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Chapter 1
The Author

Bernardino Baldi was born in Urbino on June 6, 1553. After studying an-
cient languages, he joined the group of scholars around the famous mathe-
matician Federico Commandino.! For many years Commandino had been
preparing editions of the most important works of ancient mathematicians,
translating them into Latin and providing them with textual commen-
taries. Baldi himself took part in this enterprise. In his Life of Com-
mandino he recalls: “when I was young and dedicated to these studies, I
drew many of these geometrical figures with great labor™® And again, in
the preface to his Italian translation of Hero’s® Automati (Automata) he
wrote:

Hero wrote Spiritali (Pneumatics) as well as these Automati,
and recently Federico Commandino translated Spiritali into
Latin and illustrated it with figures.* What Hero then wrote
concerning Semoventi (Automata), fallen into oblivion since
antiquity, was rescued and brought to light by me, at the sug-
gestion of Commandino.?

Baldi studied under Commandino from 1570 to 1575, though between
1573 and 1575 he also attended the University of Padua to study medicine.
But in Padua, as he himself states in one of his unpublished works, instead
of dedicating himself to medical studies he followed the lectures on philos-
ophy® and those on classical literature given by Emanuel Margunios” with
whom he became friends. He also attended lectures on mathematics given

by Pietro Catena,® though without much benefit, as he himself states in

his Cronica de’ matematici:

1Federico Commandino, 1509-1575.

ZBaldi (1998, 518).

®Hero of Alexandria, first century CE.

“Commandino (1575).

SBaldi (1589, 9r).

SGenio, overo la misteriosa peregrinatione, Serrai (2002, 174-175).
“Emanuel Margunios, 1549-1602.

8Pietro Catena, 1501-1576.




4 1. The Author

Pietro Catena (1573), Padua. He was giving lectures on math-
ematics during the time I was at the University of Padua, and
I attended his lectures on Aristotle’s Mechanics. He was old
and facetious so that his classroom was filled with pecople who
wanted to laugh rather than learn. He was not a man of great
learning, and published just a small and simple work on the
Sphere.®

Baldi’s most important work from that time was the Italian trans-
lation of Hero’s Automati, which he had already finished, as can be seen
from the dedication to the Venetian Giacomo Contarini:*®
When Federico Commandino was still alive, I translated from
the Greek text these two books of Hero’s Semoventi, thinking
of publishing it at the time Commandino himself published
Spiritali by the same ancient author. But other unexpected
business as well as Commandino’s sudden death forced me to
postpone the publication of the work.!?

Soon after Commandino’s death, Baldi began to collect material for
the composition of his work Vite de’ matematici (Lives of M:.:zthema.tz’—
cians), while continuing his study of mathematics under the ‘gl.nda.nce of
Guidobaldo del Monte.*? In 1580 he found a permanent position at the
court of Guastalla, where he was employed as a court mathematician b{
Ferrante Gonzaga.'® The first biographer of Baldi, Fabrizio Scarloncine,*
states that in 1582 Baldi wrote a commentary on the Mechanical Prob-
lems ascribed to Aristotle. This might have been the first draft of what
was later published in the Erercitationes, which are presented here.'®

During the next period of his life, Baldi produced many literary works
as well as a series of studies on Vitruvius.’® About these works he wrote
in his Life of Vitruvius:

As to Scamilli impares,'™ I wrote a little treatise where I re-
jected the opinions of all those who wrote about it before me;

9Baldi (1707, 135-136).

10Giacomo Contarini, 1536-1595.

11 Baldi (1589, segn.A2r).

12Guidobaldo del Monte, 1545-1607.

3Ferrante II Gonzaga di Guastalla, 1563-1630.
14Nothing is known about Fabrizio Scarloncino.
15Baldi (1621, segn.):():(3v).

18Marcus Vitruvius Pollio, first century BCE.
17Baldi (1612b).
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but I do not say anything more, leaving judgement to those
who will read it. I also started another work on that author,
at the suggestion of Vespasiano Gonzaga Duke of Sabbionetal®
since he was pleased to agree with me on the interpretation of
this author’s work. It was a Dittionario Vitruviano™® where all
the obscure terms contained in his Architectura were explained.
This I did with no great difficulty because since childhood I
have had a natural inclination for languages and other things.
I carried on this work up to the sixth book, but I could not
finish it because of my new employment; sc I put it aside.

With the support of Ferrante Gonzaga, in 1586 Baldi was made Abbot
of Guastalla. This provoked a basic shift in focus from scientific topics to
the study of oriental languages and theological matters. In the following
year he began the composition of his Vite de’ malematici, starting with the
biography of Commandino. Occasionally, though, he resumed his study of
mathematics, for example, in the course of the further publication of part
of his own works, or when Guidobaldo del Monte’s son asked him to attend
to the publication of his late father’s unpublished writings. On November
3, 1608, Orazio del Monte?? wrote to Baldi:

Signor Pier Matteo Giordani®! is going to send me some short
treatises written by my father so that you can have a look at
them, since I am planning to publish these as well, as soon as
the printing of Astronomici Problemi?? is finished. Following
your thoughtful advice, I agree that it is better to first issue
these Problemi, and then Cochlea®® and other short treatises
left unpublished by my father.2

But Baldi’s main interest had already turned to other literary fields, as

| is evident from the works he wrote between 1592 and 1600. In 1596 Baldi

went to Rome where he was a guest of Cardinal Cinzio Aldobrandini until

' the beginning of 1598.%5 At the cardinal’s court he took up the study of

Arabic with Giovan Battista Raimondi 2 an accomplished mathematician

18Vespasiano Gonzaga di Sabbioneta, 1531-1591.
19B,1di (1612a).

200razio del Monte, ca. 1570-1614.

21Pier Matteo Giordani, ca. 1556-1636.

' 2Guidobaldo del Monte (1609).

#3Guidobaldo del Monte (1615).

9,

| *See Afd (1783, 222).

?Cinzio Aldobrandini Passeri, 1551-1610.
26Giovan Battista Raimondi, 1536-1614.




1. The Author

and scholar of this language. In this period Baldi became interested in
works of Arabic authors, a new activity which resulted in the translation
of a large geographical work.
At the beginning of 1600 Baldi tried to publish some of his literary
works, but only some of these were published, in Pavia and in Parma.
In the meantime he became acquainted with Francesco Maria II Duke
of Urbino,2” who commissioned him to write a biography of Federico of
Montefeltro.2® The favor he had found with the Duke, and the problems
caused by his position as abbot, provoked him in 1609 to leave Guastalla
and take up employment at the Duke’s court. Tn his new position he
was charged with important tasks: in 1612, as ambassador of the Duke,
he traveled to Venice to attend the ceremony of the proclamation of the
new Doge. In those years some of his works were published in Germany,
including his two books on Vitruvius — thanks to the intervention of Marcus
Welser2® — and his translation of Hero’s Belopoeica, the last of his works
to be published while he was still alive.”” During the last years of his life
Baldi wrote a biography of Guidobaldo I Duke of Urbino,>! who succeeded
Federico of Montefeltro, and dedicated all his efforts to the composition
of a massive geographical encyclopedia, which remained incomplete at the
time his death on October 10, 1617.

2TPrancesco Maria IT della Rovere, 1549-1631.
28Federico da Montefeltro, 1422-1482.
29Maxcus Welser, 1558-1614.

30Baldi (1616).

31Gnidobaldo I da Montefeltro, 1472-1508.
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F | The Context
ﬁ
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\
i

During the Renaissance many works from Greek and Roman antiquity

were recovered, studied, and expanded with commentaries. At first, this

process of acquisition and assimilation of the classical cultural her,ita.ge
| f:oncerned mainly the fields of literature, history and philosophy. Later
‘ in the sixteenth century, this process began to include works on scien-’
tifie @d technical subjects as well. The study of ancient Greek texts in
B the original language and their new translations directly into Latin — re-
placing the much criticized extant Arabic translations — as well as the
comparative study of different sources became one of the main activities
of mathematicians and astronomers.

