MATLAB Tutorial

(1) Constants (1 x 1 matrices)

-  Can be real or complex (real + imaginary parts)  type the following line and hit enter

» x=3

MATLAB response:
x =3

- Now try:

» y=6+4i

MATLAB response:
y =6.0000+ 4.0000i

- to turn off the “echo”, type a semi-colon at the end of command, try

» z=7;

MATLAB response: nothing (no echo)

- to get a list of variables in the “workspace”, type:

» whos

MATLAB response:

  Name      Size         Bytes  Class

  x         1x1              8  double array

  y         1x1             16  double array (complex)

  z         1x1              8  double array

Grand total is 3 elements using 32 bytes

(1A) Operations with scalars

-  You can perform basic math functions with scalars. Try the following:

Addition + 

» x+z 

ans =10

-  Subtraction –
» x-y

ans = -3.0000- 4.0000i

(recall that y is complex, so the answer is complex)

-  Multiplication *

» x*z

ans = 21

-  Division /

» x/z

ans = 0.4286

-  Exponents ^

» x^2

ans = 9

- Note the syntax for scientific notation:

» 1.23e5

ans = 123000
-  You can also use parentheses for grouping, try:

» (x+z)*(z-x)

ans = 40

-  Note the difference between the following two inputs:

» (x+z)^2/2+1

ans = 51

» (x+z)^2/(2+1)

ans = 33.3333

** This demonstrates how MATLAB follows “order of operations”: 

- First:  exponentiation (roots, trig functions, etc.)

- Second: multiplication/division 

- Third: addition/subtraction 

-  When in doubt, it’s “safer” to use parentheses, even if it isn’t necessary as far as MATLAB is concerned.  It will make your code more readable.

- Assignment Statements:  You can create a new variable using existing variables.  Try the following three examples:

» u=x*z

u = 21

» v=z/x

v = 2.3333

» w=x^z

w = 2187

STOP

(1B) Built-in variables and functions:

-  pi, type:

» pi

ans = 3.1416

-  Trig functions: sin, cos, tan, asin, acos, atan, sinh, cosh, tanh, etc.  type:

» sin(pi)

ans = 1.2246e-016

» cos(pi)

ans = -1

* Note that you must always put the “argument” of the function in parentheses

-  Square root function. Type:

» sqrt(x)

ans = 1.73205080756888

-  Exponential function, ex   type:

» exp(z)

ans = 1.096633158428458e+003

-  Natural logarithms -  try the following three examples:

» ln(4)

??? Undefined function or variable ‘ln’.

» log(4)

ans = 1.3863

» log10(4)

ans = 0.6021

*Note that log means natural log (i.e., log base e).  If you want a base ten log, you need to use the command  log10

Other Things (I)

(1) Variable names can be any alphanumeric string – NO SPACES or “SPECIAL CHARACTERS”.  

They must begin with a letter character.

acceptable names:

A2, x1, ydot, velocity, accel, pressure, current, me244, rel_velocity

unacceptable names:

2D, x+, tank volume, #2

- Try entering the following two examples and note the MATLAB error messages:

>>tank volume=30

??? tank volume

               |

Missing operator, comma, or semi-colon.

» @x=9

??? @

        |

Missing variable or function.

- MATLAB is CASE SENSITIVE!  This means that the variable D and the variable d are different variables.  Enter the following four commands and note MATLAB’s response:

» D=10

D = 10

» d=20

d = 20

» d

d = 20

» D

D = 10
(2) What if I enter something incorrectly?

-  Say you enter vel=0.5 but you meant to enter vel=0.7.  You can simply retype the command and MATLAB will overwrite the variable.  Try it now.  Enter:

» vel=0.5

vel = 0.5000

» vel=0.7

vel = 0.7000

· Say that you entered vel=0.5, but you wanted to call it vel0 instead.  You can enter vel0=0.5 ,but vel=0.5 is also still there as a variable.  This may not be a problem, but it could lead to errors/bugs later if you use the variable vel for something else.  If you want to be on the safe side, enter the command:

clear vel

Be careful with the clear command.  If you type clear without anything after it, MATLAB will clear ALL of the variables in the workspace!  More on clear later.

