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Symmetry in Quantum Physics
Part IV. Angular momentum: Basic commutation relations
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1902-1995

1963 Nobel Prize in Physics
“for his contributions to the theory of
the atomic nucleus and the
elementary particles, particularly
through the discovery and application
of fundamental symmetry principles”.

Angular momentum

Now we derive the key commutator identities
of the angular momentum operator, using the
tools introduced in Part Ill.

You should work through these yourself. | will
outline the steps.
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First let’s recall the definition of the angular momentum operator
L=rXxp= 71_1,—' XV =&L; = ‘€uyweuTyPuw

Everything we do in this part requires just the use of the fundamentla
“uncertainty principle” commutator

e om ] — e . hog
[I)j, Ty = Pjlk — LkpPj = 7(5]'/\',

Try a simple application of this!
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First let’s recall the definition of the angular momentum operator
L=rxp= TI—IF XV =¢€L; = €uowCuloPuw

Everything we do in this part requires just the use of the fundamental
“uncertainty principle” commutator

o ] — oo hyg
[Pj, 31-'/.:] = PjLlg — TpPj = ;éjk

Try a simple application of this!

[zapj, K| = %(5j1,:-‘11~7a
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L=rxp=

(3

(g — —_— A — A e
=T X V = ez',Lz', - 'ﬁuv-we-u-L-vp-u,'

, s — oS Y / —_— ﬁ
Pj, Tk] = PjxR — TP = TOjk

[apj, Tk) = LjkTa

Now let’s calculate [L,, x| =

L,xy, — xp L,

y. D — Yy /] Yy — ’i y. Y R (. g y.
[La’-l/b] — [Gacdnlzcl)d’clzb] — eacd ?.I/C()bd — Lhﬁabco]zc

(L, ) = ihegpex,

)

% (I_: X T+ T X L) = 1h¥ QUANTUM!
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L

L =171Xx P = XV = = EypwCulyPw

pj,s k] = pjxr — TKp; = %(Sjk [Zapj, Tk] = %5jk:1}a

Now | recommend that you pause and work out the following identities:

(La, py| = ihéapepe

[La: Lb] = thegpeLe I_: X l—: = Ifll_: QUANTUM!

[Li,LQ] =0 | where L?* = L;L;




