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Kurs B Cours

2. Numerische Probleme
B Problemes numériques

Die Gliederung dieses Kurses folgt in groben Ziigen dem Buch von Nancy
Blachman: A Practical Approach....
Hinweis: Kapitel 2 lesen!
Run mit WIN+Mathematica Version 5.2

B L'articulation de ce cours correspond a peu pres a celle du livre de Nancy
Blachman: A Practical Approach....
Indication: Lire le chapitre 2.
Testé avec Mathematica version 5.2+WIN

WIR94/98/99/2000/2007 // Copyright Rolf Wirz

Mathematica kennt ganze Zahlen (Integers), Fliesskommazahlen (mit Dezimalpunkt), rationale Zahlen, komplexe
Zahlen sowie Zahlen, die durch Symbole gegeben sind (z.B. Pi).

B Mathematica connait les nombres entiers (integers), les nombres avec virgule flottante (avec point décimal), les
nombres rationaux, |es nombres complexes ainsi que les nombres représentés par des symboles (p.ex. Pi).

2.1. Arithmetische Operationen
I Opérations arithmétiques

Probiere aus: B Essaie:

Inf1]:= 53 + 78

Qut[1]= 131

Multiplikation: B Multiplication:
In[2]:= 127*9721

Qut[2]= 1234567

In[3]:= 127 9721

Qut[3]= 1234567
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Potenzieren: B Calculer les puissances:

In[4]:= 34756

Qut[4]= 5791877320528712784204425412617959985284096849205616406284369236016637177974669023
6416

In[5]:= %(1/56)

Qut[5]= 34

2.2. Rationale Zahlen
B Nombres rationaux

Mathematica rechnet exakt, wenn nicht anders verlangt!
I Mathematica calcule exactement, sauf si on le veut autrement!

Probiere aus: B Essae:

In[6]:= 2/4 + 24/ 144

_ 2
atfe= &
Inf7]:= 2 + 2/5
Qut[7]= %

2.3. Irrationale Zahlen
B Nombres irrationaux

Mathematica rechnet exakt
B Mathematica calcule exactement

Beispidl: Quadratwurzel B Exemple: racine carrée
In[8]:= Sqrt[17]

out[8]= /17

In[9]:= Sqrt[17.0]

Qut[9]= 4.12311

In[10]:= Sqrt[17]

Qut[10]= +/17
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In[11]:= Sqrt[17]//N

Qut[11]= 4.12311

2.4. Anndherung durch Dezimalbriche
I Approche par fractions décimales

Falsirgendwo in einem Ausdruck ein Dezimal punkt vorkommt, gilt der ganze Ausdruck als Fliesskommazahl.
B Sil y aquelque part dans une expression un point décimal, toute I'expression a la valeur d'un nombre a virgule
flottante.

Probiere aus: B Essaie

In[12]:= 1/2 + 2.4/ 144
Qut[12]= 0.516667
In[13]:= .5/7 + Pi
Qut[13]= 3.21302
In[14]:= .5/7 + Pi // N

Qut[14]= 3.21302

2.5. Komplexe Zahlen
I Nombres complexes

"I" bedeutet die imaginére Einheit. "Re" erzeugt den Realanteil, "Im" den Imagindranteil, "Abs' den absoluten Betrag,
"Conjugate" das konjugiert Komplexe, "Round" rundet. Schaue, was Mathematica tut und Uberlege wieso das Resultat
SO aussieht:

B "I" signifie I'unité imaginaire. "Re" crée la partie réelle, "Im" la partie imaginaire, "Abs" la vaeur absolue,
"Conjugate" le complexe conjugé, "Round" arrondit. Observe ce que Mathematica fait et réfléchis pourquoi le résultat
est ainsi:

In[15]:= (2 + 41)/(5 + 21)

18 161
29 " 29

Qut [ 15]

In[16]:= Re[3 + 4l]

ut[16]= 3
In[17]:= In{3 + 41]
Qut[17]= 4

In[18]:= Conjugate[3 + 4l]

Qut[18]= 3-41i
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In[19]:

Abs[3 + 41]

Qut[19]= 5

In[20]:= Round[2.7 - 8.6 1]

Qut[20]= 3-91i
In[21]:= Cos[3 + 41] // N
Qut[21]= -27.0349-3.851151

In[22]:= Sin[3 + 41]
Qut[22]= Sin[3+41i]
In[23]:= Exp[3 + 41] // N
Qut[23]= -13.1288 -15.2008 1
In[24]:= Log[3 + 4l]

Qut[24]= Log([3+41]

2.6. Symbole und Zahlen, Listen etc.
I Symboles et nombres, listes etc.

Fir Mathematica ist ein Buchstabe oder eine Buchstabenfolge ein Symbol, z.B. eine Variable. Variablen kdnnen auch
mit "$" beginnen. "7a" jedoch bedeutet "7 mal a'. Probiere aus:

B Pour Mathematica une lettre ou une suite de lettres sont un symbole, p.ex. une variable. Les variables peuvent aussi
commencer par "$". "7a" par contre signifie"7 foisa'. Essaie:

In[25]:= 7a

Qut[25]= 7a

In[26]:= a = 5
Qut[26]= 5
In[27]:= 7a
aut[27]= 35

In"Miscellaneus/Units.nb" sind Einheiten und Funktionen zur Einheitenverwandlung gespeichert:
B Dans"Miscellaneos/Units.nb" sont mémorisées les unités et |es fonctions pour transformer les unités:

In[28]:= Needs["M scel |l aneous Units "]
In[29]:= 120 Pound
Qut[29]= 120 Pound
In[30]:= Convert[ 120 Pound, Kil ograni

Qut [ 30] 54. 431 Ki | ogram
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Wichtige transzendente Zahlen sind als Symbol e gespeichert.

