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o #rfuz F & 3+ (Galileo Thermometer)

o 7 iz vh K en g (Thermodynamic driking bird)

o # ¥ 4 /A% X (Thermodynamic Boiler)-i% # 4p 4 % 77
P75

e Hand Bubbler Boiler Pen Demonstrates Energy
Transfer

o i§ &3+ (Radiameter)-s% #4 & #5

o virrzdy + g k3| & (Stirling engine)

o SR Py RS TS

o % ¢}k 1§ jpIzR (Ultraviolet Detecting Beads)
= & 3t 5 World’s Largest Solar Bag
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F 2 < (Hovercraft) + & 8 % 18

The Hovercraft is designed to help students experience frictionless
motion, thus better understand Newton's Laws.

Its large platform provides enough area for the rider to comfortably
sit while riding.

The durable Nylon skirt will withstand the rigors of the classroom
environment.

The optional Cordless Air Source Is a convenient way supply air to
the Hovercraft, however most vacuums/blowers used in a wood shop
will also be sufficient to lift the Hovercraft.

e Movie file
e Manual




ahs 4 ‘; B
(1D Kinesthetics Cart)
¥ 5% 7

e The Student "Becomes" the Dynamics Cart
e Experience the Feel of Physics Concepts

When a student sits on top of the Kinesthetics Cart,'he or she actually |
becomes part of the experiment.

Active involvement makes for "fun physics," but, more importantly, it
provides a sensory experience, or "kinesthesia," that teaches what a
concept such as Newton's First Law "feels like."

Students' common misconceptions are quickly eradicated.

The experience is retained in "muscle memory" and helps the student
understand and remember the concepts.




roller blade
. wheels

-PASCO SE8747

coupler

Features:

1. Ball bearings mounted on the bottom of the upper cart allow it
to slide off the lower cart

2. Low "Roller Blade" Wheels on both carts allow for smooth,
constant travel

3. Coupler keeps carts piggy-backed until rider removes it
4. Cart length of 90.5 cm



Typical Experiments
of 1D Kinesthetics Cart

ONOOOTAE W

9.
10.

11.
12.
13.
14.
15.

Newton's First Law
Newton's First Law
Newton's Second Law
Newton's Second Law

Coin-toss Misconception Demo* _
Projectile Motion* Experimental Manual

Uniform vs. Accelerated Motion*
Newton's Third Law

Center of Mass -- The Boardwalk*
Simple Harmonic Oscillator*
Human Oscilloscope*

Collisions: Newton's Third Law
Newton's Third Law Misconceptions
Newton's Third Law Misconceptions
Newton's Third Law Misconceptions

*These experiments require
additional equipment not
Included with the
Kinesthetics Cart.



Sample: Experiment 1 - Newton's
First Law Demonstration

. One rides on the piggy-backed carts at initial velocity, V. He
removes the coupler as he approaches the block fastened to the floor.

. The lower cart strikes the block and stops, but the upper cart and
student continue to move forward at velocity, V,,.

. The slight jolt that the student feels when the wheels hit the floor will
help ingrain Newton's First Law in the student's memory.

. Newton's First Law: An object in motion continues in motion, unless
acted upon by an external force.
; Y E




Experiment 6
-Independence of the
X and Y Motion of a Projectile




romenturm of

e EXPErIMeEnNt 9:
Center of Mass
Conservation of Momentum

p=m v

<+

moarenturn of the plank & carts

_ _

-

Newton’s Third Law- “A Crushing Experience”




Experiment 6a:
ependence of the Xand Y
Motion of a Projectile

pulley x § )

Experiment 4:
Newton’s Second Law
-“The Bucket Accelerator”

bucketl with
variable number
of weights

Fig. 6-1: A ball is launched verti-
cally from a stationary cart
(stationary observer).




- fad 4 - 8 (2D Kinesthetics Cart)
4 5 R0 o iE #

e With this circular, 6-wheeled cart, students can "feel" the forces and
accelerations that occur during two-dimensional motion such as circular and
trajectory motion. This cart enables students to directly experience
centripetal force, and it allows quantitative verification of the relationship
between centripetal force, orbital period and the radius. As they sit on the

cart, students will finally be convinced that centripetal force is directed
radially inward.

e Manual-2D KINESTHETICS CART]




The Foucault Pendulum Demonstration
il ﬂﬂ In the rotating frame of the rider, the plane of

the pendulum rotates, although in the lab frame
Its plane of oscillation remains fixed.

T
m{frl}g
£

The Foucault
Pendulum In action.




ZTHEF %
(Complete Roller Coaster)

The Roller Coaster including the track and Mini Cars
and some accessories allows the quantitative study of
energy and motion.

Key Features:
1. 3-Car Roller Coaster

2. Quantitative Studies of
Energy Conservation

3. Easy to Change Track
Configurations




2 3 i & 2 2 (Complete Roller Coaster)
i , j

L
B =

WA

Typical Applications:

1. Conservation of Energy-Release the Mini Car and measure its
velocity and height at several points along the track. Use these values
to calculate total energy of the Mini Car. Frictional losses are less than
5%.

2. Constant Acceleration-Several straight inclined sections can be used
to measure and demonstrate constantly accelerated motion.

