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0. 
Introduction

Abstract  The previous labs considered motion with constant velocity and then motion with changing velocity but constant acceleration.  Now we come to forces, the causes of acceleration.

0.1 Previous labs
Let us examine the path we have followed so far.

The Discovering Motion lab introduced us to very basic kinematics.  During this lab, the objects either did not move or they moved with constant velocity.  Velocity is the slope of a displacement-time graph.  During the Discovering Motion lab session, the slope of the displacement-time graph was either zero or some other constant number.  There was no acceleration: whether you stood still or moved with constant velocity, the acceleration was zero.

Next came the Experiencing Acceleration lab.  The displacement-time graphs in that lab were no longer straight lines; they curved.  You were studying the motion of objects when they undergo uniform acceleration;  the acceleration was a non-zero number.  For this case of non-zero uniform acceleration, the displacement-time graph is a parabola, and the velocity-time graph is a straight line.  The slope of the velocity-time graph is the acceleration of the object.

0.2 This lab
What physical concept caused the difference in the shape of the graphs from one week to the next?  Why did an object speed up or slow down?  You will investigate these questions in the activities that follow.  To do this, you will use a new piece of apparatus called a Student Force sensor (SFS), which directly measures forces.  The SFS consists of a metal bar with hooks on one end.  The other end is contained in protective and supportive housing.  The metal housing is strong and durable, suited for student use;  hence its name.  However, do not be fooled.  The actual sensor is fragile and easily destroyed.  Please do not abuse this device.  Never subject a SFS to more than 5 N, which is about 1 pound.  Inside the housing, mounted on the metal bar, is a strain gauge.  The strain gauge measures deflections of the metal bar and converts that deflection into a voltage that the ULIII can measure in order to determine the force in newtons that caused the deflection.

0.3 Using the SFS
The force to be measured must be applied perpendicular to the SFS’s metal bar.



[image: image1.wmf] force

Correct!  Note the 90

° angle

between the metal bar and the

direction of the force.

  metal bar

 

SFS



[image: image2.wmf] force

  metal bar

 

SFS

 Incorrect!


 
[image: image3.wmf] force

  metal bar

 

SFS

  Incorrect!


Figure 1  Correct and incorrect use of the SFS

0.4 Newton’s Third Law

Newton’s Third Law is usually stated something like the following:  For every action there is an equal and opposite reaction.  The practical meaning of this is that if you push on something, it pushes back on you just as hard as you push on it.  This is not easy for most people to believe.  For example, suppose you kick a soccer ball.  Your kick is a push on the ball that sends it flying down the field.  Newton’s Third Law says that the ball pushed your foot exactly as hard as your foot pushed the ball.


Does that make sense to you?

0.5 Newton’s Second Law

Newton’s Second Law is F = ma.  F is the total applied force (in a unit called the newton) on an object of mass m kilograms.  The result of the total applied force F is that the object accelerates with acceleration a m/s2.  In other words, forces cause accelerations, and F = ma is the relation between the total force on an object and the object’s acceleration.

0.6 Weight

Every object near the surface of the earth is subject to the gravitational attraction of the earth.  When the earth’s gravitational attraction is the only force acting on an object, the object has an acceleration g = 9.8 m/s2.  From Newton’s second law, it follows that the gravitational force on an object of mass m is mg.  This force is known as the object’s weight.  Hence, W = mg.


If an object of mass m is suspended motionless from a string of from the hook of an SFS, the object’s weight mg is the downward pull that the object exerts on the string or hook as a result of earth’s gravitational attraction.

0.7 MS Excel

Bring your MS Excel handout (from the first general physics lab) with you to your lab session.  You will be using MS Excel to make a graph of force and acceleration data.

0.8 No metal objects on cart tracks, please

Metal objects, such as SFSs, can scratch the cart tracks.

1. Activity #1: Calibrating Force sensors

Abstract  Previously, you have always opened a Logger Pro file to start an activity.  In this activity, you set up Logger Pro without the aid of a pre-built Logger Pro file.  In the process, you calibrate two Student Force Sensors so that they accurately read forces in newtons.

