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WORK INSTRUCTION

1.0 JOB/EXPERIMENT NO.:PC-EEP601/01

2.0 NAME OF JOB/EXPERIMENT:Generation of basic signals using MATLAB

3.0 OBJECTIVE: To generate basic signals using MATLAB

4.0 PRINCIPLE:
SINUSOIDAL CURVE

The sine wave or sinusoid is a mathematical function that describes a smooth repetitive oscillation. A
continuous time sinusoidal signal 1s given by x(t) = Asin(Qt+8), where A 1s the amplitude, Q 1s the
frequency 1n radians per second and 6 1s the phase angle in radians.

EXPONENTIAL CURVE

Y = exp(X) returns the exponential for each element of X. exp operates element-wise on arrays. A real

exponential signal is defined as x(1) = A Em, where A and a both are real. a can have both positive and
negative values. For positive value of a, exponential will be growing exponential. For negative values
of a, it will be decaying exponential.

Unit sample sequences:

1, =0 .

0, n #+ 0 {"'JOJOJlJOJO, }

5(n) ={

Type equation here.

In MATARB the function zeros (1, N) a row vector of N zeros, which can be used to implement (n)
over a finite interval. However, the logical relations n==0 is an elegant way of implementing (n).For
example, to implement



1, n=>~0
5(”_"0):{0 n#0

Over the ny<ny>n, interval, we will use the following MATLAB function.
Unit step sequences:

1, nz=0

0, T 0 :{ '010J1J1;1, }

u(n) ={

1

In MATLARB the function ones (1, N) generates a row vector of N ones. It can be used to generate
u(n) over a finite interval. Once again an elegant approach is to use the logical relations n>=0.To
implement

1, n=0

u(n —n0) ={0 n <0

Over the n1<n0<n? interval, we will use the following MATLAB function.

RAMP SIGNAL

The ramp signal is defined as r(t) =t for t>=0
=0 for t<0

Real- valued exponential sequences:

x(n) =a"vn.aeR

Complex-valued exponential signal:
x(n) = e@+i®oln vn

Where o produces an attenuation (if<0) or amplification (if>0) and wyis the frequency in radians. A
MATLAB function exp is used to generate exponential sequences.

Program code:

SINUSOIDAL CURVE

1t=0:0.05:40;



=0.03;

a=5;
x=atsin(2*pitfit);
plot(t,x);
title('Sinusoidal curve');
xlabel('time ---->");
ylabel(amplitude--->),

t=0:0.003:50; o
amp=0.05; @
x=exp(-amp*t

plot(t,x),
title( Exponential curve')
xlabel('t)

.,
S




Output

Unit step sequences: Q
function [x, n] = stepseq (n0, nl, n2)
% generates x (1) = u (n-nd; nl<=n<=n2)

[x, nJ=stepseq (n0, n1, n2);

n=[nln2];
x= [(n-n0)>=0]; () m

nl=-4 “
n2=4; o
Q)

n0=0;

[x. a]-stepseq (0. n
stem(n,x)
output




Unit sample or unit impulse sequences:
function [x, n] = mpseq (n0, nl, n2)
Yegenerates x(n) = delta (n-n0; nl<=n<=n2);
[x, n]= impseq (n0, nl, n2},

n=[nl:n2];

x= [(n-n0) =07,

end;

nl=-4

n2=4:

n0=0);

[x, n]=impseq (n0, nl, n2};

stem(n,x);

title("Unit impulse signal'),
xlabel('time---=7;

ylabel('amplitude--->";

Output

Writ impulse signal
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Ramp signal

n=0:0.5:10;

x1=n;

stem(n,x1);

title(‘Ramp signal’)
xlabel('time--->1,
ylabel(amplitude---=");



Output
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Real- valued exponential sequences

In MATLAR an array operator “» ™ 1s required to implement a real exoponential sequences. For
example, to generate x(n)=(0.9)",0=< n < 10,we will need the following MATLAB script.

>> n = [0:10]; x = (0.9):"n;

Output

Real exponential signal

AMpITUge---=
=
@

oar o

Complex-valued exponential signal:

For example, to generate x (n) =exp [(2+j3) n], 0< n < 10, we will need the following
MATILAB script.

