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Vision of the Institution

Jeppiaar Institute of Technology aspires to provide technical education in futuristic
technologies with the perspective of innovative, industrial and social application for the
betterment of humanity.

Mission of the Institution

» To produce competent and disciplined high-quality professionals with the practical skills
necessary to excel as innovative professionals and entrepreneurs for the benefit of the
society.

« To improve the quality of education through excellence in teaching and learning,
research, leadership and by promoting the principles of scientific analysis, and creative
thinking.

« To provide excellent infrastructure, serene and stimulating environment that is most
conducive to learning.

» To strive for productive partnership between the Industry and the Institute for research
and development in the emerging fields and creating opportunities for employability.

To serve the global community by instilling ethics, values and life skills among the students
needed to enrich their lives.



DEPARTMENTVISION

To enhance and impart futuristic and innovative technological education for the excellence of
Electronics and Communication Engineering with new ideas and innovation to meet industrial
expectation and social needs with ethical and global awareness reinforced by an efficiency
through research platform for the advancement of humanity.

MISSION

M1:To produce competent and high quality professional Engineers in the field ofElectronics and
Communication Engineering for the benefit of the society globally.

M2: To provide a conducive infrastructure and environment for faculty and students with

enhanced laboratories, to create high quality professionals

M3:To provide Prerequisite Skills in multidisciplinary areas for the needs of Industries, higher

education and research establishments and entrepreneurship

M4: To handle Socio Economic Challenges of Society by Imparting Human Values and Ethical
Responsibilities.

Program Educational Objectives (PEOs)

PEO 1:Graduate Engineers will have knowledge and skills required for employment and an
advantage platform for lifelong learning process.

PEO 2:Graduate Engineers willbe provided withfuturistic education along with the perspective
research and application based on global requirements.

PEO 3:Graduate Engineers will have effective communication skills and work in
multidisciplinary team.

PEO 4: Graduate Engineers will develop entrepreneurship skills and practice the profession
with integrity, leadership, ethics and social responsibility.
Program Specific Outcomes (PSOs)

PSO 1 : Ability to develop and utilize novel, compact and power efficient coherent theoretical
and practical methodologies in the field ofanalog and digital electronics.

PSO 2: Ability to implement analog, digital and hybrid communication Protocol to aspect the
challenges in the field of Telecommunication and Networking.



BLOOM’S TAXONOMY

Definition:

Bloom’s taxonomy is a classification system used to define and distinguish different levels
of human cognition like thinking, learning and understanding.

Objectives:

» To classify educational learning objectives into levels of complexity and
specification. The classification covers the learning objectives in cognitive,
affective and sensory domains.

» To structure curriculum learning objectives, assessments and activities.

Levels in Bloom’s Taxonomy:
» BTL 1 — Remember - The learner recalls, restate and remember the learned

information.

» BTL 2 — Understand - The learner embraces the meaning of the information by

interpreting and translating what has been learned.

» BTL 3 — Apply - The learner makes use of the information in a context similar to

the one in which it was learned.

» BTL 4 — Analyze - The learner breaks the learned information into its parts to

understand the information better.

» BTL 5 — Evaluate - The learner makes decisions based on in-depth reflection,

criticism and assessment.

» BTL 6 — Create - The learner creates new ideas and information using what has

been previously learned.
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MAB8451 PROBABILITY AND RANDOM PROCESSES LTPC
4004
OBJECTIVES :
e To provide necessary basic concepts in probability and random processes for applications

such as random signals, linear systems in communication engineering.

e To understand the basic concepts of probability, one and two dimensional random variables and to introduce
some standard distributions applicable to engineering which can describe real life phenomenon.

e To understand the basic concepts of random processes which are widely used in IT fields.
e To understand the concept of correlation and spectral densities.
e To understand the significance of linear systems with random inputs.

UNIT I PROBABILITY AND RANDOM VARIABLES 12

Probability — Axioms of probability — Conditional probability — Baye‘s theorem - Discrete and continuous random
variables — Moments — Moment generating functions — Binomial, Poisson, Geometric, Uniform, Exponential and
Normal distributions.

UNIT Il TWO - DIMENSIONAL RANDOM VARIABLES 12

Joint distributions — Marginal and conditional distributions — Covariance — Correlation and linear regression —
Transformation of random variables — Central limit theorem (for independent and identically distributed random
variables).

UNIT Il RANDOM PROCESSES 12

Classification — Stationary process — Markov process - Markov chain - Poisson process — Random telegraph process.

UNIT IV CORRELATION AND SPECTRAL DENSITIES 12

Auto correlation functions — Cross correlation functions — Properties — Power spectral density — Cross spectral
density — Properties.

UNIT V LINEAR SYSTEMS WITH RANDOM INPUTS 12

Linear time invariant system — System transfer function — Linear systems with random inputs — Auto correlation and
cross correlation functions of input and output.

TOTAL :60 PERIODS

JIT-JEPPIAAR/ECE/Dr.S.SURESH/II YI/SEM 04/MA8451/PROBABILITY AND RANDOM PROCESSES 1-5/QB+Keys/Ver2.0
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OUTCOMES:
Upon successful completion of the course, students should be able to:

e Understand the fundamental knowledge of the concepts of probability and have knowledge of standard
distributions which can describe real life phenomenon.

e Understand the basic concepts of one and two dimensional random variables and apply in engineering
applications.

e Apply the concept random processes in engineering disciplines.

e Understand and apply the concept of correlation and spectral densities.

e The students will have an exposure of various distribution functions and help in acquiring skills in handling
situations involving more than one variable. Able to analyze the response of random inputs to linear time
invariant systems.

TEXT BOOKS:
1. lbe, O.C.," Fundamentals of Applied Probability and Random Processes ", 1st Indian Reprint, Elsevier, 2007.

2. Peebles, P.Z., "Probability, Random Variables and Random Signal Principles ", Tata McGraw Hill, 4th Edition,
New Delhi, 2002.

REFERENCES:

1. Cooper. G.R., McGillem. C.D., "Probabilistic Methods of Signal and System Analysis", Oxford University Press,
New Delhi, 3rd Indian Edition, 2012.

2. Hwei Hsu, "Schaum*s Outline of Theory and Problems of Probability, Random Variables and Random Processes
" Tata McGraw Hill Edition, New Delhi, 2004.

3. Miller. S.L. and Childers. D.G., —Probability and Random Processes with Applications to Signal Processing and
Communications ", Academic Press, 2004.

4. Stark. H. and Woods. J.W., —Probability and Random Processes with Applications to Signal Processing ",
Pearson Education, Asia, 3rd Edition, 2002.

5. Yates. R.D. and Goodman. D.J., —Probability and Stochastic Processes", Wiley India Pvt. Ltd., Bangalore, 2nd
Edition, 2012.
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Subject Code:MA8451 Year/Semester: 11 /04

Subject Name: Probability & Random Processes Subject Handler: Dr.S.Suresh

UNIT | -PROBABILITY & RANDOM VARIABLES

Probability — Axioms of probability — Conditional probability — Baye*‘s theorem - Discrete and continuous random variables —
Moments — Moment generating functions — Binomial, Poisson, Geometric, Uniform, Exponential and Normal distributions.

PART *A

Q.No.

Questions

Find the probability of a card drawn at random form an ordinary pack, is a diamond. BTL2

Total number of ways of getting 1 card = 52
Number of ways of getting 1 diamond card is 13
Number of favourable events

Number of exhaustive events
13 1

52 4

Probability =

A bag contains 7 white, 6 red and 5 black balls. Two balls are drawn at random. Find the probability that
they both will be white. BTL2

Total balls = 18

From these 18 balls 2 balls can be drawn in 18C, ways

Total number of ways of drawing 2 balls = 153 --------------- 1)
2 White balls can be drawn from 7 white balls in 7C, ways.
Therefore number of favourable cases = 21

No.,of favourable events
Total no., of cases

Probability of drawing white balls =

28 7

153 51

Write the axioms of probability. BTL1
Let S be a sample space. To each event A, there is a real number P(A) satisfying the following axioms.

Q) For any event A, P(A)>0
(i) P(S) =1
(i) 1f A LA, ..., A, are finite number of disjoint events of S then

JIT-JEPPIAAR/ECE/Dr.S.SURESH/II YI/SEM 04/MA8451/PROBABILITY AND RANDOM PROCESSES 1-5/QB+Keys/Ver2.0
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P(ALUA, UA U..)=P(A)+P(A)+P(A) +...

A and B are events such that P(Au B)—— P(AN B)_% P(K)z%, Find P(K/ B).(Nov/Dec-2019) BTL2
P(AuB)=P(A)+P(B)-P(ANB)
3 lipe-t
4 3 4
2
P(B) ==
(B) 3
_ 2 1
P(K/B)zP(AmB)z P(B)-P(ANB) 3 4 5
P(B) P(B) 2 8
3

Define Baye’s theorem. BTL1

Let A A, ,..., A, be ‘n” mutually exclusive and exhaustive events with P(A )= 0 for 1 =1,2,...n. Let ‘B’ be an

event such that BcUAI P(B) =0 then P(A /B)=— P(A)-P(B/A)
h > P(A)-P(BIA)

Define Random variable. (Nov/Dec2013, Apr/May 2017) BTL1

A random variable is a function that assigns a real number X(S) to every element s S where ‘S’ is the
sample space corresponding to a random experiment E.

Prove that the function P(x) is a legitimate probability mass function of a discrete random variable X,

2(1 X x=01,2
where p(x)=43\3) "'~ 77" (Apr/May 2017) BTL5
0 , otherwise

JIT-JEPPIAAR/ECE/Dr.S.SURESH/II YI/SEM 04/MA8451/PROBABILITY AND RANDOM PROCESSES 1-5/QB+Keys/Ver2.0
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SinceZ p(x) =1, the given function P(x) is a legitimate probability mass function of a discrete random

variable “X’.

A random variable X has the following probability function.

X=X 0 1 2 3 4 5 6 7 8

P(X) a 3a 5a 7a 9a 1la 13a 15a 17a

Find the value of ‘a’. BTL5

> P(x)=1
a+3a+5a+7a+9a+1la+13a+15a+17a=1
8la=1
1
81

If the random variable X takes the values 1, 2, 3 and 4 such that 2P[X=1] = 3P[X=2] = P[X=3] = 5P[X=4].
Find the probability distribution (Nov/Dec 2016) BTL3

Let P[X=3] = k

2P[X=1] =k = p[X =1]=

3P[X=2] =k = p[X =2]=

5P[X=4] =k = p[X =4]=

We know that »" P(x)=1

JIT-JEPPIAAR/ECE/Dr.S.SURESH/II YI/SEM 04/MA8451/PROBABILITY AND RANDOM PROCESSES 1-5/QB+Keys/Ver2.0
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10

(Nov/Dec 2015, Nov/Dec 2015) BTL3
The probability distribution of X given by
X 0 2
P(x)

1 2
3 3

w| b

E[X]:ZXP(X)=(O)(%j+(2)[§)20+ :
X 1= DxP= 05+ @[5 -

2
3
VarX =E[X *]-(E[X]) :%_(gj zg_l

o w]|o

o

E+E+k+K:1:>gk :1:>k:@
2 3 5 30 61
The probability distribution of X is given by
X 1 2 3 4
P(9 15 10 EQ 6
61 61 61 61
%; x=0
Find the variance of the discrete random variable X with the probability mass function P.(X)= 2
—Xx=2
3

11

0 X<2
Test whether the function defined as follows a density function ? f(x)= %(3 +2X) 2<x<4 BTL4

0 X>4

¢ ¢ 1] e XY
JZ‘ f (x)dx =£E(3+ 2x)dx:ﬁ{3(x)2 +2(7J ]

2

1 1
:5[3(4— 2)+ (16—4)]=E(18) =1

Hence the given function is a density function.
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12

Xy
Show that the function f(x)= {g X= 00 is a probability density function of a random variable X. BTL5
X <

J. f(x)dx=]2eX dx = [~ ] =—[0-1]=1

Hence the given function is a density function.

13

Assume that X is a continuous random variable with the probability density function

£ () E(2x—x2) O<x<2 _
(X)=14 . Find P(X>1). BTL3
0 otherwise

st 5] ]

3 8 1 1
=z{(“‘1"(§‘§ﬂ:5

Nlw

P[X >1]:j

14

-x2/b

A random variable X is known to have a distributive function F(x)=u(x)h—e J,b >0 is a constant.

Determine density function. BTL 3
f(x)=F, (x):di u(x)(l— g X/ )]
X

= u(x)(e‘xz’b[— %j j+u'(x)(1— e ”’)

zgxu(x)e‘xz’b +u'(x)(1—e‘x2“’)

15

X2

If | (x)=?,—1< X <2js the PDF of the random variable X then find P[0<X<1]. (Apr/May 2018) BTL3

1.2 3 1
jf(x)dxzjx_dle X Lp_gt
o 3 3| 3 0 9 9

16

. . . . . 3x* 0<x<1 _.
A continuous random variable X has probability density function f(x)= X X ~ Find “k’ such
0 otherwise

that P[X>k]=0.5 . BTL4

JIT-JEPPIAAR/ECE/Dr.S.SURESH/II YI/SEM 04/MA8451/PROBABILITY AND RANDOM PROCESSES 1-5/QB+Keys/Ver2.0
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1
:>j f (x)dx=0.5
k
+3x2dx=0.5
=
P[X>k] =05

T
:3{?} =05 =1-k*=05

k

1
= k®=1-0.5=0.5=k=(0.5)s =0.7937

The cumulative distribution function of the random variable X is given by F (X)= x+% ;0< xs% :

1 ;oX>—
17 1
Find P[X >Z] .BTL3
Pl X >tlo1opx<tloop oottt
4 4 4 4 2] 4
Find the moment generating function of Binomial distribution. (May/June 2013) BTL3
The P.M.F of Binomial distribution is P[X =x]=nC, p*q" ™, x=012,...,n
n n etxnCX Xy N—X
M, 1)=De"pe) =" P
x=0 x=0
18 A Z”:nqu”‘x(pet)
x=0
=nC0q"‘°(pet)0 + nClq”‘l(pet)‘Jr nC, nCOq”“’(pet)oq"‘z(pet)2 +...+nqu”‘”(pet)
n n- n— 2 n n
=q" +nC,q l(pe‘)jtnczq 2(pe‘) +...+(pe‘) :(q+ pe‘)
The mean & variance of Binomial distribution are 5 and 4. Determine the distribution.(Apr/May 2015)
19 BTL4

Given: Mean = np =5, variance =npq =4

JIT-JEPPIAAR/ECE/Dr.S.SURESH/II YI/SEM 04/MA8451/PROBABILITY AND RANDOM PROCESSES 1-5/QB+Keys/Ver2.0
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=5q =4 _x
q =q 5
4 1
_1_qg=1-2-=
p q 575

The P.M.F of the binomial distribution is

P[X =x]=nC,p*q"™ x=012,..n

P[X = x]:ZSC{%j [%) , Xx=012,...,25

Balls are tossed at random into 50 boxes. Find the expected number of tosses required to get the first ball
in the fourth box. (Apr/May 2017) BTL3

1
Let probability of success be P =%y

20
According to Geometric distribution,
E[x]= L 50
Expected number of tosses to get the first ball in the fourth box = [X]_E_
A random variable is uniformly distributed between 3 and 15. Find the variance of X. (Nov/Dec 2015)
BTL3
2
Var X = (b-a)
21. 12
2
2(15—3) f144
12 12
Messages arrive at a switchboard in a poisson manner at an average rate of six per hour. Find the
probability for exactly 2 messages arrive within one hour. (Apr/May 2018) BTL3
Mean=A= 6 per hour
22. -4 2% -6 n X
PX :X]:e A _ e 6
x! x!
-6n2
P[X = 2]=° 2|6 —0.0446
23 Find the moment generating function of Poisson distribution. (Nov/Dec 2014, Apr/May 2015) BTL2

JIT-JEPPIAAR/ECE/Dr.S.SURESH/II YI/SEM 04/MA8451/PROBABILITY AND RANDOM PROCESSES 1-5/QB+Keys/Ver2.0
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et Q¥
x!

M, 0=Ee1=3° P

P[X =x]= x=01.2,... A>0

© e—iﬂx - © //let X
The P.M.F of Poisson distribution is =Zetx " =€ 12%
x=0 - x=0 -
ty1 ty2
= e‘{1+(}Le ) +(/1e ) +}
u 2!
:e—ielet
_ _ (2¢'+0)* _
Let X be a random variable with M.G.F M, (t)=————. Find its mean and variance. (May/June 2016)
BTL3
t t\* t\*
Mx(t)=(1+2e )4: 1+2e _ 1+2i
81 3 3 3
24. . ) ] T n 2 1
Comparing the M.G.F of Binomial distribution , M X(t):(q+ pe‘) , we have p :g,ng,n =4
Mean = np:4(gJ=§
3) 3
Hence 21\ 8
Variance=npq=4| — | = |=—
™ (3)(3j 9
If X and Y are independent random variables with variance 2 and 3. Find the variance of 3X+4Y.
(May/June 2014) BTL3
25. Given : Var(x)= 2 and Var(y) =3
Var(aX+bY)= a?Var(X) + b*Var(Y)
Var(3X+4Y) = 9(2)+16(3)=66
cxe ™ x>0 . . e
26. [If f(x)= is the p.d.f of a random variable X. Find ‘c’. (NovDec-2019)BTL5
0 elsewhere

JIT-JEPPIAAR/ECE/Dr.S.SURESH/II YI/SEM 04/MA8451/PROBABILITY AND RANDOM PROCESSES 1-5/QB+Keys/Ver2.0
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Tcxe‘x dx=1
0

W.K.T CHE‘J @) )I =1

c[(0) - (0-1)]=1
c=1

27.

Find the second moment about the origin of the Geometric distribution with parameter p.(Apr/May-
2019)BTL-3
Soln.

1= o™ -
Wkt Geometric distribution with parameter p is PIX =x]=pa™ n=012, ...

M " (O) _l+ q
Therefore the second moment about the originis =~ * " p?
PART *B
A random variable X has the following probability distribution
X=X -2 -1 0 1 2 3
P(X=x) 0.1 K 0.2 2k 0.3 3k
Find (i) The value of ‘k’
(ii) Evaluate P(X>2) and P(-2<X<2)
(iii)Find the cumulative distribution of X
1

(iv) Evaluate the mean of X (8M)(May/June 2010, Nov/Dec 2011, Nov/Dec 2017) BTL5.

Answer:Page: 1.80-Dr.A. Singaravelu

e Total Probability Y P(x)=1
o CD.FF(X)=P(X<x)=) p(t)

t<x

o Mean E(X) =) XP(x)
o E(X)=)x°P(x)
e VarX =E(X3)-[EM]

JIT-JEPPIAAR/ECE/Dr.S.SURESH/II YI/SEM 04/MA8451/PROBABILITY AND RANDOM PROCESSES 1-5/QB+Keys/Ver2.0
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. UsingZP(x):l,we havek:%. (1M)
e P(X<2)=05 P(-2< X <2) =§. (2m)
e C.D.F,F(-2=0.1, F(-1)= 0.17, F(0)= 0.37, F(1)=0.5, F(2)= 0.8, F(3)=1. (3M)

e Mean E(x) = %. (2M)

A random variable X has the following probability function

X 0 1 2 3 4 5 6 7

P(x) 0 K 2k 2k 3k K® 2k? 7kP+k

Find (i) the value of ‘k’

(if) Evaluate P[1.5< X <4.5/X > 2]

(iii)  The smallest value of 1 for which P[x sﬂ]>% (8M) (Nov/Dec 2012,May/June 2012,
May/June 2014, A/M 2015) BTL5
Answer: Page: 1.74-Dr.A.Singaravelu
Total Probability ZP(X) =1
e CD.FF(X)=P(X<x)=) p(t)

t<x

e Mean E(X) =) xP(x)
) E(X ):ZX P(X)
e VarX =E(X?)-[EX[

o Valueof k=1 . (2M)
10
e PL5<X <45/X>2=PLO<X<450X>2] 5 o
P(X >2) 7
e The minimum value of 1 =4. (3M)

If the probability mass function of a random variable X is given by P(X=r)= kr’r= 1,2,3,4 Find the value

1
of ‘k’, P(E <X< E/ X >1j, mean and variance of X. (8M)(Apr/May 2015) BTL5

Answer: Page: 1.24- Dr.G. Balaji

JIT-JEPPIAAR/ECE/Dr.S.SURESH/II YI/SEM 04/MA8451/PROBABILITY AND RANDOM PROCESSES 1-5/QB+Keys/Ver2.0
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Total Probability Y P(x) =1
o C.D.FF(x)=P(X <x)=> p(t)

t<x

e Mean E(x)=) xP(x)
o E(x)=)_x’P(x)
o VarX =E(X?)-[EX]

o Valueof k=~ . (2M)
100
1 c PG<X<2mX>1} 8
o Pl=<X<=/X>1|= =—. (3M)
2 2 P(X >1) 99
e Mean E(X)=23.54, Var(X)=0.4684. (3M)

If the moments of a random variable ‘X’ are defined by E(X") =0.6; r=1,2,3,... Show that P(X=0)=0.4,
P(X=1)=0.6, P(X22)=0 gT| 5

Answer: Page: 1.70-Dr.G. Balaji

e M (t)=Efe" )Ze‘xp(x)

. M.(1) it—l
.M(ti 4+(0.6)"

e But M, (t)=E[e" ):iet* p(x) = p(0) +€' p(l) +e% p(2) . (3M)

x=0
e Comparing P(X=0) = 0.4, P(X=1)=0.6. (3M)

e P(X=>2)=0. (2M)

A continuous random variable X that can assume any value between x=2 and x=5 has a density function
f(x) = k(1+x). Find P[X<4]. (8M) (Nov/Dec 2012, Apr/May 2015) BTL5

JIT-JEPPIAAR/ECE/Dr.S.SURESH/II YI/SEM 04/MA8451/PROBABILITY AND RANDOM PROCESSES 1-5/QB+Keys/Ver2.0
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Answer: Page: 1.88- Dr.A.Singaravelu

o0 5
e Total probability [ f (x)dx=1=>[k(L+x)dx=1. (2M)
—0 2

e The value ofk = 2 (3M)
27
¢ 16
e P[X <4]=|f(X)dx==—. 3M
[X <4] j (X)dx=—— (3M)
ax ,0<x<1
. . . . . a 1<x<2 )
If the density function of a continuous random variable X is given by f(x)= Find the
3a—ax,2<x<3
0 ,otherwise
value of “a, and find the c.d.f of X. (8M) (Apr/May 2015)BTL5
Answer : Page: 1.118- Dr. A. Singaravelu
© 1 2 3
o [fodx=1=[axdx+[adx+[(3a-axdx=1 (IM)
—o0 0 1 2
e Value of a=0.5. (AM)
e Forc.d.f, If x<0, F(x)=0. (1M)
XZ
. |f0£x£1,F(x):T, (1M)
x 1
o 1<x<L2,F(X)=—-—=. 2M
X =>-7 (2M)
x> 3 5
o 2<x<3,F(X)=——+-X——,Forx>3, F(x)=1. (2M)
4 2 4
k

A continuous random variable ‘X’ has the density function f(x) given by . f(x)=

1o 2 , —0 < X<ooFind
+ X

the value of ‘k’ and the cumulative distribution of *X’.(8M) (Nov/Dec 2014, Apr/May 2018) BTL5
Answer: Page: 1.123- Dr. A. Singaravelu

© 1 k
. jmf(x)o|x=1:>£1+)(2 dx=1. (2M)
e The value ofk:l. (2M)
T
X x 1 1 1 T
e Thecdfis F(x)=| f(X)dx=| = dx=—|tan"x+=|. (4M
ecdfis F(x) le (%) '|.°°7r£1+xzj 7[{ 2} (4M)

Let ‘X’ be the random variable that denotes the outcome of the roll of a fair die. Compute the mean and
variance of ‘X’.(8M)(Apr/May 2018) BTL4
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Answer : Page: 1.177- Dr. A. Singaravelu
e P(X= |)_ i=12,.6. (1M)

e M, (t)= Ze"P(X |)_—[e +e’ 4., +th] (2M)

. E(x)=[Mx(t)]to=g- (2M)
. E0OAM 0] (2m)
t0 b
e Var(X)=E(X2)-[E(X)] fg (M)
X ,0<x<1

For the triangular distribution f(x)=<2-x1<x<2 .Find the mean, variance, moment generating
0 ,otherwise
function. (8M) (Nov/Dec 2013) BTL5

Answer : Page: 1.180- Dr. A. Singaravelu

9 o mo-ge ol 1] (3M)
e MeanE(X)= jxf(x)dx =1.  (2M)
7
e E(X?)= jx fgdx=—. (2M)
1
¢ Var(X)=E(X?*)-[E(X)] ==
6 (1m)
Xex2 x50
Find the M.G.F of the random variable X having the probability density function f(x)=< 4 '
0 ,elsewhere
(8M) (May/June2012, May/June 2014) BTL5
Answer: Page:1.74-Dr. G. Balaji
10

1

T o X
e M,(t)=E[e*]=|e* e ?dx=——. (IM
M (t)—1+l '+—t2 '+£ ’+ M
i x\L)= ll:“l 2!/12 3!:U3 (1M)
t 2 3

. MX(t):1+i(4)+%(24)+t3—!(192)+... (2M)
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o #1, = coefficient of %:4. am)
' t2

e 1, =coefficient of E: 24, (1Mm)
i t3-

o, =coefficient of 5:192, (1m)
i t4

o 1, =coefficient of E:1920, (1M)

Find the MGF of the Binomial distribution and hence find the mean and variance. (8M)(Apr/May 2011,
May/June2019)BTL2

Answer : Page: 1.190- Dr. A. Singaravelu

e P(x)=nC,p'q"”, x=012...,n.  (1M)

11 ‘ n
o M, (0=E["]=(q+pe'). (2M)
e Mean E(X):[M X’(t)} —np. M)
t=0
+ EX)={M,@| -npenpa.  (2W)
t=0
e Var(X)=npqg. (AM)
Derive Poisson distribution form Binomial distribution. (8M)(Nov/Dec 2014, Apr/May 2019)BTL?2
Answer : Page: 1.219 — Dr. A. Singaravelu
The Binomial distribution becomes Poisson distribution under the following conditions (2M)
e The number of trials is very large
e The probability of success is very small
° np=41
12

(-1/n)1-2/n).(1-(x-1)/n) ., @-A/n)" (4M)

e P(X =x)=limnC_p*g"™ = lim
( ) n—»c Xp q n—o x! (1—},/[']))<
ef/l/lx
e P(X=x)= IR (2M)

It is known that the probability of an item produced by a certain machine will be defective is 0.05. If the
produced items are sent to the market in packets of 20, find the number of packets containing atleast,
exactly and atmost 2 defective items in a consignment of 1000packets using binomial and Poisson

13 | distribution.(8M) (Nov/Dec 2017) BTL5

Answer : Page: 1.116 — Dr. GBalaji
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X~ N—X

Probability of Binomial Distribution P(X =X)=nC, p*q

e—ﬂ,lx
Probability of Poisson Distribution P(X =X)= -

Binomial Distribution
e Number of packets containing atleast 2 defective items= NP(X >2)=264. (2M)
e Number of packets containing exactly 2 defective items= NP(X =2)=189. (1M)
e Number of packets containing atmost 2 defective items= NP(X <2)=925. (1M)
Poisson Distribution
e Number of packets containing atleast 2 defective items= NP(X >2)=264. (2M)

e Number of packets containing exactly 2 defective items= NP(X =2)=184. (1M)
e Number of packets containing atmost 2 defective items= NP(X <2)=920. (1M)

The number of monthly breakdown of a computer is a random variable having a Poisson distribution
with mean equal to 1.8. Find the probability that this computer will function for a month (1)without a
breakdown, (2)with only one breakdown and (3)with atleast one breakdown(8M) (Nov/Dec 2017) BTL5
Answer : Page: 1.227- Dr. A. Singaravelu

. . o e 1
14 Probability of Poisson Distribution P(X =X)= 0
e P(without a breakdown) = P(X=0) = 0.1653. (2M)
e P(with only one breakdown) = P(X=1)=0.2975. (2M)
e P(with atleast 1 breakdown)=P(X >1)=1-P(X <1)=0.8347. (4M)
State and prove the Memoryless property of Geometric distribution.(8M)( Nov/Dec2015, May/June 2016)
BTL1
Answer : Page: 1.254- Dr. A. Singaravelu
Probability of Geometric distribution P(X=x) = ¢“*p , x=1,2,...
b P[IX>m+nnX>m
e P[X>m+n/X>m]= [X>m+nnX>m) . (2m)
P[X >m]
 PIX>K] =q" (4M)
P[X >m+n]
P[X>m+n/X >m]=—"——"=¢" 2M
+ Fl = e (M)
If the probability that an applicant for a driver’s license will pass the road test on any given trial is 0.8,
what is the probability that he will finally pass the test (a) on the fourth trial, (b) in fewer than 4 trials.
16 (8M) (May/June2015) BTL5

Answer : Page: 1.137- Dr. G. Balaji

Probability of Geometric distribution P(X=x) = ¢*'p , x=1,2,...
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e P(on the fourth trial) = P(X=4) = 0.0064. (4M)
e P(fewer than 4 trials) = P(X<4) =0.992. (4M)

A coin is tossed until the first head occurs. Assuming that the tosses are independent and the probability
of a head occurring is ‘p’, find the value of ‘p’ so that the probability that an odd number of tosses is
required, is equal to 0.6. Can you find a value of ‘p’ so that the probability is 0.5 that an odd number of
tosses is required? (8M)(Nov/Dec 2010, Nov/Dec 2016) BTL4

Answer : Page: 1.135- Dr. G. Balaji

Probability of Geometric distribution P(X=x) = ¢**p , x=1,2,...
-1 _os
e P[X=odd number oftosses] 1+q  (3M)

17
2 1
o =—, :1— =— 1M
q=3.p=1-g9=2 (IM)
-1 _os5
e P[X=odd number of tosses] 1+q (3M)
e 0=1,p=0. am
Determine the moment generating function of Uniform distribution in (a,b) and hence find the mean and
variance. (8M) (Nov/Dec 2017, Apr/May 2018) BTL2
Answer : Page: 1.256- Dr. A. Singaravelu
L a<x<b
The probability function of Uniform distribution is f(x)={b-a’
0 ,otherwise
b bt at
18 e M, (t)=E[e*]=|e™f(x)d z(e;e). 3M
(=E[e"] j (===t (M)
b
e Mean E(X):J'xf(x)dx=b+Ta- (2M)
b 2 2
¢ E(X?)=[x’ f(x)dx=$. (2M)
b-a)
Var(X :(—. 1M
(X) o (1M)
Suppose ‘X’ has an exponential distribution with mean=10, Determine the value of ‘X’ such that
19 P(X<x)=0.95. (8M) (Nov/Dec 2015, Apr/May 2017) BTL5

Answer : Page: 1.143- P. Sivaramakrishna Dass
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e x>0

The probability function of exponential distribution is f (x)=
0 ,otherwise

e Mean=t-10=41-"1. (2M)
A 10

o P(X<x)=1-P(X>x)=0.95. (2M)

o 1-e1=095= x=29.96.(4M)

The time in hours required to repair a machine is exponentially distributed with perimeter A = %

(i) What is the probability that the repair time exceeds 2h
(ii) What is the conditional probability that a repair takes atleast 10h given that its duration
exceeds 9h? (8M) (May/June 2012, Nov/Dec 2016, Nov/Dec 2017) BTL3

Answer : Page: 1.274- Dr. A. Singaravelu

—Ax
The probability function of exponential distribution is f (x)= e, x20
20 0 ,otherwise
e P(the repair time exceeds 2h) P(X > 2)=J%e‘”2dx (2M)
2
e P(X >2)=0.3679. (2M)
e P(X>=10/X >9)=P(X >1)= j%e‘x’zdx. (2M)
1
e P(X =10/X >9)=0.6065. (2M)
In a test 2000 electric bulbs, it was found that the life of a particular make, was normally distributed with
an average life of 2040 hours and S.D. of 60 hours. Estimate the number of bulbs likely to burn for
(i)more than 2150 hours, (ii)less than 1950 hours and (iii) more than 1920 hours but less than 2160 hours.
(8M) (Nov/Dec 2017) BTL5
Answer: Page:1.293 -A. Singaravelu
X-—u
[ ] =
21 S o
e P(more than 2150 hrs) = P(X>2150) =P(z > 1.833) = 0.5-P(0 < z < 1.833) = 0.0336. (2M)
e The number of bulbs expected to burn for more than 2150hrs = 2000 x 0.0336 = 67. am)
e P(Less than 1950 hrs) = P(X< 1950) = P(z< -1.5) = 0.5 - P(0< z< 1.5) = 0.0668. (2M)
e The number of bulbs expected to burn for less than 1950hrs = 2000 x 0.0668 = 134. am)
e P(more than 1920 hrs but less than 2160 hrs) = P(1920 <X < 2160) = P(-2 <z < 2) = 0.9546.(1M)
e The number of bulbs = 2000 x 0.9546 = 1909. am
22 | In a normal distribution 31% of the items are under 45 and 8% are over 64. Find the mean and variance
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of the distribution. (8M) (Nov/Dec 2012, Nov/Dec 2015) BTL5

Answer: Page: 1.295- A. Singaravelu

23

o« ,_X-H
(o2

e 45— 4 =-049. (2M)

e P(Z>2Z1)=080rP(0<Z<Zy)=0.42. (1M)

e From tables, Z, = 1.40. am)

e 64—pu=1400. (2M)

e Solving, o =10, 4 =50. (2M)
The contents of urns I, 11, 111 are as follows:

1 white, 2 red and 3 black balls
2 white, 3 red and 1 black balls and
3 white, 1 red and 2 black balls.

One urn is chosen at random and 2 balls are drawn. They happen to be white and red. What is the
probability that they came from urns I, 11, I11. (Nov/Dec 2019) BTL5

Answer: Page: 1.60-Dr. A. Singaravelu
Let A,A, ..., A, be ‘n” mutually exclusive and exhaustive events with P(A)#0 for 1 =1,2,...n. Let ‘B’ be

an event such that BCLNJAi ,P(B) #0 then P(A /B)= nP(Pﬁ)-P(B/A)

> P(A).P(B/A)

* PE)-P(E)=P(E) =2 (1M)

1C,x2C, 2 _2C,x3C, 6 _3C,xIC, 3
. P(A/El)_G—CZ_B,P(A/Ez) e, 15,P(A/E3) ~ec, 15 (M)
. PE,IA)- 3P(E2).P(A/E2) 6

> P(E).P(AE) M

= (2M)
. p(E, no PEIPAE) 3

S P(E).P(AIE)

= (2M)
e P(EJA)=1- P(EZ/A)-P(E3/A)=1_21 (1IM)
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UNIT Il - TWO - DIMENSIONAL RANDOM VARIABLES

Joint distributions — Marginal and conditional distributions — Covariance — Correlation and linear regression

— Transformation of random variables — Central limit theorem (for independent and identically distributed
random variables).

PART *A

Q.No.

Questions

State the basic properties of joint distribution of (X,Y) where X and Y are random variables.
(May/June 2014) BTL1

Properties of joint distribution of (X,Y) are

() F[-,y]=0=F[x,—o] and F[-o0,—0]=0, F[e0,x]=0
(i) Pla< X <b,Y <y]=F(b,y)-F(a,y)

1.
(i) P[X < x,c <Y <d]=F(x,d) — F(x,c)
(V) Pla< X <b,c <Y <d]=F(b,d)—F(a,d)— F(b,c) + F(a,c)
2
(v) At points of continuity of f(x,y), oy =f(xY)
oxoy
The joint probability mass function of a two dimensional random variable (X,Y) is given by
p(x,y) = f(2x +y); x = 1,2 and y = 1,2 where ‘K’ is a constant. Find the value of ‘k’.(Nov/Dec
2015) BTL5
The joint pmf of (X,Y) is
1 2
X
2 1 3k 4k
2 5k 6k
We have ) Y p(x,y)=1
Therefore, 3k + 4k + 5k + 6k = 1
18k=1 k=,
18
The joint probability density function of the random variables (X,)Y) is given by
3

f(x,y)= kxye’(xz*yz), x>0,y >0.Find the value of ‘k’. (Apr/May 2015) BTL5
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”f(x, y)dkxdy=1

_[ kxye’(xz”z) dxdy=1
00

kT ye V' dyT xe X dx =1
0 0

kjf ye‘yzdy]ge“ﬂzl
0 0 2

oo e
2 0 0
g]: ye V' [0+1ky =1
kT dt
E-([e t?:l
K 1

We have Z[_e b=t

5[0+1]:1 —k=4

Put x? =t
2xdx = dt
xdx:E
2

of ‘c’.(8M) (Nov/Dec 2017) BTL5
[[ £ yydxdy=1

j'l c(l-x)(1-y)dxdy=1

c.lf a- y)dyj(l— x)dx=1

4 r 2t 2t
Jfos]-
L 2 | 2 ]y

(@)
<
|

Q 1 T Q 1
N |- =
L | |
e NP
L

Il

= |

N |-
L 1
Il
H

o
I#I
I
[EY
o
I
N

If the function f(x,y) = c(1-x)(1-y) ,0<x <1, 0 <y < 1is to be a density function, find the value
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2

.. . 2 X ]
The joint pdf of (X,Y) is f,, (X y)=xy +7g0<X<2,0<y<1. Find P(X<Y). (May/June 2013,
Apr/May 2019)BTL5

5 1 4 1
T I I :i(l 0)+—(1 )=
2|5 4 ), 480

F(x,y) = % 0<Xx,y<2
If the joint pdf of (X,Y) is W 0 otherwise Find P[X +Y <1]BTL5

6
Find the marginal density function of X and Y if f(x,y)= 5( Yy ) O=xy=l (Nov/Dec
0 ,otherwise

2012) BTL5

Marginal density function of X is

fx(x):jf(x,y)dy:jg X+Yy )dy_ { y—s} :Q[X+E} 0<x<1

Marginal density function of Y is
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16 6[1
f (y)=|f(x y)dx=|—=(x ——| 4+ yix| ==|=+y?| 0<y<1
=[xy {5 +y2ly= {2 y L 5[2+y} y

random variable X and Y is

The joint

probability density function of the

-5y
f(x,y) {256 0<x<0.2,¥>0 £in g the marginal PDF of X and Y. (Nov/Dec 2016) BTL5

o ,otherwise

Marginal density function of X is
[oe] e75y ®

fx(x):j f(x, y)dy:jzse-5ydy:25 — —-5[0-1]=5 0<x<0.2
0 o

Marginal density function of Y is

f, (=] f(xy)dx= J.25e‘5ydx 25e ' [x];* =2e>[0.2-0]=5¢> y>0

independent random variables having the joint density function

If X and Y are
F(xy)=Z(6-x—y),0<x<2, 2<y<4 .Find P[X+Y<3]. BTL5

P[X +Y < 3]:%.3f3_y(6 —x—y)dxdy
- % z {(e - y)(x)—X—;I ydy = %ﬂ% ~y)3-y)- € 2y)2 }dy
. _

d2

27 1 9 8 1
18(3)——(9)+—+ (O)} [18(2)—5(4)+§+g(1)}

|
ol

4xy ,0<x<1 0<y<1

Let X and Y be random variables with joint density function f(x,y)= .
0 ,otherwise

10
Find E[XY]. BTL5
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11
E[XY] =”xy f(x,y)dxdy= ”xy(4xy)dxdy
00
:4jx2dle' y2dy
0 0

RS | Al
{51[5] 500

Let X and Y be a two-dimensional random variable. Define covariance of (X,Y). If X and Y are
independent, what will be the covariance of (X,Y)? (May/June 2016) BTL2

Covariance of (X,Y) is defined as
Cov(X,Y) = E[XY] - E[X]E[Y]
If X and Y are independent, then Cov(X,Y) =0.

11

Xy
_196 O<x<41<y<5 Find

Two random variables X and Y have the joint pdf f(x,y)=
0 ;otherwise

Cov(X,Y). (May/June 2016) BTL5
Cov(X,Y) = E[XY] - E[X]E[Y]

E[X]= [ f (x, y)dxdy ” (ijdxdy——_s[ydijzdx

;{V_MX_} = > [25-1]64]-

ooloo

96| 2 3 76

12 1 Evy= ”yf(x y)dxdy = ”( jdxdy—%_[yzdijdx

=i[y—3}5{x—;}4 =H16[125—1][16] - %

54 Xy 18
E[XY]=”xy f(x,y)dxdy :”xy(%jdxdy :%J.yzdyj'x2 dx
10 1 0

37°r 3 7%
:%Pﬂ {X?} :@[125 Jo4)= 22478
0

- Cov(X. )= [248} m[ﬁ}o
27 319
13 |Let X and Y be any two
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Cov(aX,bY)=abCov(X,Y). BTL5
Cov(X,Y) = E[XY] -E[X]E[Y]
Cov(aX,bY)= E[aX bY] — E[aX] E[bY]

=ab E[XY] —-ab E[X]E[Y]
=ab[E[XY] -E[X]E[Y]]
=ab Cov(X,Y)

14

If Y = - 2X + 3, Find Cov(X,Y). BTL3
Cov(X,Y) = E[XY] -E[X]E[Y]
=E[X(-2X+3)]-E[X]E[-2X+3]

= E[-2X?+3X] - E[X][-2E[X]+3]
= -2E[X?+3E[X]+2(E[X])*-3E[X]
= -2(E[X*]-(E[X])*) = -2Var X

15

If X; has mean 4 and variance 9 while X, has mean -2 and variance 5 and the two are
independent , find Var(2X;+X,-5). BTL3

E[Xi1]=4 , E[X;] =-2

Var[Xi1] =9, Var[X3] =5

Var(2X;+X2-5) = 4 VarX; + VarX;
= 4(9) + 5= 41.

16

If X and Y are independent random variables then show that E[Y/X] = E[Y], E[X/Y] = E[X].
(Nov/Dec 2016) BTL5
f(x,y)

ElY/X|=|y——=d
[v/x]=]y o Y
Since X and Y are independent,

ey /x]= [y P ay=[ y.f(y)dy =EDY)

f(x.y)
E[X/Y =] x.—2d
bev]=fxgy o

Since X and Y are independent,

f(x)-T(y)
E[X /Y]:jx.de=jx. f(x)dx = E[X]

17

Find the acute angle between the two lines of regression. (Apr/May 2015, Apr/May 2019) BTL3
The equations of the regression are
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y-g=r=(x-x) ---------- ®
O-X

X=X=rZ(y-y)  —mmmmmmmmo (2)
o

y

. . o
Slope of line (1) is m, =r—~

Oy

. . lo,
Slope of line (2) is m, = ——
r X

If dis the acute angle between the two lines, then

m, —m
tan QZM
1+mm,
r oy, Oy (rz _1) Oy
o, fo, r o,
= = 2
(e o o
1+r—2L 2 1+%
Oy rO'X o,
—(1—r2)<7y
r o, (l—l‘2 Oy
= 2 2 2 2
ol +o! |r|(aX +ay)
o2

18

The regression equations are 3x + 2y = 26 and 6x + y = 31. Find the correlation coefficient
between X and Y. BTL5
Let 3x + 2y = 26 be the regression equation of Y on X.

Therefore, 2y=—3x+26 = y:_gx+§_

2

The regression coefficient b, = _%

Let 6x +y = 31 be the regression equation of X on'Y.

Therefore, 6x=—y +31 = x :_%y+§

6

The regression coefficient b, = _%

Hence, correlation coefficient ryy is given by

/ -3\ -1 1
I’Xy = i",byx Xbxy == (TJ(FJIi \/gzi 0.5

=-0.5, since both the regression coefficients are negative.

19

The two regression equations of two random variables X and Y are 4x — 5y +33 = 0 and
20x — 9y =107. Find the mean values of X and Y. (Nov/Dec 2015) BTL5
Replace x and y as Xand y, we have
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4Xx-5y=-33 —————— D)
20x-9y =107 —————— (2)
Solving the equations (1) and (2), we have X =13and y=17.

Can y=5+2.8x and x=3-0.5y be the estimated regression equations of y on x and x on y
respectively, explain your answer. (Nov/Dec 2016) BTL4

20 Since the signs of regression co-effieients are not the same, the given equation is not estimated
regression equation of y on x and x on y.
If X has an exponential distribution with parameter 1. Find the pdf of Y= \/; BTL3
y=Jx=x=y?
Since
' dx=2ydy :%:Zy
dy
21 Since X has an exponential distribution with parameter 1, the pdf of X is given by,
f.(x)=e*, x>0 [f(x)=2e,1=1]
dx
o f =f (X)—
y (¥) = £,(x) dy
—e™*2y=2ye’ y>0
State Central limit theorem. BTL1
If X1, X, ..., Xp,... be a sequence of independent identically distributed random variables with
22 E(X,)=and Var(Xi):az, i=1,2,... and if S, = X3 + Xo + ... + X, then under certain general
conditions, S, follows a normal distribution with mean Nz and variance no?as n —» «
,0<x,y<1
If X and Y have joint pdf of f(x,y)=1 7'~ Y= Check whether X and Y are
0  elsewhere
independent. BTL4
The marginal function of X is
1 r yz ! 1
f(x):j(x+y)dy: xy+7} :X+E,O<x<l
0 L 0
23 The marginal function of Y is
p x T 1
F(y)=] (x+y)dx=| +y | =y+=, 0<y<1
g 2 . 2
1 1 1 1
Now, f(X).f(y)= x+E y+E :xy+5(x+ y)+Z¢ Xx+y= f(xy)
Hence X and Y are not independent.
24 Assume that the random variables X and Y have the probability density function f(x,y). What

is E[E[X/Y]]? (Apr/May 2017) BTL5
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E[[x /Y]]:_Te[x Y]t (y)dy

- [[xtoayyaxt(yay

—00—00

~[[xtery) fnyxay

—00—00

o0 0

:jxjf(x,y)dydx

—00

=Txf(x)dx= E(X)

Define the joint density function of two random variables X and Y. BTL1
If (X,Y) is a two dimensional continuous random variables such that , a function f which assigns
each (X,Y) a real number f(x,y) for all real x,y then f(x,y) is called the joint pdf of (X,Y), provided

25 | f(x,y) satisfies the following conditions
(i) f(x,y)>0, for all(x,y) eR
i) [[fxy)dxdy=1
R
Part*B
The joint pmf of (X,Y) is given by P(x,y) = k(2x + 3y), x =0,1,2 ; y = 1,2,3. Find all the marginal
and conditional probability distributions. Also, find the probability distribution of (X+Y).
(10M) (Nov/Dec 2014, Nov/Dec 2019) BTL5
Answer: Pg. 2.8 — Dr. A. Singaravelu
1
k=—. 1M
. = (IM)
. ... . ) 18 24 30
e Marginal distribution of X: P(X:O)_— P(X = 1)— P(X 2)_—2 (1M)
e Marginal distribution of Y: P(Y = 1)—— P(Y = 2)=— P(Y = 3)—— (1M)
117
Conditional distribution of X given Y: P[X =x. /Y = ==, — 1M
1 ’ J X =x/ yl]53’15 (M
115
PIX=x/Y=y,]==,2,—. M
® [ XI yz] 4 3 12 ( )
9 113
e PIX=x/Y= = 1M
[ XI y3] 33 3 33 ( )
e Conditional distribution of Y given X: P[Y =y, / X =x,]= % %% (am)
5111
PIY =y, /X =x]=—,=,==. M
* Plv=y, X1]24324 (M)
7 113
PIY =y I X =%, ]=—,=,=—. 1M
* Plv=y, X2]30330 (M)
e Total probability distribution of X+Y is 1. (AM)
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The two dimensional random variable X)Y) has the  joint pmf
f(x,y)= X+ 2y =0,1,2;y =0,1,2 Find the conditional distribution of Y for X=x. (8 M) (Nov/Dec
2017) BTL5
Answer : Pg. 2.13 - Dr. A. Singaravelu
e Marginal distribution of X: pP(X = 0)_ P(X 1)— P(X 2)—1§ (1M)
2
e Marginal distribution of Y: P(Y =0)=—,P(Y =1)=—,P(Y =2)="= 1M
9 ()27,()27()27()
e Conditional distribution of Y given X: Py =y, /X = xo]zo,%%. (2M)
115
J Y=y, /X= — == 2M
PlY =y /X =x]=5.5:5 (2M)
111
e Ply=y/X-= == 2M
[ yl XZ] 6 3 2 ( )
Three balls are drawn at random without replacement from a box containing 2 white, 3 red and
4 black balls. If X denotes the number of white balls drawn and Y denote the number of red
balls drawn, find the joint probability distribution of (X,Y). (8M)(Apr/May 2015, May/June
2016) BTL5
Answer: Page: 2.20- Dr. G. Balaji
3 e Let X denote number of white balls drawn and Y denote the number of red balls drawn.
1 3 1 1
e P(X=0Y=0)=—,P(X=0Y=1)=—,P(X=0Y=2)==,P(X=0Y=3)=— (M
( )= 55 Pl )= 1P =77 )= (3M)
e P(X=1Y =o):%, P(X =1Y =1)=3,P(x =1Y :2)=i (3M)
° PX:Z,Y:0: X=2Y= l_ 2M
( )= P )=28 (2M)
The joint pdf of the random variable (X,Y) is given by f(x,y)= nye’(xz*yz), x>0,y>0. Find the
value of ‘K’ and also prove that X and Y are independent. (8M) (Apr/May 2015) BTL5
Answer : Pg. 2.25 - Dr.A. Singaravelu
e Marginal density function of X : f (x)= _[ f(x, y)dy
e Marginal density function ofY: f(y)= j f (X, y)dx
4
e Xand Y are independent if f(x,y) = f(x). f(y)
. ”nye “lixdy=1 =K = 4. (2M)
00
e Marginal density function of X : f ()= Kxye ¥+ ldy =2xe . (2M)
0
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* Marginal density function of Y : f (y)=| Kxye " ldx=2ye ™" . (2M)
0

o f(x). f(y) = 2xe’x2.2ye’yz :4xye:(xz+yz): f(xy). (2M)

Given f,, (x,y)=Cx(x—y),0<x<2,—-x<y<x and 0 elsewhere. (a)Evaluate C; (b)Find fy(x) ;
(c) fy,x(%j (d)Find fy(y). (8M) (May, June 2013May/June 2016)BTL5
Answer : Pg. 2.40 - Dr. A. Singaravelu

T_Tf(x, y)dxdy=1

—00—00

e Marginal density function of X : f (x)= _[ f (x, y)dy

e Marginal density function ofY: f(y)= [ f (x, y)dx

2 X 1
5 . {ICX(X—y)dde=1:>C=§. (1M)
X 3
. fx(X)=J-CX(X—y)dy=XT,O<x<2. (2M)
y\_fxy) x-y
fl == = ,—X<Y <X, oM
) (XJ f(x) 2x° y (2M)
(1 1 vy 5
X(x — dx if—2<y<0==——24 "3
-Jy8 y) y 3 4 287
* K= 2 (3M)
lex y)dx,if 0<y<2 l_l+iy3
) 8 3 4 28

The joint pdf of (X,Y) is given by f(X,y)=e o<y, y<o. Are X and Y independent.
(8M)(Nov/Dec 2015, Apr/May 2018) BTL4
Answer : Page:2.28 — Dr. A. Singaravelu

e Marginal density function of X : f(x)= J. f(x, y)dy

e Marginal density function ofY: f(y)= J' f (x, y)dx

e XandY are independent if f(x,y) = f(x). f(y)
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o f (x):J'e’(X”’)dy:e’X - (3M)
0

o f(y)=[e*Vdx=e". (3M)
0

o f).F(y)=e™ e = =f(x,y). @m)

The joint p.df of a two dimensional random variable (X)Y) is given by
2

w2 X 1 1
f(x,y)=xy +E’OSX£2’OSy£1.Compute(i) (X >1/Y < j(“) (Y<§/X >1j,

(iii) P(X<Y), (iv) PX +Y =1)(@M) (Apr/May 2017) BTLS
Answer : Pg. 2.43 — Dr.A. Singaravelu

. P(X >1,Y <;j 5 :
= _24_2
o P(X >1/Y < Zj_ ( 1) =T M)
PlY <= —
7 2 4
1) 5
1 Pl X>1Y <E —
PlY<Z/X>1|= 24 _
. ( 2 j P(X >1) 19 19 (2M)
24
T ? 53
s P(X <Y)=H(xy +—jdxdy—ﬁ (2M)
11-y 2
_ 2 X p 13
. P(X+Y sl)_.([ ! (xy 3 ]dxdy_480 2M)

Let X and Y have j.d.f f(x,y) = k , 0<x<y<2, Find the marginal pdf. Find the conditional density
functions.(8M) (Nov/Dec 2016, Nov/Dec 2017) BTL5
Answer : Pg. 2.33 - Dr. A. Singaravelu

T]c.f(x,y)dxdyzl

—00—00

e Marginal density function of X : f (x)= If(x, y)dy
8 e Marginal density function ofY: f(y)= J'f(x, y)dx

f(x
e The conditional density function of X given Y: f(X/Y)= f((y;/)

f(x.y)

e The conditional density function of Y given X: f(Y/X)= 00
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1

y
jkdxdyzlzkzz (2M)
0

[ ]
O ey N

11
. —[dy=2(2— 2M
f(x) _[Edy 2(2 x),0<x<1 (2M)
. f()—fidx—l 0<y<2 (2m)
= 50x=5.0<y
. fX/V)=L0<x<y (M)
y
o f(Y/X)= ! X<y<2 (am)
2—X

If the joint distribution function of X and Y is given by F(X, y)=(1—e‘XX1—e‘y),x>O,y>O.
Find the marginal density function of X and Y. Check if X and Y are independent. Also find
P(1<X<3/1<Y<2). (8M) (Apr/May 2015, May/June 2016) BTL5

Answer : Pg. 2.50 - Dr. A. Singaravelu

2
o f(xy) =Ygty
OXoy
9 o f()=[e"Vdy=e". (2Mm)
0
o f (y)zj'ef(xw)dXze—y . (2M)
0
o f(.f(y)=ee? =" =f(xy). 2m)
2
o P<X<31<Y< 2)2(1—5 j[l‘zej. (2M)
e e
Find the co-efficient of correlation between X and Y from the data given below.(8M) (May 2016) BTL5
X 65 66 67 67 68 69 70 72
Y 67 68 65 68 72 72 69 71
Answer : Page: 2.71- Dr. A. Singaravelu
- DX 544
X = =" _68
10 . n 8 (IM)

~ DY 552

Y=4=—=——=069
. n 8 (1M)

_ 1 2 _y2 _

. ax_‘/HZx —XP=2121 o)
— 1 2 2 _

. Gy—‘/HZY ~Y? =2.345 (2M)
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Cov(X,Y)
=202 1) 06031
gy (2M)

X"y

r(x,Y)=

11

Let X and Y be discrete random variables with pdf f(x,y) =%,x:1,2,3;y:1,2. Find

o(X,Y)(8M) (Nov/Dec-2019)BTL5
Answer : Pg. 2.78- Dr. A. Singaravelu

. E(X):fo(x)=§ (1M)

. EM)=Yy f(y)ﬁ (M)

e E(X*)=)x’ f(x)_ﬁ (1M)

o E(Y*)=D>Y° f(Y)=— (M)

o VarX=c’=E(X?*)-[E(X)[= iﬁ (1M)
e VarY=c?=E(Y?)-[E(Y)] ﬁ (1M)

72
. E(XY):nyf(x,y):Z (1IM)

Cov(X,Y) -6
= =-0.035
o0,  173.20 (1IM)

e r(X,)Y)=

12

If the joint pdf of (X,Y) is given by f(x,y)=x+Yy,0<x,y<1.Find p, . (8 M) (May/June 2014)
BTL3
Answer : Page : 2.99 — Dr. A. Singaravelu

1
. f(x):j(x+ y)dy=x+%,0< x<1l (1M)
0

. f(y):_lf(x+ y)dx=y+%,0< y<1l (1M)

. E(X)= Ixf(x)dx=_1[x(x+ )dx_é (1M)

¢ E=JytON=]o v g - (1m)
o E(X?)= jx f(x)dx—5 E(Y?)= jy f(y)dy— (1M)

Var X =c2=E(X?)-[E(X)[ =% VarY=c?=E(Y?)-[E(Y)[ 11414 (1M)
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e Cov(X,Y) = E(XY) - E(X). E(Y) :ﬁ (1M)
_Cov(X,Y) -1
[} r(X,Y)—T—E (1M)

4ax,0<x<1

Two independent random variables X and Y are defined by, f(x)= .
0 ,otherwise

4hy 0<y<1
(){y y<

,otherwise

2013) BTL4
Answer : Page: 2.105 - Dr. A. Singaravelu

. Show that U=X + Y and V=X - Y are uncorrelated. (8 M)(May/June

!f(x)dx:lza:%; If(y)dyzlzb:%(lM)

13 )
2.2 4
. E(\/)=E(X)—E(Y)=§—§=0. (2Mm)
e E(UV)=E(X?)-E(Y )_%—%_O (2m)
e Cov(U\V)=EUV)-EU).E(V)=0. (1M)
If X and Y are two random variables having joint pdf f(x, y):%(G—x— y), 0<x<2, 2<y<4. Find
(i)r, (i)P(X<1/Y<3) (8 M) BTL5
Answer:Page 2.109 - Dr. A. Singaravelu
6 2X
o f(x)= 6 X— y
! 4 (M)
_2 y-10-2y
o f(y) _J. 6 X— y 3
08 (IM)
14 e E(X)={xf()dx=">
(X)=]x f (dx= )
o EM-=[ytdy-7
(IM)
o E(X )=jx f (x)dx=1
(IM)
25
o E(Y f(y)dy=—
(v*)=[y* f(y)dy=" am
7
e E(XY)= f(x)dx=—
(X)=[ [x f (x)dx=— am
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, 11, 11

B 1M

* T3 %3 (M)

p,=oV(XY)_ 1 (IM)
0,.0, 11

15

The two lines of regression are 8x — 10y +66 = 0; 40x -18y -214 = 0. The variance of ‘X’ is 9. Find
th4e mean values of ‘x’ and “y’. Also find the correlation coefficient between ‘x” and ‘y’.(8 M)
(Apr/May 2015, May/June 2016) BTL4

Answer: Page : 2.129 — Dr.A. Singaravelu

o X=13,y=17

e From first equation x = % y—% =b, :%. (2M)

e From the second equation y:ﬂx—ﬁ =b, :@. am)
18 18 18

e Correlation coefficient r=1.66 which is not less than 1. (1M)

e Now, From first equation y = §x+@ =b, :E. (1M)
10 10 10

e From the second equation X:Ey—+g =b, :E. (aMm)
40 40 40

e Correlation coefficient r=+0.6. (2M)

16

If the pdf of a two dimensional random variable (X,Y) is given by f(x,y)=x+Vy,;0<(x,y)<1.
Find the pdf of U=XY. (8 M) ( Apr/May 2015, Nov/Dec 2019) BTL4

Answer : Page : 2.156 — Dr.A.Singaravelu
e Take u=xyand v=y.

OX ©OX
_oy) _Jou av|_1
ey Ty OV
ou ov

. f(u,v)=|J|f(x,y)=1+viz. (3M)

. f(u):j(uvizjdv:z—zu . (3M)

17

Let (X,Y) be a two-dimensional non-negative continuous random variable having the joint
—(x2+y2)
density f(x,y)= 4xye Xy 20 . Find the density function of U =+X?+Y?. (8 M)
0 ,elsewhere

(May/June 2016, Apr/May 2018) BTL5
Answer : Page : 2.179 — Dr.A. Singaravelu

e Take U’ =x"+y?,v=X
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OX OX
_o(xY) [ou ov|__ U
J_a(U,V) Yy o \/uz—vzl(ZM)
ou ov
. f(u,v):|J|f(x,y):4uve’“2. (3M)

. f(u):j‘(4uve“2)dv:2u3e“2. (3M)

18

the density function of U =
X+Y

2013, Apr/May 2017, Nov/Dec 2017) BTL5
Answer : Page : 2.176- Dr. A. Singaravelu

e Take U = and V=X +Y.
X+Y
OX 0OX
_0(x.Y) _lau ov|_
J_a(u,v)_ﬂ EY =V. (2M)
ou ov
o fuV)=P|f(xy)=ve. (1M)
o f(u):T(veV)dv=l (2M)
. f(v)=T(ve‘V)du =ve . (2m)

o f(u).f(v)=1.ve"’ =ve ' =1f(u,v). (IM)

If X and Y are independent random variables with pdf e™,x>0;e™,y>0respectively. Find

and V=X + Y. Are X and Y independent? (8 M) (Nov/Dec

19

Answer:Page: 2.187-Dr.A. Singaravelu
° nu=150;no=+/150 .

S,—nhu -30
o 7=-1" ;IF S, =120,7=——— .
on V150
10
e IfS, =160,z=—— .
4/150

If Xi, Xz, ..., X, are Poisson variables with parameter A =2, use the central limit theorem to
estimate P(120 < S, < 160) where S, = X3+ X+ ...+X,, and n=75. (8M) (Apr/May-2019)BTL5

(M)
(2M)

(2M)

o P(120<S,<160)=P(-2.45<S,<0.85)= P(-2.45<S <0)+ P(0<S,<0.85)=0.7866 . (3M)
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UNIT Il —= Random Proccesses

Classification — Stationary process — Markov process - Markov chain - Poisson process — Random telegraph process.

PART *A

Q.Ng

Questions

Define a random process and give an example. (May/June 2016) BTL1
A random process is a collection of random variables {X(s,t)} that are functions of a real variable, namely time

L1 «¢ where ses (Sample space) and t € T (Parameter set or index set).
Example: X (t)=Acos(wt+&)where @is uniformly distributed in (0,2), where ‘A’ and ‘ @’ are constants.
State the two types of stochastic processes. BTL1
2 | The four types of stochastic processes are Discrete random sequence, Continuous random sequence, Discrete
random process and Continuous random process.
Define Stationary process with an example.(May/June 2016) BTL1
3 If certain probability distribution or averages do not depend on ‘t’, then the random process {X(t)} is called
stationary process.
Example: A Bernoulli process is a stationary process as the joint probability distribution is independent of time.
Define first Stationary process. (Nov/Dec 2015) BTL1
4 A random process {X(t)} is said to be a first order stationary process if E[X (t)]= x is a constant.
Define strict sense and wide sense stationary process.(Nov/Dec 2015, Apr/May 2017, Nov/Dec 2017) BTL1
A random process is called a strict sense stationary process or strongly stationary process if all its finite
dimensional distributions are invariant under translation of time parameter.
5 A random process is called wide sense stationary or covariance stationary process if its mean is a constant and
auto correlation depends only on the time difference.
In the fair coin experiment we define {X(t)} as follows X (t):{smﬂt '_If h(?ad shows Find E[X(t)] and find
2t if tail shows
F(x,t) for t =0.25. (Nov/Dec 2016) BTL3
P[X (t)=sin m]:% , P[X (t):Zt]:%
. 1 1) 1.
6 | EIXM®]=> X (t)P[X (t)]=sin M(EJ + 2t(5)=§sm at+t

When t =0.25, P[X (0.25)=sin z(0.25)]= P[x (0.25)= 2} -2
171
P[X (t)=2(0.25)]= p{x =3 }:E

Hence F(x,t) for t= 0.25 is given by
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0 ,x<0
F(xt)= % ,%SX<%

1

1 x>2—

V2

Prove that a first order stationary random process has a constant mean. (Apr/May 2011) BTL3
f[X(t)] = f[X(t+h)] as the process is stationary.

ELX (O]=[ X () f[X (t+h)ld (t+h)
t+h=u=d(t+h)=du

/ Put = [ X (u) F[X (u)]du
=E[X(u)]
Therefore, E[X(t+h)] = E[X(1)]
Therefore, E[X(t)] is independent of “t’.
Therefore , E[X(t)] is a constant.
What is a Markov process. Give an example.(Nov/Dec 2014, Apr/May 2015, May/June 2016,Apr/May 2019,
Nov 2019) BTL1
Markov process is one in which the future value is independent of the past values, given the present value.
(i.e.,)A random process X(t) is said to be a Markov process if for every t< t; < t, <...t,
8 P{X(t,) <X, 1 X(t, 1) =X, 10 X(&, ) =X,y 0o X () = %o} = P{X(t,) < X,/ X(t,,)=X,,} . Example: Poisson
process is a Markov process. Therefore, number of arrivals in (0,t) is a Poisson process and hence a Markov
process.
Define Markov chain. When it is called homogeneous? Also define one-step transition probability.
(Apr/May 2010) BTL1
o Ifvn,P[X, =a, /X, =a,,X, ,=8,,..,X,=8,|=P[X, =a,/X,,=a,, |then the process {Xy} n
=0,1,2,... is called a Markov chain.

9 e In a Markov chain if the one-step transition probability P[X,=a,/X,,=a,,]=P,(n-1,n)
independent of the step “n’. (i.e.,) P;(n—1,n)=P,;(m-1,m) for all m,n and 1,j. Then the Markov chain
is said to be homogeneous.

e The conditional probability P[Xn =a;/X,, =4, J is called the one step transition probability from state
a; to state a; at the nth step.
Define Poisson process.( Nov/Dec 2017) BTL1
If X(t) represents the number of occurrences of a certain event in (0,t), then the discrete process {X(t)} is called
the Poisson process provided the postulates are satisfied:
0 P[L occurrence in (t,t + At)]=AAt + 0(At)

P[0 occurrence in (t,t + At)]=1— AAt+0(At)
P[2 occurrence in (t,t + At)]=0(At)

X(t) is independent of the number of occurrences of the event in any interval prior and after the interval (0,t)

The provability that the event occurs a specified number of times in (to, to+t) depends only on ‘“t’, but not on ‘ty’.
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11

State any two properties of Poisson process. (Nov/Dec 2015, Apr/May 2018) BTL1
e The Poisson process is a Markov process
e Sum of two different Poisson process is a Poisson process
e Difference of two different Poisson process is not a Poisson process

12

If the customers arrive at a bank according to a Poisson process with mean rate 2 per minute, find the
probability that during a 1-minute interval no customers arrive. (Apr/May 2017) BTL3
Mean arrival rate = 4 =2
. : : e M (at)"
The probability of Poisson process is P[X (t) = n]:—l
n!

P[X (t) = 0]:‘9_20#)0:@2 ~0.1353.

13

Prove that the sum of two independent Poisson process is a Poisson process.(Nov/Dec 2012, Apr/May
2015, Apr/May 2017) BTL5

Let X (t)=[X,(t)+ X, ()]
E[X (t)]=E[X,(t)+ X, (1)]=E[X,(t) ]+ E[X,(1)]
=t + At =(4 + A, 1
E[X O1=E[X, 0+ X,0F = E[X,” )+ 2X, ()X, ©) + X, ()]
—E[x® 26X, 0)ElX, 0]+ E[x,2 )]
= 2%+ L+ 2(A)(A0) + Aot + At

= (2'1"'12)2'[2 +(ﬂ1+ﬂz)t

Therefore X (t)=[X,(t)+ X, (t)] is a Poisson process.

14

Prove that the sum of two independent Poisson process is a Poisson process. BTL5
Let X (t)=[X,(t)- X, (t)]

E[X O]=E[X, 0)+— X, ®)]=E[X, () ]-E[X, 1)]
=t —At=(4, -2,k
E[X *O1=E[X, (1) - X, OF = E[X,*©)-2X, ()X, ©) + X, ()]
—E[x2® |- 26[x, O]E[X, ]+ E[x,2 )]
= 2t + Lt =24 ) (A,t) + A2t2 + At
= (ﬂi_ﬂz)ztz +(ﬂ1+/12)t
(A - ) P+ (A4 -t

Therefore X (t)=[X,(t)— X, (t)] is not a Poisson process.

15

Patients arrive randomly and independently at a doctor’s consulting room form 8 A.M at an average rate
of 1 for every 5 minutes. The waiting room can hold 12 persons. What is the probability that the room will
be full when the doctor arrives at 9 A.M?. (Nov/Dec 2016) BTL3
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Given 4 :% per min:%x 60 =12 per hour

. . : e M (at)"
The probability law of Poisson process is P[X (t) = n]=—I
n

e—12 (12)12
12!

P[X (1) =12]= =0.1144

Define Semi- Random telegram signal process. (Apr/May 2015) BTL1

16 | If N(t) represents the number of occurrences of a specified event in (0,t) and X(t) = (-1)N®, then {X(t)} is called
a semi-random telegraph signal process.
Define Random telegraph process. BTL1
A random telegraph process is a discrete random process X(t) satisfying the following conditions:
e X(t) assumes only one of the two possible values 1 or -1 at any time “t’, randomly
e X(0) =1 or -1 with equal probability ¥%.
17 e The number of level transitions or flips, N(z), from one value to another occurring in any interval of
length 7 is a Poisson process with rate Aso that the probability of exactly ‘r’ transitions is
-t r
P[N(r) = r]=&, F=012,.
r!
Write the properties of Random telegraph process. BTL1
18 e P[X(t)=1]= % = P[X(t)=-1] forany t>0
e E[X(H)]=0and Var[X(1)] =1
e X(t) is a WSS process
Consider the random process X(t)=cos(t+¢) where ¢ is a random variable with density function
1
19 ==

f(g)=—, T ¢<£. Check whether or not the process is stationary. BTL3
T 2 2
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EX W= [X() f (9)dg

T

= 2 cos(t + ¢) ld¢5
i T

2

— Ny

1 cos(t+¢) d¢g
T

NN

-2 [sin(t +¢)]%ﬁ
4 2
—i in(= —sin(—=
[sm(2 +1)—sin( 5 +t)}

zl[cos(t)+cos(t)]= ECOS(t)
T T

Therefore E[X(t)] is not a constant. Hence X(t) is not stationary.

Find the transition probability matrix of the process represented by the transition diagram. (Apr/May
2011) BTL3

1104 05 01
2/03 03 04
3/03 0.2 05

0 1
If the tpm of the markov chain is [1 1

1 _] , find the steady-state distribution of the chain. BTL5
0 1
Given:P=|1 1
2 2

2 2
Let the steady- state probability distribution be 7 =(z, 7,) we have
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TP=T i @
7+, =1, (2)
0 1
O=(r, ”2{3 1]_(”1 )
2 2
1

Now (2)= 7, + 7, =1, substitute (3) in (2)

:>17r +7 —1:>§7z =l=n _2
2 2 2 2 2 2 3

. 12 1
Sub 7, in (3), E.g:ﬂ'l:} m=g

The steady state distribution of the chain is 7z :(% %j

22

2 2

0 1)O0 1
A=l 1)1 1)
2 2)\2 2

Since all the entries of A”are positive , ‘A’ is regular.

0 1
Let A= [3 1} be a stochastic matrix. Check if it is regular. (Nov/Dec 2016) BTL4

N PN
NlwN |-

23

What is the autocorrelation function of the Poisson process. Is Poisson process stationary? (Apr/May 2019)
BTL2
e—lt (ﬂt)n

Let X(t) be a Poisson process then P[X (t) =n]= |
n!

n=0,1,2,...

Autocorrelation function R (t;,t,)=2%tt, + Amint,,t,}
Since R, (t,,t,) is not a function of time difference t;-t,, Poisson process is not stationary.

24

When is a Random process said to be evolutionary. Give an example. (Apr/May 2015) (BTL1)
A random process that is not stationary at any sense is called evolutionary process.
Semi-random telegraph signal process is an example of evolutionary random process.

25

Define irreducible Markov chain and state Chapman-Kolmogorov theorem. BTL1
A Markov chain is said to be irreducible if every state can be reached from every other state, where pﬁ”) >0
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for some ‘n’ and for all ‘i’ and j’.
If “P” is the tpm of a homogeneous Markov chain, then the n-step tpm P™ is equal to P".

ie.) [PO)=[R T

Part*B

The process {X(t)} whose probability distribution under certain conditions is given by,

P{X(t) = n}:%,n =12...

at

1+at’
Show that it is not stationary(evolutionary). (8M)(Nov/Dec 2014, Nov/Dec 2016, Apr/May 2018) BTL5
Answer: Page: 3.33 -Dr. A. Singaravelu

. E[x(t)]:;nlon:om)(l m ()(1 at) . =1 (3M)
e E[x:m)=3n Pn:i([n(n+1)—n]Pn:1+2at. (3M)
o Var[X(t)]= E[x 2] —7E[X (t)]=2at=constant . (2M)

If the random process X(t) takes the value -1 with probability %and takes the value 1 with probability %

find whether X(t) is a stationary process or not. (6M)(Apr/May 2019) BTL4
Answer:Page: 3.12 — Dr. G. Balaji

X(0)=n ] -1 |1
P, |1/3]|2/3
. EX®I=Yn Pn:% (2M)
. EDX?M]=Y 7P =1 (2M)

e Var[X(t)]=E[X?(t)]-E[X (t)]=g = constant. (2M)

Show that the process X (t)= Acos(wt+8)where A, o are constants, ¢is uniformly distributed in (-7, 7)is

wide sense stationary. (8M) (May/June 2016, Nov/Dec 2016) BTL5
Answer:Page: 3.15-Dr. A. Singaravelu

o E[X(t)]= jxa)f(a)de jAcoswtw)z—da 0= constant (2M)
T

o Ry (t,t+ r) E[X ()X (t+ r)] E[Acos(wt +6). Acos(w (t + 7) + 0)] (1IM)
o E[Acos(wt+6). Acos(w(t +7)+ 0)]:%2 {E(cos wz)+ E[cos (2wt + 20 + w7)]}  (2M)
o E[cos(2at+20+w7)]=0 (2M)
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2
e Ry (t,t+r)=A7COSa)T =a function of 7. (AM)

Show that the process X (t)= Acos(wt+@)where A, o are constants, @is uniformly distributed in (0,27 )is

WSS. (8M) (Nov/Dec 2017) BTL5
Answer:Page: 3.24-Dr. G. Balaji

. E[X()]= Tx (t) f(0)do= TAcos(a)t +9)2id9= 0= constant 2M)
—o0 0 72-
o Ry (t,t+7)=E[X )X (t+7)]=E[Acos(wt+8). Acos(w(t +7) + )] (1IM)

o E[Acos(wt+6). Acos(w(t +7) + 9)]:%2 {E(cos wr)+ E[cos (2wt + 20 + w7 )]} (2M)
o E[cos(2wt + 260 + wr)]=0 (2M)

2
Ry (t,t+7)= A?cos w7 =a function of 7. (1M)

Show that the process X (t)=AcosAt+Bsin At is strict sense stationary of order 2. A and B are random
variables if E[A] = E[B] = 0 ; E[A?] = E[B?]; E[AB] = 0.

(OR)
If X(t)=AcosAt+BsinAt,t>0 is a random process where A and B are independent N(O,O'Z) random

variables. Examine the WSS process of X(t). (8M) (Apr/May 2015, Apr/May 2017) BTL5
Answer:Page: 3.13-Dr. A. Singaravelu

o E{X(t)}=E{AcosAt+Bsin At }=0=constant (2M)
o Ry (t,t+7)=E[X(®)X(t+7)]=E{AcosAt+Bsin At][AcosA(t+7)+BsinA(t+7)]} (2M)
o Ry (t,t+7)=K?[cosAtcosA(t+7)+sin Atsin A(t +7)]=K?cos Az (4M)

A random variable {X(t)} is defined by X(t) = Acost+ Bsint,— o <t <ocowhere A and B are independent

random variables each of which has a value -2 with probability %and a value 1 with probability % Show

that X(t) is wide sense stationary. (8M) (Nov/Dec 2015, Apr/May 2017, Apr/May 2018) BTL5
Answer:Page: 3.44-Dr. G. Balaji

o E[A]=) AP(A)=0 (1M)
e E[B]=).B, P(B)=0 (IM)
o E[A’]=) A’P(A)=2 (1M)
e E[B*]=) B’P(B)=2 (1M)
e E[X(t)]=E[Y cost+Zsint]=0=constant (2M)

o Ry (t,t+7)=E[X()X(t+7)]=E[(Y cost,+Zsint, )Y cost, +Zsint,)|=2cosz  (2M)

The transition probability matrix of a Markov chain {X.}, n=1,2,... having 3 states 1,2 and 3 is
0.1 05 04

P=[0.6 0.2 0.2]and the initial distribution is P® =(0.7 0.2 0.1). Find (i) P{X,=3} and (ii)
03 04 03
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P{X,=2,X,=3X,=3,X,=2}.
Answer:Page: 3.60-Dr. A. Singaravelu

0.1 05 04
e PY—-p9p_J0.7 02 01]{06 02 02|=[0.22 0.43 0.35] (2M)
0.3 04 0.3
0.1 05 04
o P@®_pWp-[0.22 043 035]|06 0.2 0.2|=[0.385 0.336 0.279] (2M)
0.3 04 0.3
o P{X,=3}=0.279 (M)
o P{X,=2X,=3X,=3,X,=2}=P, Py, P, P[X, = 2]=0.0048 (3M)

A man either drives a car or catches a train to office each day. He never goes 2 days in a row by train but if
he drives one day, then the next day he is just as likely to drive again as he is to travel by train. Now
suppose that on the first day of the week, the man tossed a fair die and drive to work if and only if a 6
appeared. Find (i) The probability that he drives to work in the long run and (ii) The probability that he
takes a train on the third day. (8M) (May/June 2016, Nov/Dec 2017) BTL4

Answer:Page: 3.71-Dr. A. Singaravelu

11
2 2

0 1
OP:

diagram. Is the chain irre
2019) BTL4

Answer:Page:3.141-Dr. G.

e P‘=PP=Pp=p
[ ]
o 1%state P >0,PV

P =P'P=P?P=P°=P

d
2" state P2 >0,P

} (2M)
1 2
= = 3M
s 2 em
EREay
12 12
1L Ej M)
24 22
0 1 0
If {Xn; n=1,2,3...} be a Markov chain on the space S={1,2,3} with one-step % 0 % -Sketch the transition
1 00
ducible? Explain. Is the chain ergodic? Explain. (8M) (May/June 2013, Nov/Dec
Balaji
(1M)
(1M)
)>0,P¥>0..=d = GCD(2,4,6,..)=2 (1M)
)>0,P®>0..=d =GCD(248,..)=2 (1M)
'>0,P® >0...= d, =GCD(2,46,...)=2 (M)

The states are aperio

3"state P2 >0,P}

dic with period 2.
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e Wefind P[” >0. So the Markov chain is irreducible (2M)
e The chain is finite and irreducible so it is non- null persistant. But not ergodic. ~ (1M)

10

Find the mean, variance and auto correlation of Poisson process. (8M) (May/June 2014, Apr/May 2015)
BTL2
Answer: Page:3.93- Dr. A. Singaravelu

e The probability of Poisson distribution is P{X (t) = n}:w, n=0,1,2,... (1M)
. E[X(1)]= ix e (’“) _Jt 2M)
. E[X2(1)]= ZXZ e_ﬂ (M) —(At)? + At 2M)
e Var[X (t)]_/lt (1IM)

o R (t,t)=E[X(t)X(t,)]=2tt, + Amin(t, t,) (2m)

(i) Prove that the interval between two successive occurrences of a Poisson process with parameter 1 has
an exponential distribution.

(i))Show that Poisson process is a Markov process. (8M) (Apr/May 2018) BTL5

Answer: Page:3.98- Dr. A. Singaravelu

(i)
e P(T>t) = P(Ei: did not occur in (t;, tis1) = P(X(t)=0) = e (1m)
e F({)=P(T <t)=1-P(T >t)=1-e™* (2M)
11 e The pdf of T is given by Ae " which is an exponential distribution. (am)
(ii)
—A(t3—ty) gng—n, _t Y
° P[X(ts):ns/x(tz):nz;X(tl):n1]:e : (t3 t2) (3M)
(na —n, )!
o P[X(t))=n,/X(t,)=n,; X (t,)=n, |=P[X (t,)=n,/ X (t,)=n, ] which is Markov process. (1M)
Suppose that customers arrive at a bank according to a Poisson process with mean rate of 3 per minute;
find the probability that during a time interval of 2 min (i) exactly 4 customers arrive and (ii) more than 4
customers arrive. (iii) fewer than 4 customers arrive. (8M) (Nov/Dec 2015) BTL5
Answer: Page:3.100- Dr. A. Singaravelu
12 - : o e M (at)"
e The probability of Poisson distribution is P{X = n}:—l, n=0,1,2,... (1M)
nl
e P[4 customers arrive in 2 min time interval] = P{X(2)=4} = 0.1339 (2M)
e P[More than 4 customers arrive in 2 min interval] =P{X(2)>4} = 1- P[X (2) < 4]= 0.715(3M)
e P[Fewer than 4 customers arrive in 2 min interval] = P{X(2)<4} = 0.1512. (2M)
A fisherman catches a fish at a Poisson rate of 2 per hour from a large lake with lots of fish. If he starts
13 fishing at 10.00 a.m. What is the probability that he catches one fish by 10.30 a.m and three fishes by noon?

(8M) (Apr/May 2017) BTL5
Answer: Classwork
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—At n
e The probability of Poisson distribution is P{X (t) = n}:w, n=0,1,2,... (2M)
nl
- _ 8@
e P[He catches one fish by 10.30 a.m] =P[X(0.5)=1] = T =0.3679 (3M)
. _ e’
e P[He catches three fishes by noon] = P[X(2) = 3] = 3 =0.1954 (2M)

A hard disk fails in a computer system and it follows Poisson process with mean rate of 1 per week. Find
the probability that 2 weeks have elapsed since the last failure. If there are 5 extra hard disks and the next
supply is not due in 10 weeks, find the probability that the machine will not be out of order in the next 10
weeks. (8M) (Nov/Dec 2017) BTL5

Answer: Page:3.102- Dr. A. Singaravelu

14 eflt (/’it)n
e The probability of Poisson distribution is P{X (t) = n}:—l, n=0,1,2,... (2M)
n!
e P[No failure in 2 weeks since last failure] = P[X(2)=0] = e?=0.135 (3M)
e P[X(10)<5]=P[X(10)=0]+[X (10) =1]+[X (10) = 2] +[X (10) = 3] +[ X (10) = 4] +[ X (10) =5]=0.067
(3M)
If customers arrive at a counter in accordance with a Poisson process with a mean rate of 2 per minute,
find the probability that the interval between 2 consecutive arrivals is (i) more than 1 minute, (ii) between 1
min and 2 min and (iii) 4 min or less. (8M) (May/June 2012) BTL5
Answer: Page: 3.100- Dr. A. Singaravelu
e Using inter arrival property of Poisson process, f(t)=4e ™ (1M)
15 e P(T>1= j 2e2dt =0.135 (2M)
' 2
e P(l<T<2)= j 2e 2dt =0.117 (2M)
. 1
« P(T<4)=[2e7dt=1 (3M)
0
If {Xi(t)} and {X(t)} are two independent Poisson process with parameter 4, and A4, respectively, show that
P[Xa(t) =x / X1 (t)+ X3(t) = n] is Binomial where P = ,1121), .(8M) (Apr/May 2018) BTL5
+ 2
Anwer: Page: 3.84-Dr G. Balaji
° P[Xl(t)=x/X1(t)+X2(t)=n]=P[{Xl(t)zx}m{xl(t)JrXz(t):n}] (3l\/|)
" P(X,()+X,(t)=n)

e " (A)" e (A1)
x' (n=Xx)!

o P[X,(t)=x/X,(t)+ X,(t)=n]= T (1 L) (3M)
n!
o P[X,(t)=x/X,(t)+ X,(t)=n]=nC P*q" *where P = A and q= 4 (2M)
1 1 2 X Al +/12 /ll +12
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17

Define semi-random telegraph signal process and random telegraph signal process and prove that the
former is evolutionary and the latter is wide sense stationary(Covariance stationary process). (16M)
(Nov/Dec 2013, Nov/Dec 2017, Apr/May 2015, Apr/May 2017) BTL5
Answer: 3.106- -Dr.A. Singaravelu
e A random telegraph process is a discrete random process X(t) satisfying the following conditions:

X(t) assumes only one of the two possible values 1 or -1 at any time ‘t’, randomly

X(0) =1 or -1 with equal probability Y.

The number of level transitions or flips, N(z), from one value to another occurring in any interval of
length 7 is a Poisson process with rate Aso that the probability of exactly ‘r’ transitions is

—At r
P[N(z) = r]zw, r=012,.
' (2M)

e If N(t) represents the number of occurrences of a specified event in (0,t) and X(t) = (-1)N®, then {X(t)} is

called a semi-random telegraph signal process. (2M)

P{X(t) =1} = P{N(t) is even}= e cosh At
o PLX(®)=1}=P{N() } (M)
o P{X(t)=-1}=P{N(t) isodd}=e™ Sinh At (1M)
o E[X()]=e?" (1M)
o P[X(t,)=1X(t,)=1]=P[X(t)) =1/ X (t,) =1]x P[X (t,) =1]=e*" cosh Aze " cosh At, (1M)
o P[X(t)=-1X(t,)=-1]=e* cosh Are " Sinh it, (1M)
o P[X(t,)=1X(t,)=-1]=e*sinh Aze ™™ Sinh At, (AM)
o P[X(t,)=-1X(t,) =1]=e* sinh Aze " cosh At, (1M)
o P[X(t)xX(t,) =1]=e* cosh Az

(IM)
o P[X(t)xX(t,) =—1]=e*sinh Az
o R(t,t,)=E[X(t)X(t,)]=e >
(IM)

[ ]

{X(t)} is evolutionary
e For Random telegraph signal process Y(t), P(a =1) =% Pla=-1) =% (1IM)
e E(a)=0,E(a?)=1 (M)
o Ry(tut)=EN )Y (t,)]=Ele?X (t,)X t,)]ze 2= which is WSS, (1M)
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UNIT-1V CORRELATION AND SPECTRAL DENSITIES

Auto correlation functions — Cross correlation functions — Properties — Power spectral density -
Cross spectral density — Properties.

Q.No

PART*A

List any two properties of an autocorrelation function. [N/D14] BTL 1

e R(r)isaneven function of7.
e IfR(z)is the autocorrelation function of a stationary process {x (t);with no
periodic component, thenlimR(z) = 7, provided the limit exists.

Prove that for a WSS process{X (t)}, Ry, ()= Ry (-7)-
[A/M11,N/D11,N/D12,N/D15,M/J16,N/D16,A/M17,N/D17]
TL5
Ryx (T) = E[X (t)X (t - T)]
Rxx (_ T) =E[X (t)X (t + T)] = E[X (t + T)X (t)] = Ryx (T)
Therefore R(r)is an even function of7.

Show that the autocorrelation functionr  (z)is maximum atz =0. [N/D17] BTL 5

Ry (r)ismaximumatz =0 ie.  |R(z]<R(0)

Cauchy-Schwarz inequality is(E[XY])2 < E[XZ]E[YZ]
Putx = x(t)andy = X (t —7), then

(EX (Xt~ )] <EXO]E[x( o)
e REF<(EXE)

[Since E[X (t)]andvar[X (t)] are constants for a stationary process]

R <[RO)F

Taking square root on both sides,
R(z} <R(0). [Since R(0)= E[X 2(t)]is positive].

9

The autocorrelation function of a stationary process isR,, (T):16+1 5
+ 07

Find the mean

=
and variance of the process. [A/M10, A/IM11, M/J12] BTL5
9

Given R =16+ ——
w(©) T1i62

] ] 9 ) 9
2 =limR(z)=lim| 16 + j:16+llm(—j
Hx (T) ( 1+ 672 + 672

T—0 T—>0 oo\ 1

=16+0=16

Mean =u, =E[X(t)]=4
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=16+9=25

E[X 2(t)]: Ryx (0):16"'

9
1+6(0)

Variance = E[X(t)- (E[X ()]} =25- (4} =25-16=9.

