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An Introduction to Matlab 

Starting Matlab and Entering Data 
We will use Matlab extensively in this course to learn how to pose and solve 
engineering problems with a computer.  Matlab is an interactive environment that 
allows us to easily enter data, numerically solve problems and it provides 
graphing capabilities so we can visualize the results. 

To start Matlab on a Windows machine, click Start\Programs\Matlab\Matlab or 
click on the Matlab icon on your desktop.  To start Matlab from a UNIX machine, 
type ‘matlab’ at a command prompt.  The Matlab command window and 
command line should appear similar to that shown in Figure 1. 

 

 

Figure 1 - The Matlab command line as viewed on a Windows machine. 

From the Matlab command line, we may enter numbers directly.  Let’s compute 
23 using Matlab: 

» 2^3 
 
ans = 
 
     8 

 
Observe that Matlab uses the variable ans to store the results of the last 
operation.  You can type the name of a variable at the command line and Matlab 
will respond with its numerical value: 

» ans 
 
ans = 
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     8 

We can enter our own variables as well.  For instance, 
» x=1+3i  
 
x = 
 
                          1 +                     3i  

creates the variable x that represents a complex number with real part equal to 
one and an imaginary part equal to three.  We can also create variables that 
represent vectors and matrices.  Let’s create a variable A to represent a matrix 
with three rows and four columns containing the numbers 1 through 12 (row-
wise).  We indicate the beginning of the matrix with the character ‘[‘ and the end 
with the character ‘]’.  We separate elements across a row using a blank space or 
a comma.  We separate elements down a column using a semicolon. 

» A=[ 1 2 3 4; 5 6 6 8; 9 10 11 12]  
 
A = 
 
     1     2     3     4 
     5     6     6    8 
     9    10    11    12 

Observe that a mistake was made, the element at row 2, column 3 is a 6.  It 
should be a 7.  Fortunately, we don’t have to retype the entire matrix.  We may 
simply change the element using its row and column indices. 

» A( 2, 3) =7 
 
A = 
 
     1     2     3     4 
     5     6     7     8 
     9    10    11    12 

There are other ways to fix the mistake too, observe that hitting the up arrow key 
cycles the Matlab command line through prior commands.  We can simply find 
the original line we used to enter A and modify it to correct the error.   

» A=[ 1 2 3 4; 5 6 7 8; 9 10 11 12]  

Perhaps we wish to obtain the transpose of the matrix, that is, perhaps we wish 
to swap the rows and columns of the matrix.  The single quotation mark can be 
used to generate the transpose: 

» A'  
 
ans = 
 
     1     5     9 
     2     6    10 
     3     7    11 
     4     8    12 
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We can perform arithmetic with vectors and matrices the same way as we did 
with scalars.  For instance, we can compute the product of A with its transpose 
and assign the result to a new variable B. 

» B=A* A'  
 
B = 
 
    30    70   110 
    70   174   278 
   110   278   446 

Note that we get an error if we forget the transpose operator and try to multiply A 
with itself.  Why? 

Saving and Restoring Workspace 
At this point you may be bored with our little tutorial and wish to spend a few 
hours with your friends in the village.  If you leave your computer unattended you 
run the risk of someone (an evil roommate perhaps) closing Matlab in which case 
you might loose the data you tediously entered.  Fortunately we may save the 
Matlab workspace to disk for retrieval at a later time.  First let’s obtain a summary 
of the variables we have so far, use the ‘whos’ command. 

» whos 
  Name      Si ze         Byt es  Cl ass 
 
  A         3x4             96  doubl e ar r ay 
  B         3x3             72  doubl e ar r ay 
  ans       3x3             96  doubl e ar r ay 
  x         1x1             16  doubl e ar r ay ( compl ex)  

To save the workspace we can type 
» save pr act i cedat a 

which saves the data in the file ‘practicedata.mat’ in the current directory.  To 
verify that the file is there, we can actually execute shell commands from Matlab.  
On a Windows machine we can type ‘dir’ to get a directory listing.  On a UNIX 
machine we can type ‘ls’ to get a directory listing.  We must precede the shell 
command with an exclamation point (actually, some commands work without it). 

