
Professor Fearing EECS120/Problem Set 3 v 1.1 Spring 2014
Due at 12 pm, Wed. Feb. 12 in HW box under stairs (1st floor Cory)

1. (10 pts) Compute and sketch the output y(t) with input x(t) = cos(2πt)u(t) and impulse
response h(t) = cos(2πt)u(t).

2. (18 pts) For each signal part below:
a) Calculate the complex Fourier Series for the following signals.
b) Sketch the real and imaginary line spectra (ak vs ω) for each signal.
c) calculate the total power, the power in the fundamental, and the total power in the higher har-
monics.

i. cos(πt)Π(t) ∗ 1
2comb(t/2)

ii. |cos(πt)|

3. (18 pts)
A pulse wave is a rich source of harmonics. In radio transmitters, it may be easier to generate lots
of power at a lower frequency, and use the harmonics as a high frequency power source to drive an
RLC tuned circuit. The LDE describing an RLC circuit with input i(t) and output v(t) is

LC
d2v(t)

dt2
+
L

R

dv(t)

dt
+ v(t) = L

di(t)

dt
, (1)

where v(t) is the voltage across the equivalent load resistance R = 50Ω and L = 10−8H and
C = 10−11 F. Consider a drive current switching between 0 and 1 amp with 33.3% on duty cycle
and period 6 ns.
a. Determine the transfer function for the current in the resistor.
b. Determine the power in the resistor for the fundamental, the third, and the fifth harmonic.
c. Does the method work well at generating power at the third harmonic? How does duty cycle
effect efficiency of generating power at the third harmonic compared to power at the fundamental
and fifth harmonic?

4. (15 pts)
For x(t) = sin160πt

t and h(t) = sin20πt
t ,

find and sketch the Fourier Transform (real and imaginary parts) of:
a. x(t)h(t) b. x(t)cos(2π103t) c. x(t) ∗ h(t)
d. x2(t) e. x(t) ∗ cos(2π103t)
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5. (21 pts) In communication systems, distortion can arise due to multi-path signal propaga-
tion. A multipath channel can be modelled as:
y(t) = x(t) + αx(t− to) where to is the delay time, with x(t) input and y(t) output.
a) What is the impulse response h1(t) of this channel?
b) Using time domain techniques, determine the impulse reponse of a filter g(t) such that
g(t) ∗ h(t) = δ(t). (Hint: subtraction and recursion). Sketch h(t), g(t), h(t) ∗ g(t).
c) Determine the frequency response of the channel, H(jω). Sketch the magnitude and phase re-
sponse of H(jω) for α = 0.9.
d) Specify a compensation filter K(jω) such that H(jω)K(jω) = 1
e) Compare F{g} = G(jω) with K(jω).

6. (18 pts) Symmetry
a. Show that any signal x(t) can be written as
x(t) = xe(t) + xo(t)
where xe(t) is even symmetric: xe(−t) = xe(t), and xo(t) is odd symmetric: xo(−t) = −xo(t).
b. Assuming x(t) is real, show that
F{xe(t)} = Re{X(jω)} and F{xo(t)} = jIm{X(jω)}.
c. Find xe(t) and xo(t) and calculate their Fourier tranforms for x(t) = Π(t− 1).
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