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// HFIntegrals1s.cpp (c) Sunday, October 27, 2024
// by James Pate Williams, Jr., BA, BS, MSWE, PhD
// Functions OverlapAB, KineticEnergyAB,
// NuclearAttractionAB, ElectronRepulsionABCD
// created from formulas in Appendix A of
// "Modern Quantum Chemistry Intrduction to
// Advanced Electronic Structure Theory" (c) 1996
// by Attila Szabo and Neil S. Ostlund
// Functions ERF, S, T, V, TwoE, translated from
// FORTRAN source code in Appendix B of above
// Functions ErrorFunction, nonexperfc are from
// "A Numerical Library in C for Scientists and
// Engineers" (c) 1996 by H. T. Lau, PhD
#include <stdio.h>
#include <fstream>
#include <iostream>
using namespace std;
// global character buffers
char buffer[16384] = { }, line[128] = { };
double fcoeff[4][4] =
{ { 0.0, 0.0, 0.0, 0.0 },
 { 0.0, 1.0, 0.0, 0.0},
 { 0.0, 0.678914, 0.430129, 0.0 },
 { 0.0, 0.444635, 0.535328, 0.154329 } };
double fexpon[4][4] =
{ { 0.0, 0.0, 0.0, 0.0 },
 { 0.0, 0.270950, 0.0, 0.0},
 { 0.0, 0.151623, 0.851819, 0.0 },
 { 0.0, 0.109818, 0.406771, 2.22766 } };
double coeffm[4][4], exponm[4][4];
// Euclidean distance norm_2
double Rab(double Ra[], double Rb[]) {
 double delta1 = Ra[0] - Rb[0];
 double delta2 = Ra[1] - Rb[1];
 double delta3 = Ra[2] - Rb[2];
 double norm_2 = sqrt(
  delta1 * delta1 +
  delta2 * delta2 +
  delta3 * delta3);
 return norm_2;
}
// Gaussian Type Orbital 1s overlap integral
// Appendix B translation from FORTRAN
double S(double a, double b, double rab2)
{
 // Calculates overlaps for unnormalized
 // Gaussian primitives
 double pi = 4.0 * atan(1.0);
 long double s = pow(pi / (a + b), 1.5);
 return s * exp(-a * b * rab2 / (a + b));
}
// Appendix B translation of FORTRAN
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double T(double a, double b, double rab2)
{
 // Calculates the kinetic energy for
 // unnormalized Gaussian primitives
 double pi = 4.0 * atan(1.0);
 double t = a * b / (a + b);
 double u = 3.0 - 2.0 * a * b * rab2 / (a + b);
 double v = pow(pi / (a + b), 1.5);
 double w = exp(-a * b * rab2 / (a + b));
 return t * u * v * w;
}
// Appendix B translation
double ERF(long double arg)
{
 // Calculates the error function according
 // to a rational approximation from M.
 // Abramowitz and I. A. Stegun
 // Handbook of Mathematical Functions, Dover
 // Absolute error is less than 1.5*10^-7
 // Can be replaced by a built-in function
 // on some machines
 long double p = 0.3276911;
 long double a[] = {
  0.0,
  0.254829592, -0.284496736,
  1.421413741, -1.453152027,
  1.061405429 };
 long double t = 1.0 / (1.0 + p * arg);
 long double tn = t;
 long double poly = a[1] * tn;

 for (int i = 2; i <= 5; i++)
 {
  tn *= t;
  poly = poly + a[i] * tn;
 }

 return 1.0 - poly * exp(-arg * arg);
}
// Appendix B translation
double F0A(double arg)
{
 // Calculates the F function
 // F0 only (S-type orbitals)

 double f0 = 0.0;
 double pi = 4.0 * atan(1.0);

 if (arg < 1.0e-6)
  goto Label10;

 // F0 in terms of the error function
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 f0 = sqrt(pi / arg) * ERF(sqrt(arg)) / 2.0;
 goto Label20;

Label10:

 f0 = 1.0 - arg / 3.0;

