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sin(nrx/L)000000000000000 A\, =-n?r2/L20000

YY"+ MY =0

0oooo
nm nim
}%(y)::C%CO§1‘zg'+l)nSHﬂl—Eg

oooOoooo
X, (2) 0 Yu(y) 00

up(x,y) = sin ?(Cn cosh % + D,, sinh %)

O Laplace 0000000000000 OODOOOOO0OOODOOOOOOOOOO
oo

u(z,y) = ;un(:ﬂ,y) = Zsin ?(C’n cosh% + D, sinh n—zy)

n=1

0000000 u(z,0=0000

0o0o00000ooO0O00bO0oO0oo00O0oD f(r)DOODDOOOD D,000D0O0OO0OD
0000000000000000000000000 f(z) 00, LJ]0000DODOODO
goboobooobd

K 2 [F
D,, sinh nz = Z/o f(x)sin Lzm dx
ooo0ooooooo

o0 e}
u(z,y) = Z Un(x,y) = Z D,, sin ? sinh %),
n=1 n=1
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0000 D,sinh 225 = %fOL f(x)sin T2 dz0 @

2.
(a) 0000000000 u(z,y)=X(2)Y(y) 0000 Laplace 000000000

X/l Y//
X Y
0000000000000000000O

=\

X" —AX =0, Y'+A\Y =0.

D00«0000000000000000<y<KOOOD

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

u(L,y) = X(L)Y(y) =0
D000000Y(y)D0ODODOO0OO0X(0)=X(L)=0000000000000
0 Sturm-Liouville O O

—AX =0, X(0)=X(L)=0
0000000000000000000000 A\, =-n*r?/L200000 X,(z) =
sin(nmz/L)000000000000000 A\, =-n?r?/L20000

Y4+ MY =0

ooooo

Y, (y) = C,, cosh n—zy + D,, sinh %

0oooooo
Xn(2) 0 Yo(y) 0D

un(z,y) = sin ?(Cn cosh % + D,, sinh %)

0 Laplace 000 0000000000000 O0O0OOOOOOOOOOOOOODOOD
00

y) = ;un(gc,y) = ;sin ?(Cn cosh% + Dy, sinh n—zy)

000 uw(z,y) 0 yO0O0OO0OO0000000000000000000 uy(2,00=0000

8

0000000000000 O0O0O00O0 f(x)DODODODO C, 0000000
00000000000 D0OO f(»D [0, L]DO000DDO0OODOOODOOOO

Cn coshM / f(x)sin —dx
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coobooooood

u(z,y) = Z un(x,y) = Z C, sin % cosh %,
n=1 n=1

0000C, cosh 22K :%fOLf(x)sin%de @
(b O0DDODOO0DO0O0O0u(z,y) =X(z)Y(y) D0OO0OLaplace00D0DOO0OO0DODOO
X// Y//
. S
X Y
goboobboooboobooooboo

X"-XX =0, Y'+)Y =0.
OO0 «.000000000000D00D0O0O<z< LOOCOO
u(z,0) = X(2)Y(0) =0,
u(z, K) = X(2)Y(K) =0

oooooono X(m)l] ODDDDDDDY(O)ZY(K)ZODDDDDDDDDDDD
O Sturm-Liouville O O

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

0000000000000000000000 A\, =72272/K?00000 Yy(x) =
sin(nry/K)000000000000000 A\, =n?r?/K20000

X" =X, X =0

ooood

nwT . . nTx
—— + D, sinh —

Xn(y) = Cy, cosh 7 7

0oooooo
Xn(2) 0 Yo(y) 0D

un(x,y) = Cy, cosh % sin (nwy/K) + D,, sinh % sin (nwy/K)

0O Laplace 00 0000000000000 0O0O0O0O0OOOOOOOOOOOODOODO
oo

o0

u(z,y) = Z up(z,y) = Z C, cosh % sinh (nmy/K) + D,, sinh % sin (nmy/K).
n=1

n=1

0000000 u(L,y)=000
nrl . . onrl
u(L,y) = Cy, cosh a sinh (nmy/K) + D,, sinh 5 sin (nmy/K) = 0.

