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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 5

1 Introduction of Signals and Spectra 8

2 Random Variables and Processes 15

3 Amplitude Modulation Systems 27

4 Angle Modulation 31

5 Pulse Modulation and Digital Transmission of Analog Sig-
nal 36

6 Digital Modulation and Transmission 44

7 Mathematical Representation of Noise 56

8 Noise in Amplitude Modulation System 59

9 Noise in Frequency Modulation Systems 64

10 Phase Locked Loops 69

11 Optimal Reception of Digital Signal 73

12 Noise in Pulse Code Modulation and Delta Modulation Sys-
tems 82

13 Information Theory and Coding 89

3



14 Communication Systems and Component Noises 99

15 Spread Spectrum Modulation 103

4



List of Scilab Codes

Exa 1.1 Calculation of Energy . . . . . . . . . . . . . . . . . . 8
Exa 1.2 Calculation of Power . . . . . . . . . . . . . . . . . . . 9
Exa 1.3 Time shifting . . . . . . . . . . . . . . . . . . . . . . . 9
Exa 1.4 Time shifting . . . . . . . . . . . . . . . . . . . . . . . 11
Exa 1.5 Crosscorrelation and Autocorrelation . . . . . . . . . . 12
Exa 1.6 Autocorrelation . . . . . . . . . . . . . . . . . . . . . . 13
Exa 2.1 Probability of two Events . . . . . . . . . . . . . . . . 15
Exa 2.2 Bayes Theorem . . . . . . . . . . . . . . . . . . . . . . 16
Exa 2.5 Optimum Receiver Algorithm . . . . . . . . . . . . . . 17
Exa 2.6 Optimum Receiver Algorithm . . . . . . . . . . . . . . 19
Exa 2.7 Optimum Receiver . . . . . . . . . . . . . . . . . . . . 20
Exa 2.8 Probability Distribution Function . . . . . . . . . . . . 21
Exa 2.10 Probability of Error . . . . . . . . . . . . . . . . . . . 22
Exa 2.11 Probability of Error . . . . . . . . . . . . . . . . . . . 23
Exa 2.13 Probability of Error . . . . . . . . . . . . . . . . . . . 25
Exa 3.4 Transmission Power Efficiency . . . . . . . . . . . . . 27
Exa 3.7 Calculation of L and C of Power Amplifier . . . . . . . 28
Exa 3.8 Calculation of Gain and Power radiated of Antenna . . 29
Exa 4.2 Calculation of frequency parameters . . . . . . . . . . 31
Exa 4.4 Calculation of Bandwidth . . . . . . . . . . . . . . . . 33
Exa 5.2 Minimum sampling rate . . . . . . . . . . . . . . . . . 36
Exa 5.3 Calculation of Guard time . . . . . . . . . . . . . . . . 37
Exa 5.5 Calculation of minimum number of Binary digits . . . 38
Exa 5.6 Companding . . . . . . . . . . . . . . . . . . . . . . . 39
Exa 5.9 LMS Algorithm . . . . . . . . . . . . . . . . . . . . . . 40
Exa 5.11 SNR of a DM system . . . . . . . . . . . . . . . . . . 41
Exa 6.1 Carrier phase variation . . . . . . . . . . . . . . . . . 44
Exa 6.2 DPSK and DEPSK . . . . . . . . . . . . . . . . . . . 48

5



Exa 6.4 Bandwidth and Noise susceptibility . . . . . . . . . . . 49
Exa 6.5 Duobinary decoding . . . . . . . . . . . . . . . . . . . 51
Exa 6.6 Roll off factor . . . . . . . . . . . . . . . . . . . . . . . 54
Exa 7.3 Noise Power . . . . . . . . . . . . . . . . . . . . . . . 56
Exa 7.4 SNR at output of equalizer . . . . . . . . . . . . . . . 57
Exa 8.1 SNR of SSB signal . . . . . . . . . . . . . . . . . . . . 59
Exa 8.2 Signal strength and noise power density . . . . . . . . 60
Exa 8.3 Minimum transmitter power . . . . . . . . . . . . . . . 61
Exa 8.4 SNR of a Square Demodulator . . . . . . . . . . . . . 62
Exa 9.1 SNR of an FM Limiter Discriminator Demodulator . . 64
Exa 9.2 FM Limiter Discriminator Demodulator . . . . . . . . 65
Exa 9.3 RC Filter Preemphasis Deemphasis . . . . . . . . . . . 66
Exa 9.6 SNR at Input . . . . . . . . . . . . . . . . . . . . . . . 67
Exa 10.3 SNR of Phase Discriminator . . . . . . . . . . . . . . 69
Exa 10.5 Channel Spacing . . . . . . . . . . . . . . . . . . . . . 70
Exa 10.7 Phase Locked Loops . . . . . . . . . . . . . . . . . . . 71
Exa 11.3 Optimal threshold and probability of error . . . . . . . 73
Exa 11.4 Decision threshold . . . . . . . . . . . . . . . . . . . . 75
Exa 11.5 Probability of error of optimum filter . . . . . . . . . . 76
Exa 11.6 Error probability of BPSK signal . . . . . . . . . . . . 77
Exa 11.7 Error probability of coherent FSK signal . . . . . . . . 79
Exa 11.8 Error probability in Optimal Reception . . . . . . . . 80
Exa 11.9 Probability of error of QPR System . . . . . . . . . . 81
Exa 12.2 SNR Optimal receiver . . . . . . . . . . . . . . . . . . 82
Exa 12.3 SNR of Optimal reciver . . . . . . . . . . . . . . . . . 84
Exa 12.4 Output SNR in DM including Thermal Noise . . . . . 87
Exa 13.1 Information rate of source . . . . . . . . . . . . . . . . 89
Exa 13.4 Channel Capacity . . . . . . . . . . . . . . . . . . . . 90
Exa 13.8 Probability of error . . . . . . . . . . . . . . . . . . . 91
Exa 13.11 Turbo code . . . . . . . . . . . . . . . . . . . . . . . . 92
Exa 13.12 Turbo code . . . . . . . . . . . . . . . . . . . . . . . . 93
Exa 13.14 GO back N algorithm . . . . . . . . . . . . . . . . . . 95
Exa 13.15 Power of a Transmitter . . . . . . . . . . . . . . . . . 96
Exa 13.16 Probability of error for Trellis decoded modulation . . 97
Exa 14.1 Thermal noise voltage . . . . . . . . . . . . . . . . . . 99
Exa 14.2 Output Noise power . . . . . . . . . . . . . . . . . . . 100
Exa 14.3 Transmitted power of antenna . . . . . . . . . . . . . 101
Exa 15.1 Jamming . . . . . . . . . . . . . . . . . . . . . . . . . 103

6



Exa 15.2 Ranging using DS spread spectrum . . . . . . . . . . . 104
Exa 15.3 Sequence length . . . . . . . . . . . . . . . . . . . . . 105

7



Chapter 1

Introduction of Signals and
Spectra

Scilab code Exa 1.1 Calculation of Energy

1 clc;

2 // page 12
3 // problem 1 . 1
4
5 // Given s i g n a l u = 2∗ exp (−3∗ t )
6
7 // S i n c e the f u n c t i o n i n t e g r a l does not a c c e p t %inf

as l i m i t we need to use approx imat i on by chang ing
v a r i a b l e s .

8
9 // F i r s t the s i g n a l i s to be e x p r e s s e d i n terms o f ’ x

’ .
10
11 function y=Signal(x);

12 y=2*exp(-3*x);

13 endfunction;

14
15 //We then s u b s t i t u t e x = tan ( z ) , and then e x p r e s s

the g i v e n s i g n a l wrt ’ z ’ and not ’ x ’ .
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16
17 function y=Gmodified(z);

18 x=tan(z);

19 y=( Signal(x))^2/( cos(z))^2;

20 endfunction;

21
22 E = intg(0,atan (10),Gmodified)

23
24 disp(E, ’ The ene rgy o f t h i s s i g n a l i s ’ );

Scilab code Exa 1.2 Calculation of Power

1 clc;

2 // page 12
3 // problem 1 . 2
4
5 // Given s i g n a l u = 2∗ s i n ( 0 . 5 ∗%pi∗ t )
6
7 // S i n c e u i s p e r i o d i c , a v e r a g i n g ove r − i n f i n i t y to +

i n f i n i t y w i l l g i v e the same r e s u l t as a v e r a g i n g
ove r −2 to 2 , where 4 i s the t ime p e r i o d .

8
9 t0 = -2;

10 t1 = 2;

11 E = integrate( ’ (2∗ s i n ( 0 . 5 ∗%pi∗ t ) ) ˆ2 ’ , ’ t ’ ,t0 ,t1)/4;
12
13 disp(E, ’ The power o f the s i g n a l i s ’ );

Scilab code Exa 1.3 Time shifting

1 clc;

2 // page 18
3 // problem 1 . 3
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4
5 // u1 (T) vs T
6 T = [ -5:0.0082:5];

7 u1(T<=0) = 0;

8 u1(T>0) = 1;

9 xlabel( ’T ’ );
10 ylabel( ’ u (T) ’ )
11
12 subplot (131);

13 plot2d(T,u1);

14
15 // u2 (T−t ) vs T
16 // S h i f t i n g the g i v e n s i g n a l by t u n i t s to the r i g h t ,

we g e t
17 // Let us assume the amount o f t ime to be s h i t e d i s 3

u n i t s
18 t = 3;

19
20 T = [ -5:0.0082:5];

21 u2(T<=t) = 0;

22 u2(T>t) = 1;

23 xlabel( ’T ’ );
24 ylabel( ’ u (T − t ) ’ )
25
26 subplot (132);

27 plot2d(T,u2);

28
29 //u ( t − T) = u(−(T − t ) )
30
31 T = [ -5:0.0082:5];

32 u3(T>=t) = 0;

33 u3(T<t) = 1;

34 xlabel( ’T ’ );
35 ylabel( ’ u ( t − T) ’ )
36
37 subplot (133);

38 plot2d(T,u3);
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Scilab code Exa 1.4 Time shifting

1 clc;

2 // page 18
3 // problem 1 . 4
4
5 // u1 ( t )
6 t = [ -5:0.0082:5];

7 u1(t<=0) = 0;

8 u1(t>0) = 1;

9
10 xlabel( ’ t ’ );
11 ylabel( ’ u ( t ) ’ )
12
13 subplot (131);

14 plot2d(t,u1);

15
16 // u2 ( t−T)
17 // S h i f t i n g the g i v e n s i g n a l by t u n i t s to the r i g h t ,

we g e t
18 // Let us assume the amount o f t ime to be s h i t e d i s 3

u n i t s
19 T = 3;

20
21 t = [ -5:0.0082:5];

22 u2(t<=T) = 0;

23 u2(t>T) = 1;

24
25 xlabel( ’ t ’ );
26 ylabel( ’ u ( t−T) ’ )
27
28 subplot (132);

29 plot2d(t,u2);

30
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31
32 //u ( t ) − u ( t − T)
33
34 t = [ -5:0.0082:5];

35 u3 = u1 - u2;

36
37 xlabel( ’ t ’ );
38 ylabel( ’ u ( t ) − u ( t−T) ’ )
39
40 subplot (133);

41 plot2d(t,u3);

Scilab code Exa 1.5 Crosscorrelation and Autocorrelation

1 clc;

2 // page 18
3 // problem 1 . 5
4
5 //V1( t ) = u ( t ) − u ( t − 5)
6 t = [ -5:0.1:5];

7 V1(t<=0) = 0;

8 V1(t>0) = 1;

9
10 xlabel( ’ t ’ );
11 ylabel( ’V1( t ) ’ )
12 subplot (121);

13 plot2d(t,V1);

14
15
16 //V2( t ) = 2∗ t ∗ ( u ( t ) − u ( t − 3) )
17 t = [0:0.1:3];

18 V2 = 2*t;

19
20 xlabel( ’ t ’ );
21 ylabel( ’V2( t ) ’ )
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22 subplot (122);

23 plot2d(t,V2);

24
25 // A u t o c o r r e l a t i o n R12 ( 0 ) = R
26
27 R = integrate( ’ 2∗ t ’ , ’ t ’ ,0,3);
28
29 E1 = integrate( ’ 1 ’ , ’ t ’ ,0,5);
30
31 // In the textbook , E2 has been computed as 18

i n s t e a d o f 36
32 E2 = integrate( ’ 4∗ t ˆ2 ’ , ’ t ’ ,0,3);
33
34 c = R/(E1*E2)^0.5;

35
36 disp(R, ’ The c o r r e l a t i o n term R12 ( 0 ) i s ’ );
37 disp(E1, ’ The a u t o c o r r e l a t i o n term R1 ( 0 ) i s ’ );
38 disp(E2, ’ The a u t o c o r r e l a t i o n term R2 ( 0 ) i s ’ );

Scilab code Exa 1.6 Autocorrelation

1 clc;

2 // page 19
3 // problem 1 . 6
4
5 //V1( t ) = u ( t ) − u ( t − 5)
6 t = [ -5:0.1:5];

7 V1(t<=0) = 0;

8 V1(t>0) = 1;

9
10 xlabel( ’ t ’ );
11 ylabel( ’V1( t ) ’ )
12 subplot (121);

13 plot2d(t,V1);

14
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15
16 //V2( t ) = 2∗ t ∗ ( u ( t ) − u ( t − 3) )
17 t = [0:0.1:3];

18 V2 = 2*t;

19
20 xlabel( ’ t ’ );
21 ylabel( ’V2( t ) ’ )
22 subplot (122);

23 plot2d(t,V2);

24
25 // A u t o c o r r e l a t i o n R12 ( 1 ) = Ra
26 //The range i s t = 0 to 2 , as s i g n a l V2( t ) has been

s h i f t e d l e f t by one un i t , V2( t−1)
27
28 Ra = integrate( ’ 2∗ ( t +1) ’ , ’ t ’ ,0,2);
29
30 disp(Ra, ’ The c o r r e l a t i o n term R12 ( 1 ) i s ’ );
31
32 // A u t o c o r r e l a t i o n R12(−1) = Rb
33 //The range i s t = 1 to 4 , as s i g n a l V2( t ) has been

s h i f t e d r i g h t by one un i t , V2( t +1)
34
35 Rb = integrate( ’ 2∗ ( t−1) ’ , ’ t ’ ,1,4);
36
37 disp(Rb, ’ The c o r r e l a t i o n term R12(−1) i s ’ );
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Chapter 2

Random Variables and
Processes

Scilab code Exa 2.1 Probability of two Events

1 clc;

2 // page 85
3 // problem 2 . 1
4
5 //A & B a r e two e v e n t s oc cu r ed i n sample space S ,

where P(A) & P(B) a r e t h e i r c o r r e s p o n d i n g
p r o b a b i l i t y

6 P_S=1

7
8 // Given A&B a re not mutua l ly e x c l u s i v e event s ,
9 // P r o b a b i l i t y o f A i s 0 . 2 = P A

10 // P r o b a b i l i t y o f B i s 0 . 4 = P B
11 // P r o b a b i l i t y o f e i t h e r A or B i s 0 . 5 = P AUB
12 P_A = 0.2

13 P_B = 0.4

14 P_AUB = 0.5

15
16 // P r o b a b i l i t y o f both o f A&B j o i n t l y oc cu r i s

P AinterB = P A+P B−P AUB where i n t e r i s

15



i n t e r s e c t i o n
17 P_AinterB = P_A+P_B -P_AUB

18
19 disp( ’ P r o b a b i l i t y o f both o f A&B j o i n t l y oc cu r i s ’ +

string(P_AinterB))

20
21 // P r o b a b i l i t y o f none o f AorB a r e oc cu r i s P NOAB =

Tota l o c c u r e n c e ( P S ) − P r o b a b i l i t y o f e i t h e r AorB
(P AUB)

22 P_NOAB = P_S -P_AUB

23
24 disp( ’ P r o b a b i l i t y o f none o f AorB a r e oc cu r i s ’ +

string(P_NOAB))

Scilab code Exa 2.2 Bayes Theorem

1 clc;

2 // page 86
3 // problem 2 . 2
4
5 // P r o b a b i l i t y tha t A w i l l o c cu r i f B has a l r e a d y

o c c u r r e d (P AB) = r a t i o o f P r o b a b i l i t y o f j o i n t
o c c u r e n c e o f A&B ( P A B ) & P r o b a b i l i t y o f B( P B )

6 //P A B ( r o b a b i l i t y o f j o i n t o c c u r e n c e ) = P r o b a b i l i t y
tha t A&B both occu r ( P AinterB )

