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Abstract
Teachers have often found it difficult to motivate students to learn. It seems our students are always asking, “Why do I need to know this? I’m never going to need to calculate the velocity of something in ‘real life.’” Drawing connections between the classroom topic and activities in our students’ lives is a powerful tool for gaining and maintaining student motivation. Physics teachers have often used sports to illustrate different physics principles. It is more interesting to think about a hockey puck flying 300 m/s than it is to think about a random point particle moving in space. One major disadvantage which I think is often over looked when using sports as a medium to teach science is the fact that most sports mentioned in physics questions and explanations are traditionally male sports. Roller derby is the perfect sport to help physics teachers break out of this mold. I will use my own experience with roller derby as well as scientific derby experimentation to illustrate various concepts from the Regents physics curriculum.
-Note to self - highlighted punctuation … is it right?
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Introduction
Sports are an excellent way to bring physics principles into focus for many students. In a study by Hatch and Smith (2004), physics and sports were merged and students showed very positive responses. [Ref physicsgym] However, all too often, the sports most commonly thought of are traditionally male, and could potentially leave female students feeling somewhat left out. Enter, roller derby: the up and coming, fast paced, hard hitting, all women sport. Roller derby is often touted as being one of the fastest growing sports in America. It is new, fresh and exciting; and it's full of physics! Hatch and Smith chose shot put for their sport, which, even though it is a mixed gender sport, a quick google image search will show mostly male athletes. On the other hand, a google image search of "roller derby" shows almost all female athletes. This strong female showing in the sport of roller derby can serve to empower female students, and women in general, as they study the sport and the science around it. 
Students should not be expected to learn scientific concepts in a vacuum. It is not interesting, and it is not useful. People often think of physics as one of the more difficult sciences, perhaps because of the abstract, rather than practical, teaching methods employed today. Angell et al (2004) found that students, especially female students, consider physics to be one of the most difficult subjects. The study also proclaims that physics students find developing a sound understanding of physics concepts to be both essential and difficult. [Ref physicsfrightful] The perceived, excessive complexity of physics topics by students is a good reason for physics educators to strive to showcase physics principles in new and interesting situations. Add to this the extra concern a physics teacher may have for helping their female students recognize that they have just as much ability and right to succeed in the physics class room as any other student and lesson planning becomes complicated.
Choosing to educate our students, male and female, about physics through the lens of roller derby can help in many ways. Female students can experience having one of their sports at the forefront of the discussion rather than one of the traditionally male dominated sports. What student wouldn't love a game about hard-hitting, competitive, sassy women who, at any moment, can crash into the crowd? Roller derby is too exciting to leave out of any curriculum!
Literary Review
Roller derby is a relatively new sport; the entire history of roller derby is less than 100 years old as a result there are very few papers written on the topic. Most peer reviewed papers that mention roller derby have to do with the effects of roller derby on women and social structure. For these reasons, many articles I have referenced are about other sports which share certain similarities with roller derby.
Perhaps the most pertinent article found while researching this topic is Physics on Rollerblades, by Eugenia Etkina [Ref Etkina98]. Etkina used rollerblades to introduce basic kinematics to her students and then used that foundation to expand their knowledge into the more complicated areas of curvilinear and circular motion, inertia and centripetal force. Using real world applications, such as sports, gives teachers the ability to make complex topics clear to students. Student interviews allowed her to record the positive effects the rollerblading activity had on her students. After Etkina's rollerblading unit her students were able to "see physics everywhere." Etkina's goal when planning her lessons was to teach her students how to solve problems that occur in their real world. Her lessons did not require any special equipment or complicated procedures. Just a teacher, on rollerblades, with a stopwatch. Etkina brought rollerblades into her classroom. Just as easily, any teacher can bring roller skates into their classroom to teach the basics of kinematics on roller skates, and then students can see physics all over the track when they watch a roller derby bout.
Spectators often discuss similarities between roller derby and ice hockey especially when one compares the level of aggression between players on the track. There are many scientific papers written about hockey, especially on the movement of the puck, but since there is no ball in roller derby just one paper discussed topics which overlap with roller derby. In Haché's article, A Cool Sport Full of Physics [Ref hockey] collisions between players is briefly discussed and the topic is expanded on in Haché's book, The Physics of Hockey. In Haché's article he quickly shows how a collision between two skaters can be used to illustrate the concepts of energy and force. (GET THE BOOK AND ADD MORE) [Ref hockeybook]
One of the first things a derby skater learns is how to fall safely. Snowboarding is a sport where the athletes often fall from high ledges so understanding the mechanics of falling is important to snowboarders as well as derby skaters. Michael O'Shea explores the physics of several different types of snowboard drops in his article, Snowboard Jumping, Newton's Second Law and the Force of Landing. [Ref snowboard] O'Shea shows how physics can be used to find the force a snowboarder must endure when hitting the ground. The distance the snowboarder bends his/her legs and how soft or packed the snow is has an impact on the force felt by the snowboarder. In roller derby there are several different ways to fall properly. Even though O'Shea only expounded on the typical two foot landing in his article, it still gives some insight into the mechanics of falling and landing on skates.
Brenda "Skater Bater" Delano wrote a short and concise article for American Fitness explaining the basics of roller derby. A first time fan will most likely find roller derby very confusing, but with Delano's breakdown of the sport, any fan can get up to speed in just a few minutes. Delano describes the basic rules and game-play of the sport, as well as the intense effort skaters must put forth before the bout to be ready to play. [Ref derbybasics]
For a more in depth view of roller derby, there are two very helpful books available. Roller Girl, by Melissa "Melicious" Joulwan [Ref rollergirl] and Down and Derby, by Jennifer "Kasey Bomber" Barbee and Alex "Axles of Evil" Cohen [Ref downderby] contain a wealth of information about roller derby and its roots. Both books provide information on how derby started, failed and came back (several times) along with the basics of the game and even player profiles and interviews.  Both books provide the same facts but with a different flair that really paint a full picture of the world and history of roller derby.
Introduction to Roller Derby
"It's like Wayne Gretzky said: "Skate to where the puck is headed, not to where it's been"...except of course, in our case the "puck" is the opposing jammer, or a blocker we're trying to control...and it has a mind of its own. Roller derby is so much better than hockey."
Resident Eva (Roc City Roller Derby)
Many people I have talked to recently are unaware of the recent resurgence of roller derby, yet people do seem to remember roller derby’s initial incarnation. With banked tracks, high speeds, minimal safety equipment and skaters with strong personae it is difficult to forget the roller derby created and promoted by Leo Seltzer in the 1930s. [Ref downderby] Roller derby went through many transformations over the decades when the 1970s the gas crisis and the increased theatrical nature of the roller derby caused the sport's popularity to wane. Fortunately, in 2001 a group of people in Texas gathered to begin roller derby’s meteoric comeback. [Ref rollergirl]
These days the most common form of roller derby is played on a flat track and is regulated by the Women’s Flat Track Derby Association (WFTDA.) The game is played in two 30 minute halves and is divided into an arbitrary number of jams which can last up to two minutes each. At the start of each jam eight blockers, four from each team, line up together forming “the pack” at the pivot line. Thirty feet behind the pivot line is the jammer line, one jammer from each team waits at this line. [Ref wftdarules] The first whistle blows and the blockers start skating. Once all blockers have passed the pivot line a second whistle blows and the jammers jump off their line and race toward the pack. The first jammer to get through the pack legally will earn lead jammer status. This means she can end the jam at any time and avoid skating for the full two minutes, which can be very exhausting and is often strategically avoided. On her second pass through the pack the jammer earns one point for each blocker she passes legally and inbounds. [Ref derbybasics] While the jammers are attempting to get through the pack, the blockers are positioning themselves to help their jammer and stop the opposing team’s jammer with a variety of hits, blocks and assists. After the jam ends, the skaters leave the track and each team has 30 seconds to get a fresh lineup out for the next jam. [Ref wftadarules]