3. Projectile Motion/Conservation of Energy -- Use the initial height
of the Mini Car to determine its speed as it flies off the end of the
track. Using this speed and height above the ground when it leaves the
track, predict where the Mini Car will land.
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PHEF--FHERY I &
e Experiment 1: Projectile Motion

e The purpose of this experiment is to predict and verify the range of a
ball launched at an angle.

e The initial velocity of the ball is determined by shooting it
horizontally and measuring the range and the height of the Launcher.
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Double Cone rolls upward on a plane

e Demonstration: Ascending Cone-Defy gravity as our cone appears
to roll upward.

e This visual demonstrator of the center of gravity consists of a wooden
frame with diverging rails and a double-ended cone.

e The cone appears to roll upward; in actuality, it |s the center of mass
that is moving downward. -

The physical explanation:

(b) The motion may be described by the energy -_
conservation law for the cone-Earth as follows: \
(1/2)mvz + (/2)l w2 + mgw = constant
| = (3/5)mR? = rotational inertia of double cone
with respect to symmetry axis
Where m = mass (g), R = radius (cm), v = velocity (m/s?) and o = angular velocity

(rad/s), w = instantaneous height of center of mass of double cone over zero level of
potential energy.
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Maxwell Wheel

Refer ppt file

Useful for demonstrating momentum,
conservation of energy and torque, this
apparatus is basically a large metal
flywheel suspended by two strong cords
In a metal frame.

The cords are wound around the shaft
of the wheel which is then released. The
wheel will unwind as it falls but will
wind itself back up as the momentum
carries it upward in the opposite
direction.

This oscillation process will continue

for several moments before gradually
coming to a stop as the wheel slowly

loses momentum and travels less each
time.




Air Cannon (7 # 73%) or Airsooka Air Gun

-A great demonstration of the energy that can be stored in waves.

e The Alr Cannon uses a vortex of air for ammunition.

e |Its unique shape creates a stable toroidal vortex. Pull
back the flexible membrane, release and the
Invisible wave front of air can hit a target 20 feet
away! 7




Airzooka air gun

Launch a full air assault without ever leaving the ground with
the 'Airzooka air gun'.

Airzooka is a hand held fun gun that fires a ball of air with
enough power to mess up a persons hair, ruffle their shirt or
scatter papers from a distance of 20 feet away.

By pulling back the membrane and releasing - a shock wave of
air is sent hurtling at your target.

Requiring no batteries or electricity, Airzooka works with an
elasticated air launcher.

Pull back and release the launcher like a catapult, firing the ball
of air out of the air gun.

Because it shoots air,
you never run out of ammo!




The Vapor Ring structure la called Vapor-Ring Physics

e e e mation | JUESTION; How does The Vapor-Ring ( TOROID] move forward?
of m liquéd or air, tending to forma | Think of the cross-section of rotating air in the Vapor-Ring like the tireon a
Tornadaes. hurricanes, and whictpools| TBC1OF Moving over the ground. The friction of the rotating airon the outside
are naturally accurring vortices. . surface of the Vapor-Ring against the surrounding stationary air makes the

Air flow is slowed at edge of ring tractor through the air. There is an overall circular flow of air. Pressune is
i et ororios ' not created infront of the Vortex. The Vapor in the Vortex makes it appear that airis
:'_h;;‘::brmﬁ“* maoving from beft to right. The badoward flow of air cancels out the forward fow of air.
Rotation of £ ‘Wapar In center Ristatirag Ak in
alr in torokd ALle. T ol Vaper Ring "~ the Vegor Kng
stationary air creates friction against
the rotating alr in the vapor-ring

Ovap-ur Ring
TRACTORS

OFu rward

MBermould effect™)

Lowr pressurs at canter of

Torvidal Vortex holds Vapor Air friction makes the Vapor-Ring grow larger in diameter
arcund centar of ring and pulls Vapor away from the ring as it moves forward.
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Step 1: Use your thumb and forefinger to support the chain

In the center of the ring. At the same time, your
middle finger Is close to your thumb.

Step 2: Let the ring lean against your middle finger loose the
ring, then the ring will be hitched by the chain,




R4 TR

o #rfuz F & 3+ (Galileo Thermometer)

o 7 iz vh K en g (Thermodynamic driking bird)

o # ¥ 4 /A% X (Thermodynamic Boiler)-i% # 4p 4 % 77
P75

e Hand Bubbler Boiler Pen Demonstrates Energy
Transfer

o i§ &3+ (Radiameter)-s% #4 & #5

o virrzdy + g k3| & (Stirling engine)

o SR Py RS TS

o % ¢}k 1§ jpIzR (Ultraviolet Detecting Beads)
= & 3t 5 World’s Largest Solar Bag



Galileo Thermometer (#cf1% /§ & )

Be invented by Galileo Galilel four centuries ago
To indicate the approximate current temperature.

02001 HowStuffWorks



How does a Galileo thermometer work?

e Based on a thermoscope invented by Galileo Galilei in the early
1600s.

= A simple, fairly accurate thermometer, today it is mostly used as
decoration.

e Be consisted of a sealed glass tube that is filled with water an;bl
several floating bubbles.

v The bubbles are glass spheres filled with a colored
liquid mixture. This liquid mixture may contain alcohol,
or it might simply be water with food coloring.

v Attached to each bubble is a little metal tag that
Indicates a temperature. A number and degree symbol
are engraved in the tag.

EEEEEEEEEEEEEEEEE



® These metal tags are actually calibrated counterweights.
The weight of each tag is slightly different from the others.

v' Since the bubbles are all hand-blown glass, they aren't exactly the same size and
shape. The bubbles are calibrated by adding a certain amount of fluid to them so
that they have the exact same density.

v S0, after the weighted tags are attached to the bubbles, each differs very slightly in
density (the ratio of mass to volume) from the other bubbles, and the density of all
of them is very close to the density of the surrounding water.

® An object immersed in a fluid experiences two major forces: the
downward pull of gravity and the upward push of buoyancy. It is the
downward force of gravity that makes this thermometer work.

