“It is the glory of God to conceal a matter; to sela out a matter is the glory of kings.”
Proverbs 25:2NIV) - Live as children of the King and search out st

Physic: of Toys Kipp
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Glow-in-the-Dark Slinky 24012 6700 1
Glow-in-the-Dark Jet Ball 1.25" 54024 2235 2

i  Cars - Energy/Inertia
i All Purpose Vehicles pull-back 1-2" 12/24
Hit & Flip Speedster 15.6/12
Rip Cord Racer 2.25/1
"Mousetrap Cars — The Secrets to Success" Book 25.95w/
& wheel and axle set for speed or incline shipping

Popping — Potential Energy-Kinetic
Marbled Smile Poppers 3.00/12
Safe Ball Shooter 12/12

Flight - Bernoulli, lift
i High Performance Gliders 7.75" 8.8/48
{ Whirly Gig 4.80/12
Floppy Smile Flyers 3.5" 6.60/72
Sailing Propeller 7" 13.20/gr
Blow Pipe & Ball 10.20/gr

Balloons

Tops - Rotational Motion
Mini Laser Top 9.60/gr
Somersaulting Tops 3.60/36
Light-up Bouncing Spinner 1.50/1

Sound
Mini Slide Flute 7.30/72

Light & Optics
Bubbles 2.85/6
Touchable Bubbles 7.80/12
Laser Amazer rainbow glasses -diffraction gratings 1s/s0

Electricity & Magnetism
Magnetized Marble Game 9.60/12
Magnetic Doodle 5.99/1
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Remote Control Tumble Rumble Car 8.60/1
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The toys are primarily from Kipp Brothers. You can get a lot of great toys for an excellent price. They are
located near 96" Street and Michigan, on the Northwest side of Indianapolis, and on the Internet at
http://www.kippbro.com/

The following pages were written and compiled the 2 weeks before the 2006 Covenant Auction (March
11, 2006). Certain pages were written by AP Physics students; their byline is at the bottom of that page.
The entire booklet was written, compiled and edited by Sean Bird.

| believe the following explanations could be of great benefit and enjoyment to parents, grandparent,
home-schoolers, and other physics teachers.



Glow-in-the-Dark Slink

Slinkies act at as a spring. There is a restdionge that is proportional to the
amount of distance that it is pulled. This restgriorce behaves as Hooke’s
Law, F =-kx, up to a certain point. Itis possible to puiing, or slinky,
beyond its elastic limit. This will result in whistreferred to as a broken
slinky.

A slinky set at the top of steps hgrawitational potential energy, U, = mgh, wheremis the

massg is the acceleration of gravity — on the earth'$ae it is equal to 9.8 nf/slown, anch is
the height from some arbitrary zero height. Som#hisfpotential energy gets converted into

energy of motion callelinetic energy, K :%mvz, wherev is speed.

An excellent explanation of glow-in-the-day toysidze found at howstuffworks.com:
You see glow-in-the-dark stuff in all kinds of pé&; but it is most common in toys.

If you have ever seen any of these products, yowkhat they all have to be "charged”. You
hold them up to a light, and then take them tor& glace. In the dark they will glow for 10
minutes. Some of the newer glow-in-the-dark stuff glow for several hours. Usually it is a

soft green light, and it is not very bright. Youedeto be in nearly complete darkness to notice it.

All glow-in-the-dark products contaphosphors A phosphor is a substance that radiates visible
light after being energized. The two places wheeawost commonly see phosphors are TiVa
screen or computer monitand influorescent lightsin a TV screen, an electron beam strikes
the phosphor to energize it (ddew Television Workdor details). In a fluorescent light,
ultraviolet light energizes the phosphor. In badlses, what we see is visible light. A color TV
screen actually contains thousands of tiny phosplobure elements that emit three different
colors (red, green and blue). In the case of adswent light, there is normally a mixture of
phosphors that together create light that looksemia us.

Chemists have created thousands of chemical suestéimat behave like a phosphor. Phosphors
have three characteristics:

The type of energy they require to be energized

The color of the visible light that they produce

The length of time that they glow after being emard (known as thpersistenceof the
phosphor)

To make a glow-in-the-dark toy, what you want gh@sphor that is energized by normal light
and that has a very long persistence. Two phosghatdave these properties are Zinc Sulfide
and Strontium Aluminate. Strontium Aluminate is mew- it's what you see in the "super" glow-
in-the-dark toys. It has a much longer persiste¢haa Zinc Sulfide does. The phosphor is mixed
into a plastic and molded to make most glow-in-tlaek stuff.

! http://science.howstuffworks.com/question388.htm




Glow-in-the-Dark Jet Ball 1.25"
When you drop a ball it does not bounce up to #mesheight. Some of the
energy is lost in the bounce. During the fall gnavitational potential energy
gets converted essentially entirely into kinetiergy. In other words,
U, =K
mgh=1 my
This is callecconservation of mechanical energyMechanical energy is the sum of both the

potential and kinetic energy. If the coefficientrestitution was equal to one, then it would
bounce to the same height. Tdeefficient of restitution is “the ratio of speed of separation to

speed of approach incallision. For a single moving boay, © —, wherey, is the initial
V,

0o

velocity, andv' is the velocity after the bounce. A basketball bas 0.6, and a baseball
Cy » 0.55.72
EXPLORE #1: Because of the conservation of mechanical enegpudsed above, an
experiment can easily be done to determine thdicaft of restitution using
o= [T
H
whereH is the drop height arfdis the height that it bounces to.

EXPLORE #2: For a crazy demonstration of the coefficientestitution and
the transfer of energy, put drop one ball on topradther ball. Warning: wear
safety goggles if doing this with small balls ligelf balls. For example hold a
tennis ball on top of a basketball and drop thesmfa small height. How high
does the tennis go? Note that the basketball dogsnip as high as usu&l.

EXPLORE #3: With the glow-in-the-dark slinkies and the glowthre-dark balls other
experiments can be done. Design and conduct expetamvith a glow-in-the-dark object to
answer the following questions:

1. Does the intensity of the light emitted by avglim-the-dark object depend on the intensity of
the absorbed light?

2. Does the color of the light emitted by a glowttire-dark object depend on the color of the
absorbed light?

3. Does the length of exposure to light have aectfbn the length of time a glow-in-the-dark
object emits light?

4. Which kind of light (incandescent, fluorescenfrared, ultraviolet or black light) produces
the highest intensity of emitted light from a glawthe-dark object?

5. Does the kind of light affect the persistencéhef emitted light from a glow-in-the-dark
object?

6. What effect does temperature have on the irtieasd persistence of the emitted light (try
using dry ice)?

2 http://scienceworld.wolfram.com/physics/CoefficigiiRestitution.html
3 For details and references $e://www.physics.brown.edu/physics/demopages/Desaiinls/demos/1n3060.html
4 http://www.eia.doe.gov/kids/classactivities/GlowheDarkSecondaryDec2002.pdf




All Purpose Pull-Back Vehicles 1-2”

These colorful cars are exciting because of tlet &ction and because of the

interesting physics that they utilize. There areesal body styles and upon close

inspection you will discover that there are evdiedent chassis. Children love to

play make-believe. Rather than having all racdaaking vehicles, a child can play

with the police and fire department cars to hefpekier popular Herbie looking taxi
or a pickup truck. The pick up trucks sometimegehidie realistic problem of the rear wheel
drive back tires spinning out. Sometimes thermisenough friction.Friction is can be
increased by changing the kind of surfaces in air@aincreasing the weight of the vehicle as it
drives on a flat road. Since thenter of masss up toward the front of the pickup the wheel
spin out.

These cars are powered by a piece of metal thataigped up like a ribbon on a spool. This
serves as the sping. Springs tend to ddegke’s Law, F = - kx, whereF is the restoring force
which acts in opposition to the direction of thél fmack,x. The spring constaiktor, in the case
of rubber bands, the constant of elasticity depemdthe type of spring. For the springs in real
car the spring constakts very large, whereas for a slinky it is quiteasimThe springs in the
toy car are between these two. When you pull {ittler car pack the spring stores the energy

until it is released. When it is released $peng potential energy, U =1kx, gets

spring —
converted into energy of motiokinetic energy, K =< mv*, wheremis the mass andis the
speed.

EXLORE #1: Measure how far you pull back the car, and complais with how far it goes
forward. Record the data for several trials arfteBnt small distances. Then pull it back
farther. Once you pull back to where it clicks, siitego further? Does it go further when you
pull it back several clicks? (The click is the elivadp of a mechanism that prevents the spring
from being over wound and breaking.)

You may wonder why the little cars can go so mucheniorward than you pull them back. The
limitation of distance pulled back being equaltte tlistance it goes forward is overcome by the
use of gearEXPLORE#2: It is fascinating to take one of these vehiclearato examine the
inner workings of the gears, but be careful ofégkremely small parts. A small Phillips
screwdriver will be helpful in unassembly. An elkest activity is to try to draw a sketch that
shows the gears and how they move together to thakears work. See if you can discover the
mechanism that moves to engage when winding bedMsy is that necessary?