Label20:

 return f0;
}
// Appendix B translation
double V(double a, double b, double rab2,
 double rcp2, double zc)
{
 // Calculates unnormalized nuclear
 // attraction integrals
 double pi = 4.0 * atan(1.0);
 double u = 2.0 * pi / (a + b);
 double v = F0A((a + b) * rcp2);
 double w = exp(-a * b * rab2 / (a + b));
 return -u * v * w * zc;
}
// Appendix B translation
double TwoE(
 double a, double b, double c, double d,
 double rab2, double rcd2, double rpq2)
{
 // Calculates two electron integrals for
 // unnormalized primitives a, b, c, d are
 // exponents etc. rab2 is the distance
 // from center A to center B, etc.
 double pi = 4.0 * atan(1.0);
 double twoE1 = 2.0 * pow(pi, 2.5);
 double twoE2 = (a + b) * (c + d);
 double twoE3 = sqrt(a + b + c + d);
 double twoE4 = F0A(twoE2 * rpq2 /
  (a + b + c + d));
 double twoE5 = exp(-a * b * rab2 / (a + b) -
  c * d * rcd2 / (c + d));
 return twoE1 / (twoE2 * twoE3) * twoE4 * twoE5;
}
// from Appendix A in textbook
double OverlapAB(
 double Ra[], double Rb[],
 double alpha, double beta) {
 double pi = 4.0 * atan(1.0);
 double factor0 = alpha + beta;
 double factor1 = pow(pi / factor0, 1.5);
 double factor2 = -alpha * beta / factor0;
 double rab = Rab(Ra, Rb);
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 double rab2 = rab * rab;
 return factor1 * exp(factor2 * rab2);
}
// See Lau, Chapter 6
double nonexperfc(double);
// See Lau, Chapter 6
void ErrorFunction(double x, double* erf, double* erfc) {
 if (x > 26.0) {
  *erf = 1.0;
  *erfc = 0.0;
  return;
 }  
 else if (x < -5.5) {
  *erf = -1.0;
  *erfc = 2.0;
  return;
 }
 else {
  double absx, c, p, q;
  absx = fabs(x);
  if (absx <= 0.5) {
   c = x * x;
   p = ((-0.356098437018154e-1 * c + 0.699638348861914e1) * c +
    0.219792616182942e2) * c + 0.242667955230532e3;
   q = ((c + 0.150827976304078e2) * c + 0.911649054045149e2) * c +
    0.215058875869861e3;
   *erf = x * p / q;
   *erfc = 1.0 - (*erf);
  }
  else {
   *erfc = exp(-x * x) * nonexperfc(absx);
   *erf = 1.0 - (*erfc);
   if (x < 0.0) {
    *erf = -(*erf);
    *erfc = 2.0 - (*erfc);
   }
  }
 }
}
// See Lau, Chapter 6
double nonexperfc(double x) {
 double absx, erf, erfc, c, p, q;

 absx = fabs(x);
 if (absx <= 0.5) {
  ErrorFunction(x, &erf, &erfc);
  return exp(x * x) * erfc;
 }
 else if (absx < 4.0) {
  c = absx;
  p = ((((((-0.136864857382717e-6 * c + 0.564195517478974e0) * c +
   0.721175825088309e1) * c + 0.431622272220567e2) * c +
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   0.152989285046940e3) * c + 0.339320816734344e3) * c +
   0.451918953711873e3) * c + 0.300459261020162e3;
  q = ((((((c + 0.127827273196294e2) * c + 0.770001529352295e2) * c +
   0.277585444743988e3) * c + 0.638980264465631e3) * c +
   0.931354094850610e3) * c + 0.790950925327898e3) * c +
   0.300459260956983e3;
  return ((x > 0.0) ? p / q : exp(x * x) * 2.0 - p / q);
 }
 else {
  c = 1.0 / x / x;
  p = (((0.223192459734185e-1 * c + 0.278661308609648e0) * c +
   0.226956593539687e0) * c + 0.494730910623251e-1) * c +
   0.299610707703542e-2;
  q = (((c + 0.198733201817135e1) * c + 0.105167510706793e1) * c +
   0.191308926107830e0) * c + 0.106209230528468e-1;
  c = (c * (-p) / q + 0.564189583547756) / absx;
  return ((x > 0.0) ? c : exp(x * x) * 2.0 - c);
 }
}
// Appendix B translation
double F0L(double arg)
{
 // Calculates the F function
 // F0 only (S-type orbitals)

