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Q@ AHOWE - difkFH

@ Fourier i #L (&)

o Fourier fEDER T ANIESIS D> D ik Rl (D0F)
@ Bessel DAER (Hi &)
@ 5E4%, Parseval D53, INEEZ2R D IR

o 45y & DEYFR, Fourier fRELDIHEE
@ %47 & Fourier ¥ D%
@ Fourier (REDE HIE, I
@ Fourier fREDH T © 72 SAMITE S
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E H #h 8 htt


http://nalab.mind.meiji.ac.jp/~mk/fourier/fourier-lecture-notes.pdf#page=37
http://nalab.mind.meiji.ac.jp/~mk/fourier/fourier-lecture-notes.pdf#page=38
http://m-katsurada.sakura.ne.jp/lecture/fourier-2022/kadai1.pdf
http://nalab.mind.meiji.ac.jp/~mk/fourier2022/

AKHDWE - HifEHIH

@ iiF/ — I [1] @, §LAB OEERL, §15 ODNALHEL £7,
o 8148 TIXFAR L v ) (ARXITZEM TORIKICD %) &
ML £,
o §1.5 Tl&, f O Fourier fRE & ' O Fourier fRELDBIR (F & fiH), f
DD (MR TE 2H) & f D Fourier (RELDIK D “F
X" LOBR (XK D ETHHD o T NED)
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AKHDWE - HifEHIH

@ iiF/ — I [1] @, §LAB OEERL, §15 ODNALHEL £7,
o 8148 TIXFHAR L) (ARXITZEM TORIKICRb %) ez
ML £,
o §1.5 Tl&, f O Fourier fRE & ' O Fourier fRELDBIR (F & fiH), f
DD (MR TE 2H) & f D Fourier (RELDIK D “F
X" LOBR (XK D ETHHD o T NED)

o LAR—MHE
o FUESTIIHIM (10 H 12 H) fiAf - 2BHFA T,

http://m-katsurada.sakura.ne.jp/lecture/fourier-2022/kadail.pdf
o XX 11 H 8 H 18:00, Oh-o! Meiji T L TF I\,
o FHHIE LTH—D7 74N, 74—=<v MIA4H A XD PDF IZLT
Fg l4)0
PUERIEED7 7 AN ET 51, ZRTKNTEL91cL
T——Fg b)o
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1.4.2 Bessel D AR (i F)
(AT > 72 2 & 2 ) £ 447 Bessel DANERXZ NS 5
firidd 5.1 (Bessel DAER)

NEEZEH X DIEZER {pp ., LEED fe X IZxL T

- |(F, ¢n)

s \¥n 2

(1) _||f||
= |l n||

DI V1o, MO B 1% (B2 B> C)

2) S Bl yr12  (Bessel pF L),
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1.4.2 Bessel D AR (i F)
(AT > 72 2 & 2 ) £ 447 Bessel DANERXZ NS 5
firidd 5.1 (Bessel DAER)

NEEZEH X DIEZER {pp ., LEED fe X IZxL T

- |(F, ¢n)

y ¥n 2

(1) _||f||
= |l n||

DD Lo, ERME DG AT (HRIR % HL-> )

(2) Z \(f,(p,, < ||fH2 (Bessel Q;F%Et)

n=1 || "H

R {¢n} DIIEBIEZZR DA

N

(3) oI el < IFIP, Z|f¢n| < |IfI7

n=1
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1.4.3 5842%, Parseval D&, NTEZE[E] D IR

fEED f e X 12xf LT Bessel 0)$%ﬁ®7ﬁ%%'zﬁ%ﬁ& bkHm, 0D

f,©n
(@) rex) 3 '(H “"” = 7P
n=1
DD V0 & 9 BIER {pn},cn DEET 5 E 5, {po}nen XELR (EREZR) T5
Z) k l‘),))o
FE M %6 32 ntt

BRI L 7 — V) 22 55 5 ~Fourier
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1.4.3 5842%, Parseval D&, NTEZE[E] D IR

35D f e X 12X LT Bessel @$%ﬁ@7ﬁ%%'rfﬁ%ﬁ& BkHk, oFD
f,©n
(@) rex) 3 '(H “"” = 7P
n=1
DD V0 & 9 BIER {pn},en DT 5 E 5, {po}nen XELR (EREZR) T5
Z) k 3] ,)) o

K=&
7 ZD%EK (4) % Parseval DF LIS ( TEAHERITN LT Parseval DAL
[E U ACTIDN

BE HI %6 2 htt BRI L 7 — V) 22 55 5 ~Fourier
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1.4.3 5842%, Parseval D&, NTEZE[E] D IR

35D f e X 12X LT Bessel @$%ﬁ@7ﬁ%%'rfﬁ%ﬁ& 5 Lk9%, OFD
f,©n
(4) rex) 3 '(H “"” = |2
n=1
BIRD 20 & 3 RIELF {pn}, oy BIIET 5 L 5, {po}een REER (ERERR) TH
Z) k 2} ,)) o

K=&
7 ZD%EK (4) % Parseval DF LIS ( TEAHERITN LT Parseval DAL
[E U ACTIDN

N
N % O Z (@’“0" jon %o ERT ST B L

= (F, @n .
Z Ol f12 o tim [lslf? = 171
2ol Nhe

< lim ||f —sy|| =0.
N—oo

THBHS (o 120 TE, ||sw| + |If — sw|®> = ||f])? ZBWHT).

