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Practical Activities for new areas of VCE Physics

Activities, experiments and demonstrations for new areas of VCE physics have been described in resource material and demonstrated at lectures.  A group of AIP Victoria Education Subcommittee members have selected some of these activities, prepared worksheets and collected equipment.  Workshop participants have the opportunity to do the activities and comment on them.

Workshop plan

There is a station for each activity or group of activities.  They do not need to be done in the order in the booklet.  Take time to try some activities and evaluate them. There will be some time for general feedback, discussion and questions at the end of the session. 

Constructive criticism

As you carry out each activity, look at it critically. There are comment sheets to complete for each activity you do.

The following questions may apply to some or all activities.

· What works? What does not work?

· Is the equipment suitable and available?

· Should there be modifications? Is there more that could be done?

· Can the activity be made quantitative or more quantitative?

· What is the best way to use the activity? Demonstration, log book record of observations, class investigation, individual student investigation?

· Could the activity be part of student assessment? How?

Laser safety

The laser/laser pointers provided for some activities are less than 1mW but still have the potential to damage eyesight if an individual looks directly into the beam or into a reflection of the beam from a mirror surface.

To reduce the chance of a laser beam encountering the eye of an individual the following  apply

· Check the safety advice on the laser;

· Keep the laser below eye level by using low bench tops and working in a standing position;

· Have students and the operator behind the laser while it is in use;

· Look away immediately if a laser beam comes to your eyes;

· Reduce reflections.
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Polarisation Activities

1.
What do Polaroid Filters Do?
The purpose of this activity is to introduce the concept of polarisation of light

Equipment

· two polaroid filters,

· a low wattage light source

Method

a) [image: image1.png]


Collect two polaroid filters and hold them up to the light as in the diagram on the right.

b) Now slowly rotate one of them.  What do you see?

You will notice that in two positions the light is blocked out.  This is what polaroid filters do.  They can block out the light if they are lined up correctly.
2.
Producing Colour
[image: image7.wmf] 
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The purpose of this activity is to introduce the optical property of birefringence

a) To produce colour place overlapping strips of sticky tape on one of the filters.

b) To see the colours hold the filters up as before with the sticky tape on the inside between the filters, as in the diagram on the right.

c) To see different colours rotate one of the filters.

d) Add more strips of tape to create more complicated patterns.

e) Try designing your own stained glass window.

3. Cutting out Glare or Brewster’s angle
The purpose of this activity is to produce polarisation by reflection.  Polaroid sunglasses are designed to cut out glare.  When light reflects off a flat surface such as water in a pool, a sheet of glass or a smooth road into your eyes, this is called “glare”.  The are often used when fishing.
Equipment

A polaroid filter

A low wattage light source

A large sheet of glass ( about 30cm x 30cm)

Ruler

Optional: a shallow, but wide container of water

Method
[image: image8.bmp]a)
Look at the reflection of the light in the sheet of glass or the water surface.

b)
Now look through the filter at the reflection and slowly rotate the filter.  You will notice that the reflection goes dim.
c)
Adjust your eye position in relation to the surface of the glass, either horizontally or vertically, until the reflection disappears.  In this position all the reflected light is at right angles to the filter, and the angle of incidence is called Brewster’s angle and can be used to calculate the refractive index of the glass.

d)
Design a method to measure the angle of incidence.

4.
Investigating Stress in Materials
The purpose of this activity is to show birefringence in stressed plastic.
Equipment

· Two polaroid filters

· A piece of transparent plastic e.g a CD cover, set square, etc

· A stand and clamp

Method

a)
Place one of the polaroid filters in the clamp at eye level.
b)
Hold a piece of plastic between the two filters and look through.  The colours show where there is stress in the plastic and where it is likely to break.

5.
Polarised light in the sky (DON’T LOOK AT THE SUN!)

The purpose of this activity is to investigate the polarisation of sunlight

Equipment

· One polaroid filter

Method

a)
Look at a section of the sky away from the sun through the filter, and slowly rotate it. Is sky light polarised?  If so, in what direction?  Is there a difference across the sky?

It is thought that the Vikings used a polarising crystal called Iceland Spar to navigate on cloudy days.
6. Changing the Polarisation with Sugar

The purpose of this activity is to show some chemicals can rotate the plane of polarisation, that is, they are optically active.

Equipment

· Two polaroid filters

· A glass container (at 5 cm in diam) of saturated sugar solution

Method

a)
Place the two filters so that they block out the light (as in Activity 1)

b)
Now without changing the angle of the filters, place one at either side of the sugar solution and look through.  Some light now comes through and you need to rotate one of the filters to block out the light.  The sugar has changed the plane of polarisation of the light, so the filter needs to be turned to get back to cancellation.

c)
What factors do you think might affect the amount of rotation by the sugar?

Optically active molecules have chiral centres, which means they have four different functional groups bonded to a carbon atom.  When artificially made these compounds have a 50:50 mixture of the two mirror images of the molecule and are not optically active, whereas, when naturally produced the molecules are all one form, and so are optically active.

Applications of Polaroid filters

· Laptop screens use polaroid filters to produce colour.

· Bees and octopi use polarised light find direction

A useful website of varied information is http://www.polarization.com/index-net/index.html

Radioactivity
1.
Properties of Alpha, Beta and Gamma Radiation

In this activity the teacher can demonstrate the range, absorption and ionising ability of Alpha, Beta and Gamma Radiation. 

Equipment

Three radioactive sources and container

Geiger counter with speaker and Geiger tube

Pair of Tongs

Stand, bosshead and clamp

Set of absorbers: Aluminium sheet, lead sheet, paper, coin,etc

Method

Set up the stand on the front bench and place the Geiger tube in the clamp so that it is pointing down towards the bench and is several cm above it.

Remove the radioactive sources one at a time and place them under the Geiger tube.
For each source try the following:

Investigation of range:  Loosen the bosshead and move the Geiger tube up and down the stand and note how the reading changes.

Investigation of absorption: With the Geiger tube close to the source, use the tongs to insert various absorbers.

Investigation of charge:  With a collimated beam of beta particles and a very strong magnet, it may be possible to observe their deflection. In the magnetic field.

The Half-Life of Dice

The following is a worksheet for an experiment to determine the half-life of dice.

Equipment

A set of wooden cubes with one marked face or dice (at least 50 per group or 300 per class)

INTRODUCTION

The throwing of dice is a random event, the same as the decay of an atom is random.  As a result, dice can be used to simulate radioactive decay.  To simulate radioactive decay, we need to know when a die has “decayed”.  The easiest way is to blacken one of the faces on a wooden cube to represent a “decay”.  When the blackened face comes up the die has “decayed” and is removed from the set.

AIM: to find the half-life of dice.

METHOD: Collect a box of 50 wooden cubes.  Check the cubes to see that each cube has a blackened face on it to identify the face for when decay occurs.