 » ! di r  
 Vol ume i n dr i ve C i s Appl i cat i ons1  
 Vol ume Ser i al  Number  i s 40ED- 0A50  
  
 Di r ect or y of  C: \ MATLABR11\ wor k  
  
01/ 07/ 00  09: 58p        <DI R>          .   
01/ 07/ 00  09: 58p        <DI R>          . .   
01/ 07/ 00  09: 55p                   416 pr act i cedat a. mat   
               3 Fi l e( s)             416 byt es  
                            582, 668, 800 byt es f r ee 

Now our data is stored safely on disk.  Let’s clear out the variables in our 
workspace so it’s as if we’ve closed Matlab and reopened it.  We use the ‘clear’ 
command to remove all variables and then obtain another summary. 
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» cl ear  
» whos 

Matlab doesn’t list any variables after the ‘whos’ command which verifies that all 
variables have been cleared.  We may now restore the workspace using the 
‘load’ command. 

» l oad pr act i cedat a 
» whos 
  Name      Si ze         Byt es  Cl ass 
 
  A         3x4             96  doubl e ar r ay 
  B         3x3             72  doubl e ar r ay 
  ans       3x3             96  doubl e ar r ay 
  x         1x1             16  doubl e ar r ay ( compl ex)  
 
Gr and t ot al  i s 34 el ement s usi ng 280 byt es 

Suppose we only want to save a few variables instead of all of them, how do you 
think we’d accomplish that?  Try typing ‘help save’ to obtain more information. 

On a Windows machine we may alternately using the menu items File\Save 
Workspace and File\Load Workspace to save and restore the workspace 
respectively. 

Getting Help 
Help information for a command may be obtained by typing ‘help’ followed by the 
name of the command.  For instance, type ‘help save’ to get information about 
saving workspace.  If we need more general information we simply type ‘help’. 

» hel p 
 
HELP t opi cs:  
 
mat l ab\ gener al        -   Gener al  pur pose commands.  
mat l ab\ ops           -   Oper at or s and speci al  char act er s.  
mat l ab\ l ang          -   Pr ogr ammi ng l anguage const r uct s.  
mat l ab\ el mat          -   El ement ar y mat r i ces and mat r i x 
mani pul at i on.  
mat l ab\ el f un         -   El ement ar y mat h f unct i ons.  
mat l ab\ specf un       -   Speci al i zed mat h f unct i ons.  
mat l ab\ mat f un        -   Mat r i x f unct i ons -  numer i cal  l i near  
al gebr a.  
mat l ab\ dat af un       -   Dat a anal ysi s and Four i er  t r ansf or ms.  
mat l ab\ pol yf un       -   I nt er pol at i on and pol ynomi al s.  
mat l ab\ f unf un        -   Funct i on f unct i ons and ODE sol ver s.  
mat l ab\ spar f un       -   Spar se mat r i ces.  
mat l ab\ gr aph2d       -   Two di mensi onal  gr aphs.  
mat l ab\ gr aph3d       -   Thr ee di mensi onal  gr aphs.  
mat l ab\ specgr aph     -   Speci al i zed gr aphs.  
mat l ab\ gr aphi cs      -   Handl e Gr aphi cs.  
mat l ab\ ui t ool s       -   Gr aphi cal  user  i nt er f ace t ool s.  
mat l ab\ st r f un        -   Char act er  st r i ngs.  
mat l ab\ i of un         -   Fi l e i nput / out put .  
mat l ab\ t i mef un       -   Ti me and dat es.  
mat l ab\ dat at ypes     -   Dat a t ypes and st r uct ur es.  
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mat l ab\ wi nf un        -   Wi ndows Oper at i ng Syst em I nt er f ace Fi l es 
( DDE/ Act i veX)  
mat l ab\ demos         -   Exampl es and demonst r at i ons.  
si gnal \ si gnal         -   Si gnal  Pr ocessi ng Tool box.  
si gnal \ si ggui         -   Si gnal  Pr ocessi ng Tool box GUI  
si gnal \ si gdemos      -   Si gnal  Pr ocessi ng Tool box Demonst r at i ons 
t ool box\ t our          -   MATLAB Tour  
MATLABR11\ wor k       -   ( No t abl e of  cont ent s f i l e)  
t ool box\ l ocal         -   Pr ef er ences.  
 