# O #h %8 htt BN s 77— ~Fourier
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1.4.3 5842%, Parseval D&, NTEZE[E] D IR

35D f e X 12X LT Bessel @$%ﬁ@7ﬁ%%'rfﬁ%ﬁ& 5 Lk9%, OFD
f,©n
(4) rex) 3 '(H “"” = |2
n=1
BIRD 20 & 3 RIELF {pn}, oy BIIET 5 L 5, {po}een REER (ERERR) TH
Z) k 2} ,)) o

K=&
7 ZD%EK (4) % Parseval DF LIS ( TEAHERITN LT Parseval DAL
[E U ACTIDN

N
N % O Z(@’@")%%SN LETI TR

oo

[(f, pn .
Z Ol f12 o tim [lslf? = 171
2 1o Nhe

< lim ||f —sy|| =0.
N—oo

THED5 (& 20T, |Iswl> + If — swll®> = [|f|” ZEBWHT).
(5) {pn}nen B5ERFR & (VF € X)  lim |[f —sn]| = 0.
(SO (5) BPEDID I L2BERDERLE L THLTFALBL L, )

BE HI %6 2 htt BRI L 7 — V) 22 55 5 ~Fourier
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1.4.3 5842%, Parseval D5EZ, NHEZ2H D IR
NEEZE[H X D RF {xp}pen 120 LT
(6) Dntner B FISBORT 2 E lim [|f — x| =0
LEHT B
{(@ndnen DFERF & EHD F I LT {sydney 1 F ICIURT 2,
WA, {pnlnen B3 X DFEARDEE ALHOD f e X ITHLT

(7) f:Z (fa<pn)<p

— (n,pn) "
MDD Z LIl D,
BEENICELDS L

MEEfRnbiuE, ZN2HOUEREOEENREHTE %,
(FEARIIERRICR Y FVEETOIEDOND N ICARE LK) HdD, )

BE HI %6 2 htt fFEUBE 77—y 5 ~Fourier f
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1.4.3 5245, Parseval D%, NREZZRIDIHE 4

il 5.2 (FED Fourier fEDIGE)

&ﬁtggy:/‘fxaﬁw&wﬁmﬁ%gitW%%ﬁKBwT\@W}
e IR RERRTH B,

n€Z

& {cos mx} U {sin nx}

LIS neN

VIS T DD 5 DOCTEMT 2 ( THEL X T4 7, TRoTHS?),
SABEROB G, BRMICHC & EHO £ € Xor ISHLT

f— (ao +Z(ancosnx+b smnx)” =0

n=1

lim
N— oo

EEWT S, L ||| BABED»SEESE /LA (L2 /)LL) TH5:

el = VT = ([ letorex) -

[ 2V TOURIZ, L2 BEEE V) ZEHH B (BRISHNTA). O

BE HI %6 2 htt fEEPE L 7 — ) 225461 55 5 [A] ~Fourier 4 5 & DBIfR~
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1.4 Fourier fB DR RN 1B 3T EE B> D e BT

(B h BT EEE)
SElDF ., Fi Fourier fED 2 HFHDIHHTH B 1,

PTEbh) i, BEEICK S L, BAKEIPERHT IO b-F L VAT LIS,
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1.4 Fourier tEXDE T NI TEZ R D> DI BBl Y

(H Y D370 BER)
SRlOGGE, FEiT Fourier D L2 HEgDOIbHTH S L,
W I:el;e;gue BaxEALTOS, 2 (—7m,7) & b’?mffﬁWﬁ”Fﬁ(Hllbert

”“‘F”ﬂ) ZEHZL T, & Cilkam %@Eﬁ@“%z’)) V\JEWFEJ (Xor) IZ5EMHMED 2 < T
blor BVEVICLAEEETY). COREEPNL, Lv)H L THE,

PTXb D, BEEICK B L ARSI T— EFHO)“)% FL IR EZ A,

BE HI %6 2 htt B 77—y 5 [l ~Fourier f
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1.4 Fourier tEXDE T NI TEZ R D> DI BBl Y

m}

(B h BT EEE)
SElDF ., Fi Fourier fED 2 HFHDIHHTH B 1,

R = 7
FilIE, Lebesgue BT ZFEATH S L2(—m,m) &\ FEfi 2 AREZH] (Hilbert
Zefi]) ZER LT, 2 2Tk z IS 53, WEEZER] (Xor ) IC5EMMED 2 T
b(or BLEVICLETETD). COREIRDNS. 13 C L Tho,

BB UL, Lebesgue Fi%r. Hilbert ZE[l] % 2FA T, 7N N—= a V2285
ZEEREIDT,

PTEbh) i, BEEICK S L, BAKEIPERHT IO b-F L VAT LIS,

BE HI %6 2 htt BRAEE 7 —) =%

%5 ~Fourier % r DR~
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1.4 Fourier fE DA 3 M EAH 5

(B D D372 BEE)
S D, FEiZ Fourier D 12 HiFHDEIbHhTH 3 1,

W I:el;e;gue R RFLATD S, L2(—7,m) &9 5ifii 2 N2 (Hilbert
”‘“F"ﬂ) ZEFRL T, Z Tk ’E@ﬁaﬁ@‘%?ﬁ) PRz (Xor) IZ5EMHMEDS 72 T
b(or BLEVICLETETD). COREIRDNS. 13 C L Tho,

BB UL, Lebesgue Fi%r. Hilbert ZE[l] % 2FA T, 7N N—= a V2285
ZEEREDI N,

Bk, M AMIEOmNE - L VDR L, EXBEEAEEFTORA
L7 5D, Fourier BBz E LA LMDIKE ) L T2 LEEFEDHTEZ MM
W4 U %, Riemann 2% Riemann %7, Lebesgue %% Lebesgue MayzEZHL 7%
ZonFiE, & B I Fourier f@@ﬁl“@&)ot\ EWwHZETH3,

PTEbh) i, BEEICK S L, BAKEIPERHT IO b-F L VAT LIS,

BE HI %6 2 htt B 77—y x 5 ~Fourier &2 & W51 & DR~
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1.5 97 & DRAR, Fourier 122 DI

1.5.1 47 £ Fourier 251D BEfR
BV E (A D Fourier ikl B ThHb %z A~rB EEHELZEIZLT)

f(x) ~ > —|—Z(ancosnx—|—b sin nx) Z cne

n=1 n=—oo

E9sLE

Fe H #h 8 htt BRI L 7 — V) 22 55 5 ~Fourier
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1.5 97 & DRAR, Fourier 122 DI

1.5.1 47 £ Fourier 251D BEfR
BV E (A D Fourier ikl B ThHb %z A~rB EEHELZEIZLT)

f(x) ~ > —|—Z(ancosnx—|—b sin nx) Z cne

n=1 n=—o0
95L&
f'(x) Z(nb €OS Nx — nap sin nx) Z incye'
n=1 n=—oo

Fe H #h 8 htt BRI L 7 — V) 22 55 5 ~Fourier
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1.5 97 & DRAR, Fourier 122 DI

1.5.1 #%43 & Fourier {25 DA%

BV E (A D Fourier ikl B ThHb %z A~rB EEHELZEIZLT)

f(x) ~ > —|—Z(ancosnx—|—b sin nx) Z cne

n=1 n=—o0
95L&
f'(x) ~ Z (nb, cos nx — na, sin nx) Z incye'
n=1 n=—oo

AR L CHSR 2 e 0T, "R 589713 %\ (EBE 5.3, 5.5),

ZDHETIE, f D Fourier #. ' D Fourier BB H TR Z2 DT, XD LS
its (BB o4hiz o0 7ils) 2w 5,

(8a) an(f) / f(x)cosnx dx, by(f):= / f(x) sin nx dx,

1 /" — e, T i
—/ f(x)em™ dx ({E: e™ = e~ ™).

