
ECE503 Homework Assignment Number 4 Solution

1. 3 points. Mitra 6.9.

Solution:

2. 4 points. Mitra 6.27.

Solution to part (a):
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Solution to part (b):

3. 4 points. Mitra 6.42.

Solution:



4. 4 points. Mitra 6.44.

Solution to part (a):

Solution to part (b):

5. 3 points. Mitra 6.48 (a).

Solution to part (a):

Hence, for P (z) = h1z
−1, we have H(z) = 1− h1z−1 and G(z) = 1

1−h1z−1 .



6. 3 points. Mitra 6.73

Solution:

7. 4 points. Mitra 6.83

Solution: Since x[n] = αnµ[n], we know from a simple table lookup that X(z) = 1
1−αz−1

with ROC |z| > |α|. We now let

X[k] = X(z)|z=zk=ej2πk/N =
1

1− αe−j2πk/N

Even though the notation looks like the DFT here, this isn’t the DFT of {x[n]} because
{x[n]} is an infinite length sequence and the DFT is only used on finite-length sequences.

Now we save that result for a bit and form a periodic extension of {x[n]} as follows

x̃[n] =

∞∑
`=−∞

x[n+ `N ]

=

∞∑
`=−∞

αn+`Nµ[n+ `N ]

Let n = mN + p with m ∈ Z and p = 0, 1, . . . , N − 1. Then we can write

x̃[mN + p] =
∞∑

`=−∞
αmN+p+`Nµ[mN + p+ `N ]

= αmN+p
∞∑

`=−m
α`N

= αmN+p α
−mN

1− αN

=
αp

1− αN

for n = mN + p and p = 0, 1, . . . , N − 1. If you plot this, you will see a periodic sawtooth
type of waveform. Now we take the DFT of one period of x̃[n]. We can set m = 0 so that



x̃[n] = x̃[p] for n = 0, . . . , N − 1 and write

X̃[k] =

N−1∑
p=0

x̃[p]e−j2πkp/N

=
1

1− αN
N−1∑
p=0

αpe−j2πkp/N

=
1

1− αN
N−1∑
p=0

βp

=
1

1− αN
N−1∑
p=0

βp

=
1

1− αN
1− βN

1− β

=
1

1− αN
1− αNe−j2πk

1− αe−j2πk/N

=
1

1− αe−j2πk/N
= X[k]

since e−j2πk = 1 for all integer k. So this problem establishes an interesting relationship
between the z-transform of an infinite length sequence sampled at specific values of z on the
unit circle (corresponding to the DFT frequencies) and the actual DFT of one period of the
periodically-extended sequence.


