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I.
Lab Requirements:

Try all examples and answer all questions. The lab report will be due one week after your scheduled lab time. Your report should be clear, concise, and include all attachments that are requested. Grammar and style will account for 20% of the grade. The report should have the following contents:

I.  Heading
Title

Your name

Partner’s Name

Date

II.
Objective
State the objective of the lab. (e.g., to become acquainted with MATLAB)

III.
Experiments
Provide a brief statement of your understanding of the experiments that are conducted.

IV.  Results
Answer all questions clearly. Label all plots (with figure numbers) and label all axes unambiguously. An easy-to-follow format will receive a better grade (e.g., underlining or highlighting important points and answers).

V.
Analysis
This section should analyze those results and summarize what you learned by doing this lab. Please be concise. You do not need to repeat what is already in the lab handout or in previous sections here.

VI.
Conclusions
Since this is a tutorial on MATLAB, some comments on what you think of this tool would be appropriate.

VII.
Attachments:

Include all plots requested and MATLAB code you use in the lab.
II.  Brief Description of MATLAB


MATLAB is a toolset for mathematical analysis and problem solving which is widely used in electrical engineering. It contains several toolboxes including Signals Toolbox, Communications Toolbox, and Image Toolbox. MATLAB interprets commands line by line as you enter them. You can also use it as a user-friendly programming language similar to Pascal or C, as well as to carry out symbolic computations. MATLAB’s graphical capabilities are invaluable for visual analysis of numerical data.


This tutorial will introduce you to MATLAB’s syntax and provide you with some insight into its capabilities. You can gain access to MATLAB using your student version or versions on each of the computers in WW 214. To start MATLAB, go to the MATLAB shortcut and double click.


We will denote the MATLAB prompt by ». In the following, italicized text is to be typed exactly as it appears, and normal text is to be replaced by your own variables or filenames. It does not matter how many spaces are on a single line. The end of a command is either a semi-colon or carriage return. The semicolon prevents MATLAB from displaying intermediate results. The percent sign % can be used for inserting comments on a line. To continue a line, three consecutive periods, ..., may be used.


MATLAB is case sensitive and limits the number of characters in a variable name to 19. A variable name should begin with a letter. The name can include a #, digits, or underscores. The following variables have special meaning in MATLAB.

Table 1:  MATLAB Special Variables

	Variable
	Value

	ans
	Default variable name used for results

	pi
	ratio of the circumference of a circle to its diameter

	eps
	smallest number allowed on computer

	inf
	infinity

	NaN
	not-a-number

	i and j
	i=j=(1

	Realmin, realmax
	smallest usable positive number and largest usable positive number


If you have questions, ask the instructor for help. You can also invoke MATLAB’s online help facility by typing “help” on MATLAB prompt, or type “help subject " to get specific information of a command (function). For example, if you want to know the usage of command plot, just type


»help plot<ret>

When you are done, type “quit" or “exit" to return to the command line.

III.  Basic Mathematic Calculations

This section demonstrates how to use MATLAB as a calculator. MATLAB is designed to work on matrices. However, if we treat a scalar as a 1x1 matrix, MATLAB resembles a calculator. Table 2 shows the basic math operators. Table 3 lists elementary math functions. The rules of precedence are given below:

1.
Expressions are evaluated from left to right;

2.
Power operations have highest order of precedence, followed by multiplication and division, followed by addition and subtraction;

3.
Parentheses can alter this ordering.

Table 2: Basic Arithmetic Operations

	Operations
	Symbol
	Example

	addition
	+
	5+3

	subtraction
	-
	23-12

	multiplication
	*
	3.14*0.85

	division
	/ or \
	56/8 = 8\56


Table 3: Elementary Math Functions

	Symbol
	Definition

	abs(x)

acos(x)

angle(x)

asin(x)

atan(x) 

atan2(x,y) 

ceil(x) 

conj(x) 

cos(x) 

exp(x)

floor(x) imag(x) 

log(x) 

log10(x) real(x) 

round(x)

sin(x) 

sqrt(x)


tan(x) 
	absolute value or magnitude of complex number
inverse cosine
angle of complex number
inverse sine

inverse tangent

four quadrant inverse tangent

round upwards

complex conjugate

cosine

exponential

round downwards

complex imaginary part

natural logarithm

common logarithm

complex real part

round towards nearest integer

sine

square root

tangent


Here are some examples to try:

Example 1: Observe the effect of the parentheses on the precedence. The default variable is ans.

