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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.
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Chapter 1

Signals Continuous and
Discrete time

Scilab code Exa 1.1 Finding Fundamental Period

1 // S c i l a b Code f o r Example 1 . 1 o f S i g n a l s and sys tems
by

2 //P . Ramakrishna Rao
3 // Determine whether the g i v e n s i g n a l i s p e r i o d i c or

not
4 //x ( t ) =10∗( c o s (10∗ p i ∗ t ) ) ˆ2
5 clc;

6 clear;

7 syms t;

8 x=10*( cos (10* %pi*t))^2;

9 disp(x, ’ x ( t ) ’ );
10 t=0:0.01:1;

11 x=10*( cos (10* %pi*t))^2;

12 t=0:0.01:1;

13 plot(t,x, ’ r ’ )
14 title( ’ x ( t ) ’ );
15 xlabel( ’ Time i n s e c o n d s ’ );
16 disp( ’ the s i g n a l i s p l o t t e d and i t shows i t i s

p e r i o d i c ’ );
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Figure 1.1: Finding Fundamental Period

Scilab code Exa 1.3.a Periodicity

1 // S c i l a b Code f o r Example 1 . 3 ( a ) o f S i g n a l s and
sys t ems by

2 //P . Ramakrishna Rao
3 // Determine whether the g i v e n s i g n a l i s p e r i o d i c or

not
4 //x ( t ) =3∗ co s ( 0 . 4 ∗ p i ∗ t ) +2∗ s i n ( 0 . 6 6 ∗ t )
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Figure 1.2: Finding Fundamental Period
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5 clc;

6 clear;

7 syms t;

8 x=3*cos (0.4* %pi*t)+2* sin (0.66*t);

9 disp(x, ’ x ( t ) ’ );
10 t=0:1/50:50;

11 x=3*cos (0.4* %pi*t)+2* sin (0.66*t);

12 t=0:1/50:50;

13 plot(t,x);

14 title( ’ x ( t ) ’ );
15 xlabel( ’ Time i n s e c o n d s ’ );
16 disp( ’ p l o t t e d the s i g n a l and shown tha t i t i s not

p e r i o d i c and i s i n c r e a s i n g ’ );

Scilab code Exa 1.3.b Periodicity and fundamental period

1 // S c i l a b Code f o r Example 1 . 3 ( b ) o f S i g n a l s and
sys t ems by

2 //P . Ramakrishna Rao
3 // Determine whether the g i v e n s i g n a l i s p e r i o d i c or

not
4 //x ( t ) =5∗ co s ( ( 4 / 3 ) ∗ t ) +3∗ s i n ( t )
5 clc;

6 clear;

7 syms t;

8 x=5*cos ((4/3)*t)+3*sin(t);

9 disp(x, ’ x ( t ) ’ );
10 t=0:1/80:80;

11 x=5*cos ((4/3)*t)+3*sin(t);

12 t=0:1/80:80;

13 plot(t,x);

14 title( ’ x ( t ) ’ );
15 xlabel( ’ Time i n s e c o n d s ’ );

15



Figure 1.3: Periodicity
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Figure 1.4: Periodicity and fundamental period

16 disp( ’ p l o t t e d the s i g n a l and shown tha t i t i s
p e r i o d i c with a p e r i o d o f LCM o f 2 p i and (2 p i
/ ( 4 / 3 ) ’ );

Scilab code Exa 1.4 Fundamental Period

1 // S c i l a b Code f o r Example 1 . 4 o f S i g n a l s and sys tems
by

2 //P . Ramakrishna Rao
3 // Determine whether the g i v e n s i g n a l i s p e r i o d i c or

not
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4 //x ( t )=co s (7∗ t )+s i n (4∗ t )
5 clc;

6 clear;

7 syms t;

8 x=sin(4*t)+cos(7*t);

9 disp(x, ’ x ( t ) ’ );
10 t=0:1/12:12

11 x=sin(4*t)+cos(7*t);

12 t=0:1/12:12;

13 plot(t,x);

14 title( ’ x ( t ) ’ );
15 xlabel( ’ Time i n s e c o n d s ’ );
16 disp( ’ p l o t t e d the s i g n a l and shown tha t i t i s

p e r i o d i c with p e r i o d o f 2 p i ’ );

Scilab code Exa 1.5 Fundamental Period

1 // S c i l a b Code f o r Example 1 . 5 o f S i g n a l s and sys tems
by

2 //P . Ramakrishna Rao
3 // Determine whether the g i v e n s i g n a l i s p e r i o d i c or

not
4 //x ( t )=co s ( t )+s i n ( s q r t ( 2 ) ∗ t )
5 clc;

6 clear;

7 syms t;

8 x=cos(t)+sin(sqrt (2)*t);

9 disp(x, ’ x ( t ) ’ );
10 for t=0:1:100;

11 x(t+1)=cos(t)+sin(sqrt (2)*t);

12 end

13 t=0:1:100;

14 plot(t,x);

18



Figure 1.5: Fundamental Period
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Figure 1.6: Fundamental Period

15 title( ’ x ( t ) ’ );
16 xlabel( ’ Time i n s e c o n d s ’ );
17 disp( ’ p l o t t e d the s i g n a l and shown tha t i t i s not

p e r i o d i c ’ );

Scilab code Exa 1.6 Fundamental Period

1 // S c i l a b Code f o r Example 1 . 6 ( i ) o f S i g n a l s and
sys t ems by

2 //P . Ramakrishna Rao
3 // Determine whether the g i v e n s i g n a l i s p e r i o d i c or
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not
4 clc;

5 clear;

6
7 n=0:1:10;

8 x(n+1)=2*sin (0.8* %pi*n);

9 a=gca();

10 a.x_location=” o r i g i n ”;
11 a.y_location=” o r i g i n ”;
12 n=0:1:10;

13 plot2d3(n,x,9);

14 title( ’ x ( n ) ’ );
15 disp( ’ p l o t i n g the s i g n a l and showing tha t i t i s

p e r i o d i c with p e r i o d o f 5 ’ );

Scilab code Exa 1.7 Even and odd Components

1 // S c i l a b Code f o r Example 1 . 7 o f S i g n a l s and sys tems
by

2 //P . Ramakrishna Rao
3 clear;

4 clc;

5 n=1;

6 for t= -10:0.1:10;

7 // Funct ion f o r Even s i g n a l
8 y1(n)=0.5*( exp(-t)*u(t)+exp(t)*u(-t));

9 n=n+1;

10 end

11 a=gca();

12 a.x_location=” o r i g i n ”;
13 a.y_location=” o r i g i n ”;
14 t= -10:0.1:10;

15 // P lo t o f Even S i g n a l
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Figure 1.7: Fundamental Period
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16 plot(t,y1);

17 title( ’ y1 ( t ) ’ );
18 xlabel( ’ Time i n s e c o n d s ’ );
19 n=1;

20 for t= -1:0.01:1;

21 // Funct ion f o r Odd s i g n a l
22 y2(n)=0.5*( exp(-t)*u(t)-exp(t)*u(-t));

23 n=n+1;

24 end

25 figure (1);

26 a=gca();

27 a.x_location=” o r i g i n ”;
28 a.y_location=” o r i g i n ”;
29 t= -1:0.01:1;

30 // P lo t o f Odd S i g n a l
31 plot(t,y2)

32 disp( ’ p l o t t e d the s i g n a l both i n even and odd forms ’
);

33 title( ’ y2 ( t ) ’ );
34 xlabel( ’ Time i n s e c o n d s ’ );

Scilab code Exa 1.11 Waveforms

1 // S c i l a b Code f o r Example 1 . 1 1 o f S i g n a l s and
sys t ems by

2 //P . Ramakrishna Rao
3 // d i s p l a y i n g p l o t s f o r the g i v e n s i g n a l s
4 clear;

5 clc;

6 for t= -3:1:3

7 y(t+4)=abs(t+3)*u(t+3)-abs(t+1)*u(t+1)-abs(t-1)*u(t
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Figure 1.8: Even and odd Components
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Figure 1.9: Even and odd Components
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-1)+abs(t-3)*u(t-3);

8 end

9 t= -3:1:3;

10 // f o r the main g i v e n s i g n a l
11 a=gca();

12 a.x_location=” o r i g i n ”;
13 a.y_location=” o r i g i n ”;
14 plot(t,y);

15 title( ’ Main S i g n a l ) ’ );
16 dy=0*y;

17 for i=1:6

18 dy(i)=(y(i+1)-y(i))/1;

19 end

20 // f o r the d e r i v a t i v e o f the g i v e n s i g n a l
21 figure (1);

22 a=gca();

23 a.x_location=” o r i g i n ”;
24 a.y_location=” o r i g i n ”;
25 plot2d2(t,dy);

26 title( ’ D e r i v a t i v e o f S i g n a l ’ );
27 dy2 =0*dy;

28 dy2 (1)=dy(1) -0;

29 for i=1:6

30 dy2(i+1)=(dy(i+1)-dy(i))/1;

31 end

32 // f o r the impu l s e r e s p o n s e r e p r e s e n t a t i o n or second
d e r i v a t i v e

33 figure (2);

34 a=gca();

35 a.x_location=” o r i g i n ”;
36 a.y_location=” o r i g i n ”;
37 plot2d3(t,dy2 ,-5);

38 title( ’ Impul se r e s p o n s e r e p r e s e n t a t i o n ’ );
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Figure 1.10: Waveforms
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Figure 1.11: Waveforms
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Scilab code Exa 1.12 Time Scaling

1 // S c i l a b Code f o r Example 1 . 1 2 o f S i g n a l s and
sys t ems by

2 //P . Ramakrishna Rao
3 clc;

4 clear;

5 x= -2:1:3;

6 y=[-1.5,2,2,1,-1.5,2.5];

7 // P lo t o f x ( n )
8 plot2d3(x,y,5);

9 xtitle ( ’ Time S c a l i n g x ( n ) ’ );
10 a = gca(); // ge t the c u r r e n t axe s
11 a.x_location = ” o r i g i n ”;
12 a.y_location = ” o r i g i n ”;
13 x= -2:1:3;

14 y=[0,-1.5,2,-1.5,0,0];

15 figure (1);

16 // P lo t o f x (2 n )
17 plot2d3(x,y,5);

18 a = gca(); // ge t the c u r r e n t axe s
19 a.x_location = ” o r i g i n ”;
20 a.y_location = ” o r i g i n ”;
21 xtitle ( ’ Time S c a l i n g x (2 n ) ’ );

Scilab code Exa 1.13 Plot at a particular sampling frequency
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Figure 1.12: Time Scaling
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Figure 1.13: Time Scaling
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1 // S c i l a b Code f o r Example 1 . 1 3 o f S i g n a l s and
sys t ems by

2 //P . Ramakrishna Rao
3 clc;

4 clear;

5 // D i s c r e t e−t ime s equence p l o t
6 clc

7 A=10;

8 t=0:1/1000:1;

9 x=A*sin(2* %pi *100*t);

10 q=plot2d3(t,x);

11 disp( ’ d i s p l a y i n g a f u n c t i o n p l o t on d i s c r e t e t ime
s c a l e tha t has a sampl ing f r e q u e n c y o f 1000
sample s ps ’ );
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Figure 1.14: Plot at a particular sampling frequency
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Chapter 2

Laplace and Z Transform

Scilab code Exa 2.1 Laplace Transform

1 // S c i l a b Code f o r Example 2 . 1 o f S i g n a l s and sys tems
by

2 //P . Ramakrishna Rao
3 // Lap lace Transform
4 clear;

5 clc;

6 syms t s X

7 X=laplace(exp(-3*t)*cos (2*%pi *100*t),t,s)

8 disp( ’On S i m p l i f i c a t i o n ’ )
9 // A f t e r S i m p l i f y i n g the above e q u a t i o n

10 X=(s+3)/((s+3)^2 + (200* %pi)^2);

11 disp(”Re ( s )>−3”,X,”X( s ) ”);
12 //Re ( s )>−3

Scilab code Exa 2.2 Inverse Laplace

1 // S c i l a b Code f o r Example 2 . 2 o f S i g n a l s and sys tems
by
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2 //P . Ramakrishna Rao
3 // I n v e r s e Lap lace Transform
4 clc;

5 clear;

6 syms t s

7 X=(s+2)/(s^2+8*s+25)

8 f4=ilaplace(X);

9 disp(f4* ’ u ( t ) ’ ,”x ( t )=”);
10 // t>=0

Scilab code Exa 2.3 Initial Value Theorem

1 // S c i l a b Code f o r Example 2 . 3 o f S i g n a l s and sys tems
by

2 //P . Ramakrishna Rao
3 clear;

4 clc;

5 syms s0;

6 s=%s;

7 I=(s+8)/(s^2+6*s+13)

8 i=pfss(s*I)

9 disp(i(1),” sF ( s ) ( 1 )=”)
10 disp(i(2),” sF ( s ) ( 2 )=”)
11 I1=(2*s0 -13)/(s0 ^2+6*s0+13);

12 I2=1;

13 Io1=limit(I1,s0 ,10^8);

14 Io2=limit(I2,s0 ,10^8);

15 Ix=2 -((25*s0+26)/(s0^2+6* s0+13));

16 f0=(Io1)+(Io2);

17 f0_dash=limit(Ix ,s0 ,10^8);

18 disp(f0, ’ INITIAL VALUE OF f ( t ) i . e . f ( 0 )= ’ );
19 disp(abs(f0_dash), ’ INITIAL VALUE OF f ( t ) i . e . f ’ ’ ( 0 )

= ’ );
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Scilab code Exa 2.4 Laplace Transform

1 // S c i l a b Code f o r Example 2 . 4 o f S i g n a l s and sys tems
by

2 //P . Ramakrishna Rao
3 clear;

4 clc;

5 //Time s h i f t e d l a p l a c e Transform
6 syms t y s a0;

7 y=laplace( ’ t ∗ exp(− s ∗a0 ) ’ ,t,s);
8 disp(”Re ( s )>0”,y,”X( s ) ”);

Scilab code Exa 2.6 Circuit Current

1 // S c i l a b Code f o r Example 2 . 6 o f S i g n a l s and sys tems
by

2 //P . Ramakrishna Rao c l e a r ;
3 clc;

4 clear;

5 syms s X x t R C V Vo;

6 // A f t e r s o l v i n g f o r I ( s )
7 // I ( s ) =(V−Vo) /R . 1/( s +1/RC)
8 X=(V-Vo)/((s+1/(R*C))*R);

9 disp(X,” I ( s )=”);
10 x=ilaplace(X);

11 disp(x,” i ( t )=”);

Scilab code Exa 2.7 Inverse Laplace Transform
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1 // S c i l a b Code f o r Example 2 . 7 o f S i g n a l s and sys tems
by

2 //P . Ramakrishna Rao
3 // U n i l a t e r a l Lap lace Transform u s i n g p a r t i a l

f r a c t i o n
4 clear;

5 clc;

6 syms t s;

7 s= %s;

8 a1=pfss((s+3)/(s^2+3*s+2))

9 f1=ilaplace(a1(1))

10 f2=ilaplace(a1(2))

11 fy=f1+f2

12 disp(fy* ’ u ( t ) ’ ,” i ) f ( t )=”)
13 a2=pfss ((2*s-1)/(s^2+2*s+1))

14 a2(1) =2/(s+1)

15 a2(2)=-3/(s+1)^2

16 f1=ilaplace(a2(1))

17 f2=ilaplace(a2(2))

18 fz=f1+f2

19 disp(fz* ’ u ( t ) ’ ,” i i ) f ( t )=”)

Scilab code Exa 2.8 Inverse Laplace Transform

1 // S c i l a b Code f o r Example 2 . 8 o f S i g n a l s and sys tems
by

2 //P . Ramakrishna Rao
3 // U n i l a t e r a l Lap lace Transform
4 clear;

5 clc;

6 syms t s

7 s=%s;

8 a=ilaplace (1/(s^3+s^2))

9 b=a-3;