7
8 //From g i v e n v a l u e s P AinterB = 0 . 1 i m p l i e s P A B =

0 . 1 & P B = 0 . 4
9 P_AinterB = 0.1

10 P_A_B = P_AinterB

11 P_B = 0.4

12
13 P_AB = P_A_B/P_B

14
15 // S i m i l a r l y
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16 // P r o b a b i l i t y tha t B w i l l o c cu r i f A has a l r e a d y
o c c u r r e d (P BA) = r a t i o o f P r o b a b i l i t y o f j o i n t
o c c u r e n c e o f A&B ( P A B ) & P r o b a b i l i t y o f B( P A )

17
18 //From g i v e n v a l u e s P A = 0 . 2
19 P_A = 0.2

20
21 P_BA = P_A_B/P_A

22
23 // Bayes theorem s a y s tha t P AB = ( P A/P B ) ∗P BA
24 // A f t e r C a l c u l a t i n g LHS & RHS i f both a r e e q u a l then

bayes theorem i s s a t i s f y i n g
25
26 // C a l c u l a t i n g LHS
27 LHS = P_AB

28
29 // C a l c u l a t i n g RHS
30 RHS = (P_A/P_B)*P_BA

31
32 disp( ’P(A/B) = ’ +string(P_AB) );

33
34 if LHS == RHS then

35 disp( ’LHS = RHS, Hence Bayes theorem i s v e r i f i e d
’ );

36 end

Scilab code Exa 2.5 Optimum Receiver Algorithm

1 clc;

2 // page 95
3 // problem 2 . 5
4
5 // Given , The p r o b a b i l i t y tha t m0 i s s e n t i s 0 . 7 =

P m0
6 P_m0 = 0.7
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7
8 //The p r o b a b i l i t y tha t m0 i s s e n t i s 0 . 3 = P m1
9 P_m1 = 0.3

10
11 //The p r o b a b i l i t y tha t r0 i s r e c e i v e d g i v e n tha t m0

i s s e n t i s 0 . 9 = P r0m0 where r i s v o l t a g e & m i s
message

12 P_r0m0 = 0.9

13
14 // the p r o b a b i l i t y tha t r1 i s r e c e i v e d g i v e n tha t m0

i s s e n t i s 0 . 1 = P r1m0 where r i s v o l t a g e & m i s
message

15 P_r1m0 = 0.1

16
17 //The p r o b a b i l i t y tha t r1 i s r e c e i v e d g i v e n tha t m1

i s s e n t i s 0 . 6 = P r1m1
18 P_r1m1 = 0.6

19
20 // the p r o b a b i l i t y tha t r0 i s r e c e i v e d g i v e n tha t m1

i s s e n t i s 0 . 4 = P r0m1 where r i s v o l t a g e & m i s
message

21 P_r0m1 = 0.4

22
23 // With the g i v e n v a l u e s check e q a t i o n s P r0m0∗P m0 (

P00 ) > P r0m1∗P m1 ( P01 )
24 P00 = P_r0m0*P_m0

25 P01 = P_r0m1*P_m1

26
27 if P00 >P01 then

28 disp( ’ a s P( r0 |m0) ∗P(m0) > P( r0 |m1) ∗P(m1) i s
v a l i d , we whould s e l e c t m0 whenever r0 i s
r e c e i v e d ’ )

29 end

30
31 // With the g i v e n v a l u e s check e q a t i o n s P r1m1∗P m1 (

P11 ) > P r1m0∗P m0 ( P10 )
32 P11 = P_r1m1*P_m1

33 P10 = P_r1m0*P_m0
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34
35 if P11 >P10 then

36 disp( ’ a s P( r1 |m1) ∗P(m1) > P( r1 |m0) ∗P(m0) i s
v a l i d , we whould s e l e c t m1 whenever r1 i s
r e c e i v e d ’ )

37 end

Scilab code Exa 2.6 Optimum Receiver Algorithm

1 clc;

2 // page 96
3 // problem 2 . 6
4
5 // Given , the p r o b a b i l i t y tha t r0 i s r e c e i v e d g i v e n

tha t m0 i s s e n t i s 0 . 9 = P r0m0 where r i s
v o l t a g e & m i s message

6 P_r0m0 = 0.9

7
8 //The p r o b a b i l i t y tha t m0 i s s e n t i s 0 . 7 = P m0
9 P_m0 = 0.7

10
11 //The p r o b a b i l i t y tha t r1 i s r e c e i v e d g i v e n tha t m1

i s s e n t i s 0 . 6 = P r1m1
12 P_r1m1 = 0.6

13
14 //The p r o b a b i l i t y tha t m0 i s s e n t i s 0 . 3 = P m1
15 P_m1 = 0.3

16
17 //The p r o b a b i l i t y tha t the t r a n s m i t t e d s i g n a l i s

c o r r e c t l y read at r e c e i v e r i s P( c ) ( P c ) = the
p r o b a b i l i t y tha t m0 was s e n t when r0 was read (
P r0m0∗P m0 ) + the p r o b a b i l i t y tha t m1 was s e n t
when r1 was read ( P r1m1∗P m1 )

18
19 P_c = P_r0m0*P_m0+P_r1m1*P_m1

19



20
21 //P( e ) ( P e ) = 1−P( c )
22 P_e = 1-P_c

23
24 disp( ’P( e ) = ’ +string(P_e))
25 disp( ’P( c ) = ’ +string(P_c))

Scilab code Exa 2.7 Optimum Receiver

1 clc;

2 // page 96
3 // problem 2 . 7
4
5 // Here P( ra |mb) i s denoted as P ramb where a i s

0 , 1 , 2 & b i s 0 ,1
6 //P(X) i s denoted as P X where X i s m0 , m1 , C & E
7
8 //From g i v e n v a l u e s P m0 = 0 . 6 , P m1 = 0 . 4 , P r0m0

=0.6 , P r1m1 = 0 . 7 , P r0m1 = 0 , P r1m0 = 0 . 2 ,
P r2m0 = 0 . 2 & P r2m1 = 0 . 3

9 P_m0 = 0.6

10 P_m1 = 0.4

11 P_r0m0 =0.6

12 P_r1m1 = 0.7

13 P_r0m1 = 0

14 P_r1m0 = 0.2

15 P_r2m0 = 0.2

16 P_r2m1 = 0.3

17
18 // ( a )
19 // Comaparing P( r0 |m0) ∗P(m0) & P( r0 |m1) ∗P(m1) g i v e s

r e s u l t
20 LHS = P_r0m0*P_m0

21 RHS = P_r0m1*P_m1

22

20



23 disp( ’ As P( r0 |m0) ∗P(m0) [ ’ +string(LHS)+ ’ ] > P( r0 |m1) ∗
P(m1) [ ’ +string(RHS)+ ’ ] ’ )

24 disp( ’ we s e l e c t m0 whenever r0 i s r e c e i v e d ’ )
25
26 // S i m i l a r l y compare P( r1 |m1) ∗P(m1) & P( r1 |m0) ∗P(m0)
27 LHS = P_r1m1*P_m1

28 RHS = P_r1m0*P_m0

29
30 disp( ’ As P( r1 |m1) ∗P(m1) [ ’ +string(LHS)+ ’ ] > P( r1 |m0) ∗

P(m0) [ ’ +string(RHS)+ ’ ] ’ )
31 disp( ’ we s e l e c t m1 whenever r1 i s r e c e i v e d ’ )
32
33 // compare P( r2 |m0) ∗P(m0) & P( r2 |m1) ∗P(m1)
34 LHS = P_r2m0*P_m0

35 RHS = P_r2m1*P_m1

36
37 disp( ’ As P( r2 |m0) ∗P(m0) [ ’ +string(LHS)+ ’ ] = P( r2 |m1) ∗

P(m1) [ ’ +string(RHS)+ ’ ] ’ )
38 disp( ’We can a c c o r d i n g l y make e i t h e r a s s i gnment and

we a r b i t r a r i l y a s s o c i a t e r2 with m0 ’ )
39
40 // ( b )
41 //The p r o b a b i l i t y o f be ing c o r r e c t i s P(C) = P( r0 |m0

) ∗P(m0)+P( r1 |m1) ∗P(m1)+P( r2 |m0) ∗P(m0)
42 P_C = P_r0m0*P_m0+P_r1m1*P_m1+P_r2m0*P_m0

43
44 //The p r o b a b i l i t y o f e r r o r i s P(E) = 1−P(C)
45 P_E = 1 - P_C;

46
47 disp( ’ P r o b a b i l i t y o f be ing c o r r e c t i s P(C) = ’ +

string(P_C) ’)

48 disp( ’ P r o b a b i l i t y o f e r r o r i s P(E) = ’ +string(P_E)’)

Scilab code Exa 2.8 Probability Distribution Function
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1 clc;

2 // page 99
3 // problem 2 . 8
4
5 // Given , p r o b a b i l i t y d e n s i t y f u n c t i o n o f X i s fX x

where fX x = a∗ e ˆ(−0.2∗x ) f o r x g r e a t e r than &
e q u a l to 0 & = 0 e l e s w h e r e

6
7 // a = fX x /( a∗ e ˆ(−0.2∗x ) )
8 // from d e f i n i t i o n i n t e g r a t i o n o f fX x with l i m i t s −

i n f i n i t y to + i n f i n i t y i s 1
9 //As per g i v e n fX x , i n t e g r a t i o n o f a∗ e ˆ(−0.2∗x )

with l i m i t s 0 & + i n f f i n i t y and o b t a i n e d v a l u e be
P

10 // a = 1/p
11
12 P = integrate( ’%eˆ(−0.2∗x ) ’ , ’ x ’ ,0,100)
13 a = 1/P

14
15 disp( ’ a = ’ +string(a))

Scilab code Exa 2.10 Probability of Error

1 clc;

2 // page 105
3 // problem 2 . 1 0
4
5 //We know that , P r o b a b i l t y o f e r r o r ( P e r r o r ) f o r the

s i g n a l c o r r e p t e d by Gauss ian channe l v a r i a n c e
s igma ˆ2 where s i g n a l hav ing v o l t a g e l e v e l s as 0&V

i s ( 1 / 2 ) ∗ e r f c (V/(2∗ s q r t ( 2 ) ∗ s igma ) )
6
7 // P e r r o r f o r V = 4 & sigma ˆ2 =2
8 V = 4

9 sigma = sqrt (2)
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10 P_error = (1/2)*erfc(V/(2* sqrt (2)*sigma))

11
12 disp( ’ P r o b a b i l t y o f e r r o r f o r V = 4 & sigma ˆ2 =2 i s

’ +string(P_error))
13
14 // P e r r o r f o r V = 2 & sigma ˆ2 =2
15 V = 2

16 sigma = sqrt (2)

17 P_error = (1/2)*erfc(V/(2* sqrt (2)*sigma))

18
19 disp( ’ P r o b a b i l t y o f e r r o r f o r V = 2 & sigma ˆ2 =2 i s

’ +string(P_error))
20
21 // P e r r o r f o r V = 4 & sigma ˆ2 =4
22 V = 4

23 sigma = sqrt (4)

24 P_error = (1/2)*erfc(V/(2* sqrt (2)*sigma))

25
26 disp( ’ P r o b a b i l t y o f e r r o r f o r V = 4 & sigma ˆ2 =4 i s

’ +string(P_error))
27
28 // P e r r o r f o r V = 8 & sigma ˆ2 =2
29 V = 8

30 sigma = sqrt (2)

31 P_error = (1/2)*erfc(V/(2* sqrt (2)*sigma))

32
33 disp( ’ P r o b a b i l t y o f e r r o r f o r V = 8 & sigma ˆ2 =2 i s

’ +string(P_error))

Scilab code Exa 2.11 Probability of Error

1 clc;

2 // page 106
3 // problem 2 . 1 1
4

23



5 // ( a )
6 // out o f n at tempts the p r o b a b i l i t y o f message

r e a c h i n g c o r r e c t l y f o r k t imes i s g i v e n by
b i n o m i a l d i s t r i b u t i o n pX( k ) = nCk∗ ( qˆk ) ∗(1−q ) ˆ( n−
k ) where q i s p r o b a b i l i t y o f c o r r e c t l y r e a c h i n g

7
8 // Here n = 10 , k = 1 , q = 0 . 0 0 1
9 n = 10

10 k = 1

11 q = 0.001

12
13 //pX( k ) i s denoted as p X 1
14 // 10C1 =10
15 p_X_1 = 10*(q^k)*(1-q)^(n-k)

16
17 disp( ’ The p r o b a b i l i t y tha t out o f 10 t r a n s m i s s i o n s 9

a r e c o r r e n t and 1 i s i n c o r r e c t i s ’ +string(p_X_1
))

18
19 // p r o b a b i l i t y tha t more than two e r r o n e o u s out o f

100 t r a n s m i s s i o n s ( p 1 0 0 2 ) = 1− p r o b a b i l i t y o f
l e s s than or e q u a l to two e r r o r i n t r a n s m i s s i o n

20 // p 1 0 0 2 = 1−pX( 0 )−pX( 1 )−pX( 2 )
21 // p 1 0 0 2 =1−100C0 ∗ ( ( 0 . 0 0 1 ) ˆ0) ∗ ( (1 −0 .001) ˆ100)−100C1

∗ ( ( 0 . 0 0 1 ) ˆ1) ∗ ( (1 −0 .001) ˆ99)−100C0 ∗ ( ( 0 . 0 0 1 ) ˆ2)
∗ ( (1 −0 .001) ˆ98)

22
23 // S ince , c a l c u l a t i o n o f above i s cumbersome we may

use Po i s s on d i t r i b u t i o n to approx imate above
24 // Po i s s on d i s t r i b u t i o n = pX( k ) = ( a l f a ˆk ) ∗ ( eˆ− a l f a ) /

k ! , where a l f a = n∗T
25
26 // Here n = 100 & q = 0 . 0 0 1
27 n = 100

28 q = 0.001

29
30 alfa = n*q

31
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32 p_100_2 = 1-(alfa ^0)*(%e^-0.1)/factorial (0) -(alfa ^1)

*(%e^ -0.1)/factorial (1) -(alfa ^2)*(%e^ -0.1)/

factorial (2)

33
34 disp( ’ p r o b a b i l i t y tha t more than two e r r o n e o u s out

o f 100 t r a n s m i s s i o n s i s ’ +string(p_100_2))
35
36 // ( c )
37 // from ( b ) , r e q u i r e d p r o b a b i l i t y i . e p r o b a b i l i t y o f

more than one a r e e r r o n e o u s out o f 100
t r a n s m i s s i o n ( p 1 0 0 1 ) i s

38 p_100_1 = 1-(alfa ^0)*(%e^-0.1)/factorial (0) -(alfa ^1)

*(%e^ -0.1)/factorial (1)

39
40 disp( ’ p r o b a b i l i t y tha t more than one e r r o n e o u s out

o f 100 t r a n s m i s s i o n s i s ’ +string(p_100_1))

Scilab code Exa 2.13 Probability of Error

1 clc;

2 // page 115
3 // problem 2 . 1 3
4
5 // Given , Er ro r p r o b a b i l i t y i s 10ˆ−4 = P e , no o f

e c p e r i m e n t s conducted = N = 4∗10ˆ5 & e s t i m a t e d
p r o b a b i l i t y o f e r r o r p does not d i f f e r from P e
by more than 50%

6 P_e = 10^-4

7 N = 4*10^5

8
9 // Tchebyche f f ’ s i n e q u a l i t y i s P ( | p−Pe|>=E)<=P e /(N∗E

ˆ2)
10 //From g i v e n v a l u e s we can f i n d tha t E = 50∗10ˆ−4
11 E = 50*10^ -4

12
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13 // Here R.H. S o f Tchebyche f f ’ s i n e q u a l i t y i s denoted
as Tc RHS

14 Tc_RHS = P_e/(N*E^2)

15
16 //Tc RHS i n p e r s e n t a g e i s Tc RHSper
17 Tc_RHSper = Tc_RHS /100

18
19 // d i s p ( Tc RHSper , Tc RHS , ’ o r P ( | p−10ˆ−4|>=0.5∗10ˆ−2)

<=’,Tc RHS , ’ The p r o b a b i l i t y o f e s t i m a t e d
p r o b a b i l i t y o f e r r o r p does not d i f f e r from P e
by more than 50% i s l e s s than e q u a l to ’ )

20
21 // g i v e n s o l u t i o n has been computed wrong , o b t a i n e s

s o l u t i o n i s 10ˆ−7
22 disp( ’ The p r o b a b i l i t y o f e s t i m a t e d p r o b a b i l i t y o f

e r r o r p does not d i f f e r from P e by more than 50%
i s l e s s than e q u a l to ’ +string(Tc_RHS)+ ’ o r P ( | p
−10ˆ−4|>=0.5∗10ˆ−2)<= ’ +string(Tc_RHS)+ ’ = ’ +
string(Tc_RHSper)+ ’% ’ )
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Chapter 3

