


BB (R5) %1% | f(2) B Fourier A#eh F()), M VAo, zo € (~o0,
roo), H

Flf(2)e™] = FA = o) ,
Flf(z — )] = f)e™i=o* . (4.1.6)
LR 8 f(z) & Fourier ZHOY (), MXFY 0 LK o, &
F(f(az)] = %f ) (4.1.7)

BOAR & f(z) K Fourier B#eH F), ] : F(€)d€ 8 Fourier ZIRFFLE,

mu )
F[/_mf(é)dé] =1

HERAR # f(2),9(z) 19 Fourier Z#HAF1H FN) 5 5(0), MENIKEHE
#

(4.1.8)

f(z)*g(= / £(&) y(w §)d¢ = / flz—€)g(€)de (4.1.92)
i) Fourier Z¥eth#r7E, B
Flf (@) * g(z)] = FNG) - (4.1.9b)
Rt % f(z) B9 Fourier 35834 (), M

Flf(@) = 2mf(-)). (4.1.10)

BUXR

Llaf(t) + Bg(t)] = aL[f(t)] + BLIg(t)] -

WABR

Lf™@)] = p"F@)—p" " f(+0)—p" 2/ (+0) = —pf " N+0)~ £ N40) . (4.23)

55 Fourier Z#eAfiFl, Laplace ZEHIERK FEHER T RYEH, HE n P I&H
¥ Laplace ZRMMEMBARNAIMN 0 BrE] n — 1 Br S RBUIOAILELE.

TR ER
Llft=n=L{ft-n)H{Et-7)]=e"f(p), 7>0. (4.2.4)
WHEBLAR IMEA—ANEEE po, B
L{f(t)e™!] = f(p — po)- (4.2.5)
HEUEER MEBHEH a>0, %
L{f(et)] = é (g) (4.2.6)
Rauz )
/ f (r)df = i' (4.2.7)
HRAR
L{f () xg()) = F(p) - 3(p) . (4.2.8)
XE, BH
+oc t
10 59)= [ fe-ng(riar = /0 fe-ngnar. (429
BREHHRS 2R
LIt f()] = F™(p). (4.2.10)
BREHHRS LR
L[19] / Fo)dp, BB RIAELTFE Rep > o 1. (@211)

§(z) * f(z) = f(2),

&'(z) x f(z) = 9(z) * f'(z) = (=),

8 (z) » f(z) = 6(z) * f™(z) = £ (=),
L(f(z) xg(z)) = (Lf) g = f * Lg,

/ " ey = 2m5(X),

/+°° cos Azdz = 2rd(A),

—00

+00
/ re o dz = 2mid’(N).
—00

106 ou
{ o (r5e)+

Ulp=q = F(acos®, asmG)

1 0%

ﬁ%i:(), r<a,

f(6).
HBMEE, &
u(r,0) =

+o0 .
r\" .
=2 +z (;) (An cosnb + By sinn), (2.1.12a)

ARG (2.1.8b) KA

4 =
u(a,€)~—0+z (An cosnf + By, sinnf) = f(4).

n=1

R f(6) 7E [0, 2n) LA Fourier BHR, ¥A n=0,1,2,--- #H

1 2
= ;/ f() cosnpdep, (2.1.12b)
0
1 21
B, = —/ Flp) sinnpdp.
= Jo

SRR, B (- > a)Laplace HEH RN —RBR N

(2.1.12¢)

+o0 "
0)=—A2£+Z(g) (An cosnf + B,sinnd), 1> a,
n=1

T a1 < r < ap W Laplace FTEMRH— BT NN
=L & Inr+ Z(Cnr + Dpr~")(An cosnb + By, sinnf),

n=1

u(r,0) =
8u 2
{W‘ 6x2+f(tz), t>0, —00 <z < 400,

a
Ueo = 0@ | =vi@

z+at
) = 3lee —at) + oot an+ 5 [ wierae

/ d‘r/z+a(t ” f(r, §)dE.

a(t—7)



HRB M RHESTIR ODE(E A TTR) EF2.2.1(% S IBE FHS-LEH)P60—61)
V'@ +by' () +cy(2) =0, (b,cFHE, FeIk) (2.0) {[k(x)X'(x)]'—q(x)X(x)+/\p(x)x<x) =0,-0<a<x<b<+0,(2.2:62)
KAEHR pP +bu+c=0. a,X(a)- B, X"(@)=0, a,X(b)+B,X'(b)=0. (2.2.6b)

! _— [, k(x)eC'[a,8], 4(x), p(x) € Cla,b]; (2.2.6¢)
1. 245% —4c 2> OB, %ﬁEj_‘a;F;ﬁz ﬁ?ﬁ**ﬁ. 1&{ @). F@D>0, p(x)>0, 920, Vxelab], (2.2.6d)
—b+Vb>—4c = \f

. e t_ @) SEEE BR{ X, (0} RL, [a,b] W—HIEXE,
3 _ H Hot F00
COBMECI=Ae L Be s A B%E%%ﬁ WVf ()€ L [ab], /0= 3 CnXnl). W lim
2. 24p* —4¢ = OB, ﬁﬁﬁﬁiﬁ*ﬁl‘]**ﬁ Hyx = RV I !
_ it bt |4, BE <SG, X (0> <f(x),X (x)> [, PSIX, dx 11
QOEMY (D) = (At + B)e™™ =(Ar+B)e >, [pny | € =y W@X@> I ef P efax (*iP
3. 24p% —4c < OB, FRIE R — X PR - e — a

