




 SEQ CHAPTER \h \r 1Einstein’s Other Legacy  – a global role for physics education.

Keith Burrows – Physics conference February 2006

Physics education could play a vital role in tackling the global challenges of the 21st century. Few other areas of education, or indeed any other sphere of society, have the potential to make such a difference. This is more than a matter of using the right technology, it is a matter of looking at problems the right way. ‘Einstein thinking’ questions basic assumptions and finds radical solutions. 

Big Questions, optimists and pessimists
Could physics education really help to achieve a more peaceful and sustainable world in the 21st century? My claim is that it can, it should, and that there is little else that can have as much impact.

I am going to start with the assumption that what the global community does in the next few decades will have enormous consequences for the future of humanity. For example:

•
We are either close to, or have passed, ‘peak oil’ – the point at which oil production is at its maximum – for the entire lifetime of human civilization on Earth.

•
Not just the tensions, but the possible consequences of the tensions between different cultures seem greater than ever before.

•
We are in great danger of upsetting the delicate atmospheric greenhouse balance that keeps our planet hospitable.

•
We are using the Earth’s resources at a completely unsustainable rate.

To illustrate this last point, here is a simple bit of arithmetic – we divide the Earth’s estimated resources of oil by the rate at which we in Australia are using it and then multiply by the world’s population to see how long it would last:


Average Oz consumption per person:  15 barrels/yr = 86000 MJ/yr  (which is about 200 MJ/day)


Total oil reserves: 1200 billion barrels  7  1021 J  (This depends on who you ask, but is near enough.)


Total world population is about 6 billion


Total world use at Oz rate = 6  109  86000 MJ/yr = 5  1014 MJ/yr = 5  1020 J/yr 


So lifetime of oil reserves:  7  1021 J  5  1020 J = 14 years.

My question is this: Can we morally justify using oil at a rate such that if the whole world did also, it would be gone in a little over a decade? Whether it is one, two or three decades really makes little difference. In fact, can we justify using it up in the current predicted time of around 50 years? Are all future generations to be denied access to oil – a unique source of raw materials for plastics, for example, as well as energy? And this leaves aside the question of the huge increase in greenhouse gas problems!

There are those who say that people who make claims such as these are pessimists. They themselves probably claim to be optimists because, they claim, ‘things aren’t all that bad – future generations will find new resources’. I find this a strange use of the word pessimist (not to mention the word optimist). Pessimists, I think, are those who think things will just get worse and we can’t do anything about it – not those who can see a problem and want to fix it. My definition of an optimist is not someone who hides their head in the sand; it is someone who can see a problem, but can also see ways toward the solution. So I claim to be an optimist.

Taking action
These issues need to be tackled on many fronts. In politics, in scientific research, through law, through media and religion, and in local action groups. But most of all, through education.

In recent decades it has become all too clear that our politicians have become populists rather than leaders in the true sense. True leaders are those who seek truth and then attempt to inform and guide the public. Our politicians seem more concerned about avoiding the truth when it doesn’t suit them, or at least manipulating it, rather than seeking it. Although some sections of the media do quite a good job of informing, most of the popular newspapers and television are dominated by commercial interests and what passes for entertainment. It is hard not to think of ‘bread and circuses’ in this context. (The Roman satirist Juvenal in 1st c AD said in relation to the declining Roman empire that “the public has long since cast off its cares ...the people...meddles no more and longs eagerly for just two things – bread and circuses.”)

Of great concern to many scientists is the trend toward making research more commercially driven, particularly in universities, once the centre of independent thought and fundamental research. We are all aware of recent CSIRO cuts in areas of renewable energy research and climate investigation. Surely these are exactly the areas we should be expanding? If any country is in a good position to exploit solar energy (and to suffer severe consequences from a warmer climate) it would have to be Australia.

