Phys 222: Modern Physics Spring 2025

HOMEWORK SET 12: ZEEMAN EFFECT IT
Due Wednesday, February 26, 2025

PROBLEMS FROM TZDIT!

9.22) a) Use Eq. (9.37) (with the Bohr values L = 2h and r = 4ag) to show B_ Mo el (9 37)
that the fine structure separation AErs = 2usB of the two 2p levels of dnmpr® N
hydrogen can be written as m (kez )4

AEFS :3674(;2 (938)

[Hint: Since pogo = 1/¢? and k = 1/4neo, you can replace po in 9.37]

2
b) Show that you can rewrite (9.38) as AE., = a1_§R (9.39)

2
where o is the dimensionless fine-structure constant, o = khi (9.40)
c

c¢) Show that a ~ 1/137, which, together with (9.39), shows that the fine structure is indeed a
small effect.

9.21 Extra Credit) The fine structure of an atomic spectrum results from the magnetic field
"seen" by an orbiting electron. In this question you will make a smeiclassical estimate of the B
field seen by a 2p electron in hydrogen. The B field at the center of a circular current loop, i,
of radius r is known to be B = poi/2r.

a) Treating the electron an proton as classical particles in circular orbits (each as seen by the
other), show that the B field seen by the elctron is given by (9.37 above) where L is the elec-
tron's orbital angular momentum (L = mvr for a circular orbit). Remember that the current pro-
duced by the orbiting proton is i = ev/2nr, where v is the speed of the proton as seen by the
elctron (or vise versa). (HINT: APPLY THE BIOT-SAVART LAW

TO THE PROTON AT THE CENTER OF A CURRENTLOOP CREATED  jp _ Mo
BY THE ELECTRON AND INTEGRATE AROUND THE LOOP. THE 4n
CURRENT IS THE CHARGE/TIME = E/(PERIOD OF ROTATION).)
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b) For a rough estimate, you can give L and r their values for the THE SUN'S ATMOSPHERE 15 A

n = 2 orbit of the Bohr model, L = 2h and r = 4ag. Show that this SUPERHOT PLASMA GOVERNED BY
gives B ~ 0.39T and hence that the separation, 2psB, of the two MAGNETOHYDRODYNAMIC FORCES...
2p levels is about 4.5 x 107 eV. AH, YES,

It should be clear that this semiclassical calculation is only

OF{'.OUR&E
a rough estimate. Comment on why this is so (read the entire
problem in TZDII and explain why this is clear). ? ?

WHENEVER T HEAR THE WORD
“MAGNETOHYDRODYNAMIC™ MY BRAIN
JUST REPLACES IT UITH “MAGIC?
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