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L15:Tues-8am (Fan) L16:Thur-8am (Smith) L17:Weds-8am (Frazier) L18:Weds-9:30am (Frazier)

L19:Tues-6pm (Zhou) L20:Thur-6pm (Yezzi) L21:Mon-6pm (Smith) L22:Weds-6pm (Glytsis)

• Write your name on the front page ONLY. DO NOT unstaple the test.

• Closed book, but a calculator is permitted.

• One page (81
2

′′ × 11′′) of HAND-WRITTEN notes permitted. OK to write on both sides.

• JUSTIFY, JUSTIFY, JUSTIFY your reasoning CLEARLY to receive any partial credit.
Explanations are also REQUIRED to receive full credit for any answer.

• You must write your answer in the space provided on the exam paper itself.
Only these answers will be graded. Circle your answers, or write them in the boxes provided.
If space is needed for scratch work, use the backs of previous pages.

Problem Value Score

1 25

2 25

3 25

4 25



Problem fall-99-Q.2.1:
A linear time-invariant system has impulse response

h[n] = 3δ[n] + 2δ[n − 1] − δ[n − 4].

(a) Determinine the difference equation that relates the output y[n] to an input x[n].

(b) Determine the system function H(z) for the system.

(c) Determine the output y[n] of the system when the input is

x[n] =
2∑

k=0

δ[n − k].

Plot the values of y[n] for −2 ≤ n ≤ 9 on the axis below. Be sure to label your plot carefully
to receive full credit.

✲

✻
y[n]

n

1



Problem fall-99-Q.2.2:

✲
Ideal

C-to-D
Converter

Ideal
D-to-C

Converter

✲ ✲x(t) x[n] y(t)

✻
Ts = 1/fs

✻
Ts = 1/fs

Suppose that the output of the D-to-C converter in the above system is found to be

y(t) = 40 + 40 cos(2π(300)t − π/3)

when the sampling rate is fs = 1/Ts = 800 samples/second.

(a) Give an equation for x[n] in terms of cosine functions. Write your answer on the line
below.

Answer: x[n] =

Plot the spectrum of x[n] for normalized frequencies −π ≤ ω̂ ≤ π. Carefully label and
dimension your plot to receive full credit.

✲

−π 0 π ω̂

(b) Determine two different input signals x(t) = x1(t) and x(t) = x2(t) that could have produced
the given output of the D-to-C converter. All of the frequencies in your answers must
be positive and less than 800 Hz. Give equations for both inputs on the lines
below.

Answer: x1(t) =

Answer: x2(t) =

2



Problem fall-99-Q.2.3:
A linear time-invariant system is defined by the system function

H(z) = −z−1 + 2z−2 − z−3.

The magnitude and phase of the frequency response of this system are plotted in the following
figure. Note that the frequency scale is ω̂/π.

-1 -0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8 1
0

1

2

3

4

           ŵ/p
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(a) This filter is a lowpass bandpass highpass filter. (Circle one.)

(b) Use the above graph to determine (as accurately as you can) the output y[n] of this system
when the input is

x[n] = 20 + 20 cos(0.6πn).

Mark the points on the graph that you used in your solution.

(c) Determine an expression for the frequency response, H(ejω̂). To receive full credit write your
answer in the form H(ejω̂) = A(ω̂)e−jω̂n0 , where A(ω̂) is real and n0 is an integer.
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Problem fall-99-Q.2.4:
Consider the following cascade system:

✲
LTI

System #1
H1(z)

LTI
System #2

H2(z)
✲ ✲x[n] w[n] y[n]

where
H1(z) = 3 + 3z−2 and H2(z) = 1 − 2

3z−1.

(a) Determine the system function H(z) of the overall system. Express your answer as a polyno-
mial in z−1.

(b) Determine and plot the impulse response h[n] of the overall system.

✲

✻h[n]

n

(c) Return to your result in part (a). Express H(z) as the product of a constant and three first-
order factors each written in the form (1 − az−1). From this, determine the zeros and poles
of H(z) and plot them in the z-plane plot below.
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(d) If the input is x[n] = Aejφejω̂0n for −∞ < n < ∞, for what values of −π ≤ ω̂0 ≤ π will the
output be y[n] = 0 for −∞ < n < ∞?
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