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Video A: Instructor’s Guide to Setup –Friction

1. List of Materials (assuming a lab group of 10 students working in pairs)

Adjustable ramp x5
Wooden block x5
10-gram standard mass x10
20-gram standard mass x10
50-gram standard mass x5
Optional – additional standard masses x5
Magnetic angle locator or protractor x5
Ultrasonic motion sensor x5
Sensor Interface x5
Scale x5
Software- PASCO Motion II/Science Workshop 750/PASCO Capstone x5
Computer x5
Tape x5
Meter stick x5

2. Set-up – No title slide

2.1. To prepare for the lab, set out the equipment for each student group. [1-WIDE]
2.1.1. Talent looks over supplies on lab table

2.2. Each group will need an adjustable ramp that is a minimum of 70 cm in length and is finely adjustable up to at least 45o. [1-MED-over-the-shoulder] Each group will also need a block of wood, or other material, that will slide smoothly on top of the surface of the ramp. [2-MED]
2.2.1. Talent slowly raises ramp to approximately 45o angle
2.2.2. Talent places block on ramp and slides it back and forth across surface

2.3. The block needs to be long enough to slide down the ramp without tipping and wide and long enough so that masses can be attached to the top. [1-MED-over-the-shoulder] Next, provide one 10 g mass, two 20 g masses and one 50g mass (for a total of 100 g), as well as tape to each group. [1-MED/CU]. 
2.3.1. With block towards top of ramp, talent raises ramp high enough that block slides down ramp
2.3.2. Shot as talent sets first typical mass set of one 10 g, two 20 g and one 50g and then tape on table

2.4. The total mass taped to the block in this experiment simply needs to be less than the original mass of the block. [2-MED] If the block you are using is significantly more massive than 100 g, provide each group with additional mass. [2- MED-over-the-shoulder]
2.4.1. Talent places block in on scale to measure mass
2.4.2. Talent returns typical mass set and block to table and adds additional 50 g mass on table next to typical mass set

2.5. Finally, set out tools to measure angle [TEXT: Magnetic angle locator or protractor], mass [TEXT: Scale with 1 gram precision], and velocity. [1-WIDE]
2.5.1. Shot panning over each tool as it is spoken in narrative.



Video B: Student Laboratory Exercise – (Friction)


3. Title (Experiment 1 - Determining the static friction coefficient) 

3.1. To calculate the coefficient of static friction, you will first place the block on the ramp [1]. Then, you will gradually raise the ramp [2], and will measure the angle when the block slides [3]. Next, you will consider the effect of mass on the coefficient of static friction by adding additional weight to the block [4], raising the ramp [5], and measuring the angle [6]. 
3.1.1. See Storyboard

3.2. To determine static friction, start by adjusting the ramp so that it is at a very small angle, small enough that the block does not spontaneously slide when it is placed upon the ramp. [1-WIDE/MED]
3.2.1. Talent adjusts ramp to very small angle and places block on ramp such that block does not slide.  

3.3. Then, measure the initial mass of the block and record it in your lab notebook. [1-MED/CU-over the shoulder]
3.3.1. Talent places block on scale and records reading in lab notebook.

3.4. Make sure that no foreign material is on the block surface, or the ramp [1-Wide], and then squarely center the block near the top of the ramp. [2-MED].
3.4.1. Talent wipes hand across surface of the block and ramp as if brushing aside any small particles
3.4.2. Talent places block in the center of the ramp near the top of the ramp

3.5. Slowly increase the angle of the ramp, making sure to pay careful attention to the position of the block. [1-MED/CU].

3.5.1. Talent carefully studies block as talent slowly increase the angle of the ramp.

3.6. As soon as you see the block begin to slide, stop increasing the angle of the ramp and lock it in place if possible. [1-CU/MED– over the shoulder] Repeat this step if you are not able to determine the sliding angle. [2-wide]
3.6.1. Talent watches block and stops raising ramp as soon as block begins to slide
3.6.2. Talent closely watches as the repeat action in step 4.4.1 

3.7. To measure the sliding angle of the ramp, which is the angle of the ramp surface above the horizontal, place your magnetic locator along the surface of the ramp. [1-MED/CU] If you use a simple protractor, make sure to measure the angle in relation to the top surface of the ramp and the horizontal. [2-CU]
3.7.1. Talent measures angle using magnetic angle locator.
3.7.2. Talent holds protractor horizontally with zero point at the top of the ramp surface.

