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Fourier 53 M IRB I IEANRFB I B 35 - BLHM B B Bk IR BB -
AT B B K Jean d"Alembert (1717-1783) f 1747 B RIOF L (R F oo %
IR B0 W K6 o S OF ) LA DR O3 S RZAKI BRI © 4638 R 50T b & Alembert £
P2 B 5 3 A R B3 5 72 (SR B 5 R SR B S )

A% d%u
m et = 24

BT HEROAT] - pEHEE - AESHNERERE - 36 H TR
R - MEREEH TSR E) iR (2.1) B9 u(x, 1) AT DAROR RS

u(x,t) = f(az —ct) + g(x + ct) (2.2)

Hep f ~ g BESNFEB(EEE _KWH) - 8% BN (2.2) i dAlembert 23
XS ERR - 48 I Alembert 2 Bif » 3 E B % Brook Taylor (1685-1731)
LSS 7R BIRE - MR TMES I EAIRESAR AN ERERE
R ~ f 7B kg » (A3 Taylor Wik A R 1 REBHVEES > A
BAREIBE i (2.1) -

B 2 dAlembert B3 Taylor
WeH) iR (2.1) F - EMFRIE () BEROMY i - R T 2RSS
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Yy o (2.1) SR T B LN BRI AR S — /NPT S B BT RRIE T
°© WRIEFI GRSt Jg h(a, t) 5 Rt

Pu 0%

(D.E.) 2 C g2 T h(:z;,at), t>0, z€eR 23)
(LC)  ule,0)=fl2),  -(2,0) =g()
Hifd’Alembert 223X (2.2) W] DU#E— 2 HERE 55
1 1 r+ct
M%ﬂ=§ﬁw—vﬂ+ﬂx+dD+§;/ g(€)de
ret (2.4)

z+c(t— T)
/ / T)dédT
0 Jz—c(t—71)

i B A (KT 2K) 23 AT (dimensional analysis) A] DA B (2.4) B9 & #PE - %580
FIAG1E

G0 =ee) = =5 =

ot ot
XTI AAR G & FHF M
d%u d%u _ _
a?zcza?zh(x,t) —  [=LT"", [h]=[uT?

A (2.4) 45— AR 2 [v] > A EEER  Alembert 2450 (2.4) H R 2FHT - At
LGB FIE T AT (24) S5 8 2B EL LAY - DDA o (2.0) = o(r) 7%
BATH T g(o) AR EFBu(e, ) 87 > FTLL(24) 5 ZXNF B g(x) 1
— R - B E ARG RIEIAIEE R (v, t) Fule, t) N 85T > BTl
(2.4) e (o, t) 19— TLRRSY < SE T 7 R © T RAA G B
W -
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u(x,t) = g @y, SN —— oS

> I I

" (25)
u(z,0) = Z Ay SIN nz:zj

n=1

555k 2 Fourier i B 9B % » 76 122 B &1 Bernoulli % &) Daniel Bernoulli
(1700-1782) #F 1727 4E 58 7 W B 5 7L - #1536 43 B 88 Bk (separation of vari-
ables) » HRIGMAYEEG > WA T DAFR AR 535 I 83 2 18 1 s X B ( RN =4 5%
%) o KB d’Alembert J Euler FEEARA 22 8 - BB HEBIBE R Louis Lagrange
(1736-1813) t 1 A 38 — 55 1% JUH 6 30T — {18 TH A PO i B o 6 {1 G R 0 600 2 T 3
WA VAR R = AR B - AR E AR AMTE R "B 2, hRE
FEHE Y o3 1B o 38 M R R — 2 B R Bl BB 5K Fourier A g3k - (i Fourier 7347 ik
28 B o ARG Al 0 RS EHKE D. Bernoulli — i 2338 ¢
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e AT 1= 2 38 il 5 7 0 ) 3 (L el R

Pu 0%
— = == <z < <
(D.E.) 52 = ¢ 0<z< L, 0<t,
(B.C.) u(0,t) =u(L,t) =0, 0<t,
ou
LC)  u(e.0)= fla). w.0)=ge).  O<r<L