(8b) cn(f) = o

BE HI %6 2 htt fEEEE L 7 — ) 2544 55 5 ~Fourier % & DR~
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1.5.1 #8545 & Fourier (22D B%

EH 5.3 (57 & Fourier fRELDEIR)

f:R—CJR#M2r > Cifieoid

(9a) an(f’):{ ronlf) Egiﬁ? ba(f) = —nan(f) (n€N),

(9b) cn(f') = incy(f) (n € Z).

BE%L F DIESE Fourier (R% (£ ¢,) %2 Z[f](n) EHEHL 2 EIT 5 L&, (9b) X
(*) Zf'(n) = inZ[f](n).
ORI, HHEOD Fourier ZHADNK F[f)(€) = i€.Z[f](€) (Bh) EXMIET %,

BE HI %6 2 htt fEEEE L 7 — ) 2544 55 5 ~Fourier &2 & W51 & DR~
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1.5.1 #843 & Fourier 122D B1%

EH 5.3 (57 & Fourier fRELDEIR)

f:R—CJR#M2r > Cifieoid

(9a) an(f’):{ ronlf) Egiﬁ? ba(f) = —nan(f) (n€N),

(9b) cn(f') = incy(f) (n € Z).
BE%L F DIESE Fourier (R% (£ ¢,) %2 Z[f](n) EHEHL 2 EIT 5 L&, (9b) X
(*) Ff'1(n) = inZ[f](n).
DAL, HED Fourier ZHDA Z[F|(€) = it F[f](€) (k) LIBT3,

Z 35 & Fourier #k#. Fourier 2D HBRANDICHICEWTEHETH
o (M DENIEIZR > T, W AR ET 2 > TRIEDRT 5 2
R gy )

BE HI %6 2 htt PR 7 — ) 22541 55 5[] ~Fourier fA & 5y & DR~
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1.5.1 #843 & Fourier 122D B1%

EM 5.3 (1857 & Fourier fREDBIR)

f:R—CJR#M2r > Cifieoid

(9a) aAﬂ:{gmm gim’ ba(f) = —nan(f) (n€N),

(9b) cn(f') = incy(f) (n € Z).

BE%L F DIESE Fourier (R% (£ ¢,) %2 Z[f](n) EHEHL 2 EIT 5 L&, (9b) X
(*) Z[f'1(n) = inZ[f](n).

DAL, HED Fourier ZHDA Z[F|(€) = it F[f](€) (k) LIBT3,

Z 415 1% Fourier #%#. Fourier ZH#a DMy JifEAANDIGHICE W THETH

o (BB EIC 5T, Mo AR RECT RS 7 o CRIEAMRT 5 2
&ﬁ%%o)

(*) ZFH LT, MoK Ct kDB D Fourier #kE2S—HRINKE T 2
CEDEEHITE 2 (T CICEEIR E TR TH 223, Qo TEP 5.8 & LT
ER-)B

BE HI %6 2 htt PR 7 — ) 22541 55 5[] ~Fourier fA & 5y & DR~
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1.5.1 #8545 & Fourier (22D B%

FES3DIA 717« 7% TEHOET

E H #h 8 htt Rl 7—y ~Fourier
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1.5.1 #8545 & Fourier (22D B%

EE530DFA 74 74 7% TS
f(x)cosnx 23 A 2 TH LIS, x = £r TOMEMBFE L LD T [f(x)cosnx]” = 0.
IhzHws L

as(f') = %/:; f'(x) cos nx dx = % [[f(x) cosnx]” _ — /7: f(x)(—nsin nx)dx}

1 ™ i - nb,,(f) (nZ 1)
e

BE HI %6 2 htt Rl 7—y ~Fourier
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1.5.1 #8545 & Fourier (22D B%

FES53DIA 7174 7% oS,
f(x)cosnx 23 A 2 TH LIS, x = £r TOMEMBFE L LD T [f(x)cosnx]” = 0.
Zhzeflvat
an(f) = %/ f'(x) cos nx dx = % [[f(x) cos nx]” —/ f(x)(—nsin nx)dx}

B 1 s i - nb,,(f) (n21)
7n.;/_7rf(x)smnxdx—{0 (n=0).

ba(f') = 1 /_: f'(x) sin nx dx = 1 [[f(x) sinnx]”  — /_7; f(x)(ncos nx)dx}

Y s

=-n- 1/ f(x) cos nx dx = —nan(f).
™) _x

BE HI %6 2 htt Rl 7—y ~Fourier
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1.5.1 f#97 & Fourier RE DR

FES3DIA 717« 7% TEHOET

f(x)cosnx 23 A 20 TH L5, x = £r TOMEHFE L LD T [f(x)cos nx]™
Zhzeflvat

- %/:; F'(x) cos nx dx = % [[f(x) cosnx]”™  — /7: f(x)(—nsin nx)dx}
=n- 1/" f(x)sinnx dx = { nby(f)  (n>1)

™ 0 (n=0).
[k
ba(f') = %/_" f'(x) sin nx dx = % [[f(x) sinnx]™_ — /_" f(x)(ncos nX)dX}
=—n- %/ﬂ f(x) cos nx dx = —nan(f).
S5

() [ﬂ F(x)e ™ dx = == [[f( /,7, F(x) - (—ine” '"X)dx}

=—in- o [W f(x)e™™ dx = —inc,(f). [

BE HI %6 2 htt Rl 7—y ~Fourier
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1.5.1 $%47 & Fourier 25D BM%  Hi

Fourier #8ld. FEHLBISICOBEHATE S 2 LD HETH 5,
FOEBIZBIEDS C T WA ICLIEIETE 5, XOFIZATAHA LI,

E H #h 8 htt Rl 7—y ~Fourier
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1.5.1 #4453 & Fourier 1250t #l

