Kepler’s Law of areas: A line that
connects a planet to the sun sweeps out
equal areas in equal times.

/5

R TR

.o v
+ ) A |L‘ i_4a
T 2m r
——— v v
1 =criity’ angular momentum V : e

g 1, et ]



“,"‘» i) f

L] = J’»A ;", fi

l‘ o ";'J.‘L’l'
nuriber

guansim

Remember that the z component of angular
momentum is quantized in units of h so the magnetic
dipole moment is quantized as well:
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The Bohr maaneton
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Dipole i a Magnetic Field

Magnetic dipole tends to want to
align itself with the magnetic field

B Field
but it can never align due to the
[ uncertainty principle!
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Torque exerted:
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""" = Here, the gravitational force provides the
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Presescion of elestion
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No maghnetic field Magnetic field applied

Balmer Noticed the following Lines

in the Hydrogen Spectrum ZEEMAN EFFECT
4861 4340 41 In a magnetic field
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You expect a number of equally
spaced “satellite lines” displaced
from the emission lines by multiples

of the Larmor frequency.

Energy —»
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Hydrogen atom

...(4p, 4d. 4f)

= e angular momentum
must be conserved

l"\t\. forbidden <:: .. photons carry

o transition angular momentum.

2p

allowed

transitions

Al =1
Am, =-1,0,+1

Remember that not all transitions are
allowed. “Satellite” lines appear at
the plus or minus the Larmor
frequency only and not at multiples of
that frequency.



So we have seen that the current loop created by an electron orbiting in an atomic
creates a dipole moment that interacts like a bar magnet with a magnetic field.
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For many atoms, the number and spacing of the satellite lines are not what we

would expect just from the orbital magnetic moment....

there must be some

other contribution to the magnetic moment.



The electron
has its own
magnetic
moment, and
acts as a little
bar magnet as
well.
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Classically: you could imagine a
scenario where the electron had
some volume and the charge were
distributed uniformly throughout that
volume such that if the electron
spun on its axis, it would give rise to
current loops.



In analogy to the orbital magnetic moment:

VA \4 e V
U=IiA = B0 Y,
2m 2m

the magnetic moments contributed by a differential
elements of charge can be summed to be:

the “spin” ‘l\l/ i 4 N E\;,..f—ﬂ"" the “spin” angular
. S ]

magnetic 2m, ’ 2m, momentum

moment

More generally, if the charge is not uniform:
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the “g" factor ¢ =2.002319304386
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The Stern ©erlach @periment

Classical
prediction

What was Silver atoms
\Vactually observed /

Furnace

Inhomogeneous
magnetic field

Beam split into two discrete parts! Outer
electron in silver is in an s state (1=0),
magnetic moment comes from the spin of
the outer electron.
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S0in sontribation to the magnstie moment

In addition to the orbital magnetic moment, we must take into account the spin.
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The spin orientation:
Electrons come in “spin up” and “spin down” states.

Sz
z . =mh where m, = l or —l
X ) 2 2
i The magnitude of the spin angular momentum is:
2
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The Interaal Magnetie feld

We have learned about how an external magnetic field
interacts with the magnetic moments in the atom, but if we look
w1 4i-1.5 atthis from the point of view of an electron, we realize that the

‘ N T electron “sees” a magnetic field from the apparent orbit of the
positively charged nucleus.

Magnetic field, B, seen
by the electron due to
‘A the orbit of the nucleus
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Indistinguishability of particles

The first two pictures give the same outcome. Even though a and b are
identical, you can tell them apart by following them along their unique paths.

Quantum mechanically, each particle has some probability of being
somewhere at a particular time, which overlaps greatly at the collision point.

Which particle emerges where? In wave terms, they interfered.



@W@[@@E@ﬁﬂﬁ Consider two particles in a box, one in the n=1
state, the other in the n=2 state.

Wavefunction not generally symmetric under exchange of identical particles!!
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