
ELE 201 Information Signals

Problem Set #4

1. Fourier Series (3 pts).
The signal x(t) is periodic with period T = 2 and takes the values x(t) = et for |t| < 1. What
is the Fourier series representation?

2. Fourier transformation (6 pts).
Use the Fourier transform analysis equation to calculate the Fourier transform of the following
signals:

(a) (Continuous-time). x(t) = e−5|t−1|.

(b) (Discrete-time). x[n] = an(u[n]− u[n−m]), where m is a positive integer, and u[n] is a
unit step function. (Hint: Express as a finite sum cn and use the geometric series.)

3. Fourier Transform Properties (15 pts).
In this exercise, you will derive Fourier properties as we did in class. Since these properties
are all easily searchable, you must show work to get credit for this exercise. These properties
are important for future use, and they will also help illuminate the similarities and differences
of the different versions of the Fourier transform (i.e. CTFT, CTFS, DTFT, DTFS).

(a) Time-shifting (3 pts).
The time-shifting property we derived in lecture for the CTFT was

x(t− T ) −→F e−i2πTfX(f).

This property also holds for the DTFT; however, it only makes sense to talk about shifts
in discrete-time if the shift is an integer.

As an exercise, show that the property holds for the Fourier series as well, in particular
the DTFS. That is, derive the DTFS for x[n−T ], where T is an integer. Remember that
the Fourier series is always defined by both the sequence of coefficients and the period.

(b) Time-scaling (6 pts).
We derived the time-scaling property for the CTFT as

x(at) −→F 1

|a|
X(f/a).

We now want to generalize this to the Fourier series and to discrete-time.

i. Suppose x(t) is a continuous-time signal with period T and Fourier series coefficients
{ak}. What is the Fourier series of x(at)? It may help to separate the cases a > 0
and a < 0 (a = 0 is not interesting).

ii. The time-scaling property for the Fourier series that you derived may appear very
different than the time-scaling property of the Fourier transform. Aside from the
normalization 1/|a|, these are actually consistent if you interpret the frequency do-
main properly. Describe how to interpret the Fouries series coefficients as a fre-
quency domain representation and how this relates to the time-scaling property of
the CTFT.



(c) Time-expansion in discrete-time (6 pts).

Time-scaling is not well defined for discrete-time. But we can attempt to make an
appropriate definition. Let m be an integer and define the time-expansion function
x(m)[n] as,

x(m)[n] =

{
x[n/m], n a multiple of m,
0, else.

i. Draw an example of x[n] and x(2)[n].

ii. Derive the DTFT of x(m)[n] in terms of X(f).

iii. For discrete-time signals, X(f) is always periodic with period one. After time-
expansion by a factor m it has an even shorter period. Find a (positive) period less
than one.


