Chapter 1: An Overview of MATLAB

MATLAB is:

A high-level language and interactive environment for numerical computation, visualization, and
programming

MATLAB can:

Be used as a calculator, easily create scalars, vectors and arrays, be used as a programming
environment, make sophisticated plots, be used to create models that describe experimental
data, solve statistics and probability problems, solve systems of linear algebraic equations, solve
differential equations

MATLAB is used for:

Finite element analysis, computational fluid dynamics, signal processing and communications,
image and video processing, control systems, test and measurement, etc.

MATLAB is used by:

More than a million engineers and scientists in industry and academia



Chapter 1: An Overview of MATLAB

Chapter 1 Topics Covered:
* MATLAB Windows: Current Folder, Command, Workspace, Command History

e Using MATLAB as a Calculator
* Mathematical Operators
* Clearing Windows
* Assignment Operator

e Using MATLAB Script Files
* Creating/Saving/Editing/Executing Script Files
* Changing the Destination Folder
e Using the Editor Window
e Built-In Functions
e Search Documentation
* Order of Mathematical Precedence
* Creating Arrays and using them in Calculations
* Creating Plots with Arrays (Graphics Window)
* Creating Arrays Automatically
* Understanding Error Signals and Error Messages
e Publishing MATLAB Files



Using MATLAB as a Calculator
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Mathematical Operators

Symbol Operation MATLAB form
~ exponentiation: a” a’b
* multiplication: ab a*b
/ right division: a/b = 3 a/b
\ left division: a\b = 2 a\ b
i+ addition: a + b a+b
- subtraction: a — b a-b

Type the following commands into the Command Window to solve Problem 1.1(a):

> X=10;
> y=3;
= U=H+Y

1.  Make sure you know how to start and quit a MATLAB session. Use
MATLAB to make the following calculations, using the values x = 10,
y = 3. Check the results by using a calculator.
a u=x-+y b. v=xy w=x/y

&
d. z=sInx e. r=8siny f. s = 35sin (2y)



The output of the calculation appears in the Command Window.

The semi-colon (;) suppresses output to the Command Window.

The Workspace Window shows the names and values of the Variables.

The Command History Window shows the entered commands.

Previous commands can be accessed quickly by using the Up Arrow and Down Arrow. Try this!

Window

Command Window ¥ | Workspace @ |
>» ®=10; Mame «~  Value Min Max |
Fr y=3; H u 13 13 13
U= X+ ¥ HH « 10 10 10 |

[ y 3 3 3
g =
Workspace Window
13
fo »» ~x=10 o
Command N Command History
Window Y=3s =




Clear the Command Window by typing clc (and hit enter) into the Command Window.

Command Window
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- x=10;




Remove all of the variables from the Workspace by typing the command clear in the Command

Window.

Command Window

Workspace (¥
Mame =  Value Pin Pax
Command History (¥




In the previous example, the equals sign (=) is called the Assignment or Replacement Operator.
Type in the following session to demonstrate that the Assignment Operator is different than the
equals sign in mathematics.

Command Window

(@) New to MATLAB? Watch this Video, see Examples, or read Getting Started, X

> clear
== x=5

> x=x4+l

36




The second command line that was typed in is shown in the Command History Window below.
It states the following:

“Replace variable x with the current contents of variable x plus 1.”
In the third command line, the caret symbol (*) denotes exponentiation.

“Replace variable x with the current contents of variable x raised to the second power.”

Cormmand History (¥
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Use MATLAB to solve Problem 1.3(a) as shown below:

3. Suppose that x = 3 and y = 4. Use MATLAB to compute the following,
and check the results with a calculator.

1\ . 3y 4(y — 5
a. (I - ) b. 31x- C. 2 d. s, - )
- dx — 8 3x — 6




Command Window

'::I::' Mew to MATLAB? Watch this Video,

x> H=3:
=» u=(1-1/x"5)"(-1)

1.0041




Using MATLAB Script Files

Another method of computation is to create a Script File, which is a way to store commands to
be executed in the Command Window. Use the Home/New Script tab to create a new Script
File:
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The new window that has appeared is called the Editor/Debugger. Use the Editor in MATLAB to
solve Problem 1.3(a) by typing the following.

=T Editor - Untitled*

EDITOR
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=| Compare
Mew QOpen Save EJ i !