oo I I
D,, sinh n% = —(),, cosh n%



150

OO0 A OO0OO0ODOOO

oooo

- L
y) = Z C,, sinh % cosh % sin (nmy/K)

L
— C,, cosh n;r( sinh % sin (nry/K)

= Z Cp sinh 7= — % gin (nmy/K)

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

u(0,y) = Z C, sinh % sin (nmy/K) = g(y).

n=1

0000000000000 0U000UD ¢g(yyODODODOOOD ¢, 0000000
0000000000000 gy O [0,K]0D0000DLO0000DO0O0ODDODOOO

L 2 (%
Ch smh% E/o g(y)sin%dy

obooooogoog
x,y) = Zun(m Y) ZC sinh )51n(n77y/K)
n=1

DDDDCnSinh%:%fOKg( sin “Z4 dy0 IE‘
3.0000000000wu(z,y)=X()Y(y)OOOOLaplace DOOODOOOODO

X// YII
- =\
X Y

gobooboooboobbooooboo

X"-XX =0, Y'+)Y =0.
000 w0000000000000000<y<KOOOO

uz(0,y) = X' (0)Y (y) = 0,

uz(L,y) = X' (L)Y (y) =0

0000000 Y(y) D0 00000000X'(0)=X/(L)=000000000000

00
—AX =0, X'(0)=X'(L)=0

0000000 Sturm-Liouville 00000 0
A=0000 X"=000 X=ciz+¢0000000 X'(0)=X'(L)=0000

oo
X'(0)=c,X'(L)=¢1 =0

ad X:CQ.
A<000D0O0AN=-3200000

X"+3X=0
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000 X =cicosfr+cesinf20000000 X'(0)=X(L)=000000

X'(0) = co, X'(L) = —Becysin BL = 0

oooooon
nm
)\n:_ 2:_72
g = (7))
0oooooon
.o.nm
xnzsm(f)
A>00000MA=a200000
X" —a?X =0

000 X =c¢jcoshax + cpsinhax0 000000 X'(0)=X'(L)=000000

X'(0) = co, X' (L) = acy sinhalL =0

000 ¢ =¢=000000000 X, =-6%=—(25)200000 z, =sin(2%) 0
ooo

ooooooo
Ty = sin(f)

00 X =c. 00000000 N\, =n?r?/K200000 Y,(z) = sin(nry/K) O

0000D0000000000 A\, =n2r2/K20000

X" XX =0
googon
nmx nmwx
Xn(y) = Cn COSh? +Dn SinhY
goooooo

Xn(x) 0 Yo(y) 0D
un(x,y) = C,, cosh % sin (nmy/K) + D,, sinh % sin (n7y/K)

O Laplace 00 0000000000000 0O0O0O0O0OOOOOOOOOOOODOODO
oo

u(z,y) = Z up(z,y) = Z C, cosh % sinh (nmy/K) + D,, sinh % sin (nmy/K).
n=1

n=1
0000000 u(L,y) =000
nrl . . onrlL
u(L,y) = Cy, cosh Na sinh (nwy/K) + D,, sinh 5 sin (nmy/K) = 0.

oo

L L
D,, sinh n% = —(), cosh n%
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googo
E C, smh— h—sm(nﬂ'y/K)
K
. nrTx .
—C’ncosh K smh7s1n(n7ry/K)

= Z Cp sinh 7= — % gin (nmy/K)

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

y) = ZC" sinh n% sin (nmy/K) = g(y).

n=1

0000000000000 000000D g(y)ODODODODOOOD ¢C,0000000
0000000000000 0g(y) O [0,K]0000000000DODO0O0OODOOOO

L 2 (K
C,, sinh n% = E/o g(y) sin %dy
gooooooogg
u(z,y) = Z Un(x,y) Z Ch sinh 7=~ gin (nmy/K)
n=1

DDDDCnsinh%:%fng( sin "2 dy0 E

7.3.2

7.3.2
1.