Equipment:
Computer 




ULIII interface box




Two Student Force sensors




100 g, 200 g, and 500 g masses


In all the experiments that you have performed so far you were instructed to open Logger Pro setup files before you started collecting data.  These files communicated to the computer that a motion detector had been connected to the ULIII interface box, so that the computer could send and receive the right kind of signals and also display the relevant data on the screen.  In this activity you do something different.
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Figure 2  The Sensor Properties dialogue box
1.1 Unplug the motion detector from the interface box, and plug in two Student Force sensors, one in DIN 1 and the other in DIN 2. You know that these sensors measure forces, but Logger Pro has no way to know what we attached to the ULIII interface. You have to tell Logger Pro what kind of sensor is attached.

1.2 Turn the ULIII interface box on, and run Logger Pro.

1.3 Click on File on the main menu and then choose New. This will open a window containing a graph on the left and blank number table on the right. Remove the number table by clicking on the × at the top right hand corner of the window.

1.4 Just to the left of the COLLECT icon, you should see the Sensors icon;  it is pale blue with black dots on it.  With the help of this icon you can communicate to the computer the sensors that we  have connected to the interface box. Left click this icon to open the Sensor Properties dialogue box (Figure 2).

1.5 Left click on the DIN 1 icon. Make sure it is the only icon that is highlighted by a black border.  Scroll down the Sensor menu list and select Force‑Student Force.

1.6 Next click the Details tab, and then click the Unlock button.  In the space next to Label, type Force1 instead of Force, and change Short Label to F1. With this step you have informed Logger Pro that you have a SFS named Force1 connected to the DIN 1 socket on the interface box and having F1 as an abbreviated name. Click the OK button. 
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Figure 3  Calibrating Force sensor F1.  Change Value 1: to 0 and click KEEP.

1.7 Click again on the Sensors icon. Left click on DIN 2 and make sure it is highlighted. Repeat steps 1.1-1.6 except change the Label and Short label to Force2 and F2 respectively. You have now informed the computer that a second SFS has been connected to the interface box in socket DIN 2 and given it a name and a short name. 

1.8 The next step is to calibrate your force sensors. Click Experiment on the main menu and then choose Calibrate….  You will see the Sensor Properties dialogue box again.

1.9 Click the DIN 1 button to highlight the box (black border around DIN 1).  Make sure DIN 2 is not highlighted.  If DIN 2 is highlighted, click the DIN 2 icon to remove the highlight.  Click the Perform Now.. box.  At this point, the computer screen will look like Figure 3.

1.10 Remove all strings and weights from the force sensor attached to DIN 1 (force sensor F1), and hold F1 firmly against the top of the table. There must be nothing suspended from its hooks:  no masses, no pulley, nothing. Change Value 1 to 0 (for zero newtons, since no force is being applied to the force sensor), and click Keep.

1.11 Now suspend a 500 g mass from the hook of F1.  Enter 4.9, the weight in newtons (from weight = m·g) of the 500 g mass in the space next to Value 2.  Hold the sensor steady, and when the Input 1 reading is stable, click Keep.

1.12 Now perform a similar calibration procedure on the force sensor connected to DIN 2 (force sensor F2).  Here, in short form, are the steps.

1.12.1 Remove all strings and weights from F2.

1.12.2 Make sure DIN 1 is not highlighted, and DIN 2 is highlighted

1.12.3 Click Perform Now.  

1.12.4 Change Value 1 to 0 (for zero newtons).

1.12.5 Click Keep.

1.12.6 Hang a 500 g mass on F2.

1.12.7 Change Value 2 to 4.9 (for 4.9 newtons).

1.12.8 Click Keep.

1.12.9 Return to the Logger Pro main display screen.

1.13 Now increase the data sampling rate by clicking Setup and then choosing Data Collection…. In the window that pops open, click the Sampling tab.  Change the sampling speed to 100 samples/sec, and then click OK. You have programmed the computer to record the data collected by the Force sensor one hundred times every second.

1.14 To get the computer to display the forces measured by the two Force sensors, click on View on the main menu and then choose Graph Layout…. On the window that pops open, select the horizontal Two Panes. 

