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using System;

namespace AtomicGroundStateEnergiesGaussian

{

class BerylliumAtom

{

private Integration integ;
private double N;
private int Z;

public double integl, integ2, integ3;
public double integ4, integ5, integé6;
public double integ7, integ8, integ9;
public double integA, integB, integC;
public double integD, integk;
public BerylliumAtom()
{
integ = new Integration();
}
public double Psi(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 r3 = Math.Sqrt(x[6] * x[6] + x[7] * x[7] + x[8] * x[8]);
double r4 = Math.Sqrt(x[9] * x[9] + x[10] * x[10] + x[11] * x[11]);
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));
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));
double ri4 = Math.Sgrt(Math.Pow(x[@] - x[9], 2.0) +
Math.Pow(x[1] - x[10], 2.0) + Math.Pow(x[2] - x[11], 2.0));
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));
double r24 = Math.Sgrt(Math.Pow(x[3] - x[9], 2.0) +
Math.Pow(x[4] - x[10], 2.0) + Math.Pow(x[5] - x[11], 2.0));
double r34 = Math.Sgrt(Math.Pow(x[6] - x[9], 2.0) +
Math.Pow(x[7] - x[10], 2.0) + Math.Pow(x[8] - x[11], 2.0));
double expl = Math.Exp(-alpha[@] * rl1);
double exp2 = Math.Exp(-alpha[1l] * r2);
double exp3 = Math.Exp(-alpha[2] * r2);
double exp4 = Math.Exp(-alpha[3] * ri12);
double exp5 = Math.Exp(-alpha[4] * ri13);
double exp6 = Math.Exp(-alpha[4] * ril4);
double exp7 = Math.Exp(-alpha[4] * r23);
double exp8 = Math.Exp(-alpha[4] * r24);
double exp9 = Math.Exp(-alpha[4] * r34);
return expl * exp2 * exp3 * expd * exp5 *
exp6 * exp7 * exp8 * exp9;
}

public double Psi2(double[] x, double[] alpha)
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{

}

double ps

i

Psi(x, alpha);

return psi * psi;

public double Normalize(double[] alpha, int nSteps)

{

}

double[] lower = new double[12];
double[] upper = new double[12];
int[] steps =

lower[0] = ©
lower[1l] = ©
lower[2] = ©
lower[3] = ©
lower[4] = ©
lower[5] = ©
lower[6] = ©
lower[7] = ©
lower[8] = ©
lower[9] = ©
lower[10] = ©
lower[11] = ©
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.
upper[9] = 10.
upper[10] = 1
upper[11] =1
for (int i =
steps[i]

new int[12];

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

.001;
.001;

)

)

-

(%]
(%]
(%]
0;
.0;
(%]
(%]
0
0
0

-

)

)

-

5
0.0;
0.0;

)

0; i< 12; i++)
= nSteps;

double norm = Math.Sqrt(integ.Integrate(
lower, upper, alpha, Psi2, 12, steps));

return norm;

public double

{

double ri
double r2
double r3

Int

M
M
M

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

ath.Sqrt(x[0] * x[@] + x[1] * x[1] + x[2] * x[2]);
ath.Sqrt(x[3] * x[3] + x[4] * x[4] + x[5] * x[5]);
ath.Sqgrt(x[6] * x[6] + x[7] * x[7] + x[8] * x[8]);
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double r4 = Math.S
double ri12 = Math.
Math.Pow(x[1]
double ri13 = Math.
Math.Pow(x[1]
double ri14 = Math
Math.Pow(x[1]
double r23 = Math.
Math.Pow(x[4]
double r24 = Math.
Math.Pow(x[4]
double r34 = Math
Math.Pow(x[7]
double term = -2.0
double expl = Math
double exp2 = Math
double exp3 = Math
double exp4 = Math
double exp5 = Math
double exp6 = Math
double exp7 = Math
double exp8 = Math
double exp9 = Math
double expA = Math

return N * N * ter
exp6 * exp7 *

public double Integran

{

double r1 = Math.S
double r2 = Math.S
double r3 = Math.S
double r4 = Math.S

double rl12 = Math
Math.Pow(x[1]
double ri13 = Math.
Math.Pow(x[1]
double ri4 = Math.
Math.Pow(x[1]
double r23 = Math
Math.Pow(x[4]
double r24 = Math.
Math.Pow(x[4]
double r34 = Math.
Math.Pow(x[7]
double term = -2.0
double expl = Math
double exp2 = Math
double exp3 = Math
double exp4 = Math

grt(x[9] * x[9] + x[10] * x[10] + x[11] * x[11]);
Sgrt(Math.Pow(x[@] - x[3], 2.0) +

