EDUTAINMENT PHYSICS:
Expose, Excite, Ignite

by Carl Ahlers www.profbunsen.com.au

Electricity: Lens Law Apparatus
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A neodymium magnet falls through a copper or aluminium tube and is unexpectedly held back by a Omystery® force.
Why? LenzCs Law predicts that when a magnetic beld cuts through a conductor, an opposing magnetic beld with
accompanying Eddy currents will be induced in the conductor. By drilling holes in the tube, the terminal velocity of
the magnet can be shown. . .

Making the induced current OvisibleO though, is much harder. But there is a way:

* wind at least 500 turns of enameled wire on a plastic reel;

* push the reel onto a clear 20 mm acrylic tube;
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* connect two LEDs (red & green) to the two ends of the coil (The cathode of the one is connected to the anode
of the other. Check that the terminals do not touch where they cross.)

* drop a cow magnet or strong neodymium magnet through the tube. Hold a hand y
over each end and shake the tube. The LEDs will light First the one then the i ‘_‘"{,ﬁ‘_ : )
other. > R
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* The Faraday Rashlight a commercial product, uses the same principle.
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Franklins Lightning warning system
The Fun Fly Stick makes teaching electrostatics easy and can perform most of the
standard electrostatics demonstrations. Tribo-electric series
Positive
Benjamin Franklin had a lightning warning system in glass
his lab. HereGs how to make one: n';l?(')rn
* Roll a small piece of aluminium foil into a ball -
with one end of a piece of yarn caught up in the fur
middle. silk
* Suspend the ball from a bar or retort stand so paper
that it is positioned mid-way between the :SELOQ
bottom ends of two metal cans. The cans are best copper
insulated from the work surface using polystyrene polyester
cups. polystyrene
* Hold your Pnger to the one can and start the Fun PVC
Fly Stick. Approach the other can with the Stick. Negati-\l;eeﬂon
* The suspended ball should run to and throw between the two cans as it transfers

charges, causing a drumming sound.
* Remove your hand. The periodical motion should slow down. Then bring it back again.
Why? This is a great demonstration of induction, attraction & repulsion. The neutral ball is attracted to the positive
can due to induction. Once it touches the can it acquires the same charge and is repelled. It is attracted to the
other can carrying the opposite charge, touches
the can, is neutralized and acquires a net negative charge and speeds off in the other direction. And the process
repeats itself . . .
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Air pressure
Air particles are invisible, so students tend to forget that they exist But this demonstration will blow their socks
off and make them think . ..

The Atmospheric Pressure Mat
A rubber mat is btted with a handle. The mat is laid down on a Rat, smooth surface and a student is asked to lift it
up. The air pressure will hold it to the surface and the student will bnd it hard to lift the mat But by simply lifting

one corner of the mat, air Bows in between the mat and surface and the mat can be lifted. Notice that there is no
Osuctiond force present Only air pushing.

The Alien sand hand

This is an amazingly simple but effective demonstration. A latex glove is Plled with dry
sand (or salt or sugar) and the air is sucked from the glove using a large plastic
syringe. The very Rexible soft Pngers now turn into rock hard bngers that can be
stretched and retain their shape as the sand gets locked in position by the
surrounding air pressure.

Why? The internal air pressure is reduced by removing the air and the immense
external air pressure locks the sand grains in position.

Decreasing Air Pressure: A syringe as Vacuum Chamber
Most vacuum experiments are done as classroom demonstrations due to the need of an expensive vacuum pump. But

with syringe stoppers, teachers can turn this topic into neat hands-on activities with the use of a plastic syringe

and special syringe vacuum stoppers. With such a simple set-up all students
can take part in the investigation working from their desks. This is what they

can do:

¥ Suck up warm water and make it boil at temperatures as low as 650C _ when
the pressure is reduced; (This leads to great discussions such as why boiling
water on Mt Everest prepares awful tasting coffee and soup)

¥ Investigate the physical changes in a small marshmallow, water balloon or
shaving cream.

Increasing Air Pressure: The Pressure Pumper Kit

A car tyre valve is inserted through a hole in the lid of a soft drink

bottle. The bottle is then put under pressure (packed with air) to

establish that, air :

¥ Has got mass (around 1.4g per liter);

¥ Cools when it expands quickly (adiabatic expansion) & cloud formation;
¥ Produces heat when put under pressure.

