in[1= (*DISCRETEFOURIER TRANSFORMz)

in[z:= ?Fourier

Fourier[list] finds the discrete Fourier transform of a list of complex numbers. >

3= (xThediscrete Fourier transformvsof a listu;of lengthnisby default definedto be
1 ir—
EZp:lureZm(r 1)(s-1)/n *)

inj4)= ?InverseFourier

InverseFourier{list] finds the discrete inverse Fourier transform of a list of complex numbers. >

ins:= («xTheinverseFourier transformu,of a listvsof lengthnisdefinedto be

1 —oni(r—
\/_anlvse 2ri(r=1)(s-1)/n *)
n

inel= list={1, 2, 3};
in[7:= Fourier[list](xcan be only numericak)

ou7]= {3.4641+0. i, -0.866025-0.51, -0.866025+0.51}

infgl:= Chop[%]
ougl= {3.4641, -0.866025-0.51, -0.866025+0.51i}

infol:= myFour[list_] := Block[{n = Length[list]}, 1/ Sqrt[n] = TablefSum[list[[r]1 Exp[2Pi | (r — 1) x(s—1)/n], {r, n}1, {s, n}]]

inf101:=  myFour[list]

2ir 2 2in 2i

143¢ 5 4+2e3 14+2e 5 +3es
out[10]= {2\/3, , }

/3 /3

in11:=  N[%](xsamethings)

ouf11]= {3.4641, -0.866025-0.51i, -0.866025+0.51}

n1z)= list={a, b, c};

in[13:= myFour[list]

2in 2 2in 2in

{a+b+c a+ce 3 +bes a+be’T+CeT}

Out[13]=

V3 V3 J3
inf4;= Clear[prod]; prodflistd_, list2_] := Conjugate]list1].list2(«thisisthe " scalar product” x)
ns)= listl={I, =1, Exp[l Pi/4]}; list2 = list;
in[16]:= prod[listl, list]
ouffiel= -ia+ib+c e’lTﬂ
n17= Clear[el; efk_]:= TabldEXp[2Pil (M- 1)k —1)/n], {m, n}]xn will be dimensior)
n[fisl= N=4; €[2]

oufig= {1, i, -1, -1}
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In[19]:=

out[19]=

In[20]:=

out[20]=

In[21]:=

In[22]:=

prod[e[3], e[2]] (xorthogonalityx)
0

prod[e[3], e[3]]
4

A = Tabldeli], {i, n}l;

A // MatrixForm

Out[22]//MatrixForm=

In[23]:=

In[24]:=

out[24]=

In[25]:=

In[26]:=

In[27]:=

out[27]=

In[28]:=

In[29]:=

In[30]:=

In[31]:=

In[32]:=

In[33]:=

In[34]:=

1 1 1 1)

1 1 -1 -1
1 -1 1 -1
1 -i -1 1

Clear[myFlist]; myFlistflist_] := Block[{n = Length[list]}, Block[{A = Tabldeli], {i, n}1}, 1/Sqart[n] = A.list]]

myFlistlist](xsamething«)

2im 2inm 21 2irm
{a+b+c a+ce 3 +bes a+b<e’T+CxeT}
V3 /3 /3

myFinverse:= Block[{n = Length[#]}, Block[{A = Tablde€[il, {i, n}1}, Sqrt[n] = InversefA].H#]] &
myFinver sgymyFlist{list]];

FullSimplify%] («the original listx)

{a, b, c}

(xnow let usapply to smoothingof data — will use a convolutiontheorem in discrete ver sionx)
Clear[a, s, d, kist, kern, fkern]

dflist_] := Length[list]

s[list_] := Plus@@ list (xsumof all elementsof listx)

kist[a_, list_] := TablegN[Exp[-(i /a)" 2]1, {i, d[list]}] (xa corresp to width of kernel;a large——>ker broad,;
prelimto construct Gaussian ker nel;
not normalized need sum of all elementsto be 1x)

kern[a_, list_] := kist[a, list] / g[kist[a, list]]
(xGaussian kernel because divideby value— the sum of all elementsis1 — see e.g. belows)

list = Tabldi, {i, 10}];
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in[3s]:= ListPlot[kern[2, list], PlotStyle - PointSizg.02], AxesOrigin - {0, 0}]
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insel= slkern[2, list]]

out[zel= 1.

