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colitall 8 aaall -1

cl ear

sun{ a)

olilall A 7 k) -2

QL) b yall -3

d=conv(a, b) %r d=conv(a, conv(b,c))
f=conv(d, c)
R

ilal) u.é Aaudll -4

Ahmad_engineer 21@yahoo.com BN 38 teaa daa) o




A1 A8 335 o g9 B Lindii 0 s Jll) g (4 ABoluas B g 3 Sl Ll oL W g Sl aSaas Y gl 10 (e i)y JS I

clc

cl ear

a=4;

b=5;

c=7;

d=deconv(a, b) %r d=deconv(deconv(a,b), c)
f =deconv(d, c)

ULl 8 AR ) sall 5 egadall iy sl sl g V) ANl aall Jiai-5

((5*1 0g1l0(x) +2*x"2*si n(x) +sqrt (x) *Ii n(x))

x=1;
f=deconv((5*1 0g10(x) +2*x"2*si n(x) +sqrt (x) *1 og(x)), (exp(6*x"3) +3*x"4+s
;n(log(X))))

x=1;
f=(5*1 0gl0( x) +2*x"2*si n(x) +sqgrt (x) *1 og(x) )/ (exp(6*x"3) +3*x"4+si n(| og
(x)))

L b Jealidl -6

Syms X
f =((XA5) +( 5* XA 4) +( 4* X" 3) - (2*x"2) - ( 8*X) +9)
d=di f f (f, X)

Syms X
f =((X"5) +( 5* x"4) +( 4* X" 3) - (2*x/2) - ( 8* ) +9)
d=di ff (f, 2)

Syms X
f=(1/ (1+x72))
d=di ff (f, x)

Ol b Jalsall -7

Syns X
f=(1/ (1+x72))
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d=int(f,x)

Syms X
f =((X75) +( 5* x"4) +( 4* X" 3) - (2*x/2) - ( 8*X) +9)
d=i nt (f, x)

Syms X
f =((X"B) +( 5* X 4) +( 4*x3) - (2% x"2) - ( 8*X) +9)
d=int(f, 1, 2)

syms x a b
f=((x"5) +(5*x"4) +(4*x"3) - (2*x"2) - (8*x) +9)
d=int(f,a, b)

lalal aYalzdl da -8
Example 1

Find the total solution of the ODE

Y 1 4% L 3y = 367

ﬂTrE dr

subject to the 1tial conditions y(0) = I and y'(0) = -1

Solution:

T

(D) = ke + k_«e_j

(We must remember that the constants k; and k; must be evaluated from the total response).
To find the forced response, we assume a solution of the form
2t

yr = de”

dde* _ 84 + 347 = 3677
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from which 4 = -3 and the total solution 1s
— —3r —2t
W = yu+yr = ke +ke -3e
The constants k; and k; are evaluated from the given initial conditions. For this example,

V(0) = 1 = ke’ + ke’ - 3€°

or
ky+k, =4
(o) = -1 =D = g 3keT 466
dt|, _, : £=0
or

veelds k; = 2.5 and k; = 1.5,

2

Wit) = yy+yr = 25"+ 1.5¢7 -3¢

syms x t
y=dsol ve(' D2y+4*Dy+3*y=3*exp(-2*t)', 'y(0)=1", 'Dy(0)=-1")
ezplot(y,[0 4])

Ypretty(y)
O = = = mm e m e e e e e e e e e
Cul Al =) A ¥ alee & 5 pilalas da -9
Examplel Example2
1A 1+12=1
Ok3+25k4=0 !
N 0.683r1+3 81712413=2
25k3-19k4=4 03931143 81713=1
Solution
DR
cle
syns k3 k4

f1=19*k3+25*k4;
f 2=25%k3- 19*k4- 4;
[k3 k4] =sol ve(f1,f2 )

O mmmmmmm e e m e e mm -
clc

syns rl r2 r3

fil=r1+r2-1;

f2=0.683*r1+3. 817*r 2+r 3-2
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f3=0.393*r1 + 3.817*r3+1
[r1 r2 r3]=solve(fl,f2,f3)

D
Example3
X" 2%y 2+z=0
x-(v/2)-alpha+z=0
x+z+y=0
Sol uti on
I
clc
syms x y z al pha
XN2*y"r2+z=0
x-(y/ 2) -al pha+z=0
X+z+y=0
[x,y,z]=sol ve(' x"2*y"2+z"',"' x-(yl/ 2)-al pha+z',"' x+z+y")
Off === == m e e e e e e e e e e e mmaa

(Sl g 3 gant) Basnia Alalaa e jgdall alag) -10

Example 1

Find the roots of the polynomial

pix) = x*—10x° + 3537 —50x + 24
paAx) = x° —7x" + I6x" + 25x + 52
Solution:
O = = = m m e e e e e e e e e e e
clc

pl=[1 -10 35 -50 24];
f 1=r oot s(p1l)

p2=[1 -7 0 16 25 52];
f 2=r oot s(p2)

Example 2

1_ Itis known that the roots of a polynomial are I. 2. 3, and 4. Compute the cocfficients of this poly-

nomnuial.

2- It is known that the roots of a polynomial are —1, -2, —3, 4+73 and 4 —j5. Find the coefficients

of this polynomial.

Solution:

L0
clc

ri=[1 2 3 4]

f1=pol y(r1)

r2=[-1 -2 -3 -4+5j -4-5j ];

f2=pol y(r2)

R
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Example 3

Evaluate the polynomial

psix) = A3 5 — 4T + 3+ 2
atx = —3
Solution:

U - - -
clc
pl=[1 -3 05 -4 3 2];
f 1=pol yval (p1, - 3)
Off = = mmm e m e e e e e e e m o

Example 4

Let

5 4 _ 2
pr=x —3x +3x +7/x+9

and . ,
pr= 2" —8x" +4x" + 10x + 12

1_ Compute the product p; - p, using the conv(a,b) function.

2_ Compute the product p; - p, using the [q.r] =deconv(c.d) function.

Solution

clc

pl=[1 0 -3 05 7 9];

p2=[2 -8 0 0 4 10 12];

f 1=conv(pl, p2)

[ g, r] =deconv(pl, p2)

N i

Example 5

Let ) X
ps = 2x0 =8 4 4x” 4+ 10x + 12

1- Compute the dervative f%p;- using the polyder(p) tfuncuon.

2- Compute the mtegration P5 using the polyint(p) function.

Solution:
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cl ear

p5=[2 0 -8 0 4 10 12];
f 1=pol yder ( p5)

f 2=pol yi nt (p5)

R
Example 6
R(x) = Prum _ (x” = 4.8372x + 6.9971)(x" + 0.6740x + 1.1058)(x + 1.1633)
Paen  (x°=3.3520x + 3.0512)(x" + 0.4216x + 1.0186)(x + 1.0000)(x + 1.9304)
Find = in polynomial form using the collect(s) function that is used to multiply two or more

den

symbolic expressions to obtain the result in polynomial form. We must remember that the conv(p.q)

function is used with numeric expressions only, that is, polynomial coefficients.

solution

clc

cl ear

Synms X

pnumecol | ect ((x"2- 4. 8372*x+6. 9971) *(x~2+0. 6740*x+1. 1058) *( x+1. 1633))
pden=col | ect ((x"23. 3520*x+3. 0512) * (x"2+0. 4216*x+1. 0186) * ( x+1. 0000) * ( x
+1.9304))

R=pnuni pden

pretty(R)

L0

Example 7

findstheresidues, polesand direct term of a partial fraction expansion of theratio of
two polynomials B(s)/A(s) .If there are no multipleroots,
B(s) R@) RE@ R(n)

A(s) s-P(1) s-P(2) s-P(n)
[R,P,K] =residue(B,A)

b _  xMM4+2x"3-4x"2+5x+1
a  XN5H4AXN—-2XN3+-6XN2+-2x+1

solution
% _______________________________
clc
b=[1 2 -4 5 1];
a=[1 4 -26 2 1];
[R P,K] = residue(b, a)
Off === = = mmm e e e e e e e m e e ma
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R= 0.2873, -0.0973+ 0.1767i, -0.0973 - 0.1767i, 0.4536 + 0.0022i, 0.4536 - 0.0022i
P =-4.6832, 0.5276 + 1.0799i, 0.5276 - 1.0799i, -0.1860 + 0.3365i, -0.1860 - 0.3365i

K =0
Ll B O gal) pauy Apii€ 11

Example 1

Write the MATLAB code that produces a simple plot for the waveform defined as
—4t - —3f . 4’:

r = flr) = 3 -2 Jt+ ——

il ) e  cos e sin? y

in the 0 <1< 5 seconds interval.

Solution:

cl ear

t=0: 0.01: 5 % Define t-axis in 0.01 increments

y=3.* exp(-4.* t).* cos(5 .* t)-2.* exp(-3.* t).* sin(2.* t) + t." 2./
(t+1)

plot(t,y);

grid;

xlabel ("t");

ylabel (" y=f(t)");

title(' Plot for Exanple A 13")

Example 2

Plot the functions

. 3 9 . ) <> . 23 ']
Yy = SIN°X, I = CcOs°X, W = FIN"X-: CO5TX, Vv = sin“x/ cos<x

in the interval 0 <x < 21 using 100 data points.
1-Use the plot command to display these functions on same windows on the same graph.

2-Use the subplot command to display these functions on four windows on the same graph.

