
WHGC – 4/15/02 – Focusing on Things You Might Do on Friday with Hawking 
 
Possible Quizzes: 
 
Wednesday: 
 
1. Can theories be proven, according to Hawking? Why or why not? 
 
2. Aristotle thought the earth was flat. True or False? 
 
3. The Universe is gradually shrinking. True or False? 
 
4. Einstein’s special theory of relativity states that: (circle all that apply) 
 

a. There is no truth; everything is relative. 
b. The speed of light is everywhere constant; how time and space are measured 

depends upon the relative motion of observers. 
c. If you enter a black hole, you will be sent back thousands of years to the 

beginning of time.  
d. God does not play dice. 

 
Friday:  
 
1. According to the Heisenberg uncertainty principle: 

a. You can never know anything with any degree of certainty, because the universe 
is always expanding. 

b. There is no order in the universe, everything is completely random. 
c. For every action, there is an equal and opposite reaction. 
d. If you measure the position of a subatomic particle, its momentum will be 

unknown; if you know its momentum with precision, you cannot know its 
position. 

 
2. Einstein felt that the theory of quantum mechanics was a complete and unassailable 

theory. True or False? 
 
3. What we now know about physical reality at a subatomic level shows that Laplace was 

right – the world operates according to strict and necessary laws, and everything that 
happens is governed by these laws, so that if we had a strong enough computer we would 
be able to predict the entire future of the universe. True or False? 

 
Themes from Brief History of Time: 
 
I. Theories of Everything (Unification of Physics) 
 

A. History of Unification part I: Why Newton is the hero of the scientific 
revolution. 



1. Aristotle: for every distinct sphere of phenomena there should be a distinct theory; the 
world consists of different kinds of realities, each operating according to its own 
distinctive set of principles; animals, for example, act in ways very distinct from the 
operations of the elements; celestial bodies (the stars and planets) act in ways very 
different from bodies composed of earth – planets tend to go around, whereas earthly 
bodies tend to go down, so they are obviously different kinds of things; his model (or that 
of his student Ptolemy) of the universe with the earth at the center prevailed for 2000 
years.  

2. Copernicus: did not claim to supplant Aristotle’s (or Ptolemy’s) model, which had won 
the favor of the Catholic Church, but merely to have shown that another model – in 
which the sun is at the center – is possible. He claimed merely that supposing the sun to 
be at the center makes calculations of the planetary orbits much simpler, especially for 
nautical purposes (i.e. for sailors to guide themselves by the planters). In fact, however, it 
is not really all that much simpler if you suppose that the planets move in circular orbits.  

3. Kepler: A follower of Copernicus, he tried to identify a precise mathematical law that 
described the motions of the planets; through trial and error, and against his own 
assumption that circles are the perfect form of motion, he discovered that the planets 
move almost exactly in an elliptical orbit around the sun.  

4. Galileo: argued for the acceptance of the Copernican model as a true model; his main 
point, however, was to claim (contra Aristotle) that Celestial bodies and terrestrial bodies 
were of the same kind and hence obeyed the same laws. He made some progress in 
describing the facts of terrestrial motion, but had no theory that would enable him to 
show that the planets moved in just the same way, according to just the same laws. So 
what he offers, really, is a promissory note: we might read his contribution as similar to 
that of Hawking – showed that there ought to be a unified theory, and suggesting avenues 
for exploration, but not providing the actual theory.  

5. Newton: What was needed was a theory of movement that would explain not only the 
movements of the planets, but also the movements of earthly bodies. Newton's three 
laws, along with the law of universal gravitation, provided such a theory. According to 
his theory, for example, if you throw a rock up and over it will fall in a parabola – but if 
you throw it hard enough and fast enough, the parabola will elongate further and further 
until finally it reaches a point where its fall towards the earth is counterbalanced by the curvature 
of the earth.  It falls but always misses - i.e. it ends up in orbit. Here it is clear that the 
same laws that govern earthly motion are at work even in planetary orbits. Newton is the 
hero of the scientific revolution because his theory of motion made good on Galileo’s 
promissory note - it showed a unity between two phenomena (of celestial and terrestrial 
mechanics) that had up until fairly recently showed a unity widely considered to be different in 
kind. 

B. History of Unification, Part II: Cracks in the theory:  

1. Biology: The success of Newton's approach led practitioners in fields outside of physics 
to model their disciplines on the mechanical physics of Newton and his contemporaries; 
in biology, for example, rather than speak of indwelling forms or souls, biologists sought 
to explain life as a physical machine - with some success; for example, the heart could be 
seen to work like a pump, and the muscles like springs moving hinges; quickly, however, 
it was discovered that biological processes were much too subtle to be explained in 
crudely mechanical fashion; there are certainly laws that govern biochemical processes, 



and in the nineteenth and twentieth century scientists have made much headway in 
discovering them, but these laws are not simply or easily reducible to the laws of 
Newtonian physics; much of the work in philosophy of science that has focused on 
chemistry and biology has aimed to show the autonomy of these disciplines and the 
irreducibility of chemical or biological laws to physical laws - which is not to say that 
there is not fruitful interdisciplinary work being done; but usually when this is done it 
involves the creation of new fields with their own vocabulary and own sets of special 
problems.  

