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(a) f(x) =|z[z € [-mn] (b)) f(z) =2 2 € [-m,7]

2. zcosnz 1 [
—[- H —|—*/ cos nxdx
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6.4 Sturm-Liouville OO0
ododo 6.4

1. 00 Sturm-Liouville OO0 OOO0O

(a) "+ Ay =0, y(0) =0,y (L) =0

() y" +Ay=0, y(0) =0,y (L) =0

(¢) (xy") + (M/zx)y =0, y(1) = 0,y(e) =0

2. 00000000 Chebyshey 1 000000000000000

1—a2)y —ay +p*y=0 —1<z<1

UbdpO0O0O0O0O0OO0ODOO0ODOO0OOOOOOODOODOODOOOOOODOOOO0xz=100010000
000 T(x)D0O00D00000000 n0O ChebyshevD OO ODOOOO0OODOOOOOODO Chebyshev
gboooobooooooboooog

To=1,T) =x,To = 22> —1,T3 = 42> — 3z, . ..
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000 ChebyshevDOOOOOOOUOOOOO [-L,1]0000000O0OOOOOO
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1(a) A=00000 ¢"=000
Y = C1T + Ca.
0000000 ¢(0)=¢(L)=000000 ¢;=00000y =0
000 A<00000MA=-a?(a>0)0000
y”—aQy:O.
0000000000 m?-a?=0000m=+a0000

y = c1e™ + coe” 7.

0000000 ¢(0)=y/(L)=000000

0 = 9(0)=cia—ca

0 = y(L)=cia®" — cyae

Ub0o0000a=cO002000000

crafe®t —e7?l)y =0

000000¢ =c¢,=00000 y=00
000 A>00000M=82(3>0)0000

y' + Py =0.
0000000000 m?+42=0000m=+30000
Yy = ¢1 cos Bz + ¢ sin B,
0000000 y(0)=y(L)=000000

0 = ¥(0)=cp3
0 = y'(L)=—c1BsinBL+ cof8cos BL

00000000 ¢2=0,a10sinpL=00000000 ¢ =00000000000000000000
000000000000 0O0O0O0g=nr/LO0O00O0O
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7 )2, yn = cos(nmx/L)
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oood
Co, A=
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nmr

cpcos " E, A >0

(b) A=00000 y =000

Yy = C1T + C2.
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0000000 y0)=y(L)=000000
0=y(0)=cz2, 0=9'(0) =1

0000y =00
000 A<00000A=—-a?(a>0)0000
y//_a2y:0_

O000O0O00O0O0O0 m2—a?2=0000m=+a0000

y = c1e™ + coe” %,

0000000 y0)=y(L)=000000

0 = y(O) =cC1+cC2

0 = y/(L)=cia®t —coaeF

ooobb ea=—-c00dd2000000
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U00000c¢ =c=00000 y=00
000 A>00000X=p6%2(>0)0000
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0000000000 m24+82=0000m=+8i0000
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0000000 y0)=y(L)=000000

0 = y(0)=¢
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gooag
y=cit+co =c1 + cologa.
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0=yQ1)=c1, 0=y(e) =c2

0000y =00
000 A<00000A=-a?(a>0)0000

x2y”+my’—a2y=0.
O00y=a2mz=c00000mm—-—1)+m-a?>=000 m?-a?=00000
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(e —e ) =0

000000¢; =¢,=00000 y=00
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7.1 Ouodooood
oooo 7.1

1. 00000 Laplace D00 ugze +uyy =00000000000
(a) u(z,y) = 2% — y? (b) u(w,y) = tan"" ¥
(¢) u(z,y) =ax + by +c (d) u(z,y) = coszcoshy
2. 0000000000 v —uxy=0,t>00000000000
(a) u(z,t) = %6712/# () u(z,t) = f;;zﬁ e~ dr
(c) uw(z,t) =ax +b+c(x? +2t) (d) u(z,t) =e tcosz
. Udooboooooooobuoooooon
(@) u(z,y) = sin(z? — y?) (b) u(,y) = cos(z? +y?) + 22
4. f(x®* +y*) 0 yu, —2u, =000000000000
5. u(z,y) = fle+y)+9(x—y) 0 ugs —uyyy, =000000000000
6. 200 LaplaceO D OO OOOOOOOA
gd
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(a) ug =2, Uz = 2,uy = =2y, Uyy = —2 00 gy + uyy = 0. IE‘
(b)

