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Abstract

This documentation describes the usage and functionality of a Mathematica Notebook!
for orthogonal functions. Sine and cosine functions may be selected as well as Legendre
and Hermite polynomials.

This Notebook is an improvement of the orthogonal functions Notebook of the
Demonstrations project by Alain Goriely and will be provided within the
»2OWL-project“,,e-Module zur Veranschaulichung der Theoretischen Physik“on the web
page of the ,Institut fiir Theoretische Physik“?

!'Mathematica is a registered trademark of Wolfram Research Inc. http://www.wolfram.com
2Translated to english by Stanislav Ax 31.03.2014
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1 Introduction

The Mathematica Notebook illustrates the behavior of orthogonal functions out of
three groups® in two two-dimensional plots. The Notebook presents two selected

functions and their partial integrations next to each other.
Visualizatons that this applet may provide

e Legendre polynomials

e Hermite polynomials

e Sine- and cosine functions

e Their product functions and integration

e Various integration borders and weighting functions

e Various orders of the used functions

Visualizatons that this applet may not provide

e Automatic adjustment of the integration borders to the used functions
e Recognizing of analytically exact solutions(only numerical integration)

e Arbitrary high orders

2 Program

The program is a Mathematica Player’™ Notebook which can be used with the for
free available Mathematica Player as well as with the commercial version of
Mathematica 6. After the start, the initialization of Mathematica and the confirmation

of the dynamical elements the start window will appear.

3In the source code further polynomials like the Chebyshev polynomial are commented
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Figure 1: notebook right after the start

The program is using dynamical elements which are available since the introduction of
Mathematica 6. This has to be confirmed with ,,Enable Dynamics“during the start of
the program.

2.1 Program structure

The upper four rows are for selecting the functions and their orders. The functions
have to be multiplicated with a corresponding weighting function in order to obtain the
right integration. This weighting function is given by f(x)=1 for the sine function, the
cosine function and the Legendre polynomials. In contrary for the Hermite polynomials
a gauss function has to be used f(x) = e~ This is also valid for the integration
borders which are amounting [—, 7] for sine- and cosine functions, [—1,1] for
Legendre polynomials and [— inf, inf] for Hermite polynomials. If the weighting and
borders are adjusted correct then the orthogonality of the functions can be checked
with the two sliders.

Imaging area

The left frame is showing the two chosen functions. The right frame is for indicating
the product of the functions. The area that this chart is enclosing within the
corresponding borders together with the x-axis corresponds to the integral. The value
of the integral is indicated under the both frames. If this value is equal to zero then
the functions are called orthogonal.



2.2 Utilization

The orthogonality is checked here for functions out of one function system only. Hence
the integration of different function kinds is not sensible as well as the choice of non
suiting weighting functions and integration borders. A bigger area may be selected to
estimate the behavior of the functions and their product outside of the borders. In this
case the value of the integral is meaningless.

2.2.1 Manipulation of the source code

To expand the functionality of the Notebook a commercial version of Mathematica 6
has to be used. The source code becomes visible and editable Through the graphical
part then.

2.3 Owner

The program is based on a version made by Alain Goriely and is available under the
title Orthogonality of Two Functions with Weighted Inner Product in the Wolfram
Demonstrations Projectt

2.4 Technical requirements

A working version of the Mathematica Player or a commercial (It exists for Windows,
Linux and Mac OS X) version of Mathematica 6 or higher has to be installed on the
computer. The calculations may cause much calculational effort or occupy much heap
space for high orders. Hence it is recommended to run the Mathematica Notebook on a
computer with at least 800 MHz and 128 MB RAM. The monitors resolution should be
set to at least 800x 600 and at least 16.6 million colors should be supported.

3 Theory

The definition of the orthogonality of vectors in a supscpace of R™ is containing the
scalar product. If the product yields zero (for example if two out of the three unit
vectors are perpendicular to each other) then the projection is equal to zero as well.
An implication is that they now can be varied independent of each other.

<f,g>=0«<flyg (1)

For several vectors an orthogonal vector quantity is definable if each element is
fulfilling the upper condition pairwise. Applying this to the function space in which the
elements are continously differentiable functions then the scalar product is the
integration of the product. The integration borders have to be chosen [— inf, inf] if the
continous differentiable function obtains an infinitely large domain.

