Interactive Lecture 7: Topics

Most probable value r vs. expectation value r

Why orbital angular momentum is not
enough?

Spin angular momentum

Four quantum numbers

Total angular momentum

LS coupling



Most probable vs. expectation value

Expectation Value r > = J’“ _— E(?‘):a‘r
' 0 n,

dP(r) _ dr®Ry ((r)®
dr dr

Most probable r Value =0



Most probable vs. expectation value

Expectation Valuer = — f:r ) rsz(r)zdr

Most probable r Value




P(r) ~ r2 R%(r)







Expected value
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Why not enough?
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Why not enough?

m, =—1, .., +1L



Why not enough?

m, =—1, .., +1L



Why not enough?

F=—E[_ﬁ.§)=_(ﬂi)L 8Bz . _

g A=
B=B2 Since L, = m,h

.ml = _'i-l': ...,—|—,i_|__



Spin Angular Momentum

* Intrinsic property of a given particle

* Magnitude |sE. /ss+1)h
* Direction 5_= m_h




Spin Angular Momentum

* Intrinsic property of a given particle

* Magnitude |sE. /ss+1)h
* Direction 5_= m_h

m,= —s,.—s+1,..5s— 1,5




Why not enough?




Why not enough?

P
e
£ = 0 observatio
% —F =] E'.E' - =] E'-E' .
V(=i B)=—(Z)s. 52 = (5) m.) =2
m, =+

Two lines! For /=0



Four guantum numbers

e Principal qguantum number: n

E,= —13.6 eV (=) L] = Vi + D&
N L.= m;h

|§|= 's(s+1)h

5.= m,h
e Orbital guantum number: /=0.1.2. ...(x-1)
 Magnetic quantum number: m; = 0.1, 12, .. %1
e Spin quantum number: m_ = —s-s+1,..s—1,s



Wave functions

11'!; LMy, %= wﬂ,!,m[ (T’, E; Eﬁ'] «L

e Spin should increase the degeneracy when no
magnetic field is present n? to 2n?
e With the magnetic field, degeneracy can be

* broken due to LS coupling.



Spin-Orbit Interaction

* |In a weak external magnetic field, we observe
the combined angular momentum

by
I
=]
+
T

Total Angular Momentum (] )

Ul = Jii+ 1)k

J; = m;h

-'lr.E' = LEiSE

m;A= mh + m_h

where j=|l—s|, |l —s|+1,..[1 +s| —1,|l + 5]

where m; = —j,—j+1,..,j—1,j



F uU—I—l]h where j=|l—s|,|[l—s|+1,..|l + 5] —1,|]l + 5]

fg — m h j:?,l}ﬁ';'}-ﬁej_ m}' - __.iIIJ' __-il +1, --'J-_.ill _ 11.-i|
J,=L.tS,
m;h = mlh + m_h
|E|= VI(l+1)A wherel=10,1,2,..n— 1
L.= mh wherem, = —I,—l+1,..1—1,1
|§ | = s (s+1)h where 5 is a number intrinsic to a given particle

5.= m.,h wherem, = —s,—s5+1,..5 — 1,5



Exercise =2, s=1/2

* In a weak external magnetic field
— Possible j values
— Total angular momentum magnitude for each j
— The number of possible states for each j

Il = JiG+ Dh where j = |E —sl,ll=sl+1,../l+s|l—1,|l +5]
J. = m}-h where m; = —j,—Jj+1,..,j—1,j

sz = ins:

m;h= mh + m,h



Exercise =2, s=1/2

In a weak external magnetic field

— Possible j values

— Total angular momentum magnitude for each j
— The number of possible states for each j

—
5 3 1 .1 3 .5 —F 57 &

forj =3~ m =~ —ptptnty U= ViGFDR = [FFh= 3
ﬁpnsslble states (/1)
fﬂrj_% m_;l: _E __‘I' -I-— m: 'I_.il[j 1]h _ﬂqliih—-"jﬁ

4 possible states
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Exercise =2, s=1/2

* |n a strong external magnetic field

— LS coupling breaks (LS coupling effect is very
small)

— Land S are independently quantized.
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