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1 Bisection

A function was created based on equation 1.1 to solve roots using the bisection method

L =x +x,)/2 .
Xy = (% +x,)/ Equation 1-1

1.1 f(x) = sin(x) sinh(x)

File Edit View |Insert Tools Desktop Window Help

dJdde @/ 0E| & E
Root=3.1416 & AE MR QG

f(x)

25 1 I 1 I 1

Figure 1-1 this shows the function labelled in the legend and the root

1.2 f(x) = (R? — x»)Y? — xtan(x)

4. Figure 2 — (=) =
File Edit View Insert Tools Desktop Window Help -

Do de | @ 08| xE

Root = 4.2711
50 T T T
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Figure 1-2 this shows the function labelled in the legend and the root
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2 Newton’s method

A function was made from equation 2.1 to evaluate roots with the newton method to use

this method, functions and their derivative functions were created.

_ flxg)
[(xq)

Xnse1 = Xn
FEquation 2-1

2.1 Newtonb f(x) =e* — (1 +x + (x2/2))
4 Figure 1 = O X

Cile Edit View Insert Tools Desktop Window Help

dJéde | @ 08| K (E

400 Root=0.012385 &, A M@ O

350
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Figure 2-1 this shows the function labelled in the legend and the root
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2.2 Newton ¢ f(x) = 10log(x) — x

4\ Figure 2 - O

File Edit View Insert Tools Desktop Window Help

Nede | @08 RE

Root=1.1183 &, A =] 1@ O 47

16 . . .

10

-20

_25 i i i i i i i i i

Figure 2-2 this shows the function labelled in the legend and the root
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3 Intersect plot f(x) = 100e™™ — 5sin(mx/2)

[#] Figure 1 — O X
File Edit View Insert Tools Desktop Window Help o
Nade @ 0E|KE

Intersection root near x = 4.1949

/ |

100e™
5sin(rx/2) 7
@® Intersection root

Figure 3-1 plot of function intersection
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4 Bracketing

4.1 Bisect f(x) = 100e™ — 5sin(mwx/2)

‘lle Edit View Insert Tools Desktop Window Help

lade @ 0@ rE

Figure 4-1 Multiple roots using |2, 2 =] { @ © 1}

\ 100e™*
-2r 4 5 sin{m x [ 2) b
\ @® Bisection Roots
5l \ ]
4| \ |
5 I | . | I
4 5 6 7 8 9 10
X

Figure 4-1 multiple roots Bisect for functions shown in legend

4.2 Newton f(x) = 100e™* — 5sin(mx/2)

File Edit View Insert Tools Desktop Window Help

Nade| @ 08 ~E

Figure 4-2 Multiple roots using Newton

B T T T

100e™
-2r Y Ssin(rx/2) |7
\ @ Newion Roots
Al \ ]
4l \ ]
5 I | | | |
4 5 6 7 8 9 10
X

Figure 4-2 multiple roots Newton for functions shown in legend
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5 Appendices

5.1 Convergence table Bisection f(x) = sin(x) sinh(x)

[ e B L = e

T e T e T B e e e
(=TT == R LI S U R )

21

[ S N O B S T Y s T T I AV

.5000000000
.2500000000
.8750000000
.0625000000
.1562500000
.1083750000
.1328125000
.1445312500
.1386716750
.1416015625
.14013€7188
.1408691406
.1412353516
.1414184570
.1415100088
.1415557861
.1415786743
.14155011564
.1415956405
.1415529764
.1415515489

3.6208788480
-1.3930970581
2.3274148798
0.8428087823
-0.1717763850
0.3601698221
0.100508674¢6
-0.0340372623
0.033€325162
-0.0001028876
.0167896519
.00634958%61
.00412490863
.0020113%89
.0008543528
.0004257569
.0001€14407
.0000292781
-0.00003€8044
-0.0000037631
0.0000127575

o o o o oo oo

Root for f sinsinh = 3.1416

@ o o o R

= e
-

13
14
15
16
17
18
19

S T R T T T St St St S S S S S Y

.3500000000
.1750000000
.2625000000
.3062500000
.2843750000
.2734375000
.2679687500
.2707031250
.2720703125
.2713867187
.2710449219
.2712158203
.2711303711
.2710876465
.2711080088
.2710963276
.2710929871
.2710956573
.2710943222

5.2 Convergence table Bisection f(x) = (R? — x?)Y/? — xtan(x)

-2.4692489409
2.0803950665
0.2155064810
-0.98605962464
-0.3553253354
-0.0612062215
0.0B807643354
0.0101500697
-0.02540436%986
-0.007581343¢6
0.0013107997
-0.0031336609
-0.0008110280
0.0001999865
-0.000355495¢6
-0.0000777483
0.0000611207
-0.0000083134
0.0000264037

Root for f second = 4.2711

Name
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5.3 Convergence table Newton b f(x) = e* — (1 + x + (x%/2))

