
ECE503 Homework Assignment Number 6 Solution

1. 3 points. Mitra 8.4.

2. 4 points. Mitra 8.13 (a) and (c).
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3. 3 points. Mitra 8.19.



4. 5 points. Mitra 8.33 (a)—(e). Note the implicit assumption in part (e) that the system is
relaxed.



5. 6 points total. Suppose you have a system described by the difference equation

y[n] =
1

2
(x[n] + x[n− 1]) + 0.9y[n− 1]

(a) 1 point. Write the transfer function for this system (including the ROC).

Solution: We can take z-transforms of both sides to write

Y (z) =
1

2
(X(z) + z−1X(z)) + 0.9z−1Y (z)

and collect terms to write

H(z) =
Y (z)

X(z)
=

1
2(1 + z−1)

1− 0.9z−1

Since the original difference equation specifies a causal system, then the ROC must
extend outward from the largest magnitude pole. Hence the ROC here is |z| > 0.9.

(b) 1 point. Use Matlab to plot the magnitude and phase response of this system.

Solution: Here is what I would do:

b = [0.5 0.5];

a = [1 -0.9];

freqz(b,a,1024)

Note the lowpass nature of this transfer function, which is what we would expect with
a zero at z = −1 and a pole at z = 0.9. Also note that Matlab is only plotting the
magnitude and phase on ω ∈ [0, π], which is sufficient to understand the whole spectrum
due to the symmetry and periodicity properties of the DTFT of a real sequence.



(c) 1 point. Draw a direct form II realization of this system.

Solution:

Check:

u[n] = x[n] + 0.9u[n− 1] ⇔ U(z) =
1

1− 0.9z−1
X(z)

y[n] = 0.5u[n] + 0.5u[n− 1] ⇔ Y (z) =
1

2
(1 + z−1)U(z)

Put these together to write

Y (z) =
1

2
(1 + z−1)U(z) =

1
2(1 + z−1)

1− 0.9z−1
X(z)

which is what we wanted.

(d) 3 points. Compute the step response of this system given y[−1] = 5.

Solution: There are several ways to do this, but here is what I would do. I would first
compute the zero-state response using the transfer function. Note that X(z) = 1

1−z−1

with ROC |z| > 1. Hence

Y (z) =
1
2(1 + z−1)

(1− 0.9z−1)(1− z−1)
=

a

1− 0.9z−1
+

b

1− z−1

with ROC |z| > 1 since y[n] must be a right-sided sequence. We can use the usual PFE
techniques to find a and b. I get a = −9.5 and b = 10. Since the ROC extends outward,
we know the inverse z transforms must be right sided sequences and we can find the
inverse z-transform by inspection / table lookup as

yZS [n] = −9.5 · 0.9nµ[n] + 10µ[n].

This can be confirmed in Matlab with the step function or the filter function, e.g. y =

filter([0.5 0.5],[1 -0.9],ones(1,10). This is only the zero-state response, how-
ever. Our system is not relaxed. To compute the total response, we also need the
zero-input response of the system. Looking back at the original difference equation, but
setting the input to zero, we can write

y[n]− 0.9y[n− 1] = 0

which will have a complementary solution of the form yc[n] = α0.9n. We use the initial
condition y[−1] = 5 to determine α. I get α = 5

0.9−1 = 4.5. Hence, the zero-input
response is

yZI [n] = 4.5 · 0.9n

for n ≥ 0. This agrees with y[0] = 0.9y[−1] = 0.9 · 5 = 4.5 computed directly from
the difference equation. We can also confirm this in Matlab, either by writing a for



loop, applying the initial condition, and computing the zero-input recursion directly,
or by following the approach from lecture 2 to determine the internal initial condi-
tion z1[−1] = y[0] = 4.5 and using the Matlab command y = filter([0.5 0.5],[1

-0.9],zeros(1,10),4.5). This agrees with the zero-input response computed above.
The total solution for n ≥ 0 is then

y[n] = yZS [n] + yZI [n]

= − 5 · 0.9nµ[n] + 10µ[n].



6. 2 points. Mitra 5.50 (b). Hint: The midterm exam problem 3 solution might be helpful.

7. 2 points. Mitra 5.52 (c).