Throw the box of dice into the corner of the room.  Collect all the dice that have “decayed”, i.e. the blackened face is uppermost.  Count these “decayed” cubes, record the number and then put them aside.  Now throw the remaining cubes into the corner, and repeat this process until there are no cubes left.

To increase the accuracy of the experiment, record the data from the other groups from the board and determine the totals.

TYPICAL RESULTS







Group 1
Groups 2, 3, 4
Total

Number of throws 
No of dice decayed  
No of dice left


0

0

50
50, 50, 50
200


1

8

42
41, 44, 40
167


2

7

35
36, 37, 34
142

QUESTIONS

1.
Plot the Number of cubes left (last column) on Y – axis against the Number of throws (first column) on X – axis.

2.
Draw a smooth curve of best fit through the points.

3.
i)
Use your graph and the table over the page to determine the half life.  First select a number of cubes left and read off from your graph the value on throws axis to reach this number of cubes.  Try to read the scale as accurately as possible, even to 0.1 of a throw.  Record the readings in your table.


ii)
Now halve your number of cubes and find its value on the throws axis and enter these readings in the third and fourth columns.

2. To find the half-life, subtract the values in the fourth and second columns and enter the answer in the last column.  This number represents the number of throws for the number of cubes to halve.

2. Do this exercise for three other starting numbers and then find the average half life.

	Number of cubes left
	Value on throws axis for this number of cubes
	Half this number of cubes
	Value on throws axis for half this number of cubes
	Difference between the values of throws

	Example  180
	1.4
	180/2 = 90
	4.9
	3.5

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	Average =
	


Using Excel

1. Enter the following template

2. Use “Fill Down” with columns, A, C, G

3. Enter data in columns, B, D, E and F.

4. Draw a graph in XY Scatter of Column G against Column A

	
	A
	B
	C
	D
	E
	F
	G

	1
	Number of
	No of dice
	No of dice
	Other
	Groups:
	Dice Left
	Total No

	2
	throws
	decayed
	left
	I
	II
	III
	Of Dice left

	3
	0
	0
	50
	
	
	
	=C3+D3+E3+F3

	4
	1
	
	=C3-B4
	
	
	
	=C4+D4+E4+F4

	5
	2
	
	=C4-B5
	
	
	
	

	6
	3
	
	
	
	
	
	

	7
	4
	
	
	
	
	
	


Finding the half life of dice using Excel using “Trendline”.

1. Left Click on the data points to select them.

2. Now Right Click to show a menu and select “add Trendline”

3. Select “Exponential”

4. Open “Options” at the top and select “Display equation on chart”, then close.

The equation will be of the form y = 600 e-0.056x . The number in front of the “x” can be used to find the half life.  “t1/2” = ln(2) / Constant(in front of ‘x’).

3. The Half-Life of Protactinium

The following is a worksheet for a class experiment to determine the half-life of Protactinium.

Equipment:

A Protactinium source called a “Uranium Cow: See equipment list for recipe

Geiger counter with Geiger tube

AIM:  In this experiment you will be determining the half-life of the radioactive element Protactinium.

THEORY:  Protactinium is one of the products which are formed when Uranium decays.  The chain of events is:

Uranium 238 

  Thorium 234

  Protactinium 234

       (Q’n 1)     

Uranium 238 decays into Thorium 234 very slowly indeed.  The Thorium 234 (Question 2) decays much more quickly but it still takes some time for the amount of Protactinium to build up.  If you start with only Uranium atoms, in a short while there will be a mixture of many radioactive elements. 

We are interested only in the Protactinium.   So, a method is needed to separate the Protactinium if its decay is to be detected.  The mixture is in a bottle, which is referred to as a "Uranium Cow".  It contains the original Uranium salt, concentrated Hydrochloric Acid, water and an organic solvent, iso-butyl methyl ketone.  The organic solvent and the water are immiscible with the organic solvent in a layer on top of the water (Question 3).  The Uranium and Thorium are soluble in water and insoluble in the organic solvent, and Protactinium is the opposite, that is soluble in the organic solvent and insoluble in water.

Normally when the bottle is resting on the shelf, the Uranium and Thorium will sit in the aqueous layer at the bottom decaying away producing Protactinium.  When the bottle is shaken vigorously, the water and organic solvent mix, the Protactinium dissolves in the organic solvent and rises to the top as the layers re-establish.  If a Geiger counter is placed at the top, it will detect only the Protactinium and the decay can be observed.

METHOD: The bottle will be shaken vigorously by the teacher and then turned upside down so that the organic layer near the flat bottom can be placed near the Geiger counter.

As soon as the layers have begun to establish, the counter is started.  The cumulative count is recorded every 20 seconds for about 7 minutes.

After a further few minutes, there will have been more Protactinium produced in the aqueous layer and the experiment can be done by another group.

Typical Results

Background Count = 7 count/ 20 seconds

	Time(s)
	Mid-time 
	Cumulative
	Count in
	Corrected 

	(sec)
	(sec)
	Count
	20 sec interval
	Count Rate

	0 - 20
	10
	44
	44
	44 - 7 = 37

	20 - 40
	30
	83
	83 - 44 =  39
	39 - 7 = 32


Analysis
1.
Plot a graph of Corrected Count Rate against Mid-Time.

2.
i)
Use your graph and the table below to determine the half life.  First select a count rate and read off from your graph the value on the Time axis.  Try to read the scale as accurately as possible, even to 1.0 second.  Record the readings in your table.


ii)
Now halve the count rate and find the corresponding value on the Time axis and enter these readings in the third and fourth columns.


iii)
To find the half-life, subtract the values in the fourth and second columns and enter the answer in the last column.  This number represents the time for the count to halve.


iv)
Do this exercise for three other starting count rates and then find the average half life.

	Initial Corrected Count Rate
	Value on Time axis for this Count Rate
	Half this Count Rate
	Value on Time axis for half this Count Rate
	Difference between the Time values

	Example  180
	1.4
	180/2 =90
	4.9
	4.9 - 1.4 = 3.5

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	Average =
	


Questions

1.
Write down the decay mechanism for Uranium 238, Thorium 234 and Protactinium 234.

2.
Look up the values for the half-lives for Uranium 238 and Thorium 234.

3.
Look up the meaning of "immiscible".

4.
Why is the bottle called an "Uranium Cow"?

5.
Why is the background count important?

6.
Describe the graph.

7.
What values do you get for the half-life for each of the 5 initial values.

8.
What do you notice about your results?

9.
What is your average value for the half-life of Protactinium.

10.
Why is the half-life an important feature to know about a radioactive substance?

11.
If you started with 1000 atoms of Protactinium, how many would be left after about 7 minutes?

Astronomy

1.
 SEQ CHAPTER \h \r 1The Sky in Motion - Using Starfinder and Sky Programs in the Astronomy DS
The ideal way to observe the sky is to go outside at night as often as possible and watch the motion of the stars for as long as possible - and preferably from as many locations on Earth as possible! Unfortunately most of us, much less our students, will not be able to achieve all that.  This is where a night sky chart and/or a night sky computer program can help.  Most of what follows is about the use of computer sky programs, but don’t forget that a simple cardboard or plastic ‘planisphere’ can do a lot to help students understand the motion of the night sky.  I loan my students a $5 ‘Starfinder’ (see resources below) for the duration of semester 1.  Many of the activities described below can be achieved in class very simply if the students are equipped with one of these.

