
Lecture 19-11/is

Announce :

· will do group theory/symm , for rest of class = who knows ?

I'll post pages from Dieselhave book
.

Program :

· Many-electron aloues

· since t y
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- spir eigenfunctions
remember : : are fermions : 1 total wave fruclide

has to be anhisymmetric !
· ground state : y symmetric
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Hamiltonis :
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Pot
- Pauli principle Sluter determinant

Wave functions of Nelections depend on

- spatial coords I,
-

Spin coords ensi

Eri , es; -X:

① dectrons nictuiguishable = (H ,
P J =0

where P is "pomutation operator"
↑ 4(X, . . .

, xx) = 4(xxex)
, . . . , Xans)
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I
can be built from swaps :

Dij exchanges coords of i, j

Dij 4 (A, ... Xi ... Aj .
... x) = 4C, ... ..

x , . . +x) = + 4(x...
x, .. xjf)

"+" : Gosoms
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: Lorious : y anhisyme .

⑧ Pemulations 4 consist of even or odd number

of slaps -$ Y is "even or "ocld"
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wave fats 4: (m+V(
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fermion
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VN ! det aij

with aij = 4: (xj)



"Slato determinant"
: Properties :

①any 500 4: equal-Defomion = 0
-

- > Pauli principle :

no two fomious can occupy
the same single-particle state .

more general :

Efomio-- 0 if snigle-port staks are linewly dependent.

② Ifomic mirviant under dementry rplacement
of rows : 4 : - 4 : Bists
Slate determinant Lamin

is not determined

by particular set of 4:, but by the subspace they span.

· Scalar products & expectation values

- <(4) = [CI) = I c, ,
. .. , +)

- <&1) = det 20 j 14 : )

Proof : (P/I)= Sd" i!"
*

Dis) 4j ais)=

- (-1)"* (Drins/4ans) = dat [0; /4:

-similarly :

<12 V: /I) = (III) <0: 12 /4; Bi
with (B)ij=(0 : 14 i)
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Properties !

· [I(I) = 1 If 4 : orthonormal)

· <8/I) = 0 b if same single-police

state are occupied !

· 194 :3,4 .3 or to normal C

[I1V /I) = = (4: /VI4: >

115VI#Oonly it mot One i e
which is occupied in 4:

I in their case is called a "one particle - one hole"
-

excitation In.n
.

of I .

= <Ion
. 12X11 > = <401V / 4.)

-Similar for W :

-D two police - two hole excitations

>/IW)E)= (Inn,nn/2WIIS =

=(4r14n/2W)4-14nn7 - <401402)2W(4224m1)

"two-particle - boohole" excilations



c) Hunch's reles

In
any given subshell (samen , same 1) ,

state

with largest S is energetically lowest.

② For same shell (samen) ,
same s state with highest

I has lowest enogy .

Reason in both cases : get 's as far apart as possible I

① gives bigger enogy difference than & .

Example : Is2s'2p2
-
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34 34
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,

>Po
Why ? Open sub-shell : 2p2
Ili-t=h= 12

,
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= Se=)
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D in principle :

= E ,
S=E ,

ess t 'S
.,
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D
!

which allowed ?

Symmetry : S : S = 0 loud) S = / leven)
L ! S

,D Leven) ↑ codd)
only I
--

-D ISol I 2 S

·

P allowed is



1 Hund's rule : P Cowest

zur 21

: S highe than D
How to sort different J :

in principle : case-to-case

in practice :

half-"regular" (Enegy-1) - for up to filled
(r)subshells v

"niveled" ordernig : otherwise

Ale : "Reason" for Hund's rules :

0 : subshells (e. g. x , Py , P1) swigly occupied before

pairing (due to e-repulsion), all in same spin lif
possible 4 more effective screening

② : higher ! I larger distance between =

"O
: (Hopin-orbit) =3 <[ .5) =DEsi-Eslane = 3((+1)

2 , S

3 = 0 ("regular") for subshell ruled by et

320 ("nivrld" holes

meal : Ip'and pi) or (p"and p")
Id'anda") or Id'aucdo)...

have ae configuration (i . e
.
I in empty

subshells hav same effect as holes in full subshell!