EXLORE #3: Another activity you can try before you takedlithe gears apart is to see the
effect the mass of the body has on the acceleraktoomNewton’s Second Law of Motionwe
knowF =ma. With the same force provided from the sprintgss massive car will accelerate
more.



Hit & Flip Speedster °

The Hit and Flip Speedster is a hilarious toy whingecan become its
bottom. When it encounters a wall the wheels fenauigh friction to
begin climbing. Then it flips over and continuedrpto climb like a
persistent hamster in gerbil wheel. It does tinisl it has spent all of
its energy.

Newton’s first law of motion, also known as the law of inertia, states thablgact will
continue to travel in a straight line and at a tansvelocity or remain at rest, if initially atste
unless acted upon by an outside force. [Blaeof rotational inertia is quite similar to this in
that it states a rotating object will continue ddate at a constant velocity or remain at rest, if
initially at rest, unless acted upon by an outsafque. Now, torque is an object’s radius
multiplied by the perpendicular component of theeéo( = rFsim).

The hit & flip speedster has a gear system angvehitel. The larger the rotational inertia, or
moment of inertia, a flywheel has the more it #lep rotating. Rotational inertia depends on
the mass and how that mass is distributed. Tmdeaseen in the formula for rotational inertia
of a flywheel, 1= ¥2nf, where m is the mass of the flywheel and r isdtfius. As long as the
flywheel is turning, the gears continue to move #redtires rotate, thus moving the car. The
spinning flywheel hasotational kinetic energy that gets converted intoanslational kinetic
energy, or energy of forward motion. Frictional forcestr the carpet or surface material will
provide an outside torque strong enough to sloweaathtually stop the flywheel.

The reason why the speedster can hit somethindliprid because the tires have enough
traction, the special design of the body of the aad the continual turning of the flywheel.
These allow the car to continue moving, even wheuans into a wall. The gear system is
designed to multiply the effort that is put int@timachine. Due to friction of the parts therk,
the product of force and distanceomes out of the machine will never be as laggtha work

that is put in. The ratio of the output work te thput work is the measure of the efficiency.
Efficiency cannot be greater than or equal to 1@e%ept for the case of a superconductor, but
so much energy is required to keep the supercoadootd enough to have its superconducting
properties that it truly isn’t that efficient.) itfcould than you would have a perpetual motion
machine, and a lot of money and fame to go alorily ivi

WARNING:
Don't stop it too fast or the plastic gears will steépped.
Don't let hair get wrapped up in a wheel, espegidlit is still attached to a head.

® The physics of this toy was written by Scott Kissi?™ year AP Physics student, class of '06.



Rip Cord Racer

There are six basgimple machineslever, pulley, wheel and axle,
inclined plane, screw, and wedge. Simple machinasemvork easier.
The physics definition fowork is the product of the straight-line
distance from a starting point and the componetii@fpplied force
going in the same direction. Modifications of thegaple machines
can be found in many toys.

One such modified simple machine is the rack antpi “A
single gear, the pinion, meshes with a slidingtiedtrack. This
combination converts rotary motion to back andrfartotion.
Windshield wipers in cars are powered by a rack@nmbn
mechanism. A small pinion at the base of the wipeshes with
a sliding rack below.®

The Rip Cord Racer uses the rack and pinion to exrtkke work

you put into the machine into energy of motionkad tar. How

much the machine multiplies the force you put ihie called theanechanical advantage
However, no machine can multiply the work you puoiit. If you get a larger amount of work
out than you put in, thefficiency would be larger than 100%.

Warnings:
Don't lose the ripcord or it will just be a boringally cool looking racecar toy. It is
recommended that the toy be kept in a large Zipkog with the ripcord.
Don’t choke on plastic bags.

EXPLORE : Measure the distance and the time it take tcetrthe distance. Calculate the speed
v=—
t
Velocity is the rate of change of position withpest to time.

Make other observations and record all your data {aboratory notebook. Be sure to provide
explanations of the data, like what units you asi@a (feet or meters, etc.). Also environmental
conditions may be valuable to record. What surfacesn contact? What is the temperature?
Also record the date.

8 http://www.mos.org/sIn/Leonardo/InventorsToolboraht




"Mousetrap Cars - The Secrets to Success" Book

Mousetrap spring-powered vehicles demonstrateiatyast physics principles
including: rotational motion, rotational inertia moment of inertia, torque, work,
simple machines, conservation of energy, fricteomjy Newton’s second law of
motion.

This book, only available from the Doc Fizzix websis the best book on making
and understanding these vehicles.

“Guaranteed to help you build the best mousetrapeped racers ever!

The most up-to-date and informative mousetrap Vemm@nual ever written with all new earth-
shattering secrets for 2006. Selected by studentsemchers world wide as the best resource
available for learning how to build winning mousgtipowered racers. Learn how to build the
ultimate speed-trap dragsters, long distance rabeeds and more with easy to follow step-by-
step plans written for beginners and seasonedaretetlike. This book is designed to eliminate
the guesswork! “Mouse Trap Cars: The Secrets te€ast includes over 159 pages of secret
construction tips, instructions, design plans, folas, experiments, and more.

Mousetrap cars: the secrets to success was thedinfication ever written that was devoted
exclusively to building contest winning mouse tpagvered cars, boats, and vehicles and
currently it has sold more than 82,000 copies weide since 1996. There is no other
publication that contains the volume or qualityrdbrmation that is presented in the “Secrets to
success”, it is years ahead of the rest.

Paging through the book you will quickly see thas imuch more than a "how-to-guide," it is
the ONLY publication that will teach you the scierand the physics behind building a winning
mousetrap powered racer. Written by Doc Fizzixsfmdents of any age with hundreds of
diagrams for visual learners. Doc Fizzix was th86lScience Teacher of the Year

Topics include: motion, friction, wheels, Newtotésvs, momentum, center of mass,
rotational inertia, Hooke’s law, energy, mechanadvantage, torque, and so much mdre.”

" http://docfizzix.com/shop/books-plans/b100df.shtml




Wheel and axle set for speed or incline

If you were to build your own mousetrap spring-poseecar, one of the most

important items to have success is the type of \ghtbat apply the force to the

surface. This force is callddction .

Friction depends on the kinds of surfaces i

contact, mathematically symbolized by the
Greek letter mu,, and the normal force. If you look up
the word normal in a good dictionary you will fitioht
one of its meanings is perpendicular, or at a ragigle to
the surface. Theormal force is due to the surface
pushing up, or holding up, the objeé&t, = nfF

Fn

FromNewton’s Second Law of Motion F =ma, it is known that for the given foréefrom a
mousetrap spring-powered vehicle, the nmasgeeds to be kept small so that the acceleration
is as large as possible. For the mousetrap canancline the normal force is equal to the
component of the weight that is perpendicular eogtirfaceWeight, or the force of gravity,
equals the product of mass and the acceleratignawity. Weight= F = mc. If the incline

makes an angle with the floor, then as stated abokg,= F, =mgcosg. When the incline

incrementally increases, the normal force will gietaller. The only solution to having enough
friction is to get the best traction on the whesdossible.

There are two kinds of frictiorstatic andkinetic friction . For kinetic friction a point on the
object slides across the surface. For this kinsitoftion, like dragging a box or tires spinning
out, the surface area in contact with each othes amt matter. Kinetic friction does not depend
on surface area. Static friction does. Dragstake thick smooth wheels to maximize the
friction. FromNewton’s Third Law of Motion this friction translates into a large forward
acceleration. The squared-off Lectra Lite wheedssaiperior for speed or climbing an incline.
They are like the special hard-to-find accessdhas can be found through Doc Fizzix:

“These ultra sticky foam wheels are made from hatliggight urethane that is designed to grab
the road and provide maximum traction and acceteratVhile the rest of the field is spinning
their wheels at the start line your racer will benfg across the finish in record time. A

successful speed-trap dragster or hill climber reitjuire the largest possible pulling force in
order to out-accelerate the rest of the field onblthe tallest incline. If there is not enough
tracking on the drive wheels, the racer will spurt-at the start and waste valuable speed energy.
These are the same wheels used on Doc Fizzix wecttd setting mousetrap racer that traveled
5 meters in under 1.2 seconds. Wheels are destgrfach 5/32" axle.

By far, the biggest secret to Doc Fizzix world neteetting speed-trap racer is the design of its
ultra sticky foam wheels that are essential forpkeg the Speed-Trap Racer from spinning out at
the start line and providing maximum traction te tbad.®

8 http://docfizzix.com/shop/supplies/s350df.sht@uality wheels like this are also available at
http://www.wholesaletrains.com/Detail.asp?ID=200300




Marbled Smile Poppers

After you do the work of inverting, these happtiditPoppers begin their exciting life
of experimentation witlelastic potential energy They lose some of their energy in
the form ofheat andsound, thus the name Popper. But a good amount oftbatd
energy you gave it gets converted into energy dionporkinetic energy. This
kinetic energ)K then gets converted ingravitational potential energy Ug; as the
Popper goes up it slows down but gains energy sitipa. From the conservation of

energy

K =U,
1mv? =mgh
v =,/2gh

EXPLORE #1: Place the popper on various surfaces and letfat fMeasure the heightto
calculate the initial speedthat the Popper launches off of various surfathsacceleration of
gravity g can be considered a constant near the surfate @airth.

g =9.8% = 323 = 385.81fes
With the three equivalent expressions above, yowsa whatever distance-measuring device
you have available. If you use meters, the satugiau find for your initial velocity will be in

meters per second. Note: 55 mph is about 25 thigu use on of the latter two, your answer
will be in ft/sec or inches per second.

