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Name:____________________________(1 point)

Physics 220
Exam 1, Fall 2005

1) In a serious case of barnyard hazing, a group of ducks has captured a young chicken and is putting it through the ritual of the “shaking of the feathers”.  In this ritual, the chicken (who has a mass M) is attached to a spring (with spring constant k) and set to oscillating in a resistive medium that produces a force that is linearly proportional to the velocity, i.e. Fdrag = -c1 v. (I don’t even want to think about what it is made of.) When I ask for frequencies, assume that I mean angular frequency.
a) Write a differential equation that describes the motion of the chicken.  (Assume no driving force for now) (5 points)
b) If the mass of the chicken is 2kg and the spring constant is 238 N/m, what is the natural (undamped) frequency of the chicken oscillator? (4 points)
c) Given that 
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 = 26, (weakly damped approximation) what is the value of the damping coefficient, c1. (4 points)
d) What is the frequency of the damped oscillator? (4 points)
e) Write the general solution for the motion of the chicken. (4 points) 
f) What would the value of the damping coefficient have to be if we wanted this to be a critically damped oscillator? (4 points)
g) If the ducks want to given the chicken the largest possible amplitude for the shaking ritual, what frequency should they drive it with. (4 points)
h) If the ducks drive the oscillator at the resonance frequency with a force of 3 N what is the amplitude of the oscillation. (4 points)
2) On the other side of the barnyard, we find an egg that experiencing a force given by
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 where k and a are positive constants.

a) Find the potential U(x) associated with this force.  Assume that U(x=0) = 0. (6 points)
b) Find any equilibrium points and indicate if they are stable or unstable. (6 points)
c) Aside from x=0, where else is the potential zero? (5 points)
d) Sketch the potential as a function of x.  Make sure that you label all relevant points (i.e. location and value of potential at equilibrium points and the locations of zeros for the potential.) (6 points)

e) What is the range of total energy for which the egg may experience bounded oscillatory motion? (5 points)

f) Is it possible for the egg to have a negative total energy? If yes, describe the motion. (5 points)

3) Finally, we find Ollie the wonder pig (with mass M) on the roof of the barn  (of height  h) to give us a demonstration of the effects of gravity and quadratic drag.

a) If we start by neglecting drag, write the differential equation that describes Ollie’s velocity as a function of position as he plummets off the barn roof. (4 points).

b) Find Ollie’s velocity when he hits the ground assuming he starts from rest at a height h. (i.e. solve the equation). (6 points)
c) If we now include quadratic drag (
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) write the “new and improved” differential equation that describes Ollie’s motion as he plummets towards the ground.  (Hint:  It is easiest if you put the sign of the drag force in by hand.) (6 points)
d) Again find Ollie’s velocity when he hits the ground assuming he starts from rest at a height h. (i.e. solve the “new and improved” equation). (12 points)
e) How much energy is dissipated by the drag force on the way down? (Hint: we know the total energy at the top and the total energy at the bottom.) (5 points)
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