e A T E
Since 2004

GATE ACADEMY

Presents

Most Awaited Book For

GATE - 2021

lectrical Engineering




SAKSHI DHANDE
UMESH DHANDE

Volume - |
» Diligent Solution of GATE Previous Year Questions (1987-2020)

» Muiti Method Approach for a Single Problem to Develop Crystal Clear Concepts
* Video Solution for Conspicuous Questions to Enhance Problem Solving Skills
* This book is also a value addition for ESE/PSUs/ISRO/DRDO

A GATE ACADEMY*

33333 dlefd To duccedd. . .



GATE 2021

Electrical Engineering
(Volume - 1)

TOPIC WISE GATE SOLUTIONS
1987 - 2020

Sakshi Dhande
Umesh Dhande

A\ GATE ACADEMY

dtepd o ducceds. . .




IMPORTANCE of GATE .

GATE examination has been emerging as one of the most prestigious competitive exam for engineers.
Earlier it was considered to be an exam just for eligibility for pursuing PG courses, but now GATE exam
has gained a lot of attention of students as this exam open an ocean of possibilities like :

1.

Note :

Admission into lISc, lITs, llITs, NITs

A good GATE score is helpful for getting admission into lISc, lITs, IlITs, NITs and many other

renowned institutions for M.Tech./M.E./M.S. An M.Tech graduate has a number of career

opportunities in research fields and education industries. Students get ¥ 12,400 per month as
stipend during their course.

Selection in various Public Sector Undertakings (PSUs)

A good GATE score is helpful for getting job in government-owned corporations termed

as Public Sector Undertakings (PSUs) in India like IOCL, BHEL, NTPC, BARC, ONGC, PGCIL, DVC,

HPCL, GAIL, SAIL & many more.

Direct recruitment to Group A level posts in Central government, i.e., Senior Field Officer (Tele),

Senior Research Officer (Crypto) and Senior Research Officer (S&T) in Cabinet Secretariat,

Government of India, is now being carried out on the basis of GATE score.

Foreign universities through GATE

GATE has crossed the boundaries to become an international level test for entry into

postgraduate engineering programmes in abroad. Some institutes in two countries Singapore

and Germany are known to accept GATE score for admission to their PG engineering
programmes.

National Institute of Industrial Engg. (NITIE)

e NITIE offers PGDIE / PGDMM / PGDPM on the basis of GATE scores. The shortlisted
candidates are then called for group Discussion and Personal Interview rounds.

e NITIE offers a Doctoral Level Fellowship Programme recognized by Ministry of HRD
(MHRD) as equivalent to PhD of any Indian University.

e  Regular full time candidates those who will qualify for the financial assistance will receive
3 25,000 during 1st and 2nd year of the Fellowship programme and I 28,000 during 3rd,
4th and 5th year of the Fellowship programme as per MHRD guidelines.

Ph.D. in lISc/ lITs

e [ISc and lITs take admissions for Ph.D. on the basis of GATE score.

e  Earn a Ph.D. degree directly after Bachelor’s degree through integrated programme.

e Afulltime residential researcher (RR) programme.

Fellowship Program in management (FPM)

e  Enrolment through GATE score card

Stipend of ¥ 22,000 — 30,000 per month + HRA

It is a fellowship program

e Application form is generally available in month of sept. and oct.

In near future, hopefully GATE exam will become a mandatory exit test for all engineering

students, so take this exam seriously. Best of LUCK !



GATE Exam Pattern .

Section Question No. | No. of Questions | Marks Per Question | Total Marks
General 1to5 5 1 5
Aptitude 6to 10 5 2 10
Technical 1to 25 25 1 25
+
Engineering 26to 55 30 2 60
Mathematics
Total Duration : 3 hours Total Questions : 65 Total Marks : 100
Note : 40 to 45 marks will be allotted to Numerical Answer Type Questions

Pattern of Questions :

(i)

(i)

Multiple Choice Questions (MCQ) carrying 1 or 2 marks each in all the papers and
sections. These questions are objective in nature, and each will have a choice of four
answers, out of which the candidate has to select (mark) the correct answer.

Negative Marking for Wrong Answers : For a wrong answer chosen in a MCQ, there will
be negative marking. For 1-mark MCQ, 1/3 mark will be deducted for a wrong answer.
Likewise for, 2-marks MCQ, 2/3 mark will be deducted for a wrong answer.

Numerical Answer Type (NAT) Questions carrying 1 or 2 marks each in all the papers
and sections. For these questions, the answer is a signed real number, which needs to
be entered by the candidate using the virtual numeric keypad on the monitor (Keyboard
of the computer will be disabled). No choices will be shown for these type of questions.
The answer can be a number such as 10 or — 10 (an integer only). The answer may be in
decimals as well, for example, 10.1 (one decimal) or 10.01 (two decimal) or —10.001
(three decimal). These questions will be mentioned with, up to which decimal places,
the candidates need to make an answer. Also, an appropriate range will be considered
while evaluating the numerical answer type questions so that the candidate is not
penalized due to the usual round-off errors. Wherever required and possible, it is better
to give NAT answer up to a maximum of three decimal places.

Note : There is NO negative marking for a wrong answer in NAT questions.



. What is special about this book ? .

GATE ACADEMY Team took several years’ to come up with the solutions of GATE examination. It is
because we strongly believe in quality. We have significantly prepared each and every solution of the
guestions appeared in GATE, and many individuals from the community have taken time out to proof
read and improve the quality of solutions, so that it becomes very lucid for the readers. Some of the
key features of this book are as under :

& This book gives complete analysis of questions chapter wise as well as year wise.

& Video Solution of important conceptual questions has been given in the form of QR code and
by scanning QR code one can see the video solution of the given question.

& Solutions has been presented in lucid and understandable language for an average student.

& In addition to the GATE syllabus, the book includes the nomenclature of chapters according to
text books for easy reference.

& Last but not the least, author's 10 years experience and devotion in preparation of these
solutions.

& Steps to Open Video solution through mobile.

4 ) ( N\
ar code] [l [=] QR Reader App
el
qr code scanner A -
qr Cﬂde reader Downloading & Installing 35%
. J . J
(1) Search for QR Code scanner (2) Download & Install any
in Google Play / App Store. QR Code Scanner App.
e p ( A
[ —
can for rEl'lE-l
[ \S/ideofSqutinn "EI%
(3) Scan the given QR Code (4) Visit the link generated & you’ll

for particular question.

be redirect to the video solution.

Note : For recent updates regarding minor changes in this book, visit -
www.gateacademy.co.in. We are always ready to appreciate and help you.




[] PREFACE ]

It is our pleasure, that we insist on presenting “GATE 2021 Electrical Engineering
(Volume - 1)” authored for Electrical Engineering to all of the aspirants and career seekers. The
prime objective of this book is to respond to tremendous amount of ever growing demand for
error free, flawless and succinct but conceptually empowered solutions to all the question over
the period 1987 - 2020.

This book serves to the best supplement the texts for Electronics & Communication
Engineering but shall be useful to a larger extent for Electronics & Communication Engineering
and Instrumentation Engineering as well. Simultaneously having its salient feature the book
comprises :

Step by step solution to all questions.

Complete analysis of questions chapter wise as well as year wise.
Detailed explanation of all the questions.

Solutions are presented in simple and easily understandable language.
Video solutions for good questions.

It covers all GATE questions from 1987 to 2020 (34 years).

& EFEEEE

The authors do not sense any deficit in believing that this title will in many aspects, be different
from the similar titles within the search of student.

In particular, we wish to thank GATE ACADEMY expert team members for their hard
work and consistency while designing the script.

The final manuscript has been prepared with utmost care. However, going a line that,
there is always room for improvement in anything done, we would welcome and greatly
appreciate suggestion and correction for further improvement.

Sakshi Dhande

(Co-Director, GATE ACADEMY Learning Pvt. Ltd.)
Umesh Dhande

(Director, GATE ACADEMY Learning Pvt. Ltd.)
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Basic Concepts
of Networks

Ly 11T Delhi

(C)Remains same
(D) Answer depends on the value of R

1.1 All the resistances in figure are 1 € each.
The value of current ‘I’ is L LER 1T Kanpur
1.3 The rms value of the periodic waveform
MW e(f), shown in the figure is
e(t) A
L
N FA |
-1V MW
0 T2 312,
T b
1 2
(A)— A (B)—A g e —
15 15
4 8
C)—A D)— A 3 2
© 33 (D) 75 (A) |34 B) |34
1.2 All resistances in the circuit in figure are N
of R ohms each. The switch is initially (C) =4 (D) J24
open. What happens to the lamp's 3
intensity when the switch is closed? 14 For the circuit shown in figure, the
Lamp current through the resistance R
200V , !
1, /@ connected between points a and b is
+1 - N A.
120V
a I,
Il
] v/
S s
e 45 V= R3100 3150
b3 N < <
b3
v R
A\AAJ b A\AAJ
(A)Increases —'l—ww—
50
(B) Decreases 20V
© copyright Head Office : Ground Floor, A-115, Shopping Complex, Smriti Nagar, Bhilai, (C.G.), Contact : 9713113156, 6266202387 www.gateacademy.shop
Branch Office : Raj Tower 3rd Floor, Tatya Para Chowk, Raipur, Chhattisgarh 492001, Contact : 9755662248 www. kjacebook.com/gateacademy
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1.5

In the circuit shown in figure, X is an
element which always absorbs power.
During a particular operation, it sets up a
current of 1 amp in the direction shown

and absorbs a power P, . It is possible

that X can absorb the same power P, for

another current i. Then the value of this
current 1S

6V 1Q

(A) 3—=+/14) amps

1.9

1.10

(B) a resistance in parallel with an ideal
current source.

(C)a resistance in parallel with an ideal
voltage source.

(D)none of these

Energy stored in capacitor over a cycle,
when excited by an a.c. source is

(A)the same as that due to a d.c. source
of equivalent magnitude.

(B) half of that due to a d.c. source of
equivalent magnitude.

(C) zero.
(D)none of the above

The voltage and current waveforms for
an element are shown in figure. The
circuit element is and its value is

l(f) A
(B) (3++/14) amps
(C) 5 amps 2A :
(D) None of these
iy IIT Madras h Zfsec » Time
A
1.6 A 10V battery with an internal resistance v
of 1 Q 1is connected across a non-linear )y
load whose V-1 characteristic is given by
71 =V?>+2V . The current delivered by
the battery is A. T
» l1me
1.7  The value of E and [ for the circuit shown 0 2 sec
infigure,are  Vand A {CLLN [IT Bombay
I 1Q 1 .
—y Y MW 1.11 The RMS value of a half wave rectified
v2 A symmetrical square wave current of 2 A
< < < iS
E(i) $60Q $40 108
3 3 (A)V2 A (B)1 A
1
(C) —— A (D)3 A
1.8 A practical current source is usually V2
represented by 1.12  For the circuit shown in figure, the
(A)a resistance in series with an ideal capacitance measured between terminals
current source. B and Y will be
. Head Office : Ground Floor, A-115, Shopping Complex, Smriti Nagar, Bhilai, (C.G.), Contact : 9713113156, 6266202387 WWW.gateacademy.Shop
© copyrlght Branch Office : Raj Tower 3rd Floor, Tatya Para Chowk, Raipur, Chhattisgarh 492001, Contact : 9755662248 WWW. uacebook.com/gateacademy
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1.13

(A)C.+(C,/2)  (B) Co+(C.12)
(©) (C,+3C.)/2  (D)3C, +2C,

When a resistance R is connected to a
current source, it consumes a power of 18

1.15

(C)R,=3Q, R, =3Q, R.=4Q
MD)R,=5Q, R, =1Q, R.=10Q
Two incandescent light bulbs of 40 W
and 60 W ratings are connected in series

across the mains. Then

(A) the bulbs together consume 100 W.
(B) the bulbs together consume 50 W.
(C) the 60 W bulb glows brighter.
(D)the 40 W bulb glows brighter.

21ltr4-  1ISc Bangalore

1.16

In the resistor network shown in figure,
all resistors value 1 Q. A current of 1 A

passes from terminal a to terminal b as

W. When the same R is connected to a shown in figure, voltage between
voltage source having the same terminal ¢ and b is approximately.
magnitude as the current source, the 10 A ,
power absorbed by R is 4.5 W. The o -
magnitude of the current source and the 103 AL 370
value of R are T 10 1
(A)V18 Aand 1 Q MWW
(B)3Aand2Q 195% 10 EEIQ
(C)1 Aand 18 Q ] ]
(D)6 A and 0.5 Q o Y
JIlk IIT Kanpur (A)1.4V B)1L.5V
) ‘ <ov D)3V
1.14 Consider the star network shown in
figure. The resistance between terminals m IIT Madras
Ilj gd BtW1th telrn;naldC('Jop:}rll tls 6, Qi 1.17 A segment of a circuit is shown in figure
etween terminals B and C with termina )
A open is 11 Q and between terminals C _VR B 5V, V. =4sin2t V. The voltage /;
and A4 with terminal B open is 9 Q. Then is given by, 0
Ao
+
5037,
2 A 1F
Pe @ He=—r
VC
+
2HS 7,
(A)R,=4Q, R, =2Q, R.=5Q -
B)R,=2Q, R, =4Q, R. =7Q
S
. Head Office : Ground Floor, A-115, Shopping Complex, Smriti Nagar, Bhilai, (C.G.), Contact : 9713113156, 6266202387 WWW.gateacademy.Shop
© copyrlght Branch Office : Raj Tower 3rd Floor, Tatya Para Chowk, Raipur, Chhattisgarh 492001, Contact : 9755662248 www. kjacebook.com/gateacademy
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(A)3-8cos2tV ~ (B)32sin2tV m IIT Delhi
(€)16sin 21V (D)16 cos 2t V 1.21 In the figure the value of the source
1.18 In figure, the potential difference voltage V'is
between points P and Q is 100 60 poA
()
< ,
2A LA 360 4
R Q
P ‘v‘v‘v‘v ¢ ‘v‘v‘v‘v Q Q
A) 12V B) 24V
o () ®)
(©) 30V (D) 44V
8 Q) 6
MW MW 1.22  In figure the value of resistance R in Q is
(A)+12V (B) 10V 10 Q 2 A
(C) -6V D)8V
1.19 In figure, the value of R is 100 v/ t) 10Q SE R
RQ
(A) 10 (B) 20
Ao A (C) 30 (D) 40
410 SA% 1.23 Infigure R,, R, and R, are 20 Q, 10 Q
EEZQ and 10 Q respectively. The resistances
100 VCI_D (?40 \ R, R, and R, in Q of an equivalent
star-connection are
(A) 10 Q (B) 18 Q
(C) 24 Q (D) 12 Q
1.20 Figure shows the waveform of the
current passing through an inductor of
resistance 1 €2 and inductance 2 H. The
energy absorbed by the inductor in the
first four seconds is (A) 2.5,5,5 (B) 5,25,5
(©) 5,5,2.5 (D) 2.5,5,2.5
1.24 The rms value of the current in a wire
which carries a d.c. current of 10 A and a
sinusoidal alternating current of peak
5 > value 20 A is
0 2s 4s
(A)10 A (B)14.14 A
(A)144 ] (B)981J
O15A (D)17.32 A
(C)1321] (D)168J
. Head Office : Ground Floor, A-115, Shopping Complex, Smriti Nagar, Bhilai, (C.G.), Contact : 9713113156, 6266202387 WWW.gateacademy.Shop
© copyrlght Branch Office : Raj Tower 3rd Floor, Tatya Para Chowk, Raipur, Chhattisgarh 492001, Contact : 9755662248 www. kjacebook.com/gateacademy
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m IIT Bombay

1.25 In the figure given below, the value of R
is

SLA AA]SA
100 V== 10 Qgg 10 Qgé
(A) 2.5Q (B) 5.0 Q
(C) 7.5Q (D) 10.0 Q

1.26  The RMS value of the voltage
u(t)=3+4cos(3¢) is

(A)N17V (B)5V
(C)7V (D) 3+232)V

m IIT Kharagpur

1.27 In the circuit shown in the figure, the
current source / = 1 A, the voltage source
V=5V, R=R =R =1Q, L =L, =
L,=1H, C,=C,=1F. The currents (in
A) through R, and the voltage source V'
respectively will be

AAAA AAAA
VVVV VVVV
‘Rl | RZ

L C L

1 1 3

Il

1]

0
O

v

I L R,
(A)1,4 B)5, 1
(©)5,2 (D)5, 4

A8 TIT Kanpur

1.28 The state equation for the current /; in

the network shown below in terms of the
voltage v_ and the independent source V,

(/sx)ﬂ=—1.4vx—3.7511 2y
dt 4

@) Lo 14y —3751 -2y
dt 4

(©) %:—1.4vx+3.751] 2y
dt 4

) Lm 14y 13750 -2y
d 4

129 A 3V dc supply with an internal
resistance of 2 €2 supplies a passive non-
linear resistance characterized by the
relation V,, = I, . The power dissipated
in the non-linear resistance is

(A) 1.OW (B) 1.5W
(C) 25 W (D) 3.0 W

215 1ISc Bangalore

1.30 Assuming ideal elements in the circuit
shown below, the voltage V, will be

u 20

(A)-3V (B) 0V
(C) 3V (D) 5V

1.31 In the circuit shown in the figure, the
value of the current i/ will be given by

w5 T b

\A4 VVVV

is given b 3 2

8 Y 5V(+) 103 st i (Har,

30 0.2 H 50 = $ i ; L ol

4_ —
V. —> ]2
v (+ I, l 0.2v,
$ 0.5H ' (A)0.31 A (B)1.25 A
(C)1.75 A (D)2.5 A
©c ieht Head Office : Ground Floor, A-115, Shopping Complex, Smriti Nagar, Bhilai, (C.G.), Contact : 9713113156,6266202387 www,gateacademy,shop
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1kQ 1kQ
Statement for Linked Answer ,
Questions 1.32 & 1.33

The current i(¢) sketched in the figure flows = 100 uF
through an initially uncharged 0.3 nF capacitor. ’ 100 pF
i(7) mA 4 -|-
6 R TRt SR S °
‘ ‘ (A) 2 uF (B) 100 pF

(C) 200 uF (D) 4 uF
1.36  For the circuit shown, find out the current
flowing through the 2 € resistance.

Also identify the changes to be made to
double the current through the 2 Q

e )

1 2 3 4 5 6 7 8 9 10 resistance
1.32 The charge stored in the capacitor upto .
t=5us, will be
A)8 nC B) 10 nC >
) ®) @O r.=av I=5A 320
(C)13nC (D)16 nC : 3
1.33  The capacitor charged upto 5 us, as per

the current profile given in the figure, is

connected across an inductor of 0.6 mH. (A) 5 AsPut V=20 V)

Then the value of voltage across the (B) (2 A;Put ¥V, =8 V)
capacitor after 1 us will approximately
be (C) S A;Put =10A)
(A)18.8 V (B)23.5V (D) (7 A;Put I, =12 A)
(C)-235V (D)-30.6 V 1.37 How many 200 W / 220 V incandescent
lamps connected in series would
m IIT Roorkee consume the same total power as a single
i ?
1.34  The current through the 2 k€ resistance 100 W/ 229 V incandescent lamp?
in the circuit shown is (A)not possible (B)4
©)3 (D)2

210i(18  1IT Guwahati
A < B
2kQ 2 .
3 1.38 As shown in the below figure, a 1Q
MW MW resistance is connected across a source
1o Do that has a load line v+i=100. The
i current through the resistance is
o Lo —
6V 54—
(A)O mA (B) 1 mA Source v 1Q
1
()2 mA (D)6 mA
1.35 The equivalent capacitance of the input (A)25 A (B)50 A
loop of the circuit shown is (C)100 A (D)200 A
© COpyright Head Office : Ground Floor, A-115, Shopping Complex, Smriti Nagar, Bhilai, (C.G.), Contact : 9713113156, 6266202387 WWW.gateacademy.Shop
Branch Office : Raj Tower 3rd Floor, Tatya Para Chowk, Raipur, Chhattisgarh 492001, Contact : 9755662248 www. kjacebook.com/gateacademy
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1.39 If the 12 Q resistor draws a current of

1 A as shown in the figure, the value of
resistance R is

IQ AAEA
ZACfD 1Al EEUQ -6V
(A)4 Q (B) 6 Q
(C)8Q (D)18 Q

2A\s72-  1IT Delhi

140 IfV,—V,=6V,then V.V, is

R v, 20 v, R
< R < < R —
SR R R 10V
9 9 AAAA 9 +

It Q AAIEA T

+II_ u A\AAAS

5V Ve 2A Y

(A) -5V (B) 2V

(C) 3V (D) 6V

2A1i5  IIT Bombay

1.41 Three capacitors C,, C, and C; whose
10 uF, SuF and 2 puF
respectively, have breakdown voltages of
10 V, 5 V and 2 V respectively. For the
interconnection shown below, the
maximum safe voltage in volts that can
be applied across the combination, and
the corresponding total charge in pC

values are

stored in the effective capacitance across
the terminals are respectively,

CZ C3
° 1€ —
Y4
1C
C]
(A)2.8 and 36 (B)7and 119

(C)2.8 and 32 (D)7 and 80

1.42 Consider a delta connection of resistors
and its equivalent star connection is
shown below. If all elements of the delta
connection are scaled by a factor k, k> 0,
the elements of the corresponding star
equivalent will be scaled by a factor of

O MW o o——MWW— T WW—o
RC RB
(A) k* (B) k
(©) 1k (D) vk

2A1s5  1IT Kharagpur

1.43 The three circuit elements shown in the
figure are part of an electric circuit. The
total power absorbed by the three circuit

elements in watts is [Set - 01]
10A—> 8A—>
i+ if—----
100 V 80V
=15V

1.44 In the figure, thle value of resistor R is

(25+éj ohms, where [ is the current in

amperes. The current / is .
[Set - 01]

—
1

4t
300 V= I:] R

1.45 The power delivered by the current

source, in the figure, is W.
[Set - 03]
1V
()
>
10 10

>
10
>

<

<

<

<
N9} <
>3

<

<

AAAA

IVC_P

© Copyright
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1.46 The voltages developed across the 3 Q
and 2 Q resistors shown in the figure are
6 V and 2 V respectively, with the
polarity as marked. What is the power (in
Watt) delivered by the 5 V wvoltage
source?

[Set - 01]

(A)S (B)7
(©) 10 (D) 14
1.47 In the given circuit, the parameter k is
positive, and the power dissipated in the
2 Q resistor is 12.5 W. The value of & is
[Set - 01]

2

AAAA AAAA
VVVV VVVV

+ —

Ow

10Q2

@sa

kV,

1.48 The current i (in Ampere) in the 2 Q
resistor of the given network is
[Set - 02]
Y

\AAS

A
\AJ
[\
o}

AAAA
VVVV
1

215855 1ISc Bangalore

1.49 R, and R, are the input resistances of

circuits as shown below. The circuits
extend infinitely in the direction shown.

Which one of the following statements is

TRUE? [Set - 01]
28 29 20
R,—> 10 :E 10 :’ 1QE§ >
<
Fig. (i)
20 20
s > S
R,— 193 1Q 3 103 >
< <
Fig. (ii)
(A) R, =R, (B)R,=R;=0
(C)R,<R D)R, = R,
4 ¥ (1+R)

1.50 In the portion of a circuit shown, if the
heat generated in 5 Q resistance is 10
calories per second, then heat generated
by the 4 Q resistance, in calories per
second, is [Set - 01]

40 60

AAAA AAAA
VVVV VVVV

AAAA
VVVYV

50

1.51 In the given circuit, the current supplied
by the battery, in ampere, is .
[Set - 01]

AAAAAAAAAA

|

k|

—_

A
VVVV

1.52 In the circuit shown below, the voltage
and current sources are ideal. The voltage
(Vour) across the current source, in volts,
is [Set - 02]

2Q

10V

(A)0 (B)5
(C) 10 (D)20

© Copyright
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Network Theory : Basic Concepts of Networks 1.9

1.53 In the circuit shown below, the node

voltage V, is V.
45 o
50 50
‘P
503 ®sa
10/, 10V
+

721y IIT Roorkee

1.54 The power supplied by the 25 V source

in the figure shown below is W.
[Set - 01]
£ +A1;7AY -
Rl
s
25v(E) 14A Y3 R, <1 0.41

1.55 The equivalent resistance between the

terminals 4 and B is Q. [Set - 01]
1Q 2Q 1Q
A o AV‘V‘V‘V ‘V‘V‘V‘V ‘V‘V‘V‘V
6Q
< < <
30 EE 5: 6Q 3.1 Q
3Q
B o MWW
0.8 Q

70658 IIT Guwahati

1.56 The equivalent impedance Z, for the

infinite ladder circuit shown in the figure

7 IIT Madras

1.57 The current / flowing in the circuit shown
below in amperes (round off to one
decimal place) is

20V =

CD 2A t>s1

1.58 The current / flowing in the circuit shown
below in amperes is

SOQi 40(2% 250% 209%
200V 160 V 100 V 80V
I I T T

2A\¥415  1IT Delhi

1.59  Currents through ammeters 4, and 4;in
the figure are 1£10° and 1£70°
respectively. The reading of the ammeter
A (rounded off to 3 decimal places) is

r/

<
3200

A —-

A.
12
— (1)
I \
— 7
&
()
I—»U

1.60 A benchtop dc power supply acts as an
ideal 4 A current source as long as its
terminal voltage is below 10 V. Beyond
this point, it begins to behave as an ideal
10 V voltage source for all load currents
going down to 0 A, When connected to

1S an ideal rheostat, find the load resistance
J9Q JoQ value at which maximum power is
a o—vy" AN transferred and the corresponding load
voltage and current.
j50Q 750
z, (A)25Q,4A,10V
_I_—le _I_—jIQ (B) Short, = A, 10 V
po—————— 1 (C)25Q,4A,5V
(A) j12 Q (B) —/12 Q (D) Open, 4 A, 0V
(C) ]13 Q (D) 13Q O30 030 30 30
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1.10 | Topic Wise GATE Solutions [EE] GATE ACADEMY ©

Basic Concepts of Networks

1.1 D 1.2 C 1.3 B 1.4 4.29 1.5 C
1.6 5 1.7 31,13 1.8 B 1.9 C 1.10 Inductor, 2
1.11 A 1.12 C 1.13 B 1.14 B 1.15 D
1.16 A 1.17 B 1.18 C 1.19 D 1.20 C
1.21 C 1.22 B 1.23 A 1.24 D 1.25 C
1.26 A 1.27 D 1.28 A 1.29 A 1.30 A
1.31 B 1.32 C 1.33 D 1.34 A 1.35 A
1.36 B 1.37 D 1.38 B 1.39 B 1.40 A
1.41 C 1.42 B 1.43 330 1.44 10 1.45 3
1.46 A 1.47 0.5 1.48 0 1.49 D 1.50 2
1.51 0.5 1.52 D 1.53 11.428 1.54 250 1.55 3
1.56 A 1.57 1.4 1.58 0 1.59 1.732 1.60 A
Explanations Basic Concepts of Networks
Concepts of Absorbed and Delivered Power
Scan for Video
Explanation
Concepts of Voltmeter and Ammeter {
Scan for Video +]
Explanation IV

o ;

Given circuit is shown below, Equivalent resistance is
9

R, 7.7
3 R,=[R, IR, +1=[—||—}+1
7 q [ q ‘I:I 4 4
NN 15
IV—T |_> Reqw MM Req = ? Q

i From above circuit :
Current is given by,
4 1 8

Given : All resistances are of 1 Q.

R 15/8 15
R, = Klﬂjn(lﬂﬂﬂ =ZQ e
1 2 2 4

Hence, the correct option is (D).
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GATE ACADEMY ®

©

Given circuit is shown below,

200 V Lamp
S
B
R R
R R
D

Given: R, =R,. =R, =R, =R,, =R

Let us assume the resistance of lamp is R, .

Case 1 : When switch is open.
200 V Lamp

From figure,

Rye — £ Rpe — E

R, R R, R
Thus, Roe _Rpe

RAB RAD

Hence, the Wheat-stone bridge shown in the
above network is balanced and therefore no

current will flow through R, . Hence 1, =0.

200V Lamp

Network Theory : Basic Concepts of Networks | 1.11
From the above circuit,
I 200
[(RAB + RBC)H (RAD + RDC)] + RL
200 200

[2R|2R]+R, R+R,

Case 2 : When switch is closed. BD terminal will
be short circuited.

200V Lamp

From the above circuit,
R, R R, ., R

R, R R, R
Thus Roe _Bpc
AB RAD

Hence, the Wheat-stone bridge shown in the
above network is balanced and therefore /,'=0.

From the above circuit,

200
[(RAB + R )R, + RDC)] +R,

200 200

'

[2R|2R]+R, R+R,
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Since, in both cases, current flowing through
lamp is same i.e. /=1", hence in both cases
intensity of lamp will remain same.

Hence, the correct option is (C).

(B)

Given waveform is shown below,
e(l) A

A |

72 372

— 4 |- — -

For the given signal,

2—t; O<t<Z
e(t) = . 2
—-A ; —<t<T

2

RMS value of periodic waveform is given by,

e(t),, = ,/— j [e()] dt

e(t),,, = %l:TJQ(TAt dt + I (—4) df}

T/2

I[AZT AZT}
e(t)rmé_ - +
Tl 6 2
2
e),,, =4 1 Z+Z =,|=4
‘ T|l6 2 3

Hence, the correct option is (B).

Given circuit is shown below,

120V
a |=
v/ +1' -
SV (@ w1008 @ « 3150
10 4_‘_1_7_.‘_“13 5
:" @ <
—ll—ww—
- 50
20V

Applying KVL in loop (1),

-45+10(4, -1,)+10(/, - 1,) =0

201, -101, =107, =45 ..(1)
Applying KVL in loop (2),

120+151, +5(1, - 1,)+10(Z, - 1,) =0

-107,+307, =51, =—120 ...(11)
Applying KVL in loop (3),

10(1,-1))+5(,-1,)+51,-20=0

—-101,-51,+207, =20 ...(111)
From equation (1),

207, -107,-45=101,

I,=21-1,-45 ...(1v)
Put the value of /; in equation (ii),

-107, +307, -5(21,-1,-4.5)=-120

—207,+351,+22.5=-120

—207,+351,=-142.5 (V)
Put the value of /; in equation (iii),

-107, =51, +20(21,-1,-4.5)=20

307,-251, =20+90

307, -251, =110 ... (vi)
Solving equations (v) and (vi),

1,=0.5227A

I, =-3.772A
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Network Theory : Basic Concepts of Networks 1.13

Current through resistance R is,
I=1-1,
1=0.5227-(-3.772) =4.294 A
Hence, current through the resistance R is 4.29

A.
©

Given circuit is shown below,

6V 1Q

According to Tellegen’s theorem, sum of
product of voltage and current across each
element in any network will be always zero.

N
ie. > Vi, =0
k=1

Now, to solve this question let us consider two
different cases as given below.

Case 1 : When current flowing in the circuit is 1
amp.

6V 4
Applying Tellegen’s theorem,

S0, =0
k=1

Case 2 : When current flowing in the circuit is i
amp.

Applying Tellegen’s theorem,

3
ZVkik =0
k=1
IX(=6)+ixV'+ixV, =0 ...(i1)
where, V'=iXxR=ix1=i Volt
_ B
i

and Vy

Since, power P} remains same as in case 1 i.e.
L
P =P,.
P, 5

— X _
Hence, V) =—=—

i
From equation (ii),
5
—6i+iXi+ixX—=0
[
i’ —=6i+5=0
i=51
Therefore, i =5 A, for which ‘X’ absorbs same

power P, i.e.,5W.

