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The Division Number Effect to the Sympson’s Integral Calculus

MASATOSHI SEKIYAMA

abstract: — The value of a definite integral equals to the area which lies between the func-

tion curve and side axis. And the area is approximately calculated as the sum of the part areas

which correspond to the division on the side axis.

From the usual sense it seems natural that the larger division number on the side axis grows,

the more accuracy is got. But, this fact is always not applied in Sympson’s integral calculas.

As the sample, 8 integrals are closely calculated by the computer to 16 figures and their beha-

viors are discusseed.
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DOUBLE PRECISION P,A,B,T,FA,
FB.H,S4,S82,S(5),D(5)

WRITE(6,3)

3 FORMAT(1H1, 13X, ERROR RATIO OF
SYMPSON METHOD WITH F(X)=1 ./
(14+X*x2)’

1/ 1HO0,6X,L,13X,I=0,11X,2,11X,
45,11X,/6%11X.8)
P=314159265358979324
A =0.0000000000000000
B=1.2000000000000000
T = DATAN (B)

FA=FLOATQ)

FB=FLOAT(1)./ (FLOATQ)+B**2)
DO 14 L=1,50
DO 10 i=1,10,2
N=10*(L—1)+i~—1

C T=TRUE VALUE, N=NUMBER OF

DIVIDED PIECES, THAT IS LARG-
ER THAN 2
IF(N)10,10,13

13 H= (B—A)/FLOAT(N)

12
%ﬁ,fnyﬁAO%tL14

S4=A
S2 = A
DO 20 J=2,N, 2

S4 = S4 +FLOAT(1)./ (FLOATQ)+ (A+
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FPLOAT(J—1)*H) *% 2) PAOHEED o TWINBKREZLBEREY S L
20 S2 = S2+FLOAT().” ( FLOAT()+ (A + N=498CTE-0.788X 10 " %RL Tin b, SHOH
FLOAT (J—2)+H)*%2) BLEERZY, WHEEHTEL TS 243 7THOBK
s(i) = ( PIOAT@)*S4 +FLOAT@)*S2 — 498 F THHTLE IO THBWREE L LG4 O Nk
FA+FB)*H/FLOATE) WEREN ENL B,
D)= (SG)—T)>/T LdL, COBMBPTIHROO FIENRB=1.0:%5 &
10 CONTINUE BFEE 2TE>TL Do 7875 4 B=FLOATQ),
M=L—1 T=P/FPLOATWE: Z A NI H3ks 2 ZOMRE
IF(M) 11,11,17 Table 2038 b K% 5%,
11 WRITE(6,18)M,(D(i),i=3,10,2)
18 TORM ] Table 2. The error ratio of the integral from
—R A—T( 5X,i3,17X,4(2X,E10-3)) zero to ome of the quantity one over
GO TO 14 one plus x squared with respect to x
17 WRITE (6,16)M, (D(i),i=1,10,2) E‘ '0 - 6;‘::7 ’.g,iggg.ﬁg .0‘7222%2 —0.5780»26 _0.4m1noy
- RS -z0,1260~ =0 - -0.1 - -0.7530-09 -0,3710-09
16 FORMAT(5X,i3,5X,5(2X,B10-3)) 3 ol Soaode Tooelntd pissnnd oty
14 CONTINUE L ThRTI2 l0leatni1r oiblencir Coiinepair Coldviooiz
6 -0.,2720-12 -0.224N=-12 -0.185N-12 =-0.154D-12 =-0.129n-12
END a ._:D‘.lﬁBf):l? ~0.9210-13 ..—.0,7520:13 ~0.,6660-12 -0,5730-13
R -0.4950-13 -0.4300-13 -0.3750-13 -0.325n-13 -0.2R60~13
CD T RIS ADEERE — . S R S el s s
7 ADFERE Table 1 KiRT IO TH 5, A1 ._-0.B760-14_.-0.8020=14 -0.754D=14 -0.698D-14 -0.633D-14
12 T e o e i iaia iaile oicbie
Table 1. The error ratio of the integral from 7 ~013500-T4 03590716 —0.3020-14 *-013220-1¢ -0:3720-14
sero (o 1.2 of the quanity ne over i pdign R A G i
one plus x squared with respect to x 18 -0:2480-14 0237014 -0 226014 ~0.2960-10 -0.2370-14

