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p, conserved in Cartesian system
Pz P, conserved in cylindrical system
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Helixes with arbitrary radius are allowed paths as well as straight line.



3. Mechanical Similarity. Charged particle in a magnetic field. Suppose not just
distance and time, but other quantities are scaled. What can you learn from this
“mechanical similarity” about the behavior of the charged particle in a magnetic field?

Consider the Lagrangian:
1 B ,.
L=-mi*+L )
2 2
When distances are scaled by a and times by f3, this becomes
1 2 2
L = _m(a_)‘jz + Q(a_
2\ P

This shows that distance scaling without time scaling gives similarity. This agrees with our
known view that circular orbits exist with any radius, but velocity and frequency have their
ratio altered by a factor a. The most physical new thing to scale is magnetic field, B —vB.
Then

L' = lm(a—j)ﬁz + ﬁ(&2)r2¢
2 \p 2\ B

Now we see that if y = 1/8, then time can also be scaled inversely with field. The frequency
will go linearly with B. If instead of B —yB, we used g —yq or m —m/y, we would also get
time scaling, and the frequency would scale with q and inversely with m. So we learn that
the cyclotron frequency is w_ =gB/m.

6

Mechanical similarity is just a nice version of dimensional analysis.



