Activity 12
Newton’s Second Law


Instructions

1.
Obtain a cart with a force probe secured to it. Face the motion detector toward the back end of the cart. The distance between the cart and the motion detector should be at least 40 centimeters. Should you have trouble getting data with the motion probe, you might fasten a card to the back of the cart.

2.
Attach the force probe to the 50-gram weight-hanger with a piece of string. Place the string over the pulley and adjust the string length so that when pulled back and released, the hanging weight-hanger will hit the floor just before the cart reaches the bumper on the track.

3.
The cart has some friction. Normally, you would need to determine the mass required to exactly balance the frictional force of the cart. However, you will not be able to do this, as we do not have the weights to do so. This will alter your results much as the friction of the cart is very small. Thus the value of the mass required to offset friction will be zero. Record the value of zero, for the mass to overcome zero, as mf, in grams. [Ask your instructor about this.]

4.
Place a bar mass on the cart. Record the total cart mass as M (in kg) (This includes the mass of the cart, the mass of the force probe and the added mass). This value will remain constant throughout the experiment.

5.
Add 50 grams to the weight-hanger. The mass that will cause the acceleration is 100 grams.

6.
Make sure the CBL and the TI-83 are turned on.  Start the SECOND program on the TI-83.  Remove all force from the sensor, then press [ENTER] to zero the force probe. (Be sure you do this.) Enter a value for mf when prompted for the mass required to balance friction.

7.
Reattach the string to the cart and pull it straight back, making sure that the string that connects the cart and the hanging mass is level with the table. Press "ENTER" to start collecting data and release the cart from rest as soon as you hear the clicking sound, which indicates that the motion detector is collecting data. The force sensor will measure the applied force while the motion detector will simultaneously measure the cart's velocity.

8.
Select FORCE-TIME from the PLOT OPTIONS menu to see a plot of net force versus time.  Your force-versus-time plot should show a force that is nearly constant for the time interval that the cart was accelerating. (If the force is negative, you did not zero the force probe correctly.)

9.
Press [2ND] [DRAW] 3 to display a horizontal line on the screen. Use the arrow keys to move the line up and down until it aligns with the portion of the force-versus-time plot where the applied force was approximately constant while the cart was accelerating along the tabletop. The displayed y-value gives an estimation of the average applied force acting during this interval. Record this value in your lab notebook as the net force acting on the cart. Also print the screen using Graph Link.

10.
Start the PLOTS program on your calculator. Select VELOCITY-TIME from the PLOT OPTIONS menu to see a graph of velocity versus time for the accelerating cart. The velocity-versus-time plot should appear to increase steadily, for the time interval corresponding to the time the cart was accelerating, displayed on the TI-83 screen. (If the section of the graph that is constantly increasing is small, press [ZOOM], select Z-BOX, position the cursor at one corner of the region you wish to surround with a box, press [ENTER], move the cursor to the opposite corner of the box, and press [ENTER].

11.
Use "TRACE" to move along the velocity-versus-time plot.  Identify the coordinates of two points that lie on the increasing straight-line portion of the velocity-versus-time plot (near the beginning) and record them in you lab notebook as (tl, v1). Move the cursor to a position near the end of the straight-line motion and record the coordinates as (t2, v2).


Adding mass to the mass hanger changes the applied force. (Do not add or remove mass from the cart.  Repeat Steps 6 through 10 increasing the mass on the hanger by 50 grams each time for at least five different applied force values keeping the dynamics cart mass, M, constant.  For each trial, record all relevant data including the net force, F, t1, v1, t2, v2. Organize this data in a table.

Analysis
(Rather than use L1, L2, L3, … etc., you could label each column with an appropriate name.)

1.
Press [STAT] [ENTER] to access the list editor on the TI-83.  Move to the top of each list and press [CLEAR] [ENTER] to clear all data from lists L1 through L6.  Based on the data table you constructed earlier, enter the force in L1, t1 in L2, v1 in L3, t2 in L4 and v2 in L5. Next move the cursor over L6 and press the following keys: [(], [2nd] [L5], [-], [2nd] [L3], [)], [/], [(], [2nd] [L4], [-], [2nd] [L2], [)], [ENTER]. (When you pressed [ENTER], acceleration was calculated and entered in L6).

2.
Press [2ND], [STAT PLOT], 1 [ENTER] to turn on Plot 1. Select: Type = scatter, Xlist = L6, Ylist = L1, and Mark = [+]. Press [ZOOM] 9 to see a scatter plot of the force-versus-acceleration data. (Make sure that plot 2 and plot 3 is off and that there are no equations under [Y=].

3.
Select LinReg from the [STAT] [CALC] menu and enter the appropriate regression command at the home screen, LinReg [L6], [,], [L1].  Print this information  on the computer and include this in your report.  What value did you get for the slope? What units does it have? Contact instructor at this point.

4.
Press [Y=] and move the cursor to Y1=. Clear all equations if any have been entered. Press [VARS], [Statistics...], [EQ], [RegEq], [Enter] to copy the regression equation to the cursor position.  Press [GRAPH] to see the scatter plot and regression curve together.  Make a printout of this graph using TI-GRAPH LINK and affix it in your lab notebook.

5.
Do your results agree with the expression relating force, mass and acceleration suggested by Newton?  Comment on any discrepancies.
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