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1 using System;
2
3 namespace AtomicGroundStateEnergiesGaussian
4 A
5 class LithiumAtom
6 {
7 private Integration integ;
8 private double N;
9 private int Z;
10 public double integl, integ2, integ3;
11 public double integ4, integ5, integ6;
12 public double integ7, integ8, integ9;
13
14 public LithiumAtom()
15 {
16 integ = new Integration();
17 }
18
19 public double Psi(double[] x, double[] alpha)
20 {
21 double rl = Math.Sqrt(x[0] * x[@] + x[1] * x[1] + x[2] * x[2]);
22 double r2 = Math.Sqrt(x[3] * x[3] + x[4] * x[4] + x[5] * x[5]);
23 double r3 = Math.Sqrt(x[6] * x[6] + x[7] * x[7] + x[8] * x[8]);
24 double ri12 = Math.Sgrt(Math.Pow(x[@] - x[3], 2.0) +
25 Math.Pow(x[1] - x[4], 2.0) + Math.Pow(x[2] - x[5], 2.9));
26 double ri13 = Math.Sgrt(Math.Pow(x[@] - x[6], 2.0) +
27 Math.Pow(x[1] - x[7], 2.0) + Math.Pow(x[2] - x[8], 2.9));
28 double r23 = Math.Sgrt(Math.Pow(x[3] - x[6], 2.0) +
29 Math.Pow(x[4] - x[7], 2.0) + Math.Pow(x[5] - x[8], 2.9));
30 double expl = Math.Exp(-alpha[@] * rl1);
31 double exp2 = Math.Exp(-alpha[1l] * r2);
32 double exp3 = Math.Exp(-alpha[2] * r3);
33 double exp4 = Math.Exp(-alpha[3] * ri12);
34 double exp5 = Math.Exp(-alpha[4] * ri13);
35 double exp6 = Math.Exp(-alpha[5] * r23);
36
37 return expl * exp2 * exp3 * exp4 * exp5 * exp6;
38 }
39
40 public double Psi2(double[] x, double[] alpha)
41 {
42 double psi = Psi(x, alpha);
43
a4 return psi * psi;
45 }
46
47 public double Normalize(double[] alpha, int nSteps)
48 {
49 double[] lower = new double[9];
50 double[] upper = new double[9];
51 int[] steps = new int[9];

52
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lower[@] = O.

lower[1] =
lower[2] =
lower[3] =
lower[4] =
lower[5] =
lower[6] =
lower[7] =
lower[8] =

upper[@] = 10.
upper[1] = 10.
upper[2] = 10.
upper[3] = 10.
upper[4] = 10.
upper[5] = 10.
upper[6] = 10.
upper[7] = 10.
upper[8] = 10.

OO OO0

for (int i =
steps[i]

001;

.001;
.001;
.001;
.001;
.001;
.001;
.001;
.001;

0; i< 9; i++)
= nSteps;

double norm = Math.Sqrt(integ.Integrate(
lower, upper, alpha, Psi2, 9, steps));

return

}

public double

{
double

double
double
double

norm;

rl
r2
r3
rl2 =

Math.Pow(x[1] - x[4],

double

ri3

Math.Pow(x[1] - x[7],

double

r23

Math.Pow(x[4] - x[7],

double
double
double
double
double
double
double

return

}

term =
mull =
mul2 =
mul3 =
muld =
mul5 =
mulé =

Math.

Math.
Math.

Math

Math.
Math.

Integrandl(double[] x, double[] alpha)

Math.Sqrt(x[@] * x[0] + x[1] * x[1] + x[2]
Math.Sqrt(x[3] * x[3] + x[4] * x[4] + x[5]
Math.Sqrt(x[6] * x[6] + x[7] * x[7] + x[8]
Math.Sqrt(Math.

Pow(x[@] - x[3], 2.9) +

2.0) + Math.Pow(x[2] - x[5],

= Math.Sqrt(Math.

Pow(x[@] - x[6], 2.9) +

2.0) + Math.Pow(x[2] - x[8],

= Math.Sqrt(Math.
2.0) + Math.Pow(x[5] - x[8],
-2.0 * alpha[O] / rl + alpha[@] * alpha[@];
Exp(-2.
Exp(-2.
Exp(-2.
Exp(-2.
Exp(-2.
Exp(-2.

