EEH Y 7 — ) =251 55 7 (1]

~Fourier 2842 (2)~

MPOLEE FEL

RE $hsd
http://nalab.mind.meiji.ac.jp/ mk/fourier2021/

20214 11 H 10 H
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Q AHOWEA - HfkHIH

@ Fourier 4 (fii %)
0 VALK —FNZX Fourier 242 (Hi %)
0 FrHOEM

@ e~ O Fourier Zf
o Fourier ZH#ADFHAM 12 'H
o FIF L =MD oEH
o Fourier ¥ [ H&m (B1372 L 1K)
o XD HAIT DML



ARHODOWEA - EAKEHIH

o “T7Y—D7" Fourier ZHROFHIHZE 2 M H, #H&E/ — b [1] D 8§25
{BWET, Fourier £#UI, BAIAA L DBAFRPEETH 20, £
OV TIFUIES K RICHERZ Z 21 LT RED 51D
Fourier ZH1DIAN T 1HD 5,

Fourier ZH#aD#EmIE. (L& IREHEEDH TR T) MBS CEEERO RWEHEICKR %, Z
D TIFEIEGR O FFRIIMCE LI (Z DB RN T 250, FHICED S Z
2T %, AoaVNIZHERBIZRV, )o MHETZHEEEE T2 e 20MT X5,

sz OREZHEY LR, ZORBEORMZESTE 208513, M0
WCHhroTnd, EEZXD XD hotz, SHIDREICH N ALTD, EHbALHET
ETWEE S0, B THIL, MEPREIAVDHo76, HELTHET S Z L,
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2.3 Y AKX —F XN Fourier 2 231 % L v o (Fi8)

EH62 <WAX—FTRE Fourier Z{
MYFa>0r33,

@ 7= @ ——
@ 7| ]@=-1/5

@ f(x):= o (a<x<a) Lpcps Fre) = —5n(0) _ 1 o ae)
T & (2w ' S Vor & Ve '

N . sin x
7272 L sincx := .

= (g <a)
R 2a
@ 7| ™29 —vamx{ o’ (e>a)
7 (£ = +a).
@ 7] ©- \/%e‘% (— COBIINIHE-T 5. )
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2.3.4 e~ O Fourier Z*#2

EOEH a ZHVT, f(x)=e " tRINZHEH%E Gaussian ¥ I
So FHITRZEELBEKTD 2,

I3 (F2FE 6.2 (5) THBATZ & 5 10)
9 73X2 /
= © " Var V2a
DI D LD, [Gaussian D Fourier Z#21% Gaussian TH %, |
EWICEELERLZOT, 2200ifHZE5 2 %,
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2 . =
2.3.4 e O Fourier 2% FFAH1  mwcamrmzmd
B e e = e I DISIEI A A TER LT

. . 2
—ax® — i€x = —a <x2 + %x) = —a (X+ ;i) — %:

Wz
P @ A [T g L [T ket
Fix
(1) /Oo e+ 5) gy = /oo e dx.

MDD, TOFEF, i E%E@%ﬁ@%ﬁﬁf TORDEDOER" 1Tk > TRENS,
}: b %KTWD@T%L\_ &Uo %ﬁz‘; #ﬁ \/>X = y L\_c}:‘ﬂf

oo 2 oo} 2 d_y ﬁ
> dx = QR AN U
/,we x /,me 2 a2
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2.3.4 e O Fourier 245t FERA 1 (%) macammsi

(1) ZAMAL &5, EED X >0 LT, BERFETAM -X, X, X + £,
X+ £ RS T ARAVOREEOMEIC 1 AT 2HMME Cx 255, e &
éBFE’CIEEU“CZ%é Cauchy DD EHD» 5, Cx IR METE 0 TH %,

0:/ e dz
Cx
"X ) . 5 X . 5
:/ e ™ dx+/ e ¥ dz—/ e~ abet55) dx—/ e ¥ dz
J—x JIX X+is] —X JI=X,—X+i %]