” _#(_i)_i w _#(l)_ il
1_1_1_(%)2 2 _$2+y2’y_1+(%)2x_m2+y2
y(22) —(2y)

Uz = (22 1 42)2 Uyy = (22 + 2)?

000 tge +1uyy =0. |0 |
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_ 1 —2z —2?jar T2
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Uy =

23/2 Vi A2
-1 .’1?2 22
_ —x2/4t
(2t3/2 + 4t5/2)
000 e —u=0. |0 |
(b)
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5 u(z,y)=fz+y)+g(z—y) U0000v=z+y, w=2—yO0000O
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= U= - Up—so—
T’T’ 9$2+y2
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+ (Ueﬂ“w + U99 ew)

1

Uyy = (Urrry +Ur99y)% +Ur;

T n —2xy
22 + 2 9(332 +y2)2

x Y 1
x? 4+ y? )); * U,.;

x T —2xy
22 +y2))x2+y2 + P22+ y2)2

+  (Ugrry + Upo0y)

= (UTT'% + U’r@(

+ (Uer% + Usgo(

oooo
22 4 g2
(22 + 42)2

l‘2+y2

1
ua:w+uyy:UrrT+Ur;+U‘99( )ZO

aoo . )
Urr+;ur+ﬁU00:0 @



136 o770

7.2 O0O0O0oOoodog3ooogd
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1. J0bbobooooobobbooooooga

(@) ug +2uy —u=0 (b)) uz+u, =0

(€) ug +uy=zu+yu (d) vz —uy—u=2xr+y
2. u(z,y) = e 0000000000000000
(@) ug +2uy —u=0 (D)ugy — Uyy +uy =0
(€) Ugy +ug+Uyy =0 (d)ug+uy+u=0
3. DAlember 0000000000 OOOODOOO
(@) Ugy — DUgy + 6uyy =0 (D) gy + duy, = €27V
(€) Uny = Uyy =0 (d) e = 25uyy
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b0 1l0000boo0oooboooobo pobOOoDbO

o= ef—(2§—77)d€ — e

gooog
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(b) u(z,y) = ce®eby 0O 00O

Upy + 2y +uy = ca’e™e’’ — ch?e™ e + che™ e

= ce®e(a? —b*4+b) =0

000 a=+vV02 —b0a=vVE2—b00000000 600000 eVPP-t2ty 0000 a= Vb2 -0
0000000000000 e V¥ oty 0oOoO00O000 1000000000000000 g,h0
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(c) u(x,y) =ce®®e 0000

Uy + Ug + Uyy = cabe® e + cae® eV + cb?et® ey

= ce®et(ab+a+b*) =0

I
ooo abelDDDDDDD

2
u(z,y) = cerrT Y, IE‘
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—( uyy =mPUpy + 2mnUyy + 12U
0 = (m —m?) Uy, + (m+n —2mn)Upyp + (n — 1) Upe

ooo m,nDt—t2:ODDDDDDt:O, 1. 000 m=0,n=10000
(m+n—2mn)Uyy = Uy =0
000000 wOOOOOOoOO0OO
Uvz/Odw:c(v)
O0o000000000
u(ey) = Uw) = [ cw)do = g(0) +hu)
g(@) +hz+y) [O]

(d) v=oc+my, w=2+ny 0000 u(z,y) =U(v,w)D0O
Ugy = Uy + 2Upw + Unw
=25( uyy =m*Upy + 2mnUyy + n?Upy
0 = (1 = 25m?)Uyy + (2 — 50mn) Uy + (1 — 2512) Uy
000 m,n01-25t2=0000000t=+1/5. 000 m=1/5, n=-1/50000