10 disp(a* ’ u ( t ) ’ +b* ’ u ( t−3) ’ ,”x ( t )=”)
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Scilab code Exa 2.9 Circuit Current

1 // S c i l a b Code f o r Example 2 . 2 o f S i g n a l s and sys tems
by

2 //P . Ramakrishna Rao
3 clear;

4 clc;

5 syms s X;

6 // A f t e r s o l v i n g f o r I ( s )
7 // I ( s ) =2/( s +1)
8 X=2/(s+1)

9 x=ilaplace(X);

10 disp(x,” i ( t )=”)

Scilab code Exa 2.10 Laplace Transform

1 // S c i l a b Code f o r Example 2 . 1 0 o f S i g n a l s and
sys t ems by

2 //P . Ramakrishna Rao
3 //The v a l u e o f X( s ) i s found by s o l v i n g the

d i f f e r e n t i a l e q u a t i o n
4 clear;

5 clc;

6 syms t s;

7 s= %s;

8 X=pfss((s^2+8*s+6)/((s+2)*(s+3)*s));

9 X(1)=1/s;

10 f1=ilaplace(X(1))

11 f2=ilaplace(X(2))

12 f3=ilaplace(X(3))

13 fz=f1+f2+f3;

14 disp(fz* ’ u ( t ) ’ ,” c ) x ( t )=”);
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Figure 2.1: Laplace Transform

Scilab code Exa 2.15 Laplace Transform

1 // S c i l a b Code f o r Example 2 . 1 5 o f S i g n a l s and
sys t ems by

2 //P . Ramakrishna Rao
3 clear;

4 clc;

5 syms t y;

6 s=%s;

7 y=laplace (5* exp(-3*t),t,s);
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8 disp(y,”X( s )=”);
9 disp(”Re ( s )>−3”);

10 y=5/(s+3);

11 plzr(y);

Scilab code Exa 2.16 Laplace Transform

1 // S c i l a b Code f o r Example 2 . 1 6 o f S i g n a l s and
sys t ems by

2 //P . Ramakrishna Rao
3 clear;

4 clc;

5 syms t y;

6 s=%s;

7 y=laplace (2* exp(-2*t)+3*exp(-3*t),t,s);

8 disp(y,”X( s )=”);
9 y=(2/(s+2))+(3/(s+3));

10 plzr(y);

Scilab code Exa 2.17 Laplace Transform

1 // S c i l a b Code f o r Example 2 . 1 7 o f S i g n a l s and
sys t ems by

2 //P . Ramakrishna Rao
3 clear;

4 clc;

5 syms t y;

6 s=%s;

7 y=laplace (-2*exp(2*t) -3*exp(3*t),t,s);

8 disp(y,”X( s )=”);
9 disp(”Re ( s )<2”);
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Figure 2.2: Laplace Transform
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Figure 2.3: Laplace Transform

10 y=(-2/(s-2))+(-3/(s-3));

11 plzr(y);

Scilab code Exa 2.19 Laplace Transform

1 // S c i l a b Code f o r Example 2 . 1 9 o f S i g n a l s and
sys t ems by

2 //P . Ramakrishna Rao
3 clear;

4 clc;

5 syms t y;
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Figure 2.4: Laplace Transform

6 s=%s;

7 y=laplace(exp(-t)-exp (2*t),t,s);

8 disp(y,”X( s )=”);
9 y=(1/(s+1)) -(1/(s-2));

10 plzr(y);

Scilab code Exa 2.21 Unilateral Z Transform

1 // S c i l a b Code f o r Example 2 . 2 1 o f S i g n a l s and
sys t ems by

2 //P . Ramakrishna Rao
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3 //Z− t r a n s f o r m o f aˆn u ( n )
4 clear;

5 clc ;

6 close ;

7 syms a n z;

8 x1 =1/2;

9 x2=1/3;

10 X1= symsum (x1*(z^(-n)),n ,0, %inf );

11 X2= symsum (x2*(z^(-n)),n ,0, %inf );

12 X=X1+X2;

13 // D i s p l a y the r e s u l t
14 disp (X,”Z−t r a n s f o r m o f u ( n ) i s : ”);
15 disp( ’ROC i s the Region | z |> 1/2 ’ );

Scilab code Exa 2.29 Z Transform

1 // S c i l a b Code f o r Example 2 . 2 9 o f S i g n a l s and
sys t ems by

2 //P . Ramakrishna Rao
3 //Z− t r a n s f o r m o f aˆn u ( n )
4 clear;

5 clc ;

6 close ;

7 syms a n z;

8 x =1;

9 X= symsum (x*(z^(-n)),n ,0, %inf );

10 // D i s p l a y the r e s u l t
11 disp (X,”Z−t r a n s f o r m o f u ( n ) i s : ”);
12 disp( ’ROC i s the Region | z |> 1 ’ )

Scilab code Exa 2.37 Inverse Z Transform
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1 // S c i l a b Code f o r Example 2 . 3 7 o f S i g n a l s and
sys t ems by

2 //P . Ramakrishna Rao
3 // I n v e r s e Z Transform :ROC 1<| z |<2
4 clear;

5 clc;

6 z = %z;

7 syms n z1;

8 //To f i n d out I n v e r s e z t r a n s f o r m z must be l i n e a r z
= z1

9 X =(z*(z^2-z+1))/((z -0.5)*(z-2)*(z-1))

10 X1 = denom(X);

11 zp = roots(X1);

12 X1 = (z1*(z1^2-z1+1))/((z1 -0.5)*(z1 -2)*(z1 -1))

13 F1 = X1*(z1^(n-1))*(z1-zp(1))

14 F2 = X1*(z1^(n-1))*(z1-zp(2))

15 F3 = X1*(z1^(n-1))*(z1-zp(3))

16 h1 = limit(F1 ,z1,zp(1));

17 disp(h1* ’ u(−n−1) ’ , ’ h1 [ n]= ’ )
18 h2 = limit(F2 ,z1,zp(2));

19 disp((h2)* ’ u ( n ) ’ , ’ h2 [ n]= ’ )
20 h3 = limit(F3 ,z1 ,zp(3));

21 disp((h3)* ’ u ( n ) ’ , ’ h3 [ n]= ’ )
22 disp((h3)* ’ u ( n ) ’ +(h2)* ’ u ( n ) ’ -(h1)* ’ u(−n−1) ’ , ’ h [ n]= ’ )
23 // // R e s u l t
24 // h [ n ]=1∗ 0 . 5 ˆn ∗u ( n ) − 2∗u ( n ) − 2∗ 2ˆn ∗u(− n −

1)

Scilab code Exa 2.38.a Inverse Z Transform

1 // S c i l a b Code f o r Example 2 . 3 8 ( i ) o f S i g n a l s and
sys t ems by

2 //P . Ramakrishna Rao
3 // I n v e r s e Z Transform :ROC | z |>2
4 clear;
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5 clc;

6 z = %z;

7 syms n z1;

8 //To f i n d out I n v e r s e z t r a n s f o r m z must be l i n e a r z
= z1

9 X =z^2/(z^2+3*z+2);

10 X1 = denom(X);

11 zp = roots(X1)

12 X1 = z1^2/(z1^2+3*z1+2);

13 F1 = X1*(z1^(n-1))*(z1-zp(1));

14 F2 = X1*(z1^(n-1))*(z1-zp(2));

15 h1 = limit(F1 ,z1,zp(1));

16 disp(h1* ’ u ( n ) ’ , ’ h1 [ n]= ’ )
17 h2 = limit(F2 ,z1,zp(2));

18 disp((h2)* ’ u ( n ) ’ , ’ h2 [ n]= ’ );
19 disp((h1)* ’ u ( n ) ’ +(h2)* ’ u ( n ) ’ , ’ h [ n]= ’ );
20 // // R e s u l t
21 // h [ n]= (2(− 2) ˆn+1 − (− 1) ˆn ) ∗u ( n )

Scilab code Exa 2.38.b Inverse Z Transform

1 // S c i l a b Code f o r Example 2 . 3 8 ( i i ) o f S i g n a l s and
sys t ems by

2 //P . Ramakrishna Rao
3 // I n v e r s e Z Transform :ROC | z |>2
4 clear;

5 clc;

6 z = %z;

7 syms n z1;

8 //To f i n d out I n v e r s e z t r a n s f o r m z must be l i n e a r z
= z1

9 X =(z+1)/(z^2+5*z+4)

10 X1 = denom(X);

11 zp = roots(X1)

12 X1 = 1/(z1+4);
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13 F1 = X1*(z1^(n))*(z1-zp(1));

14 h1 = limit(F1 ,z1,zp(1))

15 disp(-(h1)* ’ u(−n−1) ’ , ’ h [ n]= ’ );
16 // // R e s u l t
17 // h [ n]= (− (− 4) ˆn ) ∗u(−n−1)

Scilab code Exa 2.39 Inverse Z Transform

1 // S c i l a b Code f o r Example 2 . 3 9 o f S i g n a l s and
sys t ems by

2 //P . Ramakrishna Rao
3 // I n v e r s e Z Transform :ROC | z |>2
4 clear;

5 clc;

6 z = %z;

7 syms n z1;

8 //To f i n d out I n v e r s e z t r a n s f o r m z must be l i n e a r z
= z1

9 X =2/(z^ -1+2);

10 X1 = denom(X);

11 zp = roots(X1)

12 X1 =z1/(z1 +0.5);

13 F1 = X1*(z1^(n-1))*(z1-zp(1));

14 h1 = limit(F1 ,z1,zp(1))

15 disp(-(h1)* ’ u(−n−1) ’ , ’ h [ n]= ’ );
16 // // R e s u l t
17 // h [ n]= (− (− 0 . 5 ) ˆn ) ∗u(−n−1)

Scilab code Exa 2.40 Inverse Z Transform

1 // S c i l a b Code f o r Example 2 . 4 0 o f S i g n a l s and
sys t ems by

2 //P . Ramakrishna Rao
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3 // I n v e r s e Z Transform :ROC | z |>2
4 clear;

5 clc;

6 z = %z;

7 syms n z1;

8 //To f i n d out I n v e r s e z t r a n s f o r m z must be l i n e a r z
= z1

9 X =z^2/((z-0.5)*(z-1));

10 X1 = denom(X);

11 zp = roots(X1)

12 X1 = z1 ^2/((z1 -0.5)*(z1 -1));

13 F1 = X1*(z1^(n-1))*(z1-zp(1));

14 F2 = X1*(z1^(n-1))*(z1-zp(2));

15 h1 = limit(F1 ,z1,zp(1));

16 disp(h1* ’ u ( n ) ’ , ’ h1 [ n]= ’ )
17 h2 = limit(F2 ,z1,zp(2));

18 disp((h2)* ’ u ( n ) ’ , ’ h2 [ n]= ’ );
19 disp(-(h1)* ’ u(−n−1) ’ -(h2)* ’ u(−n−1) ’ , ’ h [ n]= ’ );
20 // // R e s u l t
21 // h [ n]= ( ( 0 . 5 ) ˆn − 2) ∗u(−n−1)
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Chapter 3

Fourier Series of Continuous
Time Signals

Scilab code Exa 3.13 Complex Fourier Exponential Series

1 // S c i l a b Code f o r Example 3 . 1 3 o f S i g n a l s and
sys t ems by

2 //P . Ramakrishna Rao
3 // Complex E xp on en t i a l F o u r i e r Expans ion
4 //A=3.14 or p i
5 clear;

6 close;

7 clc;

8 T0=4;

9 t= -5.99:0.01:6;

10 t_temp =0.01:0.01: T0/2;

11 s=length(t)/length(t_temp);

12 x=[];

13 for i=1:s

14 if modulo(i,2) ==1 then
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Figure 3.1: Complex Fourier Exponential Series
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Figure 3.2: Complex Fourier Exponential Series
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15 x=[x -ones(1,length(t_temp))*%pi];

16 else

17 x=[x ones(1,length(t_temp))*%pi];

18 end

19 end

20 figure (1);

21 title( ’ S i g n a l ’ );
22 ylabel( ’ x ( t ) ’ );
23 xlabel( ’ t ’ );
24 plot(t,x, ’ r ’ )
25 w0=%pi/2;

26 for k= -10:10

27 cc(k+11,:)=exp(-%i*k*w0*t);

28 ck(k+11)=x*cc(k+11,:) ’/length(t);

29 if abs(ck(k+11)) <0.01 then

30 ck(k+11) =0;

31 else if real(ck(k+11)) <0.1 then

32 ck(k+11)=%i*imag(ck(k+11));

33 end

34 end

35 if k==0 then

36 c0=ck(k+11);

37 end

38 end

39 q=abs(ck);

40 figure (2);

41 title( ’ Magnitude Spectrum ’ );
42 ylabel( ’ | cn | ’ );
43 xlabel( ’ f o ’ );
44 f= -10:1:10;

45 plot2d3(f,q)
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Figure 3.3: Complex Fourier Exponential Series
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Figure 3.4: Complex Fourier Exponential Series
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Scilab code Exa 3.14 Complex Fourier Exponential Series

1 // S c i l a b Code f o r Example 3 . 1 4 o f S i g n a l s and
sys t ems by

2 //P . Ramakrishna Rao
3 //CTFS c o e f f i c i e n t s o f a p e r i o d i c s i g n a l
4 //x ( wt ) = Asin wt , 0<wt<pi , and 0 , pi <| t |<2∗ p i
5 clear;

6 clc;

7 A=6;

8 T =2* %pi;

9 T1 = T/2;

10 t = 0:0.01: T1;

11 Wo = 2*%pi/T;

12 xt =A*sin(Wo*t);

13 for k =0:6

14 C(k+1,:) = exp(-sqrt(-1)*Wo*t.*k);

15 c(k+1) = xt*C(k+1,:) ’/length(t);

16 if(abs(c(k+1)) <=0.01)

17 c(k+1)=0;

18 end

19 end

20 c =c’;

21 c_conj = real(c(:))-sqrt(-1)*imag(c(:));

22 ck = [c_conj($: -1:1) ’,c(2:$)];

23 k = 0:6;

24 k = [-k($:-1:1),k(2:$)];

25 figure (1);

26 c = gca();

27 c.y_location = ” o r i g i n ”;
28 c.x_location = ” o r i g i n ”;
29 // c . data bounds = [ −2 , 0 ; 2 , 2 ] ;
30 plot2d(t,xt ,5)

31 poly1 = c.children (1).children (1);

32 poly1.thickness = 3;

33 title( ’ x ( t ) ’ )
34 xlabel( ’ t ’ )
35 figure (2);
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Figure 3.5: Complex Fourier Exponential Series

36 c = gca();

37 c.y_location = ” o r i g i n ”;
38 c.x_location = ” o r i g i n ”;
39 plot2d3( ’ gnn ’ ,k,abs(ck) ,9)
40 poly1 = c.children (1).children (1);

41 poly1.thickness = 3;

42 title( ’ | ck | ’ )
43 xlabel( ’ k ’ )

Scilab code Exa 3.16 Complex Fourier Exponential Series
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1 // S c i l a b Code f o r Example 3 . 1 6 o f S i g n a l s and
sys t ems by

2 //P . Ramakrishna Rao
3 //A=%pi or 3 . 1 4
4 clear;

5 clc;

6 // T r i g n o m e t r i c F o u r i e r C o e f f i c i e n t s
7 for n=0:5

8 a(n+1)=integrate( ’ t ∗ co s (2∗%pi∗n∗ t ) ’ , ’ t ’ ,0,1);
9 end

10 for n=0:5

11 b(n+1)=integrate( ’ t ∗ s i n (2∗%pi∗n∗ t ) ’ , ’ t ’ ,0,1);
12 end

13 disp(%pi*a(1),”an ( a0 ) ”)
14 disp(”an ( a1−−>a5 ) ”)
15 for n=1:5

16 disp (2*a(n+1)*%pi)

17 end

18 disp(”bn ( b1−−>b5 ) ”)
19 for n=1:5

20 disp (2*%pi*b(n+1))