EXPLORE #2: Now it is time to try to liven things up. Accang) to Steve Spangler Science
website, once his poppers are inverted and droflfgeside down from a height of about 4 feet it
will jump 8 feet or more. The challenge is to tiegm to land correctly. It would be interesting if
the height can be found such that it does bourgieehithan it was dropped. Start small and
watch the dramatic results. Record your data op dreight and bounce height. The reason it
does this is because it starts with two kinds offest energy: gravitational and elastic. “When
the dome of the Popper contacts the floor, it ex@downward force on the floor. According to
Newton’s third law, the floor exerts an equal and opposite upwarcefon the Popper. The
force of the floor on the Popper resultsnark being done on the Popper by the floor. This
work causes the Popper to acquire kinetic energyaarupward velocity®

EXPLORE #3:'° Racquetballs conserves energy! This activity rezguan adult... one who is
smart... and one who can use sharp objects!

With a sharp knife or razor blade (caution!!!)cslia racquetball into two halves. Trim each half
so that it is slightly smaller than a hemisphengrnithe he hemisphere inside-out and drop it,
bulge-side-up, on a hard surface. The ball willjpsaad rebound to a height much greater than
that from which it was dropped.

Work is required to turn the hemisphere insideand this work is stored as potential energy. As
the dropped ball hits the hard surface, this pakahergy is released and converted to kinetic
energy, allowing the ball to rebound to a greatagiht.

° Taylor, Beverley. Exploring Energy with Toys: Coleiie Lessons for Grades 4-Berrific Science Press: Ohio.
1998. pg. 193-194.
10 http://www.stevespanglerscience.com/product/1461




Safe Ball Shooter _**

Automobile suspensions, playground toys and eveaatable ballpoint pens
employ springs. So does Safe Ball Shooter. It me®lithe mechanism that
releases two springs, one as an energy messengetife trigger to the
launcher and the other as a sustainer of the triggee reset after a shot.

Most springs have an easily predicted behavior véhtrce is applied.
Consequently, the force that a spring appliestiody, as the spring is extended or compressed,
can be mathematically determined. Robert Hookejem#ist in the 17 century, was the one
who examined this idea and formulated it into apt@requationf = —k x, whereF is the force
exertedx is the extension of the spring; aké the proportionality constant that varies from
spring to spring. This equation is named after Hooke’s law. An important property of solids
is their “stretchiness” or “squeeziness,” whicltaled their elasticity. In the case of many
solids, the amount of stretch or squeeze is prapwt to the force causing the stretch or
squeeze. This relationship can be expressde jas<, which is read, “The force is proportional
to the distance stretched (or squeezed).”

As you pull the trigger of the Safe Ball Shootée two springs are squeezed. Once it is pulled
enough to slip the hook off the launcher, one gpreteases the launcher, and the other spring
pushes the trigger back to reset the hook on thet the hook on the launcher.

EXPLORE #1: Investigate the mechanism that releases thegpnryour own. Drawing a
diagram can help your own understanding as welke{s you explain it to someone else.

The spring exerts a force over a distance. Wagk results in a change in kinetic energy. This is
expressed symbolically & = DK, and is known as th&ork-energy theorem

EXPLORE #2: This kinetic energy, or energy of motion, carapproximated by using the
conservation of mechanical energy If a ball is shot largely straight up, the sgripotential

energy,U =1kx, is first converted into kinetic energl( =4mV, and then converted into

spring —

gravitational potential energyl ; = mgh, wheremis the masgj is 9.8 m/é on the surface of the

earth,h is the height is moves up, ands the speed with with it was launched. Neglaerany
loss of energy due to friction these three energiequal to each other. Singeis a constant)

is easily measurable with a meterstick, amdan be found with a triple beam balance, then the
energy can be approximated. Interestingly, evehoui a way of finding the mass, the initial
speed the ball is launched with can be found freencbnservation of mechanical energy.

K =U,
imv? =mgh
v=,/2gh

However, because these balls are light and laitgeealfeatherair resistanceis not negligible.
Air resistance depends on the object’'s mass, sudeza, and speed. The faster it moves
through the air the larger the air resistance. ell-wit baseball only goes half as far as it would
if there were no air. Whereas, the heavier, slawing basketball is minimally effected.

1 Krystal Woo, 2 year AP Physics student, class of '06, helpedevitie first part of this.



High Performance Gliders 7.75"

Gliders like these can be a real delight to throm abserve their antics on

beautiful days outside, in a gym, or carefully thnoin a house.
“Leonardo da Vinci made the first real studieslgt in 1486. He had 150 drawings
that illustrated his theories on flight. Howeveis hotebooks
were lost until 1797. Later, George Cayley saw fieatple
could not fly on their own because they didn't hameugh
muscle power to create lift. He turned to the iri@nof the
kite that had been around for study for over 206@ry.*?

Sir George Cayley & Drawings
Leonardo daVinel «gjr George Cayley, born in 1773, is sometimesechthe ‘Father of Aviation’. A
pioneer in his field, he is credited with the finsajor breakthrough in heavier-than-air flight.
Cayley literally has two great spurts of aeronaltereativity, separated by years during which
he did little with the subject. He was the firsidentify the four aerodynamic forces of flight
(weight, lift, drag, and thrust) and their relathip and also the first to build a successful
human-carrying glider.

Cayley described many of the concepts and elenoénitee modern airplane and was the first to
understand and explain in engineering terms thees of lift and thrust. Before him,
researchers thought that the propulsion systemlidlyamerate both lift and forward motion at
the same time, as birds were able to do. So thestaccted their flying machines with flapping
wings (called ornithopters) to resemble the motbhirds. Cayley realized that the propulsion
system should generate thrust but that the wingaldibe shaped so as to create lift. Finally,
Cayley was the first investigator to apply the e#sh methods and tools of science and
engineering to the solution of the problems ofttig

In his experiments, Cayley would first test hisagdeavith small models and then gradually
progress to full-scale demonstrations. He also kegitculous records of his observations. One
of his first experiments as a young man was todbaigmall helicopter model. This toy was
rooted deep in European history. The earliest daresf the device date to the 14th century.”

For the High Performance Glider, like all glideafter your hand
leaves the plane there is no longer any force faiwealled

thrust. Once it is in the air there is forcearag that opposes its
motion. If the place were simply dropped, it wobklobvious that
the force ofgravity is pulling down on it. Bulift causes the
exciting effects of the loop-da-loop and barrel.rdlith some
gliders, like balsa wood gliders, the locationtod wind is
adjustable. This modification of tleenter of massaffects the
angle of attack of the wing. A larger angle progimore lift, thus loop-da-loops. A more
balanced plane flies straight. The amount ofdiiiependent on the speed. Therefore, a harder
throw will create more lift and a great possibiliti/a loop. The easiest way to make it loop is to
release the plane with a higher angle.

Lift

Drag

Gravity

12 hitp://sin.fi.edu/wright/again/wings.avkids.com/gmavkids.com/Book/History/intermediate/gliderskadnl

13 hitp://www.ctie.monash.edu.au/hargrave/cayley. lfnhore details on the equations for drag ancdiénttp://fiden-
2.phys.uaf.edu/211_fall2002.web.dir/nathan_earlslidig_slide.html
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Whirly Gig ™

Whirly gigs operate under the same principle of tifairplanes, called
Bernoulli’s principle. It is stated mathematically P + %v? + gh = constant,
where P is pressure,is density, v is velocity, h is elevation, andsdhe
gravitational acceleration. What this equation nsaarthat when a fluid, such as
air, is flowing over an object which has a great@ount of surface area on the
top, the air flowing over the top of the objectivmiove faster than the air under
the object. As the air moves faster, the pressar®p decreases, and is less than
the pressure under the object. This creates lie Wings of airplanes are shaped
the way they are in order to utilize Bernoulli'sriple. Whirly gig blades are
angled so that they push the air down. From Newtdnitd law, it therefore
moves in the opposite direction, up.

Another aspect of how whirly-gigs work is in regsitd the topic of angular motion. Angular
motion primarily deals with objects that move inigcle. Objects that rotate do so around their
center of mass. As this toy is pushed quickly uptthisted launching stick, it accelerates and
becomes airborne. The center of mass is found giwrthe equation

Xem= Mx/ m.
In other words, the center of mass is found byrglthe products of all the masses multiplied by
their positions divided by the sum of the masséss 1 why this toy should never have a piece
broken off, then flown. The center of mass chamvgasn the positioning or amount of weight
changes; this will create an erratic flight patte do the whirly gig’s rotation around its new
center of mass which will certainly be dangeroubystanders! Speaking of the mass and
distance, not only does the circular rim make tihély gig safer, but it also helps to increase its
rotational inertia, or moment of inertia. Inerisahe tendency to keep doing what it is doing.