Fourier #8ld. FEHLBISICOBEHATE S 2 LD HETH 5,
FOEBIZBIEDS C T WA ICLIEIETE 5, XOFIZATAHA LI,

B 5.4 (it XAk CL §RoD B & 2 DB Fourier 42)

HoMopEET, f:R—-C & g:R— C W 2 T

fx)=x", gx)=2x (—m<x<m)
il EE, f & g D Fourier SEURBH

2 cosx  cos2x  cos3x
(10) f(x)'“?_4< 122 32 _>
sinx sin2x  sin3x
(11) R N D

THsE2mLT,

BE HI %6 2 htt PR 7 — ) 22541 55 5[] ~Fourier fA & 5y & DR~
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1.5.1 #4453 & Fourier 1250t #l

Fourier #5803, NEfE 2B HEHTE 2 2 EDEETH 3,
LoEHIIBIED C TRV AICHIKRETE 2, XoflzATHALI,

#1 5.4 (EfE D> DX TIIC CT RO BIE & Z DEREE D Fourier k)

HoMopEET, f:R—-C & g:R— C W 2 T

fx)=x", gx)=2x (—m<x<m)

il EE, f & g D Fourier SEURBH

2 cosx  cos2x  cos3x
(10) f(x)w?—4< 2 2 ar 32 —~~->,
sinx sin2x  sin3x
(11) ﬂﬂ~4(1 == ¢ —~)

THsE2mLT,

v

flE CHRTCEBV (9 7BEZAREIA YA TREDT, f/(x) BEELEWL
x BMFET %) 05, (10) DALZERIMS§ 5 £ (11) OISR 5, JHUIEATIE
B\, SLEMICIZ R 208, ZOBNCHEHTE 2 &9 AERZBRE 9,

BE HI %6 2 htt PR 7 — ) 22541 55 5[] ~Fourier fA & 5y & DR~
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1.5.1 #8545 & Fourier (22D B%

EM 5.5 (1857 & Fourier fRE DRI (HAIEM))
f: R — C 23 2, e DX iz Ct iz 1%

an(f) = { o) R () =—na() (neN)

ca(f') = incy(F) (n € Z).

BE HI %6 2 htt fEEEE L 7 — ) 2544 55 5 ~Fourier &2 & W51 & DR~
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1.5.1 #8545 & Fourier (22D B%

EM 5.5 (1857 & Fourier fRE DRI (HAIEM))
f: R — C DA 2, e DX Hic CL e 51

an(f) = { o) R () =—na() (neN)

ca(f') = incy(F) (n € Z).

v

FEBRD LML TEL XHITEL 5N DE b Lt 23, Fourier SEUC 12800
BRI 3 GE0H DT, AENLEI L EEZONS,

EBOMGED S f Otz &, InoondErNnA kb,

BE HI %6 2 htt fEEEE L 7 — ) 2544 55 5 ~Fourier &2 & W51 & DR~
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1.5.1 #8457 & Fourier RELDBR XMW CLikDES

(2022 4L 1%, T TIEERICHE L 2D T, S0 TIEHIHEZ ST 2, )
XaIT Ct el EI V) T, TNETHi>TERAD, GEHZ T2
DT, H57OT) EXRZELA LB,

BE HI %6 2 htt BRI L 7 — V) 22 55 5 ~Fourier & DBIR~
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1.5.1 #8457 & Fourier RELDBR XMW CLikDES

(2022 4L 1%, T TIEERICHE L 2D T, S0 TIEHIHEZ ST 2, )
KA CHREIREI VI T Ed, CRETHRI>TRED, GENET 2
DT, H57OT) EXRZELA LB,
o f:[a bl » C HRAMIC C* R L 1F. &2 HRES {x} N, 25 L T,
a=xg<x1<---<xy=b,
% je 1,2, NP ISR LT, fIZBHXH (x_1,x) T Ct #&T, HifR
(12)  Jim f0, lim (), (x), (x)

DIAET 52 L2\,

m

li f lim f’
x—rxj—1+0 x—x;—0

BE HI %6 2 htt BRI L 7 — V) 22 55 5 ~Fourier & DBIR~
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1.5.1 #8457 & Fourier RELDBR XMW CLikDES

(2022 4L 1%, T TIEERICHE L 2D T, S0 TIEHIHEZ ST 2, )
XA CH Lz &I v 2 e, TNFTH->THRALD, GEHE T2
DT, H5LHT) EFEE LA LB,
o f:[a bl » C HRAMIC C* R L 1F. &2 HRES {x} N, 25 L T,
a=xg<x1<---<xy=b,

% je 1,2, NP ISR LT, fIZBHXH (x_1,x) T Ct #&T, HifR
(12)  Jim f0, lim (), (x), (x)
BEETE I LRV,

o IS £ R — C HRAMIC C R E 13, LI [a, 5] 1KLL T, f
(D [a, b] ~DHEIR) 23 [a, b] TEHHIC CLIETH S Z L&,

m

li f lim f’
x—rxj—1+0 x—x;—0

BE HI %6 2 htt BRI L 7 — V) 22 55 5 ~Fourier #
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1.5.1 #57 & Fourier (R DBIR ko ¢t moses (5:%)

f: [a, b] — C AN/ ix, KM CH il 13, b 2 HIETI {5}, 2HFTEL T,
a=x<x1<---<xy=bhb,

D& je{1,2,- N}IZNLT, f & [x_1,x] IKHIRTZ L CTffTH5 L LFIE
Th B, FHICXBEIDWE X1, x; 123 B RS

(13) im [Og-14h) — f(Xjfl)’ im [O6+h) = f(x)
h—+0 h h——0 h

PHET S, LWVwIH I ETHS,

Fe H #h 8 htt BRI L 7 — V) 22 55 5 ~Fourier
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1.5.1 #57 & Fourier (R DBIR ko ¢t moses (5:%)

f: [a, b] — C AN/ ix, KM CH il 13, b 2 HIETI {5}, 2HFTEL T,
a=x<x1<---<xy=bhb,

D& je{1,2,- N}IZNLT, f & [x_1,x] IKHIRTZ L CTffTH5 L LFIE
Th B, FHICXBEIDWE X1, x; 123 B RS

(13) im [Og-14h) — f(Xjfl)’ im [O6+h) = f(x)
h—+0 h h——0 h

PHET S, LWVwIH I ETHS,

fld[ab\{x|ji=1...,N} THMITE2Z, x TiE f BEHZTE R (b Lk
W) Y, ZNDADORTIE FIFERTE T, 1 [a,b] T (JAF) BMOTIRETH 5,