4 Find the
1+672

mean and variance of the process.[N/D11,M/J14,N/D14,N/D15,A/M18] BTL5

If the autocorrelation function of a stationary processes isR,, (r)= 25+

4
1+ 672

Given R, (r)=25+

] . 4 ] 4
2 =limR(z)=lim| 25+ =25+liml —— | =25+0=25
Hx (T) ( 1+612J ( + rzj

T T >l 146
Mean =, =E[X(t)]=5

E[X?(t)  =R4(0)= 25+1+2(o)

Variance = E[X2(t)]- (E[X (1))} = 29— (5)* = 29-25=4

=25+4=29

Find the variance of the stationary process {x(t)} whose autocorrelation function is given by
Ry, (7) = 2+4e °" [N/D10,N/D12,A/M17,N/D19] BTL5
Given Ry, (r)=2+4e"

w2 =limR(c)=lim{2+4e )= 2+ lim{ae ?1)=240=2

T—>0 T—0 T—>0

Mean = pu, :E[X(t)]:\/i
E|X2(t))= Ry (0)=2+4e20 =2+ 4=6
Variance :E[X (t)] (E[X()])
6

Define cross correlation function and state any two of its properties. [N/D10, M/J13,
M/J14,A/IM15 ,M/J19] BTL1

If the process{x(t)jand{v(t);are jointly wide sense stationary, theng[X(t)y(t—z)]is a
function of7, denoted by R, (z). This function R, () is called the cross correlation function of the
process {X (t)}and {v (t)} -

Properties of cross correlation function are:
I Ryy (_ T)z Ryx (T)
ii. If the process {x (t)}and {v (t)} are orthogonal, then R, ()= 0.
iii. If the process{X (t)}and {Y (t)} are independent, then R,, ()= E[X (t)|[E[Y (t - 7)].

Prove that Ryy (r) = Ryy (- 7). [M/J16] BTL5
By definition, we have

JIT-JEPPIAAR/ECE/Dr.S.SURESH/IIYT/SEM 4/MA8451/PROBABILITY & RANDOM PROCESSESS/UNIT 1-5/QB+Keys/Ver2..52




REGULATION :2017 ACADEMIC YEAR : 2018-2019

Ryx () = E[Y ()X (t-7)]
Ryx (= 7) = E[Y () X (t+7)]
Ryx (- 7) = E[X(t+7)Y ()]
Ryx (=7) = Ryy (z) [by definition]
Therefore, Ryy () = Ryx (-7).

. Define power spectral density function of stationary random processes X(t). [N/D13,A/M15]
BTL1

If{X(t)}is a stationary process with autocorrelation functionR(z), then the Fourier

9 | transform of R(r)is called the power spectral density function of {X (t)}and denoted asS(w)or
Sy (@) Ie. S(w)= jR(r)e"i””dr .
. A random process X(t) is defined by X(t)=kcosmt,t>0where wis a constant and k is
uniformly distributed over (0,2). Find the autocorrelation function of X (t).[M/J13] BTL5
Given k is uniformly distributed over (0,2), the density function is given by
1 1
folk)=——==,0<k<2
K)=5=5=5
The autocorrelation function R, (z) is given by
2
10 Ry ()= E[X(t ]= [X(t)x k)dk = Ikcoswt k cos ot — r);dk
0
2
_ coswteoso(t-7 Ik i = coswtcosa(t—7)| k* =§C08a)tCOSa)(t—r)
2 2 3], 6
4
R 4 (r):gcosa)t coso(t-7).
2
If Ry, (2) = ZST—j% Find the mean and variance of X . [A/M15] BTL5
6.257° +4
. 2572 +36
Given R e
o (7) 6.257% +4
2572136 (25 36)
11 IIJXZ = ||m RXX( ) I #4_4 ||m —T4
e r2(6.25+2J
;
36
i ot %540 25
ndd 6.25+i2 6.25+0 6.25
T

Mean = u, = E[X (t)] =2
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E[Xz(t)]: RXX(O):%: 36 =9

Variance = E[X?(t)]- (E[X ()]} =9

|
—~~
N
~
N
Il
(o)
|
N
Il
(6]

. Write any two properties of the power spectral density of the WSS process. [A/M18] BTL1

Q) The spectral density of a real random process is an even function.

12 (i) The spectral density of a process {X(t)}, real or complex is a real function of @and
non negative.
. Prove that the spectral density of a real random process is an even function. [N/D15] BTL5
By definition, we have
Sxx (@)= [Ryx ()7 de
Syx (- @)= [Ryx (r)e' " dz
Put 7 =-u when 7 = -0, U=®
dr =-du when 7 =w, U=-®
Syx (- @)= [Ryx (~u)e™'”" (- du)
13 %
Syx (- @) == [Ryx (-u)e ™" du
Syx (- @)= IRxx (-7)e '®7 dr, treating u as a dummy variable
SXX (— (0) = J-Rxx (T)e S dT y Since RXX (— T) = RXX (T)
Sxx (- @) = Sxx (@).
Hence the spectral density of a real random process is an even function.
. State any two properties of cross-power density spectrums. [A/M17] BTL1
1 Properties of cross-power density spectrums are (1) Syy (@)= Syy (- ®)

(2) IF{X (t)}and {¥ (t)} are independent, then S, (@) =S, (w)=0

15

ate and prove any one of the properties of the cross spectral density function.[A/M15]

Cross spectral density function is not an even function ofw, but it has a symmetry
relationship.

i.e. Syx (w) =Sy/(- )

Proof:
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Sy (@)= ]E Re (r)e7d7

va IRXY T)elde
Puttingz =-u when z = —co,u = 0
dr =—du whenz =oo,u = —o
va J.RXY u)e Imu( du)
Syy (_ a)) = JRYX (u)e_iwudu " Ryy (_ T) = Ryx (T)

o0

= __[ Ryx (T)eiimdf = Syx (a))

ie. Sex (@)= Sy (- @).

16

An autocorrelation function R(z) of {X(t);zeT}is given by ce “:c>0:>0. Obtain the
spectral density of X(t). [N/D16] BTL5

Given Ryy (r)=ce /"
)= [Rux (p™7dr = J.ce_“‘f‘e‘i“”dr

=c Je “I(coswr —isinwr)dz =c J'e “(coswr)dr —ic je I(sin wr)d
-0

—© —0
o0

= Zcfe_“‘r‘ coswr dz (Since the first integrand is even and the second integral is odd)
0

o0
o0

= ch'e“” coswrdr = ZC{
0

—art

e :
5 (—acosor+osinor)

(~a)?+w 0

1 2Ca
:2{0—“2 . (—a+0)} = S(w)= .7

17

An autocorrelation function R(z) of {X(t);reT}is given by ce ;c>0;2>0. Obtain the
spectral density of X(t). [N/D16] BTL5

—alq]

GivenRyy (7)=ce
w)= IRXX (rp7'7dr = Ice_a‘r‘e_imdr
—cJ'e “I(cos wr —isinwr)dz =c J'e “(coswr)dr —ic Ie [ (sinwr )d

= ZCIe alr coswrdr (Since the first integrand is even and the second integral is odd)
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o0
o0

= ZCJe‘“T coswrdr = 20[
0

—-aT

e .
- aT+o T
5 (—acoswr+osinor)

0

(o) +w

1 2Ca
= 2C|:O—m(—a+0):| = S(a)):m

Find the power spectral density of the random process {X(t)} whose autocorrelation is

~1;-3<r<3
R(r):{ ~7*° [N/D16] BTLS

0 ; otherwise

. -1;-3<7<3
Given R(z’):{ _
0 ; otherwise
18 T | ; | emtor
S(w) = IRXX (rp™'“"dr = I(— 1)e'"dr = —{ - }
—0 -3 _3
= _i(e‘i“’?’ - ei‘"3): = _i(em‘” —e %@ ): l(Zsin h3w)= 2l inh3e.
1w 1w w a

he autocorrelation function of the random telegraph signal process is given

by R(r)=a% *""|. Determine the power density spectrum of the random
telegraph signal. BTL3

GivenR(z)=a% "

w)= IRXX (rp'9tdr = jaze_z’i"‘e‘i“”dr —a’® je‘”‘r‘(coswr—isina}r)dr
0 o0
a’ J'e_z’l‘f‘(coswr)dr—ia2 je_z’l"‘ (sinwz)dr
19 —00 —0o0
=2a’%(e -2l cos wz dz (Since the first integrand is even and the second integral is odd)

o0

0
4a°)

0
722r
—2AC0SwT + SN wr)
{ 477 + &*

=2a%0- 2/1+o)}:> S(w)=

Find the power spectral density of a WSS process with autocorrelation
functionR(r)=e ™ . BTL4

20 GivenR(z)=e™"

S(@) = R dr

—o0
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[ IS M G CHRER
=.|'e"”ze"”’dr=je ( “Jdr = @ \za Zaj dr

—00 —00

. 2 2 2 . 2
A A2t e
= J'e 20) g \"Jdr =g 4a _[e 2a) qr

R(r). BTL4

R(r) =%T8(w)ei””da)

L [ sk rdo+ [S( [stokdos js () do
= |

27

—00

_ 1 Ea |a)|)e”‘"da) :LT(a—|a)|)(c03m+isinm)da)
27| 7 a 2ma 7

N
b i a

i dx
Put\/Z(r+'—} x=Jadr=dx=dr=—
2 Jo
When 7 = —o0, X = —0 Whenz = oo, x = o0
2 a)z 0)2 2
[0) . - [0)
7 e dx e da T . g 4a T i
S(w) =e 4 | = = e X dx = T =,—e 4
@) I w =l a "
. o 2a-fo) el<a
If the power spectral density of a WSS process is given by S(w)=1a Find
0 ,|a)|>a

0 : Elsewhere

21
b .
( |a)|)(COSTa) Mo + I%L |a)|)(S|n tw)do
= L2 (a - |co|)(COS ro)do + iL(O) = £jl(a ~w)costo)dw
2ma 2ma 7ma
b \sintw  coszw | b cosar 1
ﬂa[(a w) 2_ z_2 :|0 7Za|:( 2_2 j [ 2_2):|
/ 3( 1 cosarj
ma\r> 1
b
R(z) = — (1-cosar).
The power spectral density function of a zero mean wide sense stationary
1 .
22 process {X (t)}is given by S(w)= { <o g R(r). BTL4
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R(r) =L [S(we™ do

C2r o

=— _QOS(a))ei“”da)+ %S(a))ei“”da)+ OOS(a))ei””da)
>
1

_a)o ,
=— J.l.ei“”da)} _ L J(Cosw)+isinz'a))da)
2r

)

-,

d 1 F .
= J(Cosrw)da)+lg [(sinzw)de

— W, —@,

@y
_ 1, j(cos ro)dw +i ZL(O) [- The 1% integrand is even and the 2" is odd]
T

2 9
. ,
=1(Smm’j :i(sinm)o—o) . R(r)= sin o7
7\t )y nr T

23

ilel<l s

Find the auto correlation function whose spectral density is S(w)= _
0 ; otherwise

M/J16 ,M/J16] BTL4

R(z)= 1 S(wke' dw
2 -

= %_J‘l S(w)e' dw + Jl;S(a))ei”’da) + ]fS(a))ei”’da)}

[ —©

Sl

1 1

I;r.e"‘”da)} _ L J.n(cosm)+isin ro)do

| T4
1t

(cos o)+ IE _[(sm t0)dw

-1

I—‘.—'H

r\)ll—‘ r\Jll—‘

1

j coszw)de + |i( 0)[- The 1% integrand is even and the 2™ is odd]
2

0

~Liine-0) = R(r)="%.
T T

I
TN

K,
NS

S
N
o [l

24

Determine the autocorrelation function of the random process with the spectral density given

SO ; |0)|<G)O
by Sxx (@) = . [A/M17,A/IM18] BTL3
0 ; otherwise
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R(r)=-L [s(we™do

- 2
[ : % % _
=— I S(w)ke'"?dw + IS(w)e'dew+ IS(a))e'”"da)
27 | o o
_ L }SO ei”"da)} _So af(cosw)Hsm row)d aj[ (cos rw) da)+|s—° T(sin tw)dw
27 I 27 o, o, ﬂ_%

@y
=202 j(cos ro)dw +i S—O(O) [- The 1% integrand is even and the 2" is odd]
2 5 2r

. w,
:S_O[Slnra)] :S—O(Sinm)o—O) = R(T):S_OSina)OT'
0 T

T T T

State Wiene—-Khinchine theorem.[N/D13,N/D15] OR Write the Wiener—Khinchine relation.
[N/D14,N/D16,N/D17] BTL1

If X, (@) is the Fourier transform of the truncated random process defined as

X(t) for ft|<T _ _
X, (t)= where {X(t)} is a real WSS process with power spectral
0 for [t|>T

25
density function S(w), then S(w) = I|m2—T E[| X; ()]
PART * B
Consider two random processes X (t) = 3cos(wt+6) and Y (t)=2cos(wt+¢) where
¢ = 6’—% and @ is uniformly distributed random variable over (0,27). Verify whether
Ryy (r) < YRy (0)R,y (0) . [A/M15,A/M17,AIM2019] BTL3
1 Answer:Page: 4.26-Dr.A. Singaravelu
e RXX(0)=9/2 (2M)
e RYY(0)=2 (2M)
e RXY(1r)=3sin ot (2M)
e |RXY(1)| <VRXX(0).RYY(0) (2M)
Find the power spectral density function whose autocorrelation function is given by
2
Ry (7) = A?cos (w, 7). [M/J12] BTL4
2 Answer:Page: 4.50-Dr.A. Singaravelu

e Sxx(W) = foo RXX(t)e T dr (2M)
o Sxx(W) = ™ [G(W + W) + (W — W,)] (6M)
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If {X(t)} and {v(t)}are two random processes with autocorrelation function R, (r) and

Ry, (z) respectively, then prove that ‘ny (r)‘ < JR (0)R,, (0). Establish any two properties
of autocorrelation function R, (z). [N/D10,N/D12,M/J16,N/D16] BTL5
Answer:Page: 4.23-Dr.A. Singaravelu

e RXX(0) = E[x%(t)],RYY(0) = E[y?(t + 1)] (2M)
e |RXY(7)| < /RXX(0) RYY(0) (4M)
e RXX(t) = RXX,|RXX(1)| < RXX(0) (2M)

If X (t)=5sin(wt+¢) and Y (t) = 2cos(wt+6) where o is a constant, 6+¢ :% and ¢ is a

random variable uniformly distributed in (0,27), find Ry, (r), Ry, () , Ry, (z) and Ry, (7).

Verify two properties of autocorrelation function and cross correlation function. [N/D16]
BTL5
Answer:Page: 4.26-Dr.A. Singaravelu

e RXX(7)= 22—5COSWT (2M)
e RYY(T)= 2coswTt (3M)
e RXY(1r)= 5sinwrt (3M)
e |RXY(7)| < /RXX(0) RYY(0) (4M)
e IRXY(7)| <  [RXX(0) + RYY(0)] (4M)

Two random processes X(t) and Y(t) are defined as follows: X(t)= Acos(wt+@) and
Y(t) = Bsin(wt+6) where A, B and @ are constants; @ is a uniform random variable over
(0,2 7). Find the cross correlation function of X(t) and Y (t). [M/J13,N/D15] BTL5
Answer:Page: 4.24-Dr.A. Singaravelu

o RXY(t,t+71)= E[X®).Y(t+ 1)] (2m)
o RXY(t,t+71) = Az—zsinw T (6M)

Define spectral density of a stationary random process X(t). Prove that for a real random
process X (t) the power spectral density is an even function. [M/J13,N/D17] BTL5
Answer:Page: 4.33-Dr.A. Singaravelu

o Sxx(w)= [ Rxx(r)e"™dr (2M)
o Sxx(—w) = Sxx(w) (2M)

State and prove Wiener Khintchine theorem and hence find the power spectral density of a

WSS process X(t) which has an autocorrelation Rxx(r):Ao{l—Lj}—Tsng.

[Nov/Dec2019] BTL5
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Answer:Page: 4.43-Dr.A. Singaravelu

o Sxx(w) = limr, (57 E {1Xr(W)[3) (2m)
o  Sxx(w)= # [1 —cosWT] (6M)

State Wiener-Khinchine relation and define cross power spectral density and its properties.
[M/J16] BTL5
Answer:Page: 4.36-Dr.A. Singaravelu

. o Sxx(W) = limp_ [ E{xr(W)[?}] (3M)
o Sxy(W)= [~ Rxy(x)e ""dr (2M)
o Sxy(w) = Syx(-w) (IM)
e Sxy(w) = Syx(w) — 2 E(x)E(y) o(w) (IM)
If {x(t)} and {y(t)} are orthogonal then Sxy(w) = 0and Syx(w) = 0 (am)
Find the power spectral density of a random signal with auto correlation function e_i‘r‘.
[A/M15,Apr/May19] BTL5
Answer:Page: 4.42-Dr.A. Singaravelu
9 .
o Sxx(w) = f_woo Rxx(t)e ™dr (2M)
22
o Sxx(w)= FE (6M)
Given that a process X (t) has an autocorrelation function Ryy (z) = Ae %l cosay rwhere
A>0,a>0 and w, are real constants, find the power spectral density of X(t)
[N/D16,A/M18] BTL5
10 | Answer:Page: 4.49-Dr.A. Singaravelu
o Sxx(w)= [~ Rxx(r)e™™Tdr (2M)
2Ax
® Sxx(w) = m (6M)
) ) ) . 1—|r| , |r| <1
Autocorrelation function of an ergodic process {X (t)= X} is Ry (r)= o
0 , otherwise
Obtain the spectral density of X . [N/D10,N/D12, M/J16,N/D17] BTL5
Answer:Page: 4.44-Dr.A. Singaravelu
11 ® .
o Sxx(w)= [__Rxx(r)e™™"dr (2M)
Jin(D .,
2
The autocorrelation function of the random telegraph signal process is given by
1 R(r)z a’e? . Determine the power density spectrum of the random telegraph
signal.[N/D13] (OR) The autocorrelation function of the random telegraph signal process is
given by R(r) —aZe % i . Determine the power density spectrum of the random telegraph
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signal. [N/D15 , M/J16] BTL5
Answer:Page: 4.42-Dr.A. Singaravelu

o Sxx(w)= [ Rxx(r)e™™Tdr (2M)
o Sxx(w) = % (6M)

Find the spectral density of a WSS random process {X(t)} whose autocorrelation function is
az TZ

e 2 .[N/D15Nov/Decl9] BTL5
Answer:Page: 4.46-Dr.A. Singaravelu

13 e Sxx(w)= [ Rxx(v)e™™dr (2M)
4a’r
L SXX(W) = m (6M)
Type equation here.
id
: : ), 1-= 7 <T
The autocorrelation function of the random process X (t) is given by R(r)={" T :
0 , |T|>T
Find the power spectrum of the process X (t). [A/M10,A/M15,M/J16,N/D16] BTL5
14 Answer:Page: 4.43-Dr.A. Singaravelu
o Sxx(w)= [_ Rxx(r)e™™7dr (2M)
2
e Sxx(w)= " [1— cosWT] (6M)
| - Dacje)  |o<a
If the power spectral density of a WSS process is given by S(a)) =Ja
0 ,|a)| >a
Find the autocorrelation function of the process. [N/D13,N/D14,N/D16,N/D17] BTL5
15 | Answer:Page: 4.60-Dr.A. Singaravelu
e Rxx(1) = i f_woonx(W)eiWT dw (2M)
A b . o fat
e Rxx(t)= — 2 sin (?) (6M)
The autocorrelation function of the Poisson increment process is given by
A for || > &
R(r)= Al . Find the power spectral density of the process.
A +Z1-1 for |z'|£g
16 & &

[N/D11] BTL5
Answer:Page: 4.51-Dr.A. Singaravelu

o Sxx(w)= [~ Rxx(r)e™™Tdr (2M)

JIT-JEPPIAAR/ECE/Dr.S.SURESH/IIYT/SEM 4/MA8451/PROBABILITY & RANDOM PROCESSESS/UNIT 1-5/QB+Keys/Ver2..62




REGULATION :2017 ACADEMIC YEAR : 2018-2019

.2 eW.
sin (2)

o Sxx(w) =2mA%0(w) + 44 —& (6M)

If X (t) and Y (t) are uncorrelated random processes, then find the power spectral density of
Z(t) if Z(t)= X (t)+Y (t). Also find the cross spectral density S, () and S, (»).[N/D16]

BTL5
Answer:Page: 4.81-Dr.A. Singaravelu

17
o Szz(w) = Sxx(w) + Syy(w) + Sxy(w) + Syx(w) (4M)
o Sxz(w)= Sxx(w)+ Sxy(w) (2M)
o Syz(w) = Syy(w) + Syx(w) (2M)
The power spectral density of a zero mean WSS process {X (t)} is given by
1l |lo<w .
S(w) = o] < @ . Find R(z) and show also that X (t) and X |t+-— |are uncorrelated.
0 ; elsewhere @,
[A/M11] BTL5
18 | Answer:Page: 4.63-Dr.A. Singaravelu
e Rxx(7) = %sin(wor) (4M)
T
e ¢ [x(t).x (t + W—o)] =0 (4M)
Find the autocorrelation function of the process {X (t)} for which the power spectral density
is given by S, (0)=1+w’ for |w/<land S, (w)=0 for |w/>1. [A/M10,N/D16A/M1T7]
BTL5
Answer:Page: 4.68-Dr.A. Singaravelu
19
e Rxx(7) = % I Sxx(w)e™® dw (2M)
_ 2 .. o
e Rxx(7)= — [tsinT + TcosT —sinT] (6M)
®®+9
If the power spectral density of a continuous process is S, (a)) =— >— find the mean
" +50° +4
square value of the process. [N/D11,A/M15, M/J16] BTL5
Answer:Page: 4.67-Dr.A. Singaravelu
20 . _ g1 w9
RXX(T) =F [w4+ 5w2+4] (ZM)
o Rxx(1) = % eIl — % e2I7l (3M)
e Rxx(0) = % (3M)
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The power spectrum of a Wide sense stationary process {X (t)} is given by S(w)= —( L T
l1+w

Find its autocorrelation function R(z). [A/M15,N/D15,N/D15,A/M17] BTL5
Answer:Page: 4.63-Dr.A. Singaravelu

21
e Rxx(7) = i JZ Sxx(w)e™® dw (2M)
e Rux(®) =+ 71)eT (6M)
The cross power spectrum of real random process X (t) and Y(t) is given by
a+jbo ;o<1 , . .
Sy (@)= Find the cross correlation function. [N/D10,A/M11,
0 ; elsewhere
N/D11,N/D15, M/J16 , M/J16,N/D16,A/M17,A/M18] BTL4
- Answer:Page: 4.77-Dr.A. Singaravelu
e Rxy(1) = i IZ Sxy(w)e™T dw (2M)
e Rxx(1) = # [(at — b)sinT+ b TcosT] (6M)
If the cross power spectral density of X(t) and Y() is given by
Sy (@)= a+|b—w , —a<w<a ,a>0 where a and b are constants, find the cross correlation
(04
function. [M/J13,N/D17] BTL4
Answer:Page: 1.80-Dr.A. Singaravelu
23 ,
e Rxy(r) = i I Sxy(w)e™™ dw (2M)
e Rxy(r) = # [(Ta - %) sinwt + tbh cos wr] (6M)
If {X(@)} is a WSS process with autocorrelation function R, (r) and if
Y (t)= X (t+a)- X (t—a). Show that R,, (r) = 2Ry, (r)-R, (r+2a)-R,, (r—2a). BTL5
Answer:Page: 4.47-Dr.A. Singaravelu
24 e Rax(1) = E[x(0).x(t + )] (1M)
* Ryy(®) =Ely@®).y(t+ 1)] (IM)
e Ryy(t) =2 Rxx(t) — Rxx(t + 2a) — Rxx(t — 2a) (6M)
UNIT V-LINEAR SYSTEM WITH RANDOM INPUTS
Linear time invariant system- System transfer function — Linear system with random inputs —Auto
correlation and cross correlation functions of input and output.
PART*A
1 Define a system. When is it called a linear system? [M/J14,A/M15,M/J16,N/D17] BTL1

A system is a functional relationship between the input x(t) and the output y(t). The functional
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relationship is written as y(t) = f [x(t)].
If fla, X,(t)£a, X, ({t)]=a, f[X,(t)]+a, f[X,() then fiscalled alinear system.

Define linear time- invariant system. [A/M10, M/J13,N/D16] BTL1
If fla, X,(t)£a, X, ({t)]=a f[X,(t)]+a, f[X,()] then fiscalled alinear
system.
If Y (t+h)

= f[x(t+h)] where Y (t)= f [X (t)], fis called a time — invariant system
or X (t)and Y (t) ar

e said to form a time invariant system.

Define casual system. [N/D15] BTL1
If the value of the output Y(t) at t = t; depends only on the past values of the input X(t),t <t,

(ie) Y(t,)= f[X(t); t <t;], then the system is called a casual system.

When a system is said to be stable? BTL5
A linear time invariant system, y(t)= f[x(t)] is said to be stable if its response to any bounded

input is bounded.

Prove that Y() 2 X (t) is linear. | M15] BTL5

Let Yy(t)=2X,(t) and Y,(t)=2X,(t)
If the mput X(t)= ()+a2 ,(t), then

Y(t) =2 (ay Xy (t)+ay X ()) 2ay Xy(t)+2a, X, (t) = a1 (2 X4(t)) + a5 (2X (1))
Y(t)=a,Y,(t) + a, Y, (t). Hence Y(t) = 2 X (t) is linear.

Check whether the system Y (t) = X 3(t) is linear or not. [N/D15,A/M17,A/IM17] BTL5

Let Y,(t)= X,*(t) and Yz(): )
If the input X (t) = () ,(t), then

Y(t)=(ay X1 (t)+az X, ()) =a,°X, ( +3a;%a, X, (1)X 5 () + 3a53,” X1 ()X, () + 3, X, (1)

Y(t) = a Y (t) + a, Yo (t). Hence Y (t) = X 3(t) is not linear.

2t
s X
)+

State the properties of linear system. [N/D11] BTL1
The properties of linear system are

(i)  If a system is such that its input X(t) and its output Y(t) are related by a
convolution integral, then the system is a linear time invariant system.

(i) If the input to a time-invariant, stable linear system is a WSS process, the
output will also be a WSS process.

(i) The power spectral densities of the input and output processes in the system

are connected by the relation S,, (@) =|H(@)? S, (@), where H(®) is the Fourier transform of
unit impulse response function h(t).

Define system weighting function. BTL1
If the output Y(t) of a system is expressed as the convolution of the input X(t) and a function
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(t)(e) Y (t th X (t—u)du, then h(t) is called the system weighting function.

Prove that the mean of the output process is the convolution of the mean of the input process
and the impulse response.[A/M18] BTL5
The output Y(t) is expressed as a convolution of the input X (t) with a system weighting function

9 | h(t). i.e. the input-output relationship will be of the form Y (t) = X (t)*h(t) .
Hence, the mean of the output process is E[Y (t)] = E[X(t)]*h(t) (i.e) the convolution of the mean
of the input process and the impulse response.
State the relation between input and output of a linear time invariant system. [A/M15] BTL1
The output Y (t) is expressed as a convolution of the input X( ) with a system weighting function
10 h(t). i.e. the input-output relationship will be of the form Y _[h t u d u.
What is unit impulse response of a system? Why is it called so? [M/J12, N/D17] BTL5
If a system Y J.h t u d u, then the system weighting function h( ) is also called unit
11 | impulse response of the system.
It is called so because the response (output) Y (t) will be h(t), when the input X (t)= the unit
impulse function &1(t).
Prove that if the input of a system is the unit impulse function then the output is the system
wieghting function. [N/D17] BTL5
12 If the input of a linear system is a Gaussian random process, then the output will also be a
Gaussian random process.
If the input X(t) of the system Y J'h t u d uis the unit impulse function, prove
that Y(t)= h(t). BTL5
Given Y (t j h(u)X (t-u)du
Put X (t) = 5(t)
13 Therefore,, X(t—u)=&(t-u)
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14

If a system is defined as Y (t) = %J' X (t—u)e Tdu, find its unit impulse function. BTL4
0
Given Y (t) = ET X (t—u)e_%d u
T 0

e

—H|c

Y(t)= X (t-u)du

1
=

O sy 8

1
Unit impulse function is given by h(t)={T ©
0 , elsewhere

15

If {X(t)} and {Y (t)} in the system Y (t Ih X (t—u)du are WSS processes, how are their

autocorrelation functions related? [N/D11] BTL4
The autocorrelation functions are related as R, (r) = R, (z) * h(r)

(or) Ry, (r)=Ry (z)* h(~7) where = denotes convolution.

16

If the input and output of the system Y Ih t u d uare WSS processes, how are

their power spectral densities related? BTL5
The power spectral densities are related as

Syy (@) =Sy x (@)|H () * where H (@) is the Fourier transform of h(t).

17

Define the power transfer function or system function of the system. [N/D15] BTL5

The power transfer function or system function of the system is the Fourier transform of the unit
impulse response function of the system.

18

1
— forjtf<c
If the system has the impulse response h(t) =72cC | | . Write down the relation
0 ,forftf>c

between the spectrums of input X (t)and outputY (t) . [May2019] BTL4

H (@)= Fh(t)

0

= [h(t)e™ dt

— o0

Ci —iot _i i _ici
~[2c e 't dt = > _J'(coswt isinot)dt

—C

=i Icoswtdt —i iIsincotdt
2¢C 2c 7.
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=5 2 Icoswtdt —1i 2i (0)[since the first integrand is an even function and second
c c

integrand is an odd function]

1[sinwt]” 1 ;. sincw
:—{ } =~ [sincw - 0] =
cl o |, wc Cw
sin?c
va(a)):|H(0)]28xx(a)) = va(a)): Cza)za)sxx(w)-

Find the system transfer function, if a linear time invariant system has an impulse function
1

—|t|<c
=J2C

H(t)=

.[A/M11, N/D12] BTL5
0 |t| >c

System transfer function = H (0) = F[H (t)] = IH (t)e 't dt = j% e 't dt

— 00

19 _ 1 J'(coswt—isina)t)dtzi jcoswtdt—iijsina)tdt
2c -, 2c °, 2c °,
[ .1 : ot : . nd: .
= o 2 J.cos otdt —i 2% (0) [since the 1 integrand is even and 2" integrand is odd]
0
1[sinot]” 1 . sincw
- = =~ [sinco-0] =
cl o |, woc Cw
If the input to a linear time invariant system is white noise {N (t)}, what is power spectral
density function of the output? BTL5
If the input to a linear time invariant system is white noise {N (t)}, then the power spectral density
of the output S, (@) is given by
20

1y (0) = S, (@)H (@) = 5,y (0) = 22|H (o)

where {Y (t)} is the output process and H (w) is the power transfer function.

21

A wide sense stationary noise process N(t) has an autocorrelation function

Ryy (7) = Pe " —co<r<oo with P asa constant. Find its power density spectrum. BTL4

o0

SNN (a)): IRNN (T)eiindT = J.Pe_?"r‘e*iwrdz_

0

= [Pe” (coswr-isinwr)d 7

—00
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= PU e ¥l coswrdr —i Ie‘a"‘ sinwzd r:l

— 00 — 00

=P2 Ie‘w coswrdr — P i (0)[since the first integrand is an even function and

second integrand is an odd function]

o0

-37

22

T, e .
=2P "[e Ycoswrdr =2 P {(—3)2—+a)2 (—BCosa)r+a)sma)r)L
1 6P
=2P |0 - -3+0)| = :
{ 9+ 0’ ( )} 9+w*
If X() is a WSS process and if J'h X(t-u)du then prove that

Ryy (7) = Ryx (7)*h(- 7). [A/M17] BTL5

o0

Given Y jh t u du

X(t+7)Y(t) IX t+7)X(t—u)h(u)du

—00

E[X(t+ V(0] = [EX(t+)X (t -u)du]

0

Puuu=-p4 = du=-dp
When U =-w, f=wx
When u=o, f=-o

Rxv (7 IRxx ~p)h(-p)(~d ﬁ)=—foRxx (z-p)h(- p)d g

p ijx (c—p)h(- p)d j = OjoRxx (7-u)h(= u)du = Ryx (7)*h(-7)

23

Define Time invariant system. (Apr/May 2019)BTL1
Let y(t) = flx(®)]. If y(t + h) = f[x(t + h)]then ‘f’ is called a time variant system or
X(t) and y(t) are said to form a time invariant system.

24

Define memoryless system. BTL1

If the value of the output y(t) at t = ty depends only on the past values of the input x(t), t <t
ie., ify(t0) = f[x(t):t < ty] then such a system is called a casual system.
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Define stable system. BTL1
A linear time invariant system is said to be stable if its response to any bounded input is bounded.

25
PART*B
Show that if {X (t)} is a WSS process, then the output {Y (t)} is a WSS process. Also find
Ryy (z’) [N/D10,N/D11,N/D12,M/J13,M/J14,A/IM15,A/M15,N/D16,N/D16,A/M17] BTL5
Answer:Page: 5.6,5,7-Dr.A. Singaravelu
1 o y(®© = [ hwx(t—wdu (2M)
« Ryy(tt+ )= g(0) [, |7, h(uw)h(uz)dudu, (6M)
If a system is connected by a convolution integral Y (t)= Jh(u)x(t—u)du where X(t) is the
input and Y(t) is the output then prove that the system is a linear time invariant system.
[A/M17] BTL5
) Answer:Page: 5.5-Dr.A. Singaravelu
o y() = ayy: (O) + azy, () (4M)
e y@®)=y(t+h) (4M)
For a linear system with random input x(t), the impulse response h(t) and output y(t),
obtain the cross correlation function R,, () and the output autocorrelation function R, ()
BTL4
Answer:Page: 5.7-Dr.A. Singaravelu
3 o y(t)= f_oooo h(w)x(t —u)du (2M)
e Rxy(t) = Rxx(t) * h(1) (3M)
e Ryy(r) = Rxx(7) * h(-1) (3M)

For a linear system with random input x(t), the impulse response h(t) and output y(t), obtain
the power spectrumsS,, (o) and cross power spectrum S, (). BTL4
Answer:Page: 5.9-Dr.A. Singaravelu

o vy = [ hWx(t—u)du (2M)
o Sxy(w) = Sxx(w) H(w) (4M)
o Syy(w) = Sxx(w) [Hw)|? (2Mm)
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Let X(t) be a WSS process which is the input to a linear time invariant system with unit
impulse h(t) and output Y(t), then prove that S, (@)=|H (@)’ S.(w). [N/D11 |

M/J13,A/M15,A/M15 , M/J16,N/D16,A/M17,A/M18] BTL5
Answer:Page: 5.9-Dr.A. Singaravelu

e Rxy(t) = Rxx(t) * h(7) (5M)
* Sy (a’) = Syx (a))H ’ (0)) (6M)
o Syy(w) = Sxx(w) [H(w)|? (5M)

If {X(t)} is a WSS process and if Y(t) = fw h(u)x X (t—u)du , prove that

(i) Ryy(7) = Ryx (z)*h(=7)(ii) Ryy () = Ryy (z)*h(z) where * denotes convolution
(iii) Syy (@)= Sy (@)H (@) where H *(w) is the complex conjugate of H(w)

(iv) Syy (@)= Sxx (@)|H(e)?. [N/D15,N/D17,N/D17] BTLS5

Answer:Page: 5.6,5.9-Dr.A. Singaravelu

o Rxy(t) = Rxx(t) * h(1) (5M)
o Sxy(w) = Sxx(w) H(w) (6M)
o Syy(w) = Sxx(w) [Hw)|? (5M)

A system has an impulse response function h(t) = e ' u(t), find the power spectral density of
the output Y (t) corresponding to the input X (t).
[N/D10,12,M/J14,M/J16,M/J16,N/D17,Apr/May2019]

L5
Answer:Page: 5.23-Dr.A. Singaravelu
e Hw)= [~ h(t)e ™tdt (2M)
2 _ 1
hd |H(W)| - B2+ W2 (ZM)
1
o Syy(w) = P Sxx(w) (4M)

| A linear time invariant system has an impulse response h(t) = e #*u(t). Find the output auto
correlation function Ryy (r) corresponding to an input X (t). [N/D15,N/D16] BTL4
Answer:Page: 5.23-Dr.A. Singaravelu

1

o HWI = 55 (3w)
o SyyW) = gz Sxx(w) (3W)
« Ryy() = F~* [Syy(w)] (2m)
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9 .

. A circuit has an impulse response given by h(t) = {Tl ,0<t<T.Express Syy (@) in terms of

S xx (a’

). [AIM15,N/D15, M/J16] BTL5
Answer:Page: 5.21-Dr.A. Singaravelu
Hw) = # [sinwt — i(1 — coswr)] (2M)
2 _4 2 (WT
|H(W)| - T2W2 sin ( 2 ) (1M)
Syy(w) = [HWw)[* Sxx(w) (1m)
sinM 2
= <TT2> Sxx(w) (4M)
2

L Given Ry (7) = Ae | and ht) = ™" u(t) where u(t) - {0 : otherwise

density of the output Y (t). [Apr/May2019] BTL4
Answer:Page: 1.80-Dr.A. Singaravelu

1;t>0 .
. Find the spectral

2 _ 1
10 hd |H(W)| - B2+ W2 (ZM)
2a
o Sxx(w) = ——— (3M)
1 2a
o Syy(w) = B2+ W2 a2+ W? (3M)

LA random process X (t) is the input to a linear system whose impulse function is
h(t)=2e *;t=0. The autocorrelation function of the process is Ry, (r)= e ?". Find the
power spectral density of the output process Y (t). [M/J13,Nov/Dec2019] BTL4
Answer:Page: 5.26-Dr.A. Singaravelu

4

11 o |[HW)|? = WZa1 (2M)
4

o Sxx(W) = — (3M)

16 (3M)

¢ Syy(w) - w2 +1)(w2+4)

12

| A random process X (t) with Ryy () =¢e"

27| is the input to a linear system whose impulse

response is h(t) = 2e™",t > 0. Find the cross correlation coefficient Ryy (r) between the input
process X (t) and output process Y (t). [A/M15,A/M18] BTL4
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Answer:Page: 5.15-Dr.A. Singaravelu

4

2 _
e [HW)|* = — (2M)
4
o Sxx(w) = T (3M)
16
° Syy(w) T (W2 +1)(W2+4) (3M)

| X (t) is the input voltage to a circuit (system) and Y (t) is the output voltage. {X (t)} is a

stationary random process with 4, =0 and R, (r)=e“". Find 4, , S, (®) and R, (¢) if

the power transfer function is H(w) = = RL .[N/D13, M/J14,A/M17,N/D17] BTL4
+ILw

Answer:Page: 5.16-Dr.A. Singaravelu

2a

o Sxx(w) = — (4M)
B e Eg =0 (2m)
2a R?
* Syyw) = (a2+ wz) "R2+ w2 (5M)
R
e Ryy(r) = % e~altl 4 % (%) ezl (5M)
. Consider a White Gaussian noise of zero mean and power spectral density % applied to a
low pass RC filter whose transfer function H(f)z_; . Find the autocorrelation
1+i24RC
function of the output random process. Also find the mean square value of the output
process. [Nov/Dec2019] BTL4
Answer:Page: 5.32-Dr.A. Singaravelu
14
_ NOp?
e Syy(w) - Z(BZ-{-WZ) (3M)
 Ryy(r) = £ e~Al (3M)
NOB
e E(y*®O]= Ryy(0) = —~ (2M)
| Assume a random process X (t) is given as input to a system with transfer function H(w) =1
15

. . . . N .
for —w, <w<w,. If the autocorrelation function of the input process is 705(1), find the

autocorrelation function of the output process. [A/M10, M/J16] BTL4
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Answer:Page: 5.31-Dr.A. Singaravelu

o Sxx(w) = % (2M)
¢ Syyw)= = (3M)
. Ryy(r) _ NO.s;r;(Twor) (3|\/|)

LIf X (t) is the input voltage to a circuit and Y (t) is the output voltage. {X (t)} is a stationary

random process with s, =0and R, (r)=e . Find the mean x, and power spectrum
1

0+2i

Sy (@) of the output if the system transfer function is given by H(a)):

[N/D10,Nov/Dec2019] BTL4
Answer:Page: 5.16-Dr.A. Singaravelu

16 « EG) =0 (M)
4
o Sxx(w) = — (3M)
4
o SyW) = s (4M)
1 -5
A linear system is described by the impulse response h(t) = act RS u(t). Assume an input
process whose autocorrelation is B&(z). Find the mean and autocorrelation function of the
output process. [A/M11,N/D14,A/M17] BTL4
Answer:Page: 5.33-Dr.A. Singaravelu
2
o HWI? = f— (2M)
17 Be+w
e E[y®)]=0 (IM)
32
o« Syyw)= G B (2M)
|l
e Ryy(r) = % e RC,—0 < 7 < © (3M)
LIf {N(t)} is a band limited white noise centered at a carrier frequency w, such that
18 Ny for |a)—a) |<a)
2 I8 Find the autocorrelation of {N (t)}. [A/M11, M/J12] BTL4

SN (w):

0 , elsewhere
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Answer:Page: 5.36-Dr.A. Singaravelu

e RNN(®) = % [Z 8NN (w).e™* dw (2M)

¢ RNN(r) = 222 (Sii:ff) cos(WBT) (6M)

s
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EC8452 ELECTRONIC CIRCUITS 11 LTPC
3003

OBJECTIVES:

e To give a comprehensive exposure to all types of amplifiers and oscillators constructed with discrete
components. This helps to develop a strong basis for building linear and digital integrated circuits
To study about feedback amplifiers and oscillators principles
To design oscillators.
To study about turned amplifier.
To understand the analysis and design of LC and RC oscillators, amplifiers, multi vibrators, power amplifiers
and DC convertors.

UNIT I - FEEDBACK AMPLIFIERS AND STABILITY 9
Feedback Concepts — gain with feedback — effect of feedback on gain stability, distortion, bandwidth, input and
output impedances; topologies of feedback amplifiers — analysis of series-series, shunt-shunt and shunt-series
feedback amplifiers-stability problem-Gain and Phase-margins-Frequency compensation.

UNIT II - OSCILLATORS 9
Barkhausen criterion for oscillation — phase shift, Wien bridge - Hartley & Colpitt‘s oscillators — Clapp oscillator-
Ring oscillators and crystal oscillators — oscillator amplitude stabilization.

UNIT III - TUNED AMPLIFIERS 9
Coil losses, unloaded and loaded Q of tank circuits, small signal tuned amplifiers —Analysis of capacitor coupled
single tuned amplifier — double tuned amplifier - effect of cascading single tuned and double tuned amplifiers on
bandwidth — Stagger tuned amplifiers - Stability of tuned amplifiers — Neutralization - Hazeltine neutralization
method.

UNIT IV WAVE SHAPING AND MULTIVIBRATOR CIRCUITS 9
Pulse circuits — attenuators — RC integrator and differentiator circuits — diode clampers and clippers —Multivibrators
- Schmitt Trigger- UJT Oscillator.

UNIT V POWER AMPLIFIERS AND DC CONVERTERS 9
Power amplifiers- class A-Class B-Class AB-Class C-Power MOSFET-Temperature Effect- Class AB Power
amplifier using MOSFET —DC/DC convertors — Buck, Boost, Buck-Boost analysis and design

TOTAL: 45 PERIODS
OUTCOMES:

After studying this course, the student should be able to:
e Analyze different types of amplifier, oscillator and multivibrator circuits
Design BJT amplifier and oscillator circuits
Analyze transistorized amplifier and oscillator circuits
Design and analyze feedback amplifiers
Design LC and RC oscillators, tuned amplifiers, wave shaping circuits, multivibrators, power amplifier and
DC convertors.
TEXT BOOKS:

1. Sedra and Smith, —Micro Electronic Circuitsl; Sixth Edition, Oxford University Press, 2011. (UNIT I, III, IV,
V)
2. Jacob Millman, _Microelectronics ¢, McGraw Hill, 2nd Edition, Reprinted, 2009. (UNIT L, II, IV, V)

REFERENCES

1. Robert L. Boylestad and Louis Nasheresky, —Electronic Devices and Circuit Theoryl, 10th Edition, Pearson
Education / PHI, 2008.

2. David A. Bell, —Electronic Devices and Circuitsl, Fifth Edition, Oxford University Press, 2008.

3. Millman J. and Taub H., —Pulse Digital and Switching Waveformsl, TMH, 2000.

4. Millman and Halkias. C., Integrated Electronics, TMH, 2007.
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Subject Name: ELECTRONIC CIRCUITS 11 Subject Handler: Dr.R.Thandaiah Prabu

UNIT I-FEEDBACK AMPLIFIERS AND STABILITY

Feedback Concepts — gain with feedback — effect of feedback on gain stability, distortion,
bandwidth, input and output impedances; topologies of feedback amplifiers — analysis of series-
series, shunt-shunt and shunt-series feedback amplifiers-stability problem-Gain and Phase-
margins-Frequency compensation.

PART * A

Q.No.

Questions

Define feedback and its types. BTL1

A portion of the output signal is taken from the output of the amplifier and is combined with the
normal input signal. This is known as feedback.

There are two types

Positive Feedback

If the feedback signal is in phase with input signal, then the net effect of the feedback will
increase the input signal given to the amplifier. This type of feedback is said to be positive or
regenerative feedback.

Negative Feedback

If the feedback signal is out of phase with the input signal then the input voltage applied to the
basic amplifier is decreased and correspondingly the output is decreased. This

type of feedback is known as negative or degenerative feedback.

List the different types of feedback topologies.(Nov 2011) BTL1
o Voltage — series feedback topology

2 J Voltage — shunt feedback topology
o Current — series feedback topology
o Current — shunt feedback topology.
What are the effects of negative feedback? (Or) What are the advantages and
disadvantages of negative feedback? (Nov 2012, Nov 2016) BTL1
Advantages:
e It improves the stability of the circuit.
e It improves the frequency response of the amplifier.
3 e It improves the percentage of harmonic distortion.
e [t improves the signal to noise ratio (SNR).
e It reduces the gain of the circuit.
Disadvantages:
e Reduced circuit overall gain.
e Reduced stability at high frequency.
Define positive feedback. BTL1
If the feedback signal is in phase with input signals, then the net effect of the feedback will
4 increase the input signal given to the amplifier. This type of feedback is said to be

positive or regenerative feedback.
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What is Node and Loop Sampling? BTL1

Node Sampling:

When the output voltage is sampled by connecting the feedback network in shunt across the
output, the connection is referred to as Voltage or Node Sampling.

Loop Sampling:

When the output voltage is sampled by connecting the feedback network in series across the
output, the connection is referred to as Current or Loop Sampling.

Define Frequency compensation and its types. (Apr/ May 2019) BTL1

If the feedback amplifier has more than two poles, it can be unstable. The technique is used to
make unstable feedback amplifier to stable is called Frequency compensation.

There are two types,

e Dominant pole compensation: In this compensation technique if dominant pole is
introduced into the amplifier so that phase shift is less than -1800 when the loop gain is
unity.

e Miller compensation: It is implemented by connecting a capacitor between input and
output of a gain stages of a multistage amplifier.

What is the nature of input and output resistance in negative feedback? BTL1
Voltage series feedback:

Input impedance: Zif = Zi * (1+A B)
Output impedance: Zof = Zo / (1+AP)
Voltage shunt feedback:

Input impedance: Rif = Ri * (1+A B)
Output impedance: Zof = Zo * (1+ A B)
Current series feedback:

Input impedance: Rif = Zi/ (1+A B)
Output impedance: Zof = Zo / (1+A B)
Current shunt feedback:

Input impedance: Rif = Ri/ (1+A B)
Output impedance: Rof = Ro * (1+A B)

Mention the three basic networks that are connected around the basic amplifier to
implement feedback concept. (NOV/DEC’12) BTL2

e Mixing Network
e Sampling Network
e Feedback Network

What is the purpose of mixer network in feedback amplifier? BTL1
The mixer network is used to combine feedback signal and input at input of an amplifier.

10

Define Sensitivity and Desensitivity of gain in feedback amplifiers. (April 2011) BTLI
Sensitivity: The fractional change in amplification with feedback divided by the fractional
change in amplification without feedback is called the sensitivity of the transfer gain.
Desensitivity: Desensitivity is defined as the reciprocal of sensitivity. It indicates the factor by
which the voltage gain has been reduced due to feedback network.

Desensitivity factor D = 1+A . Where A = Amplifier gain and B = Feedback factor.

11

State the Nyquist criterion for stability of feedback amplifiers. BTL1
e The amplifier is unstable if the curve encloses the point -1+j0. The system is called as
unstable system.
e The amplifier is stable if the curve encloses the point -1+jo. That system is called as
stable system.
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12

Identify the topology for the circuit drawn in Fig. BTL3

V, = 0, does not make feedback zero, I, = 0 makes feedback zero; Feedback is fed in shunt with
input signal so its Current shunt feedback.

13

The voltage gain of an amplifier without feedback is 60 dB and decreases to 40 dB with
feedback. Determine the feedback factor of the feedback network. BTLS

Ay
1+B Ay,

From A, =

p=tohu 60710 _ g33,10-3

ApAys  60x40

14

Give the expression for gain of an amplifier with feedback. BTL1
Avf=AV/ 1+ AV B

Where, Avf — feedback voltage gain. AV — Voltage gain.

B - Feedback factor

15

What is loop gain or return ratio? BTLI

A path of a signal from input terminals through basic amplifier, through the feedback network
and back to the input terminals forms a loop. The gain of this loop is the product -A B . This gain
is known as loop gain or return ratio.

What is the effect of negative feedback on bandwidth? BTL1

16 Bandwidth of amplifier with feedback is greater than bandwidth of amplifier without feedback.
Why gain bandwidth product remains constant with the introduction of negative feedback?
BTLI

17 | Since bandwidth with negative feedback increases by factor (1+A ) and gain decreases by same
factor, the gain-bandwidth product of an amplifier does not alter, when negative feedback is
introduced.

A feedback amplifier has an open loop gain of 600 and feedback factor p = 0.01. Find the
closed loop gain with feedback. BTL1

18 | Avf=AV/1+ AV

=600/ (1+ 600*0.01)
=85.714.
The distortion in an amplifier is found to be 3%, when the feedback ratio of negative
feedback amplifier is 0.04. When the feedback is removed, the distortion becomes 15%.
Find the open and closed loop gain. BTL5

19 Solution:

Given: B=0.04

Distortion with feedback = 3%,
Distortion without feedback = 15%
D=15/3=5: Where D=1+A B =5
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20

Voltage gain of an amplifier without feedback is 60dB. It decreases to 40dB with feedback.
Calculate the feedback factor. BTLS

Solution:
Given: Av = 60dB and Avf =40 dB.
We know that,

Avf=AV/ 1+ AVB

B=(AV- Avf)/ ( AVAVf)
= (60-40) / (60*40)

B =0.00833.

21

What is Nyquist diagram? BTL1
The plot which shows the relationship between gain and phase-shift as a function of frequency is
called as Nyquist diagram.

22

Write the steps which are used to identify the method of feedback topology. BTL1
e Identify topology (type of feedback)
0 To find the type of sampling network.
0 To find the type of mixing network

Find the input circuit.

Find the output circuit.

Replace each active device by its h-parameter model at low frequency.

Find the open loop gain (gain without feedback), A of the amplifier.

Indicate Xf and Xo on the circuit and evaluate = Xf.XO.

e Calculate A, and B, find D, A1, Rif, Rof, and Rof’.

23

What are the types of distortions in an amplifier? BTLI
e Frequency
e Noise and non-linear

24

What is the effect of lower cut-off frequency & upper cut-off frequency with negative
feedback? BTLI

Lower cut off frequency with feedback is less than lower cut off frequency without

feedback by factor (1+Amid )

Upper cut off frequency with feedback is greater than upper cut off frequency

without feedback by factor (1+Amid )

25

Define feedback factor or feedback ratio. BTL1
The ratio of the feedback voltage to output voltage is known as feedback factor or feedback ratio.

PART B

Explain with neat diagram, the two stage voltage series feedback amplifier and determine
the AV, AVf. (13M) (May 2018) BTL2
Answer: Page 545 - S.Salivahanan
FET Common drain Amplifier: - (2M)
e The feedback signal - voltage Vf across R,
e The sampled signal - voltage Vo across R.
e To find the input circuit, set Vo= 0, and hence Vs appears directly between G and S.
e To find the output circuit, set [i = 0, and hence R appears only in the output loop.
Low — frequency model Source Follower (3M)
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D L R Rs
4 F

FET replaced by its Small - Signal Low frequency model

Vf=Vo;B=Vf/Vo=1 (2M)
This topology stabilizes voltage gain.
Without feedback Vi= Vs,

v (M)
o = % (1M)
of = Tan (2M)
Rlor = sritsemin M)

Derive the expression for lower and higher cut off frequency of feedback amplifier. (13M)
(Nov 2010, Apr 2010, Nov 2006, Apr/May 2019) BTL3

Answer: Page 539 - S. Salivahanan

Lower cut off frequency of feedback amplifier:

voltage gain at low frequency f L (3M)
A = m
L= fTL
Where,

Amid = Voltage gain in mid frequency range.
fi = Lower cut off frequency without using feedback.

After the application of feedback, (3M)
—, 2L
Ap = 1-Ap
Amr
Ap = 1 m_ 7L
o
Where,

L =1L /[1 + Amid B] = Lower cut off frequency using feedback.

Amr=Amid/ [1 + ALmB] = Mid band gain with feedback.

FL > fl i.e., the negative feedback decreases the lower cut off frequency by the factor of
[l +Amid p].

Higher cut off frequency of feedback amplifier:

Voltage gain at high frequency fL is given by (3M)
Am

Am id = Voltage gain in mid frequency range.
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fh = upper cut off frequency without using feedback.

After the negative feedback is applied, (3M)
Ayp = Ay /(1 — Ayp)
F
Ayp = 1 _m_ i
Where,

Fu= 1, [1 + Amid B] = Upper cut off frequency using feedback.
Ame=Amid/ [1 + ALmidp] = Mid band gain with feedback.

Fu>14 i.e.,
Upper cut off frequency — increased- due to - negative feedback- Band width is increased.
Bandwidth Plot: (1IM)
Gam{dB pea- T;:»Withuu
4 ! feedback
u.mt'l o —
f \
— 4 ; == With feedback
Mgz al -L 1 _J;‘
0707 Atat /‘r ——————————————————————— i—it
fir Ty fﬂ; Freq{Hz)
- BW »

- Bwf >

An amplifier has a mid-band gain of 125 and a bandwidth of 250 KHZ. (a) If 4%negative
feedback is introduced, find the new bandwidth and gain. (b) If the bandwidth is to be
restricted to 1 MHZ, find the feedback ratio. (8M) BTL5
Answer: Page 544 - S. Salivahanan
Solution: Given A=125, BW=250KHZ & p=4%=0.04
(a) We know that, BWf = (1+Af) BW (4M)
=(1+125 X 0.04) X 250 X 103 = 1.5MHz
Gain with feedback, Af=A/ 1+AB
=125/ 1+ (125 X 0.04)
Af=20.83
(b) BWf=(1+AB) BW (4M)
1 *10° = (1+125p) * 250 * 10°
= (1+125B) =1 * 106/250 * 10°
B=3/125=0.024
B=2.4%

Sketch the block diagram of a feedback amplifier, and derive the expressions for gain with
positive feedback and negative feedback. (9M) (May 2017, Apr/ May 2019). BTL3

Answer: Page 532 - S. Salivahanan

Introduction: (2M)
The input signal = Xs

The output signal = Xo = A Xi

Feedback signal = Xf = f§ Xo

Difference signal = Xd = Xs-X f=Xi

Gain of the amplifier without feedback A = Xo / Xi

The feedback factor = = Xt/ Xo
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e Input signal applied to the amplifier is, Xi = Output of the mixer or summer.
Xi=Xs+ Xf

Negative feedback: (2M)
Af=Xo/Xs
=AXi/Xi[1+AB]
=A/[1+AP]
‘-+ve’ sign for positive feedback i.e.,
Positive feedback: (2M)
‘- ve’ sign for positive feedback i.e.,
Af=A/[1-ApB]
The denominator term ‘1 - A B’ - as “Desensitivity factor”.
Negative feedback - ‘1 + A B’.
Positive feedback - ‘1 - A B’.
Block Diagram: (3M)

Mizxer {(or) Summer

\ Difference signal output signal

1w =AY
_]\_ bl Amplifier(4)

X

=]
=
="

Feedback Network (B)

Feedback signal P

Fig (a)

F 3

An amplifier has a voltage gain of 400, f1=S0HZ, f2=200KHZ and a distortion of 10%
without feedback determine the amplifier voltage gain, f1f , f2f and Df when a negative
feedback is applied with feedback ratio of 0.01. (8M) BTL5

Answer: Page 544 - S. Salivahanan

Solution: Given: A=400, f1=50HZ, f2=200KHZ, D=10%, p=0.01

We know that, voltage gain with feedback (2M)
A=A/ 1+AB=400/1+400 X 0.01 =80

New lower 3db frequency, 2M)
Fie=fi/1+AB =50/ 1+400 X 0.01 = 10Hz

New upper 3db frequency, 2M)
Far= (1+AP)f,= (1 + 400 X 0.01) X 200 X 10°

For=1MHz

Distortion with feedback, Di,=D / 1+AB=10/5=2% (2M)

Draw the circuit of voltage series and current shunt feedback amplifier and derive the

expressions for input impedance Rif. (10M) (May 2017). BTL2

Answer: Page 545 - S. Salivahanan

Voltage series feedback connection. (or) Series — Shunt feedback: -

Output voltage is directly proportional to the input voltage, thus it is used as “Voltage amplifier”.
A =Vo/Vi(or) Vo=A Vi.

Block Diagram: (2M)
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Voltage
Vs Amplifier(4) P Bl
A= VIV ¢FL Vo
L | " v
Feedback Network (p)
Gain: (1IM)

The amplifier has a gain of without feedback,

A =Vo/ Vi (or) AVi= Vo.

If feedback is connected then

Vs=Vi+ Vf - (1)

(or) Vi=Vs—-Vf

AVF=A/(1+Ap).

Substituting the Vf value in Eqn (1),

Vs =Vi+ B Vo.

=Vi+B A Vi (Vo=A Vi)

Vs=(1+A B). Vi

AVF=Vo/Vs

=A Vi/(1+A B). Vi

Input Impedance:- (1IM)
=Vs=Vi+ Vf

=Vi+ Vo.

=Rili+p Vo.(Vi=Rili)

=Rili+p AVi. (Vo= Vi)

=Rili+Rilip A

Vs=Zili[1+ A B] (Zi = Ri)

Zif=Vs/Ii

=Zi(1+Ap)

Zif=7Zi(1+Ap)

Ouput Impedance:- (1IM)
Vo=1Zo+ A Vi[Ro = Zo]

Vo=1Zo—-A Vf

{ As we know Vi = Vs - Vf Vs is transferred to the output side hence Vs = 0 thus
Vi=-Vf=-BVo}

Vo=1Zo-AB Vo

Vo+ A B Vo=1Zo.

Vo[l+AB]=1Zo

Vo /lo=Zo/1+Ap

ZOF=Z0/1+AB

Zo = output impedance - without feedback.

ZOF = output impedance - with feedback.

Output impedance - reduced by a factor of (1 + A B) - output impedance of the amplifier without
feedback.

Current Shunt feedback connection. (Or) Shunt Series feedback:-
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Output current - directly proportional - Input current - “Current amplifier .
e, A=Io/Ii(or) lo=Al.

Block Diagram: 2M)
I In= I L
Current L
Is Amplifier] &) Rp<
A=/ <
Feedback Network ([)

Output current - parallel with the input circuit - current shunt feedback configuration.
“Current amplifier” - amplifiers - input current at the output.

Gain of the amplifier without feedback is (1M)
A=lo/li And B=1f/1Io
We know,
Is=li+If;If=Ploandlo=ATi
A
A =
F71+ 48
Input Impedance: - (1IM)
Ri
Rif =
Y =17 4p
Where, Rif = Input resistance - with feedback. Input impedance - decreased by the factor ( 1 +
AB).
Output Impedance: - (1M)

We know Is =1i + If (or) li=Is - If = - If
Rof=Ro [ 1+ AB ] Thus the output impedance increased by (1 + AB)

Write about the Nyquist criterion for stability of feedback amplifiers. (3M) (May 2017),
(Nov2012)(Apr/May 2019). BTL1
Answer: Page 537 - S. Salivahanan

e AP - function of frequency - points in the complex plane — obtained - for the values of A
corresponding - ‘f” from —a to + o .
e Locus - all these points forms - closed curve.
e The criterion of Nyquist - the amplifier - unstable if this curve encloses the points -1 +j 0
e Amplifier - stable - the curve - does not enclose - this point.
Rules for stability: (2M)
e |1+ AP |=1 represents a circle - unit radius, with its center - point -1 + jO.
e If, for any frequency, AP extends outside this circle, - feedback - negative, since then | 1+
AB|>1.
e If AP lies within this circle-| 1+ AP | <1, - feedback - positive.
e The system - not oscillate unless Nyquist’s criterion - satisfied.
Nyquist plot: (1M)
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(1) With positive feedback and

BTL2
Answer: Page 532 - S. Salivahana
The Feedback connection has three networks.
1. Sampling network
2. Feedback network
3. Mixer network
Sampling network:
Based on the sampling signal
1. Voltage Sampling or Node sampler
ii. Current Sampling or Loop sampler

<+— —Vr—1 Basic amplifier (A

- ' F'eedback
v Network(B)
f
Voltage Sampling
i
Ny Basic H
— ! amplifier A ! !
| '
: HR Y
| i
v Feedback :_ i
" | netwoik B
Feedback Network :

The symbol B is always lies between 0 and 1.

Current,(or loop) sampler

v

/ Voltage (or node) sampler
i
i
1

VE=BVO0; ‘B’ is a feedback factor or feedback ratio.

Sketch the block diagram of a feedback amplifier and derive the expression for gain

(2) With negative feedback state the advantages of negative feedback (6M) (Dec 12)

(2M)

(2M)
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e Negative feedback:
Af=Xo/Xs
=AXi/Xi[1+AB]
=A/[1+APB]
‘-+ve’ sign for positive feedback i.e.,
e Positive feedback:
‘- ve’ sign for positive feedback i.e.,
Af=A/[1-ApB]
The denominator term ‘1 - A B’ - as “desensitivity factor”.
If the amplifier uses negative feedback, itis ‘1 + A .
If the amplifier uses positive feedback, itis ‘1 - A B’.
Mixing Network : 2M)
e Series Mixing:
Series mixer

Basic Amplifer
A
back
Source ‘t : Feedback
BVo=V: network
¥

e Shunt Mixing:

Voltage or shunt mixing unit
e - ©

1
L —e X :
i A a1 H Acie 1£
-r* Is § R31 i Basic Amplifer
M~ o : A
: i l
t L)
Source Feedback
I network

A single stage transistor amplifier has a voltage gain of 600 without feedback, and 50 with
feedback. Calculate the percentage of output which is feedback to the input. (6M) BTL4
Answer: Page 538 - S. Salivahanan

Solution:
e Voltage Gain without feedback ( A) = 600 (2M)
e Voltage Gain with feedback, (Af) =50 (2M)
Af=A/1+BA

50 =600/ 1+ (B X 600)

1+ (B X 600)=600/50=12

600p =11

~f=0.01833

=~ % of output voltage that is feedback to the input = X 100=1.833. (2M)
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An amplifier with a negative feedback provides an output voltage of 5 volt with an input
voltage of 0.2volt. On removal of feedback, it needs only 0.1V input to give the same output.
Determine a. gain without feedback, b. Gain with feedback, c. Feedback ratio (6M)

Answer: Page 538 - S. Salivahanan

A=50 BTLS
10 Solution:
a. Gain without feedback, A= output voltage / input voltage =5 /0.1 (2M)
b. Gain with feedback, Af = output voltage / input voltage =5 /0.2 2M)
~Af=25
c. We know that, AF = A /1+BA (2M)
=25/1+25B
11=0.02
Determine the voltage gain and input impedance with feedback for a voltage series
feedback having the following parameters; A = —100; R; = 10 kQ; R, = 20 kQ; for (i)
B =-0.1; (ii) = —0.5. (13M) BTLS5
Answer: Page 552 - S. Salivahanan
Ay -100
Ay = A 1L - —9.09 (2M)
Rif = R;(1+ BA,) = 10x11 = 110 kQ (2M)
11 Ro 20
of = Tipas — 11— 181k (2M)
Ay _ -100 _
Ay = A - 51 - 1.96 (2M)
Rif = R;(1+ BA,) = 10x51 = 510 kQ (2M)
Ro 20 _
of = Topar —s1- 0.392 k1) (3M)
PART * C

Compare all the four feedback amplifiers with neat diagrams. (15M) BTL4
Answer: Page 552 - S. Salivahanan
Block Diagram: (8M)

i.

7 (D A-nctwork(2) o—J V,S2Z

r @.-l-n::m.-m k @

. (D) Fnetwork (2] ¥, . (D) F-network (2]

(a) (b)

zZ z z, 2z
[ - L [ & £ |
) ) — L
7, @ E; Z @ A-network ® vV, - A E‘; Z, ®'I-nc1\\'mk @
I., I, I, V=Zz
o L
@ F-network @ vV, @ F-network @
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Parameters Comparison (T™M)
Feedback Appropriate Input Variable Output Transfer function 2 .
connection Two-port (source form) variable stabilized Input Output
parameter Impedance | Impedance
representation
Series- h-parameters Voliage, V, Voluage, V, (V,/V,)) Voliage Increasces Decreases
Shunt (Thevenin) transfer function
Scrics- Z-paramcters Voltage, I, Current, /, (I/V)) Transfer Increcascs Increcascs
Serics (Thevenin) admittance
Shunt- y-parameters Current, /| Voliage, V, (V, /1) Transter Decreases | Decreases
Shunt (Norton) Impedance
Shunt- g-paramcters Current, /, Current, /, (1/1) Current Decreascs Increasces
Series (Norton) transfer function

Draw a single stage current series feedback amplifier and draw the basic amplifier without
feedback and its equivalent circuit. Also derive for voltage gain without feedback. (13M)
(Nov 2017) (or)

What is the effect of current series negative feedback on input resistance and output
resistance of a BJT amplifier? Explain the same with necessary circuits, equivalent circuit
and equations. (13M), (May 2017) (or)

Draw the equivalent circuit of current series feedback amplifier and explain. Also derive
Rif, Rof, Av, Avf .(13M) (May2018) (Nov 2016) BTL2

Answer: Page 551- S. Salivahanan

The Common Emitter Transistor amplifier: (2M)
The feedback signal is the voltage Vf across Re, and the sampled signal is the load current Io.
B=V{/ Vo=-lo Re/Io*RL

=-Re/RL
P - function -the load RL.
Circuit Diagram: (3M)
c To l
Rs E *
K Ry Vo
+ L E
+ Vs
Vs
_ - Re Re )
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R~s~ B (
L, o | ; I
" 2Ry
Vs C) hi, < C) I, I { Vo
Re Re *7] l
E E ‘
|¢+— Vg —b|
B=Vf/Vo=(-loRe)/Io (2M)

=-Re
Since the input signal Vi without feedback is the Vs, then
Gm=1Io/Vi=(-hfe.Ib )/ Vs

= -hfe /(Rs+hie+ Re) (A)

D = 1+ * Gm = 1+(hfe*Re)/(Rs+hie+Re) (2M)
D =[ Rs + hie + (1+hfe) Re ] / (Rs + hie +Re)

Gmf=Gm/D

Gmf = -hfe / [ Rs + hie + (1+hfe) Re ]

If (1+hfe)*Re>> Rs+hie, and

Since hfe >> 1 ; then Gmf ~ -1/Re ; Gmf ~ 1/p.

Voltage gain (2M)
Avf=(I0*RL )/ Vs =Gmf * RL = (- hfe * RL) / [Rs + hie+(1+hfe )* Re]

Avf~ - RL / Re; the voltage gain is stable if RL, Re are stable resistors.

Ri=Rs + hie + Re .

Rif = Ri *D = Rs+hie+ (1+hfe) Re. (1M)
Since Ro = o, then Rof = Ro (14 Gm) = oo. (1M)
Hence R’of = RL || Rof = RL.

An alternative derivation is R’of = R’o (1+ Gm)/ (1+ GM)

Since Gm represents the short circuit Trans conductance, then Gm = limg.>g GM

From equation (A), GM is independent of RL,

And hence Gm = GM and R’of =R’0 =RL

Draw the circuits of voltage shunt and current series feedback amplifiers and derive the
expression for input impedance Rif. (10M) (Dec 12) BTL1

Answer: Page 561 - S. Salivahanan

Voltage shunt feedback connection. (or) Shunt Shunt feedback:-

Output voltage - directly proportional - Input current - “Trans resistance amplifier”.

ie., A=Vo/Ili(or) Vo=Al.

Block Diagram: (2M)

JIT-JEPPIAAR/ECE/Dr.R. THANDAIAH PRABU/II™ Y1/SEM 04/EC8452/ELECTRONIC CIRCUITS II/UNIT 1-5/QB+Keys/Ver2.0
2.15




REGULATION: 2017 ACADEMIC YEAR: 2019-2020

Transresistance .4
Is Amplifier(s) RLé Vo
Em=V, /I
: | - 4
| E=Bvo

Feedback Network
®

Voltage Gain: (IM)
A = Vo /Ii = Gain of amplifier without feedback.
B=1If/ Vo
I[s=L+If
=li+p Vo
=li+BAIl

Is=li(1+AB)
Af= Vo /Is = Gain of amplifier with feedback.

A = A
F71+ 48
Input Impedance: - (1M)
. Zi
2 =145
Output Impedance: - (1IM)
Ro
Rof =175

Output impedance of voltage shunt feedback - reduced - the Desensitivity factor of ( 1 + Ap) -
output impedance of amplifier without feedback Zo = Ro.

Current Series feedback connection. (or) Series Series feedback:-

Output current - directly proportional - Input voltage-“Trans conductance amplifier .

i.e., A=Io/Vi(or) lo=A Vi.

Block Diagram: (2M)
lo
e
+ + Transconductance L
Ve - Amplifier(4)
; Vil GmL/vi RLS
= —

+ Feedback Network (B)
pIo = Vf

The property of Trans conductance amplifier

Ri>>Rs ; Ro>> RL thus Io =1L

Voltage Gain: (1M)
Let the gain of amplifier without feedback

A=1Io/Viand B = Vf/]Io.
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We Know,

Vs=Vi+ Vf

The gain of the amplifier with feedback
Af=1o/Vs

Input Impedance: (1M)
Vs=Vi+ Vf

=TiRi+ Vf

=liRi+pIo

=liRi+AB Vi

Where,

lo=AVi

Vs=IliRi+ ABIiRi

Vs=TliRi[ 1+ AB]

Rif=Ri[ 1+ AB]

Input impedance gets increased by the factor (1 + AP ).

Output Impedance: (1M)
Assume - source voltage - transferred - output terminals - Vs shorted i.e Vs = 0, resulting -
current lo into the circuit.

Vs=Vi+ Vf

Zof=Zo[ 1 +AB]

Output impedance - amplifier with feedback- Output impedance - increased by a factor of (1 + A
p).
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UNIT II - OSCILLATORS

Barkhausen criterion for oscillation — phase shift, Wien bridge - Hartley & Colpitt‘s oscillators —
Clapp oscillator-Ring oscillators and crystal oscillators — oscillator amplitude stabilization.

PART * A

Q.No. Questions

1 Define an Oscillator circuit. BTL1
An Oscillator is a circuit, which basically act as a Generator, generating the output signal which
oscillates with a constant amplitude and constant desired frequency.

Classify Oscillators based on different criterions. BTL2
Based on waveform generated:

. Sinusoidal Oscillator.
. Non- Sinusoidal Oscillator or Relaxation Oscillator Example: Square
wave, Triangular wave, Rectangular wave etc. According to principle
2. involved:
. Negative resistance Oscillator,
. Feedback Oscillator.
According to frequency generated:
. Audio frequency oscillator - 20Hz — 20 KHz
. Radio frequency oscillator - 30 KHz — 30MHz
. Ultrahigh frequency oscillator - 30 MHz — 3GHz
. Microwave Oscillator - 3 GHZ above
. Crystal oscillator
Name the various types of feedback oscillators. BTL1
RC oscillators — Types
. RC phase shift oscillator
3. . Wein bridge oscillator
LC oscillators — Types
. Tuned collector oscillator

o Tuned emitter oscillator

. Tuned collector base oscillator
. Hartley oscillator

. Colpitts oscillator

. Clapp oscillator.

4. | Discuss the conditions to be satisfied for oscillation. (Nov 2017) BTL6
The total phase shift of an oscillator should be 360  for feedback, product of open loop gain

& feedback factor should be unity. Oscillator should satisfy Barkhausen criterion.

Define piezoelectric effect. BTL1
5 When applying mechanical energy to some type of crystals called piezoelectric crystals
themechanicalenergyisconvertedintoelectricalenergyis called piezoelectric effect.

What is Miller crystal oscillator? Explain its operation? BTL1
It is nothing but a Hartley oscillator with its feedback Network is replaced by a crystal. Crystal

normally has higher frequencyreactance dueto the miller capacitance that are in effect between the
transistor terminal.
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Define Barkhausen Criteria. (May 2014) (April 2015, April 2017) (Nov 2017) BTL1

1. The total phase shift around a loop, as the signal proceeds from input through amplifier,
feedback network back to input again, completing a loop, is precisely 0° or 360°.

2. The magnitude of the product of the open loop gain of the amplifier (A) and the feedback
factor B is unity. i.e., A= 1.

Name two low frequency and high frequency oscillators. (Nov2017) BTL1
Low frequency oscillators are
e RC phase shift oscillator
e Wein bridge oscillator
High frequency oscillators are
®*  Hartley oscillator
®  Colpitts oscillator

List the advantages of crystal oscillators. BTL1
Frequency stability is greater. Hence,they are  used in watches, communication
transmitters and receivers.

10.

List the advantages of the RC phase shift oscillator. (May 2016, Nov 2017). BTL1
. The circuit is simple to design
. Can produce output over AF range
. Produces sinusoidal output waveform
. It is fixed frequency oscillation.

11.

Identify which oscillator uses both positive and negative feedback. BTL3
Wein bridge oscillator

12.

Discuss about the construction of Armstrong oscillator. BTL6
It is a type of LC oscillator. In this oscillator, a transformer is used, whose primary acts as L

in the circuit while the voltage across the secondary is used as a feedback.

13.

List the factors that affect the frequency stability of  an oscillator.
(Nov-2016) BTL1

. Change in temperature

. Change in load

. Change in power supply

14.

List the essential parts of an oscillator. BTL1
. Tank circuits (or) oscillatory circuit.
. Amplifier (Transistor amplifier) and
. Feedback circuit.

15

List the disadvantages of crystal oscillator. BTL1
. It is suitable for only low power circuits.

. Large amplitude of vibrations may crack the crystal.
The change in frequency is only possible replacing the crystal with another one by different
frequency.

16

Compare an oscillator & an amplifier. BTL4

Oscillator Amplifier
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They are not self-generating circuits. They
need a signal at the input and they just
increase the level of the input waveform.

They are self-generating circuits. The
generate waveforms like sine, square and
triangular waveforms of their own, without
having input signal.

It has infinite gain It has finite gain.
Oscillator uses positive feedback Amplifier uses negative feedback
17. | List the disadvantages of RC phase shift oscillator. (April 2008) BTL1
. It is ideal for frequency adjustment over a wide range.
. It requires a high [ transistor to overcome losses in the network.
18.

Explain about resonant circuit oscillators. BTL5

LC oscillators are known as resonant circuit oscillator because the frequency of operation of LC
oscillator is nothing but a resonant frequency of tank circuit or LC tank circuit which produces
sustained, oscillation at resonant circuit oscillator output.

19.

Justify the need of RC phase shift in a RC phase shift oscillator. BTL5

The amplifier used causes a phase shift of 180 then the feedback network should create phase shift
of 180 , to satisfy the Barkhausen criterion. Hence in phase shift oscillators, three sections of RC
circuit are connected in cascade, each introducing a shift of 60, thus introducing a total phase
shift 180 , due to feedback network, a phase shift of 180 is introducing providing a total phase
shift of 360 .

20.

Wein Bridge oscillator is used for operation at 10 KHz. If the value of resistance R is 100 k€2,
Evaluate the value of C required (Nov 2008). BTL5
F=1/(2aRC)

C=159.155PF

Discuss about frequency stability of an oscillator (May 2009) (Apr/ May 2019) BTL6

21. The analysis of the dependence of the oscillating frequency on the various factors like stray
capacitance, temperature etc. is called frequency stability analysis.
In a RC phase shift oscillator, if R1 =R2 =R3=200k and C1=C2=C3=100pf, Estimate the

22. | frequency ofthe oscillator. (April 2010). BTL5

The frequency of oscillator is F=1/(2aRC) = 7.957kHZ

23.

A crystal has the following parameters L= 0.5 H, C=0.05pf, and mounting
capacitance is 2 pf, Estimate its series and parallel resonating frequencies. (Nov 2010)
BTLS

Series resonance frequency:
fs = 1/(2nVLCs)
= 1/2m+/(0.5 % 0.05 * 10-12)
fs =1 MHz

Parallel resonance frequency:

f _i Cs+Cp
P 2p.lLCsCp
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1 0.05 % 10~12 + 2 %« 10~12
T 2w ]0.05% 10712 %2 % 10712 % 0.5

= |MHz

24.

Draw the frequency V3 reactance curve for a crystal oscillator. BTL1

Tk .
Indactive Intuctiwe
F.eactarnce

wp W

© /m

/-H-'_'_

Capacitive

Capacitive (
Feaclance

L J

N

25.

Draw the equivalent circuit of crystal oscillator. (Apr/May 2019) BTL1

L Cre -=Miller Capacitance

[
:

26.

Compare between Colpitts’s and Clap Oscillator. (April 2015) BTL4
Colpitts oscillator:
An LC Oscillator which uses 2 capacitive reactances and one inductive
reactance in the feedback network.
Clapp oscillator:

e [t is similar to that of colpitts oscillator but modification in the tank
circuitis thatone more  capacitor C3 is introduced in series with the
inductance.

e Good frequency stability.

e The stray capacitances have no effect on C3 which decides the frequency.

PART*B

A crystal with L=0.4H, C=0.085PF and Cm=1PF, with R=5K<,

Find Series Resonant frequency, (4M)

Parallel resonant frequency, (3M)

By what percent does parallel resonant frequency exceeds the series resonant frequency?
(3M)

Find the Q factor (3M) (May2018) BTL4

Answer: Page 611- S. Salivahanan
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Series resonance frequency: (4M)
fs = 1/(2nVLCs)
= 1/2m+/(0.4 % 0.085 * 10~12)
fs =863.13 KHz

Parallel resonance frequency: (BM)

f _i Cs+Cp
P 2p.LCscp

1 \] 0.085* 10712 + 1 x 10~12

T 2m,[0.085x 1012« 1 x 10-12 x 0.4

=899.07 KHz
parallel resonant frequency exceeds the series resonant frequency by 899.07-863.13 KHz = 36
KHz. (M)
Q Factor: Q =oL/R =0.45 (3M)

Illustrate the working principle of Clapp oscillator with neat diagram (7M) (May2018)
BTL2
Answer: Page 590- S. Salivahanan
Introduction:
e Modified colpitts oscillator circuit - called clap oscillator. (2M)
e The basic tank circuit with two capacitive reactances --one inductive reactance remains
same. Modification -one more capacitor C3 is introduced in series with inductance.
¢ (3 much smaller than C1 and C2.

Frequency of Oscillation & Condition for Sustained Oscillation: (2M)
C1
hfe = a
A
f T om LCeq
Circuit Diagram: (3M)
* *

Draw the Wein bridge oscillator using BJT, explain and derive the condition for oscillation.
(10M) (Nov 2017) (Nov/Dec- 2003), (Nov/Dec- 2004) (April- 2004) (Apr/ May 2019) (or)
Draw the circuit of Wein bridge oscillator using BJT. Show that the gain of the amplifier
must be at least three for the oscillation to occur (10M) (Nov 12) BTL5

Answer: Page 605- S. Salivahanan

Introduction: (3M)
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e Wein bridge oscillator -audio frequency oscillator.
e Involves both positive and negative feedback.
e Negative feedback — stability.
e Positive feedback - oscillations.
e Feedback network - not produce - phase shift.
e The circuit consists -two transistors- operated - CE configuration.
e The transistors- individually -provide - phase shift of 180° - overall phase shift is 360° -
fed back - first stage - bridge network.
Circuit Diagram: (3M)

The frequency of oscillator is F=1/(2nRC) (2M)
Advantages of wein bridge oscillator :- (2M)
1. Good sine wave output.

2. Good frequency stability.

3. Good Amplitude stability.

In Colpitts oscillator, C1=1pF, C2=0.2pF. If the frequency of oscillation is 10 KHz, find the
value of inductor; also find the required gain for sustained oscillation. (3M) (Nov 2017)
BTL2

Answer: Page 588- S. Salivahanan
1

Frequency of Oscillation: f = — rom (IM)
Ceq = C,C/(C1+Cy) (1IM)
L=0.422mH (1M)
Draw Hartley oscillator using FET, explain and derive the condition for oscillation. (13M)
(Nov 2017) BTL4
Answer: Page 582- S. Salivahanan
Introduction: 2M)
e LC Oscillator
e Two inductive reactance’s - one capacitive reactance - feedback network - Hartley
Oscillator.
Frequency of Oscillation: (3M)
1
4 27,/ LeqC
Leg=L1+1L2
Circuit Diagram & Explanation (4M+4M)
180° phase shift — feedback network- another 180° phase shift — CE amplifier. Total 360°
phase shift.
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A"
°° Ly=L+1,
. 1
" 2w JL.C,
RFLC
5 i
H i
C, L, =

Rii ReZ —— __T ’

With the help of circuit diagram, explain the principle of operation of Colpitts oscillator.
Obtain the frequency of operation of the circuit. (13M) (May 17), (Nov 12), (Nov2014)

BTL4
Answer: Page 585- S. Salivahanan
e Oscillator: Generate signal — without input signal. (1M)
e Components: Z; =C;, Z,=C,, Z3=L (1IM)
e Circuit Diagram & Explanation: (4M+4M)
180° phase shift — feedback network- another 180° phase shift — CE amplifier. Total
360° phase shift.

Vee =20V

¢l
Pac... o
C::Z
0.001uF l
S5uH
= 5k 0.001uF —

1
21 [LCeq

e Frequency of Oscillation: f = (3M)

Sketch the circuit of RC phase shift oscillator, and explain its design approach. (10M)

(May 2017)(May 2003). BTL2

Answer: Page 593- S. Salivahanan

Introduction: (3M)
e RC phase shift oscillator - audio frequency - low frequency oscillator.

CE amplifier -output - to three RC networks.

Phase shift- pr

oduced by the CE amplifier -180°.

Oscillator- requires - phase shift - 0° or 360°, - additional 180° -phase shift -

obtained -three RC networks - individual shift of 60° each.

Circuit Diagram: (3M)
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< Re
SR b VO
/ C C| 1C|
I I
Cc B C ; §
_ \‘QIE S R i\ R :5 R
ii R Re f;’—‘l‘cg
Barkhausen criterion, (4M)
AB=1
Condition for Oscillation:
f=1/27RCV 6
AB=1.

Sustained oscillations B = - 1/29

In a colpitts oscillator, inductor and capacitor of the tank circuit are H=40mH, C1=100pF,
C2=500pF, Find the frequency of oscillation. (3M) (May 2017). BTL2
Answer: Page 589- S. Salivahanan

Frequency of oscillation:
(IM)

f - 21, [LCeq
Ceq=C1*C2/C1+C2 = 83.33 pF (1M)
F=87.17KHz (1M)

10.

Discus thoroughly, the factors affecting frequency stability of oscillators. (6M) BTL6
Answer: Page 613- S. Salivahanan
e Change in temperature (6M)
Values of tank circuit components get affected.
Parameters of active device get affected.
Variation in power supply
Change in atmospheric condition, aging.
Changes in load connected.
Stray capacitances

PART * C

Design a Hartley oscillator of frequency 100 KHz, and explain its working with neat circuit
diagram, Assume L1=L2=4mH. (15M) (May2018) BTL6
Answer: Page 584- S. Salivahanan
1
f=x CLeq (3M)
Leq =L1+L2 =8mH (3M)
103 L
100710 2TV C*8%1073
C=316.6pF (3M)
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Diagram: (6M)

Using a circuit diagram of a transistorized pierce crystal oscillator, explain its operation.
(10M) BTL2

Answer: Page 609- S. Salivahanan

Circuit Diagram: (4M)

Resonant frequency of the crystal -change in temp- voltage supply- transistor parameter - no
effect on frequency stability. (6M)

1
/= 2 JLC,

Explain the working of miller crystal oscillator. (Apr/ May 2019) (10M) BTL1
Answer: Page 612- S. Salivahanan

Introduction: 2M)
Miller crystal oscillator - modifications -colpitts oscillator- Hartley oscillator.
Circuit Diagram & Explanation: (4M+4M)

e Hartley oscillator circuits- two inductors -one capacitor - required - tank circuit.

¢ One inductor - replaced - crystal, which acts as an inductor - frequencies slightly -greater
than - series resonant frequency.

The tuned circuit - ‘L1° - ‘C’ - off tuned - behave - inductor i.e. L1.

The crystal - behaves - other inductance L2 between base - ground.

The internal capacitance - transistor acts - capacitor - to fulfil the elements - tank circuit.
The common emitter - provides a phase shift of 180°.

Tank circuit - additional phase shift of 180° - satisfy oscillation conditions.

Crystal decides - operating frequency - oscillator.

o 0
+Vee +Vee
RFC
CRYSTAL ¢ . T
R OUTPUT 1
i - :
JERYSTAL
Ex
Rz R, Ce '{‘ R: Rg
= 4 -
Oscillator With Crystal Operating Oscillator With Crystal Operating
in Series Resonance in Parallel Resonance
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UNIT III - TUNED AMPLIFIERS

Coil losses, unloaded and loaded Q of tank circuits, small signal tuned amplifiers —Analysis of
capacitor coupled single tuned amplifier — double tuned amplifier - effect of cascading single
tuned and double tuned amplifiers on bandwidth — Stagger tuned amplifiers - Stability of tuned
amplifiers — Neutralization - Hazeltine neutralization method.

PART * A
Q-No. Questions
What is a tuned amplifier? BTLI
1. | The amplifier with a circuit that is capable of amplifying a signal over a narrow band of
frequencies are called tuned amplifiers.
List the advantages and disadvantages of tuned amplifiers. BTL1
Advantages:
e They amplify defined frequencies.
e Signal to Noise ratio at output is good.
) e They are well suited for radio transmitters and receivers.
e The band of frequencies over which amplification is required can be varied.
Disadvantages:
e Since they use inductors and capacitors as tuning elements, the circuit is bulky and costly.
e If'the band of frequency is increased, design becomes complex.
e They are not suitable to amplify audio frequencies.
What are the different coil losses? BTLI
3 e Hysteresis loss
e Copper loss
e Current loss
What is the classification of tuned amplifiers? BTL1
4 e Single tuned
e Double tuned
e Stagger tuned
What are the advantages of tuned amplifiers? BTL1
5 e They amplify defined frequencies.
e Signal to noise ratio at output is good
e They are suited for radio transmitters and receivers
What is neutralization? BTL1
6 The effect of collector to base capacitance of the transistor is neutralized by introducing a signal
that cancels the signal coupled through collector base capacitance. This process is called
neutralization.
What are the advantages of double tuned over single tuned? BTLI
7 e Possess flatter response having steeper sides
e Provides larger 3 dB bandwidth
e Provides large gain-bandwidth product.
What are the different types of neutralization? BTL1
8 e Hazeltine neutralization

¢ Rice neutralization
e Neutrodyne neutralization.
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What is rice neutralization? BTL1
It uses centre tapped coil in the base circuit. The signal voltages at the end of tuned base coil are
equal and out of phase.

10

Define Q factor of resonant circuit. BTL1
e [t is the ratio of reactance to resistance.
e [talso can be defined as the measure of efficiency with which inductor can store the
energy.
Q=2n *(Maximum Energy Stored per cycle / Energy dissipated per cycle)

11

Define unloaded and loaded Q of tuned circuit. (Apr/May 2019) BTL1

The unloaded Q or QU is the ratio of stored energy to dissipated energy in a reactor or resonator.
The loaded Q or QL of a resonator is determined by how tightly the resonator is coupled to its
terminations.

