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Demonstrations at the NSTA Conference in Baltimore, MD Oct 6, 2017
1 Mystery bead bottle 2 Air cannon- with or without smoke
https://www.geek.com/geek-cetera/build-your-own-vortex-cannon-1478241/
https://www.youtube.com/watch?v=4b2SV3ASUxY
http://www.instructables.com/id/How-to-Make-Vortex-Cannons/
3 Broomstick pulley
https://www.grc.nasa.gov/WWW/K-12/Summer_Training/KaeAvenueES/TUG_OF_WAR.html
4. Terminal speed coffee filters:
http://www.physicsclassroom.com/getattachment/actprep/act2ag.pdf
This can also be done as a demonstration as well, just to see how many coffee filters it takes to fall twice as
fast as one coffee filter (The answer is 4)
5 Cork accelerometer
https://www.youtube.com/watch?v=z79FZJyjPl8
6 Cartesian diver
7 Doppler effect demonstrator
http://www.esa.int/spaceinvideos/Videos/2014/07/Doppler_effect_-_classroom_demonstration_video_VP05
You can construct a doppler ball, by putting a buzzer inside a wiffel ball.
8 Eddy current brake: You just need a strong magnet (neodymium, cow magnet, etc.) and copper tube.
https://www.bing.com/videos/search?q=youtube+eddy+copper+tube&view=detail&mid=5B86C028148386E5
544C5B86C028148386E5544C&FORM=VIRE
9 Pogo stick microgravity demonstrator: Jump on a pogo stick with a floppy hat. When in free fall, the
tassels of the hat will appear “weightless”
10 Torque Grip Bar: https://pirt.asu.edu/demo/1j4010b
This can easily be made of wood, with a weight hanging from a string. The further out the weight, the harder
it is to hold it up.
11 Chocolate chip Motor
Put a clear soda pop (sprite, 7 up, etc.) into a clear container. Put about a dozen chocolate chips into the
soda. Bubbles will form around the chocolate chips (like little life preservers) making them less dense than the
soda. The chips will rise to the surface where some of the bubbles will pop, and they will sink to the bottom.
This will happen over and over again.
12 Miracle Thaw- A frying pan, or other large piece of metal will easily melt an ice cube, because of the high
thermal conductivity of the metal. This was once marketed as “space age metal, that will miraculously thaw
meat”.
13 Swinging Tray (board and cup) https://www.youtube.com/watch?v=g6fj0Ar9FFc
https://www.youtube.com/watch?v=NJW4-0LCh6A
14 Standing waves in springs- https://video.search.yahoo.com/yhs/search?fr=yhs-mozilla-003&hsimp=yhs003&hspart=mozilla&p=standing+waves+in+a+long+spring#id=7&vid=404c9fbe3db10381f5daa646200457b4&
action=view
15 Diet and Regular Soda (buoyancy)- Diet drink floats, regular drink doesn’t
16 Center of Mass (clothes pins)- Place a belt on an old fashioned (not with a spring) clothes pin. The Clothes
pin will balance on your finger.

Physics Youtube Videos
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1. OK Go : This too shall pass
https://www.youtube.com/watch?v=Y8cuuP4Jmio
Rube Goldberg Device: It actually worked 3 times all the way through, but it took 60 trials to get
there

2. High dive into 12 inches of water
https://www.youtube.com/watch?v=N-woF3BVmlo
3. Falkirk Wheel (Buoyancy)
https://www.youtube.com/watch?v=ucg1O-5jsnM
4. Rosencrantz and Guildenstern are Dead- (Hammer and Feather on Earth)
https://www.youtube.com/watch?v=maI53H4Zbrs
5. Apollo Astronauts experiment (Hammer and Feather on Moon)
https://www.youtube.com/watch?v=5C5_dOEyAfk
6. Endless Pools (0 to 45 seconds) Relative Motion
https://www.youtube.com/watch?v=LvqGEOOlUf8
7. Pulling a KC 135 aircraft ---Inertia
https://www.youtube.com/watch?v=t0y1hL2h8rk
8. Slam Dunk Contest
https://www.youtube.com/watch?v=jYbx_PV3318
9. OK GO: Upside down and inside out (Zero gravity flight)
https://www.youtube.com/watch?v=LWGJA9i18Co
10.Water Slide Ski Jump into small pool
https://www.youtube.com/watch?v=ZsQSlNtzLcA
11.Motorcycle Tablecloth trick: BMW
https://www.youtube.com/watch?v=xAXy1ur9QQc
12.Falling Dominos: Conservation of Energy
https://www.youtube.com/watch?v=y97rBdSYbkg