(2 = 50mn)Uyy = AUy = 0
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00000000 U, =000000wOOOOOOOOO
UU:/Odw:c(v)
O0o000000000
u(wy) = Uww)= [ cw)do = g(o) +h(u)

_ Y Y
= g(m—l—g)—&-h(x—g) IE‘

73 30000000

oooo 7.3.1

1. 0O0ooooo
Uge T Uyy =0, 0< 2 <L, 0<y< K
w(0,y) =0, u(L,y) =0, 0 <y < K
u(z,0) =0, u(z,K) = f(z), 0<x <L

gobobooobooboobgooaoboa

u(z,y) = Zun(x,y)
n=1

o0

. nmx . NIy
g C ——sinh —=
2 ', Sin 17 sin 17

0000C,sinh 2K = 2 [ f(z) sin 212 dz.

2. Laplace 0000000 ODOOODOOO
(a)
u(0,y) =0=u(L,y), 0<y <K
uy(x,0) =0, u(z,K) = f(z), 0<z <L
(b)
w(0,y) =g(y), u(L,y) =0, 0<y <K
w(z,0) =0=u(z,K), 0<ax <L

3. Laplace 00 O0O0OO0DOODO

Uz (0,y) =0 =wu,(L,y), 0O<y< K
u(z,0) =0, uy(z,K)=f(z) 0<z <L

0oo
u(w,y) = Y un(z,y)
n=0

= Doy + ZD" cos ? sinh %,

n=1

goooog
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good
1 L
DOZZ ; f(x)dx
K 2 [t
Dnanco h%_f ; (x)cos?dx, n>1

oboooboooooogao
oo
1. 0000000000 wu(z,y) =X(z)Y(y) DOOOLaplace DOOOODOOODO

X/I Y//

A
X Y

0000000000000000000

X" AX =0, Y/'+AY =0.
0D00«w0000000000000000<y<KOOOO
u(0,y) = X(0)Y (y) =0,

u(L,y) = X(L)Y(y) =0

0000000 Y(y)0 00000000X(0)=X(L)=00000000000000 Sturm-Liouville
00
X"—AX =0, X(0)=X(L)=0

0000000000000000000000 A, =-n?r2/L200000 X,(z) =sin(nre/L) 000
000000000000 A, =-n2r2/L20000

Y+ XY =0

ooooog
Y, (y) = Cp cosh % + D, sinh %

ooooood
K@) 0 Yuly) OO nmx nm nm
Un(x,y) = sin T<C" cosh Ty + D,, sinh Ty)

O Laplace 0000000 OODOOODOODODODODOODOOODOOODOODODO
= = . nmx nmy .. nmy
_ zy) = T ¢ cosh P 4+ D, sinh 22Y).
u(z,y) nz::lu (z,y) nglsm L( cosh — + D,, sin L)
DDDDDDDU(&:,O)ZODDD
Nt nwr
0) = C,sin—— = 0.
u(z,0) nz:; sin —

000 C,=000000000 u(z,K) = f(z)00

nrKK
L

u(z, K) = Z sin nLﬂ(Dn sinh

n=1
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00000o0000oO00U00o0O00oo00On f(e)ODOODOOUDODO D, 000000 DOOOOOOUODO
000000000000 0oo0O f(x)O o, L)0000000000000OO0DOO0O0

