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Video A: Instructor’s Guide to Setup – (Work and Power)

1. List of Materials (assuming a lab group of 10 students working in pairs)
Measuring tape x5
Scale x5
Projectile launcher with metal spring x5
Compatible projectile x5
Rod for loading launcher x5
Photogate x10
Photogate mounting bracket x5
Photogate timer x5
C-clamp x5
1 kg disk x5
12-inch length, 3/4-inch diameter wood dowel rod x5
1.5 m twine or rope x5
Stopwatch x5

Instructor Materials
3/4-inch wood dowel
hand saw or table saw
Bench vise
Duct tape

2. Set up

2.1. TEXT [Preparing the rods] Some materials need to be prepared before setting up the lab [1-WIDE]. Cut the ¾-inch wood dowels by securing them in the bench vise [2- MED] and cutting one 12-inch length for each group. [2- MED- over the shoulder] 
2.1.1. Talent approaches table, table holds; ¾ inch wood dowels, bench vise,  hand saw
2.1.2. Talent places a wood dowel in bench vise 
2.1.3. Talent saws a 12 inch length of wood dowel

2.2. Next, begin lab set up by placing equipment that will be needed for both experiments at each lab station for each student group. [1-WIDE]
2.2.1. Talent sets out some pieces of equipment on a bench; the other student workstations (with the equipment on) can be seen in the background. 

2.3. For Experiment 1, mount the launcher to the top of the lab bench at each workstation using a C-clamp. [1– MED over shoulder] Make sure that the launcher is pointed straight up using a level, plumb bob or protractor. [2- MED/WIDE]
2.3.1. Talent uses C clamp to mount the launcher to lab bench.
2.3.2. Talent uses level, plumb bob or protractor to make sure launcher is vertical.

2.4. Next, mount one photogate at the point that the projectile leaves the launcher. [1 - CU/MED over shoulder] If you are using photogates that have a fixed spacing, place the second photogate higher in the vertical direction. [2 – CU] If the spacing is easily adjusted, place the second photo gate approximately 10 cm higher than the first photogate. [3 – CU/MED]
2.4.1.  Talent mounts photogate so that 1st photo gate lines up with top of launcher nozzle.
2.4.2.  Zoom in to show 2nd photo gate is higher than 1stphotogate.
2.4.3. Zoom out slightly as talent holds tape measure between two photogates to indicate how far apart they are.

2.5. Now, connect the photogate timer, [1 – MED/WIDE] turn it on, and set it to pulse mode. [2 – CU/MED over shoulder] Check that the timer starts when an object passes through the first photogate and stops when an object passes through the second photogate. [3 – MED/Wide] Turn off the timer until students are ready to begin. [4 – CU/ MED over shoulder]
2.5.1.  Talent connects cords between timer and photogates
2.5.2. Talent turns on timer and selects pulse mode.
2.5.3. Talent runs hand through first photogate causing timer to start timing then runs hand through second photogate causing timer to stop timing.
2.5.4. Talent turns photogate off.

2.6. To setup Experiment 2, take a 12-inch length of wood dowel and tie one end of the rope around its circumference near the center of its length. [1- MED]
2.6.1. Talent ties one end of rope around the circumference of the 12-inch piece of wood dowel near its center.

2.7. Make sure the rope will not slip when the rod is rotated. [1- MED /WIDE] Do this by running a piece of duct tape that is approximately 4 inches long [2- MED] in the direction parallel to the length of the dowel rod on the side of the dowel rod, securing the rope that is on the side opposite to the knot.  [3 – CU] 
2.7.1. Talent rotates dowel, showing rope slipping as dowel rotates
2.7.2. Talent rips length of duct tape approximately 4 inches
2.7.3. Talent places tape parallel to the length of the dowels rode to secure the rope on side of dowel opposite the knot. (Piece of tape ensures rope will not slip) 

2.8. Finally, tie a 1-kg disk to the other end of the rope. [1 - MED]
2.8.1. Talent ties the opposite end of the rope to the disk. Should see other dowels with rope and disks attached in the background.