Programme code:
n=[0:10];
x=exp ((2+3j)*n);



Output

el Complex exponential signal

amplitude--->
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5.0 APPARATUS REQUIRED:

SL.NO. |ITEM MAKERS NAME | RANGE
01 Computer
02 Matlab
6.0 SAFETY:
NOT APPLICABLE
7.0 DISPOSAL:
NOT APPLICABLE

9.0 REPORT WRITING:

9.1 Attach the rough note with your final report.

9.2 Write vour final report as per the Work Instruction




WORK INSTRUCTION

1.0 JOB/EXPERIMENT NO.:PC-EEP601/02

2.0 NAME OF JOB/EXPERIMENT: Performing differentoperations on various signals
using MATLAB

3.0 OBJECTIVE: To perform different operations on various signals using MATL AB

4.0 PRINCIPLE:

Signal addition: This is sample-by-sample addition given by
{xl(m)} + {x2(n)} ~{x1(n) +x2(n)}

Signal multiplication: This is sample-by-sample (or “dot’”) multiplication given by

{xl(m)}. {x2(n)}={x1(n) x2(n)}

Scaling:  In this operation each sample is multiplied by a scalar a.

afx(n)}={ax(n)}

Shifting (Time-shifting):In this operation each sample of =x(n) is shifted an
amount k to obtain a shift sequence, given as

y(n)=x(n-k)
If we let m=n-k, then n=m+k and the above operations is given by

y (m+k) ={x (m)}
Hence the operations has no effect on the vector x, but the vector n is changed by
adding k to each element. This is shown in the below function sigshift.

Folding a signal (Time — reversal)

In this operation cach sample of x(n) is folded or time reversed to the other side
of the time axis , given as x(-n).



5.0 Program code
Time-shifting

function [y, n | = sigshift(x,m.k)
%oimplements y(n)= x(n-k)
[v.n]= sigshift(x,m. k)
n=m+k;
¥y=X;
end
TEST PROGRAM:
cle:
m=-2:3;
x=-3,4,7.8,-4.3];
n0=-2;
[y.n]=sigshifi(x.m,n0);
subplot(211);
stem(m,x);
title('Original signal'’);
xlabel(’ time ——->"),
ylabel('amplitude---=');
subplot(212);
stem(n,¥y);
title('New signal after shifting");
xlabel(’ time --->");

ylabel('amplitude---=");



Output

Orignal signal
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Time-reversal

function[y n}rsigfold(x,n);
y=Hliplr(x);

m=-fliplr(n};

end

TEST PROGRAM:

cle;
n=3:3;

x=[-1,3,5,6.-3,2,7];
[y,m]=sigfold(xmn),
subplot(211),

stem(n,x);

title('Original signal');
xlabel (‘time--=");
ylabel('magnitude--=);
subplot(212),

stem(m,y);

title("Signal after folding it');




xlabel(’ time -->");
ylabel('magnitude-->");
Result
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Amplitude scaling
Function[y n]=sigamp(x,n,a);
y=a™x;

end

TEST PROGRAM:

cle;

n=-3:3;
x=[-1,3,5,6,-5.2.7];
a=3;

m=n;
[y,m|=s1gamp(x.n,a);
subplot(211 ),
stem(r,x);
fatle("Criginal signal');
xlabel(’ time-->");
ylabel('magmitude--=>');
subplot(212),

stem(m,y);



title("Signal after amplitude scaling”);
xlabel('time-->");

vlabel('magnitude--=');

Result
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Addition of two signals

function[y n]=sigadd(x1.nl,x2.n2);
n=min{min{nl),min{n2)):max(max(nl),maxmn?2));
y1=zeros(1 length(n));

y2=yL;

y1l{find({(n>=min{nl & (n<=max(nl)—1)=x1;
y2(find((n>=min(n2))&(n==max(n2)—1)—x2;
y=yl+ty

end

TEST PROGRAM :

clc;

nl=-3:5;

x1=[9,8,7,6,4,0,3,5,-7];

subplot(311);

stem(x1);



title(' Addition of two signals');

title('First signal');
xlabel('time-—>");
ylabel('magnitude--->");
n2=-3:5;
x2=[9.8,7.6,4.0,3.5,-7];
subplot(312);

stem({x2);

title("Second signal');
xlabel('time--->");
ylabel('magnitude--->");

