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UYARI Bu belge, el yazısִ ders notlarından Claude (Anthropic) yardımıyla dijitale aktarılmıştır.
Yardımcı kaynak olarak hazırlanmıştır; hata veya eksik içerebilir. Lütfen orijinal notları ve ders
kaynaklarınִ esas alִn.
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.

orj. s. 1

Quiz çözümü

x(t) = cos(0,1πt + 0,2)
fs = 5Hz x[2] = ?

x[2] = cos
(
0,1π · 25 + 0,2

)

orijinal çizim, s. 1

H(z) = 1 + 2z–1 X(z) = 4 + 6z–1 + 2z–2

X(z)H(z) ⇒
Başka bir yol
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orijinal çizim, s. 1

3. soru

orijinal çizim, s. 1
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orijinal çizim, s. 1

v[n] =
∞∑

k=–∞ δ[n – 2k] x[k]

v[4] = δ[4 – 2 · 2] x[2] =
∞∑

k=–∞ δ[4 – 2k] x[k]

X(z) = 1 – 0,81z–1
1 + 0,25z–2 , |z| > 0,5

= z2 – 0,81z
z2 + 0,25 = z(z – 0,81)

(z + j0,5)(z – j0,5)

orijinal çizim, s. 1

orj. s. 2
h[n] = cos

(π
2n

) [
δ[n + 4] – δ[n – 8]

]
h[n] = cos

(π
2(–4)

)
︸ ︷︷ ︸

a

δ[n + 4] – cos
(π
2 8

)
︸ ︷︷ ︸

b

δ[n – 8]
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orijinal çizim, s. 2

H(z) = az4 + bz–8 = az4 + b
z8

X(z) = 0,4
1 – 3z–1 , |z| < 3

x[n] ∗ δ[n + 2] = ?
(0,4)

(
–3n u[–n – 1]

)
X(z) = 1

1 – az–1 , |z| < a

x[n] = –an u[–n – 1]

IIR Filter Design by the B.T.

H(s) = b
s + a = Y(s)

X(s)

H(s) = 1
s3 + 2s2 + 3s + 4 = k1

s – a + k2
s – b + · · ·

dy(t)
dt + a y(t) = b x(t) ?okunamadִ

y′(t) + a y(t) = b x(t)
y′(t) = b x(t) – a y(t)

t = nT y′(nT) = b x(nT) – a y(nT) 1⃝

y(t) =
∫ t
t0
y′(t)dt + y(t0)

t = nT, t0 = (n – 1)T y(t) =
∫ t
t0
y′(t)dt + y(t0)

orijinal çizim, s. 2
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y′(nT) = T
2
[
y′(nT) + y′((n – 1)T)

]
+ y((n – 1)T) 2⃝1

Substitute 1⃝ into 2⃝(
1 + aT2

)
y[n] +

(
–1 + aT2

)
y[n – 1] = bT2

[
x[n] + x[n – 1]

]
orj. s. 3

H(z) = Y(z)
X(z) = b T

2
1 + z–1(

1 + aT
2
)
+
(
–1 + aT

2
)
z–1

= b
2
T

1–z–1
1+z–1 + a

H(s) = b
s + a

H(z) = H(s)
∣∣∣
s=2

T
1–z–1
1+z–1

s = 2
T

1 – z–1
1 + z–1 z = 1 + sT/2

1 – sT/2

orijinal çizim, s. 3

1Claude notu: muhtemelen soldaki terim y(nT) olmal .ִ
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orijinal çizim, s. 3

s yerine jΩ z yerine ejω

jΩ = 2
T
ejω – 1
ejω + 1

= 2
T
ejω/2

(
ejω/2 – e–jω/2

)
ejω/2

(
ejω/2 + e–jω/2

)
= 2

T
2j sin(ω/2)
2 cos(ω/2) = j 2T tan

(ω
2
)

jΩ = j 2T tan
(ω
2
)

Ω = 2
T tan

(ω
2
)

ω = 2arctan
(
Ω · T
2

)

Örnek
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Specleri belirleyelim

orijinal çizim, s. 3

k1 @ ω1
k2 @ ω2
k1 @ Ω1 =

2
T tan

(ω1
2

)
k2 @ Ω2 = 2

T tan
(ω2

2
)

3) design H(s)

4) H(z) = H(s)
∣∣∣
s=2

T
1–z–1
1+z–1orj. s. 4

EX: Design LPF, B.T
sadece Butterworth
a) Monotonic stop band, pass band
b) –3,01 dB cutoff at 0,5π rad
c) 0,75π rad ⇒ at least 15 db olsun
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orijinal çizim, s. 4

orijinal çizim, s. 4

Fs = 1000Hz T = 10–3 sec
1
T = Fs
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orijinal çizim, s. 4

20 log
∣∣∣H(ejω)

∣∣∣ = –3,01 dB

20 log
∣∣∣H(ejω)

∣∣∣ < –15 dB

Fs = 1000Hz T = 10–3 sec

Ω1 =
2
T tan

(ω1
2

) ∣∣∣
ω1=0,5π

k1@ω1

Ω2 = 2
T tan

(ω2
2

) ∣∣∣
ω2=0,75π

k1 @ Ω1 =
2
T tan

(ω1
2

)
k2 @ Ω2 = 2

T tan
(ω2

2
)

Ω1 = 2000 rad/sec
Ω2 = 4828,42 rad/sec

k1 = 0,707 k2 = 0,1778

orj. s. 5

Butterworth
∣∣Hn(jΩ)

∣∣2 = 1

1 +
(

Ω
Ωc

)2n
n ne olursa olsun 1’den başlar, n’den bağımsız olarak Ωc’de genlik 1√

2
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orijinal çizim, s. 5

∣∣Hn(jΩ)
∣∣2 = 1

1 +
(

Ω
Ωc

)2n
∣∣Hn(jΩ1)

∣∣2 = 1

1 +
(
Ω1
Ωc

)2n
1⃝

∣∣Hn(jΩ1)
∣∣2 = 1

1 +
(
2000
Ωc

)2n = (0,707)2 ⇒ Ωc = 2000 rad/sec

2⃝
∣∣Hn(jΩ2)

∣∣2 = 1

1 +
(
Ω2
Ωc

)2n
(0,1778)2 ≥ 1

1 +
(
4828,42
2000

)2n
⇒ n ≥ 1,942

n: 2, 3, 4 −→ seçebiliriz
n = 2 seçelim

H(s) = k
(s – s0)(s – s1) · · · (s – sn–1)

= k(
s – (– 1√

2 + j 1√
2)

)(
s – (– 1√

2 – j 1√
2)

)
= Ω2c

s2 +
√
2Ωcs +Ω2c
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orijinal çizim, s. 5

orj. s. 6 n=3 olsun

orijinal çizim, s. 6

Tablo

n
1 s + 1
2 1 +

√
2 s + s2

3 (s2 + s + 1)(s + 1)

n = 2
H(s) = 1

1 +
√
2 s + s2

H(s) = k
s2 + Ωc↑

2000

√
2 s +Ω2c

H(z) = H(s)
∣∣∣
s=2000 1–z–1

1+z–1

H(z) = 1 + 2z–1 + z–2
3,4142 + 0,58z–2
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