Mat lab

Lecturer Wala’a Abd ul-Mageed



Introduction:

The name MATLAB stands for Matrix Laboratory. MATLAB was written originally to provide easy
access to matrix software developed by the LINPACK (linear system package) and EISPACK (Eigen
system package) projects. MATLAB [1] is a high-performance language for technical computing. It
integrates computation, visualization, and programming environment. Furthermore, MATLAB is a
modern programming language environment: it has sophisticated data structures, contains built-in editing
and debugging tools, and supports object-oriented programming. These factors make MATLAB an
excellent tool for teaching and research. MATLAB has many advantages compared to conventional
computer languages (e.g., C, FORTRAN) for solving technical problems. MATLAB is an interactive
system whose basic data element is an array that does not require dimensioning. The software package
has been commercially available since 1984 and is now considered as a standard tool at most universities
and industries worldwide. It has powerful built-in routines that enable a very wide variety of
computations. It also has easy to use graphics commands that make the visualization of results
immediately available. Specie applications are collected in packages referred to as toolbox. There are
toolboxes for signal processing, symbolic computation, control theory, simulation, optimization, and
several others of applied science and engineering..



Starting MATLAB

When you start MATLAB, a special window called the MATLAB desktop appears.
The desktop 1s a window that contains other windows. The major tools within or
accessible from the desktop are:

1. The Command Window
2. The Command History
3. The Workspace

4. The Current Directory
5. The Help Browser

The Start button
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Operation

Addition
Subtraction
Multiplication
Left division
Right division
Power
Transpose

Square root



Ex: Use Mat lab to find the following :

10 18
Gtso

>> 6%(10/13)+18/(5*7)+5%972
Ans: 410.1297

+ 5(9)2

Creating MATLAB variables

MATLAB variables are created with an assignment statement. The syntax of
variable as- segment is

variable name = a value (or an expression)

For example,

>> X = expression



Controlling the appearance of floating point number

MATLAB by default displays only 4 decimals in the result of the calculations,
for example 1636667, as shown in above examples. However, MATLAB
does numerical calculations in double precision, which is 15 digits. The
command format controls how the results of

computations are displayed. Here are some examples of the deferent formats
together with the resulting outputs.



Example:

>> format short

>>x=-163.6667

If we want to see all 15 digits, we use the command format long
>> format long

>>x=-1.636666666666667¢+002

To return to the standard format, enter format short, or simply format.

The complex number: z=x+iy _

imag(z) Imaginary part complex number

abs(z) Absolute value
conj(z) The conjugate

angle(z) The angle



Mathematical functions:
MATLAB oxers many preened mathematical functions for technical computing which contains
a large set of mathematical functions.

Typing help elfin and help spec fun calls up full lists of elementary and special functions
respectively. There is a long list of mathematical functions that are bur/t into MATLAB. These

cos(x)  Cosine abs(x)  Absolute value

sin(x)  Sme sign(x)  Signum function

tan(x)  Tangent max(x)  Maximum value
acos(x)  Arc cosine min(x)  Minimum value

asin(x)  Arcsine ceil(x) Round towards +o
atan(x)  Arc tangent floor(x) Round towards —oc
exp(x)  Exponential round(x) Round to nearest integer
sqrt(x)  Square root ren(x)  Remainder after division
log(x)  Natural logarithm | angle(x) Phase angle

logl0(x) Common logarithm | conj(x)  Complex conjugate




functions are called built-ins. Many standard mathematical functions, such as sin(x), cos(x),
tan(x), /n(x), are evaluated by the functions sin, cos, tan, exp, and log respectively in_Mat lab

In addition to the elementary functions, MATLAB includes a number of preened constant
values. A list of the most common values is

pi  The m number, 7 = 3.14159. ..
i,j The imaginary unit i, /-1
Inf The infinity, oo

NaN Not a number

>>x=1;
>>y=exp(x)
>>y=

2.1783



>»> a=65; x=2;, y=8;
>> y = exp(-a)*sin(x)+10*sqrt(y)
Y ==

28.2904

The subsequent examples are

>> log(142)
ans =
4.9558

>> log10(142)
ans =
2.1623

Note the difference between the natural logarithm log(x) and the decimal logarithm (base
10) logl0(x).

To calculate sin(w/4) and €', we enter the following commands in MATLAB,

>> sin(pi/4)

ans =

0.7071
>> exp(10)
ans =

2.2026e+004



Matrix generation

Matrices are fundamental to MATLAB. Therefore, we need to become familiar with
: a. to ente& a row VFCtOI' VMXPe .
matrix generation and manipulation. rices can be generated in several ways.

