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0. 
Introduction

Abstract  Why do moving objects stop?


You have been told that an object in motion stays in motion if no forces act on it.  However, everyday experience may seem to disagree with this.  We know that we must always press on the gas pedal of an automobile to keep from coming to a stop.  You know what happens to a bicyclist who stops pedaling.  Why do not these objects keep moving as Newton promised?


Probably you heard that the force of friction slows these objects.  Do you believe this?  Friction can be very difficult to understand because it is hard to observe directly. You can easily visualize exerting a force on a heavy box to push that box across the floor.  Unfortunately, the box stops moving when you stop pushing, and you say that some force called friction, that you cannot see, is responsible for stopping the box.


In this lab, your goal is to measure invisible frictional forces as they act on objects both motionless and moving.

0.1 Pulling a block with a force sensor

In Activities #2 and #3 you will pull a block of wood by a string attached to a Student Force Sensor.  The SFS will monitor the tension in the string.  The following are important to ensure the SFS gives accurate information.

· The string must be horizontal, parallel to the table top.

· The string must be perpendicular to the arm of the force sensor.  See Figure 1.


[image: image1.wmf] 

SFS

 Wood Block

 String 

– parallel to table top

 90

º


Figure 1  SFS, string, and wood block, as seen when looking directly down onto the table top.

1. Activity #1: A hands-on investigation of friction

Abstract  In this activity you will perform a qualitative measurement of both static and kinetic friction forces for two different surfaces.

Equipment:
A wood block


Two iron bars


A strip of adding machine paper, 3½" wide and about 80 cm long

Masking tape (to tape the paper to the table)

1.1 When an external force is first applied and then slowly increased, no motion results until a certain applied force — known as the maximum static friction force — is attained.  Then  the object begins to move.  After the object has begun to move, there is still a resistance to the object’s motion, now due to what is known as the force of kinetic friction.

1.2 Feeling static friction
1.2.1 Place the clean, white adding machine paper running from the end of the table farthest from the computer monitor towards the other end, and tape the paper securely to the tabletop with masking tape.

1.2.2 Place the wooden block on the paper, wood side down.  Place two iron blocks on top of the wooden block, side by side.  Gently push one of the ends of the wood block parallel to the tabletop with one or two fingers, sensing when you have just applied sufficient force to cause the block to begin to move.  The force you applied that just barely starts the block moving is the maximum static friction, 
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1.2.3 Repeat this for the wood block with its felt side down, in contact with the paper, and two iron blocks on top.

Q 1  Which side of the wood block seemed to have the greater maximum static friction; the wood side or the felt side?

1.3 Feeling kinetic friction
1.3.1 Again place the wood block on the paper, wood side down, with the two iron blocks in place on top.  Now you are to test the force of kinetic friction for this side of the block.  To do this, push on the block as in Section 1.2, but pay attention to the resistance to your applied force that you feel when the block is in motion rather than before it moves.

1.3.2 Repeat this test for the felt side of the wood block.

Q 2  Which side of the wood block has the greater kinetic friction?

1.4 Do not remove the paper from the table.  You will use it again.

2. Activity #2: Numerical values for the forces of static and kinetic friction

Abstract First you use the Motion Detector and the SFS to obtain graphs that dramatically portray both static and kinetic friction.  Then you obtain numerical values of the magnitudes of the maximum static friction and of kinetic friction from those graphs.

Equipment:
Computer with Logger Pro (Version 1.1) and MS Excel 97


ULIII interface


Motion Detector


Student Force Sensor (SFS)


Digital scale to determine masses (one scale shared by all tables)


A wood block


Two iron bars


500 g and 200 g hanging weights


Piece of string, about 50 cm in length


Scissors, to cut the string and, if necessary, the paper


The same piece of paper used in Activity #1 (3½" wide and about 80 cm long)

Masking tape


FeelingFriction.mbl Logger Pro setup file

2.1 In this activity you are to measure the maximum force of static friction and the force of kinetic friction for wood on paper. You will do this with the Student Force Sensor (SFS) and the Motion Detector.

