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2 0ood

f(z) =sinzx (2-1)
gooopoobbogooobbobbboboooonon
/ sinzdz = [—cosz]; = 2 (2-2)
0

ubboobbobbooobooobuoobobooobooobooboboobooboooboobooboooono
oboooooocooooooooooobooboo10000 2,00 2. 0000000000000

f(x f

-1 Xi

Xmin AX  Xmax X

010000

000000o000ooo0oU0ooo00oooU00ooooU00DoOO00O0OO00OOOOUOOoOD A
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vboboobooboobobooooooooobobobooboobooouobobobobobobooa
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gooobgooogon

S = Z(fi + fisi) (@i — wi1)/2 (2-3)

=1

obooobooooO0sin00oooooooooogn

Q0L [/ skskokkok sk sk sk ok ok skook sk ok ok ok ok ok o ook ok ok sk sk ok K ok K ok o ok ook ok sk sk ok kK ok o ok ok
002 =x* Numerical Integration *
003 Oct. 7, 2002 *
Q04 skokokokok sk k sk ok okokok sk ok ok ok ok ok s ok ok ok ok ok sk K ok K ok o o ook ok sk ok ok ok K ok ok ok /
005 #include <stdio.h>

006 #include <math.h>

007

008 #define N 100

009

010 double func(double x);



011 double integ(double *x,double *y);

012

013 void main(void)

014 {

015 const double PI=3.14159265358979;
016 int i;

017  double x[N+1],y[N+1],xmin=0,xmax=PI,s;
018 for (i=0;i<=N;++i)

019 A

020 x[i]=xmin+ (xmax-xmin) * (double)i/(double)N;
021 yl[il=func(x[il);

022 }

023 s=integ(x,y);

024  printf("S=%e\n",s);

025 }

026

027

028 /* function */

029 double func(double x)

030 {

031 return sin(x);

032 }

033

034 /* integral */

035 double integ(double *x,double *y)
036 {

037 int i;

038 double s=0;

039 for (i=1;i<=N;++i)

040 {

041 s+=(y[i]+y[i-11)*(x[1]-x[1-11)/2;
042 }

043 return s;

044 }

oo
1l.nO0000000000Db00b00bOo0obOon
220000000000 0000D00O0O
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000000 f(r)=00000 «000000000000000O0O0O00OOOOOOOCODOOOO
gooobogoobgo

P —4r+4=0 (3-1)

00000000000 f(z) =2>—-42z+4000000000000000000000000 20 initial

initial solution solution

02000000

solution 0000 2UOOOOO0OOODO0O0UOO0OOO0O0O0OO0OOOOOOO f(x)=0000 solution 00
ooooOoO0OO0OOOO00OD AODODOO0DODOOOOOOOOOOo

y — f(zo) = f'(2o)(z1 — m0) (3-2)
0000 y000000
_ f(ﬂfo)
T = Zo (o) (3-3)
goooooo f(:nl)EII:IEIEIEIDDDDDDDDDDDDDDDDBDDDDDDDD 00000
f(331)
= — 34
T2 =T F(z1) (3-4)
goooooooooo
F(an) 55

Tn+l = Tn — f’(iE )
n

0000o0000ooo0oooo f(zp)0DOOODOOOODOOOOOOOOOO

001 #include <stdio.h>
002 #include <math.h>

003

004 double f(double x);
005 double dfdx(double x);
006

007 void main(void) {



008 double x=10,xd,ep; goooogd

009 const double EP=1.e-6; pooooodoo
010 do {
011 xd=x-f (x) /dfdx (x) ; oo0oooOooon
012 ep=fabs(xd-x); ooooo
013 printf ("x=%e ep=fe\n",x,ep); goooogopooo
014 x =xd; xO0oOoOooo
015 }while (ep>EP); oOooo
016  printf("x=%e\n",x); ooooooao
017 }
018
019 double f(double x) { gooooo
020 return x*xx-4*x+4;
021 }
022
023 double dfdx(double x) { goooooooog
024 return 2*x-4;
025 }
oo

