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Continuous-Time Signals (1)

1. plot (sin) signal with period T:
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*If you don’t see grid use,“grid on” command! "o 10 20 30 a0 50 60

Do you see grid now?
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Continuous-Time Signals (2)

2. plot Exponential Function:

Wpl

X=¢€

t=0:0.01:20;
omega=1,;
y=exp(omega.*t);
plot(t,y),grid,;
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Two Continuous-time Signals in One
Graph (Method1l)

1

%Use plot function 08 ||
%Sinusoidal 1 08}
T=6; t=0:0.01:20; .
y1=sin(2*pi/T.*t); "
%Sinusoidal 2
y2=sin(4*pi/T.*1); ol
plot(t,yl,'r' ty2,'b"),grid; el
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Two Continuous-time Signals in One
Graph (Method2) — use “hold on”

% Sinusoidal 1 D;_ |
T=6; t=0:0.01:20; Djﬁ_ |
y1=sin(2*pi/T.*t); L
plot(t,y1,r"); ool
hold on o
%Sinusoidal 2 02}
y2=sin(4*pi/T.*t); el
plot(t,y2,b"); 067
grid on; “j
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Discrete-Time Signals (1)

1. plot (sin) signal with period N:

n=0:20; “' q
N=7; %period = I T
y=sin(2*pi/N.*n); j O O
stem(ny, '), grid; o J l l

$plot () is for continuous signals and stem() 1is for discrete signals
N
| uOttawa
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Discrete-Time Signals (2)

Let’s plot Cosine signal:
n
x|n] = cos(g — 1)

n=0:200;

x=cos (n./8-pi);
stem(n, x) ;

grid on;
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Discrete-Time Signals (3)

a7 oim T o/m | o/m_ 1 o
X[n] — COS(% X nz) ::: ﬁ ;.9239 3:‘:r 3.9239 3‘:r ;.?9239 ﬁ;
04 r
x[n] = x|[n + N] 0l
Periodic and N=§ 0 H-=e s = 5 5 = = =
o
n=0:33; >4
x=cos(power(n,2)*pi/8); >
stem(n,x,'b"),grid; NIRRT R R Y
0 5 10 15 20 25 30 35
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Discrete-Time Signals (4)

Exponential signal: 16
_n 0.9r
X==¢€
0.7
0.6
n=0:10;
0.5
y=exp (-n); 0a |
stem(n,y, 'r'"); 03}
grid on; 0.2 _
0.1 T
0 i L = = s = . &
0 1 2 3 4 5 6 [ 8 9 10
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Basic Signals (Continuous-time)

1.2

1. Unit Step |

0.8

t=-10:0.01:10; % step is small enough to represent o6t
continuous-time signal

f=heaviside(t); % the unit step function.
plot(t,f); grid on

xlabel(‘time’)

axis([-10,10,-0.5,1.2]) |
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2. Unit Impulse -
t=-1:0.01:1;
y = dirac(t); 04
idx =y == Inf; % find Inf 03
y(@idx) =1; % set Inf to finite value 0z
plot(t,y);grid
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Basic Signals (Discrete-Time)
1. Unit Step

n=_1();1(); 1r o000 Q0O o d
%discrete-time step function: °*f
f=(n>=0); e
stem(n,f) ; grid on 04r
xlabel('n’) 02|
axis([-10,10,-0.5,1.2]) 0
2. Unit Impulse *
n=-10:10; ol
% impulse discrete-time function: i
f= (1’1 == ())’ 04t
stem(n,f) ; grid on 02}
xlabel('n’) 0
axis([-10,10,-0.5,1.2]) ol
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3. Square wave

t=0:0.01:20;

T=5; %period
y=sign(sin(2*pi/T.*t));

%or %y=mod(t.*1/T,1)>1/2;
plot(t,y),grid;

axis([0 20 -1.5 1.5]);

grid on;
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Operations Signals

1. Addition & Subtraction

10009 - ' - . 106
0
n=-10:10; 500 - 5t
x1=0.5./n; T
x2=0.8."n; T TT
X_add=x1+x2; 0 %Omooooooooooooo 0 T(f%(P(P(Dﬁxmmho
x_sub=x1-x2" 0 5 0 5 10 0 5 0 5 10
— ’ 1 2
subplot(221) ’ "
stem(n,x1); xlabel('x1') 1000 ' — 1 1000¢
subplot(222)
stem(n,x2); xlabel('x2")
subplot(223) 500 1 s00f
stem(n,x_add); xlabel('x1+x2")
subplot(224) Tﬁ’ Tﬁ’
stem(n,x_sub); xlabel('x1-x2") 0 Poocosescscscsssd 0 Peocecssccssccsed
-10 -5 0 5 10 -10 -5 0 5 10
x1+x2 x1-x2
—
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Addition of Two Continuous-Time Signals

