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 ÙČĂ ÿöÖćøóČĚîåćîĔîÖúýćÿêøŤÙüĂîêĆö Ĕßš

đóČęĂĂíĉïć÷ÖćøđðúĊę÷îĒðúÜÿëćîąÙüĂîêĆö×ĂÜøąïïôŗÿĉÖÿŤ ēé÷đÞóćąĂîčõćÙ×îćéđúĘÖ đßŠî
ĂĉđúĘÖêøĂî đðŨîêšî
ÿöÖćøßđøĂéĉÜđÝĂøŤ Ĕî � öĉêĉ ĒïïđßĉÜđÿšî ÙČĂÿöÖćøìĊęđ×Ċ÷îĂ÷ĎŠĔîøĎð

ut = iuxx , i =
√
−1

ēé÷ìĊę ut = ∂u
∂t Ēúą uxx = ∂2u

∂x2

ÿöÖćøßđøĂéĉÜđÝĂøŤ Ĕî � öĉêĉ ĒïïĕöŠđßĉÜđÿšî ÙČĂÿöÖćøìĊęđ×Ċ÷îĂ÷ĎŠĔîøĎð

ut = iuxx − 2|u|2u , i =
√
−1

ēé÷ìĊę ut = ∂u
∂t Ēúą uxx = ∂2u

∂x2

ĔîĀúć÷ðŘìĊęñŠćîöć öĊîĆÖüĉÝĆ÷Āúć÷ìŠćîĕéšóĆçîćüĉíĊÖćøĒðúÜúćðúćàÿĂÜßĆĚîĔîÖćøĀćÙĈêĂï
×ĂÜÿöÖćøđßĉÜĂîčóĆîíŤÿćöĆâ ĒúąÿöÖćøđßĉÜĂîčóĆîíŤ÷ŠĂ÷ ìĆĚÜĒïïđßĉÜđÿšî ĒúąĕöŠđßĉÜđÿšî đßŠî <.�3�
-FNNPVBS
 -� &M )BLLJ> ýċÖþćÙčèÿöïĆêĉ×ĂÜÖćøĒðúÜúćðúćàÿĂÜßĆĚî <�>
 <3BOKJU 3BNLSJTIOB
%IVOEF ĒúąÙèą> <�> ýċÖþćÖćøĀćÙĈêĂï×ĂÜÿöÖćøēìøđú×ēé÷ĔßšüĉíĊÖćøĒðúÜúćðúćàÿĂÜßĆĚî

<)BNJ (VOEPHEV
 0NFS 'BSVL (P[VLJ[JM> <�>
 ĕéšýċÖþćñúđÞú÷×ĂÜÿöÖćø )JSPUB
 ÿöÖćøß
đøĂéĉÜđÝĂøŤ ĒúąÿöÖćø ,E7 ēé÷üĉíĊÖćøĒðúÜúćðúćàÿêćøŤß đðŨîêšî

îĉ÷ćöñúÖćøĒðúÜúćðúćàÿĂÜßĆĚî×ĂÜĂîčóĆîíŤĂĆîéĆïĀîċęÜĒúąĂîčóĆîíŤĂĆîéĆïÿĂÜöćÝćÖîĉ÷ćö
ÖćøĒðúÜúćðúćà×ĂÜ ĂîčóĆîíŤĂĆîéĆïĀîċęÜđìĊ÷ïÖĆïêĆüĒðø x Ēúą t éĆÜîĊĚ

L{f(t)} =

∫ ∞

0
e−stf(t) dt

L{f(x)} =

∫ ∞

0
e−pxf(x) dx

éĆÜîĆĚîđøćÝąĕéš

LxLt{f(x, t)} = F (p, s) =

∫ ∞

0
e−px

∫ ∞

0
e−stf(x, t) dt dx

ÝćÖîĆĚîđøćÿćöćøëĀćñúÖćøĒðúÜúćðúćàÿĂÜßĆĚî×ĂÜĂîčóĆîíŤĂĆîéĆïĀîċęÜđìĊ÷ïêĆüĒðø x Ēúą t

éĆÜîĊĚ

LxLt

{
∂u(x, t)

∂x

}
= pU(p, s)− u(0, s)

LxLt

{
∂u(x, t)

∂t

}
= sU(p, s)− u(p, 0)



�

ĒúąĔîìĈîĂÜđéĊ÷üÖĆîîĆĚîđøćÿćöćøëĀćñúÖćøĒðúÜúćðúćàÿĂÜßĆĚî×ĂÜĂîčóĆîíŤĂĆîéĆïÿĂÜđìĊ÷ï
ÖĆïêĆüĒðø x Ēúą t éĆÜîĊĚ

LxLt

{
∂2u(x, t)

∂x2

}
= p2U(p, s)− pU(0, s)− ∂U(0, s)

∂x

LxLt

{
∂2u(x, t)

∂t2

}
= s2U(p, s)− sU(p, 0)− ∂U(p, 0)

∂t

ĔîēÙøÜÜćîîĊĚÝąîĈÖćøĒðúÜúćðúćàöćĔßšĀćñúđÞú÷×ĂÜÿöÖćøÙúČęî � ßđøĂéĉÜđÝĂøŤ 	8BWF�
4DIS¸EJOHFS FRVBUJPO
 ēé÷ĒïŠÜóĉÝćøèćéĆÜîĊĚ

ĒïïìĊę �� ÿöÖćøÙúČęî�ßđøĂéĉÜđÝĂøŤĔî �öĉêĉ ĒïïđßĉÜđÿšîĒúąĒïïđĂÖóĆîíčŤ

utt = iuxx , i =
√
−1

õć÷ĔêšđÜČęĂîĕ×đøĉęöêšî� u(x, 0) = f(x), ut(x, 0) = g(x)

ĒïïìĊę �� ÿöÖćøÙúČęî�ßđøĂéĉÜđÝĂøŤĔî �öĉêĉĒïïĕöŠđĂÖóĆîíčŤ

utt = iuxx + f(x, t) , i =
√
−1

õć÷ĔêšđÜČęĂîĕ×đøĉęöêšî� u(x, 0) = f(x), ut(x, 0) = g(x)

ĒïïìĊę �� ÿöÖćøÙúČęî�ßđøĂéĉÜđÝĂøŤĔî �öĉêĉĒïïĕöŠđßĉÜđÿšî

utt = iuxx + uux − u2x , i =
√
−1

õć÷ĔêšđÜČęĂîĕ×đøĉęöêšî� u(x, 0) = f(x), ut(x, 0) = g(x)

ĒïïìĊę �� ÿöÖćøÙúČęî�ßđøĂéĉÜđÝĂøŤĔî �öĉêĉĒïïđßĉÜđÿšîĒúąĒïïĕöŠđßĉÜđÿšî

utt = i(uxx + uyy) + k(uux + uuy)−m(u2x + u2y) , i =
√
−1

õć÷ĔêšđÜČęĂîĕ×đøĉęöêšî� u(x, y, 0) = f(x, y), ut(x, y, 0) = g(x, y)

ēé÷ìĊę k,m ∈ R àċęÜĀćÖ k = m = 0 ÝąĕéšñúđÞú÷ĒïïđßĉÜđÿšî ĒúąĀćÖ k,m $= 0 ÝąĕéšñúđÞú÷
ĒïïĕöŠđßĉÜđÿšî



�

ïììĊę �
ÙüćöøĎšóČĚîåćî

��� ÿöÖćøđßĉÜĂîčóĆîíŤ 	%JGGFSFOUJBM &RVBUJPOT


îĉ÷ćöìĊę � ÿöÖćøđßĉÜĂîčóĆîíŤ ÙČĂ ÿöÖćøìĊęĒÿéÜÙüćöÿĆöóĆîíŤøąĀüŠćÜôŦÜÖŤßĆî×ĂÜêĆüĒðøĂĉÿøą 	JO�
EFQFOEFOU WBSJBCMF
 êĆüĒðøêćö 	EFQFOEFOU WBSJBCMF
 ĒúąĂîčóĆîíŤ×ĂÜêĆüĒðøêćöđìĊ÷ïÖĆï
êĆüĒðøĂĉÿøąîĆĚîė

ÿöÖćøđßĉÜĂîčóĆîíŤÿćöĆâ 	0SEJOBSZ %JGGFSFOUJBM &RVBUJPOT
 0%&T
 ÙČĂÿöÖćøđßĉÜĂîčóĆîíŤ
ìĊęðøąÖĂïéšü÷ĂîčóĆîíŤ×ĂÜêĆüĒðøêćöìĊę×ċĚîĂ÷ĎŠÖĆïêĆüĒðøĂĉÿøąĀîċęÜêĆü

ÿöÖćøđßĉÜĂîčóĆîíŤ÷ŠĂ÷ 	1BSUJBM %JGGFSFOUJBM &RVBUJPOT
 1%&T
 ÙČĂÿöÖćøđßĉÜĂîčóĆîíŤìĊę
ðøąÖĂïéšü÷ĂîčóĆîíŤ×ĂÜêĆüĒðøêćöìĊę×ċĚîĂ÷ĎŠÖĆïêĆüĒðøĂĉÿøąöćÖÖüŠćĀîċęÜêĆü

êĆüĂ÷ŠćÜđßŠî

Ļ d2x
dt2 + 3dx

dt + 2x4 = TJO(2t) đðŨîÿöÖćøđßĉÜĂîčóĆîíŤÿćöĆâ

Ļ ∂2u
∂x2 + 2∂u

∂y =
√
x2 − 2y đðŨîÿöÖćøđßĉÜĂîčóĆîíŤ÷ŠĂ÷

��� ÿöÖćøđßĉÜĂîčóĆîíŤđßĉÜđÿšî 	-JOFBS %JGGFSFOUJBM &RVBUJPOT


ïìîĉ÷ćö � ÿöÖćøđßĉÜĂîčóĆîíŤÿćöĆâđßĉÜđÿšîĂĆîéĆï n ÙČĂÿöÖćøđßĉÜĂîčóĆîíŤÿćöĆâìĊęĂ÷ĎŠĔîøĎð

a0(x)
dny

dxn
+ a1(x)

dn−1y

dxn−1
+ · · ·+ an−1(x)

dy

dx
+ an(x)y = g(x) 	���


đöČęĂ a0(x), a1(x), . . . , an(x) Ēúą g(x) đðŨîôŦÜÖŤßĆî×ĂÜêĆüĒðø x ēé÷ìĊę a0 $= 0 ÿĈĀøĆïìčÖ
x ∈ R
ÿŠüîÿöÖćøđßĉÜĂîčóĆîíŤÿćöĆâĕöŠđßĉÜđÿšî ÙČĂÿöÖćøđßĉÜĂîčóĆîíŤÿćöĆâìĊęĕöŠđðŨîđßĉÜđÿšî