1. 0000000000000 00
2.00000000DO0O0DOOO0ODOOOODOODOODbO0ODbDO0ObO0ODbOODOOn
gobooooaboodan

2t =72 1622 — 172 -9 =0 (3-6)



4 000000 Euler Method

gboobooboobgobooboobooboobooboboooboo

dy

doooooooobooooooo
yn+1_yn_
000 h=2n4 —2,00000000 (4-2)0

Ynt1l = Yn + hf(xnvyn)

uboobooobuoobaoodaobooa
good

oboooogooo

yn+1 =UYn + hyn

000000000000 ooO00Un 4)ooood

y(z)=e

(4-1)

(4-2)

(4-5)

(4-6)

gobobooobooobobooobooobooobobooobooobooobobooboobobooboboooobo

ubbodobouobouooboboooboobooaba

Q1 /sokokokskokokok s okook sk ok ok ok ok sk o ok ok sk ok ok ok ok sk s ok sk sk o ok ok sk ok s ok ok ok o okok ok o ok ok ok ok
02 x* Euler Method *
03 soskokokoskokokok s okokokok sk ok ok sk sk okok sk s sk ok ok ok s ok sk ok ok sk ok ok ok ok ok ok ok ok okok ok /
04 #include <stdio.h>
05 #include <math.h>

06

07 double f(double x,double y);

08

09 void main(void) {

10 const int N=21; oo

11 const double xmin=0, xmax=2; xmin 00 xmax 00000000

12 double h=(xmax-xmin)/(double) (N-1) ,x=xmin,y=1;
13 FILE *fp;
14  fp=fopen("euler.dat","w");

15 do {

16 x=x+h;

17 y=y+h*f (x,y); ooooo

18 printf ("x=V%e y=le exp(x)=le\n",x,y,exp(x)); ooogo

19 fprintf (fp,"%e %e %e\n",x,y,exp(x)); goooooa



20  }while(x<xmax);

21  fclose(fp);

22 }

23

24 double f(double x,double y) {

25  return y;

26 }
00
1.000000000000000000 NOOOODODODOOOOOOO0DO
2.000000
dy
- =0 4-7
dw+w@+ ) (4-7)

0y0)=000000000000000000000000000000000
~-1 (4-8)

goboooboobooboobooo



5 U0OU0O0O0OD0DDORunge-Kutta Method

gboobooboobgobooboobooboobooboboooboo

gboobooboobgooo

yn+1 —
k’l ==

k’z ==

ks =

ky =

gbooobogooobgoon

oboooogooo

yn+1 —
k=

k’z ==

ks =

ky =

d
ﬁ = f(way)

1
Yn + g(kl + 2ky 4 2k3 + ky)
hf(Tn, yn)

h kq

h ko
h n ardn Y
f(a: —+-2 Yn + 2)

dy _
dw_y

1
Yn + g(kl + 2ky 4 2k3 + ky)

hyn

ki
ko

0000000000000 00000y(x)=e*0000000000000000O0O

o

l.00b000o00oo0o0oooboboooooooboobooOoboobOOobOoboboooobooonoo

goog

000000 y0)=10000

2.0000000000DO00DO0ODbDOObOOODbObOOODOODOObObODbO

dy _
dw_y

(5-7)
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goboboobbooobooooboobooobooobboobbooobboobbooooo
gooobobboooooobbbboooooubbbbooooooo
d? d
m—y+c—y+ky:maw251nwt (6-1)
oodooodo0mOD0OO0Oc0D0O0O0ODKO0OOO0ODeOO00ODOOO0ODO0OO0WODDOOOOODOOOODOOO

O000m=1,¢=0,k=4,a¢=1,w=20000000000000000000000000000
0000000000000000000 »0)=0, 4 (0)=00000000000

1
y(t) = —tcos2t + 3 sin 2¢ (6-2)

good
ubbooboobbooobooobuoobooobuoooboobobooboooboobbooon
gboobooboobooooooooboooobooboobooboo

dy
o Y1 (6-3)
dyr c 9 .
- T my+aw sin wt (6-4)
y(0) = 0 (6-5)
yi(0) = 0 (6-6)

