150 Q
A 'AA% NN
225 Q 100 Q 200 Q
2V 4V 8V
75 Q 50 Q
AAY 'A%
Fig. P1.3.30
(A) 14 mA (B) -65 mA
(C) 7 mA (D) -21 mA
v, =7?
50 Q
A 'A'A%
— oy 4+
v C_) g 100 Q 0.04v,
Fig. P1.3.31
A5V (B) 7BV
)3V D)1V
L =?
Fig. P1.3.32
www.gatehelp.com
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UNIT 1 GATE EC BY RK Kanodia Networks

(A) -1.636 A (B) -3.273 A v, =?
0.8v,
(C) -2.314 A (D) -4.628 A N
N
33, v, =7 16 A 90

* 2.5 Qg 50 CD 10 A
1.6 A C) 100 Qg 0.02v,, 50 Q gvx

Fig. P1.3.37
Fig. P1.3.33
(A) 2591V B) 2591V
A) 32V B)-32V
&) (B) (C) 51.82 V (D) 51.82 'V
12V D) -12 'V
' m For the circuit of Fig. P1.3.38 the value of v, , that
i, =7 will result in v, =0, is
3A 2A
0.1v,
A AAY NV
10Q 20 Q
+
Fig. P1.3.34 " (—) wesn (—) 8y
(A) 4 mA (B) -4 mA
(C) 12 mA (D) -12 mA Fig. P1.3.38
m ) (A) 28V (B) 28V
v, = !
' (© 14V (D) 14 V

A'A% 39, P AN
4Q N
(D) Sar
s A sag D

18V
Fig. P1.3.35
A1V (B)15V Fig. P1.3.39
© 4V (D) 6V (A) 26 A, 14 A (B) 2.6 A, -1.4 A
o -2 (C) 1.6 A, 1.35 A (D) 12 A, -1.35 A
50 Q v, =7

MV

P
+
2A 100 Qg 25i, 50 Qg v, <J_r> 0.20,

Fig. P1.3.36
(A) 3V B)3V
(C)10Vv (D) -10V

Fig. P1.3.40

www.gatehelp.com
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(A) 10V (B)-10 V
7V D) -7V
v, =7
- Uy 4
A AAY
050, 500 Q
S A4
500 Q
0.6 A g 600 Q §900 Q CD 0.3A
Fig. P1.3.41
A9V B) 9V
(C)10V (D) 10V

The power being dissipated in the 2 Q resistor in the
circuit of Fig. P1.3.42 is

25A
Fig. P1.3.42
(A) 76.4 W (B) 305.6 W
(C) 525 W (D) 210.0 W
L=7?
500 Q
ANV
+ U, —
100 0 0.6A
180VC> +
T 4000 vy 0.001v,
AM——
100 0
0.0050,
Fig. P1.3.43
(A) 0.12 A (B) 0.24 A
(C) 0.36 A (D) 048 A

sfesfestestestestestesteteoteotoioioioioior

GATE EC BY RK Kanodia

SOLUTIONS

1. (B) Applying the nodal analysis
4v, + U

6R 3R
1 1 1

v, = = 15v,

6R 3R 6R

2. C)v, =23+D+3(1H =11V

3.M) -1 1+Mi6-9 = p=-90V
60 60
4. V10 %y o _geTV
4 2
v, +10

5. (D) 22 + =05 = v,=2V
20

6. (B) Using Thevenin equivalent and source transform

8
3 Q . 60 V

Fig. S.1.3.6
25 60
84+2 15
—_3 —
v, =22 S1523V
14315
. 95-1523
=Ty =209 A
3
7.8 i -—1% 1 05-06A
64 + 36

8. (B) 75 =90ki, + 10k(i, —75m)
150 =100ki, = i, =15 mA

9.(B)3=2; +3: -4 = 1 =3A

10. (B) 45 =2ki, + 500 (i, + 15m)
= i =15mA

11. (D)
6.6 =504, +100(;, +0.1) + 40(;, —0.06) + 60(i, —0.1)
i, =002 A

www.gatehelp.com
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UNIT 1 GATE EC BY RK Kanodia Networks

38. (D) If v, =0, the dependent source is a short circuit - 30 +172-5 2 309 A — 6i, =1975 V
v, v -v, U —48 B
40 * 10 * 20 =2-3 = 1v=0 voltage across 2 Q resistor
-1975=1
BT N (13;;2 o
3A 2A P = =5253 W
[ ]
| 43. (A) v, =500i,
1\1/0\{2\’ m v, =400(;; —0001v,) =400 (i, —0.57,) =2007,
o + - 180 =500i, +100(i, -0.6) + 2007, +100(;, +0.005v,)
v, () 1000, C) 48V , .
= _ = 180 =900z, — 60 + 100 x 0.005 x 2007,
i =012 A
Fig. S1.3.38

seskestetostotoskoksoksor
39. D) i, =i, —i,
15 = 4i, —20, —i,) + 6(i, — i,)

=  8i, —4i, =15 ()
~18 =2i, + 6(i, — i)
=  3i, —4i,=9 .. (i)

=12 A, i,=-135 A

40. (B) 14 =3i, + v, + 6(i, —2 —7) + 20, +2(i, -7)
v, =30, -2)

14 = 3i, + 90, —2) + 6(i, —9) + 2(i, —7)

14=20i, -18 54 -14 = i, =5 A

v, =6(5-2-7)+2x35-2)+2(5-7)=-10 V

+
. vy CD 7TA 2v,
oh

20

Fig. S1.3.40

41. (D) Let ¢, and i, be two loop current
05v, =5007;, + 500z, —i,),

v, =-500i,

= 5i, —2i, =0 ()
500(i, —i,) + 900(i, +0.3) + 600(i, —0.6) =0
~5i, +20i, =09 (i)

i, =20 mA, v, =-500x 20m =-10 V
42. (C) 30 =5i, + 3(i, —25) + 4(i, —25 +2)
www.gatehelp.com
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CHAPTER

1.4

NETWORKS THEOREM

Uy s By =7 . vo M A simple equivalent circuit of the 2 terminal network
AN ANN—o0 shown in fig. P1.4.4 is
6V (_) g 60 va’RlI R
1*J .
12 v
Fig. P.1.4.1
A2V, 40 B)4V, 40 ,
Fig. P.1.4.4
(C©)4V,50Q D 2V,5Q
———0
vy By=7? R
Biv. By 20 20 R
A 'A'AY ANN—o
U
v " 4o By °
C—) g D (A) (B)
]
Fig. P.1.4.2 R
10 R g i
(A)3A,?Q B)10 A, 4Q ;
C)15A,6Q (D) 15A,40Q
© (D)
U s Ry =7 90
AN ° Bi, R, =? ,
Q
2'A'AY °
2A T g 30 1Q§ va’Rﬂ
i wg
6A 40 30 -—
O
Fig. P.1.4.3 o
A) -2V, g Q (B) 2 V,% 0 Fig. P.145
5 6 (A4 A 30 B)2A 6Q
(C>1V,gf2 D) -1V, s @ (C)2A,90Q D)4 A, 20

www.gatehelp.com
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UNIT 1 GATE EC BY RK Kanodia Networks
ﬂ Upr s Ry =7 The value of the parameter are
,\3/0\;2\, ,,25,, Q,, Ury Ry Iy Ry
900 (A) 4V 2 Q 2 A 2 Q
v(©) vna, B B) 4V 2.0 2 A 30
5A (C) 8V 1.2 O N0A 1.2 Q
° (D) 8V 50 SA 5 Q
Fig. P.1.4.6
v =7?
(A) -100 V, 75 Q (B) 155V, 55 Q 20 10 10 30
(C) 155V, 37 Q D) 145V, 75 Q YWV YW
+
RTH= 9 8V zgg 6Q§U_1 gag 18V
60
Fig. P.1.4.10
2A 6Q
RTH
A6V B 7V
5V
)8V D)1V
Fig. P.1.4.7 .
'8 i, ="?
(A) 3Q (B) 12Q -
4kQ ii 4kQ 6 kQ
(€) 6Q (D) oo L/\M’_@_
ﬂ The Thevenin impedance across the terminals ab of 12V g 4KO Skgg 94V

the network shown in fig. P.1.4.8 is

30

A'A%

2A 60 P 8Q
pAY

8Q

AN ob
Fig. P.1.4.8

A) 20 (B) 6 Q

(C) 616 Q (D) %Q

ﬂ For In the the circuit shown in fig. P.1.4.9 a network
and its Thevenin and Norton equivalent are given

20

3Q
o o
Ry
4V 2A iy g Ry
Uty
] o

Fig. P.1.4.9

Fig. P.1.4.11
(A)3 A (B) 0.75 mA
(C) 2 mA (D) 1.75 mA

Statement for Q.12-13:
A circuit is given in fig. P.1.4.12-13. Find the

Thevenin equivalent as given in question..

100 16 Q

y
'A'A%
5V §4OQ gBQ 1A
x y

Fig. P.1.4.12-13

As viewed from terminal x and x' is
(A) 8V, 6Q B)5V,60Q
(C)5V,320 D)8V, 320
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As viewed from terminal y and y’' is
(A)8YV, 320 B)4V,320
C)5V,60Q D)7V, 6Q

A practical DC current source provide 20 kW to a
50Q load and 20 kW to a 200 Q load. The maximum
power, that can drawn from it, is

(A) 22.5 kW (B) 45 kW

(C) 30.3 kW (D) 40 kW

Statement for Q.15-16:
In the circuit of fig. P.1.4.15-16 when R =0 Q , the

current i, equals 10 A.
40 20 20

b

Fig. P.1.4.15-16.

The value of R, for which it absorbs maximum

power, is
A)4Q B)3Q
)20 (D) None of the above

The maximum power will be
(A) 50 W (B) 100 W

(C) 200 W (D) value of E is required

Consider a 24 V battery of internal resistance
r =4 Q connected to a variable resistance R; . The rate
of heat dissipated in the resistor is maximum when the
current drawn from the battery is i . The current drawn

form the battery will be i/2 when R, is equal to

(A)2Q (B)4 O
(C)8Q (D) 12 O
18. 12 R,=7?
iy, Ry 100 50
51
i R
> weg
0]
Fig. P.1.4.18
(A) 2 A, 200 (B) 2 A, 20 O
(C)0 A, 200 D)0 A 200

GATE EC BY RK Kanodia

vTH? Ry =7

60 i
AN = o
3iy <t> 40 iN’. By
o
Fig. P1.4.19
(A)0Q B) 1.2Q
(C) 24 Q (D) 3.6 Q
m Uy s Ry =7
4V
N .
o
0.10, §5 o o vry Ropg
— o
Fig. P.1.4.20
A8V,50 B)8YV, 100
C)4V,5Q D)4V, 10Q
Ry =7
2Q 3Q
AN AA—
4v (_) z . Lm
— o
Fig. P.1.4.21
(A)3Q B) 1.2Q
©) 50 (D) 10 Q

@ In the circuit shown in fig. P.1.4.22 the effective

resistance faced by the voltage source is

4Q
A
O
Fig. P.1.4.22
(A) 40O B)3Q
20 D)1a

www.gatehelp.com
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m In the circuit of fig. P1.4.23 the value of R, at

BT The value of R, will be
terminal ab is ;

— AN
0.750, <Y
16V 09A g 30 R,
. 20
AN oa
- Fig. P.1.4.26-27
ov( ™ 49%%
+
ob A)2Q B)3Q
Fig. P.1.4.23 )10 (D) None of the above
(A) -30Q (B) gQ The maximum power is
8 8 (A) 0.7 W B)1.5W
(9] 3 Q (D) None of the above (C) 2.25 W (D) 1.125 W
m Ry, =7 m By =1
-2i
200 O *
AN ) @
- R
1—86 vaglo()ﬂ 5OQ§ -~ N/ m + °
. 0.01v,
o 100 Qg 300 © . B
Fig. P.1.4.24 i, 800 Q
—=ANN\— o
Fig. P.1.4.28
(A) o B)0
(®)) %Q (D) %Q (A) 100 O (B) 136.4 Q
(C) 200 © (D) 272.8 Q

m In the circuit of fig. P.1.4.25, the R, will absorb

maximum power if R, is equal to

m Consider the circuits shown in fig. P.1.4.29

lag

2Q

40 Q 100 Q W\,
AN AN
ii 60 6Q
- 2 Q 2 Q
6 V(_) 200 Qg 3i R,
12V
12V 8V
Fig. P.1.4.25
6Q
@ %o ® 2 k0 2> A
60 60
© 8% q @ % ko
3 9 20 20
Statement for Q.26-27: 18V 60 3A 12V

In the circuit shown in fig. P1.4.26-27 the
maximum power transfer condition is met for the load

R, .

Fig. P.1.4.29a & b

www.gatehelp.com
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The relation between i, and i, is

(A)i, =1, +6 B) i, =i, +2
(©) 1, =151, (D) i, =1,
B R, =7
120 40
° A'A% A'AY%
R, 60 20
—>§1SQ gGQ
90
[~
Fig. P.1.4.30
72
A) 18 Q B) —Q
(A) ( )13
36
C)—Q D)9
( )13 D)

In the lattice network the value of R, for the

maximum power transfer to it is

7TQ
(o}
R,
o}
90
Fig. P.1.4.31
(A) 6.67 Q B) 9
(C) 6.52 O (D) 8O

Statement for Q.32-33:

A circuit is shown in fig. P.1.4.32-33.
120

Us1

Fig. P.1.4.32-33

BPA If v, =v,, =6 V then the value of v, is
(A)3V B4V

C)6V D)5V

GATE EC BY RK Kanodia

Chap 1.4

Ifv, =6V and v, =—6 V then the value of v, is
(A)4V (B) 4V
C)6V (D) 6V

m A network N feeds a resistance R as shown in fig.
P1.4.34. Let the power consumed by R be P. If an
identical network is added as shown in figure, the

power consumed by R will be

Fig. P.1.4.34

(A) equal to P
(C) between P and 4P

(B) less than P
(D) more than 4P

m A certain network consists of a large number of
ideal linear resistors, one of which is R and two
constant ideal source. The power consumed by R is P,
when only the first source is active, and P, when only
the second source is active. If both sources are active

simultaneously, then the power consumed by R is
(A) P, +P, (B) JP, + P,
(©) (JP, + P, (D) (P, + P,)?

@ A battery has a short-circuit current of 30 A and an
open circuit voltage of 24 V. If the battery is connected
to an electric bulb of resistance 2Q, the power
dissipated by the bulb is
(A) 80 W

(C) 1125 W

(B) 1800 W
(D) 228 W

The following results were obtained from
measurements taken between the two terminal of a

resistive network

Terminal voltage 12V ov

Terminal current 0A 15A

The Thevenin resistance of the network is
(A) 16 Q (B)8Q
(ON] (D)

www.gatehelp.com
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m A DC voltmeter with a sensitivity of 20 kQ/V is used
to find the Thevenin equivalent of a linear network.

Reading on two scales are as follows
(a)0—-10 V scale : 4V
(b) 0 =15 V scale : 5V

The Thevenin voltage and the Thevenin resistance

of the network is

w By 20044 ® 2v, Lo
3 3 357 15
©18V, ZMo @36V, 2010

m Consider the network shown in fig. P.1.4.39.

+
Linear
Network R va
Fig. P.1.4.39

The power absorbed by load resistance R, is

shown in table :

R, ‘ 10 kO ‘ 30 kO

P ‘ 3.6 MW ‘ 4.8 MW

The value of R, , that would absorb maximum

power, is
(A) 60 kQ (B) 100
(C) 300 (D) 30 kO

m Measurement made on terminal ab of a circuit of
fig.P.1.4.40 yield the current-voltage characteristics

shown in fig. P.1.4.40. The Thevenin resistance is

i(mA)
—oa
30 *
Resistive
20 Network Vab
10 _
| ob
v

4/3 2 1 0 1 2

GATE EC BY RK Kanodia
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SOLUTIONS

1. (B) vy, =00 _4y

3+6
R, =(31l6)+2=40Q

2. (A)
20 20
iisc
15 VC_) 4Q
Fig. S.1.4.2
RN=2H4+2=%g§L
15
2 _
w=y 1 16V
2 2 4
.y
L=iy=1=3A
lsc LN 2
3. () vy =23 4y

+3

5
Ry =1115= 20

4. (B) After killing all source equivalent resistance is R

Open circuit voltage =v,

5. (D) The short circuit current across the terminal is

2Q
AN\
iisﬂ
6 A §4Q §3Q
Fig. S1.4.5
. 6x4 .
= =4 fx = ,
R N
R, =6113=20Q

6. (B) For the calculation of R, if we Kkill the sources

then 20 Q resistance is inactive because 5 A source will
be open circuit

R, =30+25=55Q,

Uy =5 +5x30=155V

www.gatehelp.com

Fig. P.1.4.40
(A) 300 Q (B) -300 ©
(C) 100 © (D) -100 Q
stk skokok
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7. (C) After killing the source, R,; =6 Q

6Q

|

R
TH

|

e — )
Fig. S.1.4.7

8. (B) After killing all source,
R, =3116+8118=6Q

9. D v, =2x2+4=8V=u,y

Ry =243=5Q=Ry, iy=30 =2 A

10. (A) If we solve this circuit direct, we have to deal
with three variable. But by simple manipulation
variable can be reduced to one. By changing the LHS

and RHS in Thevenin equivalent
10 10 10 20

NN—T VNV

+
4V Gngl

12V

Fig. S1.4.10
4 12
+
1+1 1+2
1 1 1
——+ =+
1+1 6 1+2

=6V

v, =

11. (B) If we solve this circuit direct, we have to deal
with three variable. But by simple manipulation
variable can be reduced to one. By changing the LHS

and RHS in Thevenin equivalent

20V

2 kO i, 4ko 2kQ
P
6V 8V
Fig. S1.4.11
20-6-8
0 =075 mA

"okt 4k + 2k

GATE EC BY RK Kanodia
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12. (B) We Thevenized the left side of xx' and source
transformed right side of yy’'

sQ . 160 4, 80

MV

4V 8V

x y
Fig. S1.4.12

7+7
8 24
R, =811(16+8) =60

13. (D) Thevenin equivalent seen from terminal yy' is
4 8
24" 8
Vyy =g =57 =7V,
N + J—
24 8
R, =(8+16)118=6Q

14. (A)
i g r R,
Fig. S1.4.14
. 2 . 2
( w J 50 =20k, (”] 200 =20k
r+50 r +200
(r +200)2 = 4(r + 50)?
= r=100Q

2

i=30a, p_ B0 x100 o001y

max

15. (C) Thevenized the circuit across R, R,; =2 Q
40 20 20
S Sz

Fig. S1.4.15

16. (A) i, =10 A, R, =20,

2
P ax:(lzoj «2-50 W

m;

www.gatehelp.com
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UNIT 1

Now in this circuit all straight-through connection

have been cut as shown in fig. S1.4.32b
60

6V

gzg

Fig. S.1.4.32b

_6x(2+3) _

v, = 5V
2+3+1

33. (B) Since both source have opposite polarity, hence

short circuit the all straight-through connection as
shown in fig. S.1.4.33

6Q

6V

gzg

Fig. $1.4.33

_ 6x(6113) _

3 -4V
2+1

34. (C) Let Thevenin equivalent of both network

Fig. S1.4.34

2
P= Y R
R, +R

2
2
P JVTH ) R=4(VTH ] R

LR"'RTHJ 2R+RTH
2

Thus P <P' <4P

35. (C) i, =\/§ and i, =E
P2

using superposition i =i, + i, =, % + )

GATE EC BY RK Kanodia

i’R=(JP, + P,

36.(C)r="2-120

Lsc

2
P-_24 L o-1125W
(12 +2)
v, 12
37, (B) Ry == =2 =80
38. A)Let — 1+ - 1 _50uA

sensitivity 20k
For 0 -10 V scale R,, =10 x 20k =200 kQ
For 0 50 V scale R,, =50 x 20k =1 MQ

For 4 V reading i :% x 50 =20 pA

Upg =20uR,,;; +20p x 200k =4 + 20uR,,
For 5 V reading ¢ =% x50 =5 pA
U =5 X Ry +5u x IM =5 + 5uR

Solving (i) and (ii)
200

16
UTHZE V, RTH:? kQ
39. D) vy, =+/10k x 3.6m =6

Vs, =+/30k x 4.8m =12 V
10

6= vy = 100, =6Ry +60
10 T RTH TH TH TH
12=30Vm 5, _9R 460
30 + R,y
R, =30 kQ

40. (D) At v=0,i_ =30 mA

’ Usc

Ati=0,v,=-3V

v -3
Ry, ="ec="2 -_100Q
M 30m

sc

www.gatehelp.com
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CHAPTER

1.6

THE RLC CIRCUITS

The natural response of an RLC circuit is described
by the differential equation

d*v dv dv(0) _

> +2—+v=0, v(0)=10, 0.
dt dt dt
The v(¢) is
(A)10(L+te* V (B)10(1-t)e* V
(C)10e*V (D) 10te* V

E The differential equation for the circuit shown in fig.

P1.6.2. is
20 1mH v

Us 100 Q == 10 puF

Fig. P1.6.2
(A) v"(#) + 30000'(¢) + 102 x 10°v(#) =10° v,(8)

(B) v"(#) + 10000’ (¢) + 102 x 10°v(#) =10%0,(¢)

vt 20 () B

©) 0 + 10° +102v(¢) =v,(¢)
V') 20 () B

(D) 10 + 10° +198u(¢) = v (t)

E The differential equation for the circuit shown in fig.
P1.6.3 is

100

. /
l() g 100 O ==10uF
v

Fig. P.1.6.3

(A) i(8) + 1100 () + 11x 10%3, () = 10%7,(2)

(B) i/(t) + 11004/ (£) + 11 x 10%7, () =10%i,(0)

i) 11t
+

10° 10

i@ 11i,(t)
+

10° 10

(©)

+ 110, (8) =i,(2)

(D) +11, (0 =i (0

In the circuit of fig. P.1.6.4 v, =0 for ¢ >0. The initial
condition are v(0)=6 V and dv(0)/d¢ =-3000 V/s. The
u(t) for t>0 is

¥
80 Q g 25 uF==v,

Fig. P1.6.4

(A) _2671005 + 8e7400t V
(C) 6e—100t _ 88_400t V

(B) 6@710(” + 867400t V
(D) None of the above

a The circuit shown in fig. P1.6.5 has been open for a
long time before closing at ¢ =0. The initial condition is
v(0)=2 V. The v(¢) for ¢ >is

o

INVS)
\ﬁh
Ol
L5
Il
Il

S+

Fig. P.1.6.5
(A) Be' —=Te™ V B) 7e'-5e*V
(C)—e"+3*V D)3 -e*V
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Statement for Q.6-7:

Circuit is shown in fig. P.1.6. Initial conditions are
;,(0)=i,(0)=11 A

4, 28 by
nmn
1Q g § 3H g 2Q
Fig. P1.6.6-7

Bias) =2

(A) 0.78 A (B) 1.46 A
(C) 2.56 A (D) 3.62 A
i(1s)="?

(A) 0.78 A (B) 1.46 A
(C) 2.56 A (D) 3.62 A

Bo(=2? for t>0

25 mH

- +
30u(-t) mA C) 100 Q g 10 pF==v,

Fig. P1.6.8

(A) 46—1000t _ e—ZOOOt V
(C) 2e71000! + 37200(” V

(B) (3 + 6000¢)e ™" V
(D) (3 -6000%)e"" V

ﬂ The circuit shown in fig. P1.6.9 is in steady state
with switch open. At #=0 the switch is closed. The
output voltage v,(¢) for ¢>0 is

0.8 H
N
250 Q 500 S5 uF=="V¢
t=0
9V
Fig. P1.6.9

(A) —9¢70 1 12

(B) e™**’[3cos 300¢ + 4 sin 300¢]
(C) e™"[3cos 400¢ + 4 sin 300¢]
(D) e?**[3cos 400¢ + 2.25 sin 300¢]

GATE EC BY RK Kanodia
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The switch of the circuit shown in fig. P1.6.10 is

opened at ¢t =0 after long time. The v(¢) , for ¢ >0 is

t=0
3Q

1 +
6V 1Q§ §H§ %F:: ve

Fig. P1.6.10
(B) —4e?'sin2t V

(D) —4e*cos2t V

(A) 4e*sin2t V
(C) 4e ' cos 2t V

In the circuit of fig. P1.6.23 the switch is opened at
t =0 after long time. The current i,(¢) for £ >0 is

iy 4H
— v

.

t=0

=
=
Il
)

203 g0

4Q TA

Fig. P1.6.11
(A) e?(2cost+4sint) A (B) e?(8sint—4cost) A

(C) e®(—4sint+2cost) A (D) *(2sint—-4cost) A

Statement for Q.12-14:
In the circuit shown in fig. P1.6.12-14 all initial

condition are zero.

I

+
iu(t) A %)Q g 1 mF=—— 10 mH§ vy,

Fig. P1.5.12-14
If i (£) =1 A, then the inductor current i, (¢) is
A 1A B tA
C) t+1A D)o A

If i(t)=05t A, then i, (¢) is
(A) 05t +325x107° A (B) 2t — 3250 A
(C) 05¢-0.25x 107 A (D) 2t + 3250 A

A If i (H)=2e" A then i,(¢) is

4000 4000 o
3

(A) Tte—25015 A (B) -250¢ A

200 200

(C) e—250t A (D) TtefzfyOt A

www.gatehelp.com
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UNIT 1

The forced response for the capacitor voltage v(?) is

ov

(A) 0.2¢+117x10° V
(C)117x107°t-0.2 V

For a RLC series circuit R=20Q, L=0.6 H, the

value of C will be

100 Q

b

320 mH

Fig. P1.6.15

(B) 0.2¢-117x10° V
(D) 117x10°%¢+0.2 V

[CD =critically damped, OD =over damped,
UD =under damped].

CD
(A) C=6mF
(B) C=6mF
(C) C>6 mF
(D) C <6 mF

OD
C>6 mF
C< 6 mF
C=6mF
C =6 mF

UuD
C <6 mF
C>6mF
C <6mF
C>6mF

GATE EC BY RK Kanodia

The circuit shown in fig. P1.6.17 is critically
damped. The value of R is

R 120 Q
10 mF
4H
Fig. P1.6.17
(A) 40 © (B) 60 Q
(C) 120 © (D) 180 Q

The step response of an RLC series circuit is given

by
,. . .
d7it) | 2dU8) | i 210, i0%) =2, PO _ 4
dt dt dt
The i(¢) is

(A) 1+e'cos4t A
(C)2+e'sin4t A

(B) 4 —2e‘cos 4t A
(D) 10 + e 'sin 4t A

Networks

In the circuit shown in fig. P 1.5.19 v(¢) for ¢ >0 is

2u(-t) A

1g 004F

+ Uo —

50u(t) V
Fig. P1.6.19

(A) 50 — (465 sin 3t + 62 cos 3t)e ™ V

(B) 50 +(465sin 3¢ + 62cos 3t)e™ V
(C) 50 +(62cos 4t + 465sin 4¢)e™ V
(D) 50 —(62cos 4t + 465sin 4t) e™ V

m In the circuit of fig. P1.6.20 the switch is closed at
t =0 after long time. The current i(¢) for ¢ >0 is

1

16

| -

+ Ve~ ll
20 VC) ? 1

</ 50 >%~ =0

Fig. P1.6.20

F

~

WA
=
as}

(A) -10sin 8¢ A
(C) —-10cos 8¢ A

(B) 10sin 8t A
(D) 10cos 8¢ A

In the circuit of fig. P1.6.21 switch is moved from 8
V to 12 V at ¢ =0. The voltage v(¢) for >0 is

20
—e
t=0
_ +
8 V() 12V iR ve
1H
Y'Yy

Fig. P1.6.21

o=

(A) 12 —(4cos 2t +2sin2te" V
(B) 12 —(4cos 2t + 8sin2t)e* V
(C) 12 +(4cos 2t + 8sin2t)e™' V
(D) 12 +(4cos 2t +2sin2t)e™" V
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PP In the circuit of fig. P1.5.22 the voltage v(?) is

5H 1Q
N
Bu(t) A g 5Q 02F Ve
20V 20
O
/
Fig. P1.6.22

(A) 40 —(20c0s 0.6t + 15sin 0.6t)e °* V
(B) 35 +(15¢0s0.6¢ +20sin 0.6¢)e % V
(C) 35 —(15 cos 0.6t + 20sin 0.6¢) e ** V
(D) 35 —15c0s 0.6¢ " V

In the circuit of fig. P1.6.23 the switch is opened at
t =0 after long time. The current i(¢) for t>0 is

2A
O
/ l
3
g H =0
1 10Q
§F =
5Q 10Q
Fig. P1.6.23

(A) e72.306£ +e*0A869t A
(B) _e—2,306t +2€—0,869t A
(C) e—4.431t+e—0.903t A

(D) 28—4.43“ _870.903t A

m In the circuit of fig. P1.6.24 switch is moved from

position a to b at ¢ =0. The i,(¢) for ¢ > 0 is

0.02F
140
be |
2H =0 | EJ:
_nrm_?( +
12V
20 =
ae——ANN—
.
60
AN
A\
I
4A
Fig. P1.6.24

(A) (4 -6e* A
(C) (3-91)e™ A

(B) (3-6t)e™ A
(D) (3-8te™ A

GATE EC BY RK Kanodia
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@ In the circuit shown in fig. P1.6.25 a steady state
has been established before switch closed. The i(¢) for

t>0is

50
20Q 1H

~
I
o
-
~.

e

(93
el
A AA%
I
|
Sil=

Fig. P1.6.25

(A) 0.73¢ % sin 458t A
(B) 0.89¢'sin 6.38¢ A
(C) 0.73¢ ™' sin 458t A
(D) 0.89¢* sin 6.38¢ A

@ The switch is closed after long time in the circuit of

fig. P1.6.26. The v(¢) for ¢ >0 is

2A
10 : 1H
AA'AY AAAY%

60

Fig. P1.6.26

(A) -8 + e sin4t V
(B) 12 + 4e*cos 4t V
(C) =12 + (4 cos 4¢ + 3sin 4t)e™ V

(D) —12 + (4 cos 4t + 6sin 4)e™ V

i(t)=?

2kQ
AV t
12u(t) VC) 5uF== § 8 mH
Fig. P1.6.27

(A) 6 —(6cos 500¢ + 6sin 5000¢)e " mA

(B) 8 —(8cos 500t + 0.06sin 50008)e *°" mA
(C) 6 —(6cos 5000¢ + 0.06 sin 50008)e™>"" mA
(D) 6e°*sin 5000¢ mA
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PFY In the circuit of fig. P1.6.28 i(0)=1 A and v(0) =0.
The current i(¢) for ¢>0 is

i

v
4u(t) A 1H 3

20 g 05 F==

Fig. P1.6.28
(A) 4+638¢°" A (B) 4-638¢ " A

(C) 4 +(3cos 1.32¢ + 1.13sin 1.328)e ** A
(D) 4 —(3cos 1.32¢ + 1.13sin 1.328)e ** A

m In the circuit of fig. P1.6.29 a steady state has been

established before switch closed. The v (¢) for t>0 is
100

A%
=ﬁ/ .
t=0

+
10 mF == 1H§UO

3A 5Q§

Fig. P1.6.29
(B) 200te ™" V

(D) 800te™ V

(A) 100te ™ V
(C) 400te™ V

m In the circuit of fig. P1.6.30 a steady state has been
established before switch closed. The i(¢) for ¢>0 is

N

Fig. P1.6.30
(B) —e*sin 2t A

(D) 2(1-te™ A

(A) 2¢¥sin 2t A
(C) —2(1-¢t)e® A

In the circuit of fig. P1.6.31 a steady state has been
established. The i(¢) for ¢ > 0 is
‘i

3A 10 Qg 6u(t) A — 10 mF §4OQ §4H

Fig. P1.6.31
(A) 9 +2e1% —8e>™ A (B)9—8e" +2
(C) 9 + (2cos 10t + sin 10t)e>™ A
(D) 9 +(cos 10¢ + 2sin 102)e > A

e—2.5t A

GATE EC BY RK Kanodia

Networks
1. (A) s> +2s+1=0 = s=-1-1,
u(t) =(A, + Ap)e’
w0 =10V, PO _g__14 4,
dt
A =4A,=10
. v dv
2. (A =—+10x10°=
B, =750 +10%
2» 20 1 mH v
Us 100 Q — 10 puF
Fig. S1.6.2
v, =2i, +107° diy +
dt

—of U 1109 %100 %0 |10 LU 10 <100 LY
100 dt 100 dt di?

2,
+ v
t

0%v,(t) =v"(t) + 30000'(£) + 1.020(¢)

. v . dv
3. C) i, =—% +i, +10un—<

*T100 TN g

. di
v, =10, + 10 =L
C L dt
i =01i, + 10-5‘27+ i+ 10—57(10% 1078 d‘L)
—01i, +10° % 4, 4104 P 100 L by

dt dt

1(()’;? + W (D) + 11, (8) = i,(8)

v dv
4. (A) %+25p—+.[(v—vs)dt =0

((1;2 + 500 % + 40000 =0
s® +500s + 40000 =0
= s=-100,-400,
v(t) = Ae """ + Be ™

A+B=6,-100A -400B=-3000 = B=8, A=-

=

5. (C) The characteristic equation is s + Sy L =0

RC LC
After putting the values, s*>+4s+3=0

v(t)=Ae ' + Be'®,
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v0")=2V = A+B=2 9. B) v,(07)=3V, ;(0")=-12 mA
2 8 v . ¢ dv
i (0) =0 iy(0)=—"=°2, Ve i 45x10° %% g
600 WO =503 250 " di
_cdu0) 8 a0 __ 3 qom+5x 100 L0 g dv0) _
dt 3 dt ’ 250 dt dt
“A-3B=-8, B=3 A=- s+ LA Lo
250 x 5 x 10 0.8x5x10
. 2 4 _
6. (D)1+5dll_3%:0’ = s“+800s+25x10" =0
dt dt = s=-400+ 5300
21, + 3di, gdi _ vo(8) =e*""(A, cos 300¢ + A, sin 300¢)
dt dt dv(0)
L . . A =3, — 4004, + 3004,, A,=4
(1+5s)i;, —3si, =0, —3si;, +(2 + 3s)i, =0
(1+5s)iI—M:0 1 dv.(0")
2+3s 10. (B) v(0') =0, 4,(0")=24, =%/ __
— 65 +135+2=0 4 xdt
1 s +45+8=0 = s=-2%;2
= Sz_g’_z vo() =e (A, cos 2t + A, sin 2¢)
1 dv, (0*
=Ae® £ Be™, i(0)=A+B=11 A, =0, Ucd(t ) _s-20 +0)+(0+24,), A, =4
In differential equation putting £ =0 and solving
dl1(0+) 33 dl2(0+) 143 11. (D) lL(OJr) :—4, UC(OJr) =8 V
dt 2 dt 6 1y bR
—é -2B ——§ = A=3B-=8,
6 2 L
P 20 FF==vc 80
i, =3e 5 + 8e’2t,
;(1s) = 3e +8e7 =362 A Fig. S1.6.11
ot di;(0") di,(0")
7. (A) iy =Ce © + De® =g T8x8 a0
. di,(0) -143 C s 1 . . .
i,(0)=11=C + D, #:T:—E—2D 20 +§vc +1i, =0, v, =4si, + 8,
C=-1 and D=12 s, +4si, +5=0, s=-2+]
ot 1 i,(t) =e (A, cost+ A,sin t)
i,=—e6+12e A, i,(1s)=e®+12e7 =078 A di (0%
A =4, MY _10-2(A4, +0)+ A, A, =2
dt
8. (B) v,(0") =30mx100=3V
dvo(07) _ o 4vc0") 12. A i =—2 +10° %4 p-10x10° %
c—c—= 7 =7,(0)=0=(0")=C dt 7 100/65 de dt
2.
2, 100 s+ - 1 - i =8 q0x10% % d‘L 110°(10x 10 L2 4§ —0
25 x 10 25x 107 x10x 10 100 dt
—  §=-2000, ~2000 d;lL + 650 ‘ZL +10%, =107,
ve(t) =(A, + A,t)e ™" t t
dvc(8) _ -2000¢ -2000¢,_ Trying i,(#) =B
7 =A,e +(A, + Abe (-2000) 040+10°B =10, B-1, i, -1A
A o dvg0) B
007 = A, =3, T = A, ~2000 x 3=0 13. (A) Trying i (5) = At + B,
= A, =6000 0 + 650A + (At + B)10° =10%05¢), A =05
www.gatehelp.com
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di07) _ =16 _ 4 431 4 ~0903B 28.D) i(0") =1 A, v(0") = L4100
dt 3 dt
A=1, B=1 a=-— L _o5 w-—Lt _\2
2x2x05 1-05
24. (C) v,(0)=0, i,(0)= ‘é x g =3 s=-05++05% -2 =05 + j1.323
+
i(t) =4 + (A cos 1.32¢ + Bsin 1.32¢)e ¢
dv,(0) . dv,(0) i)
002 == =i,(0)=3 S ~150 |—4+A, —A-_3
L P S 4O _o_054+132B, B--113
2x2 T 2x002 dt
o =0, critically damped 29. (B) V,(0")=0 ,i,(0")=1A
U(t) = 12 + (A + Bt)eist dLL(O+) . (0) _0
0=12+A, 150=-5A+B = A=-12, B=90 7
_ _ -5t
u(t) =12 +(90¢ —12)e o 1 “10, w-_1 1
i, () =002(=5) e (90 —12) + 0.02(90)e ™ =(3 —9t)e™ 2x5x001 V1x001
o =W,, so critically damped response
25. (A) v(0") = —109>5 50 " ) g s=-10,-10
5+5+20 3 . 10t .
) i(H)=3(A+Bte ™, i(0)=1=3+A
(=0 A di(0")
(0" =-10A +B
00 0.0 i
. . Ldi, (¢) o
i,(H)=3-(2+200)e", v, =""L" =200t
a2 9 o=t -5 - dt
2x1 1
1x %
. -6 di(0")
30. (C)i(0)=—"=-2A, 0v,0°)=2x1=2=
s=-2++4-25=-2+ j458 1+2 dt
i(t) = (A cos 458t + Bsin 458t)e ™ S S Y S A
2RC 2x1x025 * JLC
26.(A) i,(0")=0, v,(0")=4-12=-8 o =W, critically damped response
ide(O )=iL(O+)=O s=-2,-2
25 dt i(t)=(A+Bte™, A=-2
6 1 ;
o= 5 =3, W = m =5 d;(tt) =(-2 + BHe*(-2) + (0 + Be™
B=-3+9-25=-3+ j4 At t=0, = B=-2
v,(8) ==12 + (A cos 4t + Bsin 4t)e™ 4di(0")
v, (0)=-8=12+4, = A=4 31. (A) i(0°) =3 A, v,(0")=0 V= ;t
dv,(0)
5y —0="8A+4B, =B=3 i,=9 A, R=101140 =8Q
P ! =625
1 1 2RC 2x8x001
27. (C) a = = =50
2RC 2x2kx54 wo t 1 5
1 1 * JLC 4x001
= = =5000
m X ol o > , SO overdamped response
JLC  /8mx5 W, damped
a <W,, underdamped response. s =-625+625" -25 =-10,-25
s =-50 +/50% —5000% =—50 + j5000 i(t)=9 + Ae”* + Be *™
i(£) = 6 + (A cos 5000¢ + B sin 5000¢)e ™ mA 3=9+A+B, 0=-10A4-25B
l(0)=6=6+A :>A=—6 On SO]Ving,AZZ,B:—S
di(0)
~, = ~B0A +5000B =0, B =-006 .
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CHAPTER

1.7

SINUSOIDAL STEADY STATE ANALYSIS

i(t)="?
i 3Q
—=AN
20cos 300t V (E) 3 25 mH
Fig. P1.7.1

(A) 20 cos (300t + 68.2°) A
(B) 20 cos(300t — 68.2°) A
(C) 2.48 cos(300t + 68.2°) A
(D) 2.48 cos(300t — 68.2°) A

B v (t) =2

cos 10% A 2 Qg 1 mF== v,

Fig. P1.7.2
(A) 0.89cos (10°t —63.43°) V
(B) 0.89cos (10°t + 63.43°) V
(C) 0.45co0s (10%¢ +2657°) V
(D) 0.45cos (10°¢ —2657°) V

Blo.(t)=2

5Q

ANV
- +
cos 2t V CA) 0.1F=—= v,

Fig. P1.7.3

A) L ocos@t-45°)V  (B) L cos (2t + 45°) V

V2 V2
©) L sin@t-45°)V (D) L sin(@t+45°) V
V2 V2
Ao t)=2
3H
nymn
o +
8cos 5t VC:) 50 mF == v
90
AN
Fig. P1.7.4

(A) 2.25cos (52 +150°) V
(B) 2.25cos (5¢ -150°) V
(C) 2.25cos (5¢ + 140.71°) V
(D) 2.25cos (5¢ —140.71°) V

Bin=2
1Q 40
AN AN V
10cos 2t V (E) = 025F ;4 H
Fig. P1.7.5

(A) 2sin (2¢ +577°) A
(C) 2sin (2¢ —-5.77°) A

(B) cos (2¢ — 84.23°) A
(D) cos (2t + 84.23°) A
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UNIT 1

In the bridge shown in fig. P1.7.13, Z, =300 Q,
Z,=(300 - j 600)Q, Z,=(200+ j100)Q. The Z, at

OO
R4

©

Fig. P1.7.13

(A) 400 + 7300 Q
(C) j100 Q2

(B) 400 — j 300 Q
(D) - j900 Q

In a two element series circuit, the applied
voltage the resulting
v(t) =60 + 66sin (10°t) V, i(¢) =2.3sin (10°¢ + 68.3°) A.

The nature of the elements would be

and current are

(A R-C B)L-C
(C)R-L MD)R-R
B v-=2
j20 40 Q v,
120£-15°V 30 == 50Q 6£30°A
Fig. P1.7.15
(A) 2232 -56°V (B) 223456° V
(C) 1242 -154°V (D) 124 /154°V
v,(8) =7
1H 3Q
YN W\,
-+ + -+
10sin (¢+30") V (:) 1F== 10, (:) 20cos (t-45°) V
Fig. P1.7.16

(A) 315cos (¢ +112°) V
(B) 43.2cos (£ +23°) V
(C) 315cos (t —112°) V
(D) 43.2cos (¢t -23°) V

GATE EC BY RK Kanodia

Networks

Statement for Q.17-18:

The circuit is as shown in fig. P1.7.17-18
1H

1H 1Q 1Q

5cos 4t 10cos (4¢-30°) V

_|_1F

Fig. P1.7.17-18

0(6="?
(A) 2.36¢cos (4t —4107°) A

(B) 2.36 cos (4t + 4107°) A
(C) 1.37cos (42 —4107°) A
(D) 2.36cos (4t + 4107°) A

i,(1) =?
(A) 204 sin (4¢ +9213°) A

(B) —204sin (4t +213°) A
(C) 204cos(4t+213°) A
(D) —2.04 cos (4t +9213°) A

1,=?
‘o 0.5I,
Ay
N &
10430°V J2 Q== 3 B3 Q
Fig. P1.7.19
(A) 394./46.28° A (B) 4.62,97.38° A
(C) 7.42.,92.49° A (D) 6.78.,49.27° A
v, =
20 Q j100
AN nmn
+
4Vx<t> 320°A 20 Q g v,
Fig. P1.7.20

(A) 29.11/166° V
(C) 43.24 £124° V

(B) 29112 -166°V
(D) 43.242-124°V
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UNIT 1

Statement for Q.27-32:

Determine the complex power for hte given values

in question.

P =269 W, @ =150 VAR (capacitive)
(A) 150 — j269 VA (B) 150 + j269 VA
(C) 269 — j150 VA (D) 269 + j150 VA

P @ =2000 VAR, pf =09 (leading)
(A) 4129.8 + j2000 VA (B) 2000 + j4129.8 VA

(C) 2000 - j4129.8 VA (D) 4129.8 — j2000 VA

PF) S =60 VA, Q =45 VAR (inductive)
(A) 39.69 + j45 VA (B) 39.69 — j45 VA

(C) 45 + j39.69 VA (D) 45 - j39.69 VA

BV, =220V, P=1kW,I|Z|=40Q (inductive)
(A) 1000 — j68125 VA (B) 1000 + j68125 VA
(C) 68125 + j1000 VA (D) 68125 — j1000 VA

Vrms = 214200 V’ ‘/rms
(A) 154.6 + j89.3 VA
(C) 61+ j167.7 VA

=21,20°V, I, =85/-50°A
(B) 154.6 — j89.3 VA
(D) 61- j167.7 VA

AV, =120,30°V, Z =40 + j80Q
(A) 72 + j144 VA
(C) 144 + j72 VA

v, =2

(B) 72 - j144 VA
(D) 144 — j72 VA

16 kW

20 kW
0.9 pf lagging Vo

6£0°A 0.8 pflagging

Fig. P1.7.33

(A) 71£32.29° kV
(C) 38.49224.39° kV

(B) 4259£3229° kV
(D) 38.49232.29° kV

m A relay coil is connected to a 210 V, 50 Hz supply. If
it has resistance of 30 Q and an inductance of 0.5 H, the
apparent power is

(A) 30 VA
(C) 157 VA

(B) 275.6 VA
(D) 187 VA

GATE EC BY RK Kanodia

Networks

m In the circuit shown in fig. P1.7.35 power factor is

40 72

]

3,-5

Fig. P1.7.35

(A) 56.31 (leading)
(C) 0.555 (lagging)

(B) 56.31 (lagging)
(D) 0.555 (leading)

@ The power factor seen by the voltage source is

40 10
AN\N NN
+ Uy —
10cos 2¢ V<:> 3, = 1iF
Fig. P1.7.36

(A) 0.8 (leading)
(C) 36.9 (leading)

(B) 0.8 (lagging)
(D) 39.6 (lagging)

The average

source is

power supplied by the dependent

I, j192
- YT\
2/90° A g 4.8Q 1.61, g 8Q
Fig. P1.7.37
(A) 96 W (B) 96 W
(C) 92 W (D) -192 W

m In the circuit of fig. P1.7.38 the maximum power
absorbed by Z, is

100 j15
_I\M,_Nm_
120£0°V (:9 510 =
Fig. P1.7.38
(A) 180 W (B) 90 W
(C) 140 W (D) 700 W
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Sinusoidal Steady State Analysis

The value of the load impedance, that would
absorbs the maximum average power is

J100
nn

g 80 Q =40 |:ZZ|

3220°A

Fig. P1.7.39

(A) 12.8 - j49.6 Q
(C) 339 -j86.3Q

(B) 12.8 + j49.6 Q
(D) 339 + j86.3Q

Statement for Q.40-41:

In a balanced Y-connected three phase generator
V,=400V__

If phase sequence is abc then phase voltage
V.,V,, and V, are respectively

(A) 23120°, 231£120°, 231./240°

(B) 2312 -30°, 231/-150°, 231/90°

(C) 231430°, 231.,150°, 231£-90°

(D) 231£60°, 231/180°, 231/ -60°

If phase sequence is acb then phase voltage are
(A) 23120°, 231£120°, 231./240°

(B) 2312 -30°, 231£-150°, 231.90°

(C) 2314£30°, 231/150°, 231/ -90°

(D) 231£60°, 231/180°, 231/ -60°

@ A balanced three-phase Y-connected load has one
phase voltage V, =277245° V. The phase sequence is
abc. The line to line voltage V,; is

(A) 480£45°V (B) 480« -45°V
(C) 339£45°V (D) 339£-45°V

A three-phase circuit has two parallel balanced A
loads, one of the 6 Q resistor and one of 12 Q resistors.
The magnitude of the total line current, when the
line-to-line voltage is 480 V. is

(A) 120 A,

(B) 360 A,
(C) 208 A, (D) 470 A,

In a balanced three-phase system, the source has an
abc phase sequence and is connected in delta. There are
two parallel Y-connected load. The phase impedance of
load 1 and load 2 is 4 + j4 Q and 10 + j4 Q respectively.

GATE EC BY RK Kanodia

Chap 1.7

The line impedance connecting the source to load is
0.3+ j02Q. If the current in a phase of load 1 is
I=10£20° A,,., the current in source in ab branch is
(A) 15£-122° A, (B) 8.67£-122° A,

(C) 154£279° A . (D) 8.67£-579° A,

An abc phase

Y-connected source supplies power to a balanced

sequence 3-phase balanced
A —connected load. The impedance per phase in the load
is 10 + j8 Q.
I,=2810£-28.66° A
zero, the load voltage V,; is

(A) 207.82-140° V,
(C) 14832 -40°V,

ms

If the line current in a phase is

and the line impedance is

rms

(B) 148.3/40° V,,
(D) 207.8.240° V,,

The magnitude of the complex power supplied by a
3-phase balanced Y-Y system is 3600 VA. The line
voltage is 208 V. . If the line impedance is negligible
and the power factor angle of the load is 25°, the load
impedance is

(A) 507 + j10.88 Q
(C) 432 + j14.6 Q

(B) 10.88 + j507 Q
(D) 14.6 + j432Q

sfesfesteskostoskokoskoskoskok
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UNIT 1

SOLUTIONS

1. D) Z =3 + j(25m)(300) =3 + j75Q =8.08£68.2°

2020
808.68.2°

i(¢) =2.48 cos (300t — 68.2°) A

=248/-68.2° A

2. (A Y :% + j(Im)(10%) =05 + j =1.12./63.43°

_ (1£0)
112./63.43°

vo() =0.89 cos (10°¢ — 63.43°) V

=0.894-6343°V

C

3.(A)Z=5+ ~J
(0.1)(2)

(120)(5/-90°) 1
A A A N ARV € Vf
5V2/ —45° 2

Dult) = f%cos (2 - 45°) V

=5 - j5 =55/ —45°

c

4.D)Z=9+ /(3B +— I —94 11
(D) +J()()+(5Om)(5) +J

=  Z=1421/5071°Q
_(8£0)(4£-90°)
14.21./50.71°

vo(t) =2.25cos (5¢ —140.71°) V

= 2.25/140.71° V

C

1020
T 10.£0

1,11 ~105 + j04

1 —j2 4+ /8
Vv 1020

I=—2 = — =1/-84.23 A
4+ 378 1+ 10

5.(B)V, =

10.20° VCD 52 _‘,

Fig. S1.7.5
i(¢) =cos (2¢ — 8423°) A

6. D) ®=21x10x10* =27 x 10*
_q 1

Y - jape@rx10y+— < L
JAEm 100+ e o100 36

-00278 — j0.0366 S
Z :% =1316 + j17.330Q
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B :
7.(C) Z _[m(ZZu)J [1(6 + j(27m)w)

—j10°

3 . 6
(6 + j27 x 10 0) 27x10°  j6x10
= _ 22 220

10° . 10°
) 6+ jd 2Tm -
220 ”“{ m 22032J

-j36x10°  j27x10° ({27m 10° ]

6 + j(2Tmo —

@22 22 2207
= ©=1278
f= 2= 28 903w

27 27

8. (C) V. =7.68.247°V, V, =751./35°
V, =V, -V, =7.68.247° - 751/35° =159 /125°

9. (B) v, =4/3° +(14 -10)* =5

10. (C) I, =744 £ -118° mA,

I, =540/100° mA

I=I +1,=744,/-118°+5405,100°
=460/ —164°

1(t) =460cos ( 3t —164°) mA

11. (A) V22450 = Ve ;. Ve ~2020
—j4 J5 +10
750 100

\2/45°A 20.£0°V

Fig. $1.7.11

(1+ N(=jH)A0 + j5) = V(10 + j5 — j4) + j8
= 60 - ;7100 = V(10 + j)
= V,=116/-64.7°

12. D) X =X, + X, =0

So reactive power drawn from the source is zero.

13. B) Z,Z, =77,
3002, =(300 — j600)(200 + j100)
= Z, =400 — j300

14. (A) R — C causes a positive phase shift in voltage

Z=1Z1,06,-90°<0<0,

1-¥-V , 9
Z 1zl
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120£15° 6./30° 20. (B) Let V, be the voltage across current source
15. (C) Vv, =40+ /20 =124/ -154° V,-4V, V.-V, _
o 1 1 1 +— =3
1 20 710
40 + j20  —j30 50
V. (20 + j10) — (20 + j40)V_ = ;600
16. (C) 10sin (¢ + 30°) =10 cos (¢ — 60°) v o %20y Ve
20 + j10 2
10/ -60° 20 -45° . ,
v 3 v, :[(2 + R0+ 100 901 4 j2))=j600
’ 1,11
i -j 3 v, = /%90 9999, 166°
— 30/ - 150°+20 £ — 45° —5-J20
V, =315/-112° V N Vv
jl 30 21. (A) I, =V3(JJ+ 32 = j0.1V, + jO.4V,
nmM AAN 2 J10

—(0.1./90°)(0.757 /66.7°) + (0.4./90°)(0.606 / — 69.8°)
10260V (9 jlom= v, (9 20/45V — 1,-0196./356°

22. (A) Yoy Vo3V
2 j4

V(05 + j05)=346-,2 = V =565-L-75°

=4/ -30°
Fig. S.1.7.16

17. (C) 540°=11(j4 +1+ 1—2)—1{1—@

4 23. (D) I, =4.,90° , I, =2./0°
j4 10 10 Jj4 3 i
I nmM
]
+
10430V 1240°V<§> N 2Q§VO (1) sy
-j0.25 Q -
—|_ A AAY AAAY
Fig. S.1.7.17 20 20
= (8+j15)I, - (4 - ), :2940 ' ..(1) 24:0"A
-10£-30°=1, (1+j4+1—i)—[1 (l—i) Fig. P1.7.23
= (4- I, —(8 + j15)I, =40/ - 30° (i)
L[(8 + j15)* —(4 - j)*] 12.£0°=1,(-j3 +2 +2) + 8£90°-4 £0°
=(20£0)(8 + j15) —(40£ - 30°)(4 - j) = I, =352+ j0.64
I,(~176 + j248) = 41.43 + j414.64 V. =2(352 + j0.64 + j4) =11.65.52.82° V

= I, =103-j09 =137/ 4107
24, D) I,=3,0°A,1,-1,=6,0°A

18, (B) 1, = B+ 15108~ j09) ~20£0 1
4-j

=-0076 + j204 = 1,=204,9213° 15290°V 20 1,0 320°A

-j4 .
Jj2

I

19. (B) 10£30°=41, —051, +(~j2)I. | rm

. B . I, 10 i 620°A 10
(2L, =L, ~1)j3, I, =7 TN Ay
4 . 10./30°
10£30°=| = -05-j2| = - Ve .
(3 ! J ' " 217/ - 67.38° Fig 51.7.24

I D+, -I)—jH+UT, +1,)j2)+1,=0
www.gatehelp.com
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UNIT 1

I+, -1)—j4)+(I,+6£0°+320°)(j2)+1,+60°=0
I,(2-;2)+1(j4)=-18j-6
1,(j2)-3-9)
a-5
= I,=1+3-j6
15290° =1, + 3£0°)(2) + (I, - I, )(—j4)

I,=

= j15=2I,+6+(j4)(3 - j6)

(j10)(8 — j5)
25. (A) Zyyy =2
() Zm =g +j10 - j5

_(32.£0°)(10)
8+ j10 - j5

=9+ j44

=339458°V

TH

26 (D) (600 — j300)I, + j300I, =9 (@)

3001, =3V, , V, =(-;j300)(I, -1,)
= I,=-j31, -1,
Solving (i) and (ii) I, =12.36£ -16° mA
V,.=3001,=371/-16°
2V, -V,=0 = V, =0
~9./0°
600
V. 311/-16°

— _oc
ZTH -

I.  15.,0°x10°°

sc

27. (C) S=P - jQ =269 — j150 VA

=1520° mA

=247/-16°Q

28. (D) pf =cos 0=09 = 0=25.84°

Q 2000

= =4588.6 VA
sin O sin 25.84°

Q=Ssinfd = S-=

P =Scos 6=4129.8,
S =4129.8 — ;2000

29. (A)Q =Ssin® = sin 6:Q=ﬁ or
S 60
= 0=4859°,
P =Scos 6=39.69,
S =39.69 + j45 VA
2 2
30. (B) S =M=(220 ) =1210
1Z | 40
cos 0 :5 = 1000 =0.8264 or 6 =34.26°,
S 1210

@ =Ssin 0 = 68125,
S =1000 + j68125 VA

31. (C)S=V, I,

rms” rms

=61+ j1677VA

=(21£20°)(85£50°)

GATE EC BY RK Kanodia

= 31, =(3+ jI, ...(i)

VP (120)

32. (A) S=—Vr =— 2"
Z"  40-j80

=72 + j144 VA

33.(A) S, =16 + j%sin (cos™(09)) =16 + j7.75

S, =20 + j%sin (cos™ (0.8)) =20 + j15

S=8 +8, =36+ /275 =4259/3229°
S=VI'=6V, = V, =71,/3229°

34. (B) Z =30 + j(05)(2m(50) =30 + j157,

VP (210)°
Z" 30 -j157
2
Apparent power =IS| :& =275.6 VA
30% + 1522
35. (D) Z =4 + /25 )2
-j2+ j5—j2
=4-j6=7214-56.31°,
pf =cos 56.31°=0555 leading
36. (A) E+§V1 _10 _,Vl V, =4./369°,
4 4 1-j15
40 10
A'A'A% AA'A%
o+ -
10£0°V C:D 3v, = JjL5
Fig. S.1.7.36
I, =1/369°
g (12369 2)(1040 ) 5/ _369°

pf =cos 369°=0.8 leading

37. (A) (2£-90°)4.8 =-1,(4.8 + j192) + 0.61,(8)
I, Jj1.92

v,
= ryyn g
480
161, g 8Q
(2/90°)4.8 V
Fig. S.1.7.37

=5./0°, V., =0.6x5x8=24.0°,

IJC
1
P, :§><24>< 16x5=96

www.gatehelp.com
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Sinusoidal Steady State Analysis

(—j10)(10 + j15)
10 + j15 - j10
~120(-j10)
™10+ j5
- 107.3/-116.6°
B 16

38. (A) Z,y, = 8-j140

=1073£-116.6°V

I, =67/-116.6°

P,

L ma =%(6.7)Z x 8=180 W

=
_ (~j40)(80 + j100)
80+ /60

39. (B) Zyy, =12.8 - j49.6Q

400
— £-30°=231£-30°V
V3

V, =231/ -150°V, V, =231/ -270° V

40. B) V, =

41. (C) For the acb sequence
V=V, -V, =V 20°-V, 2£120°

) E] 5
400=Vp(1+2—12J:Vp\E4—30

400

J3

V, =V, £0°=231/30°V,

V, =V, £120° =231/150° V
V.=V, /240°=231/-90° V

|4

P

Z£30°

42, (B) V, =277 A(45°-120°) =277/ -75° V
V, =277 £(45° + 120°) =277 £165° V
V=V, -V, =480/ -45°V

43.(C) Z, =61112 =4,

_480
4

I, =120 A,

I, =~3I,=208 A,

1,010+ 4
(10 + j4) + (4 + j4)

44 B)I= =10£20°

Fig. S.1.7.44

I,=15/-279°A,
17,1

73

I, = £(0+30°) =867 -1221° A

www.gatehelp.com
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45. (D) I,

46. (B) 1S 1=+/3V,1,

103

Chap 1.7

Lo Z(0+30°)=1622,1.34° A

NE]

Tms

V=1, Z, =(16.22./1.340°)(10 + j8)
=207.8.240°V,

3600
208+/3

£25°=12,25° =10.88 + j507 Q

IL

Tms

208

skskeoskoskskokokok
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CHAPTER

1.8

CIRCUIT ANALYSIS IN THE S-DOMAIN

Wzis)=2
1F 2H
° Il M
1
26) g 10 g 10
[o]
Fig. P1.8.1
2 2
(A)s +15s+1 (B)s +3s+1
s(s+1) s(s+1)
2 2
(C)2s +3s+2 (D)Zs +3s+1
s(s+1) 2s(s+1)
A Z(s)=?
L
1F
Z(s) g 3
— 1Q 1H
10
o]
Fig. P1.8.2
sP+s+1 (B)2sz+s+1
s(s+1) s(s+1)
s(s+1) s(s+1)
C) ———— D) ——
25> +s+1 s>+s+1
B Zs)=2
1H
Zs), g 20
1F
1
Fig. P1.8.3
Page

72

s2+1 2s* +1)
A~ - B =—/— 7
( )sz+23+1 ®) (s +1)?
25 +1 s?+1
C) ——— D
( )82+28+2 ( )3s+2
Mz =2 "
° AN
2z 1H§ ¥y §1Q
Il
° |
05F
Fig. P1.8.4
A) 3s®> +8s+7 B) s(5s + 6)
s(bs + 6) 3s? +8s+7
©) 32 +7s+6 D) s(5s + 6)
s(5s + 6) 3s?+7s+6

a The s-domain equivalent of the circuit of Fig.P1.8.5. is

t=0
3Q
— e AM—
- +
6V (_) 3F== v¢
Fig. P1.8.5
3Q 3Q
MW - o— AV
1
3s 1 +
Vils) 35 == Vcl(s)
6 -
E V
o
A) (B)

(C) Both A and B

www.gatehelp.com

(D) None of these
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Circuit Analysis in the s-Domain

ﬂ The s—domain equivalent of the circuit shown in Fig.
P1.8.6 is

=0
N
2A 120 g 2H 3 v
Fig. P1.8.6
(A) (B)
o———— o T
2s
129§ v 129§ 233 v, 24
4v

o— = [

(C) Both A and B (D) None of these

Statement for Q.7-8:

The circuit is as shown in fig. P1.8.7-8. Solve the

problem and choose correct option.

i, 10 1H i,
— AAN nnmMm —>
+
vsC_D 1F== 1F == 1Q§ v,
Fig. P1.8.7-8
V.(s)
i H(s)=—2—=?
@ H6=-30

(A) s(s®> +2s? +3s+ D7
(B) (s* +3s” +2s+ )"
(C) (s* +2s8* +3s+2)™
(D) s(s® + 35> +2s +2)"

I (s)
H,(s)==2% _9
g 5(8) V(s
(A) -5 (B) «(s® + 35 +2s + 1)

(s +3s2+2s+ 1)

-s
(s +2s*+3s+ 1)

(®)) D) (s +2s* +3s+2)!

GATE EC BY RK Kanodia

Chap 1.8

ﬂ For the network shown in fig. P1.8.9 voltage ratio

transfer function G,, is

1H 1H
YN
1F 1F
| Il
| 1

4+ +
v1<> =I1F 1F == 11«“_(1;2

Fig. P1.8.9

(s +2) s?+1
A —— B> -
( )5S4+582+1 ( )5s4+532+1
©) (s® +2)2 D) (s +1)?

5s* +5s% +1 5s* +5s% +1
For the network shown in fig. P1.8.10, the
admittance transfer function is
_ K(s+1
(s+2)(s+4)

12

— 1 v
F 2F == 6Q§ 2

Fig. P1.8.10

The value of K is
(A) -3 (B) 3
1 1
©) = D) -=
3 3
In the circuit of fig. P1.8.11 the switch is in position

1 for a long time and thrown to position 2 at ¢ =0. The

equation for the loop currents I,(s) and I,(s) are

1F
1
2 <t=0 I_
12VC_> /iy 3H
Fig. P1.8.11
@ {2 * 38*% ‘3;’ ]fﬁlisﬂ Jlﬂ
L -3s 2+SJ 2(8) LO

www.gatehelp.com
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UNIT 1 GATE EC BY RK Kanodia Networks
—2+3S+7 - 3s | _I (S)_ _—E_ 51 3F V, H Sy
s 1 _| s ‘0—| - |—’
B) 1 I.(s) - BV + +1V-
-3s 2+ = |LF2tel 0 .
- § - 10V 2F==6V 5V
2+ 35+~ —3s 'I (S)_ —E T-
) S L Il — S
-3s 2+ 3s+ Nk SO ) Fig. P1.8.14
i - 127 ENERY (B)9¢* V
) 2a3s+ o 3 ] | ©) 9V D)oV
1| Is)|
-3 2+3s+ = |20 10
L N oSy s L J A unit step current of 1 A is applied to a network

In the circuit of fig. P1.8.12 at terminal ab

Thevenin equivalent is

i
I o
(S%I)A 2 Qg v 2V.(s)
ob
Fig. P1.8.12
_—8(s+2) _H2s5+1)
B V(s =5 orp) » Zm9 =54
8(s+2) (@s+ 1)
(B) Viu(s) = 3s(s+1) » Zou(®) = 3s
_4(s+3) @2s+1)
© V(e =3 v Zm¥ =6
_ —4(s+3) _H2s5+1)
(D) V,u(s) = T Z 1 (5) =

In the circuit of fig. P1.8.13 just before the closing of
switch at # =0, the initial conditions are known to be
Vo, (0) =1V, v, (07)=0. The voltage v, (?) is

e

t=0
+ +
Vaa==1F 1F == e,
Fig. P1.8.13
A) ur) V (B) 05u(t) V
(C)05e" V D)e'V

The initial condition at ¢ =0~ of a switched capacitor
circuit are shown in Fig. P1.8.14. Switch S, and S, are
closed at ¢ =0. The voltage v,(¢) for ¢ >0 is

whose driving point impedance is

_V(s) (s+3)
CI(s) (s+2)?

Z(s)

The steady state and initial values of the voltage
developed across the source would be respectively
W)LV, 1V (B)LV, 2V
©2V,0V D)1V, 2V

In the circuit of Fig. P1.8.16 i(0)=1 A, v,(0) =8
V and v, =22 ‘u(#). The i(t) is

;. 50Q 1m H
—
+
vy 2.5 uF T Ve
Fig. P1.8.16

(A) £[10e7°" — 371" — 2271 u(r) A
(B) L[-10e " + 3¢7210"" 1 221" Ju(t) A
(C) 111067 + 8e#1°' 1 2261 Tu(r) A

(D) 1[-10e 1" + 8¢ 21" —22¢ 1" Ju(¢) A

In the circuit shown in Fig. P1.8.18 v(0") =8 V and
i,,(t) =48¢). The v (¢t) for ¢t >0 is

i, 50 Q g 20 mF == :c
Fig. P1.8.17
(A) 164" V (B) 208¢* V
(C)208(1-e*)V (D) 164e™* V

www.gatehelp.com



Circuit Analysis in the s-Domain

The driving point impedance Z(s) of a network has
the pole zero location as shown in Fig. P1.8.18. If
Z(0) =3, the Z(s) is

Jjo
¢---1 1
__c3 _li o
| 1
Fig. P1.8.18
4(s + 3) 2(s + 3)
A ———— B ——————
( )32+s+1 ( )sz+2s+2
2s+3) 4(s+3)
C) ———— D) ——
( )82+28+2 ( )32+s+2

Statement for Q.19-21:
The circuit is as shown in the fig. P1.8.19-21. All

initial conditions are zero.

i §1H §1Q =—I1F §1Q

Fig. P1.8.19-21

1,(8) _,

I,(s)
(s+1
28

(C)(s+Ds™

(A) (B) 2s(s + 1"

D) s(s+ 1

PO If i, (¢) = 48(t) then i,(£) will be
(A) 48t) —e'u(t) A

(B) 48(t) —4e ‘u(t) A

(C) de™'u(t) - 48(1) A

(D) e'u(t) - &) A

If i, (¢) = tu(t) then i (¢) will be
(A) e"u() A B)A-eHul@® A
(©) ult) A (D) 2 —eult) A

% The voltage across 200 uF capacitor is given by

2s+ 6
s(s+3)

Vc(s) =

GATE EC BY RK Kanodia

Chap 1.8

The steady state voltage across capacitor is
A6V B OV

(C) » D)2V

E The transformed voltage across the 60 uF
capacitor is given by

20s+6

Vi(s)=— 295+5
TR Ty

The initial current through capacitor is
(A) 0.12 mA (B) -0.12 mA

(C) 0.48 mA (D) -0.48 mA

m The current through an 4 H inductor is given by

10
s(s+2)

I,(s)=

The initial voltage across inductor is
(A) 40 V (B)20V
1m0V D5V

a The amplifier network shown in fig. P1.8.25
is stable if

40 1F 1@

Amplifier

20 Y1 gain=K

T
Uy

Fig.P1.8.25
(A)K <3 B)K >3
1 1
C)K <= DK >=
©) 3 (D) 3

P The network shown in fig. P1.8.26 is stable if

Lo 2F

A I o

°

Ku, <T> 1F == 1Q§ v,

)

Fig.P1.8.26

5 5
A)K>— B) K <—
(A) 2 (B) 2
2 2
C)K>— D) K <=
© 5 (D) 5

www.gatehelp.com
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UNIT 1

A circuit has a transfer function with a pole s =-4
and a zero which may be adjusted in position as s =—a
The response of this system to a step input has a term
of form Ke . The K will be

A H1-2
(A) [ 4]

(H= scale factor)

a
(B) H(l + 4]

a a
_a D a
©) H(4 4) ( )H(4+4j

m A circuit has input v,,(¢) =cos 2¢ u(¢) V and output
1,(t) =2sin 2¢ w(t) A. The circuit had no internal stored

energy at ¢ =0. The admittance transfer function is

2 s
A) = B) 2
()s ()2
©) s @ 1

S

m A two terminal network consists of a coil having an
inductance L and resistance R shunted by a capacitor
C. The poles of the driving point impedance function Z
of this network are at -1+ @ and zero at -1 If

Z(0) =1 the value of R, L, C are
(A)3§2,3H,%F (B)2Q,2H,%F

1

(C)lQ,ZH,EF DM1Oo,1H,1F

m The current response of a network to a unit step
input is
_ 10(s+2)
* s*(s+11s + 30)

The response is
(A) Under damped

(C) Critically damped

(B) Over damped
(D) None of the above

Statement for Q.31-33:
The circuit is shown in fig. P1.8.31-33.

,_.
jusi
-
~

W[
=

Fig. P1.8.31-33

GATE EC BY RK Kanodia

Networks

The current ratio transfer function %“ is

s

(A) Zs(s +4) (B) s(s+4)
s°+3s+4 (s+D(s+3)
©) s?+3s+4 D) (s+D(s+3)

s(s+4) s(s+4)

E The response is
(A) Over damped

(C) Critically damped

(B) Under damped
(D) can’t be determined
m If input 7, is 2u(¢) A, the output current i, is

(A) e —3te™)u(t) A
(C) (8e' —e™u(t) A

(B) (8te™" —eHu(t) A
D) (e -3 Hu(t) A

m In the network of Fig. P1.8.34, all initial condition

are zero. The damping exhibited by the network is

1
zF 2H
I MM
|
+
Qg
Fig. P1.8.34

(A) Over damped
(B) Under damped
(C) Critically damped

(D) value of voltage is requires

m The voltage response of a network to a unit step
input is
10

Vig=e— 2
A8 s(s®> + 8s+16)

The response is

(A) under damped (B) over damped

(C) critically damped (D) can’t be determined

m The response of an initially relaxed circuit to a

signal v, is e *u(t). If the signal is changed to (vs + 2Zf*)

, the response would be

(A) 5e®'u(t)
(C) 4eu(t)

(B) =3¢ %'u(?)
(D) —de *u(t)
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Circuit Analysis in the s-Domain

Consider the following statements in the circuit
shown in fig. P1.8.37

i 2 H 40
—»
1 +
10V 10 g FF==uc
Fig. P1.8.37
1. It is a first order circuit with steady state value of
10 . 5
Vo=—, i=—A
3 3

2. It is a second order circuit with steady state of
V=2V, i=2A
Vi(s)

S

Vi(s)

S

3. The network function

has one pole.

4. The network function has two poles.

The true statements are

(A) 1 and 3 (B) 1 and 4
(C) 2 and 3 (D) 2 and 4
s +10s +24

@ The network function represent a

s>+ 8s+15

(A) RC admittance
(C) LC impedance

(B) RL impedance
(D) None of the above

s(s+4)
(s+D(s+2)(s+3)

m The network function
an
(A) RC impedance

(C) LC impedance

represents

(B) RL impedance
(D) None of these

s(3s + 8)

m The network function —————
(s+D(s+3)

represents an

(A) RL admittance
(C) RC admittance

(B) RC impedance
(D) None of the above

(s+1D(s+4) .
is

The network function —————
s(s +2)(s +5)

(A) RL impedance function

(B) RC impedance function
(C) LC impedance function

(D) Above all

@ The network function

(A) RL impedance function
(C) LC impedance function

GATE EC BY RK Kanodia

s2+7s+6i

s+2

A valid immittance function is

(A)

(©)

m The network function

(A) RLadmittance
(C) LC admittance

m A impedance function is given as

(s+4)(s+8)

(s +2)(s-5)

s(s+2)(s+ 3

(s+1D(s+4)

The network for this function is

(B)

(D)

23 =
(s) s(s+3)

s(s+1)

(s+2)(s+5)

Chap 1.8

s(s+2)(s+6)
(s+D(s+4)

s>+ 8s+15 ;
s?+6s+8
(B) RC admittance

(D) Above all

As+2)(s+4)

S a

(B) RL admittance
(D) LC admittance

1 1
1 3¢ 3¢
=F
30 8 30 8F
1F 1F
(o] o}
(A) (B)
(o] J_ o]
1F 1H
1 1l e 1
gﬂg gF == §Q§ §H
3Q
3Q
[} (o]
©) (D)

www.gatehelp.com
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UNIT 1

K(s+3) _ K(s+3
(s—(-1+ )s-1-j) s*+2s+2

18. (B) Z(s) =

Z(O):%:S - K=2

S

19. ) L) - s+1 8
L) s 1 s+1
s+1 s+1
20. (B) I, (s) =4
I=-2 4% o ()=480) —deut)
s+1 s+
1
21. (B) I, (s) =—,
S
I(-—1 -1 1
s(s+1) s s+1

i,() =u(t) —e"u(t) = (1-e Hu?)

2V

22. (D) vy(o0) =lim sV, (s) =lim 256 _
s —0 s>0 g4+ 3

_ (20s + 6)
23. (D) vp(0°) =lim sV(s)= =0 2~
(D) vo(0") =lim sVelo)= 0 =5 o 0

;- Cdve

i it = I.(s)=ClsV.(s) —v,0")]

GATE EC BY RK Kanodia

-6
_60x 10 [ 5(20 s + 6) zj _ 480 x 10°(10s + 3)

(10s + 3)(s + 4) 10s® + 43s +12
io(0") = lim sI(s) =— 480 x 10" =~ 0.48 mA

di
24. (A =L L
(A) v, ey

= V()= LIsI,(s)—i,(0")]

10
s+

i,(07) =limsl,(s) = ~= =0

40s 40
s(s+2) s+2
s40
s+2

Vi(s) =

40

v, (07) =lim sV, (s) =

25. (A) V,(s) =KV,(s)
Vi(s) N Vi(s) —KVi(s) _
2

0

4+s+1
s

4+s+1+2—2K:0
S

= $*+(6-2K)s+1=0
(6-2K)>0 = K<3

Networks

26. (B) Let v, be the node voltage of middle node

Vi(s) _ KVy(s) +25Vi(s)
1+2s+s

= (Bs+ DV, (s) =(2s + K)V,(s)

25V (s)

2s+1

= 2s+ DV,(s) =2sV,(s)

= (Bs+12s+1)=2s(2s + K)

252 +(5 -2K)s +1=0,

= V,(s)=

5-2K >0, K <g

H(s+a)

27. (A) H(s) =
s+4

H1-¢
_H(s+at)_@+ 4
s(s+4) 4s s+4

r(t) :% w(t) + H[l —Zje o

2 I(s) 2
28. (A) V. (s)=—>— I(s)= , oS 2
(B) V,,(s) s+1 A9 s?+1 V, (s) s
(sL R)l 1(S+Rj
sL+R)— —
29. (D) Z(s) = sC - C - Ll
sSL+R+— s+ "+ —
s L LC
K(s+1) K(s+1
Z(s) =
J3 1 .J3) ("+s+1
S+o+j s+ —j
2 2 2
o
sL
Z(s) 11
—> =T Cs
R
o
Fig. 51.8.29

Since Z(0) =1, thus K =1
1R
c 'L 7 LC
= (C=1 L=1 R=1
30. (B) The characteristic equation is

s2(s+11s+30)=0 = s*>(s+6)(s+5) =0

s=-6, —5, Being real and unequal, it is overdamped.
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Circuit Analysis in the s-Domain GATE EC BY RK Kanodia Chap 1.8

s+4  s(s+4)

I
31. (B) = = =
. si4.3 (+Ds+3)
S

32. (A) The characteristic equation is (s +1) (s + 3) =0.

Being real and unequal root, it is overdamped response.

33. (C) i —2u(t) = I(s)=2
S

2s+4) 3 1
(s+D(s+3) s+1 s+3

i, =(3e" —e™u(t) A

I,(s) =

Vi(s) 2 B 1
- T2
Vis) 4 o ,9 s +s+2
s

34. (B)

The roots are imaginary so network is underdamped.

35. (C) The characteristic equation is
s(s? +8s+16) =0, (s +4)*=0, s=—4,—4

Being real and repeated root, it is critically damped.

36. (B) v, =eut) = V/(s)=H(s)V,/(s)= !
S +
o =v, + 2% o Vi =1+ 20V(s)
Vi(s) = H(s)V/(s) =(1 + 25) V() H(s)
Vi) =125 9 3y oss) - Seult)
s+2 s+2

37. (C) It is a second order circuit. In steady state
i = 10 =2A,v=2x1=2V
4+1

10 _ 5(s+2)
1 (s+2)?%+1

I(s) =
2s+4 +
1+=s

2

10

1
1+§3 B 10
- 2
@s+4)+ L (42741
1
1+=s
2

Vi(s) =

V(s) _ 2
I(s) s+2

It has one pole at s =-2

32+10$+24_(s+4)(s+6)

38. (D) —; =
s°+8s+15 (s+3)(s+5)

The singularity near to origin is pole. So it may be RC

impedance or RL admittance function.

39. (D) Poles and zero does not interlace on negative

real axis so it is not a immittance function.

40. (C) The singularity nearest to origin is a zero. So it
may be RL impedance or RC admittance function.
Because of (D) option it is required to check that it is a
valid RC admittance function. The poles and zeros

interlace along the negative real axis. The residues of
Yie (s)
s

are real and positive.

41. (B) The singularity nearest to origin is a pole. So it

may be RC impedance or RL admittance function.

32+7s+6:(s+1)(s+6)
s+2 (s+2)

The singularity nearest to origin is at zero. So it may be

42. (A)

RC admittance or RL impedance function.

43. (D)

(A) pole lie on positive real axis

(B) poles and zero does not interlace on axis.
(C) poles and zero does not interlace on axis.

(D) is a valid immittance function.

s?+8s+15 (s+3)(s+5)

44. (A) —; =
s$°+6s+8 (s+2)(s+4)

The singularity nearest to origin is a pole. So it may be

a RL admittance or RC impedance function.

45. (A) The singularity nearest to origin is a pole. So

this is RC impedance function.
Z(s):3+§+ ! :3+§+£
s s+3 s 145

stesfestesk skt skoskokokok sk
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CHAPTER

1.9

MAGNETICALLY COUPLED CIRCUITS

Statement for Q.1-2: e i, =e* V and i, =0, the voltage v, is

In the circuit of fig. P1.9.1-2 i, =4sin 2¢ A, and (A) -6 V (B) 6¢* V
i, =0. (C) 15V (D) -15e* V
° ‘l% ° Statement for Q.5-6:
3 § Consider the circuit shown in fig. P19.5-6
v 2H 1H vy
- ci’ 2H 2’:>
° ° + +
Fig. P1.9.1-2 ¢y
v 2H § § 3H vy
vy =7
(A) —-16cos 2¢ V (B) 16cos 2t V o )

(C)4cos2t V

a%:?

(A)2cos 2t V
(C) 8cos 2tV

(D) -4 cos 2t V

(B) 2cos 2t V
(D) -8cos 2t V

Fig. P1.9.5-6

B If current 1, =3cos 4¢ A and i, =0, then voltage v, and

v, are
(A)v,=-24sin4tV, v,=-24sin4tV

(B) v, =24sin 4t V, v, =—36sin 4t V

Statement for Q.3-4:

Consider the circuit shown in Fig. P1.9.3-4 (C) v, =15sin 4¢ V, v, =sin 4¢ V

i i (D) v, =-15sin4tV, wv,=-sin4tV
. -

o SH o
+ -~ +
S A 1f current i, =0 and i, =4sin 3t A, then voltage v, and
vy 3H 2 g 4H vy
v, are
[ ]
° o (A) v, =24cos 3t V, v, =36¢cos 3t V
Fig. P1.9.5-6

(B) v, =24cos 3t V, v, =—36¢co0s 3t V
Blifi =0 and i, =2sin 4t A, the voltage v, is
(A) 24 cos 4t V (B) —24cos 4t 'V

(C) 15cos 4t V (D) -15cos 4t V

(C) v, =—24cos 3t V, v, =36¢cos 3t V

(D) v, =—24cos 3t V, v,=-36c¢cos 3tV

www.gatehelp.com
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Magnetically Coupled Circuits

Statement for Q.7-8: L,=?
@
In the circuit shown in fig. P1.9.7-8, i, =3cos 3t A 3.6 H
and i, =4sin 3¢ A. L, .:) 10
L <2
b 1H ° 14H
§ 3
oo 2H 3 § 2H v Fig. P1.9.12
(A)4 H (B)6 H
° ° ©7H (D) 0 H
Fig. P1.9.7-8
vl = ? Leq = ?
(A) 6(—2cos t+3sint) V (B) 6(2cos t+3sint) V
(C) -6(2cos t+ 3sint) V (D) 6(2cos t—3sint) V
ﬂ v, =7
(A) 3(8cos 3t —3sint) V (B) 6(2cos t + 3sin¢t) V
(C) 3(8cos 3t + 3sin 3t) V (D) 6(2cost—3sint) V Fig. P1.9.13
Statement for Q.9-10: @A) 2H (B)4 H
In the circuit shown in fig. P1.9.9-10, i, =5sin 3t A (€)6 H (D) 8 H
and 7, = 3cos 3tA ' 14 A
Ly — ! ° yz]
? 8 § 3
+ +
§ % . 3 g
o 4H 6H
v, 3H 3 § 4H vy -
o
(o} O
Fig. P1.9.14
Fig. P1.9.9-10
Ao, =2 (A) 8 H (B) 6 H
(A) 9(5cos 3t +3sin 31) V. (B) 9(5cos 3¢ —3sin 3¢) V (C)4 H (D)2 H
(C)9(4cos 3t+5sin3t) V. (D) 9(5cos 3¢t —3sin 3t) V
L,=?
° 7H
v, =7 i
(A) 9(—4sin 3t +5cos 3t) V. (B) 9(4sin 3t —5cos 3t) V Ly g 3 g -
—»
(C) 9(-4sin 3t —5cos3t) V. (D) 9(4sin 3t +5cos 3¢) V N
(o}
In the circuit shown in fig. P1.9.11 if current Fig. P1.9.15
i, =5cos (500 —20°) mA and i, =20 cos (500¢ —20°) mA,
the total energy stored in system at ¢ =0 is (A) 04 H B)2H
iy < (C)12 H (D)6 H
° #=0.6 °

vy 25H 3 04 H vy

(o] O
Fig. P1.9.11
(A) 151.14 pJ (B) 45.24 nJ
(C) 249.44 pJ (D) 143.46 ud

GATE EC BY RK Kanodia

The equivalent inductance of a pair of a coupled
inductor in various configuration are

(a) 7 H after series adding connection
(b) 1.8 H after series opposing connection

(c) 0.5 H after parallel connection with dotted

terminal connected together.
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GATE EC BY RK Kanodia

The value of L, , L, and M are 20, L,=?
(A)3H,16H,12H (B)16H,3H,14H
(C)3.7H,0.7H, 1.3 H (D)2H,3H,3H
L,=?

° 2H
s %
Ly 4H§ §2H
o (A)1H
Fig. P1.9.17 (C)3 H
(A) 0.2 H (B)1H m Leq _9
(C)04 H (D)2 H
L,=?
° 3H
I
Loy 5H§ §3H
[ ]
o VRS
Fig. P1.9.18 5
51 H
A)1H (B)2H © 5
(C)3 H (D)4 H

Networks

L
1H

)im

2H

:)ZH

3H

Fig. P1.9.20
B)2H

D)4 H

2H

Fig. P1.9.21
49
(B) —H
) 5

39
D) —H
()5

In the network of fig. P1.9.19 following terminal are

connected together

(1) none (ii)) A to B
(1i1) B to C @iv) A to C
2H
a0 M54
(d
2H il
3 H(: B
5H
° 1H
bo NN o(C
Fig. P1.9.19

The correct match for equivalent induction seen at

terminal a - b is

Statement for Q.22-24:
Consider the circuit shown in fig. P1.9.22-24.

0 A
OB
be ®4H
6 A me 3 H 15t A mE6H
20H§ C
5H
[
oD

Fig. P1.9.22-24
@ The voltage V,, of terminal AD is
(A) 60 V (B) 60V
(C) 180 V (D) 240 V

m The voltage vy, of terminal BD is

(A) 45V

(B) 33V

(C) 69V (D) 105V

m The voltage v, of terminal CD is
(A)30V B oV

(C) 36V (D) 36V

www.gatehelp.com

6] (i) (ii1) (iv)
(A) 1H 0.875 H 0.6 H 0.75 H
B 13 H 0.875 H 0.6 H 0.75 H
(C) 13 H 7.375 H 6.6 H 2.4375 H
(D) 1H 7.375 H 6.6 H 24375 H
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UNIT 1

BB In the circuit of fig. P1.9.33 the ©=2 rad/s. The

resonance occurs when C is

I
R 2H
Zn 2H§ §2H §4Q
[«
Fig. P1.9.33
(A)1F (B) L F
C)LF D)L F

m In the circuit of fig. P1.9.34, the voltage gain is zero
at o= 333.33 rad/s. The value of C is
20 Q 0.09H 400

AMN— 3— VW
0.12H 0.27H *
2F == v,
T° |

¥e

Fig. P1.9.34
(A) 100 uF (B) 75 uF
(C) 50 uF (D) 25 uF

BEl In the circuit of fig. P1.9.35 at o= 333.33 rad/s, the
voltage gain v,,,/v,, is zero. The value of C is
c

40 Q

k=0.5|

é 3 .

0.12H ; 027TH 200 Vo

Fig. P1.9.35
(A) 3.33 mF (B) 33.33 mF
(C) 3.33 uF (D) 33.33 uF

@ The Thevenin equivalent at terminal ab for the
network shown in fig. P1.9.36 is

60 Q
d¢o NN
1 : 4
® O
20 Qg 2”; <t>201x
i
bo
Fig. P1.9.36
(A6 V,10Q B)6V, 40
@Ce)ov,40Q MD)oV,10Q

GATE EC BY RK Kanodia

Networks

In the circuit of fig. P1.9.37 the maximum power

delivered to R, is

10Q
A AAY
1: 4
® O
]'OOVrms (’E) 3 H g g RL
Fig. P1.9.37
(A) 250 W (B) 200 W
(C) 150 W (D) 100 W

m The average power delivered to the 8 Q load in the

circuit of fig. P1.9.38 is
300 Q I, I,
—» —

A AAY
5:1
+lo o .
50V, e C:_;) -0.04V, \ 3 H é 8Q §V2
Fig. P1.9.38
(A) 8 W (B) 1.25 kW
(C) 625 kW (D) 2.50 kW

E In the circuit of fig. P1.9.39 the ideal source supplies
1000 W, half of which is delivered to the 100 Q load. The

value of @ and b are
40 250

A'A% A'A%

VAN e =
MTes
VAN e =
nmmnes

100V, C") g 100 Q

Fig. P1.9.39
(A) 6, 0.47 (B) 5, 0.89
(C) 0.89, 5 (D) 047, 6
m I,="?
25Q I, 2Q
'A% —=AA\N
3:1 4:3
® @ ® @
SO I 3o
Fig. P1.9.40

(A) 1.65 A,
(C) 0.66 A,

(B) 0.18 A,
(D) 5.90 A.__

S
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Magnetically Coupled Circuits

Mv,-=2

+
10 Qg V,

50 Q
AAY;
40 Q
AN
5 :2
80V, C,D 3”%
[ ]
Fig. P1.9.41
(A) 1231V (B) 1231V
(C) 9.231V (D) 9.231V

GATE EC BY RK Kanodia

The power being dissipated in 400 Q resistor is

§4OOQ

1Q 4Q
: 2 1:5
o O ® O
ooz i
Fig. P1.9.42
(A)3 W (B)6 W
©C) 9w (D) 12 W
I=2
8Q 10Q
AMN— : I— MW
100£0°V C:D H 3 Jj6
— 4
i
Fig. P1.9.43

(A) 1921.57.4° A
(C) 1.68.£43.6° A

Zin:?

Jj16 6Q

(B) 2931259.4° A
(D) 179243.6° A

(A) 463 + j6.8Q
(C) 10.8 + j9.6 Q

Fig. P1.9.44

24 Q 6Q
O_NW\_I\/V\,_
1:5 4:1
o O ® O
N { |
o T

(B) 4321 + j096 Q
(D) 615.4 + j0.38 Q

SOLUTIONS

LB o, =2 1% _99h _jgcs0s v
dt dt  dt
di di, di

2. (C =(1) =2 +(1) 2 =—"L =8cos2tV

©v, ()dt ()dt dt

3. (B) v, =38 _g%__3dh __oqc0iuv
dt dt dt

4.(C) v, =4 % 390 _ 3dh g,y
dt ° dt dt

5. (A) o, =28 9@ _odh __o4Gnuy
dt ~dt  dt

— g% 9 dh _odh _ g4ginarv

dt  ~dt  dt

6. (D) v, -2 9% __odb__o4c0cav
dt ~ dt dt

v, =3%2 9dh _ _gdb _ g5 g3y

dt  ~dt dt

7. (A v 2% 1%
dt  dt

=-18sint+12cost=6(2cost—3sin¢) V

8. (A) v, =2 %2 1%
dt = dt

=24cos 3t —9sin 3t =3(8 cos 3t —3sin 3¢) V

diy _,di,
dt dt
=45 cos 3t +27 sin 3t =9 (5 cos 3t + 3sin 3t) V

9. (A v =3

10. (D) v, -4 %2 , 394
at " ar

=36sin 3t +45cos 3t =9(4sin 3t +5cos 31) V
1. ., 1. ., ..
11. AW =5 L + 3 L,i, + Mi,i,

At t=0, i, =4cos (-20°) =47 mA
i, =20 cos (-20°) =18.8 mA
M =06+v25%x04=0.6

W= %(2.5)(4.7)2 N %(0.4)(18.8)2 1 0.6(47)(18.8)

=151.3J

12. () L, =L +L,+2M =7 H

www.gatehelp.com
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UNIT 1 GATE EC BY RK Kanodia Networks

13. (A) Leq =L1 + LZ -2M =4+2-2x2=2H 29. (C) Uae =20 d(6t) +4 d(15t) =180 V
dt dt
LL,-M?* 24 - 16
14.C) L, =—22 = =4 H d(15¢) d6(t) d (6%)
“ L +L,-2M 6+4-8 23. (B) vy, =3 o +4 i -6 5 =33V
L,-M? 8-4
LRINp — - —04 H _ g6y __
W Loy = T oM 644 24. (C) vgg=-6=_==-36 V
= _ — 2472
16. (C) L, + L, +2M =7, L, + L, ~2M =18 2. B) Z -z, + OM
— L +L,=44, M =13 22
LL =M G5 pr,-132-05x18 (50)2(1J
Ly + L, -2M =4+j(50)(1j+5
LL, =259, (L, — L,)* =442 - 4x 259 =9 5+ (50)%
L -L,=8 L =37, L,=07 ,
=477+ j115Q
M? 4
17. D) L, = L, -7 =45 =2 H 26. (B) V, = j (0.8)10(12.£0) — j (02)(10)(2 £0)
2
+[3 + j(05)(10)](12 20 + 2 £0)
18. B L, - L, _% s _% oy =9.6 + j21.6 =26.64.£6604° V
2
27. (A) [j(1007) (2) + 1017, + j(1007)(0.4) (2£0) =0
19. (A) = I,=-04-;00064,
S V. =101, =—4 - j0.064
2 3y —4/-1791°
- = v,=4cos(100mt -179.1°) V
5H 2H
° 28. (B) 30.£30°=1(-j6 + j8 — j4 + j12 — j4 + 10)
Fig. 8.1.9.19 = 1-3943% o557 joo43
20. (D) V,, =1sI + 1sI =2sI (10 +j6)
V., =2sI +1sI —2sI =sl, V,=1(j12 - j4 + 10)
V,, =3sI —2sI =sI =(257 — j0.043)(10 + 8)
V, =V, +V, 4V, —4s] = L -4H —26067 + j20.14 =329/37.7°V
21. (B) Let I, be the current through 4 H inductor and 29. (A) '
. J 20 20
I, and I, be the current through 3 H, and 2 H inductor ” 'Vy\i AN

respectively
L=I,+I,,V,=V, 34-90“A<Z_Z> T\ j4§ §j4 N C:D 12/30°V
3sl, + 3sI, =2sI, + 2sI,

= 8I,+1,=2I, = 4I,=I,

Fig. S1.9.29
- 12:%, Igzgll

J

(=j+2+ I, - jI,=-j3

V =4sl, + 3sl, +2sl, + 3sl, + 3s I, (4 + 2, - jI, =—12./30° V

6s 2x 4s

=Tsly+ L= 1, =-145 - j056,
V. =21 =29 + j112
v-¥g 1 -y oo
5 “" g =311,2112°V
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Magnetically Coupled Circuits

30. (D)
j10 8 j10
t3R3
j18 20 — 10
Fig. S.1.9.30
z, :1O+J.8+(_{14)(J'10+2 —]‘6)
! Jj14 + j10 +2 - j6
~112 + j1120

31. (C) Z,, =(-j6)1I(Z,)
(12)?
(j30 + j5 - j2 + 4)
(-j6)(052 + j15.7)

= > _020 - /970
(—j6 +052 + j15.7)

~052 + j157

Z,=j20 +

32. D) M =kJyLL,, M?=160x10"
o> M?

Z, =joL + ———
Z, + joL,

in

3\2 -12
= j250 x10° x 2% 10 + (250 x10°)" x160 x 10

2+ j10 + j x 250 x 10° x 80 x10°°
Z, =002+ jO170

33. (D)
J
2C
[l
Il 202
VIC;_:) A" 143 §j4 @gam
Fig. S.1.9.33
v =l jar 4 joa
2C
0=(4+4)I, + j22I,
I :_j\/§11
201+ )
£=;J+j4+ 2 .:—‘]+‘]8C+2C—J20
I, 2C 1+ 2C
7 _—j+j8C+2C-j2C
" 2C
Im(Z,)=0 = —j+j8C-;2C=0
= C:l
6
34. (A) j30 ——2)__0, ¢ =100 uF
S T 000C T H

GATE EC BY RK Kanodia Chap 1.9

20 Q 40 Q

0.03H 0.18H
Vi (,:> . 2F=—V ,
0.09H <30 -

-3
1000C —l_

Fig. P1.9.34

35. (D) The & equivalent circuit of coupled coil is shown
in fig. S1.9.35

o M o o N o
LiL,-M
33 T .
I § ng = Lleszg éLle—M
' Ly-M L-M
(o] o) o} o)
Fig. $1.9.35
LL,-M* _ LL,(1-k*) +012x027(105%) 097
M k 05
Output is zero if . JCw»=0
27w
c-—1 _3333,F
0270 O

36. (C) Applying 1 V test source at ab terminal,

60 Q

MV

o

&,

WA o=
nne =

O -
.

Fig. $1.9.36

V,-1V,I.=1 005 A, V,=4V,
20
4=601,+20x005 = I,=005A
I, =I,+1 =I, +4I,=025 A
RTH=%=4Q, Vi =0

in

37. (A) Impedance seen by R, =10 x 4*> =160 Q
For maximum power R, =160Q, Z, =10 Q

2
P, =( 100 J 10 =250 W

10 + 10
V. I, V.
3. ®)1,= ", 1=y sy,

www.gatehelp.com
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CHAPTER

1.10

TWO PORT NETWORK

Statement for Q.1-4: a [A]=?
The circuit is given in fig. P.1.10.1-4 6 _i—| 8 1
|17 17‘ ®| 3 3
2 0 L 3 24 1 2
=AM\ AN ° 2 7J =z
17 17 "3 3]
v, gm g 30 v, 6 3] (8 1]
17 17 ‘ 3 3
C D
; ; @l s | Pl e
Fig. P.1.10.1-4 17 1 L3 3]
Wz1=2 mir-=2
1 3] (1 3] 17 ] 17 ]
N B2 2 (A3 J (B)| 3 J
11 17 1 2 3 2 3
L 6 2_ _6 2_ _E _8'| E _8“
! 3 MD)| 3
LAY 111 2 -3 2 3]
6 2 6 2
C D
© § 2 o8 2 B0
) ) I 20 20 I
-0 -6 2 o AN A =,
0
a[y]:? Vi glg §29 §3Q v,
3 1] 3 1] : )
8 8 } 8 8 } ° 5
) 1 17 ® 1 17 ) Fig. P.1.10.5 )
s 24J 8 24J 21 lw 71
16 8 9 6
A B
(A) 1 7J (B) 1 7
17 1] 17 _q L8 12 6 4]
©]° ?J’J @] §J Y (7 1]
1 138 16 8 9 3
C D
L2 2 | 8 9 ©) 1 7J (D) 1 7
8 12 |3 4]
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UNIT 1 GATE EC BY RK Kanodia Networks
@ iyl=7 [y]="?
1 10 20 30 I I, 10 I
> -2 —> -2
° AN 2'A'AY AN o ° AN °
v, gzn glg Vv, v, §2Q glﬂ 1, v,
° o o
Fig. P.1.10.6 Fig. P.1.10.11
_ B} . ! ] 3 ]
o2 o2 NEE B2
ol4l 4l B | 41 41 A1 B ]
(A) (B) 3 4 LT
2 b _2 19 2 2
[41 41 L 41 41 _ _
) ) ) . 1 11 1 3}
19 2 19 2 3 9 1 1
- = — - C D
2 1 22 1 L4 4 L2 2
141 41] L 41 41
-9
Statement for Q.7-10: [2]="
I, 20 AL I
A two port is described by V,=I, +2V,, +_> VVV < > %
I,=-2I,+04V, ., g“’ mg §
1 2
[z]1=? . )
o O
(A) -5 (B) 5 ) . Fig. P.1.10.12 .
-5 25 5 25 4 2 11
3 3 2 2
A B
1 -2 1 2 G IO B 7
(©) (D) 2 2 1y
5 04 -2 04 "3 3] |2 |
2 2] 1]
© (D)
1 5 1 -27 4 2 11
(A) (B) - = = =
|5 25 |2 44] .3 3l 2 T2
-2 44 11 -5
©| | (D) { } [yl="2
4 -2 -5 25 I 20 20 I,
o= AV AWV =0
A (n1=?
3 6] [ 1 W g SR> I
3 -6 4 -2
(A) (B)
L 4 - 4J L—2 4.4J S -
1 2 11 5 ) Fig. P.1.10.13
Cl o' 5 1] T 1]
' ' N } B 4 4 }
1 5 3 5
[T]=? L2 ZJ I J
(A)r2.2 05] (B)r2.2 -05] (10 2] 6 14]
102 05 0.2 —05] © 9 1 | | 19 19 |
(C)F 1 2] (D)F 1 -2 L 19 19J L 19 19J
L—z 0.4J [—2 -04 J
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Two Port Networks

[z]="?
4v,
Il
o, |+
4 10 g Vs

3
(D) {_3

\]

w W

| EN—

\)

Fig. P.1.10.14
r2 3
A B
( )L3 3J (B)
3 3
o[ ¥
B z1=2
I
°
Vi %Vz
°
Fig. P.1.1.15
(2 2
(Al 3 W B)
2 2J
| 2
i 3
© |2 51 (D)
2 2]
16 JEAEN:
2Q
<=+_> NN
3Q
Vl
Vy
o
Fig. P.1.10.16
-1 1]
(A) 1 —2J B)
2 1]
3 3
© 1 _1‘ (D)
L 3 SJ

=
|
[\

W wl|
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[z]="?
I
I, 20 1 20 I,
o= AN Q AM— 0
v, g 20 g 20 v,
o o
Fig. P.1.10.17
oy 1 DUt
@ o1 (B) 7
57 3 2]
7 11 S
©) ‘1* (D) 3
= 3 - 1
L2 s ]
[T]=7?
1
Ly
I 40 54 I,
4 o L
) ° AN <D °
2
V1 %)Vz 40 g VZ
5 o
Fig. P.1.10.18
035 -1 2 -333
A (B)
2 333 035 -1
2 333 035 1
©) (D)
035 1 2 333
[h]="?
V.
I, /\2 20 1,
—_—
° \+/ AMN °
v, 11, 40 g v,
5 5
Fig. P.1.10.19
", 8] L, 1]
A) i } (B) ?3 ‘
=3l o
T 2 Y2
4 - ST 9 %T
o o 7|
2 7J 4 - ,J
| ° 2 T2
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Two Port Networks

)|—Za +Zab Zub —|
Zab Zb +ZabJ

(A {
(C) |:Za + Zab _Zab j| (D) |:Zab _Za Zab i|

—Zy Zy + 2y, Zy Loy —Zy

[yl=?
[] [
[} °J
Fig. P.1.10.27

Y +Y, -Y Y -Y, Y
(A) |— a + ab ab —I (B) |— a ab ab —|

- Yab Yb + Yab L Yab Yb - YabJ

Y,-Y Y, Y -Y -Y
(C) ab a ab (D) a ab ab

Yab Yab - Ya - Yab Yb - Yab

m The y-parameters of a 2-port network are
5 3]

= S

[yl Ll 9 J

A resistor of 1 ohm is connected across as shown in

fig. P.1.10.2 8. The new y —parameter would be

10

MV

)

_153
[y]—[1 2}

~—

Fig. P.1.10.28

6 2
ofs 2

4 4
(D){2 JS

6 4
S

5 4
off s

[2 0]
For the 2-port of fig. P.1.10.29, = mS
29, p ig [y,] o 10]
60 Q
[Yal
.
v, V, & 300 Q
100 Q
Fig. P.1.10.29

GATE EC BY RK Kanodia

Chap 1.10

The value of E is
3 1
A) — B) —
( )32 ( )16

2 1
C) — D) —
(&) 33 (D) 17
m The T-parameters of a 2-port network are
2 1
T1= .
(7] L J
If such two 2-port network are cascaded, the

z —parameter for the cascaded network is

T oy
A B
T P 2J
) } . 3 3
: e
C D
© 1 2 ) % 1J
L 3 3] L
Bl [y1=2
20 10
1Q
AN\N
2Q
1Q$ ?%Q
Fig. P.1.10.31
1 9] (1 )
a| 10 10 @®)| 10 10
9 3 7 31
L 10 10 L 10 10
(1 9] o 7]
(©| 10 10 )| 10 10
9 31 7031
L 10 10 | 10 10
B [y1=2
II(S> 2F 12(5)
o—=> Il <=,
+ 1 °
Vi(s) g%ﬂ —2F 2V %Qg SFE= Ve
° o

Fig. P.1.10.32
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UNIT 1
(A)rs+3 23] (B)r s+3 -2s |
L2s+2 4J L—2s—2 43+4J
©) s+3 2s D) 3s+3 —2s
-2s-2 4 -2s-2 4s+4
8. b, =2
I R R I
o= AN Ao
v, Rg v,
o o
Fig. P.1.10.33
3 1
A) = B) =
(A) 2 ( )2
1 3
C) -= D) =
(9] 5 ( )2

m In the circuit shown in fig. P.1.10.34, when the
voltage V| is 10 V, the current I is 1 A. If the applied
voltage at port-2 is 100 V, the short circuit current

flowing through at port 1 will be

Linear

Resistive
Network

Fig. P.1.10.34
(A) 0.1 A B)1A
(C)10 A (D) 100 A

m For a 2-port symmetrical bilateral network, if
transmission parameters A =3 and B =1 Q, the value of
parameter C is
(A) 3

(C) 8Q

(B)8 S
D)9

m A 2-port resistive network satisfy the condition

A:ngBng. The z,; of the network is
4 3

A) = B) —

()3 ()4
2 3

(O D) —

()3 ( )2

GATE EC BY RK Kanodia

Networks

The circuit shown in fig. P.1.10.37 is reciprocal if a

18

Fig. P.1.10.37
(A) 2 (B) -2
1 (D) -1

)

v {‘510 'OﬂmS v, S1ke
—
Fig. P.1.10.38
(A) 86.4 O (B) 64.3 Q
(C) 153.8 Q (D) 943 Q
B v,,v,=2
250 —_—
+ +
100 V v, | =E8 ﬂms Vy & 100 Q
—
Fig. P.1.10.39
(A) 686V, 1143V (B) 686V, -1143V
(C) 1143V, -686V (D) -1143V, 686V

m A 2-port network is driven by a source V, =100 V in
series with 5 Q, and terminated in a 25Q resistor. The
impedance parameters are

{20 2 }
[z]= Q
40 10

The Thevenin equivalent circuit presented to the
25Q) resistor is
(A) 80V, 280
(C) 100V, 240

(B) 160 V, 6.8 Q
D) 120V, 6.4 Q
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Two Port Networks

18. (D) Let I, be the clockwise loop current in center

loop

v,
[1:E+[3, V,=4I,+1,) = 1,=025V,-1I,
= I, =035V,-1, ..@1)

V, =41, 02V, + V,
12V, =4(0.35V, —1,) + V, =24V, — 41,
= V, =2V, -333I, ...(ii)

19. (A) V, =4(12 +1, —122)@ 1,=-2I, +%V2 ...(ii)

AR AR AN A A
2 2 4 2
= V, =4I, +§V2 (1)

Vi v,-V, 3 3 .

20. (B) II:—V2+T1+ 12 2:§Vl—§V2 (D)

v, V,-Vv, 3 3 .

12 :2‘]1 +T2+%:§‘/1+§V2 ...(11)
21. (D) I, =2V, + jV, + j(V, = V,)

= I,=2+j2)V, -jV, (D)

V. . . . ..

L= 4V, + (V= V) ==V, + (L4 )V, i)

I 1 .

22. B) Vi ="t +sl, +sl,=|=+s|[, +s], (1)

s s

V,=2I,+2s1,+sl, = V, =sl, +(2+2s)I, ..(i0)

9 9
23. (D) ZR—n2 =3 =1
ZR
L, e
- 1:3 +
+® 9

v, (_) 4Q§ V’1§H§ Vv, ggg Vy
o )

Fig. $1.10.23a

2 A =0.8

4
Vo=@l =1, = .

Va4,
1

’ ! 4
V, =V, =nV, =3(511J = 2y = i

GATE EC BY RK Kanodia

Chap 1.10

: 3
L)

1
® +
g | oo

Fig. S1.10.23b

[« ]
o

V,=(3611 9)I, =721, = 2, :% _72,
2
21y =24 =24

24. (C) V, =3sl, + 3sl, —3sI, + 3sl, +2sl,

= V,=6sl, +2s], ..(1)
V,=3sl,+2sl, = V,=2sl, +3sl, ..(i)

v

25.(0) V, =2 +0(-L), L=V, +5(-1,)

26. (A) V, =(Z, + Z,)I, + Z,,1, ()
V,=(Z, +Z )], +Z, 0, =Z 1, +(Z, + Z,)I,  ..(i)

27. (A) I, =(V, - V,)Y,, + V.Y,
= I, =V(Y,+Y,) -V,Y, ()
I,=(V, - V)Y, +V,Y, =-V,Y,, + V,(Y, +Y,,) .G

28. (B) y-parameter of 1 Q resistor network are
1 -1
-1 1
5 3 1 -1 6 2
New y-parameter = + = .
1 2 -1 1 0 3

-1
29, (&) (1|2 ™S O ][00 o0
0 10mS 0 100

5000 O 100 100
[z]= +
0 100 100 100
V, =6001, + 1001, , V, =100I, + 2001,
V. =601, + V, =660I, + 1001, , V, =V =-3001,

{600

100
100

200

V. =1001, —%Vo = 1=V

60
votv -Ye o Y._3
3 V., 32

2 1(|12 1 5 3
so.cma 2 T

V, =5V, - 31, , I, =3V, -2I,

www.gatehelp.com
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UNIT 1

GATE EC BY RK Kanodia

8V, _5I, =1, = V,=2I,+11, ()
3 3

1 2 ..

V2 :gIl +g[2 ...(11)
31. (B)

20 1Q 2Q
o AN °
10 10 %Q
o 0 o 0

Fig. S.1.10.31a & b

{% 1 3 _,1
131 |5 5 |2
[Z“]‘L 2}, [ya]—{_l 3J, [ybl—{_l J
5 5 2
19 _lw
[y]:[yamybﬂ 1 ;‘;J
10 10
3 2 3 0
32. (D)[ya]{_g 488}[%]{_2 41
i
° il
- 2F 2QF =
O
Fig. $.1.10.32a
o—
R RE:
O

Fig. S.1.10.32b
3s+ 3

-2s
[y]:[ya]=[yb]:{_28_2 s+ 4}

LR I, 1

— 2 _
a_I2_ - 7

L Ly
R+R’I, 2

33. (C) hy, =

11v,=0

R L
AN

Fig. S.1.10.33

1
=Y =7~ =01

I
34. (C) =2
10

\4

Vy=0

Page
100

’

Networks

Interchanging the port % =01, I, =100x01=10

1

35. (B) For symmetrical network A =D =3

For bilateral AD -BC=1,9-C=1, C=8S
A 4
36. (A ===—
@ 2, C 3

37. (A) V, =05V, + I, +2(I, + 1) + al,

= V,=(6+2a), +4I,

V,=2I,+I,)+al, = V,=2+a, +2I,
For reciprocal network

215=2y9 ,4=2+a = a=2

38. (C) I, =4 x 10°V, —0.1x 10V,

I,=50x10"°V, +10°V, , V, =—-10°I,

~10°V, =50 x 10V, +10°V, , V, =25V,
v, 10°

10°I, =4V, +25V, , - == =1538
I, 6

39. (B) I, =10 x 10°V, =5 x 107V, ,

100 =251, + V,

100 -V, =0.25V, —0.125V, = 800=10V, -V,
I, =50x 107V, +20 x 10V, , V, =-1001,
V,=-5V, -2V, = 3V, +5V,=0

From (i) and (ii) V, =68.6 V, V,=-114.3 V.

40. (B) 100 =5I, + V,, V, =201, +2I,

— 100 =251, +2I, , V, =401, + 101,
800 -5V, =-34I, = V,=160+68I,
Vi =160 V, Ry, =680

41. B) V, =z,I, , V, =z, , %:ZA

1 211

42. B) I, =y, V|, + y,,V, , I, =-V,Y,

V _
Ya Vi + ¥y + Y )V, =0, R R £ |
Vi (e +y1)

43. (A) V, =z,I, + 2,1, ,

v
V=251, + 222[_Z2J

L

V, _ 202y,

VolZy +2y) =252, 1, I . 7
1 22 L

www.gatehelp.com
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GATE EC BY RK Kanodia

CHAPTER

1.11

FREQUENCY RESPONSE

Statement for Q.1-3:

A parallel resonant circuit has a resistance of 2 kQ
and half power frequencies of 86 kHz and 90 kHz.

The value of capacitor is

(A) 6 pF (B) 20 nF
(C) 2 nF (D) 60 pF
a The value of inductor is

(A) 4.3 mH (B) 43 mH
(C) 0.16 mH (D) 1.6 mH
E The quality factor is

(A) 22 (B) 100
(C) 48 (D) 200

Statement for Q.4-5:

A parallel resonant circuit has a midband
admittance of 25x 107 S, quality factor of 80 and a

resonant frequency of 200 krad/s.

ﬂ The value of R is

(A) 400 (B) 5657Q
(C) 80Q (D) 28.28 O
ﬂ The value of C is

(A) 2 pF (B) 28.1 uF
(C) 10 puF (D) 14.14 pF

ﬂ A parallel RLC circuit has R =1kQ and C =1 uF. The
quality factor at resonance is 200. The value of inductor is
(A) 35.4 uH (B) 25 uH
(C) 17.7 uH (D) 50 uH

A parallel circuit has R=1kQ , C =50 uF and L =10
mH. The quality factor at resonance is

(A) 100 (B) 90.86
(C) 70.7 (D) None of the above

ﬂ A series resonant circuit has an inductor L =10 mH.
The resonant frequency o, =10° rad/s and bandwidth is
BW =10? rad/s. The value of R and C will be

(A) 100 pF, 10 Q (B) 100 pF, 10 @
(C) 100 pF, 10 MO (D) 100 pF, 10 MQ

ﬂ A series resonant circuit has L =1 mH and C =10 pyF.
The required R for the BW 159 Hz is

(A)01Q (B)02Q
(C) 159 mQ (D) 500 Q

For the RLC parallel resonant circuit when
R =8kQ, L =40 mH and C =0.25 uF, the quality factor

Q is
(A) 40 (B) 20
(C) 30 (D) 10

The maximum voltage across capacitor would be
0.105v,

Fig. P1.11.11
(A) 3200 V B)3V
C)-3V (D) 1600 V
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UNIT 1

For the circuit shown in fig. P1.1.11 resonant

frequency f, is

o— AAAN—YN__
+ Uy -
z, L
o}
Fig. P1.11.12
(A) 346 kHz (B) 55 kHz
(C) 196 kHz (D) 286 kHz

For the circuit shown in fig. P1.11.13 the resonant

frequency f, is

o
10 uH
600 pF == g 22 kO
180
o}
Fig. P1.11.13
(A) 129 kHz (B) 12.9 MHz
(C) 2.05 MHz (D) 2.05 kHz

The network function of circuit shown in
fig.P1.11.14 is

H(o) = \A — L
V., 1+ j00le
2kQ 15 kQ
i VAVAY,
+
- +
v C:) c=="le <f>AvC v,
- Fig. P1.11.14
The value of the C and A is
(A) 10 uF, 6 (B) 5 uF, 10
(C) 5 uF, 6 (D) 10 uF, 10
H(w)=Ye =2
Vi
i 200
—= oA\ o
+
v; C:) 4H 3 3, ==025F v,
o o
Fig. P1.11.15
T 0'6 B) ——— 0.6 ;
Jjo(1+ j0.20) Jal5 + jo)
3 3
Jo(1+ jo) J(20 + j4w)

GATE EC BY RK Kanodia

Networks
He)=Ye =2
Vvi 40 Q
AN °
128 CE.«) 0.5 F == 10 Qg |2
o
Fig. P1.11.16

A) (5 + j200) "
() (5 + j300) "

B) (5 + jdo) "
(D) 5(1 + j60)

The value of input frequency is required to cause a

gain equal to 1.5. The value is
2 kO

AA'A%
T +
Us C»D 60 uF == v,

Fig. P1.11.17
(B) 20 Hz

(A) 20 rad/s

(C) 10 rad/s (D) No such value exists.

In the circuit of fig. P1.11.18 phase shift equal to
-45° is required at frequency o =20 rad/s . The value of
R is

10Q
AN
- +
V, C:) 1pF ==v,
Fig. P1.11.18
(A) 200 kQ (B) 150 kQ
(C) 100 kQ (D) 50 kO

For the circuit of fig. P1.11.19 the input frequency is
adjusted until the gain is equal to 0.6. The value of the

frequency is

2H
MM
N +
Vs (’:) 30 Q g Vo
Fig. P1.11.19
(A) 20 rad/s (B) 20 Hz
(C) 40 rad/s (D) 40 Hz
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UNIT 1 GATE EC BY RK Kanodia Networks

E3¥ Bode di f the network function V,/V, for th
reuit of i, PLULS0Ts SOLUTIONS

AN o 1. (B) BW =, — &, =2790 — 86)k = 87 krad/s
T 20 BW:i = C = LI 1
U\~ v, RC RBW  8mnx10°x2x10°
30 mF _
—|_ 5 =19.89 nF
Fig.P1.11.30
. e 2. (C) o, =\ ; ) 2190 + 86K 76 tradss
o 1 1
S . 0w = = L=-"2=CC
3 ® NITS o
S, 5 1
C\)
= =0.16 mH
0 5.56 16.7 log & 0 5.56 16.7 log o (1767 x 10%)%(20 x 10°%) m
(B)
A
(&) 5 (A) Q@ _1T6nk o
0dB__ 556 16.7 ogo V4B 2.56 16.7 log o B 8rk
5 )
2 % 1
2 A 4. (A) At mid-band frequency Z=R,Y = —
) " R
1
R =725 107 =40 Q
X
© (D)
5. (C)Q =o,RC
= C= Q 80 =10 uF

"o, R 200 x 10° x 40

skttt skeskoskoskoskokokekek -6
6. (B) Q, = R\F — 200=10°1°
L L

= L=25puH
C 50 x 10°
7.(0) Q. =R.|Z =10° [22*2° _ _q07
©Q, \E 10x10°
8.B) o = 1
) °JLC
- L -100 pF

T10x 10 ° x (10°)?

BW :g = R=10x107?x10°=10

9. (A) BW :E
L
R =159x2n=01Q
1x107®

C
10. B) Q = R\E

www.gatehelp.com
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Frequency Response

_gx107 [025x10° o,
40x 107

11. (A) Thevenin equivalent seen by L-C combination

3=y, +10[ 2 =01050, v, =100
125
1, =19 45y
125
Open Circuit : v, =0, v, =3V
3 1
Ry =— = 375Q, o, =——— =1000
0.8 JLC
Q, =%k _ 10004 56667
R 375

10el, =Q. Vg =1066.67 x 3 =3200 V

12. (B) Applying 1 A at input port V, =10 V

voltage across 1 A source

V., =10+ jol0? —— I (541

test + Jjo 50 x 1079( + )
Zin = ‘/test
At resonance Im {Z,} = 0
= 0,107 =L,9 = ®, =346 kHz

®,50 x 10
f, =55 kHz
; -12 1 1
13. (C) Y = jw600 x 107** + S+ -
2x10° 18+ jwolO
1.8 - jol0®

= joBx 1070 4+ 4545 4 O =JOL0 "
J 324 + 0’10

At resonance Im {Y} =0
©,6x107(324 + ©’107") —©,10° =0
3.24 + ©’107"° =16.67 x 10’0, =129 Mrad/s

f, =2 =205 MHz
271

v
14.©QVy=— % Vi
9x10'4 L 1+72x10°Co
JLO
(15k) 24V, 24V,
¢ “16k + 30k 3 3(1+ j2x10° Co)
2A
Yo _ 3
V., 1+ j21x10°Co
%:4 = A=6, 2x10°C=001
= C=5uF

GATE EC BY RK Kanodia

5.7V oy 3l
20 + j4o 0.25j®
3 0.6

VO —_ —
V,  jolb+jo jol+ j020)

10
16. (A) Z, = JA05D 10
. 1 +10 1+.Jj30
Ja05
10
V,_  Z,  _ 1+j50
V. 40+2Z, 19 4 40
1+ j5m
10 54 200
50 + j200®
17. O Ho=Ye-—— L
V. 1+ joRC
gain —;
J1+ &*RC)

For any value of o, R, C gain <1.

Thus (D) is correct option.

18. (D) H(w) = Ve =— L

V., 1+ joCR
phase shift =-tan™ oCR =-450°
oCR =1,

20x1x10°R=1 = R=50kQ.

\% R
19. (A) Ho) =—2 =——
V., J1+ joL
. R 30
gain =

JR? + 'L |J900% + 407 + 0.6

2 _an?
m=¥:20 rad/s

20. (A) H(u))=E= 1 = 1.
V. 1+joCR 1+

s

Phase shift =—tan™ ©CR =—45°

1. 0.707

1
TSN

gain

21. (B) BW=0, — o, =2(456 — 434) = 447

o, =21f, =QBW =20 x 44~
f, =440 Hz

1

22. (C) f, =
©7 2m/LC

www.gatehelp.com

Page
105



Page
106

UNIT 1

- ! - 541 kHz
27m,/360 x 102 x 240 x 10°°
f, = 1 ~145 MHz
2m,/50 x 10 7% x 240 x 10°°
1 [1 R
23. B) f,=— | — -
® 1, o2n VLC L7
B__40 10
L 240x10° 6
1 1 10
LC 240x10°x120x10 " 288
R 1 1
S f= = 938 kHz
L e’ " T anic

24. (B) o, :%, R and C should be as small as possible.

r-33-1% _1165 k0
33+18
(30)
C=(10——"—~2 _ =75pF
(10 (10 + 30) P
1

o= —~ =1145x10° rad/s
1165 x75x 10

25. (D) R' =K, R =800 x 12 x 10° =9.6 MQ

L =&=@40 x107% =32 uF
K,L 1000
C 10°?

C=—K,;=30x
K

m

0 x 1000 =0.375 pF

-3 6
26.(A)L’C':%€ L o 4x20x107x10

F ! 1x6

= Kf=2><10'4

’ -6
L' Ly g (D20x10°
c C (2)(4x107°)
- K, =005
27. (D) o, =21f, =
M c c RC
1

= =159Q

R =
2mx 20 x 10° x 05 x 10°°

28. (A) R,y across the capacitor is

R, =(1k + 4k) 115k =25 kO

£ 1

= =106 kHz
2nx 25 x 10% x 40 x 107°

1
29. (B) o = 21f = -
) o =27f. = p

GATE EC BY RK Kanodia

Networks

1

R = — =106 kQ
2nx 15x 10 x 10

30. (B) 201log H =201log iz =-40log ®
10

1 .
24 4, Jo
. -3
a1, ) Voo 0805107 1567
1 Jo

s

Jjo30x 107 356

—-20 dB/decade line starting from w=556 rad/s
20 dB/decade line starting from »=16.67 rad/s
Hence —20 dB/decade line for 5.56 <®<16.67

parallel to ® axis to w>16.67

stesfeskokok stokokok sk sk
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GATE EC BY RK Kanodia

CHAPTER

2.1

SEMICONDUCTOR PHYSICS

In the problems assume the parameter given in
following table. Use the temperature 7' =300 K unless

otherwise stated.

Property Si GaAs Ge

Bandgap Energy 1.12 1.42 0.66

Dielectric Constant 11.7 13.1 16.0
Effective density of o g 1519 47,107 |104x10®

states in conduction
band N,(cm™)

Effective density of

. 104 x 10" 70x10® |60x10%
states in valence
band N, (cm®)
Intrinsic carrier ;5 10| 18,108 |24x10"
concertration
n, (cm™)
Mobility
Electron 1350 8500 3900
Hole 480 400 1900

In germanium semiconductor material at 7'=400 K
the intrinsic concentration is
(A) 26.8 x 10" ecm™

(C) 85x 10" ecm™

(B) 18.4 x 10 em™
(D) 3.6 x 10 em™

g The intrinsic carrier concentration in silicon is to be

no greater than n,=1x10" cm™

The maximum
temperature allowed for the silicon is ( E, =112 eV)
(A) 300 K (B) 360 K

(C) 382 K (D) 364 K

ﬂ Two semiconductor material have exactly the same
properties except that material A has a bandgap of 1.0
eV and material B has a bandgap energy of 1.2 eV. The
ratio of intrinsic concentration of material A to that of
material B is

(A) 2016
(C) 58.23

(B) 47.5
(D) 1048

In silicon at T'=300 K the thermal-equilibrium
concentration of electron is n, =5 x 10* cm™. The hole
concentration is

(A) 45x10"% ecm™
(C)0.3x10°% em™

(B) 45x 10" m™
(D) 0.3x10° m™

ﬂ In silicon at 7'=300 K if the Fermi energy is 0.22 eV
above the valence band energy, the value of p, is

(A) 2x10" em™ (B) 10 cm™®

(C) 3x 10" em™ (D) 4x 10" em™

ﬂ The thermal-equilibrium concentration of hole p, in
silicon at 7'=300 K is 10" cm™®. The value of n, is
(A) 3.8x10° cm™ (B) 44 x10* cm™

(C) 2.6x10* cm™ (D) 4.3x10% cm™

In germanium semiconductor at 7'=300 K, the
acceptor concentrations is N, =10" e¢cm™® and donor
concentration is N, =0. The thermal equilibrium
concentration p, is

(A) 297 x 10° cm™
(C) 295 x 10* cm™®

(B) 2.68 x 10" em®
(D) 2.4 cm™®
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Statement for Q.8-9:

In germanium semiconductor at 7'=300 K, the

impurity concentration are

N,=5x10"cm™ and N, =0

E The thermal equilibrium electron concentration n, is
(A) 5% 10" cm™ (B) 115 x 10" e¢m™
(C) 1.15%x10° em™ (D) 5x10° cm™

ﬂ The thermal equilibrium hole concentration p, is
(A) 396 x 10" (B) 195 x 10" cm™

(C) 4.36 x 10*2 em™® (D) 396 x 10" ¢cm™

A sample of silicon at 7' =300 K is doped with boron
at a concentration of 25 x 10”® cm™ and with arsenic at
a concentration of 1x 10" em™. The material is

(A) p-type with p, =15x 10" ¢cm™®

(B) p—type with p, =15x10" cm™

(C) n —type with n, =15 x 10" cm™

(D) n —type with n, =15x10" cm™

In a sample of gallium arsenide at 7' =200 K,
n, =5p, and N, =0. The value of n, is

(A) 9.86 x 10° cm™ (B)7 em™

(C) 4.86 x 10° cm™ (D) 3em™

Germanium at 7'=300 K is uniformly doped with
an acceptor concentration of N, =10" cm™® and a donor
concentration of N, =0. The position of fermi energy
with respect to intrinsic Fermi level is

(A) 0.02 eV (B) 0.04 eV

(C) 0.06 eV (D)0.08 eV

In germanium at 7' = 300 K, the donor concentration
are N, =10" em™® and N, =0. The Fermi energy level
with respect to intrinsic Fermi level is

(A) 0.04 eV (B) 0.08 eV

(C) 0.42 eV (D) 0.86 eV

A GaAs device is doped with a donor concentration
of 3x 10" ecm™. For the device to operate properly, the
intrinsic carrier concentration must remain less than
5% of the total The
temperature on that the device may operate is

(A) 763 K (B) 942 K
(C) 486 K (D) 243 K

concentration. maximum
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For a particular semiconductor at 7'=300 KE, =15
eV, m, =10m, and n,=1x10" em™. The position of
Fermi level with respect to the center of the bandgap is
(A) +0.045 eV (B) —0.046 eV

(C) +0.039 eV (D) -0.039 eV

A silicon sample contains acceptor atoms at a

3., Donor atoms are

concentration of N, =5x 10" cm’
added forming and n —type compensated semiconductor
such that the Fermi level is 0.215 eV below the
conduction band edge. The concentration of donors
atoms added are
(A)12x10" ecm™®

(C) 39x 10" em™®

(B) 4.6 x 10" cm™
(D) 2.4 x 10” ¢cm™®

A silicon semiconductor sample at 7'=300 K is
doped with phosphorus atoms at a concentrations of 10"
cm®. The position of the Fermi level with respect to the
intrinsic Fermi level is
(A) 0.3 eV

(C) 0.1 eV

(B) 0.2 eV
(D) 0.4 eV

A silicon crystal having a cross-sectional area of
0.001 cm? and a length of 20 um is connected to its ends
to a 20 V battery. At T'=300 K, we want a current of
100 mA in crystal. The concentration of donor atoms to
be added is

(A) 24 x 10" cm ™3

(C) 7.8 x 10" cm™

(B) 4.6 x 10** cm™
(D) 84 x 10" ecm™®

The cross sectional area of silicon bar is 100 pm?®.
The length of bar is 1 mm. The bar is doped with
arsenic atoms. The resistance of bar is

(A) 2.58 mQ (B) 11.36 kQ

(C) 1.36 mQ (D) 24.8 kQ

m A thin film resistor is to be made from a GaAs film
doped n —type. The resistor is to have a value of 2 kQ.
The resistor length is to be 200 um and area is to be
107° cm?®. The doping efficiency is known to be 90%. The
mobility of electrons is 8000 cm?/V —s. The doping
needed is

(A) 87x10% ecm™®
(C) 4.6x 10" em™

(B) 87x10* ecm™
(D) 4.6 x10*' cm™®
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A silicon sample doped n —type at 10" cm™ have a
resistance of 10 Q . The sample has an area of 107 cm?
and a length of 10 um . The doping efficiency of the
sample is (u, =800 cm?/V —s)
(A) 43.2%

(C) 96.3%

(B) 78.1%
(D) 54.3%

M Six volts is applied across a 2 cm long
semiconductor bar. The average drift velocity is 10*
cm/s. The electron mobility is
(A) 4396 cm?/V —s

(C) 6x10* cm?/V —s

(B) 3x 10* em?/V —s
(D) 3333 cm?/V —s

For a particular semiconductor material following
parameters are observed:

u, =1000 cm?/V —s ,

p, =600 cm®/V-s,

N,=N,=10" cm™

These parameters are independent of temperature.
The measured conductivity of the intrinsic material is
6=10°%Q -cm)" at T=300 K. The conductivity at
T =500 K is
(A)2x107* (Q —cm)™
(C)2x107° (Q —cm)™!

(B)4x10°(Q —-cm)™
(D) 6x107°%(Q-cm)™!

m An n -type silicon sample has a resistivity of 5
Q-cm at T=300 K. The mobility is p, =1350
em?/V —s. The donor impurity concentration is
(A)2.86x10" ecm™ (B) 925 x 10" cm™

(C) 1146 x 10" cm ™ (D) 11x10" ¢cm™®

drops linearly from 10" cm™ to 10" c¢cm™ over a length

In a silicon sample the electron concentration

of 2.0 um. The current density due to the electron
diffusion current is (D, =35 cm?/s).

(A) 9.3x 10* A/em?® (B) 2.8 x 10* A/cm?

(C) 9.3x 10°A/cm? (D) 2.8 x 10° A/em?

m In a GaAs sample the electrons are moving under
an electric field of 5 kV/em and the

concentration is uniform at 10 cm™.

carrier
The electron
velocity is the saturated velocity of 107 cm/s. The drift
current density is
(A) 1.6 x 10* A/em?®
(C) 1.6 x 10°A/cm?

(B) 2.4 x 10* A/cm?
(D) 2.4 x 10° A/em?
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For a sample of GaAs scattering time is 1, =107" s
and electron’s effective mass is m, =0067m,. If an
electric field of 1 kV/cm is applied, the drift velocity
produced is

(A) 2.6 x10° cm/s
(C) 14.8 x10° cm/s

(B) 263 cm/s
(D) 482

@ A gallium arsenide semiconductor at 7'=300 K is
doped with impurity concentration N, =10" cm™®. The
mobility u, is 7500 ¢cm?/V —s. For an applied field of 10
V/em the drift current density is

(A) 120 A/cm? (B) 120 A/cm?

(C) 12x 10* A/em* (D) 12 x 10*A/cm?

m In a particular semiconductor the donor impurity
concentration is N, =10" cm™. Assume the following

parameters,

u, =1000 cm?/V —s,

32
N, =2x 1019(3’50j cm?,

g2
N,=1x IOIQ(TJ cm,

300

E, =11¢eV.

