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Grado en Quimica

Lesson: APPROXIMATE METHODS IN QUANTUM MECHANICS

(PROBLEM SHEET: QUESTIONS

1. (04<0) Use the ¢(r) = e~ function to describe the ground state of the hydrogen atom.
Find the value of ¢ which minimizes the variational integral.

2. (440) Use the y(r) = e~cr*/ function to describe the ground state of the hydrogen
atom. Find the value of ¢ which minimizes the variational integral and the error
with respct to the accurate energy.

3. (#4¢) Use the following variational function
() = c12*(l — x) + cpr(l — x)?

to describe a particle in a one-dimensional box. Calculate the variational ap-
proximations to the energies of the first two levels, their corresponding errors
with respect to the accurate energies and their ¢; /¢, ratios.

4. (¢4<) Consider the following one-dimensional model which potential energy is given

by
(400 <0
0 O<z<li
Vo t<p<d
3l
0 Z<J]<l
[ +© x>

where Vy = h?/mi?. Apply the perturbation theory considering the 1, = 0 model
as zero order approximation. Calculate the first order corrections to the energy
of the first two levels.

Dificulty level: (#<>) Easy, (¢4<) Normal, (¢4 4¢) To think a bit.




(PROBLEM SHEET: SOLUTIONS]

Question 1 = ¢ = %
Question2 = ¢ = 9% 15.1%

Question 3 = W, = 22 11, = 22 1.32%, 6.38%, c1 = ¢ Y ¢ = —1




