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Scilab numbering policy used in this document and the relation to the
above book.

Exa Example (Solved example)

Eqn Equation (Particular equation of the above book)

AP Appendix to Example(Scilab Code that is an Appednix to a particular
Example of the above book)

For example, Exa 3.51 means solved example 3.51 of this book. Sec 2.3 means
a scilab code whose theory is explained in Section 2.3 of the book.

2



Contents

List of Scilab Codes 4

2 INTRODUCTION TO SIGNALS 5

3 ANALYSIS AND TRANSMISSION OF SIGNALS 11

4 AMPLITUDE MODULATION 14

5 ANGLE MODULATION 15

6 SAMPLING AND PULSE CODE MODULATION 21

7 PRINCIPLES OF DIGITAL DATA TRANSMISSION 24

8 EMERGINGDIGITAL COMMUNICATIONS TECHNOLO-
GIES 27

10 Introduction to Theory of Probability 29

11 RANDOM PROCESSES 35

12 BEHAVIOUR OF ANALOG SYSTEMS IN THE PRES-
ENCE OF NOISE 38

3



13 BEHAVIOUR OF DIGITAL COMMUNICATION SYS-
TEMS IN THE PRESENCE OF NOISE 44

14 OPTIMUM SIGNAL DETECTION 46

15 INTRODUCTION TO INFORMATION THEORY 49

16 ERROR CORRECTING CODES 54

4



List of Scilab Codes

Exa 2.1 problem1 . . . . . . . . . . . . . . . . . . . 5
Exa 2.3b problem3b . . . . . . . . . . . . . . . . . . . 5
Exa 2.4 problem4 . . . . . . . . . . . . . . . . . . . 6
Exa 2.5 problem5 . . . . . . . . . . . . . . . . . . . 6
Exa 2.6a problem6a . . . . . . . . . . . . . . . . . . . 7
Exa 2.6b problem6b . . . . . . . . . . . . . . . . . . . 7
Exa 2.6c problem6c . . . . . . . . . . . . . . . . . . . 8
Exa 2.6d problem6d . . . . . . . . . . . . . . . . . . . 9
Exa 2.6e problem2e . . . . . . . . . . . . . . . . . . . 9
Exa 2.6f problem6f . . . . . . . . . . . . . . . . . . . 10
Exa 3.1 problem1 . . . . . . . . . . . . . . . . . . . 11
Exa 3.2 problem2 . . . . . . . . . . . . . . . . . . . 12
Exa 3.3 problem3 . . . . . . . . . . . . . . . . . . . 12
Exa 3.7 problem7 . . . . . . . . . . . . . . . . . . . 12
Exa 4.5 problem5 . . . . . . . . . . . . . . . . . . . 14
Exa 5.1 problem1 . . . . . . . . . . . . . . . . . . . 15
Exa 5.2 problem2 . . . . . . . . . . . . . . . . . . . 16
Exa 5.3a problem3a . . . . . . . . . . . . . . . . . . . 17
Exa 5.3b problem3b . . . . . . . . . . . . . . . . . . . 18
Exa 5.4 problem4 . . . . . . . . . . . . . . . . . . . 18
Exa 5.5 problem5 . . . . . . . . . . . . . . . . . . . 19
Exa 6.2 problem2 . . . . . . . . . . . . . . . . . . . 21
Exa 6.3 problem3 . . . . . . . . . . . . . . . . . . . 22
Exa 7.1 problem1 . . . . . . . . . . . . . . . . . . . 24
Exa 7.3 problem3 . . . . . . . . . . . . . . . . . . . 24
Exa 7.4 problem4 . . . . . . . . . . . . . . . . . . . 25
Exa 8.3 problem3 . . . . . . . . . . . . . . . . . . . 27
Exa 10.1 problem1 . . . . . . . . . . . . . . . . . . . 29

5



Exa 10.3 problem3 . . . . . . . . . . . . . . . . . . . 29
Exa 10.4 problem4 . . . . . . . . . . . . . . . . . . . 30
Exa 10.5 problem5 . . . . . . . . . . . . . . . . . . . 30
Exa 10.6 problem6 . . . . . . . . . . . . . . . . . . . 31
Exa 10.9 problem9 . . . . . . . . . . . . . . . . . . . 31
Exa 10.10 problem10 . . . . . . . . . . . . . . . . . . . 32
Exa 10.11 problem11 . . . . . . . . . . . . . . . . . . . 33
Exa 10.20 problem20 . . . . . . . . . . . . . . . . . . . 33
Exa 10.21 problem21 . . . . . . . . . . . . . . . . . . . 33
Exa 11.2 Example 2 of chapter 11 . . . . . . . . . . . 35
Exa 11.3 Example 3 of chapter 11 . . . . . . . . . . . 35
Exa 11.7 Example 7 of chapter 11 . . . . . . . . . . . 36
Exa 11.8a Example 8a of chapter 11 . . . . . . . . . . 36
Exa 11.8b Example 8b of chapter 11 . . . . . . . . . . 36
Exa 12.1 problem1 . . . . . . . . . . . . . . . . . . . 38
Exa 12.2 find gamma threshold . . . . . . . . . . . . 39
Exa 12.3 find output SNR . . . . . . . . . . . . . . . 39
Exa 12.4 prove the given expression . . . . . . . . . . 40
Exa 12.5 prove the given expression . . . . . . . . . . 40
Exa 12.6 show that PM is superior to FM by factor of 3 41
Exa 12.7 problem7 . . . . . . . . . . . . . . . . . . . 41
Exa 12.8 determine output SNR . . . . . . . . . . . . 42
Exa 12.10 find output SNR . . . . . . . . . . . . . . . 42
Exa 12.11 find output SNR . . . . . . . . . . . . . . . 43
Exa 13.1 problem1 . . . . . . . . . . . . . . . . . . . 44
Exa 14.1 Represent the given signal . . . . . . . . . . 46
Exa 14.2 Example 2 of chapter 14 . . . . . . . . . . . 46
Exa 14.7 Example 7 of chapter 14 . . . . . . . . . . . 47
Exa 15.1 problem1 . . . . . . . . . . . . . . . . . . . 49
Exa 15.2 problem2 . . . . . . . . . . . . . . . . . . . 50
Exa 15.4 problem4 . . . . . . . . . . . . . . . . . . . 52
Exa 16.1 Linear block codes . . . . . . . . . . . . . . 54

6



Chapter 2

INTRODUCTION TO
SIGNALS

Scilab code Exa 2.1 problem1

1 clc;

2 // page no 17
3 // prob 2 . 1 b ]
4

5 t0=-1;t1=1;

6 y=integrate( ’ t ˆ2 ’ , ’ t ’ ,t0 ,t1);
7 disp(+ ’ watt ’ ,y/2, ’ power o f s i g n a l ’ );

Scilab code Exa 2.3b problem3b

1 // page no . 2 6
2 // exa no . 2 . 3 b
3 t=[ -3:.0082:1];

4 m1=(0-1)/(-3-(-1));// s l o p e f o r −3<t<−1
5 c1=(0-m1*(-3));// i n t e r c e p t f o r pt (−3 ,0)
6 u(t<=-1)=[(m1*t(t<=-1))+c1]’
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7 m2=(1-0)/(-1-1);// s l o p e f o r −1<t<1
8 c2=(0-m2*1) // i n t e r c e p t f o r pt ( 1 , 0 )
9 u(t>-1)=[(m2*t(t>-1))+c2]’;

10 subplot (221)

11 plot2d(t,u)// o r i g i n a l s i g n a l
12 subplot (222)

13 plot2d (2*t,u)// expans i on o f s i g n a l

Scilab code Exa 2.4 problem4

1 clc;

2 // page27
3 // problem 2 . 4
4 t=(-5:-1);

5 subplot (221)

6 plot2d(t,(%e)^t/2);

7 xtitle ( ” O r i g i n a l s i g n a l ” , ” Time ” , ”g ( t ) ” );

8 t=-t;

9 subplot (222)

10 plot2d(t,(%e)^-t/2);

11 xtitle ( ” Time i n v e r t e d s i g n a l ” , ” t ime ” , ”g(− t )
” );

Scilab code Exa 2.5 problem5

1 clc;

2 // Assuming SI u n i t s f o r a l l q u a n t i t i e s
3 // page no 33
4 // exa 2 . 5 a
5 // approx imat ion o f squa r e s i g n a l to s i n e s i g n a l with

minimum energy
6 t=[0:.1:2* %pi];

7 t0=0;t1=2* %pi;
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8 y=integrate( ’ ( s i n ( t ) ) ˆ2 ’ , ’ t ’ ,t0 ,t1);
9 disp(+ ’ j o u l e ’ ,y($), ’ ene rgy o f s i n e s i g n a l= ’ );
10 // to c a l c u l a t e v a l u e o f c
11 t2=0;t3=%pi;

12 g=integrate( ’ s i n ( t ) ’ , ’ t ’ ,t2 ,t3);
13 t4=%pi;t5=2*%pi;

14 h=integrate( ’−s i n ( t ) ’ , ’ t ’ ,t4 ,t5);
15 disp((g($)+h($))/%pi ,” v a l u e o f c=”);

Scilab code Exa 2.6a problem6a

1 clc;

2 // Assuming SI u n i t s f o r a l l q u a n t i t i e s
3 // g i v e n s i g n a l i s x ( t )=1
4 // ene rgy o f s i g n a l x ( t )
5 t0=0;t1=5;