It is a sad fact, but true, that many of our students will arrive in year 11 physics knowing very little about the motion of the stars, planets and Moon in the night sky – or the Sun in the day sky for that matter! May I say, again, that getting them outdoors at night is my first priority right at the beginning of the year.  An evening viewing session is great, but simply spending a few minutes of each of the first few classes talking about the current evening sky can encourage them to get outside in the evening and discover for themselves a whole new world – literally! I try to do this at least once a week for the semester.

Using the sky programs
These notes focus on the use of ‘Starfinder’ and the two sky programs ‘Starry Night’ (SN) and ‘SkyGlobe’ (SG) but there are quite a few others available (see Resources below).

The best way to get to know these programs is to experiment with them yourself.  In some the Help files are actually useful (SN is very good, SG quite good).  In particular look for the controls which will:

• 
Set the location - SG starts up in Melbourne if you get it from VicPhysics, but there is a menu to choose other places including the poles or equator.

• 
Fast forward the time - SG goes rather fast on newer computers - slow it down by using many stars and labels if necessary.  You can jump minutes, days, years, centuries. L or R click on date or time jumps forward/back, double click continues (L click to stop).  In SN you have to click on the | and } buttons.  Both will advance one sidereal day which is good for watching the planets against the stars.

• 
Find out how to toggle the celestial grid, the ecliptic, the star and constellation names and boundaries.

• 
Zoom in and out: SN top RH buttons or Page up and down, SG top Z button or key Z in and Shift+Z out.  The one big advantage SG has over SN is that it will zoom right out to a 360 view while SN is limited to 100.

• 
Turn on/off daylight (SN will, SG doesn’t have it).

The sky through the night
The first thing to establish is the motion of the sky through the night.   As well as actually watching the sky over as long a period as possible during a single night (preferably armed with a Starfinder), the Starfinder can be used in the classroom to get a feel for the diurnal (daily) motion.  Simply set the date on the time and watch what happens as the night goes on.  Alternatively of course, you can set a sky program to advance automatically and watch the action.   Some points to consider:

• 
How the sky will look, and move, depending on what direction you are looking.

• 
The significance of the South, and North, Celestial Poles (SCP or NCP) - the centre of rotation. 

Have a time exposure photo of the sky looking south - such as the famous one from Siding Springs.

• 
Ask questions about how long various stars will be in the sky, noting that the circumpolar stars are in the sky 24 hours a day and stars in the north for a relatively short time.

• 
Discuss the reason the planets and Moon are not on the starfinder (just in brief at this point).

Why is it like that?
Hopefully the students know that the Earth turns on its axis once a day.  Ask them what the motion of the stars would like from the poles and the equator.  Then go there and see whether they were right! Any of the sky programs enable you to set the location quite easily.  In SG simply R click on the location on the top frame and it toggles between Melbourne, (then Roscommon) the equator, the poles and the equator (L click to go back).  SN is particularly good because after you set a new location (just click on the map) you actually go there slowly enough to watch the sky moving as if you were taking a (very fast!) trip around the world.

Some points:

• 
The SCP is directly overhead if you go to the south pole (similarly for the NCP).

• 
No stars ever rise or set at the poles.  They all rotate in horizontal circles - clockwise at the south pole, anti-clockwise at the north.  You can ever only see half the stars in the sky from either pole.

• 
The sky seen from the south pole is called the ‘south sky’ and that from the north pole the ‘north sky’.  It is what is seen on those big sky chart posters (which you should have in the class room!)

• 
From the equator the sky rotates around the two CP’s which are on the north and south horizons.  If you face east all the stars rise and pass over your head, setting in the west.

• 
You can see all the stars in the sky from the equator if you watch for 12 hours (apart from those right near the Sun).

• 
As we return to Melbourne from the equator the SCP will rise in the southern sky a height equal to the latitude we have travelled.  Try various cities on the way.  (In SG click on the location name to toggle Aust cities.  In SN click the latitude box and use arrow keys to change up and down.)

Celestial and Alt-azimuth coordinates
Introduce the celestial grid - the Declination (Dec) and Right Ascension (RA) coordinates - and their relationship to the Earth’s coordinate system (Dec is simply the extension of latitude, RA is similar to longitude, but rotates relative to it).  Turn on the celestial grid and watch the coordinates change as you move around with the pointer.  In SG the coords are in the lower LH corner in the order: RA, Dec, Alt, Az.  In SN it is necessary to go to the ‘Information Window’ for an object to get the coordinates.  When on an object the cursor changes to an arrow - double click brings up the info window.  There is a menu which enables you to choose between equatorial and alt-az coords (although on mine this is invisible until you click it!) In SG it is easy to show the celestial coords by just moving around the sky with the cursor (click the 3rd button down the RH set or F7 to show grid).

You could illustrate:

• 
Coords of equator and SCP

• 
North horizon is +52 Dec (ie. 90 - latitude)

• 
SCP is 38 alt 180 az and Zenith (alt 90) is -38 Dec (latitude)

• 
Zoom out (Shift+Z) until you have the whole sky (use arrows to centre the zenith Z).  Note that the celestial equator runs due E-W, and so on.  (Unfortunately SN will not zoom out beyond 100.)

The Sun, Moon and Planets
This is where the computer programs come into their own! If we face north and can see up to about 75 altitude (zoom out in SG, in SN we need to arrow up and lose sight of the horizon).  Set the time to noon so that the Sun is about north.  Now advance a day at a time and watch the show! You will see the Sun moving up and down in the sky, the Moon will flash by every month and the planets will ‘wander’ around.  There is an enormous amount going on here and it could keep one fascinated for hours investigating it all, but we need to be a little restrained – there are other topics in the curriculum!

A few of the main points however:

• 
The Sun’s maximum altitude in the sky varies between 52 ± 23½. SN can draw the analemma, SG can give alt-az easily.  Note that the max altitude is reached around 12:20 EST – because of Melbourne’s longitude difference from 150.  (Turn off daylight saving time.)

• 
Look at the rise and set positions and times of the Sun in winter and summer.

• 
Jump by a day and watch the Moon.  Note that it moves ‘backwards’ relative to the stars.  In SN lock on the Moon and watch the phase/position/time relationships.  Also note its periodic deviation from the ecliptic due to the tilt of its orbit.