[v n]=sigadd(x1.n1.x2,n2);

subplot(313);

stem{n.y);

title('Final signal after addition’);

xlabel('time-—>"),
ylabel{'magnitude--->'");

Output
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Multiplication of two signals

function]y n]=sigmult(x1,n1.x2,n2);
n=min{min(nl),min(n2)):max(max(nl).max{n2));
y1=zeros(1.length(n));

y2=y1l:
y1(find((n>=min(nl))&(n<=max(nl))==1))=x1;
y2(find((n=>=min(n2))&(n==max(n2))==1))=x2;
y=y1.*yZ;

end

TEST PROGRAM :
cle;
nl=-3:5;
x1=[9.8,7,6.4,0,3.5.-7];
subplot(311);

stem(x1);

title(" Addition of two signals');
title('First signal'),
xlabel('time--->'),
ylabel('magnitude---=');
n2=-3:5;
x2-[9.8.7,6.4.0,3.3.-7];
subplot(312);

stem(x2);

title('Seeend signal’);
xlabel('time---=");
ylabel{'magnitude--->'),

[y n]=sigmult(x1,n1,x2,n2);
subplot(313);

stem(n,y);

title('Final signal afier addition");



xlabel('time--->");

ylabel('magnitude--->7);

Output
A, First signal
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6.0 APPARATUS REQUIRED:
SL.NO. | ITEM MAKERS RANGE
NAME
01 Computer
02 Matlab
TOSATFETY:
NOT APPLICAELE
8.0 DISPOSAL:

NOT APPLICABLE

9.0 REPORT WRITING:
9.1 Attach the rough note with your final report.
9.2 Write vour final report as per the Work Instruction



WORK INSTRUCTION

1.0 JOB/EXPERIMENT NO.:PC-EEP601/03

2.0 NAME OF JOB/EXPERIMENT: Simulation of even and odd component of a signal
using MATLAR

3.0 OBJECTIVE: To simulate the even and odd component of a signal using MATLAB
4.0 PRINCIPLE:

EVEN AND ODD SYNTHESIS: A real- walued sequences x,n} 1is called
even{symmetric) if

Xg(-n) = xo(n)

Similarly, a real-valued sequencex,(n)is calledodd (asymmetric) if
Xo(-1) ==, (n)

Then any arbitrary realsvalued sequences x (n) can be decomposed into its even and
odd components
x(n) = Xe(n) +x4(n)

where the even and odd parts are given by

X (n)=(1/2)*[x(n) +x(-n)] and x,(n) =(1/2)*[x(n)-x(-n)] respectively.

5.0 Program code:

1.Let x (n) =[-3,4,7,2,-5,-4].Decom pose x (n) into even and odd components.

function][xe,xo,m]=evenodd(x.n);
m=-tliplr(n);

m1=min([m,n]);
m2=max([m,n]);

m=ml:m2;

nm=n(1)-m(1),



nl=1:length(n);
x1=zcros(1,length(m));
x1(nl+nm)=x;
xe=0.5%(x1 Hlipl(x1));
x0=0.5*(x1-fliplr(x1));

end

TEST PROGRAM:
n—-2:3;
x=-3,4,7.2.,-5.-4];
[xe,xo,m]=evenodd(x.n),
subplot(311);
stem(m,xe);

title('Even signal’);
xlabel(‘time--->'),
ylabel('amplitude--->);
subplot(312);
stem(m.xo);

title('Odd signal');
xlabel('time---=");
ylabel('amplitude---=;
subplot(313);
stem(n,x);
title('Original signal'’);
xlabel("time--->");

ylabel{'amplitude---=");



Output

amplitude---=

amplitude--->

amplitude---=

Even signal
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2. Let x(n) =u(m)-u(n-10).Decompose x (n) into even and odd

components.

