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ADDENDUM:  MISC. IDEAS ON MAKING THE ITEMS IN THE 

AAPT PRESENTATION

By Dr. Joe Laszlo

1.  THE WEIGHTED STRING.  It is pretty apparent that String A with the equally spaced masses is a cinch to construct.  You simply choose a length and tie the masses at the same length intervals, along the string.  But how do you find the distances between the masses on String B that has a sound at equal intervals as the masses strike the bottom of the metal container?

For this we need to review Galileo’s algorithm for determining the distance an object travels in free-fall per time unit of fall.  The formula is:  d  = ½ at2.  The total distance traveled (d) is equal to ½ of the rate of acceleration (a) times the time (t) squared.  Since the rate of acceleration is constant it can be eliminated as well as the ½.  This gives the mathematical statement d is proportional to t2.  The total distance traveled is proportional (not equal) to the time squared.

Lets set up a table and put in values for t, see what we get for t2, which is equal to d.
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Why is there a d/second column?  Where did it come from?  What does d/second mean?  In calculating d, remember this was the total distance traveled during the entire time.  So if the values that we entered for t were seconds, and the distance traveled were feet, for t = 2 sec, the total distance traveled would be 4 ft.  However in the first second (t = 1 sec) the distance traveled was 1 foot, so 4 ft – 1 ft = 3 feet which is the distance traveled during the second second.  Got it???

Notice the d/second column is merely counting using only odd numbers.  So realistically, all you need to do to make String B is to choose some unit to use (inches) and tie the masses to the string at multiples of 0, 1, 3, 5, 7, 9 etc.  Pretty simple once you know the pattern and the basic algorithm.  No matter what interval you choose for t (i.e. counting by 2--2, 4, 6, 8 or counting by 3--3, 6, 9, 12,) the values for d/second will be a constant times 1, 3, 5, 7, etc.  Nature has given up another secret!!!

2.  PLUMB LINES.  The plumb line is a piece of string with a mass ties to one end.  Historically the mass was called the plumb bob.  It was made of plumbbum, the Latin word for lead.  Plumbers used plumb lines to lake sure that the lead pipes they installed were vertical, as did carpenters and masons on walls they might be building.  

Later spirit levels or bubble levels were invented and used for the same purpose.  They were called spirit levels because the liquid in the glass tube was usually a “spirit” or some form of alcohol.  This was used because it didn’t freeze and had a low surface tension, and thus the bubble in the liquid moved freely, no matter the air temperature.

3.  THE EGG CARTON.  The eggs have all been blown out so that the shells are intact.  A quick way to blow out an egg is to use a sharp paring knife and make a small hole in one end.  Then, put the short end of a bendable straw into the hole.  Invert the egg over a bowl (hole down) to catch the egg and blow.  The egg will gush out.  Be sure to rinse the shells with water and place them hole down, to drain and dry.  Use the eggs to make an omelet!!

Increase the mass of at least two of the eggs by filling them with lead shot.  Use white glue to hold the shot in the eggshells.  Place both of the heavy shells in one end of the carton and fill in the rest with the remaining empty shells.  The heavy ones on the end will shift the center of gravity to that end causing the entire egg carton and the contents to be stable on one’s head, or hand.  One real egg in the carton, cracked, will add to the illusion.

4.  THE FREE FALL CONTAINER.  I choose to make this gadget using a tennis ball container, because I like to use recyclables whenever I can.  I chose this because the container is very tough and durable.  Once you make the gadget, it should last a long time.  I tried using a disposable plastic drinking cup, but it was too flimsy and soon broke in the repeated drops and catches that I made while testing it.

Cut the tennis ball container about 4 inches from the bottom.  A cutting line can be put onto the container with a narrow tip marker.  Set the marker on top of a 4-inch stable block or other cup and turn the tennis ball around while holding it against the tip of the marker.

Cut the bottom part from the rest of the container using scissors.  Also cut the metal rim from the top of the can about ¼ of an inch down from the top of the metal rim.  The rim will be re-set into the top of the 4 inch section to stabilize the opening.  You can attach it by using either transparent tape or a hot-melt glue gun.

You need to make a hole in the bottom of the plastic cup.  Making holes in plastic can be done with either an ice pick, or by using the Hot Melt Method (HMM).  Straighten a paper clip, and heating it in the flame of a gas stove or a BIC lighter until the tip is red.  Then melt a hole where needed by using the glowing red tip of the paper clip wire.

Straighten a paper clip and make it into a hook to hold two rubber bands.  Attach the hook to the container by threading an end of the paper clip wire through the hole you melted in the bottom of the container.  Attach masses to the rubber bands.  They can be fishing weights or just plain nuts like off of bolts).  They need to be heavy enough to hold the rubber band from snapping back when the weights are draped over the metal rim edge of the container.

Test the container in free fall.  Drop it.  If the weights spring into the cup you have successfully made a gadget to demonstrate that in free fall, everything is temporarily “weightless”.  The rubber bands are able to pull the “weightless” masses back into the container.

BUOYANCY TUBE.  The plastic tube for the buoyancy in free fall demo was something that was in a cabinet in my former science lab.  I do not know its origin.  I believe that aquarium supply stores sell rigid transparent plastic air tubing of various diameters.  In a pinch, if you happen to find a large plastic tennis ball container that formally held four or more balls, this will work.  The floating object can be a cork, a ping-pong ball, a piece of Styrofoam, or anything that you can recycle, which floats.

CENTER OF GRAVITY BOTTLES.  For this you can use just about any identical set of bottles.  Water can be used within them, or even better, sand!!  Tennis ball containers are also good to use instead of the liter soda bottles.  You might make a counter intuitive bottle by putting lead in the bottom hidden by sand.  It would be more stable just like the egg carton demo.  It might be a good way to engage the class, if you are into the 5E learning cycle.  The plastic bag is filled about ¼ to 1/3 full of water, which is colored using food coloring.

ACCELEROMETERS.  The Ziploc bag accelerometers are so simple and cheap to make and illustrate the idea of inertia, as well as forces.  The accelerometers are quite easy to construct.  The frame is any corrugated cardboard.  In the model that I saw as well as my prototype, I sandwiched the plastic bag between two layers.  However, corrugated is so rigid, that taping the plastic bag to one piece will suffice.

I cut the cardboard into 7-inch by 9-inch rectangles.  You can change the dimensions to metric if you want your class to get practice using centimeters.  The “window” that is cut into this piece so that you can see the plastic bag is 4 7/8 inches by 5 ½ inches.  This leaves a ½ inch overlap on all sides of the plastic bag within the cardboards frame.

The accelerometers made in the plastic bottles have the pendulums attached to the lids using the electric glue guns.  The point of attachment on the inside of the lid needs to be “roughened” with a piece of sandpaper to increase the “grab” of the electric glue.  The bottle accelerometers containing water show the actual direction of the force and illustrate Newton’s third law of motion—action and reaction.

I hope you use some of the gadgets with your classes where appropriate.  If you do, could you let me know via e-mail as to their effectiveness and how your classes received them?  I can be reached at:   jos.laszlo@hawaiiantel.net  or  jlaszlo@hawaii.edu 



          or (808) 946-1690  or  222-6149

Aloha,


Dr. Gadget of Hawaii