*http://demonstrations.wolfram.com/Orthogonality Of TwoFunctionsWithWeightedInnerProducts/
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3.1 Sine and cosine

The Hilbert space is limited. All functions of the form f(x)=sin(nx) are for example
orthogonal for two different n € N (same is valid for cos). An arbitrary number of new
functions may be generated by summation and multiplication of the base functions.
The generated functions are often solutions for problems which are described by
differential equations.

3.2 Legendre polynomials

This way for example the Legendre differential equation is solving the Laplace equation
in spherical coordinates which describes the electrical field as Poisson equation. The
variable is the cosine of an angle out of the spherical coordinates (r, %, ¢) . The
Legendre differential equation is given by

(1 —2?)y"(z) — 22/ (x) + Ay(z) = 0 (3)

If this formulation is formulated as an eigenvalue problem then the eigenvalue A may
be expressed in the form 1(14+1). The corresponding eigenfunctions are the Legendre
polynomials P;. According to the formula of Rodrigues one obtains the P; by
derivation of a function.

1 d!

P(ﬁ):ﬁm(lzoal) (4)

3.3 Hermite polynomials

The Hermitian differential equation

y"(z) — 229/ (z) + 2ny(x) =0n € N (5)
is solving the quantum mechanical harmonical oscillator

L ye) + Lt u(a) = BU() ©)
2mdm2 €T Qmw T ) = T

With the general ansatz for the Schrédinger wave W



one obtains the following differential equation

2F
v”—22v'+(ﬂ—1)fu:0 (8)
The comparence with the general Hermitian differential equation will lead to the

known solutions for the equidistant energy values of the harmonical oscillator

9F — 1
2 =
" e

— By =+ ) (9)

The eigen functions of the equidistant energies are the Hermitian polynomials of the
n-th order.



A QUELLTEXTE

A Quelltexte

Das konvertieren eines Mathematica Player Notebooks (.nbp) aus einem normalen No-
tebook (.nb) ist ausschlieBlich Uber die Wolfram Webseite moglich. Daher ist hier die
manipulierbare Notebook Variante des Programms mit identischer Funktion aufgelis-
tet.

Listing 1: Mathematica Notebook Quellcode
(x Content—type: application/mathematica x)

(xxx Wolfram Notebook File xxx)
(x http ://www. wolfram.com/nb x)

(x CreatedBy =’Mathematica 6.0’ x)

(x CachelD: 234x)

(+ Internal cache information:
NotebookFileLineBreakTest
NotebookFileLineBreakTest

NotebookDataPosition [ 145, 7]
NotebookDatalength[ 31335, 766]
NotebookOptionsPosition [ 30208, 724]
NotebookOutlinePosition[ 30884, 750]
CellTagsindexPosition [ 30841, 747]
WindowFrame—Normal

ContainsDynamic—>True x)

(x Beginning of Notebook Content x)
Notebook [ {

Cell[CellGroupDatal{
Cell[”Orthogonality.of_.Two.Functions.with .Weighted.Inner.Products”, ”Section”,
CellFrameColor—RGBColor|

0.6449835965514611, 0.758632791638056, 0.2516823071641108],
FontColor—RGBColor|

0.6449835965514611, 0.758632791638056, 0.2516823071641108]],

Cell[CellGroupDatal{

Cell[BoxData|
RowBox[{ ”Manipulate”,
RowBox|[ {
RowBox[ {
RowBox[{ "Column”, "[”,
RowBox[{"{",
RowBox[ {
RowBox[{ " Grid”, "[”,
RowBox[{"{”, ”\[IndentingNewLine]”, "...”,
RowBox[{"{",
RowBox([ {
RowBox[{”Plot”, ”"[”,
RowBox([ {
RowBox[{”"{",
RowBox|[ {

RowBox[{ "func1”, ”[

RowBox[{"n1”, ”,”,
RowBox[{ "func2”, ”"[”

RowBox[{ "n2”, ”,”,

RowBox[{"{",

[”, ”\[IndentingNewLine]”,
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RowBox[{ "x”, ”,”,
RowBox[{ ™", "a”}], ",”, "a’}], "}"}1. ".",
RowBox[{ ”AxesLabel”, ”\[Rule]”, ”Automatic”}], ”,”
"\[IndentingNewLine]”, "ooccoouuoooao .
RowBox[{ ”PlotLabel”, "\[Rule]”,
RowBox[{”"{",
RowBox|[ {
RowBox[{” Tooltip”, "[”,
RowBox[ {
RowBox[{ " Style”, "[”",
RowBox[ {
RowBox[{ " TraditionalForm”, "[”,
RowBox[{ "funct1”, "[”,
RowBox[{”"n1”, ”,”, "x”}], "1”}], "17}1, .7, "14”, ")”
RowBox[{ "RGBColor”, "[”,
RowBox[{”.67", ”,”, ".756”, ",”, ".15”}1, "1"}1}], "1"}1,