6 x=1;

7 y=integrate( ’ x ˆ2 ’ , ’ t ’ ,t0 ,t1);
8 disp(+ ’ j o u l e ’ ,y, ’ ene rgy o f s i g n a l x ( t )= ’ )
9 // to f i n d c o r r e l a t i o n c o e f f i c i e n t we have to

c a l c u l a t e the e n e r g i e s o f d i f f e r e n t g i v e n s i g n a l s
10 // 1 s t s i g n a l g1 ( t )=1
11 g1=1;

12 e1=integrate( ’ g1 ˆ2 ’ , ’ t ’ ,t0 ,t1);
13 disp(+ ’ j o u l e ’ ,e1 , ’ ene rgy o f s i g n a l ’ );
14 // c o r r e l t i o n c o e f f i c i e n t
15 c1=integrate( ’ g1∗x ’ , ’ t ’ ,t0 ,t1);
16 disp(+ ’ j o u l e ’ ,c1/sqrt(y*e1), ’ c o r r e l a t i o n c o e f f i c i e n t

= ’ );

Scilab code Exa 2.6b problem6b

1 clc;
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2 // Assuming SI u n i t s f o r a l l q u a n t i t i e s
3 // g i v e n s i g n a l i s x ( t )=1
4 // ene rgy o f s i g n a l x ( t )
5 t0=0;t1=5;

6 x=1;

7 y=integrate( ’ x ˆ2 ’ , ’ t ’ ,t0 ,t1);
8 disp(+ ’ j o u l e ’ ,y, ’ ene rgy o f s i g n a l x ( t )= ’ );
9 // to f i n d c o r r e l a t i o n c o e f f i c i e n t we have to

c a l c u l a t e the e n e r g i e s o f d i f f e r e n t g i v e n s i g n a l s
10 g2=.5;

11 e2=integrate( ’ g2 ˆ2 ’ , ’ t ’ ,t0 ,t1);
12 disp(+ ’ j o u l e ’ ,e2 , ’ ene rgy o f s i g n a l ’ );
13 // c o r r e l t i o n c o e f f i c i e n t
14 c2=integrate( ’ g2∗x ’ , ’ t ’ ,t0 ,t1);
15 disp(c2/sqrt(y*e2), ’ c o r r e l a t i o n c o e f f i c i e n t= ’ );

Scilab code Exa 2.6c problem6c

1 clc;

2 // Assuming SI u n i t s f o r a l l q u a n t i t i e s
3 // g i v e n s i g n a l i s x ( t )=1
4 // ene rgy o f s i g n a l x ( t )
5 t0=0;t1=5;

6 x=1;

7 y=integrate( ’ x ˆ2 ’ , ’ t ’ ,t0 ,t1);
8 disp(+ ’ j o u l e ’ ,y, ’ ene rgy o f s i g n a l x ( t )= ’ );
9 // to f i n d c o r r e l a t i o n c o e f f i c i e n t we have to

c a l c u l a t e the e n e r g i e s o f d i f f e r e n t g i v e n s i g n a l s
10 g3=-1;

11 e3=integrate( ’ g3 ˆ2 ’ , ’ t ’ ,t0 ,t1);
12 disp(+ ’ j o u l e ’ ,e3 , ’ ene rgy o f s i g n a l ’ );
13 // c o r r e l t i o n c o e f f i c i e n t
14 c3=integrate( ’ g3∗x ’ , ’ t ’ ,t0 ,t1);
15 disp(c3/sqrt(y*e3), ’ c o r r e l a t i o n c o e f f i c i e n t= ’ );
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Scilab code Exa 2.6d problem6d

1 clc;

2 // Assuming SI u n i t s f o r a l l q u a n t i t i e s
3 // g i v e n s i g n a l i s x ( t )=1
4 // ene rgy o f s i g n a l x ( t )
5 t0=0;t1=5;

6 x=1;

7 y=integrate( ’ x ˆ2 ’ , ’ t ’ ,t0 ,t1);
8 disp(+ ’ j o u l e ’ ,y, ’ ene rgy o f s i g n a l x ( t )= ’ );
9 // to f i n d c o r r e l a t i o n c o e f f i c i e n t we have to

c a l c u l a t e the e n e r g i e s o f d i f f e r e n t g i v e n s i g n a l s
10 e4=integrate( ’ ( ( %e) ˆ(− t /5) ) ˆ2 ’ , ’ t ’ ,t0 ,t1);
11 disp(+ ’ j o u l e ’ ,e4($), ’ ene rgy o f s i g n a l ’ );
12 // c o r r e l t i o n c o e f f i c i e n t
13 c4=integrate( ’ ( ( %e) ˆ(− t /5) ) ∗x ’ , ’ t ’ ,t0 ,t1);
14 disp(c4($)/sqrt(y*e4), ’ c o r r e l a t i o n c o e f f i c i e n t= ’ );

Scilab code Exa 2.6e problem2e

1 clc;

2 // Assuming SI u n i t s f o r a l l q u a n t i t i e s
3 // g i v e n s i g n a l i s x ( t )=1
4 // ene rgy o f s i g n a l x ( t )
5 t0=0;t1=5;

6 x=1;

7 y=integrate( ’ x ˆ2 ’ , ’ t ’ ,t0 ,t1);
8 disp(+ ’ j o u l e ’ ,y, ’ ene rgy o f s i g n a l x ( t )= ’ );
9 // to f i n d c o r r e l a t i o n c o e f f i c i e n t we have to

c a l c u l a t e the e n e r g i e s o f d i f f e r e n t g i v e n s i g n a l s
10 e5=integrate( ’ ( ( %e) ˆ(− t ) ) ˆ2 ’ , ’ t ’ ,t0 ,t1);
11 disp(+ ’ j o u l e ’ ,e5 , ’ ene rgy o f s i g n a l ’ );

11



12 // c o r r e l t i o n c o e f f i c i e n t
13 c5=integrate( ’ ( ( %e) ˆ(− t ) ) ∗x ’ , ’ t ’ ,t0 ,t1);
14 disp(c5/sqrt(y*e5), ’ c o r r e l a t i o n c o e f f i c i e n t= ’ );

Scilab code Exa 2.6f problem6f

1 clc;

2 // Assuming SI u n i t s f o r a l l q u a n t i t i e s
3 // g i v e n s i g n a l i s x ( t )=1
4 // ene rgy o f s i g n a l x ( t )
5 t0=0;t1=5;

6 x=1;

7 y=integrate( ’ x ˆ2 ’ , ’ t ’ ,t0 ,t1);
8 disp(+ ’ j o u l e ’ ,y, ’ ene rgy o f s i g n a l x ( t )= ’ );
9 // to f i n d c o r r e l a t i o n c o e f f i c i e n t we have to

c a l c u l a t e the e n e r g i e s o f d i f f e r e n t g i v e n s i g n a l s
10 e6=integrate( ’ ( s i n (2∗%pi∗ t ) ) ˆ2 ’ , ’ t ’ ,t0 ,t1);
11 disp(+ ’ j o u l e ’ ,e6 , ’ ene rgy o f s i g n a l ’ );
12 // c o r r e l t i o n c o e f f i c i e n t
13 c6=integrate( ’ ( ( s i n (2∗%pi∗ t ) ) ˆ2) ∗x ’ , ’ t ’ ,t0 ,t1);
14 disp(c6/sqrt(y*e6), ’ c o r r e l a t i o n c o e f f i c i e n t= ’ );
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Chapter 3

ANALYSIS AND
TRANSMISSION OF
SIGNALS

Scilab code Exa 3.1 problem1

1 clc;

2 // page no 75
3 // prob 3 . 1
4 // g i v e n s i g n a l i s x ( t )= eˆ(− at ) ∗ u ( t )
5 // u n i t y f u n c t i o n u ( t )=1 f o r 0 to i n f i n i t y
6 // t h e r e f o r e
7 x=1;

8 // he r e we c o n s i d e r ’ i n f i n i t y ’ v a l u e as 10 and the
v a l u e o f ’ a ’ i s 1

9 t= 0:1:10;

10 a=1; // a >0
11 z=((%e)^(-a*t) * x);

12 y=fft(z);

13 disp(y, ’ f o u r i e r t r a n s f o r m o f x ( t )= ’ );
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Scilab code Exa 3.2 problem2

1 clc;

2 // page no 81
3 // prob 3 . 2
4 // g i v e n s i g n a l i s x ( t ) = r e c t ( t /T)
5 // r e c t ( t /T) = 1 f o r | t | < T/2 and
6 // = 0 f o r | t | > T/2
7 // t h e r e f o r e we have to f i n d out f o u r i e r t r a n s f o r m

o f x ( t )= 1 f o r | t | < T/2 thus ,
8 x=1;

9 T= 200; // c o n s i d e r
10 t= -T/2 : 1 : T/2; // range f o r f o u r e r t r a n s f o r m
11 y=fft(x);

12 disp(y, ’ f o u r i e r t r a n s f o r m o f x ( t )= ’ );

Scilab code Exa 3.3 problem3

1 clc;

2 // page no 82
3 // prob 3 . 3
4 // g i v e n s i g n a l i s x ( t )= u n i t impu l s e d ( t )
5 // i t i s d e f i n e d as d ( t ) = 1 f o r t=0
6 // t h e r e f o r e
7 x=1;

8 y=fft(x);

