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Using Gauss's principle To Calculate Double
Integrals Based on Orthogonal Functions

Abstract

This research is concerned with studying the multiple integrals of
functions based on Gauss’s principle, which depends on the roots of

Legendre's orthogonal polynomials in the domain[-1,+1]and the weight
function w(x ) =1,in addition to that we will depend on the generalized
Gauss’s principle which considers the domain to be arbitrary[a,b] and the
weight function w(x) =1.
We found the orthogonal Legendre polynomials in multidimensional
spaces:

1 n d n; o n n

pnl...nn :_H( n (Xi2 _1) I) ’a:H(ni !)Zﬂ,ﬂzzni
aia dx " i=1 i=1

then We found their roots, which are the integral points of the cubic
relations, from which we calculated the approximate values of the repeated
integrals, and we found the necessary theorems with proof, which gave us
the constants of the following approximate integral relations:

on

C, = > X = (X0, X 50 X))

[Ta-6yh| P
i=1 Hax

i=1 I
which were calculated by solving sets of nonlinear equations, since each
integration region has its own constants.

keywords: cubature formulae, orthogonal polynomials, approximate
calculation multi integrals.
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G ALlE spciuse Jlsa & Py, (X)X = (XX Xg00X, ) OF G2k T 543
SIS a e ke g () i€y (R sladll b 0o [ 4] oSl e S5l
(22) w""’ “\ 45> \ LL\.\‘}B &J M ¢ I:>n1,n2,...,nn (X):O X :(Xl’XZ’XS""Xn) Jj&‘
AUl JSall (oS

C. - 2 i (23)

0" pnlnz...nn (X j )

I1ex

i=1

[Ta-6))

x":b%aer;zauj X = (Xgyen X)) U =(Uy,..0U,)
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p S Jalsall (e Bl snliy)

(6) @y () | C T UaXeta)
X X
S :J- pnan__nn pnlnz...nn dx | dx :dxldX 2dX3...an
J o n j 0
H(Xi -x/]) Haxi Q:[—l,+1]n

(22) B gl Jull Z(Zn:ni)—Zn Al e A e Bile oo ALl Al

i=1

jgf (x )dx :icjf (x;)

tsle Juans UL el e damia Bl rass
2

0" pnlnz...nn (X : )

lllaxi
i=1

(24)

2!'1

S =
[Ta-6)

j 1Sl 4ie Lualhas) Lﬁﬂ‘ Jelsall Cluany ?35'\

 (24) 2D 3 Lyl 4o

2

S

I

n an X J
2 C j pn;nz...nn ( )

[Ta-x/) []ox

i

48



Aol sl ol e daaly dlaa
e M 3 el deaa 2y 2025 s 11 232)) 47 daal

:&Jmh 9

C, = . (25)

Al Lo ADle Yy Hviad dpoa IS Laih AdaiijeC | Culdl) of mualy s LSt ABadla
f(x)
2 (aeral) pohd) (glgia) dblaia Ao ( AN Ade Liaal) cdlalaill dalad) Y. 7-1-4

. Rn Q:H[ai ’bi ]n s Ladl)
i=1

) IS Faanall ugle Ao o

N
ij )dx =>Cif (X;) ;X =(X1, X, X5, ) (26)
j=1
o | :
;dx =dxdx dx,..dx, . Q=]][a.b]
i=1
: ) il
e _bi+a +b‘ —& . i=123..n
2 2 !

e Jeani [-1,41] H[ai N R H RN
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+a, +b‘%a‘u YAX X =(Xq,en X)) U =(Ug,..,U,)

=] f0)dx =]

s

Q= l_[[aI b ]=1 ~Hb‘ ;a‘ IQf (bi ;a‘ +bi ;a‘ u)du ;Q=[-1+1]

i=1

b Akl o3 8 Sl 4Dl (S5 (22) A

b, —4a,
:J.Q—ﬁ[a, ,b,]f (x)dx ;HTJ.Q—[I,+1]”f (x )dx H ZC f(x;) (27)

C. = 2 (28)

H(l( ) pnm ')
= 1__[6ui

szb%a+b%auj X = (Xpeen X)) U = (Up,..lU,)

1 PO, B OV LA R RINEH )T P (TER P

: I Jalall Al Al Clin Jab e AL Gpnal) 28D axaind 25l

0.

>

1512502

J..[ J.x X 2x 2dx dx ,dx dx ,
110

O ey -

n=1Ln,=2,n,=2,n, =1)ixa

t(27) Al ALY e 1A

b,-a b,-a,b,-a,b,-a, Cf (Xll,Xé,Xé,Xi)+C2f (Xlz,X22|X32.Xf)+
22 22 |G (x5 x5 x ) +Cf (X)X 5, %5, %)

| =
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1| f (X1, X5, X5, X5) +C,f (X2 x2,x2,x2)+

3200 (c,f (x7,x5,%3,x3)+C,f (X} x5, %4, %)

X; :bl%aubl;zaiuli =0.2+0.2u;

b?%aubf%%a?uf ~1.25+0.25u]

b Zaa J’s%aeuli ~1.125+0.1250

X _b.+a, +—b4‘a4u;' =0.1+0.1u
2 2

Ny, N, NN, J A8l uiaal dsaa GIES Hsda a(uf u)udul) s
151 Progy isal dgas 8y st Wilh ony =1 n, =2,n, =2,n, =1} Jlaely
L 3x2-1)(3x2-1
p122(X1’X2’X3’X4)_ZX1( Xy — )( X3 — )X4

fep o2 2l 5)IS H5das
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15++/3 27+/3

(uj,ui,uz,uy) = (O«/_\/_O):(Xl’x 2,X3,x5)=(0.2, TR ,0.1)
=f (x;,X3,X;,X;) =1.11456812x10"°

15-/3 27+3
u2,u?u?,u? =(0, 0) = (X}, XZ,x 2, 0.2, , ,0.1
(1234)(\/—\/—)( 2)=( o 24 )
=f (x7,x5,x2, xj)—7.00835136><10’3

15++/3 27-3
uuuu 0,— O:>xxxx 0.2, , ,0.1
( 3)=( \/— \/—) ( 5 =( T 2 )
= (x2,x3,x3,x2)=8.620120862x10"*

15-3 27-3
u,us,ug,ug)=(0, 0)= (x;,X5,X1,X3)=(0.2, , ,0.1
(123)(\/—\/—)(1 31 X4)=( 5 o )

= (X, ,X5,X4,X,)=5.420291026x10"*
2 (28)A8Mall e €1,C5,C3,C cul il il

24
C, = o R > =C,=C,=C,=C, =4
1_u2 l—U 2 1_u 2 1_u 2 nn,ngny 117+ 22¥31¥4
1-u,)A-u,)A-u,")A-u,’) OX X 0K X,

)OS Sl maay Ml

1 [4(1.11456812x107®) + 4(7.00835136 %10

| >~
3200 +4(8.620120862x10™*) +4(5.420291026 x10™*)

N

} =0.001190870084x10

1t Jalsall hlanl) daglly

0.41.531250.2

I j I 2x2x 2x Zdx ,dx ,dx ,dx , =0.001430864198x107
01

10
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sluagilly cila)yi@y)
el Jlsall aladinly BBa Jlpall L e JSi-1
Jgaie Y¥saiay dde Liaall COLISEN Ly @l CilEdal-2

Al 5 20 S Gl Jie dlsall (a1 iS5 3hlie e il =3
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