21 end

22 //CTFS c o e f f i c i e n t s o f a p e r i o d i c s i g n a l
23 //x ( t ) =t
24 t = 0:0.01:1;

25 xt =2* %pi*t;

26 //
27 for k =0:6

28 C(k+1,:) = exp(-sqrt(-1)*2*%pi*t*k);

29 c(k+1) = xt*C(k+1,:) ’/length(t);

30 if(abs(c(k+1)) <=0.01)

31 c(k+1)=0;

32 end

33 end

34 c =c’;

35 c_conj = real(c(:))-sqrt(-1)*imag(c(:));

36 ck = [c_conj($: -1:1) ’,c(2:$)];

37 k = 0:6;
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Figure 3.6: Complex Fourier Exponential Series

38 k = [-k($:-1:1),k(2:$)];

39 c = gca();

40 c.y_location = ” o r i g i n ”;
41 c.x_location = ” o r i g i n ”;
42 plot2d3( ’ gnn ’ ,k,abs(ck))
43 poly1 = c.children (1).children (1);

44 poly1.thickness = 3;

45 title( ’ | ck | ’ )
46 xlabel( ’ k ’ )
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Figure 3.7: Complex Fourier Exponential Series
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Scilab code Exa 3.17 Complex Fourier Exponential Series

1 // S c i l a b Code f o r Example 3 . 1 7 o f S i g n a l s and
sys t ems by

2 //P . Ramakrishna Rao
3 //CTFS c o e f f i c i e n t s o f a p e r i o d i c s i g n a l
4 //x ( wt ) = Asin wt , 0<wt<p i
5 clear;

6 close;

7 clc;

8 A=3.14;

9 T =%pi;

10 T1 = T/2;

11 t = 0:0.01: T1;

12 Wo = 2*%pi/T;

13 xt =A*sin(Wo*t);

14 //
15 for k =0:6

16 C(k+1,:) = exp(-sqrt(-1)*Wo*t.*k);

17 c(k+1) = xt*C(k+1,:) ’/length(t);

18 if(abs(c(k+1)) <=0.01)

19 c(k+1)=0;

20 end

21 end

22 c =c’;

23 c_conj = real(c(:))-sqrt(-1)*imag(c(:));

24 ck = [c_conj($: -1:1) ’,c(2:$)];

25 k = 0:6;

26 k = [-k($:-1:1),k(2:$)];

27 c = gca();

28 c.y_location = ” o r i g i n ”;
29 c.x_location = ” o r i g i n ”;
30 // c . data bounds = [ −2 , 0 ; 2 , 2 ] ;
31 plot2d(t,xt ,5)

32 poly1 = c.children (1).children (1);

33 poly1.thickness = 3;

34 title( ’ x ( t ) ’ )
35 xlabel( ’ t ’ )
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36 figure (1);

37 c = gca();

38 c.y_location = ” o r i g i n ”;
39 c.x_location = ” o r i g i n ”;
40 plot2d3( ’ gnn ’ ,k,abs(ck))
41 poly1 = c.children (1).children (1);

42 poly1.thickness = 3;

43 title( ’ | ck | ’ )
44 xlabel( ’ k ’ )

Scilab code Exa 3.18 Trignometric Series

1 // S c i l a b Code f o r Example 3 . 1 8 o f S i g n a l s and
sys t ems by

2 //P . Ramakrishna Rao
3 //A=%pi or 3 . 1 4
4 clear;

5 clc;

6 // T r i g n o m e t r i c F o u r i e r C o e f f i c i e n t s
7 a(1)=integrate( ’ s i n (w) ’ , ’w ’ ,0,%pi);
8 for n=1:8

9 a(2*n+1)=integrate( ’ s i n (w+2∗n∗w) ’ , ’w ’ ,0,%pi)+
integrate( ’ s i n (w−2∗w∗n ) ’ , ’w ’ ,0,%pi);

10 end

11 for n=0:8

12 b(n+1)=0;

13 end

14 disp(abs(a(1)),”an ( a0 ) ”);
15 disp(”an ( a1−−>a8 ) ”);
16 n=1:8;

17 disp (2*a(n+1));

18 disp(”bn ( b1−−>b8 ) ”);
19 n=1:8;

20 disp(b(n));
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Chapter 4

The Continuous Time Fourier
Transform

Scilab code Exa 4.1 Magnitude and Phase Spectra

1 // S c i l a b Code f o r Example 4 . 1 o f S i g n a l s and sys tems
by

2 //P . Ramakrishna Rao
3 // P l o t t i n g Magnitude and Phase spectrum
4 clc;

5 clear;

6 A=8;

7 Dt =0.005;

8 T1=4;

9 t=-T1/2:Dt:T1/2;

10 q=length(t)

11 for i=-(q/2)+1:q/2

12 if i>-q/4 & i<q/4 then

13 xt(i+(q/2))=A;

14 else xt(i+(q/2))=0;
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Figure 4.1: Magnitude and Phase Spectra
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Figure 4.2: Magnitude and Phase Spectra
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15 end

16 end

17 Wmax = 2*%pi*1; // Analog Frequency = 1Hz
18 K = 4;

19 k = 0:(K/1000):K;

20 W = k*Wmax/K;

21 xt = xt ’;

22 XW = xt* exp(-sqrt(-1)*t’*W) * Dt;

23 XW_Mag = real(XW);

24 W = [-mtlb_fliplr(W), W(2:1001) ]; // Omega from −
Wmax to Wmax

25 XW_Mag = [mtlb_fliplr(XW_Mag), XW_Mag (2:1001) ];

26 [ XW_Phase ,db] = phasemag (XW);

27 XW_Phase =[- mtlb_fliplr(XW_Phase),XW_Phase (2:1001) ];

28 // P l o t t i n g the Funct ion
29 subplot (2,1,1);

30 a=gca();

31 a.data_bounds =[-4 ,0;4,2];

32 a.y_location=” o r i g i n ”;
33 plot(t,xt);

34 xlabel( ’ t i n s e c . ’ );
35 title( ’ Cont inous Time S i g n a l x ( t ) ’ );
36 // P l o t t i n g Magnitude Reponse o f CTS
37 subplot (2,1,2);

38 a=gca();

39 a.y_location=” o r i g i n ”;
40 plot(W/(2* %pi),XW_Mag);

41 xlabel( ’ Frequency i n Hz ’ );
42 title( ’ Cont inuous t ime F o u r i e r Transform X(jW) ’ );
43 // P l o t t i n g Phase Reponse o f CTS
44 figure (1);

45 a = gca ();

46 a.y_location = ” o r i g i n ”;
47 a.x_location = ” o r i g i n ”;
48 plot (W/(2* %pi),-XW_Phase *%pi /180) ;

49 xlabel ( ’ Frequency i n Hz ’ );

50 ylabel ( ’<X(jW) ’ )

51 title ( ’ Phase Response (CTFT) i n Radians ’ )

65



Figure 4.3: Magnitude and Phase Spectra

Scilab code Exa 4.2 Magnitude and Phase Spectra

1 // S c i l a b Code f o r Example 4 . 2 o f S i g n a l s and sys tems
by

2 //P . Ramakrishna Rao
3 // Cont inuous Time F o u r i e r Transform o f a
4 // Cont inuous Time S i g n a l x ( t )= exp(−A∗ t ) u ( t ) , t >0
5 clear;

66



Figure 4.4: Magnitude and Phase Spectra
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6 clc;

7 close;

8 // Analog S i g n a l
9 A =1; // Amplitude

10 T=1;

11 Dt = 0.005;

12 t = 0:Dt:10;

13 xt = A*exp(-t/T);

14 // Continuous−t ime F o u r i e r Transform
15 Wmax = 2*%pi*1; // Analog Frequency = 1Hz
16 K = 4;

17 k = 0:(K/1000):K;

18 W = k*Wmax/K;

19 XW = xt* exp(-sqrt(-1)*t’*W) * Dt;

20 XW_Mag = abs(XW);

21 W = [-mtlb_fliplr(W), W(2:1001) ]; // Omega from −
Wmax to Wmax

22 XW_Mag = [mtlb_fliplr(XW_Mag), XW_Mag (2:1001) ];

23 [XW_Phase ,db] = phasemag(XW);

24 XW_Phase = [-mtlb_fliplr(XW_Phase),XW_Phase (2:1001)

];

25 // P l o t t i n g Cont inuous Time S i g n a l
26 a = gca();

27 a.y_location = ” o r i g i n ”;
28 plot(t,xt);

29 xlabel( ’ t i n s e c . ’ );
30 ylabel( ’ x ( t ) ’ )
31 title( ’ Cont inuous Time S i g n a l ’ )
32 figure

33 // P l o t t i n g Magnitude Response o f CTS
34 subplot (2,1,1);

35 a = gca();

36 a.y_location = ” o r i g i n ”;
37 plot(W,XW_Mag);

38 xlabel( ’ Frequency i n Radians / Seconds−−−> W’ );
39 ylabel( ’ abs (X(jW) ) ’ )
40 title( ’ Magnitude Response (CTFT) ’ )
41 // P l o t t i n g Phase Reponse o f CTS
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Figure 4.5: Magnitude and Phase Spectra

42 subplot (2,1,2);

43 a = gca();

44 a.y_location = ” o r i g i n ”;
45 a.x_location = ” o r i g i n ”;
46 plot(W,XW_Phase*%pi /180);

47 xlabel( ’ Frequency i n
Radians / Seconds−−−> W’ );

48 ylabel( ’
<X

(jW) ’ )
49 title( ’ Phase Response (CTFT) i n Radians ’ )

69



Figure 4.6: Magnitude and Phase Spectra
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Scilab code Exa 4.3 Magnitude and Phase Spectra

1 // S c i l a b Code f o r Example 4 . 3 o f S i g n a l s and sys tems
by

2 //P . Ramakrishna Rao
3 //x ( t )=A∗ co s w0∗ t ∗ ga t e ( t /T)
4 //T=1/2∗ f o
5 // f o =0.5 Hz
6 clear;

7 clc;

8 // F o u r i e r Transform
9 A=1;

10 T=0.5;

11 fo =1/(2*T);

12 Wo=2*%pi*fo;

13 for f= -20:1:20;

14 X(f+21)=A*integrate( ’ c o s (Wo∗ t ) ∗ co s (2∗%pi∗ f ∗ t ) ’ , ’ t ’
,-0.25,0.25);

15 end

16 disp(X, ’X( 0 )−−>X( 2 0 ) ’ );
17 t= -0.25:0.01:0.25;

18 q=cos(Wo*t);

19 a = gca ();

20 a.y_location =” o r i g i n ”;
21 a.x_location =” o r i g i n ”;
22 plot(t,q);

23 xlabel ( ’ Time i n Seconds ’ );

24 title ( ’ S i g n a l x ( t ) ’ );
25 figure (1);

26 a = gca ();

27 a.y_location =” o r i g i n ”;
28 a.x_location =” o r i g i n ”;
29 f= -20:1:20;

30 plot (f, X);
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31 xlabel ( ’ Frequency i n Hz ’ );

32 title ( ’ Cont inuous Time F o u r i e r Transform X(jW) ’ );

Scilab code Exa 4.4 Energy at output

1 // S c i l a b Code f o r Example 4 . 4 o f S i g n a l s and sys tems
by

2 //P . Ramakrishna Rao
3 clear;

4 clc;

5 //X( f )=A∗T/1+ j ∗2∗ p i ∗ f ∗T
6 syms f w;

7 A=1;

8 T=1;

9 X=(A^2*T^2) /(1+4* %pi ^2*f^2*T^2)

10 disp( ’ Put t ing f = tan @ ’ );
11 disp( ’ Tota l Energy : ’ );
12 Ex=integrate( ’ (Aˆ2∗T) /(2∗%pi ) ’ , ’w ’ ,-%pi/2,%pi /2)
13 disp( ’ Energy Conta ined i n the Output S i g n a l ’ );
14 Ey=integrate( ’ (Aˆ2∗T) /(2∗%pi ) ’ , ’w ’ ,-%pi/4,%pi /4)
15 e=Ey*100/Ex;

16 disp(e, ’ Pe r c en tage Energy Conta ined i n the Output : ’ )
;

Scilab code Exa 4.5 Fourier Transform

1 // S c i l a b Code f o r Example 4 . 5 o f S i g n a l s and sys tems
by

2 //P . Ramakrishna Rao
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Figure 4.7: Fourier Transform
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Figure 4.8: Fourier Transform
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3 //x ( t )=co s p i ∗ t , | t | >0 .5 , z e r o o t h e r w i s e
4 clear;

5 clc;

6 // F o u r i e r Transform
7 for f= -20:1:20;

8 X(f+21)=integrate( ’ c o s ( %pi∗ t ) ∗ co s (2∗%pi∗ f ∗ t ) ’ , ’ t ’
,-0.5,0.5);

9 end

10 disp(X, ’X( 0 )−−>X( 2 0 ) ’ );
11 t= -0.5:0.01:0.5;

12 q=cos(%pi*t);

13 a = gca ();

14 a.y_location =” o r i g i n ”;
15 a.x_location =” o r i g i n ”;
16 plot(t,q);

17 xlabel ( ’ Time i n Seconds ’ );

18 title ( ’ S i g n a l x ( t ) ’ );
19 figure (1);

20 a = gca ();

21 a.y_location =” o r i g i n ”;
22 a.x_location =” o r i g i n ”;
23 f= -20:1:20;

24 plot (f, X);

25 xlabel ( ’ Frequency i n Hz ’ );

26 title ( ’ Cont inuous Time F o u r i e r Transform X(jW) ’ );

Scilab code Exa 4.6 Convolution

1 // S c i l a b Code f o r Example 4 . 6 o f S i g n a l s and sys tems
by

2 //P . Ramakrishna Rao
3 clear;

4 clc;
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Figure 4.9: Convolution
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5 close;

6 disp(”X(w) =1/(a+jw ) ˆ2=1/( a+jw ) ∗1/( a+jw ) ”);
7 disp(” exp(−a∗ t ) ∗u ( t ) <−−> 1/( a+jw ) ”);
8 disp(” t h e r e f o r e x ( t )=c o n v o l u t i o n (2∗ s i n c (2∗ t ) , ( s i n c t

) ˆ2 ”);
9 a=2;

10 n=1;

11 for t= -10:0.1:10

12 y1(1,n)=(sinc(t))^2;

13 y2(1,n)=2* sinc (2*t);

14 n=n+1;

15 z=conv(y1,y2);

16 end

17 t= -20:0.1:20;

18 a=gca();

19 a.y_location =” o r i g i n ”;
20 a.x_location =” o r i g i n ”;
21 plot(t,z);

22 title( ’ Convo lu t i on o f x ( t ) and y ( t ) ’ )

Scilab code Exa 4.7 Energy in Signal

1 // S c i l a b Code f o r Example 4 . 7 o f S i g n a l s and sys tems
by

2 //P . Ramakrishna Rao
3 clear;

4 clc;

5 syms t;

6 A=2;

7 //x ( t ) =20∗ s i n c (10∗ t ) ;
8 disp(” Tota l Energy o f the s i g n a l : ”);
9 q=integrate( ’Aˆ2 ’ , ’w ’ ,-5,5);

10 disp(q, ’Ex ’ );
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Scilab code Exa 4.11 Fourier Transform

1 // S c i l a b Code f o r Example 4 . 1 1 o f S i g n a l s and
sys t ems by

2 //P . Ramakrishna Rao
3 // Find system f u n c t i o n and output o f the system
4 clear;

5 clc;

6 syms a t;

7 for n=1:10;

8 h=t^(n-1)*%e^(-a*t);

9 H=laplace(h,t, ’ jw ’ );
10 disp(H, ’SYSTEM FUNCTION X( f )= ’ ,h, ’ For x ( t )= ’ );
11 end

Scilab code Exa 4.14 Fourier Transform

1 // S c i l a b Code f o r Example 4 . 1 4 o f S i g n a l s and
sys t ems by

2 //P . Ramakrishna Rao
3 clear;