O0m=1c=0k=4,a=1,w=20000

dy
a Y1 (6-7)
%% = —dy+4sin2t (6-8)
y(0) = 0 (6-9)
yi(0) = 0 (6-10)
oooo
0o

1.0 (6-7)(6-8)(6-9)(6-10) 0 0000000 DO000D000000O0DNO000O0O0O0O000
00000000000<t<20000000000
2.000000000000000000000000000000

faf"m+2f"m) = 0 (6-11)
f0) =0 (6-12)
o) =0 (6-13)
£(0) = 0.332 (6-14)

000U0o000o000o0oU0oUoo0oUooO0o0DooO0O0(oooUoo)ooUooOoo
gobooboobodoboobooboobooobobobuoobooboobooann
OO0 f/000000000000000000<n<7000000000O
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00000 CcCOo000ooooo0oU0000oooo0Oo0OU000oDDOoOO0U0U0ODDO mathematica O

O000D0O000000D00000D00000 mathematicaOOODOOODOODO

mathematica 0000000000 O000O0COO COO0ODOOOOOOOOOOODODOOOCOO
gobobooobbooboboobobooboobobooboooboobbooboobboobobooobo
gbobobobobobooooooboobboboooooboboooobobobobobooboog
vbdboooooboobobuobobooobobooooooboboobobooobobobobaooa
000000000000 0000000 mathematicaODOOOOOOOOOOOOOOCOOOOOOO

gbooobooobooon

In[n]:= (2+(3—-4)%6)/2
Out[n] .= -2
gogooboboogd
In[n]:= a=1
Out[n] := 1
In[n]:= b=3
Out[n] := 3
In[n]:= a-0»
Out[n] := -2

gooooobboooooobobobboooooobbobbboooooonoboon
In[n]:= 1/6+1/14

Out[n] := %

g0 ooobooboooocoboooooooooon

In[n] := 100!

Out[n] := 9332621544394415268169923885626670
0490715968264381621468592963895217
5999932299156089414639761565182862
5369792082722375825118521091686400
0000000000000000000000

gbooboooboobgoobooobooooboboooboobooboobooo

N3 - Sqrt[x]

sinz — Sin[x]
cosz — Cos[x]
tanz — Tan[x]
logz — Log[x]
log,z — Log[a,x]
e” —  Exp[x]
gooobobboooooobbboooooodg

™ — Pi

e — E

oo — Infinity

10
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o
mathematica 00000000 0OO0OO
1. V8, tan 3, loge
2.sinz+cos?z 000000
3.00000 FullSimplify] 000000000
4.log0 000000

0000000000000 000O00O0000O0000O0O0N[JDOOO0DOOO0ODOOO0ODOO
uboobooooboaood

In[n]:= NJ[1/6 +1/14]
Out[n] := 0.238095 (7-7)
In[n] .=  N[1/6+1/14,20]

Out[n] := 0.23809523809523809524

ubboobboobuooboboobuooboooobooobooboboobooboooboobboOooono
o0oO0oDbOOo0o00b0O0O e, b0000ODO0O0OOCODODOOODDO

In[n]:= a=.

In[n]:= b=.

In[n]:= fl=axx+b

Out[n] .= b+ax

In[n]:= f2=3xx"2+4%x+5

Out[n] := 5+ 4z + 32

In[n] .= {3 =11%12 (7-8)
Out[n] := (b+az)(5+ 4z + 3z?)

In[n] :== {4 = Expand[f3]

Out[n] :== 5b+ 5ax + 4bx + 4ax® + 3bx® + 3ax?
In[n]:=  Factor[f4]

Out[n] := (b+az)(5+ 4z + 3z?)