The sequence x (n), which is nonzero over 0< n < 9 is called a rectangular pulse. We
will use MATL AB to determine and plots its even and odd parts.

n= [0:10]; x= stepseq (0, 0, 10)-stepseq (10, 0, 10);
[xe, X0, m] =evenodd(x, n);

subplot (2, 2, 1); stem (n, x); title (‘rectangular pulse);
xlabel ("n’); ylabel ("X {(n)*); axis ([-10, 10,0, 1.2])
subplot (2, 2, 2); stem (m, Xe); title (*even parts’);
xlabel (*n*); vlabel ("xe (n)’); axis ( [-10, 10, 0, 1.2])
subplot (2, 2, 4); stem (m, Xo); title (‘odd parts’);
xlabel (*n°); yvlabel ("xo (n)’); axis( [-10, 10, 0.6, 0.6])

Qutput
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6.0 APPARATUS REQUIRED:
SL.NO. |ITEM MAKERS NAME | RANGE
01 Computer
02 Matlab

7.0 SAFETY:

NOT APPLICABLE
3.0 DISPOSAL:
NOT APPLICABLE

9.0 REPORT WRITING:

2.1
9.2

Attach the rough note with your final report.

Write your final report as per the Work Instruction




WORK INSTRUCTION

1.0 JOB/EXPERIMENT NO.:PC-EEPA01/04

2.0 NAME OF JOBREXPERIMENT: Generation of warious signals using MATL AR
3.0 OBIECTIVE:To generate various signals using MATLAE

4.0 Program code

Simulate the signaly(n) = 2x(n-5) — 3x(n+4) wherex(n)=[12,3,9,4,10] where
the starting index is -3.

Solution

gl

n=-32;

w=[1,2,3,9.4,10];

[zl nl]=sgshift{zn 5);

[z n2]=s gshifiizn, -4);
[vl,n]=sigadd{2*=l nl,-3%=z2.n3};
stemin, 1),

title("5ignal xin =duin-S—3= (047,
slabel{'n-->",

ylabel (1 {n)--=1,

AMELFUST LS B L ABIFIRNE L8
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Generate and plot the sequence over the indicated interval.

x(n)=28(n+2)-8(n-4), -5<n<5

Solution

n=[-5:3].

x= 2*impseq (-2,-5, 3)-impseq (4,-3, 3);
stem (n, X);

xlabel (‘n*);

ylabel (*x (n)”);

3.0 APPARATUS REQUIRED:

SL.NO. | I[TEM MAKERS RANGE
NAME

01 Computer

02 Matlab

6.0 SAFETY:
NOT APPLICABLE

7.0 DISPOSAL:




8.0 REPORT WRITING: ®

9.1  Attach the rough note with your final report.

92 Write your final report as per the Work Instruction {Q
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WORK INSTRUCTION

1.0 JOB/EXPERIMENT NO.:PC-EEP601/05

2.0 NAME OF JOB/EXPERIMENT: Simulation of convolution of two signals starting from
different indices using MATLAB

3.0 OBJECTIVE: To simulate the convolution of two signals starting from different indices using
MATLAB

4.0 PRINCIPLE

If arbitrary sequences are of infinite duration, then MATL AB cannot be used to directly compute to
convolution. MATLAB does provide a built-in function called conv that computes the convolution
between two finite-duration sequences. The conv function assumes that the two sequences begin at
n=0 and is invoked by y=conv(x, h); to obtain the correct y(n) values.

However the conv neither provides nor accepts any timing information if the sequences have
arbitrary support. What is needed 1s a beginning point and an end point of y(n).

Given finite duration of x(n) and h(n), it is easy to determine these points.

Let {X (n)nxbh < n < nxe} and {h{n);nhb < n < nhe} be two finte duration sequences. Then
referring to the above example we serve that the beginning and end points of y{n) are

nyb =nxb+nhb And nye =nxe + nhe
respectively.

A simple modification of the conv function, called conv_m which perform the convolution of
arbitrary support sequences can now be designed.

4.0 Programme code:

x(n) and h(n) are two sequences without having any timing information. For these two
sequences, convolution can be done using conv function.