Understanding just the basic rules of roller derby is hardly enough to get a new fan through their first bout, which is what a roller derby match is commonly called. There is a lot that happens out on the track that makes very little sense to the uninformed eye. To make the scenarios discussed in this paper clearer a few basic points about gameplay will be explained here.
Roller derby is the only sport I know of where the players will play both offense and defense at the same time. When both jammers are in the pack all blockers are trying to stop the opposing jammer and help their jammer. Skaters can block each other by skating in front of them to force the opposing skaters to find an alternate route, or skaters can alter an opposing skater's route by hitting them causing them to fall, go out of bounds or lose her relative position on the track. These are two common ways that skaters work together on the track to create a solid defense and offense at the same time. Sometimes the skater they block or hit is the jammer, that is usually seen as a defensive play. Other times the skater being blocked or hit is another blocker, this can be either an offensive or defensive play depending on where the jammers are on the track.
As the pack moves around the track, the skaters change relative position attempting to be in the optimal location. "Holes" of empty space will form in between the skaters to allow a jammer or another skater through and then close up quickly behind the skater once she passes through.
(I think this paragraph is unnecessary) Depending on the jammers’ relative position the pack will speed up or slow down. Often one team will want the pack to slow down, while the other team pushes the pack to speed up. This is a particularly common occurrence when one of the jammers is in the penalty box. If the team A's jammer is in the penalty box then the they cannot score any points until their jammer finishes serving the time for her penalty. In this situation the team A is only concerned with defense and preventing team B's jammer from getting through the pack. Most commonly team A’s blockers will form a tight pack in front of Team B’s blockers and skate fast to prevent the team B’s blockers and their jammer from passing any of the team A’s blockers. At the same time blocker from team B will try to skate up in front of the pack to grab a blocker from team A and slow her down which forces the whole pack to slow down because team A’s blockers must stay within 20 feet of each other to remain in play. This is just one example of the many complex phenomena that can happen during the fast paced and always changing game of roller derby.
Experimental Equipment
While composing sample physics problems for roller derby, the lack of public knowledge concerning typical measurements for derby phenomena forced me to conduct some experiments of my own. The most common measurement I found myself seeking was the speed of a skater. 
The most rudimentary method I used to of calculate the speed of a skater was to time her laps and measure the distance of the path she followed. Then, using that information I was able to do some quick calculations to find her speed. 
The Hot Wheels Radar Gun and the Vernier Wireless Dynamics Sensor System are two, more  technologically advanced ways I used to find the speed of a skater. It would not be possible to use either of these methods as a spectator at a bout. However, as a member of Roc City Roller Derby, I was able to use the equipment at practices and before bouts. Contacting the local roller derby league to ask permission to come to a practice or before a bout is an option for a student who wants to use this equipment for their own scientific exploration. Or, if possible, use the equipment with students who know how to skate so they may find their own speed on skates.
I found the Hot Wheels Radar Gun to be the simpler of the two options. It retails for $69.99 and requires four AAA batteries. The toy can be used to judge the speed of both Hot Wheels cars and bicycles and other real size objects, there is an option of full scale or 1/64 scale. The 1/64 scale is for finding the speed of a Hot Wheels car, and for all other applications the gun needs to be switched to full scale mode. The gun can display the speed in miles per hour or kilometers per hour. Students should be made aware that even though the gun is displaying a speed in kilometers, students still need to do a little math to get the m/sec unit desired for physics calculations. 
I positioned myself at several different places around the track to try and get a good reading of the skaters as they skated past. I found I got the best readings at the end of the straigtaways. It also worked best when I pointed the radar gun at the skater's chest. I didn't try using the gun from the inside of the track because I didn't think I would get a good enough angle on the incoming skater. Since radar guns make use of the Doppler effect and reflected radio waves to find the speed of a moving object, being in the objects direct path would yield the most accurate data. [Cite radar gun site] Using the radar gun when only one skater was passing at a time allowed me to be certain about which skater's speed the radar gun was displaying. I asked a few skaters to skate around the track as fast as they could and recorded an average of 10 - 12 MPH depending on the skater.
Vernier’s Wireless Dynamics Sensor System is a force probe with a 3-axis accelerometer. The force probe stores the changes in force due to acceleration until it is connected to a computer via bluetooth and the data is downloaded into a data collection and analysis program such as loggerpro. I strapped the probe to the leg of TaTa Pain, of Roc City Roller Derby, while she was skating around the track. The probe was attached to her with the y-axis pointed in the direction she was skating, the x-axis pointed up, and the z-axis pointed towards the center of the track. Vernier's force probe has several positives and negatives. The probe came with a vest meant to hold the probe. This option was not useful for gathering data from a roller derby skater because of the crouched stance skaters are in while skating. This stance requires the skater to tilt her upper body forward and bend at the knees. This pitch in the upper body will change the axis in which the probe is positioned to detect motion. The probe needed to be fastened to the skater in such a way that minimal alterations would be made to the angle of the probe while skating. Since the most stable part of a roller derby skater is her hips, I chose to attach the probe to the outside of TaTa's right hip. This would allow the probe to maintain a mostly upright position even when TaTa was skating low in her stance. I used the force probe to find TaTa's angular acceleration and then used calculated columns in LOGGERPRO to find her angular velocity.
I feel the radar gun might be a better choice for a high school level Regents physics classroom because of it's simplicity and ease of use. The Vernier force probe is very precise and scientific, but it adds a layer of complexity that could be confusing many students. My experience with using the Vernier force probe and loggerpro together for analysing the speed of a derby skater was not a positive one due to the complications in finding a secure and stable way to fasten the probe to the skater without allowing for a tilt in the probe's x-axis. I was unaware of the level of difficulty the orientation of the probe would add to the experiment. If I were to use this method in the future, I would fasten the probe so that it was tilted slightly towards the skater’s back on her hip so that when she was in derby stance the probe would be more accurately aligned with the proper axis. I could not contrive a simple way to correct for the left tilt of the skater when she is rounding the turns. However, Using both the radar detector and the force probe could be useful in a discussion with students on choosing the right tools for a project and the importance of multiple trials to check for accuracy.
Kinematics of Roller Skating
In roller derby, skaters spend most of their time accelerating or decelerating. Slowing down is usually accomplished by using one of many stopping methods or falling. The the most common way to accelerate is to push off of the floor with skates. Running on toe stops or skates and receiving a pull, typically called a "whip", or a push from another skater are also useful ways to gain speed. Skaters typically use a combination of crossovers and sculling to gain and maintain speed. Crossovers require the skater to pick up the outside foot to step over the inside foot and push themselves toward the center of the track as each skate touches the track. This method is most commonly used while skating through turns. Sculling is a method of skating that requires the skater to keep all eight wheels on the track using a sideways pushing motion to propel herself forward. I collected data on skaters propelling themselves using both methods in an attempt to assess which is more efficient.
I used the Vernier force probe in combination with a stopwatch so I could time the skater's laps. I also used the Hot Wheels Radar Gun to double check the data collected with the force probe.
Using the Hot Wheels Radar Gun I found TaTa’s average speed to be between 10 and 12 MPH at the end of the straight section of the track. The slower speeds were recorded while the skater,  TaTa was sculling and the faster speeds were seen when she was using primarily crossovers.
The following chart shows the data I collected with my stopwatch while TaTa skated around the track, following a circular path, using mostly crossovers,an also as she sculled around the inside line of the track.
	