• 
It was the motion of the planets ‘through’ the stars which so mystified astronomers down through the ages.  It is not difficult to see why when we watch as they move through our artificial sky.  With the advantage of fast forward (and hindsight) however, it is not hard to see that Galileo was right – the planets are moving around the Sun and not the Earth! Because of its ability to zoom right out SG probably gives the best impression of retrograde motion across the sky.

• 
SN, however, has both an ‘Earth centric’ view, which shows the inner planets doing their epicycles around the Earth, and a heliocentric view which enables one to watch the solar system from a vantage point north of, south of, or in the ecliptic plane.  Go to September 2003 and see the ‘Mars Attack’!

• 
There is one other ‘must’ with SN, and that is to go to the Moon and watch the Earth in the Moon sky.  First zoom out and see that the Earth stays more or less in the same place in the sky.  Then zoom in on the Earth and watch it rotate and go through its phases.  Then try a solar (from Earth) eclipse such as the one of 4 Dec 2002, 24 Nov 2003 or the total eclipse from Melbourne of 23 Oct 1976.  Or a lunar (from Earth) eclipse such as 16 Jul 2000.  (These are listed under ‘Interesting Events’.)

Any suggestions or additions for updated versions of this sheet which will be posted on VicPhysics are welcome! Please send to keith.b@physics.org Keith Burrows AIP Ed Comm

Resources
Starfinder:
Cardboard $5 planisphere for loaning out to students or reselling on to them - from Lesley Sangster, at Starfinder, 53 Yarmouth St. Brighton, SA, 5048 Tel: 08 8296 7749 (She will send a box of 25 post free.)

SkyGlobe: 
Was Shareware, but now free. Download from www.vicphysics.org (Teachers, VCE etc.).  This version now doesn’t crash with Win XP like most do, and it starts up from Melbourne.

Starry Night™:Commercial software, about $190 from Astro Optical, or go to www.starrynight.com for download version, BUT – see http://www.ciderhouse.com.au for a new offer for schools very soon.

Stellarium: 
Free from:  http://stellarium.free.fr/ 

Cool Sky: 
Free from:  www.astronomica.com  

See SEDS site:www.seds.org  then ‘Guides - Astronomy Software’ for a list of available sky programs and locations.  The SEDS site has a lot of other good astronomical material also.

2.
A comparison of four Astronomy Sky Programs for use in VCE Astronomy DS
	Feature
	Starry Night (Commercial)
	Sky Globe (Free shareware)
	Stellarium (Freeware)
	CoolSky

	Appearance
	Excellent. Star colour, realistic foreground, daylight/twilight (optional), light pollution setting,  
	Plain - but quite satisfactory, basic horizon, no star colour, no daylight
	Only 800 x 600 res. Star colour. (Twinkle( effect, ground fog effect, horizon, daylight option, 
	Very colourful stars/sky, horizon (no foreground), daylight option, 

	Zoom
	Only out to 100( (disadvantage)

Zoom in to view planet images
	Right out to 360( full sky (good)  Zoom in
	About 120( (distorts)

Zoom in
	Right out to 360(, large steps, zoom in

	Location change
	Select from list or move around map. Saves location.
	Select from list only. Saves location
	Move around map only. Saves location. Watch sky change
	Select location or map. Saves location

	Information
	Excellent: Magnitudes, coordinates, colour, class etc
	Position only
	Some information
	Basic info

	Change view
	Excellent: height, space, planets, above solar system, watch Earth from Moon
	No
	No
	Local horizon or Equatorial (as in star atlas)

	Fast motion
	Very good, controllable 
	Too fast on fast computer, can slow by adding stars/labels etc.
	Two speed
	Various options

	Guide lines
	RA-Dec, Ecliptic, Constellations (3 types) colour changeable
	RA-Dec, ecliptic, constellations
	RA-Dec, ecliptic Alt-Azi
	RA-Dec, ecliptic

	Labels
	Lots (many options)
	Lots (options)
	Basic
	Basic

	Retrograde motion
	Yes excellent (but would like to zoom out more)

Excellent geo and helio centric whole solar system views
	Yes but too fast
	No sidereal day jump
	Yes but not good (equat view) 

	Ease of use
	Very good, but sophisticated program with many controls. Very good pdf manual. Expensive for students, great for class demos.
	Good, takes some practice, Help is actually quite helpful. Good for students who want more than Stellarium.
	Simple, but not many controls, small help screen. Maybe good for first up students.
	Quite easy - check help

	Available
	www.space.com US$ +,  or CD etc at Astro shops A$190
	www.VicPhysics.org  Free (was shareware once)
	www.stellarium.free.fr   Free
	www.astronomica.com   (Shareware, US$25)


Other programs: Redshift - supposed to be very good but hard to get or preview (cost).

Comments/corrections/additions please! keith.b@physics.org   Keith Burrows, AIP Ed Comm  Last updated: 22 November, 2003

3.
Parallax Prac

Aim: To measure the distance to an object about 100m away, using parallax. Parallax is used by astronomers to gauge the distance to nearby stars.

Equipment: “Parallaxometers” (see below), long tape measure, 1 wooden stake per group (if on an oval), a distant visible landmark (TV tower, mast on building etc.) and a visible object about 100 m away from an open space (school-yard/oval).

Method:

1. Each group sets out a baseline, with pegs or markers, 10m long, at right angles to the line to the near object. Both near object and distant landmark must be visible from both ends. The teacher can use a “trundle-wheel” or long tape to get an accurate (secret) measurement to the object.

2. The parallaxometer is clamped to the stake or a fixture at one end of the baseline. It is used to measure the angle between  the near and distant objects.

3. Repeat at the other end of the baseline.

4. Challenge students to work out how to use the two angles to calculate the distance to the “100m” object. The closest answer can be awarded a prize.

5. The geometry is as follows:
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Mission to Mars Prac

Aim: 
To carry desperately needed supplies to the colony on Mars, via rocket.
Materials: 
Balloons, plastic straws, reel of light nylon string, sticky tape on dispensers, packet of 22g mini Mars Bars, light G clamps, a stop watch.

Activity

1. Clamps (one per group) are fixed to benches/table at intervals around the perimeter of the room at approximately equal distance from a hook on the ceiling above a front corner.  Students connect a length of line from their group’s clamp to the hook.  A straw is slide onto the line before fixing.  Also, to the hook, is fixed a red balloon named MARS (some little green inhabitants can be added).
2. Prior to launch each group has to calculate the gravitational potential energy they will need to raise their 22g Mars Bar to ‘mars’

3. The groups then build their rocket by fixing a balloon and their payload to the straw.

4. The teacher or a student, times their mission, if successful in carrying the payload to Mars.  Before winning a Mars Bar each for a prize, the group must calculate average speed and thus kinetic energy on the trip.  They are asked to write down (don’t alert others) what the sum of this and the PE calculated before represents.  (Ans: The energy contained in the balloon as air pressure)  If they get thus right all members win a a Mars Bar prize.


