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FOURIER SERIES For a periodic signal f(t) with period T, the various forms of the Fourier

SUMMARY

series and the power associated with the signal are shown in Table 8.2.

TABLE 8.2 Fourier Series Representation

Series Power

Sine and cosine series:

% + ) [an cos(2nmfot) + ba sin(2nn fot)) (%)2 + %Z (a2 +b7)
n=] ne=l
where
9 [T/2
on =% J(t) cos(2nm fot) dt
-T/2
2 T/2
bo = 2 / 1 (t)sin(2nn fot) dt
- /2
Shifted cosine:
%+Z cn cos(2an fot + 0n) (-‘;—"—)’+ %Z c
where“=l =
Cn = Va3‘+b.’.., 0n =t8-n_l (-%)
Complez series:
Z a”eiﬂtnfot E Iaﬂlz
where
an = _1_ i f(t)e—ﬂnwjotdt
- -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

& =ad+id,

with cop = ap/2. The complex series cocfficients are related to the coeffi-
cients of the trigonometric series as

1
o= (a2 +2)

with ap = ap/2.
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Figure 5-12: Line spectra for pulse trains with Tg/t = §, 10, and 20.
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Table 5-4: Fourier series expressions for a select set of periodic waveforms.

Uty p2ot

2Ty -Tp 0 T 2Ty

Waveform Fourier Scries
41 X0
e 2nmt
1. Square Wave L; — 0 —— I ¢ x(t)= ):4—A-sin (%’E)cos (Tn'.)
~TotTo/3 | |T02| To n=1 N 0
—A
20
2. Time-Shifted Square 0 I _ R 4A . (2nm
Wave ey K= J, —5in T
—To -7 T/Z 20 n’;:(l’d
= —A
410 - i
At 24 nnt mt
: " -—T = — —_
3. Pulse Train |—| o] - :| , =T+ L us’"( To) ( = )
-To 0 To
P x(f)
4, Triangular Wave . A\ " P x(t) = 2 22 cos(z';;“)
n=1
o7l N =
4470
5. Shifted Triangular = B84 nay\ . (2nm
Wave 6 (0= X amein(3 )sm( To )
-T Ty n’;:}id
A
r (1)
2n
6. Sawtooth pan: . ] x(:)—):( 1)"+'2A (_r?)
7 n=1
/ To 14_]_ Vi'o
!
7 x(1)
7. Backward Sawtooth ;

8. Full-Wave Rectified
Sinusoid

M\/
¥ ¥ f4

- 8@ T 00

9. Half-Wave Rectified
Sinusoid

NN

~Ty2 0 Tp2 Tp 3Ty/2

A A 2mt 2 2A 2nmt
x(t) = = 4+ =sin + cos
@) n 2 (Tb) = n(1-n?) (7&)

n=cven
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Table 5-3: Fourier series representations for a real-valued periodic function x(r). vy p200

Cosine/Sine Amplitude/Phase Complex Exponential
(o] 00 oo
x(t) =ao+ lea.. cos(naxt) +basin(nant)]  x(t) =co+ ) cacos(nant+¢n)  x(t)= ) xae™¥
n= n=l Am—00
1 T
ao= T:/o x(1) dt cne!™ =a, - jba Xo = [Xale/™; x_p =X3; 0= -0
T
an= 2—/ o;r(:) cosnaxt dt cn=y/ai+b} [Xal = ca/2; x0 =co
Tolo
= 2 T . = ’m_l(bn/an): a,>0 _ 1 [To gy
b= To/o x() sinnaxt dt %_{x—mn"(b./a,.). a,<0 x'-Fo A x(1) e dt
a9 = Co = X0; Gn = CaCOSPai ba = —CaSiDdn; Xu = 3(an — jba)
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