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The Max Planck Research Library for the History and Development of Knowl-
edge comprises four subseries, Studies, Proceedings, Sources and Textbooks.
They present research results and the relevant sources in a new format, combining
the advantages of traditional publications and the digital medium. The volumes
are available both as printed books and as online open access publications. They
present original scientific work submitted under the scholarly responsibility of
members of the Scientific Board and their academic peers.

The volumes of the four subseries and their electronic counterparts are di-
rected at scholars and students of various disciplines, as well as at a broader public
interested in how science shapes our world. They provide rapid access to knowl-
edge at low cost. Moreover, by combining print with digital publication, the four
series offer a new way of publishing research in flux and of studying historical
topics or current issues in relation to primary materials that are otherwise not
easily available.

The initiative is supported, for the time being, by research departments of
three Max Planck Institutes, the MPI for the History of Science, the Fritz Haber
Institute of the MPG, and the MPI for Gravitational Physics (Albert Einstein In-
stitute). This is in line with the Berlin Declaration on Open Access to Knowledge
in the Sciences and Humanities, launched by the Max Planck Society in 2003.

Each volume of the Studies series is dedicated to a key subject in the his-
tory and development of knowledge, bringing together perspectives from dif-
ferent fields and combining source-based empirical research with theoretically
guided approaches. The studies are typically working group volumes presenting
integrative approaches to problems ranging from the globalization of knowledge
to the nature of spatial thinking.

Each volume of the Proceedings series presents the results of a scientific
meeting on current issues and supports, at the same time, further cooperation
on these issues by offering an electronic platform with further resources and the
possibility for comments and interactions.

Each volume of the Sources series typically presents a primary source—rele-
vant for the history and development of knowledge—in facsimile, transcription,
or translation. The original sources are complemented by an introduction and
by commentaries reflecting original scholarly work. The sources reproduced in
this series may be rare books, manuscripts, documents or data that are not readily
accessible in libraries and archives.



Each volume of the Texthooks series presents concise and synthetic informa-
tion on a wide range of current research topics, both introductory and advanced.
They use the new publication channel to offer students affordable access to
high-level scientific and scholarly overviews. The textbooks are prepared and
updated by experts in the relevant fields and supplemented by additional online
materials.

On the basis of scholarly expertise the publication of the four series brings
together traditional books produced by print-on-demand techniques with modern
information technology. Based on and extending the functionalities of the existing
open access repository ECHO (European Cultural Heritage Online), this initiative
aims at a model for an unprecedented, Web-based scientific working environment
integrating access to information with interactive features.
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Foreword

My research on the early modern history of art of war began several years a-
go when I first began to investigate Galileo’s activities as a teacher of military
fortifications and his acclaimed work on the military compass in order to assess
whether this represented the contemporary state-of-the-art in the late sixteenth
century. From the very beginning, I was confronted with the work of Tartaglia,
especially his Quesiti et inventioni diverse published in 1546.

While teaching Nicold Machiavelli’s Il principe at the Technische Univer-
sitdt Berlin in 2011, I began to see that developments in certain practical activities,
such as metallurgy, had destroyed the equilibrium between attack and defense
strategies that had endured for centuries. Consequently, I began to reconstruct the
manifold consequences of this peculiar situation, which were redressed only after
the 1530s when architecture responded to the newly developed and more power-
ful artillery with a novel design for the bastion, around which all early modern
military architecture was subsequently developed.

This in-depth research on the entire spectrum of the military technologies of
the early modern period ultimately presented an opportunity to return to my earlier
research on mechanics, but this time with the capacity to better contextualize
it. The emergence of new theoretical knowledge could now be understood as a
consequence of an advanced and challenging technological context.

This is the background against which the two fundamental questions arose
that eventually gave birth to the work finalized in the present book, namely how
and why a new theoretical ballistics had emerged by the mid-sixteenth century.
These questions then necessarily shifted the focus to Nicold Tartaglia’s Nova sci-
entia. This work was published for the first time in 1537 and then again in 1550
with several amendments, especially to the third book.

The present work, which is based on the 1558 print run of the second edition,
is neither a work on Tartaglia’s theoretical achievements tout court, nor a work
on early modern mechanics. It is rather an edition of one of the most fundamen-
tal works on mechanics of the Renaissance, indeed, the first to transform aspects
of practical knowledge accumulated by the early modern artillerists into a theo-
retical and mathematical framework. It meticulously contextualizes Tartaglia’s
ballistics into the framework of artillery and its use, which was diffused precisely
during Tartaglia’s time. It also analyzes the epistemological process that led from
accumulated practical knowledge to the formulation of a scientific theory.



2 Foreword

A partial English translation of the Nova scientia has already been available
to historians of science since 1969, thanks to the seminal work of Stilman Drake
and Israel Edward Drabkin. Nevertheless, as their research focused on early mod-
ern mechanics as a decontextualized logico-mathematical exercise, possibly sup-
ported by some “experiments,” so does their translation. Drake and Drabkin trans-
lated only the dedicatory letter and the most relevant theoretical parts of the first
and second book of the Nova scientia, often omitting the demonstrations. They
systematically ignored all parts of the books that deal more closely with the prac-
tical aspects of a science of ballistics, thereby presenting a misleading image of a
highly theoretical abstract formulation that makes it impossible to understand the
underlying reasons of why this science emerged in that specific period. The third
book, which deals with the techniques used for measuring distances by sight—
a procedure without which the use of modern ballistics is nonsense—is entirely
absent from their translation. Yet, as will be described in the following, this book
more than any other clearly shows the tension between practical and theoretical
knowledge that constantly imbues Tartaglia’s work. Finally, Drake and Drabkin
rendered some of the fundamental conceptual instruments of Tartaglia’s theoret-
ical structure by using the terminology of modern physics. They therefore failed
to appreciate the fact that scholars of the sixteenth century were not only creating
new scientific knowledge, but also a language with which to express it.

I hope that the present work will be helpful to any future scholarly research
that aims to reconstruct the history of early modern mechanics within its techno-
logical and cultural context.

Berlin-Wedding, January 18, 2013
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Chapter 1
Introduction

In 1537, a mathematician from Brescia, Nicolo Tartaglia (1500—-1557) published
a work entitled Nova scientia.! It is this work that established the modern science
of ballistics, as characterized by the search for a mathematical understanding of
the trajectory of projectiles. Tartaglia’s intentions were to create a science based
on axioms and more geometrico, fundamental to the entire subject of mechanics,
starting from a limited number of principles and arriving at a series of proposi-
tions through a process of rigid deduction. The methodological model Tartaglia
intended to follow was the one he was able to extrapolate from works like Euclid’s
Elements.

