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ABSTRACT

The purpose of this study is to give a Taylor polynomial approximation for the solution of second order linear
partial differential equations with three variables and variable coefficients. For this purpose, Taylor matrix
method for the approximate solution of second order linear partial differential equations with specified
associated conditions in terms of Taylor polynomials about any point.
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solutions of partial differential equations.

1. INTRODUCTION

Numerical solutions of second order linear partial differential equations with two-dimensional are searched in [5], the
different methods are searched for solving them in [1], [2], [4]. In this study, we consider that the second order linear
partial differential equation

2 2 2 2 2 2
du ou du ou 0u 0u
AlxY.2)—5 +B(xy2) —5 +C(xy.2) —5 +D(xy,2) ——+ E(x, y2) —— + F(x,y.2) —+
ox oy & axoy e ayer (1.1)

ou ou ou
G(xy,2) —+H(xy,2) —+ 1(x,y,2) — + I(x, ¥, 2)u = K(x,Y,2),
ox oy o

where A(x,Y,z),B(x,y.z),C(x, y.z),D(x, Y, 2), E(X, y.2), F(X, y.2),G(X, ¥, ), H(X, ¥, )1 (X, ¥, 2), I (X, ¥, 2), K(X, ¥, Z),u(x, ¥, 2), are
functions having Taylor expressions on an interval a < x,y,z <b, under the given conditions,

which are
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%l [u(o‘i’o)(x, a, z)+ u(o’i’o)(x, b, z)+ u(o‘i‘o)(x, Cq z)] = g(x, z),

%Z [u(i’o’o)(a, Y, z) + u(i‘o‘o)(b, Y, z)+ u(i’o’o)(co, Y, Z)] = h(y, Z),

i=0

ula, a,a)+ u(a, a, b)+ u(a, a, 02)+ u(a, b,a)+ u(a,b,b)+ u(a,b,c2 )+

(

u(a,cl, )+u(a,cl,b)+u(a,cl,c2)+u(b,a,a)+u(b,a,b)+u(b,a,c2)+
u(b,b, )+u(b,b,b)+u(b,b,cz)+u(b,cl,a)+u(b,cl,b)+u(b,cl,02)+
u( o a)+ u( o b)+u( o a cz)+u(co,b a)+ u( Co b, b)+u( Co. D, c2)

u(co,cl,a)+ u(co,cl,b)+ u(co,cl,cz): A,

where a <cg,cq,¢, <b, where f isfunctionof X,y g isfunctionof X, Z, his function of y,Z,and A is
constant. The solution is expressed in the form

N N N
(. y.2)= 20 SEOEOﬁ“(“S’”(Col epep o) (v-e)f (e -c,) |

a<¢cqy,C,Cy <b (1.3)
Which is a Taylor polynomial of degree N at (X, Y, Z) = (CO ,C,Cy ) , Where

1
—u(r‘s‘t)(co €1, Co ) r,s,t =0,1,...,N are the coefficients to be determined.

rtstt!

2. FUNDAMENTAL RELATIONS
Now, we consider a function U(X, Y, Z) of three variables. Let us assume that, in the ranged < X, Y,Z < b, that the
function U(X, Y, Z) and the N th derivatives of U(X, Y, Z) with respect to x can be expanded in Taylor series

u(x, Y, z) = 20 SOEOO;ZOO ar,s,t-(x —co)r (y - cl)s(z —cz)t, as<¢p,Cq,Cy <b and

o0 o0 o0
u(n’o’o)(x, Y, z) = ZO ZOtZO a(rnéot’o).(x - Cq )r (y — cl)s (z -Cy )t , a<¢p,Cq,Cy < b, respectively, where
r=0s=0t= =
(0,0,0)

a(“"’*o) and a st are Taylor coefficients; clearly a, ot am and U(O’O’O)(X, Y, Z)= u (X, Y, Z).

r,s,t

Then the recurrence relation between the Taylor coefficients aﬁ?;ﬂ'o) and aff‘sftl'o'o) of U(n 0.0 (X, Y, Z) and

