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Fourier $RZX

AREE LB EH < KON DFET, Fourier fk# & Fourier 24, Zh 5 DIGHIZ DWW TR
%. Fourier 137 7 > A N Jean Baptiste Joseph Fourier (1768 - 1830) © Z & T, &
B, Bl & UCiERE L, Napoleon (ZfEX 72 AMIThH 5. 1822 FFIZHYZEIZEET 5
F#E (Thedrie analytique de la chaleur) %L, £DOH T2 TOREKIEI=ARBEEH O
IC&>THRESINZ (ZABRICAEING) E WO FEBZEIBL 2. 21 Fourier £k
BTH 5. Fourier DJFEIITFRIELAE, FEAL, HLREZ %8 T & 7. Fourier Z2 3 D 5%
WIZBERATEDIToNZEDTHS.

AR L RE T E BRI B S % Fourier DJFRMTH % & Z A D Fourier fEUZ DWW T
WA 4 FETREME R 72 WEEUIZEE 9 % Fourier DJR¥TH % Fourier 21 %5 Z &
29 5. Fourier fBUIYHY: (MIREERFZEEL) P LETELLIBAINTWT, A
FERDKMEOHEER - BT — X2 DEFTOFE L U TASHWL LT WS,

2.1 FHIRA#

KB f(x) PETD o, (2 € R), "L IZH/HULT, f(2+T) = f(z) TH2%5IE, f(z)
F T OMELD, B ULIZAM T CRMIKTH S, LIFENS. 22T T IXEDOEK
Thd. 5O T iZim/NEH (the least period) B U <&, Bz f(x) OEHA L EIENS.

Bl1: B sinz I, 27, 4w, 6m,--- OFMEZED. LWER LI, sin(z + 27), sin(z +
A7), sin(z +67), - FBT sine ELFECMEEZFONOTHS. L2LLRMS, 27
M sinx O (/) FTH 5.

Bl2: sinnr UL cosne OFAIE 2n/n THB. ZIZ T, n IZIEOBKTH 5.

1 EHOESEZ RTET. 2 € R IFZ o DWFEBR R OEADERTHLIL, $4hbbL, x WERTHEHIL
ERLTWD.

25



26 % 2 &  Fourier $EK

Bl3: tanz OFE, © TH 5.
Bla: EFIMCEOEDEMEZRD.

2.2  Fourier $R#K

KR f(x) & —L <z < L OHENTEZ S5, TORBOMITIE f(x+2L) =
f(x) &35, $bb, f(x) X 2L OfHZED. Z0LE f(z) X

—|— Z (an cos 1L —|—b sin n_zx) (2.1)

ERETES. (2.1) DA f(x) © Fourier #EH U < 1 Fourier EER & IEIXN
%. ZZ T ay, b, 1T Fourier {RE & M1XH

/f cos—d:r: (n=0,1,2---) (2.2a)
/f sin@dx (n=1,2--) (2.2b)

THEZOoND.

2.3 Fourier REDEH
Fourier {28 LA R DRk HikTRD 5N S,

Mo, DEH (L, n#0)  (2.1) OEHIIZ cos 72 ZFUT, z IZ2WT —L 25
L ¥THNT5. Z0&E ne NIZHLT*

L L
/ cos T g = / sin  qp = 0, (2.3)
LT LT

BLYF, mneNIZHULT

L L
/L cos mzx cos ? dr = /L sin m;rx sin ? dz = Lo n, (2.4)
L
mnx . nrx
i de =0 2.5
/_L cos —— sin ——dz (2.5)

2 HRBMOESE NTET. ne NiZn PERE N OEAOEETHS, T40bb, n WEARKTHS Z
LERLTWS.



2.3 Fourier {280 EH

27

THdILIZERTS. TIT by 1 Kronecker O 7L & EIEIEH

%m:{a(m¢n@aa, 26)

I, (m=noD&¥),
TEHRINDIETHD. LEHOBBRAZHVS L, a, IZOVWTOAR (2.2a) BEoN5.

Wb, DEH (7L, n#0)  a, DEHEEKIZLT, (2.1) DHEGZIC sin 272 2R U
TmKOhT—L#%Li@EﬁT%Z,mm%?éﬁﬁ@z@#%%ﬂ&

Mo, DEE (2.1) O EBROE BEKIC DT > THAL, ZOMEE a,, (n € N)
DARNE RERB YL, HIZRDa, En=0I1Z/FLUTHIETE DI Rnbrs.