MAKING A MYSTERY BEAD BOTTLE
When you drop a solid object such as a bead or a stone into a liquid, the object either floats on top of the
liquid or sinks to the bottom. In this bead bottle, the beads neither float nor sink completely. The beads are
suspended in the middle of the liquid.

The beads appear suspended in the middle of the liquid because the bottle contains not one, but two liquids.
One of the liquids floats on top of the other liquid. The beads sink in the top liquid, but float on the bottom
one. This gives the appearance that the beads are suspended in the middle of the liquid, but in fact the beads
rest where the two liquids meet.
Furthermore, when this bottle is shaken and set to rest, some of the beads float to the top, while others sink
to the bottom. As the bottle rests, the beads that sank to the bottom begin to rise, while those that rose to the
top begin to sink. After a short while, the beads return to rest at the middle.

MATERIALS
In order to make a mystery bead bottle you will need the following supplies:






a bottle
two kinds of beads
distilled water
91% isopropyl alcohol
salt

Each of these will be described in fuller detail below. In addition to these materials you will need a
measuring cup, a spoon for stirring, and a scale that can weigh grams, or a set of measuring spoons if you
don’t have such a scale. A funnel to pour liquid into the bottle is handy but not necessary.
You will need a bottle, preferably one that is transparent and uncolored, and one that can be securely sealed
with a cap. It can be any convenient size, but the larger it is, the more of the other materials you will need. A
quart-sized bottle (or 1 liter) is the largest you should consider, because larger bottles will be awkwardly
heavy when filled. The smallest would be about 3 ounces (or 100 milliliters), because a smaller bottle will
hold too few beads and produce a less appealing effect. A plastic bottle is best, because that will be less
likely than glass to break should you drop it.

Bottles suitable for making a Mystery Bead Bottle can be found containing various products.

It is not necessary to find a new bottle to use. You can use one that you already have; one that came with
something in it. Beverages, hand cream, shampoo, cooking oil, vinegar, and many other products come in
colorless, transparent bottles. If you reuse a bottle, it must be cleaned thoroughly. If it contained an oily
substance, be sure to wash it several times with soapy water to remove all the oil. Rinse whatever bottle you
use with clear tap water several times. Partially fill the bottle with water, seal it, and shake it vigorously.
When you stop shaking it, if the bubbles inside stay for longer than a second, rinse the bottle again, and
continue to rinse it until the bubbles disappear immediately when you stop shaking the bottle.

Pony beads and Perler beads in two different colors.
Two specific kinds of plastic beads will be needed. Both are available at most large craft or hobby stores.
The first kind of beads are called pony beads. These come in many different colors. You may use any color
you like, though they should all be the same color to produce the clearest effect in the bottle. The second
kind of beads are Perler beads. These are used in assembling arrangements that can be fused together into
one piece, so they are made of a different material than pony beads. They also come in a variety of colors.
You should choose a color distinctly different from the color of the pony beads. The number of beads you
need will depend on the size of the bottle you’re using. For a 20-ounce beverage bottle, you’ll need between
100 and 120 beads of each kind. For smaller bottles, you’ll need fewer beads.

One of the liquids in the bottle is a salt solution. To make the salt solution, you need to use distilled water.
Tap water is not pure enough. The minerals in tap water can make the liquid in the bead bottle cloudy. You
will need enough distilled water to fill half of the bottle, plus a little bit more for cleaning the bottle. For
example, if you have a 20-ounce beverage bottle, you will need at least 10 ounces of distilled water.

The other liquid in the bead bottle is isopropyl alcohol. You can get this at most pharmacies. It is available
in several different concentrations (50%, 70%, 91%). To make the bead bottle, you will use 91% isopropyl
alcohol. You will need the same volume of the alcohol as of distilled water.

