Chapter 4. Programming with MATLAB

Topics Covered:

* Programming Overview

 Relational Operators and Logical Variables
* Logical Operators and Functions
 Conditional Statements

* For Loops

* While Loops

* Debugging MATLAB programs



Programming Overview:

MATLAB programming can be used to solve very computationally
Intensive problems which may require thousands or hundreds of
thousands of calculations. Operations can be:

« Sequential: Calculations are executed in order from the top down.

« Conditional: Calculations are made based on the answer (either true or

false) to a question.
* lterative: Calculations are made over and over until a condition is met.

Sequential Conditional (If-Then) Iterative (For Loops) lterative (While Loops)
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Relational Operators and Logical Variables:

Relational Operators make comparisons between numbers or arrays.
The result of a comparison is either:

e =0 (if the comparison is false) or

« =1 (if the comparison Is true)

The result can be used as a variable. When used to compare arrays, the
relational operators compare the arrays on an element-by-element basis.
The arrays must have the same dimension. When comparing an array to a
scalar, all of the elements of the array are compared to the scalar.

Table 4.2—-1 Relational operators

Relational operator = Meaning

< Less than.

= Less than or equal to.

- Greater than.

= Greater than or equal to.
—= Equal to.

~= Not equal to.




Problem 4 4 -' Editor - C:\Laptop Backup\matlab\Homework Solutions\Chap
Suppose that x = 6. Find the Command Window
results of the fo”OW|ng Froblem 4.4: Scott Thomas

Part a: &<10 (le== than?)

operations by hand and use
MATLAB to check your results. z =

1
a. z = (x < 10) Part b: 6==10 (equal tao?)
b z = (g = 10]

& & = [ = 4) o

d & = (& == T) 0

Part c: &>=4 (greater than or equal to?)

Part d: &~=7 (not equal to?)



Problem 4.6:

Suppose that x = [10,—2, 6, 5,—3]andy = [9,—3, 2, 5,—1]. Find
the results of the following operations by hand and use MATLAB to
check your results.

a. Z2 = (X < 6) C. Z = (X == Y)
b. z = (x <= V) d z = (X ~= y)
Part b: z = (X <= ¥)
3:
:.::
0 0 0 1
10 -2 & o -3
Part c: z = (X == ¥)
v = z =
g -3 2 5 -1 0 0 0 1
Fart a: z = (x < &) Fart d: z = (x ~= ¥)
z = 2 =
0 1 0 1 1 1 1 1 0




Problem 4.8:

The array price given below contains the price in dollars of a certain
stock over 10 days. Use MATLAB to determine how many days the price

was above $20.

price = [19,; 18,

Use the find and
length commands

What values are over
20? Use MATLAB to
find them.

dily 2% 8. LT,

Problem 4.8: Scott Thomas

price =

15 18 22 21 25 15

7z =

1x10 legical array

number of days =

6

values above 20 =

22 21 25 21 27 29

21, 27, 28]

17 21 27



L_ogical Operators and Functions:

MATLAB has five Logical Operators (or Boolean Operators).

Table 4.3-1 Logical operators

Operator Name

Definition

~ NOT

& AND

| OR

&& Short-Circuit AND

| | Short-Circuit OR

~A returns an array of the same dimension as A; the new array has 1s where A is
0 and Os where A is nonzero.

A & Breturns an array of the same dimension as A and B; the new array has 1s
where both A and B have nonzero elements and Os where either A or B is 0.

A | Breturns an array of the same dimension as A and B; the new array has 1s
where at least one element in A or B is nonzero and Os where A and B are both 0.
Operator for scalar logical expressions. A && B returns true if both A and B
evaluate to true, and false if they do not.

Operator for scalar logical expressions. A | | B returns true if either A or B or
both evaluate to true, and false if they do not.




Problem 4.12:

The height and speed of a projectile (such as a thrown ball) launched with
a speed of v, at an angle A to the horizontal are given by

h(t) = vot sinA — 0.5 gt
u(t) = \/v(z) — 2upgt sSin A + o7

where g is the acceleration due to gravity. The projectile will strike the
ground when h(f) = 0, which gives the time to hit 7;;; = 2(vp/g) sin A.

Suppose that A = 30°, vy = 40 m/s, and g = 0.81m/s%. Use the
MATLAB relational and logical operators to find the times when
a. The height is no less than 15 m.

b. The height is no less than 15 m and the speed is simultaneously no
greater than 36 m/s.