 double erf = 0, erfc = 0, f0 = 0;
 double pi = 4.0 * atan(1.0);

 if (arg < 1.0e-6)
  goto Label10;
 // F0 in terms of the error function
 ErrorFunction(sqrt(arg), &erf, &erfc);
 f0 = sqrt(pi / arg) * erf / 2.0;
 goto Label20;
Label10:
 f0 = 1.0 - arg / 3.0;
Label20:
 return f0;
}
// Appendix A formula
double KineticEnergyAB(
 double Ra[], double Rb[],
 double alpha, double beta)
{
 double pi = 4.0 * atan(1.0);
 double factor0 = alpha + beta;
 double factor1 = 2.0 * alpha * beta / factor0;
 double factor2 = pow(Rab(Ra, Rb), 2.0);
 double factor3 = factor1 * factor2;
 double factor4 = pow(pi / factor0, 1.5);
 double factor5 = alpha * beta / factor0;
 double factor6 = factor5 * (3.0 - factor3) * factor4;
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 double factor7 = (alpha * beta / factor0) * factor2;
 return factor6 * exp(-factor7);
}
// Appendix A formula
double NuclearAttractionAB(
 double Ra[], double Rb[],
 double Rc[], double Rp[],
 double alpha, double beta,
 double Zc) {
 double pi = 4.0 * atan(1.0);
 double factor0 = alpha + beta;
 double factor1 = -2.0 * pi / factor0 * Zc;
 double factor2 = pow(Rab(Ra, Rb), 2.0);
 double factor3 = -alpha * beta / factor0 * factor2;
 double factor4 = factor1 * exp(factor3);
 double factor5 = pow(Rab(Rp, Rc), 2.0);
 double x = (alpha + beta) * factor5;
 double fop = F0L(x);
 return factor4 * fop;
}
// Appendix A formula
double ElectronRepulsionABCD(
 double Ra[], double Rb[],
 double Rc[], double Rd[],
 double Rp[], double Rq[],
 double alpha, double beta,
 double gamma, double delta) {
 double pi = 4.0 * atan(1.0);
 double factor0 = 2.0 * pow(pi, 2.5);
 double factor1 = alpha + beta;
 double factor2 = gamma + delta;
 double factor3 = sqrt(factor1 + factor2);
 double factor4 = factor0 /
  (factor1 * factor2 * factor3);
 double factor5 = -alpha * beta / factor1;
 double factor6 = pow(Rab(Ra, Rb), 2.0);
 double factor7 = factor5 * factor6;
 double factor8 = -gamma * delta / factor2;
 double factor9 = pow(Rab(Rc, Rd), 2.0);
 double factora = factor8 * factor9;
 double expont1 = exp(factor7 + factora);
 double x = 0, f0p = 0;
 x = factor1 * factor2 / (factor3 * factor3) *
  pow(Rab(Rp, Rq), 2.0);
 f0p = F0L(x);
 return factor4 * expont1 * f0p;
}
// main function R, Za, Zb, zeta1, and zeta2 for H2
int main() {
 int N = 1;
 double pi = 4.0 * atan(1.0);
 double R = 1.4011, Za = 1, Zb = 1;
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 double zeta1 = 1.24, zeta2 = 1.24;
 double a1 = fexpon[1][1] * pow(zeta1, 2.0);
 double d1 = fcoeff[1][1] * pow(2.0 * a1 / pi, 0.75);
 double a2 = fexpon[1][1] * pow(zeta2, 2.0);
 double d2 = fcoeff[1][1] * pow(2.0 * a2 / pi, 0.75);
 double R2 = R * R;
 double Ra[3] = { }, Rb[3] = { };
 double Rc[3] = { }, Rd[3] = { };
 double Rp[3] = { }, Rq[3] = { };
 double rap = a2 * R / (a2 + a1);
 double rbq = R - rap;
 double raq = a2 * R / (a2 + a1);
 double rpq = rap - raq;
 double rap2 = rap * rap;
 double rbp2 = rbq * rbq;
 double raq2 = raq * raq;
 double rbq2 = rbq * rbq;
 double rpq2 = rpq * rpq;
 // compute overlap integral
 double s12 = S(zeta1, zeta2, R2);
 // compute kinetic energies
 double t11 = T(a1, a1, 0.0) * d1 * d1;
 double t12 = T(a1, a2, R2) * d1 * d2;
