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Newton’s Second Law

How does a cart change its motion when you pustpatten it? You might think that the harder
you push on a cart, the faster it goes. Is thescagtocity related to the force you apply? Or does
the force justhange the velocity? Also, what does the mass of theltave to do with how the
motion changes? We know that it takes a much hamatgh to get a heavy cart moving than a
lighter one.

A Force Sensor and an Accelerometer will let yoasoee the force on a cart simultaneously

with the cart’s acceleration. The total mass ofdae is easy to vary by adding masses. Using
these tools, you can determine how the net foragerart, its mass, and its acceleration are

related. This relationship is Newton’s second ldwnotion.
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Objectives

+ Collect force and acceleration data for a cart ssmoved back and forth.
« Compare forces. time and acceleratiors. time graphs.

« Analyze a graph of forces. acceleration.

» Determine the relationship between force, massaandleration.

Materials
TI-82, 83, 86, 89, 92, or 92 Plus PHYSICSprogram loaded in calculator
CBL System low-friction dynamics cart
Vernier Force Sensor 0.50-kg mass
Vernier Low-g Accelerometer Vernier adapter calfys

Preliminary questions

1. When you push on an object, how does the magnatithes force affect its motion? If you
push harder, is the change in motion smaller gel& Do you think this is a direct or inverse
relationship?

2. Assume that you have a bowling ball and a basedath suspended from a different rope. If
you hit each of these balls with a full swing dfaseball bat, which ball will change its
motion by the greater amount?
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3.

In the absence of friction and other forces, if gyxert a forcelr, on a masan, the mass will
accelerate. If you exert the same force on a mia&s,ovould you expect the resulting
acceleration to be twice as large or half as latgef?is a direct or inverse relationship?

Procedure

1.

Connect the Low-g Accelerometer using the adagatklecto CH1 of the CBL System.
Connect a Student Force Sensor (this is the ongse@t UVA) or Dual-Range Force Sensor
using the adapter cable to CH2 of the CBL Systégou are using a Dual-Range Force
Sensor, set the range switch to 10N (5N on oldésurtJse the black link cable to connect
the CBL System to the Tl Graphing Calculator. Fyritess in the cable ends.

Attach the Force Sensor to a dynamics cart so gawapply a horizontal force to the hook,
directed along the sensitive axis of your particiarce Sensor. Next, attach the
Accelerometer so the arrow is horizontal and pelrédl the direction that the cart will roll.
Orient the arrow so that if yqoull on the Force Sensor the cart will move in theddiioa of
the arrow. Find the mass of the cart with the F&ensor and Accelerometer attached.
Record the mass in the Data Table.

Turn on the CBL unit and the calculator. StartRR&SICSprogram and proceed to thiaiN
MENU.

Set up the calculator and CBL for the Force 8eard the Accelerometer.

SelectsET UP PROBESrom theMAIN MENU..

Selecttwo as the number of probes.

SelectACCELEROMETERfrom theSELECT PROBEMENU.

Confirm that the Accelerometer is connectedHol, and presSenter ).

SelectUsSE STOREDfrom theCALIBRATION menu.

SelectLow-G from theACCELEROMETERMENU.

SelectFORCEfrom theSELECT PROBEMENU.

SelectDUAL RANGE 5N, DUAL RANGE 10N, Or STUDENT FORCEAS appropriate for your sensor.
Confirm that the Force Sensor is connectedH@, and presSenter ).

SelectUsE STOREDfrom theCALIBRATION menu.

Next you will zero the sensors. To do this, pldeedart on a level surface.

» SelectzerRO PROBESrom theMAIN MENU.

» SelectaLL CHANNELS from theSELECT CHANNELMenu.

« With the cart stationary and no force applied ®Borce Sensor, wait for the reading on
the CBL to stabilize, and then pressccer) on the CBL.

Set up the calculator and CBL for data collection.

SelectCOLLECT DATA from theMAIN MENU.

SelectTIME GRAPH from theDATA COLLECTION menu.

Enter “0.1” as the time between samples, in seconds

Enter “50”as the number of samples (the CBL will collect dataabout 5 seconds).
Press enter J, then selecUSE TIME SETUPto continue. If you want to change the sample
time or sample number, seleadDIFY SETUPInstead.
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Trial |

7. You are now ready to collect force and acceleratiata. Grasp the Force Sensor hook. Press
and take several secondgyamtly move the cart back and forth on the table. Vaey th
motion so that both small and moderate forces ppéel. Make sure that your hand is only
touching the hook on the Force Sensor and notaheeFSensor itself or the cart body.

8. Pressenter ) and select CH1 to see the first graph of accederas. time and sketch the
graph in your notes. Pressiter ) and select CH2 to see the foksetime graph, sketching it
the same way. How are the graphs similar? Howrea different?

9. One way to see how similar the acceleration anckfdata are is to make a new plot of force
vs. acceleration, with no time axis.

+ Pressenter) and select NEXT, then selead to return to thevAIN MENU.
+ SelectANALYZE from theMAIN MENU.
+ SelectCURVE FITfrom theANALYZE MENU.
+ SelectLINEAR L2 , L3 from theCURVE FITmenu.
- Record the parameters of the fitted equation yataable.
« Pressenter) to see your forces. acceleration plot with the fitted equation.
« Print or sketch your graph.
+ Pressenter] to return to the1AIN MENU.
10. Using the regression equation, determine ¢heleration of the cart when a force of 1.0 N
has acted upon it. Record the force and acceleratithe Data Table.
11. Repeat Step 10 using a force of —=1.0 N.
Trial 2
12. Attach the 0.50-kg mass to the cart. Recogdribss of the cart, sensors, and additional mass
in the Data Table.
13. Repeat Steps 6 — 11.
Data Table
Trial |
Mass of cart with sensors (kg)
Fitted equation for force vs. acceleration data
Force pulling cart (N) | Acceleration (m/sz)
1.0N
-1.0N
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Trial 2
Mass of cart with sensors (kg)
Fitted equation for force vs. acceleration data
Force pulling cart (N) | Acceleration (m/sz)
10N
-1.0N
Analysis

1. Compare the graphs of forgg time and acceleratiors. time for a particular trial.

2. Are the net force on an object and the acceleratidhe object directly proportional?
Explain, using experimental data to support youswaer.

3. What are the units of the slope of the fovseacceleration graph? Simplify the units of the
slope to fundamental units (m, kg, s).

4. For each trial compare the slope of the regredsierto the mass being accelerated. What
does the slope represent?

5. Write a general equation that relates all thre@abtes: force, mass, and acceleration.

Extensions

1. Use this apparatus as a way to measure mass.dfagg&known mass on the cart. Measure
the acceleration for a known force and determieentlass of the unknown. Compare your
answer with the actual mass of the cart, as medsigiag a balance.
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