With a large rotational inertia, | Smr®> = r?dm, it keeps rotating
longer than other whirling toys.

The whirly gig can be used to demonstrate all safresngular quantities.

“As an example of the directions of angular quagitconsider aector

angular velocity , as shown. If a forcd;, acts tangential to the wheel

to speed it up [which is what happens becauseeottisted launching

stick] , it follows that the change in angular @ty and therefore the

angular acceleratign, are in the direction of the axiSewton's 2nd

law for rotationimplies that theorque , is also in the axis direction.

Theangular momentupi, will also be in this direction, so in this
example, all of these angular quantities act atbegaxis of rotation as showr”
Note also torque,, is the cross product of the radiuand force=, =r" F. In other
words, it is the product of distance from the piant the component of the force
perpendicular to that distance. For the whirly tijig twisted stick supplies a
perpendicular force at a small distance from thvepi

1 The physics of this toy was written by Kari H&? year AP Physics student, class of '06, using
http://www.princeton.edu/~asmits/Bicycle web/Beriichiml| andhttp://hyperphysics.phy-
astr.gsu.edu/Hbase/rotv.html

15 http://hyperphysics.phy-astr.gsu.edu/Hbase/rot#vec3
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Floppy Smile Flyers 3.5" 1°

When you receive these floppy smile flyers, yod wistantly say, “Oh!

These are little floppy Frisbees with smiley fatés!fact, these smiley

faced flyers definitely share the very same physawept as Frisbees do.

In order to play with these flyers, you simple thrib at the proper angle,

or with positive angle of attack, the angle fornigthe tilt of the flying

disk and the line parallel to the ground. Becafssonservation of
angular momentum, a good flick of the wrist wilvgithe disc stability in the air.

Like Frisbees, two factors influence LOW PRESRAE
the f!lght of a.flyer.: the forpe of RIGHT S1DE LR —
gravity and air. With gravity alone, the
flyer will accelerate down at 9.8 Pkl v
meters per second per second as it doess -
for every object on the earth. Once in .
the air lift, an upward force, results “
from decreasing pressure on the top of

an object due to increasing the velocity

of the air flowing over the top. With a -
proper angle of attack, it will have -
more air flowing over its surface then
underneath because of its shape. .
According to Bernoulli’s Principle, -

there is higher air-pressure under flyer

then above it, which makes it rise. THFBRLRAT

o

|
': HIGH PRESSURE
F
e

WHONG SIDE UP

Another significant factor iBlewton's - |
Third Law , which states that for every B HICHH PRESSLEE
action there is an equal and opposite -
reaction. The flyer forces air down

(action) and the air forces the flyer upward (remagt However, it is crucial to notice how much
angular momentum provides the stability for the lift. Without angianing, or angular
momentum, flyer would not fly far away, but wouldsj stumble to the ground. With spinning,
angular momentum provides the flyer with stabilitshich allows flyer to receive a steady lift
from the air as it passes through it. So, with nemi@, the flyer would go further as it would be
more stabilized through the air.

It is important to notice that missing any onelgéf’s properties would be fatal to its flight.
Without any lift of the air, spinning would produggnimal interesting effect. It would be just
like throwing a stick in the air. Similarly, thetaaf simply throwing the flyer without any spin
would make it tumble to the ground. This could maklookers begin to laugh.

'8 The physics of this toy was written by Jun-seok K8year AP Physics student, class of '06, with thip loé
http://www.tpt.org/newtons/9/frisbee.html
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Sailing Propeller 7" '

The sailing propeller is a simple design that usessame principles to
get airborne as a helicopter does. A helicoptes aseengine to rotate at
least 2 large propellers. When the propellers begspin, an upward
force is created by deflecting air downwards ar@ireng an equal and
opposite force, so the propellers and anything @tiached to will go up.
Even though the helicopter weighs an enormous amdaus still able to
lift off the ground because of the lift provided the fast rotating blades.

The miniaturized version of this helicopter, theliSg Propeller, also displays these same
attributes. It has a short shaft with 2 propelysnected to it at the very top. When the shatft is
spun quickly, it will be sent up into the sky byyteame principles that lift a helicopter. It is
simply a smaller version of the helicopter that enclearly displays the principles of lift. It
should also seem obvious that because there isviEght in the small sailing propeller it should
require less rotational force to get it airborneth¢ven a tiny bit of rotation, the propeller will
send it up.

One of the key contributors to this art of flightsvDanieBernoulli. His equation of pressure
was used to help understand why a wing or propelterd be used to achieve flight. He
describes that when a wing is in motion, the atis as a fluid and must go either under or over
the wing. With the right wing shape, air can betssmer the wing with shorter distance to travel
while the other half of the air goes over the wivith much more distance to cover. The air that
goes under has shorter ground to cover so it Wwoal@ a slower velocity, and the air that goes
over has more distance to travel so it goes faBased on Bernoulli's equation, an increase in
velocity is a decrease in pressure and a decreagddcity is an increase in pressure. Therefore,
because there is more pressure on the bottom asaietop, a force is created upwards that
elevates the object.

A right hand rule of physics can help save us from injury when usimegSailing Propeller.
Simply curl yourright hand around the shaft in the way that it is beimgn and stick your
thumb straight out to determine the direction @f tbrque. It will go that way. If the propeller is
spun counter-clockwise (as viewed from above), therright hand would curl around it so that
the thumb points up. Thus the propeller goes upvéder, if it is spun clockwise (again as
viewed from above the propeller), then your handide curling around it the other way and
your thumb would point down. So the propeller wositehot straight down. Important safety
tip/rule: do not do that. Spinning the propellethe direction so that it shoots down is very
dangerous and painful. Quite simply it is not abtiidea, so use the rule with your right hand to
ensure that the propeller will have a force up,dawn. Even AP Physics students have had to
be sent to the nurse for a Band-Aid because traérytdtonsider this important right hand rule.

With regard to other safety tips, simply think abatnat you are doing. If you are holding the
propeller extremely close to you with no regardvteere it is aimed, you could probably dice
yourself up. Hold the propeller far out with yourne extended and have it aimed well away
from you so that you can experience the minimum paid maximum fun! Don’t aim at people
unless you want to hurt them and make them madadd

" The physics of this toy was written by Kevin Dob®¥ year AP Physics student, class of '06.
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Blow Pipe & Ball

The blow pipe and ball can be performed on a lasgate with a hair blow
dryer and a ping pong ball, or with a leaf blowed a light weight

softball size sphere. The short explanation isdlsahe air travels around
the ball, the ball is pulled equally in all direwts. This helps to explain
why the device can be tilted somewhat sidewaysitastdl works.

Begin my blowing gentle and increase until youlalaving steadily as hard as you can. Then
you will be able to rotate the pip without droppithg ball. (Another game that could be played
is simply to give a quick burst of air and try ttch it again in the little basket.)

The key physics principle to explain why it hovenshout falling off even when slightly tilted is
the Bernoulli Principle, named after thetéghfbntury mathematical physicist Daniel Bernoulli.
The Bernoulli Principle is a fascinating subjectcidss section of an airplane wing or a Frisbee
may be helpful in understanding an explanation of

it. Consider how a wing or Frisbee is curved on

the top side and flat on the bottom. “As they each

travel through the air, the air that goes over the

top must travel faster than the air that travels

under them. Bernoulli discovered that the air that

travels faster has lower pressure. Lower pressure

is just like a vacuum. Just as a vacuum cleaner

sucks up dirt, the wing and Frisbee are sucked

upward; thus, causing them to fly. The ball is like

the curved surface of the Frisbee or the wing. A Increased velocity means decrease
air travels around the ball, the ball is pulled pressure — therefore lift.

equally in all directions causing it to float.”

“Bernoulli's equation as applied to a non-viscanspmpressible fluid in steady flow is given

by: (P+1/2 v*2+ gy = constant) Where P= pressure,density of fluid, v= velocity of fluid, g=
acceleration of gravity and y= height of fluid. \WWa&n see by the equation that the pressure and
the velocity of the fluid are on the same sidehef équation; therefore, if the velocity increases,
the pressure must decrease to keep the equatimittru

The air that moves around the ball creates a parkeind the ball of low-pressure air. If the ball
moves slightly to the side, it will be pushed batk

The amount of fun that can be had by this littheigonly limited to the amount of breathe you
have. WARNING: Do not blow so much that you hypartlate or pass out.

18 hitp://van.hep.uiuc.edu/Van/demos/demos-curtis.htm
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Balloons *°

Balloons, the inspiration of such famous inventiaaghe water balloon, inner tubes, hot air
balloon, and, most importantly, the whoopee cushimpact the lives of man throughout
cultures, throughout time. Physics gives the reasehind some of the basic qualities of
balloons: why they go flying as deflating and hdilzat static electricity gets in your hair
after you rub it all over your head.

