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Chapter 3 Programming in MATLAB

3.1 Script M-Files

For simple problems, entering commands at MI#ATLAB prompt in the
Command window is simple and efficient. However,ewhthe number of
commands increases, or you want to change the whloae or more variables,
reevaluate a number of commands, typing at the M8 becomes tedious. You
will find that for most uses of MATLAB, you will wa to prepare acript, which
is a sequence of commands written to a file. Thgrsimply typing the script file
name at a MATLAB prompt, each command in the sdriptis executed as if it
were entered at the prompt.

Script File Group of MATLAB commands placed in a text file wightext
editor. MATLAB can open and execute the commandscix as if they were
entered at the MATLAB prompt. The terrsctipt” indicates that MATLAB reads
from the “script” found in the file. Also calledM-files,” as the filenames must end
with the extensionm’, e.g.examplel.m.

M-files are text files and may be created and modified aty text editor. The
steps to create a script are:

1) Click on7y icon on the MATLAB toolbar.

2) Press keysGtrl + N)

3) Form (File — New— Scripf)

A new window will activate callethe Editoras shown.

[ Editor - Untitied [E=EENTST)
Edit Debug Desktop Window Help
- File' Edit Tedt Go Cell Teols Debug Desktop Window Help A AN
@ T DEM MBI C[o- e B -ARBBE - 0 -
Open... Ctrl+0 Function HE| - o + | = f11 x| ot o | @
Close Command Window  Ctrl+W Class E S o ) ) ||
Figure
Import Data.. g \ Save anad run program
Save Warkspace A G | ek Co
ave Workspace As... i+ m
Madel \ mands are typed
Set Path.., GUI

Preferences...

Page Setup..,
Print...

1 Chu\graph3dicolormap.m
2 D\ AB\ncm\sunspotstom
3 DAL TLAB\ncmgoldrect.m
4 D\ LABnem'fibonaccim

Exit MATLAB

‘ line by line. New Jine
Starts When ENTER
ey is Presseq

Ctrl+P

Line number

script In1 Col 1 |OWR

Ctrl+Q

When finished, save the file usifge — Saveor click ori#! icon. The rules
for filenames are the same as for variables (thest istart with a letter, after
that there can be letters, digits, or the undeescetc.). By default, scripts
will be saved in th&/ork Directory. If you want to save the file in a different
directory, theCurrent Directory can be changed.
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Example 3.1 Write a program (m-file) and named it “Qroots.n@’ find the
guadratic equation roots:
2x>—-5x+3=0

2
=

Q T W
(Il
U1 .

w "N

14

-b+sqrt(b”2-4*a*c))/(2*a)
-b-sqrt(b”2-4*a*c))/(2*a)

-

q

N
I

—_—~

To execute the script M-file, simply type th@me of the script fil®roots at
the MATLAB prompt.

>> Qroots

When file is executed, All its variables are diggld in workspace window
It is useful to use functions such as (clc , cldarmat ,...) in script file to
improve the results.

Example 3.2: write a program (vector.m) to generate a vectdin W2 random
elements and find:

a. The largest element and its position.
b. The smallest element and its position.

Sol:

clear

clc

format bank
V=rand(1,12)
[Vmax,Pmax]=max(V)
[Vmin Pmin]=min(V)

>> vector
V =
Columns 1 through 6
0.75 0.26 0.51 0.70 0.89 0.96
Columns 7 through 12
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0.55 0.14 0.15 0.26 0.84 0.25
Vmax =
0.96
Pmax =
6.00
Vmin =
0.14
Pmin =
8.00

3.2 Invut and Output Statements

The script would be much more useful if it @nore general; for example, if
the value of theadius could be read from an external source rather beang
assigned in the script. Also, it would be bettehnave the script print the output in
a nice, informative way. Statements that accomptisbse tasks are called
input/output statements, ol/O for short. With examples of input and output
statements will be shown here from the Command Windhese statements will
make the most sense in scripts.

2 9 1 mput Funchion

The simplest input function in MATLAB is catlénput. Theinput function is
used in an assignment statement. To call it, agsts passed, which is the prompt
that will appear on the screen, and whatever tlee types will be stored in the
variable named on the left of the assignment staténTo make it easier to read
the prompt, put aolon (:) and then @paceafter the prompt. For example:

>> r = input (‘'Enter the radius: ")
Enter the radius: 7
r=
7
If character or string input is desired, must be added after the prompt:

>> name = input ('Enter your Name: ', 's")
Enter your Name: Ahmed

name =

Ahmed

MATLAB gave anerror messagand repeated the prompt. However, if ithgut
function is used to enter numbleut the user instead enters a letter or vice versa

>>n = input (‘'Enter your Age: ")
Enter your Agek

??7? Error using ==> input
Undefined function or variabl&' .
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Enter your Age: 21
n=
21

Separatanput statements are necessary if more than one inpdéssed. For
example

>> T = input('Enter the temperature: ');
Enter the temperatur87

>>s = input(ls it "C" or "F" ?','s);
Isit"C" or"F" C

229 Quiput Statements (disp and fprintf ) functions

The simplest output function in MATLAB disp, which is used to display the
result of an expression or a strivghout assigning any value to the default variable
ans. However disp doesnot allow formatting. For examples:

>> disp (‘Hello")
Hello

>> disp (6™4)
1296

>> disp ([2:8])
2 3 4 5 6 7 8

>> disp([1:5 5 5:5:25])
1 2 3 4 5
5 10 15 20 25

>> disp(" Col{1} Col.{2} Col.{3}), disgrand(5,3))

Col.{1} Col.{2} Col.{3)
0.3181  0.6393  0.5225
0.1192  0.5447  0.9937
0.9398  0.6473  0.2187
0.6456  0.5439  0.1058
0.4795  0.7210  0.1097

Formatted output can be printed to the screen ugiadprintf function. For
example:

>> fprintf (‘'The 7! value is %d\n’' , factorial(7))
The 7! value is 5040
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Thefprintf function, first a string (called thi®rmat string) is passed, which
contains any text to be printed as well as formgtinformation for the expressions
to be printed. In this example, tB&d is an example of format information. The
%d is sometimes called placeholder it specifies where the value of the
expression that is after the string is toppeited. The character in the placeholder
Is called theconversion characterand it specifies théype of value that is being
printed. There are others of the simple placehslder

Chapter 3 Programming in MATLAB

Placeholder L
Description Example
(character)
: >> fprintf ( '%d", 4"5)
0
%od Format as anteger 1024>>
0% Format as #loating point >> fprintf ( '%f" , sqrt(90.25))
0 value 9.500000>>
o Format as thenost compact | >> fprintf ( '%qg", sqrt(90.25))
°g form (no trailing zero) 9.5>>
%e Format as a floating point | >> fprintf ( '%e", pi)
0 value inscientific notation | 3.141593e+000>>
, >> fprintf ('%s', '3*8/2")
0
oS Format as atring 348/25>>
. ] I - M 1
Insert anew linein the output >> fprintf (‘Welcome! \n this is MATLAB')
\n siring Welcome!
this is MATLAB>>
; .| >> fprintf ('Welcome! \t this is MATLAB')
\t Insert atab in the output string Welcomel this is MATLABS>
Notes:

it’s important adding the characterat theend of output string in order to
avoid the prompt (>>) fronstick to the result as shown before.

