Physics is a branch of philosophy:                                                         Students love the big questions.
Summary: Good philosophy questions in each unit and DS
	Unit 1:
Wave-like properties of Light
	· Science is modeling, not truth.
· What is waving in the vacuum?

· What is energy?

	Nuclear and radioactivity physics
	· The particle model cannot be the “truth” – but we still need to use it!

	DS Astronomy
	· The Ockham’s Razor principle for models – the simplest often wins out (e.g. Copernicus v. Ptolemy).

	DS Medical physics
	· The paradox of using damaging techniques to cure people.

	DS Energy from the nucleus
	· Mass = trapped energy! E=mc2 (follows on from “What is energy?” above)
· Should we go to nuclear power?

	Unit 2: Movement
	· Most people remain Aristotelian for life! Why?

	Electricity
	· What is electricity? Why does it have a repulsive option but gravity doesn’t? Or does it?

	DS Astrophysics
	· What caused the Big Bang?
· If the universe is finite in time, does it have an edge? What would be beyond the edge?
· What are the odds of life elsewhere?

	DS Aerospace
	· How did birds and dragonflies invent the “plane” and the “helicopter”, long before us?

	DS Alternative Energy
	· Can we be totally sustainable? Why should we?

	Unit 3: 
Motion in one and two dimensions
	· The success of mathematical models (Newton) in replacing observational models (Aristotle)
· The logic behind the formulas

	Electronics and photonics
	· The pace of technological innovation – and where is it taking us?

	DS Einstein’s special relativity
	· Symmetry: Why do the laws of physics have to be the same for everyone? Why aren’t Newton’s? Why do they work anyway?
· Frames of reference: How does symmetry suggest the speed of light should be the same for any frame, any observer?

· Why is time a special dimension? Connects with “What is energy?” in unit 1.
· Magnetism is electricity. It happens because of relativity effects on moving charges. 

	DS Materials and structures
	· How can “ugliness” be avoided in a structure?
· Sustainable buildings – are they possible?

	DS Further electronics
	· How far can miniaturization go in electronics?


It is important, as teachers, that we wrangle with the deep questions and tease out the philosophy opened up by the science of physics. Most people think science means “knowledge” ( from the Greek “scientia”) and all that happens is that knowledge increases with time. Some teachers present science in this way - leaving out any tricky questions. “ Don’t worry, science has all the facts and answers we need. Learn the facts and formulas, kiddo!” This makes science as dry as dust. The real story is very different. 
Physics is about the process of testing ideas of the world to see if they accord with what we experience and measure. It’s also about the warfare between competing theories and the people who expound them. To explain what we experience we’ve had to explore way beyond the direct reach of our senses - into the weird subatomic world and out into the vast cosmos. 
The first “scientists” were, I would claim, the people who invented a “god” to explain everything mysterious – a god for the sun, another for thunder and another for lightning etc. At least they were looking for answers to the question “Why?”. They used their imaginations to come up with supernatural beings who were the cause behind these mysterious happenings. Compare this with a dog who merely whimpers in fear at the thunder, because it has no capacity to explain it at all. It took a long time before we improved on the “god for every problem” solution, but it could be argued that the ancient Greek philosophers were the first to develop a “rational approach” to the world and its issues. 

Aristotle’s approach to explaining observations in a general way (e.g. “The nature of a moving object is to stop; a falling object returns to its natural place”) – was it the beginning of real science? His generalizations and principles were wrong – but the value of trying to create an understanding of experience, using principles, should not be devalued. He also began to categorize things, which is another essential facet of science.
So why is physics a “branch of philosophy”? Originally science was called “natural philosophy”, to distinguish it from ethics, the philosophy of how to live and other human aspects of philosophy. Physics has now “separated out” into the science of explaining and predicting the physical universe. Now it is an official “science” it has separated, somewhat, from philosophy, which is taught as a “humanity”. The problem is that many teachers have separated them mentally and now ignore the philosophy in physics. There is not a lot of philosophy in the text books. But is there any philosophy in physics? Let’s look at the VCE course, unit by unit.
Unit 1: 