K
D,, sinh ﬂ / f(x)sin —dm

obooooooooon

acy):Zun(xy ZDnsm—m h%7

0000 D, sinh 225 = 2 [ f(z)sin"r2de0  [O |
2(a) JO0O0OO0UO0O00O0wu(z,y) =X(2)Y(y)OOOOLaplaceDOOOOOOODO

Xl/ Y//

Xy N

0000000000000000000
X" —AX =0, Y'+\Y =0.
000«0000000000000000<y<KOOOO

u(0,y) = X(0)Y (y) =0,
u(L,y) = X(L)Y (y) =0

0000000 Y(y)D000000000X(0)=X(L)=00000000000000 Sturm-Liouville
oo
X"—AX =0, X(0)=X(L)=0

00000000000o0o0oooooooood A\, =-n?7%/L200000 X,(x) =sin(nrz/L) 000
000000000000 A\, =-n?72/L20000

Y+ XY =0

goooo
Yo(y) = Chy cosh% + D, sinh?

goooood
Xn(z)O Ya(y) OO
Up(z,y) = sin ?(Cn cosh% + D,, sinh %)

O Laplace 0000000000 DODOOOODOOOODOOOODODODOODOODOOOO

o
y):nz::lun( Zsm C’ —smh%—kD n - €08 %)

000 u(z,y) 0 yOODODODOOOOOOODOOOOOOO

uy(x,y):Zsm T (C coshT—i—Dn th)

n=1
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0000 u,(z,0)=0000

00000000000o00U0o0o0ooUD f(x)0DDODODODO0DODO C, 0000000000000 0DO
000000 f(»O [0, L]D00000000DOO0O0OOOOOOD

mrK

C,, cosh

gooobooogn

n=1

0000 C, cosh 22K = %fOL f(z) sin 272 dz0]

/ f(x)sin —d:c

oo
. nrw nmy
= E C,, sin —— cosh —=,
2 ' SIN i S i

o]

(b) 0000000000 u(z,y)=X(z)Y(y)DODODOLaplace 000000000

X"y
X v oM
0000000000000000000
—AX =0, Y/ +AY =0.
000 «wO0000000000000000<2<L0000
u(z,0) = X(x)Y(0) =0,

u(z, K) =X (@)Y (K)=0

0000000 X(x)O 0OOOODOOOY(0)
oo

=Y(K)=00UOOOOUOO0OOOOOOO Sturm-Liouville

Y/ 4+AY =0, Y(0)=Y(K)=0

0000000000000000000000 A, =n272/K200000 Y,(z) = sin(nry/K) 000
000000000000 A, =n2r2/K20000

X”_)\nX:O
goood
Xn(y) =Cy coshn—?Jan sinh%
goooooo

Xo(2)O Yy(y) DD

%JrD smh?xsm%

Un(xv

y) = C,, cosh % sin
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O Laplace 000000000 ODODOOOODOOOODOOOODODOOODOODOOOO

i (z,y) i(C’ cosh7+D smh?) m%.

0000000 u(L,y)=000

o}

L L
uw(L,y) = Z(C” cosh % + D, sinh %) sin

Y
— =0.
K

n=1

ooo

.. nwlL nmlL
D,, sinh = —(C', cosh NS

goood

o

1 nmL nwT
—  _(C,sinh 2 cosh T
Z::l s ) O e

L
— (), cosh L}w{ sinh —n;;x) sin —n;,y
i C, sinh nr(L — x) sin VY
— sinhnrL/K K K

o0 L—
= Zaninhwsin%

u(z,y)

000000 uw(0,y)=g(z) 000

. nmy
B, h 2 —= = .
}j sinh " sin 22 = g(y)

0000o00o00U00oo000oO0o0Udb00 g(yoooooooo B, 00000000 ODOOOUOO
000000 g¢(y)O [0,K]000000000O000O0ooooO

B, smh " K / ) sin —dy

gboboobooaood

s >, nr(L —x) . nmy
nzz:l up(2,y) = Z B,, sinh —x sin yd

o K -
0000 B, sinh 22k = 2 [ g(y) sin "2 dy0 IE‘
3. 0000000000 u(z,y) =X (2)Y(y) 0000 Laplace 000000000