- x[4], 2.9) + Math.Pow(x[2] - x[5], 2.9));
Sgrt(Math.Pow(x[@] - x[6], 2.0) +

- x[7], 2.9) + Math.Pow(x[2] - x[8], 2.9));

.Sgrt(Math.Pow(x[@] - x[9], 2.0) +

- x[10], 2.0) + Math.Pow(x[2] - x[11], 2.9));
Sgrt(Math.Pow(x[3] - x[6], 2.0) +

- x[7], 2.9) + Math.Pow(x[5] - x[8], 2.9));
Sgrt(Math.Pow(x[3] - x[9], 2.0) +

- x[10], 2.0) + Math.Pow(x[5] - x[11], 2.9));

.Sgrt(Math.Pow(x[6] - x[9], 2.0) +

- x[10], 2.0) + Math.Pow(x[8] - x[11], 2.9));
* alpha[@] / rl1 + alpha[@] * alpha[@];
*

.Exp(-2.0 * alpha[9] rl);
.Exp(-2.0 * alpha[l] * r2);
.Exp(-2.0 * alpha[2] * r3);
.Exp(-2.0 * alpha[3] * r4);
.Exp(-2.0 * alpha[4] * ri12);
.Exp(-2.0 * alpha[5] * ri13);
.Exp(-2.0 * alpha[6] * ri14);
.Exp(-2.0 * alpha[7] * r23);
.Exp(-2.0 * alpha[8] * r24);
.Exp(-2.0 * alpha[9] * r34);

m * expl * exp2 * exp3 * exp4d * exp5 *
exp8 * exp9 * expA;

d2(double[] x, double[] alpha)

grt(x[e] * x[@e] + x[1] * x[1] + x[2] * x[2]);
grt(x[3] * x[3] + x[4] * x[4] + x[5] * x[5]);
grt(x[6] * x[6] + x[7] * x[7] + x[8] * x[8]);
grt(x[9] * x[9] + x[10] * x[10] + x[11] * x[11]);

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

- x[4], 2.9) + Math.Pow(x[2] - x[5], 2.9));
Sgrt(Math.Pow(x[@] - x[6], 2.0) +

- x[7], 2.9) + Math.Pow(x[2] - x[8], 2.9));
Sgrt(Math.Pow(x[@] - x[9], 2.0) +

- x[10], 2.0) + Math.Pow(x[2] - x[11], 2.9));

.Sgrt(Math.Pow(x[3] - x[6], 2.0) +

- x[7], 2.9) + Math.Pow(x[5] - x[8], 2.9));

Sgrt(Math.Pow(x[3] - x[9], 2.0) +

- x[10], 2.0) + Math.Pow(x[5] - x[11], 2.9));

Sgrt(Math.Pow(x[6] - x[9], 2.0) +

- x[10], 2.0) + Math.Pow(x[8] - x[11], 2.9));
* alpha[1l] / rl1 + alpha[1] * alpha[1l];
.Exp(-2.0 * alpha[@] * rl1);

.Exp(-2.0 * alpha[l] * r2);
.Exp(-2.0 * alpha[2] * r3);
.Exp(-2.0 * alpha[3] * r4);
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}

double exp5 = Math
double exp6 = Math
double exp7 = Math
double exp8 = Math
double exp9 = Math
double expA = Math

return N * N * ter
exp6 * exp7 *

public double Integran

{

}

double r1 = Math.S
double r2 = Math.S
double r3 = Math.S
double r4 = Math.S

double ri12 = Math
Math.Pow(x[1]
double ri13 = Math.
Math.Pow(x[1]
double ri14 = Math.
Math.Pow(x[1]
double r23 = Math
Math.Pow(x[4]
double r24 = Math.
Math.Pow(x[4]
double r34 = Math.
Math.Pow(x[7]
double term = -2.0
double expl = Math
double exp2 = Math
double exp3 = Math
double exp4 = Math
double exp5 = Math
double exp6 = Math
double exp7 = Math
double exp8 = Math
double exp9 = Math
double expA = Math

return N * N * ter
exp6 * exp7 *

public double Integran

{

double r1 = Math.S
double r2 = Math.S
double r3 = Math.S
double r4 = Math.S

double r12 = Math.