9 disp(y, ’ f o u r i e r t r a n s f o r m o f x ( t )= ’ );

Scilab code Exa 3.7 problem7

1 clc;

2 // page 84
3 // problem 3 . 7
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4 t= -10:1:10;

5 y=sign(t);

6 g=fft(y);

7 disp(g,” f o u r i e r t r a n s f o r m o f signum f u n c i o n i s ”);
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Chapter 4

AMPLITUDE MODULATION

Scilab code Exa 4.5 problem5

1 clc;

2 // page 166
3 // problem 4 . 5
4 // we have g i v e n 1) u=.5 and 2) u=.3
5 // e f f i c i e n c y n i s c a l c u l a t e d by u s i n g fo rmu la n= ( u

ˆ2) / (2+u ˆ2) ∗100 %
6 // f o r u=0.5
7 u1=0.5;

8 n1= (u1^2) / (2+u1^2) *100 ;

9 disp(n1, ’ e f f i c i e n c y i n % i s ’ );
10 // Hence on ly 1 1 . 1 1 1 1% o f t o t a l power i s i n

s i d e b a n d s .
11 // f o r u=0.3
12 u2=0.3;

13 n2= (u2^2) / (2+u2^2) *100;

14 disp(n2, ’ e f f i c i e n c y i n % i s ’ );
15 // Hence on ly 4 . 3 0 6 2% o f the t o t a l power i s the

u s e f u l power ( power i n s i d e b a n d s )
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Chapter 5

ANGLE MODULATION

Scilab code Exa 5.1 problem1

1 clc;

2 // page 212
3 // problem 5 . 1
4 // The v a l u e s o f c o n s t s n t s Kf and Kp ar e g i v e n as Kf

= 2∗ p i ∗10ˆ5 and Kp=10∗pi , and c a r r i e r f r e q u e n c y
f c =100MHz

5

6 // For FM :
7 // f i = f c + Kf∗m( t ) /2∗ p i
8 // Minimum v a l u e o f m( t ) = −1 and Maximum v a l u e o f m

( t )= +1
9 Kf= 2*%pi *10^5 ; Kp=10* %pi;

10 fc =100*10^6 ;// i n Hz
11 Mmin = -1 ; Mmax =1;

12 fimin1= fc + Kf*Mmin /(2* %pi);

13 disp(+ ’MHz ’ ,fimin1 /10^6, ’Minimum f r e q u e n c y i n MHz i s
’ );

14 fimax1= fc + Kf*Mmax /(2* %pi);

15 disp(+ ’MHz ’ ,fimax1 /10^6, ’Maximum f r e q u e n c y i n MHz i s
’ );

16
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17 // For PM :
18 // f i = f c + Kp∗m( t ) ’/2∗ p i
19 // Minimum v a l u e o f m( t ) ’ = −20 ,000 and Maximum

v a l u e o f m( t ) ’= +20 ,000
20 Mmin1 = -20000 ; Mmax1 =20000;

21 fimin2= fc + Kp*Mmin1 /(2* %pi);

22 disp(+ ’MHz ’ ,fimin2 /10^6, ’Minimum f r e q u e n c y i n MHz i s
’ );

23 fimax2= fc + Kp*Mmax1 /(2* %pi);

24 disp(+ ’MHz ’ ,fimax2 /10^6, ’Maximum f r e q u e n c y i n MHz i s
’ );

25

26 // S i n c e m( t ) i s i n c r e a s e s and d e c r e a s e s l i n e a r l y
with time , the i n s t a n t a n e o u s f r e q u e n c y i n c r e a s e s
l i n e a r l y from f i m i n to f imax

Scilab code Exa 5.2 problem2

1 clc;

2 // page 213
3 // problem 5 . 2
4 // The v a l u e s o f c o n s t s n t s Kf and Kp ar e g i v e n as Kf

= 2∗ p i ∗10ˆ5 and Kp=p i /2 , and c a r r i e r f r e q u e n c y f c
=100MHz

5 // For FM :
6 // f i = f c + Kf∗m( t ) /2∗ p i
7 // Minimum v a l u e o f m( t ) = −1 and Maximum v a l u e o f m

( t )= +1
8 Kf= 2*%pi *10^5 ; Kp=%pi/2;

9 fc =100*10^6 ;// i n Hz
10 Mmin = -1 ; Mmax =1;

11 fimin1= fc + Kf*Mmin /(2* %pi);

12 disp(+ ’MHz ’ ,fimin1 /10^6, ’Minimum f r e q u e n c y i n MHz i s
’ );

13 fimax1= fc + Kf*Mmax /(2* %pi);
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14 disp(+ ’MHz ’ ,fimax1 /10^6, ’Maximum f r e q u e n c y i n MHz i s
’ );

15 // S i n c e m( t ) i s i n c r e a s e s and d e c r e a s e s l i n e a r l y
with time , the i n s t a n t a n e o u s f r e q u e n c y i n c r e a s e s
l i n e a r l y from f i m i n to f imax

Scilab code Exa 5.3a problem3a

1 clc;

2 // page 222
3 // problem 5 . 3 . a
4 // r e f e r f i g from page no . 212 Fig . 5 . 4 a
5 // The v a l u e s o f c o n s t s n t s Kf and Kp ar e g i v e n as Kf

= 2∗ p i ∗10ˆ5 and Kp=5∗ p i .
6 // Here we a r e assuming the Bandwidth B o f m( t ) as

the f r e q u e n c y o f the t h i r d harmonic , i . e .
3 ( 1 0ˆ 4 / 2 ) Hz= 15kHz

7 B=15; // i n kHz
8 // For FM:
9 // Here peak ampl i tude o f m( t ) i s mp=1
10 mp=1;

11 // d f=k f ∗mp/2∗ p i
12 Kf= 2*%pi *10^5; Kp=5* %pi;

13 df= (Kf*mp)/(2* %pi);// i n Hz
14 df=df /10^3; // i n KHz
15 Bfm =2*(df+B);

16 disp(+ ’KHz ’ ,Bfm , ’Bfm i n kHz i s ’ );
17 // For PM:
18 // Here peak ampl i tude o f m( t ) ’ i s mp=20000
19 mp =20000;

20 // d f=kp∗mp/2∗ p i
21 df= (Kp*mp)/(2* %pi);// i n Hz
22 df=df /10^3; // i n KHz
23 Bpm =2*(df+B);

24 disp(+ ’KHz ’ ,Bpm , ’Bpm i n kHz i s ’ );
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Scilab code Exa 5.3b problem3b

1 clc;

2 // page 222
3 // problem 5 . 3 . b
4 // The v a l u e s o f c o n s t s n t s Kf and Kp ar e g i v e n as Kf

= 2∗ p i ∗10ˆ5 and Kp=5∗ p i .
5 // Here we a r e assuming the Bandwidth B o f m( t ) as

the f r e q u e n c y o f the t h i r d harmonic , i . e .
3 ( 1 0ˆ 4 / 2 ) Hz= 15kHz

6 B=15; // i n kHz
7 // For FM:
8 // Here peak ampl i tude o f m( t ) i s doubled ,mp=2
9 mp=2;

10 // d f=k f ∗mp/2∗ p i
11 Kf= 2*%pi *10^5; Kp=5* %pi;

12 df= (Kf*mp)/(2* %pi);// i n Hz
13 df=df /10^3; // i n KHz
14 Bfm =2*(df+B);

15 disp(+ ’KHz ’ ,Bfm , ’Bfm i n kHz i s ’ );
16 // For PM:
17 // Here peak ampl i tude o f m( t ) ’ i s doubled mp=40000
18 mp =40000;

19 // d f=kp∗mp/2∗ p i
20 df= (Kp*mp)/(2* %pi);// i n Hz
21 df=df /10^3; // i n KHz
22 Bpm =2*(df+B);

23 disp(+ ’KHz ’ ,Bpm , ’Bpm i n kHz i s ’ );
24 // d o u b l i n g the s i g n a l ampl i tude rough ly d o u b l e s the

bandwidth o f both FM and PM waveform

Scilab code Exa 5.4 problem4
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1 clc;

2 // page 224
3 // problem 5 . 4
4 // Repeat example 5 . 3 with m( t ) expanded by a f a c t o r

o f 2 i . e . i f the p e r i o d o f m( t ) i s 4∗10ˆ−4
5 // The v a l u e s o f c o n s t s n t s Kf and Kp ar e g i v e n as Kf

= 2∗ p i ∗10ˆ5 and Kp=5∗ p i .
6 // we know tha t t ime expans i on by a f a c t o r 2 r e d u c e s

the s i g n a l spectrum width by a f a c t o r 2
7 // T h e r e f o r e bandwidth i s h a l f the p r e v i o u s

bandwidth
8 B=7.5; // im KHz
9 // For FM:
10 // Time expans i on does not a f f e c t the peak

ampl i tude so tha t mp=1.
11 mp=1;

12 // d f=k f ∗mp/2∗ p i
13 Kf= 2*%pi *10^5; Kp=5* %pi;

14 df= (Kf*mp)/(2* %pi);// i n Hz
15 df=df /10^3; // i n KHz
16 Bfm =2*(df+B);

17 disp(+ ’KHz ’ ,Bfm , ’Bfm i n kHz i s ’ );
18 // For PM:
19 //mp i s ha lved i . e . mp=10000
20 mp =10000;

21 // d f=kp∗mp/2∗ p i
22 df= (Kp*mp)/(2* %pi);// i n Hz
23 df=df /10^3; // i n KHz
24 Bpm =2*(df+B);

