Experiments 3 - How to do it
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Wind vanes 
This diagram shows you how to make a wind vane. Use a piece of cardboard from a manilla folder, and sticky-tape a washer (or a coin) to the front end. Then find the balance point by sticking a pin in until you get it right, and tie on a piece of cotton. 
When you hang this, it will point to the direction the wind is coming from, but if you walk around with it in front of you, it will always point in the direction you are going. 
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A toy "tank" 
You will need a wooden cotton reel, a small wood saw, a large rubber band about 100-120 mm in circumference, a stick or pencil about 10-15 cm long, a small (shorter than reel diameter) nail, and a slice from the base of a candle with a hole in the centre. 

What you do: 
This is an old traditional children's toy that still fascinates. Use a tenon saw or similar to cut a V-shaped groove across the centre of one end of the reel, then thread the rubber band through the hole in the reel. Slip the nail through the rubber band and settle it into the slot. Slip the candle slice over the rubber band at the other end, and put the stick through the rubber band. Wind the stick around until the rubber band is quite tight, then put the cotton reel down and watch it run. 



The comeback tin 
Another old favourite. This one calls for a coffee tin, a drill, a length of elastic, cotton thread or string, and a small weight. Drill two holes in the lid of the tin, about 50 mm apart, and two matching holes in the base of the tin. Thread the elastic through the base holes, and also through the holes in the lid, and tie the ends. Then tie the two sides of the elastic together with the string, and use the string to tie the weight tightly to the elastic. 

Take the two ends of the elastic up through the lid holes, put the lid on the tin, and tie off the two ends. Roll the tin away from you: this should "wind up" the elastic, causing the can to roll back again. This can be quite mystifying to those seeing it for the first time. 



Inertia bricks 
What you need: 
You will need a strong stand (or a timber beam between two tables or chairs), several bricks, strong cotton thread (some testing will be needed). 

What you do: 
Hang one brick by the cotton, and then hang a second piece of cotton from the first brick. Tie on a second brick and let it drop (WATCH YOUR TOES!). The thread breaks between the two bricks. Now repeat, but dangle the second brick gently: with the right strength cotton, you will now get a break above the first brick. The inertia of the first brick protected the top cotton in the first case, but not in the second case. If this does not work, dangle two bricks and drop a third: keep escalating until you get a result! 



Resonant pendula 
You will need: 
Two supports that will hold up a horizontal slack string, several lengths of string, and some small masses. 
What you do: 
Dangle two of the masses from the slack string by lengths of string, making sure that the strings are the same lengths. Set one pendulum swinging, and watch what happens after a few minutes. Now add another mass on another string, and experiment: is there a transfer of movement when the lengths are different? When the masses are different? When there are several hanging on the one system? 



Coupled pendula 
What you need: 
Very fine wire spring, two identical heavy pendula on stands 

What you do: 
Hang the two pendula on their separate stands, and join them, near the bottom, by a very fine, loosely coiled spiral of wire. Set one swinging, and watch what happens. 
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Lissajous figures 
To Australians, the Lissajous figure (or one of them, at least) is familiar as the logo of the ABC. Lissajous figures arise when two simple harmonic motions interact at right angles to each other, so long as the periods of the two motions are in a simple mathematical relationship, such as 3:2. 

This is the simplest way to generate these figures, just by having a cup which dribbles sand, suspended as shown in the diagram. 



Torsion pendulum 
What you need: 
Some piano wire, two tables, a length of 4" x 3" or 3" x 2" timber (that is, 100 x 75 mm or 75 x 50 mm), about two metres long, a metre length of 2" x 1" (41 x19 mm) dressed timber, drill and drill bit, pliers or wire cutters, and a couple of weights. Piano wire might be hard to get: hardware stores sometimes sell it. You will be able to make do with fencing wire or baling wire, so long as the pendulum does not swing too far from side to side. You may want a couple of clamps to hold the whole rig on the tables: if you do, be sure to use scrap timber to protect the tables from the jaws of the clamps, or somebody will get angry ! 