Hence, the correct option is (C).

1.6 5
IX(=6)+1xV, +1xV, =0 ..(1) )
Given: 7/ =V +2V ...
where, ¥V, =IxR=1x1=1V (@)
1Q I
P, a
And VX = T =P X
From equation (1)’ 10 VCﬁ Non linear load
—6+1+P, =0
PX =6-1=5W — )
) Head Office : Ground Floor, A-115, Shopping Complex, Smriti Nagar, Bhilai, (C.G.), Contact : 9713113156,6266202387 WWW.gateacademy.shop
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Applying KVL in the above circuit,
—10+Ix1+V =0
V+1=10, I=(10-V}) ...(ii)
From equation (i) and (ii),
V242V =7(10-V)=0
VZ+2V =70+7V =0

V:+9¥ —-70=0
V=5-14
For V=5V,
2
]:V +2V:§:5A
7 7
For V' =-14V,
2
I:V +2V:@:24A
7 7

Note : In this question battery delivers the power
while 1 €Q resistor and non-linear load will
absorb the power. Hence, current must enter at
positive terminal at load terminal a. Hence, V'
and / must be positive.

Therefore, for V=5V, I =5 A.
B, =VI=5x5=25W

lo

Hence, the current delivered by the battery will
be 5 A only.

1.7 31,13
Given circuit is shown below,
; 1Q 5 L, 1Q 4 I
\ y2A
+ + +
< < <
EQ Jia36Q | Via34Q V310
@ o >

Voltage across 4 Q resistor is given by,
Vig=V,q=4x2=8V
Current through 1 Q resistor is given by,

L=3-ga
1

Applying KCL at node a,
I,=1,+2=8+2=10 A

Applying KVL in loop (1),
Vig =8+10x1=18 V

Current through 6 € resistor is given by,

1, = 18_ 3A
6
Applying KCL at node b,

I=1+1,=10+3=13 A
Applying KVL in loop (2),
E=18+13x1=18+13 =31V
Hence, the value of E and / are 31 V and 13 A.
5 (B)

Practical current source is usually represented by
a resistance in parallel with an ideal current
source as shown below,

]

VVVY
~

L®

]

Hence, the correct option is (B).

[ Key Point

A practical voltage source is represented by a
resistor in series with an ideal voltage source.
RS
——MWW—o
r®
o
©
Let, v(t) =V, sin ot
i(t)
o »
4_
V(1) =cC
o
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Network Theory : Basic Concepts of Networks 1.15

Current through capacitor is given by,
dv(t) _C d(V, sinwt)

dt dt
i(t)=V, Ccosotxmw=V mnCcoswt

i(t)=C

Instantaneous power is given by,
(1) =v()i(t)

p@)=V sinwtxV oC coswt
p(t) =V wC sin wt cos wt

V2 wC
2

Energy in the capacitor over one cycle is given
by,

sin 2m¢

p(t)=

2n 2 2n
E= jo p(e)de == jo sin(201) dt
2n
E=_V,50)C[cos2mt}w
2 20 o

2
E=— Y ®C xi{cos(%)x%j —CoS O}
20 0]

2
2
E=—V’”4C[1—1]:0

Therefore, energy stored in capacitor over a
cycle, when excited by an a.c. source is zero.

Hence, the correct option is (C).

[J Key Point

i(1)

N
»

w(t) -T-

I/\ 2% ot =cC

of ™\

S

For positive half cycle, capacitor stores energy.

For negative half cycle, capacitor delivers that
stored energy to the source.

Therefore, energy stored in capacitor over a
cycle when excited by an ac source is zero.

i Inductor, 2

Given waveform is shown below,

l(t) A
QA[ :
: » Time
0 2 sec
0 t; 0<t<?2
1 =
2; t>2
Voltage across inductor is given by,
d
V.(t)=L—i(t
() 7 ()
1; O0<t<?2
dt 0; t>2
2; 0<¢t<2

a4
VL(t)_zdtl(t)_{O; t>2

Since, this is the given v(¢) as shown below,
V(t) A

2V

» Time

0 2 sec
Therefore, on comparing

o nd . _
VL(t)—V(t)—2dtl(t):>L 2H

Hence, the circuit element is inductor and its
value is 2 H.

1.11 WPN)

A half wave rectified symmetrical square wave
current is shown below,

4 i(7)

2A

>/
0 772 T 3772 2T 5772
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RMS value of periodic waveform is given by,

T

i(0),,, = % [t

0

T

i(r), = \/%[Tf(2)2dt+ [ oy dt}

T/2
1 T

i), =,=%X4x—=+2A
( )rms T 2

Hence, the correct option is (A).

1.12 N9

Given circuit is shown below,

Bo H oY
C}
Ce= =  G= =C
R
C1C
Bo I oY

Equivalent capacitance across BY is,

+3C,
CBY:CS+CC+CC:CS -
2
Hence, the correct option is (C).
1.13 W)
Given :
Casel:
'® g

Power consumed by resistor is given by,
P=I'R=18 W (1)
Case2:

r=1C

AAAA
\AAAS
=

Power consumed by resistor is given by,

V2 [2
P=—="=45W (1
== (1)
From equation (ii),
2 2
L_ys EXR_ys
R RXR
I’R
2 =4.5
I’R =18 [From equation (i)]

Therefore, 1—% =45
R

Hence, R=2 Q
Il ) )
Bo il oY From equation (i),
C%
/ 18
K 1= ? =3 A
C,+C,
2 Hence, the correct option is (B).
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®

Given Y connection is shown below,
Ao

Casel:

Resistance between terminal 4 and B with
terminal C open is 6 €.

Ao

Therefore, R,, =R, +R, =6 Q (1)
Case2:

Resistance between terminal B and C with
terminal 4 open is 11 Q.

Therefore, Ry, =R, +R. =11 Q ...(11)
Case 3:

Resistance between terminal C and 4 with
terminal B open is 9 Q.

Ao

R

Therefore, R,. =R, +R. =9 Q
Solving equations (1), (ii) and (iii),
R,=2Q,R,=4€Q, R.=7Q

Hence, the correct option is (B).

...(iii)

5 (D)

The Bulbs B, and B, are rated at £, =40 W and
P, =60W at same voltage V.

[ Key Point

1. If voltage rating of corresponding bulb
is given, then we will use the
corresponding voltage rating to calculate

the resistance of bulb.
a ™)
P, watt, V, volt

£ watt, ¥, volt

2 2
Then R, = n Then R, = 43
! b
2. If voltage rating is not given, then we
will consider same voltage rating for two
bulbs.
™) ™)
B watt P, watt
2 2
Then R, = - Then R, = -
B P,

2

If resistance of 40 W bulb is R, and resistance of
60 W bulb is R,, then

v _r.r

A = R =
R, P 40
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V? v y? 1x1 1
and 132:— :>R2:—:— p=q=r= :_Q
R, P, 60 I+1+1 3
As B<P, = R >R, % ) 1q
. . 3
Therefore, resistance of 40 W bulb is greater than MW ‘.‘.‘.‘.ﬁo b
resistance of 60 W bulb. ‘ |
When they are connected in series, current will Lo EE £E§ Q
be same. 10
1 Rl : \AAAS
Ll \AAA4 \AAA 1 ‘: ‘:
-3 31O
3 < <
1A
Q a . A'A'A'A' A'A'A'A'
+ p—
o o lg
3 3
. V
Current is given by, [ =
R +R,
Power consumed in series combination is given
by,
2 2
P,=I'R, P, =I'R,
As R >R, = P, >PF
Power consumed by 40 W bulb will be greater
which results in brighter glow.
Hence, the correct option is (D).
@
Given circuit is shown below,
10 1A
0 b Applying star to delta conversion,
1 4 1 4
10 1Q —X—+IX—+1X - 19
;=33 3 - 2o
1 9
! X 4 +1x ! +1x 4
1Q 1Q 19
s = =—
4 12
ao 3
1A 1Q
. . 1 4 1
Applying delta to star conversion, 373 HIXO+IX g o
u= = —
1x1 1 1 3
X = y =z = = — Q —
I+1+1 3 3
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1A 194 1A
b 4NV 9 W—oa
3 Q MW MM 3 Q
76 194
105 60

R, =13636Q

Voltage across between terminal a and b is,
V,=13636x1=13636 V=14V

Hence, the correct option is (A).

[ Avoid This Mistake

Direct Approach :
[On the basis of balanced Wheat-stone bridge.]

1Q 1A
Yo W—% b
< 10 | ¢
103 310
3 )
o :
h ‘ """" ‘ e
(2):
e 10 3
103 310
‘P >
ao > — K'K'A"i" """"
1A ¢ 1 d

By looking the circuit, the dashed portion can
be removed due to symmetry. This is what one
can think by just seeing this circuit.

Hence, this circuit will look like as shown
below,

1Q 1A
g """" f : .o b
e P .
108 108
< <
he [ X4
40.5
< <
108 108
< <
1A | 051Q
ac : : """"
c d
[} R P e PP ELFRELTRRD [}
+ Vs -

Applying KVL in the loop shown above,
V,=05x1+0.5x1+0.5x1 =15V

But this solution is totally wrong. This has been
done here to just make you understand what
exactly one can do such type of mistake. Here
is the explanation i.e. why it’s wrong.

The resistance between the terminals is
common in two bridges i.e. 1 and 2. Now this
has to be break into two resistances whose
equivalent is only 1€ to get Wheat-stone

bridge condition. Hence,

20

1 Q """"
ho—AMWN———e0¢ = /) o— ——eo ¢

5"'

below,

VVVV o b

AAAA
\AA4
—_—
o)

2Q
"""" \ .
he [ X Bridge (1)
"a
103 g0
< <
$ 10 $ T w
: Bridge (2)
ao ‘v‘v‘v‘v
¢ 1Q d
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From the circuit, it is clear that the bridge 1 and
bridge 2 are not balanced.

Since, V,, #0 V and V,, #0 V
So the above answer calculated by balance

bridge is not possible. So, follow the star-delta
or delta-star to get accurate result.

2 (B)

Given circuit is shown below

—lAl

Il
Y
>

oR

®.

+|\—

II
~.

l _lS

S
Given: V,=4sin2t V, V,=5V

Current through capacitor is given by,

i =1, :—CiV :—i4sm2t
dt dt
i =i, =—8c0s2t
Applying KCL at node 4,
—ip—iy—ip+ig=0

—2—1+8cos2t+i, =0

i, =3—-8cos2t
Voltage across inductor is given by,
v, = Lﬂ

dt

d
V., =2Xx—(3—-8cos 2t
f dr( )

V, =2x(=8)x(2)(—sin2¢)
V, =32sin2t V

Hence, the correct option is (B).

©

Given circuit is shown below,

(—)
U/
2A
Q 7
VP """" o £ vy VQ
10V
B S

We can assume
this point as GND

Given: V, =10V
Applying KCL at node V,,,

v, V,-10

L +2+ =0
8

I; L—5+2 0

V,=48 V
Applying KCL at node V,,
Q_,_VQ_IO
6 4
Yo Vo 10
6 4 4
2VQ+3VQ ]8_
12 4
Vo _18
12 4
V,=10.8V

~2=0

Potential difference between points V), and V), is
given by,
Vep=V,—V,=48-108=-6 V

Hence, the correct option is (C).
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Network Theory : Basic Concepts of Networks 1.21

®

Given circuit is shown below,
RQ

AAAA
VVVY

Y~

14 Q 10
A

B """" """" :

5+1 ¢

410 A A5 A

100V<Jl_r) ®aov

Applying KCL at node 4,
V,—100 N V,=0 N V,—40 _
14 2 1
Q+Q+&_@_40:O
4 2 1 14

V,+ 7V, +14V, 660

22 Q)

AAAA
A4 v

0

14 TR
220, 660
14 14
V,=30 V

Potential difference between point B and C is
given by,

Ve =V =V
where, V, =100 V, V. =40 V
Vee =100—-40 =60V

From figure,

5472tV

5+471=40-30

I=5A
V,—V. 60

Hence, R = =—=120Q
1 5

Hence, the correct option is (D).

Scan for
Video Solution

©

Given :
Practical inductor/coil (R=1€Q, L =2 H)

[, » ]
A0 +
R3 vi(0)
Y0) .\
Lg v
o o

Fig. Practical inductor

Given waveform is shown below,

N :t
0 2s 4s

From the waveform, expression of i, (¢) is given
below,
i 3tA; 0<t<2
lL(t):{6 A 122
Voltage across resistor is given by,
3tV; 0<t<2

vR(t):iL(t)xR:{6 Vi 122

0 2.s 4s Tl
Voltage across inductor is given by,
d . 6V, 0<t<2
VLU):LEW):{O V, 1>2
)
6V
0 2s 4s .
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Energy absorbed by inductor in first four sec
=Energy absorbed by resistance (R =1 Q)

+ Energy absorbed by inductor (L =2 H)
Windueor =W (0<t <2)+W,(2<1<4)
+W,(0<t<2)+W,(2<t<4)
(i W,(0<t<2):

W (0<t<2)=[Py(t)dt
Wo(0<t<2)=[vy()xi, (1) dt

2
W, (0<t< 2)=I3t><3tdt
0

3 2
WR(O<t<2):9{%} —24]

0

() W,2<t<4):

WR(2<t<4):IPR(t)dt
WR(2<t<4):ij(z)><iL(t)dt

4
WR(2<t<4):j6><6dt
2

We(2<t<4)=36[t]. =721
(i) W, (0<r<2):

W (0<t< 2)=jPL(t)dt
WL(O<t<2):ij(t)><iL(t)dt

2
WL(0<t<2):I6><3tdt
0

2 2
WL(0<z<2):18B} =36

0

iv) W, (2<t<4):

W,2<t<4)=[P()dt

W (2<t<d)=|v,(t)xi, (t)dt

B Sy N

4
WL(2<z<4)=j0><6dt=0J
2

w,

Inductor

=24+72+36+0=1321]
Hence, the correct option is (C).

1.21 §(
Given circuit is shown below,

10 Q a 6Q P 2A

AAAA AAAA

s T -+
®@ia 0z Qv
Q

Applying KCL at node a,

Yo _ 1-2=0

6

V=18 V
Applying KVL in loop shown in figure,

—V+2x6+V,=0

-V +2x6+18=0

V=18+12=30V

Hence, the correct option is (C).
1.22 W3

Given circuit is shown below,
I + 2 10Q 14 2A

=
(e}
<
W
=
®)
A
YVVY ¥
AAAA
\AAAJ
=

Using KVL :

Applying KVL in loop (1),
—100+10(/+2)+1x10=0
-1004+20/+20=0
-80+20/=0
I1=4 A
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Applying KVL in loop (2), RMS value of periodic signal is given by,
—4x10+2%xR=0 7V
R=20Q i(t),,, = 1c2+( j

) \/( a) N

Hence, the correct option is (B).

i(0),,, = (10) +[ 20]

Using KCL : V2

Applying KCL at node V, i(t),,, = 1//3=1732 A
r + y-100 +2=0 Hence, the correct option is (D).
10 10
V=40V 125 N9
. it is sh I
Hence, R = v_ 40 200 Given circuit is s8 Xwn l:}()e ow,
2 2 : """"
Hence, the correct option is (B). N Je Je
100 V= 10Qg 1003

WED (A)

Given A and Y connections are shown below,

The above circuit can be redrawn as,

8LA AAAA
+ <
100 V=" SE(IOHIO):SQ
From figure,
Given: R =20Q, R =10Q, R =10 Q g 100
Applying A to Y conversion, R+5
_ RxR.  10x10 8(R+5)=100
" R +R+R  20+10+10 8R+40=100
100 8R =60
R1=4_O=2.SQ R:7.SQ
R, xR~ 20x10 Hence, the correct option is (C).
"R +R,+R 20+10+10 1.26 WY
R, = %4—000 =5Q Given : u(t)=3+4cos(3¢)
C RXR 10x20 RMS value of periodic signal is gl\zzen by,
3 - u(t),,
R +R,+R  20+10+10 u(t)m_\/ u(t), + ( j
R="2_50
40
Hence, the correct option is (A). U(?),,, =4|3)’ + ,/

124 E) “(o). =

Given : i(7) =10+20sin o Hence, the correct option is (A).
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1.27 K

Given circuit is shown below,

Given: [ =1A, V=5V, C,=C, =1F
R=R =R =1Q,L=L=L=1H
In given circuit DC voltage is applied. Hence, in

steady state inductor behaves as a short circuit
and capacitor behaves as an open circuit.

AlAﬁ 1 A AIAEEA 1 A IV
VWW—> l WW——T I «
S.C. 0.C. S.C. o
O.C. +)5Vv
[ oo ©
1A S.C. $R=1Q
<

Current through R, is given by,

I, = SRS 5A
R 1
Current through voltage source is given by,
I, =1, -1=5-1=4A

Hence, the correct option is (D).

Scan for
Video Solution

[J Key Point

For DC source (At steady state),
0o=0 = f=0

Hence, X, =®L =0 (Short circuit)
1
and X, =——=00 (Open circuit
¢ ol (Op )
i (A)

Given circuit is shown below,

Applying KVL in loop (1),
—V+3(,+1,)+v, +0.5%: 0 ...())
Applying KVL in loop (2),

di,

~0.514+51,-0.2v, =0
dt

,_0sdl 02

25 4 5 °

dl
I, =0.121+0.04v (i
2 dt x ( )

Put the value of /, in equation (i),

—V+311+0.3%+0.12vx+vx
t

v059 g
dt
0890 41120, +31, -7 =0
dt
dl, 5

—b=—lAv 3751+

dt
Hence, the correct option is (A).
1.29 NN
Given: V,, =1}, ()
20 I,
+
+
3V —/— Vi R,

Applying KVL in the above circuit,
=3+2xI,, +V,, =0
Vy=3-21,, ...(11)
From equation (1) and (i1),
I, +21,-3=0
I, =1A, -3A

30 02H . . .
e M —TTT— Passive sign convention :
L+1, T
1 T4 Ve %
VYV Y v=iR
T 02v o——MWW—o =
Qo * R
»
I,, =1 A (Neglecting /,, =—3A)
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1.25

Power dissipated in the non-linear resistor is

given by,
P =Vyly =IyxIy
P=0,=1"=1W
Hence, the correct option is (A).
1.30 W0\

Given circuit is shown below,
4 20

Given:i=1A
Applying KVL in the loop shown,

—V, +2xi-5=0
—V,+1x2-5=0
V,==3V

Hence, the correct option is (A).

®

Given circuit is shown below,

1Q
AW a + Vu — b

AAAA
vV VVVV

AAAAL
v
"
.
O

5 V(j) 1Q E ‘ >4V.,b

y Vo 25
2 2
V,=125V

[From equation ()]

...(11)

V,=V,-V,=25-125=125 V

From figure,

4,
3+1

1

=V,=125A

Hence, the correct option is (B).

[J Key Point

Va=5><L [By VDR]
1+1
V, =25V ..(1)
1
V. =4V , Xx—— By VDR
b “ 13 [By ]
Vy=V,=V,-V,

1. Voltage division rule for resistor :
Rl
+ V&;V_
+ <
14 (t) Vi EE R,
VR1: VxR, VRz: VxR,
R +R, R +R,
2. Voltage division rule for inductor :
L]
A1
t, -
+
4G 7, 3 L,
Vx L Vx L
L+L, L+L,
3. Voltage division rule for capacitor :
Cl
I
+ V.
v (iD VC2 =G,
v, - xG v, -G
C +C, C +C,
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©

Given waveform is shown below,

i(t) mA 4

4

» 7 (us
5 (ps)

Charge stored in the capacitor uptos =5 psec is
given by,

0O(0<t<5)= Areaunder curve i—t
O0<t<S)=A4+A4,+4,

From figure,

A =%><2><106><4><103 =4 nC

4, =%><(5—2)><10-6><(4—2)><10-3

4,=3nC

A4, =(5-2)x10°x2x107 =6 nC
Therefore, Q(0<¢<5)=4+3+6=13 nC
Hence, the correct option is (C).

1.33 H)!

Total charge stored upto 5 usec,
0=13nC

Transform domain :

0A 0A
< » 0
it ) J_ +
Cs
Ve(s) g Ls V.(s)
43.33
S
o o
From figure,
43.33 Ls
Ve(s) =V, (s)= X 1
Ls+—
Cs
43.33x LxsC
V.i)=————
<) s’LC+1
43.33x LCXs 43.33s
Ve(s)= T2 2
(s"+wy)

LC|:S2 + (Jz_cjz

V.(t)=43.33cos w,t
Given: L =0.6mH and C=0.3nF

1
’ \/0.6><O.3><10‘9><10‘3
®, =2.35x10° rad/sec
At t=1 psec,
0, =2.35 rad

V.(1us)=43.33 005(2.35 x@j
T

V(1 us)=—30.6 V

Hence, the correct option is (D).

Voltage across capacitor before connecting to 1.34 NP\
inductor is given b . C .
£ ¥ Given circuit is shown below,
13x107° 1Q ¢ 1
0= Q =———=4333V yyve MM
C 0.3x10 X 5
A 2kQ3
>
+ MM MW
V,=4333 V== C=03nF §L=O.6mH 1Q D 10
- |,
+ I -
6V
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Since, the given bridge is balanced i.e. C and D
are at same potential. Therefore, current through
2 k€ resistor is zero.

Hence, the correct option is (A).

[J Key Point

Condition for balanced bridge :
Z, 7

Zr R

Z, Z

A o

Bo
For balanced bridge, current through load
terminal i.e. Z, will be zero and potential of P

Comparing equation (i) and (ii),
R, =2000Q, C, =2x10"°F
C,=C,=2uF

Hence, the correct option is (A).

Scan for
Video Solution

and Q terminals are equal.

2 (A)

Given circuit is shown below,
1kQ
+

—AAAA

Inpﬁ-t- )

V. loop — 100 pF

o

Applying KVL in input loop,

-V, +i,(1000+1000) + 50;, x__f -0
oC

Input impedance is given by,

Z, :@:2000—,’5%;_6
I ®x100x10
V.
Z =-2=2000— jx— ...(i
"o I o 2x10°° @

Input impedance of given RC network is given
by,
Z =R —jX, =R, —ij ...(ii)

mn

1.36 N(:))

Given circuit is shown below,

L=5A 4|
V. 4EZQ

20 <
<

Or =4v

Current through 2 € resistance is given by,

]:ﬁzﬂzizzA
2 2 2

According to linearity rule, if current through
2 Q) resistance is to be doubled then the voltage

source ¥, has to be double.
ie. V.=2x4=8V
Hence, the correct option is (B).
1.37 W)
Consider 200 W /220 V incandescent lamp :
Voltage rating =V, =220 V
Power rating = F, =200 W
Let resistance of each lamp is R,, hence
2 2
S
Consider 100 W /220 V incandescent lamp :
Voltage rating =V, =220 V
Power rating = F, =100 W

=242 Q

Let resistance of this lamp is R, hence

2 2
g =i o220
P, 100

=484 Q
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Let series combination of ‘n#’ incandescent lamp
(having rating 200 W / 220 V and R, =242 Q)

is equivalent to incandescent lamp (having rating
100 W /220 V and R, =484 Q), then

R, =nR,
R _484_,
R 242

Hence, the correct option is (D).

1.38 H1i3))
Given : v+i=100 ...(1)
—
T 1
Source v 1Q
Y N
Passive sign convention :
o—y—+M;~_—o v=iR
l R
v=ixl=i ...(11)

From equation (1) and (i1),
i+i=100
i=50A

Hence, the correct option is (B).

1.39 N3}
Given circuit 1S shown below,
1A
AAAA AAAA
< : +
<

Applying KVL in the loop shown above,
—12X14+Rx1+6=0
R=6Q

Hence, the correct option is (B).

1.40 Q7N
Given: V,—-V,=6V

The circuit is shown below,

R v, 2 Vi
A\AAAS . \AAAL vy
i
< R P4 < R —
EER REE """ 1‘9 """" REE -|-+10 A\
o~ R

r L H - < A'A'A'A'

+17- Ve i \J _______ iV,

. ... V,=V, 6

From the circuit, i =2 3 & :5=3 A

The same current will flow through branch
between node D and C.

Using source transformation :
R V,3A 2Q Vi R

VVVYVY » VVVYVY

> >
3z A 3R i RS
< <
‘__.
3A
—

v Ve 2viia
From the above circuit,
Ve =3%x14+2=5V
Vep =V.=V,==-5V

Without using source transformation :

v, 2Q Vs
AAAAL vy vy
i=3A
s R > S RS R -
E:R R:: i) 3 +10 \Y%
Aé A
¢ T = p —> §3¢A 7 MW
S PP D
5V ¢ A
V. =5x1=5V
Vep==5V

Hence, the correct option is (A).

Scan for
Video Solution
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[J Key Point

v, 2 Vy
Aﬂ AG
'
&

\AAAJ

For a particular one port network,
Incoming current = Outgoing current
Hence,

3A ¥V, V¥V, 3A
\*J [,

n n
» »

3A 3A

< o o
VC VD

&
<

©

Given: C,=10puF, 7V, =10V
C, =5 uF, Ve=5V
C, =2 UF, V=2V
Method 1
C2 C3
————
I¢
1C
C%
Charge in a capacitor is given by,
o=CV
Breakdown
voltage or Maximum
Capacitor maximum charge stored
operating in capacitor
voltage
C, =10 uF 10V O)(maxy =100 uC
CZ = 5 MF 5 V QZ(max) = 25 HC
¢, =2uF 2V Osmay =4 HC

Since, C, and C; are in series, hence the charge

on both capacitor will be same and equal to the

min (0,, 05)

Equivalent capacitance of C, and C; is,

C,C,  5x2 10
23: = :—M
C,+C, 5+2 7

Equivalent voltage is,

_y =9 4uC
C, (10/7)ufF

eq 23

In parallel, voltage will be same, hence 2.8 V will
appear across C, also.
Charge stored in C, is given by,
o =ar,
0, =10 uFx2.8 V=28 uC
In parallel, total charge is given by,
Or=0,+0y
0, =(28+4)uC=32 uC

Hence, the correct option is (C).

Capacitor G G, G
Value (in UF) 10 5
Breakdown
Voltage (Volts) 10 > 2
C2 C3
It It
© A A ©
+y, - +y, -
(%
It
Ly
+p =

From above figure, V, =V, +V,

V=l =l = 2
C,+C, 5+2 7
v
C,+C, 2+5 7

Vo<10V, V,<5Vand V,<2V

Oy, =4uC
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(1) IfV,=10V,
Then 7, = 2X190 =§: 2.85V
So, V, <5V [No Breakdown]
_5x10 50

v, = =2 =713V
7 7

So, V;>2V [Breakdown]|
Hence, V, must be less than 10 V.
(i) IKfr,=5V,

v, :Zx5:3—5V
2 2
V,>10V [Breakdown]

Hence, V, must be less than 5 V.
i)y IfV, =2V,

VO:%X2:2.8<10V

[No Breakdown]
2
Also, V, :%=0.8 V<5V
[No Breakdown]
None of them are in breakdown.
Hence, maximum value of voltage across
the combination can be V, =2.8 V..

Total charge 0 =C,V,

where, C, =Cl+&
! C,+C,
2x5 80
C =10+-22=2
“ 245 7

Q:?x2.8:32 uC

Hence, the correct option is (C).

c, C,
A
+y - +y,-

Cl
IL
I\
+y -

Here, capacitors C; has minimum breakdown

voltage and hence the breakdown voltage of
capacitor C, will decide the maximum safe

voltage V; applied across the circuit as shown in

figure.
CZ C3
o It I o
It It
+V2 +2V
C‘l
It
I
=% 4y [By VDR]
Tove E Y
2:i><VS
2+5
Ve=28V
Also, total charge is given by,
0=C,Vs
where, C,, =C, + GG
C, +C,
c =10+ _89 g
! 245 7

Q=?x2.8=32 uC

Hence, the correct option is (C).

®

Given delta to star conversion is shown below,

o - MW - o o——MW—T—WW—o0
R, R, R,
$pr . % s
3k k= R,2
o - 7o) o 7o)

Before scaling :
__ RR
R +R, +R,

A

If R'=kR,, R'=kR,, R'=kR,
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After scaling : E.g.2:
' Rb'Rc'
= 2A
Ra'+Rb'+Rc' Ry = Pyjjyer =10x2=20 W
. (kR)(kR) KRR OV Ry =Py =—20W
kR, +kR,+kR k(R +R,+R)

R, =kR,

Hence, the correct option is (B).

[J Key Point

(1)  If all the elements of A network are
same, then A to Y conversion decreases
the impedance by a factor of 3.

a

S
o

Z b c
(i)  If all the elements of Y network are
same, then Y to A conversion increases

the impedance by a factor of 3.
a

3Z 3Z

rb c 3Z

xS 330

Key Point

Concept of absorbed and delivered power :

(i) Power is absorbed by the electrical
element if current enters into the positive
terminal.

(i1)) Power is delivered by the electrical
element if current leaves from the
positive terminal.

(i11))  Absorbed power + Delivered power = 0

E.g. 1:
2A
IDIOV :Pabsorb :10X2:20 W
10 V I)IOV :I)deliver :_20 W

E.g.3:

-2 A
Bov =P =10x(=2)=-20 W

10 V })10\/ =l)deliver = 20 W
E.g. 4:
2 A
Py =Pue =—10x2=-20 W
—-10V RlOV :Pabsorb =20 W
Given circuit is shown below,
[ =10A_, L SA-L,
Il a 10
Ji]s i|i}
100 V 0V
IBl = 15 V
Applying KCL at node a,
_Il +12 +]3 = 0

L=1-1,=10-8 =2 A

() Py =Py, =10x100=1000 W

Puoy =P =—1000 W

(i) Byy =Py, =8X80=640 W
P,y =P, =—640 W

(i) Pyy =P, =15x2=30 W

By =Py =30 W

Total power absorbed by the circuit is,
=1000-640-30=330 W

Total power delivered by the circuit is,
=-1000+640+30=-330 W

Hence, the total power absorbed by the three
circuit elements is 330 W.
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o B

Given circuit is shown below,

—>»
1
i
300 V=

Given: R= (25 +é} Q

From the circuit,
g 2300
1
From equation (1) and (i1),

254130
2

12
251+7—300 =0

I* +501 =600 =0

()

(i)

1=10,-60
I
I R=25+ E Status
10 A 30 Q Valid
- 60 A -5Q Invalid

Hence, the current 7 is 10 A.
1.45 K

Given circuit is shown below,

Applying KVL in above loop,
—1+14+V,=0

V,=0V

Applying KCL at node V|,

W=l h=n_,_,
1 1
V-1 V-0

+
1 1

-2=0

W=3 = Vlzg\/

Power delivered by the current source is given
by,
Py =F

eliver

:2><§=3 W
2

Hence, the power delivered by the current source
is3 W.

