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Fourier mit Mathematica, Grundversion

A Einfihrung

?*Fourier*

System”

Fouri er | nver seFouri er

Fouri er CosTransf orm | nver seFouri er CosTr ansf or m
Fouri er Par anet er s | nver seFouri er Si nTr ansf orm

Fouri er Si nTransf orm | nver seFouri er Tr ansf or m
Fouri er Transf orm

Calculus FourierTransform™

DTFouri er Tr ansf or m NFour i er CosSeri esCoef fi ci ent
Fouri er Coef fi ci ent NFour i er CosTr ansf orm

Fouri er CosCoef fi ci ent NFour i er ExpSeri es

Fouri er CosSeri esCoef fi ci ent NFouri er ExpSeri esCoeffi ci ent
Fouri er ExpSeri es NFouri er Seri es

Fouri er ExpSeri esCoeffi ci ent NFourierSi nCoeffi ci ent

Fouri er Fr equencyConst ant NFouri er Si nSeri esCoef fi ci ent
Fouri er Over al | Const ant NFouri er Si nTransf orm

Fouri er Sampl e NFouri er Transf orm

Fouri er Seri es NFouri er Tri gSeri es

Fouri er Si nCoef fi ci ent NI nver seDTFouri er Transf or m
Fouri er Si nSeri esCoefficient N nverseFourierCoefficient
FourierTrigSeries NI nver seFour i er CosTr ansf or m

I nver seDTFouri er Transform N nverseFouri erSi nTransf orm
I nver seFouri er Coef fi ci ent Nl nver seFouri er Tr ansf or m
NDTFouri er Tr ansf or m $Fouri er FrequencyConst ant
NFour i er Coef fi ci ent $Fouri er Overal | Const ant
NFour i er CosCoef fi ci ent

Fourier[list] finds the discrete Fourier transformof a list of conpl ex numnbers.
Mehr...

Fouri er CosTransformiexpr, t, w] gives the symbolic Fourier cosine transform
of expr. FourierCosTransformexpr, {tl1, t2, ... }, {wl, w2, ... }]
gi ves the nultidi mensi onal Fourier cosine transformof expr. Mehr...

"FourierParameters is an option to Fourier transform functions that specifies the convention to follow for the overall
constant and the frequency constant. For FourierParameters -> {a, b}, FourierTransform[expr, t, w] is equivalent to
Sort[Abg[b]/((2 Pi)*(1-a))] Integratelexpr Exp[l b w t], {t,-Infinity,Infinity}]."”

Fourier Si nTransform[expr, t, w] gives the synbolic Fourier sine transform
of expr. FourierSinTransformiexpr, {t1, t2, ... }, {wl, w2, ... }]
gi ves the nultidimensional Fourier sine transformof expr. Mehr...
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Fouri er Transformiexpr, t, w] gives the synmbolic Fourier transform
of expr. FourierTransformiexpr, {tl1, t2, ... }, {wl, w2, ... }]
gives the nultidi mensi onal Fourier transform of expr. Mehr...

I nverseFourier [list] finds the discrete
i nverse Fourier transformof a list of conplex numbers. Mehr...

I nver seFouri er CosTransformexpr, w, t] gives
the synbolic inverse Fourier cosine transformof expr.
I nver seFouri er CosTransf or mexpr, {wl, w2, ... }, {t1, t2, ... }] gives
the nul tidi mensi onal inverse Fourier cosine transformof expr. Mehr...

I nver seFouri er Si nTransf or mexpr, w, t]
gi ves the synbolic inverse Fourier sine transform of expr
I nver seFouri er Si nTransf or mexpr, {wl, w2, ... }, {t1, t2, ... }] gives
the mul tidi mensional inverse Fourier sine transform of expr. Mehr...

I nver seFouri er Transfor mexpr, w, t]
gi ves the synmbolic inverse Fourier transform of expr.
I nver seFouri er Transformiexpr, {wl, w2, ... }, {t1, t2, ... }]
gi ves the nultidi mensional inverse Fourier transform of expr. Mehr...