Models and Truth: We talk about wave, particle and ray models for light. Why do we need models? Is a scientific model the same kind of thing as a model airplane? Why don’t we know which is the “true” answer? This opens up the big question of “Can science tell us the truth?” Are the formulas in the text books the truth? The philosopher Thomas Kuhn says science is just a process of one paradigm replacing another
. There is no final truth that we are going to find one day. If this is so then our models are the best we can do. If  a ray model is useful for locating images then use it. It doesn’t mean light IS rays. In fact light cannot be made to travel as a pencil-line thin beam. But the model is still useful in the right situation. If a particle model explains photoelectricity, well and good, but a “photon” behaves more like a “concentrated wave-pulse” than a “hard lump of something”. Our intuitive idea of particles as “solid spheres” does not seem to be anything like what light behaves like – but the model is still useful for certain experiments.
Getting across to students that a model is not the truth and that perhaps we cannot know the “truth”, is philosophy in action. Students are used to being taught “facts” - but what light is cannot be taught as a fact. It certainly has a wave nature (refraction) and  a particle nature (photoelectric effect). A thin laser beam will basically do what our rays drawn on paper predict. But ultimately we still can’t say the model IS the true nature of light. There is a fundamental gap between the behaviour of the micro-world (photons and electrons) and the things we are used to in the macro world - like sea waves and billiard balls.
After the discovery that light displays all the properties of waves, in various experiments, we are faced with having to explain: “What is waving as light travels through space?” The standard explanation is that “electric and magnetic fields oscillate and generate each other as they travel”. But physics text books tell us that magnetism is only a relativistic electrical effect of changing an electric field. Magnetism is a form of  electricity - it is not a new or different force! So how does a “side-effect” electric force generate another electric force in a vacuum? It’s a difficult concept - but Maxwell’s equations show that magnetism and electricity do generate each other - and will travel at 3 * 108 ms-1, whilst doing so. But is there something in the vacuum which is limiting light to that speed, in the same way water and sound wave speeds are limited by their medium? The “ether” has been discarded, since Einstein, but it has been suggested that the vacuum is a “froth” of virtual particles flashing in and out of existence. Is this what restricts the speed of light? The vacuum pressure on a metal plate has been measured in experiments and supports the existence of “virtual particles”.
So the philosophical questions, so far, are:

· how can an electrical wave generate “itself” as it travels through “nothing”? (All familiar waves have a medium which is waving in some way).

· is the vacuum “nothing” or is it a medium which limits the speed of light?

· Can we decide that light is a wave, not just model it as such?

Energy/ Time: We’re quite happy to tell the students that light carries/transfers energy. In unit 4 we’ll tell them photon energy, Eph = hf. But what is energy? Some textbooks might say “The potential to perform work and/or create heat” – which is what mostly happens when energy is transformed. But it is poor philosophy – because it doesn’t actually say what energy is. So what is it? For one thing it is the essence of what we know of in our universe, because matter has been shown to be trapped, or concentrated, energy by Einstein (E=mc2). The bomb at Hiroshima demonstrated this in a gruesome way.
But what is energy? Einstein’s general relativity suggests, from the equations, that the quantity of energy corresponds to “Momentum in time”- in other words the ability to continue to exist! The way I demonstrate this idea to students is to move a 1kg mass back and forward, sideways and up and down, demonstrating momentum in the 3 space dimensions. Then I leave it sit on the bench and ask them “It still has momentum right now – how is this possible?” (Some bright kid might tell you “Because the Earth is flying through space, sir!”)
Unit 1 Area of study 2: Nuclear and Radioactivity
The particle model: Discuss with the students a wave model of the atom – not the simple nucleus and orbiting electron model!