—haifde—p2 _ —b—iJ4c—b? 2u
pl=w, Hy = 3 - atz -Lyu= f(t,x), t>0, a<x<b,

N
()= Y Xy =0,
n=1(0)

b P — TS A T R R
Q.OBEMy()=¢ 7I(Ac0s4cT_b2t+Bsin 4”{1’2 t), Bl (a,u Bl&)‘xq, =0, (a2”+ﬁz ax)‘x=b =0, ?jﬁ;;]iﬂﬁ—ﬂﬁﬁﬁrﬂﬁ
A, BRAE BB Wp=0(x), | _, =vo. ¢ )
SR ——— Y T S e
O v =0, >0, a<x<b,
(M) 2% r>0 B, EFERKR r=¢', M s=Inr. o o v SERSE
R'(r)= %*R$=%‘(11—R (1) (a,vl—ﬁl W)x_a =0, (azvl +ﬁz§1)x_b =0, A5 gk,
s ar s’ = =
" 2 2 Vil g = @(x), % =
e et REEAE)| e B e e
RATTRS dqz Ri(p-1n9R .+ gr=0. I %—L v, =f(t,x), >0, a<x<b, [FE-DHSHERY,.
3
FETEL + (p- )i +q =0, REFEN FEAS L Eoam, (12) (aw-8.52) _ -0 (azvzwzg)x_;o,
BJRTEEMAHHE s=Inr . =

_ v,
V=00 52

=0. #EFHERBITRLIRE.
o SLEHE [)X'(0)] ~40)X@)+ Ap(0)X(x)=0. =)

T N TN RO G T e R e
Fiby(x) =0, WEAKNS- LB, BT : .
(1) BB STRBMHNL. AR (). ) i / hi(@), o oo
i w == == =0,
X"+ 20D 012+ 2D 1 22 3y, ,‘:: s B e 0oo
Z TR (®) by(x) by(x) c;t,TT = f(r,@),
_[bl(X)dx . m =T .
Q) FihFphe 0 1§S'Lﬂ7"ﬁ‘*** u(t,m):/u wit, @ 7)dr a6.7)
hw, ! RAFRA RN
fb0<x) Xh 12O )efb0<x) X(x )+Ab(x) Ibo(x) X(x)=0. P Lt flta), 0, s R,
x)— by(x ) ‘ o — (1.6.8)
Yo = 7| == gt =0
b (x) ( _ b3(x) = Ot o ot t=0
k(x)= el ™ A= e 2 PL)= g - o
R — L%E)H(Pw o B2 % P RIR U T 4 B A BR AT L% S5 R AR & 1L
2. {RIE - - ou t,x
{[k(x)X'(x)]'—q(x)X(x)+Ap(x)X(x)=0, —0<a<x<h<+0m,(2.2.62) o LU= J(bX) 150, a<x<b,
a,X(@)-BX"(a)=0, a,X(b)+ 32)?(1’)]: 0. (2.2(.;112)6 ) .2){(au-p,) =0 (ayu+ ﬁzd_u)‘x _, = O Ry,
e ). k(x)e C'[a,b], 4(x),p(x)eCla,bf; .2.0¢
{(2). k(x)>0, p(x)>0, ¢(x)=0, Vxe[a,b], (2.26d) ul,_ 0 =0. Le FfkBx =B LHART.
,’B 20, j=1,2, al+ﬁl#0 az‘*‘ﬂz’ﬁo WJ ?—L w= 0 t>0, a<x<b,
(EVAT A BT ) (2260, b—ER B A+ B "
0=y O <Ay <oy <oy T Ay =40, (X, X0, X0 Koo | R S @ =By Q2 _ =0, (azw+ﬂza)x=b=0’
(ﬂ(lﬂﬁﬁﬂlﬁﬁi) BrA Iﬁlﬁﬁ/\n 20, n=(0,)1,2,+, B Wlpr_g = L(T,x) . .
Ay = 0B 2262, b)EAE o {(i)' gex)=0s s [“’b]; RIS A = Etiil
Bt (i) R B 112 A [j‘ﬁwg#. N ) O Hlua 5 AR 95 5 AF)
= 0J2(2.2.6a,b)[EF {HRY, ﬁﬁm’lﬁﬁﬁw (x)=1

RS BAERY:, Rw(t,xT) =w(t—1,x;7).
(3)(IE32l$)ﬂ:rm¢maj‘ <X, (x), X, (x)>_[ P(X) Xy ()X, (x)dx =0,

u(t,x)=L:w(t—T,x;T)dT. # 3% %k kK
WGty SERBEEBRE{ X, VR IE [a.p] B—LHIEASE,




Lu-La= f(,x), t>t, a<x<b, (1.3
(qu-B, 2, _, =&, (et B, 34)] _, = 8,0 (1b)

"|t =1, =¢1(x)a (az(t)¢0H‘_J)ut|t=t0 =‘Pz(x)' (1'c)

L, —az(t) atl +a1(t) S =b2(x)a‘?v—22+b1(x)%+b0(x), bz(x)>0.

A, OE(,x)=0, g()=h, g()=m,
hom %%, K +m*=0, N
MayEke#y =v(x), A1), 1.b), KiHv(x);
2y w(t,x) = u(t,x)-v(x), BWEMEE, KBw; Bu(t,x)=v(x)+w(t,x). #
(DS (1,x)=0, g,(f)=hg(t), g,(t)=mg(t),
L, g(2) = kg(®),§(t) = 0, hym, KEBRTHE, i +m* #0,
M@OB v(x,0)= X(x)g(t), fAAQ1.2),(1.b), BPAg(H), MBHX(x);
@)@w(t,x)=u(t,x)— X (x)g(t), BWEMIE, KHW;
Bu(t,x)=X(x)g(t)+w(t,x). #
Liu—Lou=f(t,x), t>t, a<x<b, (La)
(au-B %) =&, (aw+B: %], =80, a.b)
uj;_ =1, =@ (x), (az(t)¢OET) ut|t 4, =P, (x). 1.¢)

(B)— k.

SeAL TR TP T5)
8 (DR & D FZ AL DIAE —BEHv (x, 1)
D Qy, QR FRHOE v(x,1) = A1) x + B(1);
2)a, = a, = OB & v(x,t) = A1) X* + B()x.
By, ) RABFEMD), RKA®), B(t),Bv(x,1).
Q)% w=u—v, BWKERRBOTREFK, HREEFR);
(3) &Mk, AN BERBEMMRIFEENFIRE, &IH8wE,x),
B Fourier B3R Hw(r, x);

@ u(t,x)=v(t,x)+w(t,x)=--. #
A4 F R Fourier RRFF¥E, AT —BRIIEF K IE
Liu+Lyu= f(t,z), t>0,a<z<b, (2.3.98)
Ou ou :
(2n-sg) =0 (mrmi) -0 eam
Ou
ult=o = 9(2), & T P(x), (2.3.9¢)

K, Ly, L, HRRET t,z I REERSHT.