 double t22 = T(a2, a2, 0.0) * d2 * d2;
 // compute attraction on center A
 double v11a = V(a1, a1, 0.0, 0.0, Za) * d1 * d1;
 double v12a = V(a1, a2, R2, rap2, Za) * d1 * d2;
 double v22a = V(a2, a2, 0.0, R2, Za) * d2 * d2;
 // compute attraction on center B
 double v11b = V(a1, a1, 0.0, R2, Zb) * d1 * d1;
 double v12b = V(a1, a2, R2, rbp2, Zb) * d1 * d2;
 double v22b = V(a2, a2, 0.0, 0.0, Zb) * d2 * d2;
 // compute two-electron integrals
 double v1111 = TwoE(a1, a1, a1, a1,
  0.0, 0.0, 0.0) * d1 * d1 * d1 * d1;
 double v2111 = TwoE(a2, a1, a1, a1,
  R2, 0.0, rap2) * d2 * d1 * d1 * d1;
 double v2121 = TwoE(a2, a1, a2, a1,
  R2, R2, rpq2) * d2 * d1 * d2 * d1;
 double v2211 = TwoE(a2, a2, a1, a1,
  0.0, 0.0, R2) * d2 * d2 * d1 * d1;
 double v2221 = TwoE(a2, a2, a2, a1,
  0.0, R2, rbq2) * d2 * d2 * d2 * d1;
 double v2222 = TwoE(a2, a2, a2, a2,
  0.0, 0.0, 0.0) * d2 * d2 * d2 * d2;
 // appendix A computations
 Ra[0] = Ra[1] = Ra[2] = Rb[1] = Rb[2] = 0;
 Rb[0] = R;
 // compute overlap integral
 double sAB = OverlapAB(Ra, Rb, zeta1, zeta2);
 // compute kinetic energy integrals
 double T11 = d1 * d1 *
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  KineticEnergyAB(Ra, Ra, a1, a1);
 double T12 = d1 * d2 *
  KineticEnergyAB(Ra, Rb, a1, a2);
 double T22 = d2 * d2 *
  KineticEnergyAB(Rb, Rb, a2, a2);
 // compute nuclear-electron attraction
 Ra[0] = Ra[1] = Ra[2] = 0;
 Rb[0] = Rb[1] = Rb[2] = 0;
 Rc[0] = Rc[1] = Rc[2] = 0;
 Rp[0] = Rp[1] = Rp[2] = 0;
 double V11a = NuclearAttractionAB(
  Ra, Rb, Rc, Rp, a1, a1, Za) * d1 * d1;
 Ra[0] = Ra[1] = Ra[2] = 0;
 Rb[0] = Rb[1] = Rb[2] = 0;
 Rp[0] = Rp[1] = Rp[2] = 0;
 Rb[0] = R;
 Rp[0] = rap;
 double V12a = NuclearAttractionAB(
  Ra, Rb, Rc, Rp, a1, a2, Za) * d1 * d2;
 Ra[0] = Ra[1] = Ra[2] = 0;
 Rb[0] = Rb[1] = Rb[2] = 0;
 Rp[0] = Rp[1] = Rp[2] = 0;
 Rc[0] = R;
 double V22a = NuclearAttractionAB(
  Ra, Rb, Rc, Rp, a2, a2, Za) * d2 * d2;
 Ra[0] = Ra[1] = Ra[2] = 0;
 Rb[0] = Rb[1] = Rb[2] = 0;
 Rp[0] = Rp[1] = Rp[2] = 0;
 Rc[0] = R;
 double V11b = NuclearAttractionAB(
  Ra, Rb, Rc, Rp, a1, a1, Zb) * d1 * d1;
 Ra[0] = Ra[1] = Ra[2] = 0;
 Rb[0] = Rb[1] = Rb[2] = 0;
 Rc[0] = Rc[1] = Rc[2] = 0;
 Rp[0] = Rp[1] = Rp[2] = 0;
 Rb[0] = R;
 Rc[0] = rbq;
 double V12b = NuclearAttractionAB(
  Ra, Rb, Rc, Rp, a1, a2, Zb) * d1 * d2;
 Ra[0] = Ra[1] = Ra[2] = 0;
 Rb[0] = Rb[1] = Rb[2] = 0;
 Rc[0] = Rc[1] = Rc[2] = 0;
 Rp[0] = Rp[1] = Rp[2] = 0;
 double V22b = NuclearAttractionAB(
  Ra, Rb, Rc, Rp, a2, a2, Zb) * d2 * d2;
 // compute two-electron integrals
 Ra[0] = Ra[1] = Ra[2] = 0;
 Rb[0] = Rb[1] = Rb[2] = 0;
 Rc[0] = Rc[1] = Rc[2] = 0;
 Rd[0] = Rd[1] = Rd[2] = 0;
 Rp[0] = Rp[1] = Rp[2] = 0;
 Rq[0] = Rq[1] = Rq[2] = 0;
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 double V1111 = ElectronRepulsionABCD(
  Ra, Rb, Rc, Rd, Rp, Rq,
  a1, a1, a1, a1) * d1 * d1 * d1 * d1;
 Ra[0] = Ra[1] = Ra[2] = 0;
 Rb[0] = Rb[1] = Rb[2] = 0;
 Rc[0] = Rc[1] = Rc[2] = 0;
 Rd[0] = Rd[1] = Rd[2] = 0;
 Rp[0] = Rp[1] = Rp[2] = 0;
 Rq[0] = Rq[1] = Rq[2] = 0;
 Ra[0] = R;
 Rp[0] = rap;
 double V2111 = ElectronRepulsionABCD(
  Ra, Rb, Rc, Rd, Rp, Rq,
  a2, a1, a1, a1) * d2 * d1 * d1 * d1;
 Ra[0] = Ra[1] = Ra[2] = 0;
