Teaching Unit 2 with Astrophysics in 2004
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This is the text of the presentation by Keith Burrows in the Planning for Unit 2 – Astrophysics session at the Physics Conference Feb 2004. Most illustrations have been omitted to keep the file size reasonable. Some references and comments have been added since the conference.
Motion – Key knowledge and skills

· Describe non-uniform and uniform motion along a straight line graphically;

· Analyse motion along a straight line graphically, numerically and algebraically;

· describe changes in movement are caused by the actions of forces;

· model forces as external actions through the centre of mass point of each body;

· explain movement in terms of the Newtonian model and some of its assumptions, including Newton’s three laws of motion, forces act on point particles, and the ideal frictionless world;

· compare the accounts of the action of forces by Aristotle, Galileo and Newton;

· apply the vector model of forces, including vector addition, vector subtraction and components, to readily observable forces, including weight, friction and reaction forces;

· model mathematically work as force multiplied by distance for a constant force and as area under a force versus distance graph;

· interpret energy transfers and transformations using an energy conservation model applied to ideas of work, energy and power, including transfers between

· gravitational potential energy and kinetic energy near the Earth’s surface;

· potential energy and kinetic energy in springs;

· apply graphical, numerical and algebraic models to primary data collected during practical investigations of movement.
Motion – Key knowledge and skills

· What’s in and what’s out?


IN

· compare the accounts of the action of forces by Aristotle, Galileo and Newton;


OUT

· Impulse and momentum


COMMENTS?

· Point of historical approach?

· Will you do momentum?

Electricity – Key knowledge and skills

· apply charge conservation and energy conservation models to electrical phenomena to describe relationships between charge (Q), electric current (I), voltage (V), energy (U) and power (P), in electric circuits;

· model circuit relationships mathematically including: I = Q/t, V = U/Q, U = VIt, P=U/t = VI;

· model resistance in series and parallel circuit using:

· 
- voltage versus current graphs

· 
- resistance as the voltage to current ratio, including V= IR for ohmic devices;

· 
- equivalent effective resistance in arrangements in:

· 

series: RT = R1 + R2;

· 

parallel: 1/RT = 1/R1 + 1/R2;

· model simple electrical devices, car and household (AC) electrical systems as simple direct current (DC) circuits;

· model household electricity connections as a simple circuit comprising fuses, switches, circuit breakers, loads and earth;

· 







cont... 

Electricity – Key knowledge and skills

· identify causes, effects and treatment of electric shock in homes and relate these to approximate danger thresholds for current and time;

· investigate practically the operation of simple circuits containing resistors, including variable resistors, diodes and other non-ohmic devices; 

· present data from practical investigations in tables and graphs;

· compare the idealised functioning of circuit components in computer modelling simulations with data obtained as a result of student investigations;

· convert energy values to kilowatt-hour (kWh);

· use information sources to assess risk in the use of electrical equipment and power supplies;

· use safe and environmentally responsible practices un the use of electrical equipment and power supplies.

Electricity – Key knowledge and skills

· What’s in and what’s out?


IN

· apply charge conservation & energy conservation models…

· model simple [circuits]… household (AC)…as DC circuits

· …diodes and other non-ohmic devices

· compare idealised…computer models…with student investigations


Basically these spell out what we probably have been doing anyway.


OUT

· sources of emf and internal resistance


COMMENTS?

· Coulomb’s law?

Astrophysics – Key knowledge and skills

· compare two or more explanations of the nature and origin of the Universe;

· explain the steady state and Big Bang models of the Universe;

· analyse one or more computer simulations of aspects of the nature of the Universe;

· explain the link between the Doppler Effect and Hubble's observations;

· apply a qualitative understanding of methods used for measurements of the distances to stars and galaxies;

· explain the formation of galaxies, stars, and planets;

· describe the properties of stars: luminosity, radius and mass, temperature and spectral type;

· use the Hertzsprung-Russell diagram to describe types of stars, their evolution and death;

· explain fusion as the energy source of a star;

· compare the Milky Way galaxy to other galaxies;

· describe characteristics of the Sun as a typical star, including size, mass, energy output, colour and information obtained from the Sun's radiation spectrum;

· select appropriate data relevant to aspects of astrophysics from a database.