×šĂÿĆÜđÖê ÿöÖćøđßĉÜĂîčóĆîíŤĒïïđßĉÜđÿšî

�� ìčÖė êĆüĒðøêćöĒúąĂîčóĆîíŤ×ĂÜêĆüĒðøêćööĊđú×ßĊĚÖĈúĆÜđðŨî � đìŠćîĆĚî

�� ĕöŠöĊóÝîŤĔîøĎðñúÙĎè×ĂÜêĆüĒðøêćöĀøČĂĂîčóĆîíŤ×ĂÜêĆüĒðøêćöĔîÿöÖćø

�� ĕöŠöĊóÝîŤĔîøĎðôŦÜÖŤßĆîĂéĉýĆ÷×ĂÜêĆüĒðøêćöĔîÿöÖćø

êĆüĂ÷ŠćÜđßŠî

Ļ ∂2u
∂x2 + ∂2u

∂y2 + ∂2u
∂t2 = 0 đðŨîÿöÖćøđßĉÜĂîčóĆîíŤđßĉÜđÿšî

Ļ ∂2u
∂x2 + ∂2u

∂y2 = 2uv + u đðŨîÿöÖćøđßĉÜĂîčóĆîíŤĕöŠđßĉÜđÿšî



�

ïìîĉ÷ćö � ÿöÖćøđßĉÜĂîčóĆîíŤ đßĉÜđÿšîĒïïđĂÖóĆîíčŤ 	)PNPHFOFPVT %JGGFSFOUJBM &RVB�
UJPOT
 Āöć÷ëċÜ ÿöÖćø 	���
 đöČęĂ g(x) = 0

ïìîĉ÷ćö � ÿöÖćøđßĉÜĂîčóĆîíŤ đßĉÜ đÿšîĒïïĕöŠ đĂÖóĆîíčŤ 	/POIPNPHFOFPVT %JGGFSFOUJBM
&RVBUJPOT
 Āöć÷ëċÜ ÿöÖćø 	���
 đöČęĂ g(x) $= 0

��� ĂîčÖøöđì÷ŤđúĂøŤĒúąĒöÙúĂøĉî 	5BZMPS 4FSJFT BOE .BDMBVSJO 4FSJFT


ïìîĉ÷ćö � ÖĈĀîéĔĀš f đðŨîôŦÜÖŤßĆî àċęÜĀćĂîčóĆîíŤĕéšìčÖĂĆîéĆï ìĊęÝčé a = 0 ĒúšüÝąđøĊ÷ÖĂîčÖøöìĊę
Ă÷ĎŠĔîøĎð×ĂÜ

∞∑

k=0

f (k)(0)

k!
(x)k = f(0) +

f ′(0)

1!
(x) +

f ′′(0)

2!
(x)2 + · · ·+ f (n)(0)

k!
(x)k + . . .

üŠć ĂîčÖøöĒöÙúĂøĉî 	.BDMBVSJO 4FSJFT

ïìîĉ÷ćö � ÖĈĀîéĔĀš f đðŨîôŦÜÖŤßĆî àċęÜĀćĂîčóĆîíŤĕéšìčÖĂĆîéĆï è Ýčé x = a ĒúšüđøĊ÷ÖĂîčÖøö

ìĊęĂ÷ĎŠĔîøĎð×ĂÜ

∞∑

k=0

f (k)(a)

k!
(x− a)k = f(a) +

f ′(a)

1!
(x− a) +

f ′′(a)

2!
(x− a)2 + · · ·+ f (n)(a)

n!
(x− a)n + . . .

üŠć ĂîčÖøöđì÷ŤđúĂøŤ 	5BZMPS 4FSJFT

êĆüĂ÷ŠćÜ

Ļ 1
1−x = 1 + x+ x2 + · · ·+ xn + · · · =

∑∞
k=0 x

n, |x| < 1

Ļ 1
1+x = 1− x+ x2 − · · ·+ (−1)nxn + · · · =

∑∞
k=0(−1)nxn, |x| < 1

Ļ ex = 1 + x+ x2

2! + · · ·+ xn

n! + · · · =
∑∞

k=0
xn

n! , |x| < ∞

Ļ TJOx = x− x3

3! +
x5

5! − · · ·+ (−1)n x2n+1

(2n+1)! + · · · =
∑∞

k=0(−1)k x2n+1

(2n+1)! , |x| < ∞

Ļ DPTx = 1− x2

2! +
x4

4! − · · ·+ (−1)n x2n

(2n)! + · · · =
∑∞

k=0(−1)k x2n

(2n)! , |x| < ∞

Ļ TJOIx = x+ x3

3! +
x5

5! + · · ·+ x2n+1

(2n+1)! + · · · =
∑∞

k=0
x2n+1

(2n+1)! , |x| < ∞

Ļ DPTIx = 1 + x2

2! +
x4

4! + · · ·+ x2n

(2n)! + · · · =
∑∞

k=0
x2n

(2n)! , |x| < ∞

ÖćøĒðúÜúćðúćàÿĂÜßĆĚî×ĂÜêĆüĒðø x Ēúą t îĉ÷ćöéĆÜîĊĚ

LxLt{f(x, t)} = F (p, s) =

∫ ∞

0
e−px

∫ ∞

0
e−stf(x, t)dtdx 	���


ēé÷ìĊę x, t > 0 Ēúą p, s ÙČĂÙŠćđßĉÜàšĂî



�

ÝćÖîĉ÷ćö

L{f(t)} =

∫ ∞

0
e−stf(t) dt

L{f(x)} =

∫ ∞

0
e−pxf(x) dx

éĆÜîĆĚî
LxLt{f(x, t)} = F (p, s) =

∫ ∞

0
e−px

∫ ∞

0
e−stf(x, t) dt dx

êĆüĂ÷ŠćÜ � ÖĈĀîéĔĀš f(x, t) = xet ÝÜĀć L[f(x, t)]

üĉíĊìĈ ÝćÖîĉ÷ćö

LxLt[f(x, t)] =

∫ ∞

0
e−px

∫ ∞

0
e−stf(x, t) dt dx

LxLt[xe
t] =

∫ ∞

0
e−px

∫ ∞

0
e−stxet dt dx

=

∫ ∞

0
xe−px

∫ ∞

0
e−(s−1)t dt dx

=

∫ ∞

0
xe−px

[
MJN
k→∞

∫ k

0
e−(s−1)t dt

]
dx

=

∫ ∞

0
xe−px



 MJN
k→∞

(
e−(s−1)t

−(s− 1)

)k

0



 dx

=

∫ ∞

0
xe−px

[
MJN
k→∞

(
e−(s−1)k

−(s− 1)

)
+

e0

s− 1

]
dx

=

∫ ∞

0
xe−px 1

s− 1
dx

=
1

s− 1

[
MJN
k→∞

∫ k

0
xe−px dx

]

=
1

s− 1

[
MJN
k→∞

(
xe−px

−p
− e−px

p2

)k

0

]

=
1

s− 1

[
MJN
k→∞

(
ke−pk

−p
− e−pk

p2

)
−
(

0

−p
− e0

p2

)]

=
1

s− 1

[
MJN
k→∞

(
k

−pepk
− 1

p2epk

)
+

1

p2

]

=

[
1

s− 1

] [
1

p2

]

éĆÜîĆĚî LxLt[xet] =
1

p2(s−1)



�

êćøćÜìĊę �� êĆüĂ÷ŠćÜñúÖćøĒðúÜúćðúćà×ĂÜôŦÜÖŤßĆîóČĚîåćî

f(t) L{f(t)} îĉ÷ćö×ĂÜ×Ăïđ×ê

eat
1

s− a
s > a

k (k đðŨîÙŠćÙÜìĊę) k

s
s > 0

tn, n ∈ I+ n!

sn+1
s > 0

tn, n > −1
Γ(n+ 1)

sn+1
s > 0

TJO(at) a

s2 + a2
s > 0

DPT(at) s

s2 + a2
s > 0

TJOI(at) a

s2 − a2
s > |a|

êćøćÜìĊę � � ñúÖćøĒðúÜúćðúćàÿĂÜßĆĚî

f(x, t) L{f(x, t)} = F (p, s)

ab ab
ps , a, b đðŨîÙŠćÙÜìĊę

xntm s−1−mp−n−1Γ(1 + n)Γ(1 +m)

xntme−ax−bt (s+ b)−1−m(p+ a)−n−1Γ(1 + n)Γ(1 +m)

e−ax−bt 1
(p+a)(s+b)

DPT(x) DPT(t) sp
(1+p2)(1+s2)

TJO(x) TJO(t) 1
(1+p2)(1+s2)

TJO(x+ t) 1−ps(p+s)
(1+p2)(1+s2)

DPT(x+ t) − p+s−ps
(1+p2)(1+s2)



�

êŠĂĕðîĊĚÝąđðŨîÖćøĀćúćðúćàÿĂÜßĆĚî×ĂÜĂîčóĆîíŤ÷ŠĂ÷ĂĆîéĆïĀîċęÜđìĊ÷ïêĆüĒðø x

ĔĀš
f(x, t) =

∂u(x, t)

∂x

ÝćÖîĉ÷ćöÖćøĒðúÜúćðúćàÿĂÜßĆĚî

LxLt

{
∂u(x, t)

∂x

}
=

∫ ∞

0
e−px

∫ ∞

0
e−st∂u(x, t)

∂x
dtdx

=

∫ ∞

0
e−st

∫ ∞

0
e−px∂u(x, t)

∂x
dxdt 	���


óĉÝćøèć
∫ ∞

0
e−px∂u(x, t)

∂x
dx = MJN

A→∞

∫ A

0
e−px∂u(x, t)

∂x
dx

= MJN
A→∞

[
e−pxu(x, t)

∣∣A
0
+

∫ A

0
pe−pxu(x, t)dx

]

= MJN
A→∞

[e−pAu(A, t)− e0u(0, t)] + p MJN
A→∞

∫ A

0
e−pxu(x, t)dx

= p

∫ ∞

0
e−pxu(x, t)dx− u(0, t)

= pU(p, t)− u(0, t) 	���


ĒìîÙŠćÿöÖćø 	���
 ĔîÿöÖćø 	���
 Ýąĕéš

LxLt

{
∂u(x, t)

∂x

}
=

∫ ∞

0
e−st[pU(p, t)− u(0, t)] dt

=

∫ ∞

0
e−stpU(p, t)dt−

∫ ∞

0
e−stu(0, t)dt

= p

∫ ∞

0
e−stU(p, t)dt−

∫ ∞

0
e−stu(0, t)dt

LxLt

{
∂u(x, t)