RowBox[{ ” TraditionalForm”, "[”,
RowBox[{ "funct1”, "[",
RowBox[{”n1”, ”,”, "x”}], "1"}], "1"}1}, 17}, 7.7
"\[IndentingNewLine]”, "ooocoooo
RowBox[{ " Tooltip”, "[", ".”,
RowBox|[ {
RowBox[{ ” Style”, "[”,
RowBox[ {
RowBox[{ " TraditionalForm”, "[”,
RowBox[{ "func2”, "[”,
RowBox[{"n2”, ”,”, "x”}], "1”}], "17}1, »,”, "14”, " )”
RowBox[{ "RGBColor”, "[”,
ROWBOX[{"1”1 ”7”7 "'47"1 ”1”7 ”O"}]r ”]”}]}]7 "]"}]7 ”7

RowBox[{ " TraditionalForm”, "[”,
RowBox[{ "func2”, "[",
RowBox[{”n2”, ”,”, "x”}], "1"}], "1"}1}], "17}1}H,
"}7 313, 7,7, "\lIndentingNewLine]”,
RowBox[{ "PlotStyle”, ”"\[Rule]”,
RowBox[{"{",
RowBox|[ {
RowBox[{"{",
RowBox[{ " Thick”, ”,”,
RowBox[{ "RGBColor”, "[”,
RowBox[{”.67”, ”,”, ».75”, ”,”, ".15"}], "1”}}, "}”},

RowBox[{"{",
RowBox[{ " Thick”, ”,”,
RowBox[{ "RGBColor”, "[",
RowBox[{”1”, ”,”, ”.47”, ”,”, "0”}], "1"}1}], "}"}1}],
"} 313, 7,7, 7\llIndentingNewline]”, ”oocoooononooy

RowBox[{” Filling”, "\[Rule]”, "Axis”}], ”,”

RowBox[{ "ImageSize”, ”\[Rule]”,

RowBox[{"{”",

RowBox[{"295”, ”,”, ”200”}], "}”}1}1, 7,7,

RowBox[{ "ImagePadding”, "\[Rule]”, ”40”}I}1, "1"}1, ”,”
"\[IndentingNewLine]”, ”"...”, "\[IndentingNewLine]”,
RowBox[{ " Plot”, ”"[”",

RowBox([ {

RowBox|[ {

RowBox[{ "func1”, "[”,

RowBox[{"n1”, ”,”, ”"x"}], "1"}], "x”,

RowBox[{ "func2”, "[”,

RowBox[{”n2”, ”,”, "x”}], "1”}], ”«”, "func3”}], ”,”

RowBox[{"{",
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RowBox[{ "x”, ”,”,

RowBox[{"—”, "a’}], *.,”, "a’}], "}"}1, ",
RowBox[{ "AxesLabel”, ”\[Rule]”, Automatlc }]
"\[IndentingNewLine]”, "ooccoouuoooao ,
RowBox[{ ”PlotLabel”, "\[Rule]”,
RowBox[{ " Tooltip”, "[”,

RowBox|[ {
RowBox[{” Style”, "[”,
RowBox|[ {
RowBox[{ " TraditionalForm”, "[”,
RowBox|[ {

RowBox[{ "func1”, "[",
RowBox[{”n1”, ”,”, ".”, "x"}], "1"}], "x",
RowBox[{ "func2”, "[",
RowBox[{ 'n2”, 7,7, "x"}, 173, "7, "func3”}], 17},
O, T4 )
RowBox[{” ColorData” [
RowBox[{ \\<HTML\>\ , "\”"\<SlateBlue\>\""}1,
I R S I
RowBox[{ ” TradltlonaIForm i
RowBox[ {
RowBox[{ "func1”, "[”,
RowBox[{"n1”, ”,”, ".”, "x”}], 17}, "%",
RowBox[{ "func2”, "[”,
RowBox[{’nZ T, X "}, 7173, 7«7, "func3”}], 71”7 }]}]