	crossovers
	sculling

	
	Δt
	Δt

	lap 1
	13 seconds
	12 seconds

	lap 2
	10 seconds
	12 seconds

	lap 3
	9 seconds
	10 seconds

	average
	10.6 seconds
	11.3 seconds


At first glance, the similarity in the times for each lap could lead one to believe that there is little difference between the two skating styles. However skaters follow two different paths when using these two different skating styles. In the first trial, when TaTa was skating by using constant crossovers, she was following an almost circular, but still slightly elliptical path as she skated on the inside line at the turns and toward the outside line on the straight aways. In the second trial, TaTa was hugging the inside line as she sculled around the track.
[image: image1.png]



Image info: This figure shows the dimensions of the WFDTA regulation track. I drew the thick black line to show the path followed by TaTa as she skated with crossovers. The inside line of the track is shown in blue on the turns and black on the straightaways. (©WFTDA) 
Knowing the difference between the two paths TaTa skated and the difference between the two methods employed allows the student to draw some conclusions about the similarities in the times recorded for each lap. According to WFTDA, the circumference of the inside line measures 148.5 feet. To find the circumference of the elliptical path followed by skaters using only crossovers I used Ramanujan’s equation: 
[image: image2.png]P~ 7(3(a+b)—/(3a+b)(a+3b)




