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17~18 42 , Newton-Leibniz 3. MRS LR N Z LB U EEAFBE TER
BB, —RENFERE BEENRI, BREEMASFTBRRINAFR Q3 EE s
B HEEOWNFENER, ATIFFHEBFREL TN IR, WX A EETE R AR
BEERNEARHWAER.BAT —RIRUIFR. &5 H5%¥A Hamilton-Jacobi i
HHEAE 53 Euler-Lagrange B #H S S HMM 4 1. 1864 4£ J. Maxwell HUHE G £
MM TRATE TR MR, X 20 £58 H. Hertz BRBIEST ;7 A
W Einstein 5| 1 F B HRMHRR ERBBRT/KEE B E3,FWE T AMEShHHL
KRIT BUA) XASHEETENAE R, B F A% P RES T BN HEEBEL T
B, L2 EWAE 1D B RS 7 B A CURL 3 3 B T 3 2 0 A B AR AL, B A
R T/NBI B T KB KA ) R 3 5 &)@ﬁﬁﬁﬁ'—%ﬁiTi’Eﬂ‘J?ﬁ i Ay plin
REBRPFEZRWEEES HR.

RS TBRANARTREZTHBSNEI =R, EHNETERN AR EARENE 2
W EBERN TR LRHENARMNEFR AV E BREHEXAMRROLTERE BS
KUK BE AL EEF.EF AODAEBHSBENZSINRPHSBIRIAN RS
FERABFRA BRXERANSBEMIRENBBEIB S TAENEERE, WH
ARREERMNWRE. BEMFHEF TR L LAFRETEN CELR, RS TEE
WHZREEHEERNORE, SRR THEENMWEETA.

BB REEIRBAINERS TRBEROSERNBREL FBHER
B, EBREHEN MESS EATRET M I RENEE BENEE 20 2L+
ERAMHUATREMFHOEEYHESTBEM . EXBHEHOREREHE ABEMIERLT
LB EARAHTH AR TH, UETHREAMNXTREMAER. FEERK  HAT - LHE
BB B TR EFEZEANEENARER T EvEERERATRE
EBRRHIRT . FAAZRWEEMHRR . BETHREEREM WS, FE R R 2R
—RENESBATREM KRR BEM O RE. RERBH REAE R . WENFE
BV ERERY . BN BREENERHENE, RN XA FRZMNN# %Y.
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AE LREW AASEMET ABEANBRI. EF 1 ERNE 2 8P, ARKKHE
BB TIRES T RS, BATRERES T BAERERES T BER I, 8T 5%
HEBRP T BERUNBTRERES TENEMRBENFRIARE, HHEHAREARR
KRS FTEARE, IRENSE¥ST  THREEER 2R A EE. EI3IENETHER
S BARFIELR . XA T BT LR RS GAT B B R SR 0 — S sh 5 A2, Wi B aT LA
HTRE LR RS FHE, RN E R, B AR b E ¥, i B 78 W 2 5 B2 A
R ZMA, FURMNELERIIA LSS TEE D’ Alembert 43X, 55 4 ¥
HERHANE T Sturm-Liouville M A — B S, XA ABRELUTHTHEM PELANAE
AEEH BEANBEBABGHER. IERERBRNEREEREL W T EE SRR
BT EEMNNBERDZREN B Sturm-Liouville BB X2 H. ¥ THEE N EER
NEXFERIEBNE, RITA S Hermitian R K IE, M T Sturm-Liouville [H]
BHRMRHFE S, AR TRENRGEHEBE T E LR EN— KRG, X XS NE
YR — 8 Bt ER R =% LB MR, p#E ATILE-HERER. 58 5 5%
SRRF A BRI T Rk BB B R R, R 2 RSB OEF S A X M6 R , 8
G ARG b o ) — B & e85 T5. A 450 Bessel pR¥UI (321K ) Legendre B Y IE 38 % 2 AT
KA &R E Sturm-Liouville [ ESE A3, & | T RIF M8 ME Sturm-Liouville [n] 28 5 — i
MM EETREN—BSR. BET —SHANBESTT, AR TAMEIRARED
B HEARGE R M R ok . 58 6 A AR EHE M NUETHEEREASERBENT
F X B R B R , G T R — R R E . R B P B R A ARG sk AL B (5]
BAREAR.E 7T HZABENREBAR T ERHEET RHPELH Riemann 5T E B K 1H
F— R EE XN Green ML AT AT U ZLRBYEH L - REEBEXE EHNE —HE
MR, M EN AT ERASBEERERE Z B =HEREM Green B £ T
FREEFBRRBAT AR TAEENEH  F S EHRBNETEFE BAEURAR
TLIR B AT, R RIS AT 38— 25 3 S A8 G TR AR o IR e A0 SR RS B &