1,0,0 n+1,0,0 n,0,0
U(n+ (X Y, Z) is given by a(r st ) = (r +1)a(r,s,t ) (2.1)
Now, let us take I =0,1,...,N and assume a(r(,)'s(,)fo) = a(rl,'g,io) =. . .= arrllg?t‘o) =0 for I > N : then the Eq.
(2.1) can be transformed into the matrix form,

AML00) _ (000 _g4p (22)

n,0,0 n,0,0 . n+1,0,0 N 0,0
A( ):[ag,s’t )], M :|.mi|jJ' 1, ] =01..,N, a I(St )= jz,omi’j.ag’slt ),Where
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r (n,0,0) (n,0,0) (n,0,0) 7]
20,0,N° 20,1,N - - - 89,N,N
(n,0,0)
a1,N,N"-
n,0,0 n,.0,0 n,0,0
(n.0.0) (0,0,0) a%’o‘l) L (1.0.0) aé’N’li (0.0.0)
n,0,0 n,0,0 n,0,0 n,0,0 n,0,0 n,0,0
A =|--20,0,0 20,1,0 20,N,00 3,Na aN,N,N
(n,0,0) (n,0,0 (n,0,0)
21,0,0 41,1,0 41,N,0
(n,0,0)
. . aN’N’J_
a(n,O,O) a(n,0,0) a(n,0,0)
L 2N,0,0 N,1,0 : s N,N,O J(N+2).(N+1).(N+1)
and
[0 1 o o]
O O 2 o . (o]
O O O 3 O (o]
M =
lo o . . . . . O]

For n=0,1,..., it follows from (2.2) that
AL00) _ 1, (00,0)
A00) 1, 100) _,2,(000)

ABO0) _ 1, (200) _,3,(000)

(2.3)

AM00) 1 (7-10.0) _ 0, (0,0.0)

(0,0,0) _

where clearly A A.

Let us assume, intherangea < X, Y,Z < b, that the N th derivatives of U(X, Y, Z) with respect to y can be expanded
in Taylor series
o0 o0 o0 r S t
o0 y.2)- 20520120 a(r?ér,]t’o)-(x ~op) (y-¢)(z-¢,)" asegegcp b,

are  Taylor coefficients; clearly aﬁf’s'?t'o)zarys’t and

u (0’0’0)(X, Y, Z) =u (X, Y, Z). Then the recurrence relation between the Taylor coefficients aﬁ‘fs'f{"’) and aﬁf’s'f“t”"))

X, Y, Z) is given by al(r(?ér,]tﬂ’o) =(r +1)a£?ér,]t’0)-

(0,n,0)
r.s.t

respectively, where @ and a

rs,t

0,n+l,0)(

of UC™(x,y,2) and u' 2.4)

Now, letus take I =0,1,...,N and assume a0 = aﬁ?j;” =. . .= af?;im =0 for r > N ; then the Eq.

r,s,t
(2.4) can be transformed into the matrix form,
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(0,n+1,0) (0,n,0)

A¢ = MA n=01.2,. (2.5)
(0.n,0) _[.(0.n,0) ] (on+10) N (0,n,0)
A ar st M = I_mI JJ, ij= s arit = Jéomi,j'ar,j,t ,where
i (0,n,0) _(0,n,0) (0,n,0) 7
ap 0N 21,0,N aN,o,N
(0,n,0)
AN N
00,0 _(0,n,0) (0,n,0)
( ong) oo 0no) o) 0n0)
0,n,0 0,n,0 0,n,0 0,n,0 0,n,0 0,n,0
At =|-20,00 21,00 aN.0,0 ANl aANIN,N -
(0,n,0) _(0,n,0) (0,n,0)
a40,1,0 ~ @110 aN,1,0
(0,n,0)
. : : - : aN,N 1
a(o,n,o) a(o,n,o) a(o,n,o)
| 20,N,0 3LN,0 : -+ 2NN, J(N+1)(N+L)(N+2)

For N =0,1,..., it follows from (2.5) that

(0.1,0) _ MAt(O’O’O),

At
At(0,2,0) _ MAt(O,l,O) " At(o 00).
At(0,3,0) _ MAt(O’Z‘O) " At(o 00).
(2.6)
At(o,n,0) _ MAt(O,n—l,O) " At(o 00).