The charactem can also use imput function, for example:
>> h = input Enter \n The shape height '

Enter
The shape height :

The charactem in form \n\n’ use to get blank line in output, for example:

>> fprintf (‘'Hello \n\n This is MATLAB \n'")
Hello

This is MATLAB

A field width can also be included in the placeholderfpnntf , which

specifies how many characters total are to be uspdnting. For example,
%5d would indicate a field width of 5 for printing amteger and %210s would
indicate a field width of 10 for a string. For ftsathe number of decimal
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places can also be specified; for exampté,2f means a field width of 6
(including the decimal point and the decimal placegh two decimal
places. For floats, just the number of decimal gdacan also be specified;
for example%.3f indicates three decimal places.

>> fprintf (The integer is %3d and the float is%6.2f \n', 56 , 42.95897)
The integer is 56 and the floatis 42.96

For avector, if a conversion character (%d, %f ...) and theharacter are
in the format string, it will print in @olumn regardless of whether the vector
itself is a row vector or a column vector. For epéas:

>> y=1:5;
>>fprintf ('%d', v) , fprintf ("\n")
12345

>> fprintf ( '%d\n', v)

g wNEF

Formatrices, Specifying one conversion character and thenrticharacter

will print the elements from the matrix in one awin. The first values
printed are from the first column, then the secoalimn, and so on. For
examples:

>>mat=[12 3;4 06;7 9 8]

mat =
1 2 3
4 0 6
7 9 8

>>fprintf ('%d\n' , mat)

OO WOWONNI~E
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To reshape the matrix to 8 x 3), three of%d characters are specified, the

fprintf will print three numbers across on edache of output and so on.

> fprintf ('%d %d %d \n' , mat)

>
1
2
3

o oA~

7
9
8
Example 3.3: write a program to find the cosine of ang(@sl5,45,60,75,90) and

format the output result as The cosine of angle X is : Y*, named file
“AngleCosiné

2]

(0]

Q
3)

clear
theta=0:15:90;
cosine=cosd(theta);

result= [theta ; cosine];
fprintf( ‘The cosine of angle %d is :%4.3f \n' ,result)

>> AngleCosine
The cosine of angle 0 is :1.000

The cosine of angle 15 is :0.966
The cosine of angle 30 is :0.866
The cosine of angle 45 is :0.707
The cosine of angle 60 is :0.500
The cosine of angle 75 is :0.259
The cosine of angle 90 is :-0.000

Example 3.4: How many yeargY) needs to be aillionaire (Fv) when you

investment an amount ¢N)$ with annual interest ratdR§%, write a program

based on equation: (using I/O statements and named fileeé&timent”)
Fv=N(1+R)Y

Sal :
1) Redefine the equation in terms 9f
I Fv
e
In(1+R)
2) Write & run a program
clear
clc
N=input( 'The amount of Investment ' );
R=input( 'The interest rate{%} ' )i
Fv=1000000;
Y=1log (Fv/N) /log (1+R) ;
fprintf( \n The No. of years are :\t %0.2f \n' ,Y)
fprintf( \n Which is approximately :\t %d years \n' ,ceil(Y))
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>> jnvestment
The amount of Investmer0000
The interest rate{%}0.12

The No. of years are : 22.29

Which is approximately : 23 years

3.3 Relational and logical Operators

In MATLAB the result of dogical operation idl if it is true andQ if it is false
, and ~cah be used to compare two

The relational operators (<, <=, >, >

matrices of thesame size or a vector with scalar. For examples:

[0

Relational Operator Description
< Less than
> Greater than
<= Less than or equal to
>= Greater than or equal
= = Equal fo
7= Not equal to

>> 3>8
ans =

>> x=4<=7
X =
1

>> y=(5>4)+(2<7)+(4*3==36/3)

y:
3

>>A=[10825];B=[90-412
>> C=A>=B

C=

O 1 1 1 O
>> D=B~=C
D
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1 0 0 0 1

>>M=19510;36-57;810-6 -4]

M=
9 5 1 0
3 6 -5 7
8 10 -6 -4
>>H = M<5
0 0 1 1
1 0 1 0
0 0 1 1
Notes

The vector with values @dfsandlswhich is the result of relational operation
are calledogical vector. The real power of logical vectors is that they ca
be used aen-off subscripts in vector expressions. Suppose thairtitidem

Is not just to find out how many negative numbeesia the vector, but to
extract them for future use:

>>v=[-234-1-6289-70-5]

VvV =
-2 3 4 -1 -6 2 8 9 0 -5
>> Vn =v<0

Vn =

1 0 0 1.1 0 O @a o 1

>> Vneg=v(Vn)
Vneg =
2 -1 6 -7 -5

>> Vneg=v(v<0)
Vneg =
2 -1 6 -7 -5

The order of precedencein mathematical expression, the arithmetic
operators (+, -, *, /, \, ) is higher than relatb operators, whereas the
relational operators have the equal precedencar@elvaluated from left to
right, parenthesis used to overcome the preced&onc@xamples:

>> 6+1 <= 18/3
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ans =
0
>> 6+ (1<=18) /3
ans =
6.3333
The relational operators can also uses with chersabiased oASCII code.
For examples:
>> |n| > |Z|
ans =
0
>>'n'>"'Z'
ans =
1
>> 'Not' >="not'
ans =
0O 1 1

>> 'MatLab' < 'matlab’
ans =
1 0 0 1 0 O

Thelogical operators&, | and~) allow for the logical combination or negation
of relational operators. For examples:

Logeel Name Description
operator
& AND | Compares between two operands(A,B)bbth aretrue,
the result igrue(1) ;otherwise its falsg0)
| OR | Compares between two operands(A,B) éfther one or
both aretrue, the result igrue(1) ;otherwise its falsg(0)
~ NOT | Checks one operand (A), if it igrue (1), the result is
falsg(0), or vice versa.
>>8&-1
ans =
1
>>9|0
ans =
1
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>>~12
ans =
0

>> R=10*((1&-2) - (0|3) + (~0))
R =

10
>>X=[95406];Y=[107-311];
>> 7=X&Y

>> W= ~(X *Y)
W =
O 1 0 1 O

Notes

The order of precedencefor logical operatoNOT is higher than both
arithmetic and relational operations, whereas tiggchl AND andOR are
equal andlower than both arithmetic and relational operationgywé or
more operators have the same precedence is exdauteteft to right. For
examples:

>> x=d35y=4;
>>-2<x<0
ans =

0

>> -2<x & X<0
ans =
1

>> ~ (y>=1)
ans =
0

>> ~y<=1
ans =
1
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>> ~ ((x<-2) | (y>=4))
ans =
0

>> ~ (x<-2) | (y>=4)
ans =
1

MATLAB provides additional built-in logical functius:

Function Description Example
all(A) Determine whetheall array >>X=[341]; Y=[8075];

elements areaonzeroortrue >>all(X) , all(Y)
ans =

1
ans =
0
any(A) Determine whetheainy array >>X=[000]; Y=[6 05];

elements araonzero >> any(X) , any(Y)
ans =

0
ans =
1
Find(A) | Findindicesand values of >>X=[09103057];

nonzero elements >> find(X)
ans =

2 3 5 7 8
Find(A>K) | Findindicesof elements that |>>X=[09103057];

returnstrue of relational >> f"_1d(x>5)
operators 3“52‘ X

Example 3.5: Write a program to test the degreegl0ftudents and find: (named
file “students”)

1) The number of students those degamse 80

2) The number of students those degitastaeen 60 and79

3) The number of students thaséled and their degrees

Sol:
clear
clc

Degree= randi([25,100],1,40)
DegreeAbove80=sum(Degree> 80) ;
Degree60to79=sum (Degree>=60 & Degree<80)
Failures=sum (Degree<50) ;

fprintf( \n" )

disp( ‘'----------m-mmm ' )
fprintf( ‘The no. of students with degree above 80 :

%d\n' ,DegreeAbove80)
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fprintf( ‘The no. of students with degrees 60 to 79 :

%d\n" ,Degree60to79)

fprintf( ‘The no. of failures students: %d\n' ,Failures)
fprintf( ‘And their degrees are :\n' )

disp(Degree(Degree<50))

>> students

Degree =

Columns 1 through 15

61 85 42 62 93 68 89 &9 43 75 31 72 75 80
Columns 16 through 30

92 99 83 69 95 69 26 IO 61 89 40 66 72 27
Columns 31 through 40

71 52 28 62 39 34 40 3# 28

The no. of students with degree above &0 :
The no. of students with degrees 60 to 19 :
The no. of failures student$4
And their degrees are :
42 43 31 26 34 40 27 2 34 40 36 39 28

3.4 Flow Control

Selection statements that test the results ofioekt or logical functions or
operators are the decision-making structures thaivahe flow of command
execution to be controlled.