The study design calls upon us to develop the particle model of the atom. The idea that the model is not the “truth” can be extended from the light models of Unit 1 to the atomic particle model. Why do we model protons, neutrons and electrons as particles? Because they appear to be localized “objects” in many experimental situations. But on the other hand, as the students will find out in unit 4, all these “particles” have a wave nature. The electrons cannot be orbiting the nucleus like moons - because the acceleration of electrons generates radiation, as in radio transmitters and orbits are accelerated motion. An electron in orbit would quickly radiate its energy away and spiral into the nucleus, thus collapsing the atom. VCE students should be ready for the “truth” - to be told that the best model of what the electron is doing is a form of wave motion. But we don’t really know what is waving- and that is where the philosophy comes in. We don’t even know what electricity is! We have sophisticated theories to predict what will happen and how it works – but we don’t know what electricity actually is. We know an isolated neutron will separate into a proton, electron and neutrino. But the electron is 1/2000 the mass of a proton - but carries equal (but opposite) charge. This implies that mass and electric charge are independent of each other. But it doesn’t explain what mass is, nor what electricity is.
The philosophical challenge is that the particle model invites a “solar system” concept in the student’s mind, one that many teachers have been happy to teach. But a more accurate concept is to try to visualize a more difficult model of protons and neutrons in a concentrated little “wave dance” (the nucleus), surrounded by electrons in their own set of “standing-wave dances” (the quantum states). An introduction to the wave model at this stage is preparing students for the basic understanding of  the essence of quantum theory: “Why do we get sharp lines on the spectrometer?” By the time they finish Unit 4, they are expected to understand the sharp lines and arrows showing transitions on an “energy level diagram”. Why not start them on this road in unit one?
We are expected to teach how instability in a nucleus generates “particles” at high speed (alpha, beta), or high energy electro-magnetic radiation (gamma). The instability and the mechanism of decay are well-explained by quantum theory – but quantum theory is essentially a wave-theory! Quantum concepts are dependent on the idea that a “trapped” wave has to be a standing wave, with a specific quanta of energy. This is why we are selling the students short if we leave the atom as a simple “orbiting particle” model. We need to get them started on the highway to quantum theory, which underpins electronics, computers, chemistry and molecular biology. 
Unit 2: Movement

The study design mentions the models of Aristotle, Galileo and Newton. Aristotle usually gets a very brief mention in text books, but perhaps he deserves more time- given that his ideas survived 2,000 years! What is important to get across to students is why Aristotle’s ideas held for so long. 
Most people, even now, have a Aristotelian view of how the world works. We expect a moving object to stop. We expect a heavy object to fall faster. We expect a car traveling at constant speed to need a constant force on it (most of my 11 Physics students chose this answer in my last end of year exam!). We don’t know the difference between speed and acceleration. We think an orbiting astronaut floats because there is no force on them. A good way of seeing how Aristotelian your year 11’s are, is to test them with a quiz at the start of the year. Then refer back to it, as you take on the task of trying to drag them, kicking and screaming, into the worlds of Newton and Einstein.
Aristotle’s ideas held for so long (and continue to), because, firstly they match ordinary (non-laboratory) experience. Secondly, they held because they were an established paradigm. According to Richard Dawkins, such a paradigm is called a meme
. The successful meme survives in a similar way to a successful species, like seagulls – it copes well with the challenge to survive and spread to new believers. For who would dare question the great Aristotle – surely he was right?! Generation after generation of school-children were fed the Aristotle message. The achievements of Galileo and Newton, who broke through the thick wall around Aristotle cannot be over-emphasized. This movement from qualitative science (ancient Greece) to quantitative, mathematical science (Newtonian mechanics) was a huge change of paradigm. The difficulty of changing paradigms needs to be discussed with the students – because it is still very difficult to change established thinking – as it always has been!
To round off the Movement topic, it can be briefly discussed that

(a) A test in Newtonian physics is a measure of how far a student has progressed from the general public’s Aristotelian physics to the more successful Newtonian paradigm.