® The basic idea Is that as the temperature of the air outside the
thermometer changes, so does the temperature of the water
surrounding the bubbles.

® As the temperature of the water changes, it either expands or contracts,
thereby changing its density. So, at any given density, some of the
bubbles will float and others will sink.

® The bubble that sinks the most indicates the approximate current
temperature.

!!!!!!!!!!!!!!!!!
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5. A red bubble represents 80°F
e The blue bubble (60°F) is the heaviest (densest) bubble, and
e cach bubble thereafter is slightly lighter, with the red bubble being

e Now, let's say the temperature in the room is 70°F.

Galileo thermometer
Consider the example: Let's say there are five bubbles in the thermometer: (

A blue bubble represents 60°F
A yellow bubble represents 65°F
A green bubble represents 70°F
A purple bubble represents 75°F

the lightest.

llllllllllllllllll

e Since the surrounding air is 70°F, we know the water inside the thermometer is

also about 70°F. The blue and yellow bubbles (60 and 65°F, respectively) are
calibrated so that they have higher densities than the water at this temperature, so
they sink.

The purple and red bubbles each have a density that is lower than the surrounding
water, so they float at the very top of the thermometer. Since the green bubble is
calibrated to represent 70°F, the same temperature as the water, it sinks slightly so
that it is floating just below the purple and red bubbles -- thereby indicating the
room'’s temperature!



Solution

A Galileo thermometer combines Archimedes' principle with the fact that liquids generally
expand faster with increasing temperature than solids do.

Each sphere in the thermometer has an average density (a mass divided by volume) that is
very close to that of the fluid in the thermometer.

As stated in Archimedes' principle, if the sphere's average density is less than that of the fluid,
the sphere floats and if the sphere's average density is more than that of the fluid, it sinks.

But the fluid's density changes relatively quickly with temperature, becoming less with each
additional degree.

Thus as the temperature of the thermometer rises, the spheres have more and more trouble
floating.

Each sphere's density is carefully adjusted so that it begins to sink as soon as the
thermometer's temperature exceeds a certain value.

At that value, the expanding fluid's density becomes less than the average density of the
sphere and the sphere no longer floats.

The spheres also expand with increasing temperature, but not as much as the fluid.
Here is a picture of a combined Galileo thermometer and simple barometer.

In addition to measuring the temperature with floating spheres, this device measures the
outside air pressure with a column of dark liquid.

It has a trapped volume of air that pushes the liquid (visible at the bottom of the unit) up a
vertical pipe when the outside air pressure drops.
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e The dunking is due to the evaporating water, which cools the head
reducing the pressure of the gas inside. The liquid inside the bird rises
up from his tail towards his head, causing the bird to tip and appear to
be drinking. As the bird dunks, the liquid returns to its tail, and the
process begins again.
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Thermodynamic Drinking Bird

e The ‘Drinking Bird’ is disguised as a great demonstration of
thermodynamics.

e \When the head of the bird is moistened with water it will repeatedly tip over
and appear to be drinking from a cup placed in front of it.

e The dunking Is due to the evaporating water,
which cools the head reducing the pressure of
the gas inside. The liquid inside the bird rises up
from his tail towards his head, causing the bird
to tip and appear to be drinking. As the bird
dunks, the liquid returns to its tail, and the
process begins again.

® In essence this Is a small, cleverly designed
thermodynamic engine which only needs water
to run!

e Avoid breaking glass, contains methylene
chloride (= # ¥ *=) and may stain clothing and
other surfaces.

v" Do not swallow or allow to come into contact
with eyes. Flammable. Keep away from flame
and other heat sources. CHOKING HAZARD:




Setup: Wet cloth which covers the tube in the bird (i.e. wet bird's
head) and set up the bird with a beaker in front of it. The gas in the
birds, which consists of various organic fluids, will condense
causing the birds to "drink". The water cools and reverses the
condensation process and the bird settles back down.

Concepts Displayed: condensation, expansion, Rankine cycle

Click Here to see a short videoclip of the demonstration.

Click here for a more detailed explanation of how it works




Thermodynamic Boiler
-k F AP T R &

e This thermodynamic hand boiler is made of hand-
blown glass.

e The liquid inside these beautiful boilers shoots up
the tubes and appears to boil when you hold it in
your hand.
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Hand Bubbler Boiler Pen
Demonstrates Energy Transfer

Hold the bottom chamber between your fingers and
watch as your body heat warms the liquid.

As It starts to vaporize, it expands moving it's way Hand |
through the tubes to the upper chamber. When all the
liquid has reached the top, a bubbling effect is Bubbler '|is

created! Pen{--“w I
Let go and the liquids cool, and move back down to '} i

the lower chamber. Great for science class! Includes R |
matching stand. '

WARNING: Not intended as a toy for children.

. Contains Ethyl Alcohol. Avoid contact with eyes. In
case of eye contact, flush thoroughly with water. If
Irrigation persists, get medical attention.

. Do not use near heat or flames. Only warn using
your hand. Liquid will stain if glass is broken.
. Keep out of reach of children.
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Ultraviolet Detecting Beads - uv Science and Fun

These UV beads are an inexpensive fun way to make the invisible become visible.

The solar pony beads are pale in visible light, such as indoors or if they are shielded by a
UV screen such as automobile glass or sunglasses. The Ultra-violet sensitive beads contain
a pigment which changes color when exposed to UV light from the Sun or other UV source.

Many of today's space telescopes observe colors of light not in the visible spectrum such as
infrared and ultraviolet.

