001900 (Dbhooooooooog)

Advanced Experiments in Production
systems Engineering

— 0O 00dUgn Mathematicall OO —

Joogboogood Joogood

20070 50 1401

0o
oo mogd



0o

1 OO0 1
2 Mathematica 000 1
2.1 OOO0 .. e e e e 1
2.2 O00D00O0 . . e e e e e e e e s s e 1
3 Oogo 1
3.1 OOO0OO0O0 . .. e e e e e e e e e e 1
3.2 100000000000 . . . . e e e e e e e e e 2
3.3 OO o o e e 3
4 000000 3
4.1 OO0 .o e e 3
42 000000000 . .. e e e e e e e e e e e s e s e 3
5 000 4
5.1 OODO0 . . o e e e e e e e e e e e e 4
5.2 00000 . . e e e e 5
5.2.1 OO .o o e e 5

5.2.2 OO . . e e 6

53 0000000 . . . o e e e e e e e e e e 6
5 3.1 2000000 . . . o e e e e e e e e 6

532 3000000 . .. 0 e e e e e e 7

5.4 ODODO ... o e e e e 7
541 O0O0O0OD0O0 . .. e e e e e e e e e e e e 7

542 ODOOODO .. . e e e e e e e e s e e 8

543 O00O0OD0O0 . .. e e e e e s e e e 8

5.0 O o e e 9
5.6 OODO . . . o e e e e e e 9
6 0O0OOOO 9
6.1 OODOOOOODOO0 . .. . e e e e e e e e e e s e e 10
6.2 00000000000 ... . e e e e e e e e e e e e 11
7T O0oOooooo 12
7.1 OO0O00 .. e e e e 13
7.2 OO0 . e e e 13
721 OO . e e e 13

722 0000 (ODOO) . ot v e e e e e e e e s e 14

7.3 OOOOODO . .. e e e e e e e e e e s e 14
8 O4doOnO 15
8.1 ODOOODOOOODO . .ot i e e e e e e e e e s s e e e 15
8.2 O OOODODOODO . . . v e e e e e e e e e e e 16



9 Oo0Ogno

10 0000

ii

16

16



oo

00000000 MathematicaOOOOOOOOO0O0O0O0O0O0O0O0O0O0O0O0O0OCOODOOOOOO
gboboooboooobooooooooooobOobobbOoooooobooooooboOoboooOoooon
ooo

1 00

obobooboooboooboooooboooboooooboboobboobooooooboooDboobbOoOon
gooooobooooooobogooboooooboogoobobbooobboboooobooboogoo
obooobooobobobooooooooobobooboboo0ooobOobooboobooboooobaoon
gogbbooobooobooooobooboooooobooobooOobooOoooooobOobooboooooon
goooobooooobooboboboobooooooobooobobobobooooooboDbbOoobDbOoo
gbobobooooobobooobooooooooooooooobooboboboboobboooobOooOoDno
gooooood

OO000000DOCO00DOO0O000000DMathematicaDODODOODOOOOODOODOOOO
goo0oooooO0OooOOOoOOOOOU00DOODOObOOODOODOOO MathematicaOODOOOO
oood

2 Mathematicall [

21 0000

Mathematica 0 O O Wolfram Research OO0 00000000 OCOD0OO0OOO0OOCOOCDOODODOO
ubbOooooobboboooooboooooobooboboobobooooOoboooooobooboOoon 20
oooooooooobooooooo0ooooboobobo sbopoooooooOooOoDOOoOoOoOoOoDOn 3FO
oOooooo0ob0Oo o pCcOOOOODOODODOODO

22 000000

oooooooooobooooooooooobbooooooboobbooooobooooDbooo
gboboobooboboobbooobooboboooboboooboobboooo0ooooobooboOoooDo
boooOooobooooboobooboobooobooooooooooooobooooooonoon

gooooboobooobobooboooobooooobooooooboboonoo

O000000U0ooooopooodooOg CcoO FORTRANODDOUOOUOODOUODOOOOooooDg
ggoboboooboobooboooobooobooooooooooobooooboooobobooooo
cooooogocooooooooboOooooobooooDooooo