I_t?. this general movement a number of ancient texts on mechanics were
also discovered and studied: the Mechanical Problems ascribed to Aristo-
tle; a Vivork by Archimedes entitled On the Equilibrium of Planes, which
according to Baldi’s testimony was regarded by Guidobaldo as “tl:le book
of Elements of the whole field of mechanics”® and which he published in
i 1588 Elnder the title In duos Archimedis aequeponderantium libros Para-
phrasis; Pneumatics by Hero of Alexandria; and Book Eight of Pappus’
_ Mc_uthematz’cal Collections.> Among these works, it was the text ascribed to
i Aristotle which received the greatest attention of the scholars: the studies
and commentaries of this work made during the Renaissance were essential
for the development of mechanics before Galileo and Descartes.?
| I_n Mechanical Problems, which was generally considered to be a work
i b}_r ﬁfnstotle himself, though it is now thought to have been produced
e within the P-eripatetic School,* the author tried for the first time to base
; e tl:te explanation of the working of ‘simple machines’ (such as the lever, the
{ Lol windlass, the wedge and the pulley) on a single mathematical principle,

i ;Ba.ldi (1887, 54-55), Guidobaldo del Monte (1588, 4).
.sPappus of Alexandria (1588).
I4See Drake and Rose (1971); Micheli (1995).
The text cannot be ascribed to Aristotle with any certa.inty,' but for the purpose of

clarity, we will nevertheless ; : I
quote him as its author since almost all Renai
agree on this attribution. o enaissance authors




3 2. The Context

and to solve a series of questions which are answered by referring to the
same mathematical model. The starting point of the whole treatise was the
astonishment caused by operations carried out by means of a lever, such
as the lifting of great weights which man was unable to move without that
instrument. But even greater astonishment was caused by the fact that,
by adding weight to weight, that is, by adding the weight of the lever to
the weight to be lifted, the whole thing could be moved more easily. This
fact seemed to challenge the obvious relation between the force needed to
move a certain body and its weight. In fact, experience clearly shows that
things ‘weighing less’ are easier to move than things ‘weighing more’

The author of Mechanical Problems moved on to formulate the prin-
ciple that could explain this remarkable fact: this principle is directly
related to the movement of the lever, so that the working of the simiple
machines can be reduced to the properties of a circle. He also considers
it remarkable that the circle is made up of opposites, a fact that becomes
obvious when the circle is generated by a rotating line fixed at one end:

1. The circle is made by what is stationary, i.e., one end of the radius,
and by what is moving, i.e., the other parts of the radius that move
round and produce the surface of the circle.

2. The circle is concave inside the circumference, as well as convex
outside the circumference.

3. The rotating circle moves simultaneously in opposite directions, for
it moves simultaneously forwards and backwards.

4. The circle is made by the movement of a line drawn as a radius from
the center, but no two points on that line move at the same pace:
the point which is further from the fixed center moves more rapidly.

This idea of the circle differs remarkably from that which is contained
in Definition 15 and 16 of Book One of Euclid’s Elements. Here the figure
is already given, without any reference to its generation. In Mechanical
Problems, on the other hand, the whole argument seems to be based on
properties derived directly from the way in which the figure is produced:
it is traced not by means of a pair of compasses, but rather by means of a
line rotating around a fixed point at one end.

From the property of the circle, according to which points marked
on the rotating radius move at different speeds, the author of Mechanical
Problems explains why bodies placed on the radius at different distances
from the center each move at different speeds, increasing with their dis-
tance from the center. He regards the motion of the points on the radius as
composed of a natural downward motion along the vertical tangent, and a
lateral motion against nature toward the fixed center of the rotation, and

e e
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2. The Context 9

shows that thjs. lateral component of the motion increases the closer it is to
the center. This moving closer to the center was perceived as obstructing
the natural motion, which in consequence is slowed down.

Having thus explained why the point more distant from the center
moves more quickly than the point closer to it, though impelled by the
same force, the author of Mechanical Problems moves on to explain why
larger balances are more accurate than smaller ones: the extremity of
the balance scale must move at a greater speed, under the influence of
the same weight, the greater its distance is from the pivot upon which it
turns. Consequently in a larger balance the same weight makes a more
visible movement.

Many sixteenth-century authors studied the Mechanical Problems.
Some, such as Niccold Leonico Tomeo® and Alessandro Piccolomini,® trans-
lated this work from the original Greek into Latin and added brief linguis-
tic comments. Others, such as Girolamo Cardano” and Niccold Tartaglia,®
discussed only a few questions in detail: they examined the theory of th’e
balance presented by the author of the ancient text in light of the new
concepts and methods of demonstration introduced by the medieval sci-
ence of weights (scientia de ponderibus). Tomeo was one of the leading
scholars to study Aristotle’s works during the first decades of the sixteentﬁ
century. After translating De parva naturalia, De motu animalium and
De incessu animalium, around 1525 he turned to the task of translating
the Mechanical Problems. His translation was so good that it replaced
a previous translation made in 1517 by the Venetian humanist Vittore
Fausto and became the text used by most of the commentators of Me-
chanical Problems from the mid-sixteenth to the mid-seventeenth century.
The first and second editions of this translation, published in Venice in
1525 and in Paris in 1530, were provided with a commentary which was
not reprinted in later editions.®

The text of Mechanical Problems is often so obscure and compact that
from early on it required explanatory notes and commentaries. Alessandro
Piccolomini chose to make it more accessible by publishing a paraphrase
of the work in 1547 in Rome: In mechanicas quaestiones Aristotelis, para-

' | phrasis paulo quidem plenior shows both his erudition in the use of avail-

SNiccold Leonico Tomeo, 1456-1531.
6 Alessandro Piccolomini, 1508-1578.
' "Girolamo Cardano, 1501-1576.

‘ 8Niccold Tartaglia, ca. 1500-1557.

9Leonico Tomeo (1525, 1530).
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able manuscripts as well as his practical knowledge of the contemporary
mechanical technology.?

Tomeo’s translation and Piccolomini’s paraphrase were the main chan-
nels through which the knowledge of the Mechanical Problems spread dur-
ing the sixteenth century. Baldi himself made use of both of these works
in his commentary. Other authors discussed only some of the questions of
the Aristotelian text and made important criticisms of the principles and
arguments presented in it.

Niceolo Tartaglia, in Book Seven of his Quesiti et inventiont diverse,
published in 1546, analyzes the general principles stated in Mechanical
Problems and argues that they were not adequate for the correct solution
to the problem of the equilibrium of the balance in the first two questions of
that work.!? Tartaglia’s criticism preluded a new approach to the problem
of the balance, which was developed in Book Eight of Quesiti et inventioni
diverse on the basis of the concept of gravitas secundum situm formulated
in several writings ascribed to the medieval author Jordanus Nemorarius,
dating back to the thirteenth century.'?

A similar discussion of the Aristotelian text can be found in De subtil-
itate by Girolamo Cardano,'® who also favorably considered the medieval
science of weights. For Cardano, the study of the balance was part of a
general discussion on motion in connection with technical contrivances:
the analysis of the working of a machine was for him an important means
for understanding natural principles. It was within the context of a general
theory of motion and rest that Cardano studied heavy bodies in motion and
at rest in the balance and in other machines. Though he considered many
arguments in Mechanical Problems as inadequate and superseded by the
medieval science of weights and by Archimedes’ work, the Aristotelian text
exerted a remarkable influence on Cardano, and supplied a considerable
amount of topics for discussion in his Opus novum de proportionibus.**

Compared to these approaches, Baldi’s Ezercitationes represent a dif-
ferent way of discussing the contents of Mechanical Problems: the Ezerci-

tationes contain a systematic analysis of this work in light of Archimedean
mechanical principles such as the concept of center of gravity. In his dis-
cussion of the Aristotelian text, Baldi makes frequent use of Guidobaldo’s
Mechanicorum liber,*> which offers a new systematic theory of the simple

10Piccolomini (1547).

W Tartaglia (1546).

12 Jordanus Nemorarius (1565).
13Cardano (2004).

14Cardano (1570).

15Guidobaldo del Monte (1577, 1581).

S g

B= == I SRS

P

o fiai

s e

e i s —

TNy

!
‘

o
2. The Context 11

machines._ In many important digressions from the text, Baldi extends his
study to include new mechanical problems similar to those presented in
the ancient work.

This new approach was made possible by the recovery and study of
Greek geometry and mechanics by Federico Commandino and Guidobaldo
del Monte. In the mid-sixteenth century Commandino started a systematic
program of Latin translation of works by great Greek mathematicians such
as Euclid, Archimedes, Apollonius and Pappus. These translations were
supplemented with important notes, but did not add anything new to the
original texts. In some cases, however, the lack of a textual tradition
resulted in the production of a new work. The most important example
is Liber de centro gravitatis solidorum, conceived as a reconstruction of a
lost ancient text containing a theory of the center of gravity presupposed
by some theorems in other works of Archimedes.

After this reconstruction Commandino did not continue with mechan-
ical topics, apart from his translation of Pappus’ Mathematical Collections
which in Book Eight contains a summary of Hero's Mechanics. But he dici
not work on the main ancient text concerning the theory of the center of
gravity, ie., Archimedes’ On the Equilibrium of Planes, which was not
included in his 1558 edition of Archimedes’ works.!” The task of studying
and commenting this text was left to the most famous of Commandino’s
pupils, Guidobaldo del Monte, who first used the law of the equilibrium
of the balance given in this text as the foundation of a rigorous theory
of the simple machines in Mechanicorum liber, and then expounded and
explained Archimedes’ work in the form of a paraphrase.!8

These works established the Archimedean method of dealing with
static problems as superior to those used in Mechanical Problems and in
the scientia de ponderibus. Though the tradition of the medieval science
of weights followed by Tartaglia and Cardano was sharply criticized by
Guidobaldo in the treatise on the balance inserted in Mechanicorum liber,
the Aristotelian work was still considered to be relevant to the study of
mechanical problems, and the principle of equilibrium formulated in this
work was regarded as true and fundamental, and simply in need of a better
explanation.