 Rb[0] = Rb[1] = Rb[2] = 0;
 Rc[0] = Rc[1] = Rc[2] = 0;
 Rd[0] = Rd[1] = Rd[2] = 0;
 Rp[0] = Rp[1] = Rp[2] = 0;
 Rq[0] = Rq[1] = Rq[2] = 0;
 Ra[0] = R;
 Rc[0] = R;
 Rp[0] = rpq;
 double V2121 = ElectronRepulsionABCD(
  Ra, Rb, Rc, Rd, Rp, Rq,
  a2, a1, a2, a1) * d2 * d1 * d2 * d1;
 Ra[0] = Ra[1] = Ra[2] = 0;
 Rb[0] = Rb[1] = Rb[2] = 0;
 Rc[0] = Rc[1] = Rc[2] = 0;
 Rd[0] = Rd[1] = Rd[2] = 0;
 Rp[0] = Rp[1] = Rp[2] = 0;
 Rq[0] = Rq[1] = Rq[2] = 0;
 Rp[0] = R;
 double V2211 = ElectronRepulsionABCD(
  Ra, Rb, Rc, Rd, Rp, Rq,
  a2, a2, a1, a1) * d2 * d2 * d1 * d1;
 Ra[0] = Ra[1] = Ra[2] = 0;
 Rb[0] = Rb[1] = Rb[2] = 0;
 Rc[0] = Rc[1] = Rc[2] = 0;
 Rd[0] = Rd[1] = Rd[2] = 0;
 Rp[0] = Rp[1] = Rp[2] = 0;
 Rq[0] = Rq[1] = Rq[2] = 0;
 Rc[0] = R;
 Rp[0] = rbq;
 double V2221 = ElectronRepulsionABCD(
  Ra, Rb, Rc, Rd, Rp, Rq,
  a2, a2, a2, a1) * d2 * d2 * d2 * d1;
 Ra[0] = Ra[1] = Ra[2] = 0;
 Rb[0] = Rb[1] = Rb[2] = 0;
 Rc[0] = Rc[1] = Rc[2] = 0;
 Rd[0] = Rd[1] = Rd[2] = 0;
 Rp[0] = Rp[1] = Rp[2] = 0;
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 Rq[0] = Rq[1] = Rq[2] = 0;
 double V2222 = ElectronRepulsionABCD(
  Ra, Rb, Rc, Rd, Rp, Rq,
  a2, a2, a2, a2) * d2 * d2 * d2 * d2;
 ofstream ofile;
 ofile.open("HFIntegralsResults.txt",
  ofstream::out | ostream::ate | ostream::trunc);
 sprintf_s(line, "STO-%ldG for Atomic Numbers %ld and %ld\n",
  N, (int)Za, (int)Zb);
 strcat_s(buffer, line);
 sprintf_s(line, "R = Rab = %12.6e\n", R);
 strcat_s(buffer, line);
 sprintf_s(line, "Zeta 1 = %12.6e\t", zeta1);
 strcat_s(buffer, line);
 sprintf_s(line, "Zeta 2 = %12.6e\n\n", zeta2);
 strcat_s(buffer, line);
 sprintf_s(line, "Overlap integral = %12.6e\n\n", s12);
 strcat_s(buffer, line);
 sprintf_s(line, "Kinetic energy integrals:\n\n");
 strcat_s(buffer, line);
 sprintf_s(line, "t11 = %+12.6e\t", t11);
 strcat_s(buffer, line);
 sprintf_s(line, "t12 = %+12.6e\n", t12);
 strcat_s(buffer, line);
 sprintf_s(line, "t21 = %+12.6e\t", t12);
 strcat_s(buffer, line);
 sprintf_s(line, "t22 = %+12.6e\n\n", t22);
 strcat_s(buffer, line);
 sprintf_s(line, "Potential energy integrals on center A:\n\n");
 strcat_s(buffer, line);
 sprintf_s(line, "v11-A = %12.6e\t", v11a);
 strcat_s(buffer, line);
 sprintf_s(line, "v12-A = %12.6e\n", v12a);
 strcat_s(buffer, line);
 sprintf_s(line, "v21-A = %12.6e\t", v12a);
 strcat_s(buffer, line);
 sprintf_s(line, "v22-A = %12.6e\n\n", v22a);
 strcat_s(buffer, line);
 sprintf_s(line, "Potential energy integrals on center B:\n\n");
 strcat_s(buffer, line);
 sprintf_s(line, "v11-B = %12.6e\t", v11b);
 strcat_s(buffer, line);
 sprintf_s(line, "v12-B = %12.6e\n", v12b);
 strcat_s(buffer, line);
 sprintf_s(line, "v21-B = %12.6e\t", v12b);
 strcat_s(buffer, line);
 sprintf_s(line, "v22-B = %12.6e\n\n", v22b);
 strcat_s(buffer, line);
 sprintf_s(line, "Direct and exchange integrals:\n\n");
 strcat_s(buffer, line);
 sprintf_s(line, "v[1, 1, 1, 1] = %12.6e\t", v1111);
 strcat_s(buffer, line);
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521
522
523
524
525
526
527
528
529
530
531
532
533
534
535
536
537
538
539
540
541
542
543
544
545
546
547
548
549
550
551
552
553
554
555
556
557
558
559
560
561
562
563
564
565
566
567
568
569
570
571
572

