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UYARL Bu belge, el yazisi ders notlarindan Claude (Anthropic) yardimiyla dijitale aktarilmistir.
Yardimcl kaynak olarak hazirlanmistiv; 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.

Lineer Zamanfa Degigmeyen ((ZD) Sictemler:

Linear Time-Invariant (LTI) Systems

LTT sistemler detayli olarak analiz edilebilirler

— Ust Uste ekleme (superposition) dzelligi
— DUrtd cevabi (impulse response) ile tim karakteristik 6zellikleri belirlenebilir.

Dirty cevabi: Bir UTT sistemin dirty cevabi A(t) [/ h[n], sisteme birim dirty isareti §(¢)/8[n]
vygulandiginda elde edilen gikisidir.

x(€) = 3(6) — y(6) = h(6)
x{n] = 8[n] — y[n] = Aln]

= Herhangi bir x[n]/x(¢) isareti, 2zamanda kaydirilmis birim dirts isaretlerinin lineer
kombinasyonu ile ifade edilebilir.

x[n] = Z x(k]d[n—k]) = +x[-1]0[n+ 1]+ x[0]8[n] + x[1]6[n—1]+---
k=—00
x(¢) = Eo x(1)8(t —T1)dt

o0

Claude ile dijitallestirildi + hata igerebilir / Digitised with Claude + may contain errors 7/8



t+— Ornek (Ex)

Icaretler ve Sictemler Ders 3 - Lineer zamanla degigmeyen ((ZD / (TI) sistemler

Birim dUrtU isareti cinsinden ifade ediniz.

x[n] = Z x(k])8[n—k] =x[-2]d[n+ 2]+ x[-1]0[n+ 1] +x[0] §[n]
k=—2
+x[(1]8[n—1]+x[2]8[n - 2]

=8(n+2]-28[n+1]+28[n]+d[n-1-28n-2]

Ayrik zamanh (T cistemlerde konvolicyon

— T 1T
X[m] system g[:n:\

x[n] = 8[n] — y[n] = h[(n] : Birim dirty cevabi
x(n)=8[n-1]—y[n] =hln-1]
x(n]=38[n+2]— y[n]=3hln+2]

(ee] o0

x(n] = Z x[(k])6[n—k] — y[n] = Z x(k]h[n—k] : Ayrik 2amanli konvolUsyon
k=—00 k=—00
7T 00 00
x(n] — —yln)=x(n)xnln) = Y x(kJnln-K1= Y AlK)x[n— k]
k=—00 k=—00
+— Ornek (Ex)
x[n] n
2 h[ ] 1T 1 1 [Vl] 5
O.ST ) I I I . Yy ‘
-2-10 1 2 3 -10 1 2 3

[ Coviim:

y[n] = x[n] x h(n] = Z x[k)h[n - k] ? x[0Jh[n]) + x(1)h[n—-1]= 05h[n] + 2h[n-1]

L 1 l
€Top ke (0)) ne(0,1,2) ne(1,2,3)

ne(0,1,2,3)
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Icaretler ve Sictemler Ders 3 - Lineer zamanla degigmeyen ((ZD / (TI) sistemler

yln]=0, ns=s-1
y[0] = 0.5h[0] + 24[-1] = 0.5
0

y[1] = 0.5A[1] + 2A[0] = 2.5

y[2] = 0.5h[2]+ 2h[1] = 2.5

y[3] = 0.5A[3] + 24[2] = 2
/0

ylnl=0, n=z4

y[n] 2525
maEE
! "
B -2-10 1 2 3 4 5
Ornek (Ex)
(X[n] = o'u[n], hln) = uln), yln] =7 O<oac<t
[ Coziim:
S B g _ ot
ylnl= > «[aln-k1= Y  ofu] u[n-k]=zock=71f‘ u[n]
k=—c0 k=—c0 1 1 k=0 a
k20  n—k=20
nzk
x[k] = okulk]
LI
0 k
hik] = ulk] h(—k] = u[—k] hn—k]=uln-k)
1 1 1
- o e
B 012 s -2-10 s n—=2n-1 " n+1
Ornek (Ex)
], O0=sns4a _ &, O0snsé6 _ N
XW’{O, disinda hw’{o, disinda ylnd =7 >
) L X[k} 1
g’ozu»\: --IIIIIk
o 1 2 3 4

hin- k)