Newton’s third law tells exactly what is happenasgthe balloon flies away during deflation:

For every action, there is an equal and oppositet®n.
You can do a simple lab to see this law in your tame by making balloon rockets. Rockets
use Newton's third law to make them lift off th@gnd and escape earth's gravity. The action is
the jet of gases escaping from the rocket engiftes.reaction is the movement of the rocket
upwards in the opposite direction to the gas.

To make your own rocket at home and see Newton'sitid law
in action you will need:

Balloons of different shapes

Long piece of smooth string (5m) to act as a tfack/our rocket
Drinking straw cut into 5¢cm lengths

Sticky tape

Scissors

2 chairs or 2 friends

Thin card

1. Thread the string through the straw. Attach thegtro the chairs making sure it is
taught and level. Or you can ask your friends tlol hiwe string at either end and pull it
taught.

2. Blow up a balloon and hold it closed so the airgloet escape - do not tie it shut. Attach
the balloon to the straw with sticky tape.

3. Move your balloon rocket to one end of the string &t go. How far does your rocket
travel?

4. Try the same experiment with different shaped loaléo Which shaped balloon makes
the best rocket?

5. You can decorate your rocket using the card to nfiakeand a nose cone. Does this
make your rocket any better?

The balloon rocket works in the same way as amargtirocket. The only difference is that the
balloon is traveling along the string and not gaipginto the sky.

Next comes the question of static electricity viallloons. The basic principle here is unlike
charges attract, even to neutral. Thus, the negjgicharged balloon, after being rubbed, will
stick to the neutrally-charged wall. Balloons halso been known to make hair stand on end.
This is because the balloon has an excess negdi@rge, giving hair a positive charge. Now,
all the hair is of a single charge. Since likerges repel, none of the hair wants to be next to
each other. Thus, emerges the trés chic hairgtgteevery aspiring physicist knows and loves.

1% This page was written by Marina Nicholson '08’ @ear AP Physics. Experiment courtesy of: http:wat-
bristol.org.uk/Newton/experiment.htm
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Mini Laser Top %°

Tops have been around for a long tith@hey are enjoyable
and they demonstrate many rotational motion phi/sica
quantities like rotational inertia, angular velgeciangular
momentum and torque.

Provide @orque, a perpendicular force at a distance away

from the pivot, and these beautiful tops beginotate. They

go from an angular velocity of zero to spinningtquapidly.

This is called angular acceleration. A torqueeiguired to

make something angularly accelerate, from a doardompact
disc to a top. Armngular accelerationresults in an increased angular velocity.

Angular Velocity is the angular displacement (change in an angfa fnitial to final) per time

unit. Simply put, this measures the angular speeahy given direction (clockwise or counter-
clockwise). This would be difficult to measure witte naked eye for mini laser tops, but the
physics concept it there nonetheless.

Anything that is spinning haangular momentum Angular momentum describes the ability of
a rotating object, such as the mini laser topspimose forces that would change the angular
velocity (rate of rotation). The angular momentuepends on the object’s rate of spin and the
property of matter called rotational inertia. &ctf, angular momentum is the product of an
object’s rotational inertia and angular velocity.

Rotational Inertia can be defined as the tendency to maintain iesafitotation. According to
Newton’s first law of motion, an object in moticgnids to stay in motion and an object at rest
tends to stay at rest unless acted upon by andeuisice. The same think is true with rotational
inertia. A top tends to maintain a constant anguddocity unless acted upon by an outside, or
net, torque. Therefore, the greater the rotatioratia, the more difficult it is to stop an objeat
motion and harder to start it from rest.

The mini laser top encounters friction at theirmaf contact with the surface, the pivot point.
Friction is the “outside forces” that provides afioe, causing the miniature tops to gradually
slow down and stop spinning.

EXPLORE : How many mini laser tops can you get to spirhatdame time? With the help of
one friend can you double the amount of tops tbhatgan get to simultaneously spin? What
about with three and four and more friends? Grapghdata to see if there is a relationship.

2 The physics of this toy was written by Megan Hgoni, ¢ year Physics student, class of 007.
2 http://www.spintastics.com/HistoryofTop.asp
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Somersaulting Tops

Sometimes this toy is known as a Tippe top. “Thia small spinning top

which has a low center of gravity. When you giva fush, it readily restores

itself to the upright position. The top can be mamepin by twisting the stem

between the finger and thumb. The top then prosesgh the axle getting
lower and lower until it flips over and continu@sdpin in an upturned position. When the
spinning stops the top returns to its original Eaate. This motion can be described rigorously
only by a quite complex set of mathematical equrstitout a simplified description in broad
terms may suffice. The Tippe top, when spinninfjges to sit on its rounded end, but flips over
and rotates on its stem. This inversion is remdekady two reasons: the center of mass is raised
in the process of inversion, and the directionad&tion in respect to the fixed-body coordinates
is reversed as the top turns over.

Analysis of this unexpected behavior has, ovelydes, attracted the attention of a number of
very famous scientists, ranging from William Thomso the late 19th century to Niels Bohr and
Wolfgang Pauli in the 20th century. Indeed, thera wonderful photograph in the American
Institute of Physics's Niels Bohr Library of Paatid Bohr watching an inverting Tippe top. The
first accurate modern explanations of the top'sabiein date from the 1950s, when they were put
forward independently by Braams, Hughenholz anskifli But possibly the most rigorous
analysis of the top's mechanics is that by the Asaarphysicist Richard Cohen at the
Massachusetts Institute of Technology in 1977. Ide developed computer-generated solutions
of the equations of motion.

The behavior of the Tippe top can be describedh®@mon-mathematician in fairly

simple terms by looking at the figure to the righthen the top is set spinning the low

center of mass causes the center to be centrijudialblaced from the spin axig)(

which remains perpendicular to the surface on wthehtop is spinning. The angular
momentum component alo@gyemains dominant before and after inversion, aitfno

in respect of the solid-body coordinates of the thp direction of rotation has been

reversed. During the inversion the center of méskeotop is raised and its rotational

kinetic energy is reduced, providing the potergiargy to raise the center of mass. Thus the
total angular velocity and the total angular mornentre reduced during the inversion process.
This process requires the action of a torque, Hiattbrque cannot be provided by gravity or the
normal forces exerted at the point of contact whih surfaceT). The explanation lies in the
presence of sliding frictional forces between thend bottom of the top and the surface on
which it is spinning. These forces arise throughdantrifugal displacement of the center of
mass when the top is set spinning. If the inithsselocity imparted to the top when it is set in
motion is sufficiently high, nutatidhand oscillations of the Tippe top's motion evelyuzsult

in the edge of the stem making contact with théaserand the top then rising to the inverted
position. This behavior of raising the center ofssalso occurs in a normal whip-top. It is not
normally appreciated that this occurs because thip-top does not perform the spectacular
inversion that is so obvious in the case of the@itop. It merely rises up from lying on its side
into the vertical position.®®

22 nutation means to wobblkttp://www.webster.com/cgi-bin/dictionary?sourceifiszilla-search&va=nutation
2 http://www.anirudh.net/courses/emch520/html/nodedlh
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Light-up Bouncing Spinner
Wind the spring of this top to give it spring pdiahenergy. Push the
button and this stored energy will be converted iotational kinetic

energy, K, .. =1wW, wherel is the rotational inertia, or moment of

rotate —

inertia, and omega, is the angular velocity.

As it spins a small metal ball moves to the outsidd completes the

electrical circuit, so that the top begins to ligpt A closed switch means

the current can flow through the circuit. If itapen, like when the top is
not spinning, then the circuit in not complete ahettricity doesn’t flow.

“Newton’s Law of RotationThe object's spin about the rotation axis givemitangular
momentumL , which will remain constantuntil some outside torque works on it.

Suppose a top is so perfectly fashioned that itejmal rotation axis (spin axis) goes through its
center of mass. (The center of mass, also knowheasenter of gravity, is the balance point of
the object.) If we spin this top carefully, so titaemains perfectly upright while spinning (and
gravity can't exert a torque on it about its pqiitvill spin at a steady angular velocity almost
indefinitely. Sliding friction between its tip artde floor does slow it gradually. But if the point
is very sharp, sliding friction there exerts vaetild torque on the top about its rotational axis.
Because it's unable to exert a torque on the grahedop can't exchange angular momentum
with the earth. It spins on until it slowly getd 0f its angular momentum through sliding
friction and air resistance.

In general, the world is not this accommodatinglight mismatch between the spin axis and the
center of mass wiljuaranteethat gravity exerts a torque on the top abouiptsThe rapidly
spinning top willprecessn a direction determined by the torque exertedtdweight. The
precession angular velocity is inversely propoido the spin angular velocity, so that the
precession is faster and more pronounced as th&eldefs down.

Viewed another way, the torque applied by the togght does 4‘?—" !
not change much for small changes in tip angléhsancrement '
of angular momentum change also stays the sameitBut
increases as a fraction of the total angular moumenthen the
top slows down, producing a larger fractional cleimgthe spin
direction for no change in the applied torque fedively giving
a bigger bang for the buck.