 sprintf_s(line, "v[2, 1, 1, 1] = %12.6e\n", v2111);
 strcat_s(buffer, line);
 sprintf_s(line, "v[2, 1, 2, 1] = %12.6e\t", v2121);
 strcat_s(buffer, line);
 sprintf_s(line, "v[2, 2, 1, 1] = %12.6e\n", v2211);
 strcat_s(buffer, line);
 sprintf_s(line, "v[2, 2, 2, 1] = %12.6e\t", v2221);
 strcat_s(buffer, line);
 sprintf_s(line, "v[2, 2, 2, 2] = %12.6e\n", v2222);
 strcat_s(buffer, line);
 sprintf_s(line, "\nOverlap integral = %12.6e\n\n", sAB);
 strcat_s(buffer, line);
 sprintf_s(line, "Kinetic energy integrals:\n\n");
 strcat_s(buffer, line);
 sprintf_s(line, "T11 = %+12.6e\t", T11);
 strcat_s(buffer, line);
 sprintf_s(line, "T12 = %+12.6e\n", T12);
 strcat_s(buffer, line);
 sprintf_s(line, "T21 = %+12.6e\t", T12);
 strcat_s(buffer, line);
 sprintf_s(line, "T22 = %+12.6e\n\n", T22);
 strcat_s(buffer, line);
 sprintf_s(line, "Potential energy integrals on center A:\n\n");
 strcat_s(buffer, line);
 sprintf_s(line, "V11-A = %12.6e\t", V11a);
 strcat_s(buffer, line);
 sprintf_s(line, "V12-A = %12.6e\n", V12a);
 strcat_s(buffer, line);
 sprintf_s(line, "V21-A = %12.6e\t", V12a);
 strcat_s(buffer, line);
 sprintf_s(line, "V22-A = %12.6e\n\n", V22a);
 strcat_s(buffer, line);
 sprintf_s(line, "Potential energy integrals on center B:\n\n");
 strcat_s(buffer, line);
 sprintf_s(line, "V11-B = %12.6e\t", V11b);
 strcat_s(buffer, line);
 sprintf_s(line, "V12-B = %12.6e\n", V12b);
 strcat_s(buffer, line);
 sprintf_s(line, "V21-B = %12.6e\t", V12b);
 strcat_s(buffer, line);
 sprintf_s(line, "V22-B = %12.6e\n\n", V22b);
 strcat_s(buffer, line);
 sprintf_s(line, "Direct and exchange integrals:\n\n");
 strcat_s(buffer, line);
 sprintf_s(line, "V[1, 1, 1, 1] = %12.6e\t", V1111);
 strcat_s(buffer, line);
 sprintf_s(line, "V[2, 1, 1, 1] = %12.6e\n", V2111);
 strcat_s(buffer, line);
 sprintf_s(line, "V[2, 1, 2, 1] = %12.6e\t", V2121);
 strcat_s(buffer, line);
 sprintf_s(line, "V[2, 2, 1, 1] = %12.6e\n", V2211);
 strcat_s(buffer, line);
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573
574
575
576
577
578
579
580
581
582
583
584
585
586
587
588
589
590
591
592
593
594
595
596
597
598
599
600
601
602
603
604
605