<< Cal cul us” Fouri er Transform

? Cal cul us” Fouri er Transf orm N*

Calculus FourierTransform”

NDTFour i er Tr ansf or m NFouri er Si nSeri esCoef fi ci ent
NFour i er Coef fi ci ent NFouri er Si nTransf orm

NFour i er CosCoef fi ci ent NFouri er Tr ansf orm

NFour i er CosSeri esCoef fici ent NFourierTrigSeries

NFour i er CosTr ansf orm NI nver seDTFouri er Tr ansf or m
NFour i er ExpSeri es NI nver seFouri er Coef fi ci ent
NFour i er ExpSeri esCoef fici ent N nverseFouri er CosTransf orm
NFouri er Seri es NI nver seFouri er Si nTransf orm
NFour i er Si nCoef fi ci ent Nl nver seFouri er Transf orm

Renmove["d obal ™ "]
Fouri er Transfor my [X], X, w]

Fouri er Transformly [X], X, ]

Fouri er Transformly' [X], X, w]

-iwFourierTransformly[x], X, w]

FourierTransformy'' [X], X, w]

-w? FourierTransformy[x], X, w]

FourierTransformy'"'' [X], X, w]

iw® FourierTransformy[x], X, w]
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FourierTransformy'"''' [X], X, w]

w* FourierTransformy [X], X, w]

Fouri er Transformy [x] + D[y [X], X1, X, w] // Sinplify

Fouri erTransformly [X] +Y'[X], X, w]

fourierTransformly[x], X, w] :=FourierTransformly[x], X, w]

fourierTransformyl_+y2__, X, w]:=
Fouri er Transform[yl, x, w] + FourierTransformly2, X, w]

fourierTransformyl_+y2_+y3_, X, w] :=
Fouri er Transform[yl, x, w] + FourierTransformly2, X, w]

fourierTransformy[x] +D[y[X], X1, X, w] // Factor

(1 -1iw) FourierTransformly[x], X, w]

fourierTransformly[x] +2D[y[x], Xx] + D[y[x], {X, 2}], X, w] // Factor

(1-21iw) FourierTransformly[x], X, w]

?Unit Step

Uni t Step[x] represents the unit step function, equal to 0 for x <
0 and 1 for x = 0. UnitStep(x1l, x2, ... ] represents the nultidi nensional
unit step function which is 1 only if none of the xi are negative. Mehr...

ft_J:=UnitStep[t +1] -UnitStep[t -17;
Plot [f[t], {t, -2, 2}];

1
E

0.8+

-2 -1 1 2

Fouri er Transf or mf [x], X, w] // Factor

JZ sinfl

w
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B LoOsungen

1
Fouri erTransformiy' [X], X, w]
-iwFourierTransformly[x], X, w]
FourierTransformy'"' [X], X, w]
-w? FourierTransformy[x], X, o]
FourierTransformy'"'' [X], X, w]
i w® FourierTransformy[x], X, ]
FourierTransformy'''"' [X], X, w]
w* FourierTransformy [x], X, w]

2

a
Sel c=1

fl[t_J1:=UnitStep[t +1] -UnitStep[t -1];
Plot [f1[t], {t, -2, 2}];

1
ES

0.8+
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b
f2rt_1:=f1[2t /Pi 1;
Plot [f2[t], {t, -3, 3}1I;
1
0.8}
0.6
0.4}
0.2
T3 2 1 1
c

f3[t_1:=f2[t]1Cos[t];
{t, _31 3}]1

Pl ot [f3[t],

-3 -2

Pl ot [f3[t],

-1

{t, _61 6}]1
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3
Sei c=1

fl[t_J1:=UnitStep[t +1] -UnitStep[t -1];
Plot [f1[t], {t, -2, 2}1;

1
ES

0.8+

fourierTransformlxy' [X] +2=x%y[X], X, w]

-iwFourierTransformly[x], X, w] +FourierTransform?2y[x], X, w]

links = (-2 wFourierTransformy[x], X, w] +2FourierTransform y[x], X, w] // Factor) /.
Fourier Transform[ y [X], X, w] » Y[w]

(2 -iw) Y[w]

rechts = Fouri er Transform[f1[x], X, w]
\J £ Sin(w]
w

sol vel = Sol ve[links ==rechts, {Y[w]}] // Flatten

i /2 sin(w)
{Y[w}—a w (21 +w) }
Yl[w] :=Y[w] /. solvel

11[x_]1:=InverseFourierTransformYl[w], w, x] // Sinmplify;
11[x]

