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Fourier Transform of Signals

Lecture 3-1
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Examples of Waveforms

. ll."'l(..".lI ll,-""ull | Ir |" |
/ ..'* £y |I|II]|1|“'-"'W ['l|lllllt|II|I|J||Ij‘m‘"r

Animation courtesy of Dr. Dan Russell, Kettering University
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Sinusoidal Signal Review

Continuous Time-domain Waveform:

x(t) = Asin(2zt)
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X(t) = Asin(w.t) = Asin(2rt)
w, =21 f

f,=1Hz X(j)

Signal Spectrum

A e—j27rt

X(t) :_Aeﬂ”t -
)2 )2

Frequency-domain Spectrum:

Represents signals’ values
applied in different frequencies.
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Continuous vs. Discrete-Time Waveforms
Example: x(t) = Asin(aw,t) = Asi n(27zt)
sampling period : T, = 0.25sec.
sampling frequency: f, =4 Hz
X[n] = x(nT,) = Asin(w,T,n) = Asin(Q,n)
Qu=a,T,=27%x025=7/2
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- x{n] = Asin(Q,n) = ASlﬂ(/Zn/Z)— el’”"2 Ae—l””/Z

3 1sec_’m /f\
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discrete period : N 4
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Discrete-Time Waveform

Example:
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Qu =T, =27x025=7/2

x[n] = Asin(Qyn) = Asin(zn/2) = %e"”"z - %e”“’z
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discrete period : N =
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Audio & DSP Lab.
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Fundamental & 3rd Harmonics
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Fundamental & 5th Harmonics
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X() x(t) 5 x5(t) =a,Sn(10xrt)
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: Fourier Series and Waves

Animation courtesy of Dr. Dan Russell, Kettering University "
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Complex Sinusoids and Frequency
Response of LTI Systems

e LTI
(Frequency Response)

. “ " (Magnitude Response)
” (Phase Response)
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Discrete-Time LTI System
if systeminput, x[n] =e™™",

vl = 3" HiK K] = 3"kl ®

k=—o0

— e 3 h[k] &I
k=—c0
=" H(ejQ), where H(ejQ)z ih[k] g Ik
k=—o0

X
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Continuous —Time System
if systeminput, x(t) =e'“,
y(t) = j_”’h(f) X(t—7) dr = f“’h(r) el”t) gz
= [ h(r) e dr

= H(jo), where H(jo)=[ h(z)e’” dr

X
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Block Diagram of the LTI System

E"I:H” — h[”] — H{E-jﬂ}f’jﬂ”

The output of a complex sinusoidal input to an LTI system is a
complex sinusoid of the same frequency as the input, multiplied by

the frequency response of the system.
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Ex: 3.1 Continuous-Time RC Circuit

e R N

_I_
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y(t)

Figure 3.2 RC circuit for Example 3.1.
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Frequency Response

-+ h(t) = 1c & (D).
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H(jw) =j h(r) e " dr

_I { e RCU(T)}G "‘”dr—i +w{em}eﬂ"‘”dr
RC o

:R_]&: O+w e(]awR]&:jr dz-:_R_]&: 1 - e—[iw+R]é)r;OO
Jo+—
RC
1
oL R
1+ Ja)RC 1+ ja)RC
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Magnitude Response

1
—+jo
RC ‘
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Phase Response

argument:

agiH (jo)}= arg{R—lc} - arg{R—lc + jw}
= tan'l[L] —tan"[wRC] = 0—tan [wRC]

RC
= —arctan[wRC]
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arg{H (jo)} = —tan[wRC]

arg{yuja))}

Frequency response of the RC circuit :
(a) Magnitude response (b) Phase response
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Eigenfunction and Eigenvalue
(eigenfunction) (eigenvalue)

The action of the system on an eigenfunction input is
multiplication by the corresponding eigenvalue.

General eigenfunction t) or ¥{n] and eigenvalue A:

y(t) Ay (t)

—1 H — o

or
win] Jyln]
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Complex sinusoidal eigenfunction ei®t and eigenvalue H(jw):
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ej ot

Complex sinusoidal eigenfunction el @" and eigenvalue H(ei):

gion H —— H(eln) ein
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Convolution vs. Multiplication
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M
let x(t)=> ae™,
k=1

eiwkt H(jo,) |
e aH (i)™

y(t) =D aH(jo)e™,
k=1
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