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Gyroscopic Flying Disc
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Teacher’s Guide for studying the Physics and Gyroscopic Properties involved with the Gyroscopic Flying Disc, Flip N Flyer®. While demonstrating and reviewing performance characteristics of the ‘Flip N Flyer’/ (FNF) the following Science Terms can be discussed:
Gyroscope

Angular Momentum (Angular Velocity times Angular Mass, or Moment of Inertia)

Rotational Stability

Moment of Inertia

Angular Velocity (Rate of Change of Angle with Time)

Precession

Centrifugal Force

Center of Mass/Gravity 
Spin Axis (Rotates on its Axis)
Friction 

Angular Force (Torque)

INTRODUCTION:

In addition to a wide variety of sports related activities the Flip N Flyer® can be used for in play, this ‘Gyroscope on a Cord’ can also be utilized as a Science / Educational Tool. 
Learn about Physics as it visually demonstrates the basics of Gyroscopic Principles, while it is rotating on its Axis; located at the Symmetrical center of the disc. (Center of Gravity)
A high ratio% of the disc’s overall Mass (weight) is positioned equally around the Circumference/ Perimeter of the disc, contained in and along the vertical rim area. The outer rim is located as far from the center spin axis as possible. This additional weight around rim increases the amount of time the disc will spin upon the bearing device, aka: spherical bead. (Angular Momentum)
When the ‘FNF’ is not spinning, it will behave like any other small object dangling on the end of a string, or in this case, an elastic cord. A good initial test to see how it works is by holding the end of the cord with your hand, where the finger loop is attached and then moving cord back and forth without the disc spinning. The disc will just wobble from side to side. Rather boring & un-cool…
The Fun Begins with a Spin!

How to spin the disc:

With one hand, hold cord approx. ½ the way up its length. (If Right handed, hold the cord with left hand, if Left handed hold cord with right). With your other hand, grasp the outer rim & start the disc spinning by flicking your wrist outwards, away from your body. As if throwing a Frisbee®, but using only wrist action, not the whole arm. Have your students practice the Spin Technique a few times….The faster the initial Rotation, more stable is the disc & the longer it will spin!
Now start the disc spinning so that its Plane of Rotation is relatively parallel with the ground surface. You will see that while the disc is spinning, it maintains its Horizontal attitude. 
By swinging the cord back and forth like a Pendulum, or slowly up and down like a bouncing ball, it will continue to spin on the same Plane of Rotation. This Rotational Stability is due to Physics directly related to Gyroscopic Principles, including Angular Momentum. 
 This is also a good visual and physical demonstration of Gyroscope Rigidity.
 Definition: Rigidity is a property of a Gyroscope defined in the First Law of Gyro-Dynamics.

 If a rotating body is so mounted as to be completely free to move about any axis through the           centre of the mass, then its spin axis remains fixed in inertial space however much the frame 

may be displaced. 
This translates to: Even if the location of the gyroscope changes, the Axis of the Spin will continue to point in the same direction relative to space unless acted upon by an external force or Torque…..Definition of Torque: 
The tendency of a force applied to an object to make it rotate about an axis. Torque is the application of force that creates the rotational motion, or alters the plane of rotation.
What is a GYROSCOPE?

A Gyroscope can take many forms. Several flight instruments in airplanes utilize the properties of a gyroscope for their operation. The most common instruments using gyroscopes are the turn coordinator, heading indicator, and the attitude indicator. Gyroscopes are even used in space on satellites, the Space Station and Space Shuttle, to help keep them from wobbling out of control!

A gyroscope can also be as simple a spinning wheel or ring that is often mounted on a moveable frame. Bicycle wheels act as gyroscopes when they spin, keeping the bike vertical and thus ride-able. Also, spin-tops act as gyroscopes when they stand straight up while rapidly spinning. Gyroscopes seem to defy the laws of gravity by simply spinning!

The Principle of Gyroscopic Motion is an application of Newton’s law which states that a massive, rapidly spinning body strongly resists being disturbed and tends to react to a disturbing Torque by Precession (rotating in a direction at right angles to the direction of torque). The familiar toy gyroscope that most everybody had when they were kids, uses the principle of precession by standing upright on the rim of a glass or balancing on a taut string.

The Flip N Flyer can be used to visually demonstrate Precession. 
Gyroscopic Precession

Precession is the deflection of a spinning wheel 90 degrees to the Plane of Rotation when a deflective force is applied to the rim. If a force is applied at the top of the rim (the Plane of Rotation), the Precession (turn) will be 90% in the horizontal plane to the left.

A similar definition reads: Gyroscopic Precession states that a spinning body tends to react to a disturbing force by rotating in a direction at right angles to the direction of the Torque (force). The equation for Gyroscopic Precession is P=T/H where P is the rate of precession, T is the applied torque, and H is the angular momentum.