25 disp(+ ’KHz ’ ,Bpm , ’Bpm i n kHz i s ’ );
26 // Time expans i on o f m( t ) has very l i t t l e e f f e c t on

the FM bandwidth , but i t h a l v e s the PM bandwidth

Scilab code Exa 5.5 problem5
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1 clc;

2 // Assuming SI u n i t f o r a l l q u a n t i t i e s
3 // page 225
4 // problem 5 . 5
5 // An a n g l e modulated s i g n a l with c a r r i e r f r e q u e n c y

wc = 2∗ p i ∗10ˆ5 i s d e s c r i b e d by the e q u a t i o n Qem=
10 co s (@( t ) ) where @( t )=wct+5 s i n 3 0 0 0 t +10 s i n 2 0 0 0 p i ∗
t

6 B=2000* %pi /(2* %pi);// s i g n a l bandwidth i s the h i g h e s t
f r e q u e n c y i n m( t )

7 Ac=10; // c a r r i e r ampl i tude
8 P=Ac^2/2; // c a r r i e r power
9 disp(+ ’ watt ’ ,P, ’ a ) The c a r r i e r power i s ’ );
10 // to f i n d f r e q u e n c y d e r i v a t i v e df , e f i n d

i n s t a n t a n e o u s f r e q . w as
11 // wi=d/ dt (@( t ) )= wc+15000 c o s 3 0 0 0 t +20000 p i ∗ c o s 2 0 0 0 p i

∗ t ;
12 // The c a r r i e r d e r i v a t i v e i s 15000 c o s 3 0 0 0 t +20000 p i ∗

c o s 2 0 0 0 p i ∗ t . The two s i n u s o i d s w i l l add i n phase
at some p o i n t and the maximum v a l u e o f the
e x p r e s s i o n i s dW=15000+20000 p i

13 dW =15000+20000* %pi;

14 df=dW/(2* %pi);

15 disp(+ ’ Hz ’ ,df , ’ b ) The f r e q u e n c y d e v i a t i o n i n Hz i s ’
);

16 // The d e v i a t i o n r a t i o B1 i s g i v e n as
17 B1=df/B;

18 disp(B1, ’ c ) The d e v i a t i o n r a t i o i s ’ );
19 //The phase d e v i a t i o n i s the maximum v a l u e o f the

a n g l e @( t ) and i s g i v e n b d@
20 d=5+10;

21 disp(+ ’ rad ’ ,d, ’ d ) The phase d e v i a t i o n i n rad i s ’ );
22 Bem =2*(df+B);

23 disp(+ ’ Hz ’ ,Bem , ’ e ) Bandwidth i s ’ );
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Chapter 6

SAMPLING AND PULSE
CODE MODULATION

Scilab code Exa 6.2 problem2

1 clc;

2 // page no 271
3 // prob no . 6 . 2
4 fm=input(” Enter the band l i m i t e d f r e q i n h e r t z = ”);
5 Rn=2*fm; // Nyqui s t sampl ing r a t e
6 Ra=Rn *(4/3);// a c t u a l Nyqu i s t sampl ing r a t e
7 // he r e the maximum q u a n t i z a t i o n e r r o r (E) i s 0 . 5% o f

the peak a m p l i t i d e mp . Hence , E=mp/L=0.5∗mp/100∗
L

8 mp=1; //we assume peak ampl i tude i s u n i t y
9 L=(mp*100) /(0.5* mp);

10 for (i=0:10)

11 j=2^i;

12 if(j>=L)

13 L1=j;

14 break;

15 end

16 end

17 n=log2(L1);// b i t s per sample
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18 c=n*Ra;// t o t a l no o f b i t s t r a n s m i t t e d
19 // Beause we can t r a n s m i t up to 2 b i t s / per h e r t z o f

bandwidth , we r e q u i r e minimum t r a n s m i s s i o n
bandwidth Bt=c /2

20 Bt=c/2;

21 disp(+ ’ Hz ’ ,Bt ,”minimum t r a n s m i s s i o n bandwidth i n
h e r t z = ”);

22 s=input(” e n t e r the no o f s i g n a l to be m u l t i p l e x e d =
”);

23 Cm=s*c;// t o t a l no o f b i t s o f ’ s ’ s i g n a l
24 c1=Cm/2; // minimum t r a n s m i s s i o n bandwidth
25 disp(+ ’ Hz ’ ,c1 ,”minimum t r a n s m i s s i o n bandwidth i n

h e r t z = ”)

Scilab code Exa 6.3 problem3

1 clc;

2 // page no 273
3 // prob no 6 . 3
4 // from the e x p r e s i o n g i v e n on the page no 2 7 2 ; ( So/

No) =(a+6n ) dB where a=10 l o g [ 3 / [ l n (1+u ) ] ˆ 2 ]
5 // check the o l l o w i n g code f o r L=64 and L=256
6 L=input(” e n t e r the v a l u e o f L = ”);
7 B=input(” e n t e r the bandwidth o f s i g n a l i n h e r t z = ”)

;

8 n=log2(L);

9 Bt=n*B;

10 u=100; // g i v e n
11 a=10* log10 (3/[ log(1+u)]^2);

12 SNR=(a+(6*n));

13 disp(SNR ,”SNR r a t i o i s = ”);
14 // Here the SNR r a t i o f o r the two c a s e s a r e found

out . The d i f f e r e n c e between the two SNRs i s 12dB
which i s the r a t i o o f 1 6 . Thus the SNR f o r L=256
i s 16 t imes the SNR f o r L=64. The fo rmer r e q u i r e s
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j u s t about 33% more bandwidth compared to the
l a t e r .
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Chapter 7

PRINCIPLES OF DIGITAL
DATA TRANSMISSION

Scilab code Exa 7.1 problem1

1 clc;

2 // page no 314
3 // prob no 7 . 1
4 //The t r a n s m i s s i o n bandwidth i s g i v e n by the

e q u a t i o n Bt=(1+r )Rb/2 and hence t r a n s m i s s i o n r a t e
i s g i v e n by Rb=2Bt/(1+ r ) ; where r=r o l l −o f f f a c t o r
and 0<=r <=1. S i n c e ’ r ’ can take v a l u e i n between
0 and 1 , bandwidth v a r i e s from 2Bt to Bt .

5 Bt =32000;r=1; // assume v a l u e s o f Bt and r
6 Rb=(2*Bt)/(1+r);

7 disp(Rb,” t r a n s m i s s i o n r a t e ”);//Rb=Bt f o r r=1

Scilab code Exa 7.3 problem3

1 clc;

2 // page no 326
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3 // prob no 7 . 3
4 // problem f i g . i s g g i v en on page no 3 2 4 . R e f e r r i n g

the f i g . we a r e g i v e n the v a l u e s o f a0 , a1 , a−1 ,a−2
5 a=1;b= -0.3;c=0.1;d=-0.2;e=0.05;

6 // d e s i g n a thre e−tap (N=1) e q u a l i z e r by s u b s t i t u t i n g
t h e s e v a l u e s i n t o eq no 7 . 4 5 o f the page no 325

7 A=[0;1;0];

8 B=[a d e;b a d;c b a];

9 c=inv(B)*A;// As , A=B∗C Hence c i s o b t a i n e d as g i v e n
10 disp(c);// v a l u e s o f C−1 ,C0 , C1 a r e o b t a i n e d

Scilab code Exa 7.4 problem4

1 clc;

2 // page no 334
3 //PROB NO 7 . 4 a ) Find d e t e c t i o n e r r o r p r o b a b i l i t y
4 // Given : Ap=1mV, 6n =192.3uV
5 // The fo rmu la f o r p o l a r c a s e i s g i v e n by Ap/6n
6 Ap=1; sigma_n =192.3;

7 x=Ap/sigma_n;// he r e we have to f i n d the v a l u e o f P( e
)=Q( x ) from the t a b l e 1 0 . 2 g i v e n on page no . 454

8 disp(x);

9 Q1 =(0.9964) *10^( -7);

10 disp(Q1,” e r r o r p r o b a b i l i t y = ”);// t h i s i s n e a r l y
e q u a l to z e r o

11

12 //PROB NO 7 . 4 b ) Find d e t e c t i o n e r r o r p r o b a b i l i t y .
13 // In t h i s case , on ly h a l f the b i t s a r e t r a n s m i t t e d

by no pu l s e , t h e r e are , on the average , on ly h a l f
as many p u l s e s i n the on−o f f c a s e ( compared to

the p o l a r ) .
14 //To mainta in the same power , we need to doub le the

ene rgy o f each p u l s e i n the on−o f f o r the
b i p o l a r c a s e ( compared to the p o l a r ) .

