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Enhancing Student Learning of Newton’s First Law using a Student Built Hover-puck 
Thomas Pearse, Department of Physics, State University of New York – Buffalo State College, 1300 Elmwood Ave, Buffalo, NY 14222 tpearse@buffaloschools.org

Abstract:  This paper describes a five dollar hover-puck that can be built in the classroom in about thirty-five minutes. The hover-puck can be used for discussion points and demonstrations to help students reform their conceptions on how moving bodies act according to Newton’s first law of motion.
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The Research

Educational professionals have advocated both the processes and significance of hands on education for over forty years (Knezek, 2000). The primary source I refer to about hands-on teaching of Newtonian Physics and the first law of inertia is Teaching Introductory Physics by Arnold Arons (1997). Through reading Arons I came to believe that a qualitative understanding of physical laws improves retention and primes the student for subsequent quantitative description. Arons states that “Learners must be confronted with direct experience, and with contradictions and inconsistencies, in such ways as to induce them to articulate lines of argument and reasoning in their own words and to lead them to abandon the deep-seated, plausible, intuitive preconceptions that impede development of  the contra-intuitive but “correct” view”(Arons, 1997, pg. 57). Arons draws focus to the difficulty newcomers in physics have with understanding Newton’s law of inertia due to being “burdened with common sense ideas about the behavior of moving bodies” (Arons, 1997, pg 59). Arons argues that due to a lifetime of experiencing motion within the confines of Earth’s gravitational field, students have a difficult time imagining bodies that when in motion do not come to rest on their own. Arons suggests to his readers that they slide a 50 lb block of dry ice across the floor while making several guided observations. This demonstration provided a large group of students a very real and significant base of observation needed for understanding the law of inertia. 
Regents Physics Needs

Arons’ advice about creating real experiences inspired my search for ways to demonstrate the nature of Newton’s law of inertia. My goal was to counter the students’ misconceptions about motion that are reinforced by their daily experiences. One solution was to use a hover-puck. The basic operating principal of the hover-puck is to lift the body of the hover-puck on a cushion of air to greatly reduce friction as shown in figure 1.

[image: image1]
The inertial properties of the hover-puck become more observable once friction is reduced. With a gentle push by hand a properly built hover-puck can travel as much as one hundred meters with no apparent reduction in velocity. Students will begin to form a foundation for their future framework of understanding through observing the inertial qualities of the hover-puck.
The first hover-puck I used was a hard plastic disc with a built in fan that was purchased for about 45 dollars.  The item is commercially called a “Kick Dis Power Puck” and was sold in local toy stores (Carlson, 2004). This was a great toy and remains in my classroom for smaller and quickly accessed demos. One manuscript I read used the “Kick Dis Power Puck” in the physics classroom to teach kinematics and dynamics (Sorensen, 2007). The one problem I constantly had was the limited clearance of the Kick Dis’s hard plastic skirt. When attempting to push the Kick Dis long distances I found that even newer hallways in the school are uneven and the disc would often bottom out, slowing down or changing direction due to increased friction. Over the span of two years I tried other hover-puck models. For instance, the student built compact disc which uses a balloon to force air between a compact disc and the surface the disc is sitting on (White, 2008). This disc works well for a table top demonstration but is limited to that type of surface due again to a hard plastic skirt. I tried the single person hovercraft that students ride on which operates using a batter powered leaf blower (Mauser, 2005). The larger scale hovercraft did not work out due to safety concerns raised by school administrators. During the summer of 2008, while working with the Canisius College Science Camp, I had the opportunity and challenge of designing an inexpensive yet reliable hover-puck that students could build with limited adult supervision and support. After several weeks of testing, we developed a hover-puck that works incredibly well on most indoor surfaces that can be built for as little as five dollars. 
The five dollar hover-puck can be built by students in about thirty-five minutes. 
(INSERT FIG 2: Image of the five dollar hover-puck ABOUT HERE) 
Unlike the previously mentioned hover-pucks, the five dollar hover-puck is constructed with a soft skirt allowing it to travel farther on less than perfect surfaces. The five dollar hover-puck travels over fifty meters of hallway without showing significant slowing. The five dollar hover-puck can be used outside in a parking lot if the school halls aren’t long enough. The five dollar hover-puck can carry the weight of a book and still perform the same as it does with only the battery pack. For these reasons, along with the relatively low cost of construction, I recommend using the five dollar hover-puck over other models. 
Hover-puck Classroom Activities
Demonstrating Newton’s first law with a hover-puck provides students with real experiences thereby meeting a requirement set by Arons (1997) for a significant learning opportunity. These experiences are manufactured to provide students new observations that work to change preconceptions brought with them into the classroom (Arons, 1997). 
I used the hover-puck with my class over a three day period. On the first day I provided the directions found later in this manuscript to my students. My students were then assigned into groups of two or three, provided materials, and asked to build the five dollar hover-puck. Building the hover-puck required my students to use inquiry and design techniques such as measurement, estimation, and problem solving. The main purpose of having my students build the hover-puck was to allow them to take some ownership in the lessons. On the second day, as my students finished with their hover-pucks, I gave them a series of questions meant to guide their observations then sent them into the halls to investigate. Examples of the questions include,
1. What is required to make the hover-puck move?