0

O OO0

Pow(x[3] - x[6], 2.9) +

* alpha[@] * ril);
alpha[1] * r2);
alpha[2] r3);
alpha[3] ri2);
alpha[4] ri3);
alpha[5] r23);

¥ ¥ ¥ ¥ ¥
* ¥ ¥ ¥

2.

x[2]);
x[51);
x[8]);

.0));
.0));

0));

N * N * term * mull * mul2 * mul3 * muld4 * mul5 * mulé;

public double Integrand2(double[] x, double[] alpha)
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{
double ri

double r2
double r3
double

rl2 = Math.Sqrt(Math.

Math.Pow(x[1] - x[4], 2.

double ri3 = Math.Sgrt(Math.

Math.Pow(x[1] - x[7], 2.

double r23 = Math.Sqgrt(Math.

Math.Pow(x[4] - x[7], 2.
-2.0 * alpha[1

double term =

Math.Sqrt(x[0] * x[0] + x[1] * x[1] + x[2] *
Math.Sqrt(x[3] * x[3] + x[4] * x[4] + x[5] *
Math.Sqrt(x[6] * x[6] + x[7] * x[7] + x[8] *

x[2]);
x[51);
x[8]);
Pow(x[@] - x[3], 2.9) +

0) + Math.Pow(x[2] - x[5], 2.0));
Pow(x[@] - x[6], 2.0) +

0) + Math.Pow(x[2] - x[8], 2.0));
Pow(x[3] - x[6], 2.9) +

0) + Math.Pow(x[5] - x[8], 2.0));

double
double
double
double
double
double

return

}

public double

{
double

double
double
double

double
double
double
double
double
double
double

return

}

public double

{
double

double
double
double

mull =
mul2 =
mul3 =
muld =
mul5 =
mulé =

Math.
Math.
Math.
Math.
Math.
Math.

Exp(-2.
Exp(-2.
Exp(-2.
Exp(-2.
Exp(-2.
Exp(-2.

0

OO0
* ¥ X ¥ ¥

alpha[@]

*

alpha[1] *

alpha[2]
alpha[3]
alpha[4]
alpha[5]

* ¥ ¥ ¥

1 / r2 + alpha[1] * alpha[1];
*

rl);
r2);
r3);
rl2);
ri3);
r23);

N * N * term * mull * mul2 * mul3 * muld4 * mul5 * mulé;

rl
r2
r3

rl2 = Math.Sqrt(Math.
Math.Pow(x[1] - x[4], 2.
double ri3 = Math.Sgrt(Math.
Math.Pow(x[1] - x[7], 2.
double r23 = Math.Sgrt(Math.
Math.Pow(x[4] - x[7], 2.

term =
mull =
mul2 =
mul3 =
muld =
mul5 =
mulé =

-2.0

Math.
Math.
Math.
Math.
Math.
Math.

Math.Sqrt(x[@] * x[@] + x[1] * x[1] + x[2]
Math.Sqrt(x[3] * x[3] + x[4] * x[4] + x[5]
Math.Sqrt(x[6] * x[6] + x[7] * x[7] + x[8]
Pow(x[@] - x[3], 2.0) +

0) + Math.Pow(x[2] - x[5], 2.0));
Pow(x[@] - x[6], 2.0) +

0) + Math.Pow(x[2] - x[8], 2.0));
Pow(x[3] - x[6], 2.9) +

0) + Math.Pow(x[5] - x[8], 2.0));

Integrand3(double[] x, double[] alpha)

* x[2]);
* x[5]);
* x[8]);

* alpha[2] / r3 + alpha[2] * alpha[2];

Exp(-2

.0 *
Exp(-2.
Exp(-2.
Exp(-2.
Exp(-2.
Exp(-2.

OO0
* ¥ X ¥ ¥

alpha[Q]
alpha[1]
alpha[2]
alpha[3]
alpha[4]
alpha[5]

*

* ¥ ¥ ¥ ¥

rl);
r2);
r3);
rl2);
ri3);
r23);

N * N * term * mull * mul2 * mul3 * muld4 * mul5 * mulé;

rl
r2
r3

Math.Sqrt(x[@] * x[@] + x[1] * x[1] + x[2]
Math.Sqrt(x[3] * x[3] + x[4] * x[4] + x[5]
Math.Sqrt(x[6] * x[6] + x[7] * x[7] + x[8]

Integrand4(double[] x, double[] alpha)