Amplitude Modulation Systems

Scilab code Exa 3.4 Transmission Power Efficiency

1 clc;

2 // page 163
3 // problem 3 . 4
4
5 // Transmi s s i on power e f f i e n c y n = { (mˆ2) / [2+(mˆ2)

]}∗1 0 0% where m i s modulated index
6
7 // Given modulated i n d i c e s a r e m1 = 0 . 2 5 , m2 = 0 . 5 &

m3 = 0 . 7 5
8
9 // Transmi s s i on power e f f i e n c i e s a r e n1 , n2 & n3

r e s p e c t i v e l y f o r m1 , m2 & m3
10 n1 = {(0.25^2) /[2+(0.25^2) ]}*100

11 n2 = {(0.5^2) /[2+(0.5^2) ]}*100

12 n3 = {(0.75^2) /[2+(0.75^2) ]}*100

13
14 disp( ’ T ran smi s s i on power e f f i e n c y f o r modulated

index 0 . 2 5 i s ’ +string(n1)+ ’% ’ )
15 disp( ’ T ran smi s s i on power e f f i e n c y f o r modulated

index 0 . 5 i s ’ +string(n2)+ ’% ’ )
16 disp( ’ T ran smi s s i on power e f f i e n c y f o r modulated
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i ndex 0 . 7 5 i s ’ +string(n3)+ ’% ’ )

Scilab code Exa 3.7 Calculation of L and C of Power Amplifier

1 clc;

2 // page 185
3 // problem 3 . 7
4
5 // Given input inmedance o f matching n e t w o r k i s R1 =

10 ohm & output impedance o f matching networ i s
R2 = 50 ohm & c a r r i e r f r e q u e n c y i s f c = 500 KHz

6 R1 = 10

7 R2 = 50

8 fc = 500000

9
10 //Wc = 2∗ p i ∗ f c
11 Wc = 2*%pi*fc

12
13 //AS R1 = R2∗ (X2ˆ2) / [ ( R2ˆ2) +(X2ˆ2) ] , X2 = 25ohm
14 X2 = 25

15
16 //AS X1 = (R2ˆ2) ∗X2 / [ ( R2ˆ2) +(X2ˆ2) ] & R1>R2 , X1 =

−20ohm
17 X1 = -20

18
19 // |X1 | = | jwL | = wL = 20 & |X2 | = | 1 / jwC | = 1/wC =

25 , so |X1∗X2 | = L/C = 500 d e n o t e s as LC div
20 LC_div = 500

21
22 //Wcˆ2 = 1/(L∗C) . LC i s denoted as LC prod
23 LC_prod = 1/(Wc^2)

24
25 // In the t ex tbook the c a l c u l a t e d LC = 10ˆ−3 , i n

r e a l i t y the v a l u e o f LC = 1 . 0 1 3D−13
26
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27 L = sqrt(LC_div*LC_prod)

28
29 // In the t ex tbook the c a l c u l a t e d Lˆ2 = 50∗10ˆ−14 , i n

r e a l i t y the v a l u e o f Lˆ2 = 5 . 0 6 6D−11
30
31 C = L/500

32
33 // In the t ex tbook the c a l c u l a t e d C = 1.4∗10ˆ−9 , i n

r e a l i t y the v a l u e o f C = 1 . 4 2 4D−08
34
35 disp( ’ I nduc tance ’ +string(L)+ ’ H ’ )
36 disp( ’ Capac i t ance ’ +string(C)+ ’ F ’ )

Scilab code Exa 3.8 Calculation of Gain and Power radiated of Antenna

1 clc;

2 // page 185
3 // problem 3 . 8
4
5 // Given ohmnic l o s s r e s i s t a n c e i s Ro = 12 Ohm,
6 Ro = 12

7
8 // r a d i a t i o n r e s i s t a n c e i s Rr = 48 Ohm,
9 Rr = 48

10
11 // d i r e c t i v i t y i s D = 2
12 D = 2

13
14 // Input c u r r e n t = 0 . 1∗ co s [ 2∗ p i ∗ ( 1 0 ˆ 6 ) ∗ t ] , Amplitude

o f i nput c u r r e n t i s A = 0 . 1 Amp
15 A = 0.1

16
17 // E q u i v a l e n t r e s i s t a n c e = Re = Ro+Rr
18 Re = Ro+Rr

19
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20 // Tota l power used i n antenna = Pin = (Aˆ2) ∗Re/2
21 Pin = (A^2)*Re/2

22
23 // Power used i n r a d i a t i o n = Prad = (Aˆ2) ∗Rr/2
24 Prad = (A^2)*Rr/2

25
26 // E f f i c i e n c y o f the antenna = n = Prad / Pin
27 n = Prad/Pin

28
29 // Gain o f antenna = Ga = e f f i c i e n c y ∗ d i r e c t i v i t y
30 Ga = n*D

31
32 disp( ’ Tota l power used i n antenna ’ +string(Pin)+ ’

Watt ’ )
33 disp( ’ Power used i n r a d i a t i o n ’ +string(Prad)+ ’ Watt ’

)

34 disp( ’ E f f i c i e n c y o f the antenna ’ +string(n))
35 disp( ’ Gain o f antenna ’ +string(Ga))
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Chapter 4

Angle Modulation

Scilab code Exa 4.2 Calculation of frequency parameters

1 clc;

2 // page 199
3 // problem 4 . 2
4
5 // Given a n g l e modulated s i g n a l i s x = 3∗ co s [ 2∗ p i

∗ ( 1 0 ˆ 6 ) ∗ t +2∗ s i n (2∗ p i ∗10ˆ3∗ t ) ]
6
7 //So , phase o f the a n g l e modulates s i g n a l i s Q = 2∗

p i ∗ (10ˆ6∗ t ) +2∗ s i n (2∗ p i ∗ ( 1 0 ˆ 3 ) ∗ t )
8
9 // I n s t a n t a n e o u s f r e q u e n c y = dQ/ dt = 2∗ p i ∗ ( 1 0 ˆ 6 )+ 4∗

p i ∗ ( 1 0 ˆ 3 ) ∗ s i n (2∗ p i ∗ ( 1 0 ˆ 3 ) ∗ t )
10
11 // For I n s t a n t a n e o u s f r e q u e n c y at 0 . 2 5 ms ,

S u b s t i t u t i n g t = 0 . 2 5 ms i n I n s t a n t a n e o u s
f r e q u e n c y

12 // I n s t a n t a n e o u s f r e q u e n c y i s e x p r e s s e d as f 1 r a d f o r
f r e q u e n c y i n r a d i a n s per second

13 f1_rad = 2*%pi *(10^6)+ 4*%pi *(10^3)*sin(2* %pi *(10^3)

*0.00025)

14
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15 // I n s t a n t a n e o u s f r e q u e n c y i s e x p r e s s e d as f 1 h z f o r
f r e q u e n c y i n h e r t z

16 f1_hz = f1_rad /(2* %pi)

17
18 disp( ’ the I n s t a n t a n e o u s f r e q u e n c y at t ime t =0.25ms

i s ’ +string(f1_rad)+ ’ rad / s e c = ’ +string(f1_hz)+ ’
Hz ’ )

19
20 // For I n s t a n t a n e o u s f r e q u e n c y at 0 . 2 5 ms ,

S u b s t i t u t i n g t = 0 . 5 ms i n I n s t a n t a n e o u s f r e q u e n c y
21 // I n s t a n t a n e o u s f r e q u e n c y i s e x p r e s s e d as f 2 r a d f o r

f r e q u e n c y i n r a d i a n s per second
22 f2_rad = 2*%pi *(10^6)+ 4*%pi *(10^3)*sin(2* %pi *(10^3)

*0.0005)

23
24 // I n s t a n t a n e o u s f r e q u e n c y i s e x p r e s s e d as f 2 h z f o r

f r e q u e n c y i n h e r t z
25 f2_hz = f2_rad /(2* %pi)

26
27 disp( ’ the I n s t a n t a n e o u s f r e q u e n c y at t ime t =0.5ms i s

’ +string(f2_rad)+ ’ rad / s e c = ’ +string(f2_hz)+ ’
Hz ’ )

28
29 //Maximum phase d e v i a t i o n = max [ 2∗ s i n (2∗ p i ∗ ( 1 0 ˆ 3 ) ∗ t )

] = 2∗1
30 maxDp = 2;

31
32 disp( ’Maximum phase d e v i a t i o n i s ’ +string(maxDp)+ ’

rad ’ )
33
34 //Maximum f r e q u e n c y d e v i a t i o n = max [ 4∗ p i ∗ ( 1 0 ˆ 3 ) ∗ s i n

(2∗ p i ∗ ( 1 0 ˆ 3 ) ∗ t ) ] = 4∗ p i ∗ ( 1 0 ˆ 3 ) ∗1
35 maxDf = 4*%pi *(10^3) *1;

36
37 disp( ’Maximum f r e q u e n c y d e v i a t i o n i s ’ +string(maxDf)

+ ’ Hz ’ )
38 // d i s p ( ’ i n rad ’ , maxDf , ’ Maximum f r e q u e n c y d e v i a t i o n

i s ’ )
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39
40 // In the t ex tbook the c a l c u l a t e d v a l u e o f max

f r e q u e n c y d e v a i t i o n i s = 2000 Hz , i n r e a l i t y the
v a l u e = 1 2 5 6 6 . 3 71 Hz

Scilab code Exa 4.4 Calculation of Bandwidth

1 clc;

2 // page 208
3 // problem 4 . 4
4
5 // Given modulat ing s i g n a l m( t ) = 2∗ s i n (2∗ p i ∗ ( 1 0 ˆ 3 ) ∗ t

) , B f o r phase modulat ion Bp = 10 & f o r f equency
modulat ion Bf = 10

6 Bp = 10

7 Bf = 10

8
9 // So Amplitude o f modulat ing s i g n a l i s Am=2 metre s

10 Am = 2

11
12 // Frequency o f modulat ing s i g n a l i s fm = 1000 h e r t z
13 fm=1000

14
15 // Bandwidth = 2∗(1+B) ∗ fm
16
17 // Bandwidth f o r phase modulat ion with modulat ing

s i g n a l m( t ) i s bw pm = 2∗(1+Bp) ∗ fm
18 bw_pm = 2*(1+10) *1000

19
20 // Bandwidth f o r f r e q u e n c y modulat ion with modulat ing

s i g n a l m( t ) i s bw fm = 2∗(1+ Bf ) ∗ fm
21 bw_fm = 2*(1+10) *1000

22
23 disp( ’ Bandwidth f o r phase modulat ion ’ +string(bw_pm)

+ ’ Hz ’ )
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24 disp( ’ Bandwidth f o r f r e q u e n c y modulat ion ’ +string(
bw_fm)+ ’ Hz ’ )

25
26 // Bandwidth f o r phase & f r e q u e n c y modulat ion i f

f r e q u e n c y o f modulat ing s i g n a l i s doubled i . e fm
= 2000 h e r t z

27
28 //Bp & Bf a f t e r f r e q u e n c y o f modulat ing s i g n a l i s

doubled
29
30 //Bp = kp∗Am, o b s e r v i n g the e q u a t i o n as t h e r e i s no

change i n ampl i tude Bp = 10
31 Bp = 10

32
33 // Bf = k f ∗Am/fm , o b s e r v i n g the e q u a t i o n as t h e r e i s

change i n f r e q u e n c y Bf = 10/2 = 5
34 Bf = 5

35
36 // Bandwidth f o r phase modulat ion i f f r e q u e n c y o f

modulat ing s i g n a l i s doubled i s bw double pm =
2∗(1+Bp) ∗ fm

37 bw_double_pm = 2*(1+10) *2000

38
39 // Bandwidth f o r f r e q u e n c y modulat ion i f f r e q u e n c y o f

modulat ing s i g n a l i s doubled i s bw double fm =
2∗(1+ Bf ) ∗ fm

40 bw_double_fm = 2*(1+5) *2000

41
42 disp( ’ Bandwidth f o r phase modulat ion f o r doubled

f r e q u e n c y ’ +string(bw_double_pm)+ ’ Hz ’ )
43 disp( ’ bandwidth f o r f r e q u e n c y modulat ion f o r doubled

f r e q u e n c y ’ +string(bw_double_fm)+ ’ Hz ’ )
44
45 // Bandwidth f o r phase & f r e q u e n c y modulat ion i f

ampl i tude o f modulat ing s i g n a l i s h a l f e d i . e Am =
1 metre

46
47 //Bp & Bf a f t e r ampl i tude o f modulat ing s i g n a l i s
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h a l f e d
48
49 //Bp = kp∗Am, o b s e r v i n g the e q u a t i o n as t h e r e i s

change i n ampl i tude Bp = 10/2 = 5
50 Bp = 5

51
52 // Bf = k f ∗Am/fm , o b s e r v i n g the e q u a t i o n as t h e r e i s

change i n ampl i tude Bf = 5/2 = 2 . 5
53 Bf = 2.5

54
55 // Bandwidth f o r phase modulat ion i f f r e q u e n c y o f

modulat ing s i g n a l i s doubled i s bw hal fed pm =
2∗(1+Bp) ∗ fm

56 bw_halfed_pm = 2*(1+5) *2000

57
58 // Bandwidth f o r f r e q u e n c y modulat ion i f f r e q u e n c y o f

modulat ing s i g n a l i s doubled i s bw ha l f ed fm =
2∗(1+ Bf ) ∗ fm

59 bw_halfed_fm = 2*(1+2.5) *2000

60
61 disp( ’ Bandwidth f o r phase modulat ion f o r h a l f e d

ampl i tude ’ +string(bw_halfed_pm)+ ’ Hz ’ )
62 disp( ’ Bandwidth f o r f r e q u e n c y modulat ion f o r h a l f e d

ampl i tude ’ +string(bw_halfed_fm)+ ’ Hz ’ )
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Chapter 5

Pulse Modulation and Digital
Transmission of Analog Signal

Scilab code Exa 5.2 Minimum sampling rate

1 clc;

2 // page 247
3 // problem 5 . 2
4
5 // H ighe s t f r e q u e n c y ( fH ) = 10000/2 = 5000 Hz
6 fH = 5000

7
8 // Lowest f r e q u e n c y ( fL ) = 6000/2 = 3000 Hz
9 fL = 3000

10
11 //Minimum sampl ing f r e q u e n c y from low pas s

c o n s i d e r a t i o n (S LOW) = 2∗ fH
12 S_LOW = 2*fH

13
14 disp( ’Minimum sampl ing f r e q u e n c y from low pas s

c o n s i d e r a t i o n i s ’ +string(S_LOW)+ ’ Hz ’ )
15
16 //B = fH−fL = 2000 Hz
17 B = fH -fL
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18
19 //k = f l o o r ( fH/B) = 2 , where f l o o r ( x ) g i v e s the

l a r g e s t i n t e g e r tha t does not exceed x
20 k = floor(fH/B)

21
22 //The r e q u i r e d sampl ing f r e q u e n c y from band pas s

c o n s i d e r a t i o n (S BAND) = 2∗ fH/k
23 S_BAND = 2*fH/k

24
25 disp( ’Minimum sampl ing f r e q u e n c y from band pas s

c o n s i d e r a t i o n i s ’ +string(S_BAND)+ ’ Hz ’ )

Scilab code Exa 5.3 Calculation of Guard time

1 clc;

2 // page 259
3 // problem 5 . 3
4
5 // Given width o f each p u l s e W = 150 us
6 W = 150 * 10^-6

7
8 //One c y c l e i s a pe r i od ,T = 1ms
9 T = 1000 * 10^-6

10
11 // There a r e 5 messages m u l t i p l e x e d each

u t i l i z e a l l o c a t e d t ime p u l s e width = s ( T 5 ) = T/5
12 T_5 = T/5

13
14 // Gaurd t ime ( GT 5 ) = a l l o c a t e d time−p u l s e width =

T 5−W
15 GT_5 = T_5 -W

16
17 disp( ’ Gaurd t ime where 5 messages m u l t i p l e x e d i s ’ +

string(GT_5)+ ’ s e c o n d s ’ )
18

37



19 // Here t h e r e a r e 10 messages m u l t i p l e x e d each
u t i l i z e a l l o c a t e d t ime p u l s e width = s ( T 10 ) = T
/10

20 T_10 = T/10

21
22 // Gaurd t ime ( GT 10 ) = a l l o c a t e d time−p u l s e width =

T 10−norrow p u l s e s width = T 10 −50∗ 10ˆ−6
23 GT_10 = T_10 - 50 * 10^-6

24
25 disp( ’ Gaurd t ime where 10 messages m u l t i p l e x e d i s ’ +

string(GT_10)+ ’ s e c o n d s ’ )

Scilab code Exa 5.5 Calculation of minimum number of Binary digits

1 clc;

2 // page 272
3 // problem 5 . 5
4
5 // Let Abe the maximum v a l u e o f the d i s c r e t e sample s .
6 // Er ro r t o l e r a t e d i s 0 . 1% i . e . 0 . 0 0 1A
7 // I f D i s s t e p s i z e then p o s s i b l e maximum e r r o r i s D

/2
8 // Thus D/2 = 0 . 0 0 1A or A/D = 500 = no o f l e v e l s

r e q u i r e d ( L e v e l s )
9 Levels = 500

10
11 //minimum no o f b i n a r y d i g i t s r e q u i r e d (B) = rounded

v a l u e to the next h i g h e r i n t e g e r o f l o g 2 ( L e v e l s )
12 B = round(log2 (Levels))

13
14 disp( ’Minimum no o f b i n a r y d i g i t s r e q u i r e d ’ +string(

B))
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Scilab code Exa 5.6 Companding

1 clc;

2 // page 273
3 // problem 5 . 6
4
5 //The y a x i s i s u n i f o r m l y q u a n t i z e d with s t e p s i z e (

s t e p s i z e ) = 1 / [ ( 2 ˆ 8 ) /(2−1) ] i n both +ve & −ve
d i r e c t i o n between 1 & −1 when peak o f i nput
v a r i e s between 1 & −1.