20 -0.237D-14 -0.2260~14 ~0.217p-14 =-0.2170-14 -0.209n-14

L 1=0 2 4 6 R 21 0.,2090- y _=0.209N~14 -0.217P-14 -0.1980-14
o ~0,6680-02 -0,5560-04 ~-0.413D-05 ~0.1210-05 22 . -0.2170-14 -0.209D-14 ~0.209N-14
1 ~0.486N=-06 -0.2320-N6 -0.124N-N6 ~0.727D~-07 ~0,452Nn-07 23 =0 7?60 14 __-0,209N-14 ..=0.198D-14  -0.200D-14
? ~N.296N-07 =0.202n-07 ~0.143N-07 -0.103D-07 -0.768N-08 24 ~0,198N-14 -0.2370-14 -0.1980-14 ~-0.198N~14
3 -0,5R3D-08 ~0.450D-08 -0,3530.08 -0.2R1D-08 2260-08 0.2090=14. =0.2170=14 . -0,2090-~14 _-0.,2090-14 -0.1R9D-14
4 ~0.1R4N-08 -0,151N-08 -0,1260-N8 ~-n,1n50-08 LBR7N-09 0.209D-14 -0.209D-14 =-0.209N-14 -0.217N-14 ~0.209P-14
5 ~0.7530p-09 -0.644p-09 -0.554p-09 -0,479p-09 .416p-09 .27 -0.1980-14__=0,198N=14 =0,209N-14 ~-0,1R9N-14 =-0.209D-14
A -0.3630-09 -0, BIBD ~NG  -0.2R0N=09 -0,2480=09 .220n=-09 28 -0.1980-14 -0.198D-14 -0.209Nh-14 -0.198N-14 -0.198N-14
7 ~0,1960-00 -0, .157N0-09  -n,1410-09 127p-09 29 ~0,1980-14 _=0,2090-14 _-0,198N-14 ~0,209D-14 -0,2090-14
£ ~0.115p-09 -0, L945N-10 ~0.840DN-10 7R4N-10 30 ~-0.217D-14 ~0.198N-14 -0.198D-14 ~-0.198P-14 ~0.2170~-14
e -0.717D-10 -0.65;C -0.6020-10 -0.5540-10 .5100-10 31 -0,2090=14_ -0,198Dz14. -0,217D-14 = _~0,2090-14
m -0.4700-10 -0, ‘HMI 10 -0.4020-10 -0.3730-10 L346N0-10 32 -0,1980~14 -0.2090-14 -0.217D-14 -~ -0.2090-14
11 -0.3210-10 -0.2990-10 -0.2780-10 -0.260D-10 ~0.243D-10 33 ~=0.2090=14 _=0,1980-14 -0.1980-14 - -0.1980-14
1?2 ~0.7270-10 -0.2120-10 =-0.199N-10 -n.187D-10 =-0.1750-10 34 ~0.209D-14 -0.2090-14 =-0.2170-14 = -0.1980-14
13 -0.165D=10...-0.1550-10 -0.1460-10 .-0.1370=10_ =0.130D-10 W35 . =D 209D-M ~20.2090-14 -0.2170-14 - -0.2090-14
14 ~-0,172n-10 -0 _116n-10 -0.109p-Y0 =~0,104p-10 =~0,9R0p-11 36 . 0.209n-14 -0.209N-14 - -0.198n-14
15 -0.9290-31 -0.8810-11 -0.8360-11 -0.794D-11 . -0.755D=11 37 -209n-14 _-0.209N-14 - ~0.1980-14
14 ~0.71BN=11 -0.A83N-11 -0.650P-11 -0.619D-11 =-0.590P-11 38 .198n-14  -0.189N-14 -0. -0.226N~14
17 -0.5630-11 . ~0.5370-11. .-0.513D-11 .-0.490D=11 . -0.4690-11 39 ~0.1980-14  -0,209N-14 -0.209N-14
1R ~0.46480-11 -0.429D-11 -0.4100-11 ~0.393D-11 -0.377n-11 40 ~0.189N-14  -0.217D-14 -0.217n-14
19 -0.3610-11 -0.3460-11. -0,3320-11 .=0.3190=11. -0.3060-11. -4l.. -0.2090-14  ~0.209D-14  -0.198N-14
20 -0.294n-11 -0.283n-11 -0.2720-11 ~0,261D-11 -0.251N-11 42 4 2 £0.2090-14  -0.198D-14 ~-0.1890-14
21 J0.242D-11 -0.2330-11 -0.224n-11 .-0,2160-11. -0.208p-1l. - 43 .. __. =0.198D-16 -0 -0.2090-14  -0,198D-14  -0.209N-14
22 -0.2010~11 =0.194N-11 ~-0.1870-11 =-0.1R0D-11 =-0.174p-11 44 -0.1980-16 -0. -0.2170-16 ~0.2090-14
23 -0.1680-11 .=0.1620-1; -0.1570-11 .-0,152D-11_ .=0.147D-11 45 =0,209D-14 -0, -0,2260-1¢4 0.198n-14
24 -0.1420-11 =0.1370-11 =-0.133D-11 -0.129D-11 ~0.174N-11 46 -0.2090-14 -0, -0.217D-14 .209n-16
25, -0.1210-11 .-0,1170-11 -0,113D=11 .<0,1100-11_-0.1060=11 .9].,....” =0,1980-14. -0. -0.2170-14 ,2170-14
26 -0.1030-11 -0.1000-11 ~0.970D-12 ~0.9410-12 -0.914D-12 -0.189D-14 -0. ~-0.209D-14 .2000-14
27 ~0,8870-12 -0,8610D-12 =-0.8360-12 -0.8130=12 -0.7890-12 AL_.__LzQilL 14 _-0.2090-14 -0,2090-14 -0.209D- H ~0.2090-14
2R ~0.7670-12 =-0.746N-12 -0.7250-12 ~-0.705N-12 -0.686D-12
29 »o.aczn—lg -g.g«go—%g —ow%n-%z =0. glsn 12,70 59@&—&% ~ v Y
30 -0,583n0-1 ~0.5670~ ~0.553n~12 -0.539p-12 -0.525D~ AR
2; o .. -0,5110-12 _ =0,4980-12. -o.«ggg:g ;o,z47k0-12,.:.34.‘sgeu:.1‘2, COBE, NPAEnE ddon s Proiicd
-0.451D-12 -0.4400-12 ~0.4 - ~0.4180-12 -0.408D-12 - -7
33 Z0.3990-12. =0.3890-12 -0.3800-12 =0.3710-12 -0.362D=12 E %) 3 1 T4 12,
34 3540-12 -0.3460-12 -0.3380-12 -0.3300-12 -0.323D-12 SWICRENBDLNAS,10T10 D !
25 —o,x)sn 12 -0.3080-12 20-12 2 - -8 -9
~ -0.2820-12 -0.2760-12 on-12 o ~ = -~
37 -0,2530-12 -0.2480-12 ~0,243D-12 14T10 O 4, 16 22710 D72 24
38 ~o.??an—1§ —&lézsn- 2 -o.zu;m-ig 2 1 ~10 34 P 0-11 0 70T10 12
3g_.. .. -0.2050-1 010-12 -0.1970-12 _ =0, g ~ N ~ N
w0 ~0.186n-12 -0.1820-12 -0.179D-12 ~=0.175N-12 ~0.172D-12 32T10 ’ 13 4 » 5 X 1 ’
& -0,1690-12 _-0.1650-12 -0.162n-12 -0_15994_2._ _=0.1560=12 - 4 —14
4“2 —0.1530-12 <0.151p-12 -0.148D-12 -0,145D-12 -0.1420-12 72 ~106T10 “2EBbN5B, 10 DOr2ib
PR St ot LGt T U R N Pt R v Rt Wt
44 -0.1 1 J1250- -0. - <0.1210-12 -0.1190- \ & .
4s S Toiisoiis Coililz -odiniz coveniz 108 BLEEMBET Do L7AktioT, —RAIICN DK E