12

What is the response of tuned amplifiers? BTL1
The response of tuned amplifier is maximum at resonant frequency and it falls sharply for
frequencies below and above the resonant frequency.

13

What are stagger tuned amplifiers? BTL1

Stagger tuned amplifiers use a number of single tuned stages in cascade, the successive tuned
circuits being tuned to slightly different frequencies. (OR)

It is a circuit in which two single tuned cascaded amplifiers having certain bandwidth are taken
and their resonant frequencies are adjusted that they are separated by an amount equal to the
bandwidth of each stage. Since resonant frequencies are displaced it is called stagger tuned
amplifier.

14

What is the effect of cascading single tuned amplifiers on bandwidth? BTL1
Bandwidth reduces due to cascading single tuned amplifiers.

15

What are the advantages of double tuned amplifier over single tuned amplifier? BTLI
e [t provides larger 3 dB bandwidth than the single tuned amplifier and hence provides the
larger gain-bandwidth product.
e It provides gain versus frequency curve having steeper sides and flatter top.

16

What is the use of Neutralization? BTL1

e BIJT and FET are potentially unstable over some frequency range due to the feedback
parameter presents in them.

e If the feedback can be cancelled by an additional feedback signal that is equal in
amplitude and opposite in sign, the transistor becomes unilateral from input to output the
oscillations completely stop.

e This is achieved by Neutralization.

17

Mention the applications of class C tuned amplifier. BTL1
e C(lass C amplifiers are used primarily in high-power, high-frequency applications such as
Radio-frequency transmitters.
¢ In these applications, the high frequency pulses handled by the amplifier are not
themselves the signal, but constitute what is called the Carrier for the signal

18

What the advantages are of stagger tuned amplifier? BTL1
The advantage of stagger tuned amplifier is to have better flat, wideband characteristics.

19

How single tuned amplifiers are classified? BTL1
e Capacitance coupled single tuned amplifier.
e 2. Transformer coupled or inductively coupled single tuned amplifier.
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What is dissipation factor? BTL1

2
0 It is defined as 1/Q. It can be referred to as the total loss within a component.
PART*B
Demonstrate on single tuned amplifier and derive for gain and resonant frequency. (13M)
(May2018) (Nov 2017) (Apr/ May 2019) BTL2
Answer: Page 497- S. Salivahanan
Introduction: (2M)
Single tuned amplifier - consists - CE amplifier - which a tuning circuit - included - - input (base
terminal) - output (collector terminal).
Circuit Diagram: (3M)
1.
Equivalent circuit: (3M)
Tl [
! C) 3 R, L ¢ Ve S Tye ()gm\f“ R
AN
A= . —8BaR
PTO14jQi(0/ 0, -0, / ) M)
1
BW = .—
2
2n RC (3M)
Explain the stability of tuned amplifiers using Neutralization techniques. (13M) (May2018)
(Nov 2017) BTL1
Answer: Page 521- S. Salivahanan
i) Internal capacitance Cp, -feeds - signal from top end - coil - neutralization capacitance Cy
feeds an equal signal - opposite polarity. (5M)
2
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i1) Uses a center tapped coil - base circuit, - signal voltages - both ends -e tuned base coil -equal

-out of phase. (5M)
o _"___|
e e |
v, lag. :L “%_.. .
o i | Ué_Lf ‘

The mixer accepts two inputs, f; & f, -performs mathematical multiplication - produce; f

:fo,fs +fo andfs_fo- (3M)
Mixer Tuned
f | circuit |
s - or
filter
fo
Oscillator

Explain Stagger tuned Amplifiers (4M) (Nov 2017) (Nov 2012) (Apr/May 2019) BTL1
Answer: Page 514- S. Salivahanan
Introduction:

e The double tuned amplifier - greater 3dB bandwidth - steeper sides - flat top.

e Alignment - double tuned amplifier - difficult.

e To overcome -problem: two single tuned cascaded amplifiers - certain bandwidth - taken

- resonant frequencies - adjusted - equal to the bandwidth
e Resonant frequencies - displaced or staggered - stagger tuned amplifiers.
e Advantage: better flat, wideband characteristic

Circuit Diagram:

[ [ X
Vee - C Vee Rl

}_

(c

M)
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Gain:

! A | 1

v

B - ; - 1
(A, csonance)| = s ———
Ll cascaded VAH(ZQu 8 [4+16Q o

i
24153Q}, 5°

(1M)
Characteristic curve:
§ !
;-‘ = ' Sangle tuned stages
T |
& 0.707 L
- [
g
§ r}}g : Staggered tuned pair
= ] —
ol Frosgusen cY
: Response of individually tuned and staggered tuned pair (IM)

Draw the circuit of double tuned amplifier and explain its operation. Sketch the nature of

frequency-gain characteristics, and write the expression for 3dB bandwidth. (13M) (May
2017) (Nov 2012). BTL2

Answer: Page 503- S. Salivahanan

Introduction: (2M)
e Double tuned RF amplifier in CE configuration.
e Voltage developed - tuned circuit - coupled inductively - another tuned circuit.
e Both tuned circuits - tuned - same frequency.

Circuit Diagram: (4M)

¢*Vee TWCC

SR LT

R, |
— AV —s
|

" 1»—-—~? 1
Vs@ Rz% R — el $R2 ?‘_LC
€ g & o Re E
1 JL_ 1 s |
Gain: - (3M)
p— k
Al = gno T2 Q S

J1+KQ7-4Q?52+16Q2 82

Characteristic Curve: (4M)
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0.2

Draw the circuit diagram of a two-stage synchronously tuned amplifier and also its
equivalent circuit. Derive the expression for bandwidth. (8M) (Nov 2012) (Apr 2019) BTL2
Answer: Page 503- S. Salivahanan
Introduction: (2M)

e Cascaded stage - single tuned amplifiers - tuned same frequency.

e Assume - individual amplifier stages - identical.

e Overall gain - product of the individual gain.

e Gain is high - bandwidth is reduced.
Gain and BW: 2M)
The overall gain of the amplifier is Ai (Overall) = [A1] 1stage * [A1] 11 stage

1

The resonant frequency fo = P

1 /1
BW—f3—f1—m 22—1

Bandwidth of cascaded stage = 0.643 B.W (individual stage).

Bandwidth decreases on cascading.

Bandwidth of ‘n’ cascaded stage = V2™ — 1* B.W (individual stage). (2M)
Circuit Diagram: (2M)
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Voo

I M, [ 7

§c,,% ng“"é% %oﬂ §c,,2+ 5 ELﬂ ] ce

==

b

Discuss in detail the quality factor of the loaded and unloaded tank Circuits. (8M) BTL6
Answer: Page 494- S. Salivahanan
Q Factor: 2M)
Quality factor (Q) - important characteristics of an inductor.
The Q - ratio - reactance - resistance - unit less.
Measure - how ‘Pure’ or ‘real’ an inductor.
Unloaded Q (QU) (2M)
When the tank circuit (parallel LC circuit) - assumed - not connected - any external circuit - load,
Q accounts for the internal losses - called unloaded quality factor ‘Qu’.
Ro = (owOL) / QU
Loaded Q (QL): (2M)
RC=(wOL)/QL.
The circuit efficiency for the above tank circuit.

7 = (PR )/ [17 (R c+R o)1l

The quality factor QL - the 3-db bandwidth - resonant circuit -
B.W =fr/ QL fr -represents the centre frequency.
Relation between Bandwidth and Q: (2M)

Freq (Hz)

Calculate the resonant frequency of a class ¢ tuned amplifier whose Capacitor=10pf and
inductor L=1mH. (8M) BTL2
Answer: Page 518- S. Salivahanan

Solution:

The resonant frequency of class-c tuned amplifier is

fr=1/2nLC (4M)
fr=1.59 MHz (4M)

Write a short on coil losses. (8M) BTL1
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Answer: Page 503- S. Salivahanan

e Tuned circuit consists - coil.

e Practically-coil -not purely inductive.

e [t consists - few losses - represented - leakage resistance - series with the resistor.
Losses in Inductor: (1IM)
1. Copper loss
2. Hysteresis loss
3. Eddy-currents loss
Copper loss 2M)
Copper loss -heat produced by electrical currents - conductors - transformer windings, - other
electrical devices.
Copper Loss=I"R=Copper Loss = 1/ f
Eddy-currents loss (2M)

e Eddy current loss in iron and copper coil -due to currents flowing within the copper or

core- cased by induction.

e Loss- due - heating within - inductors copper - core.

e Eddy current losses - directly proportional - frequency.
Hysteresis loss (2M)
If - magnetic field applied - magnetic material - increased -then decreased back - original value,
t- magnetic field inside the material does not return - original value.
The internal field 'lags' behind - external field- behaviour results - loss - energy, called the
hysteresis loss, when a sample - repeatedly magnetized and demagnetized.

(IM)

Teslas

A-turns/m
Hc
-Bg

low hysteresis loss high loss

Explain the stabilization techniques used in tuned amplifier. (4M) BTL2

Answer: Page 519- S. Salivahanan

High frequency effects: (2M)
In tuned RF amplifiers, transistors - used at - frequencies nearer - their unity gain bandwidths (i.e
fT), - amplify a narrow band - high frequencies cantered around - radio frequency.

Circuit Diagram: (2M)
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- [
B E T

s
b d

The neutralization - achieved - deliberating feeding back a portion - output signal - input -same
amplitude - unwanted feedback - opposite phase.

PART * C

A tank circuit having SmH coil with resistance 22€2, and C=1nF, is connected as a load to a
single tuned amplifier with RO=10K. Calculate the loaded and unloaded Q factor. (6M)

(Nov 2017) BTL4

Answer: Page 494- S. Salivahanan

Unloaded Q (Qy) (3M)
Ro = (owOL) / QU

Loaded Q (QL): (3M)

RC=(0OL)/QL.

Explain the Hazeltine method of neutralization. (8M) (or) What is Hazeltine Method of
neutralization? How does a Neutrodyne circuit differ from the Hazeltine Circuit? [APR-
2003] BTL1

Answer: Page 522- S. Salivahanan

Introduction: 2M)
Grid to plate capacitance - tube - neutralized - introducing into the grid circuit a signal -
cancelled the signal coupled through the grid to plate capacitance.

Circuit Diagram: (3M)
Vee
Coe
P L
R,§ ;
@) T
£ R3 /}’."%.
v, 7—C1 24 Cu A %b-lr G
1
Tuned RF amplifier with Hazeltine neutralization
Working (3M)
e The primary and secondary windings - Rf transformer must be properly polarized -allow
neutralization.
e Primary - frequently inter wound - ground end portion of the secondary coil - tight
coupling.
The bandwidth of a double-tuned amplifier is 10 KHz. Calculate the number of such stages
to be connected to obtain the bandwidth of 5.098 KHz. (7M) BTL4
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Answer: Page 513- S. Salivahanan

Solution:

BWT =BWI 2" - 1)"" (2M)
21/n=1.0676.

Taking log on both sides,

1/n log (2) =1o0g(1.0676)

n=10 (5M)
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UNIT IV- WAVE SHAPING AND MULTIVIBRATOR CIRCUITS

Pulse circuits — attenuators — RC integrator and differentiator circuits — diode clampers and
clippers —Multivibrators - Schmitt Trigger- UJT Oscillator.

PART * A

Q.No. Questions

What is High pass RC circuit? Why it is called high-pass filter? BTL1
e A simple circuit consisting of a series capacitor and a shunt resistor is called high pass

1 RC circuit.

e At very high frequencies the capacitor acts as a short circuit and all the higher frequency
components appear at the output with less attenuation than the lower frequency
components. Hence this circuit is called high-pass circuit.

Why high-pass RC circuit is called Differentiator? (Apr/May 2019) BTL1
2 High-pass RC circuit gives an output waveform similar to the first derivative of the input
waveform. Hence it is called Differentiator.

What is Low pass RC circuit? Why it is called low-pass filter? BTL1
e A simple circuit consisting of a series resistor and a shunt capacitor is called Low pass
3 RC circuit.
e At very high frequencies the capacitor acts as a virtual short circuit and output falls to
zero. Hence this circuit is called low-pass filter

Why low-pass RC circuit is called Integrator? BTL1
4 Low pass RC circuit gives an output waveform similar to the time integral of the input
waveform. Hence it is called Integrator.

What is High pass RL circuit? Why it is called high-pass filter? BTL1
e A simple circuit consisting of a series resistor and a shunt inductor is called high-pass RL
5 circuit.
e At very high frequencies, the inductor acts as an open circuit and all the higher frequency
components appear at the output. Hence this circuit is called high-pass filter.

What is Low pass RL circuit? Why it is called low-pass filter? BTL1
e A simple circuit consisting of a series inductor and a shunt resistor is called low pass RL
6 circuit.

e At very high frequencies, the inductor acts as a virtual open circuit and the output falls to
zero. Hence this circuit is called low pass filter.

What is Delay time (td), Rise time (tr) , storage time (ts), fall time (tf) in transistor? BTL1
The time needed for the collector current to rise to 10% of its maximum (saturation) value i.e.
iC(Sat) = VCC/RC is called the delay time.

The time required for the collector current to rise from 10% to 90% of the maximum value is
7 called rise time (tr).

The time when collector current (iC) dropped to 90% of its maximum value is called the storage
time.

The time required for the collector current to fall from 90% to 10% of its maximum value is
called fall time (tf).

What is Turn-ON time (ton), Turn-off time (topy) in transistor? BTL1

8 The sum of the delay time (td) and the rise time (tr) is called the turn-ON time (ton).
ton =td + tr

The sum of the storage time (ts) and the fall time (tf) is called the turn-OFF time (top).
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(torr) = (ts) + (tf)

List the applications of bistable multivibrator? BTLI
e Itisused as memory elements in shift registers, counters, and so on.
e [t is used to generate square waves of symmetrical shape by sending regular triggering

? pulse to the input. By adjusting the frequency of the trigger pulse, the width of the square
wave can be altered.
e It can also be used as a frequency divider.
What are the two methods of triggering for bistable multivibrators? BTL1
10 e Unsymmetrical triggering
. Symmetrical triggering
11 What are the other names of monostable Multivibrator? BTL1
One-shot, Single-shot, a single-cycle, a single swing, a single step Multivibrator, Univibrator.
12 What are the different names of bistable Multivibrator? BTL1
Eccles Jordan circuit, trigger circuit, scale-of-2 toggle circuit, flip-flop and binary.
What is clipper? BTL1
13 | The circuit with which the waveform is shaped by removing (or clipping) a portion of the input
signal without distorting the remaining part of the alternating waveform is called a clipper.
What are the four categories of clippers? BTL1
e Positive clipper
14 e Negative clipper
e Biased clipper
e Combination clipper
What is comparator? BTLI
15 e The nonlinear circuit which was used to perform the operation of clipping may also be
used to perform the operation of comparison is called the comparator.
e The comparator circuit compares an input signal with a reference voltage.
What is clamper? (Apr/May 2019) BTL1
16 | A circuit which shifts (clamps) a signal to a different dc level, i.e. which introduces a dc level to
an ac signal is called clamper. It is also called dc restorer.
Which circuits are called multivibrators? BTL1
e The electronic circuits which are used to generate no sinusoidal waveforms are called
17 multivibrators.
e They are two stage switching circuits in which the output of the first stage is fed to the
input of the second stage and vice-versa.
Which are the various types of multivibrators? BTL1
18 e Astable multivibrator
e Bistable multivibrator
e Monostable multivibrator
What is astable multivibrator? BTLI
e A multivibrator which generates square wave without any external triggering pulse is
called astable multivibrator.
19 e It has both the states as quasi-stable states. None of the states is stable.

e Due to this, the multivibrator automatically makes the successive transitions from one
quasi-stable state to other, without any external triggering pulse. So, it called Free-
running multivibrator.

e The rate of transition from one quasi-stable state to other is determined by the
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discharging of a capacitive circuit.

List the applications of Astable multivibrator? BTL1
e Used as square wave generator, voltage to frequency convertor and in pulse
synchronization, as clock for binary logic signals, and so on.

20 e Since it produces square waves, it is a source of production of harmonic frequencies of
higher order.
e Itisused in the construction of digital voltmeter and SMPS.
e It can be operated as an oscillator over a wide range of audio and radio frequencies.
State the basic action of monostable multivibrator. BTL1
e It has only one stable state. The other state is unstable referred as quasi- stable state.
e [tis also known as one-short multivibrator or univibrator.
21 e After some time, interval, the circuit automatically returns to its stable state.
e The circuit does not require any external pulse to change from quasi- stable state.
e The time interval for which the circuit remains in the quasi-stable state is determined by
the circuit components and can be designed as per the requirement.
Mention the applications of one short multivibrator? BTLI
e [t is used to function as an adjustable pulse width generator.
22 e [t is used to generate uniform width pulses from a variable width pulse train.
e [tis used to generate clean and sharp pulses from the distorted pulses.
e Itis used as a time delay unit since it produces a transition at a fixed time after the trigger
signal.
Which multivibrator would function as a time delay unit? Why? BTL1
23 | Monostable multivibrator would function as a time delay unit since it produces a transition at a
fixed time after the trigger signal.
What is Bistable multivibrator? BTL1
e The Bistable multivibrator has two stable states.
24 e The multivibrator can exist indefinitely in either of the two stable states.
e [t requires an external trigger pulse to change from one stable state to another.
e The circuit remains in one stable state unless an external trigger pulse is applied.
Why is monostable Multivibrator called gating circuit? BTL1
25 | The circuit is used to generate the rectangular waveform and hence can be used to gate other
Circuits hence called gating circuit.
What are the main characteristics of Astable Multivibrator? BTLI
26 | The Astable Multivibrator automatically makes the successive transitions from one quasi- stable
State to other without any external triggering pulse.
What is the self-biased Multivibrator? BTL1
The need for the negative power supply in fixed bias bistable Multivibrator can be eliminated by
27 | raising a common emitter resistance RE. The resistance provides the necessary bias to keep one
transistor ON and the other OFF in the stable state. Such type of biasing is called self-biasing and
the circuit is called self-biased bistable Multivibrator.
What is UTP of the Schmitt Trigger? What is the other name for UTP? BTL1
28 | The level of Vi at which Q1 becomes ON and Q2 OFF is called Upper Threshold Point. It is also
called input turn on threshold level.
29 What is LTP of the Schmitt trigger? BTL1

The level of Vi at which Q1 becomes OFF and Q2 on is called Lower Threshold Point.
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List the applications of Schmitt trigger. BTL1
e Itisused for wave shaping circuits.
e [t can be used for generation of rectangular waveforms with sharp edges from a sine
wave or any other waveform.

30 e [t can be used as a voltage comparator.

e The Hysteresis in Schmitt trigger is valuable when conditioning noisy signals for using
digital circuits. The noise does not cause false triggering and so the output will be free
from noise.

What is meant by Hysteresis voltage in a Schmitt trigger? BTL1

31 | The difference between UTP (Upper Threshold Point) and LTP (Lower Threshold Point) is
called Hysteresis voltage (VH). It is also known as Dead Zone of the Schmitt trigger.
How a Schmitt trigger is different from a multivibrator? BTL1

32 A Schmitt trigger has an input and an output; the output is a squared-up version of the input. As
long as the input is constant, the output of the Schmitt trigger is also constant. A multivibrator
typically has no inputs (other than power), only an output - an oscillating signal.
What is Schmitt trigger? BTL1

33 e Itis a wave shaping circuit, used for generation of a square wave from a sine wave input.

e [t is a bistable circuit in which two transistor switches are connected regeneratively.

What is UJT? BTLI

34 e UJT is a three terminal semiconductor switching device.

e As it has only one PN junction and three leads, it is commonly called as Uni-junction

transistor.
PART*B
Determine and explain a series clipper circuit with clipping above Bias voltage by showing
the waveforms of input and output. Draw the transfer characteristics of it. (13M)
(May2018) BTLS
Answer: Page 648- S. Salivahanan
Definition: 2M)
Types: Positive, Negative (2M)
Circuit Diagram: (3M)
=l o
V; R
1 oy e
Waveforms (6M)
4V b Vo p Vi 'A
V— I VF I “‘I ?\.
—n —
0 t t
o -Vl - T\’I
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Draw and explain the operation of Astable multivibrator, and give output waveforms.
(13M) (May2018) BTL2
Answer: Page 663- S. Salivahanan
Introduction: (5M)
e A multivibrator - both stage - stable state - switched from one state to another -regular
time intervals - any triggering.
Collector — coupled astable multivibrator - two identical NPN transistors Q1 and Q2.
Rcl=Rc2=Rc,R1 =R 2=Rand Cl = C2 = C- symmetrical astable multivibrator.
The transistor Q1 - forward biased by the Ve supply through resistor R1.
Transistor Q2 - forward biased by the Vcc supply through resistor R2..
Output of the transistor Q1 - coupled - input of transistor Q2 through the capacitor C1-
Output of transistor Q2 is coupled - input of transistor Q1 through the capacitor C2.
Both transistors - switch and connected back to back each other.
R1CI1 and R2C2 forms - charging - discharging network i.e., time constant network.
RC1 and RC2 - load resistors - connected - biasing voltage VCC.
e Two outputs - 180° out of phase.
Calculation of Time period: (3M)
e IfQl is ON, then T1=RIC1In2 =0.693 R1Cl1
e [fQ2is ON, then T2= R2C2In2 = 0.693 R2C2 Therefore, total Time period T=T1+ T2
e T=0.693 (R1IC1 +R2C2) ---- When R1 and R2 similarly C1 and C2 are not equal
If both are equal then total time period is given as,
T=1.386 RC
F=1/T
Circuit Diagram: (5M)

Figure (a)

Explain the operation of UJT Sawtooth oscillator. (7M) (May2018) (Nov 2017) (May 2017)
(Apr/May 2019) BTL2
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Answer: Page 690- S. Salivahanan
Introduction: (1M)

e The UJT negative resistance characteristic,

e Because -character the UJT - trigger pulse.

e Any one - three terminals - triggering pulse.

e The UJT - used - relaxation oscillator - produces non-sinusoidal waves.

Circuit Diagram: (2M)
VBBF;:
=
Frequency of oscillation: (2M)
f=1/(2.303RClog 1= 71)

Graph: (2M)

y

T N Vp____Vp ____Vp

* G e %
o t— = X

Prove an HPF is a differentiator and also prove a LPF is a integrator. (8M) (Nov 2003,
April 2005, April 2004) (Apr/May 2019) BTL5

Answer: Page 633- S. Salivahanan

High Pass RC network as a differentiator: - (4M)

If the high pass RC network - very low time constant - circuit - differentiator. Under such
conditions - drop across R is zero - the entire drop is across C.

Ve
T i }c |

) R
Vi — ] ' Vo=Vg
L= \

dv,
Vo = RC 4
dt

This proves the output is the differential of the input.
Low Pass RC circuit as a integrator:- (4M)
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If the resistor - capacitor of a high pass circuit - interchanged the circuit functions as a low pass

circuit.
Vr
s 1
Vi c__ Vo=Vg
L \

Lot
Vo= - [,

This implies that the output voltage is an integral of the input voltage.

Consider a collector coupled Monostable multivibrator, whose components and supply
voltages are indicated in fig. Calculate the voltage levels (Vs2, Vci, Ve, V1) of the
waveform during (t=07, 0, T) period in fig. Also find the overshoot voltage 6. Assume silicon
transistor having hfe=50, V0=0.7V, V,=0.5V and input Resistance = 200Q. (13M) (Nov
2017) BTL2

+BY

- . —T 4
:I]i!'.'[‘z} { Ié

WKL j: 1K
o ﬁtl
‘L'g-lg-] +TJAL |-- Vi
i " Fwea ] |
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W
QL OFF QION Q1 OFF
Q2ON Q2OFF Q20N
v
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i TN /. G
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i
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+
¥
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Answer: Page 674- S. Salivahanan

Vg2 -Vee-(Vee-VoteRe)e ™ (4M)
Vg1& V¢ Calculation (5M)
V-Vee(Sat) (4M)

With neat circuit diagram and necessary waveforms, explain the operation of a monostable
multivibrator. (13M) BTL2

Answer: Page 670- S. Salivahanan

Multivibrator:- (3M)
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e Multivibrator -electronic circuit - used - generate a non-sinusoidal waveform.
e Multivibrators - connected back to back - coupling circuits.i.e; output of first stage -
connected with input of second stage - vice versa.
Multivibrators are classified into three major types.
1. Astable multivibrator.
2. Monostable multivibrator.
3. Bistable multivibrator.
Monostable Multivibrator:- (3M)
Construction: -
e It contains one stable state - one quasi stable state.
It needs - external pulse - change their permanent state to quasi-stable state - return back
to permanent state - completing RC time constant.
Also called One short, single short, one swing multivibrator.
Two transistors Q1 and Q2 used - both - connected back to back.
R1C1 acts - a timing circuit.
RB Base resistance - biasing —VBB.
e Trigger pulse applied - base of transistor Q1 - change the state.
Circuit Diagram: (3M)

+ee

I

L, oL

Ca Rea
}_

Ci

TTT o }_L\\\w(/ g R ¢ - ‘ \
B -

Vo1 )/%R; ‘”‘—|B Qi o

E CQ I E

L LR Lw L

I{P Triggering
pulse
Conditions: (2M)

Stable state:
Ql = OFF, Wlth Vc1 ~ Vcc.
Q, =0ON; With Vo™ VCEtsat)

Quasi stable state:
Q; =ON; With Ve ™ Vegeay ~0.2V.
. Q, = OFF; With Vo™ Ve
Time constant: (2M)
T1=R1CI1In2 =0.693 RIC1
T2 =R2C2In2 = 0.693 R2C2

With a neat circuit diagram and waveform, explain Bistable multivibrator operation.
(13M) (May 2017) BTL2
Answer: Page 677- S. Salivahanan
Introduction: (6M)
e [t contains - two stable states - none of the quasi stable stable.
e Itneeds two clock pulse change the states.It stays - one stable state - next trigger pulse
appears.
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e Two transistors Q1 - Q2 - connected back - back - feedback resistors R1 - R2 similar to
asable multivibrator - no capacitors.

e Two transistor base - biased with —VBB.

e RCI1 and RC2 acts - load resistor.

e Two trigger pulses(+ve) applied - change the states from 1 state - another in base of
transistor

e Rg- used - emitter circuit - provide bias - keep one transistor ON and another OFF.

Circuit Diagram: (TM)

If a positive pulse - applied at S or R, drives Q- saturation - Q,goes - cut-off.

Explain Clipper circuits. (10M) BTL2
Answer: Page 648- S. Salivahanan
Clipper: (2M)
e A circuit - removes the peak of a waveform - clipper.
e Clipper- device -to prevent the output - circuit - exceeding - predetermined voltage level -
distorting - remaining part - applied waveform.
e The basic components - ideal diode - resistor.
e To fix - clipping level - the desired amount, a dc battery - included.
Types: (2M)
Depending - features - diode, the positive or negative region of the input signal is “clipped” off
and accordingly the diode clippers may be ,
e Positive clippers.
e Negative clippers.
There are two general categories of clippers:
e Series clippers
e Parallel (or shunt) clippers.
The series configuration is defined - diode - series - load,
Shunt clipper - diode - branch parallel to the load.
Positive & Negative Clipper: (4M)

JIT-JEPPIAAR/ECE/Dr.R. THANDAIAH PRABU/II™ Y1/SEM 04/EC8452/ELECTRONIC CIRCUITS II/UNIT 1-5/QB+Keys/Ver2.0
2.45




REGULATION: 2017 ACADEMIC YEAR: 2019-2020

-
¥
&

-

-J-‘, A —p—— 4 ; :zé .‘; L'-_‘_._ 7._ p -. 4 - . t % g. v
Biased Positive & Negative Clipper: 2M)

Biased Negotive Clipper

Explain Schmitt trigger circuit. (6M) BTL2
Answer: Page 682- S. Salivahanan
Schmitt trigger: (2M)
e Wave squaring circuit - to convert - sinusoidal - irregular input wave - square or
rectangular output wave.
e Two-stage electronic gate.

e (Gate is comprised - two dc coupled transistors - employ regenerative feedback - a
common emitter resistor (RS5).

e Regenerative feedback - necessary - produce - positive switching action.
Circuit Diagram: 2M)

Graph: (2M)
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on frigger | i off trigger
fevel + 7V ~ | ' level + 1V,
_ I I

P‘ﬁ%}ﬂ

Q1 tum Q1 tumn ‘

n

Design and draw the Astable multivibrator circuit using BJT, to generate a pulse waveform
0-10V at SKHz, with 50% duty cycle. (6 M) (Nov 2017) BTL6

Answer: Page 668- S. Salivahanan

L = =% = I, (3M)
R¢
[, — Vee — Vao
BZ — R2
T, = 0.69R,C,
T, = 0.69R, C,
Vee (BM)
I

Design and draw the —Astable multivibrator circuit to generate a pulse wave format 40%
duty cycle, at 20KHz, using V=10V, hfe=220, 1, sat=2mA. (15M) (May 2017) BTL.6
Answer: Page 668- S. Salivahanan

="~ ], (10M)
c
[ — Vee = Vae
B2 Rz
T, = 0.69R,(,
T, = 0.69R,
Diagram: (5M)

Illustrate an astable multivibrator to meet the following specifications; V.. =10V; I, =
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2mA; hg, = 30. (The output should be a square-wave of frequency 1 kHz with 60 % duty
cycle). (15M) BTL2
Answer: Page 668- S. Salivahanan
Iy =" ~ I, = Re =485k (10M)
Cc

Vee =V,
132=% ~ Ry =93 kQ
2

TZ = 0.69R2C2 - C2 s 9.39 nF; but Cz s Cl

T1 — 0.69R1€1 i Rl S
62 kQ
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UNIT V-POWER AMPLIFIERS AND DC CONVERTERS

Power amplifiers- class A-Class B-Class AB-Class C-Power MOSFET-Temperature Effect- Class AB
Power amplifier using MOSFET —DC/DC convertors — Buck, Boost, Buck-Boost analysis and design

PART * A

Q.No.

Questions

State the difference between voltage and power amplifier. BTL1
Voltage Amplifier: The input given to the transistor is in millivolts. The transistor used is a small

signal transistor.
Power Amplifier: The input given to the transistor is in volts. The transistor used is a power
transistor.

Why power amplifier is also known as large signal amplifier? BTL1
Since the output obtained from the power amplifier is very large, it is known as large signal
amplifier.

Define class A power amplifier. How do you bias class A amplifier? BTL1

It is an amplifier in which the input signal and the biasing is such that the output current flows for
full cycle of the input signal. The Q point should be kept at the center of the DC load line to bias the
Class A amplifier.

Define class B power amplifier. BTL1
It is an amplifier in which the input signal and the biasing is such that the output current flows for
half cycle of the input signal.

Define class C power amplifier. BTL1
It is an amplifier in which the input signal and the biasing is such that the output current flows for
less than half cycle of the input signal

Define class AB power amplifier. BTL1
It is an amplifier in which the input signal and the biasing is such that the output current flows for
more than half cycle but less than full cycle of the input signal

What is a push pull amplifier? BTL1
Class B amplifier is used as a push pull amplifier which uses two transistors. Both the transistors
work as a push pull arrangement. i.e one transistor will be on at a time.

What is cross over distortion? How it can be eliminated? BTL1
There is a 0.7V delay in between every half cycle. Due to this the sine wave will not be a continues
wave. This is called cross over distortion. It can be eliminated by class AB amplifier.

An amplifier has an efficiency of 32% and a collector dissipation of 0.8W. Calculate the d.c.
power input and a.c.power output of the circuit. BTLI
Pin(d.c) = 2Pc(d.c) + Po(a.c)
=2.35W
Po(a.c) = Pin(d.c)(.32)
0.752W

10

Define DC DC Converters. BTL1
DC-to-DC converters convert electrical power provided from a source at a certain voltage to
electrical power at a different dc voltage.

11

List the features of DC DC Converters. BTL1
e DC-to-DC power converters form a subset of electrical power converters.
e Both the output and input power specifications of dc-to-dc converters are in dc. Most dc
loads require a well-stabilized dc voltage capable of supplying a range of required current, or
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a variable dc current or pulsating dc current rich in harmonics.
e The dc-to-dc converter has to provide a stable dc voltage with low output impedance over a
wide frequency range.

12

Draw the simple DC DC Converter. BTL1
L - A\.’I."‘v’!\\/
R.

\‘- g
.
List the different types of simple DC DC Converters. (Apr/ May 2019) BTLI1
13 e Series controlled
e Shunt Controlled
e Switch Mode Converters
What are the different modes of DC Converters in Switch mode? BTL1
14 e Buck Converter
e Boost Converter
e Buck-Boost Converter
Give the important features of Buck Converters. BTL1
e Gain less than unity
¢ QGain is independent of switching frequency as long as Ts<To
15 e Output voltage ripple percentage of independent of the load on the converter
e Output ripple have second order roll off with the switching frequency.
e Ideal efficiency is unity.
e The input current is discontinuous and pulsating.
Write the important features of Boost Converters. BTL1
¢ Gain more than unity
¢ QGain is independent of switching frequency as long as Ts<RC
16 e Output voltage ripple percentage of dependent of the load on the converter
e Parasitic resistance degrades the gain
e Ideal efficiency is unity.
e The input current is continuous.
List the important features of Buck-Boost Converters. BTL1
e (ain can be set below or above unity.
e Gain is independent of switching frequency as long as Ts<RC
17 e Output voltage ripple percentage of independent of the load on the converter &
Output ripple have second order roll off with the switching frequency.
e Parasitic resistance degrades the gain
e Ideal efficiency is unity.
e The input current is discontinuous and pulsating.
What is theoretical maximum conversion efficiency of class A power amplifier? (Nov 2009)
18 | BTLI1
25% and it can be increased to 50% by using inductors or transformers.
What is ‘distortion’ in power amplifiers? (Nov 2009) BTL1
19 It is non-linear or harmonic distortion and is caused by the non-linear characteristic curve

of an active devices.
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A BJT has a maximum power dissipation of 2W at ambient temperature of 25°C and
maximum junction temperature of 150°C, find its thermal resistance. (Nov 2010) BTL1

20 Thermal resistance = (TJ - TA)/ PD
= (150-25)/2
=62.5 °C/W
List the disadvantages of push pull amplifier. (Nov 2011) BTL1
21 e The circuit needs two separate voltage suppliers
e The ouput is distorted due o the crss over distortion
Define Harmonic distortion and intermodulation distortion. (Nov 2011) BTL1
Harmonic distortion is caused by the nonlinear dynamic characteristics curve of an active
22 | device. Here new frequencies are produced in the output which are not present in the input.
Intermodulation distortion is also a nonlinear distortion which occurs when the input signal consists
of more than one frequency
Define thermal resistance in the context of power amplifier? BTL1
23 The resistance offered by the bipolar junction transistor to the flow of heat is called
thermal resistance. The thermal resistance measured in °C/W = (TJ - TA)/ PD
What is meant by second order harmonic distortion? (Nov 2012) (Apr/May 2019) BTLI1
24 The second harmonic distortion is defined as [B2|/|B1| X100 % Where B1-amplitude of the
desired signal the fundamental frequency ® B2- amplitude of the second harmonic frequency 2®
List the applications of MOSFET power amplifier. (Nov 2012) BTL1
25 e Large switches
e Line drivers for digital switching circuits
e Switched mode voltage regulators
Distinguish between class A and class B operation. (April 2011) BTL2
26 Parameter Class A Class B
Conduction angle 100 % of the input signal 50 % of the input signal
Theoretical efficiency 25% 78.5%
PART *B
In fig. a basic Class C-amplifier is shown. It uses supply voltage of + 20V and load resistance
of 100€Q2. The operating frequency is 3SIMHZ and VCE(sat) = 0.3 V. Calculate and efficiency. If
peak current is 500 mA, find the conduction angle also. (13M) BTL2
Answer: Page 484- S. Salivahanan
+20V(Vee)
100pf — =, 3pH
1
‘ - 10002
Solution:
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Vp - Vcc = VCElsat] =20-03

or,V, =19.7V oM
v: 1977

2R, 2x100

or. B, =1.69W

Pse = 20 X 0.0857

b =

Pic=1714W
e M)

F, &= 'T"(‘(.‘ x ]..L-
Where,
B _169W

vV, 1977

B _ 169W
n= B - 7187 100 = 98.5%

=0.08574

de

(M)

For the frequency of 3MHz, the period of the wave, T, is

1
3x10°

I'= =033us

(2M)

R xI
A A
1.69%W x 0.33x10°¢
© 500x10° x19.7V
or.t=566x10"s
or,f=56.6ns

And, the conduction angle, 6, is

- 9
ix360_>6'6x10 3
033x10°
or,@=061T

=

(5SM)

Calculate maximum ac output power and the minimum power rating of the transistors in the
push-pull amplifier shown in fig.(10M) BTL2
Answer: Page 682- S. Salivahanan
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Vi Vo
¥ | 1 -0
’ 1| T
)
T 8Q
Verp X s
0 ¢(sar)
};E}(nnx.} = 3 =
h (2M)
I T
I('F.Q - EItT - 3 x 40V = 20V
(2M)
Vesg 0 ..
e 254
Ix(mr) o+ rF 0 & 8&2 b
(M)
Verp % logeay  20x 25 =
‘%(m: - 3 — - 3 =25W -
1 25W
P!;{mjn - g - }Dm;mn; = 5
or, ﬂ)(m) = SW
(2M)

Explain DC DC Converter and its basic types. (Apr/May 2019) (13M) BTL2
Answer: Page 119- Notes

DC-to-DC converters : convert electrical power - provided - source - certain voltage - electrical
power - different dc voltage.

(2M)
General Dc Dc Converetr. (3M)
.—l"‘—'R N\ i
A L
-
Types (2M)

e Series controlled
e Shunt Controlled
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e Switch Mode Converters

Series controlled 2M)
), s
R L, | R+ R,
, : & A VIR,
Ve S "R+ R
R \l v
. =~
Shunt controlled (2M)
v __VaR  IRR
“ R+R. R+R.
P =V, I.+(I.+ I)’R.
. I
P} e
Voo + I,
(2M)
o o
ON —~ V, (1) |
OFF <
p— -
v, R < 1 M G
| a= [ v dt = av,
Compare various modes of Switch mode DC DC Converters in details. (10M) BTL2
Answer: Page 119-notes
Circuit Diagram: (BM)
Buck Converter
Boost Converter
Buck—Boost Converter
General Parameters: (4M)
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Buck Boost Buck-Boost
) i 1 d
Li.l.li"::’l.. il m —m
rAITL
Current (1—d)RTg d(1 — d)’RTg (1 —d)?RT;
L L L
Ripple
Ripple )
2 2 2
])ul_}' —g"_‘a"’_* 1 0<d _—; []£|?"-'_-’.§
Ratio

Efficiency degradation on account of different non-idealities

. R, Ry
Note: o ﬁ ] F
1 1 1
fy and H, T+tat 3d A 7 o T
1 —d)? 1—d)?

. . Ve Veg Ve (1 —=d)V, V, (1 —d)Vyy
Ve e Yy Ve oAVl Ve (- 4V
' and Vg 7, av, 1 v, v, 1 v, v

Wave form Comparison:

| [

Steady State Waveforms of the Buck Converter

.

(3M)

I
f

/K

t

Steady State Waveforms of the Boost Converter
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‘=
A e

L

Steady State Waveforms of the Boost Converter

Derive the efficiency of Buck Converter with neat sketch. (10M) BTL4
Answer: Page 119- Notes
Diagram: (2M)

X
Buck Converter _d.’"r__._/-é 's)
— 1-d

Waveform: (2M)

’ || | [
]n t

fo ‘
i t

T

4 .

V, = —— —— 1

bav,
i / ]/

Steady State Waveforms of the Buck Converter

Voltage Gain: (4M)
V, =dV,
Current Ripple:
2 \:y.ﬁ 1 d) 1-, V.(1 43!..
'\] 9
2 L L
i 5 (1 d) [ir]:-.‘
4 e L
Voltage Ripple:
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o a0 11 ‘1,, Ts
1\‘ e L. e e et ey
"4 22 2
s Vo(1 —d)T?2
5 S
Vo 8LC
SV, ; (1 'fafi-];_:j
) k. RIA

Input Current:
I =dI,

Validity of Results:
sV, 5(1

‘. "-1 —_:'1 < & 1

Efficiency:
1;\n 1;‘f:] "".‘— [ I])

v, dV, | |R+R+dR

5

n 1

Features:
Gain less than unity

(2M)

Gain is independent of switching frequency as long as Ts<To

Output voltage ripple percentage of independent of the load on the converter
Output ripple have second order roll off with the switching frequency.

Ideal efficiency is unity.

The input current is discontinuous and pulsating.

Answer: Page 119- Notes

Explain the operation of Boost Converter with neat sketch. (10M) BTL2

Diagram: (2M)
. 1-d
_ EE—el
Boost Converter d -
Waveform: (2M)
’ | |
L m m\/
L t
t
. \, \ 1
A _
v, = t
Steady State Waveforms of the Boost Converter
Voltage Gain: (4M)
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Vom 5

1 —d
Current Ripple:
V,dTs
L
ol s d(1 — d)’RTs
I, L

'”1’.

Voltage Ripple:
8Q  1,dTs

e o
oV, . dTs

V. ° RC

A

Input Current:

Validity of Results:

o, .  dTlg _
V. %= 70 <<
Efficiency:
[ 1."\:,“ ‘-_,.‘Il d) [ 1
n 1 _ —
\q L; 14 ‘—t
: i S § I
Features: (2M)

Gain more than unity

Gain is independent of switching frequency as long as Ts<RC

Output voltage ripple percentage of dependent of the load on the converter
Parasitic resistance degrades the gain

Ideal efficiency is unity.

The input current is continuous.

Derive and draw the steady state waveform of Buck- Boost Converters. (10M) BTL2
Answer: Page 119- Notes
Diagram: (2M)

=1
I

Buck—Boost Converter d

L]
0—/6?€5¥0—.

LA \/\."‘.“ W —

Steady state waveform: (2M)
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: I—\ 1 [

I,

{

|

R — —;
- -

i

|
T At
*

Steady State Waveforms of the Boost Converter

L

Voltage Gain: (4M)

W
avg

! —F

1—d
Current Ripple:
o1y,

Voltage Ripple:
5Q  1,dTs
(_' C
&V, . dTs

Input Current:
dl;

I e

! 1-d
Validity of Results:
5V, _ dTs

)

V. & RC
Efficiency:

5V,

Features: 2M)
e Gain can be set below or above unity.
e Gain is independent of switching frequency as long as Ts<RC
e Output voltage ripple percentage of independent of the load on the converter &
Output ripple have second order roll off with the switching frequency.
e Parasitic resistance degrades the gain
e Ideal efficiency is unity.
e The input current is discontinuous and pulsating.

Describe the distortion in power amplifier and the methods to eliminate the same. (6M)
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(NOV/DEC 2009) (Apr/ May 2019) BTL1

Answer: Page 479- S. Salivahanan

Amplifier Distortion: (2M)
Distortion - output signal waveform may occur because:

1. Amplification may not be taking place over - whole signal cycle due - incorrect biasing levels.

2. The input signal - too large, causing - amplifiers transistors - limited by the supply voltage.

3. The amplification - not - a linear signal over - entire frequency range of inputs.

Amplitude Distortion

Amplitude distortion occurs - peak values of the frequency waveform - attenuated causing distortion
- shift - Q-point and amplification may not take place over the whole signal cycle.

Amplitude Distortion due to Incorrect Biasing: (4M)
.= Homitrve
-\ N Half Cligsgaesd

Listorted Qutput

Loz level e
tes Fhiggh =agn al

3

0 B By

-

=
E3mac le=wesd
ter L wmew

Vo MNe=gatives
b ialt Clgoprad

- Pasitive eycle
+ Vo £ . Clipped-off 4

Distoited Output
Sign al
ot
o -— O
Input
Sagnal

Vo " MNegative cycle 5
— Clipped off

Frequency Distortion due to Harmonics

Resultant
-+ Input + Output Signal
sSignal

Phase Distortion due to Delay
HResultant

t It + Output Signal

Signal

Explain the operation of the transformer coupled class A audio power amplifier. (8M)

(April 2010) or Explain class A power amplifier with circuit diagram and derive for its
efficiency. (8M) (Nov 2010)(Nov 12) BTL2

Answer: Page 671- S. Salivahanan
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Introduction: (2M)
Circuit Diagram: (2M)

Input

1

Operation,; 2M)
N1, N2 = the number of turns in the primary and secondary

V1, V2 = the primary and secondary voltages

I1, 12 = the primary and secondary currents

Z1, 72 = the primary and seconadary impedance ( Z2 = RL )

Ptot = P1 + P2 + PC + PT + PE (2M)

> LT I 1 (8
Fac —2¥ge<'c x 100%

'llrr ax) "y
SVee l(_.

LIL

10

Draw the circuit diagram of class B push pull amplifier and discuss its merits. (13M)
(NOV/DEC 2011) (APR/MAY 2010)(NOV/DEC’12) BTL2
Answer: Page 478- S. Salivahanan
Introduction: (2M)
e Push-pull - one transistor conducts - half a cycle - other -off, and vice versa.
e On - positive half cycle - input voltage, the secondary winding of T1 has voltage vl and v2,
as shown.
The upper transistor conducts - lower one cuts off.
The collector current through Q1flows - upper half of the output primary winding.
This produces - amplified - inverted voltage, - transformer-coupled - loud speaker.
On - next half cycle - input voltage, - polarities reverse. -lower transistor turns on - upper
transistor turns off - lower transistor amplifies - signal, - alternate half cycle appears across
the loudspeaker.
e Since each transistor amplifies one-half of the input cycle, the loud speaker receives -
complete cycle - amplified signal.
Circuit Diagram: (4M)

JIT-JEPPIAAR/ECE/Dr.R. THANDAIAH PRABU/II™ Y1/SEM 04/EC8452/ELECTRONIC CIRCUITS II/UNIT 1-5/QB+Keys/Ver2.0
2.61




REGULATION: 2017 ACADEMIC YEAR: 2019-2020

Class B advantages: (3M)
1. Much higher power conversion efficiency - class A - large signal amplitudes.
2. Zero power dissipation with zero input.
Class B Push-Pull Emitter Follower: (4M)
e Class B operation - collector current flows - only 180° -cycle.
e Q point - located - cutoff on both the dc and the ac load lines.
e The advantage of class B amplifiers is lower current drain — higher stage efficiency.

O +VCC

Compare class A, class B and class C power amplifier in their performance and efficiency.

(10M) BTL2

Answer: Page 471- S. Salivahanan

Class A (4M)

The Class A topology - one of the transistors - dc current source.

capable of supplying the maximum audio current required by the speaker.

Good sound quality - possible - Class A output stage

power dissipation - excessive

Class B (4M)
e The Class B topology eliminates - dc bias current

dissipates significantly less power.

Its output transistors - individually controlled - push-pull manner

This reduces -output stage power dissipation,

The Class B circuit - inferior sound quality (2M)
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Class A B C

Conduction Angle | 360 180 Less than 90

in degrees

Position of Q point | Middle of DC load | On X axis Below X axis
line

Overall Efficiency 25 to 30% 70 to 80% >80%

Signal Distortion None if correctly | At X axis cross | Large amounts
biased over point

12

Describe the operation of class ¢ amplifier and derive the efficiency. (13M) BTL1
Answer: Page 484- S. Salivahanan

Introduction:

Less than 90-Conduction angle

Q point — On X axis

Efficiency - >80%

Circuit Diagram:

(3M)

(4M)

Veo
Class C conduction

3}?355 angle <180

- i
‘|H' g—

Coupling : 1
inp D—{ 0
SRF = i<

4_ |

Qmbescent
et

T

|

Y
-
/\ /\ .
»
T 2n 3 wl

It is an amplifier - conduction angle for the transistor is significantly less than 180°.
Operation:

e The transistor - biased - under steady-state conditions - no collector current flows.

e The transistor idles - cut-off.

¢ linearity of the Class-C amplifier - poorest of the classes of amplifiers.

e The Efficiency of Class-C can approach 85 %, - much better - either the Class-B or the
Class-A amplifier.
To bias a transistor for Class-C operation, - necessary to reverse bias of base-emitter
e junction.
e External biasing - not needed

Class C

(6M)

PART *C

Calculate maximum ac output power in the amplifier shown in fig. (Assume VBE = 0) (10M)
BTL4
Answer: Page 474- S. Salivahanan
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+20V
j 500
1k £
) T v
Vi B
c—Jl }— - L\/_-j J
\
b [ | < 50Q
1k <
< 100Q = I l
= o 1

The ac power in class A-operation, PO is given by the relation,

(2M)
I’:j) ]t . E £
) A % :%:wom
i (3M)
Vee = Veea + Ie(Rc + Re)
Or, Veea = Ve — le(Re + Re)
= 20 - 100mA (50 + 100)Q
= 20-15
Of, VCEQ =5V
(3M)
Therefore, maximum ac power, P,
| Ay - 5 x 100mA
R) = Ft’) 2 _ S
or B, =250mW
(2M)

assumed negligibly small. (8M) BTL4
Answer: Page 474- S. Salivahanan

Calculate maximum ac output power and efficiency of the amplifier shown in fig. VBE may be
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+10V (Vce)
a S
' 100
Vi i |
Ny 100 $Re
I -
- -10V (Vee)
Vee| 10V
Lp=I, =15l a—— o1y
@ F R 100
(2M)
VCEQ — Vcc =10V
Voo -Iop  10x1
Ay Tt 11 -
P = V| + F‘};‘ I,
- (10+10)x1= 20W (2M)
PL.. F
n=""0= . - -x100
P, 200
or n=25% (2M)

Find out the value of resistor R2 to provide trickle current for distortion free output in the
push pull amplifier shown in fig. VBE for each transistor is 0.7V. (8M) BTL4
Answer: Page 474- S. Salivahanan

Circuit Diagram: 2M)
+30V
3000 < Ri
|
I_ Vo
Vi >R :
—| ==
<R
e - < 16Q
3000 < R

i}

[
i
i}

Trickle current which flows through resistors R2 - produces a voltage drop of 0.7 V across base —

emitter junction over comes cross — over distortion in push — pull amplifier.
For analysis purposes, - sufficient - consider only half of the circuit for reasons of symmetry, and
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VCC of half (= VCC/2 =30/2 = 15V) is to be taken for one transistor.
The current through resistors R1 and R2 is,
15V 15V )

"R +R 300Q+R

IX Rz = 0.7V (desired voltage)

o I=0TVIR, ... .J(B)
0w 15V

R: 30“! - R:
or, R, =14.7Q

(2M)

(2M)

(IM)

(M)
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EC8491 COMMUNICATION THEORY LTPC
3003

OBJECTIVES:

The student should be made to:

To introduce the concepts of various analog modulations and their spectral characteristics

e To understand the properties of random process

e To know the effect of noise on communication systems

e To study the limits set by Information Theory

UNIT I AMPLITUDE MODULATION 9
Amplitude Modulation- DSBSC, DSBFC, SSB, VSB - Modulation index, Spectra, Power relations and
Bandwidth — AM Generation — Square law and Switching modulator, DSBSC Generation — Balanced and Ring
Modulator, SSB Generation — Filter, Phase Shift and Third Methods, VSB Generation — Filter Method, Hilbert
Transform, Pre-envelope & complex envelope —comparison of different AM techniques, Superheterodyne
Receiver.

UNIT 11 ANGLE MODULATION 9
Phase and frequency modulation, Narrow Band and Wide band FM — Modulation index, Spectra, Power relations
and Transmission Bandwidth - FM modulation —Direct and Indirect methods, FM Demodulation — FM to AM
conversion, FM Discriminator - PLL as FM Demodulator.

UNIT 111 RANDOM PROCESS 9
Random variables, Random Process, Stationary Processes, Mean, Correlation & Covariance functions, Power
Spectral Density, Ergodic Processes, Gaussian Process, Transmission of a Random Process Through a LTI filter.

UNIT IV NOISE CHARACTERIZATION 9
Noise sources — Noise figure, noise temperature and noise bandwidth — Noise in cascaded systems.
Representation of Narrow band noise —In-phase and quadrature, Envelope and Phase — Noise performance
analysis in AM & FM systems — Threshold effect, Pre-emphasis and de-emphasis for FM.

UNITV SAMPLING & QUANTIZATION 9
Low pass sampling — Aliasing- Signal Reconstruction-Quantization - Uniform & non-uniform quantization -
guantization noise - Logarithmic Companding -PAM, PPM, PWM, PCM — TDM, FDM.
TOTAL: 45 PERIODS
OUTCOMES:
At the end of the course, the student should be able to:
e Design AM communication systems

o Design Angle modulated communication systems
o Apply the concepts of Random Process to the design of Communication systems
e Analyze the noise performance of AM and FM systems
e  Gain knowledge in sampling and quantization
TEXT BOOK:
1. J.G.Proakis, M.Salehi, —Fundamentals of Communication Systemsl, Pearson Education 2014.
(UNIT I-1V).
2. Simon Haykin, —Communication Systemsl, 4th Edition, Wiley, 2014.(UNIT I-V).
REFERENCES:
1. B.P.Lathi, —Modern Digital and Analog Communication Systemsl, 3rd Edition, Oxford University Press,
2007.
2. D.Roody, J.Coolen, —Electronic Communications, 4th edition PHI 2006.
3. A.Papoulis, —Probability, Random variables and Stochastic Processesl, McGraw Hill, 3rd edition, 1991.
4. B.Sklar, —Digital Communications Fundamentals and Applicationsl, 2nd Edition Pearson Education 2007.
5. H P Hsu, Schaum Outline Series - —Analog and Digital Communicationsl TMH 2006
6. Couch.L., "Modern Communication Systems", Pearson, 2001.
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Subject Code: EC8491 Year/Semester: 11 /04
Subject Name: COMMUNICATION THEORY Subject Handler: Mrs. M.Benisha

UNIT I - AMPLITUDE MODULATION

Amplitude Modulation- DSBSC, DSBFC, SSB, VSB - Modulation index, Spectra, Power relations and
Bandwidth — AM Generation — Square law and Switching modulator, DSBSC Generation — Balanced and
Ring Modulator, SSB Generation — Filter, Phase Shift and Third Methods, VSB Generation — Filter Method,
Hilbert Transform, Pre-envelope & complex envelope —comparison of different AM techniques,
Superheterodyne Receiver.

PART * A

Q.Ng

Questions

Why DSB-SC AM is bandwidth inefficient when compared with side band AM? (April/May 2019)
BTL2

e In DSB-FC AM (Contains 2 side bands USB & LSB and the carrier) requires 2fm bandwidth.
e In SSB SC AM (Contains One side band and suppressed carrier and other side band) requires

only fm bandwidth, which is half compared to the DSB FC. Hence it is more efficient than
DSB- FC.

e Thus DSB-SC AM is bandwidth inefficient when compared with side band AM.

Mention any four advantages of having RF Amplifier at AM Receiver. (April/May 2019) BTL2
It is more advantageous of having RF Amplifier at AM Receiver because,
e The RF amplifiers have greater gain that is they have better sensitivity.
e They have better ability to amplify weak signals received by the receiver.
e The RF amplifiers have better selectivity i.e., better ability to select the wanted signals among
the various incoming signals.
e Better Signal to Noise Ratio. (SNR)

What are the advantages of converting the low frequency signal into high frequency signal? Does

the modulation technique decide the antenna height? (Nov/Dec 2016) (Apr/May 2017)

(Nov/Dec2018) BTL2

e The antenna needed for transmitting signals should have size at least A/4, where, A is the wavelength.
The information signal, also known as baseband signal is of low frequency (and therefore the
wavelength is high). If we need to transmit such a signal directly, the size of the antenna will be very
large and impossible to build. Hence direct transmission is not practical.

 The radiated power by an antenna is inversely proportional to the square of the wavelength. So, if we
use high frequency signals, the power radiated will be increased.

« If we transmit the baseband signals directly, the signals from different transmitters will get mixed up
and the information will be lost.

An amplitude modulation transmitter radiates 100 watts of unmodulated power. If the carrier is
modulated power. If the carrier is modulated simultaneously by two tons of 40% and 60%
respectively, calculate the total power radiated. BTL2

m, =m2 +m2 =062 +0.42 =0.73

m2
P =P, (1+ TJ =127 watts

P. =unmodulated carrierpower, p, = total power,m = modulationindex

JIT-JEPPIAAR/ECE/Mrs.M.Benisha /l1" Y/SEM 04/EC8491/ COMMUNICATION THEORY/UNIT 1-5/QB+Keys/Ver2.0

3.2




REGULATION: 2017 ACADEMIC YEAR : 2019-2020

Calculate the local oscillator frequency if incoming frequency is f; and translated carrier
frequency is f,. BTL2

f1 f2

—_— Mixer L >

5
T f14f2
LO
Define modulation and what is the need for modulation? BTL1
Modulation:
Modulation is a process by which some characteristics of high frequency carrier signal is varied in
6 | accordance with the instantaneous value of the modulating signal.
Need for modulation:
Ease of transmission, Multiplexing, Reduced noise, Narrow bandwidth, Frequency assignment, Reduce
the equipments limitations.
v What are the types of analog modulation? BTL1
Amplitude modulation, Angle Modulation- Frequency modulation, Phase modulation.
Define depth of modulation and list what are the degrees of modulation? BTL1
Depth of modulation:
It is defined as the ratio between message amplitude to that of carrier amplitude. m=E./E..
8 | Degrees of modulation:
e Under modulation. m<1,
e Critical modulation m=1,
e Over modulation m>1
What is single tone and multi tone modulation? BTL1
9 If modulation is performed for a message signal with more than one frequency component then the
modulation is called multi tone modulation. If modulation is performed for a message signal with one
frequency component then the modulation is called single tone modulation.
Compare AM with DSB-SC and SSB-SC.(MAY2014) (Ap/May 2018) BTL2
S.No AM DSB-SC SSB-SC
1 Transmission Bandwidth Transmission Bandwidth Transmission Bandwidth
10 BT :me BT :me BT = fm
2 Contains two sidebands Contains two sidebands Contains only one sideband
3 Consumes large power Consumes less power than | Consumes less power than
Pt =Pc+ Pusg+ PLse AM AM,DSB-SC , Pt =Pysp
Pt = Pyss+ Piss
What are the advantages of VSB-AM? BTL2
11 | It has bandwidth greater than SSB but less than DSB system. Power transmission greater than DSB but

less than SSB system. No low frequency component lost. Hence it avoids phase distortion.
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Compare linear and non-linear modulators. BTL2

12 Linear modulators Nonlinear modulators
Heavy filtering is not required Heavy filtering is required
These modulators are used in high level | These modulators are used in low level
modulation. modulation.
13 How will you generate DSBSC-AM? BTL1
There are two ways of generating DSBSC-AM such as balanced modulator, ring modulators.
What are advantages of ring modulator? BTL2
14 | Its output is stable. It requires no external power source to activate the diodes. Virtually no
maintenance. Long life.
Define demodulation. BTL1
15 | Demodulation or detection is the process by which modulating voltage is recovered from the modulated
signal. It is the reverse process of modulation.
16 What are the types of AM detectors? BTL1
Nonlinear detectors, Linear detectors
17 What are the types of linear detectors? BTL1
Synchronous or coherent detector, Envelope or non-coherent detector.
Define multiplexing. BTL1
18 Multiplexing is defined as the process of transmitting several message signals simultaneously over a
single channel.
A broadcast radio transmitter radiates 5 kW power when the modulation percentage is 60%.
How much is the carrier power? BTL2
19 ~ = Pc[“ n;]
P, = P = 5000 = 4237.28W
[1+ mZJ [1+ o.ezj
2 2
What is the relationship between total power in AM wave and unmodulated carrier power? BTL2
20| P = P{1+m—2J
2
P, =unmodulated carrier power, p, =total power, m = mod ulationindex
What is the relationship between total current in AM wave and unmodulated carrier current?
BTL2
21 m?
I =1, (1+7J
I, =total current, I . =unmodulated carrier cuurent, m = mod ulation index
What are the two major limitations of the of amplitude modulation (DSBFC) ? BTL2
22 Total power in the DSBFC AM signal is more. Bandwidth required for DSBFC AM signal is more. If
carrier and one of the side band is suppressed, we will have considerable power saving and reduction in
bandwidth requirement.
An unmodulated carrier is modulated simultaneously by three modulating signals with
23 coefficients of modulation m1 = 0.2, m2 = 0.4, m3 = 0.5. Determine the total coefficient of

modulation. BTL2
m =mZ +mZ +m2 =+/0.22 +0.42 + 052 = 0.67
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24

What is frequency translation? BTL1

Suppose that a signal is band limited to the frequency range extending from a frequency f1 to a
frequency f2. The process of frequency translation is one in which the original signal is replaced with a
new signal whose spectral range extends from f1° to f2’and which new signal bears, in recoverable form
the same information as was borne by the original signal.

25

What are the two situations identified in frequency translations? BTL1

The two situations identified in frequency translation are Up conversion and down conversion .In up
conversion; the translated carrier frequency is greater than the incoming carrier frequency. In Down
conversion, the translated carrier frequency is smaller than the incoming carrier frequency. Thus, a
narrowband FM signal requires essentially the same transmission bandwidth as the AM signal.

26

What is Hilbert transform? BTL1

It is a peculiar sort of filter that changes the phase of the spectral components depending on the sign of
their frequency. It only effects the phase of the signal. It has no effect on the amplitude at all

The Hilbert transform #(t) of a signal x(t) is defined by the equation

1 F x®
2y =— f ds,

« -
—aa s

27

Mention the properties of Hilbert transform? BTL1
A signal x(t) and its Hilbert transform x(t) have 1).the same amplitude spectrum 2).the same
autocorrelation function 3). x(t) and %(t) are orthogonal 4).The Hilbert transform of #(t) is -x(t)

28

What is pre envelope? (May/June 2016). BTL1
The pre envelope of a real signal x(t) is the complex function x.(t) = x(t) + j Z(t).
The pre envelope is useful in treating band pass signals and systems.

29

What is complex envelope? (May/June 2016). BTL1 .
The complex envelope of a band pass signal x(t) is x(t) = x(t) e~

30

What are the advantages of super heterodyne receiver over TRF? BTL2
The advantages of super heterodyne receiver over TRF are high selectivity, improved sensitivity
throughout the carrier frequency band. It eliminates image frequency.

31

Define selectivity and sensitivity of a radio receiver. BTL1

Selectivity: It is the ability of the receiver to accept a given band of frequencies and reject all others.
Sensitivity: It is the ability of the receiver to pick up weak signals and amplify them. It is defined in
terms of the voltage that must be applied to the receiver input terminals to give the standard output
power. It is usually expressed in micro volts.

32

Mention the drawbacks of coherent detector. (April/May 2018) BTLO01

33

Define the term fidelity of a radio receiver. BTL21Fidelity is a measure of the ability of a receiver to
reproduce an exact replica of the original source information .i.e., fidelity is the ability of a receiver to
reproduce faithfully all frequency components present in the base band signal

34

For an AM system the instantaneous values of carrier & modulating signal are 60 sin (2nf.t) & 40
sin(2rfmt), Determine the modulation index? BTL2
Em

40_
mg, = E_c = 5—066

35

A carrier of 6KV is amplitude modulated by an audio signal of 3KV. Find Modulation Index.
(Nov/Dec 2018) BTL2

Em _ 6 _
my="2=2=2
E. 3
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36

Draw the AM wave for modulation index =0.5 and its spectra. (May 2015). BTL2
E0% Modulation

==
=
=

==
[ O

37

Define heterodyning (May 2015) (Nov/Dec 2018). BTL1

Heterodyning -To combine a radiofrequency wave with a locally generated wave of different frequency.
Inorder to produce a new frequency equal to the sum or difference of the two, also called as frequency
conversion, is used very widely in communications engineering to generate new frequencies and move
information from one frequency channel to another.

38

What is the advantage of conventional DSB-AM over DSB-SC and SSB-SC AM?
(Nov/Dec 2015) BTL2
The receivers for conventional DSB-AM are simple and detection is easier.

39

Draw the block diagram of SSB-AM generator.(Nov/Dec 2015) BTL2

mi1)

A.cos 2= fa

Hilbert u(e)
transform <’ ) »
- -

o

(. )

m(1) ! A ;m 2wt

40

What theorem is used to calculate the ave age power of a periodic signal gp(t)? State the theorem.
(May/June 2016). BTL2
Parseval’s theorem represents the average power P of the function x(t) given by

P= foo lim —lXt(w)lzdf

— o T—00 T

41

Suggest a modulation scheme for the broadcast video transmission and justify.(Nov2016) BTL2
VSB is preferred for TV transmission because of reduced bandwidth of modulation system and most of
the required data present after modulation occupy the space near the carrier frequency Fc.

PART *B

Draw an envelope detector circuit used for demodulation of AM and explain its operation
(May/June2012,May/June 2013,AE:_qI/May 2010,April/May 2015) BTL2

1.7 |
C1 mpm TC2 — C3 RA1

Diode Detector or Envelope Detector
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half wave rectified - detector diode
capacitor reconstructs - original modulating signal, high frequency carrier removed
Negative peak clipping in diode detector

(=) An Signal

() Current pulses through diods D

(c) Demodulating Signal

modulation index - Em /Ec.
lhn=Em/Zm, I, = Ec/Rc
over modulation effect

Diagonal Clipping in Diode Detector
Zm - purely resistive
distortion - detected signal

Ciagonal clrppimng

i

How SSB can be generator using Weavers method? Illustrate with a neat block diagram.
(May/June2012) or Third Method of SSB Generation. BTL2

Principle: two carriers - audio subcarrier at fo — RF carrier at fc

Block diagram and operation

%40 [ Low pass
,—"@*'—“' filter, 1, “@ valth

cos(2rl t) cos{2mal t)
su:!g:lﬁie r RF carrier
] cos (2l 1) cos{2af th ot
() = cos (2af 1) Cz Secalt
50° Phase 80° Phase ]
shift shift
sin(Znft) sin(2nf.t)

__@_._ Low pass ¥alt)
o | fier i
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Input s(t) = cos( 2mfmt)

Explain The Filter Method And Phase Shift Method To Produce SSB. (Or)

Explain the working of a SSB transmitter and receiver. (or) Name the methods used for the
suppression of unwanted side band in AM transmission? Discuss the working of any one BTL2
SSB - SC — AM waves can by generate - two ways.

1. Frequency discrimination (or) Filler method

2. Phase discrimination method.

Phase discrimination method
1. Phase shift method.
2. Modified phase shift (or) weaver's method.

Suppression of Unwanted Sideband
(i) filter method,

(ii) phase shift method and

(iii) The 'third" method.

Filter Method to Produce SSB

carrier signal
balanced modulator| sideband R
}————— suppression filter |, |balanced mixer L »
[ ] To linear amplifier
tulating sienal
= e crystal oscillator

DSB output - both the sideband
balanced modulator - frequency booting — up conversion
SSB signal - frequency equal to - transmitter frequency - amplified by linear amplifiers

Phase Shift Method to Generate SSB
balanced modulators - (+90, -90)

summing amplifier - upper sideband SSB signal

Balanced
Modulfmng —ee{ mModulator
signal M

To linea
90° phase 90° phasa Summing [ O
shifler shifter amplifier am: :plofnvcr

Camier
source

Balanced
 — »| maodulalor
M,
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Compare various Amplitude modulation System (May/june2012) BTL2
Description AM with carrier | DSB-SC-AM |SSB-SC-AM | VSB-AM
Band width 2fm 2fm fm fm <BW<2fm
Power 33.33% 66.66% 83.3% 75%
Saving for
Sinusoidal
Power 33.33% 50% 75% 75%
3 Saving for non -
Sinusoidal
Generation Easier to Not difficult More difficult to | Difficult. But
methods generate generate to easier
generate than
SSB-SC
Detection Simple & Difficult More difficult Difficult
methods Inexpensive
Define Amplitude modulation. How an amplitude modulated signal can be generated using a
nonlinear modulated circuit (Nov/Dec 2012, NOV/DEC 2016) BTL2
Amplitude modulation - amplitude - carrier signal - varied - instantaneous value -modulating signal,
frequency, phase remains - constant
Non linear modulator circuits:
Types: square law modulator - Balance modulator
Square law modulators:
operated - nonlinear region - output characteristics
capable - amplitude modulated waves - carrier and modulating signals - fed input.
Eg: transistor, a triode tube,a diode
(i) A non linear device
(i1) A bandpass filter
4 (iii)A carrier source and modulating signal
Nonlinear
device
m(t) (
vs() vplt) == H §RI
A.cos 2rf.) (Ny
Tuned to f,
Carrier : c(t)= A cos(2II fct)
Vi, =clr)y+mir) V, =a, +a\V, + (’zVi,f
Vi, =A_cos2af t+mir)
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Vy=a,+aV, +a,V,

in

o LAY L WA e . . :
Vo(fr=(a, + r—'T'—-m:,,f ) + %—'— [c’.:[; —fa+olf + f J]+ aM(f)+

RELA [5(f=2F)+8(F+2f)]+aM(fH+a,A[MF=Fy+M(f+ )]

square law device
lower cutoff frequency - 2W and (fc - W)
Upper cut-off frequency - (fc+W) and 2fc

Vi, =a, +a A cos2q s +mini]+a|A cos 23 1+ min]

e, A

Vi, =, +a A cos 230 1 +amii) +

(+cos4a O +a, i) + 2a.m(0)A, cos 27 1

. _ e, A ) _
Vi, =a, +a A cos 2t +a,mir)+ oS AT r F i)+ Qe A cos 27 1

Explain in details the generation and demodulation of DSB-SC with simple diagram. (April/May
2019)

A 10KW carrier power is amplitude modulated at 80% depth of modulation by a sinusoidal
signal. Calculate the side band power, total power and transmission efficiency of the AM Wave.
(April/May 2019)

A Transmitter radiates 1200w of power under carrier conditions. If this carrier is modulated
simultaneously by two tones of 35% and 50% respectively. Determine the total power radiated?
BTL5

Depth of modulation m1=0.35, m2=0.50

2 2
Proa =Pc[1

my m,
+—t—
2 2

Prog = 1423.5w

A signal is transmitted through a 10 km co-axial line channel which exhibits a loss of 2 dB/km.
The transmitted signal power is P1 dB = -30 dBw means 30 db below 1 Watts or simply one
milliwatt). Determine the received signal power and the power at the output of an amplifier that
has an gain of Gdb =15 dB. BTL5

Py = P dB —LdB = —50 dbW

P,dB = PpdB + G dB = —35 dbW

10

Explain With Block Diagram Super Heterodyne Receiver? (April/May 2015, May/June 2016,
April/May 2019) BTL2
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Audio and
Anlenna apowemp' m;r
P s (fo-1 IF
stage Mixer amplifier Detector
I’ I,
I ’
I !
!
! AGC
] Local

/| oscillator
I
I

(2M)
Definition: process of mixing two signals - different frequencies - produce new frequency
RF - tuned carrier frequency - incoming wave. (preselector & amplifier)

MIXER -hetrodyning function (455kHz)

CONVERTER-Local oscillator frequency, signal frequency,image signal frequency

Gain at the signal frequency

IFRR=

Gain at the image frequency

IF/DEMODULATOR—the output is only audio frequencies
Advantages

higher gain, uniform BW

(2M)
(2M)
(2M)
(1M)

(1M)

(1M)
(2M)

o0 variation in BW, high sesitivitiy and selectivity, high adjacent channel variations, improved stabitlity,

And Ring Modulator. (Nov/Dec 2010, MAY/JUNE 2016,NOV/DEC 2016) BTL2

DSB-SC : BW=2fm (only upper and lower sidebands) (1M)
DSB-SC generation diagram am)
V(AM) equation ,phasar diagram,waveform (1M)

Suppressed
carrier
Lower H Upper
R eE——  — sideband_
o S !
11| 2 .
Q
E
<
. _ Lot o
fise fe Juss Frequency
= (fe~/m) = (fe * fm)

Types : balanced modulator ,Ring modulator  (1M)
Balanced Modulator — Two transistor are identical and the circuit is symmetrical
2M)

With The Help Of Neat Diagram Explain The Generation Of DSB-SC Using Balanced Modulator
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AM output

2000000 /

Modulating l 1l
signal ' " ~'ls
Vm Sin oy t |

Vv -m I—’ﬂ“‘j Vl.!t
{ carrier s;gnal

: o] T2 " /"

Ve = Ve ¥ Vin - inphase , V" = V. (¢ + V" () ---- Outphase

Output voltage V, = 2Kay V;,, [1+ Ma cos Wet | cos Wt (2M)
Ring modulator: no need for BPF , diode modulator am)
Dy
T,| a ' % b T,z
Modulating £ty Modulated
wave D wave
Vinlt W o, Vosa.scll
c N d
___Carrer_
wave
Vel(l)

Positive Half Cycle of Carrier

positive halfcycle-D1,D2-Forward device and D3,D4- reverse biased -magnetic field cancel each other
Negative Half Cycle of Carrier

Negative half cycle ,D1,D2-reverse biased and D3,D4- forward biased -opposite magnetic field. (1M)

Vpltd &

o — .
/_\_/_\ fims —

ey Mudtscdacrbeg sigrat

i -

by Corrier vignal
D- and Oz ‘anduct Dy are L>4 o—vn:su..z

2 ] L
Dz anc D conduct Diand Dy oom dn, st

(e DSE signui-priweary: T,z

Tima —

Phase revarsal

(e DSB onepat

Advantages — more efficient , better SNR (AM)
Disadvantages- BW of DSB-SC remain same as AM (2M)

PART * C

1

A signal with the bandwidth 4 KHz is to be transmitted distance of 200 km over a wideline
channel that has an attenuation of 2 dB/km.
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a) Determine the transmitter power PT required to active an SNR of (S/N) = 30 dB at the
output of the receiver amplifier that has a noise figure Fa dB =5 dB

b) Repeat the calculation when a repeater is inserted every 10 km is wireline channel. Where
the repeater has a gain of 20 db and noise figure Fa=5dB. Assume that the noise equivalent
bandwidth of each repeater Bneq = 4 kHz and that NO = 4 *10™-21 W/Hz BTL5

a)
s
p, = (N) dB + Fy dB + 101og L + (No Beq) dB

Pr =30+ 5+ 400 — 168 = 267 dB = 5 * 10%° Watts
b)

s
(N) dB = —10logk + 10 log Py — 10 log F, — 10log L — 10 log (No Byeq) dB

30=—-13—-20—-5+ 168+ Py dB = 107 1% Watts

Pr must be incresed by 3 dB

Draw the VSB spectrum and explain the significance (May/June2013) (April/May 2019) BTL2
compromise between DSB and SSB
bandwidth - slightly 25 percent
Greater than - SSB signals.
roll-off characteristic — partial transmission of the corresponding part of the suppressed sideband
S(f) = U(f) H(f) p

S(f) = 76 M —f)+MS+fI)ITH)

gove s . Product ufi} Band-pass Modulated
SIgnal roduc filter o ﬁiwml
. madilator | .
Hif)
k —
2 —T
A cos (2af)
signal | Product ! Low-pass e
it “ 1 modulator = | filtar B I:h”,__
L. cos {2 1)

Filtering scheme of the generation of VSB modulated wave Spectrum of VSB SC
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Suppressed

IHO! Vetts’gae of  portion of USB

//1 1
1 /] 1
— - —————— - ——— - l
‘ s ///) E
A //A : 3
fo—1, fe fo+f, fo+W
] ]
LSB —=+ USB ;

Amplitude response of VSB filter:
HEf-fO+HF+f)=1L,-W<f<W

What is DSB_SC signal? Write the working of a synchronous detector used to detect the DSB_SC
signal with the output amplitude spectrum of each block (Nov/Dec2012) BTL2

DSB-SC : -BW=2fm (only upper and lower sidebands) am)
DSB-SC generation diagram am
V(AM) equation ,phosar diagram,waveform am
Types : balanced modulator ,Ring modulator (aM)

Balanced Modulator — Two transistor are identical and the circuit is symmetrical (2M)
Vbe = Ve @) ¥ Vi - inphase , Vy,." = Ve () + V" e ---- OUtphase

3 Output voltage V, = 2Kay V;,, [1+ My cos Wet | cos Wt (2M)
Ring modulator: no need for BPF , diode modulator (am)
positive halfcycle-D1,D2-Forward device and D3,D4- reverse biased -magnetic field cancel each other
and negative half cycle ,D1,D2-reverse biased and D3,D4- forward biased -opposite magnetic field
(IM)
Advantages — more efficient , better SNR am)
Disadvantages- BW of DSB-SC remain same as AM
2M
(Exp?ain Hilbert Transform With An Example. (APRIL/MAY 2015) BTL2
Hilbert Transform
f(t) is shifted by (-w/2)
I
- y

Characteristics
i. Hw)=1
ii. phase of the positive frequency components if shifted by -r/2
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T H(@)I

Properties:
1. Signal f(t) - Hilbert transform - same magnitude spectrum.
2 Signal f(t) - Hilbert transform - same energy density spectrum.
3 Hilbert transform fh(t) is —f(t)
HIf ()] = fu(t)

H[fy(®)] = —f(®)
4. Signal f(t) - Hilbert transform fh(t) - orthogonal interval (-o0,o0)

| ron@ad=o

5. Signal f(t) - Hilbert transform fh(t) - same auto correlation function.

Application
Generation of SSB signal
e Design of minimum phase type filters
e Representation of band pass signals
1. cosw.t = sinw,t
2.sinw,t = cosw,t
3. sin(w.t + 6) — cos (wct + 06— g)

4. m(t)c(t) » m(t)"™ c(t)

A message signal m(t) =cos2000(] t+2c0s4000( t modulates the carrier c¢(t)=100cos 2] fct, where
fc=1KHz to produce DSB signal m(t)*c(t).

1. Determine the expression for USB Signal

2. Determine and sketch the spectrum of USB Signal. (April/May 2019)
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UNIT Il - ANGLE MODULATION

Phase and frequency modulation, Narrow Band and Wide band FM — Modulation index, Spectra,
Power relations and Transmission Bandwidth - FM modulation —Direct and Indirect methods,
FM Demodulation — FM to AM conversion, FM Discriminator - PLL as FM Demodulator

PART * A

Q.Ng Questions

Define modulation index, with reference to FM and PM. (MAY 2013)(Nov2017)
Modulation index is the ratio of frequency deviation and modulating signal frequency.

1 m= %Af = frequency deviation (Hz), f,, = modulating signal frequency (Hz)
Why FM is preferable for voice Transmission?(MAY 2014)
2 | In FM modulation the amplitude components do not get affected, so preferable for voice
transmission.
How is the Narrow band FM converted into Wideband FM?
The narrowband FM is converted to wideband FM with the help of frequency multiplier. The
3 frequency multiplier increases the frequency deviation as well as carrier frequency. It is called
indirect method because FM is generated from PM.
Advantages:
1) FM is generated from PM indirectly. 2) Modulation takes place at low carrier frequency.
Define deviation ratio.
It is the worst-case modulation index which is the ratio of maximum permitted frequency deviation
4 | and maximum modulating signal frequency.
Deviation ratio= m = ]ffm—“"
State Carson’s rule for determining approximate Band Width of FM signal. (Nov/Dec 2015)
5 | Bandwidth = 2(Af + fmmax)HZ,
Af = frequency deviation (Hz),fnmaxy = highest modulating signal frequency (Hz)
A carrier frequency is frequency modulated with a sinusoidal signal of 2 KHz resulting in a
maximum frequency deviation of 5 KHz. Find the approximate band width of the modulated
6 | signal. (NOV 2013)(May 2015)
Af = frequency deviation (Hz) = 5 KHz, fimmax = highest modulating signal frequency(Hz) = 2
KHz,Bandwidth = 2(Af + fi max JHZ =2(5KHz + 2KHZz)=14 KHz
Determine the modulation index of a FM system with a maximum frequency deviation of 75
7 | KHz and maximum modulating frequency of 10 KHz.
Afmax  75KHz _
m=—"T%=—"—-—= =75
fmax  10KHz
Distinguish between narrow band FM and wide band FM. (April May 2019) (April May 2018)
Narrow band FM Wide band FM
8 Frequency deviation in car ier frequency is | Frequency eviation in carrier frequency is
small large
Bandwidth is twice the highest modulating | Band width is calculated as per Carson’s
frequency rule
9 What are the advantages of FM over AM?

| S.No | AM \ FM
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1 The modulation is directly proportional to | The modulation index is proportional to
modulation voltage AM and inversely | amplitude as well as phase
proportional to frequency

2 There are three components in AM. They | They are many frequency components in
are carrier USB, LSB. FM signal.

3 Power depends on the sideband Total power remains constant.

4 The bandwidth required is less compared to | Theoretically bandwidth of FM signal is

FM signal and is equal to 2fm.B.W=2fm infinite

10

Define phase modulation.
Phase modulation is defined as the process of changing the phase of the carrier signal in accordance
with the instantaneous amplitude of the message signal.

11

What are the types of Frequency Modulation?.

Based on the modulation index FM can be divided into types. They are Narrow band FM and Wide
band FM. If the modulation index is greater than one then it is wide band FM and if the modulation
index is less than one then it is Narrowband FM

12

What is the basic difference between an AM signal and a narrowband FM signal?
In the case of sinusoidal modulation, the basic difference between an AM signal and a narrowband
FM signal is that the algebraic sign of the lower side frequency in the narrow band FM is reversed.

13

What are the two methods of producing an FM wave?

Basically there are two methods of producing an FM wave. They are i) Direct method - In this
method the transmitter originates a wave whose frequency varies as function of the modulating
source. It is used for the generation of NBFM ii) Indirect method-In this method the transmitter
originates a wave whose phase is a function of the modulation. Normally it is used for the
generation of WBFM where WBFM is generated from NBFM.

14

Give the average power of an FM signal.
The amplitude of the frequency modulated signal is constant . The power of the FM signal is same as

that of the carrier power.P = %EE.

15

Define phase deviation.
The maximum phase deviation of the total angle from the carrier angle is called phase deviation.

16

Define frequency Deviation.
The maximum departure of the instantaneous frequency from the carrier frequency is called
frequency deviation.

17

What is the use of crystal controlled oscillator?
The crystal-controlled oscillator always produces a constant carrier frequency thereby enhancing
frequency stability.

18

What are the disadvantages of FM system?
A much wider channel is required by FM. FM transmitting and receiving equipments tend to be
more complex and hence it is expensive

19

How will you generate message from frequency-modulated signals?
First the frequency-modulated signals are converted into corresponding amplitude modulated signal
using frequency dependent circuits. Then the original signal is recovered from this AM signal.

20

What are the types of FM detectors?
Slope detector and phase discriminator

21

What are the types of phase discriminator?
Foster seely discriminator and ratio detector.

22

What are the disadvantages of balanced slope detector?
Amplitude limiting cannot be provided, Linearity is not sufficient; It is difficult to align because of
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three different frequency to which various tuned circuits to be tuned. The tuned circuit is not purely
band limited.

23

What are components in a frequency discriminator?

Frequency discriminator has got two components .Slope detector or differentiator with a purely
imaginary frequency response that varies linearly with frequency. It produces output where the
amplitude and frequency vary with the message signal. Envelope detector recovers the amplitude
variations and reproduces message signal.

24

What are the applications of PLL?
1) Frequency Multiplier i) FM Demodulator

25

How is a Narrowband FM converted into a Wideband FM?
FM signal is given by S(t) = A¢ cos (2znfct +f sin (2afit)),

If B is very small compared to one radian, it is called NBFM.

If B is very large compared to one radian, it is called WBFM

26

What are the advantages of ratio detector?
i) It is not affected by amplitude variations on the FM wave,
i) Ratio detector can operate with as little as100mv of inputs.

27

Define Lock in range and dynamic range of PLL. (May 2015)

Lock Range: Range of input signal frequencies over which the loop remains locked once it has
captured the input signal. This can be limited either by the phase detector or the VCO frequency
range.

Capture range: Range of input frequencies around the VCO center frequency onto which the loop
will lock when starting from an unlocked condition.

28

Compare amplitude and angle modulation schemes (Nov/Dec 2015)

PARAMETERS | AM FM

Channel Each channel bandwidth = 15KHz | Each channel bandwidth = 150KHz . In a

Bandwidth . In a given frequency space, AM | given frequency space, FM
accommodates more number of | accommodates less number of channels.
channels.

Noise Immunity | AM reception is less immune to | FM reception is more immune to noise
noise

Amplitude AM receivers are not fitted with | FM receivers can be fitted with

limiters amplitude limiters amplitude limiters to remove amplitude

variations caused by noise.

Amplitude of | Amplitude of AM wave varies and | Amplitude of FM wave is constant and is

modulated wave | is dependent on the modulation | independent of modulation index.
index.

29

A carrier signal is frequency modulated by a sinusoidal signal of 5 Vpp and 10KHz. If the
frequency deviation constant is 1 kHz/V, determine the maximum frequency deviation and
state whether the scheme is narrow band FM or wide band FM. (May/June 2016)

fi= 1kHz v

0 =1*5V =5 KHz.
_ 0 5KHz _
= T 10KHz
Whenmf=0.5, spectrum consists of 1 USB, 1 LSB. Hence it’s a narrow band FM.

30

What is the need for pre-emphasis? (May/June 2016)(Nov2016)
The boosting of higher modulating frequencies is called Pre-emphasis. By artificially emphasizing
high frequency components of message signal prior to modulation in the transmitter i.e., before
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noise is introduced in the receiver, the low frequency and high frequency positions of the PSD of the
message signal are equalized in such a way that message fully occupies the frequency band allotted
to it.

31

Define carrier swing. (April/May2017)
The total variation in frequency from the lowest to the highest is referred as carrier swing. The
carrier swing is equal to twice the frequency deviation .Carrier swing = 2X frequency deviation.

32

State the carson’s rule. (April/May2017)
used for bandwidth calculation of FM modulation, BW=2(Af +f;,), Af = frequency deviation
fm =modulating frequency.

Distinguish between narrow band FM (NBFM) and Amplitude modulation(AM).

(Apr/May2017)
AM Narrow band FM
AM accommodates more number of channels. | Only a single message is allowed
33 | | AM reception is less immune to noise NBFM is more immune to noise
AM frequency deviation is relatively higher Frequency deviation in carrier frequency is
small
Amplitude of AM wave varies and is dependent | frequency of carrier signal varies according to
on the modulation index. message signal amplitude
PART * B

Draw the circuit diagram of foster Seeley Discriminator And Ratio Detector. Explain its
working principle with relevant Phasor Diagram (APRIL/MAY 2015MAY/JUN 2016,
NOV/DEC 2016)
Foster-Seeley Discriminator (Phase Discriminator)

=V, RFC

R Y I

Ay

/1

<

0000 -

+ lMI-.
=

Ay

/1
l”—-

°<

(b) Voltage generator equivalent circuit

phase shift - primary and secondary voltages - tuned transformer
Function - frequency.
principle - FM detection

JIT-JEPPIAAR/ECE/Mrs.M.Benisha /l1" Y/SEM 04/EC8491/ COMMUNICATION THEORY/UNIT 1-5/QB+Keys/Ver2.0

3.19




REGULATION: 2017 ACADEMIC YEAR : 2019-2020

output VO=V01-Vv02

|[VD1|=|VD2|. output of the discriminator - zero

|[VD1| is greater than |[VD2| output VO=V01-V02 will be positive
|[VD1]| less than [VD2| V0=V01-V02 will be negative

Foster- Seeley discriminator - produces output depending upon the phase shift
Ratio Detector:

From
limuting p—
IF ampiifier

slight modifications - Foster - Seeley discriminator
D2 is reversed - output - different points
voltages V01 and V02 across two capacitors add

Advantages:
1) Circuit does not respond - amplitude variations.
2) The output- bipolar (positive & negative).

Disadvantages:

1) Ratio detector - tolerate variation in signal strength over performed period.
2) Requires - ACC signal.