We used to regard ‘the law’ as the protector of free speech and information. But increasingly we see it being used by large vested interests to threaten those who attempt to draw attention to social or environmental abuses. In the name of the so called war on terror we seem to willingly surrender more of our rights to free expression and openness.

We might hope for political action, media led awareness, objective scientific guidance and legal protection for those trying to inform us – but current indications don’t seem healthy on any of these fronts. That leaves us with education.

Physics, education and society
Here we need to step back a little and consider the purposes of education – physics education in particular. I think we would all agree that physics education is not simply aimed at producing more physicists and engineers. It actually has something important to say to everyone. But I wonder how seriously we take this second task? Is it something that we say from time to time, but then get on with the ‘real task’ of educating the future scientists?

For most of the students we teach, we represent their last opportunity to gain an understanding of the single most significant influence on human culture and society. Physics has shaped every aspect of our world in far more profound ways than any religion, political movement or historical event. For a start, physics, and the technology it has spawned, has had huge influences on every other field of human endeavour. Galileo’s eventual influence on the Catholic church was far greater than that of any of its popes!

My proposition is that we need to pay much more attention to how we teach that majority of our students who will not go on to practice science – but who will vote politicians in and out, who will become politicians, who will become journalists, hairdressers and taxi drivers, business leaders – in other words, the people who will form our opinions, who will make important decisions about our future, and who will determine how we use the Earth’s precious resources. All of those ‘big issues’ mentioned at the beginning are heavily dependent on good science. But the way in which they are dealt with is dependent on at least a general understanding of that science among the public. Unfortunately we don’t seem to be able anymore to rely on our politicians to be leaders in the true sense. They do not ‘seek the truth’ any more (in fact they seem to like to be shielded from it) and so they only act if there is a demand from the voters. So we can not look to politicians for guidance and wisdom in the way that we once did. Broad public understanding is essential if the right action is to be taken.

However, it is not only a matter of giving the general population a spattering of what physics is about. Perhaps it is even more important to give them a feel for ‘scientific thinking’. If you can stand to listen to parliament on the radio some time, just consider whether what you are hearing is anything like reasoned, objective (that is, scientific) argument. I’m sorry, but the nearest thing to parliament in my experience would have to be a year 9 class arguing about who is to do the classroom sweeping. I find it quite shameful to think that these people are actually leading our country.

The global challenges we face require well informed, reasoned and objective debate – not ideologically driven, self interested argument where the loudest (or more particularly, richest) voice wins. If more people were more aware of the value of ‘scientific thinking’, then perhaps they would demand better of our politicians.

Physics and fundamentalism
One of the biggest threats to world stability at present is fundamentalism. Fundamentalism is simply the shortcutting of the ‘finding the truth’ part of any serious argument, whether religious, political, economic or even scientific. Some ‘truth’ is simply taken as such for reasons that elude most of us. We are all too aware of the clash between Islamic fundamentalism and the ‘religious right’ fundamentalists as represented by the Bush administration. But the fundamentalist political ideology that drives many of our politicians is just as disturbing. For example, would anyone really suggest that the political decisions to privatise almost any public utility they can get their hands on were really made out of consideration of the best for society as a whole? To imagine that politicians seriously consider the merits of both sides of an issue is unfortunately a sick joke. Politicians only get a so-called ‘conscience vote’ when the leaders can’t make up their minds on an issue. Most of the time they have to bow to the party ideology.

I imagine that most physics teachers would need little convincing that the antidote to fundamentalism is good physics education! The story of physics is the story of the search for truth. The emphasis here is on the search! We all know that over and over again, something that we (humankind) have thought to be at least near the truth has turned out to be wrong. The Earth was not the centre of the universe after all, but then neither was the Sun, and neither was the centre of our galaxy – in fact the universe doesn’t even have a centre!

The overwhelming message from physics is that any declaration that we have ‘found the truth’ is bound to be wrong. One hundred years ago physics learnt that lesson the hard way. And yet the majority of our leaders seem to proclaim that they have the answers! How often have you heard a politician say that they don’t know the right way to tackle some big issue?

