
Physical Problem Solving

On Space and Time

The nature of space and time has been the subject of intense debate since the development
of scientific thought. At the dawn of the discovery of dynamics, here is what some of the leading
thinkers had to say.

1 Newton

Newton opens the Principia with a Scholium where he clearly states his position on space and
time.

• Time: “Absolute, true, and mathematical time, of itself, and from its own nature flows
equably without regard to anything external, and by another name is called duration: relative,
apparent, and common time, is some sensible and external (whether accurate or unequable)
measure of duration by the means of motion, which is commonly used instead of true time;
such as an hour, a day, a month, a year.”

• Space: “Absolute space, in its own nature, without regard to anything external, remains
always similar and immovable. Relative space is some movable dimension or measure of the
absolute spaces; which our senses determine by its position to bodies; and which is vulgarly
taken for immovable space; [...] Absolute and relative space, are the same in figure and
magnitude; but they do not remain always numerically the same...”

He begins this discussion with the preface:

“I do not define time, space, place and motion, as being well known to all. Only I must
observe, that the vulgar conceive those quantities under no other notions but from
the relation they bear to sensible objects. And thence arise certain prejudices, for the
removing of which, it will be convenient to distinguish them into absolute and relative,
true and apparent, mathematical and common.”

Note that “the vulgar” to which he is referring is Leibniz.

2 Leibniz

Leibniz, in contrast believed in 2 fundamental principles, clearly in conflict with the notion of
absolute space and time:

• The Principle of Sufficient Reason: Any fact needs and explanation or a cause. For more
information, see http://plato.stanford.edu/entries/sufficient-reason/.
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• The Identity of Indiscernibles: No two objects with the same properties exit. For more
information, see http://plato.stanford.edu/entries/identity-indiscernible/.

Leibniz uses these principles to argue against Newton’s absolute space and time in the famous
Clarke–Leibniz exchange (Newton refused to have his name associated with it). In this exchange,
Leibniz attacks:

• “The Author grants me this important Principle; that Nothing happens without a sufficient
reason, why it should be So, rather than otherwise. But he grants it only in Words, and
in reality denies it. Which shows that he does not fully perceive the Strength of it. And
therefore he makes use of an Instance, which exactly falls in with one of my Demonstrations
against real absolute Space, which is an Idol of some Modern Englishmen.”

• “These Gentlemen maintain therefore, that Space is a real absolute Being. But this involves
them in great Difficulties; For such a Being must need be Eternal and Infinite. Hence Some
have believed it to be God himself, or, one of his Attributes, his Immensity. But since Space
consists of Parts, it is not a thing which can belong to God.”

• “As for my Own Opinion, I have said more than once, that I hold Space to be something
merely relative, as Time is; that I hold it to be an Order of Coexistences, as Time is an
Order of Successions. For Space denotes, in Terms of Possibility, an Order of Things which
exist at the same time, considered as existing together; without enquiring into their Manner
of Existing. And when many Things are seen together, one perceives That Order of Things
among themselves.”

Here is Leibniz’ point of view:

• Space: “I have many Demonstrations, to confute the Fancy of Those who take Space to
be a Substance, or at least an absolute Being. But I shall only use, at the present, one
Demonstration, which the Author here gives me Occasion to insist upon. I say then, that if
Space was an absolute Being, there would Something happen, for which it would be impossible
there should be a sufficient Reason. Which is against my Axiom. And I prove it thus. Space is
Something absolutely Uniform; and, without the Things placed in it, One Point of Space does
not absolutely differ in any respect whatsoever from Another Point of Space. Now from hence
it follows, (supposing Space to be Something in it self, besides the Order of Bodies among
themselves,) that ‘tis impossible there should be a Reason, why God, preserving the same
Situations of Bodies among themselves, should have placed them in Space after one certain
particular manner, and not otherwise; why every thing was not placed the quite contrary
way, for instance, by changing East into West. But if Space is nothing else, but That Order
or Relation; and is nothing at all without Bodies, but the Possibility of placing them; then
those two States, the one such as it now is, the other supposed to be the quite contrary way,
would not at all differ from one another. Their Difference therefore is only to be found in our
Chimerical Supposition of the Reality of Space in it self. But in truth the one would exactly
be the same thing as the other, they being absolutely indiscernible; and consequently there
is no room to enquire after a Reason of the Preference of the one to the other.”

• Time: “The Case is the same with respect to Time. Supposing any one should ask, why
God did not create every thing a Year sooner; and the same Person should infer from thence,
that God has done something, concerning which ‘tis not possible there should be a Reason,
why he did it so, and not otherwise: The Answer is, That his Inference would be right, if
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Time was any thing distinct from Things existing in Time. For it would be impossible there
should be any Reason, why Things should be applied to such particular Instants, rather than
to others, their Succession continuing the same. But then the same Argument proves, that
Instants, consider’d without the Things, are nothing at all; and that they consist only in the
successive Order of Things: Which Order remaining the same, one of the two States, viz that
of a supposed Anticipation, would not at all differ, nor could be discerned from, the other
which Now is.”

You can find the entire correspondence at:
http://www.newtonproject.sussex.ac.uk/catalogue/viewcat.php?id=THEM00224

Despite these pointed philosophical critiques, Newton ultimately wins the argument on practical
grounds thanks to his famous Newton Bucket experiment. Moreover, the empirical success of
Newton’s Laws trumps all philosophical arguments until Mach.

3 Mach

Mach’s views on space and time can be summarized by the following principles:

• Space: “When we say that a body K alters its directions and velocity solely through the
influence of another body K ′, we have inserted a conceptions that it impossible to come at
unless other bodies A,B,C, . . . are present with reference to which the motion of a body K
has been estimated.” In other words: Space is about the relations between things.

• Time: “It is utterly beyond our power to measure the changes of things by time. Quite the
contrary: time is an abstraction, at which we arrive by means of the changes of things.” In
other words: Time is a measure of the changes of the relations between things.
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