Probiere aus:

B Les nombres transcendants importants sont mémorisés comme symboles.
Essaie:

In[31]:= E

Qt[31]= e

In[32]:= N E|

Qut[32]= 2.71828

In[33]:= |

Qut[33]= i
In[34]:= 12
Qit[34]= -1

In[35]: = Degree

Qut[35]= °

In[36]:= N[Sin[Pi/4]]

Qut[36]= 0.707107

In[37]:= N[ Sin[45 Degree]]

Qut[37]= 0.707107

Mathematica kann weiter mit Listen (Vektoren, Matrizen, Tabellen etc rechnen). Der Themenkreis wird spéter
behandelt.

B Mathematica sait aussi calculer avec des listes (vecteurs, matrices tableaux etc.) Cet ensemble de themes sera traité
plustard.

In[38]:= ??Li st
{el, e2, ... } is alist of elenents. Mehr...

Attributes[List] = {Locked, Protected}

2.7. Approximationen
I Approximations

Rationale Zahlen sind exakt gespeichert. "N" bedeutet approximieren. Probiere aus:
B Lesnombres rationalix sont sauvés précisement. "N" signifie approximer. Essaie;

In[39]:= Sqrt[17]

aut[39]= /17
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In[40]:= N[ 94

Qut[40]= 4.12311

In[41]:

177( 1/ 2)
1T

In[42]:= %// N

Qut [ 41]

Qut[42]= 4.12311

In[43]:= 177(0.5)
Qut[43]= 4.12311
In[44]:= N[ Sqrt[17]]
Qut[44]= 4.12311

In[45]:= Sqrt[17] // N
Qut[45]= 4.12311

In[46]:= Precision[%

Qut [ 46] Machi nePr eci si on

Wiegrossist also die Prézision? Die Prézision kann "beliebig" vergrdssert werden:
B Combien la précision est-elle grande? La précision peut étre agrandie "autant qu'on veut":

In[47]:= N[Sqrt[17], 100]

Qut[47]= 4.1231056256176605498214098559740770251471992253736204343986335730949543463376215
93587863650810684297

Wiegrossist hier die Prézision? B Combien la précision est-elle grande?

In[48]:= Pi

Qut[48]= 7t

In[49]:= N Pi]

Qut[49]= 3.14159

In[50]:= N Pi, 500]

Qut[50] = 3.1415926535897932384626433832795028841971693993751058209749445923078164062862089 .

98628034825342117067982148086513282306647093844609550582231725359408128481117450-
28410270193852110555964462294895493038196442881097566593344612847564823378678316-
52712019091456485669234603486104543266482133936072602491412737245870066063155881 -
74881520920962829254091715364367892590360011330530548820466521384146951941511609-
43305727036575959195309218611738193261179310511854807446237996274956735188575272 -
48912279381830119491

In[51]:= N[E 100]

Qut[51]= 2.7182818284590452353602874713526624977572470936999595749669676277240766303535475-.
94571382178525166427



KURS 02 _New.NB

2.7. 1. Exakt versus approximiert:
I Exact versus approximé:

Probiere aus: B Essae:

In[52]:= 3/10 + 1/2

Qut[52] = %

In[53]:= Precision[%

Qut [ 53]

[ee]

In[54]:= .36 + 1/3
Qut[54] = 0.693333
In[55]:= Precision[%

Qut[55] = Machi nePreci si on

2.7.2. Konvertierung approximativer Werte in exakte Werte:
I Transformation des valeurs approximatives en valeurs exactes:

Lasse Dir mit der Help-Funktion folgende Funktionen erklé&ren:
B Fais-toi expliquer par lafonction Help les fonctions suivantes:

In[56]:= ?Rationalize

Rationalize[x] takes Real nunbers in x that are close to rationals, and
converts themto exact Rational nunbers. Rationalize[x, dx] perforns the
conversi on whenever the error made is smaller in magnitude than dx. Mehr...

In[57] := ?Round
Round[x] gives the integer closest to x. Mehr...
In[58]:= ?Chop

Chop[expr ] repl aces approxi nate real nunbers
in expr that are close to zero by the exact integer 0. Mehr...

In[59]:= ?Fl oor

Fl oor [x] gives the greatest integer |ess than or equal to x. Mehr...
In[60]:= ?Ceiling

Ceiling[x] gives the smallest integer greater than or equal to x. Mehr...

