One Electron Spin Operators
An individual electron has two degenerate spin states, & & [ and both are

eigenfunctions of §% with eigenvalue %(% + l]h2 = %hz . They are also eigenfunctions of

s, with eigenvalues iE respectively. In what follows we will use atomic units and will

measure the spin angular momentum in units of 7%, so the eigenvalue equations become

23 2 3
a=—o & =—
S 2 s p 4ﬁ

and

The spin eigenfunctions & & f are orthonormal

[o (&)eu(&)dE ={a]e)=1
[5()B()dz=(p|5)=1
o (£)8(£)dE= (] B)=0

We will also make use of the raising and lowering operators defined by

+ =8, Xis,,

and the commutation relations

[sx,sy—‘:wz & ’VSy,SZ—|=le & [sz,sx—Izzsy
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Note that s+s_—(sx+zsy)(sx—zsy)—sx+sy 15,8, +is 8, =5, +5] Z[Sx,Sy]
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and §° = x+sy+ =S8, S_ =S +58; =885, +5 +S;

a relationship we will use frequently in what follows.
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Using the commutators given above we can show that
(5.5, ]=3, & [5,.5_|=-5

from which we see
§,B=[5,.5, |B=5,5,B-5,5,8=35,5,B+—5,B
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and s_s B= ES B so s, Bis an eigenfunction of §_with an eigenvalue +E and .-.

s p=a

in a similar way one may show that
s,a=0 & §,f=a
sa=p & 5_B=0

s, is a raising operator because it raises

1 . 1 . A .
the m, =——function Bto the m =+—function . Likewise §_is a lowering operator
2 S2
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because it lowers the m = +5 function ¢ to the m = ) function f3.
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