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Abstract: This paper discusses the use of a hovercraft to teach Newton’s three laws of motion.  Hands-on teaching methods suggested by Arnold Arons are employed to increase student understanding. The hovercraft is utilized in place of dry ice blocks sliding across friction-reduced surfaces to illustrate the motion laws in a way that leads students to accept difficult concepts. 

Many teachers find that students often have difficulty understanding Newton’s Laws of motion. They may accept the words and repeat them back to you in a class or on a test but usually they lack enough true understanding that would prevent them from applying the laws or to interpret them in real life situations. Arnold Arons (1) suggested using hands-on methods of teaching to break down barriers to true understanding of these laws. He said that hands-on teaching allowed students to make errors and it would also force them to find contradictions in their preconceived ideas. The students will then have to revise their thinking as a result and be able to arrive at more meaningful acceptance of meaningful concepts. To accomplish this goal Arons proposed having the students investigate Newton’s laws using moving objects on reduced friction surfaces. He suggested sliding blocks of dry ice on glass surfaces in order to learn about inertia as well as the relationships between force and mass as discussed in these laws. 

I was looking for a way to accomplish what Arons had discussed but wanted some other means to do it with. I also wanted the learning to be somewhat more fun for the students than traditional “cook-book” type labs. I had read an article about a human “Airpuck” (2). Which was the first paper to describe using a hovercraft. A hovercraft is a device that is essentially a large platform resting on a cushion of air. This reduces the friction between the device and the floor beneath it as it moves across the floor. The article detailed how to construct such a craft. Today, however, there are numerous websites, which offer variations of the same idea (3).  Altshuler used his craft to resolve forces applied on the craft at different angles. I thought about trying to build one for myself and to use it as a substitute for Arons’ dry ice. I found that they are truly easy and inexpensive to make. Additionally, the students also find them to be fun to work with.

In my paper I will discuss several of the demonstrations that I used with my students to enhance their understanding of Newton’s laws.      

Each of the demonstrations was conducted in the hallway outside my classroom. We measured and marked half-meter distances on the floor and timed the hovercarft as it proceeded down the hallway. The demonstrations were preceded with a classroom discussion where the students were presented with the scenario and asked for their thoughts on the outcome. This is an excellent opportunity to try “white boarding” techniques as described by Wells et al (4 ) and MacIsaac(5). 

My first demonstration was designed to increase understanding of Newton’s first law.  Typical misconceptions with this law often include students believing that nothing can move unless a force is constantly applied to it. That is, at the instant that the force ceases to be applied the object stops moving.  

I asked the students to describe what would happen if a force was applied to the hovercraft for a very brief period of time and allowed to move across the floor. I received various explanations. Some believed that the craft would stop while others believed that the craft would continue moving only for a very short period of time before stopping.

We went into the hall way and measured and marked half meters on the floor for a total of 14 meters. The hovercraft was turned on and a single force of 10 Newtons was applied for a split second to the craft. The craft moved along the floor while the students timed its progress over the distances. It was more difficult to measure a pushing force than a pulling force, so we used a calibrated spring scale for a student to pull on the craft. Table #1 represents a typical data. You can see that the craft moved at a relatively constant speed as indicated by the fact that the craft covered the measured distances in the same amount of time.  

I t did slow of course, because of friction as it eventually came to a complete stop.  The students were able, however, to better understand the idea that objects in motion should stay in motion at a constant speed and in a straight line unless acted upon by outside forces (Inertia). They clearly saw that if there were no friction the craft would have continued moving forever. They were also able to discover that a constant force does not have to be applied to an object in order for it to keep moving. This also helped to dispel any misconceptions that some of them had about impetus. Although none of the students actually used this word, believing that an object must have a continually applied force in order to move is essentially a belief in impetus.  The students also realized that friction is an outside force, which acts opposite to the direction of the craft’s motion causing it to slow and eventually stop. The students saw first hand that it is the cushion of air under the craft that is reducing the friction between the hovercraft and the floor. Additionally, students further understood the need to minimize friction if one desires that an object should keep moving. 

