Examples
1. y(n) = % x(n) + x(n—1)]

Let x(n) = &/*®

e] wn ejw(n—l)]

-1 + e_jw} elvn

H(e) = % 1+ e3¥]
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- Factor out the half-angle:
H(el?) = % eiw/2 [ejw/2 4 e-—jw/z]
= ¢392 cos(w/2)

| H(e) | = [eT9/2| | cos(w/2)]
= | cos(w/2) |

[H(e¥) = fe7142 1 /eos(w/2)
={ —w/2, cos(w/2) = 0

—w/2 £ 7, cos(w/2) <0
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-t -T2 /2 ' Y
A {IH(eJ’w)l
yj
— 2t =
— gl ’ ®
-t -T2 _n+ /2 T

Note: even symmetry of lH(ejw) |
odd symmetry of /H(e')

periodicity of H(e!*) with period 27

low pass characteristic
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H(e!“) = je¥sin(w)
|H(e)| = [i] [e7*] |sin(w)]
~ Jsin(e)

[B(E) = [i+ [e7 + [sin(w)

{w/2 — w, sin(w) = 0

=
/2 —wxm sin(w) <0

122



AH(ei®)l
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O

This filter has a bandpass characteristic.

Consider x(n) = cos(wn)
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b. w=m/2

i lolalol1]o]1lol..

x(n) |

1 lol-tlof1lol-1lol..

v(@) | ..

1| ala]i]a]..

0

lolololololol.

L,

v(n) | ..

124



y(@) = x(n) — x(n—1) — y(n~—1)
Let x(n) = ¢/“®, how do we find y(n)?

Assume desired form of output,

i.e. y(n) = H(e)e"m

H(ejw)ejwn — ejwn . ejw(n—l) . H(ejw) ejw(n_l)

H(el) [1 + %] ¥ = [1 — eTIw] B
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1 — e

H(ej‘”) | [1 1 e—jw]

e/ [_l_ (jw/2 _ e——jw/2]]
\

e—jw/2 [_1_ fejw/z n ejw/2]]

; sin(w/2)
cos(w/2)

= j tan(w/2)
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|H(e) | = |tan(w/2)]

jwy _ /2, tan(w/2) = 0
/i) {7‘(‘/2 + m, tan(w/2) < 0

ATH(eio)l
Tz T2 n o

A / He®)

|

—n  -n2 _gxit /2 T
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Comments

1. What happens at w = 7/2?

2. Factoring out the half angle is possible only for a
relatively restricted class of filters.
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