
EE-210. Signals and Systems.

Lab Handout #1.∗

Spring 2010

Introduction to Signals and Systems Laboratory

MATLAB based Laboratory exercises for EE-210, reconcile the declarative (what is) and the
imperative (how to) points of view on signals and systems. The mathematical treatment that
dominates in the associated text is declarative in that it asserts properties of signals and studies
the relationships between signals that are implied by systems. This laboratory focuses on an
imperative style, where signals and systems are constructed procedurally.

MATLAB, distributed by MathWorks, Inc., has been chosen as a simulation environment
for these exercises because it is widely used by practitioners in the field, and because it is
capable of realizing interesting systems. MATLAB is a sophisticated language that serves as a
powerful tool to better understand a myriad of topics, including control theory , filter design,and,
of course, linear systems and signals. MATLAB’s flexible programming structure promotes
rapid development and analysis. Outstanding visualization capabilities provide unique insight
into system behavior and signal character. By exploring concepts with MATLAB, you will
substantially increase your comfort and understanding of course topics.

MATLAB fundamentally operates on matrices and vectors. Finite discrete-time signals can
be represented as vectors. Continuous-time signals, however, can only be approximated. But
where needed, that approximation can be made mostly transparent. There is considerable value
in becoming adept with these software packages. MATLAB is often used in practice for quick-
and-dirty prototyping of concepts. In a matter of a few hours, very elaborate models can be
constructed. This contrasts with the weeks or months that would often be required to build a
hardware prototype to test the same concept. Of course, a conventional programming language
such as C++ or Java could also be used to construct prototypes of systems. However, these
languages lack the rich libraries of built-in functions that MATLAB have. A task as conceptually
simple as plotting a waveform can take weeks of programming in Java to accomplish well.

MATLAB has the capabilities that are much more sophisticated than anything covered in
these laboratories. In fact, these tools are rich enough in functionality to keep you busy for
an entire career in engineering. You will need to learn to ignore what you don’t understand,
and focus on building up your abilities gradually. MATLAB, at its root, is a fairly conventional
programming language, and it requires a clear understanding of programming concepts such
as variables and flow of control for loops, while loops. As programming languages go, it is an
especially easy one to learn. Its syntax (the way commands are written) is straightforward and
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close to that of the mathematical concepts that it emulates. Moreover, since it is an interpreted
language (in contrast to a compiled language), you can easily experiment by just typing in
commands at the console and seeing what happens.

Be fearless! The worst that can happen is that you will have to start over.

Instructions

1. There are going to be seven labs in total. item Laboratory exercises make 15% of the total
grading.

2. The expected time to complete each lab exercise is roughly 100 minutes.

3. Each lab is divided into two distinct sections: A Basic section followed by an Advance
section. You are required to complete all the exercises within the laboratory timings.

4. Most exercises have some hints on solving. If you are getting stuck, try to read the hints
first before calling up a TA.

5. You may be given instructions at the start of a laboratory for 10-20 minutes, where re-
quired. If there is no instruction announced, please start your work immediately after
arriving in the lab.

6. There are no pre-labs.

7. All parts are graded. At the end of every section you need to call a TA for your grading.This
lab is completed by obtaining the signature of an instructor/TA on a verification sheet
provided to each TA.

8. Every section is typically designed keeping in view the basic concepts of Signals and Sys-
tems. You can get help of TAs where required in getting those basic concepts. By the end
of each section you should be able to answer the conceptual questions in these exercises.

9. The last lab session will be a mini-project. Please pay special attention to all supervised
lab exercises. Keeping notes will help you do the mini-project.

10. There will be no separate exam for the lab part of this course.
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Laboratory Grading

Basic Section

Exercise 1.

Working with functions is fundamental to Signals and Systems applications. MATLAB
provides several methods of defining and evaluating functions. Many simple functions are most
conventionally represented by using MATLAB inline objects. An inline object provides a
symbolic representation of a function defined in terms of MATLAB operators and functions.

Consider defining an exponentially damped sinusoidal,

f(t) = e−t cos(2πt).

1. Make an inline function of f(t).

2. Find f(0) and f(1).

3. Find f(t) at t=-2,-1,0,1,2.

4. Plot f(t) for −2 ≤ t ≤ 2.

Hints:

1. Inline functions are expressed as following. This example creates an inline function to
represent the formula

f(t) = 3 sin(2t2).

The resulting inline function can be evaluated with argument names and formula functions.

� f = inline (‘3*sin(2*t.^ 2)’,‘t’)

f =
Inline function:
f(t) = 3*sin(2*t.^ 2)
� t=25
t = 25
� f(t)
ans = -1.0396

2. To calculate the values at different points you need to make a vector of t.

3. Use the following commands for plotting plot, xlabel , ylabel, grid, title.
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4. Getting Help in MATLAB:
For exact syntax you can get help or see the documentation, eg;
� help plot
� doc plot

Exercise 2.

In this exercise, we introduce several basic continuous-time and discrete-time signals. Not
only do these signals occur frequently, but they also serve as basic building blocks from which
we can construct many other signals. The sine wave or sinusoid is a mathematical function
that describes a smooth repetitive oscillation. It occurs often in pure mathematics, as well as
physics, signal processing, electrical engineering and many other fields. Its most basic form as a
function of time is

y(t) = A sin(ω t + φ).

where A, is the amplitude, ω is the angular frequency, specifying how many oscillations occur
in a unit time interval, and φ is the phase. When the phase is non-zero, the entire waveform
appears to be shifted in time by the amount φ/ω seconds. A negative value represents a delay,
and a positive value represents a “head-start”.

