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Print ["Revision ", IntegerPart [Date[]]]

Revi sion {2013, 8, 29, 7, 11, 55}

Print ["This systemis:"]

{"Product | DNane", "ProductVersion"} /. $Product! nformation

ReadLi st [" tver", String]l[[2]]

{$Machi neType, $Processor Type, $ByteOrdering, $SystentCharact er Encodi ng}

This systemis:

{Mat hematica, 5.2 for Mcrosoft Wndows (June 20, 2005)}
W ndows 98 [versione 4.10.1998]

{PC, x86, -1, WndowsANSI }

5.2 Trasformate

5.2.0 Il concetto di trasformata ("From hell to heaven and back again...")

{N[Pi, 11], RealDigits[Pi, Pi, 2], RealDigits[3Pi *2, Pi, 31,
Real Digits[2Pi ~-4, Pi, 3], A=RealDigits[10., Pi, 13], FronDigits[A, Pi] // Expand}

{3- 1415926536, ({0, 3}, 2}, {{2, 3, 0}, 3}, ({1, 3, 0}, -3},

2 2 2 2 1 2 2 1
{{1, 0, 0, 0, 1, 0, 2, 2, 1, 2, 2, 2, 2}, 3}, —+—+—+—+—+—+—+—+7T2}
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5.2.1 Latrasformata di Fourier

= TheFourier transform of afunction f (t) isby default defined tobe

f f(eetdt.

1 )
= TheinverseFourier transform of afunction F(w) isby default defined as —— f F(w)e'“!dw.
Var S

2n

m Campana razionale (Un caso semplice)

n
@ canpanarazionale[t_] = ———
s (1 +n2t 2)
Fcanpanarazional e [w_] =

Fouri er Transf or m[canpanar azi onal e [t], t, w, Assunptions -» {n > 0}]
% // Pi ecewi seExpand

Abs [w]

@ n
Fcanmpanar azi onal e2 [w_] =
V2

Fcanmpanar azi onal e [w] == Fcanpanar azi onal e2 [w];
{Full Simplify[% w>0], FullSinplify[%, w<O0]}
Li m t [Fcanmpanar azi onal e [w], w - 0];
{%,
Fcanpanar azi onal e [0], Fcanpanarazi onal e2 [0] = %}
I nver seFouri er Tr ansf or m[Fcanpanar azi onal e [w], w, t] // Toget her
I nver seFouri er Tr ansf or m[Fcanpanar azi onal e2 [w], w, t]

n

o (1+n2t2)

w 2w
en (en UnitStep[-w] +UnitStep[w]
V2
en w>0
N2
en w<0
N2
2w
en |[l+en
True
L V2
7Abs[u]
e n
V2

{True, True}

{\/2177( \E True}
n

o (1+n2t2)

n

o (1+n2t2)
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n=3;
n
7 (1 +n2t 2)
Fcanmpanar azi onal e [w_] = Fouri er Transf or m[canpanarazi onale [t], t, w]
{Li m t [Fcanpanar azi onal e [w], w -» 0],
Fcanpanar azi onal e [0]}

canpanarazionale[t_] =

3
(1+9t2)
Vo2
1 1
= =

pl = Pl ot [canpanar azional e [t], {t, -1, +1}, PlotRange -» {0, Automatic},
AxesLabel - {"t", "f (t)"}, DisplayFunction - ldentity];

p2 = Pl ot [Fcanpanar azi onal e [w], {w, -15, +15}, Pl ot Range -» {0, Automatic},
AxesLabel -» {"w", "F(w)"}, DisplayFunction - ldentity];

Show[G aphi csArray [{pl, p2}11;

= Porta (Effetto di un filtro passa-basso)

portaf[t_] =UnitStep[t +a] -UnitStep[t -a]

Fporta[w ] = FourierTransform[portalt], t, w] // ExpToTrig // Full Sinplify
filtro[w 1:=1/(1+.04w"2); Fportatrunc[w ] :=Fportafw]filtrolw];
portatrunc [t_] = |l nverseFourierTransform[Fportatrunc [w], w, t];

-UnitStep[-a+t] +UnitStepla+t]

/% Sin[aw]

w
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a=1;, pl=Plot[{porta[t], portatrunc[t]},

{t, -2, +2}, PlotRange » All, PlotStyle » {{Thickness[0.01]1}, {}},

AxesLabel - {"t", "f(t), f(t) filtrato"}, D splayFunction -» Identity];
p2 = Pl ot [{Fporta[w], Fportatrunc[w]}, {w, -12, 12},