F A EE LW L E A Y A RUR BT 5 T AR R0 B 8 T G
BRI R MBS, N TEAWHE, ARERARES R, DR T EEEREL
KM HWREARFF. S EE R A RBNA RIS 2, A 2 55 B URT R3S #opt
HNAENER, QRRANBZRIE. —HBENIFHE T LREHANER EX—RE &
o SRR DISR AR A B R T BRI ML R~ S AR BREE NS LR KR
TRIERUEBRARBHRFEZLOANE.

BEEENZE . TRABHFANFTRKAFTE 34~46 0. MBEHH 2 20, HE 2.2
HA 3 A5 .63 TIEMM I, BRI 4. 4 5.4 5.7 .2 74
BB, BT U TE— 2N A M A A MBS 326, —2WEREHM LT N
REBA N, o, 555k B Ht ol L 22 Bessel ¥, (32B%) Legendre o %77 H 89 N
A UAERN BSR N AL B P« SHNE, THRBXBYFRZERINAE TREHT
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FEHELIHOTENYE LR — SRR, AN FE R BT EAESI R R
& 07 B AL 3505 1R B LA DL 64 G R R A '

1.1 =R RAHRS

1 Zimzh A E

—RREN KSR R ERFPEME ERETEERNINERTHER
/N IR B, R A R B 205 R T AR

D) XERK” . REREMEEZBAT, ATUERS e, E RmRA
M. TS RERNAEE p AR MED” RERENKEZERTENE
7, ERERE LA UEZEE—-FEENHE; FERNENTUZEART,

(2) Frif“SiRsh” BiERaI R ELE M FEA, BR L EK0E3) 7 MEHTFEA
B REKNPEAER « #, TRE L « S7E: RRAIBAE AT A B u (2, )T,

3) BN BERZ LA SHUBSEKMEED, ARSI PR, WEXEEEMER

A | 3| <1 RIS SR U TS /B MR S B T A B S R, TR

z+Ax T+Ax P
As=J «/l—i-uﬁdx%_[ dme= A

x

MAERISERPFEZKAR X4/, B Hooke EHA . Z L& ENK I K/DSaFE LR, iClE
T(x) , HKNEH T(x).

RATFBL o RIS o , B PR 2 W3 30 2 A K M 7 2. 6 3K EAE IR — /L B MM %
HIE, WK « B R IE B 7 M4 B0 4R 104 . IR MM 2 B & s M f M &b
BN T(OMT(HAD U RERT - RS TRER. BRITH folx,0) TR « Abut 22
LS REL

SRR TR TG+AD S5 = KT AN o Mo’ ULE 1 1. 1. JEMM EAF I
BEES.WKFEFAETIRIEF, B




Fl¥ —LRaMFTRPIMEHHES

T(x)cos a— T(x+ Ax)cos o’ = 0.

BF
1

cosg=———— =1,

_ T+ (z,0)

[Fl# cos a’~1,F &
T(x) = T(x+ Ax),

Eﬂﬁﬁi%ﬁ%%ﬁj}\d‘*ﬁ%’m#ﬁ TRRZ.

