SELECTIONS OF FIRST AND SECOND DAY
FIRST DAY (INTERLOCUTORS: SALVIATI, SAGREDO AND SIMPLICIO)
…
SALV. … I shall suppose that you are familiar with present-day mechanics so far as it is
needed in our discussion. First of all it is necessary to consider what happens when a
piece of wood or any other solid which coheres firmly is broken; for this is the
Fundamental fact, involving the first and simple principle which we
must take for granted as well known.
To grasp this more clearly, imagine a cylinder or prism, AB, made of
wood or other solid coherent material. Fasten the upper end, A, so
that the cylinder hangs vertically. To the lower end, B, attach the
weight C. It is clear that however great they may be, the tenacity and
coherence between the parts of this solid, so long as they are not
infinite, can be overcome by the pull of the weight C, a weight which
can be increased indefinitely until finally the solid breaks like a rope.
…
SIMP. If this matter be as you say I can well understand that the
fibres of the wood, being as long as the piece of wood itself, render it
strong and resistant against large forces tending to break it.
….

SECOND DAY (INTERLOCUTORS: SALVIATI, SAGREDO AND SIMPLICIO)
SAGR. While Simplicio and I were awaiting your arrival we were trying to recall that last
consideration which you advanced as a principle and basis for the results you intended to
obtain; this consideration dealt with the resistance which all solids offer to fracture and
depended upon a certain cement which held the parts glued together so that they would
yield and separate only under considerable pull. …
SALV. I remember it all very well. Resuming the thread of our discourse, whatever the
nature of this resistance which solids offer to large tractive forces there can at least be no
doubt of its existence; and though this resistance is very great in the case of a direct pull,
it is found, as a rule, to be less in the case of bending forces. Thus, for example, a rod of
steel or of glass will sustain a longitudinal pull of a thousand pounds while a weight of
fifty pounds would be quite sufficient to break it if the rod were fastened at right angles
into a vertical wall. It is this second type of resistance which we must consider, seeking to
discover in what proportion it is found in prisms and cylinders of the same material,
whether alike or unlike in shape, length, and thickness. In this discussion I shall take for
granted the well-known mechanical principle which has been shown to govern the
behavior of a bar, which we call a lever, namely, that the force bears to the resistance the
inverse ratio of the distances which separate the fulcrum from the force and resistance
respectively.
SIMP. This was demonstrated first of all by Aristotle, in his Mechanics.
SALV. Yes, I am willing to concede him priority in point of time; but as regards rigor of
demonstration the first place must be given to Archimedes, since upon a single
proposition proved in his book on Equilibrium * depends not only the law of the lever but
also those of most other mechanical devices.
SAGR. Since now this principle is fundamental to all the demonstrations which you
propose to set forth would it not be advisable to give us a complete and thorough proof of
this proposition unless possibly it would take too much time?
SALV. Yes, that would be quite proper, but it is better I think to approach our subject in a
manner somewhat different from that employed by Archimedes, namely, by first
assuming merely that equal weights placed in a balance of equal arms will produce
equilibrium -- a principle also assumed by Archimedes -- and then proving that it is no
less true that unequal weights produce equilibrium when the arms of the steelyard have
lengths inversely proportional to the weights suspended from them; in other words, it
amounts to the same thing whether one places equal weights at equal distances or unequal
weights at distances
…