Pl ot Range -» Al I, PlotStyle -» {{Thickness[0.011}, {}},

AxesLabel - {"w", "F(w), F(w) filtrato"}, DisplayFunction -» ldentity];
Show[G aphi csArray [{pl, p2}11;

f(t), f(t) filtrato filtrato
0.8
0.6
0.4
0.2 A\
X~ °
: \7
=2 1 1 2

» Analis dati (Dov'éla sinusoide?)
<< Graphics Ml tipleListPlot®

freq=12/ 128; noi se=4; nsanpl e=64;

{freq, 1/ freq,freq nsanpl e, nsanpl e(1-freq)}//N

signal =Table[N[Sin[2 Pi freq n]],{n, nsanpl e}];

% / Short

dat a=Tabl e[ si gnal [ [ n] ] +noi se(Randon{]-1/2), {n, nsanpl e}];

% / Shor't

Fouri er[data]// Chop;

Short [ % 5]

Fdata = Abs[ %4 ;

% / Short

Posi ti on[ Fdat a, Max[ Fdat a] ]

Plus[%-1]/nsanpl e/ /N

Mul ti pl eListPlot[{data,signal}, PlotJoined -> {True, True}, Pl otLabel 3'signal, signal+noi s
Li st Pl ot [ Fdata, Pl otJoi ned-Irue, Pl ot Label ='| DFT(si gnal +noi se)|", Pl ot Range -Al | ];

{0. 09375, 10.6667, 6., 58.}
{0. 55557, 0.92388, «<61>>, 0.}
{1.06779, <«<62>>, 1.30614}

{0.296721, -1.10087 +0.482254 1, 0.65727 +0.197185 1,
<«<59>>, 0.65727 -0.197185 i, -1.10087 - 0.482254 i}

{0.296721, <«<62>>, 1.20186}
{{7}, {59}}

({0.09375}, {0.90625}}
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Fa) si gnal, signal +noi se
3
2 b
1 ol
.l‘. ‘.t
L3
ki
KR t
i
-1k
-2t
| DFT (si gnal +noi se) |
4+
3t
2}
1
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= Denti di sega (Seriedi Fourier per una funzione periodica)

<< Cal cul us” Fouri er Transform
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sawtooth[t_] =t - Round[t ]

sawt oot h3 [t _] = FourierTrigSeries[t, t, 3]

sawt oot h3N[t _] = NFourierTrigSeries [sawtooth[t], t, 3] // Chop
sawt oot h10N[t ] = NFouri erTri gSeries [sawtooth[t], t, 10] // Chop;

t - Round [t ]

Sin[(2xt] Sin{d4nt] Sin[6nt]
- +
7T 27t 37

0.31831Sin[2nt] -0.159155 Sin[4 nt] +0.106103 Sin[6 rt ]

pl = Pl ot [Eval uate [{sawt oot h[t ], sawt oot h3N[t ], Sequence eesawt oot h3N[t]1}],
{t, -.6, .6}, PlotStyle » {{}, {Hue[O0]}, {Hue[1/3]}, {Hue[l/3]}, {Hue[l/3]}},
AxeslLabel - {"t", "f (), f(t)s; e "3}, DisplayFunction -» ldentity];
p2 = Pl ot [{sawt oot h[t], sawtoot h1ON[t]}, {t, -.6, .6},
PlotStyle » {{}, {Hue[0]}}, AxeslLabel - {"t", "f (t), f (t)w0"},
Di spl ayFunction -» Identity]; Show[G aphicsArray [{pl, p2}11;

f), f(t)se f(t), f(t)w
0.4 0.4
0.2 / 0.2
/ t t
-0.6 \\0.4 /-0.2 7 0N2 0.4 0.6 -0.6}1-0.4 -0.2 0.2 0.4 0.6
-g.2 -0.2
-0.4 -0.4

= Triangle

T=10; n=3; a=1; b=T/n;

a+(-2a/b)t O0<t <T/n
(2a/(T-b))t-(a/(T-b)) (T/n)y-a T/nst<T
triangle[t_1:=core[Md [t, T]]

Pl ot [Evaluate[triangle[t] ], {t, -2T, 2T}, AxesLabel - {"t", "triangle(t)"}];

coreft_]:= {

triangle(t)
1}

0/5¢t

-1t

<< Cal cul us” Fouri er Transform
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triangle2[t_1] =
FourierTrigSeries [triangle[t], t, 2, FourierParanmeters -> {0, 1/T}] // Expand
triangl e2N[t_] =triangle2[t] // N// Sinplify