The physicists ‘worldview’
As physics teachers we are aware of an amazing universe ‘out there’. It gives us cause for humility, but also a sense that we are in an extremely privileged position. We have a planet with wonderful resources of minerals and energy, but most particularly, all the necessary ingredients for happy and fulfilled human lives. That this wonderful life bearing planet is the result incredible processes including the big bang and supernovae makes it all the more amazing. Do we share the universe with other intelligent beings? We don’t know, but if anyone is going to find out it will be physicists.

This view of the world is the amazing product of the work of physicists, but it needs to be shared with the rest of the world’s population. Why? Because so many of the narrow-minded ideological views are totally at odds with this ‘big picture’ view of the world. It is just not possible to really think that you are going to go to hell if you don’t believe a certain set of dogma if you have some understanding of this picture. But let’s not rule out all religious views on these grounds. To make dogmatic statements about the non-existence of an intelligence greater than ours is being as fundamentalist as those who claim to know all about Him (it is never Her, I notice.) Here’s how Einstein put it:

“The scientist is possessed by a sense of universal causation... His religious feeling takes the form of a rapturous amazement at the harmony of natural law, which reveals an intelligence of such superiority that, compared with it all the systematic thinking and acting of human beings is an utterly insignificant reflection...” 
‘Scientism’, the idea that the only worthwhile way to the truth is through science is just another form of fundamentalism. We need to avoid the trap that so many others have fallen for. At the end of the 19th century some physicists felt that they had discovered all the important principles on which the world worked. It was just a matter of filling in the details. There were a few little problems however – for example the speed of light seemed not to obey the principle of relativity.

We all know the next part of the story! Einstein, and of course many others, totally changed the way in which we understood the workings of the world in the twentieth century. The picture we now have is so much richer, so much more exciting, than the very mechanical and ‘dry’ picture of the late 19th century. And it reminds us that while we may know a lot about the workings of the world, there is a lot we don’t know.

If we are to avoid the ‘clashes of the fundamentalists’ we need to help everyone to grow beyond those ways of thinking. Can anyone think of a better way than by introducing this wonderful picture of ‘our universe’ to everyone? And in particular, by helping them to understand the sort of thinking that has brought this picture to us.

Classrooms and curricula
So what does all this mean for our classes, and for curricula? I suggest that we need to act on four main fronts.

•
The content needs to reflect the need for a basic understanding of the physics behind important issues such as energy. By and large this is increasingly already the case.

•
The content also needs to reflect the physicists ‘picture of the world’. While there are some moves in this direction, I feel that they are very small parts of the overall picture and considerable work is needed in this area.

•
There is a real need to make our courses more ‘human’. Far too many students don’t take physics because they see it as ‘cold’ or ‘inhuman’.

•
Students need to be exposed to the processes of ‘scientific thinking’. Not the ‘text book’ collect data, make hypothesis, experiment, type of processes, but the real human stories of struggle and genius, but all the time maintaining a ‘scientific honesty’.

Like any list of areas for action, each of these points overlaps with others, but they are a convenient way to think about what we can do. We shall look at each in turn.

Curricula content 1
On the whole, newer curricula are including topics such and energy and the environment. My concern here is that it is possible to bring many of the problems to students without giving them keys to the solutions. Sometimes one can get the feeling that the adult world can’t cope with these issues so it is dealing with it by putting them on the schools. Not the first time schools have been expected to deal with problems that have basic social causes which are not tackled where they should be. But let’s not be negative, inclusion of appropriate content is important.

Curricula content 2
This is more difficult. In order to bring the physicists ‘picture of the world’ to our students it is no use simply describing the discoveries of the twentieth century to them and hoping they will ‘get it’. We need to help them feel part of that process. It is important for them to understand how we know these things, and why we believe that this picture is reasonably accurate – and where we are just speculating. Of course we can’t hope to teach them ‘special and general relativity’.