EEHEFMMBEMM ZHEMH— Tsina+
Tsina -+ fo (z,t) As— pghs, W —pgAs BRIWE T(e+Ax)
MM 8 H. T fos Mgt

tan o
V1T tan’a

sing &~ tana = u.(x+Ax,t), Tt g

oAz
As=J V14wt (x,t)dx &= Ax, o

ANYLBETE ¢ B 200 W 2B B 7 1) 0 s B SE ALK e (s E 1.1
), HEWME _ERE

Tlu (x4 Az,t) —u, (x,) ] — pg As + fo(x,)As = pu, (x,t)As,
TR B As~Ax, HHED

Tu,(x-}-AJ:,t) —u,(x5t)
Ax

sin g = 2~ tan ¢ = u,(x,2),

pghs

wh-—%&

|

]

]

!

l

|

]

|

!
x+Ax
1

Pg +f0(x’t) = Puu(x!t)y

4 Az—0,43
Tu. (zyt) —pg + folxst) = pu.(x,t),
BEWNENES, RITUAZMEZNER, XBERINBER D ZHKRE R 5 #
Uy = alu, + f. (1.1.1)

oep a’=%,f=%. LRI B F=0, B HE E h R HE
Uy = QU
FEAL DB MREAN B RS TR, SRR, WRAYN N IR Y
¥ RIS XA T EREA, XA EIR 0 SRR A W L8, B
BB 1 1) XN — % 3% 5 5 &. 1752 £, d’ Alembert & GRS T %R F 8. 5 %,

Euler(1759 4£) # D’Bernoulli(1762 4F) 4 HI¥E B T _ KM =B ESNI T BATHRES
RS,

2 BRESHE
=g E, 2B -H5 ERAFAEKDE. BEECHARERAR FESHBERER



1.1 ZXRVFBEORF

A He , 3R Y14 A R B 8L BE 4 A Fn AR k.
M ulz,y,z,0) BRYIERIE R M(z,y,2) 4k ¢ BF 3 0938 5. FIMOTE:  BUB/N AR FRTT
Q. WNEEERFTEHEXR B FTE.
1B4% M £ S 89 Fourier & #8Q, Ytk Z X 27 /M EF A de
WL, Ha—A T35 /NE BRI dS WHRR dQ SatE de ANE

REMER dS & u ¥ dS #9217 1 S HOL R EE B (L
A 1.1.2), 8
dQ =— k 22asa..

Hk=k(z,y, DAY EHAERRE EXBASER
AR TR B B RTT . & n BN E R, W dQ
EATHERORHEAAE, S o BOVNKARE, N QBAEHERERANRE. X B
RAOTALE n R bk m &,

B1 Fourier & 8 A1, ZEAE B WHE X B[4, 52, N, W00 B AR N

t, a
Q = [ k 24as]ar.
B Ocrpornagckmi-Gaull AR5

Q = J I:ngk v udS:ldt - J Un V.Y u)dv]dz.
BHRIEREE RN folx,y,z,t) EREXE (2 .. JARIFRE R HRE N

Q@ = [*[[ proav]ac
QNEEB L HZAMNBE u(z,y,z, 0 )EAR 1. HZKBEE u(x,y,z,t.) TEREHE
Q= Lq;[u(.r,y,z,tz) —ulx,y,sz,t,) ]dV = J‘z [Jncp aa—':dV:Idt.
BEABTFEER Q+Q=Q . 8A
J di] [V (kY +pfe1aV = Jl &t] cpu.av.

Boulz,y, 2, O XS EH S &GRS, A - E RS BRI SS R &
6 B4 s crpsk BN H B BT IEIBR (2,2, JRIXIE Q MIE B ANE )
w,—athu=f, (1.1.2)

Soob o =, f= L0 AR ZA8 Laplace BT 2 /20 HARME, 2 <0 HAETMIL.
A KB 25 SR SR 345, B4 2 0 T e e T M

1.1.2

© #4658 Fourier sEHt . 8 A7 AT 8] Py 1f A9 0 I 15 360 RS BE MO BT BURL IE L. TR L SCMR[3 ).
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ML, KU ESHT BHIEOHBERAEZSHRAN TR EFEFRB. L 2OKRI#A4E S
#F#. % E Fourier EHZ ML 2 F (M MHT L )(1810—1822 FE) P A A MR T
PIER TR,

3 BMEHE

ZHSRMNBEEGTUREEEBRFESESBEH IAMREXHER EIMNHEE
Maxwell 74 (1864 SFEH ) .

