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Numerical Method for Evaluation of Double Integrals with
continuous Integrands by using Simpson’s rule and Romberg
acceleration when number of subintervals at the two
dimensions unequal
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Abstract:-

The main aim of this research is to construct method to find values of double integrals
numerically its integrands continuous in its region by using Simpson's rule with two dimensions
x andy andto find the correction terms ( error forms ) , and to improve the results we will use
Romberg acceleration when the number of subintervals ( m ) on the dimension y equal to
twice to subintervals ( n) on the dimension x, ((m),(n) even integers numbers ) and specifically
when h;= 2h, where h; is the distance between coordinates on the x-axis and h, the distance
between coordinates on the y-axis:-

We will use the symbol (sim?) to indicate this mothed and we can depend on this method because
it gave high accuracy on the results with respect to the analytical values of integration with little
subintervals.
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Evaluation of Double Integrals with Continuous Integrands by Using Simpson's Rule.
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db
| =[[f (x,y)dxdy =sim?®(h,,h,)+E_ . (h;h,) (2)

Aad Jia sim? (h,h,) o) e [a,b]x[c,d] Jas dikie Ll e 4 JS 3 A FOGY) A0 48 31
dpa Al & E| z(hphz)d‘} (Y >l X ol cpaadl 38 e sim? saeld) alasiuly JalSill 4y 55

.sim? (h, h, ) a8 I i) (Sadll (Correction terms ) gusasil
[c,d ]ea il aadl o JalSil 5 58wy (n) i sall <l il e aaal [a,b] R0 andl o JalSall 5 558 ands Co g
d-c b-a

‘hlz_ dua ¢ (%\;})WJ\J&‘_\ (m)’(n)) ¢« (m) el Gl yiall e 2l
n

150



2015 / (eale / ) dsad) - jdie EUY Alaall — dalad) ¢34 S daals ddaa

od [a,b]x[c,d] Jelsill dahie Llss (e Ay JS & $lELIN AL s)mf(x,y) Al o< (1) Ada
A8 3ac ) (e Lgdluen Sy | SN JalSall gy il ol

(n/2)-1 n/2

db
I =][f (x.y)dxdy =hTh[ [ Cory o) +2 20 F (e Y o) + 421 (o Vo) +F (X0¥0) ]

i=1
(m/2)-1 (m/2)-1(n/2)-1 (m/2)-1n/2 (m/2)-1

+2[ Z f(XO’y21)+2 Z Z f(XZI’y2])+4 Z Zf (XZI—l’y21)+ Z f(xn’yzj) ]
j=1 i=1 j=1 i=l =1
mJ/2 m/2 (n/2)-1 m/2 n/2 :n/2
+4[ Zf (Xo’y2]—1)+22 Z f (X2|’y21—1)+4z Zf (X2|—11y2|—1)+zf (Xn’yZJ—l) ]
j= i= j=1 i=1
(n/2)-1 n/2
H F KXo Ym)+2 D F K V) +4D F (X Y )+ (X0 V) ] }+Esim2(hl,h2)
i=1 i=1
E. -(h.h)=Ah!+Ah] +Ah+ AN +... O s

hy s hy e aaes vy L f (x,y) Al A el cliidl e s cul 8 A LA ALA,,

217737

j=012,...,m «y,=c+jhe i=012...,n « x=a+ih

Sl AB ey | JalSall 3 b

I =||f (x,y)dxdy =sim?(h;,h,)+E_ ,(hy,h,)

S —
R —

@ sim?(hy,h, ) saclill daall dpal) () G

. h h (n/2)-1 n/2
SImZ(hl,h2)=%[ [f Xo:¥Yo)+2 D F (Xp ¥o)+4D F Xy 4, ¥o)+F (X, Y0) ]
i=1 i=1
(m/2)-1 (m/2)-1(n/2)-1 (m/2)-1n/2 (m/2)-1
+2[ Z f(XO’y2])+2 Z Z f (X2|1y21)+4 Z Zf (XZI l’y21)+ Z f(Xn1y2j) ]
j=1 j=L =1 j=1 =l j=1
m/2 m/2 (n/2)-1 m/2 n/2 m/2
Zf (XO’yZJ 1)+22 Z f (X2|’y21 1)+4Z Zf (X2| 11y2| 1)+Zf (XnvyZJ 1) ]
j=1 i=1
(n/2) -1 n/2
+H fF KXo Ym)+2 D F X Y )+4D . F Xy Y )+F (XY m) ] }
i=1 i=1

.(3)
j=012,...,m ¢y,=c+jhe i=012...,n ¢ x, =a+ih ol

OsSS maatll 2 50a

h —C h4 841: m/2- 1a4f m/2 f 64f
E=- 2(b540) l{ (§o1yo) 22 (521 ij) 42 (§2j—l’y2j—l)+p(§m’ym) :|

X

d —c)hs % &'f
_( 180) 2 J'ay4(x,ﬂ)dx (%)
) .. . . otf  o'f
@.Azcﬂaaﬂ\gjh@muu,[a,b]x[c,d]M\me@dsgssﬁmd\ﬁ o ol Las
Yy

151




2015 / (eale / ) dsad) - jdie EUY Alaall — dalad) ¢34 S daals ddaa

180 ox 2 oyt
1] el ddhaie W i (g, 1) <, p) S
Bac 8 aladiuly 3 jalisal) OIS I3 Zoala Y el Uadll fasa o) Ly S8 293 Jelill psaill 3 gas das gy sl
A [2] 0S8 Osmen