Tartaglia himself related what had motivated him to take on this work.
His motive was fundamentally practical and connected with the activity of the
sixteenth-century bombardier. In a letter dedicated to Francesco Maria Feltrense
della Rovere, Duke of Urbino, which opens the Nova scientia, the author relates
how in 1532, while he was living in Verona, a friend who was a bombardier
asked him at which angle the barrel of a cannon should be elevated to achieve
the longest possible shot. Even though Tartaglia himself admits that he is no
expert in such specialized areas connected to military activity, he continues his
own account by asserting that, having made some calculations, he was able to
establish on geometric and algebraic grounds that the maximum range would be
achieved if the barrel of a cannon were raised at an angle of 45 degrees above the
line of horizon. From a perspective confined to the development of ballistics, this
is Nicolo Tartaglia’s principal scientific achievement. However, from a wider
perspective, more specifically from the perspective of the entire history of the
development of mechanics during the Renaissance, Tartaglia’s most important
achievement is having demonstrated in 1537 that an exact science of ballistics
was possible, based on the application of mathematical and geometrical methods.
Challenged by the knowledge and experience of the bombardier, Tartaglia made
an enormous contribution to the field of mathematical physics. In the following,

I Tartaglia 1537. Throughout this paper reference will be made to the 1558 print run: Tartaglia 1558.
The 1558 print run is the second reprint of the second edition published in 1550, while the first reprint
was in 1551. It was subsequently reprinted again in 1562, 1583 and 1606. For further details regarding
the story of the editions of the Nova scientia, see also Cuomo 1997.



6 1. Introduction

first an in-depth and detailed analysis of the Nova scientia is presented, by means
of which the limits of the explanatory power of Tataglia’s theory are clearly
identified. Then a short chapter on Tartaglia’s method and one on his intellectual
profile serve to introduce the reconstruction of the links between Tartaglia’s
theory and the contemporary developments in the art of war due to innovations in
the field of metallurgy. Once both the theoretical framework of the new science
of ballistics and its technological context have been reconstructed, the argument
concludes by analyzing the epistemic function of the artillerists’ practices and
instruments, which provides an explanation for the mechanisms of emergence
of a new theoretical field in the sixteenth century and from the perspective of a
historical epistemology.
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Figure 1.1: Frontispiece of Nicolo Tartaglia’s Nova scientia.



Chapter 2
Tartaglia’s Work on Theoretical Ballistics

The Nova scientia is constituted of an incipit, a dedicatory letter and three books.
In the incipit,! Tartaglia promises five books. The first two books pertain to bal-
listics in the strict sense of the word, while the third is dedicated to a method for
measuring distances by sight, a necessary practice for the bombardier, given that
the angle of elevation of the cannon was decided based on the distance between
the cannon itself and the target. The fourth book was to present firing tables for the
bombardiers, more specifically, tables that would show how the range increases
or decreases depending on each angle of elevation. These would also permit cal-
culations, according to Tartaglia, on the basis of the data obtained from a single
shot. In practice, bombardiers would have been able to use the tables, for exam-
ple, when the target was not visible but the distance between the target and the
piece of artillery was known. The fifth book, finally, was to discuss in detail the
characteristics of different flammable materials and the different ways in which
they were manufactured as well as opportunities for their use. As Gerhard Arend
has pointed out, Tartaglia did in fact discuss some of these themes in another of
his works, Quesiti et inventioni diverse.>

2.1 The Dedicatory Letter

The dedicatory letter contains a brief description of the main theoretical find-
ings obtained, the method used to obtain them (also referring to the two missing
books), and the social context in which these studies were pursued. Furthermore,
in the letter Tartaglia states the physical conception of motion that forms the basis
of his theoretical treatment, which, as will be seen, is fundamentally Aristotelian.
Finally, the dedicatory letter describes a mathematical instrument fundamental to
the art of the bombardier and, above all, fundamental to the modern historian in
order to understand the process that led to the birth of modern ballistics. This

ITartaglia 1558, first folio (unnumbered), verso. In the 1558 print run, the numeration of the pages
starts at the beginning of the first book. The frontispiece, the incipit and the dedicatory letter are not
numbered.

2Tartaglia 1546. With reference to the themes which Tartaglia promised to cover in the Nova scientia,
but which were discussed only in Quesiti et inventioni diverse, see Arend 1998, 127-128.
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instrument is the quadrant or square, which permitted the determination of the
angle of elevation of the artillery gun (Fig. 2.1):

[...] a square of whichever metal or hardwood is needed. The square
must contain a quadrant with its plumb line [positioned] as it appears
below in the drawing. Then, one inserts part of the longer side of the
square (that is the part BE) into the bore or mouth of the piece, laying
it flat along the bottom of the empty barrel, and one lifts up the front
of the mentioned piece until the plumb line HD divides the curved
side EGF (of the quadrant) into two equal parts (that is at the point
Q). At this point, one can say that the mentioned piece is straightly
elevated at 45 degrees above the horizon.3

Pexzo cllcuato alli. 45. gradi fopra a Lorizonte,

Figure 2.1: Representation of a cannon positioned at a 45-degree angle of el-
evation as verified by means of the bombardier’s quadrant. From
Tartaglia 1558, epistle, second folio (unnumbered), verso.

3Tartaglia 1558, second folio (unnumbered), recto. This quotation is from page 67.
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Tartaglia did not invent the quadrant. This mathematical instrument belongs
to a category of measuring instruments whose origins lie in a more remote time
in history. As Tartaglia himself states, it was an instrument already long in use,
for example, in astronomy, where it was used to measure the elevation of stars
above the line of horizon. Integrated into more complex instruments such as the
astrolabe, the technique of measurement applied using the quadrant as described
by Tartaglia was indeed nothing new. The use of the quadrant by bombardiers,
however, obviously originated in more recent times. The diffusion of heavy ar-
tillery using gunpowder took hold in the fifteenth century, and with it, the use of
the quadrant. It is generally accepted that the quadrant was first used for military
purposes during the Hussite Wars, between 1419 and 1434 (or 1439), and that
it came into common military use during the Burgundian Wars, between 1474
and 14774 The first description of the quadrant as used by the bombardiers goes
back to the mid-fifteenth century and is found in the Ex ludis rerum mathemati-
carum by Leon Battista Alberti.> However, further research has revealed that the
quadrant was already in use in 1410, albeit in a different form and applied to the
artillery in a different way, as shown in the image below (Fig. 2.2).6

The technological application of the science of ballistics—which emerged
around the mid-sixteenth century—was therefore based on the use of an instru-
ment that had already been in use for at least 120 years. The significance of this
fundamental aspect will be discussed later in Section 6.