4“6 T lgli07n-12  -0.106M-12 -0.1040-12 -0.1020-12 -0.100p-12

G0 b RN bl Gadniiivnial  WHSRESEN SWA B, i CBET bR
49, . .=0.8370-13 _-0.8250-13 , -0,8120-13 -Q.799D=13 -0.7880-13 F’ﬁi]iﬁﬁ‘f%o T&h{p, N&&{QLVCV\ 3 138 é‘: ﬁZJ
TR TELAS 1FIBENR 2, 4, 6, 8 KxF540, EFTO136X D RENEN, 140138L bFNH142
251810, 12, 14, 16, 18 K3+ 563 0, 358 H140& Vi, O X 5 KT HPTIE 156 & 1584,
$20, 22, 24, 26, 28 WX+ HdOL 1FZLEICIO 160& 1620, 176 L178HEV I X HICBBENCDL D
SO M ATEKEA98TH by HEL VEET AL Bbns, MEOREDE -0.189X10 “TN=258,
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FIRE TR AR 5 25 %

276,380 , 384 , 404 , 428 , 480 & 498 % T T &
FEbh b, B=1.00 L X N=258TEET 200
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&
Integral jggsinxdx
B P/FLOAT(2)
T FLOATY)
FA DSIN(A)
FB DSIN(B)
DSIN (A+
Q(J) FLOAT(J
-1)=H)
DSIN(A+
R(J) FLOAT(J
—-2)«H)
output TABLE 3

ETE LA, ThoD7 e

T
‘/(;Ycosxdx ,/0‘1 % dx
" FLOAT()
0.33 cecen
Vi
i6times
DCOS M) A
DCOs(4) B
DCOS (A+ | (A+PLOAT
FLOAT(J | (J—1)=H)
—1)=H) )
DCOS (A+ | (A+FLOAT
FLOAT(J | (J-2)*H)
-2 )xH) 2
TABLE 4 | TABLE 5

eZl, QUIDER(IIE S4,S20RICEHKL

S4 =984+ Q)
20 S2=82+] R(UJ)

Table 3. The error ratio of the integral from 0 to
pi/2 of the quantity sine of x with respect to x

e d=0 2 A 6 8
] 0.228n-02 " 0.135p~03  0.2630-04  0.830n-05
e _0,3360-05__ 0.1630-05  0.882D-06 = 0.5170-06 0.3220-06
2 0.2120-06  0.144D-06  0.1020-06  0.740N-07  0.5500-07
.3 ..0,618D-07  0.3230-07  0.2530D-07  0.2010-07  0.1620-07
4 0.1320-07  0.109N-07  0.903D-08  0.756D-08  0.6370D~08
5 0.5410-08  0.4630-08  0.3980-08 _ 0.344D-08_ 0.299D-08 .
6 0.2610-08  0.229D-08  0.2020-08  0.1780-08  0.158D-08
7 . .. ..0,141D-08 0.126n-0Ng  0.1130-0g 0.101D-08  0.914D-09
8 0.826N-09  0.748h-09  0.679N-09  0.618D-09  0.564D-09
9 _._.._0.,5160=09 _ 0.472D-09  0.4330-09 _ 0.398D-09 __0.3670~09
10 0.3380-09  0.312D-09  0.289D-09  0.24B0-09  0.249n-09
A1 _ .. 0.231D-09 _ _(.215M-09  0.2000-09  0.1A7D-09  0.174D-09
12 0.1630-09  0.153D-09  0.143D-09  0.134D-09  0.126N-09
A3 _...0.118D-09 _ 0.1050-0  0.9890-10 . 0.933n-10
14 0.8R0N-10 0.7870-10  0.744D-10  0.7050~10
L) . 0.668D-10.  0.634D-10Q 0.6010-10 0.571D=-10 0.5430-10
1 0.516D-10 0.491D-10  0.468D-10  0.445D-10  0,4250-10
A7 0.405D-10 0.386D~10 0.369D~10 0.3520-10 0.3370-10
18 0.3220-10  0.308D-10  0.2950-10  0.2R30-10  0.2710-10
A9 04260010, 0,2490-10 0.2380-10 0,229D-10 0.2200-10
20 0.2110-10  0.203D-10  0.1950-10  0.1R880D-10  0.1810-10
21 . . 0.176p-10_ 0.1670-10  0.161N-10  0.1550=10  0.1500-10
22 0.144D-10  0,1390-10  0.134D~10  0.130D-10  0.1250-10
L23_ . __ .0,1210p-10  0.1170-10  0.113D-10  0.109D-10  0.1050-10
24 0.1020-10  0.986D-11  0.954D-11  0.9230-11  0.8940P-11
,25 —...0.8660-11  0.R380D-11 0. 0.7A70-11  0.7630-11
0.7400-11  0.7180-11 0 0.6750-11  0.655n-11
_21,__.__9 Q»cﬂ 11 . 0.618n-11 0 0.583D-11
28 0.5500-11  0.535n-11" ¢ 0.5050~11
29 _ . .0, avan -11 _0,4650-11 0 0.440D-11
30 0.4170-11  0.406P-11 0 0.3860-11
31 0.3660-11  0.357D-11 0 0.3390-1]1
32 0.372P-11  0.314D-11 0 0.299D~11
33 _0.2R5D-11  0.278D-11 0O 0.2650-11
34 0.2530-11  0.2470-11 0 0.2360-11
35 0.7250-11  £.2200-11 0 ¢.2100-11
36 0.2010-11  0.197p-11 0 0.1R8D-11
37 o 0.1800=11  0.1760-11 0 0.1690=11  0.165N-11
38 0.162P-11  0.159n-11 0 0.152D-11  0.149n-11
29 _0.1460-11  0.1430-11 0. 0.1370-1) __0.135P-11
40 0.1320-11  0.1290-11 0. 0.1240711 . 11
Ll 0.1190-11 0.Li7N-1L 0. 0.1130-11 0.111P-11
42 0.10Bp-11  0.106p-11 . 0.101n-11
43 0.9870-12 _ 0.969N-12 _ 0.9170-12
“y 0.9000-12  0.8840H-12 0.8357n0-12
85 e 228220212 30 0.780N-12  0,7660-12
48 0.753n-12 T 0.7400-12 0.715A-127 0.703n-12
47 0.691P-12  0.679Q-12 _ 68D-12  0.657D-12_ 0.6460-12
4R 0.6350-12  0.6240-12  0.614D-12  0.604D-12  0.594n-12
49 0.584N-12  0.575n-12  0.5660-12  0,5560-12 _ 0.548n-12
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5 AMICH HLBENRENOT, BLEHEHO I~ PO %E
ANBLTELAD T a5k L, Blx CEEBCHT
FNENCKT BERE LT Table3, , -+, Table 8
BB, FHEAZWALERHETCRLA R ST 4THD,
BAESLEB, T, FPA, FBLUQWU), R %
BhTRTHbL, CNbEFNEL CDERT L