4 clc;

5 close;

6 a=.5;

7 A=1/( sqrt (2)*%pi);

8 t= -10:0.1:10;

9 x=A*exp(-a*t.*t);
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Figure 4.10: Fourier Transform
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Figure 4.11: Fourier Transform
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10 disp(” Guass ian p u l s e s i g n a l x ( t ) =(1/ s q r t ( 2 ) ∗%pi ) ∗ exp
(−a∗ t ˆ2) ”);

11 disp(”X(w)=i n t e g r a l ( exp(−a∗ t ˆ2) ∗ exp(−%i∗w∗ t ) ) w . r . t
dt ”);

12 disp(”d (X(w) ) /dw=−%i∗w/(2∗ a ) ∗ i n t e g r a l ( exp(−a∗ t ˆ2) ∗
exp(−%i∗w∗ t ) ) ”);

13 disp(”d (X(w) ) /dw=−w∗X(w) /2 a”);
14 disp(” s o l v i n g t h i s we g e t X(w)=A∗ exp(−wˆ2/4 a ) ”)
15 disp(”A=s q r t ( %pi/a ) ”);
16 d=gca()

17 plot(t,x);

18 poly1=d.children.children;

19 poly1.thickness =3;

20 poly1.foreground =2;

21 xtitle( ’ x ( t ) ’ , ’ t ’ )
22 A=1;

23 f=t;

24 Xf=A*exp(-2*%pi^2*f^2);

25 figure (1);

26 d=gca()

27 plot(f,Xf);

28 poly1=d.children.children;

29 poly1.thickness =3;

30 poly1.foreground =2;

31 xtitle( ’X( f ) ’ , ’ f ’ )

Scilab code Exa 4.17 Fourier Transform

1 // S c i l a b Code f o r Example 4 . 1 7 o f S i g n a l s and
sys t ems by

2 //P . Ramakrishna Rao
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Figure 4.12: Fourier Transform
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Figure 4.13: Fourier Transform
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3 clear;

4 clc;

5 // F o u r i e r Transform o f x ( t )
6 n=1;

7 for t= -10:0.1:10;

8 x(1,n)=1/(1+t^2);

9 n=n+1;

10 end

11 a = gca ();

12 a.y_location =” o r i g i n ”;
13 a.x_location =” o r i g i n ”;
14 t= -10:0.1:10;

15 plot(t,x);

16 xlabel ( ’ Time i n Second ’ );

17 title ( ’ x ( t ) ’ );
18 disp(”By D u a l i t y Theorem F o u r i e r Transform o f x ( t )

i s : ”);
19 disp(”%pi∗ exp (−|w | ) ”);
20 n=1;

21 for w= -10:0.1:10;

22 X(1,n)=%pi*exp(-abs(w));

23 n=n+1;

24 end

25 figure (1);

26 a = gca ();

27 a.y_location =” o r i g i n ”;
28 a.x_location =” o r i g i n ”;
29 w= -10:0.1:10;

30 plot(w,X);

31 xlabel ( ’ Frequency i n Radians / Second ’ );

32 title ( ’X(w) ’ );
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Chapter 5

Fourier Representation of
Discrete Time Signals

Scilab code Exa 5.1 DTFT

1 // S c i l a b Code f o r Example 5 . 1 o f S i g n a l s and sys tems
by

2 //P . Ramakrishna Rao
3 // D i s c r e t e Time F o u r i e r Transform o f
4 //x [ n]= ( aˆ abs ( n ) ) 0<a<1
5 clear;

6 clc;

7 close;

8 // DTS S i g n a l
9 a = 0.5; //0<a<1

10 max_limit = 10;

11 n = -max_limit +1: max_limit -1;

12 x = a^abs(n);

13 // D i s c r e t e−t ime F o u r i e r Transform
14 Wmax = 2*%pi;

15 K = 4;

16 k = 0:(K/1000):K;

17 W = k*Wmax/K;

18 XW = x* exp(-sqrt(-1)*n’*W);
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19 XW_Mag = real(XW);

20 W = [-mtlb_fliplr(W), W(2:1001) ]; // Omega from −
Wmax to Wmax

21 XW_Mag = [mtlb_fliplr(XW_Mag), XW_Mag (2:1001) ];

22 a = gca();

23 a.y_location =” o r i g i n ”;
24 a.x_location =” o r i g i n ”;
25 plot2d3( ’ gnn ’ ,n,x);
26 xtitle( ’ D i s c r e t e Time Sequence x [ n ] f o r a>0 ’ )
27 figure (1);

28 a = gca();

29 a.y_location =” o r i g i n ”;
30 a.x_location =” o r i g i n ”;
31 plot2d(W,XW_Mag);

32 title( ’ D i s c r e t e Time F o u r i e r Transform X( exp (jW) ) ’ )

Scilab code Exa 5.2 DTFT and Spectra

1 // S c i l a b Code f o r Example 5 . 2 o f S i g n a l s and sys t ems
by

2 //P . Ramakrishna Rao
3 // D i s c r e t e Time F o u r i e r Transform o f
4 //x [ n]= 1 , 0=<n<=3
5 clear;

6 clc;

7 close;

8 // DTS S i g n a l
9 N1 = 3;

10 n = 0:N1;

11 x = ones(1,length(n));

12 // D i s c r e t e−t ime F o u r i e r Transform
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Figure 5.1: DTFT
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Figure 5.2: DTFT

88



13 Wmax = 2*%pi;

14 K = 4;

15 k = 0:(K/1000):K;

16 W = k*Wmax/K;

17 XW = x* exp(-sqrt(-1)*n’*W);

18 XW_Mag = real(XW);

19 [XW_Phase ,db] = phasemag(XW);

20 W = [-mtlb_fliplr(W), W(2:1001) ]; // Omega from −
Wmax to Wmax

21 XW_Mag = [mtlb_fliplr(XW_Mag), XW_Mag (2:1001) ];

22 XW_Phase = [-mtlb_fliplr(XW_Phase),XW_Phase (2:1001)

];

23 a = gca();

24 a.y_location =” o r i g i n ”;
25 a.x_location =” o r i g i n ”;
26 plot2d3( ’ gnn ’ ,n,x);
27 xtitle( ’ D i s c r e t e Time Sequence x [ n ] ’ )
28 figure (1);

29 a = gca();

30 a.y_location =” o r i g i n ”;
31 a.x_location =” o r i g i n ”;
32 plot2d(W,abs(XW_Mag));

33 title( ’ D i s c r e t e Time F o u r i e r Transform X( exp (jW) ) ’ )
34 figure (2);

35 a = gca();

36 a.y_location =” o r i g i n ”;
37 a.x_location =” o r i g i n ”;
38 plot2d(W,XW_Phase);

39 title( ’ Phase Response <(X(jW) ) ’ )

Scilab code Exa 5.3 Inverse Fourier
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Figure 5.3: DTFT and Spectra
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Figure 5.4: DTFT and Spectra
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1 // S c i l a b Code f o r Example 5 . 3 o f S i g n a l s and sys tems
by

2 //P . Ramakrishna Rao
3 clear;

4 clc;

5 // I n v e r s e F o u r i e r Transform
6 w= -20:20;

7 X=4*( cos(w))^2;

8 a = gca();

9 a.y_location =” o r i g i n ”;
10 a.x_location =” o r i g i n ”;
11 plot(w,X);

12 title(”X( e ˆ jw ) ”);
13 xlabel(” Frequency i n Radians / s e c ”);
14 figure (1);

15 n= -50:50;

16 x=2* sinc(n)+sinc(n+2)+sinc(n-2);

17 a = gca ();

18 a.y_location =” o r i g i n ”;
19 a.x_location =” o r i g i n ”;
20 plot2d3(n,x);

21 title(”x ( n ) ”);
22 xlabel(”Time i n s e c ”);

Scilab code Exa 5.4 Inverse Fourier

1 // S c i l a b Code f o r Example 5 . 4 o f S i g n a l s and sys tems
by

2 //P . Ramakrishna Rao
3 // D i s c r e t e Time F o u r i e r Transform o f
4 // X( e ˆ j ∗w) =2∗%pi∗ d e l t a (w)
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Figure 5.5: Inverse Fourier

93



Figure 5.6: Inverse Fourier
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5 clear;

6 clc;

7 close;

8 N = 1;

9 N1 = -3*N:3*N;

10 xn = [zeros(1,N-1) ,1];

11 x = [1 xn xn xn xn xn xn];

12 ak = 1/N;

13 XW = 2*%pi*ak*ones (1,2*N);

14 Wo = 2*%pi/N;

15 n = -N:N-1;

16 W = Wo*n;

17 a = gca();

18 a.y_location =” middle ”;
19 a.x_location =” o r i g i n ”;
20 plot2d3( ’ gnn ’ ,W,XW ,2);
21 poly1 = a.children (1).children (1);

22 poly1.thickness = 3;

23 xlabel( ’W’ );
24 title( ’DTFT o f P e r i o d i c Impul se Tra in ’ )
25 figure (1);

26 a = gca();

27 a.y_location =” o r i g i n ”;
28 a.x_location =” o r i g i n ”;
29 plot2d3( ’ gnn ’ ,N1 ,x,2);
30 poly1 = a.children (1).children (1);

31 poly1.thickness = 3;

32 xlabel( ’ n ’ );
33 title( ’ P e r i o d i c Impul se Tra in x ( n ) ’ )

Scilab code Exa 5.5 Fourier series
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Figure 5.7: Inverse Fourier
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Figure 5.8: Inverse Fourier
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1 // S c i l a b Code f o r Example 5 . 5 o f S i g n a l s and sys tems
by

2 //P . Ramakrishna Rao
3 clear;

4 clc;

5 x=[1,2,3,2,1];

6 q=0;

7 for n=1:5

8 q=x(n)+q;

9 end

10 disp(q, ’ ( a ) X( e ˆ j ∗0) ’ );
11 q=0;

12 for n=-2:2

13 q=((-1)^n)*x(n+3)+q;

14 end

15 disp(q, ’ ( c ) X( e ˆ j ∗ p i ) ’ );
16 disp( ’ ( d ) X( e ˆ j ∗ p i ) =2∗ p i ∗x ( 0 ) ’ );
17 disp (2*%pi*x(3));

18 q=0;

19 for n=-2:2

20 q=(x(n+3))^2+q;

21 end

22 disp(q*2*%pi , ’ ( e ) |X( e ˆ j ∗w) | ˆ 2 ’ );

Scilab code Exa 5.9.i DTFT

1 // S c i l a b Code f o r Example 5 . 9 ( i ) o f S i g n a l s and
sys t ems by

2 //P . Ramakrishna Rao
3 clc;

4 clear;

5 q=0;

6 a1=0.5

7 a2= -0.5;

8 n=1:101;
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9 x1=a1^n;

10 x2=a2^n;

11 w=2;

12 n=0:100;

13 z=(exp(-%i*w*n));

14 for n=0:33;

15 X(n+1)=z(n+1)*x1(3*n+1);

16 q=X(n+1)+q;

17 end

18 disp(q, ’Y1( e ˆ2 j ) at a =0.5 ’ );
19 for n=0:33;

20 X(n+1)=z(n+1)*x2(3*n+1);

21 q=X(n+1)+q;

22 end

23 disp(q, ’Y1( e ˆ2 j ) at a=−0.5 ’ );

Scilab code Exa 5.9.ii DTFT

1 // S c i l a b Code f o r Example 5 . 9 ( i i ) o f S i g n a l s and
sys t ems by

2 //P . Ramakrishna Rao
3 clc;

4 clear;

5 q=0;

6 a1=0.5

7 a2= -0.5;

8 n=1:101;

9 x1=a1^n;

10 x2=a2^n;

11 w=2;

12 n=0:100;

13 z=(exp(-%i*w*n));

14 for n=0:33;

15 X(n+1)=z(n+1)*x1(n+1);

16 q=X(n+1)+q;
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17 end

18 disp(q, ’Y2( e ˆ2 j ) at a =0.5 ’ );
19 for n=0:33;

20 X(n+1)=z(n+1)*x2(n+1);

21 q=X(n+1)+q;

22 end

23 disp(q, ’Y2( e ˆ2 j ) at a=−0.5 ’ );

Scilab code Exa 5.9.iii DTFT

1 // S c i l a b Code f o r Example 5 . 9 ( i i i ) o f S i g n a l s and
sys t ems by

2 //P . Ramakrishna Rao
3 clc;

4 clear;

5 q=0;

6 a1=0.5

7 a2= -0.5;

8 n=1:101;

9 x1=a1^n;

10 x2=a2^n;

11 w=2;

12 n=0:100;

13 z=(exp(-%i*w*n));

14 for n=0:33;

15 X(n+1)=z(n+1)*x1(n+1)*cos (0.4* %pi*n);

16 q=X(n+1)+q;

17 end

18 disp(q, ’Y3( e ˆ2 j ) at a =0.5 ’ );
19 for n=0:33;

20 X(n+1)=z(n+1)*x2(n+1)*cos (0.4* %pi*n);

21 q=X(n+1)+q;

22 end

23 disp(q, ’Y3( e ˆ2 j ) at a=−0.5 ’ );
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Scilab code Exa 5.11 Inverse Fourier

1 // S c i l a b Code f o r Example 5 . 1 1 o f S i g n a l s and
sys t ems by

2 //P . Ramakrishna Rao
3 clear;

4 clc;

5 wc=1;

6 y=1;

7 for n=-%pi:%pi /80: %pi

8 if n<-wc | n>wc then

9 X(1,y)=1;

10 y=y+1;

11 else X(1,y)=0;

12 y=y+1;

13 end

14 end

15 n=-%pi:%pi /80: %pi;

16 a = gca ();

17 a.y_location =” o r i g i n ”;
18 a.x_location =” o r i g i n ”;
19 plot(n,X);

20 xlabel ( ’ Frequency i n Radians / Seconds ’ );

21 title ( ’X( e ˆ jw ) ) at Wc=1 ’ );
22 A=1/%pi;

23 for k= -10:10

24 x(k+11)=A*integrate( ’ c o s (w∗k ) ’ , ’w ’ ,wc ,%pi);
25 end

26 figure (1);

27 k= -10:10;

28 a = gca ();

29 a.y_location =” o r i g i n ”;
30 a.x_location =” o r i g i n ”;
31 plot2d3(k,x);
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Figure 5.9: Inverse Fourier

32 xlabel ( ’ Time i n Seconds ’ );

33 title ( ’ x ( n ) at Wc=1 ’ );

Scilab code Exa 5.13 Circular Convolution

1 // S c i l a b Code f o r Example 5 . 1 3 o f S i g n a l s and
sys t ems by

2 //P . Ramakrishna Rao
3 // C i r c u l a r Convo lu t i on
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Figure 5.10: Inverse Fourier
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4 clear;

5 // F i r s t Causa l s equence
6 x=[1,4,3,2;2,1,4,3;3,2,1,4;4,3,2,1]

7 // Second Sequence
8 y=[4;3;2;1]

9 // Cono lu t i on
10 z=x*y;

11 disp(z, ’ Convo lu t i on Of x & y i s : ’ )

Scilab code Exa 5.14 Circular Convolution

1 // S c i l a b Code f o r Example 5 . 1 4 o f S i g n a l s and
sys t ems by

2 //P . Ramakrishna Rao
3 // C i r c u l a r Convo lu t i on
4 clear;

5 clc;

6 close;

7 // F i r s t Causa l s equence
8 x=[1,1,1,1;1,-%i ,-1,%i;1,-1,1,-1;1,%i ,-1,-%i]

9 y1 =[1;2;3;4];

10 y2 =[4;3;2;1];

11 X=x*y1;

12 disp(X, ’ Vector X( 0 )−−>X( 3 ) ’ )
13 Y=x*y2;

14 disp(Y, ’ Vector Y( 0 )−−>Y( 3 ) ’ )
15 for n=1:4;

16 Z(n,1)=X(n,1)*Y(n,1);

17 end

18 q=4*x^-1;