Using the figure 1 to find the length of the axis to be a = 30 feet and b = 26.5 feet I found the circumference to be 178 feet. Since the elliptical path is a longer one, students might assume it should take longer to traverse in comparison to sculling along the inside line. Asking a student to how the times can be so similar is a great opportunity to allow the student to generate his/her own explanation of the relationship between time, distance and speed. If the student cannot conceptually see that the two different skating methods allow for different maximum speeds, then the student can be lead to do some calculations to find the speed of the skater in each situation.
Finding the speed of a skater sculling along the inside line:
Distance = 148.5 feet or 45.3 m
Average lap time = 11.3 seconds
Velocity = Distance / Time = 45.3 m / 11.3 s = 4 m/s or 8.9 mph
Finding the speed of a skater following an elliptical path skating with all crossovers:
Distance = 178 feet  or 54.3 m 
Average lap time = 10.6 seconds
Velocity = Distance / Time = 54.3 m / 10.6 s = 5.1 m/s or 11.4 mph
Teachers can use roller derby as an application to help students learn to use basic kinematics by using the above example. (I don’t know what else to talk about in here... I keep starting to make conclusions... which I am NOT supposed to do!)
Analyzing the data collected from the force probe was complicated and time consuming. Collecting data every .01 seconds for three axes yields an amazing amount of data. While skating along the circular portions of the track the skater’s acceleration is towards the center of the track. When skating with all crossovers and following the near-circular path TaTa was accelerating towards the center of the track the entire time. The force probe was positioned such that the probe’s z-axis pointed towards the center of the track. This allowed me to use Logger Pro to generate a calculated column which integrated all of the data points collected for acceleration along the z-axis. Integrating the acceleration yielded Tata’s speed as she skated around the track. I then used that data to create the below graphs.
[image: image3.png]Crossovers - circular path
30-

104
3 S
3
2
@ o
Statistics for: Data Set | Speed
min: 3.5t 14.9 max: 5.8 at55
median: 4.7
~10 std_dev 0.5 samples: 1157
Statistics for: Data Set | Speed
min: 1.3 at 23.7 max: 2.3 at 26.9
Imean: 1.8 median: 1.8
std. dev: 0.2 samples: 1089
-30- - T . ;
0 20 40
(49.08,252)

time (s)




Graph 1: Units are meters per second for speed.
As TaTa skated around the elliptical path, her body was tilted toward the center of the track. This caused the probe’s z-axis to point slightly downward because of how the probe is attached to TaTa’s hip. I could not figure out a way to maintain the probe’s orientation which prevented me from having a perfect experimental setup. [image: image4.png]Sculling - along the inside line
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Graph 2: Units are meters per second for speed.
Again, Tata skated at a constant fast pace for three laps. In order to maintain this fast pace while sculling Tata skated in a much lower stance than when she was crossing over. This lower stance may have caused some extra error with the data collection.
Students can look at these graphs and practice deducing the motion represented by the line. In Graph 1 there are two distinct times where the velocity is constant. In graph 1 there are two brackets of time where TaTa skates at two different constant velocities. Students could be asked to explain a possible reason for this change in velocity. What could have changed as TaTa skated around the track? First students should list all possible variables that can be measured, such as: time, distance, speed and mass. The time and speed are known from the graph, and the distance is known from the track dimensions. Since TaTa’s mass didn’t change during the course of the experiment the only other measurable quantity that could change is the distance. The circumference of TaTa’s path may vary from lap to lap. OK, now I’m lost here... I feel like I’m trying to say that the acceleration must have changed, but since her mass didn’t change the only other thing that could have changed is her path... and the length of it... but why would that change her speed? if she skates a longer path then the distance would increase and in the same time her speed would decrease?... but even if her path changes and the distance is longer why does her speed have to change... cant she just skate at the same speed?... why would she slow down to accomodate a longer path?... it would be easier to skate a longer/wider path... we skate faster the further out on the track we skate... sooooo... maybe she skated a tighter path and had to slowdown to maintain her position?... I’m trying to draw too many conclusions again eh? Should I just talk about her radiius changing or should I talk about her path changing? Do I need more in this section connecting things back to the classroom? 
I feel simpler methods, such as a stopwatch and tape measure or the radar gun would be a better way to gather data on a roller derby skater.Though it was a useful and entertaining experience to work with the force probe, it may not be the best apparatus for this situation.
Unintentional Deceleration and Intentional Deceleration
Or 
Falling and Stopping
Falling
Falling is something a spectator will see a great deal of at a derby bout and those observations provide a perfect opportunity to demonstrate the difference between angular acceleration and angular velocity. Since the skater is no longer accelerating towards the center of the track she will slide to the edge, or perhaps even off the track when she falls. This is because her angular acceleration is now zero so she will no longer have any force pushing her towards the center of the track. Since the direction of angular velocity is tangential to the circular path the skater is traveling on, students can predict which spectator will get a flying derby girl in their lap after a fall and slide into the crowd. [cite a phy book here?]
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The photo above does a nice job of showing a fallen skater sliding off the track. The skater in red is at the mercy of her own inertia as she slides away from the track. However the skater in blue, Wolf Blitzkreig, is still on her skates and can shift her center of mass to maintain enough angular acceleration to quickly pull herself back in play. This is very similar to the traditional demonstration of whipping a string with a ball at the end around your head and cutting the string to watch the ball fly off away from the demonstrator. In the roller derby example the ball is the red skater and the string can be represented by vector of centripetal acceleration caused by skating. Once she is no longer up and skating she flies off in the direction of her velocity just prior to her fall.
This could be a good place to ask to compare the trajectories of the skater's slide after a fall  when she falls on the curved portion of the track versus the straight portion of the track. This is an opportunity to connect the topics of force, friction and circular motion to allow for a deeper understanding and stronger mental connections through the spiral teaching approach. CITEvanpatten Or, if students have not already studied the basics of circular motion, this is an excellent way to transition to this new physics topic. It will show students that none of these topics exist in a vacuum and that we need to understand many different physics concepts to explain the science of any event. 
Another important thing to think about when watching a derby girl fall is the impact on her knees. Derby girls are trained to fall on their knees. The simplest fall is a one knee fall. A one knee fall rarely results in a complete stop, generally it just gives the skater a moment to stabilize herself before returning to skating and hitting. On the other hand a double knee fall, often referred to as the "rock star," often results in a complete stop before getting back up. Students can calculate the force on the skater's knees during a double knee fall. If the skater's mass is known, all that is needed is the height of her knees when her fall is initiated.
Example:
Farrah Daze Rage's knee pads are 56 cm from the ground (when in skates, standing in derby stance). She has a mass of 72.5 kg (including all gear). What is her vertical velocity just before she hits the ground?
Since the skaters mass and the distance of the fall is known we can find her vertical potential energy and assume that she will come to a stop in the vertical direction at the end of the fall and all her potential energy will be converted to kinetic energy just before she hits the ground. This allows us to use the following equations:
PE = mgh
PE = (72.5kg)(9.8m/s^2)(.56m) = 397.88 Joules
Since all of the potential energy will be converted to kinetic energy during her fall we can say:
PE = KE
Therefore:
KE = 1/2 mv^2
397.88 Joules = 1/2 mv^2
v = sqrt(2*(397.88/72.5) = 1.75 m/s
This kind of example can give students the chance to practice using their physics calculations with the new application of roller derby.
Falling causes a skater to slow down, which is not always a bad thing. If a skater gets too far in front of or behind the pack, she is “out of play” and cannot engage or assist other skaters. Returning to the pack as quickly as possible is necessary to avoid penalties. The double knee fall, provides a good example of friction bringing an object in motion to a halt. By recording the amount of time and stopping distance we can compare the magnitude of deceleration for various falls and intentional stops.  Knowing this information can help a teacher structure more roller derby themed questions for the classroom. 
Another one of my teammates from Roc City Roller Derby, Shockin’ Audrey, demonstrated two controlled falls while I recorded her stopping distance and time. To record the time I used a cell phone stopwatch. The skate floor was constructed of one by one foot plastic tiles. I counted these tiles to find an approximate stopping distance once Shockin’ had come to a complete stop.
1. The One Knee Fall
Insert stick figure image of one knee fall (sans force vectors)
	