∂x

}
= pU(p, s)− U(0, s) 	���


ĔîìĈîĂÜđéĊ÷üÖĆîđøćÝąĀćÖćøĒðúÜúćðúćàÿĂÜßĆĚî×ĂÜĂîčóĆîíŤ÷ŠĂ÷ĂĆîéĆïĀîċęÜđìĊ÷ïêĆüĒðø t

ĔĀš
f(x, t) =

∂u(x, t)

∂t

LxLt

{
∂u(x, t)

∂t

}
=

∫ ∞

0
e−px

∫ ∞

0
e−st∂u(x, t)

∂t
dtdx 	���




�

óĉÝćøèć
∫ ∞

0
e−st∂u(x, t)

∂t
dt = MJN

A→∞

∫ A

0
e−st∂u(x, t)

∂t
dt

= MJN
A→∞

[
e−stu(x, t)

∣∣A
0
+ s

∫ A

0
e−stu(x, t)dt

]

= MJN
A→∞

[e−sAu(x,A)− e−s(0)u(x, 0)] + s MJN
A→∞

∫ A

0
e−stu(x, t)dt

= s

∫ ∞

0
e−stu(x, t)dt− u(x, 0)

= sU(x, s)− u(x, 0) 	���


ĒìîÙŠćÿöÖćø 	���
 ĔîÿöÖćø 	���
 Ýąĕéš

LxLt

{
∂u(x, t)

∂t

}
=

∫ ∞

0
e−px[sU(x, s)− u(x, 0)] dx

=

∫ ∞

0
e−pxsU(x, s)dx−

∫ ∞

0
e−pxu(x, 0)dx

= s

∫ ∞

0
e−pxU(x, s)dx−

∫ ∞

0
e−pxu(x, 0)dx

LxLt

{
∂u(x, t)

∂t

}
= sU(p, s)− U(p, 0) 	���


ÖćøĒðúÜúćðúćàÿĂÜßĆĚîÿĈĀøĆïĂîčóĆîíŤ÷ŠĂ÷ĂĆîéĆïìĊęÿĂÜđìĊ÷ïêĆüĒðø x Ēúą t éĆÜîĊĚĒìîÙŠćÿöÖćø
ÖćøĒðúÜúćðúćàÿĂÜßĆĚî×ĂÜĂîčóĆîíŤ÷ŠĂ÷ĂĆîéĆïÿĂÜđìĊ÷ïêĆüĒðø x



��

LxLt

{
∂2u(x, t)

∂x2

}
=

∫ ∞

0
e−px

∫ ∞

0
e−st∂

2u(x, t)

∂x2
dtdx

=

∫ ∞

0
e−st

∫ ∞

0
e−px∂

2u(x, t)

∂x2
dxdt 	���


óĉÝćøèć
∫ ∞

0
e−px∂

2u(x, t)

∂x2
dx = MJN

A→∞

∫ A

0
e−px∂

2u(x, t)

∂x2
dx

= MJN
A→∞

[
e−px∂u(x, t)

∂x

∣∣∣
A

0
+ p

∫ A

0
e−px∂u(x, t)

∂x
dx

]

= MJN
A→∞

[
e−pA∂u(A, t)

∂x
− e0

∂u(0, t)

∂x

]
+ p MJN

A→∞

∫ A

0
e−px∂u(x, t)

∂x
dx

= −∂u(0, t)

∂x
+ p MJN

A→∞

∫ A

0
e−px∂u(x, t)

∂x
dx

= p

∫ ∞

0
e−px∂u(x, t)

∂x
dx− ∂u(0, t)

∂x

= p[pU(p, t)− u(0, t)]− ∂u(0, t)

∂x

= p2U(p, t)− pu(0, t)− ∂u(0, t)

∂x
	����


ĒìîÙŠćÿöÖćø 	����
 ĔîÿöÖćø 	���
 Ýąĕéš

LxLt

{
∂2u(x, t)

∂x2

}
=

∫ ∞

0
e−st

[
p2U(p, t)− pu(0, t)− ∂u(0, t)

∂x

]
dt

=

∫ ∞

0
e−stp2U(p, t)dt−

∫ ∞

0
e−stpu(0, t)dt−

∫ ∞

0
e−st∂u(0, t)

∂x
dt

= p2
∫ ∞

0
e−stU(p, t)dt− p

∫ ∞

0
e−stu(0, t)dt−

∫ ∞

0
e−st∂u(0, t)

∂x
dt

LxLt

{
∂2u(x, t)

∂x2

}
= p2U(p, s)− pU(0, s)− ∂U(0, s)

∂x
	����


ÖćøĒðúÜúćðúćàÿĂÜßĆĚî×ĂÜĂîčóĆîíŤ÷ŠĂ÷ĂĆîéĆïÿĂÜđìĊ÷ïêĆüĒðø t

LxLt

{
∂2u(x, t)

∂t2

}
=

∫ ∞

0

∫ ∞

0
e−pxe−st∂

2u(x, t)

∂t2
dtdx 	����




��

óĉÝćøèć
∫ ∞

0
e−st∂

2u(x, t)

∂t2
dt = MJN

A→∞

∫ A

0
e−st∂

2u(x, t)

∂t2
dt

= MJN
A→∞

[
e−st∂u(x, t)

∂t

∣∣∣
A

0
+ s

∫ A

0
e−st∂u(x, t)

∂t
dt

]

= MJN
A→∞

[
e−sA∂u(x,A)

∂t
− e−s(0)∂u(x, 0)

∂t

]
+ s

∫ ∞

0
e−st∂u(x, t)

∂t
dt

= −∂u(x, 0)

∂t
+ s MJN

A→∞

∫ A

0
e−st∂u(x, t)

∂t
dt

= s

∫ ∞

0
e−st∂u(x, t)

∂t
dt− ∂u(x, 0)

∂t

= s[sU(x, s)− u(x, 0)]− ∂u(x, 0)

∂t

= s2U(x, s)− su(x, 0)− ∂u(x, 0)

∂t
	����


ĒìîÙŠćÿöÖćø 	����
 Ĕî 	����
 Ýąĕéš

LxLt

{
∂2u(x, t)

∂t2

}
=

∫ ∞

0
e−px

[
s2U(x, s)− su(x, 0)− ∂u(x, 0)

∂t

]
dx

=

∫ ∞

0
e−pxs2U(x, s)dx−

∫ ∞

0
e−pxsu(x, 0)dx−

∫ ∞

0
e−px∂u(x, 0)

∂t
dx

= s2
∫ ∞

0
e−pxU(x, s)dx− s

∫ ∞

0
e−pxu(x, 0)dx−

∫ ∞

0
e−px∂u(x, 0)

∂t
dx

LxLt

{
∂2u(x, t)

∂t2

}
= s2U(p, s)− sU(p, 0)− ∂U(p, 0)

∂t
	����




��

��� ñúÖćøĒðúÜúćðúćàÿĂÜßĆĚîñÖñĆî 	*OWFSTF -BQMBDF 5SBOTGPSN


îĉ÷ćö � ëšć f(t) đðŨîôŦÜÖŤßĆîìĊęöĊñúÖćøĒðúÜúćðúćàđðŨî F (p, s) ĒúšüđøĊ÷Ö f(x, t) üŠćñúÖćø
ĒðúÜñÖñĆî 	*OWFSTF MBQMBDF
 ×ĂÜôŦÜÖŤßĆî F (p, s) đ×Ċ÷îĒìîéšü÷ L−1{F (p, s)} ÝćÖîĉ÷ćö×šćÜ
êšîÝąĕéšüŠćëšć L{f(x, t)} = F (p, s) Ēúšü f(x, t) = L−1{F (p, s)}

êćøćÜìĊę � � ñúÖćøĒðúÜúćðúćàÿĂÜßĆĚîñÖñĆî

L{f(x, t)} = F (p, s) f(x, t) = L−1F (p, s)

ab
ps , a, b đðŨîÙŠćÙÜìĊę ab

s−1−mp−n−1Γ(1 + n)Γ(1 +m) xntm

(s+ b)−1−m(p+ a)−n−1Γ(1 + n)Γ(1 +m) xntme−ax−bt

1
(p+a)(s+b) e−ax−bt

sp
(1+p2)(1+s2) DPT(x) DPT(t)

1
(1+p2)(1+s2) TJO(x) TJO(t)

1−ps(p+s)
(1+p2)(1+s2) TJO(x+ t)

− p+s−ps
(1+p2)(1+s2) DPT(x+ t)



��

ïììĊę �
üĉíĊÖćøéĈđîĉîÜćî

��� øąđïĊ÷ïüĉíĊÖćøĒðúÜúćðúćàÿĂÜßĆĚîĀćñúđÞú÷×ĂÜÿöÖćøđßĉÜĂîčóĆîíŤ

ÝčéðøąÿÜÙŤ×ĂÜÿŠüîîĊĚÙČĂÖćøýċÖþćÖćøĔßšøąđïĊ÷ïüĉíĊÖćøĒðúÜúćðúćàÿĂÜßĆĚîìĊęéĆéĒðúÜÿĈĀøĆï
ĂîčóĆîíŤ÷ŠĂ÷ĒïïĕöŠđßĉÜđÿšî đøćóĉÝćøèćøĎðĒïïìĆęüĕð×ĂÜÿöÖćøĂîčóĆîíŤ÷ŠĂ÷ĒïïĕöŠđßĉÜđÿšîĂĆîéĆï
ÿĂÜìĊęöĊđÜČęĂîĕ×đïČĚĂÜêšîéĆÜîĊĚ

Lu(x, t) +Ru(x, t) +Nu(x, t) = h(x, t) 	���


ēé÷öĊđÜČęĂîĕ×ÙŠćđøĉęöêšî
u(0, t) = f(t), ux(0, t) = g(t) 	���


ēé÷ìĊę L Ēìîéšü÷êĆüéĈđîĉîÖćøĂĆîéĆïÿĂÜ L = ∂2u(x,t)
∂x2 
 R đøĊ÷ÖüŠć óÝîŤđßĉÜđÿšî N Āöć÷ëċÜóÝîŤ

ìĊęĕöŠĔßŠđßĉÜđÿšî ĒúąóÝîŤ h(x, t) ÙČĂôŦÜÖŤßĆîìĊęÖĈĀîéĔĀš
ĔÿŠñúÖćøĒðúÜúćðúćàÿĂÜßĆĚîìĆĚÜÿĂÜéšćî×ĂÜÿöÖćø 	���
 ĒúąĂćýĆ÷ÙčèÿöïĆêĉđßĉÜđÿšî