MATLAB has two basic statements that allcwices: theif statement and the
switch statement. Thaf statement has optionalse and elseif clauses for
branching. Thef statement uses expressions that are logicallyotrfedse.

There are two differehbop statements in MATLAB: théor statement and the
while statement. In practice, tlier statement usually is used as toeanted |oop,
and thewhile is used as theonditional loop.

2 4.1 The {if — elseif — else — end} statement

Anif statement can be followed by an (or more) optiefssdif.. and arelse
statement, which is very useful to test variousdamon. When usingif...
elseif...elsestatements, there are few points to be considered:

Theif - end uses withone condition, theif — else — enduses withtwo
conditions and for more than two uskes elseif — else — end.

An if can haveero or one elseand it must comafter anyelseit

An if can haveero to many elseifand they must comaefore theelse
Thenested if statements can use aher elseifstatement inside anothiér
or elseifstatement(s). Theyntax of if statement in MATLAB is:
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If <expression 1>
elseif <expression 2>
Elseif <expression 3>
else
end

Example 3.6 Write a script file to prompt the user to enteriateger, and then
display whether the integerasro, positive or negative.(hnamed file “testNumber”)

Sol:
n=input( 'Enter an integer :' );
if n>0
disp( ‘The number is Positive' )
elseif n<0
disp(  'The number is Negative' )
else
disp(  'The number is Zero' )
end
>>testNumber

Enter an integer9
The number is Positive

>>testNumber
Enter an integerQO
The number is Zero

Example 3.7 Grades are to be assigned as follows:
A 80% - 100%
B 65% - 79%
C 50% - 64%.

Write a script file to prompt the user to ihpumark and display the appropriate
grade. If the user enters a numigegater than100 or less thanzero, display a
message that the markimsvalid.(file name “testMark”

Sol:
mark=input( 'Enter the mark : " );

if mark >100 | mark <0
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disp(  'Invalid mark’ )
elseif  mark >= 80
disp( ‘A" )
elseif  mark >= 65
disp( B )
elseif  mark >=50
disp( 'C")
else
disp( 'Fall' )
end

>> testMark

Enter the mark : 58
C

>> testMark

Enter the mark : 91
A

>> testMark

Enter the mark : 102
Invalid mark

Example 3.8: write a program to find the Y value when: (naméel fiYvalue”)

2
{ = -10<x<0

4 x
= 2 x=0
/%2 + 4 0<x<7

Sol:
x=input( 'Enter the x value : " );
if x<-10 | x>7

disp( '‘Undefined the Y value' )
elseif x>=-10 & x<0

Y=2/%x"3;
fprintf( ‘The Y value = %0.3f\n " 2

elseif x>0 & x<=7
Y=nthroot (sqgrt (x"2+4),3);

fprintf( ‘The Y value = %0.3f\n " ,Y);
else

fprintf( ‘The Y value = %d\n ' )
end
>> Yvalue

Enter the x value9
Undefined the Y value

>> Yvalue
Enter the x value0
The Y value =2
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>> Yvalue
Enter the x value-5
The Y value =-0.016

>> Yvalue
Enter the x valuel
The Y value = 1.308

2.4.2 The {switch} statement

A switch block conditionally executes one set of statemdrim several
choices. Each choice is covered bgagestatement. The switch block tests each
case until one of the casedrige.

When aaseistrue, MATLAB executes the corresponding statementsthed
exits the switch block. Thetherwiseblock isoptional and executes only whew
case is true. The syntax of switch statement in MATLAB is:

switch <switch_expression>
case <case_expression>

case <case_expression>

otherwise
end

Example 3.9: Write a program to select a color by entering thietter of its name:
And handle the invalid letter (named with “colottgs

G | Green

Y | Yellow

W | White

R | Red

B | Blue

C | Cyan
Sol;

color=input( 'Enter color letter : 'St );

switch  color
case { 'G' ,'0" }

disp( ‘The color is Green' );
case { 'Y' ,V }
disp( ‘The color is Yellow' );

case { 'R" ,T }
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disp( ‘The color is Red' );
case { 'W' ,'w' }

disp( ‘The color is White' );
case { 'B' ,'b" }

disp( ‘The color is Blue' );
case { 'C' ,'c" }

disp( ‘The color is Cyan' );
otherwise

disp( '‘Undefined Color' );

end

>> colortest
Enter color lettery
The color isYellow

>> colortest
Enter color letter b
The color isBlue

>> colortest
Enter color letter R
The color isRed

Example 3.10: Write a program to display the name of day by gvthe day
number as the following:

Saturday
Sunday
Monday
Tuesday
Wednesday
Thursday
Friday

And handle the invalid number (named file “dayname”

S

N OO IWINEF

Sol
Nday=input( 'Enter The Day Number : ' );
switch Nday
case 1
disp( ‘The day is SATURDAY" );
case 2
disp( ‘The day is SUNDAY" )i
case 3
disp( ‘The day is MONDAY' );
case 4
disp( ‘The day is TUESDAY" );
case 5
disp( ‘The day is WEDNESDAY' );
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case 6

disp(

case 7

disp(
otherwise
disp(

end

>> dayname

Programming in MATLAB

‘The day is THURSDAY' );
'The day is FRIDAY" );

‘Invalid’ );

Enter The Day Number3
The day is MONDAY

>> dayname

Enter The Day Number7.
The day is FRIDAY

>> dayname

Enter The Day Numberl0

Invalid

2.4.2 The {for loop} statement
A for loop is a repetition control structure that allows yotetficiently write

a loop that needs to execute a specific numbemestThesyntax of for statement

in MATLAB is:

for index =initval : step : endval

end

Incrementsndex by the valuestep on each iteration, or decrements wisép

IS negative, stepis omitted when increment i&. For examples:

>> for N=10:20
fprintf (‘'value of N: %d\n’, N);

end

val ue
val ue
val ue
val ue
val ue
val ue
val ue
val ue
val ue
val ue
val ue

of
of
of
of
of
of
of
of
of
of
of

10
11
12
13
14
15
16
17
18
19
20
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>> for A =[24,18,17,23,28]
disp(A)
end

24

18

17

23

28

Example 8.11: Create a script file to find), =1 VX

Sol:
N=input( 'Enter N value :"' );
xsum=0;
for x=1:N
xsum=xsum-+sqrt(x);
end
disp(xsum)

Enter N value 7
13.4776

Note: MATLAB allows to use more than orfer loop, each one inside another
loop. Thesyntax for anested for loop statement in MATLAB is:
form =1

forn=1:k

end
end

Example 3.12: Create a script file to genergté X N) matrix in form like:

1 01 0 1
01 0 1 0
1 01 0 1
Sol: 01 0 1 0
clear 1 01 0 1
N=input( 'Enter the square matrix size : ' );
for i=1:N
for j=1:N
if mod(i+j,2)==0
a(i,j)zl;
else
a(i,j)=0;
end
end
end
disp(a)
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Enter the square matrix sizé :
1 1 1

OProOoro
OProOoro

0 0 0
1 1 1
0 0 0
1 1 1

Example 3.13: Given two vectors andy with random values, create a matfix
whose elements are definedAss= Xi . }j. Write a script file.