The last material you will need to make a mystery bead bottle is salt. This needs to be pure salt, sodium
chloride, without any other ingredients. Pickling salt is pure salt. Other types of salt, such as iodized salt,
free-flowing table salt, sea salt, and kosher salt all contain other minerals that can make the bottle cloudy.
(Note: I have used Morton Natural Sea Salt with good results) The amount of salt you need will depend on
the size of the bottle. For a 20-ounce bottle, you will need about 2.5 ounces (75 grams) of salt. For a smaller
bottle, you will need less.

ASSEMBLING THE BOTTLE
To make sure the bottle is free of contaminants, put some distilled water into the bottle, about 1/10 of the
bottle’s volume. Cap the bottle and shake it vigorously. Stop shaking and watch the water in the bottle. All
bubbles in the bottle should disappear as soon as you stop shaking. If bubbles last as long a few seconds or
more, pour out the distilled water and replace it with more distilled water. Repeat the shaking and replacing
of water until bubbles disappear immediately.
Fill the bottle about half full with distilled water. Pour the water into a measuring cup to determine the
volume of the water. For each half-cup (4 fluid ounces or 125 mL) of distilled water, add 1.0 ounce (28
grams) of salt, sodium chloride. If you do not have a scale that measures this accurately, you can
approximate this weight of salt by measuring the volume of finely granulated salt instead: for each half-cup
of distilled water, use 4 level teaspoons of salt. Adjust the amount of salt proportionately to the volume of
water you have. For example, if you have six ounces of water, which is 6/4 times as much water as described
above, then you should use 6/4 of the amount of salt, that is 1.5 ounces (42 grams) or 6 level teaspoons of
salt. If you have a cup of water, then you will need 2.0 ounces or 8 level teaspoons of salt.
Stir the salt-water mixture until all of the salt dissolves. Then pour enough of the solution back into the
bottle until the bottle is a little less than half-full. (The volume of the salt solution will be more than the
original volume of water, so you won’t need all of the solution.) Pour an equal volume of 91% isopropyl
alcohol into the bottle, so the bottle is 80 to 90% full (you need to leave room for the beads, which will be
added later). When you add the alcohol, the bottle’s contents may become cloudy; this is OK. Seal the bottle

with its cap and gently invert it several times to mix its contents, then set it down to let it rest. The mixture
will be cloudy, but gradually it will become clear. After it has become clear, if you look closely near the
middle of the bottle, you will be able to see where the two liquidsâ€”salt solution and alcoholâ€”meet.
Open the bottle and drop into it one of the pony beads. The bead will come to rest where the two liquids
meet. Continue adding pony beads until you get a layer about Â½ inch (1 cm) thick. Add a Perler bead. It
will come to rest on top of the pony beads. Continue adding Perler beads until you have a layer the same
thickness as the pony beads. Seal the bottle with its cap.
Gently shake the bottle and set it down to rest. The pony beads will sink to the bottom and the Perler beads
will float to the top. After a few seconds, the pony beads will begin to rise and the Perler beads will begin to
sink. The two sets of beads will continue to rise and sink until they meet again at the middle of the bottle.
You can send the beads through a cycle as often as you like.

HOW THE MYSTERY BEAD BOTTLE WORKS
The mystery bead bottle contains two liquids, a concentrated solution of salt (sodium chloride) in water and
isopropyl alcohol. The two liquids do not mix. Although isopropyl alcohol will mix completely with pure
water, the salt dissolved in the water prevents the alcohol from mixing.
The salt solution is denser than the isopropyl alcohol. The density of the salt solution is 1.13 grams per cubic
centimeter, 1.13 g/cm3. The density of the alcohol in the bottle is about 0.88 g/cm3. (This is greater than the
density of pure isopropyl alcohol, because there is some water dissolved in the alcohol.) Therefore, the salt
solution sinks to the bottom, and the isopropyl alcohol floats on top.
There are two different kind of beads in the bottle. The larger pony beads have a density of 1.02 g/cm3. The
smaller Perler beads have a density of 0.90 g/cm3. Both kinds of bead are less dense than the salt solution,
so they float on the salt solution. They are both denser than the isopropyl alcohol, so they sink to the bottom
of the alcohol. They rest were the two liquids meet, in the middle of the bottle.
When the bottle is shaken, the salt water and isopropyl alcohol are mixed together and form a temporary
emulsion (tiny drops of each liquid mixed together). The density of the emulsion is the average of the
densities of the two liquids, namely (1.13 + 0.88)/2 or 1.00 g/cm3. The density of the emulsion is less than
the density of the pony beads, so the pony beads sink to the bottom in the emulsion. The density of the
emulsion is greater than the density of the Perler beads, so the Perler beads float to the top of the emulsion.
As the bottle rests, the emulsion separates into its two components. The salt water separates at the bottom
and the alcohol at the top. The pony beads float to the top of the salt water, but stay below the emulsion. The
Perler beads sink to the bottom of the alcohol, but remain above the emulsion. As the emulsion separates, the
beads come together again at the middle of the bottle.
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Cartesian Divers

