Mechanics Fall 2009 - Test 2

Work four of the five problems. Place the problems in the order you wish them graded. The first two prob.eras

form the first half test: the seccnd two problems form the second hal? test,

Problem 2.1 A cvclotron accelerates particles in circular orbits. Model the force exerted on a viass m
planc polar coordinates by

F=f(ryr+~+0
where f(r) is some function of r and 7 is a constant. Write the equations of motion in plane polar cosrdinares.
After vou have written the equations of motion, solve the 6 cquation under the (155111111)(]()11 that the orbit is

circular with r = a. where « is a constant with initial condition 0(0) = 0. 070) = 0. What must f{; bo under
this assumption'?

Problem 2.2 The figure below shows an experimental measurement of the amplitude A versus the engular

frequency w for a particle of mass m on a spring with spring constaut £ sliding horizontally on a fricticnless

surface through a medium that provides a lincar drag force —cv. The mass and spring constant ace known

through a scparate experiment. Describe how you would use this measurement to determine the drag cocfficien
Define any variables you read [rom the granh and mark their location on the graph.
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Problem 2.3 A bullet travels horizontally through a viscous medinm that excrts a quadratic drag force that
woakens with distance travelled. If the bullet is moving in the @ direction. the drag force is

F=—qe */0?

where » and @ are constants. Compute the velocity as a function of position if =he initial veloclty at the origin
is vy, Does the particle have a maximum range? If yes compute it. i© no compute the liniiting velocity.

Problem 2.4 Consider the force

F= -y + %))
where 7 is a constant. Is this force conservative, justify? If a particle of mass m is released at the poant (6. a. )
and travels ander this force toward the origir, how fast is the particle moving at the origin”

Problem 2.5 A two-dimensional isotropic harmonic oscillator has potential function V== IA' 24y for a
particle of mass m. Solve for the trajectory of the particle if the initial conditions as r(0) = a. a/\ D) = 0.
#(0) = 0. aud §(0) = vy. Report the trajectory as a(t) and y(t).
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