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A Cosine Waveform

= [0:29];
X= cos(2*pi*(n/10)); x= cos((2/10)*pi*n);
1 _
nT, =n-— nT,=n-1
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Many waveforms share the same sampled data
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Cosine Wave 1

n= [0:29];
— *n1 ok .
TO
t =[0:29]/10; 2t
y = COS(2*pi*t); W, =2nf,= — f,b=01 T,=10 T.,=1
stem(t, y) T,
hold on

t2 = [0:290]/100;
y2 = Ccos(2*pi*t2);
plot(t2, y2)

t =[0:29];

y = c0s(0.2*pi*t);
stem(t, y)

hold on

t2 =[0:290]/10;

y2 = cos(0.2*pi*t2);
plot(t2, y2)

U of Rhode Island, ELE 436, FFT Tutorial
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Cosine Wave 1

n= [0:29];
X= cos(2*pi*n/10);

t =1[0:29]/10;

y = COoSs(2*pi*t);
stem(t, y)

hold on

t2 =[0:290]/100;
y2 = Ccos(2*pi*t2);
plot(t2, y2)
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Cosine Wave 2

n= [0:29];
X= cos(2*pi*n/10);

t =[0:29];

y = c0s(0.2*pi*t);
stem(t, y)

hold on

t2 =[0:290]/10;

y2 = c0s(0.2*pi*t2);
plot(t2, y2)

1
w,nT, =2xf,nT, ZZW'E-nol

fob=01T,=10 T, =1
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Sampled Sinusoids

gln]= Acos(2mn/N, +8) 1/N, 27/ N,
gln]=Acos(2nF,n+0) =F, =2nF,
gln] = Acos(Q;n + 6) = Q,/2n =Q,

M.). Roberts, Fundamentals of Signals and Systems
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Sampling Period and Frequency

g(t)=Acos(2xf,t+0) g(nT.)= Acos(2nf,T.n+0)
g[n]:g(nTs) FO:fOTs:fO/fs
g[n]= Acos(2nF,n+ 0) gln]= Acos(2nF,n+ 0)
1 : .
T = f_ sampling period
1 = f sampling frequency
T, ’ sampling rate

M.). Roberts, Fundamentals of Signals and Systems
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Periodic Condition of a Sampled Signal

2nF,n=2mm g(nT,)= Acos(2xuf,T ,n+6)

Fon=m Integers n, m
FOZfOTs:fO/fs

m
FO — ;
gln]=Acos(2nF,n+0)
poom_ fo  Fundamental Frequency
" n f, Sampling Frequency

. m
Rational Number F,= -

M.). Roberts, Fundamentals of Signals and Systems
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Periodic Condition Examples

g(t)=Acos(2xf,t+0)

g[n]=Acos(2nF,n+ 0)

g(t) = 4cos 2n'§°(t+T0) T
19
g[n] = 4cos 2n-i’—§-(n+N0)) N, =
N

Digital Signals 12
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_19
° 36

Zn.ﬁ.n

T.=1
19

Fundamental Period of g(t)

Fundamental Period of g[n]

M.). Roberts, Fundamentals of Signals and Systems
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Periodic Condition Examples

36
g(t) = 4cos 2n-1—9-(t + TO) T,= % Fundamental Period of g(t)
36 :
gln] = 4cos 2n~1—9'(n + NO)) N,=19 Fundamental Period of g[n]
. 36 (@  e=m the number of cycles in N, samples

’ 19 NO &= the smallest integer : fundamental period

M.). Roberts, Fundamentals of Signals and Systems
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Periodic Condition Examples

F = E . q «= the number of cycles in N, samples
0

19 No &= the smallest integer : fundamental period

“When F is not the reciprocal of an integer (q=1),

a discrete-time sinusoid may not be
Immediately recognizable from its graph as a sinusoid.”

M.). Roberts, Fundamentals of Signals and Systems
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Periodic Condition Examples

36 36 1
= — —(n+ N — N, =k N
g[n] = 4cos|2n I (n+N0)) e (n+ N,) 5 No .
integer integer integer

N,=19 Fundamental period of g[n]

36 36 36 .
g(t) = 4cos 275-1—9-(t+T0) 1—9-(t+T0) 1—9-T0—k T,
integer integer integer

T= Fundamental period of g(t)

M.). Roberts, Fundamentals of Signals and Systems
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Periodic Condition Examples

1
= 4cos|2m—
gln] cos| 27— n)
gln] = 4cos 272 n
19
gln] = 4cos 2
19
36
= 4cos|2m-22-
gln] cos| 27+~ 0 n)
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clf

n =[0:36]; t =[0:3600]/100;
y1l = 4*cos(2*pi*(1/19)*n);
y2 = 4*cos(2*pi*(2/19)*n);
y3 = 4*cos(2*pi*(3/19)*n);
y4 = 4*cos(2*pi*(36/19)*n);
ytl = 4*cos(2*pi*(1/19)*t);
yt2 = 4*cos(2*pi*(2/19)*t);
yt3 = 4*cos(2*pi*(3/19)*t);
yt4 = 4*cos(2*pi*(36/19)*t);

subplot(4,1,1);
stem(n, y1); hold on;
plot(t, ytl);
subplot(4,1,2);
stem(n, y2); hold on;
plot(t, yt2);
subplot(4,1,3);
stem(n, y3); hold on;
plot(t, yt3);
subplot(4,1,4);
stem(n, y4); hold on;
plot(t, yt4);