2.2 Connect the Motion Detector to the interface box. Make sure the Motion Detector is connected to the socket marked Port 2. A green LED on the front panel should light up when the interface box is switched on. Make sure that a Student Force Sensor (SFS) is connected to the socket DIN 1.

2.3 If necessary, turn on the computer, and wait until Windows 98 loads. On the desktop, click on the icon named Logger Pro to load the Logger Pro software.

2.4 On the main menu click on File, and choose Open. In the window that pops open, select the file "FeelingFriction.mbl" by highlighting it and clicking Open. This file tells the computer that a Motion Detector and a Student Force Sensor have been connected to the interface box. You should now see empty Displacement versus Time and Force versus Time graphs on your screen.

2.5 Calibrations

2.5.1 You must calibrate the motion detector.  Detailed instructions for doing the calibration are on a sheet of paper at each lab table.  Here is a summary of the series of menu selections, beginning with the main menu:  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.

2.5.2 You must also calibrate the SFS.  Detailed instructions for doing this calibration are on a sheet of paper at each lab table.  Here is a summary of the series of menu selections.  Click the blue icon next to the Collect button.  Then click the DIN 1 icon, the Calibrate tab, and finally the Perform Now button.  With nothing in contact with the SFS hook, set the reading to 0.0 newtons.  With a 500 g weight hanging on the SFS hook, set the reading to 4.9 newtons (weight = m×g = 0.5 kg × 9.8 m/s2 = 4.9 newtons).
2.5.3 After calibrating the SFS, check the calibration by hanging a 200 g weight on the SFS hook.  Take data by clicking the Collect button.  Use Analyze  Statistics to determine the force recorded on the graph.  It should be very close to 1.96 newtons.  Record the value you actually obtain here.
________ newtons.
Place the Motion Detector on the table at one end of the strip of white paper, and aim the Motion Detector along the length of the paper.

2.6 Place the wood block on the white computer paper with the wood side down.  The wood block should be as close to the Motion Detector as it can be while still being completely on the paper.

2.7 Place the two iron blocks provided on top of the wood block.

2.8 Instructions for moving the wood block 
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Figure 2: Experimental setup for Activity #2

2.8.1 Hook the SFS to the wood block with a short piece of string as demonstrated by the lab instructor. See Figure 2 for a sketch of the experimental setup.

2.8.2 Start collecting data by clicking on the Collect icon on the main menu.

2.8.3 Another team member will pull the wood block with the SFS as described in the next section.

2.8.4 The goal is to have the wood block start moving slowly, stop, start moving again, stop, etc.  The following  will help you do it right and get a good graph.

· Hold the SFS so that the hook arm is perpendicular to the string, as shown in Figure 2.

· Keep the SFS slightly above the table, so it does not rub on the table surface as you slowly drag the wood block.

· Pace yourself by repeating “Start, 1, 2, 3;  Stop, 1, 2, 3;  Start, 1, 2, 3;  Stop, 1, 2, 3; etc.”

· After pulling the SFS toward you while saying "Start, 1, 2, 3," you stop pulling and let your hands move slightly away from you and toward the wood block, so that the tension in the string falls to zero.  If you do this correctly, you will see the string settle slightly downward and stay in that position until you pull again.

· Do not watch the computer monitor;  watch the block and the string, to be sure the block is moving properly and the string is fully relaxing between pulls.

2.8.5 Aim to get a few Start/Stop repetitions before the block starts to move off the white computer paper.
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Figure 3: Your Displacement versus Time and Force versus Time data should look similar to the above, though with perhaps only two or three peaks instead of seven.

2.8.6 When done, your data should appear similar to those shown in Figure 3, though with fewer peaks.  If necessary, repeat 2.9.2 - 2.9.5 until you get a good set of data.

2.9 Once you have obtained a satisfactory data set, show it to the lab instructor before proceeding any further.

2.10 After showing your Logger Pro Displacement-Time and Force-Time plots to your instructor, print one copy for each person at your table.
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Figure 4: Force peaks and regions of approximately constant force

2.11 Look carefully at your Force versus Time data.  You will notice peaks on the graph where the force takes a maximum value (see Figure 4). You will also notice that there are regions on this graph where the force takes approximately constant values (again, see Figure 4).