Derive the expression for wide band FM in terms of Bessel functions (Nov/Dec2012)
Modulation Index (2)

Definition (2)

s(t) = A, cos[2m fot + Bsin(27 f,.t)]
complex envelope

§(t) = A exp [j8sin( 27 fr,t)]

() = ) cnexp(j2mnfnt)
2 n=—100

Bessel function

Ja(B) = }_{rf explj(fsinx — nzx)| dx

N

Fourier transform

S _4? Z 0f —fe—nfm)+0(f+ fc+ 'n'fm}]

3 | How can FM be derived from PM and vice versa? Explain in details (Nov/Dec2012)

JIT-JEPPIAAR/ECE/Mrs.M.Benisha /l1" Y/SEM 04/EC8491/ COMMUNICATION THEORY/UNIT 1-5/QB+Keys/Ver2.0
3.20




REGULATION: 2017 ACADEMIC YEAR : 2019-2020

How the phase and frequency modulation is are related? Explain (May/June2013)
FM from PM Diagram, Derivation and Explanation (6)

Vm CE ) ﬁmm

7 J PH  ——5 A4 o

VC Coohock

Vi te) . \’55"9 [“QC" - 2ol sng |
> ]

PM from FM diagram, Derivation and explanation (6)

Vmtt) —5; Vmt)
T J ﬁ F+ — PH houc

/i'\

Ve Cerldct

-~

'f\A,, L 3 o s B LA lf‘»ﬂ_r_ !F‘l - j: ~ ‘
ity = B st + @S]

\/

=

Derive the mathematical representation of FM signal (May/June2013)
FM Defn. (2)

EF.HU;} e Eo Con fj(_t}

Eay () = EcGoo [L\Oct +my 5"““904@

FM Wave (2) )
. kpEmof
i )
4 Wave Equation (2)
Derivation (5)
D . edmen ey devi,
Mand e M&j_a})n incle
Pa)
v Ldodion Pcadmd)x‘oo
ADp Conay.)
Final Answer (2)
When the frequency in an FM system is400Hz and the modulating voltage is 2.4V. The
5 modulation indexis60.calculate the maximum deviation. What is the modulating index when

the modulating frequency is reduced t0250Hz and the modulating voltage is simultaneously.
(May/June2013)
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Given data (3)
Formula used (3)

Solving (3)

Answer with Unit (4)

Make the atleast five comparisons of AM and FM system (May/June2014)

AM FM
Stands for AM stands for Amplitude FM stands for Frequency Modulation
Modulation
Origin AM method of audio transmission FM radio was developed in the
was first successfully carried out in | United states in the 1930s, mainly
the mid 1870s by Edwin Armstrong.
Modulating In AM, a radio wave known as the In FM, a radio wave known as the

differences

"carrier" or "carrier wave" is
modulated in amplitude by the signal
that is to be transmitted. The
frequency and phase remain the same.

“carrier" or "carrier wave" is
modulated in frequency by the signal
that is to be transmitted. The
amplitude and phase remain the
same.

Pros and cons

AM has poorer sound quality
compared with FM, but is cheaper and
can be transmitted over long
distances. It has a lower bandwidth so
it can have more stations available in
any frequency range.

FM is less prone to interference than
AM. However, FM signals are
impacted by physical barriers. FM
has better sound quality due to
higher bandwidth.

Frequency AM radio ranges from 535 to 1705 | FM radio ranges in a higher
Range KHz (OR) Up to 1200 bits per spectrum from 88 to 108 MHz.
second. (OR)
1200 to 2400 bits per second.
Bandwidth Twice the highest modulating Twice the sum of the modulating

Requirements

frequency. In AM radio broadcasting,
the modulating signal has bandwidth
of 15kHz, and hence the bandwidth
of an amplitude-modulated signal is
30kHz.

signal frequency and the frequency
deviation. If the frequency
deviation is 75kHz and the
modulating signal frequency is
15kHz, the bandwidth required is
180kHz.

Zero crossing | Equidistant Not equidistant

in modulated

signal

Complexity | Transmitter and receiver are simple Transmitter and receiver are more

but syncronization is needed in case
of SSBSC AM carrier.

complex as variation of modulating
signal has to beconverted and
detected from corresponding
variation in frequencies.(i.e. voltage
to frequency and frequency to
voltage conversion has to be done).

Noise

AM is more susceptible to noise

FM is less susceptible to noise

3.22
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because noise affects amplitude, because information in an FM signal
which is where information is is transmitted through varying the
"stored" in an AM signal. frequency, and not the amplitude.

Derive the single tone frequency modulation and draw it is frequency response (MAY/JUNE
2016, NOV/DEC 2016)

modulating signal x(t)

amplitude Em and frequency fm

x(t) = Em cos (2nfmt)
ec = Ec sin (oct + o).

Instantaneous frequency of an FM wave
fi(t) = f; + kpx(t) = f, + kp.E,pcos (2mf;,1)
or fi(t) = .+ Afcos (2nf,t)

frequency deviation

maximum departure of the instantaneous

frequency fi(t) of the FM wave from the carrier frequency fc
Af =kf Em

Maximum frequency of FM Wave
Af =kfEm

7 | Mathematical Expression for FM
constant amplitude and a variable instantaneous frequency
FM wave is represented

s(t) = E sin[Flw,,w,,)]
s(t) = E. sin 8(t)
8(t) = Flw,,wmn)

Phasor of single tone

t=t
)
5]
» t=10
A
kE, . sin,t
6(t) = w,t + ———T
fm

Modulation Index
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Frequency deviation

or

M= Modulating frequency

Af
fn

mf=

Deviation Ratio =

Percentage Modulation of FM Wave

9% Modulation =

AM - maximum value of the modulation index mis 1.
FM - modulation index can be greater than 1
Deviation Ratio

Maximum deviation

Actual Frequency deviation

Maximum allowed Deviation

Maximum Modulating frequency

An angle modulated wave is described by the equation V(t)=10Cos(2*10t+10Co0s200t)
Find 1. Power of the modulated signal, 2. Maximum frequency deviation & 3.Band width
Given data (3)

8 Formula used (3)
Solving (3)
Answer with Unit (4)
Write The Comparison Of Wideband And Narrowband FM (NOV/DEC 2011, MAY/JUNE
2013)
SI. No | Parameter Characteristics Wideband FM Narrowband FM
1 Modulation index Greater than 1 Less than (or) slightly
greater than 1
2 Maximum deviation 75 KHz 5 KHz
3 Range of modulating 30 Hz to 15 KHz 30 Hz to 3 KHz
Frequency
4 Bandwidth Large, about 15 times higher | Small. Approximately
9 than BW of narrow band FM. | same as that of AM.
BM=2(AF+Fm) BW=2fm
5 Maximum modulation 5 to 2500 Slightly greater than 1
6 Pre-emphasis and De- Needed Needed
emphasis
7 Noise Noise is more suppressed Less suppressing of
noise
8 Applications Entertainment bro dcasting FM mobile
communication
9 Side bands Spectrum contains infinite Spectrum contains two
number of side bands sidebands and carrier.
Explain With Diagram The Generation Of FM Using Direct Method. (APRIL/MAY
2015, NOV/DEC 2016)
10 | Direct FM - FET and varactor diode

FET Reactance Modulator
reactance across terminals A-B
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modulating voltage V
reactance - inductive or capacitive

—1®
c= | la

| i/“)_lv

Ey I,

9 'ps
Frequency Modulation using varactor Diode
reverse biased condition - varactor diodes - optimize this characteristic

capacitance - 1 to 200 pF
Radio Frequency Choke (RFC) - high reactance - carrier frequency - prevent the carrier signal from

getting into the modulating signal circuits
A negative going modulating signal subtracts from bias, increasing the capacitance, which decreases

the carrier frequency

To camier
oscillator

Ly Cy

frequency - LC oscillator - changes due to temperature effects
crystals - FM generators to provide frequency stability

PART *C

Explain the Armstrong method to generate FM signal (May/June2013)
Definition : The modulating signal is integrated and the phase modulated with the carrier signal,as a

result of which some form of signal is obtained . (2M)
Shp @ T
i = <k 1)
.{:
| r i |
ViCE) ‘, Jymtty dr WEREM
= —

1 ‘ %w&f?ufa
\"'v') CO:‘ Win b L
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Generation of FM and PM: (2M)
Af =V, ¢ Tm (The frequency deviation at the output of the phase modulator will be effectively
proportional to the modulating voltage and we obtain FM wave at the output of the phase

modulator)

Phase modulator circuit (2M)

phasor diagram (2M)

V fm = v, coswe_m, v, Sinwct sin wy,t (2M)

Explanation: (when the phase of carrier is modulated by information signal by using PM and
multiplier circuits ) (3M)

Explain the function of any FM detector circuit MAY/JUNE 2014, NOV/DEC 2016)
Super heterodyne receivers — different types of demodulators or detectors.
The AGC system - FM receivers is different than that of AM receivers.
FM receivers - RF amplifiers, mixers, local oscillators IF amplifiers, audio amplifiers etc.
FM detector - produce the signal whose amplitude is proportional to the deviation in the
frequency of signal
Frequency to voltage convertor these types of FM detectors - Slope detectors, phase discriminator
and ratio detector.
Round — Travis detector or balanced slope detector (frequency Discriminator)

two identical circuit connected back to back
Two turned LC circuits are connected in series
LC circuit - turned transformer
T1 and T2 180° out of phase

7 7
Voue = Vo1 - Voz

fo+ 8f

Characteristic of balanced slope detector, or 'S’ curve
Frequency Discriminator
principle - slope detection.
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Slope circuit Envelope
Hy(f) detector
FM — vo
Signal 2
Slope circuit Envelope
Ha{f) detector
Explain how FM is achieved using Varactor diodes (May/June2014)
Diagram (3)
+v
{L';-‘ "n & :“‘}'n )
G, RFe 3

V[::\«—!Vm(l,l .

: e (SATPN 5
10pu}-
S ©2 No B T

G

Koy - 1
lo (G4
Vio (e

Application:
Automatic Frequency Control, Remote Tuning
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UNIT Il - RANDOM PROCESS

Random variables, Random Process, Stationary Processes, Mean, Correlation & Covariance functions,
Power Spectral Density, Ergodic Processes, Gaussian Process, Transmission of a Random Process
Through a LTI filter.

PART * A

Q.No.

Questions

Define probability.

1. | The probability of occurrence of an event A is defined as, P(A)= number of possible favorable
outcomes Total number of equal likely outcomes.
What are mutually exclusive events?

2 Two possible outcomes of an experiment are defined as being mutually exclusiveif the occurrence
of one outcome precludes the occurrence of the other.

3 What are the types of Correlation?

The types of Correlation are Cross Correlation and Auto Correlation
What is the difference between Correlation and Convolution?

4 In Correlation physical time ‘t’ is dummy variable and it disappears after solution of an integral.
Convolution is a function of delay parameter ‘t. Convolution is commutative but correlation is
non-commutative.

Define Signal.

5 A signal is defined as any physical quantity carrying information that varies with time. The value
of signal may be real or complex. The types of signal are continuous signal and discrete time
signal.

Define probability density function.

6 Probability density function is defined as fx(x) is defined in terms of cumulative distribution
function Fy (x) as fx(x) = d Fx (x)dx.

Define random variable. Specify the sample space and the random variable for a coin
tossing experiment.

7 Random variable is defined as a rule or mapping from the original sample space to a numerical
sample space subjected to certain constraints. Random variable is also defined as a function
where domain is the set of outcomes and whose range is R, is the real line.

Define Random process.

8 A Random process X (t) is defined as an ensemble of time functions together with a probability
rule that assigns a probability to any meaningful event associated with an observation of one of
the sample functions of the random process.

What is meant by sample space?

9 | The set of all possible outcome of a random experiment is called sample space and is represented
by an alphabet‘s’.

What is joint probability?

10 | The probability of an event such as A,B that is intersection of events from sub experiments is
called the joint probability of the event.P(AB) = lim(*42)

What is meant by conditional probability?
If AL ALA,........ and B1,B,Bs,..... are the results of two experiments A and B respectively then

11 | probability of occurrence of both A; and B; in single experiment is written as P[A;and B;] with the

probability of A is known , then the probability and written as P(B; / Aj). If N times there is joint
occurrence in large N times experiment then
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p(B) =Ny _PGLE)
A; N P(4;)

12

What is meant by statistical independence?

A and B; are events associated with the outcome of two experiments. The event B; is independent
of A;so that occurrence of A; does not influence the occurrence of Bj and vice versa. Then we say
that the events are statistically independent.

P(A,B;)=P(A).P(B))

13

Express Random process as a function of random variables.

A random process defined as a function of one or more random variables as X(t) =
g(Y1,Y2,....Yn;t) where X(t) is a random process and Y1,Y2,.....Y, are n random variables and g is
an ordinary function.

14

Express mean p(t) of a statistical average in terms of random process.

The statistical average of a random processes mean pix(t) is defined as

I(®) = E(X() | | Q) -
The expected values are taken with respect to the appropriate probability density function.

15

Express auto correlation function in terms of random process./ Define autocorrelation
function. (May/June 2016)

The statistical average of a random processes auto correlation function Ry (t1,t2) is defined as the
expected values of the random processes with respect to the appropriate probability density
function.

Ry (t1,t2) =E(X(t1), X(t2))

16

When a random process is said to be Ergodic?

A random process is said to be Ergodic if the time average equal to ensemble average if
DE((1x)) = E (X(1)) is said to be ergodic and the variance (Ux)—0 as T—a

2) In the auto correlation function if E(Rxx (1)) = Rux (1) and the variance (R« (1)) —0 as T—a

17

Define power spectral density of stationary random process.
The auto correlation function Ry (t) of a stationary random process is such that

Gu(f) = TRXX (v)e-2zjfr dr

18

When a random process is said to be deterministic? (Nov/Dec 2018)

A process is called deterministic, if the future values of any sample function can be predicted
from past values. Eg. Consider the random process x(t) = Acos(w,t). In this case, the knowledge
of the sample function prior to any time instant automatically allows prediction of the future
values of the sample function since its form is known.

19

Define distribution function.
Let X be a one dimensional random variable. The function F is defined for all real x € (-0,a) by
the equation F(x) = P( X <x) is called the distribution function of the random variable X.

20

Mention any two properties of power spectral density.
1) The PSD of a stationary process is always Non- Negative. ii) The PSD of a real valued random
process is an even function of frequency.

21

Mention any two properties of Gaussian Process.

i) If a Gaussian process X(t) is applied to a stable filter, then the random process Y (t) developed
at the output of the filter is also Gaussian.

ii) If a Gaussian process is stationary, then process is strictly Stationary.
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22

Explain the types of random variable with suitable examples.

A random variable may be discrete or continuous. A discrete random variable can take on only a
countable number of distinct values. A continuous random variable can assume any value within
one or more intervals on the real line.

23

What is meant by Random experiment?
The mathematical technique for dealing with the result of an experiment whose outcomes are not
known in advance is called random experiment.

24

Define Cross correlation function.
Consider a random process X(t) and Y(t) with auto correlation function Ry(t,u) and Ry(t,u). the
two cross correlation of X(t) and Y(t) are Ry, (t,u) =E | X(t),Y(u) | and Ryx(t,u) =E | Y(t),X(u) |

25

Mention any two properties of auto correlation function.
1) The mean square value of the process may be obtained from Ry(t) simply by putting T =0
ii) The auto correlation function Ry(t) is an even function of T (i.e) Rx(1) = Rx(-1)

26

Define Q factor of a receiver.(May 2015)

Q is defined as the ratio of the energy stored in the resonator to the energy supplied to it, per
cycle, to keep signal amplitude constant, at a frequency where the stored energy is constant with
time. It can also be defined for an inductor as the ratio of its inductive reactance to its resistance
at a particular frequency, and it is a measure of its efficiency.

27

Write the equation for the mean square value of thermal noise voltage in a resister. (May
2015)
P =V, /R = 4kbTAf

28

State the central limit theorem. (May/June 2016) (Nov/Dec 2016)

The central limit theorem states that the distribution of the sum (or average) of a large number of
independent, identically distributed variables will be approximately normal, regardless of the
underlying distribution

29

Define a random variable. (Nov/Dec 2015)
A function which can take on any value from the sample space and it’s range is some set of real
numbers is called a random variable of the experiment.

30

State Bayes rule. (Nov/Dec 2015)
Bayes rule states that

(-2

Write Einstein-Wiener — khintchine theorem. (Nov/Dec 2016) (April/May2017)

For continuous time, the Wiener—Khinchin theorem says that if x is a wide-sense stationary
process such that its autocorrelation function (sometimes called auto covariance) defined in terms
of statistical expected value ry (t)=E[x(t) x*(t-1)], (the asterisk denotes complex conjugate, and

31 of course it can be omitted if the random process is real-valued), exists and is finite at every lag t,
then there exists a monotone function F(f) in the frequency domain —oo < f < oo such that
rax(0) = [[2, e df (f)]
List the sufficient and Necessary conditions for the process to be WSS.(April/May2017)
32 If it satisfies the following conditions

(1).the mean value of the process is a constant E[X(t)]=m=constant.
(i1).it’s autocorrelation function depends only on T : E[X(t)X(t+1)]=Rxx ().

PART *B
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Write the definition, power spectral density and autocorrelation function for white noise and
narrow band noise (May/June2012)

Communication system - preprocessing the received signal.

Preprocessing - narrowband filter - narrow band noise.

Wideband noise - bandlimited noise.

Bandlimited noise - small - carrier frequency - narrowband noise.
Power spectral density Gn(f)

Auto-correlation function Rnn(t)

1 narrowband noise as n(t) = x(t) cos 2xnfct - y(t) sin2nfct.

Hibert transform n” (t) = H[n(t)] = x(t) sin 2xfct + y(t) cos 2nfct.

properties
L E[x(®) y(®)] = 0.
2. X(t) and y(t) - same means and variances asn(t).
3. If n(t) is Gaussian, then x(t) and y(t) - Gaussian.
4. x(t) and y(t) have identical power spectral densities,
5. power spectral density -Gx(f) = Gy(f) = Gn(f- fc) + Gn(f+ fc)(28.5)
for fc - 0.5B < | f| < fc + 0.5B and B is the bandwidth of n(t).

A mixer stage has a noise fig of 20 db and this is preceded by an amplifier that has a noise
fig of 9db and an amplifier gain of 15db.calculate the overall noise figure referred to the
input (Nov/Dec2012)

2 Given data (3)

Formula used (3)

Solving (3)

Answer with Unit (4)

Write short noise and thermal noise (May/June2013)
Shot Noise Defn. (2)

3 PSD (2)
Thermal Noise Defn. (2)

PSD (2)

Derive the equation for finding the power spectral density of a one to one differential
function of a given random variable. (Nov/Dec 2013)
Random process Z (t) - sum of two real jointly WSS random processes X(t) and Y(t).
Cross correlation functions - Rxy and Ryx.
Definition of Power Spectral Density
FTX:(w) FTY;(w)
2T

Sxy (w) = 71,1_{{)10 E

FTY; (0) FTX7(w)
2T

Syx (w) = }I_I)EOE

Wiener-Khinchin-Einstein theorem
cross-power spectral density

Ryy () =J Sxy(w)e™" dw
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Ryx(7) =J Syx(@)e'™* dw

Properties of the PSD

1. CPSD of two jointly WSS processes X(t) and Y(t)
2. Re (Sxy) - even function, Im (Sxy) - odd function
3. X(t) and Y(t) - uncorrelated and constant means

4. If X(t) and Y(t) are orthogonal

5. cross power Py between X(t) and Y(t)

Write Short Notes On Covariance Function

covariance or kernel - spatial covariance of a random variable process or field
covariance function C (x,y): = cov (Z(x),Z(y))

Auto covariance function - time series - multivariate random fields

v" Mean & Variance of covariance funciions:

For locations x1, %2, ..., Xy € D the vanance of every linear combination
N
5 X:ZugZ{Ii}
1=1

can be computed as

N N
var(X) = Z Z w; C(x;, x;)w;.

i=1 j=1
Covariance function - non negative for all possible choices
Function - positive definite

Write Short Notes On Auto Correlation Function.
Statistical relationship - two random variables or two sets of data.
Correlation - statistical relationships involving dependence.
Examples: electrical utility may produce less power on a mild day based on the correlation
between electricity demand and weather.
Correlation coefficients - p or r, measuring the degree of correlation.

Pearson correlation coefficient - linear relationship between two variables.

Pearson's correlation coefficient:
commonly called - correlation coefficient

cov (X, Y) _E[X — )Y — py)]

Ox 0y Ox 0y

p=corr (X,Y) =

Correlation coefficient corr(X,Y) = corr(Y,X).

Pearson correlation +1 - perfect direct (increasing) linear relationship (correlation),
Pearson correlation —1 - perfect decreasing (inverse) linear relationship (autocorrelation)

_ L TYi —nTY _ YTl — 2T )Y |
(n—1)sss, \/HEIE — (X xi)? \/” Yyl — (i)

Py
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Explain in detail about Ergodicity Principle
time-average computed from a large realization - corresponding ensemble average
Example

[lex@ar=2] cxdryar
.| m

-

.[ tx(‘fjd?< »

Autocorrelation ergodicity
(R, () :2; j_ﬁ((r)X(r+r)dr

Differentiate The Strict-Sense Stationary With That Of Wide Stationary Process.
(APR/MAY 2015,MAY/JUN 2016)

stochastic process - joint probability distribution does not change when shifted in time parameters
such as the mean and variance, if they are present, also do not change over time and do not follow
any trends stationary process

7 Example: time-homogeneous strict-sense stationary (SSS)
Cx(t1,t2)=Cx(t1 U t2)
Wide-sense stationary process
very difficult - process SSS - subclass of the SSS - wide sense stationary process

E[z(t)] = m.(t) = m,(t+7) forall Te R

What type of Gaussian noise follow or Demonstrate the advantages of Gaussian Modeling
of a random process. (8)

Random process X(t) - Gaussian process
if for all n and all (t1 ,t2 ,...,tn ) - Gaussian density function.
Gaussian processes - mean and autocorrelation

mX (t) and Rx (t1 ,t2 ) - statistical description of the process.
Gaussian process X(t) - LTI system - output process Y (t) - Gaussian process.
Gaussian processes - WSS and strict stationary are equivalent.

Two or multidimensional Gaussian process - Gaussian random field.
ergodicity - stationary zero-mean Gaussian process

Jointly Gaussian processes:
Random processes X(t) and Y (t) - uncorrelatedness and independence are equivalent.
Density function - one to one differential function of a given random variable.
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X(t) — input, impulse response - h(t), Y (t) output
Autocorrelation: function of the output random process Y (t). RY (t, u) = E[Y ()Y (u)]
Application :

Bayesian inference.
Wiener process - integral of a white noise Gaussian process.

PART *C

A receiver has a noise fig of12db and it is fade by allow noise amplifier that has again of
50db and a temperature of 90k.Calculate the noise temp. of the receiver and the overall
noise temp. of the receiving system take room temp is290K (Nov/Dec2012)

1 Given data (3)

Formula used (3)

Solving (3)

Answer with Unit (4)

Explain Central limit theorem and its Convergence to the limit.

Central limit theorem - arithmetic mean of a sufficiently large number of iterates of independent
Random variables - well-defined expected value and well- defined variance - Normally
distributed, regardless of the underlying distribution.

Example: if one flips coin many times, the probability of getting a given number of heads should
follow a normal curve, with mean equal to half the total number of flips.

Classical Central limit theorem Sn=X1+....... +Xn/n
5 sample averages converge in probability and almost surely to the expected value pLas n — oo.
Convergence to the limit
Asymptotic distribution - reasonable approximation only when close to the peak of the normal
distribution - Very large number of observations to stretch into the tails.
central limit theorem applies - sums of independent and identically distributed discrete random
variables
Moivre Laplace theorem - simple case of a discrete variable taking only two possible values.
(i) Give a random process, X(t) = Acos(!t+H), where A and ! Are constants and U is a
uniform random variable. Show that X(t) is ergodic in both mean and autocorrelation (ii)
Write a short note on shot noise and also explain about power spectral density of shot noise.
(April/may2010)
3 Given data (3)
Formula used (3)
Solving (3)

Answer with Unit (4)
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UNIT IV - NOISE CHARACTERIZATION

Noise sources — Noise figure, noise temperature and noise bandwidth — Noise in cascaded systems.
Representation of Narrow band noise —In-phase and quadrature, Envelope and Phase — Noise
performance analysis in AM & FM systems — Threshold effect, Pre-emphasis and de-emphasis for

FM.
PART * A
Q.No. Questions
What is pre emphasis? Why is it needed?(MAY 2015)

1. | Pre-emphasis is the first part of a noise reduction technique in which a signal's weaker, higher
frequencies are boosted before they are transmitted or recorded onto a storage medium.
State the cause of threshold effect in AM systems? (MAY 2015) .(April/May2017)

2 | When the carrier-to-noise ratio at the receiver input of a standard AM is small compared to unity,
the noise term dominates and the performance of the envelope detector changes completely.
What is coherent system? (MAY 2013)

3 If the carrier signal is synchronous (magnitude and phase ) with that of the message signal then
such system is called coherent system.

Give the expression for noise voltage when several sources are cascaded.

4 | Enr=+ (4KTB (Rl +R2+....)) Where R1 , R2 --- are the resistances of the noise resistors. K
— Boltzman constant T — absolute temperature B — Bandwidth.

What is intermediate frequency?

5 Intermediate frequency (IF) is defined as the difference between the signal frequency and the
oscillator frequency. IF = fs — fo when fs > fo (or)IF = fo —fs when fo > fs.
State the reasons for higher noise in mixers.

6 Conversion trans conductance of mixers is much lower than the transconductance of amplifiers. If
image frequency rejection is inadequate, the noise associated with the image frequency also gets
accepted.

7 Define signal to noise ratio.

Signal to noise ratio is the ratio of signal power to the noise power at the same point in a system.
What is the need for pre emphasis? (MAY 2013,2014)

8 Pre-emphasis is the first part of a noise reduction technique in which a signal's weaker, higher

frequencies are boosted before they are transmitted or recorded onto a storage medium,
Define band width improvement factor and noise figure improvement. Give the formula for
finding Noise figure (April May 2019)
9 Band width improvement factor ( Bl ) is the ratio of RF bandwidth and IF bandwidth.
Bl — RF — BandWidth
IF — BandWidth
Noise figure improvement = 10 log ( Bl)
Define Noise figure.( Nov/Dec 2015) ( Nov/Dec 2016)

10 | Noise figure is a parameter commonly used to indicate the quality of a receiver. Lower the Noise
figure value, better is the performance.

11 What is the figure of merit of DSBSC system?

The figure of merit of DSBSC signal is unity

12 What is Capture effect? (May/June 2016)

When the interference signal and FM input are of equal strength, the receiver fluctuates back and
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forth between them .This phenomenon is known as the capture effect.

13

What is threshold effect?( Nov/Dec 2015)

As the input noise power is increased the carrier to noise ratio is decreased the receiver breaks
and as the carrier to noise ratio is reduced further crackling sound is heard and the output SNR
cannot be predicted by the equation. This phenomenon is known as threshold effect.

14

How is threshold reduction achieved in FM system? What are the methods to improve FM
Threshed reduction? (Nov/Dec 2018)

Threshold reduction is achieved in FM system by using an FM demodulator with negative
feedback or by using a phase locked loop demodulator.

15

What is Pre-emphasis?

The pre-modulation filtering in the transistor, to raise the power spectral density of the base band
signal in its upper-frequency range is called pre emphasis .Pre emphasis is particularly effective
in FM systems which are used for transmission of audio signals.

16

Comment the role of pre-emphasis and de-emphasis circuit in  SNR
improvement.(April/May2017)
How does Pre- Emphasis and De- Emphasis process provide overall SNR improvement in

FM Systems? (April May 2018)

Pre-emphasis is the first part of a noise reduction technique in which a signal's weaker, higher
frequencies are boosted before they are transmitted or recorded onto a storage medium,

The filtering at the receiver to undo the signal pre-emphasis and to suppress noise is called de-
emphasis.

17

What do you infer from the receiver output of a coherent detector?

The output indicates that the message signal and in-phase noise component of the filtered noise
appear additively at the receiver output. The quadrature component of the narrow band noise is
completely rejected by the coherent detector.

18

When the figure of merit of SSBSC system is 1?

For the same average transmitted signal power and the same average noise power in the message
bandwidth, an SSB receiver will have exactly the same output signal to noise ratio as a DSB-SC
receiver when both receivers use coherent detection for the recovery of the message signal.

19

Compare the noise performance of AM receiver with that of DSB-SC receiver.

The figure of merit of DSB-SC or SSB-SC receiver using coherent detection is always unity, the
figure of merit of AM receiver using envelope detection is always less than unity. Therefore noise
performance of AM receiver is always inferior to that of DSBSC due to the wastage of power for
transmitting the carrier.

20

What is the figure of merit of a AM system with 100 percent modulation?
The figure of merit of a AM system with 100 percent modulation is 1/3.This means that other
factors being equal an AM system must transmit three times as much average power as a
suppressed system in order to achieve the same quality of noise performance.

21

What are the characteristics of a receiver?
The characteristics of a receiver are sensitivity, selectivity, fidelity, signal to noise ratio.

22

Define noise.
Noise is defined as any unwanted form of energy, which tends to interfere withproper reception
and reproduction of wanted signal.

23

Give the classification of noise.
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Noise is broadly classified into two types. They are External noise and internal noise.

24

What are the types of External noise?
External noise can be classified into Atmospheric noise, Extraterrestrial noises, Man —made
noises or industrial noises.

25

What are types of internal noise? (Nov/Dec2018)
Internal noise can be classified into Thermal noise, Shot noise, Transit time noise, Miscellaneous
internal noise.

What are the types of extraterrestrial noise and write their origin?
The two type of extraterrestrial noise are solar noise and cosmic noise Solar noise is the electrical

26 | noise emanating from the sun.

Cosmic noise is the noise received from the center part of our galaxy, other distant galaxies and
other virtual point sources.

97 Defing t_rans_it tim_e of a trans_istor. _

Transit time is defined as the time taken by the electron to travel from emitter to the collector.
Define flicker noise.

28 Flicker noise is the one appearing in transistors operating at low audio frequencies. Flicker noise
is proportional to the emitter current and junction temperature and inversely proportional to the
frequency.

Explain thermal noise.

29 | Thermal noise is the name given to the electrical noise arising from the random motion of

electrons in a conductor.
Give the expression for noise voltage in a resistor.

30 | The mean —square value of thermal noise voltage is given by Vn’=4 K T B R’
K — Boltzmann constant, R — resistance — absolute temperature, B - Bandwidth
Explain White Noise. (MAY 2013,2014)

31 Many types of noise sources are Gaussian and have flat spectral density over a wide frequency
range. Such spectrum has all frequency components in equal portion, and is therefore called white
noise. The power spectral density of white noise is independent of the operating frequency.

What is narrowband noise? (April/May 2018)
The receiver of a communication system usually includes some provision for preprocessing the

30 received signal. The preprocessing may take the form of a narrowband filter whose bandwidth is
large enough to pass modulated component of the received signal essentially undistorted but not
so large as to admit excessive noise through the receiver. The noise process appearing at the
output of such filter is called narrow band noise.

Define noiseless channel.
A channel is called noiseless if it is both lossless and deterministic. The channel matrix has only

33 . : : ) . .
one element in each row and in each column and this element is unity. The input and output
alphabets are of the same size.

Give the expression for equivalent noise temperature in terms of hypothetical temperature./

34 Define noise equivalent temperature. (May/June 2016) (Nov/Dec 2016 )

The expression for equivalent noise temperature in terms of hypothetical Temperature is
Te = (F- 1) To where, F is the noise figure and T, absolute temperature.
Give the Friss formula in terms of noise temperature.

35 | The Friss formula in terms of noise temperature is Te = Ty + (T2 / G1) + (T3 / G)Go +.........
G1, Gy,... are the gain of amplifiers

36 Define Partition noise.

In an electron tube having one or more positive grids, this noise is caused by erratic partition of
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the cathode current among the positive electrodes. In a transistor, the partition noise is created
from the random fluctuation in the division of current between the collector and base.

Two resistor of 20K,50K are at room temperature (290K) for a Bandwidth of 100Khz .
Calculate the thermal noise voltage generated by two resistor in series. (Nov/Dec 2016)

37| Rs=R1+R2=20K+50K=70K
En= V(4KTBRs) =\(4x1.38X10**x290x100x10°x70x10°%) =(1.06x10°)V
PART * B
Determine the range of tuning of a local oscillator of a super Heterodyne receiver when
flo>fc. The broad cast frequency range is 542Hz to 1600hz. Assume [f=455Khz
(May/June2012)
1 Given data (2)
Formula used (3)
Solving (3)
Answer with Unit (4)
Discuss how sine wave plus noise is represented. Obtain the joint PDF of such noise
component.(7)
Consider two amplifiers - cascade. First stage amplifier - gain and noise figure as 10 dB and 2 dB.
Second stage - noise figure of 3 dB. Estimate the total noise figure.
Number of passive or active elements - connected in series
Noise figure or noise temperature and bandwidth
Elements - matched.
A typical receiver block diagram is shown below, with example
AERTAL MIXER
Aerial Temp L.O
= Tsky RFamp IF Amp
FEEDER/CABLE /L\ FILTER/DEMOD
® %’ l : (/)
F=2 F=3dm L|]]5's:5:BdB gill%goB
2 g:vios — BW = 250 KHz

(S/N) - overall receiver noise figure or noise temperature - determined.
noise to the input of that specific element i.e.

Te or Ne
G
Te or N ¢ is the noise referred to the input.
Ne=(L-1) NIN Te=(L-DTs

SYSTEM NOISE FIGURE:

Assume - system comprises - each element defined and specified separately
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0—19_@ o—G, G G3/ o
Nin F1 Nin F Nin ./i?

2 3
Gains - greater or less than 1 - symbols F - noise factor
Ne = (F, -1)Nin  Ne,= (F;-1)Nin Ne,= (F;-1)Nin

L

Nin= Nae

Nout
G3
/

Circuit Diagram of Cascade System

FRIIS Formula.
Gain - first stage is too large, large and unwanted signals are applied to the mixer -
intermodulation distortion - Apply signals from the aerial directly to the mixer to avoid

this problem.

first stage amplifier - good noise factor - gain - acceptable overall noisefigure.

Evaluate the effective noise temperature of a cascade amplifier. Assess how the various
noises are generated in the method of representing them

Cascade Noise Figure — Gain and Noise Figure

Cascade Noise Figure — Magnitude of the total loss

F1,G1 F2,G2 F3,G3
IM I\ I\ OuT
Crverall Koise factaor, Fa -| Fz=1 " s Foi— |
- 3 —_— e e o
P =B Ty T e &i1&2 ... Gt

Cagcaded Moige Figure (08) =10 Log(Fr)

Define and explain the following: Gaussian noise and Gaussian distribution and thermal
noise. What type of PDF

3 Noise- unwanted signal that accompanies a wanted signal

Common form is random (non-deterministic) thermal noise.

signal power to Noise power ratio - (S/N) ratio
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S=signal power (mW) N = noise power (mW)
performance - error rate and fidelity
Noise - Additive White Gaussian Noise, AWGN

concepts - statistics and probability theory
Gaussian or Normal distribution.

noise voltage

MNoise
Power

freq
Probability of noise voltage vs voltage

Gaussian distribution — Probability of noise voltage vs voltage —most probable noise
voltage 0 volts (zero mean).

Point out the significance of pre-emphasis and de- emphasis in FM system (Nov/Dec2012)
Pre-emphasis - boosting the relative amplitudes of the modulating voltage for higher audio
frequencies from 2 to approximately 15 KHz.

De-emphasis - attenuating those frequencies by the amount by which they are boosted.

Pre-emphasis — transmitter, de-emphasis - receiver.

Purpose - improve the signal-to-noise ratio for FM reception.

Pre-Emphasis Circuit:

High pass filter - fig (a).

pre- emphasis curve - Fig (b) - improves the signal to noise ratio and increases intelligibility and
fidelity.

4 (

Frequency Pre-emphased
Modulator [ * FM Qutput

Ry

L ——
Pre-emphasis Circuit

(a} Pre-emphasis Circuit
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& dB octave
slope ™y

AdBl- - :__
i dB

. fuZ30KHz
2122 Hz
(b) Pre-emphasis Curve
De-EmphasisCircuit:
De-emphasis
circuit
FMin -

Fi \
demodulator VAV Audio out

=

(c) De-emphasis circuit

0dB
-3 dBH

2122 Hz
(d) De-emphasis Curve

Write a short note on shot noise and also explain about power spectral density of shot noise.
Shot noise - noise due to random fluctuations in electron emission from cathodes in vacuum
tubes.

semiconductors - pn junctiohs — Méan Square Noise

I pC - direct current as the pn junction (amps)

5 I 0 - reverse saturation current (amps)

q - electron charge = 1.6 x 10™°coulombs

e

B - noise bandwidth (Hz)

Shot noise- uniform spectral density - thermal noise.
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P,
Noise Power
Spectral
Density

- frequency

Uniform Noise Power Spectral Density

Explain the Capture effect, threshold effect Pre-emphasis and de-emphasis
(APR/MAY-2013,NOV/DEC2015,MAY/JUNE 2016)

Capture effect:

Desired signal = interference signal

Receiver fluctuates back - receiver locks interference signal - randomly.

FM Threshold Effect:
Signal to noise ratio - discriminator input - high compared to unity.
input noise - increased - carrier to noise ratio decreased
Crackling or sputtering sound.

FM threshold reduction:
FM demodulator with negative feedback (FMFB) - phase locked loop demodulator.

Base band
Product Sl iF Fitter Limiter =] ibwpass
FM waveT™= modulator = “| Discriminator Filter utput
6 Signal
< vCo |e
Local oscillator - VCO.
Modulation index - sum and difference frequency components.
IF filter - difference frequency component.
Pre-Emphasis and De-Emphasis in an FM system
Pre De

FM

Receiver

m(t FM
(-; emphasis > -—>

transmitter
filter Hoe(f)

—2] emphasis jusssage +

high frequency noise - increasing the output SNR of the system.

Explain With Block Diagram Super Heterodyne Receiver? (April/May 2015,
MAY/JUNE 2016)
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Audio and
- power
Anlenna ampiifier

fs (fo-1a) IF
RF stage Mixer ampiifier Detector
I" I” AGC
[ ' Local
/ { | oscillator
------------- ‘““-(';-anged tuning (ZM)
Definition: process of mixing two signals - different frequencies - produce new frequency (2M)
RF - tuned carrier frequency - incoming wave. (preselector & amplifier) (2M)
MIXER -hetrodyning function (455kHz) (2M)
CONVERTER-Local oscillator frequency, signal frequency,image signal frequency (AM)
|FRR:Gai_n at the s.ignal frequency (1|\/|)
Gain at the image frequency
IF/IDEMODULATOR—the output is only audio frequencies (1M)
Advantages
no variation in BW, high sesitivitiy and selectivity, high adjacent channel variations ,improved
stabitlity ,higher gain , uniform BW (2M)

Propose the PSD of in-phase and quadrature phase noise

Wideband noise - Bandlimited noise.
Band limited noise - small compared to the carrier frequency - narrowband noise.

power spectral density Gn(f), auto-correlation function Rnn(t) - analyse the performance of linear

systems.

the narrowband noise n(t) = x(t) cos 2znfct - y(t) sin2xnfct.

8 Hibert transform n” (t) = H[n(t)] = x(t) sin 2=nfct + y(t) cos 2nfct.

Properties:

E[X(t) y(t)] = 0 - uncorrelated with each other.

X(t) and y(t) - means and variances as n(t).

n(t) is Gaussian, then x(t) and y(t) - Gaussian.

Power spectral density n(t) by Gx(f) = Gy(f) = Gn(f- fc) + Gn(f+ fc)
for fc - 0.5B < | f| < fc + 0.5B and B is the bandwidth of n(t).

In-Phase & Quadrature Sinusoidal Components
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sin(A4 + B) = sin(A) cos(B) + cos(A)sin(B)

Active elements - power gain G>1

(S;’Ngin IG\ (S;’N)m;:
e

Compare the performances of AM and FM systems (April/May2010)
Standard AM wave - both sidebands and the carrier are transmitted.
AM wave may be written as

s(t) = Ac[ 1+ ka m(t) ] cos2rfct

n(t) = ni(t) cos 2nft - ng(t) sin 2nft

Discriminator = nq(t)/Ac - carrier to noise ratio - removes variation in
envelop
Signal to Noise Ratio

A%c[1 + k?aP]

(SNR). = 2ZWN,
Received Signal
9 X () =[Ac+ Ac K;m(t) + ny(t) [ cos 2mf.t — ng(t) sin 2mf .t
Phasor Diagram
Resultant

v
Y

y (&)= Ac+ Ac Kgm (¢) + ny (6)
A
P=awn,
A%c [k?aP]
2WN,

(SNR), =

PART *C
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Show and discuss the causes and effects of various forms of noise created within a receiver?
(or) Write Short Notes On Shot Noise, Thermal noise, White Noise .(APRIL/MAY
2015,MAY/JUNE 2013,NOV/DEC 2016)

Noise — random - undesirable electrical energy - interferes with the transmitted message. (OR)
Unwanted form of energy - interfere with proper reception and reproduction of wanted signal.

Noise - two categories.
External noises - noise whose sources are external.

External noise - classified into — three types:
e Atmospheric noises

e Extraterrestrial noises

e Man-made noises or industrial noises.

Galactic .
oise Low Noise

Region

Tropospheric

10000 Noise Region

Region

1000 Oxygen
resonance

60 GHz

Anntena
Noise Temp
Kelvin
100

| L ‘Water vapour resonance
10 | 222 GHz

t
0.1 1 10 100
Frequency GHz

Internal noise - generated within the receiver or communication system.
Internal noise — four categories.

e Thermal noise or white noise or Johnson noise

e Shot noise.

e Transit time noise

e Miscellaneous internal noise.

Atmospheric Noise - thunderstorms, natural electrical disturbances

Extraterrestrial noise:
e Solar noise
e Cosmic noise

Solar noise: electrical noise emanating from the sun.
Cosmic noise: Distant stars are also suns and have high temperatures.

Man-Made Noise (Industrial Noise): electrical noise produced - automobiles and aircraft ignition,
electrical motors and switch gears, leakage from high voltage lines, fluorescent lights, and
numerous other heavy electrical machines.

Thermal Noise - movement of free electrons - long time averages zero - random motion of the
electrons which give rise to noise voltage - white or Johnson noise.
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P N
i ‘ _
1
i/ £
N i
N = k TB watts
f 1
r L 4 1
| > = : < ®ma
. I =
1 o :
! |
I |
I | ¥
from Fig ,'R——’x‘;:'-‘—i]
E,.> =4R KTHB

Transit Time Noise: kind of random noise within the device - directly proportional to the
frequency of operation.

Miscellaneous Internal Noises Flicker Noise: transistors operating at low audio frequencies -
proportional to the emitter current and junction temperature - inversely proportional to the
frequency.

Transistor Thermal Noise: emitter, base and collector internal resistances.

Partition Noise: random fluctuations in the division.

Shot Noise: random movement of electrons or holes across a PN junction.

Analyze in detail about narrow band noise and the properties of in-phase and quadrature
components of narrow band noise

In-Phase & Quadrature Sinusoidal Components
sin(4 + B) = sin(4) cos(B) + cos(A) sin(B)

Trigonometry identity x(t) = A; cos(wt) + A, sin(B)

in-phase component - single sinusoid at some amplitude and phase

phase-quadrature component - 90 degrees out of phase

Noise in AM receivers using Envelope detection:
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The AM wave may be written as s(t) = Ac[ 1+ kam(t) ] cos2nfct

n(t) = ni(t) cos 2nft - ng(t) sin 2nft
Discriminator = nq(t)/Ac - carrier to noise ratio - removes variation in
envelop
Signal to Noise Ratio

A%c[1 + k?aP]
2WN,

(SNR). =
Received Signal

X (&) =[Ac+ Ac K;m(t) + ny(¢) [ cos 2mf.t — ng(t) sin 2mft
Phasor Diagram

Resultant

y (@) = Ac+ A Kgm (t) +ny(t)

A
P=awn,
A%c [K*aP]
NR)y = ———

Derive the figure of merit of a FM system (may/june2013)
Ratio of output signals to noise ratio to channel signal to noise ratio is called figure of merit.

FM receiver - desired-signal gain - limit the desired signal

Signal to noise ratio - carrier to noise ratio - discriminator input - high compared to unity.

input noise - increased - carrier to noise ratio decreased
receiver output - carrier to noise ratio decreases - threshold effect.

SNR - small noise power.
X(t) = [Ac +nl(t)] cos2rfct — nQ(t) sin 2rfct

Assumptions :
output signal - absence of noise.
1. frequency deviation Al = 1/2.
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2. Average output noise power - no signal present

Assumptions:
e Single-tone modulation, m(t) = Am cos(2Afmt)
e Message bandwidth W =fm;
e AM system, u =1;
e FM system, =5

I. Formulate the figure of merit for AM system for coherent system. (10)

ii. Create the formula to show the relationship between noise figure and equivalent noise
temperature. 3

The AM wave may be written as s(t) = Ac[ 1+ kam(t) ] cos2rfct
n(t) = ni(t) cos 2nft - ng(t) sin 2nft

Discriminator = nq(t)/Ac - carrier to noise ratio - removes variation in
envelop

Signal to Noise Ratio

A%c[1 + k?aP]

(SNR)¢ = —— N

Received Signal

X () =[A;+ Ac Kym(t) + ny(t) [ cos 2mf.t — ng(t) sin 2mf .t
Phasor Diagram

Resultant

y (@) = Ac+ A Kom (t) +ny(t)

A
P=awn,
A%c [kK*aP]
NR)y = ———
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UNIT V - SAMPLING & QUANTIZATION

Low pass sampling — Aliasing- Signal Reconstruction-Quantization - Uniform & non-uniform
quantization - quantization noise - Logarithmic Companding -PAM, PPM, PWM, PCM — TDM,
FDM.

PART * A

Q.No. Questions

Define bandpass sampling. (April 2018) (or)
State Sampling Theorem. (May 2006) BTL1
If a finite energy signal g(t)contains no frequency components greater than W Hz, it is completely

1 determined by specifying in ordinates at a sequence of points spaced 1/(2W) seconds apart.
If a finite energy signal g(t)contains no frequency components greater than W Hz, it is completely
recovered from its ordinates at a sequence of points spaced 1/(2W) seconds apart.
In a PCM system the output of the transmitting quantizer is digital. Then why is it further
5 encoded? (April 2018) BTL 2

Further encoding is required to translate the discrete set of sample values to a more
appropriate form of signal.

Derive the expression for the quantization noise of a PCM system. (Nov 2017) BTL 6
Quantization error or noise is produced by the quantizer by rounding off the sample values of an
analog baseband signal to the nearest permissible representation levels of the quantizer. It is
signal independent and uniformly distributed over the range -A/2 to +A/2. And it is denoted by
3 ‘q’. The distribution function is

1/4, —A/2<q<A/2

fol@) = { 0, otherwise
Quantization noise power GQZZAZ/ 12. Where GQZ-Variance of Quantizer noise. A- Step size of
uniform quantizer.

What is Companding? Sketch the characteristics of compander. (April 2017) BTL1
The combination of compressor at the input and expander at the output is called Companding.
Compressor characteristics are defined by A-law and p law Companding.

1.0

l“’ p=255 A =100
A certain low pass bandlimited signal x(t) is sampled and the spectrum of the sampled
version has the first guard band from 1500Hz to 1900 Hz. What is the sampling frequency?
What is the maximum frequency of the signal? (April 2017) BTL 3
5 F1 =1500 Hz
F2=1900 Hz

Guard bandwidth = f2-f1= 400Hz.
Sampling frequency fs>=2*B = 800Hz.
Maximum signal frequency = 400 Hz.
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What is meant by aliasing? (Nov 2016) BTL1
Aliasing effect takes place when sampling frequency is less than Nyquist rate. Under such

6 condition, the spectrum of the sampled signal overlaps with itself. Hence higher frequencies take
the form of lower frequencies. This interference of the frequency components is called as aliasing
effect.

State Sampling theorem for band limited signals and the filter to avoid aliasing. (Dec 2015)
BTL1
If a finite energy signal g(t)contains no frequency components greater than W Hz, it is completely
7 determined by specifying in ordinates at a sequence of points spaced 1/(2W) seconds apart.
If a finite energy signal g(t)contains no frequency components greater than W Hz, it is completely
recovered from its ordinates at a sequence of points spaced 1/(2W) seconds apart.
Low pass anti-aliasing filter is used to avoid aliasing.
Write the two-fold effects of Quantization Process. (Dec 2015) BTL1.
1. The peak-to-peak range of input sample values subdivided into a finite set of decision
8 levels or decision thresholds.
2. The output is assigned a discrete value selected from a finite set of representation levels
are reconstruction values that are aligned with the treads of the staircase
State 4 advantages of digital communication system. (April 2015) BTL1
1. In digital Communication, the speech, video and other data may be merged and
transmitted over a common channel using multiplexing technique.
2. The digital Communication system are simpler and cheaper because of advancement
9 made in the IC technologies.
3. Channel Coding is used in digital Communication that why it reduces the amount of errors
in the detector and correct them in the receivers.
4. As the transmitted signals are digital in nature thus the amount of interference is
controlled in this form of Communication.
What are the major disadvantages of digital communication system. (April 2015) BTL2
State the demerit of digital communication. (May 2014)
Disadvantages:

10 1. Due to Analog to Digital Conversion the data rate become high. Therefore, more
transmission bandwidth is required for digital communication. This is the major
disadvantage of Digital communication.

2. Synchronization is required in digital communication during the process of synchronous
modulation.
Define Non-uniform Quantization. (April 2015) BTL1
In uniform quantization, step or difference between two quantization levels remains constant over
the complete amplitude range. So, the maximum quantization error also remains same, which

11 | causes problems at some amplitude levels. In such cases, non-uniform quantization is preferred
with varying step size.

This is achieved by compressor at the transmitter and uniform quantization and expander at the
receiver collectively called as compander.

What is the difference between natural and flat top sampling? (Nov 2014) BTL 4

Flat top sampling is like natural sampling i.e.; practical in nature. In comparison to natural

12 | sampling flat top sampling can be easily obtained. In this sampling techniques, the top of the
samples remains constant and is equal to the instantaneous value of the message signal x(t) at the
start of sampling process. Sample and hold circuit are used in this type of sampling.

13 Classify communication channels. (May 2014) (May 2013) BTL 4

The communication medium between transmitter and receiver is called communication channel.
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Types:
1. Wired channel (Example. Coaxial cable, Fiber optic cable etc.)
2. Wireless channel (Example. Air)

14

What is the need for non-uniform quantization? (May 2014) BTL 2

In uniform quantization, step size or the difference between two quantization levels remains
constant over the complete amplitude range. So, the maximum quantization error also remains
same, which causes problems at some amplitude levels. In such cases, non-uniform quantization
is preferred.

15

What is a channel? Give examples. (May 2014) BTL1
The communication medium between transmitter and receiver is called communication channel.
Types:

1. Wired channel (Example. Coaxial cable, Fiber optic cable etc.)

2. Wireless channel (Example. Air)

16

What is natural sampling (May 2014) (May 2013) BTL1
Natural Sampling is a practical method of sampling in which pulse(rectangular) have finite width
equal to t. Sampling is done in accordance with the carrier signal which is digital in nature.

17

Write a law of compression (May 2014) BTL1
A-law compression:

Alxl/xmax, 0 < | x| <1/4
C(l.X'D _ 14+ InA Xmax
Xmax 1+ ln(Alxl/xmax) 1/4 < |x| <1
L 1+ InA | T Xmax

Typical Value of A= 87.56
Value for A giving Uniform Quantization A =1
M — law compression:

plx|
c(lx]) _ In(1 +Xmax) |x| <1

Typical Value of p= 255
Value for A giving Uniform Quantization p =0

18

State the advantages and disadvantage of digital communication systems over analog
communication systems. (May 2013) (May 2011) BTL 4
Advantages:

1. In digital Communication, the speech, video and other data may be merged and
transmitted over a common channel using multiplexing technique.

2. The digital Communication system are simpler and cheaper because of advancement
made in the IC technologies.

3. Channel Coding is used in digital Communication that why it reduces the amount of errors
in the detector and correct them in the receivers.

4. As the transmitted signals are digital in nature thus the amount of interference is
controlled in this form of Communication.

Disadvantages:

1. Due to Analog to Digital Conversion the data rate become high. Therefore, more
transmission bandwidth is required for digital communication. This is the major
disadvantage of Digital communication.

2. Synchronization is required in digital communication during the process of synchronous
modulation.
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19

State any two non-uniform quantization rules. (May 2013) BTL1
A-law compression:

rAlxl/xmax 0 < | x| <1/4
cxD _ ) 1+mA T Xmax
Xmax 1+ ln(Alxl/xmax) 1/4 < || <1
1+ InA ' T Xmax

Typical Value of A= 87.56
Value for A giving Uniform Quantization A =1

u — law compression:

plx|
c(lx]) B n(1 +xmax) |x| <1
xmax ln(]‘ + ALL) - xmax >

Typical Value of p= 255
Value for A giving Uniform Quantization p =0

20

Draw a typical digital communication system. (Nov 2012) BTL4
Draw the basic block diagram of digital communication system. (Nov-Dec 2011)

- Base band
Informah?n | Formatter | Source | Channel | Processor /
source & i/p i "l encoder ¥l encoder "l Band pass
transdicer Modulator

h J

Communication channel

l

Noise >

Output Channel Base band

transclgcer& + Deformatter |e Source decoder Decoder /

o/p signal decoder Band pass
Demadulator

21

How can BER of a system can be improved? (Nov 2012) BTL 4
1. Increasing transmitted signal power.
2. Improving frequency filtering techniques.
3. Modulation and demodulation techniques.
4. Coding and decoding techniques.

22

An analog waveform with maximum frequency content of 3 KHz is to be transmitted over
an M-ary PCM System, where M=16. What is the minimum number of bits/sample that
should be used in digitizing the analog waveform? (Quantization error is specified not to
exceed £1% of the peak to peak analog signal) (Nov 2012) BTL 3

Quantities Given: p=+1%=0.01; M=2"=16: k=4; Fm=3KHz.

Solution:
No of bits in PCM l>log,1/2p
| > 5.6 bits
| =6 bits
Sampling Rate Fs=2* Fm = 6KHz = 6K Samples/Sec
Bit tx rate : Rb=no of bits*Fs = 36 Kbps.
Baud Rate : B = Rb/k =36K/4 = 9K baud.

23

What is meant by Quantization? (May 2012) BTL1
While converting the signal value from analog to digital, quantization is performed. The analog
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value is assigned to nearest digital value. This is called quantization. The quantized value is then
converted into equivalent binary value. The quantization levels are fixed depending upon the
number of bits. Quantization is performed in every Analog to Digital Conversion.

24

Compare Uniform and non-uniform quantization (Nov 2011) BTL 4
Uniform quantization non-uniform quantization
In uniform quantization, the step size or the | In non-uniform quantization step size
difference between two quantization levels remain | varies.
constant over the complete amplitude range.

SNR ratio varies with input signal SNR ratio can be maintained constant
amplitude

Crrput

¥
i
Y ¥
Y
a X E b Input
i LR b Toput
(a)

25

What is quantization error? (May 2011) BTL1
Quantization error or noise is produced by the quantizer by rounding off the sample values of an
analog baseband signal to the nearest permissible representation levels of the quantizer. It is
signal independent and uniformly distributed over the range -A/2 to +A/2. And it is denoted by
‘q’. The distribution function is

1/4, —A/2<q<A/2

fol@) = { 0, otherwise
Quantization noise power GQZZAZ/ 12. Where GQZ-Variance of Quantizer noise. A- Step size of
uniform quantizer.

26

Define time limited and time unlimited signals. (Apr 2011) BTL1

Time limited signal is one that is non-zero only for a finite length time interval and time
unlimited signal is one which is non-zero for infinite length time interval. A signal that is band
limited is not time-limited and vice-versa.

27

Why is prefiguring done before sampling? (Nov 2010) BTL 4
To exclude frequencies greater than +W Hz, prefiguring such as low pass filtering is required to
do proper sampling.

28

Define quantization noise power. (Nov 2010) BTL1

Quantization noise power of the uniform quantizer is nothing but the variance of the
quantizer noise. It can be defined as GQZZAZ/ 12. Where GQZ-Variance of Quantizer noise. A- Step
size of uniform quantizer.

29

What is meant by distortion less transmission? (Nov 2010) BTL1
If the overall system response has constant magnitude and if its phase shift is linear with
frequency then that is said to be distortion less transmission.

30

Which parameter is called figure of merit of a digital communication system? Why? (Nov
2010) BTL 4

The ratio of bit energy to noise power spectral density E,/No is called as the figure of merit of a
digital communication system. This is because in digital communication system a symbol is
transmitted and received by using a transmission window within a symbol tree. Since power goes
to zero, symbol energy is a more useful parameter. So, an energy related parameter in terms of bit
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level is required to compare different systems.

PART * B

Derive the expression for Signal to Noise ratio of Uniform quantizer (7) (April 2018) BTL 1
Answer: Page 190 - S. Haykin

Uniform Quantizer: Quantizer - uniform step size — L — Quantization levels — step size- A
(2M)

Variance of quantization noise: quantization noise — quantization — unavoidable- noise power-
[60°=A%/12]

(3M)

® Average quantization noise power

Vo—q/2 2 2
1}‘ _ 3(1/‘2 q volts g- = %
= : .
8w H =Signal peak power
£ 3 q2 ———— o _ 22
s2/) Yl ... _ L
5 §< 5 L levels Vp, V=4
=4 =Signal power to average
V432 quantization noise power
-y 2 2
\ _{/-I-_q/ ___________________________________________ ﬁ — V}J — 3L2
P N q — g2

Signal to Noise Ratio: Ratio — Signal Power- Noise Power - SNR =3L*— directly proportional —
number of quantization levels.
(2M)

Write a detailed note on aliasing and signal reconstruction (6) (April 2018) (Nov 2017) BTL
1

Answer: Page 146 - S. Haykin

Aliasing: Overlapping of sampled signal spectrum, low frequency —high frequency mixing,

Data loss (IM)
Condition for Aliasing: Fs <Fm (1IM)
Aliasing Effects:

Gg(f)

//\\/\\//\/\/\

, v v W \/ \

J AN N AN A \

Z L.~ ~ s ~__~ el NN
-2, -3 0 5, 2, 4

Signal reconstruction: Getting back original signal, low frequency, analog signal
(2M)
Reconstructed signal : g(t) = Ym-_ g (%) sinc(2Wt —n) (2M)

A PCM system has a uniform quantizer followed by a v bit encoder. Show that the rms
signal to noise ratio is approximately given by (1.8 +6 v) dB, assuming a sinusoidal input (7)
(April 2018) BTL 4

Answer: Page 190 - S. Haykin
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Step size: A=2A/2% (1M)
Signal Power: A%?2
(1M)
Noise Power: A%/12

(SNR)o,q = A?/2*2 R*12/4 A

(2M)

=3/2 *2 R (2M)

SNRindB =18 +6Vv (1M)

Show that the signal to noise power ratio of a uniform quantizer in PCM system increases
significantly with increase in number of bits per sample. Also determine the signal to
quantization noise ratio of an audio signal S(t)= 4sin(22500t) which is quantized using a 10
bit PCM (6) (April 2018) BTL 6

Answer: Page 190 - S. Haykin

Signal: S(t) =4sin(2n500t)
bit PCM: L=2"

n=10, hence 1024 levels.

(IM)
4 | Amplitude: A=4V
Peak to peak value 2*A=8V.
Average signal power: Pavg =A%2 = 8Watts.
Interval: AV=2*A/1.=8/1024=7.81 mV
(2M)
Quantization noise: Nq = AV?/12
Signal to noise ratio: SNR=Pavg/Nq = 1573770
(2M)
SNR dB = 10logio SNR) = 61.960dB
(IM)

In detail explain logarithmic Companding of speech signals (4) (Nov 2017) BTL 1
Answer: Page 193 - S. Haykin

Companding: Compression at transmitter side- -expansion at receiver side
(IM)

Companding Types — A law and p — law Companding.

(IM)

A-law Companding with Characteristics

5 | A-law compression:

(IM)
(A
M’ 0 < il <1/4
c(|x|) _ 1+ nd Xmax
Xmax 1+ ln(AIxI/xmax)’ 1/4 < || <1
1+ InA Xmax

Typical Value - A= 87.56
Value for A giving Uniform Quantization A =1
p-law Companding with Characteristics

JIT-JEPPIAAR/ECE/Mrs.M.Benisha /l1" Y/SEM 04/EC8491/ COMMUNICATION THEORY/UNIT 1-5/QB+Keys/Ver2.0
3.55




REGULATION: 2017 ACADEMIC YEAR : 2019-2020

(IM)
p— law compression:

ulx|
c(lxp) A+ ") x|
= < <1
xmax ln(]‘ + :u) xmax

Typical Value of p= 255
Value for A giving Uniform Quantization p =0

Show that the signal to noise power ratio of a uniform quantizer is PCM system increases
significantly with increase in number of bits per sample. Also determine the signal to
quantization noise ratio of an audio signal S(t)= 3cos(2x500t) which is quantized using a 10-
bit PCM (9) (Nov 2017) BTL 6
Answer: Page 190 - S. Haykin

Signal: S(t) =3sin(27500t)
10Bit PCM: L=2"

6 n=10, hence 1024 levels. (3M)
Amplitude: A=3V, Peak to peak value 2*A=6V.
Average signal power: Pavg =A?/2 = 4.5Watts (2M)
Interval: AV=2*A/L=8/1024=5.859 mV (2M)

Quantization noise: Nq = AV?/12 =2.86*10°

Signal to Noise Ratio:
SNR=Pavg/Nq = 1573426.57 (3M)
SNR dB = 10log:o SNR) = 61.968dB (3M)

What is meant by quantization? Derive the expression for signal-to-quantization noise ratio
in PCM system. (10) (April 2017) BTL 1
Answer: Page 190 - S. Haykin

Quantization: discretization in amplitude domain. (AM)
Types: Uniform- Uniform step size, Non-uniform - unequal step size.

(2M)
Diagram: (2M)

= Average quantization noise power

Vo—q/2 ~fowots 2
7 "’i” _ 3(1/2 q volts C}-Q = %
= : .
g o : =Signal peak power
€3 /2 —— > 1282
s =2,  Ye ... _ L
R a2 L levels Vpp Vp ==
< =Signal power to average
V43¢ quantization noise power
Vg2
\ _{/‘i‘_ﬁf{ ______________________________ . i — V}Jg — 3L2
p N q o2
SNR of PCM: With Uniform Quantizer: SNR =3L° (2M)

The information in an analog signal with maximum frequency of 3 KHz is required to be
8 transmitted using 16 quantization levels in PCM system. Determine

(1) maximum number of bits/sample

(2) minimum sampling rate required
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(3) the resulting transmission date rate. (6) (April 2017) BTL 4
Answer: Page 174 - S. Haykin

Message length: L=2% (1M)
No of bits in PCM: [ > log, 1/2p (am)
Sampling Rate: Fs=2*Fm (am)
Bit Tx rate: Rb= I*Fs am)
Baud Rate: B = Rb/k (2M)

Explain time division multiplexing system for N-number of channels (8) (April 2017) BTL 4
Answer: Page 162 - S. Haykin

Time Division Multiplexing: Transmission of number of signals - single channel - time slots

(2M)
Low Pass Filter: Removes noise components (3M)
Commutator: Sampling — Interleaving
Pulse Modulator: Pulse amplitude Modulation
Channel: Wired — Wireless channel
Pulse Demodulator: Pulse Amplitude Demodulation
9 DE commutator: Disinter leaving — Reconstruction-LPF
Block diagram: (3M)
Low-pass Low-pass
" (anti-aliasing) {reconsruction)
essage filters filters Message
inputs Svnchronized outputs
1 yncnranize:
L T —— NN
l 7[/:,(\ Puis Col icati Pulse ")\‘:\j\- ) 4 o |
uise mmunication
z LPF '\ ) ; modulator channel ™ demodulator i\ il I LPF 2
. “ / A .
. ~e " SN 5
N LeF Commutator T T Decommutat N
Clack pulses Clock pulses

Applications: RF Communication - Military Applications

What is TDM? Explain the difference between analog TDM and digital TDM. (13) (May
2016) BTL 4
Answer: Page 162 - S. Haykin

Time Division Multiplexing: Transmission of number of signals - single channel - time slots
(2M)
Block diagram: (3M)
Low Pass Filter: Removes noise components (6M)
10 | Commutator: Sampling — Interleaving
Pulse Modulator: Pulse amplitude Modulation
Channel: Wired — Wireless channel
Pulse Demodulator: Pulse Amplitude Demodulation
DE commutator: Disinter leaving — Reconstruction
Applications: RF Communication - Military Applications
Difference between analog / digital TDM: (2M)
Analog TDM -sampling and quantizer block - included.
Digital TDM - sampling and quantizer block - included.
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State the low pass sampling theorem and explain reconstruction of the signal from its
samples (13) (May 2016) BTL 1
Answer: Page 134 - S. Haykin

Sampling: Discretization in time domain of analog signal (2M)
Theorem: Finite energy signal g(t) - no frequency components greater than W Hz, -completely
determined - sequence of points spaced 1/(2W) seconds apart.

Finite energy signal g(t)- no frequency components greater than W Hz, - completely recovered -

sequence of points spaced 1/(2W) seconds apart. (3M)
Derivation of Sampling: gé(t) = g(t) * 6(nTs) (3M)
Waveform: (2M)

£ 20

11 i
(M)

Reconstruction: Getting Back analog signal (2M)
Reconstructed signal g(t) = Yp-—w g (%) sinc2Wt —n) (AM)
Describe the process of sampling and how the message signal is reconstructed from its
samples. Also illustrate the effect of aliasing with neat sketch. (13M) (Nov 2015) BTL 1
Answer: Page 134 - S. Haykin
Definition: Discretization in time domain of analog signal (2M)

12 | Theorem: Finite energy signal g(t) - no frequency components greater than W Hz, -completely

determined - sequence of points spaced 1/(2W) seconds apart.
Finite energy signal g(t)- no frequency components greater than W Hz, - completely recovered -

sequence of points spaced 1/(2W) seconds apart. (2M)
Derivation of Sampling: gé(t) = g(t) * d(nTs) (3M)
Waveform: (2M)
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2l g5

N ot H ,
TN RN

Aliasing effect with diagram: Overlapping - sampled signal spectrum (2M)
Condition for Aliasing: Fs<Fm (2M)
/\/\ﬁ\/\/\
/ N/ \N \ 7 N4 \
/// //V\ /v\ J )/\ /v\ \\
P » \\‘L,// NN | 7 \\_J N
~2f, 3 0 7. 27, !

Explain the practical limitations in sampling and reconstruction (6) (Nov 2014) BTL 4
Answer: Page 134 - S. Haykin

13 | Sampling: Discretization in time domain of analog signal - sampling. (2M)
Practical Limitation: Aliasing (1M)
Aliasing effect with diagram: Overlapping - sampled signal spectrum. (3M)

Explain non-uniform quantization techniques (8) (June 2014) BTL 1
Answer: Page 193 — S. Haykin

Non-uniform Quantization: step size varies (2M)
Companding: Compression at transmitter side - Expansion at the receiver side (2M)
Companding Types — A law and p — law Companding. am)
A-law Companding with Characteristics
A-law compression: (aMm)
(A
|x|/xmax’ 0 < | x| <1/4
c(IxI) N 14+ InA Xmax
1+ In(A
14 Xmax Tl( |x|/xmax)’ 1/14 < |x| <1
1+ InA Xmax

Typical Value - A= 87.56

Value for A giving Uniform Quantization A =1

n-law Companding with Characteristics (am)
p— law compression:

plx|
c(lx]) B In(1 +Xmax) |x| <1
Typical Value of p= 255
Value for A giving Uniform Quantization p =0
Diagram: (IM)
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Compressor Uniform Quantizer Expander
m(t) r— ‘I mir)
e f—
_, | / ]
A _
~

The 3 stages combine to
1 give the characteristics of a

/ Non-uniform quantizer.

With neat block diagram, explain pulse code modulation and demodulation system (8)
(May-2012) BTL 1
Answer: Page 172 - S. Haykin

Receiver

Pulse code Modulation: Conversion- analog signal - digital - particular waveform format (2M)
Explanation: Sampler-Discretization in time (3M)
Quantizer- Discretization in amplitude
Noises in PCM system: Quantisation noise, Channel Noise (3M)
Sm_!r[:e of ass PCM signal
15 tﬁ%ﬁfgg;:a = LDFE’[:;( s~ Sampler s Quantizer Encoder ﬁ-;haa?-miselc?ntgut
(@) Transmitter
Distorted PCM egenerative egenerative Regenseirart':d
Sl produses — "inuter [T = "Tepeier sfpiied 16 the
{&) Transmission path
c‘ia:ii:\}:l iz Reg‘\:eil:;:iattion Decoder Recor;is’:g.’lctiun Destination
() Receiver
PART *C
Explain in detail about digital hierarchy with examples. (15) (April 2018) BTL 1
Answer: Page 4 - S. Haykin
Digital Communication: Transmitting digital message (2M)
Block Diagram of Digital Hierarchy: (4M)
Transmitter
I — /\’-— —
— ™~
1 Source __g'r“ A/D _"-;__ Source Channel Modulator
{ converter 5 encoder encoder
Absent if ¥
source is Noise —| Channel
diiital
) |5 }K"~ Source Channel -
User converter | decoder decoder Detector
Nl _ L —
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Explanation of each block: (7TM)
Sampling and Quantization: Analog signal - digital signal.

Source encoder and decoder: Digital - particular format - transmission.

Channel encoder/Decoder: Further coding - error free communication
Modulator/Demodulator: Long distance transmission - reception of signals.

Channel: Communication medium between Tx and RX- wired or wireless.

Explain the advantages of digital modulation technique. (5) (Nov 2017) BTL 2
Answer: Page 1 - S. Haykin

Definition: Transmitting digital message (3M)
Advantages: Robustness — Security — Integration- Low cost — Simple - Adaptable, etc. (2M)
The bandwidth of TV, Video + audio signal is 4.5 MHz If the signal is converted to PCM bit
stream with 1024 quantization levels. Determine the number of bits per second generated by
the PCM system. Assume that signal is sampled at the rate of 20% above Nyquist rate. (15)
BTL1
Answer: Page 134 - S. Haykin

3
Length: L=2* (3M)
Bits in PCM: [ >log, 1/2p (3M)
Sampling rate: Fs=2*Fm (3M)
Bit Tx rate: Rb=I*Fs (3M)
Baud Rate: B = Rb/k (3M)

The information in an analog signal with maximum frequency of 8 KHz is required to be
transmitted using 32 quantization levels in PCM systems. Interpret

(a2) The maximum number of bits per sample

(b) The minimum sampling rate

(c) The resulting transmission data rate (15) BTL 4

4 | Answer: Page 134 - S. Haykin

Length: L=2 (3M)
Bits in PCM: [ >log, 1/2p (3M)
Sampling rate: Fs=2*Fm (3M)
Bit Tx rate: Rb=I*Fs (3M)
Baud Rate: B = Rb/k (3M)
i) Find the sampling rate for the following signal m(t)=2[cos(500*pi*t) *cos(1000*pi*t)]
()

i) Can you find the Nyquist Rate for m(t)=5*cos(5000*pi*t) *cos?(8000*pi*t)? (8) BTL 3
Answer: Page 134 - S. Haykin

Sampling rate: Fs> 2*Fm

(M)

Nyquist Rate: Minimum Sampling Rate: Fs=2* Fm
(8M)

JIT-JEPPIAAR/ECE/Mrs.M.Benisha /l1" Y/SEM 04/EC8491/ COMMUNICATION THEORY/UNIT 1-5/QB+Keys/Ver2.0
3.61




REGULATION:2017 ACADEMIC YEAR: 2019-2020

EC8451 ELECTROMAGNETIC FIELDS LTPC
4004
OBJECTIVES:
» To gain conceptual and basic mathematical understanding of electric and magnetic fields in
free space and in materials
» To understand the coupling between electric and magnetic fields through Faraday's law,
displacement current and Maxwell's equations
» To understand wave propagation in lossless and in lossy media
» To be able to solve problems based on the above concepts
UNIT I INTRODUCTION 12
Electromagnetic model, Units and constants, Review of vector algebra, Rectangular, cylindrical
and spherical coordinate systems, Line, surface and volume integrals, Gradient of a scalar field,
Divergence of a vector field, Divergence theorem, Curl of a vector field, Stoke's theorem, Null
Identities, Helmholtz's theorem
UNIT 11 ELECTROSTATICS 12
Electric field, Coulomb's law, Gauss's law and applications, Electric potential, Conductors in static
electric field, Dielectrics in static electric field, Electric flux density and dielectric constant,
Boundary conditions, Capacitance, Parallel, cylindrical and spherical capacitors, Electrostatic
energy, Poisson's and Laplace's equations, Uniqueness of electrostatic solutions, Current density
and Ohm's law, Electromotive force and Kirchhoff's voltage law, Equation of continuity and
Kirchhoff's current law
UNIT I MAGNETOSTATICS 12
Lorentz force equation, Law of no magnetic monopoles, Ampere's law, Vector magnetic potential,
Biot-Savart law and applications, Magnetic field intensity and idea of relative permeability,
Magnetic circuits, Behavior of magnetic materials, Boundary conditions, Inductance and
Inductors, Magnetic energy, Magnetic forces and torques
UNIT IV TIME-VARYING FIELDS AND MAXWELL's EQUATIONS 12
Faraday's law, Displacement current and Maxwell-Ampere law, Maxwell's equations, Potential
Functions, Electromagnetic boundary conditions, Wave equations and solutions, Time-harmonic
fields
UNIT V PLANE ELECTROMAGNETIC WAVES 12
Electromagnetic wave generation and equations — Wave parameters; velocity, intrinsic
impedance, propagation constant — Waves in free space, lossy and lossless dielectrics,
conductors- skin depth - Poyntingvector — Plane wave reflection and refraction.

OUTCOMES:

e Display an understanding of fundamental electromagnetic laws and concepts

e Write Maxwell's equations in integral, differential and Phasor forms and explain their physical
Meaning

e Explain electromagnetic wave propagation in lossy and in lossless media

e Solve simple problems requiring estimation of electric and magnetic field quantities based on
these concepts and laws
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1. Mathew N. O. Sadiku, ‘Principles of Electromagnetics’, 6th Edition, Oxford University Press
Inc. Asian edition, 2015.
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Indian edition, 2014.
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Subject Code: EE8451 Year/Semester: 11/04
Subject Name: Electromagnetic Fields Subject Handler: Dr. Prajith Prabhakar

UNIT I INTRODUCTION

Electromagnetic model, Units and constants, Review of vector algebra, Rectangular, cylindrical
and spherical coordinate systems, Line, surface and volume integrals, Gradient of a scalar field,
Divergence of a vector field, Divergence theorem, Curl of a vector field, Stoke's theorem, Null
Identities, Helmholtz's theorem

gb Questions
Define scalar and vector. BTL 1
1 Scalar: A quantity that is characterized only by magnitude is called a scalar.

Vector:A quantity that is characterized both by magnitude and direction is called a
vector.

Define Gradient. BTL 1
The gradient of any scalar function is the maximum space rate of change of that function.
2 If the scalar V represents electric potential, v V represents potential gradient.
oV — 3y — 0V — . . .
=22, A+ a i - . This operation is called the gradient.
ox dy 0z

Define divergence and curl. BTL 1

Divergence:

The divergence of a vector ‘A’ at any point is defined as the limit of its surface inte%rated
per unit volume as the volume enclosed by the surface shrinks to zero.v .A =Lt [ A

3 .nds.

oA oA . .. . . .
v.A= *+9A +772  This operation is called divergence. Divergence of a vector is a
oxX oy 0z

scalar quantity
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Curl: The curl of a vector ‘A’ at a any point is defined as the limit of its cross product
with normal over a closed surface per unit volume as the volume shrinks to zero.

i
VxA=Lt,, —f nxAds.
v !

Show that the vector H= 3ytzay+4x3z2 2, +2 x3y? 2, is solenoidal. BTL 1
vH=( 2 a+ o a + a_a‘z ) .(3y4zax+ 4x322§y+2 x3y252)

4 oX oy 0z
=i(3y“z)+ ? (4x3z%)+ 6( 2x%?) =0+ 0 + 0 = 0;Hence H is solenoidal.
oX oy 0z

Determine the angle between A=22,+42yand B=62y-42, (Nov 2016) BTL 5
@ =Cos[A.B/( A .B)]
5 |A = 22+442=447
B = 62+42=721
A.B=2+x6+4+4=28
0=0.5182°

Define Stoke’s and divergence Theorem. (Nov 2013, May 2014, Nov 2016) BTL 1
Stoke’s Theorem
The line integral of a vector around a closed path is equal to the surface integral of the
normal component of its equal to the integral of the normal component of its curl over
any closed surface.

H.dl = [[ V x Hds
;| fral
Divergence theorem
The volume integral of the divergence of a vector field over a volume is equal to the
surface integral of the normal component of this vector over the surface bounding the
volume.

”vjv.Adv:Hf.ds

Write down the expression for conversion of Cylindrical to Cartesian system. BTL 1
The Cylindrical co-ordinates (r, @ , z ) can be converted into Cartesian co-ordinates(x, Y,

z).
7 Given Transform
r X =T cosf
() y =T sinf
yA =z

What is the physical significance of curl in a vector field? (Nov 2011) BTL 1
The curl of a vector is an axial vector whose magnitude is the maximum circulation of A
per unit area as the area tends to zero and whose direction is the direction normal
direction of the area when the area is oriented to make the circulation maximum.

Write down the expression for conversion of Cartesian to Spherical system. BTL 1
9 | The Cartesian co-ordinates (X, Yy, z) can be converted into Spherical co-ordinates (r, 0, ®).
Given Transform
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X I’:,lx2+y2+z2

( W
= -1 | :Z
y cos |

\\/x vy 4z )
z ® = tan}(y/x)

10

Write down the expression for conversion of Spherical to Cartesian system. BTL 1
The Spherical co-ordinates (r, 0, @) can be converted into Cartesian co-ordinates (X, y, z).
Given Transform
r X = rsinf.cos®
0 y = sinf.sin @
() = rcosb

11

Transform the Cartesian co-ordinates x = 2, y = 1, z = 3 into spherical co-ordinates.
BTL5

Given Transform

X=2 r:\/x2+y2+22:4+a\/+9: 3.74

z

3

y=1 0 =cos™( ) =cos-1(——)=36.7°
X+ y b 2f \/E

z=3 ® = tan}(y/x) = tan’}(1/2) = 26.56°

The spherical co-ordinates are (3.74, 36.7 °, and 26.56 °).

12

Define electric flux, electric flux density and electric field intensity. (May 2016) BTL
1
Electric flux: The lines of electric force are known as electric flux. It is denoted by¥.

¥ = Q (charge) Coulomb.
Electric flux density: Electric flux density or displacement density is defined as the
electric flux per unit area.
D=Q/A
Electric field intensity: Electric field intensity is defined as the electric force per unit
positive charge. It is denoted by E.

E=F = ° vm

Q 4 mer’

13

Two vectors are given P=3i+5j+2k and Q=2i-4j+3k.Determine the angular
separation between them. (November 2011) BTL 5
P. Q=IPIIQI cosO, P.Q=-8, IPI=6.1644 1QI=5.38516, Cos6=-0.2409, 6=103.94.

14

Two vector quantities A=4i+3j+5k and B=i-2j-2k.are oriented in two different
directions. Determine the angular separation between them. (Nov 2012) (May
2012) BTL 5

A.B=1AIIBI cos 0

0 = cos 18 = 67.84°
TATIBI
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What are the different sources of Electromagnetic fields? (May 2012) (May 2019)
15 BTL1
Electromagnetic fields are present everywhere in our environment but are invisible to the
human eye. Electric fields are produced by the local build-up of electric charges in the
atmosphere associated with thunderstorms. The earth's magnetic field causes a compass
needle to orient in a North-South direction and is used by birds and fish for navigation.
Define the unit vector in cylindrical co-ordinate systems. (Nov 2013) BTL 6
16 | A vector A in cylindrical coordinates can be written as (4,,4¢,4z)
Where a, asanda; are unit vectors in the p, ¢ and z directions.
State the condition for the vector to be solenoidal and irrotational. (Nov 2012
17 | BTL1
A.B=0and A X B=0
State Gauss’s law and Coulomb’s law. (May 2016) BTL 1
Gauss’s law: The electric flux passing through any closed surface is equal to the total
charge enclosed by that surface. ¥=Q
Coulomb’s law.
Coulomb’s law states that the force between two very small charged objects separated by
a large distance compared to their size is proportional to the charge on each object and
18 | inversely proportional to the square of the distance between them.
Fa QQ
Fo -
;
Fo ‘?1 = IQ ., Newton
r 4rer’
Name a few applications of Gauss’s law in electrostatics. (Nov 2013) BTL 1
19 | Gauss’s law is applied to determine the electric field intensity from a closed surface. (e.g)
Electric field can be determined for shell, two concentric shell or cylinders, etc.
What is the electric field intensity at a distance of 20cm from a charge of 20pc/m?
Iylng on the z=0 plane. |n vacuum?(Nov/Dec 2014) BTL 5
20 20 %10 N
. 1, =L12x10%,V/m. -
2¢, 2x8.854 110
Points P and Q are located at (0,2,4) and (-3,1,5). Calculate the distance vector from
21 | P to Q. (Nov/Dec 2014) BTL 5
qu—q—rp-(315)(024) (-3, 11)
Given A =4a a +6 a -2a and B =-2 a 44 a +8a . Show that the vectors are
22 | orthogonal. (April /May 2015) BTL5
A B=(4*-2)+(6*4)+(-2*8)= -8+24-16 = 0. Therefore, A, B are orthogonal.
Express in matrix form the unit vector transformation from the rectangular to
cylindrical co-ordinate system. (April /May 2015) BTL 1
23 a, cosp sing 0 0Qy
g = —sing cosp 0 ay
a, 0 0 1 4
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REGULATION:2017

24

What are the practical applications of electromagnetic fields? (Nov/Dec 2015) BTL 1
Electric fans, electric motors, magnetic tape, mobiles and telephones.

PART * B

tl L.H.S.

Given that D = (10 p/4) cylindrical coordinates, evaluate both sides of divergence

-5. (13 M) BTL 5

i

R.H.S
6 M)

2l Plo

10p*
(—p]=é(10p3)=10p2

S 2n 4

ﬂj’v-oav: j j lep3dpd4>dz
z=0 ¢=0 p=0

_ ,OH‘ [ doa
4 p=0 z=0 ¢=0 <
=640 x 21 x S
= 6400 n.
L.H.S. =R.H.S.

Hence, divergence theorem is verified. (7 M)
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State and prove Divergence theorem and Stokes’s Theorem. (Nov 2011, Nov 2012,
May 2012, Nov 2014, Nov 2016) (13M) BTL 1

Answer: Page No. 1.16 - Dr. P. Dananjayan

Statement:(2 M)
The volume integral of the divergence of a vector field over a volume is equal to the
surface mtegral of the normal component of this vector over the surface bounding the
volume.

H V_AdV =EPA.dS

Proof:

» Divergence of any vector A is given by

ox ay oz
» Taking volume integral on both sides

'-'El.‘l
':1:-
M

[ 54 E:".—i ‘—|dv
fif o4 v = ff] 52 |

# Consider an element volume in x direction

]

” ”[I%.dxja‘y iz

“’f 5:" dx dy dz = J'J' Ads,
w - 5

# Then.

J'-[I?.A dv = H Ads
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(M)

Stoke’s Theorem(2 M)

The line integral of a vector around a closed path is equal to the surface integral of the
normal component of its equal to the integral of the normal component of its curl over
any closed surface.

m}'. di_“v :-c;:].d.s

Lo (o)
< ) ':___._.-' X
o LY

Proof of stokes theorem

¥ (Consider a surface 5 which is splitted in to number of incremental surfaces.
¥ FEach incremental surface is having area as .

#  Applying definition of curl to any of these incremental surfaces we can write
—.  [iFdL.
- Vo= F =
(VxF), =0

* Where N = Nommal to as according to right hand mle
4L .. - Perimeter of the incremental surface as
» Curlof F in normal direction is dot product of curl of F with a, _

- a, - Unit vector, normal to the surface A5 .

, (vxF) -(v=F)a,

JIFdLu —(V=F)a,as
L ]

- :ﬂ;.EM -(v= F).as

# Obtain total curl for every incremental surface, add closed line integrals for
each as.

* Hence summation of all closed line integrals for each and every as ends up.

¥# 5Single closed line integral to be obtained for oufer boundary of total surface 5

E[F.E- j[v x;].d.’i'

: (GM
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Transform 4ax-2ay-4a; at (2, 3, 5) to spherical coordinates. (Nov 2016) (13 M) BTL 5
Answer: Page - 1.58 -Dr. P. Dananjayan
Formula: (3 M)

A | (:;in 0 cosp sinOsing cosO || 4 I|
AOJ: [cosﬂeus:ﬁ cos O sin ¢ —sin Ul | 4, |

L ~sin ¢ cos ¢ 0 ||
Ax=4 A‘I-———z A =-4
3 Apsdlcas¢+,415in¢=4cus¢—2.=.~in¢r

3
¢ =tan”' (—:J = tan™' (EJ =56.31"

Ap = 4cos56.31° - 2s5in56.31°=2219 — 1.664 =0.555
,4‘ = -A sin ¢ +A_r cos

= _ 4sin 56.31° — 2cos 56.31°= - 3.328 - 1.109= - 4.44

The vector in cylindrical system can be written as 0.555 a, - 4.44ay - 44,

Write short notes on the following (i) Gradient (ii) Divergence (iii) Curl and (iv)
Strokes theorem. (Nov 2013, Nov 2011) (13 M) BTL 1
Answer: Page -1.05- Dr. P. Dananjayan
0] Gradient. (3M)
The gradient of any scalar function is the maximum space rate of change of that function.
If the scalar V represents electric potential, v V represents potential gradient.

oV oV . .. .
4 |vV= "a +Xa Va+ a.This operation is called the gradient.

ox oy ’ oz

(i) Divergence:(3M)
The divergence of a vector ‘A’ at any point is defined as the limit of its surface integrated
per unit volume as the volume enclosed by the surface shrinks to zero.
v.A=Lt ! A.nds.

o I,
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v.A= R pon 4 o . This operation is called divergence. Divergence of a vector is a
0X oy 0z
scalar quantity.
(iii) Curl:(3 M)
The curl of a vector ‘A’ at a any point is defined as the limit of its cross product with
normal over a closed surface perthit votume as the volume shrinks to zero.

VXA=Lt . nxAds.

e

v

(iv)  Stoke’s Theorem (4M)

The line integral of a vector around a closed path is equal to the surface integral of the
normal component of its equal to the integral of the normal component of its curl over
any closed surface. —

'fH.dI:”VdeS
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Derive an expression for Electric field intensity due to a line charge which has a

uniform linear charge density of pLC/m. Also extend it to a conductor of infinite

length. (Nov 2014, Nov 2015, April 2015) (13 M) BTL 1

Answer: Page - 1.23-Dr. P. Dananjayan

Diagram: (3M)
|

[ 2 dE

B : ]

Consider a uniformly charged line of length L.

