Chapter 4 — Angular Momentum
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Can know £ and one component of £ , usually taken to be l,



Shift operators

(=0, +IL,

0 =10,

7,0, ]=0
(,|4,m,)=m,n|A,m,)

/2 ‘/1, m, >= f (g, mg)hz‘ﬂ,mg > A,and m, are quantum numbers. We will later
show that m, Is the quantum

number we found previously
‘-% will be £(£+1)

eigenvalues of this
operator are non neg.




CO|Aam) =0 2[A,m) =0 f(Am)R*[Am) | £ leaves

_ 2 magnitude of any
=1 (l’mf)h £, /I’m€> momentum
h d.
0 )am)=c (f,m,)alA,m +1)  sepup Srenanss
¢ |A,m)=c_(f,m,)a|A,m —1) stepdown

Shift operators shift m, by +1 each time they operate
But M, has a max value, which we call £ .

So

., ‘/1,€> =0 since we can’t step past £ .
00,|4,0)=0
(¢ —2-nt,)|4,0)=0
Cla0)y=(0%+0)n*|2,0)




So we have proven
2le,m)=£(0+1)R% |4, m,)

where

m,=—0,—(+1,..,0-1/

From the algebra of the operators, i.e.,
without reference to the S. E.
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(=2 m,=-2,-10,12 Cannot have other values of /

would not give a symmetrical ladder




We know from the rigid rotor problem that £=0,12,...

The values /= %% etc. actually come about due to spin

Quantum numbers s, m,

In general j, m,




Can use operators to prove
w,,=Nsin‘e"’

can use step down operator to generate other functions

Spin — Uhlenbeck & Goudsmit (1925)

S _1 m = +l 1 Dirac showed how spin derives
2. - 2 2 from relativistic QM
Explained the Stern-Gerlach experiment
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Matrix repr.
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Coupling angular momenta

combine
by ), ——

‘j11m1>’ ‘j2’m2> —_— ‘jl’ml;jZ’m2>

|:j1q’ j2q':| =0

.2 - .2 -

Jl , le’ 12’ J2z all commute with one another
Now, consider I = Tl + L

ey |20, e

so ] isanangular momentum.

One basis



J must have magnitude v j(J+1)n

With j being integral or half integral

Jj, has valuemih’ m=-J1-1..]

it i]=0, [i%iz]=0

[jlz'j2:|:2ih|:j1yj2x_j1xj2y:|
cannot specify m;; or m,, if we specify j
uncoupled ‘jlsmjl;jzimj2>

or
coupled
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jz:jlz+j22 SO mj :mj1+mj2
total # states (2j1+1)(2j2 +2)
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two p electrons

S, P, D states

three p electrons

S—>P

P_S.P.D — F,2D,3P,S

D EPD 27 arrangements,
— F,F, not counting spin
g sp
couple two couplein
electrons third
electron