What you do: 
Drill two holes close together through the larger piece of timber, and cut off about 800 mm of the wire. Push some of the wire through one hole, bend a right angle in it, and then another, so that you can ram the short end down into the second hole (the main thing is to have the wire attached in such a way that it is unable to rotate.) Then attach the 2x1 timber to the other end of the wire, with the long end of the wire going carefully through a centre hole, and up through a second hole, to one side. Now sling the support beam between two tables, add some weights, twist the smaller piece of timber sideways, and let go. 



Natural dyes 
A word of warning: aluminium saucepans and pots have a very thin layer of aluminium oxide which will bond tightly to some of these organic dyes. Use an old pot, or one that does not matter! 
Many natural dyes can be made from things you buy at the greengrocer's shop or the florist's. Beetroot, onion skin, carrot, rhubarb, spinach, many colourful flowers and berries, tea and coffee are just some of the things you can use. Many kinds of tree bark are also useful for brown dyes. 

You need to chop or grind whatever you are trying, bring to the boil and simmer for half an hour or so, adding more water as some evaporates off, then dip in a test square of cloth and leave it for fifteen minutes, then hang it out to dry. 

The uptake of dyes can be improved with a mordant. Add half a teaspoon of ordinary alum to about 500 mL (just under a pint) of water in a plastic container, and dissolve it. Then make up 500 mL of diluted household ammonia, and add it to the alum solution: this will produce a gel of aluminium hydroxide, which clings to both the fibres and the dye. 
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Time heals all wounds 
Find a small-necked, corked glass bottle and balance an ice cube on top of the cork. Cut a 40 cm piece of thin, strong wire and tie a hammer to each end. Balance the wire across the middle of the ice cube. What do you think will happen? Try it! 

You may like to stop and wonder why you need to use a glass bottle and a cork (there is a reason!!). 

You may also like to note that the "standard" explanation for this demonstration is probably wrong! 
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Gyro 
Tie one end of a long piece of string to the middle of a matchstick. Pull the other end of the string up through the hole in the centre of an old-fashioned vinyl record (so the matchstick is centred underneath the hole). Try to swing the record backwards and forwards like a pendulum in smooth, even movements. Now give the record a spin. What will happen when you try to swing the record again? Test your hunch. 

Does this remind you of riding a bicycle? (It should!) 
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Hero was here! 
Poke a hole in the bottom left hand corner of each of the four faces of a large paper milk carton. Poke an extra hole in the top flap of the carton and tie a string through it. Hang the carton from the string. Cover the holes with your fingers and pour water into the carton. What will happen when you remove your fingers from the holes? 

Find out who Hero of Alexandria was! Work out what this question has to do with a spinning milk carton. 
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Treading on eggshells 
Carefully break off the small end of four eggs and pour out the insides. Wind a piece of sticky tape around the centre of each eggshell. Cut through the centre of the tape to make four dome-shaped shells (discard the broken end of each shell). Lay the four domes on a table with the cut sides down arranged in the shape of a rectangle. Next, guess how many telephone books you can lay on top of the shells before they break. Try it! 
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Soak Some Spuds 
Slice a small potato lengthwise into several pieces that each have two flat sides. Place some of the pieces in one dish and the rest in another. Fill both dishes with water. Add two tablespoons of salt to one of the dishes, and label it "salt water." Let the potatoes soak for 15 minutes. 

Compare the potatoes. Is there a difference in firmness? Why? 