.Exp(-2.0 * alpha[4] * ri12);
.Exp(-2.0 * alpha[5] * ri13);
.Exp(-2.0 * alpha[6] * ri14);
.Exp(-2.0 * alpha[7] * r23);
.Exp(-2.0 * alpha[8] * r24);
.Exp(-2.0 * alpha[9] * r34);

m * expl * exp2 * exp3 * exp4d * exp5 *
exp8 * exp9 * expA;

d3(double[] x, double[] alpha)

grt(x[e] * x[e] + x[1] * x[1] + x[2] * x[2]);
grt(x[3] * x[3] + x[4] * x[4] + x[5] * x[5]);
grt(x[6] * x[6] + x[7] * x[7] + x[8] * x[8]);
grt(x[9] * x[9] + x[10] * x[10] + x[11] * x[11]);

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

- x[4], 2.9) + Math.Pow(x[2] - x[5], 2.9));
Sgrt(Math.Pow(x[@] - x[6], 2.0) +

- x[7], 2.9) + Math.Pow(x[2] - x[8], 2.9));
Sgrt(Math.Pow(x[@] - x[9], 2.0) +

- x[10], 2.0) + Math.Pow(x[2] - x[11], 2.9));

.Sgrt(Math.Pow(x[3] - x[6], 2.0) +

- x[7], 2.9) + Math.Pow(x[5] - x[8], 2.9));

Sgrt(Math.Pow(x[3] - x[9], 2.0) +

- x[10], 2.09) + Math.Pow(x[5] - x[11], 2.9));

Sgrt(Math.Pow(x[6] - x[9], 2.0) +

- x[10], 2.0) + Math.Pow(x[8] - x[11], 2.9));
* alpha[2] / rl1 + alpha[2] * alpha[2];

.Exp(-2.0 * alpha[@] * rl1);
.Exp(-2.0 * alpha[l] * r2);
.Exp(-2.0 * alpha[2] * r3);
.Exp(-2.0 * alpha[3] * r4);
.Exp(-2.0 * alpha[4] * ri12);
.Exp(-2.0 * alpha[5] * ri13);
.Exp(-2.0 * alpha[6] * ri14);
.Exp(-2.0 * alpha[7] * r23);
.Exp(-2.0 * alpha[8] * r24);
.Exp(-2.0 * alpha[9] * r34);

m * expl * exp2 * exp3 * exp4d * exp5 *
exp8 * exp9 * expA;
d4(double[] x, double[] alpha)

art(x[e] * x[e]
art(x[3] * x[3]

x[1] * x[1] + x[2] * x[2]);
x[4] * x[4] + x[5] * x[5]);
art(x[6] * x[6] + x[7] * x[7] + x[8] * x[8]);
grt(x[9] * x[9] + x[10] * x[10] + x[11] * x[11]);
Sgrt(Math.Pow(x[@] - x[3], 2.0) +

+ + + +
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Math.Pow(x[1]
double ri13 = Math.
Math.Pow(x[1]
double ri14 = Math.
Math.Pow(x[1]
double r23 = Math.
Math.Pow(x[4]
double r24 = Math.
Math.Pow(x[4]
double r34 = Math.
Math.Pow(x[7]
double term = -2.0
double expl = Math
double exp2 = Math
double exp3 = Math
double exp4 = Math
double exp5 = Math
double exp6 = Math
double exp7 = Math
double exp8 = Math
double exp9 = Math
double expA = Math

return N * N * ter
exp6 * exp7 *

public double Integran

{

double r1 = Math.S
double r2 = Math.S
double r3 = Math.S
double r4 = Math.S

double ri12 = Math.
Math.Pow(x[1]
double ri13 = Math
Math.Pow(x[1]
double ri14 = Math.
Math.Pow(x[1]
double r23 = Math.
Math.Pow(x[4]
double r24 = Math
Math.Pow(x[4]
double r34 = Math.
Math.Pow(x[7]
double term = 1.0
double expl = Math
double exp2 = Math
double exp3 = Math
double exp4 = Math
double exp5 = Math
double exp6 = Math