R Fourier RBOEBEHDOERIZIE, BRATFOENZEELLETHS. HIZIE, a, %
KD B 721 (2.1) OWHIT cos 2L %ﬁb%t

f(x) cosn—zx = cosnLﬂ {% + Z <ancosn—zm + by, sin ”Lﬂ)} (2.7)

n=

LB, HAUD cos ME & BATIZHRARE S OHIZANS Z I TERW. 2ER
5, (2.7) DAEIDKEHI jé{ﬂ“%lﬁ% RFIDEHRIZ Lz > TRET S L

cos? {Z (ancos nL + by, sin?)}

n=1
nmT ( T 4 T
=cos —— — in —
CoS 7 ay cos 7 1S 7
n 2 L by s 2w
a9 COS —— sin —
2 L SR
+ ...
nwL . onmx
+ancosT+bnsmT—|— o)
nmT T b nmTr . I
=@q COS —— COS — coS — sin —
TS 7R T}
n nmwE 2mx b nmwxr . 2mx
a9 COS —— COS —— coS — sin —
2605 L et T
T
n nwT nmT ‘b, nTr . NI N
a,, COS —— COS —— cos — sin —— + . ..
" L L L L
BEORBEEZRMNOGTS2{HoTET &,
> nwT mrx nmT mrx
(am €08 —— €08 — + by, cos A sin 7 ) (2.8)

m=1



28 % 2 &  Fourier $EK

ThdH. BRATIHEREZILDRNT, B cos 7% ZRMOHFIZANTLE S &

nmwx > nmwx
- n - bn _>
COS { E <a COS + sin I }

n=1

Z (an cos? 0T 4 by, cos n_zac sin ?) (2.9)

LoTULED. (2.8) & (29) ZHSMITHELR L. (2.7) ITBWVWTHRAGSDHRT
n ¥ 1~ oo i’@”“ft@‘é*ﬁiﬁi’c‘% D, BEERTEOTHNIE m TH kL TH &
V. (ZOBAIIE, BHRBETATA Y B Y0 eas.) —f, B
SORIZH D cos 2 D n FHLREDEHRERL TWE. MAGSDEIZDH S
cos MIE D n Lj f.lﬂ]uﬂ?ﬁ@ n 3B DOEKREFF > TWVWADT, MEZERLBRWE

uﬁ%%%®ﬁﬁ%ﬁ0?%bf%<ﬁ#%b.

D& SRR ZT DR DSEE LTI, (2.1) OWZIC cos 2 X sin ™72
ZRERUT, 2 I1220WTC —L 256 L £THEAL, an, by, ZEEL, #ERO m % n
B ENZD, WO AELH 5.

2.4  Fourier HZ D5

AT D HTIX B D Fourier #& & % 39 & LIz, Fourier S D —> D sffl & L T
Fourier #k# % A\ 7z SRR D FHE %2 /R T,

Bl flz)==x, (-7 <z <), A2
Fourier R DALY,

1 ™
an:—/ xcosﬂdx—O

T J_, T
b, = l/ z sin —— dg = (—1)”“2.
T J_ . ™ n
L72h35 T,
f@):2Gmx—smm@%mﬁx—-u). (2.10)
2 3
ERTx=7/2 BT,
Tl 11
47 3 5 7
o.] _1n
:22( ) (2.11)
2n +1



2.4 Fourier #EELDH] 29

EWVWSKRBAE S NS, Z OMEE Leibniz DAL, H U < 1 Euler D% &
BENBHDTHE. 2D &SI THERBH DD Fourier fifi e W TERT
5.

Fourier MR FIZ & > TRIBMMARETESL Z L 28972012, ZOHITHEmL
7B f(x) = 2 B X TZ D Fourier FEEM (2.10) DAL DY DFD ) DIH F

TaEK21ITR U, HBPHADIZ LN ST, UL f(z) ITEDVWTVLS DA

DD,

v b b by

X

2.1 RFEMRT f(z) = z. BERIE f(z) O Fourier SAFBHOYIEE, SHRIE f(x)
D Fourier AR D 2 IHE T, — I f(x) ® Fourier MR DS 3 IH %
T, MEHRT f(z) D Fourier BRI DO 10 HH X TEZKRL 7.

B2 flr)=|z|, (-7 <z <m), Al 2r
Bl 1 ERIBRIZLT

ap = T,

_Jo, n HMEE
tn = —ﬂfﬂ, n MEE
b, —

L7=M- T,

cosxr  cos3x N cos Hx

f(ﬂf)z%—%( TR = +) (2.12)




30 % 2 &  Fourier $EK

EXT2=0, Fdo=n BITIZ,

w2 1 1 1
L (2.13)

2.2 KEME f(r) = |z|. BT f(z) D Fourier MEVEBIOHIIH. skl f(x)
@ Fourier FEEF D 2 IHE T. —mfRIE f(x) ® Fourier SREURBI D 3 THE
T. MIEMHIE f(x) O Fourier MEEFH D 10 HE x T.

