Lecture 57 Appendix B: Some sample problems from Chapter 5 in K & B. As you
think about these exercises, you are encouraged to use Mathematicaor other similar

programs) to evaluate the various quantities numerically and make plots (like those
here).

Exercise 5.1 in K & B

Solution: Here we want to find the centrifugal acceleration on both Jupiter and the
sun, plus express it as a fraction of the corresponding surface acceleration due to
gravity. We have (recall from the Eq. (5.21) in the Lecture that the same quantity on
the earth is WER-/g. 0.0034)
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Exercise 5.2 in K&B

Solution: Now think about water rotating in a cylindrical container. We know that
for a radius of 50 mm the water at the edge (wall) of the container 1s 30 mm higher
than the water the center. This shape arises from the combination of gravity down
and centrifugal acceleration in the radial direction. In particular, the surface of the
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water will be perpendicular to the direction of the vector acceleration and the shape of
the surface describes the corresponding potential. We have
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Thus to fit this surface to the two known points, the origin and z= 30 mm and 7 = 50
mm, we must choose the angular frequency
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Exercise 5.6 in K&B
Solution: Here we want to think about the Coriolis force on a 2 kg

bird flying east at 10 m/s at latitude 60 N (colatitude 30 ). We have,
in the reference frame of the Lecture and indicated here,
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Exercise 5.7iIn K & B

Solution: In this exercise we want to work more details about how the Coriolis force
due to the rotation of the earth affects the behavior of the atmosphere. We focus on a
small volume of air, with mass dm= 7 dvol (where 7 is the mass density of the air)
moving with the wind at velocity Vv (parallel to the surface of the earth) at colatitude d.
The magnitude of the horizon‘gal component of the Coriolis force, i.e., the component
in the plane perpendicular to &, is given
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The interesting feature here is that, in order to travel in a straight line, the Coriolis
force must be matched by a (air) pressure gradient, i.e., the force due to the pressure
(pressure times area) on one side of our little volume must be different from that on
the other side by just the right amount to match the Coriolis force. If we call the
coordinate along the direction of the Coriolis force X, and the area transverse dA we
have
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So for the numbers provided we have
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Exercise 5.100in K & B

Solution: This exercise allows us to consider the motion of a beam of charged
particles from a point source whose velocities are nearly parallel to a magnetic field.
If the beam is emitted from a point source with a small angular dispersion, i.€., the
velocities are not exactly parallel to the magnetic field, we want to show that the
magnetic field serves to (re)focus the beam. If we align the z axis with the magnetic
field, the equation of motion (Newton) looks like
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The general form of the solutions to these equations is uniform motion in the z
direction with circular motion in the transverse Xy plane,
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Now consider the initial conditions of starting from the same point with nearly the
same velocity. We express the latter as
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Choosing the initial location as the origin, the actual location in the transverse plane
is given by
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Note that even though the individual particles in the beam will have different values
of dv,anddv, , all of the particles (i.e., independent of the specific values of @V, and
av,), will return to the origin in the transverse plane whenever Wt =2 m. The
corresponding focus points will be separated in the z direction by
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Thus for the focusing to work (without spreading out in Z) the dispersion in the z
velocity must be small, @V, O v, which typically means that the dispersion in

velocity for the other 2 directions will also be small. For the values provided we find
the longitudinal distance to the focus to be
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Exercise 5.131n K & B

Solution: For the (classical version of the) motion of an electron in the lowest Bohr
orbit of a hydrogen atom the frequency of the orbit is W, =4 30'°1/s. This
frequency will be large compared to the Larmor frequency if
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For a magnetic field of strength 2 T, the Larmor frequency is

Physics 229 Lecture 5 Appendix B 5 Spring 2008



_las {terw0vc)eT) o1
2m  2(9.12107" kg) S

L

Physics 229 Lecture 5 Appendix B 6 Spring 2008



