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USE OF ICT IN PHYSICS TEACHING

Java Applets & Spreadsheets

Alasdair Campbell / Birchip P-12 School

(campbell.alasdair.c@edumail.vic.gov.au)

· small, rural school in NW Victoria

· small numbers of students in VCE classes

· the school is keen that physics be offered / available

· limited resources

· my task is more one of “survival” and obtaining acceptable results, rather than “extending the frontiers”

· I’m not used to speaking to a large (knowledgeable) audience …. Slightly intimidating!

· Why do I appear here? I may have filled in a VCAA survey re use of Electronic Technologies too enthusiastically – but I do use them (ICT’s) and they can be useful

INTENDED ASPECTS TO COVER

(but to be modified as required)

1:
Java Applets – some examples

2:
My use of ICT in Physics – summary

3:
Some Guiding Principles regarding (my) use of ICT

4:
Use of spreadsheets

· general points in relation to their use

5:
Examples of spreadsheets I regularly use.

JAVA APPLETS – SOME EXAMPLES

One of the sites (obtained from David Crocker at previous Physics Conf). Many other sites. Some redirect from one to the other.

http://webphysics.ph.msstate.edu/javamirror/
General Principles:

· Used as a support, not as a primary teaching device ….

· Like having an “animated blackboard” …

LIGHT & WAVES:

Home ( Light & Optics ( Addition of Colours (basic / used with Yr 9&10 group)

· Used at the end of a period, for about 5 minutes, as a follow-up to students working with Hodson Light boxes and “mixing” light.

Home ( Light & Optics ( Find the Fastest Path
· good visual demonstration to give an explanation for refraction

· (eg lifesaver on beach rescuing swimmer in surf!)

Home ( Light & Optics ( Interference
· good visual display …allows easy changing of values with clear resultant effects

· constructive & destructive interference again? 

· another way of presenting the “ripple tank” outcome? 

· as well as linking to light waves?

Home ( Light & Optics ( Double Slit Interference 

· allows to simulate “Ripple Tank” effects for constructive & destructive interference

· Change of distance (between slits) / nodal & anti-nodal lines /  wavelength

· Good!

Home ( Light & Optics ( Image formation by a converging lens
· OK, there are other (better?) sites

· shows what happens as the position of the object relative to the focal point is varied

· includes both real and virtual images

· fairly simple – useful as a means of illustrating optics (along with other work eg ray tracing / spreadsheets) in Unit 1

Home ( Light & Optics ( Ray Tracing
similar to previous site …in some ways better, more manipulation can occur

· http://webphysics.ph.msstate.edu/javamirror/
Java Applets (cont’d) ….

SOUND:

Home ( Sound ( Decibels
· very simple, but can easily illustrate sound levels to small groups (needs support material). Sound House Excursion better!

Home ( Sound ( Interference between Two Waves
· similar to Ripple Tank demo – constructive & destructive interference

Home ( Sound ( Interference of Sinusoidal Waveforms
· good - much easier than trying to explain on board

· good control over the display

· can vary wavelengths (& amplitude) of two waves and frequency and see resultant waveform

· usually best as a way of reinforcing or consolidating ideas (visually) that have been presented beforehand

Home ( Sound ( Wave Sound Pulses
· simple – good for demonstrating “beats”

Home ( Light & Optics( Superposition Principal of Waves
· OK shows two waves interacting and display can be changed / stopped etc

· two waves “interfering” and the new waves being constructed

E&M:

Home ( E&M (Charged Particle Motion in EM Field
Home ( E&M (Charged Particles Moving in an EM Field
· visual illustrations

Home ( E&M (Electric Fields
· simple – some uses at lower levels? To demonstrate E&M fields?

Home ( Circuits ( Direct Current Electric Motor
· good …visual ..shows stages of operation of a motor and the forces being experienced on the coil …some alterations possible

· allows clearer understanding of principles than from textbook or board

MANY OTHERS EXIST …

· you need to find the ones that are useful / relevant for you

· Can become time consuming. Need to make specific use of particular ones.