"1 }]}] LT, \[IndentlngNelene] LT
RowBox[{ ” PIotSter "\[Rule]”
RowBox[{ " {”

RowBox[{”{”,
RowBox[{"Thick", T,
RowBox[{ " ColorData” [
RowBox[{’ \\<HTML\>\ , "\"\<SlateBlue\>\""}1, "1"}1}1,
0TI A0 S R
RowBox[{ " Filling” \[Rule] , "Axis”}], 7,”
RowBox|[ { "ImageSize" , "\[Rule]”,
RowBox[{”"{",
RowBox[{"295”, ”,”, "200”}1, "}”}1}1, 7.
RowBox[{ ”ImagePadding”, ”"\[Rule]”,
RowBox[{"{",
RowBox|[ {
RowBox[{"{",
RowBox[{"20”, ”,”, 20" }1, "}"}1, ",”
RowBox[{"{”,
RowBox[{”20”, »,”, "45”}], "}”}1}], "}”}1}1H]. "17 31,
"\[IndentingNewLine]”, "....”, "}7}], "}7 3}, "1731, 7.7,
”\[IndentingNewLine]”,
RowBox[{ " Text”, "@”",
RowBox[{ "Row”, ”"[”, "\[IndentingNewLine]”,
RowBox[{" If”, "[", ".",
RowBox([ {
RowBox([ {
RowBox[{ "Chop”, "[”,
RowBox[{ ”"NIntegrate”, "[”,
RowBox|[ {
RowBox|[ {
RowBox[{ "func1”, "[”,
RowBox[{"n1”, ”,”, "x"}], "17}], "7,
RowBox[{ "func2”, "[”,
RowBox[{”n2”, ”,”, "x”}], "1”}], ”«”, "func3”}], ”,”
RowBox[{"{",
RowBox[{"x”, ”,”,
RowBox[{"-", "a”}], ”,”

10
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ROWBOX[{"*", ”1”}]’ "’"! "1”! ? “1 "a’ }] ”}”}]! "7
RowBox[{ ”AccuracyGoal”, "\[Rule]”, "2”}], ”,”,
RowBox[{ " PrecisionGoal”, "\[Rule]”, "8~ }]
RowBox[{”WorkingPrecision”, ”\[Rule] 720" }]}] 173, 17},

"==", "0"}], ",”, "\[IndentingNewLine]",
RowBox[{
{7, "\”\<Das geW|chtete innere Produkt ist 0, die beiden \
Funktionen smd orthogonal\>\"", "}”}], ”,”
RowBox[{”"{",
RowBox([ {
"\"\<Das innere Produkt ist gleich \>\""
”\[IndentingNewLine]”,
RowBox[{ ” SetPrecision”, "[”, ".”,
RowBox|[ {
RowBox[{ "Chop”, "[”,
RowBox[{ "NlIntegrate”, "[”,
RowBox|[ {
RowBox[ {
RowBox[{ "funct1”, "[",
RowBox[{”n1”, ”,”, "x”}], "1"}], "x”,
RowBox[{ "func2”, "[",
RowBox[{"n2”, ”,”, "x”}], "1”}], ”=”, "func3”}], ”,”

RowBox[{"{",

RowBox[{"x”, ”,”,
RowBox[{"-", "a”}], ”,”,
RowBox[{"—", ”1”}], »,”, "1”, ”.,”, "a”}], "}"}], ”.”

RowBox[{ " AccuracyGoal”, "\[Rule]” "27 1], ”,”,

RowBox[{"PrecisionGoaI", "\[Rule]”, "8~ }]

RowBox[{” WorklngPreC|S|on" ”\[Rule] 720" }]}] 17},

RPN ER AT PR B ) PR

"\”\<. Die beiden Funktionen smd NICHT orthogonal. \>\ }],
"\[IndentingNewLine]”, ”"}”}1}], ”\[IndentingNewLine]”, "]”}1,

"\[IndentingNewLine]”, "Huw", SRR "\[IndentingNewLine]",
LT ", "33, 71731, "\lIndentingNewlLine]”,
RowBox[{"{",
RowBox[ {
RowBox[{"{”,
RowBox[ {
“func1”, ”7,”, ”\[IndentingNewLine]”, "MySin”

"\"\<function \!\(\=*SubscriptBox[\(f\), \(n\)]\,) ()\>\""1}1, "}7}H,
”,”, "\lIndentingNewLine]”,