(a) 000D0D0000000000 wz,t)00000u(z,t)000000000
Uge = (1/P)uy (0<2<1,t>0)0000000000000

u(x,0) = sinwx, u(z,0) =0
oo oooooobobobobobobobbbon
u(0,t) = u(l,¢) =0

0000000000000 0000w(z,t)=X()T@t)0D0O0D0O0OD0D0O0DO0O0O0O0OD

gooo
X T

X T
0000000000000000000
—AX =0, T" —A\T =0.
000 «000000000000000¢0000

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

0000000 T()D00000000X(0)=X(1)=00000000000000

Sturm-Liouville O O
X" AX =0, X(0)=X(1)=0

0000000000000000000000 A\, =-n?r?M000 X,(z)=sinnrx
000000000oOooO N, =—-n2720000

T" —ANT =0

ooooo
T, = C, cosnmct + D, sinnmct

ooo X,07,00
Un(x,t) = sinnmx(C, cosnwet + D, sin nwet)

coooboodoboooobooooboooOoooOoocOoOoOooOoobooOoobooOoOoOoOoooa
oo

oo o0
u(z,t) = Z un(x,t) = Z sin na(C,, cosnmet + D, sin nret)
n=1

n=1
0000000 u(ex,0) =sinme 00

oo

sinme = u(z,0) = Z Cp sinnmx
n=1
0000 C,=1,C,=0(n>2)000 u(z,0)=000
0 = uy(z,0) = Z D, (nmc) sinnmx
n=1

0000 Dp(nre) =00000
u(x,t) = sinmx cos et E

(b) goooooooooooon u(x,t)DDDDDU(I,t)DDDDDDDDD
Uze = (1/P)ugy (0<2<1,t>0)0000000000000000 Im/sec 00

u(z,0) = 0, us(z,0) =1

cooboooobooooooocooooOooboooooaon

u(0,t) = u(l,£) =0

0000000000000000Ou(z,t)=X(z)T(t)00000000000000
oooo P

X T
0000000000000000000

X" XX =0, T —\T =0.
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000 «000000000000000¢t0000
u(0,t) = X(0)T(¢) = 0,
u(1,t) = X(1)T(t) =0

0000000 7T(#)000000000X(0)=X(1)=00000000000000

Sturm-Liouville O O
-AX =0, X(0)=X(1)=0

00000000000000000000 A, =-n?r2M000 X,(z)=sinnrx
0000000O00OoooO N, =-—-n2720000

T" —ANT =0

ooooo
T, = C, cosnmct + D, sinnmct

o000 X,07T,00
Up(x,t) = sinnrx(C, cosnwct + D, sinnmct)

cooooooobooooboooobooooooooOooboboOooboOoobooOoOoOooooa
OO0

oo o0
= Z Up(x,t) = Z sin nma(C,, cos nmet + D, sin nwet)

n=1

0000000 u(z,0)=000
0 = u(z,0) ZC sinnwx
0000 C,=0(n>1)000 u(z,0)=100

oo
1 =wu(z,0) = E (nmwc) sinnrx

n=1
ood b, =nmeD, 0000
2 1
b, = 7/ sin nrxdx
1 Jo
1
:2/ sinnrxdr
0
2 1
= —— cosnwx |,
nmw

2
= —_-— — 1 e
e (cosnm — 1)

ood
— 2(1 — (-1)"
u(x,t) = g Msinmmsinmrct IE‘
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Ugg = gy (00 <z <00, t>0)00000v=a+mt, w=a+nt0000
w(z,t) =U(v,w) 00

Uy = m? Uy + 2mnUy,, + n? Uww
_02< Uge = Upy + 2Upw + U
0 = (m? — Uy + 2mn — 2¢2)Upy + (12 — AU

