
XMUT220 Signals and Systems 

An introduction to Matlab 

Matlab is one of the fastest and most enjoyable ways to solve problems numerically. 

The computational problems arising in most undergraduate courses can be solved 

much more quickly with Matlab, than with the standard programming languages 

(Fortran, C, Java, etc.). It is particularly easy to generate some results, draw graphs 

to look at the interesting features, and then explore the problem further. By minimising 

human time, Matlab is particularly useful in the initial investigation of real problems; 

even though they may eventually have to be solved using more computationally 

efficient ways.  

Matlab is widely used in engineering industry. It is in fact the standard mathematical 

programming language used by electronic engineers of all types. This is in part due to 

the availability of a wide range of specialised toolboxes to help solve problems in 

control, signal processing and communication engineering (amongst many others). 

You will find Matlab useful in almost all future ECEN subjects.  

One drawback of Matlab is that it is not free. However you can download the freeware 

packages Octave or Scilab that are similar to Matlab for home use. This introduction 

is condensed, modified, and updated from the introduction by Graeme Chandler 

(http://www.maths.uq.edu.au/~gac/mlb/mlb.pdf). 

 

1 Getting Started  

This Lab familiarizes you with the most important parts of Matlab. This very first section 

provides an overview of some basic information needed to get started. You should 

work through the notes trying out the various commands as discussed. When you 

reach section 5 you should have the foundations necessary to solve the exercises. 

1.1 What and How  

The lab requires the use of Matlab or Octave (a freeware Matlab look-alike). The name 

Matlab was originally derived from MATrix LABoratory, because the fundamental data 

type is the matrix.  

The best way to use this introduction is to sit down at a computer and type in the 

commands as they are described. Look at Matlab’s response, and check that the 

answers are what you expect. It is also a good idea to do the exercises. That makes 

sure that the commands become part of an active Matlab vocabulary. More information 

about any Matlab command can be found by using the on-line help features.  

These notes assume basic familiarity with the basic computer interface. For instance, 

you need to know about cutting and pasting within and between windows, editing files, 

and moving between windows and resizing them. If you are unsure about this, seek 

help from another student or tutor. In the first part of this LabThe we learn simple 

arithmetic, matrix-vector operations (including solving systems of equations), and 

graphing functions and data. The later sections describe some more advanced 



features. There are also some suggestions about using Matlab to do larger projects, 

and including Matlab results and graphs in reports. Finally we move on to some real 

statistics tasks. 

Take the time to work through the examples carefully so you are comfortable using 

Matlab. The descriptions of the laboratories will not provide detailed instructions of 

how to perform every step like the introductory tutorials do, so you’ll need to have 

some idea about how to perform the various operations. 

 

1.2 Further References  

More information on Matlab can be found in the books  

1. D.M. Etter; Engineering Problem Solving with Matlab, PrenticeHall, 1993.  

2. Duane C. Hanselman & Bruce Littlefield; Mastering MATLAB 5: A Comprehensive 

Tutorial and Reference, Prentice Hall, 1998  

3. Kermit Sigmon, A Matlab Primer 4th Ed. 1995  

or try the Mathworks web site http://www.mathworks.com  

If you wish to use Matlab at home, the student edition of Matlab is available from 

bookshops. The student version is ‘crippled’ and only works for small problems. 

Nevertheless, it should suffice for almost all assignments in undergraduate courses. It 

is usually possible to develop a program on the student version and do the final full 

size problem on the university computers if necessary. 

 

1.3 Starting Up Matlab  

Here we describe the steps needed to start Matlab on the PCs in the laboratories. On 

other machines the start-up procedure will be different. The Matlab commands are the 

same on all machines, if they are available. Machines may or may not have one or 

more of the Toolboxes (statistics, signal processing, etc.), and that means they have 

a different set of more sophisticated commands.  

1. First sit down at a PC. Login and/or if necessary, close any programs left running 

by a previous user.  