2. What is required to make the hover-puck stop? What about change direction?

3. What must you the student do in order to make the hover-puck move faster and faster?

After all of my students had an opportunity to work through the questions in small groups we met in the classroom for a group discussion based on their discoveries. On the third day I asked the students to construct a grid on the floor using masking tape. I then asked the students to use the grid in order to make observations and measurements about the distance the hover-puck travels with the motor off then again with the motor on. The students then discussed their findings in small groups. After the group activity we met as a class and discussed the reason for the hover-puck slowing to rest. Students caught on rather quickly that friction was the culprit. It was a natural progression to then contemplate what would happen as friction becomes less, eventually reaching zero. At this point students started to alter their conceptions about how bodies move according to Newton’s first law. 
Challenges with benchmarks could also be incorporated into the hover-puck lessons. One challenge that would require the student to adapt and think critically is a distance competition where student built hover-pucks are used to determine grades. By marking out grade points along the hallway and having students push their hover-puck from behind a starting line students can earn their grades and also improve grades by improving their hover-puck.
Conclusion
Before introducing the hover-puck, students would simply recite Newton’s first law word for word, but would refuse to elaborate or even attempt explaining the law in a class setting. After using the hover-puck in the lesson, most of the participating students were able to display a better understanding of the law of inertia. I was most impressed that my students started using the word inertia in their explanations. One group of my students was able to further explain how reducing friction in cars would decrease the energy needed to keep them moving and improve the fuel efficiency. One student from the group even vowed to design a car that reduced friction so much it would “travel from home to school using only its inertia once it got going”. Many of my students who were introduced to Newtonian physics through experimentation with the hover-puck told me it helped them better understand the role of friction in developing their preconceptions. Through identifying friction and its role as a force opposing motion, my students were able to reform their understanding of motion in the absence of friction. The result was a more developed understanding of Newton’s first law and thus greater retention.
I will continue to use the hover-puck in my classroom. I have already had students expressing interest in taking the class in the future and citing the hover-puck in the hallway as the spark that recruited them into Physics next year.
The Five Dollar Hover-puck
Suggested Materials List
	Material
	Item #

	Source

	Price

	Amount

	½ inch Polyisocyanurate Rigid Foam Insulation
	263063
	The Home Depot
	$11.86
	1 – 4’ x 8’ sheet makes 8 hover-pucks

	80 mm desktop computer cooling fan
	MASSCOOL FD0802551M4
	http://www.newegg.com/
	$1.99
	       1

	Wood Craft Sticks – 1000 Pieces
	8WWCRAF
	http://www.discountschoolsupply.com/
	$3.99
	1 box makes 1000 hover-pucks

	Film-Guard 9 ft. x 12 ft. Clear 2 Mil Drop Cloth
	HM002K
	The Home Depot
	$3.98
	1 roll makes 12 hover-pucks

	Nashua Tape 300, 2 in. x 60 Yards, Silver Heavy Duty Duct Tape – 2 Pack
	3000020221
	The Home Depot
	$7.96
	2 rolls makes about 20 hover-pucks

	Crown Bolt ¼ In. -20 x ½ In. Aluminum
	61008
	The Home Depot
	$0.53
	       1

	Crown bolt ¼ In. Nut Hex Coarse
	31906
	The Home Depot
	$0.25
	       1

	Crown Bolt ¼ In. x 1 – ¼ In. Washer
	20106
	The Home Depot
	$0.19
	       1


Suggested Tools: Metric ruler, 40 cm of string, marker, razor knife, and a push pin
Pre-Assembly: Make sure you lay some form of protection onto your working surface. Several layers of newspaper or a heavy Stock paper will protect the work surface from cuts caused by the razor knife. 

Phase 1: Parts Production
Hover-puck Body: Start by cutting a length of string approximately 40 cm long. Tie loops into each end so that the sting when fully stretched measures 30 cm in length with loops included. Then pin one end of the string to the center of the board while fixing the other end of the string to a marker. Draw a complete circle with the marker.

INSERT FIG 4: Marking circle for hover-puck body ABOUT HERE
 Repeat the same steps for the inner circle with the string measuring 4 cm in length. Carefully cut out each circle and discard the center piece, but save the outer scraps for making the motor mount.

INSERT FIG 5: Image of cut-out hover-puck body ABOUT HERE
After you have the cut out body of the hover-puck, mark and place the skirt brace. The skirt brace is a popsicle stick that spans the center hole. The purpose of a skirt brace is to hold the center of the skirt close to the body of the hover-puck allowing the inflated skirt to take on a doughnut shape. Without securing the center of the skirt with the brace the hover-puck will not operate properly. 

Take the popsicle stick and line it up so that sits centered over the hole. Mark around the popsicle stick with a marker then remove the stick and cut away the backing on the foam board. 
INSERT FIG: 6 Popsicle stick centered over fan vent ABOUT HERE

Now that the backing is removed press the popsicle stick into the foam so that it sits flush with the top of the hover-puck body. With the stick placed correctly mark the stick in the center. Remove the stick and drill a hole into the center just large enough to thread the screw through. You don’t need a drill to make the hole, the pointed tip of a pair of scissors works well. 