* x[2]);
* x[5]);
* x[8]);

rl2 = Math.Sqrt(Math.Pow(x[@] - x[3], 2.9) +
Math.Pow(x[1] - x[4], 2.0) + Math.Pow(x[2] - x[5], 2.9));

double ri13 = Math.Sgrt(Math.Pow(x[@] - x[6], 2.0) +
Math.Pow(x[1] - x[7], 2.0) + Math.Pow(x[2] - x[8], 2.9));
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157 double r23 = Math.Sgrt(Math.Pow(x[3] - x[6], 2.0) +

158 Math.Pow(x[4] - x[7], 2.0) + Math.Pow(x[5] - x[8], 2.9));
159 double term = 1.0 / ri;

160 double mull = Math.Exp(-2.0 * alpha[@] * rl);

161 double mul2 = Math.Exp(-2.0 * alpha[1l] * r2);

162 double mul3 = Math.Exp(-2.0 * alpha[2] * r3);

163 double muld4 = Math.Exp(-2.0 * alpha[3] * ri2);

164 double mul5 = Math.Exp(-2.0 * alpha[4] * ri13);

165 double mulé = Math.Exp(-2.0 * alpha[5] * r23);

166

167 return N * N * Z * term * mull * mul2 * mul3 * muld * mul5 * mul6;
168 }

169

170 public double Integrand5(double[] x, double[] alpha)

171 {

172 double rl = Math.Sqrt(x[0] * x[@] + x[1] * x[1] + x[2] * x[2]);

173 double r2 = Math.Sqrt(x[3] * x[3] + x[4] * x[4] + x[5] * x[5]);
174 double r3 = Math.Sqrt(x[6] * x[6] + x[7] * x[7] + x[8] * x[8]);
175 double ri12 = Math.Sgrt(Math.Pow(x[@] - x[3], 2.0) +

176 Math.Pow(x[1] - x[4], 2.0) + Math.Pow(x[2] - x[5], 2.9));
177 double ri3 = Math.Sgrt(Math.Pow(x[@] - x[6], 2.0) +

178 Math.Pow(x[1] - x[7], 2.0) + Math.Pow(x[2] - x[8], 2.9));
179 double r23 = Math.Sgrt(Math.Pow(x[3] - x[6], 2.0) +

180 Math.Pow(x[4] - x[7], 2.0) + Math.Pow(x[5] - x[8], 2.9));
181 double term = 1.0 / r2;

182 double mull = Math.Exp(-2.0 * alpha[@] * rl);

183 double mul2 = Math.Exp(-2.0 * alpha[1l] * r2);

184 double mul3 = Math.Exp(-2.0 * alpha[2] * r3);

185 double muld4 = Math.Exp(-2.0 * alpha[3] * ri2);

186 double mul5 = Math.Exp(-2.0 * alpha[4] * ri13);

187 double mulé = Math.Exp(-2.0 * alpha[5] * r23);

188

189 return N * N * Z * term * mull * mul2 * mul3 * muld * mul5 * mul6;
190 }

191

192 public double Integrand6(double[] x, double[] alpha)

193 {

194 double rl = Math.Sqrt(x[0] * x[@] + x[1] * x[1] + x[2] * x[2]);
195 double r2 = Math.Sqrt(x[3] * x[3] + x[4] * x[4] + x[5] * x[5]);
196 double r3 = Math.Sqrt(x[6] * x[6] + x[7] * x[7] + x[8] * x[8]);
197 double ri12 = Math.Sgrt(Math.Pow(x[@] - x[3], 2.0) +

198 Math.Pow(x[1] - x[4], 2.0) + Math.Pow(x[2] - x[5], 2.9));
199 double ri3 = Math.Sgrt(Math.Pow(x[@] - x[6], 2.0) +

200 Math.Pow(x[1] - x[7], 2.0) + Math.Pow(x[2] - x[8], 2.9));
201 double r23 = Math.Sgrt(Math.Pow(x[3] - x[6], 2.0) +

202 Math.Pow(x[4] - x[7], 2.0) + Math.Pow(x[5] - x[8], 2.9));
203 double term = 1.0 / r3;

204 double mull = Math.Exp(-2.0 * alpha[@] * rl);

205 double mul2 = Math.Exp(-2.0 * alpha[1l] * r2);

206 double mul3 = Math.Exp(-2.0 * alpha[2] * r3);

207 double muld = Math.Exp(-2.0 * alpha[3] * ri2);