FILE |
(Untitled x|
1 x=3;
2 |1..'.lf (1-1/x"~5) "~ (-1}
3

3. Suppose that x = 3 and y = 4. Use MATLAB to compute the following,
and check the results with a calculator.

1) , 3y 4(y —
a. (l - ) b. 3mx- C. Y d O j)-

X 4x — 8 C 3x — 6




Before saving, change the folder that MATLAB saves files to (the Destination Folder) by pushing
the Browse for Folder button:
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Select the Desktop folder to be the Destination Folder.
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Save the file using the Save button. MATLAB Script File names must start with a letter, and the
only special character allowed is the underscore. Numbers are allowed, as long as the number is

not the first character. Spaces are not allowed.

4\ MATLAB R2012b
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The file appears in the Desktop folder as a *.m file. The Script File must be saved prior to
execution. Press the green Run button to execute the Script file. Alternatively, pressing the Run
button will automatically save the Script File.
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The results of the calculation appear in the Command Window. Notice that the values shown in
the Workspace Window have changed.
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MATLAB will give you clues when you make a mistake in your equations. Delete the last
parenthesis in the equation. Notice that the square becomes red, and a red line appears at the
line that has the mistake. Also, a squiggly line appears where MATLAB thinks the error lies.

[ Probleml_3a.m™ K]

l Editor - C\Users\scott\Desktop... (@ x

1l - =3
n = il—lf:-:"‘E-]“‘i—i

11

Hover the cursor over the red line: EOL stands for End Of Line.

Editor - C\Users\scott\Desktop... (¥ x

[ Probleml_3a.m® K]
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@ Line 2: Invalid syntax at <EOL>. Possibly, a ), }, or ] is missing.

24 Line 2: Terminate staternent with semicelon to suppress outpu




Make the following change in the Script File and save the program using the Save Button under
the Editor drop-down menu prior to running the program.

| Probleml_3a.m Kl

- Xx=3;
— u = (1-1/=x"5)"(-1)
- W = 3I¥piF*x"2

i LR = L k3 B

[

Command Window

u=

1.0041

g84.8230

fx

m

1

Mame = Yalue Min M ax
u 1.0041 1.0041 1.0041
W 84,8230 84,8230 84,8230
X 3 3 3

Command History

PID]::uleml_Ea




In the modified Script File, the built-in variable pi was used. Other built-in functions exist, as
shown in the following session where Problem 1.16(a) is to be solved.

Function MATLAB syntax’
e’ exp (x)
Jx sqrt (x)
In x log (x)
log,, x 1logl0 (x)
COS X cos (x)
sin x gini{x)
tan x tan(x)
cos™ ! x acos (x)
sin”! x asin (x)
tan~' x atan (x)

'The MATLAB trigonometric functions use radian

measure.
16. Use MATLAB to calculate
a. 6mtan” '(12.5) + 4 b. 5tan[3sin '(13/5)]
¢. 51In(7) d. 5log(7)

Check your answers with a calculator.

Create a new Script File using the New File Button on the Editor. MATLAB gives the new file the
temporary name Untitled2.
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Type in the following to calculate the equation given in Problem 1.16(a). Get in the habit of
typing in the first two commands to clear the command window and to clear the variables
stored in memory.

6w tan”'(12.5) + 4

Probleml_3a.m | Untitled3* x|
clc []

clear
u=6*pi*atan(lz2.5)+4

= L Rk B

Save it to the Desktop using the Save As drop-down menu:
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Notice that you can toggle back and forth between the two saved files by clicking on the names
in the Editor Window. Try it! Press the Run button to execute the new Script File.
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To learn how to use the atan (arc tangent) command, use the Search Documentation window:

FUNCTIOMS

_ﬁ‘: atan t
Inverse tangent: result in radians atan

atan2 Inverse tangent; result in radians
Four-quadrant inverse tangent

o Syntax

Inverse tangent: result in degrees
¥ = atan(X)

atanh L
Inverse hyperbolic tangent DESCI‘lptlﬂ]l
atan2d ¥ = atan (¥) returns the inverse tan

E A S -

Four-quadrant inverse tangent: result in degrees

ﬁc atan - Inverse tangent; result in radians
This MATLAB function returns the inverse tangent (arctangent) for each element of X.
MATLAB = Mathematics = Elementary Math > Trigonometry



The Order of Precedence is a very important concept for properly performing calculations.