For  mor e hel p on di r ect or y/ t opi c,  t ype " hel p t opi c" .  

You can obtain the same information in a separate window by typing ‘helpwin’.  
This produces a list of help topics.  Then for instance, we can type ‘help elfun’ to 
obtain information about elementary math functions. 

» hel p el f un 
 
  El ement ar y mat h f unct i ons.  
  
  Tr i gonomet r i c.  
    s i n         -  Si ne.  
    s i nh        -  Hyper bol i c si ne.  
    asi n        -  I nver se si ne.  
    asi nh       -  I nver se hyper bol i c si ne.  
    cos         -  Cosi ne.  
    cosh        -  Hyper bol i c cosi ne.  
    acos        -  I nver se cosi ne.  
    acosh       -  I nver se hyper bol i c cosi ne.  
    t an         -  Tangent .  
    t anh        -  Hyper bol i c t angent .  
    at an        -  I nver se t angent .  
    at an2       -  Four  quadr ant  i nver se t angent .  
    at anh       -  I nver se hyper bol i c t angent .  
    sec         -  Secant .  
    sech        -  Hyper bol i c secant .  
    asec        -  I nver se secant .  
    asech       -  I nver se hyper bol i c secant .  
    csc         -  Cosecant .  
    csch        -  Hyper bol i c cosecant .  
    acsc        -  I nver se cosecant .  
    acsch       -  I nver se hyper bol i c cosecant .  
    cot          -  Cot angent .  
    cot h        -  Hyper bol i c cot angent .  
    acot         -  I nver se cot angent .  
    acot h       -  I nver se hyper bol i c cot angent .  
  
  Exponent i al .  
    exp         -  Exponent i al .  
    l og         -  Nat ur al  l ogar i t hm.  
    l og10       -  Common ( base 10)  l ogar i t hm.  
    l og2        -  Base 2 l ogar i t hm and di ssect  f l oat i ng poi nt  
number .  
    pow2        -  Base 2 power  and scal e f l oat i ng poi nt  number .  
    sqr t         -  Squar e r oot .  
    next pow2    -  Next  hi gher  power  of  2.  
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  Compl ex.  
    abs         -  Absol ut e val ue.  
    angl e       -  Phase angl e.  
    compl ex     -  Const r uct  compl ex dat a f r om r eal  and i magi nar y 
par t s.  
    conj         -  Compl ex conj ugat e.  
    i mag        -  Compl ex i magi nar y par t .  
    r eal         -  Compl ex r eal  par t .  
    unwr ap      -  Unwr ap phase angl e.  
    i sr eal       -  Tr ue f or  r eal  ar r ay.  
    cpl xpai r     -  Sor t  number s i nt o compl ex conj ugat e pai r s.  
  
  Roundi ng and r emai nder .  
    f i x         -  Round t owar ds zer o.  
    f l oor        -  Round t owar ds mi nus i nf i ni t y.  
    cei l         -  Round t owar ds pl us i nf i ni t y.  
    r ound       -  Round t owar ds near est  i nt eger .  
    mod         -  Modul us ( si gned r emai nder  af t er  di vi s i on) .  
    r em         -  Remai nder  af t er  di vi s i on.  
    s i gn        -  Si gnum.  