E—% SETEE KB (2.3.9) RHNKFREE (f(t2) = 0) WEHFMHE
B, AN ERE () REFRER {(Xa(2)}-

B ES-L TEAW {X.(2)} WREE, IFERTRE ut,2) REME
¥ f(t,2), o(z) W y(z) MEFRER {Xa(x)} ¥/~ X Fourier RFF

ZT,.(t
Zfﬂ t)X’ﬂ
o(z) = Z PnXn(z), Y(z)=

u(t,z) =

> $aXa(a)
RATTE (2.3.92) BAVHEM (2.3.90) K, FIF Lo Xa(2) = ~AXu (o), BIRMEA
H u(t, z) B~ X Fourier R T, (t) WM I8

{ LTa(®) + MTlt) = falt),
Ta(0) = o, TH0) = ¥
B=H WUAERE, B T.0), S (o) HEEFER,

B xJ)(0) = (xJ;(0)"s Ty (x)==J,/(x).

1) m,n—A AR, A8 S, Lll X"P,(x)dx=0. kK
1
2) 0 < m < nff, I_] X" P, (x)dx=0. Y %k

(28

Bessel /NG
VB Bessel 1738 x7p"" + xp" + (x> =v2) p =0 (V 2 0) 760 < || < +oolB R
Y(x)=CJ ,(x)+ DN ,(x), C,D}ERHEH,

+00 1k 2k+V [1im J, =J,(0)=1,
=2 rrap() ey
—-—AKBessel HEL el ;lclg{] JV (x)=Jy, ®=0.
N
v X J —J_
H_)m (COSIHT)S::](;'; y(x), glv :m(flliﬁﬁﬁ)

— 5 " HBessel HEL ull)no N, (x)= OO‘
{xzy"+xy'+(x2 —v)y=0, 0<|x|<+o,

[9(0)| < +o0

ik y(x)=CJ, (x).
*kok k

{a—x)y' )Y +Ap(x)=0, xe[-1,1], (3.1.13)

YED[ . (3.37b) fm IR R EMA A [0() =1>0.]
[BIRR: 42 > 08, % ELALSA = n(n+1),n=0,1,2,++, GITVEFRBME, ().
HS-LEH, EEHEMG3.HMEHREA20.

UEFAFIE B2 2. 1P M S G5B IE B 25 2 L KPP T P29-P30. #
n = ”(” + 1)9" =0, 1’29"‘,H*ﬁﬂEﬁﬁﬁﬁ]l’n(x)(lxgendreglﬁi\“)

‘. {Py(x), n=0,12--}2 2 [-L1|554&EZE.
+00
Vi) e 2 [-L1], f(x)= 2 Cuba(c0), 3ot

»

(3.3.7) {

<SS B> [Lreom e 41
n-

<P,(x), P(x)> "~ ]' e )| dx
o FEf (ORSTBERH, %J)ﬁp%ﬁ?ﬁf\ﬁ(sssa) (336«1)2%[ ()P, (x)dx.
<Ff(0) RETR, FAHRREHRC,.

I F(X)Py (x)dx.

Ve B, f()= 3 Cubaty [fPatof de= g2 m=0.12,.
Tk kokok

<@ P> [ 1w 2

"LP(x), Py (x)> J’ 1Pyt dx

|« Ff RS B R PO ATR(3.3.60)- (336d);kj F(P, (x)dv.
B ORETA, JLRFHERC, . *ﬂ)ﬁmszzaﬂma)@m

(aym, n$%§§wﬁ%ﬁwj x"P, (x)dx 0; (2)n>m>051[ x"P,(x)dx=0.4
2,020 ¢

By, (RIKE REBRFNETR, Py | (OR2m + IKH R EARREN TR,
y+ @y X7 o4, X" = C\Py(x)+C,Py(x) 4+ Cy Py (), Kk

a1 = C R+ CR )+ +C,y, Py, (X) Kk

L, £CoP o

ay+a,x+a,x* ++a,x" = kgﬂ 1P (%)

a,x+a,x3++a,,

®) |P,(x)|<1, Vxe[- 11] Py()= L P, (-1)=(-1)". ?

(6) Eﬂ%ﬁ%ﬂ" V11— 2xt+t2 z o (x)tn
(7) BRAR: \(n+1) P, (%)~ (2n+1)xP (x)+nP,_(x)=0, (3.3.63)] (P96)
‘nP (x)=xP,(x)-P,_(x), (3.3.6b) ‘P (¥)= 2n+1{ P, (0)-P,_ (). (336d)‘

|x[<1, |f]<1.

@) {P,(x),n=0,1,2,-}FEL [~L|WBLERE: 0 m B, I_l P,(x)P, (x)dx=0.

|“:|Pn(x)|2dx =ﬁ, n=0,1,2,--.



(337){{(1 x2)p" (Y +Ap(x)=0, xe(-1,1),(3.1.13)
®97) L |[yED A (33.7b)
1) 4 = n(n + iR, JEG.L13)iEME Y(x) = C,Py(x) + D0y (x), n=0,12,+,

n 3.2.10)(P89
[2} (= l)k(2n 2k) X2k (3.2.8) : )P

P,(x)= Zom P (x)%lﬂkzlﬁf(

P D5
S |

2) BA =1 +1), ] # nCESEROT, GLI)EAHE “Iy(il)\ﬁ?%” E‘HE%%.
HS-LEH, 3.3.7)FEAMEA = 0. HI,
(G3DEATEN, =n(n+1),n=0,1,2, | HREH EECHP, (x)(Legendre SHR).

