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Fourier Serilerinin Ozellikleri

1.) Dogrusallik

x(t) ve y(t), ayn1 T periyoduna sahip iki periyodik sinyali gostersin, dyle ki

Js
x(t) «— ay,

i
y(t) «<— by.

Burada , FourierSerisi gosterimini gosterir

iki sinyalin herhangi bir dogrusal kombinasyonu da T periyodu ile periyodik olacaktir, 6rnegin

TS
z(t) = Ax(t) + By(t) <« ¢; = Aa; + Bb;,.



Fourier Serilerinin Ozellikleri

31 zamar S B T 4 Zaman Ole
Verilen Verilen Verilen
y(r) = x(t — 1) y(t)y = x(—t) y(1) = x(at)
FS katsayist FS katsayisi FS katsayisi
by, = a_;. _
k k b, = a,.

Sinyalin T periyodu Sinyalin T periyodu

korunur Korunur Sinyalin periyodu T /a'dir



Fourier Serilerinin Ozellikleri

5.) Farklilasma 6.) Parseval iliskisi
Verilen
d x(t) 1 J 2 2
£ — — | |x@®|*dt = lagl,
Y dt I r k=Zoc
FS katsayisi

, X(t)'nin Ortalama Gticu

|]a,l? = =k. harmonikteki ortalama giic



Section Periodic Signal Fourier Series Coefficients
x(1) | Periodic with period T and a,
y(1) | fundamental frequency wo = 27/T b,
3.5.1 Ax(t) + By(t) Aa; + Bb;
Time Shifting 3.5.2 x(t — tp) age o = g, e Ik2mTy
Frequency Shifting e/M%! x(1) ag-M
Time Reversal 3.5.3 x(—=1) a.;
Time Scaling 3.54 x(at), a > 0 (periodic with period T/a) a;
Multiplication 3.5.5 x(0)y(1) > abi
I==-=
Differentiation dﬁﬂ Jkwoa, = jkz-%rm




Ornek 3.6

Verilen: x(t), temel periyot T ve FS

katsayilarina sahip periyodik bir sinyaldir. _L

2T sin(kwgT:
ap = 2 o sin(kwoTy)
0 T k km

FS tablosunu kullanarak g(t) nin FS
katsayilart olan d; yt bulma.

X(t)

nNj=

a®

N|=




| -
- Ornek 3.6 Coziim

g(t)'nin, x(t)'nin saga ve asagi
kaydirilmasiyla elde edildigine dikkat
edin
x(t) ve g(t) ayn1 T periyoduna sahiptir

g(t)'nin kenarlarini karsilastirirsak, T=4 olur

Genlik genisligini kiyaslarsak
2T,=2
T,=1

X(t)

1 -~
-T1 T1
a(t)
1
2
2 1 1
_1
>
a(t)
1
2
2 1 1
_1
2




x(t)

g(t)=x(t-1) - 1/2

gy = x(t —1)—1/2
1 ‘ 2
-3

A




Ornek 3.6

Fourier Serisi m) d, = b, — ¢y

Katsayilari
Time-shift 6zelligini kullanma x(t-1)=2>b, Bir sabitin Fourier Serisi katsayilari
are " fork# 0 0, for k # 0
= . Cr = .
by a, fork =0 k % fork =0

Bunu takip eder: di = bx — ¢k

— jkm2 sin(mk/2) ,— jka/2
dk=[ake o for k # 0 — dk={ e , fork#0

ap — 5, fork =0’ 0, fork =0



Ornek 3.7

T = 4 periyodu ile liggen dalga sinyali z(t)'yi diistintin

Fourier serisi katsayilarini e, y1 bulun

Onceki 6rnekten g(t) kullanabilirsiniz

Ornek 3.7

Bu sinyalin tiirevi, Ornek 3.6'daki g(t) sinyalidir.

dz(t)
dt

gm =

Temel frekanswo = 21t/T = n/2

|
()




' Bu sinyalin tiirevi, Ornek 3.6'daki g(t) sinyalidir.

dz(t) (1)
n = =2 \
! dt L
g(t)'nin Fourier katsayilarin1 su sekilde belirtin: d, and z(t)
yide e,
Fourier serisi 0zellikleri Tablosundan % } , -
. -2 0 2 -}
| dz(1)
g(t) = — + &(®)
vt . : I
2
B d"“ — Jk&)(] ek' 1 2 2 3

d; -
jkﬁJg

Bu denklem elde etmek i¢in e, kullanilamaz
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f 2(t) e TWot ¢
(1)
1
— _sz Z(t) dt =
} . -
ey X(t)'nin T ile boliinmesinin bir periyodundan altindaki alandar. 2 £ = &
z(t) icin Fourier serisi su sekilde verilir: (Not: dk ornek 3.6'dan elde edilmistir) €L = d!’x‘
j kw 0
e 2sin(mk/2) _ .,
: ( . )6 TATE ok # 0
| JUkm)”
1 for k = 0
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| Fourier Donusumii Analizi
Hedef

