EE301 Lab 1 – Spring 2009

Getting Started with Matlab®
Introduction

In EE301/303, a significant part of the class involves solving simultaneous equations.  The most time efficient way to do this is through the use of Linear Algebra.  In general, you are free to solve the systems of equations anyway you would like be it by hand, calculator, MathCad or Matlab.  Matlab provides a great environment to solve this type of problem and can save many hours of homework time.  This lab will acquaint you with the basic tools to solve a system of equations using Matlab as well as basic plotting functions. 

Linear Algebra Basics

A given a system of linear equations:
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Can be put into the matrix form of Ax=b in this way:
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The “a” terms are known and are the coefficients on the unknown “x” terms.  The “b” terms are also known.  Using linear algebra x = A-1b where A-1 is the inverse of the A matrix.

Matlab is a program that works with vectors or matrices.  Hence, it is perfect for easily solving linear equations.  One only needs to learn how to enter the matrices.  The matrix equation above would be entered into Matlab as shown below.  Notice that spaces separate the columns and a semicolon separates rows.  The semicolon at the end of a line dictates whether or not the result will print - ; to suppress the printing, no ; to print.  The inverse of a matrix is found by using the function inv().  Please note that if the system of equations is not linearly independent, the inv function will produce an error.  In most homework problems, this means you need to look for another equation.

A = [a11 a12 a13; a21 a22 a23; a31 a32 a33];

b = [b1; b2; b3];

x = inv(A)*b

Using Matlab

To open Matlab on the school lab computers go to :

Start → Programs → Dept → EE → Matlab 

The opening window will appear as shown in Figure 1.
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Figure 1:  Main Matlab Screen

Executing commands

Matlab does not compile a whole program before executing it.  It compiles and runs it line by line.  There are a couple of ways to use the Matlab command window to execute commands.  The most basic is just to type the command and hit return.  A series of lines can also be cut and pasted to the command line for another editor like Notepad.  However, the most convenient way is to make a file to be executed.  These are referred to as “m-files” because they are stored as “filename.m.”  In fact, all functions built into Matlab are just m-files.  The easiest way to do this is to take advantage of Matlab’s editor. 

To activate the editor, select “File”, “New”, “M-file” as shown in Figure 2.  The editor screen will appear as shown in Figure 3.
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Figure 2:  Activating the editor to create an m-file
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Figure 3:  Matlab Editor

File Names

The rules for names files in Matlab are:

· Do not use spaces (ex. use Lab4.m or Lab_4.m not Lab 4.m)

· Do not start with a number (ex. use Lab4.m not 4lab.m)

· Do not name things the same as a Matlab function (ex. exp, mean, sqrt)

An Example of a Problem with Simultaneous Equations

Given the following system of linear equations where the R’s refer to resistors and are know and the i’s refer to currents and are unknown.

(R1+R2+R3)i1 + (-R2)i2 +(-R3)i3 = 12

(-R2)i1 + (R2+R4)i2 +(-R4)i3 = -5

(-R3)i1 + (-R4)i2 +( R3+R4+R5)i3 = 0

Matlab Code to Solve System (note % is used for a comment, note relation to above eqn.)
format compact  %optional command to print without spaces

r1=50;

r2=20;

r3=20;

r4=10;

r5=15;

a=[r1+r2+r3 -r2 -r3;-r2 r2+r4 -r4;-r3 -r4 r5+r3+r4]; %notice similarity in equations

b=[12;-5;0]; %order must match a matrix

x=inv(a)*b

i1=x(1)

i2=x(2)

i3=x(3)

ir4=x(3)-x(2) %solving for a branch current

Vr4=r4*ir4  %solving for a voltage drop

An Example of Plotting a Function in Matlab

To plot 
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Matlab Code to Plot Function  (note % is used for a comment)

t=[0:0.01:2];  %first number is starting point, second is increment, third is ending point

y=3*sin(2*pi*t + (pi/2));

plot(t,y)

title(‘My Favorite Sine Function’)  %These functions can also be done by double clicking axis
xlabel(‘Time (sec)’)

ylabel(‘Amplitude (volts)’)

axis([0 2 –4 4])  %can be used to rescale – format is [xmin xmax ymin ymax]

General Note on Multiplying in Matlab

Since Matlab was made to process matrices, its first choice is to do this.  For example, if 
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 and you type x*y in Matlab, it will give you an error because it is trying to do a matrix multiplication but needs one to be a row vector and one to be a column vector which they are not.  To do an element by element multiplication you need to type x.*y (dot star) to get 
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Laboratory 1 Exercises

Problem 1

Make files for the two examples above and run them.  Hand in the code and plots.