‘{Pn(x)’ n=0,1,2. } Lz[ ll]IEngJ' |P (x)| n=0,1,2,
-%x.l

BRASKR FRIRTARA v = O — RV (r,6) = +zw (C,,r" + D,,r‘("“)) P, (cos6).
n=0

2n—4k+3
k-1)(n—k+1) n—2k+1

(x).

0,,(x)=1 P (x)In ltx

ot
-3 P3(x)=%x3

[A®=1 B(x) =X, Px=3x-]

+00
() RIMATY =0 W—RTR: V(r,6)= 5 4, (£)" Puteoso).

Aw=0, r= \/x +yt+g ,r>a,

(2) BSh:
|r-a =f6).

(»T|v|,:+m|7€ﬁ Bnz1H, C

Hov(r,0)= 4,1+ Z A5 P,,(cose).\é}r = +00fd 4, = v\,=+oo.\
(P(cosB) = 1) RABFEMERA,, 4,

A,y =0, r=\/,?+—szz—"7, 0<a, <r<a,,

ey, = 116); Vg, = f2(6)-[inisd,p — o bkinfl

) Lp (cos6)RABTEHRC,, D,
Tk BT

)—(n+1)

(3) LR

V(r,8) = Z (c " + D, r- ("1

3.4.2 Bessel 5 & & A {8 6] B
(3.1.275 P 84 - 85)H: 2 #R &R F B Helmholtz 772 :

Av+k2v:15( ar)’frlzg?z; 62"+k2v 0. 3.1.5

®’ V(r,0,2)=R(r) . (0)Z(z), ﬁ/\ﬁﬁ, BLlv=R.Z,718
FeR'®Y |y | :
Rr) I?
ito =v?,
iE/\ = _/J + kzs

L O) k22

' 1Z2(2)

V2 A= 0, RULR,

R(r)

| (R'@)) +(Ar-YR(r) =0, (3.1.7)(P85)K kX

o<r<a,

IR v = 08t, (3.1.7)%5 (FR'(r)) + ArR(r)=0.|
FEAFRR T Helmholtz B (H551A,u = /A BARFFR(r) TR :
{(FR ') +(Ar-YR(r)=0, 0<r<a, (3.L.7)P85)

|R(0)| < +00, aR(a)+BR'(@)=0.(3.1.72) mmm»ﬁ:
ftaesm 1

r=0: NI AP 86) ’WMSS)‘ #0.

(BI: Hdh, 76 pyp) | (BT, 7230 R ‘ ’hb

(.17): S-LA, k(r)=p(r)=r>0, q(r)=v2>0\ 2
IBRG. LT EE

HS- L EH3.3.1(P97,P60—61)%, (1)EAEA=0.
BEAHY =0, a =08, A =0 REAM, HREHRKR,(r)=1.
@) EHETH, —EAERX N EA R

2
3 EE Bt L [09] miEses,

v BrBessel 578 X2y + xp" + (x = v2)y =0 (v 2 0) (3.1.8)(PES)7E 0<|x|< +oo E#N
y(x)=CJV (x)+DN (x), C, DREEEE, (3.2.20)(P92)

[(rR'(r))'+(Ar-V,2)R(r)=0, 0<r<a, (3.L.7)P85) [EHEA > 0.
|R(0)| < +0, qR(a)+BR'(a)=0. 3.1.72) I2[0.a]

1 4y
P e, 4" e | lim J,(x)=J,(0)=1,
Skirik+v+)12 gg#g@em@ﬁ v>oﬂ]‘ lim J, (x)=J, (0)=0.
COSVIL j (x)—-—L_j_ (x), v =m@EESHERR,
Ny (x)= smvn(cosun).ls T3 e
lim ———— = —E Wy = R EOR
e g, ¥, G=o0-
»[ 2y11+xyr+(x2_vl)y=0, 0<|x|<+m’ﬁ§g;(;) —VCJ (x)
[[7(0) <+ *X-**V*

WA > 0B, 1B = w?, w=+A > 0. #iE3.1.2%(P86),
&x=JAr=wr, r —%, y(x)=R(l) G.LMekR
X"+ xp"(0)+ (67 =12 px) = 0. (318)V By Bessel 77
(3.1.8)i#% y(x) = CJ, (x)+ DN, (x). w
RIB@3.1.7)EM : R(r) = CJ,, (wr)+ DN, (WF).

J,(0)=1; v >0, JV(0)=0.‘ Jim Ny (x) =00, 5, Vv 2 o.‘

{yv,+ 1 <~V +y=0, Eﬂ(xy')q.xy—o,‘ 0<|x|<+o:, : ‘ .
LD ***** ‘J =5V (x
fER y() = ¢ Lo O ER SR, zk'r(kn)(z)

B[R0 <+, HD=0, [R(r)=J, (wr).|EC=1)

(#3800 = (x0,0)'s I, =-7/(0).]

|E%v 08, (317K (FR' (r))'+/\rR(r) 0, 2| R(O)A AN, (VA r)|
‘ 7 [0.a] RAB—HRELE. 45T

1) mn— AR, B2 Jo, .[11 X"P (x)dx=0. YA

GI10EHEA, =n(n+1), n=0,1,2,, FHEH . ,(6) = Py, (cosb).
{P(cos8),n=0,1,2,-} R L [0, |RITEREEE. T

2) 0< m < nfit, jllx'”P (x)dx=0. % * %

() {P,(x)yn=0,1,2FEL 11| ABHER: nm B, I P, (x)dx=0.

o 19(2w), 1 0o w1
HI(9,0)F. 0 =] $ ()L Slsing )+ L . G19e8

(r’R"Y-AR=0, 0<r<a. 3:3.11) EEETEED

4 x=cosb, y(x)=6(arccosx), 1% kY

337){{(1 )y +Ap(x)=0, xe[-L1], ¢
lyED| AR, (33.7b) [1L,-IFRENZFE|

@. 3.10;{{(5“19) Y+ AGing). =0, 0<06=mn, (3 3.10a)

| (0)| < +o0, |".(1)| < +o0. (3.3.10b) 4@ 0, TR IE I FF .