- x[4], 2.9) + Math.Pow(x[2] - x[5], 2.9));

Sgrt(Math.Pow(x[@] - x[6], 2.0) +

- x[7], 2.9) + Math.Pow(x[2] - x[8], 2.9));

Sgrt(Math.Pow(x[@] - x[9], 2.0) +

- x[10], 2.0) + Math.Pow(x[2] - x[11], 2.9));

Sgrt(Math.Pow(x[3] - x[6], 2.0) +

- x[7], 2.9) + Math.Pow(x[5] - x[8], 2.9));

Sgrt(Math.Pow(x[3] - x[9], 2.0) +

- x[10], 2.09) + Math.Pow(x[5] - x[11], 2.9));

Sgrt(Math.Pow(x[6] - x[9], 2.0) +

- x[10], 2.0) + Math.Pow(x[8] - x[11], 2.9));
* alpha[3] / rl1 + alpha[3] * alpha[3];
.Exp(-2.0 * alpha[@] * rl1);

.Exp(-2.0 * alpha[l] * r2);
.Exp(-2.0 * alpha[2] * r3);
.Exp(-2.0 * alpha[3] * r4);
.Exp(-2.0 * alpha[4] * ri12);
.Exp(-2.0 * alpha[5] * ri13);
.Exp(-2.0 * alpha[6] * ri14);
.Exp(-2.0 * alpha[7] * r23);
.Exp(-2.0 * alpha[8] * r24);
.Exp(-2.0 * alpha[9] * r34);

m * expl * exp2 * exp3 * exp4d * exp5 *
exp8 * exp9 * expA;

d5(double[] x, double[] alpha)

grt(x[e] * x[@e] + x[1] * x[1] + x[2] * x[2]);
grt(x[3] * x[3] + x[4] * x[4] + x[5] * x[5]);
grt(x[6] * x[6] + x[7] * x[7] + x[8] * x[8]);
grt(x[9] * x[9] + x[10] * x[10] + x[11] * x[11]);

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

.Sgrt(Math.Pow(x[@] - x[6], 2.0) +

- x[7], 2.9) + Math.Pow(x[2] - x[8], 2.9));
Sgrt(Math.Pow(x[@] - x[9], 2.0) +

- x[10], 2.0) + Math.Pow(x[2] - x[11], 2.9));
Sgrt(Math.Pow(x[3] - x[6], 2.0) +

- x[7], 2.9) + Math.Pow(x[5] - x[8], 2.9));

.Sgrt(Math.Pow(x[3] - x[9], 2.9) +

- x[10], 2.0) + Math.Pow(x[5] - x[11], 2.9));
Sgrt(Math.Pow(x[6] - x[9], 2.0) +

- x[10], 2.0) + Math.Pow(x[8] - x[11], 2.9));
/ ri;

.Exp(-2.0 * alpha[@] * rl1);
.Exp(-2.0 * alpha[l] * r2);
.Exp(-2.0 * alpha[2] * r3);
.Exp(-2.0 * alpha[3] * r4);
.Exp(-2.0 * alpha[4] * ri12);
.Exp(-2.0 * alpha[5] * ri13);
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public double

{

}

public double

{

double
double
double
double

exp7
exp8
exp9
expA

Math.Exp(-2.0
Math.Exp(-2.0
Math.Exp(-2.0

Math.Exp(-2.0 *

*

alpha[6]
alpha[7]
alpha[8]
alpha[9]

*

*
*
*

return N * N * term * expl * exp2 * exp3
exp6 * exp7 * exp8 * exp9 * expA;

double
double
double
double
double

double
double
double
double
double
double
double
double
double
double
double

rl
r2
r3
rd4

rl2 =
Math.Pow(x[1]
double ri3 = Math
Math.Pow(x[1]
double ri4 = Math.
Math.Pow(x[1]
double r23 = Math.
Math.Pow(x[4]
double r24 = Math

Math.Sqrt(x[0] *
Math.Sqrt(x[3] *
Math.Sqrt(x[6] *
Math.Sqrt(x[9] *
Math.