Figure 2.2: Drawing of a predecessor of a quadrant for bombardiers of 1410.
From Essenwein and Germanisches Museum 1873, table A. XIX.

4With regard to the chronology of the diffusion of the quadrant among bombardiers, see Schmidtchen
1977, 139-161.

5 Alberti 15th century, 10v—11v. See also Williams, March, and Wassell 2010, 48-53.

6Codex 51 1410 ca. See also Essenwein and Germanisches Museum 1873.
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2.2 The First Book

The first book covers in depth the physical context in which Tartaglia’s science is
set. In his day, Tartaglia had no option other than to move within the conceptual
framework of Aristotelian physics. This was based on the premise that the world
is clearly divided into two regions with two distinct and separated physical sys-
tems: the sub-lunar world and the super-lunar world. Considering that the Earth
is taken to be the center of the world, the region in which there is human activity
is clearly the sub-lunar world. Aristotle, and therefore Tartaglia, make the dis-
tinction between just two types of motion in the sub-lunar region: violent and
natural. Furthermore, the objects of the sub-lunar world—subject to movement,
either natural or violent—are understood to consist of four elements: earth, water,
air and fire. According to Aristotle, the elements earth and water are character-
ized by their heaviness, while air and fire are characterized by their lightness. In
this context, each element tends to reach what Aristotle referred to as its “natural
place.” This implies that earth and water—or the objects which contain such ele-
ments in high quantity—tend naturally to move downwards, whereas air and fire
tend to move upwards. A very straightforward example of natural motion is to
imagine an object which has an abundance of the element earth, such as a stone.
If the stone is set to move freely from a high place and from a state of rest, it will
move downwards as long as there are no obstacles to impede the motion. There
is a fundamental difference, however, between violent motion and natural mo-
tion, in that violent motion can take place only if there is a specific moving power
(possanza movente in Tartaglia’s terminology) that is able to cause a motion, but
which at the same time does not move along the trajectory of the motion that it
has caused. Natural motion follows a rectilinear path upwards or downwards (if
no possible obstacles are considered), whereas all other motions can only occur
as violent motions. It is immediately apparent that there is no specific treatment
of curvilinear motions in the sub-lunar world, and that rectilinear motions down-
wards and upwards can be both natural and violent.”

Tartaglia defines natural motion and violent motion in the sixth and seventh
definitions of the first book:

Sixth definition.

The natural movement of equally heavy bodies is the movement they
accomplish from a higher place to a lower one, perpendicularly and
without any violence.

"For an in-depth analysis of the relation between Aristotele’s dynamics and its use in Tartaglia’s
work, see Koyré 1960. For an overview on how Aristotelian dynamics was received and transformed
within the framework of early modern practical knowledge of artillery men, see Biittner et al. 2003.
See also Besana 1996.
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Seventh definition.

The violent movement of equally heavy bodies is the movement they
accomplish with effort either upwards or downwards, to the right or
the left, and is caused by a moving power.?

Tartaglia’s Nova scientia is based entirely on the concept of the “equally
heavy body” (corpo ugualmente grave).’ This is an original concept which
Tartaglia describes in detail in the first definition of the first book:

First definition.

An equally heavy body is said to be a body which, according to the
heaviness and shape of the matter, is not perceptibly influenced by
air opposition during its motion.!?

Although it is the first attempt to create a mathematical science of ballis-
tics, the level of abstraction proposed by Tartaglia is remarkable, since he already
explicitly asserts in the text that the treatment does not take into consideration
the friction caused by the passage of projectiles through the air. Tartaglia is in-
deed aware that the construction of an axiomatic and mathematical theory of the
motion of projectiles could be formulated only if certain factors, such as the re-
sistance of air, were factored out, despite their fundamental nature. Although the
Aristotelian doctrine of motion in the plenum provides a qualitative description of
the relationship between the motion of a projectile and the density of the matter
through which the motion occurs, the formal methods at his disposal, i.e. Eu-
clidean geometry, precluded any quantitative treatment of this aspect. In order to
avoid having to account for the effect of the resistance of air, Tartaglia therefore
does not proceed with mathematical abstractions, but simply searches for a way
that would allow him to ignore this parameter. Consequently, Tartaglia continues
to postulate by drawing on purely physical observations:

Nevertheless, an equally heavy body is univocally understood in this
work as the body that, in reference to the heaviness and shape of its

8Tartaglia 1558, first book, 2r. This quotation is from page 89.

9The translation of the present work does not follow Drake’s translation of this fundamental term as
“uniformly heavy body.” Although the choice of “uniformly” rather than “equally” renders the mean-
ing in a more effective way given the actual use of the concept of “uniform” in physics, the rendering
with “equally” points to the evident difficulty scholars of the sixteenth century had with finding and
inventing an appropriate terminology for their theoretical and mathematico-physical speculations. As
all of Tartaglia’s work exudes this profound tension between ideas and the way to express them, the
use of the word “uniformly” would give the wrong impression of established scientific discourse.
10Tartaglia 1558, first book, 1r. This quotation is from page 83.
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matter, is not perceptibly influenced in each of its motions by the op-
position of the air. Concerning the matter, [it can be] of iron, of lead,
of stone or of another material similar in reference to its heaviness.
Concerning the shape, this is characterized by such a quality that
makes it appropriate to not be influenced (because of its shape) by
the opposition of the air during all of its motions. Therefore, among
the figures and shapes of the bodies, the wedge-shaped object, that
is the pyramidal shape, is the most appropriate among all possible
shapes in order [for it] not to be influenced by the mentioned air,
provided that by means of a contrivance the body would remain in
a position so that its top would always proceed while remaining in
front against the impetus of the mentioned air. If the object does not
retain such a position, as has been said, it would not work properly
as it would not be equally heavy. Without further investigation, we
define the spherical figure or shape as the most appropriate among all
possible shapes in order to avoid the mentioned opposition of the air
in the frame of each kind of motion. This [spherical] shape is most
appropriate for the motion on all of its sides and it is equally heavy
on all of its sides as well.!!

At the roots of Tartaglia’s argument is a more articulated reading of Aris-
totle’s work, as offered by the works of the Arabic commentators Averroes and
Avicenna, which may have continued to serve as vehicles of the Aristotelian doc-
trines for scholars as late as the sixteenth century.'? In particular, Tartaglia ac-
cepts the teaching, which he attributes to Averroes, that considers air to be a heavy
body and therefore characterized by a natural downward motion, like water and
earth.!> Among his presuppositions, moreover, is the characterization of the bod-
ies constituted of a mixture of elements in terms of heaviness and lightness, which
he attributes to Avicenna. According to Avicenna, and as reported by Tartaglia,

" Tartaglia 1558, first book, 1r—1v. This quotation is from page 83.