4x32= 37

» 4*3^2+1 <ret>

and

» (4x3)2+ 1<ret>

Example 2: The variable x is used in this example
» x=sqrt(2)/2 <ret>

Example 3: Observe that the semicolon prevents the result from being displayed. In this case, you need to enter c1 without the semicolon to see the result.

c1=(-2)0.5



» c=sqrt(-2);<ret>

Question 1: 
Evaluate the following expressions (remember to include numerical answers in the result section and executable MATLAB code as attachment of your report):

(a)
y =sin(x), where x = (2 0.5)/2

(b)
convert y in part (a) from radians to degrees

(c)
c4 = 6+ j sin(0.5) + c (using c from the example)

(d)
c5 = real part of c4

IV.
MATLAB Workspace

As you work in the command window, MATLAB remembers the commands and variables you type. That is, anything you do within a single session can be recalled (if not cleared). To check values of previously assigned variables, type their name followed by <ret>. To recall previously

typed commands, use arrow keys ( and (. To edit a recalled command, the arrow keys(( and () and the Backspace key may be useful.

Question 2: 
Edit the command you use in Question 1(d) to create a variable equal to the

imaginary part of c4. (Description about this process in the report is required.)

Timely clearing and saving of the workspace is recommended to avoid problems in long work sessions. To check all variables currently defined in your workspace, type:
» who<ret>

You can save and clear your workspace with the following command.


» save filename<ret>


» clear<ret>

A .mat extension is automatically appended to the filename. You can retrieve all the variables and values by typing:


» load filename<ret>


» who<ret>

V.
Signal Representation and Operations

In general, sampled signals could be represented by column or row vectors with their time indexes. To create a vector, all you have to do is start with a left bracket ( [ ), enter the desired sample values separated by spaces or commas, and close the array with a right bracket ( ] ). For example, the following command creates a sequence variable which has 4 samples:
» variable = [4 1 sqrt (2) sin (0.5)] <ret>

Arrays containing linearly spaced elements can be defined with colon notation, » variable = [first_value:increment:last_value].

The increment can be omitted if it is 1. Arrays with linearly spaced elements can also be formed by using linspace function, its arguments are linspace(first​_value, last_value, number_of_values).  Logarithmically spaced data elements can be formed using the logspace function.
Example 4: Here are three ways to create an array xp which has 11 equally spaced samples from 0 to  (a) use xp=[ 0: pi/l0: pi ] directly; (b) first create an array equally spaced between 0 and 1

then multiply it by  (c) use linspace function:


»xp=[0:pi/10:pi]



»xp*pi



» xp = linspace()

If not stated otherwise, all vectors in MATLAB are indexed starting from 1, e.g., x( 1) is the first element of vector x. Thus, in order to represent a signal with negative or zero time index, an additional index vector should be defined. The following code will define a discrete-time signal x[n]=2n, for n = (3,..,3:
»x=2*n;<ret>

»plot(n,x)<ret> % This command is to show the vector x[n] graphically

In MATLAB both stem and plot can be used to plot a signal. Generally stem is used when we want to plot short discrete-time signals, and plot is better suited for sampled approximations of continuous-time signals or for very long discrete-time signals. The difference between these two functions can be seen by typing the following example:
»n [(5:5], n2=[-5:0. 1:5];

»x =n>=-2&n <2;

 »x2=sin(n2);

»subplot(2, 1,1), stem (n,x) 
»subplot(2,,2), plot (n2,x2)

Question 3: 
Exchange the stem and plot functions in the example, and watch the results.

Explain the advantages and disadvantages of each function.

The following example describes the process of creating a sampled sinusoidal signal:

Example 5: Evaluate sin(pi*x) from 0 to 1 using a sampling period of 0.1: create an array for the argument of sine,
» x = ();
% build an array starting at 0, ending at 1, and incremented by .1
» length(x)


% returns the length of the array x
» xp = x*pi,.


% multiply each element of the array bypi
» length(xp)
» xp(3)


% refers to the third element in the xp array only
» xp(2:6)


% references the second through sixth element of the xp array

evaluate the function at the sample points,
»y= sin(xp);<ret> 
»length(y)< ret>

plot the function,
»plot(x,y) 



% creates a simple 2-dimensional plot of y 
»xlabel(' theta' );
»ylabel(‘function value’); 
»title(’Sampled Sine Function for Example VIII’);

and use “close “command to close current graph window,

»close

Now, we discuss how to manipulate signals. A lot of signal processing operations can be directly expressed as vector arithmetic operations in MATLAB. The following table illustrates basic array operations, where a = [a(1) a(2) ... a(n)], b = [b(1) b(2) ... b(n)], and c = c (scalar).