[image: image3]
Alternative Energy
1.
Solar Cell Efficiency

The purpose of this practical activity is to investigate the factors affecting the power output of a solar cell.

Equipment:

· Solar cell

· 10 k potentiometer

· Voltmeter

· Ammeter

· Light source (preferably a 300W light globe)

· Lux meter

Method:

a) Connect up the circuit as in the diagram below.

b) Place the light globe about 20 cm above the solar cell.

c) Place the lux meter on the solar cell and record the reading.

d) Record the voltage across the solar cell with the potentiometer disconnected, that is the current is zero.

e) Connect the potentiometer and set the potentiometer to maximum resistance.

f) Measure the voltage across the solar cell and the current through the circuit and record the value is the table below.

g) Reduce the resistance of the potentiometer and repeat measurements

h) Repeat step f) until the voltage is zero.

i) Take additional readings where there the current is changing rapidly.

j) Move the light globe to a different distance form the solar cell and repeat steps c) to j)

Results

a) Enter the measurements and calculate the power.  Note the ammeter is likely to be using the milliamp range

Lux setting : ____________
Distance from light source to solar cell: _________

	Voltage (V)
	Current (A)
	Power (W) Use P = VI

	
	
	


b) Graph Current against Voltage and Power against Voltage

c) Describe the shape of each graph

d) Using your graphs what voltage is needed to obtain maximum power?

e) Draw graphs for a different lux reading.

f) How do the graphs compare with the first set? Shape? Maximum value?

Extension:

Investigate how the maximum power varies with lux.

2.
Solar Cells:  Resources for The Secondary Science Teacher


This is a booklet of 70 colourfully presented pages of theory and practical aspects of solar cells pitched at the level of Year 11 Physics.  A copy was delivered to schools early in Term 4, 2003.  It is available in bulk quantities of 10 at educator’s discount from The Key Centre for Photovoltaic engineering, UNSW, Ph (02) 9385 4018 Fax (02) 9662 4240.


It is nominally written for the teacher, but senior students will gain value from it.  It features:

· 6 pages on Quantum Physics, Semiconductors and Solar Cells explaining about electrons and holes

· 12 pages on Understanding the p-n Junction

· Notes on 9 experiments.  Excel analysis of data is emphasised.

Electronics / Photonics / Synchrotron

1.
Light Detector

The purpose of this practical activity is to construct an optical detector using a Light Dependent Resistor (LDR).  As the name suggests the resistance of an LDR changes with the amount of light shining on it.

i)
Resistance and Light

Equipment:  LDR (VT935G) or NORP 12), multimeter, lux meter

To investigate this property, connect an LDR to a multimeter set to read resistance, and with a lux meter beside it record the LDR’s resistance for a range of lux readings.  Moving to and fro from a bright light source will achieve a good range of lux values.

Graph LDR resistance against lux and describe the shape of the graph.

ii)
Using the LDR


Equipment

9V battery

LDR

1.2k  resistor

1k  resistor

390  resistor

LED

NPN transistor

Lux meter

a) Construct the following circuit

b) Use the lux meter to determine the lux value that turns on the LED

c) Replace the LDR with the photodiode and repeat step b)

d) Remove the photodiode the 1k and 1.2k resistors, replace the transistor with a phototransistor and repeat step b)

e) How do the three photo-detection devices differ?

f) Try the experiment with different coloured lights

g) Investigate relationships between the following measurements, Lux, Vbe and Vce.

2.
Tyndall/Colladon Experiment: Total internal reflection of light in a curved water jet.

This demonstration can be used to show how a beam of light “follows” the path of a curved water stream.

You will need:

· a large (2L or more) clear PET bottle with lid.

· a LASER

· A glass tube about 4 cm long and of diameter of about 3 to 4 mm.

The small glass tube needs to be inserted trough the wall of the bottle, near the base. The joint needs to be waterproofed using silicon or glue. Fill the bottle with water and tightly screw on the lid.  This should stop the water from flowing out of the bottle through the inserted glass rod.

Set up the demonstration as shown below:

The laser beam needs to shine through the water exactly into and through the glass rod.  Now release the lid and watch as the laser light “follows” the stream of water to the bottom of the sink










   Sink

The light can clearly been seen emerging from the point where the light hits the sink or any other point where you interrupt the stream. It works best in a darkened room.

If the jet breaks up before it hits the base of the sink, increase the diameter of the inserted tube.

Notes

Additional things to do

1. Add dettol or milk to the water to make it slightly cloudy. The path of the laser beam can be seen across the bottle and along the stream of water. It follows a zig zag path in the stream.

2. a torch can be used instead of a laser.

Teacher’s notes

1. The glass tube is not necessary but makes it easier to line up the laser beam

2. The water runs out when the cap is loosened and stops when it is tightened

3. An empty jam, cat food or other tin can also be used. Light from a torch shone down from above will follow a stream of water from a hole near the base

3.
Transmission of Light

Warning

Keep direct laser light out of your eyes. Point the laser away from you and from other people. Look away from bright reflections.

a) Shine a torch or laser at a screen or lightly coloured wall. Can you see the beam as it passes through the air? Can you see reflected light from the screen?

b) Sprinkle chalk dust or powder above the laser or torch beam. Explain what you see.

c) Look at the Christmas lights. There is a light emitting diode or small light bulb at the base of each bunch of optical fibres. Describe the appearance of the optical fibres from the side and from the ends. Explain any difference by referring to the transmission of light.

d) There are three J shaped glass drink stirrers in plastic cups. One is in air, one is in water and one is in honey.

Use laser light to compare the brightness of light transmitted around the bend. 



Explain your observations by referring to reflection and refraction.

4.
Light pipes everywhere

Several different clear and coloured objects are provided. Most are everyday items that are used at school or at home. You are to investigate the effect of each on the transmission of laser light. Record your observations and inferences in a table.

LOOKING DOWN


	Object
	Observation/s
	Explanation ( Inference)

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


a)
How did the colour of a material affect the amount of light transmitted?

b)
How did the clarity of the material affect the amount of light scattered?

c)
What effect/s did the shape of the material have on the transmission and scattering of light?

5.
Two Dimensional Diffraction Effects

Use laser light to observe the diffraction pattern formed by different objects. Sketch each pattern and take any measurements that you could use to calculate the spacing of strands in the material.


a)
Single strand of insect screen


b)
Insect screen mesh

c)
Gauze ribbon




d)
Artificial flower petal

e)
Tea strainer




f)
Snap vent

Questions

i)
What is the effect of turning the material or object in front of the laser?

ii)
For each material, what conclusions can you make about

iii)
The structure of the material?

iv)
The size of the fibres in the material?

v)
The spacing of the fibres in the material?

