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Example: h(k)=(1,-1,0,0, .) with f = 1 and ts;zfl
S

The z-transform and Fourier transform (i.e., frequency response) are

1 -j 2nftg . j2mftg
Hyz(z)=1-2z Hp(f)=1-e¢ since z=e

The magnitude and phase are

H F(f)l"A/H p(D-H F(f)=J2 - 2-cos(2mft )= /4-sin (vt ) =2 [sin(nft )]

sin(2-n£1 ) )

arS(H F(f)>'atan(l - cos<2-‘u-f-t s)

Cf=-2f,-1.99f. 2f

| | l |
-2 -1.5 -1 -0.5 0 0.5 1 L5 2

f-£s

= NN

-2

f fs

Notes: (1) It removes DC; (2) Frequency response is periodic - no surprise, since equispaced
discrete in one domain implies periodic in the other.
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Example: Design an FIR filter with a null at a specified frequency f  := 0.2 normalized by the
sampling frequency - that is, a null at 0.2 f,. The sampling frequency is also normalized with f g :=

We want zeroes on the unit circle at that sinusoid frequency. From Section 7.2 (using zeroes instead of
poles), we construct H(z) as

f f R
j -2-1&-;9 -j ~2-1t-}—‘2 £ /D \21\:@3
z-e *l\z-e *=z? - 2-oos(2-x~;2>~z +1 95

This filter is not causal (22 and z terms mean its impulse response is nonzero for negative time) so delay
_ it by 2 steps: multiply by z-2. Then the z-transform, 1mpulse response and Fourier transform (i.e.,
frequency response) are

f f
Hy(z)=1- 2-<:os(2-1t--t;(—)>~z'l v 22 h = -2-cos(2-1r-f—o)

f=-2f,-199f.2f




145

Example: Examine a 2nd order IIR digital filter that resonates at 1/8 of the sampling frequency f ¢ =1L

As shown in Section 7.2, the poles are close to the unit circle with an angle of 2xf,/f, = /4, and the
radius r controls the Q. The pole-zero diagram is shown below

The transfer function, frequency response and unit pulse response, all parameterized by r, are

j .2.“.1

1 (1-r)z -
. fs,r) h(k,r) = (1 - r)r -sm(z-k)

H »(z,r) = —:
z(z,
22 - zA2 T+ P Hp(f,r)=Hg

The unit pulse response comes from inversion of the transform (actually, I went the other way, starting
with h(k) and getting H(z) from it)

£ _£§ 0 99_5} E expanded frequency scale compared with previous examples
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