Probiere aus: B Essae:

In[61]:= Rationalize[3.1416]

3927

t[61]= g
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In[62]:= Rationalize[3.1415926536]

Qut[62]= 3.14159

In[63]:= Rationalize[3.1415926536, 0]

228350988

utledl= —oes6a77

In[64]:= Round[ 2. 57432]
Qt[64]= 3
In[65]:= Round[ 2, 45892]
Round: :argx : Round called with 2 arguments; 1 argunent is expected. Mehr ...
Qut[65]= Round[2, 45892]
Waswar los? B Que se passe-t-il?
In[66]:= Round[ Sqrt[17]]
Qt[66]= 4
In[67]:= Round[ N[ Sqrt[17]]]
Qut[67]= 4
In[68]: = Chop[ 0. 00000000002]
Qt[68]= 0
In[69]:= Ceiling[3.4]
Qit[69]= 4

In[70]:= Floor[3.4]

Qut[70]= 3

2.7.3. Arbeiten auf einem selber fixierten Prazisions-Niveau:
I Travailler a un niveau de précision fixé par soi-méme:

Man kann z.B. selbst eine Funktion definieren, die die auszugebenden Kommastellen festlegt:
B On peut définir soi-méme par exemple une fonction qui détermine le nombre de places derniére lavirgule & émettre:

In[71]:= n30[ x_]: =N x, 30]

Anwendung: B Application:

In[72] : = n30[5/7]

Qut[72]= 0.714285714285714285714285714286
In[73]:= N[5/ 7]

Qut[73]= 0.714286
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Es gibt aber auch die globale Variable "$Post", in die sich eine Funktion eingeben |&sst. Diese Variable wird auf jeden
auszugebenen Ausdruck angewandt:
B Maisil existe aussi lavariable globale "$Post", dans laquelle on peut entrer une fonction. Cette variable est appliquée
a chague expression a émettre:
In[74]:= ?$Post
$Post is a global variable whose value, if set, is applied to every output expression Mehr...
In[75]: = $Post=n30
Qut[75]= n30
In[76]:= Sqrt[3]
Qut[76]= 1.73205080756887729352744634151
In[77]:= Precision[%

Qut[77]= 30.

Der Inhalt von $Post soll auch wieder gel éscht werden kénnen. Das geschieht durch Eingabe des Zeichens fiir "missing
value", namlich"." :

B |l faut pouvoir aussi effacer le contenu de $Post. On peut faire cela en entrant le signe pour "missing value",
Cest-a-dite"." :

In[78]:= $Post=.

In[79]:= Sqrt[3]

Qut[79]= /3

In[80]:= N[ Sqrt[3]]

Qut[80]= 1.73205

In[81]:= N Pi, 25]

Qut[81] = 3.141592653589793238462643

In[82]:= N % 200]

Qut[82] = 3.141592653589793238462643

Wie genau ist also die tibliche Prazision?
B Combien laprécision courante est-elle exacte?

2.8. Formatierte Zahlenausgabe
I Sortie formatée de nombres

Mathematica bietet Moglichkeiten, die Zahlenausgabe zu formatieren. So lésst sich die Leserlichkeit verbessern.
Probiere aus:
Mathematica offre la possibilité de formater la sortie de nombres. $Ainsi on peut améiorer lalisibilité. Essaie:
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In[83]:

Qut [ 83]

I n[84]:
Qut [ 84]

I n[85]:

Opt i ons[ Nurber For n

{Di gi t Bl ock - », Exponent Functi on - Aut omati c, Exponent Step - 1,
Nunber For mat — Aut omati ¢, Nunber Mul tiplier —» x, Nunber Paddi ng - {, 1},

Number Poi nt —» ., Nunber Separ ator »,, Number Signs - {-, }, SignPaddi ng - Fal se}

1.23456789 10720

1. 23457 x 10%°

Number Forn{ 1. 23456789 10720,
Exponent Step -> 19,
Nunber Signs -> {"-","+"}

]

Qut [ 85] / / Nunber For m=

I n[86]:

+12. 3457 x 10*°

Nunber For nf 1. 23456789 10720,
Exponent Step -> 21,
Nunber Signs -> {"-","+"}

]

Nunber Form :si gz :
In addition to the nunber of digits requested, one or nore zeros will appear as placehol ders.

Qut [ 86] / / Nunmber For m=

I n[87]:

+123456789000000000000.

Nunber For nf 123456789 10720,
Exponent Step -> 1000,
Nunmber Signs -> {"-","+"}

]

Qut[87]// Nunmber For m=

I n[88]:

+12345678900000000000000000000

BaseForni 1. 4, 2]

Qut [ 88] / / BaseFor m=

In[89]:

1. 0110011001100110011;,

BaseForni 1. 4, 3]

Qut [ 89]// BaseFor m=

In[90] :

1.101210121012;

BaseFor ni 1. 4, 4]

Qut [ 90] / / BaseFor ne

In[91]:

1.121212122,

BaseForn 1. 4, 5]

Qut [ 91] / / BaseFor n¥

In[92]:

1.25

BaseFor ni 1. 4, 6]

Qut [ 92] / / BaseFor ne

1. 2222222

Mehr ...
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In[93]:= BaseFornil.4,7]

Qut [ 93]/ / BaseFor ne
1. 2541264

In[94] : = BaseForni1. 4, 10]

Qut [ 94] / / BaseFor ne
1.4

In[95]: = BaseForni1. 4, 20]

Qut [ 95] / / BaseFor ne
1. 820

Waswar los? B Que se passe-t-il?

