
EE-210. Signals and Systems

Homework 3∗

Spring 2010

Exercise Due Date

8th March.

Problems

Q1 (a) Find the fundamental period T , the fundamental frequency ω0, and the Fourier series
coefficients ak of the following periodic signal x(t). Express x(t) as a Fourier series.
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(b) Find the coefficients of the real form of the Fourier series of x(t):

x(t) = a0 + 2
+∞∑
k=1

[Bk cos(kω0t)− Ck sin(kω0t)]

(c) Find the total average power of the second the third harmonic components (taken
together) of the signal x(t).
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Q2 Fourier series of the output voltage of an ideal full-wave Diode Rectifier

The following circuit is an ideal full-wave rectifier. It is often used as a first stage to
generate a constant voltage from 60Hz sinusoidal line voltage for all kinds of electronic de-
vices The input and output voltages are related through the memoryless, time-invariant,
nonlinear system v(t) = |vin(t)|. The input voltage is as given in Q1: vin(t) = x(t)

(a) Sketch the rectified voltage signal v(t). Find the fundamental period T and its fun-
damental frequency ω0.

(b) Compute and sketch the Fourier series of coefficients of v(t)

(c) What is the total average power of the output voltage v(t)

(d) Express v(t) as its real Fourier series of the form

v(t) = a0 + 2
+∞∑
k=1

[Bk cos(kω0t)− Ck sin(kω0t)]

Q3 Fourier Series of the output voltage of an ideal half-wave diode rectifier

The following circuit is an ideal half-wave rectifier.

The output voltage is given by the memoryless, nonlinear, time-invariant system:

v(t) =
{

vin(t), vin > 0
0, vin(t) ≤ 0

Suppose that the periodic input voltage is vin(t) = A sin(ω1t) volts, ω1 = 2π/T1.
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(a) Sketch the half-wave rectified voltage signal v(t). Find its fundamental period T and
its fundamental frequency ω0

(b) Compute the Fourier series coefficients of v(t) and write the voltage as Fourier series

Q4 Fourier series of a rectangular impulse train

Consider the rectangular impulse train
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(a) Compute the Fourier series coefficients of the signal. Plot its magnitude and phase.

(b) Plot the Fourier Series of the signal for different values of terms considered in the
summation. What is the minimum number of terms for which the Fourier series
resembles the original signal?

(c) Compute and plot the convolution of the signal with itself.
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