fglx?’dx f01x4 dx f(ﬁ/l«f
Vi 7" Vi
0.25000---0 | 0.2000- -+
S “~Wf*9 P/FLOAT(@)
14 times 15times
B B DSQRT (FLOAT
(=A% A)
p p DSQRT(FLOAT
(1)- B*B)
(A+FPLOAT | (A+FLOAT | DSQRT(FLOAT
(J=1)«H) | (J=1)=H) | (- (A+FLOAT
® k3 s 4 (J—1)sH)=%2)
(A+FLOAT | (A+FLOAT | DSQRT (FLOAT
(J-2)+H) | (J-2)=H) | ()- (A+FLOAT
w3 # sk 4 (J 2)xH)#x2)
TABLE 6 TABLE 7 TABLE 8

nh¥_ JRKES ATER TbA, T/, £ TABLE
DEFYE % B3 FORMAT ZE Th ZhE 5 Tin B8,
FEE AN BLDTE (,

Table 4. The error ratio of the integral from 0 to
pi/2 of the guantity cosine of x with respect to x

L 1=z9 .2 4 3 B
o ¢.2280-02 0.1350-03 0.2630-04 0.830n-05
Sl 0.339D-05 . 0.163D-05. _0.8R20-06 0,5170-06 . ..0,3220-06
2 0.2120-06 0.144D~06 0.102n-06 0.740 7 0.5500-07
A . 0.6180-07  0.323D-07_ . 0.2530-07 6.201 7. 0.1620-07
& 0.1320-07 0.109D-07 0.9030-08 0.756N~08 0.6370-08
5 0.5410-08 . 0.4630-08 . 0,3980-08  0.344D-08  0.2990-08
3 0.2610-08 0.2290-08 0.202n-08 0.178n-08 0.158n-08
k2 0.1410=08 0 1260-08 0.1130-08_ 0.1010=08  ¢.9140-09
a8 0.826D-09 0.748D-09 0.6790-09 4.6180-09 0.5640~09
2., 0. B1460D=09  0.6720-09 0.4330-09 0.3980-09 0.3670-09
10 0.3380-09 0.3120-09 0.2890-09 0.2680-09 0.2490-09
11 0.2310.0Q . 0.2150=09. §.2000-09  0.1870-09 0.174D-09
12 0.1630-09 0.153n-09 0.1430-09 0.13640-09 0.126n-09
k3 0.1180-08 0.1110.08 0.108D=08 0.9890=10 0.9330-10.
14 0.88pD-10 0.8320-19 0.7870~10 0.7440-10 0.7050-10
15 Db bBO=L D, 08360010 . 0.6010=10 N-5710-10 .. $.543D-10
16 0.5160~10 0.4910-10 ¢.468N-10 0445010 0.4250-10
17 (. &080=10 0.3B860=10 0.3690-10 . - 0.337n-10
18 0.3220-10 0.3080-10 0.2950~-10 0.2710-10
19 0.2600=10 0.2650=10 0.2390=-10 .. 0.2200-10
20 0.,211D-10 0.2030~-10 0.1950-1¢0 6.1810-10
21 0.1740-140 0,1670-10 0.1610=210 . . 0.1500-10
22 0.1440-10 0.1390-1p 0.1340-1¢ 0.12%0-10
2 0,1230=10 0.1170-10 0.1130-10 .S 0,1050~10
24 0.102D-10 0.9860-11 0.954D-11 0.894n-11
25 0.846D=11 0.8380-11 _.0.8120-11 0.7630-11.
26 0.760D-11 0.7180-11 0.696N-11 0.655M-11
0.6360-11_ 0,6180-11_..0.6000-11 . 0.5840-11,
0.535n-11 0.520p-11 0.491n-11