2. Electromagnetism and Relativity: Work by Faraday and others showed the phenomena 
of electricity and magnetism to be closely linked; Maxwell formulated laws that 
described precisely their relation. One consequence of these laws is that a changing 
electric field creates a changing magnetic field and vice-versa, so that in principle it 
should be possible to have a wave of energy that consists of a Changing electric field that 
oscillates at just the right rate to produce a magnetic field that in turn regenerates the 
electric field. Maxwell's laws can be used. to predict the speed at which such a wave of 
energy would have to travel - and it turns out that it would have to travel at precisely the speed 
that we measure light to travel. Light, it turns out, is just such a wave. What is weird about 
this prediction, however, is that it does not specify anything about the system of 
coordinates from which the speed of light is to be measured. Most physical predictions 
are not absolute but relative to a system of coordinates. If I am standing still and I drop a 
ball it will fall down but if I am riding on a skateboard it will look like it goes down to 
me, but to someone standing still will look like it moves along a parabolic arc. Or: if I 
throw a ball forward from my skateboard it will look like it moves more slowly to me 
than to the person standing on the ground. What Maxwell 's equations appear to predict, 
however, is that light will be measured to travel the same speed no matter where I am or 
how fast I am moving or in what direction. Experiments made by Michelson and Morley 
confirm this. Einstein’s special theory of relativity just explains what this means for our 
common sense notions of space and time. I don't know whether Hawking ever gave a 
simple example that made clear how this works; I’ll try below for the case of time - in 
case you want to try and explain this to your students.  

The example of time: if I am cruising really fast (say 100,000,000 or 1 x 108
 /s) 

on my skateboard and I turn on a flashlight and then measure how fast the light 
moves away from me, I will measure that it moves at 3 x 108 m/s; if you are 
standing on the sidewalk you will measure that the light was moving at the same 
speed; but when we get back together and compare notes I will say “that can't be 
right, because I was cruising past you at a hundred million meters per second, so 
you should have measured the light at 4 x 108 m/s; clearly your watch is faster 
than mine, which resulted in yow reading that it took longer to travel the same 
distance” and then you say “ no way, man, my watch is perfect; it is your watch 
that is messed up and slowed down” and before we start slamming each other in 
the heads with our supersonic skateboards, Einstein shows up and says “No, her 
watch is not fast, and yours is not slow. The problem is that the speed of light is 
an absolute, and the measurement of time and distance is relative to your frame of 
reference.” This view challenged the Newtonian assumption that time and space 
were absolutes, forming a crack in the unified theory. If I am moving slowly it 
doesn't make a measurable difference; but at very high speeds, these effects have 
to be considered, which means that the Newtonian theory can't give a unified 
explanation of everything.  

3. Quantum mechanics: (I will be more brief here) not only in the realm of the very large 
and fast but also in the realm of the very small, cracks were also beginning to appear in 
the theory. It turns out that you can't really treat very small things (such as electrons) as if 
they were particles with definite position and momentum. Rather, you need to describe 
such entities as if they were "spread out" throughout space - as if they were waves rather 
than particles. You can measure a definite position or momentum for such an entity; but 
the problem is that when you do find its position its momentum will be uncertain, and 
when you find its momentum its position will be unclear. What this suggests is a picture 



of quantum realities that have no definite position or momentum until measured and 
whose reality is best described not in terms of definite properties, but in terms of 
probabilities that such and such properties mil be observed if they are measured. This 
indeterminacy seems to be built into the nature of small things; and yet it seems 
completely incompatible with our picture of large things: either something is here or it 
isn't and if it is here it has a definite speed, etc.  

The example of the cat: Erwin Schrödinger proposed a thought experiment to 
indicate how bizarre the physics of quantum mechanics is when compared to the 
everyday picture of realities susceptible to Newton's laws. Suppose you place a 
live cat into a box with sufficient food and air to live indefinitely; at the same time 
you also enclose in the box a vial of poisoned gas that will kill the cat if it is 
triggered to open. The trigger to the vial of poisoned gas is connected via an 
electric circuit to a nuclear sensor that will send a charge to the trigger when it 
detects the emission of radiation from an unstable radioactive molecule. Now, this 
molecule’s actions are governed by the laws of quantum mechanics. You can't say 
whether or not it bas broken down until you measure it; its reality can only be 
described in terms of a probability function that says at any given time how likely 
it is that if you measured it at that moment you will find it to have broken down. 
Some proponents of QM want to say that it is not just that it has either broken 
down or not but we just don’t happen to know it; rather, its reality is essentially 
uncertain. But then it turns out that m this case quantum mechanics requires you 
to describe the cat in precisely the same way: it is neither dead nor alive, but has 
merely a probability of being alive or dead at any moment.  