000 mnO0 t2—c>=0000000 t==4c. 000 m=c¢, n=—c0000

(2mn — 22Uy = —4c2Uyy = 0
o000 wOOoOooOooooo
Uv:/Odw:c(U)
Jddv0dodooogoogd

u(z,y) =U(v,w) = /c(v)dv = g1 (v) + h1(w)
= q1(z + ct) + hi(z — ct)

cooooooooooo

~

—
8

S~—
Il

u(z,0) = g1(z) + hi(z)
g(z) = us(z,0) = cgy(x) — chi(x)

0000 ¢)(z),k(z) 000000
61(x) = o-(eF () + 9(a)

Wy () = o (cef'(z) — g(x)

2c
agoad N
nle) = oolef@)+ [ gryar
@) = oelef@) — [ grrar
gooo

u(z,t) =U = g1(z + ct) + ha(z — ct)

x+ct x—ct
seetrars [ gmn + ooef@-cy+ [ gtran)

2 2c

x+ct
%[f(x—%—ct) +g(x —ct)] + i/ g(T)dTE

2¢ r—ct

3. u(z,t) = %[f(ac +ct)+ g(xz —ct)] + i fj;tg(T)dT

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

u( [67($+Ct)2 +67(x70t)2]+

£
=
Il

x+ct
/ dr
r—ct
(2ct)

0]

(e—(ac+ct)2 +€—(w—ct)2)+

- N R =

(e—(ac+ct)2 +e—(9c—ct)2>+

N RN~ N~
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4.
(a) u(z,y,t)=X(2)Y(y)T(H) 00000000 20000000000000
T// X// Y//
= x T v
2T X Y

000 2,y00000000¢t0000000000000000000000 =20
god

T// XII Y//
At ¥
X - Y
oooo . ,
X Y
2 T )2
X Y

O0000000000000000000000000 —«?0000000 3000
oooooooo

X"—aX=0
Y~ BY =0
T" —2XT =0

O00O0p=A—a00000000
u(o,y,t) = u(l,y,t) =0, u(z,0,t) = u(z,1,t) =0
00000 0O Sturm-Liouville O O
X" —aX =0, X(0)=X(1) =0,

Y —BY =0, Y(0)=Y(1)=0

cooboooobooobobooooboooooooooooa

A, = —m?7?, X, (2) = sinmrz (m=1,2,3,...)
Bn = -’72 Y, (y) = sinnmy (n =1,2,3,...)

gooooooog an, B8, 0000070
T (t) = Cpp cos \/ﬂmwct—i—Dmn sin \/mwct
0000000 u(z,y,0)=000 7/(0)=000000 Dy, =00000
Tinn(t) = Cpyp cos \/mwct
oobooboobobooboobooooba
Umn (T, y,t) = sinmmz sinnwxC,, cos \/mZ—Jranct

cooooooooooooooo

oo o0

u(z,y,t) = Z Z sin mara sin naryChy, cos v/ m2 + n2mct

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

o0 o
sinmasinmy = u(x,y,0) = E E sin mmx sin nryChnp
n=1

m=1

000 Cpp=1,Cpn =0 (m#1,n#¢)0 0000
u(z,y,t) = sin 7wz sin wy cos (v/2mct) IE‘

(b) u(z,y,t) = X(2)Y(y)T(t) 00000000 20000000000000

T/l X// Y//
2T X Y

000 z,y00000000+0000000000000000000000O -A20

ooo
T// X// YI/
= 4 =)
cr X+Y
oooo
X;'__Y;'_Az
X Y

00000000000000000000000000 —?20000000 3000

cooooooo

X"—aX =0
Y - BY =0
T —AXNT =0

oooopg=Xx—a00000000

u(07 y? t) = u(17y7 t) = 07 u(x707 t) = u(x7 ]‘7t) = 0
000000 Sturm-Liouville 0 O