{(rR ")) +(Ar-¥2 D)R(r)=0, 0<r<a, (3.1.7)P85)

!R(0)<+oo, aR(a)+ﬂR (@)=0. (3.1.72) &
A> 08,324 = w?, w=\1>0. R(r)=J, (W r).|R'(r)=WJ, (wr).

[y = om, Gk (FR'0)) + ArR(r)=0, W [ROVATRDEI,(IT)-be
) Ea k1 FhR5&M: R@)=0(B=0), WJ, (wa)=0.
BW,, B, (wa)= 0 ERNER, J, (W, a)=0 ‘ig;k(pm
ﬁJE’ﬁ{E/\m —wfn,EﬁEﬁRm(I‘) J, (W), n=1,2,
(DFa I EAF & : R @) =0(a=0), Ww], (wa)=0.
BW,, 7)), (wa) =0 KRN IER, J, (W, ,a) =0, %
NEAEA, -wzzn, BEHEHR,, (r)=J, (W,,I), n=1,2,-.
HERHa =0,V =08, A, =0REHHE, EHERR,(r)=1=J,0).
HRHEW, = 0.

k # 285 vV > O, {J (a} r)’n 1,2, }%LZ[Oa]miEzzg
=28V =08, {J,(@,,r)n =012 HRLE [0.a] ExctE. [y, =0, J,(0)=1.
BNy = H’v(wkn’ H :Ioﬂlv w,mr)] dr. (P118)

) k=18, Jy (w,a)=0,

2 2
Nyin=%J7,(W,0), % v 20, n=1,2,--

2) k=2 B, nz18, J,/(w,,a)=0,
Ny =a?- 2 )Jé(wzn‘&‘/fggi’ ”: J,Z, ,' D412
RRAIE /5 4 RAU(P 112)3 43 )BT (x) A, (o L e

BAXR. BRAR (P112) VI, =, G2a
e} =xra, g At gy, o xJV+1, (3.4.2b)
lv = 18, 37, (0= (30,0)" [k 2, -1,
FARE] X" () dx, m = 1.
(x5} =-x"s,,,, Gab) |
Ef(3-4-1b)ﬁﬁﬂeﬁf X", 1 ()dx, vz0,m= 1-|***4%§5'J%,
(341b)FHV =07, J,(x)= —JO'(x).Fﬁi‘H‘g[x”’,]l(x)dx.|
Bd3a) =, =J, _,-2J, V=1
|ﬁl(3-4-3 aRE [JV (D dx (v 2 1EHGEB]H ).
(B43b)= J  —wxd,-J,

(3.4.122)

1=y (B439)

2vxl, =J, (3.4.3b)

v+1

A ke

, V=1,

4.1.1 Fourier AR (51X 2 6] 28 B HY AR )
1. Fourier BREL | B [ ()] = F) =" (e A¥ dx. 11@135)

2. Fourier A8 #
(3)&325& SAEBRXHESER, f(x)=F- l[f(A)J L[ F e da.
\ft (4.1.4)(P136)

—R#E
(1) Fourier E&F%HEI&F R LA Ha (P 135) sxkdokk
Fle fim+6,f,(0]Z ¢ F[ fi(0]+&F[ f(0)].¢pp 6, FXT0K.

F'[a,8,(M)+a,8,(A)] ‘=ka]F‘1 [&V]+a,F ' [g,N)], ap,a,50F%.

() AR P10 [t 1D (0)=0,j= 0,1, m =110

F[f(")(x)} (i/\)”F[f(x)]=(i/\)n/f(A)' (4.1.3)(P136)
F[f '@]=IAF{ fe0)sIA ), F[f "] =GAP E[ feol=-ATF M)
LI BOBF )" 7d)| = £ x). Kk

Flf®]=f= J:o Foe A d e @1P13s)

@ B Ak F[/P0= GADTFLF®] (@.1.3)P136)K2
F[f '] =IAF[f)]=IAF ), F[f"@]=GA}F{f]=-A"F(A).

@) FHAR@B0F | f0e Y |- F - A)). (41.6.1)k
WEH: F [f(x)em" } j"‘”( f(x)e"‘ﬂx)e—"‘xdx

ik 7, zt(ms) Flf(-x)]=F(A)e” -, (162K
i F[foc-x))=[" fe-x)e ¥ dx |4y =x-x,
[ fe O gy e—mm-m Yay-e T #
@162)P136m) F! [T(A)e_mx“] = f(x— X)) * kA
&) MR F f(ax)]=ﬁ7(%), a #0R9H. (417)
E] A4 Fourier B 8E XAIMEAE Sy = a Xl (BLPPTHIP31). #

|F [f()]=FN)= ]':: Fe Mgy @1ne 135)|
() BRARCPI) 1o
BREX: f(x)*g(x)= [ FEZx-EAE Jhk
=g()* f()=[" f(x—E)g(E)dE. (4.1.9a)
@ EHF[f(x)], F[g(0)|#E, W
oF[f(x)*g(x)] = F[f(x)] F[g(x)]= F(1)g(A). (4.1.9b)

V+1
| FI(3.4.3b)KF, , | (x)iHfE R (o) (ORIRE(V = 18). GEEIF ) |
+00
VimeLZ[oal.f(= S CuJ,(w,p).

n=1(k#2E% v>0)

n=0k=2Hv =0) Wy =010 =1.
Nz Jo 110, (@r)ar. & =01
_*—

****

_<f(r) i (wknr)>
v )

IO ¥\, (W, r)dr = IO b of (—)JV

Mﬂr—ﬂdr = ﬁdswru%}/ AR, EHEARRE

» P70 -F[Fo]s I [s0]- f0*eo)

(6)?&1%&&&:(137)@%“@)] [L,of(.s)de}mz 7=0, b, 1l

F[[%, r©dg)=LFl o] @18)@137)
e g0 =] r@ag W £'()= ().
8(-00) =0, g(e0)=["" f(E)aE=7(0) = 0.EBAHAATM,
Flf()]=F[g'(x)]= IAF[ (x)]. BUiMELit@.18). #




BF[ 0] =FWOE [T e M ¥ dx,
- FAECESER, £() = F [F)] = 5L [ Fner ¥ aa.
« HF[f'(0], FLf"()]FH, f(xo)= f'(£e)=0, M

Flf'w]=_iAfw ., F[f"w)]-

=ATFy .