Sol:

clear;clc
x=randi ([1,10],1,7);
y=randi ([1,4],5,1);
for i=1l:length(x)
for j=1:length(y)
A(Lj)=x(1)*y();
end
end
disp(A)

2. 4.4 The {while loop} statement

Thewhile loop repeatedly executes statements wdaielition is true. The
syntax of awhile loop in MATLAB is:

while <expression>

End

Thewhile loop repeatedly executes program statement(®ngsds the
expression remairtsue.

Example 3.14: Write a program to compute the series:
y=1+s+3+=+> n#0
ol:

clc;clear
N=input( 'Enter N value :"' );

while i<=N
Y=Y+1/1i;
1=1+1;
end
fprintf( Y= %.3f\n’ ,Y)

Mohamwmed ®. AlL



54

Chapter 3 Programming in MATLAB ‘\

Enter N value 8
Y=2.718

Example 3.15: Write a program to generate the series?( 4, 8, ... , 1024and
display it as a vector

Sol:
clear;clc;
n=0;1=1;
while 2”n<=1024
A(i)=2"n;
n=n +1;
i=1i+1;
end
disp(A")
1
2
4
8
16
32
64
128
256
512
1024

Note: Also likesfor loop, more than onehile loop are used, one loapside the
another loop. Theyntax for anested while loop statement in MATLAB is as
follows:

while <expression1>
while <expression2>

end
end

Example 3.16: Write a program to display thrultiplication table

Sol:

clc;clear;

x=1;

while x<=10
y=1;
while y<=10
Z(x,y)=x*y;

y=y+1l;

end
x=x+1;

end
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2 4. 5= The {break} statement

Thebreak statementerminates execution ofor or while loop. Statements in
the loop that appear after theeak statement are not executed. In nested loops,

break exits only from the loop in which it occurs. Caitpasses to the statement
following the end of that loop.

Example 3.17Write a program to generate 100 random numbersréii§0) use
rand function,stopthe operation when numbeB3: Display the numbers until it
stopped

Sol:
clc;clear
counter=0;

for 1=1:100

x=((50- 1) *rand+1) ;
disp(x)
counter=counter +1%
if  fix(x)==33
fprintf( ‘The no. of generated elements = %d\n
' ,counter)

break ;
end
end
20. 6923
31. 9646
49, 2766
28. 4144
46. 7460
36. 2968
24.7179
32. 3125
44, 4942
10. 7381
20. 3729
49. 6166
20. 7152
33. 2840

The no. of generated element&4
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2 4.6 The {conhnue} statement

The continue statement is used f@assing control tonext iteration offor or
while loop. Thecontinue statement in MATLAB works somewhat like theeak
statement. Instead of forcing termination, howevesntinue' forces the next
iteration of the loop to take place, skipping ange in between.

Example 3.18: Write a program to generate 10 integer x valuegeg0 — 3) and

computey =% (x # 0), pass by when x=0. Find how many passes and gispla
the y values.

Sol:
clear;clc
counter=0;
i=1;
while i<=10
x=randi ([0,3]);
y(i)=1/x%;
if (x==0)
i=1i+1;
counter=counter+1;
continue ;
end
1=1+1;
end
disp(y")
fprintf( 'the no. of passes : %d\n' ,counter)
0.50
0.33
0.50
0.33
Inf
Inf
0.33
1.00
Inf

the no. of passes : 3

3.5 User Defined Functions
A function is a_group of statements that together perforasia in MATLAB,

functions are defined iseparate files. The name of the file and of the function
should be the same

Functionsoperate on variables within their own workspadeicWis also called
the local workspace separate from the workspace you access at thelMBT
command prompt which is called thase workspaceFunctions can accept more
thanone input arguments and may return more than autput arguments.
Syntax of afunction statement is:

function = myfun
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Example 3.19: Create a function filemamedNmax should be written in a file
namedNmax.m It takes three numbers as argument and retuensiiximum of
the numbers.

Sol

function  max=Nmax(a,b,c)

% This function cal cul ates the maxi mum of the
%t hree given nunbers as i nput

if (a>b) & (a>c)

Comment describing
the function

max=a;
elseif  (b>c)

max=Db;
else

max=c;
end
end

>> x= Nmax(12,35,1)
X =

35
>> x= Nmax(12,-35,1)
X =

12
>> x= Nmax(-12,-35,1)
X =

1

Note: The comment lines that come right after the fumctatement provide the
help text. These lines aminted when type:

>> help Nmax

Example 3.20: Create a function tsort a matrixcolumn by columrascending

Sol:

function  B= sortBycol(array)
[m,n]=size(array);

V=reshape (array,1l,m*n);

V=sort(V);
B=reshape(V,m,n);
End
>>A=[9510;7634;21012 11]
A =

9 5 1 0

7 6 3 4

2 10 12 11
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>> sortBycol(A)

ans =
0 3 6 10
1 4 7 11
2 5 9 12

3.6 Anonymous Functions

An anonymousfunction is a very simple, one-line function. The advantafje
an anonymous function is that it does not haveetgtbred in am-file, it can be
created in th&€ommand Window or in anyscript. The syntax for an anonymous
function is:

fnhandle functionbody

Wherefnhandle stores thdunction handle it is essentially a way of referring
to the function. The handle is assigned to this enaising the@ operator. The
arguments, irparentheses, correspond to the argument(s) that are passéueto
function. For examples:

>> power = @(x,n) x.n;
>> power (2,5)
ans =

32

>>V=[2361];
>> power (V,5)
ans =
32 243 7776 1

Example 3.21: Use an anonymous function to define:

1) In
2) F° to C° temperature
3) Area of circle

Sol:

>> In = @(x) log(x);
>> |n(500) , log(500)
ans =
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>> FtoC = @(f) (f-32)/1.8;
>> FtoC(110)
ans =
43.3333
>> FtoC(0)
ans =
-17.7778

>> circlarea = @ (radius) pi * radius .*2;
>> circlarea (8)
ans =
201.0619
>> circlarea ([5 9 3 6])

ans =
78.5398 254. 4690 28.2743 113.0973

Notes: Function handles can also be created for functions other than amoiug
functions, both built-in and user defined functiof®r example, the following
would create a function handle for the builtfactorial function:

>> Fact = @factorial;
>> Fact(8)
ans =

40320

3.7 Primary and Sub-Functions

Any function other than an anonymous functianst be defined within a file.
Each function file contains a required primary fume that appears first and any
number of optionasub-functions that comes after the primary function and used
by it. Primary functions can be called from outside of the filattdefines them,
either from command line or from other functionst bub-functions cannot be
called from command line or other functions, owtsithe function file. Sub-
functions are visible only to the primary functiand other sub-functions within
the function file that defines them.

