IB Moving Plots

Here you will use a 60Hz tape timer to make position and velocity v time graphs of a cart rolling down an incline, and analyze them with tangent lines.

Getting a Tape:

1. You and one partner will need a dynamics cart, a tape timer kit and some masking tape.

2. Find a spot in the on a ramp, and tape your timer to the floor.  Get a carbon paper disk (New ones are in an envelope in the tape timer box if you need it) and put it black side down on the pin and under the hammer, so that it is free to rotate.

3. Attach a piece of timer tape 2.0 meters long to the back of the cart, and thread it through the staples but under the carbon paper.

4. Position yourself on a ramp, remove the slack from the tape, turn on the timer, and release the cart from rest, allowing it to pull the tape through the timer as it accelerates down the ramp.
Analyzing the Tape:

1. Find a flat surface, and tape your timer tape next to two or three meter sticks that are also taped down so they won't move.  Mark the first dot, and every sixth dot thereafter.  Since the timer makes 60 dots per second, these marks you make represent the position of the car every tenth of a second.

2. Make a column that is the time starting with 0, and to its right, make a column that is the time squared.

3. The next column should be distance (in cm) by measuring the distance each mark is from the first dot (t = 0 seconds, S = 0 cm).  Don’t measure between the dots.
4. Add a •column to the table whose contents are the difference between adjacent distances divided by the time elapsed between each distance (.1 s)  Start with zero velocity.   (This is the velocity of the car in cm/s. Don’t forget to label your columns with units and what they are)

5. Make three nice x-y scatter graphs: (Vertical vs. Horizontal) 
a. Distance (cm) vs time (s) – choose the smooth line graph, label the axes etc., and make it a separate sheet.  Right click on the series when you are done, choose “Add Trendline” and put a second order polynomial model on your data.  Click the options tab, and check the box “Display equation on chart”

b. Velocity (cm/s) vs. time (s) – choose the points only, and you could put this graph on the same page as the data to save paper.  Add a “Linear” trendline to this graph, displaying the equation on the graph.
c. Distance (cm) vs. time squared (s2) – choose the points only, put a Linear model on this one, and you also want the equation on this one too.

Write up:

Tangent Lines:  Pick a curvy part of the distance vs time graph.  •Draw a long tangent line with a ruler to the smooth curve you drew through the points.  The line should go off the plot frame at both ends.  •By using the coordinates read from your axes of where your tangent line enters and exits the plot frame, find the slope of the line you drew.  Show this calculation on the graph itself.  •Your tangent line is tangent at a certain point in time.  Read this from the axis of your graph.  How does that slope compare the velocity at that time you calculated by subtracting distances?  (Compare the slope of the tangent line to the velocity at that time read from the values you calculated in step 3 above – the velocity column.) Do this for two points on the graph.

Acceleration: We are going to find the acceleration of the cart three different ways.  Calculate the acceleration all three ways, and •write a sentence citing and comparing the different accelerations.
Excel Polynomial Model: Excel will show your equation in the form y = Ax2 + Bx + C.  Our formula is s = ut + 1/2at2 where u = 0, so from the Excel polynomial, C and B should be 0 or thereabouts (don’t worry if they are not) but most importantly, A (The coefficient of x2) will be 1/2a - half the acceleration of the cart.  So double A, (the coefficient of x2) and you have the acceleration from this model.
Slope of velocity graph: This one is easy – the slope of the velocity vs. time graph is the acceleration.
s vs. t2: We think s = 1/2at2  so if we graph s vs. t2 we should get a line with a slope of 1/2a.  This is called “linearization”.  So the acceleration is twice the slope of this graph.
