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FOURIER SERIES For a period ic signal /(t) with period T, the various forms of the Fourier 
SUMMARY series and the power associated with the signal arc shown in Table 8.2. 

TABLE 8.2 Fourier Series Representation 

Series Power 

Sine and cosine series: 
00 

~ + L (a,, cos(2nll'/ot} + b.,, sin(2mr/0t)) 
nae] 

where 

·[ a..= T /(t}cos(2mr/ot}dt 
-T/2 ·r; b.,, = T /(t}sin(2nw/ot}dt 
-T/2 

Shifted. cosine: 
00 

~ +} e» cos(2rn fot + 0,.) 
n==] 

where 

, = a@+R, s,-ua'(-;) 
Complex series: 

n-=-oo 9aa0O 

where 

JT/2 
a,. = .!., /(t}e-i2nw/o' dt 

T -T/2 

Comparing the power relations in the table, the coefficients of the 
shifted cosine series are related to those for the sine and cosine series as 

with co =ao/2. The complex series coefficients are related to the coeffi­ 
cients of the trigonometric series as 

with oo = ao/2. 
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Figure 5-12: Line spectra for pulse trains with To/-r = 5, 10, and 20. 
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Table 5-4: Fourier series expressions for a select set of periodic waveforms. 

Waveform Fourier Series 

I. Square Wave I. 
A x(t) _._ n 
0 t 

-To 1-To(. - -A T(/2 To ._ 
rs..(=y. (") x(t) = [,-sin - cos - 
n=I n1t 2 To 

2. Tune-Shifted Square 
Wave 

- 
0 t 

00 4A (2n1tt) x(t)= Y -sin 
n=I n1t Ta 
n=odd 

3. Pulse Train 0 
-To 

~A x(t) 

loll :0-· -•I 
0 To 

a +u,.(sy (") x(t) =-+ [,-sin - cos -- To n=I n1t To To 

4. Triangular Wave k° ~-, = w .(er) x(t)= [, 22cos -T, 
n=I n 1t 0 
n=odd 

5. Shifted Triangular 
Wave 

Q , oV"'-. ,1 xT 58 
= w cry()y x(t) = n~ n2n2 sin 2 sm To 

n=odd 

6. Sawtooth «o- j-re! () 
n=1 nr To 

7. Backward Sawtooth ~~~ L\Vy y\VY, 
-2To -To O To 2To 

a eA,(mar x(t)=-+ :[-sm - 
2 n=I nn To 

8. Full-Wave Rectified 
Sinusoid ~ -~+----------+---+--• I 

-T% 0 To 2To 

2A 
00 

4A (2nm) 
x(t) = ,r +); n(l -4n2) cos To 

9. Half-Wave Rectified 
Sinusoid 

-To/2 0 To/2 To 3To/2 
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Table 5-3: Fourier series representations for a real-valued periodic function x(t ). 

Cosine/Sine Amplitude/Phase 
00 00 

z(t) = ao+ E(a,, cos(n�)+b,, sin(n�)] x(t) =co+ Ec,, cos(n�++,.) 
,,., ,.., 

J 

lo
To 

ao = 

To O z(t)dt c,.el._ = a,, - jb,. 

2 
lo

To 
a,, = 

To O 
z(t) cosn�t dt c,,= Ja�+lil,. 

2 //0 
f,. = {-tan-'(t11/a,.), a,.>0 

b,. = To O z(t) sinn�t dt ,r -tan- (b,./ a,.), a,.<0 

Complex Exponential 
00 

x(t) = E x..eP"°"' 
11•-00 

x.. = Ix.lei._: x_,. = X:: ,_,. = _._

lx..l = c,./2: zo = co 

J 

lo
To 

x,. = - x(t) .-}llflol"' 
To o 

ao = co =zo; a,.
= c,.cos;,.; b,. = -c,.sin+,.; x,. = ½(a,. - jb,.) 
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