12Tartaglia discusses the works of Avicenna and Averroes in the first definition of the first book:
Tartaglia 1558, Ir. The following editions have been identified as those used by Tartaglia: Avicenna
1507 and Aristotle and Averroes 1520.

13In his commentary of the fourth book of Aristotle’s De caelo, Averroes considers the elements
as constituted of particles, precisely with the shape of triangles. Depending on the density of those
triangles and due to the admitted existence of interstitial vacuums, a certain large amount (volume)
of air can result in being heavier than a different amount (volume) of water. The reading of Averroes’
text should not be confused with an argument based on the idea of specific weight. His argument
seems rather to draw the consequences of the theory of elements as described in the framework of
pneumatics, for instance by Hero of Alexandria. In text 29 in particular, Averroes clearly states that
air is a heavy element and only fire is characterized by the quality of lightness. For text 29, see
Aristotle and Averroes 1520, 247-249. For an introduction to Averroes’ commentary on De caelo,
see also Endress 1995.
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every body, if it consists of the four elements and is located in air, is bound to
fall downwards.!* The framework of Tartaglia, as based on the theories of ele-
ments of Averroes and Avicenna, is therefore constituted of projectiles that fly
along a heavy medium and that, independently from the matter of which they
are composed, they always naturally tend to fall downward. On the basis of such
presuppositions, the heaviness of a body, according to Tartaglia, is determined by
two parameters: the matter of which it is composed and its shape. Two equally
heavy bodies are therefore composed of the same matter, while the specifica-
tion of the form requires more elaborate investigation. Indeed, depending on the
shape of the body, the latter can react differently to the medium, i.e. the air,
through which it is thrown. Furthermore, during motion, the body could change
its flight behavior with respect to the direction of the motion itself. For this reason,
it is not possible to provide a general definition of equally heavy bodies in any
mathematical or abstract terms without considering their shape. Tartaglia there-
fore moves on to a physical and observational examination of all possible shapes,
from which he concludes that the only shape that is not affected or, better, that is
equally affected by the resistance of the air during motion is, in physical reality,
the sphere.!’ Tartaglia does not have the formal instruments to determine which
shape the moving body must have in order to minimize the effect of the medium.
Therefore, he empirically determines which shape allows him to state that the
medium always acts in the same manner, independent of the flight position of the
object and the density of the medium. To conclude, two equally heavy bodies are
made up of the same matter, have the same dimensions, and a spherical shape.
Tartaglia remains within the context of the Aristotelian plenum, but looks for the
physical conditions that allow him to ignore some of its effects in his theoretical
argument.

4Especially because of the capacity of air to share the quality of humidity of water, over which air is
displaced, air is considered by Avicenna to be an element more worthy of lengthier discussions than
the others. Indeed, Avicenna seems to associate air with both lightness—when it shares the qualities
with the element fire displaced over the air itself—and heaviness, when it shares the quality with the
element of water beneath it. Avicenna’s argument is also certainly influenced by the experience and
doctrines of pneumatics, according to which air is a body like water. Whether fire is an element that
corrupts air, as according to Hero of Alexandria, and therefore qualitatively different from air and
water, is an ancillary problem that not even Hero himself managed to work into his argument. It can
only be speculated as to why Tartaglia considers this difference from the orthodox Aristotelian doctrine
of the elements to be particularly relevant in the theoretical frame of his new science of ballistics. He
may have welcomed this system as it allowed him to avoid discussing the effect of the medium, i.e.
air, on the projectile while conceiving that the natural motion of such a medium is upward.

151n the Aristotelian plenum, the speed at which an object falls obviously depended on the shape of
the object in motion, whereas resistance to the medium being traversed needed to be considered. In
this context, Tartaglia returns to medieval reflections regarding this interdependence, usually referred
to as “gravitas ex figura.” For more details, see Arend 1998, 202-203.
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The first book proceeds by defining all the concepts which are necessary in
the second book in order to describe the trajectory of projectiles precisely: time of
motion, instant of time, initial and final instant of a motion, interval of time, ve-
locity of motion (equal velocity is when two projectiles traverse the same space
in equal intervals of time),'® resistance by the “offended body” (corpo offeso),
which is the effect made by the projectile on the body that has been hit, and mov-
ing force, described by Tartaglia as the “moving power” of an artificial machine
(the cannon) able to launch an object through the air.!”

The “Suppositions” ( “Suppositioni”’) follow the definitions and show how
the basic concepts just outlined are correlated. For example, Tartaglia shows how,
based on observing the effect of the projectile on its target, it is possible to make
deductions about the velocity of the projectile, and that the effects on targets of
varying degrees of resistance are different even when the velocity of the projectile
is the same. The five suppositions are followed by four axioms (“Comuni sen-
tentie’’), whose function is to show once again how the concepts provided by the
definitions are correlated, with the difference that in this case the correlation is
based on observations considered to be evident and unequivocal. The first three
axioms deal with natural motion and relate the effect of a falling body on a resis-
tant body (resistente), depending on the height from which the body falls and the
resistant body itself. The fourth and last axiom deals with violent motion:

Fourth [common sentence].

If an equally heavy body finds a resistant along its violent motion,
the closer the resistant is to the beginning of the motion, the greater
the effect is that the mentioned body produces on it.!®

As known and as already noted in the sixteenth century, projectiles continue
their acceleration even after having left the barrel of the gun, reaching the maxi-
mum quantity of motion after a certain interval of time. Nevertheless, Tartaglia,
having only Aristotelian dynamics at his disposal, was forced to assume that the
moment of greatest velocity, which was for him the greatest “effect,” happened
at the beginning of the violent motion, i.e. at the point where the moving force is
applied and the mobile begins to move away. The propositions thus highlight the
phenomena of the speeding up and slowing down of motion, each distinct from
the other in terms of concept. The first two propositions tackle the subject within
the realm of natural motion, affirming that, as the distance traveled by a falling
object increases, so does the velocity of the motion of this same object, thereby

16 Tartaglia 1558, first book, 2r—2v.
17 Tartaglia 1558, first book, 2v.
18Tartaglia 1558, first book, 3v. This quotation is from page 95.
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implying that the least velocity will be observed at the moment of the start of the
motion. The velocity therefore changes at each moment in time to the extent that
there will never be two different instants at which the motion will have the same
velocity (Fig. 2.3).

Y

Figure 2.3: Experiment proposed by Tartaglia to demonstrate the relationship be-
tween velocity and the space covered within the framework of natural
motion. From Tartaglia 1558, first book, 5r.