Once the students had seen what would happen to the hovercraft when a force was applied over a very short time interval we progressed to the next step. I again asked the students for their thoughts on how they thought that the craft would behave if a pulling force were to be continually applied. Most students proposed that the craft would move the same as before, that is with a constant velocity.

 In the hallway we used the same outline as before except that a student pulled on the hovercraft with a constant force for a long time interval. That is, the student doing the pulling did not stop, until he ran out of space. The student was directed to pull with a constant force of 3 Newtons, 2 Newtons, or 1 Newton. When the data was collected (Table #2 represents a typical sample) it was determined that instead of the craft moving at a constant speed it actually accelerated. Students knew this because the measured distances were covered in less and less time.  

The class also observed that the person who did the pulling had to move faster and faster along the course. The students could now understand the second law of motion; when a constant force is applied to a mass it will accelerate. They began to realize that during each interval of time the same force is still acting on the same amount of mass, so that the speed should indeed become faster and faster. 

My students were beginning to develop better Newtonian skills by this point in time so we went onto my third demonstration. This was one that I hoped would really open up their minds because it was one that many of them really had difficulty accepting. Our discussion centered on what they believed would happen if one of them sat on the hovercraft while holding a basketball and then throwing the ball outward from the chest.

Newton’s third law is not always interpreted correctly in a student’s life up to the high school level. Not many of the students realize that for every push there is an equal push back. For example, when you tell them that as they lean against the wall, the wall is indeed pushing them back with the same amount of force.   Or that in order to hit an object with a force of 50 N the object has to be able to hit back with a force of 50 N. Students usually think that if you hit an object and it moves you have hit it with more force than it can apply back to you. 

My third demonstration then was to bring about better understanding of Newton’s third law.  The set-up for this demo was a little easier. Once the student had thrown the ball off the craft, everyone was amazed that the ball moved in one direction while the student and craft moved in the other. Many students finally were willing at least to admit that the possibility existed for the allowance of the third law. They admitted that they

had never given much thought to this during any of the games that they might have played during their lifetimes, such as throwing a ball during a game of basketball. This demo clearly brought about a better understanding of Newton’s third law. 

All of the timing in these demos was done with stopwatches leading to a great deal of human error in the actual timing. The use of photo gates or the like would certainly have improved the results.  Other ideas occurred to me after we had done the third law demonstration. It would be interesting to build a second hovercraft and have students sitting on them and have a catch with a basketball. 

Another possibility would be to have a student on the craft hold weights in both hands and spin the craft. Once the craft were spinning the student could extend the arms and weights thus changing the moment of inertia. Either of these ideas could lead to many more classroom discussions and uses of the hovercraft.

In conclusion, I found that Arons was correct for two reasons. First, he was correct when he discussed the idea that students have a difficult time understanding Newton’s laws of motion. He implied that they are able to memorize words but normally have little or no ability to understand or apply those words to real world experiences. Second, Arons was correct in his conclusion that students would achieve better understanding through the use of “hands-on” learning techniques. It was suggested that objects moving on reduced friction surfaces could be employed to obtain this increased understanding. I found that utilization of a hovercraft in place of dry ice blocks on glass surfaces did indeed bring about a better understanding in my students. In addition the students seemed to enjoy working with as well as riding the hovercraft. What better way to increase enrollment in physics classes than to make Physics Phun. 

TABLE #1 

Single pull of 10 N

Elapsed Time (s) to cover measured distances of 0.5 m 

0.86

0.82

0.82

0.82

0.86

0.85

0.96

1.01

1.05

1.117

1.53

2.12

TABLE #2

Constant force of 1 N

Elapsed Time (s) to cover measured distances of 0.5 m

0.82

0.62

0.54

0.47

0.44

0.38

0.36

0.34

0.33

0.30

0.28

0.29

0.25

0.21

0.19
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