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THE MAGIC COLORING BOOK. Remember, the purpose of this demonstration is
to help nurture close, careful observation. | do not use it as magic or as a
gimmick or trick. Professor Alyea did chemical demonstrations like this—with the
same objective—in his freshman chemistry course at Princeton. There are several
versions of the Magic Coloring Book, available at any magic store around the
country. There is surely one near your home.

NOT ONE BULB WILL LIGHT. This very useful sheet was developed in the 1960s
by the renowned Elementary Science Study (ESS) as part of the unit Batteries
and Bulbs. Like so many things in the past, it is as valuable today as it was four
decades ago. In addition to the purpose for which it was intended, | came up with
this use in connection with the concept of a complete circuit and understanding
the construction of a bulb. Observe that in each of the 12 drawings, as pictured,
there is not a complete circuit. Why? Note the filament in midair, an impossible
situation in any bulb. There is no complete circuit. In a real bulb one “leg” of the
filament extends down and attaches to the side of the bulb; the other leg extends

farther down (inside the screw or bayonet part of the bulb) and attaches to the
bottom of the bulb, usually the tip.

THE AQUA VASE. The construction of this device involves two chambers, an
inner and an outer. The science concept entails air pressure controlled by your
index finger which opens or closes a very small inconspicuous hole in the neck of
the vase several inches below the lip. To get a sense of what is going on in the
inner chamber, place a drinking straw in a container of water. Then put your index
finger over the open end of the straw and lift the straw out of the tumbler or the
like. What do you see in the straw? Now take your finger off the open end. What
happens? How high did the water rise in the straw? There’s more to the story in
terms of the Aqua Vase. | am sure you can go on from here. At one time, the
larger version of the Aqua Vase (rather pricey) which | used in my presentation, as
well as a smaller version, which I've used in the past, were available in many
magic stores; or they could order one. | am not sure if they are still made. Check it
out. In any event, you can make one. It won’'t have the same quality look as the
commercial version but it will illustrate the same concepts. See ahead in the
handout. I've included six pages as well as the changing colors of the liquid in the
plastic tumblers. The film clip of Harry Wong, which | showed, is from Episode 5 of
the eight-part video set “The Effective Teacher.” Check out Harry’s web site.
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THE MYSTIFYING LIGHT BULB. I've used this in classes for many years in
connection with a unit on Batteries, Bulbs, and Circuits. | like the idea of using it
at the outset of the unit, in the same manner as in my presentation. Ask me
questions to which | can answer only “yes” or “no”. Hopefully, no one will explain
fully or correctly what’s going on. Put it away at just the right time. Tell the class
that you will bring it out again at the end of the unit, and that they should do better
with their questions (after working with complete circuits, switches, bulbs, and an
energy source such as a D-cell). Let them “lose a little sleep” in the meantime. For
your information—not theirs, at least not until much later (and even then, elecit it
from them, with subtle clues; much better than telling them outright)}—it is not “an
ordinary living room light bulb” but rather a specially constructed one available in
any magic store. Remember, as in the case of the coloring book and the Aqua .
Vase, | don't use these as gimmicks or tricks or magic but rather as an attention
grabber, motivator, discrepant happening. “What is possibly going on here?”
...There must be a source of electrical energy. Right? Is it in my hand?... ...What is
it? Where is it? It is a small AA cell (“battery”) placed inconspicuously inside a
“dissected” bulb, with a small flashlight bulb mounted on top of the cell. A delicate
wire goes from the side of the flashlight bulb (the screw-in part) to the side or
screw-in part of the lookalike living room light bulb. Another wire connects the base
of the “battery” (AA cell) to the base of the living room light bulb (the tip of the
screw-in part). Thus, we have a circuit. But is it a complete circuit? No. If it were,
the little flashlight bulb would be lit. So, what is lacking to complete the circuit, and
then incomplete the circuit, or in other words, to turn the bulb on": and off? Usually
a switch of some sort does this. Where is the switch in this case? Well, itis a
different kind of “switch” but it does the same thing. It is a tiny piece ot aluminum
foil placed inconspicuously in the palm of my hand! ...Which | flick off at the
opportune time. How does this act like a switch to complete the circuit? It touches
the tip of the light bulb as well as an area beyond the tip (which is really part of the
screw-in part) and thus completes the circuit. Some clever person thought of this
intriguing device! Available in any magic store. Tip: Don’t keep it lit very long at
any one time. Also, like any demonstration, try it out beforehand. These things
have a limited life and do burn out. | always have a few on hand; and need to get a
new one from time to time. Diagram below.
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5. SOME “IMPOSSIBLE” AFTER-DINNER SCIENCE. This mind-boggling
demonstration is not difficult to do. It just requires a little patience and some
practice. Flat toothpicks are my preference. The real drama occurs when you light
the toothpick and it burns down to the edge. It’s kind of like extending your body
out over a canyon with only your foot touching the rim. Again, | don’t use this as a
trick but rather a thought-provoking discrepant phenomenon. What is the physics
involved? What is the explanation? What's going on here? This and No. 6 (THE
BIRD), as well as many variations are explained as follows. Three concepts are
involved in explaining this bizarre phenomenon: a) Center of gravity (almost
always synonymous with center of mass; b) Torque; and c) Equilibrium. The
center of gravity of an object or a system is a point at which you can imagine all
the mass is concentrated. It is sometimes called the balancing point or pivot
point since we can balance an object at that point and have the several forces
acting on the object be in equilibrium. This often involves torque which | will get to
shortly. Note that the center of gravity of an object or system (in this case, the fork-
spoon system) does not have to be on the object itself. It is often outside the
object as is the case with the fork-spoon system or a boomerang, or THE BIRD
(see No. 6). Now back to torque. A torque is the rotational counterpart of force. A
force tends to change the motion of things; torque tends to twist or change the
state of rotation of things. If you want to make a stationary object move, apply a
force. If you want to make a stationary object move, apply torque." There’s more to
torque, but that can wait for another time. Now, back to the fork-spoon system.
Observe that when you set this up, the fork and spoon are hanging almost on their
sides from the toothpick and this causes a torque to be exerted in a
counterclockwise direction. However, this is countered by a downward force
(clockwise in a sense in relation to the torque) viz., the weight of the system acting
at the balancing point or center of mass. Thus, a state of equilibrium is reached
resulting in balance.