2.9. Wichtige gespeicherte Konstanten
I Constantes importantes mémorisées

Falls Dir eine der folgenden Konstanten unbekannt ist, so schlage in deinem Formelbuch nach. Probiere aus:
B S tu ne connais pas I'une des constantes suivantes, consulte ton manuel de formules. Essaie:

In[96] : = ??Catal an

Catalan is Catalan's constant, with nunerical val ue approxi mately equal to 0.915966. Mehr...

Attributes[Catal an] = {Constant, Protected}

In[97] : = ?Degree

Degree gi ves the nunber of radians in one degree. It
has a nunerical value of Pi /180. It is also aunit nultiplier. Mehr...

In[98]:= ?E

E is the exponential constant e (base of natural
| ogarithms), with nunerical val ue approxi mately equal to 2.71828. Mehr...

In[99]:= ?Eul er Ganma

Eul erGamma i s Eul er's constant ganmma, with nunerical val ue approxi mately equal to 0.577216.
Mehr...

In[100]: =
?CGol denRati o

Gol denRatio is the golden ratio (1 + Sgrt |
5])/2, with nunmerical val ue approximtely equal to 1.61803. Mehr...

In[101]: =
21

| represents the imginary unit Sqrt [-1]. Mehr...

In[102] : =
?Pi

Pi is the constant pi, wth numerical value approxi mately equal to 3.14159. Mehr...
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I n[103]:

P

Qut [ 103]

In[104]: =
Nurnber For n{ N[ Pi , 45],
Nurmber Separator -> " ",
DigitBlock -> 5
]
Qut [ 104] / / Nunmber For m=
3. 14159 26535 89793 23846 26433 83279 50288 41971 6940

In[105]: =

Log[ E]
Qut [ 105] =

1
I n[106]: =

Cos|[ Pi / 3]
Qut [ 106] =

1

2
In[107]: =

N[ Si n[ 45 Degree]]
Qut [ 107] =

0.707107
In[108]: =

avogadro = 6.02250 10723
Qut[108] =

6. 0225 x 1023
In[109]: =

Log[ avogadr o]

Qut [ 109] =
54. 755

2.10. Zufallszahlen
B Nombres aléatoires

Mathematica besitzt die Funktion "Random", die gleichverteilte Pseudozufallszahlen generiert. Solche braucht man z.B.
in der Statistik, um Testdaten zu erzeugen. Probiere aus:

B Mathematica posséde la fonction "Random™, qui génére des nombres pseudo-aléatoires en distribution homogene. On
les emploie p.ex. dans la statistique, pour créer les données de test. Essaie:
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In[110]: =
Randon{ ]

Qut[110] =
0. 771439

In[111]: =
Randoni | nt eger]

Qut[111] =

In[112]: =
Randoni I nt eger, {0, 100}]

Qut[112] =
36

In[113]: =
Randon{ Conpl ex, {1 + 3I, 4 + 71}]

Qut[113] =
1.93288 + 5. 78143 i

Die Packages "ContinousDistributions.nb" und "DiscreteDistributions.nb" enthalten Definitionen, mit denen sich andere
as gleichverteilte Pseudozufallszahlen erzeugen lassen. Probiere aus:

B Les Packages "ContinousDistributions.nb" et "DiscreteDistributions.nb" contiennent des définitions par lesquelles on
peut générer des nombres pseudo-al éatoires autres que distribués homogénement. Essaie;

In[114]: =
Needs[" St ati stics” ContinuousDi stributions™"]
In[115]: =
Randon{ Nor mal Di stri bution[5]]
Qut[115] =

4.77034

Der Pseudozufallszahlengenerator benutzt die Zeit seit dem Einschalten der Maschine a's Variable zur Berechnung der
Zahlen. Mit "SeedRandom" |&sst sich der Generator wieder "zuriicksetzen". Das kann benutzt werden, um mehrmals
dieselben Zahlen zu generieren. Probiere aus:

B Legénérateur des nombres pseudo-aléatoires utilise le laps de temps dés le démarrage de la machine comme variable
pour calculer les nombres. Par "SeedRandom™ on peut "remettre en arriére" le générateur. On employe cela pour
générer plusieurs fois les mémes nombres. Essaie:

In[116]: =
??SeedRandom
SeedRandomn] resets the pseudorandom nunber generator, using the integer n as a seed.
SeedRandom[ ] resets the generator, using as a seed the tine of day. Mehr...
Attribut es[SeedRandom = {Prot ect ed}
In[117]: =

SeedRandoni 2]
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In[118]: =
{Randon{], Randoni]}

Qut[118] =
{0. 238705, 0.844529;}

In[119]: =

SeedRandoni 2]
In[120]: =

{Randon{], Randoni]}

Qut [ 120] =
{0. 238705, 0. 844529}

2.11. Iteratoren
B Itérateurs

Mathematica stellt iterative Funktionen (Iteratoren) zur Verfiigung, um die Eingabe
wiederholter Rechnungen abzukirzen. Einige sind hier gezeigt. Probiere aus:

B Mathematica met a disposition des fonctions itératives pour abréger I'entrée de calculs répétés. Voici quelques-uns.
Essaie:

In[121]: =
??Tabl e
Tabl e[expr, {imax}] generates a list of imax copies of expr. Table]
expr, {i, imax}] generates a list of the values of expr when i runs from
1 to imax. Tablefexpr, (i, imn, imax}] starts with i = imn. Tabl e[expr,
{i, imn, imx, di}] uses steps di. Table[expr, {i, imn, imax}, {j, jmn,
jmax}, ... ] gives a nested list. The |ist associated with i is outernost. Mehr...
Attributes[Table] = {Hol dAI I, Protected}
In[122] : =
Tabl e[ x, {5}]
Qut[122] =
{X, X, X, X, X}
In[123]:=
??Pr oduct
Product [f, (i, imax}] evaluates the product of the expressions f as eval uated
for eachi from1 to imax. Product [f, (i, imn, imax}] starts with i = imn.
Product [f, {i, imn, imax, di}] uses steps di. Product [f, {i, imn, imax},
{j, jmin, jmax}, ... ] evaluates a product over nultiple indices. Mehr...
Attributes[Product] = {Hol dAI |, Protected, ReadProtected)}
In[124]: =

Product[x + k vy, {k, 4}]

Qut[124] =
(X+Yy) (X+2y) (Xx+3y) (X+4y)
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I n[125] :

In[126]:

In[127]:

I n[128] :

Qut [ 128]

In[129]:

I n[130] :

Qut [ 130]

??Do

Do[expr, {imax}] eval uates expr imax tinmes. Do[expr, {i, imax}] eval uates expr
with the variable i successively taking on the values 1 through imax (in steps
of 1). Do[expr, {i, imn, imax}] starts with i = imn. Do[expr, {i, imn,
imax, di}] uses steps di. Do[expr, {i, imn, imax}, {j, jmn, jmax}, ... ]

eval uates expr | ooping over different values of j, etc. for each i. Mehr...

Attributes[Do] = {Hol dAI'l, Protected}

I;o[Print["k: ", k], {k, 7, 9}]
ki 7
k: 8
k: 9

??Tabl eForm

Tabl eForm[list] prints with the el ements of list arranged in an array of rectangul ar cells.

Mehr...

Attributes[Tabl eForm = {Protected, ReadProtected}

Opti ons[Tabl eForm] : = {Tabl eAl i gnment s — Aut omati ¢, Tabl eDept h - o,
Tabl eDi recti ons - Col um, Tabl eHeadi ngs — None, Tabl eSpaci ng — Aut onatic}

Tabl eFor n{ Tabl e[ {k, 107~(-k), Chop[N[107(-k)]1}, {k, 7, 14}]]

/| Tabl eFor n¥

7 ToTes 1. x10°7

8 TGOGROTT 1. x10°®

9 O00505T5 1. x10°°

10 LototnesTae 1. x1071°

11 100000000000 0

12 1000000000000 0

13 T0000000000000 0

14 1000000000000 0

??Sum

Sum(f, (i, imax}] evaluates the sumof the expressions f as
evaluated for each i from1 to imax. Sum(f, {i, imn, imax}] starts with
i =imn. Sum(f, {i, imn, imax, di}] uses steps di. Sum[f, {i, imn,
imax}, {j, jmn, jmax}, ... ] evaluates a sumover nultiple indices. Mehr...

Attributes[Sum) = {Hol dAI |, Protected, ReadProtected}

éun{i x7i, {i, 3, 23, 5}]

3x3+8x8+13x18 +18x18,23x23
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2.12. Matrizenrechnung
B Calcul des matrices

Probiere aus: B Essaie

In[131]: =

??Mat ri xForm

Matri xFormlist] prints with the el ements of list arranged in a regul ar array. Mehr...

Attributes[Matri xForm = {Protected, ReadProtected}

Options[MatrixForm : = {Tabl eAl i gnnents > Aut omati c, Tabl eDept h - o,

Tabl eDi recti ons - Col uimm, Tabl eHeadi ngs - None, Tabl eSpaci ng » Aut omati c}

In[132]: =

??I nver se

Inverse[m] gives the inverse of a square matrix m Mehr...

Attributes[lnverse] = {Protected}

Options[lnverse] = {Method -~ Aut omati ¢, Modul us — 0, ZeroTest —» (#1==0 &)}
In[133]: =

??Det

Det [m] gives the determinant of the square matrix m Mehr...

Attributes[Det] = {Protected}

Opti ons[Det ] = {Mddul us -» 0}
In[134]: =

??Ei genval ues

Ei genval ues[m] gives a list of the eigenval ues of the square
matrix m Eigenvalues[{m a}] gives the generalized eigenvalues of mwth
respect to a. Eigenvalues[m k] gives the first k eigenval ues of m Mehr...