(b) Newton’s paradigm had weaknesses, like assuming time is universal and that all speeds are relative, including light. It has been replaced by Einstein’s Relativity theory.

Unit 2: Electricity
How many teachers start off Electricity by admitting that we don’t know what it is? It is all very well to talk about Benjamin Franklin and his kite. We can talk about how an electron attracts a proton, billions of time stronger than the gravitational force between them. But, to be honest, we will have to admit we don’t know why! 
Electricity is so important to modern society that we have happily consumed millions of years worth of fossil fuels to produce it, to the extent that the icecaps are melting away. Australia is considering going nuclear to produce it. So the ethics of electricity production is a philosophical question on its own. Teachers doing DS: Alternative Energy can deal with this issue there. But the philosophical problems of electricity go beyond the ethical problems of producing it. As mentioned earlier, we are stuck with the problem of what electricity is. What is happening when a proton attracts an electron? Why does a proton repel a proton – but gravity does not have a repulsive option? Or does it? Current research shows the universe’s expansion is accelerating due to “dark energy”. Is this the repulsive side of gravity? Or is it the “inflation phase” of the early universe, which has a place in many cosmological models?
DS Astrophysics
What caused the “Big Bang” is a very deep philosophical problem. Lots of possible answers have been proposed, including

· The universe has “bounced back” from a previous contraction. This leads to the idea of infinite “crunches” and “expansions”. This idea has been weakened by the discovery that the expansion is accelerating, meaning it might never contract.

· A quantum instability, or fluctuation, inflated away from microscopic beginnings, generating enormous energy (momentum in time), which ahs cooled down to form atoms, stars, planets and us.
· There was no beginning to time (Stephen Hawking), because near the Big Bang time becomes like space. Approaching the BB in time is like trying to travel further North near the North pole. It becomes meaningless when you get there.

Does the universe have an edge, if it has expanded away from a single point for a finite time? The classic way to explain the answer “No” is to inflate a balloon with dots on it for the galaxies. In the same way that the balloon has no edge, as it expands, to an ant who lives on that 2D “universe”, our universe is a 3D “ expanding balloon” without an edge. A hard one to grasp!
SETI, the search for life elsewhere, is a good discussion point. If life began here, soon after the planet formed, you would think it is a likely prospect for any planet with liquid water and a few carbon-based chemicals floating about. Unfortunately, the cosmos is deadly quiet when it comes to intergalactic text-messages – of the kind we know about. So are we the first intelligent species to arise? Are the odds so stacked against life that we are an amazing fluke, unlikely to happen elsewhere? Or are we so primitive we don’t even recognize that intergalactic messages would not be sent with something as ridiculously slow as electro-magnetic waves! 
Another good talking point is to wonder what aliens would look like. Students will be surprised to hear that aliens are very likely to look like us – not those green, multi-legged, peeper-eyed monsters of the movies. Bi-focal eyes for distance judgement; bi-focal ears for direction of sound; single nose for air intake; mouth below the nose and eyes for inspection of food etc.- these things are so logical that convergent evolution would supply them to any intelligent creature. The alien might have four or six fingers – that would probably be the only difference. Get the kids to try and defend the green, four-eyed monster with eight legs. A good video exists which explains why giant ants, spiders etc. can’t exist and why aliens are unlikely to incubate inside your chest….
DS Aerospace
Would we have ever invented planes if we couldn’t look at the birds and see how they do it? Helicopters without a look at the dragonfly? There is a video which shows all the travel inventions of nature: the sugar-glider, the winged seed and so on. By the time you consider the echo-sounding of bats and the fish that can sense electric fields you might wonder if humans actually were first with anything!

DS Alternative Energy

The industrial revolution, cars and planes have ridden on the back of fossil fuels. Now we are starting to pay a worse cost than just dirty air – global warming and climate change! The party is over – but is it too late? Can we become sustainable within a generation? Can we avert the most massive extinction event ever? Why should we?
Unit 3: Motion in one and two dimensions.