Solution:

1-Use the plot command to display these functions on same windows on the same graph.

clc

cl ear

x=li nspace(0, 2*pi, 100); % I nterval with 100 data points
y=(sin(x)." 2);

z=(cos(x)." 2);

W=y, * Zz;

v=y./ (z+eps); % add eps to avoid division by zero
plot(x,y, b ,x,z,"g" ,x,w,"'r',x,v,"y');

grid on

axi s([0 10 0 5]);
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2-Use the subplot command to display these functions on four windows on the same graph.

cl ear

x=l i nspace(0, 2*pi, 100);

y=(sin(x)." 2);
z=(cos(x)." 2);
w=y. * z;

v=y./ (z+eps);
subpl ot (221) ;

pl ot (Xx,y);

axis([0 2*pi 0 1]);
title('y=(sinx)"2");
grid on
subpl ot (222) ;

pl ot (x,z);

axis([0 2*pi 0 1]);
title(' z=(cosx)”"2'");
grid on
subpl ot (223) ;

plot (x, W) ;

axi s([0 2*pi 0 0.3]);

title(' w=(sinx)"2*(cosx)"2");

grid on

subpl ot (224) ;

pl ot (x, v);

axi s([0 2*pi 0 400]);

title(' v=(sinx)"2/(cosx)"2");

grid on

% Interval with 100 data points

% upper left of four subplots

% upper right of four subplots

% | ower |eft of four subplots

% | ower right of four subplots

N

R e

e e e e — =

Ahmad_engineer 21@yahoo.com

Gl - - - - - - --

z=(c05}{)2

04

4

xf»-'=(sim{)2*(cosx)2

i : : 400
| ! Y 3

e
: 20

01 S T S I ]
: i 100
0 : ! : 0
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Sfor o) Jlasinly aliie JS& 8 4uim yry g ol Jsan oy el y ciS) -1 Jlia

clc
a=0;
i SP(' - mmm e m e e e )
for i=1:10;
b=0;
for j=1:10;
c(j) =a*b;
b=b+1;
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3!

ilal) 8 il ghiaal) S A

((Matrix Operations))<datall 3 cild ghaall duluall cildaad) -1

Example C.1
Compute 4 + B and 4 — B given that
A = 123 and B = | © 30
014 -12 5
Solution:
4+B = 1+2 243 3+0 _ 3 5 3
0-1 1+2 445 -1 3 9
and
4_B 1-2 2-3 3-0 _ -1-1 3
0+1 1-2 4-5 I -1-1
Check with MATLAB:
Offy = = = o e e e e e e e e e e e e e e e e e e e e e e e e e e
clc
cl ear
A=[1 2 3; 01 4]; % Define matrices A
B=[2 3 0; -1 2 5]; % Define matrices B
mL=A+B % Add A and B
m2=A- B % Subtract B fromA
O/ = = = m o & e e e o & e e e e e e e e e e e e eeeeeoo s

Example C.2

Multiply the matrix

b
Il
[N
|
s by

o
i

—34j2

Solution:
kj-A:5xj_1 _|9xI
2 3 Sx2

By A =(-3+j2)x |1 72| = |(=3+72)xd
: 2 3 (-3+j2)x 2

5 -I0
10 15

(~3+72)x(=2)| _ |-3+,2
(-3+j2)x3 —6+j4

Ix(=2) _
Sx3

6—j4
—9+j6
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k2=(-3 + 2*j);
A=[1 -2; 2 3];

Check with MATLAB:

% Define scalars kil
% Define scalars k2
% Define matri x A

ml=k1* A % Multiply matrix A by constant k1l
n2=k2* A %vultiply matrix A by constant k2
72

Example C.3

Matrices C and D are defined as

1
C=[23_€| and D = |_j

>

Compute the products C-D and D- C

Solution:

The dimensions of matrices C and D are respectively I x 3 3 x I; therefore the product C- D 1s

feasible, and will result mn a 1 x I, that s,

I
C-D=[234|-1=

=
&

[(3)-(I)+(3).(_;)+(4)_(_,ﬂ _ [7]

The dimensions for D and C are respectively 3 x I I x 3 and therefore, the product D - C 1s also

feasible. Multiplication of these will produce a 3 % 3 matrix as follows:

1 (-2 (H-(3H (1)ED 2 3 4
D-C=|_; [334] = [(=D-(2) (<D)-(3) (-D-(0)| =|-2 -3 -4
2 (-2 (-3 (2D 4 0 8
Check with MATLAB:
R T
clc
cl ear
C[2 3 4]; % Define matrices C and D
D=[1; -1; 2]; % Define matrices C and D
nl=C*D % Miltiply C by D
m=D*C % Miultiply Dby C
IR I T i
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(( Determinants of Matrices)) <l giaall ciladaal) qillua -2

Example C.4

Matrices 4 and B are defined as

Compute derd and detB.

Solution:
detd = 1-4-3.2=4_§ = _2
detB=2-0-2-(-N=0-(-2)=2

R e
clc
cl ear
A=[1 2; 3 4];
B=[2 -1; 2 0]; % Define matrices A and B
det (A) % Conput e the determ nant of A
det (B) % Conput e the determ nant of B
R
Example C.5
Compute defd and detB if matrices 4 and B are defined as
2 3 3 2 -3 4
4= ¢ Jj andB =17 ¢ 2
2 10 0 -5 -6
Solution:
det(A)=2(0%0-1*1) - 3(1*0-1%2) + 5(1*1-0*2) = -24+6+5=9
det(B) = 2(0%(-6)-(-2)*(-5)) - (-3)(1#(-6)-0%(-2)) +4(1*(-3)-0%0)=-18

Check with MATLAB:
R
clc
cl ear
A=[2 35, 101; 210]; % Define matri x A
B=[2 -3 -4, 10-2; 0-5-6]; % Define matrix B
det (A) % Conput e the determ nant of A
det (B) % Conpute the determ nant of B
I T
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((Cramer’sRule)) s -3

and let
ap apy aj; A ap apg
A=\ayayay;| Di=|Bayay
azp dy; a3 Cay ay

Let us consider the systems of the three equations below
(?_H.\:'i‘ ﬂ'j_?_}"l'ﬂl_gf
A%+ apY +dpz

A X+ dzy + a2

=4
=B
=C

aj 4 aj apapA
Dy=|ayBay| Di=|ayay,B
az Cag az a; C

Cramer s rule states that the unknowns X, v, and z can be found from the relations
D;
TaA 7

provided that the determinant A (delta) 1s not zero.

Example C.10

Use Cramer’s rule to find vy, v;, and v; of

|
=

2v;—5-vy+3v; =

I
[+

—2vy—3v,— 4y,
v, +3vy—4-vy; =0
and venfy your answers with MATLAB.
Solution:

Rearranging the unknowns v, and transfernng known values to the night side, we get
v —vy+3vy; =35

—dvy—3v,-2v; = 8

Now, by Cramer’s rule,
2 -1 3 2 -1 5 -1 3|5 -1
A=|_4 3 5| _g4_3 =6+6-12+27+4+4=35D,=|g _3 2| g _3 =15+8+24+36+10-8 = §5
3 11| 3 1 4 1 -1|4 1
2 5 3 2 5
=g § 2|4 § =-16-30-48-72+16-20 = —170
3 4 -1| 3 4
2 -1 3 2 I
Dy=|_y4 3 §| 4 _3 =—-24-24-20+45-16-16 = -55
3 I 4 3 T
Then,
v 8 _ 17 vy, D170 34 vy Dy 55 1
1= A 73577 2TA T B T 7 3TA T T 7
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We will verify with MATLAB asfollows.

LT

clc

cl ear

% The foll owing code will conpute and display the values of v1, v2
and v3.

B=[2 -1 3;-4 -3 -2; 3 1-1]; % The el enents of the determ nant
D of matrix B

del t a=det (B) ; % Conput e the determ nant D of
matrix B

di=[5 -1 3; 8 -3 -2; 41 -1]; % The el enents of D1

det d1=det (d1); % Conput e the determ nant of D1
d2=[2 5 3; -4 8 -2; 3 4 -1]; % The el ements of D2

det d2=det (d2); % Conmput e the determ nant of D2
d3=[2 -1 5; -4 -3 8; 31 4], % The el ements of D3

det d3=det (d3); % Conput e he determ nant of D3
vl=det dl/ del t a; % Conmput e the val ue of vl
v2=det d2/ del t a; % Conput e the val ue of v2
v3=det d3/ del t a; % Conput e the val ue of v3

R e e I
disp('vl=");disp(vl); % Di spl ay the val ue of vl

di sp('v2=");disp(v2); % Di spl ay the val ue of v2

di sp('v3=");disp(v3); % Di splay the value of v3

LS

(( Thelnverse of aMatrix )) 48 saal) (usS2a Slua-4

Example C.14
Matrix 4 is defined as
i 2 3
4=11 3 4
i 4 3
Compute its inverse, that is, find A7
Solution:
Here, defd = 048+ 12-0-16-06 = —2, and since this 1s a non-zero value, it 1s possible to com-
: R - 1
ute the inverse of 4 using | 470 = —4 _g4d7j4
P = derd" Y
3 4 [2 3] 2 3
4 3 14 3] 3 4
- - 7 6 -I
adjid = |_|{ 4:| S —F 3:| =1 0 -1
3 7 3] 3 4 i g
1 3| |1 2 1 2
I 4 |4 | 1 3
Then,
— — -3 )
o 7 i 1 70 =1 ~ 3.{ 3 0.5
A7 = ——adid = <\ 1 ¢ -1l = |-05 0 05
1 -2 1 0.5 I -0.5

Ahmad_engineer 21@yahoo.com BN 38 teaa daa) o




A1 A8 335 o g9 B Lindii 0 s Jll) g (4 ABoluas B g 3 Sl Ll oL W g Sl aSaas Y gl 10 (e i)y JS I

Check with MATLAB:

cl ear

A=[1 2 3; 13 4; 14 3];

i nVA=i nv(A)

% ormat | ong;invA

% ormat short ;i nvA

R i
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(( Solution of Simultaneous Equations with Matrices )) < shuaal) aladiady 4591 c¥aal) Jgia -5
Example C.16

For the system of the equations
.:}.‘-\:j + 33.-_-. +I3 = Gl

compute the unknowns xj, X;, and x; using the inverse matrx method.
Solution:

In matrnix form, the given set of equations 1s AX = B where

2 3 1 xg o
4= I 2 AE X= Xal B = 0
' .
3 1 2 X, 8
Then,
X=A4"B
or
-
X 2 3 1 Q
X = (1 2 3 a
Xy 3 1 2 &8

Next, we find the determuinant detd |, and the adjomnt adjd

I =5 7

detd =18 and adjid=| 7 ] _3

-5 7 1

Therefore,
I -5 7
-1 1 . I

A5 = —adid = — 5

derd "9 T 18| 7 13

-5 7 1

we obtain the solution as follows.