For example,

>>v=[1471013]

V=

1. 47 10 13

a. Column vectors are created in a similar way, however, semicolon (;) must
separate the components of a column vector,

>>w=[1;4;7;10;13]
W=

1

4

7

10

13



Thus, v(1) is the first element of vector v, v(2) its second element, and so forth.
Furthermore, to access blocks of elements, we use MATLAB's colon notation (:). For
example, to access the first three elements of v, we write,

>>v(1:3)
ans =
1 4 7

Example:
1.Givenx=[31579 2 6], explain what the following commands "mean" by by
summarizing the net result of the command.




a. x(3)
b. x(1:7)
c. X(1:end)
d. x(6:-2:1)
sol:
a. >>x(3)
5

a. >>x(2:7)
1. 57926

a. >>x(l:end)
3. 157926

a. x(6:-2:1)
.27 1

(U



Entering a matrix:

A matrix is an array of numbers. To type a matrix into MATLAB you must
?begin with a square bracket, [

?separate elements in a row with spaces or commas (,)

Zuse a semicolon (;) to separate rows

Zend the matrix with another square bracket, |.

Here is a typical example. To enter a matrix A, such as,

(]

|
A= | 4
7

o Ot b
0 o

type,

>>A=1[123;456; 78 9]
MATLAB then displays the 3 x 3 matrix as follows,

A

~ B
o
o)



o A(:, ) 15 the jth column of A, while
o A(1,:) 15 the ith row, and

o A(end,:) picks out the last row of A



Example In a previse example
>>A(2,:)
ans

4 5 6 >
A(:, 3)
ans 3 6 9>
A(2,2)
ans 5

Linear spacing
On the other hand, there is a command to generate linearly spaced vectors: linspace. It 1s

similar to the colon operator (:), but gives direct control over the number of points. For
example,

y = linspace(a,b)



generates a row vector y of 100 points linearly spaced between and including a and b.
y = linspace(a ,b, n)

lnspace(minmum number maximum number,number of pomts m between)
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Colon operator in a matrix

Location of element in row and column

Ali,:) The row of matrix

A(:)) The column of matrix

A(i:k.:) Specifies rows i to K

A(:,j:k) Specifies columns j to k

A(:,:) Replace the matrix it selves

A(:) Replace the matrix by one column
A(i,))=[ 1 Delete the row which number i

A(:j)=[1 Delete the column which number j



Set up any matrix of 3*3 with named S and find:

a- the first row of a matrix .
b- the third column of a matrix.

c- the 6th element in a matrix .

d- write the matrix by one column.

e- delete the first row of a matrix.

>>S=[235;-450;679]

a- S(1,:)
>> ans
>> 235



Matrix operations:

The dimension of matrix

diag(A) Main diagonal

det(A) Determinate of matrix

inv(A) Inverse of matrix

sum(A) Summation of matrix( sum of each column)
A' The transpose

sum(A")' Summation of matrix( sum of each row)
Prod(A) Product of each column

max(A) Maximum value of each column

min(A) Minimum value of each column
mean(A) Average of each column

sort(A) Sort in a seconding order

fliplr(A) Flip the matrix from left to right
flipud(A) Flip the matrix from up to down

tril(A) Extract the lower part of matrix

triu(A) Extract the upper part of matrix



Letb=[123;456;789]
>>b=[123;456;789]

>>h=
>> d= sum(b)
1 2 3
4 5 6 >> d=
7 8 9 12
>> a= size(b) o> o= b
3 3
>>e=

>> f= max(b)
>> f=

7 8 9

WN =
o U1 B
O 00 J



>> t= fliplr(b)

>> =

>> h=tril(b)
>> h=

1 0 O
4 5 0
7 8 9

O O W

o U1 I

NS



Matrix generators:

MATLAB provides functions that generates elementary matrices. The matrix of zeros, the matrix of ones, and the identity
matrix are returned by the functions zeros, ones, and eye, respectively.

eye(m,n) | Returns an m-by-n matrix with 1 on the main diagonal
eye(n) Returns an n-by-n square identity matrix

zeros(m,n) | Returns an m-by-n matrix of zeros

ones(m,n) | Returns an m-by-n matrix of ones

diag(A) | Extracts the diagonal of matrix A

rand(m,n) | Returns an m-by-n matrix of random numbers




Matrix arthematics oprations :

As we mentioned earlier, MATLAB allows arithmetic operations: +, -, * and " to be carried out on
matrices. Thus,

