Lecture 16

Angular Momentum 3
(1) The Ladder Operators for angular momentum
(2) The semiclassical vector model

(3) Academic geneology



iR
P
]
Do
io:
LR
Gt
b
&
=
fa
—
[
<
Kl
%
=
1‘

CoAL

1}

L* | L, m>D L(R+1) ﬁL | 2, m>

mh L, m>

)

Lz |2, m>

L+l2, m)a /CIL#J)-'M(M*ITK Il)lmt‘l>

COMMUT ATOR S

2
[‘-;‘-a]-‘*o L*Lag-bLylr=op
[L.", L.t‘]so wre, =L, t=o0
[:L!;/-t]’ xh L» Laly ~babpyo KL,

ASSUME

Rl S B2 = o&ldp)

L}lﬁ P?" IBI%F)



sl National Brand L LT

[L;_.,L.+]= 'ﬁl-—.;.
Lagbs = tL,by = AL,

Ly Ly [4p> = LelalApd> « AL, 14 p>
= P L-;.lv&P)‘ﬁL;."‘P)

= (‘BJ-JH)LJ-IAF)
L%(L+I¢IB>>: (p;-ﬂ) (L{-léf))

‘1
Ly & B> S AN e 0F Ly wurd emv:,uﬁ

L~ Y P—.ﬁ

STEP sI14E zf



s National Brand 7. Coesin il e

[£*, ¢,] =0
LLL-.].""L"* L1=0

L.Z'L,'. l"\;P>: L, Lll")p>
2 co(a 14,87)

L evra,pd)e & (ain,p>)

ex lo(,p)) se Me;;—o/.z."w;e&evr.x

(- 14, 85)

e



w Natignal “Brand 0 S oe T T

THIS LADPEARA IHAS A TO0P AND A 8Bo0rTom

2
Ltz onletg ek

2

b A ' L

<o, plis~ca)lap> = <x,pl(Ldeeg) (4,05
£ &y pl (&-pt) | &>
(«- p*) < &g 1k p>

(x-p2) = <.<,p;((.;-u.;”.‘,f;> 20

,BlSoa

PRHYSrIcAeLY : GI1VEN TOTAL ANGCOCLAR MOMENTUM

SQuae gD xR, 178 B PAROTECTION p

CANNOT R&E Grasran 7H AN A



== Katignal Brand L LI T

| | |
|

| , |
l i
| TOP AND BOTTOM TO LAVNIER
Ly | &, /3,,‘, > =0
;
L...{oﬁ,lBMw) = 0

NEXT Sr&p: SHoOW Bmax = - - T
— Pn&i
; Pmlﬂ

Sr&p SI1dE€E = K

2 max P = z'/sm\; = ("Mt"?"’) K

PMA*I - _LL A ( W) anloga =

A= (Pmn-x )(Pmo;« “h) - #* ({i)(

K= L(+l) ﬁz

y2
’i."

0,1,2, ...

%



sdm Natignal “Brand .00 AU

WE AcTUdALLY §0LVEBD A MOoAE G ARANAAAL

i e e

VSED THE ALGEBRA

Leo,c5]- ch €iju bx

SPIN ANGILAR MOMENTIM HAVE THE

Lse,s$i]

h

;‘k 6‘:"‘_ 5&
£~T.',J"‘]= ih &ijn Tu
L e, m> = LirriyhE 2, m>

Tt 11.)"“")’ {(f“)kl-liﬂ'"f>

Sz ls)lm‘>= S{S*IJ t‘l lS)ﬂn$>

L 0, 1,L,3 anfigere
qT,S o"/z,)‘)s/&)&) »e @

CANNOT R¥XPR&ESS SAP/N N POSTION SPACE

IT v s IV SP/N SPace

-y - o d
Tz2L+35

PrRILLE M .

TOor AL ANGEUL AR MIMENTIM SAME ALGREARA

CAN REPLESENT OpRirAt PAAT N PO SITION SPACE



ORLITAL ANGEVCAL MIMENTYUM
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Rotations Quantum mechanics Classical mechanics

Operator eigenvalues Larmor precession Uniform precession

<jmiJ, | jm>=0

<jmlJdy)jm>=0 G=doz = <J > xB/B Time averages
-:jmlJﬂjm:-:m J¢I=ﬂ J.:].r':u'
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The vector model

This is a useful semi-classical model of the quantum results.

Imagine L precesses around the z-axis. Hence the magnitude of L and
the z-component L, are constant while the x and y components can take a
range of values and average to zero, just like the quantum eigenfunctions.

A given quantum number | determines the
magnitude of the vector L via

L =1(1+Dn
L= Il +1)h

The z-component can have the 2|+1 values
corresponding to

L =mh, -l=sm=<]

In the vector model this means that only
particular special angles between the angular
momentum vector and the z-axis are allowed
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The vector model (2)

Example: [=2

LZ
A
Magnitude of the angular momentum is
2 2 2 L,
2 =1l +)i* = 6F
L] = JI(I + )i = 6
Component of angular momentum
in z- direction can be L

—lsms=sl=L =-2h, —h, 0, h, 27

Quantum eigenfunctions correspond to a cone of solutions for L in the vector model
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