In summary, an attempt was made above to provide a more detailed and
complete explanation of this interesting counterintuitive demonstration than |
and others have given in the past. An abbreviated and simpler explanation is
that the center of gravity/center of mass of the fork-spoon system is at
or beneath the point of support—the balance point—on the rim of the

'Acknowledgment to Paul G. Hewitt. Conceptual Physics for Parents and
Teachers. Newburyport, MA: Focus Publishing, 1998. P. 102. Acknowledgment, also, to
Tik L. Liem.
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glass. After several adjustments of the system on the toothpick, and a little
patience, you discover a point at which the whole system is in stable
equilibrium. With a modicum of care you can blow or gently tap the fork-
spoon and set it in motion! Slight motion.

THE BIRD... and numerous other demonstrations are explained as given above.

“IMPOSSIBLE” BALANCING BOTTLES. Same as above except that the center
of gravity is at or above the balance point.

KNITTING NEEDLES AND STYROFOAM SPHERES demonstrated—via
video—Dby the late Tik L. Liem. Same explanation as No. 5 and No. 6.

e If you are a physics teacher, feel free to write to me at mbatoff@aol.com if you

have any disagreement with my explanation above, or if you have anything to
add. A dialogue is most welcome. | am always learning.

YOUR FINGERS. Usually muscles are on or close to the bones that they move. In
the case of the fingers it is a different story. Delicate movement of the fingers, as
in playing a musical instrument, threading a needle, buttoning a collar button, or
similar manipulations, are only possible because the muscles are elsewhere.
Where are they? On the forearm, along the radius and ulna, connected to the
fingers by “strings” (tendons). Convince yourself of this. Move the fingers of your
right hand as though you were playing the piano and place your left hand on your
right forearm. What do you feel?

A PERPLEXING QUESTION LEADING TO AN IMPRESSIVE FACT. What is the
mass of a cubic meter of water? As shown on the following page, a little arithmetic
reveals a surprising answer: ONE TON, 2,000 POUNDS, THE WEIGHT OF A
SMALL CAR! Why do you suppose | didn’t ask for the answer in a metric unit
(kilograms)? No wonder a bucket of water (nowhere near a ton) is heavy. No
wonder roofs collapse from the accumulation of quantities of ice or packed snow.




imagineering Encouraging Creative Thinking
Thlfough Magic

The Inexhaustible Bottle

To get something for nothing has been humankind’s perennial dream. Here is a Bottie that
seems to constantly refill itself. Time after time you spill out its liquid contents, only to find it
refilled a minute later. Magic? No, but it sure appears so. And kids can be chailenged to “imag-
ineer’’ drawlings, or even working models, of how the device might work.

Effect and Storyline

“Centurles ago, alchemists tried to change inexpensive metals such as lead or iron, into
valuable gold or silver.As you know, they never succeeded. But they did invent a number of amaz-
ing devices. For example, this bottle was designed by the great alchemist Al Wayse Flowe l{’l his
Egyptian laboratory. It is now filled with water and if I tip it upside down and command “Flow"you
see that it empties itself of its contents.” The seemingly empty bottle is replaced on the table.
“But, the great Al Wayse Flowe had magic in his mind when he invented this, because if | turn it
upside down and command “Flow”. once again it is full of water.”