A+B or B+A is valid if A and B are of the same size

A*B is valid if A's number of column equals B's number of rows
A”2 1s valid if A 1s square and equals A*A

a*A or A*a multiplies each element of A by

Array arithmetic operations

On the other hand, array arithmetic operations or array operations for short, are done element-by-
element. The period character, ., distinguishes the array operations from the matrix operations. However,
since the matrix and array operations are the same for addition

(+) and subtraction (), the character pairs (-+) and (/) are not used. The list of array operators is shown
below. If A and B are two matrices of the same size with elements A =[az7 | and B = [ b1/ ], then the
command




PN Ok

Element-by-element multiplication
Element-by-element division
Element-by-element exponentiation

»>> C=A.*B

produces another matrix C of the same size with elements ¢;; = ay;by;. For example, using
the same 3 x 3 matrices,

123 10 20 30
A=1|4586]|, B=|40 50 60
7889 70 80 90
we have,
>> C = A.*B
G =
10 40 90
160 250 360

490 640 810



s k.2
ans

1 “x S
16 25 36
49 64 81

Solving linear equations:

For example, consider the following system of linear equations

r+2y+32 =1
dr + 5y +62 = 1
7r + 8y = 1
The coefficient matrix A is
L 2 3 1
A= 14 b 6 and the vector b= | 1
7 8 9 1

With matrix notation, a system of simultaneous linear equations is written
Ar=>

This equation can be solved for z using linear algebra. The result is 2 = A~!b.

There are typically two ways to solve for  in MATLAB:



>> A
>> b
-
x =
-1.0000
1.0000
-0.0000

1 23: 4562 T8 0):
i 540 ¢ 1 I
inv(A) *b

I

plot2D:

x = 0:pi/100:2*pi;
y = sin(x);
plot(x,y)

02r

04 r

06

08




Plot two funcitons:

x = linspace(-2*pi,2*pi);

yl = sin(x);
y2 = cos(X);

0.8r

061

047

0.2

02T

04F

N6

08T




Insert title and labels :

x = linspace(0,10,150);

y = cos(5*x);

plot(x,y)

title('2-D Line Plot")xlabel('x")ylabel('cos(5x)")

cos(5x)

2-D Line Plot
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Discerption Line style Discerption
yellow - Solid line
- magenta -- Dashed line
- cyan : Dotted line
- red - Dash dot line




Description

circle

Plus sign

Asterisk

Point

Cross

Square



Insert color — style line —and marker
x = 0:p1/10:2*pi;

y1l = sin(x);

y2 = sin(x-0.25);

y3 = sin(x-0.5);
plot(x,yl,'g',x,y2,'b--0'",x,y3,'c*")

0.8
0.6

o4r /

0z
04F
06
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meshgrid

mesh(X,Y,z)

three- Plots dimensional graph of the trajectory of a set of three parametric equations x(t),

y(t), and z(t) can be obtained using plot3(x,y,z)

If x and y are two vectors containing a range of points for the evaluation of a function,
[X,Y] = meshgrid(x, y) returns two rectangular matrices containing the x and y values at
each point of a two-dimensional grid.

If X and Y are rectangular arrays containing the values of the x and y coordinates at each
point of a rectangular grid , and if z is the value of a function evaluated at each of these
points, mesh(X,Y,z) will produce a three-dimensional perspective graph of the points.
The same results can be obtained with mesh(x,y,z) can also be used.



Produces a three-dimensional perspective drawing. Its use is usually to draw surfaces, as
opposed to plotting functions, although the actual tasks are quite similar. The output of
surf will be a shaded figure. If row vectors of length n are definedby x=rcos9®andy =

r sin 0, with 0 £ 0 < 2r, they correspond to a circle of radius r. If rf@ is a column vector
equal tor =[01 2]’; then z = r*ones(size(x)) will be a rectangular, 3 x n, arrays of 0’s
and 2’s, and surf(x, y, z) will produce a shaded surface bounded by three circles; i.e., a

//"’// o T~
g0 — | L T ~_
_ ~_ ~__
60 "/ - o /////// \\\\ \\‘\\ ]
. . o é.._ — T -
t=0:p1/50:20*p1; 240 | 2 .
N o i’aq"-—— e =iy W, o ~__
plot3(exp(-0.02*t).*sin(t).exp(0.02*t).*cos(t),t,’1”), =

xlabel(x-axis),ylabel(y-axis),zlabel(z-axis), grid




EX:

x=0:pi/40:2%*pi;
polar(x, sin(2*x));




EX:

=4;
u=linspace(0,5*pi1,50);
v=linspace(-p1,p1,50)
[U,V]=meshgrid(u,v);
x=r*cosh(v).*cos(u);

y=r*cosh(v).*sin(u);
180

z=r*sin(v);
surf(x,y,z)

270
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1. F(x)=2x%+4x-1
2. g(x,y)=xy3 + yx?
Y AL 0585y il Agland
1. symsx
f=2%x"2 + 4xx —1'
2.syms X y
g="x*y 3+ yxx"2



SN alal) Jgla

o Al oda sda da) o) f(x)=0 Aall Jal) alay¥ S AU 8 deadioad) ol lagY) aal ()
A5y dapall OS5 s Al Has alagW Sl s aadiig dus golve Jla¥) 1
Solve (‘fun’)
Ex: find the roots of f=x? -4x +4
Sol:

Syms x

F="x"2—4xx+4

Solve (1)

Ans=-2



df=diff(f) S ¥ IA e J)sall dsiiall e J pand) (S
Ex: £=2%x"2 + 4 xx — 1’
df= diff(f)
df = 4*x+4

)=y 22 4 52 2 I g 21
Ex: f(x,y)=x“y + x“ + y* use mat lab to find 3% ' 3y and 979y

Sol: HW
L) i) e cliiiiall
diff(f,n) dapall Caze o585 diff ¥ alasiuly &b o Sa
bl JULall 4 A&l Ga ) )

df3=diff(f,3)
df3=0
GLELEY) ¢ e 220 n ua diff(f)x7,0) siie (e IS e aaiad Allal) il 13 Ll




Jalsal)
dadana uadl Cdlalil)

Ex: find [(x?% + 2)dx
F="xA2+2’
int(f)

1
§*x3+2*x

Ex:s= [(x%y + 2y)dy
g="x"2*y+2*y’
s=int(g,’y’)
%XAZ*yA2+yA2



mat lab aUai 8 45 )
b aldail) 138 3 eriisall BN aal ) 3 clBiall

less than 3 ; <

oreater than S : >

less or equal s sbw o) J8 <

greater or equal s b o) S >

equal (s sl = =

o U1 A W N R

notequal by : ~ =
ddhaial) Jal g2l

And & 1-

Or | 2-

Not ~ 3-

JAN) Jaa

Giob e ) alall JEaY) Bk ce gmalisall b 4 paall cild shoaall 5 el juiall b Jaal (Ka

Variable= input (¢ (l5¢);

X= input(‘enter value of x=")"

DY) JSAL s pas Al input JBaY) ddea



out put z/,AY Jaa

Syl el sl S8 Sl Aabisa 35k (e I3 5 el ) 03 A suanall ) ) AY (it ko llia
enter Jarcai 5 ash 408 48 paa

D SuleS g debball aadtiy (A disp Jla¥) aladinly ol 5 4500 4 Hlall L)
disp (variable)

disp(x)

[ ] aoshbanly piie ge yiSlAclid (Say

2l JA13 iy e s el (S0 IS dlisp([x y])

disp(‘the value of matrix’)



dota ) & ay)
if logical expression ; Sl JS& MU If L end

Statement
end
ex: write a program to find the value of y=x +sin x if x less than 5
sol:
x= input (‘enter value of x=");
1f x< 5
y= X+ sin(x)
end

disp(y)

ex: write a program to find the roots of equation ax?+b x +c = 0 where this
equation has real roots H.W



AnY) Lall AU f . else...end Al
If logical expression
Statement 1
else
Statement 2
End

Ex: write program to find the roots of equation ax?+b x +c = 0 where this equation has
equal roots or not have

Sol:

a= input(‘enter the value of a’);
b= input(‘enter the value of b’);
c= input(‘enter the value of ¢’);

1f(b"2-4*a*c==0)& a~ =0



x=-b/2*a;

else

disp(‘this equation has no roots’)
end

Ex: write program to solve the system AX=b if A a square matrix else find
the determent of A HW

; Sl JRal Al if | Lelseif... else....end Zapall
If logical expression 1
Statement 1;
Else if logical expression 2
Statement  2;
Else if logical expression 3

Statement  3;

End



n<o display input must be positive
n > 0 and even A=n/2
n > 0 and odd A=n+1/2

Sol:

n= iput(‘enter n=");

1f( n<0)

disp(‘input must be positive’);
else if rem(n,2)==0

A=n/2;

else

A=(n+1)/2;

end
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For variable=initial : final

For variable= initial : step: final

Ex: write a program to find (n!)

n=input(‘n=");
=1

for i=1:n
f=f*1;

end