The third and fourth propositions tackle instead the phenomena of speeding
up and slowing down within the realm of violent motion. In this context, the
projectile moves with greatest velocity at the start of the motion, gradually slow-
ing down so that it is possible to deduce that the greater the distance covered,
the greater the velocity at departure. Furthermore, every violent motion is said
to conclude with the same velocity, regardless of the moving force. This means
that what varies is the distance covered and the time taken. The fifth proposition
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draws a correlation between the speeding up of natural motion and the slowing
down of violent motion, albeit a negative one:

Fifth Proposition.

No equally heavy body can travel for an interval of time or a space
with a motion mixed of violent and natural motion.!?

At this point it is possible to begin reconstructing Tartaglia’s notion of the
trajectory of projectiles. Following Tartaglia’s own instructions, one concludes
that when a projectile is launched by force, it follows a straight line and slows
down until a certain instant when the violent motion stops. At this same instant,
the speeding up associated with the natural motion begins. According to this
description, the trajectory should correspond to a triangle constructed on the line
of the horizon; the greater the elevation of, for example, an artillery gun, the more
acute the highest angle in relation to that horizon. A trajectory conceived in this
way is the same as the one that can be deduced within the frame of Aristotelian
dynamics. However, as can be seen in the diagram, the trajectory as conceived
by Tartaglia predicts a curvilinear section (Fig. 2.4).

Indeed, Tartaglia could not and did not want to fully reject what could easily
be observed by anyone in the sixteenth century at the peak of the revolution of
the art of war. In fact, Tartaglia, like any bombardier, was perfectly aware that
the trajectory of a cannon ball in reality follows a continuous curve. Nonethe-
less, he considered the initial part of the trajectory to be a straight line in order to
better exploit the Aristotelian concept of violent motion. The same method of as-
sociation, however, could not be applied so simply with regard to the curvilinear
course: Tartaglia describes it as an arc of circumference, shown in the diagram
(Fig. 2.4). Lacking further conceptual tools, Tartaglia hypothesizes that there is
also a violent motion when the trajectory of the projectile follows the arc of cir-
cumference. Based on this hypothesis, it was necessary, moreover, to conclude
that the projectile continued slowing down until the point at which the downward
rectilinear natural motion began. Despite the fact that this interpretation of the
trajectory obviously contradicted what could be observed, Tartaglia did not have
the appropriate theoretical tools to explain this curvilinear section quantitatively.
Faced with the hypothesis of a possible combination of motions, Tartaglia never-
theless specifies:

Assuming (as the opponent says) the [body] could travel some part
with violent and natural motions mixed together, which may be part
CD, it follows therefore that the mentioned body, while going from

19Tartaglia 1558, first book, 7r. This quotation is from page 113.
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Figure 2.4: Representation of the trajectory of a projectile according to Tartaglia.
The trajectory is composed of a rectilinear segment, an arc of circum-
ference and a final rectilinear segment turning towards the center of
the Earth. The first rectilinear segment and the section of the circum-
ference represent the section of the trajectory’s violent motion. The fi-
nal rectilinear segment is that of natural motion. From Tartaglia 1558,
first book, 7v.

point C to point D, increases its velocity according to the ratio by
means of which it shares a natural motion (because of the first propo-
sition). Likewise, it decreases its velocity according to the ratio by
means of which it shares a violent motion (because of the third propo-
sition). It is absurd that the mentioned body increases and decreases
its velocity at the same time.20

The sixth and last proposition of the first book returns to the possible prac-
tical applications of the novelty of ballistics and thus to the analysis of the effect
of the shot on the target or “resistant body:”

Sixth proposition.

All resistants are less damaged by an equally heavy body that is vi-
olently ejected through the air at the instant that distinguishes the
violent from the natural motion than at any other place [on the tra-
jectory].2!

20Tartaglia 1558, first book, 7r—7v. This quotation is from page 115.
21 Tartaglia 1558, first book, 7v. This quotation is from page 117.
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In line with the concept of violent motion and natural motion outlined in
the preceding propositions, the instant at which the violent motion ends, which
coincides with the instant at which natural motion begins, is considered from both
conceptual perspectives to be the moment at which the motion is at its slowest.
Finally, as stated in the suppositions, the moment of least velocity is implicitly
associated with the least effect.

2.3 The Second Book

The second book is the one in which Tartaglia develops his mathematical treat-
ment of the trajectory of projectiles. He concludes by relating this to those aspects
relevant to the bombardiers of the period, namely the range of shots and their ef-
fect on the target.

The first three “definitions” describe the characteristics of the rectilinear and
curvilinear motions of which the trajectory is composed. From the fourth to the
seventh definition, he establishes a geometric system of reference on the basis of
which the parameters of the trajectory can be calculated, i.e. the horizon and the
perpendiculars towards and over it. From the eighth to the fourteenth (and last)
definition, the entire portion of the trajectory accomplished by violent motion is
analyzed. First he provides the information that allows the angle of elevation of
“transit” above the line of the horizon to be calculated, and in the tenth defini-
tion?? he specifies how an angle of elevation of 45 degrees is established. He
then identifies by definition the rectilinear segments of the trajectory depending
on the greater or lesser angle of elevation with respect to 45 degrees, thereby cre-
ating the conditions to identify similar trajectories on the basis of the angle of
elevation. Finally, the last definition creates the preconditions for quantifying the
violent motion:

Fourteenth definition.

The length of a transit, that is, of the violent motion of an equally
heavy body, is the interval along a straight line from the beginning
to the end of the violent motion [(Fig. 2.5)].23

Tartaglia considers both the rectilinear and the curvilinear motion. He sug-
gests drawing a straight line from the starting point of the motion to the point
where it ends and the natural motion begins, referred to by Tartaglia as “transit”

22Tartaglia 1558, second book, 10r. Note that there is an error in the print of the 1558 print run with
regard to the indication of the second and third book. “Libro primo” is indicated in the header of each
page from the beginning all the way to the end of the entire work.

23Tartaglia 1558, second book, 10v. This quotation is from page 129.
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Figure 2.5: Graphic representations of the “distance of transit” (distantia del tran-
sito) with reference to three different angles of elevation. “The dis-
tance of transit” is represented by the straight line which joins the ini-
tial and final point of the violent motion. From Tartaglia 1558, second
book, 11v.