1

.F—'[T(A)ei’“] fexern) FUAT

W)]=]"Lr®ae.

BB (s = [ fx-Dg@dx=[" fE)gx-E)dx,

FFngw]=_ ferew .
ICFUL TT N 2.

%I&Elifﬁ‘ Bid
oo, X =
EX: (1) 6(x-&)= BT (z)[ S(x-&)dx=1.

x=#&
FRdEtE: V(e e C(R), ﬂfé(x— HP(x)d x = P(E).
1.0(x-&)=0(&—x), 0(x)=0(—x).
4.<6P(0,0.(x)> = (—1)" <3(x),0 ™ (x) 5= ("6 "(0), Yo (x) € C(R)
5. H'(x)=6(x), KB y'(x) = SCOMBAR y(x) = H(x)+c,3H

Lz mmmsn

H(x)={’
) {0,x<0,

2. Ya(x)eC(R), a(x)d(x-E&)=a(E)o(x-E).
3. Vu(x) e C'(R), FHu(x)fELHRAG MBS X, (k= 12,-»N), By

u(xk) 0 u (xk)¢0,1 <kz< N, de(u(x)) z Iél(l)f(xx))

Fourier EXEHE X: F, [ f(x)]=?s()\)é[(;'°° F(x)sinAxd x

RWAR: f(0)=F; [F,0)]* 2[[*Fs@ysindxda.
o [R5 TF B Fourier IF 3228 R #.
o T FEM TR FFE F Fourier 4744 R 1.

o f(HH Laplace A Y
Lfol=7m=[,"

(4.2.1)(P145)

foe " dt —F[f(t)H(t)e“”].

LaplacBRRWAR: [ p=0 +iA]

fOHO=L"[f(p]= me S F(mertdp, o>o,

‘ o F[o(x,5,2)]=1. Y = » F7'[1]=5(x, p,2).
o F[1]=@m)> oA, p,v). Heamp® F7 160 m1)] =
o« F[]=@n) 60 —a,v). = +F 100 -0 =ghice™
.F[ ”’y] Q)0 p=byv). = o F 00 p=b)] = Ghse™.
o F[cosax]= 1(211) {0 ~a, V) +O(A +a, p,v)}. v eees P172
3.00(A,uv) 35(A, )
- (2 & aa(/?A ). mas [626(/\ )] (271)3
2 3 SHV =il V) | _
P[x]-~ = o[ Ep -l
2 v
i F[yz] (2”)3‘3 6(A’”’V) - =) 'F_l[a ggbz” } (211)3 .
32 5(/\, V) O6(A,p1v)
F[ 2] (2 )3 UY) wap o F- [ o ] -
2
0

)= anp L (x4 4+

M=(x,y,2) € R3 L%%?Mﬁgﬁ%%ﬁﬁﬁﬁﬁ%

SEX521(P174) Bk LU(M) = O(MME—RRU(MYNLu(M) = 0EAFE. S

EH5.2.1(P174) RU = UM)RLu(M) = OFJ E 4R,

W u(M)= UM)* f(M)= HjU(M My)f(My)dM, %ﬂk?ﬂkﬁﬁ
My =(&,n,%)

Lu(M)= f(M)= j”é(M -M,)f(My)d Mogg—/\ﬁg

Ay

)

==0(x,0,2), F=yX*+y*+7".

A3( 4,") 0(x, »,2),

A(=Lmd)=5(x,y),
i r) 2(2,-[1“ (i V) F=yxt 4yt
LU, t>0, M =(x,,-,x,)eR", n=1,2,3,
EX54.1 %{T ’ 5.4
U)oy =5001). g

HIRU (1, M) u, = LuBL 5 A TR AR,
T4 ] U@, MYH u, = LuBI BRI E A A, T
{ =Lu+ f(t,M), t>0, MeR", n=1,2,3,

g = 0 (M), (54.1)
BB (e, M) = U1, My> (M) + [y UG=T,M)* £(T, D).



L XTFMWHE R &N
REAET, WL =a’A

)

i=
t>0, M eR",

] =5(M). (5.4.6)

U _
o2 LU,

s

%(5 4 6)&9% UG, M)W u, = LuBijre SHEPIREH EAE.

ﬁﬂs 4.2 & U(t MK y = Lu B57 M{Eﬁﬁﬂﬁgﬂiﬁ

o 5 =F[6]%1 = F'[1]=L [TelA¥ar=5(x).
1]=[_+;°e‘“xdx=fjcos}lxdx=zfgmcosAxdx=2n5()l).

| TR

u=u(x,y), a(x, )+ b(x,y)g—; +e(x,pu=flxy). (1.3.1)

ikbutealotoliodsl a R0,
1L BN = DR B0 (x.) =
) Hoy (hEBRE, o) R EEREH)

AR (x,p), B (0,0) 20, 4 [E200) g {"”‘5”’)’
n=@(x,y). y=y(&n),

Qe 3, RAQI D, A3 B, JARBURE, 0 B,

g—',‘]+17(f,’l)u=q(f,fl), 1.3.7) P=c/(a%”+b%%) g f/( a¢+bT)

| LA37) gy e g aa_n(ef Emdn ,,) g Eme 7

u=eIrEnY {f a&me " ap G(E)}, GEORIERC (R).
IV. FE=0(x,y), n=w(x,y) k@R R Ry, y, £0.3.1)8M. #