6 //The s m a l l e s t s t e p i n x d i r e c t i o n o c c u r s n e a r e s t to
x=0 i . e between y1 = 0 & y2 = s t e p s i z e

7 step_size = 1/[(2^8) /2-1]

8 y1 = 0

9 y2 = step_size

10
11 //Then , y1 = [ l n (1+255∗ x1 ) ] / [ l n (1+255) ]
12
13 x1 = (%e^(y1*log (256)) - 1)/255;

14
15 // y2 = [ l n (1+255∗ x2 ) ] / [ l n (1+255) ]
16 x2 = (%e^(y2*log (256)) - 1)/255;

17
18 //The s m a l l e s t s t e p s i z e i s 10∗ ( x2−x1 )
19 disp( ’ The s m a l l e s t s t e p s i z e i s ’ +string (10*(x2 -x1))

+ ’ V o l t s ’ )
20
21 //The l a r g e s t s t e p s i z e o c c u r s when x i s at i t s

extreme between y1 = 1−1/127 = 126/127 & y2 = 1
22 y1 = 1 -1/127

23 y2 = 1

24
25 //Then , y1 = [ l n (1+255∗ x1 ) ] / [ l n (1+255) ]
26
27 x1 = (%e^(y1*log (256)) - 1)/255;

28
29 // y2 = [ l n (1+255∗ x2 ) ] / [ l n (1+255) ]
30 x2 = (%e^(y2*log (256)) - 1)/255;
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31
32 //The l a r g e s t s t e p s i z e i s 10∗ ( x2−x1 )
33 disp( ’ The l a r g e s t s t e p s i z e i s ’ +string (10*(x2 -x1))+

’ V o l t s ’ )

Scilab code Exa 5.9 LMS Algorithm

1 clc;

2 // page 296
3 // problem 5 . 9
4
5 // f o r e r r o r c a l c u l a t i o n e ( n ) = m( n ) − [ ˆ h j ( n ) ∗m( n−1)

+ˆh j ( n ) ∗m( n−2)+ˆh j ( n ) ∗m( n−3)+ . . . . . . . . + ˆ h j ( n ) ∗m( n
−N) ]

6
7 // f o r c o e f f i c i e n t upg rada t i on ˆ h j ( n+1) = ˆ h j ( n )+um( n

−j ) e ( n ) where u = l e a r n i n g parameter = 0 . 1 .
8 u = 0.1

9
10 // Ass ign m v a l u e s t a k i n g from m = −3 to 5
11 // Denot ing m( x ) as matr ix m where each e l ement

r e p e s e n t s from n = −3 to 5
12 m = [0 0 0 1 2 3 4 5 6]

13
14 // t a k i n g e ( n ) as matr ix e , ˆ h j ( n ) as m a t r i s e s h j
15 e = zeros (1,5)

16 h_1 = zeros (1,6)

17 h_2 = zeros (1,6)

18
19 // g i v e n ˆh1 ( 0 )= ˆh2 ( 0 ) = 0
20 h_1 (1) = 0

21 h_2 (1) = 0

22
23 for i = 1:5

24 e(i) = m(i+3) - h_1(i)*m(i+2) - h_2(i)*m(i+1)
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25 h_1(i+1) = h_1(i) + u*m(i+2)*e(i)

26 h_2(i+1) = h_2(i) + u*m(i+1)*e(i)

27 end

28
29 // he r e e ( 3 ) i s g i v e n as 1 . 3 2 but i t i s d i s p l a y i n g

0 . 9 2
30 // he r e ˆh2 ( 3 ) i s g i v e n as 0 . 2 6 but i t i s d i s p l a y i n g

0 . 4 6
31
32 for i = 1:5

33 disp( ’ e ( ’ +string(i-1)+ ’ ) = ’ +string(e(i)))
34 disp( ’ ˆh1 ( ’ +string(i)+ ’ ) = ’ +string(h_1(i+1)))
35 disp( ’ ˆh2 ( ’ +string(i)+ ’ ) = ’ +string(h_2(i+1)))
36 end

Scilab code Exa 5.11 SNR of a DM system

1 clc;

2 // page 296
3 // problem 5 . 1 1
4
5 // c a s e 1( a )
6 // f = 400 Hertz , f s = 8000 Hertz
7 f = 400

8 fs = 8000

9
10 //We know tha t maximum s i g n a l to n o i s e r a t i o ( SNR max

) = 3∗ ( f s ˆ2) / ( 8∗ ( p i ˆ2) ∗ ( f ˆ2) )
11 SNR_max = 3*(fs^2) /(8*( %pi ^2)*(f^2))

12 //SNR max i n d e c i b e l s i s SNR max db
13 SNR_max_db = 10* log10 (SNR_max)

14
15 disp( ’Maximum s i g n a l to n o i s e r a t i o f o r f = 400 & f s

= 8000 i s ’ +string(SNR_max)+ ’ = ’ +string(
SNR_max_db)+ ’ db ’ )
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16
17 // c a s e 1( b )
18 // f = 400 Hertz , f s = 16000 Hertz
19 f = 400

20 fs = 16000

21
22 //We know tha t maximum s i g n a l to n o i s e r a t i o ( SNR max

) = 3∗ ( f s ˆ2) / ( 8∗ ( p i ˆ2) ∗ ( f ˆ2) )
23 SNR_max = 3*(fs^2) /(8*( %pi ^2)*(f^2))

24
25 //SNR max i n d e c i b e l s i s SNR max db
26 SNR_max_db = 10* log10 (SNR_max)

27
28 // Given s o l u t i o n i s 1 3 . 8 3 8 5 dB o b t a i n e d s o l u t i o n i s

1 7 . 8 38 5 1 5 dB
29
30 disp( ’Maximum s i g n a l to n o i s e r a t i o f o r f = 400 & f s

= 16000 i s ’ +string(SNR_max)+ ’ = ’ +string(
SNR_max_db)+ ’ db ’ )

31
32 // c a s e 2( a )
33 // f = 400 Hertz , f s = 8000 Hertz & f c = 1000 Hertz
34 f = 400

35 fs = 8000

36 fc = 1000

37
38 // I f a 1kHz low pas s po s t r e c o n s t r u c t i o n f i l t e r i s

used then maximum s i g n a l to n o i s e r a t i o (SNR max )
= 3∗ ( f s ˆ3) / ( 8∗ ( p i ˆ2) ∗ ( f ˆ2) ∗ f c )

39 SNR_max = 3*(fs^3) /(8*( %pi ^2)*(f^2)*fc)

40 //SNR max i n d e c i b e l s i s SNR max db
41 SNR_max_db = 10* log10 (SNR_max)

42
43 disp( ’ I f a 1kHz low pas s po s t r e c o n s t r u c t i o n f i l t e r

i s used then ’ )
44
45 disp( ’Maximum s i g n a l to n o i s e r a t i o f o r f = 400 , f s

= 8000 & f c = 1000 i s ’ +string(SNR_max)+ ’ = ’ +
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string(SNR_max_db)+ ’ db ’ )
46
47 // c a s e 2( b )
48 // f = 400 Hertz , f s = 16000 Hertz & f c = 1000 Hertz
49 f = 400

50 fs = 16000

51 fc = 1000

52
53 // I f a 1kHz low pas s po s t r e c o n s t r u c t i o n f i l t e r i s

used then maximum s i g n a l to n o i s e r a t i o (SNR max )
= 3∗ ( f s ˆ3) / ( 8∗ ( p i ˆ2) ∗ ( f ˆ2) ∗ f c )

54 SNR_max = 3*(fs^3) /(8*( %pi ^2)*(f^2)*fc)

55 //SNR max i n d e c i b e l s i s SNR max db
56 SNR_max_db = 10* log10 (SNR_max)

57
58 disp( ’Maximum s i g n a l to n o i s e r a t i o f o r f = 400 , f s

= 16000 & f c = 1000 i s ’ +string(SNR_max)+ ’ = ’ +
string(SNR_max_db)+ ’ db ’ )
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Chapter 6

Digital Modulation and
Transmission

Scilab code Exa 6.1 Carrier phase variation

1 clc;

2 // page 341
3 // problem 6 . 1
4
5 // Given messages s i g n a l m = [ 1 , 0 , 1 , 1 , 0 , 1 ]
6 m = [1,0,1,1,0,1];

7
8 // L o g i c a l 0 c o r r s p o n d s to p i i . e %pi and L o g i c a l 1

c o r r e s p o n d s to 0
9

10 //
//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////

11
12 // For BPSK, from the above d e d uc t i o n l e t the c a r r i e r

phase be Carr ier Phase BPSK
13 for i = 1:5

14 if m(i)==1 then

15 Carrier_Phase_BPSK(i) = 0;
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16 else

17 Carrier_Phase_BPSK(i) = %pi;

18 end

19 end

20
21 disp(Carrier_Phase_BPSK , ’ The Phase o f the c a r r i e r

s i g n a l f o r BPSK v a r i e s as ’ );
22
23 //

//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////

24
25 // For DPSK
26 // Let b r e p r e s e n t the input to b a l a n c e modulator
27
28 // I f the i n i t i a l v a l u e o f b be 0
29 b = 0;

30
31 for i = 2:5

32 b(i) = bitxor(m(i),b(i-1))

33 end

34
35 //Now the c a r r i e r phase , Carr ier Phase DPSK
36 for i = 1:5

37 if b(i)==1 then

38 Carrier_Phase_DPSK(i) = 0;

39 else

40 Carrier_Phase_DPSK(i) = %pi;

41 end

42 end

43
44 //Now the c a r r i e r ampl i tude , Carr ier Ampl i tude DPSK
45 for i = 1:5

46 Carrier_Amplitude_DPSK(i) = cos(

Carrier_Phase_DPSK(i));

47 end

48
49 disp(Carrier_Phase_DPSK , ’ The Phase o f the c a r r i e r
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s i g n a l f o r DPSK v a r i e s as f o l l o w s , ’ + ’ when the
i n i t i a l v a l u e o f b i s 1 ’ );

50 disp(Carrier_Amplitude_DPSK , ’ The Amplitude o f the
c a r r i e r s i g n a l f o r DPSK v a r i e s as f o l l o w s , ’ + ’
when the i n i t i a l v a l u e o f b i s 1 ’ );

51
52 // I f the i n i t i a l v a l u e o f b be 1
53 b = 1;

54
55 for i = 2:5

56 b(i) = bitxor(m(i),b(i-1))

57 end

58
59 //Now the c a r r i e r phase , Carr ier Phase DPSK
60 for i = 1:5

61 if b(i)==1 then

62 Carrier_Phase_DPSK(i) = 0;

63 else

64 Carrier_Phase_DPSK(i) = %pi;

65 end

66 end

67
68 //Now the c a r r i e r ampl i tude , Carr ier Ampl i tude DPSK
69 for i = 1:5

70 Carrier_Amplitude_DPSK(i) = cos(

Carrier_Phase_DPSK(i));

71 end

72
73 disp(Carrier_Phase_DPSK , ’ The Phase o f the c a r r i e r

s i g n a l f o r DPSK v a r i e s as f o l l o w s , ’ + ’ when the
i n i t i a l v a l u e o f b i s 0 ’ );

74 disp(Carrier_Amplitude_DPSK , ’ The Amplitude o f the
c a r r i e r s i g n a l f o r DPSK v a r i e s as f o l l o w s , ’ + ’
when the i n i t i a l v a l u e o f b i s 0 ’ );

75
76 //

//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////
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77
78 // For DEPSK
79 //The DEPSK t r a n s m i t t e r output i s same as tha t o f

DPSK
80
81 // I f the i n i t i a l v a l u e o f b be 0
82 b = 0;

83
84 for i = 2:5

85 b(i) = bitxor(m(i),b(i-1))

86 end

87
88 //Now the c a r r i e r phase , Carr ier Phase DPSK
89 for i = 1:5

90 if b(i)==1 then

91 Carrier_Phase_DEPSK(i) = 0;

92 else

93 Carrier_Phase_DEPSK(i) = %pi;

94 end

95 end

96
97 disp(Carrier_Phase_DEPSK , ’ The Phase o f the c a r r i e r

s i g n a l f o r DEPSK v a r i e s as f o l l o w s , ’ + ’ when the
i n i t i a l v a l u e o f b i s 1 ’ );

98
99 // I f the i n i t i a l v a l u e o f b be 1

100 b = 1;

101
102 for i = 2:5

103 b(i) = bitxor(m(i),b(i-1))

104 end

105
106 //Now the c a r r i e r phase , Carr ier Phase DPSK
107 for i = 1:5

108 if b(i)==1 then

109 Carrier_Phase_DEPSK(i) = 0;

110 else

111 Carrier_Phase_DEPSK(i) = %pi;
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112 end

113 end

114
115 disp(Carrier_Phase_DEPSK , ’ The Phase o f the c a r r i e r

s i g n a l f o r DEPSK v a r i e s as , ’ + ’ when the i n i t i a l
v a l u e o f b i s 0 ’ );

Scilab code Exa 6.2 DPSK and DEPSK

1 clc;

2 // page 341
3 // problem 6 . 2
4
5 //From Ex6 1 the o b t a i n e d c a r r i e r ampl i tude i s c
6
7 //

//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////

8
9 // For DPSK

10 // C o n s i d e r i n g the i n i t i a l v a l u e o f the s t o r a g e
e l ement to be 0 i n p o l a r and −1 i n b i p l o a r

11 c = [1,1,-1,1,1];

12 y = -1;

13 // Let the output be y
14 for i = 2:5

15 y(i) = c(i)*c(i-1);

16 end

17
18 // Conver t ing back to b i na r y data
19 for i = 1:5

20 if y(i)== -1 then

21 output_binary(i) = 0;

22 else

23 output_binary(i) = 1;
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24 end

25 end

26
27 //Now i n v e r t i n g the output we ge t :
28 for i = 1:5

29 output_binary(i) = ~output_binary(i);

30 end

31
32 disp(output_binary , ’ The DPSK output i s ’ );
33
34
35 //

//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////

36
37 // For DEPSK
38
39 //From example Ex6 1 , we have b when i n i t i a l s t o r a g e

v a l u e i s assumed to be 1
40 b = [1,1,0,1,1];

41
42 // Output y
43 y = 1;

44 for i = 2:5

45 y(i) = bitxor(b(i),b(i-1));

46 end

47
48 disp(y, ’ The DEPSK output i s ’ );

Scilab code Exa 6.4 Bandwidth and Noise susceptibility

1 clc;

2 // page 365
3 // problem 6 . 4
4
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5 // Given ene rgy per b i t Eb = 0 . 0 1
6 Eb = 0.01;

7
8 // Given fundamenta l f r e q u e n c y i s fb = 8 KHz
9 fb = 8*10^3;

10
11 //No o f symbols M = 16
12 M = 16;

13
14 N = log2(M);

15
16 BW_BPSK = 2*fb;

17 disp( ’ Bandwidth f o r BPSK i s ’ +string(BW_BPSK)+ ’ Hz ’ );
18
19 BW_QPSK = fb;

20 disp( ’ Bandwidth f o r QPSK i s ’ +string(BW_QPSK)+ ’ Hz ’ );
21
22 BW_16MPSK = fb/2;

23 disp( ’ Bandwidth f o r 16 MPSK i s ’ +string(BW_16MPSK)+ ’
Hz ’ );

24
25 BW_BFSK = 4*fb;

26 disp( ’ Bandwidth f o r BFSK i s ’ +string(BW_BFSK)+ ’ Hz ’ );
27
28 BW_MSK = 1.5*fb;

29 disp( ’ Bandwidth f o r MSK i s ’ +string(BW_MSK)+ ’ Hz ’ );
30
31 BW_16MFSK = 2*M*fb;

32 disp( ’ Bandwidth f o r 16 MFSK i s ’ +string(BW_16MFSK)+ ’
Hz ’ );

33
34
35 Min_dist_BPSK = 2*(Eb)^0.5;

36 disp( ’Minimum d i s t a n c e i n s i g n a l space i n BPSK i s ’ +
string(Min_dist_BPSK));

37
38 Min_dist_QPSK = 2*(Eb)^0.5;

39 disp( ’Minimum d i s t a n c e i n s i g n a l space i n QPSK i s ’ +
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string(Min_dist_QPSK));

40
41 //The g i v e n answer i n the t ex tbook i s 0 . 0 1 5 2 , which

appea r s to be wrong . The c o r r e c t answer i s 0 . 0 7 8
42 Min_dist_16MPSK = (4*N*Eb*(sin(%pi /16))^2) ^0.5;

43 disp( ’Minimum d i s t a n c e i n s i g n a l space i n 16 MPSK i s
’ +string(Min_dist_16MPSK));

44
45 Min_dist_BFSK = (2*Eb)^0.5;

46 disp( ’Minimum d i s t a n c e i n s i g n a l space i n o r tho BFSK
i s ’ +string(Min_dist_BFSK));

47
48 Min_dist_MSK = 2*(Eb)^0.5;

49 disp( ’Minimum d i s t a n c e i n s i g n a l space i n MSK i s ’ +
string(Min_dist_MSK));

50
51 Min_dist_16MFSK = (2*N*Eb)^0.5;

52 disp( ’Minimum d i s t a n c e i n s i g n a l space i n o r tho 16
MFSK i s ’ +string(Min_dist_16MFSK));

53
54 disp( ’ The b e s t method tha t p r o v i d e s l e a s t n o i s e

s u s c e p t i b i l i t y i s 16 MFSK, then BPSK, then QPSK,
then comes MSK, then o r t h o g o n a l BFSK and f i n a l l y
16 MPSK ’ )

Scilab code Exa 6.5 Duobinary decoding

1 clc;

2 // page 381
3 // problem 6 . 5
4
5 // Given input s i g n a l i s d
6 d = [0,1,1,1,0,1,0,1,1];

7
8 //
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//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////

9 //The answers o b t a i n e d he r e a r e d i f f e r e n t from the
ones ment ioned i n the t ex tbook .