Typing ‘helpdesk’ will start your web browser and open an HTML based help 
system. 

What do you think we’d get if we sought help on the help command?  Try it and 
see. 

Visualization 
Matlab has many features that allow us to visual data.  Let’s generate a vector of 
sine wave samples and plot the results.  First we will create a length 100 vector 
represented by the variable x containing all zeros using the ‘zeros’ function.  
Then we will use a for-loop to fill the vector with sine wave samples.  Note that in 
the following example, we place a semicolon at the end of the line 
‘x(k)=sin(k*2*pi/100);’, this prevents the value of ‘x(k)’ from being displayed 
during each iteration of the loop. 

» x=zer os( 100, 1) ;  
» f or  k=1: 100 
x( k) =si n( k* 2* pi / 100) ;  
end 

To plot the results we simply use the ‘plot’ command.  We follow this command 
with the ‘xlabel’, ‘ylabel’ and ‘title’ commands to label the plot, these commands 
are completely optional. 

» pl ot ( x)  
» xl abel ( ' sampl e i ndex' ) ;  
» yl abel ( ' sampl e val ue' ) ;  
» t i t l e( ' Si ne wave' ) ;  

A plot should appear in a separate window.  It should be similar to that shown in 
Figure 2.   
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Figure 2 – Sine wave plot. 

Next, let’s superimpose a second plot.  For the second plot we’ll use a sine wave 
of twice the frequency.  It is important to point out that for-loops are very 
inefficient in Matlab.  In time critical applications we should find ways to eliminate 
the use of for-loops.  For generating a sine wave it is simple and we will show 
how by example.  We’ll create a length 100 vector represented by the variable z 
containing the samples of our second sine wave.   

» z=si n(  ( 1: 2: 200) * 2* pi / 100 ) ;  

The statement ‘(1:2:200)’ generates a sequence of numbers from 1 to 200 in 
increments of 2 (actually, from 1 to 199).  That is, it generates the vector [1 3 5 … 
199].  Do not use ‘plot(z)’ at this juncture for it will overwrite the existing plot.  
Since we wish to superimpose the plots, we use the ‘hold’ command. 

» hol d on;  

Since we wish to differentiate x from z, we plot z in the color red and using a 
dotted line using a slightly different version of the ‘plot’ command. 

» pl ot ( z, ' r ed. ' )  

The plot should appear similar to that shown in Figure 3.  If we then use the 
command ‘hold off’, future plot commands will overwrite the existing plot.   
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Figure 3 – Super imposed sine wave plots. 

What if we wanted a legend to accompany our plot?  Much more sophisticated 
plots are possible.  Try using the help system to obtain more information about 
plots and related topics. 

Programming and M-Files 
So far we have done all of our work using the Matlab command line.  We used 
functions like ‘sin’ for generating data.  M-files provide a way for us to write our 
own functions.  An m-file is a script that allows us to sequence commands.  Any 
command that can be used from the command line can be used in an m-file. 

Let’s write an m-file to generate the two vectors x and z from the previous 
example.  The function prototype should look like this: 

[ x, z] =gener at esi newaves(  n ) ;  

where n is the length of the vectors.  The m-file should plot the vectors and return 
them.  We use a text editor to create m-files.   

On a UNIX machine for instance we can use a text editor such as emacs or vi.  
Create a text file with the filename ‘generatesinewave.m’ (for example, type ‘vi 
generatesinewave.m’ at a command line in the same directory that you used for 
starting Matlab).   

0 10 20 30 40 50 60 70 80 90 100
-1

-0.8

-0.6

-0.4

-0.2

0

0.2

0.4

0.6

0.8

1

sample index

sa
m

pl
e 

va
lu

e

Sine wave



EE103, Winter 2000 
Brien Alkire 

9 

On a Windows machine, we can also use any text editor such as notepad, but 
there’s a built-in editor called ‘MEdit’ that has some useful debugging utilities.  To 
start MEdit, click File\New\M-File from the Matlab menu. 

