
Physics 340
Homework #10

due Thursday, 1 December 2011

Turn in solutions to the following problems at the beginning of class on
Thursday. As usual, if you use outside sources or computer software to help
you in your solution, note them accordingly. Include any C++ or Mathemat-
ica or Maple code that you used, together with its output. Problems marked
with an asterisk (*) may involve a bit more work than the others and so are
worth twice as many points.

(1) (Based on problem 9.9 in Taylor, but not quite identical.) A bullet of
mass m is fired with muzzle speed v0 horizontally and due north from a
position at latitude λ. Find the direction and magnitude of the Coriolis
force in terms of m, v0, λ and the Earth’s angular velocity Ω. How does
the Coriolis force compare with the bullet’s weight if v0 =1000 m/s and
λ = 40◦ (the latitude of Gambier)?

(2) Do problem 9.15 in Taylor. Your result should be an expression involving
only g0, λ, and θ.

(3) A turntable is rotating with a constant angular velocity ω. An ant on
the turntable is running in a direction exactly opposite to the rotation,
so that it remains at a fixed position ~r′ in a non-rotating frame.

(a) Describe the position, velocity and acceleration vectors of the ant
in the rotating frame of the turntable.

(b) Calculate the centrifugal and Coriolis forces on the ant in the ro-
tating frame.

(c) What actual “real” force ~F must be acting on the ant to maintain
this motion. Explain your answer physically.

(4) A merry-go-round starts from rest and begins to turn counter-clockwise
with a constant angular acceleration of 0.12 rad/s2. A girl is sitting on
a bench on the platform 7.0 m from the center and is holding a 3.0 kg
ball. Calculate the magnitude and direction of the force she must exert
to hold the ball 6.0 s after the merry-go-round starts to move. Give
the direction with respect to the line from the center of rotation to the
girl. (You can ignore gravity; we’re only interested in the effects acting
within the horizontal plane. Do not forget the angular acceleration!)
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(5) A bead slides without friction along a wire. The wire does not change
its shape, but it is mounted on a uniformly rotating platform. Show
that the Coriolis force has no effect on the motion of the bead in the
rotating frame. Is the same true of the centrifugal force?

(6*) This is a numerical problem about 2-D motion in a rotating coordi-
nate system. A circular rotating platform of radius R = 1 is rotating
counter-clockwise with an angular velocity of ω = 1. (We’re keeping
things simple!) A puck slides without friction on the horizontal surface
of the platform. In the platform coordinates (centered at the platform
center and rotating with it), the puck starts out at a position (−0.5, 0.0)
with a velocity (0.0, v0), for some value of v0.

Create plots of the subsequent motion of the puck in the rotating frame
for the following possible values of v0: 0.25, 0.40, 0.55, 0.70, 0.95. For
each of these, calculate the time T at which the puck reaches the edge
of the turntable.

This problem is based on an example discussed in Chapter 10 of Marion
and Thornton, though the initial conditions I’ve given you are slightly
different. I’ll put a picture of their diagrams on the class website.
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