Fe H #h 8 htt BRI L 7 — V) 22 55 5 ~Fourier
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1.5.1 #57 & Fourier (R DBIR ko ¢t moses (5:%)

f: [a, b] — C AN/ ix, KM CH il 13, b 2 HIETI {5}, 2HFTEL T,
a=xo<x1<--<xy=b,

D& je{1,2,- N}IZNLT, f & [x_1,x] IKHIRTZ L CTffTH5 L LFIE
Th B, FHICXBEIDWE X1, x; 123 B RS

(13) im [Og-14h) — f(Xjfl)’ im [O6+h) = f(x)
h—+0 h h——0 h

PHET S, LWVwIH I ETHS,

fld[ab\{x|ji=1...,N} THMITE2Z, x TiE f BEHZTE R (b Lk
W) Y, ZNDADORTIE FIFERTE T, 1 [a,b] T (JAF) BMOTIRETH 5,

FONER 5.5 DIERMLT L, 5 {4}V, VEELT

—T=X<Xx1< < Xy=T,

Fj=1, NIZHLTF % [x_1,x] CHIRT 2L CT TH Y, £ 13 x5 DA CIE
FEIN, f(x)cosnx, f(x)sinnx, f'(x)e”™ & [-7, 7] CILEESWEETH D, an(f'),
ba(F), co(F) BSEE 5.

BE HI %6 2 htt BRI L 7 — V) 22 55 5 ~Fourier



http://nalab.mind.meiji.ac.jp/~mk/fourier2022/

1.5.1 #8545 & Fourier (22D B%

IR 5.5 DSEEA £ 2EHE DX CThH B 5
(Hxito) —T=x<xi< - <xa=mw, JDEM [x_1,x] TF ct .

E H #h 8 htt fBEume 7—y 5 ~Fourier
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1.5.1 #843 & Fourier 122D B1%

IR 5.5 DSEEA £ 2EHE DX CThH B 5

(FH{x}o) —T=x0<xi<---<xo=m, KDXHE [x_1,x] TF Ik C
—fBIRADL D 370 IR X,

(14a) Z [FONT_, = F(xa) = F(x0) = F(m) = F(=7) = [F(x)]Z,,
(14b) 12/’ w—/wﬂmwz/fﬂgw.
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1.5.1 #843 & Fourier 122D B1%

IR 5.5 DSEEA £ 2EHE DX CThH B 5

(FH{x}o) —T=x0<xi<---<xo=m, KDXHE [x_1,x] TF Ik C
—fBIRADL D 370 IR X,

(14a) Z [FONT_, = F(xa) = F(x0) = F(m) = F(=7) = [F(x)]Z,,
(14b) Z/ dx—/" F(x) dx:[ F(x) dx.

Bz [x-1,x] TOBETICTTTroEaREa L. 2006 Y, 2R3, ENTH
[k 72 DT, 3 Fourier DB EDHRT,

BE HI %6 2 htt BRUIE 7 —Y 17 5 ~Fourier > & DR~
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1.5.1 #843 & Fourier 122D B1%

IR 5.5 DSEEA £ 2EHE DX CThH B 5

(FH{x}o) —T=x0<xi<---<xo=m, KDXHE [x_1,x] TF Ik C
—fBIRADL D 370 IR X,

(14a) Z [FONT_, = F(xa) = F(x0) = F(m) = F(=7) = [F(x)]Z,,
(14b) Z/ dx—/" F(x) dx:[ F(x) dx.

Bz [x-1,x] TOBETICTTTroEaREa L. 2006 Y, 2R3, ENTH
[k 72 DT, 3 Fourier DB EDHRT,

= % ,/‘i f'(x)e "™ =5 Z/ "(x)e™™
_ 217TJZ ([f(x)e—m]j - /’1 F(x) - (—ine_'"x)dx>

BE HI %6 2 htt
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1.5.1 #843 & Fourier 122D B1%

IR 5.5 DSEEA £ 2EHE DX CThH B 5

(FH{x}o) —T=x0<xi<---<xo=m, KDXHE [x_1,x] TF Ik C
—fBIRADL D 370 IR X,

(14a) Z [FONT_, = F(xa) = F(x0) = F(m) = F(=7) = [F(x)]Z,,
(14b) Z/ dx—/" F(x) dx:[ F(x) dx.

Bz [x-1,x] TOBETICTTTroEaREa L. 2006 Y, 2R3, ENTH
[k 72 DT, 3 Fourier DB EDHRT,

= % ,/‘i f'(x)e "™ =5 Z/ "(x)e™™
_ 217TJZ ([f(x)e—m]j - /le F(x) - (—ine_'"x)dx>

= { {f(x)e W} : § +in /v f(x)e de} = 2"; /_1r f(x)e™™ dx = inc(f).
f PO ATRE TR OHEDMFEIE L, B IIAERS TH 25, oA, ) O

BE HI %6 2 htt RN L 7 —Y 17 5 ~Fourier



http://nalab.mind.meiji.ac.jp/~mk/fourier2022/

1.5.1 #8457 & Fourier R DR  HXE

% 5.6 (CHiDEer (RPEEBIED Fourier £7%4))

f: R — C D3R 21 220 CK D & F c,(F) = (in)*ca(F).
(f 28 CF=1 o, FOD BRGNS CH D & EF B D 32D, )
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1.5.1 #8457 & Fourier R DR  HXE

/N

% 5.6 (CKRDBE (RSB D Fourier (751))
f: R — C D3 2 0 CK D L & o(F) = (in) cal(f).
(f %5 CK1 T, £ DX C RO & & DR L2, )

Sk 1 (BB OB D 5 )

(Bl 5.4 D f D& 7%) HifEh D XM Ct RARBS f 1k, MRS OEKRTIE, MY
WEETRVWEZRDL ) 5, H2EKRTAERL f (EPRERDEDH 5) D Fourier £
BEHOCLZDIZLE»S Ltk wh, #BEEGRZES L. f DED 5B OERE%IE.
ZIZTHW f OED DB E KT 22 LD 5,