I (A)

Given circuit is shown below,
6V

+

L et [

i R
Voo
2 o—— o e Lﬂ
i L dt
+ Y dv
3 e |i=c?
1 C t
_6V4+ I =2A
3"52' -
Network - + ?‘X_ Network
1 L=1A 20 2
() >
5V

Taking network 1 as a big node, same can be
done by assuming network 2 as a big node.
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Applying KCL in the network 1,
-1, +1,+1;,=0
IL,=1-1,=2-1=1A

Power delivered by 5 V voltage source is,

P, =P, . =5x1=5 Watt

deliver
Hence, the correct option is (A).
1.47 BIES

Given circuit is shown below,
1

—
20 a 5
+ \AAAL _ 4 vy
0
10Q2
®4v @sA
kv,
Applying KCL at node a,
-1 -kV,+5=0 ..(1)

Given : Power dissipated in 2 Q resistor 12.5
Watts.
I’'R=P
I’x2=12.5
=25
Vy=1x2=2x2.5=5 Volt
From equation (1),
—25-kx5+5=0
k=0.5
Hence, the value of £ is 0.5.

1.48 N

[ Method 1]

Given circuit is shown below,

4 W v,

vi

5\/Ct> 1Q 1Q EE
S20)

0 2

From the circuit,/; =5V
Applying KCL at node V,,
E—K+E—0+n_n:0

1 1 2
5V, ¥, .
22 35 (@
575 (@)
Applying KCL at node 7,
=V, ViV, Vi=0_,
1 2 1
A .
———==5 ...(1
575 (i)
From equation (i) and equation (ii),
5 5

V,==V, V,==V
2 2
From the circuit,

VN

I =0A

Hence, the current i in the 2 Q resistor is 0 A.

[ Method 2|

Redrawing the circuit given in figure,
B

1Q 10
A C
1Q 1Q
D
Ve )

5V

Since, the given Wheat-stone bridge is balanced.
i.e. node B and D are at same potential.
Therefore, current 2 Q resistor is zero.

Hence, the current i in the 2 Q resistor is 0 A.
1.49 N

Given circuits are shown below,
20 20 20

——AAAA AAAA AAAA
A VVVV VVVV VVVV

VVVV

=
o
—_
(o}
AA
VVVV
—_
(o}
AA
VVVV

<
10 3
<

Fig. (i)
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. AN AN Method 2
r— 10% 193 10§ Lo ga
Rf" Fig. (ii) ] —
Comparing figure (i) and (ii), ; WW
[, : x :
< < ° + v -0
R,— 103 R, 5
) S Heat < I°R
[
From figure,
R, =1|R, & .
R 1x RA RA Iy = n = E
p— = +
" 1+R, 1+R, ”
Hence, the correct option is (D). I = 3
1.50 p Heat generated in 5€2 resistance
Method 1 =10 Cal/sec

1 calorie per second =4.184 W
I, 40 6Q

Y
». AAAA AAAA
v \AAAS \AAAL

» AAAA
» VVVY

I, 50

Heat generated in 5€2 resistance

=10 Cal/sec =10x4.184=41.84 W
Heat dissipated is given by,

I!x5=41.84

I =2892 A

Voltage across resistances (5€2)and(4Q+6Q)

should be equal.
Therefore, I, x5=1(4+6)

;= 2.892x5

y

=1.446 A

Therefore, heat generated by 4 € resistance is,

=1.446"x4=8.3637 W

_ 8.3637

4184
Hence, the heat generated by the 4 Q resistance
is 2 calories/sec.

=2 calories/sec

. 2
Then, Heat generated in 5 Q 10 _ I7X5

Heat generated in4 Q  H [ S x4

[Since, Heat o< IZR]

VY 1
10 s 10 557
SRR N
H K X4 H L><4-
10 100

H =2 calories/sec

Hence, heat generated by the 4 € resistance is 2
calories/sec.

1.51 WA

Given circuit is shown below,
QN 10

B AAAA AAAA
VVVVY AAAAS

~NY

AAAA
vy
—
o}

Applying KCL at node N,
-1, +1,+1,=0

=L ..(0)

© Copyright

Head Office : Ground Floor, A-115, Shopping Complex, Smriti Nagar, Bhilai, (C.G.), Contact : 9713113156,6266202387 WWW.gateacademy.shop

Branch Office : Raj Tower 3rd Floor, Tatya Para Chowk, Raipur, Chhattisgarh 492001, Contact : 9755662248

www. lacebook.com/gateacademy




GATE ACADEMY ® Network Theory : Basic Concepts of Networks 1.35
Applying KVL in the above shown loop, 4V, +V, 2] —6=0

14+ 1, X1+ L, x1+1,x1=0 ...(ii) b
From equation (i) and (ii),

1 ® J ( )[ E/—A-+2]1::6 (1)

~IHL XX+ X120 2

From the circuit,
2=l V,-10
1 I =—4— (i
11=5:o.5A Y10 )

Hence, the current supplied by the battery is 0.5

A.
o

Given circuit is shown below,

SA
20 —— 0A
A'A'A'A' : o)
__________________________ +
1ov(§> (} 5A p
A
___________________________ .
Applying KVL in the given loop,
-V +5x2+10=0
V.=20V
Voltage across current source =V, , =20V
Hence, the correct option is (D).
Bk 11.428
Given circuit is shown below,
V., I, 5Q
5Q 50
503 ®sa
107, 10v
+

Applying KCL at node V,

Vi g, Vut10L ¥,-10
5 5 10

EYi+fi+zri+2ll—5—1:0
55 10

=0

Put the value of /, in equation (i),

v, +2(VA_IOJ:6

2 10

25

v,

10

y, =801 a8y

Hence, the node voltage V, is 11.428 V.
1.54 A

Given circuit is shown below,

I ,17V_ 4

B AAAA
Ll A\AAAS

Rl
25V;D R,

04171

VVVV

<
<
<
<
A

r 14A

Applying KCL at node 4,
1+047-14=0
I1=10A

Power supplied by the 25 V source is given by,
P=VI =25x10=250W

Hence, the power supplied by the 25 V source is
250 W.

Scan for
Video Solution
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1.55 [ 1.56 N.\]
Given circuit is shown below, Given circuit is given below,
Ao " vy jo0 jo0
60O o—/ITIN N -------
< 3 Q<: <
30g go@ 3@ j50 j5Q
z,
Bo MWW _]1 Q _]1 Q
08 . T T ..
RAB
Fig. (a) The given network consists only reactive
o Lo 20 element, the equivalent figure can be represented
o——WWW YWW
as,
308 360 603 330 $i+1-20 JoQ
b4 r b4 b3 a o—T¥um
Beo MW /
A | 5 Jj5Q Jj5Q
R R “ : 3
. —-j1Q P —jIO
Fig. (b) o T T
R =2+(6]3]|2) =2+1=3Q [ —
z,
10
A """" . .
° The above circuit can be re-drawn as shown
i i below,
B c_‘"""'
0.8Q z, 30 [zj
R, -j10 T
F’ bo
ig. (¢)
R, =3[|6[| R =3[[6[|3=1.2Q The equivalent impedance (Z,,) is,
10
Ao———WW— .]4 X Zeq .
eq = Y + .]9
Jja4+Z, .
$R-120 ] o
T _UdZ,+j9(j4A+Z,)
eq — .
5 j4+ Zeq
0.8 Q . .
RAE Z _ (]9)Zeq + (J4)Zeq B 36
Fig. (d) “ Z,+j4

R,=1+08+12=3Q

Hence, the equivalent resistance between the
terminals 4 and B is 3 Q.

Z: -(j9Z,,+36=0

z: -(j12)Z,, +(j3)Z,, +36=0

© Copyright

Head Office : Ground Floor, A-115, Shopping Complex, Smriti Nagar, Bhilai, (C.G.), Contact : 9713113156,6266202387 WWW.gateacademy.shop

Branch Office : Raj Tower 3rd Floor, Tatya Para Chowk, Raipur, Chhattisgarh 492001, Contact : 9755662248

www. lacebook.com/gateacademy




GATE ACADEMY ®
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(2, - /12)(Z,,+j3)=0
Z,=j12
[Z,, =—J3 is neglected as the whole circuit is a

inductive nature]
Hence, the correct option is (A).

Scan for
Video Solution

1.57

Given circuit is shown in figure,

T en)Q

Applying KVL in the loop shown,
—20+21+3(/+2A4)+51=0
= 107/ =14
I=14A

1.58

Given circuit is shown below

| Method 1]

.
1
50 Q
§§2OQ
200V+-|- 160V lOOV 80V
Applying KCL at node
V- 200 V- 160 V' +100 V+80+ Vv _0

50 40 25 20 20
4V -800+5V —800+8V

Using Millman’s theorem :

50 Q 40 Q 25Q 20 Q
+ + - -

200V -I-_ 160V -I-_ IOOVT 8OV—|—+
By Millman’s theorem,
200+ 160 100 80
=040 25 20

AN\ —
VVVV

20 Q

11 1 1
—+—+—+—
50 40 25 20
444-4-4
E= 1 1 1 1 =0
—F—+—+—
50 40 25 20
1 1 1 1 1
— =t —t—+—
R 50 40 25 20
1 _4+5+8+10 27
R 200 200
R0
27
Equivalent circuit,
152009 \ &l
$ 27 2200
+ <
OV—-[—_
0
I=—F——=0A
20+@
7

Hence, the current / flowing in above circuit will
be 0 A.

B 1,732

Given diagram is shown below

2
+800+10V +800+10V =0 {4)
1
= 37V =0 —
&),
V=0
(4,)
V 0 O — Y
Hence, I = I
20 20
oc ioht Head Office : Ground Floor, A-115, Shopping Complex, Smriti Nagar, Bhilai, (C.G.), Contact : 9713113156,6266202387 www.gateacademy.shop
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Applying KCL;
I =1,+1,
I, =1£10° +1£70°
I =cos10° + jsin10°
+cos 70° + jsin 70°

I, =1.3268+ j1.113
7]=1.732 A

N (A)

Casel:

Benchtop dc power supply will act as a ideal 4 A
current source as long as it a terminal voltage is
less than 10 V

Bench top
power supply

el N +e
=

Casell :

Benchtop dc power supply will act as a 10 V
ideal voltage source for all load currents going
downto 0 A

[ IEN

»
L

+

Bench top 10volt R

power supply

b
From Case I the maximum resistance offered by
the ideal 4 A current source is

R=K=&=2.SQ
I 4

For maximum power transfer the value of load
resistance should be equal to source resistance =
2.5

Current and voltage corresponding to load
resistance of 2.5€2 are 4 A and 10 Volt

respectively.

Hence, the correct option is (A).

+
S
4A D 14 EERL 0<V <10V
I
T+
S
10v(®) 13 0<I<4
1A
4A Pmax:40W
10V d

From graph, it is clear that at maximum power
V=10V and i=4A.

2
So, 4°xR, =40 107 _40
RL
R =25Q R =25Q
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=
n Basics of Signals

(el IIT Kharagpur

(A)A-R, B-S, C-U, D-P

6 (B) A-R, B-U, C-S, D-P
1.1 The value of the integral I ed(t—1)dt
% (C) A-T, B-U, C-P, D-V
is equal to (D)A-P, B-T, C-S, D-U
(A)1 (B) e
(©)0 (D) & Lk IIT Kanpur
1.2 Match the waveforms on the left-hand 1.3 The RMS value of the waveform s(¢)
side with the correct mathematical . .
o _ , shown in fig is
description listed on the right hand side.
Waveform : s()4
A) /01 (P)t.u(t—1) T
T/2 T >
1p---5 . —41
5 >
1
B) ) (©) (t+Dat-1) (A) \ﬁA B) \PA
(R) t.u(7) 2 3
1 1
(©) |54 (D)2 4
© s01 (S)+hu®) 1999 IIT Bombay
_____ (T (e =1).u(1)
| ; 1.4 The RMS value of a half-wave rectifier
9y symmetrical square wave current of 24
: is
D) 7ot (U) (=Dl =1)
) (=Dt +1) (A)~24 (B) 14
1}---- 1 A
R (C)—=4 (D)~34
1 > V2
. Head Office : Ground Floor, A-115, Shopping Complex, Smriti Nagar, Bhilai, (C.G.), Contact : 9713113156, 6266202387 www.gateacademy.shop
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m IIT Kharagpur

1.5 Ifan a.c. voltage wave is corrupted with
an arbitrary number of harmonics, then
the overall voltage waveform differs
from its fundamental frequency component
in terms of
(A)only the peak values
(B) only the RMS values
(C) only the average values
(D)all the three measures (peak, RMS

and average values)

vA)[\74= 1ISc Bangalore

1.6  What is the RMS value of the voltage
waveform shown in the figures?

V(t)4
100V
Tl 2 T 4x| sz| 2= Lﬂ_:t
—100V |- 31 3 3 3 3
o2 o)
T T
() 200V (D) 100V

1.7 A current impulse 50(¢) is forced
through a capacitor C. The voltage V()

across the capacitor is given by

(A) 5t (B) Su(t)-C
5 Su(t)
©) c (D) .

WIIZN uT Delhi

1.8  The RMS value of the periodic waveform
given in figure is

(A) 26 A (B) 632 A

4
(C)\EA

1.9 The rms value of the resultant current in
a wire which carries a dc current of 10 A
and a sinusoidal alternating current of
peak value 20 is
(A)14.1 A
(©)224 A

2111558 IIT Bombay

1.10  For the triangular waveform shown in the
figure, the RMS value of the voltage is

equal to
V()
/‘ /‘ .
T 3T or
2
1
B —

1 2
© 3 (D) \g

0
1
A —
( )\E
241055 1IT Kharagpur

1.11  Which of the following is true?
(A) A finite signal is always bounded.
(B) A bounded signal always possesses
finite energy.
(C)A bounded signal is always zero
outside the interval [, #,] for some
t,.
(D) A bounded signal is always finite.
1.12 A continuous time system is described by
y(t)=e™", where y(¢) is the output

(D)1.5 A

(B)17.3 A
(D)30.0 A

NN

101 and x(7) is the input, y(¢) is bounded
Y.\ (A)only when x(¢) is bounded.
. T g (B) only when x(#) is non-negative.
T/2 (C)only for £ =0 if x(¢) is bounded for
—EA L t=0.
(D)even when x(¢) is not bounded.
. Head Office : Ground Floor, A-115, Shopping Complex, Smriti Nagar, Bhilai, (C.G.), Contact : 9713113156, 6266202387 WWW.gateacademy.shop
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1.13  The running integrator given by

t

() = j x(T)dt

—oo

(A)has no finite singularities in its double
sided Laplace transform Y(s).

(B) produces a bounded output for every
causal bounded input.

(C) produces a bounded output for every
anti causal bounded input.

(D)has no finite zeros in its double sided
Laplace transform Y (s).

vA)11:58  1ISc Bangalore

1.14 Given a sequence x[n] to generate the
sequence y[n]=x[3—4n], which one of

the following procedures would be
correct?
(A)First delay x[n] by 3 samples to

generate z,[n], then pick every 4™
sample of z[n] to generate z,[n]
and then finally time reverse z,[n] to
obtain y[n].

(B) First advance x[n] by 3 samples to
generate z,[n], then pick every 4™
sample of z[n] to generate z,[n]
and then finally time reverse z,[n] to
obtain y[n].

(C)First pick every fourth sample of
x[n] to generate v,[n], time-reverse

v[n] to obtain v,[n], and finally
advance v,[n] by 3 sample to obtain

yin].
(D)First pick every fourth sample of

x[n] to generate v,[n], time-reverse
v,[n] to obtain v,[n], and finally
delay v,[n] by 3 samples to obtain
yin].

70608 IIT Guwahati

1.15 The period of the signal
xX(6) = 8sin(0.8nt +gj is

(A) 0.47s
(C) 1255

15 1IT Kharagpur

1.16  The function shown in the figure can be
represented as [Set - 01]

(B) 0.8ms
(D)2.5s

A x(l‘)

0 1T 2r >
(A) u(t)—u(t—T)+(t_—TT)u(t—T)
—(t_TzT)u(t—ZT)

(B) u(t)+%u(t—T)—%u(t—2T)

(©) u(z)—u(t—T)+(t_—TT)u(z)

_(t-27)
T

u(?)
(D) u(t)+@u(t -T)

—2(1‘_—2T)u(t -27)
T
215650 1IT Kanpur
1.17 A moving average function is given by

t
y(t)z% I u(t)dt. If the input u is a

t-T
. : : 1
sinusoidal signal of frequency ﬁHZ’

then in steady state, the output y will lag
u (in degree) by [Set - 01]
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21555 1ISc Bangalore

1.18 The value of J e '0(2t—2)dt, where

d(¢) is the Dirac delta function, is

[Set - 01]
1 2
(A) = (B) =
2e e
1 1
C) — D) —
©) 7 (D) ¥
1.19  The value of the integral 2 I (sm im j dt
‘U mn
is equal to [Set - 02]
(A)O (B)0.5
O1 (D)2

71/ IIT Roorkee

1.20 The mean square value of the given

periodic waveform f(¢) is [Set- 02]
f‘ (1)
— - = = = .. -- 4 ..........
-1.3 0.7 2.7 .
-3.3 -0.3 3.7 47
R I

vk IIT Guwahati

1.21 Let f be the real valued function of a
real variable defined f(x)=x-[x],
where [x] denotes the largest integer less

than or equal to x. The wvalue of

[ F(dx is __ (up to 2 decimal
places).

1.22  Consider the two continuous-time signals
defined below :

ltl, —1<t<1
x (1) = )
0, otherwise

» 1-lf, -1<z<1
X, =
? 0, otherwise

These signals are sampled with a
sampling period of 7 = 0.25 seconds to

obtain discrete-time signals x[n] and

x,[n], respectively. Which one of the

following statements is true?

(A)The energy of x,[n] is greater than
the energy of x,[n]

(B) The energy of x,[n] is greater than
the energy of x,[n].

(C) x,[n] and x,[n] have equal energies.

(D)Neither x,[n] nor x,[n] is a finite-
energy signal.

1.23  The signal energy of the continuous time
signal

x(6) =[(t=Du =] -[(t = 2u(t - 2)]
[ =3)u@-3)]+[(t—Hu(-4)]

1S
11 7
(A) 3 (B) 3
1 5
©) 3 (D) 3

m IIT Delhi

1.24  Which of the following is true for all
possible non-zero choices of integers
m,n;m#n,or all possible non-zero

choices of real numbers p,q;p #¢q, as

applicable?

(A) lim—— [ sin posin g6d6 =0
a—e Qg J-o

(B) ij“ sin p0cos g0d0 =0
2w

L[ sin p@sin g0d6 =0
©) %I_n/251np sing =
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(D)lj“smmesmnedezo
T 0

1.25  x, and x, are, respectively, the rms and
average values of x(t)=x(t—T), and
similarly, y, and y, are respectively,
the rms and average values of
V(t)=kx(t). k, T are independent of 7 .
Which of the following is true ?

(A) y, =hkx, 5 yp=hx,
(B) vy # kx5 yu # by
(©) y,#hx, 5 yp=hx,
D)y, =hkx, 5 yp # kx,

O % % o0
XS XS X X

Basics of Signals

1.1 B 1.2 B 1.3 B 1.4 A 1.5 D
1.6 D 1.7 D 1.8 A 1.9 B 1.10 A
1.11 D 1.12 D 1.13 D 1.14 B 1.15 D
1.16 A 1.17 90 1.18 A 1.19 D 1.20 6
1.21 0.5 1.22 A 1.23 D 1.24 A), (B) 1.25 D
and (D)
Explanations Basics of Signals
(B) Key Point
6 , x(%,) ; t<t,<t,
. ) .
Given: [ = je '8(¢—1)dt .. (@) [x@d(t-t)dt=1 0; t, <t and t, > 1,
-5 t]

undefined; ¢ =¢,,¢, =¢,
By property of impulse function, ) )
where, x(¢) is continuous at 7 .

oo

[ x(0)8(t~1,)dt = x(z,)
e u Scan for
From equation (1), Video Solution

= e_2t|t=1 =e”

Hence, the correct option is (B).
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® .
1 2At
- = || =1|| = | dt+| Adt
10 £ = (o) S = | !( " j ]

f@O=@-Du(t-1)

J@O)=@+D)u()

rnt F(0) = tu(t 1)

»

Hence, the correct option is (B).

®

Given :
s(t)A
+AT

T/2 T

—A+

From the above figure,

2—At; OStég
s=y"
—A4; —<t<T
2

Time period of s(¢)is T.
RMS value of s(¢) is given by,

s, (t)= /%jsz(t)dt

s,,m.(t):\/ %A[

Ty +(r)§/zﬂ

Ss () = A—z—i T—3—0 +(T—Zj
e T |37\ 8 2

S s (1) =

Hence, the correct option

_
41, T :\EA
T|l6 2 3

is (B).

RMS value of a signal x(¢) is given by,

x,.. =~Power = | ———— Energ){
Time period

Signal Energy
A
2
g=A7
3
«— T —>
A
E=A41
«— T —>
Sine wave
A 2
2
«— T —>

For duration 0 to 7/2 the given waveform is
triangular wave and from 7/2 to T it is square

wave.

oY

T
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GATE ACADEMY ® Signals & Systems : Basics of Signals 2.7
£ 7 \F 16 N
'xrms =y t——= _A
6 2 3 Given :
Hence, the correct option is (B). V4
W (A) 100V
The half-wave rectified square wave is shown >
below R
) oovlo 33 3 3 3
x(t) 4
9 From the above figure,
100V ; O<t£§and2?n<tﬁn
P —100V ; 3 <t<—

From the above figure,

2A4; OSt<Z
x(t) = , 2
0;, —<t<T

2

Time period of x(¢) is 7.

RMS value of x(¢) is given by,

x, (f)= /% j X (¢)dt

(2A)*dt + f (0)*dt

Xys (1) =

O Lm0 | N

1
T

2

x, (t)= \/%[4/12 G—o}o}

2
x ()= 4;? =24

Hence, the correct option is (A).

o

Waveform differs from its fundamental frequency
component in terms of all the three measures

(Peak, RMS, and average value).

Hence, the correct option is (D).

3
Time period of V' (¢)is T.
RMS value of V' (¢)is given by,

V0= [ [V (0

3 T
1002dt+j(—100)2dt+ IlOOzdt
T In

Vs (1) =

rms

Oy a

1
T

- BB

2
Vrms(t)=\/100 (§+§+§)
T

v, .(t)=100
Hence, the correct option is (D).
i (D)

Given : i.(¢)=50(¢)

The current across the capacitor is given by,

(=t
_ 4V ()
531 = C -
58(t) _ dV.(1)
c  dt

dv.(t) = %S(t)dt
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Integrating both sides,
5
[av )= Ejsa)dt
Su(t)

Vc(t):

Hence, the correct option is (D).
2 (A)

Given :
i(t)4
(Y- EE—
T
0 T/2
ZEA LD
From the above figure,
—Et; 0<t< Z
i(1) = ?
6; —<t<T
2

Time period of i(z) 1s T.
RMS value of i(¢) is given by,

MOE NS {i(z)}?dr]

i (f)= \/%{T(—%tj dt + T (6)*dt

0 T2

[ 1 [144( )"
. T
lrms (t) = ?{_2[?}0 + 36(t)T/2}

i 3
i (1)= 1 ﬁx d +36><Z
‘ T\ T° 8x3 2

l‘rms(t):\/% :\/ﬂ:z\/gA

Hence, the correct option is (A).

|

Scan for
Video Solution

®

Given: i, =10A,i_=20cos0
i(®)=i,+i,=10+20cos6
The RMS value of signal is,

irms (e) =

i (0)= 102+%><202 =+/100+200
i (0)=~/300=103=173A

Hence, the correct option is (B).
1.10 W0\

Given :
V(t)

1M/‘
o r T 3
2 2

From the above figure,

an

2T i

—t; OSt<Z
V(t)=<T 2

0; otherwise
Time period of V' (¢) is T.
RMS value of V() is given by,

V. .(@)= /%ng)dt: %Tf(%tj dt

14"
Vs () = ?XF[?j
0

3
V()= | ox s = [
: T T° 8x3 6

Hence, the correct option is (A).
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GATE ACADEMY ®

Signals & Systems : Basics of Signals 2.9

Scan for
Video Solution

1.11 )

Bounded signals : A signal is said to be bounded
signal if it has finite amplitude i.e. bounded
signal is bounded in amplitude. It is represented
as shown below,

x(¢) = Finite amplitude, —co <7 < oo

Ex: sinot, coswt, e “u(t),

u(t), rect (ij , tri (Lj , sinc(¢)
T T

Finite signals : A finite signal is said to be finite
duration signal.

Ex : Impulse signal, d(¢)

It has zero duration and infinite amplitude.
Therefore, it is unbounded.

From option (A),

A finite signal is always bounded.

From the definition of finite signals, it is clear
that statement in option (A) is wrong.

From option (B),

A bounded signal always possesses finite energy.
Unit step signal u(¢)is a bounded signal as its
amplitude is bounded by 1. It is a power signal
whose energy is infinite.

Another example is ¢ “ u(f) which is also a
bounded signal with finite energy.

Therefore, statement in option (B) is wrong.
From option (C),

A bounded signal is always zero outside the
interval [—¢,, ¢,] for some ¢, .

Bounded signal u(¢)has amplitude 1 from 0 to
Hence, statement in option (C) is also wrong.
From option (D),

A bounded signal is always finite.

From the definition of bounded signals, it is clear
that a bounded signal always has finite
amplitude.

Therefore, statement in option (D) is correct.
Hence, the correct option is (D).

®

Given : y(t)=c¢ "

|x(t)| is always positive for positive as well as

negative value of x(z). Hence, power appearing
in the exponential term will always be negative.
If x(t) = £oo for any value of ¢ then

y(t) = e =g =0
e s always convergent, even when x(¢) is
not bounded.
Thus, ¢ is bounded even when x(¢) 1is not

bounded.
Hence, the correct option is (D).

o
Given : y(t) = J. x(t)dr

The double sided Laplace Transform for y(¢) is,
X(s)

s
So, it has singularity at origini.e. at s =0.
The output of integrator would be unbounded
even for bounded input, if the duration of the
signal is infinite.
So, the integrator output is unbounded, for causal
signal i.e. x(¢) =u(z).

Y(s)=

Integrator output is unbounded, even for anti-
causal signal i.e. x(¢) =u(-t).

The double sided Laplace transform has a zero at
s = oo Thus, it has no finite zeros.

Hence, the correct option is (D).

®

Given : y[n]=x[3—4n]=x[-4n+3]

To obtain y[n] the following steps must be taken :

Step-1 : Advance x[r] by 3 samples,

ie. z,[n]=x[n+3]

Step-2 : Take every fourth sample of z[n] i.e.
z,[n]=z,[4n]=x[4n+3]

Step-3 : Time reverse of z,[n] will be
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Mnl=z,[-n]=x{—4n+3]

Hence, the correct option is (B).

Note : If we want to do time scaling first, we
may proceed as given below
(i)  Take every fourth sample of x(n) i.e.

z)[n]=x(4n)
(i)  Time reverse of z,[n] will be z,[n]
z[n]= z[-n] = x[-4n]

(iii) Delay z,[n] by % samples to obtain

yln]

n)=z, {n—%} :x{—4(n_%ﬂ

y[n]=x[-4n+3]
[But, delaying a discrete signal by 3/4
(fraction) samples is NOT possible]. So,
above sequence of operation will give incorrect
output.

1.15 W)
. . T
Given : x(¢) = 8S1H(0.87U +Zj

Comparing with standard equation,
x(t)=Asin(wt+¢), ®=0.87
Time period is given by,
_2m_ 2%, 5
o 0.8r

Hence, the correct option is (D).

Scan for
Video Solution

Let,  x(t)=x,(t)—x,(t) +x,(£) — x,(?)

x, (1) = u(r) x, (1) =u(t-T)

— Lo —

0 0 T

: 3:;
0 T 2T 0 2T 3T

x(t) zu(t)—u(t—T)+%r(t—T)
—%r(t—ZT)
x(t)=u(t)—u(t—T)+%(t—T)u(t—T)

—%(t—2T)u(t—2T)

Hence, the correct option is (A).
il (90)

. 1 g
Given : y(t)—?t _jTu(T)dT

and u(¢)is sinusoidal signal of frequency f, i.e.

u(t) = Asinwt
1
I =57
1

®=27f = 2mx— =~

2T T
Thus, o7 ==

1 t
So, )=— | Asinwtdt
0 Tj

A ‘
1.16 NN y(t) = ———[cos 1]
0 T t-T
Given : y
Ax() y(t)=——[coswt—cos ot —T)]
T
1 [Since, ol = n]
A
y(t) =——/[cos ot —cos(wt — )]
» ! T
0 1T 2r
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y(t)= A 2cos ot
T

y(t) = _24 st =—24 sin(90° — o)
T T

(0 =24 sin(wr —90°)
T

Thus, y(¢) lags u(¢) by 6=90°.
Hence, the output y will lag u is 90°.
"

Given : [ = j ¢ '8(2¢ - 2)dt

I= f 82t~ 1] dt ...()

By time scaling property of
impulse function, d(at) = |—1|8(t)
a
Thus from equation (i),

T —t 1 _ 15 —t
1=_J;e ﬂf)(t—l)dt—g:[ee 8(t—1)dt

By property of impulse function,
[ x(t)8(t - a)dt = x(a)

—oo

Izle_t - =le_' = !

2 2 2
Hence, the correct option is (A).

Scan for E|-= E!
Video Solution & ;

1.19 §)!

Given : I=2I (szmjdt
i

—oo

T sin 27t T
I:2><2J.%dt:4jsmc(2t)dt
—00 n —00

From definition of area,
[ x(t)dt = Area of x(2)

—oo

=4 j sinc (2¢)dt

I = 4x Area of sinc (2¢) ...(1)
Area of sinc function is unity, |

ie. J. sinc (¢)dt =1
Using time scaling property, |
T 1
sinc (kt)dt =—
[ sine(ydt =
From equation (1),
1

I=4x—=2
2
Hence, the correct option is (D).
1.20 H3
Given :
f@)
_________ 4 ..
-13 0.7 2.7 .
33 0.3 37 a7 !
........ - U S

For complete period, f(¢#) may be mathematically
defined as,
4; -03<t<0.7

f(t)=1-2; 0.7<t<2.7
0; 27<t<3.7
Mean square value of a periodic waveform is
given by,
1 >
M= T jTO YROY
Time period of f(¢) is4.i.e. T,=4

1 3.7 5
M= j F()dt

-0.3

1 0.7 5 12.7 5 13.7 5
M= [r (t)dt+Zoj7f (t)dt+zzj;f (t)dt

-0.3

M =%ﬁ7 (4)2dt+I(—2)2dt+0}

-0.3
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M =%[16{0.7—(—0.3)}+4(2.7—0.7)]

1
M =—[16+8] =
L [16+8]

Hence, the mean square value of the given
periodic waveform f'(¢) is 6.

Scan for
Video Solution

1.21 RO
Given: f(x)=x—[x]
where, [x] represents the largest integer less
than or equal to x.
For 03x<1:f(x)=x—[x]=x—02x
For 1Sx<2= f(x)=x—[x]=x-1

x; 025<x«<1

Hence, f(x)=
/) {x—l; 1<x<1.25

f(x)4
1.0 ¢

0.25 1

0.25 1 1.25
J.O]j: f(x)dx = Area of triangle I
+ Area of rectangle II + Area of triangle III

j”sf(x)dx_( x0.75%0. 75} (0.75%0.25)

0.25

+ (%x 0.25x% 0.25}

Jol;"' S (x)dx=0.28125+0.1875+0.03125=0.5

Hence, the value of [ " f(x)dx is 0.5.

