PHYSICS 225







Winter Term 2008

EXAM ONE:  KINEMATICS, DYNAMICS, & ASSORTED MECHANICS GOODNESS

Directions:  Answer each question as completely and carefully as you can.   You may use a calculator, but not your text, notes or a friend.  All devices used as calculators may NOT be used to connect to the internet or store data. Show ALL of your work, and explicitly state any assumptions or auxiliary conditions you impose on a problem.  Failure to do so will result in NO CREDIT for the problem.  Please, please, PLEASE read each question carefully and take your time.  Good luck!

Oh, and do please write and sign the honor pledge some place I can find it easily if you would like me to grade this exam.

1. Conservation Conditions (10 points). Consider an object with mass m moving through space.  Write ONE equation and ONE explanatory sentence that describes the condition(s) required for 


a) conservation of linear momentum. (5 points)

b) conservation of angular momentum. (5 points)

2. Kinematics (25 points):  An object moves such that its acceleration is given by 

a(t) = (Ae-bt)i, 

with A and b are constants.
The initial conditions are x(t=0) = 0 and v(t=0) = v0, and the object is constrained to travel only in the ±i direction.
a) What are the units of A and b?  (2 points)

b) Solve for v(t) and x(t). (20 points)

c) How do v and x behave as t         ∞?  (3 points)


3. Dynamics (35 points):  A thin circular hoop with mass M and radius a is initially at rest at the top of a frictionless ramp with height h.  The hoop is uniform and its rim is infinitesimally thin.








4. Force and Potential Energy (30 points): Consider a one-dimensional potential energy function given by

U(x) = U0cos(px/L),
0 ≤ x ≤ 2L,

with U0 a constant.  A particle with mass m is constrained such that its position is given by 0 ≤ x ≤ 2L.

a) Sketch the potential energy curve as a function of x. (4 points)

b) Find the force that corresponds to this potential energy and sketch F(x) vs. x.  Find the stable equilibrium point.  (6 points)

c) Suppose a particle is located at the stable equilibrium point.  Find the frequency of small oscillations about this point in rad/s. 



(10 points)

d) Suppose now that the particle has total energy E = -U0/2.  What is the maximum distance from the origin that the particle can obtain? (10 points)
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Find the moment of inertia I for the hoop about an axis of rotation through its center and pointing out of the page.  (5 points)





If the hoop slides down the ramp without rotating, find the speed of the hoop just as it leaves the ramp.  (5 points)








If the hoop slides down the ramp without slipping, find the speed of the hoop just as it leaves the ramp.  (10 points)





Now consider the situation in b), but with a ramp that has a coefficient of static friction ms. Draw a free body diagram of the system, including the appropriate axes.  What is the minimum value of ms that will keep the hoop at the top of the ramp?  (15 points)
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