{CO??G‘EPTUAL TOOLS

By: Neil E. Cotter FOURIER SERIES
SYMMETRY
Example 4
EX:
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T = one period of vj(t) = 2m/60 s
[ 6msin(wyt)vy O0<t=T/4
—-6nsin(wgt)y T/4<t<T/2
Vi (t) = 9

6sin(wgr)V T/2<1=3T/4
|—6msin(wgt)y 3T/4<t=T

Find numerical values of coefficients a,,ay; az, b1, and by for the Fourier series
for vj(t):

vi(t)=a, + 2 a; cos(kwyt) + by, sin(kw yt)

k=1

Soln: Because vi(+) has e_guqt area. above and

below oV, +he average value of vi@) is zero:

oV

f

ay

Since Vi (t) s periodi¢, tt consists of copies
of +he oabove waveform rePea'l:Lh? + the
left and rtﬂh'l:,
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TS we reflect v;(+) about +the vertical

axig, we obtain v (). Thus, vi(+) =vi(-t)
and Vi (¥) (s an even Function.

bk=OV for all k

¥ we shift v rigln': (or left) by
one~ half period and then Flip it
quia(e down, we obtain V;(+). Thus,
V;(£) has shift Flip S)zmme{y-/ and
even numbered Fourier coefficients
are Zero.

ak = OV Sor all even Kk

qzr_OV

That Lleaves us with the calculation
O'f' G\I:

-
a = z__f v () cos(1wat) dt
™ (@)

A sketeh of v;(+), cos (wot), and V; ()cos(wyt)
reveals how the calculation of a, reduces
to the computation of a si.njlc (:r)'\t;fﬁr‘d[.
b &

A0S (wyat) net o seale
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From +the sketeh, ot (s qf/:qrenf that
four times the Ln‘hejml from © +o T/4%

of v; (&) cos(wot), Cie., the hatched area),
gives the value of a,:

T/%

a, =42 5 vi(t) cos (wet)dt Vv
T- [«}
T/
"= 8 f 6T sin(wyt) cos (w,t) At v
(o} .
=
T/
Vo §_-61Tj sin((Rw,t) 4t Vv
T ° 2
T/4
a, = z%ft'f sin (2w,t) At Vv
T °

The fundamental Freguency, w,, is given by

wo'; z_lr_-.
T

We may choose any convenient value Jor

T  without changinﬁ the value of Fourier
coefficients.

For convenience, we might set T=27, for
example. This simplifies the caleulation.
On the other Aand, re—é:zininy 7T as a

symbolic variable allows as +to verify
that all the Factors of T cancel out.
This (s a convenient donsistency check,
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T/h
a, = 247 , —cos (2wst) %
T 2wg o

= 24T | -cos(z- 211- T)——cos(oﬁ v
7- s
=

= 6 f |~ cos(m—] %

¢ [v- -1 ]v

ql = \ZV

Note: Sketehes Wustrate why az, b, ,and b,

are  #ero. dod (Zwyt) not 4o Beale

hq.“:cked areq = f v, cos(Zwgst)

u "

[-\— and — areas sum to O] =0

\

\ /

‘=shokehed area= Sv;‘ stn(2w,t)
=0