Scan for
Video Solution

1.22 NN
Given :
lfl, —1<t<1
a x (7)=
(@) @ {0, otherwise

x(0)

1

-1 0 +1

Sampling U T =0.25Sec
x,(n)

i

T -1-0.75-05-025 0 025 0.5 075 1

\4

®) » 1-ld, -1<t<1
_x =
? 0, otherwise
x, (1)
1
» !
-1 0 +1

Sampling U T, =0.25 sec

x,(n)
1
0.75

RIS N

-1 -0.75-0.5-025 0 0.25 0.5 0.75 1

E =[x

n=—oc0

E =0’ +2[1’+0.75" +0.5* +0.25 ]
E =375 ...(0)

E,=3 [x,n)f

E,=1"+2[0.75’+0.5° +0.25" +0’ ]
E, =275 ...(ii)
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From equation (i) and (ii),
E >E,
Hence, the correct option is (A).
1.23 §)

Given : x(¢) =[(t—Du(t-1)]-[(t - 2)u(t-2)]
—[@=3)u(t=3)|+[(t —H)u(t —4)]

Since, r(¢) =tu(t)

Put t=¢-1, r(t=1)=@-Du(z-1)

Put t=¢-2, r(t-2)=(-2)u(t-2)

Put t=¢-3, r(t-3)=(-3)u(t-3)

Putt=t-4, r(t—-4)=0-4u(t-4)
x()=r@-1)—-r-2)—r-3)+r(t-4)

x(;) A

Y
1-0 0-1

x(t1)-0=——-(¢t—-1 X

()=0="—(~1)

x(t)=t-1 x(t)=—t+3+1=-t+4

E= T|x(t)|2 dt =j(¢-1)2 dt+j.12dt+j.(4—t)2 dt
;m 1 3 42 3

E=[(F +1-20)dt+ [ Vdt+[(16+7 —81)dt
1 2 3

r ’ £ )
E:(?+t—t2j +()3 +(16t+§—4t2j

1 3

E:(§+2—4—l—1+1j+(3—2)
3 3

+(64+%—64—48—9+36)

E=2
3

Hence, the correct option is (D).

Scan for
Video Solution

121 (A), (B) and (D)

For this question, out of given choices, more than
one options are conditionally true but none of the
given option is correct if we consider m =—n or

p =—q which satisfies the given conditions of
m#n and p # g mentioned in the question. So

this question must go in the category of MTA.
For any conclusion, the statement that must be

given in the question should be |m| #|n| and

|pl#lal.
IIT has given one of the conditionally true option
i.e. option (B) in their final answer key by
changing their previously given option (A).
Checking the options for their validity :
Given: m,n:m# n — Integers

p,q: p #q — real numbers
From option (D)
From orthogonality between sine and sine
functions

| Y mix nmx 0, m#n

— J- sin[—jsin(—jdxz 1

L°° L L E;m:n
..(1)

1 ¢ . (mnx) . (nux 0, m#n

—.[ sin| — [sin| — |dx =

L7-L L L Lm=n#0
...(11)

where m & n must be integers
For, L =m, from equation (i)

1 ¢n . )
—_[ sin mx sin nxdx =0
T 0

So, option (D) is correct, which can be verified
by evaluating the given integral as follows

=L j " sin mOsin 7040

T 0
=L +m)0do+ [ 0d0
—%J.O —cos(m+n) IO cos(m—n)

1 {_sin(m+n)9}n_{sin(m—n)@]E

“on (m+n) (m—n)

0 0
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_sin(m+n)m N sin(m+n)x0
] 1 (m+n) (m+n)
2n N sin(m—m)m _ sin(m—n)x0
(m—n) (m—n)
I :L[—O+O+O—O]
27
for |m| #|n| only, also sinmn=0, Vm=1, 2, .....
I1=0

From option (A), that was given as correct
option in first answer key by IIT.

I= nmi[ [* cos(p-)8a0- " cos(p+ q)ede]

a4,

I=1imL sm(p—q)@_sm(p+q)9}
w=do| (p-q) (r+q) |,
I=limi 2sm(p—q)0t_2sm(p+q)0c}
=40 (p—9q) (p+9)
I:IimL sm(p—q)(x_sm(p+q)oc}
=20 (p—9q) (p+9)
1:liml{sm(p—q)oc_sm(p+q)oc}
w=al (p-go  (ptg)o
1 s1n9:0
a—e
1=0

For |p|¢|q| only.
So, option (A) is also conditionally true.
From option (B), which is given as correct
option in final answer key by IIT,

1 =i " sin pOcos gbdo

2men

Given integral can also conditionally give the
result zero as the product of sine and cos
functions will be an odd function and result of
integration from negative to positive symmetric
limits of an odd function is zero.

o
Given : x(t—T)=x(t), x(¢) is periodic with

period T
Average value of x(¢)

X, = % [ x(wyar ..()

RMS value of x(¢)

X, = /% [ fx@?|ar b

Given y(t) =k - x(¢), period of y(z) = Period of
x(t)=T
Average value of y(¢)

1 7T
= jo k- x(¢)dt

v, :k~[%j(jx(t)dt} =k-x,

RMS value of y ()

Vi = /% INCGORE

=l J, bco?| e =[],

As rms value can never be negative, so
irrespective of the sign of &k, y, will always be
positive. So if k is a negative constant then
Yr =k-x, is not true.

Hence, the correct option is (D).

It can be verified by a simple example, as
explained below,

x(;)u
24
A b eeaa
2T g
Tl/ "
/P U
—24

Consider a continuous time periodic signal x(¢)
for which one period is shown in figure,

RMS =+/Power

Energy in 1 period

Power= - -
Time period
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GATE ACADEMY ® Signals & Systems : Basics of Signals 2.15

Energy of x(¢) in 1 period,
AT AT 24°T
E = + =
3 3 3
Power of x(¢),
24T A2
*T3x2T 3
2
x(t),, =Xz = A? :% ...(1)
Given : y(t) = kx(¢)
For k=-2, y(¢t)=-2x(¢)
() is shown in figure,
(1) =-2x@1) 4
2AL-----

A

0 T 2T

-A
HDYV S
Energy of y(¢) = 4A§T + 411271 = 8112T
Power of y(¢) = 8112T x% = 4;42
V(O s = Vp = 4—142 = T (i)

From equation (i) and (11),

Ve Fhxp ask=-2, k#2
Hence, option (A) is not true for any negative
value of k.
Given answer in IIT answer key : Option (A).
IIT should have given its correct option as option
(D), but they have given option (A) only in their
final answer key, which suggests that they have
not considered the given relations for negative
values of k.
In general, option (D) is correct.

O o o0 o
CRXEXE X4
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Boolean Algebra
& Minimization

1CLEEES  JIT Bombay

1.1 The logic function f = m is
the same as
(A) f=x+E+Y)
B) f=Gx+y)x+y)
(©) f=(p)(ED)
(D)None of the above

A1 TIT Kharagpur

1.2 The minimal product-of-sums function
described by the K-map given in figure,
is

AB
C 00 01 11 10
0 1 1 [0} 0
1 0 0 ¢ 0
(A)AC (B) A+C
(C) 4+C (D) AC

m IIT Madras

1.3  The Boolean expression
XYZ+XYZ+XYZ+XYZ+XYZ
can be simplified to
A XZ+XZ+YZ
B)XY+YZ+YZ
OC)XY+YZ+XZ
D) XY+YZ+XZ

Q238 IIT Delhi

1.4  The simplified form of the Boolean
expression ¥ =(ABC+D)(AD+BC)
can be written as
(AYAD+BCD
(B) AD+BCD
(C) (A+D)(BC+D)

(D) AD+BCD

2007 IIT Kanpur

1.5  The Octal equivalent of the HEX number

AB. CD is
(A)253.314 (B)253.632
(C)526.314 (D)526.632

2010 IIT Guwahati

Statement for Linked Answer
Questions 1.6 & 1.7

The following Karnaugh map represents a
functions F'

F
YZ

X 00 01 11 10

0 1 1 1 0

1 0 0 1 0
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3.2 Topic Wise GATE Solutions [EE] GATE ACADEMY ©
1.6 A minimized form of the function F'is 2A11  IIT Kharagpur

(A)F=XY+YZ 1.9  Which of the following is an invalid state
B) F=XY+YZ in 8 4 2 1 Binary Coded Decimal counter

(C)F=XY+YZ [Set - 02]
- _ (A)1000 (B) 1001
(D) F=XY+YZ (C)0011 (D) 1100
1.7  Which of the following circuits is a 1.10 The SOP (sum of products) form of a
realization of the above functions F? Boolean functions is 2.(0,1,3,7,11),
(A) where inputs are 4, B, C, D, (A is MSB,

X‘[‘ } and D is LSB). The equivalent minimized
D_L expression of the function is [Set - 02]
Y—D_r}F (A) (B+C)(A+C)(A+B)(C+D)

(B) (B+C)(A+C)(A+C)(C+D)

( L
Y (C) (B+C)(A+C)(4+C)(C+D)
t%}p (D) (B+C)(A+B)(4+B)(C+D)
Y—
. IIT Kanpur

111  f(4,B,C,D)=I1M(0,1,3,4,5,7,9,11,

C
© 12,13,14,15) is a maxterm representation
X EDD_D_\_ of Boolean function (4, B, C, D) where
) o A is the MSB and D is the LSB. The
Y _DD_I_ equivalent minimized representation of
Z this function is [Set - 01]
(D) (A) (4+C+D)A+B+D)

X—[} (B) ACD+ABD
F (C) ACD+ ABCD+ ABCD
r—| ;| (D) (B+C+D)(A+B+C+D)

(A+B+C+D)
Aliv25 11T Delhi 1.12  Consider the following Sum of Products
1.8 In the sum of products function expression, F. e L L
f(X,Y,Z):ZM(2,3,4,5) F=ABC+ ABC + ABC + ABC + ABC
T The equivalent Product of Sums
The prime implicants are o
_ _ expression 18 [Set - 2]
(A))_(Y’X}_,_ B (A) F=(A+B+C)A+B+C)A+B+C)
(B) XY, XYZ, XYZ (B) F=(A+B+C)(A+B+C)A+B+C)
OXYZ XYZ XY (C) F=(A+B+C)A+B+C)(A+B+C)
D)XYZ, XYZ, XYZ, XYZ (D) F=(A+B+C)(A+B+C)A+B+C)
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Digital Electronics : Boolean Algebra & Minimization 3.3

71583 1ISc Bangalore

1.13  The output expression for the Karnaugh
map shown below is [Set - 02]

BC
AN 00 01 11 10

ojrfojoq1
Ip1rrfrf1

(A) A+B (B) 4+C
(C) 4+C (D) 4+C

1.14  The Boolean expression

(a+b+c+d)+(b+¢) simplifies to
[Set - 02]
(A)1 (B) a.b
(C) ab (D)0

»{1syA8  IIT Roorkee

1.15 The Boolean expression 4B+ AC + BC

simplifies to [Set - 01]

(A) BC+ AC (B) AB+AC+B

(C) AB+ AC (D) AB+BC

1.16 The output expression for the Karnaugh

map shown below is [Set - 01]

CD
AB \ 00 01 11 10

00j]010f0]0
O1fr1f{o0f0f1
Ifrjofrfi
10fO0[O0[OfO

(A) BD+ BCD (B) BD+ AB

(C) BD+ ABC (D) BD+ ABC

2018 IIT Guwahati

1.17 Digital input signals 4, B, C with A as the
MSB and C as the LSB are used to realize
the Boolean function F =m,+m,+m,

+m,+m,, where m, denotes the i"

minterm. In addition. F has a don't care

for m,. The simplified expression for F
is given by

(A)AC+BC+AC

(B) 4+C

(C)C+4

(D) AC+BC+AC

7158 IIT Madras

1.18 The output expression for the Karnaugh
map shown below is

PO
RS
o110
11111]1
11111
010]01]O
(A) OR+S (B) OR+S
(C) OR+S (D) OR+S

O o0 % 0
XX S X R X
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3.4 | Topic Wise GATE Solutions [EE] GATE ACADEMY ©
Boolean Algebra & Minimization
1.1 B 1.2 A 1.3 B 1.4 A 1.5 B
1.6 B 1.7 D 1.8 A 1.9 D 1.10
1.11 C 1.12 A 1.13 B 1.14 D 1.15 A
1.16 D 1.17 B 1.18 B

Boolean Algebra & Minimization

Concept of Essential Prime Implicants

Scan for Video
Explanation

Scan for Video
Explanation
®

Given: f=(xy)+(x.y)

From De-Morgan’s law,

Lawl: A+B=A.B

Law2: AB=A+B
f=Gn+Ey)=(x-y)(&-y)
S=EF+y)(x+y) [x-Xx=0]
f=Xxy+xy=xy+xy
[=(X+Y)F+)
f=x+y)(x+y)

Hence, the correct option is (B).

Key Point

Laws of Boolean algebra

1. 4-0=0 2. A1=4
3. 4-4=0 4, A+A=1
5. A+A=4 6. A-A=4
7. A+0=4 8. A+1=1
9. A+BC=(A+B)(4+C)

10. A+ AB=(A+A)(A+B)=A+B

@

Given K-map is shown below,

AB
C 00 01 11 10

ol 1| 1 |[e ] o}V

1 0 0 (0] 0

¥
c

Since 0’s are grouped, so it is a case of POS

form.
Thus, f=A-C
Hence, the correct option is (A).

Key Point

Don’t care can be denoted by “¢”, “d” and “X”’.

1 (B)
Given
f=XYZ+XYZ+XYZ+XYZ+XYZ

K-map of function f'in SOP form is,

f
X 00 01 11 10
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The simplified form is
f=XY+YZ+YZ
Hence, the correct option is (B).

f(X,Y.2)=XYZ+XYZ

+XYZ+XYZ+XYZ

(XY, Z)=(XYZ + XYZ)+(XYZ + XYZ)
+(XYZ+XYZ)
f(XY,2)=YZ(X+X)+YZ(X + X))+ XY(Z+Z)
[4+4=1]

f(X,Y,2)=YZ+YZ+ XY

f(X,Y,2)=XY+YZ+YZ

Hence, the correct option is (B).

(U (A)

Given: Y =(ABC+D)(AD+BC)

Y = AABCD + ADD + ABCBC + BCD
[X-X=0,X-X=X]

Y=ABCD+AD+BCD

Y=ADBC+1)+BCD [l+X=1]
Y=AD+BCD
Hence, the correct option is (A).
B (B)

Given : HEX number (4B . CD)
Binary code equivalent of HEX number AB-CD

is given below.
HEX number A B - C D

l

Binary number 1010 1011 - 1100 1101
To convert the integer part of above binary
number into octal, form the group of three bit.
Start to form the group from LSB as given below.
010101011 = Integerpartto

To convert the fractional part of above binary
number into octal number, form the group of

three bit start to form the group from MSB.

0 added to form
the group of 3

110011 01:0 = fractional partto
—_—— — ;
l binary number
2

b

6 3 = fractional part to

octal number

Thus, octal number is (253-632);.

Hence, the correct option is (B).

Scan for (L E-'z
Video Solution e

1.6 M3

Given K-map is shown below,
Yz

Pz
XN\__ 00 01 11/ 10
[
01 1 1 0
Xy« |
1| o 0 1 0

The minimized form of the function F is,
F=XY+YZ

Hence, the correct option is (B).

[ Key Point
1. To find the minimized expression in
POS form, 0's are grouped.

2. To find the minimized expression in
SOP form, 1's are grouped.

1.7 (D)
F=XY+YZ
To realize F, an OR gate is needed to SUM UP

‘I - ‘I - ‘I - binary number the two termie. XY and Y Z.
0 added XY
2 5 3 = Integer part to XY
to form the F
octal number Y7
group of 3
© c . ht Head Office : Ground Floor, A-115, Shopping Complex, Smriti Nagar, Bhilai, (C.G.), Contact : 9713113156,6266202387 WWW.gateacademy.Shop
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3.6 | Topic Wise GATE Solutions [EE]
Product term YZ can be generated by an AND
gate.

D
YZ
V4

Product term XY = X +Y can be generated by

a NOR gate and NOR gate is equivalent to
bubbled AND gate.

> =
Yy Y

Where bubble denote the NOT gate and any
NOT gate can be obtained from NAND gate by
joining its two input together.

R D

Hence, from above explanation F can be realized
as shown below.

D—
B Y
D T
| 7
Y
Hence, the correct option is (D).

F=XY+YZ

:

>
~i
RS

Checking from options :
(i) From option (A) :

X_{DLDQL
B

)

F, X X=X

F,=F-X=X-X=0
F,=YZ
F=FF,=0-F,=0

Thus, option (A) is not correct.

(ii) From option (B) :

F=X-X=X

F,=Y-Z

F=F+F,=X+Y/Z
Thus, option (B) is not correct.

(iii) From option (C) :

X_-[:}.FI_D_FLZ
:}J:}

F=X-X=
F,=F-X=X-X=0
F=Y-Z
F=FF=0-YZ=0

Thus, option (C) is not correct.
(iv)  From option (D) :

— F2
Y —
i 7
F=X-X=X
F,=Y-Y=Y

F=F+F,=XY+YZ
Thus, option (D) is correct.

Hence, the correct option is (D).
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Digital Electronics : Boolean Algebra & Minimization 3.7

1.8 (A)
Given: f(X,Y,Z2)=2m(2, 3,4, 5)
(XY, 2)=XYZ+XYZ+XYZ+XYZ
K-map for function f(X,Y,Z) is shown below,

YZ
X 00 01 11 10

0 [~
I
\‘X Y

(Prime implicant)

Hence, the correct option is (A).

[J Key Point

1. Implicant : Each individual min-term in
canonical SOP form is called implicant.

2. Prime Implicant (PI) : Prime implicant
is a min-term, which are obtained by
combining maximum possible adjacent
cells in the K-map.

3. Essential Prime Implicant (EPI) : It is
a prime implicant which contains atleast
one min-terms which is not covered by
other prime implicant.

4. Redundant Prime Implicant (RPI) :
The prime implicant whose each 1 is
covered atleast by one EPI is called a
redundant prime implicant.

5. Example :

Xy
(Prime implicant)

PI and EPI
J(4,B,0C)
BC __ /_ _
A BC/ BC BC BC
A [

1.
e T S
RPI - RPI
/

PI and EPI
Here total number of 1’s =5,

Hence, number of implicant = 5

Implicant =(4BC), (ABC), (ABC),
(ABC), (ABC)

Number of prime implicant = 4

Prime implicant = AB, AC, AB, BC

Number of essential prime implicant = 2

Essential prime implicant = A B, AB

(L (D)

In Binary coded Decimal 8 4 2 1,

Checking from options :

Options |8 |4 |2 | 1| Decimal | BCD
O?;i;’n 1lololo| 8 Valid
Ol(’;;’n tlolol|1] o9 Valid
Ol(’g’n olol1|1] 3 Valid
Ogt)i;’n 1{1lolo| 12 | Invald

BCD counter counts from 0 to 9 only, therefore
from option (D) i.e. 1100 whose decimal

equivalent is 12, is an invalid state.

Hence, the correct option is (D).

Scan for
Video Solution
[J Key Point

BCD counter counts from 0 to 9 only hence the
valid states in BCD code are 0000, 0001, 0010,
0011, 0100, 0101, 0110, 0111, 1000, 1001 and
invalid states are 1010, 1011, 1100, 1101,

1110, 1111.

1.10 WIN)
Given : The SOP (Sum of Product) form of a

Boolean function,
f(4,B,C,D)=2>m(0,1,3,7,11)

(where 4 is MSB, D is LSB).

As the given options are in product of sum form,

therefore convert it into canonical product of

sum form.
f(4,B,C,D)=TIM (2,4,5,6,8,9,10,12,13,14,15)
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3.8 Topic Wise GATE Solutions [EE] GATE ACADEMY ©
Thus, K-map of function f'in POS form is, f(A,B,C,D)= ACD(B + B)+ ABCD+ ABCD
CcD _
4B 00 01 11 10 [B+B:1]
00 0 [—>(C+D) f(4,B,C,D)= ACD+ ABCD + ABCD
Grore 0 [0 [0 0 Hence, the correct options is (C).
o 1.12 NN
1 fflo | o o || ol H—u+B) ; — - = ——
(1407 Given : F = ABC+ ABC+ ABC+ ABC + ABC
ol o | o 0 F=%m(111,001,101,011,000)

f=(B+C)(A+C)(4+B)(C+D)

Hence, the correct option is (A).

Scan for
Video Solution e

1.11 N9

Given :

f(A4,B,C,D)=T1M(0,1,3,4,5,7,9,11,12,13,14,15)

K-map of function fin SOP form is,

cD
AB 00 o1 11 10
00| o 0 0 |T

» ACD
01| o 0 0 IL

11| 0 0 0 0

ol 1] o 0 1|

ABD
Thus, Equivalent minimized representation is,
f=ABD+ ACD
f=AB(C+C)D+ ACD
f =ABCD+ ABCD+ ACD
f =ACD+ ABCD+ ABCD
Hence, the correct option is (C).

f(4,B,C,D)=T1M(0,1,3,4,5,7,9,11,12,13,14,15)

The min term of given function is shown below,
f(4,B,C,D)=(2,6,8,10)

SOP expression of function fis,

f(A,B,C,D)= ABCD + ABCD + ABCD + ABCD

F=%m(7,1,5,3,0)
F=%m(0,1,3,5,7)
F=TIM (2,4,6)
F =TIM (010,100,110)
F=(A+B+C)(A+B+C)(A+B+C)
Hence, the correct option is (A).
1.13 N3

Given K-map is shown below,
BC
AN\ 00 01 11 10

oOfrfofo]l
Ifrjrf1ry|1

The K-map in POS form is,
BC
AN\ 00 01 11 10

01 Ezl\l_,.(mé)
1|1 ]1]1

The POS expression of function is,
Y=4+C
Hence, the correct option is (B).

Scan for
Video Solution

S8 (D)

Given: F=(a+b +c+d)+(b+7) ...(1)

From De-morgan’s law,

@) A-B=A+B

(i) A+B=A4-B

Thus, F=(a+b+c+d) (b+7)
F=@bc-dbc) [X-X=0]
F=0

Hence, the correct option is (D).
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GATE ACADEMY ® Digital Electronics : Boolean Algebra & Minimization 3.9
CD
Method 2 AB 00 01 11 10

From equation (i),

F=(a+b+c+d)+(b+7)

F=a+b+b+c+c+d

F=a+d+1+1 [x+X=1]
F=a+d+1 [1+x=1]
F=1=0
Hence, the correct option is (D).
s a)

Given : F(4, B, C)= AB+ AC + BC
F(A,B,C)=AB(C+C)+ AC+BC
[C+C=1]
F(A,B,C)=ABC+ ABC+ AC +BC

F(A,B,C)=(A+1)BC+(B+1)AC
[A+1=1and B+1=1]

F(A4,B,C)=BC+AC

Hence, the correct option is (A).

00f O 0 0 0

01 1 0 0 1

il 1 0 1 1]

A/lo 0 0 0 0 ™ 45c

BD

Thus, the SOP expression of function F'is,
F=BD+ ABC
Hence, the correct option is (D).

Scan for
Video Solution

Scan for
Video Solution

[J Key Point

Consensus Law :
(i)  Sum of Product Form,

AB+ AC+BC = AB+ AC
AC+ AB+BC = AB+BC
AB+AC+BC=AC+AB

(i)  Product of Sum Form,
(A+B)(A+C)(B+C)=(A+B)(4+C)
(A+C)(A+B)(B+C)=(A4+B)(B+C)
(A+C)(A+B)(B+C)=(B+C)(4+C)

o

Given Karnaugh map is shown below,

1.17 N
Given : F'=m,+m, +m,+ms+m,
Also, F has don’t care atm,,

Hence, F(A,B,C)=2m(0,2,3,5,7)+Z¢(1)

BC

AN_00 01 1110
0 1 2 3

o111

1 4 H 1 1 6 \A*

=

N

c

N

F=A4+C
Hence, the correct option is (B).

1.18 N3]
PO
RS PO PQ PO PO
RS| o0 1 1[0 OR
RS| |1 1 1 1
< S
RS| [1 1 1 1
RS| O 0 0 0
y=0R+S

Hence, the correct option is (B).

O o0 % o0
XX S X R X

© Copyright

Head Office : Ground Floor, A-115, Shopping Complex, Smriti Nagar, Bhilai, (C.G.), Contact : 9713113156,6266202387 WWW.gateacademy.Shop

Branch Office : Raj Tower 3rd Floor, Tatya Para Chowk, Raipur, Chhattisgarh 492001, Contact : 9755662248

www. kjacebook.com/gateacademy




A
‘ a¥/

GATE ACADEMY

AN
‘.

A T E G A
s TEST SERIES STRUCTURE (EE) ==
(Eﬂ MI:IHHI)
L Test - 1
Stage - | Stage - Il _[ Both tests individually cover
SR [rem— . . entire syllabus of the subject
Topic Wise Tests (29) Subject Wise Tests (24) Test - 2 but differ In difficulsy level.
{ i ] |
Test-1 || Test-2 || Test - 3 Test - 6
o e "
i The complete GATE syllabus of each N - Mock - 1
subject is divided into parts, to form Test-1 to Stage - I Final Stage
Test-6 (6 tests for electrical machines, 3 tests Combined Subject == Full Length Mock Mock - 2
for power electronics and 2 tests for all other Tests (14) Tests (10)

subjects), containing easy to moderate level
questions covering all important formulae

and concepts.

Mock - 3

ap
i
¥ J —=| Mock - 4
| Mock - 5
' '
Common Subjects Core Subjects Mock - 6
|
Mock - 7
' Y '
Digital + Signals : Mock - 8
Network + Control [ |~ “a g Elex. Maths + Aptitude
I Mock - 9
; l — ; e
Moderate W -UUGCLTG Moderate B-UU504 Moderate .-\
Level Test BTN G Level Test QEEVERCRS Level Test QPSR (C13
Machines + PSA Machines + PE PSA + PE Mnchi:ePsE+ PSA
l | l l |
Moderate .GV Moderate .G Moderate .U\ Hﬂdﬂmiﬂ hdvu nce
Level Test RTICRCH Level Test RSB Level Test REGIRGR Level Test RPR R

L -

Special focus on core subjects




/’

Diode

Circuits & Applications

Topics : Characteristics of Diode, Clipper & Clamper Circuits and Zener Diode.

CLFN [T Madras (A)
i(f)a
1.1  Figure shows an electronic voltage
regulator. The Zener diode may be
assumed to require a minimum current >
of 25 mA for satisfactory operations.
The value of R (in ohms) required for
satisfactory voltage regulation of the (B)
circuit is 04
>
L s
20V 10V 31000
©)
. i(7)4
Ly 11T Delhi
1.2 In the circuit shown in figure the wave
form of the current ‘i > over one period >
of the input voltages is (Assume the \/
diode to be ideal).
D
D 10 i i 10 D ) i 4
+ Yi + /\
@COSt E:IQ Sint@ / \/ i
/ S A
i=i+i,
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‘L1 1ISc Bangalore

1.3 The depletion region or space charge
region or transition region in a
semiconductor p-n junction diode has
(A)electrons and holes.

(B) positive ions and electrons.
(C) positive and negative ions.
(D)negative ions and holes.

LR IIT Bombay

1.4  As temperature is increased, the voltage
across a diode carrying a constant
current
(A)Increases
(B) Decreases
(C)Remain constant

(D)May  increase and  decrease
depending upon the doping levels in
the junction.

1.5 The mobility of an electron in a
conductor expressed in terms of

(A) cm?® / V-sec (B) cm/ V-sec
(C)em?/V (D) cm® / sec

m IIT Kharagpur

1.6 A diode whose terminal characteristics
V

are related as i, =1 Sez , where [ is the
reverse saturation current and V), is
thermal voltage (=25 mV) is biased at
i, =2 mA . Its dynamic resistance is
(A)25Q (B)12.5 Q

(C) 50 Q (D) 100 Q

21ltr4-  1ISc Bangalore

1.7  The forward resistance of the diode
shown in figure is 5€Q and the
remaining parameters are same as those

of ideal diode. The DC components of
the source current is

NI
%]
V.=V, sinot J
o =314 rad/sec <~> Vi 5: 45Q
|4 V
(A) == (B -
) Sox ) 50m/2
V 2V
C m D m
© 1007y/2 ®) 502

1.8  The cut-in voltage of both Zener diode
D, and diode D shown in figure is 0.7
V, while breakdown voltage in the
Zener is 3.3 V and reverse break down
of D is 50 V. The other parameters can

be assumed to be the same as those of an
ideal diode. The values of the peak

output voltage (V) are

1k
"""" +
+ D, T
¥V, =10sin ot <~) S
® =314rad/sec s D 1k b3 T

(A)3.3 V in the positive half cycle and
1.4 V in the negative half cycle.

(B)4 V in the positive half cycle and 5
V in the negative half cycle.

(C)3.3 V in the both positive and
negative half cycle.