LxLt{Lu(x, t)}+ LxLt{Ru(x, t)}+ LxLt{Nu(x, t)} = LxLt{h(x, t)} 	���


×ĆĚîêĂîĒøÖ đøćĔßšÙčèÿöïĆêĉ×ĂÜÖćøĒðúÜúćðúćà×ĂÜĂîčóĆîíŤĂĆîéĆïĀîċęÜĒúąĂîčóĆîíŤĂĆîéĆïÿĂÜ
đøćÝąĕéš

p2U(p, s)− pU(0, s)− ∂U(0, s)

∂x
+ LxLt{Ru(x, t)}+ LxLt{Nu(x, t)} = LxLt{h(x, t)}

p2U(p, s)− pF (s)−G(s) + LxLt{Ru(x, t)}+ LxLt{Nu(x, t)} = LxLt{h(x, t)}

p2U(p, s) = pF (s) +G(s)− LxLt{Ru(x, t)}− LxLt{Nu(x, t)}+ LxLt{h(x, t)}

U(p, s) =
F (s)

p
+

G(s)

p2
− 1

p2
LxLt{Ru(x, t)}− 1

p2
LxLt{Nu(x, t)}+ 1

p2
LxLt{h(x, t)}

	���


×ĆĚîêĂîìĊęÿĂÜ ĀćñúđÞú÷ÖćøĒðúÜúćðúćàÿĂÜßĆĚîñÖñĆîìĆĚÜÿĂÜ×šćÜ×ĂÜÿöÖćø 	���
 Ýąĕéš

u(x, t) = L−1
x L−1

t {U(p, s)}

= L−1
x L−1

t

{
F (s)

p
+

G(s)

p2
− 1

p2
LxLt{Ru(x, t)}− LxLt{Nu(x, t)}+ 1

p2
LxLt{h(x, t)}

}



��

ĔîÖćøĒ÷ÖúćðúćàÝąĔßš u(x, t) Ă÷ĎŠĔîøĎðĂîčÖøöĂîĆîêŤ éĆÜîĊĚ

u(x, t) =
∞∑

n=0

un(x, t)

óÝîŤìĊęĕöŠđðŨîđßĉÜđÿšîÖĈĀîé éĆÜîĊĚ

Nu(x, t) =
∞∑

n=0

An

ēé÷ìĊę An đðŨîóĀčîćöĂéĂđöĊ÷îìĊęÖĈĀîéēé÷

An =
1

n!

dn

dλn

[
N

( ∞∑

n=0

λiui

)]

λ=0

; n = 0, 1, 2, . . .

ÝćÖÿöÖćø 	���


U(p, s) =
F (s)

p
+
G(s)

p2
− 1

p2
LxLt

{
R

( ∞∑

n=0

un(x, t)

)
+

∞∑

n=0

An

}
+

1

p2
LxLt{h(x, t)} 	���


êŠĂĕðđøćĔßšÖćøĒðúÜúćðúćàñÖñĆîìĆĚÜÿĂÜéšćî×ĂÜÿöÖćøđøćÝąĕéš

L−1
p L−1

s {U(p, s)} = L−1
p L−1

s

{
F (s)

p

}
+ L−1

p L−1
s

{
G(s)

p2

}

− L−1
p L−1

s

{
1

p2
LxLt

{
R

( ∞∑

n=0

un(x, t)

)
+

∞∑

n=0

An

}}

+ L−1
p L−1

s

{
1

p2
LxLt{h(x, t)}

}

∞∑

n=0

un(x, t) = f(t) + xg(t)− L−1
p L−1

s

{
1

p2
LxLt

{
R

( ∞∑

n=0

un(x, t)

)
+

∞∑

n=0

An

}}

+ L−1
p L−1

s

{
1

p2
LxLt{h(x, t)}

}

u0 + u1 + u2 + . . . = f(t) + xg(t) + L−1
p L−1

s

{
1

p2
LxLt{h(x, t)}

}

− L−1
p L−1

s

{
1

p2
LxLt{R(u0) +A0}

}

− L−1
p L−1

s

{
1

p2
LxLt{R(u1) +A1}

}
+ . . . 	���




��

ÝćÖÙčèÿöïĆêĉđßĉÜđÿšî

u0 = f(t) + xg(t) + L−1
p L−1

s

{
1

p2
LxLt{h(x, t)}

}

u1 = −L−1
p L−1

s

{
1

p2
LxLt{R(u0) +A0}

}

u2 = −L−1
p L−1

s

{
1

p2
LxLt{R(u1) +A1}

}

���

un+1 = −L−1
p L−1

s

{
1

p2
LxLt{R(un) +An}

}

ÝćÖ×šćÜêšîÝąĕéšÙüćöÿĆöóĆîíŤĒïïđüĊ÷îđÖĉé 	3FDVSSFODF 3FMBUJPO


un+1 = −L−1
p L−1

s

{
1

p2
LxLt{R(un) +An}

}

ÖŠĂîĂČęîđøćÝąĔßšÖćøĒðúÜúćðúćàÿĂÜßĆĚî×ĂÜ×šĂêÖúÜìćÜéšćî×üć×ĂÜÿöÖćø ÝćÖîĆĚîĔßšÖćøĒðúÜ
úćðúćàñÖñĆîÿĂÜßĆĚîÖĆïđøćÝąĕéšÙŠć u0(x, t), u1(x, t), . . . , un(x, t) êćöúĈéĆï đóČęĂĒÿéÜĔĀšđĀĘî
ëċÜüĉíĊÖćøìĊęîĈđÿîĂ×šćÜêšîÿĈĀøĆïÿöÖćøđßĉÜĂîčóĆîíŤ÷ŠĂ÷ĒïïĕöŠđßĉÜđÿšî



��

��� óĀčîćööĂēéđöĊ÷î 	"EPNJBO QPMZOPNJBMT
 óĉÝćøèćđìĂöìĊęĂ÷ĎŠĔîøĎðĕöŠđßĉÜđÿšî
N(u)

×ĂÜÿöÖćøĀøČĂøąïïÿöÖćøđßĉÜĂîčóĆîíŤĕöŠđßĉÜđÿšî đßŠî u2, u3, u4, TJOu, eu, ux, u2x đðŨîêšî ÿćöćøë
đ×Ċ÷îĔîøĎð×ĂÜĂîčÖøöĂîĆîêŤĕéš éĆÜîĊĚ

N(u) =
∞∑

n=0

pnAn(u0, u1, u2, . . . , un)

ēé÷ìĊę An(u0, u1, u2, . . . , un) đðŨîóĀčîćöĂéĂđöĊ÷î N(u) ÿćöćøëÙĈîüèĕéšēé÷

An(u0, u1, u2, . . . , un) =
1

n!

∂n

∂pn

[
N

( ∞∑

i=0

piui

)]

p=0

, ∀n ≥ 0

óĀčîćöĂéĂđöĊ÷î An(u0, u1, u2, . . . , un) ÿćöćøëđ×Ċ÷îÖøąÝć÷ĔĀšĂ÷ĎŠĔîøĎðĂ÷ŠćÜÜŠć÷ĕéš éĆÜîĊĚ

A0 =
1

0!
[N(u0 + pu1 + p2u2 + p3u3 + . . . )]p=0

= N(u0)

A1 =
1

1!

[
∂

∂p
N(u0 + pu1 + p2u2 + p3u3 + . . . )

]

p=0

=
1

1!
[(u1 + 2pu2 + 3p2u3 + . . . )N ′(u0 + pu1 + p2u2 + p3u3 + . . . )]p=0

= N ′(u0)u1

A2 =
1

2!

[
∂2

∂p2
N(u0 + pu1 + p2u2 + p3u3 + . . . )

]

p=0

=
1

2!
[(2u2 + 6pu3 + 12p2u4 + . . . )N ′(u0 + pu1 + p2u2 + p3u3 + . . . )

+ (u1 + 2pu2 + 3p2u3 + . . . )2N ′′(u0 + pu1 + p2u2 + p3u3 + . . . )]p=0

= N ′(u0)u2 +
1

2!
N ′′(u0)u

2
1

A3 =
1

3!

[
∂3

∂p3
N(u0 + pu1 + p2u2 + p3u3 + . . . )

]

p=0

=
1

3!
[(2u2 + 6pu3 + 12p2 + . . . )(u1 + 2pu2 + 3p2u3 + . . . )N ′′(u0 + pu1 + p2u2 + . . . )

+ (6u3 + 24p+ . . . )N ′(u0 + pu1 + p2u2 + . . . )

+ (u1 + 2pu2 + 3p2u3 + . . . )2(u1 + 2pu2 + 3p2u3 + . . . )N ′′′(u0 + pu1 + p2u2 + . . . )

+ 2(u1 + 2pu2 + 3p2u3 + . . . )(2u2 + 6pu3 + 12p2 + . . . )N ′′(u0 + pu1 + p2u2 + . . . )]p=0

= N ′(u0)u3 +N ′′(u0)u1u2 +
1

3!
N ′′′(u0)u

3
1

���
���



��

êĆüĂ÷ŠćÜìĊę � óĀčîćöĂēéđöĊ÷î ×ĂÜóÝîŤĕöŠđßĉÜđÿšî uux

n = 0;A0 = [(u0 + pu1 + p2u2 + . . . )(u0 + pu1 + p2u2 + . . . )x]p=0

= u0u0x

n = 1;A1 =

[
d

dp
((u0 + pu1 + p2u2 + . . . )(u0 + pu1 + p2u2 + . . . )x)

]

p=0

= [(u0 + pu1 + p2u2 + . . . )(u1 + 2pu2 + . . . )x

+ [(u0 + pu1 + p2u2 + . . . )x(u1 + 2pu2 + . . . )]]p=0

= u0u1x + u1u0x

n = 2;A2 =
1

2!

[
d2

dp2
(u0 + pu1 + p2u2 + . . . )(u0 + pu1 + p2u2 + . . . )x

]

p=0

=
1

2!

[
d

dp
((u0 + pu1 + p2u2 + . . . )(u1 + 2pu2 + . . . )x

+(u0 + pu1 + p2u2 + . . . )x(u1 + 2pu2 + . . . ))
]
p=0

=
1

2!
[(u0 + pu1 + p2u2 + . . . )(2u2 + . . . )x

+ (u1 + 2pu2 + . . . )(u1 + 2pu2 + . . . )x

+ (u0 + pu1 + p2u2 + . . . )x(2u2 + . . . )

+ (u1 + 2pu2 + . . . )x(u1 + 2pu2 + . . . )]p=0

=
1

2!
[(u0 + pu1 + p2u2 + . . . )(2u2 + . . . )x

+ (u1 + 2pu2 + . . . )(u1 + 2pu2 + . . . )x

+ (u0 + pu1 + p2u2 + . . . )x(2u2 + . . . )

+ (u1 + 2pu2 + . . . )x(u1 + 2pu2 + . . . )]p=0

=
1

2!
[2u0u2x + u1u1x + 2u2u0x + u1u1x]

=
1

2!
[2u0u2x + 2u1u1x + 2u2u0x]

= u0u2x + u1u1x + u2u0x

n = 3;A3 =
1

3!

