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Fourier Series

For a given signal, how do we find X, = Akem
for each k in the Fourier Series ?

Fourier Analysis
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Fourier Series: Sawtooth
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Fourier Series:Square Wave
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Properties of Fourier Series
Odd functions f(-x) =-f(x) consist only of sums of sines (¢=-%

Even functions f(-x)=f(x) consist only of sums of cosines (¢ = 0)
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Properties of Fourier Series
Odd functions f(-x) =-f(x) consist only of sums of sines (¢=-%

Even functions f(-x)=f(x) consist only of sums of cosines (¢=0)
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Properties of Fourier Series
Odd functions f(-x) =-f(x) consist only of sums of sines (¢=-%

Even functions f(-x)=f(x) consist only of sums of cosines (¢=0)
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Properties of Fourier Series
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Properties of Fourier Series
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Properties of Fourier Series
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Properties of Fourier Series

Symmetric functions with f-x)=-7(+7/2) only have odd harmonics
Symmetric functions with f-x=-rx+7/2 only have even harmonics

Ex. Triangle wave (only odd harmonics)

-T,/2<1<0

1

Ex.
. ! T T
wy=] ¥+ T ~T/2=1<0 even function
-4t+T, 0s=t<T,/2
Re(¥(1]) 05\ 4
8T g
Xo =0 X.=1kx2’ k- odd %COS[Z‘"] op AW, ™ /‘\,/' R
0 k even s s
cos (2731,
8T jo = ~or \ T
X, ={ppe K ood ;
0 k even o |

x(1) = 2cos(2af, 1) + 2 cos(23 fyt) + ...

4t + 1,
x(1) =
-4t+T, 0s=t<T,/2

)

8T Yl
k odd

X0=0 Xk= K22 Xk(1)-cos (2-7-1) 0

0 k even 2(!3(3) cos (2-7-3-1)

Xk (5)-cos (2-7-5-1)
0.5

x %e’o k odd
k= k'

k even -

x(1) = 2cos(2af, 1) + 2 cos(23 fyt) + ...



Properties of Fourier Series

Symmetric functions with f-x)=-7(x+7/2) only have odd harmonics
Symmetric functions with f-x=-rx+7/2 only have even harmonics
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Properties of Fourier Series

Symmetric functions with f-x)=-7(+7/2) only have odd harmonics
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How it works
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Average of a sinusoid over one period is equal to zero.
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L[ 2
x(1) = sin i 0=<r<T,
0

-2 mke Lot
dt

T T
2 . t t 2-1j . t) . t
=— sin(2-mw-—|-cos |-2-mw-k-—~| dt + — sin(2-m-—|-sin(-2-7-k-—| dt
T T T T T T
0

Ex. cos wave + phase cos(wt + ¢) = cos(¢)cos(wt ) —sin(¢)sin(wr)

T T
2 1 t 2-j 1 . t
== cos (2= + ¢]-cos [-2-mwk-—| dt + — cos (27— + ¢ -sin{-2-7-k-—| dt
T T T T T T
C

X
0 )
k=1
T orT
2 t t -2+ [ A t
X == cos (2= + ¢|-cos(2-m-—] dt + — cos(2-m-—+ —|-sin|2-w-—=] dt
T T T T T 4 T
0 0
0853307, ! T o462, 03 T
05 = 0
cof2m L ] cof| 2.4 cn,[z.nL,+:},A.n[z.ﬂ¢}
Privd=fe] | I Gt i B 1
c0.1462, g 1 ~0.853307, 1
0 05 1 o 05 1
0., t &

O t A

T
. et 4 ¢)-cos (2| di= 2.
J cos(Z e T + q>) cos(Z e T) dt=cos (¢) ?JJ
0

T
cos (2%-% + ¢) -sin (2‘7{‘%) dt=-1j-sin (¢)

Sl

0

X =cos (¢) — 1j-sin(¢)

X]=14e'j'¢

Ex. sine wave

~0.499013, _
1

0
O 1.

0
2-15 1
X, =0 - ).
T 2
X1=-11
il
X, =le¢?

Ex. sine wave

T
2 . t t 2-1j
=— sin|2-7w-—|-cos [-2-mw-k-—] dt + —
T T T T
[0

L s\ [\
Wy #e A

T T
2 ) t t 2-1j X t) . t
=— sin(2-mw-—|-cos|-2-mw-2-—| dt + — sin(2-mw-—|-sinf-2-7-2-—) dt
T T T T T

T t t
sin(2-7t-—|-sin{-2-7w-k-—| dt
T T
0

T T
2 . t t 2-1j . t) . t
X == sin|2--—|-cos [2-7w- =] dt = —— sin(2-m-—|-sin(2-mw-—] dt
T T T T T T
0

1
T

t t
sin(Z-n-—)-sin(Z-n-—) dt=05 u
T T

cos(wt + @) = cos(¢p)cos(wt) - sin(¢)sin(wr)

T T
2 . t t 2-1j . t) . t
=— sin(2-m-—|-cos =2-mw-k-—| dt + —=- sin(2--—|-sin{-2-7w-k-—| dt
T T T T T T
C 0

0

0760421, ! T

1
T

N

sin(2:7t-) - cos (- 2: - 2:1) of

sin(2-7w-t)-sin(-2-7-2-t) 0

£0769421, 1

LT L 0 05 1
g s Y
! . 9 cos Y qe= T t t
cos 2"“? rcos 2‘7“2‘? de=0 cos(2-n-—)-sin(2-n-2-—) dt=0 u
0 T T
0

X:=0



How it works
Ex. sine wave Ex. sine wave
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How it works Harmonic sinusoid
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. . Clipped Sinewave
Sum of harmonic sinusoids
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Clipping adds harmonics
which distorts the pure tone.
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