Hover-puck Skirt: Lay out the plastic skirt on a clean flat surface. Place the hover-puck body in the center of the plastic and make a line approximately 10 cm from the outside edge of the hover-puck body for the complete perimeter. Next mark the center of the plastic by placing a dot in the center of the inner circle of the hover-puck body. Remove the hover-puck body from the plastic and cut along the outer circle on the plastic. Place a 5cm x 5cm square of reinforced tape (Duct Tape) on the bottom of the skirt so that the center dot you made is in the center of the tape. 
INSERT FIG: 7 Reinforced tape attached to hover-puck skirt ABOUT HERE

Motor Mount: Using the scrap foam from the hover-puck body, draw a square that is 12cm x 12cm for the outer perimeter, and another square that is 8cm x 8cm centered on the larger square. (Note: If you purchased a fan other then the 80mm computer fan listed in the parts section you may have to adjust measurements of the inner square. In order to properly balance the hover-puck every measurement between the outer square and the inner square should be the same.) Once both squares are marked cut them out. 
INSERT FIG: 8 Cut out of fan mounting block ABOUT HERE

The fan motor should fit now snugly into the inner square. 

INSERT FIG: 9 Desktop computer fan inserted into the fan mounting block ABOUT HERE

Phase 2: Final Assembly
Lay out the hover-puck skirt flat onto a clean surface. Using the tip of a razor or pointed end of scissors make a hole where you marked the center through both the plastic and the tape large enough to push the screw through. Next position the skirt brace onto the hover-puck body and position the hover-puck body so that the hole bored into the brace lines up with the hole on the skirt. Place the washer onto the screw and push the screw up through the bottom of the skirt and into the skirt brace. Thread the nut onto the screw so that approximately 2 to 4 threads are exposed. When you look at the bottom of the hover-puck you should see the screw head, washer, tape, and then plastic skirt in that order.
INSERT FIG: 10 Skirt mounted to brace with nut, bolt, and washer ABOUT HERE
 Once the skirt is attached to the skirt brace, the next step is to attach the skirt to the hover-puck body. The trick is to get the skirt to lay flat on the hover-puck without pulling the skirt to tight. Starting at some point on the skirt fold the skirt over the edge of the hover-puck body and secure it with tape. Proceed around the edge of the hover-puck at 5 cm intervals, folding and taping.
INSERT FIG: 11 Mounting skirt with tape onto hover-puck body every 5 cm ABOUT HERE

Once the skirt is in place seal the taped edge of the skirt with duct tape or other reinforced tape

INSERT FIG: 12 Hover-puck with skirt mounted and sealed ABOUT HERE

Before mounting the fan, you must cut the vents into the plastic skirt. Start by placing the hover-puck upside down to expose the skirt. Measure and mark 6 dots located at clock positions 1:00, 3:00, 5:00, 7:00, 9:00, and 11:00. Each dot should be made 9 cm from the screw attaching the skit to the brace. Once the vent hole centers are marked make a circular vent hole approximately 3.5 cm in diameter with the dots as center points.

INSERT FIG: 13 Ruler measuring 9 cm from mounting screw to center of exhaust vent ABOUT HERE
Now that the skirt is complete turn the hover-puck over and position the fan and mount over the center hole so that the fan lines up directly over the hole. Once positioned secure the mount with reinforced tape. 
INSWERT FIG: 14 Fan and mounting block secured to the hover-puck body ABOUT HERE

The fan should slide into and out of the mount allowing a single fan to be used for several hover-pucks.

Phase 3: Powering the hover-puck
 A power source is required in order to use the hover-puck. Although the fan will generally run off of a single 9V battery, I would suggest using at least Two in series. I use three 9V batteries 
INSERT FIG: 15 Three 9V batteries connected to run the hover-puck ABOUT HERE

which can burn out the motors of some less expensive fans, but that’s rare and the performance with 3 batteries is impressive. Three 9V batteries also link together very nicely to create their own battery pack. Choose any way you wish to connect fan wires to the batteries. You can purchase clips inexpensively from any electronics store. To keep the cost down I tape the wires directly onto the battery terminal and use the third battery as a plug in switch. Once you have the fan running just find a smooth hallway and have fun!
Design Tips

Student can control several variables that affect the performance of the hover-puck: the number and size of the vent holes, the tightness of the skirt and positioning of the vent holes. The last part is tricky: if the vent holes are moved to far from the center the hover-puck won’t work properly.
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Fig. 1 Hover-puck Cross Section


The cross section shows how air flows through the body of the hover-puck. Note that the exhaust vents need to be placed so that air is released into the inside of the skirt bubble where it then escapes under the skirt lifting the hover-puck off of the floor.
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Fig. 16





Fig. 16 Hover-puck Cross Section


The cross section shows how air flows through the body of the hover-puck. Note that the exhaust vents need to be placed so that air is released into the inside of the skirt bubble where it then escapes under the skirt lifting the hover-puck off of the floor.





INSERT FIG 3: Student pushing hover-puck ABOUT HERE