WO =] gy N W

I o B =R T SR R T
B T B R L=

18

.000o000000
.0877727878
.2410204713
.4873811478
.8495218507
.3371865174
.9445068047
.656151093%
.44955834254
.3057055989%
.2064514581
.13B8E8342573
.0930964832
.0623065532
.0418455840
.0278123001
.018563059%
.0123849570

[ e T e e e e e T e T e T e e L T I ¥

129.913158102¢
46.1642703799
16.0666641581

[ I e T e B o B o [ e B o i o I o B = B e = B Y

.4488171106
. 79668919173
.5770933853
.1812423762
.0559415902
.0170483972
.0051450387
.0015454995
.0004615241
.0001376662
.0000409493
.0000121e48
.0000036107
.0000010711
0.

0000003178

Root for f exp = 0.0082609

5.4 Convergence table Newton ¢ f(x) = 10log(x) — x

1
2
3
4

1.0000000000
1.1111111111
1.1152993554
1.1183255812

wot for f log =

-1.0000000000
-0.0575059545
-0.0002083688
-0.0000000028

1.1183

5.5 Convergence table Bisect f(x) = 100e™ — 5sin(mx/2)

W b e

5

.0000000000
.18910258115
.1945213610
.1945315722
.1945315722

8 Y Y " =)

.8315638889
.0525228337
.0000873¢610
.0000000002
.0000000000

o o o o B

Root for intersection problem = 4.194%

Newton iterations

5

Name
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5.6 Convergence table Newton f(x) = 100e™ — 5sin(mx/2)

Command Window

Bracketing interwvals found:

4_1818 4_2424
5.93594 &.0000
8.0000 8.060¢6
©.9354 10.0000
1 4 _ 2121212121 —0.15384688747
p 4.19€2696970 —0.0183237731
3 4.1883939394 0.0488953257
4 4.193181818&82 0.0157454981
5 4 1950757576 —0.0012%70147
& 4.1941287879 0.0072234046
7 4.1946022727 0.0029626098
8 4.1948390152 0.0008326511
S 4.19455738¢64 —0.0002322154
10 4_.1%48%82008 0.0003002072
11 4.19452775936 0.0000339521
1z 4.194%425%900 —0.0000991137
13 4.1942351218 —0.0000325609
14 4.19453145927 0.0000007155
15 4.1%45%333422 —0.000015%9227
1 5.9696969657 0.0175919758
2 5.9545454545 —0.0972936492
3 5.9621212121 —0.0398792761
4 5.9€52090809%9 —0.0111502273
5 5.9€78030303 0.003219%2%66
& 5.9€6€85606086 —0.00396586861
7 5.9673295455 —0.0003733854
fir B 5.9675662879 0.0014229308
10 5.8673887311 0.000075&850
11 5.9673591383 —0.000145848¢6
1z 5.9673735347 —0.00003653759
13 5.8673813328 0.0000155545
14 5.9e73776338 —0.0000085127
15 5.9673794833 0.00000552089
1 5.0303030303 —-0.2053646218
2 8.0151515152 —0.085%4e6704
3 8.0075757576 —0.02e2053719
4 §5.0037878788 0.00366%6791
5 5.005e818182 -0.0112&e81037
5] 8.00473248485 —0.00375952¢c84
7 5.0042613636 —0.0000c48077
g 5.0040246212 0.0018024326
9 8.0041425524 0.000Be8811e
10 8.0042021780 0.0004020018
11 5.0042317708 0.0001e85970
1z 5.0042465672 0.0000515%46
13 8.0042535654 —0.00000&456e5
14 8.0042502663 0.0000227191
15 §5.0042521158%9 0.0000081313
1 9.9696965697 —-0.2332259049
2 9.5848484848 —0.1143751832
3 S.99242424224 —0.0549239391
4 9.59962121212 —-0.0251%25324
5 9.59810e0e086 —0.01032e3437
5] 9.99590530303 —0.00285%3185¢
7 9.9995265152 0.0008234021
i B 9.99592897727 —0.00103485%23
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Command Window

15 9.9954210508 —0.0000041157
Roots found by Bisection:
4.1549
5.%e74
8.0043
9.9994
1 42121212121 —0.153258488747
2 4.1548416365 0.00080%0687
3 4.15453156599 0.0000000211
1 5.968965%69697 0.0175919758
2 5.96737905%5%3 0.0000023040
3 5.9873787557 0.0000000000
1 8.0303030303 —0.2053¢4e218
2 8.0042336917 0.00015344¢¢6
3 8.0042531468 O.0000000000
1 9.96596569697 —0.233229%049
2 9.9994441413 0.0001768141
3 9.999421615¢6 0.0000000000
Roots found by Newton:
4.1949
5.9674
8.00432
9.9994