MY USE OF ICT IN PHYSICS 

· A “moderate” user

SOME EXAMPLES:

· Unit 1:

· simulation of radioactive decay

· spreadsheets relating to use of lenses

· data-logging of temperatures

· Unit 2:

· spreadsheets regarding motion / electricity

· use of Crocodile Clips for electrical circuit simulation

· Unit 3:

· Spreadsheets eg electrical power transmission / waves (Java Applets)

· Electronics eg use of Crocodile Clips for circuit simulation

· Unit 4:

· Motion; spreadsheets / occasional use of Video Point for motion analysis

· Structures & Materials; computerized equipment used in a tertiary lab

· Generally:

· some use of the Internet eg Physics sites

· some use of Power Point for student presentations

 USE OF SPREADSHEETS

Examples taken from Jacaranda Physics Books 1 & 2

(Lofts/O’Keeffe/Robertson/Pentland/Livett/Nelson/Settle/Pearce)

· Quite significant use made of these – and many other examples in the Jacaranda Physics Texts – as a major way of putting across concepts, but often / generally in conjunction with practical activities too.

· Most are used “as is” ie. As presented in the textbook. A few are modified slightly such as some of the motion ones.

GENERAL POINTS IN RELATION TO USE OF SPREADSHEETS:

· Not enough to just use on their own. Need to be incorporated into other activity material.

· There need to be “social” components to the work too, not just sitting in front of a computer screen.

· They contribute to “variety” in the style of work done. Most students are comfortable with and like “computer sessions”. Other work includes prac work / textbook & theory work / discussion / problem work / some computer simulations.

· Generally students have good “self-direction” with the work and are efficient in their use of the computers. Sometimes there is unnecessary extension of time as a result of emphasis on “presentation details” rather than “concepts”.

· They contribute to an “appearance” of precision in what is done and to “well-presented” work.

They represent a form of “back to front” physics (?) in that they assume a relationship and then are a means for exploring that, but if our primary aim is to TEACH (accepted) physics – in order to obtain a good end of year exam rating, rather than to DO physics and see what actually happens (with our imperfect experimental equipment / techniques), they are a legitimate learning tool.

· EXAMPLES OF SPREADSHEETS WHICH I REGULARLY USE:

Year 11:
Units 1 &2

LIGHT:
Image Formation in Concave Mirrors
#1.9 p19


(a back-up to Ray Tracing & the prac

#1.8 p17 & #1.7 p15)



Similarly:



Convex Lenses as a magnifying glass (prac)
#2.4 p42



Ray Tracing for a Convex lens

#2.5 p44



Spreadsheet for a slide projector

#2.6 p45

These allow a combination of …

( EXPERIMENTING (usually “rough / approximate”) 

( RAY TRACING (more accurate …a theory) 

( SPREADSHEET (effects can be explained and predicted by a relationship)

RADIOACTIVITY:

Exploration of Radioactive Decay

#8.2 p 176



(shows relative amounts of decay products)


The Spreadsheet is done after earlier work ….

· Coin / Dice Tossing for Decay Rates (a social component?)

· Decay Influences using a simulation program (with Geiger Counter)

· Other eg theory work, types / effects of radioactivity, discussion, etc

· Also supported by Spreadsheet simulation #8.1

HEATING & COOLING:

Modelling Cooling with a Spreadsheet
#5.1 p115

· The Spreadsheet is linked to real measurements

· The constants can be adjusted and effects noted

· We try to find the constant for our “real” situation

Some Comments:

· Students can easily follow instructions to input the spreadsheet, but the challenge is to understand the guiding relationship

· There is a positive effect in the (apparent?) accuracy of the modeling.

MOTION:
various ones are used based on …

On Your Bike or Your Own Two Feet
#12.6 p267

· Modifications of this are used

· Practical work outside is done measuring for a runner, bike (low & high gear) & car

· Values (v time) for distance, velocity (speed?) and acceleration are produced and compared.

· There are general skills of working together, collecting data, graphing etc involved and the spreadsheet greatly assists the “number crunching”.

· They all relate to many of the Spreadsheets in #12 on Analysing Motion

· Slight “problem” of having to convert from fixed “distance” intervals to fixed “time” intervals (through intermediate graph)

· Inaccuracies are magnified as you produce “derived” calculations so that acceleration is usually very erratic (but averages out!)

