Name:____________________________(1 point)

Physics 220
Exam 2, Fall 2005

1) New research discoveries on the planet Bovine have shown that the potential energy near the surface of the planet is given by
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where m is the mass of an object in the potential, and k and b are both constants.  (Assume that the x-direction is parallel to the ground and the y-direction is up.) The Holstein colony has developed a new weapon that can launch a manure bomb with an initial speed v0 at an angle ( with respect to the horizontal.

a) Using the potential given above, determine the force near the surface of planet Bovine.(6 points)
b) Is this force conservative? Explain. (3 points)
c) Calculate the x position of the manure bomb as a function of the time assuming that it starts from x=0, y=0 at t=0. (6 points)
d) Calculate the y position of the manure bomb as a function of the time assuming that it starts from x=0, y=0 at t=0. (6 points)
e) At what time does the manure bomb first strike the ground? (Do not count t=0 as the first time.) (6 points)
f) What is the range of the manure bomb? (6 points)
2) On the far side of the galaxy, a cow of mass m is in a circular orbit of radius r0 about the planet Elsie that has a mass ME. (You may assume that the cow weighs a lot less than the planet.) The period of the orbit at r0 is one fourth of a cow-day. (Oddly enough, the planet Elsie has ordinary gravity F=-GMEm/r2).

a) What is the velocity of the cow in its original orbit in terms of known quantities e.g G, ME, m, r0, etc.)(8 points)

b) By how much would the velocity have to be changed in order to put the cow in an elliptical orbit with an "apo-cow" of  ra=8r0? (Apo-cow is the farthest distance the cow moves out.) The "peri-cow" (i.e. the distance of closest approach) is still r0. (8 points)

c) What is the transfer time for the cow to go from r0 out to ra along the transfer ellipse given in terms of cow-days? (8 points)

d) What is the velocity of the space craft at "apo-cow" in terms of the velocity at "peri-cow"? (8 points) 
3)A duck of mass M=3 kg walks radially outward with a speed of 1 m/s on a merry-go-round rotating with a constant angular velocity ( = 0.5rad/s. Choose the origin of both the fixed and rotating frames to be the center of the merry-go-round. ( 1 free point)
a) What is the magnitude and direction of the coriolis force when the duck is 2 m from the center? Clearly indicate this force on a diagram that includes the coordinates used and the direction of rotation. (8 points)
b) What is the magnitude and direction of the centrifugal force when the duck is 2m from the center. Again, clearly indicate this force on a diagram that includes the coordinates used and the direction of rotation. (8 pointts)

c) What is the minimum value of the coefficient of friction if the duck is not slipping at this point.  (8 points)
d) If we now allow the angular velocity to start increasing so that 
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5 rad/s2 what is the magnitude and direction of the force associated with the angular acceleration (your book calls this the transverse force) when the duck is 2 m from the center? Clearly indicate this force on a diagram that includes the coordinates used and the direction of rotation and angular acceleration. (8 points)
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