3 Uoggg
3.1 DOOouougano

OooO0ooDbO0DOoO00O0O000O0DbOO0o0oDOoO0DObODbOOO0b00ODbO000 MathematicaODOOO
ooooO0oobOooooooogo

e MATHEMATICADO OO 5



000000000000000000000OMathematicaD O0OO0O0 [D0O0] —[000] 000
obboo1ooooooooooboooobooobobboboooooooboobooooooooooooon

Mathematican JL 3 IS0 -[0] x|
4 | » | |Inteerate |§7TTI A | v | 4):(
Getting Started | Mathematica™ 7 — | e | vAZ—#&5|
@27 BB | PrAvEuYy | Mathematicazs 27 | OV EIVF

«|[FZz~uFBOURF _ [D =
s 1
L]
ThARFE » [DSolve

Limit
Residue

Series ;l

»

|»

Integrate

= Integrate(f, x1tk, TEES [fdrES52L 3.
= Integrate(f, {x, min, onax}Jid, B [or fdxE5% 5.
» Integrate(f, {x, xnin, xnax}, {p, pmin, pmax} i3, SEHES J;:"a'xmd;f%éi%.

= Integrate(f, xd[fa X LTANTES.
o (i, rintEH \[Integral (P LTATTE 2.
i3 O Al BigY), :ddiEid\[DifferentialD] 2 LTANERE.

= Integrate(f, {x, omin, vnax) i, ok [OFHEZFLUT, mak EFEXFLLTETILICKSTAR
TES.

2y AV B o SRR S e L o B Mt -t o O TN Rk T — T X
T00% ~ 4| | D

U 1. 0000000

00 0 O Wolfram Research 00 web O OO (http://www.wolfram.com) 0 0000000000000
00000000000 D0O000 MathematicaOOOOOOODOOOOODODOOODODOOODO
0000000000 00000 [DO00] — [Wolfram Research 0000000 O0OO0OO0OOOOOO
Mathematica OO0 0O OO0 D0OOO0OD0ODOO0O0O0OO0OOwebOOODOOODOOOODODOOOODOODODODOOO
gogooon

3.2 100000000000

00000000000 '0O0Mathematica0 0000000000000 0000D0D0000O00OOOO
gbobooobooooboboooobooloooboooooooooooboobbooboooooooooboon

1. Mathematica 0 O OO0 O
e WidowsU [JU0U00O]—[0000OO] — [Mathematica 5] — [Mathematica 5]
2.10000000000000A0

e Mathematica0 00000 [000] - [0000000]
e 000D00D00D000O0D0DO0D0D000

. 0000ooooooooooon

ltutorial:(0]1. DOODD 2. (00OODD)0D)000 [0)(00000000000)0000 ([0000O000j00
00000000000000000000000000



0000000000000 00000000000O0O00D0O00 n[ljOO0D0OODOOOOO
00000 OMathematica 0O OOOO0O0OO0OOO0OOOOOOOOOOOOOO (etrl+c)00O
00 (ctrl+v)ODOOODO

OoOoO0OO0OO0OO0000C OShift+Enter 000000000
gbooooboooooooboooobobooooobobobooboon

o I DUOUOUOLUUDUOUUDLDLUbDDODDLUODUDODDbD»OODDDODOODDDODOOOO
gbbooboboobooo

3.3 0UU

0D00000000000000D000000000D00000000000000000000000
[000]-[000]-00]000000000000000000000000

4 OOO0OO0O0OO

4.1 00O

Mathematica0 OCO FORTRANO O OODOOOOOOOOOOOODOOOOOOOOOOODOOOO
gbobobooobooooobooboooooobooooboooooboOoboobooobooon

e ]J0IUUD (DODOUUDOODODDODO)0DUDDODOOShift+Enter 000000

e 1J0UI0O0OUDDUUDUOUOODUD [D0O)0O00U [DOOOD0O)0D0O0O0OOUOUDUOOUOOOO
oogd

00000000000000000000000000000000000000000 (02)0
00000000000000000000000000000000000[0000]—[0000]
—[Basichnput(J 00000) 000000000

gooocooboooooo

boboooooooboooboobboboobOo2000000o0oob0o0ooooOooooboooann
ooooooooo

O0o00oooooOoo [oojooooo

gboobl1ogboooboooooooooooooooobooo

4.2 000000000

Mathematica O 00000 OO0DOO0ODOO0OD0ODOO0O0O0OO0DOOOOOOODOOOOOOOOOOOO
Joo000oU0DOo0o0o0O000DO00U00U0ooU0D000DdoOoOODUODDOoooOooOoDooOn
0000000000000 0O0OMathlinkOOODOOOOO

00000 ooU0D00o0o0o0o0ooo00o0DO00000oDo0 a0D0b0000oooooooa
00000%0000000000000000000000000000O0O00O000O00O0000O0O0
ooooo

2000000Clear[a] 0O 0O




~ER 9%
—®iR h i mm
FEES \\ Ve ;_//7 MRS

L] ./ .