BE HI %6 2 htt BB E 7 — ) 45 55 5 [0
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1.5.1 #8457 & Fourier R DR  HXE

/N

% 5.6 (CKRDBE (RSB D Fourier (751))
f: R — C D3 2 0 CK D L & o(F) = (in) cal(f).
(f %5 CK1 T, £ DX C RO & & DR L2, )

Sk 1 (BB OB D 5 )

(B15.4 D f OXH %) dEfE»OXIIIC C FRZRBIS F I3, MBI OE®TIZ, Mo
WEETRVWEZRDL ) 5, H2EKRTAERL f (EPRERDEDH 5) D Fourier £
BEHOCLZDIZLE»S Ltk wh, #BEEGRZES L. f DED 5B OERE%IE.
ZIZTHW f OED DB E KT 22 LD 5,

ZDZ LIRS, Fourier fENTIZHEBEGHZ V2 & Rl L 23R, @EIEGH T,
#1154 Dg DX %X CHIRTH 205, AEGE B L Th, HEKEEZ S
TENTED (FELWVI L IZBIET 2237V 7B § 238N 2),

BE HI %6 2 htt BB E 7 — ) 45 55 5 [0

~Fourier A & #5r £ DEIR~
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1.5.2 Fourier {2 EL DI &

EM 5.7 (Fourier fRE(D A FLIE, W, Parseval D)

f:R—C M 2r L9 3,
@ f PHEIHREL S IE

L [" 1 ("
<= < — :
@ Jarl bl < 1 [ GOl el < 50 [ 101
FRiZ [F(X)| < M %513

|30l [anl, [bn| <2M  (n €N), [c)| <M (n € Z).
@ (Riemann-Lebesgue DEE)

lim a,,_l|mb_0 lim ¢, =0.
n— o0 n— o0 n—=+oo

@ (Parseval DZER) f ¥ > 613

7r<""gz+§(|an2+|bn|2)> =2x > Jaf = [ 10

n=—o00 )

BE HI %6 2 htt PR 7 — ) 22541 55 5[] ~Fourier fA & 5y & DR~
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1.5.2 Fourier {25t D W

%IEHH |einx| — 1, |COS I’IX| < ]_, |sin nX| < 1 L:Hf%ﬁLc}: V))o

B M % 8 ntt B 77—y ~Fourier
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1.5.2 Fourier {25t D W

B H

Eli

B |e™] =1, [cosnx| <1, |sinnx] <1 ICHEEL X9,
(1-a) 3fEH, B2 X Fourier fRE72 5 13

1ot T B T
|~ inx < - inx _ =
| ’277 /_W ) ™dx| < - /_ﬂ|f(x)e ok =5 /_ﬂ|f(x)|dx
1 Uy
<7

1
M dx = — - 2nM = M.
=or ) . =g 2m

™

#i 2 htt

fEEEE L 7 — ) 2544 55 5 ~Fourier
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BE HI %6 2 htt

1.5.2 Fourier {25t D W

Eli

B |e™] =1, [cosnx| <1, |sinnx] <1 ICHEEL X9,
(1-a) 3fEH, B2 X Fourier fRE72 5 13
1

|A%1/ﬂm%w</|mwwwz;/vwm
_ T )

1
Mdx = — -2rM = M.
_27r/ dx o= T

(1-b) 1& "B A7 4 7y THHL % (?), 22 TRR—MBOBA&DIEHIZE
W9 203, |f12 DI ATHE A Bl

. (2) 5 (BEDINKT % DT)

—fBIE = |a,|* + |ba)* — 0
D5 DT lim a, = I|m b, = 0.

n—oo

(n — o0)

BRUIE 7 —Y 17

5 ~Fourier

> & DR~
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BE HI %6 2 htt

1.5.2 Fourier {25t D W

Eli

B |e™] =1, [cosnx| <1, |sinnx] <1 ICHEEL X9,
(1-a) 3fEH, B2 X Fourier fRE72 5 13
1

|A%1/ﬂm%w</|mwwwz;/vwm
_ T )

1
Mdx = — -2rM = M.
_27r/ dx o= T

(1-b) 1& "B A7 4 7y THHL % (?), 22 TRR—MBOBA&DIEHIZE
W9 203, |f12 DI ATHE A Bl

. (2) 5 (BEDINKT % DT)

—fBIE = |a,|* + |ba)* — 0
D5 DT lim a, = I|m b, = 0.

n—oo

(f SR TIEET Y, |F)? DD WHE £ 1ZIR S 2T, (1-b) DifHIc &R 2 Db
JCliEmwd, EEELEEHITHSI, )

(n — o0)

BRUIE 7 —Y 17

5 ~Fourier

> & DR~
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1.5.2 Fourier {25t D W
SEEA (85ZF) (2) (ChREIc—EDR->TH B, )

— o - H _ = inx
f(x) = > + ;(an cos nx + b, sin nx) = n;m che
EEZMEPSEDPN S “EY 2T ADEX
2 ao 2 - . . inx ||2
VI =[S 1207 + 37 (Jal llcos nx + 1o 1sin nx|*) = 37 Jeal® €™
n=1 n=—o0

BE HI %6 2 htt BRI L 7 — V) 22 55 5 ~Fourier
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1.5.2 Fourier {25t D W
SEEA (85ZF) (2) (ChREIc—EDR->TH B, )

do = . - inx
f(x) = >t ;(an cos nx + b, sin nx) = n;m cpe
EEZMEPSEDPN S “EY 2T ADEX
2 P2 o 2 2 2. 2\ | 201 inx12
112 =S| + 3 (lanf leomnxl® + I lsinox”) = 3 feof ™"
Iz
2 4 2 . ™ (I‘IEN)
||cos nx]| 7/_7T|cosnx| dx{ 2r (n=0),
||sinnx||2:/ sinnx|*dx =7 (neN),
|;ef~x||2:/ e dx=2r (ne2)
ZRATHUTR, O

BE HI %6 2 htt BRI L 7 — V) 22 55 5 ~Fourier
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1.5.2 Fourier (R#DEE ISHE L THUEIE>4< 2 &

TEH 5.8 (i DX CL R DBIRD Fourier SBIE—BRINH T 2)
f DSEED D XIS Ct k72 613 £ D Fourier SBUE—BRIGR L TRIZ £ ICZ L\,