27Cos[%-] 27Cos[25] 9B sin[i-] 93 sin[it]
+ - +

4 72 16 72 4 72 16 72

0. 683918 Cos [0. 628319 t ] + 0. 170979 Cos [1. 25664 t | -
0.39486 Sin[0. 628319t ] + 0. 0987151 Si n[1. 25664 t ]

NFourierTrigSeries [triangle[t], t, 5 FourierParameters -> {0, 1/T}]
triangl eSN[t_] = Chop[% // N// Sinplify, 107]

1 16 it 2t 17 3t
I [1. 40433 x 10716 4 2. 16274 Cos [7} + 0. 540685 Cos {7] ~1.75542 x 107 Cos [ ] .
5 5 5

V1o

4t oot
0. 135171 Cos [—} +0.0865095 Cos [t ] - 1. 24866 Sin [—
5 5

2t
+0.312164 Si n[T} +

6 3t 4t
2.45758 x 1076 Sin [7} ~0.0780411 Si n [7] +0.0499463 Sin[rt ]
5 5

0. 683918 Cos [0.628319t] +0.170979 Cos [1. 25664t ] +
0. 0427449 Cos [2. 51327 t ] +0. 0273567 Cos [3. 14159t ] - 0. 39486 Sin[0. 6283191t ] +
0.0987151 Sin[1. 25664t ] - 0.0246788 Sin[2.51327 t] +0.0157944 Sin[3. 14159t ]

Plot [{triangle[t], triangl e2N[t], triangl eSN[t]}, {t, -T, T}, AxesLabel -
{"t", "triangle(t), Fourier: order 2, order 5"}, PlotStyle -» {Bl ack, Red, Blue}];

triangle(t), Fourier: order 2, order 5

1

-10 -5 L 5

-0.5F
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Triangle, da A. Poto, " Elettronica” , pag. 11, Esercizio 1, corretto

a=12; T=10"-3; n=2; b=T/n;
a+(-2a/b)t O0<t <T/n
{(Za/ (T-b))t-(2a/(T-b)) (T/n)-a T/n=st <T
triangle[t_]1:=core[Md [t -T/4, T]]
Pl ot [Eval uate[triangle[t] ], {t, -2T, 2T}, AxesLabel - {"t", "triangle(t)"}];

coreft_1:=

triangle(t)

10

— t
-0.002 -0./001 0.po1 0. po2

<< Cal cul us” Fouri er Transform

triangle5[t_1 =

FourierTrigSeries [triangle[t], t, 5 FourierParanmeters -> {0, 1/T}] // Expand
% //

N

96 Sin[2000 7t] 32Sin[6000t] 96Sin[10000 nt]
- +
2 3 2 25 2

9.72683 Sin[6283.19t] -1.08076 Sin[18849.6t] +0.389073 Sin[31415.91 ]

Pot oT = Table[12 (2/ m)*nSin[n2x1000t], {n, 1, 5, 2}1;

Poto[t_] = Pl us @@ Pot oT

% // N

Pl ot [Eval uate [Pot oT], {t, O, 1.5T}, PlotStyle » {Hue[O], Hue[l /3], Hue[2/3]1}];
24 Sin[2000 rt] 96Sin[6000t] 384Sin[10000rt]

+ +

7T 3 75

7.63944 Sin[6283.19t] +3.09615Sin[18849.6t] +1.25482 Sin[31415.91]
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Plot [{triangle[t], triangle5[t], Poto[t]}, {t, -T, T},
Pl ot Styl e -» {Bl ack, Geen, Red}, AxesLabel - {"t", "triangle(t), ne, Poto"}];

triangle(t), ne, Poto

-10

Appendice 5.2.A Introduzione al funzionamento di Wolfram Research Mathematica

2, (-1)*
{"Hello world:", 1+1, Expand[(a+b)"9],4z }
o 2k+1

{Hello world!, 2,
a®+9a’b+36a’b?+84a°h%+126a°h* +126a*b>+84a%b®+36a°b’ +9ab® b’ n}

imax = 1; jmax = 8;

G austufen = Tabl e[GrayLevel [1-] / (jmax -1)], (i, O, imax -1}, {j, O, jmax -1}7;
Show[G aphi cs [Raster Array [G austufen]],

Aspect Rati o » Autonmatic, Frame -» True, FrameTi cks -» None];

Uberblick der Definitionen

= TheFourier transform of afunction f (t) isby default defined to be

r f(eetdt.

1 )
m TheinverseFourier transform of afunction F(w) isby default defined as —— f F(w)e'“!dw.