M.). Roberts, Fundamentals of Signals and Systems
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Periodic Condition Examples
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Periodic Condition Examples

g(t)=Acos(2xf,t+0)

g,(t)= 4cos(2m-1-t]
g,(t) = 4cos|2m-2-t]
g,(t)=4cos(2m-3-t|

I =%
t€nT, TZZ%
t€nT, T3:3—10
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t€nT,
t€nT,
t € nT,

n=20,1,23,--
n=20,1,23,--
n=20,1,23,--

18

g[n]=Acos(2xF,n+ 0)

g,\n]= 4cos(2nnT51)
g,/ n|= 4cos(2nnT52)

gs[n]=4cos[2nnT ;|

1-t=10,0.1, 0.2, 0.3,---
2.t =0,0.1, 0.2, 0.3,---
3-t=20,0.1, 0.2, 0.3,

tgiln]} =1g.n]}=1g.[n]}

M.). Roberts, Fundamentals of Signals and Systems
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Periodic Condition Examples

4cos(oot1) 4cos(mn1) n,-1 T.=1
TN\ /TN

| / / \
\_/ MIIN_/

t, = 2t, n,=2n,
k/\* )(-\/ // \\
\/ \//
4cos(2mt,] 4cos|w2n,| ny2 T =2
M.). Roberts, Fundamentals of Signals and Systems
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Periodic Condition Examples

Ts = E w=2m1
4@ T T T T %
0
°l \g\l\ /L/M |
_4 1 C 1

0 1 0.2 0.4 0.6 0.8 1

T,=— w=2m2

'd 20

AN~

TN~

0w=2mn-3

iINEANNYA

VNS NS

Digital Signa
Octave Code

clf

n =1[0:10]; t =[0:1000]/1000;
yl = 4*cos(2*pi*1*n/10);

y2 = 4*cos(2*pi*2*n/20);

y3 = 4*cos(2*pi*3*n/30);

ytl = 4*cos(2*pi*t);

yt2 = 4*cos(2*pi*2*t);

yt3 = 4*cos(2*pi*3*t);

subplot(3,1,1);

stem(n, y1); hold on;
plot(t, ytl);
subplot(3,1,2);
stem(n/20, y2); hold on;
plot(t, yt2);
subplot(3,1,3);
stem(n/30, y3); hold on;
plot(t, yt3);

M.). Roberts, Fundamentals of Signals and Systems
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Aliasing Condition Examples

clf

n=1[0:1:10];

t =[0:1000]/100;

y1l = 4*cos(2*pi*(1/5)*n);
y2 = 4*cos(2*pi*(6/5)*n);
ytl = 4*cos(2*pi*(1/5)*t);
yt2 = 4*cos(2*pi*(6/5)*t);

subplot(3,1,1);
stem(n, y1); hold on;
plot(t, ytl, 'g');
subplot(3,1,2);
stem(n, y2); hold on;
plot(t, yt2, 'g');
subplot(3,1,3);
plot(t, ytl); hold on;
plot(t, yt2);

stem(n, y1, 'g');

M.). Roberts, Fundamentals of Signals and Systems
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Aliasing Condition Examples

clf

n =1[0:0.5:10];

t =[0:1000]/100;

y1l = 4*cos(2*pi*(1/5)*n);
y2 = 4*cos(2*pi*(11/5)*n);
ytl = 4*cos(2*pi*(1/5)*t);
yt2 = 4*cos(2*pi*(11/5)*t);

M L]
[

subplot(3,1,1);
stem(n, y1); hold on;

Digital Signals
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plot(t, ytl, 'g');
subplot(3,1,2);
stem(n, y2); hold on;
plot(t, yt2, 'g');
subplot(3,1,3);
plot(t, ytl); hold on;
plot(t, yt2);

stem(n, y1, 'g');

M.). Roberts, Fundamentals of Signals and Systems
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Aliasing Condition Examples

A
cos(w,t) = cos(w,t "5 1 a
W, t — w,t =2nmn > ) 5 )
—t——t=n —t=n
w,t+ w,t =2nm N N
< > > < > < > < > < > %,1—60,%,
- > < > > - 510 15
4’44

M.). Roberts, Fundamentals of Signals and Systems
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Aliasing Condition Examples