ERES j.mg G m /7 WH(ER)
[uas o, 5/ﬁ*&wm%

52 x2) Su ]]s
HJE]$ \ (-ﬂﬂ) )

o]

E2ellok]

| Emew

A

I,

\d

b3

i x<‘-{
» |8

"

(43

W B E o o< 2 W[ ok

FUINXF

L T

o Hom o DR | € o o« B
O - BT e VR N
WD @ = T o m | om &

|

0 2: MathematicaO OO OO

gboobOooboooobobooboboooboboboooooooboobooboboboooooobobooonoa
oboboobOobOobooooboboooobOoooboobobooobobobooOoOoOoooooooooboooon
gboooooooobobooboboooog

e 10000 [0000]-[0000000]—[Local(000)] 000

gbooooooboooboboooobobooooobooooooboobooboboobobooooboo
Mathematica 0 OO0 O0ODO0DOO0OOO0O0O0OODODOOOCOOODODOOOOOOOOOOO0O0OO0OO

5 oo
5.1 0000

0000000000 100000000000000000000
N[, 1000]

00000 ([Shift|+[Enter] DO 000000000 O0OOOODO000000000000000O0OODO
0000000000000 NOON[OOO,00]0000
oooooobooog
987654321
123456789
0000000000000 0000O0O00O000000DOCO0DODO00OOO0OOCO FORTRANOO
gooboooobooboooboobobooooboboobn
987654321
123456789’
gooobooobobdoleooobbobooooon
uoobooboobobobboboooboon

1000

0, =

NEEIE

0y =

)

Sin[f]Cos[0s] — Sin[f2]Cos[64]



ooooligoo 200000000 yyoocoooooooooooooooOooooooooOoooon
obOobOoobooOoobooooobO3sbooooobooobooboooooobobooOooo3oonon

Simplify [Sin[61]Cos[f2] — Sin[f3]Cos[b:]]
gobobdoodobooooooooooboobobobogoobosoog
N [Sin[f;]Cos[f2] — Sin[f2]Cos[h:]]

obOoobooooboboboobooooooong
oboobooooboooooooboooobobooooboon

eiﬂ'

0000000000000 00000:0000000000000000000000000-100
goooooad
gooooboooobooouoooog o
A={az,ay,a.};
B:{bm,by,bz};
A.B
Cross[A, B]

O0000 A0 BOOOOOOOOOOOOOOOOOOODOOOOOOOO0OOOOOOODOCOCOOO
00000 00— 000000000000 jooooooooooo

1
U=13
2

w = N
=N W

Eigenvalues[U]
Eigenvectors[U]
Det[U]

gooooooobaoobobooan

5.2 UUOOOO
5.2.1 0O0O
oodoo0boU0OOOO0U0OOO0UODOODO0  oODDOOUODUODOUOO0ODOOODOD
D[Sin[z], z]
0,8in[z]
goooooooogan
D", {x, 4}]

Doooooo2iey gnoooooo

aw,y,ySin[xQ Y]



gboooOooogood

Ou flgla]]

goooboooogod

5.2.2 00

O000000000 IntegrateD DO DODOOOOODOO fDDDDDDDDDDDD

Integrate[z”, ]

/x”daz

[ Va+vcoslealds

gobooboboobboobobobbooboobooboooooooooobgoon
goooo

gboooooooobooooooon

1
Integrate[ﬁ, {z,0,1}]
x

1
1
| e
o 1+2a2

oboooooooa
oooogg

NIntegrate[(Sin[x])? {x,0,27}]

0000 ONIntegrate D OO0 O OO0
0000000000000 DO0000DO0O0OO00Db0O0000O0DOMathematicaOOOOODOO
O0000ooDooooDoooooooooooooooog

5.3 U0ODOOOO

0000000000000 0000000000O0O00OO0 MathematicaDOOODOODOOOOCOO
00000000 MathematicaDOOODOODOOOO0O00OO0O0DOO0OOCOO0OOOOO0O0ODOO