(transito).* This expedient makes it possible to reduce the trajectory to the one
that could be deduced from Aristotelian dynamics, namely to a composition of
two straight lines joined with each other so as to create an angle. This subse-
quent step of abstraction salvages the validity of the physical observation that the
trajectory is not actually constituted of two straight lines, but at the same time
allows measurements to be taken and is fundamental to considering the effect of

24Interestingly, while reading the 1558 print run used in the present work, it was striking to find the
concept of ’transit’ used as a technical term. However, by comparing this edition with the first print
run of the second edition of 1550 and with the first edition of 1537, it becomes clear that the univocal
association of this word with such a specific meaning is probably an involuntary consequence of the
editorial work of the typographer who published the 1558 text. See also Section 7.
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the motion. The definition of “transit” is, in fact, directly related to the fourth
supposition of the second book:

Fourth supposition.

The farthest effect, produced by an equally heavy body [that moves]
with violent motion on whichever plane or whichever straight line,
is the one that happens precisely on that plane or on that line (if it is
ejected or thrown by the same moving power).?

By means of this supposition, Tartaglia confines the trajectory to the con-
ceptual framework of Aristotelian dynamics, while simultaneously adapting it to
meet the demands that had motivated his own theoretical research. The thirteenth
definition and the fourth supposition “level out” the trajectory, so to speak, so as
to be able to quantify it. Nevertheless, it was not the mere lack of mathematical
procedures which made it impossible for Tartaglia to analyze the dynamic aspects
of the curvilinear motion. It was also the utilitarian aspect from which his Nova
scientia was born that led him to analyze those aspects which were of real use
to the bombardier. As will be seen in the sixth section of this work, during the
period in which Tartaglia wrote, the technological development of artillery had
already led to the replacement of the first generation of heavy firearms such as the
bombard, for which an analysis of the effects of natural motion would have been
far more relevant. As will now be shown more clearly, the birth of the science of
ballistics was not directly correlated to the diffusion of firearms in general, but to
the diffusion of those firearms that began to be produced in the sixteenth century,
and for which an analysis of the “transits” was necessary.

Tartaglia was fully aware that he was forcing the trajectory he could observe
into the formal instruments at his disposal. Even without considering the straight
line which joins the start of the motion with the point at which violent motion
changes to natural motion, Tartaglia, as has already been mentioned, was aware
of the fact that the real trajectory also did not correspond to the trajectory made
up of two straight lines joined up by an arc of circumference. In his explanation
in the second supposition, Tartaglia admits:

Nevertheless, that part [of the transit] that is not perceived as be-
ing curved is assumed to be straight, and that part that is evidently
curved is assumed to be part of the circumference of a circle, as this
[assumption] does not influence the argument.2°

25Tartaglia 1558, second book, 11r. This quotation is from page 131.
26Tartaglia 1558, second book, 11r. This quotation is from page 131.
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Tartaglia’s association of the curvilinear line of the first part of a trajectory
with a straight line is generally known. It is worth adding here that Tartaglia
considers the second part of the trajectory, i.e. the curvilinear part, as merely
an arc of circumference, probably for geometrical simplicity. Tartaglia justifies
this expedient by declaring that the association of the two curved sections with
simple and well-known geometrical forms does not yield any major errors in the
theoretical treatment.

Following a series of purely geometrical considerations that link the third
supposition to the first three propositions of the second book, Tartaglia arrives
at a quantitative analysis of the curvilinear section, distinguishing between shots
from a zero-degree angle of elevation (fourth proposition), shots from a greater
angle of elevation (fifth proposition, “elevated transits” or transiti elevati), and
shots from a lower angle of elevation, such as those which were necessary when
the pieces of artillery were positioned at a higher point than the position of the
target (sixth proposition, “oblique transits” or transiti obliqui).

The following last propositions of the book, from the seventh to the ninth,
along with their associated corollaries, are the first conclusions of a general nature
in the history of modern theoretical ballistics. The seventh proposition provides
the theoretical foundation needed to assert the universal value of the propositions
that follow and specifically relate to ballistics:

Seventh proposition.

All transits, that is, violent motions of equally heavy bodies, big
and small, equally elevated above the horizon, or equally oblique, or
moving along the plane of the horizon, are similar and consequently
proportional to each other. Their distances are similar and propor-
tional to each other.?’

This implies that each conclusion made with reference to a particular trajectory,
be it empirical or theoretical, is also true with relation to any other trajectory,
provided that the angle of elevation is the same. Empirically, the validity of this
generalizations is maintained as long as the moving power and the other material
conditions remain the same.

The eighth proposition represents the theoretical foundation upon which
modern ballistics has developed since Tartaglia’s time:

Eighth proposition.

If the same moving power ejects or throws equally heavy bodies,
which are similar and equal to each other, violently through the air

27Tartaglia 1558, second book, 16r. This quotation is from page 155.
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but in different manners, the one [equally heavy body] that accom-
plishes its transit at an elevation of 45 degrees above the horizon pro-
duces its effect farther away from its beginning and above the plane
of the horizon than [if it were] elevated in any other way.28

The greatest range of a shot is achieved at an angle of elevation of 45 degrees
above the line of horizon. As has been mentioned, Tartaglia never provided a
table that set out the correlations between the range of a shot and every single
angle of elevation, which he had promised in the incipit to do in the fourth book.
Nevertheless, he does offer us such a correlation in the dedicatory letter (and not
in his lengthy and complex explanation of the eighth proposition):

Then, using natural arguments, I found that the range of the above-
mentioned shot elevated at 45 degrees above the horizon was ten
times the straight transit of a shot made parallel to the plane of the
horizon, which is said by the bombardiers shooting at the blank
point.2?

Tartaglia does therefore provide just one single correlation quantified be-
tween two different angles of elevation, and thus between point “one” and point
“six” on the quadrant. The arc of the quadrant was traditionally divided into
twelve points at angles of equal intervals, as in the case of the instrument de-
scribed by Tartaglia.

Finally, Tartaglia adds the ninth proposition, which would leave any reader
perplexed were it not possibile to consult another of his works.3? The ninth propo-
sition does in fact focus on determining the relationship between the straight seg-
ment of the transit of a projectile thrown through the air at a 45-degree angle
of elevation, and the same part of the trajectory but of a projectile thrown at a
zero-degree angle of elevation. Tartaglia affirms that the length of the rectilin-
ear segment of the trajectory of the projectile launched at a 45-degree angle of
elevation is four times that of the same segment for a projectile launched at a
zero-degree angle of elevation. In order to arrive at this result, Tartaglia formu-
lates a lengthy and complex geometrical explanation which, however, does not
refer to any possible practical application to the experience of the bombardier. As
Gerhard Arend has observed, the ninth proposition actually refers to the relation
between the length of the rectilinear segment of the section of the trajectory where

28Tartaglia 1558, second book, 16v—17r. This quotation is from page 161.
29Tartaglia 1558, epistle, third folio (unnumbered), verso. This quotation is from page 73.
30Tartaglia 1546.
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there is violent motion and the force of the piece of artillery, an idea developed
by Tartaglia in the first book of the Quesiti.3!