Linear charge density is pl ¢/m

Consider a small element di

P be any point at a distance r from dl.  (2M)
= dEx =dEsin0

= dEy=dEcosf
Ex = pl/(4neh) *[cos al + cos a2] (2 M)

» Ey = pl/(4neh) *[sin al +sin a2] (2 M)
» Case (i) If the point is at bisector of a line, then al=02 = a

VVVY

A\

e Ey =0, E becomes Ex

o E =pl/(2nech) (2 M)
> Case (i1) If the line is infinitely long the a =0
O Ey =0, E becomes Ex

» E =pl/(2neh) (2 M)
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State and prove the Gauss law. (April 2015) (13 M) BTL 1

Answer: Page -1.28 -Dr. P. Dananjayan

Statement: (2 M)

Diagram: (4 M)

Expression: (7M)

Gauss’s law: The electric flux passing through any closed surface is equal to the total
charge enclosed by that surface. ¥=0Q

Proof:

ds

ol

Point charge [N

» Spherical surface = Gaussian surface
» Dsisnormal to « direction

= | D.ds
. Vvl
D = Q ':'ar
® dxr
e 5= 7 sing de dg a,
x X
. Q 1. -
W:lj’ 3xr.ar51113d6'd¢ar
- & o
® 00
dx
v = =Q
° 4
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Explain the applications of Gauss Law. (13 M) BTL 1
7 Answer: Page - 1.32 - Dr. P. Dananjayan
Application: (2 M)
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Explain any two types:

> The surface is closed.
> Electric flux density is either normal or tangential to surface.
> Electric flux density is constant over surface where D is normal.

e Infinite line charge.
e Single shell of charge.
Infinite line charge.(6 M)
» Consider an infinite line charge of pl ¢/m.
» Consider a circular cylinder of radius ‘r’
» length ‘I’ as Gaussian surface
» Flux density Ds is normal to the surface.

¥y
» By applying Gauss’s Law to closed surface.
Q= fD, - ds
= D, fds+D, st + D; jds
sides 1op bottom
» Ds=Q/2nrl
» Ds=pl/2nr
» E=pl/2ne0r
Single shell of charge(5 M)
Q
P o
g dner? ‘
EL /
0 p—

r<alr=a
» Charge Q is uniformly distributed over surface.
» Apply Gauss’s law inside shell.
» Flux density is zero.

JIT-JEPPIAAR/ECE/Dr. Prajith Prabhakar/I1" Yr/SEM 04 /E8451/ELECTROMAGNETIC FILEDS /UNIT 1-5/QB+Keys/Ver 2.0
4.14



REGULATION:2017 ACADEMIC YEAR: 2019-2020

e [D.ds=0
e ¢fE.ds=0
e E=0

» By applying Gauss’s law just outside shell.

» Integral of flux density D over a spherical surface.
e [D.ds=Q
e c[E.ds.Q
e E=Q/4mer?

A vector field D = [5r2/ 41 Ir aiven in spherical coordinates. Evaluate both sides of

Divergence theorem is

3 M) BTL 5
[[D-ds = [[[v-Dav.
¥ FEE 3 5’ S on 5 3 .
L.H.S.: ID»ds' j’ [ %) ;I (r'sin@dBdé) (- 1;+0£ J; [':—]"I,[r’smededﬂ(l,)
Ir ¢ 5 e e
= [ I-zsmededt*!;js * 4sinBd6d¢
= oé‘flvcmﬂl,'dh - 7n‘fl-rnc‘h'flA
S In .
= 2( 2)[$]" + 2(K2)I¢L’, (3 M)
5
=S x2n+40x2n
2
=80r - Snx
IID.ds=75n
8 R.H.S [[[v-Das
1 @ 1 8 5
v D:—— D =—— foelio |
r 6:' ’ r’ ar[' 4’]
|
=’—er’
=5r

dV =r’sinBdrd0d¢
2

j’ j j’err sinOdr d0d¢

$=08=0r=i

gl

OQ_"-‘

2
SrlsinBdrdBdé
1

(5 M)
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2z =

..sj'

S (E-l):j [sinodode

) sinBd0d¢

4

= Sx-'—s zj(-cosO)"dQ
4 3 s

IV -Ddv=75x.
LHS = RHS.

Hence Divergence Theorem is verified.

=5x?(+2)-[2n]

(5 M)

Equating on both sides,

Show that the vector E= (6xy+z%)ax + (3x?

ov — Ov
“"xa_x+ » 3y T % 3z |~

- Z)ay +(3xz? - y)a; is irrotational and find

a.

Q1

»

V xE = 2 -5 2
Ox ey oz
6 xy + 23 3 xt— 3xz2—-y
i o | s a2 M a
= ax[a G x —y)—£(3x2—z)]—ay[§(3x22—_)«')—5(6&}'+z")]

a
oy v +sh ]

Sx
=a,-[-1+1) —a,-[322-32%] + @, -[6x—6x]
= 0
Hence E is irrotational. (6 M)
9
-V -V = E = (6xy+z¥)a, + (3x2—z)5y + 3xz?-y)a.

(6xy+23)Z,+(3x2—z)5),+(3xzz-y)c-r:

—'gf = 6xy +z°
8v 2
~ Dy 3x—z
—% = 3xz%—y
Then, —38v = (6xy +2z3) ax

I(6xy+z’)ax

= 3x2y+xz3+ c, where ¢, is constant.

JIT-JEPPIAAR/ECE/Dr. Prajith Prabhakar/II" Yr/SEM 04 /E8451/ELECTROMAGNETIC FILEDS /UNIT 1-5/QB+Keys/Ver 2.0

4.16




REGULATION:2017 ACADEMIC YEAR: 2019-2020

~av = 3x2-z)dy

-~v=3x2y—yz+(:2
-dv = B3xz2—y)oz
-V =xz3—y;:+c:3

Then, adding these values of v

v = -2Q@3x*y+xz}—yz)+c
where ¢ = c;tcy+ oy

(7M)

10

Check validity of the divergence theorem considering the field D=2xy ax + x2ay ¢/m?
and the rectangular parallelepiped formed by the planes x=0,x=1,y=0,y=2 &z=0,z=3
(13M)BTL 2

Answer: Page -1.60 - Dr. P. Dananjayan

Formula: The volume integral of the divergence of a vector field over a volume is equal
to the surface integral of the normal component of this vector over the surface bounding
the volume. (3 M)

Verification: (10 M)

”vjv.Adv = jsjA.ds

OSolution: By divergence theorem,

| D-nds = f{ v-D dv

— - 4 - 0 -9 - -
V-D-(a,‘é;+ y5+a,5)-(2xya,+xzay)

d d
5r @9 + 50 +0

=2y+0=2y

1 2 3
fffv-ﬁdv=f f f2ydxdydz

x=0 y=0 z=0
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1 2
k)
[2yz] dxdy = ffsydxdy

00
2712
.45
["2]

0

]
:;k_ﬂ-
S~

l I
dx = flzdx = (12x] =12

0

O“—

Evaluation of HD'"‘“
f[p-nas = f[D.3,dydz + [[D--a)ayas + [[D-a,dxa:
+ HD-(—E,)dxdz + HD-E,dxdy + HD“—‘—'z)d’fdy

[[D-adya: = [[@xya, + ey @ydyas

23
- fJ’nydydz
00
2 2
= [ (22921 ay = {6xydy
0
0 0
272
=[6x %]0 - 12x = 12 (vx=1]

=5y [ x=0]
[ @xya,+x2a) @, dxa:

13
jfxzdxdz = }[xzz]: dx
00 0

HD-c-zydxdz

I
—

0

l 3

= 2 A
[3x2dx = 33
0
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D (-aydrdz = [[@xya,+x*a) -a,)dxd:

-

|
3
=-3fx2dx=—353-
0

1
x*dxdz = —f[xzz]: dx
0

o'\‘u

=
0

[[D- (-2, axay
=0 [...
124041-1 = 12

fvﬁV-DdV o

—
w)
Y
&
&
!

2|
n

R
o
=
a,
n

Il

Hence, [[D-nds

PART *C

Derive expression for electric field intensity due to uniformly charged circular disc
of ¢ C/m?. (Nov 2016) (15 M) BTL 2

Answer: Page - 1.25 - Dr. P. Dananjayan

Diagram: (3 M)

Consider a circular disc radius R.

Charge density ps ¢/m?

Annular ring of radius r.

Radial thickness dr.

Area of annular ring ds =2 wr dr

dE = ps ds / 4ne d?

dEy = ps ds cos 0/ 4ne d?
E=[ps/2e]*[1-WO®*+R?))] (12M)

VY Y VVVYY
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State and verify Divergence theorem for the vector A = 4x i — 2y? j + z? k, taken over
the cube bounded by x=0,x=1,y=0,y=1. (15 M) BTL 3

2 Answer: Page - 1.67 - Dr. P. Dananjayan

Statement: (3 M)

Verification: LHS = RHS = 3 (12 M)

JIT-JEPPIAAR/ECE/Dr. Prajith Prabhakar/I1" Yr/SEM 04 /E8451/ELECTROMAGNETIC FILEDS /UNIT 1-5/QB+Keys/Ver 2.0
4.20



REGULATION:2017 ACADEMIC YEAR: 2019-2020

The volume integral of the divergence of a vector field over a volume is equal to the
surface integral of the normal component of this vector over the surface bounding the

volume.
MV.Adv:”@.ds
v S
Given: A= 4x_i’—2y27+22?

V-.A

(—.>_<9_+-.vg+?i) Wy Mt W
Yox T oy oe) BFE=2y i ¥atk)

n
=
|
£
<
+
N
N

[ljv-a

(4-4y+2z)dxdyd:z

C o—

C ot ™ C ey ™ © ey =

1
J
0
; 2
= I 4z-4yz+35 22| dxdy
0 0
I
= I (5-4y)dxdy
0
1 4 1
= [Gy-30 | dx
0 0
1
- Ide
0
1
= 3x =3
0

#A~ds = HA-?dydx+HA(~—i’)dydx+HA?dxdz
+ [[AT ) dxdz+ [[AT dxdy+ [[A R )dxay

11
II 4 x?-2y2?+ zz?)? dy dz
00

11

Il4x dydz

00

1
I4xy
0

HA~—1"xdydz

1
dz
0

1
=4x
0

= 4 [vx=1]

= 4xz

0 [ x=0]

[JAGCT ydyd:
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T
HA(?)dxdz = ”(4::’-2y2j +22k) j dydz
00
I
= ”—Zyzdxdz
00
' |
= I—2xy2 dz
0 0
|
= _2yzz
0
= _2y2
= -2 [oy=1]
AT drdz = 0 [ey=0

Determine the divergence of these vector fields. (15 M) BTL 3
(i) P =x%yz ax + Xxzaz (3 M)

(i) Q=psingap+p>za,+zcos¢a;(6M)
(iii) T =(1/r?) cos 0 ar+ r sin 0 cos @ ae + cos 0 a, (6 M)

Answer: Page - 1.42 - Dr. P. Dananjayan
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=292 , 1
- ar(rz.r2 cose)+rsine

1
rsin@

= 2cos ¢sin0-cos0

. op, oF, P,
@) - ox * oy oz
2 el
= a(xzyz)+0+a(xz)
= 2xyz +x
1 2 1 9Qy .
¥ A R o T +
@ V55, P 5
O
p op
1 ;
= ;-2psm¢+0+cos¢
= 2sin ¢ +cos ¢
1 8
= —= — (p2
=t o TTIY e

o ,.
20 (sin® Tg) +

rsin® dé

6% (r cos ¢ sin2 6) + 0

|
(P sing) +3 ;—q, (%) + o= (z cos 4)

oT
(Spherical)

66—9 (sin© - » sin O cos ¢) +

9

1
7&in0 o¢ o009

5}
= cos¢ %(sinze) = cos¢-2-sinB-cosO

©0

Answer: Page -1.71 - Dr. P. Dananjayan

A charge Q2=121 nCis located in vacuum at P2 (-0.03, 0.01, -0.04) m. Find the force
4 | on Q2 due to Q1 =100puC at P1(0.03, 0.08, 0.02) m. (May 2016) (7 M) BTL 3
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OSolution: Q,
Q;
The distance between amy two points say (x,, Y1,2)) and (x5, v, 2,) is given by
d = \LOr; =220 + (1 =9)) + (2)-2,)
= f(0.03 +0.03)> + (0.08-0.01)2 + (0.02 + 0,04)?
= ooz
d = ®lkm (3 M)

47[80d2

100 x 106 x 121 x 10~°
4x3.14x 8854 x 1072 x (0.11)

100 uC P, (0.03, 0.08, 0.02)
121 nC P, (- 0.03, 0.01, - 0.04)

5 Newtons

F 8.989 Newtons

. The force on Q; due to Q, is 8.989 Newtons. @ M)
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Calculate electric field intensity at P(3, -4, 2) in free space called by

(a) Q1 =2 pc at (0, 0, 0)(4 M)

(b)Q2=3pnCat(-1,2,3) (4 M)

(¢) Q1 =2 puC at (0,0, 0) and Q2 =3 nC at (-1, 2, 3) (7M) (May 2019) BTL 5
Answer: Page -1.80 - Dr. P. Dananjayan

OSolution:

(@)
Q; (0.0,0)

P(3.-4,2) —

ry=ra
bl el =

Unit vector a;; = T

3a, - 4a, + 24,
= T J9+16+4

33, + 4a, + 24,

R
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Electric field intensity at P due to Q,
Q

2 42

- dnegr
2 % 106 3a,+4a,+2a,

1 ' V29
4 x 30 * N

2x9x10°

= -5’72—9- (3a, +4a, + 2a,)

E = 345a, - 460a, + 2302, V/m
()

-1,2.3
[ '/.3/ at )
|j(3.—4. 2)

. a,(3-(-1) + a,(-4-(2) + a,(2-3)
. BG+1) + (-4-2) + (2-3)

) 4a, - 6a, - a, 4a, - 6a, - a,

V16+36+1 53
Electric intensity at P due to Q,
e Q=
E 41!50’2 an
_ 3x10% 43, - 63, - a,
1 f—z' \s3

X Serx100 * (V33)
3x9x10°

= W?s.— (4a, - 6a, - a,)

E = 280a, - 4203, - 703, V/m
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(c)

P4(0,0,0) ]

P(3.-4,2)

_ 3a, - 4a,+2a, 3a,-4a,+2a,
a = T Jor16+4 v
Electric field intensity at P due to Q,
E, = 345a, - 460a, + 230a, V/m
Electric field intensity at P due to Q,
E, = 280a, — 420a@, + 70a, V/m
Total electric field intensity at P due to Q, and Q;
E = E, +E,
345a,-460a, +230a,+280a,-420a,+70a,
E = 65a,-880a,+160a, V/m
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UNIT Il ELECTROSTATICS

Electric field, Coulomb's law, Gauss's law and applications, Electric potential, Conductors in
static electric field, Dielectrics in static electric field, Electric flux density and dielectric constant,
Boundary conditions, Capacitance, Parallel, cylindrical and spherical capacitors, Electrostatic
energy, Poisson's and Laplace's equations, Unigqueness of electrostatic solutions, Current density
and Ohm's law, Electromotive force and Kirchhoff's voltage law, Equation of continuity and
Kirchhoff's current law

Q.
No Part * A

Questions

What do you understand by linear, surface and volume charge densities?BTL 1
Linear Charge density: It is the charge per unit length (Col / m) at a point on the line of
charge.

pi= Lt

(*?)
Al

Surface charge density: It is the charge per surface area (C/m?) at a point on the surface
of the charge.

p$: Lt Asao( AQ)
As
Volume charge density: It is the charge per volume (C/m?®) at a point on the volume of

Al—>0

the charge.
pv=Lt, (29)
AV
Define potential and potential difference. (Nov2012)(May2012)(Nov2013)(Nov 2018)
BTL 1
Potential: Potential at any point as the work done in moving a unit positive charge from
2 infinity to that point in an electric field = ° Volts.
4 rer

Potential Difference: Potential difference is defined asthe work done in moving a unit
positive charge from one point in an electric field. V= Q ( Lt ) Volts.

dme  ry, Iy
Find the electrip?-pet-eﬂ{ial at a point (4, 3) m due to a charge of 10° C located at the

origin in free space.BTL 5
3 Q 10 -9
V= yr= 42432 =5m. V= =18V
47rgor 47x8.854 x10 — 12x(5)
Define Capacitance.BTL 1
The capacitance of two conducting planes is defined as the ratio of magnitude of charge

4 on either of the conductor to the potential difference between conductors. It is given by,

Q
c = Farad.
Y
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What is meant by conduction current?BTL 1
5 Conduction current is nothing but the current flows through the conductor. Conduction
current density is given by
Jc =oE Amp / m?.
6 Werite the Poisson’s equation and Laplace equation.(May 2014, May 2016, May
2019)BTL 1
Poisson equation; v*v=-p/e
where p — Volume charge density ,& - Permittivity of the medium, v - Laplacian
operator.
RV Y
, + ) + L= p/e
OoX oY oz
_ oV a8V
Laplace equation: vv =o0;  + ~ + =0
oX oY oz
Give the relationship between potential gradient and electric field.BTL 1
7 |E= vviE=-( 2a+a+’a )V
oOX ' oy ’ 0z T
Define dipole and dipole moment.BTL 1
Dipole or electric dipole is nothing but two equal-and opposite point charges are separated
8 | by a very small distance. The product of electric charge and distance (spacing) is known
as dipole moment. It is denoted by m where Q is the charge and | is the length (m) =Q. |
C/m
What is meant by conservative property of Electric field? (Nov 2011)BTL 1
9 The line integral of electric field along a closed path is zero. Physically this implies that
no net work is done in moving a charge along a closed path in an electrostatic field. Thus
an electrostatic field is said to have conservative property.
What is meant by Displacement current density?BTL 1
10 Displacement current is nothing but the current flows through the Capacitor.
Displacement current density is given by Jg = b Amp / m?
ot
State the boundary conditions at the interface between two perfect dielectrics.BTL 1
The tangential component of electric field E is continuous at the surface. That is E is the
11 | same just outside the surface as it is just inside the surface.En = Ep
The normal component of electric flux density is continuous if there is no surface charge
%ensin[/). Otherwise D is discontinuous by an amount equal to the surface charge density.
nl— UYn2
Find the energy stored in a parallel plate capacitor of 0.5m by 1m has a separation
of 2cm and a voltage difference of 10V.BTL 5
A 8.854x10 “x0.5x1
12 |C=g = 2 =2.2135x1071°F
d 2x10
Energy stored in a capacitor E=1/2 CV2 =1/2 X 2.2135 X 10'1° X102=1.10675 X 10°
Joules.
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Express the value of capacitance for a co-axial cable.BTL 5
2 me &, . . .
13 | C= | ', Where b — outer radius: a — inner radius.
In
a
Determine the capacitance of a parallel plate capacitor with two metal plates of size
30cm x 30cm separated by 5mm in air medium.BTL 5
Given data: A = 0.3 X0.3 = 0.09m?; d=5 x 10°m.
14 A 0.09x8.854x10 ”
€0=8.854 X 10%C=  go=
2 5x10°
=15.9nF
What is the physical significance of divD? BTL 1
15 | v.D= pv. The divergence of a vector flux density is electric flux per unit volume leaving
a small volume. This is equal to the volume charge density.
A parallel plate capacitor has a charge of 10-3 C on each plate while the potential
difference between the plates is 1000V.Calaculate the value of capacitance. (Nov
16 | 2012)(May2012)BTL 5
) Q 17
Given data, Q = 10-3C, V=1000V,C= = =1pF.
V. 10
Give the significant physical difference between Poisson’s and Laplace equation.
(Nov 2011, Nov/Decl14, Nov 2018)BTL 2
Poisson equation: v’v=-p/e
Where p — Volume charge density, € — Permittivity of the medium; v *=taplacian
operator.
17 | ov  on o'
, + + , =" p/e
ox- ey ?® oz
_ RV LV RY
Laplace equation: v =0 ; ot + =0
ox oy * 8z
The Laplace equation is defined only for the region which is free of charges.
State the properties of efectric flux lines.(Nov/Dec 2014)BTL 1
a. It must be independent of the medium.
b. Its magnitude solely depends upon the charge-frem which it-eriginates,
18 : . . T . .
c.If a point charge is enclosed in an imaginary sphere of radius R, the electric flux must
pass perpendicularly and uniformly through the surface of the sphere and
d. The electric flux density, the flux per unit area is then inversely proportional to R?.
What is the electric field intensity at a distance of 20 cm from a charge of 2 uC in
vacuum? (Nov/Dec 2015)BTL 5
19 _Q e 2:10™6 )
E=——-VI/m; E= ——— V/m;
4rErs s 8,554 10~ 22°0.022
E=4.49*10" V/m
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Calculate the capacitance per Km between a pair of parallel wires each of diameter
1cm at a spacing of 50cms. (Nov/Dec 2015)BTL 5
20 | ¢c= ?F{k’m : A=2mth=2n* 1*10°*1= 6.28 *10°° km? d = 50 *10-°km;
¢ = == Fjkm = 1,112 *10°* F/km.
Find the electric field intensity in free space if D=30az C/m?. (April /May 2015)BTL
21 |9
D= ; E=2;E=—>—— =3.388*102 V/m
8.854=1022
What is the practical significance of Lorentz’s Force?(April /May 2015)(Nov/Dec
2015)BTL 1
When an electric charge element is moving in a uniform magnetic field (B) with velocity
22 | V, the charge experience a force (dF). This force is called as Lorentz’s force.
dF = d@VEBsind, 0 is angle between V and B.
The direction of lorentz’s force is maximum if the direction of movement of charge is
perpendicular to the orientation of field lines.
93 Find the capacitance of an isolated spherical shell of radius a. (Nov 2016)BTL 5
C=4ner
Find the magnitude of D for a dielectric material in which E=0.15MV/m and &r=5.25.
24 | (Nov 2016)BTL 5
' D =8.854x 1071 x 525 x0.15 % 10® = 6.97uV /m
Define capacitor and capacitance. (May 2016)BTL 1
25 | Capacitor is a passive element that stores electrical energy in an electric field.
Capacitance is the ability of a body to store an electric charge.
PART *B
Derive the expression for energy and energy density in the static electric field.(Nov
2013, Nov 2015, Nov 2018) (13 M) BTL 2
Answer: Page - 2.24 — Dr. P. Dananjayan
Energy: (7 M)
» Capacitor stores the electrostatic energy.
» Voltage connected across the capacitor, capacitor charges.
» Potential is defined as work done per unit charge.
» V=dw/dQ
» dW=V.dQ
> butV=Q/C
1 > w=2%4dq
0c
> W=Q?%2C
> ButQ=CV -
> Energy =%C V?
Energy Density: (6 M)
» Consider a elementary cube of side Ad.
» AC=¢cA/Ad=¢cAd
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> AW =% AC (AV)?

» But AV=E. Ad

> AW ="%gE?AV

» Energy Density =% DE

Deduce an expression for the capacitance of a parallel plate capacitor with two
dielectrics of relative permittivity €1 ande2respectively interposed between the
plates.(Nov 2013, May 2015, May 2016) (13 M)BTL 2

Answer: Page - 2.16-Dr. P. Dananjayan

2 |
L
I d_d1
, =
[ ——
= — M)
» Consider a parallel plate capacitor consist of two dielectrics.
» erl and er2 relative permittivity of medium 1 and 2.
» V=V1+V2
» Vi=Eldl
» V2=E2(d-dl)
» V=Eldl+E2(d-dI)}5M)
D Q
E, = =
€f, A € €o
s
3 %8y G,
»
v = & _‘_1|_ 49 d (—1].T
Ag, £, €, |
Q_ = &0
Vo 4 4G
$, £ B
C Aty

d. d—dl
g, '

I €ry

Gapacitang®= A 0 &r / (dy e+ (d—d;)}6 M)
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M)

5
.
.
.
.

Derive the electrostatic boundary conditions at the interface between two dielectrics
and a conductor to dielectric medium.(Nov2013, Nov 2014, Nov 2015, Nov 2018) (13

BTL1

Answer: Page- 2.25 - Dr. P. Dananjayan

The boundary conditions at an interface separating
Dielectric (&n) and dielectric (&n)
Conductor and dielectric
Conductor and free space
To determine the boundary conditions, we need to use Maxwell’s
equations:
$E.dl = 0—(1)
§ D.ds = Qe —(2)
Where Q. is the free charge enclosed by the surface S.
Electric field intensity 1s decomposed into two orthogonal components.
E = E, +E, ——(3)
Where E,; and E, are tangential and normal components of E to the interface

of interest.
Dielectric to Dielectric Boundary Conditions:

Consider E field existing in a region that consists of two different
dielectrics.

The fields E, and E; in media 1 and 2 respectively.
Region 1| €4
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Boundary between two perfect dielectrics

¥ El = Elz + E:lﬂ ———(43:}

» Ea = Ea; + Eayy ——{40)

= Apply equation (1) to the closed path abcda, assuming that the path is very
small with respect to the spatial variation of E. we obtain

5 u=E Aw—E, o —Ep o — Ephw + Ep S+ By S — — — — — (5)
wheie E, = |E,| and E,, = |E,|
The 2 terms cancel and equ (5)becomes,
0= (E:lt — Ezr}ﬂw
[Exe = Ez:|—(6) (6 M)

Tangential components of E are the same on the two sides of the boundary.
Since D =& E =D+ Dy, equation (§) can be written as,

» Du_p _fp —Dau
o it It =

o

» Dy undergoes some change across the inferface. Hence Dy 1s said fo be
discontinuous across the interface.

» Similarly., we apply equation (2) to the pillbox (Cylindrical Gaussian
Surface), the confribution due to the sides vanishes Allowing Ah —= 0
gives,

 OAQ = pcAS = Dy AS — Do AS

Boundary between two perfect dielectrics

- El = E].E + Ejﬂ ———(43.}

¥ E3 = Ear + Ean ——(4h)

» Apply equation (1) 1o the closed path abeda, assuming that the path 1s very
small with respect 1o the spatial variation of E. we obtain,

AR Ak Ah Ah

b=EAw — Eyy— — By —Epw + By — + Ejp—5— — — — — (5)
Where E, = |E,| and E,, = |E,|

*» The %mrms cancel and equ {5)becomes,

= 0= (Elt - Ezt}ﬂw

# [Eye = Ez|—(6) (6 M)
Tangential components of E are the same on the two sides of the boundary.
Since D = g E =D+ Dy, equation (§) can be written as,

» Du_p _—fp =D
P 1t 2t p

B Dae — Poe _ _ _ _ ()
Eq Eg

% Dy undergoes some change across the interface. Hence Dy is said to be
discontinuous across the inferface.

¥  Similarly, we apply equation (2) to the pillbox (Cylindrical Gaussian
Swurface), the confribution due to the sides wanishes Allowing Ah = 0
gives,

¥ AQ = psAS = DypAS — Do AS

Explanation 3M

3 r.:mﬂ1:£r_1 C?I""ﬂ

tan 8 Era
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Find the potential at a point (3,5,2) due to two-point charges one located at (2,0,0)
and the other at (-2,0,0). The charges are 4 pc AND -5 pc respectively. (6 M) BTL 5
Answer: Page - 2.30 - Dr. P. Dananjayan

ri=735m

r2=548m

VA = Q/4nelrl =-6122 V (2 M)

VB = Q/4ne0r2 = 6569 V (2 M)

V=VA+VB

Answer — 447V (2 M)

YVVVVVY

Derive the Poisson’sand Laplace’s Equations. (May/June 2014, Nov/Dec 16,
April/May 2018) (13 M)BTL 1
V.D:/% yD=¢E

V.(gE):pV

¢ V.E=p

>
>
> V.E =
>
>

> v.wvy=*

P+ This is Poisson’s equation.(6 M)
&
In a certain region, volume charge density is zero, p=0which is true for

A\
<
>
I

|

A\

5. dielectric medium.

Then the Poisson’s equation takes the form,

vv=0v’vis laplacian of ‘V’

This is special case of Poisson’s equation and is called Laplace equation.
V2Operation / Laplace equation in different co-ordinate system:

The potential “V’ can be expressed in any of the 3-co-ordinate system as
V(x,y,z),(r,4,2)&(r,0,9).
Cartesian co-ordinate system or Rectangular co-ordinate system

o’V e’V av
ViV = + + =0

ox” ay2 oz’
Cylindrical co-ordinate system
10/( av) 1 (av) oV

Lr J+ , | , | + , = 0

ror or r-l(o¢ ) oz
Spherical co-ordinate system

1 0 ( oVv) 1 0
> VYV = | r? |+ sin
rarl or ) r’sinfaoo

VVVYV VY

2,

VYV =

vV V VYV VY V

( av ) 1 BRY
6 |+ :OgM)
\ 060 ) r’sin‘0o¢
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6

A capacitor consists of two parallel metal plates 30cm x 30cm surface area,
separated by 5mm in air. Determine its capacitance. Find the total energy stored by
the capacitor and the energy density if the capacitor is charged to a potential
difference of 500V?(Nov 2014) (6M) BTL 5

Answer: Page - 2.73 - Dr. P. Dananjayan

» Energy =% CV2=19.92 u Joules (2 M)

» Energy Density =% DE =0.0442 (2 M)

> Potential = VV/d = 500/(5*10-3) (2 M)

Derive an expression for capacitance of concentric spheres. (Nov 2015) (7M) BTL 2

Answer:Page - 2.19 - Dr. P. Dananjayan

Consider two concentric spheres.
Inner radius ‘a’ and outer radius ‘b’.
er be permittivity of dielectric medium.

Charge Q distributed uniformly over the outer surface of inner sphere. (3 M)

YV VVYV

E = : (asr=b)

qner

The potential difference between the sphere is

Q 4o e
I'I__4n5ﬁ2

@
v _'Iq-J'IEF

i, i[l]"

qme Lrl,

L

i
lo
| |
]
T
I_
]
8 o
| "S—

Q [ ak
L= v _4n£lb—u_-|,
ab
C = 4]“‘:'[.‘:—5]

(4 M)
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PART * C

If v=2x’y+20z-

X2+yZ
BTLS
Answer: Page - 2.35 - Dr. P. Dananjayan
©Solution: E = -VV

E(6,-25,3) = ~[(-60+0.0268)a, +(72-0.012)a, + 20 a,

“ w148 ML Vi

EfJE
8.854 x 10-12 x [59.97a,-71.99a,-200 ]

I

D

D(6.-2.5.3)
0.53a,-0.637a,-0.177a, nc/m’

V, find electric field & flux density at P(6,-2,3). (7 M)

(4M)

3 M)
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Given an electric field E = 72 a +E a +5aV/m, find the potential difference

2 X y
Y Y

A
Potential difference Vg = - [[E-dl
I

i

7 2 |
-I—%dx - fgdy - fsax

4 | 2

) P '
NS
6 6
=287

x =4, y=I
Vag = 2.357-1.5+5 = 5.857 volts (8 M)

Given that the nntential v/ — 120 sin eﬁnrl tha F and V at v = 3, 0=60 , Q0= 25

For spherical co-ordinates,
_@V- lav- 1 4V
VW = %*r 3 %" ;sin0 ¢ %
— 240 sin 6

r]

év

or

dV _ 120cosB
o

v

d rl
0
3¢ 0
—~ 240 si = _
vV = 2 0351116 g 1204'3059 %
r r
240 sin 60° — 0=
E=_VV = ann - 120003560 5
3 3
= 7.7a, - 222 a,

IEl = V@7 + 2227 =8014 Vim (3 M)

GivenV =x% +10z+ 2 log (x* +y?) find V, E, D at (1, 2, 3). (15 M) BTL
5

0  V=axly+10z+2logx’+y})
V(1,2,3) = 1x2 + 10x3 + 2log(1 +4) = 2+30+2log(5)

= =334V
32+2log5 = 33 (3M)
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(i) E=-VV
- p= ‘i 2 2 2 - 0
-| a, ax(x y+2log(x*+y%) + a $(x2y+
- @
2 log (x? ’y2)) + a, S (10z) }

= -(48 a, + 26 a, + 10a,) V/m (4 M)

(iii) D =¢-E
_ 4 x = - 4y ) Sl |
£ 2xy+x_z+y, )a,+[x‘+m)ay+100:]

D(1,2,3) = -8854x107'? (484, + 264, + 10a) o/m’

o}
[

(4 M)
= 8 o= 0 L= @
VD =-8€ |5 *4a T Ay
= 4x e 4y -
x [0,(2XY + x2+y2) +a, ( + x2+y2) + ".-(10)]
3 Y- Qg Y ¢ oD
- -zo[a—x'Qsz“;}%'y'i)* By (x* + x2+y2) + az(lo)]

p(1,2,3) = -8.854x 1072 x 2x2

35416 x 107" om® (4 M)

Calculate the capacitance of a parallel plate capacitor with the following details:
Plate area A = 100 cm?

Dielectric 1, er1 =4, d1 =2 mm

Dielectric 2, &r2 = 3, d2 =3 mm

If 200 V is applied across the plates, what will be the voltage gradient across each
dielectric? (8 M)BTL 5

Answer: Page - 2.44 - Dr. P. Dananjayan

D=Q/A

E=D/eoer

C=Q/V

C =59 pf (2 M)

V1=66.66 V(2 M)

V2 =133.33V(2 M)

E1l =33.33 kV/m(2M)

E2 =44.44 kVIm

VVYVYVYVVYVYVY

A parallel plate capacitor with d = 1 m and plate area 0.8 m? and a dielectric relative
permittivity of 2.8. A dc voltage of 500 V is applied between the plates, find the
capacitance and energy stored. (8 M)BTL 5
Answer: Page - 2.61 — Dr. P. Dananjayan

» d=1m
A=08m?
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» er=28
» C=¢A/d
> Energy Stored =% C V?=0.99 ] (8 M)
UNIT 111 MAGNETOSTATICS
Lorentz force, magnetic field intensity (H) — Biot-Savart’s Law - Ampere’s Circuit Law — H
due to straight conductors, circular loop, infinite sheet of current, Magnetic flux density (B) — B
in free space, conductor, magnetic materials — Magnetization, Magnetic field in multiple media
Boundary conditions, scalar and vector potential, Poisson’s Equation, Magnetic force, Torque,
Inductance, Energy density, Applications.
Q. *
No Part* A
Questions
Define magnetic flux and magnetic flux density. BTL 1
Magnetic flux:
Magnetic flux is defined as the flux passing through any area. Its unit is Weber.
1 ®=[B.da Weber. Magnetic flux density.
Magnetic flux density is defined as the magnetic flux density passing per unit area.
Its unit is Weber / meter or Tesla.  B=®;B=puH
A
Define magnetic Gauss’s Law. (May 2019) BTL 1
2 The total magnetic flux passing thorough any closed surface is equal to zero. [B.da=0
State Biot- Savart law. BTL 1
It states that the magnetic flux density at any point due to current element is proportional
3 to the current element and sine of the angle between the elemental length and the line
joining and inversely proportional to the square of the distance between them.
4 1dl sin
- 4rxr’
State the Lorentz force equation. (Nov 2013) BTL 1
4 The force on a moving particle due to combined electric and magnetic field is given by
F=Q [E +VxB ].This force is called Lorentz force.
State Ampere’s circuital law. (May 2014, May 2016, Nov 2016) BTL 1
Ampere’s circuital law states that the line integral of magnetic field intensity H about any
5 closed path is exactly equal to the direct current enclosed by the path.
[H.dI=1
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Distinguish between diamagnetic, paramagnetic and ferromagnetic materials. BTL 1
Diamagnetic: In diamagnetic materials magnetization is opposed to the applied field. It
has magnetic field.

Paramagnetic: In paramagnetic materials magnetization is in the same direction as the
field. It has weak magnetic field.

Ferro magnetic: In Ferromagnetic materials is in the same direction as the field. It has
strong magnetic field.

Compare scalar magnetic potential with vector magnetic potential.(Nov/Dec 2014)
BTL1 scalar maanetic potential Maanetic vector potential

It is defined as dead quantity | It is defined as that quantity whose
whose negative gradient gives | curl gives the magnetic flux
the magnitude intensity if there | density.

IS No current source present. B -v X A; where A is the

H=-VV V\m/here,Vm is the magnetic vector potential.

. . )7 J
magnetic scalar potential. A= I ar  Web/m
V,=—[H.dl v

A solenoid with a radius of 2cm is wound with 20 turns per cm length and carries
10mA. Find H at the centre if the total length is10cm. BTL 5
Given data,N=nl =20 x 10 =200 turns; | =10 X 102 m;  1=10x10°%A;— —

NI

H = = 20AT/m.
|

Determine the force per unit length between two long parallel wires separated by 5
cm in air and carrying currents 40A in the same direction. BTL 5

Force / length = #°'+'= = 40x 40

27D — 27w x5x%x10

=6.4 x 10 N/m.

x4 7x10

2

10

Define magnetic susceptibility and their relation with relative permeability. BTL 1
Magnetic susceptibility is defined as the ratio of magnetization to the magnetic field
intensity. It is dimensionless quantity-—— - "

H
u =1+ y Where , is relative permeability; x is susceptibility

11

Give four similarities between Electrostatic field and Magnetic field. (Nov/Dec 2014)
BTL1

Electrostatic field Magnetic field
1. Electric field intensity E (| 1. Magnetic field intensity H ( Amp/m)
volts/m ) 2. Magnetic flux density B=pH (web/
2. Electric flux density D=¢E ¢/m | m2)
3. Energy stored is 1/2CV? 3. Energy stored is 1/2L1?
4. Charges are rest 4. Charges are in motion

JIT-JEPPIAAR/ECE/Dr. Prajith Prabhakar/II" Yr/SEM 04 /E8451/ELECTROMAGNETIC FILEDS /UNIT 1-5/QB+Keys/Ver 2.0
4.41




REGULATION:2017 ACADEMIC YEAR: 2019-2020

12

What will be effective inductance, if two inductors are connected in (a) series and (b)
parallel? BTL 2
(@) ForseriesL =Ly +L>+2M

LL -Mm*
(b)For Parallel L =——*——
L +L +2M

Where, (+) sign for aiding , (-) sign for opposition

13

Distinguish between solenoid and toroid. BTL 1

\ Solenoid Toroid \

Solenoid is a cylindrically shaped coil | If a long, slender solenoid
consisting of a large number of closely | is bent into the form of a
spaced turns of insulated wire wound | ring and thereby closed on
usually on a non — magnetic frame. itself, it becomes toroid
Inductance of solenoid is given by Inductance of solenoid is

uN’A given by
L=""° 4 NZA  uN?r?

| L =—2 —

27R 2R

14

Define magneto-static energy density. (Nov 2011) BTL 1
It is defined as the ratio of magnetic energy per unit volume.

15

Write the expression for the inductance per unit length of a long solenoid of N turns
and having a length ‘L’ meter carrying a current of I amperes. (May/June 2014, Nov

2018) BTL 1

_ NI
H=""(cos 0-Cos0]
21

16

State the boundary condition at the interface between two magnetic materials of
different permeability. (May 2012) BTL 1

Hu=H, Bn1=Bn2,

Hi, He are the tangential magnetic field in region 1 and 2 respectively.

Bn1, Bn2 are the normal magnetic flux density in region 1 and 2 respectively.

17

Write down the magnetic boundary conditions. (Nov 2013, May 2016) BTL 1

1 The tangential component of magnetic field intensity is continuous across the
boundary.Hu = He.

2 The normal component of magnetic flux density is continuous across the boundary.Bn;
= Bn2

18

State Ohm’s law for magnetic circuits.  (Nov 2012, Nov/Dec14) BTL 1
Sum of Magnetic motive force (mmf) in a closed path is zero.

19

State Lorentz Law of force. (May 2012) BTL 1
When a current carrying conductor is placed in a magnetic field, it experiences a force
given by,dF =1 x B dl = BI dI sinf Newton.
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State the law of conservation of magnetic flux.  (Nov 2011) BTL 1
An isolated magnetic charge does not exist. Thus, the total flux through a closed surface

20 | is zero.
” B .ds=0.This is called as law of conservation of magnetic flux.
Determine the value of magnetic field intensity at the centre of a circular loop
21 carrying a current of 10A. The radius of the loop is 2m. (Nov/Dec 2014) BTL 5
H="' - _sam
2a 2x2
What is the mutual inductance of two inductively tightly coupled coils with self -
29 inductance of 25mH and 100mH?(Nov/Dec2015) BTL 5
L1 =25mH, L, = 100mH, M=K L,L, = 25X100 =50mH
23 Find the force of interaction between two charges 4*102 and 6*10- spaced 10cm
apart n kerosene (g, = 2).(April /May 2015) BTL 5
Force of repulsion = 4Ef;: a,=1.07908 N
Find the maximum torque on an 100 turns rectangular coil of 0.2 m by 0.3m,
24 | carrying current of 2A in the field of flux density 5 Wbh/m? .(April /May 2015) BTL 5
Tmax = NBIA =60 Nm
A conductor 4m long lies along the y-axis with the current of 10A in aydirection, if
25 | the field is B=0.05ax Tesla. Calculate the force on the conductor. (Nov 2016) BTL 5

F =1IBsin® =10 x 4 x 0.05 X 5in90 = 2N

Part* B

Derive an expression for the magnetic field intensity and magnetic flux density at a
point P in a medium of permeability ‘p’ due to (i) an infinitely long current carrying
conductor at a distance ‘r’ meters from the point.(ii) a finite length conductor. (April
2015, Nov 2011, Nov 2012, May 2012, Nov 2018) (13 M) BTL 2
Answer: Page —3.3- Dr. P. Dananjayan
» Consider an infinite long straight conductor along z-axis.
» Current passing through a conductor is a direct current of I.
> The field intensity w at the point ‘p’ is to be calculated, which is at the
distance ‘r’ from the z-axis.
» Consider small differential element at point 1, along the z-axis at a distance z
from origin.

ldL=Idza (4 M)
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int1f =
Poin ~E
dL
Ri2
za,
o, - Py
2l ra, \
i Point 2
e |
> 2M)
# The distance vector joining point 1 to point 2 is &,. can be written as
® Riz=-za, tra,
- R: ra, -:za,
L S e
|R|: Afrf+ st
dLxa dz |-rdz:

* dlxa, -0 0
|r o

_z |

Derive the expression for force between two parallel conductors. (7M )(Nov 2018)
BTL1

Answer: Page - 3.17 - Dr. P. Dananjayan

» According to amperes force law, the force F between two parallel wires
carrying currents Iy and |2 is directly proportional to the individual currents and
2. inverfgly proportional to the square of the-gistance between them.
» F«x I_RT (3M) N
> F=KI" _
R2 -
> Where K is proportionality constant depending-tpen-the medium K =4ﬁ
> il
4 R? _
The force F is attractive if the two currents |, aTdt, are the samedirections.

>
Repulsive if in opposite direction.( 4 M)
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Derive
1

>

YVVYVYY

the magneto-static boundary conditions. (May 2014, April 2015) (13 M) BTL

Answer: Page -3.23 - Dr. P. Dananjayan

The condition at the magnetic field exiting at the boundary of the two media
when the magnetic field passes from one medium to other are called boundary
condition for magnetic fields.

The condition of s and 1 are studied at theboundary.

The vectors are resolved in to two components:

Tangential to the boundary

Normal (perpendicular) to boundary

Consider a boundary between two isotropic, homogeneous linear materials

\ Medium
Hq
Aw

B AS
\

\

N

Gaussian
surface

Boundary conditions for Normal Component
According to the Gauss law for the magnetic field,

IB.ds=O 1)

S

Let the area of the top and bottom is same, equal to As
fiBds+ ] Bds+ [j Bds=0 (2)

top bottom bottom

For top surfaces
JB.ds=BN,[fjds=BN,As 3)

top top

For bottom surfaces

| Bds=BN, [fj ds=BN,As 4)
bottom bottom

For lateral surface

D‘j B.ds =0 )
Putting values of surface integral in equation (2) we get
BN,As-BN,As=0 (6)

(.. BN ,and B N ,are in opposite direction )
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BN,=BN, (7)
» Thus the normal component of b is continuous at the boundary. (4 M)

Boundary conditions for tangential Component
» According to ampere’s circuital law

fH =1
» Consider a closed rectangular path a b ¢ d, length Al and height Ah.

JIH.OL= [H.dL+ [H.dL+ [H.dL+ [H.dL = I
a b c d

» Allowing A H tozero

[H.dL+[H.dL=0

b d

HueniAl—HuanAl=1

ﬁlanl* H;ZZ —_—
Al
- (= — ) Js= .
a x Huni—Huwz =1 surface current density

> In vector form

Huwi—Hw=axJ
N

H_tanl— H:m: J

S

» Where a_N— unit vector in the direction normal at the boundary form medium1
to medium2.

» For B, the tangential components can be related with permeabilities of two
media

Btan, Btan, ]
/ul ’uz

» Consider a special case that the boundary is free of current in other words,
media are not conductors. So J ;=0

S

Heni— Hwn2=0

Hun=H m( 4 |\/|)
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Medium 1
Btan1 =
U B1
Bn1
%4
%2 Medium 2
4Byo
B E
; Btanz
> In medium 1,
tan al — tan1
BN
> In medium 2,
tan az tan 2
BN
tan o B By
1 tan 1 2
tan o B
2 N, tan 2
B =B
» We know that "+ ":
tan o B Hy
1 — tan 1 T’_\]
tan o B u
2 tan 2 r (q M\
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Develop an expression for the magnetic field intensity at any point on the line
through the centre at a distance ‘h’ m from the centre and perpendicular to the
plane of a circular loop (in XY plane) of radius ‘a’ m and carrying a current I
Ampere in thean ———— - — > ———— ) (13M)BTL 2
Answer: Page — 3

- ’ (4 M)

Let a = circular coil radius

| = current

Idl = current element

d = distance between point P to centre of the coil
dB=p01dlsin0/(4mnr?

sin®=a/(V(a?+d?

VVVVVY
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» ifd =0, the field at the center B = pu0I/2a
» H=1/2a(9 M)

Derive an expression for magnetic field intensity in a rectangular loop which is
carrying a current of ‘I’ amperes and is situated in a uniform magnetic field ‘B’
Wb/m?. (Nov 2014) (8 M) BTL 2

Answer: Page -3.06 - Dr. P. Dananjayan

D I )
o, |
P
b 41 1|
0, ‘
4 258 ‘
A!_ a & ®
. The magnetic field intensity at the centre P due to segment AB or CD.
: I
H= Gd [cos B, +cosB,]
=
Butd-—2, 9."92=9
21
H = x5 - 2cosB
[
= Ecose
b
where ¢c0s0 = =——

The magnetic field intensity at P due to AB and CD
H, = :—I!;cos 0

21

H = —F5>—

n \ a®+ b2
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Similarly, the magnetic field intensity at P due to segment BC or DA
I
H = g7 [cosé) + cos,]

a
But d = 7, =629
21
H = Rz 2cos ¢
il
= xa
a

where cos¢ = _f—__a2+bz

For square loop of side a,

a=>5b
41 2y 21
na ﬁ na (6 M)
Derive the expression for magnetic field intensity due to long solenoidal. (13 M) BTL

2
Answer: Page — 3.08 - Dr. P. Dananjayan
Let N = no. of turns

L =length

a = mean radius

| = current

Idl = Current element

Solenoic

YVVYVYYYVY

4M
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oSN’ O N1 rd6

a8 = 2rsin® [/ sin®
- o N Isin 6 46
- 21
The total magnetic flux density at point P due to whole solenoid is given by
poN1 %
B="5 | sin6de
8

po N 1
B = °2, [cos B, +cos@,]

The magnetic field intensity due to solenoid at P is given by

H = -?_-l! {0059,*00392]

Derive the expression for magnetic field intensity due to the centre of the Toroidal
coil. (TM) BTL 2

Answer: Page — 3.11 - Dr. P. Dananjayan

@2 M

» Consider a toroidal coil of mean radius ‘r’
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e Current=1
> No. ofturns=N
$H.dI = N1
2= r
H [ a1 =N1
0
H2rr = N1
The magnetic field H = ;lrlr
P 5 = o NI
The magnetic flux densityis B = pu,H = =
B NI
B =t
G M)
Obtain 1 , 3TL 2
Answer: £
T 7
/ :'l Axis of rotation
[/ =
/ b
f—b+—/
/
-’l 8
Axis of rotation
F
(a) (b) (3 M)
» Consider the rectangular loop.
» Length =1
> Breath=Db
» Current =1
> F=BIllsin®d
» T =2*Torque on each side
> T =2*Force * Distance
> T=BIAsInO
» Magnetic moment of loop is IA
> m=I1A
> T=mBsin0
» m=T/B(4 M)

4.52
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Derive an expression for Scalar magnetic potential and vector magnetic potential.
9. | (13 M) (Nov 2018)BTL 2
Answer: Page - 3.20 - Dr. P. Dananjayan

JIT-JEPPIAAR/ECE/Dr. Prajith Prabhakar/I1" Yr/SEM 04 /E8451/ELECTROMAGNETIC FILEDS /UNIT 1-5/QB+Keys/Ver 2.0
4.53



REGULATION:2017 ACADEMIC YEAR: 2019-2020

Scalar Magnetic Potential:
Ampere’s circuital law states that the line integral of magnetic field intensity H about any
closed path is exactly equal to the direct current enclosed by the path.

fH. =1 (2 M)
If there is no current is enclosed. J = 0
$H.dI=0
Magnetic field H can be expressed as negative gradient of a scalar function.
H=-VV,
where, V_ is called scalar magnetic potential.
V, = -[H-al
Magnetic field H can be expressed as negative gradient of a scalar function.
H=-VV,
where, V_ is called scalar magnetic potential.
V,=-[H-dl
This scalar potential also satisfies Laplace’s equation.

In free space, V-B = 0
Mo V-H =0
But, H = -VV,_
HoV-(-VV,) =0
- V?V,, = 0
VZVM =0 (5 M)

Vector Magnetic Potential
Divergence of vector is scalar, vector potential is expressed in terms of curl.(2 M)

ie, V:B =10

B VxA

where, A is magnetic vector potential.
Take curl on bothsides, V xB = VxVxA

By the identity, VxV xA = V (V-A) - V2A
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But VxB = pulJ
V((V-A)-V3A = pnJ

For the steadyde, (V-A) = 0
then, -V?A = pJ

a, VA, + a,V?A,+a, VA, = —p(@J, +a,l, + a,l,)
Equating V*A, = —uJ,
2 =
VE Ay ==pnl;
VZA, = -pl,

The general, magnetic vector potential can be expressed as

B ol
A=;m,d" (4 M)

The internal flux linkage of the conductor A is given by

“Oprl

¢ = o

8n

The external flux linkage with the conductor A is given by

Mol
¢, = Eo;ln(%)

The total flux linkage of Ais ¢ = ¢ +¢,

BoM,I gl
._9_+L,n(d)

8n 2n a
LA . %
k[ 4_)]
LA o 4“[2 +21n(a H/m
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Determine the inductance per unit length of a two-wire transmission line with
Separa‘tion distanr‘o A Farh wira hac a radiiic a /1Q NN RTI 1

Answer: Page - 3

y 4

A B l

‘____
Q

l 2M)

10.
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similarly for conductor B, the total flux linkage is

Bot, I ol g)
6 = = +27:1"(a

The total inductance of conductor B is
_ Ho | K (_«1”
LB - 4‘“ { 2 + 21" a
L=La+Lg

L =po/4n * [ ur + 4 In (d/a)] (6 M)

PART *C

Evaluate the inductance of a solenoid of 2500 turns wound uniformly over a length
of 0.5 m on a cylindrical paper tube 4 cm in diameter. The medium is air. (Nov
2016) (8 M) BTL 3

Answer: Page - 3.70 - Dr. P. Dananjayan

1. | N=2500
1=0.5m
d=4cm

A =nd*4=12566*10* (4 M)
Inductance L = u0 N2A /| = 19.7386 mh (4 M)

At a point P(x,y,z) the components of vector magnetic potential A are given as Ax =
(4x + 3y +22) ; Ay = (bx + 6y + 3z) and Az = (2x + 3y + 5z). Determine magnetic flux
density B at any point P. (7 M) BTL 3

Q"m S

ax
2. B =VxA= o
Ox
Ax+3y+2z 5x+6y+3z 2x+3y+5z 2 M)

B:2az(5 M)

In cylindrical co-ordinates, a - s ,:a Wb/m is a vector magnetic potential in a

certain region of free space. Find the magnetic field intensity H, magnetic flux
density B and current density J. (15 M) BTL 5

o > —

a, pay, a

B=winst | 2 & g

P op ¢ Z
; 0 0 50p2

| L1202 (50 2)]~a [—(som]
| ¢ P ¢ ap
= 0"00PU°

=
1
|
H
°
P
:

(7 M)
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° |—

o 8 M)

10 _
If the vector magnetic potential is given by A= —————a,, obtain the magnetic
X'+y ' +z
flirx densgitv in \/pr‘fnr form (8 I\/I\ RTI & |
b
N_.:l,_‘(\_.rh( T\ WX Aoy Jj p \ - VX F\ in

- -3 :
I O’IA Qu} 4 {

0'.x
[U \\\43‘? ) D O /

! \ 09, % g ] q~ \
| TR = s 0 1 A0 )
| (& -, S ) QA g 7 > a

- ® 3

BNy . 4,
(1 3o ;?Lr' Ca kil o¥)

\1Hy+2) (¥ys2h) " |

' |

(4 M)

A wire carrying a current of 100 A is bend into the form of a circle of diameter 10
cm. Calculate (a) flux density at the center of the coil, (b) flux density at a point on
the axis of the coil and 12 cm from it. (8 M) BTL 5

Answer: Page - 3.46 - Dr. P. Dananjayan

B =po NI/2a=1.256 mWb/m?(4 M)

B= 0.0714 m Wh/m?(4 M)

Derive the expression for energy and energy density stored in magnetic field. (15 M)
BTL 1

Answer: Page - 3.41 - Dr. P. Dananjayan

Energy

6. > current through an inductor is increased from 0 to |

» potential across the inductor is v.

» energy supplied by the source in time is dv.

> dw = vi dt

> W= gidt
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> W=%LIZ(7TM)
Energy Density:

W =

Substituting the value of L in the above equation

T ] N’ A 2
1 NIY
- 3w () 14
W = % po H2 1 A
Energy stored per unit volume
W = % po B Jim?
=3 (MH
Magnetic energy density
1 !
W = 5BH joules/m’

The energy stored in a magneto static field is

dev
v

W = % JB-H-dVB%Iszdv

(8 M)
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UNIT IV TIME VARYING FIELDS AND MAXWELLS EQUATIONS
Magnetic Circuits - Faraday’s law — Transformer and motional EMF — Displacement current -
Maxwell’s equations (differential and integral form) — Relation between field theory and circuit
theory — Applications.
Q.
No Part* A
State Faraday’s law of electromagnetic induction. (May 2016, Nov 2016) BTL 1
1 Faraday’s law states that electromagnetic force induced in a circuit is equal to the rate of
change of magnetic flux linking the circuit. Emf= i
dt
Define mmf and reluctance. BTL 1
Magnetic motive force (mmf ) is given by mmf = flux x reluctance
mmf=®%  Amp.turns.
2 Reluctance is the ratio of mmf of magnetic circuit to the flux through it.
f |
RN = m . Itisalso writtenas % = — ;Wherelis the length, A is the area of cross-
flux (@) HA
section, p is permeability
What is the expression for energy stored and energy density in magnetic field?BTL1
3 Energy W = Y *;WhereL is the inductance, | is the current.
2
. 1 1,
Energy density (w) =_BH="uH
2 2
State Lenz’s law.BTL 1
4 Lenz’s law states that the induced emf in a circuit produces a current which oppose the
change in magnetic flux producing it.emf = -d_q)
dt
What is meant by Displacement current? (Nov 2013, May 2016, Nov 2018)BTL 1
5 Displacement current is nothing but the current flows through the Capacitor.
I.=C dV/dt.
State Ampere’s circuital law. Should the path of integration be circular?BTL 1
The integral of the tangential component of the magnetic field strength around a closed
6 path is equal to the current enclosed by the path. [ dl =1 .The path of integration must
be enclosed one. It must be any shape and it need not be circular alone.
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Write the fundamental postulate for electromagnetic induction. BTL 1
A changing magnetic flux (®) through a closed loop, produces an emf or voltage at the

: . d . . L
terminals as given byv = - ® where the voltage is the integral of the electric field E
dt
7 around the loop.For uniform magnetic field ® = B.A where B is the magnetic flux density
B
and A is the area of the loop. v=[ E.di=—[[ ds.This is Faraday’s law. It states that
ot

the line integral of the electric field around a stationary loop equals the surface integral of
the time rate of change of the magnetic flux density B integrated over the loop area.
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Write down the Maxwell’s equation in point form.BTL 1

From Ampere’s Law

oD
VXH=J+ —

ot
From Faraday’s Law

oB
VXE=- —
ot

From Electric Gauss’s Law,v .D=p,
From Magnetic Gauss’s Law,v.B =0

Write down the Maxwell’s equation in integral form. BTL 3
From Ampere’s Law

D)
§3Hd| ”I i+at—tds

From Faraday s Law

jea-|f
From Electric Gauss’s Law
ﬁ) D.ds= ”j pdv

From Magnetic Gauss’s Law

{:ﬁ B.ds=0

10

Mention four similarities between electric circuit and magnetic circuit.(Nov/Dec
2014) BTL 1

Electric circuit Magnetic circuit
1.emf (volts) 1. mmf( Amp-turns )

emf

2.current =
mmf

resistance 2.magnetic flux =

3.resistance R = 7_
A 3. Reluctance % =

1
4.Conductance G = __ HA
R

reluctance

1
4. Permeance P =_
R

11

Write down the Maxwell’s equations in point phasor forms. BTL 1
VxH=J+joD=(c+jwe) E

VXE=—joB=-jouH

vV.D=p

V.B =0

12

Write the expression for total current density. (May 2012)BTL 1
J=Jc+Jp
Jc is conduction current density, Jpis displacement current density.
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13 Why v B=0and vxE=0.?BTL 1
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v .B=0 States that there is no magnetic charge. The net magnetic flux emerging through
any closed surface is zero.
In a region in which there is no time changing magnetic flux, the voltage around the loop
would be zero. By Maxwell’s equation, v X E = - aB_ZO (irrotational).
ot
Why v.D=0?BTL 4
14 | In a free space there is no charge enclosed by the medium. The volume charge density is
zero. By Maxwell’s equation V.D=p =0.
Find the emf induced in a circuit having an inductance of 700pH if the current
15 | through it varies at the rate of 5000A/sec. (Nov 2011)BTL 3
E=L di/dt= 700 pH X 5000A/sec.=3.5 volts
Compare the relation between Circuit theory and Field theory.(Nov/Dec 2014, Nov
2018)BTL 1
Circuit Theory Field Theory
This analysis originated by its own. Evolved from Transmission theory.
Applicable only for portion of RF Beyond RF range (Microwave)
range.
The dependent and independent | Not directly, through E and H.
parameters I, V are directly obtained
for the given circuit.
16 Parameters of medium are not | Parameter of medium (permittivity
involved. and permeability) are involved in
the analysis.
Laplace Transform is employed. Maxwell’s equation is employed
Z, Y, and H parameters are used. S parameter is used.
Low power is involved. Relatively high power is involved.
Simple to understand. Needs visualization ability
Two-dimensional analysis Three — dimensional analysis
Frequency is used as reference. Wave length is used as reference
Lumped components are involved Distributed components are
involved.
Distinguish between conduction and displacement current.(Nov 2011, Nov 2018)BTL
1
Conduction current. Displacement current
17 Conduction current is nothing Displacement current is nothing but
but the current flows through the current flows through the
the conductor. Capacitor.
|= oE. = = ja_D.ds
ot
A conductor of 1m length is moved with a velocity of 100m/sec. perpendicular to a
18 | field of 1 tesla. What is the value of emf induced?(Nov 2012)BTL 3
Einduced=118, Where £100m/sec, =Im, B=1 tesla, Therefore Einguced=100x1x1 =100
19 | What is the significance of displacement current?(Nov 2012)BTL 1
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The displacement current Ip through a specified surface is obtained by integration of the
normal component of Jp over the surface.
oD
l,=[3,ds=[ .ds—
[rote]
OE
I, =¢ —ds
ot
This is a current which directly passes through the capacitor.
A loop is rotating about the Y axis in a magnetic field B= Bosinwt i web/m?. What is
20 the type the voltage induced in the loop? (May 2012)BTL 3
Motional or Generator emf is induced in the conductor as the conductor position varies
with respect to time.
Calculate the characteristics impedance of free space and of the medium whose
relative  permeability is 1 and relative permittivity is 3. (Nov
2012)(Nov/Dec2015)BTL 3
E
21|, -5 ]~
H &
[ amx10-7x1
= [ =174
4 2854 %10-12 %3
A parallel plate capacitor with plate area of 5 cm? and plate separation of 3 mm has
a voltage 50 sin 10% V applied to its plates. Calculate the displacement current
assuminge = 2 €;.(Nov/Dec2015)BTL 3
D _ _8E, _ _V
22 Id:E_EE’E_d
[.— 58v = 28dv
d~ d gt d dt
_2x8854x10” 12 8(50sin10%) _ 2 951*10%4cos103t A/m?
3102 ar ’
Define mutual inductance and self-inductance. (Apr/May2015) BTL 1
Mutual inductance.
The mutual inductance between two coils is defined as the ratio of induced magnetic flux
linkage in one coil to the current through in other coil(M) = NP ;Where N , IS number
il
23 | of turns in coil 2; o ,is magnetic flux links in coil 2 and i1 is the current through coil 1.
Self -inductance.
The self -induction of a coil is defined as the ratio of total magnetic flux linkage in the
circuit to the current through the coil (L) = N_q) Where o is magnetic flux; Nis
i
number of turns of coil; i is the current.
Distinguish between transformer emf and motional emf. (Nov 2013)(Apr/May
2015)BTL 1
24 The emf induced in a stationary conductor due to the change in flux linked with it, is
0B
called transformer emf or static induced emf. emf = - [[ —ds eg.
ot
Transformer.
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The emf induced due to the movement of conductor in a magnetic field is called motional
emf or dynamic induced emf. emf == vxB.dl eg. Generator

c

Moist soil has conductivity of 103 S/m and &=2.5, determine the displacement
current density if E=6.0x10 sin 9.0x10° t (V/m). (Nov 2016)BTL 4

25 3F i
Jn= EE.E,.E =8.854 x10712 x2.5x 6% 107 X 9 x 10% X cos9 x 10°t = 1.195 X 107 cos9 x 10°t

PART * B
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Derive the Maxwell’s equations in both point and integral forms. (Nov 2014, May
2014, Nov 2015, May 2015, Nov 2015, May 2016, Nov 2016, Nov 2018) (13 M) BTL 1
Answer: Page :4.13 - Dr. P. Dananjayan
Maxwell’s equation from ampere’s law (Maxwell’s equation-1):(4 M)
» Ampere’s circuital law states that the line integral of magnetic field intensity H
on any closed path is equal to current enclosed by that path.

E!jH.dI:I:J'SIJ.ds

» Total current involves both conduction current and displacement current.
» A current through resistive element is called conduction current.
» Current through capacitive element is called displacement current.
Ld = JC +J 5
Conduction currentdensity 3 -oE
. . oD
Displacement current density =3 =
GT:
" L JH A= [[(3c+3,)ds
oD
1 > Thean.dlzﬁ(aE+ Vds
. . ot
OE
" mH.dI:”(aE+s \ds -------------- (1) wherep = ¢E
ot

S

» This is Maxwell’s equation in integral form from Ampere’s law.
» By applying stoke’s theorem,

" fiHdl= [[(VxH )ds s )
» Comparing equations (1) Sand (2)

oD
] ”(VxH).ds:”(\H \.ds
s L a
oD
VxH=J+
. ot
oE
VxH=0cE+¢
" ot
» This is Maxwell’s equation in differential form or point form from Ampere’s

law.
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Maxwell’s equation from Faraday’s law (Maxwell’s equation-11):(3 M)
» Faraday’s law states that electromotive force induced in a circuit is equal to
rate of decrease of magnetic flux linkage in the circuit.

dg d
] e=—dt=—dt.!‘.[B.ds
. Bute=[le.dI
d
] DjE.dl:—dtS”B.ds
oB
. [JEdI=-[] o d§ mmmmmmmmmmmm e 3) [+B=uH]

» This is Maxwell’s equation in integral form from Faraday’s law.
» By applying stoke’s theorem,

fJE-dl = [[(VxE)ds 4)
» Comparing equations (3)Sand (4)

_ ”(VxE).ds:—”aaBt.ds

0B
VxE=-
. ot
oH
VxE=-pu
. ot
» This is Maxwell’s equation in differential form or point form from Faraday’s

law.
Maxwell’s equation from Electric Gauss’s law (Maxwell’s equation-111):(3 M)
> Electric Gauss law states that electric flux passing through any closed surface
is equal to the charge enclosed by that surface.
. V=0

> ”D.ds:Q

: Jif po0v=0
Then [[pds=([[p,dv 5)

» This is Maxwell’s equation in integral form from electric Gauss’s law.
» By applying divergence theorem

. [[Dds=[[[v.Ddv (6)
» Comparing equations (5) avmd (6)

. j{jv.odv:”vjp.dv

] vV.D =p . . . . . .
» This is Maxwell’s equation in differential form or point form from electric
Gauss’s law.
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Maxwell’s equation from Magnetic Gauss’s law (Maxwell’s equation-1V):(3 M)
» Magnetic Gauss law states that the total magnetic flux through any closed
surface is equal to zero.
] ¢: 0

= [[B.ds=0 7

» This is Maxwell’s equation in integral form from Magnetic Gauss’s law.
» By applying divergence theorem

H B.ds:”J'V.de
» Comparing equations (7) and (8)

. j{jv.s:o

" V.B=0
» This is Maxwell’s equation in differential form or point form from Magnetic
Gauss’s law.

(8)

State the boundary conditions of time varying fields at the interface between two
dielectric media, between a dielectric medium and a perfect metal. (13 M) BTL 1
Answer: Page : 4.21- Dr. P. Dananjayan
Boundary condition:(3M)
» Tangential component of E is continuous at the surface.
» Tangential component of H is continuous at the surface of perfect conductor;
otherwise H is discontinuous by an amount equal to linear current density.
» Normal component of D is continuous if there is no surface charge density,
otherwise D is discontinuous by an amount equal to surface current density
» Normal component of B is continuous at the surface.

2 He, 4 Hx,
—
Medium 1 E, > Exz Medium 2
‘ s
123} H2
£y : €3
E [
o £ ay vz o2
Hy, Hy,
1
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The integral form of the second Maxwell's equation is

fE-at = [[.ds
S
This is applied toa rectangle
Ax Ax _ 0B
E, Ay +E, 2+[:‘.x22 -E,, Ay-E, 2 = S 5 Ax by

Consider the area of the rectangle is made to approach zero by reducing the
width Ax to approach zero.

Then, Ey| Ay—l:‘.,,2 Ay =0

E, =E,
The tangential component of E is continuous.
The integral form of first Maxwell’s equation is

f}l-dl jj’(n——)

Applying to the rectangle
Ax Ax Ax aD
Hn Ay+H +H,2 2 H”Ay H, T—Hx3“2‘=(l+'aTJAxAy
If Ax = 0, then H},l Ay —H},2 Ay =0
H, =H,

Lt
Ao J-8% =3, A/m

If the Maxwell’s I equation is applied to the rectangle, then

Ax A Ax . Ax (oD
H, 4y +H, 5 +H, 5 ~H,&-H, 5-H, 5 (“a )A*Ay

dD
= ] Ax Ay +$AxAy
HJ‘l Ay—H;sz = J, Ay
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The integral form of the Maxwell's 3 equation

9D-ds - IVH pdv

Apply to the pill box at the boundary
D,lds-D,,ds = pds-Ax

As Ax — 0 i.e., the flat surfaces of the box are squeezed together
D_Ids-D,zds =0

D, =D

1 o

Lt
Ax =0 pv'Ax = Py

If the Maxwell's third equation is applied to the pill box
D,,ld.s' - D,,zds =p,ds-Ax = p,-ds
A - =
sAx = 0, D,,I D,, = p

s

The integral form of Maxwell’s fourth equation is

[B.ds = 0

Apply to the Pill box at the boundary,
B, ds - B, ds = 0
B, = B,

n

GM)

State and derive the Maxwell’s equations for free space in point and integral forms
for time varying field. (Nov2011&2013) (13 M) BTL 1
Answer: Page : 4.20 - Dr. P. Dananjayan
Maxwell’s equation from ampere’s law (Maxwell’s equation-1):(4 M)
» Ampere’s circuital law states that the line integral of magnetic field intensity H
on any closed path is equal to current enclosed by that path.

UIjH.dI:I:J'SJ'J.ds

» Total current involves both conduction current and displacement current.
3 » A current through resistive element is called conduction current.
» Current through capacitive element is called displacement current.
Ld = .]C +J 5
Conduction currentdensity y_ =o€

. . oD
Displacement current density =J -

ot

ot

> Then [ﬂH.dI:”(UE+aD\dS
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. mH.dI:”(o-E+8aE\ds -------------- (1) wherep = ¢E

ot

» This is Maxwell’s equation in integral form from Ampere’s law.
» By applying stoke’s theorem,

" [fjHdl= [[(VxH )ds e 2)
» Comparing equations (1) Sand (2)

- ([ (vxryas=[] 970 s
S L a
oD
VxH=J+
" ot
oE
VxH=0cE+¢
" ot
» This is Maxwell’s equation in differential form or point form from Ampere’s

law.
Maxwell’s equation from Faraday’s law (Maxwell’s equation-11):(3 M)
» Faraday’s law states that electromotive force induced in a circuit is equal to
rate of decrease of magnetic flux linkage in the circuit.

dg d
. e:—dt:—dt_s[_[B.ds
- Bute:[ﬁE.dl
d
. [ﬁE.dlz—dts”B.ds
oB
" fEdl=~] o d§ mmmmmmmmmmmm oo 3) [+B=uH]

» This is Maxwell’s equation in integral form from Faraday’s law.
» By applying Stoke’s theorem,

" [JEdI=[[(VxE)ds (4)
» Comparing equations (3)Sand (4)

. ”(VxE).ds:—”aaBt.ds

o8B
VxE=-
" at
oH
VxE=—-pu
" ot
» This is Maxwell’s equation in differential form or point form from Faraday’s

law.
Maxwell’s equation from Electric Gauss’s law (Maxwell’s equation-111): (3 M)
» Electric Gauss law states that electric flux passing through any closed surface
is equal to the charge enclosed by that surface.
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> ”D.ds=Q

: fif p.ov=a
Then H Dds = m p,.dv (5)

This is Maxwell’s equation in integral form from electric Gauss’s law.
By applying divergence theorem

[[pds=[[[ v.Ddv (6)
Comparing equations (5) avlnd (6)

I_[IV.de:”vJ'p.dv

V.D=
This is Maxwell’s ec?uation in differential form or point form from electric
Gauss’s law.
Maxwell’s equation from Magnetic Gauss’s law (Maxwell’s equation-1V):(3 M)
> Magnetic Gauss law states that the total magnetic flux through any closed
surface is equal to zero.
| | ¢: 0
. [[B.ds=0 (7

This is Maxwell’s equation in integral form from Magnetic Gauss’s law.
By applying divergence theorem

” B.ds:J'JJV.de
Comparing'equations (7) and (8)

j.[.[v.Bzo

V.B=0
This is Maxwell’s equation in differential form or point form from Magnetic Gauss’s law.

E(x,1) = Real partof [ E(x)e’“"]

>

>

(8)
>

%(x.l) = Real partof [jwE(x) ¢’"" ]

Apply for Maxwell’s equation,
Real part of [V x H]

Real part of [(c E+jweE)e’“")

VxH = c E4+joeE
VxH = (oc+jwe)E
For magnetic field, H(x,1) = Re[H(x)e’“"]

%{(x,:) = Re[joH(x)e’"']
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Apply for Maxwell's equation
Re[VxE] = —Re[jop He’*')
VxE = —jopH

Differential Form Integral Form |
VxH=(c+joe)E $H-di=[ (o +jweE)ds
_V_x_E_:jmpH fE.d1=-pﬂij-ds
V.D=p §D-ds=[[[pdv
v.B=0 §B.ds=0 T

For 1 A conductor current in copper wire, find the corresponding displacement
current at 100 MHz. Assume for copper ¢ = 5.8 * 10’ mho/m. (7M) BTL 3

Conductioncurrent I = Jc A = 1 Amp
|
e = g E
J /A 0.172x 10”7
E = ;C s Ax V/m
4 (4 M)
Displacementcurrent I, = oe¢ E-A = wgge, EA
10° 0.172x 1077
- - 6
Forcopper €,=1, Ip = 2rx100x 10 X367 x X
I, = 9556x 10" A Ans. » (3 M)
A parallel plate capacitor with plate area of 0.01 m? and plate separation of 5 cm has
a voltage 100 sin 314 t V applied to its plates. Calculate the displacement current
assuming ¢=10 ¢o(May 2012, Nov 2014, Nov 2018) (8 M) BTL 3
Answer: Page : 4.32 - Dr. P. Dananjayan
Displacement current density
oD JE
5 o O O
o= % "%
-
- d
e 0V € 0

= =.5= == = (100 sin3141)
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100
= = cos(3141)-314

100 10
x
5x102%7 36nx

5.55x 107 cos (314 1) A/m? 4 M)

109x 314 cos (314 1)

Displacement current I, = J,- A
5.55x 107° x 0.01 cos (314 1) A
555x 107 cos (3147) A Ans. = (4 M)

Explain in detail conduction current and displacement currents. (April 2015, Nov
2015) (13 M) BTL 1

Answer: Page : 4.10 - Dr. P. Dananjayan

Conduction current:(6 M)

» Current flowing through resistive element.
» lc=VIR
» R=pl/lA
» R=1/cA
> V=EI
6 » lc=VIR=Elll =EcA
» Jc=Ic/A=0cE
» J=oE
Displacement Current:(7 M)
» Current flowing through capacitor element.
» lp=dQ/dt = C dv/dt
» C=¢Ad
» Ip=¢A/d *dV/dt
» A *oD/at
> b= |D/A
» Jp =ap/et
Do the fields E = Em sin x sin t av and H = (Em/uno)*( cos x cos t ) assatisfy Maxwell’s
VxE = —a—B = — o 212
ot ot
a, a, a |
VxE = 0 B 9
ox oy 0z
7 0 E.sinxsint 0 J
= '&x[-"%(E,,,simrsinl)]+¢'zx F% (E_sinxsinl)]

= E,cosxsinta, (4 M)
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_l"'o% = —p°5—f|.ll—o cosxoostJZ,
= -E,cosx(-sinf)a, = E_ cosx sinf a,
dH
Hence VxE = —p3 - @M

In a material for which ¢ =5.0 S/m and £r=1 with E=250 sin 10%° t (\V/m). Find Jc and
Joand the frequency at which they equal magnitudes. (8 M) BTL 3
© Solution: c =35 s/m, g=1

E = 250sin 10" ¢ (V/m)

Conduction current density J. = o E
1250 sin 10"’ ¢ (V/m) Ans. = (4M)

. . aD oE
Displacement current density J,, = o - %05
1077 10 10
= 36_"xlO x 250 cos 10"t (V/m)

Jp = 22.1¢c0s10"¢ V/m Ans.» @ 4M)

PART *C

H = 3cos Xa_+12cos xiy A/m for z>o0 and H=0for z<0. This magnetic field is

applied to a perfectly conducting surface in xy plane. Find the current density on the
From Ampere’s Circuit law,” ~ "~ "7 Tt 3
Current density J =-V xH

_ a, @ a
In cartesian form, J = 8. 9 2
dx dy 0Oz

H, H, H,

[aH, aH,]_ [au, aH,]- [aH, au,]_
Loy " e J%T ez " ax G+ ox "oy |%

(3 M)
From H (given), H, = 3cosx
H, = zcosx
H, =0
3 [0 B azcosx]a +[afloosx ~ 0]5 +[azoosx ~ 63005.‘]‘_‘
0z x oz y ox ay :
= —cosxa,—zsinxa, Am’
J = —cosxa,-zsinxa, A/m’, forz20
=0, forz<0 Ans. © e (5 |V|)
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2 If the magnetic field H = (3x cos B + 6 y sin a )a:find current density J if fields are
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invariant with time. (8 M) BTL 5
Answer: Page: 4.35 - Dr. P. Dananjayan

A% H-J+§2
AN ar
. . ... oD
If the fields are invanant wnhumea—‘ = ().
v = ]
x H (3M)
a, a, a,
j= |2 9 2
ox oy 0z
) 0n IrensBR+6vsina

- F) _ a
] = 56;(3xcosb +6ysina)a, — ‘a—;(3xcosB +6ysina)a,

J = 6sinaa,-~3cospa,,Am’ Ans.© 5M)

The conduction current flowing through a wire with conductivity 6 =3 * 10’ s/m and
relative permittivity & = 1 is given by Ic¢ 3 sin ot (mA). If ® = 108ras/sec. Find the

Ic = cEA
_— lc  3x102sinwr  1x10710
ToA 3x10xA A Smef
JdE  1x1010
2 - A @cosol
J0E
10
3 JD=cco-lX}\0_ cos ot
12 1—16
= i 8
8.85x 107 x 10% x == cos 108 ¢ (4 M)
Displacement current I, = J,- A

~16
8.85x 1072 x 108 x 'A cos 10%s A

Ip, = 8.85x107* cos 10*f Amperes Ans. ©

(4 M)

Given the conduction current density in a lossy dielectric ad Jc = 0.02 sin 10°t A/m?.
4 Find the displacement current density if 6 = 102 mho/m and er = 6.5 (8 M) BTL 5
Answer: Page: 4.35 - Dr. P. Dananjayan
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g = lo’mholm
e, = 65
Jc = oE
Ic
E = p
_002sinl®r _ 5 056n10°¢ Vim
. 10° (4 M)

: : D OE
Displacement current density Jp = 7~ = € 5

9E = 2% 10-5% 10%cos 10%¢

o __2E
o = € T ey

8.854 x 10-12x 6.5 x 2 x 10-5 x 10°cos 109+ A/m
115.1 x 108 cos 10°¢ A/m Ans. ® (4 M)
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> Let,

>

A\

VVV VYVVVV VY

Derive the emf equations for transformer and motional emf. (15 M) BTL1
Answer: Page : 4.04 — Dr. P. Dananjayan

EMF Equation of The Transformer(7 M)

N1 = Number of turns in primary winding

N2 = Number of turns in secondary winding

®m = Maximum flux in the core (in Wb) = (Bm X A)
f = frequency of the AC supply (in Hz)

As, shown in the fig., the flux rises sinusoidally to its maximum value
®p, from 0.

It reaches to the maximum value in one quarter of the cycle i.e in T/4 sec
(where, T is time period of the sin wave of the supply = 1/f).

average rate of change of flux = ®m /iy = Pml(wan

average rate of change of flux = 4f &n.............. (Wb/s).

Induced emf per turn = rate of change of flux per turn.
Therefore, average emf per turn = 4f O ............ (Volts).
Now, we know, Form factor = RMS value / average value
Therefore, RMS value of emf per turn = Form factor X average emf per
turn.
As, the flux @ varies sinusoidally, form factor of a sine wave is 1.11
Therefore, RMS value of emf per turn = 1.11 x 4f Oy = 4.44f O,
RMS value of induced emf in whole primary winding (E1) = RMS value of
emf per turn X Number of turns in primary winding

E1 =444 N1t O eql
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E‘(I E2
= = 4.44f dm
N N,
4)]
DL
Om Lo

,_ / b
T/4 \-/ I

electricaleasy.com
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Similarly, RMS induced emf in secondary winding (E2) can be given as
E2=4.44f N2 Om....oovcccccceec eq 2

from the above equations 1 and 2,

» This is called the emf equation of transformer, which shows, emf / number of
turns is same for both primary and secondary winding.

For an ideal transformer on no load, E1 = Viand E> = V>.
where, V1 = supply voltage of primary winding
V> = terminal voltage of secondary winding

» Voltage Transformation Ratio (K)

> As derived above,

E E

| 2
N N

» Where, K = constant
This constant K is known as voltage transformation ratio.

» If N2> Ny, i.e. K> 1, then the transformer is called step-up transformer.
» If N2 <Ny, i.e. K <1, then the transformer is called step-down transformer.

Motional EMF (8 M)
» When a conductor is moved across a magnetic field, a potential difference is setup
across its ends.
» This potential difference is called 'motional EMF".
EXPRESSION FOR MOTIONAL EMF
» Consider a wire of length "L" moving across the magnetic field of
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>

>

>

induction B with a velocity v as shown in diagram.

Each free electron of the wire is moving within the wire and experience a force

exerted by magnetic field.
- > >

> F=q(VxB)
For electron we have

q=-¢€
> = =
> F=-e(VxB)
- = 3
F= e{Bx""lf}frombtoa

These electrons gradually accumulate at the end "a" and leaving the other end
"b".In this way point "b" acquires positive charge and point "a" acquires equal
negative charge.

This accumulation of electrons will continue till the force of electric field
balances the force due to the motion of wire. Thus, a potential difference is setup
form point b to point a.

POTENTIAL DIFFERENCE

We know
Potential Difference = work done per unit charge
Let the total charge flows through the wire is "g" therefore
This is called motional EMF.
» Therefore, motional EMF = BVIsinq
» If the wire is moving at right angle to the field, g = 90
» Motional EMF = BVL
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UNIT V PLANE ELECTROMAGNETIC WAVES
Electromagnetic wave generation and equations — Wave parameters; velocity, intrinsic
impedance, propagation constant — Waves in free space, lossy and lossless dielectrics,
conductors- skin depth - Poynting vector — Plane wave reflection and refraction.
(N?(.) Part * A
Mention the properties of uniform plane wave. (Nov 2016) BTL 1
The properties of uniform plane wave are as follows:
> Atevery point in space, the electric field E and Magnetic field H are perpendicular
1 to each other and to the direction of the travel.
» The fields vary harmonically with the time and at the same frequency, everywhere
in space.
> Each field has the same direction, magnitude and phase at every point in any plane
perpendicular to the direction of wave travel.
Write down the wave equations for E and H in a non-dissipative (free space) and
conducting medium. (May 2012) BTL 1
In Free space.
s 2'E \ 2'E
2 VE-p,e,——=0: V'H-p,g, =0
ot” at”
In conducting medium.
s a'E 2E , 2°H 8H
V°E — s ——uw —=0; V'H-pe — — UG =10
ot” ot ot” ot
Define uniform plane wave.(Nov 2013) BTL 1
3 If the phase of a wave is the same for all points on a plane surface it is called plane
wave. If the amplitude is also constant in a plane wave, it is called uniform plane wave.
Define intrinsic impedance or characteristic impedance. (Nov 2018)BTL 1
A It is the ratio of electric field to magnetic field. Or It is the ratio @f square root of
permeability to permittivity of the medium. n = =W Ohms
H &
Calculate intrinsic impedance or characteristic impedance of free space.
(Nov 2011) BTL 3
5
M= LN L Jﬂx—m_l= 120w = 377 ohms
H £ B854 =10
6 Define polarization. BTL 1
Polarization is defined as the polarization of a uniform plane wave refers to the time
varying nature of the electric field vector at some fixed point in space.
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Define Surface impedance.BTL 1
Surface impedance is defined as the ratio of tangential component of electric field at the
. surface of a conductor to the linear current density.
E
Zs =—J‘a" " Where y1s propagation constant.
o
olis conductivity medium.
Define Poynting vector. (May 2014, May 2016) BTL 1
8 | The pointing vector is defined as rate of floe of energy of a wave as it propagates. It is the
vector product of electric field and magnetic field. P = E x H
State Slepian vector. BTL 1
9 Slepian vector is a vector which defined at every point, such that its flux coming out of
any volume is zero. (v .s)=o0. Slepian vector is given by s=v x (v H)
Where, V is electric potential, H is magnetic field intensity.
State Poynting theorem. (Nov 2013, Nov 2018) BTL 1
10 | The vector product of electric field intensity at any point is a measure of the rate of
energy flow per unit area at that point. P=ExH
Fine the skin depth at a frequency of 2MHz is Aluminum where ¢ = 38.2M s/m and
pr=1 BTL3
Solution:
Given data:{ = 38.2M s/m = 38.2 x 10® s/m; pr = 1; w=2 zf=2 zx2x10°
11
For Good conductor, Skin depth s = L. 2 =
o [ayne
2
=5.758 x 10> m.
2mx2x10°x1x47nx10 'x382x10°
State Snell’s law. BTL 1 B
When a wave is travelling from one medium to another medi§im, the angle of incidence is
: in 0
related to angle of feflection as follows. . W
sin 9, n, €,
12
( Hy=H,=H,)
Whered,is angle of incidence; ¢, is angle of refraction; ¢, is dielectric constant of
medium 1 -
¢Is dielectric constant of medium 2.
13 Write Helmholtz’s equation. BTL 1
V’E - 7/2E = 0; where y = jou(c+jowe)
What is Brewster angle? BTL 1
Brewster angle is an incident angle at which there is no reflect wave for parallel polarized
14 | wave. 0 =tan " °* Where, ¢ Is dielectric constant of medium 1,c s dielectric
81
constant of medium
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15

What do you meant by total internal reflection? BTL 1

When a wave is incident from the denser medium to rarer medium at an angle equal to or
greater than the critical angle, the wave will be totally internally reflected back. This
phenomenon is called Total internal reflection.

What is practical significance of skin depth? (Nov 2015, May 2016) BTL 1
Skin depth or depth of penetration (0) is defined as that of depth in which the wave has
been attenuated to 1 / e or approximately 37% of its original value.

16 1 1 1
o= = 2 for good conductor. 5= ;o0 —
a ouc fuo f
For low frequency, the skin depth sis large. For High or microwave frequency range,
thao an Ao

17

clei nth all
tHeoKI uupul o15-SHat-

Define normal incidence and oblique incidence. BTL 1

Normal incidence: When a uniform plane wave incidences normally to the boundary
between the media, then it is known as normal incidence.

Oblique incidence: When a uniform plane wave incidences obliquely to the boundary

behnlnnn tho hvo media_than it e known-ac ohliaue ineciden ce-

18

vveerruare wvwuo rrmeury, aierTt IL TO INITOUVVTT Uo \Jullqu\. LLRAYZ A" AV B A¥)
Define voltage reflection coefficient at the load end of the transmission line.(Nov

2011) BTL 1
It is defined as the ratio of the magnitude of the reflected wave to that of the incident

What is ‘standing wave ratio’? (Nov 2012, May 2014, Nov 2016) BTL 1
Itis deflned as the ratio of maximum to minimum amplitudes of voltage.

e

o]

1s min

21

The capacitance and inductance of an overhead transmission line are 0.0075uF/km
and 0.8mH/km respectively. Determine the characteristic impedance of the
line.(Nov/Dec 2014) BTL 3

The characteristic impedance of a transmission line is equal to the square root of the ratio
of the line's inductance per unit length divided by the line's capacitance per unit length

Zo= | =326.5Q
c

22

Compare the equi-potentiat ptots of uniform and mon-uniform fietds (Aprit/viay
2015) BTL 1
Uniform fietd Non-uniformm fietd

ntial
rail

rirfa
I

Tthe—eqtipoter tace—ar€ - The equipotential_surface are
perpendicular  to and are | perpendicular to E and are no
equidistant for fixed increment | equidistant for fixed increment
of voltages of voltages

il o
e t
=
E

23

ictho aloanath anda Feran i nm Ay BEaBaaabH-a RS -er\r\ spaenwh
ST vvavclcnyln armagTTrequchcy ot a-Wave pPropagataurTrret-spacc
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B= = w, [ty ; 2= 2uf[iowg ; F=0.955 *10° Hz; wavelength = 3.14m

24

If a plane wave is incident normally from medium 1 to medium2, write the reflection
and transmission co-efficients. (Nov/Dec 2014) BTL 3

Reflection Co-efficients Er - UENRYS
n, + 771

. . 2
Transmission Co-efficients EtO: e g
n,+n

1

25

A plane wave travelling in air is normally incident on a block of paraffin with
€.= 2.3.Find the reflection co-efficient. (Nov/Dec 2015)BTL 3

Reflection co-efficient = =22 == ""E_“":l =0.5165/2.565 = 0.2053

P W23+

PART *B

Obtain the electromagnetic wave equation for free space in terms of electric field
and magnetic fields.(13 M) (Nov 2012, Nov 2015, Nov 2018) BTL 2
Answer: Page 5.03 - P. Dananjayan
» For free space (dielectric medium) the conductivity of the medium is zero. (i.e.,
0=0) and there is no charge containing in it (i.e., p=0).
» The electromagnetic wave equations for free space can be obtained from
Maxwell’s equations.

