Name:____________________________(1 point)

Physics 220
Final Exam, Fall 2005

There are five questions given below dealing with the adventures of the teletubbies.  Choose any four. I don’t know the gender of the teletubbies so I will call them males for the sake of simplicity.  
1) The red teletubby (named Po) has a mass M is dropped from the roof of a barn of height h.  When Po has reached a height h/2 he blows up into three equal mass pieces.  Just after the explosion, the first two pieces are moving directly away from each other, horizontal to the ground, with a speed V0. 

a) How fast is Po moving just before he blows up? (I can't believe I'm asking a 110 question and actually giving points for it) (4 points)

b) What is the velocity (magnitude and direction) of the third piece of Po just after the explosion? (10 points)

c) How much kinetic energy is added to the system by the explosion? (10 points)

d) What is the velocity of  Po’s head (right piece below) when it hits the ground? (6 points)
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2) The purple teletubby (named Tinky Winky) has come up with a fun new game in which he runs as fast as he can and then dives onto a long path covered with mud to see how far he can slide.  The mud has the feature that it produces a drag force on Tinky Winky that opposes his motion and has a magnitude proportional to the square root of the velocity.  i.e. 
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a) Write a differential equation that describes the velocity of Tinky Winky as a function of time.(4 points)
b) Write a differential equation that describes the velocity of the Tinky Winky as a function of position. (4 points)
c) If the Tinky Winky starts with an initial speed V0, how far will he slide? (Assume he starts from x=0.) (8 points)
d) How much farther will it go if he can double his initial speed? (4 points) 

e) Again assuming an initial speed V0, how long will he take to stop? (Assume it starts at t=0.) (8 points)
3) All four of the telebubbies are on a spaceship somewhere near their home planet (in a very odd section of the universe.) The spaceship has a of mass m and is moving under the influence of a particular central force that causes it to follow a spiral trajectory given by
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where ( is a constant.

a) Find the force law for the central force. (8 points)

b) It is easily shown that for any arbitrary force we may have a circular orbit. Would a circular orbit be stable for the force law found in part a? How do you know? (8 points)
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Find ( as a function of time; i.e ((t).  Hint: Angular momentum is conserved. (Assume that ((t=0) = 0) (8 points)

d) Find the radius as a function of time r(t). (6 points)
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4) The rest of the teletubbies have gotten tired of Laa Laa (the yellow teletubby) and want to shake some sense into him.  Thus, they have attached him to a spring (spring constant k) and are having him oscillate in a resistive medium where the drag force is linearly proportional to La La’s speed i.e Fdrag = -c v .  Assume that Laa Laa has a mass M ( In all cases below, if I ask for a frequency, assume that I want angular frequency,(.)

a) Write the differential equation that describes Laa Laa’s motion. (Assume that there is no driving force....yet.) (4 points)
b) If k= 20 kg and 8000 N/m what is the natural frequency of the undamped oscillator? (3 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? (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= 40 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? (3 points)

g) How long would we have to wait for the amplitude of the damped oscillations to decrease by a factor of 90%? (3 points)

h) What would the value of the damping coefficient have to be in order that the Laa Laa oscillator be critically  damped? (3 points)

i) At what frequency should we drive the oscillator in order to get the maximum amplitude response?  (Assume the damping coefficient from part e.) (3 points)
5) During WWII, Raymond Zich's dad flew on a B24 bomber named the ''Bovine Blunder'' (true fact) in the South Pacific.  During one particularly daring raid the bomber approached a target located on the equator (i.e (=0) flying due North at a height of h = 8000 m and flying with an air speed of v0 =125 m/s. While approaching the target Dipsy (the green teletubby) is dropped out of the bomb bay door.

a) How long does it take Dipsy to hit the ground?(8 points)

b) How far does Dispy travel in the North-South direction?(8 points)

c) How much does Dipsy drift in the East-West direction due to Coriolis acceleration?(8 points) 
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Is there any place on earth where the East-West drift would be zero for this initial height and velocity? If so, where? (6 points)

Extra Credit Problem In this problem we find Po rotating about a shaft that is passed through the loop on the top of his head with an angular frequency (0.  In the following, model Po as a uniform thin rod of length a and total mass M and model Tinky Winky  as a sphere of radius 2a and mass 2M.

a) Calculate Po’s moment of inertia about the axis of revolution (i.e. a point at the end of the rod). (Don't just write the answer. Show how you get it.) (5 points)
b) We now drop Tinky Winky directly on the top of  Po so that the axis of rotation passes straight through TinkWinky’s center and the two teletubbies stick together. What is the final angular velocity of the pair? (Hint: The moment of inertia of a sphere of mass m and radius r about an axis passing through the center is I=(2/5)mr2.) (5 points)
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