Spin angular | "[Direction of
momentum precession

L=1Iw

i Direction

of spin

Either way, we get the commonly observed behaviar o raviational
spinning top. When it is first launched and spignits fastest, o 7o produces
the top is most nearly vertical and stable in s sAs it begins
to slow down, its precession becomes more pronaliand its
tilt angle off of vertical increase$”

24 hitp://www.4physics.com/phy demo/top/top.html
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Mini Slide Flute %°

The workings of the mini slide flute can be expéalrusing the equation vi=#
(the speed of the wave equals the wavelength tiheegequency). You'll notice
the flute changes pitch as you blow into the flutel move the slide. When the
slide is further out the pitch is lower whereas wieu push it in it becomes
higher. This change in pitch is actually a chamg&equency of the sound wave.
When you blow into the flute you create sound wawesibrating the air. This
vibration causes regions of high low pressure enain. These changes of
pressure travel to our ears and vibrate our earsir@ur brains interpret that as sound.

What we hear from the flute is higher or lower

depending on two things. The first is the

wavelength of the sound waves. When the

slide is out the waves have more room to

move and thus have a larger wavelength. As

seen in the equation vl4, if the speed of the

wave stays the same the frequency will have

to decrease as the wavelength increases, thus

there is lower pitch when the slide is out. The

exact opposite is true when the slide is in. The

wavelength is smaller and the frequency is largethsre is a higher pitch heard. The second
factor that can change the frequency (pitch) issieed of the wave. You'll notice that when you
blow harder and faster into the flute you can iaseethe pitch without moving the slide. When
that happens, again looking at the equation ¥, the wavelength is constant (the slide does not
move) so an increase in the speed of the wavernnareases the frequency.

One more interesting thing to note is how noticedbe flute is. The human ear is actually the
most sensitive to sounds between 1 and 4 kHz (@our octaves above middle C). The flute is
seemingly very loud because it is close to thagjean

The problem with flutes is that only about 1% af #nergy of the air stream produces sound.
Playing louder means more air flow, but with the tone goes sharp.

Interestingly, the spot were the air flows out is called the fipple.

% The physics of this toy was written by Philip Zumb, 2 year AP Physics student, class of '06.
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Bubbles

“A soap bubble is a spherical layer of soap filncagrsulating air or
gas. The film consists of a thin sheet of watedgached between
two layers of soap molecules. One end of each sadecule is
hydrophilic, or attracted to water. The other endsists of a
hydrophobic hydrocarbon chain that tends to avatew The
hydrophobic ends of the soap molecules crowd tatinface, trying
to avoid the water, and stick out away from thestayf water
molecules. As a result, water molecules separate &ach other. The
increased distance between the water moleculegsadecrease in
surface tension, enabling bubbles to form.

Bubbles take their familiar spherical shape in otdeminimize the
energy of the soap film. A sphere providesntiaimal surface areaneeded to enclose a given
volume, making it the most efficient shape for alile. Even bubbles blown from odd-shaped
wands end up in spheres.

The perfect soap film for bubbles comes from thégoe solution. Numerous variations of soap
bubble solutions appear on the Internet. Almosteadipes involve liquid detergents, such as Joy
or Dawn, and water. Unlike soaps, detergents dontain a carboxylate group that reacts with
calcium and magnesium ions found in hard waterdolypce a scum. Therefore, detergents aren't
dependent on distilled water for bubble formation.

Glycerin--GHs(OH)s, which can be bought in drugstores--is often idellias well. Bubbles
eventually burst once the layer of water evapordtesadding glycerin lengthens the life span of
bubbles. Glycerin forms weak hydrogen bonds witkewalelaying evaporation. Dry air or dry
hands can still burst a bubble, however.

Bubbles have been a form of entertainment for ceguPainterdean Simeon ChardandCharles Vanloo
captured scenes of children playing with soap begbk early as the 18th century.

In the late 19th century, soap bubbles became pmpalar through an advertising tool created bylibredon-based
A. & F. Pears soap company. Andrew Pears had deeéla manufacturing process that involved removing
impurities from the base soap before adding perfurBeap refined in this way is transparent and sakeger
lasting bubbles. In 1886, Pears Soap bought Sin Everett Millais' painting "Bubbles" and incorptada

modified versiorinto its advertising. The company requested pesimisfrom Millais to insert a transparent bar of
Pears soap into the scene of a boy blowing bubbles artist obliged, and the painting eventuallgarme
synonymous with Pears Soap.

Up until the early 1900s, the main tool used fawihg bubbles was a clay pipe. In the 1940s, Chgsatavhich
was later acquired by Tootsietoys, the purveydvinfBubbles--introduced the popular wand-in-a-céprofound
in bottles of commercial bubble solutions.

Today, a myriad of bubble-generating tools, inahgdiarge rings, bubble machines, and bubble lawnensyvare
available for children of all ages. Bubble solutagtions are expanding as well. In addition to pegistant Catch-
A-Bubbles, Harold Chizick of Spin Master says thadn kids will be able to play with scented CatciBébbles
and edible, fruit-flavored Yummy Bubble&”

% This page can be found lattp://pubs.acs.org/cen/whatstuff/stuff/8117scidlhipril 28, 2003 Volume 81,
Number 17, CENEAR, pp. 34
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Touchable Bubbles

4" plastic test tube with pocket clip and wand
Advice/Instructions
1. Water can clean up the mess
2. Let the solution drip back inside the tube
3. Blow more bubbles by holding the wand sidewayseiadtof vertical.
4. Try to blow up. Itis best if the bubbles staythe air for 10 seconds
before touching something.

Something very much like Touchable Bubbles won the 2002 Best Invention award in the category of toys.
“All good things must come to an end — but do they

have to end so soon? A new bubble-blowing formula

called Catch-A-Bubble extends the lifespan of the

average soap bubble from a few dozen seconds tg abo

five minutes. The secret of Catch-A-Bubble is a

chemical that toughens when it comes in contadt wit

air, producing sturdier, more resilient bubbled tan

be touched, handled, tossed and even — with ti rig

delicate touch — stacked on top of one anotfer.”

“Toronto-based Spin Master Toys' Catch-A-Bubble

[these are similar to Touchable Bubbles] takes ibb

strengthening to extremes. Invented by Taiwanese

bubble solution expert Jackie Lin, the top-secratic@-A-Bubble solution contains a polymer
that allows bubbles to resist evaporation. The mpelyreacts with air to harden three to four
seconds after a bubble is blown. The bubbles oam lte caught with dry hands without popping.
With little or no disturbance, the bubbles can kstong as 10 days.

Harold Chizick ofSpin Master Toysays that children enjoy being able to handle asbéand
have developed games based on the bubbles' dtyailie such game involves trying to stack
as many bubbles as possible in their hands befierbubbles burst. Once the bubbles do burst,
children are left with a white, water-soluble resdhat they rub off their hands. They then start
the game over®®

27 http://www.time.com/time/2002/inventions/toy _bublbien|
28 hitp://pubs.acs.org/cen/whatstuff/stuff/8117sciduhipril 28, 2003 Volume 81, Number 17, CENEAR, pp. 34
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“Laser Amazers” Rainbow glasses - diffraction grati ngs *°

Laser Amazers are light diffracting glasses
which allows someone to see a
goofy/rainbow-y image around lights.
When you look through the lenses the
image you see is all the different frequenciesgiftibeing more noticably
separated from each other. This is caused bynaiith many tiny
horizontal and vertical slits that let light thrdug

“The diffraction grating is an immensely useful ltfar the

separation of the spectral lines associated witniat

transitions. It acts as a "super prism", separahegifferent

colors of light much more than the dispersion dffe@

prism. The illustration shows the hydrogen spectriine hydrogen gas in a thin glass tube
is excited by an electrical discharge and the spectan be viewed through the grating.

When light of a single wavelength , like the 632r8red

light from a helium-neon laser at right, strikediffraction

grating it is diffracted to each side in multiplelers. Orders
1 and 2 are shown to each side of the direct bBafferent wavelengths
are diffracted at different angles, according ® ghating relationship.

The tracks of a compact disc act as a diffractiatigg,

producing a separation of the colors of white ligtte

nominal track separation on a CD is 1.6 micrometers

corresponding to about 625 tracks per millimetdisTs in

the range of ordinary laboratory diffraction grgsnFor red light of wavelength 600 nm,
this would give a first order diffraction maximurnabout 22°.%

The distance of separation for the Laser Amazessgisi.can be found using the diffraction equation
dsing = m/ , weremis the order as described abovés the wavelenth of light, andis the angle seen
in the following diagram. Usually thetfor a diffraction grating is provided asdlbr the number of lines
per mm.