19 disp(q, ’ IDFT matr ix ’ );
20 z=0.25*q*Z;

21 disp(z, ’ IDFT o f Vector Z ( 0 )−−>Z ( 3 ) ’ )
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Scilab code Exa 5.16 DTFT

1 // S c i l a b Code f o r Example 5 . 1 6 o f S i g n a l s and
sys t ems by

2 //P . Ramakrishna Rao
3 clc;

4 clear;

5 q=0;

6 x=[1,2,3,4];

7 w=0;

8 n=0:3;

9 z=(exp(-%i*w*n));

10 for n=0:3

11 X(n+1)=z(n+1)*x(n+1);

12 q=X(n+1)+q;

13 end

14 disp(q, ’X( 0 )−>z e r o t h DFT c o e f f i c i e n t ’ );
15 q=0;

16 w=%pi/2;

17 n=0:3;

18 z=(exp(-%i*w*n));

19 for n=0:3

20 X(n+1)=z(n+1)*x(n+1);

21 q=X(n+1)+q;

22 end

23 disp(q, ’X( 1 )−> f i r s t DFT c o e f f i c i e n t ’ );
24 q=0;

25 w=%pi;

26 n=0:3;

27 z=(exp(-%i*w*n));

28 for n=0:3

29 X(n+1)=z(n+1)*x(n+1);

30 q=X(n+1)+q;

31 end
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32 disp(ceil(q), ’X( 2 )−>s econd DFT c o e f f i c i e n t ’ );
33 q=0;

34 w=3*%pi/2;

35 n=0:3;

36 z=(exp(-%i*w*n));

37 for n=0:3

38 X(n+1)=z(n+1)*x(n+1);

39 q=X(n+1)+q;

40 end

41 disp(q, ’X( 3 )−>t h i r d DFT c o e f f i c i e n t ’ );

Scilab code Exa 5.18 DFT coefficients

1 // S c i l a b Code f o r Example 5 . 1 8 o f S i g n a l s and
sys t ems by

2 //P . Ramakrishna Rao
3 // Given s i g n a l x ( n )
4 clear;

5 clc;

6 x=[1,2,3,4];

7 X=fft(x);

8 disp(X, ’FFT o f g i v e n s i g n a l i s :X( 0 )−−>X( 3 ) ’ )
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Chapter 6

Sampling and Reconstruction
of Bandlimited Signals

Scilab code Exa 6.1 Sampling and Reconstruction

1 // S c i l a b Code f o r Example 6 . 1 o f S i g n a l s and sys tems
by

2 //P . Ramakrishna Rao
3 // Sampl ing o f s i g n a l
4 clc;

5 clear f n X X_delta w;

6 fs=200;

7 for f= -200:200

8 X(f+201) =5*[ delta(f-75)+delta(f+75)];

9 end

10 figure (1);

11 f= -200:200;

12 plot2d3(f,X,-2);

13 title( ’X( f ) ’ );
14 xlabel( ’−−−> f ’ );
15 w=1;

16 n=-1;

17 for f= -275:275

18 X_delta1(f+276)=fs*5*[ delta(f-n*fs -75)+delta(f-n
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*fs+75)];

19 end

20 n=n+1;

21 for f= -275:275

22 X_delta2(f+276)=fs*5*[ delta(f-n*fs -75)+delta(f-n

*fs+75)];

23 end

24 n=n+1;

25 for f= -275:275

26 X_delta3(f+276)=fs*5*[ delta(f-n*fs -75)+delta(f-n

*fs+75)];

27 end

28 X_delta=X_delta1+X_delta2+X_delta3;

29 figure (2);

30 f= -275:275;

31 plot2d3(f,X_delta ,-2);

32 title( ’ X d e l t a ( f ) a t f s =200 ’ );
33 xlabel( ’−−−> f ’ );

Scilab code Exa 6.2 Sampling and Reconstruction

1 // S c i l a b Code f o r Example 6 . 2 o f S i g n a l s and sys tems
by

2 //P . Ramakrishna Rao
3 // Sampl ing o f s i g n a l and a l i a s i n g due to low

Sampl ing f r e q u e n c y
4 clc;

5 clear f n X X_delta X_delta1 X_delta2 X_delta3 w;

6 fs=100;

7 for f= -200:200

8 X(f+201) =5*[ delta(f-75)+delta(f+75)];
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Figure 6.1: Sampling and Reconstruction
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Figure 6.2: Sampling and Reconstruction
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9 end

10 figure (1);

11 f= -200:200;

12 plot2d3(f,X,-2);

13 title( ’X( f ) ’ );
14 xlabel( ’−−−> f ’ );
15 w=1;

16 n=-2;

17 for f= -175:175

18 X_delta1(f+176)=fs*5*[ delta(f-n*fs -75)+delta(f-n

*fs+75)];

19 end

20 n=n+1;

21 for f= -175:175

22 X_delta2(f+176)=fs*5*[ delta(f-n*fs -75)+delta(f-n

*fs+75)];

23 end

24 n=n+1;

25 for f= -175:175

26 X_delta3(f+176)=fs*5*[ delta(f-n*fs -75)+delta(f-n

*fs+75)];

27 end

28 n=n+1;

29 for f= -175:175

30 X_delta4(f+176)=fs*5*[ delta(f-n*fs -75)+delta(f-n

*fs+75)];

31 end

32 n=n+1;

33 for f= -175:175

34 X_delta5(f+176)=fs*5*[ delta(f-n*fs -75)+delta(f-n

*fs+75)];

35 end

36 X_delta=X_delta1+X_delta2+X_delta3+X_delta4+X_delta5

;

37 figure (2);

38 f= -175:175;

39
40 plot2d3(f,X_delta ,-2);
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Figure 6.3: Sampling and Reconstruction

41 title( ’ X d e l t a ( f ) a t f s =100 ’ );
42 xlabel( ’−−−> f ’ );
43 //The Pre s enc e o f the 25 HZ component i n the

spectrum o f x d e l t a ( t )
44 //Due to e f f e c t o f A l i a s i n g

Scilab code Exa 6.3 Minimum Number of samples

1 // S c i l a b Code f o r Example 6 . 3 o f S i g n a l s and sys tems
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Figure 6.4: Sampling and Reconstruction
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by
2 //P . Ramakrishna Rao
3 //Minimum no . o f sample s r e q u i r e d
4 clc;

5 clear;

6 syms t;

7 x=10* cos(6* %pi*t)+4*sin (8*%pi*t);

8 disp(x, ’ x ( t ) ’ );
9 disp( ’Maximum Frequency component p r e s e n t : 4 Hz ’ );

10 fs=2*4;

11 disp(fs, ’Minimum Sampl ing Frequency to avo id
d i s t o r t i o n i s : ’ );

Scilab code Exa 6.4 Minimum Sampling Frequency

1 // S c i l a b Code f o r Example 6 . 4 o f S i g n a l s and sys tems
by

2 //P . Ramakrishna Rao
3 // Sampl ing Frequency
4 clc;

5 clear;

6 //x ( t ) =100∗( s i n c (100∗ t ) ) ˆ 2 ;
7 fo=100;

8 fs=2*fo;

9 disp(fs, ’Minimum Sampl ing Frequency to avo id
d i s t o r t i o n i s : ’ );

Scilab code Exa 6.5 LPF output

1 // S c i l a b Code f o r Example 6 . 5 o f S i g n a l s and sys tems
by

2 //P . Ramakrishna Rao// Output o f LPF
3 clc;
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4 clear;

5
6 for f= -100:100

7 X(f+101)=delta(f+100)+delta(f -100) +3*[ delta(f

+90)+delta(f-90)];

8 end

9 f= -100:100;

10 a=gca();

11 a.x_location=” o r i g i n ”;
12 a.y_location=” o r i g i n ”;
13 plot2d3(f,X,-2);

14 title( ’ Spectrum o f x ( t ) ’ );
15 xlabel( ’−−> f ’ );
16 fs=150;

17 n=-1;f-n*fs

18 for f= -275:275

19 X_delta1(f+276)=delta(f-n*fs +100)+delta(f-n*fs

-100) +3*[ delta(f-n*fs+90)+delta(f-n*fs -90)];

20 end

21 n=n+1;

22 for f= -275:275

23 X_delta2(f+276)=delta(f-n*fs +100)+delta(f-n*fs

-100) +3*[ delta(f-n*fs+90)+delta(f-n*fs -90)];

24 end

25 n=n+1;

26 for f= -275:275

27 X_delta3(f+276)=delta(f-n*fs +100)+delta(f-n*fs

-100) +3*[ delta(f-n*fs+90)+delta(f-n*fs -90)];

28 end

29 X_delta=X_delta1+X_delta2+X_delta3;

30 figure (2);

31 f= -275:275;

32 plot2d3(f,X_delta ,-2);

33 title( ’ X d e l t a ( f ) a t f s =150 ’ );
34 xlabel( ’−−−> f ’ );
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Figure 6.5: LPF output

Scilab code Exa 6.6 Sampling Frequency

1 // S c i l a b Code f o r Example 6 . 6 o f S i g n a l s and sys tems
by

2 //P . Ramakrishna Rao
3 // Sampl ing Frequency / Nyqui s t Rate
4 clc;

5 clear;
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Figure 6.6: LPF output
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6 syms t;

7 x=12* cos (800* %pi*t)*cos ((1800* %pi*t))^2;

8 disp(x, ’ x ( t ) ’ );
9 disp( ’Maximum Frequency component p r e s e n t : 2200 Hz ’ )

;

10 fs =2*2200;

11 disp(fs, ’Minimum Sampl ing Frequency to avo id
d i s t o r t i o n i s ( Hz ) : ’ );

Scilab code Exa 6.8 Minimum Sampling Frequency

1 // S c i l a b Code f o r Example 6 . 8 o f S i g n a l s and sys tems
by

2 //P . Ramakrishna Rao
3 // Sampl ing Frequency o f BPS
4 clc;

5 clear;

6 disp( ’Maximum Frequency component p r e s e n t : 25 kHz ’ );
7 fs =2*25000;

8 disp(fs, ’Minimum Sampl ing Frequency to avo id
d i s t o r t i o n i s : ( Hz ) ’ );
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Chapter 7

Systems

Scilab code Exa 7.1 Properties of System

1 // S c i l a b Code f o r Example 7 . 1 o f S i g n a l s and sys tems
by

2 //P . Ramakrishna Rao
3 clc;

4 clear;

5 a0=2;

6 a1=2;

7 a2=4;

8 x1=[1,3,5,7];

9 x2=[2,4,6,8];

10 for t=1:4

11 y1(1,t)=a0+a1*x1(t)+a2*(x1(t))^2;

12 y2(1,t)=a0+a1*x2(t)+a2*(x2(t))^2;

13 end

14 b1=2;

15 b2=3;

16 x=b1*x1+b2*x2;

17 disp( ’ y ( n ) does not depend on pas t i n p u t s ’ );
18 disp( ’ Hence the system i s S t a t i c ’ );
19 disp(x, ’ The input to the system i s : ’ );
20 for t=1:4
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21 q(1,t)=a0+a1*x(t)+a2*(x(t))^2;

22 end

23 disp(q, ’ This i nput g i v e s the output : ’ );
24 y=b1*y1+b2*y2;

25 disp(y, ’ For the system to be l i n e a r the output
shou ld be : ’ );

26 disp( ’ Hence the system i s not l i n e a r ’ );

Scilab code Exa 7.3 System Properties

1 // S c i l a b Code f o r Example 7 . 3 o f S i g n a l s and sys tems
by

2 //P . Ramakrishna Rao
3 clc;

4 clear x y1 y y2 q t n;

5 clear;

6 //y ( n )=x ( n )−x ( n−1) ;
7 disp( ’ y ( n ) depends upon pas t i n p u t s a l s o ’ );
8 disp( ’ Output at n=2 depends upon v a l u e o f x at n=1 ’ )

;

9 disp( ’ Hence the system i s Dynamic ’ );
10 x1=[1,3,5,7,2];

11 x2=[2,4,6,8,3];

12 for n=2:5

13 y1(1,n)=x1(n)-x1(n-1)

14 y2(1,n)=x2(n)-x2(n-1)

15 end

16 b1=2;

17 b2=3;

18 x=b1*x1+b2*x2

19 disp(x, ’ The input to the system i s : ’ );
20 for n=2:5

21 q(1,n)=x(n)-x(n-1);

22 end

23 y=b1*y1+b2*y2;
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24 disp(q, ’ This i nput g i v e s the output : ’ );
25 disp(y, ’ For the system to be l i n e a r the output

shou ld be : ’ );
26 disp( ’ Hence the system i s l i n e a r ’ );

Scilab code Exa 7.4 System Properties

1 // S c i l a b Code f o r Example 7 . 4 o f S i g n a l s and sys tems
by

2 //P . Ramakrishna Rao
3 clc;

4 clear x y1 y y2 q t n;

5 clear;

6 //y ( t )=x (2∗ t )
7 disp( ’ y ( t ) depends upon pas t i n p u t s f o r t <0 ’ );
8 disp( ’ y ( t ) depends upon f u t u r e i n p u t s f o r t >0 ’ );
9 disp( ’ Hence the system i s Dynamic ’ );

10 x1=[1,3,5,7,2,5,3,9]; //Random V a r i a b l e
11 x2=[2,4,6,8,2,4,2,1];

12 for t=1:4

13 y1(1,t)=x1(2*t);

14 y2(1,t)=x2(2*t);

15 end

16 b1=2;

17 b2=3;

18 x=b1*x1+b2*x2;

19 disp(x, ’ The input to the system i s : ’ );
20 for t=1:4

21 q(1,t)=x(2*t);

22 end

23 disp(q, ’ This i nput g i v e s the output : ’ );
24 y=b1*y1+b2*y2;

25 disp(y, ’ For the system to be l i n e a r the output
shou ld be : ’ );

26 disp( ’ Hence the system i s l i n e a r ’ );
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27 disp( ’ For a d e l a y (T) o f 2 s e c o n d s ’ );
28 disp( ’ At t=3 s e c o n d s : ’ );
29 t=3;

30 a=x(1,2*t-2);

31 b=y(1,t-2);

32 c=x(1,2*t-4);

33 disp(a, ’ x (2 t−T) : ’ );
34 disp(b, ’ i s not e q u a l to y (2 t−T) : ’ );
35 disp(c, ’ w h i l e x (2 t−2∗T) : ’ );
36 disp( ’ Hence the system i s Time v a r i a n t ’ );

Scilab code Exa 7.5 System Properties

1 // S c i l a b Code f o r Example 7 . 5 o f S i g n a l s and sys tems
by

2 //P . Ramakrishna Rao
3 clc;

4 clear x y1 y y2 q t n;

5 clear;

6 //y ( t )=x (2∗n )
7 disp( ’ y ( n ) depends upon pas t i n p u t s f o r n<0 ’ );
8 disp( ’ y ( n ) depends upon f u t u r e i n p u t s f o r n>0 ’ );
9 disp( ’ Hence the system i s Dynamic ’ );

10 x1=[1,3,5,3,2,5,3,9]; // random v a r i a b l e
11 x2=[2,4,6,4,2,4,2,1];

12 for n=1:4

13 y1(1,n)=x1(2*n);

14 y2(1,n)=x2(2*n);

15 end

16 b1=2;

17 b2=3;

18 x=b1*x1+b2*x2;

19 disp(x, ’ The input to the system i s : ’ );
20 for n=1:4

21 q(1,n)=x(2*n);
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22 end

23 disp(q, ’ This i nput g i v e s the output : ’ );
24 y=b1*y1+b2*y2;

25 disp(y, ’ For the system to be l i n e a r the output
shou ld be : ’ );

26 disp( ’ Hence the system i s l i n e a r ’ );
27 disp( ’ For a d e l a y ( n0 ) o f 2 s e c o n d s ’ );
28 disp( ’ At n=3 s e c o n d s : ’ );
29 t=3;

30 a=x(1,2*n-2);

31 b=y(1,n-2);