RowBox[{"{”,
RowBox[ {
RowBox[{ "MySin”, ”"\[Rule]”,
RowBox[ {
StyleBox[” TraditionalForm”, ”Input”], "[”,

RowBox[{”Sin”, "[”,

RowBox[{"n”, ”".”, "x”}], "1"}], "1"}1}, 7.7
"\[IndentingNewLine]”,
RowBox[{ "MyCos”, "\[Rule]”,
RowBox[{ " TraditionalForm”, "[”,

RowBox[{ ”"Cos”, "[”,

RowBox[{”n”, ".", "x"}1, "1"}1, "1"}1}1, ”.”
"\[IndentingNewLine]”,
RowBox[{ " (x”

RowBox[ {

RowBox[{ " ChebyshevT”, "\[Rule]”,

RowBox[{"Row", ",

RowBox[{”"{",
RowBox[{ \ "\<Chebyshev polynomlal\>\ i
RowBox[{ " TraditionalForm”, "[”,

RowBox[{ "ChebyshevT”, ” [ "

11
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RowBOX[{ NI IR P ”}], 17 TR 1T
S N I I S I \[IndentlngNelene]
RowBox[{"HermiteH "\[Rule]”
RowBox[{”Row”, "[”,

RowBox[{ ” {
RowBox[ { ” \ "\<Hermite polynomlal\>\
RowBox[{ " TraditionalForm”, "[”,
RowBox[{ "HermiteH”, "[”,
RowBox[{"n”, ”,”, kS IR S P e 0 PR R S B 3 PR i 3 P R S B

s ”\[IndentingNewLine]”,
RowBox[{ "LegendreP”, ”"\[Rule]”,
RowBox[{ "Row”, "[”,

RowBox[{ ” {
RowBox[{ ” \\<Legendre polynomlal\>\
RowBox[{ " TraditionalForm”, "[”,
RowBox[{ ” LegendreP "["
RowBox[{"n", *,", *.", "x"}], "1"}1, 0 ML UYL T,
PP, T, ”, \[IndentlngNewLme] "\[IndentingNewLine]”,
"\[IndentingNewLine]”,
RowBox[{ " {",
RowBox|[ {
RowBox[{"{",
RowBox[ {
"func2”, ”,”, "\[IndentingNewLine]”, ”"MySin”

"\"\<function \I\(\+SubseriptBox[\(g\), \(M\)1\) (C)\>\""}1, "}"}1, ",
"\[IndentingNewLine]”,

RowBox[{"{",
RowBox([ {
RowBox[{ "MySin”, "\[Rule]”,
RowBox[{ " TraditionalForm”, "[”,
RowBox[{ ”Sin”, "[”,
RowBox[{"m”, ".”, "x”"}1, "1”}1, "1”}1}1, 7,”, "\[IndentingNewLine]”,
RowBox[{ "MyCos”, "\[Rule]”,
RowBox[{ " TraditionalForm”, "[”,
RowBox[{”Cos”, "[”,
RowBox[{"m”, ".”, "x”}1, "1”}1, "1”}1}1, 7,”, "\[IndentingNewLine]”,

RowBox[{ " (x ",
RowBox[{ "ChebyshevT”, "\[Rule]”,
RowBox[{ "Row”, "[”,

RowBox[{ ” {
RowBox[{ ” \ "\<Chebyshev polynom|al\>\
RowBox[{ " TraditionalForm”, "[”,
RowBox[ {’ ChebyshevT ”["
RowBox[{"m”, ", 2", "x"}1, "I"}1, "I"}}1, "} H. "1,

"x)7 ), \[IndentlngNelene]
RowBox[{ "HermiteH”, ”"\[Rule]”
RowBox[{ "Row” , ” [ .,

RowBox[{ ” {
RowBox[ { ” \\<Herm|te polynomlal\>\
RowBox[{ " TraditionalForm”, "[”,
RowBox[{ "HermiteH”, "[”,
RowBox[{"m”, ”,”, ”.”, "x"}1, "1}, "17}1}, "}, "17}1},

RowBox[{ "LegendreP”, ”\[Rule]”,
RowBox[{ "Row”, "[”,

RowBox| { ” {
RowBox[{ ” \\<Legendre polynom|al\>\
RowBox[{ " TraditionalForm”, "[”,
RowBox[ { ” LegendreP ”[”
RowBox[{"m”, ”,”, ".”, "x"}1, 17}, "17}1}, "}7}, 17},

