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This paper is practically the continuation of paper |3].
The Laplace method and the Kummer transformation are applied on
the certain class of linear partial differential equations of
the n-order, which is greater then that one in the above in-

troduced paper.

Introduction

We will study the equation

n m
kK ?Pu
ZE: a (t,y) —4 - ZZ: b_(y) + q(t,y) (1)
k=0 K D¢X  p=0 p DyP y

in interval (t,y)e J; x J,, where J; = {0,e0) and Jp = <y0,°o),

is a real number, with initial and boundary conditions

Yo
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D u

——= (0,y) = £ (y) (k = 0,1,...,n-1) (2)
'th k

0Py _ _

NG (t,y,) = gp(t) (p = 0,1, ,m=1) (3)

where m and n are natural numbers.

Notation and agsumptions

c{™™ (3,,3,) will be the set of all continues functions
f(x,y) with their continues derivatives up to the order n re-
garding x and up to the order m regarding y. Analogically
C(n) (J) will be the set of all continues functions with their
continues derivatives up to the order n; C(J) = C(O)(J).

Let us suppose Bi(y)e C(Jz), Bn ) an(t,y)>0, an(t,y>€

0 -1,0
EC(n’ )(31,32), an_l(t,y)e C(n ’ )(31,32) for every (t,y)e€
€J, x J,. Denote

1 2
EoB() F -
x(t,y) = J‘ ( 3 (sy) ) ds , (4)
0 n

and t(x,y) is an inverse function of the function x(t,y) for
every yeJ:Z. Further, let us denote

X -1
B . (y) 1 B (y) =
POGY) = | (- Bl T "
XaY .J; ( B,(» nB () (an(t,y))
-1 9 )
S-S = a () ¢ an (6,y))) dx (5
and
n_
Ak(x,y) = &-}— _Tki(t(x,y))ai(t(x,y),y)
i=k
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where

_ ot K
Tki(t(x,y)) = i (x(t(x,y) + r,y) - x(tlx,y)))
0]

r r=0
for k = 0,1,...,n.
Lut us suppose, that

lim t(x,y) =eo

X +oe

for every ye J2 and there exist Laplace images of functions

NACHD P X,y

q(tix,y),y), gp(t(x,y),y)

for every ye.JZ, p=20,1,...,m-1. Let us denote them

QaCa,y), Gp(l,y>.

Benote also

n K 5

J 1+

S(hy) =2 ZP——. AR ENP) NS PR
k=0 3=0% DxJ

k-Jj-1 L pk-inl .
i
%éo fi(y) IT“g;FjjjT [Ct(x+r,y)-t(x,y)) ]}ng - QCA,y)
r:
We will require that
ak(t,y) = det Hk - (6)
k (n-k+1
where Hk = (hij)i’j:l
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n-j+1 s
_E_FTT:T [(x(t+r,y)—x(t,y))n l+lJ
o 9e") 0 i 25, 5 £ kel
i IxCt,y)y
(n-i+1)1 ( 31 )
k . . .
hil— =0 i <3, j# n-k+l

(s-n+i-1)
:5: (n-s+1)B, (PO ¥y

_ s=n-i+l 3
SPOY) (?x(t,y))n il

"

n-k+1

As in paper [3] we can assure, that these assumptions agree

with (4) and (5).

Equivalent equation

Let the equation
m

n
- p
(O B.(y) AMv(ALy) + S(h,y) = 2 b (y) ¥ <)
i=0 ! p=0 P dyP

is defined in intervals ) € Jl’ y € JZ with boundary conditions

oy Yg) T Gp(A,yo) (p = 0,1,...,m-1) (8)

Definition: u(t,y) is a solution of equation (1) if and
only if u(t,y) satisfies eguation (1) everywhere and u(t,y)€

3 C(n’m)(J ,JZ). Analogically v(A,y) is a solution of equation
(7) if and only if v(A,y) satisfies equation (7) everywhere and
vx,y)e c0mY(0,00),3,).
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Let u(t,y) is the function such that
u(t,yrect™™ 3,

Let us suppose, that

J
Lin L5 (POOVITM gy () 2

k-3-1
‘ Q- UL g
xse0  0xJ dxk-3-1

for every k = 0,1,...,n, j = 0,1,...,n, K > 3 and

- k
> by —”EJ:P“’Y)‘“ u(t0O,y)dx =
k=0 Dy

0
. K
= :E:: b, (y) eP (X:¥)-Ax ;l—E u(t(x),y)dx (9)
o k=0 Ty

hold for every A€ RT. Further, let us suppose, that there
exist Laplace images of functions

P(x,y) 2Xu

A (x,y) e
k ) Xk

for every k = 0,1,...,n, Y€ J2'

Let the function u(t,y) satisfies condition (3).

Lemma : Let us suppose above introduced ussumptions. Then
for every k = 0,1,...,n hold

n . i-k
- PG> ! P(x,y)
A (x,y) = () B.(y) (e ).
KPOYT T e ik 1Ty

i-k
X

The proof of this lemma is analogous to the proof of the
lemma in paper [3]. We leave it out.

Main resultes

To fulfilled condition (9) it is sufficient e.g. that
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P(x,y) = P(x) and t(x,y) = t(x). We can carry out it in several
ways as we will see in following theorems.