An electric field of E=10 V/em is applied. The
electric current density at 300 K is
(A) 2.3 A/em? (B) 1.6 A/cm?
(C) 9.6 A/em? (D) 3.4 A/ecm®
Statement for Q.30-31:

A semiconductor has following parameter

u, =7500 cm?/V —s,

u, =300 cm®/V —s,

n,=36x10" cm™
m When conductivity is minimum, the hole

concentration is
(A) 72 x 10" em™
(C) 1.44 x 10" em™

(B) 1.8 x 10" cm™®
(D) 9x10" ecm™

The minimum conductivity is
(A)0.6x10°(Q —cm)* B)17x103%(Q -cm)*
(C)24x10%(Q —cm)* (D) 6.8x102(Q —cm) ™

www.gatehelp.com

Page
111



Page
112

UNIT 2

M A particular intrinsic semiconductor has a
resistivity of 50 (Q —cm) at 7'=300 K and 5 (Q2 —cm) at
T =330 K. If change in mobility with temperature is

neglected, the bandgap energy of the semiconductor is

(A) 1.9 eV (B) 1.3 eV

(C) 2.6 eV (D) 0.64 eV

m Three scattering mechanism exist in a
semiconductor. If only the first mechanism were

present, the mobility would be 500 cm?/V —s. If only the
second mechanism were present, the mobility would be
750 cm?/V —s. If only third mechanism were present,
the mobility would be 1500 cm?/V —s. The net mobility
is

(A) 2750 cm?/V —s
(C) 818 cm?/V —s

(B) 1114 cm?/V —s
(D) 250 cm?/V —s

m In a sample of silicon at 77=300 K, the electron
concentration varies linearly with distance, as shown in
fig. P2.1.34. The diffusion current density is found to be
J, =019 A/em?®. If the electron diffusion coefficient is

D, =25 cm?/s, The electron concentration at is

5x10"
g
=
n(0)
0 ___, 0010
x(cm)
Fig. P2.1.34

(A) 4.86 x 10® cm™
(C) 9.8x10%* cm™

(B) 25 x 10" ¢cm™
(D) 5.4 x 10" cm ™

m The hole concentration in p —type GaAs is given by

p:IOIG(l—zj em® for0<x<L

where L =10 um. The hole diffusion coefficient is
10 cm?/s. The hole diffusion current density at x =5 um
is
(A) 20 A/em?
(C) 24 A/em”

(B) 16 A/cm*
(D) 30 A/cm?

@ For a particular semiconductor sample consider

following parameters:
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Electronics Devices

—x
G-
»)em™®,x >0

)

Hole diffusion coefficient D, =10 cm?/s

Hole concentration p, =10"e

Electron concentration n, =5 x 10"e em ™ x <0

Electron diffusion coefficients D, =25 cm?®/s
Hole diffusion length L, =5x 10" cm,
Electron diffusion length L, =107 cm
The total current density at x =0 is

(A) 1.2 A/em? (B) 5.2 A/cm?

(C) 3.8 A/em? (D) 2 A/em?

A germanium Hall device is doped with 5 x 10"
donor atoms per cm® at 7'=300 K. The device has the
geometryd =5x 10 cm, W =2x 102 cm and L =0.1 cm.
The current is I, =250 pA, the applied voltage is
V,=100 mV, and the magnetic flux is B, =5x 107"
tesla. The Hall voltage is
(A) -0.31mV

(C) 3.26 mV

(B) 0.31 mV
(D) -3.26 mV

Statement for Q.38-39:

A silicon Hall device at 7=300 K has the
geometry d =10° cm , W =107 cm, L=10" cm. The
following parameters are measured: I =0.75 mA,
V. =15V, V, =+58 mV, tesla

@ The majority carrier concentration is
(A) 8 x 10" cm™®, n —type
(B) 8 x 10" cm™, p —type
(C) 4x 10" ecm™, n —type
(D) 4x 10" cm™, p —type

m The majority carrier mobility is
(A) 430 cm®/V —s (B) 215 cm®/V —s
(C) 390 cm?/V —s (D) 195 cm?/V —s

In a semiconductor n, =10" cm™ and n, =10" e¢m™.
The excess-carrier life time is 10°® s. The excess hole

concentration is &p=4x 10" cm™.

The electron-hole
recombination rate is
(A) 4x10% em %™

(C) 4x10* em™s™!

(B) 4x 10" em™s!
(D) 4x10" cm ™™
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A semiconductor in thermal equilibrium, has a hole
concentration of p,=10" cm™ and an intrinsic
concentration of n, =10 cm™®. The minority carrier life
4x107"s. The
recombination rate of electrons is

(A)25x10* ecm?®s™ (B) 5x 10" em™@s™

(C)25x10" ecm@s! (D) 5x 102 em3s!

time  is thermal equilibrium

Statement for Q.42-43:

A n-type silicon sample contains a donor
concentration of N,=10° ¢cm™. The minority carrier

hole lifetime is t,, =10 us.

The thermal equilibrium generation rate of hole is
(A)5x10° em™@s™! (B) 10* em™®s™
(C) 2.25x10° em™@s™" (D) 10° ecm™@s™

The thermal equilibrium generation rate for
electron is

(A) 1125 x10° em™®s™!
(C) 89x107" em™®s™

(B) 225x10° em®s!
(D) 4%x10° em3s!

A n—-type silicon sample contains a donor
concentration of N,=10" cm™. The minority carrier
hole lifetime is t,, =20 ps. The lifetime of the majority
carrier is (n, =15 x 10" cm™®)
(A) 89x10°s

(C) 45x10 " s

(B) 89x10°s
(D) 113x 107" s

In a silicon semiconductor material the doping
concentration are N, =10" cm™® and N, =0. The
equilibrium recombination rate is R,, =10" em %", A
uniform generation rate produces an excess- carrier
concentration of 6n = 8p =10" cm™. The factor, by which
the total recombination rate increase is

(A) 2.3x 10" (B) 4.4 x 10"

(C) 2.3x10° (D) 4.4 x10°
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1.(C)n?=N,N,e
Vv, =00259 400 =00345

300
For Ge at 300 K,
N,=104x10"%, N,=60x 10", E,=0.66 eV

3 (066
n? =104 x 10" x 6.0 x 10" x 400) x e [0'0345]
300
= n,=85x10" ¢cm™
=
2.(C)n?=N.N, e
T 3 7(112@]
(10)2 =2.8x 10" x 104 x 10¥| — | ¢ * *
300
-13x10°
T?e T =928x10", By trial T =382 K
E g
n’ e '[EgAk_TEgB] n,
3. B) 4=—7p—=e =22575 = A =475
iB *ki;f np
e
2 102

4. (A) p, =" =0 5100 e

n, 5x10

By -E,) 022

5.(A) pj=N,e ¥ =104x10"e%2 =2x10" em™

(Bp - E,)

6. (B) p=N,e

= E,-E =kTIn (M’J
Do

At 300 K, N, =10x 10" cm™
104 x 10"

1015

E, - E, =00259 ln[ ):0.239 eV

(B, - Bp)
n,=N,e

At 300 K, N, =2.8x 10" ¢cm™
E -E,=112-0.239 =0.881 eV

n, =44 x10* cm™

2
BT A A

For Ge n, =24 x 10°

13 132
P = 12 + \/[12 ] +(2.4 x 10%)* =295 x 10" cm ™
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(1.6 x 1077)(1100)(5 x 10°°)(100 x 10™)
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4
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E,
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1019

E, =2(00259)In| -0
= B, =2 )n(3.91><109

J =1122 eV

500

At T =500 K, kT = 0.0259(
300

j =00432 eV,

1122
n? =(10")? e7[0.0432] em™
= n,=229x10" cm™
=(1.6 x 107)(2.29 x 10**)(1000 + 600)
=5.86%x103%Q —cm)™*
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dx
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_ -19
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J =2.8x10* A/em?
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CHAPTER

2.2

THE PN JUNCTION

In this chapter, N, and N, denotes the net donor

and acceptor concentration in the individual n and

p-region.

An abrupt silicon in thermal equilibrium at 7= 300
K is doped such that E, - E, =0.21 eV in the n —region
and E, -E, =018 eV in the p-region. The built-in
potential barrier V,; is

(A) 0.69 V
(C) 061V

(B) 0.83 V
(D) 0.88 V

Pl A silicon prn junction at T =300 K has N, =10"
ecm?and N, =10"" ¢cm™. The built-in voltage is

(A) 0.63V (B) 093V
(C) 0.026 V (D) 0.038 V

a In a uniformly doped GaAs junction at 7'=300 K, at
zero bias, only 20% of the total space charge region is to
be in the p-region. The built in potential barrier is
V,, =120 V. The majority carrier concentration in
n-region is

(A) 1x10" cm™
(C) 1x10* em™

(B) 4%x10% em™
(D) 4x10% cm™

Statement for Q.4-5:

An abrupt silicon pn junction at zero bias and
T =300 K has dopant concentration of N, =10 cm™
and N, =5x10" cm™.

The Fermi level on n —side is
(A) 0.1 eV (B) 0.2 eV

(C) 0.3 eV (D) 0.4 eV

5 The Fermi level on p —side is

(A) 0.2 eV (B) 0.1 eV
(C) 0.4 eV (D) 0.3 eV

Statement for Q.6-8:

A silicon pn junction at 7'=300 K with zero
applied bias has doping concentrations of N, =5 x 10"

em™ and N, =5 x 10" cm™.

ﬂ The width of depletion region extending into the
n-region is

(A) 4x10°° em
(C) 4x107° cm

(B) 3x10 % cm
(D)3x10° cm

The space charge width is

(A) 32x107° ecm
(C) 45x10™* em

(B) 45x 10~ cm
(D) 32x10* cm
ﬂ In depletion region maximum electric field |E is
(A) 1x10* V/em (B)2x10* V/em

(C) 3x10* V/em (D) 4x10* V/em

max

ﬂ An n — n isotype doping profile is shown in fig. P2.2.9.

The built-in potential barrier is (n,=15x10" em™)

N, (cm3)
1016
10°
0
Fig. P2.2.9
(A) 0.66 V (B) 0.06 V
(C) 0.03V (D) 0.33 V
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Statement for Q.10-11:
A silicon abrupt junction has dopant concentration
N,=2x10" cm™® and N,=2x10" cm™ The applied

reverse bias voltage is V, =8 V.

The maximum electric field |E
(A) 15 x 10* V/em
(C) 35x10* V/em

x| I depletion region is

(B) 7x10* V/em
(D) 5x10* V/em

The space charge region is
(A) 2.5 pm (B) 25 pm
(C) 50 um (D) 100 pm

A uniformly doped silicon pn junction has
N,=5%x10"cm™ and N, =10" cm™. The junction has

3

a cross-sectional area of 10 * cm™ and has an applied
reverse-bias voltage of V, =5 V. The total junction
capacitance is
(A) 10 pF

(C) 7 pF

(B) 5 pF
(D) 3.5 pF

Statement for Q.13-14:

An ideal one-sided silicon n'p junction has
uniform doping on both sides of the abrupt junction.
The doping relation is N, =50N,. The built-in potential
barrier is V,; =0.75 V. The applied reverse bias voltage
is V, =10.

The space charge width is
(A) 1.8 um
(C) 1.8 cm

(B) 1.8 mm
(D) 1.8 m

The junction capacitance is
(A) 38 x107° F/em? (B) 9.8 x 10° F/cm?
(C) 2.4 x107° F/ecm® (D) 5.7 x 10° F/cm?

Two p'n silicon junction is reverse biased at V, =5
V. The impurity doping concentration in junction A are
N,=10" em™ and N, =107 cm™, and those in junction
Bare N,=10" cm ™ and N, =10" cm . The ratio of the
space charge width is
(A) 4.36

() 19

(B) 9.8
(D) 3.13

The maximum electric field in reverse-biased silicon

pn junction is |E 3x10° V/em. The doping

max| -
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concentration are N, =4x 10" ecm™ and N, =4 x 10"
cm™. The magnitude of the reverse bias voltage is
(A) 36V (B)9.8V

)72V (D) 123V

An abrupt silicon pn junction has an applied
reverse bias voltage of V,=10 V.
concentration of N, =10" ¢cm™ and N, =10" cm™. The

pn junction area is 6 x 10™ cm®. An inductance of 2.2

it has dopant

mH is placed in parallel with the pn junction. The
resonant frequency is

(A) 1.7 MHz
(C) 3.6 MHz

(B) 2.6 MHz
(D) 4.3 MHz

A uniformly doped silicon p“n junction is to be
designed such that at a reverse bais voltage of V, =10
V the maximum electric field is limited to E,  =10°

V/em. The maximum doping concentration in the
n-region is

(A) 32x 10" em™
(C) 6.4x10" cm™

(B) 32x 10" em™®
(D) 6.4 x 10" cm™®

A diode has reverse saturation current I, =107 A
and non ideality factor n=2. If diode voltage is 0.9 V,
then diode current is
(A) 11 mA
(C) 83 mA

(B) 35 mA
(D) 143 mA

PI} A diode has reverse saturation current I, =107 A
and nonideality factor n =1.05. If diode has current of 70
uA, then diode voltage is
(A) 0.63 V

(C) 0.54 V

(B) 0.87 V
(D) 093 V

An ideal pn junction diode is operating in the
forward bais region. The change in diode voltage, that
will cause a factor of 9 increase in current, is

(A) 83 mV (B) 59 mV

(C) 43 mV (D) 31 mV

m An pn junction diode is operating in reverse bias
region. The applied reverse voltage, at which the ideal

reverse current reaches 90% of its reverse saturation

current, is
(A) 59.6 mV (B) 2.7 mV
(C) 4.8 mV (D) 42.3 mV

www.gatehelp.com



The pn Junction

For a silicon p'n junction diode the doping
concentrations are N, =10" ¢cm™ and N,=10" cm™.
The minority carrier hole diffusion coefficient is D, =12
cm®/s and the minority carrier hole life time is 1,, =10
s. The cross sectional area is A =10~ cm?®. The reverse
saturation current is
(A)4x10" A

(C)4x10" A

(B)4x10 ™™ A
(D)4x107" A

For an ideal silicon pn junction diode

T, =T, =10"s,
D, =25 cm?/s
D, =10 cm®/s
The ratio of N,/N, , so that 95% of the current in
the depletion region is carried by electrons, is
(A) 0.34 (B) 0.034

(C) 0.83 (D) 0.083

Statement for Q.25-26:

A ideal long silicon pn junction diode is shown in
fig. P2.2.25-26. The n —region is doped with 10'
organic atoms per cm® and the p —region is doped with
5x 10" boron atoms per cm® The minority carrier
lifetimes are D, =23 cm’/s and D, =8 cm’/s. The
forward-bias voltage is V, =0.61 V.

| W

V,o—e P &
x=0 X —»

Fig. P.2.2.25-26

@ The excess hole concentration is
(A) 6.8x10%e ™ ecm™, x>0
(B) 6.8 x 102 cm™, x>0
(C) 38 x10"e™** ecm™, x>0
(D) 38x10"e™* ecm™, x>0

@ The hole diffusion current density at x =3 pm is
(A) 0.6 A/cm? (B) 0.6 x 10 A/cm?
(C) 0.4 A/em? (D) 0.4 x 10 A/em?

The doping concentrations of a silicon pn junction
are N,=10" cm™® and N,=8x10" cm™® The
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cross-sectional area is 10 ® cm?®. The minority carrier
lifetimes are t,,=1us and t,, =0.1us. The minority
carrier diffusion coefficients are D, =35 cm?/s and
D, =10 ecm?/s. The total number of excess electron in
the p —region, if applied forward bias is V, =05V, is
(A) 4x10" em™ (B) 6x10" cm™

(C) 4x10" em™ (D) 6x10" cm™

m Two ideal pn junction have exactly the same
electrical and physical parameters except for the band
gap of the semiconductor materials. The first has a
bandgap energy of 0.525 eV and a forward-bias current
of 10 mA with V, =0255 V. The second pn junction
diode is to be designed such that the diode current
I =10 pA at a forward-bias voltage of V, =0.32 V. The
bandgap energy of second diode would be

(A) 0.77 eV (B) 0.67 eV

(C) 0.57 eV (D) 0.47 eV

m A pn junction biased at V, =0.72 V has DC bias
current I;,, =2 mA. The minority carrier lifetime is 1 us

is both the n and p regions. The diffusion capacitance is

in
(A) 49.3 nF (B) 38.7 nF
(C) 77.4 nF (D) 98.6 nF

m A p'n silicon diode is forward biased at a current of
1 mA. The hole life time in the n —region is 0.1 us.
Neglecting the depletion capacitance the diode
impedance at 1 MHz is

(A) 387 + j121Q
(C) 387 - j121 mQ

(B) 235 + j75Q
(D) 235 - j15 Q

The slope of the diffusion capacitance verses
forward-bias current of a p'n diode is 25 x 10° F/A.
The hole lifetime is
(A)13x107" s
(C) 65x107° s

(B)13x10* s
(D) 65x10~* s

EPA A silicon pn junction with doping profile of N, =10
em™® and N,=10" cm™ has a cross sectional area of
102 cm? The length of the p-region is 2 mm and
length of the n —region is 1 mm. The approximately
series resistance of the diode is

(A) 62 Q (B) 43 O

(C)72Q (D) 81 Q
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m A gallium arsenide pn junction is operating in
reverse-bias voltage V, =5 V. The doping profile are
N, =N_,=10" cm™ The minority carrier life- time are
The reverse-biased generation
(e, =131, n, =1.8 x 10°)
(B) 19x 107 A/ecm?
(D) 1.4 x 10 A/cm?

T,0 =Th0 =To =10"s.
current density is
(A)19x 10 Afecm?

(C) 1.4 x10® A/cm?

m For silicon the critical electric field at breakdown is
approximately E,, =4 x 10° V/em. For the breakdown
voltage of 25 V, the maximum n —type doping
concentration in an abrupt p’n-junction is

(A) 2x 10" ecm™® (B) 4x10" ¢m™

(C) 2x10*® ¢cm™® D) 4x10"® ecm™®

m A uniformly doped silicon pn junction has dopant
profile of N, =N, =5x10" ecm™. If the peak electric
field in the junction at breakdown is E =4 x 10° V/cm,
the breakdown voltage of this junction is

(A) 35V (B) 30V

(C) 25V D) 20V

m An abrupt silicon p“n junction has an n —region
of N,=5x10" cm™. The

minimum 7 -region width, such that avalanche

doping concentration

breakdown occurs before the depletion region reaches
an ohmic contact, is (V, = 100 V)

(A) 5.1 um (B) 3.6 um
(C) 7.3 pm (D) 6.4 pm

A silicon pn junction diode has doping profile
N,=N,=5x10" cm™ The space charge width at a
forward bias voltage of V, =0.4 V is

(A) 102 A° (B) 44 A°

(C) 153 A° (D) 62 A°

m A GaAs pn" junction LED has following
parameters

D, =25 cm®/s, D, =12 cm®/s
N,=5x10" ecm™®, N, =10" ¢cm™®
T,0=10ns , 1,, =10 ns

The injection efficiency of the LED is
(A) 0.83 (B) 0.99
(C) 0.64 (D) 0.46
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m A GaAs laser has a threshold density of 500 A/cm?.
The laser has dimensions of 10 pum x 200 um. The active
region is d;,, =100 A°. The electron-hole recombination
time at threshold is 1.5 ns. The current density of 5/,
is injected into the laser. The optical power emitted, if
emitted photons have an energy of 1.43 €V, is

(A) 143 mW (B) 71.5 mW

(C) 62.3 mW (D) 124.6 mW
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=301x10"° cm

-14 —4
CT:é:11.7>< 8.85><10_5 x 10 _35x10" F
w 301x 10

13. (A) V, = Vln(NN]

i

225 x 10%
N,=4.2x10"em™, N,=21x10" cm™

1
W {28(VbL+V){ . 1}}2
e N, N

N,>>N, = W{WV)[lH
e N,

2
0.751:0.02591n( 50N, J

1

-4 2

_[2xa17x 8.15 x 10 )(1?5;752” =18x10"*
16x10"x42x10 J

=18 um

1
ee NN, 2
2(V,; + Vea)(N, + N,)

14. (D) C' :{

1
[ eeN, 12

For N,>>N, ,C'=| ———2—
2(Vbi+VR)J

1
[16x107"x 117 x 8.85x 10 * x 42 x 10" |2
2 (10 +0.754)

=57x10"° F/cm?

1

15. (D) W = {QS(V”V){ N 1}}2
e N, N

1
W, {( o * V) (N, + N,,) NN, T

Wy (Vi +r) (Nog + Nyg) Ny Nyg
V,,=V,In [N Ny J
18 15
V,, =002591In| 20101 o754 v
225 x 10
18 16
V., =002591n| 10 1020 -0.814 V
225 x 10
W, (5.754 10* +10° Y10° [ _, o
W, 5.814 | 10 + 10" | 10* )
16. (C) V,, =thn(Na]2VdJ
n;
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4x10%x4x10"
2.25 x 10%°

:0.02591n[ J=0.826 A%

1
_[2eV,,;+V,) NN, |2
e e (N, + Nd)J

— gEriax 1 +L
2¢e (N, N,
(117 x 8.85 x 10 )(3x 10°)” ( 1 1 j

+
2x16x107" 4x10" 4x107

=8008 V
V,=8008 -0.826 =718 V

|E

V,,+ Vg

17. B) V, =V.In (Nﬁ\’d]

n;
10" x 10%°

=00259In | —
225 x 10

j =0754 V

1
o eeN_ N, 2
2(V. + Vp.)(N, + N,)

1
esN, 12

For N,>> N, , C':Lmj

1
[16x10™x 117 x 885 x 10 * x 10" ]2
2(10 +0.754)

=277%x10"° F/cm?
C=AC"=6x10"*x277x10° =166x10" F

1 1

f, = - ~2.6 MHz.
2m/LC  2m,/2.2x 10 x 1.66 x 10

18. (B) |E,, |= Nen

For a p™ n junction, x, zrww
L eN,

DO | =

[2eN,

So that |E =L ; (V,, + VR)}

max

Assuming V,, <<V}, ,
eE? _(117x 8.85x 107)(10°)*

¢ 2eV, 2(1.6 x 107 )(10)

=3.24x 10" cm™

n 0.9
19. (B) ID :I{enV, _ 1] _ loflo(ezx(o.ozsm -1)=35 mA

Vo

20. (B) ID:IS[e“V‘—lJ = VD:thln(1+§DJ
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-6
~(105)(00259)In (1 + mxolfjj ~087V
i
v A AN
21. (B) I, ~ Ise( Vf], Ine oW
d2 e Vt

V,-V,=V,In (j

dl

J =0.02591n 10 =59.6 mV

Vv
22.(A)I=I{e"'—1j N V:thn[;H]

I£= -090 (—-ive due to reverse current)
V =00259In (1-09) =-59.6 mV

23. (B) I, = Aen; L2
Ny\ 7,

4 -19 1012
:(10 )16 x1077)(15x10™) /11)%7 —394x107 A

10%6
24. (D) I =095,
J, +d,
D
J o—en? 2 [P J, = n? L |2
Na Tna Nd Tpo
“DN" =095, 5 =095
D+« [D 5+ 2410
" N, : d
= N, =0.083
N,

25. (C) 8p, = p, = Pao =pn{e%] —JL[TH

0} (15x10)°

i

=2.25x10* cm™®

Do = N, 10%°
L,=,D,, =4(8)(1x107%) =2.83x 107" em

0.61 x

dp, =225 x 104{6 (M) - 1JLe [7 W] }

=38x10"e™** cm™

0(dp,)

26. (A) J, =—eD,
X

=eD (3.8 x 10")(3534)e >

x=3um=3x10" cm
J, =(16 x 107°)(18)(3.8 x 10M)(3534)e™®4/310

=0.6 A/cm®
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27. (A) N, =ALnnp0[e [”]—1J

L _(15x10)
PO T Na - 8 % 1015

L, =D, 1, =V35x10° =59x 10 Cm

=28x10* cm™

. , 4([0.5] 7
N,=10"x59x10"x28x10 Le 0.0259 _lJ

=4x10" ecm™

-E

28. (A) I = ntelV = L, )

[V 7Eg1]
1
Il e Vi V(ValfvarEglJngz)

(0.255-0.32-0.525+ E ,5)

10x107 —e (0.0259)
10x10°°

Egz-0A59]

108 = e[ 0.0259

E,, =059 +002591n 10°=0.769 EV

29. (B) C, :[Io””o’o]
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=386x10° F

I -3
30.D) g, -2~ 10 _386.107 s

TV, 00259

t
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=193x10° F

Z =235-j75 Q

31. (A) For a p'n diode I,, >>1,

1 Ty0 _
C,=| —[d , 22 =25%x10"°
d (2%} potpo) 2‘4 X

= 1,0=2x00259x25x10 ¥ =13x10"s

s2. (R, -Pl_ L
’ " A Alen,N,)
02

6 Q

= =2
(102)(1.6 x 10 °)(480)(10 ™)
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p,L L 5x 10"
R, =—"—= =2(00259)In| ——— |=114
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1
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i
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e
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2.3

THE BIPOLAR JUNCTION TRANSISTOR

Statement for Q.1-2:

The parameters in the base region of an npn
bipolar transistor are as follows D, =20 cm?/s, n,, =10*

em™® xp =1pm, Ay, =107 cm”.

If V,; =05V, then collector current I, is
(A) 775 nA (B) 1.6 pA
(C) 016 A (D) 775 pA

2.8 Vue =07V, then collector current I, is
(A) 418 pA (B) 210 pA
(C) 175 A (D) 98 pA

a In bipolar transistor biased in the forward-active
region the base current is I, =50 pA and the collector
currents is I, =2.7 mA. The a is

(A) 0.949 (B) 54

(C) 0.982 (D) 0.018

A uniformly doped silicon npn bipolar transistor is to
be biased in the forward active mode with the B-C
junction reverse biased by 3 V. The transistor doping
are N, =10 em™®, N; =10 em™ and N, =10" cm™.
The BE voltage, at which the minority carrier electron
concentration at x =0 is 10% of the majority carrier hole
concentration, is

(A) 094V
(C) 048 V

(B) 0.64 V
(D) 024V

5 A uniformly doped npn bipolar transistor is biased in
the forward-active region. The transistor doping
concentration are N, =5x 10" ecm™, N, =10" ¢cm™® and
N, =10" cm™. The minority carrier concentration py, ,
ng, and p., are

(A) 45x 10%, 2.25x10%, 2.25x 10° cm™

(B) 2.25 x 10*, 2.25 x 10°, 45 x 10*> cm™®

(C) 2.25 x 10*, 2.25 x 10°, 45 x 10* em™®

(D) 45 x 10*, 225 x 10*, 2.25x 10° em™®

ﬂ A uniformly doped silicon pnp transistor is biased in
the forward-active mode. The doping profile is N, =10"
em™® N, =5x10" cm™ and N, =10" cm™. For V,, =0.6
V, the p, at x=0 is (See fig. P2.3.7-8)

(A)52x 10" em™ (B)52x10"® ecm™
(C)52x10" em™ (D)52x10" ecm™

Statement for Q.7-8:

An npn bipolar transistor having uniform doping
of N;=10"cecm™ N, =10"cm™® and N, =6x 10" cm™
is operating in the inverse-active mode with V,; =-2V

and V. =0.6 V. The geometry of transistor is shown in

fig P2.3.7-8.
Emitter Base Collector
- -p- n-
le— x; —] «— X, —» Xe
X = Xg x’=0 x=0 X=Xy x”=0 x” = Xe
-’ X ————» X —
Fig. P2.3.7-8
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The minority carrier concentration at x =x, is
(A) 45x 10" em™ (B)2.6x10"” ¢cm™
(C) 2.6 x 10" cm™ (D) 39x10™ em™

E The minority carrier concentration at x" =0 is
(A) 39x10" cm™ (B)27x10" ecm™
(C) 27x10" ecm™ (D) 45x10™ em™

ﬂ An pnp bipolar transistor has uniform doping of
N,=6x10"cecm™, N, =2x10" cm™ and N, =5 x 10™
cm™. The transistor is operating is inverse-active mode.
The maximum V, voltage, so that the low injection
condition applies, is
(A) 0.86 V

(C) 032V

(B) 048V
(D) 0.60 V

Statement for Q.10-12:

The following currents are measured in a

uniformly doped npn bipolar transistor:
I,,=120 mA, I, =010 mA, I, =118 mA
I,=020 mA, I;=1pA, I, =1pA

The o is

(A) 0.667 (B) 0.733
(C) 0.787 (D) 0.8
The B is

(A) 3.69 (B) 0.44
(C) 2.27 (D) 8.39
The y is

(A) 0.816 (B) 0.923
(C) 1.083 (D) 0.440

A silicon npn bipolar transistor has doping
concentration of N, =2x 10" cm™®, N, =10"" em™ and
N, =15x10" cm™® The area is 10 cm” and neutral
base width is 1 um. The transistor is biased in the active
region at V,; =05 V. The collector current is

(D, =20 cm?/s)
(B) 17 nA
(D) 11pA

(A) 9 pA
(C) 22 uA

A uniformly doped npn bipolar transistor has

following parameters:
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N, =10" em™®, N, =5x 10" ecm™,
N,=2x10" cm™,
D, =8 cm?/s , Dy =15 cm?*/s , D, =14 cm®/s
xp; =08 um, x; =0.7 um
The emitter injection efficiency v is

(A) 0.999 (B) 0.977

(C) 0.982 (D) 0.934

A uniformly doped silicon epitaxial npn bipolar
transistor is fabricated with a base doping of
N, =3x10" cm™® and a heavily doped collector region

with N,=5x10" cm™ The neutral base width is

x5 =07pum when Vp;=V,,=0. The V.. at
punch-through is

(A) 26.3V (B) 183V

(C) 122V (D) 6.3V

A silicon npn transistor has a doping concentration
of Ny,=10" cm™® and N, ,=7x10" cm™ The
metallurgical base width is 05um. Let V,; =0.6 V.
Neglecting the B-E junction depletion width the V; at
punch-through is
(A) 146 V

(C) 295V

(B) 70V
(D) 204 V

A uniformly doped silicon pnp transistor is to
designed with N, =10" cm™® and N, =10 cm™®. The
metallurgical base width is to be 0.75 pum. The
that the
punch-through voltage is V,, =25V, is

(A) 4.46 x 10" ecm™ (B) 446x 10" cm™
(C) 195 x 10" em™ (D) 195 x 10" cm™

minimum base doping, so minimum

For a silicon npn transistor assume the following

parameters:
I,=05mA, p=48
xp =0.7 pA, x;,, =2 pm
C,=C, =008 pF, C, =0.8 pF
D, =25 cm?/s, r, =30 Q

The carrier cross the space charge region at a
speed of 10" cm/s. The total delay time t,, is
(A) 164.2 ps (B) 234.4 ps
(C) 144.2 ps (D) 298.4 ps
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In a bipolar transistor, the base transit time is 25%
of the total delay time. The base width is 0.5 um and
base diffusion coefficient is D, =20 cm?®/s. The cut-off
frequency is
(A) 637 MHz
(C) 12.8 GHz

(B) 436 MHz
(D) 46.3 GHz

m The base transit time of a bipolar transistor is 100
ps and carriers cross the 1.2 um B-C space charge at a
speed of 107 cm/s . The emitter-base junction charging
time is 25 ps and the collector capacitance and
resistance are 0.10 pF and 10 Q, respectively. The cutoff
frequency is

(A) 43.8 GHz
(C) 3.26 GHz

(B) 32.6 GHz
(D) 1.15 GHz

Statement for Q.21-22:

Consider the circuit shown in fig. P2.3.21-22. If
voltage V, =0.63V, the currents are I,=275pA and
I,=5pA.

—

V.

s

Fig.P2.3.21-22

The forward common-emitter gain B, is
(A) 56 (B) 55
(C) 0.9821 (D) 0.9818

@ The forward current gain o is
(A) 0.9821 (B) 0.9818

(C) 55 (D) 56

m Consider the circuit shown in fig P2.3.23. If V, =0.63
V, I, =275 pA and I, =125 pA, then the value of I, is

it

1. i
2

V, : lls
Fig. P2.3.23
(A) — 400 pA (B) 400 pA
(C) —600 nA (D) 600 nA
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Statement for Q.24-26:

For the transistor in circuit of fig. P2.3.24-26. The
parameters are $, =1,8, =100, and I, =1 fA .

—

Fig. P2.3.24-26
The current I, is

(A) 1fA (B) 2 fA
(C) 1.384 fA D)o A

ﬁ The current I is

(A)1fA (B) -1 fA
(©) 2 fA (D) -2 fA
PT3 The current I 5 is

(A) 2 fA (B) -2 fA
(C)1fA (D) -1 fA

For the transistor in fig. P2.3.27, I =10 " A,
Br =100, Bz =1. The current I, is

5V

Fig.P2.3.27
B)2x10" A
D)2x10% A

(A) 101x10™ A
(C) 101x10* A
Statement for Q.28-31:

Determine the region of operation for the

transistor shown in circuit in question.

28,
6 ( + >
I
b
Fig.P2.3.28
(A) Forward-Active (B) Reverse-Active
(C) Saturation (D) Cutoff
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—

6V _
Fig. P2.3.29
(A) Forward-Active (B) Reverse-Active
(C) Saturation (D) Cutoff
6V __
Fig.P2.3.30
(A) Forward-Active (B) Reverse-Active
(C) Saturation (D) Cutoff
Yo
e
Fig.P2.3.31

(A) Forward-Active
(C) Saturation

Statement for Q.32-33:

(B) Reverse-Active
(D) Cutoff

For the circuit shown in fig. P2.3.32-33, let the

value of B, =05 and B, =50. The saturation current is

10 7% A.

250 pA

+3V
[}

Fig. P2.3.32-33
@ The base-emitter voltage is

(A) 0.53 V
(C) 0.84 V

(B) 0.7V
(D) 0.98 V

Electronics Devices

m The current I, is
(A) -12.75 mA

(C) 125 mA

(B) 12.75 mA
(D) —125 mA

Statement for Q.34-35:

The leakage current of a transistor are I, =5pn
A and I, =04 mA, and I, =30 pA.

m The value of B is
(A) 79
(C) 80

(B) 81
(D) None of the above

m The value of I, is
(A) 2.4 mA

(C) 2.34 mA

(B) 2.77 mA
(D) 1.97 mA

Statement for Q.36-37:
For a BJT, I, =5 mA, I, =50 pA and [, =05 pA.

m The value of B is

(A) 103 (B) 91

(C) 83 (D) 51

The value of I is

(A) 5.25 mA (B) 5.4 mA
(C) 5.65 mA (D) 5.1 mA

stestesolokokokok
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The Bipolar Junction Transistor GATE EC BY RK Kanodia Chap 2.3
n?  (15x10Y)2 4 _
8. (D) =t =" 2 =375x10* em™
SOLUTIONS S A ML
,, (%)
(EJ Pe(x" =0) = peoer
LA I, =Ie" ( 06 ]
7 eDuAgpn, =375x10%"\ "/ =4.31x 10" ecm™
s xB
(1.6 x 1079)(20)(1074)(10 ) 9. (B) Low injection limit is reached when
- - =32x10™ A N
10 Pe(0) =010N, =5 x 10" cm ™,
95 n’? (15x10")° 5
Ic =392 x 10—14e[ 0.0259) =775 MA Pco = NC —W =45x%x10
VCB
0.7 v, (0)
2. (C) I, =32x 10’14e[°‘°259) =175 mA pc(0) = pcoe[ ) ] = Ve =Vin [IZJ
co
13
3. (C) By =le o, = Pr =002591n [5“05} =048 V
F IB > F 1+ BF 45 %10
I, 2Tm
= = =0982
OF T+, 27m+50m 10. Qo= Jc L
Jpt+dJdg +JpE I,.+1, +IPE
n? (15 x10%) . M8 gy
4. (B) np(,:N =T:2.25x10 cm 12402401
B
(‘%] o 0.787
At x=0, n,(0) =n,e 11. (A) B= — - 369
1-a 1-0.787
0
= V, =V, 1n[”P( )J
n
»o 12. (B) v=- JnEJ = InEI = 121'201 =0923
16 it ot .2 +0.
n(O):ExNleo _10% £ PE B T LpE
? 100 10
2 102
_ 10° ) _ 13. (B) nyy =7 =150 905, 10° em™
VBE —00259 ln (2_25)(104} —0635 V BO NB 1017
(% (o)
n? (15x10%)° ny(0) =ngee "’ =225 x10% **/ =545 x 10" em ™
5. (A = =" 7 —450 cm™
(A) pgo N, 5% 107 cm I, - eDyAng(0)
X
n? (15x10)? L ’
Npgy=—"=————""—=225x10" cm - -
TN, 5 x 10%° _(16x10 19)(20)1(33 5)(5.45x10™) _174 1A
2 102
Py = 1 =IBX 1007 5 054 10° em®
14. (B) Y :m
2 (15x10")? YN D x
6. (B) Ppo = M _ox P ) =45%x10% cm™ E B *m
N, 5x 10" 1
= =0977
[V‘ETBJ 3 [0%(2359] 13 3 75 x10" 8 07
ps(0) = pgeet 7 =45x10% % =5.2x 10" em”™ 10° 1508
I’I,l-2 (15 X 10 10)2 4 -3 N N
7 (€)== e =2:25%10 em 15. (B) V,,L-=thn[ ;? c]
ﬁ] 16 17
{ v, 3x10° x5x10
ng(x =x5) = n?: =0.02591n [ (15 x 1077 J =0.824 V
=2.25x10%e%2% =26 x 10" cm™ At punch-through
www.gatehelp.com =
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The Bipolar Junction Transistor

a0

[y ) )

I. = __S5
o 1+BFL J BRL J
Ve =—5V, V,=00259 V

I I
I, =—5(1-0)--50-1)=1011, =101x10" A
cBo 101( ) 1( ) s *
28. (D)

B-C Junction V,,

B-E junction Vg,

Reverse Bias Forward bias

Forward bias Forward-Active Saturation

GATE EC BY RK Kanodia

Reverse Bias Cut-off Reverse-Active

Vie =0, V, <0, Thus both junction are in reverse bias.

Hence cutoff region.

29.(A) Vi, >0,V =0, Base-Emitter junction forward

bais, Base-collector junction reverse bias, Hence

forward-active region.

30. (B) Vg, =0, V. >0, Base-Emitter junction reverse

bais , Base-collector junction forward bias, Hence

reverse-active region.

31. (C) Vi, =6V, V. =3V, Both junction are forward

biase, Hence saturation region.

32.

base-emitter junction and the collector base junction

(C) The current source will forward bias the

will then be reverse biased. Therefore the transistor is

in the forward active region
VBE
I, = Ise[ K ]

I, =PBpl, =50x 250 x 10° =125x 10 A

1 125x107°

S

] =0.84 V

Chap 2.3

33. (A) I, =(B, + DI, =1275 mA
I, =—1,=-1275 mA.

34. (A) Ipo =B+ DIy,

0.4m

B+1=—"— =80 = p=179
Sp

35. (B) I =Bl + Iy =79(30n) + 0.4m =2.77 mA

36. (A) I, =Bl + Iopp =PIy + B+ 1) Iy
g Lo~ Tono _52m -05y

= ~ 10396
I, +15, 50pn+05u

37. (A) o =L =09904
B+1

Ie—Iepo _52m =051 o oo

I, =
E a 09904
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In n-well CMOS fabrication substrate is
(A) lightly doped n —type

(B) lightly doped p —type

(C) heavily doped n —type

(D) heavily doped p —type

The chemical reaction involved in epitaxial growth

in IC chips takes place at a temperature of about
(A) 500° C (B) 800° C
(C) 1200° C (D) 2000° C

A single monolithic IC chip occupies area of about
(A) 20 mm? (B) 200 mm?
(C) 2000 mm? (D) 20,000 mm?s

Silicon dioxide layer is used in IC chips for
(A) providing mechanical strength to the chip
(B) diffusing elements

(C) providing contacts

(D) providing mask against diffusion

The p-type substrate in a monolithic circuit should

be connected to

(A) any dc ground point

(B) the most negative voltage available in the circuit
(C) the most positive voltage available in the circuit

(D) no where, i.e. be floating

The collector-substrate junction in the epitaxial

collector structure is, approximately
(A) a step-graded junction

(B) a linearly graded junction

(C) an exponential junction

(D) None of the above

The sheet resistance of a semiconductor is

(A) an important characteristic of a diffused region
especially when used to form diffused resistors

(B) an undesirable parasitic element

(C) a characteristic whose value determines the
required area for a given value of integrated
capacitance

(D) a parameter whose value is important in a
thin-film resistance

GATE EC BY RK Kanodia

electronics Devices

Monolithic integrated circuit system offer greater
reliability than discrete-component systems because

(A) there are fewer interconnections
(B) high-temperature metalizing is used
(C) electric voltage are low

(D) electric elements are closely matched

Silicon dioxide is used in integrated circuits

(A) because of its high heat conduction
(B) because it facilitates the penetration of diffusants

(C) to control the location of diffusion and to protect
and insulate the silicon surface.

(D) to control the concentration of diffusants.

m Increasing the yield of an IC

(A) reduces individual circuit cost
(B) increases the cost of each good circuit
(C) results in a lower number of good chips per wafer

(D) means that more transistor can be fabricated on
the same size wafer.

The main purpose of the metalization process is
(A) to act as a heat sink

(B) to interconnect the various circuit elements
(C) to protect the chip from oxidation
(D) to supply a bonding surface for mounting the chip

@ In a monolithic-type IC

(A) each transistor is diffused into a separate
isolation region

(B) all components are fabricated into a single crystal
of silicon

(C) resistors and capacitors of any value may be
made

(D) all isolation problems are eliminated

m Isolation in ICs is required

(A) to make it simpler to test circuits

(B) to protect the transistor from possible ““thermal
run away”

(C) to protect the components mechanical damage

(D) to minimize electrical interaction between circuit
components

m Almost all resistor are made in a monolithic IC
(A) during the base diffusion
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(B) during the collector diffusion
(C) during the emitter diffusion
(D) while growing the epitaxial layer

m The equation governing the diffusion of neutral

atom is
2 2
N _ph ® N _pl
ot ox ox ot
2 2
N _pX o N _pN
ot ox ox ot

m The true statement is

(A) thick film components are vacuum deposited

(B) thin film component are made by screen-and- fire
process

(C) thin film resistor have greater precision and are
more stable

(D) thin film resistor are cheaper than the thin film
resistor

The False statement is

(A) Capacitor of thin film capacitor made with proper
dielectric is not voltage dependent

(B) Thin film resistors and capacitor need to be
biased for isolation purpose

(C) Thin film resistors and capacitor have smaller
stray capacitances and leakage currents.

(D) None of the above

@ Consider the following two statements

S, : The dielectric isolation method is superior to
junction isolation method.

S, : The beam lead isolation method is inferior to

junction isolation method.

The true statements is (are)
A S, S, (B) only
(C) only (D) Neither nor S,

m If P is passivation, Q is n-well implant, R is
metallization and S is source/drain diffusion, then the
order in which they are carried out in a standard n-well
CMOS fabrication process is
(A)S-R-Q-P
C©)Q-S-R-P

B)R-P-S-Q
MP-Q-R-8

GATE EC BY RK Kanodia

Chapc2.5

m For the circuit shown in fig. P2.5.30, the minimum
number and the maximum number of isolation regions

are respectively

Fig. P2.5.32
A) 2,6 (B) 3, 6
©) 2,4 D) 3, 4

For the circuit shown in fig. P2.5.31, the minimum

number of isolation regions are

Fig. P2.5.31
A) 2 B 3
©) 4 D) 7

stesfesokskskok
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SOLUTIONS
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1.MD) | 2.(D) 3.(B) |4.(B) |5.(C) |6.(B)
7.(C) |8@dB |9.(C) |10.(D) | 11.(B) | 12.(C)
13.(C) | 14.(D) | 15.(B) | 16.(A) | 17.(A) | 18.(A)
19.(C) | 20.(A) | 21.(B) | 22.(B) | 23. (D) | 24.(A)
25.(A) | 26.(C) | 27.(B) | 28.(B) | 29.(C)

30. (D) The minimum number of isolation region is 3

one containing @, , one containing and one containing

both and . The maximum number of isolation region is

4, or one per component.

31. (A) The minimum number of isolation region is two.

One for transistor and one for resistor.
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CHAPTER

3.1

DIODE CIRCUITS

input voltage is given. The diode in circuit has cutin

Statement for Q.1-4: 8 22
In the question a circuit and a waveform for the |_| |_| |_| |_|
A (B)

voltage V, =0. Choose the option for the waveform of

output voltage v, . ¥
3 t t
= T IT
> ° v, (©) (D)
2.2kQ 20 a
o I T
5v A o b
) o T — 16
O

Fig.3.1.1 v; (_) Vo ) .
4V T\/T
20
15 —| 5 -16
—| | | | | | | | | Fig. P3.1.3

LT of H i
-10 16
12
) ®) i/\ t 4/\.| t
T
o 2
—| |_| |_| 5 Ui/\ 16
t

(A) (D) -4 t Ne—7/T

2 2V () D)

20 R
v; e 10 kQ g v,
| | | | D,
6V
. g )
o
8V D,
Fig.3.1.2 0

Fig.3.1.4

S +0
=
S
j_@
-

o]
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8Uo IOUU
t t
WA=
-10
(A) (B)
,
6,
t t
4 \ )/
-8
©) (D)

ﬂ For the circuit in fig. P.3.1.5, let cutin voltage V, =0.7
V. The plot of v, verses v, for -10 <v, <10 V is

> ?
20 kQ 10 kQ

0 :
T 10V 10V

o

Fig. P3.1.5
v, v,
\j/ —%/
3.33 3.33
10 333 10 10 203 10
(A) (B)
Uo Uo
i/ \i/
333 3.33
v, v
30 333 10 30 433 10
(C) (D)

ﬂ For the circuit in fig. P3.1.6 the cutin voltage of diode
is V, =0.7 V. The plot of v, versus v, is

L
< Q
2kQ 1kQ
15V Vi
5
Fig. P3.1.6
v, v,
19.6 19.6
5.7 43
v, v
5.7 15 4.3 15
(A) (B)

9.42 9.42
5.7

vt Ur
5.7 15 4.3 15

(9] (D)
For the circuit shown in fig. P3.1.7, each diode has
V. =0.7 V. The v, for -10 <v_+10 V is
! +10V

10V
Fig. P3.1.7.
v, v,
8 43|/ 7 48|/
v, v,
10 10 10 10
8.43 7.48

©) D)
ﬂ A symmetrical 5 kHz square wave whose output
varies between +10 V and -10 V is impressed upon the
clipping circuit shown in fig. P3.1.8. If diode has r, =0
and r, =2 MQ and V, =0, the output waveform is

5
Fig. P3.1.8
10 U
5
:|:|7 t t
5 -10 | |
(A) (B)
5
—1
I ¢ ¢
©) (D)
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ﬂ In the circuit of fig. P3.1.9, the three signals of fig are
impressed on the input terminals. If diode are ideal

then the voltage v, is

Ry '
o —U.
e ne
+ D3 .I.” "‘l‘yz
o—>|—0—o v, 1= vy
vy + o [ .,
Uy t
Ug 10 kQ
3 - "
v, Fig. P'3'1'9v0
t t
(A) (B)
UO UO
1 1

© (D)
For the circuit shown in fig. P3.1.10 the input
voltage v, is as shown in fig. Assume the RC time
constant large and cutin voltage of diode V, =0. The
output voltage v, is

c
I
1

+0
<

Fig. P.3.1.10

v, v,

L
(B)

JHUE JUUL
() (D)

For the circuit shown in fig. P.3.1.11, the input

voltage v, is as shown in fig. Assume the RC time

constant large and cutin voltage V, =0. The output

voltage v, is

GATE EC BY RK Kanodia

Chap 3.1

Q

v;

inlinlnll
JULL

Fig. P.3.1.11

+0

°

T
4 UL

(©)

(D)

In the circuit of fig. P3.1.12, D, and D, are ideal

diodes. The current i, and i, are

500 Q
O Os
5V
Fig. P3.1.12
(A) 0, 4 mA (B) 4 mA, 0
(C) 0, 8 mA (D) 8 mA, 0

In the circuit of Fig. P3.1.13 diodes has cutin
voltage of 0.6 V. The diode in ON state are

Dy 190 6 D2
54V g 180 5V
Fig. P3.1.13
(A) only D, (B) only D,

(C) both D, and D, (D) None of the above

www.gatehelp.com
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% The diodes in the circuit in fig. P3.1.22 has
parameters V, =0.6 V and r, =0. The current i,, is
+10V

9.5 kQ
05kQ Dy

-—
Iy ov,

05kQ D, ZE D,

ov

+5V

+5V
Fig. P3.1.22
(A) 8.4 mA (B) 10 mA
(C) 7.6 mA (D) 0 mA

Statement for Q.23-25:
The diodes in the circuit in fig. P3.1.23-25 have

linear parameter of V, =0.6 V and r, =0.
+10V

9.5kQ

05kQ D,
Uy O—I\/\N—I<—0—O Vo

Uy
05k Dy

Fig. P3.1.23-25
PR If v, =10 V and v, =0 V, then v, is
(A) 893V (B) 7.82'V
(C) 107V (D) 2.18 V

PXN If v, =10 V and v, =5 V, then v, is
(A) 9.13 V (B) 0.842 V
(C) 582V (D) 1.07 V

m If v, =v, =0, then output voltage v, is
(A) 0.964 V (B) 1.07V
1m0V (D) 0.842 V

Statement for Q.26-28:
The diodes in the circuit of fig. P3.1.26-28 have
linear parameters of V, =0.6 V and r, =0.

5000 Do
Ug

+10 Vo—ANN—>—9—o v,

500  Di
%9.5 kQ

Fig. P3.1.26-28

GATE EC BY RK Kanodia
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@ If v, =0, then output voltage v, is

(A) 643V (B) 943 V
(C) 7.69 V (D) 893V
If v, =5V, then v, is

(A) 893 V (B) 12.63 V
(C) 1824 V (D) 10.56 V
PXA If v, =10 V, then v, is

(A)10V (B) 9.16 V
(C) 843V (D) 1213 V

Statement for Q.29-30:
The diode in the circuit of fig. P3.1.29-30 has the

non linear terminal characteristic as shown in fig. Let
the voltage be v, = cos wt V.

100 @ a i,(mA)

NN _
¥
IOOQ§
e

0, (V)
b 05 07

Fig. P3.1.29-30

m The current i,, is
(A) 25(1 + cos of) mA

(C) 5(1 + cos ®t) mA

(B) 5(05 + cos wt) mA
(D) 5(1 + 05cos wt) mA

m The voltage v, is
(A) 025(3 + cos wt) V

(C) 05(3+1cos ot) V

(B) 025(1 + 3cos wt) V
(D) 05(2 + 3cos wt) V

The circuit inside the box in fig. P3.1.31. contains
only resistor and diodes. The terminal voltage v, is
connected to some point in the circuit inside the box.
The largest and smallest possible value of v, most
nearly to is respectively

+15V

Circuit Containing

-9 Vo— Diode and Resistor | 2 %
Fig. 3.1.31
(A)15V,6V B)24V,0V
C)24V,6V D)1V, 9V
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M In the voltage regulator circuit in fig. P3.1.32 the

maximum load current i, that can be drawn is

15kQ
AAY V
™ V,=9V
30V C_) R,=0 gRL
Fig. 3.1.32
(A) 1.4 mA (B) 2.3 mA
(C) 1.8 mA (D) 2.5 mA

@ In the voltage regulator shown in fig. P3.1.33 the

power dissipation in the Zener diode is

150 Q
NN
+ V,=15Y,
50V<_> R.-0 §750
Fig. P3.1.33
A)1W B)1.5W
) 2w (D) 0.5 W

E¥ The Q-point for the Zener diode in fig. P3.1.34 is
11 kQ

AN
T V,=4V
20V _ R,=0

Fig. P3.1.34

g 3.6 kQ

(A) (0.34 mA, 4 V)
(C) (0.94 mA, 4 V)

(B) (0.34 mA, 4.93 V)
(D) (0.94 mA, 4.93 V)

m In the voltage regulator circuit in fig. P3.1.35 the
power rating of Zener diode is 400 mW. The value of R,

that will establish maximum power in Zener diode is

222 Q
A'A%
+ V,=10V,
(@ GNE $n
Fig. P3.1.35
(A) 5 kQ (B) 2 kQ
(C) 10 kQ (D) 8 kQ

GATE EC BY RK Kanodia
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Statement for Q.36-38:

In the voltage regulator circuit in fig. P3.1.36-38
the Zener diode current is to be limited to the range
5 <7, <100 mA.

VZ VL
™ V.=48V
6.3 V(_) R,=0

Fig. P3.1.36-38

m The range of possible load current is

(A) 5 <i, <130 mA (B) 25 <i, <120 mA

(C) 10 <i;, <110 mA (D) None of the above

The range of possible load resistance is

(A) 0 <R, <3720 (B) 60 < R, <200 Q

(C)40 <R, <1920Q (D) 40 <R, <360 Q

m The power rating required for the load resistor is

(A) 576 mW (B) 360 uW

(C) 480 mW (D) 75 pW

m The secondary transformer voltage of the rectifier
circuit shown in fig. P3.1.39 is v, = 60 sin 2760¢ V. Each
diode has a cut in voltage of V,=0.6 V. The ripple
voltage is to be no more than V. =2 V. The value of

ri;

filter capacitor will be

[
+

i C
6
Fig. P3.1.39
(A) 48.8 uF (B) 24.4 uF
(C) 32.2 uF (D) 16.1 pF

m The input to full-wave rectifier in fig. P3.1.40 is
v, =120sin 2160¢ V. The diode cutin voltage is 0.7 V. If
the output voltage cannot drop below 100 V, the

required value of the capacitor is
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0

4,
2.5k9$ —|—C v,
o

o |

Fig. P3.1.40
(A) 61.2 puF (B) 41.2 pF
(C) 20.6 uF (D) 30.6 uF

For the circuit shown in fig. P3.1.41 diode cutin
voltage is V.

-, =0. The ripple voltage is to be no more
than v,,, =4 V. The minimum load resistance, that can

be connected to the outpu't\ ils
21

75sin 2160t V <:> 50 uF ==
Fig. P3.1.41
(A) 6.25 kQ (B) 12.50 kQ
(C) 30 kO (D) None of the above

GATE EC BY RK Kanodia
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SOLUTIONS

1. (D) Diode is off for v, <5 V. Hence v, =5 V.

For v, >5V, v, =v,, Therefore (D) is correct option.

2. (C) Diode will be off if v, + 2 >0.Thus v, =0
Forv,+2<0V, v,<-2,v,=v,+2=-3 V

Thus (C) is correct option.

3. (D) For v; <4 V the diode is ON and output v, =4 V.
For v, >4 V diode is off and output v, =v,.

Thus (D) is correct option.

4. (C) During positive cycle when v, <8 V, both diode
are OFF v, =v_ . Forv, >8 V,v, =8V, D, is ON. During
negative cycle when [v,|<6 V, both diode are OFTF,
v, =v,. For |v,|>6V, D, is on v, =—6 V. Therefore (C) is

correct.

10 _10

5. (B) For D off , v, =% =333 V.
7+7
20 10

For v, < 333+0.7=403V,v,=333V
For v, >403V, v, =v,-07
For v, =10 V, v, =93V

6. (C) Let v, be the voltage at n-terminal of diode,

_15x1 5V
2+1

For v, < 57V,v, =v,

o 15 v % g gy 420, -20 =15
2k 1k 1k

v, =0, +07

5v, -2v, =15+21=179 =

Uy

v,=04v, + 342

7. (D) For v, >0, when D, is OFF, Current through D, is
. 10 -0.7

10 +10
v, =0, for 0 <v, <4.65 V.

For negative values of v, , the output is negative of

=0.465 mA, v, =10ki =4.65 V

positive part. Thus (D) is correct option.

8. (B) The diode conducts (zero resistance) when v, <25

V and v, =v,. Diode is open (2 MQ resistance) when

0,525 Vand v, =25 + % ‘32'5 5 V.
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=50x5(1+cos wt)x102+05
=0.75 +0.25cos ot =0.25(3 +cos ot) V

31. (D) The output voltage cannot exceed the positive
power supply voltage and cannot be lower than the

negative power supply voltage.

32. (A) At regulated power supply i, = 31057_1{9 =14 mAi,

will remain less than 1.4 mA.

75(50) 50
33. (D) v, =200 __50
D) v = 150 = 3

50
22>V, Ry =1501175 =500

i, =220 _15|-33mA, P=15i,-05 W
50 3

3.6(20)
11+ 36

34. (A) vy = 493V >V, ,

493 -4
271k

=0.34 mA

Ry, =1111 36 =271kQ, i, =

_ 400m
max) T
20 -10

222

35. (B) iy, =40 mA

=45 mA

l ti; =

iL(min) =45-40=5 mA, RL :E =2 kO
5m

36. (B) Current through 12 Q resistor is
i 6.3-4.8
12

i, =i—i, =125,

=125 mA

= 25<i, <120 mA

37. (C) 25 <i, <120 mA, i,R, =48 V

25£;%8§120mA = 40<R, <192 Q

L
38. (A) P, =i,V, =(120m)(4.8) =576 mV

39. (B) v, =60 sin 2760t V

v, =60-14=586V

C - Ve 58.6

_ — —-244 F
2fRV,,  2(60)10 x 10° x 2

40. (C) Full wave rectifier
v, =v;, =120 sin 2160t V
Voo =120 -0.7=1193 V

V. =1193-100=19.3 V

rip

GATE EC BY RK Kanodia

Analog Electronics

Uy _ 1193 206 uF
2fkV,,  2(60)25x 10 x 14.4

41. (A) V, = Uma

rip fRLC
R, = —mex - __ _625k0
fCV,, 60x50x107"x 4

skl tolkodokok dolok
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3.2

BASIC BJT CIRCUITS

Use Vigon =07 V, Vg =02 V for npn (A) 84V
transistor if not given in problem. (C) 41V

Statement for Q.1-4: E I.,R,=?

The common-emitter current gain of the transistor
is B =75. The voltage V,, in ON state is 0.7 V.

(B)6.2YV
(D) None of the above

+5V

7., R.=?
Rz, R +12V
10 kQ
.
V=6V
= ’ Fig. P3.3.3
fie (A) 0.987 mA, 3.04 kQ
e (B) 1.013 mA, 2.96 kO
Fig. P3.3.1 (D) 0.946 mA, 4.18 kQ
(A) 1.46 mA, 6.74 kW (B) 0.987 mA, 3.04 kW (D) 1.057 mA, 3.96 kQ
(C) 1.13 mA,, 5.98 kW (D) None of the above
V, =?
a VEC =? +5V
+8V
10 kQ
20 kQ
10 kQ Ve
10 kQ
2V
2k0Q
3kQ
o Fig. P3.3.4
] (A) 149V B)29V
Fig. P3.3.2
(C) 1.78 V (D) 23V
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Statement for Q.5-6:
In the circuit of fig.P3.3.5-6 V,=-1V

+3V
500 kQ 48 KO

= -3V

Fig. P3.3.5-6
Bp-=2
(A) 1034 (B) 1355
(C) 1345 (D) 1024
E VCE =?
(A) 6.4V B) 4.7V
)13V (D) 42V

In the circuit shown in fig. P3.3.7 voltage V, =4 V.

The value of o and P are respectively
+5V

2 kQ
100 kO

8 kQ

-5V

Fig. P3.3.7
(B) 0.914, 17.54
(D) 0.914, 11.63

(A) 0.943, 17.54
(C) 0.914, 11.63

Statement for Q.8-10:

For the transistor in circuit shown in fig.
P3.3.8-10, B =200. Determine the value of I; and I, for
given value of V, in question.

GATE EC BY RK Kanodia

Analog Electronics

Bv,=1V

A4V B3V

1V D)19vVv

V,=2V

A -7V B) 15V

(C)26V (D) None of the above

Statement for Q.11-12:

The transistor in circuit shown in fig. P3.3.11-12
has B =200. Determine the value of voltage V, for given
value of V.

+5V
5kQ
50 kQ Vo
10 kQ
VBB
Fig. P3.3.11-12
Vip =0
(A) 246 V (B)183V
(C) 333V (D) 4.04 V
Vg =1V
(A) 411V (B) 1.83 V
(C) 246 V (D) 344V
Vip =2V
(A) 3.18V (B) 1.46 V
(C)0.2V (D) None of the above

Statement for Q.14-16:

The transistor shown in the circuit of fig.
P3.3.14-16 has 3 =150. Determine V, for given value of
I, in question.

+5V
5kQ
VU
)
5V
Fig. P3.3.14-16
I,=01mA
(A) 14V B) 4.5V
(C)32V (D) None of the above

www.gatehelp.com

+6V
10 kQ
VC
Vg
1kQ
Fig. P3.3.8-10
Bv,=0v
(A) 6.43 mA, 24V (B) 218 mA, 34V
(C)0OA, 6V (D) None of the above
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1,=05 mA

(A) 3.16 V (B) 252 V
(€)214 V (D) 394V
I,=2 mA

(A) 4.9V (B) 4.9V
(€) 0.5V (D) 0.5V

For the circuit in fig. P3.3.17 V,, = V,, and B =50. The

value of Vj is

+6V
10 kQ
Ve
\Z
1kQ
Fig. P3.317
(A) 09V B)1.19V
(C) 214V (D) 1.84 V

For the circuit shown in fig. P3.3.18, V., =05V and
B=100. The value of I, is

+5V
5kQ
VO
Iq
5V
Fig. P3.3.18
(A) 1.68 mA (B) 0.909 mA
(C) 0.134 mA (D) None of the above

For the circuit shown in fig. P3.3.19 the emitter

voltage is V, =2 V. The value of a is
+10V

10 kQ
Vi

50 kQ 10 kQ

-10V
Fig. P3.3.19

GATE EC BY RK Kanodia
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(A) 0991
(C) 0968

(B) 0939
(D) 0914

m For the transistor in fig. P3.3.20 , B =50. The value

of voltage V. is

+9V
1 mA
50 kQ 4.7kQ
= 9V
Fig. P3.3.20
(A) 3.13V (B) 424V
(C) 518V (D) 6.07 V

In the circuit shown in fig. P3.3.21 if B =50, the

power dissipated in the transistor is

+9V
0.5mA
50 kQ 4.7kQ
= 9V
Fig. P3.3.21
(A) 3.87 mW (B) 10.46 mW
(C) 7.49 mW (D) 18.74 mW

@ For the circuit shown in fig. P3.3.22 the Q-point is
Vego=12 V and I, =2 A when B=60. The value of

resistor B, and R, are
+24V

Fig. P3.3.22
(B) 10 kQ, 699 kQ

(D) 6 kQ, 241 kO

(A) 10 kQ, 241 kQ
(C) 6 kO, 699 kO
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@ For the transistor in the circuit of fig. P3.3.29,
f=100. The voltage V; is

+10V
20 kQ 1kQ
15 kQ
Fig. P3.3.29
(A) 36V (B) 429V
(C)39V (D) 469 V

m The current gain of the transistor shown in the
circuit of fig. P3.3.30 is p=125. The Q-point values
(T¢g > Vo) are

+24 'V

58 kQ
42 kQ 10 kQ

Fig. P3.3.30

(A) (0418 mA,204 V)
(C) (0915mA, 1623 V)

(B) (0915mA, 148 V)
(D) (0.418 mA, 18.43V)

For the circuit shown in fig. P3.3.31, let p=75. The

Q-point (I, Vige) is
+24 V

25 kQ 3kQ
8 kQ 1kQ

Fig. P3.3.31
(B) (312 mA, 1.86 V)

(D) (4.68mA ,522 V)

(A) (4.68mA,16.46 V)
(C) (312mA, 846 V)

GATE EC BY RK Kanodia
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@ The current gain of the transistor shown in the
circuit of fig.P3.3.32 is p=100. The values of Q-point

g > Verg) 18
+5V
12 kQ 5kQ
2 kQ 0.5 kQ
-5V

Fig. P3.3.32

(A) (1.8mA,21V)
(C)(14mA,18YV)

(B) (14mA,23V)
(D) (1.8mA,14 V)

m For the circuit in fig. P3.3.33, let p = 60. The value of

Vice 18

+5V +10V
10 kQ 2kQ
20 kQ 2.2 kO
5V -10V
Fig.P3.3.33
(A) 268V (B) 494V
(C) 3713V (D) 5.69 V

m In the circuit of fig. P3.3.34 Zener voltage is V, =5
V and B=100. The value of I, and V4, are

+12V

% 500 Q

Fig. P3.3.34

(B) 1247mA,57V
(D) 1043 A,43V

(A) 1247 mA, 43V
(C) 1043A,57V
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m The two transistor in fig. P3.2.35 are identical. If

B =25, the current I, is
+5V

V c2

25 uA
=
Fig. P3.2.35
(A) 28 uA (B) 23.2 pA
(C) 26 pA (D) 24 pA

m In the shunt regulator of fig. P3.2.26, the V, =8.2V
and Vg, =0.7 V. The regulated output voltage V, is

120 O
+22V o—AA/\, oV,
glOOQ
Fig. P3.2.36
(A) 118V B) 75V
(C) 125V (D)89V

In the series voltage regulator circuit of fig. P3.2.37
Vi =07V, =50, V, =8.3 V. The output voltage V, is

+25V o \_ 4 oV,
220 O
20 kgg 50 kQ
50 kQ 30 kQ
Fig. P3.2.37
(A) 25V (B) 25.7 V
(C)15V (D) 157V

m In the regulator circuit of fig. P3.2.38 V, =12 V,

B =50, V,; =0.7 V. The Zener current is
+20V o oV

220 Q

Fig. P3.2.38

GATE EC BY RK Kanodia
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(A) 36.63 mA
(C) 49.32 mA

(B) 36.17 mA
(D) 49.78 mA

m In the bipolar current source of fig. P3.2.39 the
diode voltage and transistor BE voltage are equal. If

base current is neglected then collector current is

10 kQ
47kQ
10kQ
20V
Fig. P3.2.39
(A) 6.43 mA (B) 2.13 mA
(C) 1.48 mA (D) 9.19 mA

m In the current mirror circuit of fig. P3.2.40. the
transistor parameters are V,; =0.7 V, =50 and the
Assume transistor are

Early voltage is infinite.

matched. The output current I is

+5V
|
1 mA
¥
—
Fig. P3.2.40
(A) 1.04 mA (B) 1.68 mA
(C) 962 pA (D) 432 pA

All transistor in the N output mirror in fig. P3.2.41
are matched with a finite gain B and early voltage

V, =o. The expression for each load current is

+

\4

Fig. P32.41
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1 I
(A) — B) ——
(1+(1+N)j (1+ N J
BP+1 B+1D
Blref Blref
C) ———— D) ———
(1+(1+N)J [1+Nj
B+ B+1

Consider the basic three transistor current source in
fig. P3.2.42. Assume all transistor are matched with

finite gain and early voltage V, = «. The expression for

I is
V+
i
Iref* Rl
L}
\%
Fig. P3.2.42
Ire/' Iref
(A) o (B) T 1)
(1 + J (1 + J
1+p (2+P)
(®) Irief (D) 1,74
(1 + 2 J (1 + 1 J
B(1+P) B2 +PB)

Consider the wilder current source of fig. P3.2.43.
Both of transistor are identical and § >>1 and V,; =0.7
V. The value of resistance R, and R, to produce I, =1
mA and I, =12 pA is (V, =0.026)

+5V

RSl |

2
Q 1]_ QZ

RE
-5V
Fig. P3.2.43
(A) 9.3 kQ, 18.23 kQ (B) 9.3 kQ , 9.58 kQ
(C) 15.4 kO , 16.2 kQ (D) 154 kQ , 32.4 kO

SOLUTIONS

12 -07
1.(O) I, = I,=113mA
© I 10k E
I, = G 113) =112 mA
75 +1

Vep =12 -113x 10 —L12R, —(-12) =6 V
R, =598 kQ

2. (C) 8=10x (75 + DI, +07 + 101, -2

93
%710+ 760

I, =PI, =0906 mA, I, =(B + DI, =0918 mA
8 =10(0918) + V. + 3(0906) — 8
= V=41V

=1208 pA,

75

3. (A) I, :(75”

]IE :E(]m) =0987 mA
76

52

= =304 kQ
0987m

C

4. (A) 5 =1+ P)10KkI,, + 20k, + 0.7 + P2kl
5 =(760k + 20k + 150k)I, + 0.7
= I,=462pA,
I. =PI, =0.347 mA
V.=5-(B+DI,R,=5-T60x 4.62x10° =149 V

5. (C) Vy =—I,R,

/N Y pA
R, 500k
V,=-1-07=-17V
Vy—(-3) -17+3
FT48k 4.8k
Lo gy = 02T
IB

= I

=0.271 mA

~

= p=1345
6.(B) V,, =3-V,=3-(-17) =47V

7. (C) I, :%:05 mA

4=07+I,R, + IR, -5, I.~I,,
8.3=1001, +05x 8

= I,=43pA,
Ip _1,p-95M 1163
I, 43
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B=10.63, o :i —>a=0914
1+

8. (C) V; =0 Transistor is in cut-off region.
I,=0,V,=6V

9. (B) VleV,IE:%:O.SmA

I.~I,=03mA
Ve=6-I.R,=6-(0.3)(10)=3V

10. BV, =2V, I, =2=%7 _13 ma,
I.~I;=13 mA
Vo =6-(13(10)=-7 V

Transistor is in saturation. The saturation voltage

Ve =02V
V, =13 =13V, V.=V +V, =15V

11. (C) V,, = 0, Transistor is in cutoff region

= R, VCC:10(5)+5=3.33V
R, +R,
1-07
12. B) I, =— =6puA
) I 50Kk u
I, =BI,=75x6u=045 mA
5-Y, v,
=I.+
5k 10%
(1—0.45)=£+V“, = V =183V
10
2-07
13. CO) I, = =26
©) I Ok HA

I.=PBI,=75x26 pA =1.95 mA
V,=5-I,R,=5-5x195=-475V

Transistor is in saturation, V., =02V =V, =V,

14. (B) I, =0.1 mA
- P g, 215901 0099 mA
B+ * 151

V,=5—R.I, =5-5(00099) =450 V

(¢}

15. (B) I, =1,=05 mA

_( 150
€ 150 +1

V,=5-R.,=2517V

j(0.5m) =0.497 mA

16. (D) Transistor is in saturation

GATE EC BY RK Kanodia Analog Electronics

V,=Vegia = Vg =02 -07=-05V

17. B) I, :%

(B (80
Ic_[BHJIE (51j(VB 0.7) mA

6-V,
I =" mA, V.=V,

6-V,
10
108V, =12.86,V, =119 V

50
—(V, -0.7) =
51( f )

18. B) V,, =05V , V, =05V

101

25205 59 ma, I,=| == 109=0909 mA
100

I,

0-V,

19. (C) I, :1107;‘ ~0.8 mA

V,=V,-07=13V

vV, 13
= =s— = 6
PR, 50k hA
pr1=le _08M o677 p_g977
I, 26p
B 2977

0968

o = = =
B+1 3077

50 mA =098 mA

20. (D) I, :(BflIEJ: -

Vo =I,R, -9 =(098)(47) -9 =—4.394 V
I, 1

I.= =

PTB+1D 51
V, =I,R, + V,; =50(00196) + 0.7 =1.68 V
Ve =1.68 —(-4.394) = 6074 V

mA =19.6 pA

21. (A) I, :(BEJIE =2—2(0.5) 049 mA

05

I,=—=98uLA
BT E] 188

V, =I,R, + Vg =(00098)(50) + 07 = 1.19 V
V.=I,R, -9 =(0.49)(47) -9 =—67 V

Ve =119 —(-67) =7.89 V

Py =1,Vyo +1,Vy,

=(0.49)(7.89) + (0.0098)(0.7) mW =3.87 mW
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R 15
Vig =| =2 Vo =| ———[10)=429 V
" (R1+R2] « (20+15j( )

10 =I,(1k) + V,, + %(857@ +429
+

10=1,+0.7 + I—E(8.57k) +429
101

= 1,=462 MA

I, = Iy
B+1

=0.046 mA
V; =(857)(0.046) + 429 =469 V

30. (B) R, =58 kQ, R, =42 kQ
+24V

24.36 kQ
+10.1V

10 kQ

Fig. $3.3.30

R, =581142 =24.36 kQ

42
V.. =| =2
" (42+58

10.1 =1,,(24.36k) + Vi, + (B + DI, (10k)
10.1-0.7 =1,,(24.36k + 1260k)
I,,=732 pA

T4 =Bl =0915 mA

I =B+ DI, =0922 mA

Vg =24 —(0922)(10) =14.8 V

}24) =101V

31. (D) R, =25 kO, R, =8 kO
+24V

3kQ

6.06 kQ
+5.82V

1kQ

Fig. $3.3.31

8
Ry, =25118 =606 kQ, V,;; =
" " [25+8

5.82 =(6.06k)(I ) + Vi, + (B + DI, (1K)

Page
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}24) =582V

GATE EC BY RK Kanodia Analog Electronics

5.82 —0.7 =(606k + 76K)1 5,
= I,,=624 pA
Io=(B+1 I, =474 mA
Ioq =Bl = 4.68 mA
Vesg =24 —IooRy —IgoRy
=24 —(4.68)(3) - (474)(1) =522 V

32. (B) R, =12 kQ, R, =2 kQ
Ry, =RIIR, =12112 =171 kQ

2
Vo =| ——— [10)-5=—=357 V
™ (12+2} )
+5V
5kQ
1.71 kQ
-3.57V
0.5 kQ
5V
Fig. $3.3.32

=357 =I5,(171Kk) + Vi + (B + DI, (05k) -5
5-357-0.7=(171+5056)1 4,
= Iz =14 pA
I,,=(100 + DI, =1412 mA
I, =100y, =14 mA
Vepg =5 —Relog — Rylg, +5
=5-(5)(14) -(05)(1412) +5 =23 V

33. (B) R, =20 1110 = 6.67 kQ

Vo =[—2% _lo-5-167V
10 + 20
+10V
2kQ
6.67 kQ
+1.67V
2.2 kQ
-10V
Fig. S3.3.33

10 =(1 + P yo(2) + Vigy + 15(6.67) + 1.67
10 —1.67 —0.7 = 1,,(6.67 + 122)
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1x1073

Analog Electronics

12x10°

6J:9.58 kO

I I
41. (A) Ire/':ICR+IBS:ICR+1f_SB IORE:thn(I
Ig=Ipp+1p +1g, +....... I R - 0.026 n
Tpp =1y, Iop=1Ig=1, F12x10°
I, =1+ N)Ig _d+ Mlep R VT Vi -
=
1
ref
1+N)I
Then I, =1, + 55 =], + — " -C&
ref —Lcr CR BR+1)

I
B+

=10i(1 (1+N))
BB +1)

Iai:7
(1+(1+N)j
BB+1)

42. (O) Iref =l +1gg, Ip =1y, , I53=21,

+

v
|
|
I
ref‘ ilo :ICZ
Qs
Loy e
Ql — QZ
IBl IBZ
o
\%4
Fig. $3.2.42

IE3 =1+ B)IB3

I 21
Iref:ICl B =l + -
(1+p) (1+p)

IC1 :Icz :BIB2

21 2
T =lea t Bai1>_1“(1+m1+mj

1
Icz =1, = i

()
BL+)

43. (B) If B >>1 and transistor are identical
VaE1 Yoy

Vi — — Vi
Ly ~1Ig=Ige A, =1, =1ge

Ire ID
Ve =V, In [Ifj s Vags :thn(Ij

S S

Inf
Ve = Vg, =V, In I

From the circuit,
Vg = Vags =Ipo Ry = IRy

www.gatehelp.com
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BASIC FET CIRCUITS

Statement for Q.1-3: Statement for Q.4-6:

In the circuit shown in fig. P3.3.1-3 the transistor In the circuit shown in fig. P3.3.4-6 the transistor
parameters are as follows: parameter are as follows:

Threshold voltage Vin =2V w

Vin=2V, B, =60pA/V? — =60
Conduction parameter K, =05 mA/V? L

+10V 10V
39 kO 4KO 14 kQ 1.2kQ
18 kQ 2kQ 6kQ 0.5k0
= 10V
Fig. P3.3.1-3 Fig. P3.3.4-6
V. =?
Ves =7 ~
(A) 2.05 V (B) 6.43 V (A) 3.62V (B) 3.62V
(C) 486V (D) 391V (C) 0.714V (D) 0.74 V
A1, =2 5.
(A) 1.863 mA (B) 1.485 mA (A) 13.5 mA (B) 10 mA
(C) 0.775 mA (D) None of the above (C) 19.24 mA (D) 4.76 mA
ﬂ VDS =? ﬂ VDS =?
(A) 459V (B) 3.43V (A) 295V B) 119V
(C) 535V (D) 6.48 V )3V (D) 12.7V
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The parameter of the transistor in fig. P3.3.16 are
Viy =12V, K, =05mA/V? and A=0. The voltage V,

1S

+5V
50 pA
Fig. P3.3.16
(A) 1.69 V (B) 152V
(C) 184V D)o

The parameter of the transistor in fig. P3.3.17 are
V,y =06V and K, =0.2 mA / V®. The voltage V, is

+9V
24 kQ
0.25 mA
= 9V
Fig. P3.3.17
(A 172V B) -1.72 V
(C) 728V (D) -7.28 V

In the circuit of fig. P3.3.18 the transistor

GATE EC BY RK Kanodia

Chap 3.3

In the circuit of fig. P.3.3.19 the PMOS transistor
has parameter V;, =-15V, % =25 pA/V?, L=4pm
and A=0.IfI;, =01 mA and Vi, =25V, then value of W
will be

+9V
R
Fig. P3.3.19
(A) 15 um (B) 1.6 pm
(C) 32 um (D) 3.2 pm

m The PMOS transistor in fig. P3.3.20 has parameters

w :
Vi =-12V, T =20, and &, =30 pA / V?,
+5V
RS
RD
= 5V
Fig. P3.3.20
IfI,=05 mA and V,=-3V, then value of Ry

and R, are

parameters are V,, =17V and K, =0.4 mA/ V>, (A) 4 KQ, 5.8 kO (B) 4 kO, 5 kQ
W5V (C) 5.8 kQ, 4 kQ (D) 5 kQ, 4 kO
R, The parameters for the transistor in circuit of fig.
P3.3.21 are V,,, =2V and K, =0.2 mA / V*. The power
dissipated in the transistor is
+10V
50 kQ Rg
= 5V
Fig. P3.3.18
10 kQ
IfI,=08 mA and V, =1V, then value of resistor =
R, and R, are respectively Fig. P3.3.21
(&) 236 k0, 5 k0 (B)5ka, 2.36 ko (A) 5.84 mW (B) 2.34 mW
(C) 6.43 kO, 8.4 kO (D) 8.4 kQ, 6.43 kQ (©) 0.26 mW (D) 58.4 mW
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Statement for Q.22-23: m The transistors in the circuit of fig. P3.3.25 have
parameter V,, =08V, k =40 uA/ V> and A=0. The
width-to-length ratio of M, is ({),=1 If V,=010 V
when V, =5V, then (), for M, is

+5V

Consider the circuit shown in fig. P3.2.22-33.

+5V

Fig. P3.3.22-23

The both transistor have parameter as follows

Fig. P3.3.25
Voy =08V, k =30 pA/V?

% If the width-to-length ratios of M, and M, are (A) 47.5 (B) 28.4

— | =|—| =40

L 1 L 2

Statement for Q.26-27:
The output V, is All transistors in the circuit in fig. P3.3.26-27
A) 2.5V (B) 2.5V have parameter V,, =1V and A=0.
)5V MD)yovVv BV
23. If the ratio is [Wj =40 and (W] =15,then V is
L 1 L 2

(A) 291V (B) 2.09 V
(C)341V (D) 159V

m In the circuit of fig. P3.324. the transistor
parameters are V;,, =1V and %, =36pA/ V. IfI, =05
mA, V=5V and V,=2 V then the width to-length

ratio required in each transistor is Fig. P3.3.26-27

+5V
The conduction parameter are as follows:

M, K, =400 pA/ V?

" K. , =200 uA/ V?
M2 n2 = H

v, K,,=100 pA / V?
M, K,, =80 pA/V?

L
Fi @ Im =?
ig. P3.3.24
(A) 0.23 mA (B) 0.62 mA
w w w

(Ll (Ll (Ll (C) 0.46 mA (D) 0.31 mA

A) 175 6.94 27.8 I, =2
(B) 4.93 10.56 50.43 (A) 0.62 mA (B) 0.31 mA
©) 35.5 22.4 8.53 (C) 0.46 mA (D) 0.92 mA

(D) 56.4 38.21 12.56
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@ For the circuit in fig. P3.3.28 the transistor
parameter are V,, =0.8 V and £, =30 pA / V*. If output
voltage is V. =0.1 V, when input voltage is V, =42V,

the required transistor width-to length ratio is

+5V
10 kQ
VD
v o—]
Fig. P3.3.28
(A) 1.568 (B) 0.986
(C) 0.731 (D) 1.843

m For the transistor in fig. P3.3.29 parameters are
Vv =1Vand K, =125 uA / V. The Q-point (I,,, V,)s) is
+10V

20 kQ

10 kQ

Fig. P3.3.29.

(A) (1 mA, 8V)
(C) (1.17 mA, 8 V)

(B) (0.2 mA, 4V)
(D) (0.23 mA, 3.1V)

B} For an n-channel JFET, the parameters are 1,4 =6
mAand V, =-3V.If Vi >V, and Vo =-2V, then

I, is
(A) 16.67 mA (B) 0.67 mA
(C) 5.55 mA (D) 1.67 mA

For the circuit in fig. P3.3.32 the transistor
parameters are V, =-35V, [},c =18 mA, and A =0. The

value of V,,, 1is
bs +15V

0.8 kQ

I4=8mA

-15V
Fig. P3.3.32

GATE EC BY RK Kanodia

Chap 3.3

(A) 743V
(C) 117V

(B) 86V
D) 117V

@ A p-channel JFET biased in the saturation region
with Vi, =5V has a drain current of I, =2.8 mA, and
I,=03mA at V,, =3 V. The value of I, is

(A) 10 mA (B) 5 mA

(C) 7 mA (D) 2 mA

Statement for Q.33-34:

For the p-channel transistor in the circuit of fig.
P3.3.33-34 the parameters are I,;c =6 mA, V,=4V
and A=0.

1kQ

0.4 kQ

-5V
Fig. P3.3.33-34

m The value of I, is

(A) 8.86 mA (B) 6.39 mA
(C) 4.32 mA (D) 1.81 mA
The value of Vg, is

(A) 428 V (B) 247 V
(C)4.28 V (D) 219V

@ The transistor in the circuit of fig. P3.3.35 has
parameters I ,;c =8 mA and V, =-4 V. The value of V,,

18

+20V
140 kQ 2.7 kQ
60 kQ 2kQ
Fig. P3.3.35
(A) 27V (B) 285V
(C)-1.30V (D) 1.30 V

www.gatehelp.com

Page

171



UNIT 3

SOLUTIONS

1. (A) R =32kQ, R,=18k0, V,, =10V

v, :(RZ ]VDD =(18J1o _36V

R, + R, 18 + 32
Assume that transistor in saturation region
Y YoVe

S S
Ry =2kQ, K, =05mA/V?

36 — Vi =(2)(05)(Vys —0.8)2 = Vye =205V

:Kn(VGS - VTN)2

2.(C) 1, ~Yo—Vas _ 36-205

Ry 2k

=0.775 mA

3. (C) Vpg =Vpp —I(Rp + Ry)
=10-0775(4 +2)=535V
Visean = Vos — Vv =(205-0.8) =125 V

Vs > Viseay as assumed.
4.(B)R =14kQ, R, =6kQ, R, =05kQ, R, =12kQ

v, = T 20)—10:[ 6
R, + R, 1416

Assume transistor in saturation
Vg —-(-10) V,-V  +10

](20) -10=-4YV

I = =K,(Vyg = V)’
D R, R, as N
’ -6
W 0002100y
2 L 2

= —4-V, +10=(05)(18)(Vy —2)°
= V=362, -0.74V, V,, will be positive.

V, -V +10 -4 -362+10
Ry 05k

=476 mA

5. (D) I, =

6. (B) 10 =I (R + Rp) + Vg — 10

V,s =20 —4.76(12 +05) =119 V
Vioseay = Vas — Viy =362 -2=162 V

Vps =119V >V ¢ .., , Assumption is correct.

7. B) R, =8 kQ, R, =22kQ, Ry=05k0, R,=2kQ

v, - L 20)—10:( 22 )(20)—10=4.67V
R +R, 8+22

Assume transistor in saturation

10-V
Iy === =K (Vs + Vip)*

S

Ve =V, + Vg

GATE EC BY RK Kanodia

Analog Electronics

10 —(467 + VSG) :(05)(1)(VGS)
= Vg =377V, —177V, Vg, is positive voltage.

10—V, 10 —(V, + Vo)

8.(A) I,= -
? RS RS
10 —(4.(6)3; $3TD) gy

9. (C) 10 =I(R, + R,) + Vg, — 10
Vi =20 —I,, (Rg + R,)=20 —212(2 +05) =122 V

10. (C) Assume transistor in saturation.
I,=04 mA, 04=K,(Vy+ V)

04=(02)(Vy, -08)° = Vi =+2+08=221V
V=0, Vy=V,-V,=V;

11. (A) V, =I,R, -5 =(04)(5) -5 =-3 V
Vi =Vs -V, =2.21-(-3)=5.21 V

12. (C) R, =145kQ, R, =55 kQ,
Ry =06 kQ, R, =08 kO,

v, = —fr Y10)-5 :[55}10) 5--295V
R +R, 145 + 55

Assume transistor in saturation.

Vs - (-5
ID :% :Kn(VGS - VTN)2

S

Vs = VG - VGS
—225 — Vg +5=(0.6)(05) (Vg —(~1))?
= V,=124,-658 V

Vs 1is positive. Thus (D) is correct option.

Ve+5 Vo—Vy+5 -225-124+5
R R 0.6k

=252 mA, Therefore (D) is correct option.

13. D) I, =

14. B) 5 =I,(Ry + Ry) + Vs -5
Vps =10 —I(Rg + Rp) =10 —252(0.8 + 0.6) =647 V
Vs = Vas — Vi =124 —(~1) =2.24

Vs > Vpsiar »Assumption is correct.

15. (B) Iy =50 pA =1, I, =K, (Vg — Vyy)?

= 50x10°=05x10%Vy-12)° = V, =1516,
V, =0, Vg =V, - Vg =—1516 V

Vs =V, = Vg =5 —(~1516) =6516 V

16. (B) I,, =50p =K, (Vg — Vyy)?
= 50x10° =05x 10"V, —12)?
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Ves =152V, Vo=V,

17. B) I, =K, (V4 — V)?

= 025=02(Vy-06)> = V=172V,

Ves =Vo—-Vs, V5=0, Vy=-172 V
18. (A)ID:5_VD =0.8 HIA, RDIE:51{£2
R, 0.8m

ID :Kn (VGS _VTN)2

= 08=(04)(Vyg -17)° = V=311V

Vi =V,-V,, V,=0, V,=-811V
I,-08mA =115 R, =2.36 kO
S
KW ,
19. (C) VSD =VSG’ ID =EI(VGS + VTP)

10 :["225] [‘17](2.5 -15° = W=32um

-6
20. (D) K, {30*210)(20) —03mA/V?

I,=K,(Veg + Vpp)* = 05=03Vy, —12)°
= V=249V, V,=0
Vy=Vy =249 V

-V 5-249

1, R, 502 kO
R 05m
[D=VD_7(_5) :>RD=_3+5=4kQ
R, 05m

21. (B) Assume transistor in saturation
_10 -V
10k

10 — Vg =(10)(02)(Vg —2)*
= V4 =377V, -027V, V., will be 3.77 V
Vo =Vpg =377V

10 - 377
10k
Power =1,V,; =2.35 mW

Vys > Vg —Vyy assumption is correct.

ID :Kn(VGS _VTN)2

I, =0.623 mA

22. (B) For both transistor V4 =V,

Vs > Vis — Vyy  Therefore both transistor are in

saturation.
Iy =I,, = K, (Ve Vi)’ =K,,(Vgey — Viy,)?
Knl =Kn2 ’ VTNl =VTN2

5
VGSI :VGSZ :E A

V, =V, =25V

o

GATE EC BY RK Kanodia
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w w
23. (A) (Ll >(Ll thus Vg, < Vig,
40(V4g, -0.8)? =15(Vq, -0.8)?
Vasz =5- VGSI
1.63(Vyg, —0.8) =(5 -V, —0.8)
Vo1 =209, Vi, =291V, V =V, =291V

24. (A) Each transistor is biased in saturation because
Vis =Ves and Vg >V =V
For M,,V,=2V =V,

-3
1,=05= 36x107 W] 2-1?2 = (WJ =278
2 L), L),

For M,, V,,=V,-V,=5-2=3V

-3
1,=05= 36x107 W] (3-1?2 = (WJ =694
2 L), L),

For M,, V4, =10-V,=10-5=5V

I,=05 =(36 x 1051Wj 5-1° = [WJ =174
2 L) L)

25. (D) M, is in saturation because
Visz = Vpse > Vass = Vi

M, is in non saturation because
Ves1i =Vi=86V, Vg =V, =0V

Vst <Ves1 = Viw 5 Iy =1Ipy

w w
(L] [2(Vigs1 — V) Viss — Vs k[L} Vs — Vin)?
1 2

= [VD [2(5 -0.8)(0.1) —(0.1)*1=(1)(5 -0.1-0.8)*

[W] (0.83)=1681 — (W) -20.3
L 1 L 1

26. (B) Im =Kn1 (VGSI _VTN)2 :KnZ (VGSZ _VTN)2
Vesi =5 = Viss = (5= Vg, —D* =200 (Vg, — 1)
= Vigs =276V, Vs =224V

I, =400 x 10°(224 -1)* =0.62 mA

27. (B) Vygy = Vies =276 V
ID4 :Kn4 (VGS4 - VTN)2 :KnS (VGSB - VTN)2
=100x10°(276 —-1)? = 0.31 mA

28. (C) Ve =42V, V,e =01V

Vs < Vi — Vi, Thus transistor is in non saturation.
b= 5-01 449 ma
10k

W
I, :?nf{z (Vs = Viw) Vs _VDzs}
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3.4

AMPLIFIERS

If the transistor parameter are B=180 and Early
voltage V, =140 V and it is biased at I, =2 mA, the

values of hybrid-n parameter g, , r

T

and r, are

respectively

(A) 14 A/V, 2.33 kQ, 90 kQ
(B) 14 A/V, 90 kQ , 2.33 kQ
(C) 77 mA/V, 2.33 kQ , 70 kQ
(D) 77.2 A/V, 70 kQ, 2.33 kQ

Statement for Q.2-3.
Consider the circuit of fig. P3.4.2—-3. The transistor
parameters are =120 and V, =oo.
+5V
4kQ

OV,
250 kQ ¢

Yo

Fig. P3.4.2-3

Pl The hybrid-n parameter values of g, ,r, and r, are
(A) 24 mA/V, o, 5 kQ

(B) 24 mA/V, 5 kQ , o

(C) 48 mA/V, 10 kQ , 18.4 kQ

(D) 48 mA/V, 18.4 kQ, 10 kQ

Bl The small signal votlage gain A, =v, /v, is
(A) 4.38 (B) 4.38
(C) -1.88 (D) 1.88

The nominal quiescent collector current of a
transistor is 1.2 mA. If the range of B for this transistor
is 80 <P <120 and if the quiescent collector current
changes by £10 percent, the range in value for r, is
(A) 1.73 kQ <r, <259 kQ

(B) 1.93 kQ <r, <259 kQ
(C) 1.73 kQ <r, <259 kQ
(D) 1.56 kQ <r, < 2.88 kQ

Statement for Q.5-6:
Consider the circuit in fig. P3.4.5.6. The transistor

parameter are f =100 and V, =oo.
+10V

RC
50 kQ
-®

Fig. P3.4.5-6

ﬂ If Q-point is in the center of the load line and I, =05
mA, the values of V,; and R, are
(A) 10 kQ, 095V (B)10kQ, 145V

(C) 48 kO , 0.95 V (D) 48 kQ , 1.45 V
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Statement for Q.14-15: For an n-channel MOSFET biased in the saturation
. 2
Consider the common Base amplifier shown in fig. region, the parameters are V,y =1V, {u,C,, =18 mA/V

P3.4.14-15. The parameters are g =2mS  and and 1 =0015 V™' and I,,, =2 mA. If transconductance is
r, =250 kQ. Find the Thevenin equivalent faced by load g, =34 mA/V, the width-to-length ratio is

resistance R, . (A) 80.6 (B) 43.2
(C) 190 (D) 110
T T T T T T | Thevenin equivalent
I 270 Q I m In the circuit of fig. P3.4.20, the parameters are
|
- | gRL g, =1mA/V, r, =50 kQ. The gain A, =v, /v, is
I |
| | Vo
| |
L
The Thevenin voltage v, is 2 kQ
(A) 263y, (B) 132y,
(C) 346v, (D) 498, 300 kQ
The Thevenin equivalent resistance R, is = = =
(A) 384 kO (B) 697 kO Fg. P3.4.20
(A) -8.01 (B) 8.01
(C) 408 kQ (D) 915 kQ
(C) 14.16 (D) -14.16

Statement for Q.16-17:
Statement for Q.21-23:

The common-base amplifier is drawn as a two-port
in fig. P3.4.16-17. The parameters are =100, g, =3
mS, and r, =800 kQ.

For the circuit shown in fig. P3.4.21-23 transistor
parameters are V,, =2 V, K, =05 mA/V? and 1=0.

The transistor is in saturation.

———— e

i

o
rd

+0

+10V

]
|
|
|
3.9kQ 18kQ v
g g I ’ 10kQ
|
|

UD
o - ] ]
Fig. P3.4.16-17 0, e
The h-parameter A, is Ve e
(4) 2.46 (B) 0.9 <

Uy

(C) 0.5 (D) 0.67 Fig. P3.4.21-23
. If I, is to be 0.4 mA, the value of V, is
The h-parameter A,, is (A) 5.14 V (B) 4.36 V
A) 3.8x10™* B) 4.83x10°*
()38 (B) 4,83 x (C) 2.89 V (D) 1.83 V
(C) 3.8 x10* (D) 4.83 x10?

% The values of g, and r, are
For an n-channel MOSFET biased in the saturation

(A) 0.89 mS, (B) 0.89 mS, 0
region, the parameters are K, =05mA/V? ,V,, =08V (C) 1.48 mS, 0 (D) 1.48 mS
.48 mS, .48 mS, o
and =001V, and I},, =0.75 mA. The value of g,, and
r, are The small signal voltage gain A, is
(A) 0.68 mS, 603 kQ (B) 1.22 mS, 603 kQ (A) 14.3 (B) -14.3
(C) 1.22 mS, 133 kO (D) 0.68 mS, 133 kQ (C) -8.9 (D) 8.9
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(A) 4.44 (B) 4.44
(C) 2.22 (D) 2.22

Statement for Q.33-34:

Consider the source-follower circuit in fig.
P3.4.33-34. The values of parameter are g,, =2 mS and
r, =100 kQ.

+5V
I I 1 o
| 1 !
! Yo
Us 500 kQ I, 4%0
= T 5V =

Fig. P3.4.33-34

E The voltage gain A, is
(A) 0.89 (B) -0.89
(C) 2.79 (D) 2.79

m The output resistance R, is
(A) 100 kQ (B) 0.498 kQ

(C) 1.33 kQ (D) None of the above

SOLUTIONS

I
L(C) g, =@_ 2M _qr9mAv
V, 00259
I, g, 772m
p=Ya 10 o640
I, 2m
2-07
2. B) I,,=2"%" _59 A
B Taa =50k H
I, =BI, =(120)(5.21) =0.642 mA
1
L =roe 0624 o)AV
V. 00259
po BV B 120 g6 o

I, 8. © 24m

R
3.(C) A, =—g,R,| 1+ |= PHe
©4,=-¢, C(r +RB] r.+ Ry

b

= —(24m)(4k) (E’kj —-1.88

5k + 250k

4. D) r, =%,

I
- (120)(0.0259) _2.88 kO,

1.08m

- (80)(0.0259) 156 kO

1.32m

1

5. (&) Vieq =5 Vee =5 V

Vico =10 =Ty R =5
= 10-(05m)R, =5

R, =10 kQ,
I, 05
=g T100 O H

VEB(ON) + IBQRB = VBB
= 07 +(5n) (50k) =095 V

I
6.D) g, =—2-= 05 193 mA/V
V, 00259
p =BV _(100000259) .40 T, =0

oI, 05m

7. (B) I, =(11(§’(;)1]<o.35) ~0.347 mA
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The small-signal equivalent circuit is as shown in fig.

S3.4.7

500 Q ©

ov,
v, 10 kﬂg % Jﬁ gro §7k9

Fig. $3.4.7

|||—()@

r. 1110k
" 500 +r 1110k
v, r. 1110k

"\ 500 + r_ 110
ICQ 0 347m
" V. 00259
_ B _BV,_ 100
g, I, 1313m
_V, _ 100
I,, 0.347m

=288X T 683k, r 1110k _T7.6x10
88 +7 76+ 10

_ 482k Veeay g0
500 + 4.32k

(v,), v, =g, V.(r, 17k)

s

j(ro 117Kk)

=1313 mA/V

r =7.6 kQ

T

=288 kQ

o

=4.32 kQ

A, =-1313 m(

8. (C) DC Analysis: I, =1,

Visg =5 =10 I o (Ry + Ry)
= 510 -Io(L2k +0.2k) = I =357 mA
357
1. =397 _938 1A
5 =750 H

AC Analysis:

e

Fig. $3.4.8
r BV (150) 09259 00
o 357m
A =Y cTBIIRe g DR,
U, Uy
A = —BR, _ —(150)12)k - 575

" r +(1+PR, 109k +(151)(02k)

GATE EC BY RK Kanodia
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50

9. (A) DC Analysis: V., = 12)=10 V
(A) nalysis: V,, 10+50( )
R,, =111150 =8.33 kO
12 -0.7-10 9 uA

B 7833k + (10D1k
Too =Pl =119 mA, I, =12 mA
Vo =12 —(1.20)1 —(119)2 =842 V
AC Analysis:

.©®

Fig. $3.4.9
BV, (100000259 o0
I, 1.19m
v, =BI,(2k) , v, =—(B+ DI, (1K) + I,(r,)
v, P2k ~(100)(2k) B
"o, r+@+Dk 218k +(100)(1k)

10. (B) Vg, =842 V,

For 1<v,, <11V, Av,, =11-842=258V
= Output voltage swing =5.16 V peak to peak.

11. (B) Since the B—C junction is not reverse biased, the
transistor continues to operate in the forward-active

-mode

+0

[« J]

Fig. S 3.4.11

pote _ 1 g5, [1j I,
Ve &n 8m

_ (100)(0.0259)
2m

=2.33kQ

1
g, =@ - 2 779 mA/V
V, 00259
1 1995, r, _Va 150 o510
g ICQ 2m

r, = (2.33k) [1(1295) l1(75k) =12.87 Q
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12.C) r, = V4 o T = Va_ 75 0375 mA
I r, 200k

BV, _ 75(00259)
i

13. (B) r, =194 kO

cQ

BI,
L, ©

Fig. S 3.4.13

v, = I,(r,+15Kk), I, =1, =(B + DI,
V. (r,+15k) 194 +15k _

i 450
PB+1 76

in
Ie

14. (D) The equivalent circuit is shown below

270 Q
_ &Vs
v; C:) rngvn
T +
]
Fig. S 8.4.14
. vr
Removing the R, , -V _= LI
270 +r,
vr(l+g. r)
Upy =-T,8, V -V =-tr—_omo
TH ogm n T 270 + rﬂ
B100 o
&y 2m
Dy = v;50k(1 + (2m)(250k)) 498 v,
270 + 50k

15. (A) The equivalent small-signal circuit is shown in
fig. S3.4.15

270 O
_ &Vs TI%
O &
T +
Fig. $3.4.15
I =g,V + Vs =2mV_+ v, =2004 mV,
' r, 250k

o
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vV V v, + V.
L4+ ZL+g V +L "=

r, r, 270

Vi v Ve omv iUt ig o v —_06470,
50k 250 270
I =1297mv,
Ry, =Y = 498U _ag4 10

I, 1297mo,

16. (B) The equivalent small-signal circuit is shown in
fig. S3.4.16

|
| |
. |
LI ® / © |
|
I _ &aVa I
v(:) : §39k§2 &V, 18k§2§ : vy =0
| + |
. |
Fig. S 3.4.16
ro=b 19 353k
g, Sm
hzl—L.*z > i2:&+ngn
- Ty
. Vv Vv Vv
=——* —_*__*t_g V  _Tcan be neglected
£ 39k r, En Vs r, &
=2 Bm &3k g
i Lt r.+ 39k + g, r.39k
3% r, "
v v v, — v
17. (A) v, =-V_, L A4 X 2_gV
@ v 39k r, r, En s
r__________7 ______ |
| " |
=0 | ® © i

|
|
|
18 ng | U2
|
|
|

1 1
b T, - 800k
v, 1 1 1 1 1 1
—t—+—+ g, + + + 3m
39k r. 7, 39k 333k 800k
=38x10"
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Rg =4 kQ, v, =0.84v, ,

Uo = _gmvgs(ra ”RD)

=—~1.41m)(0.84v,)(100k Il 5k)
v

= —°
U

2

—=A,=-56

28. (A) R, =R, llr, 11 100k =4.76 kQ
29. (A) As shown in fig. S3.4.27, R, = R, I| R, =20.6 kQ

30. (C) From the DC analysis:

Vise =15V, I,, =05 mA

& =2K,(Vys — V) =2(1m) (15 -0.8) =14 mA/V

r,= [7JDQ]71 =

The resulting small-signal equivalent circuit is shown
in fig. S5.4.30

Fig. S 3.4.30
U, :_gmvgsRD? v; :vgs + gmvgsRS
Vo BBy gy TR
v, 1+g, Rq 1+ (14m) (05k)

31. (B) Since the DC gate current is zero, Vg =-V,q,

IDQ :IQ :Kn(VGSQ - VTN)2

= 05=1Vg, -0.8)%
Vise =151V =-V;
Visg =5 —(05m)(7k) —(-151) =301 V
The transistor is therefore biased in the saturation
region. The small-signal equivalent circuit is shown in
fig.S3.4.31.

© @
o —oO0U,
+
Us CE) g Ugs gmvgs g 7kQ
. ®
=
Fig. 83.4.31

v, = _gm Ugs(7k)

GATE EC BY RK Kanodia

Chap 3.4

v, =0, , &:Auz—gmﬁk)

gs i
U;

&n =2K,(Vos = Vi)
=2 (1m)(151-0.8) =142 mS
A, =~(142m) (7k) =-99

32. (A) The small-signal equivalent circuit is shown in
fig. S.3.4.34

0 U,

Fig. $3.4.32

v, =8,V (R) INR,), v, =-U,,
— vO —

A ="=g (R,)IIR,) =2m)(5k || 4k) = 4.44

i

33. (A) The small-signal equivalent circuit is shown in
fig. S3.4.33

©

+

Ui 500 kO Ugo Emls

— = O

Fig. $3.4.33

vo:gmvgs(RL ” ro)
U; =V, + U, =U, + gmng(RL lr)
1
e 1 g, (RN 1)
gm(RL ” ro)

Vo _ g g, (R 1lr)

v, ° l+g, (R/lr)

R, Ilr, =4k 11100k :% _ 386 kO
(2m)(3.85k)

*T1+@m)(385k)

34.B) R, -1 IIr

m

:[;j 11(100) ~0.498 kO

seskesk
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CHAPTER

3.5

OPERATIONAL AMPLIFIERS

1.A =% _9 (A) —2sin ot pA (B) —7sin of pA
Ui AAAL (C) -5sin ot pA D) 0
40 kQ
' . M In circuit shown in fig. P3.5.4, the input voltage v, is
0.2 V. The output voltage v, is
50 kQ
i 10 kO VWV }\5/0\;{\(3
= 10— VVVv— 25 kQ
Fig. P3.5.1 L o0,
(A) -10 (B) 10 +
(C) -11 (D) 11 N J:
Fig. P3.5.4
2.4, =2 =9
v, 400 kO A) 6V B) 6V
AAAL (A) (B)
N 40 kO )8V D)8V
—Oov,
60 kQ a For the circuit shown in fig. P3.5.5 gain is
1 1 A, =v, /v, =-10. The value of R is
Fig. P3.5.2 Y AN
(A) -10 (B) 10
(C) 13.46 (D) -13.46 100 kQ

v;o
E The input to the circuit in fig. P3.5.3 is } ° Y

v; =2sin ot mV. The current i, is

10 kQ =
Fig. P3.5.5
i()
S o0, (A) 600 kQ (B) 450 kQ
(C) 4.5 MQ (D) 6 MQ
%kg
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Operational Amplifiers

ﬂ For the op-amp circuit shown in fig. P3.5.6 the

voltage gain A =v, /v, is

oV,

Fig. P3.5.6
(A) -8 (B) 8
(C) -10 (D) 10

For the op-amp shown in fig. P3.5.7 open loop
differential gain is A,; =10°. The output voltage v, for
v, =2V is

100 kQ
NN
100 kO
Y
—ov,
Fig. P3.5.7

(A) -1.996 (B) -1.998
(C) —2.004 (D) -2.006

E! The op-amp of fig. P3.5.8 has a very poor open-loop
voltage gain of 45 but is otherwise ideal. The closed-loop

gain of amplifier is

100 kQ
'A%
2 kQ
—ov,
Fig. P3.5.8
(A) 20 (B) 4.5
(O D) 5

ﬂ For the circuit shown in fig. P3.5.9 the input voltage

v, is 1.5 V. The current i, is

10 kQ
6 kQ
AR L_O>P—OUD
%51@
Fig. P3.5.9
(A) -1.5 mA (B) 1.5 mA
(C) -0.75 mA (D) 0.75 mA

GATE EC BY RK Kanodia
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In the circuit of fig. P3.5.10 the output voltage v, is

20 kQ 20 kQ

+0.5V AN
40 kQ
1Vo—AA/N

60 kQ o
+2V f+

Fig. P3.5.10
(A) 2.67V (B) 2.67V
(C) 6.67V (D) 6.67 V

In the circuit of fig. P3.5.11 the voltage v, is
(1+2sin o) mV and v,, =-10 mV. The output voltage

v, is
20 kQ
20 kQ
2kQ

Vit o—AAN— 1kQ

— AN\
Lo Uo

vis o—AAN—

1 1kQ

Fig. P3.5.11

(A) -0.4(1 + sin ot) mV
(C) 0.4(1 + 2 sin of) mV

(B) 0.4(1 + sin ot) mV
(D) -0.4(1 + 2sin o) mV

For the circuit in fig. P3.5.12 the output voltage is
v, =25 V in response to input voltage v, =5 V. The finite

open-loop differential gain of the op-amp is

500 kQ
v;
UO
1kQ
Fig. P3.5.12
(A) 5x 10* (B) 250.5
(C) 2x10* (D) 501
v, = ?
100 kO
100 kQ
T >
20 kQ —0%,
+18 VO—AAN/ +
40 kQ
+15 Vo—AAN—
Fig. P3.5.13
(A) 34V B) 17V
C)32V (D) 32V
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UNIT 3 GATE EC BY RK Kanodia Analog Electronics

m For the circuit shown in fig. P3.5.28 the input i, =7

resistance is

2A'A'A%
oy 2kQ
6A o0,
2 kQ
AN Fig. $3.5.31
= 2kQ
%10 kQ (A) -18 A (B) 18 A
= (C) 36 A (D) 36 A
Fig. P3.5.28
(A) 38 kO (B) 17 kQ Statement for Q.32-33:
(C) 25 kQ (D) 47 kQ Consider the circuit shown below
. . . 3 kQ D,
m In the circuit of fig. P3.5.29 the op-amp slew rate is <
SR =05 V/us. If the amplitude of input signal is 0.02 V, m
then the maximum frequency that may be used is 2k0 w
v; 0
240 kQ 0 v,
A'A'A%
10 kQ
Vi
—Oo v, =
Fig. P3.5.32-33
= BB If v, =2 V, then output v, is
Fig. P3.5.29 (A) 4V (B) 4V
)3V D)3V
(A) 0.55x 10° rad/s (B) 0.55 rad/s
O) 11x10° rad/ D) 11 rad/ m If v, =-2 V, then output v, is
(C) 1.1x rad/s (D) 1.1 rad/s (A) 6V (B) 6 V
(C)3V D)3V

m In the circuit of fig. P3.5.30 the input offset voltage
and input offset current are V,, =4 mV and I,) =150 nA. m o (8) =2
The total output offset voltage is ’ .

500 kQ
5kQ 8 mF p—o v,
Vi —AANN—
Lo,
5u(f) mA 2500 & 1kO % 50 &2
5kQ L =
Fig. P3.5.34
Fig. P3.5.30 _t _t
A e®ut)V B) —ePuwt) V
(A) 479 mV (B) 234 mV Lt _t
C) e ut) V D) - " up) vV
(C) 168 mV (D) 116 mV
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@ The circuit shown in fig. P3.5.35 is at steady state

before the switch opens at ¢ =0. The v,(¢) for ¢ >0 is
t=0

S

20 kQ

20 kQ

>

O

20 kQ

J\/\/\,]_+
4 uF I Ve
Fig. P3.5.35

(A) 10 —=5e ™% V (B) 5 +5e "V

-t -t
(C)5+5e 25V (D) 10 —5e 125V

BT The LED in the circuit of fig. P3.5.36 will be on if v,

18

Fig. P3.5.36
(A)>10V (B) <10 V
(C)>5V (D) <5V

In the circuit of fig. P3.5.37 the CMRR of the
op-amp is Sig dB. The magnitude of the v, is

100 kQ

Fig. P3.5.37

(A) 1 mV (B) 100 mV
(C) 200 mV (D) 2 mV

@ The analog multiplier X of fig. P.3.5.38 has the

characteristics v, =v,v, . The output of this circuit is

USSc
10 kQ

Fig. P3.5.38

GATE EC BY RK Kanodia
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(A) vsvss (B) _vsvss
©) - D)
U U

ss ss

m If the input to the ideal comparator shown in fig.
P3.5.39 is a sinusoidal signal of 8 V (peak to peak)
without any DC component, then the output of the

comparator has a duty cycle of

Inputo—+
Output
V,cf: 2Vo————

Fig. P3.5.39

1 1
A) = B) =
()2 ()3
1 1
C) — D) —
()6 ()12

In the op-amp circuit given in fig. P3.5.40 the load

current ¢, is

R,
AN
Rl
0, o—AAN——]>
—MA—+
- R
’ AN
IL¢ R,
Fig. P3.5.40
A) - B) 2=
(A) i (B) i
C) -2 D) =
©) i (D) i

In the circuit of fig. P3.5.41 output voltage is |v,|=1

V for a certain set of o, R, an C. The |v,|will be 2 V if
Rl
AN

R,

v;=sin ot V Lov,

—+

R
T
Fig. P3.5.41

(B) o 1is halved
(D) None of the above

(A) o is doubled
(C) R is doubled
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In the circuit of fig. P3.5.42. the 3 dB cutoff

frequency is

I 6 kQ
1 AN
= 3kQ L o0,
v;
Fig. P3.5.42
(A) 10 kHz (B) 1.59 kHz
(C) 354 Hz (D) 689 Hz

The phase shift oscillator of fig. P3.5.43 operate at
f =80 kHz. The value of resistance R, is

Ry
100pF  100pF 100pF
ov,
R R +
Fig. P3.5.43
(A) 148 kQ (B) 236 kQ
(C) 438 kQ (D) 814 kQ

m The value of C required for sinusoidal oscillation of
frequency 1 kHz in the circuit of fig. P3.5.44 is

1kQ 2.1kQ
LYW AN
=c
1 kQ% TC
Fig. P3.5.44
(A) i uF (B) 2n uF
21
1
(C) —=uF (D) 216 pF
Zn\/g " "

m In the circuit shown in fig. P3.5.45 the op-amp is
ideal. If B, = 60, then the total current supplied by the
15 V source is

(A) 123.1 mA
(C) 49.4 mA

(B) 98.3 mA
(D) 168 mA

GATE EC BY RK Kanodia
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+15V
?
47kQ
o v,
V.=5V 100 Q
Fig. P3.5.45

In the circuit in fig. P3.5.46 both transistor @, and
Q. are identical. The output voltage at T'=300 K is

R, \;! xjf:z R,
v1 0—AAM——= “HAM—ov,
iny b =
333 kQ
AN
20 kQ
20 kQ —0 v,
+
333 kQ
Fig. P3.5.46
v, R v, R
(A) 2log,,| 2 B) log, | L2
gw( v, R, J gw[ v, R, J
(C) 2.303 1ogm[v2 Rl) (D) 4.605 1ogw(”2 Rl]
R, . R,

In the op-amp series regulator circuit of fig. P8.3.47
V. =62V, V,, =0.7V and 3 = 60. The output voltage v, is

+36 Vo 0,
1kQ
g 30 kQ
%10 kQ
Fig. P3.5.47
(A) 35.8V (B) 248V
(C)29.8V (D) None of the above

sfesfestestestestor
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26. (C) v,, =v, =0V, current through 6 V source

i:%:2 mA, v, =-2m(3k +2k) =-10 V

7. (D)v+=v°(1)=ﬁ, ] vi() v,(D)
1+3 4 2+1 2+1
v+=v_,$—& 2vl,&=—8
4 3 3 v

28. (B) Since op-amp is ideal

ANN— i
= 2k0 LY
10 kQ
Fig. $3.5.28
v_=v, ,2ki, =4ki, = i, =2i

v, =2ki, + 10ki,
i,=i +1i,, v, =2ki_+10k(i, + i), i, :%

v, =2ki, + 101{1'3 + ;J = % _17x=R,
lS’

29. (C) Closed loop gain :!I}Z} =———=24

The maximum output voltage v, =24 x002 =048 V

< SR _ 05/p
v 048

om

=11x10° rad/s

30. (A) The offset due to V,, is v, :(1 + ?jV

1
:(1 5(5)0j4m 404 mV

Due to I,, v, = R;I,, =(500k)(150n) =75 mV
Total offset voltage v, =404 + 75 =479 mV

31. (A) 6=""2 | § =—6+ 2
6k 3k
i,=—6+ —6(6k) —_18 A.
3k

32. (B) If v, >0, then v, <0, D, blocks and D, conducts

AU=—6—k=—2 =

—(-2)(2) =4
3k v, =(-2)(2) A%

GATE EC BY RK Kanodia

33. (D) If v, <0, then v, >0, D, blocks and D, conduct
3k
A =——=-15,v,=(-2)(-15)=3V
v =T ok v, =(-2)(-15)
34. (A) Voltage follower v, =v_=v,
v,(07) =5m(250 111000) =1V, v, () =0
7=8m(1000 +250) =10 s

35. (A) v, (0)=5V=0,(0")=5V
For ¢ >0 the equivalent circuit is shown in fig. S3.5.35

20 kQ

Fig. $3.5.35

1=20kx 44 =008 s

__t
v, =10 +(5 —10)e % =10 -5¢** V for ¢t >0

36. (C) v_ _ 1010k _
10k + 10k

When v, >5V, output will be positive and LED will be

on. Hence (C) is correct.

R R
37. (B =2)—=1V,v_.=2)—=1V, v, =0
B) v, ()2R v ()2R v,

Vi - v, +U. -1, 00:& Veu
2 1 CMRR
CMRR =60 dB =10° , v, = 1% 1(1)3 100 mV

38. (C)v, =0=v,

Let output of analog multiplier be v,.

bl %o yily =
- R v, ==V, , U, =00,
— — U
Ue - vssvn ’ vo -
v

39. (B) When v, >2 V, output is positive. When v, <2V,

output is negative.

~

Fig. $3.5.39
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T
Duty cycle :% -6 6 _

v, —U_ _U_-—V

40.(A) =——2 = 2y =0+,
R, R,

L . R BN 110:(2+2]v+

R, R, R, L

41. (D) This is a all pass circuit

o, . 1-joRC . 1+ R0
Y - H(joy = - I2HC g = VD)
i 1+ joRC J1+ (oRC)?

Thus when o and R is changed, the transfer function is

unchanged.

42. B) Let R, =3kQ , R, =6 kQ , C =50 nF

v. V. —U V. U. 1%
’ + 4——=0 == —FF——+1t=20
R ”( 1 j R, R R, R,
|-
sC 1+sR,C
[ R, |

v, Lf(l +sR,C) + IJ =0,

1

°_[R, + R, +sRR,C]=v,
R,

v, R,+R F1+ SR R,C |
v, R, R +R,

= :(1 + %](1 + (R, I R,)C)
1
2n(R, I R,)C
1 1
T 23k 116k)50n  27(2k)50n

fsdB =

=159 kHz

43. (B) The oscillation frequency is
1 1
= - = ke — -
! 216 RC 216 R(1007)
1

R = =812 kO
(80k)(21v/6 )(100m)

% 29 = R, =(812k)/29) =236 kQ

GATE EC BY RK Kanodia
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44. (A) This is Wien-bridge oscillator. The ratio
&:%:21 is greater than 2. So there will be
R, 1k
oscillation
Ry
Fig. S3.5.44
1 3 1
Frequency =——— = 1x10°=—-——
2nRC 2n(1k)C
1
C=—uF
271“

45. (C)v, =5V =v_=v,,
The input current to the op-amp is zero.

Lasy =1z +1lc =1z + Oply

:M+@ 5 =494 mA
47k 611100
333

46. (B) v, :%(Uﬂ _voz)

i i
— cl _ c
Uy =—Ugp — V;In (i} Uy = —Uppy — V, In [lj

s

v, —v, =-V,In (EIJ =V In (22}
c2 cl

s

; U . U,
ly=—", Lc -2
cl Rl 2 R2
Vg~V =V, In (vz Rl], V,=00259 V
R, v,
Uo = 393 (0, —V,) = 333 (00259)1In | 22 R
20 20 o, R,
=0.4329 1n(v2 Rl] =0.4329(2.3026) logm(vz R, J
U Ly v, R,
v, R,
=lo Y2 4
g“’( v, RZJ
47. (B) UV, =V, U, = 101}0 :&
10+30 4

v,=4v,=62x4=248V

sfesfestestestestestestesiesiesieok
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CHAPTER

4.1

NUMBER SYSTEMS & BOOLEAN ALGEBRA

The 100110, is numerically equivalent to

1. 26, 2. 36, 3. 46, 4.212,
The correct answer are
(A1, 2, and 3 (B) 2, 3, and 4
)1, 2, and 4 (D) 1, 3, and 4

B If (211), =(152), , then the value of base x is
A) 6 B) 5
7 (D) 9

a 11001, 1001 and 111001 correspond to the 2’
complement representation of the following set of

numbers

(A) 25, 9 and 57 respectively
(B) -6, 6 and —6 respectively
(C) -7, =7 and -7 respectively
(D) 25, -9 and 57 respectively

A signed integer has been stored in a byte using 2’s
complement format. We wish to store the same integer
in 16-bit word. We should copy the original byte to the
less significant byte of the word and fill the more
significant byte with

(A) O

B)1

(C) equal to the MSB of the original byte

(D) complement of the MSB of the original byte.

a A computer has the following negative numbers
stored in binary form as shown. The wrongly stored

number is

(A) -37 as 1101 1011 (B) -89 as 1010 0111

(C) 48 as 1110 1000 (D) -32 as 1110 0000

ﬂ Consider the signed binary number A =01010110
and B =11101100 where B is the 1’s complement and
MSB is the sign bit. In list-I operation is given, and in

list-IT resultant binary number is given.

List—I List-II
1.0100 0011
P. A+B 2.01101001
3.0100 0010
Q B-A 410010101
R A-B 510111100
6.1001 0110
S. -A-B 7.10111101
801101010

The correct match is

P Q R S
(A) 3 4 2 5
(B) 3 6 8 7
©) 1 4 8 7
(D) 1 6 2 5
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m The simplified form of a logic function
Y =AB + C(AB + AQ)) is

(A) AB (B) AB

(C) AB (D) AB

m The reduced form of the Boolean expression of
Y =(AB) -(AB) is
(A)A+B

(B) A+B
(C) AB + AB (D) AB + AB
m If XY + XY =Z then XZ + XZ is equal to
A Y B) Y

o D)1

If XY =0 then X ® Y is equal to

A)X+Y B)X+Y
(C) Xy D XY

@ From a four-input OR gate the number of input
condition, that will produce HIGH output are

A1 (B) 3

(C) 15 (D)o

m A logic circuit control the passage of a signal

according to the following requirements :

1. Output X will equal A when control input B and
C are the same.

2. X will remain HIGH when B and C are
different.

The logic circuit would be

DD ipD

(A) (B)
A—I_ A—I_
D D

©) (D)

m The output of logic circuit is HIGH whenever A and
B are both HIGH as long as C and D are either both
LOW or both HIGH. The logic circuit is

GATE EC BY RK Kanodia

Digital Electronics
L
B—

(A) (B)

.

Z

o
;

LJ

ED

© (D

m In fig. P4.1.35 the input condition, needed to
produce X =1, is

s el
Ao

Fig. P4.1.34

(A)A=1, B=1, C=0
(C) A=0, B=1, C=1

B)A=1 B=1, C=1
D) A=1, B=0, C=0

m Consider the statements below:

1. If the output waveform from an OR gate is the same
as the waveform at one of its inputs, the other input is
being held permanently LOW.

2. If the output waveform from an OR gate is always
HIGH, one of its input is being held permanently
HIGH.

The statement, which is always true, is
(A) Both 1 and 2 (B) Only 1

(C) Only 2 (D) None of the above

To implement y =ABCD wusing only two-input
NAND gates, minimum number of requirement of gate
is

(A) 3
©) 5

(B) 4
(D) 6

m If the X and Y logic inputs are available and their
complements X and Y are not available, the minimum
number of two-input NAND required to implement
X®Y is
(A) 4
(C) 6

B) 5
D)7
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Statement for Q.39-40:

A Boolean function Z = ABC is to be implement
using NAND and NOR gate. Each gate has unit cost.
Only A, B and C are available.

m If both gate are available then minimum cost is
(A) 2 units (B) 3 units
(C) 4 units (D) 6 units

If NAND gate are available then minimum cost is
(A) 2 units (B) 3 units
(C) 4 units (D) 6 units

In fig. P4.1.41 the LED emits light when

Veoe=5V

e ad
1kQ 1kQ 1kQ

1kO

O
D

Fig. P4.1.41
(A) both switch are closed

|||-o/o—¢

(B) both switch are open
(C) only one switch is closed

(D) LED does not emit light irrespective of the switch
positions

If the input to the digital circuit shown in fig.
P.4.1.42 consisting of a cascade of 20 XOR gates is X,
then the output Y is equal to

= D

[

Fig. P4.142
A X B) X
©0 D)1

A Boolean function of two variables x and y is

defined as follows :

100,00 =0, =7(1,1 =1 f(1,0)=0

GATE EC BY RK Kanodia
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Assuming complements of x and y are not
available, a minimum cost solution for realizing / using
2-input NOR gates and 2-input OR gates (each having
unit cost) would have a total cost of
(A) 1 units (B) 2 units

(C) 3 units (D) 4 units

The gates G, and G, in Fig. P.4.2.44 have

propagation delays of 10 ns and 20 ns respectively.

DS

0 V;

Fig. P4.1.44
If the input V, makes an abrupt change from logic
0 to 1 at ¢t =t, then the output waveform V, is

[¢, =t, +10 ns, ¢, =¢, + 10 ns, ¢, =%, + 10 ns]

(A) —| (B)

ty ty ty 1 ty  ti ty 1y

(©) ) —| B
; t3 ty

ty t; by oty g

In the network of fig. P4.1.45 f can be written as

My
DD
X X TFJ)DX’L;DF

Fig. P4.1.45

A) X, XXX, + X,X,X,...X,  +..X, X,
B) X, X, X,X, + X,X,X, . X, +....X, X,
©) X, X, X, X, ... X, + X, X, X, .. X, +...+ X, X,

D) X, X, X,X...X, , + X, XX, . X, +.+X, X, ,+X,
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A-B=A+B, A 01010110
SOLUTIONS B+ 00010011

01101001
1. (D) 100110, =2° + 22 + 2! =38, - _
-A-B=A+B, A 10101001
26,5 =2x16 +6 =38, B+ 00010011
46, =4x 8 + 6 =38, T 10111100

212, =2x 4% + 4! =38,

So 36,, is not equivalent. 7. (B) Here A, B are 2’s complement

A+ B, A 01000110

2.(C)2x2+x+1=64+5><8+2 = x="7 B + 11010011
1 00011001
3. (C) All are 2’s complement of 7
11001 = 00110 Discard the carry 1
1 A-B=A+B, A 01000110
00111 =7, B+ 00101101
1001 = 0110 01110011
+ 1
0111 =7 B-A, B 11010011
— 1t .
111001 = 000110 A +10111010
+ 1 110001101
000111 =7, Discard the carry 1
4. (C) See a example -A-B=A+B, f 10111010
42 in a byte 00101010 B+ 00101101
42in a word 0000000000101010 11100111
—42in a byte 11010110 8. (B) 11,, ~ 1011,
—42 in a word 1111111111010110
. 0.3 9F B F
Therefore (C) is correct.
0.6 0 0.6
5. (C) 48,,= 00110000, o . 02
—48,,= 11001111
i 1 0.4 0 0.4
11010000 0.8 0 0.8
. 1.6 1 0.6
6. (D) Here A, B are 1’s complement
A + B, A 01010110 Repeat from the second line 0.3,, = 0.01001 »
B + 11101100
101000010, 9. (©)
+ 1 b, b, b, D3 b, Do by
01000011 Received 1 1 0 1 1 0 0

B-A=B+A, B 11101100
A +10101001

110010101

1

10010110

C,=b,®b,®b @ p =0
C,=b,®b,®b ® p,=1
Cy,=b,®b,®b,® p,=1
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Number Systems & Boolean Algebra

C, C, C/ = 110 which indicate position 6 in error
Transmitted code 1001100.

10. (D) X =MNQ + M NQ + MNQ
=MQ + MNQ =Q(M + MN) =Q(M + N)

11. (A) The logic circuit can be modified as shown in fig.
S. 4.1.11

Do
=D

Fig. S4.1.11

Now Z=AB+(C+D)E

12. (D) You can see that input to last XNOR gate is
same. So output will be HIGH.

4. OO X+ V)X +Y)=XY + XY
X+ X+ )X +Y)=(X+Y)XY +XY)
XY + XY = XY

15. (B) Using duality
(A+BYA+C)B+C)=(A+B)A +0C)

Thus (B) is correct option.

16. (B) Z =(AB)(CD)EF) =AB + CD + EF

17. (A) X =(A B+ ABYA + B) =(AB + A B((AB) = AB
18. B)Y=(A® B)-C =(AB + AC)-C
:(A§+ZB)+E:Z§+AB+6

19. (C) Z = A(A + A)BC = ABC

20. (A) Z = AB(B + C) = ABC

21. (A) Z =(A + B)-BC =(AB) - BC = ABC

22. (A) A(A + BA +B + O)

GATE EC BY RK Kanodia

Chap 4.1

=(AA+ABA+B+0)=A(A+B+0)=A

Therefore No gate is required to implement this

function.
23. (A)
A B C (A+ BC) (A+B)A+C)
0 0 0 0 0
0 0 1 0 0
0 1 0 0 0
0 1 1 1 1
1 0 0 1 1
1 0 1 1 1
Fig. S 4.1.23

24. (B) X = ABC + ABC + ABC =BC + ABC

25. (B) (A + BYB + C) =(AB)(BC) = ABC

(A+B(B+C)=(A+B)+(B+C)=A+B+C
(A+BB+C)=(A+B)+(B+0C)
=AB+B+C=A+B+C

From truth table Z=A + B+ C
Thus (B) is correct.

26. (D) AC + BC=AC(B + B) +(A + A)BC
=ABC + ABC + ABC + ABC

27.(D) F=A+AB+ABC+ ABCD + DE)
=A+AB+AB(C+C(D +E))
=A+AB+B(C+D+E)=A+B+C+D+E

28. (B) A(B+ C(AB + AC)) = AB + AC (AB - AC)
=AB + AC[(A + B)(A + O)]
~AB+AC(A+AC+AB+BC)=AB

29. (C) (AB)-(AB) = AB + AB = AB + AB

30. (B) XZ + XZ =X(XY + XY) + X(XY + XY)
=X(XY +XY)+ XY =XY + XY =Y

3. A) X®Y =XY + XY=(XY + XY)=(XY)=X+Y
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A) (@W+y)x+y+2)(w+x+2) (A) AC + AB (B) AC + AB + BC
B) (w+ 0w +2) (% + y)y +2) (C) AB + BC + ABC (D) Above all
©C)(x+2)(w +y)

L 7 In the logic circuit of fig. P4.2.12 the redundant gate
D) (x +2)(w + ) .

1S

A function with don’t care condition is as follows

f(a,b,c,d)=3m(0,2,3,5,7,8,9,10,11) + Zde(4, 15) ]
The minimized expression for this function is wx: 9 ¥
(A) ab + bd + cd + abe (B) ab + bd + cd + abd 2
_ o _ w —
(C) ab + bd + bc +abd (D) Above all y— 3
g P42.12
ﬂ A function with don’t cares is as follows :
A1 (B) 2
X,Y,Z)=>m(5, 6) + dc(1, 2, 4
g(X,Y,Z)=2m(5, 6) + Zdc( ) ©) 3 D) 4
For above function consider following expression
1. XYZ + XYZ 2. XY + XZ If function W, X, Y, and Z are as follow
3. XZ +XZ +YZ 4.YZ+YZ W =R+PQ +RS

The solution for g are X —PQRS + PQRS + PQ RS
(A) 1,2,and 3 (B) 1,2,and 4

(C) 1,and 4 (D) 1,and 3 Y =RS+PR+PQ +PQ

ﬂ A logical function of four variable is given as Z=R+S+PQ+PQR+PQS

f(A,B,C,D)=(A +B C)B + CD) Then
AW=Z, X=2Z BYW=Z, X=Y
The function as a sum of product is

(A) A + BC + ACD + BCD
(B) A + BC + ACD + BCD

(C) AB+B (i’L AC;D +BCD fed to logic circuit, producing an output which operates
(D) AB + AB + ACD + BCD a relay. The relay turns on when flA, B, C, D) =1 for the
following states of the inputs (ABCD) : 0000, 0010,
0101, 0110, 1101 and 1110. States 1000 and 1001 do not

occur, and for the remaining states the relay is off. The

C)W=Y D)W=Y=2

In a certain application four inputs A, B, C, D are

A combinational circuit has input A, B,and C and
its K-map is as shown in fig. P4.2.10. The output of the

circuit is given by . . .
minimized Boolean expression [ is

cD (A) ACD +BCD +BCD  (B) BCD +BCD + ACD
00 01 11 10 (C) ABD + BCD + BCD (D) ABD + BCD + BCD
w 1] |
A L L ‘ ‘ L ‘ There are four Boolean variables x, , x, , x; and x,.
0 The following function are defined on sets of them
Fig. P4.2.1 f(xy, %, , 1) = Im(3, 4,5)
- o - glx, , x5, x,) =Xm(1,6,7)
(A) (AB + AB)C (B) (AB + AB)C
. Iy, x5, %5, %) = f8
(C) ABC D)AeBa®C )
Then A(x, , x5, x, , x,) 1S
The Boolean Expression Y =(A + B)(A + C) is equal (A) Zm(3, 12, 13) (B) Zm(3, 6)
to (C) Im(3, 12) Do
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Statement for Q.16-17:

A switching function of four variable, f(w, x y, z) is
to equal the product of two other function f, and f,, of
the same variable f = f,f, . The function / and f, are as
follows :

f = Tm(4,7,15)
£, =m(0,1,2,3,4,7,8,9,10,11,15)

The number of full specified function, that will
satisfy the given condition, is

(A) 32 (B) 16

(C) 4 D)1

The simplest function for f, is
(A) x (B) x

©)y D)y

A four-variable switching function has minterms m
and m, If the literals in these minterms are
complemented, the corresponding minterm numbers are
(A) m,; and m, (B) my, and mj

(C) m, and m, (D) my and m,

The minimum function that can detect a “divisible
by 3” 8421 BCD code digit (representation D,D,D,D,) is
given by

(A) DD, + D,D, + D,D,D,

(B) D,D, + D,D,D, + D,D,D, + D,D,D,D,

(C) D,D, + D,D, + D,D,D,D,

(D) D,D,D, + D,D,D, + D,D,D,D,

mf(xza xl’ xO):?