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

goboobooboboobooobooboooboon

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

oo0ooooooo a,B,00000T0
T (t) = Cpop, cos \/ﬂmwct—l—Dmn sin \/WWct
0000000 u(z,y,0) =000 T(0)=000000 Cpy, =00000
Trnn(t) = Dy sin \/mﬂct
oobooboooboboobooboboooobg

Umn (T, y,t) = sinmmz sin nwx Dy, sin vV m? + n2nwet
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cooooooooooooooo

oo oo
u(z,y,t) = Z Z sinmmx sin nmwy Dy, sin \/m?—Jrn?ﬂct
m=1n=1

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

oo oo
9(z,y) = u(z,y,0) = Z Z D/ m? + n2resinmrx sin nwy

m=1n=1
aoad
(oo}
D,, = Z D/ m?2 + n2mesinnmy
n=1
godad
oo
g(z,y) = Z sin mmx
m=1
oo
1
Dy VM2 +n2mc =2 / D,, sinnmydy
0
1 1
= 2/ (2/ g(x,y) sin mrzdz) sin nrydy
0 0
1,1
:4/ / g(z,y) sinmrz sin nrydzdy
0o Jo
aoad
4 1,1
Dypp = ——— x,y) sin mmz sin nwydxd
%ﬁiﬁ%cétég(y) ydzdy O |
7.3.3 00
7.3.3
1.

gdddouooooooo
Ut:kurz

000000 0°00 w(0,t) =w(2,¢t) =00000000000 f(z) 00 u(z,0) =
f(x)0DODDOOODODDODOOO0O0O0O0O0

U = ktgy, u(0,t) =u(2,t) =0, u(z,0) = f(x)

000000000000 Ou(z,t)=X(z)T(t)00000000000000000

00
XT' =kX"T
00
X// T/
X kT

goboobooobooboboooboo

X" -AX =0, T —k\T =0.
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000 «000000000000000 ¢t0000
u(0,t) = X(0)T(¢) = 0,
u(2,t) = X(2)T(t) =0

0000000 7T(#)000000000X(0)=X(2)=00000000000000

Sturm-Liouville O O
—AX =0, X(0)=X(2)=0

0000000000000000000000 A, = -n?72/400000 X,(z) =
sinnrz/20000000000000 A\, =-—n272/40000

kn2m?

T + T=0

ooood

2.2

000 X,0 7,00
nmwx n2nx2
up(z,t) = By sin Te R

cooboodooboobooobooooboooOoooOoocOoOoooOoobooOoobooOooOoooonoag
oo

t) = iun(x,t) = ianinm;Je—#t
n=1 —
0000000 u(z,0)=f(z) 00
f(x) =u(z,0) Zanmw
agoad

2 2
B, = 7/ f(x)sin D2 g
2 o 2

1 2 .
. nmax . nwx U=z dv = sin *5*dx
[ Frans [ (G0, VTR )

2 nmr 4 . NTT
== —cos— lo +(n7r)2 sin — lo
4 nwx nwT o
TGOS T ki +* 08 =5~ 1

4 . nmw
:7(n7r)2 sin -
:{ W(fl)m n=2m+1
0 n=2m

oooo

oo

4 (—1)m . (2m—|—1)7rx _ k(2m+1)272¢
u(x’t):ﬁ2(2m+1) sin 5 e T IE‘

m=0
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2. f(z)=z(2—2)00

fl@) =22 - 2) = u(z,0) = ZBn Sin?

n=1

goo

0 n=2m

oooo

32 L @mg Drr a2
7§:zm+1 P ¢ ! E

m:
3.u(z,t) 00000000 DO0ODOOOOD w,=0000000000D0O0O0OODO
Uy, =00000000000000

Uy =¢C, Uu=cx+d

0000000000 w0,t) =10,u(1,t) =90 00
u(0,t) =d =10, u(1,t) =c+d =190
000 ¢=80,d=1000000 u(z,t) =80z +100 [0 |

