
ESE5310 Spring 2024

University of Pennsylvania
Department of Electrical and System Engineering

Digital Signal Processing

Midterm Thursday, March 21

• 4 Problems with point weightings shown. All 4 problems must be completed.

• Calculators allowed. (non cell phone)

• Closed book = No text allowed. One two-sided 8.5x11 cheat sheet allowed.

Name:

Grade:

Q1

Q2

Q3

Q4

Total

1



ESE5310 Spring 2024

Trigonometric Identity:

ejΘ = cos(Θ) + jsin(Θ)

Geometric Series: ∑N
n=0 r

n = 1−rN+1

1−r∑∞
n=0 r

n = 1
1−r , |r| < 1

DTFT Equations:

X(ejω) =
∑∞

k=−∞ x[k]e−jωk

x[n] = 1
2π

∫ π
−πX(ejω)ejωndω
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Z-Transform Equations:

X(z) =
∑∞

n=−∞ x[n]z−n

x[n] = 1
2πj

∮
C

X(z)zn−1dz

Upsampling/Downsampling:
Upsampling by L (↑L): Xup = X(ejωL)

Downsampling by M (↓M): Xdown = 1
M

∑M−1
i=0 X(ej(

ω
M
− 2π
M
i))

Interchange Identities:
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1. (20 points) Consider the system shown in Figure 1 for discrete-time processing of
the continuous-time input signal gc(t). The input signal gc(t) is of the form gc(t) =
fc(t) + ec(t). where the Fourier transforms of fc(t) and ec(t) are shown in Figure 2.
Since the input signal is not bandlimited, a continuous-time antialiasing filter Haa(jΩ)
is used. The frequency response for Haa(jΩ) is shown in Figure 3. Assume the C/D
and D/C blocks are ideal as in class. Ideal means that the D/C converter contains an
ideal lowpass reconstruction filter with a bandwidth of π/T and a gain of T .

(a) If the sampling rate is ΩS = 1600π, determine H(ejω), the frequency response of
the discrete-time system, so that the output is yc(t) = fc(t).
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(b) It turns out that since we are only interested in obtaining fc(t) at the output, we
can use a lower sampling rate than ΩS = 1600π while still using the antialiasing
filter in Figure 3. Determine the minimum value of ΩS such that yc(t) = fc(t)?
Determine H(ejω) for this new choice of ΩS.
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2. (30 points) The discrete-time filtering system shown in Figure 4 comprises a C/D
converter sampling at rate f1 = 2000Hz, a filter with frequency response H(ejω), a
resampler that resamples at a rate of D : U (downsample by D, and upsample by U)
and an ideal D/C converter at rate f2. Ideal means that the D/C converter contains
an ideal lowpass reconstruction filter with a bandwidth of πf2 and a gain of 1/f2. The
spectrum of the input, X(jΩ), and frequency response, H(ejω), are shown in Figure 5.

(a) Plot the spectra X(ejω) and Y (ejω). Label all axes and relevant features.

(b) Given f2 = 1000Hz, U = 1, and D = 2, plot the spectra Z(ejω) and Z(jΩ). Label
all axes and relevant features.

(c) Given f2 = 4000Hz, U = 2, and D = 1, plot the spectra Z(ejω) and Z(jΩ). Label
all axes and relevant features.
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(You may continue the problem on this almost blank page.)

7



ESE5310 Spring 2024

3. (30 points) A stable system is shown below, comprising a cascade of two LTI discrete-
time filters such that y[n] = x[n].

The first filter has an unknown impulse response, h[n]. The second filter is defined by
the difference equation:

y[n] = v[n]− 3

4
v[n− 1] +

1

8
v[n− 2] (1)

For each filter G(z) and H(z) in the combined system:

(a) Find the transfer function and impulse response.

(b) Plot the filter pole-zero plot and indicate the ROC.

(c) Indicate if the filter is all-pass, min-phase, or neither. Explain your reasoning.

8



ESE5310 Spring 2024

(You may continue the problem on this almost blank page.)
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4. (20 points) For each H(z) in the table below, select the matching magnitude response
from the magnitude plots M1-M6 also shown below. It is possible that some pictures
may apply to more than one system, and some pictures will not apply to any system.
If none of the pictures is possible, write none.

H(z) Magnitude Plot

z − 2

3
2

1+jz
z−j

2(z + 1
2
)

3
2
z+1
2z−1

3
2
(z − 1)

z + 2
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