15 //Now , d o u b l i n g the p u l s e ene rgy i s a c comp l i sh ed by
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m u l t i p l y i n g the p u l s e by s q r t ( 2 ) .
16 //Thus , f o r on−o f f Ap i s s q r t ( 2 ) t imes the Ap i n the

p o l a r case , tha t i s , Ap=s q r t ( 2 ) ∗10ˆ−3
17 x=Ap/2* sigma_n;// he r e we have to f i n d the v a l u e o f P

( e )=Q( x ) from the t a b l e 1 0 . 2 g i v e n on page no . 454
18 disp(x);

19 Q2 =(1.166) *10^ -4;

20 disp(Q2,” e r r o r p r o b a b i l i t y = ”);
21 // f o r a g i v e n power , the Ap f o r both the on−o f f and

the b i p o l a r c a s e s a r e i d e n t i c a l . Hence P( e ) =1.5
Q( x ) ;

22 Q3=1.5*Q2;

23 disp(Q3,” e r r o r p r o b a b i l i t y = ”);
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Chapter 8

EMERGING DIGITAL
COMMUNICATIONS
TECHNOLOGIES

Scilab code Exa 8.3 problem3

1 clc;

2 // page no . 367
3 // prob no . 8 . 3
4 // s i n c e both the p l o t s can be out o f s y n c h r o n i z a t i o n

by as much as 6 p a r t s ( b i t s ) i n 10ˆ13 , we have
5 // t im ing e r r o r b i t s per second can be c a l c u l a t e d as

−
6 // e r r o r i n s y n c h r o n i z a t i o n i s g i v e n as
7 e=6/(10^13);// t im ing e e o r b i t s per t r a n s m i t t e d b i t s
8 // b i t r a t e i s g i v e n as
9 r =1544000 ;// i n b i t s / s e c

10 // t im ing e r r o r b i t s per second , Te i s g i v e n as
11 Te=e*r;

12 S=1/Te;// s e c o n d s per t im ing e r r o r b i t s
13 H=S/3600; // hours per t im ing e r r o r b i t s
14 // s i n c e a s y n c h r o n i z a t i o n e r r o r can occu r whenever

the network i s out o f s y n c h r o n i z a t i o n by 1/5 b i t s
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, the t ime between r e s y n c h r o n i z i n g i s g i v e n as
15 T=H/5;

16 disp(+ ’ Hr ’ ,T,”No . o f hours f o r r e s y n c h r o n i z i n g ”);
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Chapter 10

Introduction to Theory of
Probability

Scilab code Exa 10.1 problem1

1 // page no 437
2 // prob 1 0 . 1
3 // r e f e r r e d to f i g 1 0 . 1 on the page no . 435
4 // the o c c u r a n c e o f each outcome i s essumed to be

e q u a l .
5 n=input(”number o f outcomes= ”);
6 p=1/n;

7 disp(p,” p r o b a b i l i t y o f each outcome=”);

Scilab code Exa 10.3 problem3

1 // page no 438
2 // problem no 1 0 . 3
3 clc;

4 m=input(” e n t e r the number o f f a c e s = ”);// m = 6
5 n=input(” e n t e r the number o f d i c e = ”);// n = 2
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6 l=m^n ;// j i s t o t a l number o f outcomes = 36
7 a=input(” e n t e r the number which i s to be o b t a i n e d as

the sum o f d i c e = ”) // a=7
8 c=0 ; // c o u n t e r v a l u e f o r f a v o r a b l e outcome
9 for i=1:6

10 for j=1:6

11 if(i+j==a)

12 c=c+1;

13 else

14 continue

15 end

16 end

17 end

18 p=c/l;

19 disp(p,” p r o b a b i l i t y = ”);

Scilab code Exa 10.4 problem4

1 // page no 438
2 // problem no 1 0 . 4
3 clc;

4 m=input(” e n t e r the number o f f a c e s = ”);// m = 2
5 n=input(” e n t e r the number o f t o s s e s = ”);// n = 4
6 l=m^n ;// j i s t o t a l number o f outcomes = 16
7 a=input(” e n t e r e x a c t no o f heads = ”); // to o b t a i n

e x a c t l y ’ a ’ heads
8 p=gamma (n+1)/( gamma(n+1-a) * gamma (a+1));// to

f i n d combinat ion
9 disp(p/l,” p r o b a b i l i t y = ”);

Scilab code Exa 10.5 problem5

1 // page no 440
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2 // problem no 1 0 . 5
3 clc;

4 a=52; // t o t a l no o f c a r d s i n a deck
5 b=input (” e n t e r the no o f c a r d s to be drawn = ”);
6 pA1= b/a;// p r o b a b i l i t y o f g e t t i n g f i r s t r ed ace =

pA1
7 // the c a r d s a r e drawn i n s u c c e s s i o n wi thout

rep lacement , t h e r e f o r e the p r o b a b i l i t y tha t the 2
nd card w i l l be the red ace = pA2

8 pA2 =1/(a-1);

9 disp(p= pA1*pA2 ,” t o t a l p r o b a b i l i t y = ”);

Scilab code Exa 10.6 problem6

1 // page no 441
2 // prob no 1 0 . 6
3 // This problem i s based on B e r n o u l l i T r i a l s f o rmu la

which i s P( k s u c c e s s e s i n n t r i a l s ) = n ! ∗ pˆk
∗(1−p ) ˆ( n−k ) /k ! ∗ ( n−k ) ! 2 2

4 // hence the p r o b a b i l i t y o f f i n d i n g 2 d i g i t s wrong
i n a s equence o f 8 d i g i t s i s

5 clc;

6 k= input (”no . o f s u c c e s s e s =”);
7 p= input (” p r o b a b i l i t y o f s u c c e s s =”);
8 n=input (” no . o f t r i a l s =”);
9 A=gamma (n+1)* (p^k)*((1-p)^(n-k))/(gamma(k)*gamma(n

+1-k));

10 disp(A,” p r o b a b i l i t y =”);

Scilab code Exa 10.9 problem9

1 // page no 446
2 // problem no 1 0 . 9
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3 clc;

4 m=input(” e n t e r the number o f f a c e s = ”);
5 n=input(” e n t e r the number o f d i c e = ”);
6 l=m^n ;// j i s t o t a l number o f outcomes
7 a=input(” e n t e r the number which i s to be o b t a i n e d as

the sum o f d i c e = ”) // a i s v a r i e d from 2 to
12

8 c=0 ; // c o u n t e r v a l u e f o r f a v o r a b l e outcome
9 for i=1:6

10 for j=1:6

11 if(i+j==a)

12 c=c+1;

13 else

14 continue

15 end

16 end

17 end

18 p=c/l;

19 disp(p,” p r o b a b i l i t y = ”);

Scilab code Exa 10.10 problem10

1 // page no 447
2 // prob no 1 0 . 1 0
3 clc;

4 Pe= input (” e n t e r e r r o r p r o b a b i l i t y = ”);
5 Q= input(” e n t e r the p r o b a b i l i t y o f t r a n s m i t t i n g 1 =

”);// Hence p r o b a b i l i t y o f t r a n s m i t t i n g z e r o i s 1−
Q = P

6 P=1-Q;

7 Px(1)=Q;

8 Px0=P;

9 // I f x and y a r e t r a n s m i t t e d d i g i t and r e c e i v e d
d i g i t then f o r BSC P( y=0/x=1) = P( y=1/x=0) = Pe ,
P( y=0/x=10) = P( y=1/x=1) = 1−Pe
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10 // to f i n d the p r o b a b i l i t y o f r e c e i v i n g 1 i s Py ( 1 ) =
Px ( 0 ) ∗P( y=1/x=0) + Px ( 1 ) ∗P( y=1/x=1)

11 Py(1)= ((1-Q)* Pe) + (Q *(1-Pe));

12 disp(Py(1),”Py ( 1 ) ”);
13 Py0=((1-Q)*(1-Pe)) + (Q*Pe)

14 disp(Py0 ,”Py0”);

Scilab code Exa 10.11 problem11

1 // page no 448
2 // prob 1 0 . 1 1
3 clc;

4 Px0 =.4 , Px1=.6 ,PE0=10^ -6 , PE1=10^ -4 ;// g i v e n
5 PE=(Px0*PE0) + (Px1*PE1)// fo rmu la f o r p r o b a b i l i t y

o f e r r o r
6 disp(PE,” p r o b a b i l i t y o f e r r o r = ”);

Scilab code Exa 10.20 problem20

1 // page no 472
2 // prob no 1 0 . 2 0
3 // Gauss ian PDF: Q( x )= %eˆ((−x ˆ2) /2) / ( x∗ s q r t (2∗%pi ) )
4 clc;

5 x=input(” input f o r the f u n c t i o n Q = ”);
6 Q(x)= (%e^-((x^2) /2))/ (x*sqrt (2* %pi));

7 P=1-(2*Q(x));

8 disp(P);// P g i v e s the width or sp r ead o f Gauss ian
PDF

Scilab code Exa 10.21 problem21
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1 // page no 479
2 // prob no 1 0 . 2 1
3 // fo rmu la f o r e s t i m a t e e r r o r E i s E = mkˆ − mk = a1

∗ mk−1 +a2∗ mk−2 −mk
4 // g i v e n : v a r i o u s v a l u e s o f c o r r e l a t i o n (mk∗mk) ’= (m

ˆ2) ’ , (mk∗mk−1) ’= . 8 2 5∗ (mˆ2) ’ , (mk∗mk−2) ’= . 5 6 2 ∗ (m
ˆ2) ’ , (mk∗mk−3) ’= . 8 2 5 ∗ (mˆ2) ’ , R02 =.562(mˆ2) ’ , a1
=1.1314 , a2= −0.3714

5 // mean squa r e e r r o r i s g i v e n by I =(Eˆ2) ’=[1 − ( ( .825∗
a1 ) +( .562∗ a2 ) ) ] ∗ (mˆ2) ’= . 2 7 5 3 ∗ (mˆ2) ’

6 clc;

7 m=1;