6.
Line Spacing on a CD

Aim: 

To measure the line spacing on a CD
Equipment:
Laser (lab or pointer, wavelength must be known), CD, tape measure, ruler, retort stands & clamps, room which can be darkened.

Method:

1. Challenge the students to design an arrangement which will demonstrate the diffraction of a laser from the CD.  A good method is as follows:

2. Clamp the CD in a vertical position and clamp laser to produce a horizontal beam onto the CD.

3. Reflect the light to a suitable screen (white board etc).  If set up correctly, there should be a line of red dots on the screen, where the “diffraction grating” pattern has formed.

4. Measure accurately the distance CD – screen and the dot spacing.

5. The spacing is calculated from / D = x/L, where D = CD groove spacing, x = dot spacing on the screen , laser wavelength


[image: image4]
7.
Photonics Kit by Senko


Senko is producing a photonics kit fro schools, a prototype will be available at the STAVCON session.  Senko will be offering their own session at the Physics Teachers Conferernce in February, 2004.

8.
Fibre Optics kit from Jaycar Electronics


Jaycar sells a Fibre Optics kit for about $45.95

This kit gives you a hands on introduction to fibre optics.  It contains all the components needed to build a fibre optic data link, both transmitter and receiver, including one metre of fibre optic cable and quality double sided plated-thru PCB's.  A 26 page booklet is included which gives you assembly instructions, theory, a quick quiz and other helpful information.  When you have built this kit you will be able to transmit and receive high speed data in serial format across one metre of fibre optic cable.  The transmitter is powerful enough to actually transmit up to 16 metres.
9.
HANDS-ON PHOTONICS ACTIVITIES

FOR PROFESSIONAL DEVELOPMENT AND SCHOOL CLASSROOMS

KITS FOR SCIENCE FAIRS, TEACHER PD DAYS, SCHOOL CLASSROOMS ETC...

Dick Smith “Discovery Series” Fibre Optic Link K-2803

Last year (2002), at the ANU, a group of ACT College Physics teachers attended an in-service PD session over several days. One of their hands-on activities was to construct a fibre optic link available in kit form. I seem to recall it was a Dick Smith kit. I dropped by Dick Smith and saw that they sell a “Discovery Series” Fibre Optic Link Kit for just under $30, but I was told that this particular kit is “Quit Stock”, that is, it is going out of stock forever, and they won’t be replacing it.  (Perhaps a similar kit will appear in their “Funway 2” series of hobby electronics kits in the future, but I suspect it won’t).  There are still a few of these kits available, but you’ll have to drop into a store and get the sales staff to look it up on computer to find which stores still have any left.  If you want to get some of these, I think you’ll need to be quick - they won’t last much longer! 

From the blurb on the packet: The kit includes a 1mm optic fibre cable and a matched pair of transmitter and receiver devices. Signals are transmitted over the optic fibre by light at a wavelength of 660nm. The light is amplitude modulated and provides a unidirectional, single audio channel with a frequency response up to 18kHz. The transmitter and receiver device packages have integral screw-on clamps that give a reliable mechanical and optical termination for the cable. To options are provided for audio input to the transmitter, a microphone input and an auxiliary input. An electret microphone is supplied with the kit, and the auxiliary input is suitable for higher level signals, e.g. VCR, tuner and tape recorder outputs.

Jaycar Fibre Optic Communication Educational Kit

STOCK-CODE: KF4810 
RRP: $45.95 
Qty 1+ $45.95
Qty 5+ $41.45 
  

More expensive than the Discovery kit but does different things.  From www1.jaycar.com.au (Jaycar web site) 


This kit gives you a hands on introduction to fibre optics. It contains all the components needed to build a fibre optic data link, both transmitter and receiver, including one metre of fibre optic cable and quality double sided plated-thru PCB's. A 26 page booklet is included which gives you assembly instructions, theory, a quick quiz and other helpful information.

When you have built this kit you will be able to transmit and receive high speed data in serial format across one metre of fibre optic cable.

- The transmitter is powerful enough to actually transmit up to 16 metres.   See WO-4360 for optical fibre cable.

Electus Distribution Speed Of Light Measurement Apparatus (Kit )

STOCK-CODE: KF4815
Electus Distribution is closely related to Jaycar. This kit is one that we used successfully last August at the Australian Science Festival in Canberra, where we conducted hands on photonics workshops for school pupils Yrs 7-12. For this, you need your own oscilloscope.  The kit is made by the same people as the one above and looks very similar.

In this kit, there is a 20 metre length of 1mm diameter (2mm jacket diameter) plastic fibre, as well as a separate short length for calibration) and an electronic board with light source, detector and some electronics.  A light source sends a rapid train of pulses (~800,000 pulses per second) through a 20 metre length of plastic fibre. At the same time, the circuit produces a corresponding rapid set of electrical pulses, to be displayed on Channel 1 of an oscilloscope.  At the detector, these light pulses arrive a short time later (the delay is around 100 nanoseconds) where they are converted back into electrical pulses, that can be displayed on Channel 2 of the oscilloscope. 

Provided the system is calibrated properly in the first place (using the short piece of fibre and a single trim pot delay knob on the circuit board), then the 100 nanosecond delay between the outgoing and incoming pulses can easily be measured and used to work out the speed of light inside the fibre. (20 metres in 100 nanoseconds gives 200,000 km/second, about 2/3 of the well-known free space speed of light, in keeping with the fact that light in plastic travels about 2/3 of the speed of light in air.) 

So, to use this kit, you will need an oscilloscope that can measure up to 20 MHz signals, including a couple of oscilloscope probes with spring-loaded hooks on the end (commonly available with oscilloscopes) and the kit itself costs about $300 (or it used to, last August… I have a feeling it might be more expensive now…)

Electus Distribution  Sales Hotline 1300 738 555  Fax 1300 738 500  
URL: http://www1.electusdistribution.com.au/index.asp 

From the web page:

With the aid of a base-level 20Mhz dual trace oscilloscope & this apparatus, the finite nature of the speed of light can be demonstrated. The fixed speed of light is well known, of course, but up until now it has been very difficult to practically demonstrate this to physics students. The apparatus consists of a transmitter/receiver circuit board mounted in an impact resistant plastic enclosure & plug pack power supply. Light is sent along a fibre-optic cable. The propagation delayed pulse shows against the reference pulse on the oscilloscope screen. The calibrated screen graticule indicates the delay across the fibre optic cable. 

The manual supplied provides examples & equations to actually calculate the speed of light as propagated through the cable. The apparatus is designed for quick set up & measurement. All that is required is included except an oscilloscope & a bench top. 

*In keeping with the educational nature of the product, this item is supplied in kit form. It is quite straightforward to assemble. 

If buying this for repeated use over many years (the price would not be justified otherwise, I think), I recommend purchasing some extra lengths of the plastic fibre, for future years, as spare, and also to enable the experiment to be performed wtih different lengths if required.    