Solution
x= [35 ]-]-9 79 05 -]-5 49 2]5
h:[za 35 09 -59 25 1]9

y=conv(x, h);



QOutput

y=6 31 47 6-51-5 41 18 -22 -3 & 2

Finding convolution of two sequences with timing information. The signals are x=[3,11,7,0,-
1,4,2] with starting index nx=-3, and h=[2,3,0,-5,2,1] with starting index nh=-1;

Solution

function [y, ny] = conv_m(x, nx, h, nh)

% modified convolution routine for signal processing
% [y, ny] = conv_m(x, nx, h, nh)

% [y, ny] = convolution result

% [x, nx] = first signal

% [h, nh] = second signal

nyb=nx(1)+nh(1);

nye=nx(length(x))+nh(length(h));

ny= [nyb: nyc]:

y=conv(x, h);

end

Test program

cle:

clear all;

close all;

x=3.11,7,0,-1.4.2];

nx=-3:3;

h=[2.3.0.-5,2.1];

nh=-1:4;
[v.ny]=conv_m(x,nx.h.nh);
stem(ny.y);

title('Convolution of two signals');

xlabel("frequency-->'},



vlabel('magnitude;

QOutput

Convolution of two signals
60 T

401 1

=0 I &
20 i

401 .

6.0 APPARATUS REQUIRED:

SL.NO. | [ITEM MAKERS RANGE
NAME

01 Computer
02 Matlab

7.0 SAFETY:

NOT APPLICABLE
8.0 DISPOSAL.:
NOT APPLICABLE

9.0 REPORT WRITING:
9.1 Attach the rough note with your final report.

9.2 Write your final report as per the Work Instruction



WORK INSTRUCTION

1.0 JOB/EXPERIMENT NO.:PC-EEP601/06

2.0 NAME OF JOB/EXPERIMENT: Simulation of Laplace transform and inverse Laplace
transform

3.0 OBJECTIVE: To simulatel.aplace transform and inverse Laplace transform
4.0 PRINCIPLE:

DEFINITION OF THE LAPLACE TRANSFORM

There are two types of Laplace transforms:

The two-sided (or bilateral) Laplace transform:

The two-sided Laplace transform allows time functions to be nonzero for negative time.
LIx(0)] =X(s)=J". x(t) e~*tdt
where s 1s the complex frequency given by s= o+ jo
The one-sided Laplace transform allows time functions to be zero for negative time.
Lx(B] =X(s)=f, x(t)e " tdt
where 5 13 the complex frequency given by s=c+ jo

where ¢ (in Np/s) and o (in rad/s) are the real and imaginary parts of s, respectively. The advantage of
the bilateral Laplace transform is that it can handle both causal and noncausal signals over —o to .

In inverse Laplace transform the s-domain X{(s) 1s changed back to t-domain x{£) and 1s given as

cl+ja

LX(s)] =x(0= [T 2" X (s) eStds

where the integration is performed along a straight line (o1 + jo, —so<m <) .

5. 0 PROCEDURE:
Use MATLARB to find the Laplace transform of

X(t) =24ty et

Matlab program:
syms x t;
x = 2*dirac(t) + exp(-3*t);

X = laplace(x);



Results:

X =1/(s+3)+ 2

Use MATILARB to obtain the Laplace transform of

X(t) = u(t-1) - 2e7*
syms x t;
x = heaviside(t-1) + 2%*exp(-t);
X = laplace(x);

Results:

2
(s+1)

X=% * exp(—s)-

Use MATILARB to find the inverse Laplace transform of

_ 10s%+4
VO e

symssv v
V =(10%s"2 +V( s*(s+1*(s+2)"2 )

v = 1laplace(VY;

Results:

v =1-14*exp(=EH(1 3£22% yrexp(-2#t)
Use MATLAB to obtain g(¥) if

§342546

() _s(s+3) (s+1)2

symssv v
W =(s"3 +2%s+6)/( s*(s+3)*(s+1Y'2 ),

v = 1laplace(VY;



Results:

(2 —3.25%exp(-t) — 1.5%t% exp(-t) + 2.25% exp(-t))*heaviside(t)

Use the residue command to find the Laplace inverse of

45542051 +1653 +1052-12
s+ 45534852 +45

X6

This is an indirect way of finding the inverse Laplace transform. We specify the numerator (num) and
the denominator (den) of the transfer function X(s). We findthe residues of X{s) using the following
code.

num = [4 20 16 10 0 —12]; % numerator coefficients in descendingpowers of s
den =[1 5 8 4 0]; % denominator coefficients in descendingpowers of s

r.p.k]| = residue(num,den); % call residue
[r.p

Results

=
-15.0000
46.0000
2.0000
-3.0000
i
-2.0000
-2.0000
-1.0000

40

This produces a vector r that has the residues and a vector p that has the correspondingpoles.



