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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

0

x(6) = F {X(A) = Eo X(H) 27 df

(ee]

]:
x(6) = X()
fas

= w notasyonu:
(o]

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.

x(t)
Lr iz :
x7, ()

To — oo iken x7,(t) = x(¢) dir (herhangi bir sonlu ¢ degeri igin)

i xry(6) = x(©
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o0
XTo(t) = Z Xk ejkwot' Wo =
k=—00
To/2 ) Tol2
X = AL J X7, (€) ekwot g = % J
To J-1o/2 T To J-1o/
x(t):{XTO(t)' |tl<To/2
0, |€>To/2
m .
() = J x(6) T2 e
=00
1
X = TlX(kfo)
0 df = T/To
o j2mkfot = fo
xTo()= D 7 K(kfo) &m0
k=—00 e
1
Af= —
f 7
m .
xTo(0) = > X(kAF) 2T A AF
k=—00
x(6) = _lim x7,(t) x(&)
ToHOO
o0
= j X(kAf) 2T*AR AF
Aty 2 XD

X(Ae2™nin altinda kalan alan

x(t) = ro X(F) &2 g

—0o0

Dere 8-10 — Siirekli zamanl Fourier donigimi

271
fo = —
27‘[0 To

x(£) e Fkwot g¢

1T [ ;
— J x(£) e Fkwot g¢
2 ToJ-co

o0

1=

To

m .
x(£) e @t

x(w)= |

-0
1
Xi = Tlox(kwo)

o
1 .
xTo()= D ?X(kwo)ejkwot
k=—00 0
2m

Aw ===
w TO

o0
xry(8) = % S X(kbw) Bt A

k=—00

= ;
= lm — Y X(kAw) Aot
PV Tk

X(w)e/wt
x(t)=J X(w) et day 1

= Fourier donisiminin mevcut olma kosullart (Dirichlet condition)

1) Aperyodik x(¢) isareti mutlak integrallenebilir olmalidir,
2) Herhangi bir sonlu ¢ araliginda,

J: ()|l < o

— sonlu saylda maksimum ve minimum degere sahip olmalidir.
— sonlu sayida sireksizlige ve bu noktalarda sonlu degere sahip olmalidir.

= Frekans spektrumlari:

X(f) = |X(f)lej9x(f) — |X(Al: genlik spektrumu

— 0x(f) : faz spektrumu

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

00 ) 0o . 00 . g—(atj2mf)t o0 1 1
X() = J x(6) e T2t g = J ot 27t yp — J o—(atj2mht 4y - : o ey = e
. 0 0 —(a + j27if) o +j2nf  a+jw
XAl = ——
Va2 + (27f)2
'Claude notu: muhtemelen sninde % olmali: x(¢£) = 21—“ = X(w)e®tdw.
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Dere 8-10 — Siirekli zamanl Fourier donigimi

Icaretler ve Sictemler

0x(f) = — tan" (27f/a)

XA
1/

Ornek
ex:x(6) = e, a>0ise x(H) =2

0 | 00 .
J eate—ﬂm‘t de + J e—ate—)2m‘t dt
—00

oo .
X(f) = J x(6) e T2 e =
—o T 0
_J e*, t<0
X(t)’{ e % >0
- 0
= ela—j2mf)t R e_(aﬂ.sz)t‘oo - 1 . 1 _ 2a 2
a—j2nf  a+j2nf a2 + (27f)2

0]

"~ (a—j2nf)

X()
2 a
|X(f)l = m 2/
0x(f) =0
> [

Orneb

1, ¢ 2
Ex: x(t) = el <f dikddrtgen darbe isaretinin FT bulunuz.
0, disinda

x(t) = n(g)

—1/2 /2

0o . /2| | janft |72
X(f) i J X(t) e—_}27rft dt = J —j2mnft ¢ = e i
—00 —1/2 —j27Tf /2
[ . . 1
+ jznf [e—JZﬂfT/z 1 e+}271f”t/2} - ;fsim(ﬂf’t)
sm(mf)‘ 440
Reminder:  sinc(t) = Tt
1, t=0

2Clavde notu: ikinci terimde —(a + j27if) paydasi unutulmus; sonug dogru.
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Icaretler ve Sictemler Ders 8-10 - Siirekli zamanl Fourier doniigimi

sin(mtfr)
nft

X(f) = T[lfsin(nﬁ) =T = Tsinc(fr)

x(6) = n(%) Ly 6= frsinelfo)