(3) The “up arrow” command: pressing the “up arrow” key in the lower right portion of the keyboard brings up the last command that you entered in MATLAB.  You can hit this key repeatedly, i.e. MATLAB remembers all of the commands that you enter in a session.  Similarly if you up arrow to something, you can “down arrow” to move forward through the “history” of commands.  Try it now.

(4) If you up arrow to a previous command, you can edit it by backspacing over characters and retyping new characters in their place.  Move around the command line using the arrow keys and create a modified command line and hit enter.  Try it now.

STOP

(2) Row vectors (1 x n matrices) and column vectors (n x 1 matrices)

- Type in the following row vector, with a space between each element:

» A=[1 2 3 4]

A = 1     2     3     4

- Type in the following column vector, hitting return after each element:

» B=[6

7

8

9]

B =

     6

     7

     8

     9

-  Another way of entering a column vector using the “prime (or single quote)” character.  Type:

» C=[1 2 3 4 5]’

C =

     1

     2

     3

     4

     5
-  Say you wanted to use row vector A, defined above, as a column vector with the same elements, but you didn’t’ want to create another variable, you can use the prime character.  Type:

» A’

ans =

     1

     2

     3

     4

- Type whos to see what we have so far (note that list is in alphabetical order with capital letters first):

STOP

(3) Matrices  (m x n) : m= # of rows, n = # of columns

-  Here are two different ways to enter a matrix in MATLAB:

- Way 1 – enter the following, putting spaces between the elements and hitting return after every third element:

» K=[1 2 3

0 4 6

9 7 2]

K =

     1     2     3

     0     4     6

     9     7     2

- Way2 – enter the following “one-line” command, using semi-colons to separate the rows (the semi-colon acts as a “return” character):

» L=[1 5; 3 4; 8 5]

L =

     1     5

     3     4

     8     5

- Now enter the following two matrices using either of the above methods:

M =  0     2     3     5

        7     3     8     4
N = 1     1     3

       4     5     6

       9     4     8
STOP

(3a) Vector and Matrix Operations

- Vector or matrix addition and subtraction – matrix or vector dimensions must be the same.  Try:

» A+B

??? Error using ==> +

Matrix dimensions must agree.
» A+B’

ans = 7     9    11    13

» K+N

ans =

     2      3      6

     4      9     12

    18    11    10
-  Vector or matrix multiplication – “inner” dimensions of matrix/vector must be the same, i.e.

   (m x n) matrix  *  (n x m) matrix.  Try:

» M*L

??? Error using ==> *

Inner matrix dimensions must agree.

» L*M

ans =

    35    17    43    25

    28    18    41    31

    35    31    64    60

- Note that the product of an nxm matrix and an mxn matrix yields an nxn matrix (i.e., the inner dimensions “cancel each other out”.)

- Try creating some new matrices and vectors yourself and practice some operations.

- Term by Term Matrix Operations: You can multiply, divide, and exponentiate matrices on a term-by-term basis.  You do this by placing a period before the operator.  Try the following:

» L.*L

ans =

     1    25

     9    16

    64    25
» M.^2

ans =

     0     4     9    25

    49     9    64    16
* Note: when performing term by term operations, the vectors/matrices must have the same dimensions. Try:

» L.*M

??? Error using ==> .*

Matrix dimensions must agree.
- Vector Transpose: change a column vector into a row vector (and vice versa) – use the “prime” character.  Try:

» J=A’

J =

     1

     2

     3

     4

» Q=B’

Q =

     6     7     8     9

- Matrix Transpose: interchanges the rows and columns of a matrix.  This converts an mxn matrix into an nxm matrix - try:

» R=M’

R =

     0     7

     2     3

     3     8

     5     4
- Matrix Determinant – try:

» det(N)

ans = -49
- Matrix Inverse – enter a new matrix Z, then compute inverse:

Z = [ 1     2     3

4     5     6

7     8     9]
» inv(Z)

Warning: Matrix is close to singular or badly scaled.

         Results may be inaccurate. RCOND = 2.055969e-018.

ans =

  1.0e+016 *

  -0.45035996273705   0.90071992547410  -0.45035996273705 

   0.90071992547410  -1.80143985094820   0.90071992547410

  -0.45035996273705   0.90071992547410  -0.45035996273705

- The previous matrix is singular (its inverse does not exist.)  Verify this by computing the determinant:

» det(Z)

ans =

     0
(If the determinant of a matrix is zero, then it is not invertible.)