5 “Fe= f =08, BN, =0, Wu=GE)= G(otx.0),
» o F ' o] =5 . GERIERC (R).
. F[ei“x]=F|:1-ei‘“]=2n5(/\—a).->o F! [5(A—a)]=ﬁei“x. u=u(x,,x,), Zb -t eu=f, ;ja?tcﬁ cI:»:.x' xj:)’f=f(x.,---,xn)-
i i - _{ W R AR T ****
o Flerie)= 1) = 2m0(A +a). mpe F'[5(A+a)]=oLe710x | ) dx dx,
[ ]-r[1e]-2m000+0) jpid4a) L (SMHERER: G = G2 = 2 G5 (31D
o F[cosax]=nO(A-a)+ MO (A +a). % I3 Him — ML ZSE B BB, 120
.F[sinax]=in{5(/\+a)—5(/\—a)}.* (p'(x"m’x")ﬂ,l," Rt Rl ms N
: ML, 8 ) b 2% =0, Vk=1--n-1 (13.10)
o Flx]=2ri6 Q). = o F'[0'(1)] =5%: f=i
D148 i’ NAEE—AC'ER o, (x,,,x,), TP, 0,.,,0,)20.
é{51=¢|(x|""’x”)s €1=(pz(x|”"’x,,)s Tty ,,,|=‘p,,,|(x|s"’sx,,)’
En =(Pn(x1""7x,,)’
HEREN, $¥a0.3.9) LR, . P
ou = P="m , 4== .
ggn—+p(fp ’6,,)” ‘I(El, ’E,,)’ izﬂbj%go;} j;bj%
62 a—eé-‘;+p(fl,---,5,,)u=q(§,,---,§,,), (1.3.13) r= 2bjg‘xp'f’ = 2;%%
atlz]=a2A3U, t>0, —o<x,y,z<+00, A e
T = N 1. (1.3.13)Fe el 766098 aramim (1 3 13) @Y
Ul_o= | X, )52 (& e
0= Yilecg 0 = wmeIrir e {fq(f.,---,f,.)ef‘"f" ’5""‘5"dE"+G(€.,---,E"--_)]’
e Bl Au=—f(M)=-0
Y 47'[("' 2 (53 u‘ ¢(M) G(E]5'”56;.-1)%{3‘:%6“(""{"4)&&
r=Jx+ 2+t oV~ IVEE, -, E S B RE X5 X, B39GB [f

CHRC= £ =08, FOTRMEA =0, BN
"=G(E|""’En |)=G((p|(x|a""x )a"': P, |(x|a" s X, )),

G & RERC (R ER. *
3

1. -0 a g P(x, ) =h.
FEBE Y (x, ), ﬁl(tp,w)xo xt(lsz)f'sam{f 2lx )

0= (x, y)(FER).
HEHLS.1, 4,=Pp = 0,Hy(x, ) = FFRASBAM, HA,, 0.

2. é’m—oﬂu‘ Ay, =0, B S 2R EEREN) :

-a a_ =

Lu+] (B 3+ By St Bu)=0. (15.13) Yook
--—m%ﬂﬁﬁwm BT T

—a_a_ =0}, % (L5220 E TR, ok

11 7

o BA=



(L5.9)E P Al X A
L. 4A> 08, #a,, # 0%a,, #0, o(x,y)=h,, w(x,y)=h,. o(z) * f(z) = f(),

9{‘:-:‘”("’-")' Hﬂ;ﬁiﬁ‘ﬁim %ﬂ(l 5. 2)4{339351511@71‘@%@@ & (z) * f(x) = d(z) * f'(z) = f'(z),
w =up(x,¥), d%dun 4 2)‘ laE +B u)—0. (1.5.11) §5(n) (:1:) * f(:I:) — 5(1.) * f(n) (1.) — f(n) (a:),
. 4p=ad —aa >0 (5. SR IEE | L(f(2) = g(a)) = (L) xg = £ Ly,

12

t=1(E+n), mgEREN, 0S1DTES <B" (0 (1)> = (1) <50 (1) >= (1) 6™ (0), Y (x) € CZ(R)
*F(1.5.11), &

§= %(6_0)9***

Py, (B u VB, g u) N X}ﬁg‘%ﬁﬁﬂ@ Bl 143 ~%z¥azamzfqai HI3RE
or2  0s? 1 at 205 %—‘*}j‘{?ﬁg =052 t>02>0
% Ao M, BENE (159) REA——NARERIFTE FOR u(t,0) =0, (1.49)
an # 0, FHEN . u(0,2) = p(z), us(0,2) = Y(a).
= ‘ HH EERFBRNE o(x), w(a) EE o > 0 RN, HRREENAEHN
i RAR. EEEBEIURAR (14.6) TTHI, TEE LIERA T L1 o(), v(2) HE
WA BRHE UL o(z,y) = h ERTRH v(z,v), 7= 5 (:’ A0 1R | ma,
e u(t,0) = 3lo(-at) + plat) + 5z [ wieig=o.
E=p(@,y), 7="1v(,y), _— A ﬁzu 2 /oot
FHER . p(@), v(z) RBEK, N
T (B‘;_5 sy cu) o, (15.13) o 6,0) = 30/ (~at) + ¢/ (@] + - ¥(at) — v(-at)] =0.
TR (1.5.13) MR A ENRER. B, TRERZER (14.9) RAH o(2),9(z) K = > 0 FEHE = < 0, BRIAE
% A <o B, BEHTR (15.9) REEERBRNARRFN— 7R Fgrg | BIIURAR, Rl RS FHIF u(t,0) =0.
au # 0, HIRH—HI AN W AEARBE
dy a2+ ivV=4 f dy _aia— iv=4 &(z) = {w(z), et V(z) = {1/;(::), e>0,
dz ~ a1 dr a1 ’ —p(-z), =<0, —yY(-z), z<0.
B, AAFEESHFELR, R (1.5.9) WOSUEM Y HIERINUAEAR (1L49) AN
z+at
T i u(t,7) = 5[#(z +at) + Bz — at)] + i/_ T
HBRIINEER, R 1 1 petat .
_ slo@+at) +o@—at)+ o~ [ w(©d, t<Z,
{ &= p(z,y), ]2 20 foa 2’ 1410)
= - z+at =
e Yoo —plat—)+ o [ vt > L