Problem 2 

Solve the following systems of linear equations using Matlab.  If you cannot find a solution, state why a solution cannot be found.  Note, the first one is easy and should be used to test the solution method.  Your solution should include:  1.) The answer, 2.) the code used to get the solution and 3.) an explanation of why no answer could be found.

a.)
2x + 3y = 5

b.)
2x + 3y + 4z = 21
c.)
2x + y +z = 3

x +2y = 7


5x + 7y + z = 5

       3y + z = 23

(x = -11, y = 9)

3x + y +8z = 15

2x - 2y     = -20

d.)
3x + y      = 15

e.)  
2x + 3y = 17

f.)
2x + 3y + 4z = 26


2x +    + 20z = 10

5x + 4y = 13


3x + 4y + z = -430


4x + 3y + 5 z = 5

4x + 7y = 3

Problem 3

Plot 3 cycles of 
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.  Choose t such that the plot looks smooth.  Title the plot and label the axes.

Problem 4

Given this set of data, plot the frequency on the x-axis in log scale and the amplitude on the y-axis in decibels.  Amplitude in decibels can be calculated as AdB=20log(A)

	Frequency
	Amplitude

	100
	1

	1000
	0.707

	2500
	0.5

	5000
	0.26

	10000
	0.1

	25000
	0.05

	50000
	0.005


Sample Code

freq=[100 1000 2500 5000 10000 25000 50000];

amp=[1 0.707 0.5 0.26 0.1 0.05 0.005];

ampdb=20*log10(amp);

semilogx(freq,ampdb)

grid

title(‘Low Pass Filter’)  %These functions can also be done by double clicking axis

xlabel(‘Freq (Hz)’)

ylabel(‘Amplitude (dB)’)

Problem 5

In Matlab, type “help plot” 1.) print this out, 2.) notice the different color and display options, and 3.) notice the “also see” commands at the bottom – these are related functions that you could get help on to find out what they do.

Other Helpful Hints

· Type “help ‘function name’”

· Will print out specific help on a function.

· Type “lookfor ‘item’”

· Will bring up function related to item (may take a long time to search)

· Type “who” to list active variables.

· Typing “format compact” will single space lines.

· Placing a ; at the end of a line suppresses display of data.  Conversely, leaving the ; off is the equivalent of a print statement.

· % is used for comments

· The symbolic toolbox is not available at SDSMT.  MathCad can be used instead.

· Polynomials are entered as vectors.  For instance, s3+4s2+9 would be entered as   [1 4 0 9].

· The roots of a polynomial can be found by using the “roots” command

· roots([1 4 0 9])

· Two polynomials can be multiplied using the conv command

· (s+1)*(s+2) -> conv([1 1],[1 2])

· A single polynomial that has specified roots can be formed with the poly command

· poly([-1, -2]) -> [1 2 3] which represents s2+2s+3

· Many controls command require a transfer function as an argument.  The tf command can be used for this.

· For the transfer function, 
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, a system transfer function could be created with the command sys1=tf([1 1],[1 3 5]).

· If you need to recover the numerator and denominator vectors, the tfdata command can be used.

· [num1, den1] = tfdata(sys1,'v')

· Be aware that there is more than one way to perform some operations.  Older versions of Matlab used {num,den} as arguments instead of {sys}

· step(num,den) is the same as step(sys)

· To calculate the derivative of a polynomial or transfer function, use the polyder command. The residue command can be used to find a partial fraction expansion.

Matlab® Tutorial Web Sites

Note:  Many of these tutorials were developed with a certain operating system or a lower version. Therefore, you will have to ignore some items in the tutorials.

http://www.engin.umich.edu/group/ctm/  
http://www.math.ufl.edu/help/matlab-tutorial/ - looks fairly complete

http://www.math.utah.edu/lab/ms/matlab/matlab.html 

http://spicerack.sr.unh.edu/~mathadm/tutorial/software/matlab/
http://www.me.pdx.edu/~gerry/MATLAB/masterOutline.html#intro 

http://www.rit.edu/~pnveme/Matlab_Course/DEFAULT.HTM 

http://www.aa.washington.edu/controls/matlab/intromtl.pdf
Or Explore on your own -This site has a lot of links

http://www.eece.maine.edu/mm/matweb.html
A “how to” or answer guide

http://web.mit.edu/answers/matlab/index.html
Single commands can be executed here





Needs to be the directory you are saving your file in





This area will list the variables.





Can toggle to see the last commands executed





Can toggle to start other Matlab applications





Click to run the program.  If the file is not saved in the current directory, Matlab will ask you to change it.
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