Precedence Operation
First Parentheses, evaluated starting with the innermost pair.
Second Exponentiation, evaluated from left to right.
Third Multiplication and division with equal precedence, evaluated from
left to right.
Fourth Addition and subtraction with equal precedence, evaluated from
left to right.
Function MATLAB syntax*
e exp (x)
Using Order of Precedence principles, create a \/; sqgrt (x)
MATLAB script file to calculate Problem 1-15(a). Inx log (%)
logo x 1og 10 (x)
15. Use MATLAB to calculate R - )
1y . sIn x sin (x)
a. ¢V + 347 log(14) + V287  tanx tan (x)
cos ! x acos (x)
sin~ ! x asin (x)
tan_ ! x atan (x)



1S. Use MATLAB to calculate
a. €2V + 347 log(14) + V287

‘[ probleml_13a.m = ]

1= clc

2 — clear

3

4 — u=exp((-2.1)"3)+3.47*1logl0(14)4+(287)"(1/4)
=]

Command Window

8.0931




15. Use MATLAB to calculate
a. ¢V + 347 log(14) +V287 b. (3.4) log(14) + V287

> (4.1217) (4.1217)2
C. COS d. cos
6 6

Function MATLAB syntax*

e exp (x)
Vx sgrt (x)
In x log (x)
logip x 1log 10 (x)
COS X cos (x)
sin x sin (%)
tan x tan (x)
cos ! x acos (x)
sin” ! x asin (x)
(



MATLAB can perform calculations on Arrays with the same ease as it does with single numbers
(Scalars). Create and run a new Script File for Problem 1.13:

" Editor - C\Users\scott\Desktop'\Probleml_13.m (v)
4m x| Probleml_16a.m = | probleml_15am = || Probleml_13.m K]}
1= clec L]
2 — clear

3 - disp('Problem 1.13 by S5cott Thomas')

4

3 — x(1l) = 0;

6 — x(2) = 1;

- [— x(3) = 2:

8 — x(4) = 3:

9 = Xx[(3) = 4;

10 — x(6) = 5;

11

12 — x
Command Window (¥

Problem 1.13 by Scott Thomas



The new variable x is an Array of six separate numbers that can be acted on as a single unit. The
syntax for an Array is

Variable_name(Index_number) = Value

The Index Number shows where the particular Value resides within the Array. Index numbers
are integers starting with 1.

:.:=

0 1 2 3 4 =

L Index Number = 1; Value = 0

Notice that the Workspace Window shows all of the Values of variable x:

Mame Value Min M ax

X [01,2,3,4.5] 0 5




Calculate the new variable y (Array) using the following equation in terms of variable x:

y = 7 sin(4x)

B Editor - C\Users\scott\Desktop\Probleml_13.m*

4m % | Probleml_l6a.m % | probleml_15a.m * [F'rn-l:}lernl_lim* K]}
1 — clc I
2 — clear

== disp('Problem 1.13 by Scott Thomas')

4

= |— ®x(1l) 0;

6 — =(2) 1;

7 - ®x(3) 2

g — x(4q) 3:

9 - ®x(5) 4;

10 — x(8) a;

11

12 — X

13 — v = T¥=in(4%x)

14




Command Window (x)
Problem 1.13 by Scott Thomas
E —
0 1 2 3 4
1'.?- —
Column= 1 through 5
0 -5.2976 6.39255 -3.7560 -2.0153
Column &
6.3906
fx »
Workspace
Mame «  Value Min Max
X [0.1.2,3.4,5] 0 5
y [0-5.2976,6.9255,-3.7560 -2.0153,6.3906] -5.2976 6.9255




Plot the resulting y Array versus the x Array :

B Editor - C\Users\scott\Desktop'\Probleml_13.m

Probleml 3a.m ¥ | Problernl_l6a.m = | probleml_15a.m K||' Probleml 13.m Hl

1 — clc

2 — clear

3 — disp('Problem 1.13 by Scott Thomas')
4

2 — format =short

6

T — x(1l) = 0;

g — x(2) = 1;

5= x(3) = 2;

10 — x(4) 37

11 — X(a) = 4;

12 — Xx(B8) = 3;

13

14 — b4

15 — v = T*zin(4*xX);

16

17 — figure

18 — plot(x,v, "'ro'), xlabel('x"),vliabel("v")
19 — title('Problem 1.13 by Scott Thomas')

Pl
I



The Graphics Window appears, showing the graph of y versus x:

NEE2 K ARVUDEL- 2 |0B| 0O




Create a new Array X2, use it to create a new Array y2, and plot y2 versus x2:

1= clc

2 — clear

5 = disp('Problem 1.13 by Scott Thomas')
4

== format short

6

7 — x(1l) = 0;

g — x(2) = 1:

o= X(3) = 2:

10 — x(4q) = 3;

11 — X(3) = 4;

12 — X(b) = 5;

13

14 — s

15 — vy = T¥sin(4%x);

16 — X2 = 0:0.5:5;

17 — vZ2 = T*=zin(4%x2);

1B — figure

15 = plot(x,v, 'ro' ,X2,v2), Xlabel('x'),vilabel("'v")
20 — title('Problem 1.13 by Scott Thomas')



The Array x2 is created using an automated system, with syntax as follows:
Variable_Name = Start : Step : Stop

where Start and Stop are the initial and final values (Range), and Step is the step size used to
go between Start and Stop.

The Workspace Window now shows the new x2 and y2 variables as:
<1x11 double>

This means that they each have eleven numbers, arranged in one row and eleven columns:

Mame Value Min Pax
ans [01,234.5] 0 5
X [01,2345] 0 5
<1¥11 double= 0 5
y [0,-5.2976,6.9255,-3.7560 -2.0155,6.3906] -5.2976 6.9255
y2 <111 double> -5.2976 6.9343




Problem 1.13 by Scott Thomas

)




Refine the plot by making the value for Step much smaller:

Editor - CA\Users\scott\Desktop\Probleml_13.m™

Probleml _3a.m ¥ | Probleml_16a.m % | probleml_15a.m ¥ [F'mblernl_lﬂ.m* Kl

1 - clc L
2 — clear

3 — disp('Problem 1.13 by S5cott Thomas"')
4

2 - format short

6

T — x(1l)y = 0;

g — x=(2) = 1:

B = x(3) = 2:

10 — x(4) = 3;

11 — x(5) = 4;

12 — x(8) = 5;

13

14 — b4

15 — v = T*zin(4%x);

16 — x2 = 0:0.005:5;

17 — Ve = T*=zin(4*x2):

18 — figure

19 — plot(x,v, "ro' ,x2,v2), Xlabel('x"),vlabel('v")
20 — title('Problem 1.13 by Scott Thomas')
21




==

Problem 1.13 by Scott Thomas

=

A

L
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4.5




Notice that the number of values in x2 and y2 is now 1001.

Workspace

Mame = Value Min M ax
ans [01.2345] 0 5
X [01.2345] 0 5
o «1x1001 double> 0 5
¥ [0 -5.2976,6.9255,-3.7560 -2.0153 6.3906] -5.2976 6.9255
2 <1x1001 double> -7.0000 7.0000

What happens when you try to plot y2 versus x? Try it!



B Editor - C\Users\scott\Desktop'.Problem1_13.m

Probleml_3a.m % | Probleml_l6a.m % | probleml_15a.m 5 |[ Probleml_13.m K]
13 . e |
14 — M
15— v = T¥*zin (4%X) ;
le — xZ2 = 0:0.005:5;
17 — ve = TEzin(4%x2):; il
18 — figure
13 — plot (x,v2) =
20 T plotix,v,"'ro',x2,v2), xlabel('x"),v1label("'v")
21 — title('Proklem 1.13 by Scott Ihumaa')| B
| 22 -
Command Window (=)

Froblem 1.13 by Scott Thomas
Error using plot
Vectors must be the =same lengths.

Error in Probleml 13 (line 19)
plot (x,v2)

Mame = Yalue ki Max
ans [01.23.45] i 5
X [01.23.45] i 5
%2 <1x1001 double> 0 5
¥ [0 -5.2976.6.9255 -3.7560, -2.0153,6.3906] -5.2976 6.9255

y2 =1x1001 double> -7.0000 7.0000



Use the comment symbol (%) to comment out the offensive command line. Go to the Publish

SHORTCUTS m— oot 4

tab as shown:

APPS

Bold EE Bulleted List Preformatted Text =
& typerink E L=
Italic i— Numbered List |=-| Code
. Inline LaTeX
Monospaced E Image E Dizplay LaTeX
INSERT IMLINE MARKUF INSERT BLOCK MARKUF

ers b scott » Docurnents » MATLAE »
B Editor - C:\Users\scott\Desktop\Problem1_13.m

| Publish: Probleml_13

[
%]

S

m

41 3a.m ¥ | Probleml_l6a.m # | problernl_15a.m e |[ Probleml_13.m %
1 - clc =
&= clear