Use MATILARB to find the zeros and poles of

$243s+1

H(s——r

s¥+452+3¢

We use the command roeots to find the roots of the numerator to get the zeros, and denominator to get
the poles.

num=[131];
den=[1430];
z=roots(numy;

p=roots{den);

Results:

-2.6180

-0.3820

Use MATIAB to plot the step response of a system whose transfer function is

_s+1
A s2455+6
num = [1 1];
den =[1 5 6];
t=0:0.1: 4

v=step(num,den,t);

plot(t.y)



0.15L | |
0.1} |

0.05 =

Use MATLAB to plot the impulse response of a system whose transfer function is

H(S)_ﬁ:;ﬁ
mum =1 1];
den =1 5 6];
t=0:0.1:4;
y=impulse(num, den,t);
plot(t.y)
Results:
1.2 — G — '
. |
08 f ’
0.6 —.".I I
04 -4 )
020
ol N e .
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6.0 APPARATUS REQUIRED:

SL.NO. | ITEM MAKERS RANGE
NAME
01 Computer
02 Matlab
7.0 SAFETY:
NOT APPLICABLE

8.0 DISPOSAL:

NOT APPLICABLE

9.0 REPORT WRITING:

9.1 Attach the rough note with your final report.

9.2 Write your final report as per the Work Instruction




WORK INSTRUCTION

1.0 JOB/EXPERIMENT NO.:PC-EEP601/07

2.0 NAME OF JOB/EXPERIMENT: Simulation of Fouriertransform and inverse Fourier
transform

3.0 OBJECTIVE: To simulateFourier transform and inverse Fouriertransform

4.0 PRINCIPLE:
DEFINITION OF FOURIER TRANSFORM

The mathematical representation of Fourier transform 1s given as

X(w) = F[x(t)] = Jm x(t)e /9tdt

where F 1s the Fourier transform operator.

The Fourier transform of a signal x(t} is the integration of the product of x(t}) and e**'over the interval from
=Bt poey

X(w) is an integral transformation of x(f) from the time-domain to the frequency- domain

and 1s generally a complex function. X(w) 1s known as the spectrum of x(2).

I'hcplntohtsmagmtudeLX(m)R rersusmiscalledtheamplitudes pectrum,whilethat

oﬁtspha seL&(U))vcrsusmls calledthephasespectmm Ifasignalisreal-valued. its magnitude
spectrum even, that is, [X(®) IX(—»)| and its phase spectrum is odd,

atis, ZX{ (m)— 2X(~w) Boththeamplitudeandphasespectraprovidethephysical interpretation
of the Fourier transform.

We can write x(1) in terms of X{w) and we obtain the inverse Fourier transform as

x(8) = FX(@)] =5 [ X(@)el dw

We say that the signal x(7) and its transform X{w) form a Fourier transform pair and denote
their relationship by

X(HOLY()



Wewilldenotesignalsbylowercasclettersandtheirtransformsbyuppercaseletters.

Not all functions have Fourier transforms. The necessary conditions required for a
function
to be transformable are called the Dirichlet conditions. These are listed as:

1. 2(7) isbounded.

2. x(t) has a finite number of maxima and minima within any finiteinterval.

3. x(f) has a finite number of discontinuities within any finite interval. Furthermore,
each of these discontinuities must befinite.

4. x() 1s absolutely integrable, thatis,

fm|x(t)|dt < o

Therefore, absolutely integrable signals that are continuous or that have a finite number of
discontinuities have Fourier transforms.

5.0 PROCEDURE:

COMPUTING WITHMATLAB

MATLAB® function fourier can be used to find the Fourier transform of a signal x(7),
while the function ifourier can be used to find the inverse Fourier transform of X{w). How
to use them can be displayed with the help Fourier and help ifourier
commands. Sincetransferfunetionsarealreadyfunctionsoftrequency.itisstraight-forward  and
casy to plot them using MATLAB.