In[n]:=  Coefficient[f4, x, 2]

Out[n] :== 4a+3b

od

mathematicaO0 O 000000 O0OO0O
1.000 (z-D(z-2)(z-5)(z—6)0 200000000
2,24 —102> + 3522 - 50z +24000000000

11



8 mathematicaO OO 0OOO

matehmatica 00 0000000000000 f(zx)0OOODOOOODOOO0OOO0OOOODOOOOOO

In[n]:= flx]:=axx"2+bxx+c

In[n] .= DI[f[x],x]

Out[n] := b+ 2ax

Infa] = DI, {x,2}]

Out[n] :== 2a (8-1)
In[n]:=  Integrate[f[x], x]

Out[n] := cx + % + %

In[n] :=  Integrate[f[x], {x,0,1}]

Out[n] := &4+ %+c¢

g
mathematica 0000000000000

1. f(z) =e"sina 000004 £inno00

2. [ f(x)de, ] f(z)de 00000
3.g(z,y) = /2> +y?000 00000

9 bbogobooboood

000O0O0O0
2 —52+6=0 (9-1)

0 mathematica OO0 OO0O0O0O0OOOOO0O

In[n]:=  Solve[x"2 —5%xx+ 6 == 0,x] (9-2)
Out[n] .= z—>2,2— >3
goooobbboooooooon
In[n]:= a=.
I = b=
n[n] ) (9-3)
In[n]:=  Solve[x"2—(a+Db)*xx+axb==0,x]

Out[n] := {{z— > a},{z— > b}}

OO0O00O000 mathematicaOOOOOO00O0O0O0000O0ODOOOOOO0OO0OOOOOODOOCOOOO

In[n] ==  FindRoot[x"2 —5*xx+ 6 == 0, {x,0}]
Out[n] :== {z— > 2.} (9.4)
In[n] :==  FindRoot[x"2 —5xx+ 6 == 0, {x,10}]
Out[n] := {z— > 3.}
gooobobooobobbbbuooooobobobboooooooboboog
In[n] := Plot[x"2 —5%x +6,{x,0,4}] (9-5)

12



oag
mathematica 0 0 O0 0000000 OOO
1.0000 SolveOOOOOOOOOO
. T
f(zr) =sinz+—=0 (9-6)
10
2.000000000000000
3.000000 (FindRoot)DDDDDDDDDDDDDDDD

10 ODOUO0bOogboboobod

gooooo
af
i (10-1)
gooooooo
In[n]:=  flz]=.
In[n] .= DSolvelf'[x] — {[x] == 0, f[x], X] (10-2)

Out[n] = {{f[z]- > e"C[1]}}
goooooobobobboooo
In[n] .=  DSolve[{f'[x] — f[x] == 0,1[0] == 1},{[x],x]
Out[n] :=  {{f[z]->e"}}
goooobboooooobobbbouodoodbobbbbooooobobObbooooooDbbobo

(10-3)

In[n]:= k= NDSolve[{f'[x] — f[x] == 0,f[0] == 1},f[x], {x,0,1}]

Out[n] := {{f[z]— > InterpolatingFunction[{{0.,1.}},” <> "][z]}} (10-4)

In[n]:=  g[x] := Evaluate[f[x]/.k]

Infn] == Plotglx), {x,0,1)]

gd
mathematica 00 000000000000 OOCOO
1.00000000000 (Solve)DO0 0<z<2700000000

v r=0 50 =0, FO) =1 (105)
gz 7T IO =0 -

13



2.0000000000000000 (NDSolve)DOO 0Kz <27s00000000

cf . —o fo) =
Tz =0 f(0)=0, f(0)=1 (10-6)
3.ogooooooon
Fn ") + 21" (n) =0, f(0)=f'(0) =0, f"(0)=0.332 (10-7)

00000000000 000o00o00oU0O0oooon f(p)booouoou(<n<o)

11 OO0

ubboobuoboooboboobooboobaoo

sin x

1, s
goooooo
In[n] :=  Limit[Sin[x]/x,x— > 0] (11-9)
Out[n] := 1
goooobobbooogo
lim tanz (11-10)
=5
goooobbooooooooo
In[n) :=  Limit[Tan[x],x— > Pi/2, Direction— > 1]
Out[n] :=
utln] := o0 (11-11)
In[n] :=  Limit[Tan[x],x— > Pi/2, Direction— > —1]
Out[n] :== —o0

oo
mathematica 0000000000000
1.