10 //The g i v e n answers have been checked r i g o r o u s l y and
have been found out to be t r u e .

11
12 //When precoded
13
14 // S i g n a l b i s i n i t i a l l y assumed to be 0
15 b = 0;

16
17 for i = 2:9

18 b(i) = bitxor(b(i-1),d(i));

19 end

20
21 // Changing b i t code to p o l a r s i g n a l we get , 0 −−>

−1, 1 −−> +1
22 for i = 1:9

23 if b(i)==1 then

24 bp(i) = 1;

25 else

26 bp(i) = -1;

27 end

28 end

29
30 // Let i n i t i a l v a l u e o f Vd be 0
31 //Vd = 0 ;
32
33 for i = 2:9

34 Vd(i) = bp(i) + bp(i-1);

35 end

36
37 // Conver t ing p o l a r s i g n a l to b i t code we get , −2 −−>

0 , 0 −−> 1 , 2 −−> 0
38 for i = 1:9

39 if Vd(i)== -2 then

40 da(i) = 0;
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41 elseif Vd(i)== 2 then

42 da(i) = 0;

43 else

44 da(i) = 1;

45 end

46 end

47
48 disp(da, ’ Decoded output when precoded i s ’ )
49
50 //

//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////

51
52 //When not precoded exor ga t e i s not t h e r e
53
54 // Changing b i t code to p o l a r s i g n a l we get , 0 −−>

−1, 1 −−> +1
55 for i = 1:9

56 if d(i)==1 then

57 dp(i) = 1;

58 else

59 dp(i) = -1;

60 end

61 end

62
63 for i = 2:9

64 Vd(i) = dp(i) + dp(i-1);

65 end

66
67 // Conver t ing p o l a r s i g n a l to b i t code we get , −2 −−>

0 , 0 −−> 1 , 2 −−> 1
68 for i = 2:9

69 if Vd(i)== -2 then

70 da(i) = 0;

71 elseif Vd(i)== 2 then

72 da(i) = 0;

73 else

74 da(i)= ~da(i-1);
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75 end

76 end

77
78 disp(da, ’ Decoded output when not precoded i s ’ )

Scilab code Exa 6.6 Roll off factor

1 clc;

2 // page 381
3 // problem 6 . 6
4
5 // Given Bandwidth BW = 4 kHz
6 BW = 4*10^3;

7
8 // Given data r a t e i s fb = 6 kbps
9 fb = 6*10^3;

10
11 //The r o l l o f f f a c t o r a lpha i s
12 alpha = ((2*BW)/fb) - 1;

13
14 disp( ’ The r o l l o f f f a c t o r i s ’ +string(alpha));
15
16 //

/////////////////////////////////////////////////////////////////////////////

17
18 //The r e q u i r e d data r a t e suppor t ed at a lpha = 0 . 2 5

i s D
19 alpha = 0.25

20
21 //The c o r r e s p o n d i n g e x p r e s s i o n f o r D i s
22 D = (2*BW)/(1+ alpha);

23
24 disp( ’ The suppor t ed data r a t e i s ’ +string(D)+ ’ kbps ’

);
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25
26 // For f u l l r o l l −o f f a lpha = 1 . 0 ,
27 alpha = 1;

28
29 fb = 2*BW/(1+ alpha);

30
31 disp( ’ The data r a t e i s ’ +string(fb)+ ’ kbps ’ );
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Chapter 7

Mathematical Representation
of Noise

Scilab code Exa 7.3 Noise Power

1 clc;

2 // page 413
3 // problem 7 . 3
4
5 //The r e s i s t a n c e R = 1000 Ohm
6 R = 10^3;

7
8 //The c a p a c i t a n c e C = 0.5∗10ˆ−6 F
9 C = 0.1*10^ -6;

10
11 // C u t o f f f r e q u e n c y f o r RC f i l t e r i s f
12 f = 1/(2* %pi*R*C)

13
14 // White n o i s e power s p e c t r a l d e n s i t y n
15 n = 10^( -9);

16
17 // No i s e power at f i l t e r output P
18 P = (%pi/2)*n*f;

19
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20 disp( ’ No i s e power at output f i l t e r i s ’ +string(P)+ ’
Watt ’ );

21
22 // No i s e power at f i l t e r output P new when c u t o f f

f r e q u e n c y i s doubled
23 P_new = (%pi/2)*n*2*f;

24
25 disp( ’ No i s e power at output f i l t e r when c u t o f f

f r e q u e n c y i s doubled i s ’ +string(P_new)+ ’ Watt ’ );
26
27 // I d e a l Low Pass f i l t e r Bandwidth B = 1000 Hz
28 B = 1000;

29
30 disp( ’ Output No i s e Power i s ’ +string(n*B)+ ’ Watt ’ );
31
32 disp( ’ Output No i s e Power when cut−o f f f r e q u e n c y i s

doubled i s ’ +string (2*n*B)+ ’ Watt ’ );
33
34 // P r o p o r t i o n a l i t y c o n s t a n t T = 0 . 0 1
35 T = 0.01;

36
37 // Output n o i s e power O
38 O = n*(B^3)*(T^2) *(4/3) *(%pi)^2;

39
40 disp( ’ Output No i s e Power when s i g n a l i s pa s s ed

through a d i f f e r e n t i a t o r pa s s ed through i d e a l low
pas s f i l t e r ’ +string(O)+ ’ Watt ’ );

41
42 O_new = 8*n*(B^3)*(T^2) *(4/3) *(%pi)^2;

43
44 disp( ’ Output No i s e Power when s i g n a l i s pa s s ed

through a d i f f e r e n t i a t o r pa s s ed through i d e a l low
pas s f i l t e r and when cut−o f f f r e q u e n c y i s

doubled i s ’ +string(O_new)+ ’ Watt ’ );
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Scilab code Exa 7.4 SNR at output of equalizer

1 clc;

2 // page 413
3 // problem 7 . 4
4
5 // Given s i g n a l s t r e n g t h S = 0 . 0 0 1 W
6 S = 0.001;

7
8 // Gauss ian No i s e Magnitude n
9 n = 10^( -8);

10
11 // Frequency o f s i g n a l f = 4000 Hz
12 F = 4000;

13
14 // No i s e at e q u a l i z e r output N
15 N = integrate( ’ n∗(1+( f ˆ2) /Fˆ2) ’ , ’ f ’ ,-F,F);
16
17 // S i g n a l to No i s e Rat io v a l u e i s SNR
18 SNR = S/N;

19
20 disp( ’SNR v a l u e i s ’ +string (10* log10(SNR))+ ’ dB ’ );
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Chapter 8

Noise in Amplitude Modulation
System

Scilab code Exa 8.1 SNR of SSB signal

1 clc;

2 // page 436
3 // problem 8 . 1
4
5 // Given f r e q u e n c y range f c= 1MHz to f c = 1 . 0 0 0 5Mhz
6 // S i n g l e s i d e message bandwidth i s fM
7 fM= (1.0005 - 1) *10^6;

8 disp( ’ Message bandwidth i s ’ +string(fM)+ ’ Hz ’ );
9 //The t ex tbook c o n t a i n s a c a l c u l a t i o n e r r o r he r e .

The c a l c u l a t e d fM i n the t ex tbook i s 500 kHz
i n s t e a d o f 5kHz , f o l l o w i n g which a l l the
s o l u t i o n s a r e e r r o n e o u s

10
11 // Given input s i g n a l s t r e n g t h S i= 1mW
12 // Let output s i g n a l s t r e n g t h be So
13 // So=S i /4
14 Si= 10^( -3);

15 So= Si/4;

16 disp( ’ S i g n a l output s t r e n g t h i s ’ +string(So)+ ’ dB ’ );
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17
18 // Given Power S p e c t r a l Dens i ty n = 10ˆ−9 W/Hz
19 // Let output n o i s e s t r e n g t h be No
20 n= 10^ -9;

21 No= (n*fM)/4;

22 disp( ’ Output No i s e S t r e n g t h i s ’ +string(No)+ ’ dB ’ );
23
24 // Let SNR at f i l t e r output be SNR
25 SNR= So / No;

26 disp( ’ Output SNR i s ’ +string(SNR)+ ’ dB ’ );
27
28 //By r e d u c t i o n o f message s i g n a l Bandwidth the

Output No i s e s t r e n g t h changes
29 // Let the new output n o i s e s t r e n g t h , bandwidth and

SNR be be No new , fM new and SNR new r e s p e c t i v e l y
30 fM_new = 75/100* fM;

31 No_new = n*fM_new /4;

32 SNR_new = So / No_new;

33
34 disp( ’ Changed SNR i s ’ +string(SNR_new)+ ’ dB ’ );

Scilab code Exa 8.2 Signal strength and noise power density

1 clc;

2 // page 436
3 // problem 8 . 2
4
5 // Given f r e q u e n c y range f c − fm = 0 . 9 9 5MHz to f c +

fm = 1 . 0 0 5 Mhz
6 // Double s i d e message bandwidth i s fM
7 fM= (1.005 - 0.995) *10^6 / 2;

8 disp( ’ Message bandwidth i s ’ +string(fM)+ ’ Hz ’ );
9 //The t ex tbook c o n t a i n s a c a l c u l a t i o n e r r o r he r e .

10 //The c a l c u l a t e d fM i n the t ex tbook i s 500 kHz
i n s t e a d o f 5kHz ,
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11 // F o l l o w i n g which a l l the s o l u t i o n s o b t a i n e d he r e
a r e e r r o n e o u s .

12
13 // Given input s i g n a l s t r e n g t h S i= 1mW
14 // Let output s i g n a l s t r e n g t h be So
15 // So=S i /2
16 Si= 10^( -3);

17 So= Si/2;

18 disp( ’ S i g n a l output s t r e n g t h i s ’ +string(So)+ ’ dB ’ );
19
20 // Given Power S p e c t r a l Dens i ty n = 10ˆ−9 W/Hz
21 // Let output n o i s e s t r e n g t h be No
22 n= 10^ -9;

23 No= (n*fM)/2;

24 disp( ’ Output No i s e S t r e n g t h i s ’ +string(No)+ ’ dB ’ );
25
26 // Let SNR at f i l t e r output be SNR
27 SNR= So / No;

28 disp( ’ Output SNR o f the DSB−SC wave i s ’ +string(SNR)
+ ’ dB ’ );

29
30 //By r e d u c t i o n o f message s i g n a l Bandwidth the

Output No i s e s t r e n g t h changes
31 // Let the new output n o i s e s t r e n g t h , bandwidth and

SNR be be No new , fM new and SNR new r e s p e c t i v e l y
32 fM_new = 75/100* fM;

33 No_new = n*fM_new /4;

34 SNR_new = So / No_new;

35 disp( ’ Changed SNR i s ’ +string(SNR_new)+ ’ dB ’ );

Scilab code Exa 8.3 Minimum transmitter power

1 clc;

2 // page 446
3 // problem 8 . 3
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4
5 // Given bandwidth o f s i g n a l i s fM = 4kHZ
6 fM = 4*10^3;

7 // Given power s p e c t r a l d e n s i t y o f wh i t e n o i s e n =
2∗10ˆ−9 W/Hz

8 n = 2*10^ -9;

9 // Also g i v e n tha t minimum output SNR i s 40dB
10 // S i g n a l unde rgoe s a l o s s o f 30dB
11
12 // For SSB :
13 // Requ i red minimum output SNR = Si min SSB / ( n∗fM)

= 40 dB = 10ˆ4
14 Si_min_SSB = (10^4)*n*fM;

15 // Requ i red minimum s i g n a l s t r e n g t h at t r a n s m i t t e r
output S i t r a n = S i min ∗ 30 dB

16 Si_tran_SSB = Si_min_SSB * 10^3;

17 disp( ’ Requ i red minimum SSB s i g n a l s t r e n g t h at
t r a n s m i t t e r output i s ’ +string(Si_tran_SSB)+ ’ W’ );

18
19 // For DSB−SC :
20 // Requ i red minimum output SNR = ( Si min DSB /3) / ( n

∗fM) = 40 dB = 10ˆ4
21 Si_min_DSB = 3*(10^4)*n*fM;

22 // Requ i red minimum s i g n a l s t r e n g t h at t r a n s m i t t e r
output S i t r a n = S i min ∗ 30 dB

23 Si_tran_DSB = Si_min_DSB * 10^3;

24 disp( ’ Requ i red minimum DSB s i g n a l s t r e n g t h at
t r a n s m i t t e r output i s ’ +string(Si_tran_DSB)+ ’ W’ );

Scilab code Exa 8.4 SNR of a Square Demodulator

1 clc;

2 // page 447
3 // problem 8 . 4
4

62



5 // Given bandwidth o f s i g n a l i s fM = 60 kHZ
6 fM = 60*10^3;

7
8 // Given power s p e c t r a l d e n s i t y o f wh i t e n o i s e n =

2∗10ˆ−6 W/Hz
9 n = 2*10^ -6;

10
11 // Given t ime ave rage o f s qua r e o f mssg s i g n a l P =

0 . 1W
12 P = 0.1;

13
14 // No i s e power at input baseband range NM
15 NM = n * fM;

16
17 // Thresho ld o c c u r s at c a r r i e r power Pc = 2 . 9 ∗ NM
18 Pc_Threshold = 2.9 * NM;

19
20 // For c a r r i e r power Pc = 10W, output SNR
21 Pc = 10;

22 SNRo = Pc * P / NM ;

23 disp( ’ Output SNR i s ’ +string(SNRo)+ ’ dB ’ );
24
25 // C a r r i e r power i s r educed by 100 t imes making the

new power Pc new
26 Pc_new = Pc / 100;

27
28 // In the g i v e n s o l u t i o n s the NM v a l u e i s 1 . 2W

i n s t e a d o f 0 . 1 2W
29 //The c o r e c t answer i s 0 . 0 9 2 5 9 2 6 i n s t e a d o f 0 . 0 0 0 9 2 6
30 SNR_new = (4/3) * P * (Pc_new/NM)^2;

31 disp( ’ Output SNR when c a r r i e r power i s r educed i s ’ +
string(SNR_new)+ ’ dB ’ );
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Chapter 9

Noise in Frequency Modulation
Systems

Scilab code Exa 9.1 SNR of an FM Limiter Discriminator Demodulator

1 clc;