where clearly At(O,O 0) =A = [A 0.0,0) ]T

Let us assume, in the rangea < X,Y,Z < b, that the Nth derivatives of U(X, Y, Z) with respect to z can be
expanded in Taylor series

o0 O 00
U(O.O,n)(xl y.2)= Zo 20 tzo agoéot’n).(x ~¢o )r (y . cl)s (z —c,y )t, a<¢c,,C,,C, <D, respectively, where
r=0s=0t= "
aﬁf’;?t’“) and @, ¢ are Taylor coefficients; clearly afosﬂ 0 = =4a, ¢, and U(O‘O’O)(X, Y, Z) =Uu (X, Y, Z).
Then the recurrence relation between the Taylor coefficients aﬁ‘fs'f}") and aﬁf’s'fi'"ﬂ) of (OOn (X y,Z ) and
U(O'O'n+l (X Y, Z) is given by a(rOSOt ™) _ (r )aSOSO n). 2.7)
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Now, let us take r =0,1,...,N and assume af,(])‘sc’)t’o) = aﬁ?‘%’l) =. . .= ar(])’(’)t’n) =0 for I > N : then the Eq.
(2.7) can be transformed into the matrix form,
M
A(010,n+1) — A(O,O,n) , n= 0]1121.“ (28)
0,0,n 0,0,n) o (0on+1) N (0,0,n)
A00n) _[00m)] -, =lmi ] ii=0n. N, A" = ZoMiiArs,j o where
B (0,0,n) _(0,0,n) (0,0,n) 7
a0,0,N"  @0,L,N a9,N,N
(o,n,0)
. alyN’N .
(0,0n) _(0,0,n) (0,0,n)
©om | oon bom oon) . B07) 0.0)
0,0,n 0,0,n 0,0,n 0,0,n 0,0,n 0,0,n
A =|+20,00 @010 : 3,N,0 3N 1 aNN,N
(0,0,n) _(0,0,n) (0,0,n)
8,00 10 41,N,0
(O,b,n)
. . . aN'N 1
a(O,O,n) a(O,O,n) a(O,O,n)
| 2N,0,0 9N,10 : 0 9NLNLO J(N+L)(N+1)(N+1)
For n=0,1,..., it follows from (2.8) that
M
AQ0 _,(000)
2
M M
A002) (00D (000)
3
M M
A003) _,(002) (000
(2.9
n
M M
AQO0M 000D (0.00)
where clearly A(O’O’O) = A. Furthermore, A(n’n‘n) can be expressed as follows:
m"
(2.10)

.
A g A (M”).
3. METHOD OF SOLUTION

Our purpose is to investigate the truncated Taylor series solution of Eq. (1.1), under the given condutions, in the series
form
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N N S t
ulx,y,z 2 2 > a X—C -c Z—¢C or in the matrix form z . To obtain
( y ) 0 Otorst( 0) (y 1)( 2) ulxy.z)= X A Y
the solution of Eqg. (1.1) in the form of expression (1.3) we first reduce Eq. (1.1) to a differential equation whose
coefficients are polynomials. For this purpose, we assume that the functions

A(x, ¥, 2), B(x, y.2), C(x, .2), D(x, ¥, 2), E(x, y.2), F (X, ¥.2), G(x, y, 2), H(x, ¥, 2), 1(x, ¥, 2), I (x, ¥, 2), K(

X,
A(x,y z) IZO ZOkzoa' i, k(x CO) (y—cl)j(z—cz)k ,B(x,y,z): g g

y,z) can be expressed in the form

3 5 2o lea -0 G-

clxy, Z):,go E(Jkgocl j, (- o)i(Y—%)j(Z—Cz)k vD(vavZ)—igojgoéodi,j,k(x—Co)i(Y—Cl)j(Z—Cz)k :

E(X’Y!Z)ﬂgo E kgoﬂ i, k( )i(y—cl)j(z—cz)k 1F(X’V’Z)=igojg0kg0 fi,j,k(x—co)i(y—%)j(Z—Cz)k1
G(X'V'Z):ig g ggujk(x Co)(y Cl)j(z—cz)le(vavZ)?g g gohi,j,k(x—co)i(y—%)j(Z—Cz)k'

o
o
5
x
5
n
o
—
1l
o
=~

1l
MZ
™M=
™M=

N N N i i i i
I(x,y,z)=i§O jéogoli,j,k(x—co)l (y—cl)J(Z—Cz)k ey, Z) 2 20k o i j,k(X_CO)I(y_Cl)J(Z_CZ)k !