One can make a simple bracelet from a standard pipe cleaner or strip of rawhide which can
function as a UV detector. Use your imagination to think of other things to use them for.

Many other experiments are possible as well... test sunglasses for the effectiveness of their
UV protection, or even suntan lotion.

In five assorted colors, all beads are pale, off-white in the absence of UV light.

The ultraviolet beads will cycle back and forth (to bright colors and back again) over
50,000 times!

Become an ultraviolet detective with these amazing UV-sensitive beads! It's solar magic in
action!

Make bracelets, test the effectiveness of sunscreen, or experiment with color while you
learn about the power of sunlight. Included is a science activity guide with lots of fun
experiments with solar radiation and light.
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Ultraviolet Detecting Beads - uv Science and Fun

Become an ultraviolet detective with these amazing UV-sensitive
beads! It's solar magic in action! Make bracelets, test the
effectiveness of sunscreen, or experiment with color while you learn
about the power of sunlight. Included is a science activity guide with
lots of fun experiments with solar radiation and light.

Ultraviolet Beads glow with bright colors when exposed to the sun
or other UV light source, but remain off-white when indoors or not
In the presence of UV.

Students can use UV Beads to design and conduct experiments that
test the effectiveness of UV protection: sunglasses, sun-block, and
automobile glass for example.

Combine science and art to create jewelry and other fun art projects
using the beads. String the colorful little UV indicators together to

create necklaces or bracelets that double as UV detectors
No Sun 5%




World’s Largest Solar Bag

e This amazing item demonstrate principles of density and
buoyancy, as well as solar energy and laws of gases.

e The largest on the market today, this solar bag is 50 feet long
and 3 feet in diameter and can be cut in half to make two bags
the same size or two different sizes.

e The thin, black plastic bag holds over 350 cubic feet of air.

Experiments (§ 2% ¥ )

® Fill the bag by running,
then tie up the ends and
let the solar energy of the ¢ o
sun heat the air inside the &&=
bag.

® Tether the bag with string

and watch it rise into the
sky in only five minutes.
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Schematic shows positive charges
carried upward from Teflon puliley to

collector sphere

80-0161 Upper Comb Assembly

Il.'l-ﬂ'!iﬂ Uﬁp‘.’r
Prlley Assembly

60-0601 (hlare

29-1070

36-0605 Lower Pulley
22-603g Strain Reli

80-0163 Base

Use grownd terminal to
attach 10-074 Discharge

Wand or other accessories
deseribed in this booklet,

80-0162 Lower
Comb Assembly

Haose Clamp

B0-01464
Corltimn
Assembiy

22-6025 Rubber Feet
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Schematic shows positive charges
carried upward from Teflon pulley to
collector sphere

Demonstration:

Hair Raising
Electric Wind
Lightning

St. EImo’s Fire
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Demonstrations: Hair Raising

http://www.sciencefirst.com/
Instructions file:

A

10 raise hair, stand on footstool or

other plastic (nonconducting) platform
fo insulate yourself.




Demonstration: Electric Wind

e By attaching the conductor or needle, you have created an electric wind. The
conductoris in the form of a sturdy, light, thin metallic rod six to eight inches long
(for instance, a darning needle) on the body of the collector dome, radially outwards.
Use tape or clay to attach.

e The concentration of charges at the tip of the needle will be so intense that it will
lonize air in its neighborhood. Negative ions will rush towards the collector dome
and neutralize their charges. Positive ions, however, move away (due to electrostatic
repulsion) from the generator and do not get neutralized.

e As the generator Is continuously running, it keeps supplying more and more positive
lons at a fast speed. The ions running away form a wind called “electric wind”
which blows awavs (radiallv outward) from the generator.

Using tape or clay to attach a
conductor or needle :

 Generate statics
e Turn avane

e Spin aspinner
bnductor is needle e Deflect a flame

» Rotate the collector dome



Demonstration: Electric Wind

Generate Statics: The wind is strong enough for its effects to be
experienced as far away as 0 feet from the generator. It may not
deflect a flame that far away but will certainly impart statics to your
clothing which would cling to your body; or to a paper that would
cling to your hand or to the wall.

Turn a vane: Place a vane, such as a child’s pinwheel, in front of
the conductor.

It will turn in the direction of the wind. See for yourself what the
wind direction is and see If you can form some idea of how strong
the wind i1s. Try a vane that is slightly stiff and requires a stronger
wind to turn it.

Spin a spinner: Make a small spinner using aluminum foil " across
with 4 - 6 blades. Use a sharp pin to act as axis for spinner and
mount the pin on a wooden or plastic stick. Try placing 2 beads on
each side to localize the spinner. When brought near the conductor,
the electric wind will spin it.

Deflect a flame: Bring a lighted candle near the conductor. The
flame is deflected away from the generator in the same manner as an
air draft.



Demonstration: (2) Electric Wind

Rotate the collector dome: Show how an actual (electric) wind can be
created by ionized air molecules running away from the pointed conductor.
The ionized molecules move away from the sharp or rounded end of the
conductor in great numbers and at great speeds. This, according to Bernoulli's
Principle, produces a low-pressure region in front of the tip of the conductor.
The rear end of the conductor (attached to the dome) remains at normal
pressure. This sets up a pressure difference near the conductor. By using it,
you can rotate the dome.

Attach two identical sharp or rounded conductors tangentially (not radially) to the
collector dome at its equator (along the seam) on opposite sides and in opposite
directions. Conductors can be attached with clay or tape. Observe how pressure
differences in the vicinity of these conductors exert torques on the collector dome
which begin to rotate slowly but steadily. The dome continues to rotate as long as
the generator is running. The mass of the dome is in excess of 200 grams
excluding masses of the conductors.