2 // page 463
3 // problem 9 . 1
4
5 // Input s i g n a l s t r e n g t h S i = 0 . 5 W
6 Si = 0.5;

7
8 // Gauss ian Power S p e c t r a l Dens i ty n = 10ˆ(−10) W/Hz
9 n = 10^( -10);

10
11 // Baseband c u t o f f s i g n a l fM = 15 kHz
12 fM = 15 * 10^3;

13
14 //Maximum f r e q u e n c y d e v i a t i o n Df = 60 kHz
15 Df = 60 * 10^3;

16
17 // Average power o f the modulat ing s i g n a l mt = 0 . 1 W
18 mt = 0.1;

19
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20 SNR = (3/(4* %pi ^2))*((Df/fM)^2)*mt^2*(Si/(n*fM));

21
22 disp( ’SNR i s ’ +string (10* log10(SNR))+ ’ dB ’ );
23
24 // Part b
25
26 // Requ i red SNR at output >40 dB = 10000
27
28 //From ( a ) , r e q u i r e d S i / 0 . 5 > 10000/4052 . 8
29 //Or , r e q u i r e d S i > 1 . 2 3 3 7 W
30 // S ince , channe l l o s s i s 20 dB (=100) ,
31 // Requ i red t r a n s m i t t e r power > 1 . 2337∗100 = 1 2 3 . 3 7
32
33 disp( ’ Requ i red t r a n s m i t t e r power > 1 . 2 3 3 7 x 100 =

1 2 3 . 3 7 ’ );

Scilab code Exa 9.2 FM Limiter Discriminator Demodulator

1 clc;

2 // page 464
3 // problem 9 . 2
4
5 // Baseband c u t o f f s i g n a l fM = 15 kHz
6 fM = 15 * 10^3;

7
8 //Maximum f r e q u e n c y d e v i a t i o n Df = 60 kHz
9 Df = 60 * 10^3;

10
11 // F igu r e o f Mer i t f o r FM i s G FM
12 G_FM = (3/2)*(Df/fM)^2;

13
14 disp( ’ F i gu r e o f Mer i t f o r FM system i s ’ +string(G_FM

));

15
16 // Rat io o f F i gu r e o f M er i t s o f FM and AM systems i s
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R
17 R = G_FM /(1/3);

18
19 disp( ’ Rat io o f F i gu r e o f Mer i t s f o r FM and AM

systems i s ’ +string(R));
20
21 Df_new = 2*Df;

22
23 // F igu r e o f Mer i t f o r FM when bandwidth i s doubled

i s G FM new
24 G_FM_new = (3/2) *( Df_new/fM)^2;

25
26 // Rat io o f F i gu r e o f M er i t s o f FM and AM systems

when bandwidth i s doubled i s R new
27 R_new = G_FM_new /(1/3);

28
29 disp( ’ Rat io o f F i gu r e o f Mer i t s f o r FM and AM

systems when bandwidth i s doubled i s ’ +string(
R_new));

Scilab code Exa 9.3 RC Filter Preemphasis Deemphasis

1 clc;

2 // page 475
3 // problem 9 . 3
4
5 // R e s i s t a n c e R = 1000 Ohm
6 R = 10^3;

7
8 // Capac i t ance C = 0 . 1 ∗ 10ˆ−6 F
9 C = 0.1*10^ -6;

10
11 // Break p o i n t f o r RC f i l t e r i s f 1
12 f1 = 1/(2* %pi*R*C)

13

66



14 // Baseband bandwidth o f s i g n a l fM = 15 kHz
15 fM = 15 * 10^3;

16
17 Gain = atan(fM/f1)/(3*(f1/fM)*[1 - (f1/fM)*atan(fM/

f1)]);

18
19 disp( ’ I n i t i a l Gain i s ’ +string (10* log10(Gain))+ ’ dB ’

);

20
21 //New Baseband bandwidth o f s i g n a l fM new = 15 kHz
22 fM_new = 2*15 * 10^3;

23
24 Gain_new = atan(fM_new/f1)/(3*(f1/fM_new)*[1 - (f1/

fM_new)*atan(fM_new/f1)]);

25
26 disp( ’ F i n a l Gain i s ’ +string (10* log10(Gain_new))+ ’

dB ’ );

Scilab code Exa 9.6 SNR at Input

1 clc;

2 // page 495
3 // problem 9 . 6
4
5 // Baseband c u t o f f s i g n a l fM = 15 kHz
6 fM = 15 * 10^3;

7
8 // C a r r i e r f i l t e r bandwidth i s B = 60 kHz
9 B = 60 * 10^3;

10
11 //RMS f r e q u e n c y d i v i s i o n Df RMS = 30 kHz
12 Df_RMS = 30 * 10^3;

13
14 // Let a = Df RMS/fM f o r s u b s t i t u t i o n
15 a = Df_RMS/fM;

67



16
17 // Let b = fM/B f o r s u b s t i t u t i o n
18 b = fM/B;

19
20 // Let input SNR 1 be I SNR1 = 10 dB = 10
21 I_SNR1 = 10;

22
23 // Output SNR i s O SNR1
24 O_SNR1 = (3*(a^2)*I_SNR1)/(1+6*((2/ %pi)^0.5)*I_SNR1*

exp(-(b)*I_SNR1));

25
26 disp( ’ Output SNR i s ’ +string (10* log10(O_SNR1))+ ’ dB ’

);

27
28 // Let input SNR 2 be I SNR2 = 20 dB = 100
29 I_SNR2 = 100;

30
31 // Output SNR i s O SNR2
32 O_SNR2 = (3*(a^2)*I_SNR2)/(1+6*((2/ %pi)^0.5)*I_SNR2*

exp(-(b)*I_SNR2));

33
34 // S o l u t i o n g i v e n i n the book i s 1 3 . 5 4 3 1 which i s

f a l l a c i o u s , the c o r r e c t answer i s 2 4 . 3 2 4 4 4
35 disp( ’ Output SNR i s ’ +string (10* log10(O_SNR2))+ ’ dB ’

);

36
37 // Let input SNR 3 be I SNR3 = 30 dB = 1000
38 I_SNR3 = 1000;

39
40 // Output SNR i s O SNR3
41 O_SNR3 = (3*(a^2)*I_SNR3)/(1+6*((2/ %pi)^0.5)*I_SNR3*

exp(-(b)*I_SNR3));

42
43 disp( ’ Output SNR i s ’ +string (10* log10(O_SNR3))+ ’ dB ’

);
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Chapter 10

Phase Locked Loops

Scilab code Exa 10.3 SNR of Phase Discriminator

1 clc;

2 // page 520
3 // problem 1 0 . 3
4
5 // Part ( a )
6
7 // Input SNR SNR ip
8 SNR_ip = 1000;

9
10 // Beta B
11 B = 10;

12
13 // Output SNR SNR op
14 SNR_op = (1.5*(B^2)*SNR_ip)/(1 + (12*B/%pi)*( SNR_ip)

*exp ( -0.5*(1/(B+1))*( SNR_ip)));

15
16 disp( ’ Output SNR i s ’ +string (10* log10(SNR_op))+ ’ dB

’ );
17
18 // Part ( b )
19
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20 // Input SNR SNR ip
21 SNR_ip = 10;

22
23 // Output SNR SNR op
24 SNR_op = (1.5*(B^2)*SNR_ip)/(1 + (12*B/%pi)*( SNR_ip)

*exp ( -0.5*(1/(B+1))*( SNR_ip)));

25
26 disp( ’ Output SNR i s ’ +string (10* log10(SNR_op))+ ’ dB

’ );

Scilab code Exa 10.5 Channel Spacing

1 clc;

2 // page 533
3 // problem 1 0 . 5
4
5 // Given r e f e r e n c e f r e q u e n c y i s f r e f = 10 MHz
6 fref = 10 * 10^6;

7
8 // Given s t e p f r e q u e n c y i s f s t e p = 100 KHz
9 fstep = 100 * 10^3;

10
11 // D i v i s i o n r a t i o M
12 M = fref/fstep;

13
14 // Requ i red output f r e q u e n c y F = 1 0 0 . 6 MHz
15 F = 100.6 * 10^6;

16
17 N = F/fstep;

18
19 // Given P = 64
20 P = 64;

21
22 // Truncat ing v a l u e B = 15
23 B = 15;
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24
25 A = N - P*B;

26
27 disp( ’ The v a l u e o f A i s ’ +string(A));
28 disp( ’ The v a l u e o f B i s ’ +string(B));
29 disp( ’ The v a l u e o f M i s ’ +string(M));

Scilab code Exa 10.7 Phase Locked Loops

1 clc;

2 // page 534
3 // problem 1 0 . 7
4
5 // Given r e f e r e n c e f r e q u e n c y f o r PLL i s f r e f = 0 . 4 8

MHz
6 fref = 0.48 * 10^6;

7
8 // Frequency d i v i d e r N = 2000
9 N = 2000;

10
11 // Output Frequency f o u t
12 fout = fref*N;

13
14 // Output Frequency f avg
15 favg = (2000*15 + 2001*1) *(0.48/16) * 10^6;

16
17 disp( ’ Output f r e q u e n c y i s ’ +string(fout)+ ’ Hz ’ );
18
19 // R e f e r e n c e f r e q u e n c y i s not s u b d i v i d e d b e f o r e go ing

to comparator and i t i s an i n t e g e r d i v i d e r i n
the f e e d b a c k path the f r e q u e n c y r e s o l u t i o n f r e s =

0 . 4 8 ∗ 1 0 ˆ 6 ;
20 fres = 0.48 * 10^6;

21
22 disp( ’ Frequency r e s o l u t i o n i s ’ +string(fres)+ ’ Hz ’ );
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23
24 disp( ’ Output f r e q u e n c y r e s o l u t i o n i s ’ +string(favg -

fout)+ ’ Hz ’ );
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Chapter 11

Optimal Reception of Digital
Signal

Scilab code Exa 11.3 Optimal threshold and probability of error

1 clc;

2 // page 558
3 // problem 1 1 . 3
4
5 // P r i o r p r o b a b i l i t y o f s1 P s1 = 0 . 4
6 P_s1 = 0.4;

7
8 // P r i o r p r o b a b i l i t y o f s2 P s2 = 1 − P s1
9 P_s2 = 1 - P_s1;

10
11 // Vo l tage l e v e l V1 = 1
12 V1 = 1;

13
14 // Vo l tage l e v e l V2 = −1
15 V2 = -1;

16
17 // Part a
18
19 // No i s e Var i ance s igma1 = 10ˆ−3
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20 sigma1 = 10^-3;

21
22 // D e s c i s i o n Thresho ld lambda1
23 lambda1 = (V1+V2)/2 + (sigma1)*log(P_s2/P_s1)/(V1-V2

);

24
25 // P r o b a b i l i t y o f e r r o r Pe
26 Pe = 0.5*(2* P_s1 - P_s1*erfc (((V2-V1)/(2* sigma1

*2^0.5)) + (sigma1)*log(P_s2/P_s1)/((V1-V2)

*2^0.5)));

27
28 disp( ’ The d e c i s i o n t h r e s h o l d i s ’ +string(lambda1)+ ’

V ’ );
29 disp( ’ The p r o b a b i l i t y o f e r r o r i s approx imate l y ’ +

string(Pe));

30
31 // Part b
32
33 // No i s e Var i ance s igma2 = 10ˆ−1
34 sigma2 = 10^-1;

35
36 // D e s c i s i o n Thresho ld lambda2
37 lambda2 = (V1+V2)/2 + (sigma2)*log(P_s2/P_s1)/(V1-V2

);

38
39 // P r o b a b i l i t y o f e r r o r Pe
40 Pe1 = 0.5*(2* P_s1 - P_s1*erfc (((V2-V1)/(2* sigma2

*2^0.5)) + (sigma2)*log(P_s2/P_s1)/((V1-V2)

*2^0.5)));

41
42 // In the t ex tbook Pe has been c a l u l a t e d to be 0 . 0 0 2 1

because o f the use o f a very h igh p r e c i s i o n
c a l c u l a t o r , u n f o r t u n a t e l y i n s c i l a b the f u n c t i o n
e r f c approx imate s the output v a l u e to a l a r g e r
e x t e n t due to which an e x a c t v a l u e cannot be
o b t a i n e d .

43
44 disp( ’ The d e c i s i o n t h r e s h o l d i s ’ +string(lambda2)+ ’
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V ’ );
45 disp( ’ The p r o b a b i l i t y o f e r r o r i s approx imate l y ’ +

string(Pe1));

Scilab code Exa 11.4 Decision threshold

1 clc;

2 // page 559
3 // problem 1 1 . 4
4
5 // Part b
6
7 // Vo l tage l e v e l V1 = 1
8 V1 = 1;

9
10 // Vo l tage l e v e l V2 = −1
11 V2 = -1;

12
13 // P r i o r p r o b a b i l i t y o f s1 P s1 = 0 . 4
14 P_s1 = 0.4;

15
16 // P r i o r p r o b a b i l i t y o f s2 P s2 = 1 − P s1
17 P_s2 = 1 - P_s1;

18
19 // Cost o f s e l e c t i n g s1 when s2 i s t r a n s m i t t e d C12 =

0 . 7
20 C12 = 0.7;

21
22 // Cost o f s e l e c t i n g s2 when s1 i s t r a n s m i t t e d C21 =

1 − C12
23 C21 = 1 - C12;

24
25 // No i s e Var i ance s igma = 10ˆ−3
26 sigma = 10^ -3;

27
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28 // D e s c i s i o n Thresho ld lambda
29 lambda = (V1+V2)/2 + (sigma)*log((C12*P_s2)/(C21*

P_s1))/(V1-V2);

30
31 disp( ’ The d e c i s i o n t h r e s h o l d i s ’ +string(lambda)+ ’ V

’ );

Scilab code Exa 11.5 Probability of error of optimum filter

1 clc;

2 // page 567
3 // problem 1 1 . 5
4
5 //The v o l t a g e l e v e l o f r e c i e v e r i s V = 5 mV
6 V = 5*10^ -3;

7
8 //The t ime r e q u i r e d to t r a n s f e r one b i t i s T =

1/9600 s e c
9 T = 9600^ -1;

10
11 // the s i g n a l ene rgy o f a b i t be Es
12 Es = (V^2)*T;

13
14 //The power s p e c t r a l d e n s i t y i s n/2 = 10ˆ−9 Watt/

h e r t z
15 n = 2*10^ -9;

16
17 // P r o b a b i l i t y e r r o r f o r op t ima l r e c i e v e r i s Pe
18 Pe = 0.5* erfc((Es/n)^0.5);

19
20 disp( ’ The p r o b a b i l i t y o f e r r o r i s ’ +string(Pe));
21
22 //When the data r a t e i s doubled , the new e f f e c t i v e

ene rgy per b i t i s Es new
23 Es_new = (V^2)*(T/2);
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24
25 //The new p r o b a b i l i t y o f e r r o r i s Pe new
26 Pe_new = 0.5* erfc(( Es_new/n)^0.5);

27
28 // Pe r c en tage i n c r e a s e i n e r r o r r a t e i s P
29 P = 100*( Pe_new - Pe)/Pe;

30
31 disp( ’ Pe r c en tage i n c r e a s e i n e r r o r r a t e i s ’ +string(

P));

32
33 // Vo l tage r e q u i r e d to r e s t o r e p r o b a b i l i t y l e v e l s ,

V new
34 V_new = V*2^0.5;

35
36 disp( ’ Vo l tage r e q u i r e d to r e s t o r e the p r o b a b i l i t y

l e v e l s i s ’ +string(V_new)+ ’ V o l t s ’ );

Scilab code Exa 11.6 Error probability of BPSK signal

1 clc;

2 // page 575
3 // problem 1 1 . 6
4
5 // Amplitude o f s i g n a l i s A = 10 mV
6 A = 10*10^ -3;

7
8 // Power S p e c t r a l Dens i ty n = 2 ∗ 10ˆ(−9) W/Hz
9 n = 2 * 10^( -9);

10
11 // Frequency i s f = 1 MHz
12 f = 1*10^6;

13
14 // Data r a t e i s D = 10ˆ4 bps ;
15 D = 10^4;

16
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17 //Time taken f o r a b i t to t r a v e r s e
18 T = 1/D;

19
20 // Energy per s i g n a l e l ement i s Es
21 Es = A^2/(2*D);

22
23 // P r o b a b i l i t y o f e r r o r Pe
24 Pe = 0.5* erfc((Es/n)^0.5);

25
26 disp( ’ P r o b a b i l i t y o f e r r o r i s ’ +string(Pe));
27
28 // Phase s h i f t ph i = %pi /6
29 phi = %pi/6;