[
d3

dp3
(u0 + pu1 + p2u2 + . . . )(u0 + pu1 + p2u2 + . . . )x

]

p=0

=
1

3!

[
d2

dp2
((u0 + pu1 + p2u2 + . . . )(u1 + 2pu2 + . . . )x

+(u0 + pu1 + p2u2 + . . . )x(u1 + 2pu2 + . . . ))
]
p=0

=
1

3!

[
d

dp
((u0 + pu1 + p2u2 + . . . )(2u2 + . . . )x

+ (u1 + 2pu2 + . . . )(u1 + 2pu2 + . . . )x

+ (u0 + pu1 + p2u2 + . . . )x(2u2 + . . . )

+(u1 + 2pu2 + . . . )x(u1 + 2pu2 + . . . ))]p=0



��

=
1

3!
[(u0 + pu1 + p2u2 + . . . )x(6u3 + . . . )x + (2u2 + . . . )

+ (u1 + 2pu2 + . . . )x(2u2 + . . . ) + (u1 + 2pu2 + . . . )

+ (u0 + pu1 + p2u2 + . . . )x(6u3 + . . . ) + (2u2 + . . . )(u1 + 2pu2 + . . . )x

+ (u1 + 2pu2 + . . . )(2u2 + . . . )x + (u1 + 2pu2 + . . . )(2u2 + . . . )x]p=0

A3 =
1

3!
[6u0u3x + 2u1u2x + 2u2u1x + 2u1u2x + 6u3u0x + 2u1u2x + 2u2u1x]

=
1

6
[6u0u3x + 6u1u2x + 6u2u1x + 6u3u0x]

= u0u3x + u1u2x + u2u1x + u3u0x

êĆüĂ÷ŠćÜìĊę � óĀčîćöĂēéđöĊ÷î×ĂÜóÝîŤĕöŠđßĉÜđÿšî u2x

A0 =
1

0!

[
(u0 + pu1 + p2u2 + . . . )2x

]
p=0

= (u0)
2
x

A1 =
1

1!

[
∂

∂p
(u0 + pu1 + p2u2 + . . . )2x

]

p=0

=
[
2(u0 + pu1 + p2u2 + . . . )(u1 + 2pu2 + 3p2u3 + . . . )x

]
p=0

= 2(u0u1)x

A2 =
1

2!

[
∂2

∂p2
(u0 + pu1 + p2u2 + . . . )2x

]

p=0

=
1

2!

[
∂

∂p

(
2(u0 + pu1 + p2u2 + . . . )(u1 + 2pu2 + 3p2u3 + . . . )

)
x

]

p=0

= [((u0 + pu1 + . . . )(2u2 + 6pu3 + . . . ) + (u1 + 2pu2 + . . . )(u1 + 2pu2 + . . . ))x]p=0

= [(u0)(2u2) + (u1)(u1)]x

=
[
2u0u2 + u21

]
x
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ïììĊę �
ÜćîüĉÝĆ÷ìĊęýċÖþć

êĆüĂ÷ŠćÜìĊę � óĉÝćøèćÿöÖćøÙúČęî�ßđøĂéĉÜđÝĂøŤđßĉÜđÿšîĔî�öĉêĉĒïïđĂÖóĆîíŤ

utt = iuxx ; i =
√
−1

ÖĈĀîéđÜČęĂîĕ×đøĉęöêšî u(x, 0) = ex, ut(x, 0) = 0

ÝćÖēÝì÷Ť

utt = iuxx 	�


ĔßšñúÖćøĒðúÜúćðúćàìĆĚÜÿĂÜ×šćÜ×ĂÜ 	�


LxLt{utt} = LxLt{iuxx}

s2U(p, s)− su(p, 0)− ut(p, 0) = iLxLt{uxx}

đîČęĂÜÝćÖ Lx{u(x, 0)} = Lx{ex} = 1
p−1 Ēúą Lx{ut(x, 0)} = 0

Ýąĕéš

s2U(p, s)− s

p− 1
− 0 = iLxLt{uxx}

Āćøéšü÷ s2 ìĆĚÜÿĂÜ×šćÜ

s2

s2
U(p, s) =

s

s2(p− 1)
+

i

s2
LxLt{uxx}

U(p, s) =
1

s(p− 1)
+

i

s2
LxLt{uxx} 	�


ĔßšñúÖćøĒðúÜúćðúćàñÖñĆîìĆĚÜÿĂÜ×šćÜ 	�


u(x, t) = ex + L−1
x L−1

t

[
1

s2
LxLt{iuxx}

]
	�


ÿööêĉĔĀšÙĈêĂï×ĂÜ 	�
 Ă÷ĎŠĔîøĎð×ĂÜĂîčÖøöĂîĆîêŤéĆÜîĊĚ

u(x, t) =
∞∑

n=0

un(x, t)

Ýąĕéš
∞∑

n=0

un(x, t) = ex + L−1
x L−1

t

[
1

s2
LxLt

{
i

∞∑

n=0

unxx

}]
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u0 + u1 + u2 + . . . = ex + L−1
x L−1

t

[
1

s2
LxLt{i(u0xx + u1xx + . . . )}

]

Ýąĕéš u0(x, t) = ex

Āć u1(x, t)

u1(x, t) = L−1
x L−1

t

[
1

s2
LxLt{iu0xx}

]

= L−1
x L−1

t

[
i

s2

(
1

s(p− 1)

)]

= iex
(
t2

2!

)

Āć u2(x, t)

u2(x, t) = L−1
x L−1

t

[
1

s2
LxLt{iu1xx}

]

= L−1
x L−1

t

[
i2

s2

(
2!

s3 · 2!(p− 1)

)]

= i2ex
(
t4

4!

)

Āć u3(x, t)

u3(x, t) = L−1
x L−1

t

[
1

s2
LxLt{iu2xx}

]

= i3ex
(
t6

6!

)

ēé÷üĉíĊÖćøđéĊ÷üÖĆîÖĆï×šćÜêšîÝąĕéš

u4(x, t) = i4ex
t8

8!
, u5(x, t) = i5ex

t10

10!
, . . .

ÿøčðøĎðìĆęüĕð×ĂÜ un(x, t) ÙČĂ

un(x, t) = inex
t2n

(2n)!

ĒúąÝćÖ×šćÜêšîÝąĕéšñúđÞú÷×ĂÜ 	�
 ÙČĂ

u(x, t) = ex + iex
t2

2!
+ i2ex

t4

4!
+ . . . .+ inex

t2n

(2n)!
+ . . . .

=
∞∑

n=0

inex
t2n

(2n)!
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êĆüĂ÷ŠćÜìĊę� óĉÝćøèćÿöÖćøÙúČęî�ßđøĂéĉÜđÝĂøŤđßĉÜđÿšîĔî�öĉêĉĒïïĕöŠđĂÖóĆîíŤ

utt = iuxx + TJOIx, i =
√
−1

ÖĈĀîéđÜČęĂîĕ×đøĉęöêšî u(x, 0) = TJOIx, ut(x, 0) = TJOIx
ÝćÖēÝì÷Ť

utt = iuxx + TJOIx 	�


ĔßšñúÖćøĒðúÜúćðúćàìĆĚÜÿĂÜ×šćÜ×ĂÜ 	�


LxLt{utt} = LxLt{iuxx + TJOIx}

s2U(p, s)− su(p, 0)− ut(p, 0) = LxLt{iuxx + TJOIx}

đîČęĂÜÝćÖ Lx{u(x, 0)} = Lx{TJOIx} = 1
p2−1 Ēúą Lx{ut(x, 0)} = Lx{TJOIx} = 1

p2−1

Ýąĕéš

s2U(p, s)− s

p2 − 1
− 1

p2 − 1
= iLxLt{uxx}+

1

s(p2 − 1)

Āćøéšü÷ s2 ìĆĚÜÿĂÜ×šćÜ
s2

s2
U(p, s) =

s

s2(p2 − 1)
+

1

s2(p2 − 1)
+

1

s3(p2 − 1)
+

i

s2
LxLt{uxx}

U(p, s) =
1

s(p2 − 1)
+

1

s2(p2 − 1)
+

1

s3(p2 − 1)
+

i

s2
LxLt{uxx} 	�


ĔßšñúÖćøĒðúÜúćðúćàñÖñĆîìĆĚÜÿĂÜ×šćÜ 	�


u(x, t) = TJOIx+ t TJOIx+
t2

2!
TJOIx+ L−1

x L−1
t

[
1

s2
LxLt{iuxx}

]
	�


ÿööêĉĔĀšÙĈêĂï×ĂÜ 	�
 Ă÷ĎŠĔîøĎð×ĂÜĂîčÖøöĂîĆîêŤéĆÜîĊĚ

u(x, t) =
∞∑

n=0

un(x, t)

Ýąĕéš
∞∑

n=0

un(x, t) = (TJOIx+ t TJOIx+
t2

2!
TJOIx) + L−1

x L−1
t

[
1

s2
LxLt

{
i

∞∑

n=0

unxx

}]

u0 + u1 + u2 + . . . = (TJOIx+ t TJOIx+
t2

2!
TJOIx) + L−1

x L−1
t

[
1

s2
LxLt{i(u0xx + u1xx + . . . )}

]

Ýąĕéš u0(x, t) = TJOIx+ t TJOIx+ t2

2! TJOIx
Āć u1(x, t)

u1(x, t) = L−1
x L−1

t

[
1

s2
LxLt{iu0xx}

]

= L−1
x L−1

t

[
i

s2

(
1

s(p2 − 1)
+

1

s2(p2 − 1)
+

1

s3(p2 − 1)

)]

= i
t2

2!
TJOIx+ i

t3

3!
TJOIx+ i

t4

4!
TJOIx
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Āć u2(x, t)

u2(x, t) = L−1
x L−1

t

[
1

s2
LxLt{iu1xx}

]

= L−1
x L−1

t

[
i2

s5(p2 − 1)
+

i2

s6(p2 − 1)
+

i2

s7(p2 − 1)

]

= i2
t4

4!
TJOIx+ i2

t5

5!
TJOIx+ i2

t6

6!
TJOIx

ēé÷üĉíĊđéĊ÷üÖĆîÖĆï×šćÜêšîÝąĕéš

u3(x, t) = i3
t6

6!
TJOIx+ i3

t7

7!
TJOIx+ i3

t8

8!
TJOIx, u4(x, t) = i4

t8

8!
TJOIx+ i4

t9

9!
TJOIx+ i4

t10

10!
TJOIx, . . .

