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UYARL Bu belge, el yazisi ders notlarindan Clavde (Anthropic) yardimiyla dijitale aktarilmistir.
Yardimcl kaynak olarak hazirlanmistir; hata veya eksik igerebilir. Litfen orijinal notlari ve ders
kaynaklarini esas alin.

NOTICE This document was transcribed from handwritten lecture notes with the help of
Claude (Anthropic). It is meant as a supplementary resource and may contain errors or
omissions. Always check against the original notes and official course material.

g’ irekli Zamanl Fourier gek:‘/eii

(Continuous-Time Fourier Series)
x(6) = x(t+T), Vt

Periyodik bir isaret Fourier serisine agilabilir.

Fourier Serisinin meveut olma. kogullar (Dirichlet condition)

1) x(¢) isareti, bir periyot boyunca mutlak integrallenebilir olmalidir.
To
J x(O)] dE < 00
0

Zayif Dirichlet kosulu (weak Dirichlet condition)
Bu kosul saglanirsa Fourier serisi vardir, ancak seri her noktada yakinsamayabilir.

2) x(t) isaveti, bir periyot boyunca
— sonlu sayida maksimum ve minimum degere sahip olmalidir.
— sonlu sayida streksizlige sahip olmalidir ve bu sireksizlik noktalarinda x(¢) isareti sonlu

deger almalidir.

Strong Dirichlet condition (1 ve 2)

Bu kosullar saglanirsa Fourier serisi vardir.

(Bu sartlarin saglanmadigi durumlarda da Fourier seri agilimi olabilir.)
— Genellestirilmis Fourier Serisi (Generalized FS)

— Trigonometrik Fourier Serisi (Trigonometric FS)

— Compact FS
— Ustel Fourier Serisi (Exponential FS)

Ortogonalfortonormal icaretler

[tTl é'2]i Yi(€), —oo<i<oo

Em, M=n

ise Pu(t) ve Ym(t) isaretleri birbirine diktir (ortogonal).
0, m#n

€2
L wm(t>w’;4<t)dt={

Clavde ile dijitallestirildi - hata igerebilir / Digitised with Claude - may contain errors 7/7




ngFet/er ve Sictemler Ders 5 — Slirekli zamanl Fourier cerileri

Em = Tise Py () ve Py (€) ortonormal isaretlerdir.

Genellegtirilimig FS agilim

o0

x(¢) = Z ceWe(6), [E,62]  Wi(E) : Temel fonksiyonlar (Basis functions)

k=—00

- L[ xovioq
My oui i

Uetel Fourier Serisi Agilmi (Exponential FS Expansion)

0
ji 2
X(t) = Z Xk e}kwot' st +Tog, wp= 27'[fo = Tln
k=—00 0
1 !
X¢ = AJ x(6) e~Jkwot y¢
To J1g

= gffwot : Temel fonksiyonlar
To . . To . To T
J elkwot. g=inwot g = J llk=mwot g = J cos(/c—n)wothjJ
0 0 0 0

o0

. , . 1 |
J x(£) e Inwot g = E xkj gkwot . gTnwot g = Tox, —3x, = AJ x(£) e kwot ¢
To T To

To

k=—co n=k ¢

= k=0
X0 = TLJ’ x(&)dt : x(t) isaretinin bir periyodundaki ortalamasidir.
0 J1o

Trigonometrik Fourier Serisi Agilim

oo
2
x(t) = ag + Za/( coskwot + by sinkwgt, t1stst+Tg, wo= <
=1 To
5 ¢
ar = — | x(t)cos(kwpt) det
Todry
2 :
by =— | x(t)sin(kwpt)dt
To J1o
10
ap = — | x(&)dt
To J1o

= cos(kwqpt) ve sin(kwpt) : Temel fonksiyonlar

.
cos(kwot) sin(nwopt)det = 0

uTO
To/z, n=k
0, n#%k

J TO

cos(kwqt) cos(nwopt)de = {

r

To/z, n=k
0, n#k

sin(kwot) sin(nwopt) de = {

JTo
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= x(t) isareti tek isaret ise ag = a, = O
Gift isaret ise b, = 0

(0.9) (0.9]
= x(£) = Z xg eWot = o + Zxk gkwot 1 gkwot

k=—00 k=1
(e.0]

=xp + Z(Xk +x_g) coskwot + j(x, —x_;) sinkwot
k=1

00 ap = X0

=ap+ Zakcoskwot+jbksimwot — ap =Xt x_y

k=1 bk :Xk—x—k

Compact Fourier Series Expancion

b
ay coskwot + by sinkwot = ¢, cos(kwpt +0,) «— ¢, = \/a/f + b% 0 = —arctan <i>
R

(o]
x(€) = co + ch cos(kwot + 0y), tistst+To
=1

Fourier Spektrumov

¢ genlik spektrumu (amplitude spectrum)

frequency spectra (frekans spektrumlarr)
0, : faz spektrumu (phase spectrum)

= Xp = Co = ap

1 i —jb 1 - +jb
szickejek:akz.}k szicke—jek:ak .j/(l

5 k=12,...,00

= ¢, cos(kwot + 0,)

\

Cjk [e)(kwot+9k) + e—j(kwo(f+9k):|

\

Sk giOk gikwot | Ck ,=jB) . —jkwot
2 2

C o

kwgt iktwol X":Ekejek

= xp @FV0" + x_ e S0t &
X—k:jejk

= Ustel Fourier spektrumu

1
Ixel = Ix_pl = 5k — genlik spektrumu gift simetriktir.

Ixp =0y, Ix_p = -0, — faz spektrumu tek simetriktir.