#D. Bernoulli ()53 @8 8k - BT DUMERE u(a,t) = T(t)e(z) » RA SRS
{ T"(t) + EN*T(t) =0

p"(x) + Ap(x) =0, ¢(0)=¢(L)=0

(3.1)

Bo(x)ME @8 HEF 4N Sturm-Liouville R - B F7 35 (1 1B 4 {5 74 1 (eigen-
value problem) » F{+PENE ? HHR ¢ = 0 F—{H M fE (trivial solution) ! BT
o =0 zHEEHAEEHIEGIEEYE 2 By DU it B 2R R80T 42 i 6oy ST
Il 45 {EL T o DU SR P AR B # G - B AFT W] DA 515 1] 45 {0 B ] A 8 B

2
Ap = <E> \ on(x) = sin n7r:1;7 n=12--- (3.2)

n=1,2, (3.3)

Hohray, ~ by BHLEAE B - Pl BB B () - —IRIE T DARORES

u(x,t) = Z To(t)on(x) = Z (an cos n7lr;ct + b, sin ?)@n(:p) (3.4)

n=1
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AT I I B R A Wl 4 4 (B AT TR M7 S PG RO AL B B T > A RE
PSR T B B ) o L

9 oo (3.5)
u nwe nTx
g(x) = a(l’ao) = nz::l b,, sin 7
FIFEE (IER) 2T E
/ f(2) sin nmre
(3.6)
by, = g(:}c) sin 27 de
nwe Jo L

FHYE Lo Euler giE M 38 /7 # HEE H Fourter (7% an ~ by o

H5EHR B /5 R 91 (3.4) IRAMTE B - 540 bl A5 4l By £ B A8 04| BLAT 5 B fiEl o
AR o R A IR B AR i AR o T Ho g S SRR W] DU A/ IE
PRSI

CTT CTT CTT CTT
f? 2?7 3?7 Ty nf?
S TR E R > JUE IR T0E £ 0K « B on(0) = sin "

Tln:nf'a'ﬁO <o < Lopdfesn — T RFFHR - [T BSOS 0 B B5 R 5% 32 [ B 85 (node)
o FE R HYHIR B 5B — 12 H B B P B Y B DE A BRI S BUR K o B EER
By WMERS TAEE -
IR PR AT — g (3.4) LR - HRWE (. t) B (R B an ~ b MH B A HFK
i [u] = [an] = [bn] - BE LHRRHEZ AL o & EA ST
fan] = TUNL = [f] = [u]
1
B
K= A B BPIE - A IR AR AT BRILE cos o BT E G Ik
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LR B (symmetry) o #8538 5B w(0,1) = 07 5 ( BfI#@ 53 Dirichlet 3 5%
Bef) - E#E - WTDUEREE  — 817 B BE R (B 5UEE) E R0 - Bk
b 1 B S U P 71 i et B e B R A O B9 A2 38 o TSP AR e B B 0 AT
F 5% A 126 B 5 (odd function extension) - [K] 5% Hx B L 147 1543  [RIBEH]
DU BN R 2 S HE = g_z(ovt) = 0 (Neumann 38 5541 ) Bl 5L 4R Bl 92 R 55 0% -
KR AR B M FR0 » BBERE GRS EZNZ 25 - FrDlbE S — M
BB o BEATTHR S 5 e B (even function extension) - K BEEEHR BN % XUH BR 5L
W

#EH Euler 2438 e’ = cos @ + isin 6 » ] DU 3 B) S R (3.4)(3.6) » Foik
HEN

ey~ 3 e

— 0

n;:m — G?O —|— ni_o:l (an COS nZl’ ‘|‘ bn sin nZl‘)
1 [F
Cn = ﬁ/_Lf(:Jc)e’ T dx
(3.7) 3B M8 Bz 253X 2 R R A Fourier SR O E R L Al {17 ) » IR A
TEAMEA I B % R {2 ) TR —8 - RS {7 ) B —EES - HAR
S AN BRIER ¢ (3.7) A7 35 1 NG 55 50 S B O 0 8 ) B 6 A L 11 12
ERENE 2 B RIEREIT | 2/ A 20 BOGR AT R T — % T o SR
(B ZPRE TR - KB AMT 1 —n BIER S n EAFR 2508 - 57U
M2 — BB KRS (3.7) 19450 B8R 2 BB - AR AT R BOR 2
ARG > AIRRES E 2R EH !
Fourier {1 (3.7) S8V LU 111 = £ BR MU A LA ( SORLA %) SOROES