Wavelength Division Multiplexing experiment

A second hands-on activity was provided last August at the National Science Festival, by some of our colleagues at the Australian Photonics Cooperative Research Centre in Sydney. They fabricated a Wavelength-Division-Multiplexing system as a hands-on demonstration, using 3 battery-powered transistor radios to simulate different sources of data. Wires from each radio headphone output were fed to one of three electrical current drivers that modulated different LEDs (red, blue, green), whose diffuse output beams were projected towards a single detector. The amplified detector output signal was amplified and used to drive an 8 ohm speaker.  When the light was blocked, no sound was heard at all.  When all three radios were turned ON, and the light was fed to the detector from all three LED's, 3 simultaneous outputs were heard on the speaker - a real cacophony. By inserting a red cellophane “optical filter”, the signals carried on the blue and green beams could be effectively blocked and just one radio station was heard on the speaker. Thus, by selecting one wavelength, one channel of information can be isolated by the receiver.  This is the fundamental operating principle behind many modern WDM systems.  It was a home-built circuit (not commercially available), but I think anyone with a reasonable amount of electronics skill should be able to do this.  Students can have fun lining it up, blocking different signals with different coloured filters (some cellophanes don't work so well - it might pay to buy in some proper wavelength filters).   Some mucking around is needed with the LEDs to combine all three effectively onto one speaker.  For ruggedness, the people who made this embedded the LED’s in clear epoxy inside a used whiteboard marker pen case, which acted as a crude ‘waveguide’ to direct the light from each to the same destination.

Tilting mirrors kit for a laser light show

A simple kit that allows you to rapidly control the orientation of two mirrors for Laser light show displays can be made using $17 kits from Oatley Electronics. One mirror controls the “X axis” movement of the beam, while the other controls the “Y-Axis”. Pretty shapes, like Lissajous figures, etc can then be projected onto a wall or screen, simply by pointing the laser at the first mirror, which directs it to the orthogonally vibrated second mirror.  Kit information for this is at http://www.oatleyelectronics.com/kits/k028.html but you will need to supply the laser and build the kit.   Apparently instructions are basic, so a lot would be up to the ingenuity of the builder. Mirrors are provided by the looks of it, but no case or laser diode is included with the kit. I have not witnessed this particular kit in operation, so I can’t say if it is any good or not.

OTHER CLASSROOM DEMONSTRATIONS

These experiments could be done as front-of-class demonstrations for important optical principles. 

· Tyndall's / Colladon's Experiment: A perennial favourite. You need a clear plastic bottle (eg, 2 litre clear juice bottle), a He-Ne laser, a sink, a white tile to aim the water jet at, as shown below. This works well:
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· High Numerical Aperture fibre bundles - always spectacular for bright light transmission. Point one end at a bright light, see how much comes out the other.  Some old instruments contained these (old endoscopes, etc)

· Coherent fibre bundles for imaging (rarer and harder to find). Expensive, but some companies still sell them.

· Optical guidance: Bright light / He-Ne laser beams bouncing along inside perspex rods, zig-zag fashion. Scattered light allows you to see the beam inside the rod.  If the rods are a little bit ‘smoky’ (more scattered light) it looks even better! You may need to use a black cloth as a backdrop and close blinds to allow you to see the beam during daytime. An interesting variation on this theme for younger students, You can make "jellysnake waveguides" (cut the ends off a delicious yellow or white jelly snake, or jelly ring, and shine a laser or sunlight along it...) . The jelly is a ‘turbid’ (highly scattering) medium, but over a few inches, it’s quite effective!

· Polarisation & stress in materials: Highly stressed transparent objects with internal stresses will produce pretty colours due to stress-induced birefringence, when placed between two sheets of dichroic polaroid sheeting with their principle axes perpendicular.  Similar demonstrations can be configured using an overhead projector, or items can be passed around classroom. Mechanial engineers often used this to analyse structures or components like gears and cantilevers before they built them, to see where the internal stresses would conentrate. These days, finite element computer modelling does a better job…

· Optical fibre under the microscope: A short piece of cleaved optical fibre, illuminated by a bright small aperture incoherent (preferably incandescent) light source from below can be observed end-on under a microscope.  The light tends to be trapped preferentially in the core, which shows up bright against a darker background (cladding). 

· Optical fibre bend loss:  If you have access to clear jacketed glass fibre, and can shine a visible laser into it, then wrapping the fibre around a tight bend (e.g. your finger) will cause light to escape the core and radiate into the cladding and jacket, causing a strong ‘glow’ in the fibre in the bent region. A very effective demonstration of the problem of “pure bending loss” in optical fibres.

OPTICS SUITCASE

For longer term use, you might considering importing from the Centre for Optics Manufacturing in Rochester (USA) an Optics Suitcase, specially designed by Prof Stephen Jacobs for outreach programs to school students. I've attached a brochure in .pdf form and you can also see more by visiting: 

http://www.opticsexcellence.org/Programs/EduOutreach/suitcasebroch.htm 

As illustrated, simple demonstrations with polaroid sheet are very good - just get some polaroid sheet, say 10cm x 30cm, curl it up into a tube and then insert clear plastic (polycarbonate, say) spoons & forks etc.  Because of the way different polarised light components interfere with one another, after travelling through the birefringent plastic medium, you get to see colourful stress patterns in the plastic cutlery, frozen in at the time it cooled during manufacturing.  You can also insert bits of microscope slides with layers of sticky tape of various thicknesses, at all angles (the old fashioned clear cellulose type, not the more modern Scotch "invisible" matt plastic tape) 

A special demonstration can be performed using an overhead projector with crossed polaroid sheets (about 220 mm square) separated by 4 plastic cups.  With the crossed polaroids, the OHP light is blocked, but when some plastic cutlery is thrown in between them, it shows up on the display screen in pretty colours! 

Polaroid / polarising sheet is available in a number of places, I would guess, (e.g. scientific equipment suppliers, etc) but I imagine prices are variable. It might prove more expedient and cheap to go straight to the manufacturer. These days, Polaroid films are being manufactured by 3M in the USA, and you can see all about it at: 

http://www.3m.com/market/omc/om_html/tech_polar_html/index.jhtml 

To buy this, you might need to approach 3M Australia and make enquiries through them Telephone 136136 or http://international.3m.com/intl/AU/index.html 
Various people eg. Edumund Scientific, e-Sci.com http://www.e-sci.com/Kids/1016/2005/3044/W3044.html sell diffraction grating material on plastic sheets. Also diffraction goggles, rainbow disks etc are all pretty to look through.  

The suppliers of the rainbow disks used in the Optics Suitcase are listed at

http://www.opticsexcellence.org/Programs/EduOutreach/rainbow.htm 

POSSIBLE QUANTITATIVE EXPERIMENTS FOR YEAR 12 PHYSICS CLASSROOMS

Some of these would require ‘non-standard’ equipment that not many schools will have access to, but there’s no harm in mentioning the possibilities, to stimulate thought.

