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Reading&Quiz&

1.  What&is&the&perturbaSon&Hamiltonian&for&the&
Zeeman&effect?&

2.  Draw&a&qualitaSve&sketch&of&the&effect&of&an&
external&magneSc&field&on&a&set&of&energy&
levels&



Reading&Quiz&

1.  What&is&the&perturbaSon&Hamiltonian&for&the&
Zeeman&effect?&H'=&Aµ.Bext&

2.  Draw&a&qualitaSve&sketch&of&the&effect&of&an&
external&magneSc&field&on&a&set&of&energy&
levels&
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Recap:&Fine&structure&correcSon&
&

1.  When&we&put&ESO&and&Erel&together,&we&get:&

&

&

&
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MagneSc&moments,&g,&etc&
&

1.  Classical&magneSc&moment&of&a&charged&point&
parScle&with&angular&momentum&L:&

&

2.  Bohr&magneton:&&&&
&&&&&&&&&&&&&&&
Nuclear&magneton:&

3.  Classical&parScle&(no&spin)&

&

&

&

&

&

&
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2

T
= q2mπ fr

2

2m
= q
2m

mωr2 = q
2m

L

 
µB =

e 
2me

 
µN =

e 
2mp

 
µe = − µB


L; µp = + µN


L; µn = 0

µN


L;



MagneSc&moment,&g,&etc.'
Cau+on:'different'sign'conven+ons'for'g'in'literature&

&
4.  Spin&is&a&non#classical)angular&momentum.&Not&all&

parScles&are&point&like.&&gAfactor&takes&account&of&
nonApointAlike&structure,&nonAclassical&effects:&

5.  Electron:&
&&

6.  Proton:&
7.  The&neutron&also&has&a&magneSc&moment,&even&

though&it&is&neutral.&&The&moment&comes&from&the&
internal&quark&and&gluon&structure.&

 
µe = −ge,L

µB


L − ge,S

µB


S

gp,S = 5.58

ge,S = 2

 
µp = +gp,L

µN


L + gp,S

µN


S

 
µp = −gn,S

µN


S gn,S = 3.82



Bohr&magneton&
&4.  Size&of&Bohr&magneton:&

µB = 5.7883818066 38( )×10−5eV /T
= 60µeV /T

µB = 9.27400968 20( )×10−24 J /T
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Zeeman,&with&spin&
&

1.  Apply&external&field:&

&

2.  What&is&H0?&&
If&B'is'strong&

&If&B'is'weak&

&

&

&

&

&

 

H 'Z = −µ ⋅Bext = ge,L
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!
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Zeeman&(with&spin),&strong&field&

1.  EXERCISE&
In&strong&field,&Find&the&energy&
correcSons&to&the'n'=&3&states.&
&

Hint,&what&are&possible&a.m.&
numbers?&Spin?&
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Zeeman&(with&spin),&strong&field&

1.  SO&+&rel&(fine&structure)&smaller&than&Zeeman&
energy;&so&Zeeman&is&a&perturbaSon&on&the&usual&
H0,&which&is&diagonal&in&the&UNCOUPLED&basis!&

2. H'Z&is&diagonal&in&uncoupled&basis!&&(doled&line)&
&
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Zeeman&(with&spin),&weak&field&
&

Weak&field:&H0&includes&SO&&&is&diagonal&in&coupled&
basis.&&Is&H'Z&diagonal?&

&

&

&

&
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matrix elts = nj 'm ' j  's H 'Z njmjs
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Zeeman,&with&spin,&weak&field&
&

1.  CAG&coeffs&(table&11.3)&

&

&
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&
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Zeeman,&coupled&basis,&Sz&and&Lz&
error&in&Eq.&12.63&for&Lz&&

1.  2p&states:&why&are&the&boxes&degenerate&
subspaces?&
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Zeeman,&coupled&basis,&H’Z&
error&in&Eq.&12.63&for&Lz&&

1.  2p&states&
&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&

&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&note&that&degenerate&&&&&&&&&&&
& & & & & & & & & &subspaces&are&diagonal!!&
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H 'Z =

µBB


Lz + 2Sz( )
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Zeeman,&weak&field,&final&result&
1.  2p&states&
&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
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Zeeman,&final&result&
1.  2p&states&

&

2.  Here’s&a&general&result&(without&proof&…)&
&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&

&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
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EZ
1( ) j = 3
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Zeeman,&intermediate&field&

1.  If&fine&structure&H'&and&Zeeman&H’&are&the&same&
size,&there&is&no&preferred&basis,&so&use&coupled.&&

2.  Already&worked&out&fine&structure&in&coupled&basis&
(diagonal)&&(Eq&12.47)&

&

&

&

&

&

&

&

 
H ' = ′HSO + H 'rel

fine structure
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Zeeman,&intermediate&field&

1.  H'Z&is&nonAdiagonal&in&coupled&basis,&and&we’ve&
done&this,&too,&for&weak&field&(12.63&and&12.64)!&
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Zeeman,&intermediate&field&

1.  Add&together&(n=2)&Fig&12.9:&
&
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Non&degenerate&PT&
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Degenerate&PT&
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