Example 3.22Write a function nameduadratic that wouldcal culate the roots of
a quadratic equation. The function filequadratic.m will contain theprimary
functionquadraticand thesub-function disc, which calculates the discriminant.

Sol:
Function  [x1,x2]= quadratic(a,b,c)
%this function returns the roots of a quadratic equ ation.

%It takes 3 input arguments which are:
%the co-efficients of x2, x and the constant
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d = disc(a,b,c);
Xx1=(- b + d)/(
x2 =(-b - d) / (
end

)
)

2*a
2*a

function  dis = disc(a,b,c)
dis = sqrt(b"2- 4*a*c);
end

>> [r1,r2] = quadratic(-3,6,1)
rl=

-0.1547
2=

2.1547
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Exercises
Q1) Write an anonymous function to calculate and retbenvVolume of:
Cube
Cylinder
Sphere
Pyramid

(Q2) Write an anonymous function to implement this. Canepyours to the
built-in functionsinh.
Hyperbolicsine(x)=(& - €*)/2

(Q3) Write a functionareaperimthat will calculate both the area and perimeter
of a polygon For a polygon witm sides inscribed in aircle with a radius
of r, the areaA and perimeteP of the polygon can be found by:

A= %nr2 sin (g) P = 2nr sin (g)

4) The Fibonacci numbers is a sequence of numbe@ Fiil 23 5 8.

Where

a. Fo=0

b. Fi=1

C. Fh=Fn2+Fn1 if n>1
Write a function to implement this definition. Thenction will receive one
integer argument, and it will return one integer value, which i thth
Fibonacci number.

(Q5) Write a functionconevol to calculate the cone volume whiclgigen by:

1
V= §n’r2 h
Wherer is the radius of the circular base dnis the height of the cone

(Q6) A closed cylinder is being constructed of a material that costoléar
amount pewsguare foot. Write a function that will calculate and retuiret
cost of the materiatounded up to the nearest square foldie total surface
area for the closed cylinder is:

SA = 2nr? + 2nrh
Wherer is the radius and is the height of the cylinder

Q7) Write a simple script that will calculate the volermf a hollow sphere
that is

4
3 (ro —131)
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Wherer1 is theinner radius andy is theouter radius. Assign a value to a
variable for the inner radius, and also assignlaev another variable for
the outer radius. Then, using these variablesgiasgise volume to a third
variable.

8) Write a functiomexthour that will receive one integer argument, which
is an hour of the day, and will return the nextihdinis assumes E-hour
clock, so for example the next hour aft@would bel. Here are two
examples of calling this function.

>> fprintf(‘The next hour will be %d.\n’,nexthour(3)
The next hour will be 4.

>> fprintf(‘The next hour will be %d.\n’,nexthour(2))
The next hour will be 1.

Q9) Write a script to calculate thelume of a pyramidwhich is /3 * base
* height), where thdaseis (ength * width). Prompt the user to enter values
for thelength, width, and theheight and then calculate the volume of the
pyramid. When the user enters each value, he owshinen be prompted
also for either for inches, orc for centimeters. (Note:2.54cm = 1 inch. The
script should print the volume oubic inches with three decimal places. As
an example, the format will be:

(Q10) Write a functioncreatevec_m to_n that will create and return a vector
of integers fronm to n (wherem is thefirst input argument and is the
second), regardless of whether is less tham or greater than. If mis
equal ton, the vector will just b& x 1or ascalar. Here are some
examples of calling the function:
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Q11)Write a script that will generatene random integer, and will print
whether the random integer is @venor anodd number.

(Q12) A Pythagorean triple is a set of positive integd(a,b,c)such thag? + b?
= ¢%. Write a functiorispythagthat will receive three positive integegs 6,
c in that order) and will returnl for true if they form a Pythagorean triple,
or O for false if not.

13) Write a scriptarea_menuthat will print a list consisting ofylinder,
circle, andrectangle It prompts the user to choose one, and then pomp
the user for the appropriate quantities (e.qg.raleus of the circle) and then
prints its area. If the user entersiavalid choice, the script simply printan
error message. The script us&itch statement to accomplish this. Here are
two examples of running it (units are assumed tmtees).

Q14) Letx=[3169 12 -1 0-12 9 6 1Provide the command(s) that will:
set the positive values of to zero
set values that are multiples 8fto 3
multiply the even values of by 5
extract the values ok that aregreater than10 into a vector callegt
extract the values ok that ardess than0 into a vector called

Q15) LetA =randi ([-10,10],6,6).Perform the following (usingnd
function):
find the indices and list all elementsAfwhich aresmaller than-3
find the indices and list all elementsAdfwhich are smaller thah
and larger thanl
remove those columns o which contain at least oreelement.
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016) Assume that the months are represented by numioend fto 12. Write
a script that asks you to provide a month and msttiie_number of days in
that particular month. Alternatively, write a sd¢ripat asks you to provide a
month name (e.g. 'June') instead ohamber. Use theswitch function.

Q17) Write afor loop that will print the column ofea/numbers froni.1 to
2.9in steps 0D.1

(018) Write a functionsumsteps2 that calculates and returns the suni ¢d n
in steps oR, wheren is an argument passed to the function. Do thisguai
for loop

19) Write a functionprodby? that will receive a value of a positive integer
n and will calculate and return tipeoduct of the_odd integers frorhto n
(or fromlton-1if nis even).

Q20) Write a function callegieomser that will receive values afandn, and
will calculate and return the sum of the geometages:
1+r+rP+rP+rt+ + 1

(Q21) Create d x 6vector of random integers, each in the range ftdao20.
Find theminimum andmaximum values in the vector, also find the sum of
vector.

Q22) Write a function that will receive a matrix as aput argument, and
will calculate and return the overallerage of all numbers in the matrix.

(Q23) Create a vector dive random integers, each in the range frelfito
10. Perform each of the following:
Subtract 3 from each element.
Count how many are positive.
Get theabsolute value of each element.
Find the maximum.

24) Write a script that will print the following multiigation table:
1

2 4
369
4 8 12 16
5 10 15 20 25

25) The mathematiciakuler proved the following:

7T2—1+1+1+1+
6 4 9 16

Loop until the sum is close t@?/6
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(Q26) Write a script that will continue prompting the ug® positive numbers,
and storing them in a vector variable, until therugpes a negative number.

27) An approximation for thexponential function can be found using what
Is called aMaclaurin series:

4 xl x? A3
e =~1+ F = i + g + -
Write a program to investigate the valuesbéind theexp function.

(028) Thearea of a triangle is:
area = \/s(s —a)(s—b)(s—rc)

Wherea, b, andc are the lengths of the sides of the triangle, susdequal
to half the sum of the lengths of the three sides ofrihadle. Write a script
to calculate and print therea of the triangle.

Q29) Write a functionconvert_sec to convert seconds in term of (hours :
minutes : seconds)

(Q30) Determine thesum of the first50 squared numbers with a conttabp.

031) Givenx=[416-1-22]andy = [6 2 -7 1 5 -1]compute matrices
whose elements are created according to the follpWarmulas:

aij = Vi I X
bi = Xi Vi
Cij Xi 1(2 + xi +Yj)

di 1/ max(Xi; VYj)

032) Write a script thatransposes a matrixA. Check its correctness with the
Matlab operationA'.