0.4650-11 0.4520-11 0.4290-11

0.4060-11 0.396D-11 0.3760-11
0.3570-11....0.3480-11 9.330n-11

0,314D-11 0, 307’) 11 0,2920~11

0.2780-11. 0.259n-11

0.2470-11 0.230n-11

=11...0.2200-11 150= 0.206n=11

0.1970-11 0.1920~-11 0.1R4N=11

3?..-,_.___!1‘.1500 11...0.1760-11 Q.1730-11 0,1650-11
0.1620-11 0.1590-11 0.1550~11 0.1490-11

39 0.1460=-11 0.1430=11 0.1400-11 0.1350-11
40 0.1320-11 0.1290-11 0.127D0-11 0.122n~11
S - 0.1190=11 . 0.117D=11. . 0.1150-11 0.111D=11
42 0.1080-11 0.1060-11 0.1040-11 0.1010-11
43 .0.987D-12  0.9690-12 0.9510-12 f.916D-12
44 0.9000-12 BB4D-12 0.868N0-12 0.8370-12
45 0.8220-12 0.8080-12 0.794D-12 0.7660-12
46 0.753D-12 0.740D-12 0.7270~12 0.702n-12
67 D A900212  0.6780-12 0.6670-12 0,6450-12
48 0.6350-12 0.6240-12 0.614D-12 0.604D-12 0.594p-12
49 0.5860-12 0.57250-12 . . 0.5650-12 0.556D=12 _0,5470-12
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Table 5. The error ratioc of the integral from Table 7. The error ratio of the integral from
zero to one of the quantity x squared zero to ome of the quantity the fou-
with respect to z rth power of x with respect to x
i . 1=0 B U S . SNSRI . S [ BN 2 4 6 A
0 0.1250-15  0.125P-15 -0.416D-16  0.,1250-15 0 : : 0.4170-01  0.260n-02  0.514n=03  0.163n-03
1. .=0,1250=15. =0.1250-15. =0.1470-15 . 0.1250=15__=0.8330-16 ol __0.6670-06  0.3220-04  0,174D-04  0,102D-04  0.635D-05
2 ~0.2500-15 ~0,2080-15 .2080-15 ~-0,1670~15 ~-0,125n-15 ? 0.4170-05 0.2850-05 0.2910-05 0.146N-06 0.108P-05
L3 -0,2500:=15 . 0,125Dc15  -0,2080=15 =0,2000-15_ =0,2910-1% 3 .. _0.B23D-06  0.636D-06  0,499N-06  0,3970-06  0,320N-06
4 -0.2500-15 -0.1670-15 -0.208D-15 -0,208D-15 ~0.250Nn-15 & 0.260D0-06 0.214N-06 0.178N-06 0,149D-06 0.126N-06
5 £0,2080=15 __=0.2500=15__=0,1670=18 =0,1250=15 =0,1280-15_  _&._.. . 0.107D=06  0.9120-07  0.784D-07  0,6780-07  0,5890-N7
[ -0.2080-15 ~0.208D-15 0.1250-15  ~0,167D-15 ~-0.208N-15 Y 0.514D=07 0.451N-07 0.3970-07 0.3510-07 0.312n-07
2 -0,2500=15 _=0,3330=15__=0,125D-15_ -0,2500=15__-0,2500~15 7. _ 0,27B0-07 __0,248D-07  (,2220-07  9,2000-07  0,1RDN-07
8 Z0.2080-15 -0.2080-15 -0.333D-15 -0.1670-15 =-0.2910-15 8 0.1630-07  0.1470-07  0.1340=07  0.1220-07  0.1110-07
9 . . =0.2910=15. z0.208D=15 .~0.2500-15 _=0.2010=15_ -0,4160-15 9. . 0.1020-07  0.9310-08  0.854D-08  0.7850-08  0,7230-08
n -0.4580-15 -0.3330-15 -0.375D-15 ~0.3750-15 ~0,5610~15 10 0.6670-08 0.6160-08 0.5700-08 0.5280-08 0.490n-08
11 .. -=0.5000-15.=0.5000=15 _~0,666D=15_ =0.5000=15. -0.6250-15 1 . 0.4550-08  0.4240-08  0.3950-08  0.36B0-08  0.344D-08
12 ~0.6250-15 -0.749p-15 ~0.7080-18 ~0.6660-15 0.125n-15 12 0.3220-08 0.3010-08 0.282D-08 0.2650-08 0.248Nn-08
-3 =0,8260=15 ~0.9990=15 ~0,7490=15 . .=0.7910=15  =0.9580-1% 13 .0.2330-08 . 0.2200-08  0.2070-08  0.1950-08  0.184D-08
14 -0.6660-15 -0.112D-14 -0.9160-15 -0,999N-15 ~0,125n~14 14 0.174N~08 0.164N-08 0.155D-08 0.147D-08 0.13%9Nn-08
a5 .. 0.1080=16_ ~0.1170-14  =0,999D-15.=0,1250=14 . =0.1120=14 16 6.1320-08. 0.1250-08  0.119D-08  0.113D-08  0.1¢7D-08
16 0,142D-14 -0.1080-14 =-0.1370-14 -0.1170-14 -0.,121N-164 16 0.1020-08 0.968n-09 0.922n-09 0.878n=-09 0.83%370-09
17. -0.1040=14  -0,104D-14. ~0.121D=14 -0.1210=14 A7 __.0.798D-09._ 0.7620-09 _ 0,7270-09  0.695D-09 . 0.6640-09