1.15 Get the top window to display the force measured by F1 and the bottom window to display the force measured by F2.

1.16 To make sure that you have done your calibration correctly, hang a 100 g mass from F1 and a 200 g mass from F2.  Collect data by clicking on the Collect button on the main menu.

1.16.1 The computer records the force measured by each Force sensor for 10 seconds.

1.16.2 To determine the average force measured by each Force sensor click on Analyze on the main menu, and then choose Statistics. Do this for both of the Force versus Time plots.

1.16.3 A window should appear on each of the plots with the corresponding mean values of the forces on F1 and F2. Record these values in the space below.

Mean F1 = 


 N

Mean F2 = 


 N

1.16.4 Make sure these values agree with the values 0.98 N and 1.96 N for the 100 gram and 200 gram masses, respectively.  If not, something went wrong during the calibration procedure, and you will have to repeat steps 1.7-1.7 for F1 or the steps in 1.12 for F2.  Talk to your lab instructor for assistance.

1.17 When the force sensors are properly calibrated, print a copy of the Logger Pro screen for each partner at your table.

1.18 As you now appreciate, it takes a lot of work to set up Logger Pro for an experiment.  Using an experiment file already saved on disk greatly simplifies the data acquisition process.

2. Activity #2:  Newton's Third Law

Abstract  You will see an experimental verification of Newton's Third Law:  For every action there is an equal and opposite reaction.
Equipment:
Computer 


ULIII interface box


Student Force Sensors (two per table and already calibrated as in Activity 1)


Rubber band

2.1 Get instructions from your lab instructor before you proceed with this activity.
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Figure 4  Connecting the two SFSs with a rubber band

Hook the two SFSs together using the rubber band provided (Figure 4).  Click the COLLECT button, and pull the SFSs gently back and forth as demonstrated by your lab instructor. 

2.1.1   Do not pull too hard on the Force sensors!!!  Remember, the maximum force that is to be applied to the Force sensors is about 5.0 N (that is, about one pound).
Q 1  How does the shape of the F1 graph compare to the shape of the F2 graph?
Q 2  For the record, write in the space below the statement of Newton’s Third Law, and comment on how it relates to this situation.  [It will be seen to apply exactly only when the two SFSs are both calibrated exactly the same.]
2.2 Print a copy of the Logger pro graph for each partner at your table.

2.3 On completing this activity ...

2.3.1 Close the file by clicking on File and then choosing Close.

2.3.2 Remove the Force sensor from the socket DIN 2.

2.3.3 Shut down Logger Pro.  Do not save anything on the computer.
3. Activity #3: Relation between acceleration and force

Abstract  In this activity, you verify by direct measurement Newton's Second Law:  F = m·a.

Equipment:
Computer with Logger Pro and MS Excel


ULIII interface box


Motion detector


Student Force sensor (one per table)


Dynamics cart, cart track, and bumper


Digital scale (one shared by the whole lab)


One pulley that clamps to the end of the cart track (see Figure 5)


One pulley to hold the falling mass (see Figure 5)


String


Scissors (to cut string)


1 × 10 g, 2 × 20 g, 1 × 50 g, 1 × 100 g, 1 × 200 g, 1 × 500 g masses 


MeasuringForces.mbl (Logger Pro setup file)


MeasuringForces.xls (MS Excel spreadsheet file)

3.1 Weigh your cart on the digital scales.  Record its mass here:  _____________ grams

3.2 Connect the Motion Detector to the interface box. Make sure the Motion Detector is connected to the socket marked Port 2. The green LED on the front panel of the Motion Detector will light up when the interface box is switched on.

3.3 Make sure that a Student Force sensor is connected to the socket DIN 1.
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Figure 5: Experimental setup for Activity #3

3.4 Set up the apparatus as shown in Figure 5.  Notice how the string goes over the pulley mounted on the cart, under the hanging pulley, and then connects to the SFS.  Place the motion detector about 130 - 140 cm away from the bumper next to the pulley

3.5 Make sure that the falling mass and pulley do not hit the ground when the cart is resting against the bumper.

3.6 Run Logger Pro, and open the program file “MeasuringForces.mbl”.  This will open empty Displacement versus Time, Velocity versus Time, and Force versus Time plots on your screen.  With this file you will be able to collect data from the motion detector and from the SFS simultaneously.