This explanation was given by Guidobaldo within the context of the
general development of mechanics described in the preface to Book One

1$Commandino (1565).
7 Archimedes (1558).
18Guidobaldo del Monte (1588).
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of Paraphrasis,*® where Archimedes’ work is considered as laying the true
foundation of mechanical science, but at the same time as being closely
connected to the Aristotelian work. The general theoretical principle pre-
sented in Mechanical Problems needed to be specified by determining the
exact proportion between weights and distances in the lever. This idea
was clearly expressed by Baldi in his biography of Archimedes, included
in Vite de’ matematici:

Since Archimedes (as is probable and as Guidobaldo himself
guessed in the preface to Book One of On the Equilibrium of
Planes) regarded this Aristotelian work as based on solid prin-
ciples, but not very clearly explained, he wanted to make it
more explicit and more easily understandable by adding mathe-
matical demonstrations to physical principles. Aristotle solved
the problem concerning the reason why the longer the lever,
the easier it is to move the weight, by saying that this happens
because of the greater length on the side of the moving power;
this was true according to his principle, in which he supposed
that things which are at a greater distance from the center
move more easily and with greater force; the cause of which
he saw in the greater speed with which the larger circle moves
compared to the smaller circle. This cause is indeed true, but
lacks precision; for given a weight, a lever and a power, I do not
know how I should divide the lever at the point where it turns
so that the given power balances the given weight. Archimedes
accepted Aristotle’s principle but went further; he was not sat-
isfied with saying that the force would be greater on the longer
side of the lever, but he determined how much longer it should
be, that is, what proportion it should have with the shorter
side, so that the given power would balance the given weight.
[...] He established this with a brilliant demonstration in Book
One of On the Equilibrium of Planes, which, as Guidobaldo
pointed out, was the book of Elements of the whole field of
mechanics. In the preface of his paraphrase of Archimedes’
work, Guidobaldo showed that Archimedes had followed Aris-
totle entirely, as far as the principles were concerned, but to
them had added his own exquisite demonstrations.2°

19Guidobaldo del Monte (1588, 4).
20Baldi (1887, 54-55).
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This is the program of Baldi’s Erercitationes: to supply the Aris-

totelian Mechanical Problems with Archimedes’ principles and demonstra-
tions. )
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Chapter 3
The Book

Bernardino Baldi most probably began his study of ancient texts on me-
chanics when he was young. With Guidobaldo del Monte he continued the
mathematical studies he had started under the guidance of Commandino
and soon turned to study Archimedes’ and Pappus’ works. He produced a
new Latin translation of Pappus’ Book Eight of Mathematical Collections,
and then moved on to work on the Mechanical Problems.t Biographers of
Baldi, such as Affd and Crescimbeni, mention the titles of at least three
works on the Aristotelian text: Discorsi sopra le Meccaniche d’Aristotile,
Dissertationes in mechanica problemata Aristotelis,® and Ezercitationes,
but unfortunately none of the manuscripts containing these works have

survived and the only available text is that of the 1621 edition of Ezerei-
tationes.®

It is likely that this work had already been written around 1582, but
1t was taken up again in 1614* and eventually entrusted in 1615 to Adriaan
van Roomen so that he could have it printed in Germany.® Van Roomen’s
«death on May 4 of the same year delayed the publication of Baldi’s work,
which was published only in 1621, four years after the death of its author
who had been unable to recover it. The text was full of misprints and

- 1This part of the introduction benefits from the Italian translation and commentaries

of Baldi’s Ezercitationes undertaken in Milan from 20062008 by a research team com-
prising Sergio Aprosio, Antonio Becchi, Adriano Carugo, Ferruccio Franco Repellini,
Enrico Gamba, Romano Gatto, Gianni Micheli and Elio Nenci. See Baldi (2010).

*Crescimbeni (2001, 120-122, 142), Ao (1783, 198).

5The manuscripts of Dissertationes and Ezercitationes were previously kept at the li-
brary of the Accademia Toscana di Scienze e Lettere La Colombaria, but were destroyed
during World War II. Some interesting notes on mechanics related to the topics dis-
cussed in Ezercitationes are extant (ms XIILF.25, 129r-136r) in the National Library

- in Naples. They are now being studied by Antonio Becchi.
G ‘_‘In a letter addressed to Pier Matteo Giordani on November 17, 1614, Baldi wrote: “I
- shall bring with me the original text of my work on mechanics so that we can look at

it together” (Oliveriana Library in Pesaro, Cod, 430, 59).

* 3On September 3, 1615 Baldi wrote to Johann Faber asking for his help in recovering

the work that had been sent to Germany. See Serrai (2002, 111-112, 142).




16 3. The Book

incorrect figures, so as to require the addition of eight pages of errcta
corrige, which are extant in only a few of the surviving copies.®
To give a clear idea of the contents of this important work of Renais-

sance mechanics, the various questions contained in it have been arranged
in groups according to similar topics. Some of these groupings appeared
as such in the original text; others have been formed in order to give a
clearer structure to the whole treatise. Since Baldi’s work has the form of
a commentary, it has been necessary to quote the questions as originally
stated in the ancient text.

The general principle: the figure of the circle.

The balance (Questions 1-2, 9-10, 20).

The lever (Questions 3, 21-22, 28).

The problems concerning sailing (Questions 4-7).

The easy movement of bodies with round shapes (Question 8).

The simple machines: the axle in a wheel, the pulley and the wedge

(Questions 11, 13, 17-18).

The sling ( Question 12).

The breaking and deformation of materials: pieces of wood and pebbles

(Questions 14-16).

The force of percussion (Question 19).

The composition of motions (Questions 25-24).

The construction of beds (Question 25).

The placement of weights carried on the shoulders (Questions 26-27, 29).

The rising from a sitting position (Question 30).

Problems concerning motion ( Questions 31-34).

The motion of bodies in eddying water (Question 35).

3.1 The General Principle: The Figure of the Circle

Baldi criticizes some of the main principles of Aristotelian mechanics, that
is, those concerning the ‘marvellous’ peculiarities of the circle, and shows
that they are not based on the combination of opposites with each other.
Following Archimedes he considers the entire mechanical science as based
on the theory of the center of gravity, of which he gives a definition dif-
ferent from those given by Pappus and Commandino.” In his definition
he specifies that the center of gravity of a body “is a point placed inside
or outside its magnitude”® He shows that in the case of arches, which

5Becchi (2009).
"Pappus of Alexandria (1588, 306v), Commandino (1565, 1r/v).
8See the figure in Baldi (1621, 3).
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3. The Book 17

are discussed in Question 16, the center of gravity is indeed placed in the
outside space enclosed by the object and not inside the shape of the ob-

j ject. Within the discussion of the principles of the circle, Baldi was the
~ first to determine the exact ratio in the composition of motions resulting
~ in a circular motion. When Baldi discusses the reason why, according to
- Aristotle, the weight of the lever added to the weight to be moved makes

the action of the moving power easier, he points out that this is true only
in the case of the type of lever considered in the text, that is, a lever in

. which the fulcrum is placed between the weight and the moving power.

3.2 The Balance: Questions 1-2, 9-10 and 20

The first question, which asks why larger balances are more accurate than
smaller ones, was presented by the author of Mechanical Problems in order
to give an example of the fourth peculiarity of the circle, that is, that
the points on the diameter describing the circle move more quickly the
more distant they are from the center. This peculiarity of the circle is
only stated, but not demonstrated in the Aristotelian text. Baldi gives
a rigorous geometrical demonstration of this using the example of the
astrolabe, which is more precise the greater its radius.®
In the second question it is asked why, if the support of a balance
is fixed from above, does the balance revert back to its original position
. of equilibrium after the beam has inclined and the weight is removed; on
| the other hand, if the support is placed below the beam after it has been
inclined, why does it not return to its original position. Baldi points out
that the possible cases are not two, but three, according to the support
~ being placed above the beam, below it or at its center of gravity.!® He then
explains, on the basis of the theory of the center of gravity, the different
| ways in which the three types of balance behave and adds some interesting
- theorems concerning their different sensitivities. He discusses the situation
of equilibrium of different bodies, such as the sarissa or long lance and the
spinning top, as well as the wonderful case of the equilibrium of a little
| cardboard figure representing a tightrope-walker holding as a balancing
| pole a wire with two little lead spheres fixed at either end. Finally he
 gives an explanation for the great power of the battering ram.