8 I=.2753*(m^2) ’;

9 S=10* log ((m^2) ’/I);

10 disp(+ ’dB ’ ,S,”SNR improvement = ”);
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Chapter 11

RANDOM PROCESSES

Scilab code Exa 11.2 Example 2 of chapter 11

1 // page 500
2 // example 1 1 . 2 ( assuming SI u n i t s )
3 // g i v e n s i g n a l i s Sx=(N/2) ∗ r e c t (w/4( %pi )B)
4 clc;

5 N=1;B=1;

6 T=input(” e n t e r the v a l u e o f T”);
7 Rx=(N*B)*(sinc (2*( %pi)*B*T));

8 disp(+ ’ Watt ’ ,Rx ,”mean squa r e v a l u e o f the s i g n a l i s ”
);

Scilab code Exa 11.3 Example 3 of chapter 11

1 // page 501
2 // example 1 1 . 3 ( Assuming SI u n i t s )
3 // a u t o c o r r e l a t i o n f u n c t i o n o f g i v e n s i g n a l i s Aˆ2/2

∗ co s ( wct )
4 clc;

5 A=2;
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6 wct=input(” e n t e r the v a l u e o f wct ”);
7 Rx=((A^2) /2)* cos(wct);

8 disp(+ ’ Watt ’ ,Rx ,”mean squa r e v a l u e o f the p r o c e s s i s
”);

Scilab code Exa 11.7 Example 7 of chapter 11

1 // page 506
2 // example 1 1 . 7
3 clc;

4 P1=input(” e n t e r prob o f symbol 1”);
5 P2=input(” e n t e r prob o f symbol −1”);
6 ak=(1)*P1+(-1)*P2;

7 disp(ak,”mean i s ”);
8 Ro =(1^2)*P1+((-1)^2)*P2;

9 disp(Ro,”mean squa r e i s ”);

Scilab code Exa 11.8a Example 8a of chapter 11

1 // page 507
2 // example 1 1 . 8 a
3 clc;

4 P1=input(” e n t e r prob o f symbol 1”);
5 P0=input(” e n t e r prob o f symbol 0”);
6 ak=(1)*P1+(0)*P2;

7 disp(ak,”mean i s ”);
8 Ro =(1^2)*P1+((0) ^2)*P2;

9 disp(Ro,”mean squa r e i s ”);

Scilab code Exa 11.8b Example 8b of chapter 11
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1 // page 508
2 // example 1 1 . 8 b
3 // b i p o l a r s i g n a l l i n g
4 clc;

5 P0=input(” e n t e r prob o f symbol 0”);
6 P1=input(” e n t e r prob o f symbol 1”);
7 P2=input(” e n t e r prob o f symbol −1”);
8 ak=(0)*P0+(1)*P1+(-1)*P2;

9 disp(ak,”mean i s ”);
10 Ro =(0^2)*P0 +(1^2)*P1+((-1)^2)*P2;

11 disp(Ro,”mean squa r e i s ”);
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Chapter 12

BEHAVIOUR OF ANALOG
SYSTEMS IN THE
PRESENCE OF NOISE

Scilab code Exa 12.1 problem1

1 // page no 536
2 // Example 1 2 . 1
3 // Let the r e c e i v e d s i g n a l be km( t ) co s ( wct ) ,

demodulator i nput i s [ km( t )+nc ( t ) ] c o s ( wct ) +[ ns ( t )
s i n ( wct ) ] . When t h i s i s m u l t i p l i e d by 2 coswct and

low pas s f i l t e r e d the output i s s0 ( t )+n0 ( t )=km( t
)+nc ( t ) .

4 // Hence So=k ˆ2∗mˆ2 ’ , No=nc ˆ 2 ’ . But the power o f
the r e c e i v e d s i g n a l km( t ) co s ( wct )= 1uW. Hence k
ˆ2∗mˆ2 ’/2=10ˆ−6

5 clc;

6 So=2*10^ -6;

7 // to compute nc : ( nc ˆ2) ’=(n ˆ2) ’=x
8 t0 =496000; t1 =504000 ;

9 a=10^6 * %pi;

10 y=integrate ( ’ 1 / ( ( t ˆ2) +(a ˆ2) ) ’ , ’ t ’ ,t0 ,t1);
11 // to compute output SNR
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12 SNR=So/y;

13 val =(10*( log (SNR)));

14 disp(+ ’dB ’ ,val ,” output SNR = ”);

Scilab code Exa 12.2 find gamma threshold

1 // page 540
2 // problem 1 2 . 2
3 // as En=s q r t ( ncˆ2+ns ˆ2) , where both nc and ns a r e

g a u s s i a n with v a r i a n c e 6n ˆ2 , a c c o r d i n g to the
f o l l o w i n g eqn P(En>=A)=i n t e g r a t e (En/6n ˆ2) ∗ eˆ(−En
ˆ2/2∗6 n ˆ2) dEn ;

4 // the v a l u e o f t h i s i n t e g r a l i s the p r o b a b i l i t y o f
which i s 0 . 0 1

5 // hence eˆ(−Aˆ2/2∗6 n ˆ2) =0.01
6 // l e t g=Aˆ2/(2∗6 n ˆ2) ;
7 clc;

8 g=-(log (0.01)/log(%e));

9 // the v a r i a n c e 6nˆ2 o f the bandpass n o i s e o f PSD N
/2 and the bandwidth 2B i s 2NB. Hence at the o n s e t

o f the t h r e s h o l d
10 // t h e r e f o r e Aˆ2/(2∗6 n ˆ2)=Aˆ2/(4NB)=g
11 // f o r tone modulat ion
12 // S i=Aˆ2+m’ ˆ 2 / 2 ;
13 // S i =3∗Aˆ 2 / 4 ;
14 gma_th =3*(g);// gma th=S i /NB=3∗Aˆ2/(4NB) ;
15 disp(gma_th , ’gamma t h r e s h o l d ’ );

Scilab code Exa 12.3 find output SNR

1 // page 547
2 // problem 1 2 . 3
3 // f o r a g a u s s i a n m( t ) ,mp w i l l be assumed as 36m
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4 clc;

5 Sg=3; // assumed
6 Mbar=(Sg^2);

7 MP=((3*Sg)^2);

8 B=0.2; //ASSUMED
9 gma =0.4; // assumed
10 SNR =3*B^2*( Mbar/MP)*gma;

11 disp(SNR , ’SIGNAL TO NOISE RATIO IS ’ );

Scilab code Exa 12.4 prove the given expression

1 // page 550
2 // problem 1 2 . 4
3 clc;

4 t0=-5;t1=5;

5 y=integrate( ’ t ˆ2 ’ , ’ t ’ ,t0 ,t1);
6 f=integrate( ’ 1 ’ , ’ t ’ ,t0 ,t1);
7 Bm=y/f;

8 disp(Bm, ’ v a l u e o f Bm i s ’ );

Scilab code Exa 12.5 prove the given expression

1 // page 550
2 // problem 1 2 . 5
3 // Sm(w)=k∗ eˆ(−w2 /26ˆ2) t h i s i s g i v e n
4 // l e t us the assume the v a l u e o f c o n s t a n t 6ˆ2/4( p i

ˆ2) =3
5 // thus the v a r i a n c e can be c a l c u l a t e d as
6 clc;

7 f0=0;f1=15;

8 y=integrate( ’ ( f ˆ2 ) ∗ (%eˆ(−( f ˆ2) /6) ) ’ , ’ f ’ ,f0 ,f1);
9 g=integrate( ’%eˆ(−( f ˆ2) /6) ’ , ’ f ’ ,f0 ,f1);
10 v=y/g;
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11 disp(v, ’Bm2 ’ );

Scilab code Exa 12.6 show that PM is superior to FM by factor of 3

1 // page 552
2 // prob 1 2 . 6
3 // f o r the same t r a n s m i s s i o n bandwidth v a r i a n c e o f PM

and FM sys tems i s same
4 // hence the r a t i o o f SNR o f PM to FM i s Bˆ2/(3Bm’ ˆ 2 )
5 // assuming 6=1
6 clc;

7 B=3/(2* %pi);// because W=2∗%pi∗B
8 // v a r i a n c e i s Bm2
9 f0=0;f1=15;

10 y=integrate( ’ ( f ˆ2 ) ∗ (%eˆ(−( f ˆ2) ∗2∗ ( %pi ˆ2) ) ) ’ , ’ f ’ ,f0 ,
f1);

11 g=integrate( ’%eˆ(−( f ˆ2) ∗2∗ ( %pi ˆ2) ) ’ , ’ f ’ ,f0 ,f1);
12 Bm2=y/g;

13 l=(B^2) /(3*( Bm2));

14 disp(l, ’ f a c t o r o f s u p e r i o r i t y o f PM over FM’ );

Scilab code Exa 12.7 problem7

1 // page no 555
2 // Example 1 2 . 7
3 clc;

4 B=4; SNR =20.5; // g i v e n
5 r=20*(B+1);// as B=4
6 // output SNR i s g i v e n as So/No=3∗Bˆ2∗ r ∗ (mˆ2 ’/mpˆ2)
7 m=4; // m=mp/6m i s g i v e n
8 SNRt =3*(B^2)*r*(1/m)^2;

9 disp(SNRt ,” t h r e s h o l d SNR = ”);
10 // to c a l c u l a t e output SNR i n dB
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11 SNRdB =20* log(SNR);