2 _
lim &1 (11-12)
x—1 1 — ]_
2.
. sin A#
lim — (11-13)
3.
1 x
flx) = (1 + —) (11-14)
xr

bbb o<LzL100000000DO00DOO000DOD0 z2—-000000000O
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0000000000000 DO00D0O000DO00D000 OmathematicaD0O0O0OO0O0O0O0OO0OOOO
000000000000 0C Plot0DO0D0O00OODOODOODO Pot3DOOOOOOOOODOOOO
uboboobaoooan

In[n] := f[x] := Sin[x]
In[n] .= Plot[x], {x,0,2 = Pi}] . (12-15)
In[n] := f[x_,y]:= Exp[—x] % Sin[y]
In[n] := Plot3D[f[x,y],{x,0,2},{y,0,2 % Pi}]
gooobobboooooooboboboogon
In[n] := ContourPlot[f[x,y], {x, 0,1}, {y,0,2 x Pi}, Contours— > 20, PlotRange— > {—1,1}]
(12-16)
gooooooo
x = sint (12-17)
y = cost (12-18)
: o= ¢ (12-19)
gooobobboooooooobo
In[n] := ParametricPlot3D[{Sin[t], Cos[t], t}, {t,0,6 * Pi}] (12-20)
gd
mathematica 0000000000000
l.-1<z<1, -1<y<10000000000000
flz,y) = e 10E"+Y) (12-21)
2.0000000000000
3.
x = tsint (12-22)
y = tcost (12-23)
;o= ¢ (12-24)

00000 ParametricPlot3D DO OO0 O00O0O
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gooobooboobooboooboooboboobooboobooDbo

In[n]:= vl1={a,b,c}
Out[n] = {a,b,c}
In[n] .= v2={d,e,f}
Out[n] .= {d,e, f}
In[n]:=  vl1+4v2
Out[n] := {a+d,b+e,c+ f} (13-25)
In[n]:=  vl*v2
Out[n] := {ad,be,cf}
In[n]:=  vl.wv2
Out[n] := ad+be+cf
In[n] :=  Cross[vl, v2]
Out[n] .= {—ce+bf,cd—af,—bd + ae}
ggooboobboooooboboobbooooooboboobbooog
In[n]:= m={{mll,m12}, {m21,m22}}
Out[n] := {{m11,m12},{m21,m22}}
In[n] = xx={x1,x2}
Out[n] := {z1,22}
In[n] :=  Det[m]
Out[n] :== —ml12m21 + m11m22
In[n]:=  Inverse[m]
Out[n] := {{—mIQm;nli-zmllm22’ - —m12m$fm11m22}’ {_—m12m;rﬁ-lm11m22’ —lem;r{}FlmllmQ?}}
In[n] := mxx
Out[n] := {mllzl +ml2z2, m2lxl + m22z2}
(13-26)
gd
goobobobobooooooooo
1.
1 2 3
45 6 2 (13-27)
7 8 9
2.0000000b000obooboobuoobOon
. ooboboooboobuooboobuoobuoobuoobuoobooo
gogooboobooooooboboobobod
In[n] := b.: XX (13.28)
In[n] := LinearSolve[m, xx]

g
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1 2 3 4 5 1 55
6 7 0 0 8 s 60
9 0 10 0 11 zs | =] o4 (13-29)
12 13 0 14 15 4 169
0 16 0 17 18 s 190
14 0O0O0O0O
00
ooooO
f'(@) —zf(x) =0 (14-30)

uboobaooan

1.0000000000

2000000000000 0O0O0ObDO0ODO

. ogbooooboobooboobwooobooboooboobooobooboobooboo

good

oo
goaoo

f'(@) +2f'(z) =0 (14-31)

gboobgooobogo

1.0000000000

2.000000000000C0O0D00O0O0O00OOO

. ogbooooboobooboobwooobooboooboobooobooboobooboo
goog
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