32 c=x(1,2*n-4);

33 disp(a, ’ x (2 n−n0 ) : ’ );
34 disp(b, ’ i s not e q u a l to y (2 n−n0 ) : ’ );
35 disp(c, ’ w h i l e x (2 n−2∗n0 ) : ’ );
36 disp( ’ Hence the system i s Time v a r i a n t ’ );

Scilab code Exa 7.6 System Properties

1 // S c i l a b Code f o r Example 7 . 6 o f S i g n a l s and sys tems
by

2 //P . Ramakrishna Rao
3 clc;

4 clear x y1 y y2 q t n;

5 clear;

6 //y ( n )=x ( n )−x ( n−1) ;
7 x=[2,4,3,6,7]

8 for n=2:5

9 y(1,n)=x(n)-x(n-1);

10 end

11 disp(y, ’ This i nput g i v e s the output : ’ );
12 disp( ’ For a s h i f t ( n0 ) o f 2 s e c o n d s ’ );
13 disp( ’ At n=3 s e c o n d s : ’ );
14 n=5;

15 b=y(n-2);
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16 a=x(n-2)-x(n-2-1);

17 disp(a, ’ x ( n−2) : ’ );
18 disp(b, ’ i s e q u a l to y ( n−2) : ’ );
19 disp( ’ Hence the system i s S h i f t i n v a r i a n t / f i x e d ’ );

Scilab code Exa 7.7 Properties of System

1 // S c i l a b Code f o r Example 7 . 7 o f S i g n a l s and sys tems
by

2 //P . Ramakrishna Rao
3 clc;

4 clear x y1 y y2 q t n;

5 clear;

6 //y ( t )=n∗x ( n )
7 disp( ’ y ( n ) depends on ly upon p r e s e n t i n p u t s ’ );
8 disp( ’ ( i ) Hence the system i s Dynamic ’ );
9 x1=[1,3,5,3,2,5,3,9]; // random v a r i a b l e

10 x2=[2,4,6,4,2,4,2,1];

11 for n=1:4

12 y1(1,n)=n*x1(n);

13 y2(1,n)=n*x2(n);

14 end

15 b1=2;

16 b2=3;

17 x=b1*x1+b2*x2;

18 disp(x, ’ The input to the system i s : ’ );
19 for n=1:4

20 q(1,n)=n*x(n);

21 end

22 disp(q, ’ This i nput g i v e s the output : ’ );
23 y=b1*y1+b2*y2;

24 disp(y, ’ For the system to be l i n e a r the output
shou ld be : ’ );

25 disp( ’ ( i i ) Hence the system i s l i n e a r ’ );
26 disp( ’ For a d e l a y ( n0 ) o f 2 s e c o n d s ’ );
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27 disp( ’ At n=3 s e c o n d s : ’ );
28 t=3;

29 a=x(1,n-2);

30 b=y(1,n-2);

31 c=2*x(1,n-2);

32 disp(a, ’ x ( n−n0 ) : ’ );
33 disp(b, ’ i s not e q u a l to y ( n−n0 ) : ’ );
34 disp(c, ’ w h i l e ( n−n0 ) ∗x ( n−n0 ) : ’ );
35 disp( ’ ( i i i ) Hence the system i s Time v a r i a n t ’ );

Scilab code Exa 7.8 Properties of System

1 // S c i l a b Code f o r Example 7 . 8 o f S i g n a l s and sys tems
by

2 //P . Ramakrishna Rao
3 clc;

4 clear x y1 y y2 q t n;

5 clear;

6 //y ( t )=sum ( x ( n ) ) , n−2<=n=<n+2
7 x1=[1,3,5,3,0,0,0,0,0,0]; // random v a r i a b l e
8 x2=[2,4,6,4,0,0,0,0,0,0];

9 for n=1:4

10 y1(1,n)=x1(n)+x1(n+1)+x1(n+2)+x1(n+3)+x1(n+4);

11 y2(1,n)=x2(n)+x2(n+1)+x2(n+2)+x2(n+3)+x2(n+4);

12 end

13 b1=2;

14 b2=3;

15 x=b1*x1+b2*x2;

16 disp(x, ’ The input to the system i s : ’ );
17 for n=1:4

18 q(1,n)=x(n)+x(n+1)+x(n+2)+x(n+3)+x(n+4);

19 end

20 disp(q, ’ This i nput g i v e s the output : ’ );
21 y=b1*y1+b2*y2;

22 disp(y, ’ For the system to be l i n e a r the output
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shou ld be : ’ );
23 disp( ’ ( i ) Hence the system i s l i n e a r ’ );

Scilab code Exa 7.9 Properties of System

1 // S c i l a b Code f o r Example 7 . 9 o f S i g n a l s and sys tems
by

2 //P . Ramakrishna Rao
3 clc;

4 clear x y1 y y2 q t n;

5 clear;

6 //y ( t )=exp | x ( n ) |
7 x1=[1,3,5,3]; // random v a r i a b l e
8 x2=[2,4,6,4];

9 for n=1:4

10 y1(1,n)=exp(abs(x1(n)));

11 y2(1,n)=exp(abs(x2(n)));

12 end

13 b1=2;

14 b2=3;

15 x=b1*x1+b2*x2;

16 disp(x, ’ The input to the system i s : ’ );
17 for n=1:4

18 q(1,n)=exp(abs(b1*(x1(n))+b2*(x2(n))));

19 end

20 disp(q, ’ This i nput g i v e s the output : ’ );
21 y=b1*y1+b2*y2;

22 disp(y, ’ For the system to be l i n e a r the output
shou ld be : ’ );

23 disp( ’ ( i i ) Hence the system i s not l i n e a r ’ );
24 disp( ’ For a d e l a y ( n0 ) o f 2 s e c o n d s ’ );
25 disp( ’ At n=3 s e c o n d s : ’ );
26 n=4;

27 a=exp(abs(x1(n-2)));

28 b=y1(1,n-2);
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29 disp(a, ’ e ˆx ( n−n0 ) : ’ );
30 disp(b, ’ i s e q u a l to y ( n−n0 ) : ’ );
31 disp( ’ ( i i i ) Hence the system i s Time i n v a r i a n t ’ );

Scilab code Exa 7.10 Output of an LTI

1 // S c i l a b Code f o r Example 7 . 1 0 o f S i g n a l s and
sys t ems by

2 //P . Ramakrishna Rao
3 clear;

4 clc;

5 disp( ’ h ( t )=eˆ−2∗ t . u ( t ) ’ );
6 for w=1:100

7 y(1,w)=integrate( ’ exp (−2∗ t ) ’ , ’ t ’ ,0,w);
8 end

9 w=1:100;

10 plot(w,y)

11 title( ’ Output S i g n a l y ( t ) ’ );
12 xlabel( ’ Time ’ );
13 ylabel( ’ Amplitude ’ );

Scilab code Exa 7.11 Convolution

1 // S c i l a b Code f o r Example 7 . 1 1 o f S i g n a l s and
sys t ems by

2 //P . Ramakrishna Rao
3 clear;

4 clc;

5 clear x y n;

6 x=[0,0,2,0,0];

7 y=[0,0,1,1,0];
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Figure 7.1: Output of an LTI

128



8 n=-2:2;

9 c = gca();

10 c.y_location = ” o r i g i n ”;
11 c.x_location = ” o r i g i n ”;
12 plot2d2(n,x,2);

13 title( ’ x ( t ) ’ )
14 xlabel( ’ t ’ )
15 figure (1);

16 n=-2:2;

17 c = gca();

18 c.y_location = ” o r i g i n ”;
19 c.x_location = ” o r i g i n ”;
20 plot2d2(n,y,5);

21 title( ’ y ( t ) ’ )
22 xlabel( ’ t ’ )
23 z=conv(x,y);

24 figure (2);

25 n=-3:5;

26 c = gca();

27 c.y_location = ” o r i g i n ”;
28 c.x_location = ” o r i g i n ”;
29 plot(n,z,2);

30 title( ’ Convoluted s i g n a l z ( t ) ’ )
31 xlabel( ’ t ’ )

Scilab code Exa 7.14 Impulse and Step response

1 // S c i l a b Code f o r Example 7 . 1 4 o f S i g n a l s and
sys t ems by

2 //P . Ramakrishna Rao
3 // P l o t t i n g the impu l s e and s t e p r e s p o n s e s
4 clc;

5 clear;
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Figure 7.2: Convolution
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6 syms s t R C;

7 Y1=(1/(R*C))/(s+1/(R*C));

8 disp(Y1, ’ Lap lac e Transform Of d i f f e r e n t i a l Equat ion
i s : ’ )

9 y11=ilaplace(Y1 ,s,t);

10 disp(y11 , ’ The Impul se Response o f the System i s : ’ );
11 for k=0:10;

12 y1(k+1)=exp(-k);

13 end

14 k=0:10;

15 plot(k,y1);

16 title( ’ System Response to impu l s e i nput ’ );
17 Y2=(1/(R*C))/(s^2+s/(R*C));

18 disp(Y2, ’ Lap lac e Transform Of d i f f e r e n t i a l Equat ion
i s : ’ )

19 y22=ilaplace(Y2 ,s,t);

20 disp(y22 , ’ The Step Response o f the System i s : ’ );
21 for k=0:10;

22 y2(k+1)=1-exp(-k);

23 end

24 figure (1);

25 k=0:10;

26 plot(k,y2);

27 title( ’ System Response to Step input ’ );

Scilab code Exa 7.15 Impulse and Step Response

1 // S c i l a b Code f o r Example 7 . 1 5 o f S i g n a l s and
sys t ems by

2 //P . Ramakrishna Rao
3 // P l o t t i n g the impu l s e and s t e p r e s p o n s e s
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Figure 7.3: Impulse and Step response
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Figure 7.4: Impulse and Step response
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4 clc;

5 clear;

6 syms s t R L;

7 Y1=(1/s) -(1/(s+(R/L)));

8 disp(Y1, ’ Lap lac e Transform Of d i f f e r e n t i a l Equat ion
i s : ’ )

9 y1=ilaplace(Y1,s,t);

10 disp(y1, ’ The Step Response o f the System i s : ’ );
11 // Taking R/L=1;
12 for k=0:10;

13 y1(k+1)=1-exp(-k);

14 end

15 k=0:10;

16 plot(k,y1);

17 title( ’ System Response to Step input ’ );
18 Y2=(1/(s+(R/L)));

19 disp(Y2, ’ Lap lac e Transform Of d i f f e r e n t i a l Equat ion
i s : ’ )

20 y2=ilaplace(Y2,s,t);

21 disp(y2, ’ The Impul se Response o f the System i s : ’ );
22 for k=0:10;

23 y2(k+1)=exp(-k);

24 end

25 figure (1);

26 k=0:10;

27 plot(k,y2);

28 title( ’ System Response to impu l s e i nput ’ );

Scilab code Exa 7.19 Convolution

1 // S c i l a b Code f o r Example 7 . 1 9 o f S i g n a l s and
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Figure 7.5: Impulse and Step Response
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Figure 7.6: Impulse and Step Response
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sy s t ems by
2 //P . Ramakrishna Rao
3 // Convo lu t i on o f two s i g n a l s
4 clc;

5 clear;

6 clear x y n;

7 x=[2,-1,1,0,2];

8 y=[1,0,-1,2];

9 n=-1:3;

10 c = gca();

11 c.y_location = ” o r i g i n ”;
12 c.x_location = ” o r i g i n ”;
13 plot2d3(n,x,-5);

14 title( ’ x ( k ) ’ )
15 xlabel( ’ k ’ )
16 figure (1);

17 n=0:3;

18 c = gca();

19 c.y_location = ” o r i g i n ”;
20 c.x_location = ” o r i g i n ”;
21 plot2d3(n,y,-5);

22 title( ’ y ( k ) ’ )
23 xlabel( ’ k ’ )
24 z=conv(x,y);

25 figure (2);

26 n=-1:6;

27 c = gca();

28 c.y_location = ” o r i g i n ”;
29 c.x_location = ” o r i g i n ”;
30 plot2d3(n,z,-5);

31 title( ’ Convoluted s i g n a l z ( t ) ’ )
32 xlabel( ’ t ’ )
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Figure 7.7: Convolution
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Scilab code Exa 7.22 Convolution

1 // S c i l a b Code f o r Example 7 . 2 2 o f S i g n a l s and
sys t ems by

2 //P . Ramakrishna Rao
3 // Convo lu t i on o f two s i g n a l s
4 clc;

5 clear;

6 clear x y n;

7 for n=0:10;

8 x(n+1) =(3/4)^n*u(n);

9 end

10 c = gca();

11 c.y_location = ” o r i g i n ”;
12 c.x_location = ” o r i g i n ”;
13 n=0:10;

14 plot2d3(n,x,-4);

15 title( ’ x ( n ) ’ )
16 xlabel( ’ n ’ )
17 for n=0:10;

18 y(n+1)=u(n);

19 end

20 figure (1);

21 n=0:10;

22 c = gca();

23 c.y_location = ” o r i g i n ”;
24 c.x_location = ” o r i g i n ”;
25 plot2d3(n,y,-4);

26 title( ’ y ( k ) ’ )
27 xlabel( ’ k ’ )
28 z=conv(x,y);

29 figure (2);

30 n=0:20;

31 c = gca();

32 c.y_location = ” o r i g i n ”;
33 c.x_location = ” o r i g i n ”;
34 plot2d3(n,z,-4);

35 title( ’ Convoluted s i g n a l w( t ) ’ );
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Figure 7.8: Convolution

36 xlabel( ’ t ’ );
37 disp(z(1), ’ z ( 0 ) ’ ,z(4), ’ z ( 3 ) ’ ,z(6), ’ z ( 5 ) ’ ,z(11), ’ z

( 1 0 ) ’ );

Scilab code Exa 7.23 Convolution

1 // S c i l a b Code f o r Example 7 . 2 3 o f S i g n a l s and
sys t ems by

2 //P . Ramakrishna Rao
3 // Convo lu t i on o f two s i g n a l s
4 clc;
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5 clear;

6 clear x y n;

7 for n=0:10;

8 x(n+1) =(0.5)^n*u(n-2);

9 end

10 c = gca();

11 c.y_location = ” o r i g i n ”;
12 c.x_location = ” o r i g i n ”;
13 n=0:10;

14 plot2d3(n,x,-4);

15 title( ’ x ( n ) ’ )
16 xlabel( ’ n ’ )
17 for n=0:10;

18 y(n+1)=u(n);

19 end

20 figure (1);

21 n=0:10;

22 c = gca();

23 c.y_location = ” o r i g i n ”;
24 c.x_location = ” o r i g i n ”;
25 plot2d3(n,y,-4);

26 title( ’ y ( k ) ’ )
27 xlabel( ’ k ’ )
28 z=conv(x,y);

29 figure (2);

30 n=0:20;

31 c = gca();

32 c.y_location = ” o r i g i n ”;
33 c.x_location = ” o r i g i n ”;
34 plot2d3(n,z,-4);

35 title( ’ Convoluted s i g n a l z ( t ) ’ )
36 xlabel( ’ t ’ )
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Figure 7.9: Convolution
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Scilab code Exa 7.24 Step Response

1 // S c i l a b Code f o r Example 7 . 2 4 o f S i g n a l s and
sys t ems by

2 //P . Ramakrishna Rao
3 // P l o t t i n g the s t e p r e s p o n s e
4 clc;

5 clear;

6 syms z n;

7 y1=2*(1 -0.5^n);

8 disp(y1* ’ u ( n ) ’ , ’ The s t e p Response o f the System i s : ’
);

9 for n=0:10;

10 q(n+1) =2*(1 -0.5^n);

11 end

12 n=0:10;

13 plot(n,q);

14 title( ’ Step Response g ( n ) ’ );
15 xlabel( ’ n−−> ’ );

Scilab code Exa 7.25 Step response

1 // S c i l a b Code f o r Example 7 . 2 5 o f S i g n a l s and
sys t ems by

2 //P . Ramakrishna Rao
3 // P l o t t i n g the impu l s e and s t e p r e s p o n s e s
4 clc;