X7 ;113 7| 7133 35/18 1.94
X=\x| =13|7 1-5||6] = 15|20 = |29/18| = | 161
Xy -5 7 1|8 5 5/18 0.28
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Check with MATLAB:

clc

cl ear

A=[2 31; 123; 312];
B=[9 6 8]';

X=A\ B

M=i nv(A) *B
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Example C.17

For the electric circuit of Frgure C.1,

0 20 20
V=100 r{__('" N _"\S ~ \". <
() . /l 90 ;| 90 |2 +0
— T L /S L/ |

Figure C.1. Circuit for Example C.17

the loop equations are

101, - oI, = 100
—0I, +201,-90I, = 0
9L +15; = 0

Use the inverse matrix method to compute the values of the currents I}, [, and I,

Solution

. - . . ]
For this example, the matrx equattonis RI = For I = R 'V, where

-1

= detR

! adjR

10 -0 0 100 I;
R=|_020 0, V=| g¢| and I=]I,
0 -0 15 0 I,

. . _I . . .
The next step 1s to find R * . This 1s found from the relation

Therefore, we find the determinant and the adjoint of R. For this example, we find that

219 135 81
detR = 975, adjR =135 150 90
81 00 119
Then,
< Q_
y ] e 1 .af_ff I35 81
| 81 90 119
and
1 210 135 811|100 100 210 22.40
I = N = —_— = g
I, 075 135 150 90 0 075 135 13.85
I; 81 900 119 ] 81 837
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Check with MATLAB:

% _________________________________________________________
clc

cl ear

R=[10 -9 0; -9 20 -9; 0 -9 15];

V=[100 0 0] ';

I =R\V;

disp('11=");

disp(1(1))

disp('12=");

disp(1(2))

disp('13=");

disp(1(3))

MEi nv(R) *V

IR i
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Example C.18

For the phasor circuit of Figure C.18

170200

Figure C.3. Circuit for Example C.18
the current Iy can be found from the relation

I, = 472
X R
3

and the voltages ¥} and F; can be computed from the nodal equations

Vi-170£0° V-V, V-0 _
85 100 7200

and

V,-170£0° V,-V, V,-0
e + = + = =0
—j100 100 30

Compute, and express the current I, in both rectangular and polar forms by first simplifying like

terms, collecting, and then writing the above relations in matrix form as ¥V = I, where

Y = Admittance, V = Voltage,and I = Current

Solution:

The ¥ matux elements are the coefficients of ¥} and ¥,. Simplifying and rearranging the nodal equa-
tions , we get
(0.0218-70.005)V;-0.01V, = 2
—0.01V; +(0.03+j0.01)V, = j1.7

Next, we write 1 matrix form as

0.0218—j0.005  —0.01 L 2
—0.01  003+j0.01 |V, = |jL7

R

Y V I

where the matrces ¥, ¥, and I are as indicated.
V1 = 1.0490e+002 + 4.9448e+0011

V2 =53.4162 + 55.3439i

Therefore, 1n polar form

Iy = 0.518/-6.53°
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clc
cl ear

Y=[ 0. 0218-0. 005] -0.01;-0.01 0.03+0.01j];

I=[2; 1.7j];
V=Y\I;

Mei nv(Y) *1;
fprintf('\n');
disp('Vl =");
disp(V(1));
disp('V2 =");

di sp(V(2));
R3=100;

I X=(V(1)-V(2))/R3
magl X=abs( | X)

of IX

t het al X=angl e( | X) *180/ pi
degrees

Ahmad_engineer 21@yahoo.com

Check with MATLAB:

% Define Y,

% Define |,

% Find V

% lnsert a line

% Di spl ay val ues of V1
% Di spl ay val ues of V2

% Conpute the value of IX
% Conput e the magni t ude

% Conput e angle theta in
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Example 1.
Simplify the complex number z and express it both in rectangular and polar
form.
(B4 N5+ j2)(2£60°%)
B (34 j6)(1+4 j2)
Solution:
R e e
% Eval uation of Z
% t he conpl ex nunbers are entered

R R e L

clc

Z1 = 3+4%j;

72 = 5+2%j;

theta = (60/180)*pi; % angl e in radi ans

Z3 = 2*exp(j*theta);

Z4 = 3+6%j;

75 = 1+2%j;

N e

% Z rect is conplex number Z in rectangular form

disp("Z in rectangular formis'); % di spl ays text inside brackets

Z rect = Z1*Z72*Z7Z3/ (Z4+Z5)

Z mag = abs (Z_rect); % magni t ude of Z

Z_angle = angle(Z_ rect)*(180/pi); % Angl e in degrees

di sp(' compl ex nunber Z in polar form mag, phase'); %displays text
% nsi de brackets

Z polar = [Z_mag, Z_angl e]

diary
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Example 1.

Write a function file to solve the equivalent resistance of series connected re-
sistors, R1, R2, R3. .... Rn.

Seolution:

function req = equiv_sr(r)
% equiv_sr is a function program for obtaining
% t he equi val ent resistance of series connected resistors
% usage: req = equiv_sr(r)
%r is an input vector of length n

%req is an output, the equival ent resistance(scal ar)

n = length(r); % nunber of resistors

req = sum(r); % sumup all resistors

end

L0

The above MATLAB script can be found in the function file
equiv_sr.m, which is available on the disk that accompanies this book.

Suppose we want to find the equivalent resistance of the series
connected resistors 10, 20, 15, 16 and 5 ohms. The following statements
can be typed in the MATLAB command window to reference the
function equiv_sr

a = [10 20 15 16 5];
Rseries = equiv_sr(a)
diary

The result obtained from MATLAB is

Rseries =
66
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Example 1.-

Write a MATLAB function to obtain the roots of the quadratic equation

ax’ +bx+¢c=0

Solution:

function rt = rt_quad(coef)
%
%rt_quad is a function for obtaining the roots of
% of a quadratic equation
% usage: rt = rt_quad(coef)
% coef is the coefficients a,b,c of the quadratic
% equation ax*x + bx + ¢ =0
%rt are the roots, vector of length 2
% coefficient a, b, c¢c are obtained from vector coef
a = coef(1); b = coef(2); ¢ = coef(3);
int = b2 - 4*a*c;
if int >0
srint = sqrt(int);
x1l= (-b + srint)/(2%a);
X2= (-b - srint)/(2*a);

elseif int == 0
x1= -b/(2*a);
x2= x1;

elseif int <0
srint = sqrt(-int);
pl = -b/(2*a)
p2 = srint/(2*a);

x1 = pl+p2*j;
X2 = pl-p2*j;
end
rt =[x1;x2];
end

We can use m-file function, rt_quad, to find the roots of the following
quadratic equations:

(a) XX +3x+2=0 (b) x> +2x+1 =0 (c) X -2x +3=0

0
clc

%li ary exl. dat

ca=1[132];

ra = rt_quad(ca)

ch =[121];

rb = rt_quad(ch)

cc =[1-2 3];

rc = rt_quad(cc)

diary

0
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O - - - AXN 2D XAC =0 - - - - m s oo

cl ear

clc

cl ose all

=input( ' a

b =input( ' b ;
=input( ' c s

( - b+ sqrt( br2-4*a*c))/(2*a)
(- b+ sqrt( br2-4*a*c))/(2*a)
i mg(x1l)==0 & i mag(x2)==

if x1==x2

str="ident'
el se

str= "'real
end
el seif real (x1)==0 & real (x2)==

str="1inag'
el se

str="conp
end
bigstr=["' (x1=",nunstr(x1),"')--","(x2=",nunmRstr(x2),"')--' ,str];
nmsgbox( bi gstr)

Jlia
Jadiw U dry jiaghs 800 My Ao Al guapll 4B pind ) ol (bl grald
120 4oy s Ay o), 50 o) ABla o] A o b Ja cBlal gal) A5y ke
dolu/ yiaglis 200 A juy B yillal) g Aolud/ jia b€ 80 Ay ABlaY g Ao/ sia glis

cl ear
clc
close all
a=input (' enter your transportation nethod :','s");
switch a
case 'car'
t =800/ 120
msgbox([ ' your trip will take ',num2str(t),' hours']);
case ' bus’
t =800/ 80
nmsgbox([ ' your trip will take ',num2str(t),' hours']);
case 'pl ane’

t =800/ 200
nmsgbox([ ' your trip will take ',num2str(t),' hours']);
ot herwi se
nmsgbox('inter valed tni)
end
LS
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UL A ((thefor loops)) difad -1

Repeating with for loops
Syntax of the for loop 1s shown below
for k = array

commands
end

The commands between the for and end statements are executed for all values stored in the
array.

Example 1

Suppose that one-need values of the sine function at eleven evenly spaced points nn/10, for
n=0,1,...,10. To generate the numbers in question one can use the for loop

Solution
R I I
clc
for n=0:10
x(n+1l) = sin(pi*n/10);

end
X
% _______________________________________
R I I
clc
H = zeros(5);

for k=1:5

for 1=1:5
H(k, 1) = 1/ (k+l -1);
end

end
H
Off === == mm e e e e e e e e e mmm -
R I I
clc
A = zeros(10);
for k=1:10

for 1=1:10
A(k, 1) = sin(k)*cos(l);
end

end
R I I I
k = 1:10;
A = sin(k)'*cos(Kk);
% _________________________________________
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oSllall 3 ((the while loops)) Jiiai -2

Repeating with while loops

Syntax of the while loop 1s

while expression
statements
end

This loop 15 used when the programmer does not know the number of repetitions a priort.

Example 1
This processis continued till the current quotient isless than or equal

to 0.01. What is the largest quotient that is greater than 0.017?

Solution
7
clc
q = pi;

while g > 0.01
q =492
end
q
O/ = = = = = = m e e m e e e e e e e e e e e e m

Uil A ((the if-else-end constructions)) Jiiai -3

The if-else-end constructions

Syntax of the simplest form of the construction under discussion 1s

if expression
commands
end

This construction is used if there 1s one alternative only. Two alternatives require the construction

if expression

commands (evaluated if expression is true)
else

commands (evaluated if expression is false)
end

If there are several alternatives one should use the following construction

if expressionl

commands (evaluated if expression 1 is true)
elseif expression 2

commands (evaluated if expression 2 is true)
elseif ...

else
commands (executed if all previous expressions evaluate to false)

end
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Example 1

Chebyshev polynomials T,(x), n =0, 1, ... of the first kind are of great importance in numerical
analysis. They are defined recursively as follows

Tu(x) =2xT, _1(x) - Tp_2(x). n=2,3,..., To(x) =1, Ti(x) =x.