3408 Do
x—1, Decoder g; :
4 ﬁz i} !
Ds—
x9—]I, Dy
D;—

Fig. P4.2.21

(A) 111, 2, 4, 5, 7)
(©) (0, 3, 6)

B) 21, 2, 4, 5, 7)
(D) None of Above

GATE EC BY RK Kanodia

Chap 4.2

For a binary half subtractor having two input A and
B, the correct set of logical expressions for the outputs
D =(A -B) and X (borrow) are

(A)D=AB + AB,X =AB

(B)D=AB + AB, X =AB
(C)D=AB + AB, X = AB
(D) D =AB + AB, X = AB

2 1if, =?

3-to-8 Dy f
x,— 7 Decoder Dy 1
0 0 Dz I
D
1L Dj
Dy
Xo—1, Dy ﬂ_)ifz
D;
Fig. P4.2.22
(A) x4, x, (B) x, ® x, ® «x,
1 D)o

@ The logic circuit shown in fig. P4.2.23 implements

3-to-8
Decoder

Fig. P4.2.23
(B)D(B® C + AC)
(D) D(BUC + AB)

(A) D(AUC + AC)
(C) D(B® C + AB)

Statement for Q.24-25:

The building block shown in fig. P4.2.24-25 is a
active high output decoder.

3-t08 o[~
A1, Decoder g; B X

B—1,

c—i,

Fig. P4.2.24-25
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m The output X is m Z,=7

(A) AB+BC+CA B)A+B+C (A) ab + bec + ca B)a+b+c

(C) ABC (D) None of the above (C) abc D)aUbUc

m The output Y is m This circuit act as a

(A)A+B (B)B+C (A) Full adder (B) Half adder
C)C+A (D) None of the above (C) Full subtractor (D) Half subtractor

% A logic circuit consist of two 2 x 4 decoder as shown m The network shown in fig. P4.2.30 implements

in fig. P4.2.26. . n
1+ MUX
x— A, Dof— —/
Dy|— 1—0 Sy
D,y D
— A 0
Dy|—
2 Ay D f— 0— 0 S,
|
Fig. P4.2.26 c
Fig. P4.2.30
The output of decoder are as follow
D —1lwhen A —0. A -0 (A) NOR gate (B) NAND gate
=1when A, =0, =
’ ’ ' (C) XOR gate (D) XNOR gate

D, =1when A, =1, A, =0
D, =1 when A; =0, A =1
D,=1when Aj=1, A =1

The MUX shown in fig. P4.2.31 is 4 x 1 multiplexer.
The output Z is

The value of f(x, y, z) is c—1s
I
(A0 (B) z 12 MUX |7z
1
€z (D) 1 Iy S, S,
[ ]
Statement for Q.27-29: +5V A B
A MUX network is shown in fig. P4.2.27-29. Fig. P4.2.31
(A) ABC B DA®B®C
! mux , (C)AuBucC D)A+B+C
— “1
c—0 s, m The output of the 4 x 1 multiplexer shown in fig.
P4.2.32 is
a—1
MUX
Z()
a—0 ‘Slfo v—,
b P P +5V—|:§2 MUX | 7
MUX 1
— 7, x—I, S, S,
b—0 Jg- 1|7
Fig. P4.2.27-29 Fig. P4.2.32
27 WA A X+Y B)X+Y
A a+b+c (B) ab + ac + bc C) XY +X (D) XY
(C)aUbUc D)a@®@b®c
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The MUX shown in fig. P4.2.33 is a 4x1

multiplexer. The output Z is

_ I,
C_[ I,
; MUX | —7z
1
C_E I,
Sl SO
[ ]
A B
Fig. P4.2.33
A)A®C (B)AucC
(C)Ba C (D)BucC
f=?
0—I,
1—1, MUX
1— Iz IO
0—%s 0—7, MUx
1—EN I
S, S, 1 Iz —f
IL JC 1—EN
Sl SO
0— 1 [
1—1, MU y oz
0— I,
1—1;
1—EN
Sl SO
[
w X
Fig. P4.2.34

(A) wxyz + wxyz + xy + yz
(B) wxyz + wxyz + Xy + yz
(C) wxyz + wxyz + yz + zx

(D) wxyz + wxyz + gz + zx

m For the logic circuit shown in fig. P4.2.35 the output
Y is

(AR 0
L 1, L, I, I, I, I, I
C_giv MUX
B_Sl
A—S,
)
Fig. P4.2.35
(A) A® B B)A® B
(C)AeBa C D)A®@B®C

GATE EC BY RK Kanodia

Chap 4.2

Bfd The 4-to-1 multiplexer shown in fig. P4.2.36

implements the Boolean expression

_[3

Lowux |y
1

1
’ Sl SO
]
w o x

Fig. P4.2.36
fw,x,y,2) =2m(4, 5, 7, 8, 10, 12, 15)

The input to I, and I, will be
(A)yz, y+z B)y+z, yuz

C)y+z, y®z D) x+y, y®z

The 8-to-1 multiplexer shown in fig. P4.2.37 realize

the following Boolean expression

1— %
z— I,
z— I,
0— I3 MUX
z— 1, [
0— I
z— I;
EN S3 51 So
]
0 x Yy
Fig. P4.2.37

(A) wxz +wxz +wyz +xyz
B) wxz + wyz + wyz + wxy
Cwxz+wyz +wyz + wxz
(D) MUX is not enable
Statement for Q.38-40:
A PLA realization is shown in fig. P4.2.38-40

JUUUUU

fi

fa

13

YUV

Fig. P.4.2.38-40
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@fl(xZ’xﬁ’xO):?

(A) x,x, + x,%,

(C) x, ® x,

(B) x,x, + x, X,

(D) x, Ux,

m folxg, x,, x9) =7
(A) Tm(1, 2, 5, 6)

(C) Im(2, 3, 4)

(B) 2m(1, 2, 6, 7)
(D) None of the above

m falxy, 2, 2,) =7
(A) TIM(O, 4, 6, 7)

(C) I1M(1, 2, 3, 5)

(B) ITM(2, 4, 5,7)
(D) IIM(2, 3, 4, 7)

If the input X,X,X,X, to the ROM in fig. P4.2.41
are 8—4—-2-1 BCD numbers, then output Y,Y,Y|Y, are

BCD to Decimal Decoder

D, D, D, D, D, D, D, D, Dy D,

Fig. P4.2.41

(A) 2-4-2-1 BCD number (B) gray code number

(C) excess 3 code converter (D) none of the above

m It is desired to generate the following three Boolean
function
f, =abc + abé + be
fo = abc + ab + abe,
fi= abc + abe + ac
by using an OR gate array as shown in fig. P4.2.42

where P, and P, are the product terms in one or more

of the variable a,a, b, b,c and c.

P,
P,—
Py
P, X—
Py
Fy F, Fy
Fig. P4.2.42

GATE EC BY RK Kanodia

Digital Electronics

The terms P, ,P,,P,,P, and P, are
(A) ab, ac, be, be, ab (B) ab, bc, ac, ab, be

(C) ac, ab, be, ab, be (D) Above all

@ The circuit shown in fig. P.4.2.43 has 4 boxes each
described by input P, @, R and output Y, Z with
Y=P®Q® R and Z =RQ + PR + QP.

P=—"— | |
P Qllp @l |P Q| |P ¢

Z R Z RHZ RHZ Rj__
=

Output

Fig. P4.2.43

The circuit act as a 4 bit
(A) adder giving P + @
(B) subtractor giving P - @
(C) subtractor giving @ — P
(D) adder giving P +®@ + R

The circuit shown in fig. P4.2.44 converts

MSB

-
=l

____________________ﬂ
T
—_————ee e ——

MSB
Fig. P4.2.44

(A) BCD to binary code
(B) Binary to excess

(C) Excess—3 to Gray Code
(D) Gray to Binary code

sestestesiesteotor
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16. (A) f =¥m(4, 7, 15),

RS
00 01 11 10 fi=Im(0, 1, 2, 3, 4, 7, 8, 9, 10, 11, 15)
00 1 f, ==m(4, 7, 15) + =dc(5, 6, 12, 13, 14)
There are 5 don’t care condition. So 2° =32 different
01 1 1 1 1 .
PQ functions f, .
1 1 1 17. (A) f, =3m(4, 7, 15) + 2de(5, 6, 12, 13, 14), f, =x
10 1
yz
00 01 11 10
Fig. S 4.2.13¢
00 0 0 0 0
S - [ 01 1 X 1 X
Z=R+S+PR+PQRR+PQRS=R+S+PQPRRPQS wx 1 .
. i _ X X X
=R+S+(P+Q)P+Q+R)P+Q +S)
_ Qf 8 _ fQ 10 0 0 0 0
=R+S+(PQ+PR+QP +QR)P +Q +S)
=R+ S+ PQ+ PQS+ PR+ PRQ+ PRS+ QPS+ QPR + QRS
Fig. S 4.2.17

RS

00 01 11 10 18. (B) my =ABCD ,  m,=ABCD

00 1 1 1 After complementing literal
m}, =ABCD =m, , m)y = ABCD =m,
01 1 1 1 1
PQ
11 1 1 1 19. (B) 0, 3, 6 and 9 are divisible by 3
10 1 1 1 D,D,
00 01 11 10
Fig. S 4.2.13d 00 1 1
B D,D, 01 1
=R+S+PQ 11 X X x X
We can see that W=2, X=2 10 1 % ~
14. (D) ABD + BCD + BCD
oD _ Fig.54219
00 o1 1l 10 f=D,D, + D,D,D, + D,D,D, + D, D, D, D,
00 1 1 20. (B) f=xm(0, 3, 6) ==m(1, 2, 4, 5 7)
O 1 1 - B
11 1 1 21.(C) D=AB + AB, X =AB
10 X X A B D x
0 0 0 0
Fig. S 4.2.14
0 1 1 1
15. (A) f =2%00,% + X0, + X3XyX, = XaXoX) + XX, 1 0 1 0
8 = X, XXy + Xy X3%K0 + Xy XgXg = Xy XgXy + X, Xg 1 1 0 0
fg = X420y, + 2,55, Fig. S 4.2.20

=X, X3X5%; + X, 03X, + X, X5X0 X,
h=Ym(3, 12, 13)
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22. (D) f, = Im(0, 2, 4, 6),
f,=sm(1, 3, 5, ), f.f, =0

23. (D) Z =D(ABC + ABC + ABC + ABC + ABC)
=D(AB(C + C) + BC(A + A) + ABC)
=D(AB + BC + ABC) =D(B(A + AC) + BC)
=D(BA + BC + BC) =D(BUC + AB)

24. (A) X =>m(3, 5, 6, 7), X=AB+BC+CA

25. D) Y =2m(1, 3, 5, 71), Y=C

BC
00 01 11 10
00 | | 1 |
A
01 ‘ 1 ‘ 1 ‘ 1
Fig. $4.2.24

26. (D) D, =AA,,D,=AA,, D,=AA,,

BC
00 01 11 10
00 ‘ 1 ‘ 1 ‘
A
01 ‘ 1 ‘ 1 ‘
Fig. $4.2.25
D,=AA,

For first decoder A, =x, A =y, D,=yx, D;=xy
For second decoder A, =D,D, =yxxy =0, A,=z
f=Dy+D,=AA +AA =A =1

27. (D) The output of first MUX is

Z,=ab+ab=(a ® b)

This is input to select S, of both second-level MUX
Z,=CS,+CS,=C® S, =a®bd c

28. (A) Z, =bS, + ¢S,
=bab + ab) + d@b + ab) =ab + abc + abe
=a(b + gc) +abc =ab + ac + abe

=ab + ac + bc

Digital Electronics

29. (A) The equation of Z, is the equation of sum of A

and B with carry and equation of 2 is the resultant

carry. Thus, it is a full adder.

30.(B) ,=CD+CB=CB, S=F
f=]71+f1X=@+CBZ:@+K

=C+B+A=ABC

31. (D) Z =ABC + AB + AB + AB
~A(BC+B)+A(B+B)=A(B+C)+A=A+B+C

32. A)Z=XY+XY+XY, Z=X+Y

33. (A) Z =ABC + ABC + ABC + ABC
=AC+AC=A®C

34. (A) The output from the upper first level
multiplexer is f, and from the lower first level
multiplexer is f,

f.=wx+wx, f=wx+wx=x

f=1fyz + f,yz + yz =(wx + wx)yz + xyz + yz

=WxyzZ + Wwxyz + xy + yz

35. (D) Output is 1 when even parity

BA
00 01 11 10
o 1] |1
C
01 ‘ 1 ‘ ‘ 1
Fig. $4.2.35

Therefore Y=A® B® C

36. B) I, =y+z, I.=y =z

yz
00 01 11 10

00 0/ 0|0 |0 I,-=

515 01 1 1|10 I-=y
=y+z

7 ' o
wxe 11 1 0 1 0 I,=yz+yz=y Uz

0 1,0 0| 1 1I,=z

Fig. S 4.2.36
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37. (C) Let z =0, Then
[=wXxy+wxy +wxXy +wxy =w x+wy

If we put z=0 in given option then

42. (A) f, =abc + abe + be =ac + ab
fs —abc+ab+abc =ac+bc

f,=abc + abc + ac =ab + be

A =wx+xy B =wyrwxy (O =wx+wy  hygp _gh, P,=ac, P,=bc, P,=bc, P,=ab

Since MUX is enable so option (C) is correct.

38. (O)f =x,%, + %,%,%, + X2y = %,%,(1 4+ %) + X2,

=XyXy + XX,

39. (B) £, =x,%, + x,%, + X, %, X,

= XX Xy + XX, Xy + X X%, + X XX + XX, X,
= X0 X) + Xy, Xy + XXy Xy + Xy Xy X

folxy, %, x,)= Zm(1, 2, 6, 7)

40. (C) f;=x,%; + x,x,

= XX Xy + XgXy Xy + XXy X + Xy X, X,
filxy, x,, x,)=2m(0, 4, 6, 7)
folxy, x, x,) =TIM(1, 2, 3, 5)

41. (A)

Let X, X,X, X, be 1001 then Y,Y,Y,Y, will be 1111.

Let X,X,X,X, be 1000 then Y,Y,Y,Y, will be 1110
Let X,X,X,X, be 0110 then Y,Y,Y,Y, will be 1100

be
00 01 11 10
" |
a
e R
Fig. $4.2.42a
be
00 01 11 10
00 | | | 1
a
01 ‘ 1 ‘ 1 ‘ 1
Fig. $4.2.42b
be
00 01 11 10
w 1|11
a
01 | 1|
Fig. S4.2.42b

So this converts 2—4-2—-1 BCD numbers.

43. (B) Let P = 1001 and @ = 1010 then
Y,=P,®Q,®R,, Z,=RQ,+PR, +QpP,

output is 1111 which is 2’s complement of —1. So it gives
P -@ . Let another example P =1101 and @ =0110
then output is 00111. It gives P-Q.

So (B) is correct.

P, Q, R, Z, Y,
n=1 1 0 0 0 1
n=2 0 1 0 1 1
n=3 0 0 1 1 1
n=4 1 1 1 1 1
1

Fig. S4.2.43a
P, Q, R, Z, L
n=1 1 0 0 0 1
n=2 0 1 0 1 1
n=3 1 1 1 1 1
n=4 1 0 1 0 0
0

Fig. $4.2.43b

44. (D) Let input be 1010
output will be 1101
Let input be 0110
output will be 0100

This convert gray to Binary code.
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B)

(©

(D)

1—| D, @, D, Qf—Y
X

Q, Q,
1— D @ D, Qf—Y
X

Q, Q,
1—D, Q1~| 1— D, Q—Y
X_

Q, Q,

The circuit shown in fig. P4.3.11 is

GATE EC BY RK Kanodia

DS

T Q Q
CLK—> A CLK— B
Q Q
Fig.P4.3.11
(A) a MOD-2 counter
(B) a MOD-3 counter
(C) generate sequence 00, 10, 01, 00.....
(D) generate sequence 00, 10, 00, 10, 00 ......
m The counter shown in fig. P4.3.12 is a
—q |
C A
—1g9 L1
| l CLK

Fig.P4.3.12

(A) MOD-8 up counter

(B) MOD-8 down counter

(C) MOD-6 up counter

(D) MOD-6 down counter

Chap 4.3

The counter shown in fig. P4.3.13 counts from

—c J| —IB J| —a J
<0—L O—L <D—I I I I
C cLrR K B cLR K A CcLR K
(-]
A_
B_
C—
Fig.P4.3.13

(A)0OOOtol111
(C)100to000

B)111to000
MD)000to100

The mod-number of the asynchronous counter
shown in fig. P4.2.13 is

J Q, J Q, J Qy J Qs |J Qi
—|-o —|-o —|«a> ¢o>
K CLR K CLR K CLR K CLR K CLR
L : ) S T
All J.K. input are HIGH
JUe
Fig.P4.3.14
(A) 24 (B) 48
(C) 25 (D) 36

m The frequency of the pulse at z in the network
shown in fig. P4.3.15. is

s T B ey B T A o O
Fig.P4.3.15

(A) 10 Hz (B) 160 Hz

(C) 40 Hz (D) 5 Hz

The three-stage Johnson counter as shown in fig.
P4.2.16 is clocked at a constant frequency of f, from the
starting state of @,Q,Q, = 101. The frequency of output

Q,@,Q, will be

Jy Qy Jy @ Jo Qo J

1% Q K, Q Ky @
] ! |

Fig.P4.3.16
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f. f.
Ay Le B) L
()8 ()6
f. f.
0 L D) e
()3 ()2

The counter shown in the fig. P4.3.17 has initially
Q.Q,Q, =000. The status of @,Q,Q, after the first pulse

18

L Jy Q, Jy Q, Jy Q

K, @ N o LA
CLK L i |
Fig.P4.3.17
(A)0O0O1 B)010
(€100 D) 101

A 4 Dbit ripple counter and a 4 bit synchronous
counter are made by flips flops having a propagation
delay of 10 ns each. If the worst case delay in the ripple
counter and the synchronous counter be R and S
respectively, then

(A) R=10 ns, S=40 ns
(C) R=10 ns, S =30 ns

(B) R=40 ns, S=10 ns
(D) R=30 ns, S=10 ns

A 4 bit modulo—6 ripple counter uses JK flip-flop. If
the propagation delay of each FF is 50 ns, the
maximum clock frequency that can be used is equal to

(A) 5 MHz (B) 10 MHz
(C) 4 MHz (D) 20 Mhz

m The initial contents of the 4-bit serial-in-parallel-out
right-shift, register shown in fig. P4.3.20 is 0 1 1 0.
After three clock pulses are applied, the contents of the
shift register will be

LK—
¢ 0 1 1 0

-

Fig.P4.3.20
(A)oOOO B)o1o01
1111 MDM)y1010

GATE EC BY RK Kanodia

Digital Electronics

In the circuit shown in fig. P4.3.21 is PIPO 4-bit
register, which loads at the rising edge of the clock. The
input lines are connected to a 4 bit bus. Its output acts
as the input to a 16 x 4 ROM whose output is floating
when the enable input E is 0. A partial table of the
contents of the ROM is as follows

Address 0‘2‘4‘6‘8‘10‘12

Data ‘ 0011 ‘ 1111 ‘ 0100 ‘ 1010 ‘ 1011 ‘ 1000 ‘ 0010

The clock to the register is shown below, and the
data on the bus at time ¢, is 0110.

MSB
CLK—] A
1
e rou
CLK —} -
: .
4 2
Fig. P4.3.21
The data on the bus at time ¢, is
A)1111 B)1011
(C)1000 Dbyoo1o0

m A 4-bit right shift register is initialized to value
1000 for @;,Q,,Q, ,Q,). The D input is derived from
Q, , Q, and @, through two XOR gates as shown in fig.
P4.2.22. The pattern 1000 will appear at

S

> &% Q& @ &

Fig.P4.3.22
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(A) 3rd pulse
(C) 6th pulse

(B) 7th pulse
(D) 4th pulse

Statement for Q.23-24:

The 8-bit left shift register and D-flip-flop shown
in fig. P4.3.22-23 is synchronized with same clock. The

by | b6 b5 | ba| b3 ] b2| b1 ] bo

] >—

CLK—>

L2l

Fig.P4.3.23-24
D flip-flop is initially cleared.

The circuit act as

(A) Binary to 2’s complement converter
(B) Binary to Gray code converter
(C) Binary to 1’s complement converter

(D) Binary to Excess—3 code converter

If initially register contains byte B7, then after 4
clock pulse contents of register will be

(A) 73 (B) 72

(C) 7TE (D) 74

Statement for Q.25-26:

A Mealy system produces a 1 output if the input
has been 0 for at least two consecutive clocks followed

immediately by two or more consecutive 1’s.

% The minimum state for this system is
(A) 4 (B) 5
(C) 8 (D) 9

m The flip-flop required to implement this system are
(A) 2 (B) 3
(C) 4 (D) 5

The output of a Mealy system is 1 if there has been
a pattern of 11000, otherwise 0. The minimum state for
this system is

(A) 4 (B) 5

©) 6 D)7

GATE EC BY RK Kanodia
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@ To count from 0 to 1024 the number of required

flip-flop is
(A) 10 B) 11
(C) 12 (D) 13

m Four memory chips of 16 x 4 size have their address
buses connected together. This system will be of size
(A) 64x4 (B) 32x 8

(C) 16 x 16 (D) 256x 1

m The address bus width of a memory of size 1024 x 8
bits is

(A) 10 bits
(C) 8 bits

(B) 13 bits
(D) 18 bits

For the circuit of Fig. P4.3.31 consider the

statement:
Assertion (A) : The circuit is sequential

Reason (R) : There is a loop in circuit

d

PP

) e

Fig.P4.3.131

Choose correct option

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

(B) Both A and R true but R is not a correct
explanation on of A

(C) A is true but R is false
(D) A is false
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SOLUTIONS e

=LM+LQ
1. (C) Given FF is a negative edge triggered T flip-flop. +Le
So at the negative edge of clock V, FF will invert the I M Q"
output if there is 1 at input.
0 0 0
2. (A) At first rising edge of clock, D is HIGH. So @ will 0 1 0
be high till 2nd rising edge of clock. At 2nd rising edge, 1 0 1
D is low so @ will be LOW till 3rd rising edge of clock. 1 1 61
At 3rd rising edge, D is HIGH, so @ will be HIGH till
4th rising edge. At 4th rising edge D is HIGH so @ will Fig. 54.3.6
be HIGH till 5th rising. edge. At 5th rising edge, D is
LOW, so @ will be LOW till 6th rising edge. 7. (D)
. J K Q Q Qn+1 Qn+1
3. (0) Initially
1 0 1
x Q S R QR Clock 1st 1 1 0 1 1 0
0 0 0 1 0 2nd | O 1 1 0 0 1
0 1 1 0 1 3rd 1 1 0 1 1 0
1 0 1 0 1 4th | 0 1 1 0 0 1
1 1 0 1 0 5th 1 1 0 1 1 0
Fig. S4.3.3 Fig. S4.3.7
4. D)Q =x®Q Therefore sequence is 010101.
QR =x,®Q,=x0 +x0=x 8.4 A B X Y
Q, =x,Dx, , @ =x,® x, D x, 1 1 0 1
Q, =%, x,0 x, ® x, 1 0 0 1
So this generate the even parity and check odd parity. X and Y are fixed at 0 and 1.
5. () 9. (D) Z=-XQ+YQ
A B S R ’
Q Q X Y Z
0 0 1 0 0 1
0 0 Q
0 0 1 0 1 1
0 1 0
0 1 0 1 0 0
1 0 1
0 1 0 1 1 0 —
1 1 Q,
1 0 0 0 0 0
1 1 1 1 0 X Comparing from the truth table of J-K FF
1 1 1 1 1 x Y=J, X=K
Fig. S4.3.5

Q" =AB + AQ =AB +BQ
www.gatehelp.com
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10. (C) I_
T4 t ty £y
@
0
i
D2=Q1
Q@
_t() tl
Fig.S4.3.10
11. (B)
Present State FF Input Next State
Qi Qs T, T, Qi Qs
0 O 1 0 1
0 1 1 1 1 0
1 0 1 0 0 0
1 1 1 1 0 O
Fig. S4.3.11

From table it is clear that it is a MOD-3 counter.

12. (B) It is a down counter because 0 state of previous
FFs change the state of next FF. You may trace the

following sequence, let initial state be 0 0 0

FF C FF B FF A
JK C JK B JKA C'B*A*
111 111 111 111
000 000 110 110
000 110 111 101
000 001 110 100
111 111 111 011
001 000 110 010
001 110 111 001
000 001 110 000
Fig. S4.3.12

13. (C) It is a down counter because the inverted FF
output drive the clock inputs. The NAND gate will clear
FFs A and B when the count tries to recycle to 111. This
will produce as result of 100. Thus the counting
sequence will be 100, 011, 010, 001, 000, 100 etc.

GATE EC BY RK Kanodia

Chap 4.3

14. (A) It is a 5 bit ripple counter. At 11000 the output
of NAND gate is LOW. This will clear all FF. So it is a
Mod—-24 counter. Note that when 11000 occur, the
CLR input is activated and all FF are immediately
cleared. So it is a MOD 24 counter not MOD 25.

15. (D) 10-bit ring counter is a MOD-10, so it divides
the 160 kHz input by 10. therefore, w =16 kHz. The
four-bit parallel counter is a MOD-16. Thus, the
frequency at x =1 kHz. The MOD-25 ripple counter
produces a frequency at y =40 Hz. (1 kHz/25 =40 Hz).
The four-bit Johnson Counter is a MOD-8. This, the
frequency at z =5 Hz.

16. (D)
Q, Q Q,Q, Q Q
J, K, J, K, J, K, Q; Q' Qg
101
01 10 01 010
10 01 10 101
01 10 01 010
10 01 10 101
Fig. S4.3.16

We see that 1 0 1 repeat after every two cycles, hence

frequency will be £, /2 .

17. (C) At first cycle

J,K,=10 = Q,=1,
JK, =00 = @ =1
JK,=00 = @Q,=0

18. (B) In ripple counter delay 47, = 40 ns.

The synchronous counter are clocked simultaneously,

then its worst delay will be equal to 10 ns.

19. (A) 4 bit uses 4 FF
Total delay Nt, =4 x50 ns =200 x 10~°

po 1

———— =5 Mh
200 x 107° “

20. (D) At pulse 1 input, 1®0=1

So contents are 1 0 1 1,

At pules 2 input 1® 1=0°

So contents are 010 1,

At pules 3 input 0 ® 1=1, contents are 1010
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Statement for Q.1-2: ﬂ In the circuit shown in fig. P.4.4.4. the output Z is
Consider the DL circuit of fig. P4.4.1-2. BV BV
+5V
+5V
A z
+ B )
c
Fig. P4.4.4
v, + o 18
V2 v, _ -
17— (A) AB+C (B) ABC
- (C) ABC (D) ABC
Fig. P4.4.1-2
For positive logic the circuit is a Statement for Q.5-7:
(A) AND (B) OR

Consider the AND circuit shown in fig. P4.4.5-7.
The binary input levels are V(0) =0 V and V(1) =25 V.
B For negative logic the circuit is a Assume ideal diodes. If V;, =V(0) and V, =V(1), then V,
(A) AND (B) OR is to be at 5 V. However, if V, =V, =V(1), then V, is to

(C) NAND (D) NOR

rise above 5 V.
(C) NAND (D) NOR

a The diode logic circuit of fig. P4.4.3 is a

DZ
Vio—Db—
Vzo—D'—o—o v,
Dl
+5V
Fig. P4.4.5-7
Fig. P4.4.3 ) B If V,=20 V and V, =V, =V(1), the diode current
I, ,1I,,, and I, are

(A) AND (B) OR (A) 1 mA, 1 mA, 4 mA (B) 1 mA, 1 mA, 5 mA
(C) NAND (D) NOR (C) 5 mA, 5mA, 1 mA Do, 0, 0
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B 1f V, =40 V and both input are at HIGH level then,
diode current I, ,I,, and I,, are respectively

(A) 0.4 mA, 0.4 mA, 0 (B) 0, 0, 1 mA

(C) 04 mA,04mA, 1mA (D)0, 0, 0

The maximum value of V, which may be used is
(A) 30 V (B) 25 V
(C) 125V (D)20V

ﬂ The ideal inverter in fig. P4.4.8 has a reference
voltage of 2.5 V. The forward voltage of the diode is 0.75
V. The maximum number of diode logic circuit, that
ahead of the

producing logic error, is

may be cascaded inverter without

+5V +5V +5V
+5V
: =
. =
C
D
n Stages of Diode Logic
Fig. P4.4.8
A) 3 (B) 4
©) 5 D)9

ﬂ Consider the TTL circuit in fig. P4.4.9. The value of

V, and V, are respectively

+5V
4 kQ 2 kQ
VU
\£
Fig. P4.4.9
(A)5V, 0V B)48V, 0V
(C)48YV, 02V D)5V,02V

Statement Q.10-11:

Consider the resistor transistor logic gate of fig.
P4.4.10-11.

GATE EC BY RK Kanodia

Chap 4.4

Fig. P4.4.10-11

For positive logic the gate is
(A) AND (B) OR

(C) NAND (D) NOR

For negative logic the gate is
(A) AND (B) OR

(C) NAND (D) NOR

Statement for Q.12-13:
Consider the RTL circuit of fig. P4.4.12-13.

+Vee

Fig. P4.4.12-13

If V, is taken as the output, then circuit is a
(A) AND (B) OR

(C) NAND (D) NOR

If V, is taken as output, then circuit is a
(A) AND (B) OR

(C) NAND (D) NOR

Statement for Q.14-15:

Consider the TTL circuit of fig. P4.4.14. If either or
both V, and V, are logic LOW, @,

saturation.

is driven to

+Vee
0

Fig. P4.4.14-15
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@ The circuit shown in fig. P4.4.22 is @ The circuit shown in fig. P4.4.25. implements the

function
+Vop +Vop

v co Ao
Al B°_|:|

= } oY
Fig. P4.4.22 Ao | Bo-| Do g

(A) NAND (B) NOR co| -
(C) AND (D) OR T
Fig. P4.4.25
% The circuit shown in fig. P4.4.23 acts as a (A)(A+B)C+D (B) (AB + C)D
C)(A+BC+D (D) (AB + C)D

@ Consider the CMOS circuit shown in fig. P4.4.26.
The output Y is

+Vop

= co] Ao

Fi-g. P4.4.23 :|

(A) NAND (B) NOR ool Y
(C) AND (D) OR
A B
m The circuit shown in fig. P4.4.24 implements the O—I °—| ’l
function = B
Fig. P4.4.26
(A)(A+O)B (B) (A +B)C
(C) AB+C (D) AB+C

The CMOS circuit shown in fig. P4.4.27 implement

+5?V
Logic Input—»| PMOS
AtoE —| Network
Fig. P4.4.24
(A) ABC + ABC (BABC+(A+B+0)
Fig. P4.4.27
(C) ABC+(A+B+0) (D) None of the above
(A) AB+CD + E B)(A+B)C+D)E
(C)AB+CD +E (D) (A +B)XC+D)E
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Vi Vs [
Actual | Logic | Actual | Logic | Actual | Logic
Vi 1 Vu 1 Vera 0
8 0 v, 0 Ve 1
Vi 1 Vi 0 Verwa 0
v 0 Vi 1 Versan 0

13. (B) The @, stage is simply an inverter (a NOT gate).

Thus output V,,
Therefore this is a OR gate.

is the logic complement of V, .

14. (A) When @, is saturated, V,, is logic LOW

otherwise V, is logic HIGH. The following truth table
shows AND logic

Vi £ Va
1 1 1
0 1 0
1 0 0
0 0 0

15. (C) The @, stage is simply an inverter. Thus output
V., 1is the logic complement of V .

16. (C)If V, =V, <V,, V, ~ V... If V(V,)>V,, , while

V,(V) <V, ,@(Q,) is ON and @,(Q,) is OFF and
V, ~ Voo. If V, =V, >V, ;both@, and@, are ON and

Vi = 2V The truth table shows NAND logic
Vi Vs 7
Actual | Logic | Actual | Logic | Actual | Logic
A 0 A 0 Vee 1
Ve 1 A 0 Vee 1
A 0 Vi 1 Vee 1
Vy 1 Vy 1 2V ewsar 0

17. (A) The @, stage is simple an inverter. Hence AND
logic.

18. (C) For each successive gate, that has a transistor in
saturation, the current required is
_ IC(sat) — VCC B VCE(sat) _ 5-0.2 _

I, ., = =
B(sat) B BRC 50( 640)

015 mA

GATE EC BY RK Kanodia
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For n attached gate I =nly,.

To assure no logic error V, =V, -I R, >V,;=35V
Vee -85 5-35

n< cc

RCIB(sat) - 640(015m) -

156 = n <15

19. (A) Let V;, =V, =0V, then M, will be ON, M, and
M, OFF and M, ON, hence V, =-V,,, . Let V, =0V and
V, =-V,, then M, will be ON, M, OFF M, OFF, M,
ON, hence V, =-V,,,. Let V, =-V,, and V, =0V, then
M, OFF, M, ON, M, OFF hence V, =-V,,. Finally if
V,=V,=-V,,, M, and M, will be OFF and M, ,M,
will be ON, hence V, =0 V. Thus the given CMOS gate
satisfies the function of a negative NAND gate.

20. (C) If V, =-V,,;, then M, is ON and V, =0 V. If
Vy,=V,=-V,, and V, =0V then M, and M, are ON
but M, is OFF hence V, =0 V. If V, =0 V and either or
both V, ,V, are 0V then M, is OFF and either or both
MZ
flowing through M,

and M, will be OFF, which implies no current
hence V, =-V,, .

circuit satisfies the logic equation A + BC .

Thus given

21. (A) Let V, =V, =0 V=V(0) then M, and M, will be
ON and M,,M, OFF hence V, =V,,=V(1). Let
V,=0V, V,=V,, then M, and M, will be ON but M,
and M, will be OFF hence V, =0=V(0). Let
Vi=Vy,,V,=0V, then M, and M, will be OFF and
M, ON hence V,=0V =V(0). Finally if V, =V, =V, ,
M, and M, will be ON but M, will be OFF hence
V. =0V =V(0). Thus the given CMOS satisfy the
function of a positive NOR gate.

22. (A) If either one or both the inputs are V(0)=0 V

the corresponding FET will be OFF, the voltage across
the load FET will be 0 V, hence the output is V,, . If
boths inputs are V(1) =V, , both M, and M, are ON
and the output is V(0) =0 V. It satisfy NAND gate.

23. (B) If both the inputs are at V(0)=0 V, the

transistor M, and M, are OFF, hence the output is
V(1) =V, . If either one or both of the inputs are at
V(1) =V, , the corresponding FET will be ON and the
output will be V (0) =0 V. Hence it is a NOR gate.
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24. (B) If all inputs A, B and C are HIGH, then input to
invertor is LOW and output Y is HIGH. If all inputs are
LOW, then input to inverter is also LOW and output Y
is HIGH. In all other case the input to inverter is HIGH
and output Y is LOW.

Hence Y =ABC + ABC =ABC +(A +B+C)

25. (C) The operation of circuit is given below

GATE EC BY RK Kanodia

ABCD |P, P, P. P, | N, N, N, N, Y
xxx1 | x x x OFF | x x x ON LOW
xx00 [x x ON ON |x x OFF OFF | HIGH
0010 | ON ON OFF ON | OFF OFF ON OFF HIGH
0110 | ON OFF OFF ON | OFF ON ON OFF LOW
1010 | OFF ON OFF ON | ON OFF ON OFF LOW
1110 | OFF OFF OFF ON | ON ON ON OFF LOW

Y=(A+BC+D

26. (B) The operation of this circuit is given below :

AB C|P, P, P, N, N, N, Y
x x 0 |x x ON |x x  OFF HIGH
0 0 1| ONON OFF | OFF OFF ON HIGH
x 1 1|x OFFOFF | x ON ON LOW
1 x 1|OFF x OFF | ON x ON LOW
Y =(A+B)C

27. (B) If input E is LOW, output will not be LOW. It
must be HIGH. Option (B) satisfy this condition.

28. (A) In this circuit parallel combination are OR gate
and series combination are AND gate.
Hence Y=(A+B)XC+D)E+F)

29. (A) When an output is HIGH, it may be as low as
Votmin, =24 V. The minimum voltage that an input will
respond to as a HIGH is V..., =2.0 V. A negative noise
spike that can drive the actual voltage below 2.0 V if its
amplitude is greater than

Varr = Vormin) = Vittomin) =24 -20=04V

Chap 4.4

30. (A) When an output is LOW, it may be as high as
VoL omar) =0.4 V. The maximum voltage that an input will

respond to as a LOW is V; =0.8 V. A positive noise

(max)
spike can drive the actual voltage above the 0.8 V level
if its amplitude is greater than

Ve = Vieima = VoL =08 -04=04V

31. (B) A positive noise spike can drive the voltage
above 1.0 V level if the amplitude is greater than

Vir = Vizimao = Voromas =1-01=09'V,

A negative noise spike can drive the voltage below 3.5V
if the amplitude is greater than

Vi = Vorominy = Virrmin) =49 —35=14 V

32. B) Vi) = Vorromin) — Vg =—08-05=-13V
Vitmar) = Voroma) T Vi, =085 +(-2)=-15V

33. (C) VNH = VOH(min) - VIH(min)’ VNL = ViL(max) — VOL(max)

Vyy =27 (for LS) ~20 (for ALS) =07 V
Vy, =08 (for ALS) -0.5 (for LS) =0.3 V

34. (B) V,; =25 (for ALS) - 2.0 (for LS) =05 V
Vo =08 (for LS) — 0.4 (for ALS) =04 V

35. D) Virmin, =05V, Vip i) =03 V
IOL(max) Sm

36. (B) fanout (LOW) =——"* = —— =80
IIL(max) 0.1m

fanout (HIGH) = Lorman _ 4001 _ o
IH(max) 20p

The fanout is chosen the smaller of the two.

37. (B) In HIGH state the loading on the output of gate
1 is equivalent to six 74LS input load.
Hence load =6 x I;; =6 x20p =120 pA

38. (C) The NAND gate represent only a single input
load in the LOW state. Hence only five loads in the
LOW state.

load =51, =5x04 =2 mA

stesfestok skoskok
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CHAPTER
4.6

MICROPROCESSOR

After an arithmetic operation, the flag register of
8085 uP has the following contents

HLT

DSPLY : XRA A
ouT PORT1
HLT

b, |n |p|p Db |0 ]>, The output at PORTI is
1 ‘ 0 ‘ x ‘ 1 ‘ x ‘ 0 ‘ x ‘ 1 (A) 00 (B) FEH
(©) 01H (D) 11H

The contents of accumulator after operation may be
(A) 75 (B) 6C

(C) DB (D) B6

a In an 8085 microprocessor, the instruction CMP B
has been executed while the contents of accumulator is
less than that of register B. As a result carry flag and
zero flag will be respectively

(A) set, reset (B) reset, set

(C) reset, reset (D) set, set

E Consider the following 8085 instruction

MVI A, A9H
MVI B, 57TH
ADD B
ORA A
The flag status (S, Z, CY) after the instruction
ORA A is executed, is
(A) (0,1, 1)

(C) (1, 0, 0)

(B) (0, 1, 0)
(D) 1,0,1)

Consider the following set of 8085 instructions

MVI A, 8EH
ADI 73H

JC DSPLY
ouT PORT1

5 Consider the following 8085 assembly program
MVI A, DATA1

MOV  B,A
SUI  51H
Jc DLT
MOV  A,B
SUI  82H
Jc DSPLY

DLT: XRA A
OUT PORT1
HLT

DSPLY: MOV  A,B
OUT PORT2
HLT

This program will display
(A) the bytes from 51H to 82H at PORT2
(B) 00H AT PORT1
(C) all byte at PORT1
(D) the bytes from 52H to 81H at PORT 2

[ 1t is desired to mask is the high order bits (D, - D,) of
the data bytes in register C. Consider the following set

of instruction

(a) MOV A, C
ANI  FOH
MOV C,A
HLT
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(b) MOV
MVI
ANA
MOV
HLT

(c) MOV
MVI
ANA
MOV
HLT

(d) MOV
ANI
MOV
HLT

GATE EC BY RK Kanodia
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The instruction set, which execute the desired

operation are
(A) aand b

(C) only a

(B) c and d
(D) only d

Consider the following 8085 instruction

XRA
MVI
SUI

ANA
HLT

A

B, 4AH
4FH

B

The contents of register A and B are respectively

(A) 05, 4A
(C) B1, 4A

(B) 4F, 00
(D) None of the above

a Consider the following 8085 assembly program :

MVI
MOV
MOV
MVI
ouT
HLT

B, 89H
A,B
C,A
D, 37H
PORT1

The output at PORT1 is

(A) 89
(C) 00

(B) 37
(D) None of the above

ﬂ Consider the sequence of 8085 instruction given

below

LXI

MOV
CMA
MOV

H, 9258H
AM

M, A

By this sequence of instruction the contents of

memory location

(A) 9258H are moved to the accumulator
(B) 9258H are compared with the contents of the

accumulator

Page
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(C) 8529H are complemented and stored at location
529H

(D) 5829H are complemented and stored at location
85892H

Consider the sequence of 8085 instruction
MVI A, 5SEH

ADI A2H
MOV C,A
HLT

The initial contents of resistor and flag are as

follows
A C S Z CY
X X X X 0 0 0

After execution of the instructions the contents of

register and flags are

A C S Z CY
(A) 10H 10H 0 0 1
(B) 10H 10H 1 0 0
(C) 00H 00H 1 1 0
(D) 00H 00H 0 1 1

It is desired to multiply the number 0AH by 0BH
and store the result in the accumulator. The numbers
are available in register B and C respectively. A part of

the 8085 program for this purpose is given below :

The sequence of instruction to complete the

program would be

(A) JNZ LOOP
ADD B
DCR C

(B) ADD B
JNZ LOOP
DCR C

© DCR C
JNZ LOOP
ADD B

(D) ADD B
DCR C
JNZ LOOP
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Consider the following assembly language program:
MVI B, 87H

MOV AB
START : JMP NEXT
MVI B, 00H
XRA B
ouT PORT1
HLT
NEXT: XRA B
JP START1
ouT PORT2
HLT

The execution of the above program in an 8085
will result in
(A) an output of 87H at PORT1

(B) an output of 87H at PORT2

(C) infinite looping of the program execution with
accumulator data remaining at 00H

(D) infinite looping of the program execution with
accumulator data alternating between 00H and 87H.

Consider the following 8085 program

MVI A, DATA1

ORA A,

JM DSPLY
OUT  PORT1
CMA

DSPLY: ADI  01H

OUT  PORT1
HLT

If DATA1 = A7H, the output at PORT1 is
(A) 4TH (B) 58H
(C) 00 (D) None of the above

Statement for Q.14-15:
Consider the following program of 8085 assembly
language:

LXI H 4A02H
LDA 4A00H

MOV  B,A
LDA  4A01H
CMP B
JZ FNSH
Jc GRT
MOV M, A
JMP  FNSH
MOV M, B

FNSH: HLT

If the contents of memory location 4A00H, 4A01H
and 4A02H, are respectively A7TH, 98H and 47H, then
after the execution of program contents of memory

location 4A02H will be respectively

GATE EC BY RK Kanodia

(A) ATH
(C) 47H
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(B) 98H
(D) None of the above

The memory requirement for this program is

(A) 20 Byte
(C) 23 Byte

(B) 21 Byte
(D) 18 Byte

The instruction, that does not clear the accumulator

of 8085, is
(A) XRA A
(C) MVI A, 00H

(B) ANI 00H
(D) None of the above

The contents of some memory location of an 8085 uP

based system are shown

Address Hex. Contents (Hex.)
3000 02
3001 30
3002 00
3003 30
Fig. P4.6.17

The program is as follows

LHLD 3000H
MOV E,M
INX H
MOV D,M
LDAX D
MOV L A
INX D
LDAX D
MOV  H, A

The contents if HL pair after the execution of the

program will be
(A) 0030 H

(C) 3002 H

(B) 3000 H
(D) 0230H

Consider the following loop

XRA A

LXI B, 0007H

LOOP: DCX B
JNZ LOOP

This loop will be executed

(A) 1 times
(C) 7 times
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Consider the following loop

LXI H, 000AH
LOOP: DCX B

MOV A,B

ORA C

JNZ  LOOP

This loop will be executed
(A) 1 time (B) 10 times

(C) 11 times (D) infinite times

m The contents of accumulator after the execution of

following instruction will be

MVI A, ATH

ORA A

RLC
(A) CFH (B) 4FH
(C) 4EH (D) CEH

The contents of accumulator after the execution of

following instructions will be

MVI A, BTH

ORA A

RAL
(A) 6EH (B) 6FH
(C) EEH (D) EFH

@ The contents of the accumulator after the execution

of the following program will be

MVI A, C5H
ORA A
RAL
(A) 45H (B) C5H
(C) C4H (D) None of the above

m Consider the following set of instruction

MVI A, BYTE1
RLC

MOV  B,A
RLC

RLC

ADD B

If BYTE1 =07H, then content of A, after the
execution of program will be
(A) 46H
(C) 38H

(B) 70H
(D) 68H

GATE EC BY RK Kanodia
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m Consider the following program

MVI
RRC
RRC

A, BYTE1

If BYTE1=32H, the contents of A after the
execution of program will be
(A) 08H
(C) 12H

(B) 8CH
(D) None of the above

m Consider the following program

MVI A, DATA
MVI B, 64H
MVI  C,C8H
CMP B
JC RJCT
CMP C
JNC  RJCT
OUT  PORT1
HLT

RJCT: SUBA
OUT  PORT1
HLT

If the following sequence of byte is loaded in

accumulator,
DATA(H)‘ 58 ‘ 64 ‘ 73 ‘ B4 ‘ C8 ‘ FA

then sequence of output will be
(A) 00, 00, 73, B4, 00, FA
(B) 58, 64, 00, 00, C8, FA
(C) 58, 00, 00, 00, C8, FA
(D) 00, 64, 73, B4, 00, FA

@ Consider the following instruction to be executed by
a 8085 up. The input port has an address of 01H and
has a data 05H to input:

IN 01H
ANI 80H

After execution of the two instruction the contents

of flag register are

(A) 1 0 X 1 X 1 X 0
(B) 0 1 X 0 X 1 X 0

(C) 0 1 X 1 X 1 X 0

(D) 0 1 X 1 X 0 X 0
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ORA A ;Set flag

JM DSPLY ;If negative jump to

;DSPLY

OUT PORT1 ;A— PORT1
DSPLY : CMA ;Complement A

ADI 01H A+l > A

OUT PORT1 ;A — PORT1

HLT

This program displays the absolute value of DATA1. If
DATAI1 is negative, it determine the 2’s complements
and display at PORT1.

14. (A) LXI H, 4A02H ;Store destination address
;in HL pair
LDA 4A00H ;Load A with contents of
;memory location AOOH
MOV B, A ;A—> B
LDA 4A01H ;Load A with contents of
;memory location 4A01H
CMA B ;Compare A and B
JZ FNSH ;Jump to FNSH if two
;number are equal
JC GRT ;IFCY = 1, (A <B) jump
;to GRT
MOV M, A ;Otherwise A — (4A02H)
JMP FNSH
GRT: MOV M,B
FNSH: HLT

This program find the larger of the two number stored
in location 4A00H and 4A01H and store it in memory
location 4A002.

A7H > 98H Thus A7H will be stored at 4A02H.

15. (C) Operand R, M or implied : 1-Byte instruction
Operand 8-bit

Operand 16-bit : 3—Byte instruction
3—-Byte instruction are: LXI, LDA, JZ, JC, JMP
P-Byte instruction are : MOV, CMP, HLT

: 2-Byte instruction

Hence memory =3x 6 + 1x5 =23 Byte.

16. (D) All instruction clear the accumulator

XRA A ADA
ANI  00H ;A AND 00
MVI A ;00> A

17.(C) LHLD 3000H ;(3000A) — HL = 3002H
MOV E,M ;(3002H) —» E = 00
INX H ;HL +1 — HL = 3003H
MOV D,M ;M — D=(3003H) = 30H
LDAX D ;(DE) — A=(3000H) = 02H
MOV L,A ;A— L =02H
INX D ;DE +1 —» DE = 3001H
LDAX D ;(DE) — A =(3001) = 30H
MOV H,A ;A— H=30H

Hence HL pair contain 3002H.
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18. (A) The instruction XRA will set the Z flag. LXI and
DCX does not alter the flag. Hence this loop will be

executed 1 times.

19.(B) LXI B, 000AH ;00— C,0AH—> B
LOOP: DCX B ;CB-1- B,
;flag not affected
MOV A,B ;B> A
ORA C ;A OR C — A, set flag
JNZ  LOOP

Hence this loop will be executed 0AH or ten times.

20. (B) MVI A,B7TH ;BTH— A
ORA A ;Set Flags, CY =1
RLC ;Rotate accumulator left
The contents of bit D, are placed in bit D, .
Accumulator
Before RLC 10100111
After RLC 01001111

21. (A) RAL instruction rotate the accumulator left
through carry.

D, -CY, CY —»D,, ORAreset the carry.
Accumulator CY

Before RAL 10110111 0

After RAL 01101110 1

22. (A) RRC instruction rotate the accumulator right
and D, is placed in D, .

MVI A, C5H ;C5H— A

ORA A ;Reset Carry flag

RAL ;Rotate A left through
scarry, A = SAH

RRC ;Rotate A right, A = 45H

23. (A) This program multiply BYTE1 by 10. Hence
content of A will be 46H.
07H=07,, ,7x10=70, 70,,=46H

24. (B) Contents of Accumulator A = 0011 0010
After First RRC = 0001 1001
After second RRC = 1000 1100

25. (D) This program will display the number between
64H to C8H including 64H. C8H will not be displayed.

Thus (D) is correct option.

26. (C) 05H AND 80H =00
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After the ANI instruction S, Z and P are modified to
reflect the result of operation. CY is reset and AC is set
. Thus,

S=0, Z=1, AC=1, P=1, CY=0

27.(B) ACI 56H A+56H+CY—> A
37H + 56H + 1 =8EH

28. (C) Instruction load the register pairs HL with
01FFH. SHLD instruction store the contents of L in the
memory location 2050H and content of H in the memory
location 2051H. Contents of HL are not altered.

29. (B) At a time 8085 can drive only a digit. In a second
each digit is refreshed 500 times. Thus time given to

each digit = _ =04 ms.
(5 x 500)

30. (C) The stack pointer register SP point to the upper
memory location of stack. When data is pushed on

stack, it stores above this memory location.

31. (B) Line 5 push the content of HL register pair on
stack. The contents of L will go to 03FFH and contents
of H will go to 03FEH. Hence memory location 03FEH
contain 22H.

32. (C) Contents of register pair B lie on the top of stack
when POP H is executed, HL pair will be loaded with

the contents of register pair B.

33. (C) The instruction PUSH B store the contents of
BC at stack. The POP PSW instruction copy the
contents of BC in to PSW. The contents of register C
will be copied into flag register.

D, =1= carry flag, D, =0 = zero flag.

Hence zero flag will be reset and carry will be set.

34.(A) MVIA DATA1 ;DATAL —> A

ORA A ; Set flag
JP DSPLY ;If A is positive, then
;jump to DSPLY
XRA A ; Clear A
DSPLY OUT PORT1 ; A— PORT2
HLT

If DATAL is positive, it will be displayed at portl
otherwise 00.
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e t<0 5 . 3 1., 13 et
= * = ’ (A) —sint+—cost+—e'— ,t >0
B 3() = u(t) * h(t) , where h(t) {e“, o0 34 34 6 61°
1 5 1 5 3B ost BB 1
(A)§eztu(—t—1)+g—§e3tu(—t) B) 34S1nt+34005t 516 +6€ ,t >0
L 5 _ 1 C) S sint+ O cost-Betilet 450
(B) 7e u(—t—l)‘f'g—ge u(_t) ( ) 34 1 34 51 66 ’
3 . 5 1 . 3 _
(C) 1 o2 +%[5 302t _ 26 HJy(t) (D) 3—451n t+ 3—4005 t+ Ee 4 1 Yot >
(D) 1 e 1[5 —3e® —2e " Ju(-t) d? (t) d (t)
6 37, y YU 4 8y(t) =2(0),
dt
Statement for Q.31-34: y(07) =1, dz(tt) =1, x(t) = e 'u(®)
The impulse response of LTI system is given. .
Determine the step response. (A) ge't —ge'Zt + %e"”, t>0
h(t)=67|t| (B)g"'g —2t+%ef4t’t >0

(A)2+e —e B) eu-t+1)+2-¢"
©C)eu(-t+D+[2-e“Tu@) (D)e' +[2—-e"—e'lu(®)

v
()

(C) 4+5(3e +e), ¢
D) 4-58e*+e*), t >0
B h(t) = 6%(2)

4> 3d
A1 B) w®) 38, y(t) y(t)=$,
(C) 8°(p) (D) &)
y(0) =1, DD 1wt =2teutr)

BB 2(t) = ) — u(t — 4) ’
(A)sint+4cost—3te™ +¢t,t >0

(A) tu(t) + (1 - tu(t — 4) (B) tu(t) + (1 - tult — 4)
. -t
©) 1+t (D) (1 + D) (B) 4sint —cost—3te’, t =2 0
(C)sint—4cost+3te® +t,t >0
B (o) = () (D) 4sin ¢ +cos t —3te”’, ¢t > 0
(A) u() B) ¢t
©) 1 (D) tu(t) m The raised cosine pulse x(¢) is defined as
T T
Statement for Q.35-38: x(¢) = j (cos wf +1), S st= ©
The system described by the differential equations 0, otherwise
has been specified with initial condition. Determine the The total energy of x(¢) is
output of the system and choose correct option.
p y P @A) 3 ®) 2"
dyd) 4o 800
ay\v)
+1 =2 1, =
B % + 1000 =200, 0D =1, () =ul® © 3 ) 37
® 20
(A) 11+ 4e " ")u(e) (B)1(1+4e™™)
(C) 11+ 4e™™)ult) D) -1 (1+4e™) P The sinusoidal signal x(¢)=4cos (200¢+ n/6) is

passed through a square law device defined by the

2
36.) d"y(®) + dz (tt) +4y(t) —%, input output relation y (¢) = x*(#). The DC component in

the signal is
dy(t) i
dt |, =1, x(¢) =sin ¢ u(?) (A) 3.46 (B4

(C) 2.83 (D) 8

y(07)=0,
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The impulse response of a system is A(¢) =8¢ —05).
If two such systems are cascaded, the impulse response
of the overall system will be
(A) 0.58(t —025)

(C) &t-1

(B) &t -025)
(D) 058t -1)

Fig. P5.1.40 show the input x(¢) to a LTI system and

impulse response A(f) of the system.
x(t) h(t)

[\ t

1 5 3
Fig P5.1.42

The output of the system is zero every where
except for the
(A)0<t<5

(C)1<t<b

B)0<t<8
MD)1<t<8

Consider the impulse response of two LTI system
S, h(t) =e " u(t)
S, : h,(t) =e"cos 2t u(t)

The stable system is
(A) S
(C) Both S, and S,

(B) S,
(D) None

The non-invertible system is

t

(B) y(t) = [ x(v)dx

-0

(D) None of the above

A) y() =t -4)

dx(t)
dt

(©) ¥ =

A continuous-time linear system with input x(¢) and
output y(¢) yields the following input-output pairs:

x(t)=e’* < y(t)=e™

x(t)=e? o y(t)=e’*

If x,(¢) =cos (2¢ — 1), the corresponding y,(¢) is

(A) cos (5t -1) (B) e’ cos (5t —-1)
(C) cos 5(¢-1) (D) ¢’ cos (5¢—-1)

Statement for Q.46-47:

Suppose that

1, 0<¢t<1
x(t) =
0, elsewhere

and

h(t) = x(t} where 0 <a <1.
a
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The y(¢) = x(2) * h(?) is

(@) y(t)

a 1 1+a a la 1
(A) (B)
¥ ¥
a Lo Tra ! a Ta 1 !
(©) (D)

If dy(t)/dt contains only three discontinuities, the

value of a is
(A1
©) 3

(B) 2
(D) 0

Consider the signal x(#) = ¢ + 2) — ¢ —2).The value
t
of E_ for the signal y(¢) = J. x(vdrt  is

—0

(A) 4
1

B) 2
(D) «

The response of a system S to a complex input
x(t) =e’™ is specified as y(¢) =te’™. The system
(A) is definitely LTI

(B) is definitely not LTI

(C) may be LTI

(D) information is insufficient

m The response of a system S to a complex input
x(t) =e’™ is specified as y(t) =cos 8¢. The system
(A) is definitely LTI
(B) is definitely not LTI
(C) may be LTI
(D) information is insufficient.
The auto-correlation of the signal x(#) =e ‘u(?) is
t
(A) %etu(—t) + %e’tu(t) (B) % + %(e’t —e"ult)

1

-t . l -t 1 t _ _1 -t
(C)Ee u( t)+2e u(t) (D)2eu( t) 2e u(t)
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SOLUTIONS

L)% 60n = T-"
T 30

2. T =25 1 -2" s LCM [ 2, 2™ |_2n
5 7 5° 7

3. (D) Not periodic because of ¢.

4. (D) Not periodic because least common multiple is

infinite.

5. (C) y(t) is not periodic although sin ¢ and 6 cos 27t are

independently periodic. The fundamental frequency

can’t be determined.
6. (C) This is energy signal because

¢ ¢ ° 1
E _ d _ -4t d _ -4t _ =
. :[O|x(t)] t <o Le u(t)ydt ..!.e dt A

7. (A) |x(0)| =1, E, = [|x(o) dt =oo
So this is a power signal not a energy.
T
P, = lim = [ [«(6fdt =1
o0 2T 2
8. (D) v(?) is sum of 3 unit step signal starting from, 1, 2,
and 3, all signal ends at 4.

9. (A) The function 1 does not describe the given pulse.

It can be shown as follows :

ula-t) u(t-b) ula-t) - ut-b)
t t t
a b
Fig S5.1.3.9
10. (B)
r(t-4) r(t-6) r(t-4) - r(t-6)
’ ’
l' l'
2 /’ 2 /’ 2 /— -----
i 6 8§ ! i 6 8§ ! i 6 8§ !
Fig S5.1.10
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11. (C)
x(10¢) x(10¢-5)
,__\1 1
-0.5 -0.4 04 0.5 t 0.1 09 1
Fig $5.1.11

12. (D) Multiplication by 5 will bring contraction on
time scale. It may be checked by x(5 x 0.8) = x(4).

13. (A) Division by 5 will bring expansion on time scale.

It may be checked by y(¢) = x(250j =x(4).

1, for -5<t<-4
14. (C) y(¢)=1-1, for 4<it<5
{ 0, otherwise

—4 5
E - j(1)2dt+j(—1)2dt -2
-5 4

5 4 5
15. (D) Ezzj (Hdt = ZI(l)ldt +2j(5 —02dt
0 0 4

:8+g:%
3 3

16. (B) Let x,(#) =v(¢) then y,(¢) = u{v(t)}
Let x,(¢) =ku(?) then y,(¢) =u{kv(t)} # ky,(2)

(Not homogeneous not linear)
¥, () =ufu(d)},
¥y (8) =ufv(t —t,)} = y,(t ~t,)
The response at any time depends only on the

(Time invariant)

excitation at time ¢ =¢, and not on any future value.
(Causal)

17. (C) y,(H) =v(¢t -5) —v(3 -1t)
y,(t) =kv(t —=5) —kv(3 —t) = ky, (D)
Let x,(¢) =v(¢) then y, () =v(¢ -5) —v(3 -¢)

Let x,(¢) =2w(?) then y,(t) =w(t -5) —w(3 —¢)

Let x,(¢) = x(¢) + w(?)

Then (&) =v(t -5) + w(t -5) —v(3—-t) —w(3-1¢t)
=3, + y,(D) (Additive)

Since it is both homogeneous and additive, it is also

(Homogeneous)

linear.
v, (&) =v(t —5) —v(3 1)
¥, (&) =v(t—t, -5) —v(B-t+¢)=y,(t—-t)

(Time invariant)
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At time, ¢=0, y(0)=x(-5)—x(3). Therefore the
response at time, ¢ =0 depends on the excitation at a
(Not causal)
If x(¢) is bounded then x(¢ —5) and x(3 —¢) are bounded

later time ¢ =3.

and so is y(f). (Stable)
t t
18. (D) yl(t) = U(ZJ ) yz(t) = kv[zj = kyl(t)
(Homogeneous)
x, =0(8) + w(t) then
yy(8) = v(éj + w[;j =3, + 3,(8) (Additive)

Since it is both homogeneous and additive, it is also

linear

t t t—1t
0 :v[2] , y2(2 —to}t Wit =v[ - ]

(Time variant)

At time ¢ =-2, y(-2) = x(-1), therefore, the response at

time ¢ =-2, depends on the excitation at a later time,

t=-1 (Not causal)
It x(¢) is bounded then y(¢) is bounded. (Stable)
19. (C) y,(t) =cos 2t v(t)

yy,(Okcos 27t v(t) = ky, (2) (Homogeneous)
x,(8) =v(t) + w(?)

¥5(2) =cos 27t [v(E) + w(t)] =y, (1) + y,(¢) (Additive)

Since it is both homogeneous and additive. It is also
linear.

¥, (t) =cos 2nt v(t)

yo(t) =cos 2t (¢t —t,) = y(t —t,)

=cos [2n(t —¢)]u(t —¢,) (Time Variant)
The response at any time ¢=¢, depends only on the
excitation at that time and not on the excitation at any
(Causal)
(Stable)

later time.
If x(¢) is bounded then y(¢) is bounded.

20. (C) y,(t) =[p(B)], y,(8) = [kv(D)] =|k|y, ()
If % is negative |k|y,(t) # ky, (1)
(Not Homogeneous Not linear).

y () =@, y,(t) =|y(t ~t,)| = y,(t —2,)

(Time Invariant)

The response at any time ¢=¢, depends only on the

excitation at that time and not on the excitation at any
(Causal)
(Stable)

later time.
If x(¢) is bounded then y(¢) is bounded.

GATE EC BY RK Kanodia
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21. (C) All option are linear. So it is not required

to check linearity.

Let x,(¢) =v(¢) then t%yl(t) —8y,(t) =v(?)

Let x,(¢) =v(¢ —¢,) then t%yz(t) -8y,(H) =v(t-t,)

The first equation can be written as
(t-t) %y(t —t)-8y(t—t)=v(t—t,)

This equation is not satisfied if y,(¢) = y,(¢ — ¢,) therefore
yo(8) = y,(E—1t,) (Time Variant)
The system can be written as
{2 [ ()

y(t)::[onk +8:|;de
So the response at any time, t=¢, depends on the
excitation at £ <t  , and not on any future values.
(Causal)
The Homogeneous solution to the differential equation
is of the form y(¢) = k¢, If there is no excitation but the
zero excitation, response is not zero. The response will
increases without bound as time increases.

(Unstable)

t+3
22. (C) y,(8) = [v(1)dh,

—o
t+3 t+3

¥, ()= [koOydr =k [vO)dr=ky,()  (Homogeneous)

xy(8) = v(8) + w(t)
t+3 t+3 t+3

Y8 = [[o(h) + wldr = [vdh+ [w(Rdr

=y + y,(t) (Additive)

Since it is Homogeneous and additive, it is also linear.
t+3

%0 = [v)dr

—o
t+3 t—t,+3

y2(0) = [oO—t)dr= [v)dr=y,(t-t,)

(Time invariant)
The response at any time, ¢t =¢,, depends partially on
the excitation at time to ¢, <t <(¢, + 3) which are in
(Not causal)

t+3 t+3

If x(¢) is a constant &, then y (¢) = J.kdkzk _[dk and as

future.

t — o, y(t) increases without bound. (unstable)
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xln +2]yln - 2]

x[n]
3
(A) @2
I—LH—0—0+
n
6 5 4 3 2 -1 0 1 2 3 4 5 6
x[n]
3
(B) @2
1
+Q—Q—Q—Q—T— n
6 5 4 3 -2 -1 0 1 2 3 4 5 6
6 -5 4 -3 -2 -1 1 2 3 4 5 6
TQ—H—Q+n
-1
© 02
-3
6 5 4 -3 -2 -1 1 2 3 4 5 6
—Q—Q—Q—Q—Q—l— n
-1
(D) 20
-3

Statement for Q.12-15:

A discrete-time signal is given. Determine the

period of signal and choose correct option.

x[nl=cos =% + sin E+1
9 7 2

(A) periodic with period N =126
(B) periodic with period N =32

(C) periodic with period N =252
(D) Not periodic

x[n]=cos (gj cos [mj

8
(A) Periodic with period 167
(B) periodic with period 16(7+ 1)
(C) periodic with period 8

(D) Not periodic

GATE EC BY RK Kanodia
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x[n]=cos [nnj —sin (mj + 3cos (m + n)
2 8 4 3

(A) periodic with period 16
(B) periodic with period 4
(C) periodic with period 2
(D) Not periodic

xln]= 2ej[% i nJ

(A) periodic with 127
(C) periodic with 117

(B) periodic with 12
(D) Not periodic

The sinusoidal signal has fundamental period
N =10 samples. The smallest angular frequency, for

which x[n] is periodic, is

(A) % rad/cycle (B) 10 rad/cycle

(C) 5 rad/cycle (D) g rad/cycle

Let x[n], -5 <n <3 and A[n], 2 <n <6 be two finite
duration signals. The range of their convolution is

(A) -7<n<9 (B) -3<n<9
(C)2<n<3 D) -5<n<6

Statement for Q.18-26:

x[n] and h[n] are given in the question. Compute
the convolution y[n]=x[n]* hln] and choose correct

option.

W xnl=1{1, 2, 4}, Aln]l=11, 1, 1, 1, 1)

A {1, 3, 7, 7, 7, 6, 4}
B {1, 3, 3, 7, 7, 6, 4}
©) 11, 2, 4}
D) {1, 3, 7}

B xinl=1{1, 2, 3, 4, 5}, hinl={1)

(A) {1, 3, 6, 10, 15} B) {1, 2, 3, 4, 5}
(C) {1, 4, 9, 16, 20} D) {1, 4, 6, 8, 10}
P xlnl=1{1, 2, -1, hinl=x[n]

A) {1, 4, 1} B) {1, 4, 2, -4, 1)
(C) {1, 27 _1} (D) {2’ 47 _2}
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PR xinl=1{1, -2, 3}, kinl=1{0, 0, 1, 1, 1, 1)

0 0
A1, -2, 4, 1, 1, 1}
/l\
(B) {0, 0, 3}
T
 fo, 0, 3, 1, 1, 1, 1}
T
D) {0, 0, 1, -1, 2, 2, 1, 3}
T
P x(nl=10, 0, 1, 1, 1, 1}, Alnl=(1, -2, 3}
0 0
(A) {07 07 17 _17 27 27 17 3}
T
B){0, 0, 1,-1, 2, 2, 1, 3}
T
(C) {17 _2> 3’ 17 17 27 17 1}
T
M) {1,-2, 3, 1, 1, 1, 1}
T
PEY xnl=1{1, 1, 0, 1, 1}, Alnl={1, -2,-3, 4}
0 0
(A1, -1,-2, 4, 1, 1}
T
(B) {17 _17_2’ 4’ 17 1}
T
(C) {1, -1,-5, 2, 3, -5, 1, 4}
T
(D) {17 _17_5> 27 37 _57 17 4}
T
P x(nl=1(1, 2, 0, 2, 1}, hlnl=xln]
T
(A {1, 4, 4, 4, 10, 4, 4, 4, 1}

T

B) {1, 4, 4, 4, 10, 4, 4, 4, 1}
(Cf1, 4, 4, 10, 4, 4, 4,1}

D) {1, 4, 4, 10, 4, 4, 4, 1)

GATE EC BY RK Kanodia Chap 5.2

% alnl=1{1, 4, -3, 6, 4}, hln]=1{2, -4, 3}
T T

(A) {2, 4,-19, 36, -25, 2, 12}
T

(B) {4, -19, 36, -25}
©) {1, 4,-3 6, 4}

D) {1, 4, -3, 6, 4}
T

L, n=-2,0,1
26. x[n]:JZ, n=-1

0 elsewhere
h(n) =dnl-dn-11+ dn-4]
(A) d[n]-28[n-11+ 48[n -4]1+ dn-5]
B) n+2]1+dn+11-8nl+28n-3]1+8n-4]1+ 8n -5]
C)dn+2]-0n+1]+8n]+28n-3]-8n—-4]1+28n -5]
(D) 8[nl+28[n-11+48n-5]+ 8[n-5]

Statement for Q.27-30:

In question y[n] is the convolution of two signal.

Choose correct option for y[n]

ylnl=(-1" *2"u[2n + 2]

A) % (B) % ul-n +2]
©) %(—1)" ul-n +2] (D) %(—1)"

m yln]= 4% uln]* uln + 2]

(A) (':1)’ - ‘llnju[n] (B) (; - }i]u[n +2]
4 1(1Y 16 1
@ y[nl=38"ul-n + 3]* uln - 2]
%, n<b js n<5
A B
@ 83 (B) 8 .6
—_— n>6 {2
2
g, n<5 i’ n<5
©) ] 2 D), 6
E, n26 g, n26
2 2
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m ylnl=uln + 31* uln — 3]
(A) (n + Duln]

(C) (n —Duln]

The of x[nl=cos (£n)ulnl]
hlnl=uln —1]is flnluln —1]. The function f[n] is

(B) nuln]
(D) uln]

convolution and

1, n=4m+1, 4m+2

0, n=4m, 4m+3

0, n=4m+1, 4m+2
(B)
1, n=4m, 4m+3

©) 1, n=4m+1, 4m+3
0, n=4m, 4m+2

0, n=4m+1 4m+3
(D){

L, n=4m, 4m+2

Statement for Q.32-38:

Let P be linearity, Q be time invariance, R be
causality and S be stability. In question discrete time
input x[n] and output y[n] relationship has been given. In
the option properties of system has been given. Choose
the option which match the properties for system.

@ yln]l=rect (x[n])

AP, QR B)Q, R, S

(COR, S, P D) S, P Q

m ylnl=nxln]

A)P,QR,S B)Q, R, S

(C) P, R D) Q, S
n+l

B2 yinl= > ulm]

AP QRS (B)R, S

CP Q D) Q, R

m ylnl=+xln]

(A)Q,R, S (B)R, S, P

© S, PQ (D) P, Q, R

m x[n] as shown in fig. P5.2.36

x[n]—?—» ylnl

Fig. P5.2.36
AP QRS B)Q, R, S
C) P Q DR, S

GATE EC BY RK Kanodia
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x[n] as shown in fig. P5.2.37

5

x[n < é—* ylnl

Fig. P5.2.37
(AP QR,S B)Q, R, S
(C)P R, S D) P, Q,S

m x[n] as shown in fig. P5.2.38

x[n‘—ﬁ%—» yln]
+

Fig. P5.2.38
(A)P,Q,R,S (B) P, Q, R
©)PQ D Q, R, S

Statement for Q.39-41:

Two discrete time systems S, and S,

connected in cascade to form a new system as shown in
fig. P5.2.39-41.

x[n]——>

Fig. P5.2.39-41.

are

- y[n]

m Consider the following statements

(a) If S, and S, are linear, the S is linear
(b) If S, and S, are nonlinear, then S is nonlinear
(o) If S, and S, are causal, then S is causal

() If S, and S, are time invariant, then S is time
invariant

True statements are :
(A) a, b, c
(C)a,c d

(B) b, c, d
(D) All

Consider the following statements

(a) If S, and S, are linear and time invariant, then
interchanging their order does not change the system.

(b) If S, and S, are linear and time varying, then
interchanging their order does not change the system.

True statement are
(A) Both a and b

(C) Only b

(B) Only a
(D) None
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Consider the statement

(a) If S, and S, are noncausal, the S is non causal

(b) If S, and/or S, are unstable, the S is unstable.
True statement are :

(A) Both a and b

(C) Only b

(B) Only a
(D) None

The following input output pairs have been
observed during the operation of a time invariant
system :
x[nl={1, 0, 2} <« yI[nl={0, 1, 2}
) T
x,[n]1={0, 0, 8} <2 y,[nl={0, 1, 0, 2}
) )
x,[n]=1{0, 0, 0, I} <« yJlnl=(1, 2, 1}
) )

The conclusion regarding the linearity of the
system is
(A) System is linear
(B) System is not linear
(C) One more observation is required.

(D) Conclusion cannot be drawn from observation.

The following input output pair have been observed
during the operation of a linear system:
xnl={-1, 2, 1} 2> ylnl={1, 2, -1, 0, 1}
) 0
x,[nl={1, -1, -1} 2> y,[nl={-1, 1, 0, 2}
T t
x,[n]=1{0, 1, 1 <5 ylnl={1, 2, 1}
) 0

The conclusion regarding the time invariance of
the system is
(A) System is time-invariant
(B) System is time variant
(C) One more observation is required

(D) Conclusion cannot be drawn from observation

The stable system is
(A) ylnl=xlnl+ 1L1y[ln —1]

(B) yln]=x[n]- %(y[n 11+ yln-2])

(C) y[n]l=xln]-(15y[n —11+0.4y[n —2])

GATE EC BY RK Kanodia
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(D) Above all
The system shown in fig. P5.2.45 is
—a y[n-2]

Fig. P5.2.45

(A) Stable and causal
(B) Stable but not causal
(C) Causal but unstable

(D) unstable and not causal

The impulse response of a LTI system is given as

hln] :(—;j ulnl

The step response is
1 1 n+1 1 1 n
o= B)Zl2-|-=

(A) 3[2 [ 2) Ju[n] ( )3(2 [ 2] ]u[n]
1 1 n+1 1 1 n

(&) 3[2 + [—2) Ju[n] D) 3[2 +(—2J Ju[n]

The difference equation representation for a system

is
yinl —%y[n “11=2xfn], y[-1]-3

The natural response of system is

) g’[—;j uln] ®) z(— ;j uln]
© 3@ uln] D) z@ uln]
The difference equation representation for a system is

ynl1-2y[n —11+ yln -2]1=x[n]l - x[n — 1]
If y[n]=0 for n <0 and x[n]=38n], then y[2] will

be
(A) 2 (B) -2
) -1 (D) 0

Consider a discrete-time system S whose response

Jn /2

to a complex exponential input e is specified as

S . ejnn/2 = ejn3n/2

www.gatehelp.com

Page
263



UNIT 5

24. (B) ylnl=1{1, 4, 4, 10, 4, 4, 4, 1)

GATE EC BY RK Kanodia

4
7/
L7 2, /2 L)
/ / /
Vs ; / /
4 / / /
2/ 470, 4 2,
V4 / / / /
V4 / y4 /
/ /
o /0 0 /0 /0
/ / / /
/ / 4 / /7
/ / / / /
/ / e / /
4
2 /4 /o 4 2
/ / / / /

25. (A) y[n]l=1{2, 4, -19, 36, 25, 2, 12}

Fig. $5.2.24

T

'

1 4 -3 6 4

2// 8// 6,/ 12,/ 8/
/ / V4 V4 /
/ 7 7 7
—4//—16 S/ 12 /24 /-16
/s // s // e
3 /7 /12 / /—9 /18 /12
e e e e

26. (B) x[n]=1{1, 2, 1, 1}, hln]l=1{1, -1, 0, 0, 1)

Fig. $5.2.25

Signal & System

28. (C) Forn+2<0 or n<-2,y[n]=0

21 4 1 1
for n+220 >-2, y[n]l=) ~k =—-— —,
" o H= oy 3 12 4"
4 1(1Y
= =l =5l 2
yln] [3 12[4} Ju[n+ 1
37L

n-2
29. (D) For n-2<3 or n<5 , y[n]:z3k: —
k=0

3
forn-2 >4 orn > 6, ylnl= ng:%,
k=-0

3—, n<5
= Anl= 8?1

—, n=6

2

30. (A) For n-3<-3 or n<0, y[n]l=0

n=3
forn-3 >-3 or n>0, y[n]:21:n+1,

k=-3

ylnl=(n+ Duln]

31. (A) Forn-1<0 or n<l1, y[n]=0
n-1

For n-120 or n 21, y[n]chos(gkj
k=0

1, n=4m+1, 4m+2
= yln] ={
0, n=4m, 4m+3
32. (B) y,[nl=rect(vln]), y,[nl=rect(kv[n])

vy, [nl# Ry, [n] (Not Homogeneous not linear)

—| 1 },/ /2/// %,/ -/1/ y[n]l=rect (v[n]), y,[nl=rect(vln-n,l)
s /_2 //i1 //1 y[n—n 1=rect(vln -n,1) =y,[n] (Time Invariant)
S S // / At any discrete time n =n, , the response depends only
0 0///0 /’/0 ///0 , on the excitation at that discrete time. (Causal)
0 (’)/ /6/ Ve ’ Y (;/ No matter what values the excitation may have the
/// // /,/ Vs response can only have the values zero or one.
111 /2 1 A (Stable)
Fig. $5.2.26
Jinl=(, 1, -1 0, 0, 2, 1, 1) 33. (C) y,[nl=nvln], y,[nl=nkuln]
0 ky,[n]=y,[n] (Homogeneous)
Let x[nl=vln] then y[n]l=nvln]
yn]l=08ln+2]+dn+1]-dn]l+28n-3]+dn—-4]+ dn-5] Let xz[n] —wln] then yz[n] — nuin]
© - © 1) Let x,[n]l=vln]+ wln] then
27. (D) yln] :k;g—l) 2" =2”HZ2 (-J yinl=n(wlnl+wlnl) = nvlnl + nwin]
1Y)2 =y [n]l+ y,[n] (Additive)
) 2n(_2j . 8( o Since the system is homogeneous and additive, it is also
14 1 3 linear.
2 yln-nl=(n-n)vln-nl#y,[nl=nvln-n
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(Time variant)

At any discrete time, n =n, the response depends only

on the excitation at that same time. (Causal)
If the excitation is a constant, the response is
unbounded as n approaches infinity. (Unstable)
n+l n+l
34. (C) ylnl= Y viml, y,[nl= ) kulm]
yo[nl="kyl[n] (Homogeneous)
n+l n+l
wnlnl= Y vlml, y,lnl= 3 wim]
n+l
ynl= D (vlnl+wlml)
n+l 7 n+l
= Y vlml+ Y winl=y[nl+ y,ln] (Additive)

Since the system is homogeneous and additive it is also

linear
ntl ntl
wlnl= Y vinl, y,Inl= ) vim-n,]
n-n,+1 n+1
wnln-n,l= Zv[m] = > vlg - n,1=y,ln]

(Time Invariant)

At any discrete time, n=n, , the response depends on
the excitation at the next discrete time in future.

(Anti causal)

If the excitation is a constant, the response increases

without bound. (Unstable)

35. (A) y[n]=+ulnl, y, =kvln] =kvln]

ky,[n] = kJuln] # y,[n] (Not Homogeneous Not linear)
yinl=lnl, y,Inl=\lvln-n,]
yln—-n1=vln-n]=y,lnl

(Time Invariant)

At any discrete time n =n, , the response depends only

on the excitation at that time (Causal)
If the excitation is bounded, the response is bounded.
(Stable).

36. (B) yln]l=2x%[n]

Let x[nl=v[n] then y[nl=2v"[n]

Let x,[n]l=Fkuvln] then y,[n]=2k*"[n]

kylnl= y,[n] (Not homogeneous Not linear)
Let x[nl=vln] then y,[nl=2v"[n]

Let x,[nl=vln-n,] then y,[n]=2v"[n-n,]
yln—-n1=2vln-n1=y,n] (Time invariant)
At any discrete time, n =n, , the response depends only

on the excitation at that time. (Causal)

GATE EC BY RK Kanodia
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If the excitation is bounded, the response is bounded.
(Stable).

37. B) y,[n]=10v[r]-5, y,[n]=10kv[n]-5

y,[nl=ky[n] (Not Homogeneous so not linear)
y[n]=10v[n]-5, y,[n]=10v[n-n,]1-5
y[n-n1=10v[n -n,1-5, =y,[n] (Time Invariant)
At any discrete time, n =n, the response depends only

on the excitation at that discrete time and not on any

future excitation. (Causal)
If the excitation is bounded, the response is bounded.
(Stable).

38. (B) ylnl=xln]+ y[n-1], yln —1]1=x[n —1]+ yln —2]
ylnl=x[nl+ x[n — 1]+ yln —2], Then by induction

yinl=xln—11+ xln -21+...xln -kl+...= > 2ln k]
k=0

Let m =n —k then yln]= ix[m]: ix[m]

m=n m=-wn

n

winl= Solml, y,inl= 3 kolm]=ky,ln]

m=— m=-w

(Homogeneous)
y,[nl= i(v[m] +wlml) = i vlm]+ iw[m]

=y,[nl+ y,ln] (Additive)

System is Linear.

s} n

wlnl= Y uml, y,= Y vln-n,]

m=-w m=-wn

y, [n] can be written as

“n n

nln-nl= nzuv[m] = D> vlg —n,1=y,[n]

m=-xn q=—x
(Time Invariant)
At any discrete time n =n, the response depends only

on the excitation at that discrete time and previous

discrete time. (Causal)
If the excitation is constant, the response increase
without bound. (Unstable)

39. (C) Only statement (b) is false. For example

S, :y[nl=x[nl+b,and S, : y[n]=x[n]-b, whereb = 0
S{alnly =S, {S, {x[nl}} =S, {x[n]+ b} =x[n]

Hence S is linear.

40. (B) For example
S, : yInl=nx[n] and S, : ylnl=nxln +1]
If x[n]=3n] then S,{S, {&[nl}}=S,[01=0,
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CHAPTER

5.3

THE LAPLACE TRANSFORM

Statement for Q.1-12: E x(8) =u(t) —u(t —2)
Determine the Laplace transform of given signal. (A) e’ -1 (B) 1-e®
s s
x(t) = u(t —2) ©) 2 D) 2
_e—2s 6728 S S
(A) (B)
s s 4
< < D)o x(8) = {te” u(t)
1+s 1 s
- B) —>
s(s +1)® (s+1)?
a x(8) =u(t +2) B B
1 1 Q) - _e
@ - ®) - © 5 D e
e—2s _e—ZS
© — D) — B x(0) = tu(t) * cos 2t ()
1 271
A —— B ———
B x(t) =e®u(t + 1) @ s(s® + 41%) ®) s%(s® + 41%)
1 efs 3
(A) (B) 1 s
C)———— D) ——
S-:—‘22) S+? ©) 82(82 +4TE2) D) s+ 4712
© ° (D) =
s+2 s+2
B x(t) = 2u(®)
P x(t) = e¥u(— +2) w2 ® =
o262 _q1 e 2s S S
(A) 2 (B) 2 6
. . ©) = D) -~
1 _672<sf2) (D) e*ZS S S
co)-——-°¢
© s—2 s—2
x(t) = u(t -1 * e u(t - 1)
ﬂ x(t) =sin 5¢ N o 2+ D) ®) o 2+ D)
(A)ZL5 (B)% 2s+1 s+1
%+ %+
5 s (C) e*(s+2) (D) 672(s+1)
© e T s+2 s+2
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¢ 2_3
| x(t) = [e™ A x(s) = 5
x(t) .([e cos 2t dt k2 X(s) i 1257 D)
A) ~(s+3) B) (s+3) (A) (e —2te Hu(t) (B) (e +2te Hu(?)
s(s +3)° +4) s((s +3)* +4) (©) (e —2te)ult) (D) (e + 2te 2 ult)
(s+3) —s(s+ 3)
o) QA )
© 974 P M X(s)=, 5%2
s +2s+10
1
(A) [3e"cos 3t ——e'sin 3tJu(t)
x(t) :t%{e’tcos t u(t) 3
(A) _(82 +4s + 2) (B) (SZ + 45+ 2) (B) [Sez sin 3¢ — %eit CoSs StJu(t)
(s +2s +2)? (s +2s +2)?
(C) (3e*cos 3t —e 'sin 3V u(t)
2 2
©) % D) 7(_3(23 :433:2?2) (D) (3¢ sin 8¢ + 3¢ cos 30)u(t)
X(s) = 4s? + 8s+10
Statement for Q.13-24: (s +2)(s* +25 +5)
Determine the time signal x(¢) corresponding to (A) (2¢7™ +2¢™' sin 2t —2e™" cos 2t)u(?)
given X(s) and choose correct option. (B) (2e™ +2e™" cos 2t —2e ™ sin 2t)u(¢)
3 (C) (2e® +2e ' cos 2t —e 'sin 28)u(t)
s+
X(s) = 13542 (D) (2e* +2e 'sin2t —e ' cos 20)u(?)
(A) (2e + e ult) (B) 2e ™" —e *u(?) B X(s) 3s? +10s + 10
- 2
(©) 2e —eult) (D) (2 + e *ult) (5 +2)(s” + 65 +10)
(A) (e +2e ¥ cost +2e ™ sin Hu(t)
X(s) - 252 +10s + 11 (B) (e +2e ™ cos t — 6e™ sin HHu(?)
s* +5s+6 (C) (e + 2™ cos ¢ —2e* sin H)u(t)
(A) 28(8) + (™ — e u(t) (D) (9e® —6e ¥ cost + 3e ™ sin Hu(t)
B 2 -2t _ -3t
(B) 280) + (e = e Dult) (g 25"+ 1ls+ 16+ e
(C) 28(t) + (7 + e ult) : (s> +5s+ 6)
(D) 28(t) — (e + e ™)ul?) (A) 28(8) + (3¢ —2e ) u(t —2)
(B) 28(8) + (2e72 —e™ 4 7272 4 03D y(p)
X(s) = % (C) 28(t) + (2™ —e ™ u(t) + (e —e ™ )u(t —2)
&) (3e- — 216 u(t) (D) 28(8) + (22 —eYu(t) + (e 2072 —e " Dy(t —2)
e —2te ")ult
(B) (3™ +2te )u(?) 22) X(s):st( 21 } 1
(C) (Zeft _ Steft)u(t) ds s“+9 s+ 3
2
(D) (2e " + 3te Hu(t) (A) [e& + 2—;sin 3t + %cos 3tju(t)
X(s) = 35;7242 (B) (¢ +2¢sin 3t + £* cos 30)u(?)
s® + 3s? +2s
(A) (2 + e + 3¢ u(®) (C) [es‘ + 2—?)tsin 3t + t% cos 3tju(t)
(B) 2+ e =3¢ ult) (D) (e + £ sin 3¢ + 2t cos 30)u(?)

(C) (8+e' —3e)u(p)
D) (3+e" +3e)Hu(t)
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The Laplace Transform

X(s) = !

(A) e % sin t u(t)

©) ie’“’t sin £ u(?)

ds
(A) —te'u(l-1)

m X(s)=e™ d(

(C) «(t-2)%e " Pu(t -2)

Statement for Q.25-29:

Given the transform pair below. Determine the

2s+1%+4

(s+1)2

GATE EC BY RK Kanodia

(B) %e" sin £ u(t)

(D) e fsin t w(t)

(B) —te 'u(t -1)
(D) te 'u(t -1)

time signal y(¢) and choose correct option.

cos 2t u(t)

PR Y(s) =(s + DX(s)
(A) [cos 2t —2sin 2¢Ju(t)

(C) [cos 2t + 2 sin 2¢Ju(t)

P Y(s) = X(3s)

(A) cos (?} t)u(t)

(C) cos 6¢ u(t)

Y(s)=X(s +2)
(A) cos 2(t —2) u(t)
(C) cos 2(t + 2) u(t)

X(s)
PR Y(s) = x

(A) 4cos 2¢ u(t)

(C) t®cos 2t u(t)

B vs) =L e X(s)]
ds

(A) tcos2(t —3) u(t — 3)
(C) —tcos 2(t — 3) u(t — 3)

«L 5 X(s).

(B) (cos 2t + Sizzt)u(t)

(D) (cos 2t — Sigztju(t)

(B) %cos [2 tju(t)

(D) %cos 6¢ u(t)

(B) e* cos 2t u(?)
(D) e cos 2t u(t)

(B) Mu(t)

cos 2¢
t2

(D) u(?)

(B) tcos 2(t — 3) u(t)

(D) —tcos 2(¢ — 3) u(t)

Statement for Q.30-33:

Given the transform pair

2s
s2+2°

x(BOu(t) L

Chap 5.3

Determine the Laplace transform Y(s) of the given

time signal in question and choose correct option.

B y(t) = x(t - 2)

@A)

(©)

y(t) = x(8) *
4s®

A =
(&) (s +2)2

-45°
o) P
) (s® +2)?

2se*

s +2

2(s -2)
(s-2)%+1

2se?*

B
( )s2+2

D) 2(s+2)

dx(t)

dt
4
(s +2)?
4
(s® +2)2

y(&) =e " x(t)

A)

(©)

y(8) =2tx(¢)
8 —4s?
(s +2)?

(©

2(s+1)
(s+D?+2

2s+1)
s?+2s+4

4s*

s?+1

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

B)

D)

45> -8
(s® +2)?
s

D
( )32+1

Statement for Q.34-43:

(s+2)?+1

Determine the bilateral laplace transform and

choose correct option.

x(t) =e 'ult +2)

A)

(B)

(D)

2(s +1)

e

s+1’

1+s

1

2

1+s

www.gatehelp.com
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Re(s)>-1

Re(s)<-1

Re(s)<-1

Re(s)>-1
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BE x(t) =w(~t + 3)

1-e™®

(A) . Re(s) >0
®B) **:s , Re (s) <0
© 1 _se,3s , Re (s) <0
D) ‘e:S : Re (s) >0

B v =8¢+
(A) e, Re(s) >0 (B) e°, Re (s) <0
(C) e, all s (D) None of above

x(t) =sin ¢ u(t)
1

ok Re (s) <0
1
(B) m , Re (S) >0
. ;137) , Re (s) <0
1
D) TesD’ Re(s) >0

B x(t) =e 2u(®) + e 'u(t) + e'u(—t)

6s® +2s -2
A) — — — | Re(s)<-05
@ s i Ds? -1 (s)
6s” +2s -2
B) 08 tas-2 “1>Re(s)>1
® s 1 e(s)
(C) L + 1 + L , -1<Re(s)<1
s+05 s+1 s-1
D) 1 1 L , -05<Re(s) <1

+ —
s+05 s+1 s-1

BTY x(2) =e' cos 2t u(—t) + e ‘ult) + e2u(t)
(1-5) 1 1
+ +

A 05< Re(s) <1

B 12 541 505 00 Re@s
(1-s) 1 1

B 1< Re(s) <1

B o D7+d T 5+1 s_05° LT Rels

) —8=D 1 1 05< Re(s)<1

+ b
(s-1D?+4 s+1 s-05
(s-1 1 1
+ +
(s-1?*+4 s+1 s-05

(D) , —1<Re(s)<1

x(t) =e®Ou(t + 3)

Page
272

Signal & System

3s

@A) £ , Re(s) >3

s—3
3s

B) 4, Re(s) <3
s—3
e3(sfl)

C) ——, Re(s) >3
s—3
e3(s—1)

(D) , Re(s) <3
s-3

x(2) =cos 3t u(—t) * e "u(t)

A S

( )(s+1)(32+9)’ Re(s) >0

B ° ~1<R

® 9 <Rels) <0

s

5 1

C) G019 <Re(s) <0

(D) s Re(s) >0

(s+1(s*+9)

PBX x(t) =e'sin (2t + 4) w(t +2)

eZ(s—l)
(A) m 5 Re (S) >1
eZ(sfl)
(B) m N Re (-S') <1
() _ e , Re(s)>1
(s—-1D?+4
(D) et Re(s) <1
(s-1*+4"
(0 = L e u(-p)
dt
(A)l‘i, Re(s) <1
S +
®) 1% Re(s) > -1
s+1
(c)s;i, Re(s)<-1
S
(D)S;i, Re(s) > -1
S

Statement for Q.44-49:

Determine the corresponding time signal for given

bilateral Laplace transform.

e5s

X(s) = with ROC: Re (s) < -2

s+
(A) e 2Pyt +5)
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(A) %e" sin ¢ u(t) (B) 2e “cos t u(t)
» 1, .
(C) 2e"cos t u(t) + 5e sin ¢ u(t)

(D) %e’tcos tu(t—1)+2e " sint u(t - 1)

3 2
58, d y(3t) 49 ygt) L3 D@ _ x(0)
dt dt dt
All initial condition are zero, x(t)=10e*
(A) I_é +5e —5e? + ée‘gJu(t)
3 3° ]
(B) I_é —5e ' +5e + 5 e'3‘—|u(t)
3 3°

(C) %u(t) —Bu(t—-1) +5u(t-2) + %u(t -3)

(D) %u(t) +5u(t —1) —5u(t —2) + % u(t —3)

m The transform function H(s) of a causal system is

2s% +2s5 -2

Ho= a7

The impulse response is
(A) 28(t) —(e™* + e Yu(—t)
(B) 28(t) —(e™" + e"u(?)
(C) 28(8) + e”"ult) — e'u(~2)
(D) 28(¢) + (e + eHu(t)

m The transfer function H(s) of a stable system is

2s -1
H(s)=——"—"—
s2+2s+1

The impulse response is
(A) 2u(—t+1) - Btu(-t+1)
(B) (8te* —2e Hult)
©) 2u(t+1) - 3tu(t+ 1)
(D) (2e™* — 3te "Hu(t)

The transfer function H(s) of a stable system is

s> +5s5-9

H(s) =
&) = T D& 25+ 10)

The impulse response is
(A) —e 'u(?) + (' sin 3t + 2¢’ cos 3t)u(t)
(B) —e‘u(t) — (e’ sin 3¢ + 2¢’ cos 3)u(—t)
(C) —e"ul(t) —(e'sin 3t + 2e' cos 3t)u(t)
(D) —e ‘u(t) + (e’ sin 3t + 2¢’ cos 3t)u(-t)

GATE EC BY RK Kanodia

Signal & System

@ A stable system has input x(¢#) and output
y(t) =e* cos t u(t). The impulse response of the system
is

(A) &(t) — (e cos t + e sin t)u(t)

(B) &(t) — (e cos t + e sin t)ult —2)

(C) &t) —(e* cos t + e* sin t)u(t)

(D) &(t) —(e* cos t + e sin t)ult + 2)

m The relation ship between the input x(¢) and output
y(t) of a causal system is described by the differential

equation

DD 10y =10x(0)

dt
The impulse response of the system is
(A) —10e™"u(~t + 10) (B) 10e ‘u(¢)
(C) 10e™'u(~t + 10) (D) -10e™" " u(t)

m The relationship between the input x(¢) and output

y(t) of a causal system is defined as

2
IO _dYD g ) - _aa() + 50,

dt? dt dt

The impulse response of system is
(A) 3e "ult) + 2e*u(~t)
(B) (3™ +2e*)u(t)
(C) 3e"u(t) —2e* u(-t)
(D) (3e™* —2e*)u(-t)

skeskeoskoskoskokok
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The Laplace Transform

—2s

1. (B) X(s) = T x(te*'dt = Te’s‘dt =¢

0 2 S

©

2. (A) X(s) = T x(Dedt = T u(t +2)dt = j e

0 0 0

1

3.A X =w Pt =———
(A) X(s) =[e™e 5

0

4. (C) X(s) = T x(t)e *'dt = Te”u(—t +2)e " dt
0 0

2(2 s) -1 1 _e72(2—s>

2
.[et(Z s)dt_
0 -8 s—=2

Jb5t bt

5.(©) X()=] R >

Vet =

27 s +25

2 1 _ -2s
6. (B) X(s) = f e dt =

0

1

7. B) p(t) =te'u(t) <L P(s)=

S

L
X(s)=—°
> (s) Gi1”

d
x(t) =2 plt)

8. (A) p(t) =tu(t) «*— P(s)=—

S

q(t) =cos 2mt u(t) <L Q(s)=— s !
s +4n

o) = plt)* q(t) «E— X(s)=P(s)Q(s)

1
X(s)=——
- 2 s(s® + 41?)

«L s P(s)=—

9. (C) p(t) =tu(t)

S
qt) = —tpt) Loy Q(s)—d—P(s) 3—2
W) =—tgH) L X(s)= —Q(s)—%
tut) L ?}1
S

L P(s):1
S

10. (D) p(t) = w(t)

-5

g =ult-1) <= Q)= 5

(s+ 12

GATE EC BY RK Kanodia Chap 5.3
-2t L 1
SOLUTIONS ey e He
s+2
e*(s+2)
) =ePut-1) <+t V(s)= —
s
2t)=q®)*v(t) L X(s)=Q(s)V(s)
—2(s+1)
= X(s)=
df — 1 s+2
s

11. (B —e ¥ cos2 L, pg=—S3t3
(B) p(t) =e " cos2t u(t) «——— P(s) 5137 +4

[pode s 1 jp(r)d + P

= X(s) :%

sl(s + 3)* + 4]

12. (A —o! L P __ s+l
(A) p(t)=e"cost u(t) <«——— (s) GrD o1
_d L _ s(s+ 1

a= g PO = QW=

) =tqt) «Lt— X(s)= —%Q(S)

(s +45+2)
X(s)= o tasS+a)
= (s) (s +2s +2)*
13.B) X(s)=, °*3 4 B
(8°+3s+2) s+1 s+2

A:s+3 :2B:S+3 _ 1
s+2|_, ’ s+1|,_,

x(8) =[2e " — e Ju(t)

14.(A) X(9)=2—— L o9 -

(s+2)(s+3) (s+2) (s+3)

x(8) =28(8) + (e — e u(t)

2s -1 A B
15. X(s) = =
5 O X = G e T 6D 1)
B=(2s-2)|  --3 A=2
x(t) = x(t) =[2e" — 3te “Tu(t)
5s+ 4 A B C

16. B) X(s) =——— ="—

6. (B) X(&) s+3s2+2s s s+1 s+2

A=sX(s)|_ =2, B=(s+ DX(s)|_, =

C=(s+ 2)X(s)‘s}2 =

x(H) =[2+e " —3e 2 u(t)

17. (C) X(s) = s* -3

’ (s+2)(s> +2s+1)
A B C
= + +
(s+2) (s+1 (s+1?2
www.gatehelp.com
Page

275



Page
276

UNIT 5

A=(s+2)X(s)_, =1, C=(s+ 1’ X(s)|
A+B=1 = B=0
x(t) =[e " —te " Ju(t)

=-2
1

3542 s+ 1) 1
18. A X = = —_
B XS = 7 50710 G+ +5 i+ 3

:

x(t) = {Sezcos 3t - %e” sin StJu(t)

4s* + 85+ 10
(s+2)(s* +2s+5)
A B(s+1) C
T (5+2) +(s+1)2 +22 +(s+1)2 +2?
A=(s+2)X(s), , =2
A+B=4 = B=2
5A+2B+2C=10 = C=-
x(t) =[2e* + 2e ' cos 2t — e 'sin 2¢Ju(t)

19. (C) X(s) =

3s” +10s + 10
(s +2)(s* + 65 +10)
A B(s + 3) C
= + +
(s+2) (s+32+1 (s+3%+1
A=(s+2)X(s)|_, -1, A+B=3 =
10A+6B+2C=10 = C=-6

x(t) =[e® +2e ™ cos t — 6e ™ sin ¢u(t)

20. (B) X(s) =

B=2

25> +11s+ 16 +e
(s> +5s + 6)
A B e e
+ + + -
(s+2) (s+3) (s+2) (s+3)
(s +2)2s® +11s + 16)
(s> +5s+6)

21. (D) X(s)=

A= =2

s=—2
2

B_ (s + 3)(223 +11s +16) _ 1

(s +5s+6)

s=—3

x(t) =28(t) +[2e7* — e Tu(t) +[e " —e P Ju(t - 2)

22, (C) P(s)= 51— «Ls p)="Lsin3tult
s +9 3
ol2 2
Q(s) = P(S) s gt =(-D)*t*p(t) = gsin 3t u(t)

R(s)=sQ(s) <L r0) =%q(t) —q(0")

= 2—;Sin 3t u(t) + t% cos 3t u()

V(s) = L L s v =eur)
s+3

|

x(8) =v(t) + r(t) zﬁfsin 3t u(t) + t>cos 3t u(t) + e Ju(t)

GATE EC BY RK Kanodia

Signal & System

23. (C) P(S) Ly aplat)
a

1 L
(s+D*+4

%e't sin 2t w(t)

NORD AN i’”‘smtu(t)

24. (C) P(s) = L pt) =te "u(t)

_1
(s+1)?
—P(s) «t s q= =—t%e"'u(t)

Q(s) = —tp(t)

X(s)=e*Q(s) «Lt— x()=q(t-2)

= xt)=—0t-2) e Put-2)

dax(t)

25. (A) sX(s) + X(s) <«L— + x(2)

= y(t) =(—2sin 2¢ + cos 2¢ )u(t)

26. (B) X(Sj L s ax(at)
a

%cos (z tj u(t)

27. (D) X(s+2) <Lt

X(3s) L

e 2 x()

28. (B) P(s) = X&) 1, [ x(0dr
S -0
L Jcos 2t u(t)dr = sin 2¢

P(s) . jSin2tdr:1_COS2t o)

s o2 4 ’
29. (C) P(s) =e *X(s) <L pt)=xt-3
=Cos Z(t -3 u(t-3)
Q(s) =— P(S) L qt)=-p(t)
=—tcos 2(¢ — 3) u(t — 3).
30. (A) x(£-2) <L e®X(s), Y(s)= 2se 5

+

31. (A) p() :%x(t) «L s P(s)=sX(s)

&) =x()* pt) «E—  Y(s) =P(s)X(s) =s(X(s))*

2s+1)

32. (A) e 'x (t) m

«Lr s X(s+1-=
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The Laplace Transform GATE EC BY RK Kanodia Chap 5.3

33 (B) th(t) L ( ) -8 42, (A) x(t) = e'ze”z sin (2t + 4) u(t + 2)
¢ y ? 2 2
d ( +2) HE+2) <L e*P(s),
eZse—Z
© X = R 1
34. (A) X(s) = [ (e *dt ©= Gy >
PRICE 9 L -1
J.e"e St = j eVt = , Re(s)>-1 43. (A) p() =e'u(-t) «*L—> P(s)=——, Re(s) <-2
9 9 s+1 s+2
B} , q(t) = % pt) «E— Q(s)=sP(s)
35. (B) X(s) = j w(—t + e *'dt = j e 'dt = s
Z Z s xt)=e'q(t) «E— X(s)=Q(s-1)=
+ S

% Re (s) <—1 thus left-sided .
36. (C) Y(s) = f &t+ Dedt=e’, Alls

-0

44, (C) Left-sided

«t s pt) =—eu(-t)

37. (B) X(s) = j(ezij) st Pls) =~
j

X(s)=e*P(s) <«~— x(t)=p(t+5)

S [edt - j ieogy =1 5 Re(s)>0 = x()=-e”"u((t+5))
2J5 J % +s
45. (A) Right-sided
) 0
38. (D) X(s) = f e+ [etedt + [ele P~ 13) L p(t) =eut)
0 —o S =
1 11 &’

= _ _a L 42 5
s+0.5+s+1 s 1 X(s) 7 P(s) ««—=— x(t)=t"e’u(t)

Re(s)>-05, Re(s) >—-1, Re(s) <1

= -05<Re(s)<1 46. (D) Left-sided

xt)=—u(-t)+u(-t+1)+&t+2)
39. (A) X(s) = I t% e *'dt +'f e ‘e dt + je e’s’dt

-0

47. (C) Right-sided, P(s) 1 Lt p(t)=u®)
s

Re(s) <1, Re(s)>-1, Re(s)>05 Q(s)=e™P(s) «*— q®)=pt-3)=u(t-3)
Therefore 0.5 < Re(s) <1 R(s) = %Q(S) L () =-tq(t) = —tu(t - 3)
-1 1 1 ¢
X(s)=——2 _1 _
© -1 +4 (s+D 5-05 Vis) = s R(s) <+ () —J;r(r)dr
40 (C) .’)C(t) —3 —3(t+3)u(t + 3) - U(t) = —I tdt = —%(tz _9)
3
_ 3t L _ 1 t
p(t)—e u(t) > P(S)_s—3 X(S):lv(s) (;) x(t):_% j(tZ _9)
3s s —©
B =plt+3) L Qs)=e"P(s)=— _
1 Pt Qls) = Fls s-3 = x(t):r—l(t3—27)+g(t—3)—|u(t—3)
J I 27 7
X(s) = 3 Re(s) >3
48. (B) X(s) = 3‘42 (‘31)+ 22
41. B) pO*qt) Lo P(IQs) sra lswlsw
Left-sided, x(t) = 3e'u(-t) —2e*"u(~t)
1
X(s) = ( J
S +9 s+1 5 1
49. (A) X(s) = S
Re(s)>-1, Re(s)<0 (s+1D (s+D
= -1<Re(s) <0 Left-sided, «x(t) =—-5u(—t) + te ‘u(-t)
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50. (D) #(0°) =lim sX(s) =———— =0 h(H) =(2e™" - 3te™)u(d).
x> s* +5s5-2
-1 2(s-1) 3
61. (A) H(s) = + +
. s® +2s () Hs) (s+1 (s-D*+3 (s-1*+3
51. (A) x(07) = limsX(s) = ———— =1
e s"+2s-3 System is stable

h(t) =—e ‘u(t) + (2e’ cos 3t + e’ sin 3t)u(-t)
e 2(6s% + s?)

52. (D) x(0") =limsX(s) =< > T5 ) _¢
s s* +2s -2 1 (s +2)
2. (A) X(s)=——, Y(s)=—2
62. (4) X() s+1’ (s (s+2)?%+1
3
53. (A) x(0) = lim sX(s) :2237+33 -0 His) = Y(s) _(s+D(s+2)
0 s°+58s+1 X(s) (s+2°+1
L s+2) 1
54. (C) x(oo):hmsX(s)zzsizz (s+2)°+1 (s+2)+1
s0 s“+3s+1

h(t) =8t) —(e® cos t + e 2 sin t)u(t)
e®2s’+1 1

55. (B) x(eo) =lim sX (s) =5~ ——" =" 63. (B) sY(s) + 10Y(s) =10X(s)
H(s) = Y(s) 10
56. (C) sY(s) —y(07) +10Y(s) =10(s) X(s) s+10
1 = h(t)=10e " wu(t)

y0) =1, X(s)= B

10 1 1 64. (B) Y(S)(sz -8 _2) :X(s)(5s — 4)
Y(s) = + == ~

s(s+1) (s+1 s H(s):Y(s): 5s—-4 _ 3 N 2
2

— y(t):u(t) X(S) s“—-s-2 s+1 s—2

h(t) = 3e 'u(t) + 2e*u(t).
57. (C) s*Y(s) —2s +25Y(s) -2 +5Y(s) =1
(s +25s+5)Y(s)=3+2s
Y(s) = 2s+3  2s+1) 1
s2+2s+5 (s+1D?2+2% (s+1)? +22 stestest okttt

= y(t)=2e"cos t u(t) + %e’t sin ¢ u(t)

58. (B) s*Y(s) + 4s®Y(s) + 3sY(s) _ 10
(s+2)
10 A B C D

Y(s) —+ + +
(s+1) (s+2) s+3

THs+D(s+2(+3 s

A=sY(s) =2 B=(s+ DY(s),_, =-5,
C:@+%W@L4:&D=@+$Y“mw:%

= y@)= E —5e™' +5e + ze3tJu(t)

59. (D) For a causal system A(¢)=0 for ¢<0
1 1

+

s+1 s-1

= W) =281 + (e +eHu)

H(s)=2+

2 3 System is stable

60. (D) H(s) =
0. (D) His)= - =,
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CHAPTER

5.4

THE Z-TRANSFORM

Statement forQ.1-12:

Determine the z-transform and choose correct

option.

xlnl=08n—k], k>0
(A)z", z>0
C)z*, z=0

A xlnl=8n+kl, k>0

A z*, 220
(C)z™*, allz
ﬂ x[n]=uln]

(A)1714, 2151

(C)l%, l21<1

] =(ij (uln] - uln —51)

5 5
@) 27025 1025
z*(z —0.25)

5 5
© 27925 " 025
z%(z —0.25)

B z*, z2>0
D)z*, z=#0

B)z", z20
(D) z*, all z

1
(B) —, lzl<1

z
D) ==, 121>1

2°-0.25°

B) ———"T——, 2>0

2%z -0.25)"
2% -0.25°

D) 77—~ ,allz

2%z -0.25) ’

ﬂ x[n]=3"ul-n -1]
(A) SL lzI>3

3
C) —, lzI>3
()3_2 zl>

2 Inl
@ xinl=|2
@ in) (3)

R
2z-3(3:-2)" 2

B 2% 2,3
2z-3(32-2) 3 2

© 52 2,2
22-3)(3z2-2) 3 3

1) S

(22 -3)(32-2) " 2

ﬂ x[n]:(;) u[n]+(ij ul-n —1]

1 1
@11
1-—z1 1-=z71
4
B 11—
1--z' 1-=2"
2 4
1 1
© —1 —

1--z" 1-=27"
2

(D) None of the above

www.gatehelp.com
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m X(z) = 1 121 <l Consider three different signal
1-4z7%° r .
1
» x [n]=|2" =| = | |uln]
(A) =) 2** DV —n - 2(k + 1] ' [ [2J }
k=0
(B) - izz<k+l>6[—n +2(k + 1] xlnl=-2"ul-n-1]+ 2i ul-n—1]
k=0
© 1
(C) -2 2**V§n +2(k + D] xln]==2"ul-n ~1] - uln]
k=0
(D) — i2z(k+l)8[n —9(k +1)] Fig. P5.4.37 shows the three different region.
k=0 Choose the correct option for the ROC of signal
B X(z)=In(1+2zY, 1z1>0 W
(—]-)kﬁl (‘Dki1 z - plane
(A) T dn -1] (B) — dn +1] R,
k k / R\ 2
© L §n -1 @ " g1 . Re
k k K ;
m If z-transform is given by
X(z) =cos (z7), 1z1>0, Fig. P5.4.37
The value of x[12] is R R, R,
A
A) 1 B) 1 A  xln] x,[n] x5[n]
24 24 (B)  x,[n] x[n] x,[n]
©) _% D) % ©  xlnl x[n] x,[n]
(D) x4lnl x,[n] x,[n]
m X(z) of a system is specified by a pole zero pattern
in fig. P.5.4.36. B Given
Im 1+ zz’1
z - plane X(z) =
1 —12'1 1+ 1z'1
Re 2 3
102
For three different ROC consider there different
solution of signal x[n] :
Fig. P.5.4.36
. . . 1 1 -1y
Consider three different solution of x[n] (a) 1zl >5, xln] :LTH —(3 Ju[n]
1=z (1) Lutny
o _L _(?J Jun by 121< L atn1o| =2 o[22 fumn s 1)
3’ 2"t | 3

xnl=-2"uln ~11- = uln] .
2 (c)1<|z|<1,x[n]:—1u[—n—1]—[_1j uln]
3 2 3

xnl=—2"uln ~11+ %u[—n 1] 2"

Correct solution is Correct solutions are
(A) x,[n] (B) x,[n] (A) (a) and (b) (B) (a) and (c)
(C) x4[n] (D) All three (C) (b) and (c) (D) (a), (b), (c)
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Bf) X(2) has poles at z=1/2 and z=-1. If x[1]=1
x[-11=1, and the ROC includes the point z = 3/4. The

time signal x[n] is

@) 2i uln] ~(~1)" ul-n ~1]
1

(B) o uln] —(-1)"ul[-n -1]
1

©) ot uln]+ ul-n+1]

(D) 2% uln]+ ul-n +1]

x[n] is right-sided, X(z) has a signal pole, and
x[01=2, x[2]1=1/2. x[n]is

[-n] [n]
(A) ”2 o (B) ;‘n’fl

[-n] [-n]
© %" ™) T

The z-transform function of a stable system is given

as

2 —§z’1

H(z) = 1
1-2zHa+ §z71)

The impuse response h[n] is

(A) 2"u[-n + 1] —(;] uln]
-1\
(B) 2" u[-n -1]+ (2) uln]
n _1 5
(C) 2"u[-n-1]1+ [2j uln]

(D) 2" uln] —@ uln]

Let «x[nl=8n-21+3dn+2] The wunilateral
z-transform is

(A) 2 (B) 2*

(C) —2z7* (D) 222

The unilateral z-transform of signal x[n]=u[n + 4]

is
2 4 1
A)1+z+2°+3z+z (B)
1-z
1 2 3 4 1
O l+zr+22%+2%+2 (D)l =
-z

GATE EC BY RK Kanodia

Chap 5.4

The transfer function of a causal system is given as

5z?
Hiz)=————
22 -2-6

The impulse response is
(A) (3" +(=D"2" Muln]
B) (3" +2(-2)")uln]
(C) (3" + (=D 2" uln]
(D) (3" =(=2)""Huln]

A causal system has input

x[n]=dnl+ %S[n -1]- % dn —2] and output

y[n]=5[n]—§6[n—1].

The impulse response of this system is

1 -1y 1Y
(1Y -1Y
(B) 3 5(2j +2(4j uln]
1Y -1y
2 9l 2
o2
1) +2(1j —|u[n]
;) 3]
A causal system has input x[n]=(-3)"uln] and

output
1 n
y[n]={4(2)" —(zj :lu[n].

The impulse response of this system is

1
(C)§ 5

1
D) =|5
()3

n

[ 1Y 1 ] [ 1 ]
A) V[j 40(} Ju[n] (B) V(z")—lo[j Ju[n]
2 2 2
1o@j —7(2)"}@] (D) [10 (z")—7(;j }u[n]

A system has impulse response

(©)

hin] =2inu[n]

The output y[n] to the input x[n] is given by
yln]l=28n —4]. The input x[n]is
(A) 28-n—-4]-3-n-5] (B) 28n+4]-8n+5]
(C)28-n+4]1-J-n+5] (D) 28[n —41-8n -5]
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A system is described by the difference equation

yln] —%y[n -1]1=2x[n -1]

The impulse response of the system is

-1 1
= uln —1] (B) g2

(A) uln + 1]

1 -1

m A system is described by the difference equation
ylnl=xln]-xln -2]+ x[n — 4] x[n - 6]
The impulse response of system is
(A) dnl-28n+2]1+43n+4]1-63n + 6]
(B) dnl+2dn-2]1-4dn -41+63n - 6]
(C) dnl-dn-2]1+Jdn-4]1-dn-6]
D) dnl-dn+2]+dn+4]1-9dn + 6]

m The impulse response of a system is given by

hln]= 4% uln —11.

The difference equation representation for this
system is
(A) 4y[nl-yln —1]1=3x[n —1]

(B) 4y[n]l-yln +1]1=3x[n + 1]
(C) 4y[n]+ yln —11=-3x[n —1]
(D) 4y[nl+ yln +1]1=3x[n + 1]

The impulse response of a system is given by
hlnl=8nl-38n-5]

The difference equation representation for this
system is
(A) ylnl=x[n]l-x[n -5]
(C) ylnl=xln]+5x[n —5]

(B) yIn]l=x[n]l-x[n +5]
(D) y[n]l=x[n]-5x[n +5]

@ The transfer function of a system is given by
H(z) = 2(3z —-2)

2 -z -~
4

The system is
(A) Causal and Stable

(B) Causal, Stable and minimum phase
(C) Minimum phase
(D) None of the above

GATE EC BY RK Kanodia

Signal & System

m The z-transform of a signal x[n]is given by

3

10

Xz)=———"——
1-—z1427?
3

If X(z) converges on the unit circle, x[n] is

n+3
A) - 3:1 5 uln]- ul-n-1]
n+3
(B) 3'“11 ulnl- 3 un 1]
1 3n+3
© 31g uln]- ul-n]
n+3
D) - 3,}1 Culnl-2 —ul-n]

m The transfer function of a system is given as

-1
Hoy-—* sl
5 4
1--2z
4
The Aln] is
(A) Stable (B) Causal

(C) Stable and Causal (D) None of the above

m The transfer function of a system is given as

2(z+;j
H(z)=[ 11 1).
z——|z-=
2 3

Consider the two statements

Statement(i) : System is causal and stable.

Statement(ii) : Inverse system is causal and stable.

The correct option is
(A) () is true
(B) (i1) is true
(C) Both (i) and (ii) are true
(D) Both are false

@ The impulse response of a system is given by
-1y -1y
hln]=10 — | ulnl-9| — | uln]
[ 2 j [ 4 j

For this system two statement are

Statement (i): System is causal and stable

Statement (ii): Inverse system is causal and stable.
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The correct option is

(A) (D) is true (B) (ii) is true

(C) Both are true (D) Both are false

The system
ylnl=cyln —11-012y[n - 2]+ x[n — 1]+ x[n —2]

is stable if
(A) c<112

(C) lel <112

(B) ¢c>112
(D) lel>112

m Consider the following three systems
y,[n]1=02y[n —1]1+ x[n]-0.3x[n — 1]+ 0.02x[n —2]
yy[nl=x[n]-01x[n —1]
y[n]=05y[n —1]1+0.4x[n]-0.3x[r —1]

The equivalent system are

(A) y,[n] and y,[n] (B) y,[n] and y,[n]
(C) y,[n] and y,[n] (D) all

m The z-transform of a causal system is given as

915z
X =
@ =1 157 v05:7
The x[0] is
A) -15 (B) 2
©) 1.5 D) 0

m The z-transform of a anti causal system is

12 -21z
X(z)=_ 2"4%
&= 1227
The value of x[0] is
7
A) —— B) 0
(A) 1 (B)
(C) 4 (D) Does not exist

Given the z-transforms

(8z-7)

X(z)=_ 2020

&= 1.3
The limit of x[o] is

A1 B) 2

(C) o (D)0

GATE EC BY RK Kanodia

Chap 5.4

@ The impulse response of the system shown in fig.
P5.4.62 is
Y(z)

Fig. P5.4.62

@ 25+ Comutnd +%6[n]

(B) 2? 1+ (=1 )uln] + % dn]

n

(sz n 1
(C) 2 1+(-1 )u[n]—gﬁ[n]

2n

1
D) 2 [14(-D" =
(D) 2 [1+(D"Tuln] 28[n]

m The system diagram for the transfer function
z
H(z)=—"
22 +z+1
is shown in fig. P5.4.63. This system diagram is a

X(2) Y(2)
—_—

Fig. P5.4.63

(A) Correct solution
(B) Not correct solution
(C) Correct and unique solution

(D) Correct but not unique solution

stk otk ook ool ko
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2 _ _ -1
24. (A) X(2) =~ 33Z - 13 3z
22+ 2zt 142zt 2
2 2
-2 1 Roc:l <<
14227 | 1 4 2
2

= an]=-22) ul-n-1]- 2i uln]

25. (A) x[n] is right sided

1 49 47
T4 32 32
X(z)= = +
(=) 1-16z" 1+4z' 1-4z"
[49 47

= «xn]l= L (4)”+§4”Ju[n]

26. (C) x[n]is right sided
1 -1
= x[n]=28n+2]1+({(-1D)" —Duln + 2]

27. (A) dnl+28n—-6]+43n -8]

28. (B) x[n]is right sided, x[n]= Z an -kl

k= 5
29. (D) x[n] is right sided signal

X(z)=1+32"'+32%2+27
= x[n]l=8n]l+ 38n-1]+38n -2]+ dn - 3]

30. (A)
x[n]=08n+6]1+dn+2]1+3dnl+258[n—-31+dn—-4]

2 3

2’z
31. (B) X(z)—1+z+a+a+

+1+1+— s

z 21z2 3123
dnl=dnl+ dn+ 1]+ 5[”;' 21, 5[”;' 81 .

dn-2] dn-3]

+onl+dn—-1]+ .

2! 3!

xln]=6[n]+ -
n!

32. (&) X(2) = 1+ +[ 4} —2(42 }

» k
= x[nl= z(lj dn —2k]
k=0 4

GATE EC BY RK Kanodia

_ (ij , neven and n >0

0, n odd
]2, n even and n>0
0, n odd

33. (C) X(Z) :_422 i(Zz)Zk - izZ(kJrl)ZZ(lﬁl)

k=0 k=0

= alnl=-Y22Vqn +2(k + D]
k=0

0 k-1
34. (A)In(1+ )= Z(‘llz (@)
k=1
e k-1
X(2) :Z% (2
k-1
= xlnl- 2(1}2 1]
(-D* o2
35. (B
(B) cos a = ;}(216)'
(-D* 5 -3ky2k
e )_Z(2k)’ :
(-1*
= x[n ]_Z(Qk)' n — 6k]
n=12 = 12-6k=0, k=2,
aiz)=CY L
41 24

36. (D) All gives the same z transform with different

ROC. So all are the solution.
37. (C) x,[n] is right-sided signal
z,>2,2, >% gives z, >2
x,[n] is left-sided signal

1 . 1
2, <2, 2, <5 gives z, <§
x,[n] is double sided signal

2z, >% and z; <2 gives %<23 <2

38. (B) X(z) = i . ‘11 ,
1--z1' 1+=27"
2 z

1 .. : 2 -1Y
Izl>§(R1ght-s1ded) = x[n]—znu[n]—(gj uln]

1 . 2 (-1}
|z|<§ (Left-sided) = «x[n]= |:2+( 3 ] }u[—n—l]

www.gatehelp.com
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1 1 . 2 1Y -2 5

3 <lzl <5 (Two-sided) x[n]= o ul[-n-1]- 3 uln] Hz) - Y) 3 3 ’
. X(2) 1—12'1 1+lz'1

So (b) is wrong. 4 2

1] (-1Y 1Y
39. (A) Since the ROC includes the 2 :% ROC is = hlnl =3[5(2J ‘2(4] }‘[”]
1 <lzl<1, 1
2 46. (D) X(z)=———
A B 1+ 3z
X(z) = 1 + 1 a 4 1
1—5271 Tz Y(z) = — - = 2
A =227 4~ a (1—221)(1—21j
= alnl==—uln]l-B(-D"ul-n-1]
2 Hz) - Y(2) _ 10 =7
123 ~ A-2, X(z) 1-2z7 1_1271
2

d-11=1=(-DB(-) = B-1 F T
1 = hln]=|10(2)" —7[) u(n)
= alnl= F uln]—(-1D)"ul-n —-1] 2

40. (B) x[n]=Cp"uln], x[0]1=2=C 47. (D) H(z) =  Y(2)=227*
-1
x2]1===2p" = p—%, 1-92
1y X(2) = X&) g,y
x[n]:2(2j u(n) H(z)
= x[n]=2[6-4]-8n-5]
AL B) Hz) -—— L+ 1 T
' 1-227 1 4 48. (A) Y(Z)F—Z?J =22'X (2)
hln]is stable, so ROC includes lzl=1 H(z) = Y(z) _ 227
1 X(2) 27!
ROC : =<lzl<2, 1-—
9 2
n 1 n-1
hlnl=(2)"ul-n —1]+(‘21) uln] = h[n]=2(2j uln —1]
42. (A) X'(2)= 3 alnle " =8in-21 " =2 49. (O Hz) = 2@ _(1-z2 124 -2
' X(2)

= hln]l=93n]-dn-2]+3dn-4]1-98n-6]

©

43.D) X' (@)=Y alnk " =3z =t
n=0

1-z71

o

n=

n-1
50. (A) Aln]= i’(ij uln —1]

3 2
B H(Z)zl—iaz’1 ! 1+2z7" §271
h[n]is causal so ROC is Izl >3, H(z) = ;;Z; -4 1
=  hln]=[3""" +2(-2)" luln] 1-2

z' 27 3z7! Y(2) —iz’lY(z) :%Z’IX(Z)

45. (A) X(2)=1+2— -2 Yz)=1-
(A) X(2) +4 3 (2) 1

= y[n]—iy[n—1]=§x[n—1]
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Y(z)
X(z)

= ylnl=xln]-x[n-5]

51. (A) H(z) = 1-27°

1+

"l

52. (D) Zero at : z =0, %, poles at z =

(i) Not all poles are inside IzI=1, the system is not
causal and stable.
(ii) Not are poles and zero are inside |z|=1, the system

is not minimum phase.

_3 27
53. (A) X(z)=—98 8
(&) X(z) 11 R
-5

Since X(z) converges on lzl=1. So ROC must include

this circle.
ROC : %<Iz|<3,

n+3

uln] - ul-n -1]

3"'8

x[n]=-

54. (C) Aln]= 16n(i} ulnl So system is both stable and

causal. ROC includes z =1.

55. (C) Pole of system at : z =—

’

_ N
w |

Pole of inverse system at : z =5

For this system and inverse system all poles are inside

[zI=1. So both system are both causal and stable.

56. (A) H(z) = 110 _ “i
1+-z1t 14+=271
2 4

B 1-2z7"

(1 + 1zIII + 121]
2 4

Pole of this system are inside |zI=1. So the system is

stable and causal.
For the inverse system not all pole are inside IzI=1. So

inverse system is not stable and causal.

57. (C) la,l=012 <1, @, =lcl<1+0.12, lcl <112

58. (A) Yi(2) =1-01z" , Y,(2) =1-01z"

04-03z"

}7 =
Y

GATE EC BY RK Kanodia
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So y, and y, are equivalent.

59. (B) Causal signal x[0]=lim X(z) =2

60. (C) Anti causal signal, x[0]=lim X(z) =4

61. (A) The function has poles at z =1, 2 Thus final

value theorem applies.

7
22z ——)
lim x(n) =lim(z - DX(2) =(z = 1) 4

n —o z 3
(z-1) (z —4)

62. (C) [2Y(2) + X(2)1z27? =Y (2)

-2
Hz) =%
(2) .

Z—Z

1 1

4,4
1-4221  1++/227"

:—% qnl+ i{(ﬁ)n +(2)" }uln]

1
= hlnl=-=+
[n] 2

63. D) Y(2)=X(2)z'-{Y(2)z' + Y(2)z 2}

Yo o 2t oz
Xz 1+z'+2z?% 22+42z+1

So this is a solution but not unique. Many other correct

diagrams can be drawn.

sesfestokoskokokokoskskok
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CHAPTER

5.6

THE DISCRETE-TIME FOURIER TRANSFORM

Stat t fe 1-9: o
atement for Q 5. x[n]=(1j ul-n—1]
Determine the discrete-time Fourier Transform for .
the given signal and choose correct option. (A) eJQi _ (B) 23]? _
2-e”’ 2-e”’
1 Inl<2 jo 972
1. = e e
. xin] {O, otherwise © 2 _ e (D) 2 _ e
sin 5Q sin 4Q
® sin Q (B) sin O ﬂ x[n]=2084 -2n]
. (A) 27729 (B) 2¢7%
sin 250
© Zsna (D) None of the above © 1 (D) None of the above
n xln]=uln]
a xln] :(Sj uln —41] 1 1
4 (A) e (9)) T o B) )
(ﬁe’jg)“ (ﬁe’n)‘* l+e l1-e
A) M — 2 (B) 1 1
-jQ jQ
1_361 1—%6’ (C) TC&Q)‘F@ (D) 1+e*J'Q
3 -jQ)\ 4
©) % (D) None of the above
l+ge A xinl=1-2 -1, 0, 1, 2
T
E x[n]l=uln-2]1-uln - 6]
_ _ _ ' o201 _ ¢¥%) (A) 2j(2sin 2Q + sin Q) (B) 2(2cos2Q —cos Q)
(A) eV 4 ¥ 4 "2 4 50 B -— Ve . .
1—e® (C) —2j(28in 2Q) + sin Q) (D) —2(2 cos 2Q2 —cos Q)
-2jQc1 _ -3/
() e 20 o8I0 | e | B0 D) e (1 jg ) i
1-e B xn]=sin (211)
xnl=a"", lal<1 (A) "(AQ — /2] - JQ + m/2])
(A) 1-a” (B) Loa (B) (8 + 1/2] - 8Q - 1/2])
1-2asin Q + a® 1-2acos Q +a® 9 ™ T
p— 2 — —
©) _1 .a 5 (D) None of the above (©) 22(J0 - /2] -JO + 72D
1-2jasinQ +a (D) jn(dQ + /2] - JQ — n/2])
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The Discrete-Time Fourier Transform

Statement for Q.10-21:

Determine the signal having the Fourier

transform given in question.
_ 1
(1-ae ™2’
(A) (n -Da"uln]

(C) na"uln]

lal<1

X(e™) =

B) (n+ Da"uln]
(D) None of the above

X(e’) =8cos® ®

(A) (dn+2]1+28n]+8n-21)
(B) 23n + 2]+ 28(n]+ dn —21)
(C) —4@n+2]+ dnl+dn-2])
(D) L (@n+2]1+ dnl+ dn-21)

X e
-2j, —1<Q<0
(A) _ 4 gin? [mj (B) 4 sin? (mj
nn 2 nn 2
©) 2 sin? ("”j D) —-8 gin? (’mj
nn 2 nn 2
1, Tt
X (™) = 4 4 ;
{0, 0<lQi<®, 2T<inl<n
4 4

2( . (3nn
(A) n[sm [4) -
(B) 1[sin [?mnj — sin (mj
mn 4 4
()] 2[cos (&mj +cos [mn
n 4 4
(D) 1(cos (31111) + cos (MD
mn 4 4

X =e 2 for -1<Q <n
(A) ndln -1/2] (B) 2ndln -1/2]

n+1
) =D (D) None of the above
n(n—1)
X(e™) =cos 2Q + jsin 20
(A) 278[n + 2] (B) dn+2]
(&N (D) None of the above

GATE EC BY RK Kanodia

Chap 5.6

X(e™) = j4sin 40 -1

(A) 4ndln +4]-4ndn -4]1- 27dn]
(B) 28n+4]-28n-4]1-9n]

(C) dn+41-8n-41-3nl

(D) None of the above

2
+e’+6

5 _2 n+1
(A) o (1 + (3) Ju[n]
_2 n+1
(B) 2"(1 —[3j Ju[n]
Z,n 2 n+l
L el
(9] 5 [( ) +[3j ju[n]

(D) None of the above

X = — 7@

, 2+Le®
X(em) = 1,20 :
8

+le 41
(A) 27" 1+ (=2)" luln]

(B) 27" [1+(-2)" Juln]

(C) 27" (=)™ + 27" Juln]

(D) 27" [(-1)" + 27" luln]

e~
_ 1 ,-J20
1-7e

X =

(A) 2" [1+ (-1)" Juln]
(B) 2" "[1 + (=D)" luln]
(C) 2" " [1=(-D" Juln]
(D) 2" "1 —(-D)" Juln]

2( 1Y 7(1Y

4

(D)

) sl

(B) 3(—3 +;[ij" uln]
(
(
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x[n] :(—;j uln]+ (ij uln] =2"[(-1D" +27" Juln]

. o
19. (C) X(&™) = 2i -2 2
1-—e’”® 1- '

4 2 2

1Y 1Y
x[n] —Z(ZJ uln] —2(—2) uln]

- 21 [1— (=1 Juln] =2""[1 - (~1)" Juln]

2(1Y 7( 1Y
x[n]—9(2j u[n]+9(—4j uln]

(b-a)e”

e —(a + b)e’™™ + ab
(b-a)e™™ B 1 -1

1 —(a+be ™ +abe®® 1-

21. (C) X(e) =

x[n]l=b"uln]l+a"ul-n-1].