Instructions
Materials (Required):

•
•
•
•
•
•

1 Plastic Pipet (#PP-222)
1 Ballast Nut (#CD-3)
Plastic Soda Bottle with Top
Scissors
Plastic Cup
Water

Materials (Optional):

•
•
•
•
•
•

Fizz-Keeper Pump Cap (CD-4)
Food Coloring
Candle
Pliers
Aluminum Foil
Hot Melt Glue Gun

Cartesian divers are one of the oldest and most interesting toys you can build at home. While they are easy to
construct, there is a lot of science behind the workings of this deceivingly simple toy. A Cartesian diver is an object
whose density changes with pressure. In fact, most Cartesian divers become denser as pressure is increased. By
constructing a Cartesian diver carefully, it is possible to make a diver that floats in water at atmospheric pressure, and
sinks when the pressure is increased.

Water has a density of about 1 gram/ml. Objects that have a density of less than 1 gram/ml float, while objects with a
density greater than 1 gram/ml sink. As pressure is increased, a Cartesian diver’s density might increase from about .8
grams/ml to 1.2 grams/ml. When this happens, the diver sinks in water. Cartesian divers often change their density by
changing the amount of water they displace (i.e., changing their volume). When the pressure is increased, the air inside
the diver is compressed. This compressed air takes up less space, and thus displaces less water. As less water is
displaced, the density of the diver appears to increase and the diver sinks.

With scissors, snip off all but 2 cm of the neck of each pipet.

1.

Screw one
of each pipet.

2.

Fill each pipet bulb with colored water. Note that the bulbs must float when placed in a cup of water.
Experiment with different amounts of water, making sure that the bulbs still float. Bulbs that float higher in
a cup of water will make divers that are more difficult to sink.

ballast nut onto the remaining 2 cm neck

3.

Your Cartesian divers are ready! Fill a 1 or 2 liter plastic soda
bottle almost to the top with water. Place your divers in the bottle and
screw on the Fizz-Keeper pump cap. Try squeezing the bottle. Can you
make your divers sink? Now pump the Fizz-Keeper and watch as your
divers sink right to the bottom. Can you figure out how to get them back
up to the top?

4.

Remove the pump cap, pour out your divers, and try varying
their buoyancy. Try filling them with different amounts of water. Put
them back in the bottle, replace the pump cap and try sinking them
again.
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5.

When you are satisfied with your divers and would like to make them permanent, you can seal them by
sealing the open end of the bulb. This can be done with any waterproof glue or by melting the plastic
slightly and squeezing it gently with small pliers. To seal the bulb by
melting, first make sure your bulb floats. ONCE IT IS SEALED, ITS

STARTING BUOYANCY CANNOT BE CHANGED! Make sure
there is no water in the neck by holding it upside down and tapping or squeezing it slightly. Hold the neck
about 1-2 inches above a candle flame until it becomes completely transparent (the change is very subtle).
Immediately remove the neck from above the flame and squeeze the end gently with pliers to seal. Let cool.
Return your divers to the bottle with clean water and they will last for many years.

There are literally hundreds of experiments you can try! For instance, try crumpling up a piece of aluminum foil into a
small ball. Place this in your bottle. See if you can sink it by squeezing the bottle… how about pumping it?

Try numbering your divers and see if you can make them sink in order. Note that your divers are not yet sealed, and so
they can be adjusted as many times as you like (colored water will leak out of them until they are sealed).
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