Position, Velocity, and Acceleration

1 Purpose

To use the kinematic equations to determine when and where a collision will ocur between
two objects moving in a straight line up and down an incline plane. This result will also be
verified experimentally.

2 Theory

The following kinematic equations may be used for the experiment.
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3 Procedure

1. Set-up the equipment and sensors as indicated by your instructor.
2. Measure the angle of inclination of the air track using your smart phone.

3. Record the initial position of the up (z1;) and down-going (z9;) carts (leading edge) and
the position of the photogate following the smart-pulley (x5,) with the leading edge of
the up-going cart. Also record the positions of the three photogates (xpg1, Tpg2, Tpgs)
used to calculate the acceleration of the carts on the incline plane.

4. Perform the experiment with the up and down-going cart and obtain a movie of the
collision between two carts using your smart phone.

5. From the capstone desktop of the computer closest to the bottom of the incline plane
export the smart-pulley velocity vs. time data. Perform a screen capture of the
capstone desktop and perform a screen capture of the capstone desktop of the computer
closest to the top of the incline plane.

4 Interpretation of Results

1. Use your velocity-time data of procedure 4 to plot a graph of v versus ¢ in Excel. Use
linear regression to obtain the initial acceleration of the up-going cart when it is being
pulled by a falling mass.



Determine the final velocity of the up-going cart as it is pulled by the hanging mass
and passes underneath the smart-pulley using the third kinematic equation. It should
be similar to the maximum v; value reported by the capstone desktop. Find the
percentage difference between the two values. The percentage difference is given by:
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. Determine the experimental acceleration of the down-going cart using the three pho-
togates’ positions and time intervals. Aty and Axis are the time interval and the
magnitude of the displacement between the first and second photogates. Aty3 and
Ax3 are the time interval and magnitude of the displacement between the first and
third photogates. It can be shown using the first kinematic equation applied to the
first and second photogate and to the first and third photogate that the acceleration

of the down-going cart is
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The theoretical value for the cart acceleration magnitude on the incline plane is given
by a = a4 sin @ where a, is the magnitude of the acceleration due to gravity and is equal
to 9.785 m/s? for our geographical location and 6 is the angle of inclination of the air
track. Calculate the theoretical acceleration due to gravity magnitude and compare it
to the magnitude of your experimental value using the percentage difference formula.

. Consider the following kinematic situation:

The up-going cart at t=0 has an initial position given by the position of the first (smart
pulley) photogate and initial velocity given by the maximum velocity of the capstone
desktop of procedure 4 and an experimental acceleration given by interpretation 2.
The down-going cart has at t=0 an initial position towards the upper end of the air
track with zero initial velocity and an experimental acceleration given by interpreta-
tion 2. Be careful with the signs of your kinematic variables, they are vectors. The
acceleration vector is negative. Objects moving up (to the right) of the air track are
positive and those moving down are negative.

(a) Use the first kinematic equation applied to each cart to determine at what time
and position do the carts collide. Hint: the final positions of both carts are the same
at collision.

(b) Use the percentage difference equation to compare your calculated collision position
using kinematics to the experimental collision position from your video.

. Use the second kinematic equation and your maximum velocity from the capstone
desktop of procedure 4 and collision time calculated in interpretation 3a to determine



the velocity of the up-going cart and down-going cart just before the collision.

According to your above results does the collision of the up-going cart occur on the
way up or down? Does your video support your answer?