4.
(a) tOODODODOODODOOOOODO

Ly, = kLuy

oo
Upe(z,8) = k(sU(z, s) — u(z,0))

000 u(z,0) = f(x) OO
Use(z,5) — ksU(z,s) = —kf(z), —oo <x <0

000 2000002000000000000000000000000000000
ooo

(b) Upe(z,s) —ksU(z,s) =00000000 m?>—ks=000 m=+vksOOODO
000 Ugx,s)O

Ue(z,8) =cre” ksz | cheVhsT
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00000 Uy(x,s) 00DD0O0O00DODOOO

—VE %
Up(z,8) = uge™ VI 4 ygeV e

og

ullef ksx + u/ ksx __ =0

uy (—VEs)e VE oy (Vis)e VR = —kf(2)

000 CramerJOODOOOOO

0 eVksz
, —kf(@)  (Vs)eVrs
U4 =
! o—VEsa oVhsa
(_\/E>€_ ksx (\/E)e ksx
_ kf(@)eVRer
2Vks
LR evEs
2\/;f(x>e
1 /k _
uh = —2\/:f(x)e Vs
gooo
1 k N
2/\/;]”(@6 dx
1 k
Ug = 2/\/:‘]“(.7})6\/%16&)3
goo

Ulz,s)=U.+U,

=cie” ksa:+626 ksx

1 [k
+3 / \fﬂy)e@dye
—o VS
1o [k
_ 5/ [f(y)e_ﬁydyemx
o ¥V S

000 U(z,s)0 |2| 0000000000 ¢ =¢, =00000

/ \/71, VEs(y—a) gy, _ / \/71‘ VEs(y=2) gy,
/ \/>f Vhs(y=a) gy /_OO \/:f(y)e‘“g(y_x)dy
+/ [f(y)sinh%(yw)dy

/ \/7f V(=) gy 1 L / \/7]” VEs(y=a) gy,
+/0 \/:f(y)sinh\/g(y—x)d?f o]
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_ < . U = SN W ' (z)
_/0 f'(@)sinwrdz <du—wcoswx v = f(z) )
= f(z)sinwz |7~ fw/ f(z) coswzdz

0
= lim f(z)sinwz —wF.[f(x)]

T— 00

= —wF[f(2)] [O]

FIf (@) = / " P(a) coswads ( u=coswr  dv=f(x) )

du = —wsinwz v = f(z)
= f(z) coswz |77 +w /00 f(z) sinwzdx
0
= lim f(x)coswx — l_i)r(r)lJr f(z) coswr + wF|[f(x)]

xTr— 00

= —f(0+) +wF[f(2)] [O]

Pl =Fit = [ f@e s

a .
= / e "Tdx
—a

1

— —iwx |a
—iw
_ 1 (e—iwa

_ eiwa
—iw )

w
2 eiwa _ e—iwa

w 21

2 .
— 2 gnwa [0]
w

F lu}fL‘d
T on / v

> 2sinwa

1 ) )
— 7(61wa _ efzwa)

Z(A}Id
271' w
1 (% sinwa(coswz + isinwx)
= — dw
T J oo w
1 [*° sinwacoswx sin wa sin wx

=*/ dw ( OwDOOODOOO)
T J_ o w w
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god
o s
/ sinwacoswzr , - [, |z| < a @
oo w 0, |z|>a

(¢) [*° smwecoserg,0QQ0Qa=1,2=00000

goo

3.
(a) Fow)= [, f(z)coswrdo 000000000000000

f(z)

2 oo
= / F.(w) coswxdw
T Jo

72 1(17 ) cos wadw u=1—-w dv:_coswxdw
) “ “ du = —dw v =L

2 i e
=—[(1-w) et 5 —1—7/ sin wzdw]
T z Jy

2 l-w 0<w<1
— (1 — cosx) coswrdr = -,
0 T 0 w>1

000 w—00000

2 [*°1-—

7/ cosxdle
0

T 2

oo
1—
/ CQOSId:C:E
0 xr 2
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