(D)4 V in the both positive and negative
half cycle.

m IIT Madras

1.9 A voltage signal 10sinz is applied to
the circuit with ideal diodes, as shown in
figure. The maximum and minimum

values of the output waveform V = of

out

the circuit are respectively.
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0kQ d
1 2 D, 2kQ
Dz D1 1mA ?D
(DC)
V. (~ 4V I <
in V’ ‘b
10kQ l
5 (A)0 mA (B)0.5 mA
(A)+ 10 Vand—-10V (C)1 mA (D)2 mA

(B)+4Vand-4V
O)+7Vand-4V
(D)+4Vand-7V

[ 2002 VST

1.10 The current through the Zener diode in
figure is

NN
4
©—t

VVVY
w

10V == RV

R,=0.1kQ,V,=33V
(A)3.3mA (B)4.3 mA
(©)2mA (D)0 mA

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

1 kQ 1 kQ

(A)8 mA
(C)0 mA

m IIT Bombay

1.12  Assume that D, and D, in figure are

(B)5 mA
(D)- 3 mA

ideal diodes. The value of current / is

m IIT Kharagpur

1.13 What are the states of the three ideal

diodes of the circuit shown in figure?
1Q

AAAA
VVVV

NI
A\AA4 L/q
[%

10V = D&f 1Q

(A) D,ON, D,OFF, D,OFF
(B) D,OFF, D,ON, D, OFF
(C) D,ON, D, OFF, D,ON
(D) D,OFF, D,ON, D,ON
1.14  Assuming the diodes D, and D, of the

circuit shown in figure to be ideal ones,

AAAA
VVVV

D, G 5A

the transfer characteristics of the circuit

will be
Dl
> N
T 20 D, ) T
d R =22 7,
l T 10V T 5V l

>V,

10
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(B) 74 (A)
+5V o
| 5
0 n\/Zn of
H ;»K
5 ,5\] ......................................
<€ "t (B)
1OV [-ees
g > 0 T 2n wt >
5 10 >V \ /
B IV SRR
(D) 7*
©
10} :
' +5.7V
5 44 >
10 ! 0 T 2n ot
2115 1ISc Bangalore 0V LN
1.15 The equivalent circuits of a diode, D)
during forward biased and reverse A
biased conditions, are shown in the
figure. +5.7V |7y
0.7V R >
+ > - ot | % - 0 n\-/zn ot
_ _ SV D
— ¢ = o~ : - .
1.16 In the voltage double circuit shown in
Fig. (a) the figure, the switch “S” is closed at
t=0. Assuming diodes D, and D, to be
10 kQ . . . .
AW ideal, load resistance to be infinite and

AAAA

10sin o? <~> v,
-|-5V

Fig. (b)

<
310 kQ

If such a diode is used in clipper circuit
of figure given above, the output voltage
(¥,) of the circuit will be

initial capacitor voltages to be zero, the
steady state voltage across capacitors C,

and C, will be
=0

(%
+ s
CN 5sin o7 D Vo=RCG 3 Ripaa
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Analog Electronics : Diode Circuits & Applications 4.5

(A)V, =10V, V, =5V
(B) V. =10V,V, ==5V
)V, =5V,V, =10V
D)V, =5V, ¥, =10V

70068 IIT Roorkee

1.17 The following circuit has a source
voltage V. as shown in the graph. The

N

current through the circuit is also shown.
Cll I b

7. RZ10Kk
<

V. (volts)
(e

0 100 200 300 400

1.5 :

(] E— 5

e o
0 :

0.5

1.0

15

Current (mA)

0 100 200 300 400
Time (ms)

The element connected between a and b

could be

A" > ob
(B)"° |€ ob
©)°° K] ob

P S

70608 IIT Guwahati

1.18 Assuming that the diodes in the given

circuit are ideal, the voltage ¥} is

10kQ
10kQ
10V =— V, == 15V
10kQ

<

(A)4V
(©)7.5V

715688 IIT Madras

1.19 A clipper circuit is shown below

(B)5V
(D)12.12V

1 kQ

AAAA P
A\ A A4

Vi C~> V. =10V'Z§'

—
b

Ole— N —p 46

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

(A) V4
4.3 g
§ 4
4.3 '
: : >V
43 10
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©
4 <
0 1000 3
T ILoad
10V—= »>
57 """""" g q:
; V,=5V 3R,
: <
~07 ; .y X
—07 5.7 _L @

(D) v, 4 (A) 125 and 125 (B) 125 and 250
(C)250 and 125 (D)250 and 250

1O -evreneney . : .
1.22 A voltage 1000sinw¢ Volts is applied
across YZ. Assuming ideal diodes, the
57 : voltage measured across WX in Volts, is
é 0" DH——K
/|-57
1kQ
21572 1IT Delhi Y
-D—OW Xo——9¢
1.20  The i-v characteristics of the diode in the z
circuit given below are -»—I<)—I—(>I—'
0 v<0.7V
. 1kQ
l = - + AAAA —
V 0-7 A V 2 0.7 V ] \AAAL
500 (A) sin ot
B) (sin o7 + [sin m¢{)/2
w ,- (B) (sin ¢ +|sin ax|)
. + (C) (sinwt — |sin (ot|)/2
TV v (D)0 for all ¢
15 1IT Kharagpur
) o 1.23  The sinusoidal ac source in the figure
The current in the circuit is
(A)10 mA (B)9.3 mA has an rms value of ﬁV. Considering
(B)6.67 mA (D)6.2 mA all possible values of R,, the minimum
7Jisk) 11T Bombay value of R in € to avoid burnout of
o the Zener diode is [Set - 02]
1.21 In the circuit shown below, the knee 2

current of the ideal Zener diode is 10 mA. MW

To maintain 5 V across R, , the minimum

: .. 20 L 3
value of R, in Q and the minimum TV <~) = SR
2 /4w

power rating of the Zener diode in mW,
respectively, are S
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1.24  Assuming the diodes to be ideal in the
figure, for the output to be clipped, the
input voltage V, must be outside the

range [Set - 02]
10kQ2

AAAA
\AAAL

D, D

1 2

v (~ B ~ 10kQ§
C> 1V 2V

+'|' +'|'
(A)-1Vand—-2V (B)-2Vto-4V
O+1Vto-2V (D)+2Vto-4V

2155 1IT Kanpur

1.25 In the following circuit, the input
voltage V, is 100sin(100mz). For

L

A AAAS
Ol ¢— N —>» 40

100t RC =50, the average voltage

across R (in Volts) under steady-state is

nearest to [Set - 02]

=C

+

() 3R

+\ _ b3

Via -
-—~C

(A)100 (B)31.8

(C)200 (D)63.6

2020 TSN

1.26 A non-ideal diode is biased with a
voltage of —0.03 V and a diode current
of I, is measured. The thermal voltage
is 26 mV and the ideality factor for the
diode is 15/13. The voltage, in V, at
which the measured current increases
to 1.5, is closest to

® D

(A)—4.50 (B)-0.09
(C)-1.50 (D)-0.02
Consider the diode circuit shown below.
The diode D, obeys the current-voltage

L v,
characteristics 1, =/ {exp (—D) - 1} ,

T
where n>1,V,>0,V, is the voltage
across the diode and [/, is the current

through it. The circuit is biased so that
voltage, V' >0 and current, / <0. If you
had to design this circuit to transfer
maximum power from the current

source (/) to a resistive load (not
shown) at the output, what values of R

and R, would you choose?

AAAA
VVVY T
1%

A Al

R, vV

VVVY

I _

(A)Small R and small R,
(B) Small R and large R,
(C)Large R and large R,
(D)Large R and small R,

<
X
<
X
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4.8 | Topic Wise GATE Solutions [EE] GATE ACADEMY ®
Diode Circuits & Applications
1.1 80 1.2 B 1.3 C 1.4 B 1.5 A
1.6 B 1.7 A 1.8 B 1.9 D 1.10 C
1.11 C 1.12 A 1.13 A 1.14 A 1.15 A
1.16 D 1.17 A 1.18 B 1.19 C 1.20 D
1.21 B 1.22 D 1.23 300 1.24 B 1.25 C
1.26 B 1.27 B
Explanations Diode Circuits & Applications
I=1+1,. =100+25=125 mA

Concept of Clamper & Peak Detector Circuits

Scan for Video
Explanation

Multiplier Circuit by using Clamper & Peak
Detector Circuits

Scan for Video
Explanation

80
Given :
(1) Minimum Zener current,
1 miny =25 mA

(i)  Zener break down voltage,

V,=10V
Given circuit is shown below,
LI AAAA {L
.- IZ
20VF ¢ N 10V 3:1009

Current in 100 Q resistance is given by,
I, :ﬂzo.l A =100 mA
100

Input current is given by,

Applying KVL in the loop shown,
—20+/xR+10=0
_20-10
T 125%10°7
Hence, the value of R required for satisfactory
voltage regulation of the circuit is 80 €.

=80 Q

1.2 i3

Given :

|fz“\+
o/
5
B
Q)
NS +

V.(t) = 1.cost
V,(t) = 1.sinz

Frequency of V() and V,(t), w=1 rad/sec

i.e. time period T = 2n =6.28 sec
()

Assume both diodes D, and D, are ON.

sc 1 L0 1 S.C.
o a AAAA - P AAAA & &
\AJ v Ll - \A A4

+ - -

+

|
V,(t) = 1.sint

|fz“\+
\ Y
F®)
B
Q

V.(t) = 1.cost
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GATE ACADEMY © Analog Electronics : Diode Circuits & Applications 4.9
Applying KVL in loop (1), For 0.46 sec<t<1.11 sec :
V(@O +1xi, +1x(, +1,) =0 Both diodes D, and D, are ON.
2, +i, =V/(t) .. (@) sc. 10 i i, 10 g
Applying KVL in loop (2), T .‘ o
V() —1xi, —=1x (i, +i,) =0 Vm@ ;;lm Esz(t)
i, +2i, =V,(t) ... (i) = 3 =
By solving equation (i) and (ii),

So, i, =

(1)

(ii)

N (O AW AGR 4G
3
_ 2cost—sint ; :25int—cost
3 T2 3
For diode D, to be ON, i should be

greater than zero.

. 2cost—sint
j=——>0

: 3
tant<2 = t<l.11sec
For 0<¢<l1.11sec, D, is ON.

For diode D, to be ON, i, should be
greater than zero.
i - Zs1nt3—c0st 50

tan ¢ >% = 1t>0.46 sec

For ¢t >0.46 sec, D, is ON.

For 0<7<0.46 sec:

D,

1

is ON and D, is OFF. Hence, modified

circuit is shown below,

S.C. AIAAA il < ‘l‘AA O'C-
+ yi o+
0@ o 0 fie o @Ko
/” < :ll

Applying KVL in loop (1),

. V(t) cost
T T,

From figure,

=1 +i,
G e A G TP A R AG I
3 3
l':l'l +i2 — I/I(t)+V2(t)
3
. sint+cost _1xsint+1Xcost
3 3

i= Q[sin tcos45° +costsin45° ]

V2 V2

i =——sin(¢t+45")=——sin t+T
3 3 4
For 1.11<¢<6.28 sec :
For this range, only D, is ON.

oc | i 1 S.C.
_o c """' :

Vlmé) @0

AAAA,
\A 4
—_—
~
[\
~

Applying KVL in loop (2),
1+1 2
For one cycle, 0<t<T (T=6.28 sec)

%cost ; 0<t<0.46 sec
i= gsin(t+%j ; 046<t<1.11sec

1.11<¢<6.28 sec

1 .
—Ssint ;
2
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04 (8)
0.5 Given :

0.45-Y

046 111 157

B

Hence, the correct option is (B).

©

Depletion region in p-n diode is shown below,

: depletion region

From the above figure, it is clear that depletion
region contains immobile negative ions on
p-side and positive ions on n-side.

Hence, the correct option is (C).
2 (B)

The relation between voltage across diode and
temperature is given by,

dv,

=-23mV/°'C
dT
Hence, the correct option is (B).
B (A)
Mobility (1) of an electron in a conductor is
given by,
_ Drift velocity
Electric field
Unit of mobility = Unl.t of drift V.eloc1ty
Unit of electric field
_gm/sec cm’ / V-sec
V/cm

Hence, the correct option is (A).

(1) Thermal voltage, V, =25 mV
(i1) Diode current, i, =2 mA

Dynamic resistance is given by,

1

)
D

Here current voltage relation is given as,
I ="
=
Comparing it with approximated standard
equation 7, =", n=1

- mV, _25mV

Therefore, 7, = =125 Q

Ip
Hence, the correct option is (B).
1.7 HEN

Given :
(1) Forward resistance of diode, R, =5 Q

(i1) Given circuit is a half wave rectifier.

NI
L]

V.=V, sinot

™~ >
0):314rad/sec< v g 4502

AAAA

Case 1 : During positive half cycle,
Diode is forward biased, hence it is ON and
therefore, it can be replaced by 5 Qresistance.

5Q
"A'A'AV o
+
a0 3450
ry
v =—® y o9y [By VDR]
" Syas o Y

Case 2 : During negative half cycle,
Diode is reversed biased and hence, replaced by
open circuit.

Head Office : Ground Floor, A-115, Shopping Complex, Smriti Nagar, Bhilai, (C.G.), Contact : 9713113156, 6266202387 www,gateacademy.shop

© Copyright

Branch Office : Raj Tower 3rd Floor, Tatya Para Chowk, Raipur, Chhattisgarh 492001, Contact : 9755662248

www. kjacebook.com/gateacademy
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?'Cg R . (1)  Break down voltage of D_=3.3 V
oA X * (iv)  Break down voltage of D=50 V
g C~> gE QY v) V. =10sin ot
° V.4
Hence, V, =0V 10V
From above two cases, V| can be expressed as 33V

. 0.7V
given below,

{0.91/,.; V.>0
0:

» 7

-0.7V

0 ; V<0

-10V

Input and output waveform is shown below,

Va Given circuit is shown below,
/_\ 1kQ
0 : > of +

5271 ;375 V., =10sin ot <~>
o =314rad/sec

\AAA4
— N —»+

I/'OA ~
. > 0f
0 T 2n 3n Case 1 : During positive half cycle,
Average output voltage is given by, For 0<V;<0.7V,
2n
Ve _1 I V, dot Zener diode will be in reverse bias region
21y without breakdown and diode D will be in
1= ‘ reverse bias.
Vo =5 ! 0.9V sinordot o
0 9V A'A'A'A' & .f
ey = —2[~cos ot ] ps D, o.C X
oy ek O TN QU ¥
0.9V 0.9x2V 09V - D O.C. )
Viiwe =——=|1+1]= B = =
0(avg) 27'5 [ ] 27'5 T ? i
[ — ] — VO(an) — VO(avg) I/O = M — E [By VDR]
DC (avg) R 45 +5 1 + 1 2
;= _o9r, 7, For both diodes to be ON ¥, should be greater
DC — f(avg) — 50 - 50
T than 4 V (V, +V,).
Hence, the correct option is (A).
1.8 N Since, ¥ =% therefore, for both diodes to be
Given : ON,

(1) Cut-in voltage of D, =0.7 V

5 >4 = V. >8
(i)  Cut-in voltage of D=0.7 V 2 !
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For V,>8V, v, 4
1kQ 4Vl :
MW + ~10V
- : >V,
+ J_J— 33V t 0 8V ,
10V JJ_ xeg v, 0 Al 5V
- _-|- 0.7V l

Hence, V,=0.7+33=4V

For V, <8V,
1kQ
A'A'A'A' A ?
+ D, O.C.
{C) gy,
yooix il [By VDR]
0 1+1 2 Y

Case 2 : During negative half cycle,

In the negative half cycle, Zener diode will be
in forward bias and diode D will be in reverse
bias.

AAAA

\AAA4 l

+
n 0.7V T
VC) JT 1kQ gy
- 0.C. l
So, ¥, =V x—— [By VDR]
1+1
v,
" =5
VO A
AV gy

A
REAVARVE

Fig. Output waveform

Fig. Transfer characteristics

Hence, the correct option is (B).
(LR (D)
Given : V, =10sin ¢

V A

» 0t

—4v

-10V

10kQ

Casel: —4<V, <4,

Both diodes are reverse biased i.e. OFF.

10kQ

AAAA
VVVVY

+0

YS! !

0.C. 0.C.
: 1
y C) 4V y
in + + out

~ 4V
10kQ [
o

Hence, V. =V,

out m
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GATE ACADEMY ©

Case2:V, >4V,

D, is forward biased i.e. ON and D, is reverse

biased 1.e. OFF.
10kQ

AA

\AAA4 $

+o

10kQ
o
Hence, V,, =4V
Case3:V, <-4V,
Diode D is reverse biased i.e. OFF.
Diode D, is forward biased i.e. ON.
10kQ V.
\AAAJ o L -?-
I S.C. 0.C.
N //, N B l
i 4V
I/in | + V;u
o, " -4y
10kQ [
o

Applying KVL in loop shown,
V,+1001+4+107/=0

Analog Electronics : Diode Circuits & Applications 4.13
Hence, the transfer characteristics is given by,
Vour %
out (max) = 4 V
—10V -4V R
: N 4V >V
i s
S\Oge’\ﬂ -4V
: _7 V I/aut(mm)

Hence, the correct option is (D).

Casel: V.,

in(max)

=10V

D, is forward biased i.e. ON and D, is reverse
biased i.e. OFF.

<
<
<
<
o—
+0

+ —
Viﬂ(nmx) =10V C) + + Vom (max)
> —--__ 4V

10kQ
Hence, V,,, a0y =4V
Case2:V, ., =—-10V

Diode D is reverse biased i.e. OFF.
Diode D, is forward biased i.e. ON.

1= ( * 4) 1 10kQ V
20 .. AR AR uut (min) o
A\AAA4 $ +

From figure, 0.C.

Vo =—101—-4 + /

" I/i"(mil1) =-10 VC) i', ! 4v aul(mm)
From equation (i), T N 4V
( + 4) 10kQ
V..=10x —4
Applying KCL in above figure,
For minimum value of output
pub, Vi 101 +4+101 =0
Vi =—10V
(min)
1044 _V;n(min)_4__(_10)_4_ 3
10+ = = -
Therefore, V,,, i = le(z—O)—4 20 20 10
3
_ Voo =—4-10]=—4-10] =
Vout(min) ==7V out(min) 10
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4 -7V

out(min) —

Hence, the correct option is (D).

©

Given :
6)) R, =0.1kQ
(1))  Zener breakdown voltage,
V,=33V
Given circuit is shown below,
2.2kQ

AAAA
VVVV

Al T

|

=

L
AAAA
\AA AL
o~

+
10V =

Since, output voltage is greater than breakdown
voltage of Zener diode (V,>V)), therefore,

Zener diode is in reverse breakdown region.

2.2kQ
"""" o
I, +
R, =0.1kQ <
+ , >
10V = ’ R,.gV,=35V

—+
v, T_33V

ol

Applying KVL in the loop shown,
-3.5+1,%0.1+3.3=0

I, = 35-33 —9 mA
0.1
Hence, the correct option is (C).
1.11 N9

Given circuit is shown below,
1 kQ 1 kQ

Casel:
(1) Assume both diodes D, and D, are ON.

(i)  For both diodes to be ON, 7, and I,

should be greater than zero from p to n.
1kQ 1kQ

Applying KVL in loop (1),
Ix1, -8=0

I :§=8mA

D,
Since, I, >0 A, our assumption about D, is
correcti.e. D, is ON.
Applying KVL in loop (2),
5+1x(I, +1,)+0=0
I, +1, = % =
I, ==-5-1, =-5-8=-13 mA

Since, [ D, <0 A, our assumption about D, is

wrong i.e. D, is OFF.

Hence, our whole assumption is wrong.
Case2:
(1) Assume diode D, is ON and D, is OFF.

(i)  For diode D, to be ON, current /,

should be greater than zero from p to n.
(i)  For diode D, to be OFF, voltage V,,

should be less than zero from p to n.

1 1kQ O0A

A\AA A "[D AAAA4 Ll l
' +
_ v,

sve Y @ M o @ M I_DA
+ \\‘. ------- “’, \\‘. ------- “’» _
8V

_|_+
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Applying KVL in loop (2),

Vp, —8+0x1=0

Vp, =8V
Since, ¥, >0V, our assumption about D, is
wrong i.e. D, is ON.
Applying KVL in loop (1),

5+1xI, +0=0

I, =-5mA
Since, 1, <0 A, our assumption about D, is
wrong i.e. D, is OFF.

Hence, our whole assumption is wrong.

Case3:

(1) Assume both diodes D, and D, are
OFF.

(i)  For both diodes to be OFF, voltages V),

and V,, should be less than zero from p

to n.
1kQ 1kQ

SV_--
+

l
1
»
.
=
_DTI
o
-
\)
A
—o

Applying KVL in loop (2),
—Vp, +Vp +8=0

—V, —=5+8=0

Vp, =3V
Since V), >0V, our assumption about D, is
wrong i.e. D, is ON.

Applying KVL in loop (1),
-V, =5=0

V, ==5V

Since ¥, <0V, our assumption about D, is

correcti.e. D, is OFF.

Hence, our whole assumption is wrong.
Case4:

(1) Assume diode D, is ON and D, is OFF.
(i)  For diode D, to be ON, current [,

should be greater than zero from p to n.
(iii)  For diode D, to be OFF, voltage V),

should be less than zero from p to n.
1 kQ 1 kQ

Applying KVL in loop (1),

5+21, -8=0
21, =3

3
ID2 :E mA

Since, 1 n, >0 A, our assumption about D, is

correct i.e. D, is ON.
Applying KVL in loop (2),
S5+Ix1, +V, =0

5+1><§+VD =0
2 1

g+VDI =0
-13
L)

Since V), <0V, our assumption about D, is
correct i.e. D, is OFF.

Therefore, current across D, is 0 A.

Hence, the correct option is (C).
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Key Point

(1) When there are two or more diodes in
the circuit then our assumption about the
diodes should be based on observation.
In this question,

p terminal of D, is connected to -5 V

and »n terminal is grounded. Hence, we

can assume D), is OFF.

p terminal of D, is connected to -5 V

and »n terminal is connected to -8 V i.e.
at higher potential. Hence, we can

assume D, is ON.

(i1))  In all assumptions, direction of current
and polarity of voltage across diode is
taken from p to n.

+ o
ot
1

D

For diode to be ON, V,, and 7, should

be positive.

@

Given circuit i1s shown below,

D, 2kQ

ImA
56 @® T

AAAA
VVVV

2kQ

S
AAAA
VVVV

Casel:

(1) Assume diodes D, and D, both are
OFF.

(i))  For both diodes D, and D, to be OFF.
Vp, and ¥V, should be less than zero

from p to n.

1 mA
pl}“/D 3210
" oA |
1mA D <

l vy1 mA
", 3210
pT+Z 2

From figure,
V, =2x1=2V
1

V, ==1x2=-2V

D,

Hence, V), >0V and V), <0 V.

Therefore, our assumption about D, is correct
i.e. D, is OFF and our assumption about D, is
wrong i.e. D, is ON.

Hence, our whole assumption is wrong.

Case?2:

Assume Diodes D, and D, both are ON.

v /
? $ 2K0
ImA M on
(DC) D Yy ]/
D, >
ON $ 2k

Since, the direction of current in diode D, is n

to p. Therefore, D, is OFF and D, is ON.

Hence, the modified circuit is shown below,

1 A 4
g 3 2k0
ON >
ImA E)
(D) 14 ‘
" OFF g 2k0

Therefore, current, /, =0 mA

Hence, the correct option is (A).
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Case3: 1
(i)  Assume diode D, is ON and diode D, . .
is OFF. MW m MM
(i)  For diode D, to be ON, [/, should be D, "
greater than zero from p to n. 10V = D D, ng t—..— 5V

(iii)  For diode D, to be OFF, V), should be

less than zero from p to n.
0 mA

From figure, 7, =1 mA

Since, [, >0 A therefore, our assumption

about D, is correcti.e. D, is ON.
Vp,==1x2==-2V

Since, VDz <0V therefore, our assumption

about D, is correcti.e. D, is OFF.

Therefore, 1, =0 mA

Hence, the correct option is (A).

Scan for
Video Solution

@

Given circuit i1s shown below,
1Q

AAAA-
VVVV

NI
VW 1P
D,

1Q

|
o

10V =

5 G-

Using source transformation, the given circuit
can be redrawn as shown below,

AAAA
VVVV

Case1:

Analytically, D, = OFF

(1) Assume both diodes D, and D, are ON
and D; OFF.

(1)  For both diodes D, and D, to be ON,
currents /, and [, should be greater

than zero from p to n.

e
1 1
10V = n ' ! :OFF = sv
L 0o

Applying KVL in loop (1),

-10+(/, +1,)x1+0=0

1,+1,=10

1,=10-1,=10-(-5)=15 A

I,=15A

Since, ;>0 A, hence our assumption is
correcti.e. D, is ON.
Applying KVL in loop (2),

0+0+1,x1+5=0

I,=-5A
Since, 7, <0 A, hence our assumption is wrong
i.e. D, is OFF.

Hence, our whole assumption is wrong.
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Case2:
(1) Assume all diodes are ON.

(i)  For all diodes to be ON, /,, I, and I,

should be greater than zero from p to n.
10

10 A ON 0A oV
10  |[ov — ) Tl
I,=0A YOA 3
" lon "Tox (
10V = il fia , t)saA
<

From figure,
I,=10A,1,=0A and I, =-5A
Since, [, is greater than zero, therefore, our
assumption about D, is correct i.e. D, is ON
and since, /, =0 hence, our assumption about
D, is wrong i.e. D, is OFF.
Since, I, <0 A hence, our assumption about
D, is wrong i.e. D, is OFF.
Hence, our whole assumption is wrong.
Case3:
(i) Assume D, is ON, D, and D, are OFF .
(i)  For diode D, to be ON, current I,
should be greater than zero from p to n.
(iii)  For diode D, and D, to be OFF,
voltage V,, and V), should be less than

zero from p to n.

10
10 A “T
—> OV v
VVVYVY O o—+«¢
1Q VT 0A iOA
+ > < -
v Al :ILEEIQ o Cf 5A
A +T

Applying KCL at node V,

V=25V

Vp,=—V=-25V
Since ¥, <0V, hence our assumption about
D, is correcti.e. D; is OFF.

From figure,

L=
1

Vp, =—I,x1=-25x1=-25V
Since ¥, <0V, hence our assumption about
D, is correcti.e. D, is OFF.
1[,=10+7,=10+2.5=125 A
Since 1, >0 A, hence our assumption about D,

is correct i.e. D, is ON.

Hence, the correct option is (A).

Scan for
Video Solution

S (A)
Given circuit is shown below,
Dl
> +
T 20 D, | T
d R ==Z 7,
l T 10V T 5V l

For small value of input voltage (Either
positive or negative),

Diode D, and D, are OFF due to 10 V voltage

source.
0O.C. 0A

‘[ ° " Y0aA oA
o OC )
V; l RLZOOE
+ +
l 10V 5V

LT

\AAAL
— N —>+

—+ -5=0
1 1 From figure, V, =10 V
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Condition for diode D, to be ON,

V,>10 V
For this condition, D, will be OFF.
.S.C;
T 0.C.

V.

i

20
l S0V sy
LT

From figure, V, =V,

<
R, =00 ¢
<

A\AAAJ
— N —>+

Hence, transfer characteristic of the given
circuit is shown below,
VOA

T—
Hence, the correct option is (A).
®
Given :
+ FB _ + 07V R, _
—P—— = ——WW—0
- + - +
o u o = [, O
RB
Fig. (a)
10 kQ v,
"""" ’ +
+
0.7V
10sin o C~> 310k %,
<

+
-|-_5V
Fig. (b) Practical diode circuit

10 kQ v,

AAAA -
VVVY +

S 10kQ 7,

AAAA

10sin ¢ Cf\) +
-|-_5.7V

Fig. (c¢) Ideal diode circuit

Initially for small positive V;, diode will be

reverse biased and hence, it can be replaced by
open circuit.

L -
<
L -
<
o 1S
+o

210kQ ¥,

=
Q)
O/
—

o

V.
= = ! 0=—L By VDR
P 10+10 2 By ]
Now, for diode to be in forward bias i.e. ON,
V,>57V

%>5.7v = V>114V

Hence, for diode to be ON, V, must be more

than 11.4 V which is never possible and
therefore, diode will be reverse biased always.

Hence, V, =5sin ot at all times.

A

+5V foensg

0 n\/Zn ot
S5V e

Hence, the correct option is (A).

Scan for
Video Solution

5 (D)

Given :

(1)
~
[
(9,]
2
=
g
S
o
Iy +
/1
0
=

Load
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The given circuit can be redrawn as given
below,

...........................................................................................

Circuit 1 Circuit 2

In above figure, circuit (1) represents ideal
negative clamper circuit and circuit (2)
represents ideal negative peak detector circuit.
Hence, V(¢) is the output of negative clamper

circuit and therefore, it will be shifted form of
input in downward direction.

V)=V, -V =S5sinwt-5
In negative clamper circuit, capacitor is charged
upto maximum value of input.
Hence, V. =V, =5V

Output of negative peak detector circuit will be
maximum negative value of V' (¢).

V)=V(@| =-5-5=-10V

Hence, the correct option is (D).

Working :

Case 1 : During 1 positive half cycle,

Diode D, will be forward biased and diode D,

will be reverse biased.

Hence, charging of capacitor C, will start and it

will charge upto maximum value of input
because charging time constant is zero.
Cl
[ 0 0.C.o—¢
+

|
L

G

+0

+
; ~ S.C.
ssinor Q) | 70 TCZ A0

ol

=5V

max

Hence, V. = |5 sin ¢

Case 2 : During 1% negative half cycle,

Diode D, will be reverse biased and diode D,
will be forward biased.

Hence, charging of capacitor C,will start and
capacitor C, will charge upto maximum

negative value of input, which appears across

capacitor C,.

+
5sin oat_GD v

——oO0 o
@
3
N
T
—F—
0D
S
(o] <

Applying KVL in the loop shown,

V.+0-V, -V, =0

Ve, =Vi=Vo

Ve, =|5sinot| -5

Ve, ==5-5=-10V
Case 3 : During 2" positive half cycle,
Positive terminal of D, is at =5V and positive
terminal of D, is at =10V . Now, diode D, and

D, will be forward biased only when voltage at

their negative terminal will be less than that of
the positive terminal, which is never possible
beyond first negative half cycle and first
positive half cycle.

Hence, D, and D, will always be reverse

biased.

Cl
Il °
I— o 0.C
+ A 1 + +
4 +
ssinor Q) 0.C. y Ve, _T G, V(0
1 — & )

From above circuit,
Vo) =V, =-10V

Hence, the correct option is (D).
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[ Key Point

i > 1 > i
QV=v,sinor \ID, 3R, V(1)) | CZT R3 v,
i < [ !
! . - ! 5!

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Circuit 1 Circuit 2
Circuit 1 : It is a ideal negative clamper circuit.
Output of this circuit will be shifted form of
input in downward direction. Hence, output
V(t) of this circuit is given by,

Viy=V,=V, =V sinwt-V,
Circuit 2 : It is a ideal negative peak detector
circuit.
Output of this circuit will be maximum negative
value of V(¢). Hence, output ¥V (t) of this

circuit is given by,
Vy(t)= |Vm sin coz‘|min -V ==V -V =2V

Circuit 1 Circuit 2
Circuit 1 : It is a ideal positive clamper circuit.
Output of this circuit will be shifted form of
input in upward direction. Hence, output V' (¢)
of this circuit is given by,

V)=V, +V, =V simot+V,
Circuit 2 : It is a ideal negative peak detector
circuit.
Output of this circuit will be maximum negative
value of V(f). Hence, output V (¢) of this
circuit is given by,

Vo) =V,sinowt| +V, ==V, +V, =0V

Circuit 2

Circuit 1
Circuit 1 : It is a ideal negative clamper circuit.

Output of this circuit will be shifted form of
input in downward direction. Hence, output
V' (¢) of this circuit is given by,

Vi)=V,-V =V smot-V,
Circuit 2 : It is a ideal positive peak detector
circuit.

Output of this circuit will be maximum positive
value of V(f). Hence, output V (¢) of this

circuit is given by,

Vo(y=V, sinot| —V, =V, -V, =0V

|
| N
C LD,

Circuit 1 Circuit 2
Circuit 1 : It is a ideal positive clamper circuit.

Output of this circuit will be shifted form of
input in upward direction. Hence, output V(¢)

of this circuit is given by,
Vie)=V.+V, =V sinwt+V,

Circuit 2 : It is a ideal positive peak detector
circuit.
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Output of this circuit will be maximum positive
value of V(f). Hence, output V (¢) of this

—_— =
S W

< 05
. g 0
circuit is given by, 0
[}
Voy=|V, sinet|  +V, =V, +V, =2V, 5 0.5
-1.0
117 NN S0 200 300 400
Time (ms)

Given circuit is shown below, .
From figure, ¢, = Storage time

Storage time is the time duration over which
the forward current reverses and maintains

46

constant level.

Or storage time is the time take by electron to
move back from p-side to n-side and for holes
to move back from n-side to p-side.

Fig. (a)

Element is not conducting for negative supply.

The element connected between ‘a’ and ‘b’ is

allowing the flow of current when V, >V, and

g ob—0d not allowing the flow of current when V, <V, .
% i L 1, . . . . .
G ISR s S Hence, the element is a p-n junction diode with
ST ) [SSUUURNRNS SO A S p-side at ‘a’ and n-side at ‘b’.
-15 : : : Hence, the correct option is (A).
0 100 200 300 400
Time (ms) (B)
Fig. (b) Given circuit is shown below,
. D
(i) When 0<7<¢, : D, 10kQ ’
VSZO»iZESZOA 10kQ
10V =— V, = 15V
(i) When t,<t<t,: 10kQ +
V. 10
V=10 V,i=—=—=1mA J_
R 10 =
(i) When t,<t<t, : (1) Assume d‘1ode D, .1s forward bl‘ased %.e.
ON and diode D, is reversed biased 1.e.
Vi=-10V OFF.
vV =10 LA (1)  For diode D, to be ON, current I,
1= S = = 1
R 10 should be greater than zero from p to n.
(spike for very short duration and zero (i) ~ For diode D, to be OFF, voltage V),
for remaining) should be less than zero from p to n.
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s.c. In 10kQ V4
» O—
oA O.C.
10kQ _
+ e _
0V= (1) V, i (2 =15V
~ +
e 10k P

Applying KVL in loop (1),
—-10+207,, =0

I, =£=0.5 mA
20

1

Since, 7, >0 A, our assumption about diode

D, is correcti.e. D, is ON.