- Try computing the inverse of the non-singular matrix N:

inv(N)

ans =

  -0.32653061224490    -0.08163265306122     0.18367346938776

  -0.44897959183673     0.38775510204082    -0.12244897959184 

   0.59183673469388    -0.10204081632653    -0.02040816326531

STOP

-  Application of matrix inverse.  Solve the system of algebraic equations:
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- Enter the following three commands into MATLAB to carry out the solution:

» E=[1 1; 3 -4]

E =

     1     1

     3    -4

» F=[5 -6]’

F =

     5

    -6

» x=inv(E)*F

x =

   2.00000000000000

   3.00000000000000
Note: The same results could have been done by using the “left division” command

» E\F

ans =

  2.0000e+000

  3.0000e+000
STOP

- Matrix Divison:  MATLAB has several options for matrix division.  You can “right divide” and “left divide”. 

- Right Division: use the slash character

» K/N

ans =

  5.5102e-001  3.8776e-001 -1.2245e-001

  1.7551e+000  9.3878e-001 -6.1224e-001

 -4.8980e+000  1.7755e+000  7.5510e-001

This is equivalent to the MATLAB expression

» K*inv(N)

-Left Division: use the backslash character

» N\L

ans =

  8.9796e-001 -1.0408e+000

 -2.6531e-001 -1.3061e+000

  1.2245e-001  2.4490e+000
This is equivalent to the MATLAB expression

» inv(N)*L
- The best way to remember these two operations is: the matrix that the slash is “leaning towards” is the one that gets inverted.  

- Note: Ensure that the matrix that’s effectively being inverted is square!  MATLAB will allow you to use the matrix division feature with non-square matrices, but the definition is different than above.

STOP

Other Stuff (II)

-  Length of a column or row vector- gives the number of elements in a vector (useful in programming):

» length(A)

ans = 4

» length(C)

ans = 5

-  Dimensions of a matrix – gives the number or rows and the number of columns:

» size(L)

ans = 3     2

- Indexing arrays and matrices - singling out particular elements of a vector or matrix:

- Vectors – say that we want to reference the third element of the column vector B.  Type:

B(3)

ans = 8

- Matrices – say that we want to reference the element of row 3, column 2 of matrix L.  Type:

» L(3,2)

ans = 5

* Note: ZERO is never used as a matrix or vector index in MATLAB (it always starts with 1.)  Try:

» C(0)

???  Index exceeds matrix dimensions.
- Referencing parts of arrays or matrices

- Arrays: Say we want to put the first three elements of column vector C into a new column vector D:

» D=C(1:3)

D =

     1

     2

     3
- The colon operator is used to specify the range.

· Matrices:

- Say we want to put rows 1and 2  & columns 2 and 3 of matrix N into a new matrix NM.  Type:

» NM=N(1:2,2:3)

NM =

     1     3

5 6 

- Say we want to put the first column of matrix N into a column vector NC.  Type:

» NC=N(:,1)

NC =

     1

     4

     9

*  The colon by itself means “all”.  We put all the entries (“rows”) in column 1 of matrix N into a column vector NC.

- Similarly, we may simply want to reference a column or row of a matrix (used often in programming.)  Say that we want to reference the entire second row of matrix N.  Type:

» N(2,:)

ans = 4     5     6

- Compare with the previous command where we referenced an entire column (note where the colon is.)

STOP

- Some shortcuts for creating arrays:

- Say we want to create an array that goes from 0 to 1 with an increment of 0.1.  Type:

» time=(0:0.1:1)

time =

  Columns 1 through 7 

         0    0.1000    0.2000    0.3000    0.4000    0.5000    0.6000

  Columns 8 through 11 

    0.7000    0.8000    0.9000    1.0000

- The middle number is the increment.  The first and third values are the starting and ending values.