__@d o) —a)[hm“f (71.70) s O°f (mw} (5)

1 1
E.(h)=——h*(f3—f+——h®(f >—f>)—-.. ...(6
S( ) 180 (n 0)+1512 (n 0) ()
e Jani (6) “aall Mean-value theorem for derivatives [5 ] dealédll 8 s giall dassl) 4 plai aladinly
—(x, =X,) (X, —X,)
E.(h)= (%o ~Xq hF @ () + 2 hef O (g )., (7
s () 180 (24) 1510 (1) (7)

[B] 8= i=12.., e (XO,Xn) Cua

h b—C h4 841: (m/2)184f m/2 f
E e =2 { G2 Y S )t 42 (ézj_l,y21_1)+—4(§m,ym) }
j=1
(d —c)hs % o%f h,(b — a)h aGf (m/2) 166f
- dx , +2
T80 | oy7 X + e s (oY) +2 2, S5 Gy ya)t
m/2 aGf a (d _C)hG b aGf
4 : , 2 X, dx —
< O © (é:zj—l y21_1)+ (fm Ym ) :| 1512 ) ays ( /Uz)
...(8)

o't 0% a4f aef
ay -~ ,8’y6 yrer — 8)(
Weighted Mean Value <OlSil 4y ) sall ddaus giall dall 43,05 ) 5 ( Intermediate VaIue Theorem as giall
sy | A Jalsill (Wadll) sl 3 s dapa (ld 82) )l musaail) 3 gaa LS & ( Theorem for Integrals
el Y oo X Gpand) o O s

O () 0 (i
ES‘mZ(hl’hZ)_(d_C)(b_a)[lstl) ' 1512 <(3x6 )+

e O (r?l,[,lj ho Of ( z,yzj
(d _C)(b_a) 180 ayA +1512 6‘y6 - (9)

Aadl) ) Ak plasiulys [a,b]x[C,d ] Aidaiall Jalis pe Aty JS (8 8 paiane 0 ol e

8 N B S R R o N o7 S 5 S RS P S

Y JSall Uadld) de b oSay (BLELID AL 5 3 jaiuse Al () Lay g

E..=1-sim?(h,h,)=Ah!+Ah; +AhP+AhD +--. (10 )
Ny sy e aas Yy L f (x,y) Al Al clsiad) e aaied cul 5 A LA LA A,,
SOl ey ‘4645
(_A‘; d...a;.\ h = 2h2 LQJ.\.C}
db
= [[f (x,y)dxdy =sim?(h,,0.5h,)+E_ . (h,,0.5h,) (11)
O Sua
Esim2 =1 _Simz(hl’O'Shl): B1h14+82h16+--- (12)

152



2015 / (eale / ) dsad) - jdie EUY Alaall — dalad) ¢34 S daals ddaa

Chy e sy L f (x,y) Al Al cliid) e aded ol 5 BB,

*
C_\:\A

Y3

22
o8 13 (x,y ) e[L2]x[L2] < e ba <l | = [[ye *dxdy ~0.076682141300108 .1Jta
11

JalSill dad B M =64 ¢n =32 Laic (1) Jsaall (e Baadl | (12) Larall Alilas 58 JlSll asiail) 3 gas Aapa
Aol Cinpial 3 ) KAl B lEl) aa & jiay ) Jonad 48y Hha aladiuly Ly sim?saeld aladiuly 4 phe Gl e il daiaia
(5m 558 M) o5 (Rde Rse s e Guedd e ) Ablatl) Aedl) s

n|m sim? K=4 K=6 K=8 K=10
0.07670500346353
2 | 4 0
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3 6
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n|m sim? K=4 K=6 K=8
2 | 4 |0.91292664072840
4 | 8 |0.91293010810594 | 0.91293033926444
8 | 16 | 0.91293032886293 | 0.91293034358006 | 0.91293034364856
16 | 32 | 0.91293034272630 | 0.91293034365053 | 0.91293034365165 | 0.91293034365166
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ni|m sim? K=4 K=6 K=8

2 | 4 | 0.85947123053055

4 | 8 | 0.85945251241831 | 0.85945126454416

8 | 16 | 0.85945134909497 | 0.85945127154008 | 0.85945127165113

16 | 32 | 0.85945127648909 | 0.85945127164870 | 0.85945127165043 | 0.85945127165042
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n|m sim? K=4 K=6 K=8 K=10

2 | 4 | 0.30714210554068

4 | 8 | 0.30713504239934 | 0.30713457152325

8 | 16 | 0.30713458231097 | 0.30713455163842 | 0.30713455132278

16 | 32 | 0.30713455314277 | 0.30713455119822 | 0.30713455119124 | 0.30713455119072

32 | 64 | 0.30713455131263 | 0.30713455119062 | 0.30713455119050 | 0.30713455119050 | 0.30713455119050
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18 e (a 038 Ol il (Sa 10 K = 6,8,10 Lexie 5 Y] A saae VI (A s Lemdi 0.213996280645868
Leld Jamantl) alasin) (50 Lad &y plic 49 50 50 uedl damaa (a5 SIM? 320l e o i) danad alasiinly Jalsil)
cApde A je s pdie Y danaa

n|{m sim? K=4 K=6 K=8 K=10

2 | 4 | 0.213996429539688

4 | 8 | 0.213996292303402 | 0.213996283154316

8 | 16 | 0.213996281414349 | 0.213996280688412 | 0.213996280649271

16 | 32 | 0.213996280694530 | 0.213996280646542 | 0.213996280645878 | 0.213996280645864

32 | 64 | 0.213996280648920 | 0.213996280645879 | 0.213996280645868 | 0.213996280645868 | 0.213996280645868
(5) Js>
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