16.4

16.4.1 Sophomore Physics Review

As a refresher, an elementary review of the electron magnetic mantereby provided.

Consider a circular loop of currenencompassing an ar@awhich acts like a magnetic dipole, Review of basic
i.e., acts just as if fictitious positive and negative “malgneharges” were separated by a smalphysics
dlstance If the current loop is placed in an external magneknbEfleIthe torqueT it experiences
(which can be visualized as equal magnitude, opposite directimesfan the two fictitious
“magnetic charges”) is (wherk has magnitude of are& and direction normal to the plane of theTorque on
loop aligned with the thumb of the right hand when thgdis point in the direction of the current) classical

T =IAxB® =puxB®, (16-32) magnetic

wherep = IA is called the magnetic moment of the current lobipe energy of the loop/external moment L =
field, with 8the angle betweep andB ", where we define thé = T2 position as zero potential
energy, is
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If the current is composed of a single particle of chargéas one would have, for example, in the
Bohr theory orbit of an electron in an atom), its speed i time for one orbit iFqpit, and the Win terms of
circular area\ has radius, then the orbital angular momentum of that charge is angular
momentum L
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where ejis a unit vector pointing in the direction of thght hand thumb above, ardis orbital  pjagnitude of

angular momentum. In an atomic orbit, angular maom@rmagnitude is angular mom L
L =m (16-35) of atomic orbit
with my an orbital quantum number. So with (16-34), we dafine the Bohr magnetqus via Above used to
. e eh eh define Bohr
orbital) p=-1=L=-1Zme, =- e =1 16-36
( ) 2m 7 M €0 =~HgM eg M =75 (16-36) magneton /is

As to the electron itself, one can view it claskjcas a charge that is distributed internally,For electron, we
rather than being pointlike, and that charge retate “spins” around some internal axis. So, irknow angular
effect, we would have a circular current loop aftsaimilar to that described above for an atom. Immomentum
guantum theory, that spin of the electron is guadti and the intrinsic (ignoring orbital (spin), but not

contribution) angular momentum is spin angular moiwe S = imye, = +i/2e (Mg = + % is spin  INtérnal charge
. . distribution
guantum number). So, one mlght consider
i = i L = _1%_1 = = & = -
(spin) p=xpe; 0 ﬁ‘_’fO@,ﬁ = mS 5580 = HeMen =2 ey (1 =lu) . 6-37)

However, the RHS of (16-37) is derived assuming@hads distributed as a neat current loop, as in

(16-36), which is naive. Given the unknown natofehis distribution, researchers introduced a

constant, called the gyromagnetic rafior the g-factarwhich could be determined by experiment. The unknown
So, the most general forfar the_magnetic momeptof the_electrorand its magnitudg would be charge

4 L o e ' distribution
H=zxue = +g—Be u=gL =g— (: g— in natural unlt%. (16-38) contribution
2 4 labeled as g,
If our naive analysis (current distributed in atrleap) were correct, then the gyromagnetic ratiqyyromagnetic
g would be found equal to 1. ratio

% This term is used in the literature for two thintieeg-factor described herein (which is dimensionless)
and the ratio of magnetic dipole moment to angolamentum (which is often denoted by the sympol
and which has Sl dimensions of radians per secendegla). In this book, the term gyromagneticorati
will be used as equivalent ¢ as shown above.