in371:= fkern[a_, list_] := Fourier[kern[a, list]] // Chop(xFourier Transformof the Kernelx)

in[38l:= gla_, list_] := InverseFourier[Fourier[list] « fkern[a, list]] (xInvFT of the product~=convultion of list with kernelx)

inE9)= ansa_, list_] := gla, list] * Sqrt[d[list]] // Chop
(*xmult by Sgrt[n] bc Fourier and fkern both have 1/Sgrt[n] and I nvFour accountsfor one of them...x)

In[40]:=
in41]:= («*Examplebelows)

n2)= list={1, 2, 3};

inf43:= angl., list] (xalmost the sameas original list — kern isnarrowsx)

ouez= {1.09514, 1.95291, 2.95195}

inf44]:= ang[10., list] («for a broad kernel every elementiscloseto average, 2x)
outas= {1.98979, 1.98364, 2. 02657}
ins)=  (sthiswasa bit artificial example now take somethingmore " real" )

inj46]:= res= TabldSin[0.1x] + 0.4 (Random[] — 1/ 2), {x, 100}]; (*Random[] gives# btwn 0 and 1;
creating a smooth funct plussome noisex)
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in47:= ListPlot[res]
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inj4s:= red = RGBColor[1, 0, 0]; blue= RGBCaolor|[0, 0, 1];

inf49:= ploSin:= Plot[Sin[x/10] + .1, {X, O, 100}, PlotStyle» blue DisplayFunction— |dentity]
ins0:= PloRes:= ListPlot[res, PlotStyle—» {blug PointSiz4.015]}, DisplayFunction— |dentity]
in[s1:= plol:= ListPlot[ang[1, res], PlotJoined —» True, DisplayFunction— Identity]

in[s2):= plo3:= ListPlot[ang]3, res], PlotJoined —» True, DisplayFunction— Identity, PlotStyle —» red]

in[s3:=  ShowfploSin, ploRes, plol, plo3, DisplayFunction— $DisplayFunction]

out[53]=

in[s41:= (xnotethat black line— plol — practically does not alter original datas)
in[ss:= plol0:= ListPlot[ang[10, res], PlotJoined —» True, DisplayFunction— Identity, PlotStyle - red]

ins6):=  Show{ploSin, ploRes plol0, DisplayFunction— $DisplayFunction]

out[56]=




In[57]:=

out[58]=

In[59]:=

out[59]=

In[60]:=

out[60]=

(xextracting fourier—componentsk)

res = TablgSin[ x] + (Random[] — 1/2), {x, 1000}];
ListPlot[res]

(+practically no useful infor mations)
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ListPlot[AbgFourier[res]], PlotJoined —» True](+too much noise on small scalex)
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ListPlotf[AbgFourier[res]], PlotJoined - True, PlotRange - {0, 20}]
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ine1:= ListPlot[AbgFourier[res]], PlotJoined - True, PlotRange —» {{140, 180}, {0, 15}}]

out[61]=
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ine2):= (sthepeak isat 1000/(2Pi)~=160x)

In[64]:=

In[65]:=

In[66]:=

in[67]:= (xconsider now a periodic non—sinusoidal functior)
in[es]:= res= TablgModli, 3], {i, 100}];

infeo]:= ListPlot[AbgFourier[res]], PlotJoined - True, PlotRange - {0, 4}]
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out[e9)= 2
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in[7ol:= (sthepeak isat k=n/period ~= 33, since 2Pi areincludedin
definition Thereisa mirror peak at
n—n/period~=67x)

In[71]:=