 Surekli aperiyodik sinyaller icin Fourier dontisimiini inceleyin
* Frekans alaninda zaman alani sinyalini analiz edin (frekans bilesenleri)

* Fourier dontisimiu, Laplace dontisimunun genellestirilmis bir durumudur

* Laplace dontisimi su sekilde tanimlanir:

° X (S) — L [x (t)] — fooo X (t) e —St d t ‘ 1 Eﬁggiilgﬁ‘]_‘cili)tfff doniisimi su sekilde tanimlanir:d in

' Fourier dontisumi (FT) su sekilde
tanimlanir:

* X(w)= FT[x(@®)] = [__x(t)e /®tdt



Fourier Serilerinden Surekli Fourier Donusiimiine

x(1)
Zaman alaninda Xy Zaman alaninda
periyodik sinyal aperiyodik
-I |_ a8 e UL
| | | | | |
—2T T IT-T, T, T T 21 t -T, T,
2 2
FS 1 T Fourier
— —jkwt donlsimii ! _ —jwt
katsayilaria a; = TJ Tx(t)e JRWol ¢ X(w) = f_oox(t)e Jotdt
X(je)
2T1

Frekans alaninda
surekli

Frekans alaninda




Fourier Donusumiu Analizi

X(w) = [ x(t)e /@tdt

X(t) =

1 (> jwt
27Tf_ooX(a))e dw




Fourier Donusumiu Analizi

x(t) = e “u(t) a>0. I

1

—

o

X(w) = j’ e Pe Vgt = — g~ @tjuk]

_ 0 a + Jw 0 I X(w)!
J’E 1/a
2a

a>0. AN
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Fourier Donusimiu Analizi

x(t)
- 1
(00

X (a)) = f X (t) e —jwt dt Figure 4.6 Signal x(f) = e ! of Example 4.2.
—00

0 o
[ eme—j{ur dt + J e—ﬂfe—;mr df
0
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Ornek 4.4

Asagidakilerin FT'sini bulun: x( t) — [

’ e Cozum:

Fourier Donusumii Analizi

X(w) = f_oooo x(t)e I@tdt

1,

0,

x(1)

'l‘l <T;
|t| > T, , 1
— Tl Tl
X(w)
2T, Not
e~ JwT1_pjwTq X(0)=2T,
‘\\-_/ \_/\*n “ff‘v/\\/{:
T T



Pulse signal

p@)
i I
C———p
T
P p‘l(ﬁ Q(f)
1 o 10 ‘ 1 E
s =
1 1 2 2 -3 3
x(1)




y(t) &Y (o)

ax(t)+ py(t) « aX(w)+ FY (0)

Zaman kaymasi:

X(t—t,) < X (w)e 1"
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B Ornek: Do

srusallik

N &
x(t) |

X(t) sinyali i¢cin Fourier donugimiini bulun

Note that

.1
P4(t) P10 4 | _
2 2 T 2 sin(wTy)
= ! B i —>
- W
——t t e ‘ t
DET, S5 ot 2 -1 fo1

pS

Vel x(t)'nin su ;*ekilde yazilabilecegini
l ~ unutmayin:

= X(t) = Py (t) + p, (1)

N

f~/

/
/|

I

O zaman Fourier Donusumu

== X(w) = Py(w) + P2(w)

p4(t) igin Ty = 2
p,(t)icin T; =1

) X(w) = 2sin(2w) N 2sin(w)

w w
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e 0\ | Properties of the Fourier Transform_'
le: Time Shift L

/) ’ -
2

w s
L | 2 sin(wTy)

w
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Fourier Doniistimuiniin Ozellikleri

Ornek 4.9
| x(t)
* x(t)'yi p1(t) ve p3(t)'nin bir fonksiyonu olarak yazin 15| —
14
|
x(t) =05p(t—2.5)+ p3(t —2.5) L
d
* Fourier doniusimiinin dogrusallik ve zaman kaymasi ; P](t)

ozelliklerini kullanmak

X(w) = 0.5 P;(w)e™72°% + Py (w)e /2> =

* Burada p1(t) ve p3(t)'nin Fourier donusumi

P1 (a)) _ Zsini)a)/z) and P3 (w) _ Zsin(jw/z) i )




Fourier Doniistimuiniin Ozellikleri

dn

- X(O) © (Jo) X (@)

