Applied Nymerical Methods with
MATLAB



PART ONE PART TWO PART THREE PART FOUR PART FIVE PART SIX
Modeling, Computers, Roots and Linear Systems Curve Fitting Integrationand  Ordinary Differential
and Error Analysis Optimization Differentiation Equations
CHAPTER 1 CHAPTER 5 CHAPTER 8 CHAPTER 14 CHAPTER 19 CHAPTER 22
Mathematical Roots: Brackefing  linear Algebraic linear Regression Numerical Integration  InifialValue
Medeling, MNumerical Methods Equations Formulas Problems
Metheds. and Problem and Matrices
Selving
CHAPTER 2 CHAPTER & CHAPTER @ CHAPTER 15 CHAPTER 20 CHAPTER 23
MATLAB Roats: Open Gauss Elimination  General Linear Numerical Integration  Adaptive Methods
Fundamentals Methods least-Squares and of Functions and Stiff Systems
MNonlinear Regression

CHAPTER 3 CHAFTER 7 CHAPTER 10 CHAPTER 16 CHAPTER 21 CHAPTER 24
Pregramming Optimization LU Factorization Fourier Analysis MNumerical Boundary-Valus
with MATLAB Differentiation Problems
CHAPTER 4 CHAPTER 11 CHAPTER 17
Roundoff and Matrix Inverse Polynomial
Truncation Errars and Condition Interpolation

CHAFTER 12 CHAPTER 18

erative Methods ~ Splines and Piecewise

Interpolation

CHAPTER 13

Figenvalues



Mathematical Modeling,
Numerical Methods,
and Problem Solving

> (oA 45“'") G}L"*‘M
oo levg) b (o L]
Ao J} 9



Upward force
due to air
resistance

i

L

Downward
force due
to gravity

VYWY

b b o gladas : L

: . L e o
ﬁ=g_“_ﬂ’t_,2 -Wﬁpfbc\.bbm

9.81(68.1 9.81(0.25
v(f) = ‘/ ( ) tanh \/ ( ).f = 51.6938 tanh(0.189771¢)
0.25 68.1

60 —

Terminal velocity

v, /s [ L N e

-k
L]

0
18.7292 o
33.1118
42.0762
46.9575
49.4214
50.6175
51.6938

v, mfs

SR s P

s



(99e Jold) go0e (g, b Jbo J>

dv ~ Av  v(tiyy) —v(ty) (S)L"‘" y T o
dt — At fip — .
| v(fip1) — v(t;) Cd )
B S A =8 — —1_.1(!:-)
i+1 | liv1 — I m
|
True slope |
duv/dt | Ca .
el | v(tiv1) = vti) + | g — —vti)” |(fig1 — i)
: m
|
|
Approximate slope ! o dv;
L Av _ V) = vle) | Vi = A

| At 'ra'+] - Ii I

| |

| |

i | This approach is formally called Euler’s method.
|

Ii (S| t

‘ i ’ New value = old value + slope x step size

\Y:nv Pa)



VY.

sode g, b Jle J>

0.25 —
=0+ |9.81 — 02| x 2 = 19.62 m/s ;J | 15
V=T [ 681" ] 9 r
0.25 : S
v =19.62 + |:9.81 — = 1(19.62){| X 2 = 364137 m/s ﬁgd \Ql:
= J’ G J’
60 —
| v, mfs | Terminal velocity | v, m/s
O O App_roxlimalltil,on O O
2 ]OGQOO 40 — numerical soluti 2 ]8‘7202
4 364137 E‘ i 4 33.1118
6 46.2083  ° Exac, analytica 6 42.0762
8 50.1802 20 8 46,9575
10 51.3123 10 A0 4214
17 51.6008 12 50.6175
00 51.6938 | | oo 51.6938

ts




MATLABL: . LaT 0 i

>>a = 4,A = 6;x = 1; Lo jo e
a = NUPU ‘u»LoJ)fggi}gfdgycbulm

Del oo oolaiwl; sl lade gioles sae sl

>> pi
ans = . S ¢ L2 & . .. * . . ¢
2 141c .u)d‘ O &.9.?‘)&) mﬁ. )‘ &..A.LOVO )O LQW )‘ L;ax.g
ol s |y olael goled ) lgs o
type Result Example
short Scaled fixedpoint format with 5 digits 3.1416
long Scaled fixed-point format with 15 digits for double and 7 digits for single 3.14159265358979
short e Floating-point format with 5 digits 3.1416e+000
long e Floatingpoint format with 15 digits for double and 7 digits for single 3.141552653589793e+000
short g Best of fixed- or floating-point format with 5 digits 3.1416
long g Best of fixed- or floating-point format with 15 digits for double 3.14159265358979
and 7 digits for single
short eng Engineering format with at least 5 digits and a power that is @ multiple of 3 3.1416e+000
long eng Engineering format with exactly 16 significant digits and a power 3.14159265358979e+000
- that is o multiple of 3 y

bank Fixed dollars and cents 3.14
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== b(4)

aIs =
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== A

== A(2,3)
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>> E = zeros(2,3) >> u = ones(1,3)
E = 11 =
0 0 0 1 1 1
0 0 0

e help ;1 sslatul

>> help log

LOG Natural logarithm.
LOG(X) is the natural logarithm of the elements of X.