5.3.1 2000000

oobobOoooobooboboboooooobobooooooobooboooooo
Plot[Sin[z], {z,0,27}]

gooo

gboooooooooobogoao
flz] = 0,Sin[z?];

Plot[f|x],{z, —2m,27}]



gbobooooooboooooboboooooobobooooooooooooooooboooooooon
ooooooooo
oooooooboooooo

ParametricPlot[{Sin[2t],8in[3¢]}, {¢,0, 27 }]

gbooooooobboooooooooooo
oooobooobobooobobooobOoooobooOoboboboOoobobobOooooooooooo
oboooooooobooboooooooooooooooo

5.3.2 3000000
3oooood

i 2 2
P1otap[ SV E V] o ar) g, —dr, )]

PlotRange -> All,
PlotPoints -> 100
]

go00ooooo3ooooooon
ParametricPlot3D[{Cos[t] (3+Cos[u]), Sin[t] (3+Cos[ul), Sin[ul}, {t,0,27}, {u,0,27}]

googoooo
gooooboboobbobobobobbobooobooboobobbobbobbooboooog

54 00U

Mathematica DO 0000000000000 O0O0O000OCOOSeved00O0O0O00OODOOOOOOO
OONDSolveDOOOOOOOOODOOOOODODOO

5.4.1 000000

ubboooobOoobooboobobbOobobobooobObOobobOo0ooOooOoOo0oo0OoooDon
obooooooobooooboobobobooooooobooooo
oobooooboobooobbboboobooon

Solvela x> + b x + ¢ == 0,x]

bbooouobooooboobooooooooooooobooobooooobooboooooboboooDbo
Oo00000000 cosz—2=000000000

FindRoot [Cos[x]-x== 0,{x,0.5}]

ggboobbooobbouobooobboouoobooogboooboboobooboogaon



5.4.2 00000

godddbdbOselvelODOOOUOULOObDOOOODO
Solve [{x+2y==3,4x+5y==6},{x,y}]
gbooogoooooo
e SolveJUUUIUOODODOUOUOUOODOOUOUOUODLOUOUODLOODDLDDODOUOOUUOOO

- 0100000000000000000O000O00DO0O0O0D {}0o000oO0o0ooooUo

- 020000000000000000OOUOOO0OOODOOOOODOOO {}JOoOoODODOO
ooooo

ugbooaooo

5.4.3 0O0OOO0OO0OO

oooboboobobooboobbooboboboooo

dg—x—&—x—sint
dt? B

dx

E_O (t=0)
x=0 (t=0)

0000000000000 000000000000000000we=100000000000000
000 w=1000000000000
MathematicaO OO0 O O0O00O0O0OO
result=NDSolve[
{x?’ [t]+x[t]==8in[t], x[0]==0, x’[0]==0},x,{t,0,500}
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{01 x[t1+x[t]==Sin[t],
x[0]==Sin[t],
x’ [0]==0},
x,{t,0,500}
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flt_]=x[t] /. result;
Plot[f[t],{t,0,500}]
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1. OpenWrite 0 000 0000 O0OOOOOOOOO
2. WriteOOOOODOOODOOODOOOODODOOO
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tmin=0.0;

tmax=10.0;
num=1000;

result=NDSolve[

{x?’ [t]+ x’ [t]+x[t]==0,x[0]==0,x’ [0]==1},
x,{t,tmin, tmax}

1;

flt_]:=x[t]/.result[[1]];

Plot[f[t],{t,tmin,tmax}];

wfile=OpenWritel[
"u:/temp/numerical_result.txt",
FormatType->0utputForm

1;

For[i=0,i<=num, i=i+1,
t=(tmax-tmin) i/num+tmin;
Print[t,"\t",f[t]];
Writel[wfile,t,"\t",CForm[f[t]]];

1;

Closel[wfile];

Clear[tmin,tmax,num,t,i,f,x,result,wfile];
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data=ReadList [
"u:/temp/numerical_result.txt",
{Number ,Number}

1;