9The assumption that larger balances are more accurate than smaller ones had already
| been criticized by Tartaglia in Book Seven of his Quesiti et inventioni diverse, 1546.
| *0This fact had already been remarked by Tartaglia, who in Book Eight of his Quesiti
et inventioni diverse explains the equilibrium of a balance with its support at the center
of gravity on the basis of the principles of the medieval science of weights.
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The ninth question can be connected with a question discussed at the
beginning of this work. It asks: “why can weights be raised more easily by
means of larger pulleys than by smaller ones?” The explanation given is
that pulleys with greater diameters work like balances with longer arms:
in both cases things are moved and raised more easily and more quickly
by means of greater diameters, which at the same time describe greater
circles. Baldi agrees with the idea to relate the pulleys to the balance,
but disagrees with the other aspects of the explanation. Referring to a
proposition in Guidobaldo’s Mechanicorum liber,** he points out that ease
of motion is contrary to the speed (with which it is done), that is, in
modern terms, in machines the product of the force and the distance is
constant. However, Baldi agrees with Aristotle that in practice pulleys
with larger diameters work better. This is due to the ratio between the
diameter of the pulley and the diameter of the axis: the greater this ratio,
the easier the motion. The friction between the axis and the wheel of the
pulley is also to be considered: such friction is more easily overcome by
pulleys with larger wheels.

In the second part of his commentary to this question, Baldi discusses
a topic so far ignored, that is, the case of wheels turned by a crank operated
by hand or by foot. As with the lever, here as well the greater the ratio
between the crank arm and the radius of the wheel axe, the easier the
movement. There are two types of crank: those moved by hand with a
straight arm, and those moved by foot with a bent arm. Referring to
the example of the knife-grinder and his grindstone, Baldi asks why the
grindstone moved by foot is fitted with a bent arm: he points out that,
in modern terms, the bending of the arm helps to overcome the upper
dead point. Finally, he examines two wheels of equal dimensions but of
different weights turning on equal axes: he asks why the lighter wheel is
moved more easily, but stops earlier. The reason given is that the heavier
wheel at the beginning has greater resistance to the impressed force, but
afterwards retains it for a longer time.

Question 10 asks: “why is a balance moved more easily when it is
without a weight than when it has one?” Here the author of Mechanical
Problems introduces an idea that later in the seventeenth century would
be treated with the help of the concept of inertia. He asks why a bal-
ance with a lighter arm is more easily moved than one with a heavier
arm. The reason given is that a heavier weight is more difficult to move,
not only in the opposite direction, but also when it is at an angle. The
Aristotelian explanation is considered insufficient by Baldi, who points

11 Guidobaldo del Monte (1577, 105v).
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ou1f that the argument is in contrast to the experience of adding a given
F,flght toltwo ‘t?alances which are in equilibrium with different weights.
- the Aristotelian work, the question was raised not only in connection
Eni;h balances, but also in relation to wheels and other similar bodies. The
tra;;sn laij:i:(c)tn%esented by Baldi ought to be corrected by checking Tomeo’s
Textual problems also occur in Question 20 concerning the steelyard
where a whole line of the original text is missing. '3 The steelya.rdyis 5
balance with unequal arms: the body to be weighed is suspended from the
sho?t_er arm and a counterpoise can be moved along the longer arm until
egmllbnum is reached. The author asks why a steelyard canaweifrh hea
pleces of meat with a small weight. The answer given by the guthorvi}s{
t%la.t the steelyard can be considered as both balance and lever at the same
time, and be reduced to the figure of the circle. Baldi has no objections
Fo the reduction of the steelyard to the lever and simply points out that
in tl?eory this instrument can be used in two different ways: either b
kee]-n-ng the fulcrum fixed and making the counterpoise slide to a dj.fferen‘z
position, or by keeping the counterpoise fixed and changing the position
gis ih:v :;lcrm. But he warns that in practice the steelyard is used in the

3.3 The Lever: Questions 3, 21-22, 28

Recalling what has been said at the beginning of the work, Question 3
asks why_ small fc:rces can move heavy weights by means of ;. lever. The
ﬁxfnstgt?han sol‘utlc?n consists in making the lever equivalent to the beam
: a balance with its support placed below and stating that the greater
the distance of the power from the fulerum, the more easily the weight
:zn be _mm{ed because, under the impulse of the same weight, the greater
e radius is from the center, the more rapidly it moves. Baldi, however
rejects the idea that speed can be considered as the cause for the \:vvorld.n 011'
the lever because it was inconceivable for him to explain the equilibriunf of
:uhe balar’Lce by referring to motion. The Aristotelian distinction between
actually’ (actu) and ‘potentially’ (potentie) did not allow something at
rest tq be considered as ‘potentially’ in motion. The true explanation
]aégco;dmg to B-a.lch, had been given by Archimedes in Proposition 6 01,c
0ok One of .hxs_work On the Equilibrium of Planes, though it would be
necessary to indicate the cause of the inverse proportion stated in that

2Leonico Tomeo (1530, 37).

| | 13Leonico Tomeo (1530, 41).
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proposition. For Baldi, the ultimate justification for the Archimedean law
of the lever is the ‘equality of status’ resulting from placing equal powers
at the ends of a straight line in a given position.

As to the working of the dental forceps and nutcrackers analyzed
in Questions 21 and 22, both instruments were regarded by the ancient
author as formed by two levers working in opposite directions, having the
point of junction as the fulcrum. Baldi follows here the explanation of
Piccolomini.**

In Question 28 the author analyzes the working of the swing-beam
(shaduf) used to draw water from a well, but without relating the struc-
ture of this machine to the lever.)> He points out that the operation
normally occurs in two stages and that the empty bucket can easily be let
down whereas it is difficult to draw it up when it is full. The disadvantage
of letting it down more slowly with the help of this machine is balanced
by the advantage of reducing its weight when drawing it up: this result is
produced by a stone attached to the end of the swing-beam. Piccolomini
and other authors after him felt the need to give a true mechanical ex-
planation of the working of this machine, showing that it is based on the
principle of the lever.1® To this explanation, Baldi added the remark that

one also has to take into account the weight of the body of the man who
lets down the empty bucket by lifting the loaded end of the beam.

3.4 Problems Concerning Sailing: Questions 4-7

In Question 4, the author asks why the rowers placed mid-ship are those
who mostly move it. This is explained by considering the oar as acting
like a lever where the thole pin is the fulcrum, because it is fixed, the
sea is the weight, and the sailor is the force that moves the lever. The
explanation is again based on the principle of the lever: in proportion to
the increasing distance of the moving force from the fulcrum, the weight
will move more. Baldi points out, however, that the fulcrum is not actually
the thole pin, but the sea, whereas the ship is the weight placed at the
thole pin, that is, between the power and the fulcrum. This is the kind
of lever discussed by Guidobaldo in Proposition 2 of his treatise De vecte
contained in Mechanicorum liber:17 here the weight is placed between the

14Pjccolomini (1547, 451/v).
15This machine is made of a long beam pivoting on top of another beam vertically

driven into the ground: the bucket hangs from one end of the pivoting beam, whereas
a load or stone is attached to the other.

16Pjccolomini (1547, 61r/v).

17Guidobaldo del Monte (1577, 39r—40v).

3. The Book 21

fulerum and the power, and the ratio of the power to the weight is the same
as that of the distance of the weight from the fulerum to the distance of
the power from the fulerum. However, Baldi points cut that Aristotle’s
f:l.rg:m.nent would be conclusive if the ship were kept still by some hindrance:
in this case the oar would move in the way described in the text. that is-
the fulerum would be placed at the thole pin and the weight woul’d be thei
sea. Baldi argues moreover that it would be more correct to say that the
rowers move the ship ‘more easily’ rather than ‘mostly18

The following Question 5 asks why the rudder, which is small and
at.the end of the vessel, has such great power that the large mass of the
ship can be moved by a small tiller and by the strength of one single man
exerting just a small effort. The answer given is that the rudder is a lever
tl.le sea the weight and the helmsman the moving power. The rudder WOI'kS:
dJﬂ:'erently from the oar because it does not strike the sea at right angles
to its length, and it does not drive the ship forward, but turns it while it
moves, receiving the sea at an angle. It is placed at the end and not in the
m_ldc.ile of the ship because a moved body can move most easily when the
moving power acts from the end. Baldi criticizes the relation between the
movement of the oar and that of the rudder as established by the author of
Mechanical Problems, who applies to the rudder the same argument used
for the oar, putting the rowlock at the middle of the oar and considering
the rowlock as moving along the oar. Baldi prefers to consider the sea as
the fulerum, and the rowlock or the hinge on which the rudder pivots as
the weight. This explains why, when the ship is motionless, the rudder
has no effect on the ship’s movements to the left or to the right, whereas

 its effect is great when the ship is moving, because the movement of the

Sh.lp at an angle is caused by the very movement of the sea which presses
against the blade. The rudder works effectively only if it is positioned at

_an angle and the ship is moving.

s To make his point clear Baldi resorts to his personal observation of
the way .in which boatmen transport goods and people from one bank of
a large river to the other. He describes the case of two pontoons joined by
means of a plank, with the rudder placed between the two sterns, and the
pontoons tied to a rope fixed to one of the banks. If the rudder ;s turned
at an angle, its blade is pushed by the flowing water and drags the boat
to the other bank. It is clear that the cause of this movement is not just

‘the percussion of the water against the blade of the rudder, as Aristotle

thought, but the pressure exerted by the flowing water upon the blade.