X// YI/

==

X Y
gdoboooouoooouobood

—AX =0, Y/'+)\Y =0.
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000«w0000000000000000<y<KOOOO
u;(0,y) = X'(0)Y (y) =0,
uz(Lyy) = X' (L)Y (y) =0
0000000 Y(y) 0 00000000X'(0)=X(L)=00000000000000
X" -AX =0, X'(0)=X'(L)=0

0000000 Sturm-Liouville OO0 OO0 OO
A=0000 X'"=000 X=¢z+c0000000 X(0)=X(L)=000000

X/(O) = Cl,XI(L) = C1 = 0

oo X:CQ.
A<00000XN=-200000
X"+3X=0

000 X =cicosfx+cesinfe0 000000 X'(0) =X (L) =000000 X'(0)=cf=000,
co=0000 X'(L)=—-PersinfL=000singL=000000000

L
goooooad
nm
X,, = sin(—
sm(L)
A>00000X=a200000
X" —a?’X =0

000 X =c¢jcoshax +easinhax0 000000 X(0)=X(L)=000000 X'(0)=ca=000,
co=00000X'(L) =ac;sinhal =0000 ¢ =00
0000000 M\, =-6>=—(2)’00000 X, =sin(®2)0000
nm
A=—-03%2=—(—)?
5= (%)

O0o0Y”+ Y =000

oooo
Y, =0C, cosh% + D, sinh%

goooooo
X, ()0 Y,(y)OO

up(z,y) = Cy, cosh nfzy sin ? + D,, sinh nfzy sin ?

O Laplace D0 O0O00DOOO0OO0OOOOODOODOOOODOOOODOOOODOOOO

u(z,y) = Z up(x,y) = Z C', cosh % sin ? + D,, sinh % sin ?
n=1

n=1
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0000000 u(@,0)=000

u(z,0) = Z C, sinsin ? =0.
oo
C,=0
00 0uy(z, K) = f(z) OO
nrK
flz) = ZD 7 cosh = T Siansc

00000 f(yyO [0, L)0000000000OO0O0O0OOOOO0

K
D, n;cohﬂ / f(z sinwdx

goooobooood
= = nw nmwx
Zun(x,y) = Z D, sinhTy sin <
n=0 n=0

0000 C,sinh 2k = 2 (% g(y)sin “ayn [0 |

7.3.1 0OOODOO

oooo 7.3.2

1. 00000000000

goooog

() OO0O0OUCOOO0O0OO ImMOO0O0O0O0OO0O0O0OUOO0O0OO sinrze000000O00OOOOOO

gboooobooboobobboobooboobooboboobo

(b DODUDOUDOUDOODO0O 1mODOOOUOUOOUOODOOOO Im/see000000000O0O0O0O0OODO

gbooooboooooobooon
2. D’Alembert 000 0000000000000 O00O0O0O0O00OO0O

x+ct

fa+et)+ fa—et] 4o [ grr

—ct

N | =

u(z,t) =
gooo0oooooooooooooono
U = Py (—00 < x < 00, t > 0),

u(z,0) = f(z), w(x,0) = g(x).
3. 200000000000000000O00

Upp = CUgs (-0 <z < o0, t>0),

u(z,0) = e, ug(xz,0) = 1.

4. 20000000 uy =A(ugm +uy) 00000000000
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o000 : w(x,y,0) = f(z,y) =sinmxsinmy, u(r,y,0)=0.
(@ 0OOO : w(0,y,t)=u(ly,t)=0(0<z<1),
u(z,0,t) =u(z,1,) =0 (0<y<1).
0000 @ w(x,y,0)= f(z,y) =0, w(x,y,0) = g(x,y).
(b) DOODO: uOyt)=ullyt)=0 (0jxjl),
u(z,0,t) =u(z,1,t) =0 (0 <y < 1).
od
1(a) 000000000000 00 wzt)00000u(z,t) 000000000 uwe = (1/)ug (0 <
r<1,t>0)0000000000000

u(z,0) = sinmz, ur(z,0) =0
ooooboooboobobobooboooboobooobo
u(0,t) = u(1,t) =0

O0000000000000000u(z,t)=X(z)T(t)000000000000000000
X// TI/
X 2T
OOo0D0000000D00000O0OO
—AX =0, T —AN\T =0.
000 «000000000000000 ¢+0000

u(0,t) = X(0)T(t) = 0,

u(1,t) = X(1)T(t) = 0

0000000 7T(#)000000000X(0)=X(1)=00000000000000 Sturm-Liouville
00
—AX =0, X(0)=X(1)=0