3.7 You must now calibrate the Student Force sensor again.

3.7.1 For 0 newtons, nothing must be connected to the SFS bar.

3.7.2 For 4.9 newtons, the 500 g mass must hang directly from the hook on the SFS bar.  Do not hang the 500 g mass from the pulley, and do not have anything other than the 500 g mass connected to the hook on the SFS.

3.7.3 If necessary, refer to steps  1.7 - 1.11 for detailed SFS calibration instructions.

3.8 When you have done the calibration, check to see that a 200 g mass on the hook of the SFS yields a force of 1.96 N.  If not, you must re-do the calibration.

SFS reading with a 200 g mass hanging on the hook ____________

3.9 You must also calibrate the Motion Detector.  Here is the series of menu selections, beginning with the main menu, needed for Motion Detector calibration:  Experiment, Calibrate, Port 2, Details, Unlock, enter the current room temperature into the Temperature box (your instructor will tell you the room temperature), and click OK.

3.10 Attach a 20 g mass to the hanging pulley.

3.11 Instructions for collecting data
3.11.1 As in previous experiments, make sure the motion detector tracks the cart while it moves on the track.

3.11.2 One team member holds the cart a distance of 50 cm away from the motion detector, clicks the Collect button, and — a second later — releases the cart from rest.

3.11.3 Just before the cart crashes into the bumper, another team member stops the cart and holds it in place until the time runs out.

While handling the cart, the launcher and the catcher must make sure that they do not interfere with the data being collected by the Motion Detector.

3.11.4 Your data should appear similar to those shown in Figure 6.
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Figure 6  Example of data collected in Activity #3

3.12 The aim now is to determine accurately, from the graphs, the acceleration of the cart and the force on the cart due to the tension in the string, as measured by the force sensor.

3.13 To determine the acceleration of the cart
3.13.1 Focus on the displacement-time plot displayed on your screen.

3.13.2 Enclose the constant acceleration part of the motion in a box by left clicking your mouse and dragging a rectangle around that region in your displacement-time plot.

3.13.3 The acceleration will be obtained from a Logger Pro curve fit. Click on Analyze on the main menu, and choose Curve-Fit…
3.13.4 On the window that pops open, choose the quadratic function A + Bx + Cx^2. Make sure that you are performing the fit on the displacement-time plot.

3.13.5 From the curve-fit, obtain the acceleration experienced by the cart, and record it in Table 1.  Recall that because x = x0 + v0·t + ½·a·t2, the acceleration a is 2·C.
Hanging mass (g)
Acceleration (m/s2)
Mean Force (N) = string tension

20 g



40 g



60 g



80 g



100 g



Table 1
3.14 To determine the force on the cart due to the tension in the string
3.14.1 Focus on the force-time plot displayed on your screen.

3.14.2 Enclose the constant acceleration part of your force-time plot by dragging a rectangle around that region. Note that the constant acceleration region that you choose here must be the same as the one you chose in section 3.13, immediately above.

3.14.3 Click on Analyze on the main menu, and choose Statistics. From the Statistics window that opens up on your Force-Time plot, obtain the mean force, and record it in Table 1.

3.15 Repeat steps 3.11 - 3.14 four more times using hanging masses 40 g, 60 g, 80 g and 100 g.

3.16 When Table 1 is complete, exit from Logger Pro.

3.17 The next step in our analysis is to plot a graph of Force versus Acceleration. To do this you will use an Excel spreadsheet.

3.17.1 On your desktop open Excel by clicking on the Excel icon. Load the Excel file “MeasuringForces.xls”.

3.17.2 Copy the values for the mass, acceleration, and force from Table 1 into the appropriate columns in the Excel spreadsheet.

Plot a graph of Force versus Acceleration in a new sheet. Make sure that force is plotted on the y-axis and acceleration on the x-axis.  [Here is how to make the Excel graph.  (i) Enter values of Acceleration and Force in adjacent spreadsheet columns, with acceleration on the left.  (ii) Select the Acceleration and Force values.  (iii) Click the Chart Wizard icon or, from the main menu bar, choose Insert Chart. (iv) For Chart Type choose XY (Scatter).  (v) For Chart sub-type, choose the icon having dots for data points but no connecting lines. (vi)  Click the Next button, and keep on going.  Include a title for the graph.  Supply labels for the axes, including units.]