5 clear;

6 syms z a n;

7 Y1=(2*z/(z-a));

8 disp(Y1, ’Z Transform Of d i f f e r e n t i a l Equat ion i s : ’ )
9 y12 =2*a^n;

10 disp(y12 , ’ The Unit Sample Response o f the System i s :
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Figure 7.10: Step Response
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Figure 7.11: Step response

’ );
11 y2=2*(a^n-1)/(a-1);

12 disp(y2, ’ The Step Response o f the System i s : ’ );
13 q=1;

14 a=0.5;

15 for k=0:0.1:5;

16 y2(q)=2*((a^k-1)/(a-1));

17 q=q+1;

18 end

19 k=0:0.1:5;

20 plot(k,y2);
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Scilab code Exa 7.33 Magnitude and Phase Response

1 // S c i l a b Code f o r Example 7 . 3 3 o f S i g n a l s and
sys t ems by

2 //P . Ramakrishna Rao
3 // P l o t t i n g the magnitude and phase r e s p o n s e s
4 clc;

5 clear;

6 T=1;

7 n=1;

8 for w=0:0.1:20;

9 hmag(n)=2*sin(w*T/2);

10 n=n+1;

11 end

12 n=1;

13 for w=0:0.1:20;

14 hphase(n)=%pi/2-(w*T/2);

15 n=n+1;

16 end

17 // Magnitude p l o t
18 w=0:0.1:20;

19 plot(w,hmag);

20 title( ’ Magnitude P lo t ’ );
21 xlabel( ’w ’ );
22 ylabel( ’ |H( e ˆ jw ) | ’ );
23 figure (1);

24 // Phase P lo t
25 w=0:0.1:20;

26 plot(w,hphase);

27 title( ’ Phase P lo t ’ );
28 xlabel( ’w ’ );
29 ylabel( ’ t h e t a (wT) ’ );
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Figure 7.12: Magnitude and Phase Response
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Figure 7.13: Magnitude and Phase Response
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Chapter 8

Systems Time and Frequency
Domain Analysis

Scilab code Exa 8.1 Magnitude and Phase Responses

1 // S c i l a b Code f o r Example 8 . 1 o f S i g n a l s and sys tems
by

2 //P . Ramakrishna Rao
3 // F i r s t Order c a u s a l LTI system
4 clear;

5 clc;

6 syms s t;

7 Y=1/(s+6);

8 h=exp(-6*t);

9 H=laplace(h,t, ’ jw ’ );
10 disp(H,”H(w)=”);
11 n=1;

12 for w=-5*2* %pi :0.01:5*2* %pi

13 Hmag(n)=1/ sqrt (36+w^2)

14 Hphs(n)=-atan(w/6);

15 n=n+1;

16 end

17 w=-5*2*%pi :0.01:5*2* %pi;

18 plot(w,Hmag);
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Figure 8.1: Magnitude and Phase Responses

19 title( ’ Impul se Response ’ );
20 ylabel( ’ Amplitude ’ );
21 xlabel( ’ t ime i n s e c o n d s ’ );
22 figure (1);

23 w=-5*2*%pi :0.01:5*2* %pi;

24 plot(w,Hphs);

25 title( ’ Phase Response ’ );
26 ylabel( ’ t h e t a (w) ’ );
27 xlabel( ’w i n r a d i a n s / second ’ );
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Figure 8.2: Magnitude and Phase Responses
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Scilab code Exa 8.2 Transfer Function of system

1 // S c i l a b Code f o r Example 8 . 2 o f S i g n a l s and sys tems
by

2 //P . Ramakrishna Rao
3 // Second o r d e r system
4 clear;

5 clc;

6 syms t;

7 L=1;

8 R=1.2;

9 C=10^ -6;

10 Rcr =2* sqrt(L/C);

11 eta=R/Rcr;

12 disp(eta , ’ Damping Rat io= ’ ,Rcr , ’ C r i t i c a l R e s i s t a n c e (
ohm) ’ , ’ ( i ) ’ );

13 Wn=1/ sqrt(L*C);

14 disp(Wn, ’ Undamped Natura l Frequency ( Hz ) ’ , ’ ( i i ) ’ );
15 n=1;

16 h=(1250* sin (800*t))*exp (-600*t);

17 H=laplace(h,t, ’ jW ’ );
18 for t=0:0.1:2;

19 h(n)=(1250* sin (800*t))*exp( -600*t);// Impul se
Response

20 n=n+1;

21 end

22 t=0:0.1:2;

23 plot(t,h);

24 title( ’ Impul se Response ’ );
25 ylabel( ’ Amplitude ’ );
26 xlabel( ’ t ime i n s e c o n d s ’ );
27 disp(H, ’ ( i v ) T r a n s f e r Funct ion (H( jw ) ) : ’ );
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Figure 8.3: Transfer Function of system
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Scilab code Exa 8.3 Magnitude and Phase Responses

1 // S c i l a b Code f o r Example 8 . 3 o f S i g n a l s and sys tems
by

2 //P . Ramakrishna Rao
3 clear;

4 clc;

5 syms n w;

6 h=(0.3)^n;

7 disp(h, ’ The impu l s e r e s p o n s e o f the system i s : ’ );
8 H=1/(1 -(0.3* exp(-%i*w)));

9 disp(H, ’ The T r a n s f e r f u n c t i o n o f the system i s : ’ );
10 n=1;

11 for w=-%pi :0.1: %pi

12 Hmag(n)=1/ sqrt (1.09 -(0.6* cos(w)));

13 Hphs(n)=-atan (0.3* sin(w)/(1 -0.3* cos(w)));

14 n=n+1;

15 end

16 w=-%pi :0.1: %pi;

17 c = gca();

18 c.y_location = ” o r i g i n ”;
19 c.x_location = ” o r i g i n ”;
20 c.thickness =2;

21 plot(w,Hmag);

22 title( ’ Magnitude Sketch ’ );
23 ylabel( ’ Amplitude ’ );
24 xlabel( ’W i n r a d i a n s ’ );
25 figure (1);

26 w=-%pi :0.1: %pi;

27 c = gca();

28 c.y_location = ” o r i g i n ”;
29 c.x_location = ” o r i g i n ”;
30 c.thickness =2;

31 plot(w,Hphs);

32 title( ’ Phase Response ’ );
33 ylabel( ’ t h e t a (w) ’ );
34 xlabel( ’W i n r a d i a n s ’ )
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Figure 8.4: Magnitude and Phase Responses

Scilab code Exa 8.4 system response

1 // S c i l a b Code f o r Example 8 . 4 o f S i g n a l s and sys tems
by

2 //P . Ramakrishna Rao
3 // Second Order System
4 clear;

5 clc;
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Figure 8.5: Magnitude and Phase Responses
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6 z = %z;

7 syms n z1;

8 X =(z-1)/((z+(1/2))*(z -(1/5)))

9 disp(X, ’ ( i ) System Funct ion i s : ’ );
10 X1 = denom(X);

11 zp = roots(X1);

12 X1 = (z1 -1) /((z1 +(1/2))*(z1 -(1/5)));

13 F1 = X1*(z1^(n-1))*(z1-zp(1))

14 F2 = X1*(z1^(n-1))*(z1-zp(2))

15 h1 = limit(F1 ,z1 ,zp(1))

16 h2 = limit(F2 ,z1 ,zp(2))

17 h = h1+h2;

18 disp( ’ ( i v ) Unit sample r e s p o n s e s equence : ’ )
19 disp(h*”u ( n ) ”, ’ h [ n]= ’ );
20 for n=0:10;

21 w(n+1)=(- 5.714*(0.2)^n- 4.285*( - 0.5^n));

22 end

23 n=0:10;

24 plot(n,w);

25 title( ’ ( i i i ) Unit Sample Response Sequence ’ );
26 disp( ’ where z=e ˆ jw ’ ,X, ’ ( i ) T r a n s f e r Funct ion i s : ’ );

Scilab code Exa 8.5 System function

1 // S c i l a b Code f o r Example 8 . 5 o f S i g n a l s and sys tems
by

2 //P . Ramakrishna Rao
3 // Second Order System
4 clear;

5 clc;

6 z = %z;

7 syms n z1;

8 X =z^2/(z -0.5)^2
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Figure 8.6: system response
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9 disp(X, ’ ( i ) System Funct ion i s : ’ );
10 X1 = denom(X);

11 zp = roots(X1);

12 X1 = z1^2/(z1 -0.5) ^2;

13 F1 = X1*(z1^(n-1))*(z1 -0.5) ^2;

14 h1 = limit(F1 ,z1,zp(1));

15 h = h1;

16 disp( ’ ( i i i ) Unit s t e p r e s p o n s e s equence : ’ )
17 disp(h*”u ( n ) ”, ’ h [ n]= ’ );
18 for n=0:20;

19 w1(n+1) =1 -(0.5)^n;

20 end

21 n=0:20;

22 plot(n,w1);

23 title( ’ ( i i ) Unit Sample Response Sequence ’ );
24 disp( ’ where z=e ˆ jw ’ ,X, ’ ( i v ) T r a n s f e r Funct ion (H( e ˆ

jw ) ) i s : ’ );

Scilab code Exa 8.8 Transfer function

1 // S c i l a b Code f o r Example 8 . 8 o f S i g n a l s and sys tems
by

2 //P . Ramakrishna Rao
3 clear;

4 clc;

5 syms R L C s I;

6 X=I*(R+1/(C*s));

7 Y=R*I;

8 Z=Y/X;

9 disp(Z, ’ ( a ) RC High pas s F i l t e r : H( s ) ’ );
10 X=I*(L*s+1/(C*s));

11 Y=I/(C*s);

12 Z=Y/X;
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Figure 8.7: System function
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13 disp(Z, ’ ( b ) LC Low pas s F i l t e r : H( s ) ’ );

Scilab code Exa 8.9 Transfer function by block diagram reduction

1 // S c i l a b Code f o r Example 8 . 9 o f S i g n a l s and sys tems
by

2 //P . Ramakrishna Rao
3 clear;

4 clc;

5 syms G1 G2 G3 G4 H1 H2 s;

6 G1=s/(s+5);

7 G2=10/(s+10);

8 H1=s;

9 H2=1/s;

10 disp( ’ ( i ) S h i f t i n g the take o f f p o i n t ’ );
11 H1=H1/G2;

12 disp( ’ ( i i ) S o l v i n g second Feedback Loop ’ );
13 G3=H1 -1;

14 disp( ’ ( i i i ) S o l v i n g f i r s t Feedback Loop ’ );
15 G4=G2/(1+G2*H2);

16 Z=G1*G3*G4;

17 disp(Z, ’ ( i v ) The T r a n s f e r Funct ion i s : ’ );

Scilab code Exa 8.10 Realization Structure

1 // S c i l a b Code f o r Example 8 . 1 0 o f S i g n a l s and
sys t ems by

2 //P . Ramakrishna Rao
3 clear;

4 clc;

5 syms s1;

6 s=%s;

7 H=poly(0, ’ s ’ );
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8 H=s^3/(s^3+6*s^2++11*s+6);

9 H1=denom(H);

10 a=roots(H1);

11 H2=5*(s1^3/(s1-a(1)))*(s1/(s1-a(2)))*(s1/(s1 -a(3)));

12 disp(H2, ’ ( i i ) Cascade Form : H( s ) ’ );
13 h1=s1^3*(s1 -a(1))/((s1+1)*(s1+2)*(s1+3));

14 h2=s1^3*(s1 -a(2))/((s1+1)*(s1+2)*(s1+3));

15 h3=s1^3*(s1 -a(3))/((s1+1)*(s1+2)*(s1+3));

16 A = limit(h1,s1 ,a(1))/(s-a(1));

17 B = limit(h2,s1 ,a(2))/(s-a(2));

18 C = limit(h3,s1 ,a(3))/(s-a(3));

19 Z=5*(1+A+B+C);

20 disp(Z, ’ ( i i i ) P a r a l l e l Form R e a l i z a t i o n : H( s ) ’ );

Scilab code Exa 8.12 Transfer function Realization

1 // S c i l a b Code f o r Example 8 . 1 2 o f S i g n a l s and
sys t ems by

2 //P . Ramakrishna Rao
3 // Second Order LSI system
4 z = %z;

5 s = %s;

6 X=z^ -1/(0.7*z^-2-3.7*z^-1+3);

7 [A]=pfss(z^ -1/(0.7*z^-2-3.7*z^-1+3))

8 x1 = horner(A(1),z)

9 x2 = horner(A(2),z)

10 q=denom(X);

11 a=roots(q)

12 H=[x1 x2 z/3];

13 disp(H, ’ ( a ) H( z )= ’ );
14 clear z;

15 syms z n;

16 F1 = ((1/6) *(z/(z-1))*z^(n-1)*(z-a(1)))

17 F2 = ((0.7/54) *(z/(z -0.233333))*z^(n-1)*(z-a(2)))

18 w1=limit(F1 ,z,a(1))
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19 w2=limit(F2 ,z,a(2))

20 w=w1+w2;

21 disp(w, ’ ( b ) h ( n ) )= ’ );
22 z=%z;

23 x11=z*x1/3

24 x12=z*x2/3

25 disp(x11 ,” ( c ) P a r a l l e l r e a l i z a t i o n : H1( z ) ”);
26 disp(x12 ,” H2( z ) ”)

Scilab code Exa 8.13 Parallel form realization

1 // S c i l a b Code f o r Example 8 . 1 3 o f S i g n a l s and
sys t ems by

2 //P . Ramakrishna Rao
3 clear;

4 clc;

5 syms z1;

6 z=%z;

7 H=poly(0, ’ z ’ );
8 H=z*(z+0.5)*(z+0.25) /((z-0.5)*(z -0.25) *(z -0.125));

9 H1=denom(H);

10 a=roots(H1)

11 h1=(z1 +0.5)*(z1 +0.25) /((z1 -0.5)*(z1 -0.25) *(z1 -0.125)

)*(z1-a(1));

12 h2=(z1 +0.5)*(z1 +0.25) /((z1 -0.5)*(z1 -0.25) *(z1 -0.125)

)*(z1-a(2));

13 h3=(z1 +0.5)*(z1 +0.25) /((z1 -0.5)*(z1 -0.25) *(z1 -0.125)

)*(z1-a(3));

14 A=z*limit(h1,z1 ,a(1))/(z-a(1));

15 B=z*limit(h2,z1 ,a(2))/(z-a(2));

16 C=z*limit(h3,z1 ,a(3))/(z-a(3));

17 Z=A+B+C;

18 disp(Z, ’ P a r a l l e l Form R e a l i s a t i o n : H( z ) ’ );
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Chapter 9

Convolution and Correlation
Continuous Time Signals

Scilab code Exa 9.1 Convolution

1 // S c i l a b Code f o r Example 9 . 1 o f S i g n a l s and sys tems
by

2 //P . Ramakrishna Rao
3 // Convo lu t i on o f two s i g n a l s
4 clc;

5 n=1;

6 for t= -10:0.1:10

7 x(n)=5*cos(t);

8 y(n)=2*exp(-abs(t));

9 n=n+1;

10 end

11 z=conv(x,y);

12 t2 = -20:0.1:20;

13 plot2d(t2,z);

14 title( ’ Output s i g n a l ’ );
15 xlabel( ’ Time t−−> ’ );
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Figure 9.1: Convolution
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Figure 9.2: Convolution

Scilab code Exa 9.3 Convolution

1 // S c i l a b Code f o r Example 9 . 3 o f S i g n a l s and sys tems
by

2 //P . Ramakrishna Rao
3 // Convo lu t i on o f two s i g n a l s
4 clc;

5 clear;

6 n=1;

7 for t= -5:0.1:5
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8 x(n)=-2*u(t-0.5) +2*u(t-1.5);

9 y(n)=(t+1)*u(t+1) -(t+1)*u(t-2);

10 n=n+1;

11 end

12 z=conv(x,y);

