Name:____________________________(1 point)

Physics 220
Exam 1, Fall 2006
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1) While walking through his neighborhood on a not-so-beautiful day, Mr. Rogers is picked up by a tornado and lifted into the air.  A nearby class of physics students determines that his coordinates are given as a function of time in cylindrical coordinates as
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where r0, (, (,  and  ( are constants.
a) Write the position vector for Mr. Rogers as a function of time. ( 6 points)
b) Write the velocity vector for Mr. Rogers as a function of time. ( 6 points)

c) Write the acceleration vector for Mr. Rogers as a function of time. ( 7 points)

d) What is Mr. Rogers’ speed (i.e. the magnitude if his velocity) as a function of time? (7 points)
e) Suppose now that we have the special case (((.  What is the angle between Mr. Rogers’ position and acceleration vectors? ( 7 points)
2) Across town on Sesame Street, everyone has gotten together and attached Elmo (mass M) to a spring with a spring constant k and are having him oscillate in a resistive medium where the drag force is linearly proportional to his (its?) speed i.e Fdrag = -c v .  ( In all cases below, if I ask for a frequency, assume that I want angular frequency,(.) ( 1 free point)
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Write the differential equation that describes Elmo’s motion. (Assume that there is no driving force....yet.) (4 points)
b) If m= 5 kg and k=2000 N/m what is the natural frequency of the undamped  Elmo oscillator? (4 points)

c) At t=0 the undamped oscillator is passing through the equilibrium point (x=0) with a velocity of 5 m/s. What is the amplitude of the undamped oscillation? (Hint: energy is conserved) (3 points)

d) Using the results from above, write the position as a function of time for the undamped oscillator. (4 points)

e) Suppose the drag coefficient is measured to be c= 10 kg/s.  What is the Quality factor of the damped oscillator? (You may use the weak damping result for this part.) (4 points)

f) What is the frequency of the damped oscillator? (4 points)

g) What would the value of the damping coefficient, c, have to be in order that the Elmo oscillator be critically  damped? (4 points)
h) At what frequency should we drive the oscillator in order to get the maximum amplitude Elmo ( 4 points)
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3) The purple teletubby (named Tinky Winky) is sliding across a frozen pond whose surface roughness varies with position so that it produces a drag force given by, 
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 is a unit vector in the direction of the velocity, c is the drag coefficient, x is the position and v the velocity. (Note that the drag force simply opposes the motion as would be expected.)
a) Write a differential equation that describes the velocity of Tinky Winky as a function of position. (6 points)

b) Assuming  the Tinky Winky starts with an initial speed V0 at x=0,  solve the equation from part a) to find his velocity as a function of position . (8 points)

c) What is the maximum distance that Tinky Winky can slide? (6 points) 
d) Write the differential equation that describes Tinky Winky’s position as a function of time. (6 points) (Hint: This is really easy if you got part b.)
e) Solve the equation from part d) assuming that he starts at t=0, x =0  with an initial speed V0.  (7 points)
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