1Tse MATLAB to find the Fourier transform of
x(t) =u(t —2) = *'u(t)

The MATLAB script for finding the Fourier transform of x(#) is as follows:

SYms X t;
x=heaviside(t-2)-exp(-2*t)*Heaviside(t) ; odefine the signal
X =tourier(x);,

pretty(X); % simplity



Reslts:

Ty
ot
-
[

Let p(8) = 46() + Ze—tuip. Use MATLAR to find ¥(o).

syimns x t;
x=4* diracit)+2* exp (4 * hean sideft), Yedefine the signal
H = fourter(x),

pretty(); % simplify

Resalts:

Use MATLAE to find the inverse Fourier transform of
) 2o

1+t

Solntion

The following MATLAR scriptis used to find the inverse of XTw).
SVITLS 2K 3w

H= 2% il 1+ 1%,

z=1fourier®)

prefty(z),



R esults:

4 pi exp(-x) dirac(x) — 4 pi ezp(-x) heavisidefx)

Use MATL AR to find the inverse Fourier transform of

X(m) — _atﬂl
l+idm
Solution

The following MATLAR script 1z used to find the inverse of Xn).

syms X
X = diraciw)f{ 1+ 2% %)
z=ifourterZ) |

pretiy(z);
Eesalts:

1

2pi

Consider a system with trander function

Hsy 100s2
5
s4+2553 45052+ 400s+ 6000

s W

Use MATLARE to obtain the plot of H{m).



Solution

The MATLAB script is as follows.

num = [100 0 0];

den=1[ 1 25 50 40060001,

w=0.1:0.1:100;

H = fregs(num, den,w),

mag =abs(H);

phase=angle(H*180/pi; % converts phase todegrees

subplot{2,1,1);
plot{(w/(2%p1), mag) ;
%xlabel{‘Frequency inHz) ;
%y label{“Magnmtude™);

subplot(2,1,2) ;

plot{w/(2%p1),phase);
%xlabel{“Frequency in Hz™);

%y label{‘Phasein degree’);

Results



hagnitude
=
e
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UselIATLABtoplotthefregu encyresponsetothetran sferfunction

o ;
O Tsiriases "

Solution

The MATLAB script 15 as follows.

num =[1];
den=[17148],
w=0101100;
H =freqsinum, den,w);
mag =abs(H);
phase=angle(H)*180/pt, % converts phase todegrees
subplot(2,1,17;
plottw (2¥%p1), mag) ;
zlabel “Frequency(Hz)') ;
ylabel " Magnitude™);
subploti®, 1,27
plotiw/(2%p1), phase);



wlabel(* Frequency(Hz) ™),
ylahel(*Phase()");

02
& 015 4
.5&.'}, 01 |
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Frequency (FHz)
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. 100 | T
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Frequency (FHz)
6.0 APPARATUS REQUIRED:
SLNO. | ITTEM MAKEERES RANGE
NAME
01 Computer
02 Matlab
70 SAFETY :
MOT AFPLICABLE
3.0 DINPOSAL:
MOT AFPLICABLE
90 REPORT WRITING:

L | Attach the rough note wath your final report.
02 Wirite Four fina repott as per the Wotk Instiict on



WORK INSTRUCTION

1.0 JOB/EXPERIMENT NO.:PC-EEP601/08

2.0 NAME OF JOB/EXPERIMENT:Simulation of Ztransform and inverse
Ztransform

3.0 OBJECTIVE:To simulateZ transform and inverse Ztransform
4.0 PRINCIPLE:

The z-transform is the generalization of the discrete-time Fourier
transform (DTFT). We recall that the DTFT of a signal x[n] is given
by

A(€2)
zzx[n] e,

Inserting a factor p—in the above equation
leads to

X(Qp= Y [nlp e ™= <[nl(pe Y

n=—wm

If we let z = pe®. Then, above equation becomes

X(@)

:Zx[n]z’

n=—w



This is the two-sided (or bilateral) z-transform. The one-sided (or unilateral) z-transform is

o3

X(@) =2{xinl} =) xnlz”

Only the one-sided z-transform will be discussed in this chapter. X(z) and x[#] constitute a
z-transform pair.

ote the following:
X[u—E—X(z)

INVERSEz-TRANSFORM

The problem of finding the inverse z-transform is the problem of finding x[#] for a given
X(z). The direct way to do this s to evaluate the contour integral:

1
x(n) = z—m YN 1dz
r

wherel isaclosedcontourthatenclosestheoriginandincludesallpolesofX(z).I'is usually
determined by the region of convergence. ItencirelesallsingularitiesintheROC.