Van

Ver
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m Fourier trigonometric series(of aperiodicfunction of t)

k
f () = |p|i+a/2 [co + ch cos(2zbnt) + dysin(2xbnt)

n=1

1/(21b1)
Co= |b|(l—a)/2 fl;(zml)f(t)dt

1/(2101)
Cy = 2|b|1-3/2 f f(t) cos@xbnt)dt
-1/(21b)

1/(2101)
dy=2 |b|<1-a>/2f f()sin@xbnt)dt
-1/(21b1)

m Fourier exponential series(of aperiodicfunction of t)
f (t) - |b|(l+a)/2 Zﬁ:-k Fn e—27ri bnt

F, = |b|4-/2 Lll//((zzllbli?)f (t) 27ibnt g

? FourierTrigSeries

FourierTrigSeries [expr, t, k] gives the kth order Fourier trigononetric
series approximation to the periodic function of t that is equal to expr
for -1/2 <=t <= 1/2, and has a period of 1. FourierTrigSeries [expr, t,
k, FourierParameters -> {a, b}] gives the kth order Fourier trigononetric
series approximation to the periodic function of t that is equal to expr
for -1/(2 Abs[b]) <=t <= 1/(2 Abs[b]), and has a period of 1/Abs[b]. More...

? FourierSeries

FourierSeries [expr, t, k] gives the kth order Fourier exponential series approximtion to
the periodic function of t that is equal to expr for -1/2 <=t <= 1/2, and has a period
of 1. FourierSeries[expr, t, k, FourierParaneters -> {a, b}] gives the kth order
Fourier exponential series approximation to the periodic function of t that is equal
to expr for -1/(2 Abs[b]) <=t <= 1/(2 Abs[b]), and has a period of 1/Abs[b]. More...

sincos = ASin[wt] +BCos[wt]

S=Sqgrt [A"2 +B"2]

¢ = ArcTan [A, B]

sing =SSin[wt +¢] // TrigToExp // Full Sinplify
Sing === si ncos

BCos [t w] +ASIin[t w]
AZ .+ B?

ArcTan [A, B]

BCos [t w] +ASIin[t w]

True

Fourier trigonometric series
<< Cal cul us” Fouri er Transform

Fouri er CosCoefficient [f[t], t, O, FourierParanmeters -> {0, 1/T}] // Traditional Form

Iml

[Htwmadt

vl
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Fouri er CosCoefficient [f[t], t, n, FourierParaneters -> {0, 1/T}]
1
Abs [T]

Abs [T] Abs[T] ]
t], {t, - , } AssunptlonSQ{nelntegers,nzO}}]

2n7Tt}

[Zlntegrate[Cos[ =

2 2
FourierSinCoefficient [f[t], t, n, FourierParaneters -> {0, 1/T}]
1

Abs [T]

] 2nt Abs [T] Abs[T] .
(2Integrate[f [t}Sln{ = } {t, - 5 , 5 } Assunptions - {n elntegers, nzl}}]

FourierTrigSeries [f[t], t, 3, FourierParaneters -> {0, 1/T}] // Expand // Traditional Form

m m m m
f_ﬁ_lf(t)d’t 2003($)f_%1003($) f(t)dt 2(:os($)f_%lcos($) f(t)dt 2003(?”_%_'003(?) f()dt
2 + 2 + 2 + 2 +
TI TI [T] T|

Iml

m m m
zf_@f<t>gn($)m)gn($) z[f_@f<t)sn($)d't]sin($) z(f_slfmsn(ﬁ“)dt)gn(?)

T
+ +
Tl [T] IT|

Fourier exponential series
<< Cal cul us™ Fouri er Transform
FourierCoefficient [f[t], t, n, FourierParaneters -> {0, 1/T}]
1 2innt Abs [T] Abs|[T]

——Integrateje ™ f[t], {t, - , } Assunptions - {nelntegers}
Abs [T] 2 2

FourierSeries[f[t], t, 3, FourierParameters -> {0, 1/T}] // Expand // Traditi onal Form

m 2int T 2int 2int T 2int

f_%_,f(t)dt eTf_Ee_Tf(t)dt e T [heT fhdt

+ + +
IT| T| T
airt T gint qint T gint sirt T 6int sirt T 6int
ev [he T fdt e T [HeT f(hdt e T [he T f(hdt e T [ReT f(hdt
2 + 2 + 2 + 2
[T IT| T| IT|

"Esisitono 10 tipi di persone: quelli che capiscono il codice binario e quelli che non lo capiscono.”