The fact, therefore, that the dome will rotate solely due to the electric wind that is
generated Is a testimony to the strength of that electric wind.

Carry the Electric Wind: In this experiment you bring the wind to the candle
Instead of bringing the candle to the generator to observe its effect on the flame.
Prepare a large darning needle by securely attaching a well-insulated copper wire
In the needle’s eye. Attach the other end of the wire to the collector dome with
transparent tape. Carry the needle as far as the wire will allow you to carry it.
Place it near a candle and watch the electric wind (emanating from the needle’s
tip) deflect the flame or turn a vane or rotate a spinner.



Demonstration:(3) Lightning

Lightning, an awesome natural phenomenon, is an electrical discharge
between clouds and the ground.

Create it in miniature with a VVan de Graaff Generator due to the buildup of
positive electrical charges on the dome.

Bring a rounded object (metallic, for best results, such as a mixing bowl or
juice can or 10-074 Discharge Wand) near the dome.

You may wish to wear a glove or use a dry towel to hold the objects as you
approach the dome to minimize the likelihood of receiving a shock.

The discharge that occurs between rounded object and collector dome is
accompanied by a crackling sound and can be made brighter and more
frequent by bringing the rounded object closer (from 2" to /2" away.)

If you withdraw the rounded object, the discharges become feeble and less
frequent and may be seen only in a darkened room.

You should hear intermittent crackling sounds and see feeble sparks in
darkness.



(4) St. ElImo’s Fire:

Electrical discharges from clouds to the earth are of three different types.

Point Discharge: There is no visible light or sound. Point discharges are responsible
for the bulk of discharge between clouds and round.

Corona Discharge: It is accompanied by visible light but no audible sound. This is
known as St. EImo’s Fire.

Lightning Discharge: This is accompanied by blinding light and deafening sound.

You can create St. EImo’s Fire in a dark room by installing a sewing needle
perpendicular to the dome using a drinking straw or small plastic strip. Tape the
needle to one end of the straw, hold the straw by the other end and press it lightly
against the dome. (The object, of course, is not to obtain a shock as you approach
the dome with your hand.)

A small but significant glow or “fire” appears at the tip of the needle. St. EImo’s
Fire can also be created by attaching a 3 ' long electrical wire (not solid, but
stranded) to the eye of a sewing needle.

As the strands are passed across the eye, fold and twist them with pliers to join the
needle solidly to the wire’s end. Connect the other end of this wire to the ground
connector on the base of your VVan de Graaff. (This procedure will not work if your
receptacle has only two flat holes.)

Now tie the needle perpendicularly to one end of a drinking straw using cord or
tape. Hold the far end of the straw and bring the needle close to the dome to watch
the “fire” glow. With this method, you can study the effect of distance on the glow.
The glow will be stronger in the vicinity of the dome. As distance increases, the
g!o_vt\)/Idims. Determine the “firing distance” - the distance over which the glow is
visible.



(5) Lighting

/ S +§;/+/: h h
o —
— You can light a variety of light emitting devices with your¥an.de Graaff

Generator, for example — incandescent (filament type) light:Bilhs, .,

fluorescent tubes or lamps, gas filled tubes, old radio tubes; even tiny neon
tubes. For best results, do these experiments in a darkened room or at night.

Bring your bulb toward the dome as the generator is operating. You may
wish to make a nonconducting holder for the light bulb to avoid receiving a
shock as you approach the dome. The outside glass surface nearest the
dome acquires negative charge by induction. The charge builds up on the
glass surface to discharge intensity. As discharge occurs, negative charges
rush through the entire bulb, lighting it up for the duration of the discharge.

Experiment with distances between bulb and dome. The bulb will light
even when 2' away from the dome. Here, discharges will be stronger but
the intervals between them will be longer. The light bulb will also glow
more brightly. When you bring the bulb nearer, the discharges are more
frequent but the light is dimmer. The bulb touches the dome, the light may
be continuous (or flickering) but the intensity is low.

— Household (incandescent) bulbs will glow with purple light. Other gas-

filled tubes will glow with the characteristic lights of the respective gases.



More Demonstrations

Washers, 2

Screw

Copper wire

Eve of needle
I--H-

Insulated
~ ,
copper wire

m‘?7-f§y AVAVAVAYAY, N8

Movable Electrod

T

Darning
needle

;S:U aw

Test Probe

Lead ] Lead wire

wire _—-'=]—[=. soldered to
o ”U copper

Bulb T Neon bulb

secured A~ l

by tape |_+-'P"”5“C ruler |

Neon Bulb Probe

Clear

plastic © 0
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Spinning Magnet, Levitating Vortex
*’” ’gﬁ Hﬁq_ /%}ﬁ] A &

e Demonstrate magnet levitation and frictional force with our two-

tone device. Black and white sections allow you to measure
rotation speed with a stroboscope.
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Levitron-Floating Gyroscope

Demonstration film:
Levitron-1
Levitron-2

http://www.levitron.com/physics.html#intro
e How does the LEVITRON work

e What holds the top up?

e Why does it need to spin?

e \Why doesn't the top slip sideways?

e Why is the weight so critical?

e Why does the top eventually fall?
e |s the LEVITRON Principle used elsewhere?




How does the
Levitron work?

DOES NOT LIFT JUMPS OFF OF JUMPS OFF OF
OFF OF E THE PLATE TO THE PLATE OFF OF THE PLATE AND

THE PLATE ONE SIDE STRAIGHT UP i

Levitron manufactured under license by Fascinations’
U.S.patent # 5,404,062 other U.5. and foreign Patents pending.