Zaman Icinde Farklilasma: :>

) d;([) <« (jo) X(w)

t
Eaman Icinde Entegrasyon: :> j X(Z')dZ' VAN 1 X(a))+7zX (0)5(60)

Jo




Zaman Alaninda Farklilasma Fourier Donu$umu Analizi

Fourier donusimu V(w)'yi bulun

w(t)
1. x(t) elde edin :> X(t)_dv_(t) :> v(z) J. X(T)df 1t
2. Bunu takip eder I:> V(a)) —X(d)) + EX(O)(S(Q))
3. Once x(t) yazin, ardindan X(w)'yi bulun, ardlndan V(w) ile 2 0 :
7degi§tirin
x(t) = 0.5p,(t +1) — 0.5p,(t — 1) *(0) 05
X(w) = 0.5P,(w)e’® — 0.5P,(w)e /@ >
n() ,, sin(@) ]
Sin(w , Sin(w :
X(w) = 5 el¥ — aE e J? :>X(0) =0 -0.5
X(w
Viw) = 1)



' Fourier Déniisiimiiniin Ozellikleri
d n

n

do

a



Fourier Dontisiimiiniin Ozellikleri

Frekans kaymasi: ) X(’t)ej”Ot > X(w—w,)

Fourier Donlusumu Delta fonksiyonu

o(t) &1

:> 1o 21o(w)

~ Frekans

kaymasi: .

- x(t)=1olur 1 - e]a)ot o 2T 5((1) _ wo)




Sinuzoidal Sinyallerin Fourier Dontsumu

Fourier Doniistimuiniin Ozellikleri

Euler Jlwt) o =j(wt)
bagintisini > COS(WZ‘) — - -
kullanma )

Unutmayin ki:
elPt o 218 (w— w,)

4

cos(wyt) > 7| S(w+ wy) + (e — ) |

Unutmayin ki:
x(t) - e/?!t o X(w— w,)

X(t) cos(aw,t) <> %[X (w+w,)+ X(w —a)o)]



 Sekil 4.16(a)'da x(t) sinyali icin Fourier
dontisiumi X(w)'u hesaplayin.

Ornek 4.12

1. x(t)'nin turevi olan g(t) sinyalini bulun
d x(¢)
dt

g(t) =
- 2. g(t) su sekilde yazilabilir:
g(t) =p,(t) —6(+1)-6(—-1)

3. g(t)'nin Fourier donusimu

2 sin(w . .
G(w) = ( )—ef‘” —e /@
00,
‘ 4. X(w) ile degistirme * Note that
- = G(0) = 0.
X(w) = .(w) + 7G(0)d(w).
jw
28inw  2CoSw@
Xw) = —— — :

jo- Jo

Fourier Dontisiimiiniin Ozellikleri

Figure 4.16  (a) A signal x(t) for which the Fourier transform is to be eval-
vated: (b} representation of the derivative of x(f) as the sum of two components,



I Fourier Déniisiimiiniin Ozellikleri

tI‘ime Scaling: m==m) x(at) <> 1 X (gj

AT
ir;z‘f ”ég/ L

Zaman Icinde Evrisim mmmd X(1) * Y (1) & X (@)Y (@)

Zaman Iginde Carpma =) x(1) y(¢) <> 21_7r X(w)*Y(w)
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TABLE 4.1 PROPERTIES OF THE FOURIER TRANSFORM

Property

Transform Pair/Property

Linearity
Right or left shift in time

Time scaling

Time reversal

Multiplication by a power of t
Multiplication by a complex exponential

Multiplication by sin @t
Multiplication by cos wt

Differentiation in the time domain

Integration

Convolution in the time domain

Multiplication in the time domain
Parseval’s theorem

Special case of Parseval’s theorem

Duality

ax(t) + bv(t) & aX(w) + bV(w)
x(t — ¢) & X(w)e ¢

x(at)(—)% g =0

a
x(—t) & X(—w) = X(o)
t"x(t) & j" dc:" X(w) n=1,2,...

x()e’ & X(w — w,) w, real

x(2) sin th<—>% [X(0 + wy) — X(@ — wy)]

x(t) cos wyt <-—>%[X(a) + wy) + X(w — wy)]

M

dt"

x(H) & (jo)Y'X(w) n=1,2,...

J @S ]iw X(0) + 7X(0)5(w)

—0C

x(t) * v(t) & X(w)V(w)
x(Hv(t) & ﬁ X(w) * V(w)

o]

[ : x(v(t) dt = ;ﬂ X(w)V(0) dow

-0

f ¥ X2(t) dt = Ly 1 X(w)|? do

—O0 —00

X(t) © 2mx(—w)

Fourier
Donusumuniin

Ozellikleri

Ik
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