ÝćÖ×šćÜêšîÝąĕéšñúđÞú÷ēé÷ðøąöćè×ĂÜ 	�
 ÙČĂ

u(x, t) =
∞∑

n=0

in
(

t2n

(2n)!
+

t2n+1

(2n+ 1)!
+

t2n+2

(2n+ 2)!

)
TJOIx+

∞∑

n=0

in+1 t2n+2

(2n+ 2)!
TJOIx

ÿøčðøĎðìĆęüĕð×ĂÜ un(x, t) ÙČĂ

un(x, t) = in TJOIx
(

t2n

(2n)!
+

t2n+1

(2n+ 1)!
+

t2n+2

(2n+ 1)!

)
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êĆüĂ÷ŠćÜìĊę� óĉÝćøèćÿöÖćøÙúČęî�ßđøĂéĉÜđÝĂøŤĔî�öĉêĉĒïïđßĉÜđÿšîĒúąĕöŠđĂÖóĆîíŤ

utt = iuxx − xt− x2t2, i =
√
−1

ÖĈĀîéđÜČęĂîĕ×đøĉęöêšî u(x, 0) = 0, ut(x, 0) = x

ÝćÖēÝì÷Ť

utt = iuxx − xt− x2t2 	�


ĔßšñúÖćøĒðúÜúćðúćàìĆĚÜÿĂÜ×šćÜ×ĂÜ 	�


LxLt{utt} = LxLt{iuxx − xt− x2t2}

s2U(p, s)− su(p, 0)− ut(p, 0) = LxLt{iuxx − xt− x2t2}

đîČęĂÜÝćÖ Lx{u(x, 0)} = Lx{0} = 0 Ēúą Lx{ut(x, 0)} = Lx{x} = 1
p2

Ýąĕéš

s2U(p, s)− 0− 1

p2
= LxLt{iuxx − xt− x2t2}

Āćøéšü÷ s2 ìĆĚÜÿĂÜ×šćÜ

s2

s2
U(p, s) =

1

s2p2
+

1

s2
LxLt{iuxx − xt− x2t2}

U(p, s) =
1

s2p2
+

1

s2
LxLt{iuxx − xt− x2t2} 	�


ĔßšñúÖćøĒðúÜúćðúćàñÖñĆîìĆĚÜÿĂÜ×šćÜ 	�


u(x, t) = xt− xt3

6
− x2t4

12
+ L−1

x L−1
t

[
1

s2
LxLt{iuxx}

]
	�


ÿööêĉĔĀšÙĈêĂï×ĂÜ 	�
 Ă÷ĎŠĔîøĎð×ĂÜĂîčÖøöĂîĆîêŤéĆÜîĊĚ

u(x, t) =
∞∑

n=0

un(x, t)

Ýąĕéš
∞∑

n=0

un(x, t) = xt− xt3

6
− x2t4

12
+ L−1

x L−1
t

[
1

s2
LxLt

{
i

∞∑

n=0

unxx

}]

u0(x, t) + u1(x, t) + u2(x, t) + . . . = xt− xt3

6
− x2t4

12
+ L−1

x L−1
t

[
1

s2
LxLt{i(u0xx + u1xx + . . . )}

]
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Ýąĕéš u0(x, t) = xt− xt3

6 − x2t4

12

Āć u1(x, t)

u1(x, t) = L−1
x L−1

t

[
1

s2
LxLt{iu0xx}

]

= L−1
x L−1

t

[
1

s2
LxLt{i(−

t4

6
)}
]

= L−1
x L−1

t

[
−4i

ps7

]

= − i

180
t6

Āć u2(x, t)

u2(x, t) = L−1
x L−1

t

[
1

s2
LxLt{iu1xx}

]

= L−1
x L−1

t

[
1

s2
LxLt{i(0)}

]

= 0

ēé÷üĉíĊÖćøđéĊ÷üÖĆîÖĆï×šćÜêšîÝąĕéš

u3(x, t) = 0, u4(x, t) = 0, . . .

ÝćÖ×šćÜêšîÝąĕéšñúđÞú÷×ĂÜ 	�
 ÙČĂ

u(x, t) = xt− xt3

6
− x2t4

12
− i

180
t6
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êĆüĂ÷ŠćÜìĊę� óĉÝćøèćÿöÖćøÙúČęî�ßđøĂéĉÜđÝĂøŤĔî�öĉêĉĒïïĕöŠđßĉÜđÿšîĒúąĕöŠđĂÖóĆîíŤ

utt = iuxx + u+ u2 − xt− x2t2, i =
√
−1

ÖĈĀîéđÜČęĂîĕ×đøĉęöêšî u(x, 0) = 0, ut(x, 0) = x

ÝćÖēÝì÷Ť

utt = iuxx + u+ u2 − xt− x2t2 	�


ĔßšñúÖćøĒðúÜúćðúćàìĆĚÜÿĂÜ×šćÜ×ĂÜ 	�


LxLt{utt} = LxLt{iuxx + u+ u2 − xt− x2t2}

s2U(p, s)− su(p, 0)− ut(p, 0) = LxLt{iuxx + u+ u2 − xt− x2t2}

đîČęĂÜÝćÖ Lx{u(x, 0)} = Lx{0} = 0 Ēúą Lx{ut(x, 0)} = Lx{x} = 1
p2

Ýąĕéš

s2U(p, s)− 0− 1

p2
= LxLt{iuxx + u+ u2 − xt− x2t2}

Āćøéšü÷ s2 ìĆĚÜÿĂÜ×šćÜ

s2

s2
U(p, s) =

1

s2p2
+

1

s2
LxLt{iuxx + u+ u2 − xt− x2t2}

U(p, s) =
1

s2p2
+

1

s2
LxLt{iuxx + u+ u2 − xt− x2t2} 	�


ĔßšñúÖćøĒðúÜúćðúćàñÖñĆîìĆĚÜÿĂÜ×šćÜ 	�


u(x, t) = xt+ L−1
x L−1

t

[
1

s2
LxLt{iuxx + u+ u2 − xt− x2t2}

]
	�


ÿööêĉĔĀšÙĈêĂï×ĂÜ 	�
 Ă÷ĎŠĔîøĎð×ĂÜĂîčÖøöĂîĆîêŤéĆÜîĊĚ

u(x, t) =
∞∑

n=0

un(x, t)

ĒúąóÝîŤìĊęĂ÷ĎŠĔîøĎðĕöŠđßĉÜđÿšî đ×Ċ÷îĂ÷ĎŠĔîøĎðóĀčîćöĂēéđöĊ÷î

Nu(x, t) =
∞∑

n=0

An(x, t)

∞∑

n=0

un(x, t) = xt+ L−1
x L−1

t

[
1

s2
LxLt

{
i

∞∑

n=0

unxx +
∞∑

n=0

un +
∞∑

n=0

An − xt− x2t2
}]
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u0(x, t) + u1(x, t) + u2(x, t) + . . . = xt+ L−1
x L−1

t

[
1

s2
LxLt {i(u0xx + u1xx + . . . )

+(u0 + u1 + . . . ) + (A0 +A1 +A2)− xt− x2t2
}]

Ýąĕéš u0(x, t) = xt 

Āć u1(x, t) 
 A0 = u20

u1(x, t) = L−1
x L−1

t

[
1

s2
LxLt{iu0xx + u0 +A0 − xt− x2t2}

]

= L−1
x L−1

t

[
1

s2
LxLt{i(0) + xt+ x2t2 − xt− x2t2}

]

= L−1
x L−1

t {0}

= 0

Āć u2(x, t) 
 A1 = 2u0u1

u2(x, t) = L−1
x L−1

t

[
1

s2
LxLt{iu1xx + u1 +A1}

]

= L−1
x L−1

t

[
1

s2
LxLt{i(0) + 0 + 2(xt)(0)}

]

= L−1
x L−1

t {0}

= 0

Āć u3(x, t) 
 A2 = (2u2)(u0) + u21

u3(x, t) = L−1
x L−1

t

[
1

s2
LxLt{iu2xx + u2 +A2}

]

= L−1
x L−1

t

[
1

s2
LxLt{i(0) + 0 + (2(0))(xt) + (0)2}

]

= L−1
x L−1

t {0}

= 0

ēé÷üĉíĊÖćøđéĊ÷üÖĆîÖĆï×šćÜêšîÝąĕéš

u4(x, t) = u5(x, t) = u6(x, t) = . . . . = 0

ÝćÖ×šćÜêšîÝąĕéšñúđÞú÷×ĂÜ 	�
 ÙČĂ

u(x, t) = xt
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êĆüĂ÷ŠćÜìĊę� óĉÝćøèćÿöÖćøÙúČęî�ßđøĂéĉÜđÝĂøŤĔî�öĉêĉĒïïĕöŠđßĉÜđÿšî

utt = iuxx + 2uux − u2x , i =
√
−1

ÖĈĀîéđÜČęĂîĕ×đøĉęöêšî u(x, 0) = TJOx , ut(x, 0) = 0

ÝćÖēÝì÷Ť

utt = iuxx + 2uux − u2x 	�


ēé÷ĔßšÖćøĒðúÜúćðúćàìĆĚÜÿĂÜ×šćÜ

LxLt{utt} = LxLt{iuxx + 2uux − u2x}

s2U(p, s)− su(p, 0)− ut(p, 0) = LxLt{iuxx + 2uux − u2x}

đîČęĂÜÝćÖ Lx{u(x, 0)} = Lx{TJOx} = 1
p2+1 Ēúą Lx{ut(x, 0)} = 0 Ýąĕéš

s2U(p, s)− s

(
1

p2 + 1

)
− 0 = LxLt{iuxx + 2uux − u2x}

U(p, s) =
1

s(p2 + 1)
+

1

s2
LxLt{iuxx + 2uux − u2x} 	�


ĔßšÖćøĒðúÜúćðúćàñÖñĆîìĆĚÜÿĂÜ×šćÜ×ĂÜ	�


u(x, t) = TJOx+ L−1
x L−1

t

{
1

s2
LxLt{iuxx + 2uux − u2x}

}
	�


ÿööêĉĔĀšÙĈêĂïĂ÷ĎŠĔîøĎðĒïïĂîčÖøö

u(x, t) =
∞∑

n=0

un(x, t)

∞∑

n=0

un(x, t) = TJOx+ L−1
x L−1

t

[
1

s2
LxLt

{
i

∞∑

n=0

unxx +
∞∑

n=0

An +
∞∑

n=0

Bn

}]

ēé÷ìĊęóÝîŤĕöŠđßĉÜđÿšîđ×Ċ÷îĔîøĎðóĀčîćöĒĂéēéđöĊ÷î

N1u =
∞∑

n=0

AnĒúąN2u =
∞∑

n=0

Bn

u0(x, t) + u1(x, t) + u2(x, t) + . . . = TJOx+ L−1
x L−1

t

[
1

s2
LxLt

{
i(u0xx + u1xx + . . . )

+ 2(A0 +A1 +A2 + . . . )− (B0 +B1 +B2 + . . . )
}]



��

Ýąĕéšu0(x, t) = TJOx

Āć u1(x, t) = L−1
x L−1

t

[
1

s2
LxLt{iu0xx + 2A0 −B0}

]

u0xx =
∂2

∂x2
TJOx = − TJOx

A0 = u0ux = TJOx DPTx

B0 = (u20)x = (TJO2 x)x = 2 TJOx DPTx

u1(x, t) = L−1
x L−1

t

[
1

s2
LxLt{−i TJOx+ 2 TJOx DPTx− 2 TJOx DPTx}

]

= −iL−1
x L−1

t

[
1

s2

(
1

p2 + 1

1

s

)]

= −iL−1
x L−1

t

[
1

p2 + 1
· 1

s3

]

= −i TJOxt
2

2!