18 -0.158D0-14 -0.1250-14 -0.112D~14 ~0,1250-14 18 0.635 9 0.608N-09 0.5820-09 0.5570-09 0.534n-09
A9 =0,1110214 20.1560-14 -0,1330-14 A.ijxmu z0.1620-14 10 0,5120=09 . 0.4910-09_ _0,4710-09  0,4520-09 = 0,4340-09
20 -0.158D-14 ~-0.179D-14 -0.133D-14 =~0.1370-14 ~0,183D-14 20 0.4170-09 0.4000~09 0.3850-09 0.370N-09 0.356N-09
1 =0.1710-14 _=0.158D-14 _ -D.162D-14 _=0.1710-14 1 0.3430-09 0.3300-09 __ 0,3180-09 0,3060-09 £.2950-09
22 T0.16420-14  -0.1500-14  -0.175P-14 -0.,154N-14 =0,167n-14 22 0.285D-00  0,274D-09  0.2650-09  0.256N-09  0.2470-09
23 20.1750=14 =0, 1560=14  =0,1790=14 _=0,166D-16 =0,1670=14 2 0.2380-08 __ 0.2300-09 __0,2220=09 _ 0,2150-09 _ 0,2080-09
264 -0.1670-14 ~-0.196N~14 -0,216D-14 =-0,1830-1¢ -0.179D-14 24 0.2010-09 0.194N-09 0.1880-09 0.1820-09 0 17bn -09
285 . . =0,2160-14 _=0,1790=14 _=0,162D=14 .. 0,1280=15  -Q.1670:14 25 .0.171D-09 _ 0,1680-09 . 0,1600-09 _ 0.1550-09 09
26 Z0.1A3Nn-14 ~0.183D-14 -0.1830-14 -0.1830-14 -0.1790-16 26 0.146P-09  0.1410-06  0.1370-09  0.1330-09
27 .,,,:,Lu?ozu,,,;Lm,m:u -0,1750z14 .20,1780=14 _-0,1920-16_ 27 .0.1250-09 _0.1220-09  0.1180=09 __0,1150-09__ 0,1120=09
28 Z0.1710-14  -0.171P-14 -0.1870-14 -0.1B70-14 =0,1870-16 28 5.1080-09  0.1050-09  0.1020-09 ~ 0.9960~10  0.9690-10
0,2250=14__ ~0,1830-14 ~0,1830-14 _ =0,1830=14 _-0,179D-16 29 . _0.943D-10 _ 0.9170-10__ 0,8920=10__ 0.B6BD=10__ (.8450-10
1790-14  =0.1960-14 =-0.196N-14 -0.1920-14 =0.1750-16 30 0.8230-10  0.801N-10  0.7810-10  0.7600-10  0.741D-10
. 710=14 _-0.2080-14 . ~0.,171D=14 -0,2210=14. 31 . 0,7220:10 ..0.704D-10. 0.686D-10 . _0.669N=10  0,6520-10
-0.221D-14 -p.200D-14 -0.183D-14 =0.1960~14 32 0.636D-10 0.6200-10 0.6050-10 0.590D-10 0.
33 .. -0.196D=14_ -0,196D-14  =0,1960=14 _ =0,2080-14 _=0,192D-14 3 o 05620210, 490-10 . 0,536D=10  0,5230-10._.0,5110-10.
34 ~0.2080-14 -p.1920-14 ~-0.221D-14 =-0.204D-16 -0.204D-14 074990-10" " 0.487D-10  0.476D-10  0.4650-10 0.4550-10
.35 =0,2000-14 _=0.2160-14 _=0.2120-14 4 35 N _0.444D-10 | 0,434D-10  0,425D-10 _ 0.4150-10  _0.4060-10
36 S0.1920-14 -0.192D-14 =0,204D-14 36 0.307D-10 0. 0.3800-10 ~ 0,3720-10 0.3630-10
37 -0,204D-14 -0.216D-14 -0.216D-14 =-0,2000-14 =0,2000-14 37 0,3560-10 0. 0.341D-10  0.334D-10 _0.327D-10.
38 ~0.2000-14 -0.2120-14 -0.254D-14 =0.225D-14 ~0,2250~14 38 0.3200-10 0 0.3070-10  0.3000-10  0.294DP~10
39 ~0,2210=14  -0,221D~14 =-0.2330-14 0. _.=0,216n-14 0.2770-10 o 2710-10___0.266D=10_
40 Z0.2160-14 ~0.2200-14 ~-0.2290-14 ~0.225n-14 0.2500-10
RSN 7N-14. -0.2250-14 -0.2080-14 _=0.233D-14 0.2270-10 0 gzsn 10
42 0123305147 -0, 246014 -5.2290-14 =0 Z0.2290-14 0.206D-10 0.202D-10
43 . =0.229P=16_ ~0,2370-14 =-0,2000-14 -0, 4 -0,250n-14 0,1880-10  0.184D-10  0.181D-10
44 Z0.26460-14  -0.2330-14 -0.266D-14 -0, ~0.261N-14 J1750-10  0.1720-10  0.168D-10  0.165D-10
45 .. .=0,2290-14. -0.2410D-14 -0.212D-14 -0, _=0.2370-14 _ 0,160D-10  0.1570-10 _0.15 [ -
46 ~0.212D-16 ~0.233D-14 -0,246D-14 -0, L2610-14 0.1460D-10 0.144D-10 0
47 . -0.2290-14. -0.2290-14 -0,229D-14 -0,254N-14  -(,237D-14 0.134D-10  0.1320-10  0.1300-10
48 ~0.2500-14 ~0.2500-16 -0.237D-14 =-0.2250-14 -0.246D-14 0.1230-10  0.121P-10  0.1190-10 .
L49. . _=0,2330-16_ -0,2290-14 _ -0,2330-14  of 14 =Q.250n-14 49 _ . 0,1160-10 . 0,1140-10  0,1120-10.. 0.1100210._.0.1080- 10