Astrophysics – Key knowledge and skills

· It’s all new!


COMMENTS

· It is not meant as a sequence – we are expected to design our own course. 

· In fact the sequence does not seem very logical?

· Can we assume any knowledge from years 7 – 10?

· How does it relate to Astronomy? Do they overlap?

· ‘Other’ explanations of the nature and origin of the universe?

Timing

· Suggestion:

· Motion 

5 weeks

· Electricity 

4 weeks 

· Astrophysics
4 weeks

· The planning document from the June 2003 inservice contains a detailed breakdown – available from VCAA & VicPhysics.org

I have not included the extracts in the original presentation here as the whole doc is available either from VCAA (go to the Pilot Physics site and download VCE Physics Workshops 2003: Program and materials (Word 2000 - 580KB)  or from VicPhysics in the ‘Course Planning Resources for 2004’ section.
Timing

· The fact is that unit 2 is always tight.

· It is possible to fit it all in but some strategies to help:

· Unit 1 does have less content and unit 2 can be started earlier.

· See whether basic motion and electricity can be covered in year 10 (and below). They should be!

· Some of the Astrophysics content can be merged with the Astronomy, and done earlier.

· Many students will have done some basic astronomy and so that DS can be done more quickly.

· See Gary Bass’s ‘Course Planning’ doc on VicPhysics.org 

·  he has a great list of good web sites on motion and many useful ideas on planning and assessment.

· When to do Astrophysics?

· Can integrate some with Astronomy earlier (distances, luminosity).

· Can do before motion, but logically it is after it.

· Seems a great conclusion to a year that started with Astronomy.
Planning Astrophysics

The Study Design sequence:

· nature and origin of the Universe

· Steady State and Big Bang models 

· computer simulations

· Doppler effect and Hubble's observations

· distances to stars and galaxies

· formation of galaxies, stars, and planets

· stars 

· luminosity, radius and mass, temperature and spectral type

· Hertzsprung-Russell diagram - evolution and death

· Milky Way and other galaxies

· Sun as a typical star

· including size, mass, energy output, colour, radiation spectrum 

· use a database
Two different approaches:
· Start with the Big Bang

·  and work up to the present

·  formation of galaxies, stars, solar systems

·  from the unknown to the known

· The ‘human adventure’ story

·  start with human curiosity

·  how do we know?

·  from the known to the unknown

·  the greatest of all mystery stories!

The adventure story

· How far away are the planets and stars?

· Distance and apparent brightness give luminosity

· The Sun - our special star

· distance, size, mass, luminosity, spectrum, temperature

· Computer simulations

· the nuclear processes in the Sun, the solar wind

· Stellar spectral types ( temperature

· luminosity + temperature ( radius; Binaries + distance ( mass

· Luminosity and temperature ( H-R diagram

· MS, giants and dwarfs ( evolution and death

· Galaxies are far away (Cepheid variables) 

· and moving away (Doppler and Hubble)

· Milky Way our own galaxy (size, our position)

· Models of the universe - steady state - big bang

· Formation of galaxies, stars and planets

Prac Work

· Prac in Motion and Electricity is fairly much as before, although we now need to do the ‘Practical Investigation’ in one of those as it doesn’t really suit Astrophysics.

Prac Work - Astrophysics

· The emphasis is on the ‘mystery story’ rather than a lot of practical work

· But it is all a great investigation!

· Pracs could include

· distance by parallax eg. old PSSC viewer

· or use of a compass

· the inverse square law (projected dots)

· the Doppler effect

· spectra of elements

· LEA: Laboratory Exercises in Astronomy, and 

· CLEA: Contemporary Laboratory Experiences in Astronomy

SKY AND TELESCOPE LABORATORY EXERCISES IN ASTRONOMY (LEA)


· Paper based exercises published by S & T in the 1970’s, but still very relevant

· Written by people like

Jay Pasachoff, 

Owen Gingerich, 

Gary Schmidt

· Serious but manageable (with some editing)
A sample page from the Hubble Red Shift exercise follows:
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This image has been reduced to keep the file size down. The originals are very clear!