[image: image9.png]


Mobius strips 
Cut a 5-cm strip lengthwise from an old newspaper. Holding the strip out straight, give it a half twist (180 degrees) and glue the two ends together. Take a pen and carefully draw a line along the centre of the strip. Where do you end up? Is the line drawn on the inside or outside of the paper? Now cut the strip along the line you drew. How many chains do you get? Now try cutting a half-twist strip, one-third of the way from one edge. 
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Getting the bird in the cage 
Draw a picture of your favorite bird on a small index card. On another card the same size, draw a cage. Now tape the two cards, drawing sides out, on opposite sides of a pen. Spin the pen between your hands or fingers. Is your bird still free or did you catch it and put it in the cage? 
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Strange matter 
Mix one and one half cups of cornflour with one cup of water in a bowl. Slowly dip your finger into the gooey mixture; then try slapping it hard with your hand or a heavy spoon. What happens? Why? 
Then try letting some of the goo flow across a piece of rubber sheet cut from a rubber glove. Stretch the rubber slowly, then stretch it fast, and notice what happens each time. 

Get a pair of scissors, and pour some of the mix from a spoon. Can you snip the stream with the scissors? (Think: would I ask you this if you couldn't do it, somehow?) 
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Density stacker 
How? Pour one-third cup of golden syrup (cocky's joy, molasses or treacle) into a glass jar followed by one-third cup of cooking oil. Then pour in one-third cup of water. Drop in a piece of plastic, followed by a grape, followed by a small cork. What happens? Why? 
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Fire extinguisher 
Place a short candle, a slightly taller candle, and a small dish or small glass filled with baking soda in the bottom of a large bowl. Both candles should be below the top of the bowl. Light both candles. Then pour vinegar into the dish of baking soda. Observe the foaming reaction. What happens to the candles? Why? In what order? 
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Dancing raisins 
Fill a glass or bottle half full with soda water. Drop three or four raisins into the water. Wait. What happens? Why? 



Cartesian diver 
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Fill a plastic bottle almost to the top with water. Attach a small piece of clay on the clip of a plastic pen cap. Place the cap in the bottle so it floats and seal the bottle tightly. Squeeze the sides of the bottle. What happens? Why? 
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No Sucker 
Fill a small jar with water. Poke a hole in the lid big enough for a straw. Put a straw into the water through the hole in the lid and seal up the space around the straw with Plasticine. Now try to suck water through the straw. Be sure there are no leaks. What happens? (Or doesn't happen?) 
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What's in a leaf? 
Fill a bottle with water to within about 2 cm from the top. Take a freshly cut leaf, wrap clay or Plasticine around the stem and place the stem into the bottle. Make sure the clay fits snugly around the mouth of the bottle. Poke a hole through the clay, and insert a straw. Press the clay around the straw and bottle opening so that no air can escape. The straw should not touch the water. Stand in front of a mirror and suck the air out of the bottle with the straw. (This is hard to do if there are any leaks.) What do you observe in the mirror? 
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Hovercraft 
You will need a balloon, a cotton reel (or better still, a cork), a cork borer, some glue, a small sheet of hardboard (or laminate or similar, but NOT cardboard), a saw, and a drill. Carefully cut a disc from the hardboard and drill a small hole through the centre. Bore a larger hole through the centre of the cork and glue it, wide-side-down to the centre of the piece of board, gluing it to the less smooth surface. When the glue is set, blow up the [image: image19.png]


balloon, fit to the cork, and place the whole lot on a smooth table, or a larger piece of laminate. The balloon has a limited life span as an air source, but it does not make the model spin as an electric motor would. 



Getting an egg into a bottle 
Drop three lit matches into a glass bottle that has a narrow neck (an old-style 600 mL milk bottle works well). Quickly put a peeled, hard-boiled egg on the mouth of the bottle. What happens? Why? 
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Can you score a goal? 
Take an empty, 2-litre soft drink bottle and lay it on its side. Ball up a small piece of paper so that it will fit through the mouth of the bottle. Hold a hair dryer so it blows directly on the mouth of the bottle. Try to push the paper into the bottle using the air stream from the hair dryer. What do you [image: image21.png]@EM



think will happen to the paper? 



