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Introduction
Mechanics is the branch of physics that deals with the analysis of motion and its causes.  Specifically, kinematics is the descriptive branch of mechanics, and dynamics is the causal.  Newton's second law relates the net sum of vector forces that are dynamical to the acceleration of an object.  In this lab, we verify Newton's second law on an air track.

Equipment:  air track, masses, photogate timer with accessory photogate, pulley

Procedure

    




1.  Set up the air track.  Level the air track by adjusting the leveling feet.  A glider should rest on the air 

track without accelerating in either direction.                                            

2.  Measure and record the effective length of the glider, and its mass.

3.  Mount the hook to the glider, and if necessary, balance it with a similar weight on the opposite side. 

4.  Add 100 grams of mass to the glider using two 50 gram masses.  Be sure the masses are distributed symmetrically such that the glider is balanced.  Determine the total mass of your glider and record as M.

5.  Place a mass of approximately 10-25 grams on the mass hanger.  Record the total mass (hanger plus the added masses) as ma, the accelerating mass.

6.  Set the photogate to GATE mode with MEMORY on.

7.  Choose a starting point (xo) for the glider near the beginning of the track.  Record this point so that you can always start the glider from this point.

8.  Press the reset button, then turn on the air.

9.  Hold the glider steady at xo, then release it.  Note t1, the time it took for the glider to pass through the first photogate, and tt, the total time it took for the glider to pass through both photogates.  The time, t2, is found as the difference between the memory times. 

10.  Set the photogate timer to PULSE mode.

11.  Press the RESET button.

12.  Again, start the glider from xo.  This time measure and record t3, the time it takes the glider to pass between the photogates.  Repeat this measurement and record the average as t3.

13.  Vary ma by adding increments of 10 g to the hanger.  Record M and ma and repeat steps 5 through 12.  Try at least three other different values for ma.
14.  Now leave ma constant (10-20g). Vary M by removing or adding masses to the glider.  Repeat steps 5 through 12.  Try at least four different values for M, including the glider with no additional masses.

Calculations
For each set of experimental conditions:
1.  Use the length of the glider and your average times to determine v1 and v2, the average glider velocity as it passed through each photogate.

2.  Use the equation a = (v2 -  v1)/t3 to determine the average acceleration of the glider.

3.  Determine Fa, the tension force applied to the glider by the hanging masses.

Analysis
1.  Graph the average acceleration (a) as a function of applied force, Fa.

2.  Draw a second graph showing the average acceleration as a function of the glider mass when ma is held constant.

3.  Examine your graphs carefully.  Are they straight lines or curves?  Use your graphs to determine the relationship between applied force, mass, and acceleration for the air track glider.

4.  What are the sources of error in this lab?

5.  Compare your actual acceleration to the theoretical.  Suggest a method to determine the force of friction of the air track.