12
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"}, "R, 7,7, "Delimiter”, ”,”, "\n”, "\[IndentingNewLine]”,
RowBox[{"{",
RowBox|[ {
RowBox[{ "{”
RowBox[{ func3 L, 7 "\"\<weight function\>\""}1, "}"}1, 7,
\[IndentlngNewLme] TR
RowBox[{"{",
RowBox[ {
RowBox[{”1”, "\[Rule]”, "\"\<identity\>\""}], ”,”
”\[IndentingNewLine]”, "..”,
RowBox[ {
RowBox[ {
RowBox[{ " (",
RowBox[{"1”, "-",
RowBox[{"x”, ”"”, "2”}1}], ")}, "7
RowBox[{ " ("
RowBox([ {
RowBox[{"—", "1”}], "/™, "2"}], ")"}1}1, "\[Rule]”,
RowBox[{ " TraditionalForm”, "[”,
RowBox[{"1”, "/”,
RowBox([ {
RowBox[{ " (",
RowBox[{”"1”, "-",
RowBox[{"x”, ”"”, "2”}1}], ")}, 7"
RowBox[{ " (",
RowBox[ {17, "/”, "2"}], ") }I}1}1, "1"}1}, 7.
"\[IndentingNewLine]”, "\t”,
RowBox[{ "x”, ”"\[Rule]”,
RowBox[{ ” Style”, "[”,
RowBox[{ "\"\<x\>\"", »,”, “Italic”}]1, "17}1}1}], "} 3L 3L
"Delimiter”, ”,”, "\[IndentingNewLine]”,
RowBox[{"{",
RowBox|[ {
RowBox[{ "{”
RowBox[{
n1”, ” i

\ \<mode n of \'\ \*SubscrlptBox[\(f\ NN TN OON>\""3T, "}7 3},

RowBox[{ Appearance \[Rule] \\<Labe|ed\>\ B I A Y I
"\[IndentingNewLine]”
RowBox[{"{",
RowBox|[ {
RowBox[{ "{”
RowBox[{
n2”, ” r2”,

\ \<mOOIe m Of \'\ \"*SUbSCHPtBOX[\(g\ ATV CONS\""}], "} 3,

RowBox[{ Appearance \[Rule] \\<Labe|ed\>\ 20 I S S I
"Delimiter”, ” \[IndentlngNelene]
RowBox[{"{”,
RowBox|[ {
RowBox[{"{",
RowBox[{"a”, ”,”, "Pi”, ”,”, "\"\<interval\>\""}], "}"}], ”,”
RowBox[{"{”,
RowBox[ {
RowBox[{ "Pi”, "\[Rule]”, "\"\<[-\[Pi] \[Pi]\>\""}], ”,”,
RowBox[{ "1, "\[Rule]”, "\"\<[-1,1\>\""}]}], "}"}I}], "}"}, 7.7
"\[IndentingNewLine]”, ”\[IndentingNewLine]”,
RowBox[{” Initialization”, ”\[RuleDelayed]”,
RowBox[{"{",
RowBox[ {
RowBox[{ " (”
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RowBox[ {

RowBox[{ "MySin”, ” [ "

RowBox[{”nn_", ",

RowBox[{ "Sin”, "[”,
RowBox[{”nn”,
RowBox[{ " (",
RowBox([ {

xx-7HL TR =T

"17 33

RowBox[{ "MyCos” , ” [ "

RowBox[{"nn_.", ”,

RowBox[{ "Cos”, "[”,
A O

RowBox[{ ”"nn”

"1731], “Input”,
CellChangeTimes—>{
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{3.4178815147210617 ‘«"

9}, {3.3990493331796727'«"9,
{3.83991355039040527 ‘«"9,
{3.4178728087566223 "9,
9, 3.417881530329028%"9}, {

3.417882061805834%"9, 3.41788209728061+«"9}, 3.417882276901044x"9, {
3.417882355761715%"9, 3.417882408179166+"9}, {3.417882575733656x"9,
3.417882579955597+"9}, {3.417883143898563%"9, 3.417883145532776x"9}, {
3.417883260779092%"9, 3.417883277918192x"9}, {3.4178833104245987x"9,
3.417883535319605%«"9}, {3.4178846808145447‘x"9, 3.4178846890496283'x"9},
3.417884780283465%"9, {3.417886934432981x"9, 3.417887025490025%"9},
3.4178871370125847«"9, {3.417887181905555x"9, 3.417887182090144x"9}, {
3.4178872191473913«x"9, 3.417887219368348x"9}, {3.417887351372546%"9,
3.4178873609569693x"9}, {3.417887398226165%"9, 3.417887467684668+"9}}],