2.9. Test that when the rod is rotated, the rope winds around the rod, and the disk is lifted upward without slipping. [1 – MED/WIDE]
2.9.1.  Talent holds rod with one hand on each side of the rope, talent rotates rod so that rope winds on rod and disk lifts upward.

Video B: Student Laboratory Exercise – (Work and Power)

3. Experiment 1 - Work Done by a Spring

3.1. In this experiment, you will use a [1] spring to launch a projectile to investigate the concept of [2] “work” and measure the work done by the spring. [3] You will also test [4] the hypothesis that the amount of spring compression [5] does not affect the spring constant. [6]
3.1.1. See storyboard.

3.2. First, measure the mass of the projectile, [1 – MED over shoulder] and the distance between the two photogates. Record these values in your lab notebook. [2 – CU/MED]
3.2.1. Talent places projectile on scale and records mass in lab notebook.
3.2.2. Talent holds tape measure to measure distance between two photogates and records distance in lab notebook.

3.3. Create a table such as this to help you keep your data organized. [1]
3.3.1. See storyboard.

3.4. Now, place the projectile into the launcher, [1-CU] making sure that the projectile lines up with the top of the launcher. [2 – MED over shoulder]  Use the rod to push the projectile into the launcher, compressing the spring, until you hear one click. This indicates the projectile is locked in place. [TEXT: 1 click] [3 – MED]
3.4.1. Talent places projectile in launcher.
3.4.2.  Talent checks that the projectile lines up with the top of the launcher.
3.4.3. Talent uses rod to push project into launcher, listening for one click.

3.5. Measure the compression distance from the top of the launcher to the top of the projectile. [1 – CU/MED] Record this value in your lab notebook. [2 – CU] If the projectile did not line up with the top of the launcher before compression, mark the rod before and after compression to measure how far the projectile moved. [3 - MED]
3.5.1. Talent uses tape measure to measure distance between top of nozzle and location of projectile.
3.5.2.  Talent records value in lab notebook.
3.5.3. Talent places rod in launcher, marks point that rod extends out of launcher with tape then removes rod from launcher.

3.6. Remember: After loading the launcher, never place your face or any other body parts directly above the nozzle. [TEXT: Do not place your face or body above nozzle] [1 - WIDE]
3.6.1. Talent returns rod to tabletop and steps slightly away from launcher

3.7. Turn on the photogate, set it to pulse mode, and press reset. [1 – CU/MED] Then, pull the release string to launch the projectile. [2 – MED/WIDE]
3.7.1. Talent turns on photogate, makes sure pulse mode is selected and presses reset.
3.7.2. Talent pulls release string on launcher, watches projectile go up, and retrieves projectile.

3.8. Note the time measured by the photogate timer - this is the time it takes for the projectile to move between the two photogates. [1 – CU] Record this time in your lab notebook. [2 – MED over shoulder]
3.8.1.  Zoom in on time on timer.
3.8.2. Talent records value in lab notebook.

3.9. Repeat this process for a total of three trials. Loading the projectile to the first click, [1- MED/CU over shoulder] measuring the compression distance, [2 – MED] resetting the timer and launching the projectile two more times [3 – MED/Wide] Record each result in your lab notebook. [4 – MED]
3.9.1. Talent loads projectile 
3.9.2.  Talent measures compression distance and records in lab notebook
3.9.3. Talent resets timer and pulls string to launch projectile 
3.9.4. Talent records time in lab notebook

3.10. Next, change the compression of the spring by using the rod to press the projectile down until you hear two clicks and it locks in place. [TEXT: 2 clicks] [1-CU/MED over shoulder] Measure the new value of the compression distance and record it. [2 – MED] Run three trials at this increased compression, again recording your results in your lab notebook. [3 – MED over shoulder] Expect photogate times to be smaller for this increased compression. [4 – CU]
3.10.1. Talent places projectile into launcher and pushes down with rod listening for 2 clicks.
3.10.2. Talent measures compression distance and records in lab notebook
3.10.3. Talent resets timer, pulls string to launch projectile
3.10.4. Zoom in on photogate timer

4. Experiment 2 - Measuring the Power of Your Forearms

4.1. In this experiment, you will rotate a rod to lift a mass, [1] investigating the concept of “power” in units of Watts and Horsepower. [2] You will also consider how the speed [3] at which you lift the disk affects both work and power. [4]
4.1.1.  See storyboard.