Light
X-Ray Glasses

A diffraction grating is simply a  screen made up of very narrow slits (500 slits/mm) - think of miniature window
blinds. When visible light of wavelength between 300 to 780 nm pass through these, the light are bend around the
obstructions (1000 nm wide) and produce a diffraction pattern. Toy shop X-ray glasses use the narrow slits found in
feathers to create an OX RayO image of your Pngers when held against a light source. This makes a great classroom
project

Rainbow Glasses & Peepholes

Rainbow glasses & Peepholes have diffraction
grating lenses that disperse white light into

its constituent rainbow colours.  If you have a
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single axis pair of glasses then you can
prepare a large spectrum on a white board

from an OHP. See Downloads on our website
for more information. double axis diffraction
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A Pringles Can Spectroscope

Cut a small square (3 x 3 cm) from a Pringles can lid. Tape a single axis diffraction PIm to the square hole. At the
bottom of the can, score a straight line in the metal using a hobby knife and ruler and then clean up the rough
edges with sand paper. The slit should be around 1 mm wide.

Point the slid end to the light source and  rotate the plastic lid cover  until the spectra shows up nicely. You should

see two sets of spectra. Sunlight & an incandescent bulb will produce a wash of rainbow colours. This is called a
continuum spectrum. A Buorescent bulb should show bright lines of colour. Those are called  emission bands. Sodium
and mercury street lamps should show up different emission spectra. And hereCs a great idea: View the different

Bame emission spectra using this spectroscope and our pack of Colour Flame Candles.

Polarizing Glasses
A polarizer is a device that converts an unpolarized or mixed beam of electromagnetic waves (eg. light) into a beam
of single polarization.

Polarized light (such as those produced on a computer screen) will be blocked by a
polarizing Pler orientated at right angles to the light orientation. By placing
transparent objects between two cross polarized btlters it is possible to identify
materials that rotate polarized light 3D polarizing glasses are cheap sources of
polarized blters.

¥ Sandwich a plastic poly ethylene bag between two blers and stretch f;

¥View a computer screen or LCD watch with a rotating bter;

¥ Use cellotape to create patterns on a clear plastic sheet Sandwich in between two

blters and rotate one.

¥ Place a piece of mica between two cross polarized blers. Rotate one blter. Each colour represent a different
thickness.

¥ Squeeze a piece of plexiglass (eg. clear plastic fork) between two blers to see the stress lines in the Plexiglass.

Persistence of Vision

1. The RGB Ball & Strobe Ring:

This is a fun way to demonstrate that white light is made up of the three
primary colours: red, green & blue. Each Rickering LED imprints a colour
on the retina but due to  persistence of vision the eye-brain system
retains the image of each colour for a fraction of a second so the next
colour is imprinted on top of it The eye then produces a combined
perception of white light Spinning the ball OseparatesO the three imprints
on the retina and three colours are observed. when spun in a circle

2. Visual AC current indicator
Power station generators produce alternating current (ac) at 50 Hz. This 147
simply means that the current goes through 50 cycles per second. One
cycle is depicted on the right Where the OwaveO crosses the line, the
current is momentarily off, so this happens twice per cycle or 100 times

per second. 0 £ x
Now - how can you demonstrate this? Spinning an ac neon lamp on an & 2n
electrical cord only demonstrates intermittent current, not aternating
current ]
By using a bi-colour LED! and
,l connecting it to 9 or 12 volts  ac
i} /_;;e-.m—&: ‘ and an appropriate resistor, you can demonstrate the change in  current
—— direction as well as the intermittent switching. Make sure you use
‘I an ac adaptor.

First demonstrate how the LED functions with direct current (dc)
using a battery. Then connect the ac and slowly swing the LED in a

1 Demonstrated by Al Guenther at the 2009 NSTA Conference in New Orleans, USA
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circular path.
Safety: Stand clear of objects and people when swinging the LED.

Light Modulation: The Photo Phone Kit

Light is electromagnetic radiation and therefore can carry audio signals. On
19th February, 1880, Alexander Graham Bell and Sumner Tainter, prof. BellGs
laboratory assistant, became the prst people to transmit their voices over a
beam of light Bell called his invention the photo phone and said it was
fundamentally a greater invention than the telephone.

In our set-up we use a torch with modulated light beam. When the iPod is
turned on, it adds a weak but Buctuating electrical signal to the constant
current from the torch3s battery. So the torch LEDs now Ricker in sync with
the output from the iPod. The stronger battery current of the torch is
Osuperimposed® with the weaker signal from the iPod. These Ructuations are
picked up by the solar panel and are turned into electrical pulses that are

transformed back into sound by the speaker. This process is known as intensity or ~ amplitude modulation (AM).

Thanks for attending this session. I trust that it has been of value to you
and
THANKS for your valued & continued support!

Carl Ahlers
carl@profbunsen.com.au
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