










































































































































































































Appendix B

Gauss-Jordan Elimination

The method of least squares requires a solution of a set of n simultaneous

equations in n unknowns ai similar to the following matrix

[yk] = [aj][Xkj] . (B.1)

One could multiply the matrix in Eqn. (B.1) by another matrix X−1, the

inverse matrix. This multiplication gives the solutions to the coefficients aj

[yk][Xkj]
−1 = [aj]1 = [aj] . (B.2)

The expression in Eqn. (B.2) can be rewritten more conveniently to give the

solution for each of the coefficients aj in the form

aj =
n∑
k=1

(ykX
−1
kj ) . (B.3)

Thus, the solutions to the coefficients aj in Eqn. (B.1) has been reduced to

evaluating the inverse matrix X−1.

To evaluate the matrix X−1, one can use the Gauss-Jordan Elimination

method to invert a matrix X from a unity matrix while reducing the orig-

inal matrix to unity. Consider the inverse matrix X−1 as the ratio of the

unity matrix divided by the original matrix, X−1 = 1/X. If the numerator

and denominator are manipulated in the same manner (multiplying rows or

columns by the same constant factor and adding the same rows scaled to the

90



same constants), the ratio remains unchanged. If the manipulation are done

properly, one can change the denominator into the unity matrix; then the

numerator becomes equal to the inverse matrix X−1. Consider a 3×3 matrix

A and 3×3 unity matrix.X11 X12 X13

X21 X22 X23

X31 X32 X33

 1 0 0
0 1 0
0 0 1

 (B.4)

To reduce the matrix X to the unity matrix, one can start by using the

substraction in Eqn. (B.5) on the first and second rows

X ′kj = Xkj −X1j
Xk1

X11

, (B.5)

and also dividing the first row by X11. These gives the diagonal element of1 A12

A11

A13

A11

0 A22 − A12
A21

A11
A23 − A13

A21

A11

0 A32 − A12
A31

A11
A33 − A13

A31

A11

  1
A11

0 0

−A21

A11
1 0

−A31

A11
0 1

 (B.6)

With further manipulation, the matrix on the left becomes a unity matrix

and that on the right becomes an inverse matrix.
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Appendix C

Fitting Program - polynomial
plus least squares

#include "nr.h"

#include <iostream>

#include <fstream>

#include <iomanip>

#include <math.h>

#include <stdlib.h>

#include "gasdev.h"

#include "lfit.h"

#include "gaussj.h"

#include "covsrt.h"

#include "ran1.h"

using namespace std;

// Driver for routine lfit

void funcs(const DP x, Vec_O_DP &afunc)

{

int i;

int ma = afunc.size();
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afunc[0] = 1.0;

afunc[1] = 1.0*x;

for (i=2; i<ma; i++)

{

afunc[i] = afunc[i-1]*x;

}

}

int main(void)

{

//int NPT=100;

const int NPT=14;

int NTERM;

cout << "Enter the number of NTERM:" << endl;

cin >> NTERM;

const DP SPREAD=0.1;

int i,j,k,idum=(-911);

DP chisq;

Vec_BOOL ia(NTERM);

Vec_DP a(NTERM),x(NPT),y(NPT),sig(NPT),yfit(NPT),sigYfit(NPT),sigx(NPT);

Vec_DP xCo56(NPT),yCo56(NPT),sigXCo56(NPT),sigYCo56(NPT);

Vec_DP xCo60(NPT),yCo60(NPT),sigYCo60(NPT);

Mat_DP covar(NTERM,NTERM);

fstream fout, fin, fin1, fout1, fout2, fout3;

//fin.open("edit.dat",ios::in);

fin.open("/home/lutendo/newfit/1496/loglog1496_det2.dat",ios::in);

fout.open("1496_det2.dat", ios::out);

fout1.open("1496_det2_parameters.dat", ios::out);

fout2.open("1496_det2_poly.dat", ios::out);

fout3.open("1496norm_det2.dat", ios::out);
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cout << fixed << setprecision(10);

int kk=0, peaks, peaks1;

if(fin.good())

{

while(!fin.eof())

{

fin >> xCo56[kk] >> yCo56[kk] >> sigYCo56[kk];

if(xCo56[kk] != 0.0)

{

cout << xCo56[kk] << ’\t’ << yCo56[kk] << ’\t’ << sigYCo56[kk] << endl;

kk++;

}

}

peaks = kk;

cout << "No of points : " << peaks << endl;

}

else

{

NR::nrerror("Co56 data file not found...");

}

for (i=0;i<NPT;i++)

{

x[i]=xCo56[i];

y[i] = yCo56[i];

sig[i] = sigYCo56[i];

cout << x[i] << "\t" << y[i] << "\t" << sig[i] << endl;