Newton iteration counts:
3

BoWoW

5.7 Your code and functions

| task2_bisectionm | + |
1 |clear“; clc; - G
2
3 tol = le-6;
a imax = 50;
5
6 %% Function (b): sin(x)*sinh(x)
7 rootl = bisect('f_sinsinh', 1, 4, imax, tol);
8 disp(['Root for f_sinsinh = ', num2str(rootl)]);
9
1@ % Plot
11 x = linspace(1,4,400);
12 y = f_sinsinh(x);
13 figure(1)
14 plot(x, vy, 'b", rootl, f_sinsinh(rootl), 'ro', "M
15 title(['Reot = ", num2str{rootl)])
16 xlabel('x"); vlabel( f(x)');
17
18
19 %% Function (c) second function
20 root2 = bisect('f second', 4, 4.7, imax, tol);
21 disp(['Root for f_second = ', num2str(root2)]);
22
23 % Plot
24 x = linspace(4,4.7,400);
25 y = f_second(x);
26 figure(2)
27 plot(x, v, 'b", root2, f_second(root2), 'ro’, 'Ma
28 title([ 'Root = ', num2str(root2)])
29 xlabel('x"); ylabel{'f(x)');
3@
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| task2_bracketing.m ?'TJ task2_intersectionm | + |
I 1 clear; clc; - a
2
3 %% Parameters for Newton
4 X8 = 4;
5 tol = le-18;
6 imax = 5@;
7
8 %% Use Newton method to find the root
9 [root_intersect, iters] = newton(x®, 'f _intersect
18
11 disp(['Root for intersection problem = ', num2str
12 disp(['MNewton iterations = ', num2str(iters)]);
13
14 %% Plot the two functions and the intersection po
15 x = linspace(3, 10, 500);
16 yl = 180 * exp(-x);
17 y2 =5 * sin(pi * x / 2);
18
19 figure(l)
20 plot(x, y1, 'b', x, y2, 'r',
21 root_intersect, 108 * exp(-root_intersect),
22 grid on
23 xlabel('x");
24 ylabel('y');
25 legend('100 e™{-x}", 'S5 sin(\pi x / 2)', 'Interse
26 title(['Intersection root near x = ', num2str(roo
|' task2_bracketing.m | task2_intersection.m | task2_newton.m ]T
1 clear; clc;
2
3 tol = 1e-6;
4 imax = 20;
5
6 %% MNewton — Function (b)
7 x@ = 5;
8 root_b = newton{(x@, 'f_exp', 'df_exp', imax, tol)
] disp(["Root for f_exp = ', num2str{root_b)]);
1@
11 % Plot
12 x = linspace(9,6,400);
13 y = f_exp(x);
14 figure(l)
15 plot(x, vy, 'b', root_b, f exp(root_b), 'ro', "Mar
16 title([ "Root = ', num2str{root_b)])
17 xlabel('x"); ylabel('f(x)");
18
19
20 %% Newton — Function (c)
21 x@ = 1;
22 root_c = newton(x@, 'f_log', 'df_log', imax, tol)
23 disp(["'Root for f_log = ', num2str{root_c)]);
24
25 % Plot
26 ®x = linspace(®.1,5,488);
27 v = t_log(x);
28 figure(2)
29 plot(x, v, 'b', root_c, f_log(root_c), 'ro’', "Mar
30 title(['Root = ', num2str(roct_c)])
31 x1label( 'x"); vlabel( f(x)");
22

Name



Module code

|

for k = 1:imax

fold = feval(f, xold);
dfold = feval(df, xold);

fprintf('%2d\t%. 10F\%. 10f\n",

if dfeld ==

error('Derivative is zero.

end

dx = -fold / dfold;
xnew = xold + dx;

count = k;

% Check convergence

if abs(fold) < tol
root = xnew;
return

end

xold = xnew;

end

error( 'Max iterations reached — no convergence');

Task 2 Name

k, xold, fold);

Mewton fails.');

f_sinsinh.m | + |
function y = f_sinsinh(x)
y = sin(x) .* sinh(x);

end
end
| fsecondm | 4 |
1 function y = f_second(x)
2l k=30 T tiegm %[
- Zné sqrt( T X 2) - tan () 1 function y = ¥ log(x)
5 2 v = 18%log(x) - x;
3 end
A
| fintersectm [ 4 |
1 function y = f_intersect(x)
2 y = 108 * exp(-x) - 5 * sin(pi * x / 2);
3 end
i
| fexpm | + | | dflogm | + |

1
2
3

end

A

J
1
2
3
il

1
2
3

1

df_intersectm 0 | 4 |

function y = ¥ exp(x)
v o= exp(x) - (1 + x + x."2/2);

function y = df_log(x)
v o= 18./x - 1;
end

1
2
3

A

I

end

df expm | + |

function y = df_intersect(x)
vy o= =188 % exp(-x) - (5 * pi / 2} * cos(pl * x / 2);

y =
end

function y = df_exp(x)
exp(x) - (1 + x);
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