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PHYSICS

Galileo on Falling Bodies

“"A Classic of Science’’

The Famous Tower of Pisa Experiment is Discussed by
Galileo’s Three Delightful Fictitious Philosophers

DIALOGUES CONCERNING TWO
NEW SCIENCES by Galileo Galilei,
translated from the Italian and Latin
into English by Henry Crew and Al-
fonso de Salvio of Northwestern Uni-
versity, with an Introduction by Antonio
Favaro of the University of Padua. New
York: The Macmillan Company: 1914.
This is an exact reprint of an extract
from this translation of Galileo’s 1638
edition, by permission of The Marmil-
lan Company, publishers.

SAGREDO. I quite agree with the
peripatetic philosophers in denying
the penetrability of matter. As to the
vacua I should like to hear a thorough
discussion of Aristotle’s demonstration
in which he opposes them, and what
you, Salviati, have to say in reply. I
beg of you, Simplicio, that you give us
the precise proof of the Philosopher and
that you, Salviati, give us the reply.

SimpLIcio. So far as I remember,
Aristotle inveighs against the ancient
view that a vacuum is a necessary pre-
requisite for motion and that the latter
could not occur without the former.
In opposition to this view Aristotle
shows that it is precisely the phenome-
non of motion, as we shall see, which
renders untenable the idea of a vacuum.
His method is to divide the argument
into two parts. He first supposes bodies
of different weights to move in the same
medium; then supposes, one and the
same body to move in different media.
In the first case, he supposes bodies of
different weight to move in one and the
same medium with different speeds
which stand to one another in the same
ratio as the weights; so that, for ex-
ample, a body which is ten times as
heavy as another will move ten times as
rapidly as the other. In the second case
he assumes that the speeds of one and
the same body moving in different media
are in inverse ratio to the densities of
these media; thus, for instance, if the
density of water were ten times that of
air, the speed in air would be ten times

greater than in water. From this second
supposition, he shows that, since the
tenuity of a vacuum differs infinitely
from that of any medium filled with
matter however rare, any body which
moves in a plenum through a certain
space in a certain time ought to move
through a vacuum instantaneously; but
instantaneous motion is an impossibil-
ity; it is therefore impossible that a
vacuum should be produced by motion.

SALVIATL. The argument is, as you
see, ad hominem, that is, it is directed
against those who thought the vacuum
a prerequisite for motion. Now if I
admit the argument to be conclusive and
concede also that motion cannot take
place in a vacuum, the assumption of a
vacuum considered absolutely and not
with reference to motion, is not there-
by invalidated. But to tell you what the
ancients might possibly have replied and
in order to better understand just how
conclusive Aristotle’s demonstration is,
we may, in my opinion, deny both of
his assumptions. And as to the first, I
greatly doubt that Aristotle ever tested
by experiment whether it be true that
two stones, one weighing ten times as
much as the other, if allowed to fall, at
the same instant, from a height of, say,
100 cubits, would so differ in speed that
when the heavier had reached the
ground, the other would not have fallen
more than 10 cubits.

SiMp. His language would seem to
indicate that he had tried the experi-
ment, because he says: We see the
beavier; now the word see shows that
he had made the experiment.

Sagr. But I, Simplicio, who have
made the test can assure you that a can-
non ball weighing one or two hundred
pounds, or even more, will not reach the
ground by as much as a span ahead of
a musket ball weighing only half a
pound, provided both are dropped from
a height of 200 cubits.

SaLv. But, even without further ex-
periment, it is possible to prove clearly,
by means of a short and conclusive ar-
gument, that a heavier body does not
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move more rapidly than a lighter one
provided both bodies are of the same
material and in short such as those men-
tioned by Aristotle. But tell me,
Simplicio, whether you admit that each
falling body acquires a definite speed
fixed by nature, a velocity which cannot
be increased or diminished except by
the use of force or resistance.

Simp. There can be no doubt but that
one and the same body moving in a
single medium has a fixed velocity
which is determined by nature and
which cannot be increased except by the
addition of momentum or diminished
except by some resistance which retards
it.

SaLv. If then we take two bodies
whose natural speeds are different, it is
clear that on uniting the two, the more
rapid one will be partly retarded by the
slower, and the slower will be som-
what hastened by the swifter. Do you
not agree with me in this opinion?

SiMP. You are unquestionably right.

SaLv. But if this is true, and if a large
stone moves with a speed of, say, eight
while a smaller moves with a speed of
four, then when they are united, the
system will move with a speed less than
eight; but the two stones when tied to-
gether make a stone larger than that
which before moved with a speed of
eight. Hence the heavier body moves
with less speed than the lighter; an
effect which is contrary to your sup-
position. Thus you see how, from your
assumption that the heavier body moves
more rapidly than the lighter one, I
infer that the heavier body moves more
slowly.

SiMp. I am all at sea because it ap-
pears to me that the smaller stone when
added to the larger increases its weight
and by adding weight I do not see how
it can fail to increase its speed or, at
least, not to diminish it.

SaLv. Here again you are in error,
Simplicio, because it is not true that the
smaller stone adds weight to the larger.