Table 4: Basic Array Operations

	 Operation
	Illustation

	scalar addition
	a+c = [a(1)+c a(2)+c ... a(n)+c]

	scalar multiplication
	a*c = [a( 1 )*c a(2)*c ... a(n)*c]

	array addition
	a+b = [a(1)+b(1) a(2)+b(2) ... a(n)+b(n)]

	array multiplication
	a.*b [a(1)*b(1) a(2)*b(2) ... a(n)*b(n)]

	array division
	a./b = [a(1)/b(1) a(2)/b(2) ... a(n)/b(n)]

	array powers
	a.^c = [a(l)^c a(2)^c ... a(n)^c]
a.^b, = [a(1 )^b( 1) a(2)^b(2) ...  a(n)^b(n)]


Question 4: 
Create and plot the following signals using sampling rate l0 Hz (i.e. 10 samples per second). Include the plots in your report:

a.  y = cos(5t);

b.  y2 = 2exp((2t)*cos(5t);

c.  add a noise scaled by 0.2 on y
(use function ‘randn’, and type help randn if you don’t know how to use it).

So far, arrays are defined as row vectors. We can also define a column vector.
Example 6: Define a column vector by transposing a row vector



»a = [:5]

» c =  i*a
»  b = c' 
%take the complex conjugate transpose of the c vector.
Question 5: 
Execute the following and explain what the dot-transpose operator does?
» b = c.’ 
% takes the dot-transpose of c

VI. Relational and Logical Operations

There are a number of relational and logical operators which are important in MATLAB. Tables 5 and 6 list a number of these operators. Parentheses are often used along with these operators to make the commands more readable.
	Table 5:  Relational Operators
Operator

Description

<

Less than

<=

Less than or equal to

>

Greater than

>=

Greater than or equal to

==

Equal to

~=

Not equal to


	Table 6:  Logical Operators
Operator

Description

&

And

|

Or

~

Not 




Example 7: Execute the following commands and observe the results:



»a = ();

» test = a>0.5



» test2 = a<1

Example 8: Now we can generate discontinuous signals:

» x=linspace();
%ocreate linearlv spaced data array
» y = sin(x);
% compute sin(x)
» z= (y>=3).*y;
% set negative values of sin(x) to zero

»plot(x,z)


» axis

»xlabel(’x' ),ylabel(’z=f(x)' ), title(’A Discontinuous Signal')
Question 7:  Suppose the sampling rate is 10 Hz.

(a)  Generate a step function u(t);

(b)  Generate a pulse function u(t)  u(t);

(c)  Generate an impulse function at t=4. 
VII.
M-Files

MATLAB is usually used in a command driven mode; when single-line commands are entered, MATLAB processes them immediately and displays the results. MATLAB is also capable of executing sequences of commands that are stored in files. Together, these two modes form an interpretive environment. Disk files that contain MATLAB statements are called M-files because they have a file extension of ".m”. For example, a file named sinnoid.m might contain MATLAB statements that evaluate a sin wave.

A practical use of M-files is to automate long sequences of commands. Such files are called script files or just script. In the following question you are expected to use M-files, since there are a number of steps involved. Simply open a text file in your sub-directory. Place all the commands in the file (no prompts). Save the file as “filename.m”. Then to run it, you go to your MATLAB command shell and type the filename without extension. It is a good idea to use the M-files in all the other labs to facilitate your work.
Example 9: Use the built-in MATLAB editor to create a script file called funky.m containing the following lines:


»tt=-2:0.05:3;


»xx=sin(2*pi*0.789*tt);


»plot(tt,xx), grid on


»xlabel("TIME (sec)')

Run your script from MATLAB.  To run the file funky, try


»funky

%will run the commands in the file


»type funky
%will type out the contents of funky.m to the screen


»which funky
%will show directory containing funky.m

Question 8:

Add three lines of code to your script, so that it will plot a cosine on top of the sine.  Use the hold function to add a plot of


0.5*cos(2*pi*0.789*tt)

Another type of M-file provides extensibility to MATLAB, called function files, which allow new functions to be added to the existing functions. Here is a simple example. The file mean.m defines a new function called mean, which contains the commands:


function y=mean(x) 
%Declare function name, input and output arguments

 
%Mean Average or mean value, For vectors, mean (x) returns the mean value


% For matrices, mean (x) returns a row vector, containing the mean value


% of each column.



[m,n] =  size(x);
% m, n are local variable in mean, and will not exist



if m ==1

% after mean has finished m = n;


end


y=sum(x)/m

Then, the function mean can be used just like any other MATLAB function. For example:



»Z=[1:99];

»mean(Z)

will give the average value of Z, i.e., 50.
Question 9:

Find the mistake in the following function.


function  [sum,prod] = sumprod(x,x2)

%SUMPROD
Function to add and multiply two complex numbers

% usage:



%
[sum,prod] = sumprod(x,x2)

%
x = a complex number

%
x2 = another complex number

%
sum = sum of x and x2

%
prod = product of x and x2


%

sum = z+ z2;

prod = z*z2;
