
EE-210. Signals and Systems.

Lab Handout #2.∗

Spring 2010-L2.

Basic Operations on Signals and Convolution Sum.

Laboratory Grading.

Basic Section

Exercise 1.
Visualizing operations on the independent variable of signals.
Two operations on a signal’s independent variables are commonly encountered; shifting and
scaling. We have already talked about both operations in lecture # 1. Inline objects can be
one easy way to investigate both operations. In this exercise you have flexibility of using any
method to define your function.
A combined shifting and scaling operation is represented by g(at+ b) for any signal g(t), where
a and b are arbitrary real constants.
Let g(t) = f(t)u(t). So,

g(t) = e−t cos(2πt)u(t).

1. Make an inline function of g(t) and plot g(t) over (−2 ≤ t ≤ 2).

2. Plot g(−t) over (−2 ≤ t ≤ 2).

3. Plot g(−2t) over (−2 ≤ t ≤ 2).

4. Plot g(t/2) over (−2 ≤ t ≤ 2).

5. Plot g(2t− 1) over (−2 ≤ t ≤ 2).

Hints:

1. The unit step function u(t) arises naturally in many practical situations. With the help
of relational operators, inline objects can represent the unit step function. The unit step
function is readily defined using the >= relational operators,like;
� u = inline(′(t >= 0)′,′ t′)
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u = inlinefunction :
u(t) = (t >= 0)

2. Unfortunately , MATLAB cannot multiply inline objects. That is, MATLAB reports an
error for g = f ∗ u when f and u are inline objects. Rather g(t) needs to be explicitly
defined.

Exercise # 02.
Numerical Integration and Estimating Signal Energy.
Interesting signals often have nontrivial mathematical representations. Computing signal energy,
which involves integrating the square of these expressions can be a daunting task. Fortunately,
many difficult integrals can be accurately estimated by means of numerical integration. Even if
the integration appears simple, numerical integration provides a good way to verify analytical
results.
Consider the simple signal x(t) = e−t (u(t) − u(t − 1)). Its energy comes out to be, Ex =∫∞
−∞ |x(t)|2dt =

∫ 1

0
e−2tdt. Integration yields Ex = 0.5(1− e−2) ' 0.4323. The energy integral

can also be evaluated numerically using the simple method of ‘ ‘rectangular approximation”:(It
evaluates the integrand at points uniformly separated by ∆t, multiplies each by ∆t to compute
rectangular areas, and then sum over all rectangles.) Although simple to visualize, rectan-
gular approximation is not the best numerical integration technique. The MATLAB function
quad implements a better numerical integration technique called ‘ ‘Recursive Adaptive Simpson
Quadrature”: (It is a comprehensive treatment of numerical integration. Details of this partic-
ular method are not important for the current discussion,it is sufficient to say that it is better
then the rectangular approximation). To operate, quad requires a function describing the inte-
grand, the lower limit of integration, and the upper limit of integration, i.e. quad(x(t),Lower
limit,Upper limit). Notice that no ∆t needs to be specified here.

1. Consider x(t) = e−t (u(t)−u(t− 1)) and evaluate Ex using ‘ ‘rectangular approximation”.
Try different values of ∆t. Estimate the better choice of ∆t.

2. Now use quad to estimate Ex.

3. Calculate % error in both cases and conclude which method gives better approximation.

4. Calculate the energy of another signal, g(t) = e−t cos(2πt)dt using both rectangular
approximation and quad and then compare the results. Let ∆t be the one you selected in
Part 1.

Hints:

1. We can use sum command to compute the overall summation while using rectangular
approximation technique.

2. Make use of � doc quad to learn about exact syntax and usefulness of quad.

3. Although the upper limit of integration is infinity, the exponentially decaying envelope
ensures g(t) is effectively zero well before t=100. So you can take upper limit of integration
as 100 in part 4.
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Advanced section

Exercise 3.
Linear Convolution.
Write an m-file function that accepts two inputs and returns their discrete-time convolution.Consider
inputs as sequences of arbitrary length. They may or may not be symmetrical (if not symmet-
rical you need to flip one of the sequences at its reference point).They start from 0 (reference
point).
Hints.

1. You can make use of exercise# 03 of Lab# 01 .You can modify/mould that solution.

2. fliplr command is used for flipping matrices.

Exercise # 4.
Graphical convolution of discrete time signals.
The steps in evaluating the sum are parallel to the followed in evaluating the convolution inte-
gral. The convolution sum of casual signals x[n] and g[n] is given by,

c[n] =
n∑

m=0

x[n]g[n−m].

We first plot x[m] and g[n −m] as functions of m (not n), because the summation is over m.
Functions x[m] and g[m] are the same as x[n] and g[n], plotted respectively as the functions of
m. The convolution operation can be performed as follows:

1. Invert g[m] about the vertical axis (m = 0) to obtain g[−m].

2. Shift g[−m] by n units to obtain g[n−m]. For n > 0, the shift is to the right(delay); for
n < 0, the shift is to the left (advance).

3. Next we multiply x[m] and g[n−m] and add all the products to obtain c[n]. The procedure
is repeated for each values of n over the range −∞ to ∞.

Determine graphically in MATLAB c[n] = x[n] ∗ g[n] ; where x[n] = (0.8)nu[n] and g[n] =
(0.3)nu[n].

Exercise # 5.
Activity.
Follow the following steps:

1. Take an audio file named ladder.wav and place it in the MATLAB directory path.

2. Read this file and take its samples in MATLAB.

3. Display (stem) the audio file.
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4. Then convolve the samples with a signal x[n],where x[n] is given by;

x[n] =
{

1 if 0 ≤ t ≤ 20;
0 if 20 < t ≤ 40.

For convolution call the function m file you made in exercise # 03.

5. Display (stem) the resultant sequence.

6. Write an audio file (.wav) of resultant sequence in the MATLAB and then play it.

Hints:

1. For reading audio files (.wav) use the command wavread.

2. For writing an audio file (.wav) use the command wavwrite.

3. For replicating samples use the command repmat.
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