2.4 The Third Book

The third book, which has been translated in this work for the very first time,
is the most voluminous among the three published by Tartaglia. Certainly, the
third book is not the part of the Nova scientia that presents the most interesting
theoretical developments of Tartaglia’s science, but it is only by means of a deep
analysis of this text that Tartaglia’s attempt to connect practical and theoretical
knowledge can be truly understood and appreciated.

The goal of the third book is to present instruments for measuring distances
by sight. Although such instruments are applicable for the measurement of dis-
tances in many circumstances, Tartaglia coherently takes into consideration only
those cases which could be of interest for the artillerymen of his time, such as,
for instance, the diametral distance between the observer—the artillerist—and a
point located at a higher position in front of him, which could be, for instance,
the stronghold of a bastion. The book is constituted of five definitions and twelve
propositions,3? that is, no supposition (postulate) and no common sentence (ax-
iom) are contained. The definitions define the system of reference first with ref-
erence to the line of the horizon (the ground) in order to univocally determine the
distances that have to be calculated. These are the above-mentioned diametral
distances; the height, which is the line that perpendicularly joins the point to be
targeted with the ground; and the horizontal distance, which joins the observer
with the point where the height touches the ground (Fig. 2.6). The first four
propositions deal with all of the preconditions needed in order to construct an in-
strument to measure by sight. These include practical methods to check whether
rulers are perfectly straight, and set squares and quadrants correct. Proposition
six finally describes the building procedure of the instrument in detail.

The purpose of the instrument is declared immediately in the heading of the
proposition:

Sixth proposition.

I would like to manufacture an instrument for myself that I can use to
level the ground and to analyze it by means of sight and [to calculate]
the heights, widths, depths, and diametral and horizontal distances of
perceptible objects. This instrument should also be easily usable to

31 Arend 1998, 129. It has to be noticed that for shots at a zero-degree angle of elevation, the rectilinear
segment de facto coincides with the transit.
32The third book of the 1537 edition contains only ten propositions.
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Figure 2.6: Graphic descriptions of the method for measuring heights using the
quadrant proposed by Tartaglia. From Tartaglia 1558, third book, 26r.

investigate the variety of shots of each piece of artillery and, simi-
larly, of each mortar.33

In the heading Tartaglia also points to the fact that such an instrument is ba-
sically the same as the bombardiers’ set square presented in the dedication letter,
although the practical use of the instrument for this purpose is not repeated in
the third book. In the second expanded edition of 1550, Tartaglia adds a rele-
vant text to proposition six—Correction of the author—by means of which he
suggests some constructional alternatives that aim to improve the precision of

3 Tartaglia 1558, third book, 22v. This quotation is from page 195.
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the instrument, a sign that the precision of targeting the artillery had also im-
proved in the thirteen years that separated the first from the second edition. The
instrument suggested by Tartaglia was by no means an original achievement at
his time. Similar instruments were already widely circulating around the half of
the earlier century. Particularly noteworthy are the striking similarities between
Tartaglia’s instrument suggested in proposition six and the Quadratum geomet-
ricum designed and built by Georg von Peuerbach, probably around 1454, the
textual description of which was first published in Niirnberg (Fig. 2.7).34
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Figure 2.7: Georg von Peuerbach’s Quadratum geometricum, a predecessor to the
instrument and very similar to the one described by Tartaglia. From
Peuerbach 1516.

34See Peuerbach 1516. See also Zinner 1968, 26-49.
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Propositions seven to ten, finally, show how to use the instrument to calculate
the different sorts of distances needed. As is usual for a deductive geometric
system, the propositions build upon each other. Proposition seven shows how to
determine the flatness of the ground, proposition eight shows how to measure the
diametral and the horizontal distances, proposition nine has the same scope as its
predecessor but with the difference that it takes into account the possibility—very
real—that the observer, that is, the artillerist, cannot move from the place where
he actually stands to one where the measurement procedure would be easier to
perform.33

In 1550 Tartaglia introduced some additions to the explanatory text of propo-
sition nine as well. In this case, too, Tartaglia’s goal was to indicate procedures to
improve the precision of the measurements. Finally, proposition ten reproduces
a particularly realistic situation for the bombardier of his time:

Tenth proposition.

I would like to artificially measure the height of a perceptible ob-
ject, whose lowest point or fundament cannot be seen and to which
one cannot go. By means of the same operation, I would like to in-
vestigate the hypotenuse or diametral distance of such a height and
also the horizontal distance, that is, the distance between my eye and
the point where the line of the horizontal distance meets that height,
although this point cannot be seen. Similarly, I would like to inves-
tigate the length of the line from my feet straight toward the lowest
point or fundament of that height, although it cannot be seen.3°

As the picture clearly shows, Tartaglia examines the case in which the point
where the height meets the ground cannot be reached or seen directly, but, in
Tartaglia’s terms, “when the mind’s eye is required.”

The procedure described in proposition ten is particularly complex and labo-
rious (Fig. 2.8). The instrument Tartaglia explains how to operate is one he built
himself, and therefore he relates many characteristics of both its construction de-
sign and its use that depend on the manufacture and the choice of the materials.
Many of these aspects are obviously not described completely, as for instance, the
shape of the base of the instrument on which its perpendicularity depends, which
varies for the different sorts of ground on which an artillerist or a surveyor had to
work. In proposition ten Tartaglia reaches a point in his argument beyond which

35“Ninth proposition. Without changing the position of where I am, I would like to know the height
of a perceptible object when it is possible to move to its lowest point, that is, to its fundament and, by
the same operation, I would like to know the hypotenuse or diametral distance of this height.” From
Tartaglia 1558, third book, 25r. This quotation is from page 213.

36Tartaglia 1558, third book, 28r. This quotation is from page 237.
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Figure 2.8: Graphic description of the method for measuring heights by means
of a surveying set square when the point of conjunction between the
line that joins the object to be observed with the ground, and the line
between this last point of the observer himself, cannot actually be seen
or reached. From Tartaglia 1558, third book, 29r.

he cannot proceed, because the description of all the possible expedients cannot
be offered in written form:

It should also be added that I could find out the mentioned hy-
potenuses as well as all other measurements by means of other
methods, which are easier, especially for those who are not able
to calculate the square root and are not practiced with numbers.
However, as these methods are difficult to describe by means of
writing, I will not discuss them.3’

3T Tartaglia 1558, third book, 29v. This quotation is from page 251.
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Technology clearly evolved by embedding in the instruments—and thus in
its products—an increasing number of aspects of knowledge involved in these
practices, which depended on human skills. In the sixteenth century many of
these expedients were not codified, either in an artifact or in a text. The 1537
edition closes with the words just quoted.’® However, in 1550 Tartaglia added
one folio to the text of the same proposition in order to describe some further
expedients, and, in particular, to show how to make sure that the visual apparatus
of the surveying instrument is always at the same altitude with respect to (one
would say today) sea level. This was possible thanks to additional specifications
concerning the construction of the base and the pole supporting the instrument.