3.8. Record the angle in your lab notebook. [1-MED/CU-over the shoulder]
3.8.1. Talent records reading in lab notebook.

3.9. Now, secure a 20g mass to the top of the block using tape. Measure the new mass, and then determine the sliding angle as before. [1-CU]
3.9.1. Talent adds one 20 g mass to the block and securely tapes the mass to the block.

3.10. Repeat this process 4 more times, adding an additional 20g mass for each trial. Perform your final trial with 100g attached to the block. [1-WIDE/MED]
3.10.1. Talent uses ramp with block to which all 5 standard weights (one 10, two 20 and one 50) have been securely attached, talent slowly raises ramp, closely watching block and stopping when block begins to slide down ramp.

3.11. For each trial, it is important to measure and record the combined mass of the block, masses and the tape used to secure the masses [1-MED] as well as the sliding angle. [2-MED]
3.11.1. Talent places block with several 20 g masses taped to it on scale and records reading in lab notebook.
3.11.2. Talent measuring angle for 60 or 80 g trial (should see the block with all masses attached) and then writing the angle in notebook. Should see the previous entries.

4. Title (Experiment 2 - Determining the kinetic friction coefficient)

4.1. To measure kinetic friction, you will slide the block across the horizontal ramp surface [1] and will measure the decrease in speed with time [2]. Next, you will consider the effect of mass on the coefficient of kinetic friction by adding additional weight to the block [3], sliding the block, and measuring its speed [4].
4.1.1. See storyboard

4.2. To begin, first lower the adjustable ramp until it is as close to horizontal as possible. [1-MED] Use the magnetic angle finder or a level to check for zero angle. [2-CU]
4.2.1. Talent lowers lamp to horizontal.
4.2.2. Talent uses angle finder to check for zero angle

4.3. Then, place the block, with no masses attached, at one end of the horizontal ramp [1-WIDE/MED].
4.3.1. Talent places block in the center of the ramp near the top of the ramp.

4.4. Set up your motion sensor opposite the block, approximately 40 cm from the end of the ramp [1-MED]. Point the sensor directly at the block along a horizontal path. [2-MED-over shoulder] 
4.4.1. Talent uses meter stick to place sensor 40 cm away from side of ramp opposite the location of the block.
4.4.2. Talent points sensor directly at block

4.5. Use a ruler and a level, or the sensor’s built in angle indicator, to verify the angle, and elevate the sensor if necessary. [1-CU]
4.5.1. Talent uses ruler and level to verify horizontal path from sensor to block.

4.6. Turn on the computer and then connect the sensor to the associated data acquisition software. [TEXT: PASCO Capstone] [1- MED - over shoulder] Select “motion sensor” as the input source. [2-SCREEN] 
4.6.1. Talent connects sensor to the computer
4.6.2. Screen shot showing sensor chosen

4.7. Then, adjust the settings so that the display is set for both data and graph, with velocity in meters per second and time in seconds. [1-SCREEN] Finally, set the sampling rate of the sensor to at least 20 Hz. [2-SCREEN]
4.7.1. Screen shot showing display set for both data and graph, graph v vs. t, 
4.7.2. Screen shot showing sampling rate of 20 Hz

4.8. Press “record” to activate the sensor and test your setup. [1-SCREEN] The sensor should begin rapidly clicking, and a graph should display with a straight line at zero indicating the block is not in motion. [2-WIDE/MED] 
4.8.1. Screenshot showing record button being clicked.
4.8.2. Shot that includes both, sensor and laptop, sound of sensor clicking can be heard and velocity graph can be seen on laptop.

4.9. Slide the block toward the sensor and verify that the graph displays a change in velocity. [1-MED-over shoulder] We are measuring the magnitude of velocity, so sign convention is not of concern [2-SCREEN].
4.9.1. Talent slides block towards sensor and velocity graph can be seen to change
4.9.2. Screenshot showing test velocity graph just created showing zero velocity and then velocity caused by talent sliding block.

4.10. After the test, press “stop” to end data acquisition. [1-SCREEN] Make sure you record current data before you start a new trial because this software clears old data automatically when you press “record”. [2-SCREEN].
4.10.1. Screenshot showing stop button being clicked
4.10.2. Screen shot showing record button being clicked causing data to disappear and new data being recorded

4.11. Now, begin your first trial. Press record, and position yourself behind the block so that the sensor does not detect your motion. [1-WIDE/MED] Check to see that the display continues to show a consistent velocity of zero m/s while the block is sitting motionless. [2-SCREEN]
4.11.1. Talent presses record and then moves to side opposite the block.
4.11.2. Screen shot showing data being collected with constant velocity of zero.