Implementation of this defimition 1s easy

Solution

function T = chebt(n)
% Coefficients T of the nth Chebyshev pol ynom al of the first

ki nd.
% They are stored in the descending order of powers.
t0 = 1;
tl =11 0];
if n==
T =10;
elseif n == 1;
T =11,
el se
for k=2:n
T=[2*t10] - [0 0 t0];
t0 = t1;
t1 =T,
end
end
R I
sle A
1 s
clc
n=3
cof f = chebt (n)
diary
1 s

Thus Ta(x) = 4x° — 3x.
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oSlilall 8 ((the switch-case constructions)) Jiiai -4

The switch-case construction

Syntax of the switch-case construction 1s

switch expression (scalar or string)
case valuel (executes if expression evaluates to valuel)
commands
case value2 (executes if expression evaluates to value2)
commands

otherwise
statements
end

Switch compares the input expression to each case value. Onee the match is found it executes the
associated commands.

Example 1

In the following example a random integer number x from the set {1. 2. ... . 10} 1s generated. If
x =1 or x = 2, then the message Probability = 20% is displayed to the screen. If x = 3 or 4 or 5.
then the message Probability = 30% is displayed, otherwise the message Probability = 50% 1s
generated. The script file fswitch utilizes a switch as a tool for handling all cases mentioned

above
Solution
O/ = = = = = = = m e e m m e e e e e e e e e e e e e e e e e e e e e mmm e e
clc
% Script file fswitch.
x = ceil (10*rand); % Generate a randominteger in {1, 2, ... , 10}
switch x
case {1, 2}
di sp(' Probability = 20%);
case {3, 4,5}
di sp(' Probability = 30%);
ot herwi se
di sp(' Probability = 50%);
end
O/ = = = = = = = m i m mm m e e e e e e e e m m e e e e e e e e e e m e m e m

Note use of the curly braces{ }after the word case. This creates the
so-called cell array rather than the one-dimensional array, which requires

use of the square bracketd]].
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(( Rounding to integer s. Function ceil, floor, fix and round )) <x Al Jigs -5

We have already used two MATLAB functions round and ceil to round real numbers to integers.
They are briefly described in the previous sections of this tutorial. A full list of functions
designed for rounding numbers is provided below

Function Description
floor Round towards minus infinity
ceil Round towards plus infinity
fix Round towards zero
round Round towards nearest integer

Example 1

To illustrate differences between these functions let us create first a two-dimensional array of
random numbers that are normally distributed (mean = 0, variance = 1) using another MATLAB
function randn

Solution

clc
randn(' seed', 0) % This sets the seed of the random nunbers
% generator to zero

T = randn(5)
A = floor(T)
B =ceil(T)
C="fix(T
D = round(T)
I T
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Example 1

In the following m-file functions floor and ceil are used to obtain a certain representation of a
nonnegative real number

Solution

function [m r] = rep4(x)
% G ven a nonnegative nunber x, function rep4 conputes an integer m
% and a real nunber r, where 0.25 <= r < 1, such that x = (4"n)*r.
if x ==
m = 0;
r = 0;
return
end
u = 10gl0(x)/10gl0(4);
if u<o
m = fl oor (u)
el se
m= ceil (u);
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((MATLAB graphics)) et & aw di-11

Example 1

. . . X
In this example the graph of the rational function f(x) =

-2 [3 x [3 2. will be plotted

P

1+x°
using a variable number of points on the graph of f(x)

Solution

clc
% Script file graphl
% Graph of the rational functiony = x/(1+x"2).
for n=1:2:5
nl0 = 10*n;
x = linspace(-2,2,nl10);
y = X./(1+x."2);
plot(x,y,'r")
title(sprintf(' Gaph %. Plot based upon n = % points.',(n+1)/2, nl0))
axis([-2,2,-.8,.8])
x| abel (" x")

ylabel ("y")
grid
pause( 3)
end
R R e L
clc
% Script file graph2.
% Several plots of the rational functiony = x/(1+x"2)
% in the same w ndow.
k = 0;
for n=1:3:10
nl0 = 10*n;
x = linspace(-2,2,n10);

y = X./(1+x."2);
k = k+1;
subpl ot ( 2, 2, k)
plot(x,y, r")
title(sprintf(' Gaph %. Plot based upon n = % points.', k, nl0))
xl abel (" x")
ylabel ("y")
axis([-2,2,-.8,.8])
grid
pause(3);
end
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Example 2

Using command plot you can display several curves in the same Figure Window.

We will plot two ellipses

(x=3 @+’ _ (=7 =8 |

and
36 81 4 36
using command plot
Solution
x(t) = 3 + 6cos(t), y(t) = -2 + 9sin(t)
x(t) = 7 + 2cos(t), y(t) = 8 + 6sin(t).
N e
clc
% Script file graph3.
% Graphs of two ellipses
% x(t) =3 + 6cos(t), y(t) = -2 + 9sin(t)
% and

% x(t) =7 + 2cos(t), y(t) =8 + 6sin(t).
t = 0:pi/100: 2*pi ;
x1 = 3 + 6*cos(t);
yl = -2 + 9*sin(t);
X2 =7 + 2*cos(t);
y2 = 8 + 6*sin(t);
plot(x1,yl,'r',x2,y2,'b");
axi s([-10 15 -14 20])
x| abel (" x")
ylabel ("y")
title(' Gaphs of (x-3)72/36+(y+2)72/81 = 1 and (x-7)"2/4+(y-8)"2/36 =1.")
grid
LS
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v |vellow

m | magenta
¢ |cvan

r |red

g |green

b |blue

w | white

k |black

Example 3

If function axis is not used, then the circular curves are not necessarily circular. To justify this let
us plot a graph of the unit circle of radius 1 with center at the origin

Solution
N e
clc
t = 0:pi/100: 2*pi ;
X = cos(t);
y = sin(t);
pl ot (x,y)
Of = = = = = m e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e ee oo

% Script file graph4.
% Curve r(t) = <t*cos(t), t*sin(t), t >.

t = -10*pi: pi/100: 10*pi ;
X = t.*cos(t);
y = t.*sin(t);
plot3(x,y,t);

title('Curve u(t) = < t*cos(t), t*sin(t), t >")
x| abel (" x")

yl abel ("y")

zl abel (" z")

grid
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Jba
Slo Bady Game b bl IS i g SN Ll 8 Gl Bae Jaenig an gy a5

clc
cl ose all
x=l i nspace(0, 10, 1000);
a=.1:.1:.6;
c='br mc x y';
for i=1:6
y=si n(x).*exp(-a(i)*x);
plot(x,y,c(i))
hol d on

end

J Figure 1 E”E@

File Edit ‘iew Insert Tools Desktop ‘Window Help

DeEds headms @ 08 O

1 T T T T T T T T T
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0.6

0.4
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s 1 ! ! ! 1 ! ! 1 !
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Example
Find first and second derivativesfor F(x)=x"2+2x+2
Solution
% ----- To find first and second derivatives of Pn(x)-----

clc

a=[1 2 3];

Syns X

p=a(1);

for i=1;

p=a(i +1) +x*p;

end

di sp(' First derivative')
p2=p+x*di f f (p)

di sp(' Second derivative")
p22=di ff (p2)

First derivative

p2 =
2+2% X

Second derivative

p22 =
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Example
PA(x)=3x"4-10x"3-48x"2-2x+12 at r=6 deflate the polynomial
with Horners algorithm Find P3(x).
Solution

%o ------------ Hor ner al ogorithm-----------------

clc

a=[3 -10 -48 -2 12];

r =6;

b(1)=a(1);

p=0;

n=|l engt h(a);

for i=2:n;
b(i)=a(i)+r.*b(i-1);

end

Syms X

for i=1:n;
p=p+b(i)*x"(4-i);

end

di sp(' P3(x)=")

3*XN3+8*x"2-2

Numerical Integration
1- Trapezoidal Rule

f(x)
| fix)
| | |
' : I
roa=i | SEENER
: I T B S0 9% R B
A ! I ! LT I | -
X =a X=b X Xy X X X Xna Xn
a h
Figure . Trapezoidal rule. Figure . Composite trapezoidal rule.

The composite trapezoidal rule.
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[

n—

by
I

I

Example
Suppose we wished to integrate the function trabulated the table

below for f (X)=¢* over the interval from x=1.8 to x=3.4 using n=8

}
=[flx)+2f)+2f(x)+--4+2flx-1)+ flx)] 51

I
—

b 34
Am=]f (X)dx= | (¢")dx
a 18

X 16 | 18| 2 | 22|24 |26 | 28| 3 |32 | 34| 36 | 38

f(X) 4953 | 6.050 | 7.389 | 9.025 | 11.023 | 13.464 | 16.445 | 20.086 | 24.533 | 29.964 | 36.598 | 44.701

Solution

% --Trapezoidal Rule---------------

clc

a=1. 8;
b=3. 4;
h=0. 2;
n=(b-a)/h
f =0;

X=2;

for i=1:n;

Y%e=a+(i-1/2)*h;
% =f +(c"2+1);
f=(f+exp(x))
X=x+h;
end
Am appr ox=h/ 2* (exp(a) +2*f +exp(b))
syms t
Am exact =i nt (exp(t), 1.8, 3. 4)
error =Am exact - Am appr ox
E t=(error/(Am approx+error))*100
E_a=((Am_appr ox- Am exact )/ Am appr ox) * 100

2- Simpson’s 1/3 rule

Parabola
f(x) \/}7 f(x) i’A/(-\\
| | |
| | |
I ) h=f=h-=
| r_ ___i___ T\T__‘f‘
|
X%