· Plot the acceptance cone of light into an optical fibre (and compare it to the exit cone), using pinholes, He-Ne lasers and simple detectors,

· Compare the light acceptance and transmission properties of single mode and multimode fibres, including multimode, few mode and single mode spot patterns - these can be sketched, plotted using pinholes and detectors, or photographed using cameras attached to computers...

· Plot the current-output relationship for a diode laser, to illustrate threshold, slope efficiency, spontaneous vs stimulated emission regimes etc

· Build a simple reverse-biassed photodetector circuit and characterise its response, photocurrent vs light level (as measured independently on another reliable light meter).

· Plot the transmission of light between two butted fibres, as a function of fibre axis lateral offset (some sensitive fibre positioning gear may be required) and compare the result to published results using Gaussian beam approximations - brighter students may be able to use Maple etc to derive the coupling efficiency as a function of lateral offset...

· Accurately determine the speed of light in a length of single mode fibre, or plastic fibre using the speed of light measurement kit from Electus. This is more than a quick estimate - several lengths of fibre should be used, and careful measurement and proper error analysis is needed.

· Measure the speed of light using the well-known "rotating mirror" method. See for example:

 http://www.pas.rochester.edu/~pavone/particle-www/summer2002/FoucaultDemonstration.htm

· The cardboard spectrometer as used in Switched On To Physics program in Victoria (parts to be supplied from Monash uni, and cardboard and foam to be cut and supplied from a local supplier in the ACT), look at light spectrum from incandescent bulbs, long life fluoro bulbs, fluoro lights, LEDs, spectral lamps, lasers, light through cellophane, etc

· To continue the previous theme, use a bright white light source and a diffraction grating and some slits, or a grating based spectrometer / monochromator like the ones fabricated in Switch On to Physics to assist in determining the spectral responsivity of a silicon detector, (photocurrent out / light intensity in, as a function of wavelength). If suitable equipment can be made available, the students can progress to determine the pass-band spectral characteristics of an absorbing optical filter, the emission spectrum of an LED, the spectral response of an optical coupler or the reflection spectrum of a Bragg Grating for example. A more sophisticated version can be done at university, using lock-in amplifiers, synchronous demodulation etc, for accurate measurements with low light levels in the presence of other electronic & optical noise.

· Use a metal ruler as a diffraction grating for glancing-incidence light. This is a simple and common experiment done with helium neon lasers.

· Measure the transmission or reflection spectral characteristics of a home-built Fabry Perot interferometer. (Very good mirrors are needed, or else it is a very poor interferometer!!)

· Use a Michelson interferometer to resolve the sodium yellow doublet of a spectral lamp. (often done at uni, but simple enough to be understood at school!). Michelson devised this method to resolve close spectral doublets that could not be resolved using grating or prism spectrometers. The basic idea is that two closely spaced narrow spectral lines produce two independent but almost identical fringe patterns, with slightly different periods. The ‘beating’ period between these fringe patterns is related (inversely) to their wavelength separation, which can be deduced by counting the number of fringes between the low “visibility” regions (poor contrast fringes) of the combined or superimposed interference pattern from both lines in the spectrum. 

· Bell's Photophone experiment -various web sites explain how it is possible to construct Bell’s photophone from readily available components like alfoil, a simple detector, a laser pointer, a plastic tube. A student speaks into the tube, vibrating the membrane (shiny foil) which modulates the reflected laser beam and hence the photocurrent from the detector. The amplified photocurrent drives a speaker and voila! You can hear voices carried on a beam of light.

POSSIBLE PHOTONICS-RELATED PROJECTS FOR YEAR 11/12 STUDENTS

These might be suitable as part of a physics, technology or design-based unit:

· A fibre optic door-bell, security system, proximity sensor or simple switch-detector to detect / monitor if a door is open or closed.

· A double-grating spectrometer based on pieces of a compact disc as the dispersion element, to examine the spectra of laser diodes, spectral lamps, LEDs, etc…

· WDM demonstration using radios, cellophane, LEDs, amplifiers, speakers etc... built it themselves over a number of weeks, in a team

· A fibre optic "microphone" (using either interferometry, or more simply, transmission changes across a gap that can be vibrated with sound)

· Bell's Photophone, home built and demonstrated by a team of intrepid students

· Modulated infrared LED, plus a Detector and IR filter for use in a free-space classroom optical communications system, or a link between computers for networking.

· A re-configurable three-channel WDM system allowing 3 students A, B, C to talk to 3 other students D, E, F in any combination... "photonics WDM puzzle" (e.g. allow A and C but not B talk to D, let A talk to E and let B talk to E and F, at the same time, using filters, beamsplitters, 3 different LEDs, detectors, speakers, microphones / telephone headsets

· An accurate weight-measuring instrument (to weigh students, perhaps) based on the stress-optic effect in perspex, measured by passing light through the stressed perspex between crossed-polarisers. Perhaps a cantilever, or simply a squashed perspex element might do the trick!

· A fancy flashing light display wtih LEDs, optical fibres, microphone-activated audio-frequency-sensitive colours, etc, artistic or advertising merit, possibly for an arts or design subject.

· Anything the imagination can conceive, that can be done in a low budget but interesting manner, using light sources, detectors, fibres, gratings, filters, polarisers, microphones, amplifiers, speakers, radios, switches, lenses, mirrors, etc... Students can trawl the web for inspiration. Eg, the electronic kit companies often have optical devices as part of their retinue of products.  Some of these could be emulated or improved upon…

Equipment List

Item
Cost
Supplier
A.

Polaroid filters (pair) (5cm x 5cm)
$12.40

B
Radioactive sources (set of 3: Po, St, Co)
$390
Haines

Storage pot of radioactive sources

$45

Geiger counter (Portable, digital with built in tube)
$490

GM tube and holder

$343

Multicounter

$720

Uranium Cow Recipe

Dissolve 1.0 gm of Uranyl Nitrate in 3.0 ml of water in a beaker, add 7.0 ml of conc HCl and 10 ml of amyl acetate.  Transfer the mixture to a plastic bottle.  Do not quite fill the bottle and screw the cap on tightly.

D
Solar panel (5W)
$155
Solar On line
Solar panel (SP12V4 12V 4W)
$64
Radio Parts
Lux meter
$59

Lux Meter (1586)
$155
Radio Parts

E

LDR (VT935G) (10k – 50k at 10 lux)
$2.88 
RS Components
LDR (NSL 19-M51) (20 - 100k at 10 lux)
$3.82 
RS Components
Photodiode (SFH203P)
$2.09
RS Components
Phototransistor (SHF313A)
$0.86
[image: image6.jpg]
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Parallaxometer Design: Board 50cm long, distant object is placed at zero on the scale and clamped.  Near object is sighted on the scale and angle calculated. Repeat other end of baseline.
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