Correlated Electrons E. Koch

Exercise Sheet 4

1. Hartree potential

Calculate the electrostatic potential of a spherically symmetric charge distribution.

Write down the charge density of an electron in an s-orbital in terms of its
radial function u, o(r).

. Find the electric field strength generated by this spherically symmetric charge

density as a function of r in terms of the charge Q(r) = 4w [y p(r') r'2dr’
inside a sphere of radius r.

Show that the Hartree potential is given by

Vi(r) = /roo ar Qr(,g/) ,

Assume that Q(r) = Qtot for r > rmax. Show that for r~. > rnax we have
the simple Coulomb potential: Vij(rs) = Qtot/r>, where the total charge is
given by the number of electrons N. For a radial functions given on a grid
up to rmax We can thus write

Fmax Q I// N
Vi (r) :/r dr' r(’Q) +

Imax

. Calculate the Hartree potential arising from an electron (in a hydrogen

atom) with n=1,2,3 and / =0 (1s, 2s, and 3s).

. Write a routine that calculates from a radial function u(r) given on a loga-

rithmic grid the spherically averaged Hartree potential.