Cell[BoxData|
TagBox|[
StyleBox [

DynamicModuleBox[{ CellContext‘a= Pi,CellContext ‘func2

‘func3 =

= CellContext'MySin,CellContext

1, CellContext'nl= 1,CellContext ‘n2 = 2, Typeset ‘show = True,

Typeset ‘bookmarkList =
Typeset ‘animvar = 1,

Typeset ‘animator,

"\"untitled\””, Typeset‘specs = {{{
Hold [ CellContext' func2],CellContext ‘MySin,
“functiono\ I\ (\* SubscriptBox [\ (g\),-\(m\)1\) (
CellContext' MySin— >TradztwnalForm[Sm[CelIConteXt m CeliContext‘z]|,
CellContext ‘MyCos —>

TraditionalForm|
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{}, Typeset ‘bookmarkMode = "Menu”,
Typeset ‘name



A QUELLTEXTE

Cos[CellContext‘mCellContext ‘x]], HermiteH —>
Row[{ "Hermite.polynomial”,
TraditionalForm][
HermiteH[CellContext‘m,CellContext ‘x]]}], LegendreP —>
Row[{ "Legendre.polynomial ",
TraditionalForm][
LegendreP[CeliContext‘m,CellContext ‘x]]1}1}}, {{
Hold [ CellContext' func3], 1,” weight function”,1— > Yidentity”, (1—CellContext ‘x"2)" ...
Rational[—-1, 2] —
TraditionalForm[(1 — CellContext'z?)Rational[=1.2]],CelIContext ‘x —> Style["x”,

Italicl}}, {{
Hold [ CellContextnl, 0, 12, 1, Hold[CellContext'n2], 2,” modemo fSubscript Box|g, m](x)”, 0, 12, 1,

Hold[CellContext‘al], Pi,” interval”, Pi— > ”[—Pi], Pi]]”,1— > 7[—1,1]”, Typeset‘size=
57.5,2.,8., Typeset‘update= 0, T'ypeset‘init Done, Typeset‘skipInit Done=
False,CellContextfunc272= False,CellContext‘func377= False,CellContext'n178=
0,CellContext'n279= 0,CellContext'a80=
False, DynamicBox|Manipulate Manipulate Bozes|[1, StandardForm,” Variables” :>
CellContext'a

= Pu,

CellContext‘func2

CellContext'MySin, CellContext func3= 1,CellContext'n1
=1,

CellContext'n2
= 2,”ControllerVariables” :> Hold|

CellContext‘func2

)

CellContext‘func272, False], Hold[CellContextfunc3

CellContext‘func377, False], Hold[CellContext'n1

CellContext'n178, 0], Hold[CellContext'n2
CellContext'n279, 0], Hold[CellContext'a

CellContext'a80, False],” OtherVariables” :>
Typeset‘show, T'ypeset‘bookmarkList, Typeset‘bookmarkMode, Typeset‘animator, T'ypeset animvar, Typeset‘name, Type
Column|Grid[Plot[CellContext‘func1[CeliContext‘nl,CellContext’x],CellContext’ func2[CellContext'n2

CellContext'x], CellContext‘z,—CellContext'a

CellContext‘a

, AzesLabel— > Automatic, PlotLabel— > Tooltip[Style[Traditional Form|
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A QUELLTEXTE

CellContext'func1[CellContext‘nl,CellContextx]], 14,RGBColor[0.67, 0.75,
0.15]], TraditionalForm[CellContext‘ funcl[CellContext'n1

)

CellContext'x]]], Tooltip[Style[TraditionalForm[CellContext’ func2][CellContext'n2

)

CellContextx]],14,RGBColor[1, 0.47, 0]], TraditionalForm[CellContext‘ func2[CellContext'n2

)

CellContext‘x]]],PlotStyle -¢ Thick,RGBColor[0.67, 0.75, 0.15], Thick,RGBColor[1, 0.47, 0], Filling -¢,
Axis,ImageSize -¢, 295, 200, ImagePadding -¢, 40],Plot[CellContext’ funcl|[CellContext'n1