There are a few ways to demonstrate Precession with the ‘FNF’. The easiest way is to give the disc a fast horizontal spin. While holding the cord in one hand, touch a finger or edge of pen/pencil to upper side of the spinning outer rim gently pushing it down. You’ll notice that the portion of the rim that is lowered is not where the force is being applied, but 90% to the right or left from that point, depending upon if the rotational spin was clockwise or counterclockwise. The disc will continue to spin on a different angle or Plane of Rotation.
Another demonstration is to start the disc spinning, on a more vertical plane, (70%-80%) 

If the disc is spinning in a clockwise direction, the Plane of Rotation will gradually move in a counterclockwise direction. 
If the spin is counterclockwise, The Plane of Rotation will slowly move in the opposite direction (clockwise). This is due to the minimal amount of friction that occurs where the bearing/bead comes in contact with the bottom portion of the spinning disc.
Another way to demonstrate precession is to spin as above, on a vertical angle. As the disc is spinning, grab end of the cord from the bottom (bead side) and quickly pull it out / away from the disc so that ½ the length of cord is on each side of spinning disc. Now while holding both ends of the cord taut, lift one end of cord up and the other end down or pull one end of the cord to the left, while extending the other end to the right. This torque / force applied to the cord will alter the spinning-plane of rotating disc.
What is Inertia?

The definition of Inertia is: The tendency of a body to maintain its state of rest OR uniform motion unless acted upon by an external force. 

Another definition of Inertia is one of the 17th Century's greatest quotes:
 It is NEWTON’S 1st Law of Physics which states: "An object at rest tends to stay at rest and an object in motion tends to stay in motion with the same speed and in the same direction, unless acted upon by an external force."

Moment of Inertia: The tendency of a body to resist Angular Acceleration.

So with the ‘FNF’ as with most other flying discs, the Moment of Inertia is the exact time when you snap your wrist outwards, imparting to the disc a rapid spin. Your wrist is the external force creating the Inertia that starts the disc spinning. Torque can be the measurement of force used. 
After spinning, the ‘FNF’ rotates on its axis, until the minimal Friction that’s created by the contact between the bead and the disc, causes the rotation to gradually slow until it stops spinning.

Angular Momentum

The concept of Momentum states that if any object is in motion, it will continue to stay in motion in the direction it is moving unless another outside force acts upon it. Momentum = Objects mass times its velocity or speed.

‘Angular Momentum’ applies to objects that are moving in circles or spinning. They are moving ‘Angularly’ instead of a straight line. All spinning bodies exhibit ‘Angular Momentum’ which is the measure of how fast a body is spinning, how much mass the body has, and how the mass is distributed. The reason why the ‘FNF’ has the majority of its mass located along/around the outside rim, is so that it will spin longer & faster than it would if the majority of its mass was located closer to the Center of Rotation (Axis).

Try this experiment called "Reposition of Mass":  This requires two ‘FNF’s and some putty, play-doe, silicone, etc. (any material that can be easily worked with and that will stick/adhere to the surface). This weighting material is to be applied / spread evenly around the interior of the circumference/perimeter of the outer rim of one of the two discs (Where the rim and top circular airfoil section adjoin). This moves a higher % of the overall mass to be positioned around the outer rim. Use approximately 10 grams of this additional 'weighting material' on the disc.
 Now for the other disc, increase the mass closer to the Center Spin Axis using an equal amount of silicone, putty, etc. This can be done by spreading the 'extra mass material’ evenly around the center hole, through which cord passes. Apply within a radius of between one to two inches outwards from center, until it totally encircles the hole through which the cord passes and begins to resemble a 1/2 doughnut sliced horizontally, surrounding the cord.
This will take 2 students. Have each student hold one of the two ‘FNFs’ by the end of its cord. Give each disc a fast spin, teacher’s best, at approx. the same RPM. 
Now while all your students are comparing & wagering over which FNF will spin the longest, teacher can sit back and count the seconds as they pass by.....Which one is it?.. The disc that has 
The additional weighting positioned around the outer rim area, should spin the longer of the two.

Centrifugal Force

The equation for ‘Angular Momentum’ is: H=M*R*W where M is the mass, R is the radius of the rim and W is the spin velocity. Angular Momentum is what keeps the FNF spinning in place and on the same plane. The force that is created by the spinning disc is called ‘Centrifugal Force’. It will attempt to resist any outside force that tries to change the direction of motion including gravity, wind, impact from other objects, etc.

Try this experiment: Give the Flip N Flyer a good horizontal/level Spin (faster the better). As the disc is spinning, gently drop one spoonful of any of the following onto the center portion of rotating disc, tablespoon of sugar, sand, or salt. Watch as it all moves rapidly outwards from the center and wraps around the perimeter of disc to be contained from flying all over the place by the vertical outer Rim. This phenomenon can also be displayed by dropping pennies, dimes, small marbles, etc. onto spinning disc. They all want to travel outwards, away from the center of spinning disc. This is all due to the ‘Angular Momentum’ creating a ‘Centrifugal Force’.
This is the same force you can feel / experience at an amusement park or on any rapidly spinning ride, such as a Merry-Go-Round, etc.

These are just a few examples of a variety of teaching demonstrations utilizing the Flip N Flyer Gyroscopic Flying Disc, during which your students will have Fun while learning some of the    basics of Physics.
(Note) The ‘FNF’ also flies through the air!  Take outside and try tossing it back and forth as a Flying Disc. Try to catch by the Cord!
Check our website for more information & Action Videos:   www.flipnflyer.com
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