Powerful Learning Demonstrations

(Cheap Pracs, Cheap Demos, Cheap shots)

Rob Braidwood, Colin Hopkins (chopkins@bigpond.net.au)

These are a series of must do demonstrations, that we have found really keep the interest levels very high with students of all ages.  Most are Year 11/12 Physics, but some can easily be modified and used in junior science.  We have used several very successfully with primary school students, and parents on information evenings.  Most of these demonstrations work really well under the POE framework.  (POE: Predict, Observe, Explain)
Yr 4- 8 Science, Parent information evenings.

Surface Tension.

Half fill a petri-dish with milk.

Ask the students what will happen when you put food colouring in the milk.

Add a drop of each of the 3 colours.  Keep them as far apart as possible, but not right up to the edge.

The three drops should spread extremely slowly, and not mix.  Discuss.

Predict what will happen when you add a drop of detergent.

Add several drops of detergent, and watch the flurry of activity, as the detergent breaks down the surface tensions.

Discuss the impact of detergents when washing dishes etc.

Cartesian Diver.

Always a good demo even if it is a really old idea.  I use a 2 litre soft drink bottle, the top of a pen, with the hole blocked, and some blu-tack on the bottom to keep the diver vertical.

Particles and molecules.

Put exactly 50ml of water into a measuring cylinder.

Put exactly 50ml of mentholated spirits into a measuring cylinder.

Combine the two, and measure the total volume.  Explain what happened.

A good model to use I the explanation, is a cubic metre of basketballs, combined with a cubic metre of ping pong balls.  The combined volume will not be 2 cubic metres.

Yr5-8 Science, Maths, or Orientation day activity

‘Weighing’ an Easter Egg

Equipment

Easter Egg (without any weight on the label), or mini mars bars, etc, with weight hidden.

Metre rule, small masses (5, 10 gram preferably), graph paper, table top, blu-tack.  Accurate scales for final weighing.

Method.

Suspend the ruler over the edge of the table until it is just balanced.  Preferable have the zero end overhanging.

Record the length of the overhang, as precisely as possible.  

Place a 5 gram mass at a point on the ruler.  Usually at the 10 cm line.

Record the length of the overhang, as precisely as possible.  

Place a 10 gram mass at the same point on the ruler.

Record the length of the overhang, as precisely as possible.  

Repeat this process with 15, 20, 25, 30, 35, 40, 45, 50 etc.

Plot the graph of overhang vs mass.  Use a full page of graph paper, to get the best graph possible.  You may need to suggest to the students that this is not a straight line graph.

Use the blu-tack to now attach the unknown mass at the same spot that all the known masses have been placed.

Measure the overhang, and then use the graph to determine the mass of the unknown Easter Egg and blu-tack.

Make the students show you their results, and the interpolation of the graph.  I find it essential to get the group to agree to the ‘weight’ of the unknown object, and to write it down on their graph.  This avoids confusion, when the ‘meant’ to say something else.

When the all the groups have ‘weighed’ their egg, get them to bring it up the front, and you confirm the weight on the scales.  I usually allow (1 gram with Year 8 students, and (2 grams with primary school students.

If their measure is within the specified range, then everyone in the group is given an egg.

With Yr8 students, I have been known to tape, 3 or 4 Mars Bars together, (with a 20 gram mass, hidden between them), and get the students to weigh this unknown object.  I find that when their unknown mass appears to be 10/20/50gram different from the rest of the class, then this puts them under considerable pressure.

I always finish off first term with this lesson in most of my classes.

Year 11 Sight and Light

Optical illusions

Use as many as possible, to stimulate thinking.  The old ASEP books have some in them, as do a lot of modern Psychology books.

I always challenge my students, by holding up a blue whiteboard marker, and calling it red, or yellow, or anything.  Then I challenge the students to prove to me that the pen actually is blue.

Plain mirror

We have a large plain mirror on the wall at the front of the room.  We investigate images in a plain mirror with it.  The first simple task we do is to get the students to tell us if the will see more of themselves in the mirror when they are closer/further from the mirror.  Most students sat either more or less.  Stand the class one at a time 1m from the mirror, and get them to note how much of themselves they can see.  Get them to move to 5m from the mirror and make the comparison.  It is amazing how many students ‘see’ what they thought would happen.

I make our mirror 40-50 cm high, and then get them to note how much they see of themselves in the mirror.

Big mirrors

If you don’t have a pair of large concave/convex mirrors in the school to use, check out your local supermarket, corner store, to see if they have a large convex mirror.

If possible, go down to the store, and use the mirror to see that the image is always diminished, virtual and upright.  Link this with the ray tracing models that we use.

It will be unlikely that you will find a large concave mirror, get the students to explain why.

Use a shaving/make-up mirror as an example of a largish concave mirror.