Ny

| |

| |
| ]
X2 Xn

b

T
¥
I

X

_E.{___

i i+1

IhF—
)
k—_
==
o

o

Xy 2 X3

. Figure. Composite Simpson’s 1/3 rule.
Figure . Simpson's 1/3 rule. 2 3 3 '
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The composite Simpson’s 1/3 rule

b J
f fXdx=IT=[fx)+4f00)+2f(xa) +4f(x)+ -+ 2f(Xp-2) + 4 (X—1) +f(xn”§£

Example
Suppose we wished to integrate the function using Simpson’s 1/3 rule and

Simpson’s 3/8 rule thetable below for f (X)Zex over theinterval from x=1.8

to x=3.4 using n=8

b 34
Am=]f (X)dx= | (¢")dx
a 18

X 16 | 18| 2 | 22|24 |26 | 28| 3 |32 |34 | 36 | 38

f(X) 4953 | 6.050 | 7.389 | 9.025 | 11.023 | 13.464 | 16.445 | 20.086 | 24.533 | 29.964 | 36.598 | 44.701

Solution

%--Sinmpson’s 1/3 rule ---------------------
clc

NAh®

I OO0 0O WweHr
...clr. b

s3]

R

~

=0

:(h+h): 3. 2;
=(f+exp(x));

-+ N

end

for x=2.2:(h+h):3;
nE(meexp(X) ) ;

end

Am appr ox=h/ 3* (exp(a) +4*f +2* mrexp( b))
syns t

Am exact =i nt (exp(t), 1.8,3.4)

error =Am _exact - Am_appr ox

E t=(error/(Am approx+error))*100

E_a=((Am_appr ox- Am exact )/ Am appr ox) * 100

3-Simpson’s 3/8 rule

The composite Simpson’s 3/8 rule
b

fx)dx = I =[f(x)+3f(x)+3f(x) +2f(x4]+----+3f(xn-2J+3f(xn_1)+f(xnﬂ%h

a

Ahmad_engineer 21@yahoo.com BN 38 teaa daa) o




A1 A8 335 o g9 B Lindii 0 s Jll) g (4 ABoluas B g 3 Sl Ll oL W g Sl aSaas Y gl 10 (e i)y JS I

h=0. 2;

for x=2:h:2+h;
f=f +exp(x)

X=x+h;

meexp(x) ;

for x=2.6:h:2.6+h;
f=f +exp(x);
end

X=x+h;
nEmrexp( x) ;
X=x+h;

f=f +exp(x);

synms t
Am exact =i nt (exp(t), 1.8, 3. 4)
error =Am exact - Am appr ox
E t=(error/(Am approx+error))*100
E _a=((Am appr ox- Am exact )/ Am appr ox) * 100

for x=2:h:3.2;
switch x
case {2,2.2}
f =f +exp(x)
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case {2.4}
nEexp(Xx) ;
case {2.6, 2.8}
f=f +exp(x);

case {3}

memtexp( X) ;

ot herw se
f=f +exp(x);

end
end

syns t
Am exact =i nt (exp(t), 1.8, 3. 4)
pretty(Am exact)
error=Am exact - Am appr ox
pretty(error)
E t=(error/(Am approx+error))*100
pretty(E_t)
E _a=( (Am appr ox- Am exact)/ Am appr ox) *100
pretty(E_a)
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4- Lagrange I nterpol ating Pol ynom al Met hod

Lagrange’ s interpolation method uses the formula

. (X=X )(X=Xy)...(X=X) (X-Xp)(X=X,)...(x-%))
f(x) = , (Xg) + f(x;)
(XO——XI)(KO—-KZ)“.[KO-Kn) (xl——xo)(xl—-xj)”.(xl——Xn)
(X-Xp)(X-xy)...(X-%;_) f(x.)
. X
(Xu_XO)[-xn_X?)"'(Xn_xn—l) "
EXAMPLE
Given the data points
X 0 2 3
¥ 7111 | 28
use Lagrange's method to determine yatx = 1.
Solution
f— X=Xl —x) (1—-20-3) 1
T Gy —x2)xy —x3) ©—2)(0-3) 3
b — (x —x1)(x — x3) _ (1 —0)(1 —3) -1
2T Gz —x)xz—x3) 2—-02-3)
P (x—x)x—x) _ (1—-0)(1—-2) 1
T s —xlxz—x2) (B—-0E3—2) 3
4 28
Y= 1y1£1 + Y2tz + yafs = é + 11 — 3 =4
%---------- Lagrange’s interpolation method ---------
clc
x=1;
Ysyns X
7
x1=0;
X2=2;
x3=3;
R e R
y0=7;
y1l=11;
y2=28;
7

| 0=((x-x2)*(x-x3))
I 1=((x-x1)*(x-x3))
| 2=((x-x1)*(x-x2))

x1-x2)*(x1-x3))
Xx2-x1)*(x2-x3))
x3-x1)*(x3-x2))

~ —~ —
—~~
—~ e~

y=y0*| O+yl1*| 1+y2*| 2
R e
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Example 2
Construct the polynomial inter polating the data by using

L agrange polynomials

X 1 12 3

F(x) 3 -10 2

Sol uti on

I 0=((x-x2)*(x-x3))/((x1-x2)*(x1-x3))

I 1=((x-x1)*(x-x3))/((x2-x1)*(x2-x3))

I 2=((x-x1) *(x-x2))/ ((x3-x1)*(x3-x2))

R e
y=y0*| O+y1*| 1+y2*| 2;

