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Mathematica program for degree two approximation

1 n = 5;
2 (* Nodal points *)
3 xy = {{0, 1, 7/5, 3/5, 0}, {0, 0, 3/5, 7/5, 1}}
4 uv = {{1/2, 12/10, 1, 3/10, 0}, {0, 3/10, 1, 12/10, 1/2}}
5 node = Transpose[xy]
6 (*Intermediate nodes*)
7 nod = Transpose[uv]
8 (*Linear forms*)
9 Intercept[{x1_,y1_},{x2_,y2_}] := {y2-y1, x1-x2, -x1*y2 + y1*x2}

10 nodesToIntercepts[p_?MatrixQ] := Thread[Intercept[p,RotateRight[p]]]
11 nodesToLines[p_, {x_,y_}] := -Dot[nodesToIntercepts[p], {x,y,1}]
12 lst = nodesToLines[nod, {x, y}];
13 ls = nodesToLines[node, {x, y}];
14 (* Formation of Degree two wedge functions *)
15 k = {k1, k2, k3, k4, k5, k6, k7, k8, k9, k10};
16 For[i = 1, i < 6, i++, m = Mod[i+2, 5];
17 If[m == 0, num[i] = k[[i]]*ls[[i+2]]*ls[[1]]*ls[[2]]*lst[[i]],
18 If[Mod[m + 2, 5] == 0,
19 num[i] = k[[i]]*ls[[m]]*ls[[m+1]]*ls[[5]]*lst[[i]],
20 num[i] = k[[i]]*ls[[m]]*ls[[m+1]]*ls[[Mod[m+2, 5]]]*lst[[i]]
21 ]
22 ]
23 ];
24 For[j = 6, j < 11, j++,
25 num[j] = (k[[j]]*num[j-5]*ls[[j-5]])/(k[[j-5]]*lst[[j-5]]);
26 ]
27 deno = Sum[num[i], {i, 10}]
28 L = Coefficient[deno, x, 4], Coefficient[deno, x^3*y, 1],
29 Coefficient[deno, x^2*y^2, 1], Coefficient[deno, x*y^2, 1],
30 Coefficient[deno, x^2*y, 1], Coefficient[deno, y^3, 1],
31 Coefficient[deno, xy^3, 1], Coefficient[deno, y^4, 1],
32 Coefficient[deno, x^3, 1]};
33 k1 := 1
34 Table[L[[i]] == 0, {i, 9}];
35 Solve[%, {k2, k3, k4, k5, k6, k7, k8, k9, k10}]
36 For[i = 1, i < 11, i++,
37 (Subscript[N, i]^2)[{x, y}] = Thread[Expand[num[i]]/deno] /. %]
38 (* Unknown Function f, to be approximated *)
39 ClearAll[f, x, y, i, j];
40 f[{x_, y_}] = Sin[x*y]
41 (* Coefficients *)
42 For[i = 1, i < 11, i++,
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43 If[i < 6, a[i] = f[node[[i]]],
44 If[Mod[i,5] == 0, a[i] = f[nod[[5]]], a[i] = f[nod[[Mod[i,5]]]]]
45 ]
46 ]
47 ClearAll[A1];
48 (* Approximation *)
49 A1 = Thread[Apart[Sum[a[i]*(Subscript[N,i]^2)[{x,y}], {i,1,10}]]]
50 (* Plot *)
51 Plot3D[A1, {x, y} 2 Polygon[node]]
52 g[{x_, y_}] = Simplify[Abs[A1 - f[{x, y}]]]
53 NIntegrate[g[{x, y}], {x, y} 2 Polygon[node]]
54 Plot3D[g[{x, y}], {x, y} 2 Polygon[node],
55 ColorFunction �! Function[{x, y, z}, Hue[z]]]
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