Hﬁmk

n-6 n-S n-4 n-3 n-2 n-1 n 0
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Icaretler ve Sictemler

n<O
Osn=s4d
n>4aq
4 <nséb
n—-6<0
n>6
6<n=<10
n—-6<4

n—-6>4—n>10

Ders 3 - Lineer zamanla degigmeyen ((ZD / (TI) sistemler

o0

y(n] = Z x(kJh[n-£k]=0

ylnl =

ylnl =

k=—00
n n n 1 gt
> A Jhln-k)=) a7k 7 Dl al=——
k=0 k=0 a—tr=p=0
q aq _ _
Z ocn—k _ o(_/( L 1 (OL 1)5 o q _ OC”H
T— (M) T—o
k=0 k=0
aq 10—n 10—-n
Y Lt =L IST aer oot ¥ ot
k=n—6 r=k1n+6 r=0 r=0
71— Oc”—ﬂ an—4 _ “7
T—a ! 1-«
0
0, n<O
—,_ n+1
¥ : Osns4a
T—a
n-4 _ n+l
% x , 4<n=é6
T—a
n-4 _ 7
% X 6<n=10
T—a
0, n>10

Siivekli Zamanh (TI Sictemlerde Konvoliicyon

T

x(6) I TABI =5 48 = <& <hb) = J: kDALt L o = J: M) x(E - ) d
Ornek (Ex)
Tx(t) =e %y(t), a>0, h(t)=ult), ylb =2
[ Coziim:
‘ T

n(x) n(-) T‘“ P
: T 1—) T —I L3
0 0 (¢ £ O)O

SO =) HAlE) = Ji (At =TVl
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Ders 3 - Lineer zamanla degigmeyen ((ZD / (TI) sistemler

t<O y(t)=0
t —at £ 1
> i —at 4 - € |1 —at
t=z0  y(® Joe dt — a(1 e ™)
0
1 —a
y(t) = E(T - e u(®)
1 ¢
Ornek (Ex)
‘-x(t) = e2ty(=6), h(6) =u(t=3), y(t) =?
[ Coziim:
x(7)
}
T
h(7) h(-) h(t—T)
RETSSRERRSCdS adSERs=e
3 . 3 r T Sl "
t<O
-3
t-3 1 1
2L _ 2t o= 1o oxl 1 o(e-3)
t-3=s0 y(t J_Ooe dt 5 - 5 e
0 1
t-3>0 y(t)=J e?Tdr = —
05e2(t=3), <3
t) =
e {o.s, £>3
Orneb (Ex)
1, O<t<T t, O<t<2T

6=<" , ne)y=3" , t) =2

< {O, disinda © {O, disinda 0
[ Coziim:
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y(&) = x(6) x h(6)

h(t)x(t —T)dt

C Lo

(@)
2TV
: T

‘ 2T

x(D)h(t-T1)dt = J

—00
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Icaretler ve Sictemler Ders 3 - Lineer zamanla degigmeyen ((ZD / (TI) sistemler

Konvoliicyon igleminin ozellikleri

1) Yer degigtirme (commutative) szelligi

yln) = x(n)xaln] = )

M@de*M0=J

o0

k=—00
00

—00

2) Dagitma (distribotive) ézelligi

x(¢)

x(T)h(t —T1)dt = J

x(Jhln-k]= >  hlK]x[n-k]

k=—00
1 h(t)x(t—T)dt

x[n] * (M[n] + hy[n]) = x[n] * h[n] + x[n] = hy[n)
x(£) x [h1(€) + ho(8)] = x(€) * () + x(&) = ha(¢)

ni(6)

ha(t)

y1(6)

y() = )ﬂ

hi(6) + ha(6) —— y(6)

y2(6)

Dagdilma 6zelligi = Paralel Baglama (Only for LTI)

2
'Clavde notu: T < ¢ < 2T satinnda muhtemelen Ust sir ¢ olmali: jLTTdT = % - (t—zT)

bununla uyumlu).
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x(T) x(=7) x(t—7)
1 1
B i T N i N
T -T 0 E-T ¢
t<0 yl)=0
t
t 2
_ _T ) t>0
O<t<T g(t)—uoﬂcd’c» t</2 — _T<o
0
.
T 2 2 2
T T (t-—T) 2 1 t< 2T
T<t<2T £) = dre || |=b | 2T 4 =pr T
<t yh= prdre s 2 2 2 E-T>0
2T
r2T 2 2 2
T ¢ 3T t>2T
T 3T &)= dr= | =L 478+
ghicge< y() = | dv= T2 2 t-T<2T
t>37  y(©)=0
0, t<O
£2/2, O<t<T
y(6) = eT=T%/2, T<te<2T
—2[2 + TE+ 3722, 2T <t < 3T
0, t>3T