Diffraction gratings demonstrate two of the projsf light: diffraction and interference. These
helpful in showing the wave nature of light. HoweMight and matter can exhibit properties of both
waves and particlesyave-particle duality. This is a central concept of quantum mechanibs.idiea is
rooted in a debate over the nature of light andenalating back to the 1600s, when competing tlesori
of light were proposed by Christiaan Huygens aadd¢s\Newton. Through the work of Albert Einstein,
Louis de Broglie and many others, it is now estditeld that all objects have both wave and partiatera
(though this phenomenon is only detectable on ssgales, such as with atoms), and that quantum
mechanics provides the over-arching theory resglthis apparent paradox.

29 The physics of this toy was written by Jeff Ste¥fi,year AP Physics student, class of '06, using W\tlip
%0 http://hyperphysics.phy-astr.gsu.edu/hbase/phyotfy. html
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Magnetized Marble Game **

The physics of magnets is one of the most widegduoncepts in the modern world
of technology. From compasses and refrigeratoldPtmds and bullet trains,
magnets are increasingly practical and importajecib to understanélagnetism

is created by moving electric chargd@$ie electrons are moving even in permanent
magnets; they have a certain spin.

Magnets follow the basic rule that “opposites attfa The opposite sides are known as north
and south poles. Within the plastic spheres &f glaime there are small magnets which both
attract steel and iron as well as opposite poleglodr magnets.

“Until 1820, the only magnetism known was thatrohi magnets and of "lodestones”, natural
magnets of iron-rich ore. (This is the type of matgrused in these marbles.) It was believed
that the inside of the Earth was magnetized irstime fashion, and scientists were greatly
puzzled when they found that the direction of tbmpass needle at any place slowly shifted,
decade by decade, suggesting a slow variationeoE#rth's magnetic field.

How can an iron magnet produce such changes? Edhaltely (of comet fame) ingeniously
proposed that the Earth contained a number of gheahells, one inside the other, each
magnetized differently, each slowly rotating inatén to the others.

Hans Christian Oersted was a professor of scien€Cegenhagen University.
In 1820 he arranged in his home a science demaiosita friends and
students. He planned to demonstrate the heatiagvfe by an electric
current, and also to carry out demonstrations ajmatism, for which he
provided a compass needle mounted on a wooden. stand

While performing his electric demonstration,
Oersted noted to his surprise that every time the
electric current was switched on, the compass paadived. He
kept quiet and finished the demonstrations, bathéhmonths that
followed, worked hard trying to make sense outhefhew
phenomenon® The phenomenon was electromagnetism; a concept
that uses the idea that a moving electric chargates a magnetic field. The is further explained
by James Clerk Maxwell and opened the door for mogaysics

There are actually a multitude of games that capléged with a bunch of marbles.
One such game is “bounce eye. A circle 1' (30cntiameter is marked on the
ground. Each player puts one marble in a pooléncéimter of the circle. The players
take it in turns to stand over the circle and dxaparble from eye level into the pool
of marbles. Any marbles knocked out of the ringdmee the property of the player.
If a player fails to capture any marbles with apjrhvat marble he has dropped
remains in the pool. The game continues until & s dry.”®

31 The physics of this toy was written by Collin tditt, 2 year AP Physics student, class of '06.
32 http://media.nasaexplores.com/lessons/01-055/5g8if 2.
B http://www.mikesmarbles.com/marblegames.hémother helpful site for marble gamesitp://www.landofmarbles.com/marbles-play.html
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Fisher Price Doodle Pro Expressions

Like any magnetic doodle pad this device works gigion filings trapped in
little cells with a magnetic eraser to pull thenii)s away from the top.

“If you have kids, then you are probably familiattwthis toy. Here's a

quick description: AMagna Doodleis a drawing toy. It has a white screen

and a "pen" that allows you to draw on the scréeanyou draw, a very nice,
dark black line formsvithin the white screen (this is weird and amazing toiseetion -- check
it out next time you pass a toy store). TheresBder at the bottom of a Magna Doodle, and by
sliding it back and forth once or twice you erdse $creen instantly and completely (also
amazing).

Little kids love Magna Doodle, | think, because titawn line is very bold. However, no
pressure on the pen is required to create thediadight touch draws the same line as pressing
hard does (unlike crayons). Parents love Magna [Rdoecause the pen contains neither ink nor
paint to spill. The tip of the pen is a blunt piedanetal, so if the artist tries to write on a lyal
nothing happens.

So how does a Magna Doodle work? There are fouc lpasts:

1. There ar@éwo sheets of plasticlaid one on top of the other. The top one isghacent
and forms the surface that the pen touches whemmya

2. Between these two sheets is@eycomb latticethat acts as a separator. The lattice is
visible when you look at the screen. It keeps W& sheets spaced apart at a uniform
thickness and also divides the interior betweerstiezts into cells.

3. Inthe cells between the sheets, there is an opafite liquid (think of thick milk).

4. Mixed with the liquid are very fine black magnepiarticles ofiron oxide.

When you apply a smathagnet-- the blunt metal tip of the pen -- to the freoteen, it draws
the black magnetic particles through the liquidhe surface, and they become visible. They
don't sink back into the liquid because of thekhess of the liquid, and because the particles
and liquid are matched to have the salaesity. To erasethe screen, the slider moves a long
magnet across the back of the screen. This magags$ the magnetic particles toward the back
screen, and the white liquid covers theth!”

34 http://entertainment.howstuffworks.com/magna-dodudta/printableand
http://www.howstuffworks.com/question284.htm
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Singing Magnets

“These fun little wonders of physics are an addgtnovelty. Toss them up

near each other, when they contact each othenibeste rapidly, and make

a unique singing chirp. These singing magnetsaseiriating visually.
Watch their polished hematite surfaces glimmenrhthte.>

"Singing magnetare available at all of the usual geek-toy empanmal, for all | know, ordinary
toy emporia as well. They consist of a pair of metgmqmade of a polished substance with the
general appearance of hematite. What is surpriplegsing, and unexpected is that when the
magnets strike each other under their own powey; pinoduce a sharp, loud buzz that rises in
pitch. The sound lasts a good fraction of a se@mticlimbs somewhere into what sounds like
the 200-500 Hz range. The exact sound and itsidarate somewhat unpredictable and depend
on how the magnets happen to strike each othisraltittle like the sound that you get when you
mash a pingpong ball against a pingpong table svpaddle. What physics are involved in the
production of these sounds?"

"Google searches turn up some forum postings tittate thatt is a synthetic magnetic
substance similar to hematiteat's available cheaply in China as an indusiwalroduct. The
singing magnets are a little larger than size nfegt the shape is similar to a (U. S.) footbali bu
slightly more elongated. Their major axis is ab®weim long, their minor about 1 cm. They are
fairly powerful and will jump together when placed a desk about three inches apart. They can
distort the colors on a CRT display from a distaotever 20 cm.

Contrary to expectation, the poles of the magnet®aented along one of timeinor axes of the
ellipsoid, not the major axis.

Neodymium magnets in 'ordinary’ shapes producengdpiinks' when they
snap together. Something about the shape of thagaets makes the sound
much longer-lasting and entertaining. It is not@iyrthe bounding rebound of
two objects made of stiff-but-elastic material. Asgers of linear to angular
momentum are clearly involvef.

Caution: Powerful magnets may damage electroniecds\such as TVs, VCRs,
computer monitors and other CRT displays. They alag scramble data on
magnetic media such as floppy disks, credit cdIisards, and audio or
videocassette tapé&s.

There is not a magnet inside, but they are magtteticighout®

35 http://www.northwestnatureshop.com/department/NatGifts/More _Nature _Gifts/466.html

% http://ask.slashdot.org/article.pl?sid=05/01/21 /4557 &tid=159&tid=4&tid=14

37 http://www.cyberguys.com/templates/searchdetail@agg250+0680

38 Seehttp://lists.drizzle.com/pipermail/rockhounds/2004ly/007465.htmfor how they are made. This page will
also be in the appendix.
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Remote Control Tumble Rumble Car %

The Remote Control Tumble Rumble Car has got torteeof the coolest toys that

this basket of fun offers. What's not to love aballittle radio control car that will

provide hours of endless good times? Who doed@&triemote control cars? And

this racer takes it to a whole new level. With #ifsdity to make spiral spins, super
wheelies, amazing flip- overs, and 360° coilingeone will get a blast out of this little bundle
of joy. While enjoying this product, why not leasame interesting physics facts that will
stimulate the mind (warning: this document may entide brain rumble and tumble along with
the car). Concepts such as electromagnetic waarege of radio waves, acceleration, friction,
and torque all play a roll (pun intended) with teiant vehicle.

Electromagnetic wavesre used to send signals from the remote contithig@ar, and in turn, the car
will work its physics magic (and by magic, | meae tules that are set in place by God — they ate ju
presented in a very cool light with this toy). Btemagnetic radiation is a propagating wave in epac
with electric and magnetic components. These compisroscillate at right angles to each other and to
the direction of propagation. Low energy electronetg waves are quite safe. The higher the frequenc
of the wave, the more energy and therefore, thatgreotential for harm as in the case of X-rajke
electromagnetic spectrum starts with low energyoragves, then comes microwaves, infrared, visible
light, ultraviolet, X-rays, and gamma rays in iraseng order.