	time (seconds)
	distance (feet/meters)

	Trial 1
	2.72
	23.5 / 7.2

	Trial 2
	2.52
	24 / 7.3

	Trial 3
	2.79
	28.5 / 8.7

	Average
	2.6
	25.3 / 7.7


1. Two Knee Fall, “Rock Star” 
insert stick figure of rockstar (sans force vectors)
	
	time (seconds)
	distance (feet/meters)

	Trial 1
	1.67
	14 / 4.3

	Trial 2
	1.53
	13 / 4

	Trial 3
	1.46
	14 / 4.3

	Average
	1.6
	13.7 / 4.2


The data in this chart provides teachers with appropriate values to formulate physics examples relating to roller derby. Using the data in this chart, students can be asked to find many things including the initial velocity the skater was moving at just before she began her deceleration due to the fall. 
Sample example:
While coasting to rest in a two knee fall, it took Shockin’ Audrey 1.6 seconds to travel 4.2 meters. What was her velocity just before she before she fell?
Using the kinematics equation below is a good way to start this problem:
[image: image6.png]



Known:
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yields:
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Using the same method students can find the initial velocity for the one knee fall data to be 5.9 m/s. need help to figure out if this is statistically significant if it isn’t significant than I can just use this to say, hey, my skater was ramping up to about the same speed for each trial, YAY!
Students can also be asked to talk about the conceptual differences between the stopping time and distance of the two falls. Using what they’ve learned, they can offer physics based reasons for the difference between the stopping time and distance for both answers. To clarify the difference between these two falls and support the student’s conceptual explanation with numbers, finding the rate of deceleration for both falls could prove useful.
Using the data from the chart and calculations above, students can use the common kinematic equation below to find the deceleration for a two knee fall.  
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Known:
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Yields:
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Using the same method students can find the rate of deceleration for a one knee fall to be -2.28m/s2. So, how do these two falls differ? In this example, the two knee fall causes the skater to decelerate at a faster rate than the one knee fall. Since the skater is decelerating faster with the two knee falls, it makes sense that her stopping time and distance would be less than with the one knee fall.  Can I say more here?maybe about WHY a skater would choose one fall over the other, when given the choice? Or that is not really in the scope of this paper... so no,... right?
Stopping
Though falling safely is one of the first things a derby skater learns, another important beginner skill is stopping. Each time a skater falls, she exerts a great deal of effort while getting back up from the floor. Derby gear adds around 4.5 kg (10 pounds) to the skater's mass which makes pulling herself off the floor each time even more arduous. Skaters have numerous methods for stopping at their disposal. I was able to record data for stopping times and distance for several of these methofs . (Do I want to mess with the force probe stuff?)I was able to use the Vernier force probe to test some of the more common methods of stopping.
1. The Toe Stop
The science of the toe stop could be a paper all on it's own. There are so many different types of toe stops, all made from different materials, and in different shapes. Sin City Skates, a popular site for buying roller derby equipment, sells fourteen different types of toe stops. Some skaters keep their toe stops long and close to the floor, while other's will keep their toe stops very short, right next to their boot. Of course, most skaters are somewhere in between those two extremes. Also, since a toe stop rubs away every time it is used, the amount of wear and tear to the toe stop will also effect it's stopping power. And finally, the skater's ability and style of stopping will cause her to stop slower or faster.
The basic method of using a toe stop for stopping is to drag one skate behind the other, rubbing the toe stop on the ground. The harder the skater pushes, the quicker she will slow down. The benefit of using a toe stop over other methods of stopping is that the skater can stop in very crowded areas since she can maintain a narrow stance and doesn’t need to make any extreme movements for stopping.
Shockin’ Audrey performed three controlled toe stops and I was able to record her stopping distance and time just as I did with the one and two knee falls.
	