Attri but es[Ei genval ues] = {Protected}
Opti ons [Ei genval ues] = {Cubi cs - Fal se, Met hod » Aut omatic, Quartics - Fal se}

In[135]: =
??Ei genvectors

Ei genvectors[m] gives a list of the eigenvectors of the square
matrix m Eigenvectors[{m a}] gives the generalized eigenvectors of mwith
respect to a. Eigenvectors[m k] gives the first k eigenvectors of m Mehr...

Attributes[Ei genvectors] = {Protected}

Opti ons [Ei genvectors] =
{Cubi cs - Fal se, Method — Automatic, Quartics - Fal se, ZeroTest - Aut omati c}
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In[136]: =
??Li near Sol ve

Li near Sol ve[m b] finds an x which solves the matrix
equati on m x==b. LinearSolve[m] generates a LinearSol veFunction[ ... ]
whi ch can be applied repeatedly to different b. Mehr...

Attributes[Li near Sol ve] = {Protect ed}
Opti ons[Li near Sol ve] = {Met hod —» Aut onati c, Modul us - 0, ZeroTest - Autonatic}

In[137]: =
??Nul | Space

Nul | Space[m] gives a list of vectors that forns a basis for the null space of the matrix m
Mehr...

Attributes[Null Space] = {Protected}

Options[Nul | Space] =
{Met hod - Aut ormat i ¢, Modul us - 0, Tol erance - Aut onati ¢, ZeroTest —» Automatic}

In[138]: =
??RowReduce
RowReduce[m] gives the row-reduced formof the matrix m Mehr...
Attribut es[RowReduce] = {Protected}
Opt i ons [RowReduce] =
{Met hod - Aut ormat i ¢, Modul us » 0, Tol erance - Aut onati ¢, ZeroTest —» Automatic}
In[139]: =

??Transpose

Transpose[list] transposes the first two levels in list.
Transpose[list, {nl, n2, ... }] transposes list so that the levels 1,
2, ... inlist correspond to levels nl, n2, ... inthe result. Mehr...

Attributes[Transpose] = {Protected}

I n[ 140] : =
??l dentityMatrix

IdentityMatrix[n] gives the n by n identity matrix. Mehr...

Attributes[ldentityMatrix] = {Protected}

In[141]: =

m = {{1, 2},{3, 4}}
Qut[141] =

{{1, 23, {3, 4}
In[142]: =

Transpose[ml] // MatrixForm

Qut[142]// Matri xForme

2 4]
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I n[143]: =
Mat ri xFor ni mi]

Qut[143]// Matri xForme=
1 2
(3 4)
In[144]: =
Matri xFornf {{1, 2},{3, 4}}]

Qut[144]// Matri xForme

1 2
(3 4)
I n[ 145] : =
R :{{Ov '1}1{81 '6}}
Qut [ 145] =
{{01 71}1 {81 76}}
I n[ 146] : =

m = {{0, -1},{8, -6}} // MatrixForm
Qut[146]// Matri xForme=

0o -1

s )

Das Matrixprodukt wird mit einem gewdhnlichen Punkt geschrieben. Probiere aus:

B Leproduit de matrices sécrit avec un simple point. Essaie;

In[147]: =
mL.n2 // MatrixForm

Qut[147]// Matri xFor me=

16 -13
(32 —27)
In[148]: =
mL. nB
Qut[148] =

({1, 2}, (38, 4}}. (g :é)

Elementweise Multiplikation. Probiere aus:
B Multiplication par élément. Essaie:

In[149]: =
mL nm2 // MatrixForm

Qut[149]// Matri xForme
0 -2
(24 -24 )

Probiere aus: B Essaie

In[150]: =
?Nul | Space

Nul | Space[m] gives a list of vectors that forns a basis for the null space of the matrix m

Mehr...
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In[151] : =

m = {{1,2,3},{1,2,3},{0,0,1}}
Qut [ 151] =

{1, 2, 33}, {1, 2, 33, {0, 0, 1}}
In[152] : =

Nul | Space[ n4]
Qut [ 152] =

{{_21 11 O}}
In[153]: =

?RowReduce

RowReduce[m] gives the row-reduced formof the matrix m Mehr...
In[154] : =

RowReduce[m4] // MatrixForm

Qut [ 154]// Matri xFor m=

1 2 0

0 0 1

0 0 O
In[155]: =

Ei genvect or s[ n]
Qut[ 155] =

4 1 — 4 1

{{-3+5 (5+V83), 1}, {-3+5 (5-V83), 1}}

In[156]: =

Transpose[ml] // MatrixForm

Qut [ 156]// Mat ri xFor m=

1 3
2 4
In[157]: =
m = Tabl e[ Randon{], {3}, {3}]
Qut[157] =
{{0.473928, 0.421515, 0.512692},
{0. 0228035, 0.529257, 0.0507012}, {0.74907, 0.632356, 0.0725195}}
In[158]: =

Mat ri xFor n{ nj

Qut [ 158]// Matri xFor m=
0.473928 0.421515 0.512692
0. 0228035 0.529257 0.0507012
0. 74907 0.632356 0.0725195

I n[159]:

3 u

nv = I nverse[ni

Qut [ 159] =
{{-0. 0355956, -1.65375, 1.40785},
{-0.204582, 1.96936, 0.0694849}, {2.15159, -0.0904116, -1.35854}}
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In[160]: =
Mat ri xFor n{ %4

Qut [160]// Matri xFor m=
-0. 0355956 -1.65375 1.40785
-0. 204582 1. 96936 0. 0694849
2.15159 -0.0904116 -1.35854

In[161]: =
m nm nv

Qut[161] =
{{1., 6.93889x10°%7, 0.3}, {-1.38778x10°%7, 1., 1.38778x107'"},
{-2.77556x107%7, 1.17961x10716 1.3}

In[162]: =
Mat ri xFor n{ %
Qut[162]// Matri xForme
1. 6.93889x10°Y 0.
-1.38778x10°Y7 1. 1.38778x10°Y
-2.77556x10717 1.17961x107'% 1.

[N

In[163]: =

Chop[ %
Qut[163] =

{{1., 0, 0}, {O, 1., O}, (O, O, 1.}}
In[164] : =

Mat ri xFor n{ %4

Qut[164]// Matri xForme=

1. 0 O
0o 1. O
0o 0 1.

In[165]: =
IdentityMatrix[7] // MatrixForm

Qut [165]// Matri xFor m=
0 0 O

OO OO0 O0or
OO OO0 O
OO OoOoOor o
O oO0OoOoOEr oo
OoOPFr OO0OOoOOo
Or OO OO0OOo
P OOOOOOo

2.13. Losen von Gleichungen
I Résoudre des équations

Probiere aus: B Essaie
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In[166]: =
??Sol ve
Sol ve[eqns, vars] attenpts to solve an equation or set of
equations for the variables vars. Solve[eqns, vars, elins] attenpts to
sol ve the equations for vars, elininating the variables elinms. Mehr...
Attributes[Solve] = {Protected}
Options[Sol ve] = {I nverseFuncti ons » Aut omati c, MakeRul es - Fal se, Met hod - 3,
Mbde — Generic, Sort - True, VerifySol uti ons - Aut omati c, Wor ki ngPreci si on— «}
In[167]: =
??NRoot s
NRoot s [l hs==rhs, var] gives a list of nunerical approxi mations to the roots of a pol ynom al
equation. NRoots[l hs==rhs, var, n] uses n-digit precision in the conputations.
Attributes[NRoots] = {Protected}
In[168]: =
??Fi ndRoot
Fi ndRoot [l hs==rhs, {x, x0}] searches for a nunerical solution to the equation | hs==
rhs, starting with x=x0. FindRoot [{egnl, eqn2, ... }, {{x, x0}, {y, yO0}, ... }]
searches for a numerical solution to the sinultaneous equations eqni. Mehr...
Attributes[Fi ndRoot ] = {Hol dAI |, Protected}
Opti ons[Fi ndRoot | = {Accur acyGoal — Aut omati c, Conpil ed - True, Danpi ngFactor - 1,
Eval uati onMoni t or - None, Jacobi an -» Automatic, Maxlterations - 100, Method - Aut omati c,
Preci si onGoal -~ Aut omati c, StepMonitor - None, Wrki ngPreci si on- Machi nePreci si on}
In[169]: =
Solve[{2x - 3y ==8, 4x +y == 6},{x, Vy}]
Qut[169] =
(x> y=-7))
709777
In[170]: =
Sol ve[ miL. {{x},{y}}=={{2},{5}}, {x, y}I
Qut[170] =
1
{{X -1, vy~ > H»
In[171] : =
NRoot s[ x4 +3 x"2 + 5x == 7, X]
Qut[171] =

= -1.63541 | | x == 0.390304 - 2. 2034 1 | | X == 0. 390304 + 2. 2034 1 | | x == 0. 854804
FindRoot benutzt die Newton-Methode. Darin wird die Ableitung benutzt:

B FindRoot emploie la méthode de Newton. On y employe la déduction:

In[172]: =
FindRoot[Sin[x]/x == 0, {x, 2}]

Qut[172] =
(x > 3.14159)

Bessal-Funktionen: B Fonctions de Bessel
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In[173]: =
Pl ot [ Bessel J[ 0, x], {x, 0, 12}];

In[174]:
Fi ndRoot [ Bessel J[ 0, x]/x == 0, {x, 12}]

out[174] =
(x > 11.7915)

In[175]: =
Fi ndRoot [ Bessel J[ 0, x]/x, {x, 12}]

Qut[175] =
(x > 11.7915)

In[176]: =
Fi ndRoot [ Bessel J[ 0, x]/x, {x, 7}]

Qut[176] =
(x > 14.9309)

In[177]: =
Pl ot [ Bessel J[ 0, x], {x, 0O, 15}];

FindRoot benutzt die Newton-Methode. Darin wird die Ableitung benutzt. Hier ein Plot der Ableitung obiger Bessel-

Funktion. (Beachte, dass die Ableitung bel x =7 kleinist.)
B FindRoot emploie laméthode de Newton. On y employe la déduction. Voici un plot de ladéduction de la fonction de