x[0]
x[3]
x[6]

+
+
+

x[9] +

ril4);
r23);
r24);
r34);

* expsd *

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

x[1] * x[1] +
x[4] * x[4] +
x[7] * x[7] +
x[10] * x[1e] + x[11] * x[11]);
Sgrt(Math.Pow(x[@] - x[3], 2.0) +

- x[4], 2.9) + Math.Pow(x[2] - x[5], 2.9));
.Sgrt(Math.Pow(x[@] - x[6], 2.0) +

- x[7], 2.9) + Math.Pow(x[2] - x[8], 2.9));
Sgrt(Math.Pow(x[@] - x[9], 2.0) +

- x[10], 2.0) + Math.Pow(x[2] - x[11], 2.9));
Sgrt(Math.Pow(x[3] - x[6], 2.0) +

- x[7], 2.9) + Math.Pow(x[5] - x[8], 2.9));

exp5 *

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

x[11], 2.0));
+
x[11], 2.0));

.Sgrt(Math.Pow(x[3] - x[9], 2.0) +
Math.Pow(x[4] - x[10], 2.0) + Math.Pow(x[5] -
double r34 = Math.Sqrt(Math.Pow(x[6] - x[9], 2.0)
Math.Pow(x[7] - x[10], 2.0) + Math.Pow(x[8] -
term = 1.0 / r2;
expl = Math.Exp(-2.0 * alpha[@] * rl);
exp2 = Math.Exp(-2.0 * alpha[l] * r2);
exp3 = Math.Exp(-2.0 * alpha[2] * r3);
exp4d = Math.Exp(-2.0 * alpha[3] * r4);
exp5 = Math.Exp(-2.0 * alpha[4] * ri12);
exp6 = Math.Exp(-2.0 * alpha[5] * ri13);
exp7 = Math.Exp(-2.0 * alpha[6] * ri4);
exp8 = Math.Exp(-2.0 * alpha[7] * r23);
exp9 = Math.Exp(-2.0 * alpha[8] * r24);
expA = Math.Exp(-2.0 * alpha[9] * r34);
N * N * term * expl * exp2 * exp3 * expd *

return

exp6 * exp7 * exp8 * exp9 * expA;

double
double
double
double
double

rl
r2
r3
rd4

Math.Sqrt(x[0]
Math.Sqrt(x[3]
Math.Sqrt(x[6]

*
*
*
Math.Sqrt(x[9] *

x[0]
x[3]
x[6]

+
+
+

x[9] +

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

x[1] * x[1] +
x[4] * x[4] +
x[7] * x[7] +
x[10] * x[1e] + x[11] * x[11]);

exp5 *

x[2] * x[2]);
x[5] * x[5]);
x[8] * 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) +
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public double

{

Math.Pow(x[1] - x[7], 2.0) + Math.Pow(x[2] - x[8], 2.9));
double ri4 = Math.Sgrt(Math.Pow(x[@] - x[9], 2.0) +

Math.Pow(x[1] - x[10], 2.0) + Math.Pow(x[2] - x[11], 2.0));
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));
double r24 = Math.Sqrt(Math.Pow(x[3] -

Math.Pow(x[4] - x[10], 2.0) + Math.

double r34 = Math.Sqrt(Math.Pow(x[6] -

Math.Pow(x[7] - x[10], 2.0) + Math.

double term = 1.0 / r3;

double expl = Math.Exp(-2.
double exp2 = Math.Exp(-2.
double exp3 = Math.Exp(-2.
double exp4 = Math.Exp(-2.
double exp5 = Math.Exp(-2.
double exp6 = Math.Exp(-2.
double exp7 = Math.Exp(-2.
double exp8 = Math.Exp(-2.
double exp9 = Math.Exp(-2.
double expA = Math.Exp(-2.

OO OO0

¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥

alpha[@]
alpha[1]
alpha[2]
alpha[3]
alpha[4]
alpha[5]
alpha[6]
alpha[7]
alpha[8]
alpha[9]

x[9], 2.0) +
Pow(x[5] -
x[9], 2.0)
Pow(x[8] -

¥ ¥ ¥ ¥ X ¥ ¥ ¥ ¥ ¥

return N * N * term * expl * exp2 * exp3
exp6 * exp7 * exp8 * exp9 * expA;

double ri1
double r2
double r3
double r4
double

Math.Pow(x[1]

double ri13 = Math.