033) Create amm-by-n array ofrandom numbers (useand function). Move

through the array, element by element, and sevalwe that idess than0.5
to 0 and any value that greater than orequal to 0.5to 1.
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4.1 Symbolic Aleebra

Symbolic mathematicsis used regularly in math, engineering, and s@&@enc
classes. It is often preferable to manipulate egastsymbolically before you
substitute values for variables. Itiseans doing mathematics on symbols (not
numbers!).For exampleg + ais 2a. The symbolic math functions are in the
Symbolic Math Toolbox in MATLAB. Toolboxes contain related functions asc
add-ons to MATLAB. The Symbolic Math Toolbox inckslan alternative method
for solving equations.

4.2 Creatine Symbolic Variables and Expressions

Before we can solve any equations, we need toecssaihe symbolic variables.
Simple symbolic variables can be created in twosv&pr example, to create the
symbolic variablec, type either

>> Symsx

OR

>>x =sym (x');

Both techniques set the charactér equal to the symbolic variabbe More
complicated variables can be created by usingiegistymbolic variables, as in
the expression:

>>y = 2*%(x - 3)"2/(x"2 + 6*Xx -9)

Notice that botlx andy aresymbolic variableswhos command showing that:

>> whos
Name  Size Bytes Class Attribu tes
X 1x1 60 sym
y 1x1 60 sym

Thesymscommand is particularly convenient, because itosansed to create
multiple symbolic variables at the same time, ak the command

>>symspi r h

These variables could be combined mathembBtittatreate another symbolic
variable,Vcylinder:

>> Veylinder=pi*r*2*h
Thesym function can be used to create either an entpeession or an entire
equation. For example
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>> E =sym (m*c"2")

Creates a symbolic variable nanted\otice thatm andc are_not listed in the
workspace window, they have not been specificafyngd as symbolic variables.
Instead, the input teym was a_character string, identified by thegle quotes

inside the function.

>> whos
Nane Si ze
Vcyl i nder 1x1
h 1x1
r 1x1

Cl ass Attri butes

sym
sym
sym

All basic mathematical operations can be peréal on symbolic variables and
expressions (e.g., add, subtract, multiply, divicease to a power, etc.). For

examples:

>> A=sym('x"2");
>> B=sym('x"4');
>> A/B

ans =

1/x~2

>> sqrt(B)
ans =
(x™)™N1/2)

>> AN3
ans =
X6

>> B*A
ans =
X6

>> A + sym(5*x"2")
ans =
6*x"2

>> sym (23 + 2*z3")
ans =
3*z"3
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Example 4.1:Generate symbolic series:
y=x x% x3 x*.. x"
1 1 1 1

Z — — —

T~ 2x 4x 6x " Znx

Sol:

>> Symsx

>>n=7;

>> y=x.~(1:n)

y =

[ X, X2, X3, X 4, xX"5, X6, X7]

>> n=16;

>> z=1./(x*(2:2:n))

Z =

[ 1/(2*Xx), 1/(4*x), 1/(6*x), 1/(8*x), 1/(10*x), 1/02*x), 1/(14*X), 1/(16*X)]

Notice that the series results appeared asnge@lso thesym function uses
to create the symbolic matrix. For examples:

>> A= sym(a’, 3)
A =

[al 1,al 2,al 3]

[a2 1,a2 2,a2 3]

[a3_1,a3 2,a3 3]

>> A= sym(a' , [3 5])

A=

[al 1,al 2,al 3,al 4,al 5]
[a2_1,a2 2,a2 3,a2 4,a2 5]
[a3 1,a3 2,a3 3,a3 4, a3 5]

>> A= sym (a%d%d" , [3 5])
A =

[all, al2, al3, al4, al5]

[ @21, a22, a23, a24, a25]

[ @31, a32, a33, a34, a35]

Example 4.2:Use an anonymous function to create a symbolicixnasrshown:
1 1
[1 1 1= n}

EEEY
m* 1 nxm
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2

ol:

>> SymbolicMatrix=@(m,n) sym(1./((1:m)™*(1:n)));
>> SymbolicMatrix(3,5)

ans =

[ 1,1/2,1/3, 1/4, 1/5]

[ 1/2, 1/4, 1/6, 1/8, 1/10]

[ 1/3, 1/6, 1/9, 1/12, 1/15]

Note: In symbolic expressions theal numbers are convertedrational values,

ot
for examples:

>>sym (2.5 + 3.75)
ans =
25/4

>> sym(sqrt(5.5))
ans =
(27N(1/2)*117M1/2))/2

>> sym(9.772/2)
ans =
9409/200

4.3 Simplification Functions

There are several functions that work with expassiand simplify the terms
such as:

d.3.1 simplify Function
The simplify function does whatever it can somplify expressions, including
gatheringike terms. For example:

>> y=sym (x"2+3*x-5=1");

>> simplify (y)
ans =
x*(x +3) =6

>> 7 = sym (3*x-(x+3)*(x-3)"2");

>> simplify (z)
ans =
3*x - (x - 3)"2*(x + 3)

>>w =sym (xX3-1 = (x-3)*(x+3)");
>> simplify (w)
ans =
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X"3 + 8 = x"2

>> Symsx

>> simplify (cos(x)"2 + sin(x)"2)
ans =

1

>> simplify (tan(x)"2 - sec(x)"2)
ans =
-1

k.32 expand Function
Theexpandfunctionmultiplies out all the portions of the expression or
equation. For examples:

>> Symsx

>> expand ((x-2)*(x-4))
ans =

X"2 - 6*x + 8

>> symsy

>> expand (sin(x+y))

ans =

cos(x)*sin(y) + cos(y)*sin(x)

>> expand ((x+8)"3)
ans =
XN3 + 24*x72 + 192*x + 512

>>y = (1-x)"3

y =
-(x - 1)"3
>> expand (y)

ans =
- X"3 + 3*x"2 - 3*x + 1

4.2.2 factor Function
Thefactor function uses tanalysis the equations to their factors. For
examples:

>> Symsx

>> factor (x"3-1)

ans =

(x - )*(x"2 + x + 1)

>> symsy
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>> factor (x4-y"2)
ans =
(x"2 - y)*(x"2 +y)

>> factor (sym('1523698745%)

ans =
2"6*173*1376173

4.3.4 collect Function
Thecollectfunction uses taollect coefficients. For examples:

>> Symsx,y
>> collect ((x-1)"2*(x+1))

ans =
X"3 - x"2 - x + 1

>> collect ((x"2-x"3)"2-4)
ans =
XN6 - 2*X"5 + x"4 - 4

>> collect ((x*2-x"3)"2*(y-1))
ans =
(y - 1)*x76 + (2 - 2*y)*x"5 + (y - 1)*x"4

>> collect ((XA3-x22)"2 - (y-1)"3,y)
ans =
- y"3 + 3*y"2 - 3*y + (X222 - xXA3)"2 + 1

d.3.5 subs Function
Thesubsfunction will substitute a value for a symbolic variable in an
expression or in an equation. For examples:

>> myexp = X3 + 3*x"2 - 2
myexp =
X3 + 3*x"2 - 2
>>x =3;
>> subs (myexp,X)
ans =
52

>> SYmsx v
>> subs (x"2-y"2+x*y-3 , X, 2)
ans =
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- yr2 + 2fy + 1
>> subs (x"2-y"2+x*y-34X, ¥} 43 , -2})
ans =

-4

4.4 Solvinoe Expressions and Eguations

A highly useful function in the symbolic tbolx issolve It can be used to
determine theoots of expressions, to find numerical answers wherettsea single
variable, and to solve for an unknown symbolicallize solvefunction can also
solve systems of equations, tealvefunction allows the user to find analytical
solutions to a variety of problems.

d.4.1 solve Function

The functionsolve solves an equation and returns ttwet(s) as _symbolic
expressions. The solution can be converted to nisnseng anyumeric function,
such aslouble for example:

>> SYmsx
>> R = solve Q"2 + x = 6')

>> double (R)

ans =
- 2. 0000
1. 5000

Thesolvefunction sets the expression equatdia and solves for the roots.
For example:

>> solve 3*x"2 + x')
ans =
-1/3
0

If there is more than one variable, MATLAB eferentially solves forx. If
there is noc in the expression, MATLAB finds the variable clsstox. Forexample:

>> solve @*x"2+b*x +c')

ans =

-(b + (b*2 - 4*a*c)~(1/2))/(2*a)
-(b - (b*2 - 4*a*c)~(1/2))/(2*a)

However, it is possible to specify which varialdesblve for:
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>> solve @*x/2+b*x +c', 'a")
ans =
-(c + b*x)/x"2

MATLAB can also solve sets of equations. lis esxample, the solutions far
y, andz are returned asstructureconsisting of fields fox, y, andz. The individual
solutions are symbolic expressions stored in field&e structure.