- The same explanation can be given for the sails of windmills which, by

18Baldi (1621, 41).
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eiving wind at an angle, move the grindstones, and for the tails of birds
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and fish, which also function like rudders.
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Figure 3.1: Pontoon, Baldi (1621), 48

Question 6 asks why it is that the higk_xer its yard-arm, tr]l;i fzsllc:]i;,
ship moves, even though the sails and the wmg are thetizmﬂekast :C o 0
is i use
ical Problems answers that th1§ is beca cts
? fvi‘f E:Eélfizhe fulecrum is where the mast is fixed, whereas th@f Sh.lP tlS ;11115
v?feight and the wind in the sails is the moving power. Baldi gfm nfoves
that, though it is true that the higher its yard-arm, the f.a\sta'er a Osf tie pmwi
this TcauseS at the same time a rising of the szarn a:nd;; 1? smlanbent glever s
i i d here is the ;
t. the kind of lever to be considere : _ |
11;-2 iahz.t, Which operates in a pair of tongs for extracting nz:ls, _Wl(;er:h'_rﬁthz
fulcrum is the joint. The mast of a ship, when Eenﬁ E}; :]_- eﬂ?:npc,}wer o
i 5 i i it is a ben : '
ises the weight of the ship. Since I S
:Jl?d ;?:;Sacting orT the yard-arm is to the distance ﬁor.n the flﬂcmtmer z;.z
thi distance from the fulcrum is to the weight of the ship. The cexi3 g
oravity of the ship is placed toward the prow becafusg c;i t};fl :l}l;:a;,go T
5 ; ller the ratio betwe ‘
o0. As a consequence, the sma. : i
gg gﬁeiﬁr and the larger the weight, the less the power will prevail in
ising the weight. ' - ‘
1nalsm(;)guestion '?a.sks why it is that when the sailors wish to sail bfei;;:e ::;
wind. even if the wind is not blowing from the stern, they reet the
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in the direction of the helmsman and slacken the part of the sail toward

~ the bows. The explanation given is that this happens because the rudder

cannot act against the wind when it is strong, but it can when the wind
is so light that they can catch it. Thus, the wind carries the ship forward,

~ but the rudder forces it to blow from the stern, acting against the sea as
a lever.

Baldi explains this short and obscure text by resorting to Piccolomini’s
commentary, where this case is reduced to that of a lever in which the wind
is the weight, the rudder is the power, and the fulerum is placed not at the
middle of the ship, but toward the prow.'® Baldi however points out that
this explanation raises the objection that the fulcrum should be steady,
whereas here it is moving.

3.5 The Easy Movement of Bodies with Round Shapes:
Question 8

In connection with the principle stated at the beginning of the work, Ques-
tion 8 asks why round figures are the easiest to move. This problem gives
Baldi the opportunity to make the first large digression. Aristotle distin-
guishes between three different types of circular motion: the motion of a
circle on a plane, the motion of 2 circle around a fixed horizontal pivot,
and the motion of a circle around a fixed vertical pivot. Baldi examines the
following cases: the motion of a circle and an ellipse on a horizontal plane,
the motion of a circle on an inclined Plane, the impact of a wheel against
an obstacle, and the motion on the bend of two wheels having the same
axle. Then he discusses the problem of the motion of a cylinder and of a
cone on a horizontal plane. The digression ends with an analysis of Aris-
totle’s third type of rotating motion, that is, the motion of a circle around
a vertical pivot. Baldi includes the case in which the axis of rotation is at

an angle with the vertical line.

These cases are discussed in detail as follows: a circle or a sphere is at
rest on a horizontal plane for the same reason that explains the equilibrium
of a balance with equal arms loaded with equal weights. In a circle or
sphere, the equal weights are the two equal parts of the figure on the right
and on the left of the point of the plane on which they are standing and
which acts as a fulerum. Baldi makes the important observation that the

. motion on the horizontal plane is easiest because the center of gravity is

neither raised in relation to the plane, nor with respect to the center of the
earth. In the case of figures which are not circular, such as the ellipse, the

| Piccolomini (1547, 20r).
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center of gravity is raised and lowered during the motion on the horizontal
plane. Furthermore, the effort made to push an ellipse forward is not
constant, but changes constantly because the center of gravity goes up
and down in varying ways. This happens also in the case of figures with
sides such as polygons. In the case of the motion of a circle or sphere on
an inclined plane, Baldi points out that the vertical line passing through
the center of gravity of the figure does not go through the point of the
plane on which the figure is placed, but further down, so that the figure
is no longer supported by the plane, but rolls down the plane. In this
case the two sides of the figure on the right and on the left of the point
at which it touches the plane are not symmetrical. Baldi then shows that
the equilibrium of a circle or sphere on an inclined plane is determined by
the type of lever on which the weight of the figure, which is concentrated
in the center of gravity, is placed between the fulcrum and the power that
keeps the circle or sphere in equilibrium. He also shows that the smaller
the angle of inclination of the plane, the less power is needed to keep the
equilibrium. Baldi also mentions Pappus’ Proposition 9 of Book Eight,
which deals with the problem of determining the power needed to pull 2
weight up an inclined plane, but he does not discuss it since it was based
on different hypotheses and arguments.2°

Baldi questions why wheels with a larger diameter overcome an ob-
stacle more easily than wheels with a shorter diameter. He presents two
solutions to the problem, one based on the displacement of the center of
gravity, the other on the law of the lever. The first solution shows that in
overcoming the obstacle, the center of gravity of the two wheels are both
raised to the same height, which is that of the obstacle; but the center
of gravity of the larger wheel moves through a greater distance to reach
the same height, so that the centers of gravity of the two wheels actually
move on two different inclined planes, which have the same height but a
different inclination. The second solution to the same problem shows that
the two wheels can be considered as two levers of the second type, in which
the weight is placed between the fulcrum and the power: the lever corre-
sponding to the larger wheel needs less power than the lever corresponding
to the smaller wheel.

Baldi then discusses the problem concerning the motion of two wheels
with the same axle: when they turn, both wheels describe two concentric
circular paths and the external wheel describes the circumference with a
greater diameter, whereas the internal wheel could even remain at rest
when it is at the center of the rotation. Baldi goes on to analyze the

20Pappus of Alexandria (1588, 3131).

3. The Book 25

mo.tion of a cylinder which rolls on a horizontal plane: if the bases of the
; c.y]mder are perpendicular to the axis, the cylinder moves in a straight
line and describes two parallel lines; if the bases of the cylinder are not
perpenfiicula,r to the axis and therefore elliptical, the lines described by
the cylinder are still parallel, but curved rather than straight. Considering
then the motion of a cone placed on a horizontal plane, Baldi shows that
when the vertex remains in the same place, the lines traced by the points
touchi_ngg the plane are concentric circles. When the base of the cone is not
perpendicular to the axis, Baldi wrongly believes that the line traced b
the motion of the cone is an ellipsis. ¢
_ Lastly, Baldi considers the case of a rotating motion around a vertical
axds, such as the motion of a potter’s lathe or the motion of a top. In
F]:us kind of motion the center of gravity remains still so that a small force
is nc?eded to start the motion and to keep it going, whereas the motion
continues for a long time after the force has ceased to act. Baldi also points
out that in this kind of motion the axis of rotation keeps its position unless
an external cause interferes. Even when the axis of rotation is at an angle
with the vertical line, it retains this position because the center of gravity
moves neither up nor down. When the center of gravity is not on the axis
of symmetry of a circular figure, during rotation it would not be at rest but
would also be rotating and would move up and down: since the movement
of the center of gravity upward is a violent motion, it would quickly stop.

3.6 The Simple Machines. The Azle in the Wheel, the Pulley
and the Wedge: Questions 11, 13, 17-18

'.l’hough in the text of Mechanical Problems there is no mention of the axle
in the wheel, Baldi discusses the properties of this machine in Question 13.

“By the end of his commentary on Question 11, he already briefly mentions

an mportant aspect of the working of this machine. There the question
was why heavy bodies are more easily carried on rollers than on chariots
tht?ugh the latter have larger wheels than the former. Baldi agrees witl::
Aristotle that the cause was the lack of friction in the case of rollers

whereas in the case of chariots there is the axle against which the wheels,,
rub. He then adds that enormous weights are most effectively moved by
means of rollers if levers are fixed to them, though in this case the resulting
motlc?n will be very slow. The slowness is compensated, however, by the
ease in moving heavy loads. He gives a geometrical demonstration of this

but without relating it to the theory of the axle in the wheel. But n:;
Question 13, he refers directly to this theory. In this question it is asked:
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why are the longer bars (collopes) more easy to move round a
spindle (dugum) than smaller ones; and likewise why are less
bulky windlasses (suculae) more easily moved than thicker ones
by the same force??