	time (seconds)
	distance (feet/meters)

	Trial 1
	3.63
	31/9.45

	Trial 2
	3.70
	32/9.45

	Trial 3
	3.98
	32/9.75

	Average
	3.77
	31.67/9.65


A cursory glance of the above table in comparison to the data tables for the one and two knee falls gives students and teachers the valid impression that using a toe stop to come to a complete stop uses both more time and distance than a simple fall. If students were asked to discuss the difference in stopping time between the two and one knee falls, they could attempt to apply their conclusion to a comparison between falls and using toe stops to stop. To add a numerical value to the conceptual explanation of this stopping method, the student would need to find the rate of deceleration and the skater’s initial velocity.
Known:
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Equations:
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Yields:
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The rate of deceleration found when using toe stops to come to a complete stop is much less than either types of falls studied previously in this paper. This would be a great time to show the students a toe stop and some knee pads and start a discussion about the two different pieces of equipment and ask the students if they have any ideas why there would be such a difference in deceleration. Some ideas they may bring up are differences in material composition and surface area of the knee pad and toe stop. Other ideas could be the stance skaters are in for each (This is probably going too far eh?... too much speculation)
Probably will delete this stuff
INSERT - logger pro data AND DISCUSS
Skater A is wearing relatively new toe stops. She is skating on a concrete floor. She skates to a speed of 4.5 m/s (10 mph) and attempts to come to a full stop using only her toe stop. After three trials we have this data for stopping time and distance:
INSERT TABLE HERE:
T1
T2
T3
Average
Using this information we can find the coefficient of friction between her new toe stops and the floor she is currently skating on.
INSERT MATH HERE
Skaters may find this kind of data useful because they skate on so many different surfaces when they travel from city to city for away games. Once they arrive at their new bout location, a quick glance at the floor can tell them which toe stops to use.
Students can use this example to delve into the realm of materials science and surface physics which are two very interesting and useful branches of physical science. There are many types of jobs available in both of these fields that students may be unaware of.
START HERE 
2. The T-Stop
To the casual skater the most obvious method of stopping might be using the toe stop, but for more accomplished skaters, the options are numerous. The t-stop is another common method for stopping in crowded areas since it allows the skater to keep her legs close together. This method is commonly used by those who play ice and roller hockey and requires more muscle control and strength than using the toe stop. To execute this stop, the skater must place one of her skates perpendicular to the rolling skate. The stopping power from the t-stop comes from the skater pushing at least one or two of her outer wheels down on the ground, perpendicular to her direction of motion. Skaters with more power and skill can push all four wheels of the perpendicular skate into the ground to increase their rate of deceleration. 
Shockin’ Audrey performed three controlled T-stops and I was, once again, able to record her stopping distance and time.
	
	time (seconds)
	distance (feet/meters)

	Trial 1
	2.51
	18/5.49

	Trial 2
	2.41
	22/6.71

	Trial 3
	2.51
	18/5.49

	Average
	2.48
	19.33/5.89


As you can see, the T-stop brings the skater to a stop about one second faster in in almost half the distance when compared to using the toe-stop. Since roller derby is a game where speeding up and slowing down is happening almost non-stop, having an effective method of stopping quickly is crucial for serious skaters.
As with the toe stop, there is an interesting materials aspect to the T-stop that can have a significant impact on the skater's ability to stop. A quick glance back at Sin City Skates’ website shows more than forty different types of wheels available for sale. If one were to peruse other skate-shop sites they would discover even more types of wheels. Here too, the condition of the wheels could beimportant to note when judging the speed of a t-stop. As wheels are used they will lose tread and the edges will become rounded and they will slide more and grip less. This could change the way the wheels interact with the floor when used to stop a skater.
3. The Plow Stop
The plow stop is much more than just a method of stopping. It is also a method for positionally blocking other skaters and attempting to force a back-blocking penalty on an opposing skater. In addition, the plow stop is often used to hold back an opposing skater in an attempt to force the pack to skate at a slower speed. It is especially useful to slow the pack down to help the jammer catch up to the pack quickly so she can score some fast points. 
To execute a plow stop the skater must skate with a wide, low stance, bending at her knees. She pushes the innermost wheels of each skate into the floor while maintaining her wide, low stance. This causes her to slow down quickly and turns her into a wide barrier, impeding skaters who hope to glide past her. 
This time I wanted to collect data on two skaters to display the differences in using the stop with varying levels of success. So this time I, Farrah Daze Rage,  joined Shockin’ Audrey on the track with my skates on and both of our stopping times and distances were recorded.
	