PROPOSITION I
A prism or solid cylinder of glass, steel, wood or other breakable material which is
capable of sustaining a very heavy weight when applied longitudinally is, as previously
remarked, easily broken by the transverse application of a weight which may be much
smaller in proportion as the length of the cylinder exceeds its thickness.
Let us imagine a solid prism ABCD fastened into a wall at the end AB, and supporting a
weight E at the other end; understand also that the wall is vertical and that the prism or
cylinder is fastened at right angles to the wall. It is clear that, if the cylinder breaks,
fracture will occur at the point B where the edge of the mortise acts as a fulcrum for the
lever BC, to which the force is applied; the thickness of the solid BA is the other arm of
the lever along which is located the resistance. This resistance opposes the separation of
the part BD, lying outside the wall, from that portion lying inside. From the preceding, it
follows that the magnitude [momento] of the force applied at C bears to the magnitude
[momento] of the resistance, found in the thickness of the prism, i.e., in the attachment of
the base BA to its contiguous parts, the same ratio which the length CB bears to half the
length BA; if now we define absolute resistance to fracture as that offered to a
longitudinal pull (in which case the stretching force acts in the same direction as that
through which the body is moved), then it follows that the absolute resistance of the
prism BD is to the breaking load placed at the end of the lever BC in the same ratio as the
length BC is to the half of AB in the case of a prism, or the semidiameter in the case of a
cylinder. This is our first proposition.* Observe that in what has here been said the
weight of the solid BD itself has been left out of consideration, or rather, the prism has
been assumed to be devoid of weight. But if the weight of the prism is to be taken
account of in conjunction with the weight E, we must add to the weight E one half that of
the prism BD: so that if, for example, the latter weighs two pounds and the weight E is
ten pounds we must treat the weight E as if it were eleven pounds.
SIMP. Why not twelve?
SALV. The weight E, my dear
Simplicio, hanging at the extreme end C
acts upon the lever BC with its full
moment of ten pounds: so also would the
solid BD if suspended at the same point
exert its full moment of two pounds; but,
as you know, this solid is uniformly
distributed throughout its entire length,
BC, so that the parts which lie near the
end B are less effective than those more
remote.
Accordingly if we strike a balance
between the two, the weight of the entire
prism may be considered as concentrated

at its center of gravity which lies midway of the lever BC. But a weight hung at the
extremity C exerts a moment twice as great as it would if suspended from the middle:
therefore if we consider the moments of both as located at the end C we must add to the
weight E one-half that of the prism.
SIMP. I understand perfectly; and moreover, if I mistake not, the force of the two weights
BD and E, thus disposed, would exert the same moment as would the entire weight BD
together with twice the weight E suspended at the middle of the lever BC.
SALV. Precisely so, and a fact worth remembering. Now we can readily understand
PROPOSITION II
How and in what proportion a rod, or
rather a prism, whose width is greater
than its thickness offers more resistance
to fracture when the force is applied in
the direction of its breadth than in the
direction of its thickness.
For the sake of clearness, take a ruler ad
whose width is ac and whose thickness,
cb, is much less than its width. The
question now is why will the ruler, if stood on edge, as in the first figure, withstand a
great weight T, while, when laid flat, as in the second figure, it will not support the
weight X which is less than T. The answer is evident when we remember that in the one
case the fulcrum is at the line bc, and in the other case at ca, while the distance at which
the force is applied is the same in both cases, namely, the length bd. but in the first case
the distance of the resistance from the fulcrum -- half the line ca -- is greater than in the
other case where it is only half of bc. Therefore the weight T is greater than X in the same
ratio as half the width ca is greater than half the thickness bc, since the former acts as a
lever arm for ca, and the latter for cb, against the same resistance, namely, the strength of
all the fibres in the cross-section ab. We conclude, therefore, that any given ruler, or
prism, whose width exceeds its thickness, will offer greater resistance to fracture when
standing on edge than when lying flat, and this in the ratio of the width to the thickness.
PROPOSITION III
Considering now the case of a prism or cylinder growing longer in a horizontal direction,
we must find out in what ratio the moment of its own weight increases in comparison
with its resistance to fracture. This moment I find increases in proportion to the square of
the length. In order to prove this let AD be a prism or cylinder lying horizontal with its
end A firmly fixed in a wall. Let the length of the prism be increased by the addition of
the portion BE. It is clear that merely changing the length of the lever from AB to AC
will, if we disregard its weight, increase the moment of the force [at the end] tending to
produce fracture at A in the ratio of CA to BA. But, besides this, the weight of the solid