Āću2(x, t) = L−1
x L−1

t

[
1

s2
LxLt{iu1xx + 2A1 −B1}

]

u1xx =
∂2

∂x2

(
−i TJOxt

2

2!

)
= i TJOxt

2

2!

A1 = u0u1x + u1u0x

= TJOx
(
−i TJOxt

2

2!

)

x

+

(
−i TJOxt

2

2!

)
(DPTx)

= −2i
t2

2!
TJOx DPTx = −it2 TJOx DPTx

B1 = 2(u0u1)x = 2

(
TJOx

(
−i

t2

2!
TJOx

))

x

= −2i
t2

2!
(TJO2 x)x

= −it2(2 TJOx DPTx)

u2(x, t) = L−1
x L−1

t

[
1

s2
LxLt{i

(
i TJOxt

2

2!

)
− 2it2 TJOx DPTx− (−2it2 TJOx DPTx)}

]

= L−1
x L−1

t

[
1

s2
LxLt{i2 TJOx

t2

2!
}
]

= i2L−1
x L−1

t

[
1

s2

{
1

p2 + 1
· 1

s3

}]

= i2 TJOxt
4

4!
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u3(x, t) = L−1
x L−1

t

[
1

s2
LxLt{iu2xx + 2A2 −B2}

]

u2xx =
∂2

∂x2

(
i2 TJOxt

4

4!

)
= −i2

t4

4!
TJOx

A2 = u0u2x + u1u1x + u2u0x

= TJOx
(
i2 TJOxt

4

4!

)

x

+

(
−i TJOxt

2

2!

)(
−i TJOxt

2

2!

)

x

+

(
i2 TJOxt

4

4!

)
(DPTx)

B2 =
[
(2u2)(u0) + u21

]
x

u2xx =
∂2

∂x2

(
i2 TJOxt

4

4!

)
= −i2 TJOxt

4

4!

A2 = u0u2x + u1u1x + u2u0x

= (TJOx)
(
i2 DPTxt

4

4!

)
+

(
−i TJOxt

2

2!

)(
−i DPTxt

2

2!

)
+

(
i2 TJOxt

4

4!

)
(DPTx)

= i2t4 TJOx DPTx
(

1

24
+

1

4
+

1

24

)
=

1

3
i2t4 TJOx DPTx

B2 = [2u2u0 + u21]x

=

[
2

(
i2 TJOxt

4

4!

)
(TJOx) +

(
−i TJOxt

2

2!

)2
]

x

= i2t4
(

2

24
+

1

4

)
(TJO2 x)x

=
1

3
i2t4(2 TJOx DPTx) = 2

3
i2t4 TJOx DPTx

ĀćÙŠć u3

2A2 −B2 = 2

(
1

3
i2t4 TJOx DPTx

)
−
(
2

3
i2t4 TJOx DPTx

)
= 0

u3(x, t) = L−1
x L−1

t

[
1

s2
LxLt{iu2xx + 0}

]

= L−1
x L−1

t

[
1

s2
LxLt{i(−i2 TJOxt

4

4!
)}
]

= −i3 TJOxt
6

6!

ēé÷üĉíĊđéĊ÷üÖĆîÖĆï×šćÜêšîÝąĕéš

u4(x, t) = i4 TJOxt
8

8!
, u5(x, t) = −i5 TJOx t

10

10!
, . . .

ÿøčðøĎðìĆęüĕð×ĂÜ un(x, t) ÙČĂ

un(x, t) = (−1)nin TJOx t2n

(2n)!
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ÝćÖ×šćÜêšîÝąĕéšñúđÞú÷ēé÷ðøąöćè×ĂÜ	�


u(x, t) = u0 + u1 + u2 + u3 + . . .

= TJOx− i TJOxt
2

2!
+ i2 TJOxt

4

4!
− i3 TJOxt

6

6!
+ . . .

= TJOx
(
1− it2

2!
+

(it2)2

4!
− (it2)3

6!
+ . . .

)

= TJOx
∞∑

n=0

(−i)n
t2n

(2n)!



��

êĆüĂ÷ŠćÜìĊę� óĉÝćøèćÿöÖćøÙúČęî�ßđøĂéĉÜđÝĂøŤĔî�öĉêĉĒïïĕöŠđĂÖóĆîíŤ

utt =
1

2
i(x2uxx + y2uyy) + (x2 + y2) 
 i =

√
−1

ÖĈĀîéđÜČęĂîĕ×đøĉęöêšî u(x, y, 0) = 0 
 ut(x, y, 0) = x2y2

ÝćÖēÝì÷Ť

utt =
1

2
i(x2uxx + y2uyy) + (x2 + y2) 
 i =

√
−1 	�


ĔßšñúÖćøĒðúÜúćðúćàìĆĚÜÿĂÜ×šćÜ×ĂÜ	�


LxLt{utt} = LxLt{
1

2
i(x2uxx + y2uyy) + (x2 + y2)}

s2U(p, y, s)− su(p, y, 0)− ut(p, y, 0) = LxLt{
1

2
i(x2uxx + y2uyy)}+ LxLt{x2 + y2}

đîČęĂÜÝćÖ Lx{u(x, y, 0)} = 0
 Lx{ut(x, y, 0)} = Lx{x2y2} Ýąĕéš

s2U(p, y, s)− s(0)− Lx{x2y2} = LxLt{
1

2
i(x2uxx + y2uyy)}+ LxLt{x2 + y2}

s2U(p, y, s) = Lx{x2y2}+
1

s
Lx{x2 + y2}+ LxLt{

1

2
i(x2uxx + y2uyy)}

U(p, y, s) =
1

s2
Lx{x2y2}+

1

s3
Lx{x2 + y2}+ 1

s2
LxLt{

1

2
i(x2uxx + y2uyy)}

	�


ĔßšñúÖćøĒðúÜúćðúćàñÖñĆîìĆĚÜÿĂÜ×šćÜ×ĂÜÿöÖćø×šćÜêšî

u(x, y, t) = L−1
x L−1

t { 1

s2
Lx{x2y2}}+ L−1

x L−1
t { 1

s3
Lx{x2 + y2}}

+ L−1
x L−1

t { 1

s2
LxLt{

1

2
i(x2uxx + y2uyy)}}

đîČęĂÜÝćÖ L−1
t { 1

s2 } · x
2y2 = x2y2t Ēúą L−1

t { 1
s3 } · (x

2 + y2) = t2

2! (x
2 + y2)

u(x, y, t) = x2y2t+
1

2
(x2 + y2)t2 + L−1

x L−1
t [

1

s2
LxLt{

1

2
i(x2uxx + y2uyy)}] 	�


ÿööêĉĔĀšÙĈêĂï×ĂÜ	�
Ă÷ĎŠĔîøĎðĒïïĂîčÖøöéĆÜîĊĚ

u(x, y, t) =
∞∑

n=0

un(x, y, t)

∞∑

n=0

un = x2y2t+
1

2
(x2 + y2)t2 + L−1

x L−1
t [

1

s2
LxLt{

1

2
i(x2

∞∑

n=0

unxx + y2
∞∑

n=0

unyy)}]

u0 + u1 + u2 + . . . =
1

2
(x2 + y2)t2 + L−1

x L−1
t

[
1

s2
LxLt

{
1

2
i
(
x2(u0xx + u1xx + . . . )

+ y2(u0yy + u1yy + . . . )
)}]
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u0(x, y, t) = x2y2t+
1

2
(x2 + y2)t2

u1(x, y, t) = L−1
x L−1

t [
1

s2
LxLt{

1

2
i(x2(u0xx) + y2(u0yy))}]

= L−1
x L−1

t [
1

s2
LxLt{

1

2
i(x2(x2y2t+

1

2
(x2 + y2)t2)xx + y2(x2y2t+

1

2
(x2 + y2)t2)yy)}]

= L−1
x L−1

t [
1

s2
LxLt{

1

2
i(x2(2y2t+ t2) + y2(2x2t+ t2))}]

= L−1
x L−1

t [
1

s2
LxLt{

1

2
i(4x2y2t+ (x2 + y2)t2)}]

= L−1
x L−1

t [
1

s2
LxLt{2ix2y2t+

1

2
i(x2 + y2)t2}]

= L−1
x L−1

t [Lx{2ix2y2}(
1

s4
) + Lx{

1

2
i(x2 + y2)}( 2

s5
)]

= 2ix2y2(
t3

3!
) + i(x2 + y2)(

t4

4!
)

u2(x, y, t) = L−1
x L−1

t [
1

s2
LxLt{

1

2
i(x2(u1xx) + y2(u1yy))}]

= L−1
x L−1

t [
1

s2
LxLt{

1

2
i(x2(

i

3
x2y2t3 +

i

24
(x2 + y2)t4)xx + y2(

i

3
x2y2t3 +

i

24
(x2 + y2)t4)yy)}]

= L−1
x L−1

t [
1

s2
LxLt{

1

2
i(x2(

2i

3
y2t3 +

i

12
t4) + y2(

2i

3
x2t3 +

i

12
t4))}]

= L−1
x L−1

t [
1

s2
LxLt{

1

2
i(
4i

3
x2y2t3 +

i

12
(x2 + y2)t4)}]

= L−1
x L−1

t [
1

s2
LxLt{i2

2

3
x2y2t3i2

1

24
(x2 + y2)t4}]

= L−1
x L−1

t [Lx{i2
2

3
x2y2}( 6

s6
) + Lx{i2

1

24
(x2 + y2)}(24

s7
)]

= L−1
x L−1

t [Lx{i24x2y2}
1

s6
+ Lx{i2(x2 + y2)} 1

s7
]

= (i24x2y2)(
t5

5!
) + (i2(x2 + y2))(

t6

6!
)

u3(x, y, t) = L−1
x L−1

t [
1

s2
LxLt{

1

2
i(x2(u2xx) + y2(u2yy))}]

= L−1
x L−1

t [
1

s2
LxLt{

1

2
i(x2(i2

1

15
y2t5i2

1

360
t6) + y2(i2

1

15
x2t5i2

1

360
t6))}]

= L−1
x L−1

t [
1

s2
LxLt{

1

2
i(i2

2

15
x2y2t5i2

1

360
(x2 + y2)t6)}]

= L−1
x L−1

t [
1

s2
LxLt{i3

1

15
x2y2t5i3

1

720
(x2 + y2)t6}]

= L−1
x L−1

t [Lx{i3
1

15
ix2y2}(120

s8
) + Lx{i3

1

720
i(x2 + y2)}(720

s9
)]

= L−1
x L−1

t [Lx{8i3x2y2}
1

s8
+ Lx{i3(x2 + y2)} 1

s9
]

= (8i3x2y2)(
t7

7!
) + (i3(x2 + y2))(

t8

8!
)

ēé÷üĉíĊđéĊ÷üÖĆîÖĆï×šćÜêšîÝąĕéš

u4(x, t) = (16i4x2y2)(
t9

9!
) + (i4(x2 + y2))(

t10

10!
), u5(x, t) = (32i5x2y2)(

t11

11!
) + (i5(x2 + y2))(

t12

12!
), . . .
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ÿøčðøĎðìĆęüĕð×ĂÜ un(x, t) ÙČĂ

un(x, t) = (2ninx2y2)

(
t2n+1

(2n+ 1)!