4.2. First, measure the mass of your disk and record the value in your lab notebook. [1 – MED over shoulder]
4.2.1. Talent places disk on scale and records value in notebook.

4.3. Create a table such as this, to keep your data organized. [1]
4.3.1. See storyboard

4.4. Next, measure a distance on the rope about 10 cm away from where the rope connects to the disk and mark this position with tape or a marker. [1 – CU/MED over shoulder] Make a second mark 1 m away from the first mark. [2 – MED]
4.4.1. Talent uses tape to measure 10 cm away from the disk along the rope and marks location with tape or a marker.
4.4.2. Talent measures an additional 1meter along the rope and makes a second mark.

4.5. Now, hold the rod horizontally, with one hand on each side of the rope [TEXT: Accommodation – partners each use one hand] [1 – MED over shoulder], while your lab partner holds the stopwatch. [2 – WIDE]
4.5.1. 1st talent picks up rod and holds rod horizontal with one hand on each side of rope.
4.5.2. 2nd talent picks up stopwatch.

4.6. Rotate the rod to wrap the rope around its circumference until the first marker is at the same level as the rod. [1 – MED/WIDE] There should now be one meter of rope hanging vertically from the rod to the second mark, with the disk hanging 10 cm further down. [2 – CU/ MED]
4.6.1. 1st talent starts rotating rod until first marker reaches the rod.
4.6.2. Zoom in on rope panning from first mark at rod down to second mark 10 cm above disk.

4.7. When both of you are ready, your partner will say “go,” and start the watch. [1 – MED zooming out to MED /WIDE]  When your partner says “go”, start rotating the rod at a fast but constant rate [TEXT: fast but constant rate] causing the rope to wind around the rod and raise the disk upward.[2 – MED /WIDE]
4.7.1.  2nd talent holds stop watch up and mouths the word “ready”
4.7.2. 2nd talent mouths “go” while very visibly starting stopwatch (talent raises stopwatch before starting, lower stop watch as mouths the word “go”). At the same time that 2nd talent says go and starts stopwatch, 1st talent starts rotating rod as quickly and at consistent speed as possible

4.8. When the second marker on the rope reaches the rod, your partner will stop the timer [1 – CU-split screen] and record the time in your lab notebook. [2 – MED /WIDE]
4.8.1. Use split screen, on left show second marker reaching rod, on right screen show 2nd talent stopping the stop watch when 1st marker reaches rod
4.8.2. 1st talent unwinds rope from rod as 2nd talent records time in lab notebook

4.9. Repeat this process two more times for a total of three trials. [1 – Wide] Try to rotate the rod at a similar speed, and record all trials in your lab notebook. [1 – MED]
4.9.1. 1st talent resets rod/rope/disk while 2nd talent resets timer
4.9.2. 2nd talent mouths go and starts time at the same time 1st talent starts rotating rod 

4.10. Complete another three trials, [1 – MED /WIDE] but this time try to rotate the rod more slowly, taking about twice as much time to lift the disk the same distance. [2 – CU]
4.10.1. Repeat process of 1st and 2nd talent mouthing go, starting stopwatch and starting to rotate rod
4.10.2. 1st talent rotates rod noticeably slower until second marker reaches rod

4.11. As you complete these last three “slow” trials, [1] discuss with your partner “How did work and power “feel” different for slow vs. fast trials?”[2] Record all three times and make notes of your discussion in your lab notebook. [3 – Med over shoulder]
4.11.1. See storyboard
4.11.2. See storyboard
4.11.3. 2nd talent records in lab notebook