BE HI %6 2 htt BRUIE 7 —Y 17 5 ~Fourier > & DR~
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1.5.2 Fourier (R#DEE ISHE L THUEIE>4< 2 &

TEH 5.8 (i DX CL R DBIRD Fourier SBIE—BRINH T 2)
f DSEED D XIS Ct k72 613 £ D Fourier SBUE—BRIGR L TRIZ £ ICZ L\,

SERE  #33E Fourier # DA, Fourier fEDS—KRINE T 2 Z & 28T,

f, f' D Fourier ¥ % ZNZH ¢, ¢, EET, EHME55ICED, inc, = c),. EH 5.7
i)} oo
) 177 = [ 1Fef ae=2n 3 faf

n=—o00

BE HI %6 2 htt BRUIE 7 —Y 17 5 ~Fourier > & DR~


http://m-katsurada.sakura.ne.jp/fourier2022/fourier-lecture-notes.pdf#page=148
http://nalab.mind.meiji.ac.jp/~mk/fourier2022/

1.5.2 Fourier (R#DEE ISHE L THUEIE>4< 2 &

TEH 5.8 (i DX CL R DBIRD Fourier SBIE—BRINH T 2)
f DSEED D XIS Ct k72 613 £ D Fourier SBUE—BRIGR L TRIZ £ ICZ L\,

SERE  #33E Fourier # DA, Fourier fEDS—KRINE T 2 Z & 28T,
f, f' D Fourier ¥ % ZNZH ¢, ¢, EET, EHME55ICED, inc, = c),. EH 5.7
0

(15) Hf”|2:/7r Fx) de=2r > |ar]* =20 > linc =21 > el

n=—o00 n=—o00 n=—00

BE HI %6 2 htt BRUIE 7 —Y 17 5 ~Fourier > & DR~
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1.5.2 Fourier (R#DEE ISHE L THUEIE>4< 2 &

FEPE 5.8 (i DX CL kDB D Fourier i8Iz —HRIGK T 2 )
f SO XTI C #7513 f D Fourier B —HRRIGR L THIIE £ 1%L\,

SEBA  #i3E Fourier S D LA 12, Fourier S —KIKE T 2% 2 £ 28T,

f, f' D Fourier ¥ % ZNZH ¢, ¢, EET, EHME55ICED, inc, = c),. EH 5.7
i qU)]

(15) ” H —/ | x)| dx = 2w Z |c,, =2 Z linc,|* = 2w Z 2 |cal?.
(Zanbn
el = S alel -

€Z 0
o e

n=—00

< \/Zan|2\/2|bn|2) L (15) & Z% = % %o
n n n=1

Schwarz DAE

BE HI %6 2 htt BEue 7— 17 5 ~Fourier %4
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1.5.2 Fourier (R#DEE ISHE L THUEIE>4< 2 &

FEPE 5.8 (i DX CL kDB D Fourier i8Iz —HRIGK T 2 )
f SO XTI C #7513 f D Fourier B —HRRIGR L THIIE £ 1%L\,

SEBA  #i3E Fourier S D LA 12, Fourier S —KIKE T 2% 2 £ 28T,

f, f' D Fourier ¥ % ZNZH ¢, ¢, EET, EHME55ICED, inc, = c),. EH 5.7
U]

(15) ” H —/ | x)| dx = 2w Z |c,, =2 Z linc,|* = 2w Z 2 |cal?.
(;a,,b,, < \/;anf\/;wnﬁ) L (15) & ;% = % ZfioT

Slal=Ynlal -+ < [S el [
715!02 n#0 n#0 n#0

Schwarz DAE

BE HI %6 2 htt BEue 7— 17 5 ~Fourier %4
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1.5.2 Fourier (R#DEE ISHE L THUEIE>4< 2 &

TEH 5.8 (i DX CL R DBIRD Fourier SBIE—BRINH T 2)

f DSEGED D XTI CL #i7 51F £ D Fourier 3 —HRIGE L CRIZ £ IZ5 L v,

SEBA  #i3E Fourier S D LA 12, Fourier S —KIKE T 2% 2 £ 28T,

f, f' D Fourier ¥ % ZNZH ¢, ¢, EET, EHME55ICED, inc, = c),. EH 5.7
i qU)]

(15) Hf”|2:/7r Fx) de=2r > |ar]* =20 > linc =21 > el

> anba| < \/Zanf\/Zu;nF) L (15) & i% = %2 ZfioT
n n n n=1

1 2 1 1 2 7T2
— sl 2 — .
> el = nlea| - - < /> nlcnl\/§ n2_\/271”f/” \/2 .
715!02 n#0 n#0 n#0

Schwarz DAZER (

BE HI %6 2 htt BEue 7— 17 5 ~Fourier %4
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1.5.2 Fourier (R#DEE ISHE L THUEIE>4< 2 &

TEH 5.8 (i DX CL R DBIRD Fourier SBIE—BRINH T 2)

f DSEGED D XTI CL #i7 51F £ D Fourier 3 —HRIGE L CRIZ £ IZ5 L v,

SERE  #33E Fourier # DA, Fourier fEDS—KRINE T 2 Z & 28T,
f, f' D Fourier ¥ % ZNZH ¢, ¢, EET, EHME55ICED, inc, = c),. EH 5.7
0

(15) Hf”|2:/7r Fx) de=2r > |ar]* =20 > linc =21 > el
oo 1 2
> anbs| < \/Zan|2\/2|bn|2) L (15) & ;ﬁ = % #flioT

1 2 1 1 2 2 ™ /
len| = nle| - = < n? |c,| f:\/i (K& \/2.i == |IF < 0.
Sl = Sotel < [Stalt [32 % = iy 5 = 17

n#0

Schwarz DAZER (

BE HI %6 2 htt BEue 7— 17 5 ~Fourier %4
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1.5.2 Fourier (R#DEE ISHE L THUEIE>4< 2 &

FEPE 5.8 (i DX CL kDB D Fourier i8Iz —HRIGK T 2 )
f SO XTI C #7513 f D Fourier B —HRRIGR L THIIE £ 1%L\,