Applying KVL in loop (2),
—-15-0.5%20+0x10-V, =0
Vp,=-15-10=-25V

Since ¥, <0V, our assumption about is also

correct i.e. D, is OFF.

Hence, modified circuit can be drawn as shown
below,

10kQ
"""" o
+
=iV 10k %
o
From the above circuit,
Vo= 10— [By VDR]
0 10+10 Y
V,=5V

Hence, the correct option is (B).

[ Key Point

Always take the assumption about diode on the
basis of observation.

©

Given : Forward voltage drop of both diode is
0.7 V.
Given circuit is shown below,

1 kQ

4 L g o
From observation of above figure, initially for
positive half cycle diode D is OFF due to 5 V
and Zener diode will be in reverse bias region
without breakdown.

1kQ 0A V, v,

0.C.
(<]
V. <~> 0.C.
° +
.[_5 \Y%

Diode D is a practical diode with cut-in voltage
(V,) of 0.7 V.

Ideal diode D with V, =0 V is shown below,
1

A
\A4

Vl<~ v ZIOV’ZS'  Hideal
57V
[

For diode D to be ON, ¥, should be greater than
5.7V.
For V,;>5.7V,

1kQ v, v,

ole—— N —p»+o
Il
=

From figure, V, =V,

> ~

>

A
A4

<

l—— N —»+0
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Zener diode will never breakdown as diode D is
ON first and makes V,=5.7 V. Now, the
voltage across Zener diode is fixed at 5.7 V.
Hence, Zener diode will never breakdown.

For V; <—0.7 V (Negative half cycle),

Zener diode acts as a normal diode in forward
bias and diode D will be reverse biased (for

V. <0) and acts as open circuit.

1 kQ
A'A'A'A' 8- o
1 +
_ 0.C. T
V,~<~> 0.7 V l V,==07V
+
I;sv l
b °
V,=-0.7V
Hence, the transfer characteristic is given by,
VO A
D=0ON
___________________ Z=RB
SIS
12 ;
~0.7 - :
= 57 >V
------- -0.7 '
D = OFF
Z=FB

Hence, the correct option is (C).

Scan for
Video Solution

®

Given circuit i1s shown below,

[ Method 1 |

Applying KVL in the loop shown,
—-10+iR+v=0

. v=07
"~ 7500
_(v=0.7)
500
10=2v-14+v
3v=11.4
v=38V

iz(wJXIOOOmA
500

i=6.2mA

,R=1kQ

[Given]

10 x1000+v

Hence, the correct option is (D).

[ Method 2 |

From given i-v characteristics,
P 0.7

500
i-v characteristics of forward bias practical
diode is given by,

.. ()

vV,

l
Rf

... (i)

14

0 Vv
R ;= forward resistance of diode

V, = cut-in voltage (offset voltage)

From equation (i) and (ii),
R, =500Q=05kQ, V,=07V

The given circuit is replaced by its equivalent as
shown below,

AAAA.
\A 4

1kQ

R, =0.5kO

|
" +

Lov 7
+
V=07V

]
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Appling KVL in the above loop,
—10+1xi+0.5%xi+0.7=0

1.5xi=9.3
i:2=6.2 mA
1.5

Hence, the correct option is (D).

Scan for
Video Solution

il (B)
Given
(1) Knee current of Zener diode,
1 iy = 10 mA

(i)  Zener voltage, V, =5 Volt

Regulator circuit is shown below,

1000
A"""' ; 8 +
I
I, v/,
b3
Ve=10V=" p —s5v Rg
z <

For variable load, input current / is given by,

I=1,m+ L .. (0)
1 =1 iny T L may ... (1)
(1) Calculation for minimum load

resistance :
Input current / is given by,

(i) Calculation for
rating :

minimum power

Power dissipation across Zener diode is given
by,

b=V,
Minimum power diode

represents maximum allowed power dissipation
across Zener diode

rating of Zener

B =V Ly ... (111)
For no load condition R, =eo, I, . =0 A
From equation (1), 7, =1 =50 mA
From equation (iii), 7, =5%50=250 mW

Hence, the correct option is (B).

(Xl Avoid This Mistake

(i) The minimum power rating of the Zener
diode is P, 1 xV,.

Z (max)

[Correct]

(max) =
(i1)) The minimum power rating of the Zener
diode is P, =L i XV,-  [Incorrect]
(ii1)) The maximum power dissipation across
Zener diode is Py, =1 na XV [Correct]

(iv) The minimum power dissipation across
Zener diode is P, =1, ¥V, [Correct]

(1) V., =1000sin m¢
(i1))  All diodes are ideal.

V.-V, 10-5
__S zZ _ _ . . o
I= o1l 50 mA Given circuit is shown below,
From equation (ii), DI Iq
1kQ
1}y =1 =1y =50—10=40 mA
From figure, Y
oW Xo
VRL:ILRL:VZZSV 7
— O_k I—I—l H—O
1 L(max)RL(mjn) =5V
5 5
RL(min) :] =—=125Q + 1kQ _
L(max) ‘v‘v‘v‘v
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Case 1 : During positive half cycle,
0.C. 0O.C.
o O o O

All the four diodes are reverse biased, so all the
diodes will be open circuited.

Applying KVL in the loop shown,
—V,x +1x0=0
Hence, V,,, =0 V .. (1)

Case 2 : During negative half cycle,

All the four diodes are forward biased, so all the
diodes will be short circuited.

Applying KVL in the loop shown,

—V,x +1x0=0

Viy =0V ... (i)
From equation (i) and (ii),

Vi =0 for all ¢

Hence, the correct option is (D).

Scan for
Video Solution

300

Given circuit is shown below,

2 |

20 C~) 5V 3R,
N I
: 1/4W 3

Positive peak detector circuit Regulator circuit

Initially the capacitor is uncharged.

ie. V.=0V
Input is given by,
V., 4
20V

> !
-20V
T
Casel: 0<r<—,
4
RS
20 J + 5V S
20y <~) c=V, 3R,
V2 P 1/4W
I

Diode D, and D, is in forward bias and it will

be short circuited and diode D, and D, is in

reverse bias and it will be open circuited.

+

b
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Applying KVL in shown in figure,
-V, +0+V.+0=0

V.=V,

in

At t =

% 20V, V. =20V

Vi

n =

»

0 T/4

From above figure, it is observed that capacitor

is charged up to 20 V for 0 to %

Case2: t>§,

Vi(z J<20V
4

AAAA
VVVV
L

7C

1

V. is fixed at 20 V and for t>§, V. is less

than 20 V. Therefore, all four diodes are in
reverse bias i.e. open circuited.

0.C. 0.C.
+
a0
N +
0.C. 0.C. CT V=20V

L

All the diodes are OFF therefore, capacitor will
not get discharged.

Discharging time constant, T, = oo sec

Hence, V. =20 V

<b
V.= 20v<i> v, QASY /::/EL

Given : Power rating of Zener diode, P, =

1
Z = VZ ><IZ(max)
0.

25=5x%1

Z (max)

0325 _605=50 mA ... (i)

Z (max) =

Considering all possible values of R, i.e. we

can consider,
R, ) = (No load)

IL(min) =0 A
1 in(fixed) — 1 Zmax) T 1 L(min)
Iin(ﬁxed) = ]Z(max) + O

From equation (i),
[in(ﬁxed) = 50 mA

50 20-5
RS
R, =300 Q

Hence, the minimum value of R  to avoid

burnout of the Zener diode is 300 Q.
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(B) From figure,
Given : The diodes in given figure are ideal i.e. V, = 101 010 V. =% [By VDR]
4_

V,=0V.

v C~> B | 10k03

v 2V
+'|' +'|'

During positive half cycle of input, diode D,

will be ON due to —1 V and diode D, will be

OFF due to 2 V.
10kQ

AAAA.

+ o .C. l
4@) N

A\ AAA4
Ol 4— N —>»+0

> 10kQ

AAAA
\4

Ole—— N —»+0

From figure, V,=-1V

For diode D, to be OFF, V; should be less than
-1V.

For —2V<V,<-1V,

Both diodes D, and D, will be OFF for this
range.

‘O

_
(e}
o~
o)
AA
\AAAL
Ole— N—p+0

Hence, both diodes are OFF and the output is
not clipped when —2 <V, <-1

ie. —2<5<—1 = —4<V <-2.

Therefore, for output to be clipped, input
voltage must be outside the range — 2 V to — 4
V.

ALK)
—4V 2V
| . ¢y
OY?ED\ ON, D, OFF
— —1V
-2V

Fig. Transfer characteristics
Hence, the correct option is (B).

©

Given :
V., =V sinwt=100sin(1007r)

VIVI“
111114 S —
\z 37 /\
2 4 > !
T T
4
—-100V
Circuit is shown below,
+
Dl VC’1;= Cl
+
() S
T 3°
Vi -
+
D, Ve C,
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Case 1 : During positive half cycle,
T
(a) For 0<t< ) ;
Diode D, is forward biased i.e. ON and

diode D, is reverse biased i.e. OFF.

Capacitor C, charges to V, almost

instantly with zero time constant
through diode D, .
sc| i Vo= G
3 — N
) 3
“ N\ — b s R
Vi -
O'C'o VC:F:I: Cz
Applying KVL in above loop,
VCI _I/in :O = VCI :Vin
Hence,
(D)o 2]y
4 '\ 4
T
ch (Zj = 0 V
T T
(b) For —<t<—;
4 2
+
3k

From above figure,
Vo =V, V¢,

in

1

Since, V,, (% j <100 V

From property of capacitor voltage,

T* T
VCI [Z ): VCI (ijloo V

Therefore, V, <0V

Since, input voltage can never be
greater than 100 V hence, diode D, will
always remain OFF.

Case 2 : During negative half cycle,

(a) For1<t<—;
2 4

Diode D, will remain OFF and diode
D, is forward biased i.e. ON. Capacitor
C, charges to ¥, almost instantly with

zero time constant through diode D, .

+
o Ve == C
0.C. _
o V +
O\ 3
a {~) b 3: R
) +
S.C. Vo= C,

0c. Vomm G
. e
+
() b3
o 3k
ViII -
- +

VDZ Dz VCZ _ Cz
+ —
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From above figure,
VD2 =V, - ch

: T* :
Since, ¥, (37 J =100V and input voltage can
never be greater than 100 V hence, ¥, <0V.

Therefore, diode D, will always remain OFF.

Att> 3TT, both diodes D, and D, are OFF and

the circuit will be in steady state. Hence,
capacitors will be replaced by voltage sources.

o
0.C. Vo
o P +
M\ F 4
a —~)= b Ve EE R
Vin :"/ -
o W
0.C. v
o

Thus, the average voltage across R under steady
state is V, =2V .

V,=2x100=200 V

Therefore, the above circuit works as a voltage
doubler circuit.
Hence the correct option is (C).

In above question,

For a R-C circuit, time constant is given by,

T=RC=£=0.16 sec =160 msec
1007
Time constant T is much larger than time

period of V.

1.€. T= l = L =0.02sec =20 msec
50

/

The capacitor discharges very little when
corresponding diode is off.

®

Given : For non-ideal diode
I, =1I,(e"" -1)

V,=-0.03V
V,=1
1,=15],
V. =26 mV
15
T
Ly, _ o _ Lo ("7 —1)
I, Iy 1)

1.5¢"" —1.5=¢"""" -1
1.5¢"Wr — W =05

P =156 0.5

—-0.03

E><0.026

M =1 5¢13 -0.5
"M =0.0518
£

=1n0.0518 =—2.9603
n";

V,= —2.9603><1—§><0.026

V,=—0.088 ~—0.09

Hence, the correct option is (B).

1.27 N3
Given circuit is shown in figure,
{’ V AAAIA !
1,
2 °
@ v

For maximum power transfer to the resistive
load, the load current must be maximum.
From KCL atnode V.
'=1+1"
where, ['=1 -1,
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As I' is constant, so for load current / to be
maximum, /" must be minimum.
For 7" to be minimum, R, must be high.

For I to be maximum R, must be low.
__r
R +R,

Hence, the correct option is (B).

*,

o
<
%
<

Head Office : Ground Floor, A-115, Shopping Complex, Smriti Nagar, Bhilai, (C.G.), Contact : 9713113156, 6266202387 www.gateacademy.shop

© Copyright
pyrig Branch Office : Raj Tower 3rd Floor, Tatya Para Chowk, Raipur, Chhattisgarh 492001, Contact : 9755662248 www. kjacebook.com/gateacademy




AN

\¥a¥/

x  GATE ACADEMY A
. TEST SERIES STRUCTURE (EE) e
(Two Years Program)

Containing 120 Quality Tests

Get Started — MC + PE
core | MC+ PSA
Subjects | t— PSA + PE
Stage - | Stage - I Stage - Il ik PRk
Topic Wise Tests (30) Subject Wise Tests (24) Combined Subject Tests (16) —= Maths + Aptitude
Common | [~ Network + Control
Subjects [ L o Measurement + EMT
St s Sost <11 [Tost -2 — Digital + Signal+Analog
et T RSEE
The complete GATE Both tests individually
syllabus of each subject cover 'E!'IHI'E syllabus ':-'If
is divided in two parts the Eﬂhlfﬂ but differ in ¥ To give a feel of actual GATE in
to form Test - 1 and difficulty level. Stage-IV iy your preparation, this stage will
Test - 2, containing easy 5 MOCKS + 5 Combined | include 5 MOCK Tests from previous
level questions covering Subject Tests, | | ':eur puI;‘:-ers of GATE (EC, EE &“
e Busad o Proiews | {1 bl b ek s ety
r
GATE Papers and all repeatedly asked concepts.
Stage-VIIl Stage-VII Stage-VI Stage - V
Final MOCK Tests (10) Combined Subject Tests (15) Basic MOCK Tests (5) Subject Wise Tests (10)
Mock - 1 = Test -1 |- ?
ck Mock - 2 Test - 2 gt
Mock - 3 Test - 3 ¥
[ Mock - 4 ~[Test- 4 B
Mock - 5 = Test -5 = "
- Mock - 6 —=| Test - & el
Mock - 7 Test - 7 |= i
“k ~| Mock - 8 ~| Test - 8 "Ly S
Mock - 9 |=— Test - 9 &3
~[Mock - 10 ~[Test - 10 S+ 8
Test - 11
Test - 12
Test - 13
Test - 14
Test - 15~

COMING SOON

Excellent solutions by different methods to discuss all related concepts
to avoid necessity of text books at the time of revision.




B=

Basics of

Control System

Lk 1T Kanpur

1.1

The closed-loop transfer function of a
control system is given by,

C(s)  2(s-1)

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

For a unit step input the output is
(A)=3e™ +4e” —1
(B) =3¢ —4e™ +1

——=CO0s¢?

(A) —= f

(B)1

——=sint

©) [

o ol

vA) 108 IIT Kharagpur

(C) zero 1.4 A linear time invariant system initially
(D) infinity at rest, when subjected to a unit step
L] 1ISc Bangalore input, gives a response y(¢)=te”', t>0.
1.2 The unit-impulse response of a unity The transfer function of the system Is
feedback control system is given by (A) ! _ (B) 1 .
() =—te” +2¢™, (1>0). (s+1) s(s+1)
The open loop transfer function is equal (C) S (D) 1
to (s+1)° s(s+1)
2s+1 2s +1 1.5  Feedback control systems are
(A) (B)
(s+ 1)2 (A)Insensitive to both forward-path and
o+l o+ feedback-path parameter changes.
©) (5 2)2 (D) 2 (B)Less sensitive to feedback-path
_ parameter changes than to forward-
1.3 The closed loop transfer function of a path parameter changes.
trol syst is gi b ..
GO Systetn 15 given by, (C)Less sensitive to forward-path
) = _1 parameter changes than to feedback-
R(s) (I+5) path parameter changes.
For the input 7(7) =sinz, the steady state (D)Equally sensitive to forward-path
value of c(¢) is equal to and feedback-path parameter changes.
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m IISc Bangalore

1.6  The transfer function of the system
2

described by 42+ & Z I o with u

d* dt dt
as input and y as output is
(s+2) (s+1)
(A) (s2 +5) ®) (S2 +5)
2 2s
© (s° +5) D) (s° +5)

m IIT Madras

1.7 A control system with certain excitation

is governed by the following
mathematical equation
2
d—f+lﬁ Lo 1045e 420
d~ 2dt 18

The natural time constant of the response
of the system are

1 1
(A) — sec and — sec
4 5

(B) 3 sec and 6 sec
(C)4 sec and 5 sec

(D) 1 sec and 1 sec
3 6

1.8 A control system is defined by the
following mathematical relationship

2
ﬁ+6?+5x=12(1—e_2’)
t

dt’
The response of the system as ¢ — oo is
(A)x=6 (B) x=2
(C)x=24 (D)x=-2

vA)11:58  1ISc Bangalore

1.9 A function y(¢) satisfies the following

differential equation

%+ (1) =8(0)

where 0(¢) is the delta function

Assuming zero initial condition and

denoting the unit step function by u(¢),
y(t) can be of the form

(A) e (B) e

(C) e'u(?) (D) e”"u(?)

m IIT Roorkee

1.10 The measurement system shown in the
figure uses three sub-systems in cascade

whose gains are specified as G;, G, and

1 } )
— . The relative small errors associated
3

with each respective subsystem G, G,
and G, are €,¢, and &,. The error

associated with the output is

mput —[ 6, —f G — GL L+ Output

1 € €
(A)g +e,+— (B) —=
83 83

(C) € +§&,—§&

7508 IIT Guwahati

1.11 As shown in the figure, a negative

(D) g, +¢, +¢,

feedback system has an amplifier of
gain 100 with + 10% tolerance in the

forward path, and an attenuator of value
% in the feedback path. The overall

system gain is approximately :

100£10%

v

(A)10£1%
(C) 10+5%

(B) 10+2%
(D) 10£10%
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/i IIT Delhi ®) *¥
1.12 A system with transfer function 2 -
2+9)(s+2
G(s) = (s"+9)(s+2) L
(s+1)(s+3)(s+4)

is excited by sin(w?). The steady state

output of the system is zero at 0 , >t

(A) o=1rad/sec (B) =2 rad/sec >

(C) =3 rad/sec (D) o= 4 rad/sec ©) Y

24

2155 1IT Bombay

1.13  The open-loop transfer function of a dc
o(s) 10
V(s) 1+10s

connected in feedback as shown below,

motor is given as When

the approximate value of K, that will

reduce the time constant of the closed
loop system by one hundred times as
compared to that of the open-loop

system is
- Y.) TTo
R(S)_’%_' a 1 1+10s > ()
A1 (B)5
©)10 (D)100

1555 1IT Kanpur

1.14 The unit step response of a system with
1-2s
I+s
given by which one of the following
waveforms? [Set - 01]

(A) »0

A

the transfer function G(s)= is

1+

Of__;t

T »

5

-2

1.15

1.16

|

o

9

W (=)

l\
v
~

(D) ¥

24

An open loop control system results in a
response of e ' (sin 5t +cos5¢t) for a unit

impulse input. The DC gain of the
control system is . [Set - 02]

7Al715  IIT Delhi

ax’ +bx* +cx+d is a polynomial on

real x over real coefficients a, b, ¢, d

where in a #0 . Which of the following

statements is true?

(A)No choice of coefficients can make
all roots identical.

(B)a, b, ¢, d can be chosen to ensure
that all roots are complex.

(C)d can be chosen to ensure that x =0
is a root for any given set a, b, c.
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(D)c alone cannot ensure that all roots oo oo o ot
are real.
1.17 Which of the following options is
correct for the system shown below?
R(s) 'y iz > Y(s)
s+1 s
2ol
s+20 |
(A)3™ order and unstable
(B) 4™ order and stable
(C) 3" order and stable
(D)4™ order and unstable
Basics of Control System
1.1 A 1.2 B 1.3 D 1.4 1.5 C
1.6 A 1.7 B 1.8 C 1.9 1.10 C
1.11 A 1.12 C 1.13 C 1.14 1.15 0.241
1.16 C 1.17 D
Basics of Control System
(A) B=(s+2)C(s)|_,=-3
Given : Closed loop transfer function is, C=(s+])C (S)L:_ =4
C(S) _ 2(S - 1) -1 -3 4
- Then, C(s)=—+——-+——

R(s) (s+2)(s+1)
For step input, r(¢) =u(t)
Taking Laplace transform of »(¢),
R(s)="
s
Cls)= 2(s—1)
s(s+2)(s+1)
Applying partial fraction,

2s-) _A, B C
s(s+2)(s+1) s (s+2) (s+1)

A=5C(s)| _, =1

s s+2 s+1
Taking inverse Laplace transform of C(s),
c(t)=[-1-3¢7" +4e” Ju(r)
Hence, the correct option is (A).
2 (B)

Given Unit-impulse response of unity
feedback system is,

c(t)y=—te"' +2e”', (t=0)
Input, »(¢)=9(t)
Taking Laplace transform of 7(¢) and c(¢),
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GATE ACADEMY ® Control Systems : Basics of Control System 5.5
R(s)=1 A+B=0 = A=-B ...(ii)
B+C=0 = C=-B
C(s)=— 1 - 2 ('111)
(s+1)° (s+) A+C=1 ...(1v)
25 +1 Substituting equation (ii) and (iii) in (iv),
Cls)=—= N
(s+1) B-B=1
Transfer function is given by, B= 1
C(s) 2s+1  2s+1 2
T(S) = = 3 = 3 1
R(s) (s+1)" s +2s+1 A=C=—
Closed loop transfer function of a unity 2
negative feedback system is given by, (s)= 1 + (=s+1)
G(s) 2(s+1)  2(s*+1)
T(s)=
1+G(s) c(s):l{ 1 s 1 }
where, G(s)= open loop transfer function 2Ls+1 s*+1 5741
26+1 Taking inverse Laplace transform,
G(s) = T(s) __s’+2s+1 c(t)y=— [e —cost+smt}
I-T(s) ,_ 25+l
s*+2s+1 Exponential term does not exist at steady state
2 +1 >
G(s)==" RN
lime™ =0
Hence, the correct option is (B).
(D) At steady state, the response is,
Given : Closed loop transfer function is, c(t )| smt —cost]
C)_ 1 .
R(s) “1ts () c()), { sint — cost}
| f NEAN
r(t) =sint

Taking Laplace transform of 7(¢),

1
R(s)=
() s2+1
From equation (i),
C(s) = R(s) _ 1

s+1 (sP+D)(s+1)
Applying partial fraction,
1 A Bs+C
= +
(s+D(s*+1) s+1  s°+1
1=As*+A+Bs*+Bs+Cs+C

Comparing the coefficient of s°, s' and s,

[sin tcos45” —costsin 450]

s =T
(t)| sm (t—45%)

Hence, the correct option is (D).

Method 2
Given : 7(¢)=sint i.e. =1

From equation (i),
1
C(s)=—=R(s)
s+1
For sinusoidal input, we put s = jo,

C(j®) =—— R(jo)
jo+1
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Taking inverse Laplace transform both side
c(t)= \/—
c(r)= f

Hence, the correct option is (D).

(9]
Given : x(t)=u(t), y(t)=teu(?)
Taking Laplace transform,

s1n t

sin(t —45")

X()=L[uto)] =+

1
e u(t)%)—
s+1

teftu(t) L.T. i( 1 j — 1
ds\s+1) (s+1)

Property of Laplace transform

t”x(t) L.T. (_l)n ;;n [X(s)]

Y(s)=L[te u(z)]—( e

Transfer function of the system is,

T(s)= Y(s) __ s
X(s) (s+1)2

Hence, the correct option is (C).
(9]

Sensitivity of closed loop systems w.r.t. forward

path parameter G is given by,
r OT/T 1
SG = =
0G/G 1+GH
Sensitivity of closed loop systems w.r.t.

feedback path parameters H is given by,
r_ OoT/T —-GH

" OH/H 1+GH
For feedback control system generally,
GH >>1
So, S =-1

Therefore, feedback control systems are less
sensitive to forward-path changes than to
feedback-path parameter changes.

Example :
G/ G=10%
R(s) G =100 > C(s)
H=10 |«

OH / H =10%, due to temperature
STzaT/T: 1 _ 1 B 1
° 9G/G 1+GH 141000 1000
o _3G/G _10%

T 1000 1000
oT

7=o.01% ..(D)
o oT/T _ —GH _ -100x10
"OOH/H 1+GH 1+100x10
oT aH

Z = 1

- x(=1)

%T:—m% ..(ii)

Note : In case of a percentage only magnitude
is considered.

Therefore, from equation (i) and (ii), sensitivity
with respect to forward path is less than the
sensitivity with respect to feedback path.

Hence, the correct option is (C).

(A)
Given : d’ 2} +—= dy du —+2u
dt dt dt

where, u is the input and y is the output.
Taking Laplace transform of equation with
initial condition zero,
S*Y (s)+sY(s)=sU(s)+2U(s)
Y(s) s+2
U(s) s*+s
Hence, the correct option is (A).

®

Given : —+——+—x 104+5¢* +2e7
dt* 2dt 18
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GATE ACADEMY ® Control Systems : Basics of Control System | 5.7

The R.H.S. equation10+5e ¥ +2¢™> represents [J Key Point

the input. (i) The forced response implies the
d*x 1de 1 response only due to input when initial
e EE"‘E’C r(®) conditions are zero.

Applying Laplace transform to the left hand
side of the equation,

2 sX(s)  X(s)
( X +——= 18} R(s)

(sz +§+%)X(s) = R(s)

Transfer function is given by,

X(s) 1
T = =
O R T T
2 18

Characteristic equation is,

sl Loy
2 18

(g

18
(6s+1)(3s+1)

A jg)

T(s)=

X

-1/3 -1/6

Reciprocal of magnitude of negative real roots
represents time constants.

T, = =3 sec,

1/3
Hence, the correct option is (B).

:L:6sec
1/6

%] Avoid This Mistake

50" 1= lsec
4

e 1= %sec

The natural response implies the
response only due to initial conditions

when no input is applied.

(i)

(9]

Given : The mathematical model of control
system is,

ﬂ+6@+5x 12(1—e™)

dar’ dt
where, x(¢) is the response of the system.
Taking Laplace transform of the system with
initial condition assumed to be zero,

x(0)=0and x'(0)=0
I:SZX(S) —sx(0)—x '(O)] +6[sX(s)—x(0)]

+5X(s):12{l— ! }
s s+2

2
s(s+2)

(s +65+5)X(s)=12
24
s(s+2) (s> +6s+5)

Applying final value theorem,
limx(z) = lirr% sX(s)

X(s)=

24
limx(¢) =lim
1= 0 20 (s+2)(s* +65+5)

X(e0)=2.4
Hence, the correct option is (C).

o

y()

Given : ——+ y(1)=0(t), y(0)=0

Taking Laplace transform of the equation with
initial condition zero,

sY(s)=y(0)+Y(s)=1
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5.8 Topic Wise GATE Solutions [EE] GATE ACADEMY ©
1 04
Y(s)=—o —
)="7 A, 4 _ 10%
Taking inverse Laplace transform, 4, 1+ 4B 1+100x 9
i 100
¥y =¢"u(t) .
Hence, the correct option is (D). A—f =1%
1.10 §(» /
Gain with feedback is given by,
Given :
4 = 4 100 ~10
Input R—DI Gl I—DI GZ I—P GL —CP Output / 1 + AB 1 + 1 OO % i
- 100

Overall transfer function,

G(5)=W _GG,x L =9%
R(s) G, G,
Output C = GG, XR

3

InC=InG,+InG,-InG,+InR
Differentiating above equation,
ldC :LdG1 +ia’G2 —LdG3 +ldR
C G, G, G, R
As there is no error in R, so dR = 0.
d_C: dG, N dG, dG,
cC G G G

€=¢ +¢,—¢,

So, relative error in output =€, +¢€, —¢,

Hence, the correct option is (C).

@

Therefore, the overall system gain is,

o4,
A, £—L=10£1%
4,

Hence, the correct option is (A).
1.12 N(9)
(s +9)(s+2)
(s+D(s+3)(s+4)
and x(¢) = sin(wr)

Laplace transform of x(7) is,

Given : G(s)=

...(0)

X(s)= L[sin(on] = fof ...(ii)

Y(s)
X(s)
From equation (1) and (i1),
Y(s) = o(s* +9) (s +2)
(s + @) (s+1)(s+3)(s+4)

G(s)= = Y(s)=G(s)X(s)

. 04 9 i
Given : 22 =10%, 4=100,p = Using final value theorem,
A 100 lim y(#) = lim sY ()
t— oo s— 0
A > ,
. . sO(s +9)(s+2
lim y(7) = lim——— ( ) )
1= =0(s"+ @) (s+1)(s+3)(s+4)
P Final value theorem 1is applicable only for
Sensitivity is given by, absolute stable system. But (s°+®’) term in
04, denominator is making system as a marginal
g A, 1 stable system because
94 1+ 48 s+ =0
A s=%jo [imaginary axis poles]
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For existence of final value theorem, (s°+ ’)

should be cancelled out with (s* +9).

=9 = o=3rad/sec
At ®=3rad/sec, steady state output will be
Zero.
Hence, the correct option is (C).
1.13 N

1

leen : Tclosed loop = 100 Topen loop

where, T represents time constant.

V.9 1o

R(s) —> K P »
() %—» ) = (s)

From figure,

Open loop transfer function of DC motor

_o(s) 10
“V.(s) 1+10s

Location of pole of open loop transfer function
is shown below,

jm A

43
-1
10

Time constant is defined as reciprocal of
magnitude of negative real root.

=10 sec

1

Tclosed loop = 100 Topen loop

Hence, T

open loop

=0.1sec ...(1)

Closed-loop transfer function for negative unity

feedback is given by,
T(s)= _GG)
1+G(s)

Here, G(s) =K, 10
1+10s

10
T(s)= o(s) K"(1+108j

R(S)_1+K (10 J
“\1+10s

7(s) = — 10K,
1+10s+10K,

B 10K,

105+ (10K, +1)
Location of pole of closed loop transfer
function is shown below,

jo) A
03 Y
1+10K,
10

From above figure,
; 10
closed loop IOKa + 1

From equation (1) and (i1),

...(ii)

#?_H:O.l sec
10 1
10K, +1 10
10K, +1=100
10K, =99
K,=9.9=10

Hence, the correct option is (C).