22. (D) The signal must be read and odd. Only signal (%)

is real and odd.

23. (A) The signal must be real and even. Only signal (c)

and (e) are real and even.

24. (A) Y(e') =e™X(e’), ylnl=xln+ ol

If Y(e’) is real, then yln]is real and even (if x[n] is
real.). Therefore x[n + a] is even and x[n] has to be
symmetric about o.This is true for signal (a), (c), (e), (f)

and (g).

25. (D) jEX(ej“) dQ =2mx[0],

-7

x[0]=0 1is for signal (c), (f), (g) and (h).

26. (D) X(e™)

Therefore all signals satisfy the condition.

is always periodic with period 2.

GATE EC BY RK Kanodia
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27. (D) X(°) = i x[n], This condition is satisfied only

if the samples of the signal add up to zero. This is true
for signal (b) and (h).

28. (A) X(e’°)= > aln]l=6

n=-—o

29. (A) ylnl=x[n+2] is an even signal. Therefore
Y(e’®) is real and even.

Y(e') =e*°X(e™) = X(e’®) =e %Y (e™),

Since Y(e™) is real. This imply arg{Y(e’*)} =0

Thus arg{X(e’)} =-2Q

30. () [ X(e™) dQ =2m{0] - 4

-n

81 (A) X(e) = 3 (1) ain]=2

n=-wo

DTFT

32. (C) Evian] «2ZT 5 Re(X(e™)

_ (x[n] + x[—n])

E
vix[n] 7

1Yo, Y 1001,2 1,001 Lo -1t
2 2 2
T

33. (D) [|X(e)| —2r 3 |aln]’ =28n

DTFT

.d X(e)
J

4.
34. (C) naln] 70

f ;dX(e’“) 1

| =2nng nP |x[n]’ = 316n

35. (A) Y(e™) =e " X(e’)
3 In—4l
yinl=xln-4]=(n-4) LJ
36. (C) Since «[n] is real and odd, X(e™) is purely

imaginary. Thus y[n]=0.

37. (D) X,(e™) = X(e/**)

xz[n] :{x[n],

0, otherwise
Inl
y[n]_J—jnz(ij , n even

0, otherwise

DrET n even

X(e/?) 2O
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38. (B) Y(e™) = X(e™®) * X(e/ @ 7?) This is possible only if b = —a.
ylnl=2mnlx [n], x[n]=e™xln], dX(e™)
_ 2lnl 44. (A) For x[n]=3nl, X' =1, ‘=0
= ylnl=2mn%™"? [4) dQ
hln] =2i [Y(e™ e dQ =2i e e do
T Y
. d . -7 -
Jy _ Y% JQ .

39. (C) Y(e )_dQX(e ) =iJEejQ("’”dQ=Slnn(n_D

g\l 2m - n(n-1)
= ylnl=-jnaln]= —jn2[4j

45. (B) H(e') = H,(e®) + H,(e)
40. (B) Y(e') = X(e") + X(e ) S12+5e® 1 -2
_r,e 0 1 . 1 .
= ylnl=x[nl+ x[-n] =0 12-T7e" +e l—ge o 1—Ze~’Q
41. (C) For a real signal x[n] H,(e’) :+ , h2[n]:(;) uln]
od{x[n] «2XT 5 Im{X(e’)} 1 —ge”"
JIm{X(e’)}= jsin Q — jsin 20,
_1 @ _ _-je 2 “2j0 o _Y(ejg)
B (e e e t+e ) 46. (D) H(™) = X
Therefore od{x[n]} = F"'{;Im{X(e’")}} 2\ 1
1 (j u[n] DTFT
=§(S[n+1]—8[n—1]—6[n+2]+6[n—2]) 3 1.2 g
3

odix[n]} = M n g e ?
2 2 DTFT . d 1 __3
7 uln] «=———— j =
Since x[n]=0 for n>0, 3 dQ Ll_ge*iﬂ J 1.2 g
3 3

x[n]=20d{x[n]} =8[n +1]-8[n + 2] For n <0

Using Parseval’s relation _ ge 9 g0

w " H(e™) = = .
1 2 9 2 i _ -JjQ
- X s dQ = _ 4 -Q 3 2 e
. _J;J (e )| n;lx[nﬂ 1 e

—1

3= 3 faln]® = (x10) +2 2

o a7, ®) He =Y _ 8
x[0]=+1, But «[0]=0, Hence «x[0]=1 : e )= X(®) . 2 o

-Ze
xn]l=8nl+dn+1]1-8n +2]
—iQ
1_Zej = y[n]—%y[n—l]zéx[n—l]

e = 3y[ln]-2yln-11=2x[n-1].

i n(;) _ i An]— X(e-io) :g sesestofokeskogook

n=0 n=-n

43. (A) For all pass system |H(ejQ)| =1 for all Q

; b+e’®

b+ e’jﬂ| = |1 -a e’jﬂ‘

1+6%+2bcosQ=1+a?-2acosQ
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9.7

THE CONTINUOUS-TIME FOURIER SERIES

x(t)

Statement for Q.1-5:
A
Determine the Fourier series coefficient for given
periodic signal x(¢).
Fo ww @ t
x(t) as shown in fig. P5.7.1 Fig. P5.7.3
(ank | A
=0 (A)ie’(S)—1 (B)jie’(b‘]q
tlo 27k 2nk
T T T T A (A A [ %)
Fig. P5.7.1
A) 1 B) cos[;tkj x(t) as shown in ﬁg.x(tP)5.7.4
A
. Y
(©) sm[2kj D) 2 .
1 ¢
g x(t) as shown in fig. P5.7.2 A
“© Fig. P5.7.4
A A
A (A) k—n(l—(—l)k) (B) k7n(1+(_1)k)
A A
(C) ——(1-(-1)" D) —@1+(-1)")
= S - ¢ Jkm Jkm
i3
Fig. P5.7.2 a x(t) =sin? ¢
1 1 1
&) A sin[ "k B) A cos[ "k (A) —= 8k —11+ = 8[k] -~ 8k + 1]
Jnk 2 Jnk 2 4 2 4
A . (= A T B_lgk_z lk_lkg
<c>nksm(2kj (D)nkcos(zkj (B) — 8k 21+ k]~ dk +2]

) —%S[k—l]+8[k]—%8[k+1]

E x(t) as shown in fig. P5.7.3

D) —%S[k—z]+6[k]—%8[k+2]
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Statement for Q.6-11:

In the question, the FS coefficient of time-domain
signal have been given. Determine the corresponding

time domain signal and choose correct option.

X[k]=jok—11- jok+ 11+ 8k + 31+ dk - 3], o, =27
(A) 2(cos 3nt —sin nt) (B) —2(cos 3nt —sin nt)
(C) 2(cos 67t —sin 2nt) (D) —2(cos 6nt —sin 2mt)

1kl
8] X[k]:[‘;j ,0,=1
4

5
A ———M— B —
( )5+35int ( )4+3sint
5 4
) —— D) —
4 + 3cost 5+ 3cost

B X[k] as shown in fig. P5.7.9 , ®, =7
Rl

k
6 5 4 3 2 -1 0 1 2 3 4 5 6
Z{X[k]
T
k
x
Fig. P5.7.9
(A) 6cos [2nt + nj 3cos [?mt - nj
4 4
(B) 4 cos [4nt —nj—Zcos [Snt + nj
4 4
(C) 2cos [2nt+nJ 2cos(3nt—nj
4 4
(D) 4cos [4nt+ n)+2cos (3nt—nj
4 4
X[k] As shown in fig. P5.7.10 , o, =2=
XTETY
1
..TTTT+TTTTHk
6 5 4 3 2 -1 0 1 2 3 4 5 6
(X[%]}
18n
4 61
4 4n
I IEBE
-o—o ® o—o-
2 @ l 1
-4n
-61
-8n
Fig. P5.7.10

GATE EC BY RK Kanodia
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(A) sin 9t (B) sin 9t
sin it nsin mt
(©) Szm,l&it (D) None of the above
sin w

X[k] As depicted in fig. P5.7.11, o, ==

Xkl
3

N AETE N

6 5 4 -3 -2 -1 0 1 2 3 4 5 6

Fig. P5.7.11
(A) 3cos 3nt + 2 cos 27t + cos nt
(B) 3sin 3nt + 2sin 27t + sin nt
(C) 6sin 3nt + 4sin2nt + 2 sin nt

(D) 6cos 3nt + 4 cos 2nt + 2 cos wt

Statement for Q.12-16:

Consider a continuous time periodic signal x(¢)
with fundamental period T and Fourier series
coefficients X[£].

coefficient of the signal y(¢) given in question and

Determine the Fourier series

choose correct option.
(&) =x(t—t)+x(t—t,)

(A) 2 cos [271‘ kt, jX[k] (B) 2 sin [2; kt, jX[k]

(C) e “X[k]+e “X[-F] (D) e “X[-k]+e “X[k]

y(8) = Evi{x(t)}

A) XI[k]+ X[-F] (B) X[k]-X[-E]
2 2

() XUkl + X [-A] (py Xkl + X [-E]
2 2

y(t) =Re{x())

A) X[kl + X[-E] (B) X[k]- X[-F]
2 2

©) X[E] +2X [— %] (D) X[k] +2X [-&]
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d*x(t)
15.ROGE
15 RIORE

2k \’ 2k’

(A) [Tj X[k] (B) —[Tj X[k]
(2nk Y’ (2nk Y’

(©) J[Tj X[k] (D) —J[Tj X[k]

y(t) = x(4t —1)

A) 2T X[k

8 47
—= B) — X[k
T ()T[]

©) e_jk(%n)X[k] D) ejk[%n]X[k]

Consider a continuous-time signal
x(t) =4 cos 1007t sin 10007t

with fundamental period T :$ . The nonzero FS
coefficient for this function are
(A) X[-4], X[4], X[-7], X[7]
(B) X[-1], X[1], X[-10], X[10]
(C) X[-3], XI3], X[-4], X[4]
(D) X[-9], X[9], X[-11], X[11]

A real valued continuous-time signal x(¢) has a
fundamental period 7'=8. The nonzero Fourier series

coefficients for x(¢) are
X[11=X[-1]=4, X[3]=X[-3]=4

The signal x(#) would be

. 3n

A) 4cos| ~¢|+4jsin| 2t
(A) cos(4 )+ Js1n(4 ]

. 3n
B) 4cos| Z¢|-4 Ty
B) 005(4 ) ‘]cos[4 j
©) 8005(“t)+8cos(3nt+nj
4 4 2
(D) None of the above

The continuous-time periodic signal is given as
x(t) =4 + cos 2—nt + 6sin @t
3 3

The nonzero Fourier coefficients are
(A) X[0], X[-11, X[1], X[-5], X[5]
(B) X[0], X[-2], X[2], X[-5], X[5]
(C) X101, X[-41], X[4], X[-10], X[10]
(D) None of the above

GATE EC BY RK Kanodia
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Statement for Q.20-21:

Let x,(f) and x,(f) be continuous time periodic
signal with fundamental frequency o, and o, , Fourier
series coefficients X [k] and X,[k] respectively. Given
that x,(H)=2,(¢ -1 + x,(1-9)

m The relation between ®, and o, is

(B) o, = of
(D) @, =fo;

The Fourier coefficient X,[%] will be
(A) (X, [k] - jX,[-k]e ™"

(B) (X,[-k]1- jX,[k]e "

(C) (X,[k] + jX,[-k])e

(D) None of the above

A) o, :%

©) o, =y

Statement for Q.22-23:

Consider three continuous-time periodic signals

whose Fourier series representation are as follows.

100 ko g2n
x,(t) = Z[;] e Mo’

k=0
100 EPELR
J
x,(8) = ZCOS kne %°
k=-100

100 _pp2r
NOEDY jsin(k’;je gt

k=-100

% The even signals are
(A) x,(¢) only
(C) x,(8) and x,(8)

(B) x,(8) and x,(2)
(D) x,(t) only

m The real valued signals are
(A) x,(#) and x,(2) (B) x,(¢) and x,(?)
(C) x,(¢) and x,(2) (D) x,(¢) and x,(¢)

m Suppose the periodic signal x(¢) has fundamental
period T and Fourier coefficients X[k]. Let Y[k] be the
Fourier coefficient of y(¢#) where y(¢)=dx(#)/dt . The

Fourier coefficient X[%] will be

) LY 5 Lo B) LYIk]
Jj2nk J2nk
) TYIRL 420 @) TY1A]
Jk Jjk
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% Suppose we have given the following information
about a signal x(¢) :
1. x(¢) is real and odd.

2. x(t) is periodic with T'=2
3. Fourier coefficients X[k]=0 for |kl >1

4. lj\x(nfdt =1
2 0

The signal, that satisfy these condition, is
(A) V2 sin ¢ and unique

(B) v/2 sin ni¢ but not unique
(C) 2sin 1t and unique

(D) 2sin nt but not unique

@ Consider a continuous-time LTI system whose

frequency response is

sin 4®

H(jo) = Th(t)e’j‘“tdt =

(O]

The input to this system is a periodic signal

2, 0<t<4
x(t) =
-2,4<¢t<8

with period 7' =8. The output y(¢) will be
(A) 1+ sin® ("tj (B) 1+ cos? [“tj
4 4

(C) 1+sin (ntj + cos (ntj
4 4

Consider a continuous-time ideal low pass filter

DO

having the frequency response

1, lol<80

H(jo) =
() {o, lol> 80

When the input to this filter is a signal x(¢) with
fundamental frequency o, =12 and Fourier series
coefficients X[k], it is found that x(¢) «=— y(¢) = x(¢).

The largest value of | £l, for which X[%]is nonzero, is

(A) 6 (B) 80
(O (D) 12
@ A continuous-time periodic signal has a

fundamental period 7' =8. The nonzero Fourier series

coefficients are as,

X[11=X"1-11=j, X[5]1=X[-5]=2,

GATE EC BY RK Kanodia
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The signal will be

(A) 4cos (n tJ —2sin (n tj
4 4

(B) 2cos (ntj + 4 sin (n tj
4 4

(C) 2cos (ntj +2sin (rc tj
4 4

(D) None of the above

Statement for Q.29-31:

Consider the following three continuous-time

signals with a fundamental period of 7'=1

x(t) =cos 27t , y(t) =sin2nt , z(¢) = x(¢) y(¢)

@ The Fourier series coefficient X[%] of x(¢) are
(A) L(dk+ 11+ dk—-1D)
(B) $(dk+1]1-k—-11)
(C) L(dk-11-3% +1])
(D) None of the above

m The Fourier series coefficient of y(¢), Y[k] will be
(A) 2(Jk+ 1]+ dk+1])

(B) L(8k+ 11—k -1])

(C) L(k-11-dk+1])

(D) 55k + 1]+ 8k +1])

The Fourier series coefficient of z(¢), Z[k] will be
(A) 5k -2]-dk+2])
(B) 55k -2]-dk +2])
(C) ;;dk+2]-dk-2]

(D) None of the above

m Consider a periodic signal x(f) whose Fourier series

coefficients are
2, k=0

X[k]: | 1 ] .
][2j , otherwise

Consider the statements

dx(t)

1. x(¢) is real. 2. x(¢) is even 3. is even

The true statements are
(A)1and 2

(C) only 1

(B) only 2
(D) 1 and 3
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Statement for Q.33-36: &) % + 24 (in ¢ - %sin 3t + % sin 5¢....)
A waveform for one peroid is depicted in figure in "
question. Determine the trigonometric Fourier series (B) A + 2A (cos ¢ —lcos o + lcos 3¢...)
and choose correct option. 2 T 2 3
E ©) é+%(cost—lcos 3t+1cos 5¢....)
2 ks 3 5

x(8)

(D) é+ %(sint+cost+ 1sin 3t + 1cos 3t....)
2 T 3 3

.
—————13
.
;
a
-

x(t)

Fig. P5.7.33 2
(A) g(cost+1cos2t + 1cos 3t + lcos 4t +....)
b1 2 3 4
-1 1 ¢
(B) 2 (sint - Lsin2t + Lsin 3¢ - Lsin 4¢+....) / l-l \
b 2 3 4
Fig. P5.7.36

(C) g(sint+cos t —lsinZt —lcos2t + 1sin 3t+....)
T 2 2 3 1 12 1 1
(A) =+ — (cos nt + —cos 3nt + — cos 5nt +....)
2 . 1. 1 1 . 2 = 9 25
(D)—(s1nt+cost+§s1n3t+§cos 3t+gs1n5t+....)
T

(B) 3+ %(cos it + 1cos 3nt + icos Snt+....)
T 9 25

(C) 1 + %(sin nt—lsin 3t + isin5m‘—....)
x(t) 2 n 9 25
A
(D) 3+%(sin nt—lsin 31rt+isin5rct—....)
b1 9 25
. L,
A EET TS
Fig. P5.7.34
(A)é-|~ﬂ sint+lsin2t+1sin3t+....
2 T 2 3
(B) é + ﬁ cos t + 1cos 3t + 1cos5t ..t
2 b1 3 5
©) 4A[sint+1sin 3t+1sin5t+....)
b1 3 5
(D) 4A(costJrI(:OSZt+1cos 3t +)
b1 2 3

x(t)

-t T lnt
2 2

Fig. P5.7.35
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SOLUTIONS

17 : A
1. (D) X[kl=—- [A&(pe ™ dt="",
T J, T

A=10, T =5, X[k]=2

1 T2 ) 1 T _
2. (C) X[k]zi J‘x(t)efjkw‘,tdt - J.Aefjko)“tdt
T ~T/2 T -T/4
) T
Ale ™8 A | [nk]
i =—sIn| —
T|=jho, |x
4
A, 0<t <ﬂ
3

3. (B)T=2n,m0=§—n=1, x(t) = 4
T 0, ?n<t<2n

2 _ ays [ 1

xib1- L Frtvena = L Taemar - A [ ATy

271',0 2m 0 21’[kL _I
4.C) T=2 o 2" cn x(p=) b ~1<t<0
2 A, 0<t<1

1 0 1
X([k]= % j x(t)e Mdt = ;( j —Ae ™ dt + j Aejk"tdt]
1 -1 0

_ Jkn —Jjkn_
SANLmeT e T A gy
2\ Jjkn —jkn Jkm
jt_ it _ ,
5. (A) sin2t=[e 2,e ] =Zl(e2”—2+e’2’t)
J

The fundamental period of sin® (¢) is m and o, = 2 2,
n

-1 1 1

7. (C) x(t): ZX[k]eJZTtkt :J'ejZT(t_je—jZHt +ej67rt +e—j6nt

E=—

=-2sin2nt + 2 cos 67t

. _ (.1 -k = (_1 ko
8. (D) «(t)= D X[kle™ =) (3) e+ Z(?J e

k=-x0 k=-x0 k=0
-1
3¢ 1 4
= + =
1 1 ;, 5+3cost

1+=e’ 1+=-e
3 3

GATE EC BY RK Kanodia
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9. (D) x(t) = 3 X[kle™
k=-—x

Jjn

LT LT s
:267 JZej(%l)nt + ejzej(%)nt n eifej<3)nt + zejzej@)nt
:2(e—j(4nt+ﬂ/4) + ej(4nt+r¢4)) + (efj(3nt—r¢4) + ej(3nt—n/4))

=4cos (47t + n/4) + 2 cos(3nt — n/4)

10. (A) X[kl=e*™ -4 <k <4

4 4 :
_ionk ink ok (-1 sin 9t
x(t)ZEeJnejtZEejn(t): -
ho4 hod sin mt

11. (D) X[k]l=1kl, -3<k<3

()= 3 X[kle™

k=-0
— 3ej(73)nt + zej(fZ)nt + e.f(fl)mt + ej(l)nt + 2ej(2)7t2 + Sej(S)frl

=6cos 3nt + 4cos 2nt + 2 cos nit

12. (A) x(¢—¢,) is also periodic with 7. The Fourier

series coefficients X,[%] of x(¢ —¢,) are

e Jkot,

Ix(r) e dr

X [k]= 1 j x(t —t,)e *ddt =
T T T

=e M0 X[k]

Similarly, the FS coefficients of x(¢ + ¢,) are

X,[k]=e""X[k]

The FS coefficients of x(¢ —¢,) + x(t + ¢,) are

Y[kl = X,[k]+ X,[k]=e 7" X[k] + ™" X[ k]

=2cos (o kt,) X[£]

x(t) + x(—1t)
2

The FS coefficients of x(¢) are

13. (A) Ev{x(®)} =

’

1 — jko t 1 ko T
X, k] = i x(~t)e” Moddt = l (1) e dv = X[k]

Therefore, the FS coefficients of Ev{x(¢)} are
Y[k]:X[k];X[—k]

x () + x'(2)
2

The FS coefficient of x'(¢) is

14. (C) Re{x(d)} =

>

1 * —Jjko t *
Xl[k]:?.lx () e ™ tdt =X, [-k]

: 1 ot 3, _
Xi[kl= £ x(t)e™ dt = X[—k]

X,[k]= X [-k]
X[k]+ X[~ F]

Y[k]=
[%] 2
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X[k]=cos (llog;rkj+2jsin(gk)

(A) 12—9(6[n +5]+ dn -5 +19(3n +2]-dn -2]),nl<9

(B) %(S[n+5]+ dn-5])+@®n+2]1-dn-21),Inl<9

©) g(S[n+5]+ dn -5 +9@n+2]-8n-2]),Inl<9

D) %(8[n+5]+ dn -5]) +@ln+2]1-dn-21),Inl<9

X[F]=cos (“k j

21

(A) %(S[n + 4]+ 8n—4]), Inl<10

(B) %(S[n L 4]+ 8n—4]),1n1<10
21

©) ?(S[n +4]1-8n-4]),nl<10

D) %(S[n L A]—8n—4]),1nl<10

Statement for Q.15-20:

Consider a periodic signal x[n] with period N and
FS coefficients X[%]. Determine the FS coefficients Y[£]

of the signal y[n] given in question.

ylnl=xln-n_]

[2n

® o 3

A) ej(mn”kX[k]

(C) kX[k] (D) —-kX[k]
ylnl=x[n]- x[n -2]
(A) sin (‘]‘\’; ij[k] (B) cos (‘]‘\’; ij[k]

©) [1 _ AR JX[k] D) [1 AR JX[k]

y[nl=x[n]+ x[n + N/21, (assume that N is even)
(A) 2X[2k 11, for 0 <k s(g] - 1)

(B) 2X[2k 11, for 0 <k gg

(C) 2X[2k], for 0<k S[]; - 1]
(D) 2X[2k], for0<k sg

GATE EC BY RK Kanodia
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ylnl=x[n]-x[n - N/2], (assume that N is even)
(A) (1-(-D"HXI[2k] (B) (1 -(-D"XI[k]
(C) (1 -(-D*")X[k] (D) (1-(-D"")X[2k]

ylnl=x"[-n]
(A) - X[k ]

(C) X'[k]

B) -X'[-k]
D) X'[-%1

m yln]l=(-1)" x[n], (assume that N is even)

N N
A X k-— B) X\ kE+—
(){ 2} (){+2}

N

) X{k—gu} (D) X{k+2—1}

Statement for Q.21-23:

Consider a discrete-time periodic signal

1, 0<n<7
x[n]=
0, 8<n<9

with period N =10. Also yln]=x[n]—x[n-1]

The fundamental period of y[n] is
A9 (B) 10
© 1 (D) None of the above

@ The FS coefficients of y[n] are

(8m (87
(A) % (1 _ ej(5)k] (B) % {1 _ ej[fi]k]
L[, (A

m The FS coefficients of x[n] are

J %) k
(A) —Ze ' cosec ( ] Y[k],E#0
2 10

Jj A% nk
(B) =e ‘' cosec ( ] Y[k, k-0
2 10
1R (wk
©) 2 e sec (10 j YI[Z]

1 *J'[ij nk
D) Lo 0 e[ R )y
( )26 sec[loj [%]
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The Discrete-Time Fourier Series

Statement for Q.24-27:

Consider a discrete-time signal with Fourier

representation.

DTFS; ~
xn] «——2— X[k]

In question the FS coefficient Y[k] is given.

Determine the corresponding signal y[n] and choose

correct option.

Y[k 1= X[k -51+ X[k +5]

(A) 2sin (;nj x[n]

(C) 2sin [; nj xln]

PR Y(k]=cos (n;jX[k]
(A) %(x[n +5]+ x[n +5])

()] %(x[n +10]+ x[n +10))

P Yik]l= X[k]* X[k]
(x[n])?
27

(C) (x[n])?

A)

Y[kl=Re(X[E]}
(A) x[n]+ x[-n]

2
x[n] - x[-n]

(©) o

(B) 2cos (751: nJ x[n]

(D) 2cos [;nj xln]

(B) %(x[n + 2]+ x[n -2])

(D) None of the above

(B) j2n(x[n])?

(D) 2n(x[n])®

x[n]-x[-n]
2

x[n]+ x[-n]
21

(B)

D)

m Consider a sequence x[n] with following facts :
1. x[n]is periodic with N =6

2. 25: x[n]=2
n=0

3. Y (-1 xdnl=1
n-2

4. x[n] has the minimum power per period among the
set of signals satisfying the preceding three condition.

The sequence would be..

(A) {1 Ly 1}

(B) {o Y 1}
2 3 4
T

(D) {.0,1,2, 3, 4,..}
T

GATE EC BY RK Kanodia
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@ A real and odd periodic signal x[n]has fundamental
period N =7 and FS coefficients X[k] Given that

X[15]=j, X[16]=2j, X[17]=3j. The values of
X[0], X[-1], X[-2], and X [-3] will be

(A0, j, 2j, 3j B)1, 1,23

©) 1, -1, -2, -3 (D)0, —j , -2, -3/

m Consider a signal x[n] with following facts

1. x[n] is a real and even signal
2. The period of x[n]is N =10
3. X[11]=5

4. LS IXRf =50
10 n=0

The signal x[n] is

T . T
(A) 5 cos [10 nj (B) 5sin (10 n}

(C) 10 cos (g n) (D) 10 sin (’5‘ nj

Each of two sequence x[n] and y[n] has a period
N =4. The FS coefficient are
X101=X[3]~_ X[1]-_ X[2]-1 and

Y[0], Y[1], Y[2], Y[3]=1

The FS coefficient Z[%] for the signal
z[nl=x[nlyln] will be

(A) 6 (B) 6l

(C) 6" D) 2"

m Consider a discrete-time periodic signal

with a fundamental period N =20. The Fourier

series coefficients of this function are

@A) %(u[k 51— ulk—6]), k<10

B) %(u[k 51— ulk—5]), 1H<10

(C) (ulk +5]1—ulk + 6]), |kI<10
(D) (ulk +5]-ulk—-61), |kI<10
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The Discrete-Time Fourier Series

1. D) N=7,0 ="

2n

xln]= Z Xlkle L5 g5l g (0

=4cos (%nj—l
7

12. (C) N =12, Q, =

(T

X Xlkl=e 1)

x[n]—ze[j U :zs: (]k(nl)

k=

T

j(74)é(n—1) J6(n -1)
e 1-e sin —(n 1)

( 1_ e’e(” 1)] sm(lZ(n —1))

13. (A) N=19, 0, =2

X[k]=cos (mnkj +2jsin (lonkj
19 19

1( -i» % _js) 2T i o I,
—2le 19 4o 71" 1], 19 4o 1
2

By inspection

x[n]=12—9(6[n F 51+ 8n—5])+19 (8n+2]-8[n -2,

Where Inl<9

14. (A) N=21, 0, = 2"

X[k]=cos (87[ kj ; ( 71‘(74%]3 +e M);:kj

Since X[k] _N x[n]e’jm"", By inspection
21
—_ =+
dnl={2" " +
0, otherwisen e{-10, -9,...... 9. 10}
N-1 _j| 2 kn
15. (B) Y[k]= % S 2ln —n,le 1)
n=0

_ % eij[%]kn‘) NZ:I x[nle [i\?]kn _ eij[il\ff[)kn"X[k]

n=0

16. (C) Y[k] = X[k] - e’j[%“X[k] :[1 ok ]X[k]

GATE EC BY RK Kanodia
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17. (C) Note that y[n]=x[n]+ x[n + N/2] has a period

of N/2 and N has been assumed to be even,

4n
Y[k]—% i (dlnl+ aln+ N/2]e A5

=2X[2k] for 0 <k<(N/2-1
18. (B) y[nl=xln]l-x[n - N/2]

,j[ﬂ]ﬁk .
Yikl=|1-e ‘V'* |X[k]=(1-e"™)X[k]

|0 k even
| 2X[E], kodd

19. (C) y[nl=x"[-n]

- i 22 |kn .
Yirl= L S xonle ST
Nn:O

20. (A) With N even
27\ N
ylnl=(-D"x[n]=e""x[n]= e( J ? x[n]
271
Y[k]——Ze[ ) 2 x[nle J( )kn

2x) (, N
:%Nzlx[n]e J( ]n[kigj = X[k~ N/2]

n=0

21. (B) y[n]is shown is fig. S5.8.21. It has fundamental

ylnl

2 3 4 5 7 8

Fig. $5.8.21

period of 10.

271
22. (B) Y1k = > slnle il

n=0

aiee )t

23. (A) yInl=x[nl-x[n-1]

2n
Y[k]=X[k]-e ( ]X[k] = Xl[k]=

www.gatehelp.com

Y[k]

Page
321



Page
322

UNIT 5

R LT

Sk _ w5 2jsin G‘g’)

) e 71{5]@] cosec (n’ kj Y[k]
10

2
24. (D) Qoz% , Y[kl=X[k-5]+ X [k+5]

= ylnl= [eﬂﬁ)lon + eﬂi&ﬁn jx[n] =2cos (;t nj x[n]

.igk —jgk
25. (B) Y1k]=cos (gkj xip - < te L

_ 1(ej(2)11‘;k N ej(—Z)%k ]X[k]
2
1
= ylnl] :g(x[n -21+ x[n +2)])
26. (C) Y[k]l=X[E]* X[k] = ylnl=xlnlxln]=(x[n])?

27. (A) Y[k]=Re{X[k]} = yln]=Evi{x[n]} = 2

28. (A) N=6,Q, =% )

5

From fact 2, Zx[n]=2
n=0

(2r

- (1;;5(:)9](6)

(0)k

1 1
== = X[0]==
x[n] 3 [0] 3,

7
From fact 3, Z(—l)" x[n]=1

n=2
1 j(%]@)k 1 1
= =Y x[n]l==, X[3]==
6 ,LZ:;‘) 6 6
By Parseval’s relation, the average power in x[n] is

5
P =Y [X[k]
k=0

2
’

The value of P is minimized by choosing
X[1]1=X[2]=X[4]=X[5]=0
Therefore

2o 1 11

nl=X[0]+ X[3]e[? U %

GATE EC BY RK Kanodia
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29. (D) Since the F'S coefficient repeat every N. Thus
X[1]=X[15], X[2]=XT[16], X[3]=XI[17]

The signal real and odd, the FS coefficient X[%] will be
purely imaginary and odd. Therefore X[0]=0
X[-11=-X[1], X[-2]=-X[2], X[-3]=-XI[3]

Therefore (D) is correct option.

30. (C) Since N =10, X[11]=X[1]=5
Since x[n]is real and even X[k] is also real and even.
Therefore X[1]=X[-1]=5.

Using Parseval’s relation ) |X [k]‘2 =50 = i‘X [k]‘2
N K1
2 2 2 8 2
IXT[-17" +| X117 +| X101 + X |X[k] =50
k=2
2 8 2
X101 + Y |XTE] =0
k=2
Therefore X[k]=0 for £=0,2, 3, ..... 8.

[2n (2n
x[n]l= ZX[k]e](W)kn = i X[k]ej[ﬁjk"
N k=1
= 5[6-1‘(12(’)‘]" + ej[%]n ] =10cos (g nj

S X[1YTk-1]

k=<N>

31. (A) z[n]=alnlyln] 225

—  Z[k1=3 X[YTk 1]

=0
= Z[R]=X[0]Y[k]+ X[1]Y[k -1]+ X[2]Y [k - 2]+ X[3]Y[k -3]

=Y[k]+2Y[k-1]1+2Y[k-2]+ Y[k - 3]
Since Y[k]is 1 for all values of k.
Thus Z[k]=6, for all k.

32. (A) N =20 We know that
sin(llnkj
20

sin (n’ k]
20
Using duality

sin &n
20 DTFS;% i 1, |klI<5
0, 5<lkI<10

. (n j 20
sin| —n
20

stk stesfeskok skok

DTFS;~
10

1, Inl<5
0, 5<lnl<10
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CHAPTER

6.1

TRANSFER FUNCTION

The equivalent transfer function of three parallel
blocks

Gi(s)=—1  Gys)=—1 and Gys) =53 is
s+1 s+4 s+5

(s® +10s® + 34s + 37)
(s+1D(s+4)s+5)
(s+3)
(s+1)(s+4)s+b)
~(s®+10s* + 34s + 37)
(s+1D(s+4)s+5)

—(s+3)
(s+D(s+4)(s+5)

(A)

a The block having transfer function

1 1 1
G9=—, G =—, Gys)=""
s+2 s+5

S+

are cascaded. The equivalent transfer function is
(s® +10s® + 37s* + 31)
(s+2)s+3)(s+5)

s+1
(s+2)(s+3)(s+b)

—(s®+10s% + 37s* + 31)
(s+2)s+3)(s+5)

~(s+1
(s+2)(s+ 3)(s+5)

(B)

()

(D)

E For a negative feedback system shown in fig. P.6.1.3

s+3
s+4

s+1
s) = 512 and H(s) =

The equivalent transfer function is

C(s)
o

Fig. P.6.1.3

s(s+2)(s+3)
s*+7s> +12s5+ 3
s(s+2)(s + 3)
s*+5s> +4s5-3
(s+D(s+4)
s*+7s* +12s+ 3
(s+D(s+4)
s +5s> +4s5 -3

(A)

(B)

(©)

(D)

A feedback control system is shown in fig. P.6.1.4.

The transfer function for this system is

Fig. P.6.1.4
&) GG
1+ HGG,G,
B GG
G,(1+ H,G,G,)
(e A
1+ HGG,G,

G,(1+ H,G,G,)
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UNIT 6

a Consider the system shown in fig. P.6.1.5.

o H%%

Fig. P.6.1.5

The input output relationship of this system is

C(s) C(s)
—oa}—-v

(A) (B)
R(s) Cs) R(s) Ce)
wfora}—
© (D)

ﬂ A feedback control system shown in fig. P.6.1.6 is

subjected to noise N(s).

N(s)

C(s)

Ml
Fig. P.6.1.6
The noise transfer function Cy (5 is
N(s)
(A) L (B) _ G,
1+ G,G,H 1+GH
(©) _ G (D) None of the above
1+G,H

A system is shown in fig. P6.1.7. The transfer

function for this system is

RGs) , . . ({0 C(s)

Fig. P.6.1.7
G,G,
1+ G,G,H, + G,H,
G,G,
1+G,G, + HH,
G,G,
1-G,H, -G,H, + G,G,H H,

(A)

(B)

©

GATE EC BY RK Kanodia
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G,G,

D
) 1+ GH, +G,H, + GG,H H,

E The closed loop gain of the system shown in fig.
P6.1.8 is

N —n <
1
3
Fig.P6.1.8
(A) -2 (B) 6
(C) -6 (D) 2

ﬂ The block diagrams shown in fig. P.6.1.9 are

equivalent if G is equal to

R C
(s) s+ 9 (s)

—

%)
—_

+

R(s) 1 C(s)
s+ 1 .
Fig. P.6.1.9
(A)s+1 (B) 2
(C)s+2 D)1

Consider the systems shown in fig. P.6.1.10. If the
forward path gain is reduced by 10% in each system,

then the variation in C, and C, will be respectively

R C
S 7Y 1
R C.
LNy &

Fig. P.6.1.10

(A) 10% and 1% (B) 2% and 10%

(C) 10% and 0% (D) 5% and 1%

The transfer function < of the system shown in the
fig. P.6.1.11 is

Fig. P.6.1.11
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Transfer Function

(A) GlHZ (B) G1G2H2
H,(1+ G,G,H,) H,(1+ G,G,H,)
) —_G:Gi D) G,G,

1+ H,H,G,G, H,(1+ G,G,H,)

In the signal flow graph shown in fig. P6.1.12 the

sum of loop gain of non-touching loops is

Fig. P.6.1.12

(A) t32t23 + t44 (B) t23t32 + t34t43

(C) Lystyslsy + by (D) tystsy + taytys + by

For the SFG shown in fig. P.6.1.14 the graph

determinant A is

g
Fig. P.6.1.13

(A) 1-0bc - fg —befg + cigj
(B) 1-bc - fg —cigj + bcfg
(C)1+bc+ fg+cig j—bcfg
(D) 1+ be+ fg + befg —cigy

The sum of the gains of the feedback paths in the
signal flow graph shown in fig. P.6.1.13 is

1 a b c 1
f e d
Fig. P.6.1.14

(A) af + be + cd + abef + bede

(B) af + be + cd

(C) af + be + cd + abef + abedef

(D) af + be + cd + cbef + bede + abedef

GATE EC BY RK Kanodia
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A closed-loop system is shown in fig. P.6.1.15. The

noise transfer function C,(s)/N(s) is approximately

R(s) 1 G, C(s)

N(s)
Fig. P.6.1.15

1

A) ——————
G,(s)H,(s)

For |G,(s)H,(s)H,(s)| <<1

(B) | For |G, () Hy(s)Hy(s)| >> 1

-H (s
1

© H,(s)H,(s)

For |G,(s)H,(s)H,(s)|>>1
1

D
G,(s)H,(s)H,(s)

For |G,(s)H,(s)H,(s)| <<1

The overall transfer function £ of the system shown
in fig. P.6.1.16 will be

.[—I1 'HZ
R 1 G
C
Fig. P.6.1.16
G
A G B
(A) (B) 1+,
© e (D) &
1+ H)(1+H,) 1+H, +H,

Consider the signal flow graphs shown in fig.
P6.1.17. The transfer 2 is of the graph

[
Dol

ol

1
2

Fig. P.6.1.17
B)b
(D) a,b and ¢

(A) a
(C) b and ¢
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Consider the List I and List II
List I

(Signal Flow Graph)

List II

(Transfer Function)

P w0 —» o l.a+b
X a %o
Q. ‘Gj 2. ab
X1 1 a %o
S. o—»—t:j—»—o 3. a
P o (1-ab)
R. X1 a 1 % 4 a
$ 1-b
b
The correct match is
P Q R S
(A) 2 1 3 4
B) 2 1 4 3
<) 1 2 4 3
(D) 1 2 3 4

For the signal flow graph shown in fig. P6.1.19 an

equivalent graph is

Fig. P.6.1.19

t,+1, tty t,ty t+t,

€ €3 €y € eg €4
(A) (B)
t,+ 1t tity L.ty t+t,

ey ey €y ey ey ey
©) D)

m Consider the
P.6.1.20

block diagram shown in figure

R(s)

For this system the signal flow graph is

GATE EC BY RK Kanodia

Control Systems

(A)

(B)

()

(D)

The block diagram of a system is shown in fig.
P.6.1.21. The closed loop transfer function of this system

is
R(s)
Fig. P.6.1.21

(A) G1G2G3

1+ G,G,G.H,
(B) G1G2G3

1+ G,G,G;H H,
(C) G1G2G3

1+ G,G,H, + G,G;H,
(D) G1G2G3

1+ G,G,H, + G,G,H, + G,G,H,

@ For the system shown in fig. P6.1.22 transfer
function C(s)/R(s) is

> G I
L2l
R(s) o> Cls)
4—0
KOy
Fig. P.6.1.22
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Transfer Function

G3

(A)
1- H,G, - H,G, - G,G,H,

G, + GG,

B
® 1+ HG, + H,G,+ G,G,H,

G,

C)
( 1+ HG, + H,G, + G,G,H,

G,
1-H,G, - H,G, - G,G,H,

(D)

In the signal flow graph shown in fig. P6.1.23 the

transfer function is

R 5 3 2 C
-3
Fig. P.6.1.23
“A) 3.75 B) -3
) 3 (D) -3.75

m In the signal flow graph shown in fig. P6.1.24 the
gain C/R is

Fig. P.6.1.24

44 29
A) — B) —
( )23 ( )19

44 29
C) — D) =
( )19 ( )11

% The gain C(s)/ R(s) of the signal flow graph shown in
fig. P.6.1.25 is

G, G
RGs) 1 ‘ 1 Cls
-H,
Fig. P.6.1.25
A) GG, + G,G,
1+ G,G,H, + G,G;H, + G,
(B) GG, + G,G,
1+G,G,H, + G,G.H, -G,
©) G.G, + G,G,
1+ G,G.H, + G,G,H, -G,
D) G.G, + G,G,

1+G,G,H, + G,G,H, + G,

GATE EC BY RK Kanodia
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E The transfer function of the system shown in fig.
P.6.1.26 is
R(s)

C(s)
_ o

Fig. P.6.1.26
(A) G1G2 (B) GIGZ
1-G,G,H, - G,G,H, 1-G,H, - G,G,H,
(©) G,G, D) &G
1-G,H, + G,G,H, H, 1-G,G,H,H,

For the block diagram shown in fig. P.6.1.27
transfer function C(s)/R(s) is

Fig. P.6.1.27

(A) G1G2

1+ GG, + G,G.G, + G,G,G,G, + G,G,G.G.,G,
(B) G1G2

1+ G,G, + G,G,G; + G,G,G .G, + G,G,G,G,G,
©) G, +G,

1+ G,G, + G,G,G; + G,G,G .G, + G,G,G,G,G,
D) G, +G,

1+ G,G, + G.G,G, + G,G,G,G, + G,G,G.G,G.G,

@ For the block diagram shown in fig. P.6.1.28 the

numerator of transfer function is

C(s)
b

Fig. P.6.1.28

(A) G4[G, + G, + G(G, + GY]
(B) G,[G, + G, + G(G, + G))]
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(C) G4lG, + G, + GG, + Gy)] B The closed loop transfer function of the system
(D) None of the above

m For the block diagram shown in fig. P.6.1.29 the

transfer function C(s)/R(s) is

50(s —2) 50(s —2)
(A) B) —————
s® + 5% +150s — 100 s® + 5% +150s
50s 50 Fig. P.6.1.32
C D >
( )33+32+1503—100 ( )32+s+150

shown in fig. P6.1.33 is
m For the SFG shown in fig. P.6.1.30 the transfer

function < is

R G, Gy Gy 1 ¢
-H, -H, -Hy
Fig. P.6.1.30 Fig. P.6.1.33
G +G,+G

(A) L 2 3 A G,G,G, + G,G,G, + G,G,

1+ G H, + G,H, + G, N GGGl H,H, + GH,H H, + G,H,
(B) Gl + GZ + G3 (B) (;2(;"4 + G1G2G3

1+G,H, +G,H, +G,H,+ G,G,H H, 1+G,G,H,H,H, + G,H, + G,G,H, H,

G,G,G

(C) 123 C G1G3G4 + G2G4

1+GH, +G,H, + G,H, (H+@@mm+@m+agmm
(D) GIGZGS (D) G1G3G4 + G2G3G4 + G2G4

1+G,H, +G, H, + G,H, + G,G,H H, 1+G,G,G,HH,H, +G,G,HH, +G,H,

Consider the SFG shown in fig. P6.1.31. The A for

. . Statement for Q.34-37:
this graph is
A block diagram of feedback control system is

shown in fig. P6.1.34-37

Ry(s) Cy(s)
—

O
i

Fig. P.6.1.31
(A) 1+ G, H, + G,G,H, + G,G,H, Ry
(B) 1+ G, H, - G,G,H, - G,G,H, + G,G,H,H,
(C) 1+ G,H, + G,G,H, + G,G,H, - G,G,H,H,
D)1+ GH, + G,G,H, + G\G,H, + G,G,H,H,

Cyls)

Fig. P.6.1.34-37

m The transfer function 4

@ The transfer function of the system shown in fig. - is
P.6.1.32 is -
G G1-G)
A —— B ——~
(A) _G,Gy + GGy B) _ GGy + GG, = 1-2G* ® 1-2G?
1-G,H, + G,G, 1+ G,H, -G,G,
G1-2G) G
(©) _G:Gs+ GG, D) _G:Gs + GG, © =@ D)~
1+ G,H, +G,G, 1-G,H, -G,G,
www.gatehelp.com
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ﬁ The transfer function G s The transfer function for this system is

21R, =0
G G
(A) 1 902 (B) 1o Ry(s) Cyls)
G* G*
C D
© 1-2G* D) 1-G?

Fig. P.6.1.40-41

@ The transfer function G is

LIR,=0 A) 2s(2s + 1) B 2s(2s + 1)
A) GA+@G) B) G* 25 +3s+5 2% +13s+5
1-2G* 1-2G* (©) 2525+ 1) (D) 2525+ D
© G? D) G 45 +13s+5 45> +3s5+5
1-G* 1-G*

The pole of this system are

The transfer function & is (A) -075 + j1.39 (B) 041, - 609
2R, =0 (C) -05, -167 (D) —-0.25 + j0.88
G1+@G) G
A — —~ B ——
&) 1-2G* ( )1—2G2
C D) ——
© 1+G (D) 1-G?

Statement for Q.38-39:

A signal flow graph is shown in fig. P.6.1.38-39.

Fig. P.6.1.38-39

m The transfer function % is

1

(A) 1 (B) 1+G,H,
A A
©) % (D) None of the above

m The transfer function % is

2
G,G,G, + G,G,
A
G,G,G, +G,G, (n) 616G + G.G,
G,G,G, 1+G,H,

(A) B) G,G,G,; + G,G,

©)
Statement for Q.40-41:
A block diagram is shown in fig. P6.1.40-41.
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SOLUTIONS

1. (A) G,(s) =G,(s) + Gy(s) + Gy(s)
1 1 s+3
= + +
(s+1D (s+4) (s+5H)

8" +95+20+s” +6s+5+ 5 +5s” +4s + 35 + 155 + 12
(s+D(s+4)(s+5)

_s°+10s® + 34s + 37
(s+1D(s+4)s+b)

(s+1)

2. (B) G9) = G(9Gy(9Cils) = o =

C(s) G(s)
R(s) 1+ H(s)G(s)

s+1
s(s +2) _ (s+D(s+4)
(s+3) (s+1) s*+7s*+125+3
(s+4) s(s+2)

3. (C)

1+

4. (B) Multiply G, and G, and apply feedback formula

and then again multiply with Gi .

1
T(s) = _ GGy
G,(1+ G,G,H,)

5.D) T(s) =G,1+G)+1=1+G, +G,G,

6. (A) Open-loop gain =G,
G,

+ 12

Ty(s) =

7. (D) Apply the feedback formula to both loop and then
multiply

T(S) _ Gl Gz
1+G,H \1+G,H,

— GIGZ
1+G,H, +G,H, + G,G,H H,

-—6

8. (C) For positive feedback ¢ __6
R 1-%1
3

9. (D) For system (b) closed loop transfer function
G G+s+1 G+s+1 _s+2

+1 = ,
s+1

, Hence G =1
s+1 s+1 s+1

10. (A) In open loop system change will be 10% in C,

also but in closed loop system change will be less

GATE EC BY RK Kanodia
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10 10 ,_9

C, = TR 2
10+1 11 9+1

= 19—0, C, is reduced by 1%.

11. (A) Apply the feedback formula and then multiply
1
b Ty 0
y H,
1
(H,G))| —
c_ " (Hj __ HG

R 1+H,GG, HQ1+GG,H,)

12. (A) There cannot be common subscript because
subscript refers to node number. If subscript is common,

that means that node is in both loop.

13. (D) L, =-bc, L, =—fg, L, = jgic, L, L, =bcfg
A=1-(-bc - fg + cigj) + befg =1+ bc + fg —cig j + befg

14. (A) In this graph there are three feedback loop. abef

is not a feedback path because between path x, is a

summing node.

15. (B) By putting R (s) =0

_H,G
PIZ_H2G1,L1:_G1H2H1, Alzl, Tn(s):ﬁ
if (G HLH,|>> 1, T,(s) = 120 1

G1H2H1 Hl

16.(C)P, =G, L =-H, ,L,=-H,, L L, =H,H,, A =1
G G

T(s) = =
1+H, +H,+HH, (1+H)1+H,)
17.(B)Ga:1,Gb:1+1=2,GC:1+1+1+1:1
4 4 4 4

There are no loop in any graph. So option (B) is correct.

18. (B)

P.P =ab, A=1, L=0,T=ab

Q P =a,P,=b,A=1 L=A,=0,T=a+b
a
a-b
a
1-ab

R.P =a L =bA=1-b, A =1 T=

S.P =a, Li=ab, A=1-ab, A, =1, T =

19. (A) Between e, and e, , there are two parallel path.
Combining them gives ¢, + ¢, . Between e, and e, there
is a path given by total gain ¢, . So remove node e, and
place gain ¢, of the branch e,e, . Hence option (A) is

correct.
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20. (A) Option (A) is correct. Best method is to check the
signal flow graph. In block diagram there is feedback
from 4 to 1 of gain —H,H, . The signal flow graph of
option (A) has feedback from 4 to 1 of gain -H, H, .

21. (C) Consider the block diagram as SFG. There are
two feedback loop -G,G,H, and -G,G,H, and one
forward path G,G,G, . So (D) is correct option.

22. (B) Consider the block diagram as a SFG. Two
forward path G,G, and G, and three loops
-G,G,H,, -G,H,, -G,H, .

There are no nontouching loop. So (B) is correct.

23. (C) P, =5x3x2=30,A=1-(3x-3)=10

w1, €30

R 10

24. (A) P, =2x3x4=24 ,P,=1x5x1=5

L=-2, L,=-3 L,=-4, L,=-5,

LL,=8, A=1-(-2-3-4-5)+8=23,

A =1 A, =1-(-3) =4,

C _24+5x4 44

R 24 23

25. B) P, =G,G,, P,=G.G,

L, :_G3G2H1 , Ly :_G1G2H1 ’

There are no nontouching loop.
PA +PA, GG, + G,G,

1-(L,+L,+L) 1+G,G,H, +G,G,H, -G,

Ly=G,, A =A,=1

T(s) =

26. (C) P, =G,G, , L, =-G,G,H,H, , L, =G,H,
Cls) _ G,G,
R(s) 1+G,G,H,H,-G,H,

27. (B) There is one forward path G,G,.
Four loops -G,G, , - G,G,G, , - G,G,GG,
and -G,G,G,G,G, .

R(s) 1 G, G, 1 C(s)
-H, I H,
Fig. $6.1.27

There is no nontouching loop. So (B) is correct.
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28. (A) SFG:

Fig. $6.1.28

P, =G,G:G; , P, =G,G,G;, P,=G,G; , P, =G,G;

If any path is deleted, there would not be any loop.
Hence A, =A, =A;=A, =1

C GG, + GG + GGG + G,GG;

R A

29. (A)

Fig. $6.1.29
15050
Ys? (s+1) s(s+1)
1 50 -100
2t s+1( ) s¥(s+1)
_ 50 .ﬁz -100
'Ts+l s s(s+1)
1 50 -50
L= . cs-(=1) =
e e S Y e
1 50 100
L.=—. (=) (1) =2
g s+1( ) D s s+ 1)
B 100 N 50 3 100
s(s+1) s(s+1 s%*(s+1
A=A, =1
C _P+P, _ 50(s —2)
R A s* +s% + 1505 —100

30. (D) P, =G, G, G,

L, =-GH, L,=-G,H,, L;=-G;H,

L L,=G,G,H H,
A=1-(-G,H,-G,H,-G,H;)+G,G,H H,
A=1+GH +G,H,+G,H, + G,G,H H,

A =1

[ G,G,G,

R 1+GH +G,H,+G,H,+G,G,H H,
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6.2

STABILITY

Consider the system shown in fig. P6.2.1. The range
of K for the stable system is

Ci
@ T}y

1 —y
22+ 1|
Fig. P6.2.1
(A) —1<K<—1 (B)—1<K<1
2 2
(C) -1<K <1 (D) Unstable

a The forward transfer function of a ufb system is

Gls) = K+
(s+1D(s+2)

The system is stable for
(A)K <-1
(C)K <-2

B)K >-1
D) K >-2

a The open-loop transfer function with ufb are given

below for different systems. The unstable system is

2 2
A B 2
( )s+2 ( )sz(s+2)
2 D 2(s+1)
s(s+2) s(s+2)

Consider a ufb system with forward-path transfer

function

_K(s+3)(s+5)

G(s) =
= s —as— )

The range of K to ensure stability is

(A)K>§ (B)K<—1orK>§

©) K <-1 (D%&<K<§

a Consider a ufb system with forward-path transfer

function

_K(s+3)

Gs) =
) s*(s+2)

The system is stable for the range of K
(A) K >0 (B) K <0
(CO)K >1 (D) Always unstable

ﬂ The open-loop transfer function of a ufb control

system is

Gs) = K(s+2)
(s+D(s-7)

For K >6, the stability characteristic of the
open-loop and closed-loop configurations of the system
are respectively
(A) stable and unstable

(B) stable and stable
(C) unstable and stable
(D) unstable and unstable

The forward-path transfer function of a ufb system is

K(s* - 4)
G(s)=25 "%
(©) s +3
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For the system to be stable the range of K is

(A)K >-1 (B)K<g

(C) -1<K <§ (D) marginal stable

E A ufb system have the forward-path transfer function

K(s+6)

G(s)=————~
s(s+ (s + 3)

The system is stable for
(A)K <6
(C)0<K <6

(B) -6 <K <0
(D)K >6

ﬂ The feedback control system shown in the fig. P6.2.8.

R(s) K1 +T5) ce)
s2(1+s)
Fig. P6.2.9

is stable for all positive value of K, if
(A) T=0 (B) T <0
(C) T>1 D 0<T<1

Consider a ufb system with forward-path transfer

function

~ K
T (s+15)(s +27)(s + 38)

G(s)

The system will oscillate for the value of K equal to
(A) 23690 (B) 2369

(C) 144690 (D) 14469

The forward-path transfer function of a ufb system is
K(s-2)(s+4)s+5)

G(s) =
© (s> + 3)
For system to be stable, the range of K is
1 3
A)K>— B K <2
B K> BE<

3

©) 1 <K <— (D) Unstable
54 40

The closed loop system shown in fig. P6.2.12 become
marginally stable if the constant K is chosen to be

(A) 30 (B) 30

(C) 10 (D) -10
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The open-loop transfer function of a ufb system is

R(s) % 1 C(i)
9“ s(s + 1)(s + 5) -
Fig. P6.2.12
G(s) = K(s +210)(s +20)
s (s+2)

The closed loop system will be stable if the value of
K is
(A) 2
(C) 4

(B) 3
D) 5

Statement for Q.14-15:
A feedback system is shown in fig. P6.14-15.

<]

R(s) Cl(s)

-

L]

-

@
=

+

Fig. P6.2.14-15

The closed loop transfer function for this system is
s +5" +28° + (K +2)s> +(K +2)s + K

A
@) s +s2+2s+K

2s* + (K +2)s® + Ks?
s$+s2+2s+ K

B)

s +s2+2s+K

C
( )35+s4+233+(K+2)32 +(K +2)s+K

s +s2+2s+ K
2s* + (K +2) s* + Ks?

(D)

The poles location for this system is shown in fig.
P6.2.15. The value of K is

Jjo
Fig. P6.2.15
(A) 4 (B) -4
(C) 2 (D) -2
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(A) stable (B) unstable
(C) marginally stable

(D) More information is required.

The forward path transfer of ufb system is

1
GO = e+ D

The system is
(A) stable

(C) marginally stable

(B) unstable

(D) More information is required

m The forward-path transfer function of a ufb system is

B G(s)
2s* + 55 + 5% +2s

G(s)

The system is

(A) stable (B) unstable
(C) marginally stable

(D) more information is required.

m The open loop transfer function of a system is as

K(s+0.1)

G(s)H(s) =
(s)H(s) s(s —02)(s®> + s +0.6)

The range of K for stable system will be
(A) K >0.355 (B) 0149 <K <0.355

(C) 0236 <K <0.44 (D) K >0.44

m The open-loop transfer function of a ufb control
system is given by
K

G(s) =
s(sT, + D(sT, + 1)

For the system to be stable the range of K is

(A) 0 <K <(1+1J (B)K>[1+1]
T T, L T,

(C)0<K <TT, (D) K >T,T,

The closed loop transfer function of a system is

s®+ 45> + 8s+16

T(s) =
s°+3s* +5s® +s5+3

The number of poles in right half-plane and in left
half-plane are
(A) 3, 2
1, 4

(B)2, 3
D) 4, 1
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M The closed loop transfer function of a system is

(s+ 8)(s+6)

T(s) =
s®—s* +4s%—4s* + 35 -2

The number of poles in RHP and in LHP are
(A4, 1 B 1, 4
©) 3, 2 (D) 2, 3

E The closed loop transfer function of a system is

s+ 352 +7s+24

T(s) =
s®—2s* +3s* - 65> +25s -4

The number of poles in LHP, in RHP, and on jo

axis are
A2 1, 2 B)o0, 1, 4
@1 0, 4 D)1, 2, 2

m For the system shown in fig. P6.2.34. the number
of poles on RHP, LHP, and imaginary axis are

R(s) 507 Cs)
st + 353 + 1052+ 30s + 169 -
Fig. P6.2.34
A2, 3, 0 B)3, 2, 0
<2 1, 2 D1, 2, 2

m A Routh table is shown in fig. P6.2.36. The location
of pole on RHP, LHP and imaginary axis are

s’ 1 2
s° 1 2
s° 3 4
s 1 -1
Fig. P6.2.35
A1, 2, 4 B)1, 6, 0
@1, 0, 6 (D) None of the above

@ For the open loop system of fig. P6.2.35 location of
poles on RHP, LHP, and an jw-axis are

R(s) -8 C(s)
— -

845965 +52+5-6

Fig. P6.2.35
(A) 3, 3,0 B)1,3,2
©1,1,4 D) 3, 1, 2
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G(s)
1+ G(s)

~ K(s—2)(s+4)(s+5)

"~ Ks® + (7K + 1)s® + 2Ks + (3 - 40K)

Routh table is as shown in fig. S.6.211

11. (C) T(s) =

GATE EC BY RK Kanodia

s® K 2K
s? 7K +1 3-40K
s ex
s’ 3-40K
Fig. S.6.2.11
K >0,
7K +1>0 = K> —%
2
M >0 = K > i = i <K < i
7K +1 54 54 40
3-40K >0 = K<—
12. (A) T(s) = 1
) s*+6s>+5s+K
Routh table is as shown in fig. S.6.212
s® 1 &)
s? 6 K
st 30-K
s’ K
Fig. S.6.2.12
K(s+10)(s +20)

13. (D) T(s) =

s? + (K +2)s* + 30Ks + 200K

Routh table is as shown in fig. S.6.2.13

s? 1 30K
s? K +2 200K
s' 30K? -140K
s° 200K

Fig. S.6.2.13

200K >0 — K >0, 30K®-140K >0

= K >%, 5 satisfy this condition.

14. (B) First combine the parallel loop 52 and 2 giving
s s

Page
340

K

7t

» | N

. Then apply feedback formula with [KZ + 2) and
s? s

[v/)

1
(s+1)

, and then multiply with s®.

S[E 2
s’ s _ 25" +(K +2)s’ + Ks®

1 [K 2) s’ +s*+25+ K
1+ — t =
s+1\s” s

15. (C) Denominator =s® + s> +2s + K
Routh table is as shown in fig. S.6.2.15

T(s) =

Control & System

s? 1 5
s® 1 K
s' 2-K
s’ K

Fig. S.6.2.15

Row of zeros when K =2,

s=-1 j\2, —jV2

s?+2=0, =

16. (D) Applying the feedback formula on the inner loop

and multiplying by K yield

K
G- K

o - N
T(s) = K

s +5s2+7s+ K

17. (B) Routh table is as shown in fig. S.6.2.17

s? 1 7
s? 5 K
s’ K
Fig. S.6.2.17
35-K

K >0, >0 = K<35

5

18. (C) At K =35 system will oscillate.
Auxiliary equation 5s® + 35=0, = s=1+ 7

19. (B) For inner loop

Gi(s) = K S "
(s —a)(s+ 3a)s+4a) P(s) P(s)+ K
K

F ter loop, G,(s)=T(s) =————,
or outer loop, G,(s) =T(s) PG 1K
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K 2K -1 ]
T(s)=———, 0 K>=
(s) Ps)+ 2K > = > L 109
Therefore if inner loop is stable for X <K <Y, then %>0 - K >?%9J 18
outer loop will be stable for X <2 K <Y a
= g <K <X
2 9 23. (B) Characteristic equation
s*+95°+20s> + Ks + K =0
K(s+2) . .
20. (D) T(s) = Routh table is as shown in fig. S.6.2.23
s* +38s®-3s> + (K + 3)s + (2K — 4)
Routh table is as shown in fig. S.6.2.20 st 1 20 K
3
st 1 3 2K — 4 s : LS
s 3 K+3 2 S K
1 K(K-99)
S _ (K+312) 9K — 4 S K180
1 K(K+33) s° K
S K+12
&0 9K 4 Fig. $.6.2.23
For stability 0 <K <99
Fig. S.6.2.20
<K +12) K(s+2)

3 >0 = K<-12, 2K -4>0

= K >2 and K >-33, These condition can not be met

simultaneously. System is l;nstable for any value of K

21. (D) Routh table is as shown in fig. S.6.2.21

s* 1 1 1
s? K 1
s? £L 1
o T
SO
Fig. S.6.2.21
K>0, K-1>0 > K=>1, K;;i_le>0,

But for K >1 third term is always -ive. Thus the three

condition cannot be fulfilled simultaneously.

22. (D) Routh table is as shown in fig. S.6.2.22

s 1 4+ K 25
s? 2 9
s® st 25
s° 25
Fig. S.6.2.22

24. (C) T(s) =

Routh table is as shown in fig. S.6.2.24

s*+3s* -3 + (K +3)s +( 2K - 4)

s* 1 -3 2K —14
s? 3 K +3
s® K12 2K -4
s’ 2K -4
Fig. S.6.2.24

For K <-33, 1 sign change

For
For
For
For

-33<K <-12, 1 sign change
-12 <K <0, 1 sign change
0<K <2,
K >2,

3 sign change

2 sign change

Therefore K >2 yield two RHP pole.

25. (B) Routh table is as shown in fig. S.6.2.25

s* 1 8 15
s’ 4 20
s 3 15
s' 6 ROZ
s’ 15

Fig. S.6.2.25
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d P(s)
s
on jw-axis 2 roots, RHP 0, LHP 2. 29. (B) The characteristic equation is 1+ G(s)H(s) =0
= s(s —02)(s> +5+0.6) + K(s+0.1)=0
s*+0.85”+04s* +(K -012)s + 01K =0

2 RHP poles so unstable.

P(s) =3s” + 15, = 65, No sign change from s” to s°

26. (B) Closed-loop transfer function is

T(s) G(s) 240
8= 1+G(s) s*+10s®+35s%+50s+264 Routh table is as shown in fig. S.6.2.29
Routh table is as shown in fig. S.6.2.26 o 9 0.4 1
4
s 1 35 264 s? 0.8 K -012
3
s 10 50 52 055 — 125K 0.1K
s? 30 264 s ~1.25K2+0 63K -0.066
0.55-1.25K
1
s -386 ROZ S0 01K
0
8 264 Fig. S.6.2.29
Fig. S.6.2.26 K >0, 055-125K >0 = K <044

Two si h . RHP-2 poles. System i t stable.
o sign change poles. System is not stable 195K + 0.63K —0066 >0

27. (C) Closed loop transfer function (K —0.149)(K —0.355) <0, 0.149 < K < 0.355
T(s) = G(s) _ i 1 i
1+G(s) 4s*+4s*+1

Routh table is as shown in fig. S.6.2.27

30. (A) Characteristic equation

s(sT, + D(sT, + 1)+ K =0

st 4 4 1
5 16 o ROZ T,T,s* +(T, + T)s* + s + K =0
S Routh table is as shown in fig. S.6.2.30
s? 2 1
st 46 ROZ s’ LT, 1
s° 1 s” T+ T, K
Fig. S.6.2.27 s' S
Pls)=4s' +4s+1, P _165% 1 3 s° K
s
There is no sign change. So all pole are on jo-axis. So Fig. 8.6.2.30
system is marginally stable. K>0, (T+T,)-TT,K>0 = 0<K <(; i ;j
1 2
28. (B) Closed loop transfer function
T(s) =G _ 1 31. (B) Routh table is as shown in fig. S.6.2.31
1+G(s) 2s*+5s°+s*>+2s+1
Routh table is as shown in fig. S.6.2.28 s” 1 5 1
4
s 9 1 1 s 3 4 3
& 5 9 s? 3.67 0
32 1 1 82 4 3
5
S 93 s' -2.75
s° 1 s’ :
Fig. S.6.2.28 In RHP -2 poles. In LHP -3 poles.
www.gatehelp.com
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32. (C) Routh table is as shown in fig. S.6.2.32

&+ - s° 1 4 3
+ 4+ .
S -1 i -2
s? € 1
+ —
" _ 82 1;45 _2
. + 81 Zelt1;4a
- s° -2
Fig. S.6.2.32
3 RHP, 2 LHP poles.

33. (B) Routh table is as shown in fig. S.6.2.33

s° 1 3 2
s* —2 —6 -4
s® -2 -3 ROZ
s? -3 —4
s -1
s’ —4
Fig. S.6.2.33
dP(s) _

P(s) =—-2s* - 657, =-8s°-12s, -2, -3

s
No sign change exist from the s* row down to the s’ row.
Thus, the even polynomial does not have RHP poles. Therefore
because of symmetry all four poles must be on jo-axis.

Joraxis 4 pole
RHP 1 pole (1 sign change)
LHP 0 pole

34. (D) Closed loop transfer function

T(S):L
1+ G(s)+ H(s)

507s
s® + 3s* +10s® + 30s® + 169s + 507

Routh table is as shown in fig. S.6.2.34

s® 1 10 69
s* 3 30 57
s? 12 60 ROZ
s® 15 507
s' -345.6
s’ 507

Fig. S.6.2.33

GATE EC BY RK Kanodia
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dP(s)
s

P(s) =3s* + 30s® + 507, =12s* + 60

From s* row down to s° there is one sign change. So
LHP-1+1=2 pole. RHP-1 pole, jow-axis —2 pole.

35. (A) Notice that in s® row there would be zero. In this

dF(e) P(s)=s°+2s* —s* -2

have been entered. From s° to row down to the s° row,

row coefficient of , where

there is one sign change. So there is one pole on RHP.
Corresponding to this pole there is a pole on LHP.
Corresponding to this pole there is a pole on LHP. Rest
4 out of 6 poles are on imaginary axis. Rest 1 pole is on
LHP.

36. (A) Routh table is as shown in fig. S.6.2.36

g + - s° 1 -6 -6
+ o+
s® 1 0
oo st _6 0
- s 24 0 ROZ
s? £
+ —
st =L
p— + ¢
s° -6
- Fig. S.6.2.36
P(s)=—6s*—6, PO __ggsr
S

There is two sign change from the s* row down to the s°
row. So two roots are on RHS. Because of symmetry rest
two roots must be in LHP. From s° to s* there is 1 sign
change so 1 on RHP and 1 on LHP.

Total LHP 3 root, RHP 3 root.
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Time Response

ﬂ A system is shown in fig. P6.3.8. The rise time and

settling time for this system is

R(s) 1 10 C(s)
— | 2 ——
S (s+10)
Fig. P6.3.8

(A) 0.22s, 0.4s (B) 0.4s, 0.22s

(C) 0.12s, 0.4s (D) 0.4s, 0.12s

ﬂ For a second order system settling time is 7, =7 s and
peak time is 7, =3 s. The location of poles are

(A) -0.97 + j0.69
(C) -1.047 + j0.571

(B) -0.69 + j0.97
(D) -0.571 + j1.047

For a second order system overshoot =10% and
peak time 7, =5 s. The location of poles are

(A) -0.46 £ j0.63
(C) -0.74 £ j0.92

(B) -0.63 + j0.46
(D) -0.92 + j0.74

For a second-order system overshoot =12 % and
settling time =0.6 s. The location of poles are
(A) -9.88 + j6.67 (B) -6.67 £ j9.88
(C) 4.38 + j6.46 (D) -6.46 + j4.38

Statement for Q.12-13:

A system has a damping ratio of 1.25, a natural

frequency of 200 rad/s and DC gain of 1.

The response of the system to a unit step input is

(A) 1+ Ee—SOt _geflsot (B) 1 _ée—IOOt i 1e74ooz
3 3 3

(C) 1 + le—IOOt _ée%OOt (D) 1 + ge—E)Ot _ée—1505
3 3 3 3

The system is
(A) overdamped (B) under damped

(C) critically damped (D) None of the above

Consider the following system

a. T(s) :L
(s+3)(s+6)
b. T(s) = 10(s +7)
(s +10)(s +20)
20
T(s)=——————
¢. Ts) s? 4+ 6s+144

GATE EC BY RK Kanodia

Chap 6.3

s+2
d. 7t = 5=

(s+5)
CT(s) = ———
e 1) = 10y

Consider the following response

1. Overdamped 2. Under damped

3. Undamped 4. Critically damped.

The correct match is

1 2 3 4
(A) a c d e
(B) b a d e
(®) c a e d
(D) c b e d

The forward-path transfer of a ufb control system is

1000

G(s) =
(1+0.1s)(1+10s)

The step, ramp, and parabolic error constants are

(A) 0, 1000, 0
(©) 0, 0, 0

(B) 1000, 0, 0
(D) 0, 0, 1000

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

K1 +2s)1+4s)

Gle) = s3(s® +2s+ 8)

The position, velocity and acceleration error

constants are respectively

(A) 0, 0, 4K (B) w, %,o

(C)0, 4K, » (D) w, oo, %

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

50

Gs)=——M
(1+01s)(1+2s)

The position, velocity and acceleration error
constants are respectively
(A) 0, 0, 250
(C) 0, 250, o

(B) 50, 0, 0
(D) o, 50, 0
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Statement for Q.18-19:

The forward-path transfer function of a unity

feedback system is

K
s"(s+a)

G(s) =

The system has 10% overshoot and velocity error
constant K, =100.

The value of K is

(A) 237 x 10° (B) 144
(C) 14.4 x 10? (D) 237
The value of a is

(A) 237 x 10° (B) 237
(C) 14.4 x 10? (D) 144

m For the system shown in fig. P6.3.20 the steady
state error component due to unit step disturbance is

0.000012 and steady state error component due to unit

ramp input is 0.003. The values of K, and K, are
respectively
D(s)
R(s) K (s+2) % K, C(s)
A0S) >
(s+3) s(s+4)
Fig. P6.3.20

(A) 16.4, 1684 (B) 1250, 2.4

(C) 125 x 10°, 0.016 (D) 463, 3981

The transfer function for a single loop nonunity

feedback control system is

1 1
H(s) =
, H(s) G611

Gls) = — ~
& s>+s+2

The steady state error due to unit step input is

6 6
A) = B) =
()7 ()5
2
C = D) 0
()3 (D)

M For the system of fig. P6.3.22 the total steady state
error due to a unit step input and a unit step

disturbance is

GATE EC BY RK Kanodia

Control Systems

D(s)
R(s) 1 ‘é_ 100 C(s)
s -
(s+5) s(s+2)
Fig. P6.3.22

49 49
A -2 B) 2
(A) T ( )11

63 63
c) -9 p) 93
©) 11 ( )11

m The forward path transfer function of a ufb system
is
K

G(s) =
s(s+ 4)(s+ 8)(s +10)

If a unit ramp is applied, the minimum possible
steady-state error is
(A) 0.16

(C) 0.14

(B) 6.25
(D) 7.25

m The forward-path transfer function of a ufb system

18

1000(s? + 4s + 20)(s* + 20s + 15)

Gls) =
) $°(s + 2)(s + 10)

The system has r(¢) =¢* applied to its input. The
steady state error is

(A) 4x107™*
(C) o

(B) 0
(D)2x107°
m The transfer function of a ufb system is

10%(s + 3)(s + 10)(s + 20)
s(s +25)(s + a)(s + 30)

G(s) =

The value of a to yield velocity error constant

K,=10* is
(A) 4 B) 0
(C) 8 (D) 16

@ A system has position error constant K, =3. The
steady state error for input of 8tu(¢) is

(A) 2.67 (B) 2

(C) o (D)0
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The forward path transfer function of a unity
feedback system is

1000

Gl = 200" + 451 10)

For input of 60u(¢) steady state error is
(B) 300
(D) 10

(A0
(C)

@ For ufb system shown in fig. P6.3.28 the transfer
function is

Cl(s)

Fig. P6.3.28

20(s + 3)(s + 4)(s + 8)
G(s) = 5
s (s +2)(s+15)

If input is 30¢°, then steady state error is
(A) 0.9375 B)0

(C) » (D) 64

@ The forward-path transfer function of a ufb control
system is

450(s + 8)(s + 12)(s + 15)
G(s) = 3
s(s + 38)(s” +2s +28)

The steady state errors for the test input 37¢u(¢) is
(B) 0.061

(D) 609

(A) O
(C) ©

m In the system shown in fig. P6.3.30, r(¢) =1 + 2¢,
t > 0. The steady state error e(¢) is equal to

r(t) e(t) 10(s + 1) @)
s2s +2) o
Fig. P6.3.30
1
A) = B) 5
5
(N0 (D) o

A ufb control system has a forward path transfer

function

101 + 45)
Gle) = s(1+s)

GATE EC BY RK Kanodia
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If the
r)=1+¢t+1¢*, ¢>0 the steady state error of the
system will be
A0
(C) 10

system is subjected to an input

(B) 0.1
(D) «

m The system shown in fig. P6.3.32 has steady-state

error 0.1 to unit step input. The value of K is

R(s) K C(s)
X 2
(s+100.1s+1)
Fig. P6.3.32
(A) 0.1 (B) 0.9
(C) 1.0 (D) 9.0

Statement for Q.33-34:

Block diagram of a position control system is
shown in fig.P6.3.33-34.

1 C(i)
5(0.55+ 1) -

Fig. P6.3.33-34

If K,=0 and K, =5, then the steady state error to
unit ramp input is
(A) 5
(C) ©

(B) 0.2
(D) 0

m If the damping ratio of the system is increased to
0.7 without affecting the steady state error, then the
value of K, and K, are
(A) 86, 12.8
(C) 24.5, 3.9

(B) 49, 9.3
(D) 43, 64

@ A system has the following transfer function

100(s + 15)(s + 50)
G(s) = 4 2
s* (s +12)(s” + 3s +10)

The type and order of the system are respectively
(A) 7 and 5 (B) 4 and 5

(C) 4 and 7 (D) 7 and 4
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SOLUTIONS

1. (D) Characteristic equation is s* + 9s + 18.
o =18, 2tw, =9

Therefore §=106, , =4.24 rad/s

1 0.6
2. (A) T(s) =+
B T) = e 308 106

w,1-8 =06,

Em, =0.8

Hence o, =1, £=0.8

3. (A) Characteristic equation is
As ={s = (-3 + j4)Hs (-3 - j4)} =(s + 3)* + 4.

=s"+6s5+25, o =25 = o, =5 rad/s

6
2tm, =6, = =0.6
o, g T
16 4
4. (A) T(s) = =
) (45> +8s+16) (s> +2s+4)
=4 = o, =2, 280, =2, &=05
5.D)M, —¢ = -5 005
b 100 7
T _3 = =069,
1-¢
T(s) = 1 - K
1+G(s) s*+2s+K
280, =2, ®, =L =145
0.69
Peak time,
T =" T =3 sec

T
U -8 145y(1-0.69%)

But the peak time 7, given is 1 sec. Hence these two

specification cannot be met.
Kl
s+ (K, +s)+K,
o =K,, 2o, =1+K,
w, =010, £=06, o,=0,1-0.6%=10
o, =125 = K, =15625,
20,3=K, +1
2x125%x06=K,+1 = K,=14

6. (C) T(s) =

&n

7. M, =e ", At £=0,

M, =1=100%

GATE EC BY RK Kanodia
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8.(A)Ce=—20 1 1
s(s+10) s s+10
= cdt)=1-e"
a =10, Rise time 7T, = 22 _22 =022s
a 10

Settling time T, = 4 =04s
a

9. D) o, :%:0.571, ®,/1-8 :T£:1.047

s p

Poles =-0571 + j1.047

__ &
10. (A) 0.1=e¢ ¢

= £=059
®, == J1-8 =079,
T

P
Poles = — o, + jo,/1— & =—0.46 * j0.63

&n

11. (B) 012 =¢ -2 4

= §:056, ®, :&7:1192

s

Therefore Poles =—£m, + jo,/1-& =-6.67 + j9.88

Note :
T‘SZE,FOI‘ 0 <& <069
T, ~ 45 For £ >0.69
2
12. (B) T(s) = On B 40000
s+28m,5+0 s +500s + 40000
_ 40000
(s +100)(s + 400)
R(s) 40000 1 4 )

= ==- +
s(s +100)(s + 400) s 3(s+100) 3(s+400)

rit)=1- ée*IOOt 4 1 o400t
3 3
13. (A) System has two different poles on negative real

axis. So response is over damped.

14. (A) 1. Overdamped response (a, b)

Poles : Two real and different on negative real axis.
2. Underdamped response (c)

Poles : Two complex in left half plane

3.Undamped response (d)

Poles : Two imaginary.

4 .Critically damped (e)

Poles : Two real and same on negative real axis.
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15. (B) K, =lim G (s) = 1000 e, = lim sB(s) = lim ")
50 550 1+ G (S)
K, :lgl?l sGZ(s) =0 Rs) _1 G(s) = K K,(s+2)
K, = lims°G(s) =0 s%’ s(s+ 3)(s + 4)
i e = lim 1 __6
16. (D) H (s) =1, K, = lgrol G(s)- H(s) = ss = L1 .. KK,(5+2) = KK,
K, = 1limsG(s)- H(s) =« (s+3)(s+4)
i _K 8 _0003 = K, -0016
K, =lims'G(s) H(s) = 125x10°K, S
17. (B) H(s)=1, K, = hIIOl G(s)- H(s) =50 21. (C) E(s) = R(s) — C(s)H(s)
K, = lim sG(s) - H(s) =0 _R(s) - BWCEWHE R
50 1+ G(s)H(s) 1+ G(s)H(s)
K, = I}I]E)ISZG(S) -H(s) =0.
5 s
18. (C) System type =1, son=1 e = limsE(s) = lim s _2
. X 50 50 1+ . 1 1 3
K, =11nolsG(s)=—:100 (s"+s+2)(s+1
S a
For 10% overshoot,
& 22. (A) e, = lim *E&) ~3DEG,(s)
Ol==e 7% = £-06 70 1+ G5)Gy(s)
T(s) = G(s)  _ K where  G,(s) N and G,(s) = 100
1+G(s) s’+as+K s+5 s+2
1
2tm, =a, =K = 2x06VK =a R(s) =D(s) =~
K 06K =100 = K =14400 100
2 R R )
s 1 100 11
K 1+ x—
19. (D) = =100, K =14400, 5 2
a
14400

=100 = a=144 23. (A) Using Routh-Hurwitz Criterion, system is stable

for 0 < K < 2000

20. O If R(s)=0 maximum K, =1iII01 sG(s) = 2000 =6.25

a

K, 4x8x10
T (s) = s(s+4) minimum possible error L =0.16
P K.K,(s+2) K, 625
s(s+4)(s+3)
) K,(s+9) 24. (A) R9)=S5 |, E(s)= HLGS)()
s(s+3)(s+4) + K K,(s+2) 5 §
= lim sE
Error in output due to disturbance Cs = J08 (s) 6
s
E(s) =T,(s)D (s), . X
TS 2 2
If D(s)=1 o, 1000 (s +34s +20) (s* +20s + 15)
S s(s+2)(s+10)
. . 1 . 3 6
e, = limsE(s) = lims-=-T,(s) = lim T} (s) = - lim
o s 0 2K, 0 5 1000 (s + 45 +20) (s +20s + 15)
2 10
3 _0000012 = K,=125x10° (8+2)(s +10)
K, 6 )
= 1000 %20 x15 = 4 x 10
Error due to ramp input 0+ 000"
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25. (A) K, = limsG(s)

4
10¢ = 10° x 3x 10 x 20 — g-4
25 x ax 30
26. (C) System is zero type K, =0, e, :KL =

27. (D) K, = lim G(s) =5

For input 60u(?), e, = 60 =10
T 1+K

28. (A) K, :lirrol s*G(s) =64

30x2

., =09375
64

29. B) K, = 111’!01 sG(s) =609.02

_3T =0.0607
K

v

ss

30. (C) The system is type 2. Thus to step and ramp

input error will be zero.

H(s) = R(s) — C(s) = R(s) - G&EE R

1+G(s) _1+G(s)
Rg=tp 2 _8*2
S
o) e _ ST2
(s) o 10G+D)
(s+2)

e (1) = lirrol sE(s) =0

31. (C) System is type 2. Therefore error due to 1+ ¢

2
would be zero and due to % would be Ki .

a

1_
10
Note that you may calculate error from the formula

sR(s)
1+ G(s)

K, =le1()1 s?G(s) =10, e, (1) = 0.1

e (t) = hnol sE(s) =

32. DK, = 111’101 G(s)=K

1 =i:0.1 = K=9.
1+K 1+K

p

ess (t) =

33. (B) e, = lime(t) = lim sE(s) =lim 0 __
t—o0 50 50 1 + G(S)H(S)

When K, =0 and K, =5

GATE EC BY RK Kanodia
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5 1
Gs)=— > H(s)=1, R(s)=—
© =055+ 2 (8)=2
S-l
esszlinol—sg=1=02
5> 1+7 5
s(05s+1)

34. (C) The equivalent open-loop transfer function
Kﬂ

G, - s(05 sI-{k 1 _ K
1+ #
s(05s+1)

_ Gl _ K,
1+G(s) 058 +s(1+K)+K,

2K

a

s +2s(1+K, +2K,

o =2K,= o, = 42K,

2t 0, =2(1+K,)

a

s(05s+1+K)

T(s)

e-1+- K _o7 ()
2K,

e, =lim B9 p-L

>0 14+ @G, (s) s

. 1 1+K,
e, =lim =

s—0 K K

s{1+——9¢—+— ¢
s(05s+1+K),)

e, = Koo (i)
" K

Solving (i) and (i1)
K, =245, K,=39

35. (C) The s has power of 4 and denominator has order
of 7. So Type 4 and Order 7.

= 8 =2.
1+K,

36. (D) For 8u(t), e

For 8tu(t), e, =, since the system is type 0.

ss

37. (A) For equivalent unit feedback system the forward

transfer function is
10(s +10)

— G(S) _ s(s +2)
© 1+G(9)H(s) - G(s) 1+ 01002
10(s + 10)

T 115 1132 s + 300
The system is of Type 0. Hence step input will produce a

constant error constant.
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CHAPTER

6.5

FREQUENCY-DOMAIN ANALYSIS

Statement for Q.1-2:

An under damped second order system having a

transfer function of the form

K 2
T(S):Z—“)n2
s +28w,s + ©,
has a frequency response plot shown in fig.
P6.5.1-2.

IT(o)

I

|

|

|

I

I

I

I

I

I

I

i

1
UJIL

Fig. P6.5.1-2
The system gain K is
A1 (B) 2
1
() V2 D) —=
V2
a The damping factor £ is approximately
(A) 0.6 (B) 0.2
(C) 1.8 (D) 2.4
E For the transfer function
1
G(s)H(s) =—————
W) = s+ 05)

the phase cross-over frequency is
(A) 0.5 rad/sec (B) 0.707 rad/sec

(C) 1.732 rad/sec (D) 2 rad/sec

ﬂ The gain-phase plots of open-loop transfer function of
four different system are shown in fig. P6.5.4. The
correct sequence of the increasing order of stability of

these four system will be

Fig. P6.5.4
(A)D, C, B, A (B) A, B, C, D
(C)B, C, A, D (D) A, D, B, C

ﬂ The open-loop frequency response of a  unity

feedback system is shown in following table

© |G(jo) ZG(jo)
2 8.5 -119°
3 6.4 -128°
4 4.8 —142°
5 2.56 -156°
6 14 -164°
8 1.00 -172°
10 0.63 -180°
Fig. P6.5.5
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The gain margin and phase margin of the system

are
(A) 2 dB, 8° (B) 2 dB, -172°
(C) 4 dB, 8° (D) 4 dB, ~172°

Statement for Q.6-7:

Consider the gain-phase plot shown in fig.
P6.5.6-17.

dB
2 dB 0=2
0 ®=10 £Gjo)
-2dB Ao =100
270°  -180°  -140°  -90°
Fig. P6.5.6-7

ﬂ The gain margin and phase margin are
(A) -2 dB, 40° (B) 2 dB, 40°
(C) 2 dB, 140° (D) -2 dB, 140°

The gain crossover and phase crossover frequency are
respectively
(A) 10 rad/sec, 100 rad/sec

(B) 100 rad/sec, 10 rad/sec
(C) 10 rad/sec, 2 rad/sec
(D) 100 rad/sec, 2 rad/sec

ﬂ The phase margin of a system with the open loop

transfer function

1-9)
G(s)H(s) =19
OHS) =T 5G9
(A) 68.3° (B) 90°
QX0 (D)

ﬂ Consider a ufb system having an open-loop transfer
function

K

G(s) =
s(0.2s + 1)(005s + 1)

For K =1, the gain margin is 28 dB. When gain
margin is 20 dB, K will be equal to
(A) 2 (B) 4
() 5 (D) 2.5

GATE EC BY RK Kanodia

Chap 6.5

The gain margin of the ufb system

G(s) :# is
(s+1D(s+2)
(A) 1.76 dB (B) 3.5 dB
(C) 3.5 dB (D) -1.76 dB

The open-loop transfer function of a system is

K

G)H(s) =~
OH(S) = 5+ 39)

The phase crossover frequency is
(A) 6 rad/sec (B) 2.46 rad/sec

(C) 0.41 rad/sec (D) 3.23 rad/sec

The open-loop transfer function of a ufb system is

1+s

G(s)=_~*t5
)= 17059

The corner frequencies are
(A) 0 and 2 (B)0 and 1

(C) 0 and -1 (D)1 and 2

In the Bode-plot of a unity feedback control system,
the value of magnitude of G(jw) at the phase crossover

- . .
frequency is § . The gain margin is

1
(A) 2 (B) 2

1
C) = D) 3
()8 D)

In the Bode-plot of a ufb control system, the value of
phase of G(jw) at the gain crossover frequency is —120°.
The phase margin of the system is

(A) -120° (B) 60°

(C) -60° (D) 120°

The transfer function of a system is given by
K 1

Gs)=——— ; K<
s(sT +1) T

The Bode plot of this function is
dB dB

-40 dB/dec
-40 dB/dec
0dB

0 dB— \m I 1\ =
T T

(A) (B)

-20 dB/dec

S
S=
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dB dB
-20 dB/dec
-20 dB/dec
0dB 01 T \ - 0dB o1 % o
T
T T -40 dB/dec
©) (D)

The asymptotic approximation of the log-magnitude
versus frequency plot of a certain system is shown in
fig. P6.5.16. Its transfer function is

dB

54 dB -40 dB/dec

-60 dB/dec

-40 dB/dec

-60 dB/dec

GATE EC BY RK Kanodia
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100 10

A B

&) s+10 (B) s+10

©) 1 (D) None of the above
s+10

Consider the asymptotic Bode plot of a minimum
phase linear system given in fig. P6.5.19. The transfer

function is

dB
32
-20 dB/dec
6 -20 dB/dec
0.1 o, o, 10\ ®
-40 dB/dec
Fig. P6.5.19
8s(s +2) B 4(s +5)
(s +5)(s +10) (s +2)(s+10)
©) 4(s +2) D) 8s(s +5)
s(s +5)(s +10) (s +2)(s+10)

0.1 2 5 25 ®
Fig. P6.5.16
A) 50(s +5) ®) -, 20(s +5)
s“(s +2)(s +25) s (s +2)(s +25)
10s%*(s +5) 20(s +5)
(s +2)(s+25) s(s +2)(s +25)

For the Bode plot shown in fig. P6.5.17 the transfer

function is

dB
0dB 4 \10 [0)
¥ o
§ &
» %,
Fig. P6.5.17

100s 100(s + 4)
(s + 4)(s + 10)* s(s + 10)2
100 100

C) ——mM—
(s+4)(s+10)

L NPT
s“(s+ 4)(s +10)

Bode plot of a stable system is shown in the fig.
P6.3.18. The open-loop transfer function of the ufb

m The Bode plot shown in fig. P6.5.20 represent

dB
100 dB |
-60 dB/dec
40 dB/dec
o = 10 ®
Fig. P6.5.20
100s® 1000s”
A —F— B) ——
& (1+0.1s)? ®) (1+0.1s)?
100s® 1000s”
() 735 (D 755
(1+0.1s) (1+0.1s)

Statement for Q.21-22:

The Bode plot of the transfer function K /(1 + sT) is

given in the fig. P6.5.21-22.
dB Phase

\\-20 dB/dec

1 ®
T

Fig. P6.5.21-22

=1

1 10
T

(O]
& su/de
C

S|
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system is
dB
20 dB
\-20 dB/dec
\ ©
Fig. P6.5.18
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Statement for Q.29-30:
Consider the Bode plot of a ufb system shown in
fig. P6.5.29-30.
dB

32 dB
18 dB

-20 dB/dec

-40 dB/dec
) \ ®

Fig. P6.5.29-30

0dB o1

m The steady state error corresponding to a ramp

input is

(A) 0.25 (B) 0.2
o (D) ©
m The damping ratio is

(A) 0.063 (B) 0.179
(C) 0.483 (D) 0.639

The Nyquist plot of a open-loop transfer function
G(jo)H(jw) of a system encloses the (-1, jO) point. The
gain margin of the system is

(A) less than zero

(C) zero

(B) greater than zero
(D) infinity

E Consider a ufb system

K

G(s) =
s(1+ sT) + sT,)(1 + sTy)

The angle of asymptote, which the Nyquist plot
approaches as ® — 0, is
(A) -90°
(C) 180°

(B) 90°
(D) —45°

m If the gain margin of a certain feedback system is
given as 20 dB, the Nyquist plot will cross the negative
real axis at the point
(A) s=-005
(C)s=-01

(B) s=-02
(D) s=-001

m The transfer function of an open-loop system is

s+2

H(s)=— 74
GOHE) =6

The Nyquist plot will be of the form

GATE EC BY RK Kanodia
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Im Im
- 22— |2 ———
® =0 m:ORe ®=m (D=0Re
(A) (B)
Im Im
f——————2 —————»| f———2 ——
=0 m:ooRe =0 u):ocRe
©) (D)

m Consider a ufb system whose open-loop transfer
function is

K

Gls) = s(s®* +2s+2)

The Nyquist plot for this system is

Im Im

Re === Re

© =0 /T

(A) (B)
Im Im
=~
N
/ \
/ \ .
\ - ‘\\\
o=z L Re e = Re
-~ I, w=0
/
//
©=0 __//
©) (D)

@ The open loop transfer function of a system is

2
G H(s) - K1+

The Nyquist plot for this system is
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L Im
=0 5\\ w=0
\\ /’/"~~
> \ /7 h
— Re I -~ \
T o \ R
/ | 0= 1 ¢
\ J AUy |
\ / "\ /
L= N e
\:‘ _—//
(A) (B)
Im
Im =T~
=~ 77 -7 \\\
/ \ 7/ /7 \
/ \ 1!/ \
/ \ i1
\ | w=% |
n=- | Re l\ L I Re
I \ /
- \ /
/ NN /s
/ AN ___//
// \\\
o=0 ___// =0
©) (D)
For the certain unity feedback system
G(s) = K
s(s+1D2s+1(3Bs+1)
The Nyquist plot is
Im Im
J
/ TS
- \ \\\\\
©=® Re _ == Re
D ® = o0, -/(010—
=0
(A) (B)
Im Im
|
/
/
/ =
P \\\
©=® _ Re — === Re
- B 0=0
o=0
©) (D)

m The Nyquist plot of a system is shown in fig.
P6.5.38. The open-loop transfer function is

4s+1

H(s)=— 5T
GOHS = G Dest D

Fig. P6.5.38
The no. of poles of closed loop system in RHP are
(A)O B)1
€2 D) 4

Statement for Q.39-40:
The open-loop transfer function of a feedback
control system is

-1

H(s)=— =
GO HS) =5 T 009

m The Nyquist plot for this system is

www.gatehelp.com

Im Im
:=\0\\\ //’LO:O—
\ /
\ /
_ \ / _
N ] Re \ P Re
\ / \ /
/ / N \
s N
[ )
(A) (B)
Im Im
o~ -1
RN Pl
\ \ / /
\ \ / |
/ \ / \
7/ \ ] N\
=0 T Re I ® = 0, Re
/ \
// \\
/ \,
i A
©) D)
Regarding the system consider the statements
1. Open-loop system is stable
2. Closed-loop system is unstable
3. One closed-loop poles is lying on the RHP
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The correct statements are
(A) 1 and 2 (B) 1 and 3

(C) only 2 (D) All

The Nyquist plot shown in the fig. P6.5.41 is for
(A) type—0 system (B) type—1 system

(C) type—2 system (D) type—3 system

Statement for Q.42-43:
The open-loop transfer function of a feedback

system is

G(s)H(s) - K1+ 9)

(1-5)
m The Nyquist plot of this system is

m The system is stable for K
(A)K>1 (B) K <1
(C) any value of K (D) unstable

Statement for Q.44-46:
A unity feedback system has open-loop transfer
function

1

G(s)=——M
s@2s+1(s+1)

The Nyquist plot for the system is

Im Im
w=0 ®=0m
) Re 3 Re
(A) (B)

GATE EC BY RK Kanodia
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Im Im
3
H 0= 3 0=
Re Re
w=0 w=0
©) D)

The phase crossover and gain crossover frequencies
are
(A) 1.414 rad/sec, 0.57 rad/sec

(B) 1.414 rad/sec, 1.38 rad/sec
(C) 0.707 rad/sec, 0.57 rad/sec
(D) 0.707 rad/sec, 1.38 rad/sec

@ The gain margin and phase margin are
(A) -3.52 dB, -1685° (B) -3.52 dB, 11.6°

(C) 3.52 dB, -1685° (D) 3.52 dB, 11.6°
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SOLUTIONS

K
1. AT()=—— 12—
) s* +2Ew,s + o
. Ko’
T(0) =~ g
-0 +2jEw, 0+ o,
K’o;

TG =

(0 — ") + 480
From the fig. P6.5.1-2, T(j0)| =1

2 4
K- o,
4

7o) = -K’-1 = K-=1

2. (B) The peak value of T(jw) occurs when the
denominator of function |7 jco)|2 is minimum i.e. when

2 2 _
o, - =0 = o=o,

. K’0. K°? . K

T(jo, | = = -2 T(jo,)|=— =25
K

=—=02

75

1
Ja(jo+ D05 + jo)
¢=-90°-tan' 20-tan' ®
At phase cross over point ¢=-180°
—~tan™' 20 -tan" ©-90°=-180°

tan' 20+ tan ' ©®=90°

3. (B) G(joyH(jo) =

20+ ®

—  =tan 90°=w
1-2o)(w

1-20)6=0= o= -0707 rad/sec
V2

4. (B) For a stable system gain at 180° phase must be

negative in dB. More magnitude more stability.

5. (C) At 180° gain is 0.63. Hence gain margin is
~20log - -4 dB

0.63
At unity gain phase is —172°,
Phase margin =180°-172°=8°
6. (A) At Z/G(jw) =180° gain is -2 dB. Hence gain
margin is 2 dB. At 0 dB gain phase is —140°. Hence
phase margin is 180°-140°=40°.

7. (A) At ®=100 rad/sec phase is 180° Phase cross-

over frequency o =100 rad/sec.

GATE EC BY RK Kanodia
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At ®=10 rad/sec gain is 0 dB. Gain cross over frequency

o =10 rad/sec.

8. (D) IGH(jw) I#1, for any value of o Thus phase

margin is .

9. (D) For 28 dB gain Nyquist plot intersect the real

axis at a,

2010g1=28 = a=0.04
a

For 20 dB gain Nyquist plot should intersect at b,
20 log % =20 = b=01

This is achieved if the system gain is increased by factor

OL 55 Thus K =25.

0.04
1
10. (B) Here K =2, T, =1, T, =3

=15=35dB

Gain Margin :{ KT\, T: (@057

T+7T,| |1+05]

11. (C) For phase crossover frequency
ZGH(jo) =-180°
K
Jo(1+2jo)(1+ 3jw)
-90°~tan ' 20, —tan' 3w, =-180°
tan™ 2w, + tan™" 3w, =90°
20, + 30,
1-20,)(30,)

1-60’=0 = o, =041rad/s

GH(jo) =

=tan 90°

s+1  s+1
s(1+05s) s(§+1j

The Bode plot of this function has break at ®=1 and

®»=2. These are the corner frequencies.

12. (D) G(s) =

1. A)GM. =+ -1 _9
IGH(jo,)| %

14. (B) PM. =180°+ £ZGH(jo,) =180°-120°=60°

15. (D) Due to pole at origin initial plot has a slope of
—20 dB/decade. At s= jmz%. Slope increases to —40

dB/decade. At o= %,

|G(jo)|~ KT <1 ,Gain in dB < 0.
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27. (C) Initially slope is —20 dB/decade. Hence there is a
pole at origin and system type is 1. For type—1 system
position error coefficient is .

20logK =6 = K =2,

28. (B) The system is type —0,
11
1+K, 101°

20log K, =40, K, =100, e, () =

29. (A) The Bode plot is as shown in fig. S6.5.29

32dB 90 dB/dec  -40 dB/dec
18 dB -
0dB 0.1 0.5 ‘4 === 4° o
Fig.S6.5.29
1 1
K, =4, == ==-025
v eramp(oo) KU 4
o, 05
30. (B) From fig. S6.5.29 £¢=—2=—"— = 0.179
20, 2(14)

31. (A) If Nyquist plot encloses the point (-1, jO), the
system is unstable and gain margin is negative.

K

32.(A) GH(jo) =— - : :
Jo(1+ joT,)A + joT,) 1+ joT,)

lim GH(jo) lim & — lim &/ —90°
-0 0—0 Jo 00

Hence, the asymptote of the Nyquist plot tends to an
angle of —90° as ® — 0.

33. (C) 20log ————— =20
(©) 20108 1o r o)
1 .
=1 'H =01
GHGo) 0 = |GH(jo)|=0

Since system is stable, it will cross at s =-0.1.

s+2
(s*-1)
Jjo+2
(-1-w?
At ©=0, GH(jo)=2/-180°
At o=w, GH(jo)=0£-270°

Hence (B) is correct option.

34. (B) GH(s) =

GH(jo) =

K

35. (C) GH(jo) =
© GHGo = oot 2)

GATE EC BY RK Kanodia
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2m

Z/GH(jo) =—tan™ 5o -90°

. K
RN e
At =0, GH(jo) = £-90°,

At =00 GH(jo)=0£-270°,

K
GH(jo) =— £ —153.43°,
N

At o=1,

At ©0=2, GH(jo) = £ -206.6°,

K
2418
Due to s there will be a infinite semicircle. Hence (C) is

correct option.

. N2
36. (B) GH(jo) = KL+ JO
(jo)

2
IGH(jo) = Llﬂ; @)

ZGH(jo) =-270°+2tan™" o

For ©=0, GH(jw) =0/ —270°

For w=1, ZGH(jw) =-180°

For w=w, GH(jo) =0« -90°

As ® increases from 0 to o, phase goes —270° to —90°.

Due to s® term there will be 3 infinite semicircle.

K
1+ 1+40* 14907
ZGH(jo) =-90°-tan ' w—tan"' 20 —tan' 30,
For ©=0, GH(jw) =0/ —-90°,
For o=, GH(jo) =0£ - 360°,

Hence (A) is correct option.

37. (A) |GH(jo)| =

38. (C) The open-loop poles in RHP are P =0. Nyquist
path enclosed 2 times the point (-1+ jO). Taking
clockwise encirclements as negative N =-2.

N=P-Z, -2=0-Z, Z =2 which implies that two

poles of closed-loop system are on RHP.

-1
39. B) G(s)H(s) =————
(B) G(s)H(s) 25(1-20s)’
1
GH(jo)|= —————
‘ ‘ 2m+1 + 400

ZGH(jo) =180°-90° — tan~ —20¢,
At ©=0 GH(jo) = 090°

At o= GH(jw) =0-180°

At ©=01 GH(jo) =224 /15343°
At ©=001 GH(jo) = 49./9115°
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40. (C) One open-loop pole is lying on the RHP. Thus
open-loop system is unstable and P =1. There is one
clockwise encirclement. Hence N =-1.
Z=P-N=1-(-1=2,

Hence there are 2 closed-loop poles on the RHP and

system is unstable.

41. (B) There is one infinite semicircle. Which represent

single pole at origin. So system type isl.

K~1+

7@2:[{

J1+ o

/GH(jo)=tan™ o —tan™" — ?

42. (D) |GH(jo)| =

At ©=0 GH(jo) =K~0°,
At 0=1 GH(jw) =K/90°,
At ©=2 GH(jo) =K~/127°,
At o=w GH(jo) =K./180°,

43. (A) RHP poles of open-loop system P =1,Z =P — N.
For closed loop system to be stable,

Z=0, 0=1-N = N-=1

There must be one anticlockwise rotation of point
(=1+ j0). It is possible when K >1.

1
s2s+1(s+1)°
1
s2s+D(s+1)
1
Jo2jo+ D(jo+1)

44. (C) G(s) = H(s)=1

GH(s) =

GH(jo) =

lim GH(jw) :lim_i = 0/ -90°
®»—0 ®»—0 ](D

=0£-270°

(o

lim GH(jo) = lim o

©—>0

The intersection with the real axis can be calculated as
Im{GH(jw)} =0, The condition gives ®(2w* —1) =0

With the above information the plot in option (C) is

ie. =0,

correct.

45. (C) The Nyquist plot crosses the negative real axis

at o= % rad/sec. Hence phase crossover frequency is
1
o, =—=0.707 rad/sec.
V2
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The frequency at which magnitude unity is

Im

colto

-
e
B

1 Phase Margin

Fig.56.5.44
o (1+ o) (1+ 40?) =1
o’ =0.326, o, =0.57 rad/sec

46. (D) G.M. =20 log , |GH(jo,)

I _2
IGH(jo,) 3

Gain Margin =20 log g =352 dB.

Z/GH(jo) =-90°-tan™ o —tan™' 20,

At unit gain o, = 0.57 rad/sec,

Phase at this frequency is

ZGH(jo,) =-90°-tan™" 057 —tan™" 2(0.57) =-168.42°
Phase margin =-168.42°+180°=11.6°

Note that system is stable. So gain margin and phase

margin are positive value. Hence only possible option is
(D).
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DESIGN OF CONTROL SYSTEMS

The term ‘reset control’ refers to

(B) Derivative control

(D) None of the above

(A) Integral control

(C) Proportional control

E If stability error for step input and speed of response
be the criteria for design, the suitable controller will be
(A) P controller (B) PI controller

(C) PD controller (D) PID controller

ﬂ The transfer function 1+ represent a

+s
(A) Lag network

(B) Lead network

(C) Lag—lead network

(D) Proportional controller

A lag compensation network

(a) increases the gain of the original network without
affecting stability.

(b) reduces the steady state error.
(c) reduces the speed of response

(d) permits the increase of gain of phase margin is
acceptable.

In the above statements, which are correct
(A) aand b (B) b and ¢

(C) b, ¢, and d (D) all

a Derivative control

(A) has the same effect as output rate control

(B) reduces damping

(C) is predictive in nature

(D) increases the order of the system

ﬂ Consider the List I and List II
List I List II

P. Derivative control 1. Improved overshoot response

Q. Integral control 2

R. Rate feed back control 3. Less stable
4

S. Proportional control

. Less steady state errors

. More damping

The correct match is

P Q R S
(A) 1 2 3 4
(B) 4 3 1 2
(©) 2 3 1 4
(D) 1 2 4 3

Consider the List—I (Transfer function) and List—II

(Controller)
List I List II
P. 1. P—controller
Q. 2. PI-controller
R. 1{1;{7;1{2 3. PD—controller
S. g—; 4. PID—controller
The correct match is

P Q R S
(A) 3 4 2 1
(B) 4 3 1 2
©) 3 2 1 4
(D) 4 1 2 3
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ﬂ The transfer function of a compensating network is of
form (1 + oTs)/(1 + Ts). If this is a phase-Lag network,
the value of o should be

(A) greater than 1

(B) between 0 and 1
(C) exactly equal to 1
(D) exactly equal to 0

ﬂ The poll-zero configuration of a phase-lead

compensator is given by

(A) " B

© Jjo (D)

While designing controller, the advantage of pole—

Jjo
H)—)(—‘ic

Jjo
‘X—X—‘i(}'

zero cancellation is

(A) The system order is increased

(B) The system order is reduced

(C) The cost of controller becomes low

(D) System’s error reduced to optimum levels

A proportional controller leads to
(A) infinite error for step input for type 1 system
(B) finite error for step input for type 1 system

(C) zero steady state error for step input for type 1
system

(D) zero steady state error for step input for type 0
system

The transfer function of a phase compensator is
given by (1+aTs)/(1+ Ts) where a>1 and T >0. The

maximum phase shift provided by a such compensator

(B) sinl(a_lJ
a+1

(D) cos™ [a _1j
a+1

For an electrically heated temperature controlled

is

gl a+ 1
(A) tan [ 1]

a —

4(a-1
(C) tan [ 1]

a+

liquid heater, the best controller is

(A) Single—position controller

GATE EC BY RK Kanodia

Control Systems

(B) Two—position controller
(C) Floating controller

(D) Proportional—position controller

In case of phase-lag compensation used is system,
gain crossover frequency, band width and undamped
frequency are respectively

(A) decreased, decreased, decreased

(B) increased, increased, increased

(C) increased, increased, decreased

(D) increased, decreased, decreased

A process with open—loop model

Kefs Tp
s+1

G(s) =

is controlled by a PID controller. For this purpose

(A) the derivative mode improves transient
performance

(B) the derivative mode improves steady state
performance

(C) the integral mode improves transient performance

(D) the integral mode improves steady state
performance.

The correct statements are
(A) (a) and (c) (B) (b) and (c)
(C) (a) and (d) (D) (b) and (d)

A lead compensating network

(a) improves response time
(b) stabilizes the system with low phase margin

(c) enables moderate increase in gain without
affecting stability.

(d) increases resonant frequency

In the above statements, correct are
(A) (a) and (b) (B) (a) and (c)
(C) (a), (¢) and (d) (D) All

A Lag network for compensation normally consists
of
(A) R, L and C elements

(B) R and L elements
(C) R and C elements
(D) R only
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The pole-zero plot given i?wﬁg.P6.6.18 is that of a SOLUTIONS

0—O I G

1. (A) 2. (D) 3. (A) 4. (D) 5.(B)
Fig. P6.6.18

6. (D) 7.(A) 8. (B) 9.(A) 10. (B)
(A) PID controller

(B) PD controller

11. (C) 12. (B) 13.(C) 14. (D) 15. (C)

(C) Integrator 16. (D) 17.(C) 18.(D) 19. (D) 20. (D)

(D) Lag-lead compensating network 21. (D)

The correct sequence of steps needed to improve
system stability is

(A) reduce gain, use negative feedback, insert
derivative action

(B) reduce gain, insert derivative action, use negative
feedback

(C) insert derivative action, use negative feedback,
reduce gain

(D) use negative feedback, reduce gain, insert
derivative action.

m In a derivative error compensation

(A) damping decreases and setting time decreases
(B) damping increases and setting time increases
(C) damping decreases and setting time increases

(D) damping increases and setting time decreases

An ON-OFF controller is a
(A) P controller

(B) PID controller
(C) integral controller

(D) non linear controller
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CHAPTER

6.7

THE STATE-VARIABLE ANALYSIS

Consider the SFG shown in fig. P6.7.1 (-2 1 0] (2 -1 0]
A 0 -2 0 B0 2 0

0 0 -3 0 0 3

2 1 -2] [0 -1 2]

@0 -2 0 D0 2 0

Fig. P6.7.1 -3 0 0] 3 0 0]

For this system dynamic equation is

%] [3 1 2][%] [0] 3.
(A) %, |=|0 1 1{jx,|+|{0a
& |3 2 1)x,]

(5,1 [0 1 opﬂ (0
B)|i,|=| 0 0 1| x,|+[0
i | -2l o

[, ] [0 -1 O—Hacl—‘ P—‘
© & [=0 0 -1||x,|+|0]u Fg. P6.13
%] |3 2 IJ LxJ LIJ 1 0 -2 (-1 0 2]
(D) None of the above B0 =20 B 020
-3 0 0] | 30 0]
Statement for Q.2-4: 2 0 1] 2 0 -1
Represent the given system in state-space @€ |0 -2 0 MD)yjo 2 0
equation X = A -x+ B- u. Choose the correction option for | 0 0 -3 0 0 3]

matrix A.

Fig. P6.7.2
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01 4 0 -1 4
A |10 0 B)[-1 0 0
-3 0 0 '3 0 0]
-4 1 0] 4 -1 0]
© (00 1 MD{0 0 -1
| 0 0 -3 0 0 3]

a The state equation of a LTI system is represented by

CTo 1] [0 1]
*Tlo af* 1 o"

The Eigen values are
A -1, +1
©) -1, -1

(B) -05 + j1.323
(D) None of the above

ﬂ The state equation of a LTI system is
(3 o], [0]

Lo sfhl
The state-transition matrix O(¢) is
@A) {e: eogt} (B) ﬁ)gt eogt}
|

© {_Zw _f_m} D) {eOSt _:)_St

The state equation of a LTI system is

<5 o ik

The state transition matrix is
[ cos2t sin2t] [cos2t —sin2¢]

A) B)

( L—sin 2t cos 2tJ ( Lsin 2t cos2t

© [ sin2t cos2t] D) [sin2¢t —cos2t]
—cos 2t sin 2tJ cos2t sin2t

Statement for Q.8-9:

The state-space representation of a system is given
by x(¢) = A -x(¢) + B -u(¢), where

a3 o=l

If x(0) is the initial state vector, and the
component of the input vector u(¢) are all unit step
function, then the state transition equation is given by
x(t) = ®(¢)x(0) + 0(t), where d(¢) is a state transition

matrix and 6(¢) is a vector matrix.

GATE EC BY RK Kanodia

Chap 6.7

Bl The @(¢) is
A) { cos 2t s1n2t} B {cos2t —s1n2t}

—sin 2t cos 2t sin2t  cos2t

[ sin2t cos?2t] [sin2¢t —cos2t]
L—cosZt sin2tJ LcosZt sinZtJ

(©

9. The 6(¢) is

) [05(1 —sin 2¢) ] B) [sin 2t |
0.5cos 2¢ J cos 2¢
[05(1 —cos28)] [cos 2t
©) . .
05sin 2¢ J Lsm 2t

From the following matrices, the state-transition

matrices can be

A) {‘e 0 } (B) {1_6 Ot}
0 1-e 0 e

C)|— 1, (3—|
1-e" e

Statement for Q.11-13:

A system is described by the dynamic equations
x(t) = A -x(t) + B-u(?), y(¢) =C-x(¢) where

[0 1 o] [o]
A={ 0 0 1,B=(0,C=[10 0]
-1 -2 -3 1

The Eigen values of A are
(A) 0.325, -1.662 £;0.562

(B) 2.325, 0.338 +0.562
(C) —2.325, -0.338 +£;0.562
(D) -0.325, 1.662 +;0.562

The transfer-function relation between X(s) and
U(s) is

1 [ 1] [ 1]
(A) # —S (B) S
s°+3s" +2s-1 &2 s® + 3s” +2s+1 &2
1 1]
©C) 55— (D) None of the above
s°+3s" +2s+1 &2

The output transfer function Y(s)/U(s) is
(A) s(s® +3s*+2s+ 17! (B) s(s®+3s* +2s -1
C)(s*+3s>+2s+ D" (D) None of the above
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A system is described by the dynamic equation
x(t) =A x(t) + B-u(#), y(¢) =C-x(t) where

A:{_l 0},3:{1}@(10:[1 1]
0 -2 0

The output transfer function Y(s)/U(s) is

(s+1) s+1

A B

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

(C) i D) (D) None of the above
s

The state-space representation of a system is given
by

. -1 0 1
X(t)—{ : _Z}X(t){l}u(t), y(&) =[1 11x(?)

The transfer function of this system is
(A) (s* +3s+2)" B) (s+2)™
(C) s(s®> +3s+2)* D) s+

The state-space representation for a system is

0 1 0—‘ PO]

x={0 0 1x+|0 ju,y=[1 0 0lx
12 ) |o)

The transfer function Y(s)/U(s) is

1025 +3s + 1)
A) —  — 7 B
= s +3s2+2s+1 (B)

10(2s® +3s + 1)
s +2s2+3s+1

10(2s? + 85+ 2)
C) ————" % D
©) s+ 3% +2s+1 D)

10(2s? + 3s + 2)
s +2s%+3s+1

Statement for Q.17-18:

Determine the state-space representation for the
transfer function given in question. Choose the state

variable as follows

de . d’c . d’ ..
xlzczy,xzzazc’xgzyzc’lezﬁzc
C(s) 24
17, =
-R(s) s? +9s” +26s + 24
(][0 1 0x] [0]

(A)|x,|=| O 0 1| x,|+|0|r
Xy | [-24 -26 -9]| xy 24

e o SlELlo)
" iz :_204 206 ;ﬂxzrbozxf

X

X3

GATE EC BY RK Kanodia
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M [0]
C)|x,|=|0 0 x, |+ 0 |r
%] |9 26 24| x| |24
}

w170 1 07Mx] 0]
D) jx,|={0 O 1 {|{x,|+]|0|r
k| -9 26 -24]|x,| (24

C(s) 100
-
R(s) s*+20s®+10s” +7s+100
0 10 OW { 0 1
Wl 0 0L o ol
0 00 1 0
100 7 10 20| |100
y=[1000]x
0 1 0 07 [0]
(B) x = 0 0 1 0 }x+} 0 ‘r
o 0 o0 1 0
-100 -7 -10 -20] |100
y=[1000]x
0 1.0 0 1 m
©x=[° 2 O %%
0 0 0 1 0
20 10 7 100] |1]
y=[100 0 0 01x
"0 1 0 07 [o]
D) x= 0 o 1 0 }x+|0‘r
o o o 1| o
20 -10 -7 -100] |1]

y=[100 0 0 Olx

A state-space representation of a system is given by

) 01 0
X = {_2 0:|X, y=[1 -1]x, and x(0) = L}

The time response of this system will be

(A) sin NoY, (B) %sin NoY,

(C) -~ gsin v2t (D) 3 sin 2t

V2
m For the transfer function

Y(s) _ s+3
U(s) (s+1(s+2)

The state model is given by x=A -x+B-u,
y=C-x. The A, B, C are
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[-5 -4 -2] [1]
Mlx=-3 -10 O|x+|1|r, y=[-12 1Ix
1 -5 0

Statement for Q.34-36:

Consider the system shown in fig. P6.7.34-36.

1
s

€,,,(0) €, mp(©) ) o g ol
(A) 1.0976 0 ud oy
(B) 1.0976 ) 1 ]
(©)0 1.0976 >
(D) o 1.0976 Fig. P6.7.34-36
[0 1 0] [0] E¥0 The controllability matrix for this system is
Bl x=-5 -9 7|x+[0|r, y=[1 0 0]x (10 -10 10] 0 1 -2]
-1 0 0 1 (A) | -10 0 -20 i1 -1 1
10 -20 40 1 -2
estep (OO) eramp (w) - = L a
(A) 0 0.714 [ 10 -10  10] 0 1 -1
(B) » 0.714 (C)|-10 0 20 ®i1 6 -1
10 -20 -40 1 4 -4
o 4.86 N - - -
(D) o 4.86 EF The observability matrix is
110 -10 10] 0 1 —21
Statement for Q.31-33: @ |-10 0 -20 ®l1 -1 1
Consider the system shown in fig. P6.7.31-33 10 -10 40 1 -2 4J
[ 10 -10 10] 0 1 2—’
(C)|-10 0 20 i1 -1 1
| 10 -10 40 1 -2 4J

M The system is
Fig. P6.7.31-33 (A) Controllable and observable

The controllability matrix is (B) Controllable only

M1 0 M1 -2 (C) Observable only
(A) (B)
0 1 -2 4] (D) None of the above
©) 1 0] (D) L2 Statement for Q.37-38:
10 —1J -2 4

A state flow graph is shown in fig. P6.7.37-38
@ The observability matrix is

(1 0] [ 1 -2]
® 10 1J ® -2 4]
1 0 1 2]

D
@, _J o,

Fig. P6.7.37-38

@ The system is

The state and output equation for this system is
(A) Controllable and observable

(6.0 ZH[=1,[°] M,
(B) Controllable only W\ 21 |, y =5 4]
(C) Observable only LXZJ > 4 JLxZJ LlJ szj

(D) None of the above
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EX 0 1] x| [0 x,
® E2 ) __5 _%J LCJ ’ L}u, y=b 4]{362}
(5] [0 Sy . T

3]l 2] [t o-te o2]
EXH IR EAN LI R Y
O3] 2] [ o]

@ The system is
(A) Observable and controllable

(B) Controllable only
(C) Observable only
(D) None of the above

m Consider the network shown in fig. P6.7.39. The

state-space representation for this network is

i 4H

i

Q) w3 e

I

05 0]{70}
193

05 0]{‘?0}
193

Fig. P6.7.39
@ [%e] <[ 7020 Hlee] ] 1 o, -
i, | | 05 OJ i [025J
® ||| 92 1] o +r0251vs, ip =
i, ] |-025 OJ i L 1 J
© |%|-|}! 0251 o +r0251vs, ip=[05 0]"°
i, ] |0 05] i LOJ i
o |2 |- 0251{7"}+r0251v3, ip =
i, | | 0 -05]|i, oj

For the network shown in fig. P6.7.4

i 10 vy 1H i§< v,

[05 0]{70}
153

0. The output is

i
£y

3T

Fig. P6.7.40

ip (). The state space representation is

A) MJ ! _ﬂ{’fl}mvi, ip =[4 1]m

ARERE NN

I3

w2 )l e ]

o] _[1 SBlfe] (1] [0, |
Ol sl ol
AR RN

Statement for Q.41-43:

Chap 6.7

Consider the network shown in fig. P6.7.41-43.

This system may be represented

representation x =A-x+B-u

in state space

i

[N
o ——

‘im ¢i32

4vy,

Fig. P6.7.41-43

The state variable may be
(A) iy, ipy B) i, , i
©) ve, i

(D) None of the above

If state variable are chosen as in previous question,

then the matrix A is

1 —ﬂ M1 —31
(A) 1 3J B) = 1J
© |t 3] | > -1

11 11

The matrix B is

[ 3 (-1
(A) _ J (B) _ 3}
3] 1]
©) ] 1J (D) _—3J

Statement for Q.44-47:

Consider the network shown in fig. P6.7.44-47

i 1Q

Fig. P6.7.44-47

www.gatehelp.com

Page
381



Page
382

UNIT 6

m The state variable may be
A i,, i, M) i,, i,
©) i, i D i, i,

v

o

I

m In state space representation matrix A is

1
]
1

B R 1

S 5
Al-- -= = B)| = -
(A) 3 3 3 (B) 3

I 1
|1 3 3 3] | 3
2 1 1 1

I 5
o = = = D|-= -
()] 3 3 3 (D) 3

121 L

|1 3 3 3] | 3
m The matrix B is

N %_ _g_

i i
A)|-= B)| =
(A) 3 (B) 3

1 1
L 3] 3]
__l_ _g_

i ?
C)|-= D)=
(©) 3 (D) 3

1 2

L 3] 3]
If output is v, , then matrix C is
(A) [-10 0] (B) [100]
(C) [0 0 -1] (D) [0 0 1]

W|INwW|NDw |~ W Nw|Nw |-

W W HWINd wlrwl~wliN

GATE EC BY RK Kanodia
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SOLUTIONS

1. (B) From the SFG

Xy =—38x, —2x, —x3+ U

X, =2 = i -x
2 2 3
s
Xy .
xn="2 = i=x
s

2. (A) x, =-2x, + x5, Xy =—2%,+ U, Xy=—3X,+U
I RN
% (= 0 -2 O0|lx,{+(0u
o) Lo o slle) 1)
3. (C) x; =—2x, + x5, Xy =—2x,+U , X3=—38x;+ U

y=5x +b5x, +5x,

]2 0 1)m] [o]
X =] 0 =2 Of|lx,|+|1lfu
Xy 0 0 -3|lx, 1
4. (C) x, =—4x, + x5 , Xy =2, +2u , X, =—3x,+ U

DCJ -4 1 1—||—x1—| [0]
i, |=| 0 0 1||x,|+|2]u
) oo -alle) [y
5.(B) As=|sI-A|l=s"+5+2=0=5=-05 + j1323

s+3 0 | 1

[ _
6.WGI-M=" (7 L ll-Al=

I

=

0

s+3 L |
L s+3J

-3t
D(t) =L (sI - A)} == {e 0 }
0 e

(sI-A)"' =

S

-3t

7. (A) (sI—A){S _21, IsT—Al=s? + 4
2 SJ
[ s 2
(sI-A)"' = 21 S 21 _|s% 44 sz+4|
s+4|-2 s -2 s
Lsz+4 sz+4J

O(t)=L{(sI - A)} :|: cos2t sin Zt}

—sin 2t cos 2t

8. (A) (sI-A) :E _2}, As=lsI—Al=s> + 4
S
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[ s 2 ]

sT-Ayt=_1 RNy s2+4‘
sz+4L—2 sJ -2 s

Lsz+4 32+4J

D(¢)=L{(sI - A)) :{ cos 2¢ sinzt}

—-sin 2t cos 2t

9. (C) 6(1) =L {(sI - A) 'BR(s)}

:Ll{ 1 [s 2%1&11} :L1{1|—2—|}
a2 s|1f1)s A"+ 4) s

[ 2 ]

—1! s(s? +4)| :|—0.5(1—cos2t)—|
1 L 05 sin 2¢
L(s2 +4) J

10. (C) (A) is not a state-transition matrix, since ®(0) # I

(B) is not a state-transition matrix since ®(0) = I
(C) is a state-transition matrix since ®(0) =1 and

[T = D(-2)

[s =1 0
11. (C) (sI-A)={0 s -1
1 2 s+3

IsI-A|=s"+3s* +2s +1,
= s=-2.325, —0.338 + j0562

X(s)

12. (B =(sI-A)"'B
(B) Us) (s )
) [$°+3s+2 s+3 1]0]
= -1 s(s+3) s |0
3 2
s” + 3s +23+1_ s 951 SZJLJ
1
:; S
s +3s" +2s+1 sZJ
13. (©) Y(s):CX(s)
U(s) Uls)

L]
(s3+3sz+2s+l
s |_ 1
s+ 852 +2s+1| s°+3s2+2s+1
| ;

=[1 0 0]

S
[33 + 3s? +2s+1J

Y(s) 1
14. (D =C(sI-A)"'B
( )U(s) (s )
oy g l[eel 1 O] e
Ast 0 s+1JL1J (s+1)?

GATE EC BY RK Kanodia

Chap 6.7
[1] L[]
15. (D) T(s) =| |(sI -A)
1 lo]
[ 1 0 ]
(sI-A)! = s+1 }
1
s+2
| © |
[ 1 0 I
rocftfer 0 1,
'\ 0 L S +
s+2]
16. (C) x=A x+B-u, y=C-x +Du
[0 1 0] (107
A= 0 0 1,B=/0,C=[100]D=0
-1 -2 3] |o
T(s) =X _C(sT-A)'B+D
U(s)
) [s+38s+2 s+3 1]
— _1: —
(sI-A) s3+332+23+1‘ 1 s(s +3) 32
L -s -2s-1 sJ

Substituting the all values,

_10(2s” + 3s +2)

4352+ 2s+1

C(s) _ b, B 24

R(s) s*+a,s® +a;s+a, (s°+9s® +26s+24)

T(s)

17. (A)

(s* + a,s® + a5 + a,)C(s) = b,R(s)

Taking the inverse Laplace transform assuming zero
initial conditions
C+a,Cc+a,c+a,c=b,r

X, =C=Y, Xy =C, X3=C

X, =C=Xy , Xy =C=Xy

Xy =C=byr —a,c—a,c—a,c
==X, —Q Xy —QyXy + byr,

(%, 1 [0 1 0 ([« ] _0—’
X,0={ 0 0 1 ||x, |+{0 Jr

a, =24, a, =26, a,=9, b, =24
[, ] [ O 1 01[x] [0]
X, |=| O 0 1{lx,|+|0|r
Xy | [-24 -26 -9||x _24J

[ |
y=[10 0] x,
X3

18. (B) Fourth order hence four state variable
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UNIT 6
[0 1 0 0 ] [0]
) ‘O 0 1 0 { |
= = =[1 000
=0 0 o 1[7|om¥l Ix
—Q, - —@, —ag b,
a, =100, a, =7, a,=10, a,=20, b, =100
01 1 s 1
19. (B) A = C(sI—A)" =
®) {—2 0} (sT-A) sz+2{—2 s}
B [ COS\/EL‘ sin\/gﬂ
D)=L {(sI-A)} = V2
—J2sin /2t cos /2t

( cos\/§t+Siri/;§t —‘

L—\E sin \/gt + cos ﬁtJ

Yy =% — X, :%Sin oY

NG}

() = D(£)x(0) =

20. (C) Find the transfer function of option
Y(is)_ 1

Us) s-2’

Y(is) 1

For (B) ——~=
U(s) s-2

For (C), Y(s) [0 1 1 {s+2 0 }{1}
U(s) (s+D(s+2)| 2 s+1|1

1 [s+2]_ s+3
(s+1)(s+2)ts+3j (s+1D(s+3)

For (A) ,

=[0 1]
So (C) is correct option.

21. (C) A{:z :51}

|sI-Al=s>+7s+7 = s=-579,-121

[s -2 -3
22. B)(sI-A)={ 0 s-6 -5
-1 -4 s-2

|sI—A|=s3—832 -11s+8 = s=911, 053, -1.64

23. (D) X(s) =(sI-A)"'(x(0) + B-u)

s-1 -2 71'([2] [1] 3
= =+ —_—
3 s+1 1 1|s*+9
1 25 + 4s? +21s + 45
(s> +5) (s +9)| s*-Ts?+12s-7

4s® —10s” + 455 — 105

V(9 =l1 21X(9) = 27

24. (B) X(s) =(sI - A)"(x(0) + B-u)

GATE EC BY RK Kanodia

( (s+1 —‘

_ s(s+2)

wrsers)
s(s+1D(s+2)

Y(s)=[0 1X(s)=_ 1

s(s+1D(s+2)

1 1
= yB==-e'+=e*
" 2

25. (B) X(s) =(sI - A)"(x(0) + B-u)

1
[s+2 -1 0 Tl( o] 1] \ s(s +2)
1 1
-lo s -1 0l+|0|=|= e
0 o s+1| (o] [0)° s
| s*(s +1)(s +2) |
1
Y(s)=[1 0 0], X(s)=
(s)=I[ ], (s) 512

1 1
t)=—-——e
() 5 g

26. (D) For a unit step input e, () =1+ CA™'B
[-5 1 0] [-04 005 -005]

A=l 0 -2 1, A'= -1 -025 -025
20 -10 1 -2 15 -05

PR O]{O'i 025 05M

-2 15 051
=1-02=08
[ 1]
27. (A) e, () =1+ CA'B, A = 3
1 0
[ 1]

2 =10 1 2

() =1+01 1 112

eatep(oo) +[ ]\\ 1 3J|:1:| 33

28. (C) e,,,, (=) =lim [(1 + CA'B)t + C(A™)*B]
t—o
1+CAB=2 ¢ (w)=lim|2¢+ CA B
3 A |

29. (B) e,,,(v) =1+ CA'B

-5 4 —2—| 1—’
-3 -10 0 1, C=[-12 1]

MR T
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[-0.305 0134 0122]
A'=| 0091 -0140 -0037
-0079 -0055 -0232

(0) =1+0.0976 =10976
(0) =lim [(1 + CA"'B)¢t + C(A™")*B] =

t—0

.step

ramp

[ 0 0 -1 —|
30. BYA'=| 1 0 0
t1.286 0143 —0.714J

step

(0)=1+[1 0 0]( 2 g _01 Ugle
L1.286 0143 —0.714H1 J

(—1286 -0.143 0.714 —|
AY= 0 0 -1
-0.776 -0.102 —0.776J

C(A")’B=0714, e, () =0714

ramp

31. B) %, =x,+u, x, =—5x, —6x, —2u

x| O x| M A-|
BRI E T

w3 [0 2

32. (A) y=x,,y=[1 0lx,

C=[1 0], CA=[1 0]’0M{CAJ{O J

33. (C) det C,, =0. Hence system is not controllable. det

0,, =1. Hence system is observable.

34. B) x,=—x, + %y , Xy ==Xy + U, Xg=—2X,+ U
F 1 1 0] [O] [-1 1 0] [0]
X = 0|x+ u,A:O—l 0|, B=(1
-2 0 0 -2 1
[-1 1 ofo] [ 1]
AB=| 0 011|=-1
0 -21 _—2
of 1] [-2]
AZB: 0 -1 0ofj-1{=| 1
0 0 -2|-2 4
[0 1 -2
C,=[B AB A’B]=|1 -1 1
1 -2 4

35. (A) y =10x, —10x, + 10x, , y=[10 —10 10]x

GATE EC BY RK Kanodia

-1 1 0]
A= 0 -1 0}, C=[10 -10 10]
0 0 -2
[-1 1 0]
CA=[10 -10 10]}] 0 -1 0(=[10 0 -20]
0 0 -2
[-1 1 0]
A’ =[10 0 -20]l 0 -1 0|=[10 -10 40]
0 0 -2

0.-| ca |- W
tCAZ J tm -10 40J
o 1 -2
36. (A) detC, =det|1 -1 1|=-1,
1 -2 4

Since the determinant is not zero, the 3 x 3 matrix is

nonsingular and system is controllable
[ 10 -10 10]
detO,, =det{ -10 0 -10|=-3000
10 -20 40

The rank of O,, is 3. Hence system is observable.

37.(B) x, =—bx, ——x,+u, X, =x,, y=5x +4x,

5] [0 ] [0l o Jx]
BIEERE1 MEH R N
38. (B) 0, [Cl_| 5 4]

“lca) 7|20 1)
det O,, =0. Thus system is not observable

=B AB]J(; _2j
4]

det C,, =—1. Thus system is controllable.