(GauB) V.E=L, (1.1.3)
[
VeH=0; (1.1. 4)
s JE
(Ampeére) VX H=gE +¢ 2%’ (1.1.5
(Farady) VXE=—y %’ (1.1.6)

H s 0 ﬁ@ﬁfﬂgﬁiﬁﬁ 13 %ﬁﬁm%ﬁﬁﬁ 114 j‘]'ﬁ‘ﬁgﬁyﬂ ﬂ:‘h‘?ﬁﬁ
FE(L 1. S) AW R BEE &

VXVXHZe%(VXE)-i-aVXE,
¥ LORXARALRE
VXVXH=—eH, —ouH,,
FEHE ARV XVXH=V(V - H)—AH, }EZEQ. L HXTUEBR HBEH TR

AH=€#Hm +UpHr- (1. 1. 7)
R E EHEN TR
AE = euE, + ouE,. (1. 1. 8)
MRS FEAZHE, B o=0,WFBRA.LDEFERA.1L.OEhNR
H, = LAH, (1.1.9)
&
E, = LAE. (1.1.10
e

FROLLOAFBRALIOBHRI=Z 2 EH TR ASZFHHNE NEELSE« BHE
R .
u, —a’(u, +uy +u.) =0,
1
Kta Wk
MERMEFEBEY, PG AENEZEL, ERA
' AE = 0. (1.1.11D)




1.2 XREEHFTHAME

AL EWERSR« BHE

Au=20,
XA BIRHA Laplace 5 #2. Laplace KB B RN FEMEE. H B (L 1L 3HBTL
BHEEGNBEABENTR. 4. 1L OXE, SRS KEIHBRERTIEN, ATEESRA
R u. 8 E=—Vu, BFERAN 1. HRB

Au=—"1, (1.1.12)

3
XAMEFKFTEKRN Poisson FE. BRUNRBEGERLEN, WEHEMREHE
Laplace F 8.

1.2 SERRARAFHISE i W -3

BRMNEERREYREN T LAR TN E RAREES T BER k. RTEE
ZUETXEAAAMMSHARWERRERBETELENEG. FIINKRBMREB T 08 LKE
FRERAR, ETAEFARTASKLMNAENEE BESE. RINEMI FTEWENX
o S B0 MR A4t 8 LAY SE R 25 145 4 A1 #5 % # (initial condition) fll i 5k 4 # (boundary
condition). —/ MRS H B UD MMM EREZHEE—ERBAT - EHTH. RE
—BEXTHERRBS TRV ERTNEERAGTRRE> TR, - FTERIKSHEBERT
FRTBHEABIEFERE, F— T E.LHRHYR % TR AR HESENANETEN
AR R E T RE SR ARG AR Bsh, TR 77 Bk, B E=; A5
5‘]‘%51"%;Eﬂfﬁﬁliﬁﬁﬁﬁﬁiﬁﬁ@’&ﬁﬁﬁﬁliﬁé‘iﬁ%ﬁ‘%%ﬁﬁiﬁmfﬂXﬁ.

WELFREL. ELNERMEE AT I RENREG BEARE&HHERRE
P A 46 ) A (AT PG (Cauchy) RIED s TR AN R ZUHBE N H R AN ERIABEHKE L4
1 BEE B &, N R R M EMBEER Y R4 F A

(1) ¥ %44 K Cauchy [6) .