2.12 First look at the peaks on the Force versus Time plots. Click Analyze on the main menu, and then choose Examine. Place the vertical lines that appear on the force peaks, look carefully at the corresponding place in the Displacement versus Time plot, and answer the following questions.

Q 3  What did the block do at the instant the SFS recorded the peak force?

Q 4  Give an explanation of why the peak force value recorded by the SFS is the maximum static friction force for the block in contact with the paper.  Hint:  see section 1.1 in this handout.

Q 5  The steeply rising force curve that precedes each peak in the Force versus Time graph is a graph of static friction versus time.  Estimate about how long it took you to increase the static friction force from zero newtons to the maximum static friction force.  Expanding the time axis will help you get a reasonably accurate answer.  [To expand the time axis, click any of the times on the time axis (except for the first and the last, 0 s and 30 s).   The X-Axis Scale dialog box will pop up.  Change the values in the Minimum and Maximum fields to values that enclose the part of the graph where static friction increases from zero to its largest value.  Then click OK.]

Now focus on the approximately constant force regions in your Force versus Time plot.  (See Figure 4 for an example of an approximately constant force region.)  Again use Analyze   Examine to identify the corresponding regions in the Displacement versus Time plots.

Q 6 What is the block doing while the SFS is recording the approximately constant force present right after the peak value of the force?

Q 7  Give an explanation for why the approximately constant force value recorded by the SFS is the kinetic friction force for the block in contact with the paper.  Hint:  see section 1.1 in this handout.

2.13 The numerical value of maximum static friction force for the wood on paper
2.13.1 Write, in the order in which they occurred on the graph (moving from left to right), the numerical values of the friction force at the peaks of the Force versus Time curves.  Do not be concerned if you do not have eight values.


(1) _________
(2) _________
(3) _________
(4) _________


(5) _________
(6) _________
(7) _________
(8) _________

2.13.2 Average all the peak values except the first (the first tends to be significantly different from the others).  This gives a value for the maximum static friction for the wood block with weights in contact with the paper.  Write the value obtained here:

Average maximum static friction, wood on paper:
_________ newtons
2.14 The numerical value of kinetic friction force for wood on paper
2.14.1 Choose a good constant force region from your Force-Time plot. By good one means a region where the force is almost a constant and the corresponding Displacement-Time graph is close to a straight line.

2.14.2 Enclose this constant force region in a box by clicking and dragging your mouse around it. Click on Analyze and then choose Statistics.

2.14.3 A window will appear with the mean value of the force. Record this value here.

Average force of kinetic friction for wood on paper:
_________ newtons
2.15 When done, do not close the Logger Pro file or shut down Logger Pro.  If you do, you will have to re-do the calibration of the SFS.

2.16 However, do change the Logger Pro window so that it shows only a single pane containing a Force versus Time plot.  This can be done through the following two steps.

From the Logger Pro main menu bar:  View  Graph Layout  One Pane  OK.  This leaves a single pane displaying Displacement versus Time.

If the single pane does not display the Force versus Time graph, click on the vertical axis label – the label reading Displacement (m).  In the menu that pops up, add a check to Force and remove the check on Displacement.  Then click OK.

3. Activity #3: The coefficient of friction

Abstract  Verify the proportionality of static and kinetic friction to the normal force by graphing static and kinetic friction versus the normal force and obtaining a straight line graph.  The coefficients of friction s and k are the slopes of these graphs.

The key feature of dry friction is that – to a good approximation – over a reasonable range of values of the normal force, friction is proportional to normal force.  The proportionality constant is the coefficient of friction, and a graph of friction versus normal force is very nearly a straight line with slope .  This is true both for the maximum static friction and for kinetic friction.

In other words, for a range of values of FN, the following are approximately true.
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3.1 Before proceeding, use a 200 g mass to verify that the SFS still reads forces accurately.  If it does not, re-do the SFS calibration.