This procedure can be repeated many times, as you remark on how nice it would be toAhave
such a bottle while on a trip through a desert, how good it would be for our environment, and how
it may render all other water containers obsolete.

But, most kids will be suspicious, and when you ask the usual question: **“How many of you
believe the bottle to be truly inexhaustible?”, few will agree. So the stage is set for creative‘think-
ing once again. Issue the customary Imagineering Blueprint forms and encourage generation of
drawings to explain how the bottle may work.

The Point
1. To involve students in creative idea production.
2. To encourage application of science principles in the solution of a problem.

What You Need
Spray paint
A large plastic soda bottle (1-3 liter size)
Epoxy cement
A plastic tube that closely fits into the opening of the bottle
Utility knife or hack saw for cutting the plastic
Electric drill with a small bit (about 1/8” or less)

How You Do It
The operation of this bottle depends on construction of a secret compartment to hold water
plus the controlled use of air pressure to give the illusion of a never-emptying jug. Here’s how to
construct yours: ~
1. Obtain a plastic tube that just fits into a large plastic soda bottle. Place the tube into the
bottle so that it extends to about 1/4 inch above the end of the bottle. Mark the tube where
it just protrudes from the bottie. Remove it and cut it at the mark.
2. Drill a 1/8 inch or smaller hole in the neck of the bottle.

From McCormack, Alan J. Magic and Showmanship for Teachers. See a*k e “‘A ‘FO"
Riverview, Florida: I1dea Factory, 1990. hew pub fish éetr, G




3. Use epoxy cement to glue the tube into the bottle. Your final product should look like this:

Epoxy glue here

- Hole

\

| ¢——1 Plastic tube

Leave 1/2" gpace between
end of tube and bottom of

Jug

4. Spray paint the bottle so that it becomes opaque. (Use as many coats as you need to be
sure that no one can see inside the device.) '

5. When the cement and paint are dry, fill the jug up to just below the drilled hole.

6.  When you are ready to perform, pick up the bottle. Place your finger or thumb over the hole
and pour “all” of the water from the bottle. This causes only the water trapped inside the
inner tube to flow out.

7. Turn the “empty” bottle upright. Water from the secret compartment will refill the inner
tube when you remove your finger from the hole (air moves into the bottle through the hole
and equalizes the pressure inside and outside the bottle - this allows the inner tube to
refill).

8.  When you want more water to flow, once again secretly cover the hole and pour. The bottle
will refill itself over and over again.

9. Be sure you don’t do this simply as entertainment - have kids work at creative solutions to
the mystery.

Sidetrips
1. In science, this could be used in lessons on liquids or air pressure.
2. For social studies, use this to highlight the Medieval period of alchemists and legends-
3. Art teachers could use the water flowing from the bottle to symbolize the needed flow of
ideas for producing excellent art.
4.

Reading teachers might use this demonstration in conjunction with reading about Aladdin
and the Magic Lamp.




“Some References:

McCormack, Alan. “Harry Potter Science,” Instructor magazine, May/June
2005 S

McCormack Alan. Magic and Showmanship for Teachers. Showboara
Inc., Tampa, Fl, 1992.
Call 1 800-323-9189 and talk to a customer service representative.

Mail orders to P.0. Box 10656, Tampa, FL 33679.

Fax orders to 1-813-876-8046.
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MENTAL GYMNASTICS You Can Use Tomorrow
By Mitch Batoff of New Jersey City University and
President, NJSTA.... mbatoff@aol.com

More Thought Provoking Problems and Queries---

166. THE PERPLEXING AQUA VASE. While teaching my
sixth grade class at Roosevelt Elementary School in Ossining,
New York | did the following demonstration. In a nonchalant
manner | picked up a metal vase and poured a clear and
colorless liquid into a nine ounce plastic tumbler. Immediately
the liquid turned red and as the vase was held vertically upside
down it appeared to be empty since no more liquid flowed out.
A few minutes later | picked up the "empty" vase and poured
liquid into a second plastic tumbler and immediately it

turned blue. Again, as the vase was inverted above the
tumbler it appeared to be empty since no more liquid came
out! A short time later | picked up the "empty" vase and poured
liquid into a third tumbler and immediately the liquid turned
green.

Once more, as the vase was held upside down above the
tumbler, it appeared to be empty since no more liquid came
out. This procedure was repeated through three more colors--
yellow, orange, purple- and then colorless, and each time the
vase emptied all its liquid; each time as the vase was inverted
no more liquid came out! What is going on here? How do
you explain these bizarre observations? There really are
two perplexing things to explain, right?

167. TWO COINS. Ask your students the following question:
Which is larger, a nickel or a dime? What lesson can be




