SpPIN FUNCTIONS AND PAuULI ExcLUSION PRINCIPLE

Spin is a vector quantity like angular momentum [its components have commutation
relations like the angular momentum operators] except:

@ The spin of asingle electron is fixed in magnitude

i) = ss 0 =30 5= 1

(b) The spin can have only one of two directions

ST (o1) = £ 5T (1)

Wavefunctions for spin:

@ Coordinate o is discrete (only +1/2 or —1/2)

r (o) can be only one of two
t eigenfunctionsof &% and S,
spinfunction variable
a(0) = 8,172
B(0) =05 12

SPa(o) = s(s+1)ha (o) = 1/2(1/ 2 + 1) H2a (o)

S?B(0) = s(s+1)AR(0) = 1/ 2(1/ 2+ 1)12B(0)
$a(0) = 2a(0)

$B(0) = - 2B(o)

We integrate over continuous variables (liker, X, y, 2), e.g., orthogonality
[wi (W (ndr =3,

but for discrete variable o, we sum over the possible coordinate values:



Spin Functions & Pauli Exclusion Principle

"J'O((O)B(O) do"= ZG(O)B(G) =a(1/2)B(1/2)+a(-1/2)B(-1/2) =0
0=1/7Z-1/2 D Y e ——
1 00 + 0 O 1 =0

or

"Ia(o)a(c) do"= Z_O((G)O((c) =a(l/2)a(l/2)+a(-1/2)a(-1/2) =1
0=1/Z-1/2 . » ~ P
1 01 + 0 O 0 =1

Thus a(o) and (3(o) are orthonormal functions of the discrete variable o.

PauLl EXCLUSION PRINCIPLE

1. Electrons are indistinguishable (as also are other identica particles) and thus the
wavefunction must change by a phase factor (+ or — for rea wavefunctions) under the
exchange of the coordinates of two electrons

(X11 yl’ 211 0-1) « (X2! yz’ 221 0-2)

2. A wavefunction for a system of two or more electrons must be antisymmetric (change sign)
under the interchange of the space and spin coordinates of any pair of electrons.



