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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.

Siivekli Zamanl: Fourier Transformv (Déniigiimii)

(Continuous-Time Fourier Transform)

Periyodik olmayan (aperiyodik) isaretler igin Fourier ddnisimi tammbidiv.

x(6) e T2 gt

X(f) = F {x(®)} = f
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= w notasyonu:
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X(w) = J x(£) eIt dle

—00

m .
x(6) = iJ X(w) &t dw, w = 2nf = 27T
o0

= Periyodik olmayan bir isaretin belli bir To araliginda Fourier serisi agiliminda Tp sonsuza
g6tirildiginde (Tp — oo) Fourier transformu elde edilir.
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To — oo iken x7,(€) = x(€) dir (herhangi bir sonlu ¢t degeri igin)

— _lim x7,(6) = x(£)
ToHOO
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Ders & - Siirekli zamanl, Fourier doniigiimi
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O, s Tof2
) 0
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—00 —00
— Xy = TLX(kfo) — X = TLX(ka)
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- j = 1 - jkAwt
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k=—00 k=—00
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k=—00

X(w)eiwt

(0= ro X(w) et day T

X(Ae2™nin altinda kalan alan -

m .
x(6) = J X(F) &2 g
—00
= Fourier ddnlsiminin mevcut olma kosullart (Dirichlet condition)
o0
1) Aperyodik x(¢) isareti mutlak integrallenebiliv olmalidir, J Ix(6) dt < 00

—00

2) Herhangi bir sonlu ¢t aralidinda,
— sonlu sayida maksimum ve minimum degere sahip olmalidir.
— sonlu saylda sireksizlige ve bu noktalarda sonlu degere sahip olmalidir.

= Frekans spektrumlar:

2 X0 = 1X(O1%O — 1X(A]: genlik spektrumu

— 0x(f) : faz spektrumu

Ornek
Ex: x(£) = e=u(t), a > 0ise X(F) =2 Frekans spektrumlarini giziniz.

00 . 00 . 00 . g—(atj2mf)t o 1 1
X() = J x(6) e I2E g = J oot gj2mft g = J (a2t gy = — =
- 0 0 —(a + j27f) o @ +j2nf  a+jw
IClaude notu: muhtemelen sninde % olmali: x(£) = 21—“ 1% X(w)ebdw.
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Icaretler ve Sictemler Ders & - Siirekli zamanl, Fourier doniigiimi

B 1
X(A1 = TR

0x(F) = — tan™ (27f/a)
()l Ox(f)
1/

Ornek
TEX: x(t) = et 4> 0ise X(f) =7

0 ] 0 | 0 .
X() = J x(6) e T2 g = J oAt g2t gy +J ot g—j2nft gy
—00 T . —00 0
_J e*, t<0
X(t)’{ e, £>0
. 0
= M + e-(a+j2nf)t‘oo = 1 + 1 = 2a 2
(a—j2mf)|__ 0 a-j2nf a+j2nf a2+ (27f)2
X))
A
2a 2/a
x(Ol= —2
KO a2 + (2nf)?
0x(H =0
> [
Ornek
1, € 2
Ex: x(6)= 6l < f dikddrtgen darbe isaretinin FT bulunuz.
0, disinda
— t
ax©O=1(%)
—1/2 /2 :
0 : 2 o-j2nft |2
X() = J x(6) e I2E g = J g2t gy = €
—00 —1/2 —j27‘[f /2
L1 . ) 1
= —j2nft(2 _ +j2nft/2] = 1
ot [e e } T[fsm(nfT)
sim(rtt)' AP
Reminder:  sinc(€)= it
1, t=0

2Clavde notu: ikinci terimde —(a + j27if) paydasi unutulmus; sonug dogru.

Claude ile dijitallestirildi + hata igerebilir / Digitised with Claude + may contain errors 3/8



Icaretler ve Sictemler Ders & - Siirekli zamanl, Fourier doniigiimi

X(f) = ﬂifsil/\(ﬂf’t) =T —SMTE::T) = Tsinc(fr)
X()
\ x(t) = Aﬂ<£> i X(f) = Atsinc(fr)
Ax(6)
¢
1IN 3 4t f 2 w2
TEX: x(¢) = 8(¢) ise X(F) =72
o0 o0 1 o0
X(f) = J 5(6) e 2 gt = J 5(£) e 20 e = J 5(6)de =1
x(6) = 5(6) L X(H) = 1
x(6) {(f)
f
, t f
O neb
TEXZ X(f) = 8(f—fp) ise x(£) =7
x(t) = JOO X(f) &2 dlf = JOO §(F~fo) 2™ df = JOO §(F~fo) &0t dif = ef2“fotro 8(f — fo) df = /2Tt
—00 —00 —00 —00 -
Ornek
TEXZ X(f) = 8(f) ise x(t) =2
x(6) = ro X(F) 27 df = Joo 5(9) 27 if = ro 5(F) 270t oif = Joo S(Bdf =1
5(6) +25 1
125 5()
270t L, 5(F - fp)
gj2nfot 5(F+ fp)
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Icaretler ve Sictemler Ders & - Siirekli zamanl, Fourier doniigiimi