)
+ (in(x2 + y2))

(
t2n

(2n)!

)

ÝćÖ×šćÜêšîÝąĕéšñúđÞú÷ēé÷ðøąöćè×ĂÜ	�
ÙČĂ

u(x, t) = u0 + u1 + u2 + u3 + . . .

=
∞∑

n=0

(2ninx2y2)

(
t2n+1

(2n+ 1)!

)
+ (in(x2 + y2))

(
t2n

(2n)!

)
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êĆüĂ÷ŠćÜìĊę�ÿöÖćøÙúČęî�ßđøĂéĉÜđÝĂøŤĔî�öĉêĉĕöŠđßĉÜđÿšîĒïïđĂÖóĆîíŤ

utt = i(uxx + uyy)− 2(uux + uuy) + u2x + u2y , i =
√
−1

ÖĈĀîéđÜČęĂîĕ×đøĉęöêšî u(x, y, 0) = 0 
 ut(x, y, 0) = ex+y

ÝćÖēÝì÷Ť

utt = i(uxx + uyy)− 2(uux + uuy) + u2x + u2y 	�


ēé÷ĔßšÖćøĒðúÜúćðúćàìĆĚÜÿĂÜ×šćÜ

LxLt{utt} = LxLt{i(uxx + uyy)− 2(uux + uuy) + u2x + u2y}

s2U(p, y, s)− sU(p, y, 0)− ut(p, y, 0) = LxLt{i(uxx + uyy)− 2(uux + uuy) + u2x + u2y}

đîČęĂÜÝćÖ Lx{u(x, y, 0)} = 0 Ēúą Lx{ut(x, y, 0)} = Lx{ex+y} = ey

p−1 Ýąĕéš

s2U(p, y, s)− 0− ey

p− 1
= LxLt{i(uxx + uyy)− 2(uux + uuy) + u2x + u2y}

U(p, y, s) =
ey

s2(p− 1)
+

1

s2
LxLt{i(uxx + uyy)− 2(uux + uuy) + u2x + u2y}

	�


ĔßšÖćøĒðúÜúćðúćàñÖñĆîìĆĚÜÿĂÜ×šćÜ×ĂÜ	�


u(x, y, t) = tex+y + L−1
x L−1

t

{
1

s2
LxLt{i(uxx + uyy)− 2(uux + uuy) + u2x + u2y}

}
	�


ÿööêĉĔĀšÙĈêĂïĂ÷ĎŠĔîøĎðĒïïĂîčÖøö

u(x, y, t) =
∞∑

n=0

un(x, y, t)

∞∑

n=0

un = tex+y+L−1
x L−1

t

[
1

s2
LxLt

{
i

∞∑

n=0

(unxx + unyy)− 2
∞∑

n=0

(An +Bn) +
∞∑

n=0

(Cn +Dn)

}]

ēé÷ìĊęóÝîŤĕöŠđßĉÜđÿšîđ×Ċ÷îĔîøĎðóĀčîćöĒĂéēéđöĊ÷î

N1u =
∞∑

n=0

An , N2u =
∞∑

n=0

Bn

N3u =
∞∑

n=0

Cn , N4u =
∞∑

n=0

Dn
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Ýąĕéš u0(x, y, t) = tex+y

Āć u1(x, y, t) = L−1
x L−1

t

[
1
s2LxLt{i(u0xx + u0yy)− 2(A0 +B0) + C0 +D0}

]

u0xx =
∂2

∂x2
(tex+y) = tex+y

u0yy =
∂2

∂y2
(tex+y) = tex+y

A0 = u0u0x = (tex+y)(tex+y)x = t2e2(x+y)

B0 = u0u0y = (tex+y)(tex+y)y = t2e2(x+y)

C0 = (u0x)
2 = (tex+y)2 = t2e2(x+y)

D0 = (u0y)
2 = (tex+y)2 = t2e2(x+y)

u1(x, y, t) = L−1
x L−1

t

[
1

s2
LxLt

{
i(tex+y + tex+y)

−2(t2e2(x+y) + t2e2(x+y)) + (2t2e2(x+y) + 2t2e2(x+y))
}]

= L−1
x L−1

t

[
1

s2
LxLt{2itex+y}

]

= L−1
x L−1

t

[
1

s2

(
2

s2
ey

p− 1
i

)]

= 2
t3

3!
ex+yi

Āć u2(x, y, t) = L−1
x L−1

t

[
1
s2LxLt{i(u1xx + u1yy)− 2(A1 +B1) + C1 +D1}

]

u1xx =
∂2

∂x2

(
2
t3

3!
ex+yi

)
=

2it3

3!
ex+y , u1yy =

2it3

3!
ex+y

A1 = u0u1x + u1u0x = (tex+y)

(
2it3

3!
ex+y

)
+

(
2it3

3!
ex+y

)
(tex+y) =

4it4

3!
e2(x+y)

B1 = u0u1y + u1u0y =
4it4

3!
e2(x+y)

C1 = 2(u0xu1x) = 2(tex+y)

(
2it3

3!
ex+y

)
=

8it4

3!
e2(x+y)

D1 = 2(u0yu1y) =
8it4

3!
e2(x+y)

u2(x, y, t) = L−1
x L−1

t

[
1

s2
LxLt

{
i

(
4it3

3!
ex+y

)
− 2

(
8it4

3!
e2(x+y)

)
+

(
16it4

3!
e2(x+y)

)}]

= L−1
x L−1

t

[
1

s2
LxLt

{
4i2t3

3!
ex+y

}]

= L−1
x L−1

t

[
4

s6
· ey

p− 1
i2
]

=
4t5

5!
ex+yi2
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ēé÷üĉíĊđéĊ÷üÖĆîÖĆï×šćÜêšî

u3(x, t) =
6t7

7!
ex+yi3, u4(x, t) =

8t9

9!
ex+yi4, . . .

ÝąĕéšøĎðìĆęüĕð×ĂÜ un(x, y, t) ÙČĂ

un(x, y, t) =
2nt2n+1

(2n+ 1)!
ex+yin

ÝćÖ×šćÜêšîÝąĕéšñúđÞú÷×ĂÜ 	�


u(x, y, t) = u0 + u1 + u2 + . . .

= tex+y + 2i
t3

3!
ex+y + 4i2

t5

5!
ex+y + . . .

=
∞∑

n=0

(2i)n
t2n+1

(2n+ 1)!
ex+y
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ïììĊę �
ÿøčð Ăõĉðøć÷ñúĒúą×šĂđÿîĂĒîą

ÝćÖÖćøýċÖþćÖćøðøą÷čÖêŤĔßšøąđïĊ÷ïüĉíĊÖćøĒðúÜúćðúćàÿĂÜßĆĚîĒïïĒ÷ÖÿŠüî 	%PVCMF -BQMBDF
5SBOTGPSN %FDPNQPTJUJPO .FUIPE� %-5%.
 đóČęĂĀćÙĈêĂï×ĂÜÿöÖćøÙúČęî�ßđøĂéĉÜđÝĂøŤ
	8BWF�4DIS¸EJOHFS &RVBUJPOT
 ìĆĚÜĔîøĎðĒïïđßĉÜđÿšîĒúąĕöŠđßĉÜđÿšî øüöëċÜÿöÖćøĂĆîéĆïđýþÿŠüî
ÿøčðñúĕéšüŠć øąđïĊ÷ïüĉíĊ %-5%. đðŨîđÙøČęĂÜöČĂìĊęöĊðøąÿĉìíĉõćóÿĎÜĒúąöĊÙüćöĒöŠî÷ĈĔîÖćøĀćñú
đÞú÷ĒöŠîêøÜ 	&YBDU 4PMVUJPO
 ĀøČĂñúđÞú÷ĔîøĎðĂîčÖøöìĊęúĎŠ đ×šćÿĎŠÙĈêĂïÝøĉÜĕéšĂ÷ŠćÜøüéđøĘü
ēé÷ĂćýĆ÷ÝčéđéŠî×ĂÜÖćøĒðúÜúćðúćàÿĂÜßĆĚîĔîÖćøúéøĎðÿöÖćøđßĉÜĂîčóĆîíŤ÷ŠĂ÷ĔĀšđðŨîÿöÖćø
óČßÙèĉê ĒúąĔßšÖćøĒ÷ÖÿŠüîĂēéđöĊ÷îóøšĂöóĀčîćöĂēéđöĊ÷îĔîÖćøÝĆéÖćøóÝîŤìĊęĕöŠđðŨîđßĉÜđÿšî
ĕéšĂ÷ŠćÜđðŨîøąïï àċęÜßŠü÷úéÙüćö÷čŠÜ÷ćÖàĆïàšĂîĔîÖćøÙĈîüèđöČęĂđìĊ÷ïÖĆïüĉíĊéĆĚÜđéĉöĒúąĕöŠêšĂÜ
ĂćýĆ÷ÖćøðøąöćèÙŠćìĊęđÖĉîÙüćöÝĈđðŨî
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<� > 3BOKJU 3BNLSJTIOB %IVOEF
 %PVCMF -BQMBDF 5SBOTGPSN .FUIPE GPS TPMWJOH
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 7PMVNF ����
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 � QBHFT�

<� > )BNJ (VOEPHEV
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