5. Results

5.1. Now that you have finished collecting data, [1] start by analyzing the values you collected while launching a projectile in Experiment 1. [2] Knowing that the spring constant of the launcher [3] is directly proportional to the kinetic energy of the projectile [4] and inversely proportional to the square of the compression of the spring [5] you will be able to calculate this value. [6]
5.1.1. See Storyboard

5.2. Start by looking at the data that you collected during the lab; [1] the mass of the projectile, [2] the distance between the two photogates, [3] the time it took the projectile to travel between the two photogates, [4] and the distance that you compressed the spring. [5] You will use these values to first calculate the initial velocity of the projectile, [6] then the initial kinetic energy of the projectile, [7] and finally the spring constant of the launcher spring. [8]
5.2.1. See Storyboard

5.3. Start by dividing the distance between the two photogates [1] by the time it took the projectile to travel that distance [2] to calculate the initial velocity of the projectile. [3]
5.3.1. See Storyboard

5.4. Next, multiply one half the mass [1] with the velocity squared to calculate [2] the initial kinetic energy, which is equivalent to the work done by the spring. [3]
5.4.1. See Storyboard

5.5. Two times the kinetic energy [1] divided by the square of the distance that the spring was compressed [2] is then equal to the spring constant, k. [3] Finally, calculate the average, [4] and the standard deviation [5] and round to two significant figures. [6]
5.5.1. See Storyboard 

5.6. Your first three trials represent a smaller spring compression [1] while your second three trials represent a larger spring compression. [2] Because the spring constant is a property of the spring itself, [3] it is not affected by the amount of compression. [4]
5.6.1. See Storyboard

5.7. Compare your calculated spring constant [1] to the value reported [2] for your spring. [3] For a typical spring launcher, the spring constant is between 70 and 90 N/m [4], which compares well with these results. [5]
5.7.1. See Storyboard

5.8. Next, use the data that you collected [1] raising the disk at different speeds [2] to calculate work and power. [3] Use the data [4] for the mass of the disk, [5] the distance you lifted the disk [6] and the time it took you to lift the disk, [7] to calculate work in joules, [8] power in watts [9] and power in horsepower. [10]
5.8.1. See Storyboard

5.9. Work is equal to force times distance [1] and because you lifted the disk at a constant rate, the force you applied is equal to the weight of the disk, [2] giving us this equation for work. [3] First calculate work by multiplying the mass of the disk with the acceleration due to gravity [4] and the distance the disk was raised [5], to calculate the work you did lifting the disk. [6]
5.9.1. See Storyboard

5.10. Now, divide the work you did [1] by the time it took you to do that work [2] to calculate the power output. [3] Convert this value to units of horsepower by multiplying by 1 unit of horsepower per 745.7 watts. [4]
5.10.1. See Storyboard

5.11. Note that the work you did was the same for each trial. [1] Your first three trials represent lifting the disk fast [2] while the second three trials represent lifting the disk more slowly, [3] but your body used the same amount of energy for each trial. [4] Work is not affected by time. [5]
5.11.1. See Storyboard

5.12. Because power is a rate, it was greater in the first three trials. [1] You were doing the same work [2] in a shorter amount of time! [3] Power is affected by time. [4]
5.12.1. See Storyboard

5.13. Consider the work you thought you did during the fast [1] and slow trials and [2] your power output during the fast [3] and slow trials. [4] As you lifted the [5] disk more times, you may have felt like you were running out of power, [6] but your body was still using the same amount of energy. [7] It was just releasing the energy more slowly to do the same work. [8]
5.13.1. See Storyboard

5.14. Identify which trial represented your “maximum” power output, [1] this is the trial in which you raised the disk in the shortest amount of time. [2]
5.14.1. See Storyboard

5.15. Compare this value [1] to a typical desk lamp that uses 50 watts of power. [2] If your forearms could do work to generate electricity, [3] would you be able to do it fast enough to power a 50-watt bulb? [4]
5.15.1. See Storyboard

5.16. Now consider a small car that runs on 120 horsepower. [1] How many times more “powerful” is this car compared to your forearms? [2]
5.16.1. See Storyboard


