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Definitions:
1. Periodic Function: A function f(t) Is said to be periodic if it is defined for all
real t and If there is some positive number T such that:

f(t)=f({t+nT), n=01,2,.. isaninteger value
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2. The function f(t) is said to be an even function if f(t) = f(—t). It is always

symmetrical about y-axis. Sometimes its dc value Is zero.

= Note: the dc value is a horizontal line that divide the function area into two

equal areas.
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» 3. The function f(t) is said to be an odd function if f(—t) = —f(¢t). Itis

always symmetrical about x-axis. its dc value Is always zero.

AN
JAVRY

By: Maha George Zia/ Assistant Professor




Fourier Series (FS): Trigonometric form

» Any periodic function other than sinusoidal function ( e.g., square wave)

applied as an input to a linear circuit can be analyzed and represented by

several sinusoidal sources considered as harmonics.
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urce: https://en.wikipedia.org/wiki/File:Squarewave0l CW

» ¢ g.,= for example
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» f(t) = % + ).o—1(a, cosnwyt + b, sinnwyt ), n=1,2,3,....(harmonics)

(1)

2 ;
» Dc value = % , rad frequency = w, = ?” T = one period

= = G 2)
—fTT/jZ (t)cosnwetdt ... (3)
f "2 ft)ysinnwotdt ... (4)
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=» Notes:
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cos mwyt cosnwotdt ={T/2 m=n, m=#0

sin mwgt sinn wyt dt = {

rO m+*n
T m=n=20
0 m+*n
T/2 m=n

- f—T/Z cos mwyt sinn wot dt =0 for all m and n.



Ex: Find the Fourier series of the function

(0 if -2<x< -1

\

fx) =4k if —-l<x< 1 Wo=2m1/4 = 1t/2
0 if l1<x< 2 T=4, t=X -2

If nis even then a,, = 0, then:

22k ., . m _ 11k
b, = Zf_zzsm(n . t)dt = = il

1 2 1 ~1 1
/aO = okdt =2 kdt = 2 k(1-(-1)) =5

k

2 2 k /4 1.1k nm 2k . .nm
an =%J 5 cos(nst)dt = [ cos (5-t) dt =—sin(3)

4

ay = 2k/nm if n=159,---
ayp = —2k/nm if n=3,711,---

sin (nz—’r t) dt =0, why?

K . 2k 4 1 3n 1 57
f(t) =5+—(cos5t— scos—t+ - cos—~t—-+-.)
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» H \W1: Find FS for the function shown using the trigonometric form of F.S:

' AN~
LA

» H \W2: Find FS for the function shown using the trigonometric form of F.S:
f)=t% —-2<t<?2

Definitions:

¢ Full range expansion is a series consisting of both cosine and sine terms.

¢ Half-Range expansion Is a series consisting of cosine terms only or series

consisting of sine terms only
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Exponential (Complex) form of Fourier Series

eJNMWo 4 o—Jjnwo eJMWo _ p—Jjnwo

®» By substituting cosnw, = > and sinnw, = 2]

Into equation (1) and rearrange values, then:

=) Cpel et ...(5)

1 ,T/2 i
-C, =2 Lf@eTimwotge (6)
= \Were, 1 1
o = ag n =5 (@~ jba) Con = G =5 (@n + jby)
’an2+bn2
- |CﬁJ a 5
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» Ex: Find and plot the complex form of FS for the function shown below for

T =4, 8, and 16. i f(t)

» Using eq. (6) ‘
Co=7J ", 1 e mWot dt T2 -1 1 TR t

¥ i 1 e~ Jnwol 1 2 e/MWo_ e=JMWo 2 sin nw,
T —Jjnwg 2jnwy _T nwy
orT =4, w, ———7'[/2
1sm nr/2
Then C,, = !
2 nm/2

nrt

» (. = 0whensinnr/2=0, I.e., = +m, +2m, +3m,

= Then n=+2, +4, 46, .....
hat is
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» H.\W : solve for T=8, and 16 . As T is increased the spectrum (|C,,|) becomes

denser and as T o0 , the spectrum becomes continuous rather than

discrete, I.e., the function becomes non periodic.
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