3.17.3 Try to fit the data to a straight line using the Add Trendline… option available in Excel with the option to display the equation on the graph selected.  You access Add Trendline by right-clicking any of the data points on the graph.

3.17.4 Record the  value of the slope of the linear fit along with its units here:




  __________________ ________  




      (numerical value)
     (units)

3.17.5 Print one copy of the spreadsheet for each partner at your table.

Q 3  The slope of this line tells you something about one of the objects in the experiment.

(a)  Which object?

(b)  What does it tell you about that object?  You must fully explain your answer.

Q 4  Compare the slope of the force versus acceleration line to the mass of the cart.  By how much do they differ?
4. Activity #4:  Newton’s Second Law

4.1 Newton’s Second Law says F = ma, so for a given mass, applied force is proportional to the acceleration the mass acquires as a result of the force.

4.2 If the tension in the string were the only force acting on your accelerating cart, when F equaled 0 N, a would equal 0 m/s2.  This means that the graph of F = ma would pass through the origin.  However, your graph of applied force versus cart acceleration, when extended backward to a = 0 m/s2, does not pass through the origin.

4.3 The reason for this is that the tension in the string is not the only force that affects the acceleration of the cart.

Q 5  Name the other force that affects the acceleration of the cart and which causes your graph of Force versus Acceleration to fail to pass through the origin.  It is a force well known to everyone.

Q 6  Use your graph of Force versus Acceleration to estimate the value of the force that is acting in addition to the tension in the string.
5. When you are done with this lab ...

5.1 Exit Excel by clicking on File and then choosing Exit. Exit Logger Pro. Do not save anything on the hard drive. Switch off the interface box.

5.2 Staple copies of your three printouts to this handout.  (See sections 1.17, 2.2, and 3.17.6.)  

5.3 Write you name and your partners’ name in the places provided on the first page of this handout, and return this handout to the Lab instructor with all the questions answered.

Pre-Lab Questions

Print Your Name

______________________________________


Read the Introduction to this handout, and answer the following questions before you come to General Physics Lab.  Write your answers directly on this page.  When you enter the lab, tear off this page and hand it in.

1. In the Discovering Motion lab, what was always constant, and what shape did the displacement-time and velocity-time graphs have?

2. What is the common physics name for the slope of a displacement-time graph?

3. In the Experiencing Acceleration lab, what was always constant, and what shape did the displacement-time, velocity-time, and acceleration-time graphs have?

4. What is the common physics name for the slope of a velocity-time graph?

5. What does the SFS do?

6. What is the maximum force that you can safely apply to an SFS, in newtons and in pounds?

7. Mark with an × the option that makes the following statement true.  The force that the SFS measures (a) must be applied perpendicular to the metal bar, (b) must be applied parallel to the metal bar, (c) can be applied at any angle to the metal bar because it will not make any difference.

8. Why do you need to bring your copy of the MS Excel handout (from the first general physics lab) to your lab session?

9. State Newton’s Second and Third Laws.  Refer to your text, if necessary.

10. A 300 gram mass is suspended from the hook on the metal bar of an SFS.  The mass is motionless, and the SFS metal bar makes an angle of 90° with respect to the vertical.  What force, in newtons, does Logger Pro report?  Show your calculation.
11. Why should you avoid putting metal objects on the cart tracks?

12. On the two grids below, make two graphs.  Label the axes.

(a) Graph F = F0 + ma with F0 = 0.0 N and m = 1.5 kg for a = 0, 1, 2, ..., 5 m/s2.

(b) Graph F = F0 + ma with F0 = 2.0 N and m = 1.5 kg for a = 0, 1, 2, ..., 5 m/s2.
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Instructions


1. Before lab, read the Introduction, and answer the Pre-Lab Questions on the last page of this handout.  Hand in your answers as you enter the general physics lab.


2. Bring your MS Excel lab handout to lab with you.  You will use Excel in this lab.
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Correct!  Note the 90° angle between the metal bar and the direction of the force.
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