col l ect (y)

~~~

p=0;

s=[1 1/2 3];
f=[3 -10 2];
n=l engt h(s);
for i=1:n;

| =1;

for j=1:n;
it o(i~=j);

P=((x-s(j))/(s(i)-s(j)))*I;
end
end
p=l.*f (i) +p;
end

p=col | ect (p)
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Example 2
Construct the polynomial inter polating the data by using
L agrange polynomials
X 1 12 3
F(x) 3 -10 2
Sol ution
%-----mm-- - - Lagrange's interpolation nmethod--------
clc
x=i nput (' enter value of x:")
p=0;
s=[1 1/2 3];
f=[3 -10 2];
n=l engt h(s);
for i=1:n;
| =1;
for j=1:n;
it o(i~=j);
F=((x-s(j))/(s(i)-s(j)))*l;
end
end
p=l . *f (i) +p;
end
p;
fprintf('\n p(%3.3f)=%.4f", x,p)
7
Syns X
p=0;
for i=1:n;
| =1;
for j=1:n;
it (i~=j);
F=((x-s(j))/(s(i)-s(j)))*I;
end
end
p=l.*f(i)+p;
end
p=col | ect (p)
R e T
p =-283/10 -53/5 *x" 2 + 419/10 *x
enter valueof x:5
X=5
p(5.000)=-83.8000
D e
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Example 3

Find the area by lagrange polynomial using 3 nodes

X 1.8 2.6 34

F(x) 6.04964 13.464 29.964

Sol uti on

FO0=6. 04964,

F1=13. 464,

F2=29. 964,

L
I 0=((x-%x2)*(x-x3))/((x1-x2)*(x1-x3))
AO=int(10,1.8,3.4)

I 1=((x-x1)*(x-x3))/ ((x2-x1)*(x2-x3))
Al=int(11,1.8,3.4)

I 2=((x-x1) *(x-x2))/ ((x3-x1)*(x3-x2))
A2=int(12,1.8,3.4)

F=FO0* AO+F1* A1+F2* A2
coll ect (F)

Syms X
format | ong
p=0;
s=[1.8 2.6 3.4];
f=[6.04964 13.464 29.964];
n=Il engt h(s);
for i=1:n;
| =1;
for j=1:n;
it (i~=);
I=((x-s(j))/(s(i)-s(j)))*I;
end
end
A=int(l,s(1),s(n))
p=A*f (i) +p;
end
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5-Mid Point Rule

Example
Find the mid point approximation for

Am=1 f (X)dx= (A 2-+1)dx
a -1

using n=6
Solution

%--Md Point Rule---------------
clc
a=-1;
b=2;
n=6;
h=(b-a)/n;
f =0;
for i=1:n;
c=a+(i-1/2)*h;
f=f+(cr2+1);

6- Taylor series

A function f(x) which possesses all derivatives up to order n at a point x = x; can be expanded
in a Taylor series as

£'(x,) > £%(x)
f(x) = f(xq) + F(xg)(x —%q) + T(x—xo)' + ...+

p n
(x—x)

n!

If x, = 0, reduces to

J 3 f[u}(O
f(x) = f(o;+f(0)x+f2° Ca s )8

n!
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Example

Compute the first three terms of the Taylor series expansion for the function

y = f(x) = tanx

ata = /4.
Solution:

The Taylor series expansion about point a is given by
f(x) = f(a)y+f(a)y(x—a)+ @(x—a)2 + f—'j[,i)[x— a)3 + ...

and since we are asked to compute the first three terms, we must find the first and second deriva-
tives of f(x) = tanx.

From math tables, diranx = sec x,50 £ (x) = secx. Tofind f'(x) we need to find the first
X
S 2 2 : d
derivative of sec™x, so we let z = sec”x. Then, using 4y SECX = secx - tanx, We get

d 2
dz = 2ZsecXx—secX = 2Zsecx(secx - tanx) = 2sec X - fanx
dx dx
Next, using the trigonometric identity

bl bl
sec X = tan x+ 1

and by substitution , we get,

dz
— = "(x
T (x)

2
2(tan"x + 1)tanx

Now, at point a = n/4 we have:

2

. (I (T A} { ! (T .
d = - = « | -] = d = | | = = 2 ! d = | = = 2 =
t(a) f||_4;| t111\4;, 1 f(a) f,_\ I=1+1 f'(a) f||_4;| (1"+1)1 =4

=1

and by substitution into (6.125).

m (
T 42

f(x)=1 +2||_\}{— <) | ’1

.

We can also obtain a Taylor series expansion with the MATLAB taylor(f,n,a) function where f
is a symbolic expression, n produces the first n terms in the series, and a defines the Taylor

approximation about point a.
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The following MATLAB script computes the first 8 terms of the Taylor series
expansion of y = f(x) = tanx about a = n/4.

R Taylor series --------------

a=pi/ 4,

sym x

y=t an(x);

z=tayl or(y, 8, a);
pretty(z)

Example
Express the function

y = f(t) = ¢
in a Maclaurin’s series.

Solution:

A Maclaurin’s series has the form, that is,

oy (n)
f(x) = f(0)+f‘[j0)x+f2401x‘+...+f (0)

! n!

For this function, we have f(t) = ¢' and thus £(0) = 1. Since all derivatives are ¢', then,
£(0) = £(0) = £"(0) = ... = 1 and therefare,

2 3
_ £t
f,(t) = 1+T+E+§+"'

MATLAB displays the same result.
R L Taylor series --------------
syms t

fn=t ayl or (exp(t));
pretty(fn)
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Numerical Differentiation
1-Finite Difference Approximations

The derivation of the finite difference approximations for the derivatives of f (x)
are based on forward and backward Taylor series expansions of f (x) about X,

such as
FOh) = 10+ hf'(0) + 2 f”( 0+ f’” 0+ f""( (a)
flx—h) = f(x]—hf’(x)Jr TS~ 3 — " (x) + = f“'m (b)
flx+2h) = fx) +2hf (x) + 2“ " (2”] =" ]+(2i:)4 0+ (©
Flx—2h) = £ — 2hf'(x) + (2}; e (2;; @1 ey (2;)"L FOR = (@
We also record the sums and differences of the series:
fx+h)+ flx=h) =2f(x) +h* f"(x) + ﬁ 5 fOw) +- ()
flx+h) — flx—h) = 2hf' JJ+ f”’ (f)
flx+2R) + flx —2h) = 2 f(x) 4 48> f"(x) + T f““ () + - (g)
flx+2h) — flx—2h) = 4hf'(x) + if )+ - (h)

First Central Difference Approximations

The solution of Eq. (f) for f’(x) is

(x+h— flx—h K,
Lo fa) 1

Keeping only the first term on the right-hand side, we have

flx+h - flx=h
2h

flx) =

f'(x) = + O(h?)
which is called the first central difference approximation for f'(x). The term O(h?)
reminds us that the truncation error behaves as h?.

From Eq. (e) we obtain

Jlx+h =2fx)+ flx="h) h*

f”[.}:) — hz f

or

flx+h) —2f(x)+ filx
h?

)= "+ om)
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Central difference approximations for other derivatives can be obtained from
Egs. (a)-(h} in a similar manner. For example, eliminating f'(x) from Eqgs. (f) and (h)
and solving for f(x) yield

F(x) = flx+2h)—-2f(x+ fz]2;2f[x— h)— flx—2h) + O

The approximation

flx+2h) —4flx+h)+6f(x)—4flx—h)+ flx—2h)
h4

f|:4:lfJC) — + (:)UEZ)

First Noncentral Finite Difference Approximations

These expressions ar e called forward and backward finite difference
approximations.

Noncentral ﬁnite-differences can also be obtained from Egs. (a)-(h). Solving
Eq. (a) for f'(x) we get

i o JEED—F® R, o R B g
f) = ———F—— ='W - = "0~ 5 [P -

Keeping only the first term on the right-hand side leads to the first forward difference
approximation

(2= w + O(h)

Similarly, Eq. (b) vields the first backward difference approximation

fl(x) = w +O(h)

Note that the truncation error is now @(h), which is not as good as the @(h?) error in
central difference approximations.

We can derive the approximations for higher derivatives in the same manner. For
example, Eqgs. (a) and (c) yield

£ = flx+ 2!3)—2;);[x+m+f(x] + O
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Second Noncentral Finite Difference Approximations

Finite difference approximations of ©Q(h) are not popular due to reasons that will be
explained shortly. The common practice is to use expressions of Q(h?). To obtain
noncentral difference formulas of this order, we have to retain more terms in the
Taylor series. As an illustration, we will derive the expression for| f'(x). We start with
Egs. (a) and (c), which are

h*

o fWey L
24f (x) 4+

2 3
flx+h) = flx)+ hf'(x)+ %f”(xJ + %f’”(xJ +

' I e 4]-’3 o 2;14 (4)
Je+2h) = fx) 4+ 2hf"(x) + 2% f7 (%) + — f"(0) + — [ (x) + -

We eliminate f”(x) by multiplying the first equation by 4 and subtracting it from the
second equation. The result is

flx+2h) —4f(x+ ") = -3 f(x) —2hf'(x)+ %f’”(.ﬁ:) + -

Therefore,

Fx) = —flx+2h) —1—42);[):4— h) -3 f(x) i %f,ﬂu) .

or

) = —flx+2h) —|—42j;r(x—|—h) =3 flx) + o)

This Equation is called the second forward finite difference approximation.
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EXAMPLE
Use forward differ ence approximations of oh to estimate the fir st
% derivative of

fx =-0.1.*x.24-0.15.*x.* 3-0.5.*x.* 2-0.25.*x+1.2

solution

% Use forward di fference approxi mations to estimate the first
% derivative of fx=-0.1.*x."4-0.15.*x."3-0.5. *x.72-0.25. *x+1. 2
clc

h=0. 5;

x=0. 5;

x1=x+h

fxx=[-0.1 -0.15 -0.5 -0.25 1.2]

f x=pol yval (fxx, x)

f x1=pol yval (f xx, x1)

tr_va=pol yval (pol yder (f xx), 0. 5)

fda=(fx1-fx)/h

et=(tr_val-fda)/(tr_val)*100
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EXAMPLE
Comparison of numerical derivative for backward difference and central
difference method with true derivative and with standard deviation of 0.025
x = [0:pi/50:pi];
yn = sin(x)+0.025
Truederivative=td=cos(x)
solution

clc

% Conpari son of numerica
x = [0: pi/50: pi]

n = |l ength(x);

% Si ne signal with Gaussian random error

yn = sin(x)+0.025*randn(1, n);

% Derivative of noiseless sine signa

td = cos(x);

% Backward di fference estinmate noi sy sine signa
dynb = diff(yn)./diff(x)

subpl ot (2,1,1)

pl ot (x(2:n),td(2:n),x(2:n),dynb," 0")

xl abel (" x")

yl abel (" Derivative')

axis([0 pi -2 2])

| egend(’ True derivative',' Backward difference')
% Central difference

dync = (yn(3:n)-yn(1:n-2))./(x(3:n)-x(1:n-2));
subpl ot (2, 1, 2)

pl ot (x(2:n-1),td(2:n-1), x(2: n-1),dync, ' 0")

xl abel (" x")

yl abel (' Derivative')

axi s([0 pi -2 2])

| egend(’ True derivative','Centra

derivative al gorithns

di fference')

) Figure 1

File Edit View Insert Tools Desktop Window Help
DSEHE k| RANe | E 0@ O
2 T o T T T I I
o —
o] o o Is) - o True derlvatl.\re
o < Backward difference
=
Z 0f
i
O
1 —
o}
< @ o]
E 1 1 1 1 1 I
0 0.5 1 1.5 2 25 3
b
2 T T T T I I
o True derivative
s 1 < Central difference []
=
= 0r -
s
=
1k =
2 1 1 1 1 1 I
0 0.5 1 1.4 2 25 3
k3