39. (B) i, DY _g95,,
dt 4
v. and i; are state variable.
P £
I =l +ig,lg=1i —lp =1 my U=l e
Hence equations are YL =1, e =-05v, +i;
dt 2
di,,
I =0.25(v, —v,) =—0.25v, + 0.250v,

0,1 [ -05 1][v,] [0.25]
oo o)l

www.gatehelp.com

Chap 6.7

Page
385



UNIT 6 GATE EC BY RK Kanodia Control & System

Vo _ - [ve] 5. (A) Doy, B, A0,
lp = 9 —0.5Uc, lp —[05 O]LZLJ dt 2 dt 4 dt 5
i 10 v, s, 10y i 10
dv di
40. B) —L =i, , =32 =v
B g =g = - +
v; o
Hence v, and i, are state variable. C—) el
by =0 —l3=(v, =) =13, I, =—0; —13+
U, =0, — Uy =0 — i, =0 —(ig + 4v;) =30, — i Fig. $6.7.45
%——v —i;+ v %——3v -1 y=ip=4v, +1
dt R/ b f tee Now obtain v, , v, and i; in terms of the state variable
{1’{1}:{—1 —IMUI}LF}U — 1]{01} v, + iy +ig i +v, =0
iy | -8 -1[i, ] [o]" " iy But i, =i, —i, and i; =i, — i
3 h 2 5 3 4
v, + 1, + (i —iy) + (3 —i) +v,=0
41. (C) Energy storage elements are capacitor and . 2 - 1 . 1 - 1 ;
inductor. v, and i; are available in differential form and 3% 3% 3° 3"
linearly independent. Hence v, and i, are suitable for bomp g =2y 1120
2 Y 1~ 2 4 o i
state-variable. 3 3 3 3
1d d i, =1, LZ——%i2+%i4 31}0 %vl
42, (B)g%zic = %:2;‘0 L )
. g . g b=y =l =——l, —_1, U+ 53U
1di, di, 3 3 3 3
EEZUL N EZzUL U, =i+ 1i 2i+2v +1v
. U, = = —_ _— — —
l_C>+ “C 4 5 o 3 2 3 4 3 o 3 i
Jim [ T { 2 1 11 [2}
+ . - = - -
e 2o li,]1 | 3 3 3[i] |3
lS<> 10 vy Upal 1Q dv;, l _‘_1 _g % ; +}1U
i - ! 3 3 3| |3]"
o {_1 2 _1J J M
Fig. $6.7.42 3 3 3 3
. . ' { 2 1 1—‘ (2—’
Up =Up + Uy =Vp +lpy , Lo+ 40, =ip, 3 "3 3 3
v, :UC+iC+4UL ,—3UL :UC+iC (1) A:‘—l _g g , 46. (B)B=|1}
L .. .. 3 3 3
lo =1, —lp — 1 ,LC:LS—UTL—zL ..(ii) 1 2 1 1
. o . 3 3 3 3
Solving equation (i) and (ii)
=80, —iy —1c) =vc +ic » 2ic =Ve =3l + 31, 47. (D) v, is state variable
—3v;, =Vo + 1, -V, =i , 20, =—Up+1i; —1, .
i
dv . .odi . g
difzvc—3lL+3ls,d7ltL=—Uc+lL—ls y=u,, y:[() 0 1]:LZ4J

L e ;

sfesfestok skoskskok

3
o

44, (B) There are three energy storage elements, hence
3 variable. i, ,7, and v, are available in differentiated

form hence these are state variable.
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If machine is not properly adjusted, the product
resistance change to the case where a, =1050Q. Now
the rejected fraction is

(A) 5046%
(C) 2.18%

(B) 10.57%
(D) 6.43%

Cannon shell impact position, as measured along
the line of fire from the target point is described by a
gaussian random variable X. It is found that 15.15% of
shell falls 11.2 m or farther from the target in a
direction toward the cannon, while 5.05% fall farther
from the 95.6 m beyond the target. The value of a, and

c. for X is (Given that F(103) =0.8485 and

X

F(1.64) =09495)
(A) T +40 m and 50 m
(C) T+10 m and 50 m

B) T +40 m and 30 m
(D) T+ 30 m and 40 m

A gaussian random voltage X for which e, =0 and
oy =42V appears across a 100 Q resistor with a power
rating of 0.25 W. The probability, that the voltage will
cause an instantaneous power that exceeds the

resistor’s rating, is
) 2Q(5} ®) Q[5)
42 42
5 5
1 — D)1-Q —
()] +Q[42j (D) Q(42j

Statement for Question 13 -14 :

Assume that the time of arrival of bird at
Bharatpur sanctuary on a migratory route, as
measured in days from the first year (January 1 is the
first day), is approximated as a gaussian random
variable X with a, =200 and o, =20 days. Given that :
F(05) =0.6915, F(10) =0.8413,, F(15) =0.8531,
F(155) =09394 and F(20) =09773.

What is the probability that birds arrive after 160
days but on or before the 210" day ?
(A) 0.6687 (B) 0.8413

(C) 0.8531 (D) 0.9773

What is the probability that bird will arrive after
231* day ?
(A) 0.0432
(C) 0.0606

(B) 0.1123
(D) 0.0732

GATE EC BY RK Kanodia
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Statement for Question 15-16:

The life time of a system expressed in weeks is a

Rayleigh random variable X for which

=g 400 0<x
fx(x) _ 1200

0 x <0

The probability that the system will not last a full
week is
(A) 0.01%

(C) 0.40%

(B) 0.25%
(D) 0.60%

The probability that the system lifetime will exceed

in year is
(A) 0.01% (B) 0.05%
(C) 0.12% (D) 0.22%

The cauchy random variable has the following
probability density function

b/n
b +(x-a)?

fx(x) =

For real numbers 0<b4 and -w<a<ow. The
distribution function of X is

1 x—a
A) Ztant| ==
(A) an[bJ

T

1 X —a
B) —cot™'| =——
( ) CO ( j

T

() 1 " 1tan1£x_aj
2 x b

T

(D) 1 + lcotl(x —a)
2 b

Statement for Question 18 - 19

The number of cars arriving at ICICI bank
drive-in window during 10-min period is Poisson

random variable X with 5 =2.

The probability that more than 3 cars will arrive
during any 10 min period is
(A) 0.249
(C) 0.346

(B) 0.143
(D) 0.543

The probability that no car will arrive is

(A) 0.516 (B) 0.459
(C) 0.246 (D) 0.135
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m The power reflected from an aircraft of complicated
shape that is received by a radar can be described by an
exponential random variable W. The density of W is

1 —w/W, l
— 0 0
fW(LU) _ WO e w >

0 w<0|

where W, is the average amount of received power.
The probability that the received power is larger than
the power received on the average is
(A)e? B) e
(C)1-e" (D)1-e>

Statement for Question 21-23:

Delhi averages three murder per week and their

occurrences follow a poission distribution.

The probability that there will be five or more
murder in a given week is
(A) 0.1847

(C) 0.3927

(B) 0.2461
(D) 0.4167

% On the average, how many weeks a year can Delhi
expect to have no murders ?

(A) 1.4
(C) 2.6

(B) 1.9
(D) 3.4

How many weeds per year (average) can the Delhi
expect the number of murders per week to equal or
exceed the average number per week ?

(A) 15 (B) 20
(C) 25 (D) 30

m A discrete random variable X has possible values
x,=i%, i=1,2, 3, 4 which occur with probabilities 0.4,
0.25, 0.15, 0.1,. The mean value X =E[X]of X is

(A) 6.85 (B) 4.35
(C) 3.96 (D) 1.42

@ The random variable X is defined by the density
1 x
[x(x) = 2 w(x)e 2

The expected value of g(X)=X? is
(A) 48 (B) 192

(C) 36 (D) 72

GATE EC BY RK Kanodia
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% The mean of random variable X is
(A) 1/4 (B) 1/6
(C) 13 (D) 1/5

The variance of random variable X is
(A) 1/10 (B) 3/80
(C) 5/16 (D) 3/16

m A Random variable X is uniformly distributed op
the interval (-5, 15). Another random variable Y =e 5
is formed. The value of E[Y]is

(A) 2 (B) 0.667

(C) 1.387 (D) 2.967

P¥) A random variable X has X =-3, x> =11 and o% =2

For a new random variable Y =2x — 3, the Y, Y~ and G

are
(A) 0, 81, 8 (B) -6, 8, 89
(C) -9, 89, 8 (D) None of the above

Statement for Question 31-32 :

A joint sample space for two random variable X
and Y has four elements (1, 1), (2, 2), (3, 3) and (4, 4).
Probabilities of these elements are 0.1, 0.35, 0.05 and
0.5 respectively.

m The probability of the event{X <25,Y <6} is
(A) 0.45 (B) 0.50
(C) 0.55 (D) 0.60

The probability of the event {X <3} is
(A) 0.45 (B) 0.50
(C) 0.55 (D) 0.60

Statement for Question 32-34 :

Random variable X and Y have the joint distribution

5 x_*_e—(owl)y2
x+1

—e'szu(y), 0<x<4

Fy y(x,y) =40 x<0or y<0

2 4<xand any y >0
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m The marginal distribution function Fy(x)is

07 x7>0 0, x <0
A 125  _4cx<a B2 0<x<4

4(x+1) 4(x+1)

1, x <-4 1, x>4

1, x>0 1, x <0
©1-2%  _4x<0 OO 0<x<a

4(x+1) 4(x+1)

0, x <-4 0, x>4

m The marginal distribution function Fy(y) is

—ée’yz, y>0
A)
1+ée’5y2, y <0
4
0, y>0
(B)
141l ée’y, y<0
4 4
%fe’yz, y <0
©) 1 5
1+=e™ ——e’y2, y >0
4 4
0, y <0
(D) >
1+le’5y ée’y, y=0
4 4

E¥8 The probability P{3 <X <5, 1<y <2} is
(A) 0.001 (B) 0.002
(C) 0.003 (D) 0.004

Statement for Question 35-39 :
Two random variable X and Y have a joint density

Fy y(x,y) = %[u(x) —u(x — Du(y)y’e =1

m The marginal density fy(x) is

(A)5u(x)—u(x2—4) (B)5u(x)—u(x—4)
(x+1 (x+1

©) éu(x)—u(x—4) D) éu(x)—u(x—4)
4 (x + 1?2 4 (x+1

m The marginal density fi(y) is
(A) 2y%[e™ —e™ Tuly)

(B) 2yle” —e™ Tu(y)
(C) 2yle™ —e™ Tuly)

(D) 2yle™” —e™ July)

GATE EC BY RK Kanodia
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The marginal distribution function Fy(x) is

5 1
A) 2 _ _
(A) 2z 1" [4(x) — 4(x — 4)]
5 1
B) — 4(x) —4(x -4
( )2(x+1)2[ (x) —4(x - 4)]
5 1
- 4(x) —4(x -4
© 4(x+1)[ (x) —4(x - 4)]

(D) None of the above

m The marginal distribution function F,(y) is
(A) [1-e Tuly) (B) 2[1-e Tu(y)

(©) 2[1-e Tuly) (D) None of the above

m The joint distribution function is

—(x+1)y? 2
5 xte T _ v ) 0<x<4and y>0
A) 4 x+1
1+i[e’5y2 ~5e"], x>4 and y>0
—(x+1)y? 9
5 xte T _ v , 0<x<4andy>0
(B) 8 x+1

1

1+§[e'5y2 —5e ], x>4andy>0

|—x 4o Y o |

éi—e’y , 0<x<4andy>0
8 x+1

©)
1+i[e‘5y2—5e’y2], x>4 and y >0
|— —(x+1)y* 2_]
i{“el—ey J 0<x<4andy>0
(D) X+
1

1+§[e’5y2—5e’y2], x>4andy >0

P The function

_a|r Al X T af Y
FX!Y(x,y)_z{2 + tan (2ﬂ{2 + tan (SH

is a valid joint distribution function for random

variables X and Y if the constant a is

1 2
A — B) =
@ ®)

4 8
C) — D) —
© @)
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Random variable X and Y have the joint

distribution function

0, x<0or y<0
2
Ex 1—y—, 0<x<land1l<y
26 27
27 y?
F ,y) =4 —y1-2—| 1< do<y<1
X,Y(x y) 2% y[ 27J X an y
2,2
ﬁxy 1-*2Y , 0<x<land 0<y<l1
26 27
1, 1<xand 1<y
The probability of the event
{0 <X <05,0<Y <025} is
(A) 0.13 (B) 0.24
(C) 0.69 D)1

Statement for question 42-43 :
The joint probability density function of random
variable X and Y is given by

7(x2+y2J

Pyy(%,y) =xye 2

w(x)u(y)

PP The py(x) is

(A) 2xe ™ u(x)

x2

(B) xe_?u( x)

xZ

(C) xe ™ u(x) (D) 2xe % u(x)

The py,(y/x) is

(A) Lyeuly) (B) ye " u(y)

2 2

7 v
(C) ye 2u(y) D) Lye 2uly)
m The probability density function of a random

variable X is given as fy(x) . A random variable Y is
defined as y =ax + b where a <0. The PDF of random

(B) an(ya_bJ

1.(y-b
<D>bfx[ - j

variable Y is

@) be(y_bj
a
© 1A(22)
a a
M The function

be*(x+y)
fx,Y(x’y):{O

O<x<aand 0<y<ow
else where

is a valid joint density function if b is

GATE EC BY RK Kanodia
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2

A
@ 1-¢e

(B)

1-¢°

(C) (D) None of the above

l1-¢°

Statement for Question 46-47 :

Random variable X and Y have the joint density

xy
Fx,v(%, ) = % wx)ulye * 3

m The probability of the event {2 <X <4, —-1<Y <5}
is

(A) 0.1936
©o

(B) 6.2964
(D) None of the above

The probability of the event {0 < X <o, <y <-2}is
(A) 0.2349 (B) 0.3168

(C) 0.4946 (D) None of the above

m Let X and Y be two statistically independent
random variables uniformly distributed in the ranges (
-1, 1) and (-2, 1) respectively. Let Z =X + Y. Then the
probability that (Z <-2) is

(A) zero
(C) 1/3

(B) 1/6
(D) 1/12

m The probability density function of two statistically
independent random variable X and Y are
Fr(x) =Bu(x)e™
fr(y) =24(y)e™
The density of the sum W =X +7Y is
(A) e —e™ Ju(w)
(B) L[e? —e™ Ju(w)
(C) Be —e™ Ju(w)

(D) %[e—Zm _ e—5o) ]u(w)

m The density function of two random variable X and
Y is

1
— 0<x<6 andO0<y<4
fX,Y(x’y): 24 Y

0 else where

The expected value of the function g(x, y) =(XY)
is
(A) 64
(C) 32

(B) 96
(D) 48
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The density function of two random variable X and
Y is

e

fx,y(x, y)=

with ¢® a constant. The mean value of the function
g X, Y)=X*>+Y%is

(A) o (B) &

(C) 267 D) 20

Statement for Question 52-54 :

The statistically independent random variable X
and Y have values X =E[X]=2 and
Y =E[Y]=Y. They have second moments
X2 =E[X?]=8 and Y? = E[Y?]=25. Consider a random
variable W =3X -Y.

mean

F#A The mean value E[W] is
(A) 2 (B) 4
(C) 8 (D) 25

m The second moment of W is
(A) 145 (B) 49

(C) 97 D)0

m The variance of the random variable is
(A) 4 (B) 45

(C) 49 (D) 54

m Two random variable X and Y have the density

function
Xy
) 0<x<2 and 0<y<3
f X, H(x,y)=419 Y
0 elsewhere

The X and Y are

(A) Correlated but statistically independent
(B) uncorrelated but statistically independent
(C) Correlated but statistically dependent

(D) Uncorrelated but statistically dependent

GATE EC BY RK Kanodia
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B The value of 6%, o2, R,y and p are respectively

a2 27 1o, 1) ana -3/
4 22 3 2
@ 1o 1) a3
422 3 2
© 91 1y 1) 12
42 2 3 3133
9 11 1(, 1 12
D DN 2'_447’ d__;
D25 2( \/5] ¢ 7383

The mean value of the random variable
W =(X+3Y)>+2X + 3 is

(A) 98 + /3 (B) 98 —/3
(C) 49 -3 (D) 49 + /3
skekskokskokskekskoksk
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SOLUTION

1. (A) PIX>1} = T Px(x)dx
1

:TMei‘x‘dlejxeixdx :0.368
1 2 2 1

0 2
2. (C) P{-1<X <2}= J.—1 xe*dx + lee"‘dx
-1 2 0 2

:1—1—%:0.429
e 2e

3. (A) Test 1: fy(x) 20 is true
G Y Y

Test 2: area must be 1 i.e. j 1 dx ZL? _§J
0

Thus b= %m 13

T 1 1
4. C =1 74k:1 sz
( )Lp(v) = 5 = 2

kv v
Th 7 _ 7
us p(U) = =

© 4
Mean Square Value = _[xzp(x)dx =Ix2 %dx =8

0

5. (B) For x =0, Fy(x) :J';ezdx:{l_e

0

;}u(x)

oo

_L
2

—e 2 =0.3834

P(A)=Fy(3)-F,(1)=e

25
2

6. (D) P(B)=Fy(25) =1-¢ 2 =07135

7. D) C=ANB={1<X <25}
L 2
2

P(C)=Fy(25) - Fy(l)=e ? —e 2 =0.3200

8. (A) P(\X\ >2)=P{2 <x} + P{x <2}

=1-P{x <2} + P{x <-2}=1-F(2) + F(-2)

We know that for gaussian function F(-x)=1- F(x)
Thus P(|X|>2)=1-F(2)+1-F(2)
=2-2F(2)=2-2(09772) =00456

9. (C) Rejected resistor corresponds to {x <900Q} and
{x >1100Q)}.
probability of rejection.

P {resistor rejected} = P{X <900} + P{X <1100}

Fraction rejected corresponds to

GATE EC BY RK Kanodia

Chap 7.1

=F(900) + [1 - F,(1100)]

:F[900—axj+1_F[1100—axJ
(o) (¢

x X

_ F(9OO —-1000 j 1o F(llOOO - 1000]
40 40

=F(-25)+1-F(25)=1-F(25)+1-F(25)=2-2F(25)
=2-2(09938) =0012 or 1.2 %

10. (B) P(resistor rejected) = F[QOO—lO50) ‘1

40

- F(noo ~1050
40

=1- F(375)+1- F(125)

=2 -09999 —0.8944 =0.1057 or 20.57 %

j: F(-375) + 1 - F(125)

11. (D) P{x > T +95.6} =0.0505
(T +95.6-a,) :F(T+95.6 ~a,

(e

x

=1-F

] =09495

(¢

x

T+956-a,
c

Plx<T -112}=01515
_p(T-112-a) |, o(T-112-a,)

(&) ()

T-112 —-a,

[¢)

x

This occurs when =1.64 (1)

=8485

This occur when — =103 ...(11)

Solving (i) and (ii) we get a, =7 + 30 and o, =40
f
12. (A) 0.25 exceeds when 100 >021 or ‘x‘ >5v

P(O25Wexceeded):P{‘x‘ > 5}
=P{x>5} + P{x <-5}=1-P(x <5) + P{x <5}

:l—P(5 —°j+p[—5 _O]:I—F(5j+ F(_5j

42 42 42 42

RO R
42 42 42 42

13. (A) P{160 < X <120} = F(210) — F(160)

_ F(210 —200) B F(lGO —200)

20 20

=F(05) - F(-2)=F(05) + F(2) -1
=0.6915 + 09773 -1=0.6687

14. (C) P{X >231}=1-P{X <231} =1 F,(231)
:1_F(231—2oo

20 j:l—F(1.55):1—0.9394 =0.0606
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15. (B) We use the Rayleigh distribution with ¢ =0 and

- 52(1 17 -3) -29994 weeks
b =400 2

1
For probability P{X <1})= Fy(1)=1—e “© -,
P X 24. (B) E[X]=X =) x,P(x,)
=0.0025 or 0.25 % =

=10(0.4) + 4(025) + 9(0.15) + 16(0.1) = 4.35
16. (C) P{X >52) =1 Fy(52)

522 527 @ x
=1-|1-e %0 |=1-¢ %0 =000116 or 0.12 % 25. (A) E[g(X)]:E[X3]:.|'1x3e7=1 6 =
02 2 (1/2)

j (b/m)du

x x 1
17. (C) Fy =:[OfX(u)du = 5w —a 26. (A) Mean of X ::[Oxfx(x)dx :£x3(1 - x)%dx =i

Let v=u —a and dv =du to get

b* do b|—1 o\ 27. (B) Variance of X is o> = E[X*]—u>
(%) = _[ x Lb tan‘l[bJJ . 1 1
LA A ~ E[X*]= [2*fy(x)dx = [2*8(1-x)dx =
1 1 1(x —aj - 0 10
=—+—tan"| —— 2
2 n b Gz_i_ 1] _3
10 \4 80
18. (B) Here fy(x)=e Z( Jg( x—Fk) Hence B is correct option

X

Plx>0} =1-Plx <3| 28. (B) Here Y=g(X)=¢ ?

=1-P(x=0)-P(x=1)-P(x=2)-P(x=3)

15 X 1
0 1 2 3 — —
:1_62{2+2+2+2}:1_e (19) 01429 So E[Y]=E[g(Y)]= Jg(X)gX(x)dx j 5H dx
0! 21 21 31 3 - g
x 15
o0 =210{—5e_5} :%[el—e’3]=0.667
=0.135 -5

19. (D) P(x=0)=e?— ol

29. (C) E[Y]=E[2X -3]=2X -3=2(-3)-3=-9
. E[Y*]=E[2X - 3)*1=4X" -12X -9
=1- (1 eWOJ—e =4(11) —-12(-3) -9 =89

9 2 2 P

c2=Y?-Y =89-92=8

20. (B) PIW >W,} =1-P(W <W,} =1 - F,,(W,)

21. (A) P {5 or more}=1-P(0) - P(1) - P(2) - P(4)
g0 g g2 33 g¢ 30. (A) Fyy, (x, ) =01ulx - Du(y -1 + 035u(x - 2)uly - 2)
=1- e{ e }

1 el =0.1847 +0.05u(x — 3)uly —3) + 05u(x — Yuly —4)
P{X <25, Y <60} = f,(25, 60)=01+0.35 =0.45

3 3 3 131
or 11 2! 3' 4!

22. (C) P(0)=e*=0.0498
average number of week, per year with no murder
52e¢7® =25889 week.

31. (B) P{X <30)= F(30) = F,(30, )
=01+0.35+005 =05

23. (D) P (3 or more}=1—-P(0) - P(1) - P(2) 82. (B) Fy(x) = Fy y(x, )

—(x+1)y?
- 32 17 5 hmé X t+e _e,yz I,I,( ): 5x
=1-¢ {1+3+2} 1—?e =05768 e al T 2+l y Ax+ D)
Average number of weeks per year that number of lim[l + 1 o5 _ 5 e yzj -1
murder exceeds the average o 4

33. (B) Fy(y): FX’Y(OO, y)

www.gatehelp.com
Page
396



Page
398

UNIT 7

= j5e’(’”’y)u(w —Yu(y)2edy = IOI ey w>0
—0 0

= % uw)le™ —e™]

50. (A) ELXY)*1= [ [’y fy y(x, y)dx dy

4 6 o
j J-xy dx dy =64

fatry

51. (C) E[g(X,Y)]= j j (x® + 99 ¢ - dx dy
2: d y:‘ J ;Z 7x2
J. \/27120 x"'\/2n vt ‘[ j\/2710

Both double integral are of the same form. the second
factors equal 1 because they are area of a gaussian
density. The first factor equal o® because they are
second moment of gaussian density with zero mean and
variance c°.

Thus Elg(x, y)k El(x* + y)Rc>

52. (A) EIW]=E[3X -Y]1=3X -Y =6-4=2

53. (B) E[W?*]=E[(3X - Y)*1= E[9X” - 6XY + Y?]
—9X2-6XY +Y?>=9X”-6XY +Y?
=9(8) - 6(2)(4) +25=49
54. (B) 6% = E[(W —W)*1= EIW? —2WW + W ]
—W?-W =49 -4=45
0 32 8
55. (B) RXY:J'J.xy fx.v(x,y) dxdy ” =—
—00—00 00
32x2
E[X]= H dxdy——
00 9
32x
ElY]= '” dxdy =2
00
. 8 8
Since RXY=3=E[X]E[Y]=2[3J 7 we have X and Y

uncorrelated form
3

From marginal densities fy(x)= j% dy = g, 0<x<2
0

2
f(y) = fxydy , 0<y<3
0

9

we have fy(x) f,(y) =%y, 0<x<2and0<y<3

GATE EC BY RK Kanodia

Communication System

Thus fy y(x,y) =fx(x) fy(y) and X and Y are

statistically independent.

. .8 (1Y _9
2 2 4

_yI_¥’ :%—(2)2 _u

56. (C) o5 =X

= o 1 1. 1(, 1
Ry =XY :CXY+XY:—+(2)=(2—\/§j

243 2 2
_Cy 1298 12
oxoy (+914)11/2) 3 \33

57. B)W=(X +3Y)>+2X + 3
:3+2§+?+6ﬁ+9F

:3+2(;J+2+6GI2—\/1§J+9(129):98—\/§
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CHAPTER

7.2

RANDOM PROCESS

Statement for Question 1 - 4 :

A random process X(f) has periodic sample
functions as shown in figure where A, T and 4¢, <T are

constant but e is random variable uniformly distributed

on the interval (0, 7).
: s+‘ T t

0e—t, &€ &+i

X(t)

Fig. P7.2.1-4

The first order density function is

T -2t,
@ 4 e AT
0 else where

0<x<A

®) L=24 , %[u(x) u(x - A)]
© T}Ztoa(n % 0<x<A

0 else where
) 1224 2t°8() 2T,

AT

Pl The value of E[X(5)] is

t,A
A B) 2=
( )2T (B) T

D
(©) L2 4T D)0

Bl The value of E[X%(9)] is

t,A* t,A*
A B
INE== ®) o

2
(C)2t? D)0

The value of c% is

LA[2 ¢, ] A% ¢t
W3- TJ ® 7

tLA[2 t,] A2 ¢, ]
@l ® 57

ﬂ An ergodic random power x(¢) has an auto-correlation

function
Ry (1) =18 + 2 5 1+ 4cos(121)
6+1
The |X]| is
(A) +7/18 (B) +4/13
(C) 417 (D) +4/18 ++/17

ﬂ For random process X =6 and
Ry (t, t +1) =36 +25e ",

Consider following statements :
1. X(#) is first order stationary.
2. X(t) has total average power of 36 W.
3. X(¢) is a wide sense stationary.
4. X(¢) has a periodic component.
The true statement is/are
(A) 1,2, and 4

(C) 2 and 3

(B) 2, 3, and 4
(D) only 3
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A random process is defined by X(¢) + A where A is
continuous random variable uniformly distributed on

(0,1). The auto correlation function and mean of the

process is
(A) 1/2 & 1/3 (B) 1/3 & 1/2
)1 & 1/2 D12 &1

Statement for Question 8 - 9 :

A random process is defined by
Y(t) = X(¢t)cos(ow,t + 6) where X(¢#) is a wide sense
stationary random process that amplitude modulates a
carrier of constant angular frequency o, with a random
phase 0 independent of X(¢#) and uniformly distributed

on (-n/ m).

B The E[Y(0)]is

(A) E[X(1)] (B) —E[X(1)]
©1 (D) o

ﬂ The autocorrelation function of Y(?) is

(A) Ry (1)cos(w,7) (B) %RXX(r) cos(m,T)

(C) 2R (1) cos(w,1) (D) None of the above

Statement for Question 10 - 11 :

Consider a low-pass random process with a
white-noise power spectral density Sy(w) =.4/2 as
shown in fig.P7.2.10-11.

Sx(w)

2

-2nB 2nB

Fig.P7.2.10-11

The auto correlation function R,(1) is
(A) 2.4B sinc (27p1) (B) nAB sinc (27f1)
(C) B sinc (27pt) (D) None of the above

The power Py is

(A) 2NB (B) 7NB
(C) NB p) B
27

If X(¢) is a stationary process having a mean value
E[X(t)]=3 and
Ry (1) =9 +2¢7.

autocorrelation function

GATE EC BY RK Kanodia
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2
The variance of random variable Y = j X(t)dt will be
A1 (B)2.31 °
(C) 4.54 (D)o

A random process is defined by X(¢) = A cos(mt)
where A is a gaussian random variable with zero mean

and variance o>. The density function of X(0)

2 2

1 o
(A) e 294 (B) V2 e 204
V27, on
(C) 0 D) 1

Statement for Question 14-15 :

The two-level semi-random binary process is
defined by

X(t)=A or -A

where (n —1)T <t <nt and the levels A and -A

occur with equal probability. T is a positive constant
and n=0,+1,+2

The mean value E[X(?)] is
(A) 1/2 (B) 1/4
1 (D) 0

The auto correlation R, (¢, =057, ¢, =0.7T) will be
A1 B)O0
(C) A® (D) A?/2

A random process consists of three samples function
X(¢, s) =2, X(¢, s,) =2cost, and X(¢, s,) =3sin¢- each
occurring with equal probability. The process is

(A) First order stationary

(B) Second order stationary

(C) Wide-sense stationary

(D) Not stationary in any sense

Statement for Question 17 - 19 :

The auto correlation function of a stationary
ergodic random process is shown in fig.P.7.2.17-19

Ry (v
50

20

-10 10 T
Fig. P7.2.17-19
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The mean value E[X(9)] is

(A) 50 (B) V50
(C) 20 (D) +20
The E[X2(#)] is

(A) 10 (B) V10
(C) 50 (D) 50

The variance c% is
(A) 20
(©) 70

(B) 50
(D) 30

m Two zero mean jointly wide sense stationary
random process X(¢#) and Y(¢#) have no periodic
components. It is know that ¢% =5 and o} =10. The

function, that can apply to the process is

. 2
(A) Ry (1) = 6u(t)e™ rsm; ol

®) Ryy(0) =5

T

(C) Ryy(1) =9(1 +2e*)™" (D) None of the above
A stationary zero mean random process X(#) is
ergodic has average power of 24 W and has no periodic
component. The valid auto correlation function is

(A) 16 + 18 cos(31) (B) 248a%(2mn)

e(*Gt)

© (1+37%)

(D) 24t — 1)

% Air craft of Jet Airways at Ahmedabad airport
arrive according to a poisson process at a rate of 12 per
hour. All aircraft are handled by one air traffic
controller. If the controller takes a 2 - minute coffee
break, what is the probability that he will miss one or
more arriving aircraft ?

(A) 0.33
(C) 0.55

(B) 0.44
(D) 0.66

Delhi airport has two check-out lanes that develop
waiting lines if more than two passengers arrives in
any one minute interval. Assume that a poission
process describes the number of passengers that arrive
for check-out. The probability of a waiting line if the
average rate of passengers is 2 per minute, is

(A) 0.16 (B) 0.29
(C) 0.32 (D) 0.49

GATE EC BY RK Kanodia
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A complex random process Z(t)=X(t)+ jY(¢) is
defined by jointly stationary real process X(¢) and Y (¢).
The E[1Z(¢) ] will be

(A) 2R, (0) + R (0) + Ryy(0) (B) Ry, (0) + R, (0)

(C) Ry(0) — Ry, (0) (D) Ryy(0) — Ry, (0)

PE] Consider random process X(f) =A,cos(o,t + 0)
where A, and o, are constant and 0 is a random
variable uniformly distributed on the interval (0, n). The
power in X(f) is
(A) A?

(OF V%

(B) 1A
D) 1

ﬂ The non valid power spectral density function of a

real random process is
2

(A) X0+ @) — Ao —wy) (B) 2
o +25
o o
D
R T T

The valid power density spectrum is

0y o

A B ——-
A) B) "o

1+ + jo

2
(©) e—(m—l)2 (D) I O
o + 30" +3

m A power spectrum is given as

[ P
0@ = 15 (0/ W)? [of <KW
0 M > KW

where P,W, and K are real positive constants. The

sums bandwidth of power spectrum is

tan+ k& k
AW -1 B W -1
&) k (B) tan™ &
-1
© w, |k (D) »

m Consider the power spectrum given by

P ‘o#<W

pﬂ“”):{o o >W

where P and W are real positive constants. The

rms bandwidth of the power spectrum is

w w?
A) — B —
()\E ()3

w w
C) — D) —
()\@ ()2
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m For a random process Ry(1) :Pcos4(c00r) where P
and o, are constants. The power in process is

(A) P (B) 2P

(C) 3P (D) 4P

A random process has the power density spectrum
P xx(®) :%. The average power in process is

(A) 1/4 (B) 3/8

(C) 5/8 (D) 172

EP A deterministic signal Acos(wyt), where A and o,
are real constants is added to a noise process N(¢) for
which p () :#2@2 and W >0 is a constant. The ratio

of average signal power to average noise power is

A

A1l B
(A) ()W
24 A?
a2 D) 2
(C)W ()W

m The autocorrelation function of a random process
X(2) is

Ry (t, t+ 1) =12e" cos?(241)

The R, (1) is
(A) 6e™**
(C) 48

(B) 12¢*%
(D) None of the above

m If X(¢) and Y(¢) are real random process, the valid

power density spectrum fi (o) is

6 473!
A —— B
( )6+70)3 ( )1+0)2
(C) 3+ jo (D) 184 w)

m The cross correlation of jointly wide sense
stationary process X(¢) and Y(#) is Ry (1) = Au(v)e "

where A >0 and W >0 are constants. The p () is

A A
A —— B —
( )W2—(02 ( )W2+(02
A A
C D
()W+jco ()W—jm

m A random process X(¢) is applied to a linear time
invariant system. A response Y(¢)=X(#)-X(t-1)
occurs when t is a real constant. The system’s transfer
function is
(A) 1-e™"
(C) 2je "% cos =

(B) Zje’j"”/2 sin 4~
D) 1+e

GATE EC BY RK Kanodia
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A random process X(#) has an autocorrelation
function Ry (1) =A”+Be'™ Where A and B are
constants. A system have an input response

-Wt
h(t) = e 0<t
0 t<0

where W is a real positive constant, which X(¢) is

its input. The mean value of the response is

A A
A) — B) —
()W ()ZW
2A
C) — D)o
()W D)

m In previous question if impulse response of system is

Wt _»
At = e "'sin(o,t) 0<t
0 t<0

where W and o, are real positive constants, the
mean value of response is

Ao, (B)A( 1 ]

op + W? 20, | of + W?
2A 1 A 1
©) —| 57 D) —| 5%

o, \ o, + W 20, 0y + W

m A stationary random process X(¢) is applied to the
input of a system for which A(t) =3u(t)t’e™. If

(A)

E[X(#)]=2, the mean value of the system’s response
Y(t) is

A) 5 (B) &

(C) 2 (D) &

128

Statement for Question 40-41 :

A random process X(#) is applied to a network with
impulse response A(t)=u(t)te™ where a>0 is a
constant. The cross correlation of X(¢) with the output

Y(?) is known to have the same form Ry, (1) =u(t)te ™

m The auto correlation of Y(?) is

4 1
(A) 4+ac3rc —altl (B) 3+ac;r e—alrl
(C) 48+ (21T e—alrl (D) 1;’_ (:T e—alrl
a a

The average power in Y(?) is

1 1
AL B) L
@ ® L
©) —&; (D) None of the above
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Statement for Question 42 - 43 :

A random noise X(#) having a power spectrum
P xx(®)
transfer function H(w) = jo. The output is applied to a
network for which A(¢) = u(t)t’e™

:ﬁ is applied to a differentiator that has a

The average power in X(¢) is
(A) 5/21 (B) 5/24
(C) 5/42 (D) 3/14

@ The power spectrum of Y(¢) is

4> 126
VL B) =%
= (49 + )? ® (49 + *)*
3
(®) (49437(’;2)2 (D) None of the above

White noise with power density .4;/2 is applied to a
lowpass network for which ‘H(O)‘:Z It has a noise
bandwidth of 2 MHz. If the average output noise power
is 0.1 W in a 1-Q resistor, the value of .4; is
(A) 12.5 nW/Hz (B) 12.5 uW/Hz

(C) 25 nW/Hz (D) 25 uy£W/Hz

m An ideal filter with a mid-band power gain of 8 and
bandwidth of 4 rad/s has noise X(¢) at its input with

— 2 .
power spectrum p () =22e ° ®, The noise power at

Bx
the network’s output is (F(2) =09773)
(A) 60.8 (B) 90.3
(C) 20.2 (D) 100.4

White noise with power density .4,/2 =6 nW/Hz is
applied to an ideal filter of gain 1 and bandwidth W
rad/s. If the output’s average noise power is 15 watts,
the bandwidth W is
(A)25x10°8

(C)5x10°°

(B) 251tx10°°
(D) 15 x10°°

- A system have the transfer function ‘H ( m)‘ =
where W
bandwidth of the system is
(A) LaW+2
(C) LaW2

1+(w/w>4
is a real positive constant. The noise

(B) LaW+2
(D) None of the above

sesteste stk skotokoskoiok
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SOLUTION
1. (A) Let € have value e. Now
P{X <xle=¢} = Fy(Xle=e) and for any € must be zero

for x <0 because x(#) is never negative. The event
{X <0} is satisfied whenever x(¢) is zero. This happens
during the fraction of time (7 -2¢,)/7. Hence
Fyxle=e)=[(T -2T,)/ T}u(x). For 0<x<A the
additional time interval or fraction of time where X < x
becomes 2 to 2t,x / AT.

Thus Fy(afe=e) =(T _th j

=1LA<«x
=0,x <0
By differentiation

T -2¢,
Flsle=e) = ( j&) o<

=0 else where

fx.(x,e)= fX(x‘e:e)f(e)

(T 2ty j&)

fr(2) = j fx.(x,e)de

<A

T2,0<x<A and 0 <e<T
AT

(T 2¢,

T jS() %O<x<A

=0 elsewhere.

2. (B) E[X(0)] = [ xfy(x)dx

—0

T (T -2t 2t tA

‘J [ j& ez + S AT T
% 126" _2t,A°
2 _ 2 _ 0

3. (C) ELX*(t)]= j X2 fy(x)dx = ! AT e
4. (D) o% = E[X*()] - {E[X()]}?
_2tA% i A* A2 4]
“37 1 T |3 T|

5. (A) We know that (i) if X(¢) has a periodic component

then R, (t) will have a periodic component with the
same period. (ii) if E[X(t)]zXTLO and X(¢) is ergodic

with no periodic components then |1i|m Ry (1) =X

Thus we get ‘f‘z =18 or X=+.18
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6. (C) X = Constant and R, (1) is not a function of ¢, so

X(t) is a wide sense stationary. So 1 is false & 3 is true.
P= R, (0)=36 +25 =61

Thus 2 is false if X(¢) has a periodic component, then
R (7) will have a periodic component with the same

period. Thus 4 is false.
1

7. B) Ry (t,t +1)=EX(®)X(t+1)]=E[A”] :J'azda =%
0

_ 1
X=E[X(0)] = E[A] = [ada :%
0

8. (D) E[Y ()} = E[X(¢)cos(oyt + 0)]
X
= E[X(8)] [ cos(wyt + 0) L d0-0
™ 2n
where E,[] represent expectation with respect to X

only
9. (B) Ryy(¢, t+1)
=E[X(?) cos(wot + 0)X(t + 1) cos(myt + 0 + ©,7)]

= RXX(r) [cos(coor) + cos(2m,t +20 + »,1)]

=5 RXX( ) cos(®,1)

10. (C) Sy(o) = rect(4:bj

We know that R,(t)«—— Sy(®)
— sin(W¢)«——>rect

W (w]
T 2W
Here W =2nB

2B N

Hence Ry (1) = B sin (2nBt) = 4B sinc (271B1)
T

11. (C) Py= X?= R,(0) =NB since sinc (0)=1
2 2 2

12. (C) E[Y 1= E[ j X(Hdt = j E[X(t))dt = 3j dt=6
0 0 0

2 2 22
E[Y?*]= B[ X(Odt| X(wdull= [ | EIX() X (wdu dt]
0 0 00

i R, (t —wdtdu= 0 2[9 +2e7"\dt du
[ R ]
00 00

II
o*—.m

2
j eddt du = 4(10 + e %)
0
2

o2 =E[Y?]1-(E[Y])*=4(1+e?)=4541
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xZ

1 o2
13. (A) For t =0,X(0)=A, So fy(x)=——=—e *™
Ix N27no,

14. (D) E[X(8)]= AP(A) + (~A)P( A)_g_g 0

15. (C) Here R,,(t,, t,)= A"

If both ¢ and ¢, are in the
(n-DT <t t, <nT,n =0,£,+2...

and Ry,(t, ¢,) =0 otherwise

Hence R, (05T, 0.7T)=A"

same interval

16. (D) Let x, =2, x, =2cos ¢ and x, = 3sin(?)

1 1 1
Then fX(x):ES(x —x)+ 58(30 —X,) + 56(90 - x,)

and E[X(D)] = Tfo(x)dx

-0

—Tx[léi(x x1)+ 6(x x2)+ S(x x2)}

:§[2 +2cos ¢t + 3sin ¢]

The mean value is time dependent so X(¢) is not

stationary in any sense.

17. (D) We know that for ergodic with no periodic

component

lim R, (1) = X

Itl—>w

Thus Xz =20 or X =+20

18. (C) Ry (0) = E[X*(1)]= Rypy(0) =50 = X*

19. D) o =X? - X =50 —20 =30

20. Here X =0, Y =0, R(0)=5,67 =
For (A) :
For (B) :
For © Function

| Ry (1) 1< /R (0) Ry (0) =50

R, (0) =
Function does not have even symmetry
Function does not satisfy R,,(0) =10
not

does satisfy

21. (D) For (A) : It has a periodic component.
For (B) ; It is not even in 7, total power is also incorrect.
For (C) It depends on ¢ not even in t and average power

is oo.

22. (A) P (miss/or more aircraft)=1— P(miss 0)
B (Kt)oefu

=1-P (0 arrive) =
0!
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© o _ 6
E[Y(t)]:AJ‘h(@da:AJ.e—Wtdt:é So W =25n1x10
—0 0 “]
. J‘H(m)‘zdm
38. (A) X =4 47. (B) Noise bandwidth W,= 0
. . Ao \H(o>\
ElY(®]=Y =X [h(t)dt = Afe " sin(ow,t)dt = Sw
Lo 0 Wy + ° 2 . i W
W, =||H(w)| dosince H(0) =1= =
!‘ | {1 (m/W)“ T2V2
3
39. (C)Y=X (h(t)dt =2 3t%e S'dt =——
(©) j (2) j e 08

—0

sfesfeteokskookskok

40. (D) Ry,(v)= [ Ry (1 + OR(DAE

=e T w(Eu(E + (1€ + &¥)e 2 >dE,

—0
There are two cases of interest t>0 and t <0 Since
R,,(1)is an even function we solve only the ease 1 >0

1+ at -a

Ry(n=e j (tg+ g)e*"“dg=

41. (B) Power in y(#) = R,,(0) = 41 3
a

17 3 do
42. (D) Py = — do="
® 2n£p’“(°)) @ 2n£49+

43. (B)h, = 490%™ @ﬁ:ﬂzw
120°
$y7(0) = sxx() =|H (0 H, (o) o1 T
N,[H(O)['W,
271
_ 2701 2n(01)
" HO[W, (2)°2mx2x 10°

44. (A) P, = =01

=125x10"° W/Hz =125 nW/Hz

45. (A) Pyyzi [P (0| H(0) do

0)2

1450 w200 ¢ f 2w
=—|—e
21y V8 4 V2m(4)

@[m) P 2)]—@[21?(2) 11=60.8

46. (B) P, = i f 0 (O H (o) do

% 6
—JGXlOGd 6x10°W 6><10 w _15

T T
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7.3

NOISE

The power spectral density of a bandpass white noise
n(¢) is .4 /2 as shown in fig.P.7.3.1. the value of n” is

Sx(w) —| 47B |=
i

2

(O o, ©
Fig. P7.3.1
(A) 4B (B 2B
(©) 271B (D) %

g In a receiver the input signal is 100 pV, while the
internal noise at the input is 10 uV. With amplification
the output signal is 2 V, while the output noise is 0.4 V.
The noise figure of receiver is
(A) 2

(C) 0.2

(B) 0.5
(D) None of the above

E A receiver is operated at a temperature of 300 K. The
transistor used in the receiver have an average output
resistance of 1 kQ. The Johnson noise voltage for a
receiver with a bandwidth of 200 kHz is

(A) 1.8 uV (B) 8.4 uv

(C) 4.3 uv (D) 12.6 uV

ﬂ A resistor R =1 kQ is maintained at 17°C. The rms
noise voltage generated in a bandwidth of 10 kHz is
(A)16x10™ V B)04puV

C)4pupnV (D)16x10® V

ﬂ A mixer stage has a noise figure of 20 dB. This mixer
stage is preceded by an amplifier which has a noise
figure of 9 dB and an available power gain of 15 dB.
The overall noise figure referred to the input is

(A) 11.07 B) 18.23

(C) 56.48 (D) 97.38

ﬂ A system has three stage cascaded amplifier each
stage having a power gain of 10 dB and noise figure of 6
dB. the overall noise figure is
(A) 1.38

(C) 4.33

(B) 6.8
(D) 10.43

A signal process m(t) is mixed with a channel noise
n(t). The power spectral density are as follows

6

S =—+, 5 =6
n(®) 9+ o (@

The optimum Wiener-Hopf filter is

> +9 1
A LT B
()co2+10 ()m2+10

2
(o) s 10 (D) None of the above

o +9

Statement for Question 8-9

A sonar echo system on a sub marine transmits a
random noise n(¢) to determine the distance to another
targeted submarine. Distance R is given by vt,/2
where v is the speed of the sound wave in water and 1,
is the time it takes the reflected version of n(¢) to
return. Assume that n(¢) is a sample function of an

ergodic random process N(¢) and T is very large.
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Bl The V will be

(A) 2R\ (15 —T4) (B) Ryy(tp —21,)

(C) Ryy(tp —14) (D) § Ryy(tp —14)

ﬂ What value of the delay t, will cause v to be

maximum ?
(A) 1,
(C) 314

(B) 214
(D) None of the above

Two resistor with resistance R, and R, are
connected in parallel and have Physical temperatures
T, and T, respectively. The effective noise temperature

T. of an equivalent resistor is

s

() TR+ TR, &) LR+ LR,
R +R, R, + R,
() LT(R, + R, o) L+ TIRE,

(T, + R R, T, + T,(R, + R,)’

Statement for Question 11-12 :

An amplifier has a standard spot noise figure
F, =6.31(8.0 dB). The amplifier, that is used to amplify
the output of an antenna have antenna temperature of
T =180 K

The effective input noise temperature of this
amplifier is
(A) 2520 K
(C) 2710 K

(B) 2120 K
(D) 1540 K

The operating spot noise figure is
(A) 3.2 dB (B) 6.4 dB
(C) 9.8 dB (D) 11.9 dB

An amplifier has three stages for which 7, =200 K
(first stage), T,, =450 K, and 7T,, =1000K (last stage). If
the available power gain of the second stage is 5, what
gain must the first stage have to guarantee an effective
input noise temperature of 250 K ?

(A) 10 (B) 13
(C) 16 (D) 19

Statement for Question 14-16

An amplifier has an operating spot noise figure of
10 dB when driven by a source of effective noise

temperature 225 K.
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The standard spot noise figure of amplifier is
(A) 4 dB (B) 5 dB
(C) 7 dB (D) 9 dB

If a matched attenuator with a loss of 3.2 dB is
placed between the source and the amplifier’s input,

what is the operating spot noise figure of the attenuator

amplifier cascade if the attenuator’s physical
temperature is 290 K ?

(A) 9 dB (B) 10.4 dB

(C) 11.3 dB (D) 13.3 dB

In previous question what is the standard spot noise
figure of the cascade ?

(A) 10.3 dB
(C) 14.9 dB

(B) 12.2 dB
(D) 17.6 dB

Omega Electronics sells a microwave receiver (A)
having an operating spot noise figure of 10 dB when
driven by a source with effective noise temperature 130
K Digilink (B) sells a receiver with a standard spot
noise figure of 6 dB. Microtronics (C) sells a receiver
with standard spot noise figure of 8 dB when driven by
a source with effective noise temperature 190 K. The
best receiver to purchase is
(A) A

C)C

(B) B
(D) all are equal

Statement for Question 18-20 :

An amplifier has three stages for which 7}, =150 K
(first stage), T,, =350 K, and T,, =600 K (output stage).
Available power gain of the first stage is 10 and overall

input effective noise temperature is 190 K

The available power gain of the second stage is
(A) 12 (B) 14
(C) 16 (D) 18

The cascade’s standard spot noise figure is
(A) 1.3 dB (B) 2.2 dB

(C) 4.3 dB (D) 5.3 dB

m What is the cascade’s operating spot noise figure
when used with a source of noise temperature 7, = 50 K
(A) 1.34 dB (B) 3.96 dB

(C) 6.81 dB (D) None of the above.
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Three network are cascaded. Available power gains
are G, =8, G, =6 and G, =20. Respective input effective
spot noise temperature are T,, =40 K, 7T,, =100 K and

T, =180 K.
(A) 58.33 K (B) 69.41 K
(C) 83.90 K (D) 98.39 K

% Three identical amplifier, each having a spot
effective input noise temperature of 125 K and available
power G are cascaded. The overall spot effective input
noise temperature of the cascade is 155 K. The G is
(A) 3 (B) 5

(O D)9

Three amplifier that may be connected in any order

in a cascade are defined as follows:

Aviglbistes Effeg:;xgpleri‘g}ctgoise AvailaéieiznPower
A 110K 4
B 120 K 6
C 150 K 12

The sequence of connection that will give the

lowest overall effective input noise temperature for the

cascade is
(A) ABC (B) CBA
(C) ACB (D) BAC

m What is the maximum average effective input noise
temperature that an amplifier can have if its average
standard noise figure is to not exceed 1.7 ?

(A) 203 K (B) 215 K

(C) 235 K (D) 255 K

@ An amplifier has an average standard noise figure
of 2.0 dB and an average operating noise figure of 6.5
dB when used with a source of average effective source
temperature T.. The T, is
(A) 156.32 K

(C) 4893 K

(B) 100.81 K
(D) None of the above

Statement for Question

An antenna with average noise temperature 60 K

connects to a receiver through various microwave

GATE EC BY RK Kanodia
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elements that can be modeled as an impedance
matched attenuator with an overall loss of 2.4 dB and a
physical temperatures of 275 K. The overall system

noise temperature of the receiver T = 820 K.

m The average effective input noise temperature of the

receiver is
(A) 420.5 K
(C) 220.5 K

(B) 320.5 K
(D) 10.5 K

The average operating noise figure of the

attenuator-receiver cascade is
(A) 13.67 d
(C) 1.4 dB

(B) 11.4 dB
(D) 1.367 dB

m If receiver has an available power gain of 110 dB
and a noise bandwidth of 10 MHz, the available output
noise power of receiver is

(A) 6.5 mW
(C) 10.3 mV

(B) 8.9 mW
(D) 11.4 mV

m If antenna attenuator cascade is considered as a
noise source, its average effective noise temperature is
(A) 63 K (B) 149 K

(C) 263 K (D) 249 K

Statement for question 30-32 :

An amplifier when used with a source of average

noise temperature 60 K, has an average operating noise

figure of 5.

m The T. is

(A) 70 K (B) 110 K
(C) 149 K (D) 240 K

If the amplifier is sold to engineering public, the

noise figure that would be quoted in a catalog is
(A) 0.46 (B) 0.94
(C) 1.83 (D) 2.93

@ What average operating noise figure results when
the amplifier is used with an antenna of temperature
30 K?

(A) 9.54 dB

(C) 11.23 dB

(B) 10.96 dB
(D) 12.96 dB
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m An engineer of RS communication purchase an
amplifier with average operating noise figure of 1.8
when used with a 60Q broadband source having
average source temperature of 80 K. When used with a
different 60 Q source the average operating noise figure
is 1.25. The average noise temperature of the source is
(A) 125 K (B) 156 K

(C) 256 K (D) 292 K

m The i for unit 1 and 2 unit are, respectively
(A) 126.4 K and 256.9 K

(B) 256.9 K and 126.4 K
(C) 527.8 K and 864.2 K
(D) 864.2 K and 527.8 K

m The excess noise power of unit 1 and unit 2 are
respectively
(A) 15.4 nW and 27.1 nW

(B) 23.8 nW and 21.1 nW
(C) 23.8 nW and 27.1 nW
(D) 15.4 nW and 21.1 nW

@ Consider following statement

S, : If the source noise temperature T, is very small,
unit-2 is the best to purchase

S, : If the source noise temperature T, is very small
unit - 1 is the best to purchase.

correct statement is
(A) S,

(C) both S, and S,

B) S,
(D) None

A source has an effective noise temperature of

T(w)=-30_ and feeds an amplifier that has an

availabll(zngower gain of G () = (10?,@ )2. The T for this
source is

(A) 10 K (B) 20 K

(C)30 K (D) 40 K

m A system have an impulse response

he e e<t
0 t<0
where W is a real positive constant. White noise

with power density 5w/Hz is applied to this system. The

mean-squared value of response is
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A1/ W
(C) 45/ W

B)25/W
(D)6/W

m White noise, for which R,,(t) =1078(1) is applied to
a network with impulse response A(¢) = 4(£)3 —te™’ The
network’s output noise power in a 1 Q resistor is

(A) 0.15 mW (B) 0.35 mW
(C) 0.55 mW (D) 0.95 mW

m White noise with power density N,/2 = 6(10 %) W/Hz
is applied to an ideal fitter (gain= 1) with bandwidth W
(rad/sec). For output’s average noise power to be 15 W,
the W must be
(A) 257(10°°)
(C) 45n(107%)

(B) —257(10%)
(D) 457(10%)

An ideal filter with a mid-band power gain of 8 and
bandwidth of 4 rad/s has noise X(¢) at its input with
power spectrum (F(2) =09773)

50 ) -~
P)Q(((D) Z(mje 8

The noise power at the network’s output is

(a) 264 ) 2%
T T

© 21 @ 2
T T

M A system has the power transfer function
1

4
1+ mJ
w

where W is a real positive constant. The noise

[H(o)'=

bandwidth of the system is

w W
A) Y B) ™
Ao ® 5
(C) % (D) None of the above

White noise with power density .4;/2 is applied to a
low pass network for which ‘H(O)‘ =2. It has a noise
bandwidth of 2 MHz. If the average output noise power
is 8.1 W in a 1Q resistor, the .4; is

(B) 625 x10° W/Hz
(D) 125 x 10® W/Hz

(A) 625 x 10° W/Hz
(C) 125 x 10° W/Hz
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Statement for Question 44-46 :

An amplifier has a narrow bandwidth of 1 kHz and
standard spot noise figure of 3.8 at its frequency of
operation. The amplifier’s available output noise power
is 0.1 mW when its input is connected to a radio

receiving antenna having an antenna temperature of 80
K.

m The amplifier’s input effective noise temperature 7

is
(A) 812 K (B) 600 K
(C) 421 K (D) 321 K

Its operating spot noise figure F,, is
(A) 5.16 (B) 7.98
(C) 11.15 (D) 16.23

m Its available power gain G, is
(A) 2x 10" (B) 4 x 10"
(C) 8 x 10" (D) 11x 10*
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SOLUTION

o f.+B
1. (B) n®> =2 j

f.+B

N
- d = 2(/1B
5

S/N, _100/10 _,

2. (A) NF = -
S/N,  2/04

3. (A) v’ =4kTBR
=4x1.38x 107 x 300 x 200 x 10’ x 10* =3.3x 107"
v, =18u V

nrms

4. (B) v2=4kTBR, T =(273+17)K =290 K,
R=1000Q, B=10" Hz, k=138x102 JK

v2 =4x138x 102 x 290 x 10° x 10* =16 x 10 V*
v, =04n V

nrms

5. (A) F, =9 dB = 7.94,

A, =15 dB = 31.62,

F, -1
A

F,= 20 dB = 100

100 -1

=794 + =1107
31.62

F=F +

6. (C) Gain of each stage A, =A, =A,=10 dB
Noise figure of each stage
F=F,=F,=6dB or F=F,=F,=4db

F=Fl+F2_1+F3_1=4+4_1+4_1=4.33
A, AA, 10 100
6
7. Hy(=—onl® e 1
S (0)+ S, (o) 9+6m?+6 10 + »

1 T
8.(C)V :ﬁ:an(t —tp)nt —1,)dt

Since T is very large

.1 f
v =1T11£ﬁ:[rn(t —tn(t —1p)dt = Aln(t — t,)n(t —15)]
Since N(?) is ergodic, V= Ryy(tp —17)

9. (A) Because |R yy(1)| < Ry (0) for any auto correlation

function, V will be maximum if 1, =1,

10. (B) Use the current form of equivalent circuit

i =i i) = 2kTdo + 2kT,do where i? = 2k71,dw,
TCRI TERZ TER
Thus 7= B 4 B |p LR+ TRy
‘ Rl Rz R1 + R2
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11. (D) T, = Ty(F, - 1) =290(6.31 - 1) =15399 K

12. (C) F,, :1+%:1+%:956 or 9.8 dB

a

13. (B) T =250 =T, + =2 4+ Les
G, G,

450 1000
+

G, 5G,

250 =200 +

G, =13

T 225
14. D) F,=1+ =(F_-1)=1+—(10-1
(D) F, =1+ 72(F, D=1+ 55210 -1

=798 or 9.0 dB

15. (D) Here L =2089 or 3.2 dB, 7, =290 K
A 1

G, 1/L

=290[(2.089 — 1) + (2.089)(798 —1)] = 4544.4 K

4544 4

7:;:7;1 +

F =1+ =212 or 13.3 dB

op

45444

16. (B) F, =1+ =16.67 or 12.2 dB

17. (B) For A: an =10(or 10 dB) when T, =130 K
T, =130(10 -1)=1170 K
For B: F, =398(or 6 dB) when T, =290 K
T, =290(398 -1 =3642 K
For C: F,=6.3(or 8 dB) when T, =190 K
T, =190(6.3-1) =1007 K, (B) is better as T, is less.
T T
_ T, _ 600 _19
G(T -T, —%) 10(190 - 150 - 2

18. (A) T =T, +

2

19. (B) F, :1+£:1+@:1.655 or 2.19 dB
T, 290
T 190

20. (C) Fop=1+?e=1+5=4.8 or 6.81 dB

s

&+&:4o+@+%=5&33K

21. (A) T, =T, +
G, GG, 8

22. (B) 71:7;14-7124-7;3:7:1{14_14_12:]
G GG, ¢ G

or (T, -T,)G* + T,G + T,, =0
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(125 -155)G* + 125G + 125 =0
6G* -25G -25=0 or G=5

23. (A) Sequence T,

ABC110 + 120 . 150 14695
4 46
ACB110 + 199 4 120 15600
4 a2
BAC 120 + 110, 150 1,4 583  Best
6 6(4)
CBA150 + 120, 110 161508
12 (12)(6)

24. (A) T, =T,(F -1) <290(1.7 -1) =203 K

25. (D) Here F, ~1585 (or 2.0 dB) and Fop ~4.467 (or

6.5 dB)
Ty(F, -1) _290(1585 - 1)
F 4.467 -1

T =

' =4893 K
Fo -1

26. (B) Here T, = 60 K, L =1.738 (or 2.4 dB), T, =275 K
and Ty: =820 K.  We know that

i [Ty — T, -T,(L-1]_820-60-275(1738 —1)

Tr
L 1738
=3205 K
27. B) Fop 14 L_q T =T, 4, 820-60
T T, 60

s

=13.67 or 11.4 dB

28. (A) Here Gy(w,) =10" (or 110 dB)
and W,, = 2n(10") Hz

BT sGo(@W,  1.38(10)(820)(10)(107)
Y A 1738
=651110"° or 6.51 mW

N

do

29. (C) AN, = KT, + T,(L - 1122 1 4
21 2n

Thus T. =T, + T,(L 1)
=60 +275(1738 —1) =263 K

80. (D) T.=T:«(Fo —1)=60(5 —-1) =240 K

31. (C) Fo=1+ L* 21+ 240 _ 18976
290 ' 290
T 240

82. (A) Fop=1+2=1+2"2=9 or 9.54 dB
T 30

s
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AMPLITUDE MODULATION

Statement for Question 1 - 3
An AM signal is represented by
x() =(20 + 4 sin 5007z) cos(2m x 10°¢) V

The modulation index is

(A) 20 (B) 4
(C) 0.2 (D) 10

a The total signal power is

(A) 208 W
(C) 408 W

(B) 204 W
(D) 416 W

a The total sideband power is

(A) 4 W (B) 8 W
(C) 16 W (D)2 W

Statement for Question 4 - 5 :

An AM
x(¢) =[20 + 2 cos 30007t + 10 cos 6000nt]cos 2nf,t  where
f.=10° Hz.

signal has the form

ﬂ The modulation index is

(a) 2

400

(©) 128

400

(B) -2t

400

(D) -1

400

a The ratio of the sidebands power to the total power is
(A) 2 (B) X%

226 226

€) & (D) 45

226

ﬂ A 2 kW carrier is to be modulated to a 90% level. The
total transmitted power would be

(A) 3.62 kW (B) 2.81 kW
(C) 14 kKW (D) None of the above

An AM broadcast station operates at its maximum
allowed total output of 50 kW with 80% modulation.
The power in the intelligence part is

(A) 12.12 kW (B) 31.12 kW
(C) 6.42 kW (D) None of the above

a The aerial current of an AM transmitter is 18 A when

unmodulated but increases to 20 A when

modulated.The modulation index is
(A) 0.68 (B) 0.73
(C) 0.89 (D) None fo the above

ﬂ A modulating signal is amplified by a 80% efficiency
amplifier before being combined with a 20 kW carrier to
generate an AM signal. The required DC input power to
the amplifier, for the system to operate at 100%
modulation, would be

(A) 5 kW
(C) 12.5 kW

(B) 8.46 kW
(D) 6.25 kW

A 2 MHz carrier is amplitude modulated by a 500
Hz modulating signal to a depth of 70%. If the
unmodulated carrier power is 2 kW, the power of the
modulated signal is
(A) 2.23 kW

(C) 1.18 kW

(B) 2.36 kW
(D) 1.26 kW

A carrier is simultaneously modulated by two sine
waves with modulation indices of 0.4 and 0.3. The
resultant modulation index will be

(A) 1.0 (B) 0.7
(C) 0.5 (D) 0.35
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In a DSB-SC system with 100% modulation, the
power saving is

(A) 50%
(C) 75%

(B) 66%
(D) 100%

A 10 kW carrier is sinusoidally modulated by two
carriers corresponding to a modulation index of 30%
and 40% respectively. The total radiated power(is

(A) 11.25 kW (B) 12.5 kW
(C) 15 kW (D) 17 kW

In amplitude modulation, the modulation envelope
has a peak value which is double the unmodulated carrier
value. What is the value of the modulation index ?

(A) 25% (B) 50%
(C) 75% (D) 100%

If the modulation index of an AM wave is changed
from O to 1, the transmitted power

(A) increases by 50% (B) increases by 75%
(C) increases by 100% (D) remains unaffected

A diode detector has a load of 1 kQ shunted by a
10000 pF capacitor. The diode has a forward resistance
of 1 Q. The maximum permissible depth of modulation,
so as to avoid diagonal clipping, with modulating signal
frequency fo 10 kHz will be

(A) 0.847
(C) 0.734

(B) 0.628
(D) None of the above

An AM signal is detected using an envelop detector.
The carrier frequency and modulating signal frequency
are 1 MHz and 2 kHz respectively. An appropriate value
for the time constant of the envelope detector is.

(A) 500 psec (B) 20 psec
(C) 0.2 usec (D) 1 psec

An AM voltage signal s(¢), with a carrier frequency
of 1.15 GHz has a complex envelope g(t) = A,[1+ m(#)],
where A, =500 V, and the modulation is a 1 kHz
sinusoidal test tone described by m(#) =0.8 sin(2n x 10%¢)
appears across a 50 Q resistive load. What is the actual
power dissipated in the load ?

(A) 165 kW (B) 82.5 kW

(C) 3.3 kW (D) 6.6 kW

A 1 MHz sinusoidal carrier is amplitude modulated
by a symmetrical square wave of period 100 p sec.
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Which of the following frequencies will NOT be present
in the modulated signal?
(A) 990 KHz

(C) 1020 KHz

(B) 1010 KHz
(D) 1030 KHz

m For an AM signal, the bandwidth is 10 kHz and the
highest frequency component present is 705 kHz. The
carrier frequency used for this AM signal is

(A) 695 kHz (B) 700 kHz

(C) 705 kHz (D) 710 kHz

A message signal m(t) =sinc ¢ + sinc?(£) modulates
the carrier signal (¢) = A cos 27f,¢. The bandwidth of the
modulated signal is

(A) 2f, B) ;1.

(C) 2 (D) +

@ The signal m(t) =cos 20007t + 2 cos 40007 is
multiplied by the carrier c(¢) =100 cos 2nf,¢ where f, =1

MHz to produce the DSB signal. The expression for the
upper side band (USB) signal is

(A) 100 cos(2n( £, + 1000)¢) + 200 cos(2n( £, + 200)¢)
(B) 100 cos(2n(f, —1000)¢) + 200 cos(27( £, —2000)¢)
(C) 50 cos(2n(f, + 1000)¢) + 100 cos(2n(f, + 2000)?)
(D) 50 cos(2n(f, —1000)#) + 100 cos(27( £, — 100)z)

Statement for Question 23-26 :

The Fourier transform M(f) of a signal m(¢) is
shown in figure. It is to be transmitted from a source to
destination. It is known that the signal is normalized,
meaning that -1 <m(¢) <1

M(f

-10000 10000
Fig.P7.4.23-26

If USSB is employed, the bandwidth of the
modulated signal is
(A) 5 kHz

(C) 20 kHz

(B) 20 kHz, 10 kHz
(D) None of the above

m If DSB is employed, the bandwidth of the modulated
signal is
(A) 5 kHz
(C) 20 kHz

(B) 10 kHz
(D) None of the above
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@ If an AM modulation scheme with o =0.8 is used,
the bandwidth of the modulated signal is.

(A) 5 kHz (B) 10 kHz
(C) 20 kHz (D) None of the above

m If an FM signal with k., = 60 kHz is used, then the
bandwidth of the modulated signal is

(A) 5 kHz (B) 10 kHz
(C) 20 kHz (D) None of the above

A DSB modulated signal x(¢) = Am(¢)cos2nft is

mixed (multiplied) with a local carrier
x,(t) =cos(2nf,t + 0) and the output is passed through a
LPF with a bandwidth equal to the bandwidth of the
message m(t). If the power of the signal at the output of
the low pass filter is p,, and the power of the
modulated signal by p,, the % is

(A) 05cos 0 (B) cos® 0

(C) 05cos® 6 (D) Lcos® 0

m A DSB-SC signal is to be generated with a carrier
frequency f, =1 MHz using a non-linear device with the
input-output  characteristic v, =a,v, + a,v} where a,
and @, are constants. The output of the non-linear
device can be filtered by an appropriate band-pass filter.
Let v, = A] cos(2nft) + m(¢) where m(¢) is the message
signal. Then the value of f/(in MHz) is

(A) 1.0 (B) 0.333

(C) 0.5 (D) 3.0

m A non-linear device with a transfer characteristic
given by i=(10 +2v, +02v?) mA is supplied with a
carrier of 1 V amplitude and a sinusoidal signal of 0.5V
amplitude in series. If at the output the frequency
component of AM signal is considered, the depth of
modulation is

(A) 18 %
(C) 20 %

(B) 10 %
(D) 33.33 %

Statement for Question 30-31
Consider the system shown in figP7.4.30-31. The

modulating signal m(¢) has zero mean and its maximum
(absolute) value is A,, :max‘m(t)‘. It has bandwidth W,,.
The nonlinear device has a input-output characteristic
y(t) = ax(t) + bx>(¢).
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x(t) S L (&)
quare- Law - AM Sional
m(t) —>< i >—> Device Filter Signa

cos .t

Fig.P7.4.30-31

m The filter should be a
(A) LPP with bandwidth W

(B) LPF with bandwidth 2W

(C) a BPF with center frequency f, and BW =W such
that fi, -W, >f, - % >2W,,

(D) a BPF with center frequency f, and BW =W such
that f, -W, >f, - T >W,

m The modulation index is

@ 2la ®) 224,
a b

©2a, D 2a,
b a

m A message signal is periodic with period 7', as shown
in figure. This message signals is applied to an AM

modulator with modulation index o =0.4. The
modulation efficiency would be

m(t)

Kl

T
{ V |
'Kl
Fig.P7.4.32

(A) 51 % (B) 11.8 %
(C) 5.1 % (D) None of the above

Statement for Question 33-36

The figure 6.54-57 shows the positive portion of
the envelope of the output of an AM modulator. The
message signal is a waveform having zero DC value.

m(t)
45

30 /
/

/

15

Fig.P7.4.33-36
) The modulation index is
(A) 0.5
(C) 0.4

(B) 0.6
(D) 0.8
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The modulation efficiency is
(A) 83 % (B) 14.28 %

(C) 7.69 % (D) None of the above

@ The carrier power is
(A) 60 W

(C) 30 W

(B) 450 W
(D) 900 W

@ The power in sidebands is
(A) 85 W (B) 425 W
(C) 56 W (D) 375 W

In a broadcast transmitter, the RF output is
represented as

e(t) =50[1 + 0.89 cos 5000¢ + 0.30 sin 9000¢]cos(6 x 10°£)V
What are the sidebands of the signals in radians ?

(A) 5x10%and 9 x 10°

(B) 5991 x 10°, 5995 x 10°, 6.005 x 10° and 6.009 x 10°

(C) 4x10% 14 x 10*

(D) 1x10°%, 11x 107, 3x 10° and 15 x 107

@ An AM modulator has output
x(t) =40 cos 4007t + 4 cos 3607t + 4 cos 440
The modulation efficiency is

(A) 0.01 (B) 0.02

(C) 0.03 (D) 0.04

m An AM modulator has output
x(t) = A cos 4007t + B cos 3807t + B cos 4207t

The carrier power is 100 W and the efficiency is
40%. The value of A and B are
(A) 14.14, 8.16 (B) 50, 10
(C) 22.36, 13.46 (D) None of the above

Statement for Question 40-41

A single side band signal is generated by
modulating signal of 900-kHz carrier by the signal
m(t) =cos 2007t + 2sin 2000nz. The amplitude of the

carrier is A, =100.

M) The signal #m(?) is

(A) —sin(271000¢) —2 cos(2000nt)
(B) —sin(271000¢) + 2 cos(20007tt)
(C) sin(211000¢) + 2 cos(1000¢)
(D) sin(271000¢) — 2 cos(271000¢)
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The lower sideband of the SSB AM signal is
(A) —100 cos(2n(f, —1000)t) + 200 sin(2n(f, —1000)?)
(B) —100 cos(2n(f, —1000)¢) —200 sin(2n(f, —1000)%)
(C) 100 cos(2n(f, —1000)¢) —200 sin(2n(f, —1000)¢)
(D) 100 cos(2n(f, —1000)¢) + 200 sin(2n(f, —1000)¢)

Statement for Question 42-43

Consider the system shown in figure 6.69-70. The
average value of m(t) is zero and maximum value of
‘m(t)‘ is M. The square-law device is defined by
y(t) = 4x(t) + 10 x(2).

x(t) S - L y(t)
quare- Law - .
m(t) —»(?—» Device Filter AM Signal

cos w.t

Fig. P7.4.42-43

The value of M, required to produce modulation
index of 0.8, is

(A) 0.32
(C) 0.52

(B) 0.26
(D) 0.16

Let W be the bandwidth of message signal m(¢). AM
signal would be recovered if

A) £ >W (B) f. >2W

(O 2114 D) £, >4W

A super heterodyne receiver is designed to receive
transmitted signals between 5 and 10 MHz. High-side
tuning is to be used. The tuning range of the local
oscillator for IF frequency 500 kHz would be

(A) 4.5 MHz - 9.5 MHz
(B) 5.5 MHz - 10.5 MHz
(C) 4.5 MHz - 10.5 MHz

(D) None of the above

A super heterodyne receiver uses an IF frequency of
455 kHz. The receiver is tuned to a transmitter having
a carrier frequency of 2400 kHz. High-side tuning is to
be used. The image frequency will be

(A) 2855 kHz (B) 3310 kHz
(C) 1845 kHz (D) 1490 kHz
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In the circuit shown in fig.P7.4.46, the transformers
are center tapped and the diodes are connected as
shown in a bridge. Between the terminals 1 and 2 an
a.c. voltage source of frequency 400 Hz is connected.
Another a.c. voltage of 1.0 MHz is connected between 3
and 4. The output between 5 and 6 contains components
at

Fig.P7.4.46

(A) 400 Hz, 1.0 MHz, 1000.4 kHz, 999.6 kHz
(B) 400 Hz, 1000.4 kHz, 999.6 kHz

(C) 1 MHz, 1000.4 kHz, 999.6 kHz

(D) 1000.4 kHz, 999.6 kHz

A superheterodyne receiver is to operate in the
frequency range 550 kHz-1650 kHz, with the
intermediate frequency of 450 kHz. Let R = (é“‘“ denote
the required capacitance ratio of the local osciﬁ;tor and

I denote the image frequency (in kHz) of the incoming
signal. If the receiver is tuned to 700 kHz, then
(A) R=4.41,1=1600 (B) R=210, I =1150

(C) R=3, I =1600 (D) R =90, I =1150

m Consider a system shown in Figure . Let X(f) and
Y(f) denote the Fourier transforms of x(¢) and y(¢)
respectively. The ideal HPF has the cutoff frequency 10
kHz. The positive frequencies where Y(f) has spectral
peaks are

Balanced HPF _ | Balanced
Modulator 10 kHz "| Modulator

T T
O S

10 kHz 13 kHz
X

x(t) —»] —» y(t)

Y

3 I T f(kHz)

Fig.P7.4.48
(A) 1 kHz and 24 kHz

(B) 2 kHz and 24 kHz
(C) 1 kHz and 14 kHz
(D) 2 kHz and 14 kHz
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In fig.P7.4.49

2 sin 27t in 1 t
m(t) :M, s(#) =cos 200wt and n(t) = sin 1997t
Multiplier ~ Adder  Multiplier
m(t) —

LPF
1Hz @
H(jo)=1

s(t) n() s(t)

Fig.P7.4.49

The output y(¢) will be

sin 27t
(A)
t
(B) s1nt21rt N sin it cos 3t
©) smt2nt N sin (Z.57ct cos 15t

sin2nt  sin nt
p +

(D) cos 0.75m¢

m 12 signals each band-limited to 5 kHz are to be
transmitted over a single channel by frequency division
multiplexing. If AM -SSNB modulation guard band of 1
kHz is used, then the bandwidth of the multiplexed
signal will be
(A) 51 kHz

(C) 71 kHz

(B) 61 kHz
(D) 81 kHz

Let x(t) be a signal band-limited to 1 kHz.
Amplitude modulation is performed to produce signal
g(t) = x(¢t)sin20007t. A
technique is illustrated in figure 6.83. The ideal low

proposed  demodulation
pass filter has cutoff frequency 1 kHz and pass band
gain 2. The y(¢) would be

(A) 2y(8) (B) y(t)
(©) L y(t) (D) 0

m Suppose we wish to transmit the signal
x(t) =sin 2007t + 2 sin 400wt using a modulation that
create the signal g(¢)=x(¢)sin 400wz, If the product
g(#)sin 400t is passed through an ideal LPF with
cutoff frequency 400m and pass band gain of 2, the
signal obtained at the output of the LPF is

(A) sin 2007t (B) +sin 200nt

(C) 2 sin 2007z (D)0

FFY In a AM signal the received signal power is 107 W
with a maximum modulating signal of 5 kHz. The noise
spectral density at the receiver input is 10™* W/Hz. If
the noise power is restricted to the message signal
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bandwidth only, the signals-to-noise ratio at the input
to the receiver is
(A) 43 dB

(C) 56 dB

(B) 66 dB
(D) 33 dB

Statement for Question 54-55
Consider the following Amplitude Modulated (AM)

signal, where f, <B

X 4,() =10(1 + 0.5 sin 27f,, t) cos 27f 2.

m The average side-band power for the AM signal
given above is

(A) 25
(C) 6.25

(B) 12.5
(D) 3.125

m The AM signal gets added to a noise with Power
Spectra Density S,(f) given in the figure below. The
ration of average sideband power to mean noise power

would be

A) 25 B) 25
8N,B 4N,B

©) 25 D) 25
2N,B N,B

Statement for Question 56-57

A certain communication channel is characterized
by 80 dB attenuation and noise power-spectral density
of 10"°W/Hz. The transmitter power is 40 kW and the
message signal has a bandwidth of 10 kHz.

m In the case of conventional AM modulation, the
predetecion SNR is

(A) 10°
(C) 10*

(B) 2 x 10°
(D) 2 x 10*

In case of SSB, the predetecion SNR is

(A) 2x 102 (B) 4 x 102
(C)2x10° (D) 4 x 10°
sk

GATE EC BY RK Kanodia

Chap 7.4

SOLUTION

1. (C) w(t) =(20 + 4sin 5007z) cos(2m x 10°¢) V
=20(1 + 02 sin 5007t) cos(2n x 10°¢) V, a=02

20*

2

R:PE(H j=2o4w

3.(A)P,=P,—-P, =204 -200=4 W

4. (B) x(2)

=[20 + 2 cos(271500¢) + 10 cos(2n3000¢)]cos(27f2)

:20(1 + %cos(anSOOt) + %COS(Z 3000¢) cos(2 nﬁt))

This is the form of a conventional AM signal with

message signal

m(t) = icos(2 11500¢) + 1cos(2753000t)
10 2
2 1 1
=c0s“(271500%) + — cos(2n1500¢) — —
10 2
.. , 1 1 . .
The minimum of g(z)=2z"+ Ez -5 is achieved for

z o1 and it is min(g(z)) =—@. Since z o1 is in
20 400 20

the range of cos (2n1500¢), we conclude that the

minimum value of m(#) is —%. Hence, the modulation

. . 201
index is o =—-—~
400

5. (B) x(¢) =20 cos(27f.t) + cos(2n(f, —1500)¢)
+cos(2n(f, —1500)¢)
=5cos(2n(f,3000)%) + 5 cos(2n(f, + 3000)%)

The power in the sidebands is
1 1 25 25

P iipanas ) + 3 + Y + 9 =26
The total power is P, =P, ... + Piswwas =200 +26 =226
The ratio of the sidebands power to the total power is
Piderunss _ 26
Pow 226
a’ 09?
6. (B) P, :Pc(l + 2} =2000[1 + 5 ]:2810 w

2

2
7. (A) P, =Pc(1 + “2] or 50x10° =Pc(1 + 0'; ]

P, =3788kW, P =(P,—P)=(50—37.88) =1212 kW
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1 1
2 \g 2

2 2
8.(A) I, =IC[1 + ‘;J or 20 = 18[1 + ‘;j or o =0.68
9. C)P, =20000(1 + ;j P, =30 kW,
P, =30 -20 =10 kW

The DC input power :;—g =125 kW.

10. (A) P=2 kW,

1
2\3 2
PZ=PC(1+O;] :2(“0; ]:223 kW

o=70% =07

11. (C) a®* =af +al =03 +04*>=05> or a=05

12. (B) In previous solution P:%P. If carrier is

c

suppressed then %P or 66% power will be saved.

2

2 2 2
18. (A) P=P|1+% 4 %2 |_10[ 1,23, 04
2 2 2 2

=1125 kW

14. (D) x(t) = A (1+ a.cos2nf, t)cos 2f.t
Here A (1+ o) =24,

index is 1 or 100% modulation.

Thus o =1, therefor modulation

15. (A) If modulation index o is 0, then

2 2 2
PﬂzA“ (1+0]=A”

2 2 2

If modulation index is 1 then

2 2
PtZZAc 1+L :§ACZ, £:§
2 2

4 P, 2

t1

Thus P, =15P, and P, is increases by 50%

16. (A) f,, =10 kHz, R =1000Q, C =10000 pF
Hence 2nf, RC =271x 10* x 10° x 107 =0.628

1

amax :(1 + (0628)2)7E = 0847

17. B) L <ro<- 1,
f BW

c m

Here f, =1 MHz

Signal Bandwidth BW,, =2f, =2 x 2 x 10° =4 kHz

or 10°< RC < 250 ps

Thus = <RC<— 1
10 4x 10

Thus appropriate value is 20 p sec
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Communication System

T e
18. (A)R=A{1+"””2(0J

2

2
Here modulation index o =1. Thus
_ 5002

P

t

2
{1+0'§ }:165 KW

19. (C) «(t) =sin2nf.t, f.=1000 kHz, x(¢)=c(t)m(?)

Expressing square wave as modulating signal m(t)

_é © (_1)71—1 ~
m(t) = . ; o 1 cos[2nf,,2n - 1)]

The modulated output

© n-1
x(t) = {4 > (2_1) . cos[2nf, (2n — 1)]} sin(271000 x 10%¢)

T =1 41 —

So frequency component (10° + £, (2n — 1) will be present
where n =1, 2, 3, ....

For f, =10 kHz and n =1 & 2 frequency present is 990,
970, 1030 kHz.  Thus 1020 kHz will be absent.

20. (B) f, + f,, = 705 kHz,
BW =2f =10 kHz or f,, =5 kHz
f.=705-5=700 kHz

21. (C) x(¢) =m(2) c(t) = A(sinc(#) + sinc®(¢) cos(2nf.t)

Taking the Fourier transform of both sides, we obtain

X(f) =§[n<f) APV~ £+ &f +£)
=§[H(f CEY A= F)+TIF 4 F)+ Af = )]

Since I(f - f,) =0 for |f -,

<%, whereas A(f —f,)#0

for ‘f -f.
filter is 2.

<1. Hence, the bandwidth of the bandpass

22. (C) x(t) =m(t) (t)
=100[cos(271000¢) + 2 cos(2n72000¢)]cos(27f, )

=100 cos(271000¢) cos(27f,t) + 200 cos(272000¢) cos(2nf,t)

_ 1;;0[005(%( f. +1000)8) + cos(2n(f, —1000)2)]

N %[cos@n( f. +2000)2) + cos(2n(f, —2000))]

Thus, the upper sideband (USB) signal is
x,(t) =50 cos[2n(f, +1000)¢] + 100(2n( £, + 2000)¢)

23. (B) When USSB is employed the bandwidth of the
modulated signal is the same with the bandwidth of the
message signal. Hence W,g,; =W =10* Hz
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37. (B) Sidebands
(6 x 10° £9000)

Thus 6005 x 10%, 5995 x 10°, 5991 x 10° or 5991 x 10°,
6005 x 10° and 6.009 x 10°

are (6x10°+5000) and

38. (B) x(¢) can be written as
x(t) =(40 + 8 cos 407t) cos 400wt

modulation index o = % =02

P =%(40)2 = 800 W
The components at 180 Hz and 220 Hz are side band
1 1
P,==(4)"+=(4)® = 16 W,
b 2( ) 2( )

E — Psb — 16
off
P +P, 800+16

2

39. (A) Carrier power PC:% =100 W, A =14.14

E, = Py =£ or P =04
P +P, 100 100 + P,

P,-1B*+ 1B’ —6667
2° T3

P, =66.67 W, or B=8161
40. (D) The Hilbert transform of cos(271000¢) is
sin (271000¢), the
sin (271000%) is cos (271000¢)

Thus m(t)=sin (211000%) —cos (211000¢)

whereas Hilbert transform of

41. (D) The expression for the LSSB AM signal is.
x (1) = A m(¢) cos(2nf ) + A m(?)sin(2nf,t)
Substituting

A, =100, m(¢) =cos(271000¢) + 2 sin(271000¢)

and 77(¢) =sin(211000¢) — 2 cos(211000¢)

we obtain

x,(t) =100[cos(271000¢) + 2 sin(211000¢) cos(27f,t)]
+100[sin(271000¢) — 2 cos(271000¢) sin(2nf,¢)]
=100[cos(211000¢) cos(2nf,?) + sin(211000¢) sin(2nf, )]
+200[cos(27f,t) sin(271000¢) — sin(2nf,¢) cos(271000¢2)]
=100 cos(2n(f, —1000)) —200 sin(2n(f, —1000)?)

42. (D) y(t) = 4(m(2) + cos o) + 10(m(¢) + cos w,t)*
=4m(t) + 4 cos ot + 10m> () + 20m(t) cos o ¢ + 5 + 5 cos 2w,
=5+4m(t) + 10m”> @) + 41 + 5m(#)] cos ot + 5 cos 2m,t

The AM signal is, x.(¢) =4[1+5m(t)]lcos ot

m(t) = Mm,,(t)

x,(t)=4[1+5Mm, (¢)]lcos .t

5M =08 or M =016
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43. (C) The filter characteristic is shown in fig.S7.4.43
H(f)

Y( A
AN :

W 2W  fW f faW 2f,

Fig.S7.4.43

f.-W>2W or f >3W,
f.+W<2f or f.>W
Therefore f, > 3W

44. (B) Since High-side tuning is used
fro="F, + fr =500 kHz,

fror =5 +05 =55 MHz,

fror =10 +05 =105 MHz

45. (B) f;

image

=f, +2f, =2400 = 3310 kHz

46. (D) The given circuit is a ring modulator. The output
is DSB-SC signal. So it will contain m(?)cos(nw,t) where
n=12, 3...... Therefore there will be only (1 MHz + 400
Hz) frequency component.

47. (A) f,

max

=1650 + 450 =2100 kHz

1
. =550 + 450 =1000 kHz. or f=—
fmln f 27[ LC

frequency is minimum, capacitance will be maximum

2
R G % =(21)* or R=441

Cmin min

fi=1. +2fF =700 +2(455) =1600 kHz

48. (B) Since X(f) has spectral peak at 1 kHz so at the
output of first modulator spectral peak will be at (10 + 1)
kHz and (10 — 1) kHz. After passing the HPF frequency
component of 11 kHz will remain. The output of 2nd
modulator will be (13+11) kHz. So Y(f) has spectral
peak at 2 kHz and 24 kHz.

49. (C) m()s(t) = y,(t)

_ 2sin(2nt) cos(2007t)  sin(2027t) —sin(198nt)

- t - t

sin 2027t —sin 1987t N sin 198nt
t t

Y, () +n(t) =y, () =

¥y (B)s(t) = y(¢)
_ [sin202nt —sin 1987 + sin 1997t ]cos 2007t
t
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= %[sin(402 nit) + sin(2nt) — {sin(398ntt) — sin(2mt)}

+sin(399n¢) —sin(me)]
After filtering

sin(2nt) + sin(27t) — sin(nt)
2t

_ sin(2nt) + 2sin(0.5¢) cos(1.572)

- 2t

sin 0.5t

y(t) =

sin 27t
= +
2t

cos 1.5mt

50. (D) The total signal bandwidth = 5x 12 =60 kHz
There would be 11 guard band between 12 signal. So
guard band width = 11 kHz

Total band width = 60 + 11 = 71 kHz

51. (D) x,(¢) = g(¢) cos(20007t)
= x(¢) sin(20007¢) cos(20007t) = % x(t) sin(40007¢)

X,(jo) = % X(j(o—4000m) — X(j(o+ 40007))
J

This implies that X, (jo) is zero for |of <2000n because
o <27f, =2n1000. When x,(¢) is passed through a LPF
with cutoff frequency 20007, the output will be zero.

=(sin(2007t) + 2 sin(4007t) ﬂ—%iﬂ

= %[sin(200 nt) —sin(2007t) cos(8007t) + 2 sin(4007t)

—sin(400nt) cos(800mtt)
= % sin(200mt) — i [sin(10007z) —sin(60007)]

+sin(400mnt) — % [sin(12007t) —sin(4007t)]

If this signal is passed through LPF with frequency
4007 and gain 2, the output will be sin(200mz)

53. (A) Message signal BW f =5 kHz

Noise power density is 10™'* W/Hz

Total noise power is 10 x5x10°=5x 10" W
Input signal-to-noise ratio

107"

m:2x 104 or 43 dB
X

SNR=

54. (C) Average side band power is
A’o®  10%(05)*
4 4

=625 W
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55. (D) Noise power = Area rendered by the spectrum

=N,B

Ratio of average sideband power to mean noise
625 25

Power = =
N,B 4N,B

56. (C) Since the channel attenuation is 80 db, then
P
10log =L =80
og P

R
or P,=10°P,=10" x 40 x 10> =4 x 10™* Watts
If the noise limiting filter has bandwidth B, then the
pre-detection noise power is
. B
fﬁfg
P =2 |
B

)

%df =N,B=2x10" B Watts
In the case of DSB or conventional AM modulation,
B=2W =2x10* Hz,
B =W =10*. Thus, the pre-detection signal to noise

whereas in SSB modulation

ratio in DSB and conventional AM is
P, 4x10™

£ =107
P, 2x107""x2x10*

SNRDSB,AM =

57. (A) In SSB modulation B = W =10*
4x10™

S —— P &
2x107'° x 10* .

SNR, =

sesfesiesfesteskok skokoskok
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CHAPTER

7.6

DIGITAL TRANSMISSION

Statement for Question 1-5

Fig. P7.6.1-5 shows fourier spectra of signal x(¢)
and y(t). Determine the Nyquist sampling rate for the

given function in question.

X(jo) Y(jo)
Fig.P7.6.1-5

x(2)
(A) 100 kHz (B) 200 kHz
(C) 300 kHz (D) 50 kHz
a y(8)
(A) 50 kHz (B) 75 kHz
(C) 150 kHz (D) 300 kHz
3. FR0)
(A) 100 kHz (B) 150 kHz
(C) 250 kHz (D) 400 kHz
4. FRO
(A) 100 kHz (B) 300 kHz
(C) 900 kHz (D) 120 kHz
A xt) 0
(A) 250 kHz (B) 500 kHz
(C) 50 kHz (D) 100 kHz

Statement for Question 6-7

A signal x(¢) is multiplied by rectangular pulse

train c(¢) shown in fig.P7.6.6-7..

c(t)
0.25 ms
-

-2x10° -10° 10° 2x10°
Fig.P7.6.6-7

ﬂ x(t) would be recovered form the product. x(¢) c(¢) by

using an ideal LPF if X(jw) =0 for

(A) ®>20007 (B) ®>10007

(C) ®<10007 (D) ®<20007

If X(jo) satisfies the constraints required, then the
pass band gain A of the ideal lowpass filter needed to
recover x(¢) from e(?) x(¢) is
(A1
(C) 4

(B) 2
(D) 8

E Consider a set of 10 signals x,(¢),i =1, 2, 3,...10.. Each
signal is band limited to 1 kHz. All 10 signals are to be
time-division multiplexed after each is multiplied by a
carrier e(t) shown in Figure. If the period T of e(¢) is
chosen the have the maximum allowable value, the
largest value of A would be

c(t)

-2T -T 0 T 2T

Fig.P7.6.8
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(B) 5x 10" sec
(D) 5x 10 sec

(A) 5x 10%sec
(C) 5x 10 sec

ﬂ A compact disc recording system samples a signals
with a 16-bit analog-to-digital convertor at 44.1 kbits/s.
The CD can record an hours worth of music. The
approximate capacity of CD is

(A) 705.6 M Bytes (B) 317.5 M Bytes

(C) 2.54 M Bytes (D) 5.43 M Bytes

An analog signal is sampled at 36 kHz and
quantized into 256 levels. The time duration of a bit of
the binary coded signal is
(A) 5.78 us
(C) 6.43 ms

(B) 3.47 us
(D) 7.86 ms

An analog signal is quantized and transmitted using
a PCM system. The tolerable error in sample amplitude
is 0.5% of the peak-to-peak full scale value. The
minimum binary digits required to encode a sample is
(A) 5 (B) 6

(O] (D) 8

Statement for Question 12-13.

Ten telemetry signals, each of bandwidth 2kHz,
are to be transmitted simultaneously by binary PCM.
The maximum tolerable error in sample amplitudes is
0.2% of the peak signal amplitude. The signals must be
sampled at least 20% above the Nyquist rate. Framing

and synchronizing requires an additional 1% extra bits.

The minimum possible data rate must be
(A) 272.64 k bits/sec (B) 436.32 k bits/sec

(C) 936.32 k bits/sec (D) None of the above

The minimum transmission bandwidth is
(A) 218.16 kHz (B) 468.32 kHz

(C) 136.32 kHz (D) None of the above

A Television signal is sampled at a rate of 20%
above the Nyquist rate. The signal has a bandwidth of 6
MHz. The samples are quantized into 1024 levels. The
minimum bandwidth required to transmit this signal
would be

(A) 72 M bits/sec

(C) 72 k bits/sec

(B) 144 M bits/sec
(D) 144 k bits/sec
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A CD record audio signals digitally using PCM. The
audio signal bandwidth is 15 kHz. The Nyquist samples
are quantized into 32678 levels and then binary coded.
The minimum number of binary digits required to

encode the audio signal
(A) 450 k bits/sec

(C) 980 340 k bits/sec

(B) 900 k bits/sec
(D) 490 170, k bits/sec

The American Standard Code for Information
Interchange has 128 characters, which are binary
coded. If a certain computer generates 1,000,000
character per second, the minimum bandwidth required
to transmit this signal will be

(A) 1.4 M bits/sec (B) 14 M bits/sec

(C) 7 M Dbits/sec (D) 0.7 M bits/sec

A binary channel with capacity 36 k bits/sec is
available for PCM voic transmission. If signal is band
limited to 3.2 kHz, then the appropriate values of
quantizing level L and the sampling frequency will be
(A) 32, 3.6 kHz (B) 64, 7.2 kHz

(C) 64, 3.6 kHz (D) 32, 7.2 kHz

Fig.P7.4.18 shows a PCM signals in which
amplitude level of + 1 volt and - 1 volt are used to
represent binary symbol 1 and O respectively. The code
word used consists of three bits. The sampled version of

analog signal from which this PCM signal is derived is

[ ][] (][]
1Ll L1 |

Fig.P7.4.18
A)451213 B)84312
C)64317 MD)12345

A PCM system uses a uniform quantizer followed by
a 8-bit encoder. The bit rate of the system is equal to 10°
bits/s. The maximum message bandwidth for which the
system operates satisfactorily is

(A) 25 MHz (B) 6.25 MHz
(C) 12.5 MHz (D) 50 MHz

m Twenty-four voice signals are sampled uniformly at
a rate of 8 kHz and then time-division multiplexed. The
sampling process uses flat-top samples with 1 ps

duration. The multiplexing operating includes provision
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for synchronization by adding and extra pulse of 1 us
duration. The spacing between successive pulses of the
multiplexed signal is
(A) 4 us

(C) 7.2 ps

(B) 6 s
(D) 8.4 ps

A linear delta modulator is designed to operate on
speech signals limited to 3.4 kHz. The sampling rate is
10 time the Nyquist rate of the speech signal. The step
size 8 is 100 m V. The modulator is tested with a this
test signal required to avoid slope overload is

(A) 2.04 V (B) 1.08 V

(C) 4.08 V (D) 2.16 V

Statement fo Question 22-23 :

DM
accommodate analog message signals limited to bandwidth
of 3.5 kHz. A sinusoidal test signals of amplitude A, =1
V and frequency f,, =800 Hz is applied to system. The

Consider a linear system designed to

sampling rate of the system is 64 kHz.

m The minimum value of the step size to avoid
overload is
(A) 240 mV

(C) 670 mV

(B) 120 mV
(D) 78.5 mV

a The granular-noise power would be
(A) 1.68x10° W (B)2.86x10™* W
(C)248x10° W (D) 112x10* W

P20 The SNR will be
(A) 298
(C) 4.46 x 10°

(B) 1.75x10°*
(D) 201

m The output signal-to-quantization-noise ratio of a 10-bit
PCM was found to be 30 dB. The desired SNR is 42 dB. It
can be increased by increasing the number of quantization
level.In this way the fractional increase in the transmission
bandwidth would be (assume log, 10 =0.3)

(A) 20% (B) 30%
(C) 40% (D) 50%

Statement for Question 26-27.

A signal has a bandwidth of 1 MHz. It is sampled
at a rate 50% higher than the Nyquist rate and

GATE EC BY RK Kanodia
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quantized into 256 level using a p-low quantizer with
pn =225,

% The signal-to-quantization-noise ratio is
(A) 34.91 dB (B) 38.06 dB
(C) 42.05 dB (D) 48.76 dB

It was found that a sampling rate 20% above the
rate wou7ld be adequate. So the maximum SNR, that
can be realized without increasing the transmission
bandwidth, would be
(A) 60.4 dB

(C) 50.1 dB

(B) 70.3 dB
(D) None of the above

m For a PCM signal the compression parameter
p =100 and the minimum signal to quantization-noise
ratio is 50 dB. The number of bits per sample would be.
(A) 8 (B) 10
(C) 12 (D) 14

m A sinusoid massage signal m(¢) is transmitted by
If the signal

to-quantization-noise ratio is required to be at least 48

binary PCM without compression.
dB, the minimum number of bits per sample will be
(A) 8 (B) 10
(C) 12 (D) 14

m A speech signal has a total duration of 20 sec. It is
sampled at the rate of 8 kHz and then PCM encoded.
The signal-to-quantization noise ratio is required to be
40 dB. The minimum storage capacity needed to
accommodate this signal is
(A) 1.12 KBytes

(C) 168 KBytes

(B) 140 KBytes
(D) None of the above

m The input to a linear delta modulator having fa
step-size A =0.628 is a sine wave with frequency f,, and
peak amplitude E, . If the sampling frequency f, =40
kHz, the combination of the sinc-wave frequency and

the peak amplitude, where slope overload will take

piace is

E, fu

(A) 0.3V 8 kHz
B)15V 4 kHz
(C)15V 2 kHz
(D)3.0V 1 kHz
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A sinusoidal signal with peak-to-peak amplitude of
1.536 V is quantized into 128 levels using a mid-rise
uniform quantizer. The quantization-noise power is
(A) 0.768 V (B) 48 x10°°V?
(C)12x10°¢V? (D) 3.072 V

A signal is sampled at 8 kHz and is quantized using
8 bit uniform quantizer. Assuming SNR, for a
sinusoidal signal, the correct statement for PCM signal
with a bit rate of R is

(A) R =32 kbps, SNR, = 25.8 dB

(B) R =64 kbps, SNR, = 49.8 dB

(C) R =64 kbps, SNR, = 55.8 dB

(D) R =32 kbps, SNR, = 49.8 dB

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

(A) only 800 Hz component

(B) 800 and 900 Hz components

(C) 800 Hz and 1000 Hz components

(D) 800 Hz, 900 and 1000 Hz components

The Nyquist sampling interval, for the signal
sinc(700¢) + sinc(500¢) is

(A) S—;Osec (B) T;)sec
(C) %sec (D) %sec

A signal x(t) = 100 cos(24n x 10%)¢ is ideally sampled
with a sampling period of 50 psec and then passed
through an ideal lowpass filter with cutoff frequency of
15 KHz. Which of the following frequencies is/are
present at the filter output
(A) 12 KHz only

(C) 12 KHz and 9 KHz

(B) 8 KHz only
(D) 12 KHz and 8 KHz

In a PCM system, if the code word length is
increased form 6 to 8 bits, the signal to quantization
noise ratio improves by the factor.

(A) 8/6 (B) 12
(C) 16 (D) 8
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Four signals g,(9), g,(t), g,(¢) and g,(¢) are to be
multiplexed and transmitted. g,(¢) and g,(¢) have a
bandwidth of 4 kHz, and the remaining two signals
have bandwidth of 8 kHz,. Each sample requires 8 bit
for encoding. What is the minimum transmission bit
rate of the system.

(A) 512 kbps
(C) 192 kbps

(B) 16 kbps
(D) 384 kbps

Three analog signals, having bandwidths 1200 Hz,
600 Hz and 600 Hz, are sampled at their respective
Nyquist rates, encoded with 12 bit words, and time
division multiplexed. The bit rate for the multiplexed
signal is

(A) 115.2 kbps
(C) 57.6 kbps

(B) 28.8 kbps
(D) 38.4 kbps

m The minimum sampling frequency (in samples/sec)
required to reconstruct the following signal form its

samples without distortion would be

of) = 5(sin 2n1000tj3 . 7(sin 271100015)2

it it
(A) 2x10° B) 4x10°
(C) 6x10° (D) 8 x10°
The minimum step-size required for a

Delta-Modulator operating at32 K samples/sec to track
the signal (here u(¢) is the nuit function)

x(t) =1258(u(t) — u(t - 1) + (250 —1258)(w(t — 1) — u(t —2)s
so that slope overload is avoided, would be

(A) 271
(C)27°

B)2°
(D) 27

@ Four signals each band limited to 5 kHz are
sampled at twice the Nyquist rate. The resulting PAM
samples are transmitted over a single channel after
time division multiplexing. The theoretical minimum

transmissions bandwidth of the channel should be

equal to.
(A) 5 kHz (B) 20 kHz
(C) 40 kHz (D) 80 kHz

Four independent messages have bandwidths of 100
Hz, 100 Hz, 200 Hz and 400 Hz respectively. Each is
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sampled at the Nyquist rate, time division multiplexed

and transmitted. The transmitted sample rate, in Hz,

is given by
(A) 200 (B) 400
(C) 800 (D) 1600

m The Nyquist sampling rate for the signal
g(¢) =10 cos(507t) cos*(1507t). Where ’#’ is in seconds, is
(A) 150 samples per second
(B) 200 samples per second
(C) 300 samples per second
(D) 350 samples per second

m A TDM link has 20 signal channels and each
channel is sampled 8000 times/sec. Each sample is
represented by seven binary bits and contains an
additional bit for synchronization. The total bit rate for
the TDM link is

(A) 1180 K bits/sec

(C) 1180 M bits/sec

(B) 1280 K bits/sec
(D) 1280 M bits/sec

m In a CD player, the sampling rate is 44.1 kHz and
the samples are quantized using a 16-bit/sample
quantizer. The resulting number of bits for a piece of
music with a duration of 50 minutes is

(A) 1.39 x 10? (B) 423 x 10°

(C) 8.46 x 10°? (D) 1223 x 10°

Four voice signals. each limited to 4 kHz and
sampled at Nyquist rate are converted into binary PCM
signal levels. The bit

transmission rate for the time-division multiplexed

using 256 quantization

signal will be

(A) 8 kbps
(C) 256 kbps

(B) 64 kbps
(D) 512 kbps

Analog data having highest harmonic at 30 kHz
generated by a sensor has been digitized using 6 level
PCM. What will be the rate of digital signal generated?

(A) 120 kbps (B) 200 kbps
(C) 240 kbps (D) 180 kbps

m In a PCM system, the number of quantization levels
is 16 and the maximum lIsignal frequency is 4 kHz.; the
bit transmission rate is

(A) 32 bits/s
(C) 32 kbits/s

(B) 16 bits/s
(D) 64 dbits/s

GATE EC BY RK Kanodia
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m A speech signal occupying the bandwidth of 300 Hz
to 3 kHz is converted into PCM format for use in digital
communication. If the sampling frequency is8 kHz and
each sample is quantized into 256 levels, then the
output bit the rate will be
(A) 3 kb/s

(C) 64 kb/s

(B) 8 kb/s
(D) 256 kb/s

If the number of bits in a PCM system is increased
from n to n+1, the signal-to-quantization noise ratio
will increase by a factor.

+1
(n+1) (B)

n n

€2 (D) 4

(n+1?

2

(A)

m In PCM system, if the quantization levels are
increased form 2 to 8, the relative bandwidth
requirement will.

(B) be doubled

(D) become four times

(A) remain same

(C) be tripled

m Assuming that the signal is quantized to satisfy the
condition of previous question and assuming the
approximate bandwidth of the signal is W. The
minimum required bandwidth for transmission of a
binary PCM signal based on this quantization scheme
will be.
(A)5W

(C) 20 W

B) 10 W
(D) None of the above

sestesesfesieosk stk skl
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16. (C) 128=2",. We need 7 bits/character. For 1,000,000
character we need 7 Mbits/second. Thus minimum
bandwidth = 7 Mbits/sec.

17. (D) £, >2f,=6400 Hz, nf, < 63000
. 36000

n< =72 kHz.
6400

=5.63,n=5L=2"=32 f = 36200

18. (D) The transmitted code word are

[ ][]

O o0ofj1Jjof1jo0 ofj1 1 110 O

][]
llilll

Fig.S.7.6.18
In 1st word 001(1)
In 2nd word 010(2)
In 3rd word 011(3)
In 4th word 100(4)
In 5th word 101 (5)

19. (B) Message bandwidth=W, Nyquist rate =2W
Bandwidth =2W x 8 =16W bit/s

10°

16W=10%, or W= 16 625 MHz

20. (A) Sampling interval T, = é =125 ps. There are 24

channels and 1 sync pulse, so the time allotted to each
channel is 7T, = L =5 ps. The pulse duration is 1 us. So

the time between pulse is 4 pus.

21. (B) A, = - 0168k 158y
®, 21x10
22. (M)A, = o5 Anu®y 1X27x 800_ 78,5 mv
o, f. 50 x 10
2 2
23. (D) N, =2 B _(00785) x 3500 _; 199, 10+ w
3f. 3x 64000
24, (C) So _ L4 — 446 x 10°
N, 112x10°

S S
25. (A) 2o o« I?,  L=2"| 22| =10log(C2*"

o o

=log C +20nlog2 =o + 6n dB.

that increasing n by one bits increase the by 6 dB.

This equation shows

Hence an increase in the SNR by 12 dB can be
accomplished by increasing 9is form 10 to 12, the

transmission bandwidth would be increased by 20%
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S, 3L
N, [n(u + P

o

26. (B) =6394 =3806 dB

27. (C) Nyquist Rate =2 MHz
50% higher rate =3 MHz, L =256=2°

Thus transmission bandwidth is 3 MHz x 8 =24 Mbits/s.
New sampling rate is at 20% above the Nyquist rate.
Sampling rate=12 x 2 =2.4 MHz.
bits per second= 24M,. = 10 bits

24MHz
S, _ 3(1024)°

Level =2 =1024, —o="""-"_
N, (In256)*

o

=102300 =50.1 dB

28. (B)

2
SO:L2 >50 dB, p =100
N, [n( +1)]

3L’

n

L =8426

Because L is power of 2, we select L =1024 =2,

Thus 10 bits are required.

3m; S, 3L’m3(1)
3" N, m?

4

29. (A) S, =m*(t), N, =

m*() 1

2 )
p

since signal is sinusoidal

37
7:48 dB = 63096, L =205.09
Since L is power of 2, so we select L =256

Hence 256 = 2®, So 8 bits per sample is required .

30. (B) (SNR), =1.76 + 6.02(n) =40dB, n =6.35
We take the n ="17.
Capacity = 20 x 8% x 7 =112 Mbits = 140 Kbytes

o,
27f,,
This is satisfied with E,, =15 V and f,, =4 kHz.

31. (B) For slope overload to take place E >

My 1536 o012 v
L 8
quantization noise power
5 (0012)°
120 12

2
32. (C) Step size &=

=12x10° V*?

33. (B) Bit Rate =8k x 8 = 64 kbps
(SNR),=176 + 602n dB =176 + 602 x 8 =49.8 dB

1800

34. (B) f, =1800 samples/sec, f, - =900 Hz
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Since the sampling rate is 1800 samples/sec the highest

frequency that can be recovered is 900 Hz.

35. (C) x(t) =sinc 700¢ + sinc 500¢
= lt [sin 7007 + sin 5007t |
P

x(¢) is band limited with f, =350 Hz, Thus Nyquist

rate is 2f, =700 Hz, Sampling interval :%sec

1 1
36.D) f=—-=———
Iy T 50x10°
The frequency passed through LPF are f,, f, —f,, or 12

kHz, 8 kHz

=20 kHz, f=12 kHz

(SNR), 27"

37. (C) P= =
© (SNR), 2%

, Here n = code word length,

16

Thus rate = g— =16

n =6, n,=8, 12

38. (D) Signal g,(?), g,(?), g.(¢) and g,(¢) will have 8 k, 8
k, 16k and 16 k sample/sec at Nyquist rate. Thus
48000 sample/sec bit rate 48000 x 8 =384 kbps

39. (C) Analog signals, having bandwidth 1200 Hz, 600
Hz and 600 Hz have 2400, 1200 samples/sec at Nyquist
rate. Hence 48000 sample/sec

bit rate =48000 sample/sec x12 =57.6 kbps

40. (C) x(t)_5(sm2“1000t)3 +7(Sﬁ12711000tj2

it it

Maximum frequency component =3 x 1000 =3 kHz
Sampling rate =2f, =6 kHz

41. (B) Here f, = 32 k sample/sec

1 1
f%'_a;

E, =125, ==
2

I
1
A< 128G
32 x 1024

For slope-overload to be averted E, >

1
ASM or A< 125(;)

32x10

s

42. (D) f, =5 kHz, Nyquist Rate =2x5 = 10 kHz
Since signal are sampled at twice the Nyquist rate so
sampling rate =2 x 10 =20 kHz.

Total transmission bandwidth =4 x 20 =80 kHz

43. (D) Signal will be sampled 200, 200, 400 and 800

sample/sec thus 1600 sample per second,

GATE EC BY RK Kanodia
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44. (D) g(¢)=10cos 50nt[1+c083(mm‘j

=5cos 507t + 5 cos 501t cos 300t

The maximum frequency component will be

150 + 25 =175 Hz.
Thus f, =2 x 175 =350 sample per second.

45. (B) Total sample =8000 x 20 =160 k sample/sec
Bit for each sample=7 +1=8
Bit Rate =160k x 8 =1280 x 10® bits/sec

46. (B) The sampling rate is f, = 44100 meaning that we
take 44100 samples per second. Each sample is
quantized using 16 bits so the total number of bits per
second is 44100x16. For a music piece of duration 50
min = 3000- sec the resulting number of bits per
channel (left and right) 1is44100x 16 x 3000
=21168 x 10° and the overall number of bits is
21168 x 10°x 2 =42336 x 10°

47. (C) Nyquist Rate=2x 4k =8 kHz
Total sample =4 x 8 =32 k sample/sec
256 =2°, so that 8 bits are required
Bit Rate =32k x 8 =256 kbps

48. (D) Nyquist Rate =2 x 30k =60 kHz
2" >6 Thus n =3, Bit Rate =60 x 3 =18 kHz

49. (C) Nyquist rate=2x 4 =8 kHz
2"=16 or n=4, Bit Rate =4 x 8 =32 kbits/sec

50. (C) f, =8 kHz, 2" =256=>n=8
Bit Rate =8 x 8k =64 kb/x

51. (D) %a 2% If PCM is increased form n to n + 1,

the ratio will increase by a factor 4. Which is

independent of n.

52. (C) If L =2, then 2=2" or n=1 ND If L =8, then
8 =2" or n=3. So relative bandwidth will be tripled.

53. (B) The minimum bandwidth requirement for
transmission of a binary PCM signal is BW= vW. Since
v =10, we have BW = 10 W

shekeosteskokokoskokokskok
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7.8

SPREAD SPECTRUM

Statement for Question 1-3 :

A pseudo-noise (PN) sequance is generated using a
feedback shift register of length m =4. The chip rate is
10"chips per second

The PN sequance length is

(A) 10 (B) 12
(C) 15 (D) 18

a The chip duration is

(A) lus (B) 0.1 ps
(C) 0.1 ms (D) 1 ms

a The period of PN sequance is
(A) 15 pus (B) 15 us

(C) 6.67 ns (D) 0.67 ns

Statement for Question 4-5:

A direct sequence spread binary phase-shift-
keying system uses a feedback shift register of Length
19 for the generation of PN sequence . The system is
required to have an average probability of symbol error
due to externally generated interfering signals that

does not exceed 10°°

The processing gain of system is
(A) 37 dB (B) 43 dB
(C) 57 dB (D) 93 dB

ﬂ The Antijam margin is
(A) 47.5 dB
(C) 86.9 dB

(B) 93.8 dB
(D) 12.6 dB

ﬂ A slow FH/MFSK system has the following
parameters.

Number of bits per MFSK symbol
Number of MFSK symbol per hop
The processing gain of the system is

(A) 13.4 dB (B) 37.8 dB
(C) 6 dB (D) 26 dB

5

A fast FH/MFSK system has the following
parameters.

Number of bits per MFSK symbol = 4

Number of pops per MFSK symbol = 4

The processing gain of the system is

(A) 0 dB (B) 7 dB
(C) 9 dB (D) 12 dB

Statement for Question 8-9:

A rate 1/2 convolution code with dfrec = 10 is used
to encode a data requeence occurring at a rate of 1 kbps.
PSK. The DS spread

spectrum sequence has a chip rate of 10 MHz

The modulation is binary

ﬂ The coding gain is
(A) 7 dB
(C) 14 dB

(B) 12 dB
(D) 24 dB
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ﬂ The processing gain is
(A) 14 dB
(C) 58 dB

(B) 37 dB
(D) 104 dB

A total of 30 equal-power users are to share a
common communication channel by CDM. Each user
transmit information at a rate of 10 kbps via DS spread
spectrum and binary PSK. The minimum chip rate to
obtain a bit error probability of 107°

(A) 1.3x 10° chips/sec (B) 29 x 10° chips/sec

(C) 19 x 10° chips/sec (D) 1.3x 10° chips/sec

A CDMA system is designed based on DS spread
spectrum with a processing gain of 1000 and BPSK
modulation scheme. If user has equal power and the
desired level of performance of an error probability of
107, the number of user will be

(A) 89 (B) 117
(C) 147 (D) 216

In previous question if processing gain is changed to

500, then number of users will be
(A) 27 users (B) 38 users
(C) 42 users (D) 45 users

Statement for Question 13-15 :

A DS spread spectrum system transmit at a rate of
1 kbps in the presets of a tone jammer. The jammer
power is 20 dB greater then the desired signal, and the
required ¢, /J, to achieve satisfactory performance is
10 dB.

The spreading bandwidth required to meet the

specifications is
(A) 10" Hz
(C) 10° Hz

(B) 10° Hz
(D) 10° Hz

If the jammer is a pulse jammer, then pulse duty
cycle that results in worst case jamming is

(A) 0.14 (B) 0.05

(C) 0.07 (D) 0.10

The correspond probability of error is
(A) 49x 107 (B) 6.3x107*
(C)9.4x10™" (D) 83x107°
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Statement for question 16-18 :

A CDMA system consist of 15 equal power user
that transmit information at a rate of 10 kbps, each
using a DS spread spectrum signal operating at chip
rate of 1 MHz. The modulation scheme is BPSK.

The Processing gain is

(A) 0.01 (B) 100

(C©) 0.1 (D) 10

The value of ¢,/J, is

(A) 8.54 dB (B) 7.14 dB
(C) 17.08 dB (D) 14.28 dB

How much should the processing gain be increased
to allow for doubling the number of users with affecting
the autopad SNR
(A) 1.46 MHz

(C) 4.93 MHz

(B) 2.07 MHz
(D) 2.92 MHz

A DS/BPSK spread spectrum signal has a
processing gain of 500. If the desired error probability is
107 and (g, / J,) required to obtain an error probability
of 107 for binary PSK is 9.5 dB, then the Jamming
margin against a containers tone jammer is

(A) 23.6 dB (B) 17.5 dB

(C) 117.4 dB (D) 109.0 dB

Statement for Question 20-21 :

An m =10 ML shift register is used to generate the
pre hdarandlm sequence in a DS spread spectrum
system. The chip duration is 7, =lps and the bit
duration is 7, = NT,, where N is the length (period of

the m sequence).

m The processing gain of the system is
(A) 10 dB (B) 20 dB
(C) 30 dB (D) 40 dB

If the required ¢,/J, is 10 and the jammer is a tone

jammer with an average power J_, then jamming

av?

margin is.
(A) 10 dB (B) 20 dB
(C) 30 dB (D) 40 dB
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Statement for Question 22-23 :

An FH binary orthogonal FSK system employs an
m =15 stage liner feedback shift register that generates
an ML sequence. Each state of the shift register selects
one of L non over lapping frequency bands in the
hopping pattern. The bit rate is 100 bits/s. The

demodulator employ non coherent detection.

% If the hop rate is one per bit, the hopping bandwidth
for this channel is
(A) 6.5534 MHz

(C) 2.6943 MHz

(B) 9.4369 MHz
(D) None of the above

m Suppose the hop rate is increased to 2 hops/bit and
the receiver uses square law combining the signal over
two hops. The hopping bandwidth for this channel is
(A) 3.2767 MHz (B) 13.1068 MHz

(C) 26.2136 MHz (D) 1.6384 MHz

Statement for Qquestion 24-25 :
In a fast FH spread

information is transmitted via FSK with non coherent

spectrum system, the

detection. Suppose there are N =3 hops/bit with hard
decision decoding of the signal in each hop. The channel
is AWGN with power spectral density { .4 and an SNR
20-13 dB (total SNR over the three hops)

m The probability of error for this system is
(A) 0.013 (B) 0.0013

(C) 0.049 (D) 0.0049

m In case of one hop per bit the probability of error is
(A) 196 x107° (B) 196 x 1077
(C)227x107° (D) 227 x 107"

Statement for Question 26-29 :

A slow FH binary FSK system with non coherent
detection operates at ¢,/J,=10, with hopping
bandwidth of 2 GHz, and a bit rate of 10 kbps.

m The processing gain of this system is
(A) 23 dB (B) 43 dB
(C) 43 dB (D) 53 dB

If the jammer operates as a partial band jammar,

the bandwidth occupancy for worst case jamming is

GATE EC BY RK Kanodia
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(A) 0.4 GHz
(C) 0.7 GHz

(B) 0.6 GHz
(D) 0.9 GHz

m The probability of error for the worst-case partial
band jammer is
(A) 0.2996

(C) 0.0368

(B) 0.1496
(D) 0.0298

m The minimum hop rate for a FH spread spectrum
system that will prevent a jammer from operating five

onives away from the receiver is

(A) 3.2 bHz (B) 3.2 MHz
(C) 18.6 MHz (D) 18.6 kHz
skekskokskokskekskoksk
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SOLUTION

1. (C) The PN sequence length is
N=2" -1=2*-1=15

2. (B) The chip duration is

1
TC:WS =0.1 ms

3. (A) The period of the PN sequence is
T=NT, =15x01=15 ps

4. (C) m=19

n=2" -1=29-1=2"

The processing gain is 10log,, N=101log,, 2"

=190 x 0.3 or 57 dB

5. (A) Antijam margin = (Processing gain) - 10 logm(zE\;bj
0

The probability of error is

P= 1erfc £
2 N,

With P, =107, we have E, / N, =9.
Hence, Antijam margin =57 —101log,,9 =57 -9.5
or =47.5 dB

6. (D) The precessing gain (PG) is
_ FH Bandwidth W,
Symbol Rate R

PG =5x4=20

s

Hence, expressed in decibels, PG=10log,,20 =26 db

7. (D) The processing gain is
PG=4x4=16

Hence, in decibels,

PG =10log,,16 =12 dB

1

8. (A) The coding gain is R, §>< 10=5or 7 dB

cd min

9. (B) The processing gain
w 10°

2 103:5><1O3 or 37 dB
X

10. (C) We assume that the interference is characterized
as a zero-mean AWGN process with power spectral
density J,. To achieve an error probability of 10~°, the

required €, /J, =10 we have

GATE EC BY RK Kanodia
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W/R :W/R _ &
JJP. N,-1 J,

av av u

=| S 1
W/R [J ](Nu )

0
W= R(eb}Nu -1
JO
where R =10* bps, N, =30 and ¢, /J, =10
Therefore, W=29 x 10° Hz
The minimum chip rate is 1/ T,=W =29 x 10° chips/sec

11. (D) To achieve an error probability of 107°, we

required (ij =105 dB
0 /dB
Then, the number of users of the CDMA system is
W/R 1000

N, = +1=
g /d, 113

+1=289 users

12. (D) If the processing gain is reduced to W/R = 500,
then

Nu=@ +1 = 45 users
11.3

13. (D) We have a system where (J_/P,),; =20 dB,
R =1000 bps and (g, /J ), =10 dB

Hence, we obtain (WJ :(J””] +(e”j =30 dB
R dB Pav dB JO dB

w_ 1000
R

W=1000R =10° Hz

14. (C) The duty cycle of a pulse jammer of worst-case

071 07 _o07

e, /J, 10

jamming is o=

15. (D) The corresponding probability of error for this

worst-case jamming is

_ 0083 _ 0083 _83x10°
g,/ 10
W 10°
16. (B) Precessing gain is —= —— =100
®) B e AR TIE

17. (A) We have N, =15 users transmitting at a rate of
10,000 bps each, in a bandwidth of W =1MH-z.
6 4
The ¢,/J is. 2 = W/R _107/107 100
J, N,-1 14 14

=714 or 8.54 dB
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18. (B) With N, =30 and ¢,/J, =714, the processing
gain should be increased to

W/R=(714)(29) =207

W=207 x 104 =207 MHz

Hence the bandwidth must be increased to 2.07 MHz

19. (B) The processing gain is given as

Kz 500 or 27 dB
R

The (g,/J,) required to obtain an error probability of
107 for binary PSK is 9.5 dB. Hence, the jamming

margin is
(JavJ :(Wj _(Sbj ~2795 or 17.5 dB
Pav dB R dB JO dB

20. (C) The period of the maximum length shift register

sequence is
N=2"-1=1023
Since T, = NT, then the processing gain is

N%:1023 or 30 dB

c

21. (B) A Jamming margin is

(JWJ :(WJ _(sbj -30-10=20 dB
Pau dB Rb dB JO dB

where J , =J W ~dJ /T, =J, x 10°

22. (A) The length of the shift-register sequence is
L=2" -12" —1=32767 bits

For binary FSK modulation, the minimum frequency
separation is 2/T, where 1/T is the symbol (bit) rate.
The hop rate is 100 hops/sec. Since the shift register
has L =32767 states and each state utilizes a
bandwidth of 2/T =200 Hz, then the total bandwidth
for the FH signal is 6.5534 MHz.

23. If the hopping rate is 2 hops/bit and the bit rate is
100 bits/sec, then, the hop rate is 200 hops/sec. The
minimum frequency separation for orthogonality
2/T =400 Hz. Since there are N =32767 states of the
shift register and for each state we select one of two
frequencies separated by 400 Hz, the hopping
bandwidth is 13.1068 MHz.

24. (B) The total SNR for three hops is 20 ~13 dB.
Therefore the SNR per hop is 20/3. The probability of a

chip error with non-coherent detection is

GATE EC BY RK Kanodia

Communication System

€,

P:leiwU

where ¢, / N, =20/ 3. The probability of a bit error is
P=1-(1-p*=1-(1-2p+p*)=2p-p’

€. €,

—e 2N —%é”v ~00013

25. (C) In the case of one hop per bit, the SNR per bit is
P=temilow 997,107
2 2

20, Hence,

26. (D) We are given a hopping bandwidth of 2 GHz and
a bit rate of 10 kbs.