30
31 // P r o b a b i l i t y o f e r r o r P e l o c a l o s c i l l a t o r
32 Pe_local_oscillator = 0.5* erfc (((Es/n)^0.5)*cos(phi)

);

33
34 disp( ’ P r o b a b i l i t y o f e r r o r o f l o c a l o s c i l l a t o r with

phase s h i f t i s ’ +string(Pe_local_oscillator));
35
36 // Timing e r r o r t
37 t = 0.1*T;

38
39 // P r o b a b i l i t y o f e r r o r when t h e r e i s a

s y n c h r o n i z a t i o n f a u l t P e t i m i n g e r r o r
40 Pe_timing_error = 0.5* erfc (((Es/n)*(1 - 2*(t/T))^2)

^0.5);

41
42 disp( ’ P r o b a b i l i t y o f e r r o r with s y n c h r o n i z a t i o n

f a u l t i s ’ +string(Pe_timing_error));
43
44 // P r o b a b i l i t y o f e r r o r when both f a u l t s o c cu r

Pe both
45 Pe_both = 0.5* erfc (((Es/n)*(cos(phi)^2) *(1 - 2*(t/T)

)^2) ^0.5);

46
47 disp( ’ P r o b a b i l i t y o f e r r o r when both f a u l t s o c cu r ’ +

78



string(Pe_both));

Scilab code Exa 11.7 Error probability of coherent FSK signal

1 clc;

2 // page 575
3 // problem 1 1 . 7
4
5 // Amplitude o f s i g n a l i s A = 10 mV
6 A = 10*10^ -3;

7
8 // Power S p e c t r a l Dens i ty n = 2 ∗ 10ˆ(−9) W/Hz
9 n = 2 * 10^( -9);

10
11 // Data r a t e i s D = 10ˆ4 bps ;
12 D = 10^4;

13
14 //Time taken f o r a b i t to t r a v e r s e
15 T = 1/D;

16
17 // Energy per s i g n a l e l ement i s Es
18 Es = A^2/(2*D);

19
20 // P r o b a b i l i t y o f e r r o r Pe a
21 Pe_a = 0.5* erfc ((0.6* Es/n)^0.5);

22 disp( ’ P r o b a b i l i t y o f e r r o r when o f f s e t i s s m a l l i s ’
+string(Pe_a));

23
24 // P r o b a b i l i t y o f e r r o r Pe b
25 Pe_b = 0.5* erfc((Es/(2*n))^0.5);

26 disp( ’ P r o b a b i l i t y o f e r r o r when f r e q u e n c i e s used a r e
o r t h o g o n a l i s ’ +string(Pe_b));

27
28 // P r o b a b i l i t y o f e r r o r Pe c
29 Pe_c = 0.5* exp(-(Es/(2*n)));
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30 disp( ’ P r o b a b i l i t y o f e r r o r f o r non c o h e r e n t
d e t e c t i o n i s ’ +string(Pe_c));

Scilab code Exa 11.8 Error probability in Optimal Reception

1 clc;

2 // page 588
3 // problem 1 1 . 8
4
5 // Energy a a s o s c i a t e d with each b i t Eb = 5 ∗ 10ˆ(−8)

J
6 Eb = 5 * 10^( -8);

7
8 // Power S p e c t r a l Dens i ty n = 2 ∗ 10ˆ(−9) W/Hz
9 n = 2 * 10^( -9);

10
11 //No o f symbols M
12 M = 16

13
14 //No o f b i t s N
15 N = log2(M);

16
17 // Er ro r l i m i t f o r 16−PSK i s P 16 PSK
18 P_16_PSK = erfc (((N*Eb*(%pi)^2) /(((M)^2)*n))^0.5);

19
20 disp( ’ Upper l i m i t o f e r r o r p r o b a b i l i t y o f 16 PSK

system i s ’ +string(P_16_PSK));
21
22 // Er ro r l i m i t f o r 16−QASK i s P 16 QASK
23 P_16_QASK = 2*erfc (((0.4* Eb)/(n))^0.5);

24
25 disp( ’ Upper l i m i t o f e r r o r p r o b a b i l i t y o f 16 QASK

system i s ’ +string(P_16_QASK));
26
27 // Er ro r l i m i t f o r 16−FSK i s P 16 FSK
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28 P_16_FSK = ((2^4 - 1)/2)*erfc (((N*Eb)/(2*n))^0.5);

29
30 disp( ’ Upper l i m i t o f e r r o r p r o b a b i l i t y o f 16 FSK

system i s ’ +string(P_16_FSK)+ ’ , n e g l i g i b l y s m a l l ’
);

Scilab code Exa 11.9 Probability of error of QPR System

1 clc;

2 // page 595
3 // problem 1 1 . 9
4
5 // Energy a a s o s c i a t e d with each b i t Eb = 5 ∗ 10ˆ(−8)

J
6 Eb = 5 * 10^( -8);

7
8 // Power S p e c t r a l Dens i ty n = 2 ∗ 10ˆ(−9) W/Hz
9 n = 2 * 10^( -9);

10
11 // P r o b a b i l i t y o f e r r o r Pe
12 Pe = 0.5* erfc (((Eb*(%pi)^2) /(16*n))^0.5);

13
14 disp( ’ P r o b a b i l i t y o f e r r o r o f QPR system i s ’ +string

(Pe));

15
16 // Given Bandwidth o f channe l i s BW
17 BW = 10*10^3;

18
19 D = 2*BW;

20
21 disp( ’ Data r a t e i s ’ +string(D)+ ’ bps ’ );
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Chapter 12

Noise in Pulse Code
Modulation and Delta
Modulation Systems

Scilab code Exa 12.2 SNR Optimal receiver

1 clc;

2 // page 608
3 // problem 1 2 . 2
4
5 // Baseband c u t o f f s i g n a l fM = 4 kHz
6 fM = 4 * 10^3;

7
8 // White n o i s e power s p e c t r a l d e n s i t y n
9 n = 2*10^( -9);

10
11 // Part ( a )
12
13 // Input S i g n a l ene rgy S i = 0 . 0 0 1
14 Si_a = 0.001;

15
16 //No o f l e v e l s used f o r PCM Coding M = 8
17 M_a = 8;
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18
19 N_a = log2(M_a);

20
21 // Input SNR i s SNR ip
22 SNR_ip = Si_a/(n*fM);

23
24 // Output SNR i s SNR op
25 SNR_op = (2^(2* N_a))/(1 + (2^(2* N_a + 1))*erfc((

SNR_ip *(1/(2* N_a))))^0.5);

26
27 disp( ’ Input SNR f o r ( a ) i s ’ +string (10* log10(SNR_ip)

)+ ’ dB ’ );
28 disp( ’ Output SNR ( a ) i s ’ +string (10* log10(SNR_op))+ ’

dB ’ );
29
30 // Part ( b )
31
32 // Input S i g n a l ene rgy S i = 0 . 0 0 1
33 Si_b = 0.001;

34
35 //No o f l e v e l s used f o r PCM Coding M = 256
36 M_b = 256;

37
38 N_b = log2(M_b);

39
40 // Input SNR i s SNR ip b
41 SNR_ip_b = Si_b/(n*fM);

42
43 // Output SNR i s SNR op b
44 SNR_op_b = (2^(2* N_b))/(1 + (2^(2* N_b + 1))*erfc((

SNR_ip_b *(1/(2* N_b))))^0.5);

45
46 // U n f o r t u n a t e l y i n s c i l a b the f u n c t i o n e r f c

approx imate s the output v a l u e to a l a r g e r e x t e n t
due to which an e x a c t v a l u e cannot be o b t a i n e d .

47 //The d i f f e r e n c e i n the t ex tbook answer and o b a t i n e d
answer i s s i g n i f i c a n t because o f c o n v e r t i n g the

answer i n t o dB .
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48
49 disp( ’ Input SNR f o r ( b ) i s ’ +string (10* log10(

SNR_ip_b))+ ’ dB ’ );
50 disp( ’ Output SNR f o r ( b ) i s ’ +string (10* log10(

SNR_op_b))+ ’ dB ’ );
51
52 // Part ( c )
53
54 // Input S i g n a l ene rgy S i = 0 . 0 1
55 Si_c = 0.01;

56
57 //No o f l e v e l s used f o r PCM Coding M = 256
58 M_c = 256;

59
60 N_c = log2(M_c);

61
62 // Input SNR i s SNR ip c
63 SNR_ip_c = Si_c/(n*fM);

64
65 // Output SNR i s SNR op c
66 SNR_op_c = (2^(2* N_c))/(1 + (2^(2* N_c + 1))*erfc((

SNR_ip_c *(1/(2* N_c))))^0.5);

67
68 disp( ’ Input SNR f o r ( c ) i s ’ +string (10* log10(

SNR_ip_c))+ ’ dB ’ );
69 disp( ’ Output SNR f o r ( c ) i s ’ +string (10* log10(

SNR_op_c))+ ’ dB ’ );

Scilab code Exa 12.3 SNR of Optimal reciver

1 clc;

2 // page 609
3 // problem 1 2 . 3
4
5 // Baseband c u t o f f s i g n a l fM = 4 kHz
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6 fM = 4 * 10^3;

7
8 // White n o i s e power s p e c t r a l d e n s i t y n
9 n = 2*10^( -9);

10
11 // Part ( a )
12
13 // Input S i g n a l ene rgy S i = 0 . 0 0 1
14 Si = 0.001;

15
16 //No o f l e v e l s used f o r PCM Coding M = 8
17 M = 8;

18
19 N = log2(M);

20
21 // Input SNR i s SNR ip
22 SNR_ip = Si/(n*fM);

23
24 // Output SNR i s SNR op
25 SNR_op = (2^(2*N))/(1 + (2^(2*N + 1))*erfc(( SNR_ip

*(3/(10*N))))^0.5);

26
27 disp( ’ Input SNR f o r ( a ) i s ’ +string (10* log10(SNR_ip)

)+ ’ dB ’ );
28 disp( ’ Output SNR ( a ) i s ’ +string (10* log10(SNR_op))+ ’

dB ’ );
29
30 // Part ( b )
31
32 // Input S i g n a l ene rgy S i = 0 . 0 0 1
33 Si = 0.001;

34
35 //No o f l e v e l s used f o r PCM Coding M = 256
36 M_b = 256;

37
38 N_b = log2(M_b);

39
40 // Input SNR i s SNR ip b
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41 SNR_ip_b = Si/(n*fM);

42
43 // Output SNR i s SNR op b
44 SNR_op_b = (2^(2* N_b))/(1 + (2^(2* N_b + 1))*erfc((

SNR_ip_b *(3/(10* N_b))))^0.5);

45
46 // U n f o r t u n a t e l y i n s c i l a b the f u n c t i o n e r f c

approx imate s the output v a l u e to a l a r g e r e x t e n t
due to which an e x a c t v a l u e cannot be o b t a i n e d .

47 //The d i f f e r e n c e i n the t ex tbook answer and o b a t i n e d
answer i s s i g n i f i c a n t because o f c o n v e r t i n g the

answer i n t o dB .
48
49 disp( ’ Input SNR f o r ( b ) i s ’ +string (10* log10(

SNR_ip_b))+ ’ dB ’ );
50 disp( ’ Output SNR f o r ( b ) i s ’ +string (10* log10(

SNR_op_b))+ ’ dB ’ );
51
52 // Part ( c )
53
54 // Input S i g n a l ene rgy S i = 0 . 0 1
55 Si = 0.01;

56
57 //No o f l e v e l s used f o r PCM Coding M = 256
58 M = 256;

59
60 N = log2(M);

61
62 // Input SNR i s SNR ip c
63 SNR_ip_c = Si/(n*fM);

64
65 // Output SNR i s SNR op c
66 SNR_op_c = (2^(2*N))/(1 + (2^(2*N + 1))*erfc((

SNR_ip_c *(3/(10*N))))^0.5);

67
68 disp( ’ Input SNR f o r ( c ) i s ’ +string (10* log10(

SNR_ip_c))+ ’ dB ’ );
69 disp( ’ Output SNR f o r ( c ) i s ’ +string (10* log10(
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SNR_op_c))+ ’ dB ’ );

Scilab code Exa 12.4 Output SNR in DM including Thermal Noise

1 clc;

2 // page 618
3 // problem 1 2 . 4
4
5 // Upper cut o f f f r e q u e c n y fb = 3200 Hz
6 fM = 3200;

7
8 // Lower cut o f f f r e q u e c n y f l = 300 Hz
9 fl = 300;

10
11 // Data r a t e fb = 32000 bps
12 fb = 32000;

13
14 // White n o i s e power s p e c t r a l d e n s i t y n
15 n = 2*10^( -9);

16
17 // Input S i g n a l ene rgy S i = 0 . 0 0 1
18 Si = 0.001;

19
20 // Output SNR i s SNR op
21 SNR_op = (0.6*( fb/fM)^3)/(1 + (0.3*( fb^2/(fl*fM)))*

erfc(Si/(n*fb)));

22
23 disp( ’ Output SNR i s ’ +string (10* log10(SNR_op))+ ’dB ’

);

24
25 // Data r a t e f b n = 32000 bps
26 fb_n = 2*32000;

27
28 // Output SNR i s SNR op n
29 SNR_op_n = (0.6*( fb_n/fM)^3)/(1 + (0.3*( fb_n ^2/(fl*
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fM)))*erfc(Si/(n*fb_n)));

30
31 disp( ’ Output SNR when data r a t e i s doubled i s ’ +

string (10* log10(SNR_op_n))+ ’dB ’ );
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Chapter 13

Information Theory and
Coding

Scilab code Exa 13.1 Information rate of source

1 clc;

2 // page 631
3 // problem 1 3 . 1
4
5 // Given p r o b a b i l i t i e s p1 = p4 = 1/8 & p2 = p3 = 3/8
6 p1 = 1/8

7 p4 = 1/8

8 p2 = 3/8

9 p3 = 3/8

10
11 //The ave rage i n f o r m a t i o n H i s p1∗ l o g 2 (1/ p1 )+p2∗

l o g 2 (1/ p2 )+p3∗ l o g 2 (1/ p3 )+p4∗ l o g 2 (1/ p4 ) b i t s /
message

12 H = p1*log2 (1/p1)+p2*log2 (1/p2)+p3*log2 (1/p3)+p4*

log2 (1/p4)

13
14 // i n f o r m a t i o n r a t e R i s r ∗H b i t s / s e c where r i s 2∗B
15 //R1 = R/B
16 R1 = 2*H
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17
18 disp( ’ The ave rage i n f o r m a t i o n i s ’ +string(H)+ ’ b i t s /

message ’ )
19 disp( ’ I n f o r m a t i o n r a t e ’ +string(R1)+ ’ ∗B b i t s / s e c ’ )

Scilab code Exa 13.4 Channel Capacity

1 clc;

2 // page 649
3 // problem 1 3 . 4
4
5 // Given bandwidth (B) = 4000 Hertz & No i s e PSD( n /2) =

10ˆ−9 Watt/ Hertz
6 B = 4000

7 n = 2*10^ -9

8
9 // Chanel c a p a c i t y (C) = B∗ l o g 2 (1+S /( n∗B) )

10
11 // c a s e 1
12 // S i g n a l ene rgy ( S ) = 0 . 1 J o u l e
13 S = 0.1

14
15 C = B*log2 (1+S/(n*B))

16
17 disp( ’ Channel c a p a c i t y f o r bandwidth = 4000 Hertz ,

No i s e PSD = 10ˆ−9 Watt/ Hertz & S i g n a l ene rgy ( S ) =
0 . 1 J o u l e i s ’ +string(C)+ ’ b i t s / s e c ’ )

18
19 // c a s e 2
20 // S i g n a l ene rgy ( S ) = 0 . 0 0 1 J o u l e
21 S = 0.001

22
23 C = B*log2 (1+S/(n*B))

24
25 disp( ’ Channel c a p a c i t y f o r bandwidth = 4000 Hertz ,
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Noi s e PSD = 10ˆ−9 Watt/ Hertz & S i g n a l ene rgy ( S ) =
0 . 0 0 1 J o u l e i s ’ +string(C)+ ’ b i t s / s e c ’ )

26
27 // c a s e 3
28 // S i g n a l ene rgy ( S ) = 0 . 0 0 1 J o u l e & i n c r e s e d

bandwidth (B) = 10000 Hertz
29 B = 10000

30 S = 0.001

31
32 C = B*log2 (1+S/(n*B))

33
34 disp( ’ Channel c a p a c i t y f o r bandwidth = 10000 Hertz ,

No i s e PSD = 10ˆ−9 Watt/ Hertz & S i g n a l ene rgy ( S ) =
0 . 0 0 1 J o u l e i s ’ +string(C)+ ’ b i t s / s e c ’ )

Scilab code Exa 13.8 Probability of error

1 clc;

2 // page 675
3 // problem 1 3 . 8
4
5 // With s i n g l e p a r i t y b i t added , the code s i z e = 4 .