Out of sight 
Place a coin on a white piece of paper. Put a clear glass filled with water on top of the coin. Can you see the coin? Where is the best place to see it? Now place a saucer on top of the water glass. Try to find the coin without looking straight down through the water glass. Can you do it? 
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Racing jars 
Take two identical clear-glass jars, leave one empty, and fill one with water. Put the lids on both jars and tighten. Place a large, three-ring binder on a level floor, and start the jars from the top of the "ramp" the binder forms. Release them and watch what happens. Which one gets to the bottom of the ramp first? Which one rolls the farthest? 
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Which coin drops fastest? 
Put a coin at the edge of a table. Put the edge of a ruler behind the coin, with the rest of the ruler extending out over the table edge at an angle. Put another coin on the end of the ruler that extends beyond the table edge. Take a second ruler and hit the first ruler (on the edge sticking out beyond the table edge) so that the first coin is thrown off the edge of the table and the second coin drops off the ruler. You have to listen for the results so you want to do this over a hard floor. Listen carefully: Which coin hits the ground first? 
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Convection snake 
Cut a piece of paper into a 6 cm diameter spiral (use the diagram). Cut a piece of thread 15 cm long and tape one end of the piece of thread to the centre of the paper spiral. Position a desk lamp so that the light points upward. Ask an adult to hold the paper spiral by the thread about 10 cm above the light. (Caution: Do not allow the paper to touch the light bulb.) What happens? 
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Steel heat 
Put a sensitive thermometer in a jar and close the lid. Wait five minutes and record the temperature. Remove the thermometer from the bottle. Soak half of a steel wool pad in vinegar for one minute. Squeeze excess vinegar out of the steel wool pad and wrap it around the bulb of the thermometer. Place the thermometer and the steel wool into the jar and close the lid. Wait five minutes. Record the temperature. What happened to the temperature? 



Move the cups 
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Find two disposable cups and some string. Cut the string into two 30 cm pieces. Using tape, attach the end of one piece of string to the bottom of one of the cups, and attach the other end to the edge of a table. Repeat this with the other cup. Position the cups so they hang off the table 4 or 5 cm apart, and at the same height. You might need to adjust the spacing between the cups. Blow between the two cups and see what happens? 
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Negative inflation 
Fill a plastic (PET) bottle with hot water (NOT boiling water -- see if you can work out why I said that!) and fill a bowl with cold water. Let them sit for one minute, then empty the bottle quickly. Stretch a balloon over the open end of the bottle and push the bottle down into the cold water. What happens? Why? 



Cold boiling water? 
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Fill a glass three-quarters full with water. Place a handkerchief over the top of the glass and hold it on with a rubber band placed around the rim of the glass. Push down on the centre of the handkerchief until it touches the water (the experiment works best if the handkerchief is slightly wet). Keep your fingers pressed on the handkerchief and turn the glass upside down. 
The water will stay in the glass. Now, pull the handkerchief tight, so that the concave shape disappears. What happens? Why? Is it really "boiling"? 
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Pile driver 
Fill a plastic jar with rice, carefully jab a knife into the rice five or ten times. The rice will settle a bit, then add more rice. Continue until no more rice can be added. Then quickly jab the knife into the rice and lift. What happens? Why? 

Can you work out why this item is called "Pile driver"? 
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Strange balance 
Tie a string in a loop and slip it over a ruler. The other end should twist into a loop and slide over the handle of a hammer resting at the end of its rubber grip. Place the ruler's edge with the hammer head underneath on the edge of a table. The hammer handle should rest against the other end of the ruler. What happens? Why? 
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A block off the old chip 
A "block" is what sailors call a pulley, or a set of pulleys. You can use simple blocks of wood like this with screw eyes and screw hooks to make simple weight-lifting systems. You can screw them into the wood by hand, if you make a small starter hole with a gimlet, a nail or best of all, a drill. 
The idea is to fit a thread to link two of the blocks, as you can see in the picture on the right. Try making two blocks like this, set them up, and then test them to see how many standard masses you can lift with a single standard mass. There is more friction here than in a block and tackle with pulleys, of course. 
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