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1. What’s a Scientific Theory?
(H2ZAFEB7)

WK

PHERF-BESRYSHR LGREFEZ ERAHNBLCYEER. &
X EHEAY, BEALRX TFHIRAREHE A RBIHEL,
PUE—BEEXMEATH RS ROIG MM ZRERERAMU, BHRE
FAARNRECRREFRR . FAECLAEASHILNTREER AR R
Bl b IR A R BE AT I R O R, TR B UK SR 3K 1 IR 45 SR A 1 9
TS,

In order to talk about the nature of the universe and to discuss
questions such as whether it has a beginning or an end, you have to
be clear about what a scientific theory is. I shall take the simple-
minded view that a theory is just a model of the universe, or a
restricted part of it, and a set of rules that relate quantities in the
model to observations that we make. It exists only in our minds and
does not have any other reality (whatever that might mean). A
theory is a good theory if it satisfies two requirements: It must
accurately describe a large class of observations on the basis of a
model that contains only a few arbitrary elements', and it must
make definite predictions about the results of future observations.
For example, Aristotle’s theory that everything was made out of
four elements, earth, air, fire, and water, was simple enough to
qualify, but it did not make any definite predictions. On the other
hand, Newton’s theory of gravity was based on an even simpler
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model, in which bodies attracted each other with a force that was
proportional to a quantity called their mass and inversely
proportional to® the square of the distance® between them. Yet it
prediets the motions of the sun, the moon, and the planets to a high
degree of accuracy.

Any physical theory* is always provisional®, in the sense that
it is only a hypothesis: you can never prove it. No matter how many
times the results of experiments agree with some theory, you can
never be sure that the next time the result will not contradict the
theory. On the other hand, you can disprove a theory by finding
even a single observation that disagrees with the predictions of the
theory. As philosopher of science Karl Popper has emphasized, a
good theory is characterized by the fact that it makes a number of
predictions that could in principle be disproved or falsified by
observation. Each time new experiments are observed to agree with
the predictions the theory survives, and our confidence in it is
increased; but if ever a new observation is found to disagree, we
have to abandon or modify the theory. At least that is what is
supposed to happen, but you can always question the competence of
the person who carried out the observation.

In practice, what often happens is that a new theory is devised
that is really an extension of the previous theory. For example, very
accurate observations of the planet Mercury revealed a small
difference between its motion and the predictions of Newton’ s
theory of gravity. Einstein’s general theory of relativity® predicted
a slightly different motion from Newton’ s theory. The fact that
Einstein’s predictions matched what was seen, while Newton’s did
not, was one of the crucial confirmations’ of the new theory.
However, we still use Newton’s theory for all practical purposes
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because the difference between its predictions and those of general
relativity is very small in the situations that we normally deal with.
(Newton’ s theory also has the great advantage that it is much
simpler to work with than Einstein’s!)

The eventual goal of science is to provide a single theory that
describes the whole universe. However, the approach most scientists
actually follow is to separate the problem into two parts. First,
there are the laws that tell us how the universe changes with time.
(If we know what the universe is like at any one time, these
physical laws tell us how it will look at any later time.) Second,
there is the question of the initial state of the universe. Some people
feel that science should be concerned with only the first part; they
regard the question of the initial situation as a matter for
metaphysics® or religion. They would say that God, being
omnipotent®, could have started the universe off any way he
wanted. That may be so, but in that case he also could have made it
develop in a completely arbitrary way. Yet it appears that he chose
to make it evolve in a very regular way according to certain laws. It
therefore seems equally reasonable to suppose that there are also laws
governing the initial state.

It turns out to be very difficult to devise a theory to describe the
universe all in one go'°. Instead, we break the problem up into bits
and invent a number of partial theories. Each of these partial
theories describes and predicts a certain limited class of observations,
neglecting the effects of other quantities, or representing them by
simple sets of numbers. It may be that this approach is completely
wrong. If everything in the universe depends on everything else in a
fundamental way, it might be impossible to get close to a full
solution by investigating parts of the problem in isolation.

3



Nevertheless. it is certainly the way that we have made progress in
the past. The classic example again is the Newtonian theory of
gravity, which tells us that the gravitational force between two
bodies depends only on one number associated with each body, its
mass, but is otherwise independent of what the bodies are made of.
Thus one does not need to have a theory of the structure and
constitution of the sun and the planets in order to calculate their
orbits.

Today scientists describe the universe in terms of two basic
partial theories — the general theory of relativity and quantum
mechanics''. They are the great intellectual achievements of the first
half of this century. The general theory of relativity describes the
force of gravity and the large-scale structure of the universe, that is,
the structure on scales from only a few miles to as large as a million
million million million (1 with twenty-four zeros after it) miles, the
size of the observable universe. Quantum mechanics, on the other
hand, deals with phenomena on extremely small scales, such as a
millionth of an inch. Unfortunately, however, these two theories
are known to be inconsistent with each other — they cannot both be
correct. One of the major endeavors in physics today, is the search
for a new theory that will incorporate them both — a quantum
theory of gravity'>. We do not yet have such a theory, and we may
still be a long way from having one, but we do already know many
of the properties that it must have.

R
1. arbitrary element E¥iEH R
2. be inversely proportional to 5+++-+ B
3. the square of the distance B85 #5757
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