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yinless (Bohr) Model Extra!

L The Schrodinger equation is
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yinless (Bohr) Model Extra!

) The Coulomb potential:
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Degeneracy (for eachn =1, 2, 3,...):
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. Spinless (Bohr) Model "o w2 Extral
_ Energy independent of m (eigenvalue of L)
O implies “indifference” to orientation of the Ls-axis
O 1i.e., rotational symmetry; SO(3)
. But, energy is also independent of ¢!
~ O This implies a larger symmetry. 5 5
. ©Laplace-Runge-Lenz vector: for V(r) = —?, A:=pxL—m, 7 F.
. ©...in classical physics. In quantum physics,
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© Rotations vary m € [-{,+{], while A-transformations varies £ € [0, n—1].

© Corrections will “break” this big syn}metry, SO(4) for bound states.
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| ) A. Sommerfeld (1915) made Bohr’s mod¢l relativistic:
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. m.c?> drops out in energy differences'e line spectra energies.

45 () Corrections (a.? ~ 1/18769)% | E; | dubbed “fine structure.”
1\  This must be recovered by a consistent treatment of the

m{ Schrédinger equation, including effects that were omitted in
the first approximation.
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. Relativistic Corrections © "= dneghc

L Kinetic energy;, relativistically:
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L) Relativistic coriectlon perturba on Ha

) k=1
P (#)? (P
2me  8m3c2  16mdcH

B 7®
! . 2\2
H. . = 8m~2c2(v )
(Lrq)
E; Vo= <n|H{re1|n>
1 M 2
H = = V(r) — H
rel 2meC2 [ (7’) ]
Ey™ = (n, €, m,ms|H. |n,¢,m

4 2 1
_OC me
¢ 4n




lativistic Corrections Extra!

. > 0(04+1)—13
. For future reference: [ (r*) = n'ag [1 +3(1- 3 )},
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What are we missing?
Neither EW[H”] nor E@[H’]: both are O(a)).
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- Magnetic Corrections Extra!

. Both e~ and p* have magnetic dipole moments
. R e

le = —gelpSe, o=, o= 20023193043611(46) ~ 2
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...and the mutual orbiting produces a magnetic field

| . ©Careful: e~ orbits about p+ and creates a current and so a magnetic field
I : - "l.
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O “Viewed” from the e~ frame, it's p* that orbits around the e

L with which y, interacts, but not

/i

~ ©at a speed calculated by Lorentz-boosting, moment-by-moment

2 © which results in %2 of the magnetic field, with which p. interacts
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@We thus have three magnetlc interaction terms
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Extra!

. The three Hamiltonian perturbations are:
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@They all have the same powers of e, i and c as well as 7
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...which is of the same order as E®[H’]

e,
‘. e and so must be included—regardless of Sommerfeld’s result.
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Extra!

agnetic Corrections

. To compute this, recall:
J=[+§ = P=0218 120§
Owhere s(s+1)=3% and j={t%

> The 1st order spin-orbital cg on is therefore
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@T}us recovers Sommerfeld’s 1st order term x2  degeneracy!
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. “Fine Structure” Corrections Extra!

. The “fine structure” (a.?= V1s769) corrections to energy

O 1st order relativistic correction to KE (in Coulomb potential) <«

- ©plus the “spin-orbital” magnetic interaction <
O calculated to the first order in perturbation theory

e equal the 1st order correction from Sommerfeld’s formula

Q “plus” the spin-%2 degeneracy
©In 1915, Sommerfeld knew not of “spin” [Uhlenbeck+Goudsmit, 1922N
@but relat1v1ty unites the electromagnetlc ﬁeld
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© guarantees even p-powers, and so an even a.-power expansion

e T. he expansion

©@much as is Sommerfeld’s. x2 for spin. But, there is more..
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