}

for(i=0; i<NPT; i++)
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funcs(x[i],a);

for(i=0; i<NTERM; i++)

{

// if(i==1)

ia[i] = true;

// else

// ia[i] = false;

}

//cout << "print" << endl;

NR::lfit(x,y,sig,a,ia,covar,chisq,NPT,funcs);

cout << endl << setw(11) << "parameter";

cout << setw(22) << "uncertainty" << endl;

cout << scientific << setprecision(5);

//for (i=0;i<NPT;i++)

//{

//cout << x[i] << endl;

//}

for (i=0; i<NTERM; i++)

{

cout << " a[" << i << "] = " << setw(8) << a[i];

cout << setw(13)<< sqrt(covar[i][i]) << endl;

}

cout << "chi-squared = " << setw(12) << chisq << endl << endl;

cout << "full covariance matrix" << endl;

// cout << scientific << setprecision(4);

for (i=0; i<NTERM; i++)

{

for (j=0; j<NTERM; j++)
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cout << setw(15) << covar[i][j];

cout << endl;

}

cout << endl << "press RETURN to continue..." << endl;

cin.get();

cout << endl;

// Now check results of restricting fit parameteres

for (i=0; i<NPT; i++)

{

for(j=0; j<NTERM; j++)

yfit[i] += a[j]*pow(x[i],j);

//cout << x[i] << endl;

//sigYfit[i] = a[1]*sig[i];

fout2 << x[i] << "\t" << yfit[i] << endl; // "\t" << sigYCo56[i] << endl;

}

double y_1173=0.0, y_1332=0.0, sig_1173=0.0;

for(j=0; j<NTERM; j++)

{

y_1173 += a[j]*pow(log(1173.228),j);

sig_1173 += ((sqrt(covar[j][j]))*pow(1173.228,j)

+ (a[j])*(j)*(pow(1173,j-1))*(0.003));

y_1332 += a[j]*pow(log(1332.492),j);

}

//cout << exp(y_1173) << "\t" << sig_1173 << endl;

double deltaEsqrd_1173=0.0, deltaEsqrd_1332=0.0;

for(i=0; i<NTERM; i++)

{

// cout << x[i] << endl;
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for(j=0; j<NTERM; j++)

{

deltaEsqrd_1173 += covar[i][j]*pow(log(1173.228),j)*pow(log(1173.228),i);

deltaEsqrd_1332 += covar[i][j]*pow(log(1332.492),j)*pow(log(1332.492),i);

//cout << sqrt(deltaEsqrd) << "\t";

//cout << setw(15) << covar[i][j] << "\t";

}

//cout << endl;

}

double mike, lut;

mike = 1173.228;

lut = 1332.492;

fout3 << mike << "\t" << exp(y_1173) << "\t"

<< exp(y_1173)*sqrt(deltaEsqrd_1173) << endl;

fout3 << lut << "\t" << exp(y_1332) << "\t"

<< exp(y_1332)*sqrt(deltaEsqrd_1332) << endl;

cout << "Now checking results of restricting fit parameters" << endl;

for (i=0; i<NTERM; i+=2)

ia[i]=false;

NR::lfit(x,y,sig,a,ia,covar,chisq,NPT,funcs);

cout << endl << setw(11) << "parameter";

cout << setw(22) << "uncertainty" << endl;

fout1 << endl << setw(11) << "parameter";

fout1 << setw(22) << "uncertainty" << endl;

cout << fixed << setprecision(6);

fout1 << fixed << setprecision(6);
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for (i=0; i<NTERM; i++)

{

cout << " a[" << i << "] = " << setw(8) << a[i];

fout1 << " a[" << i << "] = " << setw(8) << a[i];

cout << setw(13) << sqrt(covar[i][i]) << endl;

fout1 << setw(13) << sqrt(covar[i][i]) << endl;

}

cout << "chi-squared = " << setw(12) << chisq << endl << endl;

cout << "full covariance matrix" << endl;

cout << scientific << setprecision(4);

for (i=0; i<NTERM; i++)

{

for (j=0; j<NTERM; j++)

cout << setw(15) << covar[i][j];

cout << endl;

}

cout << endl;

for(j=0; j<NTERM; j++)

{

y_1173 += a[j]*pow(log(1173.228),j);

sig_1173 += (sqrt(covar[j][j]))*pow(1173.228,j);

y_1332 += a[j]*pow(log(1332.492),j);

// cout << sqrt(covar[j][j]) << endl;

}

// cout << exp(y_1173) << "\t" << sig_1173 << endl;

return 0;

}

}
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