xe = bl €% x_ = Ix gl ek = x| e
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t+— Ornek (Ex)
x(¢
(0
: : : : t
—T _I _T Ir T T 2T
274 a7 2
B (éziim: o) Trigonometrik FS
= . 27
x(t) = ap + Zak coskwopt + by sinkwot, wo = — = 2nf
k=1
1 1 (774 1T T 1
= — Odt = — de=—|=—(-—=)|=2
20 [T JTOX() TJ—T/4 7[4 < 4)] 2
T/4
2 2 (T4 2 sinkwot 1 T T
ar = 4J x(€) cos kwptdt = kJ coskwpt = = S ot = — |sinkwg— —sinkwg—
To 1, ~T/a T kwo T Tk a a
=T/4 woT =21
0, k cift
2 an (KT 2 k=154
ak:%sm(7>: ! U
-2
—, k=3,72,1,...
T[kl 3[ 11 )

by = 0 «— x(£) = x(=¢t) ¢ift isaret oldugundan
x(t)*l+g cos wot lcost t+lcosSw t lcos?w E+
2 ' m Sl CATMY: 73 ¢

b) Compact FS

(o o]
x(¢) = co + Z ce cos(kwopt +0y)
k=1
1

co=ao:§

ck=\/a/§+b%:ak !

— cosx = cos(x — )

1T 12 1 1 1
x(t) = == [cos wot + B cos(3wpt —m) + < cos Swot + 3 cos(Fwot —m) + - -

C =
4 k tek -, k=23,711,...

L 0, k=1,549,...
sz

2
ik’

'Claude notu: by = 0 oldugundan ¢, = ,/af = |ag| olmali (asadida da ¢y = %, yani lag| kollanilmis).
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0
Cr £
1 2 3 4 5 6 2
2/m k
12
23m 2[5t I I A A A |
p {1l p 3l 4 ls k
0 Wo 2wp 3wp 4wp Swo Wo 0 wo 2wp 3wp Fwo wo
0 fo 26 3f 4fr Sf fo 0 for-r  3f o fo
Genlik spektrumu Faz spektrumu
(oziim: c) Ustel Fs
w .
x(¢6) = Z x effwot
k=—00
| T/4 —jkwot _ . L
Xy = LJ x(£) e Fkwot gt = TJ —Jkwot ¢ 1e J > L . 1 e Jkwog _ g—jkwoz
T To T -T/4 T -—kao jk 271
', ejkﬂ/z — e—jkT[/Z 1 A kT[
X, = % 2-} = %SW\ <7>
xo = 1 X1 = X1 = T X3 = X T Xs = X !
0 2 1 -1 &+ 3 -3 37 S -5 Sot
X0 = %
1/r 1
/57 1/57
1 -3 3 T,
-5 —a l -2 1 0 1 2 l a <
~1/3m wo 0 wo 2wo 30.)0_1/3’7T wo
0 fo 2fo 3y - fo
) ksinc(¢)
sm(rrt), ke g
Not: sinc(¢) = it
TI t = O /-\V/\ /\V/\\t
273 A N2 372 s
t=keZ-{0}=sinc(t) =0
1 k 1
=Xy = = sin <T[2> ey sinc(k/2)

= Periyodik dikddrtgen dalga isaretinin Ustel Fourier spektrumunun gizimi
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(ee]

x(€) = Z xkejkwot
k=—00
1 i ) T A sin(mtkfpT)
= £) e Jkwot g = kwo— = Zsinlknfor) = Afgr——2~
Xk 7 JTO x(t)e TwoTs sm( woz) TT 2 — sin(kmfyT) fT 0T i

w = <47t T

w%=027rfo gf_\_rlp

o

X, = Afptsinc(kfpT)

3fp < 1/t < 4fp olsun.

N ‘ afy  Sfp  6fg
=t N O S

| 20 f 0 f 26 36
_ 1

T

AN —

Al=

Genlik spektrumu (Cift fonksiyon)

Oc

+ T
‘ ‘ ‘ ~3fo—2fp ~fo fo 2fy 3fy 4fg Sfy 6fy 7o

IRREHHTR

Faz spektrumu (Tek fonksiyon)

+— Ornek (Ex)

x(¢) 00
x(€) = Z d(E—kT) dUrtd katarn (impulse train)

TT[T t [

T o T Ustel FS acilimini bulunuz.
- Coziim:
m .
x(€) = Z x, efwot
k=—00

T/2

1 ; 1 ; 1
— —jkwot b= —kaotd = 1
Xk 5 L_O x(t)e t T J—T/Z d()e 3 =

=1
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N
€
S

|

€
S
o

S
S
[\
(S
S

Ornek (Ex)
x(€) = 1+ sinwgt + 2 cos wot + cos (2wt + /4)

[ Coziim:
ke =h+ 2% [e]wot i e—jwot} 4 gfwot 4 g—jwot 4 % [ej(2wot+7r/4) 4+ g Juwot+n/a)

=14 (140 ) et 4 (12 1) gdwot 4 1 imagiawot | 1 pjnfa —jawot
2j 2j 7 2

1 1 1 2
Xo:1 X1:T+5j: _ij X2:26}7T/4:§(1+j) Xk:O,|/<|>2
1 1, T _ V2

e VErGER tan”'(1/2) rm
1

k

112 12 -3 i 0 l 2 3

tan~1(1/2)

—n/4
-2 L1l g 1] 2 |3 k
—2wp —Wo 0 Wwo 2wo 3wg wo 0 Wo 2wp — Wo
—2fo —fo 0 fo 2fg  3fp fo 0 fo 2fp — fo
Genlik spektrumu Faz spektrumu
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