N N N i
K(x,y z) IZO ijKZOkI i, k(x CO) (y—cl)J(z—cz)k (3.1)

which are Taylor polynomials at (X, Y, Z) = (C0 ,C1,Cy ) . By using the expressions (3.1) in Eq., we get

N N N i i P , : 52
i§0j§0k§0 ai,j,k(x_CO)I(y_Cl)J(Z_CZ)k6')(_;"'bi’j’k(X—CO)I()/—C]_)J(Z—Cz)k8)/—;I
i j k 82u i j k 82u
+°i,j,k(x—co)(y—cl) (2-c,) 82_2+di,j,k(x_co)(y_cl) (2-c,) ooy

i j k 62u i j k 62u
+ei,j,|<(><—‘30)(3"°1) (z-c,) —+fi,jk(x—co)(y—cl) (2-c,) —

oxoz ' oyoz

+ gi,j,k(X*Co)i(yfcl)j(Z*Cz)k %Jf hi,j,k(xco)i(ycl)j(zCz)k%u

-
~
—

oz

anlm )b e 2y b-a) e

N N N i j K
=2 > 2 k. \x-c -c z-cC ) 3.2
i j k
The matrix representation of Taylor expansions (x ) )I (x - cl)J (x —Cy ) u r.s.t
(r =012;5s=012;t=012;i=01...,N;j=01,., N), are obtained by means of the formula

z
(x-c) u"®(xy,2)= xc;m" A v, (x-cou®O(xy.2)= xc; A (MS)TY,
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YA YA
(- yz)= ™ Al v (o) 0y x A ey,
ZCk ZCk
(-cul O uya)= xm™ A v e Vuy)- x A () v,
ZMt ZMt

(x—co)iu(o’o’t)(x,y,z): XCiMt A Y, (y—cl)ju(o’o’t)(x,y,z): X A (Cj)TY,
ZCkMt
7-C uttti X, Y,z )= X A Y,
(1) 0@ y,2)
zc M
(x—co) (y-c (-, fu™V(xy.2)= xc;m™ A (chS

where M® = | (unit matrix),

K= o) (ool (eco) ]
b be) boaf o e
2-h (o) e o (i)'

The matrix form Cp = |_Ci]j J is defined in [3]. Also we assume that the matrix form of the equation K(X, Y, Z) can be
defined as follows

)TY, (3.3)

z

K(x,y,z): X K Y ' (3.4)

where K = [ki‘j’kJ i, k=0L..N.

Substituting the expressions (3.3) and (3.4) into the Eq. (3.2), and simplifying the result, we have the matrix equation

N N N Cx Cx
ShE, ot r 6 ]
1=U J=UK= ai,j,k CIM A CJ +bi|j|k Cl A CJM
2
Ckl\/l Ck

\T \T

oM C M
Ck Ck
(e;] (e



722 GU J Sci, 28(4):715-728 (2015) / Cenk KESAN

CyM Cc

T

e+ 7 I o
+li,j,k Cl A CJ +Ji,j,k Cl A CJ

which correspondes to a system (N + l).(N + 1).(N +1) algebraic equations fort he unknown Taylor coefficients

a r,s,t =01,..., N . Breafly, we can assume that Eq. (3.5) is given in the form

rst?

10 Z, -
=K, (3.6)
=W AY,

s J-Ya = [yiyj J, Z_ = lZiyj J, o =1,2,...,10 . Matrix equation (3.6) can be reduce to new matrix
equation by making use of

where W = [W

X =W ;. Zy1:i=01...,N,j=01....N,
(NP +v(N+Lpk, j(NLP-+u(N+L) 1 jYuv-o) .

k=0%..,N,1=01..,N,u=01..,,N,v=01,...,N.