/ \ e
7T P S t

\_{3/T —271\./1# 1M/T 3M/T -1/2 /2
Ornek
Ex: x(¢) = §(¢) ise X(f) =7
| ® i e 7 (e.0]
x0= [ swetae= [ s 0= [ sode=
doo Lo L

x(6) = 8(6) L X(H) = 1

(0 0
f
' ¢ f
Ornek

TEXZ X(F) = 8(F—Fp) ise x(¢) =7

x(t) =J X(f) &> df = J 5(F~fo) &°™ df = J §(F~fo) &2t dif = eJ'ZTffotJ 5(F - fo) df = /27t
—00 —00 —00 —00

=1

Ornek
TEX: X(f) = 5(f) ise x(¢) =7

x(6) = Joo X(O) 27 dif = J(:o 5(0) 27 off = ro

-0 —00

5(f) &2 dif = J 5(F) df =1
§(6) 2 1
125 5(F)
&2t Ly 5(F - )

270t L, 5(f + fo)
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Icaretler ve Sictemler Ders 8-10 - Siirekli zamanl Fourier doniigimi

Periyodik i¢aretferin Fourier Déndigiimi

1 2m
X(t):X(f+T), \d T:F:wk
0 0
[e.9] o0
x() = Z X, glkwot = Z Xi ol2mkfot — 4 X—_,e—_}zﬂfof +xg + X19;2m‘ot + X28}2n2fot -
k=—00 (Uo:27'ffo k=-00

X1€+j27[fot <i> X1 5(f— fo)

X0 i) X0 5(0

X26j27[2fot (i) X2 5(f— 2fo)

x(€) = i x, ef2mkfot T ) = i X, 8(F = kfp)

k=—00 k=—00

Xy = i J x(£) e Fcwot gt
To J1,

Ornek
Ex: x(t) = cos 2mfpt ise X(f) =7
x(€) = % [ejzﬂfot + e‘jzﬂfoq — X1 =x_1=1/2

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

X(F)
A
—fo ‘ fo f
Orneb
Ex: x(£) = sin 2mfpt
x(6) = 1 [ej27rfot _ e—j27rfot] P VO AL Il
2j TR } bl = eyl = 172
_ T ey _ -t Ox, = /2 Oy, = /2
X(F) = 5j [8(F - fo) — 8(F + fp)] X1=-5 7
IX(AI
)
<0 |
112j —fo fo
—fo T ¢ Gx(f)
l fo /2
_1/2) o
) l f
—7/2
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Icaretler ve Sictemler Ders 8-10 - Siirekli zamanl Fourier doniigimi

Ornek
(0.0
Ex: x(£) = Z 8(t — kTp) dirtl katar isaretinin FT bulunuz.
k=—00
x()
1 . 1
Reminder: x; = ,J x(t) g jkwot —
—2To =To To 2To

X(F) = Z xe 8(F — kfo)— - Z §5(F — kfp)
k——

k=—00

(9

r1frr

—fo O fo 2fo

Siivekli Zamanh Fourier Transformonun Ozellibleri

x(6) 2 X(F)

X(O=F{x®)} x(€) = aperiyodik isaret

1) Lineerlik:  oxq(€) + Bx2(€) P oX1(F) + BX2(f)

2) 2amanda Steleme:  x(€— ¢p) P e~J27fto x(f)

m . m . . m .
Fx(t—to)} = J x(t—to)e 2 qe = J x() e I2 (T t0) g = o270 J x(1) e 2 dr
—o0 ¢ (_-T Lo —o0 —00
Ltoe

X(H)

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

3) Frekansta teleme:  x(t) @270t PN X(f-fo)

Ispat:

. . m .
K2t T2 e = | x(6) 2 e = x(F - o)

—00

F{xwe?et) = [

—00
x(t) isareti 20t jle carpildidinda frekans spektrumu fy kadar Stelenir.

4) Modilasyon:  x(¢) cos 2mfgt AN [X(f fo) + X(f + fo)]

x(¢)sin 2mfot o [X(f fo) - X(F+fo)] = = [x(f fo) T2 + X(F+ fo) 2|

S) 2amanda Slgeklendirme:  x(at) P i I;IX(f/a), a#z0 —

a > 1isaret frekansta (spektrum) genisler.