Aristotle teaches that this is possible because both the spindle and
the windlass are at the center, whereas the length of the bars sticking out
from them represents the distance from the center, which is the radius.
Now the radii of greater circles move more quickly and a greater distance
is traversed by effect of the same force than the radii of smaller circles. In
the case of less bulky windlasses, given an equal length of the bars, the
part outside the wood is greater. After giving a geometrical demonstration
of Aristotle’s argument, Baldi explains the etymology of the Latin word
sucula, meaning windlass, and adds that this was called axle in the wheel
(axis in peritrochio) by the ancient writers on mechanics.?? Among the
modern authors, Baldi mentions Guidobaldo del Monte who discusses this
mechanical power in his Mechanicorum liber, where the functioning of this
machine is explained on the basis of the principle of the lever.??

Question 17 asks: “why are great weights split by a small wedge,
and why is great pressure exerted by it?” Aristotle and more recently
Guidobaldo tried to reduce the wedge to the lever.?* Baldi declares that
in order to find the true solution, he will not follow their opinion. But first
he illustrates Aristotle’s solution, showing that it is false and unworthy of
such a great philosopher. He then mentions Guidobaldo’s solution, which
is certainly very clever but, in his opinion, presents a difficulty: he wrongly
compares the wedge to an inclined plane. Baldi points out that when an
inclined plane is reduced to the lever, the fulerum is fixed, whereas in the
case of the wedge reduced to the lever, the fulcrum continuously changes
position.

Considering these difficult aspects of the problem, Baldi tries to ex-
plain the strength exerted by the wedge from a different point of view. He
distinguishes two types of wedges: those that can be reduced to the nature
of the line, and those that can be reduced to the nature of the surface.
The former are shaped like lines ending in a point, such as needles, nails or
daggers; the latter are made of two surfaces ending in a cutting line, such
as knives, swords or axes. Baldi adds that wedges operate in two ways:
either they are driven by a hammer, like axes, or they penetrate under the

21Baldi (1621, 89).

22Pappus of Alexandria (1588, 329v-330v).
23Guidobaldo del Monte (1577, 106r/v).
24Guidobaldo del Monte (1588, 112v—113v).
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action of a push and i

g p under pressure, such as swords, daggers, chisels and
o At the en:d -of this c.ha.pter, Baldi analyzes the action of the lever in
the a.,ct of s.phttmg a thing with a wedge by considering the thing that
s bgmg split rather than the wedge itself. He shows that the fulcrum is
continuously changing position so that the splitting becomes easier and

. easier. As a last case he analyzes the action of splitting a thing by means

;)Ii a chisel used as 2 lever shaped like a wedge: the larger the ratio between
; n:op:;fi toi ;:i— bi'h;;tﬂ outside the split and the part inside it, the easier it

; The topics discussed in Question 18 are systems of pulleys and the
ratio between power used and weight lifted. Baldi begins by quoting Aris-
totl-e’s opinion according to which the greater the number of pulleys, the
easier it is to lift weights. He corrects the way in which A_ristotle}ha.d
re_duced the pulley to the lever and points out that the pulley is a lever
with equal arms, which can be further reduced to a balance. On this ba-
sis, he rejects the Aristotelian statement that by augmenting the number
of pulleys it would be easier to lift weights and shows that in a system
of five pulleys the power applied is equal to the weight lifted. This is a
system where the rope tied to the weight passes over fixed pulleys.?’ In
this system the force of the weight is not reduced, but power and weight
are equal. Then Baldi argues that in a fixed pulley, power and weight are
equal, whereas in a mobile pulley the power needed is half the weight. He
shows how this principle works in a system of four pulleys by reducing it
to four levers with equal arms, and calculates that a weight of 1000 librae
is reduced 16 times so that the power needed to hold it would be a weight
of 62.5 librae.26

3.7 The Sling: Question 12

The general problem of the motion of projectiles is discussed in Questions
32-34, whereas in Question 12 it is asked: “why are missiles thrown by a
sling at a greater distance than those thrown by a hand?” Aristotle solves
the question by saying:

perhaps this happens because the thrower hurls the missile
which is already moved by the sling, since he throws it after
swinging the sling round in a circle; but when projected from

25Baldi (1621, 123).
*6Baldi (1621, 126).
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the hand it starts from rest. For everything is moved more
easily when it is already set in motion than when it is at rest.

He adds moreover:

can it perhaps also be because in the case of the sling the hand
becomes the center, and the sling the radius of the circular
motion? Thus, the greater the radius, the faster the move-
ment. But the circular movement made by throwing by hand
is smaller than that made by the sling.?”

Baldi approves Aristotle’s solution, but adds more precisely that when
the missile is thrown by the sling, the center of the circular motion is not
the hand, but rather that part of the arm that is joined to the shoulder.
He is also surprised that Aristotle did not notice that the thrower, in the
very act of hurling, slowly rotates the sling around his head. He also adds
that the speed of the missile is not acquired by just the rotation of the
sling, but by the impetus generated in the very act of throwing the missile.

3.8 The Breoking end Deformation of Materials. Pieces of
Wood and Pebbles: Questions 14-16

In Question 14 it is asked why the same piece of wood held at equal
distances from the knee is more easily broken if one holds it far away
from the knee than if one holds it quite close to it. The problem of the
resistance to the breaking of a piece of wood is first discussed according
to the law of the straight lever: the breaking depends on the greater or
shorter distance of the point of application of the power from the fulcrum.
To this obviocus explanation Baldi adds another one, based on the law of
the bent lever: one arm of the lever corresponds to the length of the piece
of wood, the other arm to its thickness. This explains the importance of
the ratio between the length and the thickness of a piece of wood in order

to assess its resistance to breaking.?®
Question 15 is the only one which is similar to a problem discussed. in

another work ascribed to Aristotle. Earlier, in Problemata (XXII, 36), it
was asked why stones on the seashore become rounded. There, the answer
does not refer to the circular figure. The explanation given by the author
is based on the concept that the further an object is from the center,
the more rapidly it moves. As a consequence, the parts further from the

27Baldi (1621, 88).
28For a discussion of Questions 14 and 16, see Becchi (2004) and Valleriani (2009).
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middle must be worn down and become rounded. Baldi points out that

- if it were a question of distance, the larger stones should be rounder than

the smaller ones. But this is not the case. The problem is to be related

. to the natural brittleness of sharp edges and protuberances, which break

easily_ so that the stones become smooth and rounded. As examples of the
fragility of small projecting parts, he mentions the protruding parts of a
statue (ears, nose, fingers, hands, feet), which can easily be ﬁroken and
the round shape of towers as well.2° ,
Question 16 contains an Important digression concerning the resis-
tance of timbers and stone arches: Baldi’s treatment of this subject is
beyond comparison to previous studies of the matter. The Aristotelian
text asks why pieces of timber are weaker and bend more easily the longer
Fhey are. After quoting the explanation of the author (based on a reas;n-
ing already described in the comment to Question 14), Baldi engages in
a d_etaﬂed analysis of the resistance of a rod (resistance of different ma-
tenal§ such as glass, wood, steel) and of the different ways in which the
!)realcmg power operates (along the axis, as in the case of a column: or
in a slanting or perpendicular direction). His analysis of the resistz:nce
to breaking is based on the law of the lever (which is already used in the
comment to Question 14) and on the idea that in the case of the bending
of a rod a rarefaction or condensation of matters occurs. Baldi is awar:
of the importance of this analysis for the art of building and devotes the
rest of his commentary to a discussion of the way in which the principles
of mechanics can be applied to the practical knowledge of architecture: he
analyzes the resistance of floors, trusses, flat arches and vaults. By relating
the resistance of a timber to static problems of more complex structures
Baldi aims to “make architects more prudent.”3° ’

3.9. The Force of Percussion: Question 19
In Question 19 the author asks:

why, if one places a large axe on a block of wood and adds a
large weight on top of it, does the axe not cut the wood to any
extent; whereas if one strikes the wood after raising the axe
he splits it, even if the axe weighs much less than the weighT;
that is placed on it and presses down on it?

He solves the question by saying:

Vitruvius (1567, 32).

. ®¥See Becchi (2004).
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it is because everything is produced by motion, and a heavy
object acquires more motion due to its weight when it is moving
than when it is at rest. When the weight lies on the wood, it
does not move by effect of the motion, which is inherent to it by
nature; but when it is already in motion, it is moved by effect
of both this inherent motion and the motion of the striker.*!

According to Baldi, what Aristotle has said up to here is brilliant; but
what the philosopher adds concerning the operation of the axe acting like
a wedge is refuted by him in Question 17. For Baldi the discussion of the
effect of a blow with an axe must refer to the nature of falling bodies and of
projectiles. He considers the example of a balance which is in equilibrium
because it has equal heavy bodies lying on its scales: if other equal heavy
bodies are added on both sides, the balance remains in equilibrium; but
if one of these additional heavy bodies is dropped on one scale, this will
cause it to go down. In the heavy body that is dropped there are two
weights: one is its natural weight; the other is the weight that it acquires
owing to this motion. If the additional heavy body were not just dropped,
but thrown down, to its natural weight and to the weight acquired owing
to its natural motion a third weight would be added, that is, the weight
produced by the violence with which it is thrown.