What hold the top up?

The 'antigravity' force that repels the top from the base is magnetism.

Both the top and the heavy slab inside the base box are magnetized,
but oppositely.

Think of the base magnet with its north pole pointing up, and the top
as a magnet with its north pole pointing down (fig 1).

The principle is that two similar poles (e.g., two norths) repel and that
two opposite poles attract, with forces that are stronger when the
poles are closer.

There are four magnetic forces on the top: on its north pole, repulsion
from the base's north and attraction from the base's south, and on its
south pole, attraction from the base's north and repulsion from the
base's south.

Because of the way the forces depend on distance, the north-north
repulsion dominates, and the top is magnetically repelled.

It hangs where this upward repulsion balances the downward force of
gravity, that is, at the point of equilibrium where the total force is

ZEr0. pr. Michael V. Berry of the University of Bristol. Dr. Berry, inspired by this recognition,
published a thorough exposition of the physics of the LEVITRON's operation.



i v esvaniis A Challenge To Master; A Miracle To Behold!
Read carefully and you too will find the PATH TO SUCCESS.

The key claments you need o master in order to successhully bevirato the top are deteiled in the following sections
Section | How i spin the magnetic top on the Kfer plate over the cenler of the mognenc base
Section 1| How o dletamting the (ocrect amaunt of weight that the tap requires 1o float
Section IIl  How fo arient the mognetic field of the bose mogno!

|. THE SPIN “First let's learn to spin the mognetic top over the center of the very strong buse magnet.”
Butore trying to spin the tap, loke off oll of the weighty (weshors) excopt for the borge beass wisher. Secure the washer 12 the spindle with one of the rbber grommets providad (block "0 Ring )

Next iry 1o spin the fop uring o tlight downward prassars on the lifter plote, keoping in mnd thai he tap wonts 1o lip over anfil it spinning of least 18 RPS (Revolutions Per Second). For fhis ramsan
it b5 importan) Shat during the “spin-up” the spindle ba grovpod butween the thumb & fosufingar tightly | pinchod] and as low os possibl an the spindle The fip of your fingers should aetudlly be touthing
tha bross wosher and paraflel 1o the shaft of the spindle. NOTE! Keep your elbow rived! By koeping your elbow rmised, you will also find it much pasier 1o keep the shalt of the sgmdle stragh up
anil dose during thi <pin

HF 'I'Wﬂ ke 1o hove the I s mhl-,- with the spinls parledly I.||1r-lj+lr bt @ spim in which the spindle wobbles con oo be o suecesshul spint By rosing the [ifter plate obout | /4" immediately
after the “spin-up” even o wabbly spin may straighten out ond become o wecsshil spin

it aher reading fhese mstructions you ore 1l not oble 10 master the spin, you tan contact your dealar and ask abaut the Levitron Sell Starer. This is o low cos! bottery operaled device which when
ploced aver the tip of the spindle amn ba wsed 1o "spin-up” the 1ap

l. THE WEIGHT "Now let's learn how to determine how much weight the top will require to levitate,” -_—

The Sop come, with the Following assoriment of weight-adjustment woshers which are wsed 1o bulonte the dowmvard gravitatianal force mgainst the upward mog

Lorge Bross 3 groms sach

Senall Bross | grom sach

Ried Plosic 0.4 grom ench

Green Plastic 0.2 grom sach

Yollow Plostic 0.1 grom ench

Black Rubbee Grommets ("0-Rings)  used Yo secure the weights to the spindle
The Yop guins stobility by odding weight. The gool is te make the top Hoal a5 stohbe o possible. This is occomplished by odding as mudh welght os possibile fo the fop and sl have it levitats. OF
course 1 foo muth weight 15 odded, the 1op will no! floal




The dap guins stobility by edding weight The gool s to make the tap Aeel as stohbo o5 possible. This i occomplished by adding s much weight o3 possible o the jop and sfill have it levitats

course If oo modh weight is odded, the 1op will not oot

MNow, let"s try to flaof the top. Start with one large brass washer (3 groms) sequred on the spindle:

Step 1. Spin the top on the litter plote ovor the tonter of the bose mognat. (Practiced in Section 1 )

STEP 2. Roise the lifter piode opproximotely 1° obove the surfoce of the bose mognet. Al this paint canfinee lifting bat very slowly lappx. 1/4° per 5 second interval) O

that this -II':'lll"lq proces s siemlor in corelylly I-I'!ﬂllll| o oor's cudch oud! 1 thas fap i corredtly waighted and the basa mognat & proporty erientad (Socton 1), the ta

phate ond float in wpoco when the tg o rmsed 1a epproximatedy 1.25 inches above the sirfoce of the bove magne! {or appa. 2.5 inches Tor the Super Levitron), However

ond orientation correct on the first ry & rore

SIEF 3. Learn how o imterpret the results of your kavitahan ottamapl, Hest ask yoursst!, wis 1he tog light enough to BB off the plate o5 the irifical he g1l was oppeoacied o tid thi 1o
he site o the plate o3 | confinied BftingT™ If the top slid off the side of the plate, then remove some of the weight from the top (far example you might remave the 3 gram weight &
1 gram weights] and ga back fa ste one. If the top “umped upwerd” off the plrte it is toa light: odd more weight & try agoin

By wming this triod & orvor mathod, eventually you will deferming the corred! weight withia 0.1 gram_ (e, | smoll yellow wosher. The top will ot anly if ibs weight ies withi

gram) ronge of o "corred weight”™ You will lind this rorrect waight by sucreaive trigls o describad abov

lIl. THE ORIENTATION OF THE BASE "Finolly! Let's orient the magnetic field lines of the base magnet!”

