. J\P;ialH\PtrialdT I= Iqjtrial (H —Eq )LPtrialdT =
J-\Ptrial\PtrialdT Z Cncn'j‘{ln (H —Eq )LPn'dT =
Trial function can be written ona o . .
Basis in Hilbert space: > cpen(Ey—Eg )j ¥, ¥, dr =
Yirial = chl//n mr >
| n > len| (B, —Eg)=0
with Hy, =E, v, »
Define E, as the true ground state Since is E, is the smallest by definition
of the system: the smallest eigenvalue i

Variation theorem: E > E,; for any trial function except for true ¥



B _[ lIltrial HY trial dr

E

2 2
= E=lcol Eq+lc;| Ey+---
I\P;"ial\{’trialdr ‘ 0‘ ° ‘ 1‘ .

All stateshave higher energy than E

Starting wave function: , ,
E> (100‘ +‘Cl‘ SRAEE 0 =EO

¥

rial — COLPO + Clqjl e
Hence:
Hence the trail wave function is
close to the ground state, but
“contaminated” by contribution from

excited states:

E > E,

Strategy: look for the lowest possible energy in the system




Application of the variational method to the hydrogen atom

Vtrial =

Simplification: only r-dependence

2 2
- _h_vz _ Ze
21 Arsgr
Insert:

(1) IWtrial VirigtdT =

2 2kr 2 7l
i = dr = —
£d¢£sm HdHJO-e r-dr = 3

Hence:

J. Wit HY iy d T =
Rayleigh ratio:

E

nex  Ze%k

ZIUk 46‘0k2

B IqjtrialqutrialdT B hzkz N Zezk

— *
_[ lIItrial LI’trial dr

2 2 472'80




Solution for the hydrogen atom by the variational method

2
%:o if o Ze '“2
Arenh
0 And wave function

(is true wave function for 1s):
Hence the best value for the energy is

Zez,u

4 — v

E=- 2 w=e 47r50h2
32r2elh?

(this is the ground state of the H-atom !)




Application to the helium atom

Hamiltonian in atomic units (hartree = 2R):

1., 1., 7z 7Z 1 12><12>a2
-~V ——=V5————+—yn,n)=Ey\nr,r S VA T v T p—
vt 2 M) (hep)<(-vg)-
Neglecting the repulsion and taking H-orbitals Z _ _Z ——7a
n "
-z
W(”l”’2)= Wis (”1)'//1s (”2)= . (y472)

The repulsion can be considered as a screening n,/ 8 difficult integral

of the charge, thus lowering it: a < Z
The variational:




Application o the helium atom: 2

2 o 2
16
Minimizing:
Energy for helium (Z=2) in hartrees:
dE 3)
—=20-2Z+_-=0 1 hartree = 2R, = 27.2 eV
do 8
Result for screening (effective charge): E=-2.75 for a=2
E =-2.84765 for 0=1.6875