2. Somewhere on the desktop there will be a MATLAB icon for starting Matlab. When 

you click on this the Matlab logo appears briefly, then the ‘MATLAB Command Window’ 

remains on the screen. It ends with the words:- 

 

http://www.mathworks.com/


1.4 Typing Commands  

All commands to Matlab are typed in after the Matlab prompt, i.e., the symbol >>. They 

are then sent to Matlab to be implemented by pressing the [Enter] key. Any typing 

error can be corrected before the [Enter] key is pressed.  

• Use the keypad left and right arrows or the mouse to move to the error.  

• Use the [Del] key to delete the mistakes, and then type in the correction.  

• When the line is correct, just press [Enter] to send the command to Matlab. (It is not 

necessary to go to the end of the line.) 

Usually errors are not noticed until Matlab beeps and displays an error message. 

However it is not necessary to retype the whole command. Previous commands can 

be corrected and reused to save typing.  

• Just press the keypad up arrow and the previous command appears.  

• Make the necessary corrections and press [Enter] to run the corrected command. 

If you want to clear the command window at any time you can do so with the clc 

command. Now go on to the first lesson (Section 2). Type in all the commands as they 

are shown, and make sure the Matlab response is what you expect. 

Exercise:  

Type in the Matlab command logo. A nice 3D graph of the Matlab logo should appear. 

This is produced by advanced use of Matlab’s graphics capabilities, discussed later. 

 

2 Simple Calculations  

2.1 Basic Arithmetic  

The simplest way to start with Matlab is to use it for simple calculations. Matlab has a 

wide range of functions and is able to use complex numbers as well as reals. The 

following simple commands have obvious meanings. Type them in and see what 

happens. (In the examples below, all the text after the % is just a comment or an 

explanation. You do not have to type it in. It would just be ignored by Matlab.) 

 

Like a calculator, Matlab does all calculations correct only to about 16 significant 

decimal digits. This is enough accuracy for most purposes. For convenience, usually 

only the first 5 significant digits are displayed on the screen. Some more examples: 

 



 

Matlab also uses variables to store intermediate answers. A variable can have almost 

any name, but it must begin with a letter. Matlab distinguishes between upper and 

lower case letters. 

 

Sometimes the values of intermediate calculations are not needed and we do not want 

them to be displayed. If a semicolon (;) is placed after a command, the results are not 

displayed. 

 

Several commands can be placed on one line, provided they are separated by a 

comma (,) or a semicolon (;). (Use a semicolon, unless you want the answer displayed.) 

 

Parentheses can be used to make expressions clearer. Thus the last calculation could 

have been written as 

 

Exercise:  

In this exercise, save retyping by using the up arrow to edit the previous commands! 

Remember that multiplication is done with a ‘*’; it is not enough to put numbers next 

to each other. 

 

2.2 Complex Numbers  

Matlab handles complex numbers as easily as real numbers. When you start Matlab 

the variables i and j stand for √ −1. 

 

 



 

Matlab’s facility with complex numbers is handy, as using complex numbers often 

involves complicated arithmetic. Indeed, as the previous example shows, Matlab will 

effortlessly work out functions of complex numbers that are difficult to do from first 

principles. 

 

3 Help in Matlab  

There are three main ways to get help in Matlab.  

3.1 The Help Command  

This is the easiest way to find out more about specific Matlab commands. If you have 

forgotten small details, for example. The command help gives information about the 

Matlab command <name>. 

 

By itself, the command help gives a list of topics in Matlab. Initially, many of the topics 

will be mysterious. The most familiar topic from the list is probably ‘elementary 

functions’. To explore this topic use the command help elfun. The lookfor command 

can also be used to search for relevant information. 