9
Hence, E = 2x10

R 10° =2x 10%r 53 dB

27. (A) The bandwidth of the worst partial-band
jammer is ax W, where

axW =2/(g,/J,) =02

Hence axW=0.4 GHz

28. (C) The probability of error with worst-case
-1 -1

¢ % -368x10°
(g,/J,) 10

partial-band jamming is P,=

29. (D) d=5 miles = 8050 meters
Ad=2 x 8050 =16100

Ad=xxt ort :&
t
= A 161008 =5.367 x 10°
x  3x10
p=lo 1 1863 KHy
t 5.367x10
shesfeskeokokokokokoskoskesk
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A field is given as

13

G-=
X+ y

s (yu, +3u, +xu)

The field at point (-2, 3, 4) is
(A) 13(-2u, + 3u, + 4u,) (B) 2u, + 3u, + 4u,

(C) 13(3u, +4u, -2u)) (D) 3u, +4u, -2u,

A field is given as F =yu,  +zu, + xu, The angle
between G and u,_ at point (2, 2, 0) is

(A) 45° (B) 30°

(C) 60° (D) 90°

A vector field is given as
G =12xyu, + 6(x” + 2)u,, +18z"u,
The equation of the surface M on which |G| =60 is
(A) 4x°y® + 4x* + 92" +2x* =96
(B) 2x%y* + x* +92* +2x% =96
(C) 2x%y* + 4x* +92* + 24 =96
(D) 4x*y® + x* +92* +2x% =96

A vector field is given by
E=4zy’u, +2ysin2xu + y’sin2x u,

The surface on which E, =0 is
(A) Plane y =0 (B) Plane x =0

(C) Plane x = % (D) all

The vector field E is given by
E=6zy’cos 2xu, + 4xysin2xu,, + y’sin2x u,

The region in which E=0 is

(A) y=0 B) x=0
(C)z=0 D) ng

Two vector fields are F=-10u, +20x(y - Du, and
G =2x’yu, —4u, +2u,. At point A2, 3, 4) a unit
vector in the direction of F -G is

(A) 018u, +098u, -0.05u,

(B) ~0.18u, -098u, +005u,

(C) ~0.37u, +092u,, +0.02u,

(D) 0.37u, -092u, -002u,
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A field is given as

G =

(xu, +yu,)

x®+y°

The unit vector in the direction of G at P(3, 4, -2)
is
(A) 0.6u, +0.8u,
(C) 0.6u,, +0.8u,

(B) 0.8u, +0.6u,
(D) 0.6u, +0.6u,

Afield is given as F = xyu_ + yzu, + zxu, The value of
42

the double integral I = j j F -u dzdx in the plane y =7 is
00

(A) 128 (B) 56
(C) 190 Do

Two vector extending from the origin are given as
R, =4u, +3u,-2u, and R,=3u, —4u, -6u, The
area of the triangle defined by R, and R, is

(A) 12.47 (B) 20.15

(C) 10.87 (D) 15.46

The four vertices of a regular tetrahedron are
located at O (0, 0, 0), A0, 1, 0), B(0.5 V/3, 0.5, 0) and C
(%, 05, g). The unit vector perpendicular (outward) to
the face ABC is

(A) 0.41u, +0.71u, +0.29u,

(B) 0.47u, +0.82u, +0.33u,

(C) -047u, -0.82u,, -0.33u,

(D) ~0.41u, -0.71u, -0.29u,

m The two vector are R,,, =20u, +18u, -18u, and
R,y =-10u, + 8u  + 15u,. The unit vector in the plane
of the triangle that bisects the interior angle at A is
(A) 0.168u, +0915u , +0.367u,

(B) 0.729u, +0.134u, —0.672u,
(C) 0.729u, +0.134u, +0.672u,
(D) 0.168u, +0915u, —0.367u,

Two points in cylindrical coordinates are A(p =35,
$=70°, z=-3) and B(p =2, $=30°,z =1). A unit vector
at A towards B is

(A) 003u, -0.82u, +057u,

(B) 003u, +0.82u,, +057u,
(C) —0.82u, +0003u, +057u,
(D) 0003u, —0.82u,, +057u,
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% A field in cartesian form is given as

ya,
x? + y?

x

In cylindrical form it will be

@D="2 B)D="e, Yo
p p cos¢
(C)D =pu, (D) D =pu, +cos du,

A vector extends from A(p =4, $=40°,z =-2) to B(
p=5, $=-110°,z =1). The vector R ,; is

(A) 477Ta, +730u, + 4u,

(B) -4.77u, -7.30u, + 4u,

(C) -7.30u, —4.77u , + 4u,

(D) 7.30u, +4.77u, + 4u,

m The surface p=3, p=5, $=100° ¢=130° z =3 and
z =45 define a closed surface. The enclosed volume is
(A) 480 (B) 5.46
(C) 360 (D) 6.28

@ The surface p=2, p=4, $=45° ¢=135° z=3 and
z =4 define a closed surface. The total area of the
enclosing surface is
(A) 34.29

(C) 32.27

(B) 20.7
(D) 16.4

P The surface p=3, p =5, $=100° $=130° z =3 and
z =45 define a closed volume. The length of the longest
straight line that lies entirely within the volume is
(A) 3.21 (B) 3.13

(C) 4.26 (D) 4.21

A vector field H is

¢

2 P 3
H=pz"sin ¢u, +e 51n(2ju¢+p u,

At point (2, g, OJ the value of H-u_ is

(A) 0.25
(C) 0.433

(B) 0.433
(D) -0.25

@ A vector is A =yu, +(x +2z)u,. At point P(-2, 6, 3)
A in cylindrical coordinate is

(A) -0949u, - 6008u,
(C) -6008u, ~0949u,

(B) 0949u, - 6.008u,
(D) 6008u, +0949u,
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E The vector

10
B=—u, +rcos0u,+u,
r

in cartesian coordinates at (-3, 4, 0) is
(A) u, -2u, (B)—2ux+uy
(C) L.36u, +272u, (D) -2.72u, + 1.36u,

The two point have been given A (20, 30°, 45°) and
B (30, 115°, 160°). The R ;]| is

(A) 22.2 (B) 44.4

(C) 111 (D) 33.3

The surface r =2 and 4, 6 =30° and 60°, $=20° and
80° identify a closed surface. The enclosed volume is

(A) 11.45 (B) 7.15

(C) 6.14 (D) 8.26

The surface r =2 and 4, 6 =30° and 50° and ¢$=20°
and 60° identify a closed surface. The total area of the

enclosing surface is
(A) 6.31

(C) 25.22

(B) 18.91
(D) 12.61

At point P(r =4, 6=02n, ¢$=0.8n), u, in cartesian
component is
(A) 048u, +0.35u, +0.81u,

(B) 0.48u, -0.35u,, —0.81u,
(C) —0.48u, +0.35u, +0.81u,
(D) 0.48u, ~0.35u, —0.81u,

m The expression for u, in spherical coordinates at P(
r=4, 6=02n, $=0.87) is

(A) 0.48u, +0.35u, —0.81u,
(B) 0.35u, +0.48u, —0.81u,
(C) -0.48u, +0.35u, -0.81u,
(D) -0.35u, +0.48u, —0.81u,

@ Given a vector field
D - rsi 1. 0 9
=rsin ¢u,—;sm cos pu, +r-u,

The component of D tangential to the spherical
surface r =10 at P(10, 150°, 330°) is
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(A) 0.043u, + 100u,
(B) -0.043u, -100u,
(C) 110u, +0.043u,
(D) 0.043u, -100u,

B The circulation of F = x’u, — xzu , —y’u, around the
path shown in fig. P8.1.36 is

z

Fig. P8.1.36
1 1
A) —— B) =
(A) 3 ()6
1 1
C)-= D) =
© A ()3

The circulation of A =p cos ¢u, +zsin ¢u, around

the edge L of the wedge shown in Fig. P8.1.37 is
y

L
60° .
0 2
Fig. P8.1.37
A1 (B) -1
o D) 3

B The gradient of field f = y’x + xyz is
A) y(y +2)u, + 22y + z)uy + xyu,

(B) y2x +2)u, + x(x +2)u, + xyu,

(C) y*u, +2yxu, + xyu,

(D) y2y +2)u, + x2y +2)u, + xyu,

m The gradient of the field f =p®zcos2¢ at point
(1, 45°, 2) is

(A) 4u, (B) 4\Eu¢

(C) ~4u, (D) ~4+2u,
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The gradient of the functionG =r?sin 20 sin 2¢sin 0
at point P($, 1, 1) is

(A) 141u, + 3u,
(C) 346u, +9.3u,

The

®=xy+ yz +zx at point P(3, —-3,-3) in the direction
toward point Q(4, -1, —1) is

(A) -3 (B) 1

(C) -2 (D)o

B)u, +u, +u,

(D) All

directional  derivative of function

m The temperature in a auditorium is given by
T =2x% + y* —2z% . A mosquito located at (2, 2, 1) in the
auditorium desires to fly in such a direction that it will
get warm as soon as possible. The direction, in that it
must fly is

(A) 8u, +8u, —4u,

(B) 2u, +2u, -u,

(C) 4u, +4u -4u,

(D) (2u, +2u,-u,)

The angle between the normal to the surface
x’y+2z=3 and xlnz-y*=-4 at the point of
intersection (-1, 2, 1) is

(A) 73.4°
(C) 16.6°

(B) 36.3°
(D) 53.7°

m The divergence of vector A =yzu,_ +4xyu, + yu, at
point P(1, -2, 3) is

(A) 2 (B) -2

o (D) 4

m The

A =2r cos O cos pu, + r1/2u¢ at point P(1, 30°, 60°) is
(A) 2.6 (B) 1.5
(C) 4.5 (D) -4.5

divergence of the vector

@ The divergence of the vector

A =pz”cos pu, +zsin® pu, is
(A) 2pz® cos dpu +sin® pu,
(B) 2pz”cos ¢u, +sin® pu,

(C) 22” cos pu, + sin® du,

(D) zsin2§up + 2pz cos <])u¢+22 sin ¢u,
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The flux of D =p”cos® pu, + 3sin ¢u, over the
closed surface of the cylinder 0 < z<3, p=3is

(A) 324 (B) 81n

(C) 81 (D) 64n

@ The curl of vector A =e™u, +sinxyu, + cos” xz u,
is

(A) ye™ua, +xcos xyu, —2xsin2xz u,

(B) zsin2xy u,, +(yycos xy — xe”)u,

(C) zsin2xy u,, + (xcos xy — xe™)u,

(D) xy e™u, + xycos xy u, —2xz sin 2xz u,

m The curl of vector field

A =pzsin gu_ + 3pz”® cos pu, at point (5, 90°, 1) is
A0 (B) 12u,
(C) 6u, (D) 5u,

m The curl of vector field

1. . .
A=rcosbu, —=sin0u,+2r’sin 6 u, is
r

(A) cos Ou, 1 cos O u,
r

(B) 2r*cos Ou, —4rsin 0 u, +(12 sin 6 —r sin 9)u¢
r

(C) 4rcos Ou, —6rsin Ou, +sin O u,

(D) 0

If A=(3y* -2z)u, —2x°z u, +(x +2y)u,, the value
of VxV x A at P(-2, 3, -1) is

(A) «(6u, +4u) (B) 8(u, +u,)

(C) -8(u, +u,) (D) 0

A The grad-V x A of a vector field
A=x’yu, +y’zu, -2xzu, is

(A) 2xy +2yz —2x

(B) 2%y + v’z —2xz

(C) 2x%y +2y%2 —2xz

(D) 0

If V=xy—x%y + y?2%, the value of the div grad V
is

A0

(B) z + x* +2y%z

(C) 2y(z* - yz — x)

(D) 2(z* —y* - y)
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If V = x®y®2%, the laplacian of the field V is
(A) 2(xy® + y2* + 2x”)

(B) 2(xy* + y®2* + 2°x7)

() (x%y” + y2° + 2°x%)

(D) 0

BBl The value of V2V at point P(3, 60°, -2) is if
V =p2z(cos ¢+ sin ¢)

(A) 8.2 (B) 12.3

(C) -12.3 D)o

B 1f the scalar field V =r? (1 + cos 0 sin ¢) then V2V is
(A) 1+2(1-r?)cos Bsin ¢

(B) 6 + 4cos 0 sin ¢ —cot 0 cosec 0 sin ¢
(C)2+2(1—r?cos 0sin ¢

(D) o

V In p is equal to
(A)V x(¢u,)
(C)V x(pu,)

(B) V x (zu¢)
(D) V x(pu,)

B If r=xu, + yu, +zu, then (r-V)r’ is equal to
(A) 2r® (B) 3r*
(C) 4r? (D) 0

m If r=xu, + yu, +2zu, is the position vector of point
P(x, y,z) and r =lrl then V - r"r is equal to

(A) nrt B) (n+3)r"

(©C) (n+2)r" D)o

m IfF=xyu, —yu ,» the circulation of vector field F
around closed path shown in fig. P8.1.60 is,

y

1

S L
0 1 2 :
Fig. P8.1.60

7 7
A) — B) ——
( )3 (B) 5
7 7
C) — D) ——
( )6 (D) 3
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If A=psin¢u, + pzup , and L is the contour of fig.
P8.1.61, then circulation §A. dL is
L

y

2
L L
2 1 1 2 ¥
Fig. P8.1.61
(A) Tn+2 (B) Tn-2
C)7Tn (D) 0

@ The surface integral of vector
2.2 2
F=2p°z"u +pcos” ¢u,

over the region defined by 2<p <5, -1<z<1,

0<dp<2mis
(A) 44 (B) 176
(C) 88 (D) 352

m IfD = xyu, + yzu , + zxu_, then the value ofﬁA -dS
is, where S is the surface of the cube defined by
0<x<1,0<y<1,0<2z<1

(A) 0.5 (B) 3

©) o D) 1.5

m If D=2pzu + 3zsin ¢u,—4pcos ¢u, and S is the
surface of the wedge 0 <p <2, 6 <$p<45° 0 <z <5, then
the surface integral of D is

(A) 24.89 (B) 131.57

(C) 63.26 D)0

m If the vector field
F =(axy + Bz*)u, +(3x* —y2)u, + (3 x2” - y)u,

is irrotational, the value of o, and y is
(A) a=B=y=1 (B) a=p=1, y=0
() =0, B=y=1 D) a=p=y =0
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SOLUTIONS

1. (D) d =, - %,)* +(y, —3,)* + (2, —2,)°

= (4 -2)° + (-6 -3)> +(3—(-1))* = /4 +81+16 =101

2. AR, =R;-R,
=(3u, +0u, +2u)-(5u, —~u, +0u,)
=-2u, +u, +2u,
R,z =42 +1+2° =3
2

u, :—gux +§uy+§uz

3. (C) The component of F parallel to G is

F-G, (10,-6,5)-(01 0.2,03)
= 2 G = 2 2 2
G 012+0.2° +0.3

=9.3(0.1, 0.2, 0.3) = (0.93, 1.86, 2.79)

(01, 02, 0.3)

4. (C) The vector component of F perpendicular to G is

F. -G (3,2,1)-(4, 4,-2)
G-(321n- 2205
G? ( ) 4% 4 4% 4 22

=(3,2, 1)-(2,2,-1)=(1,0,2) =u, +2u,

—F-

(4, 4, -2)

5. (C)R=3u, +4M-N
=3u, +4(2u, +3u,-4u ) (-4u, +4u, +3u)
=15u, + 8u, —19u,

R|= 15> + 82 + 197 =255 =255

6. B)R=-M+2N
=—(8u, +4u, -8u,) +2(8u, + 6u, -2u,)
=8u, +8u, +4u,
8u, +8u, +4u,
YUr = 2 2 2
V82 +8%+4

~M +2N =—(8,4,-8)+2(8,6,-2) = (8, 8, 4)
(8,8,4) _[2 2 1)

u,=—>2°- =
B /8% 8% 442

2 2 1
uR :gux +§uy +§u2

3’3’3

-6-2 4+0
2 2
(4,-4,2) [2 2 1)

7. (C) Mid point is (1;7, j - 4, -4, 2)

u, = Sl oy T a0 S
f 37 3’3

42+ 4% + 22
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2 1 =-34u, + 84u, —2u,
37 38° _ —34u, +84u, - u,

u, =
B [342 1 842 1+ 22

=-037u, +092u, -002u,

8. (A) G=241)(2)u, +12(1+2)u, +18(-1)*u,
=48u, +36u, + 18u,
16. (A) At P(3, 4, -2)

2 21
9. (A) A=(6,-2,-4),B=Fk| =, - =, =
( ) ( 5 5 )? [3’ 3’3) G:%(3ux+4uy):3ux+4uy
3 +4
IB-Al=10 3+ 4u
2 2 2 u,=———"=0.6u, +0.8u
(6—2kj +(—2+2kj +(—4_1kj =100 \/32+742 !
3 3 3
K -8k-44=0 = k=1175, 17.B)F-u =F, =yz
B=1175 %,_g’l 42 4.2 4
3" 33 I= J.J.yzdzdx = _[ yzdz |dx :j2ydx:2(4)y:8y
00 0\ 0 0

= (7.83, -7.83, -3.92)
At y=7,1=8(7)=56

13

10. D) G=—r—— (3u, +4u, -2u

TR 2 1 1 [ux u, uj
B 18. (B) Area =—[R, xR,[==| 4 3 -2
=3u, +4u, -2u, 2 2

3 4 -6
11. (A) Let 6 be the angle between F and u, , —u (-18-8)-u.(-24+6) +u.(-16 -9)
x y z
Magnitude of F is IFl=4/y* +2* + x” =-26u, +18u, -25u,
F-u, =(F)(1)cos 0=y R, xR,|=/26” + 187 + 25” = 40.31
y 2 1 40.31

cos 0 = = = —-= area =———=20.15

\/y2+22+x2 \/22+22 V2 2
06=45°

19. B)R,, =(0,1,0) - (053,05, 0)=(-05/3,05, 0)

12. (DY 1G1=60 Rgcz(% ,05, f}—(osﬁ,o.f), 0) =[—1,0, ‘Ej

JA220)% + (6(2% + 27 + (182°)° =60 V3 V373
= 144x%y? + 36(x* + 4x + 4) + 3242* = 3600 | 4w u u ]
x y z
= 4.’)623/2 +(x*+4x* +4)+92* =100 R,, xR, :}0_5\/5 05 0
= 4x’y® +x'+9z" + 42 =96 { 1, \EJ
V3 3
13. (D) For E =0,2ysin2x=0 = y=0
y 5 :ux0,5\/g -u, (0.5\/5) +u, OT5
sin2x=0, = 2x=0, 1,31, = x=0, °F 3
2 ~041u, —0.71u, +029u,

Hence (D) is correct. The required unit vector is
~ 04lu, +0.71u, +0.29u,

J0.412 + 0712 +0.29°
-047u, +0.81u, +0.33u,

14. (A)

E =y(6zycos2xu, +4xsin2xu, + ysin2xu,)

Hence in plane y=0, E =0.

15. C)R=F -G 20. (A) The non-unit vector in the required direction is
1

=(-10u, +20x(y -Du,) -(2x*yu, —4u, +2u,) =§(uAN +u,,,)

At P2, 3,-4), (=10, 8, 15)

R=F G =(-10u, + 80u,) - (24u, - 4u, +2u) u,, = 006t 23 =(-0507, 0.406, 0.761)
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= 5 gg, 138é4— 1(1)00 — (0.697, 0.627, —0.348) 26. (A) A(p=3, $=100°, z =3) = A(-052,295, 3)
. Foat s B(p =5, $=130°, z=45)=B(-321, 383, 45)
E(uAM-‘—uAN) leng‘th :lB—A|

B - A =(-321, 3.83, 45) - (052,295, 3)
=(-2.69, 0.88, 15)

= (0.095, 0.516, 0.207) B - A|=|(-2.69, 0.88,15)| =/2.69% +0.88 + 15> = 3.21
(0095, 0516, 0.207)

Uy = B > 5
J0.095% + 05162 +0.261

:% [(0.697,0.627, -0.348) + (0507, 0.406, 0.761) |

= (0.168, 0.915, 0.367)
27. (C) At P (2, x oj, H=05u,+ 8u,
Hence (A) is correct. 3

1
u, =cos pu, —sin pu, =—(u ~/3u,)
21. (D) In cartesian coordinates bu, bu, 2 ° ¢

A (5cos 70°, 5sin 70°, - 3) = A(1.71, 4.70, - 3) J3

) H-u,  =(05) —— |=-0.433
B (2 cos (-30°),2 sin (-30°), - 3) =B(1.73, -1, 1) 2
R,,=R;-R, =(173,-1,1) -(171,4.70, - 3)

=(002, —5.70, 4) (Ap_ [ cos¢ sing 0][A,]
w, - (002,-570.4) _ _ (0 003, _0.82. 0.57) 28. (A) | A, [=|-sin¢ cos¢ 0 }Ay
V0022 + 570 + 42 Al 0o 0o 1]/A]

At P (-2, 6, 3)

22. (A) x=pcos ¢, y=psino 6
A=6u,+u,, ¢ =tan™ (2]:108.43O

_pcosdu, +psindu,

—1(cos ou, +sin dpu )
2 2 2 2 1 x y
prcos”¢+pisint o p cos h=—0.316, sin ¢ = 0.948

D,=D u, 1 [cos ¢p(u, -u) +sin ¢p(u, -u )] {Ap—‘ [-0.316 0948 07[6]
P A,|=|-0948 -0316 0|1
=1[cos2 o+ sin? ¢] 1 LAZJ 0 0 1|0
p p

. A, =6(-0.316) + 0948 = 0949,
Dy =D ruy = leos o,y +sin olu, uy)l A, =6(-0948) —0.316 =—6008, A, =0

1 . } Hence (A) is correct option.
==—[cos ¢(—sin ¢) + sin ¢p(cos P]=0
p

29.(B) At P (-3, 4, 0)

Therefore D = 1 u

p r:\/x2+y2+z2 :\/32+42+02=5
. O=tan ' ot yz _r
23. (B) A(4 cos 40°, 4 sin 40°, -2) = A(306,257, —2) =tan > 9
B (5 -110°),5sin (-110°),2) =B (-1.71, - 47,2 _ _
(5 cos ( ), 5 sin ( ), 2) ( ) 6= tan 1Y _tan! i=126.87°
R,, =R, -R, =(-171, - 47, 2) —(306,257, —2) x -3
=(-477,-73, 4) B=2u, +u,
s 1m0 [B,] [sin®cos¢ cosbcos¢p —sin6] [Br—’
24. (D) Vol = .[ I fpdpdd)dz - 628 B, |=|sin@sin¢ cosBcos¢ cos¢ (B,
3 100°3 | B, | cos 0 —sin 0 1 {BJ

[-06 0 -08][2]
=08 0 -06{0

25. (C) Area is

135°4 4135° 4135° 44 0 -1 0 1
=2 [ [pdpd + [ [2dodz + | [4dodz + 2] dpdz
45°2 3 45° 3 45° 32 Bx =2(-0.6)+0.8 =-2
2]* B.=2(02)-0.6=1
2| [“j+(2)(1)(“]:32.27 y=2002)
2 |,\2 2 B.=0
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2 2 0A A
p _0A, y OA,
Al = e | 4. D)V -A="=>+ + =0+4x+0
ong 3, C, _([pcos odp . 2 ™ Py > x
[A-dL =c +C,+C =1 AtP(, -2,3),V-A=4
L
45. (A)
2 . 3

38. (A) Vf —u., %4_“ %4_“ of vA- LOrA) 1 dsinbA) 1 a(sin®A,)

Ox > oy ‘oz r*  or rsin @ 00 rsin 0 o
=¥y +2)u, + 22y +2)u, +xyu, =i2(6rzcos Bcos ) +0+0

r

39. (C) Vf = iJr 1@+ o At P (1, 30°, 60°), V - A = 6(1)(cos 30°)(cos 60°) =2.6

P ox p oy “ oz
_9 .2 _ : 2
=2p°zcos 2¢u, —2pz sin 2¢u, +p° cos 2¢u, 46. C)V.A=L 10(pA, ) 104 N o(A,)
At P (1, 45° 2), Vf =—4u, P b p 0 o

2 s 2
_ 1 dppz_cos ¢) + dzsin” 9 =2z"cos ¢+ sin” ¢

40. (B) rsin 6cos ¢=x , rsin Osin ¢=y , rcos 0=z P o oz

G =r?sin20sin 2¢sin 6

— %2 sin 0 cos 0)(2 sin cos ¢ sin 0 47. (B) The flux is J;D -dS, By divergence theorem

=4(r sin 0 cos ¢p)(r sin O sin ¢p)(r cos 0) =4 xyz J'D dS = ,[V D do
VG -, 6(4axyz) v, 6(4axyz) ru, 6(4axyz)
X X 2z
1 a(pp®cos® ¢) 1 &(zsin ¢) 3 .
=4yzu, +4xzu, + 4xyu, \ 'D=g % +g % =3pcos® ¢+ gsm(|)

111
AtP| =, =, = VG =
(2 2’ 2} ’ U m, T, IV ‘D dv :J.(3p cos? ¢+ Z sin ¢]pd¢dzdp
p

v v

3 3 2n 3 3 21
41. (C) VO =(y +2)u, +(x +2)u, +(x + y)u, =IdZI2p2dp jcosZ (I)d(])+'[zdz jdp jsin¢d¢=81n
At P(3, -3, - 3), o0 o A S
VO=-6u, ,Rp,,=(4,-1,-1-(3,-3,-3 =(1, 2, 2) Cu o . W
(=6u,) (u, +2u, +2u) ( ax ay 82] ax ay az
e 3 =2 48 BvrA| D 2 | |2 @ o
ox Oy o Ox oy 0z
|A, A, A | L sin xy cos® sz

42, (C) VT =u Z—T+u £+u @

"oy Oz u,(0 -0) —u (2cos xz (-sin x2)z) + u_(ycos xy — xe™)
=2xu_+2yu, —4zu, =zsin 2xy u  +(y cos xy — xe”)u,
At P2, 2, 1), VT =4u, +4u —4u,
fa, w, w]

43. (A) Let f=x’y+2-3, g=xInz—-y* +4 49. D) VxA-L } 0 a2
Vf =2xyu, + x’u, +u, [2‘1 jt ZZZJ
Vg=Inzu, -2yu, +£u2

z [ u, u, uz—’
At point P (-1, 2, 1) _1 0 0 o

—4u, +u, +u, —4u, -u, _P} op o0 2
uf:T’ug:T |pzsing 2p°z°cos¢d O |
cosf=tu, u, =% ﬁ =0286 = % u, (-6p”z cos ¢) —u,(—p sin ¢) % u, (6pz” cos ¢ —pz cos ¢)
0 =cos*0.28 =734° At point P(5, 90°% 1), V x A =5u,
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Vector Analysis
[u, ru, rsin 9u¢—|
50. (C) V x A = | o 9 2
r’sin0|or 00 o
[A rA, rsin GAJ
[ u, ru, rsin6u¢—|
1o o 2
r’sin@| or 00 oo {

|rcos® —sin® 2r’sin®0 |

1 3
= u,(2r° sin - 0) - —
r’sin® rsin

u, (6r® sin® 6-0) A1 u, (0 +rsin )
r

=4rcosOu, -6rsin Ou,+sin O u,

u, u, —|
5. (A VxA=| < °
ox oy
|(3y* —22) (-2x%2) (x+2y)J
=u,(2+2x") -u (1-(-2)) + u (-4xz - 6y)
( u, u, u, —‘
VxVxA-= i i i
ox oy oz
[(2+2x%) 3 —4xz+6y)]
=u,(-6) —u (-42) + u (0) =-6u, +4zu,
At P(-2, 3, -1),
VxVxA=-6u, —4u, =~(6u, +4u,)
u, u, u, —|
52. D)V xA-= o 2 9
x Oy oz

=—y’u, +2zu - x’u,
V(VxA)=0
53. D) VV =u, Q+u 8V+uzﬂ
o 7oy oz
=(z -2xy)u, +(2yz® - x> )u, +(x -2y°2)u,

oz —2xy) N 02yz% — x?) N o(x —2y%2)
ox oy 0z

V(VV) =
=2y +22°-2y* =2(2* —y* —y)

2
54. B)V V_8V+6‘27+8Y2/'
ox* oy oz

=2(y%2% + x%2% + x%y?) =2(x%y® + y%2% + 2%x%)
2 2
55. (4) ViV =L [,V ), 1OV OV
op op [0} 0z

=4z(cos ¢+ sin ¢) —z(cos ¢+ sin ¢) + 0 = 3z(cos ¢+ sin ¢)

At P(3, 60°, -2), V?V = 3(—2)(; + \/25} -82

GATE EC BY RK Kanodia

Chap 8.1

56.(B)
2
v () L2 (g, L2
r® or or r°sin 0 00 00 r°sin® 0 0¢
=6(1+cos Osin ¢) — 2?mecos 0 sin ¢—%§m¢
sin 0 sin” 0
=6+ 4 cos Osin ¢ —cot 6 cosec 0 sin ¢
57. (A) p =+/x% + y°
Vinp=u, alnp+uyalnp+uz Olnp :%ux+%uy
ox T oy 0z p p

V><d)uz:V><tan’lzu=i - =
x 0

=— % u +—2 u =% Y

x4 y° x® +y? p " p

58. (A) (e V)r? = x L4y L2 0 a4 g2 102
ox oy oz

=x(2x) + y(2y) + 2(22) =2(x* + y* + 2%) =2r?

_ aar™) N o(yr™) N o(zr™)

59. B) V. -rt
Ox oy 0z

n
where r" =(x% + y* + 2%)2

V-r'r=2x [2]@ +y +z)ﬂ1

]
+2y (zj(x +yi4z )2 "y 2z (gj(x2+y2+22)2
+rt+rt+r"

n

2
=n(x?+y? + 2%+ y> +29)2% +3r

=nr" +3r" =(n+ 3)r"

60. (C) By Stokes theorem :fF -dL = §(V x F)-dS
L S

V x F=-x"u,

dS =dxdy (—u,)

§v x B -ds =~ [[(~x*)daxdy
N

-x+2

= jszdydx +j ‘[xzdydx = jx dx +jx (2 - x)dx
00

1T
. T4t

% 2 1)1, 14 1

c,o

|—|
4;\*

10 2 1 1
| 3 4] 4 3 4

»Jk\r—l
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61. (C) iA«dL:U o 4]+ JA.dL iD'dS=£(V'D)dv

, fp-as- [[] (42+3Zcos ¢jpdpdc|)dz
p
2 2 5 45° 2 5 45°
L =4jpdp jzdz jd¢+ 3jdpjzdzjcos ddd
1 0 0 0 0 0 0
425\ w 25Y 1
=4 — | — | —|+32) — | —=|=13157
EIEL %)
ol , |9 @, 1@
2 1 1 2
Fig. $8.1.61 u u, u, 1
0 0 0
Along ab, d§=0, ¢=0, 65. (A)VXF_‘ B 2y o ‘
b ox +Pz? 3x® —yz 3xz® -
A-dL=0, [A-dL =0 Lox +P i J
. =(-1+ypu, +(3pz* - 3z")u, +(6x —ox)u,
Along be, dp=0, A-dL=pd} If F is irrotational, V xF =0

¢ n ie.a=1=p=y.
jA.dL = jp3d¢ =(2)’n=8n b=t
b 0

Along cd, d$p=0, ¢=mn, A-dL=0,

d

[A-dL =0

Along da, dp =0, A .-dL=p*d¢

a 0

[A-dL =p’[d¢ =(D*(-m) =-n

d n
[A-dL=0+8rn+0-n=Tr

62. (B) Using divergence theorem
{F-ds = j Vv -Fdv

V.F- li<2p222)=422:422
p Op

IV -Fdv= ”J' 4z%pdpddz = 4j.z2dzfpdp2fd¢: 176
v -1 2 0

63. (D) §A-dS=§(V -A)dv
S v

V-A:a(xy)+a(yz)+a(zx)x=y+z+x

o[ ]
@xdx i) -{ 1)1

64. B)v.p -1 APD)  1aD) D)
p Op p 0O oz

(y +z + x)dxdydz

:4z+§zcos¢
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CHAPTER

8.2

ELECTROSTATICS

Let @ =4 uC be located at P,(3, 11, 8) while
Q, =-5uCis atP,(6, 15, 8). The force F, on @, will be
(A) (4.32u, +576u ) N (B) 4.32u, +576u, N

(C) (4.32u, +576u,) mN (D) 4.32u, +5.76u, mN

a Four 5 nC positive charge are located in the z =0
plane at the corners of a square 8 mm on a side. A fifth
5 nC positive charge is located at a point 8 mm distant
from each of the other charge. The magnitude of the
total force on this fifth charge is

(A)2x10* N (B)4x10* N
(C) 0.014 N (D) 0.01 N

Bl Four 40 nC are located at A(1, 0, 0), B(-1, 0, 0), C(0,
1, 0) and D(0, -1, 0) in free space. The total force on the
charge at A is

(A) 24.6u, uN
(C) -13.6u, uN

(B) -24.6u, uN
(D) 13.76u, uN

ﬂ Let a point charge 41 nC be located at P,(4, -2, 7) and
a charge 45 nC be at P,(-3, 4, —2). The electric field E at
P,1, 2, 3) will be

(A) 0.13u, +0.33u,, +0.12u,

(B) -0.13u, -0.33u, -0.12u,

(C) 115u, +293u, +109u,

(D) -115u, -293u , - 109u,

a Let a point charge 25 nC be located at P,(4, -2, 7) and
a charge 60 nC be at P,(-3, 4, -2). The point, at which on
the y axis, is E, =0, is
(A) —7.46
(C) -6.89

(B) 22.11
(D) (B) and (C)

ﬂ A 2uC point charge is located at A (4, 3, 5) in free
space. The electric field at P(8, 12, 2) is

(A) 1311u, +159.7u, - 49.4u,

(B) 159.7u_ +27.4u, - 49.4u,

(C) 1311u, +274u, - 49.4u,

(D) 159.7u +137.1u, —49.4u,

A point charge of -10 nC is located at P,(0, 0, 0.5)
and a charge of 2 uC at the origin. The E at P(0, 2, 1) is
(A) 68.83u, +14.85u, (B) 68.83u, + 6401u,

(C) 68.83u, —~14.85 u, (D) 68.83u, —6401u,

ﬂ Charges of 20 nC and —20nC are located at (3, 0, 0)
and (-3, 0, 0) and (-3, 0, 0), respectively. The magnitude

of E at y axis is

1080 1080
A —7p B —/ _
Ao, AT IE
108 108
C)—F— D) —° _
( )(9+y2)‘” ( )(9+y2)3

ﬂ A charge @, located at the origin in free space
produces a field for which E, =1kV/m at point P(-2, 2,
—1). The charge Q, is

www.gatehelp.com

(A)2uC (B) -3uC
(C) 3uC (D) -2 pnuC
The volume charge density p, =p e ™" exist over
all free space. The total charge present is
(A) 2p, (B) 4p,
(©) 8p, (D) 3p,
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A uniform volume charge density of 0.2 uC/m? is
present throughout the spherical shell extending from
r=3cm tor =>5cm. If p =0 elsewhere, the total charge
present throughout the shell will be

(A) 41.05 pC (B) 257.92 pC

(C) 82.1 pC (D) 129.0 pC

If p,=—'-5e""(nx-I¢)) pC/m’® in the region
0 <p £10,-n<d<n and all z, and p, =0 elsewhere,
the total charge present is

(A) 1.29 mC (B) 2.58 mC
(C) 0.645 mC D)0

The region in which 4 <r <5, 0<6<25° and
09 t<$p<1ln contains the volume charge density of
p,=10(r —4)(r —-5) sin Osin . Outside the region,
p, =0. The charge within the region is

(A) 0.57 C (B) 0.68 C

(C) 046 C (D) 0.23 C

A uniform line charge of 5nC/m is located along the
line defined by y =-2, z =5. The electric field E at P(1,
2, 3) is

(A) -9u, + 45u,
(C) -18 u, +9u,

(B)9u, —45u,
(D) 18 u, -9u,

A uniform line charge of 6.25 nC/m is located along
the line defined by y =-2,z =5. The E at that point in
the z =0 plane where the direction of E is given by
(lguy —%uz), is
(A) 45u, +9u,
(C) 9u, —18u,

(B) 45u, -9u,
(D) 18u, - 36u,

Uniform line charge of 20 nC/m and —-20 nC/m are
located in the x=0 plane at y=3 and y=-3 m
respectively. The E at P(6, 0, 6) will be

(A) —24u, V/m (B) 48u, V/m

(C) -48u, V/m (D) 24u, V/m

Uniform line charges of 100 nC/m lie along the
entire extent of the three coordinate axes. The E at
P(3, 2, -1) is

(A) -192u, +2u, -108u, kV/m

(B) -096u, +u, -054u, kV/m

(C) 096u, —u, +054u, kV/m

(D) 192u, —-2u,, + 108u, kV/m

GATE EC BY RK Kanodia
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Two identical uniform charges with p, = 80 nC/m are
located in free space at x =0, y =+ 3 m. The force per
unit length acting on the line at positive y arising from
the charge at negative y is

(A) 9.375u, N
(C) 19.17u, uN

(B) 37.5u, uN
(D) 75u, uN

A uniform surface charge density of 10 nC/m? is
present in the region x =0, -2 <y <2 and allz if e=¢,
, the electric field at P(3, 0, 0) has

(A) x component only

(B) ¥ component only

(C) x and y component

(D) x, ¥y and z component

m The surface charge density is p, =5 nC/m?, in the
region p <0.2 , z =0, and is zero elsewhere. The electric
field E at A(p=0, z=05) is
(A) 54 V/m

(C) 10.5 V/m

(B) 10.1 V/m
(D) 20.2 V/m

Three infinite charge sheet are positioned as
follows: 10 nC/m? at x = -3, - 40 nC/m? at y =4 and 50
nC/m® at z=2. The E at (4, 3, -2) is

(A) 056u, +223u,-2.8u, kV/m

(B) 056u, —223u,, +2.8u, kV/m

(C) 056u, +223u, +2.8u, kV/m

(D) -056u, —223u, +2.8u, kV/m

PP Let E=5x’u, —15 x’yu,. The equation of the
stream line that passes through P4, 2, 1) is

(A) y:123 (B) x:123
X
x y

m A point charge 10 nC is located at origin. Four
uniform line charge are located in the x =0 plane as
follows : 40 nC/m at y=1 and -5 m, -60 nC/m at
y=-2 and —4 m. The D at P(0, -3, 4) is

(A) -191u +255u, pC/m’

(B) 19.1u, -255u, pC/m*

(C) -16.4u, +219u, pC/m”

(D) 16.4u, —219u, pC/m’
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A point charge 20 nC is located at origin. Four
uniform line charge are located as follows 40 nC/m at
y=+1 and 50 nC/m at y =+2. The electric flux that
leaves the surface of a sphere, 4 m in radius, centered
at origin is
(A) 1.33 nC
(C) 1.33 uC

(B) 1.89 uC
(D) 1.89 uC

% The cylindrical surface p =8 C contains the surface
charge density, p, =5¢ > nC/m?. The flux that leaves
the surface p=8 cm, lem <z <5ecm  30°<¢$<90° is
(A) 270.7 nC (B) 9.45 nC

(C) 270.7 pC (D) 9.45 pC

P Let D=4xyu, +2(x° + z*)u, +4yzu, C/m*. The
total charge enclosed in the rectangular parallelepiped
O0<x<2, 0<y<3, 0<z<5mis

(A) 360 C (B) 180 C
(C) 100 C (D) 560 C

Volume charge density is located in free space as
P, — 910007 nC/m3
elsewhere. The value of D, on the surface r =1 mm is
(A) 1.28 pC/m? (B) 0.28 pC/m?
(C) 0.78 pC/m* (D) 0.32 pC/m?

for 0<r<1 mm and p,=0

m Spherical surfaces at r =2 and 4 carry uniform
charge densities of 20 nC/m? and —4 nC/m?. The D, at

2<r<4is

(A) —g nC/m? (B) g nC/m?
r r

© 8 ne/m? D) -2 nC/m?

r r

m Given the electric flux density, D =2xyu, + x’u y
+ 6z°u, C/m®. The total charge enclosed in the volume

O<x, y,z<a is

(A) 6a° + %a“ (B) a® + 6a*

(©) 6a° +a’ (D) %aﬁ + 64

Let D =5x"y‘z*u,, . The flux enclosed by volume
x=3and 3.1, y=1and 1.1, and z=2 and 2.1 is
(A) 49.6 (B) 24.8

(C) 35.4 (D) 36.4
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A spherical surface of radius of 3 mm is centered at
P(4, 1, 5) in free space. If D = xu, C/m” the net electric
flux leaving the spherical surface is

(A) 113.1 uC
(C) 113.1 nC

(B) 339.3 nC
(D) 452.4 nC

m The electric flux density is
D :%[IOxyzux +bx’zu, +(22° -5x°y)u,]
z

The volume charge density p, at (-2, 3, 5) is

(A) 6.43
(C) 10.4

(B) 8.96
(D) 7.86

If D=2ru, C/m?, the total electric flux leaving the

surface of the cube, 0 <x, y, 2<04 is
(A) 0.32 (B) 0.34
(C) 0.38 (D) 0.36

A If E=4u, - 3u, +5u, in the neighborhood of point
P(6, 2, —3). The incremental work done in moving 5 C
charge a distance of 2 m in the direction u, + u, +u, is

(A) —60 J (B) 3464 J
(C) -34.64 J (D) 60 JJ

m If E=100u, V/m , the incremental amount of work
done in moving a 60 nC charge a distance of 2 mm from
P, 2, 3) toward Q(2, 1, 4) is

(A) -54 nd (B) 3.1 nd

(C) -31pnd D)o

@ A 10 C charge is moved from the origin to P(3, 1, -1)
in the field E=2xu, -3y’u, +4u, V/m along the
straight line path x=-3y, y =x+2z. The amount of
energy required is

(A) —40 J
(C) -20 J

(B)204d
(D) 40 J

A uniform surface charge density of 30 nC/m? is
present on the spherical surface r =6 mm in free space.
The V,, between A(r=2cm, 6=35°, ¢=55°) and B
(r=3cm, 6=40°, $=90°) is
(A) 2.03 V

(C) 4.07 mV

(B) 10.17 V
(D) -10.17 V

www.gatehelp.com

Page
471



UNIT 8

m A point charge is located at the origin in free space.
The work done in carrying a charge 10 C from point A
(r=4, 6=n/6, ¢=n/4) to B(r =4, 6=n/3, n/6) is

(A) 045 pd (B) 0.32 pd

(C) —0.45 pdJ Do

m Let a uniform surface charge density of 5 nC/m? be
present at the z =0 plane, a uniform line charge density
of 8 nC/m be located at x =0, z =4 and a point charge
of 2uC be present at P(2, 0, 0). If V =0 at A(0, 0, 5),
the V at B(1, 2, 3) is
(A) 10.46 kV

(C) 0.96 kV

(B) 1.98 kV
(D) 3.78 kV

m A non uniform linear charge density, p, =6/(z* + 1)
nC/m lies along the z axis. The potential at P(p =1, 0, 0)
in free space is (V_ =0)
AoV

(C) 144 V

(B) 216 V
(D) 108 V

The annular surface, 1 cm <p < 3 cm carries the
nonuniform surface charge density p, =5p nC/m?. The V
at P(0, 0, 2 cm) is
(A) 81 mV
(C) 63 mV

(B) 90 mV
(D) 76 mV

If V=2xy%2® + 3In(x® + 2y” + 3z?%) in free space the
magnitude of electric field E at P (3, 2, -1) is
(A) 72.6 V/m (B) 79.6 V/m

(C) 75 V/m (D) 70.4 V/m

PEY 1t is known that the potential is given by V =707
V. The volume charge density at » =0.6 m is

(A) 1.79 nC/m* (B) -1.79 nC/m*

(C) 1.22 nC/m* (D) -1.22 nC/m*

m The potential field V =80r%cos 6 V. The volume
charge density at point P(2.5, 6 =30°, ¢=60°) in free
space is

(A) —2.45 nC/m’
(C) -142 nC/m?

(B) 142 nC/m?
(D) 2.45 nC/m®

Within the cylinder p =2, 0 <z <1 the potential is
given by V =100 + 50p + 150psin ¢ V. The charge lies

within the cylinder is
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(A) 4.94 nC (B) 4.86 nC
(C) -5.56 nC (D) -3.68 nC

A dipole having

Qd =100 V-m?®

e

o

is located at the origin in free space and aligned so
that its moment is in the u, direction. The E at point
(r=1, 45°, ¢=0)is
(A) 158.11 V/m
(C) 146.21 V/m

(B) 194.21 V/m
(D) 167.37 V/m

A dipole located at the origin in free space has a
moment p=2x10"u, C.m. The points at which |E| =1
mV/m on line y =2z, x=0 are
(A) y =z =+2335

(C) y=2z=165

B) y=2=£165, x=0
D) y=0,2=2335, x=0

m A dipole having a moment p=3u, -5u, +10u,
nC.m is located at P(1, 2, —4) in free space. The V at Q
(2, 3, 4) is
(A) 131V
(C) 2.62V

(B) 1.26 V
(D) 252V

m A potential field in free space is expressed as

V =40/xyz . The total energy stored within the cube
l<x,y,2z<2is

(A) 1548 pd (B)O0

(C) 774 pd (D) 387 pd

m Four 1.2 nC point charge are located in free space at
the corners of a square 4 cm on a side. The total
potential energy stored is

(A) 1.75 pd (B) 2 ud

(C) 35 ud Do

m Given the current density
J =10°[sin (2x) e *"u, + cos (2x) e *"u ] kA/m’

The total current crossing the plane y =1 in the
u, direction in the region 0 <x <1, 0<z<2 is
(A)O (B) 12.3 mA
(C) 24.6 mA (D) 6.15 mA

www.gatehelp.com

Page
472



UNIT 8

m In a certain region where the relative permitivity is
2.4, D =2u_ —4u, +5u, nC/m*. The polarization is
(A) 2.8u, -5.6u, +7u, nC/m’

(B) 34u, - 69u, + 8.6u, nC/m’

(C) 1.2u, -2.3u, +29u, nC/m’

(D) 3.89u, - 6.43u , + 896u, nC/m*

m Medium 1 has the electrical permitivity ¢ =15¢,
and occupies the region to the left of x=0 plane.
Medium 2 has the electrical permitivity ¢, =25¢, and
occupies the region to the right of x =0 plane. If E, in
medium 1 is E, =(2u, -3u, +1u,) V/m then E, in
medium 2 is

(A) 20u, -1.8u, +0.6u,) V/m

(B) (1.67u, —3u, +u,) V/m

(C)(1.2u, -3u,+u,) V/m

(D) (12u, -1.8u, +0.6u,) V/m

@ Two perfect dielectrics have relative permitivities
¢,, =2 and ¢,, =8. The planner interface between them
is the surface x — y + 2z =5. The origin lies in region 1.
If E, =100u, +200u,-50u, V/m then E, is

(A) 400u, + 800u, —200u, V/m

(B) 400u, +200u, —50u, V/m

(C) 25u, +200u, —50u, V/m

(D) 125u, +175u, V/m

The two spherical surfaces r =4 cm and r =9 cm are
separated by two perfect dielectric shells, ¢, =2 for
4<r<6andeg, =5 for 6<r<9.IfE, =% u_ then E,
is

5000 400

u, V/m

u, V/m

2500 2000

u, V/m u, V/m

m The surface x =0 separate two perfect dielectric. For
x>0, let ¢,=3 while ¢,=5 where x<0. If
E, =80u, -60u, —40u, V/m then E, is

(A) (133.3u, —100u, - 66.7u,) V/m

(B) (133.3u, —60u, —40u,) V/m

(C) (48u, - 36u, -24u,) V/m

(D) (48u, —60u, —40u,) V/m
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@ A potential field exists in a region where ¢ = f(x). If
p, =0, the V?V is

1 dF oV df oV
- B
f(x) dx ox ® 1 ) x ox
1 df oV df ov
C) — ~—— D) -
( )f(x) dx ox (D)= ) x ox

If V(x, y) = 4€®* + f(x) — 3y® in a region of free space
where p, =0. It is know that both E, and V are zero at
the origin. The V(x, y) is
(A) 3(x* -y
(C) 4x* — 3y?

(B) 3(y* — x*)
(D) 4y? — 32

shekskeskotokskokek
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SOLUTIONS

1. (C) 1412 — QlQZ RIZ

4ne, IR, P
_ (4x10°(-5x10°) (3u, +4u)
47 5?

o

=(4.32u, +5.76u ) mN

2. (D) Arranging the charge in the xy plane at location

(4, 4), (4, 4), (4, 4), (4, 4), the fifth charge will be on
the z-axis at location z = 4+/2. By symmetry, the force on
the fifth charge will be z directed, and will be four
times the z component

4 q°

J2 * dne d’

4 (5x107%?

= X
V2 U 4nx(8.85x1072)(8 x 107%)?

F=

=10° N

3. (D) The force will be
_(40x 102 [ Ry, . Ry Ry ]

F
4me IRe,F  R,,F  Ry,P |

o

where Rpy =u, -u,, Ry, =u, +u,, Ry =2u

IR, =Ry, 1=42, IR, 1=2

x

(40x10°)* [w,-u, w,+u, 2u

1

= + + —=

4nx(8.85x10*9)L 242 242 8 J
=1376u, puN

4. (O E=

10°° { 4R, 45R23}

2 2
dme, | R,P IRyl

R;=-3u, +4u, -4u, R, =4u, -2u, +5u,
41(-3u, +4u, -4u, . 45(4u, +-2u, +5u,
(41)3/2 (45)3/2

E=9 x10° x10™ x{
=1152u, +293u , +1089u,

5. (D) The point is P,(0, y, 0)
R;=-4u +(y+2)u, -Tu,,
R, =3u, +(y —-4du, +2u,

_107 { 25 x (—4) 60 x 3

E
[65+(y+ 27"  [18+(y 471"

x

4me,

To obtain E, =0, 0.48y® +1392y +7312=0
which yields the two value y=-6.89, —22.11

2x10° R
6 B K, = e, RoP

2x10°[4u, +9u, - 3u, |

 d4me, L (106)*"”

=659u, +148.3u, - 49.4u,

Then at point P, p =4/8% + 12 =144,

p=tan’ % =56.3° and z =2

E =E,-u,=659(u, -u)+1483(u, - u)
=659 cos 56.3° + 148.3sin 56.3 =159.7
E,=E, -u,=659u, -u,)+1483(u, -u,)
=-659sin 56.3° + 148.3cos 56.3° =274 ,
E =-494

-8
7. ©E, =219 {

IR,PIR,P
R, =(0, 2, 1) <0, 0, 0.5) =(0, 2, 0.5)
R,=(0,2, 1) - (0, 0, 0) =0, 2, 1)

4re

o

R, 2R2}

-2u, +05u,) 2(2u,+u)

E =9x10°x10°® +
P { (425)* (V/5)2

E,6 =549u, +44.1u,
At P, r=+5, 0=cos™!

V5
So E, =E, -u,=549[u -u,l+441u,  -u,l
=549 sin O sin ¢+ 44.1 cos 6 = 68.83

E,=E, -u,=549(u, u,l+441u, u,]
=549 cos 0sin ¢+ 44.1(—sin 0) =-14.85

Chap 8.2

|

1 _634° and $-90°

E,=E -u,=549(u, -u)+441(u, -u, =54.9 cos ¢=0

8. (A) Let a point on y axis be P(0, y, 0)
g _20x10°[ R, R, |
"~ 4ms, | RF IR,F
R1 = (0; Y, 0) - (3’ O; 0) =(_3’ Y, O)
RZ = (0, y 0) - (_3> 0, O) = (37 Y, 0)7

R,;|=R,|=+9 + »*

[ -3u, +yu, 3u,+yu,

1

E, =20 x 109 x9x IOQL

_ -1080u, [E| __ 1080
9+ yH¥’ 9 + yH)¥?

9. (B) The field at P will be
Q, | 2u,+2u,-u
992

p

Z}, E,=1kV/m

4ne,

Q, =—4ne, x 9% x 10* = -3 uC

(9 + %) ’ (9 +y*)?

J

10. (C) This will be 8 times the integral of p, over the

first octant
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UNIT 8

Q :BT T T p.e " dxdydz =8p,
0 0 0
2r n 0.05
1.(C) @ = [ [ [ 02r*sin0drd 0d¢
0 0 0.03

0.05

r3
{471(02) 3} - 82.1 pC

0.03

12. (A Q =ff1f0 75‘3::?;_0'@)

o -10
10 o0 i
§ .[sz.!-(n ~ §dz

e "P(—01-1)
=5|— = 5
z“+10

01y (—0.101)}

0

n’dz
2410

M1 4oz |
=5x264x 1} ——tan '
L\/IO \/10J_00

Q= 5x264j

=129 mC

13. (A)
11n 25°5 ¢
¢=10 [ [ [(r-4)r -5)sin 9~sin§rzsin6dpd6d¢

09 0 4

3 925° 11n
_10{r_9r+207” } {29—4sm29} x{—zcosﬂ
4 0

5 4 3

0.9n

=10[-3.39][0.0266][0.626]=0.57 C

14. D) E R,
p_27cs IR,
R, =(1,2, 3 -1, 2,5 =(0, 4, -2)
R, =20,
9[4u, -2
E, _5x10°[4u, -2u, —|=18uy—9u2
2, { 20 J :

15. (C) With z =0, the general field is

E __Ps (y +2)u, —5u,
=0 (y+2)%+25

we require [E,|= |2Ey|
So 2(y+2)=56 = y:%

25u, -5
_6.25[25u, -5u, | _9u_ - 18u,
2me, | 6.25 +25 J ‘

16. (C) E =-P¢ Ro Ry,
P 2me, | IR, P IR P

R ,=(6,0,6)-(0,3,6)=(6,-3,0)
R ,=(6,0,6)-(0,-3,6)=(6,3,0)

GATE EC BY RK Kanodia
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E, —20nC 2 9 x 10°| 0% ~ 3%, _ 6, +3u, |
36 +9 36 +9

=—48u, V/m

17 (B)E _ pL |—Rxp RyP + RZP —|
LIR FIR,F |R2p|3J

Rxp :(_37 07 - 1;) _(_3> 07 07) = (07 27 _1)

Similarly R,, = (-3, 0, -1), R, =(-3, 2, 0)
E,=100x10°x2x9x10"

X|: 2u, -u, +—3ux -u, +73ux +2uy:|

E,h =100 x107 x2x9 x107°
10 13

=-096u, +u, -054u, kV/m

18. (C) At y=4, E=

u,,
27[8 7

dF =dqE =p,dzE
j pLdzuy

(6) =1875u, uN

0 €,

p.dS R-R
4ne, R-RP

19.(A)E=J' j

where R =3u, andR’—yu +zu, ,

ddz

Epy = 47:8 ” (9+y +22>3/2

Due to odd function
J- I 3u, dydz
Epy = 47t8 9+ y* +2H)¥

0 - -2

So there is only x component.

20. (D) There will be z component of E only
R=zu,, R=pu_,

TT zpdpd¢
: 0(22+p2)3/2

R-R =zu, -pu,

4me

o
0.2

_2npsz|— 1 1 pz|—

]

} at z=05, E, =20.2 V/m

z

E =Psj1- 2
g, 22 +004

21. (A) Since charge sheet are infinite, the field
magnitude associated with each one will be p,/2¢,,
which is position independent. The field direction will
depend on which side of a given sheet one is positioned.
10x107° 40 x107° 50 x10°°
E, = u, - u, - u,
2¢, 2e 2¢

o o

~056u, +2.23u, —2.8u,
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E, -15x%y -
22, (A) W -2y _~15xy 3y
dx E, 5x x
dy __38dx = Iny=-3lnxln Cy—g3
y 3 x
C 128
At P, 2=4—§ = (=128 = y = =

23. (A) This point lies in the center of a symmetric
arrangement of line charges, whose field will all cancel

at that point. Thus D arises from the point charge alone

p - 10x 107° (-3u, + 4u,)
- 4n (32 N 42)1.5 ’

D =-19.1u, +255u, pC/m’

24. (C) hy =2,/4* -1 =175,
h, =24 -1 =693
QR =2x775x40n +2x 693 x 50 +20n =1.33 pC

0.05 90°
[ 5e™(008)d¢dz nC

0.01 30

T T _i -20z
—(2 6}5)(008)( 20)e

=9.45%x 107 nC =9.45 pC

25. (D) Q =

0.05

0.01

26. (A) Out of the 6 surface only 2 will contribute to the
net outward flux. The y component of D will penetrate
the surface y =0 and y =z and net flux will be zero. At
x=0 plane D_ =0 and at z=0 plane D, =0.

This leaves the 2 remaining surfaces at x =2 and z =5.

The net outward flux become
53

f = IIDL:Z
00

3 3
=5[4(2)ydy +2[ 4(5)ydy = 360 C.
0 0

32
-u, dydz + .”DL:2 -u,dzdy
00

2n 0.001

27. D) Q = j j 27112 5in 0 drd0d¢
0 0 0
Q _ Bnl—_rZe—IOOOr 0.001 2671000r(_1000r _ 1)‘0'0011
L 1000 |, 1000(1000)* |, J
Q =4x10°nC,
-9
p-_% 40x10" 4 39 /m?

" 4m? 4rnx(0001)2

28. (C) 4nr’D, =4n(2%) 20 x 10 C/m?

80
D = ) nC/m?

GATE EC BY RK Kanodia
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29. (C) Q = §D ‘ndS =ﬁ2aydydz + ﬁ—Z(O)dydz
S 00 00

Front Back
+ TT —x*dxdz + j‘j‘xzdxdz + T ‘T —6(0)°dxdy + ]l. ]I.Ga *dxdy
00 00 00 00
Left Right Botoom Top
4 4

=a*+0-2+% 10+6a°=a*+6a°
3 3

20x4 3 4

oD,
30. (C)Vv-D= 5

Center of cube =(3.05 1.05 2.05) and Volume
VvV V =(01)* =0001
$=20(305)* (105)* (2.05)* (205)* 0001 =35.4

31. (C) ®=(V-D) Av

6( x)

[ 7(0.003) j =1131 nC
x

2 3

2
32. (B) p, =V -D :{m +0 +(2+10xyﬂ =8.96
z
(-2,3,5)

33. O V- D_ii(r x2r)=6,

jv D dv=6x(04)%=0.38
1’4

34. (C) dW =—-qE - dL

(u, +u, +u)?2)

V3

=-5(4u, -3u, +5u,)-

10
=~ —(4-3+5)=-3464J
NE]

35. (B) The vector in this direction is
2,1,4)-(7,2,3 =1, -1,1

u, -—u, +u,
Uy =—F——,dW =-qgE.-dL

V3

= (60 x 106)[100up :

(u, —u,+u)2x107?
V3
107¢

73

Atp, ¢=tan™’ (?j =634°

=-12x (u,-u, -u -u)

u -u, =cos 634°=0.447,
u, -u, =sin 634°=0.894
dW =31ud

36. (A) W =—gq[E-dL

www.gatehelp.com

Page
477



UNIT 8 GATE EC BY RK Kanodia Electromagnetics

_ _ 2
=-10 j(2xux 3y“u, +4u,)(dxu, +dyu, +dzu,) —|—6xy222 - 1822 i —qu
3 1 -1 L x*+2y° + 3z J
- 27, __
=-10 £2xdx +10 £3y dy 10_(|;4dz 40 J E, _71u, +22.8u, —711u, V/m,
IEl=75 V/m
37.D) ry, =2 cm, r; =3 cm
av §
Viy- @ _4ma®, _(6x107°x30x10" 43. (D) E=—VV =-“Cu, =06)(70r ",
Cdner  4ner  885x10Zxr .
0122 0122 0122 ~—42r "u, V/m,
Vi(r) :f’ Vap =Va—-Vy = 002 - 003 =203 D=¢E=-42r"' u, C/m2
p,=V-D =i2di( ’D,) = 77( 426 r' %)= - 67.2 S0
00," dr Q@,[1 1 r? dr r
38. D)W =212 | = _ir2) - © -
dnme, ;[ r® dme,|ry 1, At r=06m,
67.2 x 8.85x 107" 3
ra=rg, W=0 p,=-— 0.6 =-1.22 nC/m
Q
39. (B) V,(s) = ,
(B) Vyu(s) yp—— 44. (A E —VV_—ﬂu,—lﬂue
4 ° or r 00
V(p) =—I % +C :_2‘1); Inp+C, =-160rcos O u, + 80rsin Ou, V/m
° ° D=80E=—808 (2rcos9u —rsin O u,)
[ P2
Vi(z)=— s dz+Cy= ==+ C
'[280 *T g 0, =V D= ( D)+ —~ (D sin0)
0 r? rsin 6 00
Pr Ps
V = - Inp - z+C .
dne.r 2me, 2me, o, =—8080|:12 37 cos 0 — 12 sm'G ceos 9}
Here r,p,z are the scalar distance from the charge. : rem
ro22 457 =429, p=(5-47 =1, 2=5 py =-320¢, cos  =—-2.45 nC/m*
B i h lue. =-1 10°
y putting these value. C 93 x 10 45. (C)E——VV:—ﬂup—lﬂ u,
At point N, r =42 - 1)? + 22 + 2% =+/14 op p 0
— [12 + 12 :\/5 , z :3, VB :198 kV :—(50 + 150 Sin (I))up —(150COS (I))uq) .
D=¢E p,=V-D=¢V-E
T pdz T 6x107°dz |—17 10 1
40. D) V = = =108 V P, =8, (PE) +—-—E
P 4ne R J;4n£0(22 +1)%? Lp p ‘”J
s . {_ (50 + 150 sin ¢) 150 sin q)} _ 505, e
41.(A)V=ﬂp57, ’ p p p
? 4ne |R -R/| PP
€
R-zu R =pu, dS=pdpdi, R=[[] - pdpdddz =—2n(50)e,2 = -556 nC
0 0 0
v _T % (5 x 10 )p*dpd
* 2 oo dne Ap® +2° ’ Qdcose 100 cos 6
46. (A) V = —,
5x10° [p 4ne,r” 4
vV = Ept+2? ——ln(p+1/p +z)
! 2¢, L2 Jo 01 E=-VV = ZV + 188‘97119]
r r

At 2=002, V, =0081V 100
=-—-(2cos Ou, +sin 0 uy),
3

42. (C)E =-VV

[0 2 6x ] [E[=100(4 cos” 0 + sin” 0)* =100 x 1/§ =15811 V/m
=—L2y z +WJ x 2
x* +2y° + 3z
12 -
—|—4xyz3+2—23’21uy 47. (A) E= 2x10 [2 cos Ou, +sin O u,],
L X" +2y° + 32 J 4ne r’
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y =z lies at 6 = 45°
_2x107° 1
47‘[807‘3 J2
r’=1273x10% r =23.35

=107 (required)

48. (A V :L‘R)S
4ne IR -R'|
where R-R'=Q-P=(1,1, 8)

(3u, -5u,+10u ) (u, +u, +8u,)x 10~

So V, =
r 4me (1+1+ 8H)M°
=131V
49. (A) E=-VV :40( 21 u,_+ 12 u, + ! 5 uz—|
Lx vz xy“z xyz J

W, = %"f”EEdv

2 2 2 1 1 1
W, =800¢ + +
€ ".!. '1'. .[ chiyzzz x2y422 x2y224

1

}dxdydz

=1548 pd

4
50. (A) W =%anvn
n=1

q [1 1 1 1
V=V, +V,+V, = + *

1 21 31 41 e, L()'04 004 00442 J
‘/1 = ‘/2 = VS = V4
22022100, , 1

1
(4. V. = 2
o WV = 000 2

} =175pd

51. B)I=[[J-n|_dS =T}J.uy\y:1dxdz
, N 00

=
0

52. (C)I:”J-ndS

10°cos (2x) 2% dxdz =12307 kA =12.3 MA

[SY ———

271 0.3n
J- f 800sin 0 (0.80)2 sin 0d0d¢ =154.8 A
0

1:(080)° +

53. (D) F =ma =qE,

_gE _(-1602x10°)(~4x10%
m 911x10°

v=at=70x10"tu, m/s

54. D) Pv __y.g-19 (5,9
ot pop 7 oz

10 g5, 0f 0 )

p Op oz p® +001

GATE EC BY RK Kanodia

.=70x10"u, m/s?,

55. (A)I=”J‘n\z:02ds

2n 0.4 0.4

0

0

:407c10g 17 =356 A

56.(B) So E, ~E,-Ju_Ju — g _% g

S Gst Gst

st
al

T=m2x10%J,, + (4% 10> —(2x 10)*}J,, =80

Solving o, =3.2x 10" A/m?

57. (B) J =2
27p.

;U A/m?,

E:i: 4 :%u V/m
c 2mplc  pl °

3 5
—jE-dL: 12'73up-updp=12'731n§ _651 v
L 5 pl l 3 l
g-Y _651_163 .
I l p

58. ME=-vV=] ¥y 1V 4 &V J

—u,+——u,+
op p 90

(p+1D
p

=—z"cos pu, + z”sin pu, —2(p + Dzcos ¢ u,

E=-182u, +145u,-2.67u, V/m

p,=¢,E-n =SOH
s |E |

p, =&, {1822 + 145% + 2.67> =1315 pC/m”

T . Y
40 cos — sin —

59. (C)V = 2 _95V

23
So the equation of the surface is
M)Lzesmq) =25, 16cos Osin¢ = r®
”

60. A)E=-VV, D=cE=-¢ VV

200z T w4+ 2200x u, | C/m?
ﬁx(x +4) x°+4

2008 X C/

-200g, x
=% C
2=0 244 /

z

2

0
Q:J. J.Md dy =—~(3)(200)¢, —ln[x +4]

>+ 4

0

=-300ln2=-184 nC
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61. BYE=-VV , -3xy®z® satisfy this equation. Since E is normal to the surface
E, A -E :gx 1000u _ 400 u, V/m
62. (D) The plane can be replaced by —-60 nC at Q (2, 5, " €9 "5 rt 2
-6).
R-= (5’ 3’ 1) _ (2, 4’ 6) — (3, _1’ _5) 68. (D) Dnl :DnZ and Etl :Et2 , D=¢cE
=(5,3, D2, 4, 6) =3, -1, 7, D, =80x3e,=D,,=5¢E, , E, =48
IRI=+/35, IR 1=+/59 E, =48u, - 60u, -40u,
q q q 1 1
= - = - 69. (A)D=cE=- VvV,
ine. R 4ne R 4ms, {\/35 \/@} B D =k =-f(x)
V:-D=p,=0=V - -(-f(x)VV)
V,= 60x10°x9x10" [r \/7}_ 1V 0=V -(-f(x)VV)
[dF oV o’V *V]
:Lda f() 2+f(x)62+f(x)62J
63. (A) Using method of images y o
VoV, - Pr 1 Final Distance from the charge _ {dF ov +fx )VZV}
i 2ne, | Initial Distance from the charge dx ox
v, =0 L gy L APV
[ -
Voo Pl @D T @o ) I [l dw
’ 2ne, 1 1 1
940 kV 70. (A)p,=0 = V>V =0,
2
D D V2V =16e* + Zf 6=0
64. C)P=D-¢E=D-—="(¢, -1 ; * ;
&% a—fz—16e2"+6 - a—fz—8e2x+6x+C1
_ -9 X x
P:(Zux _4uy +5112)M v af
2‘4 E& :‘254*: Sezx +‘57
P=12u, -2.3u, +29u, nC/m? * *
E (0)=8 +@ =0 = I =-8
65. (COD,,=D,, = gE, =¢cE,, Ol g Oxl o
—2x15¢,=255,E,, = E , =12 It follow that C, =0
E, = E,, E, =12u,-3u,+1u, Integrating again

flx)=—-4e” +3x*> + C, f(0,1) =—4 + C,
66. (D) The unit vector that is normal to the surface is V(0,00=0=4+f0) = C,=0.f(0)=-

VF u,-u, +2u, f(x) = —4e” + 3x2,
llN = = ,
IVFI J6 V(x, y) = 4e* —4e™ + 3x% - 3y*=3 (x> —y?)
1
E, =E, -u, =——[100 -200 —100]=-817 V/m
1 1 N \/E /
1
E,, =-817—[u, —u, +2u,]
' J6 !

=-33.33u, + 33.33u, - 66.67u, V/m

E, =E, -E , =1333u, +166.7u, + 16.67u,
E,=E, and D, =D,,

= &.5E,, =66,

E,-E -1g

n2 nl 4 nl»

Ez :EtZ + lEm
€9 4
=1333u, + 166.7uy +1667u, -833u, + 8.33uy -1667u,

=125u, +175u, V/m

67' (B) Dnl :DnZ ’ r18 Enl _ErQSOEn2
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UNIT 8

Statement for Q.9-11:

An infinite filament on the z-axis carries 10 mA in
the u, direction. Three uniform cylindrical current
sheets are also present at 400 mA/m at p =1 cm, 250
mA/m at p=2 em and 300 mA/m at p =3 cm.

ﬂ The magnetic field H, at p = 0.5 cm is
(A) 0.32 A/m (B) 0.64 A/m

(C) 1.36 mA/m (D) 0

The magnetic field H, at p =15 cm is
(A) 1.63 A/m (B) 0.37 A/m

(C) 2.64 A/m D) 0

The magnetic field H, at p = 3.5 cm is
(A) 0.14 A/m (B) 0.56 A/m

(C) 0.27 A/m (D) 0.96 A/m

Statement for Q.12-14:
In the fig. P8.3.12—-14 The region 0 <z <2 is filled

with an infinite slab of magnetic material (u, =25). The
surface of the slab at z =0 and z =2, respectively, carry

surface current 30u, A/m and -40u, as shown in fig.

z

Ho z=2 -40u, A/m

u.=2.5

Ho z=0 30u, A/m

Fig. P8.3.12-14

In the region 0 <z <2 the H is
(A) -35u, A/m (B) 35u, A/m

(C) -5u, A/m (D) 5u, A/m

In the region z <0 the H is
(A) 5u, A/m (B) -5u, A/m

(C) 10u, A/m (D) -10u, A/m

In the region z >2 the H is
(A) 5u, A/m (B) -5u, A/m

(C) 35u, A/m (D) -35u, A/m

GATE EC BY RK Kanodia
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Statement for Q.15-16:

In the cylindrical region

2

H, +% for p <0.6

H for p >0.6

p
_3
" p

The current density J for p <0.6 mm is
(A) 2u, A/m (B) —2u, A/m

(C) u, A/m (D) 0

The current density J for p >0.6 mm is

(A) 2u, A/m (B) —-3u, A/m
(C) 3u, A/m (D) 0
An electron with velocity

v=(3u, +12u, -4u )x 10° m/s experiences no net
forces at a point in a magnetic field B=u_ +2u, + 3u,
mWb/m?. The electric field E at that point is

(A) ~4.4u, +13u, +0.6u, kV/m

(B) 44u, -13u,-0.6u, kV/m

(C) -44u, +13u, +0.6u, kV/m

(D) 44u, -13u, -0.6u, kV/m

A point charge of 2x 107 C and 5x 107 kg is
moving in the combined fields B=-3u, +2u, —u, mT
and E=100u, —200u, + 300u, V/m. If the charge
velocity at ¢ =0 is v(0) =(2u, —3u,, —4u,) 10° m/s, the
acceleration of charge at ¢ =0 is

(A) 600[3u, +2u, —3u,]10° m/s”

(B) 400[6u, + 6u , —3u,]10° m/s’

(C) 400[6u, — 6u , + 3u,]10° m/s’

(D) 800[6u, +6u, —u,]10° m/s’

An electron is moving at velocity v =45x 10"u y
m/s along the negative y-axis. At the origin, it
encounters the uniform magnetic field B=2.5u, mT,
and remains in it up to y =25 cm. If we assume that the
electron remains on the y —axis while it is in the

magnetic field, at y =50 cm the x and z coordinate are

respectively
(A) 1.23 m, 0.23 m (B) -1.23 m, -0.23 m
(C) -11.7 cm, O (D) 11.7 ecm, 0
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Statement for Q.20-22:

A rectangular loop of wire in free space joins points
A(1,0, 1) to B(3, 0, 1) to C(3, 0, 4) to D(1, 0, 4) to A. The
wire carries a current of 6 mA flowing in the wu,
direction from B to C. A filamentary current of 15 A

flows along the entire z, axis in the u, directions.

m The force on side BC is
(A) -18u, nN
(C) 3.6u, nN

(B) 18u, nN
(D) -3.6u, nN

The force on side AB is
(A) 23.4u, uN

(C) 19.8u, nN

(B) 16.4u_ uN
(D) 26.3u_.nN

% The total force on the loop is
(A) 36u, nN (B) -36u, nN
(C) 54u, nN (D) -54u, nN

Consider the rectangular loop on z =0 plane shown
in fig. P8.3.23. The magnetic flux density is
B=6xu, -9yu, +3zu, Wb/m®>. The total force

experienced by the rectangular loop is

y

[ 54
1
0o 1 2 3
Fig. P8.3.23
(A) 30u, N (B) —30u, N
(C) 36u, N (D) -36u, N

Statement for Q.24-25:

Three uniform current sheets are located in free
space as follows: 8u, A/m at y =0, —4u, A/m at y=1
and —4u, A/m at y =-1. Let F be the vector force per
meter length exerted on a current filament carrying 7

mA in the u, direction.

m If the current filament is located at x =0, y =05
and u, =u, , then F is

(A) 352u, nN/m (B) -352u, nN/m

(C) 105.6u, nN/m (D)o

GATE EC BY RK Kanodia

Chap 8.3

@ If the current filament is located at y =05, z =0,
and u, =u_, then F is

(A) 352u, nN/m (B) 68.3u, nN/m

(C) 105.6u, nN/m (D)o

Two infinitely long parallel filaments each carry 100
A in the u, direction. If the filaments lie in the plane
y=0 at x=0 and x =5 mm, the force on the filament
passing through the origin is
(A) 0.4u, N/m

(C) 4u, mN/m

(B) -0.4u, N/m
(D) ~4u, mN/m

Statement for Q.27-28:

A conducting current strip carrying K =6u, A/m
lies in the x =0 plane between y =05 and y =15 m.
There is also a current filament of I =5 A in the u

z

direction on the z —axis.

The force exerted on the filament by the current
strip is

(A) 122u , uN /m
(C) -122u, uN/m

(B) 6.6u, uN /m
(D) —-6.6u, uN /m

m The force exerted on the strip by the filament is
(A) -6.6u, uN/m (B) 6.6u, uN/m
(C)24u, uN/m (D) —2.4u, uN/m

Statement for Q.29-32:
In a certain material for which n, =625,

H=10u, +25u, -40u, A/m

@ The magnetic susceptibility y,, of the material is

(A) 5.5 (B) 6.5
(C) 7.5 (D) None of the above

The magnetic flux density B is
(A) 82u, +204u, - 327u, pWb/m’
(B) 82u, +204u,-327u, pA/m

(C) 82u, +204u, -327u, mT

(D) 82u, +204u, —327u, mA/m

The magnetization M is

(A) 75u, +1875u,, - 300u, A/m’
(B) 75u, +1875u,,—300u, A/m’
(C) 55u, +1375u, —220u, A/m*
(D) 55u, +1375u, —220u, A/m’
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m The magnetic energy density is
(A) 19 mJ/m? (B) 9.5 mJ/m?
(C) 16.3 mJ/m? (D) 32.6 mJ/m*

Statement for Q.33-34:
For a given material magnetic susceptibility

% =91 and within which B=04yu, T.

EB) The magnetic field H is
(A) 986.8yu, kA/m
(C) 102.7yu, kA/m

(B) 151.6yu, kA/m
(D) 77.6yu, kA/m

m The magnetization M is
(A) 241yu, kKA/m
(C) 163yu, kA/m

(B) 3182yu, kA/m
(D) None of the above

m In a material the magnetic field intensity is
H =1200 A/m when B =2 Wb/m?. When H is reduced to

400 A/m, B=14 Wb/m®>. The change in the
magnetization M is

(A) 164 kA/m (B) 326 kA/m

(C) 476 kA/m (D) 238 kA/m

B3 A particular material has 2.7 x 10% atoms/m® and
each atom has a dipole moment of 2.6 x 107
The H in material is (u, =42)
(A) 294u, A/m

(C) 0.17u, A/m

u, A-m’.

(B) 022u, A/m
(D) 224u,, A/m

In a material magnetic flux density is 0.02 Wb/m?
and the magnetic susceptibility is 0.003. The magnitude
of the magnetization is

(A) 47.6 A/m
(C) 16.3 A/m

(B) 23.4 A/m
(D) 84 A/m

m A uniform field H =-600u,, A/m exist in free space.
The total energy stored in spherical region 1 cm in

radius centered at the origin in free space is
(A) 0.226 J/m? (B) 1.452 J/m?
(C) 1.68 J/m? (D) 0.84 J/m®

m The magnetization curve for an iron alloy is

approximately given by

B:%H+H2 uWb/m?

GATE EC BY RK Kanodia
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If H increases from 0 to 210 A/m, the energy
stored per unit volume in the alloy is
(A) 6.2 MJ/m® (B) 1.3 MJ/m*®
(C) 2.3 kJ/m*® (D) 2.9 kJ/m?

m If magnetization is given by H=%(-yu, + xu ) in a

cube of size a, the magnetization volume current

density is

@ 2a ® S x—y
a a

© 8w D 2(x-y)
a a

The point P(2, 3, 1) lies on the planner boundary
separating region 1 from region 2. The unit vector

u,, =0.6u, +0.48u  +0.64u, is directed from region 1
M =2, M, =8
H, =100u, —300u,, +200u, A/m, then H, is
(A) 40.3u, + 48.3u,-1789u, A/m

(B) 80.2u, - 315.8u, + 1789u, A/m

(C) 40.3u, - 315.8u, -1789u, A/m

(D) 80.2u, +48.3u, +1789u, A/m

to region 2. If and

The plane separates air (z>0,u, =1) from iron
(2 £0, n, =20).
H=10u, + 15u, - 3u, A/m. The magnetic flux density

In air magnetic field intensity is

in iron is

(A) 502u, +75u, -0076u, mWb/m®
(B) 12.6u, +189u, —75.4u, pWh/m’
(C) 251u, + 377u, —377u, pWb/m*
(D) 251u, + 377u, —1508u, pWb/m”

M The plane 2x + 3y —4z =1 separates two regions.
Let p,; =2 in region 1 defined by 2x + 3y — 4z >1, while
W,, =5 in region 2 where 2x + 3y —4z <1. In region
H, =50u, —30u, +20u, A/m. In region 2, H, will be
(A) 634u, +4318u,-194u, A/m

(B) 529u, —25.66u, +14.2u, A/m

(C) 48.6u, —-16.4u,-46.3u, A/m

(D) None of the above
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_(1+xu, +3u, +2u,

SOLUTIONS R

R=\J1+x0?+3+2% =/x* +2x+14

1. (C)H:TIdLixzuR H:T 4dxu, x[«(1+ x)u, + 3u, +2u,]
W 4R M dr(x? +2x + 14)%?
:LT ~udyl2u, +(3-yu,]_ © (12u, -8u)dx  2(12u,-8u)
dny 122+ By :J An(x® +2x+ 1477 4ml3
L T% -0147u, —0098u, A/m
2 2132 y
4n o [27 +(3-y)°]

3-y=2tan 0, —-dy =2 sec’ 6, Idzu, x (pu, - zu,)

I a
5. B H=—mu, -
(B) 27p e '[Z

91 =56.31°, 92 =-90° k 41’[(p2 +22)3/2
I *2u.do 1 ¢ pldzu
H= 0 ; = oy e T 14272&2
4n 3. 2sec 6 np 2 4np® +2%)
I . . < Idzu plua z ‘ Iau
= — u, [sin 0]%; '=145.8u, mA/m i ¢ =T ¢ - ¢
47 90 / :[l4n(p2 +22)3/2 A pZ(pZ +22)3/2‘7a 2np(p2 +22)3/2
2. (WH-H +H, ,H - u Lo 2 A/m
. y z z ZTEp ¢ 27TP \/m ¢
_ 2 2 _
p=+(=3)"+(4)" =5 Atp:l,H:L
-u,x(-3u, +4u,) 3u, +4u, 2mp
%= - a 1
5 5 = 1- =
4 +3 J1+ a? 2
.= 24 (du, +3u,) =0.611u, +0.458u, mA/m 1
1
Hy=2y u, , p=4(-3+(5)?* =34
p
IdL
(-3u, +5u,) 3u, -5u, 6. AH :J' 7X:'R
u¢ = uy X = 4TCR
34 V34 )
I Id¢u¢ X (—up) I
g - 12 (-5u, +3u) :j A A/m
' 2m34 V34 0

—_0.281u_ +0.168u, mA/m [=3A,a=05m, H=3u, A/m

H=H +H, =0.331u, +0458u, +0.168u, mA/m
’ ’ 7. (D) H = [[ X Uadxdy
41R
4
3. (A) H :Lu‘b B J‘ Idzu, Xz(pupz_;zuz) _ Jz. T4ux x (—xu, —yu, —3u,)dx dy
27p Y 4np® +27) ) 42 1y +9)F*

I I ¢ pdz 2 24 (—yu, —3u )dx d
oW T ) g o W =[] (yu, ~3u,)dx dy

np n 2, 4nlp” +27) 40 An(x® + yt + 9

- . - -
2mp * dmpp® +16) 2 An(x® + y* +9)¥?

0

I I 8 u, :JZ- % 12udxdy
2

if ot ST
2mp| Jp?+16) ) 'Y ¥ +9

Atp:_3’ ¢:6OO’ 1237[’ —6Uy1tan1(y) :_0‘75Uy A/m
H=01lu, A/m T -2
4. ® H- [T g1, 4o,

4R
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8.(D)H=j%

©

_T —Ildzu, x (—zu, +u,) j Idxu, x(-xu, +u,)
I 4n(1 +2%)¥ o An(l+ xH)P
0

Idzu, +T Idxu,
411(1+.22)W2 o 4n(l+ x%)¥?

‘ 0

0
I zu, ‘

Cdn| 1+ 2| tas ).

xu,

= 4L(ux +u,)=0.8(u, +u,) mA/m
Y

9. (A) Using Ampere’s circuital law
fH-dL=2mpH, =1

encl

Atp=05cm, I,,=10 mA
2n(5x10*)H, =10, H,=0.32 A/m

10. (B) At p =15 cm enclosed current

1., =10 +27(001)(400) = 3513 mA
27(0015)H, =3513x10° = H,=0.37 A/m

11. (C) The enclosed current is
1,,.,=10+2n(0.01)400 —2n(0.02)250 + 2m(0.03)300
=60.3 mA/m

2n(0035)H, =603 M = H, =027 A/m

12. (A H :% (=30 -40)u, x (-u,) =-35u, A/m

13. B H :%K xu,
L A
:5(30 -40)u, x (-u,) =-5u, A/m
14. A H :%(—30 +40)u, +(-u,)=5u, A/m

1 dpH,) )
p Op

15. (C) J=V xH =

2
_1a 2+ P u, =u, A/m
p Op 2

16. (D)J—18£p3j=0
popl p

17. (A) F=e(E + v xB)
IfF=0,E=-vxB=Bxv

F uy uT
x10°x 107
12 4

~[u,(-8 - 36) —u (-4 -9) + u,(12 - 6)] x 10> V/m
=—44u, +13u,+0.6u, kV/m

18. (D) v(0)x B=(2u, —3u, —4u,)10°

x(-3u, +2u, -u,)107°

=1100u, +1400u , -500u,

F(0)=Q [E + v x B]

=2x107'°[1200u, + 1200u, -200u,]

=4x10"[6u, +6u, -u,]
F_4x10™

F=ma = a=—=-—"""_1[6u_+6u,—u,]
m 5x107% ¥ Y ‘

=800[6u, + 6u, —u,]10° m/s

19. (C)F=evxB

=—(16x107")(45x10"u )(25 x 10°u,)

=-18x10"u, N

This force will be constant during the time the electron
travels the field. It establishes a negative x —directed
velocity as it leaves the field, given by the acceleration

times the transit time ¢, ,
_Ft, ( ~1.8 x 1014I 25x 10

j =-11x10" m/s

m 91x10°" |\ 45x107
5 _05-0025 _0'0275 =106x107° s
45x10

In that time, the electron moves to an x coordinate
given by

x =0, =-11x107)(106 x 10*) =-0.117 m

x=-117 cm, z =0

dL xB

loop from wire at BC

(o}
20. (A) Fyo = I
B

4
=I(6 x 10 *)dzu, x ISk, u,=-18x10"u, =-18u,nN
. 2n(3)

21. (C) The field from the long wire now varies with
position along the loop segment.

y

¢ -3 15p
F,;= j(6 x107)dxu, x —=u
1 2mx

45 x 10°°

T

p,In3u, =19.8u, nN
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22, (A) This will be the vector sum of the forces on the
four sides. By symmetry, the forces on sides AB and CD
will be equal and opposite, and so will cancel. This

leaves the sum of forces on side BC and DA

t 15u
F,, = | (6x10"dxu,x =——°u =54u, nN
DA -1[ 271(1) y

F

total

=F,, +F,. =(54 -18)u, = 36u, nN
23. (A) F=[IdLxR
2 2 3 1
~I|dva, xB+I[dyn,xB+I[dxu,xB+I[dyu,xB
1 1 1 5

u xB=u[6xu, -9yu, +3zu,]l=3zu, -9yu,
u,xB=u [6xu, -9yu, +3zu,]l=3zu, —6xu,
z =0 for all element

3 2 1 1
F=1 j dx(-9yu) , +1 I dy(-6xu) _, +1 j dx(-9yu,) , +1 j dy(-6xu)_,
1 1 3 2

=1(-18-18+ 36 + 6)u, =5 x 6u, =30u, N

24. (B) Within the region -1 <y <1, the magnetic fields
from the two outer sheets (carrying —4u, A/m) cancel,
leaving only the field from the center sheet. Therefore
H=-4u, A/m (0<y<1) and H=4u_, A/m (-1<y <0).
Outside (y >1 and y <—1) the fields from all three sheet

cancel, leaving H =0(y >1, y<-1). So at x=0, y =05

¥ =Iu, xB =(7x10")u, x —4p u, =-352u, nN/m
m

25. (D) F =la, x(-4p u, )=0
m

1
26. (A)F:deLxB
0

L -100
=I100dzu x Ko, =04u, N/m
0

= 9n(5x107)

27. (B) The field from the current strip at the filament
location

1.5
B- [l gy oy (15}1

g5 2my n 05

=132 x 10 °u, Wb/m”

F:j.IdeB
0

1
= [5dzu, x 132 x 10 °u,dz = 6.6u,, uN/m
0

GATE EC BY RK Kanodia

28. (A) F = ij BdS =

area

_ 15;101 [15]
i 05

!

1.5
IGu X

0.5

,=—6.6u, uN/m

uoxd
2my

29. (A) y, +1=p,, %, +1=65, %, =55

30. AB=pH=p p H
=4nx 107" x 65(10u, +25u,, —40u,)
=82u, +204u - 327u, pWb/m’

31. (C) M=y, H=55u, +1375u, -220u, A/m

32. (B) W:%H~B :%MH2

:%x 65 x 41x 107 (100 + 625 + 1600) =95 mJ/m>

33. D)pu, =y, +1=31+1=41, p=pp, =41u,
B 04yu,

H=->

34. (A) M=y, H =(31)(77.6)yu, =241yu, kA/m

35. (C) For case 1, p B

i_l

“‘rl =

i 41x4nx107

1

=X —
u, 600 4rx1077

%, =p, —1=13253
M, =y, H, =1590 x 10° A/m

For case 2, u =

14
Hrl =

B, 1

H,

400 x 4tx 1077

A =27842 2784.2
M,=y,H,=1114x 10° A/m

AM =(1590 - 1.114) x 10°

36. (B) M= Nm

=0.7u, A/m

37. (A M=2

Ko

www.gatehelp.com

M _0.7u
n,-1 42-1

[1

H

4

400

2
1200

=1326.3

=27852

=476 kA/m

=77.6yu, kA/m

=(2.7 x 10%)(2.6 x 10‘30uy)

—+1
Lm

i

*=022u, A/m
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The normal component of H, is

002 1
47x 1070003

-1

+ lj =476 A/m
Hy, =(H, -uy,)uy,

H -uy, =6G0u, - 30u, + 20u,)-(0.37u, + 056u , —0.74u )

=185-16.8 -14.8 =-131

38 (AW-1HB-1.m
2 2 (H, Uy, )y, =(-131)(0.37u, +056u, -0.74u,)

=%(4Tc>< 107)(600)* =0226 J/m’ =-4.83u, —724u +9.66u, A/m
Tangential component of H, at the boundary
H, H, H., =H, -H
1 T1 1 N1
39. (MW= !H'dB = -([H(g * ijdH ~(50u, - 30u, +20u,) - (~4.83u, ~724u, +9.66u,)
2 3 =54.83u, —2276u, +10.34u, A/m
_Ho 28, 69 MI/m? !
6 3 H,, =H,
H,,=Y1H,, = % (-4.83u, ~724u, +9.66u,)
40. (A) J, =V xM=12 4 Hre
a =-193u, -290u, + 3.86u, A/m

H,=H,, +H,, =(54.83u, -2276u, + 10.34u,)
41. (B) B, =200u,,u, - 600u u , +400u u, +(-193u_ —29u_ + 3.86u)
93u, -29u , + 3.86u,
Its normal component at the boundary is =529u, -25.66u, +142u,
By =B, uy,)uy,

—(52.8u, +42.24u, +56.32u ), =B,

~ H,, -5 _660u, + 528u, +704u,
BIN

H,y = =2640u, +2112u, +2816u,
Ho

H,,=H, -H,, =(100u, - 300u , +200u,)
~264u, +2112u  +2816u,)
~736u, —32112u, + 17184u,
H,, =H,,
H,=H,, +H,, =80.2u, - 315.8u, +1789u, A/m

42. OO Hy, =-3u, ,H;, =10u, +15u,
H,,=H,, =10u, +15u,
My 1
H,,=—"H,, =—(-3u,) =015u,
N2 N1 20

2
H,=H,, +H,, =10u, +15u, -0.15u,
B, =u,H, =20 x 47x 10 7(10u, + 15u, -015u,)
=251u, + 377u, - 377u, yWh/m”

43. (B) At the boundary normal unit vector
u - V(2x+ 3y —4z) =2ux +3u, —4u,
" IV@2x + 3y —42)| V29
=0.37u, +056u,, -0.74u,
Since this vector is found through the gradient, it will

point in the direction of increasing values of
2x + 3y — 4z, and so will be directed into region 1. Thus

un :un21 .
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UNIT 8

Statement for Q.8-9:

The location of the sliding bar in fig. P8.4.8-9 is
given by x =5¢ + 4¢*. The separation of the two rails is
30 cm. Let B=x"u, T.

A

A A

yﬂ A
-y

VAVAVAVAVE S /AV VAV A )

I~

—» U

p LL ////Q [/ /]0O—x«

Fig. P8.4.8-9.
a The voltmeter reading at £t =05 s is
(A) 216V (B) 21.6 V
(C) 63V (D) 6.3V

ﬂ The voltmeter reading at x =0.6 m is
(A) -1.68 V (B) 1.68 V

(C) 0.933 V (D) 0.933 V

Statement for Q.10-11:

A perfectly conducting filament containing a 250Q
resistor is formed into a square as shown in fig.

P8.4.10-11. y

1)

-«

T ®© ©

§25OQ

Fig. P8.4.10-11

®© ©

If B=6cos (1207t —30°)u, T, then the value of I(¢)

is

(A) 2.26sin (1207 — 30°) A
(B) 2.26 cos (1207t — 30°) A
(C) —2.26sin (120wt — 30°) A
(D) —2.26 cos (12072 — 30°) A

If B=2cos n(ct —y)u, uT, where ¢ is the velocity of
light, then 1(¢) is

(A) 1.2(cos mct —sin met) pA

(B) 1.2(cos mct —sin nct) mA

(C) 1.2(sin mct —sin met) pA

(D) 1.2(sin nct —sin net) mA

GATE EC BY RK Kanodia
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Statement for Q.12-13:
Consider the fig. P8.4.12-13. The rails have a

resistance of 2 Q/m. The bar moves to the right at a

constant speed of 9 m/s in a uniform magnetic field of
0.8 T. The bar is at x=2 m at ¢=0.

0.2 cm

16 cm
Fig. P8.4-12-14

If 6 Q resistor is present across the left-end with the
right end open-circuited, then at £ =05 sec the current
I is

(A) 45 mA
(C) 60 mA

(B) 45 mA
(D)60 mA

If 6 Q resistor is present across each end, then I at
0.5 sec is

(A) -12.3 mA
(C) 777 mA

(B) 12.3 mA
(D) 77.7 mA

Statement for Q.14-15:

The internal dimension of a coaxial capacitor is
a=12cm, b=4 cm and ¢=40 cm. The homogeneous
material inside the capacitor has the parameter
£=10" F/m, n =10 H/m and 6 =10" S/m.The electric
field intensity is E=1cos (10°t) u, V/m.

The current density J is

(A) @sin(lof;t) u, A/m®
P

®) 2% sin (10°%) u, A/m?
p

(o)) 100 (o (10°) u, A/m”
P

(D) None of the above

The quality factor of the capacitor is
(A) 0.1 (B) 10
(C) 0.2 (D) 20
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Maxwell’s Equations

The following fields exist in charge free regions
P =60sin (ot +10x) u,
Q= %cos (ot —2p) u,
R =3p”cotou, +Lcos ¢u,
S = Llsin Osin (of —67) u,
The possible electromagnetic fields are
AP, Q (B)R, S
(C)P,R D) Q, S

A parallel-plate capacitor with plate area of 5 cm?®
and plate separation of 3 mm has a voltage 50 sin (10%¢)
V applied to its plates. If ¢ =2, the displacement
current is

(A) 148cos (10'°#) nA
(C) 261cos (10"°¢) nA

(B) 261cos (10™¢) pA
(D) 148cos (10"¢) pA

In a coaxial transmission line (¢, =1), the electric
field intensity is given by

E =19 o (10°t-6z)u, V/m.
P

The displacement current density is

@ -2 Gin (10% - 62)u, A/m?
p

(B) 116 sin (10% — 62) u, A/m?
p

© - 22 5in (10% - 62) u, A/m?
P

D) - 226 cos (10% - 62) u, A/m*
p

Statement for Q.19-21:

Consider the region defined by lxl, |yl and lzl<1.
Let e =5¢,pn =4p, , and 0 =0 the displacement current
density J,=20cos (15x10°¢ —ax) u, pA/m’. Assume

no DC fields are present.

The electric field intensity E is
(A) 6sin (15 x 10°¢ —ax) u, mV/m
(B) 6c¢os (15 x 10°t —ax) u, mV/m
(C) 3cos (15 x 10°¢ —ax) u, mV/m
(D) 3sin (15 x 10°¢ —ax) u, mV/m

m The magnetic field intensity is
(A) —4asin (15 x 10°¢ —ax) u, nA/m

GATE EC BY RK Kanodia
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(B) —4asin (15 x 10°¢ — ax) u, mA/m
(C) 4asin (15 x 10°¢ —ax) u, nA/m
(D) 4asin (15 x 10°¢ — ax) u, mA/m

The value of @ is
(A) 4.3 (B) 2.25
)5 (D) 6

Statement for Q.22-23:

Let H=2cos (10"°¢ -Bx) u, A/m, un =3x10"° H/m,
e=12x10" F/m and ¢ =0 everywhere.

@ The electric flux density D is
(A) 120 cos (10™¢ — Bx) nC/m?

(B) —120cos (10°¢ —Bx) nC/m?
(C) 120 cos (10°¢ + px) nC/m?

(D) None of the above

The magnetic flux density B is
(A) 6.67 x 10* cos (10°¢ +Bx) T

(B) 6.67 x 10* cos (10" ¢ — Bx)

(C) 6x10°cos (10"t +px) T

(D) 6x10°cos (10"¢ —Bx) T

Statement for Q.24-25:

A material has 6 =0 and ¢, =1. The magnetic field
intensity is H =4cos (10°4 -001z) u, A/m.

The electric field intensity E is
(A) 452sin (10°# —001z) kV/m

(B) 452sin (10°¢4 —001z) V/m

(C) 452cos (10°4 -001z) V/m

(D) 452 cos (10°¢ —0.01z) kV/m

@ The value of u, is
(A) 2 (B) 3
©) 4 (D) 16

@ The surface p =3 and 10 mm, and z =0 and 25 cm
are perfect conductors. The region enclosed by these
surface has n=25x10° H/m, ¢=4x 10" F/m and
c=0. If H =2cos 8nz cos ot u, A/m, then the value of ©
is

(A) 2nx 10° rad/s
(C) 2 nx 10° rad/s

(B) 8nx 10° rad/s
(D) 8nx 10° rad/s
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For distilled water p =, e=81¢,, and 6=2x 10"
S/m, the ratio of conduction current density to
displacement current density at 1 GHz is

(A)111x10° (B) 4.44x10™*
(C)2.68x10°° (D) 1.68 x 1077

m A conductor with cross-sectional area of 10 cm”
carrier a mA. If
6=25x10° S/m and ¢, =4.6, the magnitude of the
displacement current density is

(A) 48.4 uA/m” (B) 8.11 nA/m?

(C) 32.6 nA/m? (D) 16.4 pA/m?

conductor current 2sin (10%)

m In a certain region
J=(4yu, +2xzu, +z%a,)sin (10*t) A/m

If volume charge density p, in z =0 plane is zero,
then p, is
(A) 32%cos (10*¢) mC/m?
(B) 0.32% cos (10*#) mC/m*®
(C) —32%cos (10*£) mC/m?
(D) —0.32% cos (10*£) mC/m?®

m In a charge-free region (c=0, e=¢¢,, p=p,)
H =10cos (10"t -4y) u,
A/m. The displacement current density is

(A) —40 sin (10%t — 4y) u, A/m

(B) 40sin (10° —4y) u, A/m

(C) —40sin(10°¢ —4y) u, A/m

(D) 40 sin (10°t —-4y) u, A/m

magnetic field intensity is

In a nonmagnetic medium (¢, = 6.25) the magnetic
field of an EM wave is H = 6cos Bx cos (10°¢) u, A/m.
The corresponding electric field is

(A) 903sin (0.83x) sin (10°¢) V/m

(B) 903sin (12x) sin (10°¢) V/m

(C) 903sin (0.83x) cos (10°¢) V/m

(D) 903sin (12x) cos (10°#) V/m

E In a nonmagnetic medium
E =5c0s(10°t - 8x) u_ + 4sin(10°¢ - 8x) u, V/m.

The dielectric constant of the medium is
(A) 3.39 (B) 1.84
(C) 5.76 (D) 2.4

GATE EC BY RK Kanodia
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SOLUTIONS

1. B)emf=—%®__9 (g 4s
dt  dt

=27(0.2)*(20)(377)sin 377t mV =095cos 377¢ V

2. (A) emf:%BowLZ :%(4)(2)(2)2 ~16V

3. (C) Since B is constant over the loop area, the flux is

® =n(0.1)>B =0.31cos (1207¢)

dd
=V (=22
em (D) P

=0.31(1207) sin (1207) =118.43sin(1207)
V., =—118.43sin (1207)

V,, 11843sin (120nz)

4. D) I = =0.47 sin (12072)
R 250
do d
5- (A) emf:—E:—a IJB'ude

loop area

- % (3)(4)(6) cos 5000¢ = -360000 sin 5000

j emf 360000 sin 5000¢

R 900 x 10°

=-0.4sin 5000¢ A

11
6. (C) @ = [[20u, cos (3x 10°¢ - y) dx dy
00

=[20u, sin (3 x 10%¢ — y)1,
=20 p [sin (3x 10°¢ —1) —sin (3 x 10°¢)] Wb
do
S dt
=—20 x(4n x107)(3 x10°%) x[cos (3 x 10°¢ —1) — cos (3 x 10°#)]
=7540[cos (3x 10°¢) —cos (3x 10%¢ —1)] V

Emf =

7. (D) In this case ® =[20u (2m)sin (3x 10°¢ — y)2" =0

8. (A) ®= jjB-dszoffr?drdy
area 0 0

=0.1x" =0.1(5¢ + 4¢*)> Wb

emf = — %‘f —_01(3)(5¢ + 4£%2(5 + 12 £2)

At t=05 s, emf =-0.1(3)(25 + 05)*(5 + 3) =-216 V

9. (C) At x=06m,06=5t+4t> =
emf =-0933V

t=0119 s
At t=0119 s,
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Maxwell’s Equations

10. (A) ® = ”B -dS =6(05)% cos (1207t — 30°) Wb

area

emf = —%T — 6(05)2(1207) sin (1207 — 30°)

The current is eI;f w i

sin (1207t —
250

30°) A
=226sin (12072 - 30°) A

11. (D) ® = [[B-dS =(05)(2) j cos(my — nct) dy

area

= l{sin(nct - nj —sin nct} = —[—cos nct —sin wet] pWb
b 2 T

emf =— Cfi—qt) =c[cos nct —sin net] pV

emf 3x 108
"R 250

=12[cos nct —sin wet] A

I1(t) = [cos mct —sin wet] pA

12. (A) The flux in the left-hand closed loop is
®, =B x area =(0.8)(0.2)(2 + 97)
do,

emf, =— 7L = _(016)(9) =-144 V

While the bar in motion, the loop resistance is
increasing with time,
R, =6+2[2(2+90]Q, At t=05, R, =32Q

I =-""% 45 mA
32

(C) In this case, there will be contribution to the
current from the right loop, which is now closed. The
flux in the right loop, whose area decreases with time,
is @, =(0.8)(02)(16 -2 —9¢)

d®p _ 144V

emf, =-

R =6+2(2(14-91), At05s, R, =44Q
The contribution to the current from the right loop

1 =1 0327 ma
44

The total current =-327 —45 =-777 mA

14. (©) J =oE =222 005 (10°%) u, A/m?
p

15. (A) Total conduction current

I, :”J -dS =2npld=2mpl %cos (10%%) u, A/m*

=80mcos (10°) A
oD _ 88E 10

sin (10°) A/m
o ot p /

d =
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I,=2npld, :—an(lo)sin (10°¢) =-8nsin (10°2) A

Quality factor ‘ d‘

I 80
16. (A)V P=0, vxP=— Lry
ox -
P is a possible EM field
V-Q=0, Vx Q———[lOCOS(mt 2p)la, =0

p p
Q is a possible EM field

v -R:li(?)pZCOtd))-ﬂ
p Op P

)
L in(ot—6n 29, g
r°sin 0 or

S is not an EM field. Hence (A) is correct.

V.S=

17. A D=cE-c? = g,-P_2dV
d dt d dt

eS dV 28 5x10™*

I,=J-S= 10% x 50 cos (10°?)

d dt 3x107?
=148 cos (10'°¢) nA
18. (C)
Jd:@:?,@ @[ sin (10°¢ - 62)]10° u, A/m*
ot ot p

__ 09 sin (10% - 62) u, A/m?
p

20 10°¢
x 10®

=1.33x 10 *sin (15 x 10°¢ —ax) u, C/m’
C, is set to zero since no DC fields are present.

E - 2 _ 1.33x107%
€ 5¢

o

=3x 107 sin (15 x 10°¢ —ax) V/m

19. D)D = det +C, =

sin (15 x 10° —ax) u,

oE
20. (D) VxE="vy -_B

ox ot
=-a(3x107°) cos (15 x 10°¢ —ax) u, = —%

3
S0 G (15 107 - ax) u,
15x 10

-11

H-B__2X10 G (15x10°% —av) u, A/m

p 4x4nx107
=4x 10 asin (15 x 10°¢ —ax) u, mA/m

oH
21 (B)VxH=-""*u, =,
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o # 0,R is not an EM field.

sin (15 x 108 —ax)u,
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=a’*(4x107%) cos (15 x 10°¢ —ax) =,
Comparing the result

a’4x10°=20x10"° a=+5=225

22. B)V tz—a—HZuy:@
ox ot

% =2Bsin (10"°¢ — Bx) u,

10

D=- 1? cos (10"¢ —Bx) u, C/m’

B="= 10" Jue =10°/3x 10° x 12x 10 =600
v

D =-120cos (10*°¢ —px) u , nC/m”

23. (D) B=puH =6 x 10°cos (10"°¢ -Bx) u, T

oH
24. AAVxH=——Zu
0z

x

= VxH=004cos (10°4 -0012)u, =¢, Z—f

_ 0.04 sin (10°¢ -0.012) u,
10%¢

o

=452 sin (10°¢# -0012) u, kV/m

E

oE oH
25. B)VxE=" g 2
2 7 M a
oH

~004(001) H
ot

0%, cos (10°¢ —001z) w, =—p,p,
_ 0.04(001)
(10°)(10°)p 1 &,
0.04(0.01) _
10%0,1 8,

sin (10°¢ —0.013) u,

_(004)(00D)

4 Rhthiiie bbb
TETIEN

x(3x10%)% =9

26. (D)VxH:—a—H“’u
0z

:@sin (8mz) cos (wt) u, = 8%

p

E :@ sin (87z) sin (o?) u,
pE®

P

E
0z PE® ot

B 1287

2

VxE=

H

cos (8nz) cos (0t) u,
PE®

This result must be equal to the given H field. Thus
1287 2 _8n 87
Jue  [4x10" x25x10°

pene’  p
=8nx 10° rad/s
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J cE o
27.(B) At high frequency —¢=—1=—
g 4 y J, weE o
-3
- 2x10 —444x10"
2nx 107 x 81x g,
28.(C)J,=lcooE = E-L
S oS
o g, B8 ol
ot oS ot
4.6¢,(10°

= 2cos (10°) 1072
¢ 925%x10°x10x 10" (10%)

|J,| = 32.6 nA/m?

29. (B)V -J =(0 + 0 + 322) sin (10°%) =—%‘;

322 cos (109
Po=—107 +C

At z=0, p,=0, C, =0
p, =0.32% cos (10*#) mC/m*

x

30. D) J, -V xH=: y
oy
=40sin (10° -4y) u, A/m

31. (A V xH:—a—quZ:«e@
oy ot

=6psin (Bx) cos (10°) u,
E :lj 6psin (Bx) cos (10°¢) u,, dt
€

6B . .
=—ov i (Bx) sin (10°¢) u,

8
e= 625¢, , p=2=21c = 10

=3 10° V625 =0.833
v ¢ X

:% sin (Bx) sin (10°0) u, V/m

=903sin (0.83x) sin (10°4) u, V/m

32. (C) For nonmagnetic medium p, =1

_ 0 o

€ 0=10° p=8,

roo

v c

10°
sz?xloﬁ = ¢ =576
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8.5

ELECTROMAGNETIC WAVE PROPAGATION

Statement for Q.1-3:

A y-polarized uniform plane wave with a frequency
of 100 MHz propagates in air in the +x direction and
impinges normally on a perfectly conducting plane at
x =0. The amplitude of incident E-field is 6 mV/m.

The phasor H, of the incident wave in air is
27 27

(A)16e ' u, pA/m (B) -16¢ ' u, pA/m
2, _j2m,
(C)16e "3 u, pA/m (D) -16e "3 wu, pA/m

a The E-field of total wave in air is

(A) j12sin [237[ x] u, mV/m
o (2T
(B) —j12sin (3 xj u, mV/m
2n
(C) 12cos 3 u, mV/m
2n
(D) —12cos (3 xj u, mV/m

a The location in air nearest to the conducting plane,
where total E-field is zero, is
(A) x=15m

(C) x=3m

(B) x=-15m
D) x=-3m

ﬂ The phasor magnetic field intensity for a 400 MHz

uniform plane wave propagating in a certain lossless
—j18x

material is (6u, - j5u,)e A/m . The phase velocity

l)p 18

(A) 6.43x 10° m/s (B) 22 x 10" m/s

(C) 1.4 x10° m/s (D) None of the above

Statement for Q.5-6:

A uniform plane wave in free space has electric
field E, =(2u, + 3u )e ™ V/m.

ﬂ The magnetic field phasor H, is
(A) (-5.3u, - 8u e ™ mA/m

(B) (5.3u, - 8u,)e ™ mA/m

(C) (-5.3u, + 8u,)e ™ mA/m

(D) (5.3u, + 8u,)e ™ mA/m

ﬂ The average power density in the wave is
(A) 34 mW /m* (B) 17 mW/m*
(C) 22 mW /m? (D) 44 mW/m?

The electric field of a uniform plane wave in free
space is given by E, =12n(u, + ju,)e ™. The magnetic
field phasor H is

. —j15x
(A) }]—‘i(—uz + Juy)e J

(©) 2(-u, - ju e ™

(B) %(uz + juy)e’jls"
. —j15x
D) E(u, - ju e’
Statement for Q.8-9:
A lossy material has p =5u,, ¢=2¢,. The phase

constant is 10 rad/m at 5 MHz.

ﬂ The loss tangent is
(A) 2913
(C) 2468

(B) 1823
(D) 1374
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ﬂ The attenuation constant o is
(A) 4.43 (B) 9.99
(C) 5.57 (D) None of the above

Statement for Q.10-11:

At 50 MHz a lossy dielectric material is
characterized by p=21p, £¢=36¢, and c=008 S/m.
The electric field is E, = 6e " u, V/m.

The propagation constant y is
(A) 743 + j2.46 per meter

(B) 2.46 + j7.43 per meter
(C) 613+ j5.41 per meter
(D) 541 + j6.13 per meter

The impedance n is
(A) 1014 O

(C) 98.3 O

(B) 167.4 ©
(D) 67.3 Q

Statement for Q.12-13:

A non magnetic medium has an intrinsic

impedance 360230°Q.

The loss tangent is
(A) 0.866

(C) 1.732

(B) 0.5
(D) 0.577

The Dielectric constant is
(A) 1.634

(C) 0.936

(B) 1.234
(D) 0.548

Statement for Q.14-15:

The amplitude of a wave traveling through a lossy
nonmagnetic medium reduces by 18% every meter. The
wave operates at 10 MHz and the electric field leads the
magnetic field by 24°.

The propagation constant is
(A) 0.198 + j0.448 per meter

(B) 0.346 + j0.713 per meter
(C) 0.448 + j0.198 per meter
(D) 0.713 + j0.346 per meter

The skin depth is
(A) 2.52 m

(C) 8.46 m

(B) 5.05 m
(D) 4.23 m

GATE EC BY RK Kanodia

Electromagnetics

A 60 m long aluminium (c=35x107S/m,
u, =1, ¢, =1) pipe with inner and outer radii 9 mm and
12 mm carries a total current of 16sin(10°nt) A. The
effective resistance of the pipe is

(A) 0.19 O (B) 348 O
(C) 146 O (D) 243 Q

Silver plated brass wave guide is operating at 12
GHz. If at least the thickness of silver (¢ =6.1x 107 S/m,
u, = ¢, =1) is 53, the minimum thickness required for
wave-guide is
(A) 6.41 um
(C) 5.21 um

(B) 3.86 um
(D) 2.94 pm

Statement for Q.18-19:

A uniform plane wave in a lossy nonmagnetic

media has

E, =(5u, +12u)e”, y=02+ ;34 m"

The magnitude of the wave at z=4 m and ¢t=T/8
is
(A) 10.34

(C) 4.36

(B) 5.66
(D) 12.60

The loss suffered by the wave in the interval
0<z<3mis
(A) 4.12 dB

(C) 10.42 dB

(B) 8.24 dB
(D) 5.21 dB

Statement for Q.20-22:
The plane wave E =42cos (ot —2z) u, V/m in air

normally hits a lossless medium (n, =1,¢, =4) atz =0.

P The SWR s is

A) 2 B)1

©) % (D) None of the above

m The transmission coefficient t is

2 4
A) = B) =
()3 ()3

1
C) = D) 3
()3 (D)

% The reflected electric field is
(A) —14cos (ot —z) u, V/m
(B) —14cos (ot +2)u, V/m
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m The region z <0 is characterized by ¢, =pn, =1 and
6=0. The total field here is given
E, =150e " u, +50,20°¢"" u, V/m. The intrinsic
impedance of the region z >0 is

(A) 692 + j176 Q (B)193-j49Q

(C) 176 + j692 Q (D) 49 - j193Q

electric

Statement for Q.34-35:

Region 1, z <0 and region 2, z >0, are both perfect
dielectrics. A uniform plane wave traveling in the u,
direction has a frequency of 3x10" rad/s. Its
wavelength in the two region are A, =5 cm and X, =3

cm.

m On the boundary the reflected energy is

(A) 6.25% (B) 12.5%
(C) 25% (D) 50%
BF] The SWR is

(A) 1.67 (B) 0.6
(©) 2 (D) 1.16

@ A uniform plane wave is incident from region 1
(n, =1, o=0) to free space. If the amplitude of incident
wave is one-half that of reflected wave in region, then
the value of ¢, is

(A) 4 (B) 3

(C) 16 (D) 9

A 150 MHz uniform plane wave is normally incident
from air onto a material. Measurements yield a SWR of
3 and the appearance of an electric field minimum at
0.3% in front of the interface. The impedance of material
is

(A) 502 — j641Q
(C) 641 + j502 Q

(B) 641 - j502 Q
(D) 502 + j641Q

m A plane wave is normally incident from air onto a
semi-infinite slab of perfect dielectric (e, =3.45). The
fraction of transmitted power is

(A) 091 (B) 0.3

(C) 0.7 (D) 0.49

Statement for Q.39-40:
Consider three lossless region :

Region 1 (z <0): p, =4 pH/m, g =10 pF/m

GATE EC BY RK Kanodia
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Region 2 (0 <z <6 cm): p, =2 uH/m, ¢, =25 pF/m

Region 3 (z >6cm): p,=4puH/m, g, =10 pF/m

m The lowest frequency, at which a uniform plane
wave incident from region 1 onto the boundary at z =0
will have no reflection, is

(A) 2.96 GHz
(C) 1.18 GHz

(B) 4.38 GHz
(D) 590 MHz

If frequency is 50 MHz, the SWR in region 1 is
(A) 0.64 (B) 1.27
(C) 2.38 (D) 4.16

A uniform plane wave in air is normally incident
onto a lossless dielectric plate of thickness 1/8 , and of
intrinsic impedance n =260 Q. The SWR in front of the

plate is
(A) 1.12 (B) 1.34
(C) 1.70 (D) 1.93

The E-field of a uniform plane wave propagating in
a dielectric medium is given by

E =2cos 108t—zjux —sin(lOBt—Z)u V/m
(-G i)Y

The dielectric constant of medium is
(A) 3 B) 9
(C) 6 (D) V6

M An electromagnetic wave from an under water
source with perpendicular polarization is incident on a
water-air interface at angle 20° with normal to surface.
For water assume ¢, =81, n, =1 The critical angle 0, is
(A) 83.62° (B) 6.38°

(C) 42.6° (D) None of the above
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SOLUTIONS

1. (A) ®=2nx10° rad/s

0} 2nx 10* 2n
=— ="~ =""rad/m
P c 3x 108 3 /

2n
E, =6¢ 3 u, mV/m

u;xuy=u,, u,xuzp=u,, Uy=u,
6 i L

H, = e 2u, =16e ? u, pA/m
1207

2. (B) For conducting plane T =-1,

.2n

Jj—x

—— 3
E, =—-6e * u, mV/m,

2m .2n

E=E, +E, :[Gej3x u, —6e %" uy]mV/m
o [ 2m
=—j12sin 5, mV/m

3. (B) The electric field vanish at the surface of the

conducting plane at x =0. In air the first null occur at

o 2mx 400 x 10°

4. O v, = E 18 =14 x10° m/s

5. (C) The wave is propagating in forward x direction.
Therefore u, xuy, =u,.
For uy=u,, u,xuy=u, = uy=-u,

For uy=u,, uxu;=u, = uy=u,

H, = 121()n(_2uy +3u,)e P=(-5.3u, + 8u,)e ™ mA/m
1 #
6. (B) P, = Re[E, xH)

%{(5.3)ux +3(8)u,} x10° =17.3u, mW/m?>

7. (D) Since Pointing vector is in the positive x
direction, therefore uz;xu,=u, .

For uy=u,,u xuy=u, = uy=u,

For uy=u,,u xu,=u, = uy=-u,,

H :B(uz —ju)e ™

s
o

GATE EC BY RK Kanodia

8. (B) Loss tangent O
0

B=o ”—8[ 1+("T +1}

2[ e

- 10:2n><5x106\/5><2[/71+x2 +1]

3x10° 2

= x=-=-1823
mwe

9 (B) o A 1+x2 -1
B J1+x® +1
1822

=

o
B 41824
a=10x0999 = 9.99

10. D) 0= ”i'( 1+[“j2 —11
2|

c 0.08

WE - 3.6 x 50 x 10° x 2me, -

2n x 50 x 10° \/(2.1)(3.6)
- J65 —1) =541
4T 10° 5 )

B=o L;S{ 1+(;T +1}

6
_2mx50x10 \/(2.1)(3.6) (65 + 1) =613
3x 10 2

y=a+ jp=5.41+ j6.13 per meter.

B 1207, 2L
e - 36 _1014

11. (A) n| =

12. (C) - =tan 20, =tan 60°=1732

we
Ll
13. (D) [n|= e
(o) 2
(1+[] ]
0e
1207
= 360=— " = g =0548

(1+17322%)*
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14. (A) E|=E,e

Ee* =(1-018)E,
1

e=082 = a=In——=0198
0.82
0, =24° = tan20, = =1111
me
2
1+("} -1
o _ we
B B 2
1+(6j +1
mwe
0198 234 -1 B=0.448
B Y234 +1
y=a+ jp =0.198 + j0.448
15.B)s=L -1 _505
o 0198

16. (A) o=r10°
1 1
&= =
Jrfon  Jrx5x10°x 35x 10" x p,
l

 odw

= f=5x10° Hz,

=120 um

ac

Since & is very small, w=2np,_,,
60

Rac = 7 6 3 :019 Q
35x10"x120x 107" x2ntx 12 x 10
17. (D) ¢ =55 = —>
\Jfuo

5

- . _ =294um
Jrx12x10°x u, x 61x 10

18. (B) E =Re(E e} =(5u, + 12u )e "* cos (ot — 342)

At z=4m, t:Z
8

E=(5u, +12u )e’* cos [Z - 13.6]

Page
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IEl=13e% cos [Z - 13.6] -5.66

19. (D) Loss =0Az =02 x 3=0.6 Np

1Np =8.686 DB, 0.6Np=>5.21 dB.
20. (A)n, =n, , M, =n,, ot = o
€ 2

r
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Mo _
r:n2_n1 2 no:_é
M+ Mo,
g M,
1
1] Tt
= = :2
1-rf 4.1
3
n
270
2. (A= 2.2 2
M+ Moo 3
2
1
22. (A) E, =TE, =- _(42)=-14

E =

r

23. (C) m, =7, ,n2=\/5=”°=”°
€ 2

€

r

14 cos (ot —z) u, V/m

Mo

r="""M :?—m:_l
Ny + My &4_“ 3
2 o
24. D), =n. ,n, =1, M =n [FEr
D), =N, , My =7, . ~Mo\125

r

E, Ny +My
But E, =nH, =TE,

By _p_Me-m

anor :(nz _nleoi = nl :(nz _nlJ 18 -3
Ny +My Ny, +m, ) 6x10
o=, = m=[”2‘”°]3000
n2+no
817 _my =377 n, =485.37 =n, Mz
3000 m, + 377 e
= & =125, p, =2075
25. (A)n; =, , M, =m,/”r =l
g, 2
r:nZ_nl :_1
N My 3
Eo,=—1(10):—E
3 3
Hor = Eor :LZS.SX 1073
n, 3x377
u;xuy =u,, -u,xup=-u, = Uz=-u

H, =-8.8cos (0wt —2z) u, mA/m

p=1="=""s,
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Electromagnetic Wave Propagation

r

3x 108
_ =05 x 10° rad/s.
NTEE /
26. (D) n, =n, , n, =7, [=* == =058
D)y =n, , My n“\/: V3 "
Me My _ 0580, -y | ogs
N, +m; 058, +m,

1=1+T1 =0.734,

Et

27. B)Ey, =K + E , E

E, =<E, =734
=7.34cos (ot —z) u, V/m

=TE, =-2.66

or

E,,., =10cos (ot —z) u, -2.66cos (of +z) u, V/m

28. (B) p, =, =p,

sin 0, = \/gsin 0, = sinb6, =, S sin 45°=0.333
g 45

=

0, =19.47°

29. (B) sin 0,, = \/; sin 0,,= /% (0.333) =0.47
€, .

=

0,, = sin ' 0.47 =28°

30. (A) Since both media are non magnetic

tan 0, = \/;: 26t _ o6
82 o

But cos 6, = cos 0p =

=

€

20 cos 58.2° = /2.6 cos 58.2°
up _lo

V2.6
0, =318°

8L (A)n, =n, , n, =n, |"r = e 0447y,

r=

e, b

N2 _ 038, t=1+T =0.62
Ny +My

E, =1E,=927cos (ot - 8y)u, V/m

32. (B) |’ =02,

r

=

' =+0.447

B o [Ha B B
no no 3 3
M~y €2 €1 _ \Hp Mo Mg — M
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= N = — — "
M2 it n, Hirz + n, b \/@ + “7;1 Mo )
\ € \ €n Mo VM

W, 170447

- TUEA 0382, 2.62
w, 1+0447
3
81:(”2} -0056, 179
8r2 p’rl

E, 50,20° o™

33.(A) T = = =
E. 150 3
F =n2 _nl, Tll =T]0 ,
N, +1My

1
1+
nzzno[“FJ:sw 3 |_692+ /176 Q

_ Jj20
1-T Ll_e J
3

- -1
F rlz _Tll — V8r2 Srl — 8r2 — }\’1
Ny +My No + Mo €4 41 o +1
V SrZ Srl 8r2
N -k _3-5 1
Ao +2, 345 4
The fraction of the incident energy that is reflected is
r?= 1 6.25%
16
1
1+—
1+
5. Ay s- LM T4 5
1-frj .1 3

36. (D) M, =n, ,m, =7, |Hr =T
g, €,
I
‘Er‘ 2 T]2+n1
no—:/]ai 1
= —— == = g =9
n, e 2
Je,
37. (C) At minimum (¢2+B“) —031,
=" =  ¢=0.2r
A
= -1 _3-1_1
s+1 3+1 2
I =05¢% =12 "To
n2+no
j0.2n
= n, =n{ %J:641+j502 O
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38. (A)n, =1, , my =n, [Pr =T
M =M, » M2 =M e, 345
Mo -1
T = nZ _nl — \/345 ° :_0'3
Ny +T|1 N, +
Mo
\3.45

GATE EC BY RK Kanodia Electromagnetics

3x10° _ 10°
Je,  1/4/3 t

43. (B) 0, =sin %2 —sin" |1 — .38
€. 81

The transmitted fraction is 1 -|I* =1-0.09 =091.

39. (C) This frequency gives the condition B,d

Where d =6 cm, B, = ou,&,
T
= o =
H2%2 =506
1
f = -6 -12
2 x 0.064/2 x 107 x 25 x 10

40. (B) At 50 MHz,

=T

=118 GHz

= =21x50x10%,/2x10°x25x 1072 =2.2
o Ha&s

B,d =2.22(0.06) =0.133

_ [4x10°
= [ = ]—"""—=632Q
L 6 101

N, = 6320

112:,“72:
€y

The input impedance at the first interface is

2x10°

295107 2030

632 + j283(0.134)

n, =, | Qe Jn, tan (B,d)
"7 n, + Jng tan (B,d)
=590 - j138
M~y _ 590 — 138 ~ 632
My +M; 590 — j138 + 632
14T
_1efrl 1012 oo
1-r| 1-012

=012£-1005°

2n
A
Ny, =260, m; =My =7,

41. (C) pd = tan ~ =1

A_m m_
8 4 4

Nin =M2 O +er12 tan (B,d) =260 M
M, + Jjn, tan (B,d) 260 + j377

~9243 - j92 O
r=le N 24327922377 95,137

N, +M, 243 -792 + 377

1+
ot 126 .

1-|r|~ 074

1 c

42. (A) ©=10% rad/s, p=— rad/m, v=——

Page
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3(283 + j632(0.134)j

i
p
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8.7

WAVEGUIDES

Statement for Q.1-3:

A 2 cm by 3 cm rectangular waveguide is filled
with a dielectric material with ¢, =6. The waveguide is
operating at 20 GHz with TM,, mode.

The cutoff frequency is
(A) 3.68 GHz

(C) 9.02 GHz

(B) 22.09 GHz
(D) 16.04 GHz

a The phase constant is
(A) 816 rad/m
(C) 1009 rad/m

(B) 412 rad/m
(D) 168 rad/m

a The phase velocity is
(A) 1.24 x 10° m/s
(C) 305 x 10°* m/s

(B) 154 x 10° m/s
(D) 7.48 x 10° m/s

ﬂ In an an-filled rectangular wave guide, the cutoff
frequency of a TE,, mode is 5 GHz where as that of TE
mode is 12 GHz. The dimensions of the guide is

(A) 3 cm by 1.25 cm (B) 1.25 cm by 3 cm

(C) 6 cm by 2.5 cm (D) 2.5 cm by 6 cm

ﬂ Consider a 150 m long air-filled hollow rectangular
waveguide with cutoff frequency 6.5 GHz. If a short
pulse of 7.2 GHz is introduced into the input end of the
guide, the time taken by the pulse to return the input

end is
(A) 920 ns (B) 460 ns
(C) 230 ns (D) 430 ns

Statement for Q.6-7:

In an air-filled rectangular waveguide the cutoff
frequencies for TM,, and TE,; modes are both equal to
12 GHz.

ﬂ The dominant mode is
(A) TM,,
(C) TE,,

(B) TM,,
(D) TE,,

At dominant mode the cutoff frequency is

(A) 11.4 GHz (B) 4 GHz

(C) 5 GHz (D) 8 GHz

g For an air-filled rectangular waveguide given that

E, =10sin [mj sin (?’Zyj cos (10"t —Bz) V/m
a

If the waveguide has cross-sectional dimension
a=6cm and b=3cm, then the intrinsic impedance of
this mode is

(A) 3732 Q (B) 378.9 Q

(C) 3751 Q (D) 380.0 @

Statement for Q.9-10:

In an air-filled waveguide, a TE mode operating at
6 GHz has

E, =15sin (%x) cos [ngj sin (ot —12z) V/m
a
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ﬂ The cutoff frequency is
(A) 4.189 GHz
(C) 8.438 GHz

(B) 5.973 GHz
(D) 7.946 GHz

The intrinsic impedance is
(A) 35.72 Q (B) 3978 Q
(C) 1989 O (D) 7144 O

Statement for Q.11-12.

Consider an air-filled rectangular wave guide with
a=2.286 cm and b=1016 cm. The y-component of the
TE mode is

E, =12sin (mj cos [3?) sin (10mx 10"°¢ —Bz) V/m
a

The propagation constant y is
(A) j4094.2 (B) j400.7
(C) j2733.3 (D) j276.4

The intrinsic impedance is
(A) 743 Q (B) 168 Q
(C) 986 O (D) 144 O

Statement for Q.13-14:

Consider a air-filled waveguide operating in the
TE,, mode at a frequency 20% higher than the cutoff

frequency.

The phase velocity is
(A) 1.66 x 10°* m/s
(C) 2.46 x 10° m/s

(B) 5.42 x 10° m/s
(D) 9.43x 10° m/s

The group velocity is

(A) 1.66 x 10° m/s (B) 4.42 x 10° m/s

(C) 2.46 x 10° m/s (D) 9.43x 10° m/s

A rectangular waveguide is filled with a
polyethylene (g, =2.25) and operates at 24 GHz. The
cutoff frequency of a certain mode is 16 GHz. The
intrinsic impedance of this mode is

(A) 2248 Q (B) 337.2 Q

(C) 4214 Q (D) 632.2

GATE EC BY RK Kanodia
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The cross section of a waveguide is shown in fig.
P8.7.16. It has dielectric discontinuity as shown in fig.
P8.7.16. If the guide operate at 8 GHz in the dominant

mode, the standing wave ratio is

2.5 cm
Hor 8 Moy 2208,
— z
Fig. P8.7.16
(A) -3.911 (B) 2.468
(C) 1.564 (D) 4.389

Statement for Q.17-19:

Consider the rectangular cavity as shown in fig.
P8.7.17-19.

a 0
Fig. P8.7.17-19

If a <b<c, the dominant mode is
(A) TE,,, B) TM ,,

(C) TE,, (D) TM,,,
If a >b>c, then the dominant mode is
(A) TE,,, (B) TM,,,

© TE101 (D) TM101
If a =c¢>b, then the dominant mode is
(A) TE,,, B) TM,,,

(C) TE,,, (D) TM,,

m The air filled cavity resonator has dimension a =3
cm, b=2 cm, ¢ =4 cm. The resonant frequency for the
TM,,, mode is

(A) 5 GHz (B) 6.4 GHz

(C) 16.2 GHz (D) 9 GHz
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frequency, the TM, mode propagates through the guide
without suffering any reflective loss at the dielectric

interface. This frequency is

gq=4 Incident wave g9=2.1 1cm
L.
Fig. P8.7.34
(A) 8.6 GHz (B) 12.8 GHz
(C) 4.3 GHz (D) 7.5 GHz

Statement for Q.35-36:

A 6 cm x 4 cm rectangular wave guide is filled with

dielectric of refractive index 1.25.

@ The range of frequencies over which single mode
operation will occur is
(A) 2.24 GHz <f < 3.33 GHz

(B) 2 GHz <f <3 GHz
(C) 4.48 GHz < f <7.70 GHz
(D) 4 GHz <f <6 GHz

m The range of frequencies, over which guide support
both TE,, and TE,, modes and no other, is
(A) 3.35 GHz < f < GHz

(B) 2.5 GHz < f < 3.6 GHz
(C) 3 GHz <f < 3.6 GHz
(D) 2.5 GHz <f < 4.02 GHz

Two identical rectangular waveguide are joined end
to end where a =2b. One guide is air filled and other is
filled with a lossless dielectric of ¢, . it is found that up
to a certain frequency single mode operation can be
For this
frequency range, the maximum allowable value of ¢, is
(A) 4 (B) 2

1 (D) 6

simultaneously ensured in both guide.

m A parallel-plate guide operates in the TEM mode
The
dielectric between the plates is teflon (e, =2.1). The

only over the frequency range 0 <jf <3 GHz.

maximum allowable plate separation b is
(A) 3.4 cm (B) 6.8 cm

(C) 4.3 cm (D) 8.6 cm
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SOLUTIONS
w56

s 2 2
_3x100 (lj +[1] _ 368 GHz
2,/6x1072 (2 3

£Y o £Y
OB, =p 1| L] =2 1L
n-ni-(2] -2 15

9 2
_2mx20x 106 |, (368 1000 0qm
3x 10 20

[y

N

= B,

9
. (), - O - 2Ex20x10°

= =1.24x10° m/s
B, 1009

4. (A) For TE,, mode f, =2L ,
a

v 3x 108

a:7:79:3cm
2f, 2x5x10

1%
For TE, mode fc:%,
8
_v o 3x100 ol
2f. 2x12x10°
8
5. (D) v=—rvuo—0-= 3> 10 _ =6975x 10° ms
(BT ()
f 72
=2 2X150 450
v 6975x 10

8 2
6.(C)12x109:% 0+[2j — b=375cm

s 2 2
12x10°= 2220 (L (1 b 132 em
2 Wa) (375x10

Since a <b, the dominant mode is TE,, .

v 3x 108

Vo 29X _4GHz
26 2x375x 10

7. (B) chl =

8. (C) E, #0, this must be TM,, mode (m =2, n=3)

s 2 2
f= 3210 m *@ ~15.81 GHz

" 2x1072 |\ 6
12
Fo® 107 1599 GHZ
2n  2mn
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2 2
=377 1= Le| —377 1—[15'81j ~37510
f 1592

9. B)m=2,n=18,=12, f=6 GHz

1_(?] - 12:2TE><6><109 1_(fcj

w
b= 3x 10° 6

v

= f =5973 GHz

10. (B) 1y, = -

11. By m =2, n=3,

¢ (mj (nj 3x 10° 2 Y ( 3 )
fL=—Jl—| +|—| = > +
2 a b 2x10 2.286 1016

=46.2 GHz
10
107t>< 10 -50 GHz
2
1. _ 2mx50x 10°
© 3x10°

=4007m™, y= ij = 74007

377
12. (C) Ny = -

RORat

13. (A v=¢, f=12f

B v _ 8x 10°
e
f 1.2f,
14. (A) v =v\/1—[f‘) =c\/1—[ /. J =166 x 10° m/s
€ f 12f.

=5.42 x 10° m/s

15. B)n = 0 37T _ 95133 0
15
o —\/ 1 \/25133 _-33720

16. (C) Since a > b, the dominant mode is TE,, .

8
In free space f, _¢ _3x10

= = 3 GHz
2a 2x005

GATE EC BY RK Kanodia
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n 1 31T _ 4067 @
0
f 8
In dielectric medium
8
f(: = ¢ = 3>< 10 = 2 GHZ
2a.e,  2x005,/2.25
_ Mo _ 37T 951330, N, _ 25133 959930
Je, 225 2y
aq
8
L i ' 259.23 - 406.7 __0.99
N, +m, 259.23 + 406.7
_1+1IT1_1+0.22 1564
1-1T1 1-0.22
v FmY ) » 2
17. (A) f=— | — | +| = | +| =
e (3 (2)
where for TM mode to z
m=1, 2, 3... ,
n=1, 2, 3... ,
p=0, 1, 2 ...
For TE mode to z
m=1, 2, 3...,
n=1 2, 3...
p=1, 2, 3... ,
if a<b<ec, then 1 >1 >1
a b c
The lowest TM mode is TM,,, with
e ()
L T I
2 \\a b
The lowest TE mode is TE,,, with
) ()
T N e
2 \\ b c
f.. >f., Hence the dominant mode is TE,,
18. (B) If a>b>c then » <1<l
a b ¢
The lowest TM mode is TM,,, with
e )
L I
2 \\a b
The lowest TE mode is TE,,, with
e )
L I e
2 \\a c
f.o >f, Hence the dominant mode is TM,,, .
Page
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19. (Q)fa=c>b, then =1l Mode ‘ TE,, ‘ TE,, ‘ TE,, ‘ TE,,
a ¢ b
A (cm) ‘ 14.4 ‘ 6.8 ‘ 6.15 ‘ 7.21

The lowest TM mode is TM,,, with

o 1y (1Y
epla) + ()

The lowest TE mode is TE,,, with
2 2
v 1 1
=— || =] +| =
=) ()
f,, <f,, Hence the dominant mode is TE,,.
v Irm 2 p 2
20. D) f==.| — | +|—| +| =
S1ORORG
3 2 2
L e
2x001\\3 2
21. (A) m=n=1, p=0,a=b=c, f. =2 Ghz,
2 2 2
fr:B (m] +[nj +(pj
2 \\\a b c

3x10° 2
a

a=10.6 cm

me 2x 3x 108

2bfe, 2x001s,

22. (A) f. = =10x10° = g =9

23. (A) For a propagating mode f >f,, ,

£o- mc ’ . me o e 2}‘77\/":
2b e, 2b.fe, c
2x30x10?%x001v25

m< 5 m <316

3x 10

The maximum allowed m is 3. The propagating mode
will be ™™, ,TE,, TM,, TE,, TM,, TE, and TEM
Thus total 7 modes.

mc

T
¢ 3x10°

f=%7 o015

Vg =C 1—[f°j =3x10° 1—(15) =2 x 10° m/s
"y " (20

c m2 n2 2
SRAPEES E T S .

a

24. B) f,, = f., =2f, =15 GHz

=20 GHz

A>2%, . Hence TE,, mode can be used.

26. (C) Let a =kb,

: > 15x10°
a a

1<k<2

8
Dominant mode is TE,, , f.., _15x10°
8
8 GHz >12f = 3x10512%15x100
a

= a>6cm

8
The next higher mode is TE,,, f., =¥ 7
3
3 GHz <0.8f,, = 3x10° <M

= b<4 cm, Thus (C) is correct option.

8
27. (O) f. _c 3100 59 6u,
2a 2x0065
8
v = ¢ _ 3x10 =47 x10° m/s

RORES

28. (B) For TE,, mode

9 =7
Rg:i: ﬂ: nx9x10 ><4;'c><10 00568
© o o, 11x10
2 2
2b
R|1+28( L 00568 1+ 2> 15 (3876
alf 2.4 9
" P 3876
bn. 1 —[fcj 15x 102 x 2338, /1 —(j
f 9
=0.022
-15 -15
29. (B) 24 = 19 SRR
we 2nx9Ix10"x2.6x 885x 10 1.3
5, 1 c 377
—%<<1l,hencev r — = —, N=~ =233.8
o Jue V26 Y
3x 108
= =3.876 GHz
f. 2x24x107%v2.6
oM 107 x 2338

=13x 10" Np/m

o, = =

(5] )

www.gatehelp.com



Waveguides

30. (D) Dominant mode is TE,, mode

f—L— 3x10°
‘ 2a 2x0072

9 -7
R - T, _ [mx3x10"x 477:>< 10 _1499%10> Q
) G, 5.8x10
For TE,, mode
2
R, 1+2b[ﬂ] L9010 (1, 2% 34208
alf 72 | 3
a, = =
’ 208
bn\/l —(];‘jj 377 x 0.034\/1 —(3)

=225x10" Np/m

=208 GHz

e"“’zz1 = z=i1n2=308m
2 o,
31. (B)

S ERCR T ORG|
) [ o

f.o =1.875 GHz
f.o =15 GHz,
fo =375GHz , f.,, =3 GHz,
f.s =404 GHz, f.,, =354 GHz,
fis0 =5.625 GHz , f.,; =45 GHz

If £, <f , then mode will be transmit. Hence six mode

f, =24 GHz

will be transmitted.

32. (C) For dominant mode (m =1, n=0)

2 2 s
r=< (mj +(”j _ 310 g5 gy
2\la) "\5) " 2x004

Since given frequency is below the cutoff frequency, 3

GHz will not be propagated and get attenuated

s CONCED

B =0, Since wave is attenuated,
2 2 2 9 2
oo [[Mmm) (o) _ b _[2nx3x10 _471
a c 004 3x10°

33. (B) ﬁzg (’Zj +[Z]

¢ _3x10°
2a 2x008

o = =1.875 GHz
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) T ) o) - (55™)

= j439

34. (B) The ray angle is such that the wave is interface

at Brewster’s angle 6, =tan™' % =359°.

The ray angle 6 =90°-359°=54.1°

c 3x 10"
fa 2b,/¢,, 2x1x2 z
_fa 75 =12.8 GHz

cos® cosh4l°

~ c ﬁ2 BZ
35. (A) ﬁ—z gﬂ’(a} +(b]

c 3x10°
a2)e, 2x125x006

fao = =2 GHz

c 3x10°
v2.)e, 2x125x004

chl = =3 GHz

2 GHz <f <3 GHz

3 2 2
3x10 [lj + (i} -36 GHz

36. C) fyy=—
fon 2x125x102 \\ 6

3 GHz <f < 3.6 GHz

2 2
37.(A) f=—S_ [T +”j,1 ide 1¢ =1
A) 1, 2\/5 (21)} (b n guide 1 ¢,

lowest cutoff frequency f,,, = ¢

2(2b)

Next lowest cutoff frequency f.,, ==

2b

’

In guide 2 lowest cutoff frequency f),, =

c

C
2/e,,(20)
- °
20 2\/50))

Next lowest cutoff frequency f.
For single mode f), <f </

c <f< c
2(2b) 2./e. (b)

= g <4

3x 108
38. (A) f<f., = PR L
f< f 2b  2xbx 421

3x10°
2x bxA21

= 3x10°< = b<34cm
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8.8

ANTENNAS

A Hertizian dipole at the origin in free space has
dl =10 cm and I =20cos (2rx 107¢) A. The |E| at the
distant point (100, 0, 0) is
(A) 0.252 V/m

(C) 0.04 V/m

(B) 0.126 V/m
(D) 0.08 V/m

Statement for Q.2-3:

A 25 A source operating at 300 MHz feeds a
Hertizian dipole of length 4 mm situated at the origin.
Consider the point P(10, 30°, 90°).

a The H at point P is
(A) j0.25 mA/m
(C) j0.5 mA/m

(B) 94.25 mA/m
(D) 188.5 mA/m

E The E at point P is
(A) jO.25 mV/m
(C) j94.25 mV/m

(B) j0.5 mV/m
(D) j188.5 mV/m

An antenna can be modeled as an electric dipole of
length 4 m at 3 MHz. If current is uniform over its
length, then radiation resistance of the antenna is

(A) 1.974 O (B) 1.263 O

(C) 2.186 O (D) 2.693 O

Statement for Q.5-6:

A antenna located on the surface of a flat earth
transmit an average power of 150 kW. Assume that all
the power is radiated uniformly over the surface of

hemisphere with the antenna at the center.