1.5
Ll 'r' ] 'ﬁ 1 |'I" 1 III’I
t=0:0.01:20; b / \| | "'. ,ﬂl l[ \ l lf \ i [ | 5||
T1=2; I|I [ IR | |( I| ]| || |I || || . Il ||
To=4 05| I| || || III III || || |II A || " II| ]
yl=cos(2*pi/T1*t); I". i | /' o Jl' || | I". " || || I". | ||
y2=Sin(2*pi/T2%1); or Y| [r YV Y |' e '| i
y3=ylty2; || | | || | | | |
plot(t,y3),grid; 05 | [| |] | || | || || | ||'
|| |
| ] i | | | | i
15 | | | | | | | | [ 1
I || I| || | L] | ]
|| | | J,l I| I I, |II|
L I | | ! |
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Transformation of the independent variable

It is now desired to focus on the transformation of the independent variable while
shifting , reversing , and scaling. It will be covered first for the unit step functions
and then it will be left for you as a task to do it for any general signal x[n].

1 : 1

n=-5:5;
x=heaviside(n-1);
subplot(321); stem(n,x); xlabel('u(n-1)") 0 ‘ 0
y=heaviside(n+2); ; ) i ; a2 i
subplot(322); stem(n,y); xlabel('u(n+2)") 1 1 '
z= heaviside(-n+3);

subplot(323); stem(n,y); xlabel('u(-n+3)")
k= heaviside(-n-2); o .
subplot(324); stem(n,k); xlabel('u(-n-2)") ° i) : ? s :
I= heaviside(2*n-1); 1 | 1
subplot(325); stem(n,l); xlabel('u(2*n-1)")
m= heaviside(0.5*n+1);

subplot(326); stem(n,m); xlabel('u(0.5*n+1)")

05 05

051 1 051

function y = heaviside (n)
% We assume a vector input

y =0 * n; % Our default output value is 0
$ we find values in n greater than or equal to 0 i,
y(find(n >= 0)) = 1; I yOttawa

end
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Example
» Generate a cosine signal of period 5, for time values t=0:0.01:30.
» Generate a signal of square wave of period 3 using the “cos" functions.

« Add the two signals generated before (“cos™ signal and “square wave”), and verify
that resultant period from the addition of two signals is normally equal to least
common multiple of the two original periods (i.e., the least common multiple produces
the maximum value possible for theresultant period).

t=0:0.01:30; . —
T_cosine=5; %period of cosine wave square
T_square=3; %period of square wave 0 | | /
%% cosine wave with period of 5 | | |
yl=cos(2*pi/T_cosine.*t); 1

%% square wave from cosine wave

0 2 4 6 8 10 12 14 16 18 20

y2=sign(cos(2*pi/T_square.*t));
%% summation of square wave and cosine wave Square Wave + Cosine Wave
y3=ylty2; —
subplot(211);plot(t,y1, 'r', t,y2, 'g");grid
legend('cos’,'square’);axis([0,20,-1.5,1.5]);
subplot(212);plot(t,y3); grid on
title('Square Wave + Cosine Wave’);
axis([0,20,-2.5,2.5]);
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Exercise

.27rt

« a) Asignal in the form of el = eJ T is a periodic complex signal of
period T. In order to visualize this well, use the following Matlab code to
generate a signal with a period T = 10, posted on three periods with
t=0:0.01:3*T.

Hint: Remember complex exponential identity.
eNjX = cos(x) + j sin(x) — real(e”jx) = cos(X) & imag(e”jx) = sin(x).

* D) Post up separately the real and imaginary part of this signal (as a time
function, with “subplot” and “plot”) and verify that they match well to a
cosine and sine signal respectively.

| y Ottawa
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clear all; close all;

% generate the complex function exp t
T=10;

£1=0:0.01:3*T;

exp t=cos (2*pi/T.*tl)+1li.*sin(2*pi/T.*tl)

figure (1)

subplot(2,1,1) % plot real part

plot (tl,real(exp t)); grid on

xlabel ('Time") ;

title('Real Part of exp(j*x)"');
subplot(2,1,2) % plot imaginary part
plot (tl,imag(exp t)); grid on

xlabel ('"Time');

title('Imaginary Part of exp(J*x)"'");
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Real part =cosine
Imaginary part =sine
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The END
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