)= g [ e+ feyeos T
38 BB LG B R (convolution) B AT RN + 152 MWVE LI H + By
FRPE - R AR SRR (R R ) -

W5 R SR S DR B 5 A2 R R RE AR E =
me® WHR I o SER- RS T o BT R R AR AR A R
thr o (7 IRt S 7 R i i T B

FTXARZBRBEPREZTG - 4
B B IR 2 75t LR I B 2

(3.7)

de (3.8)



§4 ZEHEEGHE

(B AT ) — BRRREMEIMAT (S347) M9EAE » 2 Fourier i 3 4411y
RS 1822 47 H P » L o A HR 3 0 P T3 B 1807 4F » Al 52 S0 L BB
Belt— R SC %ISR T 3L(Lagrange ~ Laplace ~ Legendre) %47 - #BHE
BEdFis@ - 16 181147 4 SRR MR I3RS > WA ELRBHE BRI A HE > BRI
2B T B A R BT B LR TR - B -
B0 B (SR P S B LI T

ou ou
(B.C.)  w(0,t)=u(L,t)=0, t>0 (4.1)

(I1.C.) u(z,0) = f(x), O<z<lL
/i D. Bernoulli iy 53 fE 88 87k » Fourier th v DUR BMEEL I8 FRoR 15 = ARk B - B
& Fourier B D. Bernoulli 8 Euler i 55 R 28 i b — i B9 B G > K L 5 R AR
& I Fourier B A 2 = AR - ik - il 7o AR SF S
DR R A TR HLE 2R A AT PR PH U R B £ {12 500w A48 o 198 58 1 5 ik B
B R 59018 BRI -

f(l,)u:vv%+2(ancosnx+bnsinnx), 0<z<27

n=1
"B BRI H IS I Fourier S B 7 WEE BB A REE © T BBf £ Fourier

B 7 15 5 18 R R R 5 Al B o AT R R AL L - BRI
() MO A S T 4 ¢ SR B ~ —Boosi ~ B esl ~ L7 Wos o R AR s
(weak convergence) 2% o [ HhHE KI5k 52 16 B Z2 18] (function space) (R[S » 35 %6
R K st 8 e 1 By e HAS I 7 AR AT ARE RER 2 - S 8 i R R
o 58— 1B 2 A P () 288 JR 1 42 B B2 %2 G. L. Dirichlet (1805-1859) » 47 Fourier
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1 52 228 B 3 gl S 9 Fourier i B IKCad P - 38 4 T 0 T 3 ot e B0 8% 44 Y 0k
» 3B R ER T [ AR S BB — AL o WEAS HY I R B S A Y 3 B
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|
0, z€[0,1]1—-Q

4 REAIRR 2 £ Dirichlet B % > Sl BH AP L f} » B. Riemann (1826-1866)
e 9 & A 2 Fourier 73 AT H IR Y B R -

6 Dirichlet 7 Riemann
L IF 109 7 0489 86 98246 1 Riemann 7 Fourier B0 1K 8P 099 14 A St A
WO 3 72 Fourier (8 T4 B S0 R B 1 A S0 SR 2 80 LA B 0 5 5
% 7 DA Riemann 7 1854 4 [y SR I B0 b 5 B4 1 53 1 o

b
ﬁﬂ%ﬁ%@ﬁ%!/ﬂ@m?

1 25 R 5 K FRAPT 4R 9 (19 Riemann B4 3 » Riemann B 7] B H: (1 8299
WAL, > FEI9 2 AT B AE AR % Riemann B M0 35 » 5B MB5E B 20 B HER 5
1ty Lebesgue %43 « 8 Riemann 2 4% » fSEIK % Cantor - 2R DL
B R B R EE A EEAER - 1876 42 Paul du Bois Reymond (1831-1889)
52 H 7 LA O 39 390 6 98 G Fourier #5076 S 2L BE 2 B - #RIBIM % A. Kolomogov
(1903 1987) 38 3% 4 T~ 8 T A B 0% L Fourier SR B BE R - 137 L BRI B A
TTHEMCRUIE 2 38 N PR 56 1 1966 4 FELBLMER 5% L. Caleson gk - 139 L~ g8
B (77 TR ) B > $ AR BB K R, Hunt R HER B RS LY (1 < p)
BRI R B -
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8§ 5 Fourier 1 47 Bl % 2