· Other possible LEA could include

· LE-2 Spectral classification of stars (
· LE-3 The Rotation of Saturn and Its Rings

· LE-4 The Earth’s Orbital Velocity (
· LE-6 Proper Motion

· LE-7 Pulsars

· LE-8 The Crab Nebula (
· LE-9 Hubble’s Law (
· LE-10 Cepheid Variables (
· LE-11 The Rotation of Mercury

· LE-12 The Orbit of a Visual Binary

· LE-13 Quasars

· LE-17 How far to the centre of the Milky Way? (
· Hopefully they may be available through STAV, but don’t hold your breath.

· Address in USA in ‘Astronomy Resources’ doc on VicPhysics.org
This doc has been added at the end of this file. 
CONTEMPORARY LABORATORY EXPERIENCES IN ASTRONOMY (CLEA)


· - The Classification of Stellar Spectra.

· - The Hubble Redshift Distance Relation.

· - The Revolution of the Moons of Jupiter.

· - Radar Measurement of the Rotation Rate of Mercury

· The website is listed in ‘Astronomy Resources’ – ADDED BELOW
Assessment

· Plenty of scope with LEA and CLEA

· Produce a concept map of Astrophysics

· Write up of simple pracs
Some resources
This list is taken from the current version  (7 Feb 04) of AstroResourcesFe04KB.doc available on VicPhysics under Unit 1 Astronomy or Unit 2 Astrophysics. See that site for future updates.
These are resources for Astronomy as well as Astrophysics.

Books (in addition to the standard VCE texts which have now included material for the detailed studies):

*Freedman, RA & Kaufmann, WJ 2002, Universe, 6th edn, CD incl, W.H.Freeman and Company, New York. An excellent reference book, but well over $100. (Did include a CD with ‘Starry Nights’ sky program, but this may no longer be the case I suspect – anyone know?).

*Carroll, B.W and Ostlie, D.A An Introduction to Modern Astrophysics Addison-Wesley 1996 A serious (and expensive) guide to the subject.
*Davidson, N 1993, Sky Phenomena: A guide to naked-eye observation of the stars, Lindisfarne Press, New York.  - A useful source of observation ideas and good diagrams to help explain what we see in the sky. ISBN0-940262-56-8

*Dawes, Northfield, Wallace: Astronomy 2004 Australia. Quasar Publishing – www.quasarastronomy.com.au A very useful guide to the sky through the year. (I assume the 2004 version will be published but I haven’t seen it yet. The 2003 version was good.) Could have several copies for physics class loan.
*Ellyard, D 2001, Sky Watch: A Guide to the Southern Skies, ABC Books, Sydney -A general interest book for the library.

*Pasachoff, Jay M., Various versions of Contemporary Astronomy – has been updated and published in several editions since the 1980’s.
*Holton, G & Brush, SG 2001, Physics, the Human Adventure: From Copernicus to Einstein and Beyond, Rutgers University Press, New Brunswick. - Not easy to get (see www.rutgerspress.rutgers.edu) but a very good reference on the historical/philosophical aspects of physics (not just astronomy) ISBN0-8135-2908-5

*Wyatt, P 1996, Astronomy for the Southern Hemisphere, CSIRO Series, Cambridge University Press, Melbourne. - A very good, affordable reference for much of this work. ISBN 0-521-43999-X. Good for school library.

* Burnham et.al. An Australian Geographic Guide to Space Watching Australian Geographic 1999. A very nice guide to observational astronomy and much more. (Aust. Geographic shops) Good book for the school library.
*See Astronomy quiz in ASTJ March 2001

Starfinders and computer programs ("Planispheres") – mainly for Astronomy in Unit 1
Starfinder, cardboard planisphere, available from museum shops and the like or in bulk for schools direct from: Starfinder, 53 Yarmouth St., Brighton, SA 5048 (Tel 08-8296 7749) - a good, economical ($5), starfinder for class use.
Quasar Planisphere a more expensive plastic version is more robust and available from Quasar Publishing (see link above) and various shops like Australian Geographic.
Skyglobe - very good computer based night sky software available free from www.vicphysics.org Go to Teachers – VCE -Preparing for 2004 - Astronomy (This will change shortly, but it will be obvious.)

