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Introduction
* We wish to illustrate the methods of

density functional theory by going through
an example 1in 1D, and these are the starting

steps of the project.
*First Anders will present the square well and

the exact solution
*Then Edda will present an approximation

based on a basis set of gaussians
*Finally Egill will present an approximation

using plane wave as a basis set and compare
the results of these different approaches
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Case: £ <0

* In our approximation of the Lithium atom
we are only interested 1n the bound states,
and therefore only consider £ < ()

* The time independent Schrodinger
equation 1s:
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——V’ + V(x) Y (x)= Ly (x)
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The even solutions
l/)(x)=Acos((xx) O<x<a
qj(x)=Ce"3x X>a

By matching up the wavefunctions at the

boundaries X = *a gives:
Acos (aa) = Ce ™"

—a Sin (aa)= —BCe ™"

*Which leads to the equation:
a tan ((xa ) =f3



The odd solutions
l/)(x)=Bsin(ax) O<x<a
qj(x)=Ce"3x X>a

By matching up the wavefunctions at the

boundaries x = +a gives:
Acos (aa) = Ce ™"

—a Sin (aa)= —BCe ™"

*Which leads to the equation:
a cot ((xa ) =-f



Energy Levels

* The energy levels of the bound states are
found by solving the transcendental
equations, either numerically or graphically

* We introduce the dimensionless quantities:

E=oaa and n=pPa
* Giving the equations
Etan& =1 (for even states)
EcotE =-n (for odd states)



Energy Levels

» Note that both §and nmust be positive and
such that:

SZ +T]2 _ y2
where

\/ 2m V0a2
Y= 2

Y 1s often referred to as the strength
parameter




Numerical solution

e The equation &° +1° =y° is solved
numerically



Results

» Using a=1.55A and that the ground state
energy should be equal to the 1onization

energy —5.7¢V I get by trial and error that
VO0=T7.51eV.
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Strength parameter

y = \/ 2mV,a’
hZ
* The number of bound states increases as a
function of the strength parameter, and

assuming constant mass, the combination
Voa’
1s the important parameter, determining the

number of bound states, however not 1n a
linier fashion.
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