» The Maxwell’s equation from Faraday’s law for free space in point form is

oB oH
VxE=—-—=-pu —
ot ot

» Taking curl on both sides,

oH

® VXxVxE=-uVx

1)
ot

» But Maxwell’s equation from ampere’s law for free space in point form is

oD OE
VxH=-—-——=—¢g —
ot ot

®H OVxH 0 O0E)

V x :—:_LE_J
ot ot ot ot
oH [ 0°E)

ol rve B — (2)

ot [ ot )
» Substituting the equation (2) in (1)

V x

(6°E)
VXVxE=-p1& x| —|--—-—————————~ (3)
\ ot )
> But the identity is ggiven by,
VxVxE=V(V.E)-V’E

VxVxE=V(V.E)-V’E
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VXVXE=-V Ecomm e (4)
» Comparing equatio'ns (3) and (4)

, o'E

V E=us —
ot

o o°E

VzE—,ug —=0-------"-"-"-"--"-"-—- (5)

0 (6 M)

» This is the wave equation for free space in terms of electric field.

» The wave equation for free space in terms of magnetic field H is obtained in a
similar manner as follows.

» The Maxwell’s equation from ampere’s law for free space in point form is

given by
OE
VxH=¢g —
ot
[
» Taking curl on both sides
OE
VXxVxH =—-§¢6VX—M— — — — — — — — — — — — — (6)
ot

[ ]
» But Maxwell’s equation from faraday’s law

oH
VxE=—-u ——
ot
o
» Differentiating,
oE o°H
VX — =t — == === == (7)
ot ot
[ ]
» Substituting equation (7) in (6)
o°H
V xV xH =—ue — - (8)
ot
o
» By the identity is given by
VxVxH=V(V.H)-V'H-————————— )
© v. H:l_V.B =0
But H
® VxVxH=-V'H--—-—————— -~ (10)
Then
» Comparing equations (8) and (10)
, o°H
V' H =ue
ot’
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» This wave equation for free space in terms of H.
» For free space x=1and ¢=1 (air) then wave equation becomes

, o°H
V'H —u.¢ . =0
1) ot
_7 1 1
HeE =4rx10  x =
0 o -9 1%
o 36 7rx10 9x10

1

=3x10"m/s=v
o N
> Where v _is the velocity of light.

» Then the wave equation,
, 1 8°H , 10°E
> V'H- | =0 (or) v’E - =0

Vo ot Vo2 atz (7 M)

v = Re[Ve'"')

|

|V |cos(wr+0,)
i = Re[le’®"] = |I|cos(wr+6)

The instantaneous power is given by

W

|[VI|1|cos(wr+6)cos(wr+0)

VI

W T[cos(ev—e,)+cos(2wl+9,+9,)]

The instantaneous power flow per square meter i.e., Poynting vector is

-~

P =ExH
The average power is given by
[V IIT]
Wa = =% —cos(8,-6)
If 8,—-6, =0, the angle between voltage and current, then
IVIIT]
=Ty c0s
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State Poynting theorem and thus obtain an expression for instantaneous power
density vector associated with electromagnetic field. (13M) (Nov2011, May2012, Nov
2014, April 2015, Nov 2015) BTL 1
Answer: Page 5.42- P. Dananjayan
» The vector product of electric field intensity at any point is a measure of the rate
of energy flow per unit area at that point. P=ExH
» The instantaneous power w can be written in terms of instantaneous voltage v and
current | as

> (6 M)
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Fig. 5.11.
The reactive power is given by
v
5 e = T 5 sin 0

The complex power w is defined as
1
- = *
W 2 Vi
Where I* is complex conjugate of 1.
IVIIT]
= —2—-‘— e
wav t j wrea

Jjo

W

Il

The complex Poynting vector P is

_1 .
P—zExH

It consists of real and imaginary power flow per square meter.
The real Poynting vector (average Poynting vector) is
P - %Rc [E x H*]

The imaginary Poynting vector (reactive Poynting vector) is

1
Prp = 7l [EXH']

the complex Poynting vector normal to y-z plane is

In rectangular co-ordinates, : ‘
p, =iz [E, H ~E;H, ]

> (7 M)

Deduce the wave equations for conducting medium. (13M)(May 2016, Nov 2016)BTL
1
Answer: Page 5.01 - P. Dananjayan

» Maxwell's equations in the differential form as
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V-E=0
» Let us consider a source free uniform medium having dielectric constant, ¢
magnetic permeability u and conductivity C. The above set of gquations can be

written as
= = 3E
VXH=oE+e— (5.29(a))
—_ aH
VRE=-g—— 5.29 (&
B - -l (525(2)
V- E=0 (5.29(c))
VeH =0 (5.29(d)

» Using the vector identity,
VXVx A=V (7 A)-74

vxvx§=v-(v-§)—v3§

aH
= =N ¥ L —
» We can write from 5.29(b) o
— — a —
N7 B -T2 e =y
v [v E)-V'E ,.uaz(?KH)
- — —~  AE
V|V B -V E=-pu—|cE+e—
( ) "H < £ b i
. W E=1
G *E
ViR = po—+ g ——
. df o
» But in source free medium (egn 5.29(c))
» In the same manner for equation eqn5.29(a) (6 M)
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vxvx§=v-(v-§)—v"§

= J(?KE) + e%(‘?xﬁ)

=T —{{_{E +Ei —{{_{E
ot ¢ ot

» Since
fromeqn5.29(d),wecanwrite

— aH
ViH =,m:r[¥] +,u€[

» Thesetwo equations

PEH
A

» Are known as wave equations.
» It maybe noted that the field components are functions of both space and time.

For example, if we consider a Cartesian coordinate system, essentially

represents E(x.r.2.0) g H(x.3.2.0).
» For simplicity, we consider

» Propagation in free space, i.e. ,

H= Hy and %,
» The wave equation in equations 5.30and5.31reducesto
— 3 E
VE= ,uu.&'u[?] (5.32(a)]
— 3H
VIH = ey | — 532(b
Haofq az ] ( ( ))
>
» Further simplifications can be made if we considering Cartesian coordinate
system a special case where are considered to be independent in two
dimensions, say are assumed to be independent of y and z. Such waves
are called plane waves. (7 M)

JIT-JEPPIAAR/ECE/Dr. Prajith Prabhakar/I1" Yr/SEM 04 /E8451/ELECTROMAGNETIC FILEDS /UNIT 1-5/QB+Keys/Ver 2.0
4. 97



REGULATION:2017 ACADEMIC YEAR: 2019-2020

Discuss group velocity, phase velocity and propagation constant of electromagnetic
waves.(13M) (May 2016)BTL 2
Answer:Page: 5.12 - P. Dananjayan

» The wave equation for free space is
VE = neg ﬂ
K 612

» The phasor value of E is
E(x,r) = Re[E(x)e’®']

2
he 332 Re[Ee’®")

VRe[Ee’®' ]

VRe[Ee’®'] = peRe[-w?Ee’®']
Re[(VZE+pew’E)e’®') =0
V2E+pe 0*E = 0
A VE+B’E =0

where P2 = pe o’

p=\peo

B is called phase shift constant.

I —
The velocity of propagationis v = B = m

The wave propagates in x direction i.e., nO variation in y and z.
’E .,

<3 +p°E=10

axz B

CI e-,ﬁ‘ iz Cz elﬂx

> The solution of the equationis E =

The wave equation for conducting medium is

d’E JoE
2 o> or _
ViE-pe a2~ P9y 0

(6 M)
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The phasor form of wave equation is

VE-pe0’E-jopcE = 0
VE-j(opo +jpeo’)E = 0
VE -jop (o +joe)E =0

VZE-yE =0

where  y2 = jou (o +jwe)

y is called propagation constant, which has both real and imaginary parts.
Yy = a+jp
where o is attenuation constant
B is phase shift

Y =a+jB =+jop (o +jwe)

BE o’
a=o N[ T [\ e ™!

By subtracting a® — B* from a” + 7 the value of B becomes

“e[ . ]
p =07\ bk 2 & 4

(7 M)

Attenuation factor is given by

Derive the expression for total power flow in a coaxial cable.(8 M)BTL 3
Answer: Page 5.40 - P. Dananjayan
Let

» Co-axial cable inner radius - a

» Outer radius - b

» Current - |
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$H.dl =1
$H-dl = H-@nrr)
where, r is the radius of the circle

H-2nr) =1
sy ol
> 2nr (4M)
The electnc field strength of coaxial cable is given by
\i
E = r in (b/a)
> The Poynting vector P = ExH
W = [ExH-ds = [EH-ds
3 5
b
- Irnem (37
rin(bla) \ 2nr 2nr -dr
g ] Vi
= In(bla) In [b/a)
- W=Vl (4 M)

PART *C

A medium is characterized by o= 103, 1= o and & = 80«. If the frequency of 10

kHz. Calculate parameter of the wave. (8 M) (Nov 2018) BTL 5

Answer: Page 5.66 - P. Dananjayan
c = 103 s/m e = 80¢g,
K= Ho S = 10x103Hz
G 10-3

we  2xx10x103x80x8854x 1012 = !

-. Medium is a dielectric medium

Attenuation constant, a

c_ [n _ 1070 Ho
2 e 2

80 ¢,

v . = 3
m 120 n 21.07 x 10~ nepers

(4 M)
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o 143 (58] |

B =
= 27 (10 x 103)\/ 4n x 107 x 80 x 8.854 x 10-12
[l+-— ( 10 )2
2 \2x2nx10%x80x 8854 x 10-12
B = 0.12 rad
o 2R o i
P (4M)

Derive the expression for characteristics Impedance. (15 M) BTL 1
Answer: Page 5.07 - P. Dananjayan

OB IE

> axr = ME o2
The general solution of this differential equation is in the form
E=filx—vo)+f3(x +vy1)
1

where v, =
> < \‘“080

E = flx-v!)
- —» =
X v z
g | B 2 &
VxE 3x dy o0
2 B¢ E; E,
3E GE
E,=H, =0and ?=—;=0
5E_. - aEt ->
VxE=-—T"y+75 2

Comparing these two equations,
oH, » OH, >

— -
Equating y and z terms

= By = € o
0H, oE,

Fakirn
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From second Maxwell's equation for free space

JdE
VxE = -p o
JdE oE
Rut VxF.=—‘5f;’+_a;z?
> (5 M)
Let the solution of this equation is given by
, ] of B(x — vy 1)
Differentiating % ax-vet) a
> = f(x=vot)(=vy)
Simplify f'(x — vy ) can be writtenas f*.
JE, ,
at -vo S
But, -%x ¢
a_”i —_ v - L
5 o = —g(-vyf) = vyt f
£ ra £
H. = " f= \/:E,
E, _. /&
H. 3
_E_ \/E
> sl (5 M)

Define and derive skin depth. Calculate the skin depth for a medium with
conductivity 100 mho/m, relative permeability 2, relative permittivity3 at 50 Hz, 1
Mhz and 1GHz. (8 M) BTL 5

Answer: Page 5.65 — P. Dananjayan

3 o = 100 mho/m J = 50Hz
B, = 2 f = 1MHz
> & = 3 f = 1GHz
Skindepth = § = 2
> ot i (3 M)
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2 2
At f= 50 Hz, O?‘\/anSOxleOO = 0.564 x 10-2 m
v : 2
At f = | MHz, o_\/anIOOxeIOO =04x10*m
2
At f = 1 GHz, oz\/?_nxlO"xleOO = 0.126 x 10-5m

(GM)

Answer: Page 5.38 - P. Dananjayan

» Let us consider Maxwell's Curl Equati
THE = —E
el
vxH =7+22
ot

» Using vector identity
v, (Exﬁ) —HV*E-EV*H

» The above curl equations we can write

State and prove poynting theorem. (8 M)(May 2019) BTL 1

ons:

~ —  —adB =[- aD
V(ExH)=-H _—-E|J+
i ot
o =3B == —aD
or, v_(ExH)=—H_——E.J—E_—
4 £ i
728 _3(1 4
de dt| 2
59D _9(1 ]
> de del 2 and
. =T (1 2, 1 2 2
CV(ExH)=-—| e B +_uH'|-oE
gz | 2 2
» Applying Divergence theorem, we can write
= = o= 31 1
(ExH).dSh— e B e gH Qv - [aBdYT
di ¢l 2 2
......................... (6.36) (4 M)
EJ[leE%l Hg]dff
» The term depl2 2 represents the rate of change of energy

JIT-JEPPIAAR/ECE/Dr. Prajith Prabhakar/I1" Yr/SEM 04 /E8451/ELECTROMAGNETIC FILEDS /UNIT 1-5/QB+Keys/Ver 2.0

4.103




REGULATION:2017

ACADEMIC YEAR: 2019-2020

Jaﬂ%ﬂf
stored in the electric and magnetic fields and the term

power dissipation within the volume.

Hence right hand side of the equation (6.36) represents the total decrease in
power with in the volume under consideration.

The left hand side of equation (6.36) can be written as

§(ExH)a = gPa

represents the

where £=&xH (W/mtz)is called the Poynting vector and it represents the
power density vector associated with the electromagnetic field.

The integration of the Poynting vector over any closed surface gives the net
power flowing out of the surface.

Equation (6.36) is referred to as Poynting theorem and it states that the net
power flowing out of a given volume is equal to the time rate of decrease in the
energy stored within the volume minus the conduction losses. 4 M)

JIT-JEPPIAAR
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EC8453 LINEAR INTEGRATED CIRCUITS 3 0 03

OBJECTIVES:

e To introduce the basic building blocks of linear integrated circuits

o To learn the linear and non-linear applications of operational amplifiers

e To introduce the theory and applications of analog multipliers and PLL

e To learn the theory of ADC and DAC

e To introduce the concepts of waveform generation and introduce some special function ICs
UNIT | BASICS OF OPERATIONAL AMPLIFIERS 9

Current mirror and current sources, Current sources as active loads, Voltage sources, Voltage
References, BJT Differential amplifier with active loads, Basic information about op-amps — Ideal
Operational Amplifier - General operational amplifier stages -and internal circuit diagrams of 1C
741, DC and AC performance characteristics, slew rate, Open and closed loop configurations —
JFET Operational Amplifiers — LF155 and TL082.

UNIT 11 APPLICATIONS OF OPERATIONAL AMPLIFIERS 9
Sign Changer, Scale Changer, Phase Shift Circuits, Voltage Follower, V-to-1 and I-to-V converters,
adder,  subtractor, Instrumentation amplifier, Integrator,  Differentiator, Logarithmic

amplifier,Antilogarithmic amplifier, Comparators, Schmitt trigger, Precision rectifier, peak
detector, clipper and clamper, Low-pass, high-pass and band-pass Butterworth filters.
UNIT I ANALOG MULTIPLIER AND PLL 9

Analog Multiplier using Emitter Coupled Transistor Pair - Gilbert Multiplier cell — Variable
transconductance technique, analog multiplier ICs and their applications, Operation of the basic
PLL, Closed loop analysis, Voltage controlled oscillator, Monolithic PLL IC 565, application of
PLLfor AM detection, FM detection, FSK modulation and demodulation and Frequency
synthesizing and clock synchronisation.

UNIT IV ANALOG TO DIGITAL AND DIGITAL TO ANALOG 9
CONVERTERS

Analog and Digital Data Conversions, D/A converter — specifications - weighted resistor type, R-

2R Ladder type, Voltage Mode and Current-Mode R - 2R Ladder types - switches for D/A

converters, high speed sample-and-hold circuits, A/D Converters — specifications - Flash type -

Successive Approximation type - Single Slope type — Dual Slope type - A/D Converter using

Voltage-to-Time Conversion - Over-sampling A/D Converters, Sigma — Delta converters.

UNIT V WAVEFORM GENERATORS AND SPECIAL FUNCTION ICS 9

Sine-wave generators, Multivibrators and Triangular wave generator, Saw-tooth wave generator,
ICL8038 function generator, Timer IC 555, IC Voltage regulators — Three terminal fixed and
adjustable voltage regulators - IC 723 general purpose regulator - Monolithic switching regulator,
Low Drop — Out(LDO) Regulators - Switched capacitor filter IC MF10, Frequency to Voltage
and Voltage to Frequency converters, Audio Power amplifier, Video Amplifier, Isolation
Amplifier, Opto- couplers and fibre optic IC.

TOTAL:45 PERIODS
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OUTCOMES:
Upon completion of the course, the student should be able to:
Design linear and non linear applications of OP — AMPS
Design applications using analog multiplier and PLL
Design ADC and DAC using OP — AMPS
Generate waveforms using OP — AMP Circuits
e Analyze special function ICs.

TEXT BOOKS:

1. D.Roy Choudhry, Shail Jain, -Linear Integrated Circuitsl, New Age International

Pvt. Ltd., 2018, Fifth Edition. (Unit | — V)
2. Sergio Franco, -Design with Operational Amplifiers and Analog Integrated
Circuitsl, 4th Edition, Tata Mc Graw-Hill, 2016 (Unit | — V)
REFERENCES:
Ramakant A. Gayakwad, -OP-AMP and Linear ICsl, 4th Edition, Prentice Hall / Pearson
Education, 2015.
Robert F.Coughlin, Frederick F.Driscoll, -Operational Amplifiers and Linear Integrated
Circuitsl, Sixth Edition, PHI, 2001.
B.S.Sonde, -System design using Integrated Circuitsl , 2nd Edition, New Age Pub, 2001.
Gray and Meyer, -Analysis and Design of Analog Integrated
Circuitsl,  Wiley International,5"" Edition, 2009.

William D.Stanley, -Operational Amplifiers with Linear Integrated Circuitsl, Pearson
Education,4™ Edition,2001.
S.Salivahanan & V.S. Kanchana Bhaskaran, -Linear Integrated Circuitsl, TMH,2"¢ Edition, 4"
Reprint, 2016.
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Subject Code:EC8453 Year/Semester: 11 /04
Subject Name: LINEAR INTEGRATED CIRCUITS Subject Handler: W.Nancy

UNIT I - BASICS OF OPERATIONAL AMPLIFIERS

Current mirror and current sources, Current sources as active loads, Voltage sources, Voltage
References, BJT Differential amplifier with active loads, Basic information about op-amps — Ideal
Operational Amplifier - General operational amplifier stages -and internal circuit diagrams of IC 741,
DC and AC performance characteristics, slew rate, Open and closed loop configurations — JFET
Operational Amplifiers — LF155 and TL082.

PART * A

Q.No.| Questions

Define an Integrated circuit. BTL1
An integrated circuit(IC) is a miniature, low cost electronic circuit consisting of active and

L passive components fabricated together on a single crystal of silicon. The active components are
transistors and diodes and passive components are resistors and capacitors.
What are the basic processes involved in fabricating ICs using planar technology? BTL1
e Silicon wafer (substrate) preparation
e Epitaxial growth
e Oxidation
e Photolithography
2 e Diffusion
e lon Implantation
e |Isolation technique
Metallization
e Assembly processing & packaging
List out the steps used in the preparation of Si —wafers. BTL1
e Crystal growth &doping
3 e Ingot trimming grinding
e Ingotslicing
e Wafer policing etching

e Wafer cleaning

Define virtual ground of OP-Amp. BTL1

A virtual ground is a ground which acts like a ground. It is a point that is at the fixed ground
4 | potential (Ov), though it is not practically connected to the actual ground or common terminal of
the circuit.

What are the advantages and limitations of ionimplantation? BTL1
Advantages:
e Accurate control over doping
5 e Very good reproducibility
e Precise resistance value
e A room temperature process
Limitations:
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e Annealing at higher temperature is required for avoiding the crystal damage
e The possibility of doping implanting through various layers of wafer.

Why IC 741 is not used for high frequency applications? BTL2

6 IC741 has a low slew rate because of the predominance of capacitance present in the circuit at
higher frequencies. As frequency increases the output gets distorted due to limited slew rate.
In practical op-amps, what is the effect of high frequency on its performance? BTL2
The open-loop gain of op-amp decreases at higher frequencies due to the presence of
parasitic capacitance. The closed-loop gain increases at higher frequencies and leads to
instability.
Define input offset voltage. BTL1
8 | A small voltage applied to the input terminals to make the output voltage as zero when the two
input terminals are grounded is called input offset voltage.
Define input offset current. State the reasons for the offset currents at the input of the op-
amp. BTL1
9 The difference between the bias currents at the input terminals of the op-amp is called as input
offset current. The input terminals conduct a small value of dc current to bias the input
transistors. Since the input transistors cannot be made identical, there exists a difference in bias
currents.
Define sensitivity. BTL1
10 | Sensitivity is defined as the percentage or fractional change in output current per percentage or
fractional change in power-supply voltage.
What are the limitations in a temperature compensated zener-reference source? BTL2
11 | A power supply voltage of at least 7 to 10 V is required to place the diode in the breakdown
region and that substantial noise is introduced in the circuit by the avalanching diode.
Define CMRR of an op-amp. (DEC 09) BTL1
1 The relative sensitivity of an op-amp to a difference signal as compared to a common -mode
signal is called the common -mode rejection ratio. It is expressed in decibels.
CMRR= Ad/Ac
What are the applications of current sources? BTL1
13 | Transistor current sources are widely used in analog ICs both as biasing elements and as
load devices for amplifier stages.
Justify the reasons for using current sources in integrated circuits. BTL4
e Superior insensitivity of circuit performance to power supply variations and temperature.
e More economical than resistors in terms of die area required providing bias currents of
14 small value.
e When used as load element, the high incremental resistances of current source results in
high voltage gain at low supply voltages.
What is the advantage of widlar current source over constant current source? BTL1
15 Using constant current source output current of small magnitude (micro amp range) is not attain
able due to the limitations in chip area. Widlar current source is useful for obtaining small output
currents. Sensitivity of widlar current source is less compared to constant current source.
Mention the advantages of Wilson current source. BTL1
16 e Provides high output resistance.

e Offers low sensitivity to transistor base currents.
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17

Mention the advantages of integrated circuits over discrete components. (May2010) BTL1
e Miniaturization and hence increased equipment density.

Cost reduction due to batch processing.

Increased system reliability due to the elimination of soldered joints.

Improved functional performance.

Matched devices.

Increased operating speeds.

e Reduction in power consumption.

18

Define sheet resistance. (May 2010) BTL1
Sheet resistance is defined as the resistance in ohms /square offered by the diffused area.

19

What is the use of buried n+ layer in monolithic IC transistor? (MAY 2010) BTL1
The buried n+ layer provides a low resistance path in the active collector region for the flow of
current.

20

What is active load? Where it is used and why? (MAY/JUNE 2010) BTL1

The active load realized using current source in place of the passive load in the collector arm of
differential amplifier makes it possible to achieve high voltage gain without requiring large
power supply voltage.

Why open loop OP-AMP configurations are not used in linear applications? (May/June
2010) BTL2

21 |The open loop gain of the op-amp is not a constant and it varies with changing the temperature
and variations in power supply. Also the bandwidth of the open loop op-amp is negligibly small.
For this reasons open loop OP-AMP configurations are not used in linear applications.
What are the two common methods for obtaining integrated capacitors? (May 2010)
27 BTL2
e Monolithic junction capacitor
e Thin-film capacitor
Define slew rate. (MAY 2010) BTL1
23 The slew rate is defined as the maximum rate of change of output VVoltage caused by a step input
voltage. An ideal slew rate is infinite which means that op- amp’s output voltage should change
instantaneously in response to input step voltage.
What causes slew rate? (DEC 09) BTL1
24 | There is a capacitor with-in or outside of an op-amp to prevent oscillation. The capacitor which
prevents the output voltage from responding immediately to a fast changing input.
What happens when the common terminal of V+ and V- sources is not grounded? (DEC
o5 09) BTL1
If the common point of the two supplies is not grounded, twice the supply voltage will get
applied and it may damage the op-amp.
PART *B
Describe the AC performance characteristics of an operational amplifier. (8M) BTL2
Answer: page 112 — 115 LIC D. Roy Choudhury
Frequency Response (2M)
1 Infinite Bandwidth at ideal condition.

At higher frequencies practical op-amp gain rolls off.
High frequency op-amp circuit figure 1.18 (2M)
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Vs

10

|

|

|

|

|
[
v

Fig 1.18 Equivalent circuit of practical circuit

Magnitude characteristics (2M)
Phase Characteristics (2M)

The magnitude and phase angle characteristics:
1. For frequency f<< f; the magnitude of the gain is 20 log AQL. in db.

2. At frequency f=f; the gain in 3 dB down from the dc value of AQL, in db. This frequency
f1 is called corner frequency.
3. For £>> fj the fain roll-off at the rate off -20dB/decade or -6dB/decade.

20dB/decade

| 4] dB —»

4— -20dB/decade

| |
>t -0ge
fi f1 '

What is slew rate? Discuss the methods of improving slew rate. (10M) (Nov/Dec 2008),
(May/June 2009), (Nov/Dec 2009) BTL2
Answer: page 123 - 125 LIC D. Roy Choudhury
Slew rate limits Op-amp speed

e Capacitor prevents output voltage from responding immediately. (2M)
e )

e Maximum rate of change of output voltage

e Slewrate=0.5v/10"%s (2M)

e SR=2fVmuv/107%s (3M)
frnax (Hz) = Sorate X 10°

a) What is an active load? Explain differential amplifier with active load. (6M)
(May/June 2009)

b) Explain pole-zero compensation (7M) (Nov/Dec 2008) (BTL2)

Answer: page 77 — 78, 120 — 122 LIC D. Roy Choudhury

Differential amplifier with active load (4M)

Circuit behaves as a transconductance amplifier.

Gain proportional to load resistor Rc.

Two limitations to increase Rc.

Requires large chip area
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e Quiescent drop across it increases.

o =l — 1 =gn(Vi—V2)=gnlVy (2M)
Pole zero compensation (4M)

e Transfer function A alters

e Add both pole and a zero

e Zero at higher frequency than pole

o Z,=RiandZ, =R, +1/(jwC2) (2M)

e A=Rz=VoVe (1M)

Vi V2V

Describe the DC performance characteristics of operational amplifier. (13M) (Nov/Dec
2014) BTL 2
Answer: page 104 — 111 LIC D. Roy Choudhury

e Input Bias current (3M)
_ I5+lp

Iz = >

Input Offset Voltage (3M)

R

Vo=(1+ R_}:)Vios

Input Offset current (3M)

los = I; — I

Vo = Rflos

Thermal drift (4M)

Bias current, offset current, offset voltage change with temperature.
Current drift expressed nA/°C

Voltage drift expressed mV /°C

Careful PCB, forced air cooling — reduce thermal drift

Explain the working of Widlar current source.(8M)(Nov/Dec 2008)(Nov/Dec 2009) BTL2
Answer: page 68 — 69 LIC D. Roy Choudhury

e limitation of basic current mirror — not suitable for low value current source (2M)
e R1 required high — impossible to fabricate in IC
e Widlar current source suitable for low value of currents (2M)

e Circuit differs only in resistance Re in Q2
e Current lo smaller than Icl

e Due to Re base emitter voltage Vbe2 <<< Vbel (2M)
e Basic current mirror circuit, Iy = Ler  Lep = % (2M)
1

Discuss the frequency compensation in operational amplifier. (13M) (May/June 2009)
BTL2
Answer: page 119 — 122 LIC D. Roy Choudhury

e Dominant pole compensation

e External frequency compensation method (am)

AI — ‘;_(Z (ZM)
fa = ﬁ (2Mm)

cfu< i< fa< f3 (2M)

¢ Pole zero compensation

e External frequency compensation method (AMm)
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e Transfer function A alters

e Add both pole and a zero am)

e Zero at higher frequency than pole am

® Zl = Rl and ZZ = RZ + 1/jWC2 (ZM)
2 V —

e A’= V_(; = K—;’ Vv—f (IM)

Draw the inverting and non-inverting amplifier circuits of an op-amp in closed loop
configuration. Obtain the expressions for the closed loop gain in these circuits. (10M)
(Nov/Dec 2017) BTL2

Answer: page 43 - 48 LIC D. Roy Choudhury

Inverting amplifier (5M)

Signal

I
I
|
I
I
source :

Open - loop Inverting Amplifier

_ Vo _ R _ .
Aoy = 7= —R—{ where, A = closed loop gain
Non — Inverting amplifier (5M)
e Vo= AV,
N
va |
l =
I
|
| by
Signal : —
source : =
Open = loop Non = Invarting
Amplifier
_ 14 - R —- -
Agp= 7=1+ R—f; where A = closed loop gain

What is a current mirror? Give the current mirror circuit analysis. (8M) (Nov/Dec 2009)
BTL2

Answer: page 65— 67 LIC D. Roy Choudhury

Basic current mirror circuit figure 1.1

Output current characteristics figure 1.2 (6M)
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v I - ——— Slope= "]5
cc CK;(O e - - -rf:::-—- .............
lm‘ R, biased :
'
| 1
ad l o :
Fo "
o lay'\lm M~ L ”
‘__Vu‘ vm\_.. Vcez(.‘) = 0.3V VCE2
] (2

Fig. 1.1 Current mirror circuit  Fig 1.2 Current source output current characteristics
Collector current independent of collector voltage
Bases and emitter of Q1,Q2 tied together.
Iy = L f (2M)

PART *C

Discuss about the principle of operation differential amplifier using BJT.(15M) (Apr/May
2018) (BTL 2)
Answer: page 53 - 61 LIC D. Roy Choudhury

Basic differential amplifier using BJT figure 1.12 (6M)
O# High gain
Differential VO e
V2 amplifier 1
O—

Fig. 1.12 Block diagram of Differential amplifier

Types of operation
Common mode and Differential mode operation (9M)
Current mirror with active load figure 1.13
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Fig. 1.13 BJT differential amplifier with current mirror active load

Answer: page 41 — 48 LIC D. Roy Choudhury

Explain about Ideal Op-amp in detail with suitable diagrams.(15M) (Apr/May 2018) BTL 2

Ideal op-amp (6M)
Op-amp symbol
Non-inverting mput "'-\_\_ B
o ) 3 \“-;_\_} Cutput =

averting mput 2 4 _— ‘-
Ideal characteristics (am)
Open loop voltage gain A=co (2m)
Input impedance Ri = oo (2M)
Output impedance Ro =0 (2M)
Bandwidth BW = = (am)
Zero offset VO = 0, when V1=0, V2=0
Vd=V1-V2 (1M)

(15M) (Nov/Dec 2017) (BTL 2)

Answer: page 41 —48 LIC D. Roy Choudhury
Differential amplifier

Level translator

Gain Stage

Output stage, input stage

Bias Circuit

Diagram figure 1.17

With a help of a diagram, explain the various stages present in an operational amplifier.

(M)
(1M)
(3M)
(2M)
(3M)
(5M)
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Differential Input stage

Gain stage

Fig. 1.17 Internal stages of Op-amp

Output  stage=
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Subject Code:EC8453 Year/Semester: 11 /04
Subject Name: LINEAR INTEGRATED CIRCUITS Subject Handler: W.Nancy

UNIT Il - APPLICATIONS OF OPERATIONAL AMPLIFIERS

Sign Changer, Scale Changer, Phase Shift Circuits, Voltage Follower, V-to-I and I-to-V converters,
adder,  subtractor, Instrumentation amplifier, Integrator,  Differentiator, Logarithmic
amplifier,Antilogarithmic amplifier, Comparators, Schmitt trigger, Precision rectifier, peak
detector, clipper and clamper, Low-pass, high-pass and band-pass Butterworth filters.

PART * A

Q.No.| Questions

Mention some of the linear applications of op —amps. (DEC 09) BTL 2
e Adder, sub tractor,

Voltage —to current converter,

current —to- voltage converters,

Instrumentation amplifier,

Analog computation

e power amplifier

Mention some of the non — linear applications of op-amps. BTL 2
e Rectifier, peak detector,

2 e clipper, clamper,

e sample and hold circuit,

e log amplifier, anti —log amplifier

What are the areas of application of non-linear op- amp circuits? BTL 1
e Industrial instrumentation

3 e Communication
e Signal processing
4 What is voltage follower?(MAY 2010) BTL 1

A circuit in which output follows the input is called voltage follower.

What is the need for an instrumentation amplifier? BTL 1

In a number of industrial and consumer applications, the measurement of physical quantities is
5 usually done with the help of transducers. The output of transducer has to be amplified So
that it can drive the indicator or display system. This function is performed by an
instrumentation amplifier.

List the features of instrumentation amplifier. BTL 1

e High gain accuracy
6 e High CMRR

o High gain stability with low temperature co-efficient 4 low DC offset
o Low output impedance

What are the applications of V-1 converter? BTL 1
e Low voltage dc and ac voltmeter

! e LED
e Zener diode tester
8 Define Band pass filter. (MAY 2010) BTL 1

The band pass filter is the combination of high and low pass filters, and this allows a specified
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range of frequencies to pass through.

Write transfer function of op amp as an integer. (MAY 2010) BTL 1

9 | The transfer function of the integer is
| A|=1/oR1cf
What do you mean by a precision diode? BTL 1
10 The major limitation of ordinary diode is that it cannot rectify voltages below the cut — in
voltage of the diode. A circuit designed by placing a diode in the feedback loop of an op — amp
is called the precision diode and it is capable of rectifying input signals of the order of milli volt.
Write down the applications of precision diode. BTL 1
e Half - wave rectifier
11 e Full - Wave rectifier
e Peak — value detector
e Clipper
e Clamper
Define Logarithmic and antilogarithmic amplifier. (MAY 2010) BTL 1
When a logarithmic PN junction is used in the feedback network of op-amp, the circuit exhibits
log or antilog response. The logarithmic amplifier is a current to voltage converter with the
12 S o .
transfer characteristics vO=vi In(If/1i).
Antilog amplifier is a decoding circuit which converts the logarithmically encoded signal back
to the original signal levels as given by vi=vR10-kvi.
Differentiate Schmitt trigger and comparator. BTL 4
e It compares the input signal with references voltage then yields the output voltage
13 :
e It need not consist of feedback
e comparator output need not to be square wave
List the applications of Log amplifiers. BTL 1
e Analog computation may require functions such as Inx, log x, sin hx etc. These functions
14 can be performed by log amplifiers
e Log amplifier can perform direct dB display on digital voltmeter and spectrum analyzer
e Log amplifier can be used to compress the dynamic range of a signal
What are the limitations of the basic differentiator circuit? BTL 1
15 e At high frequency, a differentiator may become unstable and break into oscillations
e The input impedance decreases with increase in frequency , thereby Omaking the circuit
sensitive to high frequency noise.
Write down the condition for good differentiation. BTL 1
e For good differentiation, the time period of the input signal must be greater than or equal
16 to Rf C1
e T>RfC1Where, Rf is the feedback resistance
e Cfis the input capacitance
What is a comparator? (MAY 2010) BTL 1
A comparator is a circuit which compares a signal voltage applied at one input of an op amp
17 . . . .
with a known reference voltage at the other input. It is an open loop op - amp with output +
Vsat.
What are the applications of comparator? BTL 1
18 e Zero crossing detectors

e Window detector
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e Time marker generator
e Phase detector

What is a Schmitt trigger? (DEC 09,MAY 10) BTL 1
Schmitt trigger is a regenerative comparator. It converts sinusoidal input into a square wave

19 output. The output of Schmitt trigger swings between upper and lower threshold voltages, which
are the reference voltages of the input waveform.
What is a multivibrator? BTL 1
20 Multi vibrators are a group of regenerative circuits that are used extensively in timing
applications. It is a wave shaping circuit which gives symmetric or asymmetric square output. It
has two states stable or quasi- stable depending on the type of multivibrator.
What do you mean by monostable multivibrator? BTL 1
e Monostable multivibrator is one which generates a single pulse of specified duration in
response to each external trigger signal. It has only one stable state.
21 e Application of a trigger causes a change to the quasi-stable state.
e An external trigger signal generated due to charging and discharging of the
capacitor produces the transition to the original stable state.
What is an astable multivibrator? BTL 1
29 Astable multivibrator is a free running oscillator having two quasi-stable states. Thus, there are
oscillations between these two states and no external signal are required to produce the change
in state.
What are the characteristics of a comparator? BTL 1
e Speed of operation
23
e Accuracy
e Compatibility of the output
What is a filter? BTL 1
24 | Filter is a frequency selective circuit that passes signal of specified band of frequencies and
attenuates the signals of frequencies outside the band.
What are the demerits of passive filters? BTL 1
Passive filters works well for high frequencies. But at audio frequencies, the inductors become
25 | problematic, as they become large, heavy and expensive. For low frequency applications, more
number of turns of wire must be used which in turn adds to the series resistance degrading
inductor’s performance ie, low Q, resulting in high power dissipation.
PART * B
With neat sketch explain the operation of a 3 op-amp instrumentation amplifier.
(13M) (Nov/Dec 2014) BTL 1
Answer: page 141 — 144 LIC D.Roy Choudhury
« High gain accuracy (1M)
e High CMRR (am)
1 ¢ High gain stability with low temperature coefficient am
e Low dc offset am
e Low output impedance am
Vo= ﬁ—i(‘ﬁ — V) (2M)
Instrumentation Amplifier figure 2.18, 2.19 (6M)
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R,
Ry
VZ O }V\/\r - V°
Ry
V| o > +
Ry

Vy ov-—y

ov

Vs

Vo

V2 o—

Fig. 2.18 Basic Differential Amplifier

:.D R>
R, 1
«——ANAA- =
R R’ Vi Ax >——o
— AN\ A AA ’ + V.
R v: R, 2=~ =
\ R2
A I
-

Fig. 2.19 Instrumentation Amplifier

With neat diagram explain logarithmic amplifier and antilogarithmic
(May/ June 2014) BTL1

Answer: page 155 — 159 LIC D.Roy Choudhury

amplifier. (13M)

Direct DB display on digital voltmeter, spectrum analyzer. (2M)
Compress dynamic range of signal. (am)
Diagram: (5M)
2.11 Log and Antilog Amplifier:
Log Amplifier: _
V, =Vin (1,/1,)
Vo
£
it
R,
- o InGigtt)
(@) )
Fig 2.28 Fundamental log-amp Circuit and its characteristics
() ()
q Ryl q Ve
Anti — log Amplifier: (5M)
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Vo

I=l=1I(e * ) and Vo=RsI(e &7 )

clamper. (13M) (May/ June 2014) BTL2

Answer: page 148 — 153 LIC D.Roy Choudhury
Typical applications of precision diode

Half wave rectifier and waveform figure 2.41

With neat diagram explain the application of op-amp as precision rectifier, clipper and

(3M)
R
HAAA'—' Van —‘
Vi
vanont
o —-
\/ =
WIn —
oWy T 4
i T - onN /\
A¥y - OWFE
T 0¥ D2 — ON —
= D1 - OFF T
Non - Satwating half - wave precision rectifier ciremit TpR e ami e a e arme
Fig. 2.41 Half wave rectifier and its operation
The circuit operation can mathematically be expressed as
V=0 when Vi >0and
Vo=RsRiV1  forVj <0
The voltage Voa at the op amp output is Voa=- 0.7V for Vi=0
Voa=R#R;V1+0.7V forV i<0
Full wave rectifier (3M)

Active Non - satmratmg Full - wave Rechfier coromt

s

Clipper and waveform figure 2.44,2.45 (7TM)
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2t
Vraf=1V AT, R S D
] 1
1
o : :
| Time
| : Gns) 4
I | :
1 : =
v : I 0 =
! : A A R _ Gmo)
4 H ; f
D1 o h :
£ [ g R
= t e A
I 1 |
Vref=1V + ; |
= | '
b — 5 i
Time 0 ’ —
Gms) ! T
~vret=-1v Eragsandl
B S NCA
N gae T~ ON
v

Fig 2.45 Positive clipper input output waveforms

Clamper and waveform figure 2.48,2.49

<.

2 R,
— WA N\——
?
V..

Vo

= =
= S
= 10K

5
> R
= 10K

Fig.2.48 Positive _Negative campers

Vincvy 4 4 &
Ve WiV T
2 Lt -
Tiane
\/ R
v
Ve 1+ 1
- Vee—] VeV T 4
pevos S
Veerz
~weerz V' e ey .
o
-
=3 o

Fig.2.49 Input and output waveform with +Vref

What is an active integrator? Explain the working of an active integrator. (8M) (Nov/Dec
2009) BTL2
Answer: page 168 — 171 LIC D.Roy Choudhury
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Integrator — simple low pass RC circuit am

Inverting integrator (1M)

A= v (IM)

Integrator circuit figure 2.21 (5M)
Y

¥

Fig 2.21 Integrator Circuit

i =Ip +1if
SinceIy isnegligiblesmall, i} Sip

With a neat circuit diagram explain the working of op-amp based Schmitt trigger. (8M)
(Nov/Dec 2009) BTL2
Answer: page 212 — 214 LIC D.Roy Choudhury

_ VrefR1 R,V
Vyr = e 4 RVear (1M)
_ VyerRa RyVgq
VUT - R1eIR2 - ;1—th (1M)
Vi = Vyr — Vir (2M)
Vy = it
1 2
Schmitt trigger figure 2.38 (4M)
o
7 v.l‘l
R e (b3 =
—AWN—1~ 0 : s Vix /
Lo -
NVn 0 1 —f', ey
V, ' raf
E"v v AW " =V
\ " R: §RL vo ;‘_i__.i VH
R, - _—
2 t-','
0 Vir| Vier |V

(d)

Fig.2.38 Schmitt Trigger circuit and hysteresis phenomenon
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Vo= AoVp
V5 voltage at node B

Step response, dampening coefficient, cause its effects
Low pass filter figure 2.55

201 POT
I % AT 1S SEK
v

Ra2

Design an op-amp based second order active low pass filter with cut off frequency 2KHz.
(8M) (Nov/Dec 2011) BTL3
Answer: page 265 — 268 LIC D.Roy Choudhury

(IM)

(3M)

33K

Design:

of C<=1pf.

e Calculate the value o

E Wy

f RF.

Fig. 2.55 second order LP Butterworth filter

e Choose a value for a high cut off freq. (fHz ).
e To simplify the design calculations, set R2 = R3 = R and C2 = C3 = C then choose a value

e Calculate the value of R R =1/2xnfhC

e Finally, because of the equal resistor (R2 = R3) and capacitor (C2 = C3) values, the pass
band volt gain AF =1 + RF / R1 of the second order had to be =to 1.586. RF = 0.586 R1.

e Hence choose a value of R1 <=100kQ.

Ry,
10K

(4M)

Write in detail about summing amplifier. (8M) BTL2
Answer: page 135 - 137 LIC D.Roy Choudhury
Inverting summing amplifier figure 2.13

. (V14V24V
VO = - (%)
Ey
\ 3] AN
"1 O—AAAN—
E; 4.—I
Vi AN

1]

R
v, =1+ Dy,

-

—0 Vo

%R:um- B || Ez||Ral By

Fig. 2.13 in;erﬁ;ig-summer
Non inverting summing amplifier figure 2.14

(4M)

(4M)
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Ry
AAAA
R
S b Al X | -
- :.n _o \‘o
Vi o AN\ +
> R’
V2 0— AN\ N—

Fig.2.14 Non inverting summer

Explain voltage follower with neat sketch. (8M) BTL2
Answer: page 49 — 50 LIC D.Roy Choudhury

Rf=0,Rl1 = (am)
Non inverting amplifier (amMm)
Output voltage follows input voltage am)
Buffer for impedance matching (1m)
Connect a high impedance source to a low impedance load am
Diagram : (3M)

\
Y e

Vi

0

Voltage Iollowexr

il

PART *C

Sketch the basic circuit using op-amp to perform the mathematical operation of
differentiation and explain. What are the limitations of an ordinary op-amp differentiator?
Draw and explain the circuit of a practical differentiator that will eliminate these
limitations. (15M) (May/June 2012) BTL3.

Answer: page 164 — 170 LIC D.Roy Choudhury

Differentiator circuit and waveform figure 2.24,2.25 (7TM)
Contains capacitor at input

dv;
Vo= —ReCigy
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dj’ix

Fig 2.24 Basic Differentiator

Gain@B) —»

Closed loop response of
practical differentiator

Closed loop response of
practical differentiator

>

—>
Frequency (HZ)

Fig. 2.25 Frequency response of differentiator

Integrator circuit figure 2.21 (8M)
Integrator — simple low pass RC circuit
Inverting integrator

1
A - WR1Cf

I,Tl’

Fig 2.21 Integrator Circuit

ip =Ip +if

SinceIg isnegligiblesmall, i} Sig

a) Explain the working of an op-amp based regenerative comparator circuit? (8M)
(May/June 2012), (Nov/Dec 2011).
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b) Design an op-amp based second order active low pass filter with cut off frequency
2KHz. (7M) BTL3
Answer: page 212 — 215,265 - 267 LIC D.Roy Choudhury

— Vrele RyVgq
VUT — R1+R2 + él—RZt (lM)
_ VrefR1 _ Ry
VLT © R1+R2 ﬁ (1M)
Vi = Vyr — Vir (1M)
_ 2RyVgq
VS mes o
Schmitt trigger figure 2.38 (4M)
Yo
Visar
(b) v Vg
0 ' ~ Vi "
Vast 39 ¢ 1 ' Ve
0 1: . -
(c) Vir _...L__?.’.'L ~Visat
o tive
L e e
9 Vir| Veer | Ve =
(d)

Fig.2.38 Schmitt Trigger circuit and hysteresis phenomenon

Il ORDER HPF:
V, = A,V; (1M)
Vg voltage at node B (am)
Step response, dampening coefficient, cause its effects am)
Diagram: (4M)
Voltace gam
WE POT e
AT IS5
40dBidecade
o e
4 I
By 0.707 Af |
1) | Stop B““‘-|—Pn:=5 band = — —

= : Freqeney

a)Draw and explain the circuit of a voltage to current converter if the load is (i) floating
(4M) (ii) Grounded (4M) (May/June 2012)

b) Draw and explain the circuit of a current to voltage converter. (7M) BTL3

Answer: page 146 — 147 LIC D.Roy Choudhury
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Floating load figure 2.7 (4M)
Output voltage Vo = 2V1
Vo=Vi+Vo-lIr
Where Vi = IiLR
Application — LED, zener diode tester, low voltage dc, ac voltmeter
+ vt
Fig. 2.7 Voltage to Current Converter with floating loads (V/I):
Writing KVL for the input loop,
Voltage V;y = Vr andIs=0, V; = R.i, where i, = :—"
With grounded load: (4M)
R Va2 R
-r‘VVV\' AN
——O
Ve&—2V)
R
AW
X Lh— «—1I
Vin b 2R,
o 1’ %Glnunded
ul 1 load
Current to voltage converter figure 2.9 (7TM)
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R=CRs
|| +|3=lj_
(VitVa)/R +(V,-Va)YR=1_
Vo= (Vi+Vo- IL R)/2 end gain =1+ R/R=2.
~Vi=0LR ;I, =V;/R

Current to Voltage Converter (I -V):

1 Ve=[r4:']ﬁlj|

Fig. 2.9 Non inverting current to voltage convertor
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Subject Code: EC8453 Year/Semester: 11 /04
Subject Name: LINEAR INTEGRATED CIRCUITS Subject Handler: W.Nancy

UNIT 111 - ANALOG MULTIPLIER AND PLL

Analog Multiplier using Emitter Coupled Transistor Pair - Gilbert Multiplier cell — Variable trans
conductance technique, analog multiplier ICs and their applications, Operation of the basic PLL,
Closed loop analysis, Voltage controlled oscillator, Monolithic PLL IC 565, application of PLL for
AM detection, FM detection, FSK modulation and demodulation and Frequency synthesizing and
clock synchronisation.

PART * A

Q.No. Questions

List the basic building blocks of PLL. BTL1
e Phase detector/comparator

1. e Low pass filter

e Error amplifier

e \oltage controlled oscillator

Define FSK modulation.(MAY 2010) BTL1

FSK is a type of frequency modulation in which the binary data or code is transmitted by means
of a carrier frequency that is shifted between two fixed frequency namely mark(logicl) and
space frequency(logic 0).

What is analog multiplier?(MAY 2010) BTL1
3 | A multiplier produces an output Vg, which is proportional to the product of two inputs V,, and
V,, Vo=KV,V,

List out the various methods available for performing for analog multiplier. BTL1
Logarithmic summing technique

Pulse height /width modulation technique

Variable trans conductance technique

Multiplication using gilbert cell

Multiplication technigue using trans conductance technique

Mention some areas where PLL is widely used. (DEC 2009) BTL1
e Radar synchronizations
e Satellite communication systems
e Air borne navigational systems
e FM communication systems
e Computers.

What are the three stages through which PLL operates? BTL1
e Free running
e Capture
e Locked/ tracking

Define lock-in range of a PLL. (MAY 2010) BTL1

The range of frequencies over which the PLL can maintain lock with the incoming signal is
called the lock-in range or tracking range. It is expressed as a percentage of the VCO free
running frequency.

5.25




REGULATION: 2017 ACADEMIC YEAR: 2019 - 2020

Define capture range of PLL. (MAY 2010) BTL1

8 | The range of frequencies over which the PLL can acquire lock with an input signal is called the
capture range. It is expressed as a percentage of the VCO free running frequency.
Write the expression for FSK modulation.(MAY 2010) BTL1
9 | The expression for FSK modulation is,
Avi=f2-f1/k0
Define free running mode .(MAY 2010) BTL1
10 | Aninteractive computer mode that allows more than one user to have simultaneous use of a
program.
For perfect lock, what should be the phase relation between the incoming signal and VCO
11 | outputsignal? BTL2
The VCO output should be 90 degrees out of phase with respect to the input signal.
Give the classification of phase detector. BTL1
12 e Analog phase detector .
e Digital phase detector
What is a switch type phase detector? BTL1
An electronic switch is opened and closed by signal coming from VCO and the input signal is
13 | chopped at a repetition rate determined by the VCO frequency. This type of phase detector is
called a half wave detector since the phase information for only one half of the input signal is
detected and averaged.
What are the problems associated with switch type phase detector? BTL1
e The output voltage V. is proportional to the input signal amplitude. This is undesirable
14 because it makes phase detector gain and loop gain dependent on the input signal
amplitude.
e The output is proportional to cosg making it non linear.
What is a voltage controlled oscillator? BTL1
15 Voltage controlled oscillator is a free running multi vibrator operating at a set frequency called
the free running frequency. This frequency can be shifted to either side by applying a dc control
voltage and the frequency deviation is proportional to the dc control voltage
Define Voltage to Frequency conversion factor. BTL1
16 Voltage to Frequency conversion factor is defined as,
Kv = fo / Vc= 8fo /Vcc
Where, V¢ is the modulation voltage fo frequency shift.
What is the purpose of having a low pass filter in PLL? BTL1
e It removes the high frequency components and noise.
17 e Controls the dynamic characteristics of the PLL such as capture range, lock-in range,
band-width and transient response.
e The charge on the filter capacitor gives a short- time memory to the PLL
Discuss the effect of having large capture range. BTL2
The PLL cannot acquire a signal outside the capture range, but once captured, it will hold on till
18 | the frequency goes beyond the lock-in range. Thus, to increase the ability of lock range, large
capture range is required. But, a large capture range will make the PLL more susceptible to
noise and undesirable signal.
19 Mention some typical applications of PLL. BTL1

* Frequency multiplication/division
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* Frequency translation
* AM detection

* FM demodulation

* FSK demodulation.

What is a compander 1C? Give some examples.(DEC 2009) BTL1
The term commanding means compressing and expanding. In a communication system, the

20 audio signal is compressed in the transmitter and expanded in the receiver.
Examples: LM 2704- LM 2707; NE 570/571.
What are the merits of companding? BTL1
e The compression process reduces the dynamic range of the signal before it is
21 transmitted.
e Companding preserves the signal to noise ratio of the original signal and avoids non
linear distortion of the signal when the input amplitude is large.
e ltalso reduces buzz,bias and low level audio tones caused by mild interference.
List the applications of analog multipliers.(May/June 2013) BTL1
e Analog computer
e Analog signal processing
22 e Automatic gain control
e True RMS converter
e Analog filter (especially voltage-controlled filters)
e PAM-pulse amplitude modulation
In what way VCO is different from other oscillator. (May/June 2012) BTL2
e To adjust the output frequency to match (or perhaps be some exact multiple of)
23 an accurate external reference.
e Where the oscillator drives equipment that may generate radio-frequency
interference, adding a varying voltage to its control input can disperse the
interference spectrum to make it less objectionable. See spread spectrum clock.
List the applications of NE565. (Nov/Dec2010) BTL1
24 e Frequency multiplier
e FM Demodulator is the applications of NE565.
Why the VCO is called voltage to frequency converter? (Nov/Dec 2012) BTL1
The VCO provides the linear relationship between the applied voltage and the oscillation
25 | frequency. Applied voltage is called control voltage. The control of frequency with the help of
control voltage is also called voltage to frequency conversion. Hence VCO is also called voltage
to frequency converter.
PART *B
Explain the working of voltage controlled oscillator.(8M) (Nov/Dec 2009), (April/May
. | ?2010)BTL2

Answer: page 334 — 336 LIC D. Roy Choudhury
IC signetics NE/SE566 (4M)
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¥C | current] | SchmITT | BUFFER | | ]
T i ':l SOURCES | TRIGGER | AMPLIFIER |3 UL KE J_J C1
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= swewneomS| (6w
AMPUFIERI PR
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TV e
Application — converts EEGs, EKGs to AF range. (4M)

Fo changes with change in Rt, Ct, voltage at pin 5.
Voltage to frequency conversion factor

_ Af
A

Draw the pin configuration of PLL IC 565. (8M) BTL1
Answer: page 337 — 342 LIC D. Roy Choudhury

Pin configuration: (4M)
=¥ [I 14| NC
weut [2 13] Ne
weutr [3 12| NC
NEISE
veo
o [&] 565 1] ne
PHASE COMPARATOR [ 5 JTelsv
VCO INTPUT .
REFERENCE | g n EXTERNAL CAPACITOR
OUTPUT FORVCO
DEMODULATED [7 3] EXTERNAL RESISTOR
OUTPUT FORVCO
14-Pin DIP Package

The important electrical characteristics of 565 PLL,

Operating frequency range: 0.001Hz to 500 Khz.

Operating voltage range: £6 to +12v (4M)
Input level required for tracking: 10mv rms min to 3 Vpp max

Input impedance: 10 K ohms typically.

Output sink current: ImA

e Qutput source current: 10 Ma

Brief about PLL application Frequency multiplication / Division. (8M) BTL2

Answer: page 342 — 343 LIC D. Roy Choudhury
e Divide by N network
e Frequency divider insert between the VCO & phase comparator. (2M)
e Qutput of the divider locks to f IN.
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e VCO runs at multiple of input frequency. (2M)
e Desired amount of multiplication obtains by selecting a proper divide-by-N network,
e where N is an integer.

Diagram: (4M)

LOW PASS
?&MTM FILTER AMPLIFIER

12 b D

l vco

Elaborate FSK demodulator with neat diagram. (8M) BTL2
Answer: page 344 — 345 LIC D. Roy Choudhury.
e Capacitive coupling - at input to remove dc line. am)
e At input of 565, loop locks to input frequency & tracks it between 2 frequencies.
e R1 & C1 determine the free running frequency of VCO,
e 3 stages RC ladder filter - to remove carrier component from output. (2M)
Diagram: (4M)

' ’ a+ v
Rl l
5k FOW =002 002 002

|00 ]
-[3?': ‘“*-[ JL

Fs, O , € 0 o7 I o W]

NESZD

Yy
N

{ 3 4 : :I 0K
6003 2600 Lops
= -F:‘ -3— W

Applications: am)
e Digital data communication, computer peripheral
¢ Binary data transmits by means of carrier frequency - shifts between two preset
frequencies.
e This type of data transmission called frequency shift keying (FSK) technique.
e The binary data retrieved by FSK demodulator.

SE/NE 365

4 Ao

Describe the working principle of a analog multiplier using emitter coupled transistor pair.
(13M) (Nov/Dec 2014) BTL2
Answer: page 338 — 339 LIC D. Roy Choudhury
e Gilbert multiplier cell - modification of the emitter coupled cell (2M)
e Allows four — quadrant multiplication.
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e It forms the basis of the integrated circuit balanced Multipliers.

(2M)

e Two cross- coupled emitter- coupled pairs in series connection with an emitter coupled

where R1&C1 - an external resistor & a capacitor connected to pins 8 & 9.

pair form the structure of the Gilbert multiplier cell. (3M)
Circuit Diagram: (6M)
llu Iull
llcs Iul \“cs IC‘l
+ O— Q3 Qs V—KQIS Qe
V1
-0
J,I':l Iczl
+O—K21 Q2
V2
-0
?IRE
Vg
Explain in detail the block diagram PLL. (13M) BTL2
Answer: page 338 — 339 LIC D. Roy Choudhury
Circuit Diagram: (7TM)
DEMODULATE
OUTPUT
REFERENCE
OUTPUT
NE/SE 565 PLL Block Diagram
Center frequency of the PLL - free running frequency of the VCO, given by
fOUT = 1.2/ 4R1C1 (2M)

VCO free-running frequency fOUT adjusts externally with R1 & C1 to be at center of
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input frequency range. (2M)

e (C1 can be any value; R1 must have a value between 2 k ohms and 20 K ohms.

e Capacitor C2 connected between 7 & +V.

e Filter capacitor C2 should be large enough to eliminate variations in the demodulated
output voltage in order to stabilize VCO frequency. (2M)

Explain the working principle of operational Transconductance Amplifier. (8M) BTL2
Answer: page 342 — 344 LIC D. Roy Choudhury
e Makes use of dependence characteristic of transistor transconductance parameter on

emitter current bias applied. am)

e Simple differential circuit arrangement depicting the principle is shown in figure.

e Relationship between VO, Vx given by VO =gm RL VX (2M)

e where gm = IEE /VT transconductance of stage. (am)

e Application of second input Vy to reference current source of differential amplifier varies
gm.

Thus, if RE IEE >>VBE, bias voltage Vy relates to IEE by relation Vy = IEE RE.
e Then, overall voltage transfer expression,
e VO0=gmRLVx=(VYy/VTRE)VXRL
=VxVy RL/ VTRE
Diagram: (4M)

3.3 Variable Transconductance Technique:

Re g | Iex

Fig. 3.9 Differential stage of the Tran conductance multiplier

Define capture range and lock range . (3M)
Explain the process of capturing the lock and also derive for capture range and lock
range.(10M) BTL2
Answer: page 339 — 342 LIC D. Roy Choudhury
e Lock range(Tracking range): (2M)
The lock range - range of frequencies over which PLL system follows changes in input
frequency fIN.

e Capture range: (am)
Capture range - frequency range in which PLL acquires phase lock.
e Always smaller than lock range. am

o If divider divides by M, it allows the VCO to multiply the reference frequency by N / M.
e In some cases reference frequency constrains by other issues, - then reference divider -
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useful. (2M)

e Frequency multiplication - attains by locking PLL to 'N'th harmonic of signal. (2M)

e Let input to phase detector be xc(t) (2M)

e Qutput of voltage- controlled oscillator (VCO) - xr(t) with frequency wr(t). (3M)
PART *C

Explain with neat block diagrams, how PLL is used as (i) AM Detector (5M) (ii) FM
Detector (5M) (iii) Frequency synthesizer (5M) (May/June 2012) BTL2

Answer: page 342 — 344 LIC D. Roy Choudhury

AM Detector: (5M)

AM wput

P Plase shift —— ; —Pp LowPagz —
0 Wultiplier :
au Filter

Democulated

output
Fhase

—»  Locked
Loop VO ontput

FM Detector: (5M)
e IfPLL locks to a FM signal, VCO tracks instantaneous frequency of input signal.
e Filtered error voltage which controls the VCO, maintains lock with input signal to get
demodulated FM output.
e VCO transfer characteristics determine linearity of demodulated output.
e Since, VCO in IC PLL - highly linear, possible to realize highly linear FM
demodulators.

Frequency synthesizer: (5M)
Phase
Master Osdllator Comparator  Loop Fiter VCO
|l >  .R - _—— L - -
ref frequency fr
=N -

Digital inputs to select N

¢ Ability of a frequency synthesizer to generate multiple frequencies is the divider between
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the output and feedback input.
e This usually in form of a digital counter, with output signal acts as a clock signal.
e The counter preset to some initial count value,
e counts down at each cycle of clock signal.
e When it reaches zero, the counter output changes state and count value reloads.

a) List and define the various performance parameters of a multiplier IC. (5M) (May/June
2012).b) How the multiplier is used as voltage divider? (5M) (May/June 2012). c) How the
multiplier is used as frequency doubler? (5M) (May/June 2012) BTL2

Answer: page 159 — 164 LIC D. Roy Choudhury

Multiplier 1C figure 3.10 (5M)

Ve=KViVy
Vx O— Output

>< —0 Ve

Vy o0—

<[
o
o
e

ADO33IN

Fig. 3.10 Multiplier IC and its symbol
e Circuit whose output voltage at any instant proportional to product of instantaneous
value of two individual input voltages.
Important applications of these multipliers - multiplication, division, squaring,
square — rooting of signals, modulation, demodulation.
Available as integrated circuits consists of op-amps and other circuit elements.
The Schematic of a typical analog multiplier, namely, AD633 is shown in figure.

Voltage divider figure 3.14 (5M)

N oa

Fig 3.14 divider circuit
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No input signal current flow into nverting input terminal of op-amp, - virtual ground.
Therefore, at the junction a, i1 +i2 =0,
current il = Vnum / R, where R = input resistance.
current i2 = Vom /R. With virtual ground existing at a,
i1+i2=Vnum/R +Vom /R =0
KV OAV den =-V numor
e VOA=- vnum/Kvden
e where Vnum and Vden numerator, denominator voltages respectively.
Frequency Doubler figure 3.13 (5M)

+15V

3 Ts

1 7
><o
BN
T | Apess
V=5 sin 27 (10,000)t ls \.{ Ri=10K
o

VandV; —*
o
<

®)

Fig. 3.13 (a) circuit diagram and (b) input —output waveform of frequency doubler
e Squaring circuit connects for frequency doubling operation.
e Sine-wave signal Vi has a peak amplitude of Av, frequency of f Hz.
e Output waveforms ripple with twice input frequency in rectified output of input signal.
e This forms principle of application of analog multiplier as rectifier of ac signals.

i)Discuss the principle of operation of NE 565 PLL circuit. (L0M)
il)How can PLL be modeled as a frequency multiplier.(5M) BTL4
Answer: page 337 — 338,342 - 343 LIC D. Roy Choudhury

e Center frequency of PLL - free running frequency of VCO, given by

e fOUT =1.2/4R1C1 (2M)
e where R1&C1 - an external resistor & capacitor connected to pins 8 & 9.

e VCO free-running frequency fOUT adjusts externally with R1 & C1 (2M)

C1 can be any value; R1 must have a value between 2 k ohms and 20 K ohmes.
e Capacitor C2 connected between 7 & +V.
Diagram: (6M)
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peY
10
i Sk A L e S A
]
! MODULA
NPT °31_ PHASE FIER &EJTPUT Y
3 AMPL
NeyY 95— DETECTOR REFERENCE

5! OUTPUT

PHASE COMPARATOR 0]

(PC) VCO INPUT :

e 4 NE 565 PLL IC
1
sLERENE. 3
i veo
1
1
e o B L Pt A S S et
8 o[ [
+V -V

NE/SE 565 PLL Block Diagram

il) Frequency multiplier

o Divide by N network

Frequency divider insert between the VCO & phase comparator.
Output of the divider locks to f IN.

VCO runs at multiple of input frequency.

where N is an integer.

LOW PASS
?&IITM FILTER AMPLIFIER

1¢ Hb D

+ N vco

(5M)

Desired amount of multiplication obtains by selecting a proper divide-by-N network,
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Subject Code:EC8453 Year/Semester: 11 /04
Subject Name: LINEAR INTEGRATED CIRCUITS Subject Handler: Mrs.W.Nancy

UNIT IV - ANALOG TO DIGITAL AND DIGITAL TO ANALOG
CONVERTERS

Analog and Digital Data Conversions, D/A converter — specifications - weighted resistor type, R-2R
Ladder type, Voltage Mode and Current-Mode R - 2R Ladder types - switches for D/A converters, high
speed sample-and-hold circuits, A/D Converters — specifications - Flash type - Successive
Approximation type - Single Slope type — Dual Slope type - A/D Converter using Voltage-to-Time
Conversion - Over-sampling A/D Converters, Sigma — Delta converters.

PART * A

Q.No.

Questions

Give the operation of basic sample and hold circuit. BTL1

A typical sample and hold circuit stores electric charge in a capacitor and contains at least one
fast FET switch and at least one operational amplifier. To sample the input signal the switch
connects the capacitor to the output of a buffer amplifier. The buffer amplifier charges or
discharges the capacitor so that the voltage across the capacitor is practically equal, or
proportional to, input voltage. In hold mode the switch disconnects the capacitor from the buffer.
The capacitor is invariably discharged by its own leakage currents and useful load currents, which
makes the circuit inherently volatile, but the loss of voltage (voltage drop) within a specified hold
time remains within an acceptable error margin.

State the advantages and applications of sample and hold circuits. BTL1

A sample and hold circuit is one which samples an input signal and holds on to its last sampled
value until the input is sampled again. This circuit is mainly used in digital interfacing, analog to
digital systems, and pulse code modulation systems.

List the drawbacks of binary weighted resistor technique of D/A conversion.BTL1
e Wide range of resistor values needed.
e Difficulty in achieving and maintaining accurate ratios over a wide range of variations

What is the advantage and disadvantages of flash type ADC? BTL1
Flash type ADC is the fastest as well as the most expensive.

The disadvantage is the number of comparators needed almost doubles for each added bit (For a
n-bit convertor 2(n-1) comparators, 2n resistors are required).

The basic step of a 9 bit DAC is 10.3 mV. If 000000000 represents OVolts, what is the output
for an input 0f 101101111? BTL2

The output voltage for input of 101101111 is

=10.3 mV (1*28+0*27+1*26+1*25+0*24+1*23+1*22+1*21+1*20)
=10.3*10-3*367=3.78V

Find the resolution of a 12 bit DAC converter. BTL1
Resolution (volts) = VFS/(212-1) = 1 LSB increment VVFS — Full scale voltage

What are the advantages and disadvantages of R-2R ladder DAC? BTL1 Advantages:
e Easier to build accurately as only two precision metal films are required.
e Number of bits can be expanded by adding more sections of same R/2R values.
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What are the disadvantages of R-2R ladder DAC? BTL1

8 In this type of DAC, when there is a change in the input, changes the current flow in the resistor
which causes more power dissipation which creates non-linearity in DAC.
Define Start of Conversion. BTL1
9 | This is the control signal for start of conversion which initiates A/D conversion process.
10 Define End of Conversion. BTL1
This is the control signal which is activated when the conversion is completed.
What are the types of ADC? BTL1
e Flash (comparator) type converter
11 | e Counter type converter
e Tracking or servo converter
e Successive approximation type converter
What are the types of DAC? BTL1
12 |° Weighted resistor DAC
e R-2R Ladder
e Inverted R-2R Ladder
What is the difference between direct ADC and integrating type ADC? BTL1
13 | The integrating type of ADC’s do not need a sample/Hold circuit at the input.
It is possible to transmit frequency even in noisy environment or in an isolated form.
Define Resolution. BTL1
The resolution of a converter is the smallest change in voltage which may be produced at the
14 | output or input of the converter. Resolution (in volts)= VFS/2n-1=1 LSB increment. The
resolution of an ADC is defined as the smallest change in analog input for a one bit change at the
output.
What is meant by Accuracy? BTL1
15 | It is the maximum deviation between the actual converter output & the ideal converter output.
16 | What is the purpose of DAC Monotonicity? BTL1
A monotonic DAC is one whose analog output increases for an increase in digital input.
Define Conversion time. BTL1
It is defined as the total time required to convert an analog signal into its digital output. It depends
on the conversion technique used & the propagation delay of circuit components.
17 | The conversion time of a successive approximation type ADC is given by
T(n+1)
where T---clock period
Tc---conversion time no of bits.
Define Relative accuracy. BTL1
18 | Relative Accuracy is the maximum deviation after gain & offset errors have been removed. The
accuracy of a converter is also specified in form of LSB increments or % of full scale voltage.
19 Define dither. BTL1

Dither is very small amount of noise to add a before the A/D conversion.
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Define sampling period and hold period. BTL1
Time duration of capacitor to sample and hold the equal value of voltage input period is called as

20 : : . . : . o
sampling period and the time duration of voltage across the capacitor at constant time duration is
called as hold period.

Define the term settling time. BTL1
It represents the time it takes for the output to settle within a specified band+-(1/2) LSB of its

21 | final value. It depends upon the switching time of the logic circuitry due to internal parasitic
capacitances and inductances. Settling time ranges from 100ns to 10us depending on word length
and type of circuit used.

Define conversion time. BTL1

29 It is the time taken for the D/A converter to produce the analog output for the given binary input
signal. It depends on the response time of switches and the output of the Amplifier. D/A
converters speed can be defined by this parameter. It is also called as setting time.

Define slew rate and state its significance. (Apr/May 2010) BTL1
The circuit of successive approximation ADC consists of a successive approximation register

23 (SAR), to find the required value of each bit by trial & error. With the arrival of START
command, SAR sets the MSB bit to 1. The O/P is converted into an analog signal & it is
compared with I/P signal. This O/P is low or high. This process continues until all bits are
checked.

What is the fastest ADC and why? (Nov/Dec 2010) BTL1
The circuit of successive approximation ADC consists of a successive approximation register

24 (SAR), to find the required value of each bit by trial & error. With the arrival of START
command, SAR sets the MSB bit to 1. The O/P is converted into an analog signal & it is
compared with I/P signal. This O/P is low or high. This process continues until all bits are
checked.

An 8 bit DAC has a resolution of 20mV/bit. What is the analog output voltage for the digital
input code 00010110(the MSB is the left most bit)?(Apr/May 2010) BTL2

ot The output voltage for input 00010110 is
=20 *0* 28 % g% 2 * Ox 28 %1% 25 % ox 2% #1x 23 %1 92 % ox 21
=20 * 44
=880 Mv

PART *B
With neat internal diagram, explain the following
(i) Dual slope ADC (7M)
ii) Successive Approximation ADC. (6M) BTL1
Answer: page 361 — 365 LIC D.Roy Choudhury
Dual slope : (TM)
In Integrating ADC, current, proportional to input voltage, charges a capacitor for a fixed time

1 Vinterval T charge. (2M)
At the end of this interval, the device resets its counter and applies an opposite-polarity negative
reference voltage to the integrator input. (2M)
Because of this, the capacitor is discharged by a constant current until the integrator output
voltage zero again. am

The T discharge interval is proportional to the input voltage level and the resultant final count
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provides the digital output, corresponding to the input signal. (2M)
Successive Approximation ADC: (6M)
ANALOS
INPUT,
Vi |
- +
DAC
DIGITAL
QUTPUT
SUQCESSIVE
APPROMIIAATICN
CLOGK  |————m| FEGISTER AND CONTROL

i)Estimate the working of R-2R ladder type DAC. (10M)
ii)Compare binary weighted DAC with R-2R ladder network DAC. (3M) BTL1

Answer: page 352 — 353,349 - 351 LIC D.Roy Choudhury
Tabulation : (3M)

Table 4.2 operation of a R-2R ladder DAC

| 000 | 0.00V |

001 |25V
o0 |250v|
Lo |arsv|
100 |00V
101 |-625V|
10 |750V|
e

Vout = - (VMSB + Vn + VLSB) = - (VRef + VRef/2 + VVRef/ 4) (2M)

Diagram: (5M)
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Enhancement of binary-weighted resistorBAC - R-2R ladder network. (aMm)
DAC utilizes Thevenin’s theorem in arriving at desired output voltages.

Disadvantage of the former DAC design - its requirement of several different precise input
resistor values. am
one unique value per binary input bit.

R-2R network consists of resistors with only two values - R and 2xR. am
If each input supplied either O volts or reference voltage, the output voltage will be an analog
equivalent of the binary value of the three bits.

V Sz corresponds to the most significant bit (MSB) while VVSo corresponds to the least significant
bit (LSB).

With circuit schematic explain analog switches using FET. (13M) BTL1
Answer: page 361 — 365 LIC D.Roy Choudhury

Two types of analog switches. am)
Series and Shunt switch. (2M)
Switch operation is shown for both the cases VGS=0 VGS= VGs (off) (2M)
Diagram: (8M)
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Rt“; Ss Ru
Va
(ii) AtV.c=0
TN . T e
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V'J: > —‘I_
—s
(1) Shunt switch Rq -
o—ANA 5V, - o—W .—I—‘: Veu
n 0 i
&5 Rpe << Rp ./Osqm
| —
(i) ALV, =0 £ (i) AtVgs = Vogorn

Fig 4.13 Series and shunt Analog switches

i)Categorize the different sources of error in DAC. (7TM)
i)Analyze the types of errors in DAC. (6M) BTL4

Answer: page 349 — 355 LIC D.Roy Choudhury
Sampling rate (3M)

e The analog signal is continuous in time and it is necessary to convert this to a flow of

e digital values.

e |t is therefore required to define the rate at which new digital values are sampled from the
analog signal.

e The rate of new values is called the sampling rate or sampling frequency of the converter.

e The accuracy is limited by quantization error.
Accuracy (4M)

e An ADC has several sources of errors.

e Quantization error and (assuming the ADC is intended to be linear) non-linearity is intrinsic
to any analog-to-digital conversion.

e There is also a so called aperture error which is due to a clock jitter and is revealed when

digitizing a time-variant signal (not a constant value).
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e These errors are measured in a unit called the LSB, which is an abbreviation for least
significant bit.
Quantization error (3M)

e Quantization error is due to the finite resolution of the ADC, and is an unavoidable
imperfection in all types of ADC.

e The magnitude of the quantization error at the sampling instant is between zero and half of
one LSB.

e In the general case, the original signal is much larger than one LSB.

e When this happens, the quantization error is not correlated with the signal, and has a uniform
distribution.
Non-linearity (3M)

e These errors can sometimes be mitigated by calibration, or prevented by testing.

e Important parameters for linearity are integral non-linearity (INL) and differential non-
linearity (DNL).

e These non-linear ties reduce the dynamic range of the signals that can be digitized by the
ADC, also reducing the effective resolution of the ADC.

Show the operation of any two direct type of ADC. (13M) BTL2
Answer: page 361 — 365 LIC D.Roy Choudhury
Process extremely fast with a sampling rate of up to 1 GHz. am

Resolution however, limited because of large number of comparators, reference voltages
required. am)
Input signal fed simultaneously to all comparators. am)

Priority encoder then generates a digital output that corresponds with the highest activated
comparator. (1M)
Diagram: (3M)
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REFERENCE RESISTOR
LADDER

( VEEF YN 21 COMPARATORS

NEIT

e
ENCCDER [ DIGITAL
uTRUT

YYY

Yy

Fig.4.14 Flash ADC
Successive Approximation method:

Bit-weighting conversion, similar to a binary. (amMm)
Analogue value rounded to the nearest binary value below,

Because the approximations are successive (not simultaneous), conversion takes one clock-cycle
for each bit of resolution desired. (aMm)

Circuit Diagram: (4M)

ANALOS

II‘PUv?" -——l

DAC

DIGITAL

SUOCESSIVE
APPRCAIIAATION
CLOGK a| FEGISTER AND CONTROL

Discuss in detail about the following Digital to Analog & Analog to Digital conversion
techniques.
i)Flash type ADC (6M)
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il)Weighted Resistor DAC. (7M) BTL1
Answer: page 358 — 360,349 - 351 LIC D.Roy Choudhury
Process extremely fast with a sampling rate of up to 1 GHz. am)

Resolution however, limited because of large number of comparators, reference voltages
required. (IM)
Input signal fed simultaneously to all comparators. am)
Priority encoder then generates a digital output that corresponds with the highest activated
comparator. am)
Diagram: (2M)

REFERENCE RESISTOR

LADCER
( Vrer YN 21 COMPARATORS
; &
T3 >
.
3 2=
g % N-EIT
: é : | seoR D e
. —
rs§:s
&%
2
Fig.4.14 Flash ADC
Weighted Resistor DAC:
For a n-bit DAC, the relationship between Vout and the binary input is as follows: (2M)
L5 S
Vour == reIf{ ! Zz—i
i=1l
The LSB, which is also the incremental step, has a value of - 0.625 V while the MSB or the full
scale has a value of - 9.375 V. (am)
Diagram: (4M)
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i)Draw the diagram of sample and hold circuit. (7M)

i)State how you will reduce its hold mode drop. (6M) BTL2

Answer: page 153 - 154 LIC D.Roy Choudhury

Circuit Diagram: (4M)

K
Sample ;
CK: __L - _L 3
Track Hold M,
Vin Cs V-‘.-llt
1.

During sample mode, the SOP behaves just like a regular op-amp, in which the value of the
output follows the value of the input. (am)
During hold mode, the MOS transistors at the output node of the SOP are turned off while they

are still operating in saturation, thus preventing any channel charge from flowing into the output

of the SOP. (2M)
In addition, the SOP is shut off and its output is held at high impedance, allowing the charge on
Ch to be preserved throughout the hold mode. (2M)

On the other hand, the output buffer of this S/H circuit is always operational during sample and
hold mode and is always providing the voltage on Ch to the output of the S/H circuit. am)
Circuit Diagram : (3M)

—— vOll(
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Explain the working of a voltage to time converter and voltage to frequency converter.(7M)
Construct the working of dual slope ADC and explain. (6M) BTL2
Answer: page 363 - 365 LIC D.Roy Choudhury
Analog voltage required to be converted to a proportional time period. am)
As shown in diagram a negative reference voltage -VR is applied to an integrator,
whose output is connected to the inverting input of the comparator.
output of the comparator is at 1 as long as the output of the integrator Vo is less than Va.
Voltage to time converter: (3M)
Q
-——O‘ESD—
'S
R _——Ht_— 3 5
Vg —"WV— v ' N-oit [0 g"“l N-bit
o . H N2
~ ,j?%;;m vl s el 8(? b sinary
P RC  lcemparator — By J i
Analog : )
Clock pulse
voltage
e JUUL
T(I
Voltage to time conversion process: (3M)
! N
Voltage [~ --—---- - < :;,I// E\
Vg L//\"‘ -: L Nipn \
5 g |
= %
o"’&[‘; L : l —t
‘é;ﬂ : : r—] Sk
Dual slope :
In Integrating ADC, current, proportional to input voltage, charges a capacitor for a fixed time
interval T charge. (2M)
At the end of this interval, the device resets its counter and applies an opposite-polarity negative
reference voltage to the integrator input. (2M)
Because of this, the capacitor is discharged by a constant current until the integrator output
voltage zero again. am
The T discharge interval is proportional to the input voltage level and the resultant final count
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provides the digital output, corresponding to the input signal. am)

PART *C

With example explain the successive Approximation ADC Technique. (11M)

Discuss the important specification of Data Converters. (4M)

Answer: Page 361 - 363 LIC D.Roy Choudhury

Successive Approximation: (6M)

ANALOG
INPUT,
Vi

- +
DAC
\
DIGITAL

QUTPUT
SUQCESSIVE
o ] FEGISTER MO COVROL
bit-weighting conversion, similar to a binary. am)
Analogue value rounded to the nearest binary value below, (aMm)
Because the approximations are successive (not simultaneous), (2M)
conversion takes one clock-cycle for each bit of resolution desired. (am)
ii)Data converters:
input n bit binary word D (1M)
reference voltage Vr am)
analog output signal am)

output of DAC — voltage or current (1M)

Derive the Inverted or Current mode R-2R Ladder Digital to analog converter and explain.
Examine the inverted R-2R ladder (refer above question) has R=Rf=10k() and VR=10V.

Calculate the total current delivered to the op-amp and the output voltage when the binary
input is 1110. (15M) BTL3
Currents given as (4M)

i1 = VRer/2R = (VRer/R) 2-1,

12 = (VRer)/2)/I2R = (VRer/R) 2-2.........

in = (VRrer/R) 2-n.

Relationship between the currents given as (4M)
i2=1il/2
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i3=1il/4
i4=11/8
in=1il/2n1

Using bits to identify status of switches,

letting VO = -Rf io gives

P S ¥ ¥ - my
|
P
cabie | | -
eel") Lsw,  psw . swy W }m"
3 T ‘ < s fal { & o g o Ip

A e

) 0 (o}
2 &y by b, b,

— N
© ‘
l 2 e
‘fj:,v—l—c- vo
.

(M)

()Compare single slope ADC and dual slope ADC.(3M) BTL4
(if)Explain the working of dual slope A/D converter.(7M) BTL2

Calculate t2 if V1 is 100 mv and 2. 200 mv. (5M) BTL3
Answer: page 363 - 366 LIC D.Roy Choudhury

interval T charge.
reference voltage to the integrator input.

voltage zero again.

count provides the digital output, corresponding to the input signal.

— _ _ 2" counts
T1 - tz tl ~ Cclockrate

_ _ digital count N
t3 t2 clock rate

(ili)For a particular dual slope ADC, t1 is 83.33ms and the reference voltage is 100mv.

In Integrating ADC, current, proportional to input voltage, charges a capacitor for a fixed time

2Mm)

At the end of this interval, the device resets its counter and applies an opposite-polarity negative

(2M)

Because of this, the capacitor is discharged by a constant current until the integrator output

(2M)

The T discharge interval is proportional to the input voltage level and the resultant final

(3M)
(3M)

(M)
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Subject Code:EC8453 Year/Semester: 11 /04
Subject Name: LINEAR INTEGRATED CIRCUITS Subject Handler: Mrs.W.NANCY

UNIT V - WAVEFORM GENERATORS AND SPECIAL FUNCTION ICs

Sine-wave generators, Multivibrators and Triangular wave generator, Saw-tooth wave generator,
ICL8038 function generator, Timer IC 555, IC Voltage regulators — Three terminal fixed and
adjustable voltage regulators - 1IC 723 general purpose regulator - Monolithic switching regulator, Low

Drop —

Out(LDO) Regulators - Switched capacitor filter IC MF10, Frequency to Voltage and Voltage

to Frequency converters, Audio Power amplifier, Video Amplifier, Isolation Amplifier, Opto- couplers
and fibre optic IC.

PART * A

Q.No.

Questions

What are the operating modes of a 555 timer? BTL1

1. e Monostable mode
e Astable mode
List out the applications of 555 timer. BTL1
e Oscillator
9 e pulse generator
e ramp and square wave generator d. mono-shot multivibrator
e Durglar alarm
e traffic light control.
Define sink current. BTL1
3 | When the output is low, the load current that flows through cted between Vcc and o/p terminal is
called sink current.
Define source current. BTL1
4 | When the output is high, the load current that flows through the load connected between ground
and o/p terminal is called source current.
What is the use of reset pin of 555 timer? BTL1
S | This is an interrupt for the timing device when pin 4 is grounded, it stops the working of device
and makes it off.
What is the purpose of control voltage pin (5) of 555 timer? BTL1
6 This pin is the inverting input terminal of comparator. This is reference level for comparator
with which threshold is compared. If reference level is other than 2/3 VCC, then external input
is to be given to pin 5. Pulse width modulation is possible due to pin 5.
List out the major blocks in functional diagram of 555 timer. BTL1
The IC 555 timer combines the following elements.
7 e A relaxation oscillator
e RS flip-flop
e Two comparators
e Discharge transistor
8 List the types of regulators? BTL1
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e Linear regulator
e Switched regulator

Write the expression for pulse width of 555 timer in monostable mode. BTL1
Pulse width W = 1.1 RC seconds

) R — resistor in ohms,
C — capacitor in farads
Write the expression for total time period of 555 timer in astable mode. BTL1
10 T =0.693 (RA + 2 RB) C seconds
Where RA,RB are resistors
C is capacitor
What is the frequency of oscillation of free running mode of 555 timer? BTL1
1 F=1.44/ (RA+2RB)CHz
Where RA,RB are resistors
C is capacitor
List out the applications of 555 timer in astable mode. BTL1
e missing pulse detector
12 e Linear ramp generator
e Frequency divider
e Pulse width modulation.
List out the applications of 555 timer in monostable mode. BTL1
13 e FSK generator
e Pulse-position modulator
Define voltage regulators and give the types. BTL1
e A voltage regulator is an electronic circuit that provides a stable dc voltage independent
14 of the load current, temperature, and ac line voltage variations.
e The classification of voltage regulators:
Series / Linear regulators
Switching regulators.
What do you mean by linear voltage regulators? BTL1
15 Series or linear regulator uses a power transistor connected in series between the unregulated dc
input and the load and it conducts in the linear region .The output voltage is controlled by the
continuous voltage drop taking place across the series pass transistor.
Define switched voltage regulators. BTL1
16 Switching regulators are those which operate the power transistor as a high frequency on/off
switch, so that the power transistor does not conduct current continuously. This gives improved
efficiency over series regulators.
What are the advantages of adjustable voltage regulators over the fixed voltage regulators?
BTL1
17 e Improved line and load regulation by a factor of 10 or more.

e Because of the improved overload protection, greater load current can be drawn.
e Improved reliability.
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List out the parameters related to the fixed voltage regulators. BTL1
e Line regulation
e Load regulation

18 e Ripple rejection
e Output impedance
e Maximum power dissipation
e Rated output current
Define dropout voltage of a fixed voltage regulator. BTL1
19 |1t is the minimum voltage that must exist between input and output terminals. For most of
regulators, it is 2 to 3 volts.
What is an opto-coupler 1C? Give examples. BTL1
e Opto-coupler IC is a combined package of a photo-emitting device and a photosensing
20 device.
e Examples for opto-coupler circuit : LED and a photo diode, LED
and photo transistor, LED and Darlington.
e Examples for opto-coupler IC : MCT 2F , MCT 2E
Mention the advantages of opto-couplers. BTL1
21 e Better isolation between the two stages.
e Impedance problem between the stages is eliminated.
e Wide frequency response.
Why do switching regulators have better efficiency then series regulators? (May/June 2012)
BTL1

22 | In switching regulators, the transistor is operated in cut off region or saturation region. In cut
off region, there is no current and hence power dissipation is almost zero. In the saturation
region there is negligible voltage drop across it hence the power dissipation is almost zero.

List the important parts of regulated power supply. (April/May2010) BTL1
e Reference voltage circuit
23 e Error amplifier
e Series pass transistor
e Feedback network
What are the advantages of a switch mode power supplies? (April/May2010) BTL1
e Smaller size
24 e Lighter weight (from the elimination of low frequency transformers which have a
high weight)
e Lower heat generation due to higher efficiency.
What are the disadvantages of linear voltage regulators? (Nov/Dec2011) BTL1
The input step down transformer is bulky and expensive because of low line frequency.

25 | Because of low line frequency, large values of filter capacitors are required to decrease the
ripple. Efficiency is reduced due to the continuous power dissipation by the transistor as it
operates in the linear region.

PART *B
Write a short notes on
1 Opto couplers (4M)

Switched capacitor filter (4M)
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Audio power amplifier (5M) BTL2

Answer: page 288 — 293,193 LIC D.Roy Choudhury

Opto couplers:

Opto couplers or Opto isolators is a combination of light source & light detector in the same
package. (2M)
They are used to couple signal from one point to other optically, by providing a complete electric
isolation between them. This kind of isolation is provided between a low power control circuit &
high power output circuit, to protect the control circuit.

Characteristics of opto coupler:

(1) Current Transfer Ratio: am

It is defined as the ratio of output collector current (Ic) to the input forward current (If)

CTR = Ic/If * 100%. Its value depends on the devices used as source & detector.

(ii) Isolation voltage between input & output:

It is the maximum voltage which can exist differentially between the input & output without
affecting the electrical isolation voltage is specified in K VVrms with a relative humidity of 40 to
60%.

(iii) Response Time:

Response time indicates how fast an opto coupler can change its output state. Response time
largely depends on the detector transistor, input current & load

resistance.

(iv) Common mode Rejection:

Even though the opto couplers are electrically isolated for dc & low frequency signals, an
impulsive input signal (the signal which changes suddenly) can give rise to a displacement
current lc= Cf*dv/dt.

