'CO/CEPTUAL _TQOLS |

- | By: Neil E. Cotter FOURIER SERIES
SYMMETRY
Example 4
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T = one period of vj(t) = 2/60 s
[ 6nsin(wy)v O0<t<T/4
—6nsin(wgt)v T/4<t<T/2

6rsin(wy)V T/2<t<3T/4
| —6msin(wyt)y 3T/4<tsT

Find numerical values of coefficients a,, a1, ay, by, and by for the Fourier series
for v;(1):

vi(t)=a, + Eak cos(kwqt) + b, sin(kw yt)
k=t

Seln: Because vi{ () has e_ﬁu.ql area. above and

below oV, +the average value of vi() is 2ero:
Since Vv () is periodid, W consists of copies

ot +he above waveform rePea-‘:Lh? + the
lef+ and riﬂht.
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IS5 we redlect v;(t) about the vertical
axis, we obtain v (). Thus, vi(t) =vi(-t
and v; () (s an even Function,

bk--ov for all k
b, =0V and b, = OV

If we shift vi() right (or left) by
one~ half period and then Flip it
upside down, we obtain v;(t). Thus,
'S (] has shift 'FU/D s)/mme-l:r/ andd
even numbpered Fourier coeffidients
are #ero,

a = OV for all even k

That LlLeaves us with the caleulation
o+ G\I:

.
[’ Vi () cos(l-wot) dt

[=]

a = Z
et

A sketeh of v (), cos(w,t), and v;@)cos(wst)
reveals how e caleulation of g, redices
4o the CGMPM'{:a-éian of a sinj}c En-l:egrdf.

y o8 (w,t) not to scale
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From the sketeh, ot (s qfafqren't': that
four +times the i.n-{:ejrat from ©0 to T/4%

of v, () cos(wot), (ie, the hatched areal,
gives +the value of a,:

T4
a, =%z J vi (1) cos (wet)at v
T

o]
T/4
[o M sin(wyt) cos(w,t) At v

1o

/4

mf sin (2w .t} 4t Vv
© 2

ilo

T/4
24 J' sin (2w,t) At Vv

o

A,

{i

The fundamental Freguency, w,, is given by

wo= 2-____11—.
T

We may choose any convenient value Sor
T  without clmnﬂi.hﬂ the value of Fourier
coefficients,

For convenience, we might set T=27, fir
example. This simplifies the caleulation,
On the other Aand, re-éac'ni/ty 7 as a

symbolic variable allows as to veridy
that all the Factors of T cancel out.

This (s a convenient consistency check,



[COCEPTUAL _ToOLS T

By: Neil E. Cotter FOURIER SERIES

SYMMETRY
Example 4 (cont.)

T/
a, = 24T, -c¢o3 (2wst) v
T Zwg .

= 28T | —cos(z- 21r T)~—cos(0) v

T

= b [ b~ cos(m—] v

¢ [v- -t v

n

ql - ‘ZV

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

are Zero. cos(2wat) ok 4o deale

}wl::ckeol areq = )’ v: cos(2uyt)

W n

[+ and — areas sum 00} =0

atéhed area = f v sin(wast)
=0

=0