12 disp(+ ’dB ’ ,SNRdB ,” Thresho ld SNR i n dB = ”);
13 if 20.5< SNRdB

14 disp(” system i s i n t h r e s h o l d ”)
15 else

16 disp( ’ system i s not i n t h r e s h o l d ”) ;
17 end

Scilab code Exa 12.8 determine output SNR

1 // page 561
2 // prob 1 2 . 8
3 // f o r a g a u s s s i a n s i g n a l ,mp=i n f i n i t y ( 0 0 ) , but we may

assume 36 l oad ing , thus mp=3∗6 ,
4 clc;

5 Sgm =3;

6 m2=(Sgm^2);

7 mp2 =((3* Sgm)^2);

8 y=(m2)/(mp2);

9 // to c a l c u l a t e SNR, we have SNR=3(2ˆn ) ∗ ( (mˆ2) /(mpˆ2)
)

10 n=8; // g i v e n
11 l=3*(2^(2*n))*y;// by fo rmu la
12 disp(l, ’SNR i s e q u a l to ’ );
13 disp(+ ’dB ’ ,(10*( log10(l))), ’SNR i n dB ’ );

Scilab code Exa 12.10 find output SNR

1 // page 567
2 // prob 1 2 . 1 0
3 // to c a l c u l a t e |m|
4 clc;

5 m0=0;m1=50;
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6 m=integrate( ’ (m∗ (%eˆ−((mˆ2) /2) ) ) ’ , ’m ’ ,m0 ,m1);//
assuming 6m=1

7 disp((sqrt (2/ %pi)*m), ’ v a l u e o f |m| ’ );

Scilab code Exa 12.11 find output SNR

1 // page 569
2 // prob 1 2 . 1 1
3 a=1400* %pi;// g i v e n
4 clc;

5 c=1; // assumed
6 w0=0;w1 =8000* %pi;

7 S=integrate( ’ 1 / ( (wˆ2) +(a ˆ2) ) ’ , ’w ’ ,w0 ,w1);
8 So=S/%pi;

9 disp(So, ’ t r a n s m i t t e d power ’ );// assuming G=1 , hence St
=So

10 // assuming N=1
11 No =4000; // because No=N∗B
12 SNR=So/No;

13 disp(SNR , ’SNR without pre−emphas i s and de−emphas i s ’ )
;

14 S=integrate( ’ 1/ ( s q r t ( (wˆ2) +(a ˆ2) ) ) ’ , ’w ’ ,w0 ,w1);
15 disp(S, ’ S i s ’ );
16 SNRo =(10^ -8) *4*( %pi^2) /(2*(S^2));

17 disp(SNRo , ’SNR at the output i s ’ );
18 disp((SNRo/SNR), ’ Improvement f a c t o r i n SNR with pre−

emphas i s and de−emphas i s ’ );

45



Chapter 13

BEHAVIOUR OF DIGITAL
COMMUNICATION
SYSTEMS IN THE
PRESENCE OF NOISE

Scilab code Exa 13.1 problem1

1 // page no 620
2 // prob no 1 3 . 1
3 // Determina ion o f the t r a n s m i s s i o n bandwidth and the

s i g n a l power r e q u i r e d at the r e c e i v e r i nput f o r
i ) Binary i i ) 16−ary ASK i i i ) 16−ary PSK

4 // g i v e n Rb=2.08∗10ˆ6 ,Pb<=10ˆ−6
5

6 // i ) f o r BINARY we have to c o n s i d e r Pb=Pe=10ˆ−6=Q(
s q r t (2Eb/N) ) . This y i e l d s Eb/N=11 .35 .

7 // S I g n a l power i s g i v e n by S i=Eb∗Rb=11.35∗N∗Rb
8 clc;

9 N=2*10^ -8; // f o r b in a r y . Channel n o i s e PSD=10ˆ−8
10 Rb =2.08*10^6;

11 Si1 =11.35*N*Rb;

12 disp(+ ’ Watts ’ ,Si1 ,” s i g n a l power r e q u i r e d at the
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r e c e i v e r = ”);
13 Bt1=Rb;// Bandwidth f o r baseband p u l s e s
14 disp(+ ’ Hertz ’ ,Bt1 ,” Bandwidth i s = ”);
15

16 // i i ) f o r 16−ary ASK we have to c o n s i d e r Pb=10ˆ−6=Pem
/ l o g 2 ( 1 6 )

17 // t h e r e f o r e Pem i s g i v e n as Pem=Pb∗ l o g 2 ( 1 6 )
18 Pb=10^ -6;

19 Pem=Pb*log2 (16);

20 // ’Pem ’ i s a l s o g i v e n as Pem=2(M−1/M) ∗Q∗ s q r t (6Eb∗
l o g 2 ( 1 6 ) /(N(Mˆ2−1) ) )

21 M=16; // f o r 16− a r r a y ASk
22 // By u s i n g above fo rmu la f o r ’Pem ’ , we can

c a l c u l a t e the v a l u e o f Eb , which i s come out to be
e q u a l to 0 .499∗10ˆ −5 ;

23 Eb =0.499*10^ -5; // i f the M−ary p u l s e r a t e i s RM =Rb
/4 then

24 RM =Rb/4;

25 Si2=Eb*(log2(M))*RM;

26 disp(+ ’ Watts ’ ,Si2 ,” s i g n a l power r e q u i r e d at the
r e c e i v e r= ”);

27 Bt2=RM;// t r a n s m i s s i o n bandwith
28 disp(+ ’ Hertz ’ ,Bt2 ,” Bandwidth i s = ”);
29

30 // i i i ) f o r 16− a r r a y PSK we have to c o n s i d e r Pem=4∗Pb
. This i s approx imate l y e q u a l to 2∗Q( s q r t (2∗ p i ˆ2∗
Eb∗ l o g 2 ( 1 6 ) ) /256∗N) . This y i e l d s

31 Eb= 137.8*10^ -8;

32 Si3=Eb*log2 (16)*RM;

33 disp(+ ’ Watts ’ ,Si3 ,” s i g n a l power r e q u i r e d at the
r e c e i v e r = ”);

34 Bt3=RM;// norma l ly
35 // But f o r PSK, as i t i s a modulated s i g n a l the

r e q u i r e d bandwidth i s 2 Bt3 .
36 Bpsk =2*( Bt3);

37 disp(+ ’ h e r t z ’ ,Bpsk ,” Bandwidth i s = ”);
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Chapter 14

OPTIMUM SIGNAL
DETECTION

Scilab code Exa 14.1 Represent the given signal

1 // page 631
2 // prob 1 4 . 1
3 // the co−o r d i n a t e s o f the v e c t o r s a r e
4 // s1 (1 , −0 .5 ) , s2 =(−0.5 ,1) , s3 =(0 ,−1) , s4 = ( 0 . 5 , 1 )
5 x4 =0:0.1:0.5;

6 y4=2*x4;

7

8 plot2d(x4,y4,style =1);// b l a c k l i n e
9 x1 =0:0.1:1;

10 y1= -0.5*x1;

11 plot(x1,y1,style =3);// b lue l i n e

Scilab code Exa 14.2 Example 2 of chapter 14

1 clc;

2 // page no . 650
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3 // problem no . 1 4 . 2
4 // the two symbols to be t r a n s m i t t e d a r e m1 and m2 ,

the p r o b a b i l i t i e s o f which a r e not e q u a l
5 // To d e s i g n the optimum r e c e i v e r we need to d e c i d e

the t h r e s h o l d say d
6 // N be the g i v e n n o i s e PSD, E the ene rgy o f the

s i g n a l , assume N =1 , E=1.5
7 Pm1=input(” p r o b a b i l i t y o f symbol m1=”);
8 Pm2=input(” p r o b a b i l i t y o f symbol m2=”);
9 //d i s c a l c u l a t e d as f o l l o w s
10 N=1;

11 E=1.5;

12 d=(N/(4* sqrt(E)))*log(Pm2/Pm1);

13 disp(d,” the t h r e s h o l d i s=”);

Scilab code Exa 14.7 Example 7 of chapter 14

1 // page no 665
2 // example 1 4 . 7
3 // we know k1P (m1)=k2P (m2) , where k1 and k2 a r e the

d i s t a n c e s o f the s i g n a l s s1 and s2 r e s p . , hence k1
+k2=d

4 clc;

5 Pm1=input(” p r o b a b i l i t y o f symbol m1=”);
6 Pm2=input(” p r o b a b i l i t y o f symbol m2=”);
7 // assume d=1
8 d=1;

9 E1=((( Pm1)*((d^2)/2))+((Pm2)*((d^2)/2)));

10 disp(+ ’ u n i t s ’ ,E1 ,”mean ene rgy o f the f i r s t s i g n a l ”);
11 E2=Pm1*Pm2*(d^2);

12 disp(+ ’ u n i t s ’ ,E2 ,”mean ene rgy o f the second s i g n a l ”)
;

13 if(E1==E2)

14 disp(” s i g n a l s a r e e q u i p r o b a b l e ”);
15 end
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Chapter 15

INTRODUCTION TO
INFORMATION THEORY

Scilab code Exa 15.1 problem1

1 // page no 687
2 // prob no 1 5 . 1
3 // Here we have g i v e n s i x messages . For 4−ary

Huffman code , we need to add one dummy v a r i a b l e
to s a t i s f y the r e q u i r e d c o n d i t i o n o f r+k ( r−1)
messages .