Smmp. This is, indeed, quite beyond
my comprehension.

SaLv. It will not be beyond you
when I have once shown you the mis-
take under which you are laboring.
Note that it is necessary to distinguish
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between heavy bodies in motion and
the same bodies at rest. A large stone
placed in a balance not only acquires
additional weight by having another
stone placed upon it, but even by the
addition of a handful of hemp its
weight is augmented six to ten ounces
according to the quantity of hemp. But
if you tie the hemp to the stone and
allow them to fall freely from some
height, do you believe that the hemp
will press down upon the stone and thus
accelerate its motion or do you think
the motion will be retarded by a par-
tial upward pressure? One always feels
the pressure upon his shoulders when
he prevents the motion of a load rest-
ing upon him; but if one descends just
as rapidly as the load would fall how
can it gravitate or press upon him? Do
you not see that this would be the same
as trying to strike a man with a lance
when he is running away from you with
a speed which is equal to, or even great-
er, than that with which you are follow-
ing him? You must therefore conclude
that, during free and natural fall, the
small stone does not press upon the
larger and consequently does not in-
crease its weight as it does when at rest.
SiMP. But what if we should place
the larger stone upon the smaller?

SALv. Its weight would be increased
if the larger stone moved more rapidly;
but we have already concluded that
when the small stone moves more slow-
ly it retards to some extent the speed of
the larger, so that the combination of
the two, which is a heavier body than
the larger of the two stones, would
move less rapidly, a conclusion which is
contrary to your hypothesis. We infer
therefore that large and small bodies
move with the same speed provided they
are of the same specific gravity.

SiMP. Your discussion is really ad-
mirable; yet I do not find it easy to
believe that a bird-shot falls as swiftly
as a cannon ball.

SaLv. Why not say a grain of sand
as rapidly as a grindstone? But,
Simplicio, I trust you will not follow
the example of many others who divert
the discussion from its main intent and
fasten upon some statement of mine
which lacks a hait’s-breadth of the truth
and, under this hair, hide the fault of
another which is as big as a ship’s cable.
Aristotle says that “an iron ball of one
hundred pounds falling from a height
of one hundred cubits reaches the
ground before a one-pound ball has
fallen a single cubit.” I say that they

arrive at the same time. You find, on
making the experiment, that the larger
outstrips the smaller by two finger-
breadths, that is, when the larger has
reached the ground, the other is short
of it by two finger-breadths; now you
would not hide behind these two
fingers the ninety-nine cubits of Ar-
istotle, nor would you mention my small
error and at the same time pass over
in silence his very large one. Aristotle
declares that bodies of different weights,
in the same medium, travel (in so far
as their motion depends upon gravity)
with speeds which are proportional to
their weights; this he illustrates by use
of bodies in which it is possible to per-
ceive the pure and unadulterated ef-
fect of gravity, eliminating other con-
siderations, for example, figure as being
of small importance, influences which
are greatly dependent upon the medium
which modifies the single effect of
gravity alone. Thus we observe that
gold, the densest of all substances,
when beaten out into a very thin leaf,
goes floating through the air; the same
thing happens with stone when ground
into a very fine powder. But if you
wish to maintain the general proposi-
tion you will have to show that the
same ratio of speeds is preserved in the
case of all heavy bodies, and that a
stone of twenty pounds moves ten times
as rapidly as one of two; but I claim
that this is false and that, if they fall
from a height of fifty or a hundred
cubits, they will reach the earth at the
same momerit.

SiMp. Perhaps the result would be
different if the fall took place not from
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The famous Leaning Tower of Pisa, from

whose top Galileo dropped various weights

to disprove Aristotle’s axiom, while he was
a professor in the nearby university.

a few cubits but from some thousands
of cubits.

SaLv. If this were what Aristotle
meant you would burden him with an-
other error which would amount to a
falsehood; because, since there is no
such sheer height available on earth, it
is clear that Aristotle could not have
made the experiment; yet he wishes to
give us the impression of his having
performed it when he speaks of such
an effect as one which we see.
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Mars Favorable to Life,

American Astronomer States

ECENT observations confirm that

conditions on Mars favor the exist-
ence of life on that planet, stated Dr.
V. M. Slipher, distinguished astrono-
mer, to Science Service’s London corre-
spondent.

Dr. Slipher, director of the Lowell
Observatory, Ariz., where researches on
planets have been carried out for the
last four decades, was recently honored
by the British Royal Astronomical So-
ciety, and lectured before the Royal
Institution of London, upon the earth’s
nearest neighbors.

“If a rocket ship or other form of
interplanetary locomotion existed to-
day,” said Dr. Slipher, I should cer-
tainly not discourage any one from at-
tempting to reach Mars.” With its polar
snow-caps, seasonal darkenings almost
certainly due to vegetation, atmosphere
containing water and oxygen and clouds,
with an average temperature of 48 de-
grees Fahrenheit, conditions for life as
we know it are most promising on
Mars.

The regular markings on Mars, pre-
sumed by some to be canals constructed



