


























63
64
65
66
67
68
69
70

71
72
73
74
75

76
77
78
79

80
81
82
83

84
85
86
87
88
89
90

91
92

point at which wavefunction is zero.

/IDisplaying the first four energy eigen values

figure (1);

[I'scf()

for n = 1:1:4

plot(rmatrix, eigen(n,n)*ones(N+1,1), "linewidth ' ,n)

hl=legend([ 'n =1"'; 'n=2"; 'n=3"; 'n=4"]);

tittle( 'Energy Eigen values for Hydrogen atom,'
fontsize ',3)

xlabel( 'r (Angstrom)', 'fontsize',3)

ylabel( 'Eigen Value', 'fontsize ',3)

end

/IPlotting the Probability jPsi”2] as a function of

r

figure(2);

II'scf()

R_wave_1s=u(:,1)./r; /IRadial wavefuction

R_wave_1s_final=[0;R_wave_1s;0]; /lincluding the
first and last point at which wavefunction is
zero.

/I plot of probability function

P_wave_1s= R_wave_1s final.*R_wave_1s_final;

plot(rmatrix,P_wave_1s, "linewidth ' ,3)

title( 'Plot of Probability function for 1s orbital’',
"fontsize ',3)

xlabel( 'r (Angstrom)', 'fontsize ',3)

ylabel( 'Probability ', ‘fontsize ',3)

figure (3);
[I'scf()

R_wave_2s=u(:,2)./r;
R_wave_2s_final=[0;R_wave_2s;0]; /lincluding the
first and last point at which wavefunction is

zero.
/I plot of probability function

P_wave_2s= R_wave_2s_final.*R_wave_2s_final,
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Figure 2.1: Screened coulomb potential

Figure 2.2: Screened coulomb potential
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Experiment: 3

Solve the s-wave radial
Schrodinger equation for a
particle of mass m, for an
harmonic oscillator potential.
Plot wavefunctions.

Scilab code Solution 3.0 Harmonic Oscillator

/ISolve the s—wave radial Schrodinger equation for a
particle of mass m

/[for an harmonic oscillator potential for ground
state energy (in MeV).

close;
clear;
clc;

/I declaring constant values

hbarc=197.3 [//Plancks constant h divided by 2x(pi)
called as hbarc=(h/2«pi)*c.

mcsq=940; // mass of electronxc”2 = mcsq in units
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of (MeV);

k = 100; /I harmonic oscillator potential constant
in units of MeV fm-2

b = 0;

disp("The value of b in the potential is chosen to

be:");
disp (b)
/ITo obtain the plot the potential V(r) as a

function of 'r

r_min = 0;

r_max = 4;

N = dinput("Input the number of intervals (should be
around 500 to 1000 for good computation: )Y

s = (r_max-r_min)/N; //step size

factorl=-(hbarc~2)/(2*xmcsq*s~2);

/I making a row vector to input r values
for i=1:1:N

rmat (1,i)=r_min+(i-1) *s
end
for ir = 1:1:size(rmat,?2)
r = rmat (ir);
V(1,ir) = 0.5*%k*(r)"2 + 0.5xb*x(r) "3;
end
figure;
plot (rmat,V,’ —.", linewidth’ ,3)
/I Kinetic energy matrix (Using central difference

formula)
T=zeros (N,N)
for i=1:1:N
T(i,i)=-2;
if (i<N)
T(i,i+1)=1;
T(i+1,i)=1
end
end
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T_matrix = factorlxT; // Kinetic Energy Matrix

in MeV

/I Potential energy matrix in MeV
U_matrix = zeros(N,N)

for i = 1:1:N

U_matrix(i,i)=V(i)

end

/I Hamiltonian matrix

Ham = T_matrix+U_matrix;
[u,eigen] = spec(Ham);
eigval_numeric = spec (Ham)

final

disp ('The first five eigen values obtained using

FDM are:’)
disp(eigval_numeric (1:5))

/IPlotting the eigenvalues obtained by numerical

computation

for n =1:1:5

eigvalue_num = eigval_numeric(n)
eigvalue_num_vector = eigvalue_num*ones (1,N);
plot (rmat ,eigvalue_num_vector,'r’)

end

/I normalisation check (The value comes out to be 1)

normalisation = sum((u(:,1) .*conj(u(:,1))))

/Il plotting the eigen functions.

/[I(plot of mod psi squared). Done the scaling of

eigen function magnitude

psisql = (1/normalisation)*(u(:,1) .xconj(u(:,1)))
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plot (rmat(1,:) ,8000*xpsisql’+eigval _numeric (1), ’'kK’)

psisq2 = (1/normalisation)*(u(:,2) .*xconj(u(:,2)))
plot (rmat (1,:) ,8000*xpsisq2’+eigval _numeric (2), k")

psisq3 = (1/normalisation)*(u(:,3).*xconj(u(:,3)))
plot (rmat(1,:) ,8000*xpsisq3’+eigval _numeric (3), 'k’)

psisq4 = (1/normalisation)*(u(:,4) .*xconj(u(:,4)))
plot (rmat(1,:) ,8000*psisq4’+eigval _numeric(4),’'k’)

psisqb = (1/normalisation)*(u(:,5) .*xconj(u(:,5)))
plot (rmat(1,:) ,8000*xpsisq5’+eigval _numeric (5), k")

title ('Plot of first 5 probability density functions
','fontsize ',2);

xlabel ('r (in fm) >, fontsize ',2)

ylabel ("Energy(in MeV)and scaled probability density
functions)’, fontsize ’,2)

legend ([ 'Potential Plot’ , Eigenvalues 1)
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Figure 3.1: Harmonic Oscillator

"The value of b in the potential is chosen to be:"™

Q.
Input the number of intervals (should be around 500 to 1000 for good computation: )700

"The first five eigen values obtained using FDM are:"

96.011767
224.45556
352.96%9

481.69927
612.51479

Figure 3.2: Harmonic Oscillator
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Experiment: 4

Solve the s-wave radial
Schrodinger equation for the
vibrations of hydrogen
molecule. Find the lowest
vibrational energy (in MeV

Scilab code Solution 4.0 Morse Potential

1 //This program solves the s—wave radial Schrodinger
equation for the vibrations of hydrogen molecule
for the Morse potential

2 /IFind the lowest vibrational energy (in MeV) of the
molecule. Also plot the corresponding wave
function. //Take: m = 940x106 eV/c2, D = 0.755501
ev, = 1.44, r0 = 0.131349 /IWhere S
the reduced mass of the tweatom system for the
Morse potential //Find the lowest vibrational
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