Table 6. The error ratio of the integral from
zero to one of the quantity x cubed
with respect to x

Table 8. The error ratio of the integal from
zero to one of the quantity the squ-
are root of (1-x##2) with respect to x

L 1=0 SO 6 8 L =0 .2 . B B

0 0.0 .0 -0.2780-15 0.0 0 Z0.B270-01 -0.1850-01 ~0.1000-01 ~0.6490-02
Sl =0.3890-15 =0.3330-15 -0.2760-15 8.0 . . -0.2220-15 PR - =0.8640-02. =0,353D-02 =0.2800~ 02 ..~0.2290=02  =0,1920-02.

2 -0.2020-15 -0,2780~15 -0.4440-15 -0,389D-15 -0.3890-15 2 -0.164D-02 -0.1420-02 26.1250-02  ~0.1100-02 ~0.9R80D-03
B =0.3F30=15 .. ..-0.333D-153 ~0,333D-15 -0.278D-15 3. =0.891D=03 _ -0.8090-03 -~0.738D-03 -0.678D-03. -0.625D-03

& ~0.3890~15 —0 3850-15  -0.380D-15  ~0,444D-15 ~0.64440~15 & -0.5780-03 ~0.5380-03 -0.5010-03 -0.4690~03 -0,440D-03

5 ~0.4640=15 _ 20.3000-15_ -0.3890-15.. -0,3890-15 -0,389D-15 5 =0.4140-03 _~0,390D-03 -0.3690-03  -0.349D=03  -0.331D-03

6 ~0.4446D-15 ~0.3890-15 0.0 -0.3890-15 ~0.3R9N-15 6 -0.3150-03 ~0.300D~03 -0.2860-03 ~0.273D-03 -0.2610-03
7 -—0.3890-15 _ -0.5550-15  -0.278Dz15 ~0.%00D-15. -2.Sp0D-15 7 =0,2500-0 ~0,2390-03  -0,2300-03 _ -0Q.2210=03_

L -0.389p~15 -0.4440p-15 -0,555D-15 0.333p~15 -0.555p-15 8 -0,204D-03 ~0.197D-03 -0.190D~03 ~n.183N-03

9. =0.444D=15 _=0,4440=15_ -0.444D-15 ~0.555D=15 -0.6660D-15 9 o =0.1710=03 _=0.1660=03__-0.1600-03 _-0.155D-03_ ~0,151D-03
10 ~0.555D-15 -0.389D-15 -0.500D~15 -0.444D~15 -0.500D-15 10 -0.146D-03 -0.1620-03 -0.13B0-03 -0,134D-03 -0.130p-03
11 -0.5000-15 _=0.611D=15 ~-0.555D-15 _=0.3330-15 . -0,333D-15 11 0.1270=03__=0.1230=03 _ -0.1200-03 -~0.1170-03 _-0.114D-03
12 -0.3330-15 -0.5550-15 -0.444D-15 =-0,5000-15 0.0 12 ~0.1110-03 -0.109D-03 -0.106D-03 -0.1030-03 ~-0.101D-03
13 04588015 0. 666015 0.446602158  =0.3890=15 _ =0.888D=15 13 =0, 9870-04  -0,96460=04 _~0.9430-04 _=0.9220-0&  =0.9020=-0&
14 ~0.6110-15 -0.888D~15 -0.6660-15 -0.7770-15 -(.8R&N-15 14 -0.8830-04 -0,864p-04 -0.846p-04 =~0.829D-06 -0.812p-04
15 0.2770=15 . .=0.833015 09640215 02220215 . 20.7770-15 18 =0.7960=06  =0.7A00=04 _=0.2630=0 =0.7500=04. . =0.736D=04
16 -0.9990-15 -0.8880-15 ~0.1170-14 -0.1050-14 -0.8R8n-15 16 -0.722D-04 -0.709D-06 -0.696D-04 ~0.684D~04 -0.6720-04
12 =0 BAAR=15 =0 1110=36 =0 F220=1% =0 31280=16 -0 BBEBD-15 AT =0 6600=04  =0.6680-06  =0.6370-04 -0.6260-06_ =0.6160204.
18 ~0.1330-14 ~0.1330-14 ~0.946D-15 =0.,122D0-14 -0.105D-14 18 -0.6050~04 -0.5960-04 ~0.586D-04 -0.576D-04 -0,5670-04
19 =0 1080=14 =0,16640=14 =0,B860=15 _-0.3220-14  =0.133D-164. 19. -0.558D0-06 __~0,5500-04 =0.,5%410-04__~0.523D-04

