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University of Pennsylvania
Department of Electrical and System Engineering

Digital Signal Processing

ESE531, Spring 2019 Midterm Tuesday, March 12

• 5 Problems with point weightings shown. All 5 problems must be completed.

• Calculators allowed.

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

• Final answers here.

• Additional workspace in “blue” book. Note where to find work in “blue” book
if relevant.
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Q2

Q3

Q4
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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. (10 points) Consider a discrete-time system with input x[n] and output y[n] that satisfy
the difference equation:

y[n] = n · y[n− 1] + x[n]. (1)

The system is causal and satisfies initial-rest conditions; i.e. if x[n] = 0 for n < 0, then
y[n] = 0 for n < 0. If x[n] = δ[n], determine y[n] for all n.
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2. (20 points) Suppose you have a discrete-time system with impulse response

h[n] = 0.9nu[n] (2)

where u[n] is the unit step function. If an input

x[n] = cos
(
π

6
n
)

(3)

is applied to the system, determine the output y[n].
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3. (20 points) Consider a standard system (shown below) consisting of a C/D converter,
a discrete-time system, and a D/C converter. Suppose that the Fourier transform
Xc(jΩ) of xc(t) obeys Xc(jΩ) = 0 for |Ω| ≥ 2π1000, and that the discrete-time system
is a squarer, i.e. y[n] = x2[n].

(a) What is the largest value of T such that yc(t) = x2
c(t)? Justify your answer.

(b) Is the discrete-time system (the squarer) an LTI system? Justify your answer.
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4. (25 points) Consider an LTI system whose response to the input signal

x[n] = 2δ[n− 2] + δ[n− 3] + δ[n− 4] (4)

is the output signal

y[n] = 6δ[n]− δ[n− 1] + 3δ[n− 2]− δ[n− 3] + δ[n− 4]. (5)

(a) Find the transfer function, H(z) and the impulse response, h[n], of this system.
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(You may continue problem 1 on this almost blank page.)

(This page intentionally left almost blank for pagination.)
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5. (25 pts) Consider the decimation filter structure shown below:

where y0[n] and y1[n] are generated according to the following difference equations:

y0[n] =
1

4
y0[n− 1]− 1

3
x0[n] +

1

8
x0[n− 1] (6)

y1[n] =
1

4
y1[n− 1] +

1

12
x1[n] (7)

(a) How many multiplies per output sample does the implementation of the filter
structure require? (I.e How many multiplications are necessary to evaluate the
current output sample assuming you have all previous inputs and outputs avail-
able.) Consider a divide to be equivalent to a multiply.
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The decimation filter can also be implemented as shown below:

where v[n] = a · v[n− 1] + b · x[n] + c · x[n− 1].

(b) Determine a, b, and c.

(c) How many multiplies per output sample does this second implementation require?
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