B3  f(x) =22 (-7 <z <m), A 27
Bl &REBRIZLT

2
ag = §7T2,
n 4
Qp = <_1) Ea
b, =0

UL7zD3-> T,

(2.14)

T cosx cos2x  cos3x
12 22 + 32 T

- 4y 4. (2.15)



2.5 Fourier fEEFICEAT 2 WL D DFE

N, —hHax=rm BT,

mol (2.16)
6 12 22 32 42 ‘ '

BFoND .3

2.3 KFEMIL f(z) = 22 BHRIE f(x) O Fourier MAXEHOFIHE. fikfi f(x)
@ Fourier fEEF D 2 IHE T. —m#RIE f(x) ® Fourier SRERF D 3 THE
T. HIERRE f(x) D Fourier SR D 10 JHH £ T.

2.5 Fourier BB EBEICEAT 2V DHDEE
251 BEMOEREN —L <z < L TlIRL—KBKHNLIEE

TR f(z) We<z<c+2L THALN (ZITc HMEEOEKTHZ), 2L DA
Wrdord5. ZOLIBEEIZE f(z) 1 (2.1) & 52 Fourier SR TE 5.
7272 U, Fourier 2% a,,, b, IZ

1 C—|—2L

ap = —/ f(x)coswdx, (n=0,1,2--+) (2.17a)
L/ L
1 C+2L

by = Z/ Faysin Tz, (n=1,2) (2.17h)

*3(2.16) DMEHEAIL, P. Mengoli 12 & - T 1644 fEii@ie X 1, L. Euler 7% 1735 £ IZf#\V /2 6 DT
H5.
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THEASNS. (2.17a), (2.17b) DIFHIZ, (2.2a), (2.2b) 2EHE LD L AKIZITZ 5.
TR f(x) DI/EINTVWBEXMNR c <z < c+ 2L DHEIZE (2.1) DL DI =MAH
BOERADELLTPITSI 2R 2L, (2.1) OMLIT cos I8 2T, Z DF5R
2 IZOWT e S c+ 20 FTHAY LT 2L (2.17a) 2554, cos 72 OfRDH Y
12 sin MTE 2T, FRROERE 21T 728581213 (2.17h) BFohs.

c=—L &\VWIORZIGAITE, (2.17a), (2.17b) XZNE N (2.2a), (2.2b) IZ74 5.

nE, M REINAXENE D> TEEBBEIDIZZE DL 5D T, O Fourier
BB EDL SR WIET TH B, FEIZ, (2.17a), (2.17b) LKL L f(x) A
2L 2RO L VWO HEAFMHLT, (2.2a), (2.2b) ICEIELZELNTES. Lizdio
T, (2.1), (2.2a), (2.2b) A" Fourier ABEHDOEAL L EX 5.

24 HiDX 2.1 TlE, —7m <2 <7 OHPHOAZKRU7ZH, —31 < x < 3m OHIFHZ
BIRTBEX 24 DESITHD. ZOLE,” B f(o) P —n1 <z <7 OEPETEHEZS
NTWT, ZOHMUTIE 2r FAAZ L D7, EFEATH,” HIHEYRIEOTEY ¢ 1T L
T, c<z<c+H2rn THBFE f(x) BEASNTWVWT, ZOIMIT 2r 2FD” &L TH
MHHIXHEMTHEZ B ONETHAS.

24 K21 & FEKE 2L, —3n<z< 37 OHIPHZHRL .

252 ¥ ap ICDWT

(2.1) DFEEUEIE

aw 1 [T S5 f@)da
5 ap [, fleke = S



2.6 Parseval OfEZE
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WZELL, ZhiE f(o) ORMICHZ2EETHSD. 2O LIFMD % KA RBIEICET
&I IThns

253 BRI TEHRRZEFDS

4 WBWTERBR f(z) BPAEFETH 255121, 75K (2.2a), (2.2b) & £ DK (2.1)
X z=2q ITBEWVWT

f(za+0)+ f(xa — 0)
2

DALIZPER T B,
24D x = +1 TIX f(z) EBAEHKETH S, LHELEAS, (2.10) DALOFHIE,
HratO 41 @a=0) gyfr, e 0 1ZPERLTWD Z 2 2Dh 3.

2.6 Parseval DIEZER;

H U, an, by, DVEBEE f(x) O Fourier D & |

%/_L{f(x)}zdx: %4 ; a2 4+ b2) (2.18)

DD NLD. T Parseval DIEEFER L IEIEN S, ZORIE f(z) O ZFFEIIEA Foureir
RED_FHE UTRHTEEILEZRLTWVS.