Then, the new matrix equation ( the fundamental matrix equation) is

10 - =
2 XsA=G, (37
o=1
where X - =[x q 2.6 =02 (N+2) (N +1)(N +1).0 =12,...20 and
A= [ao,o,o 4,01 - 4,0N %310 411 - %1N - N0 N1 - %N,N
400 8,01 - #LNN - @NNNA aN,N,N]r'
G= lgo,o,o 9001 - 9,0N 9010 9311 - 931N - 90N,0 Y9ON1 - Y0NN
9100 9101 - 91NN - 9N,N,N-L gN,N,NP'
4. MATRIX FORMS OF CONDITIONS
Let us consider the matrices forms of given condition
U(O,O,O)(X’ Y, a)+ u(O’O'O)(x, Y, b)+ u(O’O’O)(x, Y, 02)+ u(o’o’l)(x, Y, a)
(4.1)
N U(O,O,l)(x, y.b)+ u(0'0~1)(x, V. Cz): t(xy)
U(O,O,O)(X’ a, z)+ U(O,O,O)(X] b, z)+ u(O’O‘O)(x, 1 z)+ u(o‘l‘o)(x, a, z)
(4.2)
+ u(O‘l‘O)(x, b, z)+ u(o’l’o)(x, 1 z) = g(x, z),
u(o’o'o)(a,y,z)Jr u(o’o’o)(b,y,z)+ u(O’O’O)(co,y,z)Jr u(l’o’o)(a,y,z)
(4.3)

. u(1,o,o)(b’ y.2)+ u(1,0,0)(c0, Y, z): h(y.2),
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u(a,a,a)+u(a,a,b)+u(a,a,c2)+u(a,b,a)+u(a,b,b)+u(a,b,c2)+
u(a,cl,a)+u(a,c1,b)+u(a,cl,cz)+u(b,a,a)+u(b,a,b)+u(b,a,c2)+
u(b,b,a)+u(b,b,b)+u(b,b,c2)+u(b,cl,a)+u(b,c1,b)+u(b,cl,cz)+
u(co,a,a)+u(co,a,b)+u(co,a,02)+u(c0,b,a)+u(co,b,b)+u(c0,b,cz)+
u(co,cl,a)+u(c0,c1,b)+u(c0,c1,02)z/1.
Now, we try to obtain the corresponding matrices form for the given condition as follows:
xO(co)=F 0 0 .. o]xa)=f n, 02 . nY]
X(O)(b)z[l ko ko - k(')\']x(l)(co)z[o 10 ..0] .5)

x0@)=o 1 ny . N xOe)=o 1 Ky . kY

where Ny =a—C, and kK, =b—c¢,,

vOe,))=[t 0 0 .. O]T,Y(O)(a)z[l o he o th]T,
S T T A ) (4.6)
vO@)=fo 11, .. th_lr,Y(l)(b)z[O 1k klN‘lr,

where N, =a—C, and kK, =b—c,,
20(,)=f 0 o . 0}z%a)=h n, w2 . nN]
20)=k k, k2 . KN]2Ye,)=[o 1 0 .. 0] @.7)
29@)= 1 ny o N ]206) = 1 K, kR

where N, =a—C, and K, =0 —C, . We assume that the function (X, y), g(,2) and h(y, z) canbe
expanded as

(4.4)

f(X' y)= EOEO fr,s-(x _Co)r (y _Cl)S' g(x, Z)= EO EO gr,s-(x_co)r (Z —cz)s,and
r ® r S
h(y, z) = rgo oA hr,s-(y - Cl) (z - c2) or in the matrix forms
f(x, y): X fy, g(x,z): X g ZT,and h(y,z): Z hYy (4.8)
where
o0 for - fon | doo Y1 - Yon | |Moo Mox - Mop |
flo fi1 -~ fin 910 911 ~ 91N hio M1 ~ MmN
f = g = h=
| 'No TN - TNN 1IN0 IN1 - INN| |[TNo PN PN

We obtain the matrices forms
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ulyu)= X A Y, w=abc,, u(o‘o’l)(x,y,y): X A Y, u=abey,

w(n)= x A YOG) p=abe, W) x4 V) p-abe,
(4.9)
z z
u(g,y,z): X(O)(E) A Y, e=abcg, u(l,0,0)(g’yyz): X(l)(g) ALY, s=aby,
)
27 \u
“(5”7'/‘): X(O)(g) A Y(O)(n), g=ab,cy, n=abcy, u=abecy. (4.10)

Substituting these matrices forms into conditions (4.1), (4.2), (4.3), and (4.4), then simplifying, we get the fundamental
matrix equations of conditions as follows

T=xO) xW(e), c=abey, o =xO:) c-abe,,

Q, =vO(). n-ab.c,. Qs =2(u), u=abec,.