Diagram: (2M)

Opitocoupler

Photo —
diode

- !: E: : Dwuiput

LED

inpui pulse -—— —

— LED current \_|—|__‘_

Switched capacitor filter: (4M)

5.52




REGULATION: 2017

ACADEMIC YEAR: 2019 - 2020

vs v N/AF AR,

LM380 circuit description:

It is connected of 4 stages,
PNP emitter follower
Different amplifier
Common emitter

e Emitter follower
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(5M)

llustrate the essential characteristics of power amplifier.
Answer: page 188 - 193 LIC D.Roy Choudhury
Diagram :

Demonstrate the functional diagram of LM 380 power amplifier. (13M) BTL4

(6M)
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Noninverting 2

input 00—

3.0, 15, 10,11, 156
Inverting 6

Ground

input @

Ground

Circuit Diagram:

vy i

RS
X ouTHUT

N
7

R2

150K

(1E51090, 1D
) G )

Features of LM380:
¢ Internally fixed gain of 50 (34dB)

Output is short circuit proof with internal thermal limiting.
Input stage allows the input to be ground referenced or ac
Wide supply voltage range (5 to 22V).

High peak current capability.

Output is automatically self centering to one half of the supply voltage.

(TM)
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e High impedance.
What are 555 timers? Explain the working of 555 timer as Monostable Multivibrator.
Derive an expression for the frequency of oscillation with relevant waveforms. (10M) BTL1
Answer: page 312 - 317 LIC D.Roy Choudhury
Initially when the output is low, i.e. the circuit is in a stable state, transistor Q1 is ON & capacitor
C is shorted to ground. (2M)
The output remains low. During negative going trigger pulse, transistor Q1 is OFF, which
releases the short circuit across the external capacitor C & drives the output high. (2M)
Now the capacitor C starts charging toward Vcc through RA. (2M)
When the voltage across the capacitor equals 2/3 Vcc, upper comparator switches from low to
high. i.e. Q =0, the transistor Q1 = OFF ; the output is high.
Diagram & waveform: (4M)
Q
R
g8 4] Fezet
+ THgper 7
i
9 | Liput 2
553 ; c
Outpet 3 1
5
0.0ZpF
Trigger Input +Vec
R e
i = » E
Output waveform : : AR S =Wee
— t—> _ ! ! : 0V
. o o s S5
Capacitor voltage : : / ....... E§:ﬁufcc
—/ / : 0V
Analyze and explain the operation of switching regulator with neat diagram. (8M)
Examine the operation of frequency to voltage converters. (5M) BTL4
Answer: page 255 — 257 LIC D.Roy Choudhury
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Switching regulator: (3M)
e Unregulated dc supply voltage at the input between 9.5V & 40V
e Adjustable regulated output voltage between 2 to 3V.

Maximum load current of 150 mA (ILmax = 150mA).

With the additional transistor used, ILmax upto 10A is obtainable.

Positive or Negative supply operation

Internal Power dissipation of 800mW.

Built in short circuit protection.

Very low temperature drift.
e High ripple rejection.

Diagram: (5M)

Switching Regulator

Switchng Reculator

Vor

Oy

-

&

[
e

l__-:'
>

|
*
Vin = L] R, Yin

2l
Fi

Frequency to voltage converters: (5M)
F-V convertor produces an output voltage whose amplitude is a function of input signal
frequency.

VO=kf fi kf is sensitivity of F-V convertor

It is basically a FM discriminator.
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Fig.5.45 Frequency To Voltage Convertor using VFC32 (V-F)

%

S iial ek

()

Fig.5.46 F-V Convertor using VF32 and input and output characteristics

Show the working of Astable Multivibrator using op-amp. (8M)
Recall any one application of Astable Multivibrator.

(5M) BTL2
Answer: page 318 — 323,312 - 317 LIC D.Roy Choudhury
Astable multivibrator:

The two states of circuit are only stable for a limited time and the circuit switches between them
with the output alternating between positive and negative saturation values.
Diagram:

(2M)
(6M)
KA
—
2|
A |
‘b 74l s »-é
-
RI1
3
RIR2 1KO
B3 e e R2
3§ Orel

Square wave oscillator:

(5M)
Without reducing RA = 0 ohm, the astable multivibrator can be used to produce square wave
output. Simply by connecting diode D across Resistor RB.

The capacitor C charges through RA & diode D to approximately 2/3Vcc & discharges through

5.57



REGULATION: 2017 ACADEMIC YEAR: 2019 - 2020

RB & Q1 until the capacitor voltage equals approximately 1/3Vcc, then the cycle repeats.
To obtain a square wave output, RA must be a combination of a fixed resistor & potentiometer so
that the potentiometer can be adjusted for the exact square wave.

R1%1K
5 4

7

1MRQ§"—| & NES55 3 |—— I LIL
potertiometer r

square wave outplt
2

&Y to 15

c = 1 =]

0.01uF
0.01uF
u

(i)Define voltage regulator and explain the working of Linear Voltage regulator with neat
circuit diagram using op-amps.  (8M)
(if)List any two important features of linear voltage regulator 1C723. (5M) BTL1
Answer: page 241-248 LIC D.Roy Choudhury
Factors affecting the output voltage: (3M)
e |IL (Load Current)
e VIN (Input Voltage)
e T (Temperature)
IC Voltage Regulators: (5M)
They are basically series regulators.
Important features of IC Regulators:
e Programmable output

e Facility to boost the voltage/current
e Internally provided short circuit current limiting
e Thermal shutdown
e Floating operation to facilitate higher voltage output
IC Voltage Regulator
Fixed Volt Reg. Adjustable O/P Volt Reg Switching Reg
Positive/negative
Diagram: (5M)
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e e TR R

—EE = TEET

Vire
Vour
[ Vacr
Laiz3 oL Rsc RECULATEN
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R
cs
R3
K. INV.

== 11
I'C““ A2 vl COMP ]-C Ll

lllustrate the function of 555 timer in Astable mode. (13M) BTL4
Derive the expression for the pulse width.

Diagram: (7TM)

R;é
8 Bl

e 3 .
S35 = Output
” (&)

R.,-é [ : P J

o

Fig.5.24 Astable Multivibrator

Ouatput
voltage4

Capacitor -—t ——-—td-—'
voltage - : :
= Veclb-------—- e e N
3 e \ = X =
Ve - mmat- i\,\/ T\\/

Charging Discharging

Fig. 5.25 Waveforms of Astable multivibrator

Astable multivibrator, often called a free running multivibrator, is a rectangular wave generating
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circuit. (2M)
Unlike the monostable multivibrator, this circuit does not require an external trigger to change the
state of the output, hence the name free running. (2M)
However, the time during which the output is either high or low is determined by 2 resistors and
capacitors, which are externally connected to the 555 timer. (2M)
Explain 1C 555 timer. (8M) BTL2

Diagram: (5M)

+Vee Control

woltage
s

Vieer

_
2 |

Threshold &2

Discharge o2

In the Stable state: (3M)

e The output of the control FF is high. This means that the output is low because of
power amplifier which is basically an inverter. Q = 1; Output = 0

e At the Negative going trigger pulse:

e The trigger passes through (\Vcc/3) the output of the lower comparator goes high & sets
the FF.Q=1;Q=0

e At the Positive going trigger pulse: It passes through 2/3Vcc, the output of the upper
comparator goes high and resetsthe FF. Q =0; Q=1

e The reset input (pin 4) provides a mechanism to reset the FF in a manner which overrides
the effect of any instruction coming to FF from lower comparator.

PART *C

With a neat diagram explain blocks and function of 1C723. (15M) BTL4

Features of IC723: (OM)
Unregulated dc supply voltage at the input between 9.5V & 40V

Adjustable regulated output voltage between 2 to 3V.

Maximum load current of 150 mA (ILmax = 150mA).

With the additional transistor used, ILmax upto 10A is obtainable.

Positive or Negative supply operation

Internal Power dissipation of 800mW.

Built in short circuit protection.

Very low temperature drift.

High ripple rejection. (6M)
Diagram:
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FREQUENCY
COMPENSATION

v
1
al 9 Ve

INVERTING
INPUT

TEMPERATURE
CONPENSATED
ZENER

ERROR
AMPLIFIER

SERIES PASS
TRANSISTOR

NONINVERTING Vour

INPUT

CURRENT
LIMITER

Vz

5 10 1
V- CURRENT  CURRENT
LIMIT SENSE

Fig. 5.29 Functional block diagram of IC723

Develop the basic principle of function generator? Draw the schematic of ICL 8038
function generator and discuss its features. (7TM)

(if)Solve the expression for the frequency of a triangular waveform

generator and explain the circuit. (8M) BTL4

Diagram: (7TM)
o Ve
CURRENT 6
SOURCE
#1 COMPARATOi
# '
COMPARATO
CURRENT
SOURCE FLIP-FLOP
#2
o V- OR GND
1
SINE
sUFFER e ] BUFFER CONVERTER -l

Important features of IC 8038:
e All the outputs are simultaneously available.
e Frequency range : 0.001Hz to 500kHz
e Low distortion in the output wave forms.
e Low frequency drifts due to change in temperature.
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e Easy to use.

Triangular wave

SIne wave

Souare wave I l
[

| | |
Diagram: (8M)
5.2.3 Triangular Wave Generator Circuit:

2R c
N e e— 1SV
—-
b/ iy ~
R cmp
o 3 LF356
=) 10 kQ 21 LM311 IRE
o~
L 2 ,| oa ‘ 1.8 kQ
+ 5| VIR L »
S
Ry 1 g
10 kQ 25 k2
L 204 =R
M, R,
MI116 3.6 kQ

Fig. 5.9 Circuit diagram of Triangular waveform generator

Write some applications of 1C 555 Timer Monostable Mode of Operation. BTL4

(a) Frequency Divider: (5M)

e The 555 timer as a monostable mode.

e |t can be used as a frequency divider by adjusting the length of the timing cycle tp with
respect to the time period T of the trigger input.

e To use the monostable multivibrator as a divide by 2 circuit, the timing interval tp must be
a larger than the time period of the trigger input.

e [Divide by 2, tp > T of the trigger] By the same concept, to use the monostable
multivibrator as a divide by 3 circuit, tp must be slightly larger than twice the period of
the input trigger signal & so on, [ divide by 3tp > 2T of trigger]
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(b) Pulse width modulation: (5M)
91015V
4 8K 8 4
7
22uF D2
o
33K 6 NES55 3 —{t—ld—TF—
J_ i negative voltage output
+—] 2 9-15v
Yo L
p— 1 5 7
0.0220F 100uF
—l—O 01uF

D1&D2 = 1N4001 =
Fig.5.20 Pulse Width Modulation

Pulse width of a carrier wave changes in accordance with the value of a

incoming (modulating signal) is known as PWM.

It is basically monostable multivibrator. A modulating signal is fed in to the control
voltage (pin 5).

Internally, the control voltage is adjusted to 2/3 Vcc externally applied modulating signal
changes the control voltage level of upper comparator.

As a result, the required to change the capacitor up to threshold voltage level changes,
giving PWM output.

(c) Pulse Stretcher: (5M)

This application makes use of the fact that the output pulse width (timing interval) of the
monostable multivibrator is of longer duration than the negative pulse width of the input
trigger. As such, the output pulse width of the monostable multivibrator can be viewed as
a stretched version of the narrow input pulse, hence the name “Pulse stretcher”.

Often, narrow —pulse width signals are not suitable for driving an LED display, mainly
because of their very narrow pulse widths. In other words, the LED may be flashing but
not be visible to the eye because its on time is infinitesimally small compared to its off
time.

The 55 pulse stretcher can be used to remedy this problem. The LED will be ON during
the timing interval tp = 1.1RAC which can be varied by changing the value of RA & C.
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Fig.5.23 Pulse Stretcher
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GE8291 ENVIRONMENTAL SCIENCE AND ENGINEERING LTPC
3003
OBJECTIVES:
v To the study of nature and the facts about environment.
v' To find and implement scientific, technological, economic and political solutions to
environmental problems.
v" To study the interrelationship between living organism and environment.
v' To appreciate the importance of environment by assessing its impact on the human world;
envision the surrounding environment, its functions and its value.
v' To study the dynamic processes and understand the features of the earth‘s interior and
surface.
v' To study the integrated themes and biodiversity, natural resources, pollution control and
waste management.
UNIT I ENVIRONMENT, ECOSYSTEMS AND BIODIVERSITY

14

Definition, Scope and Importance of Environment — Need for Public Awareness - Concept of an
Ecosystem — Structure and Function of an Ecosystem — Producers, Consumers and Decomposers —
Energy Flow in the Ecosystem — Ecological Succession — Food Chains, Food Webs and Ecological
Pyramids — Introduction, Types, Characteristic Features, Structure and Function of the (A) Forest
Ecosystem (B) Grassland Ecosystem (C) Desert Ecosystem (D) Aquatic Ecosystems (Ponds,
Streams, Lakes, Rivers, Oceans, Estuaries) — Introduction to Biodiversity Definition: Genetic,
Species and Ecosystem Diversity — Bio geographical Classification of India — Value of Biodiversity:
Consumptive Use, Productive Use, Social, Ethical, Aesthetic and Option Values — Biodiversity at
Global, National and Local Levels — India as a Mega-Diversity Nation — Hot-Spots of Biodiversity —
Threats to Biodiversity: Habitat Loss, Poaching of Wildlife, Man-Wildlife Conflicts — Endangered
and Endemic Species of India — Conservation of Biodiversity: In-Situ and Ex-Situ Conservation of
Biodiversity. Field Study of Common Plants, Insects, Birds Field Study of Simple Ecosystems —
Pond, River, Hill Slopes, etc.

UNIT I ENVIRONMENTAL POLLUTION
8

Definition — Causes, Effects and Control Measures of: (A) Air Pollution (B) Water Pollution (C)Soil
Pollution (D) Marine Pollution (E) Noise Pollution (F) Thermal Pollution (G) Nuclear Hazards —
Soil Waste Management: Causes, Effects and Control Measures of Municipal Solid Wastes — Role
of an Individual in Prevention of Pollution — Pollution Case Studies — Disaster Management:
Floods, Earthquake, Cyclone and Landslides. Field Study of Local Polluted Site — Urban / Rural /
Industrial / Agricultural.

UNIT i NATURAL RESOURCES
10

Forest Resources: Use and Over-Exploitation, Deforestation, Case Studies - Timber Extraction,
Mining, Dams and Their Effects on Forests and Tribal People — Water Resources: Use and Over-
Utilization of Surface and Ground Water, Floods, Drought, Conflicts Over Water, Dams-Benefits
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and Problems — Mineral Resources: Use and Exploitation, Environmental Effects of Extracting and

Using Mineral Resources, Case Studies — Food Resources: World Food Problems, Changes Caused
by Agriculture and Overgrazing, Effects of Modern Agriculture, Fertilizer-Pesticide Problems,
Water Logging, Salinity, Case Studies — Energy Resources: Growing Energy Needs, Renewable and
Non Renewable Energy Sources, Use of Alternate Energy Sources. Case Studies — Land Resources:
Land as a Resource, Land Degradation, Man Induced Landslides, Soil Erosion and Desertification —
Role of an Individual in Conservation of Natural Resources — Equitable Use of Resources for
Sustainable Lifestyles. Field Study of Local Area to Document Environmental Assets — River /
Forest / Grassland / Hill / Mountain.

UNIT v SOCIAL ISSUES AND THE ENVIRONMENT
7

From Unsustainable to Sustainable Development — Urban Problems Related to Energy — Water
Conservation, Rain Water Harvesting, Watershed Management — Resettlement and Rehabilitation of
People; its Problems and Concerns, Case Studies — Role of Non-Governmental Organization-
Environmental Ethics: Issues and Possible Solutions — Climate Change, Global Warming, Acid
Rain, Ozone Layer Depletion, Nuclear Accidents and Holocaust, Case Studies. — Wasteland
Reclamation — Consumerism and Waste Products — Environment Production Act— Air (Prevention
And Control Of Pollution) Act — Water (Prevention And Control Of Pollution) Act — Wildlife
Protection Act — Forest Conservation Act — Enforcement Machinery Involved in Environmental
Legislation- Central and State Pollution Control Boards- Public Awareness.

UNIT \Y/ HUMAN POPULATION AND THE ENVIRONMENT
6

Population Growth, Variation Among Nations — Population Explosion — Family Welfare
Programme — Environment and Human Health — Human Rights — Value Education — HIV / AIDS —
Women and Child Welfare — Role of Information Technology in Environment and Human Health —
Case Studies.

TOTAL: 45 PERIODS
OUTCOMES:

Environmental Pollution or problems cannot be solved by mere laws. Public participation is an
important aspect which serves the environmental Protection. One will obtain knowledge on the

v" Public awareness of environmental is at infant stage.

v" Ignorance and incomplete knowledge has lead to misconceptions

v Development and improvement in std. of living has lead to serious environmental disasters

TEXT BOOKS:
1. Gilbert M.Masters, ‘Introduction to Environmental Engineering and Science’, 2nd edition,
Pearson Education, 2004.
2. Benny Joseph, ‘Environmental Science and Engineering’, Tata McGraw-Hill, New Delhi,
2006.
REFERENCES:
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1. R.K. Trivedi, ‘Handbook of Environmental Laws, Rules, Guidelines, Compliances and

Standards’, Vol. I and II, Enviro Media.

2. Cunningham, W.P. Cooper, T.H. Gorhani, ‘Environmental Encyclopedia’, Jaico Publ.,
House, Mumbai, 2001.

3. Dharmendra S. Sengar, ‘Environmental law’, Prentice hall of India PVT LTD, New Delhi,
2007.

4. Rajagopalan, R, ‘Environmental Studies-From Crisis to Cure’, Oxford University Press
2005.
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Subject Code: GE8291 Year/Semester: 1&I11/02&04
Subject Name: ENVIRONMENTAL SCIENCE AND ENGINEERING
Subject Handler: Dr. N. BHUVANA & Dr. C. KAVITHA

UNIT I - ENVIRONMENT, ECOSYSTEMS AND BIODIVERSITY

Definition, scope and importance of environment — need for public awareness - concept of an ecosystem
— structure and function of an ecosystem — producers, consumers and decomposers — energy flow in the
ecosystem — ecological succession — food chains, food webs and ecological pyramids — Introduction,
types, characteristic features, structure and function of the (a) forest ecosystem (b) grassland ecosystem
(c) desert ecosystem (d) aquatic ecosystems (ponds, streams, lakes, rivers, oceans, estuaries) —
Introduction to biodiversity definition: genetic, species and ecosystem diversity — biogeographical
classification of India — value of biodiversity: consumptive use, productive use, social, ethical, aesthetic
and option values — Biodiversity at global, national and local levels — India as a mega-diversity nation —
hot-spots of biodiversity — threats to biodiversity: habitat loss, poaching of wildlife, man-wildlife
conflicts — endangered and endemic species of India — conservation of biodiversity: In-situ and ex-situ
conservation of biodiversity. Field study of common plants, insects, birds; Field study of simple
ecosystems — pond, river, hill slopes, etc.

Q. No. PART - A

State the significance and scope of environmental education. May 2011 BTL1
e People will understand the concept of need of development without destruction of
1. environment.
e Motivate the active participants in environmental protection and improvement.
e Develop a concern and respect for the environment.

Give some important physical hazards and their health effects. BTL2
e The substance (or) activities that threaten your physical safety. E.g. Heat, Cold,
Radiation, noise.
o Health effects — Damage of cells, Skin cancer, Damage of ear drum etc.

Define environment and ecosystem. April 2011, April 2019 BTL1
e Environment: The sum of total of all the living and non-living things around us
3 influencing one another.
e [Ecosystem: A group of organisms interacting among themselves and with environment
for exchanging energy and matter.

Explain the concept of an ecosystem. (Chen AU Jun 2007, Apr 2011, Dec2013) BTL2
A group of organism interacting among themselves and with the environment. May be natural

4 like a pond, a lake, a river, an ocean, or a forest or may be manmade like an aquarium, cropland,
garden, dam etc.
What are the components of ecosystem? BTL1
5 1) Abiotic or Non-living component - Physical components and Chemical components
i) Biotic or Living component — Autotrophs (Producers), Heterotrophs (Consumers),
Saprotrophs (Decomposers-Microconsumers)
6 Define Ecological succession. (NOV/DEC 2013, April 2019) BTL1
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The progressive replacement of one community by another till the development of stable
community in a particular area.

Name the types of consumers. BTL4
e Herbivores (or) Primary Consumers (plant eater)

! e Carnivores (or) Secondary Consumers (meat eater)
e Omnivores (or) Tertiary Consumers (meat + plant eater)
What are Decomposers? BTL1
8 Organisms which feed on dead organisms, plants and animals and decompose them into simpler
compounds. Examples — Bacteria, fungi etc.
What are autotrophic and heterotrophic components of an ecosystem? Give examples
(Coim. A.U. Dec 2009) BTL1
e Autotrophic components
Self-nourishing organisms. The members of autotrophic components are producers. They
9 derive energy from sunlight and make organic compounds from inorganic substances.
Examples: Green plants, algae, bacteria, etc.,
e Heterotrophic components
Components that dependent on others for food. The members of heterotrophic
components are consumers and decomposers. Herbivores, carnivores (or) omnivores.
e Saprotrops: They are decomposers - bacteria, fungi, etc.
Define the terms producers and consumers. (A.U. May 2008, Dec 2011) BTL1
10 e Producers-Synthesize their food themselves through photosynthesis.
e Consumers-Organisms which cannot prepare their own food and depends directly or
indirectly on the producers.
Define primary production and secondary production. (Chen A.U. Dec 2008) BTL1
e Primary production - The conversion of radiant energy into organic substances by
11 photosynthesis by producers (Plants).
e Secondary production- Distribution of energy in the form of food to the consumer (or)
the energy stored by the consumer.
What is Ecological pyramids? BTL1
12 Graphical representation of structures and function of tropic levels of an ecosystem, starting with
producers at the bottom and each successive tropic level forming the apex is known as ecological
pyramids.
Name different types of ecosystems. (Chen AU Jan 2006) BTL1
e Natural ecosystem: 1) Terrestrial ecosystem 2) Aquatic ecosystem
13 a. Forest ecosystems b. Grassland ecosystems c. Desert ecosystems d. Pond ecosystem.
e. Lake ecosystem f. River ecosystem g. Marine ecosystem
e Man-made ecosystem
What are the characteristics of desert ecosystem? (Chen A.U. Dec 2008, June 2018) BTL1
e The desert air is dry and the climate is hot.
14 e Annual rainfall is less that 25cm.
e The soil is very poor in nutrients and organic matter.
e \egetation is poor
15 What is meant by keystone species? (Chen A.U. Dec 2008, June 2018) BTL1

Within a habitat each species connects and depends on other species. But, while each species
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contribute to habitat functioning, some species do more than others in the overall scheme of
things. Without the work of these key species, the habitat changes significantly. These species are
called keystone species. When a keystone species disappears from its habitat, that habitat changes
drastically.

What are the types of grassland ecosystem? (Chen A.U. Dec 2010) BTL1

16 There are three types of grassland ecosystem based on the climate condition.
i) Tropical grassland i) Temperate grassland iii) Polar grassland
What are food chains? Mention their type. (Chen A.U. Dec 2010) BTL1
Food chain-The sequence of eating and being eaten in an ecosystem.
Types :
17 1) Grazing food chain (from the living green plants goes to grazing herbivores, and on to
carnivores)
i) Detritus food chain (Primary source of energy is dead organic matter called 'detritus'
which are fallen leaves, plant parts or dead animal bodies)
Define Biodiversity (or) What is biodiversity and its significance? (Chen AU Dec 2005, Jun
2006,Apr 2011,Apr 2015) BTL1
e The variety and variability among all groups of living organisms and the ecosystem in
which they occur.
Significance:
18 e Very important for human life, as we depend on plants, micro-organisms, earth’s animals
for our food, medicine and industrial products.
e Also important for forestry, fisheries and agriculture, which depend on rich variety of
various biological resources available in nature.
e Protects the fresh air, clean water and productive land.
e Loss of biodiversity has serious economic and social costs for any country
Define genetic diversity, species diversity and ecosystem diversity. (TNV AU Dec 2008,
Chen AU Dec 2007, May 2008, Dec2010, 2011) BTL1
19 e Genetic diversity-Diversity of genes within a species.
e Species diversity—Diversity among species in an ecosystem.
e Ecosystem diversity-Diversity at the ecological or habitat level.
What are biodiversity hot-spots? (Chen AU Apr 2011) BTL1
20 The geographic areas which possess the high endemic species. The two important biodiversity
hot spots in India- 1. Eastern Himalayas 2. Western Ghats.
What are the criteria for recognizing hot spots? (Chen AU Dec 2011) BTL1
e The Richness of the endemic species is the primary criterion for recognizing hot spots
21 e The hot spots should have a significant percentage of specialized species.
e The site is under threat.
e It should contain important gene pools of plants of potentially useful plants.
India is a mega diversity nation—Account. (Chen A.U. Dec 2008, Dec 2009) BTL4
29 India is one among the 12 mega diversity countries in the world. It has 89,450 animal species
accounting for 7.31% of the global faunal species and 47,000 plant species which accounts for
10.8% of the world floral species. The loss of biodiversity or endemism is about 33%.
Give few examples for endangered and endemic species of India. (Chen A.U. Dec 2008)
23 BTL3

Endangered species

JIT-JEPPIAAR/S&H/Dr.N.BHUVANA/I &Il Yr/SEM 02&04/GE8291/EVS/ UNIT1-5/Q.B.+Keys/ Ver. 3.0

6.6




REGULATION :2017 ACADEMIC YEAR : 2019-2020

i) Reptiles: Tortoise, python; ii) Mammals:_Indian wolf, Red fox, Tiger; iii) Primates: Hoolock
gibbon, Golden monkey; iv) Plants : Rauvol serpentina, Santalum

Endemic Species

1) Flora: Sapria Himalayan, Ovaria lurida ; ii) Fauna: Monitor lizards, Indian salamander

24

Define endangered and endemic species. (Chen A.U. Dec 2006, Apr 2011, Dec 2014) BTL2
Endangered Species-Species which number has been reduced to a critical level. Unless
protected and conserved, it becomes immediate danger of extinction.

Endemic species-The species which found only in a particular region.

25

Define in-situ conservation and ex-situ conservation BTL1

In-situ conservation - Protection of fauna and flora within their natural habitat, where the
species normally occurs is called in-situ conservation.

Ex-situ conservation - Protection of fauna and flora outside their natural habitats

26

Enumerate the human activities which destroy the biodiversity. (Chen AU Jan 2006) BTL2
e The farmers prefer hybrid seeds; as a result many plant species become extinct.
e For the production of drugs the pharmaceutical companies collect wild plants, so several
medicinal plants now become extinct.
e Tropical forest is the main sources of world’s medicine. Every year these forests are
disappearing due to agriculture, mining and logging

27

Define food web. BTL1
A network of food chains where different types of organisms are connected at different tropic
levels.

28

Write the food chain in forest ecosystem. BTL4
Grasshopper—-> Woodpecker = Snake - Owl

29

Write the food chain in lake ecosystem. BTL4
Algae - Ciliates > Small fish = Large fish

30

What is biome? BTL1
Set of ecosystems which are exposed to same climatic conditions and having dominant species
with similar life cyclic, climatic adoptions and physical structure.

31

What is photosynthesis? (or) How the carbohydrates are produced by plants? BTL1
Chlorophyll present in the leaves of plants converts CO, and H,O in the presence of sunlight into
carbohydrates.

h
6C0, + 12H,0 — C.Hy,0¢ + 60, + 6H,0

32

List the different processes of ecological succession. BTL1
1) Nudation ii) Invasion iii) Competition iii) Reaction iv) Stabilizations

33

Define extinct, threatened and vulnerable species. (Chen A.U. Dec 2006, Apr 2011, Dec
2014) BTL2
e Extinct species — The species no longer found in the world.
e Threatened Species Becoming rare and that may become in danger of extinction if
current trends continue.
e Vulnerable Species- Species which population facing continuous decline due to habitat
destruction or over exploitation.

34

Mention the types of lakes. BTL4
e Oligotrophic lakes: Have low nutrient concentrations.
e Eutrophic lakes: Over nourished by nutrients like N and P.
e Dystrophic lakes: Have low pH, high humic acid content and brown waters.
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¢ Volcanic lakes: Receive water from magma after volcanic eruptions.
e Meromictic lakes: Rich in salts.
¢ Artificial lakes: Created due to construction of dams

List the different zones of oceans. BTL4
e Coastal zone: Relatively warm, nutrient rich shallow water, High primary productivity.
e Open sea: Deeper part of the ocean. Vertically divided into three regions.

3 1) Euphotic zone: Receives abundant light and shows high photosynthetic activity
ii) Bathyal zone: Receives dim light and is usually geologically active.
iii) Abyssal zone: Dark zone and is very deep (2000 to 5000 meters)
How do the desert plants adopt to the climate? (MAY 2018) BTL4
Most of the plants have the ability to lack of rainfall. They have widespread roots which are close
36. to the surface. This enables the roots to absorb water quickly, before it evaporates. Plants like
cactus survives because of their thick waxy layer on the outside of its stems and leaves. This
helps to retain water and protect tissues severe sunlight.
Define nitrogen cycle and oxygen cycle. BTL1
37 Nitrogen cycle-Exchange of nitrogen between the lithosphere and atmosphere in cyclic manner.
' Oxygen cycle-Exchange of O, between the lithosphere and atmosphere and hydrosphere in a
cyclic manner. Cyclic process of Photosynthesis and respiration.
What is an indicator species? (MAY 2018) BTL1
An indicator species is an organism whose presence, absence or abundance reflects a specific
38 environmental condition. Indicator species can signal a change in the biological condition of a
' particular ecosystem, and thus may be used as a proxy to diagnose the health of an ecosystem.
Example: Plants or lichens sensitive to heavy metals or acids in precipitation may be indicators of
air pollution.
PART -B
1.

What is environment? List its types. Explain its scope and significance of environment
studies. (13M) BTL2

Answer: Page: 1.2-1.4-A. Ravikrishnan
Definition- The sum of all living and non-living things around us influence one another. (2 M)
Types- i) Natural environment — naturally created all biotic and non-biotic components.
i) Man-made environment- Created by man. (2
M)
Scope of environmental studies
i) Awareness and sensitivity + related problems.
i) Motivate active participation.
iii) Identification and solving environmental problems.
iv) Awareness on conservation of natural resources. 4
M)
Significance or importance
i) Environment issues being of internal importance.
i) Problems cropped in the wake of development.
iii) Explosively increase in pollution.
iv) Need for an alternative solution.
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v) Need to save Humanity from extinction.
vi) Need for Wise planning of development. (5
M)

Explain the flow of energy through the atmosphere and its utilities in an ecosystem.
(8M)(AU Dec. 2008) BTL?2

Answer: Page: 2.10-2.11-A. Ravikrishnan
Atmosphere = Sunlight major source of energy = Plants (Photosynthesis) Primary Consumer -
Secondary consumer - Decomposer
First law of thermodynamics. Plants (Photosynthesis)
Second law of thermodynamics. Primary Consumer - Secondary consumer - Decomposer
e Loss of energy takes place through respiration, running, hunting etc
e Biotic components and abiotic components are linked together through energy flow and
nutrient cycling. (5M)
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B M)

Explain abiotic and various biotic components of an Ecosystem with neat sketch. (13M)
(A.U. Dec 2007, Jan 2018 ) BTL2

Answer: Page:2.6-2.8-A. Ravikrishnan

Abiotic-Nonliving components-Physical and chemical components. (2
M)
Biotic components-Living organisms.
1) Autotrophs-Producers (Plants)-Self nourishing Organisms. 3
M)
i) Consumers (Animals) (Heterotrophs)-Cannot make their own food. Herbivores-
Carnivores-Omnivores. (3
M)
iii) Decomposers (Micro-Organisms) (Saprotrops)- Feed on dead organisms. (3
M)
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Diagrams ECOSYSTEMS
Biotic factors Abiotic factor
Producers +——— pjants Air
Primary Water
consumers
Secondary<— Animals ———— Soil
consumers
/ Sunlight
Tertiary
consumers
. Decomposer
X-planation Temperature
Diagram — (2M)

Write down the ecological succession and ecological pyramid. (13M) (A.U. Dec 2010, Apr
2015, May 2006, Dec 2019) BTL1

Answer: Page: 2.16 — 2.17-A. Ravikrishnan

e Ecological succession- The progressive replacement of one community by another till the
development of stable community in a particular area. am)
Stages of ecological succession 1 M)
(i) Pioneer community — First group of organism established their community in the area.
Seral or seres stage- Variuos developmental stages of a community.
Types of ecological succession: (4M)
Primary succession— Gradual establishment of biotic communities on a lifeless ground
(a) Hydrarch (or) Hydrosere: Establishment starts in a watery area like pond and lake.
(b) Xerarch or Xerosere: Establishment starts in a dry area like, desert and rock.
Secondary succession: Establishment of biotic communities in an area, where some type
of biotic community is already present.
e Process of Ecological Succession: i) Nudation ii) Invasion—migration and establishment

iii) competition iv) Reaction and v) Stabilization. (4
M)

e Ecological Pyramids-Graphic representation of tropic structure and function of an
ecosystem

e 5th TROPHIC LEVEL

Quaternary Consumer
.._-un TROPHIC LEVEL

Tertiary Consumer
- 31d TROPHIC LEVEL
Secondary Consumer
2nd TROPHIC LEVEL
Primary Consumer

1stTROPH|c LEVEL
Producer
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B M)

Explain the structure and function of the following. (i) Forest ecosystem (ii) Grassland
ecosystem (iii) Desert ecosystem (iv) Aquatic ecosystem (13M) (A.U. May2011, May 2006)
BTL2

Answer: Page: 2.30 - 2.31, 2.33 -2.34, 2.36 — 2.37, 2.38 — 2.40, 2.43 — 2.44-A. Ravikrishnan
(i) Structure and Function of forest ecosystem:
e Abiotic components - Physical components found in the soil and atmosphere. EXxs:
Climatic factors (temperature, light, rainfall) and minerals.
e Biotic components-Producers-Plants-Photosynthesis-Trees, shrubs and ground
vegetation.
e Consumers-Primary consumers (herbivores)-Ants, flies, insects, mice, deer, squirrels.
e Secondary consumers (primary carnivores)- Snakes, birds, fox.
e Tertiary consumers-Tigre, lion, etc.
e Decomposers—Bacteria and fungi.
(3M)
(ii) Structure and Function of Grassland Ecosystem.-
e Abiotic-C, H, O, N, P, S etc.—Supplied by rates, nitrates, phosphates and sulphates.
e Biotic—Producers—Grasses, forbs and shrubs
e Consumers—Cows, cows, buffaloes, deer, sheep
e Decomposers—Fungi and bacteria.
(3M)
(iii) Structure & Function of Desert Ecosystem-
Abiotic-temperature, rainfall, sunlight, water,
e Biotic — Producers — shrubs, bushes, grasses,
e Consumers—Squirrels, mice, foxes;
e Decomposers - fungi and bacteria.
(3M)
(iv) Structure and Function of Aquatic Ecosystem-Pond—Temporary-Fresh water body.
e Abiotic— Temperature, light, water, organic and inorganic compounds.
e Biotic-Producers—green photosynthetic organisms,
e Consumers—Protozoa, small fish, ciliates, flagellates
e Decomposers—Fungi, bacteria and flagellates. (2M)
Structure and Function of Aquatic Ecosystem-Lakes—Natural shallow water bodies
Abiotic—Temperature, light, proteins and lipids, turbidity, oxygen and carbon dioxide.
Biotic—Producers—Phytoplanktons, algae, flagellates,
Consumers-Protozoans, insects, small fishes, large fish;
Decomposers—Bacteria, fungi and actinomycetes. (2M)

Classify and explain the values of biodiversity. (13M) (A.U. Dec 2010, May 11, Jan 2018)
BTL2

Answer: Page: 3.5 — 3.9-A. Ravikrishnan
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Classify values biodiversity — Consumptive use values; Productive use values; Social values;

Ethical values; Optional values. (aMm)
Consumptive use values-Direct use values; products are harvested and consumed directly.
Food, Drugs, Fuel.
(2 M)

Productive use values—Products derived from the animals and plants-commercial value.  (2M)
Social values—Bio-resources used to the society. Associated with the social life, religion and

spiritual aspects of the people. (2M)
Ethical values—All life must be preserved”. In India biodiversity have great value on religious
and cultural basis.
(2M)

Optional values—Any species may be proved to be a valuable species after someday. (2M)

Aesthetic values- Beautiful nature of plants and animals insist us to protect the biodiversity.
“Eco-tourism”

2M)

Explain the role of biodiversity at global, national and local levels. (13M) (A.U. May 07, Apr
10, May 11, June 2019) BTL2

Answer: Page: 3.9 — 3.14-A. Ravikrishnan

Role of Global biodiversity- Total number of living species in the world are about 20 million.
But, of which only about 1.5 million species are found and given scientific names.

Tropical deforestation alone is reducing the biodiversity by 0.5% every year.

Terrestrial biodiversity or biomass

i) Largest ecological units present in different geographic areas named in different ways

i) Tropical rain forests —About 50 to 75% of global biodiversity lies in these tropical rain
forest.

iii) More than 25% of the world’s prescription drugs are extracted from plants in tropical rain
forest

iv) Nearly 1,30,000 flowering plants are found available

v) Temperate rain forests - Have much less biodiversity. 1,70,000 flowering plants, 30, 000
vertebrates, 2,50,000 other group of species are found. (3M)

Marine diversity

i) Much higher than terrestrial biodiversity

i) Estuaries coastal waters and oceans are biologically diverse but the diversity is very low

iii) Out of 35 existing phyla of multicellular animals, 34 are marine

Iv) List of few living species (2M)

National level biodiversity:

1) India is second largest nation containing 5% of world’s biodiversity and 2% of the earth
surface. The second largest nation containing 50% of world’s biodiversity and 2% of
earth surface.

ii) 10" rank among the plant rich countries of the world.

iii) 11™ rank among the endemic species of higher vertebrates.

iv) 6™ rank among the centers of diversity and origin of agricultural crops.

v) An agricultural country and its economic growth depend on the production of many crops.

vi) India “mega - diversity” nation because it is rich in both fauna and flora.
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vi)Many species in India has Medicinal value and Commercial value

(5M)
Biodiversity at local level -1. Point richness 2. Alpha richness 3. Beta richness 4. Gamma
richness.
(M)
8.
(i) Give the various hot spots of biodiversity.(ii) Explain the various threats to biodiversity
along with the means to conserve them. (13M) (May 2008, MAY/JUNE 2013, Dec 2019)
BTL4
Answer: Page: 3.18 — 3.25-A. Ravikrishnan
(i) Biodiversity hotspot-The geographic areas which possess high endemic species. Eastern
Himalayas, Western Ghats. (2M)
(i) Threats to biodiversity
e Habitat loss-The loss of populations of interbreeding organisms. Threatened a wide range
of animals and plants. Factors influencing habitat loss and any two remedies. (3M)
e Poaching-Killing of animals (or) commercial hunting. Leads to loss of animal
biodiversity. Factors influencing poaching loss and any two remedies to overcome.
(3M)
e Man-Wild life conflict- Arise when wildlife starts causing immense damage and danger
to the man. Factor influencing man-wild life conflict and two conserve methods.
(3M)
e Over exploitation of natural resources
1) Serious threat to the wildlife.
ii) Disturbance in migratory routes of animals.
1ii) Cause of destruction of many species. (2M)
9.

Explain in-situ and ex-situ conservation along with their merits and limitations. (A.U. May
2008, Dec 2010, May 11, Dec 11) (13M) BTL2

Answer: Page: 3.34 — 3.40-A. Ravikrishnan
Conservation of Biodiversity: management of biosphere so that it will yield the greatest
sustainable benefit to present generation while maintaining its potential to meet the needs of

future generation. (AM)

In-Situ Conservation (within habitat) - Protection of wild flora and fauna within their habitat
nature. (1 M)

Biosphere reserves, National Parks, Sanctuaries, Reserve forests etc. (Each 1 M = 4M)
Advantages: Cheap and convenient method. Species gets adjusted the natural disasters like
drought, floods, forest fires. (1 M)
Limitations: Large surface area of the earth required — shortage of staff and pollution may lead
to improper maintenance of the habitat. 1 M)
Ex-Situ Conservation (outside habitat) — Protection of flora and fauna outside their habitat
nature. 1 M)

Gene banks, seed banks, zoos, botanical gardens, culture collections. 2 M)

Advantages: Special care and attention lead, Assured food, water, shelter and security, Longer
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life span. a M)
Limitations: Expensive method- Loss of freedom of wild life — Animals cannot survive in such
environments. (1 M)

10.

Write a note on endangered and endemic species of India. (13M) (A.U. Dec 2009) BTL2

Answer: Page: 3.28 — 3.33-A. Ravikrishnan
Endangered Species — Species number has been reduced to a critical level. Unless it is protected
and conserved, it is in immediate danger of extinction.
1) In India 450 plant species identified as endangered species.
i) About 100 mammals and 150 birds are endangered species.
iii) India biodiversity threatened due to habitat destruction, degradation and over exploitation.
iv) No. of endangered species in India

Group of Number of

Threatened species Threatened species
Plants 250
Birds 70
Mammals 86
Reptiles 25
Amphibians 3
Fishes 3
Molluscs 2

(6M)
Factors affecting endangered species
e Pollution
e Over exploitation
e Climate change
Remedial measures
e International Treaties on Endangered Species (ITES) am
Endemic Species-Species found only in a particular region
i) In India, Out of 47,000 species 7,000 plants are endemic.
i) About 62% endemic flora found in Himalayas, Khasi Hills and Western Ghats.
iii) Fauna-Animals present in particular region or period. E.g. Sapriya Himalayan, Ovaria
lurida, Nepenthes Khasiana, Pedicularis parroter, Pitcher plants and Orchids etc.
iv) Out of 81,000 animal species—Large number of species are described to be endemic
V) 62% amphibians, 50% Lizards are endemic to Western Ghats
vi) No. of endemic species in India

Vii)
Group No. of Species
Land 878
Freshwater 89
Insecta 16214
Amphibia 110
Reptilia 214
Aves 69
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| Nannakua | 38 |
viii) Flora—Plants present in a particular region or period. Friendly bacteria which
helps to protect the human body against invasion by pathogens. E.g. Monitor lizards,
reticulated python, Indian Salamander, Viviparous toad

Group No. of Species
Pteridophyta 200
Angiosperms 4950
(5M)
Factor affecting endemic species
e Habitat loss and fragmentation
e Pollution (AM)

11.

What are the major causes of Man- wild life conflict? Discuss the remedial steps that can
curb the conflict. (13M) (A.U. Dec 2011, Apr 2015) BTL4

Answer: Page: 3.26-3.28-A. Ravikrishnan
Man-Wildlife Conflicts-Causes:
i) Shrinking of forest
i) Human encroachment into forest areas
iii) Animals suffering from illness, weak and injured take humans
iv) Lack of alternate cultivation practices by forest department
v) Electric fencing causes injury to animals, which in return turn violent
vi) Poor cash compensation by govt. to farmers
vii) Food crops near forest areas attract wild animals. (10 M)
Remedies to curb the conflict
1) Adequate crop and cattle compensation schemes must be started.
i) Solar powered fencing must be provided along with electric current proof trenches.
iii) Cropping pattern should be changed near the forest borders.
iv) Adequate food and water should be made available within the forest areas.
v) The development and constructional work near the forest area must be avoided. (3 M)

PART -C

(i) Elaborate about the different biological zones of India. (5M) BTL6
(i) Discuss a case study on (a) Man and wild life conflicts (b) Productive use of
biodiversity. (10M) BTL6

Answer: Page: 3.4 — 3.5, 3.26-3.28, 3.8-3.9 A. Ravikrishnan
(1) Biogeographically Classification of India:
i) Division of India according to biogeographic characteristics. The study of the distribution
of species, organisms, and ecosystems in geographic space and through geological time.
The biogeographic zones of India are as follows:
i) Himalayan zone; Desert zone; Semiarid zone; Western Ghats zone; Deccan plateau zone;
Gangetic plain zone; North east zone; Coastal zone; Islands present near the shore line;
Trans Himalayan zone. (5 M)
(ii) Case study on Man-Wildlife Conflicts:
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i) Wildlife causing damage and danger to humans and properties — crops/houses
i) In Samalpur (Orissa) 195 humans were killed in the last 5 years by elephants.
iii) Humans responded by killing 98 elephants and injuring 30 elephants.
iv) In Nepal, 17 peoples were killed in the Royal Chitwan National Park by a man-eating
tiger.
v) Electrical fencing, explosives were some of the methods adopted by villages to kill wild
animals.
Causes:
i) Shrinking of forest
i) Human encroachment into forest areas
iii) Animals suffering from illness, weak and injured take humans
iv) Lack of alternate cultivation practices by forest department.
v) Electric fencing causes injury to animals, which in return turn violent
vi) Poor cash compensation by govt. to farmers
vii) Garbage near human settlements or food crops near forest areas. (7 M)
Productive use of biodiversity
Products derived from the animals and plants have obtained a commercial value.

Plant product Industry

Wood Paper and pulp industry, plywood industry
Railway sleeper industry.

Cotton Textile industry

Fruits, vegetables | Food industry

Leather Leather industry

Ivory Ivory - works

Pearl Pearls industry

M)

Inspect about the characteristic features of a pond, river and marine ecosystem and also
quote a typical food chain based on that respective ecosystem. (15M) BTL4

Answer: Page: 2.27 — 2.29, 2.33 — 2.36-A. Ravikrishnan
Pond Ecosystem

1) Small bodies of freshwater with shallow and still water, marsh, and aquatic plants.

i) Temporary, only seasonal.

i) Stagnant fresh water body.

iii) Get polluted easily due to limited amount of water

iv) The size and depth of ponds often varies greatly

v) Diverse array of aquatic life

vi) Top predators may include large fish, herons, or alligators. (3 M)
Food Chain-Producers- Green plants, phytoplanktons like hydrilla, vallisneria, pistia, sagittaria
—>Primary consumers- Zooplanktons like insects, dragon fly larvae, crustaceans, Larvae of
insects, beetles, fishes, molluscs - Secondary consumers- Insects like water beetles, frogs,
fishes = Tertiary Consumers-Big fishes, kingfisher, water birds - Decomposers—Fungi,
bacteria.

(2M)

River Ecosystem:
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i) River viewed as a system operating in its natural environment includes biotic as well

as abiotic.

i) Fresh water and free flowing water systems.

i) Due to mixing of water, dissolved oxygen content is more.

iii) River deposits large amount of nutrients

iv) Unidirectional flow.

v) State of continuous physical change.

High degree of spatial and temporal heterogeneity at all scales. (3M)
Food Chain—Producers-Phytoplankton, algae, water grasses, aquatic masses, amphibious plants
—>Primary consumers-Water insects, snails, fishes - Secondary consumers-Birds and
mammals - Decomposers—Fungi, bacteria. (2M)
Ocean Ecosystem:

1) Largest of Earth's aguatic ecosystems.

i) Include oceans, salt marsh and intertidal ecology estuaries and lagoons, mangroves and

coral reefs, the deep sea and the sea floor.

i) Since ship, submarines can sail in ocean, commercial activities may be carried out.

iv) Rich in biodiversity.

v) Moderates the temperature of the earth

vi) Contrasted with freshwater ecosystems.

vii) Very important for the overall health of both marine and terrestrial environments.  (3M)
Food Chain—-Producers-Phytoplanktons, marine plants - Consumers-Primary consumers-
Crustaceans, moiluscs, fish - Secondary consumers-Herring sahd, mackerel->Tertiary
Consumers-Cod, Haddock - Decomposers—Fungi, bacteria and flagellates. (2M)

What is forest ecosystem? List the types of forest ecosystem. Explain the features,
characteristics, structure and function forest ecosystem. (15M) BTL1

Answer: Page: 2.17-2.21-A. Ravikrishnan
Definition - Contains tall and dense trees grow that support many animals and birds. (2M)
Types of Forest ecosystem
i) Tropical rain forests.
i) Tropical deciduous forests.
iii) Tropical scrub forests.
iv) Temperate rain forests.
v) Temperate deciduous forests. (2M)
Features of Forest ecosystems
1) Tropical rain forests: Found near the equator. High temperature. Broad leaf trees and
lion, tiger and monkey are present.
i) Tropical deciduous forests: Found little away from the equator. Warm climate and rain
only during monsoon. Have deciduous trees and deer, fox, rabbit and rat.
1ii) Tropical scrub forests: Dry climate for longer time. Have small deciduous trees and
shrubs and deer, fox, etc.,
Iv) Temperate rain forests: Found in temperate areas with adequate rainfall. Coniferous
trees and squirrels, fox, cats, bear etc.,
v) Temperate deciduous forests: Found in areas with moderate temperatures. Broad leaf
deciduous trees and deer, fox, bear, etc (4M)
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Characteristics of forest ecosystem:

1) Warm temperature and adequate rainfall - Generation of number of ponds, lakes etc.,

i) Maintains climate and rainfall.

1ii) Supports many wild animals and protects biodiversity.

iv) The soil is rich in organic matter and nutrients, which support the growth of trees.

v) The conversion of organic matter into nutrients is very fast. (2M)

Structure and Function of forest ecosystem:

i) Abiotic components - Physical components found in the soil and atmosphere. E.g.
Climatic factors and minerals.

i) Biotic components-Producers-The plants absorb sunlight and produce food through
photosynthesis—E.g. Trees, shrubs and ground vegetation.

iii) Consumers-Herbivores-E.g. Ants, flies, insects, mice, deer, squirrels. Secondary
consumers -primary carnivores-E.g. Snakes, birds, fox. Tertiary consumers- Tiger, lion,
etc.

iv) Decomposers—E.g. Bacteria and fungi. (5M)

(1) Survey the following topics with a neat diagram. (a) Nitrogen cycle b) Oxygen cycle c)
Energy flow in the ecosystem. (12M) BTL4
(i) Analyze in detail about hydrosere and xerosere (3M) BTL4

Answer: Page: 2.13-2.15 and 2.9 - 2.11 and 2.16-A. Ravikrishnan

(i)(a) Nitrogen cycle-Exchange of nitrogen between the lithosphere and atmosphere in cyclic
manner.

Atmosphere nitrogen = Plants (protein, vitamin, amino acids) - Consumer - Decomposer
Nitrates—>ammonia by anaerobic bacteria = nitrites by Nitrosomonas - nitrates by Nitrobacter -
—> Rhizobium fixing N> in the roots. (3M)

Atmosphere

Volcanic |
eruptions
i Electrification  Acid

Biological
ramn

N, fixation

Fertilizer
Runoff
(Eutrophication)

Hydrosphere

Industrial
activities

Loss to deepNm_ = m=
sediments

Denitrification

Excretion
(Urea, uric acid)

(Proteins, amino acids) (2 M)
(i)(b) Oxygen cycle — Exchange of O, between the lithosphere and atmosphere and hydrosphere
in a cyclic manner. Cyclic process of Photosynthesis and respiration. (4M)

6C0, + 6H,0 + Energy = C¢H,,04 + 60, (Photosynthesis )
60, + CsH,04 —» 60, + 6H,0 + Energy (Respiration )
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Atmospheric
oxygen (0,)

Organic

/ molecule \

Photo Oxygen
synthesis cycle

Respiration

Co.

H,O

(1 M)
(1)(c)Energy Flow In The Ecosystem
Sunlight - Plants (photosynthesis) - Primary Consumer -> Secondary consumer ->
decomposer
e Loss of energy takes place through respiration, running, hunting etc
e Biotic components and abiotic components are linked together through energy flow and

nutrient cycling. (2 M)
(i) Hydrosere—Establishment starting in a watery area; Xerarch—Establishment starting in a
dry area like, desert and rock. (3 M)

Compare the physical and chemical characteristics of Marine water with terrestrial water.
(15 M) (Dec 2018) BTL4
Answer: Page: 2.37 - 2. and 2.9 - 2.11 and 2.16-A. Ravikrishnan
Marine Ecosystem:
1) Largest of Earth's aquatic ecosystems.
i) Include oceans, salt marsh and intertidal ecology estuaries and lagoons, mangroves and
coral reefs, the deep sea and the sea floor.
iii) Since ship, submarines can sail in ocean, commercial activities may be carried out.
Iv) Rich in biodiversity.
v) Moderates the temperature of the earth
vi) Contrasted with freshwater ecosystems.
5. vii) Very important for the overall health of both marine and terrestrial environments.
Food Chain—-Producers-Phytoplanktons, marine plants - Consumers-Primary consumers-
Crustaceans, moiluscs, fish - Secondary consumers-Herring sahd, mackerel->Tertiary
Consumers-Cod, Haddock - Decomposers—Fungi, bacteria and flagellates.
Terrestrial Ecosystem
Characteristics of Forest ecosystem:
vi) Warm temperature and adequate rainfall - Generation of number of ponds, lakes etc.,
vii) Maintains climate and rainfall.
viii) Supports many wild animals and protects biodiversity.
ixX) The soil is rich in organic matter and nutrients, which support the growth of trees.
X) The conversion of organic matter into nutrients is very fast.
Structure and Function of forest ecosystem:
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v) Abiotic components - Physical components found in the soil and atmosphere. E.g.
Climatic factors and minerals.

vi) Biotic components-Producers-The plants absorb sunlight and produce food through
photosynthesis—E.g. Trees, shrubs and ground vegetation.

vii) Consumers-Herbivores-E.g. Ants, flies, insects, mice, deer, squirrels. Secondary
consumers -primary carnivores-E.g. Snakes, birds, fox. Tertiary consumers- Tiger, lion,
etc.

Decomposers—E.g. Bacteria and fungi.

JIT-JEPPIAAR/S&H/Dr.N.BHUVANA/I &Il Yr/SEM 02&04/GE8291/EVS/ UNIT1-5/Q.B.+Keys/ Ver. 3.0
6.20




REGULATION :2017 ACADEMIC YEAR : 2019-2020

UNIT — Il ENVIRONMENTAL POLLUTION

Definition — causes, effects and control measures of: (a) Air pollution (b) Water pollution (c) Soil pollution
(d) Marine pollution () Noise pollution (f) Thermal pollution (g) Nuclear hazards — solid waste
management: causes, effects and control measures of municipal solid wastes — role of an individual in
prevention of pollution — pollution case studies — disaster management: floods, earthquake, cyclone and
landslides. Field study of local polluted site — Urban / Rural / Industrial / Agricultural.

Q. No. PART * A
Define the term pollution. List its types. BTL1
Pollution-The unfavorable alteration of our surroundings
Types of Pollution-
e Air Pollution
e Water Pollution
L e Soil Pollution
e Marine Pollution
¢ Noise Pollution
e Thermal Pollution and
e Nuclear hazards
What is air pollution? BTL1
2. | The presence of one or more contaminants like dust, smoke, mist and odour in the atmosphere
which are injurious to human beings, plants and animals.
Define bio-degradable pollutant and non-biodegradable pollutant. BTL1
3. Bio-degradable pollutant - Decompose rapidly by natural processes
Non-biodegradable pollutant - Do not decompose or decompose slowly in the environment
State the composition of atmospheric air. BTL1
Constituents %
Nitrogen 78
Oxygen 21
4. Argon (Ar) <1
CO, 0.037
Water vapour Remaining
02, He, NH3 Trace amount
State the Indian ambient air quality standards. BTL1
Concentration in pg/m3
Category Area SPM SO2 NOX CcO
S. A Industrial and mixed use 500 120 120 | 5,000
B Residential and rural 200 80 80 2,000
C Se?nsitive (hill stations, 100 30 30 1,000
tourist resorts, monuments
Outline the causes of air pollution? BTL2
6 e Incomplete burning of fossil fuels, liberate CO, NO,, Suspended Particulate Matter (SPM)

etc.
e Coal burning in power plants, liberate SO,
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e QOzone
e Agriculture, decay of plants, liberate hydrocarbons.

Define photochemical smog. (NOV/DEC 2006) BTL2
It is not related to smoke (or) fog. It is formed by the combination of NO, NO,, CO,, H,O, CO,

7 SO, and unburnt hydrocarbon particles. The important reaction is dissociation of NO, in sunlight.
It is also named as los Angeles smog.
What are the effects of various air pollutants on human health? BTL1
Name of the
Pollutant Name of the Diseases
NO, Lung irritation and damage
Reacts with hemoglobin in red blood cells and reduces the ability of blood to bring
8. oxygen to body cells and tissues, which causes headaches and anemia. At high
CO levels it causes coma, irreversible brain cell damage and death.
S0, Breathing problems for healthy people.
Nose and throat irritation, lung damage, bronchitis, asthma, reproductive problems
SPM and cancer
Hydrocarbon |Carcinogenic
What are oxygen demanding wastes? (APR/MAY 2011) BTL1
Oxygen demanding wastes is the one to reduce amount of oxygen water in water is known as
oxygen demanding wastes. The oxygen demanding wastes are BOD and COD
9. BOD is the amount of oxygen required for the biological decomposition of organic matter present
in the water.
COD is the amount of oxygen required for chemical oxidation of organic matter using some
oxidizing agent like K;Cr,07 and KMnO4
What Is PAN? Give Its Detrimental Effects. BTL1
PAN
e Peroxy Acetyl Nitrates - Secondary Pollutant Present In Photochemical Smog.
e Itis alachrymatory substance.
e It is thermally unstable and decomposes into peroxy ethanol radicals and nitrogen dioxide
gas.
10. e Itis an oxidant and more stable than ozone
Detrimental Effects
o It is a powerful respiratory and eye irritants, toxic in nature.
o Cause extensive damage to vegetation, causing skin cancer
o Damages plants and art.
o React explosively.
e Plays a very large role in photochemical smog
How CFC’s are accumulated in atmosphere. (MAY/JUNE 2006) BTL1
CFC’s are accumulated in atmosphere through
e Propellant in Aerosol spray cans
11. Cleaning solvents

Refrigerants (Freon) in refrigerators, air conditioners
Foam plastic blowing agent
Blowing agent
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Define primary air pollutant and secondary air pollutant. BTL1
Primary air pollutants - Those emitted directly in the atmosphere in harmful form. E.g. CO, NO,
SO,
12. Secondary air pollutant — New pollutants formed by the reaction of some of the primary air
pollutants with one another or with the basic components of air.
E.g. NO /N029 HNO3 / NO3
State the composition of soil. BTL1
Components %
Mineral matter (inorganic) | 45
13. .
Organic matter 5
Soil water 25
Soil air 25
State the water quality standards. BTL1
WHO standard ISI standard
S. No. Parameter . . . :
in mgs/litre in mgs/litre.
Colourless, Colourless,
1. Colour, odour and odourless and odourless and
taste
tasteless tasteless
2. P 6.9 6.9
3. Total dissolved solids 1500 -
14. 4. Dissolved oxygen - 3.0
5. Chloride 250 600
6. Sulphate 400 1000
7. Nitrate 45 -
8. Cyanide 0.2 0.01
9. Fluoride 1.5 3.0
10. Chromium 0.05 0.05
11. Lead 0.05 0.1
12. Arsenic 0.05 0.2
List the self-cleaning processes of atmosphere. BTL4
e Dispersion
e Gravitational settling
15. .
e Flocculation
e Absorption
e Rain washout and so on
What are point and non-point sources of water pollution? BTL1
Point sources are discharged pollutants at specific location through pipes, ditches or sewers into
16 bodies of surface water.

" | Non-point sources: They cannot be traced at any single site of discharge. They are usually large
land areas or air sheds that pollute water by runoff, subsurface flow or deposition from the
atmosphere.

Write any four major water pollutants. (MAY/JUNE 2006) BTL1
17 e Infectious agents
' e Oxygen demanding wastes
e Inorganic chemicals
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e Organic chemicals

Plant nutrients

Sediments

Radioactive materials

Heat (any four)

What is marine pollution? Name the sources and effects of marine pollution.
(MAY/JUNE 2005, NOV/DEC 2014) BTL1
The discharge of waste substances into the sea resulting in harm to living resources, hazards to

18. human health, hindrance to fishery and impairment of quality for use of sea water.
e Dumping the wastes - Marine birds ingest plastic which causes gastrointestinal disorders
e Oil - Damage to marine fauna and flora, retard the rate of O, uptake by water.
Define noise pollution. When a sound does cause noise pollution? (NOV/DEC 2013,
APR/MAY 2015) BTL1
¢ Noise pollution is defined as the unwanted, unpleasant or disagreeable sound that causes
19. discomfort for all living beings.
e The sound intensity is measured in decibel (dB), which is tenth part of the longest unit
Bel. One dB is equal to the faintest sound, a human ear can hear. If the intensity of the
sound exceeds 80 dB, noise pollution occurs. Noise above 140 dB becomes painful.
Give any four methods to control noise pollution. (MAY/JUNE 2007) BTL1
e Source Control
20 e Transmission Path Intervention
' e Receptor control
e OQiling
Define thermal pollution. (NOV/DEC 2005, NOV/DEC 2008) BTL1
21 The addition of excess of undesirable heat to water that makes it harmful to man, animal or
' aquatic life or otherwise causes significant departures from the normal activities of aquatic
communities in water.
What are the causes of thermal pollutions? BTL 1
e Nuclear power plants
99 e Coal-fired power plants
' e Industrial effluents
e Domestic sewage
e Hydro-electric power
Define hazardous wastes. Why nuclear hazards are so dangerous? (NOV/DEC 2006) BTL1
e Wastes like toxic chemicals, radioactive or biological substances which contribute to an
increase in mortality or in serious irreversible illness to human health and environment are
23 called hazardous wastes.

' e Radioactive radiation, liberated by nuclear hazards, affects the cells in the body and the
function of glands and organs. People suffer from blood cancer and bone cancer if exposed
to doses around 100 to 1000 roentgens. Unlike the other pollution, radioactive pollution can
cause genetic disorders even in the subsequent generations.

What are the various sources of radioactive pollution? (NOV/DEC 2008, APR/MAY 2015)
24. | BTL1

e Natural sources.
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The very important natural source is space, which emit cosmic rays.
Soil, rocks, air, water, food, radioactive radon-222 etc. also contain one or more
radioactive
substances.
¢ Man-made sources
Man-made sources are nuclear power plants, X-rays, nuclear accidents, nuclear bombs,
diagnostic Kits, etc., where radioactive substances are used.

25.

List any four causes of floods. (NOV/DEC 2010) BTL4

. Heavy rain, rainfall during cyclone causes flood.

. Sudden snow melt also raises the quantity of water in streams and causes flood.

. Clearing of forests for agriculture has also increased severity of floods.

. Reduction in the carrying capacity of the channel, due to accumulation of Sediments cause
floods

26.

What are the types of solid wastes? (NOV/DEC 2006, MAY/JUNE 2007) BTL2
a. Municipal wastes ; b. Industrial wastes ; c. Hazardous wastes

27.

Mention the sources of solid wastes. (NOV/DEC 2009) BTL1
e Domestic wastes  — cloth, waste papers
e Commercial wastes — cans, bottle, polythene bags
e Construction wastes — Wood, Concrete
e Biomedical wastes — Infectious wastes
e Industrial wastes ~ — Nuclear and thermal power plants
e Hazardous wastes — Toxic wastes, chronic toxicity

28.

Differentiate between recycling and reuse. (NOV/DEC 2007, APR/MAY 2011) BTL4
e Reuse
The refillable containers, which discarded after use can be reused. Rubber rings can be
made from the discarded cycle tubes which reduces the waste generation during manufacturing
of rubber bands.
e Recycling
Recycling is the reprocessing of the discarded materials into new useful products
Example
e Old aluminum cans and glass bottles are melted and recast into new cans and bottles
e Preparation of cellulose insulation from paper.

29.

What are the roles of women in environmental pollution? (NOV/DEC 2008) BTL1
In rural areas women plant trees and grass, grow vegetables with the drip-irrigation method on
order to save water. b. In urban areas they go shopping using cloth bags to reduce white pollution.

30.

What are the effects of thermal pollution? (APR/MAY 2011) BTL1
e Reduction in dissolved oxygen

Increase in toxicity

Interference with biological activity

Interference with reproduction

Direct mortality

e Food storage for fish

31.

What do you meant by soil pollution? Or Define soil pollution. (NOV/DEC 2010) Write the
causes of soil pollution. BTL1
The pollution affects and alter the chemical and biological properties of soil. As a result, hazardous
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chemical can enter into human food chain from the soil or water disturbs the biochemical process
and finally lead to serious effects on living organism.

What are causes of noise pollution? (NOV/DEC 2010) BTL1
e By machine like mechanical saws and pneumatic drill.

32. e From transport, rail, air craft, road vehicles like scooters, cars, motorcycles, buses.
e Common noise makers are musical instruments, TV, VCR, radios, transistors,
e Telephone and loudspeakers.
What is a Dobson unit? (MAY/JUNE 2007) BTL1
The amount of atmospheric ozone is measured by “Dobson spectrometer” and is expressed in
Dobson units (DU). 1 DU is equivalent to a 0.01 mm thickness of pure ozone at the density it
33. possesses if it is brought to the ground level (1atm) pressure
e Intemperate latitude its concentration is 350 DU
e Intropics its concentration is 250 DU
e Insub polar region its concentration is 450 DU
What are the harmful effects of landslides? BTL1
34 e Landslides block the roads and diverts the passage
' e Erosion of soil increases.
e Sudden landslides damage the houses, crop yield, live stock etc.
What do you know about particulate? (MAY/JUNE 2018) BTL1
Particulate refers to all atmospheric substances that are not gases. They can be suspended droplets
35. | or solid particles or mixtures of the two. Particulates can be composed of materials ranging in size
from 100mm to 0.1mm and less. The chemical composition of particulate pollutants is very much
dependent upon the origin of the particulate.
What are landslides? (MAY/JUNE 2018) BTL1
36. | The movement of earthy materials like coherent rock, mud, soil and debris from higher region to
lower region due to gravitational pull is called landslides.
Define the term Tsunami. BTL2
37. | A tsunami is a large wave that is generated in a water body when the sea floor is deformed by
seismic activity. This activity displaces the overlying water in the ocean.
PART *B
Discuss the causes, effects and control of marine pollution. (7 M) (NOV/DEC 2009,
APR/MAY 2010, NOV/DEC 2011) BTL6
Answer : Page: 4.32 - 4.34- A. Ravikrishnan
o Definition- The discharge of waste substances into the sea resulting in harm to living
organisms, hazards to human health, hindrance to fishery and impairment of quality for use
of sea water. (1 M)
e Sources (Causes) of marine pollution
1 Dumping the wastes-large amount of sewage, garbage, agricultural discharge, pesticides

and huge amount of plastics. (1 M)
Oil pollution of marine water-Imposed by petroleum and its products. (1 M)

e Effects of marine pollution on human health and environment — Oil spilling in sea inhibit
the photosynthesis-damage to marine fauna and flora including algae, fish, birds,
invertebrates-hydrocarbons and benzpyrene accumulate in food chain and consumption of
fish by man cause cancer. (2 M)

e Control measures — Plans for conserving marine biodiversity-education about marine
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ecosystems-industrial units on the coastal lines equipped with pollution control instruments-
urban growth should be regulated-fisherman needs should be accommodated.
2 M)

What is an earthquake? Write about its causes, effects and measures to face the
earthquake. (8 M) (APR/MAY 2008, NOV/DEC 2008, NOV/DEC 13, NOV/DEC 2014)
BTL4
Answer : Refer : 4.78 — 4.80 - A. Ravikrishnan
eDefinition: An earthquake is a sudden vibration caused on the earth’s surface due to the
sudden release of tremendous amount of energy stored in the rocks under the earth’s crust.
(2 M)
e Causes- disequilibrium in any part of the earth crust-volcanic eruption, hydrostatic pressure
and manmade activities-underground nuclear testing-decrease of groundwater level. (2M)
o Effects- hilly and mountains cause landslides-collapses houses due to poor construction,
peoples die increases depending on the severity-seismic waves caused by earth quakes
under the sea.
(2 M)
e Preventive measures-constructing earthquake resistant buildings, wooden houses are
preferred — information about magnitude of intensity should give by seismic hazard map
by Seismologist. (2
M)

Describe the sources, effects and various measures to control of noise pollution. (7 M)
(NOV/DEC 2009, MAY/JUNE 11, NOV/DEC 2014) BTL4
Answer : Page: 4.37 to 4.40 - A. Ravikrishnan
o Definition — The unwanted , unpleasant or disagreeable sound that causes discomfort for all
the living beings a M)
e Types and sources
Industrial noise-by machines, particularly mechanical saws and pneumatic drill is

unbearable and IS a nuisance to public.
(1 M)
Transport noise-road traffic noise, rail traffic noise and craft noise. am
Neighborhood noise-household gadgets and community like musical instruments,
transistors, telephones, TV, VCR, radios, etc. am

e Effects (2M)

Interferes communication
Hearing damage (90 dB)
Physiological and Psychological disorders
e Control and preventive measures (aMm)
Reduction in source of noise
Noise making machines should be kept in containers with sound absorbing media
Proper oiling will reduce noise from machinery
Using silencers — fibrous material
Planting trees
Legislation can prevent excess sound production, unnecessary horn blowing etc.

What are types, sources and the effects of improper municipal solid waste management?
State the measures recommended for proper management for the solid wastes. (7TM + 6M)
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(MAY/JUNE 2005, APR/MAY 2010, NOV/DEC 2010, MAY/JUNE 2011, NOV/DEC 2011,
NOV/DEC 2013, APR/MAY 2015) BTL1
Answer : Page: 4.61 to 4.70 - A. Ravikrishnan
e Effects of solid wastes (2 M)
o Types
Urban or municipal wastes
Industrial wastes
Hazardous wastes am
e Sources
Urban or municipal wastes
Domestic wastes
Commercial wastes
Construction wastes
Biomedical wastes a1 M)
Industrial wastes
Nuclear power plants
Chemical industries
Other industries (1 M)
Hazardous wastes
Toxic wastes
Reactive wastes
Corrosive wastes
Radioactive wastes
Infectious wastes
Heavy metals (2 M)
e Process of solid waste management
Flow chart

Solid Waste Generation

Collection of waste

Collection of Waste f§— oM VArious SOurces

— To transfer the collected wastes

Transportation
E fo the destination peint

— To store the collected wastes

Storage
- meanwhile time of the disposal

Fbi

Segregation of wastes Home separation for recycling

Disposal methods

%

(a) Landfill (b) Incineration (c) Compasting 2 M)

Reduce the usage of raw materials
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Reuse of waste materials

Recycling of material (1 M)

¢ Discarding wastes
Landfill — Advantages - Disadvantages a M)
Incineration - Advantages - Disadvantages 1 M)
Composting - Advantages - Disadvantages (1 M)

Mention any five air pollutants with their source, effects and control measures. (7 M)
(NOV/DEC 2005, APR/MAY 2006, NOV/DEC2005, MAY/JUNE 2013) BTL1

Answer : Page: 4.4 to 4.11 - A. Ravikrishnan

e Any five air pollutants (1 M)
e Sources, health effects, environmental effects and control measures

Carbon monoxide (CO) (1 M)

Nitrogen dioxide (NO5) (1 M)

Sulphur dioxide (SO,) am

Suspended Particulate Matter (SPM) 1 M)

Ozone a M)

Hydrocarbons (Aromatic and aliphatic) (A M) Any five 5M)
e Control measures (1 M)

How can you, as an individual, prevent environmental pollution? Why such an effort at an
individual level is important. (6 M) (NOV/DEC 2009, NOV/DEC 2010,MAY/JUNE 2014,
NOV/DEC 2014, APR/MAY 2015) BTL4
Answer : Page: 4.61 to 4.62 - A. Ravikrishnan
Role and responsibility of individual participation:

Use stairs instead of elevators

Use public transportation walk or ride a bicycle

Plant trees around building

Turn off lights, television sets and computer when not inuse.

Pay immediate attention to leaks in pipes.

Install waste saving equipments.

Recycle glass metal and paper.

Compost garden waste

Segregate waste and recycle

Buy locally made long losing material

Buy environmentally degradable products.

Take some bag from home to market to purchase.

Explain the causes, effects and control measure of water pollution. (13 M) (MAY/JUNE 2013)
(NOV/DEC 2013) BTL42
Answer : Page: 4.12 to 4.24 A. Ravikrishnan
e Definition — The alteration and physical, chemical and biological characteristics of water
which may cause harmful effects on humans and aquatic life (1 M)
o Causes: (4M)
Infectious agents
Oxygen demanding wastes
Inorganic chemicals
Organic chemicals
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Plant nutrients

Sediments

Radioactive materials

Heat

Point and non-point sources

Effects of water pollution (4M)

1. Objectionable colour and odour is unacceptable and unsuitable for drinking and other

purposes.

highly turbid and very hard water is unpleasant to drink, food processing

acid and alkaline water cause serious health problem

4. water borne infectious enteric disease like typhoid, cholera, dysentery, are the
predominant health hazard arising from drinking contaminated water

5. radioactive pollution enter human body through food and get accumulated in thyroid
gland, liver, bones and muscles

6. biodegradable waster deplete D O in the receiving stream, affect the flora cause creates
anaerobic conditions

7. non biodegradable waste and pesticides travel the food chain and ultimately reach
human where they accumulate in fatty tissues

8. thermal discharge in stream depletes D O

9. phosphate, nitrate, promote the growth of algae and encourage eutrophication

10. Industrial effluents result in addition of poisonous chemicals such as arsenic, mercury,
lead may reach human body through contaminated food.

W

Control measures of water pollution (4M)

a) lay down standard for
a. drinking water
b. disposal of waste water into watercourse/sewer/land monitoring

b) Waste water treatment

e preliminary treatment
e primary treatment

e secondary treatment

e advanced treatment

Expl

ain the sources, effects and various measures to control of thermal pollution. (13 M)

(MAY/JUNE 2013, NOV/DEC 2013) BTL4
Answer : Page: 4.40 to 4.46 - A. Ravikrishnan

Definition

The addition of excess of undesirable heat to water that makes it harmful to man, animal or
aquatic life of otherwise causes significant departures from the normal activities of aquatic
communities in water am)

Sources of thermal pollution

Nuclear power plants

Coal-fired power plants

Industrial effluents
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Domestic sewage

Hydro-electric power (5 M)
e Effects of thermal pollution on human health

Reduction in dissolved oxygen

Increase in Toxicity

Interference with biological activities

Interference with reproduction

Direct mortality

Food storage for fish (B M)
e Control measures

Cooling towers

Cooling ponds

Spray ponds

Acrtificial lakes (4 M)

Give a note on
(a) Floods
(b) Cyclone
(c) Landslides (13M) BTL2
Answer : Refer : 4.72 — 4.77 - A. Ravikrishnan
e Definition of flood: Whenever the magnitude of water flow exceeds the carrying capacity of
the channel within its banks, the excess of water over flows on the surroundings causes

floods am
e Causes and effects (2 M)
Q. ¢ Preventive measures of floods (1 M)
¢ Definition: Cyclone is a meteorological phenomenon, intense depressions forming over the
open oceans and moving towards the land. On reaching the shores, it move into the interior
of the land or along the shore lines. 1 M)
e Causes and effects (2 M)
¢ Preventive measures of cyclone am
¢ Definition: The movement of earthy materials like coherent rock, mud, soil and debris from
higher region to lower region due to gravitational pull is called landslides. (1 M)
e Causes and effects (2 M)
Preventive measures of landslides (2 M)
Discuss the significance of parameters of drinking water quality standards. (7 M) (Dec. 2008)
BTL2
Answer : Page: 4.22 to 4.23 - A. Ravikrishnan
e Physical parameters
Colour
10 Tastqs _and Odoursf
' Turbidity and Sediments 2 M)
e Chemical parameters
pH
Acidity
Alkalinity
Flouride
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Nitrogen
Chlorides
Sulphates
Nitrates
Arsenic (6 M)
With a flow diagram explain the waste water treatment. (7 M) (Dec. 2007) BTL2
Answer : Page: 4.20 to 4.22 - A. Ravikrishnan
Flow charts and Diagrams
Air supply
aw Activated Treated
s:tvage Coag‘ulam sludge se»\:age I Sewage l l l l
effluent Aeration tank | »| Sedimentation Effluent
l from primary N s tank for drainage
y Chlorination treatment
| Screening Sedimentation
Sedimentation I Activated Sludge settled Excess
Trickling STudge at the bottom Sludge
| filter
S Scmnmmmcm Activated Sludge Process
Rotating Domed
Influent Enclosure
Distributer A
L | N P —
[ nonh R
11 Media
Air Air
Influent hu |
TricKing Filter B
frag:=
Treated Water L w
L Clarifier
Recycle [ Sludge
Fump (1 + lM)
Step-1 Preliminary treatment (1 M)
Step-11 Primary Treatment or Settling Process am)
Step-111 Secondary or Biological Treatment
Trickling Filter Process am
Activated Sludge Process (1 M)
Step-1V Tertiary Treatment am)
Step-V Disposal of Sludge (1 M)
19 Write a note on nuclear hazards (Nuclear pollution). (or) Explain the sources, effects and
" | control measures of radioactive pollution. (7 M) (Dec. 2006) BTL2
Answer : Page: 4.48 to 4.50 - A. Ravikrishnan
Definition — The presence of radioactive elements in the environment (1M)
Causes:- (2M)
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a)Natural Sources:

Solar rays

Radio nuclides in earth*s crust
Environmental radiation
b)Manmade Sourse:

Medical X-rays

Radio isotopes

Nuclear test

Nuclear installations

Nuclear reactor

Effects:-

Causes skin burns, loss of teeth, vomiting anemia
Blood cancer

Brain damage

Control measures:-

Radiation exposure protection
Radiation contamination protection
Controlled area

Disposal of radioactive waste

(2M)

(2M)

Explain the sources, effects and control measures of soil pollution. (8 M) BTL2
Answer : Page: 4.54 - A. Ravikrishnan

Definition- The contamination of soil which may cause harmful to environment
Sources and effects

Industrial wastes 1M
Urban wastes am
Agricultural practices (1 M)
Radioactive pollutants am
13. Biological agents (1 Mm)

Control Measures
Control of soil erosion
Proper dumping of unwanted materials
Production of natural fertilizers
Proper hygienic conditions
Public awareness
Recycling and reuse of wastes
Ban on toxic chemicals (2M)

(1 M)

PART - C

wastes (15 M) BTL6
Answer : Page: 4.65,4.68 to 4.69 - A. Ravikrishnan
1 e Causes and effects of Bhopal gas tragedy: (5M)

Discuss about the following case study (a) Bhopal gas tragedy (b) Gulf War (c) Mercury

Pesticide factory-Union Carbide- corporation leak large volume of methyl iso cyanate —
atmosphere Bhopal- India-midnight on December 3,1984-city- change- gas chamber-within
a week 10,000 people died — 1000 people turned blind-lakhs of people still continue to
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suffer various diseases

e Causes and effects of Gullf War: 5M)
Gulf war was fought between Iraq and US-Period of 6 weeks in 1991-American fighters
dropped a lakh of bombs-force the Irag army to withdraw from Kuwait- retreat of Irag-
burning of 700 oil wells-near sea shore —oil from well spills out into the sea-the floating oil
oversea  water nearly 80 km long-burning of oil wells nearly 10 months-released huge
amounts of pollutants likeCO2 and SO2 into the atmosphere-1 million birds killed.

e Causes and effects of mercury wastes: 5M)
Minamata- Small hostel village in Japan —Chicago-chemical company produces Venyl
polymer plastics-industry release its effluent into Minamata sea-Effluents by fishes —
affect human being through food chain-damage central nervous system-loss of vision and
hearing-loss of muscular coordination and severe headache- nervous disorders.

Discuss about the following case study (a) Palar river pollution (b) Textile and dye industries

(c) Chernobyl nuclear disaster. (15 M) BTL4

Answer : Page: 4.66, 4.69 - A. Ravikrishnan
Explanation of Palar river pollution (5 M)
Palar river originates in Nandidurgam of Karnataka state and flows for about 350 km
through Karnataka, Andra Pradesh and Tamil Nadu.Palar supply drinking water for
several municipalities, towns and villages in Vellore district, Tamil Nadu. The effluent from
the above industries affect the surface and underground water and make the water unfit for
domestic work. The effluent also increase the pH of the soil and affect the cultivation. The
rivers like Bhavani, Noyyal and Cauvery get polluted due to mixing of effluent from the
above industries. Tamil Nadu Pollution Control Board (TNPCB) has directed all textile
printers and dyers of Thirupur to not allow the effluent to mix in the river systems.
Explanation of Textile and dye industries 5M)
There are nearly 500 dying units and 195 bleaching units operating in and around Tirupur.
They consume large quantity of water for processing and later discharge waste water. The
effluent from the above industries affect the surface and underground water and make the
water unfit for domestic work. The effluent also increase the pH of the soil and affect the
cultivation. The rivers like Bhavani, Noyyal and Cauvery get polluted due to mixing of
effluent from the above industries. Tamil Nadu Pollution Control Board (TNPCB) has
directed all textile printers and dyers of Thirupur to not allow the effluent to mix in the river
systems.
Explanation of Chernobyl nuclear disaster (5M)
Occur at Chernobyl in USSR 28 th April,1986-the reactor exploded- result of uncontrolled
nuclear reactions-radioactive fuel spread out in to the surrounding areas —killed at least
20,000 people-damage to soil, water and vegetation around 60 km.

Compare the physical and chemical characteristics of Marine water with terrestrial water.
(15 M) (May 2018) BTL4

Answer : Page: 4.23 to 4.25 and 2.44 t02.46 - A. Ravikrishnan

Physical and Chemical Characteristics of terrestrial water: (8M)

The common specifications recommended by the U.S Public Health for Drinking Water are
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given 3. No Parameter WHO standard ISI standard | below.
1. T in mgs/litre in mgs/litre.
Colour. odour and Colourless, Colourless,
1. ‘;as to odourless and odourless and
tasteless tasteless
2. p" 6.9 6.9
3. Total dissolved solids 1500 -
4. Dissolved oxygen - 3.0
5. Chloride 250 600
6. Sulphate 400 1000
7. Nitrate 45 -
8. Cyanide 0.2 0.01
9. Fluoride 1.5 3.0
10. Chromium 0.05 0.05

Water should be clear and odourless.

It should be cool.

It should be pleasant to taste.

Turbidity of the water should not exceed 10 ppm.

pH of the water should be in the range of 7.0 - 8.5.

Chloride and sulphate contents should be less than 250 ppm.

Total hardness of the water should be less than 500 ppm.

Total dissolved solids should be less than 500 ppm.

Fluoride content of the water should be less than 1.5 ppm.

The water must be free from disease-producing bacteria.

Water should be free from objectionable dissolved gases like H,S.
12.  Water should be free from objectionable minerals such as lead, chromium,
manganese and arsenic salts.

©ooNo OGOk WD

el
= o
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11.

Lead

0.05

0.1

12.

Arsenic

0.05

0.2
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UNIT 11l - NATURAL RESOURCES

Forest resources: Use and over-exploitation, deforestation, case studies- timber extraction, mining, dams
and their effects on forests and tribal people — Water resources: Use and overutilization of surface and
ground water, dams-benefits and problems — Mineral resources: Use and exploitation, environmental
effects of extracting and using mineral resources, case studies — Food resources: World food problems,
changes caused by agriculture and overgrazing, effects of modern agriculture, fertilizer-pesticide
problems, water logging, salinity, case studies — Energy resources: Growing energy needs, renewable and
non renewable energy sources, use of alternate energy sources. Energy Conversion processes — Biogas —
production and uses, anaerobic digestion; case studies — Land resources: Land as a resource, land
degradation, man induced landslides, soil erosion and desertification — role of an individual in
conservation of natural resources — Equitable use of resources for sustainable lifestyles. Introduction to
Environmental Biochemistry: Proteins —Biochemical 39 degradation of pollutants, Bioconversion of
pollutants. Field study of local area to document environmental assets — river / forest / grassland / hill /
mountain.

Q.No. PART * A

How are forest classified? BTL2
1. Evergreen forests; 2. Deciduous forests; 3. Coniferous forests

What are the preventive measures of deforestation? BTL1
e Steps should be taken by the government to discourage the migration of people into the
islands from mainland.
To counter the depletion of forest areas, tree plantation programs have been started.
Education and awareness programmes must be conducted.
Strict implementation of law of Forest Conservation Act
Forest fire must be controlled by modern techniques
e Use of wood for fuel should be discouraged

Define sustainable forestry (Chen AU Dec 2005) BTL1
3 | Sustainable forestry is the optimum use of forest resources, which meet the needs of the present
without compromising the ability of future generations to meet their own needs.

Write the functions of forests. (Chen A.U. Jun 2006) BTL2
e Forests perform very important functions both to humans and nature.
e They are habitats to millions of plants, animals and wildlife.
e They recycle rainwater and remove pollutants from air. They control water quality and
quantity
e They moderate temperature and weather and help to maintain humidity.
e They influence soil Conditions and prevent soil erosion and perform watershed functions.
e They promote tourism and contribute aesthetic beauty

Define deforestation. What are the causes of deforestation? (Chen A.U. Jun 2006, Dec 2010)
BTL1

5 | Deforestation: The process of destruction of forest (or) process of removal of or elimination of
forest resources due to many natural or man-made activities.

The process of removal
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Causes of deforestation: 1. Developmental projects. 2. Mining operations. 3. Raw-materials for
industries. 4. Fuel requirements. 5. Shifting cultivation. 6. Forest fires

Differentiate between deforestation and forest degradation. (Chen A.U. Dec 2007, Dec2010)
BTL4

Forest Degradation Deforestation
6 It is the process of deterioration forest | It is the process of destruction of
materials. forest materials.
Slow process Rapid process.
Can be removed. Cannot be recovered.
What are the consequences of timber extraction? BTL1
e Large scale timber extraction causes deforestation.
7. e Timber extraction leads to soil erosion, loss of fertility, landslides and loss of biodiversity.
e Timber extraction also leads to loss of tribal culture and extinction of tribal people.
e Timber extraction reduces thickness of the forest
List the adverse effects of mining. (TNV A.U. Dec 2009, 2013) BTL1
e During mining operations, the vibrations are developed, which leads to earthquake.
e When materials are disturbed in significant quantities during mining process, large
8. e quantities of sediments are transported by water erosion
e Noise pollution is another major problem from mining operations.
e Mining reduces the shape and size of the forest areas.
e Destruction of natural habitat at the mine and waste disposal sites.
State the problems caused by the construction of Dam. (Chen AU Jan 2006) BTL3
= Displacement of tribal people.
= Loss of non-forest land.
= Loss of forests, flora and fauna.
9 =  Landslips, sedimentation and siltation occur.
=  Stagnation and water logging around reservoirs retards plant growth.
= Breeding of vectors and spread of vector-borne diseases.
= Reservoir induced seismicity (RIC) causes earthquakes.
= Navigation and aquaculture activities can be developed in the dam area.
What are the effects of dams on tribal? BTL1
e The greatest social cost of big dam is the widespread displacement of tribal people, such a
biodiversity cannot be tolerated.
e Displacement and cultural change affects the tribal people both mentally and physically.
10 They do not accommodate the modem food habits and life styles
e Tribal people are ill-treated by the modem society.
e Many of the displaced people were not recognized and resettled or compensated.
e Tribal people and their culture cannot be questioned and destroyed.
e Generally, the body conditions of tribal people (lived in forest) will not suit with the new
areas and hence they will be affected by many diseases.
Compare merits and problems of dams. (Chen A.U. Jun 2007) BTL4
1 Merits of dams Problems of dams

Dams are built to control flood and store flood | Displacement of tribal people.
water.
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Sometimes dams are used for diverting part or | Loss of non-forest land.
all of the water from river into
Dams are used mainly for drinking and | Loss of forests, flora and Fauna.
agricultural purposes.

Dams are built for generating electricity. Water logging and salinity due to over
irrigation.

Dams are used for recreational purposes. Reduced water flow and silt deposition in
rivers.

Navigation and fishery can be developed in the | Salt water intrusion at river mouth.
dam areas.

12.

