	Unusual cases of oscillating motion:
Chillin’ at the energy skatepark with the Beatles
	Names:





The energy skatepark man: 
In many “in-class works” (ICW’s) we’ll be working on the Physics Education Technology (PHET) website:  http://phet.colorado.edu/new/simulations/index.php?cat=All_Sims
Find and open the simulation “Energy Skatepark.”   

When you open the simulation, it tells you to add track… DON’T! we are just going to analyze THIS piece of track (like it is).
Is the man’s motion oscillatory? (Y/N)

Is the man’s motion simple harmonic motion?

HINT:  what is the requirement for simple harmonic motion… you learned this last time!)

Let’s work through to figure out what aspects of the motion are simple harmonic, and what variables change the period of oscillation:

What shape is the piece of track (use a math term for what you think is might be)?
What would a generic equation for this shape be?  Write your equation as y=f(x) and leave all constants empty.  I’ll help you on this if you need it.  

This shape constrains the man’s motion... the entire motion of the man can be analyzed with respect to time and his x position.  I choose this for certain reasons because some parts of the sim also use x to indicate the mans position… you COULD also choose y, and we’ll discuss that later.
Now click on “show grid” in the tool bars to the right, Unfortunately, you can’t move around the grid...  But where would be a good place to center your own coordinate system?  Choosing a good coordinate system (to eliminate offset constants in the equation)  makes the problem MUCH easier.  
With all this in mind, fill in the constants for the equation based on the most reasonable coordinate system (the one you chose above).  Let me know if you need help.
With the above equation for the ramp in mind, what is the equation for the man’s potential energy?
U(x) =  

How does “force” relate to “potential energy” (I’m looking for a calculus formula to find force from potential energy)?  

With this in mind, what is the equation for the force on the skater F(x)?
Based on this… is the oscillatory motion of the skater, in terms of x(t), of the man simple harmonic motion?  Recall the condition for simple harmonic motion (Hooke’s law).
What is the effective “spring constant” k for the gravitational potential?
Based on this, what should the period for the oscillation be?

What would be a good equation for the man’s x-position as a function of time, x(t)?
Hint:  You’ll need to know at least the angular frequency and the amplitude.

x(t)=

What would be the skater’s TOTAL energy? Find a value… and show the calculation:

What would be the skater’s speed at the bottom?
Do you think the y-motion of the man y(t) is “simple harmonic motion”?
Let’s check!:
You know y(x), the equation for your parabola.  Invert your equation to find x(y):

x(y)= 

Plug this equation into your force F(x) to find F(y).  Does F(y) meet the conditions for simple harmonic motion?

F(y)=

You can check your period and see the oscillation between gravitational potential energy and kinetic energy by checking the energy versus time graph.  

How does your period compare to that your predicted?

Predicted value:



Actual value:

Does the period depend on the amplitude of the motion?

What are the shapes of the energy graphs (kinetic, potential, and total)?  Draw them below:
In this case, you’ll see that the graphs of kinetic and potential energy approximate that of a sin2 and cos2 functions, but they aren’t that exactly.  The x-velocity is a sin function, so this part of the energy does fit the trend… but the y-velocity has small values between the top (when it’s zero) and the bottom (when it’s also zero because it’s changing direction).  But the graphs are pretty similar to those you’d expect, because most of the velocity changes in this particular ramp where in the x-direction.  An example that would be more difficult to look at (energy wise) would be if the skater was in a half-pipe going down a hill (including a z-dimension!).

Investigate the oscillation for other skaters on this ramp, and for changes in amplitude.  Does the period of the oscillation depend on the mass (like in a spring system) or is it independent of the mass (like in a pendulum)?

Does the total energy depend on the mass?

Does the total energy depend on the amplitude (where the skater was dropped from)?

Does the speed at the bottom of the ramp depend on the mass?  

Does the speed at the bottom of the ramp depend on the amplitude? 

This pipe was special.  Could oscillations in the x-direction occur in these (y/n):
Half circle:


v-shape:



square well:
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For the above cases:  Would “simple harmonic motion” in the x-direction occur under all conditions, some conditions (ex. low amplitude), or none?  

Half-circle:
v-shape:

square-well:

Another odd 2-D case (that your text discusses, so we’ll just highlight some important aspects).

Find and open the sim “Ladybug Revolution.”  Mostly, I want you to observe that that circular motion (viewed from the side) is simple harmonic motion with the x-y-position graphs.  Also check out my “record player with bug” setup on the front desk.  Switch the sim tab (at the top) to “Rotation.”

Give the record some angular velocity.  Switch your units to radians per second to match our text standard units.  What is your value for ?:

 = 

What period would you therefore expect for side-viewed oscillations?  Show the math:

Observe the x/y graphs.  Measure the period for the motion depicted on the graphs:  Does this match your expectations?
What is the frequency of the linear (back and forth motion) of the bugs viewed?
How does the energy total energy relate to the bug’s mass, the radius where the bug sits, and the angular frequency of the record? 

Etotal=

Does the energy (kinetic/potential/total) have any aspects that are oscillatory?  Explain your thoughts.
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