Following on from the Aristotle discussion in unit 2, students are introduced to Newton’s three laws of force and motion. These are then expressed in symbols and students begin to substitute numbers. They have entered the world of mathematical physics. We have now reached the point where nearly all experimental results can be explained using a handful of mathematical equations (standard model quantum particle theory + general relativity). So “Why is the world mathematical?” say some scientists. What does this mean? I would argue that the world is not mathematical – it is merely logical! A physics formula is just a symbolic, or algebraic, expression of a logical statement. We use the symbols because it is a handy shorthand.

e.g.    F = ma
Logic: “Inverse-square force-fields exist around masses and electric charges. If an object is situated in such a force field (gravitational or electrical), it will undergo acceleration, in the direction of the net force, which is proportional to the strength of the force and inversely proportional to the mass of the object”.
We can see why it is easier to put numbers into the formula. But students need to understand that each formula is just a rational concept in shorthand.
The insights required for Galileo and Newton to go beyond the Aristotelian ideas cannot be over-emphasized. The replacement of a paradigm is a revolution in thinking. The new paradigm was: “rational concepts which match experimental data, expressed in formulas”. This has given us the modern world, with all its technology and all the engineering and medical occupations which manage the applied science. 

Electronics and Photonics

The Newtonian Revolution, followed by the Einsteinian/ Quantum Revolution has led to the current exponential changing of technology. It literally makes your head spin when you contemplate the changes of the last twenty years. Where is it leading us? Our students are speeding headlong into this fast-lane world. When teaching the science of electronics/photonics it is very relevant to discuss the pace of technological change and the implications for careers. Engineers working in this rapid-growth field will need to be quick learners, flexible thinkers and intuitive as well as having good teamwork skills. Get them to try to predict the world in ten years time.
DS Special Relativity

Here is a topic that really stretches the young minds! The basis of Einstein’s insights is that the laws of physics should be the same for everyone. Why should they be? We’re lucky they are! Imagine walking down to the corner shop and finding gravity has doubled – you can hardly walk! What’s worse, the electrical force has halved – and your atoms are falling apart…The sameness of laws is called symmetry and the sameness of the speed of light for all (frames) is what leads to space and time having to warp and bend to accommodate this.
So Newton’s laws are not symmetrical, because they assume universal time and space. They don’t accommodate a limiting speed of light. (If a rocket traveling at 0.75c fires a missile forward at 0.75c, the missile is now traveling at 1.5c).When students are told that Einstein’s equations reduce to Newton’s, provided the speeds are  low enough, they are able to understand why we can continue to use Newton successfully in our pracs.
Time becomes a flexible variable in special relativity. But what is time? Previously we discussed the idea that energy is “momentum in time”. But in the micro-world it seems that nothing is solid; everything is waving or vibrating – electrons, protons, photons, neutrons, everything! So one definition of time could be: “the scale that relates the relative changes of segments of the cosmic energy wave”. In other words, if an electron is a vibrating quantum wave, of some kind, then the changes in shape of the wave can be viewed as a whole – like a series of snapshots of a bouncing ball laid out across a table – or we can view them one by one and thereby create time by creating a space between each viewing of the next snapshot. Can the students banish time by seeing the whole history of the universe laid out like a tapestry? It’s a real mindstretcher.
Most people think magnetism is a different force to electricity. You rub a comb through your hair to make static electricity. But a magnet will not pick up a charged comb? So it must be a different force, right? Wrong! Magnetic force turns out to be the normal electrical force produced by electrons and protons – but it only appears when the motion of the electrons “compresses space”, due to relativity, creating a stronger electric charge experienced in the static frame. The best way to visualize this is to look at two parallel wires, close together, carrying identical currents. The protons in one wire see the moving electrons in the other wire as “compressed linearly” (Lorentz contraction), which creates an attractive force. The mirror image is observed from the other wire, meaning the two wires attract. Now the attraction of these wires is explained in texts as F = BIL, implying it is magnetic. But the relativity explanation shows that it is electrical. There is no new force to call magnetism – there is only electricity. The attraction of the wires can be demonstrated in the lab – about the only prac we can do in relativity!
DS Materials and Structures