>> R=solve @*x-2*y+z=7" , 'x+ty+5*z=10" , '-2*x+3*y-z=2")

R =
X: [1x1 syn]
y: [1x1 sym
z: [1x1 sym

Torefer to the individual solutions, which are in the store fields, thedot
operator (. ) is used.

>> X =R.X
X:
124/ 41

>>y = R,y

121/ 41

>>7=R.z
Z =
33/41

Thedouble function can then be used tovert the symbolic expressions to
numbers, and store the results from the three unknowswuactor.

>> double ([x y z])
ans =
3.0244 2.9512 0. 8049

4.5 Calculus

MATLAB provides various ways for solving prehs of differential and
integral calculus, solving differential equatiorfsamy degree and calculation of
limits. Best of all, you can easily plot the gragifiscomplex functions and check
maxima, minima and other stationery points on a@lgray solving the original
function, as well as its derivative. We will deatiwthe problems of calculus, and
discuss pre-calculus concepts i.e., calculatingsiof functions and verifying the
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properties of limits. We will also discuss solvidifferential equations. Finally, we
will discuss integral calculus.

4.5.1 Limit Calculation
Thelimit function takesexpression as_an argument and finds the limit of the
expression as the independent variable goes to Zerexamples:

>> Syms x
>> [imit ((x3+5)/(x*4+7))
ans =

5/7

>> limit ((x -3)/(x-1) , -1)

ans =
2

Algebraic Limit Theorem provides some basic prapsrof limits. These are as

follows:
lim (f(x)+g(x)) = lim f(z)+ lim g(x)
T—p TP T—p
lim (f(z)—g(z)) = lim f(z)— lim g(x)
i T—p T—+p
lim  (f(z)-g(z)) = lim f(z)-lim g(x)
zd—bp .z:l—}p 'I._}P
m (fie)jatz)) = lmfiz)/limala)

Example 4.3:Two functions: f(x) = (3x + 5)/(x - 3)andg(x) = ¥ + 1 Calculate
the limits of the functions ag tends to4, of both functions and verify the basic
properties of limits using these two functions MMATLAB.

>> Symsx
>> f = (3*x +5)/(X3);
>> g =x"2+1;
>> lim_f = limit (f,4)
lim_f =

17

>> lim_g = limit (g,4)
lim g =
17

>> limAdd = limit (f + g,4)

limAdd =
34
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>> limSub = limit (f - g,4)
limSub =
0

>> limMulti = limit (f * g,4)
limMulti =
289

>> [imDiv = limit (f / g,4)
limDiv =
1

When limits of a functiorf(x) hasdiscontinuity atx = a. This leads to the
concept ofieft-handed andright-handed limits. A left-handed limit is defined as
the limit asx — a, from the left, i.e.x approaches, for values ok < a. A right-
handed limit is defined as the limit as— a, from the right, i.e.x approaches,
for values ofx > a. When the_left-handed limit and right-handed Isratrenot
equal, the limit does not exist. For example:

>> f =(x -3)/abs(x3);
>> |eft_lim = limit (f, x, 3, 'left")
left_lim =

-1

>> right_lim = limit (f, x, 3, 'right")
right_lim =
1

d.5.2 Differential

MATLAB provides thaliff function for computingsymbolic derivatives. In
its simplest form, for examples:

>> symst
>> f = 3*N2+2*1(- 2);
>> diff (f)

ans =
6*t - 4/t"3

>> Symsx
>> diff (X2 + 3)*(x + 2))
ans =
2*x*(x + 2) + x"2 + 3

>> der = diff ((2*t"2 + 3*t)/(1"3 + 1))
der =
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(4%t + 3)/(t"3 + 1) - (3*CA2%(2%tA2 + 3*t))/(tr3 + 1)A2

>> diff (cos(x)"2)
ans =
-2*cos(x) *si n(x)

>> diff(exp(3*x*3))

ans =
9* x"2*exp( 3*x"3)

>> diff (log(t))
ans =
1/t

>> diff (log10(t))
ans =
1/ (t*1 og(10))

To compute higher derivatives of a functipnve use theyntax: diff(f,n) . For
examples:

>> f=2*x"3-3*x\2+4*X- 1;
>> derl= diff ()
derl =

6*Xx"2 - B6*Xx + 4

>> der2= diff(f,2)
der2 =
12*x - 6

>> der3= diff(f,3)
der3 =
12

The basic rules of derivatives for functibandg are:

f+a'=f+4
f=9l'=f-4d
(fal'=f'g+ fg product rule
HT _I'g —_)f.f;’

g g
lg(f) =4 (f)- f chain rule

quotient rule
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Example 4.4:Two functionsf(x)=2x2-x+2 andg(x)=3x-8, prove the product rule
(f.g)=f.g+f.g'. Write a program to verify the result.

Sol:

syms X
f=2*x"2- x+2;
g=3*x"3- 3*x;

Ihs=diff(f*g);
rhs= diff(f)*g+diff(g)*f;

if Ihs==rhs
disp( 'the LHS is equal RHS and the result is ' )
disp(lhs)

else
disp( 'there is an Error' )

end

the LHS is equal RHS and the result is :
(9*x"2 - 3)*(2*x"2 - x + 2) - (4*x - 1)*(3*x - 3*x"3)

Example 4.5:Write a script to solve a proble@iven that a functioy = f(x) =3
sin(x) + 7 cos (5x)We will have to find out whether the equatitr f = -5cos
(2x) holds true.

Sol:
syms x

y =3*sin (x)+7*cos (5*x) ;
lhs = diff(y,2)+y;

rhs =- 5*cos (2*x) ;
if Ihs==rhs
disp( 'Yes, the equation holds true' i,
else
disp( '‘No, the equation does not hold true' b
end
disp( 'Value of LHS is:"' )
disp(lhs);

No, the equation does not hold true
Val ue of LHS is:
-168*cos(5*x)

Note: MATLAB provides thedsolve function for solving differential equations
symbolically. The most basic form of tdeolvefunction for finding the solution
to a single equation istsolve (‘egn’)whereeqnis a text string used to enter the
equation. It returns symbolic solution withdefault independent variable isand a
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set of arbitrary constants that MATLAB lab&l4, C2, and so on. The equation:
f'(x) + 2f'(x) = 5sin3x should beentered as:'D2y + 2Dy = 5*sin(3*x)' where
derivatives are indicated with“B” . For example, the®differential equation:

y' =3y

>> g = dsolve'Dy = 5*y")
S =
C2*exp(5*t)

For 2 differential equationy" -y =0, y(0) =-1, y'(0) = 2.