= tT - T?/2 (yazilan sonug
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Icaretler ve Sictemler Ders 3 - Lineer zamanla degigmeyen ((ZD / (TI) sistemler

3) Birlegme (acsociative) szelligi

x{n) = (mln] = haln]) = (x{n) = mlnd) = ho[n] = x[n] = ~iln] = ho[n)
x(&)  [A1(€) % h2(6)] = [x(€) * h1(6)] % ha(€) = x(€) * h1(€) * Mo (E)

hi(€)  ha ()
or —— y(¢)

ho(6) * hi(t)

_x(®
x(&) —— M) 2 () = y(6) = —

Birlesme dzelligi = Seri Baglama (Only for LTI)

ﬂEc:’rz‘em/em’n o"ze//:'k/eré

LTI sistemlerin dzellikleri birim dUrtd cevabi Gzerinden belirlenebilir.

1) Hafizaya cakip olan ve olmayan (TI cistemler

(LTI systems with and without memory)

Bellekli ve belleksiz LTI sistemler Reminder: Bir sistemin herhangi bir 2amandaki
gikisl, sadece o andaki girislere bagli ise
belleksizdir.

y[n] = x[n] xh(n] = Z x(k)h[n—-k] = Z hk]x[n— k]
k=—00 k=—00
Belleksiz: A[n] =0, n# 0O ﬁ[m]:L n=0]l
AEn}-=Hefn]— o= xErd bl =—ExbndSEnd-=katn) ’[d][“]*d[“‘”
Reminder: x[n] * §[n] = Z x[k]8[n — k] = x[n] ylnJ=x[n]+x[n-1)

k=—00

o0

OB GEIE J ROUGULL

nE)=0, t#0
h(t) = K5(€) — y(£) = Kx(¢)
Reminder: x(€) * 5(€) = J_OO x(1) 8(t — 1) dt = x(¢)

2) Tersinir ve tersinir ofmayan (TI scistemler:

Reminder: Bir sistem, tersi ile seri baglandiginda elde edilen gkt ile girdi ayni ise sistem
tersinirdir.

)@ n(t) x h=1(€) — x(t)

h(t)« h=1(6) = 5(b)

x(t) h(e) () x(t) =
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Icaretler ve Sictemler Ders 3 - Lineer zamanla degigmeyen ((ZD / (TI) sistemler

Tersinir: h(t) x h71(€) = §5(¢)

= UTT bir sistemin tersi de LTTdr.
n[n] =« h[n] = 8[n]

y(&) = x(t — ¢p) sistemi tersinir midir?

" Ornek (Ex)

[ Coiim:
o0

y(t) = x(6)xh(t) = x(t=tp) «— h(t) = 5(t—tp) — y(t) = x(6)xd(E—¢p) = J x(7)8(t—tp—T1)dt

- Joo (e EhY 8= & J Dl

o0

x(t— to)J_oo 3(E- €y LDt = k(e to)

1

O B GERG)
h(E) = 8(t + tg)
d(E—to)x8(t+¢tp) =0(¢)  Tersinirdir.

]‘ Ornek (Ex)

Birim dUrty cevabi A[n] = u[n] olan LTI bir sistem tersinir midir?

[ Coziim:

x[n] —{ h[n] = u[n] = y(n}— h~T[n] =2 — wln] = x[n]

y(n) = x[(n] xh(n] = Z x(k]u[n—-k] = Z x[k]
k=—00 k=—00
n n—1
win] = yln)—yln-11= > x[k1- ) (k]
k=—00 k=—00

= (ot x(n=1+x[n)) = (- +x[n =2+ x[n—13) = x[n]
— h7'[n] = 8[n] —6[n-1]

(] * h~'[n] 2 8[n)
u[n) * (8[n] = 8[n—11) = u[n)*8[n] —u[n] x8[n—1] = u[n] —u[n—1] = 8[n] v Tersinir.

8/8
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