Even at year 12 we can only hope that we can show them where relativity, and quantum, extend the more conventional picture. However, if the great majority of students go through school and never hear anything of the most significant discoveries of the twentieth century I can only think that we are failing in our duty to pass on the best of human culture – and leaving them with a picture of physics that is a hundred years out of date.

Human physics
Is this expression an oxymoron? I’m sure that if you are reading this you won’t think so. But unfortunately many people would say it is. Large numbers of students reject physics because it seems too dry, too mechanical, too unhuman. Look at the numbers of students taking Psychology, or Biology, not to mention the humanities, in comparison with those taking Physics. Consider the low proportion of girls taking Physics. And yet isn’t physics the basis any serious science course?

Those of us teaching physics tend to have a little difficulty here. We grew up tinkering with things. We were the ‘nerds’ who often didn’t relate so well with people. (I exaggerate of course, but there is some degree of truth here.) I do think we need to be careful to try to see our course ‘from the outside’ so to speak – to see it as those who don’t understand the attractions of this ‘mechanistic’ thinking see it.

In 1976 Professor Victor Weisskopf gave a paper titled “Is physics human” at an international conference on physics education. (See Physics Education, March 1976.) In it he suggested that many people see physics as ‘inhuman’ because:

1) it is too far removed from direct human experience.

2) it is quantitative and mathematical.

3) the basic concepts are too abstract.

4) modern physics deals with matter far removed from the human environment.

These points are just as relevant today as they were then – if not more so. These are not things that are in fact false, they are actually true. But they neatly outline the problem that we physics teachers have in bringing the subject to the bulk of secondary students.

Weisskopf illustrates the first point with Goethe’s criticism of Newton’s ‘reductionist’ approach to light. We might say that Goethe got it wrong, Newton’s approach has been invaluable in coming to understand light, but to dismiss Goethe out of hand would be foolish. He was expressing a view that many of our students still feel. Our challenge is to incorporate the wonder of looking at a rainbow along with the analysis of how it works.

That physics is mathematical is something we, as physics teachers, tend to enjoy. I feel that the fact that so many of our students see it as a problem reflects badly on maths teaching in primary and lower secondary – but let’s not go there at this point, except to say that we need more primary teachers who have an understanding and love of science!

When faced with statements such as the third point above, we tend to say things such as “what could be simpler than F = ma?” Yes it is a simple equation, but how many of our students really feel what it means? I am sure you have read many of those studies that show that even science students at university can put the numbers into the equation, and yet answer like Aristotle when faced with a ‘real’ situation.

One of the joys of physics is that it deals with matter at temperatures of almost zero degrees K, but also at millions of degrees. It deals with billiard balls as well as mesons and Z-particles. It deals with cars on the road now, but also with galaxies and times near the beginning of the universe. To us, this huge spread of application is something wondrous. But we need to lead our students by the hand in order to appreciate this. It is not something that comes naturally to most of them.

What to do?
I wish I had a set of good answers to this question! My main purpose is bringing these questions to your attention is to try to suggest that they are questions worthy of careful consideration. Actually, I feel that they are questions that could be said to be crucial to the future of human civilization. If humankind is to survive the divisiveness of the present, to manage the resources of the Earth fairly, to appreciate the validity of different cultures and points of view, then we must educate our students in ways which help them to see clearly the real nature of life, and its environment, on planet Earth.

My suggestion is that we do need to make our subject more ‘human’. We need to take Weisskopf’s points seriously and look for ways of overcoming these barriers which are off-putting to so many students.