ﬂ The time-average poynting vector at 50 km is
(A) 6.36u, pW/m? (B) 4.78u, pW /m?
(C) 9.55u, yW /m? (D) 12.73u, uW /m?

ﬂ The maximum electric field at that location is
(A) 24 mV/m (B) 85 mV/m
(C) 109 mV/m (D) 12 mV/m

In free space, an antenna has a far-zone field given
by E= 110sin20 ¢ " "u, V/m. The radiated power is

(A) 0.23 W (B) 0.89 W
(C) 1.68 W (D) 1.23 W
ﬂ At the far field, an antenna produces
P,.=%cosbcosdu, W/m?, where 0<6<n and

0 <¢<3. The directive gain of the antenna is
(A) cos Bcos (B) 2sin 6 cos ¢
(C) 8cos Hsin ¢ (D) 8sin Bcos ¢

Statement for Q.9-10:

The radiation intensity of antennas has been

given. Determine the directivity of antenna.

Bl U@, ¢=sin®0, 0<0<n, 0<dp<2n

(A) 1.875 (B) 2.468

(C) 3.943 (D) 6.743

M) U, ) =4sin®0sin’¢, 0<0<m, O<d<n
(A) 15 (B) 12

©) 3 (D) 6

www.gatehelp.com



Antennas

The radiation intensity of a antenna is given by
U6, ¢) =8sin® Ocos® ¢, where 0 <0 <wand 0 < ¢ <. The
directive gain is

(A) 6sin”® 0 cos® ¢
(C) 3sin” ¢cos” O

(B) 3sin* 0 cos® ¢
(D) 6sin® ¢cos® @
Statement for Q.12-13:

At the far field, an antenna radiates a field

_0.4cos” 8 o

E kV,
¢ 4nr m
The total radiated power is
(A) 1.36 W (B) 2.14 W
(C) 0.844 W (D) 3.38 W

The directive gain at 0=m/3 is

(A) 0.3125 (B) 0.625
(C) 1.963 (D) 3.927

An antenna has directivity of 100 and operates at
150 MHz. The maximum effective aperture is

(A) 31.8 m” (B) 62.4 m”
(C) 26.4 m” (D) 13.2 m*

Two half wave dipole antenna are operated at 100
MHz and separated by 1 km. If 100 W is transmitted by
one, the power received by the other is (D =1.68)

(A) 12 pW (B) 10 mW
(C) 18 mW (D) 16 W

The electric field strength impressed on a half wave
dipole is 6 mV/m at 60 MHz. The maximum power

received by the antenna is (D =1.68)

(A) 159 nW (B) 230 nW
(C) 196 pW (D) 318 uW

The power transmitted by a synchronous orbit
satellite antenna is 480 W. The antenna has a gain of
40 dB at 15 GHz. The earth station is located at
distance of 24, 567 km. If the antenna of earth station
has a gain of 32 dB, the power received is

(A) 32 pW (B) 3.2 fW
(C) 10.2 pW (D) 1.3 fW

The directive gain of an antenna is 36 dB. If the
antenna radiates 15 kW at a distance of 60 km, the

time average power density at that distance is

(A) 9.42 pW/m? (B) 6.83 mW/m?
(C) 1.32 mW/m? (D) 10.46 mW/m?

GATE EC BY RK Kanodia

Chap 8.8

Two identical antenna separated by 12 m are
oriented for maximum directive gain. At a frequency of
5 GHz, the power received by one is 30 dB down from
the transmitted by the other. The gain of antenna is
(A) 22 dB (B) 16 dB

(C) 19 dB (D) 13 dB

Statement for Q.20-21:

An L-band pulse radar has common transmitting
and receiving antenna. The antenna having directive
gain of 36 dB operates at 1.5 GHz and transmits 200
kW. The object is 120 km from the radar and its
scattering cross section is 8 m?.

m The magnitude of the incident electric field
intensity of the object is

(A) 1.82 V/m
(C) 0.34 V/m

(B) 2.46 V/m
(D) 0.17 V/m

The magnitude of the scattered electric field at the
radar is

(A) 18 uW
(C) 17 mW

(B) 12 uW
(D) 126 mW

% A transmitting antenna with a 300 MHz carrier
frequency produces 2 kW of power. If both antennas has
unity power gain, the power received by another
antenna at a distance of 1 km is

(A) 11.8 mW (B) 18.4 mW
(C) 18.4 uW (D) 12.7 yW

A bistatic radar system shown in fig. P8.7.23 has
following parameters: f =5 GHz, G, = 34dB, G, =
22 dB. To obtain a return power of 8 pW the minimum

necessary radiated power is

Target ¢ = 2.4m?

Scattered wave

4 km
/_ Transmitting
Receiving | 3 km > antenna
antenna
Fig. P8.7.23
(A) 1.394 kW (B) 2.046 kW
(C) 1.038 kW (D) 3.46 kW

m The radiation resistance of an antenna is 63 Q and
loss resistance 7 Q. If antenna has power gain of 16,
then directivity is

(A) 48.26 dB
(C) 38.96 dB

(B) 12.5 dB
(D) 24.7 dB
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@ An antenna is desired to operate on a frequency of
40 MHz whose quality factor is 50. The bandwidth of so LUTIO N s

antenna is ]
(A) 5.03 MHz (B) 800 kHz 1. (B) p=2 :ﬂ _2z
(C) 127 kHz (D) None of the above ¢ 3x10° 30

At far field |E,| Bl g

m A thin dipole antenna is 2/15 long. If its loss 4w

resistance is 1.2 Q, the efficiency is n=120n=377, I, =20, dl =10 cm
(A) 41.1% (B) 59% At (100 cm, 0, 0), 6="
(C) 74.5% (D) 25.5% 0 20 01 ;
|E| === 22 2T 0126 V/m
Statement for Q.27-29: 4mx 100 30
An array comprises of two dipoles that are o 21x 300 x 10°
separated by the wavelength. The dipoles are fed by 2. (AP e 3% 10° =21

currents of the same magnitude and phase.
r=10m, 6=30°, $=90°

The array factor is At far field H =H, _HLBAL G g o
(A) 2cos (mcos 0 + 45°) (B) 2cos (nsin 0) ) mig
(C) 2cos (nsin 6 + 45°) (D) 2cos (mcos ) = H,= J(2-5)(i7:[)($)>< 107) e ?™ = j0.25 mA/m

@ The nulls of the pattern occur when 6 is
(A) 30°, 150° (B) 60°, 120°
(C) 45°, 135° (D) 0, 180°

3. (C) E=E,=nH, =377H, = j9425 mV/m

4. (B) .- 3x10
) f 3x10°

dl 4 1 1

=100

m The maximum of the pattern occur at

(A) 6=45°, 135° (B) 6=0, 90°, 180° — == =<

A 100 25 10
(C) 6=30°, 150° (D) 6=60°, 150° ) ,

R,, zsonz(dlj _ 807 _ 1963 0
m An array comprises two dipoles that are separated M 625

by half wavelength. If the dipoles are fed by currents,

ave ave

— _ 2
that are 180° out of phase with each other, then array 5. (O P _.[ Poe dS =Py, - 21r

factor is P 150 x 10°

P, =—1= 55 =955 uW /m?
(A) sin (£cos 0 + g) (B) cos (fcos 6+ g) 2nr® 2150 x 107)
(C) cos (Zcos 6 + %) (D) sin (Zcos 6 + £) P =955u, uW /m?
An antenna consists of 4 identical Hertizian dipoles (E_.)°

6- (B) Paue :% = Emax = \/znPave
n

z-direction. The spacing between the dipole is A/ 4 . The -~ E - \/2 x 377 x 955 x 10° = 85 mV/m

uniformly located along the z—axis and polarized in the

group pattern function is

(A) 4cos (%cos 0) cos (%cos ) B P - | EP
(B) 4cos (fcos 9) cos (Slcos 9) ) w0 2n
(C) 4cos (£cos 0) sin (Zcos 6) P = ” 100sin"20 sin 0 d6 d¢
(D) 4 cos (f cos 9) sin (g“ cos 9) 2n
100

= ——— | (2n)(2 sin O cos H)? sin O dO
2><12071:'([( ( )

_ 10 [sin® 0 cos® 00 =0.89 W
stesfesteskoteotokotokoksk 3 0
www.gatehelp.com
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41(12)

, = —.=79.48=19 dB
006 V10

20. (A) G, =36 dB =3981

o AP, G, |EP
‘¢ P, Yo4mwr? 2n
L g [@0mG.P,,

4nr®

(120 x 10%)?
=182 V/m

2
21. (B) |E,|= ,/'E'Z _IE o
4nr r Vdrn
_ 182 /7 _12 uW
120 x 10% V 4~n

¢ 3x10°
f 300 x 10°

_ \/ (60)(3981)(200 x 10%)

22. (D) A=

1

P = Gd,Gdt( ]P (1)(1)( 5 )zooo 127 uW
'II

2
23. (C) P, :%[x] oP..,

4n | 4nnr,
G, =34 dB =2512, G, =22 dB =1585

=3km, r, =/3” +4” =5 km

_3x10°
5x10°

=006 m, P. =8 pW

8x107" =

2
(2512)(1585) ( 006 ] 24P,
an 4n(3k)(5k)

= P, =1038 kW

rad

63
63+ 7

24. (B) Efficiency =

__ Gan 16 1778 125 dB
Efficiency 09

Wl _40x10°

25. (B) B =800 kHz

26. (C) Radiation resistance R, =80n’ (alll)

2
=80><T52><(1];5) =351Q

351
351 +12

Efficiency = =745 %

R + R,

GATE EC BY RK Kanodia

27. (D) pd =27“x=2n , 0=0

AF =2 cos [Bdcos26+ocj =2 cos (ncos 0)=2 cos (ncos 0)

28. (B) cos (ncos 0) =0

= ncosezif,i@
2 2
cosezi% = 0 =60°, 120°

=0

29. (B) Maxima occur when d(jF)
sin(ncosO) tsin® =0 = ©6=0,90°, 180°

30. (B)Bd—%g T, O=T

AF =2cos M =cos Ecos(1)+E
2 4 2

anf 29
31. (A (AF)y=——"~
sin(\zvj

=Bdcos 6+ o, N=4

sin4x 2sin2xcos2x
: = - =4cos xcos 2x
sin x sin x
Bd =22 T 0, Y ZT s
Fa) 2 4

AF =4cos [Zcos jSos (

cos 9) .

N3
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CHAPTER

9.1

LINEAR ALGEBRA

[ 0 1
MirA= -1 o
[ 2 -2

A0
2

3 } is a singular matrix, then A is

(B) -2
(D) -1

E If A and B are square matrices of order 4 x 4 such

that A =5B and ‘A‘ =a- ‘B‘ , then o is

(A5
(C) 625

(B) 25
(D) None of these

E If A and B are square matrices of the same order
such that AB = A and BA = A , then A and B are both

(A) Singular
(C) Involutory

I
ﬂ The matrix, A :{

(A) Idempotent
(C) Singular

(B) Idempotent
(D) None of these

-5 -8 0]
3 5 0]is
1 2 -1

(B) Involutory
(D) None of these

a Every diagonal element of a skew—symmetric matrix

is
A1
(C) Purely real

[
f The matrix, A =[

(A) Orthogonal
(C) Unitary

B)0
(D) None of these
{_E f Jis
NG

(B) Idempotent
(D) None of these

Every diagonal elements of a Hermitian matrix is
(A) Purely real B) o0

(C) Purely imaginary D)1

ﬂ Every diagonal element of a Skew—Hermitian matrix
is
(A) Purely real B)O0

(C) Purely imaginary D)1

ﬂ If A is Hermitian, then iA is
(A) Symmetric (B) Skew—symmetric

(C) Hermitian (D) Skew—Hermitian

If A is Skew—Hermitian, then iA is
(A) Symmetric (B) Skew—symmetric

(C) Hermitian (D) Skew—Hermitian.

[-1 -2 -2]
IfA= 2 1 -2, then adj. A is equal to
2 -2 1
A) A (B) ¢!
(C) 3A' (D) 3A

The inverse of the matrix {_; ﬂis

6 2] 5 3]
S5 ) ®, 1)
©) -5 2] (D) None of these

S
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[1 0 o] The system equationsx +y +z =6, x + 2y + 3z =10,
_ 1
Let A _{5 2 OJ’ then A™ is equal to x +2y + Az =12 is inconsistent, if A is
5012 (A) 3 (B) -3
{ 4 0 0—| [ 2 0 0—| ©) o (D) None of these.
@wilo 2 o ®ils 1 0
4 L -1 -1 QJ 2 [_ 1 2J P} The system of equations b5x+ 3y+7z=4,
1 0 0 3x+26y+2z=9, 7Tx+2y + 10z =5 has
©©) (—10 2 0—’ (D) None of these (A) a unique solution
{ -1 -1 ZJ (B) no solution
(C) an infinite number of solutions
( 2 -1 3 (D) none of these
If the rank of the matrix, A= 4 7 A|is 2, then
L 1 4 5J If A is an n—row square matrix of rank (n — 1), then
the value of A is (A)adjA =0 (B) adjA =0
(A) -13 (B) 13 (C)adjA =1, (D) None of these
©3 (D) None of these @ The system of equations x-4y+7z=14,

3x+8y-2z=13, Tx -8y +26z=5 has

(A) a unique solution

Let A and B be non-singular square matrices of the

same order. Consider the following statements.

() (AB)" =A"B’ (I) (AB)* =B'A! (B) no solution
(I1) adj(AB) =(adj.A)adj.B) (IV) p(AB) = p(A)p(B) (C) an infinite number of solution
%) ‘AB‘ _ ‘A‘ ) ‘B‘ (D) none of these
: ?
Which of the above statements are false ? BE] The eigen values of A :{3 } are
(A I, 11T & IV B IV&V 9 -
O I&II (D) All the above (A) +1 ® 1,1
{ 2 1 _1" (©) -1,-1 (D) None of these
The rank of the matrix A= 0 3 -2|is r8 -6 2]
L 2 4 _3J m The eigen values of A =| -6 7 —4 | are
(A) 3 (B) 2 2 -4 3
01 (D) None of these (A) 0, 3, -15 (B)0,-3,-15
(©)0,3,15 (D) 0,-3,15

The system of equations 3x-y+z=0,
15x -6y +52=0, Ax-2y+22z=0 has a non—zero BB If the eigen values of a square matrix be 1, -2 and 3,

solution, if A is then the eigen values of the matrix 2A are
(A) 6 (B) -6 (A)%,—l,g B)2,-4,6
(C) 2 (D) -2
©1,-2,3 (D) None of these.

I}  The system of equation x-2y+2z=0,
- Y q Y m If A is a non—singular matrix and the eigen values

2x -y + 32 =0, Ax + ¥y —z =0 has the trivial solution as of A are 2,3, -3 then the eigen values of A~ are

the only solution, if A is 11 -1
(A)2,3,-3 B =, -, =

(A) L#-1% (B) r=1% 2°3 3

C) =2 (D) None of these (C) Z‘A, 3A| - 3‘A‘ (D) None of these
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If-1,2, 3 are the eigen values of a square matrix A
then the eigen values of A? are

(A)-1,2,3 B)1,4,9

1,2 3 (D) None of these

@ If 2,-4 are the eigen values of a non-singular
matrix A and ‘A‘ =4, then the eigen values of adjA are
A L,-1 B 2,-1

) 2,-4 (D) 8,-16

m If 2 and 4 are the eigen values of A then the

eigenvalues of A” are

(A)L,1 (B) 2, 4
(C) 4, 16 (D) None of these

m If 1 and 3 are the eigenvalues of a square matrix A
then A? is equal to
(A) 13(A -1,)
(C) 12(A -1,)

(B) 13A -12I,
(D) None of these

If A is a square matrix of order 3 and |A|=2 then
A (adj A) is equal to

2 0 0] [L 0 0]
@l 2 o ®o 1 o0
o0 02 ooy
1 0]
@ cjo 1 0 (D) None of these
0 0 1]

8 2 3—’
The sum of the eigenvalues of A {4 5 91|is
0 5 |

2 5
equal to
(A) 18 (B) 15
(C) 10 (D) None of these

If 1, 2 and 5 are the eigen values of the matrix A
then |A| is equal to

(A) 8 (B) 10

© 9 (D) None of these

m If the product of matrices

A cos? 0 cos Osin 6 and
cos Osin 6 sin® 0

GATE EC BY RK Kanodia

Chap 9.1

cos ¢sin ¢—|

sin® ¢

[ cos®¢
Lcos osin ¢

is a null matrix, then 6 and ¢ differ by
(A) an odd multiple of ©

(B) an even multiple of n
(C) an odd multiple of £

(D) an even multiple Z

If A and B are two matrices such that A + B and AB
are both defined, then A and B are

(A) both null matrices

(B) both identity matrices

(C) both square matrices of the same order

(D) None of these

tan & 0

@IfA:{

0 - tan ;‘}

[cos o —sin % 1

then I-A)-| . J is equal to
sin o cos a
AI+A BI-A
(C)I+2A DI-2A
_[3

If A_b

-4 L
1J, then for every positive integer

n, A" is equal to

A) 1+2n 4n B) 1+2n —4n
n 1+2n n 1-2n
(©) [1-2n dn | (D) None of these
L n 1+2nJ

m IfA, :{ cos o st oz} then consider the following

—sin o cos a

statements :
I A, -AB =A[xB II. A, -Aﬁ =A(a+ﬁ)
1L (A,)" :|— cos" o sin” o |
L—sin" o cos”a
V. (A) =|— cos na sin na |
—sinno  €os no

Which of the above statements are true ?
(A) I and II B) I and IV

(C) II and III (D) II and IV
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Bf) If A is a 3-rowed square matrix such that A =3, Pl It A ZE 2} then AA” is
then adj(adj A) is equal to : -
A) 3A B) 9A 1 3 101
= ® (A)LJ (B)L2 }
(C) 27A (D) none of these - - 3
1

©) [2 } (D) Undefined
m If A is a 3-rowed square matrix, then ‘adj (adj A)‘ is 1 26
equal to
A) ‘ A‘G (B) ‘ A‘B m T3he 1matrlx, that has an 1nver55e 1;

A B
(© |A] D) AP &) L; 2} ® {2 J

6 2 8 2

oft ] ot

If A is a 3-rowed square matrix such that |A|=2, 9 3 4 1

then ‘adj(adj A?®)|is equal to

The skew symmetric matrix is

(A) 2* (B) 2°
(C) 2% (D) None of these [0 -2 5] 1 5 2]
@2 0 6 (B)631J
M IfA :Fx J and A™ :{ i (2)}, then the value 5 60 2 40
X X -
) [0 1 3] 0 3 3]
of x is 1 0 5 D) |2 2
A) 1 (B) 2 3 50 110
(©) % (D) None of these
1 0] '
. : m IfA :b 0 1J and B=|0 |, the product of A and B
12 M
If A 12 1J then A" is _
11 is
L (1] 1 0]
1 4 1 -2] (&) o] (B) o 1
A3 2 B) |-2 1J
2 5 1 2 1 10
L J C D
2 ol o[t
)3 (D) Undefined
L ] Matrix D is an orthogonal matrix D ={g I(ﬂ The

value of ‘B‘ is

2 —1—’
MIfAJ 1 0|andB=|' 2 7| then AB is e (B) L
5 4 ? 2
1 D)o
1 -8 -10 0 0 -10]
A)|-1 -2 5 B)-1 -2 -5 B If A, is a triangular matrix then detA is
9 22 15] 0 21 -15 i i
i A) [[(-Da, ®B) []a,
1 -8 -10 0 -8 -10] 1 g
©| 1 -2 -5 ™1 -2 -5 \ .
9 22 15 9 21 15 (©) 2.(-Da; ) 2 a;
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2
A=t O8] gon A e
Let sin tJ dt

[¢2 sint] 2t cost
@, (B){t , }
e’ sint e sint
0r s
(C){ oo t} (D) Undefined
e cost
A IfAcR,, ,detA =0, then

(A) A is non singular and the rows and columns of A
are linearly independent.

(B) A is non singular and the rows A are linearly
dependent.

(C) A is non singular and the A has one zero rows.

(D) A is singular.

stesfestest sk skosfolokskokok
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SOLUTIONS

1. (B) A is singular if ‘A‘ =0

[0 1 -2
= | -1 0 3 =0
2 -2 A
L ‘1 —2‘ ‘1 —2‘ ‘0 3‘_
= (1)|_2 k|+2|0 3|+0|_2 74_0

= A-4)+23)=0 = A-4+6=0 = A=-2

2. (C) If &k is a constant and A is a square matrix of
order n x n then ‘kA‘ :k”‘A‘.

A=5B = |A|=5B|=5B|= 6258

= a=625

3. (B) A is singular, if ‘A‘ =0,

A is Idempotent, if A> =A

A is Involutory, if A* =1

Now, A’ =AA =(AB)A=A(BA)=AB=A
and B> =BB =(BA)B =B(AB) =BA =B

= A?=A and B? =B,

Thus A & B both are Idempotent.

4. (B) Since, A2{25’» _i g}{z _i 8?‘

1 2 -1 1 2 -1
[1 0 0]
=0 1 0|=I, A*=I = A is involutory.
0 0 1

5. (B) Let A =[a,] be a skew—symmetric matrix, then

T _ —
A"=-A, = a;=-a;,

ifi=j then a¢;,=-a, = 2a,=0 = a,;=0

Thus diagonal elements are zero.

6. (C) A is orthogonal if AA” =1
A is unitary if AA? =1 , where A? is the conjugate
transpose of A ie., A?=(A)".

Here, : N N . N N :
awo BB BB O
v &% &

Thus A is unitary.
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7. (A) A square matrix A is said to be Hermitian if
A°=A.Soa,=a; . Ifi=j
an element is the element itself and a,, is purely real.

then a; =q, i.e. conjugate of

8. (C) A square matrix A is said to be Skew-Hermitian

if A2=—A. If Ais Skew—Hermitian then A9 =— A
= a;=-a;,
ifi=j thena,=-a;, = a,+a;=0

it is only possible when @, is purely imaginary.

9. (D) A is Hermitian then A? = A
Now, GA)? =i A9=—jA9=—jA, = (jA)"
Thus A is Skew—Hermitian.

=-(iA)

10. (C) A is Skew—Hermitian then A®=-A
Now, (iA)? =;A® =—(-A) =iA then iA is Hermitian.

then detA =[c,];

n xn n xn

11. (C) If A =[a, ]

Where c; is the cofactor of a,;
Also c; =(- DM,

obtained by leaving the row and the column

; » where M, is the minor of a;,

corresponding to a; and then take the determinant of

the remaining matrix.

1 -
Now, M, =minor of a;, ie. -1 =‘ 2 ‘ =-3
-2 1]
Similarly
12 -2 2 1L
| 1] 2 -2
-2 -2 -1 -2
M ' L 6: M _‘ ‘:3 .
T2 1 S O N
-1 -2 -2 2
M =' ' 6;M _' '=6 .
23 ‘ 2 _2| ’ 31 | 1 _ | 5
12 -2
M =' =6; M -3
32 ’ 2 _2 | 33 | 1’
Ch=(-D""M,, =3 C,=(-D">M,, =6 ;
:(_1)1+3 13 :_6, 021 :(_1)2+1 21 = 6,
Coy =(-D** My, =3; Cyy =(-D*? M,, =-6;
Cy =(-D)*' My, =6; Cpp =(-D™* My, =6 ;

033 :(_1)3+3 M33 =3
C, Cy, C13
detA={C,, C, C,
\fln Cs, Cyy J

(—3 -6 —6—|T [—1 ) —2T
6 3 6| =32 1 —2J —3A7

T
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12. (A) Since A™ _ L adjA

\A\
Now, Here ‘A‘ =
Also, ade{ } adJA:{_5 _2}
-3 -1
-1 _ir_5 _ —|
A= —1J_L3 1

13. (A) Since, A™ = adJA

A
1 0 0
A= 2 0/=4=0,
3 1 2

[ 4 10 —10T {4 0 01
adjA==| 0 2 -1 10 2 0
| o
1(4 0 01
A'==110 2 0

4[-1 -1 2J

14. (B) A matrix A, ,,, is said to be of rank r if

(i) it has at least one non—zero minor of order r, and
(i1) all other minors of order greater than r, if any; are
zero. The rank of A is denoted by p(A). Now, given that

p(A) =2 — minor of order greater than 2 i.e., 3 is zero.

2 -1 3|
Thus [A|-|4 7 %|-
o4 5

= 2(35-4)0)+1(20 -1 + 316 -7) =0,
= T70-81+20-A+27=0,
= 9A=117 = A1=13

15. (A) The correct statements are
(AB)" =B"A”, (AB)' =B'A,
adj (AB) =adj (B) adj(A)

Thus statements I, II, and IV are wrong.

16. (B) Since
A|=2(-9+8)+2(-2+3)=-2+2=0
= p(A)<3

2 1
Again, one minor of order 2 is ' ‘ =6=0

03

= p(A)=2
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- ‘3—7» 5 ‘:O

-4 5]
= B3-M)(-5-M+16=0= -15+2A*+21+16=0
= AM+2A+1=0 = (A+1)?*=0 = Ar=-1,-1

Thus eigen values are -1, -1

24. (C) Characteristic equation is |A - A1 =0
18- -6 2

= ‘—6 7-2 —4‘:0
2 -4 3-2

= A2 -18A% +451=0

— AMA-3)(A-15)=0 = £%=0,3,15

25. (B) If eigen values of A are A, A,, A, then the eigen

values of kA are k), k), , kL,. So the eigen values of 2A
are 2,—4 and 6

26. B) If &, , Xy yeeene , A are the eigen values of a

n

non-singular matrix A, then A™ has the eigen values

L1 . , L . Thus eigen values of A™! are L , 1 ,
Y 23

My :

-1

27. (B) If &, Ay, -..... , L, are the eigen values of a matrix
A, then A” has the eigen values A7, A3, ........ , A 2. So,

eigen values of A” are 1, 4, 9.

28. (B) If A,, Ay ,...., A, are the eigen values of A then

the eigen values adj A are H , H eeeeens ‘—;
Moy A

n

eigenvalues of adj A are % , _4—4 i.e. 2 and-1.

29. (B) Since, the eigenvalues of A and A” are square so

the eigenvalues of A” are 2 and 4.

30. (B) Since 1 and 3 are the eigenvalues of A so the
characteristic equation of A is

A-D(A-3)=0 = A*-41L+3=0

Also, by Cayley—-Hamilton theorem, every square
matrix satisfies its own characteristic equation so

A® —4A + 31, =0

= A’=4A-3I,

= A’=4A" -3A =4(4A-3D-3A

= A’=13A -12I,

GATE EC BY RK Kanodia
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31. (A) Since A(adj A) =|A[L,

[1 0 0] [2 0 0]
= A(@djA)=20 1 0|=0 2 O
0 0 1 0 0 2

32. (A) Since the sum of the eigenvalues of an n—square
matrix is equal to the trace of the matrix (i.e. sum of the
diagonal elements)

so, required sum =8 +5+5=18

33. (B) Since the product of the eigenvalues is equal to
the determinant of the matrix so ‘A‘ =1x2x5=10

34. (C)
_|cos B cos ¢cos (0 —¢) cos Osin pcos (0 —¢)
| cos osin 6cos (0 —¢) sin Osin $pcos (6 —¢)

null matrix when cos (6 —¢) =0

This happens when (0 — ¢) is an odd multiple of g

35. (C) Since A + B is defined, A and B are matrices of
the same type, say m x n. Also, AB is defined. So, the
number of columns in A must be equal to the number of
rows in Bi.e. n =m. Hence, A and B are square matrices

of the same order.

o 1-tan2 < 1_g
36. (A) Let tan — =¢, then,cos o = 2 _ .
2 1+tan?d E+1
2
o
. 2tan§ 9
and sin o = = .
1+tan? & 1+t
2
(I—A)-{C(.)SOL —s1noc}
sin o cos o
1 tang—| .
2‘ [cosa —sin o]
= X
—tan & 1 J Lsinoc cos o
[1-¢ -2t ]
1 tx|1+tz (1+1t%)
-t 1 2t 1-¢*
1+¢* 1+¢
r |—1 —tang—|
1 -t 2
= = =TI+ A)
. 1

Ltan « 1
2
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(3 -4]3 -4]| [6 -8]
b —1JL1 —1J_L2 —SJ
[1+2n -4n ]
| n 1—2nJ’

37.(B) A’ =

where n =2.

38. D) A A [ cosa sina cosp sinf]
) “ lz'_L—sinoc cos o ||-sinB cosP

[ cos(a+p)

—sin (o + )

sin (o +P) |

cos (o +P)

o+p

Also, it is easy to prove by induction that

[ cosnoa sin na |

(A)" =

—sin no.  cos no

39. (A) We know that adj(adjA)=|A]" " A.
Here n=3 and ‘A‘ =3.
So, adj(adj A) =3%? . A = 3A.

(n-1)?

40. (C) We have [adj (adj A)| =|A|

Putting n=3, we get jadj(adj A) =‘A‘4.

41. (C) Let B=adj(adj A®).
Then, B is also a 3x 3 matrix.
ladj (adj (adj A*)}| =|]adj B =B’ =B

:216

2
‘<3—1)2—| ‘A‘w

=[adj (adj AZ)\2 :UAZ
[ [a%-af]

[2x O] 1 0] [1 O]
2O a2l

f2x 0] [1 0]
“ 1o 2x7lo 1)

X X

So, 2x=1 = le.
2

43. (D) Inverse matrix is defined for square matrix only.

[2 -1]
44. (C) AB=| 1 OB _42 _ﬂ
3 4

[(2)D) + (D) (2)(=2) +(-1(4) (2)(-5) + (-1)(0) |
(D@D +0)3)  (D(=2) +(0)(4)  (D(=5) +(0)(0)
(3D + (3 (=3)(=2) +(4)(4) (=3)(-5) +(4)(0)

(-1 -8 -10

GATE EC BY RK Kanodia
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1 20 1 3]
45. (C) AATzL)’ ) 4}2 1
B 0 4

{ (D) +@2)(2) +(0)(0)  ()(3) +2)(-1) + (0)(4)}
(3)(D) + (=1)(2) +(4)(0) (3)(3) + (-1)(=1) +(4)(4)

5 1]

11 26

46. (B) if ‘A‘ is zero, A™' does not exist and the matrix A

is said to be singular. Only (B) satisfy this condition.

5 2
Al = =(5)(1) -(2)(2) =1
‘ ‘ b 1 (5)(1) -(2)(2)

47. (A) A skew symmetric matrix A, , is a matrix with

A" =—A. The matrix of (A) satisfy this condition.

[1]

48. (©) AB:F 1 0}[0 J{(1)(1>+(1)(0)+(0>(1)}:H
101 (DD +(©0)0) + (D] |2

49. (C) For orthogonal matrix
detM =1 And M =M7, therefore Hence D' =D”

DT=A C _pi- 1 [ 0 -B]
B 0 BC|-Cc A

This implies B=—— = B:l = B=+#1
-BC B

Hence B=1

50. (B) From linear algebra for A, , triangular matrix

detA = ﬁa The product of the diagonal entries of A
i=1

i’

(d(ﬁ) d(cost)—‘ . :

dA dt dt 2t -sint

51. (C) —= =

( )dt {d(et) d(sint)J Le” costJ
dt dt

52. (A) If detA #0, then A _ is non-singular, but if

n
A is non-singular, then no row can be expressed as a

nxn

linear combination of any other. Otherwise det A =0
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If f(x) =x® —6x® + 11x — 6 is on [1, 3], then the point
¢ <> 11, 3[ such that f’'(¢) =0 is given by

A 2+— B 2+ —
(A) c= N B) c= \/7
(C) c=2 J_rzl (D) None of these

Pl Let f(x) =sin2x,0 <x <Zand f'(c) =0 for ¢ < 10, Z[.

Then, ¢ is equal to

INp B
()4 ()3
(C)% (D) None

x

ﬂ Let f(x) =x(x + 3)e 2, -3<x<0. Let ¢ &> ]— 3,0 [ such
that f'(¢) =0. Then, the value of ¢ is
(A) 3 (B) -3

(C) -2 D) -=

P If Rolle’s theorem holds for f(x) = x° — 6x% + kx + 5 on

[1, 3] with ¢ =2 + Tg  the value of k is
(A) -3 (B) 3
©) 7 D) 11

a A point on the parabola y=(x-3)?>, where the
tangent is parallel to the chord joining A (3, 0) and B (4,

1) is
1
B
® (3. 1)

1 1
D
®(-3. ;)

A) (7, D

1
o[t

ﬂ A point on the curve y =+vx —2 on [2, 3], where the
tangent is parallel to the chord joining the end points of

the curve is

1 1
A B
@(% 3] ® (7. ;)

1 1
(C)[4 2) ™ [2 4)

Let f(x) = x(x —1)(x —2) be defined in [0, +] Then, the
value of ¢ of the mean value theorem is

(A) 0.16 (B) 0.20
(C) 0.24 (D) None

Bl Let f(x) =/x* — 4 be defined in [2, 4]. Then, the value

of ¢ of the mean value theorem is
A) /6 (B) V6
(©) V3 (D) 2+/3

ﬂ Let f(x)=¢" in [0, 1]. Then, the value of ¢ of the

mean-value theorem is
(A) 0.5
(C)log (e-1)

B) (e-1)
(D) None

At what point on the curve y =(cos x —1) in [0, 27[ ,

is the tangent parallel to x —axis ?

T
(A)[2,—1j
-3
((:)[8 2]

B) (m, -2)

(D) None of these
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log sin (x + &) when expanded in Taylor’s series, is Ifuetant| X+ then x ou iy ou equals
: f ox oy

equal to \/;Jr\/;
. 1

(A) log sin x+hcotx—§h2 cosec® x + ... (A) 2 cos 2u (B)isin2u
. 1

(B) logs1nx+hcotx+§h2 sec? X +... (C)itanu (D) 2 tan 2u

. 1
(C) log sin x — hcot x + — h® cosec® x +... s s )
2 G X+ Y+ xTy —xy

If u =tan 2 5 , then the value of
(D) None of these X—xy+y
xa—u + y@ is
sin x when expanded in powers of [x —;[j is Ox %
) _ ) @A) Lsin 24 (B) sin 2u
X —5 X —5 X —5 2
(A) 1+ + + +... (C) si D
2! 3! 4! sin u (D)o
- 2 - 2
[x _ZJ [x —2j If u :{yj + xw(yj, then the value of
x x
B)1- X + o
, O%u o*u , 0'u .
3 5 x 5+ 2xy Yy 5,18
[x_”j Ex_“j dx dx dy oy
2
©fx_F) 0 2/ L 2 A) 0 B) u
? > o ©) 2 (D)
u —u
(D) None of these 4
Ifz=e"siny, x=log,tand y=¢, then d—j is given
tan(z + xj when expanded in Taylor’s series, gives by the expression
(A)1+x+ a2+ 4 N (A) %(Sin y —2t%cos y) (B) %(Sin vy + 2t cos y)
3
e’ . e’ .
(B)1+2x +2x2 +%x3+... (C) 7(cos vy +2¢t%sin y) (D) 7(cos y —2¢%sin y)
x? x* 2 2
(C)1+§+z+.., MIfz:z(u,v), u=x"-2xy—-y°, v=a, then
) ’ 0z 0z 0z oz
A) (x+y) —=(x-y) — B)(x-y) —=(x+y) —
(D) None of these Y RTTTY Y YR TETY S
oz 0z 0z 0z
3 ©C)(x+y) —=(y-—x)— D) (y-x) —=(x+y) —
If u=e"*, then Ou is equal to Y ox Y oy Y ox Y oy
0x0yoz
(A) e™[1 + xyz + 3x2y?2?] If f(x, y) =0, y,2)=0, then
(B) ™ [1+ xy2 + 5y W@ 0o b de O G o _of de
(C) ™ [1+ 3xyz + x2y%2?] oy 0z oOx Oy dx Oy 0z oOx Ox dx
(D) €™ [1+ 3xyz + x°y*%2°] () o 09 d= _of 9% (D) None of these
dy 0z dx oOx Oy

68 If z = f(x + ay) + (x — ay), then
] f )+ o y PP If 2 =x%>+y® and x®+y®+ 3axy =5a’®, then at

0’z 5, 0%z D’z , 0%
(A)wza W (B)W: p x=a,y=a, %is equal to
(C)&:_i& (D)&:_Cﬁ& (&) 2a ®0
oy a® ox? ox® ay* (C) 2a? D) a®
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oy

2
then xa— +y

E If x=rcos6,y=rsin® where r and 6 are the mlfuzx"lyf( ] o o is equal to
Y 0x
functions of x, then dx is equal to
dt (A) nu (B) n(n -Du
0 0
(A) rcos Gd——rsm 9@ (B) cos Gd——rsm 6@ ©) (-1 D) (n-DH
dt dt dt dt Ox oy
dr . .dO dr de
(Crreos 0y, +sin0 (D) roos B ~sin 87 EF® Match the List-I with List-1I.
List-I
2 ’ r x® o’u o’u
= , — is equal to i) If u=—"2 then X—5 +y
dx oy x+y ox? Oox Oy
2 2
or or or or L1
A)r ( j +| = (B) 2r? ( ] — 2 2 2
{ Ox oy Ox oy Gi) If u ==~ y then x2 a—+2x ou +yza—L2L
ox* ox Oy oy
5 9 xt +y
1 |(or or
(C) = (j + [] (D) None of these Lot 2 2 2
rz{ ox oy (ifi) If w = 22 + y? then xza—L;-kay ou +y2a—L;
ox Ox Oy oy
0’0 0’0
m If x=rcos 0, y=rsin 0, then the value of$+6f (iv) If u:f(yj then xieral
s y x ox oy
(A)O (B) 1 List-II
or or 3 ou
C) — D) — 1 -—u (2) —
© Ox ® oy 16 Ox
1
30 4) - =
mlfu:x”‘y" then ® @ 4u
(A) du=mx""'y" + nx"y""  (B) du =mdx + ndy Correct match is—
(C) udu = mxdx + nydy (D) du_ m dx + nﬂ @ (I (1D av)
oo @ 1 2 3 4
2 (B) 2 1 4 3
If y® - 3ax® + x* =0, then the value of d 32/ is equal
to dx © 2 1 3 4
2 2 2,2 (D) 1 2 4 3
@ -3 ®) 2 .
9 g2yt 5 9 M If an error of 1% is made in measuring the major
a’x a’x
(C) - 7 (D) - 3 and minor axes of an ellipse, then the percentage error
in the area is approximately equal to
y (A) 1% (B) 2%
—tan! Y
m z =tan o then (C) 1% (D) 4%
d d d d
(A) dz = % (B) dz = %zzx Consider the Assertion (A) and Reason (R) given
y J y J below:
_xax - yay _xax —yay
(©) dz = x + 52 (D) dz %+ y? Assertion (A): If u = xyf( j then xg— + y%;t 2u
X

Reason (R): Given function u is homogeneous of
degree 2 in x and y.

2 2
mlfuzlogx ry , then x%-l—y%is equal to
x+y ox oy

@A) 0 B)1

Of these statements

(A) Both A and R are true and R is the correct
©C)u (D) eu explanation of A
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Page
536



Differential Calculus

(B) Both A and R are true and R is not a correct
explanation of A

(C) A is true but R is false
(D) A is false but R is true

If u=xlog xy, where x* + y* + 3xy =1, then % is
x
equal to

(A) (1 +1log xy) -

Z 4

(B) (1 +log xy) —i[ﬂ xj
2

(C) (1-log xy) —’yc[xQ h yj

(D) (1 -log xy) A .
x

@ If z= xyf[yj, then xa—z + ya—z is equal to
x ox oy

(A) z (B) 2z

(C) xz (D) yz

B f(x)=2x"-15x%+36x+1 is increasing in the
interval

(A)12,3]
(C)]-»,2[U]3,

(B) ] -0, 3 [

(D) None of these

f(x) =% is increasing in the interval
(x*+1)

©)1-1, ol

B)1-1,1[
(D) None of these

BB F(x) =x* —24° is decreasing in the interval
(A)] -0, -1[U10,1[ B)1-1,11(
(C)] -0, -1[Ul1l, o] (D) None of these

BB £(x) =«° + 3x + 6 is increasing for
(A) all positive real values of x
(B) all negative real values of x
(C) all non-zero real values of x

(D) None of these

If f(x)=kx®-9x”> +9x+ 3 is increasing in each
interval, then
(A) k<3
(C) k>3

B) k<3
D) k>3

GATE EC BY RK Kanodia
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If a <0, then f(x) =e™ + e is decreasing for
(A) x>0 (B) x<0
(C) x>1 (D) x<1

M f(x) =x%¢* is increasing in the interval
(A) ] —o0, 00 [ B)1-2,0[
(C) 12, o[ MD10,2T1

m The least value of a for which f(x) =x® + ax +1 is
increasing on ] 1, 2, [ is

(A) 2 (B) -2

1 D) -1

m The minimum distance from the point (4, 2) to the
parabola y® = 8x, is

(A) V2 (B) 242

(©) 2 (D) 3v2

m The co-ordinates of the point on the parabola
y=x"+Tx+2 which is closest to the straight line

y=3x -3, are
(A) (-2, -8) B) 2, -8)
(C) (=2, 0) (D) None of these

@ The shortest distance of the point (0, ¢), where

0 <c <5, from the parabola y = x? is

A) Jae+1 (B) L;”
)~ 4;_1 (D) None of these

The maximum value of (1) is
x

1

(A) e B)e*
©) (lj
e

m The minimum value of [xz + 250} is

(D) None of these

x
(A) 75 (B) 50
(C) 25 (D)o

m The maximum value of f(x) =(1 + cos x)sin x is

(A) 3 (B) 3V3
©) 4 (D) ?’f
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m The greatest value of

sin 2x
. b
sin| x + —
[++3)
on the interval [0, 2] is

1
A~
&%

©) 1 (D) —/2

fx) =

(B) V2

If y =alog x + bx” + x has its extremum values at
x=-1and x =2, then

(A)a:—%, b=2 B)a=2, b=-1

1

C)a=2, b=- 5 (D) None of these

m The co-ordinates of the point on the curve
4x* +5y* =20 that is farthest from the point (0, —2) are
A 5, 0) (B) 6, 0)

(C) (0, 2) (D) None of these

m For what value of x(O stg} the function

y = * _ has a maxima ?
(1+ tan x)
(A) tan x B)o0
(C) cot x (D) cos x
skskoskokskoskoskoskoskoskskesksk

GATE EC BY RK Kanodia
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SOLUTIONS

1. (B) A polynomial function is continuous as well as
differentiable. So, the given function is continuous and
differentiable.

f(1)=0 and f(3)=0. So, f(1)=f(3).

By Rolle’s theorem Ec such that f'(¢) =0.

Now, f'(x)=3x* -12x + 11

= f'(c)=3c® -12c+ 1L

Now, f'(c)=0 = 3¢ -12c¢+11=0

= c:(2i\/1§j.

2. (A) Since the sine function is continuous at each

x <> R, so f(x)=sin 2x is continuous in [O, ;}

Also, f'(x)=2cos2x, which clearly exists for all
x < [0, g[ .So, f(x) is differentiable in x < 10, g[.

Also, f(0)=f[;‘j=0. By Rolle’s theorem, there exists
c < 10, g[ such that f'(c¢) =0.

2cos2c=0 = 2c:g = c=—.
3. (C) Since a polynomial function as well as an
exponential function is continuous and the product of
two continuous functions is continuous, so f(x) is

continuous in [-3, 0].

X X X — a2
f(x)=Q2x+3)-e 2 —%e 2(x% + 3x)=e {QH(;JC}

which clearly exists for all x <> 1-3,01[.

f(x) is differentiable in ] -3, 0 [.

Also, f(-3)=f(0) =0.

By Rolle’s theorem ¢ <> ]-3, 0 [ such that f'(c) =0.

[c+6—c]

Now, f'(c)=0 = e’17 =0

2
c+6-c*=0ie. c?-c-6=0
= (c+2)(83-0)=0 = c¢=-2, ¢c=3.
Hence, c=-2«<1-3, 0.

4. D) f'(x)=3c*-12x + k
f(e0=0 = 3c®>-12c+k=0
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b b b 5 Ou s ou 1
— =1, f| = 1=0, f" = |=-1, xsec’u—+ysec’u—=—tanu
f[zj ’f(zj ’f@ o U Yy T2
fr Tl-o, £ Tloq, .. = x%+y%:lsinucosu :lsin2u
2 2 Ox oy 2 4
3 3 2, a2
13. (B) Let f(x) =tan x Then, 17. (A) Here tany=> 1Y * %Y ny _f (say)
Al vx|=fT]rarl 2 +L2.f'/£ +x73f,,,£+ oy
4 A 4 21 4 3! 4) " Which is homogeneous of degree 1
f'(x) =sec®, f"(x) =2sec’x tan x, Thus xa—f +y Zf f
X
f"(x) =2sec*x + 4sec’x tan® x etc. Y )
Now, As above question number 16 « Zf ya isin 2u
X
T T b T
il :1’ i ad :2’ s :4, ml Tt :16
) 52 i) )
TE 2 e 18. (A) Let v = {yj and w = x‘{’(y)
Thus tan| — + x |=1+2x+ — -4 +—-16 +... x x
4 2 6
Then u=v +w
=1+2x+2x° +%x3 .. Now v is homogeneous of degree zero and w is
homogeneous of degree one
ou » 0%V o*v v
. _ Wz = x°—+2x +y* —=0....(1)
14. (C) Here u=e = = =e" . yz o y ox Oy y P
2 2 2 2
ou =2e™ + yze™ - xz =€ (2 + xyz?) and x? g L: + 2xy ow +y 0 L;) =0....(2)
oxoy ox ox oy oy
Ou_ _ o w2 Adding (1) and (2), we get

(1+2xy2) +(z + xyz?) e - x

xdyoz ’ ’ ’ 20 w200 w3 e w =0

x® —— (v +w) +2x; v+w) +y—@W+w =
ox® y@x@y Y oy*

=e™*(1+ 3xyz + x°y°2?%)

= x2@+2x O'u + 2 Ou
15. (B) z = f(x + ay) + ¢x — ay) Ve Y 3

0

a—z:f’(x+ay)+¢'(x—ay) o

* 19. B) z=e"siny = a—:exsiny
X

62 " "

z 5 ="(x+ay) + §(x -ay)...(1) o2 de 1
dx”® And —=e*cosy, x=log,t = —==
oz oy dt t
a——af(eray) ad’ (x —ay) d

Y And y=£> = d—i =2t
622 ” U
W:Cﬁf (x +ay) + o’ (x —ay)...(2) dz _cz dx oz dy
9 9 dt ox dt oy dt
0z 5 072
Hence from (1) and (2), we get — =a” — 1 o
oy Ox :e"siny~;+excosy-2t:T(Siny+2t2cosy)
16. (B) u=tan”| 2~ 20. (C) Given that
ooy e
z=2z(u,v), u=x"-2xy —y*, v=a...(d)
= tanu:&:f(say) 0z Oz 8u oz v i)
Va +\y o ou 6x v ox’
Which is a homogeneous equation of degree 1/2 and Zj 22 gu + 22 ZU (i)
u v
By Euler’s theorem. x—f +y— of 1 Y Y Y
ox a 2 From (i),
xa(tanu)era(tanu):ltanu %:2x—2y, @:—2x—2y,@:0,@:0
ox oy 2 Ox oy ox oy
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Substituting these values in (ii) and (iii)
oz Oz 0z
—=—2x-2y) + —-0....(iv)
ox ou Y ov
and = _z (—2x-2y) + a—z~0....(v)
oy ou ov

From (iv) and (v), we get

0z oz
x+y)—=(y—-x)—
(x+y) P (y )8y

21. (C) Given that f(x, y) =0, &y,2)=0

These are implicit functions

of o
dy__& dz oy
dx of 7 dy 0%

oy oz

b oo
dy.dz_(‘ailf_@y\
oy 0z

of 0 dz _of 0%

’6y'62 dx ox ay

22. (B) Given that z =/« + y®

and x® + y® + 3axy =5a°...(1)
dz _ % Lz ﬂ....(ii)

dx  ox oy dx

from (i), = = 1 oz

and 3x® + 3y° &y + 3axd—y +3ayl=0
dx dx
2
L Ay ([ tay
dx v +ax
Substituting these value in (ii), we get

dz x % x® +ay
[t + -
dx \/x2+y2 \/xz+y2 Yy tax

(dzj __a , a a’ +aa _0
az - -2 =
dx (a,a) \/az +a2 \/a2 +a2 a” +a.a

23. (B) Given that x=rcos 0, y =r sin 0....(i)

— =4 == (1)
dt or dt 00 dt

From (i), ox =cos 0, ox =—rsin 6
or 06

Substituting these values in (ii), we get

dx dr . do
—=cos 00— —rsin 0-—
dt dt dt

1
S R . S
0x  2.x% + y? oy 2.4x*+y?

GATE EC BY RK Kanodia

24. (C)ri=x*+y> = ?=2xandg=2y

X y
o’r o*r o*r  or

anda—:z and —=2 = —+—=2+2+4

x? oy* - ox®  oy?

2 2
and [T 4| =4x% +4y® =4r®
ox dy

r oy 1 |(arY (orY

- 4L = _ +| —

o’ oyt r? ox oy
25. (A) x=r cos 0, y=rsin0

-~ tan0=2 = eztanl(yj
x x

T ()
ox 1+(y/x)*(x*) x*+y°
0%0 _ -2xy

axZ (x2 +y2)2

2 2 2
Similarly 87(3 _ 2%y d oo + 87(3 =0

oy Tt y?)? e y

26. (D) Given that u= x™y"

Taking logarithm of both sides, we get

log u=mlog x + nlog y

Differentiating with respect to x, we get
Tdu _ 1 Vdy du_ dv o dy

=m-=+n- , m-—+n-->
u dx x y dx u x y

27. (D) Given that f(x, y)=y® - 3ax® + x* =0
f,=-6ax+3x*, f,=3y*, f,=-6a+6x,
fiy=6y, £, =0

d*y [ 1) 2L f fy + F(£) ]

| (f,)’ |

:_{(Gx —6a(3y®)? =0 + 6y(3x* - 6ax)2}

(3y*)°

= —%(—ax‘q’ —ay® + 4a’x?)
2 3 3 2.2
=-—[-ala” +y°) + 4a”x"]

= _%[—a(f%axz) +4a’x*][ . x° + y° — 3ax® =0]
Yy

2a? x*
- 5

y

28. (A) Given that z = tan™ 2....()
X
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dz _% o dy
dx ox 0y dx

8]
-
+
N
& <
N~
[V
/.ﬁ\
RN‘%I
N~
I
®
[
+ |4
<
[

B (1) s
oy 2 {x) x2+y°
Y 1+[yj Y
x
Substituting these in (ii), we get
EZ 2_y2+ zx z.dl’deM
dx x*+y° x"+y° dx x“+y
2 2 2 2
29. B) u=log XY =X *Y _r (say)
xX+y xX+y

f is a homogeneous function of degree one

x@_ky@:f . xae +y5€ —e"
ox oy ox oy
u uau u
or xe" — + ye" — =e
x oy
or, x — + a—u_l
X oy

30. (C) Given that u = x"" yf@}

It is a homogeneous function of degree n

Euler’s theorem x% +y u =nu
ox oy

Differentiating partially w.r.t. x, we get
u  ou
+

o ox

o°u _ nou

dy ox  Ox
2 2

= xa—Z+y Ou :(n—l)%
ox oy Ox ox

2
3l. B)In (a) u = * Y Itisa homogeneous function of

xX+y
degree 2.
2 2
xa%+y Ou :(n_l)al:al (as in question 30)
ox ox oy ox Ox

vz 172
In (b) u="_—2

TR It is a homogeneous function of
xt+y

1 1) 1
degree | — — — |=—
2 4) 4
2 2
o“u 2y o'u
Ox Oy

1(1 3
=—|--1lu=-—u
4 (4 j 16

o’u
+y =" =nn-Du

GATE EC BY RK Kanodia
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1/2

In (c) u=x"?+y"* It is a homogeneous function of

1
degree —.
& 2
2 2 2
x* a—L2L+2xy ou +y? a—ngn(n—l)u
ox ox dy oy

1(1 1
=—|—-1lu=-—u
2(2 j 4

In (du=f (yj It is a homogeneous function of degree
x

Zero.

x Z—Z +y 2—; =0.u=0

Hence correct match is

a b c d
2 1 3

32. (B) Let 2a and 2b be the major and minor axes of the
ellipse

Area A =nab

= log A=log n+loga+logb

= Jdlog A) =d(log m) + d(log a) + d(log b)

0A oa 0b
> —=0+—+—
A a
L 100, 200, 200
A a b
But it is given that@&z:l, and %abzl
a
100

=T A=1+1=2
A

Thus percentage error in A =2%

33. (A) Given that u = xyf| (yj Since it is a homogeneous
x

function of degree 2.

By Euler’s theorem x u +y u =nu (where n =2)
Oox oy
Thus xa—u+ya—u:2u
ox oy

34. (A) Given that u = x log xy....(1)
x® +y® 4+ 3xy =1....(G1)

we know that ou_Cu 6—ud—y....(ii)
ox Ox Oydx
From (1) %zx-i-y+log xy =1+ log xy
ox xy
and u_ x 1 x==
ay xy
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From (ii), we get

2
37+ 3y D i g[x ® yq]o0 o Do rry
dx dx dx Yy +x

Substituting these in (A), we get

2
9% (11 1og xy) +x{{x2+y}
dx y Yy +x

35. (B) The given function is homogeneous of degree 2.

Euler’s theorem x g—z +y L2 = 2z
x

36. (C) f'(x) =6x> -30x + 36 =6(x —2)(x —3)
Clearly, f'(x) >0 when x <2 and also when x > 3.

f(x) is increasing in ] -0, 2 [ U ] 3, o [.

(x> +1)-2x>  1-a°
(x% + 1) (x® +1)?

Clearly, (x* + 1)*> >0 for all x.

So, f'(x)>0 = (1-x*>0

= 1-210+x>0

This happens when -1 <x <1.

37. (B) f'(x) =

So, f(x) is increasing in ] -1, 1 [.

38. (A) f'(x)=4x® —4x=4x(x —1)(x + D).
Clearly, f'(x) <0 when x <—1 and also when x > 1.

Sol. f(x) is decreasing in ] —oo, -1 [ U ] 1, o [.

39.(C) f'(x) =94° + 21x° >0 for all non-zero real values

of x.

40. (C) f'(x) =3kx® —18x +9 =3 [kx® — 6x + 3]
This is positive when £>0 and 36 —12k <0 or &> 3.

41. (A) f(x) =(e™ + e ™) =2 cosh ax.

f'(x) =2a sinh ax <0 When x >0 because a <0

42. (D) f'(x)=-x"e" +2xe " =e *x(2 — x).
Clearly, f'(x) >0 when x >0 and x <2.

43. (B) f'(x)=2x + a)

l<x<2 = 2<2x<4 = 2+a<2x+a<4+a
= Q2+a)<f(x)<(4+a)

For f(x) increasing, we have f'(x) >0.

2+a2>0or a>-2. So, least value of a is —-2.

44. (B) Let the point closest to (4, 2) be (2%, 4).

GATE EC BY RK Kanodia
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Now, D =/(2¢% - 4)* + (4t —2) is minimum when
E =(2t* —4)? + (4t —2)? is minimum.

Now, E =4t* —16¢ + 20

%:161,‘3—16:160—1)(152 i+ 1)

—=0 = t=1

dt
2 2

d f:48t2 . So, {dﬂ =48 >0.
¢ (t=1)

So, £ =1 is a point of minima.
Thus Minimum distance = (2 - 4)® + (4 —2)* =2+2.

45. (A) Let the required point be P(x,y). Then,

perpendicular distance of P(x, y) from y —3x + 3=0 is
y—3x+3 |¢*+7x+2-3x+3

10 V10
‘x2+4x+5‘ ‘(x+2)2+1‘ (x+92)?%+1
= = or p=——~ ——
410 V10 P ~10

dp _2(x+2) ddzp 2

, = an =
dx 10 dx®> 10

2
x=-2, Also,(d f} >0.
dx” ) _,

So

So, x =—2 is a point of minima.
When x =-2, we get y =(-2)* + 7x(-2) +2 =-8.
The required point is (-2, — 8).

46. (C) Let A (0, ¢) be the given point and P (x, y) be any
point on y = x7.

D =x*+(y-c)® is shortest when E =x> +(y —¢)? is
shortest.

Now,

E=x>+(y-¢c’=y+(y-c’=> E=y>+y-2cy+c’
dE d’E

— =2y +1-2¢ and
dy dy

=2>0.

o =

Thus E minimum, when y :(c —;j

iso, D= (o1 oo 1] .

orfet]

141
4 2

www.gatehelp.com

Page
543



Page
544

UNIT 9

47. (B) Let y =[1j then, y =x""
x

= %z—x’x(lﬂog x)
x
2
flzzx”‘ (1 +1log x)z—x”‘~l
X X
dy _

0 = 1+logx=0 = «x==
dx e

EIREOR

1. . . .
So, x == is a point of maxima. Maximum value =e"°.
e

48. (A) f’(x):2x—2520 and f”(x):(2 + 503 j
X x
fl(x)=0 = 2x—2520=0 = x=5.
x

f"(5)=6>0. So, x =5 is a point of minima.

Thus minimum value = [25 + ZEOJ =75.

49. (D) f'(x) =(2 cos x —1)(cos x + 1) and

f"(x) =—sin x(1 + 4 cos x).

f(x)=0 = cosxzé or cosx=-1 = x=n/3 or

X =T
3V3

(2

<0. So, x=m/3 is a point of maxima.

Maximum value =| sin ~ | 1+ cos =~ :@ .
3 3 4
50. (C) f(x) = 2SI xCOS X
sin x + cos x
V2
242 242
= = (say)’
(sec x + cosec x) z
where z =(sec x + cosec x).
az =sec x tan x —cosec x cot x = c'oszx (tan® x —1).
dx sin” x
@:0 = tanx=1 = x="1in |—O,E—|.
dx 4 L 2J

Sign of Z—Z changes from -ve to +ve when x passes
X

through the point n/4. So, z is minimum at x = /4 and
therefore, f(x) is maximum at x =n/4.

2.2

Maximum value = =1
[sec(n/4) + cosec (1/4)]
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51 () 2 % L opxr1
dx x
dx
[dy ]

dx |, )

= a+8b=-2..(31)

{dy} =0 = -a-2b+1=0 = a+2b=1..00)
(x=-1)

-0 = %+4b+1:0

Solving (i) and (ii) we get b :—% and a =2.

2 2

52. (C) The given curve is %+L:1 which is an

4
ellipse.
Let the required point be (\/5 cos ¢, 2sin ¢). Then,

D= \/(\/5 cos ¢—0)* +(2sin ¢p+2)* is maximum

when z =D? is maximum
z=5co0s” ¢+ 4 (1+sin ¢)?

Z—Z =-10 cos ¢sin ¢+ 8(1 + sin ¢p)cos ¢
dz .
= =0 = 2cosp(4-sind)=0
dé

= cos =0 = ¢=

2
Z—Zz—sin2¢+8005¢ = %:—2cos2¢—8sin¢
2
when ¢:E,dz<0.
2 d¢?

z is maximum when ¢=§. So, the required point is

(\/g cos E, sin ﬂj i.e. (0, 2).
2 2

53. (D) Let z -1t tanx _1 fanx
x x x
2

Then, %:—i2+sec2 x and d j :33+2sec2xtan X

dx x dx® «x
%=O = —i2+sec2 x=0 =  x=cos x.
dx x

2

d z2'—| =2cos® x + 2sec’x tan x >0.
de JX:COSx

Thus z has a minima and therefore y has a maxima at

X =CO0S X.

stttk sk sk skok
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INTEGRAL CALCULUS

.

A) %log(xz L)

X 1 dx is equal to

(C) tan' X

[\

B If F(a) =
to

A) (@ -a"+1

log a

©) (¢ +a"+1)

log a

d .fi is equal to
1+sin x
(A) —cot x + cosec x + ¢

(C) tan x —sec x + ¢

(B) log (x* + 1)

(D) 2tan' x

L, a>1and F(x)z.[anx+K is equal
a

(B) (@* -a”)

log a

D) (¢ +a" -1

log a

(B) cot x + cosec x + ¢

(D) tan x +sec x + ¢

ﬂ J- Bx+1) 3 dx is equal to

-2x +

(A) glog 2x*-2x+3)+ \/25 tanl[zjc/:lJ
(B) %log @x” —2x+3) + \/gtanl{zf/:lJ

4 2
(C) Zlog(2x® -2x + 3) + — tan "
3 % J5 (

5
5
x

2

_1J
J5

[\

(D) glog 2x* -2x+3) + \%tan’l( f/g_lJ

E Il+ 3ein? x is equal to

(A) L tan™ (tan x)
(C) L tan™ (2 tan x)

(B) 2 tan* (tan x)
(D) 2 tan ' (4 tan x)
J-ZSin x + 3cos x

- dx is equal to
3sin x + 4cos x

(A) % X+ %log(S sin x + 4 cos x)

18
B —x+—lo 3sin x + 4 cos x
( )25 25 g( )

18
C —x+—lo 3sin x + 4 cos x
( )25 %5 g( )

(D) None of these

I\/3+ 8x — 3x” dx is equal to

(A) 3x—4 3+ 8x—3x%— 25 sin'l(gx_4j

33 18 /3 5
B) 3* =% 37 8x - 322 +251f sin1(3x5_4j

3x -4 25 3x -4
(©) 3+8x—3x% — sin 1[ j
6+/3 18 /3 5

(D) None of these

ﬂ j—dx is equal to

w/2x2 +3x+4

4x+3 1 . 4x+ 3

(A) ——sin! (B) — sinh ™

\E 23 V2 V23

1 4x+3

(C) ——cosh™ (D) None of these

V2 V23
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@I 2x+ 3
(A) z\/mwsmh,1 2x+1
NE]
(B) \/m+2 sinh! 2x+1
NE]
(C) 2y/x* + x+ 1 +sinh! 2x +1

(D) 24/x® + x +1 —sinh ™! %

dx is equal to

)

J _dx is equal to
N
(A) Vx-x* +c¢

C)logRx-1)+c

B)sin'2x -1 +¢

D) tant 2x-1) + ¢

J. 1 dx is equal to
(x+1y1-2x -«
V2 1 V2
A 2 }171 B — h—l
(&) V2 cos (1+x ( )\ECOS 1+x
V2 1 V2
C) —/2 cosh™ D) - —=cosh*
(© ~/2 cos [1+x ) \/§COS 1+«
-I is equal to
sin x + cos x
(A) Llog tan(x + nj (B) 1 log tan(x + 7‘)
V2 4 V2 2 6
©) 1 log tan(x + nj (D) ilog tan(x + nj
V2 2 8 ) 4 4
dx .
I is equal to

sin(x —a)sin(x — b)

(A) sin(x — a) log sin(x — b)

(B) log sin(x _aj
x-b

sin(x — b)
1 sin(x —a)
D 1
D) sin(a — b) og{ sin(x — b)}
j xdx
et —

(A) log (e* -1)
(C)log(e™ -1

(C) sin(a - b) log{w}

is equal to
1 q

(B) log (1 -e*)
(D) log (1 —e)
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Engineering Mathematics

-_[— is equal to
1+x+x%+x
2
(A)1 log(x2+ b +tan™' x—l
2| x° + J
1 (x+1)? ,
(B)Z_log i1 +2tan lx}
1, (x+D? .
(C)E_log e —Ztanlx}

(D) None of these

-I sin x dx is equal to

1-sin x
(A) —x +secx+tan x + k

(C) —x +sec x —tan x

(B) —x +sec x + tan x

(D) —x —sec x —tan x

Iex{f(x) + f'(x)}dx is equal to

(A) e"f"(x)
(©) e" + f(x)

The value of Ie"(mmx
1+cos x

(A) e* tan% te

(C)e*tanx+c

i
Ix2+1

(A) x> +log (x> + D +c

dx is equal to

B)log(x*+1)-x*+¢
(C) %xz —%log(x2 +D+c
(D) %xz + %log(x2 +D+c

20.) jsin’1 xdx is equal to

(A) xsintx+41-x% +¢
(C) xsin'x+41+ 2% +¢

(B) e"f(x)
(D) None of these

deis

x
B) e cot= +
()eco2 c

(D) e“cotx+ ¢

(B) xsintx—41-x% +¢
(D) xsin™ x —4/1-x% +¢

sin x + cos x .
m J‘ dx is equal to

A1+sin2x

(A) sin x
(C) cos x

1
PP The value of J.‘Sx - 3dx is

(A) -1/2 0
(©) 1/2
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1/x
39. I J.(DC2 + v dydx is equal to
0 x

7 3
A) — B) 2>
( )60 ( )35
(©) % (D) None of these

P The value of [ [dy dx is
0 0

(A) glog(\/g + 1) (B) glog(ﬁ )

(©) glog (2 +1) (D) None of these

m If A is the region bounded by the parabolas y* = 4x
and x> =4y, then ” ydxdy is equal to
A

48 36
A) — B) —
()5 ()5

©) 35£ (D) None of these

m The area of the region bounded by the curves

x®> +y> =a® and x + y =a in the first quadrant is given

by
(A) j j dxdy (B) j j dxdy
0 a—x 0 0
©) j j dxdy (D) None of these

a-x 0

m The area bounded by the curves y =2x,y=—x,
x=1and x =4 is given by

(A) 25 ®) 3
2

47 101

C) — D) —/—
© % ®) 12

m The area bounded by the curves y* =9x, x —y +2 =0
is given by

1

A1l B) =
(A) ()2
3 5
C) = D) —
()2 ()4

m The area of the cardioid r =a (1 + cos 0) is given by

@2ff [ drdo @2 [ rdrdo

©2 [ty 2 [
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The area bounded by the curve r =6 cos 6 and the
lines 6 =0 and 6 :g is given by

2 2
NI B “| T 1
( )4(16 ] ( )16(6

2
(o) Jadl QLI |
( )16(16 J
The area of the lemniscate r> = a” cos 20 is given by

w4l [ Y2 Irdo ®2[[" Jeos2 0 rdo

(D) None of these

(© 4f" Lm rdrd® M) 2’ Lm rdrd®

m The area of the region bounded by the curve
y(x® +2)=3x and 4y = x* is given by

@ [ L/o dxdy ® [ L/o dydax

© [ jj | dydx o[ jy“ | dudy

The volume of the cylinder x* + y* =a® bounded

below by z =0 and bounded above by z = A is given by
(A) mah (B) na’h

©) %na% (D) None of these

50, I; I; .[: e ""*dxdydz is equal to
@) (e -1 (B) g(e )

(C) (e-1)? (D) None of these

m .[11 .[02 ,[:: (x+y+2)dydxdz is equal to

(A) 4
© o0

(B) -4
(D) None of these

stestestesteteotoiocioiokokokok
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SOLUTIONS 4. (A) Let I = I&dx

2x + 3
3 5
Let 3x+1=p(4x-2)+q = p=—, q = —
L (A) [~ —dx 4 2
* 7} 4x -2 +§I dx
Put x> +1=¢t = Zxdx:dt 2x* 2x+3 2x% -2x+ 3
=—log (2x" -2x+ 3) + —
x® +1 4 4_[ 1 9 \/g 2
—llogt—llog(x2+l) Ty ! 2
2 2
. 1
3 5 1 T 9
o =2log (2x> -2x + 3) + > tan" — 2
2. (A) F(x) = [a’dx+ K =%+ K 48 4(@} N
log a N9 N
2 2
- Fa="2 +K
log a
a a 5. C)Let [ =| ————
:l_azl—a (©) Le J‘+3s1nx
loga loga loga _Icoseczx dx __[ cosec’x dx
F(x) = at  1-a" 1 [a* —a® +1] cosec’x +3 < (1L+cot” x) + 3
loga loga loga )
Put cotx =t = —cosec” x dx =dt
I :,[ —alt2 1 cot! t_1 cot-! (cot xj
3.0 [——— 4+£ 2 2 2 2
1+s1nx
3 j dx :%tan’1 (2 tan x)
x X
sin? —+cos ~ |+ 2sin = cos —
( 2 2] 2 2 2sin x + 3cos x
. 6. (C) Let I =[=——""""""
sec? * 3sin x + 4 cos x
- dx _ 2 4
_I x £\ - )2 * Let (2sin x + 3cos x) = p(3cos x — 4 sin x)
cos — +sin — 1+tan = .
2 2 2 + q(3sin x + 4 cos x)
Put 1+tan§:t 95 25
y X B 2dt ~ I:i 3cos x —4sin x x+§ 3sinx+4cosxdx
= ¢ de—Zdt jidt_ +K 257 3sin x + 4cos x 25 7 3sin x + 4 cos x
9 -2 cos = :ilog(SSinx+4cosx)+§x
= - 4K :724_[{ 25
1+ tan > cos * +sin =~
2 5Y 4y
X X . x 7.(B)f 3+8x—3x2dx:\/§j S —lx-=|dx
—2cos — cos — —sin — 3 3
= 2x>< i 3+K [ ( )1
. . 4
cos = +sin = cos = —sin — 3 3 ) X —
2 2 =\/§1J[x—4j 51 _ x—4] +(5 sin”' 3 L
9 X .Xx x 2 3 3 3 3 5
—-2c08” — +2sin —cos — [ — J
_ 2 2 2\ K 3
X . . X
cos® = —sin® = :3x6—4 3+ 87-3 2+251\8/§Si 13x5—4
=_(1+cosx)+smx+k=tanx—secx—1+K
cos x
d 1 d
=tan x —secx + ¢ 8. (B)f—x =7J' x
x +| —=
CHE
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UNIT 9

3
1 . %"y 1 . 4x+3
=— sinh™’ =—— ginh™
V2 J23) 2 V23
4
9-(B)_[ 2x+ 3
Jei+x+1
J~ 2x +1 dx+J 2dx
Jai +x+1 Jai+x+1
J~ 2x +1 da +2J~ dx
\x +x+1 ( 12 \/52
x+ | 4| =2
2 2
/ x+1
2 1/2 -
:m_i_zsinh’l 2
1 s
2 2
2x+1
=22 +x+1+2sinh ' ===
NE)

dx

Put x =sin’0 = dx=2sin6cos 0d0

I- J- 2 sin 0 cos 0 :f2smecos(9

- do
sin Ocos 0

sin 6+/1 —sin? 6
T=[2d0=20+c=2sin"Vx +c

I=sin" 2x-1+c

11. (D) Let I =| ! dx
(x+Dy1-2x -«
Put x+1== = dx:—tlzdt
—idt

dx
sin x +cos x

12. (©) |

:1-.' dx

. T LT
Sin x€oS — + €oS X Sin —
4 4

GATE EC BY RK Kanodia Engineering Mathematics

:LJL

T‘j = \éjcosec(x + :de

sin[ X+

ot ] - )

dx

13. (D
3. ( )jsin(x—a)sin(x—b)

_ 1 ,f sin(a — b)dx
sin(a —b) * sin(x —a) sin(x — b)

1 sin[(x —b) —(x —a)]
=— [= . dx
sin(a —b) * sin(x —a) sin(x — b)
1
sin (a — b)

dx

XJ- sin(x — b) cos(x —a) —cos(x — b) sin(x — a)
sin(x —a) sin(x — b)

m j [cot(x —a) —cot(x — b)ldx

=———[log sin (x —a) —log sin (x — b)] dx
sin (a — b)

1 sin(x — a)
= log § —
sin (a - b) {sm(x —b)}

14. (D) Let I = [-&
-

Putl-e*=¢t =

I = % =logt = log(1—-¢e™)

e *dx=dt

dx

15 B Let I =4

dx
:j(1+ 0 (1+ 2
1 _ A . Bx+C
A+x0)1Q+x*) 1+x 1+x2
1=A1+ x*) + (Bx + O)(1 + x)
Comparing the coefficients of x? , x and constant terms,
A+B=0,B+C=0,C+A=1

Solving these equations, we get

A=t p--1 ¢l
2 2 2

1 1 1, x-1
== dx —= dx
2f1+x 2'[x2+1

1 1 1
=—log(l+x)—=log(x*+1)+=tan' x
2 & 2 & 2

2
1 rlog (x2+ L +2tan™ x~|
4 L x°+1 J
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sin x

16. (B) Let I =[—— " dx
—sin x
J.1 - smx)
1-sin x
1-sin x 1-sin® x
_Imdx—x:j(seczx+secxtanx)dx—x

Cos™ X

=tan x +sec x — x

17. (B) Let I = [e*{f(x) + f'(x)}dx
:jexf(x)dx+jexf’(x)dx

={f(x)e" —_[f’(x)e"dx} + fexf'(x) dx =f(x) e

18. (A) Let I = [e* [“Sl“] dx
1+cos x

1+2sin£cos£
2 2

L 2cos? X J
2

:lj.e"sec2 de+je" tan > dx
2 2 2

x

dx

:J'e

:1 ex~2tan£—_[ex-2tanﬁdx +J.e"tan£dx
2 2 2 2

x
:e’“tan§+c

x - x°
19.(© 1= J'x +1 :J'x2+1dx
(x* +1-1)
[T el [

1, 1 9
=—x"-=log(x*+1+c
2 2 8

20. (A) Let I :jsin’l x dx :_[sin’l x-1-dx

=gin™ x~x—j

#Qxdlx

V1 - x?

=xsin x - J.de
N

In second part put 1 - x* =¢°

xdx =—tdt =xsin! x+_[dt
=xsinx+t=xsin'x+41-2>+c

sin x + cos X
21. |

J1+sin2x

dx

GATE EC BY RK Kanodia

sin x + cos x
dx

J-\/(sinz x +cos? x) + 2 sin x cos x

sin x + cos x

- d
J.\/(cos x + cos x)? ’

sin x + cos x
=J'7dx:.[dx=x

sin x + cos x

35 5 1
22. (D) [[px -3 dx=—[px—3/dx+ [[px -3 dx
0 0 3/5

5 2 .
:(—5x2+3xj +(5x —SxJ
2 b 2 ys

( 9 9) F[5 ) (9 9)1
=l-——+—|+||=-3|-| —=—-=
10 5 LZ 10 SJ
9 1 9 13
10 2 10) 10
t et dx
23. (B
( )Ie +e™” -([ez"+1
. . ¢ dt o
Pute'=¢t = ealx:ah‘:.[t2 1:[tan1t]1

1
=tan'e—tan'1l=tan"'e 1

24. (D) jx(l - x)dx =j(x —x%)dx
0

25. (D) Put x> +x=t =

1
J~ 2x+1 da Idt —2(t1/2)2 _2\/*

Q2x+Ddx =

26. (A) _[ x* sin® xdx

Since, f(—x) =(—x)* sin® (—x) = —x* sin® «x

f(x) is odd function thus

™
Ix“ sin® x dx =0

)

N | =

52 ”
27. (A) Icosz xdx = .[
0

0

(cos2x +1) dx

www.gatehelp.com
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2 1 1
1(1 . (T T R
== Zsi =2 —“1-t-=1dt = |2 ——=t|dt
2(23m2x+xj0 ! s1n[2( ) 4] ‘([ sm[4 2 j
1 i .. (=n T
=2{2(smn s1n0)+(2 Oﬂ =—£2sm(2t—4)dt =-1
1r1(0 0) - 0+ELE 2I =0 = I=0
ZL zj 4
: 3 r(lj 1, 31. (C) Leu:Tf‘—’;)dx D)
Aliter 1. nj‘coszxdx=242:22:Z 5y o F(x) + f2a - x)
2 F( I= IM dx...(2)
2 ! f2a - x) + f(2)
2 .
Aliter 2. Use Walli’s Rule .f > x L m Adding (1) and (2), we get
2 2 4 2a
0 _.[f(x)+f(2a x) _ Il-dx:[x]§”=2a
f(x)+ fQa - x) 0
28. (B) Let I = [\Ja” -« dx ~ I-a
0

1-x2

32. (C) Let I = j €

-

Put x=asin® = dx=acos 0d0 when x=0, 0=0,

when x =a, g=" 0
2
e Put 1-x* =¢
I:J.\/a2—a2sin26 acos 6 do 1
0 = —(2x)dx=dt
2
2W/z , , 1 . 241 —x
=a jcos 0do =a”-—-— (By Walli’s Formula)
0 22 when x =0, t=1, when x=1,¢=0
0
:naz I:I—e‘dt:{et]f:{eo—el]:e—l
4 1
Aliter: T a® - x*dx 1
{ 33. (B) Let I =| dx
1 1 “ [ ma?] ma? o
2o a2 g2sint X = Ta | _ma
_[2x a” —x +2a sin al LOJF % J 1 r x_1-|1
:j- dx = i tan! 2 }
Nl A
29. (D) Let I = [log (tan x) dx ...(1) (x—j oy 9 2 |
0
T n 2 1 1 2
I-= logtan(—x]dx _ 4 a b L) 4 (o m
! 9 NE) tan 7 tan 3 NE) 6+6
2
T = [log (cot x)....(2) _ 21 _2m/3
0 338 9
Adding (1) and (2), we get
52 1 0 1
21 = [[log (tan x) + log (cot x)ldx 34. (B) Let I = j mdx: [—Fdx+ [%dx
0 x ox 0 X
72
:Ilog(tan x -cot x) dx _[ 1dx+j1 dx ={x]°, +[xT;
0 -1

T [0 —(-D]+[1-0]=
= [logldx=0 = I=0 [0 -(-D]+[1-0]=0
0

1007
35. (C) J. lsin xfdx = IOO_Hsm xidx

1
30. (D) Let I = [2sin (“t - “jdt (@)
! 2 4

[ ...sin x is periodic with period 7]
www.gatehelp.com
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= 1+ x2
= 100jsln xdx = 100(—COS x)g 40. (D) .1[ J' dydx :I; [y]bl 4 x2 dx
0 0 0
=100(—cos 7 + cos 0) =100(1 + 1) =200. j Ty
= + x“dx
U9 19 0
36. (C) Let I = ™ x si dx = d
(©) Let 1 = eos” xsin e e [ () d LT logto s T 0L
Where f(x) =cos™ xsin” x 1
==[v2 +1log (1 +~2
f(m—x) =cos™(m— x)sin" (1 — x) 2[\F+ o8 ( 2]

=(—cos x)"(sin x)"

=-—cos™ xsin” x, if m is odd 41. (A) Let I :_[;[ydxdy,

I-= Icos’" xsin® x dx =0, if m is odd Solving the given equations y® =4x and x* =4y , we get
0 x=0,x=4 . The region of integration A is given by
x 424x 4 y? 2V
37. (A) Let I = [ 2F(sin ») dx ....1) A= [ydydx =] {} dax
0 0 x2/4 0 2 x2/a
i i1 . o1 48
= [(x = Flsin (x - x)ldx [ A g =| 2 % | =28
0 52 10 160 |, 5
I = [(n—x)F(sin x)dx ....(2)
0 42, (A) The curves are
Adding (1) and (2), we get x®+y®=a’.. ()
21 = [ nF(sin x)dx x+y=a. ....(ii)
0

1% The curves (i) and (ii) intersect at A (a, 0) and B (0,a)
= Izggnz«“(smx)dx e

The required area A = _[ jdydx

x=0 y=a-x

'/2 x
38. (B) Let I =ji sec? X 42 tan 2 |dx
2 2 2

0 43. (D) The given equations of the curves are

y=2x ie., y> =4x..(i) y =—x....(ii)

72 72
1 9 X X
= | Ze'sec” = * Zdx=1+1 . .
£ 2 ¢ see 2 dx + ! ¢ tan 2 Yo AT If a figure is drawn then from fig. the required area is

4 2x 4 4
# A= [dydx = [[yP" =[[2Vx + x 1dx
Here, Ilzj%e" seczgdx !;[C Y '1[ Y !
’ 32 4 1) 101
1 1”17 x :—+8——+§ =—
=|=¢"-2tan — ——J.e"-Ztan—dx 3 3 6
2 2], 23 2
Py P " X 44, (B) The equations of the given curves are
=le"tan — -0 |- Ie" tan = dx ) ) .
0 2 y - =9x....(1) x—y+2=0..(>i)
=e” -1, , I, +I,=e" The curves (i) and (ii) intersect at
I =1+1, =e™ A(1, 3) and B(4, 6)
If a figure is drawn then from fig. the required area is
L 2 2 b |— 2 1 3—|J; 40k t 3Vx

39. (B) .([;[(x +y%) dy dx :'([Lx y+§y Jx dx A :.1[ jzdydx :‘1'.[3/]70+2 dx

I 1 ] 4 !
:IW rgat oo _ngde = [18Vx (x +2)1dx {29&/2 Ll —24

0 1 2 |

1

=2x7/2+2x#2—1x4} -3 —(16-8-8)—[2-1_2|-1

7 15 3 ], 35 2 2
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45. (A) The equation of the cardioid is Thus the equation volume is V = 4J.zdxdy
. A
r=a(l+cos0) (D) .
If a figure is drawn then from fig. the required area is —4 T jhdydx _ 4hj[y]0/“z ) dx = 4h,T a? — 2% dx
n a(l+ cos0) 0 0 0 0

Required area A =2 I I rdrd6
6=0

r=0

Let x=asin 6, = dx=acos6do,

w2
Volume V =4h f\/aZ —a’sin? 6-acos 6 do
46. (C) The equation of the given curve is 0

r=0cos 0....( 2
® =4ha® J'cos2 0do =4ha’ -E-E:nth.
The required area 2 2
2 9cos 0 1r/2|—1 —|OCOSO
A= jrdrde:frrzj de
0=0 r=0 0 2 o

50. (A) ’lfj['l[e“y” dxdydz
000

1% 1%
== jeZ cos?0do == _[62(1 + cos 20)d0
2 0 4 0

11 11
:J-J-[ex+y+2]%) dde :-.--‘-[e1+y+z _ey+2]dyd2
172 172 00 00
:—Iezd9+—jezcos26d6 Lo )
4 4 :J.[e*y”—ey”]odz
0
171 .,1"  1|( . sin 29 sin 2e ;
= —6 e 26 +z +z +z z
4137 |, "4 I = [le®= —e'**) (e — e")ldz
0
1] L
_%+4|: IOSIH 29 de:| =J.(e2+z _2e1+z +ez)dz :[e2+z _2el+z +€2]})
0 0
o1 o €05 20 " T c0s20) =(e” —2¢” +e) —(e* —2e + 1)
96 4 2 )y % 2 =e’ -3 +3e-1=(e-1°
TE3 1 -7 1 7(/2 1 zx+z
:96+4(4_0J_8£C0529d9 51. (C) j J. -[(x+y+z)dydxdz
-10x-z
© n 1(1 o 12l 9 ¥tz
= - = 2| Zsin20| =—|—-1 (x+y+2)
96 16 8(2 jo 16(16 J =[[]73 } dxdz
-10L x—y
1z N
47. (A) The curve is r* =a” cos 20 - jj (2x;2z)2 (2;) :ldxdz
If a figure is drawn then from fig. the required area is oL
/4 aycos 260 a Jcos 20 13 . ) 1 (x+2)3 x3 z
A—4 J‘ jrdrde _4” 2} do :2:[1 _([((x+z) -x )dx}dz :2:[1{ 3 3 Odz
r= 0 =
127" 2 21 27
zzjazcos 20 do=2q2 50201 _ 2 =5 [122) —2"—2ldz = [ 62"z =4
0 2 0 371 371 4 B
:4[1 _1J:0
48. (C) The equations of given curves are 4 4
y(x? +2) =3x....4) and 4y = «%....(ii)
The curve (i) and (ii) intersect at A (2, 1).
If a figure is drawn then from fig. the required area is R
2 3x/(x?+2)
The required area A = I J'dxdy
x=0 y:x2/4

49. (B) The equation of the cylinder is x* + y* =a?
The equation of surface CDE is z =h.

If a figure is drawn then from fig. the required area is
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Complex Variables

The integration of f(z) = x> + ixy from A(1, 1) to B(2,

GATE EC BY RK Kanodia

The value of f(3) is

Chap 9.5

4) along the straight line AB joining the two points is (A) 6 (B) 4i
A) %+ i1 (B) %—ill (C) —4i D) 0
© 25—3+i6 D) 253_i6 The value of f'(1-1i) is
(A) 7 (n+1i2) (B) 62 +im
22 (C) 2n (5 +1i13) D)o
.,'6714 dz =? where c is the circle of ‘z‘ =
(z +
Statement for 19-21:
(A) 47U, ,3 (B) 4TCL 3
9 Expand the given function in Taylor’s series.
4m o 8m o
© =5 e 19976 )— about the points z =0
A)1+2z+2°+2° B) -1-2(z-2>+2%.....
12. Ii dz =? where c is the circle ‘z‘ =15 & (ereve ® S )
Y 2(z -D(z -2) (C) -1+2(z-2%+2* (D) None of the above
(A)2+1i6n (B) 4+1i3n
B f(z2) = L about 2 =1
(C) 1+in (D) i3n 241 -

J. (z —2%)dz =? where c is the upper half of the circle

2t (B)[l—l( D+ G- }
-2 9 2
(A) — B 2
3 3 1 2
3 3 (© { (z-D+_s(z-D"..... }
C) = D 2
( )2 (D) 5

z =? where ¢ is the circle || =

7y (oS
-'[z—ld

(D) None of the above

f(z) =sin z about z :g

(A)i2 m (B) —i2n 1 ) 1(. =Y
‘ ' A) — 1+[z—)—(z—] — e
(C) i6 n? (D) -i6 2| 4) 217 4
15. I sin " dz =? where c is the circle |z[= (B) i_1 + [z —n) + 1(2 _nf e |
e -0 " ™" V2| 4) 210 4 J
(A i6r (B) iz R
(C) i4n D)0 V2 | 4) 21" 4 J

2 The value of — J. COZS lad

Yzt —

dz around a rectangle with

vertices at 2+i , -2+1i is

(D) None of the above

22 iy 2 +1/<1, then 2 is equal to

A1+ (n+ Dz + D

(A 6 (B) i2e
n=1
(C) 8 D)o »

®B) 1+ Z(n +D(z + 1"t
Statement for Q. 17-18: ";1
2 €)1+ nz+D"
f(z,) = J. Mdz , where c is the circle n=1
© (z-2)

x® + y® =4.

D) 1+ Y (n+ Dz +1)"

n=1
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Statement for Q. 23-25. m The Laurent’s series of f(z) :# is,
1 (z°+1)(z" +4)
E d the function —————— in Laurent’s
Xpan € func (z -1z -2) where ‘z‘ <1
series for the condition given in question. (A) l —15—62 + %zj ..........
m1<‘2‘<2 (B)1+lz +iz +§z ..........
1 92 3 2 4 16 64
(A) =+ S+ 5+ 1 3 15
2 2z (©) 5 223 + gz‘r’ ..........
(B) O S P DU R YU ¢ PR N
2 4 8 18 il 3,0 86
1 3 7 4
(C) G+ G+ —feeeeenens
_ 2z
(D) None of the above m The residue of the function 1 at its pole is
4 -4
P2 |z| > 2 (A) 3 ®) -
6 13 20 1 8 13
—+ =+ = =+ = -2 2
(A)z+zz+23+ ........ (B)Z+Zz+z3+ ...... (C)? (D)g
1 3 7 2 3 4
C) 5+ 5+ + D) 5 =5+ = 1
‘ ‘ ‘ m The residue of zcos — at z =0 is
z
2zl <1 1 -1
m ‘ ‘ (A) 5 (B) 2
(A) 1+ 3z ?72 +%z2 ..... 1 1
©) = D) —
1 3 7 , 15 3 3
B) Z+"z+—2+=-2°
2 8 16
2 3 7d2 =? where ¢ is [z|=15
(C)1 3 vELE L -Iz(l z)(z -2) H
4 4 8 16
A) -1 B)i
(D) None of the above (A) —i3n (B) i3
) 2 (D) -2
26.J§ 2 -1 <1, the Laurent’s series for ——— s 2 coss
2(z -1z -2) mj dz =? where cis |z -1/ =1
-1 (z-1° ciz_"j
(A) _(2—1)—T_T ............ 2
(B) _(2_1)71_(2_1)3_(2_1)5_ (A)6ﬂ (B)—6TC
21 51 T (C) i2n (D) None of the above
C)-z-D-(z-D*-(z-1D°—.......... )
D) —(z-D"'—(z-D-(z-D* (2 -1 — oo BEd [2%e"dz =? where c is 2| =
A) i B) -
The Laurent’s series of ( 21 3 for |z| <2 is ( ).z3n (B) —i3n
= o) " (D) None of the above
1 1 1 1, 3
(A) G+—+—+6z+_—2"+..........
z 2z 12 720
1 1 1 1 m _
B) &~ - — 4+ — —— 24 ... !
® 5, "1 720 I2+0059
1 1 1 27 21
oliti Lo e (A) —= B) -
© 12 632" T720° V2 NE
(D) None of the above (C) 2m/2 (D) —27v/3
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35. j dx =?

' (2* +a )(x + 5%

A) ;‘j_‘z ®) %

© " (D) n(a +b)
] 1c+ixx =7

(A) g (B) g

©) %’T o7

sfesfeste st sfe stttk skoskeskeotok ok

GATE EC BY RK Kanodia Chap 9.5
— 3 —
1. (C) Since, f(z) =u + iv == A L) ya=9. .0
x® +y°
RCID RGN
= U= yz v :273/2
x4+ y x‘+y
Cauchy Riemann equations are
ou ov ou _ ov
—=—and —=-——
ox oy 6y ox
ou dy Ov
By differentiation the value of —, —~, —, at(0,0)

ox’ oy ox 8y
we get % , so we apply first principle method.

At the origin,

oau .. uO+h, 0)-u0,0) .. A*/RH?
— = lim =lim —/——— =1
6x h—0 h h—0 h
3 2

ou_y w00+ -u0,0 _ . -K/K __
ov h—0 k E—0 k
w .. v0+h0) -0v0,00 .. h*h?
— =lim =lim —/——=1
ox h-o0 h h—0 h

3 2
ov —lim v(0, 0 + &), v(0,0) :limM _1
ay k—0 k k0 k
Thus, we see that wu_ @ and u = _

ox oy oy ox
Hence, Cauchy-Riemann equations are satisfied at
z = 0.
Again, f'(0) =lim 12 =1© f ©
3.3y, ¢
=1im|—(3c y)2+z(92c +y) 1’ ]
L (x* +y°) (x+ Ly)J

z—-0

Now let z — 0 along y = x, then
¥®) +i(x% + 5 . .
) =1i [(x®— )QH(;C +9°%) 1. L 2i ' 1+
L (x* + %) (x+Ly)J 20+1) 2

Again let z - 0 along y =0, then
IREET CRR! .
"(0) = lim 1+1
f x>0 |: ( 2) x:|
So we see that f'(0) is not unique. Hence f'(0) does not

exist.

2. (A) Since, f'(z) = ﬁ—11 A
Az—0 Az

Au + 1Av

or f'(z) = lim ———— (1)
2250 Ax + 1Ay

Now, the derivative f'(z) exits of the limit in equation
(1) is unique i.e. it does not depends on the path along
which Az — 0.
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Let Az — 0 along a path parallel to real axis

= Ay=0..Az-50 = Ax->0
Now equation (1)
f1(2) = lim S5V gipy AL iy A0
Ax—0 A0 Ax Ax—0 Ay
ou .0v
(2)=—+1— . (2)
! Oox Ox

Again, let Az -0 along a path parallel to imaginary
axis, then Ax -0 and Az >0 —> Ay >0

Thus from equation (1)

§(2) = lim 2Ty B gy AV O
\y —

1Ay -0 fAy o0 [AZ - 10y oy
filz) = Z0% v (3)
oy oy

Now, for existence of f'(z) R.H.S. of equation (2) and (3)
must be same i.e.,
ou .0v Ov .0u
— 4l =1
Ox ox oy oy
ou Ov ov —ou
—=—and —=——
ox oy ox oy
ou .0u Ov

- =+

flla) =—-i—= i
ox oy oy ox

3. (A) Given f(z) = x* + iy” since, f(z) =u + iv

Here u=x* and v =y

Now, u=x> = a—u:2x and a—u:O
ox oy
andv=y" = X _0 and @:Zy
ox oy
we know that f(z)= 2% ;& (D)
ox oy
v .0v
and f'(z)=—+1i—....(2)
! oy ox
Now, equation (1) gives f'(z) =2« (3)
and equation (2) gives f'(z) =2y (4)

Now, for existence of f'(z) at any point is necessary that
the value of f'(z) most be unique at that point, whatever
be the path of reaching at that point

From equation (3) and (4) 2x =2y

Hence, f'(z) exists for all points lie on the line x =y.

ou o’u
4. B) —=2(1-y) ; — =0 (D)
ox I o
2
W g9y; T4 l(2)
y ay
2 2
87121 a—g =0, Thus « is harmonic.
ox oy

GATE EC BY RK Kanodia
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Now let v be the conjugate of u then

dv=@dx+@dy =——dx+—dy
ox oy ox

(by Cauchy-Riemann equation)
= dv=2xdx+2(1-y)dy
On integrating v=x> - y*> +2y + C

5. (C) Given f(z)=u+iv (1)

= if(z)=-v+iu ....(2)
add equation (1) and (2)

= (A+Df(z)=(u-v)+i(u+v)

= F(z)=U+iV

where, F(z) =1+ )f(z); U=(u-v); V=u+v
Let F(z) be an analytic function.

Now, U =u —v =e"(cos y —sin y)

ou . . ou .. .
— =e"(cosy —siny) and — =e*(—sin y —cos y)
ox oy

Now, dV =~ gz + W qy (3
oy ox

=e"(sin y + cos y)dx + e"(cos y —sin y)dy

=d[e*(sin y + cos ¥)]

on integrating V =e*(sin y +cos y) + ¢,

F(z)=U +iV =e"(cos y —sin y) + ie"(sin y + cos y) + i¢
=e"(cos y +isiny) +ie"(cos y +isiny) + ic,
F(2)=(1+i)e™"™ +ic, =(1+1)e* + ic,

1+ Df(2) =1+ i)e’ +ic,

i (1-1) (i+1)
= fl@)=+——c¢ =€"+¢———"—=¢"+ c
! 1+ ' YA+ D(1-0) 2

= f(e)=e+1+i)

6. (C) u=sinh x cos y
ou

— =cosh xcos y=§x, y)
ox

and % =—sinh x sin y = y(x, y)

by Milne’s Method

f'(z)=dz,0) —iy(z,0) =coshz —i -0 =cosh z

On integrating f(z) =sinh z + constant

= f(z)=w=sinhz +ic

(As u does not contain any constant, the constant c is in

the function x and hence i.e. in w).

7.8 L 22y iz, y), =20 = glx, )
ox oy

by Milne’s Method f'(z) = g(z,0) + ih(z,0) =2z + 1 0 =2z
On integrating f(z) =2 + ¢

www.gatehelp.com



Complex Variables GATE EC BY RK Kanodia Chap 9.5
2 5 (x - d d 2
8. (D) @ —(JC +y2) (;Cz y)2y f!r(za)_ J‘ f(Z) il or -[ f(Z) f+1 _ll'f”( )
oy (x*+y%) 2m -z,) ‘(z-2,)
2 2
y—x —2xy . _ f(Z) W pon
=2 T 7AYo, Taking n =3, f (z,) (1)
(xZ + y2)2 g y) j
2 2y _ _ 2 _ .2 22d ZZd
@:(x + %) —(x y)2x:y x +2xy:h(x,y) Given f, 24:.[ ¢ 24
ox (x> + y%)? (x% + y%)? (z+1D" <[z-(-DI
By Milne’s Method Taking f(z) =e*, and 2z, = -1 in (1), we have
, . 1 (1 L1 e¥dz _m .,
f(z2)=g(z,0) +ih(z,0) = + L(—sz =—(1+1) - _[m =3 f"(=1)....(2)
On integrating Now, f(z)=e* = f"(z)=8e*
" _ -2
f(z)=(1+i)ji2dz+c=(1+i)1+c = f(-D=8e
z z equation (2) have
ou _2cos 2x (cosh 2 2x) -2 sin® 2 [ 8, 3)
(A) u cos 2x (cosh2y —cos 2x) —2 sin” 2x e+ 3
(cosh2y —cos 2x)° _ '
2008 2xcosh2y o If is the circle |z|=
" (cosh 2y —cos 2)° =4x, ¥) Since, f(z) is analytic within and on ‘z‘ =3
2z .
Ou _ 2sin2xsinh2y (% v) € dz4 :% -z
dy (cosh2y —cos 2x)? WAy Lz + 1 3
By Milne’s Method 12, (D) Since 1-92 1 . 1 3
f(2) =4(z,0) - iy(z,0) ' T2z -D(z-2) 22 z-1 20z-2)
2cos2z -2 . -2
= = j(0)=———— =—cosec’ 2z 1-22 _ 1 3
(1-cos 22)* 1-cos 2z J:mdz = L+ (D)

On integrating

f(z)=—jcoseczzdz +ic=cotz +ic

10. x=at+b, y=ct+d

On A,z=1+iand On B, z=2 + 41
Let z =1+ corresponds to ¢t =0
and z =2 + 41 corresponding to =1
then, t=0 = x=b,y=d

= b=1d=1
and t=1 = x=a+b y=c+d

= 2=a+1l,4=c+1= a=1c¢=3
ABis,y=3t+1= dx=dt;dy=3dt
[F(2)dz = [(x* + ixy)(dx + idy)

c

1
j[(t + 12 + (¢ + D3t + DI[de + 3i dt]

=0

[(#2 +2¢t+ 1) + (3% + 4¢ + DI(1 + 3i)d¢

Il
Sy -

3 1
=1+ 3i){t3+t2 + ¢+ it + 287 +t)} =—

0

@+11i
3

11. (D) We know by the derivative of an analytic

function that

Since, z =0 is the only singularity for I, = J'ldz and it
L 2

lies inside |z|=15, therefore by Cauchy’s integral

Formula
I, = [ X dz =2ni (2)
e z
{f( 2,)=— j flz) dz } [Here f(z) =1=f(z,) and z, =0]
2m z,

dz, the singular point z =1 lies

Similarly, for I, :I !
z—

c

inside |z| =15, therefore I, =2mi....(3)
For I, :.[

c

1 5 dz, the singular point z =2 lies outside
z—

the circle |z=15, so the function f(z) is analytic

everywhere in c i.e. ‘z‘ =15, hence by Cauchy’s integral

theorem

1
I,= j 5 d2=0..4)
using equations (2), (3), (4) in (1), we get
Iidz :1(2ni) +2m —§(0) =3m
© 2(z -1D(z -2) 2 2

13. (B) Given contour c is the circle |z|=
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= z=¢" = dz=ie"do

Now, for upper half of the circle, 0 <0 <r
I(z —-2%)dz = J'(eie —e*)ie"do
c 6=0

T 2i6 3i0 "

:iJ.(eZie—e&e)dG:i{e : € }
0 2 3,
1 2

. 1 2m 1 3nx
=7.-—|=. -1 -= -1 ==
[ 2 (e ) (e ):|

l

14. (B) Let f(z) =cos nz then f(z) is analytic within and

on [z| =3, now by Cauchy’s integral formula

f(z,) ZLJ& dz = J.f(z) dz =2mif(z,)
2m vz -2, . 872

V4

o

take f(z) =cos nz, z, =1, we have
cos mz

dz =2mf(1) =2nicos t =-2m

=3

sin nz?

B J-sin nz® sin nz”

o dz—j

=27if(2) —2mif (1) since, f(z) =sin nz”
= f(2)=sin4n=0 and f(1) =sinn=0

dz

z-1

1
16. (D) Let, I = — cos nz dz
2niJc.22—l
= 1 J. L1 cos nz dz
2-2m-\z-1 z+1

Or I _ 1 (cosnz _cosnzjdz

4\ z-1 z+1
2
17. (D) £(3) = | Lﬁ” dz , since z, =3 is the only
2
singular point of Sz +Tz+1 and it lies outside the
z—

22 +T7z+1 .
R N S T

circle x? + y* =4 ie.,
z-3

z|=2, therefore

analytic everywhere within c.

Hence by Cauchy’s theorem—

2
f(?’):_[3z +_7§+1

dz =0

18. (C) The point (1 -:) lies within circle |z[=2 ( ... the
distance of 1 —i i.e., (1, 1) from the origin is V2 which is

less than 2, the radius of the circle).

Let ((z) = 3z% + 7z + 1 then by Cauchy’s integral formula

GATE EC BY RK Kanodia

2
IM dz =2mid(z,)

z-z,
= f(z,) =2midz,)
and f"(z,) =2mi §'(z,)
since, §(z) =32 + 7z + 1

= ¢'(2)=6z+7 and ¢'(z) =6
f(1-i)=2m[6(1-i)+7]=2n(5+13i)

= f(z,)=2m(z,)

2—1:1_ 2
z+1 z+1
= f0)=-1, f(1)=0

= f2)=

19. (C) f(2) =

ﬁ = f0)=2;

f"(Z) — — fﬂ(o) — _47

-4
(z-1°

12
(z+1)*

f"(z) = £"(0) =12; and so on.

Now, Taylor series is given by
_ 2
f(2)=f(z,) +(z —2))f" (z,) + (ZTZ'O)[”'(ZO) +

(z-2z
3!

about z =0
2'2 23
f(2)=-1+2(2)+ a(—4) + a(12) + ..

=-1+2z-22%+22%...
fl2)=-1+2(z -2 +2%....)

20. (B) f(z) = 711 = fQ) =%

fi(z) = ﬁ £(1) = _Il

f'(z) = (zfil)g = :i

(@) =ﬁ = f() :-2 and so on.

Taylor series is

o2
(@) =f(z) +(z —2,)f"(zy) + (sz'o) 1"(zy)

)3
0 fm(zo) +

Engineering Mathematics

3
+wf"’(zo)+...

3!
about z =1
1 -1 (z-D?(1 (z -1)°
f(z)—2+(z—1)(4j+ T (4)+ 2 (
1 1 1 1
25_272(2_1)+§(2_1)2_27(2_1)3+....

or f(z):;{l—;(z —1)+2i2(z -1 —2—13(2 —1)3+....J
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: T .W 1
21. (A) f(z) =sinz = f(4j—sm4_\/§
(2) = (®)-_L
fl(z)=cosz = f[4j &

f'(z)=-sinz = f"(:) =—\/,7

1
"(z)=—-cosz = ”’[n] =——— and so on.
f f 1 N

Taylor series is given by
’ (Z _20)2 "
f(2)=f(z,) +(z —2z)f (z,) + a1 f'(zy)

+ (z _20)3 f

AR

about z = =~
4

f(z)=\é{l+(z —:)

22. (D) Let f(z) =27 1

22 [1-(1+2)P

(3] s3]
——lz-=| —=|z——| .
21 4 3! 4 J
N
f(2)=[1-(1+2)]"

Since, 1+z‘<1, so by expanding R.H.S. by binomial

theorem, we get
f(2)=1+21+2)+31+2)° +41+2)°+...

+(n+DA+2)" +...

or f(2) =22 =1+ (n+1(z+1)"

n=1

1 1 1
23. (B) Here f(z) = = - (1)
! (z-Dz-2) z-2 z-1
- 1 i
Since, |z[>1 = H<1and‘z‘<2 = E<1
z
-1
et
z— z(l—j z z
z
1[ 1 1 1 j
=—|1l+—+S+5+..
z z z" oz
_ -1 2 3
and 1 =—1 1-2 :—1|—1+E+Z—+2—+...1
z-2 2 2 ZL 2 4 9 J

equation (1) gives—

24.

z-1 =z

and
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© 2 =
]

z

—<l<1

-l 2

2 z

22

Laurent’s series is given by

f(2)

26.

BTN
V4

~
o2,
~
N
AN
=

(D) Since,

T+—+—+—
z oz

98

23

2 z-1

1

For ‘2—1‘<1 Letz-1=u

= z=u+1and‘u‘<1

1 1

1

1

2

1

1

=

3

-1
:1(1—1j :1(1+1+1+1+...]

-1
1 :1(1_2J :1(1+2+
z-2 =z z z z

1 1 1 1
o= T+ =+ 5+ +..
z z z° oz

(1 —;j +(1-2)"

1

z-Dz-2 2 z-1 2z-2

2w+l u

1

1 1
+

1

=—l-uw+u*-u?+...1-u?
2

Required Laurent’s series is

fR)=-z-D"'-z-1D)-(z-1’-(z-1°-...

27.

(B) Let f(z) =

1
z(e® - 1)

www.gatehelp.com

+...J+(1+z+zz+z3+...)

1

+

2z-D(z-2) 2z z-1 2z-2)

1 1
:71 -1 _ —1_71_ -1
2w_p gltw T W

—%(1+u+u2+u3+...)

-1
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Complex Variables

J Flexdz =i x 2 = i

34. (B) Let z=¢® = db= : 2<0<2n
z
andcosG:1[2+1j
2 z
, —idz
J‘ do :J' z : C"Z‘—l
2 +cos 0 1 1
0 c2+—|z+—
2 z
. dz
=2 ———
z_[22+4z+1
1
Let f(z) =————
/@) 2P +4z+1

f(2) has poles at z =—2 + /3, -2 —/3 out of these only

2 =-2 + /3 lies inside the circle ¢ | =

If(z)dz =27i(Residue at z = -2 + +/3)

Now, residue at z =-2 + V3

1
= i 2-3)f(z) = lim
z+1£;1 (Z+ )f(Z) z~kl2+«/7 (Z +2+\/7) 2\/5

1 J—
243

T
T de 9; fiA _2n
V3

[ f(z)dz =27 x

—=-2i
02 +cos 6 \/5

35. (C) I =| 2"

' (27 +a®)(2® + b%) dz :'[f(Z)dZ

where ¢ is be semi circle r with segment on real axis
from —-R to R.

The poles are z=+1ia, z=+ib. Here only z =ia and
z =1b lie within the contour ¢

jf(z)dz =2

(sum of residues at z =ia and z =ib)

Residue at z =ia,
2

=lim (z — ia) z a 3
zia (z —ia)(z —ia)(z® + b%) 2L(a -b%)
Residue at z =ib
2
_11m(z—zb) - .Z : Rl ;b 2
zib (z —ta)(z +ia)(z +ib)(z —1b) 2i(a” - b°)

jf(z)dz - j f(2)dz + Tf(z)dz

2m
—_— b
21(2 )(a )= a+b
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ie**iRe™d0
(R2e2ie + a2)(R2e2ie + b2)

Now j f(2)dz =f
r 0

Now when R — o, Ib(z)dz =0

© 2

I 2 zx 2 5 dz = :
J(x* +a®)(x® +b%) a+b

36.

= j f(z)dz

¢ is the contour containing semi circle r of radius R and
segment from —R to R.

For poles of f(z), 1+2°=0

= 2 :(_1)7r/6 :ei(2n+1)7r/6

where n=0, 1, 2, 3,4, 5, 6

Only poles z = _€+ ! , 1, \/§2+ ! lie in the contour
Residue at z = 3 +i
2
B 1
(2, —2,)(z; —23)(2; —2)(2; —25)(2; —2)
1 _1- J3i

T 8i1+3i)  12i

Residue at z =i is i
61

1++/3i . 1 1443

Residue at z = is
12i T8i1-43i)  12i

jf(z)dz = [ fe)dz + Tf(z)dz
r “R

@(1 \/§i+1+ﬁi+2i):2§n

or j f(2)dz + j f(z)dz =2"...(1)
iedo
iRe®d0 | RS
F e

where R — o, _[f(z)dz -0

skekskskeseokokok
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CHAPTER

9.6

PROBABILITY AND STATISTICS

In a frequency distribution, the mid value of a class is

15 and the class interval is 4. The lower limit of the

class is
(A) 14 (B) 13
(C) 12 (D) 10

a The mid value of a class interval is 42. If the class
size is 10, then the upper and lower limits of the class
are

(A) 47 and 37
(C) 37.5 and 47.5

(B) 37 and 47
(D) 47.5 and 37.5

E The following marks were obtained by the students
in a test: 81, 72, 90, 90, 86, 85, 92, 70, 71, 83, 89, 95,
85,79, 62. The range of the marks is
(A)9 (B) 17

(C) 27 (D) 33

ﬂ The width of each of nine classes in a frequency
distribution is 2.5 and the lower class boundary of the
lowest class is 10.6. The upper class boundary of the
highest class is
(A) 35.6

(C) 30.6

(B) 33.1
(D) 28.1

E In a monthly test, the marks obtained in
mathematics by 16 students of a class are as follows:
0, 0, 2, 2, 3, 3, 3, 4, 5, 5, 5, 5, 6, 6, 7, 8
The arithmetic mean of the marks obtained is
(B) 4
(D) 6

A) 3
C) 5

ﬂ A distribution consists of three components with
frequencies 45, 40 and 15 having their means 2, 2.5 and
2 respectively. The mean of the combined distribution is

(A) 2.1 (B) 2.2
(C) 2.3 (D) 2.4

Consider the table given below

Marks Number of Students
0-10 12
10 — 20 18
20 — 30 27
30 —40 20
40 - 50 17
50 — 60 6

The arithmetic mean of the marks given above, is
(A) 18 (B) 28

(C) 27 D) 6
a The following is the data of wages per day: 5, 4, 7, 5,

8,8,8 5,7,9,5,7,9, 10, 8 The mode of the data is

(A) 5 B) 7
(C) 8 (D) 10

a The mode of the given distribution is

Weight (in kg) ‘ 40 ‘ 43 ‘ 46 ‘ 49 ‘ 52 ‘ 55

NumberofChildren‘ 5 ‘ 8 ‘ 16‘ 9 ‘ 7 ‘ B

(A) 55
(C) 40

(B) 46
(D) None

www.gatehelp.com



Probability and Statistics

If the geometric mean of x, 16, 50, be 20, then the
value of x is

(A) 4 (B) 10
(C) 20 (D) 40

If the arithmetic mean of two numbers is 10 and
their geometric mean is 8, the numbers are

(A) 12, 18 (B) 16, 4
(C) 15, 5 (D) 20, 5

The median of
0, 2, 2, 2, -3, 5, -1, 5, 5, -3, 6, 6, 5, 61is

A0 (B) -1.5
© 2 (D) 8.5

Consider the following table

Diameter of heart (in mm) Number of persons
120 5
121 9
122 14
123 8
124 5
125 9

The median of the above frequency distribution is
(A) 122 mm (B) 123 mm

(C) 122.5 mm (D) 122.75 mm

The mode of the following frequency distribution, is

Class interval Frequency

3-6 2
6-9 5
9-12 21
12-15 23
15-18 10
18-21 12
21-24 3

(A) 11.5 (B) 11.8

(C) 12 (D) 12.4

The mean-deviation of the data 3, 5, 6, 7, 8, 10,
11, 14 is

(A) 4 (B) 3.25

(C) 2.75 (D) 2.4

GATE EC BY RK Kanodia
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The mean deviation of the following distribution is

x ‘ 10 ‘ 11 ‘ 12 ‘ 13 ‘ 14
f ‘ 3 ‘ 12 ‘ 18 ‘ 12 ‘ 3
A) 12 (B) 0.75
(C) 1.25 (D) 26

The standard deviation for the data 7, 9, 11, 13,
15 is

(A) 24
(C) 2.7

(B) 2.5
(D) 2.8

The standard deviation of 6, 8, 10, 12, 14 is
A1 (B) 0
(C) 2.83 (D) 2.73

The probability that an event A occurs in one trial of
an experiment is 0.4. Three independent trials of
experiment are performed. The probability that A
occurs at least once is

(A) 0.936
(C) 0.964

(B) 0.784
(D) None

m Eight coins are tossed simultaneously. The
probability of getting at least 6 heads is

(A) & (B) 555

(OF (D) 22

256

A can solve 90% of the problems given in a book and
B can solve 70%. What is the probability that at least
one of them will solve a problem, selected at random
from the book?
(A) 0.16

(C) 0.97

(B) 0.63
(D) 0.20

% A speaks truth in 75% and B in 80% of the cases. In
what percentage of cases are they likely to contradict
each other narrating the same incident ?

(A) 5% (B) 45%

(C) 35% (D) 15%

@ The odds against a husband who is 45 years old,
living till he is 70 are 7:5 and the odds against his wife
who is 36, living till she is 61 are 5:3. The probability
that at least one of them will be alive 25 years hence, is
A & B) =

OF - (D) None
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Page
575



UNIT 9

m The probability that a man who is x years old will
die in a year is p. Then amongst n  persons
A LA,,...,A, each x years old now, the probability
that A, will die in one year is

@ L (B)1-(1-p)"
n

© Ln-a-p
n

1
D) =1-0-p"]

n
% A bag contains 4 white and 2 black balls. Another
bag contains 3 white and 5 black balls. If one ball is
drawn from each bag, the probability that both are

white is
1 1
A) — B) =
( )24 ( )4
) 2 (D) None
24

m A bag contains 5 white and 4 red balls. Another bag
contains 4 white and 2 red balls. If one ball is drawn

from each bag, the probability that one is white and one

is red, is
13 5
A) — B) —
( )27 ( )27
(C) i (D) None
27

An anti-aircraft gun can take a maximum of 4 shots
at an enemy plane moving away from it. The
probabilities of hitting the plane at the first, second,
third and fourth shot are 0.4, 0.3, 0.2 and 0.1
respectively. The probability that the gun hits the plane
is

(A) 0.76
(C) 0.6976

(B) 0.4096
(D) None of these

PXY If the probabilities that A and B will die within a
year are p and q respectively, then the probability that

only one of them will be alive at the end of the year is
(A) pq B) p(1-q)
(©) g(1-p) (D) p+1-2pq

@ In a binomial distribution, the mean is 4 and

variance is 3. Then, its mode is
(A) 5 (B) 6
(C) 4 (D) None

GATE EC BY RK Kanodia
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m If 3 is the mean and (3/2) is the standard deviation

of a binomial distribution, then the distribution is

3 1 12 1 3 12
&) (4 * J ®) [2 * 2j

4 1Y 1 4y
©) [5 + 5] (D) (5 + 5j

m The sum and product of the mean and variance of a
binomial distribution are 24 and 18 respectively. Then,

the distribution is

1 1 12 1 3 16
@[5+5) ®(5+5)

1 5 24 1 1 32
©(§+¢) ) (5+3)

m A die is thrown 100 times. Getting an even number
is considered a success. The variance of the number of
successes is

(A) 50
(C) 10

(B) 25
(D) None

E A die is thrown thrice. Getting 1 or 6 is taken as a

success. The mean of the number of successes is

3 2
A) — B) =
( )2 ( )3
01 (D) None

m If the sum of mean and variance of a binomial

distribution is 4.8 for five trials, the distribution is

1 4y 1 2Y
&) [5 * 5J ®) [3 * :J

2 3Y

m A variable has Poission distribution with mean m.
The probability that the variable takes any of the

values 0 or 2 is

2
(A) em(1 +m+ ’;J

(D) None of these

(B) e"(1+ m)™¥?

2
(C) e¥*(1+ m?)™2 (D) e’"(l + ’”’J

2!
m If X is a DPoission variate such that
P(2) =9P(4) + 90P(6), then the mean of X is
A £1 (B) £2

(C)+3 (D) None
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When the correlation coefficient r =+ 1, then the
two regression lines

(A) are perpendicular to each other
(B) coincide

(C) are parallel to each other

(D) do not exist

@ If r =0, then

(A) there is a perfect correlation between x and y
(B) x and y are not correlated.

(C) there is a positive correlation between x and y

(D) there is a negative correlation between x and y

If sx, =15, Xy, =36, x5y, =110 and n =5, then
cov (x, y) is equal to

(A) 0.6 (B) 0.5

(C) 0.4 (D) 0.225

If cov (x, y) =-16.5, var (x) = 2.89 and var (y) = 100,
then the coefficient of correlation r is equal to

(A) 0.36 (B) -0.64
(C) 0.97 (D) -0.97

The ranks obtained by 10 students in Mathematics

and Physics in a class test are as follows

Rank in Maths Rank in Chem.
1 3
2 10
3 5
4 1
5 2
6 9
7 4
8 8
9 7
10 6

The coefficient of correlation between their ranks is

(A) 0.15 (B) 0.224

(C) 0.625 (D) None

B3 If 5x, =24, Yy, =44, 3xy =306, Yx’ =164,

Y y? =574 and n =4, then the regression coefficient b,,
is equal to

(A) 21 (B) 1.6

(C) 1.225 (D) 1.75

GATE EC BY RK Kanodia
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If Sx, =30, Yy, =42, Yxy =199, Y x> =184,
Y y? =318 and n =6, then the regression coefficient b,
is

(A) -0.36
(C) 0.26

(B) -0.46
(D) None

Let r be the correlation coefficient between x and y

and b, , b, be the regression coefficients of y on x and

x on y respectively then

(A r=b,+b,

© r=Jb,xb,

Which one of the following is a true statement.
A) 5, +b,)=r (B) 5(b,, +b,,) <r
©) (b, +b,)>r (D) None of these

(B)r=b,xb,

D) r =%(bxy 1)

m If b, =1.6 and b, = 0.4 and 0 is the angle between
two regression lines, then tan 6 is equal to

(A) 0.18 (B) 0.24
(C) 0.16 (D) 0.3

The equations of the two lines of regression are :

4x+3y+7=0 and 3x+4y=8=0. The correlation
coefficient between x and y is

(A) 1.25 (B) 0.25

(C) -0.75 (D) 0.92

If cov(X,Y) =10, var (X)=625 and var(Y)=231.36,
then p(X,Y) is

(A) 2 (B) £

(OF- (D) 0.256

If Yx=Yy=15,
n=5, then b =7

Yaxt=Yy?=49, Yxy =44 and

A -1 (B) -2
©) -1 (D) -1
Al If S x =125 Yy=100, ¥x?=1650, ¥y* =1500,

> xy =50 and n =25, then the line of regression of x on
y is

(A) 22x +9y =146
(C)22x -9y =146

(B) 22x -9y =74
(D) 22x+9y =74
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SOLUTION

1. (B) Let the lower limit be x. Then, upper limit is
x+(x+4)
2

x+ 4. 15 = «x=13.

2. (A) Let the lower limit be x. Then, upper limit x + 10.

x+(x+10)
2

Lower limit =37 and upper limit =47.

42 = x=37.

GATE EC BY RK Kanodia
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AM. =A + w :(25 + 300] =28.
>f 100

8. (C) Since 8 occurs most often, mode =8.

9. (B) Clearly, 46 occurs most often. So, mode =46.

10. B) (xx16x50)* =20 =

x:(zoxzoxzo}m

x x 16 x 50 =(20)°

16 x 50

11. (B) Let the numbers be a and b Then,

3. (D) Range = Difference between the largest value b
—(95 - 62) = 33. 2210 = (a+b)=20 and
Jab=8 = ab=64

4. (B) Upper class boundary =10.6 + (25 x 9) =331.

a-b=+(a+b)®-4ab=+44 —256 =144 =12.

5. (B .
(B) Solving a + 5=20 and a-b=12 we get a =16 and
Marks Frequency [ fx1 b=4
0 2 0
9 9 4 12. (D) Observations in ascending order are
5 . o -3,-3,-1, 0,2,2,2,5,5,5 56, 6,6
. ) . Number of observations is 14, which is even.
. 1 1
5 4 20 Median :E [7 the term +8 the term] :5(2 +5)=35.
6 2 12
7 1 , 13. (A) The given Table may be presented as
Diameter of heart Number of Cumulative
8 1 8 (in mm) persons frequency
2f=16 Af xx) =64 120 5 5
AM. :L’; X%) _ % -4, — . 14
4 122 14 28
123 8 36
6. (B) Mean :45><2+40><2.5+15><2 :@:22
100 100 194 5 41
7. (B) 125 9 50
Mid Frequenc | Deviation H -50. So. *_95 d "i1-96.
Class value x vf d=x-A e ere n ® 2 an 2 i
0-10 5 12 -20 -240 Medium = % (25th term +26 th term) = 122 +122 =122.
10-20 15 18 -10 -180
[ ... Both lie in that column whose c.f. is 28]
20-30 | 25=A 27 0 0
30-40 35 20 10 200 14. (B) Maximum frequency is 23. So, modal class is
40-50 | 45 17 20 320 19-15.
5060 55 6 30 180 L =12, L,=15, f=23, f, =21 and f, =10.
*f =100 Z(f xd)=390 Thus Mode =L, + -/ 1" (1, -1,
2f -fi -1
www.gatehelp.com
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(23-21)

=124 02
(46 —21-10)

(156 -12) =124.

15. (C) Mean =(3+5+6+7+8+10+11+14]=8.

8
58=[3-8|+[5-8|+[8 — 8 +[10 - 8| +[11- 8 +[14 - §
=22

5 _ 22
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Thus Mean deviation = — ="—"=275.
n 8
16. (B)
x f fxx o= ‘x—M‘ fxd
10 3 30 2 6
11 12 132 1 12
12 18 216 0 0
13 12 156 1 12
14 3 42 2 6
3f =48 fx =576 >fd =36
Thus M = 576 =12.
So, Mean deviation = 2fs = 36 =0.75
n 48

7+9+11+13+15 55 _
5 5

£8? =[7-11" +/9-11 +[11-11]* +[13-11 +[15-11 =40

2
6:1/§:€ =/8=2+2=2x141=28.
n

6+8+10+12+14 50 _
5 5

£8% =16-10] *+[8 10" +[10-10 + [12-10 +[14-10]" =40

2
6 2 _ 40
n 5

=/8 =22 =2x 1414 =2.83 (app.)

17. D) m = 11

18. (C) M = 10.

19. (B) Here p=0.4, ¢=0.6 and n=3.

Required probability = P(A occurring at least once)
=°C, -(0.4)x (0.6)> + °C, -(0.4)* x (0.6) + °C,-(0.4)

(3, 4,36 5,16 6 64 ) T84 oo,
10 100 100 10 1000, 1000
1 1 . .
20. (B) p =5 q= 5 n =8. Required probability

=P (6 heads or 7 heads or 8 heads)

Chap 9.6

6 2 7 8
e, (A (L) s (L) Ly,
2 2 2) 2 2
8x7 1 1 1 37
= X— +8x —+—=—+
2x1 256 256 256 256

21. (C) Let E =the event that A solves the problem. and
F = the event that B solves the problem.

Clearly E and F are independent events.
P =22 _09, pPF)="2 o7,

100 100
P(E=F)=P(E)-P(F)=09x0.7=0.63
Required probability =P(E U F)
=P(E)+P(F)-P(E=F)=(0.9 +0.7 - 0.63) =0.97.

22, (C) Let E =event that A speaks the truth.
F =event that B speaks the truth.

Then, P(E)=-2 -3  pa-30_4%
100 4 100 5
P(E)=(1—3j=1, P(F)=(1—4]:1
1)1 5) 5

P (A and B contradict each other).
= P[(A speaks truth and B tells a lie) or (A tells a lie and
B speaks the truth)]
=P(E and F ) +P (E and F)
=P(E)-P(F) + P(E)-P(F)

3 N 1 1.4 3 1 7 ( 7

3t 14 L5100 |% =35%.
4°5 45 20

20 5 20

23. (A) Let E = event that the husband will be alive 25

years hence and F =event that the wife will be alive 25

years hence.

Then, P(E):3 and P(F):§
12 8

Thus P(E) =[1—5J:7 and P(F) =(1—3j:5 .
12) 12 8) 8

Clearly, E and F are independent events.

So, E and F are independent events.

P(at least one of them will be alive 25 years hence)

=1-P(none will be alive 24 years hence)

“1-P(E=F) =1—P(E)~P(F)=(1—7>< 5}61
12 8) 96

24. (D) P(none dies)

=1-p(A-p)...n times =(1- p)"

P(at least one dies) =1-(1- p)".

P(A, dies) L 1-1-p"h
n
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39. (C) E:in =§=3, y=&:%=72 47. (C) Given lines are : y=—2—§x
n 5 n 5 4
cov(x, y):(inyi —xyjz(m—3x72j=0.4 and x=(—7—3yj
n 5 4 4
-3 -3
b,=— and b,=—.
40. (D) r = 7 C?V)(x’ y)( =5 ;6"?00 =-097. o4 T4
var (x) - var (y .89 x 3 _
So, r2:(3x3j:9 or r:—§:—0.75.
4 4 16 4

41. (B) D,=-2,-8,-2,3,3,-3, 3, 0, 2, 4.
EDL.2 =(4+64+4+9+9+9+9+0+4+16)=128.

R—|—1 6(=D?) | 1 6x128)_ 37 _ o0, 48. (A) p(X,Y) = cov(X,Y) _ 10 _5
T T a7 T 10x99 ) 165 T Jvar(X)var(Y) ,/625x3136 7

[... b, and b, are both negative — r is negative]

nxxy —(Zx)(Zy)
Sy, — 2y 9.0 b, =TI
42. (A) b, = n_
Ea (5x44-15x15)_ 1
oo 5x49-15x15) 4
306 _ 24x 44
_ 4 ) _(306-264) 42 _,, 50. (B) b, = "=V ~(ZV(Zy)

nZy® —(Zy)?
_ 25x50-125x100 _ 9
25 x 1500 —100 x 100 22

Py - _ —___ — 4.
{164_(24)} (164 —144) 20

(2x,)(Zy,) 30 x 42 7125 _ 5 =100 _
rzxiyi_ D(Zy) | 199 - 22X " =4 Also, «x 95 5, y 9% 4.
43. B) b, = n = 6
) o . (Zy,)? - 49 % 49 Required line is x=x+b,(y-y)
Ty - [318— } 9
n = x=5+§(y—4) = 22x-9y="T4.
_(199-210) _-11_ 0
(318 —294) 24
44. ) b, =r-2 and b =r -2
cX : cy

rZ:bxyxbyx = r=,b,xb, .

45.(0) 2o, 45057 is true if L r 4 r 55,
2 ZL ox GyJ
ie. if ci +c’>20, c,

ie. if (6, -0,)* >0, which is true.

46. (A) r=,/1.6x04 =+.64 =0.8

Gx
tan 6 = my—m, |_ 25-1.6 _ 09 _018.
1+25x16
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xZ x5 x8 xu
+

B) —+—+—
2 20 160 4400

x2 x5 x8 xll

C) —+—+—"—+
2 20 160 2400

2 x5 x8 xll

(D) riE g +
2 40 480 2400

For dy/dx = xy given that y =1 at x =0. Using Euler
method taking the step size 0.1, the y at x=04 is
(A) 1.0611 (B) 2.4680

(C) 1.6321 (D) 2.4189

Statement for Q. 13-15.

For dy/dx=x"+y* given that y=1 at x=0.
Determine the value of y at given x in question using
modified method of Euler. Take the step size 0.02.

y at x=002 is

(A) 1.0468 (B) 1.0204
(C) 1.0346 (D) 1.0348
y at x=004 is

(A) 1.0316 (B) 1.0301
(C) 1.403 (D) 1.0416
y at x =006 is

(A) 1.0348 (B) 1.0539
(C) 1.0638 (D) 1.0796

For dy/dx=x+y given that y=1 at x =0. Using
modified Euler’s method taking step size 0.2, the value
of y at x=11s
(A) 3.401638
(C) 9.164396

(B) 3.405417
(D) 9.168238

For the differential equation dy/dx =x —y* given
that

‘ 0.2 ‘ 0.4 ‘ 0.6

‘ 0.02 ‘ 0.0795 ‘ 0.1762

Using Milne predictor—correction method, the y at
next value of x is
(A) 0.2498

(C) 0.4648

(B) 0.3046
(D) 0.5114

Chap 9.7
Statement for Q. 18-19:
For b _ 1+ y* given that
dx
X ‘ 0 ‘ 0.2 ‘ 0.4 ‘ 0.6
y: ‘ 0 ‘ 0.2027 ‘ 0.4228 ‘ 0.6841

Using Milne’s method determine the value of y for

x given in question.

y(0.8)=?
(A) 1.0293 (B) 0.4228
(C) 0.6065 (D) 1.4396
y (10) =?
(A) 1.9428 (B) 1.3428
(C) 1.5555 (D) 2.168

Statement for Q.20-22:

Apply Runge Kutta fourth order method to obtain
v(02), y(0.4) and y (0.6) from dy/dx =1+ y*, with y =0
at x =0. Take step size A =02.

Pl y0.2) =?

(A) 0.2027 (B) 0.4396
(C) 0.3846 (D) 0.9341
y(0.4) =?

(A) 0.1649 (B) 0.8397
(C) 0.4227 (D) 0.1934
B v (0.6) =2

(A) 0.9348 (B) 0.2935
(C) 0.6841 (D) 0.563

For dy/dx = x + y* , given that y =1 at x =0. Using
Runge Kutta fourth order method the value of y at
x=021is (h=02)
(A) 1.2735
(C) 1.9356

(B) 2.1635
(D) 2.9468

m For dy/dx=x+y given that y=1 at x =0. Using
Runge Kutta fourth order method the value of y at

x=021is (h=0.2)
(A) 1.1384 (B) 1.9438
(C) 1.2428 (D) 1.6389

stestestestetokoioiok
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UNIT 9

SOLUTIONS

1. (B) Let f(x)=x>-4x-9
Since f(2) is negative and f(3) is positive, a root lies
between 2 and 3.

First approximation to the root is

xI:%(2+3)=2.5.

Then f(x,) =25° - 4(25) -9 =-3.375
i.e. negative.. The root lies between x, and 3. Thus the
the root is

second approximation to

X, :%(x1 + 3) =2.75.

Then f(x,)=(2.75)° - 4(2.75) -9 =0.7969 i.e. positive.

The root lies between x, and x, . Thus the third

approximation to the root is «x, :%(x1 + x,) =2.625.

Then

negative.

f(x,) =(2.625)° — 4(2.625) —9 =— 14121  i.e.

The root lies between x, and x, . Thus the fourth

approximation to the root is «x, :%(x2 + x,) =2.6875.

Hence the root is 2.6875 approximately.

2. (B) Let f(x)=x*-2x-5

So that f(2)=-1 and f(3) =16

i.e. a root lies between 2 and 3.

xy=2,2%, =3, f(x,)=—1, f(x;) =16, in
method of false position, we get

Taking the

P —%ﬂxo) 2+ % ~20588

Now, f(x,)=/f(20588)=-0.3908 i.e., that root lies
between 2.0588 and 3.

Taking x, =2.0588, x, =3, f(x,)

=-0.3908, f(x,)=16 in (i), we get

09412 (-0.3908) =2.0813
16.3908

Repeating this process, the successive approxima- tions

x, =20588 —

are
x, =20862, x5, =20915, x, =2.0934, x, =2.0941,
x5 =2.0943 ete.

Hence the root is 2.094 correct to 3 decimal places.

3. (C) Let f(x)2x —log,, x -7
Taking x, =35, x;, =4, in the method of false position,

we get

GATE EC BY RK Kanodia
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T St
T flay) - fxy)

=35 % (-05441) = 3.7888

0.3979 + 05441

Since [(3.7888) =-0.0009 and f(4)=0.3979, therefore
the root lies between 3.7888 and 4.

Taking x, = 37888, x, =4, we obtain

oy -7 - 02112

Hence the required root correct to three places of
decimal is 3.789.

f(xy)

(-.009) =3.7893

4. (D) Let f(x) = xe* —2, Then f(0) =-2, and
f(1)=e-2=0.7183

So a root of (i ) lies between 0 and 1. It is nearer to 1.