HEH 151 4 2z = p(z,) £ iv(z,y) RAFE (1.5.8), FRMIME. BE, TH at=a . @

Ay = Aga, A1 =0, WEEHE HEMURODEB, NPT v(€) = 0. 2 ¢ < - B, WRMBIN
Py Pu 1 [ ou  ou FHB 2 Mo RRESIEIRB S RMZEATTE Llo( + o) + olz — af)] B,
F+7+_(B 5% +Bz—+C’u) (1.5.14) - B B 1

& o 3 %> 2B WAKBMERD « Ao ANIESHZTE (ABH); <p(z+at) Ak

WA (15.14) HRER SRR, b (ﬁm;&y—w(at o) B, FEWA = = 0 &b, ABHE 'ammﬁﬁ«m Jolat)

Bl 144 SHREEERRYMELNE R 3 o(at), B u(t,0) = 0.
% =a®Agu, t>0, r=yF 12122 >0, | A, T p(e), v() TERTEIRRR A R TR 6 iR
ou (LAID) |y gt ot T O AR A8 = S0 3 7 R BR TR AR
deo =) G| w0
-

u(t,r) = [ (r — at) + g(r + at)],
B BVIREAERNARE, FTERMBRE u = u(t, r). RARLIR, HEN

Pu_ (@ 28u) Rl f(r — at) HRBGH, o(r +at) HERE, 1 HRBMIR (- > 1) REH
ot (r < 1) BF. FIAAR (1410) 75 HAMEE (1.4.11) RO

or2 " ror
r+at r
e P 2ol +atplr +at) + (r—athotr —an) + g [ evtene, e<

u(t,r) =
KA, ao(r) 52, HRRHEE—BFEOR. RN « BHE, & v HHE

(G SAPE Gl S

r

Ll +atholr + at) ~ (at ~ plat )] + 5= f evlode, t> 1

T = {2t [+ 2] 2t [y + a2 + 2] o}, (14.12)
HRMAEBE RS HRE %, HBIRO TR, FRIATHANEF LR
% or) = —Inr, B) v = ru B, WA—SBEHHE R —F. Hlde, & KAV 74 (1.1.10)
v _ 0%

9z =Y o7



P45)12(1) (y+2) L +(z+x) e+ du _, R(r) K75 RN (Buler) 7772, fERRAHS r = o, 12 y(t) = R(e"), MEF
dz a BOrBHEBE I (2.2.18) REW LB SL ﬁﬁﬁ@ﬁﬁfiﬂﬁ
BoR: REER I y+z =i B (). ,
¥+ =0, 0<t<1,
L oy { )l =
dx _ dz _ _ dxd; __dG-x) ﬁ%ﬂ' WAEH
ytz Y T (p+z2)—(x+y) =x X )
Rm-dy - d: dy-ds ___d(y-7) =), n=12,
73 = x_y_ (z+x)—(x+y) y-z B &
dx _d dz _ dx+d y+dz _d(x+y+z2) .
ZR y—fz THX TXHY T (pro)+EH0)+(xty)  2(xty+7)” Hitk ¥n(t) = sinnnt,
_dG—x) __d(y-7) _ d(x+p+2) o 758
B yz - 2(x+y+z) - HERBPTERBL. Ru(r) =sin(nnlnr).
iy 4G d(,v z) 0% InizX = p, X ez, HIREH
d(zy;xz) d(x+y+z) = 6n(0) = Anchnnd + B,shnxn.
H vz W=01§ ln(y—z) x+y+z=h, &

2 9.

-2 (x+y+)=¢e
Bl 2.2.3 RAERPE LM Dirichlet [4E

’A2u=0,

XE, (r,0) RRALT, e K BRI BIESL.
B R, TEN

n
1<r<e,0<9<§,
Ulp=1 = Ulr=e = 0,

ulg=0 =0, ule=3 = g(r),

o
862

du

0%u
2 S
"or

B2 =0,

+

B u(r,0) =
r?R'(r)+rR/(r)+ AR(r) =0, 1<r<e,
{ R(1) = R(e) =
REWN TR
e"(0) — \0(9) =

EAERET R EARRY MR, A SL

PR + A R() =0,

KB, k(r)=r, q(r) =0, p(r) = } i S-L EBA A > 0.
Z(145)REERRITRE:

ug = 0%uzz + 1,
1‘({, 0) =0, uz(tr l) =0,

i)

u i1=0= ¢(2), ut |t=0=9(z),

T u= g +ug,  Foffug GFUREE)
ElREMEA -

A = [(Zn + 1)1

(2n + 1)7x
21 2

} , Xn(x) =sin

B

at
e +Dusin(

2n + 1)mat
2l

]sin

(0<z<l, t>0)

(RN B TR FEER). #

(2.2.17)

= R(r)0(0), RAFBRATF r MFKILT &M, HBRRBEFHETE

(2.2.18)

(2n + V)ma
21

+o0 ‘
uy(t, ) = Z[C,, cos (2n +21)

n=0
EERLE S
9
Cp= 7 /U ©(&) sin

y ! .
! A ¥ (§) sin (lw;ill

(20 + 1)ma

Dy, =

XoF Frug (AEFF IR i) )

%&

too
2 1
I:Zf”sin( n+] )

n=0

+oo
u(r,0) = Z(A,.ch nntd + Bnsh nab) sin(nsInr),
n=1

RANKT 60 WaF &0, 8

+oo
ulg=o = ZA,, sin(nxlnr) =0,

n=1

ulg_g = Z Bash 25 sm(mrlnr) 9(r),

n=1

KE, {sin(nnlnr), n=1,2,} REE [1,¢ AR o) = L K58 Erm

, B
An =0,
1 fg(r) sin(nx ln'r)ldr
B, = 5 2 s
sh% /:sinz(mrlnr)%dr
2 s
=——= [ g(e")sin(nnt)dt.
nn? Jo
h
2
ERZH
2n+ )7z
Uy = Z T (t) sin ]
s 5 4
To(t) W T+ Aga®T = ————, T(0)=T'(0) =
W0 W2 T+ Ma®T = e, T(O) =T/(0)=0
1612 1612 (2n + 1)wat
Tn(t) = (2n +1)3a?73 B (2n + 1)3a%x3 cos 21 (14ﬁ)
e

u = uy + uz
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