The city skyline is littered with cranes. “Will they keep on building higher till there’s no more room up there?” (Cat Stevens). Our students will have to live in the world that is being built now. There are two ethical issues which can be discussed. One is the sustainability of modern buildings. Add up the energy to produce their materials and to construct them. Then look at the energy consumed per day when they are occupied. This includes modern homes – 50% bigger than our parents’ generation! Do we need so much more house space? Do we need skyscrapers? Are there sustainable alternatives? Can all new buildings be made five or six star rated?
Another issue worth discussing is the “ugly” building. As we all know “beauty is in the eye of the beholder”. But the endless sprawls of “McMansions” at the edge of the city, eating up the countryside, or the “glassed in boxes” of office towers – are they ugly or not? Why does it matter? Tourists visit buildings with aesthetic, attractive architecture, like the Taj Mahal, or the Gothic cathedrals. Why can’t all buildings be pleasant to look at? 
DS Further Electronics

This unit is just about building a simple power supply for an electronic circuit – no philosophy here, surely? It might be worth a short discussion, however, of the continuing miniaturization of electronic circuits. Computer power, (speed X memory), has been doubling every 18 months for many years. My first PC, in the late 1980’s, had a few kilobytes of memory and you had to use raw DOS commands to use it! Is there a limit to how powerful chips will get – how small the components? The short answer is “Yes” – we can’t go under one bit per atom! Quantum computers may approach this one bit per atom and they can, theoretically, deal with more than one problem at once. What impact would they have on the world? Will machine “brains” become better than ours?
Conclusion

Physics separated from the philosophy is barren and incomplete. To teach the “facts and formulas”, without the associated issues, ethics and big questions, is to sell our students short. Physics began as “Natural Philosophy” and has drifted away. The enormous body of knowledge we have acquired about the physical world has, perhaps, squeezed the issues out of the books, papers and texts. We owe it to the students to give them a taste of the philosophical ideas behind the science that “explains how the world works”.
                                                                                               Martin Mahy, Dec 2007

Aristotle Test

1. A rocket half-way to Mars turns off its jets. It will then

A. Slow down to a stop in space

B. Fall back towards Earth

C. Continue forward at the same speed

D. Veer off in a random direction
2. A car is traveling at constant speed on a level road at 60kph. It must

A. Have a steady net force forward, applied by the motor.

B. Have no forces at all on it.
C. Have no net force on it in any direction.

D. Have only vertical forces on it.

(net force means sum of all forces)
3. A pendulum is pulled aside 50 and released and its swing time measured. When pulled aside 100 in a second test the swing time will be

A. Twice as long

B. Half as long

C. The same

D. Slightly less

4. A heavy ball bearing and a light aluminium ball, half the weight but the same size, are dropped from a height of 2 m.

A. They both hit the floor together

B. The light ball lands first

C. The heavy ball lands first

D. The heavy ball lands when the light one is half-way to the floor

5. A window can be looked through during the day but becomes a mirror at night. The best explanation is that
A. Cool temperatures make glass act like a mirror

B. Light can’t penetrate a window at night

C. The lights inside aren’t on during the day

D. Light part-reflects when it hits glass

6. You feel most physical effect on a roller-coaster ride from
A. The speed you reach on the downhill run

B. The acceleration you have on the downward run

C. The speed on a curve
D. The acceleration on the curve and downhill

7. You stick to the sides of the spinning “Gravitron” ride because

A. Your body is trying to fly straight out from the center

B. The walls are pushing you towards the center

C. The walls are made very sticky

D. Your body is trying to fly backwards along the wall 
Name:








� The Structure of Scientific Revolutions, Thomas Kuhn.


� The Blind Watchmaker, Richard Dawkins