0 < a < 1isaret frekansta daralir.
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Icaretler ve Sictemler Ders 8-10 - Siirekli zamanl Fourier doniigimi

6) Duality:  x(¢) L X(H
X() & x(-h)
Ispat:

x(6) = FH{X(O)} = J(_)o X(F) 27t df

m .
PP J XO A = x(-0 = J X(6) e T2 ¢
o0 -0
t—F

?) Turev alma: d);l(:) L janfx(f)

d'x(t) F p
22 L (X0

Ispat:

]-'{d);(:)} =]-'{5U X(f) &2t dt}} ]-'{j27rffo x(f)eﬁ“ffdt}

x(6)=F{X(H} x(¢)
= j2nf F {x(6)} = j2nfx(f) 3

8) Integral alma: r x(t)dt H (f) = X(O) 5(F)

Q) KonvolUsyon:  x1(€) * xo(¢) A X1(F) - X2(F)
10) Garpma:  x1(€) - x2(8) - X1(F) + X2 ()
1) Eslenik alma (conjugation):  x*(¢) N X*(=f)
= x(t) reel ise FT eslenik simetriktir.
x(6) = X*(6) 5 X() = X (=)
= x(t) reel ve gift ise FT reel ve gifttir.

O=x©  r XO=X0
x(&) = x(=6) X(f) = X(-)

= x(¢) reel ve tek ise FT sanal ve tektir.

XO=XO 5 XO=-X0O
XO=-x(-0) X=X

Parseval teoremi:

o0 o0
Ex P J Ix(6)|? de = J IX(A)|? df — |X(AI? : Enerji spektral yodunlugu (energy spectral density)
—0o0 —00

3Claude notu: integrallerdeki dt muhtemelen df olmal.
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Icaretler ve Sictemler Ders 8-10 - Siirekli zamanl Fourier doniigimi

Ispat:

ro Ix(£)I2 dt = i x(t)x*(t)dt:J x(t) U X () e T2 df | dt

—00 J—co -

™ X*(f)” x(O)e T2 )

X(f)
= | xoxodr= | xR

Ornek
‘[VEXZ x(£) = ATI(¢/7) AN X(f) = Atsinc(fr) ise x(¢t) = sinc(¢r) isaretinin FT =72

C o x(8) e X(6) ]
Reminder: X0 x(—t)} Duality

x(£) = Atsinc(tt) <o X(A) = ATI(=FlX) = ATI(f)
Gift folksigon

(0 = sihc(bD)| = K(F) = %ﬂ(f/r)

Ornek
Ex: x(£) = 1 +2 5 ise X(w) =7
2a
Reminder: el
eminder 221 ()2
e eetth iy e | 2 L
1+ (w)2

wl - p-lwl 4

X(6)= +2t2 LX) 2 e

Ornek
I»Ex: F{u®)} =7

t
Reminder:  u(€) = J d(t)dt
—00

Jt X(T)dTHJX(FM x50

1
Fl®} = 5=t 500
x(O)=5(6)
X(H=1
Ornek
Or: x(b) = T Find the Fourier Transform.
Ik 2

4Clavde notu: w notasyonunda dualite X(€) < 2mx(—w) verir; muhtemelen X(w) = 2me~ %! olmali (asagidaki

e~ 2 sonucuyla da vyumlu).
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Icaretler ve Sictemler Ders 8-10 - Siirekli zamanl Fourier doniigimi

oot 2x _ 2x ' 1
oa? +(2nf)2  4n? :‘thz + P2
x(t) — X
© ® Duality
X(€&) — x(=h)
1
5O = o 2o XN 20 1 F, gelfl - el
T+¢ an a7 * 62
2
. 1 =y ar ,e—odfl
% + 6—2 2x
o’ 2 2
A =1 axc=4n® — « =271
7, e 2l
1+ ¢2
T Ornek
1, t>0
Ex: x(t)=sgn(t)=<0, t=0 iseX(f)=7
-1, t<O0

x(€)

x(£) = sgn(€) = u(t) - u(=t)

Reminder:  x(at) «— |;|X(f/a)