O000000000000000000000 A\, =-n?m200000 X,(z)=sinnrz 0000000
000000 A, =-n?2720000
T — A\, T =0

goooa
T, = C, cosnmct + D,, sinnmct
oodo X,0 7,00

Un (x,t) = sinnmrx(C, cosnmet + D, sin nwet)

oboocobOobooobooboooobooboooooboboooooboooooboobooonoo

(oo} oo
t) = Z Un(x,t) = Z sin na(C,, cos nmet + D, sin net)

n=1
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0000000 wu(z,0)=sin7z 00
sinmax = u(z,0) = Z Cy, sinnmz
n=1
0000 Cy=1,C, =0(n>2)000 w(z,0) =000

0 = us(,0) = Z D,,(nme) sinnrx

n=1
0000 Dy(nre) =00000
u(x,t) = sin Tz cos wet @

(b) 00000000 D000000 w(e,t)00000w(z,t) 000000000 tge = (1/c)uy (0 <
¢<1,t>0)0000000000000000 Im/secOdD

u(z,0) = 0,us(x,0) =1
goodbobbbboooooobbbboooooooboo
w(0,t) = u(l,t) =0

00000000000000000u(z,t)=X(x)T()000000000000000000

X// T//
X T e2T

0000000000000000000
X"—AX=0, T"-A\T=0.
O0D0«000000000000000¢0000
u(0,t) = X (0)T'(t) =0,

u(l,t) = X(V)T(t) =0

0000000 T(#) 0 00000000X(0)=X(1)=00000000000000 Sturm-Liouville
0o
X" —AX =0, X(0)=X(1)=0

0000000000000000000000 A\, =-n22200000 X,(r)=sinnre0000000
00o00o0g N, =-n’720000
T" — AN T =0

goooo

T, = C, cosnmct + D, sinnmct

000 X,07,00

un(x,t) = sinnmz(C, cosnwet + D, sinnrwet)
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oooobooobooboobooboobobobobooobDoobooboobooboon
u(z,t) = Zun(x,t) = Zsinmrx(Cn cosnmct + D, sinnwct)
n=1 n=1
0000000 w(z,0)=000
0=u(z,0) = ZC" sin nma
n=1

0000 C,=0(n>1)000 w(z,0)=100
1 =wu(x,0)= Z D,,(nmc) sinnrx
n=1
odd b, =nwmcD, 0000
2 1
b, = 7/ sin nrxzdx
1Jo
1
= 2/ sin nrxdx
0

2 1
= ——cosnwz |,
nm
ggd

1
2 Uy =cug, (—oo<zr<o0, t>0)00000v=ao+mt, w=x+nt0000 u(z,t)=U(v,w)0
|

= m2Upy + 2mnUyw + n2Upw
*02( Upy = va + 2Umu + wa
0 = (m? — AUy + (2mn — 23Uy + (n? — ) Upu

000 mnOd t?—c2=0000000t=2c. D00 m=c¢, n=—c0000
(2mn — 202)va = —4c%Uyp =0
ggoobbbwdooobobobog
Uv:/Odw:c(v)
ObOo0000000O00
u(z,y) = U(v,w)z/c(v)dv:qb(v)—kw(w)
= ¢z +ct) +Y(x —ct)

0000000 u(#,0)=f(z)000v=2=wl000000u(z,0)=U(v,0) 000000

By
—~
<
~—
I

u(z,0) = ¢(v) +1(v)
= vat + wat = CUU - CUw

2
S
8
Nt

I
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0000 g(v) = u(z,0) = cUy(v,v) —cUy(v,v) DO0O0OO0D0O0O00OO