Curved mirrors and Lenses

Save the following applet off-line, and then use it in class to solve mirror/lens problems.  http://www.phy.ntnu.edu.tw/java/shadow/shadow.html
Paint (on computer)

Use Paint on the computer, to demonstrate the effects of adding colours.  Crocodile clips does this very well also.  

http://www.phy.ntnu.edu.tw/java/shadow/shadow.html
http://www.phy.ntnu.edu.tw/java/color/color_e.html
Year 11 Heating and Cooling (now excellent in junior school)

Bombe Alaska

We start heating and cooling every year by making Bombe Alaska, in class, cooking it in an oven, and then eating it class.

Reliability of human senses

Have 3 beakers of water, one cold, one warm and one hot???.  Put your hands in the cold and the hot for 10 secs. Then put both in the warm water.  Describe the feeling of the water temperature on both hands.

Year 11 Atomic and Nuclear

Chain Reaction

Set up 100 dominoes (or similar) so that each domino only hits one other on its way down.  Time how long it takes for them all to fall.

Reset the dominoes, so that each domino knocks over at least 2 other dominoes.  Time howlong it takes for all to fall.  Compare the times.

Year 11 Motion

Tell me a story

This is on your CD.

The graph comes from MCTP, and is a great introduction to motion. 

I do it as group work, and get all the students to grade the students in the other groups.  They are not allowed to grade the person that is acting out their own role.

I really encourage creative stories, we have had gangsters, aliens, Dr Who, etc.  

Some groups physically walk it out, so they need to work out a scale, and a timing mechanism.  Other groups use models on table tops to explain it.

The students love it, and for you the assessment is easy, I pretend to record on the assessment sheet, but usually get too distracted, so I just collect the assessments done by the class and use them.

Free fall

Use a long piece of ticker timer tape with hexagonal nuts taped to it at regular intervals- say 10cm apart.  Carefully, climb on top of a side bench, and drop the suspended tape onto an aluminium pan.  Have the first nut about 10 cm above the inverted(so it is noisy) pan

If you drop the tape will the nuts make an evenly spaced clanging sound as they hit the pan?

Your task is to arrange the nuts on the tape so that they hit the pan and clang at regular intervals.

Describe your spacing pattern that resulted in the clangs occurring at equal time intervals.

Reaction time

This takes some setting up, but it is a great activity.  It needs to be done against a brick wall.

Put 2 science benches 2cm from a brick wall.  Put a sturdy chair on top of the benches, facing the wall.  This is now your drivers seat.  Get your driver, to sit in the seat, have two reliable students bracing the back legs of the chair.  (This is an absolute must).

Draw an accelerator pedal on the bricks with chalk, just above the bench tops.

Hold an old blackboard metre ruler against the wall with the zero end level with the top of the benches.  (remove the handle from the ruler).  Place the ruler about 6-10 cm from the accelerator.

The ‘drivers’ task is to move their foot from the accelerator and onto the brake (ruler).  The distance it falls, can be recorded directly from the ruler and this can be converted into a reaction time using an appropriate graph.

I try to distract most of the students, and make them look ‘out’ instead of looking down at their feet as they drive along the road.   Sometimes we draw pictures on the wall for the students to watch.  Often I have ‘mates’ in the back seat, and we always need to change the CD.  Just make sure that the seat has plenty of room to travel, and that the students doing the bracing are concentrating all the time.

Year 11 Electricity

Static Electricity

Use the Van-de Graaff generator.  Ensure that none of the students have a heart condition beforehand.

Remember, that if you discharge the generator, by shorting out across your knuckles the pain is negligible.

If you are really game, and you have a willing student volunteer, try this.

Charge the student up by having them stand on a plastic chair.  Have a bunsen burner set up ready to light within the student’s range.  Turn the gas on, and get the student to light the bunsen burner, without matches, by discharging across the top of the burner.  The spark should be enough to ignite the gas.

Have a steady stream of water coming out of I ‘high’ tap.  (So that the water falls a fair distance).  Move a charged rod close and watch the deflection of the water.  You can also use a burette for the source.

Resistors in Parallel and Series

You need a large packet of “smarties”, jelly beans etc.  The health conscious may prefer sultanas, to use as a source of energy for the students.

Put the energy at the front of the room.  The students walk around the circuit, going through/over/under resistors placed in series.  They get energy each time they pass through the battery up the front.  Repeat with parallel circuits.

Try to keep the students evenly spaced around the circuit because they are repelled by the other electrons.  At each junction, they must go down the path where the electron in front of them is the greatest distance in front of them.

We also use the analogy of the energetic electrons nearest the battery effectively repelling the electron in front of it etc.  This can be used to give the students a model of how the electrons with minimal energy can still move around the circuit, due to this repulsion.

Sometimes we actually make the students take a step up at the battery to try to emulate greater potential energy.

Ohmic and non-Ohmic

We use a light globe to represent non-ohmic devices and a good ceramic resistor.  

Plot the graph of V vs I.  We just use power packs, and assume the voltages are 2, 4, 6, 8, 10 and 12.  So we only actually measure the current.  We usually find that the graphs are quite different, and this only takes a few minutes to do.

