Kibble & Berkshire Chapter 5 Problem 14

Problem

The orbit of an electron (charge —e) around a nucleus (charge Ze) is a circle of radius a in a plane
perpendicular to a uniform magnetic field B. By writing the equation of motion in a frame rotating
with the electron, show that the angular velocity w is given by one of the roots of the equation

mw? — eBw — Ze? [Ameqa® = 0

Evaluate the two roots if B = 10°7T, Z = 1 and a = 5.3 x 10~''m. (Note: in reality a would be
changed by the field.)

Solution

The electron’s orbit is usually an ellipse which precesses around the nucleus, however, in this case the
orbit is a circle (see §5.5 in the text - Lamour effect ). It’s equation of motion in the static frame is
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In the rotating frame
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Where wy, = eB/2m (Lamour freqency) and w3 = Ze? /4megma? i.e. angular velocity with no magnetic

field.

B=10°T,Z=1and a=5.3x10"1m

(1.6 x 10719)(10%) 1 x (1.6 x 10-19)2
T 2(9.1 x 10731 47(8.85 x 10~ 12)(9.1 x 10-31)(5.3 x 10-11)3

=8.79 x 10'° + 1/1.70 x 1033
=879 x 10° +4.12 x 106
wh =5.0x 106571 & w™=-32x%x10%s1!

The possible angular velocities are 5.0 x 1016 s~! and —3.2 x 1016 571,
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