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PROBLEM 77:

The relativistic equation og motion for the Lorentz force law, dp*/dr = ¢F*u” in the absence of an
electric field takes the form dp/dt = qv x B, or:
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This is identical to the non-relativistic case, except that p here is the relativistic momentum. The
equation for the motion in the z-direction then yields p, = ymv, = p%, a constant. Now, by observing

that
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by the properties of the vector product, we see that p? = y>m?2v? is a constant of motion, which means
that v and hence « are constants. Then also v, is constant, and the same must be thus true for the

magnitude of the transverse velocity, v, = y/v? — v2. Differentiating the equation for p, we then find:
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This is the harmonic oscillator equation, with solution:
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Here p, and § are constants of integration. The frequency w, is the relativistic version of the cyclotron
frequency. Furthermore, p, = p,/we = —A cos(w.t+9), so we find p2+p; = p? = y*m?v?, or py = ymuy.
Thus the transverse motion is circular. The period is T' = 27 /w, and since for circular motion we have
vy = 27rg /T, where 7¢ is the radius of the orbit, we find ro = Tv, /27 = v} Jw. = p1 /qBo.

PROBLEM 78:

Exam problem 2, 2015 fall. See separate solution sheet.

PROBLEM 79:

Exam problem 2, 2016 fall. See separate solution sheet.

PROBLEM 80:

Exam problem 2, 2017 spring. See separate solution sheet.

PROBLEM 81:

Exam problem 1, 2015 fall. See separate solution sheet.
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PROBLEM 82:

Exam problem 2, 2014 spring. See separate solution sheet.

PROBLEM 83:

Exam problem 1, 2014 fall. See separate solution sheet.

PROBLEM 81:

Exam problem 1, 2013 fall. See separate solution sheet.



