
Good quantum numbers

n,l,ml,s,ms

Eigenstates

  

! 

"
n,l ,m

r 
r ( ) = R

n,l
r( )Yl

m #,$( )

Energy eigenvalues

! 

E
n

= "
1

2
mc

2 #

n
2

=
"13.6eV

n
2

n=1

n=2

n=3

l = 1l = 0 l = 2

Real Atoms

! 

H =
ˆ p 

2

2me

"
e

2

4#$
0
r



n=1

n=2

n=3

Good quantum numbers

n,l,ml,s,ms

Eigenstates

  

! 

"
n,l ,m

r 
r ( ) = R

n,l
r( )Yl

m #,$( )

Energy eigenvalues

l = 1l = 0 l = 2

For quantum chemists to calculate

! 

H =
ˆ p 

2

2me

+ U(r) "
Ze

2

4#$
0
r

Alkali Atoms



Rubidium

5s

5p

780nm

! 

H =
ˆ p 

2

2me

+ U(r) "
Ze

2

4#$
0
r



  

! 

H = "
r 
µ •

r 
B 

! ! 

  

! 

H
so
"

r 
S •

r 
L 

  

! 

r 
J =

r 
L +

r 
S 

  

! 

J
z
J,M

J
,L,S = M

J
h J,M

J
,L,S

! 

L • S =
1

2
J
2
" L

2
" S

2( )

  

! 

J
2
J,M

J
,L,S = J(J +1)h

2
J,M

J
L,S

! 

H
so
" J

2
# L

2
# S

2

Spin Orbit Coupling

! 

Ek = mec
2

+
p
2

2m
"

p
4

8me

3
c
2

+ •••
! 

Ek = c
2
p
2

+ me

2
c
4

Relativistic correction

L

S



  

! 

H "
ˆ p 

2

2me

#
Ze

2

4$%
0
r

hydrogen like
1 2 4 4 3 4 4 

+
e

2

4$%
0

d
3
ri&

i=1

N#1

'
((ri)

2

r 
r i #

r 
r 

core electrons
1 2 4 4 4 3 4 4 4 

+
e

2

8$%
0
me

2
c

2

1

r
3

r 
S •

r 
L 

spin orbit
1 2 4 4 4 3 4 4 4 

#
p

4

8me

3
c

2

relativistic
1 2 3 

5s

5p

780nm 780nm

! 

5
1
S
1/ 2

! 

5
1
P
3 / 2

! 

5
1
P
1/ 2

1nm

Fine Structure



Hyperfine Interaction
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The Zeeman Effect and Magnetic Trapping
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Classical Spin in a field
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The Magnetic Trap
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Elastic Collision Rate and Run Away Evaporation
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Optical Depth and Runaway Evaporation
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