Scan for
Video Solution

1.14 W(.\]
1-2s
1+s

Given : G(s)=

© Copyright
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u(Z)A

> 1

U(S)z%—» G(s) pP——Y(s)

Y(5)=G(s)U(s)

y(s)=4-291
(I+s) s
Y(s)=£+ B
s s+1
A=sY(s)|_,
A:S(I—ZS) _1
s(l+s) |,
B=(s+1)Y(s)|_,
B:1—2s __3
3 s=—1
Y(s)=l+_—3
s s+1

Taking inverse Laplace transform,
y() =u(t)—3e " u(t)
y(6)=(1=3eu(r)

y(1)

A

-2

Hence, the correct option is (A).
i 0.241

Given : g(t)=e *(sin 5t +cos 5¢)

x(1)=8(1)
Taking Laplace transform,
X(s)=1

t)=e*'sin5t+e > cos5t
g

Note : Laplace transform,
b

s> +b
s

st +b’

e “x(t) L= X (s +a)

sin bt «—=1—

cosht <=

Taking Laplace transform of g(¢),

_ 5 48 +2
(s+2)°+5 (s+2)°+5°

DC gain means |G(s)|S:0 =G(0)

5 2 7

+ =—=0.241

‘+5° 2°+5° 29
Hence, the DC gain of the control system is
0.241.

©

Given : Polynomial is f(x)=ax’ +bx’> +cx+d

G(s)

G(0)=7

where x is real.
If the value of 'd' is chosen as 0, then f(x)
becomes
f(x)=ax’ +bx*+cx
f(x)=x(ax® +bx+c)
x=0 will be one of the roots of f(x)
irrespective of the value of a, b,c

Hence, the correct option is (C).

s (D)

R(s) s - > Y(s)

%)

20 |,
s+20

Characteristic equation is given by,
1+G(s)H(s)=0
1+ ! iz 20 =0
(s+1)s” (s+20)

© Copyright
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s (s+1)(s+20)+20=0
s*[s* +21s+20]+20=0

s +215° +2052 +20=0 — 4™ order

‘s’ term missing hence it is unstable.
We can check using RH Rule,

1 20 20
21 0

20 20

21 0

20

4™ order and unstable

Hence, the correct option is (D).

S
53
X3

S

*
o

*

o
*
&
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n Linear Algebra

iCLVS [T Kharagpur 0 11
. . . B)|-1 -1 1
1.1 A 5x7 matrix has all its entries equal to
—1. The rank of the matrix is 101
(A)7 (B)S 22 2
©)1 (D) zero ©|-2 2 =2
] 0 2 2
a
1.2 The eigen-values of the matrix [ J 1] 17
a - -
are 2 2 2
oL L1
(A)(a+1),0 B)a, 0 )
(C)(a-1),0 (D)0, 0 0 0 1]
1.3  The number of linearly independent 0 1 0
solutions of the system of equations 1.5  Given the matrix 4=| 0 0 1.
10 2)x -6 -11 -6
1 -1 0]|x,|=0 isequal to Its eigen values are
2 =2 0flx L1508  [ISc Bangalore
(A)1 (B)2 ,
1.6  The rank of the following (n+1)Xx
© 3 (D)0 (n+1) matrix, where ‘a’ is a real
Lk IIT Kanpur number is
1.4  The inverse of the  matrix laa - d
1 =1 0 1l a a& - 4a
S=[1 1 1|is :
0 0 1 1 a a* - a
(A1
1 0 1 (B)2
(A)]0 0 O (C)n
0 1 1 (D)depends on the value of a.
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LA IIT Madras 10 -2
1.7 A square matrix is called singular if its (A O % 0
(A)Determinant is unity. 50 5
(B) Determinant is zero. -
(C) Determinant is infinity. 5 0 2
(D)Rank is ur‘lity. . ®) |0 1 0
1.8 Express the given matrix, 3
2 1 5 2 0 1
A=|4 8 13 r 1 0 1 1
6 27 3l 5 2
as a product of triangular matrices L and ©) 10 1 0
U where the diagonal elements of the 3
lower triangular matrix L are unity and 1 0 1
U is an upper triangular matrix. L2 4
CLEE T Delhi 1, 1
5 2
2 0 0 -1 D 1
010 0 R
1.9 A= 203 ol {
-—— 0 1
-1 0 0 4 L 2 |
The sum of the Eigen values of the 1.12 A set of linear equation is represented
matrix A4 is by the matrix equation AX =B. The
(A)10 (B)- 10 necessary condition for the existence of
(C)24 (D)22 a solution for this system is
1 (A) A must be invertible.
1.10  The vector | 2| is an Eigen vector of (B) B must be linearly dependent on the
-1 columns of 4.
s 9 _3 (C) B must be linearly independent of
- B the columns of 4.
A=| 2 1 -6]|.
(D)None.
-1 -2 0
One of the Eigen value of A is m lISc Bangalore
(A)1 (B)2 1.13 The determinant of the matrix
(©)5 (D)-1 1 0 0 0
5 0 2 100 1 0 0],
is
1.11 If A=|{0 3 0] then 47" = 100 200 1 O
2 01 100 200 300 1
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GATE ACADEMY ® Engineering Mathematics : Linear Algebra | 6.3
(A)100 (B)200 (A)[5 6 4] B)[5 -3 1]
O)1 D)300
©F ®) ©[2 0 <] @2 -1 0]
1.14 The Eigen values of the system
0100 241055 1IT Kharagpur
dbv X = 0 010
represented by A = 0 0 1 are Statement for Linked Answer
00 0 1 Questions 1.18 & 1.19
(A)0,0,0,0 ®1L11,1 Given that three vector as
(©)0,0,0,-1 (D)1,0,0,0 _107 T ) T
WITER 1T Bombay P=| 1],0=|-5|.rR=| -7
1.15 In the matrix equation PX =Q which 3 9 12
of the following is a necessary condition 1.18 An orthogonal set of vectors having a
for the existence of at least one solution span that contains P, O, R is
for the unknown vector X 61 4
(A)Augmented matrix [P:Q] must (A)| -3 -2
have the same rank as matrix P. 61l 3
(B) Vector Q must have only non-zero _
-4 5 8
elements.
(C) Matrix P must be singular. (B)| 2 7 2
(D)Matrix P must be square. | 413
3 2 2 o|[-31 3
1.16 For the matrix P={0 -2 1|, one of O 7 2| 9
0 0 1 -1 -2 -4
the eigen values is equal to — 2. Which 477175
of th_e fo_llowing is an eigeri vector? ®)| 3 ||31]|3
3 =3 11 3 |4
(A)] =2 B)] 2 1.19 The following vector is linearly
[ 1] -1 dependent upon the solution to the
C 17 i previous problem
©)| -2 (D)| 5 8] [ -2
| 3 0 (A)|9 B) | —-17
1 0 -1 13 | 30
1.17 If R={2 1 -1/ then the top row of 4] 13
2 3 2 ©)|4 D)| 2
R is |5 -3
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7Allllges  IIT Kanpur

120 X =[x x, ... xn]T is an
nonzero vector.
The nxn matrix V = XX
(B) has rank 1.
(D)has rank n.

n-tuple

(A)has rank zero.
(C) s orthogonal.

Statement for Linked Answer
Questions 1.21 & 1.22

Cayley-Hamilton Theorem states that a square
matrix satisfies its own characteristic equation.
Consider a matrix

iR
-1 0

1.21 A satisfies the relation
(A) A+31+247"'=0
(B)A4>+24+21=0
(©) (4+1)(4+21)=0
(D) exp(4)=0

1.22 A’ equals
(A)511 A4+510 1
(B) 309 A+104
(C)154 A+1551
(D) exp(94)

1.23 Let x and y be two vectors in a 3
dimensional space and <x, y > denote
their dot product. Then the determinant

detr X,X> <X,y >}
<y, x> <yy>
(A)is zero when xand y are linearly
independent.
(B) is positive when x and y are linearly
independent.
(C) is non-zero for all non-zero x and y.

(D)is zero only when either xor y is
Zero.

1.24  The linear operation L(x) is defined by
the cross product L(x)=5b xXx, where
hb=[01 0] and ¥=[x, x, x,]' are
three dimensional vectors. The 3Xx3
matrix M of this operation satisfies

‘xl
L(x)=M| x,
X3
Then the eigen values of M are
(A)O, +1, -1 B) 1,-1,1
©) i, —-i, 1 (D)i, —i, 0

vA)11:58  1ISc Bangalore

1.25 The characteristic equation of a (3x3)
matrix P is defined as,
(M) =|AM —P=A +A7 +20+1=0.

If I denotes identity matrix, then the
inverse of matrix P will be

(A) (P> +P+2I)
(B) (P’ +P+1)
(C) —(P*+P+1)
(D) —(P*+P+2I)

1.26  If the rank of a (5x 6) matrix Q is 4, then
which one of the following statements is
correct?

(A)O will have four
independent rows and four linearly
independent columns.

(B)QO will have four linearly
independent rows and five linearly
independent columns.

(C) 0O" will be invertible.

linearly

(D) Q" QO will be invertible.
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GATE ACADEMY ® Engineering Mathematics : Linear Algebra 6.5

1.27 Aisa mxn full rank matrix with m > n 1.31 For the set of equations,
and / is an identity matrix. Let matrix X, 42X, + X, +4x, =2
A" =(A"4)" 4" . Then which one of the

and 3x, +6x, +3x, +12x, =6.
following statements is FALSE?

Which of the following statements is

+t o4 — +\2 _ +
(A) A4 A=A (B) (447)" = 44 true
(C) A A=1 (D) A4 A=4" (A)Only the trivial solution x, =x, =
1.28 Let P be a 2x2 real orthogonal matrix x, =x, =0 exists.

and X is a real vector [xx,]' with (B) There are no solution.

! . . . .
length H;CH _ ( x4 xl )5‘ Then which one (C) A unique non-trivial solution exists.

of the following statements is correct? (D)Multiple non-trivial solutions exist.

(A) HP;CH < H;CH where at least one vector L1 il

1 - ) 2 1 .
satisfies HPXH<M 1.32 The  matrix [A]z{4 _J is
(B) H P;CH:H} for all vectors » decomposed into a product of a lower
triangular matrix [L] and an upper
© HP;CH > H;c‘where at least one vector triangular matrix [U]. The properly
decomposed [L] and [U] matrices
satisfies ‘P;H > H}H : respectively are
1 0] 11
(D)No relationship can be established (A) 4 and 0 2}
between ;CH and HP;CH ~ ~ - _
2 0 1
(B) and
m IIT Roorkee 4 -1 L0 1]
1.29 The trace and determinant of a 2x2 © 10 and 2 1]
matrix are known to be — 2 and — 35 14 1 0 -1]
respectively. It’s Eigen values are o 1 05
(A)—30and -5 (B)—37and— 1 (D) PR L P
(C)—7and 5 (D)17.5 and -2 )
2A\s74°  1IT Delhi
2108 1IT Guwahati -
1.33  Given that,
1 10
. ‘ -5 -3 1 0
1.30 Aneigenvectorof P=|0 2 2|is A= 5 0 and /= 0 1
0 0 3
. . the value of 4’ is
A1 11] B[ 2 1] (A)ISA+121 (B)194+301
©on -1 2y M2 1 -1 (CO)17A+151 (D)17A+211
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7J1i5  1IT Bombay

1.34

1.35

. 2 =2 x 0
The equation = has
I —1|x 0
(A)no solution.

. X 0
(B) only one solution = 1.

X,
(C) non-zero unique solution.

(D)multiple solution.

A matrix has Eigen values —1 and 2.
The corresponding Eigen vectors are

1 1
and respectively.

The matrix is

A_l 1] B_l 2
™| ®|,
C_—l 0 | D_O 1
©fy ®| 5

2A1s  1IT Kharagpur

1.37

1.38

1.39

A system matrix is given as follows

0o 1 -1
A=|-6 -11 6
-6 -11 5

The absolute value of the ratio of the

maximum Eigen value to the minimum

Eigen value is [Set - 01]

Which one of the following statements

is true for all real symmetric matrices?
[Set - 02]

(A) All the eigen values are real.

(B) All the eigen values are positive.

(C) All the eigen values are distinct.

(D) Sum of all the eigen values is zero.

Two matrices 4 and B are given below,

2 2 +
4=|P 9| p| P T prees
ros pr+qs

P +s’
If the rank of matrix 4 is N, then the

rank of matrix B is [Set - 03]
Ok (B) N-1
(CO)N (D)2 N

1.36  Given a system of equations PG 1T Kanpur
+2y+2z=5b .
XETLYTLE=O 1.40 If the sum of the diagonal elements of a
Sx+y+3z=b, 2x2 matrix is — 6, then the maximum
which of the following is true regarding poss1‘b1.e value of determinant of the
its solutions? [Set - 01] matrix 15'_ [Set - 01]
] ) 1.41 The maximum value of 'a' such that the
(A) The system has a unique solution for 3 0 -2
any given b, and b, . - -
matrix I -1 O has three
(B) The system will have infinitely 0 a4 -2
many solutions for any given b, and . ‘ . .
linearly independent real eigenvectors is
b, [Set - 01]
(C) Whether or not a solution exists 2 1
: (A) —= B) —=
depends on the given b, and b, . 33 33
(D) The system would have no solution ©) 1+243 D) 1+3
for any values of b, and b, . 33 33
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1.42 We have a set of 3 linear equations and
3 unknowns. ‘X =Y’ means X and Y
are equivalent statements and ‘X #Y’
means X and Y are not equivalent

statements. [Set - 02]
P : There is a unique solution.

QO :The
independent.

equations  are  linearly

R : All Eigen-values of the coefficient
matrix are nonzero.

S : The determinant of the coefficient
matrix is nonzero.

Which one of the following is TRUE?
(A)P=Q=R=S
(B)P=R#Q=S
(C)P=Q#R=S
D)P£O#R+S

vA)5L5  1ISc Bangalore

1.43 Consider a 3x3 matrix with every

(C)Rank of A" 4 is greater than 2.

(D)Rank of 4’4 can be any number
between 1 and 3.

1.46 A 3x3 matrix P is such that, P°=P.
Then the eigenvalues of P are [Set - 02]
(A)1,1,-1
(B) 1,0.5+ ;0.866,0.5— j0.866
(C) ,-0.5+0.866,—0.5— j0.866
(D)0, 1,-1

31 i
147 Let P= L 3}. Consider the set S of all

X
vectors ( ] such that a* +b* =1 where

y

a X
( j:P( j.ThenSis
b y

(A)a circle of radius J10 .

[Set - 02]

(B) a circle of radius L

J10

. . 1
elemer.lt being egual to 1. Its only non (C) an ellipse with major axis along
zero eigenvalue is [Set - 01] 1
1.44 Let the eigenvalues of a 2x2 matrix 4 . ' ' ' 1
be 1, — 2 with eigenvectors x1 and x2 (D)an ellipse with minor axis along 1
respectively. Then the eigenvalues and
eigenvectors of the matrix A°> —34+41 2Aiil7/"  1IT Roorkee
would respectively be [Set - 01] 3 .
(A) 2,14; x,,x,. 5 03
(B) 2,14; x, +x,,x,—x,. 1.48 The matrix 4={0 -1 0] has three
(©) 2,05 x,,x,. l 0 é
L2 2]
(D) 2,05 x,+x,,% —x,. distinct Eigen values and one of its
1.45 Let A be a4 x 3 real matrix with rank 2. 1
Which one of the following statement is Eigen vectors is | 0 |. Which one of the
TRUE? [Set - 01] 1
T .
(A)Rank of A"A is less than 2. following can be another Eigen vector
(B)Rank of A" 4 is equal to 2. of 4?2 [Set - 01]
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0] 1] 1.54 Consider a 2x2 matrix M =[v, v,],
A)| 0 B)] 0 where v, and v, are the column vectors.
-1 0 T
- -7 g Y T T
S 1 Suppose M —{ T}, where u, and u,
u,
€] 0 (D)| -1 are the row vectors. Consider the
1] 1] following statements :
1.49 The Eigen value of the matrix given Statement 1: u/v, =1 and u;v, =1
below are Statement 2 : u/v, =0 and ulv, =0
0 1 0
0 0 1 (Set - 02] Which of the following options is
correct
0 -3 4 .
(A)Statement 1 is true and statement 2
(A) (0, -1,-3) B) (0, -2, -3) is false
(©) (0, 2,3) (D) (0,1, 3) (B) Both the statements are false

70658 IIT Guwahati

1.50 Consider a non-singular 2X2 square
matrix A. If trace (4) = 4 and trace (A4°)
= 5. The determinant of the matrix A4 is

(up to 1 decimal place).

I 0 -1
151 Let A={-1 2 0
0 0 -2

and B=A’ - 4> -44+51

(C) Statement 2 is true and statement 1
is false

(D)Both the statements are true

2A\¥415  1IT Delhi

1.55 The number of purely real elements in a
lower triangular representation of the
given 3x3 matrix, obtained through the
given decomposition is

2 33] [aq, 0 07q 0 O

where, I is the 3x3 identity matrix. The 32 1i=la, a, O0|la, a, 0
determinant of B is . (upto one 317 A Gy Ay || Gy G
decimal places). (A)5 (B)8
IIT Madras Q)6 (D)9
1.52 M is a 2X2 matrix with eigenvalues 4
and 9. The eigenvalues of M *are R
(A)16 and 81 (B)2 and 3
(C)4and 9 (D)-2and -3
1.53 The rank of the matrix,
0 1 1
M={1 0 1],is
1 10
O oYt ot e et o o oo o s o st




Linear Algebra

1.1 C 1.2 A 1.3 A 1.4 D 1.5 -1,-2,-3
1.6 A 1.7 B 1.8 * 1.9 A 1.10 C
1.11 A 1.12 B 1.13 C 1.14 D 1.15 A
1.16 D 1.17 B 1.18 A 1.19 B 1.20 B
1.21 A C 1.22 A 1.23 B 1.24 D 1.25 D
1.26 A 1.27 D 1.28 B 1.29 C 1.30 B
1.31 D 1.32 D 1.33 B 1.34 D 1.35 D
1.36 B 1.37 0.33 1.38 A 1.39 C 1.40 9
1.41 B 1.42 A 1.43 3.0 1.44 A 1.45 B
1.46 D 1.47 D 1.48 C 1.49 A 1.50 5.5
1.51 1 1.52 A 1.53 3 1.54 D 1.55 MTA

Linear Algebra

T ©
Given : The rank of a matrix is defined as the number of

A 5x7 matrix has all its entries equal to —1,

L 5x7

By elementary transformations,
R,>R,—-R,R,—>R,—R,
R, > R,—R, and R, > R, — R,

-1 -1 -1 -1 -1 -

0O 0 0 0 O

A= 0 0 O O0 O

0O 0 0 0 O

0o 0 0 0 O

L 5x7

[ R R
S O O O =

There exists only one non-zero row.
So, p(A) =1

Hence, the correct option is (C).

linearly independent rows/columns, whichever
1s minimum in the matrix.
In the given matrix, there exist linear
relationships as given below,
R, =R, R, =R,
R,=R, and R, =R,
Thus, only row R, is an independent row.
So, p(4)=1
Hence, the correct option is (C).

Key Point

These elementary transformations are done in

order to convert matrix to its Echelon form.

The number of non-zero rows remaining after

elementary transformations gives the rank of

that matrix.

A matrix is in its Echelon form if :

(1) Leading non-zero elements of a row are
behind the leading non-zero elements in

its previous row.
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(i1) All the zero rows should be below all
the non-zero rows.

This method is also known as Gauss

elimination method.

@

{a l}
Given : 4 =
a 1

The characteristics equation is given by,

lA-\Il=0
1 1
R
a 1 0 1
a—»A\ 1
=0
0l

(a=AN)(1-A)—a=0
a—-ah—A+A —-a=0
AV =Aa+1)=0
A =0, A, =a+1
The roots of characteristics equation of a matrix

gives its eigen values.
Hence, the correct option is (A).

Let A, and A, be the eigen values of the matrix

A.

By the property of eigen value,

Trace of the matrix 4
= Sum of leading diagonal elements
= sum of eigen values
A +A, =a+1

Only option (A) satisfies this value.

Hence, the correct option is (A).

1.3 (A)
Given : A system of equation is,
1 0 2]|x
I -1 0f|x,[=0
2 =2 0f|x

It is in form of a homogenous equation which is
given by,
AX =0
Order of matrix 4 is (n) =3
By elementary transformations,
R, > R,—R, and R, > R,-2R

1 0 2
[A]={0 -1 -2
0 -2 -4
R, > R,-2R,
1 0 2
[A]=]0 -1 =2
0 0 0
p(A)=2=r
The number of linearly independent solutions is
given by,
n—r=3-2=1

Hence, the correct option is (A).
Key Point
For a homogenous equation :

VAN

Unique solution Infinitely many solutions
|4l =0 lal=0
Rank (4)=n Rank (4)<n
[(n—r) linearly independent

non-trivial solution]

Note : A homogenous equation is always
consistent (at least one solution exists).

o

1 -1 0
Given: §=|1 1 1
0 0 1
Inverse of a matrix is given by,
o _[A(S)] o
]
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GATE ACADEMY ® Engineering Mathematics : Linear Algebra 6.11
S| =1(1-0)+1(1-0)+0 =2 1 a &> - a"
11 - L a a o
Adj(S)=|-1 1 -1
O O 2 1 a a2 tee Cln
From equation (i), In the g.iven @atrix, there exists a linear
S 1] relationships as given below,
L1 D) R, =R, Ry=R,,
S‘l_l 11 _1:_1 1 1 R,=R R =R,
2 2 2 2 . )
00 2 00 1 Thus, only row R, is an independent row.

Hence, the correct option is (D).

-1,-2,-3

0 1 0
Given:4=| 0 O 1
-6 —-11 -6
The characteristics equation is given by,
lA-A1l=0
0-A 1 0
0 0-A 1 |=0
-6 —11 —6-A

(-M[6A+A* +11]-1[0+6]=0

A +6A+1IA+6=0

A +A+5A+50+6A+6=0
MA+D+5SAA+1D)+6(A+1)=0
A+DA +50+6)=0
A+DA+2)(A+3)=0

A =-1, A,=—2and A, =-3

The roots of characteristics equation of a matrix
gives its eigen values.

Hence, the eigen values of 4 are —1, -2 and -3.
1.6 (A)

Given : An (n+1)x(n+1) matrix,

So, p(4)=1

Hence, the correct option is (A).

Scan for
Video Solution

®

Given : Matrix is a square matrix.

For a square matrix to be singular, its
determinant must be 0.

Hence, the correct option is (B).

Key Point

If the determinant |A|=0, then 4 is a singular
matrix.

BN -

2 1 5
Given: 4=|4 8 13
6 27 31

L is a lower triangular matrix with its diagonal
elements unity.

1 0 0
L=\, 1 0
l31 132 1

U is an upper triangular matrix.
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Uy Uy U
U=|0 uy, uy,
0 0 gy

According to question, A= LU
2 1 5] [1
4 8 13|=|L, 1 0} 0 wu, uy
6 27 31| |L, L, 1]0 0 u,

0 Ofluy, wu, u,

(2 1 5]
4 8 13
6 27 31]
ul] u12 u13

=| Lty Ly, +uy, Uyslyy + 1ty
Ly Ly + Ly, Ly + Dty + g,
Equating the corresponding elements on both
sides: u,, =2, u, =1L u,=5.
4 4
Lu,=4=l, =—=—=2
u, 2

Ly, +uy,, =8
Uy =8—Lu,=8-(2)(1)=6
Ly +uy,, =13
Uy, =13 =bu; =13-(2)(5) =3
L, =6= 1, :£2E23

u, 2

Lyuy, + Lyuy, =27

L, =(27- 131“12)L _ -6

U, 6

24
132 :?:

131“13 + 1327"23 +uy =31

4

Uy, =31 =Ly — Ly,
uy; =31-(3)(5)-(4)(3)=4

So, the matrices L and U are,

1 0 0] [1 0O

L=|, 1 0|=|2 1 0

Ly L, 1] |3 41
u, u, us| [2 15
and U=|0 wuy, u,|=/0 6 3
0 0 uy 0 0 4

Hence, the matrix 4 can be expressed as,
1 0 0] |2 1 5

A={2 1 0(x|{0 6 3

3 4 1 0 0 4
N o
0 0 -1
1 0 O
Given: 4=
0 3
-1 0 0

Trace of the matrix 4
= Sum of leading diagonal elements
= sum of eigen values
=2+1+3+4 =10

Hence, the correct option is (A).

Key Point

The sum of eigen values of any square matrix is
the sum of its main diagonal elements. This sum
is also called as the Trace of that matrix.

1.10
-2 2 -3
Given: A=| 2 1 -6
-1 -2 0
1
X =| 2| isan Eigen vector of 4.
-1

For any Eigen vector [X] of a matrix [A4]

corresponding to Eigen value A, the following
equation satisfies,
[A-AM][X]=0
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AX =)\X
-2 2 =3[ 1 1
2 1 6| 2|=A| 2
-1 -2 o] -1] [-1
5 1

10 |=4| 2

-5 -1

On comparing both sides, A =35
Hence, the correct option is (C).

@

50 2
Given: A=|0 3 0
2 0 1
Inverse of a matrix is given by,
o [Adi)] 0
4
3 0 -6
Adj(4A)=| 0 1 O
-6 0 15

|Al=53-0)+2(0-6) =15-12=3
From equation (i),

30 -6 1 0 -2
a1 1
A =— 01 0= 0 = 0
3 6 0 15 3
B -2 0 5
Hence, the correct option is (A).
1.12 W)
Given :

A set of linear equation is represented as,

AX =B
Let A:{a” a”},X:{x}
a a4y y
b
and B=| '
b,

Then, a,x+a,y=25

a,x+a,y=b,

This set of linear equation gives at least one
solution if it satisfies the column picture,

ol
ay ay b,
So, this equation shows that B is linearly

dependent on the columns of 4.

Hence, the correct option is (B).

©

1 0 0 O
100 1 0 O
Given : 4=
100 200 1 O
100 200 300 1

The determinant of matrix 4 is
1 0 0O O
100 1 0O O
|4]=
100 200 1 O
100 200 300 1

10 0
|4=1]200 1 0|-0+0-0
200 300 1

|4|=1x1 =1x1x(1*-0) =1

300 1

O‘
Hence, the correct option is (C).

The given matrix has all the elements above the
main diagonal equal to zero.

Thus, matrix 4 is a lower triangular matrix.

The determinant of 4 is given by,
|A| =Product of leading diagonal elements

|4l =1x1x1x1=1

Hence, the correct option is (C).
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Key Point

A matrix with all the elements above main
diagonal equal to zero is called a lower
triangular matrix.

For any triangular matrix :

(1) The leading diagonal elements gives the
Eigen values of that matrix.

(11) Determinant is equal to the product of
its leading diagonal elements.

1.12 )

Given: X =

S O O O
S O o =
S O = O
- - O O

The characteristic equation is given by,

X -l |=0
0-A 1 0
0 0-1 1
=0
0 0 0-A
0o 0 0 1-A
- 1 0
M| 0 -1 1 |=0
0 0 1-2

M EMNEMNA-2)=0

A=A, =A;=0and A, =1
The roots of characteristics equation of a matrix
gives its eigen values.

Hence, the correct option is (D).

In the given matrix, all the elements below main
diagonal are zero.

So, matrix X is an upper triangular matrix.

For any triangular matrix, the Eigen values are
the diagonal elements

A =A,=A,=0and A, =1
Hence, the correct option is (D).

Matrix X is an square matrix since, number of
rows is equal to the number of columns.
Trace of the matrix 4

= Sum of leading diagonal elements

= sum of eigen values

=0+0+0+1=1
Checking from the options, only option (D)
satisfies this condition.
Hence, the correct option is (D).

[ Key Point

For any square matrix :

1. Sum of Eigen values = Trace of the matrix
(sum of leading diagonal elements).

2. Product of Eigen values is equal to the
determinant of the matrix.

1.15 N0\
Given: PX =0
It is a non-homogenous equation.

So, for existence of at least one solution, the
augmented matrix [P:Q] must have the same

rank as matrix P.

Hence, the correct option is (A).

Key Point

For a non-homogenous equation [PX = Q] :
1. If rank [P:Q]# rank[ P]

= No solution exists.
2. If rank [P:Q]=rank[P]
= Number of variables
= Unique solution exists.
3. If rank [P:Q]=rank[P]

< Number of variables

= Infinite numbers of solutions exist.
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= (D) The inverse of a matrix R is given by,
Adj|R
3 22 R = |£| ]
Given: P=|0 -2 1
0 0 1 Adj(R) is defined as a transpose of co-factor
matrix for R.
One of Eigen values, A =-2.
g Cll C21 C3l
For any Eigen vector [X] of a matrix [P] So, Rl=—|C. C. C
. . . |R| 12 22 32
corresponding to Eigen value A, the following C, C, Ci

equation satisfies, ) o
[C, 1s the co-factor of the element in i" row

[P-AI[X]=0 )
and ;" column]
PX =\X
Then the top row of R is given by,
3 2 2| x X
¢, ¢, C
0 -2 1 =-2 Dt T 1
A Lm g |R|}
0 0 1|z z
Co-factors are given by,
3x-2y+4+2z=-2x C =2-(-3)=5
11— -
S5x-2y+4+2z=0 ...(1) C. = —(0—(=3))=—3
21 — -
TAvEemmy “ €, =[-(-D]=1
z=0 -+ (1) Determinant of matrix R,
On SOIVing equations (1) and (ll), |R| — (I)Cll +2C21 + 2c31 =5-642=1
S5x=2y=0
Ty Toprowof R =[5 -3 1]
X 2 Hence, the correct option is (B).
y 5

O] 2 d.7pd00]

Scan for
2 Video Solution

Thus, possible eigen vector of Pis | 5

0 (A)

Hence, the correct option is (D). Given : Three vectors are : P=[-10 1 3],

O=[-2 -5 3]and R=[2 -7 12]

Scan for
Video Solution

Checking from the options,

Option (A) :

ody (B) v,=[-6 =3 6] and v,=[4 -2 3]
10 -1 —6X4+(=3)(=2)+6X3=—24+6+18
Given: R=|2 1 -I —6X4+(=3)(=2)+6x3=0
2.3 2 Vectors v, and v, are orthogonal.
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In option (B), (C) and (D), there are three vector
in each. For three vectors to be a set of
orthogonal vectors, they have to be mutually
orthogonal.

In all the options except option (A), the vectors
are not mutually orthogonal.

Hence, the correct option is (A).
The two n-tuple vectors x = {x,, x,, .....x,} and
Y =1y, ¥;,.....y,} are said to be orthogonal if,

their dot product is zero i.e.,

Xy, +x,),+ X3V, +..... + X, YV, =

1.19 Hi:)

Let the linearly dependent vector be,

A=

o o Q

For linearly dependent vectors, the determinant
should be equal to zero.

-6 -3 6
4 -2 3(=0
a b c

—6(—2c—-3b)+3(4c—-3a)+6(4b+2a)=0
a+14b+8c=0
Checking from the options,
Option (A) :
8+14(9)+8(3)=158#0
Option (B) :
-2+14(-17)+8(30)=0
Hence, the correct option is (B).

1 (B)

Given: X =[x, x, ... x|’

X is an n-tuple non-zero vector.

A vector is a matrix with only one row/column
and therefore, it also contains of only one
independent row/column.

So, p(X)=1

The rank of X" is also equal to 1 i.e.,
p(X"=1

According to the question,
V=xx"

Then, p(V)=p(XX")<min[p(X), p(X")]
p()< min (1, 1)
p(V)<1 =pF)=0o0rl

But, it is given that V' is the product of two non-
zero n-tuple matrices,

p(V)#0
So, p(V)=1

Hence, the correct option is (B).

L Key Point

(1) Rank of transpose of a matrix is same as
that of the matrix.

p(4")=p(4)
(i1) Rank of product of two matrices is less

than or equal to minimum of the rank of
individual matrices.

p(4B) < min[p(4), p(B)]

(A) and (C)

-3 2
Given : A=
-1 0

The characteristic equation is given by,

|[4-21|=0
-3-A 2
=0
-1 A
A+3)A+2=0
M +3A+2=0
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By Cayley Hamilton theorem, every square
matrix satisfies its own characteristic equation.