MRS T REMRREN R Z RO ERE TR, BB RS XS B 28R
B o URERSIF BRI, HMB R GREFBHAOMABAERE. & ¢
¢ () 43 B R 7R T IR A7 B FNH0 B4 2 BE , WX B 9 Cauchy [ BERIK K

Uy —atu, = f(x,t), x € Ryt >0,
{u limo = $(2), r € R, (1.2.1)
Vim0 = (25 r € R.
B, P fE 5 A9 Cauchy [ EE N
u, —a*bu= fx,y,2,t), (x,y,2) € R*,t>0,
{u l,mo = $(x,y,2), (x.y,2) € R?,
Kb ¢(x,y, ) BYIIR T A WBE 4. — B, 5ERS RO VHERBE—, -1 NER Y

(1.2.2)



F1¥F —BANFRIIHEHHEE

TR A0SR T i [B] A B R B B B 7, UK R A9 Cauchy [RJRETR 45 Hy R 50 B 4% T B ]
B3 »n—1 BR80T A R 4R A 2 B 1E.

(2) AFFHMBERE B R

HRERERIBLARENARR RN LR F4. ARFZHE=ZR.BE-RAF K
2 R R A R L R B8, A0 5% I 3h [B] B8 3 9K B4 0 i [ B (AR O B 238D, U
L ]

U= =0, ul|,—,=0.
A KPR AN B 52 , TR AR B i (0 (OB 3, WA R KR
U |lamo = pa(0)y  u | = pa (0.
XanfE R 2R, HEYE S R BB R REENZ  Hp(zy,z,0, WHEAF KM
H
u “an zﬂ(.r,y,z,t).
BRARFMES BRI « HAF 0 WSME R n 8975 1825 B
du

an | B
MRS, RENKER L FZH—, AFER 2= — I IEZEET =z BT H
FEEHETHES, EAZBEF MM RIKIBRRI N o G%. B TEEFT R

WA Tsina=T S2BIE=2% ik, B i ShAAFTR B

du
podl = Q.
dx | 2=t
TR R 2= TR A ATERZ ¢ H p () W AFRT R
du
Iz | et = p(t).

XS S L By Fourier a T,k 22| —— S as— sy ;o ax s s i

6], 45 AT AR N ¥ AL S A0k 1 O HH O VR O R R AR ,511%%443%73—2:0.

(3) MEFGAR KM RAHRA BB RAEAR LT HSPORELGEART
EHE, B

MRS L £ =1 — MR TR & b RFHA RN 0 Hooke 7,
B R EE RN bl LERER B MBS R T 35| KBS RE AT B

Chulo=—TZ2| ALmRRRY



1.2 EME/AFIMEIMA

(55 + o)

:0,

r={

o o=, P =0 Ab— R B =0 L3 RN

du
| (52— =)
ERESEER, MBEYEREH R BERAZES, BB AFEREE «, LDEREBE o
&, #5289 Newton B ERC, A E AN ERABRANRBESEFELERIEKL, B

dQ=h{u—u,)dSdz, X i Fourier &, fFH#A R dQ=—*% g—zdet,izW/l‘ﬁkﬁﬁ%{Eﬂ

= 0.

=0

—k g—:=h(u—u1),’(ﬂﬂﬂ
du _
(ﬁ’i‘ou) ‘an = p(x,y,z,t),

He a=’££' yu=(ouy) | 2q.

WELHODR AL, BEXEAR LHE MRS, MR =0, WHRHNHHRE
44 # k& (homogeneous) i J &4, & M FR N 4 F K2 K& 4.

BEE A 3K 0938 3 A B L P A 1S B S AL, BN AN A0 06 2 A 9 B W, T L2
HREENAR AEERRBANERFE, TURESRE —SEH T RHES
e

Uy — @, = f(x,t), 0<<x<<lyt>0,
{u fimo = $(2) sty 1m0 = )y O < x <</ (1.2.3)
Um0 = 0hu |0y = 0, t = 0.
R, A #fEFFBRRA EE
u, —atAu = fx,y:2st), (x,3,2) € 2yt >0,
U |mo = #(x,3,2), (x,y,2) € 0, (1. 2. 4)

(3—3“‘) L,, = p(x,y,251).

X FA & E) 25 B i 2 3l S G R 0 A 4B 2% T R B sk R, SRR [ ] 2
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