· Similar work is done with a Year 9/10 class where a rocket is fired, but to extend beyond the same (non-quantitative) Year 7 activity, we attach a ticker timer (with about 2 metres of tape) and calculate the initial acceleration. This produces amazing results (assuming my calculations are accurate) if the initial acceleration of about 80ms2 is projected for a minute or so. There is a good social component to this work but it also has a calculation aspect.

· Results are presented “neatly” which can look good in student workbooks and also allows easy display on science room walls and occasionally elsewhere.

ELECTRICITY:

Playing with Resistors in Parallel

#16.1 p 379

· A difficult concept for students? Allows the effects of changing values to be explored. 

· Needs to be used after other introduction is given. 

· Perhaps not as clear as some other spreadsheets as individual values are changed rather than a “pattern” explored.

Internal Resistance of a Battery

#16.6 p388

· Practical measurements are made on old and new batteries and produce good results to show the voltage drops.

· The spreadsheet produces a very clear graph which links very well with those obtained from the practical experiments

· Again allows a linking between the results of practical work, modeling by spreadsheet and being able to show that a relationship will explain and predict what is happening.

· Students seem to appreciate that a theory can produce good (predictive) results in agreement with practical measurements and see the subject as “precise” and “quantitative”.

Year 12:
Units 3&4

· Possibly less use is made in Year 12, (more emphasis on working through the theory & problems?) but quite specific use is still made of spreadsheets and also of other simulation programs such as Crocodile Clips for electrical circuits.

ELECTRIC POWER:



Modelling Power Transmission

#6.2 p127

· I think this is a very impressive spreadsheet

· We (our school and the school we are combined with for assessment) incorporate it into one of our SACs which involves …

· a practical activity where real measurements are made

· the spreadsheet is presented as a way of simulating what is happening for transmission to a “shed”

· the simulation is extended to show that it can also be used for a “large scale” situation such as the transmission of power at high voltages over long distances and to demonstrate the significant saving that occur as a result of “efficient transmission” (show overheads?)

· Students work with the computer program during the SAC and have to make predictions and obtain values

ELECTRONIC SYSTEMS:



Modelling the Charging of a Capacitor
#7.1 p 153
· Allows the theory to be modeled simply

· Possibly make more use of Crocodile Clips as our “Electronic Lab”

· Very little “real prac” is done for Electronic Systems

PROJECTILE MOTION:



Falling from Helicopter & Moving Right Along
#11.2 p 270

· We have adapted this to be incorporated into the Extended Experimental Investigation SAC

· The emphasis was on actual measurements of various projected objects by video analysis

· (Occasional use of Video Point has also been made)

· The Spreadsheet was used to link the actual measurements of the practical Investigation to the theory as “extension”

Similarly:



Modelling the Stunt Driver:


#11.4 p275
· This was used in the same way as above

· An actual situation was set up and measurements made

· The real measurements were compared with the spreadsheet calculations.

LIGHT & MATTER:

The potential to use some spreadsheets is there, but often there is pressure of time!

SOME GUIDING PRINCIPLES re. Use of ICT in Physics

(responses to VCAA Physics Survey!)

· Impact of electronic technologies on teaching:

· enhances and has become a growing component

· allows precise simulation of what theory says should happen

· overcomes some problems of lack of equipment / resources in a small, rural school

· Impact on student learning:

· improves and adds to conventional prac work

· there is a need to watch that it doesn’t totally replace conventional prac work

· some of it can be “routine”; they do a lot of similar work in other subject areas

· need to ensure that the IT technology puts across the desired physics concept

· Electronic Technologies in Practical Investigations:

· some “pracs” are spreadsheet simulations

· some use the data logger (generally at a “basic” level)

· some “pracs” are complete computer simulations eg radioactive decay, electrical circuits

· What value do these electronic technologies have (in Prac Investigations)

· if used appropriately, they add a dimension

· it is good to have simulations / spreadsheets which give the “right” answer (ie in line with the theory the students have to learn)

· What constraints in the use (of ICT) in teaching physics?

· can be overused. Physics should not be just another IT class

· can give an artificial idea of the “real” situation

· can (occasionally) have technical problems

· can sometimes have difficulties with access to computers

· Any other comments?

· an “artefact” which has potential if used appropriately, but not to the extent where it dominates and controls the subject
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