4 // p r o b a b i l i t i e s a r e g i v e n as p ( 1 ) =0 .3 ; p ( 2 ) =0 .25 ; p
( 3 ) =0 .15 ; p ( 4 ) =0 .12 ; p ( 5 ) =0 .1 ; p ( 6 ) =0 .08 ; p ( 7 ) =0.

5

6 //The l e n g t h L o f t h i s code i s c a l c u l a t e d as
7 clc;

8

9 n=input(” e n t e r the l e n g t h o f p r o b a b i l i t y v e c t o r p ,
n= ”);

10 p=[.3 .25 .15 .12 .1 .08 0]; // e n t e r p r o b a b i l i t i e s
i n d e s c e n d i n g o r d e r

11 l=[1 1 1 2 2 2 2]; // code l e n g t h o f i n d i v i d u a l
message a c c o r d i n g to o r d e r

12 L=0;
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13 for i=1:n

14 L=L+(p(i)*l(i));

15 end

16 disp(+ ’4−ary d i g i t s ’ ,L,” Length = ”);
17

18 // Entropy o f s o u r c e i s c a l c u l a t e d as
19 H=0;

20 for i=1:n-1 // s i n c e the v a l u e o f l o g ( 1 / 0 ) f o r the
l a s t e n t r y i s i n f i n i t e which when m u l t i p l y by 0
g i v e s r e s u l t as 0

21 H=H+(p(i)*log (1/p(i)));

22 end

23 H1=H/log (4)

24 disp(+ ’4−ary u n i t s ’ ,H1 ,” Entropy o f s o u r c e i s , H = ”)
;

25

26 // E f f i c i e n c y o f code i s g i v e n as
27 N=H1/L;

28 disp(N,” E f f i c i e n c y o f code , N = ”);

Scilab code Exa 15.2 problem2

1 // Page no 688
2 // Example no . 1 5 . 2
3 // N=1
4 // Here we have g i v e n two messages with p r o b a b i l i t i e s

m1=0.8 and m2=0.2 . The r e f o r e , Huffman code f o r
the s o u r c e i s s imp ly 0 and 1 .

5

6 //The l e n g t h L o f t h i s code i s c a l c u l a t e d as
7 clear;

8 clc;

9 close;

10 N=1;

11 p=[.8 .2]; // e n t e r p r o b a b i l i t i e s i n d e s c e n d i n g o r d e r
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12 n=length(p)

13 l=[1 1]; // code l e n g t h o f i n d i v i d u a l message
a c c o r d i n g to o r d e r

14 L=0;

15 for i=1:n

16 L=L+(p(i)*l(i));

17 end

18 disp(L,” Length = ”);
19

20 // Entropy o f s o u r c e i s c a l c u l a t e d as
21 H=0;

22 for i=1:n

23 H=H+(p(i)*log2 (1/p(i)));

24 end

25 disp(+ ’ b i t ’ ,H,” Entropy o f s o u r c e i s , H = ”);
26

27 // E f f i c i e n c y o f code i s g i v e n as
28 N1=H/L;

29 disp(N1,” E f f i c i e n c y o f code , N = ”);
30

31 // f o r N=2
32 // There a r e f o u r (2ˆN) comb ina t i on s and t h e i r

p r o b a b i l i t i e s o b t a i n e d by m u l t i p l y i n g i n d i v i d u a l s
p r o b a b i l i t y .

33 //The l e n g t h L o f t h i s code i s c a l c u l a t e d as
34 N=2;

35 p=[0.64 0.16 0.16 0.04]; // e n t e r p r o b a b i l i t i e s i n
d e s c e n d i n g o r d e r

36 n=length(p);

37 l=[1 2 3 3]; // code l e n g t h o f i n d i v i d u a l message
a c c o r d i n g to o r d e r

38 L1=0;

39 for i=1:n

40 L1=L1+(p(i)*l(i));

41 end

42 L=L1/N;// word l e n g t h per message
43 disp(L,” Length = ”);
44
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45 // E f f i c i e n c y o f code i s g i v e n as
46 N2=H/L;

47 disp(N2,” E f f i c i e n c y o f code , N = ”);
48

49

50 // f o r N=3
51 // There a r e e i g h t (2ˆN) comb ina t i on s and t h e i r

p r o b a b i l i t i e s o b t a i n e d by m u l t i p l y i n g i n d i v i d u a l s
p r o b a b i l i t y

52 //The l e n g t h L o f t h i s code i s c a l c u l a t e d as
53 N=3;

54 p=[.512 .128 .128 .128 .032 .032 .032 .008]; // e n t e r
p r o b a b i l i t i e s i n d e s c e n d i n g o r d e r

55 n=length(p);

56 l=[1 3 3 3 5 5 5 5]; // code l e n g t h o f i n d i v i d u a l
message a c c o r d i n g to o r d e r

57 L1=0;

58 for i=1:n

59 L1=L1+(p(i)*l(i));

60 end

61 L=L1/N;// word l e n g t h per message
62 disp(L,” Length = ”);
63

64 // E f f i c i e n c y o f code i s g i v e n as
65 N3=H/L;

66 disp(N3,” E f f i c i e n c y o f code , N = ”);

Scilab code Exa 15.4 problem4

1 // page no 702
2 // prob no 1 5 . 4
3 clc;

4 x0=(-1);x1=1; // g i v e n
5 y0=(-2);y1=2; // g i v e n
6 G=2; // ga in o f a m p l i f i e r
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7 // the p r o b b i l i t i e s a r e g i v e n as P( x ) =1/2 f o r | x |<1 &
P( y ) =1/4 f o r | y<2| o t h e r w i s e P( x )=P( y ) =0.

8 //P( x<1 & −x<1) =1/2;
9 //P( y<2 & −y<2) =1/4;
10 // hence e n t r o p i e s a r e g i v e n as
11 g1 =(1/2)*log2 (2);

12 g2 =(1/4)*log2 (4);

13 X=integrate( ’ g1 ∗1 ’ , ’ x ’ ,x0 ,x1);
14 Y=integrate( ’ g2 ∗1 ’ , ’ y ’ ,y0 ,y1);
15 disp(+ ’ b i t ’ ,X,” ent ropy = ”);
16 disp(+ ’ b i t s ’ ,Y,” ent ropy = ”);
17 // Here the ent ropy o f random v a r i a b l e ’ y ’ i s t w i c e

tha t o f the ’ x ’ . This r e s u l t s may come as a
s u r p r i s e , s i n c e a knowledge o f ’ x ’ u n i q u e l y
d e t e r m i n e s ’ y ’ and v i c e v e r s a , s i n c e y=2x . Hence
, the ave rage u n c e r t a i n t y o f x and y shou ld be
i d e n t i c a l .

18 // The r e f e r e n c e ent ropy R1 f o r x i s − l o g dx , and
The r e f e r e n c e ent ropy R2 f o r y i s − l o g dy ( i n the

l i m i t as dx , dy−>0 ) .
19 // R1= l im ( dx−>0) − l o g dx
20 //R2= l im ( dy−>0) − l o g dy
21 // and R1−R2 = l im ( dx , dy−>0) l o g ( dx/dy ) = l o g ( dy/dx )

= l o g 2 2 =1 b i t
22 // Ther e f o r e , the r e f e r e n c e ent ropy o f x i s h i g h e r

than the r e f e r e n c e ent ropy f o r y . Hence we
c o n c l u d e tha t

23 disp(” i f x and y have e q u a l a b s o l u t e e n t r o p i e s ,
t h e i r r e l a t i v e ( d i f f e r e n t i a l ) e n t r o p i e s must
d i f f e r by 1 b i t ”);
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Chapter 16

ERROR CORRECTING
CODES

Scilab code Exa 16.1 Linear block codes

1 // page no 732
2 // example no 1 6 . 1 .
3 // he r e g e n e r a t o r matr ix i s g i v e n
4 clc;

5 G=[1 0 0 1 0 1;0 1 0 0 1 1;0 0 1 1 1 0];

6 d1=[1 1 1];

7 d2=[1 1 0];

8 d3=[1 0 1];

9 d4=[1 0 0];

10 d5=[0 1 1];

11 d6=[0 1 0];

12 d7=[0 0 1];

13 d8=[0 0 0];

14 c1=d1*G;

15 for i=1:6

16 if c1(i)==2 then

17 c1(i)=0;

18 end

19 end
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20 c2=d2*G;

21 for i=1:6

22 if c2(i)==2 then

23 c2(i)=0;

24 end

25 end

26 c3=d3*G;

27 for i=1:6

28 if c3(i)==2 then

29 c3(i)=0;

30 end

31 end

32 c4=d4*G;

33 for i=1:6

34 if c4(i)==2 then

35 c4(i)=0;

36 end

37 end

38 c5=d5*G;

39 for i=1:6

40 if c5(i)==2 then

41 c5(i)=0;

42 end

43 end

44 c6=d6*G;

45 for i=1:6

46 if c6(i)==2 then

47 c6(i)=0;

48 end

49 end

50 c7=d7*G;

51 for i=1:6

52 if c7(i)==2 then

53 c7(i)=0;

54 end

55 end

56 c8=d8*G;

57 for i=1:6

57



58 if c8(i)==2 then

59 c8(i)=0;

60 end

61 end

62 disp(” code words a r e g i v e n as ”)
63 disp(c1);

64 disp(c2);

65

66 disp(c3)

67 disp(c4)

68 disp(c5);

69 disp(c6);

70

71 disp(c7);

72

73 disp(c8);
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