4. Its all just paradigms? Relativity and QM seem not to be easily reconcilable; though 
relativity theory suggests that our ordinary picture of time and space are skewed, it puts 
in place of this ordinary picture a determinate theory that can predict exactly how time 
and space will look to any given set of observers if we know their relative speeds; QM by 
contrast, does not speak of individual events in space and time, but makes predictions 
about large sets of events, and can predict how a. single event will be observed only in 
terms of probabilities. One way of putting the differences between these is that each is 
focused on its own set of problems, and answers a range of questions that are related to 
those problems, but that the concepts and assumptions it employs speak very little to 
phenomena that exist far outside of that range. Each has its own paradigm – a set of 
ideas, assumptions, procedures, mathematical techniques, and special problems – and is 
poorly adapted to phenomena that are alien to the range of phenomena in relation to 
which it was developed. Similarly, biology, chemistry and other disciplines have their 
own paradigms - and it is a mistake to think that these paradigms can be combined 
without loss of intelligibility.  

5. A New Theory of Everything? The existence, and apparent incompatibility of, multiple 
paradigms in physics might appear to suggest that physics isn’t any more special than, 
say, biology, or, even worse, psychology and sociology, or, even worse, philosophy or 
literary studies. Each has its own set of methods for dealing with its own special set of 
problems with a greater or lesser degree of success. Practitioners of each can put forward 
theses, argue for them, and disagree productively in accordance with these methods. 
Within the range of problems opened up by these methods, progress and growth is 
possible in each of these fields and while productive conversations are possible between 
fields (interdisciplinary work) there is excellence through his unification of celestial and 
terrestrial mechanics, a quantum theory of gravity might serve to reestablish the priority 
of physics with respect to all those other disciplines. That such an aim is still part of 
mythology of theoretical physics may be suggested by a number of Hawking’s remarks: 
e.g. “the eventual goal of science [note: of science, not physics] is to provide a single 
theory that describes the whole universe” (11). 

 



 
Questions for discussion (relating to unifying theories): 

♦ Do you believe that there is (or that there ought to be) a single set of laws that 
govern all phenomena in the universe? 

 
♦ Or do you believe like Aristotle that there are different principles for each 

different type of phenomenon? 
 

♦ If there is a single set of laws that govern all phenomena, is physics the science to 
describe them? 

 
♦ Is the universe as a whole subject to rational explanation? 

 
♦ If we knew a set of laws that would describe/explain what happens in the 

universe, would we know, as Hawking puts it, “the mind of God?” 
 

♦ Hawking suggests three possibilities: (1) “there really is a complete unified 
theory… which we will someday discover if we are smart enough.” (2) “There is 
no ultimate theory of the universe, just an infinite sequence of theories that 
describe the universe more accurately.”  (3) “There is no theory of the universe: 
events cannot be predicted beyond a certain extent but occur in a random and 
arbitrary manner.” (p.183) 

 
♦ Which do you think is more plausible? Why? What does your answer have to do 

with your belief/lack of belief in God or in the sacred? 
 
Other questions for discussion:  

♦ One nice thing about Hawking’s book is that it shows scientists are human beings, 
and science is a human process -  people strive for recognition, and get angry 
when they don’t get credit (what about the ideal of truth being its own reward), 
scientists make each other bets (one in which the winner gets a subscription to 
Penthouse! – though I’ve heard the story told also that the loser had to take the 
subscription, that doesn’t seem to be the way it is described in this book – either 
way, why would he brag about losing such a bet?); how can such an “”all too 
human” process lead to results that are permanent? It might be good to encourage 
students to think about the process of science (experimental method, where results 
are not just accepted but scrutinized and forced to stand the test of time), and how 
it aims to surpass human foibles. 

 
♦ Hawking points out that Quantum Mechanics challenges the Laplacian vision of 

perfect predictability – he is alleged to have said something like “if I just knew 
the initial conditions of every particle in the universe I should be able to 
determine precisely the future” – thus striking a blow to “determinism” (the view 
that every event in the universe occurs in accordance with strict causal necessity, 
so that it is never possible that I could have chosen to act otherwise than I in fact 
to). Is the thought there are laws governing all things in the universe a comforting 
thought – one that appeals to reason and our expectation that the universe is 
ordered – or is it a frightening one – that evokes a feeling of being caught as a cog 
in a vast machine? Then, to push this event further, does the possibility that events 
overcome this comfort in the rationality of it all, on the other. (Recall that Einstein 



hated this aspect of quantum mechanics, insisting that “God does not play a dice!” 
– but are you more comfortable if you think that when God seems to be playing 
dice, it is in fact a rigged game?) If my actions are governed not by necessity but 
by chance, is that somehow more comforting? 

 
♦ Hawking suggests that even if we find a theory of everything, we would have to 

ask why the universe exists in this way. Is this a question that physics can answer? 
Can it only be answered by theology or religion or revelation? Is “it just does” an 
acceptable answer? 

 
 


