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A MrLaFazia.com Original!
NAME: _________________________________  PER: _____  DATE: ____/____/____

Purpose: To construct a boat out of Aluminum Foil, Straws, and Printer Paper (with of course tape) that will do the most Work in the least amount of time (i.e., have the most POWER!)

Equations to Recall:
W=F∙d  P=W/t  F=m∙a  a=Δv/t  vavg=d/t
SETUP:
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Some Thoughts on Pressure:  There are many ways to find the Force which the fan applies to your sail.  The best way (which is applicable to all sail areas) would be to first find the Pressure of the air acting on your boat.  Pressure is Force divided by Area (as you may already be aware).  This, of course, varies the further away from the fan your water-vehicle goes, so even your Pressure calculation would only be useful in averaging.  With patience and by "mapping out" the Pressures, however, this can be done with greater accuracy.  (Note: when you study Calculus someday this should become a simpler task).

One method of finding the approximate Pressure would be to setup a low-friction vehicle to be blown some distance.  Using photogate technology you could very accurately solve for overall acceleration and, knowing the mass of your vehicle, you would use Newton's 2nd Law to solve for the Force applied to the measured area of your "sail".  

Another strategy might be simply to use a barometer or pressure-probe of some kind.  When setup correctly, these can be quite accurate.  But, once again, you would need to "map out" the Pressure system for any useful distances.


Perhaps the simplest way is to Reverse Calculate the net-Force.  This method takes into account all frictional forces, and the results give you a type of "net-Pressure" as well...which is useful only in individual calculations.  You could do this after your experimentation is completed by measuring the distance traveled by your sail boat (d) and dividing it by the time (t) it took to travel that distance.  This would give the average speed (vavg).  From that, you could approximate the overall acceleration and, using Newton's 2nd Law as described previously, solve for the net-Force (Fnet) acting on the boat.  Then, measuring your sail's cross-sectional area (A), you would calculate the average Pressure.
PROCEDURE:
STEP ONE:  Development

Brainstorm with your groupmates to decide on a basic design.  Remember, the greater the area of your sail, the more air it will catch.  However, an unstable design will topple over and/or fall apart.

You should take down some notes, here, on what your group has decided to do.  Also, a spot has been provided for you to draw a simple diagram of the intended design.
	


______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

STEP TWO:  Testing

When you are ready to test your design, go to your instructor and ask her/him to assist you.  Be sure to record the distance traveled and the time it takes your watercraft to complete the trip.  Also, at some point you will want to take a measurement on the Area of your sail.  Depending on your design, this could be simple or it may be more difficult.  Generally, it will be solved using the formula for the Area of a Triangle (or similar).  Do not forget to find the Mass of your craft prior to getting it wet!
DISTANCE TRAVELED:  _______ meters
TIME FOR TRIP:  _______ seconds
AREA OF SAIL:  _______ square meters

MASS OF DEVICE: _______ kg
STEP THREE:  Analysis

Now that you have run a definitive test, it is time to figure out how well, mathematically, your craft performed over those of your "competitors".  These types of calculations are necessary for manufacturers in almost every field:  to see how they size up to the competition.

CALCULATING WORK:

WORK = FORCE times DISPLACEMENT



FORCE = MASS times ACCELERATION



ACCELERATION = change in VELOCITY divided by TIME

We can approximate the change in Velocity by finding the average speed (vavg) and then doubling that value (since it is an approximate average of two numbers...the initial and final speeds).  The formula is as follows:

Change in Velocity = 2∙d/t = ___________ m/s

We can now approximate the acceleration by taking that change in Velocity and dividing it by the time elapsed (t).  Do so and show your result, below:


Acceleration = Change in Velocity divided by Time 
          = ________/________ = _________ m/s2

Now that we have approximated the Acceleration (a), we can use that value and our mass (found earlier) to solve for the average Force acting on the sail:

Force = mass times acceleration = ________ ∙ _________ = _________ N

Finally, you are ready to calculate the Work done on your boat!  

Work = Force ∙ displacement  = _________ ∙ _________ = _________ Joules

CALCULATING POWER:



POWER = WORK divided by TIME



Power = ________ / ________ = ________ J/s (Watts)
STEP FOUR: Conclusion

Now that you have calculated everything it is time to write a summary of what you have learned by doing this Lab!  Be sure to include ideas for improvement and how well your craft performed compared to the other groups' designs.

________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