Complex results are produced if X is not positive.

See also LOGZ, LOG10, EXP, LOGM.



alocl Qo;o)f @\93
— >»> floor (E)

ans =

> E = [-1.6 -1.5 -1.4 1.4 1.5 1.6];9 ans =

>> round (E)

ans =
L -2 -2 -1 1 2
’§> min(F),max(F),mean(F),prod(F),sort(F)
ans =
1
> F = [3 5 4 6 1]; E“SZ
>> sum(F) _
dans =
ans = 3.8000
19
ans =
360
ans =
1 3 4 5 6
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>> £ = 1:5

1.0000 1.5000 2.0000 2.5000 3.0000
> £t = 10:-1:5

t =

10 g g 7 5 5 >> £(2:4)
ans =
S 8 7
>> A =[123; 456; 7 8 9]
>=> A(2,:)
B =
1 2 3 ans =
4 5 & 4 5 6
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linspace(x1, x2, n)

>> linspace(0,1,6)

ans =
0 0.2000

logspace (x1, x2, n)
>> logspace(-1,2,4)

aIls =
0.1000 1.0000

0.4000

10.0000

0.6000

100.0000

0.8000

1.0000
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Exponentiation

Negation

Multiplication and division

left division?

Addition and subtraction
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== A"2

ans =
30
66
102
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>> A."2
ans =
1
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>> g =

== C

t =

oy = D O

8
10
12
14
16
18
20

e oS 4 (b b oy Al >

v = f‘ﬂmh(,/ﬂr)
Cq m

9.81; m =
(0:2:20]"

>> length(t)

alls
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11

68

.1;

18.
33.
42.
46.
.4214
50.
51.
51.
51.
51.

49

sgrt (g*m/cd) *tanh (sgrt (g*cd/m) *t)

7292
1118
0762
9575

6175
1871
4560
5823
6416
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Plot of v versus ¢
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>> plot(t, wv)

N\

== title('Plot of v versus t')
>> Xlabel ('Values of t')

>> ylabel('Values of v')

>> grid

Values of v
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TABLE 2.2 Specifiers for colors, symbols, and line types.

Colors Symbols Line Types
Blue b Point : Selid -
Green g Circle o Dotted :
Red r X-mark P Dashdot -.
Cyan c Plus + Dashed --
Magenta m Star *
Yellow % Square s
Black k Diamond d
White W Triangle{down| y

Trianglefup) ~

Trianglelleft] <

Trianglelright) >

Pentagram o

Hexagram h

>> plot(x,y,"'--dc', 'LineWidth',2,...
'MarkerSize',10, ...
'MarkerEdgeColor', k', ...
'MarkerFaceColor', 'm')
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>> plot (t, V)

>> hold

on

>> plot (t, v,

>> hold

plot3(x,

off
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(a) V(x) = Eld®y/dx’ R S °
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(b) wy = 2.5 kN/em, and Ax = 10 cm.
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Roundofft and Truncation Errors
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Increasing precision
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True value = approximation + error

E, = true value — approximation

True fractional relative error =

true value — approximation

true value — approximation

true value
100%

Er —
true value
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approximate error

Eq 100%

approximation
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x2S X" :J Lo
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sblbs Ll e b lade Ol9 (oo 399 Jaw loolaul L@
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Terms Result €,y % €, Y%
1 1 3.3
2 1.5 Q.02 33.3
3 1.625 1.44 /.69
4 1.645833333 0.175 1.27
5 1.648437500 0.0172 0.158
o 1.648697917 0.00142 0.0158
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4.2 ROUNDOFF ERRORS
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Signed +s5 x b°
exponent Mantissa
11 bits 52 bits

!

Sign
(1 bit)

3.1 x 10720r0.031 & g0 4y SalS ,0279=003125 soe : |l ©

o g alil o g (o Gllaz wo )0 il aS 0gl 0 0,50
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4.3 TRUNCATION ERRORS :adad glas
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FIGURE 4.7

The approximation of f(x) = —=0.1x* = 0.15x> = 0.5x* = 025x + 1.2 atx = 1 by
VY. v zercorder, firstorder, and second-order Taylor series expansions. vy




4.4 TOTAL NUMERICAL ERROR :‘__}5 (SO s'_gUar.&
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