X = +oo & Ll &, AOF 210, 55 4 TN 0 WIS %5, EBE z=x+iy
(x,y€R) Lkt & x==X, |y| <& Tthznrs

2
2 2 2 2 £ 2
_ eRc(faz ) — efa(x —y) < et efaX )

< / ‘ —a2?
T X X+ £

g2 2 &2 2
<eineg X / |dz| = e¥oe " > —
(X, £X+i £ 2

W2 (1) B D LD (Kl v H iy omRIE—B3 25 5). O

—az
e

WRIT X = +oo DEZE

2
/ e dz \dz|
[£X,£X+iL]
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2.3.4 e~ O Fourier Z*#2

(1) OFEFAE. HAR W KERFTRICE L 5 s 0 Lviwgy, BIEGHC
B XS RETRENP R HTHRZ DT, EIFHL <1380,

HirAIZ, BEGRZES &, EM 6.2 (2)

F {1] )= re %8

x2 + a2 a

b (RERX2ELSIC) Moz ERER LTt E 2 (24U MERBEU
TR HTHSH),
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2.3.4 e~ O Fourier Z*#2

FlERA 2

g§) = %/ e ey
EBL, il s TOWIHTES 2 L DFEIFHL <2V (8 F2oTHRS),

_ ax? 7ax2 —ix€
= —ix) e dx
V2r /m 23 \/ﬂ/
1 [/ 2\,
o —ax —ix& 4 - filtfy £
= — —e e "Sdx (1E x 22V TOM7D)
vV 27T [oo <23 >

1 i ST b g 2 .
— e~ e—le _ e (—if)e_lXEdX
= (& L [z

/

g'(€) e dx

ax? _—ix¢ _i
2a \/ﬂ/ dx = 2ag(§)
7 1 [ 1 1
—ax? _ . i _
g(0) = \V2m /_oo ¢ o= V2 va  V2a
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2.3.4 ﬁf@ 0.2 ODEEHH ({\/’ﬂ_f',%) e~ O Fourier ZE{f¢  ZFHA 2

WRAT Y = g(&) 1&. RDOER P E 57 75\ D WA R E

dy 1
@ =Y YO -
DIFTH 2, ThEfEl L
= e_% O

B8 (2) 2T,

BN Y 7 — ) =254 55 7 [l ~Fourier 24 (2)~
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2.4 Fourier ZZH DAY 72 E

TTIR.
Q@ ik
(3) FFf=Ff, FF'g=g
@ Fourier Z45 & 4% Fourier Z{ DB fR
(4) Ff(§) = FF(=¢)
DA LRI fE B /S 5402 Fourier ZHIOMWE (WR) 25T 2,

ChHOWHEDFHIE, BrOICRE TRTORMELWEED B2, ZhERHE
i TH2, BOENTHRS X512k A55 230 THEEKRT. B TARNHFITS -
Fry I TEHESICKLS),

(1) oI OWTIE, IFIFER L TR D TH 5, THOTTRE) L5 FEN
ffE 2 TR 23, BRI, MR Y 72 2B £ OFHE || AR FTHE

( / IF(x)|dx < +00). BB Lebesgue HIS OTERCHINATHE, L5 2L TH B,
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2.4 Fourier ZZH DAY 72 E

Rz
(5a) F(h+h)=Fh+Fh,
(5b) F(cf) = cFf

T DRIEED HHE Do

B H i %8 htt

BRI Y 77—V 240 5 7 [

~Fourier 2t (2)~
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2.4 Fourier ZHDFEAR L HE
FIHH  EREROTH

(6) F[f(x = a)] (&) = e > FF(¢),
(7) F [f(x)e™] (&) = FZf(¢ - a).

