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Reading Quiz

1. What is the perturbation Hamiltonian for the
Zeeman effect?

2. Draw a qualitative sketch of the effect of an
external magnetic field on a set of energy
levels



Reading Quiz

. What is the perturbation Hamiltonian for the

Zeeman effect? H'=-u.B,,

Draw a qualitative sketch of the effect of an
external magnetic field on a set of energy
levels
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Recap: Fine structure correction

1. When we put E., and E_, together, we get:
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Magnetic moments, g, etc

. Classical magnetic moment of a charged point
particle with angular momentum L:
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Nuclear magneton: v =75

p

. Classical particle (no spin)



Magnetic moment, g, etc.

Caution: different sign conventions for g in literature

. Spin is a non-classical angular momentum. Not all
particles are point like. g-factor takes account of
non-point-like structure, non-classical effects:

. Electron: u, = _8e,L%L—ge,S%S ¢ =2
H u _s
. Proton: ”P:J“gp,L?NLJ“gp,s?NS 8ps =8

. The neutron also has a magnetic moment, even
though it is neutral. The moment comes from the
internal quark and gluon structure.

w=-g,, ‘L;—NS g, =382



Bohr magneton

4. Size of Bohr magneton:
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Zeeman, with spin

1. Apply external field:

H'Z — _JLL.Bext — ge,L %LZB—I_ge,S %SZB

H =t piotegp
h h
2. What is H,?
If B is stron _ .

g H T HCoulomb + H 'Z—I_ H SO
— Lo
HO SMALL

If B is weak

H — {{Coulomb H 'SQ H 'Z

~
H,



Zeeman (with spin), strong field

! _:uBB
1. EXERCISE H'y===(L+25)

In strong field, Find the energy
corrections to the n = 3 states.

Hint, what are possible a.m.
numbers? Spin?



Zeeman (with spin), strong field
H — HCoulomb + ‘LL;ZB(LZ +2SZ)

H,

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

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

—_ ! |
H_{{COLtlomb_I_H SOJ_I_H Z

~
H

H= H, :“;B(LZ+2SZ)

!
HCOMlomb+H SO

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

matrix elts = <nj'm'j K's‘ H 'Z‘njmjfs>



Zeeman, with spin, weak field

< — M| | | | ;
1. C-G coeffs (table 11.3) matrix elts = (nj'm'; ¢'s|H',|njm (s)
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Zeeman, coupled basis, S, and L,

error in Eq. 12.63 for L,
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Zeeman, coupled basis, H’,

error in Eq. 12.63 for L,

LN LN

ol ey o

N Q_J_Z
IS

L2
A e

1_2
-~

—|e —|

| 5 —.
| —
(q0)
—| N
78S
"~ (q0)
L « oo
o 3n e -ﬂlq
« C
&) Q
S oo YV
s, 806 %
- | N W
_ g ()] =
o[ © —
& s S ©
_ Q.
B
Gt} @)
RQ - =
n wv
e
=
)__.J cler g e T e Tl
o J oo el 3_%~ e e l_m,
83
S O Yo | o g«
ol o o | O
% coc o 7 c <
wfd ~
(O oo ol < I
)
) o 4o o S o
(@N —_ o O O S O
@\
. <
—i -l
3

Z

o
o o f__3 ST -
oY oo |
|
o o
co o 9
o ﬁ_s
o o T o _
O e © O fﬁ_ﬁg o
NOo o o o o
Sa
Q
=)
Il
3_ﬁ. l_ﬁ. 4_2 Q_J_Z l_ﬂ. 1__2
ol | 3_M~ 3_%. —|x I_M.
o
o o f__3 S | o 4o
o9 o o e =
|
o o
S O O T
o ﬁ_s
S O Te © !
oS He © © 6_3 o
|
e o © O
o o
=
-l
SZ



Zeeman, weak field, final result
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Zeeman, final result
1. 2p states

20 0 O 0 0 . 2 _2
8 f) . 8 ?f i i Eg)(]:%J:l,mj)=ZHBB,—HBB,—MBB,_ZMBB
N P EP(j=4.0=1m;)= —uBB—luB
2. Here's a general result (Wlthout proof )
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Landé g-factor



/eeman, intermediate field

1. If fine structure H' and Zeeman H’ are the same

size, there is no preferred basis, so use coupled.
H'=H,+H' ,+H',

. '
fine structure

rel
J

2. Already worked out fine structure in coupled basis
(diagonal) (Eq 12.47)
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/eeman, intermediate field

1. H',is non-diagonal in coupled basis, and we’ve
done this, too, for weak field (12.63 and 12.64)!
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/eeman, intermediate field
1. Add together (n=2) Fig 12.9:

E my Mg
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Non degenerate PT
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Degenerate PT
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