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Example 9.1

A helium atom is in one of its singlet states (with the two spins antiparallel
and hence no spin magnetic moment). One of its electrons is in an s state
(! = 0) and the other a d state (/ = 2). The atom is placed in a magnetic
field, B = 2 T (by normal laboratory standards a fairly strong field). By how
much does the magnetic field change the atom’s energy?
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What is the wavelength A, of the transition shown on the left of Fig. 9.4? If a
magnetic field of 2 T is applied to the helium atom, what are the shifts AA of

the outer two spectral lines on the right of Fig. 9.4(b)? _JAv¢
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Today, spectrometers can resolve splittings of order 10 nm, and the Zeeman
shifts can be measured very accurately. An important modern application is to
measure the splitting of an identified spectral line and hence to find an un-
known magnetic field. This is especially useful in astronomy since the magnetic

fields of the sun and stars cannot be measured directly.
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9.21 #¢ The fine structure of an atomic spectrum results ’ > €
from the magnetic field “seen™ by aﬁbiﬁng elec- 13 = /A ’ lr = f‘ [ __/m_¢ L )
tron. In this question you will make a semiclassical es- = =" >A
timate of the B field seen by a 2p electron in L A= 5pd
hydrogen. The B field at the center of a circular cur- o ool
rent loop, i, of radius r is known to be B = p,i/2r. = = _ﬂ_
(a) Treating the electron and proton as classical parti- 4T g,y 3 . -
cles in circular orbits (each as seen by the other), -(4 e 3¢
show that the B field seen by the electm{l is : = "t I bxio Coll 2 hes rse
- Pl s3¢,0 1% >
B=@i (9.37) A 4.t x1o kj (44"- = )
47 m.r’ ) :
where L is the electron’s orbital angular momentum _ 162 s o ﬁ_ Cf:k-s 23
(L = mgvr for a circular orbit). Remember that the - q ap o A l‘j .
current produced by the orbiting proton isi = ev/27r, e (" Y 4
where v is the speed of the proton as seen by the elec-
tron (or vice VEPI:!S. (b) Forpa rough estimate, you can < 039 Tegde (We use S3 wnls )

give L and r their values for the n = 2 orbit of the
Bohr model, L = 2fiand r = 4ag. Show that this gives
B =~ 0.39 T and hence that the separation, 2ugB, of
the two 2p levels is about 4.5 x 107° eV.

It should be clear that this semiclassical calcula-
tion is only a rough estimate. You have used the
Bohr values for L and r. If, for example, you had
used the quantum value L = V24, this would have
changed your answer by a factor of V2. There is an-
other very important reason that the argument used
here is only roughly correct: The electron’s rest
frame is noninertial (since it is accelerated) and a
careful analysis by the British physicist L. H. Thomas
showed that the energy separation calculated here
should include an additional factor of ; That our

answer, 4.5 X 107 eV, is correct to two significant
figures is just a lucky accident.