The first line of the m-file must contain the keyword ‘function’ followed by the 
function prototype. 

f unct i on [ x, z] =gener at esi newaves(  n ) ;  

Enter this line now.  With MEdit, click File\Save now and it will automatically 
generate the correct filename.  The lines following the first will contain the help 
information that can be displayed from the Matlab command line by typing ‘help 
generatesinewaves’.  Each line of the help information must begin with the ‘%’ 
character, this character indicates that the line is a comment.  The first comment 
line should be the function prototype.  Enter the help information now, the m-file 
so far should appear as follows: 

f unct i on [ x, z] =gener at esi newaves(  n ) ;  
% [ x, z] =gener at esi newaves( n) ;  
% I nput :  
% n -  t he number  of  sampl es 
% Out put :  
% x -  a vect or  cont ai ni ng n sampl es of  a si ngl e cycl e of  a si ne wave 
% z -  a vect or  cont ai ni ng n sampl es of  t wo cycl es of  a si ne wave 
% 
% Pl ot s of  t he si ne waves ar e gener at ed aut omat i cal l y.  

Now we are ready to list the commands needed to generate the vectors and plot 
the results.  The complete m-file is shown below, notice that we have used 
additional comments in the code to make it more readable. 

f unct i on [ x, z] =gener at esi newaves(  n ) ;  
% [ x, z] =gener at esi newaves( n) ;  
% I nput :  
% n -  t he number  of  sampl es 
% Out put :  
% x -  a vect or  cont ai ni ng n sampl es of  a si ngl e cycl e of  a si ne wave 
% z -  a vect or  cont ai ni ng n sampl es of  t wo cycl es of  a si ne wave 
% 
% Pl ot s of  t he si ne waves ar e gener at ed aut omat i cal l y.  
 
% Gener at e t he vect or s x and z 
x=si n(  ( 1: 1: n) * 2* pi / n ) ;  
z=si n(  ( 1: 2: n) * 2* pi / n ) ;  
 
% Pl ot  t he r esul t s 
pl ot ( x) ;  
x l abel ( ’ sampl e i ndex’ ) ;  
y l abel ( ’ sampl e val ue’ ) ;  
t i t l e( ’ Si ne waves’ ) ;  
hol d on;  
pl ot ( z, ’ r ed. ’ ) ;  

Save the file when you’ve finished entering it.  Note:  you should save the m-file 
in the current directory in which Matlab is running or else Matlab may not be able 
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to find the m-file.  To determine what directory Matlab is running in you can type 
‘pwd’ from the Matlab command line.   

Now we are ready to test the m-file.  Type ‘help generatesinewaves’ at the 
Matlab command line and ensure that the help information is displayed properly. 

» hel p gener at esi newaves 
 
  [ x, z] =gener at esi newaves( n) ;  
  I nput :  
  n -  t he number  of  sampl es 
  Out put :  
  x -  a vect or  cont ai ni ng n sampl es of  a si ngl e cycl e of  a si ne 
wave 
  z -  a vect or  cont ai ni ng n sampl es of  t wo cycl es of  a si ne wave 
  
  Pl ot s of  t he si ne waves ar e gener at ed aut omat i cal l y.  

Now test the by typing 
  [ x, z] =gener at esi newaves( 100) ;  

at the command line.  If everything was entered correctly you should obtain a plot 
of the sine waves and the variables x and z should contain the samples.  If 
there’s a syntax error, you will get a detailed error message.  For instance, 
suppose we misspelled the command ‘sin’ as ‘sine’: 

x=si ne(  ( 1: 1: n) * 2* pi / n ) ;  

The following error message is displayed in response to this syntax error 
» [ x, z] =gener at esi newaves( 100) ;  
??? Undef i ned f unct i on or  var i abl e ' s i ne' .  
 