>> dsolve D2y -y =0', 'y(0) =-1', 'Dy(0) = 2)
ans =
exp(t)/2 - 3/ (2*exp(t))

To substitute the variabtavith any other variables, the expression should be

>> dsolve D2y -y = 0", 'y(0) = -1, 'Dy(0) = 2', %)
ans =
exp(x)/2 - 3/ (2*exp(x))

4.5.2 Integration
MATLAB provides anint function for calculatingntegral of an expression.
For examples:

>> Symsx
>> f=2%x;
>> int (f)
ans =

XN 2

>> Symsx n

>> int(n”x)

ans =
n~x/ 1 og(n)

>> int (Xn)
ans =
pi ecewi se([n = -1, log(x)], [n <> -1, x*(n + 1)/(n + 1)])

>> f= sin(n*x);
>> int(f)
ans =
-cos(n*x)/n
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>> symsa {

>> int (a*cos(pi*t))

ans =
(a*sin(pi*t))/pi

>> Symsx

>> f= int (x"5*cos(5*x))

f=

(24*cos(5*x)) /3125 + (24*x*sin(5*x))/625 - (12*x"2*cos(5*x))/ 125
+ (x"M4*cos(5*x))/5 - (4*x"3*sin(5*x))/25 + (x"5*sin(5*x))/5

As shown before, the result of integrationdtion seems difficult to understand,
so MATLAB provides thepretty function which returns an expression in a more
readable format, for example:

>> pretty(?) 2 4 3 5

24 cos(5 x) 24 x sin(5 x) 12 x cos(5 x) X cos(5 x) 4 x sin(5 x) X sin(5 x)

Theint function can be used faolefinite integration by passing themits over
which you want to calculate the integral. To cadte!

b
I, f(x)dx =f(b) - f(a)

Thesyntax of int function is:i nt ( X, a, b) . For example, to calculate the value

of f: xdx

>> Symsx
>> int (x,2,9)
ans =

7712

Example 4.6:Calculate therea enclosed between the x-axis, and the cyrze
x3-2x+5 and the ordinates= 1 andx = 2

Sol:
The required area is given t a = ff(xs —2x+5)dx andthe commands are:
>> Symsx
>> f =x"3-2*%x+5;
>> area=int(f,1,2)
area =
23/ 4

>> disp(Area = "), disp (double(area))
Area =
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5. 7500
Example 4.7:Find the area under the curfgx) = x2 cos(x)for —4<x<09.

Sol:
>> f=x"2*cos(x);
>> area=int (f,-4,9)
area =
8*cos(4) + 18*cos(9) + 14*sin(4) + 79*sin(9)

>> fprintf ('the area = %0.37 \n, double(area))
the area = 0. 333
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Exercises
Q1) Create the following symboliexpressionsusing either thesym or syms
functions:
2 | Vi y% —x?
1. (x+ 1)? " a xy(2b=c)
. ax?—2 VIl. sin’x + cosy
V. ax* + bx + ¢ VIl tan?y + 22

secy

V.ax3+bx:+cx+d

(Q2) Use the symbolic expressions fr@m to find:
1) Multiply I andll and named resujtl
2) Divide | by Il and named resw@
3) Add Il andlV and named reswi
4) Multiply VII andVIll , named resulg4
5) Divide VIl by VIIl , named resuly5
6) Use thefactor, expand collectandsimplify functions oryl,y2,y3, y4
andysb.
7) Find the final result o¥Il VIII andy5 whenx=30° andy=70°

(Q3) Define seriesymbolically :

111 1
1= > - =
2 3 47 n
3 4 5 (n+2)

NS
|

R <
<

x3 x5 e xzn_l

(Q4) Use the variables and expression§)in
Use thesolvefunction to solvd andll
Use thesolvefunction to solvdll , for both x and a,
Find the value ok anda by solving bothll andlll . Then find the same

values when (expll equals3) and (explll equalsb)
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(Q5) Consider the following system btfear equations:

5x + 6y -3z =10

3x-3y+2z=14

2x -4y -12z =24
Use thesolve function to solve forx, y, andz, resolveequationsusing linear
algebra techniques.

6) Consider the followingnonlinear system of equations:
x2+5y-32=15
4x +y¥—z=10
X+y+z=15
Solve thenonlinear system with thesolve function. Make your results more
readable.

Define a vectow of the even numbers frothto 10. Substitute this vector
into | andll

(Q77) Find thel® derivative of the following expressions:
X2+ x-1
sin(x)
tan(x)
In(x)

(8) Find the1s and 2" partial derivatives with respect soof the following
expressions:
ax’+bx+c
X0.5_ 3y
tan (x +y)
3x + 4y - 3xy
2y - 3x2

Refined 2" partial derivative with respect to

Qo) Integrate the expressions@8 and(Qo9 with respect tx, then integrate the
expressions i19)9 with respect ty

(Q10) Perform a double integration with respect-tdor each of the expressions
in Q9

Q11) A college student goes to the cafeteria and buyshiuThe next day he
spends twice as much. The third day he sp&idsss than he did the second
day. At the end 08 days he has spe$85 How much did he spend each day?
Solve this problem.
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(Q12) Consider the following set @levenequations:
3."\'1 G 4.1‘2 - 2.:\.'3 — X4 ¥ X5, ; T.-\'ﬁ e Xy — —l't_}
2x; — 2x0 + 3x3 — 4xy + Hxy + 2x5 + 8xp = 32
x; + 2x0 + 3xg + x4 + 2x; + 4xg + 6y = 12
ﬁ,‘i'l 2 ]”.\'2 + -l‘h, I R.‘tll + U"Ej, — E.-‘E'ﬁ i Xy = —5
3x1 + 2% — 2x3 — 4x4 — Hxs — 6xg + 77 = 10
—2x; + 9% + x5 + 3x4 — x5 + Bxg + x3 = 18
.7{:1: — 2\{3 = H.Tg = o —l'.-"i:__| z = 2\.:' g & —.l'.Tﬁ e 5,\'? — ]T
Define asymbolic variable for each of the equations, and use MATLiARolve

for each unknownCompare the amount of time it takes to solve the preceding
problem by using symbolic math with the andtoc functions, whoseyntax is:

tic

&:ode to be timed

ioc

13) Determine thest and2™ derivatives of the following functions:
fix) =y=»-4x+3x+8
fax) =y=(@-2x+1) (x—1)

fa(x) =y = cos(X) sin(x)
fa(x) =y = 3xe**’

Q14) Use MATLAB symbolic functions to perform the follawg integrations:
f(x2 + 1)dx

1.3

f (x? + x)dx
0.2

f(x2 + y¥)dx
21

f (ax? + bx + ¢)dx
35

Q15) The following polynomial represent tladtitude in meters during the first
48 hours following the launch ofweeather balloon

h(t) = —0.12t* + 12t3 — 380t* + 4100t + 220
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Assume that the unit ¢fis hours.

1) Find thevelocity which it's thel® derivative of the altitude to determine the
equation for the velocity of the balloon.

2) Find theacceleration is the derivative ofelocity, or the2" derivative of the
altitude, to determine the equation for the acedien of the balloon.

3) Determine when the balloon hits the ground. Beca(iges afourth-order
polynomial, there will be four answers. Howeverlyoone answer will be
physically meaningful.

4) Determine themaximum height reached by the balloon. Use the fact tiat t
velocity of the balloon is zero at the maximum height.
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