20 -0.1670-14 ~0.1670-14 -0.111D-14 =~0.144D-14 =-0.167N-14 20 ~0.517D-04 =-0.5090-04 -0.5020-04 ~0.495D0~04

21 -0.1610-14_ -0,1280=-14 ~0.1500-14 _=0,1640-14 -0,167D-14 21 20.4800-06 _ ~0.4740-06 _ -0,4670-04 -0,4610-04

22 ~0.1390N-14 -0.133D-14 -0.167D-14 =~0,1170-16 -0.1500-14 22 ~0.468D-06 -0.4420-04 -0,636D-04 -0.430D-04

2 ~0.1890=16  =0,1440=14 _=0,1670-14 =0.1460-14 ~0,1500-14 3 =0.619D=06  -0,6140=04 -0,4080-06 _~0,4030-04 -0.3980-04
24 ~0.1330-14 -0.2220-14 -0.2L1N-14 ~0.1720-14 =-0.150N-14 24 ~0.393D-04 ~-0.3880-04 -0.3840~04 ~0.3790-04 .3740-04
25 =0,2000-146_ -0.1610=14 _ -0,150D=14 0.0 .. ~0.1390-14 5 20, 370D=04 _=0,3650-04 __ ~0,3610-064 _-0,3570=-04 -0,353D-04
26 -0.1390-14 -0.1550-14 -0,1550~14 ~0.139D-14 =~0,1720-14 26 ~0.3690-04 ~0.3450-04 -0,3641D-04 ~0.3370-04 ~0,3%30-04
217 =0,1550=14  -0,161D=14% 21720=1% _ =0.1550=16 _=0.144D-14 27 =0,3300204 -0, 326004 .=0:319D-04 | -0.3150-04
28 ~0.144D-16 ~0.167D-14 .1670-14 -0.1830-14 ~0.1780-14 28 T0.3120-04 -0.3090-64  -0.305D-04 -0.3020-04 =-0.299R-04
29 =0.1500=14  -0,1550=14 _~0,1550=14 =0.1610-14 -0.150D-14 ] =0.2060-04 2930-04 . ~0.2900-04 -0 2870-04 -0 2R4N-04
30 ~0.1670-16 ~0.155D~14 ~0.183D~14 ~0,167D-14 ~0.178D-14 30 ~0.281D-04 279N-04 ~0.2760-06  ~0.273D-064 -0.270N-04
31 -0,1720-14  -0.3722D=14_ -0,1780=14 _=0.1780=)4  -0.194D-14 31 -0.,2680-04 265004 ~0,2630=06 _=0.2600-04 _~0.2580-04
32 “0.2110-14 -0.178D-14 -0.1890-14 -0.1720-14 -0.189D-14 32 ~0.255D=04 2530-06 -0,25iD-04 =0.2480-04 -0.246N-04
33 =0.1960-14  -0,2050=14 _-0,1890-14 =-0.183D-14 =0.178N-14 3 =0,2460-04 2420-04  -0.240D-064 ~0.2370-04

34 ~0.183p-14 ~-0.1830-14 ~-0.222D-14 =-0.2000-14 -0.200D-14 -0,2330-04 231D-04 -0.229D-04 -D.277D~0& ~0. ??5D 04
35 ~0,2000=14 _~0,216D-14  -0.2160-14 -0,1940N=14 -0,2160-14 £221D-04_ =0,2200-04  -0.2180-04 =-0.216Rp-04
36 20.1940-16 -0.189D-14 =-0.172D0-14 =-0.189D-14 -0.189D~-14 0.2120~04  -0,211D-06 ~0.209D-04 =-0.207p-04
37 o _=0.2050=14_.-0,205D-1%4 . _-0,205D-14 -0,183D-14 _-0,2050-14 37 ___Q_LZD‘SD Q4. _=0,204D-04 __-0.202D-04 ~0.2010-04 ~0,199D-04
38 ~0,200D-14 -0.2000-14 =0.261D~14 =-0,216D-14 -0.2220-14 38 ~0.1970~04 ~0.196 0.,194D-04 L1930-06  -0.1910-04
39 =0.2000=14  -~0,2160=14 22160 2211014 =0.2110=14 39 =0.,1900-04  -0,10880-04  -0,1870-04 =0,1860-04 < 1R4D-04
40 -p.2280-14 -0.211D-14 ~0,2280-14 =-0.2280-14 =~0,211N-14 40 ~O 1830-04 =-0.181D-04 =-0.180D-04 ~0.1790-04 1770-04
K =0.2220 +2080-14 & «2390=14 222n-14 I3 N =04 =0,1780-04  -0,)174D-04 -0,1720-04 2171004
42 .200Dn-14 216ND-14  =0,233n-14 42 20170004 0. 169004 -0.1670-04 ~0.166N-04 Zol165n-04
% SO -0.2330= 1.‘:.__ 0.2500-14.  ~0,R110=164  =0,2500-14 -0,244D-14 43 -0.164D-04  -0.1630N-04 -0.1620-04 -0.1610-04 ~0.1590-04
44 -0,2280-14 ~0,2110~14 ~0.2644D-14 0.228N-16 ~0.239N0-14 44 -0.1580-04 -0,157 N L1550-04  ~0,154D-04
45 =0,2390-14 _ ~0,2390=14 __-0,239D-14 -0,2390R-14 ~0,2160-14 45 =0:1530-04 ~0.1520-04  -0.1 ~0.150D0-04 -0.149n-04
46 ~0.233D-14 -0.250P-14 ~-0.,266D-14 =~0.250D-14 =0.228D-14 46 ~0.1680%04 -0.1470-0& =-0.146D-0&4 =0,165D-04 ~0.144N~04
Y SRS Y =. =0.2280-14_. ~0.244D=16 . -0.244D=14 -0,239D:14 47 =0,1630-06 -0,1430-D4__-0,1420-04  -p.141N-04 -0,140D-04
48 -0,2390-14 =-0.2550~14 ~0.2550-14 ~0.239D-14 -0.233D-14 48 -~0.1390-04 ~0,138D-04 «0.137D-06 ~0.136D-04 ~0.136D-04
49 -0.2390-14__-0.2500-14 _~0.2330=14 _=0.250 4 ~0.233n-14 49 =0.1350-04 ~0,1340-04 D-04_ ~0.1320-04 -0.132n-04
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