Figure. Comparison of backward difference and central difference methods
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Example

Consider aDi vi ded Di fference tabl e for pointsfollowing

r | 0 0.5 1 1.5
f(xz) [0.0000 1.1487 2.7183 4.9811
Solution
T f[-’l‘;,--] f[Tl-wTI;+'l] f[il‘,&-v--~fﬁ~+z] f[i‘n-w---il‘k-+3]
0.0 { 0.0000
2.2974
0.5 1.1487 0.8418
3.1392 0.36306
1.0 | 2.7183 1.3864
4.5256
1.5 | 4.9811

pz) = flzg)+z- ;E?gf[;t‘[),;ﬁ] +(z—-x0)(z - ;E?'L:)f[;t(),;tfl,;tg] +(z—xp)(z —21)(2 - ;E?Q:)f[;t‘[],;l?l,;l?g,;t?g]
= 0004+ (z-0.0)2.2974 4 (z - 0.0)(z - 0.5)0.8418 4+ (z - 0.0)(z - 0.5)(z — 1.0)0.36306
= 205803z +0.207212% + 0.363062°
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di sp(' ******** djvided difference table ******xx*x')
x=[2 4 6 8 10]
y=[4.077 11. 084 30.128 81.897 222.62]
f00=y(1);
for i=1:4
f10)=(y(i+1)-y(i))/ (x(i+1)-x(i));
fo1=f1(1);
end
f1=[f1(1) f1(2) f1(3) f1(4)]
for i=1:3
f20i)=(f2(i+21)-f2(i))/(x(i+2)-x(i));
f02=f2(1);
end
f2=[f2(1) f2(2) f2(3)]
for i=1:2
f3(i)=(f2(i+1)-f2(i))/ (x(i+3)-x(i));
f03=f3(1);
end
f3=[f3(1) f3(2)]
i SP( ** ¥ *H A F AR KA XK AR KRR F AR AR KA A A
y=i nput (' enter value of y:')
pax=f 00+((y-x(1))*f01) +((y-x(1))*(y-x(2))*f02+((y-x(1))*(y-
x(2))*f02))
fprintf('\np4(98.3f)=%. 4f" ,y, p4x)
Syns vy
pax=f 00+((y-x(1))*f01) +((y-x(1))*(y-x(2))*f02+((y-x(1))*(y-
x(2))*f02))

f1 = 3.5035 9.5220 25. 8845 70. 3615
f2 = 1. 5046 4. 0906 11.1193

f3

0. 4310 1.1714

p4x = -293/100+7007/2000*y+12037/ 4000* (y-2) *(y- 4)
enter value of y:8

y =8

p4(8.000)=97. 3200
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Example{ HW }

Find the divided differences (newten's Interpolating) for the data

and compare with lagrange interpol ating.

X

1

12 3

F(x)

3

-10 2

Sol uti on

kkhkkhkkhkkkhkkhkhkkikkk*% d|V| ded dlfference table kkhkkhkkhkkkhkhkhkkhkhkkhkhkk*k

fl1=

26.000000000000000

f2 =

4.800000000000000

-10. 600000000000000

enter value of y:5

p4(5. 000) =- 83. 8000
px = -283/10- 53/ 5*yA2+419/ 10*y

conpare wWith ----------------------

------------- Lagranges interpolation nmethod--------------

enter value of x:5

p(5. 000) =- 83. 8000
p = -283/10- 53/ 5*n*2+419/ 10*m
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R R Solve HW---------mmmm e - -
R Divided Difference table algorithm------------
I { newmten' s Interpolating }---------------------
clc
di sp(' ******** djvided difference table ******xx*x')
x=[1 0.5 3];
y=[3 -10 2];
f00=y(1);
for i=1:2;
FL(i)=(y(i+1)-y(i))/ (x(i+1)-x(i));
fol1=f1(1);
end
f1=[f1(1) f1(2)]
for i=1;
f2(i)=(fL(i+1)-f2(i))/ (x(i+2)-x(i));
f02=f2(1);
end
f2=f2(1)
disp('---------------- Divided Difference table algorithm---------- )
disp('---------------- { newtens Interpolating }-------------------- ")

y=i nput (' enter value of y:');

px=f 00+( (y-x(1))*f01) +((y-x(1))*(y-x(2))*f02);
fprintf('\npx(9%3.3f)=%. 4f" ,y, px)

Syms vy

px=f 00+((y-x(1))*f01) +((y-x(1))*(y-x(2))*f02);
px=col | ect (px)

R conpare With ------mmmmommmn oo
%----mmm-- - - Lagrange's interpolation method------------------
disp('---------------------- compare With ------mmmmmmmm oo )
disp('------------- Lagranges interpolation nmethod------------------ ")
mei nput (' enter value of x:');
p=0;
s=[1 1/2 3];
f=[3 -10 2];
n=l engt h(s);
for i=1:n;
| =1;
for j=1:n;
ifo(i~=);
P=((ms(j))/(s(i)-s(j)))*I;
end
end
p=l.*f (i) +p;
end
p
fprintf('\n p(%3. 3f)=%.4f"', mp)
syns m
p=0;
for i=1:n;
| =1;
for j=1:n;
it (i~=j);
P=((ms(j))/(s(i)-s(j)))~l;
end
end
p=l.*f (i) +p;
end
p=col | ect (p)
L T
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Example{ HW }
Estimate the In(3) for

Xi 2 4 6

F(x) In(2) In(4) In(6)

a) Linear Interpolation.
B) Quardratic Interpolation
conpare between a&b
Sol ution

a) Li near Interpolation.
F1(x)=f(x0)+((f(x21)-f(x0))/(x21-x0))*(x-x0)
b) Quardratic Interpol ation
f2(x) =b0+b1* ( x- x0) +b2* ( x- x0) *( x- x1)

bO= f(x0) = 0.693147180559945;
bl= (f(x1)-f(x0))/(x1-x0) = 0.346573590279973
b2= ((F(x2)-F(x1))/(x2-X1))-bL/(x2-x0) = -0.035960259056473;

fxl = 0.693147180559945- 0. 346573590279973 ( X- 2)
inter value x:3
fx1 = 1.039720770839918

fx2 = 0.346573590279973X+(-0.035960259056473X+0.071920518112945)* (X-4)
I nter value x:3
fx2 = 1.075681029896391

—————————— conpare between a&b----------------------
--------- a) Linear Interpolation---------------------

Et1 =5.360536964281382 %

Et2 = 2.087293124994937 %

Quardratic Interpolation is better than Linear Interpolation
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x=input(‘inter value x:");
format long
xi=[2 4 6];
fx=[log(2) log(4) log(6)];

b0=fx(1);

b1=(fx(2)-fx(1))/(xi(2)-xi(1));
b2=(((fx(3)-fx(2))/(xi(3)-xi(2)))-b1)/(xi(3)-xi(1));
fx2=b0+b1* (x-xi(1))+b2* (x-xi(1))* (x-xi(2));

% pretty(fx2)% expand(fx2)% collect(fx2)

disp('---------- compar e between a& b---------------------- )
Tv=log(3);
disp('--------- a) Linear Interpolation----------------------- )
Etl=abs((Tv-fx1)/Tv)* 100
disp('--------- b) Quardratic I nter polation----------------- )
Et2=abs((Tv-fx2)/Tv)* 100
if Et1>Et2;

disp('Quardratic Interpolation is better than Linear Interpolation')
else

disp('Linear Interpolation isbetter than Quardratic I nterpolation’)
end
Syms x
disp('--------- a) Linear Interpolation----------------------- )
fx1=fx(1)+((fx(2)-fx(1))/(xi(2)-xi(1)))* (x-xi(1))
disp('--------- b) Quardratic I nter polation----------------- )
bO=fx(1);

b1=(Fx(2)-fx(L))/(xi(2)-xi (1)):
b2=(((Fx(3)-Fx(2))/(xi(3)-xi(2)))-b1)/(xi(3)-xi (1)):
Fx2=h0+b1* (x-Xi (1))+b2* (x-xi (1))* (x-xi(2))
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The Bisection Method for Root Approximation

we can compute the midpoint x,, of the interval x; <x <x, with

X + X,
‘i{ _— ———
Am = 2

Knowing x_ ., we can find f(x_ ). Then, the following decisions are made:

1. If f(x,,) and f(x,) have the same sign, their product will be positive, that is, f(x,,) - f(x;) > 0.
This indicates that x;, and x, are on the left side of the x—axis crossing as shown in Figure-

In this case, we replace x, with x;.

f(x,) and f(x) are

both positive and thus
their product is positive

f(x;) and f(x ) are
both negative and thus
their product is positive

ioure . Sketches to illustrate the bisection method when f(x,) an X ave same sign
Fig Sketch 1l he bisect hod when f(x,) and f(x,) h o

2. If f(x,,) and f(x,) have opposite signs, their product will be negative, that is, f(x ) - f(x,)<0.
This indicates that x_, and x, are on the right side of the x-axis crossing as in Figure . In

this case, we replace x, with x_ .

f(x,) and f(x,) have f(x;) and f(x_) have
opposite signs and thus opposite signs and thus
their product 1s negative their product is negative

Figure . Sketches to illustrate the bisection method when f(x,) and f(x,,) have opposite signs

After making the appropriate substitution, the above process is repeated until the root we are
seeking has a specified tolerance. To terminate the iterations, we either:

a. specify a number of iterations

b. specify a tolerance on the error of f(x)
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Example

Use the Bisection Method with MATLAB to approximate one of
the roots of

5 3
y = f(x) = 3x"—-2x" +6x -8
by
a. by specifying 16 iterations, and using afor end loop MATLAB
program
b. by specifying 0.00001 tolerance for f(x), and using a while end loop
MATLAB program
Solution:

function y= funcbi sect 01(x);

y=3.*x ."5-2.*x ~"3+6.*%x- 8§

% We nust not forget to type the semicolon at the end of the Iine
above;

% ot herwi se our script will fill the screen with values of y

di sp(’ Xm fm) %xmis the average of x1 and x2, fmis
disp('----------"-"----"--------- ) % insert |line under xm and

for k=1:16;
f 1=f uncbi sect 01(x1); f2=funchi sect01(x2);
xme(x1+x2) [ 2; fnefuncbisect0l(xn);
fprintf('9®.6f %3.6f \n', xmfm % Prints xmand fmon sane
i ne;
if (f1*fnx0)
X2=Xm
el se
X1=xm
end
end
disp('------------mememe oo ")
x=1: 0. 05: 2;
y=3.*x ."5-2.*x . M"N3+6.*%x- 8
plot(x,y)
grid
L0
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) Figure 1 E‘ @| E|
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function y= funcbhi sect 01(x);

y=3.*x ."5-2.*x . ~"3+6.*x- 8§

% We nmust not forget to type the senicolon at the end of the |ine
above;

% ot herwi se our script will fill the screen with values of y

X2=2;

t ol =0. 00001;
disp('---------------emmee - ")
di sp(' xm fm);
disp('---------------emmee oo ")
whil e (abs(x1-x2)>2*tol);

f 1=f uncbi sect 01(x1) ;

f 2=f uncbi sect 01(x2) ;

XME(x1+x2) /2

f mef uncbi sect 01(xm) ;
fprintf('9®.6f %3.6f \n', xmfm;

if (f1*fnx0);

X2=xm

el se

X1=xm

end

end

disp('----------"--"“-““"--------- )

% ___________________________________________________________________
Xxm fm

1. 500000 17. 031250
1. 250000 4.749023
1. 125000 1.308441
1. 062500 0. 038318
1. 031250 -0. 506944
1.046875 -0.241184
1. 054688 -0.103195
1. 058594 -0. 032885
1. 060547 0. 002604
1. 059570 -0.015168
1. 060059 -0. 006289
1. 060303 -0.001844
1.060425 0. 000380
1. 060364 -0. 000732
1. 060394 -0. 000176
1.060410 0. 000102
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Example
Use the Bisection Method with MATLAB to approximate one of
the roots of (to find the roots of)