ListPlot[data]l;

trdata=Transpose [data] ;
xlist=trdatal[2]];

ft=Fourier[xlist];
ListPlot[
Abs[ft],
PlotRange->{{0,100},{0,5}},
PlotJoined->True
1;
00000000000 0000b0O000000b00oo

e ReadList 00 OIDOUOOO0ODOODODOOODOOOOO010000000000000000 20000
0000000000000 00O00000U000O00O00OOOD (number)d 200000000
000000000000 00oooo00 (00000000)0000data000000O0O

e J0J0OO0ODOOOODOLiIstPlot 0000 O0OOODODODODODO
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e trdatal[2]] 00 20000000«z(t) U0 0000OOOOODOOODOOOOODOOOOOODOO
xlist0 000000

e Fourier 1 JU000O0O0Ox1list U0 0OOOO0OO0OO00DOOOO0DOOOOOODOOOOOODOOOO
ft000000000000000000000000000:0

e ListPlot UDDOODOOOOOOOOOOOOODOODOOOOODOON

- b1l100000oo0oobooooobooobooobobooboobbbooboboobobbobn
gbooOgAapsOO000000DOO0DOOOO0OOO0OO0

— PlotRange U0 O OO0 00O O0O0OOOODODDOODOOOODOOOODOO 100000000
ogob0 s00000000

— PlotJoinedUU U UOOOOOUOOOODOOOOOOOOOOODOO

7T OQoooooo
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- N
If(00a0,
ogooooooooa 1,
goooooooogd 2,
gooooooong 1,
gooooogog 2

1;
. )

Mathematica 0 00 000000000000 0OOO0OOOOOOOOOOOOOOO (;)O0OoO0O00OO
00000000o0000o0o (,)000D00o0ooUoooooO

siny <0000
f(z) =
T 0<szO0O0O

gooooo

flx_]:=If[x<0, Sin[x],x];
Plot[f[x],{x,-10,103}]1;
Plot[f’ [x],{x,-10,103}];
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For[DOOO, OOO,000000,
01,
0 2;
0 3;
1;
NS /
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For[i=1, i<20, i++,
Print [N[Pi,i]];
1;

ForUOOO0ODoO WhileOOOOOOOOOOODODOOOBreakd ContinuelJReturnO0O COODO
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000000 —COO0000—0000D000OMduleDODOODOODODODOOOOODODODOO
oooobooooboooo

o0 R
000 [0DOD00O _J:=Module[{DOOODOODODOZ,

01,

a2,

0 3;

Return[D O O17;
1;

N J

oboooboooooooooboboooboboboboooooooboooboboooobbooobooann
gooooUOOooOQoOoO0O0D cOoooOoooOoUooOocOoOoOoOopOoooOooOoOoUoOoUOoboOogoOoog
obOobooooooooooooboboooooooooooooboooon
gooooboo0ooooogoooooooooooooooooooooooo
&?f  df

@+a+f:sint f(0)=0 f(0)=0
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gbooooooooboooobooooobobOoboooOoboobOOobObO0o0oOoOooobO 2000000
oooobobooobOobOoooboooooooboobtoooboooboooooboobobooonog

func[x_] :=Module [{x1low,xhigh},
xlow=x-1;
xhigh=x+1;
Print["xlow = ",xlow];
result=NDSolve [{f’’ [t]+f’ [t]+f[t]==Sin[t],
£’ [0]==0,f[0]==03},f,{t,xlow,xhigh}
1;
ans[t_]=f[t]/.result;
Plot[ans[t],{t,xlow,xhigh}];
Returnlans[x]];

1;

valuel=func[3.4];
value2=func[6.5];
Print["valuel = ",valuel];

Print["value2 = ", value?2];

8 Uogu
81 UOUOUObObooog

gooooooboboobobooooobobooboboobbobooobooooboboooooooooon
oooobooooooboooooaon

O00000y=f(x)0000000000000000000O0O0O0ODO2z00 f(x)DOOOOODOOO
odbz000000000000

e JI0DOODOOOODODOODOODOO

ooobooooooooooood

0000000 f(z)DO0OO0O0OOOO

e f(x) UDUDDODOOOOODODO

e JI0OD0O0OO0OUOO0DOOOOODOOOOOODODOODOOOOOOODDOODOODOOOODOOOOOD
gooooobooooon
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Sin(X)+sin(2*x)+siP3*x)
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=cosf +isinf



