PHYS261 Atomic Physics and Physical
Optics
Lectures Thursday 9. October 2008

Tuesday 14. October 2008

Thursday 16. October 2008
Topics:

Many-electron atoms

Evaluation of Slater Determinant <@|H, . |@>

Hartree method; selfconsistent field
Iteration - selfconsistency
Variational Methods for Schrdodinger Equation

Variation derivation of Hartree-Fock equations
Comment: This is a preliminary collection of 3 lectures;
Contains extra figures at the end (atomic potentials)
Missing: The latex-based materials
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The Perturbation Theory as we did for Helium

K2 7 e2 K2 7 e2 e?
— V 2 + ‘1’(1‘1,1‘2) = E"I"(I‘l,rg)
) 2m, T Ir; — 1y

Repulsion expectation Value Evaluation of the repulsion term using the multipole expansion
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where
re«=r1, Ts=r12 for |rj| < |rg

r< ="y, T =1 for [rj] > |ry

2 2
‘ 100 (r1) Y100 (r2) = b 2e”

8(1.[]

f rl/d r2 Yoo (r1) Yoo (r2) T, — 1o
Perturbation theory result: 1—=r

How does this work for Lithium - 3 electrons ?
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The picture of the Helium Atom (coordinates)
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Lithium - 3 electrons

T‘ T4+T1‘]'T3 T‘:H

Make a link to 2-electron energies
Make a link to The LATEX for
Helium
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U(or,ao,@a) = Y (—1)FEOPperm ($ads....dy) (@1)(@).on (1)

perm(a,d,...v)

where each term in the sum looks as ¢g(x1)...¢.(22)...¢q..., summing over all
permutations, and P(perm(a, 3, ...v)) is the number of swaps of the given
permutation perm(e, 3, ...v)

This is very close to the definition of the determinant

det(4) = ¥ (sgn(a) ilfIIAz',a(a})

UESH

See the Latex Document

The above in this notation

qj(ml!m%'“mn) = Z SgH(J) ﬁ¢ag(i)($i)
i=1

e=tem
Slater determinant

The antisymmetric combination for n-particles can be written as a determinant
in this way:

¢u($1) ¢a($2) ¢u($ra)
¢p(z1) @s(r2) ... Pp(n)

gbv(m]) ¢u($2) Qﬁy(fﬂn)

For 3 particles:

3 particle Slater determinant

¢u($1) ¢a(m2) ¢u($3)
¢s(z1) ¢5(z2) @s(z3)
Oy(T1) Py(T2) By(23)



3 x 3 determinant

$a(1). a(D) 9a(3)
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Pa(l) 95(2) 94(3) +  @5(1) $1(2) 6a(3) +  &4(1) ¢a(2) ¢5(3)

= 6,(1) 5(2) 6(3) = 9a(1) 84(2) 95(3)  — P5(1) a(2) ¢4(3)
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Hpuh:j o?‘? J’Lxgg,g aﬁévws w'/( e #Cvo [ Normalization for

general antisymmetrized

N or mavéa'%a }\‘\7\/\ state of Helium
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%1 @ @ g @
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For the text document:
Play with the permutations
of «orbitals» and coordinates

Download ODP
and do as homework



) () y e B0) p(X(3) 4 p)C () ()
— (D) ‘(3(;7&(3)1 B (4l o (2) gr(%) — (1) y @) B(3)
o OTESTED + | @[> > 41 > s 11y

~lp Yy B S Ly T TSR
(ﬁ[ga Ioéﬁy-3¢]($hrg¢> S

———t

Cxlay PP iy> =
<ol <yl <p) &S A D
<ﬁ<J}D<7 <X‘C[)@)> <(36[3-7 =

OV‘[‘JA Nl wpuzero ey




oo py | Tl e Ry
e CRITL B> <yplpd

T By |l T3l Ry >
Loy <@1B> <yl Taly >
) T3
ol <yl <p) T les [N x>
oe ' T 1> <és"é?‘> <(3€£ > = 0

ﬁE-\yr“ 1T par NE TR ARTSS

O""(”d Nl mguzero RS

& o £ ()V"J
Rut thera ove /Y Of, stch  derms



Ry Ta+ Tyl Xy 2> LR s
(6 ) (3) (6 Vol Vo
2. how~2Z €V O

<D<17,110<> Co | T, 12> <[><1T I
j\% (ray T, CPu;(")ch — Y?H(FEBT‘B%('@"‘E

Q}@f’uﬂg , (ﬂ<> 5
3
. le v <[3 T4]p> Tgf}f*
6 dermg (E( ITI{}’“> - (‘EFT*C))

E\J’; E (‘TM t Tpp T}rg\

<°’5F’h”‘ Tyt Va+To tVg + T3l I"’(FTB
(T+Vaw =+ KT'#VB(S@ *@Tv)ﬂr

Sum over particles for 1-particle operations -> Sum over «orbitals»
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End of Lecture Thursday 9. October 2008
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PHYS261 Atomic Physics and Physical
Optics

Lecture
Tuesday 14. October 2008

Topics:
Many-electron atoms

Hartree method; selfconsistent field
Iteration - selfconsistency
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Density of electric charge picture from PHYS264
The spheres of different «weight» represent radially changing density
(included in the previous slide)
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PHYS261 Atomic Physics and Physical
Optics

Lecture Thursday 16. October 2008
Topics:

Many-electron atoms

Variational Methods for Schrédinger Equation
Variation derivation of Hartree-Fock equations
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The Slater determinant

Evaluate
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End of lecture 16.10.2008
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Torsdag 7. mars 2002

~
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