(LB DEWE AT 2 A0 D72 720, (7) F341E Fourier 4 L CTh & A TH ), )
BEFR FERfu=x—a EZEBEWL T, du=dx, x=u+a, x— —c0c DL X
Uu——00,X—=-00DEX U300 THBEND

Flf(x—a)(§) = \/E/ (x — a)e *edx = \/% /0; f(u)e (ura) gy

1 . .
— e ¢ f u)e M dy = e ZF().
Wor (u) 6)

—J

ﬂ[f(x)eiax](ﬁ) = \/% /OO f(X)eiaxe_ixédX _ i > f(X)e_iX(g_a)dX
T J oo .
=7f(—-a) O
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2.4 Fourier ZZH DAY 72 E

=Yy acR\{0} bTBLE

Z [f(ax _lg &
(82) Fira© = 5 7f (%)
S
(8b) FIF-NE) = FF(-©)

BEA a> 00t % u=ax ¥BE, du=adx, x="Y x— —00 DL E u— —o0,
X—=00DEX U300 THENDS

Fr@NO = = [ e o= [~ e L a

CLL ™ et qu L (€
W _oof(u)e dufayf<a>.

a<0nrE, FYIXIAEETHID, x > —00o DEXF y—00 x—>00 DEE
u— —00 THEHMDH

FIF(a)](€) = \/% /m f(u)e*"“%é du=-1L [T fwye i qu= —é.?f (5) .

EFrdHzr (8a) 55, O
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2.4 Fourier ZZH DAY 72 E

M5 — EEOBNTE (1) EBIED Fourie ZH#UZDOWT

(92) FIF (] (€) = iEFF(©),
(9b) (vkeN) 7 [F9(x)] (&) = (1) #1().
SERE £ ¥ f DSEESETREDD F(x) = 0 (x — +o0) T B L
a £ _ 1 . 1 R ! — X
FF(x)](E) N Rl’lgloo Vor | n f'(x)e™ " dx
Ry
- T el ([f(x)e'*ﬁ G dx)

1 < —ix§ _ o
\/ﬂ/—oo f(x)e™ "5 dx = iEFf(€).

(92) A& A, (9b) RIFHNIETEONS,

=it
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2.4 Fourier ZZH DAY 72 E

M «— FEIZDOHNTE (2) Fourier ZH#2DEREICDOWT

(10a) d% FF(E) = —iF [xF(2)] (€).
d k
(10b) (Vk € N) <d£> FF(&) = (=T [xF(x)] (€).

FEER  f & xf(x) DFEDAIREZ 1%, ‘ 65 f(x)e ™| = ’—ixf(x)efixg‘ = |x| |f(x)] b

DHRETH 206, BRI S TOWIHATET

i *’Xﬁ =~ 6 ix€
dgff(@ rdf/ f(x)e” " dx = \/ﬂ (X)e dx

_ \/? [ (—ix)F(x)e " Edx = —iF[xF(x)](E).

(10a) BEBNTz. £ & XMf(x) D& bIHEDATRER S, IRHTET (10b) 255N %,
O
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2.5 M L 7=1t& 57 o e

(Z 2 BRE =+ TH 2, )
RAEAR O LV GEHE Y K oTw3), UL, AREMZER S
FOTH2 5,

ZOMDORNIE, Bl T2 XDk, AXZ2HIF2 L5 LTEL ez
% (Fourier ZHCI3 2 2 fifEA D 523, iR Z L ITARIIES DT, (2D
BETORXZNIEL T2 LD ZOHTEIZ L5 T 200 TH5),

IS DNROFICIE, MESOEHR (AR) ZHVS, ¥50W3 0% M
IMELHTEI I,

Q &ty

Q T DR (BIFET)
© MWor L HT DIEFM (s ToMD)
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2.5 M L7k n DM flotEn

MR ELH > TWETHASH, KD,

b b
) [ Pl k= AL~ [ e () o

Z DR T (1 2B L b0 DT) HF D {HEDIRVA, nEFSDH
ald

of = i do — xa—gx Ix
12 [ St de= [ r0gtom do— [ #5E(0) b

IT QIR OFE. 00 3 Q OB, do IFHEER. n; 13 Q0HER Lo
x Iz

BUx 2B BN E AN Y ML n = n(x) O j RO EHT,
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2.5 MM L7t n e o) D2 A (B 7)