 sprintf_s(line, "V[2, 2, 2, 1] = %12.6e\t", V2221);
 strcat_s(buffer, line);
 sprintf_s(line, "V[2, 2, 2, 2] = %12.6e\n\n", V2222);
 strcat_s(buffer, line);
 sprintf_s(line, "Comparison of Two Error Functions\n");
 strcat_s(buffer, line);
 sprintf_s(line, "ERF from Abramowitz and Stegan\n");
 strcat_s(buffer, line);
 sprintf_s(line, "erf from C Translation of NUMAL by H. T. Lau\n");
 strcat_s(buffer, line);
 sprintf_s(line, "Difference below is the percent difference\n\n");
 strcat_s(buffer, line);
 sprintf_s(line, "x\t\tERF\t\terf\t\tDifference\n\n");
 strcat_s(buffer, line);
 double h = 1.0 / 10.0, x = 0;
 for (int i = 0; i <= 10; i++)
 {
  double erf = 0, erfc = 0;
  ErrorFunction(x, &erf, &erfc);
  double erfa = ERF(x);
  double num = fabs(erf - erfa);
  double den = 0.5 * (erf + erfa);
  double dif = 100.0 * num / den;
  if (x == 0) dif = 0;
  sprintf_s(line, "%lf\t%lf\t%lf\t%lf\n",
   x, erfa, erf, dif);
  strcat_s(buffer, line);
  x += h;
 }
 ofile << buffer << endl;
 ofile.close();
 return 0;
}