3 - disp('Problem 1.13 bv Scott Thomas"')

4

== format short

L3

7 = x(1) o:

e x(2)y = 1:

ol = x(3) = 2:

1a - x(4)y = 3:

11 = x=(5) = 4;

12 = x(8) 5:

13

14 — x;

15 = v = T*=zin(4%*x);

la — ®x2 = 0:0.005:5;

17 = yv2 = T*zin(4=*x32):;

18| = figure

149 3 ploti(x,v2)

20 — ploc(x, v, 'ro' . x2,v2), xlabel ('x"),viabel("v"])
21 — title('PFroblem 1.13 by Scott Thomas')

1

Mame

Hﬂans
HH x
HH 2

y2




Change the Output File Format to PDF:

Ao e - W W —loies

|Problem1_13.m |x| Publish configuration name: |Problem1_13 |
Problem1_13.m k
MATLAE expression:
% Modify expression to add input arguments. =
% Example:
% a=1[123; 45 &]:
% foo(a):

Probleml 13

Publish settings:  User Default | Savehs..
= Qutput settings -
Output folder htrnl
XSL file xm
I Figure settings latex

Figure capture method | doc

Image Format ppt
Use new figure _

Max image width (pixels) Inf

Max image height (pixels) Inf N |
Create thumbnail true '
B Code settings

-
P P PR | £

B E\ Select the output format for the published document.

| Close || Publsh || Help




Publish the file:

SHORTCUTS

WIEWW

EDNTOR PUBLISH
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1= clc ~ Hﬂ ans
2 — clear i Bﬂx

3 - disp("Froblem 1.13 by Scott Thomas') HE'}:E
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= | = format short HE'}‘E

]

T - =xil) 0:

g - ®i2) = 1;

o= ®i(3) = 2;

10 - x(4) = 3;

11 = ®(5) = 4; =

12 - x({6) = 5; 1

13

14 - X

15 (= v = T*zin(4%x):

16 - 2 = 0:0.005:5;

17 — vZ2 = T*zin (4%x2);

18 — figure Comma
19 % plot(=x,v2) fn
20 — plot(=x, v, "ro',x2,v2), xlabel('x"),yvlabel ("v") —
21 — title('Problem 1.13 by Scott Thomas') 5 .




The file gets saved to a folder on the Desktop:

P

e

E.
é

l Bing m=t! . ,r=l’r C‘.Pl :cml
CO m; \[gtion: 1T

T
|

Llé




clc
clear
disp('Problem 1.13 by Scott Thomas')

format short

x(1)
x(2)
x(3) =
x(4) =
x(5) =
x(6) =

-

- -

-

n = W N e o

X

vy = T*sin(4*x) ;

x2 = 0:0.005:5;

v2 = T*sin(4*x2) ;

figure

% plotix,v2)

plot(x,vy, 'ro',x2,v2), xlabel('x'),ylabel('yv')
title('Problem 1.13 by Scott Thomas')
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Use MATLAB to calculate
43 ; 48.2(55) — 9°

3
a. =(6) (75 + .
4 7° = 145 53 + 147

I7E  319HP
b, —— =k

+ 60(14)°
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The volume of a sphere is given by V = 4m7°/3, where r is the radius. Use
MATLAB to compute the radius of a sphere having a volume 40 percent
greater than that of a sphere of radius 4 ft.



Use MATLAB to plot the function 7 = 6 In t — 7¢" over the interval 1 =<

t = 3. Put a title on the plot and properly label the axes. The variable T

represents temperature in degrees Celsius: the variable ¢ represents time in
minutes.

Problem 1-21 Function
-6 - - - . - - i

Temperature (deg C)
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1 12 14 16 18 2 22 24 26 28 3
Time (minutes)




Use MATLAB to plot the functions « = 2 logo(60x + 1) and v = 3 cos(6x)
over the interval 0 = x = 2. Properly label the plot and each curve. The vari-
ables u and v represent speed in miles per hour; the variable x represents
distance in miles.

Problem 1-22 Functions
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A cvcloid is the curve described by a point P on the circumference of a
circular wheel of radius r rolling along the x axis. The curve is described
in parametric form by the equations

x=r(b — sind)
v =r(1 — cos b)

Use these equations to plot the cycloid for » = 10 in. and 0 = ¢ = 4.

Problem 1-24 Cycloid Function for r = 10 inches
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