- The default value for the increment is 1.  Thus, to create an array that goes from 1 to 5 in increments of 1, we simply type:

» steps=(1:5)

steps =

     1     2     3     4     5
- Shortcuts for creating special matrices

- Matrix of zeroes –  to create a 3x3 matrix of zeros, type:

» Z1=zeros(3,3)

Z1 =

     0     0     0

     0     0     0

     0     0     0
- Identity matrix – create an nxn identity matrix (i.e. 1’s on the diagonal elements with all others equal to zero.) Say we need a 4x4 identity matrix (usually the identity matrix is represented by the letter “I”.  Type:

» I=eye(4)

I =

     1     0     0     0

     0     1     0     0

     0     0     1     0

     0     0     0     1
STOP

(4)  Loops and Decision Structures

-  Let’s say that we want to execute a set of commands repeatedly a given number of times.  MATLAB allows the user to do this using two different types of loop structures.

-  Before we begin this section, type:

» clear

(4a) “For” Loops (or “variable controlled” loops)

-  The value of a specified variable (usually some kind of  “counting” variable) determines whether the set of instructions within the loop is executed.   For example, we want to calculate the value of the function ex for values of x ranging from 1 to 10.  We could use the following for-loop:

» for x=1:10

y(x)=exp(x)

end
Now, type whos:

» whos

  Name      Size         Bytes  Class

  x         1x1              8  double array

  y         1x10            80  double array

Grand total is 11 elements using 88 bytes

-  Notice that y has ten elements in it (as we want), but that x only has one element.  MATLAB will not automatically save your counting variable in an array.  If you want to have the values of x saved also, you must use a counting variable ,i, and you must also generate an array x before you type in the for-loop.  Type the following:

x=1:10;

» for i=1:10

y(i)=exp(x(i))

end
- Now type whos and notice the size of the variable x.  It should have ten elements.

- Let’s try another example.  Suppose that we want to calculate the value of sin(x) for values of x ranging from – to , using increments of /8.  Try:

» for x=-pi:pi/8:pi

y(x)=sin(x)

end

Warning: Subscript indices must be integer values.

???  Index into matrix is negative or zero.
-  Actually the first line is OK.  The problem is that we’re using the variable x as an index for the array y.  MATLAB requires that these be integers and they cannot be zero.  How do we get around this?  Create an array x, then use the variable i for an index.  Type:

» x=-pi:pi/8:pi

x =

  Columns 1 through 7 

   -3.1416   -2.7489   -2.3562   -1.9635   -1.5708   -1.1781   -0.7854

  Columns 8 through 14 

   -0.3927         0    0.3927    0.7854    1.1781    1.5708    1.9635

  Columns 15 through 17 

    2.3562    2.7489    3.1416

Now, enter the for-loop:

»  for i=1:length(x)

y(i)=sin(x(i));

end

Now, type whos to see the variable list.  Also, type y and hit return to see the elements of the array.  Do the same with x to see the range of values for which sin(x) was calculated.

(4b)   Decision Statements “If-Then” Logic

- In this type of structure, the value of a conditional statement (i.e. it’s either true or false) determines whether a set of instructions is executed.   There are few different options here, so let’s begin with the easiest one: if some condition is true, execute this set of commands, otherwise do nothing.  Here’s an example (don’t type this in.)

if (x<0)

     force=0

end
- In some cases, we might have an alternative instruction if the condition specified is false.  Then we use “else” command (don’t type this in):

if (x<0)

     force=0

else

     force=100

end
- We can even have multiple conditional statements.  Here we use the “elseif” command:

if (x<0)

     force=0

elseif(x>10)

     force=50

else

    force=100

end
The previous statement says: “If x is less than zero, then the force is zero, but if x is greater than 10, the force is 50, otherwise (i.e. if x is between 0 and 10) then the force is 100.  

Usually, these structures are used within loops.  For example, we want to apply a force to a mass for the time interval 0 to 4 seconds.  After that, we want the force to be zero.   We could use the following loop:

for t=0:10

                   x(t) = v0 + v*t;

                   if t<=4

                       force=20;

                   end

end
* Note the two “end” statements, one closes the for command and the other closes the if command.  Also note that indenting can be very helpful with keeping track of what set of commands belongs to each conditional or loop statement.

(4c)  Relational Operators used with conditional statements
<
less than

>
greater than

<=
less than or equal to

>=
greater than or equal to

==
equal to (note:  == is used in relational statement, but a single = is used in assignment statements.)

