OUTLINE

Periodic Signal

Fourier series introduction
Sinusoids Orthogonality
Integration vs inner product
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Consider any wave is sum of simple sin and cosine

) Periodic Tc R
N R A
aO = 1 E
a, = 3cos(at)
b, = —1sin(wt)
a, = 2cos(2wt) e —
b, = 2sin(2wt) —
a, =1cos(3wt) ;
b, =1sin(3et) L
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Periodic signal is composed of DC + same
frequency sinusoid + multiple frequency sinusoids

=27 :272i

f(t) = T
1 Frequency =0 Hz
+3cos(wt) —1sin(wt) Basic frequency fc=1/Tc
2C0oS(2awt) + 2SIN(2awt) 2xte

+1cos(3wt) +1sin(3at)  3xfe
+2cos(4at) —2sIiN(4dwt)  axic
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Spectrum of periodic signal

| | ‘ ‘ ‘ ‘ | I , frequency

-5-fc -4-fc -3-fc -2-fc -fc f (Hz)

()

fc 2-fc 3-fc 4-fc 5-fc

There are only n * fc (n=integer) frequencies!
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Another example (even rectangular pulse)

"fu.dat” ——
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Increase the number of sum (1)
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Increase the number of sum (2)

N=20

N=50
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Fourier

Jean Baptiste Joseph,
Baron de Frourier
France, 1778/Mar/21 — 1830/May/16

Fourier Series paper is written in 1807

rarntanmiilar niilleal ~ranm ha A~~~ NnACA
1ouviualigyuial puliott ) vaill vo LUITIPYPUOT

of many sinusoids.

Nobody believed the paper at that time.
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Fourier Series

1

If f(t) ‘s periodis Tc... w=2n, = 27T_|_—

C

f(t)=a,+ i (a, cos(nawt) +Db. sin(nawt))

f(t) = a, +Z(a cos(n—t)+b sm(nZT—”t))

C C

If we use complex exponential...,

f(t) = icn-ej”“’t
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Anyway, when you see the periodic signal,
Please think it 1s just sum of sinusoids!!!

\/ N \/ N
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How we can divide {(t) into sinusoids?

~—— ~——
— a, cos(nwt) + b, sin(nwt)
— s Filter — s
PainN et et > |:> Pass PainN PaiaN paiaN paiaN >
e Filter Is used

\ AR VAR VA VA VAV VA Ve

*a_and b,
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If we integrate in [ 0 to Tc]

) Tc .
TC
[PNBVANSU I RT0"
\/ \/ 0 Tc
_[ a,dt ?TC -4,
— : jalcos(lwt)dt =0 _
= i [ b, sin(let)dt =0
S~~~ — jaz COS(Za)t)dt =0 'Ipc
e, ° [ by sin(lest)dt = 0
| ° |
~— ~— P I I
o . | |
. | !
M [ f(t)dt=T,-a
A 0
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If we integrate in [ O to Tc] (2)

Tc
) . .
\Avmv/\AvmV/ j f (t) x cos(lewt)dt
0
0
T
~_ o~ ¢
S T ; 2
oo EDIX COS(Lat) =) j dt =)
B AR VAR - 4 0

A/\AA/\/‘;

AAAAAA *a, can be computed
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If we integrate in [ O to Tc] (3

Tc

N N N N\ /5
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[  (t)xcos(lat)dt

x sin(lwt) ) jdt —>
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By changing multiplier, each coettficient computed
Tc

P »
<« »

_ x coS(nawt)

T :>or ;'> I dt fl> One coefficient

=== x sin(nat)

N . - P — 2
»

LN O N N\

N_N_NDNA_N_DN_N\_DN_N
AV VAL VA VA VAV AV AV
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vV VvV V V VvV VUV V UV
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Sinusoidal Orthogonality

m,n: integer, T.=1/f,

ch COS(27sz0t) . COS(Zﬂnfot)dt .y EC (m — n)
 0(m=n)
T. . ] rT_C (m — n)
J.“sin(2zmft) -sin(2znf t)dt = §
O(m = n)

—» Orthogonal

— Orthogonal

jOT cos(22mf t) -sin(2znf, t)dt =0
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Another Orthogonality (1)

/

Vector inner product

A = (=2,5)
/ B = (5,—2)
A'BZ(—Z)X5+5X2=O — Orthogonal
— ‘A‘ ) ‘B‘ COS 9 ©=90 degree
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Another Orthogonality (2)

n dimensional vector

A:(al,az,...,an)
B=(b,b,,a)
A-B=a b +a,:-b,+---+a_ b

IF A-B=0

THEN A and B are Orthogonal.
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If signal Is sampled,

j K cos(2zmf t) - cos(2znf t)dt

N -1

= » €0s(2zmf, —T .) cos(2xnf, —T)
=0 N N
Nvl _ .

= » C0S(27m—)CcoS(27in—
> cos(2am-) cos(2m )

o

Xo Yot Xo- Yt + X1 Y

Freg=nw(Hz) sinusoids are Orthogonal each other (n=integer)
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Fourter Sertes Summary

f(t)=a,+ 3 (a, cos(nat) +b, sin(nat))

f(t)=a,+) (a,cos(n 2T—7zt) +b_sin(n ZT—ﬂt))
n=1

C C

1 T,

a, T ! f (t)dt
2 T

a = = ! f (t) cos(nawt)dt
2

b, T ! f (t)sin(net)dt
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Complex form Fourier Series

f(t)= Z‘O:cn-ej”“’t

N=—o0

. 1 To — jnot
Cn‘fjo f(t)e "*dt

I Te inat - jmot 44
C C Ul
0

T (m=n)

TC I —
=I gletn=-migt —
0 kO(m - n) —» Orthogonal
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HW?2

1 0< ETO
f(t) =+ 1 2
-1 =T,<t<T,
! 2

[2 1]Compute the complex form Fourier

AIﬁIAA AAA IAIAIA Y = Alﬁ

OUIIBb COUCITIHCICIIL CI'l O] I\)K)

[2-2]Draw the Spectrum of f(t) when
T,=0.04sec.

2.30
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