	Audrey
time (seconds)
	Audrey
distance (feet/meters)
	Rage
time (seconds)
	Rage
distance (feet/meters)

	Trial 1
	3.07
	27/8.23
	1.46
	14/4.27

	Trial 2
	2.79
	26/7.92
	1.81
	16.5/5.03

	Trial 3
	2.76
	22/6.71
	1.60
	15/4.57

	Average
	2.87
	25/7.62
	1.62
	15.17/4.62


Because the plow stop uses both skates and anywhere from four to eight wheels, depending one the skater’s efficiency, plow stops are one of the fastest ways to come to a complete stop. However, during a plow stop skaters take up a lot of space on the track. This can cause her to trip other skaters and possibly receive a low block penalty if she accidentally trips a skater from the opposing team. 
A plow stop requires more skill and training than using the toe or T-stop to slow or stop. The difference in effective use of the plow stop can be seen in the differences between Audrey and Rage’s average stopping time and distance. Each skater has her preferred stopping method, and it is usually the one she is most proficient at. Rage’s plow stop brings her to a stop almost twice as fast as Audrey’s does and in nearly half the distance. I don’t really know what I want to say here... but I want to use this as an exploritory example... like, how do we know tey are both going at the same speed when they initiate their stop? Oh hey, I can do more math (like I did with the falls) to see how fast they were going when they initiated their stop... right? Unless I did all that stuff wrong.... But if I did it right, that’s the next bit I want to add here.
4. The Tomahawk
The tomahawk is one of the most immediate ways to come to a controlled stop while on skates. In contrast to the plow stop, the tomahawk does not require the skater to spread out on the track, so this stop can be executed in tight packs without fear of tripping other skaters. The tomahawk is also one of these most difficult stops for a skater to learn. 
To do a tomahawk stop the skater must first transition from skating forward to skating backwards. This can be done a number of ways. Some skaters will spin, others will step around, and the most surefooted will jump around. Once skating backwards, the skater will lean forward, in the direction opposite to her direction of motion, with her weight on her toes. Then she lifts up off her heels and wheels to her toe stops. Without any wheels rolling and only two toe stops dragging under her, the skater skids to a stop very quickly. 
Introduce Shock again
	
	time (seconds)
	distance (feet/meters)

	Trial 1
	.97
	9/2.74

	Trial 2
	1.32
	11/3.35

	Trial 3
	1.18
	9/2.74

	Average
	1.16
	9.67/2.95


How to close this? Talk about how tomahawk is the fastest one discussed here and maybeit’s cause you’re not up on wheels at all... just toestops so there is more friction... can I test how much friction there is?
A good conceptual question to ask a student regarding tomahawk stops is, why must the skater lean forward, away from her direction of motion? This is a great place to talk about inertia and how it relates to stopping quickly. If the skater were to stand up straight or, even worse, lean backwards she would most likely fall backwards when rising to her toe stops. This is because the force of stopping is on her toes, very far from her head so her head will continue to speed on in the direction of her motion as her feet are coming to a fast stop. Students can experience this phenomenon in a safe way by standing up and feeling the difference between someone pushing them at the shoulder versus pushing them at the heel. When pushed at the shoulder the student will sway away from the push with ease, but with the push at the heel, unless it is a very strong push, the student will not move at all. ________START HERE_______ (about the ankels as pivot point and force... force vectrs maybe? fbd of where you push an object... oooo nice.. draw a fbd on ASA doing this stop!)
Is this too off topic? Can I use it to show force diagrms?
5. The Hockey Stop
NOTE TO SELF: Do I want to do this section? it isn’t that common of a stop and  I haven’t collected any data for it...
Center of Mass and Derby stance
[image: image23.jpg]



One of the easiest things to notice about a derby skater is how low her stance is. Derby stance requires the skater’s knees and hips to be bent to lower their body. Derby stance is important because of the concept of center of mass which is “The unique point about which all of the object’s mass is balanced.” [Ref htw479] Skating in a low stance improves performance on the track in many ways. Since the force acting to propel the skater is generated at her skates, getting the skater’s center of mass as close to the skates as possible allows for maximum stability when making quick adjustments in acceleration. [cite?? Hockey book maybe?]..
%//torque? -- enter info from Kelly’s email here
Without the proper protective equipment (ie. pads. helmet) it would not be safe to let students skate around the classroom to demonstrate the value of derby stance. However, the experience can be simulated with a skateboard. Have students work in groups of three. One student will be the test subject and the other two students can act as spotters. The test subject needs to sit on the skateboard and be pushed a short way down the hallway by his or her spotters while holding a glass of water. Then, the test subject will repeat the experiment, but try to stand this time. The spotters need to walk next to the skateboard to make sure the test subject has someone to grab onto if they feel like they are about to fall. At the very least, helmets and wrist guards would still be a good idea for the test subjects. Unless the test subject is a seasoned skateboarder, he or she will spill much less water while sitting on the skate board, when compared to standing on it. I suggest having students try this out before talking about center of mass too much. It would also be a good idea to have the students draw a free-body diagram of the two situations and watch them try to discern why sitting is easier than standing.
Blocking
There are two basic methods of blocking an opposing skater in roller derby, positional blocking and hitting. Positional blocking is achieved when one skater places herself in front of an opposing skater in an attempt to control her motion. This is a common method for slowing an opponent's speed or forcing her to change direction without contact. When a skater is being positionally blocked she must slow down or change direction to avoid a back blocking penalty, which is a penalty for illegal contact to the back of an opponent. While positional blocking is very useful and common in roller derby bouts, it is the hitting that the crowd is really interested in seeing. 
This is a great place to bring up physics with students. The two most common hits in roller derby are hip checks and shoulder checks. Another effective, but less common hit, called a "sheriff," is when a skater uses her back to hit a following skater in the chest. If done correctly, a sheriff usually causes the following skater to fall backwards, which is painful and requires more effort when getting back up when compared to falling forward.
Skaters are often told that hip checks are better than shoulder checks for a variety of reasons. I was interested in the difference in force between these two types of hits, so I designed a short experiment in an attempt to discover that difference. I used the LABPRO accelerometer that I used for the speed experiment. This time I had two skaters, one with the LABPRO on her hip, Tata, and one without, J'boodie, skating next to each other on the track. After picking up speed J'boodie initiated three shoulder checks at regular intervals, and then Tata did the same in return. We reset the LABPRO and redid the experiment with hip checks. It is important to note that the LABPRO was positioned on the outside of Tata's hip on the side that J'boodie was not hitting. The skaters also did not hit as hard as they could for fear of damaging the equipment if Tata were to fall.
---write about the other skater, and how their weight was different... but height is similar?? (check)
I used LOGGERPRO to analyze the data -----write here about how I analyzed it... can't remember now since I don't have my comp with me--------- talk about the force of each hit, and that hip checks are 3times stronger.
Some potential errors with this experiment are the same as with the speed trials. Since skaters are almost always in derby stance, and especially when they are hitting or being hit, the LABPRO might have changed angle when Tata squatted down. This would change the z-axis and threw off the force -----I don't really understand this... ask Tae---- Also, was it a problem that the LABPRO was connected to the hip and not shoulder? Of course in roller derby the position of the skater is generally determined by the position of her hips, which is why it makes sense to fix the LABPRO to her hip.
Students can replicate this experiment in the classroom without roller skates. Derby skaters practice "off-skates" hitting before they learn to do it in fast motion and physics students can safely try some off-skates hitting in their classroom. Students should work in groups of two or three. One student needs to have the LABPRO attached to their hip. Two students need to stand next to each other, shoulder to shoulder. If there is a third student he/she can start the LABPRO and manage a stopwatch. After the LABPRO has begun to collect data have the students hit each other with their hips at regular intervals, and have the third student mark those intervals on a data-sheet. For safety purposes students should be asked to start off with light hits and work up to harder ones. Also, students should be matched up by height and weight and the room should be cleared of furniture that could injure a falling student.
Conclusion
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Ideas for further discussion or research
From skating section
NOTE TO SELF: talk about why one would want to scull vs crossover... slow vs fast
NOTE TO SELF: I need to get someone to go over the LOGGERPRO data with me... I will find the average speeds and explain my methods. I want to clock a couple skaters laps with cross overs, sculling and maybe one with a combo of skating and cross overs (like hugging the line) to judge the difference... of course these will all be different distances... hmmm... Maybe I will have them hug the outside of the track... two comparisons:
1. on the track barror (inside or outside)