Starry Night -very good commercial computer based starfinder which is now available from www.ciderhouse.com.au (Education edition complete with manual about $85) or direct electronic version on line from www.starrynight.com (check it out, but the download costs about as much as the CD version with manual from Ciderhouse I think.)
Cybersky is a Shareware program (about 1MB) available at www.cybersky.com 

Cartes Du Ceil is available from www.stargazing.net/astropc/index.html 
I have not seen these last two yet so can’t comment on them in comparison to the other programs. Anyone got comparison comments? A good way to look for these types of programs is to go to www.seds.org and click Guides – Astronomy Software. You get a big list with links, type and cost

Contemporary Laboratory Experiences in Astronomy, or 'CLEA' is a set of computer based exercises that can be downloaded (free) from Gettysburg College, PA: www.gettysburg.edu/academics/physics/clea/  Several exercises are available including: Classification of spectra; Hubble Red-Shift; Large Scale Structure of the Universe; Flow of Energy out of the Sun; Radio Astronomy of Pulsars; The Moons of Jupiter; the Height of the Lunar Mountains. I have used the Hubble Red-Shift exercise with my year 11 students and they really enjoyed it and got a lot out of it. They seem to give students a good 'feel' for some real astronomy. Make sure you download the student guides as well as the software – they are very well done and make using the software much easier!

Laboratory Exercises in Astronomy: A set of exercises (on paper) originally published in Sky and Telescope magazine in the 70's & 80's. They are available from Sky Publishing Corp, 49 Bay State Road, Cambridge, Mass. 02238 USA, Fax: 617 864 6117  It is possible to obtain a 'Sampler Pack' containing one each of the 18 exercises (almost all of which could be adapted/used) and a number of charts and graphs for US$10-95 plus post – which is about as much again! Request the: C0001 ESSCO Sampler Pack (20 charts and 18 lab exercises).
Hopefully we may be able to obtain bulk copies in Vic for distribution through STAV or AIP if they are felt to be of value. They don't appear to be available through the S&T internet site. Some examples of the S&T LEA's:

(see above)
There are numbers of projects in books such as Universe or Sky Phenomena which could easily be adapted to suit our students. Again, hopefully we may be able to share ideas and suggestions via VicPhysics.

* And of course an excursion to ScienceWorks and the Planetarium!

* ‘Journeyman Starlab’ have now also prepared a special presentation for VCE Physics: www.starlab.com.au  

* The Centre for Astrophysics and Supercomputing at Swinburne Uni, can provide: Practical observations using the Faulkes Telescope: http://astronomy.swin.edu.au/faulkes/ and computer simulations of various aspects of the nature of the universe using the Centre’s innovative “Virtual Reality Theatre”. 3D visualisations of the Solar System, pulsars, the formation of galaxies plus many other astronomical concepts. or visit Astrotour: http://astronomy.swin.edu.au/astrotour/  
Websites: 

Also see above and other lists under VicPhysics/Teachers/Unit 1/Astronomy. Also see the Links page.

Here are some particularly useful ones:

Astronomy Picture of the Day (from NASA) http://antwrp.gsfc.nasa.gov/apod/astropix.html Great pictures and lots of useful links and info.

Melbourne Uni Astrophysics: http://astro.ph.unimelb.edu.au/central/ Very useful site with links to all sorts of Astro related sites in Australia and O/S.

Melbourne Planetarium:  www.museum.vic.gov.au/planetarium/info.html Very useful site with good ‘what’s in the sky tonight’ type pages and lots of links. Their monthly ‘skynotes’ are very good.

Astronomical Society of Victoria: www.asv.org.au/ Local society which has interesting monthly meetings and observing nights. They are keen to help teachers where they can.

SEDS www.seds.org (Students for the Exploration and Development of Space) is a very useful site with links to many good space and astro related sites, and guides to astro software etc.
