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y = mx + c

point 1: x = 1, y = 3

3 = m + c

point 2: x = 3, y = 1

1 = 3m + c

point 3: x = 2, y = 2.5

2.5 = 2m + c



y = mx + c + ε

point 1: x = 1, y = 3

3 = m + c + ε1

point 2: x = 3, y = 1

1 = 3m + c + ε2

point 3: x = 2, y = 2.5

2.5 = 2m + c + ε3





4 A PHILOSOPHICAL BBSAY ON PROBABILITIES.

other, we say that its choice is an effect without a cause.

It is then, says Leibnitz, the blind chance of the

Epicureans. The contrary opinion is an illusion of the

mind, which, losing sight of the evasive reasons of the

choice of the will in indifferent things, believes that

choice is determined of itself and without motives.

We ought then to regard the present state of the

universe as the effect of its anterior state and as the

cause of the one which is to follow. Given for one

instant an intelligence which could comprehend all the

forces by which nature is animated and the respective

situation of the beings who compose it an intelligence

sufficiently vast to submit these data to analysis it

would embrace in the same formula the movements of

the greatest bodies of the universe and those of the

lightest atom
;

for it, nothing would be uncertain and

the future, as the past, would be present to its eyes.

The human mind offers, in the perfection which it has

been able to give to astronomy, a feeble idea of this in-

telligence. Its discoveries in mechanics and geometry,

added to that of universal gravity, have enabled it to

comprehend in the same analytical expressions the

past and future states of the system of the world.

Applying the same method to some other objects of its

knowledge, it has succeeded in referring to general laws

observed phenomena and in foreseeing those which

given circumstances ought to produce. All these efforts

in the search for truth tend to lead it back continually
to the vast intelligence which we have just mentioned,
but from which it will always remain infinitely removed.

This tendency, peculiar to the human race, is that

which renders it superior to animals
;
and their progress
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6 A PHILOSOPHICAL ESSAY ON PROBABILITIES.

height: "The day will come when, by study pursued

through several ages, the things now concealed will

appear with evidence; and posterity will be astonished

that truths so clear had escaped us.
' '

Clairaut then

undertook to submit to analysis the perturbations which

the comet had experienced by the action of the two

great planets, Jupiter and Saturn; after immense cal-

culations he fixed its next passage at the perihelion

toward the beginning of April, 1759, which was actually

verified by observation. The regularity which astronomy
shows us in the movements of the comets doubtless

exists also in all phenomena. -

The curve described by a simple molecule of air or

vapor is regulated in a manner just as certain as the

planetary orbits
;
the only difference between them is

that which comes from our ignorance.

Probability is relative, in part to this ignorance, in

part to our knowledge. We know that of three or a

greater number of events a single one ought to occur
;

but nothing induces us to believe that one of them will

occur rather than the others. In this state of indecision

it is impossible for us to announce their occurrence with

certainty. It is, however, probable that one of these

events, chosen at will, will not occur because we see

several cases equally possible which exclude its occur-

rence, while only a single one favors it.

The theory of chance consists in reducing all the

events of the same kind to a certain number of cases

equally possible, that is to say, to such as we may be

equally undecided about in regard to their existence,
and in determining the number of cases favorable to

the event whose probability is sought. The ratio of
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74 THE RUNNING-DOWN OF THE UNIVERSE

The uniform march of a regiment is not the only form
of organised motion; the organised evolutions of a

stage chorus have their natural analogue in sound waves.

A common measure can now be applied to all forms
of organisation. Any loss of organisation is equitably
measured by the chance against its recovery by an acci-

dental coincidence. The chance is absurd regarded as

a contingency, but it is precise as a measure.

The practical measure of the random element which
can increase in the universe but can never decrease is

called entropy. Measuring by entropy is the same as

measuring by the chance explained in the last paragraph,

only the unmanageably large numbers are transformed

(by a simple formula) into a more convenient scale of

reckoning. Entropy continually increases. We can,

by isolating parts of the world and postulating rather

idealised conditions in our problems, arrest the increase,

but we cannot turn it into a decrease. That would
involve something much worse than a violation of an

ordinary law of Nature, namely, an improbable coinci-

dence. The law that entropy always increases—the

second law of thermodynamics—holds, I think, the

supreme position among the laws of Nature. If someone

points out to you that your pet theory of the universe

is in disagreement with Maxwell's equations
—then so

much the worse for Maxwell's equations. If it is found

to be contradicted by observation—well, these experi-

mentalists do bungle things sometimes. But if your

theory is found to be against the second law of thermo-

dynamics I can give you no hope; there is nothing for

it but to collapse in deepest humiliation. This exaltation

of the second law is not unreasonable. There are other

laws which we have strong reason to believe in, and we
feel that a hypothesis which violates them is highly
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Underdetermined System

What about two unknowns and
one observation?

y1 = mx1 + c
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Underdetermined System

Can compute m given c.

m =
y1 − c
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Underdetermined System

Can compute m given c.

c = 1.75 =⇒ m = 1.25
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Underdetermined System

Can compute m given c.

c = −0.777 =⇒ m = 3.78
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Underdetermined System

Can compute m given c.

c = −4.01 =⇒ m = 7.01
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Underdetermined System

Can compute m given c.

c = −0.718 =⇒ m = 3.72

0

1

2

3

4

5

0 1 2 3

y

x



Underdetermined System

Can compute m given c.

c = 2.45 =⇒ m = 0.545
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Underdetermined System

Can compute m given c.

c = −0.657 =⇒ m = 3.66
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Underdetermined System

Can compute m given c.

c = −3.13 =⇒ m = 6.13
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Underdetermined System

Can compute m given c.

c = −1.47 =⇒ m = 4.47
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Underdetermined System

Can compute m given c.
Assume

c ∼ N (0, 4) ,

we find a distribution of solutions.
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