Command Window

Problem 4.12: oriem s 10 s n
. roblem 4.12: cott Thomas
Step 1: Create plots of the height and speed
versus time. A _deg =
30
Problem 4.12: Scott Thomas
& rad =
0.5236
-r_‘r_|:| =
40
g =
9.8100
0 0.5 1 15 2 25 3 35 4 4.5
time, seconds tmax =
4.0775




Problem 4.12:
Step 2: Use the MATLAB relational and logical operators to find the
times when the height is no less than 15 m.

time abowve 15 = t€(height>=13)
L initial a = time above 15(1)
L final a = time above 15 (length(time above 135))

t_initial_a =

1.02397

t_final_a

3.0478




Problem 4.12:
Step 3: Use the MATLAB relational and logical operators to find the
times when the height is no less than 15 m and the speed is

simultaneously no greater than 36 m/s.

time above 15 under 36 = t(height>=l15&speed<=38);
= time above 15 under 36(1)
time above 15 under 36 (length(time above 15 under 36))

S

t_initial
t_final_h

t_initial_h

1.07049

t_final_h

2.0066



Start

If Statements:

The Conditional Operators (If Statements)
use Relational Operators:

< Less than Logical A
<= Less than or equal to SRRSO
> Greater than
>= Greater than or equal to
== Equal to
~= Not equal to
Statements
The result of these Relational Operators is
either True or False (1 or 0). This can be
used to control the flow of a program. This Is
called Logic Flow, which can be represented »

by a Flowchart.

End ]



If Statements:

Create the following MATLAB program.

Once you’ve checked that it 1s working
correctly, switch the values of x and y.

¥ = 3.5

Yy = 5.6

if x € vy
disp('x is less than y')
zl = y — X

end

FLd = X — ¥

Logical

False

Expression

Statements

End vy




Nested If Statements:

Create the following MATLAB program. In
order to compute the value of z, both Logical
Expressions must return a True value. Once
you’ve checked that 1t 1s working correctly,
change the values of x and y to zero.

X = 2
v = 10
if =>0
if yv>0
z = ®y:
end
end
z

False

Compute z

End F




If-Else Statements:

If-Else Statements provide
two options based on the result
of the Logical Expression.

: Logical
Create the following MATLAB ¢ g,oression False
program. Once you’ve checked
that it i1s working correctly,
change the value of x to 50.
Y
g = X = 35 Statement Statement
c — y = 10 Group 1 Group 2
& — 1f =<y
T — Z = X*y
g — else <
9 - z = ®'y
10 — end

End  /



If-Elseif-Else Statements:
This 1s the General Form .,
of the iIf statement. Create
the following MATLAB
program. Once you’ve

Logical

False

Expression 1

checked that it is working
correctly, change the

value of x to 5and thento .
7.

Logical

False

Expression 2

Statement
Group 2

Statement
Group 3

Statement
Group 1
x = -1
¥y = 2
1if =<0
Z = X*Y
elself =x»= 0 & X< &
z = ®'v
else P
zF = :.:-"‘-Elr sy
End  /

end



Problem 4.16:

Write a script file using Conditional If-Elseif-Else statements to
evaluate the following function, assuming that x = —2, 0,and 6. The
function is:

( et forx < —1
y=<2+cos(mx) for —1<x<5
10(x —5)+1 forx >5

\
FProblem 4.16: Scott Thomas = = X =
x = 0 &
-2
y = Y =
LT 3 11

0.3678



For Loop:

The For Loop Is a structure that
repeats a set of commands or
calculations a specified number of
times. Create the following
MATLAB program. In this case,
the variable x is a scalar.

4 — X = 3.

5 — dx = 0.25

6 — for k = 1:3
T k

B — X = ¥ + dx
9 — end

l Start

Set k=m

Increment k
by s

A

s ho True

False

Statements

End l

Statements
following
the End

statement




For Loop:

The For Loop can be used to

Load a Vector with values. The

Counter K is used to Index

through the vector elements.

* What happens i1f you don’t
Initialize x? [Comment out x(1)
= 3 and rerun]

 How many elements does x
have?

« \What change would you make if
you wanted x to have only 3
elements?

x{1ly = 3
dx = 0.25
for k= 1:3
x({k+1l) = x(k) + d=x
end

l Start

Set k=m

Increment k
by s

A

s ho True

False

Statements

End l

Statements
following
the End

statement




Debugging Tool:
o[ el N R [e]gV{e]al I N Mg LR B Editor - C:\Laptop Backup\matlab\Homework
the right of the line numbers. This | [temp.m* =

creates Breakpoints on the lines 1 -  clc
of code. 2 — clear
3 %
4
s @ ®x(1l) = 3

& @ dx = 0.25

7@ for £k = 1:3

g @ x(k+1l) = x(k) + dx
3@ end

When you hit Run, the Editor 10
Bar changes to the following:

l EDITOR PUBLISH 2hde & 9 ¢
S ,—| | Stepin

] Le> EP_-I Eb Function Call Stack: J

jGoTo » ; _ |4 Step Out

' Breakpoints Continue Step -~ temp - Quit

 Find ~ v (z1 | Run to Cursor Debugging

NAVIGATE BREAKPOINTS | DEBUG



Debugaging Tool:

The Editor Window and the Command Window change as well. The
Green Arrow indicates the line that is going to be executed next:

B Editor - C\Laptop Backup\matlab\Homew:

[temp.m H]

c @8 x(1) = 3

£ O dz = 0.25

7@ for k= 1:3

@ x(k+l) = x(k) + dx
end

Command Window

fx Exs



B Editor - C:\Laptop Backup'\matlab\Homews:

Debugaging Tool:

Click on the Continue button to step
through the program. The values of

: : s@® x(1) =3
the variables appear in the Command | ;@ 4 = .25
Window. 7@ [lfor k = 1:3
X(k+l) = x(k) + dx

Notice how the vector x Is loaded as
you step through the for loop.