Baldi then analyzes the circular motion of the axe during the act
of striking, and the different weights that are produced in the different
subsequent stages of that motion. Afterwards he points out the difference
between splitting a piece of wood by striking it with an axe and splitting
it by means of a wedge struck by a hammer. Finally, he discusses a “most
beautiful question” (pulcherrima quaestio), that is, whether a blow from
a sword is more effective near the tip or in the middle or near the hilt.

3.10 The Composition of Motions: Questions 23-24

At the beginning of Mechanical Problems Aristotle discusses the question
of how two motions can produce a circular motion, and points out that
this mixed motion can only be the result of two motions not having a
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th.llsl o—ﬁ’ers a splendid consideration concerning mixed motions, which

:&; all;nc;lwxllL -to th_e a.rrlcient authors on mechanics, as were cu.;:ves sucze;,:
pirals, he es, cissoids, conchoids, etc., which thev used to find the tw
mean proportionals (the duplication of the cube) and the s i .
circle. The long text of the question reads: aering of the

?Nhy 1s it that in a rhombus, if the two extreme points move
in t?vo movements, they do not each pass through an equal
straight line, but one passes through a much longer line tqha

the other?_ In other words, why does the point that move]‘;L
along f?he side pass through 2 distance less than the side? For
one point goes through the diagonal, the other through tht;‘ side

which is longer, though .
gh the latter m :
the other with ,two.32 oves with one motion, and

s lHOW can the paradox be solved in which two points, which move with

comg;l e dmohlt;)ns at equal speed, move through different distances? Aristotle

o di; W]e:; t Zt ox;le of the points moves with two motions, both of which

ard, whereas the other point moves with i

: two motions, of which

one E_upward and the other downward; therefore the motion o,f the ﬁ:st
- point Is-faster and moves through 2 longer distance.

Wortghlsf ZTFEIO? seems not only to be true, but also marvellous and
Y Of Aristotle. Baldi, however, shows that this i

_ 1 ; is wron, d

= g and suggests

5 ;)It]:ﬁ;is way of dsolwng the .paradox. In any parallelogram, J'J:u:ludizizjrg;g the

» TIxed motions, if they have the same proportion, are made

” a.l 3 -
7 al:;z;gsthe dze_.».gonal. But the proportion between diagonals and sides is
E ythchaf.lgmg, and ther_efore the proportions between the simple motions
. along the sides and the mixed motions along the diagonals will also always

b ; . ;
”d; c?a;llfng. For instance, in the rhombus the mixed motions along the
£onals are not equal: the one along the greater diagonal is faster, and

' . -
the one along the smaller diagonal is slower. Likewise, the simple motions

of poénts a_Iong thc.a sides are not equal to the motions along the diagonal
uestion 24 is one of the best known of the Mechanical Problems'.

& Here it i y & is i
| It is asked: “why is it that a greater circle revolves along a line of

B :'Zilztsaﬁe length as a smaller circle when they are fixed around the same
i & Cflelréacﬁﬂ}e:hthey rexiolve separately, then the lengths of the lines along
I Ol them revolves in turn are in the same rati i i

fiirech e . ' 10 as their respective
| Blilezi Since the geometrical figure used by Aristotle is somewhat oiscure
Proposes to demonstrate the same conclusion by using a clea.rer,

constant ratio. He had previously shown that the composition of two
motions having a constant ratio results in a diagonal of the figure generated
by them. These arguments must have stimulated the author to reflect on
the apparent paradoxes of mixed motions, which were later discussed in
Questions 23 and 24. Before discussing Question 23, Baldi points out that

31Baldi (1621, 128-129). g e
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figure. Aristotle then explains the cause of sucllll ain a.maz_iﬁ%eefjgz,n aittiz
sk ini ink that the larger circle,
cting the opinion of those who think : |
Z(;J;ied ?orwarcf by the smaller circle, moves more slovfrly because it sto;?i
intermittently, whereas when the smaller circle is carried by the ?rferé hle
skips some space, so that the distances covered by f:he larser and by c
smaller are the same. Before starting his demonstration, Aristotle assume

the following principles:

the same and equal force moves one mass more slowly a.nci
another more rapidly; if a body, which has a..natural movemez;l
of its own, moves together with a body which has 1o natur f
movement of its own, it will move more fslc?wly than 1f it mo:i

by itself; but it will move more quickly if it moves without the

other.®®

Suppose that there are two bodies, one ]'ight, which hacls 1203:21; fi
movement upward, and the other one heavy, which ha§ a ni:ur; et
downward. If the light body were linked together w1‘th t 31 dem:);;r ‘ m;,re
would be more difficult for it to move upward and it would m
slowly than if it moved detached from the heavy body.

Moreover, that which is moved not by its own move_metn‘zs 1}2:
by the movement of another body, must be mov_edlju_s =
as the mover moves it. Therefore if the smaller circle ;s r;:lo red
not by its own movement, but by the moverpe_nt of ¢ :ie barcits
circle, it will cover a greater distance th_an if it move ¥

own movement. Likewise, if the smaller c:rf:le r_evolves c.arryvl‘.:ﬁ
the large one with it, the larger circle with its rofif,tmn i
not cover a greater distance than that covered by the sma.

circle.34

Aristotle says that those who think that feach circle 1:|:Lovels1 by 1;;15
when rotating around the same center are deceived. gor vv’hendtt ]113 s:z::a i
i i i the motion is made aroun e
circle is carried by the larger one, ‘ _ _ T
i i circle is carried by the sm i
of the larger circle; whereas if the larger 7 e B
ion i ter of the smaller. Aristotle’s so!
the motion is made around the cen 1
is considered by Baldi as absolutely certain and based on true causes.

33Baldi (1621, 148).
34Baldi (1621, 149).
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3.11 The Construction of Beds: Question 25

In this question it is asked why beds are made with a length that is double
the ends, and why the supporting ropes are not fixed diagonally? Accord-
ing to Aristotle, beds are probably made to those dimensions so that they
may accommodate ordinary bodies: for the length is twice the width, the
length being 4 cubits and the width 2 cubits. Baldi, however, remarks that
in his time the proportion was 2 to 3, the length of the beds being 6 feet
and the width 4 feet, so that a bed could accommodate two people. He
also points out that the original text is rather obscure, both because its
different readings in extant manuscripts are erroneous, and because Aris-
totle’s argument is rather involute. Alessandro Piccolomini overcame this
difficulty by using a text contained in a very ancient manuscript kept at
. the Marciana Library in Venice.3 The ancient author gives three expla-
nations for the reason why the supporting ropes are not fixed diagonally:
1) because in this way the timbers to which they are fixed would be Jess
strained; 2) because the ropes would be less strained if the weight is put
on the ropes stretched crosswise rather than diagonally; 3) because fewer
ropes would be needed. Concerning the first reason, Baldi shows the differ-
ent ways in which the timbers are strained according to whether the ropes
are fixed perpendicularly or diagonally. As to the second reason, he points
out that the ropes fixed diagonally are longer and therefore less resistant
than those fixed perpendicularly. As the third reason Baldi calculates the
length of the ropes needed when they are fixed diagonally: for a bed 6
feet long and 3 feet wide, the rope needed is about 40 feet and 2/3; this
result is slightly different from that given by Piccolomini, which is 40 and
1/2.%¢ Baldi is astonished that the ancients did not use the more simple
perpendicular arrangement of ropes, which is more resistant and requires
less rope, that is 32 feet, according to his own caleulation.

3.12 The Placement of Weights Carried on the Shoulders:
Questions 26-27, 29

' In Questions 26 and 27, the problem of carrying weights on the shoulders
 of asingle person is discussed, and in Question 29, the problem of a weight
bl ca.i-ried by two people. Why is it more difficult to carry a long timber on the
 shoulders at its ends than in the middle, though the weight is the same in

s i both cases? In Question 26 Aristotle solves the problem by considering the

**Piccolomini (1547, 55r).
- [*®Piccolomini (1547, 56v, 57v).
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vibration at the end of the timber and the lifting of the weight. Baldi points
out that in the text it is not explained why the vibration interferes with
the carrying, and he gives his own explanation by referring to the concept
of center of gravity and to the idea of rarefaction and condensation of the
timber carried on the shoulders, recalling what he had said concerning the
breaking and the bending of materials in Question 16.

As to the role played by weight, the ancient author had remarked that
a timber is more easily carried on the shoulders in the middle because in
this case each of the two ends assists in lifting the other and raises the
other in an upward direction. Baldi is not satisfied with this explanation
and resorts to the Archimedean law of lever as defined by Guidobaldo in
Proposition 3 of the treatise of the lever in his Mechanicorum liber.>" At
the end of the Question, Baldi mentions similar problems, such as the
difficulty of raising a rod by holding it at one end.

In Question 27 it is asked why it is that if the weight is extremely
long, it is harder to raise it up onto the shoulders, even if it is carried in
the middle, than if it were shorter. Baldi says that this question is similar
to the previous one and can be criticized and explained in the same way.