5.0 PROCEDURE:

COMPUTING WITHMATILAB®
In this section, we discuss how MATLAB can be used to do the following:
+ Find the z-transform of a discrete-time signal using the MATLAB com- mand
Ztrans.

« Determine the inverse z-transform using MATLAB commandiztrans.
+ DetermincthepolesofatransterfunctionusingMATL ABcommandroots

and evaluate the stability of thesystem.
« Use the MATLAB commands dstep and filter to find the step response of discrete-
time linear system.

Using MATLAB, find the z-transform ofx[#] = i u[x]
Solution

The MATLAB script for doing this is

syms X xnz
x = n*heaviside(n),

X =zrans(x)



Results:

X =222 - 2%z + 1)

Use MATLAB to find the z-transform of y[n] = nzu.[n]

Solution

The MATLAB script for doing this is

syms X X nz
x = (n"2*heaviside(n);

X =ztrans(x)

Results:

X =@*z+ )z -1)"3

Given the function

X(Z) — Qzﬂ_
735743

Find the inverse z-transform x[#].

Solution
We can do this in two ways.

Method 1: Using the iztrans command, we have MATLAR script as follows.

syms X xXnz
X=(6%z+4)(2"2 -3.5%z+ 3);

x = 1ztrans(X)
Result

x =

16%2%n - (52%(3/2)'n)/3 + (4*kroneckerDelta(n, 0))/3



Method2:Wecanalsousetheresidueorresiduezcommand,whichcarniesout partial-
fractionexpansion. Weillustrateitinthefollowingscript.

num = [ 64]

den = [1 -3.53]

[r, p, k] = residuez{num, den)

MATLAB responds as follows (r = residues, r = poles, and k = direct terms).

=

32
-26
fi =
2.0000
1.5000
k=

Use MATLAB to find the inverse z-transform of

X0) =2

743242

Solution

Using the iztrans command, we have MATLAB script as follows.

syms X xn z
X=(z-2)/(z"2 +3%*z+2),

x = 1ztrans(X)

Results:

x=3*(—1)y — 2*(—2)1 —Kronecker Delta (72, 0)



The transfer function of a system is given by

H(ZFL
7-27-z-0.5
Determine whether the system is stable.

Solution

We onlyneedtofindtherootsofthedenominatortodeterminethesystemstability.

den=[1-2-1-0.5];

r = roots(den)

MATLAB returns

= 24837
-0.2418 +03779
-0.2418 -0.37791

Thepolesarelocatedonthecomplexplane. Wenotice
thatthemagnitudeofthefirstpole(2 4847 hsgreaterthanoneandthereforelies
outsidetheuniteircle (Theotherpolesliewithintheunitcircle. )Hence, thesystem isunstable.

_—Unitcircle
X
b .
) \_/1 2

Pole locations for the above problem

Obtain the unit step response of a discrete-time system whose transform is

Hz) 34z

25242

Solution

The MATLAB script 15 as follows. We use the MATLAB command filter in this problem.
Giventhetransferfunction theinputandinitialconditions filterreturnsthesystem output.



num = [13];

den=1[1-52].

n=0:1:30;

x = [1*ones(size(n))]; % unit step input v = filter(num. den, xJ,
% d = length(v);

Y%n=0:1:d-1

plot{ny ),

xlabel(* Sample number n’);

vlabel(‘step response v[n]’)

Result
4 1%
14 * 10
12
=
=
3 10
| =
2
f}
Iqu
- 8t
2
7
s
4
2
0

Sample number #

6.0 APPARATUS REQUIRED:
SL.NO. | ITEM MAKERS RANGE
NAME
01 Computer
02 Matlab




7.0SAFETY:
NOT APPLICABLE

8.0 DISPOSAL:
NOT APPLICABLE

9.0 REPORT WRITING:
9.1  Attach the rough note with your final report.

9.2  Write your final report as per the Work Instruction



