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3.38 Determine the Fourier series representation for the excitation of Fig. 3-31.
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Fig. 3-31
The excitation of Fig. 3-31 is an even excitation of period t,. Hence b,=0, i=1,2,.... The

Fourier cosine coefficients are
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Thus the Fourier Series representation for F(¢) 1s
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o 2nrt

ay =5 ,:21 X; COS n:- (1.98)
2 . 2nrt;

b= e > x;sin = : (1.99)

I [ourier Series Expansion

EXAMPLE 1.12

Determine the Fourier series expansion of the motion of the valve in the cam-follower system shown
in Fig. 1.53.

Solution: If y(r) denotes the vertical motion of the pushrod, the motion of the valve, x(r), can be
determined from the relation:
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FIGURE 1.53  Cam-follower system.
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2
and the period is given by 7 = % By defining

.
-

A
x(t) can be expressed as

4
x(t) = A;; O=sr=r (E.3)

Equation (E.3) is shown in Fig. 1.46(a). To compute the Fourier coefficients a,, and b,, we use Eqs.
(1.71) to (1.73):
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Therefore the Fourier series expansion of x(7) is
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The first three terms of the series are shown plotted in Fig. 1.46(b). It can be seen that the approxi-
mation reaches the sawtooth shape even with a small number of terms.
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FIGURE 1.46 A periodic function.

1.11.1 If x(7) is a periodic function with period 7. its Fourier series representation is given by
Fourier Series

Expansion

do
x(1) = 5 + ajcos wt + acos2 wt + ---

+ bisinwt + bysin2 wr + -

ay G :
= ? + E(ancos nwt + b,sin nwt) (1.70)
n=1
where o = 27/7 is the fundamental frequency and a. a,. a,. ..., by, by, ... are constant

coefficients. To determine the coefficients @, and b,, we multiply Eq. (1.70) by cos nwt
and sin not, respectively, and integrate over one period 7 = 27/w; for example, from 0 to

27/w. Then we notice that all terms except one on the right-hand side of the equation will
be zero, and we obtain
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The physical interpretation of Eq. (1.70) is that any periodic function can be repre-
sented as a sum of harmonic functions. Although the series in Eq. (1.70) is an infinite sum,
we can approximate most periodic functions with the help of only a few harmonic func-
tions. For example, the triangular wave of Fig. 1.46(a) can be represented closely by
adding only three harmonic functions, as shown in Fig. 1.46(b).

Fourier series can also be represented by the sum of sine terms only or cosine terms
only. For example, the series using cosine terms only can be expressed as

xX(1) = dy + d cos(wt — ¢y) + d> cosQut — ¢,) + -+ (1.74)