BAERE a/27 f(z) DFHMBETHZOT, & [T {f(x) — ©Y2de & f(z) DRAEDF

BESE D HETHD. ZOMHIF Parseval DIEERZH WD &, 15> (a2 +b2) &7

%. 2% b, Parseval OMHEERIX
1 L

i [ {r@-%) aw=33 @), (219)

EHEITS. f(r) DHENE Fourier RO HEMTRI NS, LB 725 Parceval D
TEERDOZERIEME L T VA E LR,

2.7 EHEMERE
2.7.1 Fourier R DOEE

L L
k k .
i)k=1,2,3,--- D& &, / sinﬂdxz/ cos 2L dg = 0 ERB L ERE
LN LT
HHL 72 3.



34 % 2 &  Fourier $EK

i) AFOBRAZAAL T W, 272U, m,neN &3 5.

)

L mmx nwx L mrz | nmz o
a) cos cos — dx = sin sin —dz = Lép,. 2T I T
I L L L L L

57;,71 1% Kronecker DTNV X TH 5.

L
b) /Lsin m;ra; cos?dx = 0.

iil) ~L <z <L THALN, ZORXEDIMITIXEL 2L % & OEEHK f(z) BT
% Fourier %

mmx mmx >

f(x):A—f—mi::l(amcos + by, sin 7

ZBEWT,meNIZBULTan, =+ f_LL f(x) cos IZ dz, by, = + ffL f(x) sin X2 dz,
A= L5532 L AL A,
iv) AT OB EMRL, ZDORIE® Fourier ffEZ K72 I\,

3, (0 <z <b)
a) f(:v){
-3, (-b<z<0)

BRI 10 &9 5.
sinz, (0<=x
b) f(z) =

0, (m <z
FIRRE 2 &9 5.

IN

)
27)

A

272 TERMZOREE

1) (B & B DORIIMERERTH 5 Z L ZREIH L 72 S W,
i) W e AR OMIIMEBEBTH S Z e ZAEH LRI W,
iii) BRI L ARABMOMIIFTEKTH S Z L 2t LR W,
V) feven(®), fodd(x) Z TNZTNMBE, AL T5. ZoeE, LTFOXNZEHL

733%11\.[/::.'@ L Liﬁ@iégtjé
a) / feven(x) dx = 2/ feven(ZE) dzx
_L 0

b) /L fodd(x) da; = 0



2.7.3  Fourier fREDREE (2)

i) a) AR ORI HIGT 5 Fourier #kEU% KD 7R I\,

0, (-5<x<0)
fz) =
3, (0<z<b)
JERE 10 &5 5.
b) B f(x) DA © = —5, 0, 5 128\ T Fourier fkEIL L&D & 5 e fli %
& 5h.
i) —7m <z <7TIZBWVT f(zr) =22 £742 M 2r OE%%E Fourier fAEUER U 7

X\,
2
i) ATRRI ORI A VT, }: =z—%ﬁ%b@éwm

iv) f(z) 2 —L<xz <L ’C?’aﬁﬁéﬁ’btﬂﬁﬂ 2L OB E 5. f(x) D Fourier kX
JERIZ X sin DIHIZE LR W, BIE,

24 Z yp, COS —, (2.20a)

/ f(z cos — dx (n=0,1,2,...) (2.20Db)

LB L AT A XN, (2.20) i Fourier AU L ITIZNS .
v) f(x) 2 —L<x <L CHREINAY 2L OB L 95, f(z) O Fourier #i#K
FEBHIZIX cos DIHIZE DLW, BlH,

nmx
— N b, sin 2L 2.21
f(x) n§:1 sin — (2.21a)
2 L
by == | fl@)sin 2lde, (n=1,2,...) (2.21b)
L/ L

LB T L RIS, (2.21) 1 Fourier IEAGHEL X ITIEN 3.
vi) AR ORI T % Fourier fRE% KD X\, *5

3, (0<z<b)
m{
0, (5<ux<10)

JEEAIE 10 £ 5.

*L(s) =300 S BB EMEND.
*5 2 OBBUE, —co < T < oo DHIPHTHkD B &, 1) THEHUZBHEELFAUTHS. it T, Fourier FREUE
a) TRDODEZHLDEELIZRZITITTHS.



36 % 2 &  Fourier $EK

2.7.4 Parseval DIEERDRE

i) M 2L OBIEL f(x) PR (=L, L) I28WT 245" | (ay, cos 2L + b, sin 27%)
IR % & &, Parseval DEHE A

1 [E 2 =
[ farar= 23 @)
- n=1

ZEFHAL 2220,
ii) XROBEE % Fourier AABURH L 72 3\

2) flx) = {x, 0<z<?2)

-z, (—2<z<0)

JEIHA 4.
b) A% D Fourier $BUZXI5d % Parseval DIEHE A ZEH S T LRI V.
c) RIRRIDFER%Z £ H T, MEFRAREEI
1 1 1

atzt

1
TR e

n4

ZRDILI .