FET DR (BALEREINZEE L W) Rl o TWATH A 5,
@ ¢ [,Bl - RIECHL, a=p(a), b=y(B) £T2L

b B
/ f(x) dx:/ f(e(u))¢'(u) du.
@ o: DR IE CLRDOHE, Q= o(D) LB Y
/ F(x) dx = / F(o(u)) |det ' (u)] du.
Q D
FRZ, a, b ZEBE L Tx=au+b &35k, (i) &b,
0o /Oof(au—i—b)-adu (a>0)
/ f(x) dx = %
oo / f(au+b)-adu (a<D0).
RDESITEL L aDFBIZE B2V (2 (i) WTHIET 5),
/Oo F(x) dx = /oo F(au+ b)|a| du.

— 00
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2.5 FIF LM OFEE M5 L B OIEFR (BT S ToM)

RORZ o7 e B DIEFZAR) H250WE TS TOMD) LW,

d )
(13) d—g/ﬂf(x,{) dx:/ﬂa—gf(x,f) dx.

Q HHERBARXME [a,6] THD. & 5L A [a,b] x (a, ) THFT D 2 HE
VIR T E 2 (MDD T F A Mo TW0W3 22 hE W),

L5 L. Fourier Z#1DH5E1E. EDHIFH R = (—oo, 00) 23A XTI
WDT, ZOEHTEIASTITDH 5,

Fourier ZH#UZOWTIE, ROEHMBEFTH 5 (DELL 7% < TRILR),

Lebesgue fE7T 6. BN 2F 4 7%
Q THIAIRER D 2B p: Q — C HFEL T

(vx € Q)(€ € (o, 8)) 'ﬁf(x, )\ < o(x)

D DALD7Z 6, (13) 23R D ILD,
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2.6 Fourier 210D 12 #5m (Bldk7 L 1K)

Fourier FEUIHNFE L DHEMENRWZ & % /72, Fourier 2414 NE & DHMEN R WL,
ZIUCHT B E R T 2 D FRDSHS 2, &2 CRAIHEETX - LNT 2,
f1 R — C #' (Lebesgue ATHlI) /w |F(x)[2dx < o BT LE, fIER TR
TS LS, -
R TRAMN S BRAKOEEE 2(R) LT,
fog € L*(R) I LT N
(Fehe = [ a6

LEDDBE. ()2 F LPR) FONBOMEE L, L2(R) 1X5EH 72 AFEZERH
(Hilbert Z2ffl) ¥ 722, ZONETEES /Va% ||| £RS:

Ifll2 == V(F, )iz
fel’(R) Dk =, Fourier £t Ff PWEFKTET, Ff b TH 3,
WZICER F: 2(R) — X(R) DEZRSN 3,
Fix F ZEHSTH D, WEHIIIEE Fourier 2 TH B F 1 = F*.
FiZZ BN, RS 2R0, $2DBERADD LD (Parseval DFEFR),
(14) (f. &)z = (Ff,78) 12, |flle=TFll 2w -
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27 D BHZTORN

Fourier Z#1 > TR BR T 2 [BHIAH] &V S EHELR D DDFHAN
BoTWBD, £ hHZT 7Y —0D Fourier D552 kT LT, X[alH
5 Z DD ([RWERD) Fourier EHADFEMICFEZ #ED 5,

FR2VWEL & 9,
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[1] HEHSE  ESUE e 7 — ) 2254 5%/ — b, http://nalab.
mind.meiji.ac.jp/ mk/fourier/fourier-lecture-notes.pdf,
LU THEEAE e 7 — ) 220 L0 XA M >TeDZEL
720 (2014~).

2] BHEANG @ 7—V ZfiEtro B 2 JoH, B TAA4E (2020/7/10).

[3] PHEE= : A_—Z7F7 AP, E3HEFE (1963), Lebesgue F7T D 7 F X
Fe LTEFDND 3.
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