sculling

crossovers and regular skating combo
2. jammer circle

sculling

crossovers only
Do this for two different skaters.
Then write a conclusion about the differences for each skater and the differences between a jammer and a blocker and a new and vet skater.
Circular Motion and The Track (ntegrate this section)
Roller derby is played on an oval track, which allows for almost constant circular motion. Skaters spend at least half, if not all of their time following a circular path. This allows for some interesting observations of circular motion.
%insert picture of the track with two different paths drawn on it.
There are two different types of paths a skater might follow on the track. A blocker will generally follow the oval path of the track, this allows them to maintain their position and cover potential holes. Of course, when needed, a blocker will move all over the track to block and hit an opposing jammer and make holes for their own jammer to get through the pack. Jammers, on the other hand, tend to follow a more circular path, skating wide on the straight aways and hugging the inside line on the curves. This gives the jammer more opportunities to accelerate consistently and maintain her peak speed by using continual cross overs, a skating technique that will be discussed in depth in the section on the physics of skating.
(NOTE TO SELF: The paragraph is very confusing, perhaps I should break it down in steps rather than write it in paragraph form. Also, where else have I talked about lap distance in this paper? - use inside blocker cause she follows the inside line, easier to calculate)
These two different paths can give students two different real world problems to solve. How fast do jammers typically skate and how fast to blockers typically skate? To discover these answers the student will first need to find an average lap distance for both a jammer and a blocker. (I wrote about this earlier, maybe) Then, while watching a bout or a video of a bout, the student can time how long it takes for a jammer and blocker to complete one full lap. Though it may seem like there is an awful lot of commotion out there on the track at most times, when both of the jammers are out of the pack at the same time there is generally less action in the pack. This is a great time to pick a blocker and time her lap. Blockers skate in one of four positions: inside, outside, back and pivot. The pivot is usually all over the track, working to control her pack, so she might not be the best blocker to choose for such an experiment. The pivot is easily picked out of the pack by the striped helmet cover she wears. A better choice would be either  the inside or back blocker. The inside blocker should be glued to the inside line for most of the jam and the back blocker is typically found at the back of the pack skating in a somewhat stable position in an attempt to hold the opposing jammer behind the pack. After the jammers, identified by the star helmet cover, escape the pack, the blockers will generally reform the pack, this presents the best opportunity to time the lap of a blocker. 
One thing to be weary of is when the jammers are skating very close to each other the foremost jammer may slow down in an attempt to slow and/or hit the following jammer. While this is fantastic game-play it will interfere with the student’s ability to clock how fast a jammer can really skate. It would probably be best to time the jammer’s lap when she is the only jammer out of the pack, or very far away from the other jammer. With this data the student will be able to calculate the speed of the two different skaters and probably develop an appreciation for the different positions skaters play in derby.
Consider this example for an inside blocker:
The student has recorded 3 different lap times for the same inside blocker.
T1 14 seconds
T2 12 seconds
T3 11 seconds
Making the blocker's average time around the track 12.3 seconds.
The distance around the track is known to be ??????
(Then I have to ask Kelly how to do the math for this... sigh... can I just do regular v is d over t? Or do I need to factor in the curved portion of the track?)
Consider this example for a jammer:
The student has recorded 3 different lap times for the same jammer (when she is skating outside of the pack)
T1 9 seconds
T2 10 seconds
T3 9 seconds
Making the jammer's average time around the track 9.3 seconds.
The jammer follows the circular path described above, for which the diameter is ????
(Then I have to use formulas to do this... I want to time some real skaters for this so I make sure I am getting good data, and then I can use their name in the paper)