portion BE, added to the weight of the solid AB increases the moment of the total weight
in the ratio of the weight of the prism AE to that of the prism AB, which is the same as
the ratio of the length AC to AB.
It follows, therefore, that, when the
length and weight are simultaneously
increased in any given proportion,
the moment, which is the product of
these two, is increased in a ratio
which is the square of the preceding
proportion. The conclusion is then
that the bending moments due to the
weight of prisms and cylinders
which have the same thickness but
different lengths, bear to each other a
ratio which is the square of the ratio
of their lengths, or, what is the same
thing, the ratio of the squares of their
lengths.
We shall next show in what ratio the resistance to fracture [bending strength], in prisms
and cylinders, increases with increase of thickness while the length remains unchanged.
…
SIMP. Before proceeding further I should like to have one of my difficulties removed. Up
to this point you have not taken into consideration a certain other kind of resistance
which, it appears to me, diminishes as the solid grows longer, and this is quite as true in
the case of bending as in pulling; it is precisely thus that in the case of a rope we observe
that a very long one is less able to support a large weight than a short one. Whence, I
believe, a short rod of wood or iron will support a greater weight than if it were long,
provided the force be always applied longitudinally and not transversely, and provided
also that we take into account the weight of the rope itself which increases with its length.
SALV. I fear, Simplicio, if I correctly catch your meaning, that in this particular you are
making the same mistake as many others; that is if you mean to say that a long rope, one
of perhaps 40 cubits, cannot hold up so great a weight as a shorter length, say one or two
cubits, of the same rope.
SIMP. That is what I meant, and as far as I see the proposition is highly probable.
SALV. On the contrary, I consider it not merely improbable but false; and I think I can
easily convince you of your error. Let AB represent the rope, fastened at the upper end A:
at the lower end attach a weight C whose force is just sufficient to break the rope. Now,
Simplicio, point out the exact place where you think the break ought to occur.
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SIMP. Let us say D.
SALV. And why at D?
SIMP. Because at this point the rope is not strong enough to support, say,
100 pounds, made up of the portion of the rope DB and the stone C.
SALV. Accordingly whenever the rope is stretched [violentata] with the
weight of 100 pounds at D it will break there.
SIMP. I think so.
SALV. But tell me, if instead of attaching the weight at the end of the
rope, B, one fastens it at a point nearer D, say, at E: or if, instead of fixing
the upper end of the rope at A, one fastens it at some point F, just above D,
will not the rope, at the point D, be subject to the same pull of 100
pounds?
SIMP. It would, provided you include with the stone C the portion of rope EB.
SALV. Let us therefore suppose that the rope is stretched at the point D with a weight of
100 pounds, then according to your own admission it will break; but FE is only a small
portion of AB; how can you therefore maintain that the long rope is weaker than the short
one? Give up then this erroneous view which you share with many very intelligent
people, and let us proceed.
Now having demonstrated that, in the case of [uniformly loaded] prisms and cylinders of
constant thickness, the moment of force tending to produce fracture [momento sopra le
proprie resistenze] varies as the square of the length; and having likewise shown that,
when the length is constant and the thickness varies, the resistance to fracture varies as
the cube of the side, or diameter, of the base, …
….
From what has already been demonstrated, you can plainly see the impossibility of
increasing the size of structures to vast dimensions either in art or in nature; likewise the
impossibility of building ships, palaces, or temples of enormous size in such a way that
their oars, yards, beams, iron-bolts, and, in short, all their other parts will hold together;
nor can nature produce trees of extraordinary size because the branches would break
down under their own weight; so also it would be impossible to build up the bony
structures of men, horses, or other animals so as to hold together and perform their
normal functions if these animals were to be increased enormously in height; for this
increase in height can be accomplished only by employing a material which is harder and
stronger than usual, or by enlarging the size of the bones, thus changing their shape until
the form and appearance of the animals suggest a monstrosity. This is perhaps what our
wise Poet had in mind, when he says, in describing a huge giant:

"Impossible it is to reckon his height
"So beyond measure is his size."*
To illustrate briefly, I have sketched a bone
whose natural length has been increased three
times and whose thickness has been multiplied
until, for a correspondingly large animal, it
would perform the same function which the
small bone performs for its small animal. From
the figures here shown you can see how out of
proportion the enlarged bone appears. Clearly
then if one wishes to maintain in a great giant
the same proportion of limb as that found in an ordinary man he must either find a harder
and stronger material for making the bones, or he must admit a diminution of strength in
comparison with men of medium stature; for if his height be increased inordinately he
will fall and be crushed under his own weight. Whereas, if the size of a body be
diminished, the strength of that body is not diminished in the same proportion; indeed the
smaller the body the greater its relative strength. Thus a small dog could probably carry
on his back two or three dogs of his own size; but I believe that a horse could not carry
even one of his own size.
…