Mr. Coulomb takes charge

This was made using Flash By one of my more talented students a couple of years ago.  It won an ATOM award.  I can send it to you via snail mail as it is 1.3meg.

Year 12 Sound  (now good in junior science)

Tuning forks
Strike a tuning fork with a rubber mallet, and look at the tines.  Do the tines appear to be moving.

Immerse the tip of the tines just below the surface of water.  What do you see?

Dim the room and use an strobe to look at the tines.  Adjust the timing of the strobe so that the tines appear to be stationary.  Then carefully adjust the strobe so that the tines slowly wag back and forth.

Describe your observations.

Sound in a vacuum
If you have a decent bell jar, and a good vacuum pump, then set an electric bell going in the bell-jar, and listen to the sound as the pump creates a vacuum in the jar.

Failing this, get a small Christmas type bell that jingles.  Suspend it by a wire in a 1000 –2000ml flask.  Place a stopper in the flask, but still allow the bell to swing freely when inside the flask.  To suspend the wire through the stopper, use a fine blade to slice the stopper from the side to the middle.  This will allow the wire to be in the middle, but the stopper should still be air-tight.

Ring the bell inside the flask.  Note the sound of the bell.

Place a burning taper in the flask, allow it to burn for a little while heating the air, and allowing it to escape.  As the flame subsides, put the bell and stopper back on the flask, and seal the flask as best as is possible.  Now shake the flask to ring the bell.

Compare the sound with before.

Skipping Rope

Use a long rope, and set up a typical standing wave.  Get some students to skip in the standing wave.  
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Increase the rotation until you produce the first overtone.  


Students can skip with this arrangement

Increase the rotation until you produce the second overtone.  


At this point only the brave (and foolhardy) will try to demonstrate their skipping prowess.

Year 12 Electricity

Skipping rope generator
We have not tried this, but this idea comes from ‘Hewitt’ who is usually an excellent source of ideas.

You use an extension cord as a skipping rope.  Use the middle portion of the extension cord as the skipping rope, and the remainder as the leads to connect to the galvanometer.  Connect the earth pin from one plug to a galvanometer.  Connect the earth socket to the other side of the galvanometer.

Align the extension cord, East/West.  What effect does the rotational speed have on the deflection of the galvanometer?

Repeat with the extension cord aligned North/South.  Compare the deflections.  Is it harder to spin the cord in one direction than the other?

Year 12 Motion

String
SLM

Use a 2m long piece of string to demonstrate the direction of a force.

Ask the students, can you push with a piece of string?  Demonstrate this inappropriateness of this idea.

So we now understand that you can only pull with a piece of string.  This enables all force diagrams to have the string test applied in the analysis of the direction of the forces.

Circular motion

It is very simple to now extend this to circular motion.  Attach a rubber stopper to the end of the string, and hence demonstrate that the net force is acting radially inwards.

Impulse

We hang (vertically) a single bed fitted sheet in the room.  From a distance, throw an egg into the middle of the sheet.  It doesn’t break and the fitted sheet allows the egg to be safely collected in the bottom.  Two tips, only have one egg landing in the bottom at one time, and don’t try to have the sheet too tight.

Year 12 Gravity

Weightlessness
It is best to do this prac outside, preferably from a decent height.  This is fabulous for POE (Predict, Observe, Explain).

Poke two holes into the side of a polystyrene cup as near to the base as possible.  Fill the cup with water, and use your fingers to block the holes.

Get the students to predict what will happen when you drop the cup to the ground. 

Predict what will happen if you allow the water to spurt out of both holes before you release the cup.

Predict what will happen if you release one hole and let the water spurt out, before you drop the cup.

Year 12 Structures

String

Support a metre rule, by attaching the string to one end, and resting the other end of the ruler in your fingers.  Change the angle of the string, and experience the effects of the change in the force applied to maintain equilibrium.

Replace any member of a truss with string, will the structure remain stable?  If so, then that member is under tension.  If the structure collapses, then the member was under compression.

Centre of mass 1

Have students stand with their back to the wall (needs to be a straight wall), heels hard against the wall.  Get them to bend over and try to touch their toes.

Get the students to move their heels out the minimum distance to enable them to touch their toes (without bending knees).  Measure this distance.

Compare the distance the heel needs to be from the wall for males and females.

Centre of mass 2

Have students stand with their side to the wall (needs to be a straight wall), foot, hip and shoulder hard against the wall.  Get them to try to lift the outside foot..


Centre of mass 3

Use the diagram in the pracs showing the four books overhanging

See if you can get the fourth book to be completely overhanging 

past the first book.

Use CoM theory to show that this is theoretically possible

Centre of mass 4

Leave about 2cm of liquid in the bottom of a soft drink can.  Balance the can on the side of its base

Torque feeler

Attach a 1 kg mass, by a short loop of string to the ruler.  Hold one end of the ruler, in a firm grip between your thumb and index finger.  Have your partner move the mass from 10 cm to 20, to 30 to 40 etc.   Describe the effect on your grip from your fingers.  Is it getting easier or harder?  Explain your answers.

