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Use	delta	basis	function	and	obtain	the	best	
coefficients	cj that	minimize	the	energy	



STEPS	for	solving	the	problem

• Define	parameters
• Define	grids	(with	user-defined	functions)
• Define	Hamiltonian	(with	user-defined	function)
• Minimize	(with	built–in	function	fmincon)
• Plot	results



% Demonstration of the Variational theorem
% Variational calculation of the ground using the
% Hamiltonian defined by a Fourier Grid DVR
% September 30, 2016 - CHEM 470a/570a - Victor S. 
Batista

clear;
global xmin xmax nx m dx dp x p H V;

% Define grids
m=1;
xmin=-5; % minimum value of x
xmax=5; % maximum value of x
nx=32; % number of grid points in x
dx= (xmax-xmin)/nx; % x grid spacing
dp= 2*pi/(xmax-xmin); % p grid spacing

Define	parameters	(my_prob.m)

define	global variables	that	are	
going	to	be	accessible	to	functions

define	some	parameters	as	mass,	range	of	x	axis
number	of	points	in	x	and	grid	spacing.	



[x,p] = grids();

grids.m
function [x,p] = grids()
global dp dx nx;

for j=1:nx
x(j)=dx*(j-nx/2); % grid in coordinates

end

np=nx;
for j=1:np

p(j)=dp*(j-np/2); % grid in momentum
end
end

use	user-defined	function	grids to	define	the	grids	x and	p

Define	grids	using	a	function

define	which	global	variables	are	going	to	be	used

my_prob.m

position	grid	definition

momenta	grid	definition



Define	Hamiltonian	using	a	function

[H,V] = Hamiltonian();

function [H,V] = Hamiltonian()
global dp dx nx m x p;
np=nx;

H=zeros(nx,nx);

for l=1:nx

V(l)=0.5*x(l)^2;
H(l,l)=V(l);

for j=1:nx
for k=1:np

H(l,j)=H(l,j)+exp(i*(x(j)-x(l))*p(k))*p(k)^2/(2.0*m)*dx*dp/(2*pi);
end

end
end

my_prob.m
use	user-defined	function	Hamiltonian to	define	the	Hamiltonian	H and	
potential	V

Hamiltonian.m
define	which	global	variables	are	going	to	be	used

initialize	Hamiltonian	H

generate	harminoc potential	V
assign	potential	to	diagonal	element	of	Hamiltonian	H

kinetic	energy



How	to	find	the	minimum:	fmincon function



How	to	find	the	minimum:	fmincon function



How	to	find	the	minimum:	fmincon function

objective	function
⟨𝜓|𝐻"|𝜓⟩

initial	guess
|𝜓⟩

constraint
𝜓|𝜓 = 1

optimizer	
options



% Initial random vector
psi = rand(nx,1);

% Define optimization problem
options = optimoptions('fmincon','Algorithm','sqp');
problem.options = options;
problem.solver = 'fmincon';
problem.objective = @myobj;
problem.nonlcon = @normone;
problem.x0 = psi;

% Perform optimization
psi = fmincon(problem);

Define	and	perform	optimization

initialize	trial	function	as	random	coefficients

⟨𝜓|𝐻"|𝜓⟩

𝜓|𝜓 − 1 = 0

objective	function

constraint

initial	guess |𝜓⟩



Functions	definition

function [my,ceq] = normone(psi)
global dx;
my=norm(psi)^2*dx-1;
ceq = [];
end

function [my] = myobj(psi)
% myobj is the expectation value of the 
Energy
global nx H;
my=0;
for j=1:nx

for k=1:nx
my = my+conj(psi(k))*H(k,j)*psi(j);

end
end
rn=0;
for j=1:nx

rn = rn+conj(psi(j))*psi(j);
end
my=real(my)/real(rn);
end

myobj.m normone.m



% Visualize results

[Energy] = myobj(psi);
[Normone,ceq] = normone(psi);
X = sprintf('Energy= %d, Norm= %d',Energy,Normone+1);
disp(X);
plot(x,Energy+psi);
hold on;
plot(x,Energy+psi*0);
plot(x,V);
hold off;

Plot	results