F {300} = et 530 1 |3y * 359
1 1 1 1 1

ot 220 o~ 20 7

8(f=8(-f)
Gift fonksiyon

= Ornek
Ex:  x(€) = A(¢fr) Uggen isaretinin FT bulunuz.

x(¢) = A(t/T)

AT T

¢
1+—-, —-1T<t<O
x(t) = K

1-—, O<tcr
T

2/ 11
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Icaretler ve Sictemler Ders 8-10 - Siirekli zamanl Fourier doniigimi

y(6)
© (1 <0 "
dxi T, —=T<tc
6= i T
40 dt {—T/T, O<t<n -t i
T4
ceminder: T L ianix(h) = v(H) = j2rfX(B) — X(O) = —— ()
eminder: o J =] = ot
A
Reminder:  2(t) = ATI(¢t/T) AES 2(f) = Atsinc(fr)
-T2 /2

bk 1o 20 %ﬂ(t/’t) 200 £ sincl)

y(t) = 2(t + t/2) — 2(t - t/2)
Y(F) = Z(F) ejZTEfT/Z i Z(lt) e—j27TfT/2

X(H) = j217cf Y(f) = j217-cf2(F) {ej“ﬁ - e‘jﬂﬁ} = % sin(nft) = 2(F) tsinc(fr) = Tsinc? (Fr)

x(6) 2 A(tR) <L X(A) 2 tsinc?(F)

10. Hafta

(TT Sictemlerin Frekane Domeni Analizi

x(€) h(®) y(6)

y(€) = x(€) * hﬁt) A GEL() H()

dirtd cevabi frekans cevabi
(impulse response) (frequency response)

H(F) = (H(f)le]e"(f) — |H(AI : genlik cevabi (amplitude response)
— 0,(f) : faz cevabi (phase response)
(1O = (x(0)1 S*O1H(E O — (D] = IXOIHHO
= 0y(f) = 6x(F) + 0, (f)
Ornek

-a”j- ¢ 9 Ex: X(t) = e—atu(t)l a>0
C n(®) =etue), b>0

ise y(t) =72

y(©) = x(&)  h(6) = FTH{¥(F) = X(OH(O)}

1
Reminder:  e~%Cu(¢) s

a+j2nf
1 A & 1
= = Al= LB E
7() (a +j2nf)(b + j27f)  a+ j2nf ! b+ j2nf i b—a

AL T 1 7! _ 1 (mat, gy _ bt
P25 a+j2nf b+ j2nf y(t)—b_a<e u()—e U(f))
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Icaretler ve Sictemler Ders 8-10 - Siirekli zamanl Fourier doniigimi

Ornek
TEX: x(€) = h(t) = e=*€u(t), a > 0ise y(t) =7

1 2
0 (3575%)
1
a+j2nf
x1(£) % x2(&) <2 X1(0) - X2(f)

y(t) = ]-"’T{X(F)X(f)} = x(&) * x(£) = e 2Cu(E) x e~ u(t)

Reminder: e %y (b) L

x(t—1)

x(T) = e™?Ty(7)

T T t=1

o0

t
y(&) = x(&) x x(¢) = J e *Tu(T) e_“(t_T)u(t —T)dt = e_“tJ Tdt = te™?, t>0
e 0

1

te=2u(t) L
2T ult) (a + j27F)2

- Ornek

x(£) = e=2Cu(t)
; ise sistemin frekans cevabini ve dirtd cevabini bulunuz.
y(&) = e u(t)

Y F
7O = XOH() — HO = 52 T )
1
_1+j2nf _ 2+j2nf 1 F _ 1f
HO= = o vt ne)=8(O)+emu()
2 +j2nf
Reminder: 1+ 8(f)
5(€) «—1
Ornek
: d?y(t) ., dy(®)
Ex: ) +6 T By(€) = 2x(¢t) ile tammlanan LTI sistemin dirtd cevabini bulunuz.
(212 Y(F) + 6j2nfFY(F) + 8Y(F) = 2X(f)
= 10 2 1 2 1 2 __A 8
X(H -@2rhH2+6jenH+8 T -—w?2+éjw+8 (w+d(jw+2) jw+d4 jw+?2
w=2mf w4
jw 2
A=_B=_1
7 ) P L B g Y 7 (%) u()
jo+2 jw+4
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