M.). Roberts, Fundamentals of Signals and Systems
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Aliasing Condition Examples

clf y2 = 4*cos(2*pi*(2/5)*n2); subplot(4,2,7);

t = [0:500]/100; y3 = 4*cos(2*pi*(3/5)*n3); plot(t, ytl, 'g'); hold on
ytl = 4*cos(2*pi*(1/5)*t); y4 = 4*cos(2*pi*(4/5)*n4); plot(t, yt4, 'b'); grid on
yt2 = 4*cos(2*pi*(2/5)*t); y5 = 4*cos(2*pi*(5/5)*n5); stem(n4, y4, 'r');

yt3 = 4*cos(2*pi*(3/5)*t); y6 = 4*cos(2*pi*(6/5)*n6);

ytd = 4*cos(2*pi*(4/5)*t); y7 = 4*cos(2*pi*(7/5)*n7); subplot(4,2,2);

yt5 = 4*cos(2*pi*(5/5)*t); y8 = 4*cos(2*pi*(8/5)*n8); plot(t, yt1, 'g'); hold on
yt6 = 4*cos(2*pi*(6/5)*t); plot(t, yt5, 'b'); grid on
yt7 = 4*cos(2*pi*(7/5)*t); stem(n5, y5, 'r');

yt8 = 4*cos(2*pi*(8/5)*t);

Digital Signals
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subplot(4,2,5);

plot(t, yt1, 'g'); hold on
plot(t, yt3, 'b'); grid on
stem(n3, y3, 'r');

25

subplot(4,2,4);

nl =0:5/2:5; subplot(4,2,1); plot(t, ytl, 'g'); hold on
n2 =0:5/3:5; plot(t, yt1, 'g"); hold on plot(t, yt6, 'b'); grid on
n3 =0:5/4:5; stem(n6, y6, 'r');

n4 =0:5/5:5; subplot(4,2,3);

n5 =0:5/6:5; plot(t, ytl, 'g'); hold on subplot(4,2,6);

n6 = 0: 5/7 : 5; plot(t, yt2, 'b"); grid on plot(t, yt1, 'g'); hold on
n7 = 0:5/8:5; stem(n2, y2, 'r'); plot(t, yt7, 'b'); grid on
n8 =0:5/9:5; stem(n7, y7,'r');

subplot(4,2,8);

plot(t, yt1, 'g"); hold on
plot(t, yt8, 'b'); grid on
stem(n8, y8, 'r');

Young Won Lim
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Aliasing Condition Examples

[0:500]/100;

= 4*cos(2*pi*(1/5)*t);
= 4*Ccos(2*pi*(2/5)*t);
= 4*cos(2*pi*(3/5)*t);
= 4*cos(2*pi*(4/5)*t);
= 4*cos(2*pi*(5/5)*t);
= 4*cos(2*pi*(6/5)*t);
= 4*cos(2*pi*(7/5)*t);
= 4*cos(2*pi*(8/5)*t);

2N O N R

entals of Signals and Systems
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Periodic Condition Examples

\/\/\w/\
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A
AT
ALY
PRI
LN

27

EEYEE

= 0:5/2:5;
= 0:5/3:5;
= 0:5/4 :5;
= 0:5/5:5;
= 0:5/6 : 5;
= 0:5/7:5;
= 0:5/8 : 5;
= 0:5/9:5;

= 4*cos(2*pi*(2/5)*n2);
= 4*cos(2*pi*(3/5)*n3);
= 4*cos(2*pi*(4/5)*n4);
= 4*cos(2*pi*(5/5)*n5);
= 4*cos(2*pi*(6/5)*n6);
= 4*cos(2*pi*(7/5)*n7);
= 4*cos(2*pi*(8/5)*n8);

antals of Signals and Systems

Young Won Lim
716/17



Periodic Condition Examples

. . nl =0:5/2:5;
N ' ' _ AN n2 =0:5/1:5;
RN S A A A ANE e
ol N yd ol \/ _____ \/ ..... \f \/ ....... nd = 0:5/3:5;
4 . - >~ 7 " n5 = 0: 5/4 : 5;
0 1 2 3 4 5 0 1 2 3 4 5 né6 = 0:5/5:5;
n7 =0:5/6:5;

n8 =0:5/7:5;

y2 = 4*cos(2*pi*(2/5)*n2);
y3 = 4*cos(2*pi*(3/5)*n3);
y4 = 4*cos(2*pi*(4/5)*n4);
y5 = 4*cos(2*pi*(5/5)*n5);
y6 = 4*cos(2*pi*(6/5)*n6);
y7 = 4*cos(2*pi*(7/5)*n7);
y8 = 4*cos(2*pi*(8/5)*n8);

i \-/ ------ \-/—--w\-/--ﬁ-yv N ETRTATA IS

M.). Roberts, Fundamentals of Signals and Systems
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Periodic Condition Examples

g(t)= Acos(2mf,t+8) 2nF,n=2mm
gln]=Acos(2nF,n+0) 36
—n=m smallest n = 19
19
36 _m
1
g[n] = 4 cos 7271tn 9 n
36 _m _f
_ 36 ==
=4cos|2w|——|n 19 n .
19
1/N,
= 4cos|2m &-(n +N,)
19 _
Fo - -0
smallest N, =19 N,
=Q,/2n
M.). Roberts, Fundamentals of Signals and Systems
Digital Signals 29 Young Won Lim
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Numerical Computation of DTFT
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Numerical Computation of DTFT
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