Math.Pow(x[1]
double ri14 = Math
Math.Pow(x[1]

double r23 = Math.

Math.Pow(x[4]

double r24 = Math.

Math.Pow(x[4]
double r34 = Math

double term = 1.0 / r4;

double expl = Math.Exp(-2.
double exp2 = Math.Exp(-2.
double exp3 = Math.Exp(-2.
double exp4 = Math.Exp(-2.
double exp5 = Math.Exp(-2.
double exp6 = Math.Exp(-2.
double exp7 = Math.Exp(-2.
double exp8 = Math.Exp(-2.

Math.Sqrt(x[0]
Math.Sqrt(x[3]
Math.Sqrt(x[6]
Math.Sqrt(x[9]
rl2 = Math.

*
*
*
*

x[e]
x[3]
x[6]
x[9]

+ + + +

rl);
r2);
r3);
rd);
rl2);
ri3);
ril4);
r23);
r24);
r34);

* expsd *

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

x[1] * x[1] +
x[4] * x[4] +
x[7] * x[7] +
x[10] * x[1e] + x[11] * x[11]);

x[11], 2.0));
+
x[11], 2.0));

exp5 *

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

Sgrt(Math.Pow(x[@] - x[3], 2.0) +
- x[4], 2.9) + Math.Pow(x[2] - x[5], 2.9));
Sgrt(Math.Pow(x[@] - x[6], 2.0) +
- x[7], 2.9) + Math.Pow(x[2] - x[8], 2.9));

.Sgrt(Math.Pow(x[@] - x[9], 2.0) +

- x[10], 2.0) + Math.Pow(x[2] - x[11], 2.9));
Sgrt(Math.Pow(x[3] - x[6], 2.0) +

- x[7], 2.9) + Math.Pow(x[5] - x[8], 2.9));
Sgrt(Math.Pow(x[3] -

- x[1e], 2.0) + Math.
.Sgrt(Math.Pow(x[6] -
Math.Pow(x[7] - x[10], 2.0) + Math.

OO OO0

*
*
*
*
*
*
*
*

alpha[Q]
alpha[1]
alpha[2]
alpha[3]
alpha[4]
alpha[5]
alpha[6]
alpha[7]

x[9], 2.0) +
Pow(x[5] - x[11], 2.9));
x[9], 2.0) +
Pow(x[8] - x[11], 2.9));

*
*
*
*
*
*
*
*

rl);
r2);
r3);
rd);
ri2);
ri3);
rild);
r23);
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365
366
367
368
369
370
371
372
373
374
375
376
377
378
379
380
381
382
383
384
385
386
387
388
389
390
391
392
393
394
395
396
397
398
399
400
401
402
403
404
405
406
407
408
409
410
411
412
413
414
415
416

double exp9 = Math.Exp(-2.0 * alpha[8] * r24);
double expA = Math.Exp(-2.0 * alpha[9] * r34);

return N * N * term * expl * exp2 * exp3 * exp4 * exp5 *
exp6 * exp7 * exp8 * exp9 * expA;

}

public double Integrand9(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 IntegrandA(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[3] * ri13);

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

}

public double IntegrandB(double[] x, double[] alpha)
{
double rl = Math.Sqrt(x[0] * x[@] + x[1] * x[1] + x[2] * x[2]);
double r4 = Math.Sqrt(x[9] * x[9] + x[10] * x[10] + x[11] * x[11]);
double ri4 = Math.Sgrt(Math.Pow(x[@] - x[9], 2.0) +
Math.Pow(x[1] - x[10], 2.0) + Math.Pow(x[2] - x[11], 2.0));

if (r14 == 9)
rl4 = 0.01;
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}

double term
double mull
double mul2
double mul3

1.0 / ri4;

Math.Exp(-2.0 * alpha[@] * rl1);
Math.Exp(-2.0 * alpha[l] * r4);
Math.Exp(-2.0 * alpha[3] * ri14);

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

public double IntegrandC(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
double mull
double mul2
double mul3

1.0 / r23;