3.2 Graphs of 
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versus FN and of Fk versus FN for wood on paper


Total mass

(grams)
FN
(newtons)
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(newtons)
Fk
(newtons)

Wood block plus two iron bars





Wood block plus two iron bars plus 500 g





Wood block plus two iron bars plus 1 kg





Wood block plus two iron bars plus 1.2 kg





Wood block plus two iron bars plus 1.5 kg





Table 1
3.2.1 In activity #2, sections 2.15 and 2.16, you learned how to measure 
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 and Fk.  You will use the same methods in this activity.

3.2.2 In this activity, add various amounts of weight to the wood block with the wood side down, and prepare a table of 
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 and Fk versus FN, the normal force.

· FN is obtained by weighing the wood block together with the weights on the digital scale to get the total mass, converting to kilograms and then multiplying by g = 9.8 m/s2.  For the extra weight, use the iron bars and a 200 g weight, as described in Table 1.

· 
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is obtained by repeating the procedure in 2.15 for different amounts of mass added on top of the wood block.

· Fk is obtained by repeating the procedure in 2.16 for different amounts of mass added on top of the wood block.

3.2.3 Use MS Excel to make a graph of 
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versus FN.  In MS Excel, the table of values for the graph will look like Table 2, with FN the left column and 
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 the right column.  To the graph, add a straight line fit (a "trendline").  On the Options tab, set the intercept to zero, and display the equation of the fit on the graph.

FN
(newtons)
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Table 2
3.2.4 The slope of the graph is the coefficient of static friction, s.

  Enter your value of s here:  s = __________________

FN
(newtons)
Fk
(newtons)
















Table 3
Use MS Excel to make a graph of Fk versus FN.  In MS Excel, the table of values for the graph will look like Table 3, with FN the left column and Fk the right column.  To the graph, add a straight line fit (a "trendline"), and display the equation of the fit on the graph.

3.2.5 The slope of the graph is the coefficient of kinetic friction, k.

  Enter your value of k here:  k = __________________

3.3 Print one copy of the spreadsheets (both the data tables and the graphs) for each person at your table.

4. When you are done with the lab…..

Click on File on the main menu, and choose Exit to quit Logger Pro. Please do not save anything on the hard drive. 

4.1 Switch off the ULIII interface box. 

4.2 Turn in this handout with all questions answered and with the Logger Pro graph (see 2.11) and the spreadsheet pages (see 3.4.5) attached before you leave the lab.

Pre-Lab Questions

Print Your Name

______________________________________


Read the Introduction to this handout and, when necessary, draw on your own experience to 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. If you push an unmotorized, inanimate object so that it moves forward, unless you keep pushing, eventually it slows to a stop.  Why?

2. Who first stated that an object in motion remains in motion with the same velocity unless a force acts on it?

3. Think of pushing a heavy object to make it slide across the floor (like a big, heavy box with no wheels on it).  Assuming the object is initially at rest on the floor, compare the force you need to start the object moving to the force you need to keep the object moving after it has started to slide.

4. Tell how you arrived at the answer to question 3, immediately above.  If you have personal experience that supports your answer, please  describe it.

5. For an object such as is described in question 3, above, how is the force of friction related to the weight of the object?

6. Explain how to pull a block of wood by a string attached to an SFS so that the SFS gives accurate string tensions.

7. Referring to your text, if necessary, what is the difference between static friction and kinetic friction?

8. A block is on a table.  What is meant by the Normal Force in this case?

9. How is k, the coefficient of kinetic friction, defined?

10. Plot the following (x, y) pairs on the graph below.  (3.0, 1.2), (5.0, 2.0), (7.0, 2.8), (9.0, 3.6)
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11. Determine the slope of the graph you just plotted.    Show the calculations used to determine the slope.

The slope is ______________
















Instructions


Before lab, read the Introduction and section � REF _Ref494592262 \r \h ��1.1�, and answer the Pre-Lab Questions on the last page of this handout.  Hand in your answers as you enter the general physics lab.
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