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AN A2 M“Ww\f\ﬁx{\p H\ﬂo{sﬁ\/\ A Spglghtﬁ W
dompk oppract. & 3D Shky  froul

N, B . . L
5 0.0490159 03359909 -0.0104170 0.1924199
10 -0.0057065 -0.0110099 -0.0001488 -0.0041861
5 -0.0010678 -0.0009633 0.0000052 0.0000104
20 -0.0000976 -0.0000909 0.0000013 0.0000013
25 -0.0000015 -0.0000013 0.0000005 0.0000005
30 0.0000018 0.0000018 0.0000002 0.0000002
35 0.0000007 0.0000007 0.0000001 0.0000001
Exact 67053931 3.8261673 4.8121183 2.8771174
Table Ed-1

Quadrature test for singular integration on an element employing the quadrature scheme of
(17). Each column lists the error in numerical quadrature as a function of number of quadrature
points N, in each direction. Last row gives exact value of integral. All integrals are of the form
(16). Integrals I, and I, are for a mapped element with parameters (a, b, ¢) = (2, 1, 1)
representing a parallelogram with acute angle n/4. I, and I, have parameters (a, b, c) = (4, 0,1)

representing a stretched rectangle. Integrand in 1, and I; has g = 1; integrand in J, and I, has

integrand g(&,m) = cos’n&.



8
10
12
14
16
18
20

Exact

variables (19). Each column lists the error in numerical quadrature as a function of number of
quadrature points N, Last row gives exact value of integral. Integrals /; and I, are for

parameters i = 10?2, & = 0, while ; and I, have parameters h = 10, & = 0. Integrand in /; and

I, has g = 1; integrand in I, and , has integrand g(&,n) = cos’n§. Exponent in denominator

ism=1.

L
0.01915274
0.00003448

-0.00000036
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000

10.59668473

g
-1.71448579
025156860
-0.01511217
0.00027463
0.00000924
-0.00000052
0.00000001
0.00000000
0.00000000
0.00000000
8.16284273

Table Ed-2
Quadrature test for one dimensional integrals of the form (18) employing the mapped

2
0.02290818
0.00006239

-0.00000029
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000

19.80697510

: L
-0.05094375
-0.35131408
0.20036868
-0.01572876
-0.00240866
0.00026231
0.00001170
-0.00000156
-0.00000004
0.00000001
17.36932254



N, . I s I 1 ; I
2 1.0053667 -2.0950275 0.0119967 0.9172093
4 0.0575662 0.4998792 0.0003463 -0.6366983
6 0.0063481 -0.0307907 0.0000058 0.1763744
8 -0.0004866 0.0008225 0.0000001 -0.0255375
10 -0.0005606 -0.0005390 0.0000000 0.0021869
12 -0.0002542 -0.0002159 0.0000000 -0.0001089
14 -0.0000916 -0.0000818 0.0000000 0.0000026
16 -0.0000297 -0.0000267 0.0000000 0.0000000
18 -0.0000089 -0.0000082 0.0000000 0.0000000
20 -0.0000025 -0.0000023 0.0000000 0.0000000
22 -0.0000007 -0.0000006 0.0000000 0.0000000
24 -0.0000002 -0.0000001 0.0000000 0.0000000
Exact 6.6428848 3.7644642 2.3649165 1.2748930
Table Ed-3

Quadrature test for non-singular integration on an element employing a product quadrature
scheme based on (19) as described in the text. Each column lists the error in numerical
quadrature as a function of number of quadrature points N, Last row gives exact value of
integral. All integrals are of the form (22) for a mapped element with parameters (a, b, ¢) =
(2, 1, 1) representing a parallelogram with acute angle 1/4. Integrals I, and I, have parameters
&y Mo» ) = (0, 0, 10™*) representing a point above the element. I; and I, have parameters
&y Mo /) = (1.01, 1.01, 0) representing a point in the plane of the element beyond its border.

Integrand in 1, and I, has g = 1; integrand in I, and I, has integrand g(§,n) = cos’n&.