Bessdl ci-dessus. (Remarque que la déduction est petite pour x = 7.)
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In[178]: =
Plot[-Bessel J[1, x], {x, 0, 15}];

0.2

-0.2¢+

-0. 41

-0.6+

2.14. Numerische Integration etc.
I Intégtation numeérique etc.

Probiere aus: B Essae:

In[179]: =
??Nl ntegrate
N ntegrate(f, {x, xmn, xmax}] gives a nunerical approxination
to the integral of f with respect to x fromxnin to xmax. Mehr...
Attributes[Nintegrate] = {Hol dAI I, Protected}
Options[Nintegrate] =
{AccuracyGoal —» «, Conpiled- True, Eval uationhonitor - None, GaussPoi nts - Automati c,
MaxPoi nt s — Aut omat i ¢, MaxRecursi on - 6, Met hod —» Aut omati c, M nRecursi on- 0,
Preci si onGoal — Automatic, Singul arityDepth- 4, Worki ngPreci si on— Machi nePr eci si on}
In[180]: =
NI nt egrat e[ Si n[ x"2]/x"2, {x, 0, 1}]
Qut [ 180] =
0.967577
In[181]: =

Plot[ Si n[x"2]/x~2, {x, 0, 1}];

0.2 0.4 0.6 0.8 1
0.995}

0.99}
0.985}
0.98}
0.975¢}
0.97}
0.965}
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In[182]: =
NI ntegrat e[ Si n[ Si n[ Cos[ x*10]]], {x, 0, 1}]
Qut[182] =
0. 735169
In[183]: =
??NSum
NSum(f, {i, imn, imax}] gives a nunerical approximation
to the sumof the expressions f as evaluated for each i fromimn to
imax. NSum[f, {i, inmin, imax, di}] uses a step di in the sum Mehr...
Attributes[NSum] = {Hol dAI |, Protected}
Opti ons [NSum] = {AccuracyGoal - «, Conpil ed - True, Eval uati onMonitor - None,
Met hod - Aut ormat i ¢, NSunExtraTernms —» 12, NSunifer ns » 15, Preci si onGoal - Aut omati c,
Veri f yConver gence - True, Wor ki ngPr eci si on— Machi nePreci si on, WnnDegree - 1}
In[184]: =
NSuni (n*2 - n + 1) Log[n]/n*3, {n, 1, 100}]
Qut[184] =
9.87012+0. 1
In[185]: =
??NPr oduct
NProduct [f, {i, imn, imax}] gives a nunerical approximation to the
product of the expressions f as evaluated for each i frominmn to i max.
NProduct [f, {i, inmin, imax, di}] uses a step di in the product. Mehr...
Attributes[NProduct] = {Hol dAI |, Protected}
Opti ons[NProduct ] = {AccuracyGoal - «, Conpil ed - True, Eval uati onMonitor - None,
Met hod — Aut omat i c, NProduct Ext raFact ors— 15, NProduct Factors — 15, Preci si onGoal - Aut omati c,
Veri f yConver gence - True, Wor ki ngPr eci si on— Machi nePreci si on, WnnDegree > 1}
In[186]: =
NProduct[ (1 + 1/n)”n, {n, 1, 100}]
Qut [ 186] =
2.89824x10*2 1+ 0. i
In[187]: =
Limt[(1 + 2/n)*n, n->Infinity]
Qut[187] =

e

2.15. Numerische L6sung von Differentialgleichungen
I Solution numérique d'équations différentielles

Probiere aus: B Essaie
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In[188]: =
??NDSol ve

NDSol ve[eqgns, y, {x, xmin, xmax}] finds a numerical solution to the ordinary differential
equations eqns for the function y with the i ndependent variable x in the
range xmn to xmax. NDSol ve[eqgns, y, {x, xmin, xmax}, {t, tmn, tmax}] finds a
nunerical solution to the partial differential equations eqns. NDSol ve[egns, {y1,
y2, ... }, {x, xmn, xmax}] finds numerical solutions for the functions yi. Mehr...

Attribut es[NDSol ve] = {Protected}

Opti ons[NDSol ve] = {AccuracyCGoal — Aut omatic, Conpil ed — True, Dependent Vari abl es - Aut onati c,
Eval uati onMoni t or - None, MaxSt epFracti on- 11—0 MaxSt eps » Aut ormat i ¢, MaxSt epSi ze » Aut omati c,
Met hod - Aut omat i ¢, Nor nfFuncti on - Aut omatic, PrecisionGoal -» Automatic, Sol veDel ayed - Fal se,
StartingStepSi ze - Automati c, StepMnitor » None, WrKki ngPreci si on- Machi nePr eci si on}
In[189]: =
NDSol ve[{y" " [x] - y'[x] + x y[x] == 0, y'[0] == -1, y[O] == 1},
y, {x, 0, 5}]
Qut[189] =
{{y = Interpol ati ngFunction[{{0., 5.}}, <>]1}}

In[190]: =
Plot[y[x] /. % {x, 0, 5}1;

"Putzmaschine" einsetzen
I Employer la "machine de nettoyage"

In[191]: =
(* dd Form Renove["dobal " @"] *)

In[192] : =
Renmove["d obal ™ " ]