5. FORMER METHOD FOR THE SOLUTION
We can assume that the Eq. (3.7) is in the form

— = — 10
XA=G, where X=X X . (5.1)
o=1

Then the augmented matrix of (5.1) becomes [X :Glor

X0,0 *0,1 X0,N[(N+1)(N+2)+1] + 90,00

*1,0 *11 XLN[(N+L)(N+2)+1] 90,01
: ; : . (5.2)

LANINHL(N+212]0 - ENJ(N+L(N+202]1 = XN[(N+LN+2HN[(N+LN+2)1+1] * 9IN,N,N |

, VA= 6 TA= H 65\ = A, respectively, the
,H] [6;2] or more clearly

If we take the matrix forms of the conditions as U A =

= =l

augmented matrices of them become [lj, ?] _;a],
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E Uo1 Uo,N[(N+1)N+2)+] f0,0
U0 Uy U N[(N+L(N+2)+1] fo1
UN[(NHL(N+2)12]0 UN[NHD(N+2)a)1 = UN[IN+D(N+2R2)N[(N+LN+2k1] © FNON
| V0,0 ‘E VO,N[(N-+L)(N+2)+1] 90,0 |
V1,0 V11 VLN[(N+1)(N+2)+1] 901
LYN[(N+L(N+211]0  VN[(N+L)(N+2}1]1 - YN[(N+L(N+2R] N[(N+1)(N+2R1] © 9NN |
[ toE to; Lo, N[(N+1)N+2)+1] ho,0 |
Yo Y1 U NJ(N+L)(N+2)+] hoa
CENIN+L)(N+211]0  IN[(N+L(N+2)2]s - IN[(N#LN+2H2N[(N+L)(N+2}1] © ONON |

90,0 Y01 -

90, N[(N+1)N+2}1] ’1]-

725

(5.3)

(5.4)

(5.5)

(5.6)

Consequently, by replacing (5.3), (5.4), (5.5) and (5.6) by the last 3(N + 1)(N + 1) +1 rows of (5.2). we have the new
augmented matrix

X0,0

*1,0

X0,1

X11

*(N+12(N—2)-2,0

Yo,0

*(N+12(N—2)-2.1

Uo,1

X0,N[(N+1)(N+2)1+1]
XL,N[(N+L)(N+2)11]

KN (N—2) -2, N [(N+1) (N +2)+1]
Yo, N[(N+1)(N+2)1]

| YUN[(N+L)(N+2)}1]0

Vo,0

UN[(N+1L)(N+2)11]1

Vo1

© UN(N+L)(N+211] N[(N+1)(N+2)1+1]
VO,N[(N+L)(N+2)}1]

VN [(N+1)(N-+2)+1],0

VN[(N-+1)(N+2)1]1

© VYNI(IN-+L)(N+2)1] N [(N+1)(N +2)1]
VO,N[(N+L)(N+2)11]

EN(N 4L)(N +2 4+2], N (N +L)(N +2 1]
9o, N[(N+L)(N+2)+1]

90,0,0
90,01

9N,N—3,N—1

fo,0

NN
90,0

9N,N
ho,o
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From the solution of this system we can find matrix A or matrix A.
6. ILLUSTRATIONS

The Taylor matrix method applied in this study is useful in finding approximate solutions of second order linear partial
differential equations with three variables in terms of Taylor polynomials. We illustrate it by the following examples.

