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Ŵ � "1

⌘
|1i+ "2 |0i = 0

h0|0i = 1

h0|1i = h1|0i = 0

h0|2i = h2|0i = �
1

2
h1|1i

En (�) = E
0
n + h'n|W |'ni+

X

p 6=n

gpX

i=1

��⌦'i
p

��W |'ni
��2

E0
n � E0

p

+O
�
�
3
�

| n (�)i = |'ni+

X

p 6=n

gpX

i=1

⌦
'
i
p

��W |'ni

E0
n � E0

p

��'i
p

↵
+O

�
�
2
�

hHi =
h |H | i

h | i
� E0

hHi (↵) =
h (↵)|H | (↵)i

h (↵) | (↵)i

H = mc
2
+

P2

2m
+ V (R)�

P4

8m3c2
+

1

2m2c2

1

R

dV (R)

dR
L · S+

~2
8m2c2

r
2
V (R)

V (R) = �
q
2

4⇡✏0

1

R
= �

e
2

R

ENEIA ME If oppettffKEEPouso

WeWmatWso two

en Wso zing IS



O termo Wmv
ENERGIA TOTAL RELATIVISTICA COMO FUNGO DE
p É

E fac melstffmefstate

faut met c fast
Esme't Em gtfo
E E YcorrEGEo

RELATIVISTICA



ORDEM DE GRANDE ZA DE Wmo

YEE eaI afcet.EJ.tl E1o

Hon 10 ev Waren smell



A interação spin-órbita WSO
NO REFERENCCAL DE REPOUSO INSTANTANEO Do

y fi IEtricFDEviresonicceoDA ORIGEN A UM CAMPOMAGNIFICO

ONDER É A VELOCIDADE ANSTANTINEA DO

ELECTRON EM RELAGAT AO NI CLEO EM PRIMEIR

ORDEM EM E MB GI
WH M B 85 B's EMB 5

PARA O ELE'TRON MT 2MB5 5 ngt
912 I



w Ems f FEI e
Exons

É Esta Te s

Winge EEE
is

Wso I w
PRECESSEDDE THOMAS QUE VEM Do

FATO DE OVE O REF DE REPOUSO

DO ELECTRON E NATO INERCIAL



ORDEM DE GRANDE ZA Do WS VER NOTAS

WI Gino



O termo de Darwin WD
0 ELECTRON NAO SENTE ARENAS O POTENCIA

ELETRICO V n DO PROTON NA SUA POSIGEO I

MAS TAMBE'M NUMA VIZ INHANGA DE TAMAN HO

LINEAR Ig COMPRIMENTO DE ONDA COMPTON EM

TORNO DE A VER NOTAS

Wo gtfo've tgt E rates'Re
O d hitSMG

NOTEM OVE HIND 472 SHE SPYING In 214671
come Rme a not 7 4 wolf to ARENAS Para nitens sled



ORDEM DE GRANDE ZA

YI 1 10



O Hamiltoniano hiperfino
O PROITON TEM SPIN 42 Coto OPERADOR DE SPIN

É DENOTADO POR I ASSOCIADO AO MOMENTO

ANGULAR DE SPIN DO PROTON A UN MOMENTO

MAGNIFICO MI GpMEI
Mui Ifp MAGNETON NUCLEAR

MRMASSA Do
PROCTON

COMPARE COM O MAGNETON DE BOHR UseEdm

um TE
Gps5,585 FATOR GIROMAGNÉTICO Do Proton



34

| (�)i = |0i+ � |1i+ �
2
|2i+ . . .

E (�) = "0 + �"1 + �
2
"2 + . . .

H0 |0i = "0 |0i

(H0 � "0) |1i +

⇣
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CHAPTER XII THE FINE AND HYPERFINE STRUCTURE OF THE HYDROGEN ATOM
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Figure 1: Relative disposition of the
magnetic moments M and M of
the proton and the electron; n is the
unit vector on the line joining the
two particles.

Finally, the last term, also called Fermi’s “contact term”, arises from the singularity
at = 0 of the field created by the magnetic moment of the proton. In reality, the proton
is not a point. It can be shown (cf. Complement AXII) that the magnetic field inside
the proton does not have the same form as the one created outside by M (and which
enters into the dipole-dipole interaction). The contact term describes the interaction of
the magnetic moment of the electron spin with the magnetic field inside the proton (the
“delta” function expresses the fact that this contact term exists, as its name indicates,
only when the wave functions of the electron and proton overlap).

B-2-d. Orders of magnitude

It can easily be shown that the order of magnitude of the first two terms of
is:
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By using (B-10), we see that these terms are about 2 000 times smaller than .
As for the last term of (B-20), it is also 2 000 times smaller than the Darwin term,

which also contains a (R) function.

C. The fine structure of the = 2 level

C-1. Statement of the problem

C-1-a. Degeneracy of the = 2 level

We saw in Chapter VII that the energy of the hydrogen atom depends only on the
quantum number . The 2 ( = 2 = 0) and 2 ( = 2 = 1) states therefore have
the same energy, equal to:

4 = 1
8

2 2

If the spins are ignored, the 2 subshell is composed of a single state, and the 2 subshell
of three distinct states which di�er by their eigenvalue ~ of the component of the
orbital angular momentum L ( = 1 0 1). Because of the existence of electron and
proton spins, the degeneracy of the = 2 level is higher than the value calculated in
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