You can stop execution and
Debugging by clicking on the red

Quit Debugging button. 5
L& L =
Continue Quit 0.2500
Debugging

x BEx>



Debugaging Tool:

Click on the Breakpoints/Clear All tab to delete all of the breakpoints.

I I
i Insert E. _ﬁ R - 'C::' k
- 5l o GoTo -
Indent LE| [ \_{ Find =

EDIT

Comment 9% 5%

NAVIGATE

Breakpoints

-

Run
-

Time Advance

D é} L@ [2] Run Section

Run and Run and @ Advance

op Backup » matlab » Homework Solutions #

B Editor - C\Laptop Backup\matlab\Homework S

E'

[temp.m 3{]

4

50 x{1l) = 3

5 O dz = 0.25

7@ for k= 1:3

@ X(k+1l) = x(k) + dx

Clear All
Clear all breakpoints in all files

Set/Clear
Set or clear breakpoint on current line

Enable/Disable

Enable or disable breakpoint on current line

Set Condition
Set or modify conditional breakpoint

F12

a0 end u
10 ERRCORE HAMDLING

Command Window

x>

% More Error and Warning Handling Options...

Stop on Errors
dbstop if error

Stop on Warnings
dbstop if warning




Problem 4.22:

Use a for loop to determine the sum of the first 10 terms 1in the series
5K, k=1,2,3,...,10

Command Window

Froblem 4.22: 5S5cott Thomas

The sum i=:

yaum =

15125




Problem 4.27:

a. An ideal diode blocks the flow of current in the direction opposite that
of the diode’s arrow symbol. It can be used to make a half-wave recti-
fier as shown in Figure P27a. For the ideal diode, the voltage v; across
the load R; is given by

{US if e > 0
v —
s 0 ifvg=0

Suppose the supply voltage 1s
vs(f) = 3e” " sin(mrr) Vv

where time 7 is in seconds. Write a MATLAB program to plot the volt-
age vy versus t for0 = ¢ = 10.
T

Diode




Problem 4.27:
Step 1: Create a vector for Time t, use it to calculate the Supply

Voltage v_s, and plot v_s versus t.
Problem 4.27: Scott Thomas

3 I I I I

ve(f) = 3e” " sin(re)

P2
(g |
I

5

Supply Woltage v_ (V)

Time {seconds)



Problem 4.27:

Step 2: Create an If statement that can calculate the Load Voltage for a
given Supply Voltage. Test the if statement at the following time values:

t = T =
0.5000 1.5000
i 4 1 ifvg > 0
. 0 ifvg=0
s = V3 =
o — 0,
us(t) = 3e " sin(m?) 2.5394 ~1.8196
vl = vl =

2.5394 .



Problem 4.27:
Step 3: Use a for loop with an if statement to load the Load Voltage

vector v_I. Plot both the supply voltage v_s and the load voltage v |

versus t.
Problem 4.27: Scott Thomas

3 I I I I 1 I
Supply Voltage

Load Voltage

“oltage (W)

Time {seconds)



While Loops:

The While Loop is a structure that
repeats a set of commands or calculations
until the Logical Expression condition is
met. The number of iterations through
the loop Is unknown prior to starting the
program. Create the following MATLAB
program. Use the Debugging Tool to
step through the program. In this case,
the variable x is a scalar.

X = 3

dx = 0.25

E=1

while X < 3.75
X = X + dx
E=Lk + 1

end

Start

Logical

False

Expression

Statements
(which increment
the loop variable)

End l

Statements
following
the End

statement




While Loops:

Change the While Loop as shown below.
Use the Debugging Tool to step through
the program. In this case, the variable x
IS a Vector. Notice how the Counter K Is
used to Load the x Vector.

x{1l) = 3

dx = 0.25

E=1

while x{(k) < 3.75
x(k+1) = x(k) + dx
E=k+ 1

end

Start

Logical

False

Expression

Statements
(which increment
the loop variable)

End l

Statements
following
the End

statement




Problem 4.32:

Use a while loop to determine how many terms in the series 2%, k = 1,
2,3, ..., are required for the sum of the terms to exceed 2000. What is

the sum for this number of terms?

Command Window

Froblem 4.32: S5cott Thomas

k::

10

sumk =

2046



Example Problem:

Write a While Loop to plot the following function over the range —2 <
x < 6.

.

e**tl forx < —1

y=<2+4+cos(mx) for —1<x<5
10(x —5)+1 forx>5

While loop example: Scott Thomas