Ulw,w) = ¢(v)+p(w)
o) +o(v) = [f(v)
() =¥ (v) = -g(v)

goboobooobooobooobg

good

u(z,t) = U(v,w)

Il
-
—
<
S~—
+
<
—
S
Il
I
=
<
S~—
+
~
—~
S
_|_
ol
\e
Q
—
2
QL
\]
S~—
|
I
=2
\]
S~—
QL
2

x+ct

= %[f(x—%—ct)—l—g(x—ct)]—f—i/w g(T)dT@

2c —ct

3. u(z,t) = %[f(z +ct)+ gz —ct)] + 2% fm+dg(7')d7'

r—ct

000 f(z) =u(x,0)=e*,g(x) =ux,0) =100

1 1 x+ct
x—ct

1 2 2 1
— T (p—(ztct) —(z—ct) — (9
Lm0t 4 o em0) 1 (g

_ %(e—(x+ct)2+e—(ac—ct)2)+t IE‘

4(a). u(z,y,t)=X(z)Y(y)T(t) 00000000 20000000000000

TI/ X// YI/
T~ X 'Y
000 2,y00000000+¢0000000000O00O0O00OO0000O000 -X20000

T// Xl/ Y//
= 4 =)
cr X+Y

oooo
ﬂ__ﬁ_A2
X Y

00000000000000000000000000 —?0000000300000000000

X" —aX =0
Y~ BY =0
T —AXT =0
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oooog=x—c000000O00O
u(o,y,t) = u(l,y,t) =0, u(z,0,t) = u(zx,1,t) =0
000000 Sturm-Liouville 0 0
X" —aX =0, X(0) = X(1) =0,
Y'"—-pY =0,Y(0)=Y(1)=0
gbooobdooboobobbobooboobooobon
= —m?72, X, (2) = sinmmrx (m=1,2,3,...)

Bn = —n?72 Y, (y) =sinnry (n =1,2,3,...)

ooooooooo ay,B,00000T0

Tonn(t) = Cyn cos vV m2 + n2mwct + Dy sin v/ m?2 + n2met

0000000 w(z,y,0=000 7'(0)=000000 D, =00000

Trn(t) = Cpun cos vV m?2 + n2mct

gbooobooboobgobooobooboo

Umn (2, Y, t) = sinmmz sin nrxChy,y, cos \/m2 + nlwet

obooobOooooooboooog

oo oo
u(z,y,t) = Z Z sin mmx sin nwyCy,, cos vV m2 + n?nct

m=1n=1
0000000000000 u(x,y,0) = f(z,y) =sinmesinmy 00

oo o0

sinasinmy = u(z,y,0) = Z Z sinmmx sin nwyCh,y,

m=1n=1

000 Cy=1,Cpn =0 (m#1,n#¢)00000
u(z,y,t) = sinwz sin 7y cos (v 2mct) IE‘

(b) u(z,y,t) =X ()Y (y)T(t) 00000000 20000000000000

T// XII Y//

_— = — 4+ —

AT X Y

000 z,y00000000+¢000000000000000000000O0O -A20000

T// X// YI/
= 4 =)
T X Y

good

151
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00000000000000000000000000 -«?20000000 300000000000

X"'—aX =0
Y —8Y =0
T — AT =0

oooopg=Xx—ed00O0000O0
u(O’y7t) :u(:l’y?t) = 07 u(x7 O’t) :u(m7 17t) :0
000000 Sturm-Liouville 0 O

X" —aX =0, X(0)=X(1)=0,
Y"—BY =0, Y(0)=Y(1)=0

gboooobooooboboooobooooobooobo

Q= —m?712, X, (z) =sinmrr (m=1,2,3,...)
Bn = —n?72 Y, (y) =sinnwy (n=1,2,3,...)