One way of making the subject more human is to put the people back into the story. We talk of Newton’s laws, or Faraday’s law. But who were these people? How did they come to make these discoveries? Now I don’t mean that we put a little box in the corner of the page with historical details. We need to tell the story of the discoveries through those who made them. Why were they driven to find out about the world around them? What did most people believe at the time? We tend to write off Aristotle as the person who got free-fall wrong. But was he really so wrong? His description of falling objects is much closer to everyday experience than is Galileo’s! If students are to really understand what Galileo’s principle of inertia is about we need to take them through Galileo’s arguments and his dilemma’s.

And what of twentieth century physics? Simply describing things such as the twins paradox is startling, and can introduce some interest and even excitement in the classroom. But it is not really giving any real insight into Einstein’s great discoveries. If we can present a picture of a man obsessed with a question – “what would I see if I could ride a beam of light?” – then maybe we can give students a feel for how he revolutionized our view of the world. At different levels we can take different approaches to this question. Talking about surfing a wave can be a start at lower levels, discussion of Maxwell’s equations at higher levels.

Behind the people and the physics, hopefully the spirit of scientific endeavour will shine. If we discuss Einstein the person, we can also talk of his concern for the way in which science was used. We can also discuss his ability to question basic assumptions, to reject any kind of fundamentalism, including scientism. Albert Einstein was not the Time Magazine ‘Person of the Century’ because of his science, it was because he was able to take that science and place it in a human context. He knew that what we do with the wondrous discoveries of science will determine the future of humankind on planet Earth. It is not just the ‘gadgets’ (like bombs and cars) that we need to concern ourselves with, it is the picture of the world around us that is even more important. If we continue to see it as a resource to use up for our own gratification, then the future of humanity does not look good. On the other hand, if we can appreciate the rare and special nature of our planet, and the unity of human purpose, a very different picture emerges.

‘Freedom’ is such an abused word in our political climate, but I very much like the expression ‘education toward freedom’ – the simple notion that the purpose of education is to help our students in the path toward personal freedom. A freedom from ideology and dogma, a freedom that comes from knowledge and understanding. If any one human being epitomises the concept of a ‘free man’, to me at least, it would have to be Albert Einstein.

“Concern for man and his fate must always form the chief interest of all technical endeavours...in order that the creations of our world shall be a blessing and not a curse to mankind. Never forget this in the midst of your diagrams and equations.”   Albert Einstein, Feb 1931 at California IT. (From TPT Feb 06 p.72)

Some resources:

Physics, the Human Adventure: From Copernicus to Einstein and Beyond  Gerald Holton and Stephen G Bush, Rutgers University Press 1972   Great background on ‘historical physics’ for teachers

The Project Physics Course, Harvard 1970  A really good 11-12 course, but was too wordy (6 books and 6 readers) for most teachers (much less students) but a great source of ideas for teaching with a more human context.

- Pais, Abraham; Subtle is the Lord: The Science and Life of Albert Einstein, Oxford UP, 1982 Regarded as ‘the’ authoritative book on Einstein and relativity. (But hard to get – check your library.)

- Robinson, Andrew; A hundred years of relativity;  ABC Books 2005 (Produced in association with the Albert Einstein Archives. A biography and simple account of relativity. A ‘must have’ for the library)

- Brian, Denis; Einstein, a life; Wiley 1996.  (An excellent biography of Einstein)

- Arianrhod, Robyn; Einstein’s Heros, QUP 2003 (Good background, particularly on Maxwell. Robin gave ‘Oration’ at Physcon in 2005)

- Davies, Paul and Gribbin, John; The Matter Myth,  Viking 1991  (Good popular account of various aspects of modern physics.)

Is physics human? V.F.Weisskopf  Physics Education March 1976

Physics, education and society  H.Bondi   Physics Education November 1975

A framework for humanised physics teaching  Douglas P Newton   Physics Education (22) 1987

‘Contact’ the 1997 movie starring Jodie Foster based on the original story by Carl Sagan. This is a great movie for year 10+ students and raises many questions about the nature of science (and religion) and revolves around the search for extra terrestrial intelligence. 


