Air Resistance – It’s a Drag
Objective:  Estimate the drag coefficient on a stomp rocket through use of a computer model.

Introduction:  In introductory physics classes projectile motion problems are traditionally solved in the absence of air resistance.  Although this assumption makes a good starting point, it can produce unsatisfactory results for light, bulky, or speedy projectiles.  To compensate for the drag force, a drag coefficient, C, can be introduced.  The drag coefficient has many parallels to the coefficient of friction, μ.  For instance, both are unitless, describe opposition to relative velocity, and are determined experimentally.  One method available to scientists for estimating experimental variables is to use computer models.

To complete this lab you will determine and collect all of the data requested by a projectile motion computer simulation with the exception of the drag coefficient.  You will then measure the range of the projectile when launched at several angles.  Finally you will select drag coefficients in an attempt to identify one that most closely replicates your measured ranges.
Materials:  Ultra stomp rocket, bowling ball, meter stick, 50m tape measure, scale, protractor (a 360° protractor copied onto an overhead transparency can be easily attached to the ultra stomp rocket.)   NOTE:  Almost any reasonably uniform projectile launcher can be substituted for the ultra stomp rocket and accessories.)
Procedure:  

1) Go to the PhET projectile motion sim to experiment with the program and determine which variables are required.

2) Collect the required physical information for your stomp rocket.

3) Determine initial velocity for your stomp rocket using the one-gate timer option for the Vernier photogate.  In order to collect reliable data and avoid damage to the photogate please pay careful attention to the following tips:
a. DO NOT attempt to launch the stomp rocket through the photogate.  Instead, attach an index card to the top of the stomp rocket so that it looks like a fin.

b. To launch the stomp rocket you must use a consistent and reproducible force.  I suggest dropping a bowling ball from exactly the same height (approximately 30cm) onto the exact center of the air bladder.  If the height is changed or the air bladder is hit off to one side, the resulting force will differ and your initial velocity will not be consistent.

c. Launching horizontally through the photogate is probably the simplest setup for collecting initial velocity.

d. Repeat the drop and launch several times to ensure that you can produce approximately the same initial velocity on every launch.

4) Collect range versus launch angle data.  I recommend collecting a minimum of two data points for each angle from 10 to 80º.  Collect more data points if the first two are not consistent.  I consider less than a 5% difference very good.
5) Plot all of the data (not just averages) on a range versus angle graph.  Add to this graph a curve representing the theoretical range versus angle.  (You can find this.  After all, you do have an initial velocity.  Be certain to provide a sample calculation in the lab report.) Verbally compare and discuss these two graphs in your conclusion and attempt to explain any “problems”.
6) Return to the PhET projectile motion sim.  Estimate a drag coefficient for your stomp rocket using both of the following methods.
a. CURVE MATCHING

i. Generate range versus angle curves for several different drag coefficients.

ii. Decide which most closely approximates your data.

iii. Plot this curve on your data graph.

b. POINT MATCHING

i. Determine the drag coefficient that most closely approximates the observed range for each angle.

ii. Calculate the average drag coefficient for all data points.

iii. Compute a standard deviation for the data set.

iv. Report your drag coefficient as average ± standard deviation.

7) Produce a formal lab report in your lab book.  In your conclusion, discuss and compare the drag coefficients generated by both techniques.  What are merits of each technique?  What are disadvantages?  In which result do you have greater confidence and why?  Also discuss in detail what factors decrease your confidence in the lab and how the lab could be improved.