Explain flood management. BTL2
e Floods can be controlled by constructing dams or reservoirs.
e Channel management and embankments also control the floods.
e Encroachment of flood ways should be banned.
e Flood hazard may also be reduced by forecasting or flood warning.

13.

Write short note on mineral resources of India. (Coim A.U. Dec 2009) BTL3
India has the following mineral resources

S. No. | Mineral Place

1. Iron Bihar, Orissa, Tamil Nadu, Goa
Coal A.P, Bihar, MP, West Bengal
Manganese | MP, Orissa, A.P, Rajasthan
Copper Bihar, A.P, MP, Orissa

Gold Karnataka, A.P

Aluminum | MP, TN, Bihar, Orissa

Tin Bihar, Orissa and Rajasthan

) Chromium | Bihar, Orissa, MP, TN

XN O~ W N

14.

State the environmental effects of (mining) extracting and using mineral resources. (Chen
AU Jun 2005) BTL1
e Devegetation and defacing of landscape
Ground water contamination
Surface water pollution
Air pollution
Subsidence of land
During mining operations, the vibrations are developed, which leads to earthquake.
When materials are disturbed in significant quantities during mining process, large
guantities of sediments are transported by water erosion
Noise pollution is another major problem from mining operations.
Mining reduces the shape and size of the forest areas.
e Destruction of natural habitat at the mine and waste disposal sites.

15

What do you mean by environmental impact? (Chen A.U. Dec 2006) (or) Define
environmental impact statement. (Coim. A.U. Dec 2009) BTL1

Environmental impact is nothing but the effect on the natural environment caused by various
human actions. It includes two types

() Indirect effects. Example: Pollution.
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(ii) Direct effects. Example: Cutting down trees

16

Define overgrazing. Write the adverse effects caused by overgrazing. (TNV A.U. Dec 2008,
A.U. May 2008 ,Dec 2013, Chen AU Dec 2006) BTL1, BTL3

Overgrazing: Process of “eating away the forest vegetation without giving it a chance to
regenerate”.

Effects of overgrazing: (i) Land degradation (ii) Soil erosion (iii) Loss of useful species

17

What is water logging? List the effects of water logging. (Coim A.U. Dec 2009, Chen AU Dec
2006, Apr 11) BTL1

Water logging is the land where water stand for most of the year or time.

Problems in water logging:

During water-logged conditions, pore-voids in the soil get filled with water and the soil-air gets
depleted. In such a condition the roots of the plants do not get adequate air for respiration. So,
mechanical strength of the soil decreases and crop yield falls.

18.

Enumerate the desired qualities of an ideal pesticide. (A.U. Dec 2007) BTL3

An ideal pesticide must kill only the target species.

It must be a biodegradable.

It should not produce new pests.

It should not produce any toxic pesticide vapour. Excessive synthetic pesticide should not

be used.

e Chlorinated pesticides and organophosphate pesticides are hazardous, so they should be
used.

19

Define desertification, land degradation and land slide. BTL1

Desertification: A progressive destruction or degradation of arid or semiarid lands to desert

Land degradation or Soil degradation: The process of deterioration of soil or loss of fertility of
the soil

Land slide: Landslides are the downward and outward movement of a slope composed of earth
materials such as rock, soil, artificial fills.

20

What are the advantages in conjunctive use of water? (Chen A.U. Dec 2006) BTL3
e Control of water logging.
e Use of saline water, especially for cooling purposed.
e Control of salt intrusion in coastal aquifers.
e Controlled withdrawal of water from ground water aquifer

21

What are renewable and non-renewable energy resources? (Chen. A.U. Dec 2009, TCY A.U.
Dec 2008, Dec 2009,Apr 2015) BTL1

Renewable energy resources are natural resources which can be regenerated continuously by the
ecological process within a reasonable time period and are inexhaustible. They can be used again
and again in an endless manner. Examples: solar energy, wind energy, tidal energy, ocean thermal
energy

Non-Renewable energy resources are natural resources which cannot be regenerated. E.g. coal,
petroleum, minerals, oils, ground water

22

Differentiate renewable and non-renewable sources of energy. (TNV A.U. Dec 2008, 11)
BTL4

Renewable energy Non-renewable energy

It is regenerated continuously Cannot be regenerated.

In exhaustible Exhaustible
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It can be used again and again Cannot be used again

It is pollution free It pollutes the atmosphere

Available in unlimited amount in nature Available in limited amount

It is developed in a short period It is developed in a long period It is developed
in a long period

What are the conventional sources of energy for the mankind? (Chen AU Jan 2006) BTL1

23 | Non-renewable energy resources are natural resources, which cannot be regenerated once they are
exhausted. They cannot be used again.
What is geothermal energy? (Coim A.U. Dec 2009) BTL1
24 | The energy harnessed form the high temperature present inside the earth is called geothermal
energy
What is meant by soil erosion? List its types. (Chen A.U. Jun 2007) BTL1
o5 Soil erosion is the process of removal of superficial layer of the soil from one place to another.
Soil erosion also removes the soil components and surface litter.
1. Normal erosion 2. Accelerated erosion
Explain soil leaching. (Chen A.U. Dec 2006) BTL2
26 | 1. It removes valuable nutrients from the soil.
2. It may catty buried wastes into ground water and contaminates it.
97 Mention the factors causing soil erosion. (TCY A.U. Dec2008) BTL4
1. Water 2. Wind 3. Biotic agents 4. Landslides 5. Construction
What are the present food problems of the world? (Chen A.U. Dec 2010) BTL4
We know that 79% of the area is covered with water and rest is land, of which most of the areas
are forest, desert, mountain, barren area only less percentage of land is cultivated. So the food
28. | supplied from the rest of the land is not enough to feed all the people. The problem of population
explosion has made it worse. The world population increases and cultivable land area decreases
therefore the world food problem arises.
Urbanization is another problem in developing countries which deteriorates the agricultural lands.
What are the effects of over utilization of groundwater? (Chen A.U. Dec 2010) BTL1
29. | 1. Decrease ground water 2. Ground subsidence 3. Lowering of water table 4. Intrusion of salt
water 5. Earthquake and landslides 6. Drying up of wells 7. Pollution of water
Define the term Nuclear energy. (A.U DEC2014, A.U.Apr.2018) BTL1
30 Energy released during a nuclear reaction is called nuclear energy. Nuclear reactors produce the
" | nuclear energy either by nuclear fission (or) nuclear fusion. The nuclear power (or) nuclear energy
is clean and safe
Define sustainable life style and bio gas. BTL1
Sustainable life style: Sustainable development is the development of healthy environment
31 without damaging the natural resources. In other words, all the natural resources must be used in

such a way that it must be available for the future generation also.
Bio gas: Mixture of various gases formed by anaerobic degradation of biological matter in the
absence of oxygen

PART * B

Discuss the causes, ill effects and preventive measures of deforestation. (13M) (A.U. Dec
2005, Dec 2014, Apr 2015, A.U. Jan 2006, Dec 09, Apr 2015, A.U. Dec 2006, June 2007, A.U.
May 2008) BTL2
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Answer :Page : 5.7 - 5.9 - A. Ravikrishnan
Causes (Sources ) of Deforestation
Developmental Projects:
Development projects cause deforestation in two ways.
(i) Through submergence of forest area underwater.
(ii) Destruction of forest area.
Examples. Big dams, hydroelectric projects, construction (1 M)
Mining operations
Mining have a serious impact on forest areas. Mining operation reduces the forest area.
Examples Mica, coal, manganese, limestone, etc. (1 M)
Raw materials for industries
Wood is the important raw material for so many purposes.
Example - For making boxes, furniture, match-boxes, pulp, etc., a M)
Fuel requirements
In India both rural and tribal population depend on the forest for meeting their daily need of fuel
wood, which leads to the pressure on forest, ultimately to deforestation. (1 M)
Shifting cultivation: Replacement of forest ecosystem for monospecific tree plantation can lead to
disappearance of number of plant and animal species.
Examples: India is the richest nation with more than 15,000 species of plants, many of which is
endangered due to deforestation (1M)
Forest fires: Forest fire is one of the major causes for deforestation. Due to human interruption
and rise in ambient temperature, forest fire is happened often nowadays. Thus, due to forest fire
thousands of forest area gets destructed. a M)
11l effects of deforestation on the environment
Global warming: Cutting and burning of forest trees increases the CO, content in the atmosphere,
which in turn changes the global climatic pattern, rising sea levels and depletion of the protective
ozone layer.
Loss of genetic diversity: Destruction of our forest destroys the greatest storehouse of genetic
diversity on earth, which provides new food and medicines for the entire world
Soil erosion: Deforestation also causes soil erosion, landslides, floods and drought. Natural
vegetation acts as a natural barrier to reduce the wind velocity, this in turn reduces soil erosion.
6000 million tons of soil gets eroded every year in India
Loss of biodiversity: Most of the species are very sensitive to any disturbance and changes. When
the plants no longer exist, animals that depend on them for food and habitat become extinct.
Loss of food grains: As a result of soil erosion, the countries lose the food grains
Unemployment problems: The people living around forest areas lose their livelihood
Flood and Landslides: Frequent floods, landslides in hilly areas and wind speed are heavy. (Any
five Each1 M =5 M)
Preventive measures (or) avoid of deforestation (or) methods of conservation of forest
e New plants of more or less the same variety should be planted to replace the trees cut down
for timber.
Use of wood for fuel should be discouraged.
Forest pests can be controlled by spraying pesticides by using aeroplanes.
Forest fire must be controlled by modem techniques.
Over grazing by cattle must be controlled.
Steps should be taken by the government to discourage the migration of people into the
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islands from mainland.
e Education and awareness programmes must be conducted.
e Strict implementation of law of Forest Conservation Act (2 M)

What are the measures recommended for conservation of natural resources? (7 M) (A.U.
June 2005, Jan 2006, A.U. Apr 2010, Dec 2013) BTL2
Answer : Page : 5.76 — 5.80 - A. Ravikrishnan
Measures recommended for ( Role of Individual )conservation of natural resource
Conservation of Energy
e Switch off lights, fans and other appliances when not in use.
e Use solar heater for cooking your food on sunny . days, which will cut down your LPG
expenses.
e Dry the clothes in sunlight instead of driers.
e Grow trees near the houses and get a cool breeze and shade. This will cut off your
electricity charges on AC and coolers.
e Use always pressure cooker.
e Ride bicycle or just walk instead of using car and scoot (2 M)
Conservation of water
e Use minimum water for all domestic purposes.
e Check for water leaks in pipes and toilets and repair them promptly.
e Reuse the soapy water, after washing clothes, for washing off the courtyards, drive ways,
etc.,
e Use drip irrigation to improve irrigation efficiency and reduce evaporation.
e The wasted water, coming out from kitchen, bath tub, can be used for watering the plants.
e Build rainwater harvesting system in your house (2 M)
Conservation of soil
e Grow different types of plants, herbs, trees and grass in your garden and open areas, which
bind the soil and prevent its erosion.
While constructing the house don't uproot the trees as far as possible.
Don't irrigate the plants using a strong flow of water, as it will wash off the top soil.
Soil erosion can be prevented by the use of sprinkling irrigation.
Use green manure in the garden, which will protect the soil.
Use mixed cropping, so that some specific soil nutrients will not get depleted (1 M)
Conservation of Food Resources
Eat only minimum amount of food. A void over eating.
Don’t wastes the food instead gives it to someone before getting spoiled.
Cook only required amount of the food.
Don't cook food unnecessarily.
Don't store large amounts of food grains and protect them from damaging insects (1 M)
Conservation of Forest
e Use non-timber products.
Plant more trees and protect them.
Grassing, fishing must be controlled.
Minimise the use of papers and fuel wood.
Avoid of executing developmental work like dam, road, construction in forest areas (1 M)
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What are the effects, causes of soil erosion and the methods of preventing it? (7 M) (A.U. Dec
2005,11) BTL3

Answer : Page : 5.70 - 5.73 - A. Ravikrishnan

Soil erosion- Damage or removal of top soil renders the soil infertile. Erosion may occur in many

ways
Effects of soil erosion (aMm)
Causes of ( factors causing) soil erosion

Water ; wind; biotic agents; landslides; construction (1M)

Control of soil erosion ( Soil conservation practices)
e Conservation of till farming or no-till-farming am

e Contour farming am
e Terracing am
e Alley cropping or agro forestry 1 M)
e Wind breaks or shelter belts am)

Decreasing soil pollution is also a method which helps in soil conservation

Discuss briefly on the consequences of overdrawing of ground water. (13 M) (A.U. Dec 2006)
BTL2
Answer : Page : 5.19 —5.21 - A. Ravikrishnan
Decrease of Ground Water :
Due to increased usage of ground water, the ground water level decreases.
Reason

(a) The erratic and inadequate rainfall results in reduction in storage of water in reservoirs.

(b) The building construction activities are sealing the permeable soil zone, reducing the
area for percolation of rain water and increase in surface runoff (2 M)
Ground subsidence
When the ground water withdrawal is more than the recharge rate, the sediments in the aquifer get
compacted which results in sinking of over lying land surface. This process is known as ground
subsidence. (2M)
Lowering of water table
Over utilization of ground water in arid and semi-arid regions for agriculture disturbs the state of
equilibrium of the reservoir (disturb the hydrological cycle) in the region. This causes following
problems. 1 m)
Intrusion of salt water
In coastal areas, over exploitation of ground water would lead to rapid intrusion of salt water from
sea. (2M)
Earthquake and landslides
Over-utilization of ground leads to decrease in water level, which cause earth quake, landslides
and famine (2M)
Drying up of wells
As a result of over utilization of ground water, the level of ground water getting depleted at much
faster rates than they can be regenerated. This leads to drying up of dug as well as bore wells.
(2M)
Pollution of water
When ground water level near the agricultural land decreases, water, containing the nitrogen as
nitrate fertilizer, percolates rapidly into the ground and pollute the ground water ~ (2M)

Write a brief note on changes caused by agricultural and overgrazing. (7 M) (A.U May 2007,
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Dec 2014) BTL2
Answer : Page : 5.36 — 5.38 - A. Ravikrishnan
Overgrazing: Process of, "eating away the forest vegetation without giving it a chance to

regenerate"
Agriculture: An art, science and industry of managing the growth of plants and animals for
human use. 1 M)

Effects (or) impacts of overgrazing
Land degradation
v' Qvergrazing removes the cover of vegetation over the soil and the exposed soil gets

compacted.
v So the roots of plant cannot go much deep into the soil and the adequate soil moisture is
not available.
v' Thus, overgrazing leads to organically poor, dry, compacted soil, this cannot be used for
further cultivation. (1 M)
Soil erosion

v Due to overgrazing by livestock, the cover of vegetation gets removed from the soil.
v The roots of the grass are very good binders of the soil.
v The soil becomes loose by the action of wind and rainfall. 1 M)
L oss of useful species
v' Overgrazing also affects the composition of plant population and other regeneration

capacity.
v" When livestock grazes the grasses heavily, the root stocks, which carry the food reserve
gets destroyed. a M)

Traditional agriculture:
v Itinvolves small plot, simple tools, surface water, organic fertilizers and a mix of crops.
v They produce enough and a mix of crops. They produce enough food for their families and
to sell it for their income
Effects (or) impacts of Traditional agriculture
Deforestation:
v Cutting and burning of trees in forests to clear the land for cultivation results in loss of
forest cover.
Soil erosion:
v’ Clearing of forest cover exposes the soil to wind and rainfall, resulting in loss of top fertile
soil layer.
Loss of nutrients:
v" During cutting and burning of trees, organic matter in the soil gets destroyed and most of
the nutrients are taken up by the crops within a short period (each 1M)

Explain how the alternate energy sources play an important role in environmental impact.
(8 M) (A.U. May 2007) BTL4
Answer : Page : 5.63 —5.64 - A. Ravikrishnan
Need of Alternate (Renewable) Energy Sources (or) Role of Alternate (Renewable) Energy
sources in environmental impact
1. The importance of solar energy can be emphasized particularly in view of the fact that
fossil fuels and other conventional sources are not free from environmental implications.
2. Energy sources which have least pollution, safety and security snags and are universally
available have the best enhance of large scale utilization in future.
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3. Hydro-electric power generation is expected to upset the ecological balance existing on
earth.

4. Besides space heating, hydroelectric power plants critically pollute the aquatic and
terrestrial biota

5. Radioactive pollutants released from nuclear power plants are chronically hazardous. The
commissioning of boiling water power reactors (BWRS) have resulted in the critical
accumulation of large number of long lived radionuclides in water.

6. The dangerous radio waste cannot be buried in land without the risk of polluting soil and
underground water. Nor the waste can be dumped into the rivers without poisoning aquatic
life and human beings as well.

7. The burning of coal, oil, wood, dung cakes and petroleum products have well debated
environmental problems. The smoke so produced causes respiratory and digestive
problems leading to lungs, stomach and eye diseases.

8. The disposal of fly ash requires large ash ponds and may pose a severe problem
considering the limited availability of land. So, the non conventional sources of energy
needed (8 M)

Discuss the effects of timber extraction, effects of dams on forests and tribal people. (7 M)
(A.U. May 2008, Dec 2013) BTL2
Answer : Page : 5.11, 5.13 - 5.15 - A. Ravikrishnan
Consequences (or) effects of timber extraction
1. Large scale timber extraction causes deforestation.
2. Timber extraction leads to soil erosion, loss of fertility, landslides and loss of biodiversity.
3. Timber extraction also leads to loss of tribal culture and extinction of tribal people.
4. Timber extraction reduces thickness of forest  (1M)
Effects of dam on Forest
1. Thousands of hectares of forest have been cleared for executing river valley projects.
2. In addition to the dam construction, the forest is also cleared for residential
accommodation, office buildings, storing materials, laying roads, etc.,
3. Hydroelectric projects also have led to widespread loss of forest in recent years.
4. Construction of darns under these projects led to killing of wild animals and destroying
aquatic life.
5. Hydroelectric projects provide opportunities for the spread of water borne diseases.
6. The big river valley projects also cause water logging which leads to salinity and in tum
reduces the fertility of the land. (3M)
Effects of dam on tribal people
1. The greatest social cost of big dam is the widespread displacement of tribal people, such a
biodiversity cannot be tolerated.
Displacement and cultural change affects the tribal people both mentally and physically.
They do not accommodate the modem food habits and life styles.
Tribal people are ill-treated by the modem society.
Many of the displaced people were not recognized and resettled or compensated.
Tribal people and their culture cannot be questioned and destroyed.
Generally, the body conditions of tribal people (lived in forest) will not suit with the new
areas and hence they will be affected by many diseases (3 M)

N

o0k w

Q) Discuss the problems of fertilizer and pesticide on modern agriculture. (7 M) (A.U.
May 2008, Dec 2010) BTL2
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(i) List the desired qualities of pesticide. (2M) BTL4
Q) Answer : Page : 5.38 — 5.40 - A. Ravikrishnan
Problems in using fertilizer
(a) Micronutrient imbalance
v" Most of the chemical fertilizers, used in modem agriculture, contain nitrogen, phosphorus
and potassium (N, P, K), which are macronutrients.
v" When excess of fertilizers are used in the fields, it causes micronutrient imbalance.
v' Examples: Excessive use of fertilizer in Punjab and Haryana has  caused deficiency of
the micronutrient zinc in the soil, which affects the productivity of the soil. ( 1M)

(b) Blue Baby syndrome (Nitrate pollution)
When Nitrogenous fertilizers are applied in the fields, they leach deep into the soil and
contaminate the ground water.
v’ The nitrate concentration in the water gets increased.
v" When the nitrate concentration exceeds 25 mg / lit, they cause serious health problem
called "Blue Baby syndrome".
v This disease affects infants and leads even to death. (1M)

(c) Eutrophication.

v A large proportion of N and P fertilizers, used In crop field is washed off by the runoff
water and reaches the water bodies causing over nourishment of the lake. This process is
known as Eutrophication.

v Due to eutrophication lake gets attacked by algal bloom.

v These algal species use up the nutrients rapidly and grow very fast.

v Since the time of algal species is less they die quickly and pollute the water, which in turn
affect the aquatic life. (1Mm)

Problems in using pesticides
In order to improve the crop yield, lot of pesticides are used in the agriculture.

0] First generation pesticides - Sulphur, arsenic, lead or mercury are used to kill the

pests.

(i) Second generation pesticides - DDT (Dichloro Diphenyl Trichloromethane) kill the

pests.
Although these pesticides protect our crops from huge losses due to pests, they produce number
of side-effects.

Death of non-target organisms

v Some pest species usually survive even after the pesticide spray, which generates highly
resistant generations.

v They are immune to all type of pesticides and are called super pests. am)

Producing new pests

v Some pest species usually survive even after the pesticide spray, which generates highly
resistant generations.

v They are immune to all type of pesticides am)

(c )Bio-magnification

v" Many of the pesticides are non-biodegradable and keep on concentrating in the food
chain.

v" This process is called bio-magnification.
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v These pesticides in a bio-magnified form are harmful to the human beings. (1 M)
(d)Risk of cancer
v’ Pesticides enhance the risks of cancer in two ways.
v' It directly acts as carcinogens.
v It indirectly Suppress the immune system. am)
(i)  Answer : Page : 5.40 - A. Ravikrishnan
Desired qualities of an ideal pesticide
An ideal pesticide must Kill only the target species.
It must be a biodegradable.
It should not produce new pests.
It should not produce any toxic pesticide vapour.
Excessive synthetic pesticide should not be used.
Chlorinated pesticides and organophosphate pesticides are hazardous, so they should not
be used (2 M)

ANANA NANA Y

10

Explain the environmental impacts of mineral extraction (mining) and uses (7 M) (A.U. Dec
2009, Apr 2015) BTL2
Answer : Page : 5.29 - 5.31 and 5.24 — 5.26 - A. Ravikrishnan
Mining: Mining is the process of extraction of metals from a mineral deposit.
Types of mining
(a) Surface mining: Surface mining is the process of extraction of raw materials from the near
surface deposits
(b) Underground mining: The process of extraction of raw materials below the earth's
surface. It includes,
(c) Open-pit mining: Open-pit mining machines dig holes and remove the ores.
Example: Iron, copper, limestone, and marble etc
Environmental damage, caused by mining activities
Devegetation and defacing of landscape: Topsoil as well as the vegetation are removed from the
mining area. Large scale deforestation or devegetation leads to several ecological losses and also
landscape gets badly affected. am
Groundwater contamination: Mining disturbs and also pollutes the ground water. Usually
sulphur, present as an impurity in many ores, gets converted into sulphuric acid due to microbial
action, which makes the water acidic. Some heavy metals also get leached into groundwater (1
M)
Surface water pollution: Drainage of acid mines often contaminates the nearby streams and
lakes. The acidic water is harmful to many aquatic lives. Radioactive substances like uranium also
contaminate the surface water and kill many aquatic animals. (1 M)
Air pollution: Smelting and roasting are done to purify the metals, which emits enormous
amounts of air pollutants damaging the nearby vegetation. The suspended particulate matter
(SPM), SOx arsenic particles, cadmium, lead, etc., contaminate the atmosphere and public suffer
from several health problems. (1 Mm)
Subsidence of land: It is mainly associated with underground mining. Subsidence of mining area
results in cracks in houses, tilting of buildings, bending of rail. (1 M)
Effects of over exploitation of Mineral resources
1. Rapid depletion of mineral deposits.
2. Over exploitation of mineral resources leads to wastage and dissemination of mineral
deposits.
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3. Over exploitation of mineral resources causes environmental pollution.
4. Over exploitation needs heavy energy requirement (1 M)
Uses of mining
The extraction of metals and other materials from a mineral deposit by mining has verity of uses.
1. Development of industrial plants and machinery. Examples - Iron, aluminium, copper,
etc.,
Construction, housing, settlements. Example - Iron, aluminium, nickel, etc.,
Jewellery — Example - Gold, silver, platinum and diamond
Generation of energy. Example — Coal, Lignite, Uranium etc
Designing of defence equipments, weapons, ornaments
Agriculture purposes, as fertilizers, seed dressings and fungicides. Example Zineb —
containing zinc and Maneb - containing manganese. (1 M)

ocoarwn

Explain the various food resources. (7 M) (A.U. Apr 2010, Apr 2015, Dec 2010) BTL2
Answer : Page : 5.33 -5.36 - A. Ravikrishnan
Food Resources
Food is an essential requirement for the human survival. Each person has a minimum food
requirement. The main components of food are carbohydrates, fats, proteins, minerals and
vitamin
(1M)

Types of Food Supply
Historically humans have dependent on three systems for their food supply.
1. Croplands:

It mostly produces grains and provide about 76% of the world's food. (1 M)

Examples: Rice, wheat, maize, barley, sugarcane, potato, etc
2. Rangelands:

1 It produces food mainly from the grazing livestock and provide about 17% of the
world’s food. Examples: Meat, milk, fruits, etc., am
3. Oceans:
Oceanic fisheries supply about 7% of the world's food. Examples: Fish, prawn, crab, etc.
(1 M)
Major Food Sources
Earth is provided with more than thousands of edible plants and animals. However only 15
plants and 8 terrestrial animal species supply 90% of our global intake of calories. Examples:
Rice, wheat, maize, potato, barley, sugarcane, pulses, fruits, vegetables, milk, meat, fish and sea
food.
Rice, wheat and maize are the major grains, provide more than 50% of the calories people
consume. (2 M)
World food problem (1M)
Explain the various conventional (nonrenewable) energy resources. (7 M) (A.U. Dec 2010)
13 BTL2
Answer : Page : 5.56 — 5.60 - A. Ravikrishnan
Coal — (1 M), Petroleum — (2 M) LPG - (1 M) Natural gas - (1 M) Nuclear energy - (2 M)
Discuss in detail the over-exploitation of forests. (7 M) (A.U. Dec 2010) BTL2
12 Answer : Page : 5.6 — 5.7 - A. Ravikrishnan

Over Exploitation of Forest
» Due to overpopulation the materials supplied by the forest like food, medicine, shelter,
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wood and fuel is not sufficient to meet the people's demand.

» Hence exploitation of forest materials is going on increasing day by day.

«  With growing civilization, the demand for raw materials like timber, pulp, minerals, fuel
wood, etc., increases resulting in large scale logging, mining, road building and cleaning of
forests (3M)

Reason for over exploitation in India
It has been estimated that in India the minimum area of forests required to maintain good
ecological balance is about 33% of total area. But, at present it is only about 22%. So over
exploitation of forest materials occur. (2 M)
Causes of over exploitation
(@) Increasing agricultural production.
(b) Increasing industrial activities.
(c) Increase in demand of wood resources (2 M)

Discuss any four factors responsible for land degradation. (8 M) (A.U. Dec 2010,May 11,Dec
2013, A.U. Dec 2014) (BTL2
Answer : Page : 5.69 — 5.70 - A. Ravikrishnan
Causes of (or factors influencing) land degradation
1. Population: As population increases, more land is needed for producing food, fibre and
fuel wood. Hence there is more and more pressure on the limited land resources, which are
getting degraded due to over exploitation. 2 M)
2. Urbanization: The increased urbanization due to population growth reduce the extent of
agricultural land. To compensate the loss of agricultural land, new lands comprising natural

13 ecosystems such as forests are cleared. Thus urbanization leads to deforestation, which
intum affects millions of plant and animal species. (2 M)

3. Fertilizers and pesticides: Increased applications of fertilizers and pesticides are needed
to increase farm output in the new lands, which again leads to pollution of land and water
and soil degradation. 1M

4. Damage of top soil: Increase in food production generally leads to damage of top soil
through nutrient depletion. 1 Mm)

5. Water-logging, soil erosion, salination and contamination of the soil with industrial wastes
all cause land degradation. (2 M)

What are the ecological services rendered by forests? Discuss. (7 M) (A.U. Dec 2010) BTL2
and BTL1
Answer : Page : 5.2 -5.5 - A. Ravikrishnan
List the ecological uses of forest am
Ecological Uses or services rendered by forest
Production of oxygen: During photosynthesis trees produce oxygen which is essential for life on
earth. am
15 | Reducing global warming: The main greenhouse gas carbon dioxide (CO,) is absorbed by the

trees (forests). Trees absorb the main greenhouse gas CO, which is a raw material for
photosynthesis. Thus the problem of global warming, caused by greenhouse gas CO,, is reduced.
(1 M)

Soil conservation: Roots of trees (forests) bind the soil tightly and prevent soil erosion. They also
act as wind breaks. am)

Regulation of hydrological cycle: Watersheds in forest act like giant sponges, which absorb
rainfall, slow down the runoff and slowly release the water for recharge of springs. (1 M)
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Pollution moderators: Forests can absorb many toxic gases and noises and help in preventing air
and noise pollution. am
Wildlife habitat: Forests are the homes of millions of wild animals and plants. (1 M)

What is land degradation? Explain the causes and effects land (soil) degradation. (7 M) (AU
A.U. Dec 2010,May 11,Dec 2013, A.U. Dec 2014) BTL2
Answer : Page : 5.69 — 5.70 - A. Ravikrishnan
Land degradation: The process of deterioration of soil or loss of fertility of the soil (1 M)
Causes of land degradation (or) factors responsible for land degradation
1. Population:
v As population increases, more land is needed for producing food, fibre and fuel

wood.
v Hence there is more and more pressure on the limited land resources, which are
getting degraded due to over exploitation. am)

2. Urbanization:

v The increased urbanization due to population growth reduce the extent of
agricultural land. To compensate the loss of agricultural land, new lands comprising
natural ecosystems such as forests are cleared.

v Thus urbanization leads to deforestation, which in turn affects millions of plant and

16. animal species. (am)
3. Fertilizers and pesticides:

v Increased applications of fertilizers and pesticides are needed to increase farm
output in the new lands, which again leads to pollution of land and water and soil
degradation. (aM)

4. Damage of top soil:

v Increase in food production generally leads to damage of top soil through nutrient

depletion. (am)
5. Water-logging, soil erosion, salination and contamination of the soil with industrial wastes
all cause land degradation (1M)
Harmful effects of land (soil) degradation
v' The soil texture and structure are deteriorated.
v Loss of soil fertility, due to loss of invaluable nutrients.
v'Increase in water logging, salinity, alkalinity and acidity problems.
v Loss of economic social and biodiversity. (1 M)
What is desertification? Describe the causes and effects of desertification. (7 M) (AU May
2015, Dec. 2016) BTL2
Answer : Page : 5.74 —5.75 - A. Ravikrishnan
Desertification: A progressive destruction or degradation of arid or semiarid lands to desert
(IM)
Causes of desertification (or) reason for desertification
17. 1. Deforestation:

v The process of denuding and degrading a forest land initiates a desert.

v"If there is no vegetation to hold back the rain water, soil cannot soak and
groundwater level do not increases.

v This also increases, soil erosion, loss of fertility.

2. Over grazing:
v The increase in cattle population heavily graze the grass land or forests and as a
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result denude the land area.
v The denuded land becomes dry, loose and more prone to soil erosion and leads to
desert.
3. Water Management:
v Qver utilization of groundwater, particularly in coastal regions, resulting in saline
water intrusion into aquifers, which is unfit for irrigation.
4. Mining and quarrying :
v These activities are also responsible for loss of vegetal cover and denudation of
extensive land area leading to desertification.
5. Climate change:
v" Formation of deserts may also take place due to climate change, ie., failure of
monsoon, frequent droughts.

6. Pollution:
v’ Excessive use of fertilizers and pesticides and disposal of toxic water into the land
also leads to desertification (Each1 M;any5=5M)

Harmful effects of desertification
v Around 80% of the productive land in the arid and semi-arid regions are converted into
desert.
v Around 600 million people are threatened by desertification. (1 M)

18.

Describe the following effects and their remedies on modern agriculture. (a) Water logging
(b) Salinity. (7 M) BTL2
(@) Answer : Page : 5.40 - A. Ravikrishnan
Water logging: The land where water stand for most of the year.
Causes of water logging
v Excessive water supply to the croplands.
v Heavy rain.
v Poor drainage. (1 M)
Problems (or) Effects in water logging
v During water-logged conditions, pore-voids in the soil get filled with' water and the soil-air
gets depleted.
v" In such a condition the roots of the plants do not get adequate air for respiration. So,
mechanical strength of the soil decreases and crop yield falls. (1 M)
Remedy for water logging
v Preventing excessive irrigation, sub surface draining technology and bio-drainage by trees
like Eucalyptus tree are some method of preventing water logging. (1 M)
(b) Answer : Refer page : 5.41 - A. Ravikrishnan

Salinity: The water, not absorbed by the soil, undergo evaporation leaving behind a thin layer of
dissolved salts in the topsoil. This process of accumulation of salts is called the salinity. (1 M)
Problems in Salinity
v" Most of the water, used for irrigation comes only from canal or ground, which unlike
rainwater contains dissolved salts. Under dry climates, the water gets evaporated leaving
behind the salt in the upper portion of the soil.
v Due to salinity, the soil becomes alkaline and crop yield decreases. ()]
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Evaporation and transpiration

Vz Nlg sl
- Cru:
’ Crust Upper soil profile

Percolation P containing salts

of saline
imigation water [

AAAAAAAAA

Less permeable clay layer ( 1 M)

Remedy for salinity
v The salt deposit is removed by flushing them out by applying more good quality water to
such soils.
v Using sub-surface drainage system the salt water is flushed out slowly (1 M)

PART — C QUESTIONS

Discuss the world food problems in detail and how does it affects other resources. (15 M)
(A.U. May2011) BTL4
Answer : Page : 5.34 - 5.42 - A. Ravikrishnan
World Food problems
1. We know that 79% of the total area of the earth is covered with water. Only 21% of the
earth surface is land, of which most of the areas are forest, desert, mountains, barren areas,
only less percentage of the land is cultivated. So the food supplied from the rest of the land
is not enough to feed all the people. The problem of population explosion has made it
worse. The world population increases and cultivable land area decreases. Therefore
world food problem arises.
2. Environmental degradation like soil erosion, water logging, water pollution, salinity, affect
agricultural lands.
3. Urbanisation is another problem in developing countries, which deteriorates the
agricultural lands.
4. Since the food grains like rice, wheat, com and the vegetable like potato are the major food
for the people all over the world, the food problem raises.
5. A key problem is the human activity, which degrade most of the earth's net primary
productivity which supports all life 5M)
Effects (or) impacts of overgrazing
1. Land degradation 2. Soil erosion 3. Loss of useful species (3 M)
Effects (or) impacts of agriculture
Effects (or) impacts of Traditional agriculture
a. Deforestation: Cutting and burning of trees in forests to clear the land for cultivation results in
loss of forest cover.
b. Soil erosion: Clearing of forest cover exposes the soil to wind and rainfall, resulting in loss of
top fertile soil layer.
c. Loss of nutrients: During cutting and burning of trees, organic matter in the soil gets destroyed
and most of the nutrients are taken up by the crops within a short period (2 M)
Effects (or) impacts of modern agriculture (or) adverse effects of agricultural practices (or)
Environmental effects of agriculture
(a) Micronutrient imbalance
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(b) Blue Baby syndrome (Nitrate pollution)

(c) Eutrophication.

d) Water logging

e) Salinity 5 M)

What are the natural resources availability in India and discuss any two of them. (15 M)
(A.U. May2011) BTL4

List the natural resources available in India (5M)

Any two natural resources available in India (Each 5M)

(i) Relate the role-play of Environmental Issues in the modern world. (5 M) (ii) Generalize
the different methods to propagate environmental awareness. (10 M) BTL6
Answer: Page: 5.76 - A. Ravikrishnan
The role-play of environmental issues (5M)
Different methods to propagate environmental awareness (10M)

Discuss the different types of renewable energy resources.(15 M) (A.U. June 2006) BTL2
Answer : Page : 5.43 - 5.58 - A. Ravikrishnan
Renewable energy resources (or) Non-Conventional energy resources
Natural resources which can be regenerated continuously and are inexhaustible. They can be used
again and again in an endless manner. Examples: Solar energy, wind energy, tidal energy, etc.
(IM)
Renewable energy resources (or) Non-Conventional energy resources
1. Solar energy - The energy that we get directly from the sun is called solar energy. The nuclear
fusion reactions occurring inside the sun release enormous amount of energy in the form of
heat and light.
e Solar cells

1. Solar cells (or) photovoltaic cells (or) PV cells

Boron enriched Solar

°XL/ ;\I\P/ radiations
Phosphorus [‘l\r\‘/
enriched
L

silicon

J /
unction Electric

¥ bulb

Solar cell (PV cell)

When solar energy falls on the P-type semiconductor, the electrons in the conduction band
transferred to conduction band so that a potential difference is developed across the PN
junction. Therefore a current is flowing across the junction. (2M)

e Solar battery
When solar cells are connected in series, a solar battery is formed. Using solar battery we
can run electrical machines such as pump, fan, etc.
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solar radiations

solar cell

Electric battery

(2 M)

e Solar Heat Collectors
Solar heat collectors consist of natural materials like stones, bricks (or) materials like glass, which
can absorb heat during the day time and release it slowly at night. (1M)

e Solar water heater
It consists of an insulated box inside of which is painted with black paint. It is also provided with a
glass lid to receive and store solar heat. Inside the box it has black painted copper coil, through
which cold water is allowed to flow in, wllich gets heated up and flows out into a storage tank.
From the storage tank water is then supplied through pipes.

cold water tank

black painted
copper coil

insulated box

hot wa(e?orage tank

T

Bkt (2M)
2. Wind energy : Energy recovered from the force of wind (moving air) is wind energy
e Wind mill: When fast moving air strikes the wind mill blades, it starts to rotate. This
rotational motion of the blades derives a number of machines like water pumps, flour mills
and electric generators.

Propellor blades

Gear box & generator

e Wind Farms.
When a large number of wind mills are installed and joined together in a definite pattern ir
forms a wind farm. The wind farms, produce a large amount of electricity  (2M)
3. Ocean energy
Ocean can also be used for generating energy of the following ways.
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o Tldal energy (or) Tidal power

Ocean tides, produced by gravitational forces of sun and moon, contain enormous amount
of energy.

v" The 'high tide' and 'low tide' refer to the rise and fall of water in the oceans.

v’ The tidal energy can be harnessed by constructing a tidal barrage.

v During high tide, the sea-water is allowed to flow into the reservoir of the barrage and
rotates the turbine, which in turn produces electricity by rotating the generators.

v During low tide, when the sea level is low, the sea water stored in the barrage reservoir is
allowed to flow into the sea and again rotates the turbine.

Tidal barrage

K Water stored

Sea (High tide) iamgg'e‘rtvlgier

Reservoir

Turbine
\Lanaﬁjs‘,

& o)
4. Ocean thermal energy (OTE)
Energy available due to the difference in temperature of water known as ocean thermal
energy.

liquid ammonia vapours turbine
——-

| generator
heat exanger
—L § LYYy

—Wmmwap—— . liqui
Tocean _ _ _ |- CoTrmmTT

Warm surface water boils the liquid ammonia, thus high pressure steam is produced. This
steam rotates the turbine which in turn produces electricity by a generator.

Dead steam passing through condenser condensed by the cold water at deep ocean. This
liquid again pumped upwards using a pump. This process is repeated to produce the
electricity using OTE. (3 M)

Discuss the different types of nonrenewable energy resources.(15 M) (A.U. June 2006) BTL2
Answer : Page : 5.43 —5.58 - A. Ravikrishnan

Non-renewable (Conventional) energy resources: Energy resources are natural resources, which
cannot be regenerated once they are exhausted. They cannot be used again. Examples: Coal,
petroleum, natural gas and nuclear fuels. am

Non-renewable energy resources (or) Conventional energy resources
1. Coal
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Coal is a fossil fuel formed as several stages as buried remains of land plants that lived 300-
400 million years ago.
Various stages of coal formation

Peat —I-Lignitel—> Bi¢ coau;ous - Anthracite

A 4

Wood

(IM)
The carbon content of Anthracite is 90% and its calorific
value is 8700 k.cal. The carbon content of bituminous, lignite
and peat are 80, 70 and 60% respectively.
Disadvantages of coal
v When coal is burnt it produces CO,, causes global warming.
v Since it contains S, N, O, produces toxic gases during burning  (1M)
2. Petroleum
Petroleum or crude oil is a thick liquid contains more than hundreds of hydrocarbons with
small amount of S, N, O as impurities.
Occurrence of petroleum
Petroleum or Coal is formed by decomposition of dead animals and plants that were buried
under lake and ocean at high temperature and pressure for millions of years. (1M)
Fractional distillation of petroleum
From petroleum various hydrocarbons are separated by purifying and fractionating using

fractionating coloumn. (Fig.)
/,F\—» Uncondensed gas

Loose cap ——m

——" Petroleum ether

— _1c
. ] =1
Chimney 10— Gasoline
Ly |
e a—

Tray — — —=—— Naphtha
_I_I_I_I:_
— —=— Kerosene

8= piesel ol

G- Lubricating oil

——» Heavyoil

Crude oil >

Furnace at Fractionating column
400°C (2 M)
3. LPG
v' Petroleum gas, obtained during cracking and fractional distillation, can be easily
converted into liquid under high pressure as LPG.
v" LPG is colourless and odourless gas.
v But during bottling some mercaptans is added, which produces bad odour, thereby any
leakage of LPG from the cylinder can be detected instantaneously. (1M)
4. Natural gas
v Natural gas is found above the oil in oil well.
v’ Itis a mixture of 50-90% methane and small amount of other hydrocarbons.
v"Its calorific value ranges from 12,000-14,000 k . cal/m3 (1M)
5. Nuclear energy
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Energy released by nuclear fission or nuclear fusion.
Nuclear Fission: When a heavier nucleus split up in to two lighter nucli by bombardment of a

fast moving neutron releases neutrons and tremendous energy.
ol

Fed
n

E@ / on%
o ¥ o
©; oﬂ’*"

3 S . i
nou235 K % ©On =i~
nucleus k

—On ‘”—-
8’3\ On\,iﬂ
=

\;..«.

N (1 M)
Nuclear Fusion: When two lighter nuclei combined together to form a heavier nucleus at
very high temperature releases tremendous energy and neutrons.

%mgg,nﬂ'g\

52 (0g,

& 1 billion °C
JrQE E
E b2

Nuclear reactions are effectively used in nuclear power plants. (1M)

6. Bio_gas or Gobar_ Gas: Mixture of various gases formed by anaerobic degradation of
biological matter in the absence of oxygen. (1M)
Production of bio gas

o

Steel gas holder

Gas outlet

Outlet tank

— Digestion well

(M)

Bio-gas plant or Gobar gas plant consists of a well like

under ground tank (called digester) covered with dome shaped
roof with a gas out let pipe. The dome of the digester acts as

gas holder. On the left hand side of the digester there is a
sloping inlet chamber through which cattle dung + water slurry
is introduced. On the right hand side, there is a outlet chamber,
through which spent dung slurry gets collected. (IM)

Working
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v Slurry (animal dung + water) is fed into the digester through the inlet chamber. The slurry,
in the digester, is left for about two months for fermentation.

v" Anaerobic micro-organisms are responsible for this action. As a result of anaerobic
fermentation, bio-gas is collected in the dome.

v" When sufficient amount of bio-gas is collected in the dome, it exerts a large pressure on the
slurry and this in turn forces the spent slurry to the over flow tank through the outlet
chamber.

(IM)
Uses of Bio Gas

Bio-gas is used for cooking food and heating water.

It is used to run engines.

W =

It is also used as an illuminant in villages.

»

It is used for running tube-well and water pump-set
engines.

5. It is directly used in gas turbines and fuel cells for
producing electricity. (1M)

Discuss the following case studies on

(a) Deforestation (2 M)

(b) Mining (8 M)

(c) Food resources (3 M)

(d) Renewable and Non-renewable energy resources (2 M) BTL4

5.
Answer : Page : 5.10, 5.31, 5.42, 5.64 - A. Ravikrishnan
(a) Deforestation (2 M)
(b) Mining (8 M)
(c) Food resources (3 M)

(d) Renewable and Non-renewable energy resources (2 M)

JIT-JEPPIAAR/S&H/Dr.N.BHUVANA/I &Il Yr/SEM 02&04/GE8291/EVS/ UNIT1-5/Q.B.+Keys/ Ver. 3.0
6.59




REGULATION :2017 ACADEMIC YEAR : 2019-2020

UNIT - IV SOCIAL ISSUES AND THE ENVIRONMENT

From Unsustainable to Sustainable Development — Urban Problems Related to Energy — Water
Conservation, Rain Water Harvesting, Watershed Management — Resettlement and Rehabilitation of
People; its Problems and Concerns, Case Studies — Role of Non-Governmental Organization-
Environmental Ethics: Issues and Possible Solutions — Climate Change, Global Warming, Acid Rain,
Ozone Layer Depletion, Nuclear Accidents and Holocaust, Case Studies. — Wasteland Reclamation —
Consumerism and Waste Products — Environment Production Act— Air (Prevention And Control Of
Pollution) Act — Water (Prevention And Control Of Pollution) Act — Wildlife Protection Act — Forest
Conservation Act — Enforcement Machinery Involved in Environmental Legislation- Central and State
Pollution Control Boards- Public Awareness.

Q PART - A
No.
Define the term sustainable development. (NOV/DEC 2005, NOV/DEC 2007, NOV/DEC
1 2009, APR/MAY 2011) BTL1
Sustainable development is defined as, “meeting the needs of the present without
compromising the ability of future generations to meet their own needs”.
What are the advantages of rain water harvesting? (MAY/JUNE 2008) BTL1
Reduction in the use of current for pumping water.
e Mitigating the effects of droughts and achieving drought proofing.
5 ¢ Increasing the availability of water from well.
e Rise in ground water levels.
e Minimizing the soil erosion and flood hazards.
e Upgrading the social and environmental status.
e Future generation is assured of water.
List the objectives of watershed management. (NOV/DEC 2009) BTL4
e To minimize the risks, of floods, drought and landslides.
e To develop rural areas in the region with clear plan for improving the economy of the
region.
3 e To manage the watershed for developmental activities like domestic water supply,
irrigation, hydropower generation etc.,
e To generate huge employment opportunities in the backward rain- fed areas to ensure
livelihood security.
e 5. To promote social forestry and horticultural activity on all suitable areas of land.
Define the term environmental ethics. (NOV/DEC 2011, NOV/DEC 2013) BTL1
4. Environmental ethics refers to the issues, principles and guidelines relating to human
interactions with their environment.
State a few drawbacks of pollution related acts. (NOV/DEC 2008) BTL1
e The penalties in the act are very small when compared to the damage caused by the
5 big industries due to pollution.

e A person cannot directly file a petition in the court.
e Litigation, related to environment is expensive, since it involves technical
Knowledge.
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e For small unit it is very expensive to install Effluent Treatment — Plant
e The position of chairman of the boards is occupied by political appointee. Hence it is
difficult to implement the act without political interference.

What is meant by 1SO 14000? (NOV/DEC 2008) BTL1

ISO 14000 is the environmental management standards which exist to help Organizations
minimize how their operations negatively affect the environment and Comply with applicable
laws and regulations.

What are the objectives of public awareness? BTL1

e To create awareness among people of rural and city about ecological imbalances, local
environment, technological development and various development plants.

e To organize meetings, group discussion on development, tree plantation programmers,
exhibitions.

e To focus on current environment problems and situations

e To train our planners, decision — makers, politicians and administrators.

e To eliminate poverty by providing employment that overcome the basic environmental
iSsues.

e To learn to live simple and eco-friendly manner

What are the objectives of environmental impact assessment (EIA)? BTL1
EIA is defined as a formal process of predicting the environmental consequences of any
Development projects. It is used to identify the environmental, social and economic impacts
of the Project prior to decision making. Objectives of EIA

e To identify the main issues and problem of the parties.

e To identify who is the party.

e To identify what are the problems of the parties.

e To identify why the problems are arise.

Define urbanization. (NOV/DEC 2010) BTL1
Urbanization is the movement of human population from rural area to urban area for the want
of better education, communication, health and employment.

10

How can global warming be controlled? (NOV/DEC 2010, APR/MAY 2011) BTL2
e By reducing the use of fossil fuels.

Utilize renewable resources such as wind, solar and hydropower.

Plant more trees.

Stabilize population growth.

e Remove atmospheric CO, by utilizing photo synthetic algae.

11

Mention any four fundamental rights of the individual. (NOV/DEC 2010) BTL1
Human right to freedom.

Human right to property.

Human right to religion.

Human right to culture and education.

Human right to equality.

12.

What is E-Waste? (NOV/DEC 2011) BTL2
The waste of electronic equipment like computers, printers and mobile phones, Xerox
machines, calculators, etc. are e-waste.
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13.

What do we mean by environment refugees? (NOV/DEC 2011) BTL2
Environmental refugee is a person displaced due to environment causes, especially land loss,
and degradation and natural disaster.

14.

List the objectives of Forest Conservation act. (NOV/DEC 2013) BTL1
e To protect and conserve the forest
e To ensure judicious use of forest

15.

What are the objectives of water act? (NOV/DEC 2014) BTL1
e Prevention and control of water pollution.
e Maintaining or restoring the wholesomeness of water.
e Establishing central and state boards for the prevention and control of water
pollution.

16

Define consumerism and disaster. (NOV/DEC 2015) BTL2

Consumerism refers to the interrelationship between sellers and buyer.

Disaster is a geological process and is defined as an event concentrated in time and space, in
which a society or sub-division of a society undergoes severe danger and causes loss of its
members and physical property.

17

What are landslides? (MAY/JUNE 2008, NV/DEC 2014) BTL2
The movement of earthy materials like coherent rock, mud, soil and debris from higher region
to lower region due to gravitational pull is called landslides.

18

What are the harmful effects of landslides? BTL2
e Landslides block the roads and diverts the passage
e Erosion of soil increases.
e Sudden landslides damage the houses, crop yield, live stock etc.

19.

Define the term Tsunami. BTL2
A tsunami is a large wave that is generated in a water body when the sea floor is deformed
by seismic activity. This activity displaces the overlying water in the ocean.

20

Give comprehensive definition for air pollution. (NOV/DEC 2010, APR/MAY 2011)
BTL2

The presences of one are more contaminants like dust, smoke, mist and dour in the
atmosphere, which are injurious to human beings, plants and animal.

21

Mention four causes of floods. (NOV/DEC 2010) BTL2

e Heavy rain, rainfall during cyclone causes flood.
Sudden snow melt also raises the quantity of water in streams and causes flood.
Clearing of forests for agriculture has also increased severity of floods.
Reduction in the carrying capacity of the channel, due to accumulation of Sediments
cause floods.

22

List the objectives of Forest Conservation Act. (NOV/DEC 2013) BTL1
¢ lllegal non-forest activity within a forest area can be immediately stopped under this
act.
e Provides conservation of all types of forests. Non forest activities include clearing of
forest land for cultivation of any types of crops.

23

What are the important aspects of sustainable development? BTL2
e Inter — generational equity
It states that we should hand over a safe, healthy and resourceful environment to our
future generations.
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e Intra — generational equity
It states that the technological development of rich countries should support the economic
growth of the poor countries and help in narrowing the wealth gap and lead to sustainability

24

Explain the need for water conservation. BTL2
e Though the resources of water are more, the quality and reliability are not high due
to changes in environmental factors.
Better lifestyles require more fresh water.
As the population increases, the requirement of water is also more.
Due to deforestation, the annual rainfall is also decreasing.
Over exploitation of ground water, lead to drought.
e Agricultural and industrial activities require more fresh water.

25

Define the term environmental ethics. (NOV/DEC 2011, NOV/DEC 2013) BTL2
“Environmental ethics refers to the issues, principles and guidelines relating to human
interactions with their environment”.

26

What is meant by environmental audit? (NOV/DEC 2008) BTL2

Environmental audits are intended to quantify environmental performance and Environmental
position. In this way they perform analogous function to financial Audits. It also aims to
define what needs to be done to improve on indicators of such Performance and position.

27.

What is consumerism? List any two objectives of consumerism. BTL1
The consumption of resources by the people is known as consumerism.
Objectives

It improves the rights and powers of the buyer

It forces the manufacturer to reuse and recycle the product after usage.

28.

What is Eco-mark? BTL1

Environmentally friendly products are generally indicated by the symbol called Eco-mark.
Eco-mark is a certification mark issued by the Bureau of Indian Standard (BIS) to the
environmental friendly products.

PART -B

What are the salient features of the Air pollution act, Water pollution act and
Environment protection Act? Give the reason for why do we prefer environmental
protection act as an Umbrella act. (13 M) (MAY/JUNE 2005, NOV/DEC 2005, JAN
2006, NOV/DEC 2006, NOV/JUNE 2007, NOV/DEC 2009, NOV/DEC 2010,
MAY/JUNE 2011, NOV/DEC 2013, DEC 2014) BTL4
Answer : Refer : 6.34 —6.38 - A. Ravikrishnan

e Objectives and features of environment protection act (5 M)

e Objectives and features of air pollution act (4 M)

e Objectives and features of water pollution act (4 M)

Explain in detail the strategies adopted for conservation of water. (6 M) (NOV/DEC
2009, APR/MAY 2010, NOV/DEC 2010, APR/MAY 2011, NOV/DEC 2014) BTL2
Answer : Refer : 6.7 — 6.8 - A. Ravikrishnan

Reducing evaporation loss (1 M)

Reducing irrigation loss 1M

Re-use of water am

Preventing wastage of water (1 M)

Decreasing run-off losses (1 M)
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e Avoid discharge of sewage (1 M)

Discuss in detail about Wild life protection act 1972 and Forest conservation act 1980.
(13 M) (NOV/DEC 2010, NOV/DEC 2014) BTL4
Answer : Refer : 6.38 —6.40 - A. Ravikrishnan

3 e Objectives of Wildlife protection act (2 M)
o features of wildlife protection act (4 M)
e Objectives of Forest conservation act (2M)
e Features of Forest conservation act 5 M)

Explain the following
(a) Sustainable development (6 M) BTL2
(b) Urban problems related to energy. (7 M) (NOV/DEC 2005, NOV/DEC 2006,
MAY/JUNE 2007, NOV/DEC 2010, NOV/DEC 2011, MAY/JUNE 2013) BTL2
I. Answer : Refer : 6.21 — 6.6 - A. Ravikrishnan
Sustainable development :

e World summit (Agenda) (2 M)
4 e Aspects (2 M)
e Concept and significance (2 M)
ii. Answer : Refer : 6.21 — 6.6 - A. Ravikrishnan
Urban problems related to energy :
o Definition of urbanization (2 M)
Urbanization is the movement of human population from rural areas to urban areas for
the want of better education, communication, health, employment, etc.
e Energy demanding activities (3 M)
e Solution for urban energy problem (2 M)
Discuss the phenomenon of global warming and the factors contributing to it. (13 M)
BTL4
> e Explanation of phenomenon of global warming (7 M)
e Contributing factors (6 M)
Give a note on nuclear accidents and holocausts. (6 +7 M) (MAY/JUNE 2013,
NOV/DEC 2013) BTL4
Answer : Refer : 6.24 —6.26 - A. Ravikrishnan
6 ¢ Nuclear energy and nuclear accidents (2 M)
e Types of nuclear accidents 4 M)
e Effect of nuclear holocaust (4 M)
e Control measures of holocausts (3 M)
State the 12 principles of green chemistry. (7 M) BTL1
Answer : Refer : - A. Ravikrishnan
e Prevention. It is better to prevent waste than to treat or clean up waste after it is
formed.
- e Atom Economy. Synthetic methods should be designed to maximize the

incorporation of all materials used in the process into the final product.

e Less Hazardous Chemical Synthesis. Whenever practicable, synthetic
methodologies should be designed to use and generate substances that possess little
or no toxicity to human health and the environment.

e Designing Safer Chemicals. Chemical products should be designed to preserve
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efficacy of the function while reducing toxicity.

e Safer Solvents and Auxiliaries. The use of auxiliary substances (solvents,
separation agents, etc.) should be made unnecessary whenever possible and, when
used, innocuous.

e Design for Energy Efficiency. Energy requirements should be recognized for
their environmental and economic impacts and should be minimized. Synthetic
methods should be conducted at ambient temperature and pressure

e Use of Renewable Feed stocks. A raw material or feedstock should be renewable
rather than depleting whenever technically and economically practical.

e Reduce Derivatives.  Unnecessary  derivatization  (blocking  group,
protection/deprotection, temporary modification of physical/chemical processes)
should be avoided whenever possible .

e Catalysis. Catalytic reagents (as selective as possible) are superior to
stoichiometric reagents.

e Design for Degradation. Chemical products should be designed so that at the end
of their function they do not persist in the environment and instead break down
into innocuous degradation products.

e Real-time Analysis for Pollution Prevention. Analytical methodologies need to
be further developed to allow for real-time in-process monitoring and control prior
to the formation of hazardous substances.

e Inherently Safer Chemistry for Accident Prevention. Substance and the form of
a substance used in a chemical process should be chosen so as to minimize the
potential for chemical accidents, including releases, explosions, and fires (7 M)

What is rain water harvesting? What are the purposes survived by it? (7 M) BTL2
Answer : Refer : 6.8 - A. Ravikrishnan
Rain water harvesting : A technique of capturing and storing of rain water for further
utilization am
Objective:
e To meet increasing demands of water
Raise water table by recharging ground water
Reduce ground water contamination from salt water intrusion
To reduce the surface run-off losses
To reduce storm water and soil erosion
To increase hydrostatic pressure to stop land subsidence
e To reduce water crises and water conflicts ()
Roof top rainwater harvesting
e Involves collecting water that falls on roof of house
e Rainwater from roof top, road surface, playground diverted to surface tank.
Explanation (2 M)
e Diagram (2 M)
Advantages of rainwater harvesting
Increases the well water availability 8 Raise ground water level
Minimizes soil erosion and flood hazards
Upgrading the environmental and social status
Reduction in the use of current for pupping water
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e Future generation is assured for water am)

What is wasteland? Mention its types and sources. Explain the objectives and methods
of wasteland reclamation. (7 M) BTL2

Answer : Refer : 6.28 - A. Ravikrishnan

The land which is not in use is named as wasteland. Types: 1. Uncultivable wasteland 2.

S Cultivatable wasteland am
Causes of wasteland am
Objectives of wasteland reclamation am
Methods of wasteland reclamation (4M
List the traditional rights of seller and buyer. Describe the objectives of consumerism
and factors affecting consumerism. (7 M) BTL2
Answer : Refer : 6.31 - A. Ravikrishnan
10. | Traditionally favourable rights of seller (1 M)
Traditional buyer rights am
Objectives of consumerism (3 M)
Factors affecting comsumerism (2 M)
What is biomedical waste? Describe types and the various steps involved in
management of biomedical waste. (7 M) BTL2
11 Answer : Refer : 6.41 - A. Ravikrishnan
" | Waste generated from health care activities. (1 M)
Types of biomedical waste (3 M)
Three steps involved in management of biomedical waste (3 M)
Define watershed and watershed management? Explain the concept of watershed
management in detail. (13 M) BTL2
Answer : Refer : 6.11 - A. Ravikrishnan
Watershed — The land area from which water drains under the influence of gravity into a
stream, lake, reservoir or other body of surface water, 1 M)
12. | Watershed management — The management of rainfall and resultant runoff is called watershed
management. (1 M)
Factors affecting watershed management am
Objectives of watershed management (2 M)
Watershed management techniques (2 M)
Components of integrated watershed management (6 M)
PART-C
What is an earthquake? Write about its causes, effects and measures to face the
earthquake. (15 M) (APR/MAY 2008, NOV/DEC 2008, NOV/DEC 13, NOV/DEC
2014) BTL4
Answer : Refer : 6.58 —5.58 - A. Ravikrishnan
1 e Definition: An earthquake is a sudden vibration caused on the earth’s surface due to the
sudden release of tremendous amount of energy stored in the rocks under the earth’s
crust. (2 M)
o Causes 4 M)
o Effects (4 M)
e Preventive measures 5M)
2 Give a note on
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(d) Floods
(e) Cyclone
() Landslides (15 M) BTL2
Answer : Refer : 6.52 — 6.57 - A. Ravikrishnan
eDefinition of flood: Whenever the magnitude of water flow exceeds the carrying
capacity of the channel within its banks, the excess of water over flows on the

surroundings causes floods (1 M)
e Causes and effects (2 M)
¢ Preventive measures of floods (2 M)

¢ Definition: Cyclone is a meteorological phenomenon, intense depressions forming over
the open oceans and moving towards the land. On reaching the shores, it move into

the interior of the land or along the shore lines. am
o Causes and effects 2 M)
¢ Preventive measures of cyclone (2 M)

eDefinition: The movement of earthy materials like coherent rock, mud, soil and debris
from higher region to lower region due to gravitational pull is called landslides. (1 M)

e Causes and effects (2 M)

o Preventive measures of landslides (2 M)

UNIT V HUMAN POPULATION AND THE ENVIRONMENT

Population Growth, Variation Among Nations — Population Explosion — Family Welfare Programme —
Environment and Human Health — Human Rights — Value Education — HIV / AIDS — Women and Child
Welfare — Role of Information Technology in Environment and Human Health — Case Studies.

Q. No. PART-A

Define immigration and emigration. (Coim A.U. Dec 2009) BTL1

1. Immigration - Arrival of individuals from neighbouring population.
Emigration - Dispersal of individuals from the original population to new areas
Define population and population density. (Coim A.U. Dec 2009, Chen A.U. Apr 2011) BTL1

9 Population-Group of Individuals belonging to the same species, which live in a given area at a

' given time.

Population density-Number of individuals of the population per unit area (or) unit volume
Define birth rate and death rate. BTL1

3. Birth rate or Natality-No. of live birth per 1000 people in a population in a given year
Death rate or Mortality-No. of deaths per 1000 people in a population in a given year
Define doubling time with reference in population growth. (Chen A.U. Dec 2008, 2013)
BTL1

4. Time required for a population to double its size at a constant annual rate.
Doubling time = Td = ? Where, r - Annual growth rate. If a nation has 2% annual growth; its
population will double in the next 35 year.
What are the reasons behind the increased population growth in the less developed nations
compared with developed nations? (Chen AU Dec 2007) BTL1

5 e Due to decrease in the death rate and increase in the birth rate

e The availability of antibodies, immunization, increased food production, clean water and
air decreases the famine-related deaths and infant mortality.
e In agricultural based countries, children are required to help parents in the fields.
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Write population equation. (Coim. A.U. Dec 2008) BTL1
Pt+1=Pt+(B—-D)+ (I—E)

6. Where Pt and Pt+1 = sizes of population in an area at two different point s in time t and t+1; B-
Birth rate I-Immigration; D-Death Rate; E-Emigration.
List the characteristics of population growth. BTL4
e Exponential growth
e Doubling time
7 e Infant mortality rate
' e Total fertility rates (TFR)
e Replacement level
e Male-Female Ratio
e Demographic transition
Mention the various problems of population growth. BTL4
¢ Increasing demands for food and natural resources
¢ Inadequate housings and health services
8. :
e Loss of agricultural lands
e Unemployment and socio-political unrest
e Environmental pollution
What is population explosion? (Chen AU Jun 2007, May 2008, TCY A.U. Dec 2008, Dec
9. 2009, Dec2010, Apr 2015) BTL1
The enormous increase in population due to low death rate and high birth rate.
What are the effects of population explosion? (Chen A.U. Dec 2009) BTL1
e Poverty
e Environmental degradation
e Over exploitation of natural resources
10. e Renewable resources like forests, grass lands are also under threat
e Will increase disease, economic inequity and communal war
e Leads to development of slums
e Lack of basic amenities like water supply and sanitation, education, health, etc
e Unemployment and low living standard of people
How the age structure of population can be classified? BTL4
1 e Pre-productive population (0-14 years)
' e Reproductive population (15-44 years)
e Post reproductive population (Above 45 years)
State the reasons of population explosion. BTL1
¢ Invention of modern medical facilities; Illiteracy
e Decrease in death rate and increase in birth rate
12 ¢ Availability of antibiotics, Food, clean water, air, etc.
e Decreases the famine-related deaths and infant mortality
e In agricultural based countries- Children are required
What is family welfare programme? BTL1
13. Programme implemented by the government of India. An integral part of overall national policy

of growth covering human health, maternity, family welfare, child care and women’s right,
education, nutrition, health, employment, shelter, safe drinking water
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Define population stabilization ratio. BTL1

14. Ratio of crude death rate to crude birth rate.
What are the objectives of family welfare programme? (TNV A.U. Dec 2009) BTL1
15. e Slowing down the population explosion by reducing the fertility
e Pressure on the environment due to over exploitation of natural resources is reduced
List the factors influencing family size. BTL4
¢ Reduce infant mortality rate to below 30 per 1000 infant
e Achieve 100% registration of births, deaths, marriage and pregnancy
e Encourage late marriage, late child-bearing, breast feeding
16. ) :
e Enables to improve women’s health, education and employment
e Prevent and control of communicable disease and AIDS/HIV
e Promote vigorously the family norms
e Making school education up to age 14 free and compulsory
What is meant by NIMBY syndrome? (Chen A.U. Dec 2008) BTL1
17. NIMBY-Not In My Back Yard. Describes the opposing of residents to the nearby location of
something they consider undesirable, even clearly a benefit for many
List the factors influencing human health. BTL4
e Nutritional Factors
18. ¢ Biological Factors
e Chemical Factors
e Psychological Factors
What is meant by human rights? BTL1
The fundamental rights which are possessed by all human beings irrespective of their caste,
19. ST . .
nationality, sex and language. These cannot be taken away by any legislature. Every citizen must
enjoy certain rights and also has certain duties towards the country.
List the features of draft declaration of human rights. BTL4
e Human rights to freedom
e Human rights to property
e Human rights to freedom of religion
20 e Human rights to culture and education
' e Human rights to constitutional remedies
e Human rights to equality
e Human rights against exploitation
e Human rights to food and environment
e Human rights to good health
What is education? List its types. BTL1
Education-learning through which knowledge about the particular thing can be acquired
Types of Education
21 e Formal Education-Self related. Will read, write, get jobs and tackle the problems
' e Value Education—Instrument to analyse our behavior and provide proper direction to
youth. Teaches distinction between right and wrong, helpful, loving, etc.
e Value-based environmental education-Provide knowledge on principles of ecology,
fundamentals of environment and biodiversity
22. | Write the importance of value education. (Chen A.U. Dec 2008, 2013) BTL?2
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e Improve the integral growth of human being

o Create attitudes and improvement towards sustainable lifestyle

e Increase awareness about our national history, cultural heritage, constitutional rights,
national integration, community development and environment

e Create and develop awareness about the values, role and their significance

23.

What is role playing element of value education? BTL1
Acting out the true feelings of the actors by taking the role of another person but without the risk
of reprisals.

24.

Mention the types of values imported through value education. BTL1
Universal Values or Social Values

Cultural Values

Individual Values

Global Values

Spiritual VValues

25.

Define the term HIV/AIDS. BTL1

HIV-Human Immunodeficiency Virus; AIDS-Acquired Immuno Deficiency Syndrome; a
condition in humans in which the immune system begins to fail, leading to life-threatening
opportunistic infections.

26.

What are the factors which do not influence transmission of HIV? BTL1
Tears, food, air, cough, handshake, mosquito, flies, insect bites, urine, saliva during kissing,
sharing of utensils, cloths, toilet, bathroom etc.

217.

Mention some effects of HIVV/AIDS. (Chen A.U. Dec 2008, 2011, 2014) BTL1

Large number of death occurs, which affect environment and natural resources

Loss of labour and level of production decreases

Required more water for maintaining hygiene in AIDS affected locality

People affected by HIV, cannot perform work well, due to lack of energy and frequent
fever and sweating

28.

What are the major precautions to avoid AIDS? (Chen AU May 2008) BTL1
e Avoid indiscriminate sex and encourage the use of condoms and also avoid the use of
sharing razors needles and syringes
Prevention of blood borne HIV transmission
Aids awareness programmes should be encouraged
Counseling services should be provided
e Drug treatment

29.

State the role of information technology in Environment. (Coim A.U. Dec 2009, Chen AU
Jan 2006) BTL4
e Plays a vital role in the field of environmental education.
e Means collection, processing, storage and dissemination of information.
e Numbers of software have been developed to study about the environment.
e The internet facilities, information through satellites, World Wide Web, and geographical
information systems provide us up-to-date information on various aspects of environment
and weather.

30.

What is value education? Give its significance. (NOV/DEC 2013) BTL4
An instrument used to analyse our behavior and provide proper direction to our youths. Teaches
them the distinction between right and wrong, to be compassionate, helpful, loving, generous and
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tolerant. So that a youth can move towards the sustainable future.

31.

What do you mean by Doubling Time? (NOV/DEC 2013) BTL1
Period of time required for a quantity to double in size or value. Generally applied to denote the
population growth.

32.

State the role of Information Technology in health protection. BTL1
e Health organization turning to package solution of IT for streamlining services oriented
work in effective manner.

e Health service technology such as finance and accounting, pathology, patient
administration

e Helps the doctor to monitor the health of the people effectively
e Online help of expert doctors can be used for the patient

e The outbreak of epidemic diseases can be conveyed easily

e Effective function of a hospital

e Drugs and its replacement can be administered efficiently

e The data regarding birth and death rate, immunization and sanitation programmes can be
maintained accurately with the help of computers

33.

What is environmental impact assessment? BTL1

Formal process of predicting the environmental consequences of any development projects. Used
to identify the environmental, social and economic impacts of the project prior to decision
making.

34.

What is GIS? BTL1

Graphical Information System (GIS) acts as a technique of superimposing various thematic maps
with the use of digital data on a large number of inter-related aspects. Considered to be an
effective tool in environmental management.

35.

List out the benefits of EIA. BTL4
e Reduce the cost and time
Performance of the project improved
Waste treatment and cleaning expenses are minimized
Usages of resources are decreased
Biodiversity is maintained
e Human health is improved (

36.

Mention the key element of EIA. BTL1

e Scoping — To identify the key issues of the concern in the planning process at early stage,
aid site selection and identify any possible alternatives.

e Screening -To decide whether an EIA is required or not.

¢ ldentifying and evaluating alternatives-Knowing alternative sites and techniques and
their impacts.

e Mitigation measures dealing with uncertainty-Action taken to prevent adverse effect of
a project.

e Environmental statements-Final stage of EIA process which reports the findings of the
EIA.

37.

What is child welfare? Mention the schemes towards child welfare. BTL1
Child Welfare

e Children occupy 40% of the total population.
e Qut of 21 Million Children born every year in India, 20 Million are estimated to be
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working as Child Labour in hazardous industries
Organizations towards Child Welfare
e UN Conventions on Rights of Child or International Laws
¢ Rights of child
e ...Right to Survival
e ...Right to Participation
e ...Right to Development
e ...Right to Protection
e Ministry of HRD
e Centre for Science and Environment (CSE)
e Environment degradation and child welfare
So it is essential to keep our environment clean to children for better and healthy life Poverty

What is women welfare? List the various organization function towards women welfare.

BTL1
Welfare to improve the status of the women by providing opportunities in education, employment
and economic independence (AM)

Organizations Towards Women Welfare

e NNWM (National Network for Women and Mining): Fighting for the “Gender Audit”
of India’s mining companies

e UNDW (United Nations Decade for Women): Women welfare related issues on
international agenda

e CEDAW (Convention on Elimination of all forms of Discrimination against Women)

e NGO’s as Mahila Mandals

e Ministry for Women and Child Welfare (amM)

PART - B

(i) Canyou recall population characteristics & variations among nations? (7M) BTL1
(if) What is population explosion and state the views on population growth. (6M) BTL2

(i) Answer: Page: 7.3 — 7.8-A. Ravikrishnan
Characteristics of population growth
e Exponential growth
e Doubling time
e Infant mortality rate
e Total fertility rates
e Replacement level
e Male-Female ratio
e Demographic transition (3M)
Variation of population among nation based on age structure
e Pre-productive population (0-14 years)
e Reproductive population (15-44 years)
e Post Reproductive population (above 45 years)
e Pyramid shaped variation of population (Increase)
o Bell shaped variation of population (Stable)
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e Urn shaped variation of population (Decrease) (2M)
2(—
/ |
[ % |]
e Diagrams (2M)

(if) Answer: Page: 7.8 — 7.11-A. Ravikrishnan
Population explosion—Enormous increase in population due to low death rate and high birth rate
is termed as population explosion. (am)
Causes of population explosion
¢ Invention of modern medical facilities; Illiteracy
e Decrease in death rate and increase in birth rate
¢ Availability of antibiotics, Food, clean water, air, etc.
e Decreases the famine-related deaths and infant mortality
e Inagricultural based countries- Children are required (3M)

Effect of Population Explosion

Poverty; Environmental degradation; Unsustainable environment; Over exploitation of natural
resources; Renewable resources become under threat; Increase disease, economic inequity and
communal war; development of slums; lake of basic amenities; Unemployment. (2M)

(i) How would you explain the family welfare programs (8M) BTL2
(i) Show family planning in Indian context. (5M) BTL2

(i) Answer: Page: 7.11 — 7.14-A. Ravikrishnan.
Family welfare programme
e An integral part of overall national policy of growth covering human health, maternity,
family welfare, child care and women’s right, education, nutrition, health, employment,
shelter, safe drinking water am
Objectives of family welfare programme
¢ Slowing down the population explosion by reducing the fertility
e Pressure on the environment is reduced (AM)
Objectives of family planning
e Reduce infant mortality rate to below 30 per 1000 infant
Achieve 100% registration of births, deaths, marriage and pregnancy
Encourage late marriage and late child-bearing.
Encouraging breast feeding
Enables to improve women’s health, education and employment
Making family planning available to all women who wanted do
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e Constrain the spread of AIDS/HIV
e Prevent and control of communicable disease
e Promote vigorously the family norms
e Making school education up to age 14 free and compulsory (3M)
Methods of family planning
e Traditional method
e Modern method
e Temporary method (3M)
(i) Answer: Page: 7.14-A. Ravikrishnan. (BTL2)
Family planning in India
e It was started in the year 1952
In 1970’s Indian government forced family planning campaign all over the country
In 1977, national family programme and ministry of health and family welfare redesigned
In 1978, the government legally raised the minimum age of marriage for men from 18 to
21 and for women 15 to 18
e In 1981, census report showed that there was no drop in population. Since then funding for
family planning programmes has been increased further
e The first country that implemented the family welfare programme at government level
e Centrally sponsored programme. For this, the states receive 100% assistance from central
government
e The ministry of health and family welfare have started the operational aims and objectives
of family welfare
o To promote the adoption of small family size norm, on the basis of voluntary

acceptance

o To ensure adequate supply of contraceptives to all eligible couples within easy
each

o Extensive use of public health education for family planning (5M)

Discuss the influence of environmental parameters and pollution on human growth. (13M)
BTL2

Answer: Page: 7.14 — 7.17-A. Ravikrishnan
Factors influencing human health-A state of complete physical, mental, social and spiritual
well-being and not merely the absence of disease or infirmity. “The Ability To Lead A Socially
And Economically Productive Life.”

e Nutritional factors

e Biological factors

e Chemical factors

e Psychological factors (3M)
Holistic concept of health-Recognizes the strength of social, economic, political and
environmental influences on health
Determinants of health- Heredity, Health and family welfare services, Environment, Life-style
Socio-economic conditions. Disease result from complex interaction between man and the
environment.
Disease-“Maladjustment of the human organism to the environment”. (2M)
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Environmental degradation due to population explosion
e All that which is external to man is the environment
e The concept of environment is complex
e The external environment or the Macro-environment to be responsible for millions of
preventable diseases originating in it (AM)
Environmental hazards
e Physical: Air, water, soil, housing, climate, geography, heat, light, noise, debris,
radiation, etc. and their health effects
e Biological: bacteria, viruses, parasites, microbial agents, insects, rodents, animals and
plants, etc. and their health effects
e Chemical: Combustion of fossil fuel liberates SO,, NO,, CO, ; Industrial effluents;
Pesticides; Heavy metals; Chloro fluoro carbons and their health effects
e Psychosocial: Cultural values, customs, beliefs, habits, attitudes, morals, religion,
education, lifestyles, health services, social and political organization and their health
effects (7TM)

(1) Write short notes on human rights. (5M) BTL4
(i1) Discuss the salient features of draft declaration of Human Rights and environment.
(8M) BTL2

(i) Answer: Page: 7.17-7.19 A. Ravikrishnan.
Human rights
e The fundamental rights which are possessed by all human beings irrespective of their
caste, nationality, sex and language
e These cannot be taken away by any legislature or an government act
e Seen as belonging to men and women by their very nature
¢ India is a democratic country
e Aim of India is to ensure happiness to all the citizens with equal rights, opportunities
and comforts
e Every citizen must enjoy certain rights and also has certain duties towards the country
e Include civil and political rights, such as the right to life and liberty, freedom of
expression, and equality before the law; and social, cultural and economic rights,
including the right to participate in culture, the right to food, the right to work, and the
right to education.
e All human beings are born free and equal in dignity and rights
e They are endowed with reason and conscience and should act towards one another in a
spirit of brotherhood (5 M)
(i) Answer: Page: 7.17-7.19-A. Ravikrishnan. BTL2
Features of draft declaration of human rights
e Human rights to freedom
Human rights to property
Human rights to freedom of religion
Human rights to culture and education
Human rights to constitutional remedies
Human rights to equality
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e Human rights against exploitation
e Human rights to food and environment
e Human rights to good health (8M)

Summarize the objectives, concepts, types of values and elements of value education? How
can the same be achieved? (13M) BTL3

Answer: Page: 7.20 — 7.24-A. Ravikrishnan
Education-learning through which knowledge about the particular thing can be acquired
Types of Education
e Formal Education-Self related
e Value Education—Instrument to analyse our behavior and provide proper direction to youth
e Value-based environmental education-Provide knowledge on principles of ecology,
fundamentals of environment and biodiversity (am)
Objectives of value education
e To improve the internal growth of human beings.
e To create attitudes and improvement towards sustainable life style.
e To increase awareness on national history, our cultural heritage, constitutional rights,
national integration, community development and environment.
e To create and develop awareness about the values and their significance and role.
e To understand about our natural environment in which land and, air and water are
interlinked. (2M)
Concepts of value education
Why and how can we use less resources and energy?
Why do we need to keep our surrounding clean?
Why should we use less fertilizers and pesticides?
Why it is important for us to save water and keep our water sources clean?
Separate our garbage into degradable and non-degradable types before disposal (2M)
Types of values
e Universal Values or Social Values: Expresses the human nature reflected as joy,
compassion, tolerance, service, truth, etc
Cultural Values: To reflect true and the false behaviour of human beings in language,
aesthetics, education, law, economics, etc
Individual Values: Parents and Teachers shape individual values to a greater extent
Global Values: To reduce disturbance of Harmony leading to ecological imbalance
Spiritual Values: To become more self-disciplined (3M)
Elements of value education—-How the objectives can be achieved
e Telling
Modeling
¢ Role playing
e Problem solving
e Studying biographies of great man (5M)

Explain the objectives, benefits and key elements of EIA (13M) (TNV AU Dec. 2009) BTL2
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Answer: Page:7.32 — 7.34-A. Ravikrishnan
Objectives of EIA
e To identify the main issues and problems of the parties
e To identify who is the party
e To identify what are the problems of the parties
e To identify why are the problems arise (2M)
Benefits of EIA
e Reduce the cost and time
e Performance of the project improved
e Waste treatment and cleaning expenses are minimized
e Usages of resources are decreased
e Biodiversity is maintained
e Human health is improved (2M)
Key element of EIA
e Scoping — To identify the key issues of the concern in the planning process at early stage,

aid site selection and identify any possible alternatives. (2M)

e Screening -To decide whether an EIA is required or not. (2M)

e Identifying and evaluating alternatives-Knowing alternative sites and techniques and
their impacts. (1M)

e Mitigation measures dealing with uncertainty-Action taken to prevent adverse effect of
a project. (2M)

e Environmental statements-Final stage of EIA process which reports the findings of the
EIA. (2M)

Explain in details about women welfare and child welfare. (13M) BTL2

Answer: Page: 7.28 — 7.32-A. Ravikrishnan
Women welfare
Welfare to improve the status of the women by providing opportunities in education, employment
and economic independence (1M)
Need for Women Welfare

e As women suffer Gender Discrimination

e Due to physical and mental torture given to them

e Violation of Human Rights to Women.

e Neglecting of Women in Policy making and decision making (2M)
Objectives of Women Welfare

e To provide Education

e To impart Vocational Training

e To generate awareness about the environment

e To improve employment opportunities

e To restore Dignity, Status and Equality (2M)
Objectives National Commission for Women by Government of India

e To examine constitutional and human rights for women.

e To review existing legislations.

e To sensitize the enforcement and administrative machinery to women’s causes (1M)
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Organizations Towards Women Welfare
e NNWM (National Network for Women and Mining): Fighting for the “Gender Audit”
of India’s mining companies
e UNDW (United Nations Decade for Women): Women welfare related issues on
international agenda
e CEDAW (Convention on Elimination of all forms of Discrimination against Women)
e NGO’s as Mahila Mandals
e Ministry for Women and Child Welfare (2M)
Child Welfare
e Children occupy 40% of the total population.
e Out of 21 Million Children born every year in India, 20 Million are estimated to be

working as Child Labour in hazardous industries (aMm)
Reason for Child Labour
e Poverty
e Want of Money (am)

Organizations towards Child Welfare
e UN Conventions on Rights of Child or International Laws-Formulated a set of
International Standards to promote and protect the wellbeing of Children in our society
¢ Rights of child
e ...Right to Survival
e ...Right to Participation
e ...Right to Development
e ...Right to Protection
e Ministry of HRD-Concentrates on child’s health, education, nutrition, clean and safe
drinking water, sanitation and environment
e Centre for Science and Environment (CSE)-Scientific report says that “Children
consume more water, food and air than adults and hence more susceptible to
environmental contamination
e Environment degradation and child welfare-Children are more affected due to
environmental pollution. So it is essential to keep our environment clean to children
for better and healthy life Poverty (3M)

Write a note on Indian constitution. (13M) BTL1

Answer: Page: 7.19 — 7.20-A. Ravikrishnan
Indian constitution; Article 14-30 .
e Article 14: Provides Equality before Law
Article 15: Prohibits Discrimination
Article 16: Provides Equal Opportunity
Article 19: Provides Freedom of Speech and Expression
Article 20: Provides Protection from Conviction
Article 22: Lays down the Rights of a person in Custody
Article 23: Prohibits forms of Forced Labour
Avrticle 24: Prohibits appointment of Child Labour
Avrticle 25: Provides Freedom to Practice any Religion
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Article 26: Right to establish Charitable Institutions

Article 27: Prohibits Tax for Promoting Religion

Article 28: Guarantees Secular Character in Education

Article 29: Right to conserve their Language for Minorities

Article 30: Right of Minority to run Educational Institutions

Article 32: Right to Constitutional Remedies for enforcement of Rights by proceeding in
Supreme Court (13M)

PART-C

(i) Narrate the role of information technology in environment protection (TNV AU
Dec.2008 Dec. 2009, June 2013, Nov. 2011) (8M) BTL4
(if) Describe the case studies on role of IT in environment protection. (7M) BTL5

Answer: Page: 7.34 — 7.37-A. Ravikrishnan
(i) Role of IT in environment
Software for environment education
¢ Remote Sensing-Gather information about an object without contact with it
e Inagriculture
e In forestry
¢ Inland cover
e Water resources Remote sensing (2M)
e Data base
e The ministry of environment and forest
¢ National Management Information System (NMIS)
e Environment Information System (ENVIS) am)
e Geographical Information System (GIS) —Superimposing various thematic maps
e \Water resources, soil type, forest land
e Interpretations of polluted zones, degraded lands
e Check unplanned growth and environmental problems (AM)
o Satellite data
e Forest cover information
¢ Information on monsoon, ozone layer depletion, smog etc.
e Discovery of new reserves of oils, minerals, etc. am
e World Wide Web
e Online learning centers
e Provides the current and relevant information on principles, queries, and applications
of environmental science.
e Stores all digital files related to teaching am)
e General applications
e Easily Accessible around The World
o Disaster Management-Suitable warning system, disaster preparedness

e Opened up a large number of scientific and technological resources and skills to
reduce disaster risk.
e |Internet
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o Aerial sensor technologies to detect and classify objects on earth.

e To capture, store, manipulate, analyse, manage and present geographical data.

e Store books, pictures and other data that reduces paper waste that helps us in saving

trees.

e E-bills has significantly increased, which also contribute in saving trees. (2M)
(i) Answer: Page: 7.38 — 7.39-A. Ravikrishnan
Case studies on Role of IT in environment

e Study on polluted back waters of Kerala

e  Ocean study monitor (OCM) to study phytoplanktons

e GIS for forest management

e National Emission Data System (NEDS)

e Environment Information System (ENVIS) (7TM)

(i) Explain the role of IT in protection of human health. (10 M) (AU June 2013, Dec. Nov.
2009)(10M) BTL4
(i) Explain the case study on role of IT in human health protection. (5M) BTL5

(i) Answer: Page: 7.39-7.40-A. Ravikrishnan
Role of IT in human protection
e Health service technology- Finance and accounting, pathology, patient administration.
e Helps the doctor to monitor the health of the people effectively.

Online help of expert doctors can be used for the patient.
The outbreak of epidemic diseases can be conveyed easily.
Effective function of a hospital.
Drugs and its replacement can be administered efficiently.
The data maintenance- birth and death rate, immunization and sanitation programmes
Spreading awareness about diseases and preventive measures to be taken.
Reduces panic and provides information about prevention and treatment options.
Airports-Screened passengers for high temperature and other symptoms
Robots that emulate or simulate living biological organisms.
Nano-Robots act as delivery systems within the organism
e-Health for healthcare practice.
Gaining momentum in academic research as well as in psychology, clinical work, and
mental health counselling.
Statistics about diseases like malaria, fluorosis, AIDS, etc.
DNA databases about population, medical records, fingerprints, etc
Saves lives in critical care and emergency situations.
Bioinformatics for drug discovery and thus contributing to human health.
Provide a great support in maintaining individual fitness. (10Mm)
(if) Answer: Page: 7.40-7.41-A. Ravikrishnan

Case study

Health services on New south wales (3 M)

National Institute of Occupational health (2M)
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Explain HIV/AIDS, its sources, diagnosis, mode of transmission of HIV infection and
control and preventive measures.(15M) BTL2

Answer: Page: 7.24 — 7.28-A. Ravikrishnan
HIV-Human Immunodeficiency Virus; AIDS-Acquired Immuno Deficiency Syndrome; a
condition in humans in which the immune system begins to fail, leading to life-threatening
opportunistic infections. (2M)
Sources of HIV infection.
e AIDS has spread from Africa.
HIV has transferred to human from African monkey or Chimpanzees.
HIV contaminated polio vaccine, prepared from monkey’s kidney.
Spread through hepatitis-B viral vaccine in Los Angels New York.
e Spread through small pox vaccine programme of Africa. 2 M)
Symptoms or diagnosis of HIV/AIDS
Minor symptoms
Persistent cough for more than one month
General skin disease
Viral infection
Fungus infection in mouth and throat
Frequent fever, headache, fatigue
or symptoms
Fever for more than one month
Diarrhea for more than one month
Cough and TB for more than six months
Fall of hair from the head
10% of body weight get reduced within a short period. (4M)
Mode of transformation of HIV.
e Sexual transmission, presence of STD increases likelihood of transmission.
Exposure to infected blood or blood products.
Use of contaminated clotting factors by hemophiliacs.
Sharing contaminated needles.
Transplantation of infected tissues or organs.
Certain body fluids from an HIV-infected person-Blood, Semen, Rectal fluids, vaginal
fluids, Breast milk.
Having unprotected sex with someone who has HIV.
e Receiving blood transfusions, blood products, or organ/tissue transplants that are
contaminated with HIV.
e Contact between broken skin, wounds, or mucous membranes and HIV-infected blood or
blood-contaminated body fluids.
e Women are more vulnerable to HIV. Transmission of HIV to their new born babies
happen easily.
e Women around 18-20 years are at risk, since their cervical tissue is more vulnerable to

Ma

N

invading HIV. (5M)
Control and preventive measure
e Education
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Prevention of blood borne HIV transmission

Primary health care

Counselling services

Drug treatment (2M)
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