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Introduction
     The one-person ridable hovercraft or hoverboard, also called a “human hockey puck” [1] is a circular wooden platform levitated with an air blower on which a person can ride over smooth flooring (hardwood or linoleum work best – these will not work on carpet) with essentially no friction (Photo 1).  Hoverboards can be purchased from educational vendors such as Pasco, or home-built from scratch [4].  They allow the addition of a kinesthetic component to the teaching of many physics and engineering lessons such as Newton’s Laws of Motion [1-3] for a wide range of ages.  We have used hoverboards effectively in elementary classes up through college.  They are just plain fun to ride in informal settings as well!
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Photo 1:  Student on a hoverboard demonstrating rocket propulsion using a CO2 thruster.
Hovercraft Astronauts

     One of our favorite lessons to teach with hoverboards relates to astronaut training.  In this lesson students apply their knowledge of Newton’s Laws of Motion [5] to a variety of astronaut challenges.  When starting with hoverboards, always have every willing student (hopefully every student!) take a short ride to kinesthetically experience friction-free motion with starts, glides, stops, redirects, and spins.  This is especially useful if later activities are done as demonstrations by selected students, to save on time or on consumables.  And when it comes to riding, the teacher should always be the first in line!
     Astronauts in outer space orbiting the Earth are in free-fall, as is their spacecraft.  Thus they “float” around and are not supported by nearby surfaces, such as the floor or the walls.  Astronauts need to learn to live and work in essentially a friction-free environment.  Hoverboards can help people learn what to expect, and practice controlling their motion, in the absence of friction.
     The Hovercraft Astronaut role-playing lesson is engaging, memorable, and requires some creativity!  In additional to a hoverboard, this lesson makes use of an overhead torque task (Photo 2), a CO2 fire extinguisher modified to make a “rocket thruster” – always a crowd-pleaser [6] (Photo 1), and a bicycle wheel gyroscope [7] (Photo 3).
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Photo 2:  A “hovercraft astronaut” struggles to do a simple task
 – tighten a screw by applying torque about a vertical axis.
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Photo 3:  By tilting a bicycle wheel gyroscope an “astronaut in training”

can regain control over the direction they are pointing – attitude control.

Standards Alignment

WORK WITH TEACHERS (OF VARIOUS GRADE LEVELS?) HERE
Curricular Extensions
     The Hovercraft Astronaut lesson has been used, with only minor age-appropriate modifications, for students as young as first grade up through college-age students and adults.  Nearly everyone loves riding a hovercraft and especially experiencing rocket propulsion, for example, but spinning bicycle wheels probably shouldn’t be handled by students younger than about age 12.  Here are a few more possible directions to go with hovercraft curriculum, for a variety of age levels.
1. Making miniature hovercraft out of CDs (or LPs).  This inexpensive, hands-on precursor activity to the hoverboard lessons is effective with younger audiences and/or in informal education contexts as take-away.  A variety of plans exist on the internet [8] describing how to construct mini-hovercraft using CDs or LPs which are powered by latex rubber balloons.
2. Applications to real spacecraft.  Overcoming difficulties controlling hoverboards can be applied to outer space.  When working with hoverboards and a rocket thruster, for example, it is easy to get going too fast and not be able to stop before hitting something.  Collisions in outer space can have dire consequences so vehicle docking, for example, is done at very low relative speeds, achieved using short spurts of the thruster(s).  Inadvertent rotation may accompany thruster use, so spacecraft always have mechanisms with which to make minor course/attitude adjustments.  Remember that in outer space attitude control needs to be in 3-D, not just 2-D as in the case of a hoverboard!
3. Design/build challenge.  One can build a more realistic spacecraft-like vehicle by connecting hoverboards together which can support multiple riders and, more importantly, multiple thrusters for attitude control.  The photograph below shows one such vehicle, built with 3 hoverboards.  The two riders faced in opposite directions and each controlled two thrusters pointing the direction they were facing.  Firing two parallel thrusters set it in motion.  Firing the opposite two parallel thrusters could bring it to rest, without having to redirect any thrusters.  Firing two diagonal thrusters allowed it to rotate in place – attitude control.
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Photo 4:  A two-rider, three-hoverboard, four-thruster vehicle that is more like an actual spacecraft, where linear motion and attitude are controlled by firing various combinations of thrusters.
Conclusions

     Hoverboards can be used as crowd pleasers, but the main purpose of this article is to promote their utility in teaching basic concepts especially with regards to controlling motion of vehicles in outer space.  Additional curricular uses that could benefit from kinesthetic, low-friction platforms include resolving vectors in 2-D [1] as well as studying circular motion and experiencing non-inertial reference frames.  Doing experiments with hoverboards is both engaging and memorable for students – kids go home with stories about how they were an astronaut for a day!  Historical connections can be made to NASA and the space program, including the fact that astronauts do indeed train on hovercraft devices to prepare for spaceflight.  Students will also better appreciate stories such as when Neil Armstrong, of Moon-landing fame, was nearly killed several years earlier when a thruster stuck in the ON position on Gemini VIII causing uncontrolled rotation.  Procedures developed to overcome challenges with hoverboards can have direct application to living and working in outer space.
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