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needed for scratch work, use the backs of previous pages.
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LET YOUR EYES WANDER. Any sort of communication with your fellow students
during this exam is strictly forbidden. Any attempt to read off of your neighbor’s exam will
result in unpleasant disciplinary action.

Please sign the following statement: One or more students will be taking the final at a later
time, and I will not discuss its contents with anyone until the solutions are posted. I
understand that if I do, it is a violation of the student honor code.
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Problem F.1:
(5 pts each) Short problem assortment. The six parts of this problem are unrelated to each other.

(a) Consider the system with input x(t) and output y(t) described by the equation y(t) = x(2t).
Circle “yes” or “no” in each row of the table below to indicate whether or not this system is
linear, time-invariant, and/or causal.

Linear yes no

Time-Invariant yes no

Causal yes no

(b) Consider the signal x(t) = t[u(t)−u(t−1)]. Sketch x(t), x(−t+1), and x(2t−5) in the space
provided below.

(c) Simplify the following expression as much as possible:

d

dt
cos(πt)[u(t) − u(t− 2)] =

2



(d) Simplify the following expression as much as possible:∫ t

−∞
τ3[δ(τ + 1) + δ(τ − 2)]dτ =

(e) Find X(jω), the Fourier transform of x(t) = e−|t|.

(f) Find and sketch x(t), the inverse Fourier transform of X(jω) =
4 sin2(ω/2)

ω2
.
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Problem F.2:
(10 points each) Consider the convolution y(t) = x(t) ∗h(t). For each part, x(t) and h(t) are given.
Sketch x(t), h(t), and y(t) in the space provided with correct labels for all axes. You do not have to
provide equations for your answers since you may be able to do some or all of these by inspection.

(a) x(t) = u(t) and h(t) = u(t− 2)

(b) x(t) = 3δ(t) + 2δ(t− 1) + δ(t− 2) and h(t) = δ(t) − δ(t− 5)
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(c) x(t) = u(t− 1) − u(t− 2) and h(t) = 2[u(t) − u(t− 4)]

(d) x(t) = u(t) − u(t− 1) and h(t) = sin(2πt)u(t)
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Problem F.3:
This problem considers sampling and reconstruction as shown in the figure below where x(t) is

the signal being sampled, p(t) =
∞∑

n=−∞
δ(t − nTs) is an impulse train, H(jω) is an ideal low pass

filter with cutoff frequency ωs/2 and gain Ts, and xr(t) is the reconstructed signal. For all parts of
this problem the input is the periodic signal x(t) = cos(ω0t) + 0.3 cos(3ω0t), and the fundamental
frequency f0 = ω0/(2π) is 196 Hz. This signal is a (poorly) synthesized version of a fictitious
musical instrument playing the note “G” below middle “C”.

x(t) 

p(t) 

xs(t) 

xr(t) 
Low Pass 

Filter 

H(jω) 

(a) (10 pts) Find and accurately sketch X(jω), the Fourier transform of x(t), as a function of
f = ω/2π.

(b) (5 pts) For what choices of sampling frequency fs will xr(t) = x(t)?
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(c) (10 pts) Now let the sampling frequency be fs = 1000 Hz. Accurately sketch Xs(jω), the
Fourier transform of the sampled signal xs(t), as a function of f for −1000 ≤ f ≤ 1000 Hz.
Find an equation for the reconstructed signal xr(t) for this value of fs.

(d) (5 pts) Is the reconstructed signal xr(t) periodic for fs = 1000 Hz? If so, what is its funda-
mental frequency? If not, explain why not.
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Problem F.4:
Consider the circuit shown below with input voltage source vi(t) and output voltage vo(t):

+ 

_ 
vi(t) = input voltage vo(t) = output voltage 

R1 

L 
R2 

+ 

 

 

_ 

C 

(a) (5 pts) Draw this circuit in the s-domain assuming zero initial conditions. Properly label all
quantities indicated on the original circuit for full credit.

(b) (10 pts) Determine the transfer function relating the input voltage source to the voltage across
R2, H(s) = Vo(s)/Vi(s), by analyzing the circuit in the s-domain. Simplify H(s) so that it is
expressed as a ratio of polynomials in s with all like terms combined.

(c) (5 pts) Let vi(t) = V0u(t). Use the Final Value Theorem to find the steady state output
voltage. Make sure that this value makes sense!
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Problem F.5:
(5 pts each) Consider the six low pass filters whose transfer functions are given below. Your job
is to select either a step response (graphs 1 and 2) or a frequency response (graphs 3 through 6)
from the numbered choices below that matches the transfer function. Each one will have exactly
one match (that is, there will be either a step response or a frequency response that matches, but
not both). Put the number of the matching graph in the space provided.

Transfer Function Graph Transfer Function Graph

(a) H(s) =
20000

s2 + 40s+ 10000
(d) H(s) =

2

s2 + 0.4s+ 1

(b) H(s) =
50

s2 + 50s+ 25
(e) H(s) =

4

s2 + 2.8s+ 4

(c) H(s) =
2

s2 + 2s+ 1
(f) H(s) =

400

s2 + 4s+ 400

9



Problem F.6:

This problem considers control of a plant Gp(s) =
s− b

s2 + 6s+ 8
using a proportional controller

Gc(s) = Kp.

+ 

 
      

    − 

r(t) y(t) Gc(s) Gp(s) 

(a) (10 pts) Find the transfer function H(s) of the closed loop system in terms of b, the plant
zero location, and Kp, the proportional gain. Express your answer as a ratio of polynomials
in s with all like terms combined.

(b) (5 pts) For b = 2, find all Kp > 0 for which the closed loop system is stable.

(c) (10 pts) Find the complete step response, y(t) for r(t) = u(t), for b = 2 and Kp = 1. Comment
on the ability of the closed loop system to track a step input.
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Problem F.7:

Consider the same feedback system of the previous problem with Gp(s) =
s+ 2

s2 + 9s+ 14
and a

PI controller, Gc(s) = Kp +Ki/s.

(a) (10 pts) Find the transfer function H(s) of the closed loop system in terms of the controller
gains, Kp and Ki. Express your answer as a ratio of polynomials in s with all like terms
combined.

(b) (5 pts) What are the restrictions, if any, on Kp and Ki for the system to achieve perfect
tracking of a step input in the steady-state?

(c) (10 pts) Suppose you want the closed loop system to have one pole at s = −10 and two
repeated poles at s = −2. Either find Kp > 0 and Ki > 0 that will achieve this goal, or show
that it can’t be done.
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Sticky Note
typo, change "t + 2" to "t - 2"




















