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Guest Lecture: Electron Spin
Part Ill: Spin Dynamics and LS Coupling
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Spin in a magnetic field
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§=8X+S85y+S5,z= E(Jxx +0,9+0,z) o’s are 2x2 Pauli matrices
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(S;) = mgh m; = £1/2
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Eigenvalues/eigenvectors:
E = +upB, E, = —uB,
_ _ 1 " . ” — — 0 — o" H ”
Y, =T = [0] m.=+1/2 “spin up Y,=11)= ll] m.=-1/2 “spin down

E = gugpB,m; (mz=1%, g=2)



State evolution

Example: An electron spin is prepared in an eigenstate of S,. It then evolves in a
magnetic field along Z. What is the expectation value of the x-component of spin?
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Time evolution in B,: —5- | =)= NG __1]
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Expectation value:
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h uyB, Larmor precession at frequency
=E cos 2 B t set by up/down splitting in B,: .

Similarly, S =— 2
Y, (+][S,[+)= sm h 7
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Magnetic Resonance Imaging
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Adding orbital and spin angular momenta
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H=—L-B+g--S-B =—(L+25)B

* Only total angular momentum (J=L+S) is conserved... NOT L+2S!

* Canwestill conclude E = "g"ugpB,m;? |If so, what is our new “g"?

g e +28)] B-]  _pg(L+25)-(L+5)),B,
o]l U h Ik
2 2 c. T 3h*
_up(ILIP+2|S1°+35-L)].B,  (S2)=h2s(s+1) =——
T 12 *

But what is S - L? (L2y=RA(L+1) 1=012..

P=C+Se=Lp+isp+25 I UH=RYG+D J=l=slts
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Landé g-factor

3 2 _ 2 2
(L2 + 282+ 5 (J2 — L2 — 52)) 3 Jo—L“+S
g="ts 2 pmB, —Hs|lt | myB:
A J? J 2]
= gupm;B, (M=-j,-j+1, ..., j-1,+j)

JU+D=I(1+1)+s(s+1)

g.: “Landé g-factor” =1+

2j(j+1)
Alfred Landé
Examples:
_ _ Y2(V2+1)-0(0+1)+%2(Va+1)

l:O (}:S:VZ) gL—l‘l' 2V2(V2+1) =2

_ 3/23/2+1)-11+1)+Y%e+1)_ .3
_ . 3 1 go=1+ 2:3/2(3/2+1) =4/3 (] = /2)

=1 (=lks= /2 or /2) Ys(Ya+1)-1(1+ D)+ %% +1) .1

=1+ =2/3 (G=1/5)
&L 2Y2(Va+1) J 2



Anomalous Zeeman effect explained

joom g 8.Mm, AE < (g;m))t — (g,m;)f
3, +3/2 /3 2 2-1=+1
3o +1/2 Y5\ 2/3 2/3-1=-1/3

1/2 T 1/2 2/3 1/3 Selection rules: 2/3-(-1)= +5/3
1/2 - 1/2 2/3 Aj=+1lor-1 and- -2/3-1=-5/3
3/2 — 1/2 4‘/3 Am=0,+1, or -1. -2/3-(-1)= +1/3
3y =32 */3 -2-(-1)=-1

5/3 -1 -1/3 +1/3 +1 +5/3 x,B,
E,
Note SIX spectral lines, and ALL shift with B,... because of different g-factors!
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