 

3.2 The Help Window  

It is also possible to get help by clicking on the ‘Help’ menu above the command 

window. From the ‘Help’ menu, select the ‘Help Window’ item (by clicking) and the list 

of help topics is displayed. The advantage of this method is that it is possible to 

navigate around various topics by double clicking on them. For example, in the help 

window double click on elfun to find the same information given by the help elfun 

command. This is a good way to explore Matlab’s commands. 

3.3 The Help Desk  

Matlab also comes with help documentation that can be read by Web browsers. This 

may be used by  

• typing the command helpdesk in the command window; or  

• using the “Help” menu and selecting the item ‘Help Desk (HTML)’  

After a slight pause the initial documentation window should come up. Interesting links 

to pursue are:-  

• “Getting Started in Matlab” for introductory information 

• “Documentation Road Map” for the complete set of manuals online, and  

• the ‘search’ box to look for more commands. 

 

 

 



4 Matrices and Vectors  

Although Matlab is a useful calculator, its main power is that it gives a simple way of 

working with matrices and vectors. Indeed we have already seen how vectors are used 

in graphs.  

Remember to keep typing in the commands as they appear here, and observe and 

understand the Matlab response. If you mistype, it is easy to correct using the arrows 

and the [Del] key. Try to use the help facility to find out about unfamiliar commands. 

Otherwise ask another student or a tutor. 

 

 



 

 



 

 



 

 

 

  



5. EXERCISES 

5.1 Sum of sinusiods of the same frequency 

One of the useful results about sinusoids and cosinusoids is that sums of sinusoids 

and cosinusoids of the same frequency but with arbitrary amplitude and phase result 

in another sinsuoid or cosinusoid of the same frequency. In this exercise you will 

observe this using MATLAB.  

Let x1(t)=A1sin(ωt+θ1) and let x2(t)=A2sin(ωt+θ2). For A1=1,A2=√3,ω=4π,θ1=0,θ2=π/4, 

plot x1(t) and x2(t) as a function of t for −10≤t≤10 . Use 200 samples along the time 

axis, i.e., time should be incremented in steps of 0.01. Observe that each of the signals 

is periodic with the time period that you expect.  

Now plot the sum of the signals and observe that it is also a sinusoid with the exact 

same frequency (time period). Plot this signal for the same range of values of t and 

observe that the signals coincide. Use the hold on command in MATLAB and plot the 

two signals in different colors. We can easily extend this result to see that a linear 

combination of any number of sinusoids of the same frequency results in another 

sinusoid of the same frequency.  

For reference, your plot should look like this: 

 

Later on in lectures we will learn how to analytically find an expression for x3(t) in the 

form Bsin(ωt+ϕ), and find B and ϕ. 

  



5.2 Sum of sinusoids of different frequencies. 

Let us now consider the same example as above, except that we consider the case 

when the frequencies of sinusoids are different.  

Let x1(t)=A1sin(ω1t+θ1), x2(t)=A2sin(ω2t+θ2) and x3(t)=A3sin(ω2t+θ3). 

For A1=1,A2=1,A3=1, ω1=4π,ω2=2√5π,ω3=2√3π, θ1=0,θ2=π/4,θ3=π/6,  

plot x1(t),x2(t) and x3(t) as a function of t for −10≤t≤10.  

Let x4(t) be the sum of the three signals. Plot x4(t). From the plot can you tell whether 

is x4(t) periodic or not? Why or why not? Do not worry if you do not know the answers 

to these questions – we will cover them in lectures later on.  

For reference, your plot should look like this: 

 

Adding sinusoids of different frequencies arises in modelling wireless communication 

channels when the receiver or transmitter is moving. In wireless channels, typically the 

transmitting signals propagate via several reflections (similar to echo) and the net 

result is that if a sinusoid is transmitted, the received signal will be the sum of sinusoids 

with different amplitudes and phases. When there is relative mobility between the 

transmitter and the receiver, these reflected paths also undergo different Doppler shifts 

and, hence, their frequencies will be slightly different. 

 

 

 

 