Theorem 1 : We will suppose all introduced assumptions from
the chapter "Equivalent equation" and "Notation and assumptions”
and let v(A,y) is for every ye€ 32 the Laplace image of the

function

e" OGO e, y)

and also the sclution of the linear differential equation (7)
with boundary conditions (8). Let for functions an(t,y) and
1 (tyy) hold ’

an(t,y) = F(t )P (y)

a, (t,y) = RCDB (y)

-1\
wnere F(vyec™ ), rtnec™ V).

Further let there is positive real number K such that for
every y€ 32 is right Bn—l(y) = K.Bn(y)‘ Then u(t,y) is a so-
lution of partial differential equation (1) with initial and
boundary conditions (2) and (3).

f the
theorem in paper [3]. We leave it out and only prove the inde-

The proof of this theorem is analogous to the proof c

pendance of functions P(x,y) and t(x,y) on y.

Eoe % ¢ sy &
x(t,y) j (a (s, y) J (B (y)F(s)) ds =

o] 0

t 1

f )" ds

5 .

It implies t(x,y) = t(x).

Further

S oe I CO R

Feo »!} CRoy Gy Gy
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(- E%l 79? an<t’Y> N ar1—l<t’y))> dx =

n-1
n

oK B (y) B, ()
‘[( n + 1 )
nB_(y) ng_(y) F(t)B (y7
0 n n

(- L EToB () ¢ R(DBL (1)) dx =

n-1

X
K 1 1 n n-1 . _
= j (- ot ﬁ(fTT7> (- 5 F (t) + R(t)))dx = P(x).
0

Theorem 2 : We will suppose all introduced assumptions from
the chapter "Equivalent equation" and "Notation and assumptions"
and let v(A,y) is for every y€ J2 the Laplace image of the

function

" V) e (x),y)
and also the solution of linear differential equation (7) with
boundary conditions (8). Let for the functions an(t,y) and

a (t,y) hold

n-1
an(t,y) = F(t) Bn(Y)

n-1

n

an(ty) = F(o " L () v B () v,

n-1 n-1

whicre F(t) € C(n)(Jl), V(t) e C(n'l)(Jl). Then u.t,y) is a solution
of linear partial differential equation (1) with initial and
boundary conditions (2) and (3).

The proof of this Theorem is analogous to the proof of the
Theorem in paper [3]. As in Theorem 1 we leave it out and only
prove the independence of functions P(x,y) and t(x,y) on y.

1 t 1

(”L (B —<,J/1)nds
X(t,y) - f SR ey R R Ko
0 0
it implies t(x,y) = t(x).
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X n-1
C B W 1 B

Pix,y) - ; (- nB(y) + an(y) (an(t,yj)

0

(- Q%l —%¥ an(t,y) + an_l(t,y>)) dx =
X8 () B (yy 0=l
r n-1 1 n n

v . )
% ( nB”(y) nB“(y) (Bn(y)F<t)

n-1
(- 25k (OF (D« (VD) " e (e -
X n-1
- | L erco v v G " oax = POO
0

Conclusion

This method is suitable in the cases when coefficients
ak(t,y) (k = 0,1,...,n) fulfill (6) and when we know the so-
lution of equation (7) with boundary conditicns (8). Say in
other way we transfer eguation (1), with boundary conditions (2)
ard (3) to equation (7) with boundary conditions (8) using the
Laplace method and Kummer transformation in the form eP(X?
w(t{x),x). We can solved equation (7) by any numerical method
and in some cases we can reached the solution in analytical

form.
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SOUHRN

UZITI LAPLACEOVY METODY V DIFERENCIALNTCH

ROVNICICH

Clének popisuje moznost fedeni linedrni parcidlni diferen-

cidlni rovnice n-tého fddu typu

n K m 0
>_« a, (t,y) 2 E =§, L b ()20 G(t,y)
k=0 Dt p=o P yP

pomoci kombinace Laplaceovy a Kummerovy transformace. Koefi-
cienty ak(t,y), bp(y) (k = 0,1,...,n, p =0,1,...,m) a funkce
g(t,y) musi splnovat jesté daldi predpoklady.

Touto kombinaci 1ze lépe feSit nékteré typy parcidlnich

diferencidlnich rovnic neZ klasickou metodou.
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PEZEME

NFVMEREHIIE METCLf |/ AIJIACA B JAMIPEPEHL/ANLHLX YPABHIHIAY

A. TLREUL

STOR BORMOXMICTH PELMTE JYHCHHAe
n=7oro

P URCTHHEX DDOKMSBOLHHY

B oTaTee NIKZIRDT
Sy irmeHuMaNpHYE YDURTIORAS

MNePALKS TUATIEG

il oK m_ L
g ty) 24 > b (y) Yo qlt,y)
L N /()tk Den p U\/D

ofczRdRsdUa Jenaece an HyuMeons,
.,m)

CPW NOMOWM SCWMSMHOUMW nn
Kooddunuentr dk<t,y),bk(y)(k30,l,...,ﬂ, p=0,1,.
NOAXHN yA0BIeTBODETE LOBYLRN 7V CJIOBHAM,

MO pewdAT: HCHKUITOpHE

a7mol KOMOHMHENAY BIBMC)

lip# noMoti
SEOTHRX PO RILHRX,

Tuzd AufdepeHuUusNEHLY ypeabyedull B
KOTOPHE TPyJi0 peEyTh KAN CUULR2 U KYM NeTOLOM.
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