Radio wavegarry information by varying amplitude and by viag/frequency within a frequency band.
When EM radiation impinges uporcanductor it couples to the conductor, travels along it emluces
an electric current on the surface of that conduaycexciting the electrons of the conducting mater
This effect (theskin effec) is used in antenna&EM radiation may also cause certain moleculebsweb
energy and thus to heat up; this is exploitethiorowave oven$

EXPLORE#1: With the antenea not attached, how far doestigow far does the car receive a signal
when the antenea is at its shortest length? Inicigétsis incrementaly, collect data to determine th
relationship between antenea lenth and distanseyoél reception.

EXPLORE#2: Get the car up to its maximuspeedand, using a stop watch and distance measuring
device, record the time it takes to travel a carthétance. Find the cars maximum speed by digittie
distance over time.

The car also demonstrates the concepicotleration which is the rate of change of velocity. Cars
accelerate by speeding up, slowing down, or evanging direction. The equation is expressed by the

functiona = % which utilizes the idea of the change in velocitiothe change in time. This equation

is a derivative for all of you nerds out there, &b, aspiring to take calculus. It applies temrgthing
around us (math, science, business, engineeriny, et

This remote control car is turned in a very oddhias. Instead of the wheels turning into the debir
direction, the entire axel rotates. The conceptaation and torque explain how this work&iction is
defined ad~ = N where , the coefficient of friction, depends on the typésurfaces in contact, aid
is the normal force, the force perpendicular tosghace. Friction provides a force at a distamomfthe
pivot which cause the car to angularly accelerageturn. This is calletbrque, , Sometimes
called the rotational force.

Note there is a warning label for children undeessentially, don’t eat the car.

%9 The physics of this toy was written by Matthew Idpeth, 2 year AP Physics student, class of '06.
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Cranium Conga *°

Cranium Conga is the fast-paced "guess what I'nkihg" game
that will get your whole family acting, sculptinguesstimating, and
picking hilarious words. Everyone 8 to 88 will haagreat time
laughing about the fun facts and funny memoriesdhéy your
family and friends would know. A group of 3 to égple will enjoy
this community-bonding get-to-know-each-other game.

What is your brother sculpting? Some kind of anitrathinks he could beat in a race

What word is your best friend thinking of? A nickna she wishes she had.

What number is your mom thinking about? The appnate number of trees she has climbed.
What is he acting out? A food that’'s hard to eahaut making a mess.

Cranium Comga comes with over 300 outrageouslyghme cards, a high-energy musical timer
with a magnetic secret answer pad, six Congarsgaases, 96 scoring tiles, and a tub of cool
Cranium Clay.

When you open up the timer, there is a secret angagewhich works bynangnetism You can
write by the attraction between the magnet onithéhe pen and metal powder reserved under
the pad. When the flip top is closed the sounthefconga music begins to play.

Soundis the vibration of matter, capable of being pereg by the sense of hearing. We usually
hear vibrations that travel through air, but sooad also travel through gases, liquids and solids.
It cannot travel through a vacuum (such as exmstaiier space). When the vibrations reach our
ears, they are converted into nerve impulses tigasent to our brains, allowing us to perceive
the sound.

In more technical language, sound "is an alternatiqoressure, particle displacement, or
particle velocity propagated in an elastic maté@lson 1957) or series of mechanical
compressions and rarefactions or longitudinal wakassuccessively propagate through media
that are at least a little compressible (solidyiijor gas but not vacuum). In sound waves parts
of matter (molecules or groups of molecules) mava direction of the spreading of the
disturbance (as opposite to transversal waves} vibration, with is the source of sound waves,
is produced in a variety of ways, e.g., a violinngf vibrating upon being bowed or plucked.
Speakers convert electrical energy in sound en®rgy.

This conga music sound, which serves as the tiwmnks electronically with three AA

batteries. What does it mean to wetkctronically? It means that the timer gets its source of
energy to labor from thiéow of electronsThe batteries generate this flow. Closing the titip
completes the circuit like turning a light switch.df a circuit is open the energy doesn’t flow.
Only in a closed circuit can the energy flow thowglnious electrical elements such as resistors,
inductors, capacitors, diodes, transistors, arebnatted circuits on a silicon chip.

So now you can enjoy Cranium Conga at a deeperatieyour cranium.

“0The physics of this toy was written by Krystal W@ year AP Physics student, class of ‘06, with thie loé
http://en.wikipedia.org/wiki/Electroni¢éttp://en.wikipedia.org/wiki/Electrical _netwarkttp://en.wikipedia.org/wiki/Sound
1 Seehttp://electronics.howstuffworks.com/speaker.htimable
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Appendix

Singing magnet technical informationfrom http://lists.drizzle.com/pipermail/rockhounds/2004ly/007465.html

It is not magnetic material DISSEMINATED in hematit
is a definite chemical compound, with the formula B
bariumferrite AS SUCH is highly magnetic. So it is
compound, man-made from hematite as starting produc
Another such mangetic compound is strontiumferrite
These products are used in numerous applications in
(core memory elements, speaker magnets, magnetic re
etc.).

Greetings,

Rik DILLEN

*-----Original Message-----
*From: rockhounds-bounces at lists.drizzle.com

*[mailto: rockhounds-bounces at lists.drizzle.com

* pjmodreski at att.net

*Sent: dinsdag 13 juli 2004 21:10
*To: Rockhounds at drizzle.com
*Subject: Re: [Rockhounds] "chatter stones"
*

*

*EYI to all interested, | found (or rather, re-foun
about the "chatter stones". Here are two messages
Mineralogical Society of America email listserver b
discussion about hematite.

So apparently, there is no magnet inside, but the m
disseminated throughout this synthetic hematite.
Sincerely, Pete

*

*from Rock Currier, 3/17/2004,

*| may be able to add something of interest concern
that is used for lapidary purposes, and the synthet
currently being used in China for jewelry purposes
magnets" that are also being produced in China. Muc
"hematite" jewelry that is being produced in China
the Chinese selling this material if pressed will a
hematite but "hematine". | have long suspected that
which is somewhat confirmed by the note in Lapis ma
supplier who sells me bracelets and necklaces made
*cheaply that | you would not believe it. | ran som
suspected that the material was not hematite and gr
was that he was selling us. At first he said the ma
further grilling indicated it was a "waste product

it developed that he was part owner in the factory
and also the new "singing magnets" that were being
Tucson shows. He says that they get the powder from
into whatever shape they want and fire it like a ce

be magnetic them mix something with it, perhaps bar
before it is fired. After it is fired it is put in

He said he thought his was one of two companies in
this magnetic material. A lot of this is getting in
information which he is understandably reluctant to
this part of the business, especially the new "sing
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e, but e.g. bariumferrite
aFel12019. The product
not a mixture, but a real
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d) some good information
that were posted on the
ack in March, in a

agnetic material is

ing the Brazilian hematite
ic "hematite" that is

and the new "singing

h if not most of the

is not hematite. Most of
dmit that it is not

it is synthetic ferrite
gazine. | have a Chinese
from this material so

e quick streak tests and
illed him on just what it
terial was "hematine" but
from a steel mill" Later
that was making the stuff
sold at the Munich and
the "steel mill" press it
ramic. If they want it to
ium or cerium oxides?

a device and magnetized.
China that were making
to proprietary commercial
talk about. Right now
ing magnets" are red hot



and some venders are trying to lock up all near fut
be exclusive outlets for a hot selling and very pro
time mark ups.

*

*from Rik Dillen, 3/17/2004,

*The material is a ferrite, which is a dual oxide o

and Fe. Examples are strontian ferrite and ferroxdu
BaFe12019. This material is NOT hematite, and is is
It is not a waste product from the steel production
they make it from is. After hot rolling steel sheet
remove the oxide layer (which is between 10 and 50
surface. Until the sixties this was done in sulphur

is done with hot (about 60°C) hydrochloric acid, ei
proof basins (containing many TONS of hydrochloric
steel plants, by jet spraying hot acid on the surfa
oxide is dissolved, and becomes eventually more or
chloride. The acid iron chloride solution is than r
yield in e.g. a "Ruthner regeneration" process : af
steps the solution is sprayed in an oxygen-rich fur
decomposed in hydrochloric acid GAS, and iron oxide
gas is condensed with water and used again in the p
iron oxide formed, which is very pure hematite (mos
impurities) is sold to the ferrite industry to prod

other ferrite products mentioned above. A steel fac
around 10-20 000 tons of that type of iron oxide a
*of 4 000 000 tons of sheet steel). 30 years ago th
pay to get rid of the oxide as a waste product, now
the order of magnitude of 300-400 euro (400-500 dol
substantial. The main applications of the ferrites
electronics industry, but it is also used in cosmet
dyes and many other products.

Anyway, the material those Chinese gentlemen are ke
normal, regular industrial product that they will n
whatever form. The magnetic toys are only a small s
the product range in question. | hope to have clari
between the magnets, hematite and the steel industr
DILLEN Doornstraat 15 B-9170 Sint-Gillis-Waas Belgi
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