~=
not equal to

You can create more complex conditional statements using the following symbols

&
and

|
or

~
not

For example (note that when using compound conditional statements, you must put them in parentheses):

if (x>4 & x<10)

    
       set of commands

end
if(time<10 | time>60)
    
       set of commands

end
STOP

(5) Writing a MATLAB “Script” (Program) & Using Plotting Features

- First, type clear to clear the workspace.

- Create the following script using the instructions in the MATLAB Tutorial Supplement

a=0.5;

b=-0.05;

t=0:1:10;

for i=1:length(t)

  x(i)=sin(a*t(i)) * exp(b*t(i))

  x2(i)=sin(a*t(i))* cos(a*t(i))

  v(i)=a*cos(a*t(i)) * exp(b*t(i)) + b*sin(a*t(i)) * exp(b*t(i))

end

- Run the script.  After it has run successfully, type the following command

» whos

  Name      Size         Bytes  Class

 a         1x1              8  double array

 b         1x1              8  double array

  i         1x1              8  double array

  t         1x11            88  double array

 v         1x11            88  double array

 x         1x11            88  double array

x2        1x11            88  double array

Grand total is 3006 elements using 24048 bytes

-  We now have the following vectors:

t (time) with a length of 11.  It contains the time data that goes from 0 to 100 in increments of 0.1.

x (position) with a length of 11.  It contains the position data based on the equation above.

x2 (position) with a length of 11.  It contains the position data based on the equation above.

v (velocity) with a length of 11.  It contains the position data based on the equation above.

- Now, let’s plot position:

» plot(t,x)

- Notice that the plot doesn’t have good resolution and it would be better to extend the time scale.  We also want to turn the echo off.  Change the following lines:

t=0:0.1:100;

x(i)=sin(a*t(i)) * exp(b*t(i));

x2(i)=sin(a*t(i))* cos(a*t(i));

v(i)=a*cos(a*t(i)) * exp(b*t(i)) + b*sin(a*t(i)) * exp(b*t(i));

- Type clear in the command window and re-run the script.

- Type whos in the command window – notice the changes in array sizes.  

- Redo the plot.

- To add a title to the plot, type:


» title(‘Position vs. Time’)

- To label the axes, type the following two commands:


» xlabel(‘time (seconds)’)

» ylabel(‘position (cm)’)
- Now, we want to plot velocity, but we want to keep the position plot open. Type:


» figure(2)

» plot(t,v)

- If we hadn’t typed the figure command, MATLAB would have overwritten the first plot.

Create a title and axis labels, as we did above. 

- Suppose that we want to rescale the axes for some reason.  The command is:


» axis([0 100 -1 1])

The first two numbers are the bounds of the x-axis (xmin and xmax) and the second two numbers are the bounds of the y-axis (ymin and ymax.)

- Note that all of the above plotting and plot formatting commands can be incorporated into a the script.

Edit your script now so that all of these commands are included, then re-run the script.

STOP

Multiple plots on one set of axes

- To put two plots on one set of axes, use the plot command as before, but type both sets of variable names.

» figure(3)

» plot(t,x,t,v)

- Note that you need to type the variable t both times, even though it’s the same array for both x and x2.

Multiple axes plots on one page

- As a second exercise in creating and running a MATLAB script, type in the attached script which illustrates the subplot command.  Type the script exactly as it appears on the handout.  Notice that the percent sign (%) is used to begin a comment line.   It can also be inserted in the middle of the line, as shown in the script.

t=0:0.1:10;

for i=1:length(t)


% beginning of the loop

x(i)=sin(t(i));

y(i)=cos(t(i));

z(i)=(cos(t(i)))^2;

end






% end of the loop

subplot(3,1,1),plot(t,x)

title('THIS IS A 3 IN 1 PLOT')

xlabel('xlabel1')

ylabel('ylabel1')

subplot(3,1,2),plot(t,y)

xlabel('xlabel2')

ylabel('ylabel2')

subplot(3,1,3),plot(t,z)

xlabel('xlabel3')

ylabel('ylabel3')
- Note the subplot command syntax: subplot(3,1,1)
The first and second numbers dictate the number and arrangement of the subplots, where the first number is the number of “rows” of subplots, and the second number is the number of “columns”

The third number indicates the subplot number.  The numbering goes from left to right across the first row, then drops to the second row, etc…
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