Y =f(X)= x.*3-10.* x."2+5;
That liesin theinterval ( 0.6,0.8) by specifying 0.00001 tolerance
for f(x), and using awhile end loop MATLAB program
Solution:

function y= funcbi sect 01(x);

y = X.”73-10. *x. "2+5;

% We nmust not forget to type the senicolon at the end of the |ine
above; (% ot herwi se our script will fill the screen with values of y)

clc
x1=0. 6; x2=0. 8;tol =0.00001;

disp('----------"-"----"--------- )
di sp(' xm fm);

disp('------------"-"---"--------- ")
whil e (abs(x1-x2)>2*tol);

f 1=f uncbi sect 01(x1) ;

f 2=f uncbi sect 01(x2) ;
xme(x1+x2)/ 2;

f mef uncbi sect 01(xn) ;

fprintf('9®. 6f %3.6f \n', xmfn);
if (f1*fm<0);

X2=xm

el se

Xx1=xm

end

0.700000  0.443000
0.750000 -0.203125
0.725000  0.124828
0.737500 -0.037932
0.731250  0.043753
0.734375  0.002987
0.735938 -0.017453
0.735156 -0.007228
0.734766 -0.002120
0.734570  0.000434
0.734668 -0.000843
0.734619 -0.000204
0.734595  0.000115
0.734607 -0.000045
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Newton—-Raphson Method

The Newton—-Raphson formula can be derived from the Taylor series expansion
of f(x) about x:

flxip1) = fl) + o) (i1 — %) + O(xi — %)° (a)
If x;11 is a root of f(x) = 0, Eq. (a) becomes
0= f(x) + f/(x) (i1 — %) + O(xiyr — x:)° (b)

Assuming that x; is a close to x;;;, we can drop the last term in Eq. (b) and solve for
Xiy1. The result is the Newton—-Raphson formula

) (¢)

Xiyl = Xj — -
RN TTES)

If x denotes the true value of the root, the errorin x; is E; = x — x;. It can be shown

that if x;,1 is computed from Eq. ( ¢ ), the corresponding error is

')

T T
indicating that the Newton-Raphson method converges quadratically (the error is the
square of the error in the previous step). As a consequence, the number of significant

figures is roughly doubled in every iteration, provided that X; is close to the root.

Tangent line _

f(x)
' Figure( a )Graphical interpretation of the Newton-Raphson
: f(x) formula.

|

X

A graphical depiction of the Newton-Raphson formula is shown in Fig.( a ) The for-
mula approximates f(x) by the straightline that is tangent to the curve at x;. Thus x;
is at the intersection of the x-axis and the tangent line.

The algorithm for the Newton-Raphson method is simple: it repeatedly applies
Eq. ( ¢ ), starting with an initial value xp, until the convergence criterion

[Xiy1 —x1| < €

isreached, e being the error tolerance. Only the latest value of x has to be stored. Here
is the algorithm:

1. Letx bea guess for the root of f(x) = 0.
2. Compute Ax = — f(x)/['(x).
3. Letx « x+ Axand repeat steps 2-3 until |[Ax| < &.

Ahmad_engineer 21@yahoo.com BN 38 teaa daa) o




A8 Ad (35 gy (B Lindii 0 Lue Jll) g (8 ABalia 3 900 aSllal Lad) oL W g Sl aSil Y agad) 1aa (e S (pa S )

EXAMPLE

A root of f(x) = x* — 10x? + 5 = 0 lies close to x = 0.7. Compute this root with the
Newton—Raphson method.

Solution

The derivative of the function is f’(x) = 3x? — 20x, so that the Newton—

Raphson formulain Eq. (¢ ) is

f)  x3—10x%+45 2x*—10x* -5

TR T T a2 T T xBx—20)

It takes only two iterations to reach five decimal place accuracy:
2(0.7)® - 10(0.7)2 -5
0.713(0.7) — 20]

_ 2(0.73536)% — 10(0.73536)% — 5
0.735 36 [3(0.735 36) — 20]

=0.73536

= 0.734 60
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Example

Use the Newton—Raphson Method to estimate the root of f(x)=e(-x)-X,
employing an initial guess of x0=0

J(xi) ()
Xipl = Xi — —— Eiy) = —————F?
f(x) i+l 2f(x;)
Solution
%----- Newt on—Raphson Method--------------------------
clc
x=[0];

t ol =0. 0000000007;
format | ong
for i=1:5;
fx=exp(-x(i))-x(i);
fxx=-exp(-x(i))-1;
fxxx=exp(-x(i));
X(1+1)=x(i)-(fx/fxx);
T.V(i)=(abs((x(i+1)-x(i))/x(i+1)))*100;
end
for i=1:5;
e(i)=x(6)-x(1);
fxx=-exp(-x(6))-1 ;
f xxx=exp(-x(6));
e(i+1)=(-fxxx/2*fxx)*(e(i))"2;
end
i f abs(x(i+1)-x(i))<tol
di sp(' enough to here")
disp('------------ ")
disp(" X(i+1) ")
disp('------------- ")
X'
disp('------------ ")
di sp(’ TV ")
disp('------------- ")
T.V
disp('------------ ")
di sp(’ E(i+1) ")
disp('------------- ")
e

disp('------------- "

Ahmad_engineer 21@yahoo.com BN 38 teaa daa) o




A1 A8 335 o g9 B Lindii 0 s Jll) g (4 ABoluas B g 3 Sl Ll oL W g Sl aSaas Y gl 10 (e i)y JS I

enough to here

0.500000000000000
0.566311003197218
0.567143165034862
0.567143290409781
0.567143290409784

1.0e+002 *

1.000000000000000
0.117092909766624
0.00146/287078375
0.000000221063919
0.000000000000005

0.567143290409784
0.067143290409784
0.000832287212566
0.000000125374922
0.000000000000003
0.000000000000000
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The secant Formula Method

A popular method ofhand computation is the secant formula where the improved
estimate of the root (x;,,) is obtained by linear interpolation based two previous
estimates (x; and x;_;):

Xi — Xi—1

- fla) = flxz) flx)

Xitl = X4

Example

Use the The secant Formula Method to estimate the root of
f(X)=e"(-x)-x, employing an initial guess of x(i-1)=0 & x(0)=0

X — Xi—1 o
Xiy) = X — — . fU-J
v Cfe) = fleo) T
Solution
% ----- The secant Formula Method ------------------------
clc
x=[0 1];

TV=0. 567143290409784,

format | ong

for i=2:6;
fx=exp(-x(i-1))-x(i-1);
fxx=exp(-x(i))-x(i);
X(T+1)=x(i)-((x(i)-x(i-2))*fxx)/(fxx-fx);
E T(i)=(abs((TV-x(i+1))/TV))*100;

disp('------------ ")
disp(' X(i+1) ")
disp('------------- )
X'

disp('------------ ")
d@ sp(" ET ")

end
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. 000000000000000
.612699836780282
. 563838389161074
. 567170358419745
. 567143306604963
. 567143290409705

[cNoNoNoNaN

8.032634281467328
0. 582727734700312
0.004772693324310
0. 000002855570996
0. 000000000013997
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Example

Use N.R. Quadratically Method to estimate the multiple root of
f(x)=x"3-5x"2+7x-3, initial guess of x(0)=0

flx) frix)
Xigl1 = X — .

froa)— flx) f7(a)

Solution
% ----- The NNR Quadratically Mthod  -----------------
clc
TV=1,
x=[0];
format | ong
for i=1:6;

fx=x(i)"3-5*x(i)"2+7*x(1)-3
fxx=3*x(i)"2-10*x(i)+7

fxxx=6*x(i)-10

X(1T+1)=x(i)-(fx*fxx)/ ((fxx)"2-fx*fxxx);
E T(i)=(abs((TV-x(i+1))/TV))*100;

end
disp('------------ )
disp(" X(i+1) ")
disp('------------- )
X'
disp('------------ )
di sp(’ ET )
disp('------------- )
ET
disp('------------ )
O/ = = = = m m e e e e e e e e e e e e e e e e e e e e e e e e e e e e— -
%----- Multiple Roots---------
% -fx=(x-3)(x-1)(x-1)---------
clc

for x=-1:0.01: 6;
f x=x.73-5.*x."2+7.*x-3
pl ot ( x, f x)
hol d on
end
grid
title(" (x-3)(x-1)(x-1)")
xl abel (" x")
yl abel (" fx")
O/G ___________________________
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X(i+1)

0

1.105263157894737
1.003081664098603
1.000002381493816
1.000000000037312
1.000000000074625
1.000000000074625

ET

10.526315789473696
0.308166409860333
0.000238149381548
0.000000003731215
0.000000007462475
0.000000007462475

) Figure 1
File  Edit “iew Ingett Toolz Desktop ‘wWindow Help L
DEESE (K RaO® e 08| &0

[ Fr=e-3)0e 1301
ED : ; ; : : ;

B0

40

[Fx]

20

-0
-1
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Example

Use the Newton—Raphson Method to estimate the root of
f(x)=x"3-5x"2+7x-3, initial guess of x(0)=4

Al = Af = — i+l = —7—7/L;
J(x;) "+ 2f(x;) "
Solution
% ----- Newt on—Raphson Method-----------------“--------
clc
x=[4];
t ol =0. 0007;
TV=3;
format | ong
for i=1:5;

fx=x(i)"3-5*x(i)"2+7*x(i)-3
fxx=3*x(i)"2-10*x(i) +7;
X(i+1) =x(i)-(fx/fxx);
E T(i)=(abs((TV-x(i+1))/TV))*100;
end
for i=1:5;
e(i)=x(6)-x(i);
fx=x(i)"3-5*x(i)"2+7*x(i)-3
fxx=3*x(i)"2-10*x(i) +7;
fxxx=6*x(i)-10;
e(i+1) =(-fxxx/2*fxx)*(e(i))"2;
end
if abs(TV-x(i+1))<tol
di sp(' enough to here")
disp('------------ ")
disp(' X(i+1) ")
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enough to here

4.000000000000000
3. 400000000000000
3. 100000000000000
3. 008695652173913
3.000074640791192
3. 000000005570623

3. 333333333333330
3. 333333333333322
0. 289855072463781
0. 002488026373060
0. 000000185687436
0. 000000007462475

- 0. 999999994429377
- 0. 399999994429377
- 0. 099999994429377
- 0. 008695646603290
- 0. 000074635220569
- 0. 000000089144954
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Gauss Elimination M ethod

Example
Use the Gauss Elimination Method with MATLARB to solve the
following equations

2X1+X2-X3=5--=mmmmm e @)
X 142X 2+4X3=10-----nnnmmmmmmmmmmmme (2)
5X1+4x2-X3=14--------===mmmmmmmmmmm- (3)
Solution:
%---- Gauss Elimnation Method--------------------~----------
clc
A=[2 1 -1;1 2 4,5 4 -1];
b=[5 10 14];

if size(b,2) >1; b =Db"; end %b nust be colum vector
n = |l ength(b);

for k = 1:n-1 %Elimnati on phase

for i= k+1:n

if A(i,k) ~=0

| ambda = A(i, K)/A(k, K);

A(i,k+1:n) = A(i,k+1:n) - |anbda*A(k, k+1:n);
b(i)= b(i) - lanbda*b(k);

end

end

end

if nargout == 2; det = prod(diag(A)); end
for k = n:-1:1 % Back substitution phase
b(k) = (b(k) - A(k,k+1:n)*b(k+1:n))/A(k,k);

fprintf(’
end
X =Db
% _________________________________________________________
X =
4
-1
2
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gaaal) Julatl) 8 AU s g il ey el ) 98 3
byaall <5 i) 5 Va5 IV aSaill g izl i
sl 5 Al 1) alaill g 2Bl lall 5 Jdall alai
cpal ) Gleacaddll (e 8 3 gl el pe g cili g i1V
Aaazll g
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