Tha final step in sucuesstul levitation requires that the mognetic field produced by the bose mogner be precisely vertical T achieve this it & wometimes necessary 1o insert the o

one or tven twa odges of the bose. Becowse we connot see these mognetic fiekd lines we must determine oy odjustments by observing how the top reacts %o the base

A you expariment frying fo find the corred waighi For tha fop, natice whather the top tends 1o foll repeatedly 1o the some side. For oxompbe. il sach timo the top s off tha lifier

vt o nnd & your 1 IIJ"I” !I'iE-'I tha lront J|I;|I| wilet ol e hose nead in bo '.'.!E!Il!_,' rmeed e -.'.:|_';||:|r-=. {ehigms) g |‘||,;|||-,||e_ug -‘l'_'l this purpee ide the IIc.:-.|f|ir\. "I"'_Il'll'l' urder the bose ol the midwa

paint ol the vide ar sides boing roised  Then spint thet bop ind [ih ogaln. Eoch time the procedure s repeated you must watch tha lop desely as if lemvas the e plate jg belpdetermine whot furthe

adjustments ol the wedges wre needed

REMEMBER! No mather how well you orient e base magnet, the top will nut flous stoble unless o is corrying the corree! amount of weight. (RefortaSaap Il SOV Wporiant 1o have the top ot or
nedr ihe cormeel HI:III.|||1|;| wrlgl'll FIRST beloea attempling Fiwpd nl!!l_l-!|,-||,'||| al the e momnal using the wedges

FINAL HOTE . . . Onee the corroct weight for stable levitation has been found, only minor odjustments 1o that weight will be required for levitation in the. fubere: Migss-of the weinht variofions are the

resutt of minor changes in the strength of the magnetic matoriol due 1o tamperatur changes. (Magnets fend 1o lose strength m they holum

MAY THE FORCE OF LEVITATION BE WITH YOU AS YOU AT1 () M TIRON-BAOTY 11 (§




Why does it need to spin?
To prevent the top from overturning.

As well as providing a force on the top as a whole, the magnetic field
of the base gives a torque tending to turn its axis of spin.

If the top were not spinning, this magnetic torqgue would turn it over.

Then its south pole would point down and the force from the base
would be attractive - that is, in the same direction as gravity - and the
top would fall.

When the top is spinning, the torque acts gyroscopically and the axis
does not overturn but rotates about the (nearly vertical) direction of
the magnetic field.

This rotation is called precession (fig 2).

With the LEVITRON the axis is nearly vertical and the precession is
visible as a shivering that gets more pronounces as the top slows
down.

The effectiveness of spin in stabilizing a magnetically supported top
such as the LEVITRON was discovered by Roy M. Harrigan (4).



Why doesn't the top slip sideways?

e For the top it remain suspended, equilibrium alone is not enough.

= The equilibrium must also be stable, so that a slight horizontal or vertical
displacement produces a force pushing the top back toward the equilibrium
point.

= For the LEVITRON stability is difficult to achieve.

e |t depends on the fact that as the top moves sideways, away from the axis of
the base magnet, the magnetic field of the base, about which the top's axis
precessed, deviates slightly from the vertical (fig. 2). If the top precessed
about the exact vertical, the physics of magnetic fields would make the
equilibrium unstable.

e Because the field is so close to vertical, the equilibrium is stable only in a
small range of heights - between about 1.25 inches and 1.75 inches above
the center of the base. (between 2.5 and 3.0 inches for Fascinations' new
Super LEVITRON).

e The Earnshaw theorem is not violated by the behavior of the LEVITRON.
That theorem states that no static arrangements of magnetic (or electric)
charges can be stable, alone or under gravity. It does not apply to the
LEVITRON because the magnet (in the top ) is spinning and so responds
dynamically to the field from the base.



Why is the weight critical
(and why must it be adjusted so often)?

e The weight of the top and the strength of magnetization of
the base and the top determine the equilibrium height where
magnetism balances gravity.

e This height must lie in the stable range. Slight changes of
temperature alter the magnetization of the base and the top.
(as the temperature increases, the directions of the atomic
magnets randomize and the field weakens).

e Unless the weight Is adjusted to compensate, the
equilibrium will move outside the stable range and the top
will fall. Because the stable range is so small, this
adjustment is delicate - the lightest washer is only about
0.3% of the weight of the top.



Why does the top eventually fall?

The top spins stable in the range from about 20 to 35 revolutions per second
(rps). It is completely unstable above 35-40 rps and below 18 rps.

After the top is spun and levitated, it slows down because of air resistance.
After a few minutes it reaches the lower stability limit (18 rps) and falls.

The spin lifetime of the LEVITRON can be extended by placing it in a
vacuum. In a few vacuum experiments that have been done the top fell after
about 30 minutes.

Why it does so is not clear; perhaps the temperature changes, pushing the
equilibrium out of the stable range; perhaps there is some tiny residual long-
term instability because the top is not spinning fast enough; or perhaps
vibrations of the vacuum equipment jog the field and gradually drive the
precession axis away from the field direction.

Levitation can be greatly prolonged by blowing air against an appropriately
serrated air collar placed around the top's periphery so as to maintain the
spin frequency in the stable range.

Recently a LEVITRON top was kept rotating for several days in this way. But
the most successful means to prolong the top's levitation is with
Fascinations' new PERPETUATOR ? an electro-magnetic pulsed device
which can keep the top levitating for many days or even weeks.