208 double mul5 = Math.Exp(-2.0 * alpha[4] * ri13);
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}

double mulé = Math.Exp(-2.0 * alpha[5] * r23);

return N * N * Z * term * mull * mul2 * mul3 * muld * mul5 * mul6;

public double Integrand7(double[] x, double[] alpha)

{

}

double rl = Math.Sqrt(x[0] * x[@] + x[1] * x[1] + x[2] * x[2]);

double r2 = Math.Sqrt(x[3] * x[3] + x[4] * x[4] + x[5] * x[5]);

double ri12 = Math.Sgrt(Math.Pow(x[@] - x[3], 2.0) +
Math.Pow(x[1] - x[4], 2.0) + Math.Pow(x[2] - x[5], 2.9));

if (r12 == 0)
rl2 = 0.01;

double term
double mull
double mul2
double mul3

1.0 / ri12;

Math.Exp(-2.0 * alpha[@] * rl1);
Math.Exp(-2.0 * alpha[l] * r2);
Math.Exp(-2.0 * alpha[3] * ri12);

return N * N * term * mull * mul2 * mul3;

public double Integrand8(double[] x, double[] alpha)

{

}

double rl = Math.Sqrt(x[0] * x[@] + x[1] * x[1] + x[2] * x[2]);

double r3 = Math.Sqrt(x[6] * x[6] + x[7] * x[7] + x[8] * x[8]);

double ri3 = Math.Sgrt(Math.Pow(x[@] - x[6], 2.0) +
Math.Pow(x[1] - x[7], 2.0) + Math.Pow(x[2] - x[8], 2.9));

if (r13 == 9)
rl3 = 0.01;

double term
double mull
double mul2
double mul3

1.0 / ri3;

Math.Exp(-2.0 * alpha[@] * rl1);
Math.Exp(-2.0 * alpha[1l] * r3);
Math.Exp(-2.0 * alpha[4] * ri13);

return N * N * term * mull * mul2 * mul3;

public double Integrand9(double[] x, double[] alpha)

{

double r2 = Math.Sqrt(x[3] * x[3] + x[4] * x[4] + x[5] * x[5]);

double r3 = Math.Sqrt(x[6] * x[6] + x[7] * x[7] + x[8] * x[8]);

double r23 = Math.Sgrt(Math.Pow(x[3] - x[6], 2.0) +
Math.Pow(x[4] - x[7], 2.0) + Math.Pow(x[5] - x[8], 2.9));

if (r23 == 0)
r23 = 0.01;

double term = 1.0 / r23;
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301 }

double mull
double mul2
double mul3

Math.Exp(-2.0 * alpha[@] * r2);
Math.Exp(-2.0 * alpha[2] * r3);
Math.Exp(-2.0 * alpha[5] * r23);

return N * N * term * mull * mul2 * mul3;

double[] lower
double[] upper

lower[9]
0.001;
lower([6]
upper[0]
10.0;
upper[6]
steps[9]
nSteps;
steps[6]

N = Normalize(alpha, nSteps);

this.Z

integl
integ2
integ3
integ4d
integ5b
integb
integ7
integ8
integ9

double integrals

Z;

+integ.
+integ.
+integ.
-integ.
-integ.
-integ.
+integ.
+integ.
+integ.

integb +

beta * (integ7 + integ8 + integ9) / (N * N);

return integrals;

new double[9];
new double[9];
int[] steps = new int[9];

lower[1]

lower[7]
upper[1]

upper[7]
steps[1]

steps[7]

Integrate(lower,
Integrate(lower,
Integrate(lower,
Integrate(lower,
Integrate(lower,
Integrate(lower,
Integrate(lower,
Integrate(lower,
Integrate(lower,

lower([3]

0.001;

upper[3]

10.0;

steps[3]

nSteps;

upper,
upper,
upper,
upper,
upper,
upper,
upper,
upper,
upper,

alpha,
alpha,
alpha,
alpha,
alpha,
alpha,
alpha,
alpha,
alpha,

lower[4] lower[5]

upper[4] upper[5]

steps[4]

steps[5]

Integrandl,
Integrand2,
Integrand3,
Integrand4,
Integrand5,
Integrand6,
Integrand7,
Integrand8,
Integrand9,

L e S O ™Y

O OV OV OV LV W VW WV L

-

public double Energy(double[] alpha, double beta, int nSteps, int Z)

steps);
steps);
steps);
steps);
steps);
steps);
steps);
steps);
steps);

integl + integ2 + integ3 + integd4 + integ5 +



