Quantum Mechanics Lecture Notes 29 March 2007 Meg Noah

Today, we consider the angular momentum operators in different coordinate
systems. [Note: follows Section 9.3, page 367]
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The eigenfunctions of L? and L,
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You may remember we want to express the details of the angular momentum.
L =-in(yg-25)
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The chain is very complicated Remember this from math.
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For example, we calculate L,=[ ] using above relations. We first have to
calculate:
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We use these relations:

2 Y2 2 2 Yy Y
r=x"+y +z° cosfd==+ tang=-



Quantum Mechanics Lecture Notes 29 March 2007 Meg Noah

Here is an outline of the math involved (see problem 9.14, page 381):
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These 6 relations put into here and calculate.
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L = —ing| very simple relation for the z component.
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If you have time, you can calculate these for yourself:
L, =in(sing 4 +cosfcospd)

L, =in(—cosg +cotdsing2)
L =—ih
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Similar to momentum operator.
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and the total wavefunction
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Now we have this equation:
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®, =P (0) these are the Legendre Polynomial Functions

from this we get
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Let’s look at these eigenfunctions (see Table 9.1 and Figure 9.2 starting at

page 374):
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Very simple to do Dirac notation — based on real notation.

Y"=|l,m)
L2|1,m) = #2101 +1) |1, m)
L|l.m)=aml,m) m=-1,-1+1..0,.,1-1]

L+

L,m)=a[(1-m)(1+m+1)T*[I,m+1)
Lﬁ\l,m>:h[(l +m)(l —m+1)]m\l,m—l>

Y," is a normalized eigenfunction

(I'm'|l,m)=6,6,,
L =3[L +L]
Ly :%[Lf a L+]

to calculate the average - very simple to get directly if you use Ladder operator
(LLm|L|l,m)=(I,m|L [I,m)=0

Hint: this is homework.

(ILm|L|l,m)="

(Lm[C[1,m) =3[ 2°1(1 +1) - m?7* |

Today's homework: 9.23, 9.24 - use Dirac notation, they are easy to solve.