Periyodik i¢aretferin Fourier Déndigiimi

1 2
(O =x(E+T), Ve T= = wl
0 0
(o] o0
x(E) = Z xg i wot ? Z xp @2Tfot = s omI2fot 4 b xi 2Tt 4y, g22M0E 1
k=—00 wo=2mfy k=—00

X1e+j2nfot (L X1 5(f— fo)
X0 (L X0 5(0

X2€jzw2fot (—)J: X2 5(f—— 2fo)

x(£) = i x, ef2mkfot (T ) = i xp §(F = kfp)

k=—00 k=—00

1 i
Xp = — J x(£) e Fkwot gt
To J1,

Ornek
]-Ex: x(¢) = cos 2mfpt ise X(f) =2

171 - .
x©) = 3 [eﬂﬂfof + e-ﬂﬂfof} X =xg =12

X(0) = 28(F~ fo) + 25(F + fo)

X(f)
T
-fo fo i
Ornek
Ex: x(£) = sin 2mfpt
x(6) = 1 [ejznfot B e—jznfot] HENO jj
% IENE } batl = bxgl = 172
1 1 1. =L =
X(6) = 53 [8(F = fo) = 8(F + fo) ST O = —m/2 Ox = mf2
IX(AI
1/2
0 D
112 “fo fo
o2 | f 0x()
l fo /2
_1/2j [ fo

T l i
—7/2
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Icaretler ve Sictemler Ders & - Siirekli zamanl, Fourier doniigiimi

Orneb

(©.9]
Ex: x(¢) = Z d(6 — kTp) dirtl katar isaretinin FT bulunuz.

k=—00

©
1

x
Reminder: x; = LJ MO —
3 To lr, To

1

—-2Tp =To O To 2To

o0

X()= D xgd(f-kfp) = Tio > 8(F-«fp)

k=—00 k=—00

X(f)

i

1

—fo 0 fo 2fo

™
S

orijinal gizim, s. 7

Siivekli Zamanl Fourier Transformonun Ozellibleri

x(6) <2 X()

X() = F{x(6)}

, x(£) 1 aperiyodik isaret

1) Uineerlik:  oxy(£) + Bxo(¢) i oX1(f) + BX2(F)

2) 2amanda Steleme:  x(t —tp) L e‘jzﬁftOX(F)

m . m . . w .
Fix(t-to)} = J x( = to) e T2 gt ? J x() e I2 (o) g = o270 J x() e I2™ gt
—00

-0 —00

f—fo =T

X(H)

Aperiyodik bir x(¢) isareti 2zamanda Stelendiginde genlik spektrumu degismez, faz spektrumu
—27fty kadar Stelenir.

3) Frekansta dteleme:  x(¢) g2nfot (T, X(f-fo)

Ispat:

F{x(©d20t} = [ xey2ot o2t ge = [ x(e) e B2 de = X~ o)

—00
x(t) isareti 2™t jle carpildidinda frekans spektrumu fy kadar Stelenir.
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Icaretler ve Sictemler Ders & - Siirekli zamanl, Fourier doniigiimi
4) Modilasyon:  x(€) cos 2mfpt P % [X(f = fo) + X(f + fp)]
X(Eysin 27erit o 2% X(F = fo) = X(F + Fp)] = % [X(F~ fo)e 2 + x(F+ £o)

S) 2amanda Slgeklendirme:  x(at) = l;lX(f/a), a?z0 —

a > 1isaret frekansta (spektrum) genisler.

0 < a < 1isaret frekansta daralir.

6) Duality:  x(¢) Z X(H

X(6) L x(=F)
Ispat: =
X = {xO) = | (o dr
x(=b) = ro XOFT A > x(-) = JOO X eI qe|  x)
PO t—F e
?) Turev alma: d);l(:) LjZthX(f)

Ornek
TEX: x(€) = ATI(¢/x) <o X(f) = Atsinc(fr) ise x(E) = sinc(éx) isaretinin FT =2

Co x(6) e X(R) ]
Reminder: X x(—t)} Duality
x(£) = Atsinc(tr) < X(A) = ATI(~f) = AT
Gift fonksiyon
x(8) = sine(br) s X(F) = %ﬂ(f/fr)

N M \ ¥ e I .

CRWERY
orijinal gizim, s. 8

Ornek

Ex: x(¢) = 1+262 ise X(f) =72
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Lgaretler ve Sictemler Ders & - Siirekli zamanl, Fourier doniigiimi

2a
: . —alt|
Reminder: e P (27[02
X0 & et KB = ———
1+ (2nf)2
_ 2 _ A - 3
x(t)—1+t2HX(F) e e

Ornek
TEX: x(&) = e7lt=tol ise X(A) =7

- 2
Reminder: | x(t—to) «— eT2™Mox(f)| ve | VIR (;nf)2
x(t) = eltrtol Ty liepy = 2% infte | L xipi s 28
a? + (27f)? a® + (2nf)?

— Ox(f) = =2mnfty

(O 0x(H)
N
2/a
f
> f —ZT[fto
3Clavde notu: X(f) = W oldugundan dualite ﬁ o e M verir; % icin sonug muhtemelen 2me=2™M olmal.
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