SEBA  #83% Fourier D H 12, Fourier ff&;&#*&ﬂﬂiff% EERT,
f, f' @ Fourier (%% ZNFN ¢, ¢, £F£T, EH5512LD. inc, = c),. TH 57
gL

(15) ” H —/ | x)| dx = 2w Z |c,, =2 Z linc,|* = 2w Z 2 |cal?.

n=—o00 n=—o00 n=—00

< \/Zan|2\/z|bn|2) L (15) & Ziz =T wioT

1 1 1 2
Z'C”‘: Z |Ca| - = \/ZnT\/ZnZ:\/27T Hf/||2\/2.%:\/§”f/”<oo.
n€Z n#0 n#0 n#0

n#0

Schwarz DAZER (

Z anbn

3>

cre™| = |ca| THBH S, Weierstrass D M test 12k D, cre™ 1 E—RENE T 2,
|cne™| = el

n=—00

BE HI %6 2 htt fEEEE L 7 — ) 2544 55 5 ~Fourier #%
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1.5.2 Fourier (R#DEE ISHE L THUEIE>4< 2 &

TEH 5.8 (i DX CL R DBIRD Fourier SBIE—BRINH T 2)

f DSEGED D XTI CL #i7 51F £ D Fourier 3 —HRIGE L CRIZ £ IZ5 L v,

SERE  #33E Fourier # DA, Fourier fEDS—KRINE T 2 Z & 28T,
f, f' D Fourier ¥ % ZNZH ¢, ¢, EET, EHME55ICED, inc, = c),. EH 5.7
0

(15) Hf”|2:/7r Fx) de=2r > |ar]* =20 > linc =21 > el

> anba| < \/Zanf\/Zu;nF) L (15) & i% = %2 ZfioT
n n n n=1

1 2 1 1 2 2 ™ /
len| = nle| - = < n? |c,| f:\/i (K& \/2.i == |IF < 0.
Sl = Sotel < [Stalt [32 % = iy 5 = 17

n#0

Schwarz DAZER (

cre™| = |ca| THBH S, Weierstrass D M test 12k D, cre™ 1 E—RENE T 2,
|cne™| = el

n=—00

Fourier #EDI RN % & &, Z DRIDTTOBIBUCEE L v & ) EEIANR D 370 (%
DIHIZEIET 5, @/ — b [1] R CicHTH 3, ), O

BE HI %6 2 htt BEue 7— 17 5 ~Fourier %4 5 & DBIfR~
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: Weierstrass @ M test ((HEHBD R 74 Fd26)

BEBIERE D —RRICR 2 GE 9 2 1213, KHE (95% A E?2) 13X ez v %,

Fe H #h 8 htt BEue 7— 17 5 ~Fourier > & DR~
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: Weierstrass @ M test (RBBD R 7 14 F525)
BEBERE D —RRIDCR 2 BEIH 3 2 1213, KA (95% LA E?) 13X oE# % v 2
HHFBE EH 105 (Weierstrass D M-test)

Q 13 TRVES, {an}nEN 3 Q EDOBIBAN (% ne N ITHL T,
an: Q — C), B {M,}pen 13

@ (VneN) (Vz e Q) |an(2)] <M,

@ D M, FIH

n=1

R TET D, COEE Y fan| &) a, 13 Q TRIGKET B,

n=1 n=1
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: Weierstrass @ M test (RBBD R 7 14 F525)
BEBERE D —RRIDCR 2 BEIH 3 2 1213, KA (95% LA E?) 13X oE# % v 2
HHFBE EH 105 (Weierstrass D M-test)

Q 13 TRVES, {an}nEN 3 Q EDOBIBAN (% ne N ITHL T,
an: Q — C), B {M,}pen 13

@ (VneN) (Vz e Q) |an(2)] <M,

@ D M, FIH

n=1

R TET D, COEE Y fan| &) a, 13 Q TRIGKET B,

n=1 n=1 )
famiy % FZ a, 1 Q TR T 21 £ A0S, RIS Y a, 13k
n=1 n=1

PR 2 L (EARTHIRS), £z T Zan(z EHENIOR Y 2 (RDIEFHREZ S
n=1

nz),
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1.5.3 Fourier (REDHE i < 72 SAMITTE 3

n— foo D& FD Fourier REDIWFIF, 72 { A DIy AIHE 22 BI% I & 8L
EDREND, 7 SAMSTE LBED Fourier fﬁ&a& IRVWIUE%Z T %,

(BRI L 253 TRE T 7 W BIEUR) #0035 72 DNT Fourier fRELDIEFDNES 72 1. X
WHRRL %3,

TEPL 5.9 (BI#hs 7 < SAMITE 212 L. Fourier FRELDIFEAH L)
k €N, f 23 21 2> CK e 513
ILm n*a,(f) = ILm n*ba(f) = 0,

. k _
nﬂrinoon c(f) =0.

(Landau @ little-o notation Z\2% &, a, = b, = o(n™ ) (n — 0), c» = o(n~¥)
(n— £o0) LE¥ 3, )

n*c,(f) =i "% c, (f(k)) (n). £7 F8 1337 DT, Riemann-Lebesgue O EF (EHE
- 3 1 (k) = Z T i p =
5.7 (1)) 25, lim c(f*)=0. WZIZ lim ncy(f) =0. O
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1.5.3 Fourier (REDSH L JHE < 72 SAWOTTE %
FOERBMORKEDLRTD XD REBI Y ST,

FEBR 5.10 (B% D Fourier (RBDIMHELE T HUE, 72 { & A DB ATHE)

f: R — C 3EAW 21 2203l T, % D Fourier £2%5% a,,, b, 75, & % HAAE k
IZxf LT

an (lan] + |bn]) < 00 (cn THEL & Z n¥|ca| < 400)
n=1 n=—o0

il TETB, TDOEEF X CKHTHY., f D Fourier HEUZ k [FITER %
SHRETH B,

Weierstrass D M test & T{f,} 2% C* RDOBAKIIT £ 1S HUIDUR, {f/} 73
RIS 24518, 13 CLIRTF =g1 EWIEBZTV 2, FHllIZA
T 5, O
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[1] HEHtHSE - MES B E 7 — vV ¥, G5/ — b, https:
//m-katsurada.sakura.ne. jp/fourier/fourier-lecture-notes.pdf,
DIfiiE TG E 7 — ) 2284y L) I A4 PV DREHEL T,
(2014~).
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