Er r or  i n ==> C: \ MATLABR11\ wor k\ gener at esi newaves. m 
On l i ne 12  ==> x=si ne(  ( 1: 1: n) * 2* pi / n ) ;  

which suggests that you should inspect line 12 and that you should check the 
validity of the call to ‘sine’.  The next section covers some debugging 
fundamentals. 

What happens if we call ‘generatesinewave’ and forget to pass in the size n?  
What if n has a fractional part (say n=1.2) or is negative?  Check the help 
information for the functions ‘ceil’ and ‘floor’ and see if you can add code to verify 
that n is a positive and has no fractional part.  Also, check the ‘error’ function for 
a way of reporting errors detected in your m-files. 

Debugging M-Files 
As discussed in the last section, syntax errors will prevent a function from being 
invoked.  A detailed error message will be generated.  But logic errors are more 
difficult to find, they may allow a function to run until the logic error is 
encountered.  There are several debug commands available to help you in 
debugging your m-file.  Type ‘help debug’ at the command line now to get a 
listing of available debugging commands. 
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Perhaps the most useful debugging tool is the ‘keyboard’ command.  This allows 
us to stop execution of an m-file at a particular location in a file and return control 
to the keyboard for inspecting the values of variables and for using the debug 
commands to step through the code. 

As an example insert the ‘keyboard’ command in your m-file as shown below. 
f unct i on [ x, z] =gener at esi newaves(  n ) ;  
% [ x, z] =gener at esi newaves( n) ;  
% I nput :  
% n -  t he number  of  sampl es 
% Out put :  
% x -  a vect or  cont ai ni ng n sampl es of  a si ngl e cycl e of  a si ne wave 
% z -  a vect or  cont ai ni ng n sampl es of  t wo cycl es of  a si ne wave 
% 
% Pl ot s of  t he si ne waves ar e gener at ed aut omat i cal l y.  
 
% Gener at e t he vect or s x and z 
x=si n(  ( 1: 1: n) * 2* pi / n ) ;  
z=si n(  ( 1: 2: n) * 2* pi / n ) ;  
 
% Pl ot  t he r esul t s 
keyboar d;  
pl ot ( x) ;  
x l abel ( ’ sampl e i ndex’ ) ;  
y l abel ( ’ sampl e val ue’ ) ;  
t i t l e( ’ Si ne waves’ ) ;  
hol d on;  
pl ot ( z, ’ r ed’ ) ;  

Remember to save the m-file after modifying it or your changes will not be 
instantiated.  Now execute the function by typing ‘[x,z]=generatesinewaves(100)’ 
at the command line.  When execution gets to the ‘keyboard’ command, the 
Matlab command line should return the prompt 

K» 

Execution is suspended before the ‘plot’ function.  You can use the command 
line to inspect the values of x and z.  You can use the ‘dbstep’ command to 
execute the next line in the m-file.  Experiment with the debug commands.  The 
‘dbquit’ will stop the debugger. 

If you are using MEdit then debugging is even easier.  You don’t need to use 
‘keyboard’ or the debug commands at all.  Simply set your cursor next to the 
‘plot’ function.  Then click the Debug\Set/Clear Breakpoint menu item from the 
MEdit menu.  Then run the m-file by typing ‘[x,z]=generatesinewaves(100)’ at the 
Matlab command line.  Execution will stop at the ‘plot’ function.  You can inspect 
the values of variables by placing the cursor over the variables in the m-file.  If 
you return to the Matlab command line, you will see that you can also use the 
command line to inspect the values of variables.  Use the “Debug” menu of MEdit 
to step through lines of code.  See Figure 4. 
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Figure 4 – An m-edit debugging session.  Execution has halted at the breakpoint before the ‘plot’  
command.  The cursor  is placed over  the var iable x which causes its contents to be displayed. 

 
 
 