An e r r o r evades p a r i t y check i f any 2 or a l l
symbols o f t h e code a r r i v e s a r e e r r o n e o u s .

6 // P r o b a b i l i t y o f any symbol from n ar e e r r o n e o u s =
nCm∗ ( pˆm) ∗(1−p ) ˆ( n−m)

7
8 //Thus , the p r o b a b i l i t y o f e r r o r undetec ted ,

P u n d e t e r r = (4C2∗ ( p ˆ2) ∗(1−p ) ˆ2)+4C4∗ ( p ˆ4) = 6∗ ( p
ˆ2) ∗(1−p ) ˆ2) +(p ˆ4)

9
10 // P r o b a b i l i t y o f e r r o r i n d e t e c t i o n ( P u nd e t e r r 1 ) f o r

p = 0 . 1
11 p = 0.1

12 P_undeterr1 = 6*(p^2)*((1-p)^2)+(p^4)
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13
14 disp( ’ P r o b a b i l i t y o f e r r o r i n d e t e c t i o n f o r p = 0 . 1

i s ’ +string(P_undeterr1))
15
16 // P r o b a b i l i t y o f e r r o r i n d e t e c t i o n ( P u nd e t e r r 2 ) f o r

p = 0 . 0 1
17 p = 0.01

18 P_undeterr2 = 6*(p^2)*((1-p)^2)+(p^4)

19
20 disp( ’ P r o b a b i l i t y o f e r r o r i n d e t e c t i o n f o r p = 0 . 0 1

i s ’ +string(P_undeterr2))

Scilab code Exa 13.11 Turbo code

1 clc;

2 // page 696
3 // problem 1 3 . 1 1
4
5 //The output e q u a t i o n s a r e as f o l l o w s v1 = s1 xor s2

xor s3 & v2 = s1 xor s3
6 // the no o f b i t s i n output mode ( b i t s o u t ) i s v ∗ (L+K)

, v = no o f ou tput s f o r commutatot = 2 , L =
l e n g t h o f i nput = 3 & K = no o f memeory e l e m e n t s
= 3

7 v = 2

8 L = 3

9 K = 3

10 bits_out = v*(L+K)

11
12 // Taking in , s1 , s2 , s3 , v1 & v2 as row matr ix

where each column r e p r e s e n t s i t s c o r r e s p o n d i n g
input or output , i n means input

13 in = [0 1 0 1 0 0 0]

14
15 s1 = zeros (1,7)
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16 s2 = zeros (1,7)

17 s3 = zeros (1,7)

18 v1 = zeros (1,7)

19 v2 = zeros (1,7)

20
21
22 for i = 2:7

23 s3(i) = s2(i-1)

24 s2(i) = s1(i-1)

25 s1(i) = in(i-1)

26 v1(i-1) = bitxor(s1(i),bitxor(s2(i),s3(i)))

27 v2(i-1) = bitxor(s1(i),s3(i))

28 end

29
30 // Output matr ix i s out
31 out = zeros (1 ,12)

32 for i = [1 3 5 7 9 11]

33 out(i) = v1((i+3) /2)

34 out(i+1) = v2((i+3)/2)

35 end

36
37 disp( ’ output i s ’ )
38 disp(out)

Scilab code Exa 13.12 Turbo code

1 clc;

2 // page 697
3 // problem 1 3 . 1 2
4
5 //The q e n e r a t r matr ix r e q u i r e s impu l s e r e s p o n s e o f

the code r .
6 // This i s the ourput g e n e r a t e d when the i n i t i a l l y

r e s e t code r i s f e d with a s i n g l e 1 .
7 //The no o f b i t s i n the output code = 2(1+3) = 8
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8
9 // Taking in , s1 , s2 , s3 , v1 & v2 as row matr ix

where each column r e p r e s e n t s i t s c o r r e s p o n d i n g
input or output , i n means input

10 in = [0 1 0 0 0]

11
12 s1 = zeros (1,5)

13 s2 = zeros (1,5)

14 s3 = zeros (1,5)

15 v1 = zeros (1,5)

16 v2 = zeros (1,5)

17
18
19 for i = 2:5

20 s3(i) = s2(i-1)

21 s2(i) = s1(i-1)

22 s1(i) = in(i-1)

23 v1(i-1) = bitxor(s1(i),bitxor(s2(i),s3(i)))

24 v2(i-1) = bitxor(s1(i),s3(i))

25 end

26
27 // Output matr ix i s out
28 out = zeros (1,8)

29 for i = [1 3 5 7]

30 out(i) = v1((i+3) /2)

31 out(i+1) = v2((i+3)/2)

32 end

33
34 disp( ’ impu l s e r e s p o n s e i s ’ )
35 disp(out)

36
37 //Then g e n e r a t o r matr ix i s G
38 G = [1 1 1 0 1 1 0 0 0 0 0 0;0 0 1 1 1 0 1 1 0 0 0

0;0 0 0 0 1 1 1 0 1 1 0 0]

39
40 // Note that , i n G, impu l s e r e s p o n s e s appear i n

s t a g g e r e d apper i n a s t a g g e r e d manner i n each row
w h i l e the r e s t o f the e l e m e n t s a r e 0 .
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41
42 //Now , output i s b o = b i ∗G where input b i =[1 0

1 ]
43 b_i = [1 0 1]

44
45 b_o = b_i*G

46
47 // Here m u l t i p l i c a t i o n means Exor o p e r a t i o n so

whereeve r two o c c u r s i t shou ld be changed to 1
48
49 for i = 1:12

50 if b_o(i) > 1 then

51 b_o(i) = 0;

52 end

53 end

54
55 disp( ’ output i s ’ )
56 disp(b_o)

57 disp( ’ The output o b t a i n e d i s e x a c t l y same as example
1 3 . 1 ’ )

Scilab code Exa 13.14 GO back N algorithm

1 clc;

2 // page 701
3 // problem 1 3 . 1 4
4
5 // Given , Tw = 10 mic ro s ec , BCH( 10 2 3 9 7 3 ) code i s used

i m p l i e s k as 973 & n as 1023 , P A = 0 . 9 9 , T1 = 40
m i c r o s e c & N = 4

6 Tw = 10*10^ -6

7 k = 973

8 n = 1023

9 P_A = 0.99

10 T1 = 40*10^ -6
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11 N = 4

12
13 // e f f i c i e n c y o f Stop−and−Wait ARQ( n SandW ) = ( k/n ) ∗ (

P A/(1+(T1/Tw) ) )
14 n_SandW = (k/n)*(P_A /(1+(T1/Tw)))

15
16 // e f f i c i e n c y o f Go−Back−N ARQ(n GBN) = ( k/n ) ∗ (1/(1+(

N∗(1−P A ) /P A ) ) )
17 n_GBN = (k/n)*(1/(1+(N*(1-P_A)/P_A)))

18
19 // e f f i c i e n c y o f S e l e c t i v e Repeat ARQ( n SR ) = ( k/n ) ∗

P A
20 n_SR = (k/n)*P_A

21
22 disp( ’ e f f i c i e n c y o f Stop−and−Wait ARQ i s ’ +string(

n_SandW))

23 disp( ’ e f f i c i e n c y o f Go−Back−N ARQ i s ’ +string(n_GBN)
)

24 disp( ’ e f f i c i e n c y o f S e l e c t i v e Repeat ARQ i s ’ +string
(n_SR))

Scilab code Exa 13.15 Power of a Transmitter

1 clc;

2 // page 718
3 // problem 1 3 . 1 5
4
5 // Bi t i n t e r v a l T = 1/10ˆ6 = 10ˆ−6 s e c
6 T = 10^-6

7
8 // White No i s e Power S p e c t r a l Dens i ty n/2 = 10ˆ−9 W/

Hz
9 n = 2*10^ -9

10
11 // Power r e q u i r e d Ps = Eb/T, where Eb = energy per
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b i t
12
13 // For i n f o r m a t i o n system f e e d b a c k system Eb = n
14 Ps = n/T

15
16 disp( ’ power r e q u i r e d f o r i n f o r m a t i o n system f e e d b a c k

system i s ’ +string(Ps)+ ’ Watt ’ )
17
18 // For opt ima l system Ps = ( 0 . 6 9 ∗ n ) /T
19 Ps = (0.69 * n)/T;

20
21 disp( ’ power r e q u i r e d f o r op t ima l system i s ’ +string(

Ps)+ ’ Watt ’ )

Scilab code Exa 13.16 Probability of error for Trellis decoded modulation

1 clc;

2 // page 719
3 // problem 1 3 . 1 6
4
5 // Given , Eb = 10ˆ−9 Jou le , n/2 = 10ˆ−9 Watt/ Hertz
6 Eb = 10^-8

7 n = 2*10^ -9

8
9 // P r o b a b i l i t y o f e r r o r f o r t r e l l i s −decoded

modulat ion ( Pe ) = ( 1 / 2 ) ∗ e r f c ( s q r t ( 1 . 5 ∗Eb/n ) )
10 Pe = (1/2)*erfc(sqrt (1.5* Eb/n))

11
12 disp( ’ P r o b a b i l i t y o f e r r o r f o r t r e l l i s −decoded

modulat ion i s ’ +string(Pe))
13
14 // P r o b a b i l i t y o f e r r o r f o r Qpsk modulat ion ( Pe ) =

( 1 / 2 ) ∗ e r f c ( s q r t (Eb/n ) )
15 Pe = (1/2)*erfc(sqrt(Eb/n))

16
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17 disp( ’ P r o b a b i l i t y o f e r r o r f o r Qpsk modulat ion i s ’ +
string(Pe))
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Chapter 14

Communication Systems and
Component Noises

Scilab code Exa 14.1 Thermal noise voltage

1 clc;

2 // page 738
3 // problem 1 4 . 1
4
5 // Boltzman c o n s t a n t k = 1 . 38 0 6 4 8 8 10−23 m2 kg s

−2 K−1
6 k = 1.3806488 * 10^ -23;

7
8 // Let room tempera tu r e be 27 C
9 T = 27 + 273;

10
11 // Bandwidth BW = 10 MHz
12 BW = 10 * 10 ^6;

13
14 // For ( a )
15 // Let the e q u i v a l e n t r e s i s t a n c e be Ra
16 Ra = 10 + 10;

17
18 //RMS Noi s e Vo l tage be Va
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19 Va = (4*k*T*Ra*BW)^0.5;

20
21 disp( ’ The rms v o l t a g e at output a i s ’ +string(Va)+ ’

Vo l t ’ );
22
23 // For ( b )
24 // Let the e q u i v a l e n t r e s i s t a n c e be Rb
25 Rb = (10 * 10) /(10+10);

26
27 //RMS Noi s e Vo l tage be Vb
28 Vb = (4*k*T*Rb*BW)^0.5;

29
30 disp( ’ The rms v o l t a g e at output b i s ’ +string(Vb)+ ’

Vo l t ’ );
31
32 // For ( c )
33
34 Rc = 10;

35 C = 1*10^ -9;

36
37 // In the textbook , the author has f o r g o t t e n to

m u l t i p l y the r e s u l t with T, hence has o b t a i n e d an
e r r o n e o u s r e s u l t .

38 //The g i v e n answer i s 2 8 . 0 1uV but the c o r r e c t answer
i s found out to be 1 . 2uV

39
40 Vc_square = 2*k*integrate( ’ Rc /(1 + (2∗%pi∗Rc∗C∗ f ) ˆ2)

’ , ’ f ’ ,-10^7,10^7);
41 Vc = Vc_square ^0.5;

42
43 disp( ’ The rms v o l t a g e at output c i s ’ +string(Vc)+ ’

Vo l t ’ );

Scilab code Exa 14.2 Output Noise power
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1 clc;

2 // page 741
3 // problem 1 4 . 2
4
5 //The Antenna n o i s e t empera tu r e i s T ant = 10 K
6 T_ant = 10;

7
8 //The r e c i e v e r n o i s e t empera tu r e i s Te = 140 K
9 Te = 140;

10
11 // Midband a v a i l a b l e ga in o f r e c i e v e r gao = 10ˆ10
12 gao = 10^10;

13
14 // No i s e bandwidth i s BN = 1 . 5 ∗ 10ˆ5 Hz
15 BN = 1.5 * 10^5;

16
17 // Boltzman c o n s t a n t k = 1 . 38 0 6 4 8 8 10−23 m2 kg s

−2 K−1
18 k = 1.3806488 * 10^ -23;

19
20 // A v a i l a b l e n o i s e power at output i s pao
21
22 pao = gao*k*( T_ant + Te)*BN;

23
24 disp( ’ The a v a i l a b l e output n o i s e power i s ’ +string(

pao)+ ’ Watts ’ );

Scilab code Exa 14.3 Transmitted power of antenna

1 clc;

2 // page 748
3 // problem 1 4 . 3
4
5 //The d i s t a n c e d = 30 ∗ 1 . 6 ∗ 10ˆ3 m;
6 d = 30 * 1.6 * 10^3;
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7
8 // Frequency f = 4 ∗ 10ˆ9 Hz
9 f = 4 * 10^9;

10
11 // Wavelength w = c / f m
12 w = 3*10^8 / f;

13
14 // Transmi t t e r ga in KT = 40 dB
15 KT = 10^4;

16
17 // R e c i e v e r ga in KT = 40 dB
18 KR = 10^4;

19
20 // R e c i e v e r power PR = 10ˆ−6 Watt
21 PR = 10^-6;

22
23 // Transmi t t e r power PT
24 PT = PR*(4* %pi*d/w)^2/ (KT*KR);

25
26 disp( ’ The t r a n s m i t t e r output i s ’ +string(PT)+ ’ Watt ’

)
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Chapter 15

Spread Spectrum Modulation

Scilab code Exa 15.1 Jamming

1 clc;

2 // page 764
3 // problem 1 5 . 1
4
5 // S i g n a l Power data r a t e fb = 100 Kbps
6 fb = 10^5;

7
8 // S i g n a l S t r e n g t h Ps = 1 mW
9 Ps = 1*10^( -3);

10
11 // Chip f r e q u e n c y f s = 100 MHz
12 fs = 10^8;

13
14 // No i s e S p e c t r a l Dens i ty n = 2∗10ˆ(−9) W/Hz
15 n = 2*10^( -9);

16
17 //Jamming S i g n a l power i s Pj = 1 W
18 Pj = 1;

19
20 // P r o c e s s i n g Gain P
21 P = fs/fb;
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22 disp( ’ P r o c e s s i n g Gain i s ’ +string(P));
23
24 // Bi t I n t e r v a l T
25 T = 1/fb;

26 disp( ’ B i t I n t e r v a l i s ’ +string(T)+ ’ s ’ );
27
28 // Energy per b i t Eb
29 Eb = Ps*T;

30 disp( ’ Energy per b i t i s ’ +string(Eb));
31
32 // Er ro r P r o b a b i l i t y wi thout jamming

E without jamming
33 E_without_jamming = 0.5* erfc((Eb/(n))^0.5);

34 disp( ’ E r ro r p r o b a b i l i t y wi thout jamming i s ’ +string(
E_without_jamming));

35
36 // Er ro r P r o b a b i l i t y with jamming E jamming
37 E_jamming = 0.5* erfc (((2* Ps*P)/(Pj))^0.5);

38 disp( ’ E r ro r p r o b a b i l i t y jamming i s ’ +string(
E_jamming));

Scilab code Exa 15.2 Ranging using DS spread spectrum

1 clc;

2 // page 764
3 // problem 1 5 . 2
4
5 // Chip Rate f c = 110 MHz
6 fc = 10*10^6;

7 Tc = 1/fc;

8
9 // Delay D = 0 . 1 ms

10 D = 0.1*10^ -3;

11
12 // Speed o f l i g h t c = 3∗10ˆ8 Kmps
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13 c = 3*10^8;

14
15 // Est imated D i s t a n c e d
16 d = 0.5*c*D;

17
18 // T o l e r a n c e Tol
19 Tol = 0.5*c*Tc;

20
21 disp( ’ The t a r g e t i s between ’ +string(d-Tol)+ ’ met re s

and ’ +string(d+Tol)+ ’ met re s o f the s o u r c e . ’ );

Scilab code Exa 15.3 Sequence length

1 clc;

2 // page 769
3 // problem 1 5 . 3
4
5 //Number o f F l i p F lops N
6 N = 13;

7
8 // Maximal l e n g t h o f s equence L
9 L = 2^N - 1;

10
11 // Upper Bound S
12 S = (L - 1)/N;

13
14 //No o f b a s i c s e q u e n c e s and m i r r o r images
15 disp( ’No o f b a s i c s e q u e n c e s and m i r r o r images i s ’ +

string(S/2) ’);
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