0ooooodon a,,s,00000T0
Tonn(t) = Cpp cos \/nmﬂct—i—Dmn sin \/mﬂct
oo0oooog uw(x,y,0)=000 T(O)=000000 C,,=00000
T (t) = Dy sin \/mﬂct
gooooooboOoooooobooogobooo
U (X, Y, ) = sinmrz sin nwe D,y sin \/mwct

gobooboooboobooobgon

oo oo
u(z,y,t) = Z Z sin mmx sin nwy Doy, sin v/ m? + n?mct
m=1n=1

0000000000000 w(z,y,0)=g(z,y) 00

o0 o0
9(z,y) = w(z,y,0) = Z Z Dpn v/ m? 4+ n2resinmre sinnry

m=1n=1
oon
oo
D,, = Z D,/ m2 4+ n2rwesinnmy
n=1
ogood

o0
g(z,y) = Z sinmmx
m=1
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ggd
1
Dy VM2 +n2me = 2/ D,, sin nmydy
0
1 1
= 2/ (2/ g(z,y) sinmradx) sin nrydy
0 0
1,1
= 4/ / g(x,y) sin mrx sin nrydzdy
0o Jo
ooad

4 1
Dy = N ary / / g(x,y) sinmrz sin nrydxdy @
% 0o Jo

732 0OOOOODO
goog 7.3.3
1. dgbooboobbobb2mdboobOOo0noOoobon

x, O<x<1

f@%:{QL l<z<?

153

00000000 ¢+=00000000000°00000000000000O0O00O0O00O0 u(z,t)00

oono

2. 1.0000000000000 f(r)=22-2), 0<2<20000000000000 u(z,t)00

aoo
3. 00D ImO0D0O00DOODO 10°09%0°0000000000DO0O0DOOODOODOO0O
4. (a) OOOODOOOOOOOOOO

Upy = kuy —o00<x <00, t>0

|z] =00 OO0 w(z,t) 00

u(z,0) = f(z)
00000000000 u(z,t)e™ -00000000000000000000000

Upo(2,8) — ksU(x,s) = —kf(x), —oo <z < 0.
(b)

Ul(z,s)

Lk [ vk (y—s)

- _ S S d

WAL
1 [k [° i

+ 2\/; / eV f(y)dy

_ \/f/m fly) sinh—\/g(y —5)f(y)dy
0

gboabuoobooobgboaoboan
go
1. 0oboobooogoobooo

U = Kllgy
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000000 0°00 w(0,t) =wu(2,t)=00000000000 f(z) 00 u(z,0) = f(z)J0000000
ggooobooood
up = kugy, w(0,t) =u(2,t) =0, u(z,0) = f(z)

0000000000000 u(z,t)=X(zT()0000000000000000000

XT' =kX'"T
00

X// T/

X kT

goooooooooooooooooo
“AX =0, T —kXT =0.
000 «0D00000000D000000 t0000
w(0,t) = X (0)T(t) = 0,

u(2,t) = X(2)T(t) = 0

0000000 T(#)000000000X(0)=X(2)=00000000000000 Sturm-Liouville
00
—AX =0, X(0)=X(2)=0

0000000000000000000000 A\, =-n?72/400000 X,(r)=sinnrr/200000
0oooooooag a, =-n?7%/40000

k22
T+ =T =0
Doooo
T, = Bpe 7

000 Xx,0 7,00
U (z,t) = By sin L;rx e T

goboboobooobooboobooboobobbobooboobooboobon

e}
u(w,t)zZun(act Zanm— — et
n=1

0000000 w(z,0) = f(z) 00
f(z) Zanm@

ooo

nmx

9 2
B, = 7/ f(z)sin ——dx
0 2
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1 2 .
/ osin oL g + / (2 — z)sin LG v Sl;l 2
0 2 1 2 du=dr v=—-—-cos"Z®

2z nwx Ly 4 . nmx 1
= ——cos sin
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