Math.Exp(-2.0 * alpha[@] * r2);
Math.Exp(-2.0 * alpha[1l] * r3);
Math.Exp(-2.0 * alpha[3] * r23);

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

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

{

}

double r2 = Math.Sqrt(x[3] * x[3] + x[4] * x[4] + x[5] * x[5]);
double r4 = Math.Sqrt(x[9] * x[9] + x[10] * x[10] + x[11] * x[11]);
double r24 = Math.Sgrt(Math.Pow(x[3] - x[9], 2.0) +

Math.Pow(x[4] - x[10], 2.0) + Math.Pow(x[5] - x[11], 2.0));

if (r24 == 0)
r24 = 0.01;

double term
double mull
double mul2
double mul3

1.0 / r24;

Math.Exp(-2.0 * alpha[@] * r2);
Math.Exp(-2.0 * alpha[l] * r4);
Math.Exp(-2.0 * alpha[3] * r24);

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

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

{

double r3 = Math.Sqrt(x[6] * x[6] + x[7] * x[7] + x[8] * x[8]);
double r4 = Math.Sqrt(x[9] * x[9] + x[10] * x[10] + x[11] * x[11]);
double r34 = Math.Sgrt(Math.Pow(x[6] - x[9], 2.0) +

Math.Pow(x[7] - x[10], 2.0) + Math.Pow(x[8] - x[11], 2.0));
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469 if (r34 == 0)

470 r34 = 0.01;

471

472 double term = 1.0 / r34;

473 double mull = Math.Exp(-2.0 * alpha[@] * r3);

474 double mul2 = Math.Exp(-2.0 * alpha[1l] * r4);

475 double mul3 = Math.Exp(-2.0 * alpha[3] * r34);

476

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

478 }

479

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

481 {

482 double[] lower = new double[12];

483 double[] upper = new double[12];

484 int[] steps = new int[12];

485

486 lower[@] = lower[1] = lower[2] = lower[3] = lower[4] = lower[5] =
0.001;

487 lower[6] = lower[7] = lower[8] = lower[9] = lower[10] = lower[11]
0.001;

488 upper[@] = upper[1] = upper[2] = upper[3] = upper[4] = upper[5] =
10.0;

489 upper[6] = upper[7] = upper[8] = upper[9] = upper[10] = upper[11]
10.0;

490 steps[@] = steps[1] = steps[2] = steps[3] = steps[4] = steps[5] =
nSteps;

491 steps[6] = steps[7] = steps[8] = steps[9] = steps[10] = steps[11]
nSteps;

492

493 N = Normalize(alpha, nSteps);

494

495 this.z = Z;

496

497 integl = +integ.Integrate(lower, upper, alpha, Integrandl, 12,
steps);

498 integ2 = +integ.Integrate(lower, upper, alpha, Integrand2, 12,
steps);

499 integ3 = +integ.Integrate(lower, upper, alpha, Integrand3, 12,
steps);

500 integ4 = +integ.Integrate(lower, upper, alpha, Integrand4, 12,
steps);

501 integ5 = -integ.Integrate(lower, upper, alpha, Integrand5, 12,
steps);

502 integ6 = -integ.Integrate(lower, upper, alpha, Integrandé6, 12,
steps);

503 integ7 = -integ.Integrate(lower, upper, alpha, Integrand7, 12,
steps);

504 integ8 = -integ.Integrate(lower, upper, alpha, Integrand8, 12,
steps);

505 integ9 = +integ.Integrate(lower, upper, alpha, Integrand9, 12,

steps);
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506 integA = +integ.Integrate(lower, upper, alpha, IntegrandA, 12, ?
steps);

507 integB = +integ.Integrate(lower, upper, alpha, IntegrandB, 12, ?
steps);

508 integC = +integ.Integrate(lower, upper, alpha, IntegrandC, 12, ?
steps);

509 integD = +integ.Integrate(lower, upper, alpha, IntegrandD, 12, ?
steps);

510 integE = +integ.Integrate(lower, upper, alpha, IntegrandE, 12, ?
steps);

511

512 return (integl + integ2 + integ3 + integd4 + integ5 + integ6 + integ7

513 + integ8 + beta * (integ9 + integA + integB + integC)) / (N * N);

514

515

516 }



