EE 370 Chapter II: Introduction to Signals

Trigonometric Fourier Series
e Importance of frequency representation
e Fourier series are usually used for periodic signals
e We can express a signal by a trigonometric Fourier series (FS) with period Ty

e

gt) =ay+ Z a,cos(nwyt) + b,sin(nwyt)

n=1
where
t1+T0
_ 1 f (t)dt
Ao = T, g
(%1
a, = Tiftt1+T°g(t)cos(nw0t)dt n=1,23,....
0 1
b, = TifttlJ'Tog(t)sin(nwot)dt n=1,23,....
0 1

Compact Trigonometric Fourier Series
Since a,cos(nwyt) + bysin(nwyt) = cycos(nwyt + 6,)

_bn

where ¢, = /a2 + b2, 0, =tan™? (a—), Co = ay
n

gt) =co+ Z cpcos(nwot + 6,)

n=1

Note about the periodicity of the trigonometric Fourier Series

g(t) has to be periodic otherwise the F.S. iaonly good fort; <t <t, + T,
Amplitude Spectrum (single sided) is a plot ¢, vs. o,

Phase Spectrum (single sided) is a plot of 8,, vs. w.

Exponential Fourier Series
Using Euler's formula ¢, cos(nwot + 6,,) = %" [e/(@ottbn) 4 @=i(nwot+6n)]
We may write

g(©) = ) Dyelneot

n=—0co

1 )
D, =— | g(t)e Im®oldt
To

To
Existence of the Fourier Series: Dirichlet conditions:fT0 lg(t)]|dt < o
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e The Fourier spectrum (Exponential Fourier Spectra or double sided spectra): plot
of D, magnitude or phase vs. w. Remember that D, is complex in general.
e Relation between the single sided and double sided spectra.

|D,| = |D_,| = %cn, Do=co, even functions
Angle(Dy)= 6, and  Angle(D.,)=—6,, , odd

(even magnitude +odd phase= complex conjugate symmetry)
We will be using the double sided spectra.

Example 2.7
Find the compact trigonometric Fourier Series for the exponential e ~%/2.

TO =T
—> _ 21 —>
wy = 2fy = T, =
gt) =ay+ z a,cos(2nt) + b, sin(2nt)
n=1

10 2 2
ay = —f e~ t/2dt = —et/2 g =—1[0.2079 — 1] = 0.504

T T T

0

Using Integration Tables (there is one in Appendix D, p774 , 3" addition)

eax
j esin(bx)dt = P [asin(bx) — b cos(bx)]

ax

pr [a cos(bx) + b sin(bx)]

feaxcos(bx)dt =

T
Zf B
—|e
T

0

s

fe t2sin(2nt)dt = 0.504(
0

t/zcos(Znt)dt = 0.504 <m)
/

a, =
b, =

SR

1+ 16n2>

g(t) = 0.504

[ee] 2 .
1+ 1T 162 (cos(Znt) + 4n sm(Znt))]

n=1
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