4.12. Give the block one push so that it slides away from your hand, directly towards the detector. [1-WIDE/MED] If the block doesn’t slide very far, or any part of it slides off of ramp, [2-MED-overshoulder] repeat the procedure until you have a successful run. [3-MED]
4.12.1. Talent gives block a push towards detector allowing block to slide towards sensor with block only traveling about half way across ramp.
4.12.2. Talent gives block a push towards detector that causes the block to slide partially off the ramp
4.12.3. Talent gives block a push towards detector that causes the block to slide to position just short of reaching the far end of the ramp

4.13. Once the block leaves your hand and is sliding, the only force acting horizontally on the block is kinetic friction, causing the block to slow down. [1- MED/CU]
4.13.1. Closer view of block leaving talents hand and slide across ramp surface towards sensor.

4.14. The velocity vs. time graph should look like this. There is an increase in speed due to your initial push, [1-SCREEN] followed by a decrease in speed as the block slows down and stops. [2-SCREEN]
4.14.1. Screenshot of velocity vs. time graph showing brief period of increasing speed followed by a brief period of speed decreasing back to zero with brief increasing speed highlighted
4.14.2. Screenshot of same graph with speed decreasing back to zero highlighted

4.15. After the trial, use the highlight tool to select data points corresponding to decreasing speed. [1-SCREEN] Select at least five data points in the “decelerating” range. Choose points in the middle of the straight line, not at the edges, to avoid the effects of the transition from static to kinetic friction. [2-SCREEN]
4.15.1. Screenshot of same graph showing highlighting tool being used to highlight data
4.15.2. Screenshot of same graph showing highlighting tool being used to highlight 5 data points in the center of the straight decelerating portion of the graph

4.16. If you are not able to select enough points in this region of your graph, repeat the trial and consider increasing the sampling frequency to a value larger than 20 Hz. [1-SCREEN]
4.16.1. Screenshot of same graph, showing highlighting being removed and then sampling frequency being changed to a value larger than 20 Hz

4.17. If the software allows, perform a linear fit of the points. [1-SCREEN]
4.17.1. Screenshot of same graph showing “fitting” icon being clicked and choosing “linear: mt+b” from dropdown

4.18. The slope of the velocity graph represents the average magnitude of the acceleration as the block was slowing down. [1-Screenshot] Record this value in your lab notebook. [2-Med/CU over the shoulder]
4.18.1. Screenshot showing the slope of the graph that has been determined with cursor tracing straight portion of graph that this value represents.
4.18.2. Talent records data in lab notebook

4.19. To determine the effects of mass on kinetic friction, [1-MED] secure a 20 g mass to the block. Then measure the combined mass and write this value in your lab notebook. [2-MED-over the shoulder]
4.19.1. Talent secures 20 g mass to block, 
4.19.2. Talent places on scale and records reading in lab notebook.

4.20. Next, set the block on the ramp, and press “Record” to start a new trial. [1-MED], Push the block as before [2-MED over the shoulder], and again find a linear fit of the data in the decelerating range. [3- SCREEN] Always make sure you record your current data before you start each new trial. [2-WIDE/MED]. 
4.20.1. Talent places block with 20 g mass on the block, and presses record
4.20.2. Talent pushes the block.
4.20.3. Screenshot of finding linear fit of data using software 
4.20.4. Talent records data in lab notebook

4.21. Repeat this process 4 more times, adding an additional 20g mass for each trial. Perform your final trial with 100g attached to the block. [1-WIDE/MED]
4.21.1. Talent places block with all extra-masses (100 g total) on the block, presses record, and then pushes the block.



5. Results (Refer to Storyboard for Visuals)

5.1. Now, let’s use our measurements to determine the coefficient of static friction for our system [1]. For each trial measuring the slipping angle [2], use this equation to calculate the associated coefficient of static friction, s (pronounced:” mu-s”) [3]. Make sure you also calculate the average and standard deviation [4].
5.1.1. See storyboard

5.2. [bookmark: _GoBack]Next use this equation, gravity of earth and the magnitude of the acceleration [1]to calculate the coefficient of kinetic friction, k (pronounced:” mu-k”) [2]. Determine the average and the standard deviation as well [3].
5.2.1. See storyboard

5.3. Plot the results as a graph of the coefficients of static and kinetic friction versus the total mass of the block [1]. We see that s [2] is consistently larger than k [3]. 
5.3.1. See storyboard

5.4. Notice that there is no clear dependence of either coefficient on mass [1], as the coefficients of friction depend only on the roughness of surfaces in contact [2], and attractive intermolecular forces. 
5.4.1. See storyboard