Let us take x, =1

Also f'(x)=xe” +e* and f'(1) =e + e =5.4366

By Newton’s rule, the first approximation x, is

_fxy) 1- 0.7183
f'(xy) 5.4366

f(x,)=00672, f'(x)=4.4491.

Thus the second approximation x, is

(%) _ ggrg 00672
f(x) 4.4491

Hence the required root is 0.853 correct to 3 decimal

=0.8679

1= %o

x2_1

=0.8528

places.

5. (B) Let y =x +1og,, x —3.375

To obtain a rough estimate of its root, we draw the
graph of (i ) with the help of the following table :

| 2| s |

y ‘ -2.375 ‘ -1.074 ‘ 0.102 ‘ 1.227

Taking 1 unit along either axis =0.1, The curve crosses
the x—axis at x, =29, which we take as the initial
approximation to the root.

Now let us apply Newton—Raphson method to

f(x) =x +log,, x —3.375

fl(x)=1+ llog10 e
x
f(29)=29 +log,,29 — 3375 =-0.0126

£1(29)=1+ % log,, e =11497

The first approximation x, to the root is given by
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f(x) o, 00126
f'(xy) 11497
f(x,) =—00001, f'(x,) = 11492

Thus the second approximation x, is given by

x, =% — L) 99109 + 20001 591099

f(x,) 11492

Hence the desired root, correct to four significant

X =Xy — =29109

figures, is 2.911

6. (B) Let x =+/28 so that x> —28 =0

Taking f(x) =
2 —

= —f(x”)—x s 28—1[xn+28J

n+1l n f,(xn) - %n 2x _5 xn

n

x® —28, Newton’s iterative method gives

X

Now since f(5) =
6.
Taking x, =55,

o =tx +28 :1[5,5+28] 529545
2 2 55

x2:1 1+§ 529545 + 28 =
2 X 2 529545

x3:1 2+§ 152915+ 28
2 2 52915

Xy

-3, f(6) =8, a root lies between 5 and

52915

J:52915

Since x, =x, upto 4 decimal places, so we take

V28 =52915.
7. (B) Let A =0.1,

given x,=0, x =x,+h=01

d’y _dy
2 _xaTx y
d'y
dx*

1

ﬂ:1+ xy =
dx dx

3 2
d 33/ =X d 32/ +2 dy ,
dx dx dx
given that x=0, y=
dy d%y d®y d'y
D1, ay
dx dx* 7 dx® dx*
The Taylor series expression gives :
dy R d%y s h dPy

d%y

3
dy+3 5
dx

x
dx®

=2, =3 and so on

+h +h— +
e P PR TR PO TR
2 3
= y(0.1)=1+0.1><1+(0'1) -1+(0;') 2 +...
= »01D= 1+01+%+0001
2 3
=1+0.1+0.005+0.000033......... =11053
8. (B) Let =01, given x,=0, y,=1
%, =%, +h=01, d—y:x—y2
dx

Chap 9.7

d®y dy
=-2 -2
dx? (dxj Y

d’y
dx?
dy d* v,
dx dx®

d'y
at x =0, =1
Y dx*

--8

d3y}

at x=0, y=1,

4
dy:_z{

dx* dx?

=34

The Taylor series expression gives

dy h*d?y h®d®y h*d'y
h) = h— + —
s hy =y + ! Jr3!al3+4!alx

dx 2! dx®
2 3 4
0.1 34 0.1) (—8) + (0.1)
! 3! 4!

=1-01+0.015-0001333 +0.0001417 =09138

¥(01) =1+01(-1) +

9. (C) Here f(x,y)=
We have, by Picard’s method

Y=y, + | flx, y)dx (D)

Xo

x® + y?, x,=0 y,=0

The first approximation to y is given by

v =y, + [ F(x, 3,) dx

Xo

Where y, =0 + j Fx, 0)dx = j x*dx. (2
0 0

The second approximation to y is given by

¥y =y, + J.f(x ydx =0 +J.f(x ]dx

Xo

x 6 3 7
0+ [xzﬁ},x:xﬁ

{ 9 3 63

3 7
(0.;1) L 04

Now, =002135

y(0.4) =

10. (C) Here f(x, y)
We have by Picard’s method
y=yo+ [, f(xy dx

=y-x ;% =0,y,=2

The first approximation to y is given by

¥ =3+ | Flx o -2+jf(x 2) dx

Xo
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2

T x
=2+ |2-x)dx =2+2x-—
.([( ) 2

The second approximation to y is given by

¥ =yo + [flx y)da

o

X xZ
=2 ,2+2x—— |d
+If[x +2x ZJ x

2 xZ
=2+j(2 +2x - = — x)dx
! 2

2 .7C3

—2+2x+ 2 -5
2 6

The third approximation to y is given by

¥ =y + [ Flx, y*)dx

o

x x2 x3
=2+ ,242x+—-—1|d
jf[x x 2 6jx

x 2 3
:2+J[2+2x+x—x—de
0 2 6

2 x3 x4

=242+ 4+ X
2

11. (B) Here  f(x,3) =2+, x,=0 y,=0
We have, by Picard’s method

y =y, + [ Flx, yp)dx
The first approximation to y is given by

¥ =30+ | o yo)dx =0+ | flx, 0

Xxq 0

X x2

=0 dx =2
+_([xx 2

The second approximation to y is given by

x X 2
@) _ CyDydx =0 : *
¥ =yo + [ Fla, yV)dx =0+ | [x 2Jx

xo 0
:I(x+z4}dx :%2+%

The third approximation is given by
Yy =y, + ]C'f(x, y*)dx

Xo

x 2 5
=0 +ff(x, x+x]dx
0 2 20

x x4 xlO 2x7 xZ x5 xS xll
:I X+ —+ +———ldx="—+—"—+—+
0 4 400 40 2 20 160 4400
12. (A)x: 0 01 02 03 04
Page
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Euler’s method gives

Vo1 =¥, +h(x, ,3,) (1)
n =0 in (1) gives

Y1 =Y + hf(xy, ¥,)

Here yo=1 h=01

y,=1+01 £(0,1) =1+0 =1

n=01in (1) gives y, =y, +h f(x,y,)
=1+01 f(01,1) =1+0.1(0.1) =1+001
Thus y, =y, =101

n=2in (1) gives

Yy =3y + hf(x,,y,) =101+01f(02,101)
¥3=Y0s3 =101+00202 = 10302

n=31n (1) gives

Ve =ys+hf(x,,y,) =10302 +0.1£(0.3,10302)
=10302 +0.03090

Vi =Yoo =10611

Hence y,,, =10611

x, =0,

13. (B) The Euler’s modified method gives
yl* =Y t hf(xo s yo)’

h *
Y1 =Yt E[f(xo » Yo) + x5 )]

Now, here =002, y,=1, «x,=0
vy, =1+0027(0,1), y, =1+002 =102

Next y, =y, + g[f(xo L ¥o) + (2, y)]

14 % [£(0,1) + £ (002, 102)]

=1+001[1+10204] =10202
So, y, =y (002)=10202

14. D) y,=y+h f(x,5)
=10202 + 002 [f (002, 10202)]
=1.0202 + 0.0204 =1.0406

Next y,=y, + g[ﬂx, N+ Flxy, y)]

y, =10202 + 0‘22 [£(0.02,1.0202) + £(0.04, 10406)]

=1.0202 + 0.01[1.0206 + 1.0422]1=1.0408
Yo = Yo.0s) = 10408

15. (C) y; =y, +hf (x,,5,)
=10416 + 002/(0.04, 1.0416)
=10416 + 00217 =1.0633

Next y;=y,+ g[f(x2 , Vo) + g, ¥3)]
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B, - hf(xo . %h ¥o + ;klj —(02)£(0.1,0.1) =0202

ky =hf(x0 + %h, Yo + ;kzj =(02)f(0.1,0.101) =02020
k,=hf(x,+h, vy, + k) =02f(02,02020) =020816
k:%[la1 + 2k, + 2k, + R, ]

= % [02 +2(202) +2(20204) + 020816,

k=02027
such that y, =y(02)=y,+% =0+02027 =02027

21. (C) We now to find y, =y(0.4), k =hf(x,,y,)
=(02)f(02,02027) =02(10410) =2082
1 1
bo=hf{n s S+
=(02)£(0.3,0.3068)

1 1
k3::hf(ﬁa + 2h/,y1'+:2kaj

=02188

~02£(0.3,0.3121) =2194
k, =hf(x, + h,y, + k) =02f(04,.4221) =02356

k:%[kl + 2k, + 2k, + R, ]
:% [02082 +2(2188) + 2(2194) + 0.356]1=02200
Y = You =¥ +k =02200 + 2027 =0.4227
22. (C) We now to find y, =y,s, , & =hf(x,,y,)
=(02)f(0.4,0.4228) =02357
1 1
b=hf{x, by e S|
=(02)f(05,05406) =02584
1 1
k3 :hf(xz + 5}1, y2 + 2k2j
=02/(05, 5520) =02609
B, :%[kl 2k, + 2 + B, ]

= %[02357 +2(2584) +2(02609) + 02935]

= %[02357 +05168 + 05218 + 02935]=0.2613

Y3 =Yos =¥s +k =.4228 +02613 =0.6841

23. (A) Here given x,=0 yo=1 h=02
flx, y)=x+y°

To find y, =y, ,

k =hf(xy, v,) =(02)f(0,1) =(02)x1=02

GATE EC BY RK Kanodia
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2
=(02)f(0.1,11) =02(1.31) =0262

k3=hf[x0 +g,y0 +kzj

kZ:hf[x0+;l,y0+k1j

2

=02f(01,1131) =02758
k, =hf(x, +h, y, + k)
=(02) f(02,12758) =0.3655

k:%[k1 + 2k, + 2k, + 2k, ]

= % [02 +2(0262) +2(02758) + 0.3655] =02735

Here =1+02735 = 12735

V=Yoo =Ytk

24. (C) Here f(x,y) = x+y h=02

To find ¥, =y >
by = hf (20, ¥0) =02f(0,1) =02

B, =hf(xo . g Yo + l;j ~(02)f(01,11) =024

k, =hf (xo + g o + %J =(02)£(01,112) =0244

ky=hf (xy+h,y, + k) =(02)f(02,1244) =02888
k,:%[k1 + 2k, + 2k, + R, ]

=%[02 +2(024) +2(0244) + 02888] =02428

Y1 =Yoo =Yo + B =1+02428 =12428

stestesfesk sk st steskokskok
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10.5

EC-07

If E Denotes expectation, the variance of a random
variable X is given by
(A) E[X*]- E’[X]

(C) E[X*]

(B) E[X*]1+ E*’[X]
(D) E*’[X]

ﬂ The following plot shows a function y which varies

2
linearly with X. The value of the integral I = I ydxis
1

Y

3

21
/ . . . T
/_ '

(A) 1.0
(C) 4.0

(B) 2.5
(D) 5.0

E For ‘x‘ <<1, coth(x) can be approximated as

(A) x (B) x*
© L @ L
x x
. sin(6/2) .
ﬂ lt)lgolT is
(A) 0.5 B)1
C) 2 (D) not defined

a Which of the following functions is strictly bounded ?
1

(A) = (B) e
x

(C) x* D) e’

ﬂ For the function e, the linear approximation around

x=21s
(A) (3-x)e™ B)1-x
(C)[3+2V2 —11++/2x]e® (D)e?

An independent voltage source in series with an
impedance Z, = R, + jX, delivers a maximum average
power to a load impedance Z, when

(A) Z, =Rg + jX,
©) Z, = jXs

(B) Z, = Ry
(D) Z, = Ry — jX4

ﬂ The RC circuit shown in the figure is

(A) a low-pas filter (B) a high-pass filter

(C) a band-pass filter (D) a band-reject filter
ﬂ The electron and hole concentrations in an intrinsic
semiconductor are n, per cm® at 300 K. Now, if acceptor
impurities are introduced with a concentration of N,
per cm*(where N, >>n,) the electron concentration per
cm? at 300 K will be

(A) n, B)n. +N,
2
(C) N, —n, (D) ]’fTA
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In a p'n junction diode under reverse biased the

magnitude of electric field is maximum at

(A) the edge of the depletion region on the p -side
(B) the edge of the depletion region on the n —side
(C) the p'n junction

(D) the center of the depletion region on the n-side

The correct full wave rectifier circuit is

(A)

Input

(B)

Input

Output
Output

(®); (D)

Input
Input

Output
Output

In a trans-conductance amplifier, it is desirable to

have

(A) a large input resistance and a large output
resistance

(B) a large input resistance and a small output
resistance

(C) a small input resistance and a large output
resistance

(D) a small input resistance and a small output
resistance

X =01110 and Y = 11001 are two 5-bit binary
numbers represented in two’s complement format. The
sum of X and Y represented in two’s complement format

using 6 bits is

(A) 100111 (B) 0010000

(C) 000111 (D) 101001

The Boolean function Y = AB + CD is to be realized
using only 2-input NAND gates. The minimum number
of gates required is

(A) 2 (B) 3

C) 4 D) 5

GATE EC BY RK Kanodia
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If closed-loop transfer function of a control system is

given as T(s) = then It is

(s+;;(i+ 3)
(A) an unstable system

(B) an uncontrollable system
(C) a minimum phase system

(D) a non-minimum phase system

If the Laplace transform of a signal y(¢) is
Y(s) =1
A) -1 (B)O0

01 (D) unbounded

then its final value is

If R(7) is the auto correlation function of a real,
wide-sense stationary random process, then which of
the following is NOT true

(A) R(t) = R(-1)

(B) [R(v)| < R(0)

(C) R(t) =-R(-1)

(D) The mean square value of the process is R(0)

If S(f)is the power spectral density of a real,
wide-sense stationary random process, then which of

the following is ALWAYS true?
(A) S(0) <S(f) (B) S(f) =0

(C) S(~f)=-8(f) (D) [S(F)df =0

A plane wave of wavelength A is traveling in a
direction making an angle 30° with positive x —axis. The

E field of the plane wave can be represented as (E,is
| \/ETC T

— J| ot———x—z
(A)E:yEoe{ * ’*]

| N
(©) 173 =yE0eJ[mt+%x;‘z}

constant)

mtfﬁx ﬂz]

> j
(B) E:yEOe[ B
- .i[
(D) E=yE e
m If C is close curve enclosing a surface S, then the

magnetic field intensity H, the current density j and

the electric flux density D are related by
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m For the circuit shown in the figure, the Thevenin

voltage and resistance looking into X —Y are

1Q
. ° X
il
2i 1Q§ 2A gzn

oY

A 2v.20 B) 4V.20

3 3
©) %V,%Q D) 4V,20

m In the circuit shown, V, is 0 volts at £ =0 sec. for
t >0, the capacitor current i (), where ¢ is in seconds, is
given by

20 kQ ic.

10 Vi 20 kQ 4R == V,

(A) 050 exp(—25¢) mA
(B) 025 exp(-25¢) mA
(C) 050 exp(-25¢) mA
(D) 025 exp(—25¢) mA

m In the AC network shown in the figure, the phasor

voltage V,, (in volts) is

A
50 50
5/30°A
T |
B

J3

(A) O (B) 5£30°
(C) 1254£30° (D) 17£30°

m A p'n junction has a built-in potential of 0.8 V. The
depletion layer width at reverse bias of 1.2V is 2 um.
For a reverse bias of 7.2 V, the depletion layer width
will be

(A) 4 ym
(C) 8 um

(B) 4.9 um
(D) 12 um
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m Group I lists four types of p—n junction diodes.
match each device in Group I with one of the option in
Group II to indicate the bias condition of the device in
its normal mode of operation.

Group-II
(1) Forward bias
(2) Reverse bias

Group-I

(P) Zener Diode

(Q) Solar cell

(R) LASER diode

(S) Avalanche Photodiode

(AJP-1Q-2R-1S-2
B)P-2Q-1R-1S-2
(C)P-2Q-2R-1S-2
MP-2Q-1R-2S-2

E¥8 The DC current gain (B) of a BJT is 50. Assuming
that the emitter injection efficiency is 0.995, the base
transport factor is

(A) 0.980
(C) 0.990

(B) 0.985
(D) 0.995

m group I lists four different semiconductor devices.
match each device in Group I with its characteristic
property in Group II.

Group-I

(P)BJT

(QMOS capacitor
(R) LASER diode
(S) JFET

(AAJP-3Q-1R-4S-2
B)P-1Q-4R-3S-2
(C)P-3Q-4R-1S-2
MP-3Q-2R-1S-4

Group-II

(1) Population inversion
(2)Pinch-off voltage

(3) Early effect

(4) Fat-band voltage

m For the Op-Amp circuit shown in the figure, V, is

2 kQ
2A'A'A%
1kQ
1V Lov,
+
1kQ
1kQ
A -2V B)-1V
(C)-05V (D) 05V

For the BJT circuit shown, assume that the f of the
transistor is very large and Vg, =0.7V. The mode of

operation of the BJT is
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10 kO

Mo
1kQ

=

(A) cut-off (B) saturation

(C) normal active (D) reverse active

m In the Op-Amp circuit shown, assume that the diode
current follows the equation I =1 exp(V/V;). For
V.=2V,V,=V,,, and for V,=4V,V,=V,. The
relationship between V,, and V, is

D

_>|_

(A) Voz = \/§V01
(C) V,, =V, In2

(B) V,, =e*V,,
D)V, -V, =V,In2

m In the CMOS inverter circuit shown, if the
transconductance parameters of the NMOS and PMOS
Yep C, =40 pA/V?

nox L, ox L,

transistors are k, =k, =p

and their threshold voltages are V,, :‘VTHF‘ =1V, the

current I is

5V
PMOS
25V |
NMOS
(A) 0 A (B) 2514
(C) 45pA (D) 90pnA

m For the Zener diode shown in the figure, the Zener
voltage at knee is 7V, the knee current is negligible and
the Zener dynamic resistance is 10Q. if the input
voltage (V;) range is from 10 to 16V, the output voltage

(V) ranges from
200 ©
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(A) 7.00 to 7.29 V
(C) 714 to 743 V

(B) 714 to 7.29 V
(D) 7.29 to 7.43 V

The Boolean expression
Y=ABCD+ABCD+ABCD+ABCD can be

minimized to

(A)Y=ABCD+ABC+ACD
(B)Y=ABCD+BCD+ABCD
(C)Y=ABCD+BCD+ABCD
(D)Y=ABCD+BCD+ABCD

The circuit diagram of a standard TTL NOT gate is
shown in the figure. V, =25V, the modes of operation of
the transistors will be

Vee=bV

4kQ 1.4 kQ

1kg?
o

(A) @,: revere active;Q,: normal active; ,: saturation;
Q,:cut-off

(B) Q,: revere active;Q,: saturation; @,: saturation;
Q,:cut-off

(C) @,: normal active;Q,: cut-off; @,: cut-off;
Q,:saturation

(D) Q,: saturation;@,: saturation; @,: saturation;
@, normal active

In the following circuit, X is given by

0—1, %\-/[t& 0——{ 1, 4-to-1
1—4h | —{L MUX
1— I, Y 1—1L Y—X
0o—1, 0—1,

S; S, S, S

A B C

(A) X=ABC+ABC+ABC + ABC
(B) X=ABC+ABC+ ABC + ABC
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(C) X=AB +BC + AC
(D) X=AB +BC+AC

m The following binary values were applied to the X
and Y inputs of NAND latch shown in the figure in the
sequence indicated below
X=0,Y=1 X=0,Y=0,X=1,Y=1

X

Y

The corresponding stable P, @ outputs will be
(A)P=1,Q=0; P=1,Q0=0; P=1,Q@=00rP=0,Q =1
B)P=1,Q=0; P=0,Q=LorP=0Q=1; P=0,Q =1
(C)P=1,Q=0, P=1,Q=1 P=1,@=00rP=0,Q =1
DP=1,Q@ =0, P=1,Q=1 P=1,Q0=1

P For the circuit shown, the counter state (QQ))

follows the sequence

(A) 00, 01, 10, 11, 00
(C) 00, 01, 11, 00, 01

(B) 00, 01, 10, 00, 01
(D) 00, 10, 11, 00, 10

An 8255 chip is interfaced to an 8085
microprocessor system as an I/O mapped I/O as show in
the figure. The address lines A, and A, of the 8085 are
used by the 8255 chip to decode internally its thee ports
and the Control register. The address lines A, to A, as
well as the I0/M signal are used for address decoding.
The range of addresses for which the 8255 chip would

get selected is

A— 8255
ﬁﬁ—‘
5 )o—c [
g?: A1_ Al
10/ M — A,— 4
(A) F8H - FBH (B) F8H - FCH
(C) F8H - FFH (D) FOH - F7TH
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(A) The 3-dB bandwidth of the low-pas signal e ‘u(%),

where u(t) is the unit step function, is given by
(B) %\/ﬁ -1 Hz
n

(D) 1Hz

1
(A) o Hz
(C) o

m A Hilbert transformer is a

(A) non-linear system
(C) time-varying system

(B) non-causal system
(D) low-pass system

m The frequency response of a linear, time-invariant

system is given by H(f)=-—2—. The step response of

1+ 107"
the system is

t

(A) 5(1-e™ )u(t) (B) 5(1 - e'SJu(t)

(©) %(1 - e u(?) (©) ;[1 —e;]u(t)

m A 5-point sequence «x[n] is given as
x[-81=1,2[-2]=1,x[-1]1=0,2[0]=5, x[1]1=1. Let X(e’)
denote thne discrete-time Fourier transform of x[n]. The
value of _[X(ej“)dm is
A5 "

(C) 167

(B) 10n
(D) 5 + j107

m The z-transform x[z] of a sequence x[n]is given by
X(Z) = 1—025’1 :
x[n] includes the unit circle. The value of x[0] is
(A) -0.5 (B)O0

(C) 0.25 (D) 0.5

It is given that the region of convergence of

E A Control system with PD controller is shown in
the figure If the velocity error constant K, =1000 and
the damping ration {=0.5, then the value of K, and K,

are

100 Cls)
s(s +10)

(A) K, =100, K, =009
(C) K, =10,K, =009

(B) K, =100,K,, =09
(D) K, =10,K,, =09

m The transfer function of a plant is

- 5
T(s) = (s+ 5)(32 +5+ 1)
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The second-order approximation of 7T(s) using

dominant pole concept is

1 5
) (s+5)(s+1) ®) (s+5)(s+1)

5 1
C) ——— D) ———
( )sz+s+1 ( )32+s+1

m The open-loop transfer function of a plant is given
as G(s) =1 If the plant is operated in a unity feedback

s2-1°

configuration, then the lead compensator that an

stabilize this control system is

A) 10(3 - 1) B) 10(s + 4)
s+2 s+2

©) 10(3 + 2) D) 2(3 + 2)
s+ 10 s+10

m A unity feedback control system has an open-loop
transfer function

K

Gls) = s(s? +7s+12)

The gain K for which s =1+ j1 will lie on the root
locus of this system is
(A) 4 (B) 5.5
(C) 6.5 (D) 10

m The asymptotic Bode plot of a transfer function is as
shown in the figure. The transfer function G(s)

corresponding to this Bode plot is

G(jo)dB
60 dB -20 dB/dec
40 dB
-40 dB/dec
20 dB

1 10\, 20 100

-60 dB/dec
) ; B) ;
(s + (s +20) s(s + D(s +20)
o) 100 (D) 100
s(s + (s +20) s(s +1)(1+0.05s)

The state space representation of a separately

excited DC servo motor dynamics is given as

HE M

GATE EC BY RK Kanodia
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10 1
A —M B) —M —
( )sz+lls+11 ( )32+113+11
10s + 10 1
C) V—i—— D) ———
s?+11s+11 s?+s+11

m In delta modulation, the slope overload distortion
can be reduced by

(A) decreasing the step size
(B) decreasing the granular noise
(C) decreasing the sampling rate
(D) increasing the step size

m The raised cosine pulse p(¢) is used for zero ISI in
digital communications. The expression for p(#) with
unity roll-off facto is given by

sin 4nWt
47Wt(1 -16W2t?)

)=

The value of p(¢) at tzﬁ is

(A) -0.5 B)O0
(C) 0.5 (D) o

m In the following scheme, if the spectrum M(f) of
m(t) is as shown, then the spectrum Y (f) of y(¢) will be

cos(2nBt)
M(f) me) (x
Y0
f Hilbert
-B 0 +B Transform
sin(2nBt)
(A) (B)
Y(f) Y
-B 0 4B ! -2B -B 0 B B
©) Y(f) (D) Y(f)
-B 0 +B ! -2B -B 0 B 2B

During transmission over a certain binary
communication channel, bit errors occurs independently
with probability p. The probability of AT MOST one bit
in error in a block of n bits is given by

A p" (B)1-p"
C)npl-p"t+1-p" D)1-1-p)"
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@ In a GSM system, 8 channels can co-exist in 200
KHz bandwidth using TDMA. A GSM based cellular
operator is allocated 5 MHz bandwidth. Assuming a
frequency reuse factor of 1, i.e. a five-cell repeat pattern,
the maximum number of simultaneous channels that

can exist in one cell is

(A) 200 (B) 40
(C) 25 (D) 5

@ In a Direct Sequence CDMA system the chip rate is
1.2288 x 10° chips per second. If the processing gain is
desired to be at Least 100, the data rate

(A) must be less than or equal to 12288 x 10? bits/sec
(B) must be greater than 12288 x 10° bits per sec

(C) must be exactly equal to 12288 x 10® bits per sec
(D) can take any value less than 122.88 x10? bits/sec

m An air-filled rectangular waveguide has inner
dimensions of 3 cm x 2 cm. The wave impedance of the
TE,, mode of propagation in the waveguide at a

frequency of 30 GHz is (free space impedance

N =377Q)
(A) 308Q (B) 3550
(C) 4000 (D) 461Q

m The ﬁ field (in A/m) of a plane wave propagating in

free space is given by

I} =x 5V3 cos(ot —pz) + y5sin(cot —Bz + n)
No Mo 2
The time average power flow density in Watts is
(A) 0 ®) 1%
100 Mo
50
(C) 50n; (D) —
Mo

@ The 173 field in a rectangular waveguide of inner
dimensions a x b is given by
2 ou(n 2 )
E=—-| - |H,sin| — | sin(ot —pz)
i3 Jrn( ) st
Where H, is a constant, and a and b are the

dimensions along the «x-axis and the y -axis
respectively. The mode of propagation in the waveguide
is

(A) TE,,

(C) TM,,

(B) TM,,
(D) TE,,
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A load of 50Q is connected in shunt in a 2-wire
transmission line of Z, =50Q as shown in the figure.

The 2-port scattering parameter matrix (s-matrix) of
the shunt element is

NIV
off ] el

@ The parallel branches of a 2-wire transmission line

M= o
ISIESIE

EN NI

o colm
IR

are terminated in 100 Q and 200 Q resistors as shown
in the figure. The characteristic impedance of the line is
Z, =50Q and each section has a length of 2. The voltage

reflection coefficient I' at the input is

.7
A) —7 L
(A) 5
.5
(C)J?

@ A % dipole is kept horizontally at a height of % above
a perfectly conducting infinite ground plane. The
radiation pattern in the lane of the dipole (E’ plane)
looks approximately as
y

(A) (B)

(®); (D)
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A right circularly polarized (RCP) plane wave is
incident at an angle of 60° to the normal, on an
air-dielectric interface. If the reflected wave is linearly

polarized, the relative dielectric constant ¢, is

Linearly
RCP Polarized
air 6071607 g, =1
Dielectric €9
0,
(A) V2 (B) V3
(C) 2 (D) 3

Common Data for Questions 71, 72, 73:

The figure shows the high-frequency
capacitance-voltage(C-V) characteristics of a Metal/
Si0,/silicon (MOS) capacitor having an area of
1x10™*cm”. Assume that the perimitivities (g,c,) of
silicon and S,0, are 1x 10" F/cm and 35x 10" F/cm

respectively.

7 pF

1pF ——+
0 \%

The gate oxide thickness in the MOS capacitor is
(A) 50 nm (B) 143 nm

(C) 350 nm (D) 1 um

The maximum depletion layer width in silicon is
(A) 0.143 pm (B) 0.857 pm
(C) 1 um (D) 1.143 um

Consider the following statements about the C-V
characteristics plot:

S1: The MOS capacitor has an n-type substrate.

S2: If positive charges are introduced in the oxide, the
C-V plot will shift to the left.

Then which of the following is true?

(A) Both S1 and S2 are true

(B) S1 is true and Se is false

(C) S1 is false and S2 is true

(D) Both S1 and S2 are false

GATE EC BY RK Kanodia
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Common Data for Questions 74, 75 :

Two 4-ray signal constellations are shown. It is
given that ¢, and ¢, constitute an orthonormal basis for
the two constellations. Assume that the four symbols in
both the constellations are equiprobable. Let .4, /2
denote the power spectral density of white Gaussian

noise.

Constellation 2

Constellation 1

The ratio of the average energy of constellation 1 to
the average energy of constellation 2 is

(A) 4a® (B) 4

©) 2 (D) 8

If these constellations are wused for digital
communications over an AWGN channel, then which of
the following statements is true ?

(A) Probability of symbol error for Constellation 1 is
lower

(B) Probability of symbol error for Constellation 1 is
higher

(C) Probability of symbol error is equal for both the

constellations

(D) The value of N, will determine which of the two
constellations has a lower probability of symbol error,

Linked Answer Questions: Q. 76 to Q. 85 Carry
Two marks Each.

Statement for Linked Answer Questions 76 & 77:

Consider the Op-Amp circuit shown in the figure.
Rl

R,
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The transfer function V,(s)/V,(s) is

A) 1-sRC B) 1+ sRC
1+ sRC 1-sRkRC

©) I
1-sRC 1+ sRC

If V,=V,sin(ot) and V, =V, sin(ot —¢), then the

minimum and maximum values of ¢ (in radians) are

respectively
(A) % and 2 (B) 0 and 2
(C) —mrand 0 (D) ~% and 0

Statement for Linked Answer Questions 78 & 79.

An 8085 assembly language program is given
below.
Line 1: MVI A, B5H
MVI B, OEH
XRI 69H
ADD B
ANI 9BH
CPI 9FH
STA 3010H

HLT

The contents of the accumulator just after execution
of the ADD instruction in line 4 will be

(A) C3H (B) EAH

(C) DCH (D) 69H

After execution of line 7 of the program, the status
of the CY and Z flags will be
AYCY=0,Z=0
CCY=A,Z2=0

B)CY=0,272
DCY=112-=

| I}
e

Statement for Linked Answer Questions 80 & 81.

Consider a linear system whose state space

representation is x(¢) = Ax(¢). If the initial state vector of

1
2}, then the system response is

the system is x(0) :{

—2x
x(¢) :I_ ¢ —|. If the itial state vector of the system
[-2e]

1

changes to x(0)= 9

}, then the system response

becomes x(?) ={ e:t

r
B
4
J

e
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FI} The eigenvalue and eigenvector pairs (A, V) for the

system are

(oo
o oo
oo
oL ol

The system matrix A is

[0 1] [1 1]
(A)L—l 1J (B)L—l —ZJ
2 1 0 1
© {—1 —1} (D) {—2 —3}

Statement fo Linked Answer Questions 82 & 83:

An input to a 6-level quantizer has the probability
density function f(x) as shown in the figure. Decision
boundaries of the quantizer are chosen so as t maximize
the entropy of the quantizer output. It is given that 3
consecutive decision boundaries are '-1’,’0’ and ’1’.
flx)

-5 -1 0 1 5 x

m The values of @ and b are

A a=Ltandb= L B)a=Landb= >
6 12 5 40

) a :landb:L
4 16

D) a=tandb=L

3 24
m Assuming that the reconstruction levels of the
quantizer are the mid-points of the decision boundaries,

the ratio of signal power to quantization noise power is

152 64
) 152 B) 84
w2 ® °
(C)§ (D) 28
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Statement for Linked Answer Questions 84 & 85.

In the digital-to Analog converter circuit shown in

the figure below, V, =10 V and R =10 kQ.

The current is

(A) 3125pA (B) 625pA
(C) 125pA (D) 250pA
m The voltage V, is

(A) -0.781 V (B) -1.562 V
(C) -8.125 V (D) -6.250 V

sfesteste stk stk skoiok
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EC-03

Duration : Three Hours Maximum Marks : 150

Q.1—30 carry one mark each

The minimum number of equations required to

analyze the circuit shown in Fig. Q. 1 is

Fig. Q1
A) 3 (B) 4
(C)6 D)7

a. A source of angular frequency 1 rad/sec has a source
impedance consisting of 1Q resistance in series with 1
H inductance. The load that will obtain the maximum
power transfer is

(A) 1 Q resistance

(B) 1 Q resistance in parallel with 1 H inductance

(C) 1 Q resistance in series with 1 F capacitor

(D) 1 Q resistance in parallel with 1 F capacitor

E A series RLC circuit has a resonance frequency of
1kHz and a quality factor @ =100. If each of R, L and C

is doubled from its original value, the new @ of the

circuit is
(A) 25 (B) 50
(C) 100 (D) 200

ﬂ The Laplace transform of i(¢) is given by

2

1 =
©=1rs

As t — oo, The value of i(¢) tends to
B)1
(D) o0

(A)O
() 2

a The differential equation for the current i(¢) in the
circuit of Fig. Q.5 is

i 20 2H

—

NN
sin <m>

1F ==

Fig. Q5
9. .
(A)Z%+2%+i(t):sint
9. .
(B) 2%+2%+2i(t):cost
2. .
(C)2%+2%+i(t):cost
d% _di

(D) 2ﬁ+2$+2i(t):sint

ﬂ n-type silicon is obtained by doping silicon with
(B) Aluminium

(D) Phosphorus

(A) Germanium

(C) Boron

The bandgap of silicon at 300 K is
(A) 1.36 eV (B) 1.10 eV

(C) 0.80 eV (D) 0.67 eV
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m A 0 to 6 counter consists of 3 flip flops and a
combination circuit of 2 input gate(s). The combination
circuit consists of

(A) one AND gate

(B) one OR gate

(C) one AND gate and one OR gate

(D) two AND gates

The Fourier series expansion of a real periodic
signal with fundamental frequency f, is given by
g,(t) = Y c,e””™. Itis given that c; =3 + j5. Then c , is

n=-w

(A)5+j3
(C) -5+ 3

(B) -3-j5
(D) 3-j5

% Let x(#) be the input to a linear, time-invariant
system. The required output is 4x(¢ —2). The transfer
function of the system should be

(A) 4e/* (B) 2¢~ 8%

(C) 4e/* (D) 2”7

A

X(z)=2"+2" -2z +2-3z" is applied as an input to a

sequence x(n) with the z-transform

linear, time-invariant system with the impulse response
h(n) =28n — 3) where

) ={1, n=0

0, otherwise

The output at n =4 is
(A) -6 (B) zero
(C) 2 (D) -4

m Fig. Q.24 shows the Nyquist plot of the open-loop
transfer function G(s)H(s) of a system. If G(s) H(s) has
one right-hand pole, the closed-loop system is

Im
GH - plane

00 1,0 e
® is positive —»

Fig. Q24

(A) always stable

(B) unstable with one closed-loop right hand pole
(C) unstable with two closed-loop right hand poles
(D) unstable with three closed-loop right hand poles
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@ A PD controller is used to compensate a system.

Compared to the wuncompensated system, the
compensated system has

(A) a higher type number

(B) reduced damping

(C) higher noise amplification

(D) larger transient overshoot

@ The input to a coherent detector is DSB-SC signal
plus noise. The noise at the detector output is

(A) the in-phase component

(B) the quadrature component

(C) zero

(D) the envelope

The noise at the input to an ideal frequency detector
is white. The detector is operating above threshold. The
power spectral density of the noise at the output is

(A) raised-cosine (B) flat

(C) parabolic (D) Gaussian

@ At a given probability of error, binary coherent FSK
is inferior to binary coherent PSK by

(A) 6 dB (B) 3 dB

(C) 2 dB (D) 0 dB

m The unit of V x H is
(A) Ampere (B) Ampere/meter

(C) Ampere/meter? (D) Ampere-meter

m The depth of penetration of electromagnetic wave in
a medium having conductivity o at a frequency of 1
MHz is 25 cm. The depth of penetration at a frequency
of 4 MHz will be
(A) 6.25 cm

(C) 50.00 cm

(B) 12.50 cm
(D) 100.00 ecm

Q.31—90 carry two marks each.

Twelve 1 Q resistance are used as edges to form a
cube. The resistance between two diagonally opposite

corners of the cube is

(A)%Q B)10

6 3
(9] 5 (D) 5 Q
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m The current flowing through the resistance R in the
circuit in Fig. Q.32 has the form P cos 4¢, where P is

1

10.24
M=0.75H I
D i

303 %R:BQZQ

V=2cos 4¢

Fig. Q32
(A) (018 +;0.72)
(C) <018 + j 190)

(B) (0.46 + j 190)
(D) «0.192 + j 0.144)

The circuit for Q.33-34 are given in Fig. Q.33-34.
For both the questions, assume that the switch S
is in position 1 for a long time and thrown to

position 2 at £=0.

2
R
vE S, (o) L§ 0
T
Fig. Q33-34

m At t=0", the current i, is

-V -V
A) — B) —
( )2R (B) R
-V
©) 1R (D) zero

340 1(s) and I,(s) are the Laplace transforms of 7,(¢) and
1,(t) respectively. The equations for the loop currents
I,(s) and I,(s) for the circuit shown in Fig. Q.33-34,
after the switch is brought from position 1 to position 2

at ¢t =0, are

|—R + Ls + L —Ls—||'I s rzw
(A)} Cs 1 LIlsJ = S
-L R+ — |2 0
L ¥ Yol 0
R+Ls+i —Ls 7 67 v
(B) Cs L s
Ls R+ |5 | o
L Cs | L
R+Ls+i —Ls 1 67 v
) Cs L s
~Ls R+Ls+— |51 | o
L Cs | L
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|—R + Ls + i —Ls
(D) } Cs )
L —-Ls R+ Ls+ —J
C

m An input voltage
u(£) =10~/2 cos (£ + 10) + 104/3 cos (2 + 10°) V

is applied to a series combination of resistance
R =1Q and an inductance L =1 H. The resulting steady

state current i(¢£) in ampere is

(A) 10cos (¢ +55°) + 10 cos (2¢ + 10° + tan ' 2)
(B) 1 —cos (¢t +55°) + 10\/3 cos (2¢ + 55°)
(C) 10cos (£ —55°) + 10cos (2¢ + 10° —tan ™' 2)

(D) 1 -cos (¢ —55°) + 10\/3 cos (2t — 35°)

M The driving-point impedance Z(s) of a network has
the pole-zero locations as shown in Fig. Q.36. If Z(0) = 3,
then Z(s) is

Im
)I(“' s - plane
—?3 I i Re
%] 1
Fig. Q36
As+3) 2(s+ 3)
A) 5——— B) ¥——
s> +2s+3 s +2s5+2
3(s-3) 2(s - 3)
C) v+ D) e
( )32—23—2 ( )32—23—3
The impedance parameters Z,, and Z,, of the
two-port network in Fig. Q.37 are
20 20 30
lo 'A% MV 2'A'AY 02
§1 o § 10
l'o 02

Fig. Q37
(A) Z,, =275Q and Z,, =025Q
B)Z,=302 and Z,=050Q
(C)Z,=3Q and Z,=025Q
(D) Z,, =225Q and Z, =050
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An n-type silicon bar 0.1 cm long and 100 um?® in

cross-sectional area has a majority carrier
concentration of 5 x 10% / m® and the carrier mobility is
0.13 m?/V-s at 300 K. If the charge of an electron is 1.5 x
107" coulomb, then the resistance of the bar is

(A) 10° Ohm (B) 10* Ohm

(C) 10" Ohm (D) 10™* Ohm

The electron concentration in a sample of uniformly
doped n-type silicon at 300 K varies linearly from
10" /em® at x =0 to 6 x 10® /em® at x =2 pm. Assume a
situation that electrons are supplied to keep this
concentration gradient constant with time. If electronic
charge is 1.6 x 10" coulomb and the diffusion constant
D, =35 cm?/s, the current density in the silicon, if no
electric field is present, is

(A) zero
(C) +1120 A/cm?

(B) -112 A/cm?
(D) -1120 A/cm®

Match items in Group 1 with items in Group 2, most
suitably.
Group 1
P. LED 1. Heavy doping

Q. Avalanche photo diode 2. Coherent radiation
R.Tunnel diode

Group 2

3.Spontaneous  emission

S. LASER 4. Current gain
(A) (B) ©) (D)
P-1 P2 P-3 P-2
Q2 Q-3 Q4 Q-1
R4 R-1 R-1 R4
S-3 SH4 S-2 S-3

At 300 K, for a diode current of 1 mA, a certain
germanium diode requires a forward bias of 0.1435 V,
whereas a certain silicon diode requires a forward bias
of 0.718 V. Under the conditions stated above, the
closest approximation of the ratio of reverse saturation
current in germanium diode to that in silicon diode is
A1 (B) 5

(C) 4x10° (D) 8x10°

A particular green LED emits light of wavelength
5490 A°. The energy bandgap of the semiconductor
(Plank’s

material used there is constant

=6.626x 107 J—5s)

GATE EC BY RK Kanodia
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(A) 2.26 eV (B) 1.98 eV

(C) 117 eV (D) 0.74 eV

E.When the gate-to-source voltage (V,4) of a MOSFET
with threshold voltage of 400 mV, working in saturation
is 900 mV, the drain current is observed to be 1 mA.
Neglecting the channel width modulation effect and
assuming that the MOSFET is operating at saturation,
the drain current for an applied V4 of 1400 mV is
(A) 0.5 mA (B) 2.0 mA

(C) 3.5 mA (D) 4.0 mA

If P is Passivation, Q is n-well implant, R is
metallization and S is source/drain diffusion, then the
order in which they are carried out in a standard n-well
CMOS fabrication process, is
(A) P-Q-R-S
(C) R-P-5-Q

(B) Q-S-R-P
(D) S-R-Q-P

An amplifier without feedback has a voltage gain of
50, input resistance of 1 kQQ and output resistance of 2.5
kQ. The input resistance of the current-shunt negative
feedback amplifier using the above amplifier with a
feedback factor of 0.2, is
(A) 1/11 kQ

(C) 5 kQ

(B) 1/5 kQ
(D) 11 kO

In the amplifier circuit shown in Fig. Q.46, the
values of R, and R, are such that the transistor is
operating at V,; =3V and I, =15 mA when its f is
150. For a transistor with B of 200, the operating point
(Vg , L) is

Vee=6V
R, R,
Fig. Q46
(A) 2V, 2 mA) (B) 3V, 2mA)
(C) 4V, 2mA) (D) 4V, 1mA)
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The oscillator circuit shown in Fig. Q.47 has an ideal

inverting amplifier. its frequency of oscillation (in Hz) is

g
L

C
Il 11 |
1l 1l |
R %R R
Fig. Q47
1 1
A)— - B
( (2nJ6RC) ( )(2nRC)
1 J6
C) —— D
( )(JERC) ( )(ZnRC)

m The output voltage of the regulated power supply

shown in Fig. Q.48 is

+
1kQ
15V DC
Unregulated
Power source |V==3V £\ Ml
20 kQ Regulated
DC Output
B o
Fig. Q48
(A) 3V (B) 6V
©9v (D) 12 V

m The action of a JFET in its equivalent circuit can
best be represented as a

(A) Current Controlled Current Source

(B) Current Controlled Voltage Source

(C) Voltage Controlled Voltage Source
(D) Voltage Controlled Current Source

m If the op-amp in Fig. Q.50 is ideal, the output
voltage V.

out

will be equal to

GATE EC BY RK Kanodia
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Three identical amplifiers with each one having a
voltage gain of 50, input resistance of 1 kQ and output
resistance of 250 Q, are cascaded. The open circuit
voltage gain of the combined amplifier is

(A) 49 dB (B) 51 dB

(C) 98 dB (D) 102 dB

m An ideal sawtooth voltage waveform of frequency
500 Hz and amplitude 3 V is generated by charging a
capacitor of 2 uF in every cycle. The charging requires
(A) constant voltage source of 3 V for 1 ms

(B) constant voltage source of 3 V for 2 ms

(C) constant current source of 3 mA for 1 ms

(D) constant current source of 3 mA for 2 ms

m The circuit shown in Fig. Q.53 has 4 boxes each
described by inputs, P, Q, R and outputs Y, Z with
Y=P®Q®R, Z=RQ +PR +QP. The circuit acts as
a

0

-

== | |
P Q| |P Q| |P Q| |P @

Z YRH1ZY RHH1ZY RHZY R
i el == i

Output

Fig. Q53
(A) 4 bit adder giving P + @
(B) 4 bit substracter giving P - @
(C) 4 bit substracter giving @ — R
(D) 4 bit adder giving P +Q + R

m If the functions W, X, Y and Z are as follows
W=R+ f’Q +RS

5 kO X =PQRS +PQRS +PQRS
AN -
oy Lk N Y =RS + PR+ PQ + PQ
S N 0 Vous Z-R+S+PQ+P-Q R+PQ-S Then
AW=Z, X=2 BW=Z, X=Y
8 kQ
C)W=Y DW=Y=Z
Fig. Q50 @ A 4 bit ripple counter and a 4 bit synchronous
A1V (B) 6V counter are made using flip flops having a propagation
€14V D) 17V delay of 10 ns each. If the worst case delay in the ripple
= www.gatehelp.com
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counter and the synchronous counter be R and S
respectively, then
(A) R =10 n, S =40 ns

(C) R =10 ns, S =30 ns

(B) R =40 ns, S =10 ns
(D) R =30 ns, S =10 ns

E The DTL, TTL, ECL and CMOS families of digital

ICs are compared in the following 4 columns

P Q R S
Fanout is DTL DTL | TTL | CMOS
minimum
Power
consumption is TTL CMOS | ECL DTL
minimum

Propagation delay | ~\ios | gcL | TTL | TTL
1S mInimum

The correct column is
(AP
(COR

®) Q
D) S

The circuit shown in Fig. Q.57 is a 4 bit DAC. The
input bits 0 and 1 are represented by 0 and 5V
respectively. The OP AMP is ideal, but all the resistance
and the 5 V inputs have a tolerance of +10%. The
specification (rounded to the nearest multiple of 5%) for
the tolerance of the DAC is

(A) +35% (B) £20%
(C) £10% (D) +5%
R
R
2R AN
4R
_OVout
8R
R
Fig. Q57

m The circuit shown in Fig. Q.58 converts
MSB

Fig. Q58
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(A) BCD to binary code

(B) Binary to excess -3 code
(C) Excess -3 to Gray code
(D) Gray to Binary code

m In the circuit shown in Fig. Q.59, A is a parallel-in,
parallel-out 4 bit register, which loads at the rising edge
of the clock C. The input lines are connected to a 4 bit
bus, W. Its output acts as the input to a 16 x 4 ROM
whose output is floating when the enable input E is 0. A
partial table of the contents of the ROM is as follows

MSB
CLK—] A
1
I— E ROM
! !
: :
| |
| |
! ! ‘
CLK —— !
i P >t
t ty
Fig. Q59
Address Data
0 0011
2 1111
4 0100
6 1010
8 1011
10 1000
12 0010
14 1000

The clock to the register is shown, and the
data on the W bus at time ¢, is 0110. The data on the

bus at time ¢, is
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(A) 1111 (B) 1011
(C) 1000 (D) 0010

m In an 8085 microprocessor, the instruction CMP B
has been executed while the content of the accumulator
is less than that of register B. As a result

(A) Carry flag will be set but Zero flag will be reset
(B) Carry flag will be reset but Zero flag will be set
(C) Both Carry flag and Zero flag will be reset

(D) Both Carry flag and Zero flag will be set

Let X and Y be two statistically independent
random variables uniformly distributed in the ranges
(-1,1) and (-2, 1) respectively. Let Z =X + Y . Then the
probability that (Z <-2) is

(A) zero B) +

(OF D) &

@ Let P be linearity, Q be time-invariance, R be
causality and S be stability. A discrete time system has

the input-output relationship,
x(n) n>1
y(n) =40, n=0

n

where x(n) is the input and y(n) is the output. The
above system has the properties
(A) P, S but not Q, R (B) P, Q, S but not R

(C)P, Q, R, S (D) Q, R, S but not P

Data for Q.63-64 are given below. Solve the
problems and choose the correct answers.

The system under consideration is an RC low-pass
filter (RC-LPF) with R =1 kQ and C =10 pF.

m Let H(f) denote the frequency response of the
RC-LPF. Let f, be the highest frequency such that

H(f) . :
0<|f|<h H(Ol) 0.95. Then f, (in Hz) is
(A) 327.8 (B) 163.9
(C) 52.2 (D) 104.4

m Let ¢,(f) be the group delay function of the given
RC-LPF and f, = 100 Hz. Then ¢, (f;) in ms, is

(A) 0.717 (B) 7.17

(C) 71.7 (D) 4.505
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Data for Q.65-66 are given below. Solve the
problems and choose the correct answers.

X(t) is a random process with a constant mean

value of 2 and the autocorrelation function

Ry(t)=4[e "1 1]

m Let X be the Gaussian random variable obtained by

sampling the process at t =¢, and let

1
Q(a) = :[ T e 2dy
The probability that [x <1] is
(A) 1-Q(0.5) (B) Q(0.5)
©) Q) D) 1-Q5)

@ Let Y and Z be the random variables obtained by
sampling X(¢) at t=2 and t=4 respectively. Let
W =Y - Z. The variance of W is

(A) 13.36 (B) 9.36

(C) 2.64 (D) 8.00

Let x(¢) =2 cos (800m¢) + cos (1400nz). x(¢) is sampled
with the rectangular pulse train shown in Fig. Q.67.
The only spectral components (in kHz) present in the
sampled signal in the frequency range 2.5 kHz to
3.5 kHz are

p() Ty= 10” sec
3
t
-7, “Ty/6 0 T,/6 T,
Fig. Q67
(A) 2.7, 3.4 (B) 3.3, 3.6
(C) 2.6, 2.7, 3.3, 3.4, 3.6 (D) 2.7, 3.3

m The signal flow graph of a system is shown in Fig.

Q.68. The transfer function 5> of the system is

A — — B ——
( )32+293+6 ( )32+293+6
s(s +2) s(s +27)
C) ———— D) ————
( )32+293+6 ( )32+293+6
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mThe root locus of the system The gain margin and the phase margin of a
Gls)EI(s) - K feedback system with
s(s+2)(s+3) s
G(s)H(s) = s 11007 are
has the break-away point located at (s + )
(A) (-0.5, 0) (B) (-2.548, 0) (A) - dB, 0° (B) o0, @
(©) (-4, 0) (D) (-0.784, 0) (€) =, 0° (D) 88.5 dB,

The approximate Bode magnitude plot of a The zero-input response of a system given by the

minimum phase system is shown in Fig. Q.70. The state-space equation
transfer function of the system is X 1 0] x x,(0) 1].
= and =| |18
dB X, 1 1]« x,(0)| [0
t t
160 (A) {te } (B) {e }
t t
140
¢ ]
(©) { t J (D) ™
20 te te
0.1 10 100 A DSB-SC signal is to be generated with a carrier
Fig. Q70 frequency f, =1 MHz using a nonlinear device with the
(A) 10° (s +0.1)? (B) 107 (s+0.1)? input-output characteristic v, = a,v, + a,v’ where a, and
(s +10)*(s + 100) (s +10)(s + 100) a, are constants. The output of the nonlinear device
©) 10° (s +0.1)2 D) 10° (s +0.1)? can be filtered by an appropriate band-pass filter. Let
(s +10)%*(s + 100) (s +10)(s + 100)2 v, =Alcos 2nf't) + m(t) where m(t) is the message
signal. Then the value of ' (in MHz) is
A second-order system has the transfer function (A) 1.0 (B) 0.333
C(s) 4 (C) 0.5 (D) 8.0

R(s) s®+4s+4
The data for Q.75-76 are given below. Solve the

With r(¢) as the unit-step function, the response problems and choose the correct answers.
o(#) of the system is represented by Let m(t) =cos [(4nx 10%)t] be the message signal
(A) (B) and c(t) =5 cos [(2n x 10°)¢] be the carrier.
, Step Response . Step Response
5 c(t) and m(¢) are used to generate an AM signal. The
é AU §0.5 modulation index of the generated AM signal is 0.5.
305 g“ Then the quantity TOtalc:;jinband POWET s
. power
% 5 10 1 20 25 % 5 10 A) 3 ®B) §
Time (sec) Time (sec) (©) % (D) é
©) D)
Step Response Step Response c(t) and m(t) are used to generate an FM signal. If
b ! the peak frequency deviation of the generated FM is
E L= §05 three times the transmission bandwidth of the AM
g E signal, then the coefficient of the term
05 cos [27(1008 x 10°#)] in the FM signal (in terms of the
0 o 5 1 5 0o 5 " s Bessel coefficients) is

Time (sec) Time (sec) (A) 5J4(3) (B) ng(g)
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m A uniform plane wave traveling in air is incident on
the plane boundary between air and another dielectric
medium with ¢, =4. The reflection coefficient for the

normal incidence, is

(A) zero (B) 0.5 ~£180°

(C) 0.333 «0° (D) 0.333£180°

If the electric field intensity associated with a
uniform plane electromagnetic wave traveling in a
medium is

dielectric given by

then the

perfect
E(z,t)=10cos (2nx 10"t —0.1nz)

velocity of the traveling wave is

volt/m,

(A) 3.00 x 10® m/sec (B) 2.00 x 10® m/sec

(C) 6.28 x 10" m/sec (D) 2.00 x 107 m/sec

A short-circuited stub is shunt connected to a
transmission line as shown in Fig. Q.88. If Z, =50 ohm,
the admittance Y seen at the junction of the stub and

the transmission line is

I

I

I
g%flk\

Fig. Q.88

(A) (001 - j0.02) mho
(C) (004 - j0.02) mho

(B) (002 - j0.01) mho
(D) (002 + jO) mho

m A rectangular metal wave guide filled with a
dielectric material of relative permitivity € , =4 has the
inside dimensions 3.0 cm x 1.2 cm. The cut-off frequency

for the dominant mode is
(A) 2.5 GHz (B) 5.0 GHz

(C) 10.0 GHz (D) 12.5 GHz
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m Two identical antennas are placed in the 6 =n / 2
plane as shown in Fig. Q.90. The elements have equal
amplitude excitation with 180° polarity difference,
operating at wavelength A. The correct value of the
magnitude of the far-zone resultant electric field

strength normalized with that of a single element, both

b

!
!

computed for ¢=0, is

Fig. Q.90

. (2ms
B)2 ——
(B) sm( Xj

D) 2sin| =
(D) sm(kj

27s
A) 2 -
(A) cos[xj

C) 2cos| &
©) cos(k)
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ﬂ For the R-L circuit shown in Fig. Q.5, the input
voltage v,(t) = u(¢). The current i(¢) is

i(t) 1H
o—2" "M

vil®) gz Q

i(t)

t(sec) t(sec)

t(sec) t(sec)

ﬂ The impurity commonly used for realizing the base
region of a silicon n-p-n transistor is

(A) Gallium (B) Indium

(C) Boron (D) Phosphorus

If for a silicon n-p-n transistor, the base-to-emitter
voltage (V) is 0.7 V and the collector-to-base voltage
(Vep) is 0.2V, then the transistor is operating in the

(B) saturation mode

(D) cutoff mode

(A) normal active mode

(C) inverse active mode

E Consider the following statements S1 and S2.
S1 : The B of a bipolar transistor reduces if the base
width is increased.

S2 : The B of a bipolar transistor increases if the
doping concentration in the base is increased.

Which one of the following is correct ?
(A) S1 is FALSE and S2 is TRUE
(B) Both S1 and S2 are TRUE
(C) Both S1 and S2 are FALSE
(D) S1 is TRUE and S2 is FALSE

a An ideal op-amp is an ideal
(A) voltage controlled current source

(B) voltage controlled voltage source
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(C) current controlled current source

(D) current controlled voltage source

Voltage series feedback (also called series-shunt
feedback) results in

(A) increase in both input and output impedances
(B) decrease in both input and output impedances

(C) increase in input impedance and decrease in
output impedance

(D) decrease in input impedance and increase in
output impedance

The circuit in Fig. Q.11 is a

+

T T
T 1

Fig Q.11

(B) high-pass filter
(D) band-reject filter

(A) low-pass filter
(C) band-pass filter

Assuming V., =02 V and = 50, the minimum
base current (I) required to drive the transistor in Fig.

Q.12 to saturation is

Fig Q12.
(A) 56 pA (B) 140 mA
(C) 60 nA (D) 3 mA

A master-slave flip-flop has the characteristic that

(A) change in the input is immediately reflected in
the output

(B) change in the output occurs when the state of the
master is affected

(C) change in the output occurs when the state of the
slave is affected

(D) both the master and the slave states are affected
at the same time
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The range of signed decimal numbers that can be
represented by 6-bit 1’s complement numbers is

(A) =31 to +31 (B) 63 to +64
(C) 64 to +63 (D) -32 to +31

A digital system is required to amplify a
binary-encoded audio signal. The user should be able to
control the gain of the amplifier from a minimum to a
maximum in 100 increments. The minimum number of

bits required to encode, in straight binary, is
(A) 8 (B) 6
5 (D) 7

Choose the correct one from among the alternatives
A, B, C, D after matching an item from Group 1 with

the most appropriate item in Group 2.

Group 1 Group 2

P: Shift register 1: Frequency division

Q: Counter 2: Addressing in memory chips
R: Decoder 3: Serial to parallel data conversion
(A) (B) ©) (D)
P-3 P-3 P-2 P-1
Q-2 Q-1 Q-1 Q-3
R-1 R-2 R-3 R-2

Fig. Q.17 shows the internal schematic of a TTL
AND-OR-Invert (AOI) gate. For the inputs shown in
Fig. Q.17, the output Y is

A—
B_
— Y
Input are —|
Floating ]

Fig Q.17
A0 (B) 1
(C) AB (D) AB

Fig. Q.18 is the voltage transfer characteristic of

(A) an NMOS inverter with enhancement mode
transistor as load

(B) an NMOS inverter with depletion mode transistor
as load

(C) a CMOS inverter
(D) a BJT inverter
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The impulse response A[n]of a linear time-invariant

system is given by

hln]l=uln + 3]+ uln —2]1-2uln - 7]

where u[n] is the unit step sequence. The above

system is

Fig Q.18
(A) stable but not causal
(B) stable and causal
(C) causal but unstable

(D) unstable and not causal

m The distribution function Fy(x) of a random variable
X is shown in Fig. Q.20. The probability that X =1 is

(A) zero

(B) 0.25

(C) 0.55 (D) 0.30

The z-transform of a system is

z

H(z) =
) z-02

If the ROC is Iz 1< 0.2, then the impulse response

of the system is

(A) (02)"uln] B) (02)"u[-n —1]

(C) «02)" uln] (D) «02)" ul-n —1]
@ The Fourier transform of a conjugate symmetric
function is always

(A) imaginary (B) conjugate anti-symmetric

(C) real (D) conjugate symmetric
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Consider the Bode magnitude plot shown in Fig.
Q.33. The transfer function H(s) is

20 log H(jo)
oF 20 dB/de
-20 -20 dB/dec
40 dB/dec
I1 1I0 l(I)O 0]
Fig Q.33
(s +10) (B) 10(s +1)
(s +1)(s +100) (s +10)(s +100)
2 3
©) 10°(s +1) (D) 10°(s + 100)
(s +10)(s +100) (s+1)(s+10)
V.(s)

of an R-L-C

The transfer function H(s) =
V(s

i

circuit is given by

10°

H(s)=— 2
)= 2051 10°

The Quality factor (Q-factor) of this circuit is
(A) 25 (B) 50

(C) 100 (D) 5000

E For the circuit shown in Fig. Q.35, the initial

conditions are Zero. Its transfer  function
H(s) =V(s)/V(s) is

1 10°
A) V———— (B)

s +10%s + 10° s +10%s + 10°

10 kO 10 mH

—AN—M
0 00 F== u®
o 0
Fig Q35.
© -, 10 S —

s +10%s + 10° s® +10°%s + 10°
A system described by the following differential

equation

d’y  ,dy
+3—+2y=x(t
dt’ a )

is initially at rest. For input x(¢) =2u(t), the output
(1) is
(A) (1-2e7" +e)u(e)
(C) (05 + e +15e*)ult)

(B) A +2e" —e)Hu(t)
(D) (05 +2e" +2e2)u(e)
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Consider the following statements S1 and S2.

S1 : At the resonant frequency the impedance of a
series R-L—C circuit is zero.

S2 : In a parallel G-L—C circuit, increasing the
conductance G results in increase in its Q factor.

Which one of the following is correct ?
(A) S1 is FALSE and S2 is TRUE
(B) Both S1 and S2 are TRUE
(C) S1 is TRUE and S2 is FALSE
(D) Both S1 and S2 are FALSE

@. In an

concentrations on the

abrupt p-n junction, the doping

p-side and n-side are
N, =9x10"/cm?® respectively. The p-n junction is
reverse biased and the total depletion width is 3 um.
The depletion width on the p-side is

(A) 2.7 um (B) 0.3 pym

(C) 2.25 pm (D) 0.75 pm

The resistivity of a uniformly doped n-type silicon
sample is 0.5 Q-cm. If the electron mobility (n,) is 1250
cm?/V-sec and the charge of an electron is 1.6x 107"
Coulomb, the donor impurity concentration (N,) in the
sample is

(A) 2x 10" /em?
(C) 25 x 10* /em?

(B) 1x 10" /em?
(D) 5 x 10*/cm?

Consider an abrupt p-n junction. Let V,, be the
built-in potential of this junction and V, be the applied
reverse bias. If the junction capacitance (C)) is 1 pF for
Vi +Vy=1YV, then for V,, + V, =4V, C; will be

(A) 4 pF (B) 2 pF

(C) 0.25 pF (D) 0.5 pF

Consider the following statements S1 and S2.

S1 : The threshold voltage (V,) of a MOS capacitor
decreases with increase in gate oxide thickness.

S2 : The threshold voltage (V) of a MOS capacitor
decreases with increase in substrate doping
concentration.

Which one of the following is correct ?
(A) S1 is FALSE and S2 is TRUE
(B) Both S1 and S2 are TRUE
(C) Both S1 and S2 are FALSE
(D) S1 is TRUE and S2 is FALSE
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The drain of an n-channel MOSFET is shorted to
the gate so that V5 = V)5 . The threshold voltage (V;) of
the MOSFET is 1 V. If the drain current (1) is 1 mA for
Vo =2V, then for Vo =3V, I, is

(A) 2 mA (B) 3 mA

(C) 9 mA (D) 4 mA

@ The longest wavelength that can be absorbed by
silicon, which has the bandgap of 1.12 €V, is 1.1 um. If
the longest wavelength that can be absorbed by another
material is 0.87 pm, then the bandgap of this material
is

(A) 1.416 eV (B) 0.886 eV

(C) 0.854 eV (D) 0.706 eV

m The neutral base width of a bipolar transistor,
biased in the active region, is 0.5 um. The maximum
electron concentration and the diffusion constant in the
base are 10"/cm® and D, =25cm?/sec respectively.
Assuming negligible recombination in the base, the
collector current density is (the electron charge is

1.6 x 10 Coulomb)
(A) 800 A/cm?® (B) 9 A/em?

(C) 200 A/em® (D) 2 Alem®

m Assume that the B of the transistor is extremely
large and V,, =0.7V, I, and V; in the circuit shown in
Fig. Q.45 are

5V
v
4 kQ 2.2kQ
+
VEC
1kQ 300 kQ
Fig Q.45

(A) I, =1mA, V=47V
(B) I, =05mA, V=375V
(C)I,=1mA, V=25V
(D) I, =05mA, V=39V

GATE EC BY RK Kanodia

Previous Year Papers

A bipolar transistor is operating in the active region
with a collector current of 1 mA. Assuming that the 3 of
the transistor is 100 and the thermal voltage (V,) is 25
mV, the transconductance (g,,) and the input resistance
(r) of the in the

configuration, are

transistor common emitter

(A) g, =25 mA/V and r, =15.625 kQ
(B) g, = 40 mA/V and r_ =40 kQ
(C) g, =25 mA/V and r, =25 kQ
(D) g,, = 40 mA/V and r, =25 kQ

The value of C required for sinusoidal oscillations of
frequency 1 kHz in the circuit of Fig. Q.47 is

1kQ 2.1 kQ
VW AN
==c
1 kQ% Tc
Fig Q.47
(A) 1 pF (B) 2nuF
21
1
(C) —— uF (D) 21/6 uF
27/6 e

In the op-amp circuit given in Fig. Q.48, the load

current i; is

R,
A AA%
R,
v 0—AAN—
p—oVU,
AN
R, R,
iL¢§RL
Fig Q.48
A) -2 B) =
A) R, (B) R,
C) — = D) 2=
© R, ( )R1
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Consider the sequence of 8085 instructions given
below
LXI H, 9258

MOV A, M
CMA
MOV M, A
Which one of the following is performed by this

sequence?

(A) Contents of location 9258 are moved to the
accumulator

(B) Contents of location 9258 are compared with the
contents of the accumulator

(C) Contents of location 8529 are complemented and
stored in location 8529

(D) Contents of location 5892 are complemented and
stored in location 5892

m A Boolean function f of two variables x and y is
defined as follows :
f0,0)=£0, D=£(1, D=1 f(1,0=0

Assuming complements of x and y are not

available, a minimum cost solution for realizing f
using only 2-input NOR gates and 2-input OR gates
(each having unit cost) would have a total cost of

(A) 1 unit (B) 4 units

(C) 3 units (D) 2 units

m It is desired to multiply the numbers 0AH by 0BH

and store the result in the accumulator. The numbers

are available in registers B and C respectively. A part of

the 8085 program for this purpose is given below:
MVI A, 00H

LOOP:

HLT
END
The sequence of instructions to complete the
program would be
(A) JNZ LOOP, ADD B, DCR C
(B) ADD B, JNZ LOOP, DCR C
(C) DCR C, JNZ LOOP, ADD B
(D) ADD B, DCR C, JNZ LOOP
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m A 1 kHz sinusoidal signal is ideally sampled at 1500
samples /sec and the sampled signal is passed through
an ideal low-pass filter with cut-off frequency 800 Hz.
The output signal has the frequency

(A) zero Hz (B) 0.75 kHz

(C) 0.5 kHz (D) 0.25 kHz

m A rectangular pulse train s(¢) as shown in Fig. Q.61
is convolved with the signal cos®(4nx 10%¢). The
convolved signal will be a

s(t)
1

«+— 1lms—» 0

Fig Q.61
(A) DC
(C) 8 kHz sinusoid

(B) 12 kHz sinusoid
(D) 14 kHz sinusoid

@ Consider the sequence
anl=[-4-j5 1+ j2 5]
T

The conjugate anti-symmetric part of the sequence is
A) [-4-j25 Jj2  4-j25]
(B) [-j25 1 j2.5]
(C) [-j2.5 Jj2 0]
(D) [4 1 4]

@ A causal LTI system is described by the difference
equation
2ylnl=ayln —2]-2x[n]+ px[n —1]
The system is stable only if
(A) ‘a‘:z, [3‘<2
(B) ‘a‘>2, B‘>2

©) ‘a‘ <2, any value of
(D) B[ <2, any value of a

m A causal system having the transfer function

1

H(s) =
(&) s+2

is excited with 10u(¢). The time at which the
output reaches 99% of its steady state value is
(A) 2.7 sec (B) 2.5 sec

(C) 2.3 sec (D) 2.1 sec
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@ The impulse response A[n]of a linear time invariant

system is given as
242 n=1-1
hlnl=

42 n=2-2
0 otherwise

If the input to the above system is the sequence
e’™/* then the output is
( A) 4 \/5 e Jnn /4

(C) 4ej7m/4

(B) 4\/§e—jnn/4
(D) —4e™/*

@ Let x(¢) and y(¢) with Fourier transforms F(f) and
Y (f) respectively be related as shown in Fig. Q.66. Then
Y(f) is

x(t) y(t)
1

Fig Q.66

(A) - % X(f[2)e (B) - % X(f/2)e”

(C) - X(f/2) " (D) - X(f/2) e "7

A system has poles at 0.01 Hz, 1 Hz and 80 Hz;
zeros at 5 Hz, 100 Hz and 200 Hz. The approximate
phase of the system response at 20 Hz is

(A) —90° (B) 0°

(C) 90° (D) -180°

@ Consider the signal flow graph shown in Fig. Q.68.

The gain % is

Xxq 3511 X b X3 ¢ Xy d X5 1
e f g
Fig Q.68
A) 1—(be + cf +dg)
abed
(B) bedg
1-(be +cf +dg)
©) abed

1—(be +cf +dg)+ bedg

1-(be + cf +dg) + bedg

D
(D) abed
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M IrA-= {_21 i } then sin A¢ is

A) [ sin(—4¢) + 2sin(-¢) —sin(-4¢) + 2 sin(-f)
| —sin(-4%) +sin(-¢)  2sin(-4¢) + sin(-%)
®) sin(.—Z ) .sin(Z t)}
sin(¢) sin(-3¢)
© [ sin(4¢) + 2sin(f) 2sin(—4¢) —2sin(-2) |
—sin(—-4¢) + sin(¢) 2 sin(4¢) + sin(¢)
D) [ cos(—t) + 2cos(t) 2cos(—4t) —2sin(—t) |
| —cos(—4%) + sin(-t) —2cos(4?) + cos(t)

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

K

G(s) =
. s(s®>+s+2)(s+3)

The range of K for which the system is stable is

(A)%>K >0 B)13>K >0

(C)%<K<oo (D) 6<K <o

For the polynomial
P(s)=s"+s* +2s* +2s* + 3s + 15

the number of roots which lie in the right half of
the s-plane is
(A) 4 (B) 2

©) 3 D)1

The state variable equations of a system are :
X, =-3x, —Xy, =U, Xy =2X, , Y=X +U

The system is
(A) controllable but not observable

(B) observable but not controllable
(C) neither controllable nor observable

(D) controllable and observable

10
Given A :{0 J, the state transition matrix e is

given by

N
e 0

©) {et O}
0 e

(B){(f e}
e 0

D) {et 0}
0 €
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Consider the signal x(#) shown in Fig. Q.74. Let A(?)
denote the impulse response of the filter matched to
x(t), with h(t) being non-zero only in the interval 0 to 4
sec. The slope of A(¢) in the interval 3 <¢ <4 sec is

x(t)

t(sec)

Fig. Q.74
(A) % sec! (B) -1 sec™
(C) =1/2 sec™ (D) 1 sec™

A 1 mW video signal having a bandwidth of 100
MHz is transmitted to a receiver through a cable that
has 40 dB loss. If the effective one-sided noise spectral
density at the receiver is 10 Watt/Hz, then the
signal-to-noise ratio at the receiver is

(B) 30 dB

(D) 60 dB

(A) 50 dB
(C) 40 dB

A 100 MHz carrier of 1V amplitude and a 1 MHz
modulating signal of 1V amplitude are fed to a balanced
modulator. The output of the modulator is passed
through an ideal high-pass filter with cut-off frequency
of 100 MHz. The output of the filter is added with 100
MHz signal of 1V amplitude and 90° phase shift as
shown in Fig. Q.76. The envelope of the resultant signal

18

Balanced HPF
1 Mhz, 1V Modulator "] 100 Mhz y®
100 Mhz, 1V 100 Mhz, 1V 90°
Fig Q.76

(A) constant (B) \/ 1+ sin(27x 10%¢)

(C) 5/4 —sin@nx 10°) (D) /5/4 + cos(2mx 10°¢)
Two sinusoidal signals of same amplitude and
frequencies 10 kHz and 10.1 kHz are added together.
The combined signal is given to an ideal frequency
detector. The output of the detector is

(A) 0.1 kHz sinusoid (B) 20.1 kHz sinusoid

(C) a linear function of time (D) a constant

GATE EC BY RK Kanodia

Previous Year Papers

Consider a binary digital communication system
with equally likely 0’s and 1’s. When binary 0 is
transmitted the voltage at the detector input can lie
between the levels -0.25 V and +0.25 V with equal
probability; when binary 1 is transmitted, the voltage at
the detector can have any value between 0 and 1 V with
equal probability. If the detector has a threshold of 0.2V
(i.e. if the received signal is greater than 0.2V, the bit is
taken as 1), the average bit error probability is

(A) 0.15 (B) 0.2

(C) 0.05 (D) 0.5

A random variable X with uniform density in the
interval 0 to 1 is quantized as follows:

if 0<X<03, x,=0

if03<X <1, «,=07

where x, is the quantized value of X. The
root-mean square value of the quantization noise is

(A) 0.573 (B) 0.198
(C) 2.205 (D) 0.266

m Choose the correct one from among the alternatives
A, B, C, D after matching an item from Group 1 with

the most appropriate item in Group 2.

Group 1 Group 2

1: FM P : Slope overload

2 : DM Q : u-law

3 : PSK R : Envelope detector

4 : PCM S : Capture effect
T : Hilbert transfer
U : Matched filter

(A) (B) ©) (D)

1-T 1-S 1-S 1-U

2-P 2-U 2-P 2-R

3-U 3-P 3-U 3-S

4-S 4-T 4-Q 4-Q

Three analog signals, having bandwidth 1200 Hz,
600 Hz and 600 Hz, are sampled at their respective
Nyquist rates, encoded with 12 bit words, and time
division multiplexed. The bit rate for the multiplexed
signal is

(A) 1, 15.2 kbps
(C) 27.6 kbps

(B) 28.8 kbps
(D) 38.4 kbps
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m Consider a system shown in Fig. Q.82. Let X(f) and
Y(f) denote the Fourier transforms of x(#) and y(¢)
respectively. The ideal HPF has the cutoff frequency 10
kHz.

X(f)

3 1 1 3 f(kH2)

Balanced HPF _| Balanced
Modulator 10 kHz "1 Modulator

T T
O S

10 kHz 13 kHz
Fig Q.82

x(t) —» —» y(t)

A 4

The positive frequencies where Y (f) has spectral
peaks are
(A) 1 kHz and 24 kHz

(C) 1 kHz and 14 kHz

(B) 2 kHz and 24 kHz
(D) 2 kHz and 14 kHz

@ A parallel plate air-filled capacitor has plate area of
10~ m?* and plate separation of 10~ m. It is connect- ed
to a 0.5 V, 3.6 GHz source. The magnitude of the
displacement current is (¢, =1/3671x 10 F/m)

(A) 10 mA (B) 100 mA

(C) 10 A (D) 1.59 mA

A source produces binary data at the rate of 10
kbps. The binary symbols are represented as shown in
Fig.Q.84

Binary 1 Binary 1
1V
0.1
0 01 t(ms) 0 t(ms)
-1V
Fig Q.84

The source output is transmitted using two
modulation schemes, namely Binary PSK (BPSK) and
Quadrature PSK (QPSK). Let B, and B, be the
bandwidth of BPSK
Assuming that the bandwidth of the above rectangular
pulses is 10 kHz, B, and B, are
(A) B, = 20 kHz, B, = kHz
(B) B, =10 kHz, B, = 10 kHz

requirements respectively.
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(C) B, = 20 kHz, B, = 10 kHz
(D) B, = 10 kHz, B, = 10 kHz

m Consider a 300 Q, quarter-wave long (at 1 GHz)
transmission line as shown in Fig. Q.85. It is connected
to a 10 V, 50Q source at one end and is left open
circuited at the other end. The magnitude of the voltage

at the open circuit end of the line is

10V, 50 Q source Z,=300Q
o M4 >
Fig Q.85
(A)10V B 5V
(C) 60 V (D) 60/7 V

m In a microwave test bench, why is the microwave
signal amplitude modulated at 1 kHz ?

(A) To increase the sensitivity of measurement
(B) To transmit the signal to a far-off place
(C) To study amplitude modulation

(D) Because crystal detector fails at microwave
frequencies

If

H =(k/op)a , +Ja, e’ the time-averaged Poynting

Jkz—jot

E=(4, + ja e and

vector is
(B) (k/ow)a,
(D) (k/20w)4,

(A) null vector

(C) 2k/op)a,

Consider an impedance Z = R + jX marked with
point P in an impedance Smith chart as shown in Fig.
Q.88. The movement from point P along a constant
resistance circle in the clockwise direction by an angle

45° is equivalent to
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The following differential equation has

9 3
3dy+4(dyj +y242=x

dt? dt
(A) degree = 2, order = 1
(B) degree = 3, order = 2
(C) degree = 4, order = 3

(D) degree = 2, order =3

a Choose the function f(#);—o <t<ow for which a
Fourier series cannot be defined.
(A) 3sin(25%) (B) 4cos(20t + 3) +2sin(710¢)

(C) esin(25¢) D) 1

E A fair dice is rolled twice. The probability that an odd

number will follow on even number is

1 1
A) = B) =
()2 ()6

1 1
C) = D) —
()3 ()4

ﬂ A solution of the following differential equation is
given by
d’y dy

ar a0

(A) y :e2x + ef3x
C)y=e* +e™

(B) y =e*™ +e™
D) y=e* +e™

a The function x(¢) is shown in the figure. Even and
odd parts of a unit step function u(¢) are respectively,
x(t)

1

0
-1

Fig. Q5
1 1 1 1
A =, = B) --. =
()2,2x(t) (B) 2,zx(t)
1 1 1 1
(C)g, —Ex(t) (D) g —gx(t)

ﬂ The region of convergence of z - transform of the

sequence (Zj u(n) —[gj u(-n —1) must be

@ <2 ®) |>2
5 6 6

(C)g<‘z‘<g (D)g<‘z‘<oo

The condition on R,L and C such that the step

response y(¢) in the figure has no oscillations, is

L R
—0
u(t) == C y(t)
0
Fig. Q7
1 L L
A R>= |— B R>,—
L 1
C)R>2|— D)R=,—
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a The ABCD parameters of an ideal n:l transformer

shown in the figure are { g ;} The value of x will be

o= -2 o
+ +
n:l1
Uy % § Uy
o o
Fig. Q8
(A) n ®) L
n
(C) n? @ L
n

ﬂ In a series RLC circuit, R=2 kQ, L=1 H and

1
C =—— . The resonant frequency is
400 u q y

(A) 2 x 10° Hz (B) Lx10* Hz
T

(C) 10* Hz (D) 27 x 10* Hz

The maximum power that can be transferred to the

load resistor R, from the voltage source in the figure is

100
AN
w@® g
Fig. Q10
A 1W (B) 10 W
(C) 0.25 W (D) 0.5 W

The bandgap of Silicon at room temperature is
(A) 1.3 eV (B) 0.7 eV

(C) 1.1 eV (D) 1.4 eV

A Silicon PN junction at a temperature of 20° C has
a reverse saturation current of 10 pico - Amperes (pA).
The reserve saturation current at 40° C for the same
bias is approximately

(A) 30 pA (B) 40 pA

(C) 50 pA (D) 60 pA

The primary reason for the widespread use of

Silicon in semiconductor device technology is
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(A) abundance of Silicon on the surface of the Earth.

(B) larger bandgap of Silicon in comparison to
Germanium.

(C) favorable properties of Silicon - dioxide (SiO2)

(D) lower melting point.

The effect of current shunt feedback in an amplifier
is to

(A) increase the input resistance and decrease the
output resistance.

(B) increase both input and output resistance
(C) decrease both input and output resistance.

(D) decrease the input resistance and increase the
output resistance.

The input resistance of the amplifier shown in the

figure is
30 kQ
10 kQ
—ov,
Fig. Q15
30
(A) x kO (B) 10 kQ
(C) 40 kQ (D) infinite

The first and the last critical frequency of an RC -
driving point impedance function must respectively be
(A) a zero and a pole
(B) a zero and a zero
(C) a pole and a pole

(D) a pole and a zero

The cascode amplifier is a multistage configuration

of
(A) CC - CB (B) CE - CB
(C) CB - CC (D) CE - CC

Decimal 43 in Hexadecimal and BCD number
system is respectively
(A) B2, 0100 011

(B) 2B, 0100 0011
(C) 2B, 0011 0100
(D) B2, 0100 0100
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The Boolean function f implemented in the figure

using two input multiplexes is

—0 mMUx
-
A1
C—o mux
c—1
I
B
Fig. Q19
(A) ABC + ABC (B) ABC + ABC

(C) ABC + ABC (D) ABC + ABC

m Which of the following can be impulse response of a

causal system?

(A) (B)
h(t) h(t)
J/\ A t

©) (D)
h(t) h(t)

AN AL

Let x(n):(;) u(n), y(n) =x*(n) and Y(e’*) be the

Fourier transform of y(n) then Y(e’®) is

1
(A) 1 B) 2

4
C) 4 D) =
(®) ()3

M Find the correct match between group 1 and group 2

Group 1 Group II

P. {1+ km()}Asin(ewt)  W. Phase Modulation
Q. km(t)Asin(w,?)

R. Asin(wt + km(t))

X.Frequency Modulation
Y. Amplitude Modulation

(A) P-Z, Q-Y, R-X, S-W (B) P-W, Q-X, R-Y, S-Z

(C) PX, Q-W, R-Z, S-Y (D) P-Y, Q-Z, R-W, S-X
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The power in the signal

s(t)=8 cos(ZOn - ;j + 4 sin(157¢) is

(A) 40
(C) 42

(B) 41
(D) 82

Which of the following analog modulation scheme

requires the minimum transmitted power and
minimum channel bandwidth?
(A) VSB (B) DSB - SC

(C) SSB (D) AM

@ A linear system is equivalently represented by two

sets of state equations:

X =AX + BU And W =CW + DU

The eigenvalues of the representations are also
computed as [A] and [pn] Which one of the following

statements is true?
(A) [A]l=[p]land X =W (B) [A]l=[p] and X =W

(O [A]#[p]and X =W (D) [M=[p]land X =W

@ Which one of the following polar diagrams

corresponds to a lag network?

(A) (B)
Im Im
/\ | ©=0 °~” Re
| =0 =00 Re \—/
©) D)
Im Im
/\ | = =0 Re
L ©=0 po U

Despite the presence of negative feedback, control
systems still have problems of instability because the

(A) Components used have non-linearities

(B) Dynamic equations of the subsystem are not
known exactly.

(C) Mathematical analysis involves approximations.

(D) System has large negative phase angle at high
frequencies.
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(A)5Vand 2Q (B) 7.5V and 2.5 Q

(1 1 1 1] (C)4Vand 2Q (D)3 Vand 25 Q
1 1 -1 -1 .
A=l |, oplaaTris If R =R,=R,=R and R,=11R in the bridge
0o o0 1 _1J circuit shown in the figure, then the reading in the ideal
-% 0 0 0-_ -% 00 0] voltmeter connected between a and b is
0L 00O 0L 00O
A : B ’ B
()00;0 ()00;0 fa
0 0 0 % 0 0 0 % 1°VC—> a +®_ b
[1 0 0 O] (L0 0 O]
0100 0100 B, s
(© (D) -
0010 0010 1
1 =
000 1] 00 0 1 Fig. Q1
@ For the circuit show in the figure, the instantaneous (A) 0.238 V (B) 0.138 V
current 7,(¢) is ) (C) 0.238 V D)1V
2 =
nivv\ I
‘ T [l PP] The h parameters of the circuit shown in the figure
31
5 0°A §3Q 10 607a e L 100 Iy
AN ~—o
+ +
Fig. Q38 v, g 200 v,
(A) % Z/90° Amps. (B) M Z-90° Amps.
2 2 o )
(C) 5260° Amps (D) 5/ - 60° Amps Fig. Q42
) ) ) A) [ 01 01] B) [10 -1]
) Impedance Z as shown in the given figure is L—O.l 03 J L 1 0.05J
P o 30 20 10 1
©) (D)
20 20 -1 005

7100
j100 J2Q

A square pulse of 3 volts amplitude is applied to C-R

o circuit shown in the figure. The capacitor is initially
Fig- Q39 uncharged. The output voltage V, at time ¢t =2 sec is
(A) j29 Q B) j9Q I, OLpF J I,
. . o— | ——-
(C) j19 O (D) j39 O Vi + I I +
3V
P For the circuit shown in figure, Thevenin’s voltage Vi gl kQ Vy
and Thevenin’s equivalent resistance at terminals a - b )
s 2 sec ° °
Fig. Q43
50
@ (A)3V (B) -3V
0.51, <‘_L> )4V D) -4V

50 g 2 10V
b
T A Silicon sample A is doped with 10" atoms/cm?® of

boron. Another sample b of identical dimension is doped

with 10'® atoms/cm® phosphorus. The ratio of electron to
www.gatehelp.com
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hole mobility is 3. The ratio of conductivity of the
sample A to B is

1

A B) =
(A) 3 ()3
2 3
(C)g (D)E

m A Silicon PN junction diode under reverse bias has
depletion region of width 10 pm. The  relative
permitivity of Silicon, ¢, =11.7 and the preemptively of
£,=885x10"” F/m. The
capacitance of the diode per square meter is
(A) 100 pF (B) 10 pF

(C) 1 uF (D) 20 uF

free space depletion

m For an npn transistor connected as shown in figure
Ve =0.7 volts. Given that reverse saturation current of
the junction at room temperature 300 K is 107 A, the

emitter current is

e

,ViE
Fig. Q46

(A) 30 mA (B) 39 mA

(C) 49 mA (D) 20 mA

The voltage e, is indicated in the figure has been
measured by an ideal voltmeter. Which of the following
can be calculated ?

1 MO

1 MQ

Fig. Q47
(A) Bias current of the inverting input only

(B) Bias current of the inverting and non-inverting
inputs only

(C) Input offset current only

(D) Both the bias currents and the input offset
current.

GATE EC BY RK Kanodia
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The OP-amp circuit shown in the figure is filter. The
type of filter and its cut. Off frequency are respectively.

10 kQ
10 kQ
e =
= Lo,
v; O—l +
1uF
1kQ
Fig. Q48

(A) high pass, 1000 rad/sec.
(B) Low pass, 1000 rad/sec.
(C) high pass, 1000 rad/sec.
(D) low pass, 10000 rad/sec.

In an ideal differential amplifier shown in the

figure, a large value of (Ry)

° Vee

_VEE
Fig. Q49
(A) increase both the differential and common - mode
gains
(B) increases the common mode gain only
(C) decreases the differential mode gain only

(D) decreases the common mode gain only.

m For an n-channel MOSFET and its transfer curve
shown in the figure, the threshold voltage is
V=5V

Ip
D

Transfer
Characteristics

VG=1V°—G|

v Vas V=1V
Fig. Q50

(A) 1 V and the device is in active region

(B) -1 V and the device is in saturation region

(C) 1 V and the device is in saturation region

(D) -1 V and the device is in active region.
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The given figure shows a ripple counter using m Match  the following and choose the correct
positive edge triggered flip-flops. If the present state of combination.

the counter is @,Q,Q, =001 then its next state ,Q,Q Group 1
will be E. Continuos and periodic signal
1 1 1 F. Continuous and periodic signal
I— T, @ I— T, Q, I— T, Q, G. Discrete and aperiodic signal
H. Discrete and periodic signal
CLE—o Qo —o 61 —o0 Qz — Group 2
. 1. Fourier representation is continuous and aperiodic
Fig. Q57
2. Fourier representation is discrete and aperiodic
(A) 010 (D) 100
3. Fourier representation is continuous
(B) 111 (D) 101

4. Fourier representation is discrete and periodic

¥ What memory address range is NOT represents (A) B-3, F-2, G-4, H-1 (A) B-1, F-3, G-2, H-4

by chip # 1 and chip # 2 in the figure A, to A,; in this (C) E-1, F-2, G-3, H-4 (D) E-2, F-1, G-4, H-3

figure are the address lines and CS means chip select.
A signal x(n) =sin(wyn + ¢) is the input to a linear

A N
Ao-Ar: Ll gs bytes time- invariant system having a frequency response
Chip #1 H(e’™). If the output of the system Ax(n —n,) then the
most general form of will be
(A) —nyw, + P for any arbitrary real
Ag— (B) —n,w, + 21k for any arbitrary integer %
Zg——: (C) n,w, + 27k for any arbitrary integer &
Z8
@ For a signal the Fourier transform is X(f)). Then
the inverse Fourier transform of X(3f + 2) is given by
Ay- A, 256 bytes et
@A L x(tjeﬁm ® L x(tje :
Chip #2 2 2 3 3
(C) 3x(3t)e /*™ (D) x(3t +2)
A - At not used
I, B The polar diagram of a conditionally stable system
Fig. Q58 for open loop gain K =11is shown in the figure. The open
(A) 0100 - 02FF. (B) 1500 - 16FF loop transfer function of the system is known to be
(C) F900-FAFF (D) F800 - FOFF stable. The closed loop system is stable for

Im

m The output y(¢) of a linear time invariant system is

related to its input x(#) by the following equation 8/ N2 Re

\/0.2

y(t) =05x(t ¢, +T)+ x(t —t,) +05x(t —¢t, + T)

The filter transfer function H(w) of such a system

is given by
(A) (1+ cos oT)e " (B) (1 + 05 cos oT)e '
(C) (1 -cos oT)e "™ (D) (1-05cos oT)e " Fig. Q63
P www.gatehelp.com
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1

(A) K <5 and1<K<
2 8

(B) K <l and 1<K <5
8 2

(C)K<%and5<K (D)K>%and5>K

In the derivation of expression for peak percent

overshoot

M, :exp{ i ]x 100%

J1-¢

Which one of the following conditions is NOT
required?
(A) System is linear and time invariant

(B) The system transfer function has a pair of
complex conjugate poles and no zeroes.

(C) There is no transportation delay in the system.

(D) The system has zero initial conditions.

m Given the ideal operational amplifier circuit shown
in the figure indicate the correct transfer characteristics

assuming ideal diodes with zero cut-in voltage.

A%
v; —
ov,
+

-10V
2kQ
0.5 kQ

) kgé

Fig. Q65
(A) (B)
Vi
v, v,
+10V +10V
-8V +V]| vV, -5V +8V
Vi
10V -10V
©) D)
v, v,
+10V
+5V h
5V +V]) V, -5V +5V v
-5V
-10V
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m A ramp input applied to an unity feedback system
results in 5% steady state error. The type number and
zero frequency gain of the system are respectively

(A) 1 and 20 (B)0 and 20

(C) 0 and 1 (D) 1 and 1
20 20

A double integrator plant G(s) =K/s*, H(s) =11is to
be compensated to achieve the damping ratio and and

undamped natural frequency, ®=>5 rad/s which one of

the following compensator G,(s) will be suitable ?

3 $+99
A 2T B
()s+99 (B) s+3

-6 s—6
(o) D
()s+833 (D) s

@ An unity feedback system is given as

_K(1-5s)

Gle) = s(s+3)°

Indicate the correct root locus diagram.

(A) ' i (B)
JO Jo
i - O————— O (e}
(©) , , (D)
J® ,

@ A MOS capacitor made using P type substrate is in
the accumulation mode. The dominant charge in the
channel is due to the presence of

(A) holes

(B) electrons

(C) positively charged ions

(D) negatively charged ions

A device with input x(f) and output y(¢) is
characterized y(¢) = x*(¢). An FM signal with frequency
deviation of 90 kHz and modulating signal bandwidth
of 5 kHz is applied to this device. The bandwidth of the
output signal is
(A) 370 kHz

(C) 380 kHz

(B) 190 kHz
(C) 95 kHz
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Page
623



EC-05

COMMON DATA QUESTION 78, 79, 80:
Given, r, =20 kQ, I}, =10 mA, V, =-8 V

20V
2 kO
o—H] - i
* ; [
' 2 MO LIRS
Ui v,
[t 7
o —T°
Zi i i Zo
Fig. Q78

Z, and Z, of the circuit are respectively

(A) 2 MQ and 2 kO (B)ZMQand%kQ

(C) o and 2 kO (D)ooand%kﬁ

I, and V,4 under DC conditions are respectively
(A) 5.625 mA and 875V  (B) 7.500 mA and 5.00 V

(C) 4.500 mA and 11.00 V (D) 6.250 mA and 7.50 V

m Transconductance in milli-Siemens (mS) and
voltage gain of the amplifier are respectively
(A) 1.875 mS and 3.41 (B) 1.875 mS and -3.41

(C) 3.3 mS and -6 (D) 3.3 mS and 6

Linked Answer Questions :
Two Marks Each

Q.81a to 85b Carry

Statement For Linked Answer Questions 8la and
81b:

Consider an 8085 microprocessor system.

The following program starts at location 0100H.
LXI SP, OOFF

LXI H, 0701
MVI A, 20H
SUB M

The content of accumulator when the program
counter reaches 0109 H is
(A)20 H
(C) o0 H

(B) 02 H
(D) FF H

GATE EC BY RK Kanodia
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If in addition following code exists from 019H
onwards,
ORI 40 H

ADD M
What will be the result in the accumulator after
the last instruction is executed?
(A) 40 H (B) 20 H
(C) 60 H (D) 42 H

Statement for Linked Answer Question 82a and
82b:
The dopen loop transfer function of a unity

feedback system is given by

@ The gain and phase crossover frequencies in
rad/sec are, respectively
(A) 0.632 and 1.26

(C) 0.485 and 0.632

(B) 0.632 and 0.485
(D) 1.26 and 0.632

m Based on the above results, the gain and phase
margins of the system will be
(A) =709 dB and 875°

(C) 709 dB and -875°

(B) 709 dBand 875°
(D) =709 and -875°

Statement for linked answer question 83a and 83b

Asymmetric three - level midtread quantizer is to
be designed assuming equiprobable occurrence of all

quantization levels.

If the probability density function is divided into
three regions as shown in the figure, the value of a in

the figure is

px)
|
Region 1 Region 2 Region 3
— ~1-a al
Fig. Q83
1 2
(A) 2 (B) 2
1 1
©) 1 (D) 1

The quantization noise power for the quantization
region between - a and + a in the figure is

A) & (B) 1

(O D) &

www.gatehelp.com
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. . [n]
Statement of Linked Answer Questions 84a and ynz
84b (©) ¢
Voltage standing wave pattern in a lossless Y% I
transmission line with characteristic impedance 50 and PUR-SEVEE S SN SEVSE SEr S N0
a resistive load is shown in the figure. ylnl
V(z)
1
. (D)
! .
—e e e ® o oo
6 5 4 3 2 -1 0 1 2 3 4 5 6

% W2
Fig. Q84a and Q84b m The Fourier transform of y[2n] will be

_ ) (A) e*[cos 4w+ 2 cos 2m + 2]
The value of the load resistance is

(A) 50 Q (B) 200 &
(C)125 Q (D)o

(B) [cos 2w+ 2cos o+ 2]
(C) e’[cos 2w+ 2cos o+ 2]

(D) e *[cos 2m + 2cos o + 2]
The reflection coefficient is given by
(A) -0.6 (B) -1

Statement of Linked Answer Question 85a and
85b:

A sequence x (n) has non-zero values as shown in
the figure.(A)

x[n]
1
L
EE S EEREERRERE
Fig. Q85

M The sequence

o2 -1] forn even
ylnl= 2 will be
0 for n odd

ylnl
2
@l
A) I
T 1%
—0—0—0—© @ .—Ln
6 -5 -4 3 -2 1 0 1 2 3 4 5 6
ylnl]
2
1
(B) I I
! * !
—0—0—0 L @ @ @ @—n
6 -5 -4 -3 -2 -1 0 1 2 3 4 5 6
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CHAPTER

10.4

EC-06

Duration : Three Hours Maximum Marks : 150 (A) e 2u(t) (B) e*'u(?)

(C) e "u(t) (D) e'u(t)
Q.1 to carry Q.20 one marks each and Q.21 to Q.85

carry two marks each. l A low-pass filter having a frequency response

H(jo) = A(@)e™™ does not produce any phase

(11 1] ST
The rank of the matrix| 1 -1 0/|is distortions if
1 1 (A) A(o) = Co®, () = kd® (B) A(®) =Co®, f(®) = ko
(C) A(w) =Co, o) = ke’ (D) A(0)=C, N0 =ko™
A) 0 (B) 1
(C) 2 (D) 3 The values of voltage (V,) across a tunnel-diode

corresponding to peak and valley currents are V,,V),

a V xV xP Where P is a vector, is equal to respectively. The range of tunnel-diode voltage for

(AAPxVxP-V?P (B) VP +V(V -P) V,which the slope of its I -V, characteristics is
(C) VP +V x P (D) V(V -P) _V?P negative would be
(A) V, <0 B)0<V,<V,
a ”(V X P) -ds where P is a vector, is equal to (C)V, <V, <V, D)V, >V,
) §p-ai (B) §V xV xP-dl _ o - -
a The concentration of minority carriers in an extrinsic
© §V xP-dl (D) §V -Pdv semiconductor under equilibrium is

(A) Directly proportional to the doping concentration

A probability density function is of the form (B) Inversely proportional to the doping concentration

pla) =Ke ", x e(~o, o) (C) Directly proportional to the intrinsic concentration
The value of K is (D) Inversely proportional to the intrinsic
(A) 0.5 (B) 1 concentration
(C) 0.5 D) a

ﬂ Under low level injection assumption, the injected

. . . . minority carrier current for an extrinsic semiconductor
E A solution for the differential equation Y

is essentially the

x(t) + 2x(t) = &) (A) Diffusion current (B) Drift current

With initial condition x(0-) =0 (C) Recombination current (D) Induced current
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The phenomenon known as “Early Effect” in a
bipolar transistor refers to a reduction of the effective
base-width caused by

(A) Electron — Hole recombination at the base

(B) The reverse biasing of the base — collector
junction

(C) The forward biasing of emitter-base junction

(D) The early removal of stored base charge during
saturation-to-cut off switching

The input impedance (Z,) and the output impedance
(Z,) of an ideal trans-conductance (voltage controlled
current source) amplifier are
(A) Z,=0,Z,=0
(C)Z, =0, Z,=0

(B) Z, =0, Z, =
(D) Z, =, Z, =

An n-channel depletion MOSFET has following two
points on its I, — V4 curve :

(i) V4 =0 at I, =12 mA and

(ii) V4 =—6Volts at I, =0 mA

Which of the following Q — point will give the

highest trans — conductance gain for small signals?
(A) Vg =—6 Volts (B) Vg =-3 Volts
(C) V4 =0 Volts (D) V45 =3 Volts

The number of product terms in the minimized
obtained through the

following K — map is (where, “d” denotes don’t care

sum-of-product expression

states)
1 0 0 1
0 d 0 0
0 0 d 1
1 0 0 1

(A) 2 (B) 3

©) 4 D) 5

Let x(1) < X(jo) be Fourier Transform pair. The
Fourier Transform of the signal x(5¢-3) in terms of

X(jo) is given as

(A) le 5 X[J(” (B) le 5 X[J‘”j
5 5 5 5

©) 1e'j3“’X(jmj (D) lejg“’X[jmj
5 5 5 5

GATE EC BY RK Kanodia
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The Dirac delta function is defined as
1 ¢=0
(A) 1) :{

0 otherwise

1 t=0
0 otherwise

(B) &) ={

1 ¢t=0
0 otherwise

©) 5(t)={ and [ &t =1

o t=0
0 otherwise

(D) 6(t)={ and Té}(t)dtzl

If the region of convergence of x[n]+ x,[n] is

%< ‘z‘ <% then the region of convergence of x,[n]—x,[n]

includes
(A)1<‘z‘<3 (B)g<‘z‘<3
3 3
3 1 2
(C)§<‘z‘<3 (D)§<‘z‘<g

The open-loop function of a unity-gain feedback

control system is given by

K

G = e 2

The gain margin of the system in dB is given by
(A)O B)1
(C) 20 (D)

In the system shown below, x(#)=(sin)u(t) In
steady-state, the response y(¢) will be

x(2) 1 y(@)
—_—
s+ 1
Fig Q. 18

(A) lsin(t —Zj (B) lsin(t n Zj

) )
(C) %e’t sin ¢ (D) sint —cost

The electric field of an electromagnetic wave
propagation in the positive direction is given by
E =a_sin(ot —Bz) + d, sin(ot - Bz + 1/2)

The wave is
(A) Linearly polarized in the z—direction
(B) Elliptically polarized
(C) Left-hand circularly polarized
(D) Right-hand circularly polarized
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A two-port network is represented by ABCD,

parameters given by
vl A BV,
L|7|lc D],
If port — 2 is terminated by the input impedance

seen at port — 1 is given by

&) A+BE, ) AR+ C
C + DR, BR, +D
(©) DR, +A (D) AR, +B
C+BR,; D + CR,

In the two port network shown in the figure below
z,, and z,, are respectively

I, I,

—>
r, g Bl grv

Fig Q.31

(A) r, and Pr,
(C) 0 and pr,

(B) 0 and —Pr,
(D) r, and —Pr,

m The first and the last critical frequencies
(singularities) of a driving point impedance function of a
passive network having two kinds of elements, are a
pole and a zero respectively. The above property will be
satisfied by

(A) RL network only

(B) RC network only

(C) LC network only

(D) RC as well as RL networks

A 2 mH inductor with some initial current can be
represented as shown below, where s is the Lap lace

Transform variable. The value of initial current is

IS
-«
0.002s
1mV
Fig Q.33
(A) 0.5A (B) 2.0A
(C)1.0 A (D) 0.0 A

GATE EC BY RK Kanodia
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In the figures shown below, assume that all the
capacitors are initially uncharged. If v,(¢#) =10u(¢) Volts,
v,(t)is given by

1k

o
+ +

Vi) 4 uF 4k 1uF V)

Fig. Q.34
(B) 8(1 —e %) Volts
(D) 8 Volts

(A) 8¢ %% Volts
(C) 8u(t) Volts

@ Consider two transfer functions

1 s
G(s)=——— And G =
1(8) s>+as+b " +(8) s>+as+b

The 3—-dB bandwidths of their frequency responses
are, respectively
(A) Va® —4b, \a® + 4b

(B) Va® + 4b, Na® — 4b

(C) Va? —4b, Ja? — 4b (D) Va2 + 4b, VJa? + 4b

@ A negative resistance R, is connected to a passive
network N having driving point impedance Z,(s) as

shown below. For Z,(s) to be positive real,

Rneg
o A,
[+ ’_> {_»
Z,(s) Z4(s)
Fig Q.36
A) |R,.,| <Re Z,(jo), Vo (B) [R,,| <|Z,(jo)], Vo
©) |R,,|<Im Z,(jo), Vo D) |R,,| < 2Z,(jo), Vo

In the circuit shown below, the switch was
connected to position 1 at £ <0 and at ¢ =0, it is changed
to position 2. Assume that the diode has zero voltage
drop and a storage time ¢, . For 0 <¢ <¢,, v, is given by
(all in Volts)

/

5VC_> 5V 1kQ§ Ur

[<]]

Fig Q.37
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UNIT 10
(A) v, =-5 (B) vy, =+5
(C)0<v, <5 (D) -5 <v, <0

m The majority carriers in an n—type semiconductor
have an average drift velocity v in a direction
perpendicular to a uniform magnetic field B. The
electric field E induced due to Hall effect acts in the
direction.

(A) vxB B)Bxv

(C) along v (D) opposite to v

m Find the correct match between Group 1 and Group

2.

Group 1 Group 2
E-Varactor diode 1-Voltage reference
F-PIN diode 2-High frequency switch

G-Zener diode

H-Schottky diode
(A) E-4, F-2, G-1, H-3
(C) E-3, F-4, G-1, H-2

3-Tuned circuits

4-Current controlled attenuator
(B) E-2, F-4, G-1, H-3
(D) E-1, F-3, G-2, H-4

A heavily doped n- type semiconductor has the
following data:

:0.4

42 x10° atoms/m?®

15 x 10* atoms/m?

Hole-electron ratio
Doping concentration

Intrinsic concentration

The of the

semiconductor to that of the intrinsic semiconductor of

ratio of conductance n-type

same material and ate same temperature is given by
(A) 0.00005 (B) 2,000

(C) 10,000 (D) 20,000

For the circuit shown in the following figure, the
capacitor C is initially uncharged. At ¢ =0 the switch S
is closed. In the figures shown the OP AMP is supplied
with and the ground has been shown by the symbol

S C=1uF

GATE EC BY RK Kanodia
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The voltage V, across the capacitor at ¢ =1 is

(A) 0 Volt (B) 6.3 Volts

(C) 9.45 Volts (D) 10 Volts
M For the circuit shown below, assume that the zener
diode is ideal with a breakdown voltage of 6 volts. The
waveform observed across R is

6V

12sin ot @

Fig Q.42
6V
(A) f \ ( \
6V
(B) JW
_12v
12V
6V
(®)) \ / \ /

-6V

@ 43 A new Binary Coded Pentary (BCP) number
system is proposed in which every digit of a base-5
number is represented by its corresponding 3-bit
binary code. For example, the base—5 number 24 will be
represented by its BCP code 010100. In this numbering
system, the BCP code 10001001101 corresponds of the

following number is base-5 system
(A) 423 (B) 1324

(C) 2201 (D) 4231
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An I/ O peripheral device shown in Fig.(b) below is
to be interfaced to an 8085 microprocessor. To select the
I/O device in the I/O address range D4 H — D7 H, its
chip—select (CS) should be connected to the output of

the decoder shown in as below:

o _|sB D, |-
? D,}— IORD —»]
A 3-to-8  Dzl— JOWR—» o
3 Decoder p,|— Peripheral
A Dy— A,
+— MsB Dl A,
D, —
A,
As—] &5
A;—
Fig Q.44

(A) output 7
(C) output 2

(B) output 5
(D) output 0

m For the circuit shown in figures below, two 4 — bit
parallel — in serial — out shift registers loaded with the
data shown are used to feed the data to a full adder.
Initially, all the flip — flops are in clear state. After
applying two clock pulses, the outputs of the full-adder
should be

1o D Q A sH—
Full Adder|

b CcLK Q D
CLK 4‘
o Fig Q.45
(A)S=0 C,=0 B)S=0 C,=1
(C)S=1 C,=0 D)S=1C, =1

A 4 — bit D / A converter is connected to a free —
running 3 — big UP counter, as shown in the following
figure. Which of the following waveforms will be

observed at V,, ?

1kQ

Qz D3

= =" >

- UD

D

Clock @ ! +
Q D;

3 - Bit Counter D/A Converter 1kQ
Fig Q.46 )
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(A) (B)

(© (D)

P

Two D — flip — flops, as shown below, are to be
connected as a synchronous counter that goes through

the following sequence
00 »>01 >11 - 10 - 00 — ...

—Db, Ql— —Db, Q—
Clock CK CK MSB
Q| Ql—
Fig Q.47

The inputs D, and D, respectively should be
connected as,

(A) (71 and @,
(©) Q,Q, and Q,Q,

(B) @, and Q,
D) @, Q, and Q,Q,

m Following is the segment of a 8085 assembly
language program

LXI SP, EFFF H

CALL 3000 H

LXI H, 3CF4
PUSH PSW
SPHL

POP PSW
RET

3000 H

On completion of RET execution, the contents of
SP is
(A) 3CFO H
(C) EFFD H

(B) 3CF8 H
(D) EFFF H

The point P in the following figure is stuck at 1.
The output f will be

g ; :

Fig Q.49
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T T
(A) 2 (B) 3
T T
©) 1 (D) 6

m A linear system is described by the following state

equation

. 1
X(t)=AX(®) +BU(t), A :{_01 0}

The state transition matrix of the system is

) [ cost sint]| B) [-cost sint]|
L—sin t cos tJ —-sint -—cost

© [-cost —sint] D) [-cost —sint]
L—sin t cost cost sint

m The minimum step- size required for a Delta —
Modulator operating at 32 K , samples/sec to track the

signal (here w(¢) is the unit function)
(1) =1258(w(?) — u(t — (250 —1258)(u(t — 1) — u(t —2))

So that slope overload is avoided, would be
(A) 271° (B) 2°®
(C)27° (D) 2™

A zero mean white Gaussian noise is passed
through an ideal lowpass filter of bandwidth 10 kHz.
The output is then uniformly sampled with sampling
period £, =0.03 msec. The samples so obtained would be

(A) correlated (B) statistically independent

(C) uncorrelated (E) orthogonal

@ A source generates three symbols with probabilities
0.25, 0.25, 0.50 at a rate of 3000 symbols per second.
Assuming independent generation of symbols, the most
efficient source encoder would have average bit rate as

(A) 6000 bits/sec (B) 4500 bits/sec
(C) 3000 bits/sec (D) 1500 bits/sec

The diagonal clipping in Amplitude Demodulation
(using envelope detector) can be avoided if RC time —
constant of the envelope detector satisfies the following
condition, (here W is message bandwidth and o, is

carrier frequency both in rad /sec)

(A) RC < L (B) RC> L
W W

GATE EC BY RK Kanodia
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©) RC<L (D) RC> L
[V (O]

c c

m In the following figure the minimum value of the
constant “C” , which is to be added to y,(#) and y,(¢)
such that y,(¢#) and y,(¢)

Q is quantizer with L levels,
stepwise A allowable signal
dynamic range [-V, V]

and are different, is

x(t) with range

R p— yl(t) ) _»2“)
ST e e
C
Fig Q.64
A
A) A B) =
(A) ®)
X D) 2
12 L

@ A message signal with 10 kHz bandwidth is lower
side Band SSB modulated with carrier f,, =10° Hz
frequency the resulting signal is then passed through a
Narow Band Frequency Modulator with carrier
frequency f., =10° Hz. The bandwidth of the output
would be

(A) 4x10* Hz
(C)2x10° Hz

(B) 2x10° Hz
(D) 2x 10" Hz

m A medium of relative permitivity ¢, =2 forms an
interface with free — space. A point source of
electromagnetic energy is located in the medium at a
depth of 1 meter from the interface. Due to the total
internal reflection, the transmitted beam has a circular
cross-section over the interface. The area of the beam
cross-section at the interface is given by

(A) 21 m? (B) ® m?

(C) Zm® (D) © m?

A medium is divide into regions I and IT about x =0
plane, as shown in the figure below. An electromagnetic
wave with electric field E, =44, + 3d, + 54, is incident
normally on the interface from region I. The electric file
E, in region II at the interface is

Region I Region II
K=k, W,=H,
g,=4 €,,=4
=0 o,=0
E, > » E,
x<0 x=0 x>0
Fig Q.67
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(A) E, =E,
(C) 3a, +3a, +5d,

(B) 44, +0.754, — 1254,
(D) -34, + 34, + 54,

@ When a planes

incident normally on a medium having the fraction of

wave traveling in free-space is

power transmitted into the medium is given by
(A) 8/9 (B) 172
(C) 1/3 (D) 5/6

m A rectangular wave guide having TE,, mode as
dominant mode is having a cut off frequency 18-GHz
for the mode TE,,. The inner broad — wall dimension of
the rectangular wave guide is
(A) 5/3cms

(C) 5/2 cms

(B) 5 cms
(D) 10 cms

A mast antenna consisting of a 50 meter long
vertical conductor operates over a perfectly conducting
ground plane. It is base-fed at a frequency of 600 kHz.

The radiation resistance of the antenna in Ohms is

27_:2 2

A) 2T B~
@ = ®)

2
©) 4;‘ (D) 201

Common Data for Question 71,72,73:

In the transistor amplifier circuit show in the

figure below, the transistor has the following

parameters:
Bpc =60, Vyp =07 V, by, — oo, b, — o

The capacitance can be assumed to be infinite.

12V

5.3 kQ

Ce

U.S'
Fig Q.70

Under the DC conditions, the collector — to- emitter
voltage drop is
(A) 4.8 Volts

(C) 6.0 Volts

(B) 5.3 Volts
(D) 6.6 Volts

GATE EC BY RK Kanodia
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If B, is increase by 10%, the collector — to- emitter
voltage drop

(A) increases by less than or equal to 10%
(B) decreases by less than or equal to 10%
(C) increases by more than 10%

(D) decreases by more than 10%

The small signal gain of the amplifier v, /v, is
(A) 10 (B) -5.3
(C) 5.3 (D) 10

Common Data for Question 74, 75 :
Let g(¢) = p(¢t)* p(t) where * denotes convolution
and p(¢) =w(t) —u(t —1) with w(¢) being the unit step

function.

The impulse response of filter matched to the signal
s(t) = g(t) — &t —2)* g(¢) is given as:
(A) s(1-1) (B) —s(1-19)

(C) —s(t) (D) ()

An Amplitude Modulated signal is given as
X 5 =100(p(2) + 058(8)) cos ot

In the interval. One set of possible values of the
modulating signal and modulation index would be
(A t, 05 (B) t, 10
C) ¢, 20 (D) %, 05

Linked Answer Question : Q.75 to Q.85 carry two

marks each.

Statement of Linked Answer Question 76 & 77:

A regulated power supply, shown in figure below,
has an unregulated input (UR) of 15 volts and
generates a regulated output Use the component values
shown in the figure.

Q@
15 V(UR) o
.
1kQ 10 kQ
§12 kK L -
6V % 24 kQ
) Fig Q.76 )
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take 400 ps for an electromagnetic wave to travel from AN SWE R

source end to load end and vice — versa. At ¢t =400 us,

the voltage at the load end is found to be 40 volts.
1.C 2.D 3.A 4.C 5. A

m The load resistance is 6.B 7.0 3. B 9. A 10 B

(A) 25 Ohms (B) 50 Ohms
11.D 12.D 13. A 14. A 15.D

(C) 75 Ohms (D) 100 Ohms 2 3 >
16.D 17.D 18. A 19.C 20. A

m The steady state current through the load

resistance is 21. A 22.B 23.D 24.C 25.D

(A) 1.2 Amps (B) 0.3 Amps 26.C 27. A 28.C 29. A 30.D

(€) 0.6 Amps (D) 0.4 Amps 3.B  32.B  33.A  34B  35.B
36.B 37.D 38. A 39.C 40.D

41.D  42.B 43.D  44.B 45D
46.B 47. A 48.B 49.D 50. B
51.C 52. B 53.C 54. B 55.D
56. B 57.C 58.D 59.A 60. B
61.B 62. B 63.D 64.C 65.B
66.D 67.C 68. A 69.C 70. A
71.C 72.B 73. A 74.D 75. A
76.C 77.B 78. A 79. 80.C
81.B 82.C 83.C 84. 85.
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Q.1 - Q. 20 carry one mark each.

The order of the differential equation

d’y (dy ’ 1.
o +(dt +y'=elis

A1
©) 3

(B) 2
(D) 4

E The Fourier series of a real periodic function has only

P. Cosine terms if it is even
Q. sine terms if it is even
R. cosine terms if it is odd
S. sine terms if it is odd

Which of the above statements are correct?
(A) Pand S (B) P and R

(C) Q and S (D) Q and R

Y A function is given by f(¢) =sin® ¢ + cos 2¢. Which of
the following is true ?

(A) f has frequency components at 0 and 1/2nHz

(B) f has frequency components at 0 and 1/ nHz

(C) f has frequency components at 1/2x and 1/ nHz
(D) f has frequency components at 0.1/2n and 1/ nHz

A fully charged mobile phone with a 12 V battery is
good for a 10 minute talk-time. Assume that, during the
talk-time, the battery delivers a constant current of 2 A
and its voltage drops linearly from 12 V to 10 V as
shown in the figure. How much energy does the battery

deliver during this talk-time ?

I 10 min

0
(A) 220 J (B) 12 kJ
(C) 13.2 kJ (D) 14.4 kJ

ﬂ In an n-type silicon crystal at room temperature,
which of the following can have a concentration of
4x10%em™?

(A) Silicon atoms (B) Holes

(C) Dopant atoms (D) Valence electrons

ﬂ The full forms of the abbreviations TTL and CMOS in
reference to logic families are

(A) Triple Transistor Logic and Chip Metal Oxide
Semiconductor

(B) Tristate Transistor Logic and Chip Metal Oxide
Semiconductor

(C) Transistor Transistor Logic and Complementary
Metal Oxide Semiconductor

(D) Tristate Transistor Logic and Complementary
Metal Oxide Silicon

The ROC of Z-transform of the discrete time sequence

x(n) :(;) u(n) —(;j u(-n-1) is

1 1 1
(A)§<‘z‘<§ (B) ‘z‘>§
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(© | <3 (D) 2 <|e| <3

ﬂ The magnitude plot of a rational transfer function

G(s) with real coefficients is shown below. Which of the

following compensators has such a magnitude plot ?
‘G(jo))‘ A

j L 204B [—

| | |
[ \ [ ' [Tog ®
-40dB——

(A) Lead compensator

(B) Lag compensator
(C) PID compensator |

(D) Lead-lag compensator

ﬂ A white noise process X(¢) with two-sided power
spectral density 1x 107'° W/Hz is input to a filter whose

magnitude squared response is shown below.

NECT
X(t) Y(0)

f

-10kHz | 10kHz

The power of the output process Y (#) is given by
(A)5x107" W (B)1x10° W
C)2x10° W D)1x10° W

Which of the following statements is true regarding
the fundamental mode of the metallic waveguides

shown ?

Emmm) () )

Q: Cylindrical

-7

R: Rectangular

(A) Only P has no cutoff-frequency
(B) Only Q has no cutoff-frequency
(C) Only R has no cutoff-frequency
(D) All three have cut-off frequencies

GATE EC BY RK Kanodia
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A fair coin is tossed 10 times. What is the
probability that ONLY the first two tosses will yield

heads ?
2 2
1 1
A = B) °C,| =
wf} weol]
1 10 1 10
O = D) “¢c,| =
© (2) o @
If the power spectral density of stationary random

process is a sinc-squared function of frequency, the

shape of its autocorrelation is

N) bR(7) (B) AR(v)
T > T >
© b R(x) (D) 4 R(v)
f \ | : |

If f(z) =c, + ¢,z”", then i; 14_4}%2)(12 is given by
z

unit circle

(A) 2ne,
(C) 2mje,

(B) 2n(1 + ¢,)
(D) 2mj(1 + ¢,)

In the interconnection of ideal sources shown in the
figure, it is known that the 60 V source is absorbing
power.

Which of the following can be the value of the
current source I ?

20V
-/
1 C_DGOV
12 A
(A) 10 A (B) 13 A
(C) 15 A (D) 18 A

The ratio of the mobility to the diffusion coefficient

in a semiconductor has the units
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A V! B) ecm. V!
(C) V.em' (D) V.s

In a microprocessor, the service routine for a certain
interrupt starts from a fixed location of memory which
cannot be externally set, but the interrupt can be
delayed or rejected Such an interrupt is

(A) non-maskable and non-vectored
(B) maskable and non-vectored
(C) non-maskable and vectored

(D) maskable and vectored

If the transfer function of the following network is

Vo(s) - L the value of the load resistance R, is
Vi(s) 2+sCR
R
. A% .
| C= g R, v,
(A) R/4 (B) R/2
(C) R (D)2 R

1
Consider the system ﬂ:A.x + Bu with A :|— o
dt o 1]

p
q

Which of the

controllability of the system is true ?

and B :{ } where p and g are arbitrary real numbers.

following statements about the

(A) The system is completely state controllable for
any nonzero values of p and ¢

(B) Only p=0 and g =0 result in controllability

(C) The system is uncontrollable for all values of p
and q

(D) We cannot conclude about controllability from the
given data

For a message signal m(t) =cos(2nf, t) and carrier of
frequency f,, which of the following represents a single
side-band (SSB) signal ?

(A) cos(2nf,,t) cos(2nf,2)

(B) cos(2nf.2)

(C) cosl2n(f, + f,,)t]

(D) [1 + cos(2nf,,t) cos(2nf.t)]

GATE EC BY RK Kanodia
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m Two infinitely long wires carrying current are as
shown in the figure below. One wire is in the y —z plane
and parallel to the y —axis. The other wire is in the x — y
plane and parallel to the x —axis. Which components of

the resulting magnetic field are non-zero at the origin ?

(A) x,y,z components (B) x,y components

(C) v,z components (D) x,z components
Q. 21 to Q. 60 carry two marks each.

Consider two independent random variables X and
Y with identical distributions. The variables X and Y

take values 0, 1 and 2 with probabilities 1, L and L
respectively. What is the conditional probability
PX+Y =2‘X -Y=0)7
1
A0 B) —
(A) (B) 16
1
© = D)1
6
m The Taylor series expansion of SIMY 0t x=nis given
by xX-m
(x -m)? (x -m)?
(A) 1+ 30 (B) -1- 30
(x —m)? (x —m)?
) 1- 31 D) -1+ 31 +

E If a vector field \7' is related to another vector field Z
through ‘7' =V x Z, which of the following is true? Note :
C and S, refer to any closed contour and any surface
whose boundary is C.

(A) @?Jl - [[A.d5 ®) §A.dl =[[V.d
Sc C Sc

-

(©) §v V.dl=[[VxAdS D) §vxAd
S¢ C
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Given that F(s) is the one-sided Laplace transform
of f(¢), the Laplace transform of J.Ot f(odr is

(A) sF(s) - F(0) (B) §F<s>

(© [ Flods D Li7es) - Fo)
S

ﬁ Match each differential equation in Group I to its

family of solution curves from Group II.

Group 1 Group II

P. &y =Y 1. Circles
dx «x

Q P__v 2. Straight lines
dx x
dy «x

R. =2==2 3. Hyperbolas
dx y

s, I__x
dx y

(A)P-2,Q -3, R-3S-1
B)P-1,Q-3,R-2,S-1
(C)P-2,Q -1,R-3,S-3
D) P-3Q-2,R-1,S-2

% The eigen values of the following matrix are
[-1 3 5]
-3 -1 6
0 0 3
(A) 3,3+5j,6-j
(C)3+j,3-j,6+Jj

B)-6+5j4,3+j,3-J
(D) 3, -1+3j,-1-3j

An AC source of RMS voltage 20 V with internal
impedance Z =(1+2;)Q feeds a load of impedance
Z, =(7T+4j)Q in the figure below. The reactive power

consumed by the load is

Z,=1+2)Q

20£0°V HZL =T+ 40

(A) 8 VAR
(C) 28 VAR

(B) 16 VARI
(D) 32 VAR

@ The switch in the circuit shown was on position a
for a long time, and is move to position 4 at time ¢ =0.

The current i(¢) for ¢ >0 is given by

GATE EC BY RK Kanodia
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i(1)

-—

(A) 02¢u(t) mA
(C) 02 y(¥) mA

(B) 20e7%°'y(¢) mA
(D) 20e1%°(t) mA

@ In the circuit shown, what value of R, maximizes

the power delivered to R, ?

V. 40

—w

4Q 40
AN

-V, +

ol S

(A) 240 (B) %Q

C) 4 (D) 6 Q&

m The time domain behavior of an RL circuit is
represented by
L % + Ri=V,(1+ Be ™" sin t)u(?).
For an initial current of i(0) :E, the steady state

value of the current is given by

LV, 2V,
A) i) > 2 B) i(f) > 220
) i) > 2 B) i) > =

©) it) 4%(“3) D) i(t) e%(1+3)

In the circuit below, the diode is ideal. The voltage V
is given by

+ V-
NW—T"VWN
10 10

v(O) 14

(A) min(V,,1)
(C) min(-V,,1)

(B) max(V;1)
(C) max(-V,,1)
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(A) NAND: first (0,1) then (0,1) NOR: first (1,0) then
(0,0)

(B) NAND: first (1,0) then (1,0) NOR: first (1,0) then
(1,0)

(C) NAND: first (1,0) then (1,0) NOR: first (1,0) then
(0,0)

(D) NAND: first (1,0) then (1,1) NOR: first (0,1) then
(0,1)

m What are the counting states (@,,®Q,) for the counter

shown in the figure below?

Q
J QlJ Jz Qz
Clock: >p1,;}§‘]op f> m‘g};lop
K Q, 1—K, Q,

(A) 11, 10, 00, 11, 10,...

1

]
N

(B) 01, 10, 11, 00, 01,...

(C) 00, 11, 01, 10, 00,... (D) 01, 10, 00, 01, 10,...

m A system with transfer function H(z) has impulse
response A(.) defined as A(2) =1, A(3) =-1 and A(k) =0

otherwise. Consider the following statements.

S1: H(z) is a low-pass filter.

S2: H(z) is an FIR filter.
Which of the following is correct?
(A) Only S2 is true
(B) Both S1 and S2 are false

(C) Both S1 and S2 are true, and S2 is a reason for
S1

(D) Both S1 and S2 are true, but S2 is not a reason
for S1

Consider a system whose input x and output y are
related by the equation

y(t)= ji x(t — Dh(21)dt

where A(¢) is shown in the graph.
Which of the following four properties are
possessed by the system ?
BIBO: Bounded input gives a bounded output.
Causal: The system is causal,

LP: The system is low pass.

LTI: The system is linear and time-invariant.
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~~

OM '
(B) BIBO, LTI
(D) LP, LTI

A) Causal, LP
(C) BIBO, Causal, LTI

m The 4-point Discrete Fourier Transform (DFT) of a
discrete time sequence {1,0,2,3} is

(A) [0,-2+2,2,-2-2j] (B) [2,2+25,6,2-2j]

(C) [6,1-3j,2,1+3]] (D) [6-1+35,0,-1,-3j]

The feedback configuration and the pole-zero

s?-2s5+2

locations of G(s) = are shown below. The root

s +2s +
locus for negative values of %, i.e. for —o <k <0, has
breakaway/break-in points and angle of departure at

pole P (with respect to the positive real axis) equal to

Im (s)
O X
G(s)
Re (s)
Q P
(A) 42 and 0° (B) £v2 and 45°
(C) +v/3 and 0° (D) ++/3 and 45°
2
m An LTI system having transfer function 237+1
s+2s+1

and input x(¢) =sin(¢ + 1) is in steady state. The output
is sampled at a rate o, rad/s to obtain the final output
{x(k)}). Which of the following is true?

(A) y(.) is zero for all sampling frequencies o,
(B) y(.) is nonzero for all sampling frequencies o,
(C) y(.) is nonzero for o, >2, but zero for o, <2

(D) y(.) is zero for », >2, but nonzero for v, <2

The unit step response of an under-damped second
order system has steady state value of -2. Which one of

the following transfer functions has these properties ?

-224 -3.82
@, 224 ® 82
s°+259s+ 112 s +191s+191
-9294 -382
€ 224 (D) 38

s* —259s + 112 s —=191s + 191
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A discrete random variable X takes values from 1 to
5 with probabilities as shown in the table. A student
calculates the mean of X as 3.5 and her teacher
calculates the variance of X as 1.5. Which of the

following statements is true ?

k 1 2 3 4 5

0.1 0.2 0.4 0.2 0.1

P(X =k)

(A) Both the student and the teacher are right
(B) Both the student and the teacher are wrong
(C) The student is wrong but the teacher is right
(D) The student is right but the teacher is wrong

@ 47 A message signal given by

1 1
1n(t)=| = |cos o, —| — |sin w,¢
v [2j . (2j >

is amplitude-modulated with a carrier of frequency
o, to generate

s(H)=[1+ m(t)]cos w,t

What is the power efficiency achieved by this
modulation scheme ?
(A) 8.33%

(C) 20%

(B) 11.11%
(D) 25%

A communication channel with AWGN operating at
a signal to noise ratio SNR >> 1 and bandwidth B has
capacity C,. If the SNR is doubled keeping B constant,
the resulting capacity C, is given by

(A) C, =2C, B)C,=C, +B

(C) C,=C, +2B (D) C,=C, +0.3B

m A magnetic field in air is measured to be

o X ~ y A
B=B - x
0(x2+y2y x® +y° ]

What current distribution leads to this field ?

[ Hint : The algebra is trivial in cylindrical coordinates.]

(A)j:BOZ( 21 2}1‘7&0
2%+ y

Ko

® j=-BE[ 2 1,20
Ho \X" +Y

(C) j=0,r %0
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(D)

j:BOZ( 21 2}7‘7&0
Ho \ X" +Y

m A transmission line terminates in two branches,
each of length A/4, as shown. The branches are
terminated by 50Q loads. The lines are lossless and
have the characteristic impedances shown. Determine

the impedance Z, as seen by the source.

(A) 2000
(C) 50Q

(B) 1000
(D) 250

Common Date Questions

Common Date for Questions 51 and 52:

Consider a silicon p-n junction at room

temperature having the following parameters:
Doping on the n-side =1x 10" cm™
Depletion width on the n-side =0.1um
Depletion width on the p-side =10 um
Intrinsic carrier concentration =14 x 10"’ cm™
Thermal voltage =26 mV

Permittivity of free space =8.85x 107 F.cm™

Dielectric constant of silicon =12

The built-in potential of the junction
(A)is 0.70 V

(B) is 0.76 V
(C) is 0.82

(D) cannot be estimated from the data given

m The peak electric field in the device is
(A) 0.15 MV . em™, directed from p-region to n-region

(B) 0.15 MV . ecm™, directed from n-region to p-region
(C) 1.80 MV . cm ™, directed from p-region to n-region
(D) 1.80 MV . cm ™, directed from n-region to p-region

Common Data for Questions 53 and 54:
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The Nyquist plot of a stable transfer function G(s)
is shown in the figure. We are interested in the stability
of the closed loop system in the feedback configuration
shown.

Im1—

/ + G(s)
-{-0.5\ Re -

-j——

Which of the following statements is true?
(A) G(s) is an all-pass filter

(B) G(s) has a zero in the right-half plane
(C) G(s) is the impedance of a passive network

(D) G(s) is marginally stable

m The gain and phase margins of G(s) for closed loop
stability are
(A) 6 dB and 180°

(C) 6 dB and 90°

(B) 3 dB and 180°
(D) 3 dB and 90°

Common Data for Questions 55 and 56:

The amplitude of a random signal is uniformly
distributed between -5 V and 5 V.

@ If the signal to quantization noise ratio required in
uniformly quantizing the signal is 43.5 dB, the step size
of the quantization is approximately

(A) 0.0333 V (B) 0.05V

(C) 0.0667 V (D) 0.10 V

m If the positive values of the signal are uniformly
quantized with a step size of 0.05 V, and the negative
values are uniformly quantized with a step size of 0.1V,

the resulting signal to quantization noise ratio is

approximately
(A) 46 dB (B) 43.8 dB
(C) 42 dB (D) 40 dB

Linked Answer Questions

Statement for Linked Answer Questions 57 and 58

GATE EC BY RK Kanodia
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Consider the CMOS circuit shown, where the gate
voltage V, of the n-MOSFET is increased from zero,
while the gate voltage of the p-MOSFET is kept
constant at 3 V. Assume that, for both transistors, the
magnitude of the threshold voltage is 1 V and the
product of the trans-conductance parameter and the
(W/L) ratio, i.e. the quantity uC, (W / L), is 1 mA . V=

v
v._|_1

For small increase in V, beyond 1 V, which of the
following gives the correct description of the region of
operation of each MOSFET ?

(A) Both the MOSFETSs are in saturation region

(B) Both the MOSFETSs are in triode region

(C) n-MOSFET is in triode and p-MOSFET is in
saturation region

(D) n-MOSFET is in saturation and p-MOSFET is in
triode region.

m Estimate the output voltage V, for V,=15V.
[Hint : Use the appropriate current-voltage equation for
each MOSFET, based on the anser to Q. 57.]

Statement for Linked Answer Questions 59 and
60:

Two products are sold from a vending machine,
which has two push buttons P, and P,. When a button is
pressed, the price of the corresponding product is
displayed in a 7-segment display.

If no buttons are pressed, ’0’ is displayed,
signifying Rs. 0.

If only P, is pressed, "2’ is displayed, signifying Rs.
2.

If only P, is pressed, ’5’ is displayed, signifying Rs.

If both P, and P, are pressed, 'E’ is displayed,
signifying "Error’.
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