The discussion of the way in which a weight is carried by two people
in Question 29 is more interesting. It is asked why it is that when two
people carry a weight between them by means of a timber placed at its
ends on their shoulders, they feel a different pressure according to their
distance from the weight; the closer the carrier is to the weight, the heavier
it appears to be. For the author, the timber acts like a lever: the weight is
the fulcrum, the carrier nearer to the weight is the thing that is moved, and
the carrier more distant from the weight is the thing that moves. Therefore
the more distant the moving carrier is from the weight, that is from the
fulcrum, the greater the pressure is that is felt by the one moved at the
shorter end of the timber. Baldi does not agree with this and referring to
Piccolomini’s Paraphrasis shows that there are two levers to be considered
in one single timber.3® He argues that when the weight is placed at the
middle of the lever, the carriers feel the same pressure, since the ratio of
the length of the lever to each of its two parts is the same. At the end,
Baldi discusses various cases: when the two carriers are of different heignt,
when the weight does not hang freely from the lever, but is fixed to it so
that its center of gravity changes position; and when the two carriers are
of the same height but move on an inclined plane. The last case, Baldi
points out, is similar to that of the wheelbarrow, which could be regarded

37Guidobaldo del Monte (1577, 41r).
38Pjccolomini (1547, 62x).
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as a lever with the weight placed between the fuler

ot um and the moving

3.13 Rising from a Sitting Position: Question 30

Question 30 asks:

why when men stand up, do they rise by making an acute
angle between the shin-bone and the thigh-bone, and similarl
between the trunk and the thigh-bone? , i

e ?}flstc_)tle answers that this is because equilibrium is a cause of rest
te Iéfht anfgle s an angle of rest and produces stability. When a
Sma.neat cs1 a,; up his position is at right angles to the ground. When he is
p‘E‘rpee]::cIi ill;id :;d feet are not in a straight line, because the trunk is
c 0 the thigh, as is the thigh to the 1 ? i
he cannot rise. In order to ,r b el e
: ise he must bend the trunk and the lo
1
:ls; (1;: ml;a-.iskefamt ac;te angle between them, and to bring his head hnizzizfe?;
e eet. Baldi rejects this solution to th.
> e problem, arguing that
man is unable to stand up from sittine s Sittion of Fiekt
i : I ftting, not because his position at right
% eglself is :it ca.fuse of stability, _but Decause the center of gravity is outs%ille
e 55; diz “Ins feIi; anc;i he is unable to lean against a stable point in the
& UD. In order to stand up, it would be necess
: an, , ary to move th
_::a}r;at:r h(;f gravity so as 1.;0 place it in one straight line, and this is e:::ctl;
e pfen(si by l?ez%dmg ?he trunk forward and the legs backward. In
b Stand up, it is obvious that it is necessary to make acute angles
e is n.ot the cause of standing up, as Aristotle seems to think o
e OIIl-l his solution to the problem Baldi derives the solution to new
e _ ;f)ns. Why the feet of men and of some animals who can walk in an
| _ it;p?l;ge 11: position ;x.re.nc?t short and round, but rather long and extended
B e to::v;:i ptal.lrt Sm;.)ularly, why are feet more extended toward the toes
= !moﬁn : e h;ael. Why those who walk on stilts keep upright by
i f con Irfually ? All these questions Baldi answers by showing hDOW in
muse; faou keep In equilibrium, the center of gravity of both men a.nc? anun:a.ls
< t;1.:L1S,1deft]1.a‘c part of the body which makes it possible to stand up
condi;;io 111 ;olxsloof t};;:l cen;t;x; of gravity inside the supporting surface is a:
or the equilibrium of objects made b
: Y man, such as vas
. three-legged stools, etc. And this is the reason why the leaning towerseijl,

B Pisz and in Bologna d gk ]
- lround. gna do not fall in spite of not being perpendicular to the
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3.14 Problems Concerning Motion: Questions 31-34

In Question 31 it is asked why it is easier to move that which is already
moving than that which is stationary. Strictly speaking, this question is
not mechanical since no machine is involved. Baldi gives the example of a
sphere rolling on a plane by being pushed and points out that it is a phys-
ical problem. Baldi elaborates the solution given in Mechanical Problems:
when a weight is moving in the opposite direction to the pusher, some of
the power of the mover is lost; the same thing happens when the mover
pushes a weight at rest. But when a body is already moving in the same
direction as the pusher, it increases the force of the mover. This explana-
tion, according to Baldi, offers a solution to the physical problem of why
the speed of the natural motion of falling bodies increases continuously,
and this constant push causes the acceleration of its motion.

Question 32 concerns the motion of projectiles and asks why thrown
objects stop moving after a while. This, as well, is a physical problem. In
Mechanical Problems various explanations are suggested, but Baldi accepts
the solution given by Piccolomini in his Paraphrasis, which is based on the
fact that the impressed force, by which the projectiles are moved, is not
natural but accidental and viclent, and as such does not last.3®

Question 33 deals as well with the motion of projectiles and investi-
gates why projectiles continue to move even after the thrower no longer
has direct contact with the projectile. This is a central problem within
the Aristotelian theory of viclent motion. Once again Baldi’s solution is
in line with the explanation given by Piccolomini in his Paraphrasis of
Mechanical Problems according to which the nature of the impressed mo-
tion is accidental and violent and eventually peters out. The last question
concerning the motion of projectiles deals with a different aspect of the
problem, that is, the proportion between the thrown body and the throw-
ing force. Question 34 asks why neither small nor large bodies move very
far when thrown, but must always bear a relation to the thrower. Baldi
quotes the two explanations given in the Aristotelian work: it is either
because an object thrown or pushed must always offer resistance to that
which throws or pushes it; or because a moving body can only move as
far as it can penetrate the depths of the air. Finally, Baldi deals briefly
with three questions not strictly related to the main question: why does
a body turn around when thrown so that its heavier part moves to the
front? Why do pebbles skimmed across the surface of water rebound sew-

39Pjccolomini (1547, 66v).
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eral times? Why does a ball thrown against an horizontal plane rebound

o ~ at equal angles?

3.15 The Motion of Bodies in Eddying Water: Question 35

’l_‘he last question of Mechanical Problems, like the four preceding ques-
tions, concerns the motion of bodies, but in contrast connects the problem
with the properties of the circle. This question asks why objects which are
moving in eddying water all end their movement in the middle. Aristotle
explains that the moving object is moving in two circles, one lesser and one
grea’_cer, and that the greater circle, because it is moving more quickly, is
turning the object around and driving it sideways into the smaller cir::le.
Driven then from the second circle into the next inner circle and so on
the moving object ultimately reaches the middle and remains there at rest.’

~ In addition, the weight of the object overcomes the speed of the revolving

circle so that it is left behind in each lesser circle in succession until it

arrives at the center.

Baldi, however, does not accept Aristotle’s explanation, as brilliant as

| it may be, and points out that whirlpools are not circles turning around

the same center, but rather rotating movements along a spiral. In addition
the weight of the moving object could only cause its motion to slow down,
but the movement toward the center must have a different cause.

3.16 Appendix: The Problem of the Two Mean Proportionals

At the end of Baldi’s commentary to the Mechanical Problems there is
an Appendix which does not seem related to the questions discussed in
_the Aristotelian text. It is a classical problem from ancient mathemat-
ics: ‘.ﬁ.uding two mean proportionals between two given straight lines.
i'Baldl, after mentioning the solutions given by ancient mathematicians,
 Suggests a mechanical procedure for finding a solution, claiming its orig-
inality. The demonstration of the validity of Baldi’s solution is based on

the ancient demonstration produced by Pappus for a procedure suggested
by Nicomede.*°

il
}‘OPa.ppus of Alexandria (1588).




Chapter 4
Online Sources

The open-access repository European Cultural Heritage Online (ECHO)
of the Max Planck Institute for the History of Science is continuously
extending its collection of sources made freely accessible as text files in
xml format and/or as high-quality images via its web site echo.mpiwg-
berlin.mpg.de. The following sources mentioned in the present publication
and listed below are currently accessible in this way.

4.1 The First Edition of the Treatise of Baldi

Bernardino Baldi 1621

4.2 Ancient and Renaissance Sources Concerning Mechanics
Used by Baldi

Niccold Leonico Tomeo 1525 (see Thomaeus 1525)
Niccolo Tartaglia 1546

Federico Commandino 1565

Alessandro Piccolomini 1547 (1565 edition)
Jordanus Nemorarius 1565 (see Tartaglia 1565)
Federico Commandino 1575 (see Heron 1575)
Guidobaldo del Monte 1577

Guidobaldo del Monte 1581

Guidobaldo del Monte 1588

Pappus of Alexandria 1588 (1660 edition)

4.3 Other Works and Translations by Baldi

Bernardino Baldi 1589 (see Heron 1589)
Bernardino Baldi 1612a

Bernardino Baldi 1616 (bound together with Heron 1583)
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4.4 Other Renaissance Sources

Vitruvius 1567
Cardano 1570
Guidobaldo del Monte 1615
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