Example 1. We now consider the problem
Uz =Uyy +Uyy +8;
u(x, y,0)+ u, (x, y,O) = (x + 2y)(x +2y + 6),
uy (x,O, z) = 4(x + 32),

(6.1)
and seek the solution in the form
2 2 2 r S t
u(x y'z)zrgogot;oar’s't'(x_%) (y-c ) (z-cy) (egrerey)-(000). (6.2)
Then we obtain the matrix equation
M2
9 o\T (6.3)
-M~A fA(M ) + A =8R
where
0 0O
0 00O
R=]11 0 0 0 O
0 00O
0 0O
and the condition matrices are
U 0 12 4 0 12 0
MR U -290)+200), ar¥©)=|2 0 o, (6.4)
1 0 O 0 0 O

By replacing the new matrix form of (6.4) in the new matrix form of (6.3), we have the matrix equation under given
conditions as follows
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- o| 2000 |
002000-200000000 0 00-20010 00 0 0 0] ayy
000002 0000000000 00 0 00-200 0 00|a.
000000 002000000000 0000 00-200|4
oooooo000000000—200000000000aOll
000000 0000000000000 000000 00|,
0000000 00O00O0O0O0OTUOO0OTOTUOOT OO 0 0ol 012
0000000 00000000 O 00O 00 0 0O -20 0020
000000 0 000000O0O0OO0OTOTO0OOO0O 0 0 off221
0000000 00000000 O OO O 0O 0O 0O 0 0 0}]2022
110000 0 00000000 OO 0O O 0O O 0O 0 0 0ff&o00
000110 0 000000000 O0O0OTUOT O0OTUO OO O 0O0|l&01
000000 1 100000000 00O O0OOO 0O O 0Ol &p2
000000 0 001100000 00 O0 00 0 00 0 0 0]|a
000000 000000110 000000 0 00 0 00|/ a;|=
0000000 00000000 1 100 00 0 00 0 00|a,
000000 000000000000 1 100 00 0 00|la,
000000 0000000000000 00 1 10 0 00|g,,
0000000 00000000 000 000 000 1 10|,
0001000oooooooooooooooooooo&1200
000010 0000000000000 000000 00,
000001oooooooooooooooooooooa201
000000 0 O0O0O0D0O0O100UO 0O O0OOTG O OOTU O OO O 0O} 202
000000 00000001100 0O 0 0O O 00 0 0 o0ff310
000000 0 000000010 0O O 00 O 0O 0 0 o0]%11
000000 0 O0O00DO0O0OO0DO0OOTG O OOTU O OO 1 0O O 0 0}]312
000000 0 O0O0O0DO0O0OO0DO0OOTG O OOTU OOOTUO 10 0O 0 O0}|220
000000 0 000000000 00 0 00 O 01 0 00][32]| |
| 3222 ]

Hence, we can solve this matrix from with aiding computer.We obtain Taylor coffecients from the solution of this system
as follows

40,02 = 93911 =12.8020 =10 =42301 =63200 =1

the  others coefficients equal zero and thereby the solution of problem (6.1) becomes
u(x,y,z)=x* +4y? +92% + 4xy + 6Xz +12yz, which is exact solution.

7.CONCLUSIONS In this study, the usefulness of the Taylor matrix
method presented for the approximate solution of the
second order linear partial differential equations with
three variables is discussed. A considerable advantage
of the method is that the solution is expressed as a
truncated Taylor series and thereby a Taylor polynomial

Analytic solutions of the second order linear partial
differential equations with three variables and with
variable coefficients are usually difficult. The Taylor
matrix method can be proposed for approximate
solutions of this equations.

about any point-wise (X, y,z):(co,cl,cz).

Furthermore, after calculation of the series coefficients,

B oocoor ororsroooooocooowx

O O O o o ~ O
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the solution U(X, Y, Z) of the equations can be easily

evaluated for arbitrary values of (X, y,z) at low
computation effort. If the functions

A(X’ y’ Z)’ B(X’ y'Z)’C(X’ y'Z)l D(X’ yl Z)’ E(Xl y'z)’ F(Xl y‘z)’G(X1 yl Z)’

H(X,y,2), 1(X% Y,2),J(X, y,2), K(x,y,2), in the
equation, can be expended to the Taylor series, then
there exists the solution U(X, y,z); otherwise, the
method can not be used.

To get the best approximating solution of the equation,
we must take more terms from the Taylor expansion of
functions; that is, the truncation limit N must be
chosen sufficiently large. Briefly, for computational

efficiency, an estimate for N is important. If N is
chosen too large, more work than necessary will have

been done; for N too small, the computation will have

to be repeated. Therefore N must be chosen
sufficiently large. In cases, it may be required computer
aid. The method can be also extend to the solution of
the higher order linear partial differential equations as
the solution of the schrodinger equation depend on time
in three dimension.
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