1. Plot a cosine waveform.

a(t) = A cos(2πft + φ),

where A= 2.5 V , f= 1 Hz , φ = 0.

2. Plot a sine waveform.

b(t) = A sin(2πft + φ),

where A= 2.5 V , f= 1 Hz , φ = 0.

3. Plot these two cosine waves together on same screen using hold on and hold off com-
mands.

c(t) = A cos(2πft + φ),

where A= 2.5 V , f= 1 Hz , φ = 0.

d(t) = B cos(2πft + φ),

where B= 2.5 V , f= 1 Hz , φ = 90.
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4. Plot these two sine waves separately on same screen using subplot command.

e(t) = A sin(2πft + φ),

where A= 2.5 V , f= 1 Hz , φ = 0.

f(t) = B sin(2πft + φ),

where B= 2.5 V , f= 1 Hz , φ = 90.

5. Add e(t) and f(t) such that g(t) = e(t) + f(t). Then plot e(t), f(t) and g(t) on same
screen using subplot; and then using hold on and hold off.

6. Add a(t) and b(t) such that h(t) = a(t) + b(t). Replace B by 1.5V instead of 2.5V.Then
plot a(t),b(t) and h(t) using subplot.

7. Multiply a(t) and b(t) such that i(t) = a(t)b(t). For a(t); A=2.5V, f=3Hz. For b(t);
A=1V, f=4.5Hz.

8. Plot various square waveforms of a fixed frequency 1Hz, and duty cycles of 25%,50% and
75%

9. Plot a discrete time signal using following commands.

� n = -20:1:20;
� u = zeros(1,20);
� v = ones(1,21);
� c = [u v];
� stem (n,c);
� axis ([-20 20 -0.3 1.2]);

10. Let x[n] = cos(won) for n = 0, 1, 2, ......30. And y(t) = cos(wot) for t = 0 : 0.01 :
30. Plot x[n] (using stem) and y(t) (using ordinary plot) for different values of wo =
0, π/8, π/4, π/2, π, 3π/2, 7π/4, 15π/8, 2π. Compare both x[n] and y(t) for these values of
wo. What do you conclude from this comparison?

Hints:

1. Take ∆t = 0.01 where required.And you can plot from 0 to 2 for clarity.

2. Use hold on and hold off commands to plot more than one waveform on the same screen
together.

3. Use subplot command to illustrate the plots on same screen with separate axis.

4. For square waveform use the command square.
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Example for holdon and holdoff.

� a= 2.5*sin(2*pi*t);
� b= 1.5*cos(2*pi*t);
� c=a+b;
� plot(t,b)
� hold on
� plot(t,a)
� plot(t,c)
� hold off

Advanced section

Exercise 3.

Consider two matrices a and b of size 1× 3. Specifically, let a = [1 2 3], and b = [4 5 6].

We operate on vectors a and b in a way shown below. Note its similarity with the multipli-
cation method for two ordinary numbers.
[1 2 3]
[4 5 6]
————————————————
0 0 6x1 6x2 3x6
0 5x1 5x2 5x3 0 +
4x1 4x2 4x3 0 0
————————————————-
4 13 28 27 18
————————————————–

1. Write a series of MATLAB commands to obtain the matrix c = [4 13 28 27 18], by the
method illustrated in the figure above. Illustrate the complete operation to your marking
TA. What you have done is called the convolution of two finite sequences using in matrix
notation.

2. If you are clear about this operation, write a MATLAB function (i.e. make an m-file)
called myconv that operates on any two input vectors and produces the desired output
vector by convolution. In MATLAB, there is a built-in function conv that does this. You
are welcome to compare your results with conv. Produce some examples and show the
results to the TA.

Hints:
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1. Creating a row matrix:
� u=[3 1 2];

2. Creating a column matrix:
� v=[3;1;2];

3. Adding/subtraction of matrices:
� x=u+v;
� y=u-v;

4. Accessing particular element of a matrix:
Let a = [1 2 3]
then
� a(1,2)
Ans= 2

5. You can use for loop or while loop or conditionals if or switch to make your logic in
part 4. See MATLAB help or doc for further details of using a particular command.

Help on MATLAB M-files and FUNCTIONS
M-files are stored sequences of MATLAB commands and help simplify complicated tasks. There
are two types of M-file: script and function. Both types are simple text files and require a .m
filename extension.
Although M-files can be created by using any text editor, MATLAB’s built-in editor is the
preferable choice because of its special features. As with any program, comments improve the
readability of an M-file. Comments begin with the % character and continues through the end of
line. An M-file is executed by simply typing the filename(without the .m extension). To execute,
M-file needs to be located in the current directory or any other directory in the MATLAB path.
New directories are easily added to the MATLAB path by using the addpath command.

Go to MATLAB, FILE, NEW, M-FILE and create a new m-file. Following is the simple
template for function m-file.

.
% This Function determines summation of two numbers
% INPUTS: a, b <-- Numbers you want to add together
% OUTPUT: c <-- Output of summation
function [c]=myaddition(a,b)
c=a+b;

We use a function as follows.
MATLAB Command line.

� c=myaddition(2,3)
c = 5
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