A*+3A4+21=0 ...(0)
(A+1)(A+21)=0

Multiplying equation (i) with 4",
AN(A+34+21)=0
A+31+247"'=0

Hence, the correct options are (A) and (C).

@

A +34+21=0
[From Question 1.21]
The characteristic equation is given by,

A +30+2=0

A=-1 A, =-2
The roots of characteristics equation of a matrix
gives its eigen values.
So, according to Cayley-Hamilton theorem the
eigen values of 4’ are,

A =-1
(A,)’ =-512
Checking from the options,
Option (A) :
511(-1)+510=—1
511(=2)+510=-512
Other options do not satisfy the condition.

Hence, the correct option is (A).

®

Given: 4= det{

Assume that x and y are two vectors in 2-
dimensional  space (for simplicity of

<xX,x> <x,y>
<Y, x> <y, y>

Taking, x = xlf + xzj
YENi+y,Jj

Then, x.x = x; + X,
XY=X Y +X,), =YX
yy=yi+y

Putting these values in equation (i),

X7 +x3
XY+ X0,

A= (x) +23) (0 +27) = (xn +x0,)

X +x,p,

A=
yi+y;

2.2 2.2 2.2 2.2 2.2
A=x7y; +x7 9, + X500 X0, — X Y
2.2 2
Xy Vo TEX XY,

A=Xy; + 59 =2X,%,0,),

2
A:(xlyz _xzyl)
If A=0= x,y,—-x,y,=0

5 _n
X N
The above expression shows that vectors x and
y are linearly dependent.
Else, if A#0

(x5, —x,»,)" #0 [A positive number]

L)

X, W
The above expression shows that vectors x and
y are linearly independent.

Therefore, it is concluded that for A to be
positive, x and y are linearly independent.

Hence, the correct option is (B).

X and y are 3-dimensional vectors.

Thus, the dot product is defined as,

calculation), xX-y= |x| | y| cos QL.
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=I

.)?=|)?||)?|cos0=|x|2 =x’
y.3=y"cos0=y’
)_c.f:f.f:|x||y|cosa:)g/cosoc

where, O is the angle between vectors x and .

|A|_f.f xy| | x*  xycosa
y.X V.| |xycoso y°
X cosd
|4 =x ’
X COos Ot y

|4|= xy[xy — xycos’ oc] =x’y’sin’ o
|4|=x"y*sin® =0
From option (A),

If vectors x and y are linearly independent
means they are not parallel i.e., o0#0
|A| = (xy sino’) >0 i.e. positive
Hence, option (A) is incorrect.
From option (B),
When vector X and y are linearly independent
then | 4| = Positive.
Hence, option (B) is correct.
From option (C),
If x#0 and y #0, then |4| will depend on the
value of o.. For =0,
|4l =
Hence, option (C) is also incorrect.
From option (D),
|4l will be zero if =0 or x=0 or y=0.
Hence, option (D) is also incorrect.
Hence, the correct option is (B).

1.24 W)

Given :
(i) L(x)=bxX
b=[0 1 0] and x=[x x x3]T

So, b=0.i+1j+0k
f:xlf+x2}+x3l€

Now, L(x)=bxX

A~ A ~

PGk
L(x)={0 1 0
X Xy X

L(x)=i[l.x;—0.x,] - } [0.x, - 0.x,]
+l€[0.x2 —1.x,]

L(x)= xj +0/— xll€
X3

L(x):[x3 0 —xl]T =1 0

—Xx
According to question,
X

L(x)=M| x, ...(0)

N

b
Let, M=|d e f
h

From equation (i),
a b c| x
d e f|x
g h i||x {
ax, +bx, +cx; =x;, = a
dx,+ex,+ fx;=0 = d
g

gx, +hx, +ix, =—x, =

So, —def
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The characteristic equation of matrix M is given
by,

|M -21|=0

0 0 1] [1 00

0 0 0|-A0 1 0f=0
-1.0 0] [0 01
A 0 1

0 -1 0[=0

-1 0 -A
“A[ A ]-2=0

AMA +1)=0

A =0,A,=+iand A, =—i

The roots of characteristics equation of a matrix
gives its eigen values.
Hence, the correct option is (D).

1.25 E))

Given :
The characteristic equation of matrix P is
defined as

oM =X +A+2A+1=0
By Cayley Hamilton theorem, every square

matrix satisfies its own characteristic equation.
oa(P)=0

P +P+2P+1=0
l(P3+P2+2P+1):9
P P

P'=—(P*+P+2I)

Hence, the correct option is (D).

@

Given :
(1) A (5% 6) matrix Q.
(i)  p(@)=4

Rank is defined as the number of linearly
independent rows/columns in a matrix.

So, matrix Q has 4 linearly independent rows
and columns.

Hence, the correct option is (A).

1.27 E))
AT =A"A) A"
A" =A4"(A")"'A" [(AB)'=B"'4""]
A" =4"

Checking from the options,
Option (A) :

AA A= AA"A=14= 4
Thus, option (A) is true.
Option (B) :

(447 =447 =" =1

AA =447 =1
Thus, option (B) is also true.
Option (C) :

AT A=4"4=1
Thus, option (C) is also true.
Option (D) :

AA A= AA"A=14= 4
Thus, option (D) is false.

Hence, the correct option is (D).

®

Given :

(1) Pisa 2x2 real orthogonal matrix

X
(i1) A real vector, X = [ ! }
X,

HE X+ X2

(iii))  Magnitude or length,

For orthogonal matrix P
PP"=P'P=1]
Here, P isa 2X2 matrix an X 1S 2 X1 matrix.

So, P-x will be 2x1 matrix.
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Let P-)‘é:{yl}
)
|P-5| =¥ +y3 ...(0)

(P-3)"(P-%)=[y, yzl[yl}

(P-3)(P-Z)=yt+)2  ..(i)
From equation (i) and (i1),

|3 = (-3 (P-F)= (G PT)P-F)

|P-3 =37 (P"- P)%

Hp‘ﬂ‘z =x" I-xX =[x x2]|:X1j|
X

2
112 112
HP-xH = xf + xz2 = Hx”
P =5

Hence, the correct option is (B).

Let an orthogonal matrix,
cos® —sin®
P=| .
sin@ cos9
_ [cos® —sin®]| x,
P-x .
| sin®  cosO || x,

[ x, cos®—x, sin 9}

P.

=
Il

X,sin0+ x, cosO

|- 5] = /(x, cos8— x,5inB)* + (x, 5in @ + x, cos B)?
HP)?” = \/m = |I%l| for all vector.
Hence, the correct option is (B).

1.29 N(9)

Given : A 2Xx2 matrix with trace — 2 and
determinant — 35.

Let, A, and A, be the Eigen values of the

By the property of a square matrix,
A +A,==-2 ..()

A XA, =-35 ...(11)

From equation (i),

A =—2-1,
Put the value of A, in equation (ii),
(-2-A)A, =-35
A2 424, -35=0
A, =57

Then, A, =-7,5
Thus, the Eigen value of the matrix is —7 and

5.
Hence, the correct option is (C).

Checking from the options,
Option (A) :

Trace = (-30)+(-5)=-35#-2
Incorrect option.

Option (B) :

Trace = (-37)+(-1)=—-38#-2
Also, incorrect option.

Option (C) :

Trace = (-7)+(5)=-2
Determinant = (—7)x(5) =—-35

Hence, the correct option is (C).

1.30 N3
1 1 0
Given: P=({0 2 2
0 0 3

The matrix P has all the elements below the
main diagonal as zero. So, it is an upper

matrix. triangular matrix.
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For any triangular matrix, the diagonal elements 1 1 0][x X,
give its Eigen values A, =1, A, =2 and A, =3. 0 2 2||x =[] x,
Method 1 0 0 3||x X,
For any Eigen vector [X], of a matrix [P] By the trial of given options,
corresponding to Eigen value A, the following 1T
equation satisfies, X =|2| for corresponding A =3.
[P-AI[X]=0 |
A=3 .
For ’ Hence, the correct option is (B).
-2 1 0}]x
Scan for
0 -1 21/x[=0 u Video Solution
0 0 Of|x
By solving, 1.51 M)
=2x,+x,+0x;,=0 (1) Given
Ox, —x, +2x, =0 (i) A set of equations is, .
X, +2x,+x, +4x, =2 (1)
0x, —0x, +0x;, =0 ...(1i1) B
3x, +6x, +3x,+12x, =6 ...(11)
Let x, =k, then by equation (ii), It is in form of a non-homogenous equation
x, =2k [From equation (i)] given by,
AX =B

2x,=x, = 2x,=2k=x,=k
x,=x;=k and x, =2k

Thus, Eigen vector is of the form,

X=[k 2k k]
where, k =any non-zero number.
X, k 1
X, |=|2k|=k|2
X, k 1

Only option (B) satisfies the above equation.

Hence, the correct option is (B).

For any Eigen vector [X], for a matrix [P]
corresponding to Eigen value A, the following
equation satisfies,

1 21 4 2
where, A= , B=
36 3 12 6

Number of variables (n) = 4
The augmented matrix is given by,
121 4 2
[4 : B]=
13 6 3 12 : 6

By elementary transformationR, — R, —=3R,,
(1 21 4 : 2

100 0 0 : O}

There exists only one non-zero row.

So, p(4) =1, p(4:B)=1

For a non-homogenous equation,

If [p(P:0)=p(P)] <n

Then, infinite numbers of solutions or multiple

[4 : B]=

P-AI[X]1=0 .. . .
[ 1X] non-trivial solution exist.
PX =)\X Hence, the correct option is (D).
oc ieht Head Office : Ground Floor, A-115, Shopping Complex, Smriti Nagar, Bhilai, (C.G.), Contact : 9713113156,6266202387 WwW.gateacademy.shop
opyri
py g Branch Office : Raj Tower 3rd Floor, Tatya Para Chowk, Raipur, Chhattisgarh 492001, Contact : 9755662248 WWW. uacebook.com/gateacademy




6.22 | Topic Wise GATE Solutions [EE] GATE ACADEMY ©
1.32 ) From equation (1),
)1 A =-5(-54-61)—64=194+301
Given : [4]= {4 _J Hence, the correct option is (B).

According to question, 4 =LU
Checking from the options,
Option (A) :

1 o1 1 1 1
LU = = # A
|4 -1j|0 2 4 6
Option (B) :

2 o1 1 2 2
LU = = # A4
4 3

Option (C) :

1 o0][2 1] [2 1
LU= = + 4
4 1][0 1] |8 3

Option (D) :

2 0][1 05 |
s alo TG 2

Hence, the correct option is (D).

k1 (B)
Given
. : -5 -3
(1) Matrix A=
2 0

(i1) I isa 2x2 identity matrix.
The characteristic equation is given by,

|[4-AIl=0
-5-A -3
=0
2 A
SA+A2+6=0

By Cayley Hamilton theorem, every square

1.34 g
. 2
Given : L

BHH

-1 x, 0
x,—x,=0

and 2x,-2x,=0=>x,=x,=K

where, K = any constant number

X
Xy

MR

So there are infinite number of possible
solutions.

The matrix } can be written as,

Hence, the correct option is (D).

. ) 2 =2
In the given matrix, 4= | :

There exist a linear relationship as, R, =2R,
Thus, only one independent row R, exist.
So, p(4)=1

For a homogenous equation,

If p(A)y<n [n = number of variables]

Then, infinite number of solutions exist.

Hence, the correct option is (D).

matrix satisfies its own characteristic equation, i (D)
2 _ .
5A+A°+61=0 Given :
2 _ : . )
A" =-54-61 (1) (1) Eigen values are —1, 2.
Multiplying A4 in above equation, 1 1
i Eigen vector are and .
A =-54-64 (i1 & -1 2
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] a b
Let the matrix A4 be{ }
c d

For any Eigen vector [X], of a matrix [A4]

corresponding to Eigen value A, the following
equation satisfies,

[A-AI[X]=0

AX = \X

1
For A=-1 and X:[ J

el

—b=— ..()
c—d = ...(11)
For A=-2 and Xz[ ;}
a b 1 _(-2) 1
c dl-2| -2
a-2b=-2 ...(1i1)
c—2d =4 ...(1v)
From equation (1) and (ii1),
a=0and b=1

From equation (ii) and (iv),
c=-2and d=-3

=0 ol 2l

Hence, the correct option is (D).

Modal matrix can be formed as,
[M1=[v, W]

[where, v,, v, are Eigen vectors]

ol 1o
M=)

The matrix 4 can be formed as,

1 0 -1
[A]:[M]{O kj[M]
1 1[-1 o(=1[-2 -1
I I - |
1 =2 2 11 [0 1
[A]:{l 4}[1 1}: 2 }
1 -1] |-2 =3

Hence, the correct option is (D).

[ Key Point
Concept of Diagonalization :

Any square matrix whose eigen values are

distinct, can be represented as :
A=[M][D][M™]

where, D is a diagonal matrix whose diagonal
elements are Eigen values of 4.
M is a non-singular matrix whose

columns are respective Eigen vectors of
A.

Note : M is also referred to as Modal matrix.

For any Eigen vector [X] for a matrix [A4]

corresponding to Eigen value A, the following
equation satisfies,

[A-A][X]=0
By the property of square matrix,

Sum of eigen values of a matrix (A, +2,)
= Trace of the matrix

Product of eigen values of a matrix (AA,)
= Determinant of the matrix (|A| )

By these properties, options (A) and (B) are not
possible.

Option (C) :

For A=-1;

~1-(-1 0 1
[A—M][X]{ o( : _2_(_1)}{_1}
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0 oOof 1
0 0
|7 [

Thus, option (C) is incorrect.
Option (D) :
For A=-1;

0—(-1 1 1
a-an =" 50

0
[A—M][X]:LJ

For A=-2;

0—(-2 1 1
T NN I

0
[A-AM][X]= { }
0
Hence, the correct option is (D).

13 (B)
Given: x+2y+2z=0,5x+y+3z=0,
It is in the form of a non-homogenous equation

given by,
AX =B

1 2 2 b,
where, 4= , B=
5013 2x3 b2 2x1

Number of variables (n) = 3

The augmented matrix is given by,
1 2 2 : p

[4: B]=

51 3 : 5

By elementary transformationR, —» R, —=5R,,

[A:B]{l 2 2 b }

0 -9 -7 b, —5b,
There exist two non-zero rows irrespective of
values of b, and b, .
So, p(A4) =2, p(4:B)=2

For a non-homogenous equation,
If [p(P:0)=p(P)]<n
Then, infinite numbers of solutions exist.

Hence, the correct option is (B).

1=y 0.33
0o 1 -1
Given:4=|-6 -11 6
-6 -11 5

The characteristic equation is given by,
lA-A1l=0
—A 1 -1
-6 —-11-A 6 |=0
-6 —11 5-A
—A(=11=A)(5-A1)+66]—-[(-6)(5—L)+36]
—[66-(11+A1)6]=0
A +60 +11IA+6=0
M+ +50 +50+60+6=0
A+DA +50+6)=0
A =-1,A,=-2and A,=-3

The roots of characteristics equation of a matrix
gives its Eigen values.

Maximum Eigen value, A =-1
Minimum Eigen value, A . =-3

So, the required absolute value or magnitude of
ratio is given by,

}\’ max
7\’ min

=L 033
-3 3

Hence, the minimum Eigen value is 0.33.
1.38 NN

All the Eigen values of a real symmetric matrix
are real but not necessarily distinct or positive.

Hence, the correct option is (A).
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1.39 B(¥)
Given : A:{p q} and p(4)=N
ros
Bz[pzﬂf pr+qS}

pr+gqs 1’ +s’

Matrix B is obtained from matrix 4 by applying

row/column operations.

So, p(B)=p(4)=N

Hence, the correct option is (C).
Key Point

Rank of a matrix is unaltered by the elementary

transformations i.e. row/column operations.

i 9

Given :
) a b
A 2X2 matrix, Az[ }
c d

Trace of matrix =—-6

Taking second derivative of |A

b

2
4
d—|2| ==-2 [maxima]
d\,
So, A| is maximum at A, =-3.

From equation (ii),
A,=—6+3=-3

Thus, the maximum value of determinant is,
| Al =4, XA, = (=3)x(=3)=9

Hence, the maximum possible value of
determinant of matrix is 9.

{58 (B)
-3 0o -2
Given: A= 1 -1 0
0 a -2

The characteristic equation is given by,

|-\ |=0
Let A, and A, are two eigen values of matrix 4.
-3-A 0 -2

By the properties of square matrices, L2 0 0
Product of eigen values of a matrix 0 o - B

= Determinant of matrix “ o

_ : -1-A 0 I —-1-A

|A|_7\’17\’2 (1) (_3_7\’)‘ 5 x‘_z‘o =0
Sum of eigen values of a matrix ¢

= Trace of the matrix —(7»+3)k+1 0 _2‘1 —(1+4) ~0

A+, =—6 ...(ii) —a A+2l 0 a
From equations (i) and (ii), ~A+3)[A+D (A +2)]-2[a]=0

|4l =X, (-6-L,) =—6A, — A2 A+D)(A+2)(A+3)+2a=0
For extreme value, the stationary points are A +6L* +11A+(2a+6) =0

iven b

IVERLDY, a =—1[7& +617 +11A+6]

dl4 _, 2

d\, B For extreme value, the stationary points are

C6-2 =0 given by,

‘ da_,
)\.1 = —3 d?b
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da
d\
30 +120+11=0

1244122 —4x3x11  —12+412

_ L pionsin]=o0
al ]

7\‘: =
6 6
LoT1222V3 243
6 3
5555

Taking second derivative of a,

2
Z; :—%(6k+12):—3(k+2)
2
For A, = —(2+3\/§J, %: —ve [maxima]
2
For A, = —(2_3\/3} ;j—}?= —ve [maxima]

So, for both A, and A, there is maxima of a

For A, =—(2+3\/§J=—1.24

a, =—%[xf +60) +111, +6 |

1 3 2
a, :—5[(—1.24) +6(—1.24)" +11(-1.24)+6

a,=0.16

For 7»2=—(2_3\/§j:—0.09

a, = —%[x; +60; +110,+6 ]

1 3 2
a, :—5[(—0.09) +6(—0.09)" +11(=0.09) +6 |

a,=-2.53
So, maximum value of a = 0.16.

Checking from the options,

2
Option (A) = — =0.385

33

1
Option (B)= —— =0.19

33
1+23
33
1+\/§
33

Therefore, option (B) gives the closest value of

Option (C) = =0.859

Option (D) = =0.525

a.
Hence, the correct option (B).

-3 0 =2
Let the given matrix be A=| 1 -1 0].
0 a 2

The characteristics equation of 4 is |A -\ | =0
-3-A 0 -2
1 —-1-A 0 |=0
0 a -2-A
(-3-M)(-1-A)(-2-A)-2a=0
A+DA+2)A+3)+2a=0 ...(1)
If 4 has three distinct Eigen values then 4 has
three linearly independent eigen vectors.
Let f(A)=RA+DA+2)(A+3)
From equation (1),
f(AM)+2a=0
f(A)=-2a ...(11)
Consider f(x)=(x+1)(x+2)(x+3)
The graph of f(x) is as shown in the figure

below,
A Y

0(x,,¥,) /

%—3 }—2 i—l 0 >X
y=f(x) P(x,,7,)
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The number of distinct real roots of an equation
F(x)=k, (k is real) is same as that of the

number of points of intersection of the curve
y=F(x) and the line y =k .
The curve y= f(x) intersects at three points
with a line y =y, only when y, <y <y, ie
for f(x)+2a=0= f(x)=-2a, three distinct
real roots exist for
y,<=2a<y, ...(1i1)
ie. »<f(x)<y, ...(1v)
[From equation (ii)]
Now we will find y, and y, [i.e., the minimum
and maximum values of f(x)]
f)=(x+DH(x+2)(x+3)
f(x)=x"+6x>+11x+6
f'(x)=3x"+12x+11=0
f'(x)=0= 3x’+12x+11=0
_—6+43
3
and  f"(x)=6x+12

—6+\/_

At x=—— : f"(x)=2/3>0 and

At x=25= I : f(x)=-243<0

Since, f(x) has a maximum at x =

~6+/3
3

~6-3
3

and a minimum at x =

2
The maximum value of f(x)=y, = f(x)=——
Sx)=y,=71(x) ™)
—6-/3
at =
3
The minimum value of f(x)=y, = f(x)

at x= —6- [ —2
3 33

From equation (iv),

3\/—<f(x)<3\/—

2
——=<—-2a £—+= [From equation (iii)]
\/’

3f_

1 -1 -1 1
zaz = <a<
33 3333 33
Therefore, the maximum value of ‘a’ such that
the matrix A has three real linearly independent

. 1
eigen vectors 1S ——.
8 33

Hence, the correct option (B).

[ Key Point

A continuous function f(x) at an stationary

=
=
.

point (given by the root of f'(x)=0)1is:
(1) Maximum if f"(x)=-ve

(i)  Minimum if f"(x)=+ve

1.42 WP\

Given : A set of three linear equations with

three variables.
[A]3><3[X]3><1 = [B]3><1

Statement P : There is a unique solution.
In this case,
p(A) =p(A: B) = Number of unknowns
p(A)=p(4:B)=3
This means, three independent rows exist in
matrix A4 irrespective of matrix B.

Also, |4|#0 ()

So, P=0 =S

Statement R All Eigen-values of the
coefficient matrix are nonzero.

Let A, A, and A, are eigen values of matrix 4.
By the properties of square matrix,

A XA, XA, = |4 (i)
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From equations (1) and (i1),
A XA, XA, #0
A#0,A,#0and A, #0

Therefore, from the above discussion, it is
inferred that,

P=0=R=S

Hence, the correct option is (A).

Given: A=

—_—

11
11
1 1 3x3
The characteristic equation is given by,
|[4-M|=0 (D)
I-A 1 1
I 1-2 1 [=0
1 I 1-A
The value of determinant remains unchanged
after any linear row/column operation.

For simplification, performing C, — C, - C;,

I-» 0 1
1 -2 1 |=0
1 Ao1-A

A= M[-A1=A)=A]+(h+2X) =0
(A=M)(A2=20)+21 =0
A[(1=A)(A=2)+2]=0

A=A +30)=0

A(3-10)=0

A =A,=0and A, =3

The roots of the characteristics equation gives
the eigen values.

Hence, the only non-zero Eigen value is 3.

1.44 WP\

Given :
1,-2.

Eigen values of 2X2 matrix 4 are

Applying properties of Eigen value,
Eigen value of 4° : A’
(1%, (=2 =1,4
Eigen value of —3A : —3A
(=3)(D), (=3)(-2)=-3,6
Eigen value of 47 : 4,4
Eigen values of 4> —3A4+41 :
(1-3+4),(4+6+4) = 2,14

Eigen vectors remains unchanged for any
operation.

Hence, the correct option is (A).
(i (B)
Given : For real matrix 4 rank is p(4,,)=2.
Also, p(A4],)=2
Thus, p(4"A)<min[p(4"), p(4)]
p(A" A) < min[2, 2]
p(A"4)=2
Hence, the correct option is (B).
1 (D)
Given: P’ =P

By Cayley-Hamilton theorem, every square
matrix satisfies its own characteristics equation.

A =2
A -A=0
AAI=1)=0

A =0, A,=1land A, =-1

Hence, the correct option is (D).
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1.47 B0
e
Given: P= and =P
1 3 b y
a’+b’ =1 ...(1)
BN
Thus, =
b 1 3|y
3x+y=a ...(11)
x+3y=>b ...(1i1)

Squaring and adding equations (ii) and (iii),
a’*+b*=9x"+y* +6xy +x>+9y> +6xy
a’*+b*=10x> +10y* +12xy
From equation (i),
10x” +10y° +12xy =1
The standard equation of an ellipse is given by,
ax* +by* +2hxy =0
On comparing : ¢ =10, b=10,1=6
If h> —ab < 0, it represents an ellipse.
h* —ab=36-100=-64
The condition is true.

The length of semi-axis are given by,
(ab=h)r* —(a+b)r* +1=0
64r* —20r* +1=0

Pt ort=t
4 16
r= ! 7 _1
1 2 > 72 4
Length of major axis =27, =1

. ) 1
Length of minor axis =2r, = >

Equation of the major axis is given by,

(a—%}x+hy=0
4l

(10-4)x+6y=0
x+y=0

Major axis exists along y =—x. So, minor axis
exists along y=ux, since both axes are

perpendicular on each other.

1
The vector L} lies on the line y =x (minor

axis)

Hence, the correct option is (D).

148 N9
Given :
3 0 1
2 2
(1) A=|0 -1 0| with all distinct Eigen
1y 3
L2 2]
values.
1
(i1) One of the Eigen vectoris x, =| 0 |.
1

Transpose of matrix 4 is given by,

301
2 2
A"=[0 -1 0|=4
Ly 3
2 2]

A matrix whose transpose is equal to itself is
called a Symmetric matrix.

So, all its Eigen vectors must be orthogonal.
For orthogonal vectors, x; - x, =0
Checking from the options,
Option (A) :
0
0|=0+0-1=-1
-1

x{x,=[1 0 1]

Hence, option (A) is incorrect option.
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Option (B) :
-1
xlT-x2 =[l 0 1] 0j=-140+0=-1
0

Hence, option (B) is incorrect option.
Option (C) :
1
0|=1+0-1=0
-1

xl-x,=[1 0 1]

Hence, the correct option is (C).

Scan for
Video Solution

Key Point

For a Symmetric matrix [AT = A] :

(1) All the eigen values are real.
(11) All the eigen vectors corresponding to
distinct eigen values are orthogonal.

o I
0o 1 O

Given : Matrix 4={0 0 1
0 -3 4

[ Method 1 |

The characteristic equation of a matrix is given
by,

lA-A=0

A1 0
0 -~ 1 [=0
0 -3 —4-A

—AMAL+A2+3)=0
AA+3)(A+1)=0
A =0,A,=—land A, =-3
The roots of characteristics equation of a matrix

gives its eigen values.
Hence, the correct option is (A).

[ Method 2 |

Matrix X is an square matrix because number of
rows is equal to the number of columns.

Sum of Eigen values = Trace of matrix
=0+0+(—4)=—4

Checking from the options, only option (A)
satisfies this condition.

Hence, the correct option is (A).

l!ﬂ!lss

Given :
(1) Matrix [4] is a non-singular 2Xx2
square matrix.
(i1) Trace of matrix [A4] is 4.
(iii)  Trace of matrix [4°] is 5.
Let Eigen values of matrix [4] be A, and A,.
Therefore, Eigen values of matrix [4°] will be
A} and A].
Trace of matrix [4A]=A, +A, =4
(A, +1,)* =16
A A +20 4, =16 (1)
Trace of matrix [4*]=A] +A5 =5 ...(ii)

From equation (i) and (i1),

5420, =16
A, =5
2

Determinant of matrix A is given by,
| 4| = Product of Eigen values
lAl=A A, =5.5

Hence, the determinant of the matrix A4 is 5.5.

Scan for
Video Solution
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1.51 Bl
Given :
1 0 -1
(1) A=|-1 2 0
0o 0 -2

(i) B=A—-A"-44+5]

(i)  7is the 3X3 identity matrix.
Characteristics equation is given by,
lA-A1l=0
I-A» 0 -1
-1 2-A 0 [=0
0 0 -2-A
(-2-M2-M)HA-1)=0
A=1,2,-2

The roots of characteristics equation of a matrix
gives its Eigen values. According to Cayley-
Hamilton theorem, every square matrix satisfies
its own characteristics equation.

B=A'—A>-44+51
B=A -\ -4r+5
The eigen value of matrix B is given by,
A =P —1—4+5=1
A, =2 =22 —(4x2)+5=1
A=(=2) = (=2) -[4x(-2)]+5=1

Determinant of matrix B is given by,

@

From the properties of Eigen values.
If A, A,,...A, are Eigen values of matrix M,

then (A))", (A,)",......(A,)" will be Eigen values

of matrix M".
Given Eigen values of matrix M are 4 and 9.

So, Eigen values of M* will be (4)* and (9)*.
Hence, the correct option is (A).
1.53 B¥]

0 1
M=|1 0
1 1

O = =

[M|=0-1(0-1)+1(1-0)=1+1=2

As determinant value of 3x3 matrix is non

Zero.
Hence, rank of the matrix is 3.
1.54 §)

T
Given: M =[v, v,|, M ={u1 }

Since, M'M =1

u [ = u v, ulv, |10
r M Y2051 g T - 0 1
u, Ly
By equating,
wv =0 ulv,=1

T, _ T _
wv,=1 uv,=0

So, both statements are true.

. . a b
Consider matrix M :[ }
c d

| Bl = Product of Eigen values a b
M = =[V, V.
Bl =24, = 1x1x1=1 - [c d} i 7l
Hence, the determinant of B is 1. o= [a} V. = {b}
1= > V2 T
c d

Scan for T
u Video Solution — M= 1 d b —|
ad—bc|—c a uf
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(i) uf:[ 4 } S
ad —bc  ad —bc [R] =|a, a, O
(ii) uzT :[ —C a } Qi3 Gy Ay
ad —bc ad—bc

Statement-I :

uTV—{ d b }a
t ad —bc ad—-bc ]| c

ad bc  ad-bc _

= - = =1
ad—bc ad—-bc ad—-bc
- b
ulv, =[ £ . }
ad—-bc ad—-bc |l d
_ —cd N ad _ad—bc_1
ad—-bc ad—-bc ad—-bc
Thus statement 1 true.
Statement-II :
- b
u'v, =[ d___b }
ad—bc ad-bcl|d
_db B bd  db-db _ 0
ad—-bc ad—-bc ad—-bc
ulv, { < a } ¢
ad—bc ad—-bc|c
—ac ac _ ac—ac _ 0

= + = =
ad—bc ad—-bc ad—-bc
Hence statement-11 is also true.

Hence, the correct option is (D).

155 MTA
2 3 3
Given: [P]=|3 2 1
31 7

a, 0

0
[Q] =la, ay 0

a13 a23 a33

[P]=[0][R]

2 3 3] [aq, O Olla, a, a,
3 2 1li=|la, a, 01 0 a, a,
31 7 a, a, aul|l 0 0 ay
233 aj, a4, a;, a3
3.2 1|=|aya, a122 + a222 12013 T Ay 0y,
317 iy A0y, T a0y a123 + ‘153 + a323

Comparing the elements of matrix P with the
matrix O.R"

11

a,a, =3

3
an :iﬁ
ay,a; =3

3
6113 :iﬁ
a122 + 0222 =2

9

a222 :2_a122 :2_(5)
a222 ==

15
ay =%j 3

Ay + Ayl =1
(ij(i)+ ; \ﬁ _1
\/5 \/E 2 23
5 9
Wl A5 |7 1 ~3
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From this the lower triangular matrix can be
written as,

a, 0 0
Lower triangular matrix=|a,, a,, 0

a,; =194

In the above lower triangular matrix elements

[a,,, ai3» Ay, s, 0, 0, 0] are real elements

So, total number of real elements = 7

IIT has declared this questions as MTA.

As the correct answer for the question, i.e. total
number of real elements equal to 7, was absent
in the given options, so after facing challenge to
their given option in first answer key, finally
IIT has declared this question as Marks to All.

SR K R
OS890 0
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