13 t= -5:0.1:5;

14 plot2d2(t,x,5);

15 title( ’ x ( t ) ’ );
16 figure (1);

17 t= -5:0.1:5;

18 plot2d(t,y,2);

19 title( ’ y ( t ) ’ );
20 figure (2);

21 t= -10:0.1:10;

22 plot2d(t,z,6);

23 title( ’ Convo lu t i on ’ );

Scilab code Exa 9.4 Autocorrelation

1 // S c i l a b Code f o r Example 9 . 4 o f S i g n a l s and sys tems
by

2 //P . Ramakrishna Rao
3 clc;

4 clear;

5 T=1;

6 n=1;

7 for t=-T/2:0.01:T/2;

8 x(n)=10* cos(%pi*t/T);

9 n=n+1;

10 end

11 t=-T/2:0.01:T/2;

12 plot(t,x);

13 title( ’ x ( t ) ’ );
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Figure 9.3: Autocorrelation
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Figure 9.4: Autocorrelation

14 disp( ’ Rxx ( 0 )=Energy o f s i g n a l ’ );
15 Rxx=integrate( ’ 50∗(1+ co s (2∗%pi∗ t /T) ) ’ , ’ t ’ ,-T/2,T/2);
16 disp(Rxx , ’ Rxx ( 0 )= ’ );

Scilab code Exa 9.5 Autocorrelation

1 // S c i l a b Code f o r Example 9 . 5 o f S i g n a l s and sys tems
by

2 //P . Ramakrishna Rao
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Figure 9.5: Autocorrelation
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3 clc;

4 clear;

5 clear z x y t T;

6 n=1;

7 for t= -10:0.01:10;

8 x(n)=exp(-t)*u(t);

9 n=n+1;

10 end

11 t= -10:0.01:10;

12 plot(t,x);

13 title( ’ x ( t ) ’ );
14 n=1;

15 for T= -10:0.1:0;

16 z(n)=integrate( ’ exp(− t ) ∗ exp (T−t ) ’ , ’ t ’ ,0,1000);
17 n=n+1;

18 end

19 n=1;

20 for T=0.1:0.1:10;

21 z(n+101)=integrate( ’ exp(− t ) ∗ exp (T−t ) ’ , ’ t ’ ,T
,1000);

22 n=n+1;

23 end

24 figure (1);

25 T= -10:0.1:10;

26 plot(T,z);

27 title( ’ Rxx (T) ’ );
28 xlabel( ’ t i n s e c o n d s ’ );

Scilab code Exa 9.6 Autocorrelation

1 // S c i l a b Code f o r Example 9 . 6 o f S i g n a l s and sys tems
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Figure 9.6: Autocorrelation
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Figure 9.7: Autocorrelation
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by
2 //P . Ramakrishna Rao
3 clc;

4 clear;

5 clear z x y t T;

6 A=1;

7 n=1;

8 wo=2*%pi;

9 theta=%pi /2;

10 for t= -5:0.01:5;

11 x(n)=A*cos(wo*t+theta);

12 n=n+1;

13 end

14 t= -5:0.01:5;

15 plot(t,x);

16 title( ’ x ( t ) ’ );
17 n=1;

18 for T= -5:0.1:5;

19 z(n)=(A^2/2)*cos(wo*T);

20 n=n+1;

21 end

22 figure (1);

23 T= -5:0.1:5;

24 plot(T,z);

25 title( ’ Rxx (T) ’ );
26 xlabel( ’ t i n s e c o n d s ’ )

Scilab code Exa 9.7 Autocorrelation

1 // S c i l a b Code f o r Example 9 . 7 o f S i g n a l s and sys tems
by
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Figure 9.8: Autocorrelation
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Figure 9.9: Autocorrelation
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2 //P . Ramakrishna Rao
3 clc;

4 clear;

5 clear z x y t T A;

6 A=4;

7 T0=2;

8 n=1;

9 for T=0:0.1: T0;

10 if T<T0/2 then

11 x(n)=A;

12 else x(n)=0;

13 end

14 n=n+1;

15 end

16 T=0:0.1: T0;

17 plot2d2(T,x,6);

18 title( ’ x ( t ) ) ’ );
19 xlabel( ’ t i n s e c o n d s ’ );
20 n=1;

21 for T=0:0.1: T0;

22 z(n)=(1/T0)*integrate( ’Aˆ2 ’ , ’ t ’ ,T,T0/2);
23 n=n+1;

24 end

25 T=0:0.1: T0;

26 figure (1);

27 plot(T,z);

28 title( ’ Rxx (T) ’ );
29 xlabel( ’T i n s e c o n d s ’ );

Scilab code Exa 9.10 Autocorrelation Function

1 // S c i l a b Code f o r Example 9 . 1 0 o f S i g n a l s and
sys t ems by

2 //P . Ramakrishna Rao
3 //Maximum Value o f Auto−C o r r e l a t i o n Funct ion
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Figure 9.10: PSD

4 clc;

5 clear;

6 disp( ’Maximum Value o f ACF=Rxx ( 0 ) ’ );
7 x=200* integrate( ’ exp (−2∗ t ) ’ , ’ t ’ ,0,1000);
8 disp(x, ’ Energy i n x ( t )= ’ );

Scilab code Exa 9.11 PSD

1 // S c i l a b Code f o r Example 9 . 1 1 o f S i g n a l s and
sys t ems by

2 //P . Ramakrishna Rao
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3 // Power S p e c t r a l Dens i ty
4 clear;

5 clc;

6 clear f n;

7 fo=2;

8 n=1;

9 RC =1/(2* %pi *10^3);

10 w=4*%pi *10^3

11 H=1/(1+ %i*w*RC);

12 disp(H, ’H( f ) ’ );
13 X=(abs(H))^2;

14 for f=-5:5

15 Pxx(n)=25*[ delta(f-fo)+delta(f+fo)];

16 Pyy(n)=X*Pxx(n);

17 n=n+1;

18 end

19 disp(Pxx , ’ Pxx= ’ );
20 disp(Pyy , ’ Pyy= ’ );
21 f=-5:5;

22 plot2d3(f,Pyy ,-2);

23 title( ’ Power S p e c t r a l Dens i ty ’ );
24 ylabel( ’ Pyy ( f ) ’ );
25 xlabel( ’ f i n Hz ’ );
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Chapter 10

Discrete Time Convolution and
Correlation

Scilab code Exa 10.1 Cross Correlation

1 // S c i l a b Code f o r Example 1 0 . 1 o f S i g n a l s and
sys t ems by

2 //P . Ramakrishna Rao
3 // Cross C o r r e l a t i o n
4 clear;

5 clc;

6 x=[2,-1,1,0,2];

7 y=[0,1,0,-1,2];

8 // computat ion o f c r o s s c o r r e l a t i o n s equence ;
9 n1 = max(size(y)) -1;

10 n2 = max(size(x)) -1;

11 r = xcorr(x,y,n1);

12 n=-4:4;

13 a=gca();

14 a.x_location=” o r i g i n ”;
15 a.y_location=” o r i g i n ”;
16 plot2d3(n,r,-9);
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Figure 10.1: Cross Correlation
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Figure 10.2: Cross Correlation Sequence

17 title( ’ Cross−C o r r e l a t i o n s e g u e n c e output ’ );

Scilab code Exa 10.2 Cross Correlation Sequence

1 // S c i l a b Code f o r Example 1 0 . 2 o f S i g n a l s and
sys t ems by

2 //P . Ramakrishna Rao
3 // Cross C o r r e l a t i o n
4 clear;

5 clc;

6 x=[4,-2,2,0,4];
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Figure 10.3: Auto Correlation

7 y=[0,3,0,-3,6];

8 // computat ion o f c r o s s c o r r e l a t i o n s equence ;
9 n1 = max(size(y)) -1;

10 n2 = max(size(x)) -1;

11 r = xcorr(x,y,n1);

12 n=-4:4;

13 a=gca();

14 a.x_location=” o r i g i n ”;
15 a.y_location=” o r i g i n ”;
16 plot2d3(n,r,-9);

17 title( ’ r x y c r o s s−c o r r e l a t i o n ’ );
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Scilab code Exa 10.4 Auto Correlation

1 // S c i l a b Code f o r Example 1 0 . 4 o f S i g n a l s and
sys t ems by

2 //P . Ramakrishna Rao
3 // Auto C o r r e l a t i o n
4 clear;

5 clc;

6 x=[-1,1,-1];

7 // computat ion o f auto c o r r e l a t i o n s equence ;
8 r = xcorr(x);

9 n=-2:2;

10 a=gca();

11 a.x_location=” o r i g i n ”;
12 a.y_location=” o r i g i n ”;
13 plot2d3(n,r,-9);

14 title( ’ r xx auto−c o r r e l a t i o n ’ );

Scilab code Exa 10.5 Auto Correlation

1 // S c i l a b Code f o r Example 1 0 . 5 o f S i g n a l s and
sys t ems by

2 //P . Ramakrishna Rao
3 // Auto C o r r e l a t i o n
4 clear;

5 clc;

6 clear x n a;

7 k=1;

8 a=0.8;

9 for n= -30:30;

10 x(k)=a^(-n)*u(-n);

11 k=k+1;

12 end
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Figure 10.4: Auto Correlation
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Figure 10.5: Auto Correlation

13 length(x)

14 // computat ion o f auto c o r r e l a t i o n s equence ;
15 r = xcorr(x);

16 n= -60:60;

17 a=gca();

18 a.x_location=” o r i g i n ”;
19 a.y_location=” o r i g i n ”;
20 plot2d3(n,r,-4);

21 title( ’ r xx auto−c o r r e l a t i o n ’ );

Scilab code Exa 10.8 Auto Correlation
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1 // S c i l a b Code f o r Example 1 0 . 8 o f S i g n a l s and
sys t ems by

2 //P . Ramakrishna Rao
3 // Auto C o r r e l a t i o n
4 clear;

5 clc;

6 clear x n a;

7 k=1;

8 a=0.8;

9 for n= -30:30;

10 x(k)=a^(n)*u(n);

11 k=k+1;

12 end

13 length(x)

14 // computat ion o f auto c o r r e l a t i o n s equence ;
15 r = xcorr(x);

16 n= -60:60;

17 a=gca();

18 a.x_location=” o r i g i n ”;
19 a.y_location=” o r i g i n ”;
20 plot2d3(n,r,-4);

21 title( ’ r xx auto−c o r r e l a t i o n ’ );

Scilab code Exa 10.11 System response

1 // S c i l a b Code f o r Example 1 0 . 1 1 o f S i g n a l s and
sys t ems by

2 //P . Ramakrishna Rao
3 // System I d e n t i f i c a t i o n
4 // Cross C o r r e l a t i o n
5 clear;

6 clc;

7 clear x n a y h z;
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Figure 10.6: System response
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8 x=[1,1,1,1,0,0];

9 y=[1,3,6,10,12,12,10,6,3,1];

10 h(1)=y(1)/x(1);

11 for n=2:7

12 for k=1:n-1

13 z(k)=(h(k)*x(n-k));

14 h(n)=(y(n)-sum(z));

15 end

16 end

17 disp(h, ’ h ( n ) ’ );
18 n=1:7;

19 a=gca();

20 a.x_location=” o r i g i n ”;
21 a.y_location=” o r i g i n ”;
22 plot2d3(n,h,-4);

23 title( ’ System Response h ( n ) ’ );
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Chapter 11

Hilbert Transform Continuous
and Discrete

Scilab code Exa 11.1 Hilbert Transform

1 // S c i l a b Code f o r Example 1 1 . 1 o f S i g n a l s and
sys t ems by

2 //P . Ramakrishna Rao
3 // H i l b e r t Transform
4 clc;

5 clear;

6 n=1;

7 for t= -1:0.01:1

8 xr(n)=sin (2*%pi*t);

9 n=n+1;

10 end

11 // Computing H i l b e r t b Transform
12 x=hilbert(xr);

13 t= -1:0.01:1;

14 plot(t,xr);
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Figure 11.1: Hilbert Transform
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Figure 11.2: Hilbert Transform
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Figure 11.3: Hilbert Transform

15 title( ’ Given S i g n a l x ( t ) ’ );
16 xlabel( ’ t ime t−−> ’ );
17 figure (1);

18 t= -1:0.1:1;

19 plot(t,imag(x));

20 title( ’ H i l b e r t Transform ’ );
21 xlabel( ’ t ime t−−> ’ );

Scilab code Exa 11.2 Hilbert Transform
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Figure 11.4: Hilbert Transform
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1 // S c i l a b Code f o r Example 1 1 . 2 o f S i g n a l s and
sys t ems by

2 //P . Ramakrishna Rao
3 // H i l b e r t Transform
4 clc;

5 clear;

6 n=1;

7 for t= -1:0.01:1

8 xr(n)=cos (2*%pi*t);

9 n=n+1;

10 end

11 // Computing H i l b e r t b Transform
12 x=hilbert(xr);

13 t= -1:0.01:1;

14 plot(t,xr);

15 title( ’ Given S i g n a l x ( t ) ’ );
16 xlabel( ’ t ime t−−> ’ );
17 figure (1);

18 t= -1:0.01:1;

19 plot(t,imag(x));

20 title( ’ H i l b e r t Transform ’ );
21 xlabel( ’ t ime t−−> ’ );

Scilab code Exa 11.3 Hilbert Transform

1 // S c i l a b Code f o r Example 1 1 . 3 o f S i g n a l s and
sys t ems by

2 //P . Ramakrishna Rao
3 // H i l b e r t Transform
4 clc;

5 clear xr n t x1 x2;
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Figure 11.5: Hilbert Transform
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Figure 11.6: Hilbert Transform
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6 clear;

7 n=1;

8 for t= -1:0.01:1

9 xr(n)=exp(%i*2*%pi*t);

10 n=n+1;

11 end

12 // Computing H i l b e r t b Transform
13 x1=hilbert(real(xr));

14 x2=hilbert(imag(xr));

15 x=x1+x2;

16 t= -1:0.01:1;

17 plot(t,xr);

18 title( ’ Given S i g n a l x ( t ) ’ );
19 xlabel( ’ t ime t−−> ’ );
20 figure (1);

21 t= -1:0.01:1;

22 plot(t,imag(x));

23 title( ’ H i l b e r t Transform ’ );
24 xlabel( ’ t ime t−−> ’ );

Scilab code Exa 11.6 Hilbert Transform

1 // S c i l a b Code f o r Example 1 1 . 6 o f S i g n a l s and
sys t ems by

2 //P . Ramakrishna Rao
3 // H i l b e r t Transform
4 clc;

5 clear A T t x;

6 T=2;

7 A=1;

8 n=1;
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Figure 11.7: Hilbert Transform
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Figure 11.8: Hilbert Transform
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9 for t= -10:0.01:10;

10 if t>-T/2 & t<T/2 then

11 x(n)=A;

12 n=n+1;

13 else x(n)=0;

14 n=n+1;

15 end

16 end

17 t= -10:0.01:10;

18 // S i g n a l x ( t )
19 plot(t,x);

20 title( ’ Given S i g n a l x ( t ) ’ );
21 xlabel( ’ t ime t−−> ’ );
22 // Computing H i l b e r t Transform
23 xr=hilbert(x);

24 xr_imag=imag(xr);

25 figure (1);

26 t= -10:0.01:10;

27 plot(t,xr_imag);

28 title( ’ H i l b e r t t r a n s f o r m and a s s o c i a t e d s i g n a l ’ );
29 xlabel( ’ t ime t−−> ’ );

201


	
	Signals Continuous and Discrete time
	Laplace and Z Transform
	Fourier Series of Continuous Time Signals
	The Continuous Time Fourier Transform
	Fourier Representation of Discrete Time Signals
	Sampling and Reconstruction of Bandlimited Signals
	Systems
	Systems Time and Frequency Domain Analysis
	Convolution and Correlation Continuous Time Signals
	Discrete Time Convolution and Correlation
	Hilbert Transform Continuous and Discrete