CellContext'x] CellContext func2[CellContext'n2

CellContext'x] CellContext' func3, CellContextx, -CellContext‘a,CellContext‘a
, AzesLabel— > Automatic, PlotLabel— > Tooltip|[Style[Traditional Form|

CellContext'func1[CellContext‘nl, CellContext’x] CellContext’ func2[CellContext'n2

CellContext'x]
CellContext' func3], 14, Color Data]” HT M L”,” Slate Blue” ], Traditional Form[CellContext‘func1[CellContext‘nl, CellCon
CellContext' func2[CellContext'n2

CellContext'x]

CellContext' func3]], PlotStyle— > Thick, Color Data|” HT M L”,” Slate Blue”|, Filling— >
Axis, ImageSize— > 295,200, Image Padding— >

20, 20, 20, 45]], Text| Row[I f[Chop|N Integrate[CellContextfunc1[CellContext‘nl, CellContextx]
CellContext’ func2[CellContext'n2

)

CellContext’x] CellContext' func3, CellContext’x, -CellContext‘a, —1, 1,CellContext'a
, AccuracyGoal— > 2, PrecisionGoal— > 8, WorkingPrecision— > 20]] == 0,” Dasgewichteteinnere Produktist0, diebeid

CellContext'func1[CellContext‘nl, CellContext’x] CellContext’ func2[CellContext'n2

CellContext'x] CellContext func3,CellContext’x, -CellContext‘a, —1,1,CellContext‘a
, AccuracyGoal— > 2, PrecisionGoal— > 8, WorkingPrecision— > 20]],4],” . Diebeiden Funktionensind NIC HT orthogon

CellContext'func1, CellContext‘ MySin,” functionSubscript Box|f, n](X)”,

CellContext' MySin— > Traditional Form[Sin[CellContext'n CellContext‘z]],CellContext'MyCos
-¢ TraditionalForm[Cos[CellContext‘nCellContext’x]], HermiteH -;Row[’Hermite

polynomial”, TraditionalForm[HermiteH[CellContext‘n,CellContext’x]]], LegendreP -;Row[’Legendre
polynomial”, TraditionalForm[LegendreP[CellContext‘n,CellContext'x]]],”Specifications” :¢,
CellContext’ func2,CellContext'MySin,"function Subscript Box[g, m](X)”,

CellContext' MySin— > Traditional Form/[Sin[CellContext'm CellContext‘z]],CellContextMyCos
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-¢ TraditionalForm[Cos[CellContext‘mCellContext‘x]], HermiteH -; Row[’Hermite

polynomial”, TraditionalForm[HermiteH[C'ellContext‘m,CellContextx]]], LegendreP -;Row[’Legendre

polynomial”, TraditionalForm[LegendreP[CellContext‘m,CellContext'x]]],Delimiter,

CellContext’ func3, 1,”weight function”, 1— > ”identity”, (1—CellContext’x?)Rational[—1, 2] — >

Traditional Form[(1—CellContext'x?) Rational[~1,2]], CellContext'x -¢, Style[’x”, ltalic],Delimiter,

CellContext'nl, 1,”modeno fSubscript Box|[f, n](x)”, 0, 12, 1,Appearance -;"Labeled”,

CellContext‘n2,2,” modemo fSubscript Box[g, m](x)”, 0, 12, 1,Appearance -;, "Labeled”,Delimiter,

CellContext‘a, Pi,” interval”, Pi— > ”[—Pi|, Pi]]”,1— > 7[—1,1]”,” Options” :> ,” De faultOptions” :> |, ImageSizeCacl
:=Sin[CellContext‘nnCellContextxx],

CellContext' MyCos|Pattern|CellContext'nn,Blank[]],Pattern[CellContext‘zx, Blankl]]] :=

Cos[CellContext'nn CellContext‘zx]; Typeset‘init Done= True), SynchronousInitialization— >

True, UnsavedV ariables :> Typeset‘init Done, UntrackedV ariables :>

Typeset‘size],” Manipulate”, Deployed— > True, StripOnlInput— >

False], Manipulate' Interpret M anipulate[1]]],” Output”, CellChangeTimes— >

3.417887591097393+°], Open]], Open]], Cell[CellGroupData[Cell’ THISNOTEBOOK ISTHESOU RCECODEFROM”.
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