—% (Cosh[2 (1+x)]-Sinh[2 (1+x)]) (Sign[-1+X] (Cosh[2 (1+Xx)]+Sinh[2 (1+X)]) -
Sign[l+x] (Cosh[2 (1+Xx)]+Sinh[2 (1+x)])-2e*UnitStep[-1+x]+2UnitStep[l+Xx])
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Plot [11[x], {x, -1, 5}];
0.5¢

fourierTransformlxy' [X] +1/2xYy[X], X, w]

FourierTransform[%, X, u)] - iwFourierTransformly[X], X, w]
links =

(-iwFourierTransformy[x], X, w] +1/2FourierTransform y[x], X, w] // Factor) /.
FourierTransform[ y[x], X, w] » Y[w]

1 (1-21iw) Y[w]

2

rechts = FourierTransform[f1l[x] /2, X, w]
Sin[w]

V27w

sol ve2 = Sol ve[links ==rechts, {Y[w]}] // Flatten

NEXE 202 W?Si
R S wdN[w] +214/% w3l Nnlw]

w? + 4 Wt }

Y2[w] : = Y[w] /. sol ve2

12[x_]1:=InverseFourierTransformY2[w], w, x] // Sinmplify;
12[x]

2 [cosh[ 5 Abs(-1+x]] _cOsh[%Abs[uxJ] :

Sign[l—x}+Sign[1+x}—Sinh[ s[- }]+Sinh[%Abs[1+xH+
Cosh[ ]UnltStep[ - J+S|nh[12 | UnitsStep[-1-x] -
msh[% -1+x) }UnitStep[l—x}—Sinh[%(—1+x)}UnitStep[l—x}+
COSh[%—%]UnItS’[ep[ 1+x}+8|nh[———}Un|tStep[ 14x] -
msh[lgx]UmtStep[1+x]+Sinh[1;X}UnitStep[1+x1)
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Pl ot [12[x], {x, -1, 7}]1;

0.6

fourierTransformlxy' [X] -1xy[X], X, w]

FourierTransform{ -y [x], X, w] - i wFourierTransformly[x], X, w]

links = (-1 wFourierTransformly[x], X, w] - FourierTransform[y[x], X, w] // Factor) /.
Fouri er Transform[ y [X], X, w] » Y[w]

-1 (-1 +w) Y[w]

rechts = Fouri er Transform[f1[x], X, w]
\J £ Sin(w]
w
sol ve3 = Sol ve[links ==rechts, {Y[w]}] //Flatten

i+/2 Sin[w]
{Ym»(ﬁ—}

w (-1 +w)
Y3[w] : = Y[w] /. sol ve3
13[x_]1:=InverseFourierTransformY3[w], w, x] // Sinmplify;
1 3[x]

1 .
> (—SI gnil-x] -

% (eSign[l+x]+2 (Cosh[x] +Sinh[x]) (e?UnitStep[-1-x]-UnitStep[l-x]))
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Pl ot [13[x], {x, -1, 7}1;

2 4 6

Pl ot [13[x], {x, 1, 7}1;

1+

0.5¢

-0.5¢

FourierTransformy'' [X], X, w] +
2 FourierTransformy' [X], X, w] +FourierTransformly[x], X, w]

(FourierTransformly'' [X], X, w] +
2 FourierTransform[y' [X], X, w] +FourierTransformly[x], X, w]) // Factor

7(j+w)2FourierTransform[y[x}, X, w]
links = (- (i+w)?FourierTransformy[x], X, w]) /. FourierTransform[y[x], X, w] » Y[o]
(1 +w)?Y[w]

rechts = Fouri er Transform[f 1[x], X, w]
\J £ Sin(w]
w
sol ved4 = Sol ve[links ==rechts, {Y[w]}] // Flatten

JZ siniw)

Y _
{ lw] = w(11+a))2

J

Y4 [w] : = Y[w] /. sol ve4d
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14[x_]1:=InverseFourierTransformY4[w], w, x] // Sinmplify;
14[x]

—% (Cosh[1l+x] -Sinh[1+X])

(eSign[-1+x] (Cosh[x] +Sinh[x]) -eSign[l+x] (Cosh[(x] +Sinh[x]) -
2e?xUnitStep[-1+x]+4UnitStep[l+x]+2xUnitStep[l+x])

Pl ot [14[x], {x, -1, 7}]1;

0.6