Is the LEVITRON Principle used
elsewhere?

e In recent decades, microscopic particles have been studied
by trapping them with magnetic and/or electric fields. There
are several sorts of traps.

e For example, neutrons can be held in a magnetic field

generated by a system of coils. Neutrons are spinning
magnetic particles, so the analogy of such a neutron trap

with the LEVITRON is close.
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Ghostly Optical Illusion

® Light to Create a 3D Optical Illusion.

® You will be dazzled and amazed when your hand passes right through the
floating object hovering above the Magic Mirage - Optical lllusion Generator.

® Any object placed inside the Mirage is reproduced in strikingly precise detalil
and floats in 3D space right before your eyes.

® This phantom reality is produced by two precision-polished parabolic mirrors
with improved Microglass Mirror Protection.

® Comes complete and ready to use with instructions and scientific
explanation.

® A great source of fun and mystery.

.

This phantom reality is produced by two precision-polished
parabolic mirrors with improved Microglass Mirror Protection.
Comes complete and ready to use with instructions and
scientific explanation.

A great source of fun and mystery.

Features:

*Acrylic 9" in diameter

*No Electricity

Amazingly simple design yet ahh-inspiring!

*Optic Mirage
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Polarizing
direction
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Polarizing Sheets)
e NI
A} B *,;,fg 7

) !

Py

P,: Polarizer

P,: Analyzer

Only electric field component along polarizing direction of polarizing sheet is
passed (transmitted), the perpendicular component is blocked (absorbed).
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(b)
Polarized Light Simulation

Polarized Light

Unpolarized or randomly polarized
light has its instantaneous
polarization direction vary randomly
with time.

One can produce unpolarized light by
the addition (superposition) of two
perpendicularly polarized waves with
randomly varying amplitudes.

If the two perpendicularly polarized
waves have fixed amplitudes and
phases, one can produce different
polarizations such as circularly or
elliptically polarized light.

33-



Intensity of Transmitted Polarized Light

; One-half Rule
Intensity of transmitted light, | :l | +—
unpolarized incident light: 2 "

Since only the component of the
iIncident electric field E parallel to

.: * the polarizing axis is transmitted

= Ey = E cosé

transmitted

) E
-

Intensity of transmitted light,
polarized incident light:

| =1,cos” @

| =(1,c08?0) =1,(cos’0)

| 0
avg avg 2
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Maxwell's Rainbow

Wavelength (nm)
700 600 500 400

The full EM spectrum

-~ Visible spectrum _ _ -

~<— Wavelength (m) |
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Long waves Radio waves Infrared Ultraviolet X rays Gamma rays
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: | Frequency (Hz) —=

FM radio T e s, |

N |

Maritime, 2 Maritime, aeronautical, |

Maritime and AM aeronautical, ' citizens band, !

X . . . — ) , I

aeronautical uses radio and mobile radio — and mobile radio |

~ I — T I — I I 1'
104 10° 10° 107 108 107 10'° 10"

Frequency (Hz)

The wavelength/frequency range in which EM waves (light)
are visible is only a tiny fraction of the entire electromagnetic
spectrum 33-
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Euler’s disk

e The disk Is a chrome-plated steel
disk with nine pieces of magnetized
holographic foil.

e A concave mirror base IS the setting

for the disk to spin like a coin—

except it seems like it will never

stop!!

e Just give It a spin and gravity does
the rest!!

Operation:

e Observing the images and sound as the disk spins faster
and louder.

e \Want an increased visual effect? Shine a flashlight on the
disk while it 1s spinning in a darkened room!
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Hydrogen Fuel Car- H Racer

Power the H-racer with renewable hydrogen fuel |

The smallest hydrogen
fuel cell car in the world!

¥ Solar panel

Hydrogen Storage Station

e

- Racing Car em  Hydrogen Fuel Cell

The car uses a real fuel cell and its own on-board hydrogen storage
system. It does not need batteries! The Hydrogen Station will provide
the H-racer with an unlimited supply of clean energy.

To create free hydrogen fuel at the flick of a switch, just add water to
the station's tank! Fueling is animated by a special blue light display.



e The H-racer Is a futuristic toy car that contains one
of the most exciting and advanced technologies of the
21st century. This car operates on 100% clean fuel
produced by a miniature solar-powered hydrogen
refueling station that converts water to hydrogen
using energy captured from the sun.

e Cars running on clean and renewable fuel are the
dream of many of today’s world leaders, engineers
and scientists seeking to eliminate mankind’s reliance
on fossil fuels in favor of climate friendly energy
resources.



With new advances in technology, hydrogen is on its way to becoming the
world’s next fuel. Hydrogen offers many important advantages: it is non-
toxic, renewable, clean to use, and the most abundant element in our
universe. And by using fuel cell technology to convert hydrogen to
electricity without any combustion, the technology is a significant solution
to many of our global energy and environmental problem.

No combustion occurs inside a fuel cell. The only exhaust resulting from
hydrogen fuel cell cars is pure water. Fuel cell cars that use hydrogen as a
fuel are also known as “zero emission vehicles.”

Today, many of the world’s automotive companies including Toyota, GM,
Ford, Honda, and Daimler-Chrysler, are developing hydrogen fuel cell
vehicfles with the hope of introducing this technology to the public in the
near future.

The H-racer is the working miniature version of what is being developed in
real-size cars of the future.

This palm-size fuel cell car contains an onboard hydrogen storage tank, a
fuel cell system connected to the car’s electric motor, and a hydrogen
refueling system linking the car’s storage tank to an external hydrogen
refueling station.

Given its small size, the H-racer Is also very safe as only tiny quantities of
hydrogen are sufficient to power the car.