R Fourier # B » HEPE Fourier SR AME SRS Fourier - fiiiE— 5 EH
HH2L — oo » B ME AW SEIIE JEERH KB - # 1 Riemann 18 Riemann-
Lebesgue 5|31 » 1853 F 8519 Fourier 8 3 22 2,

far =2 [ [ swreos et -y 51

BT DB (5.1) B EM T - 2RI R E AR SR K - WLIREEE
HALEA (L — oo) i T KR DNA o M52 2 5020 SHHR B - B L # 25
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B 8§ Fourier gt
A (5.1) FAM T DLk — 2545 3] Fourier % #&

- /_Oo flx)e & de,  flz) = %/_Oo Fl&)etede (5.2)

B (5.1) W] DAAT AR H AR [S] B Fourier 88 U2 5 - EAVE R WE— M E &
By #& Fourier 8 {1 B 3 8840 5 G 47 —lEIF 7 — 5@ 2L -

Fourier 1 73 j& i 78 — PR ME 53 IR AU AR b 0 BB R RE i Jre ok > SR EAE
I B FR 2




AV T SR A 5 - ST -+ P 1 SR 3 BT O
P L SO SIE I A SR 1 IR - T SN R S R
S BERARS - T RIS e B -

Fourier 8441 Lt Fourier BB ¥ « HEFI B » 354735 % Fourier 5371 %
ol 1 BERESEMBHAG - Fourier BMREAS RIUR BB HTINL - EIRIRISY /i1
ST A BT TS TR - AR A S BRI O R - 4 T
)58 B 5 Fourier 3 M7 ELMEZE A « {5 4209 Heisenberg 17 42 (7R
ez ) [ BL TT BRI P Fourier 84 48Ky » 38 2 Hermann Weyl (1885-1955)
(BT - 39 J7 5k Canchy-Schwars 75 555U HLBASHL - 3 550071 -

B RE S 1S G 1 B B8 (ground state) » 1F 2 Gaussian( 2507 g %) -

3

B 9 Heisenberg B 10 Weyl
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8§ 5 3k Fourier

(ko AT 3 ) RERCEK 1 Fourier B Fourier 877 o #4219 HE B2 3CRK » A2
B2 g B R sh AN B — SR A AR IR B - Fourler {8 i & i IR 1Y
JikEEN oy iR A I T E - RN T AR HIREE - B 1R R HE
o BDIRBUEEN RN - hEEE r BREBRN fa -

Fourier [y iff 72 5 2R 2 B A BUR SC R BT - M Fourier 3 ATl 40— H B2 K
Ao MEEHA T o AT YRR (R R SR WA ) FET DU SO Y 5 = DARE i
0 Fourier (YfFSE - 5 SRR BER SR BENER - BANSTRELT
LA EZ M Fourier WERCEFE B 255 — RN HEX -

Fourier (B A1 /7 5 2% T8 S 2L AW B AT A &1 - 1826 4E B (Georg
Simon Ohm, 17871854 ) | Ff] #4831 Ik AH 2 78 (S8 > FBVBUEI A BB T EH S
W5e > Ml FE A EEEARK > DIBEEERR - S (1781-1840) Bl Poisson (1777
1855) il ( ey Mdr ) MmN EREARES > HHERBHENEE - F4
PIBRER S J. C. Maxwell (1831-1870) €14  # b AT 2 3 ) FRES — AR I 2
[(R)25 » T P HER %2 Lord Kelvin (1824-1907) FRAEAE o2 B BOERI0E: » i H & fRfl S
CAEBR YA E A EARZIERZ P2 - BEEBENEt - 281k
~ f R AL E — i bW K LT - S RA AT EEL - AR EE B
B e R A FOR IR B IR R T T AN IR - — HEE R RAEL - BERAR
R - ANOAEERNWEBESER AN RLRES

T &A% & & w5 Fourier ?
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