The texts of propositions seven through ten are difficult to read because they
describe not only all steps of the measurement techniques, but also the geometric
reasoning upon which such procedures were based. In other words, the validity of
the described procedures was demonstrated geometrically on a theoretical level.
In no other section of the Nova scientia does the tension between practical and
theoretical knowledge emerge in such an evident manner as in this third book.
Tartaglia eventually becomes aware of the fact that one of the two categories of
potential readership of his book, the artillerymen, while eager for a more stable
theoretical foundation of their activity, lacked the fundamental knowledge, such
as Euclidean geometry, needed to fully understand Tartaglia’s demonstrations.
The result is, first, that each subject is declared in many different ways, making it
even more difficult to understand because of Tartaglia’s limited narrative capacity
and literary skill,3° and, second, that the texts ultimately include a terrific number
of repetitions, probably in line with the didactic principles of the time that had
persisted since antiquity (repetita iuvant).

Each measurement procedure is first described in terms of the practical steps
to be followed in order to accomplish it. Either integrated with this description or
following it, Tartaglia then furnishes a geometric demonstration, and often more
than one, in order to refer to different definitions, postulates or propositions of
Euclid’s Elements. Then, at least one example is furnished “in the frame of the
practice of numbers,” and therefore involving arithmetics up to the use of the
square root. This threefold description is then repeated according to the different
situations in which the surveyor may find himself, for instance on uneven ground,
or in a place where he cannot directly target by sight all the points needed to
accomplish the measurement required.

38The sentence is not precisely the same, but with the same meaning.

39 According to Virginia lommi Echeverria, Tartaglia’s insufficient literary skill is the main reason
why his works failed to exert any significant influence in his own lifetime. For more details, see
Echeverria 2011. However, other studies convincingly show that Tartaglia indeed played a major role
in the process of establishment of vernacular as scientific language. For more details, see Piotti 1997,
271.
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The texts finally contain continuous but very specific references to the Ele-
ments of Euclid, so that any reader interested in so doing has the opportunity to
move from the practice to its deepest theoretical foundations.

Finally, the last two propositions of the third book are the additions explic-
itly announced in the title of the second edition of 1550. With the help of these
texts, Tartaglia describes another surveying instrument he designed. Proposition
eleven relates very carefully how to build it and even some of its variants. This
instrument, too, was just a variation of other surveying instruments widely circu-
lating in Tartaglia’s time. However, being able to design a new device with some
small changes was quite sufficient to improve the own professional image. In
particular, the instrument is a dioptra to be used mainly on a horizontal position,
but one that could also be reverted to a vertical position to be used similarly to
the instrument described in the previous propositions.
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Figure 2.9: Graphic representation of the measurement technique realized by
means of the dioptra designed by Nicold Tartaglia and described in
propositions eleven and twelve of the third book added in the second
edition of 1550. From Tartaglia 1558, third book, 32r.






Chapter 3
The Method

Tartaglia’s explicit aim was to create a science that was strictly mathematical and
of a deductive nature. As was mentioned above, the methodological and demon-
strative paradigm Tartaglia followed in proposing a new science was represented
in Tartaglia’s Nova scientia above all by Euclid’s Elements.' In accordance with
Aristotelian theory, Tartaglia begins his detailed analysis by proposing a series
of principles which do not pertain to his theory directly but are of universal va-
lidity. These are what he refers to as the definitions with which he begins each
book of the Nova scientia. The postulates and the axioms follow (only in the first
book), the latter understood as an intuitively indubitable and evidently compre-
hensible truth. Finally, the “propositions” and the related “corollaries” emerge
through a process of deductive reasoning. The frontispiece of the work provides
also a sentence that Tartaglia took from Luca Pacioli’s De divina proportione*
and re-adapted to the purpose. While Pacioli refers to the platonic solids, Tartaglia
changes the sentence by substituting these with the mathematical disciplines. Ac-
cording to Tartaglia’s variant of the motto, the mathematical disciplines are seen
as the only method to understand “the reasons of things” and that “is open to every
one.”

Tartaglia’s intention to achieve the greatest possible abstraction by distanc-
ing himself as much as he could from the practical problems he was facing and
from the experience of the bombardiers, and thus to construct an exact science
based on the Euclidean model, was not entirely successful. The hybrid nature
of the notions and suppositions which led Tartaglia to the construction of this
new science found its place among the postulates and propositions of this sci-
ence. Using the term “natural arguments” (ragioni naturali), Tartaglia introduces

In her paper, Karin J. Ekholm analyzes not only the physical and mathematical methods, as in
the following, but also Tartaglia’s algebraic approach, which he used in the final proposition of the
second book. In particular, Ekholm is able to show how a plurality of methodological approaches
was standard practice for those scholars, like Tartaglia, whose background included the culture of the
Abaco schools. For more details, see Ekholm 2010.

2Pacioli 1509.

3For a suggestive reading of the frontispiece that shows perfectly Tartaglia’s awareness of his moving
from practical to theoretical knowledge, see Pizzamiglio 2004, especially pages 45—46.
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demonstrations which he is obviously unable to explain on a purely geometric
level, and which in fact require observation and experience in order to be con-
sidered valid. Tartaglia himself was aware of the problem and invited the reader
to follow his line of thought, even though this type of demonstration was not
accepted by mathematicians (geometri). Furthermore, it could also appear para-
doxical that a demonstration based on natural arguments was used for the most
important proposition in the entire work, i.e., the one which reveals that the great-
est range of shot is achieved when the piece of artillery is raised at an angle of 45
degrees:

To demonstrate this proposition, we use a natural argument.*, which
is the following: that thing that transits from the smallest to the great-
est and through all that is in-between necessarily transits through the
equal. Or the following: if it happens to find the greatest and the
smallest of any thing, it also happens to find the equal. It is true
that this kind of argument is neither valid or accepted, nor conceded
by the geometer, as is clearly demonstrated by the commentator> on
the fifteenth proposition of the third [book] of Euclid and, similarly,
on the thirtieth [proposition] of the same [book]. Nevertheless, such
conclusions are verified in [reference to] the things that are univo-
cal in reality, but when they are ambiguous, such [arguments] are
sometimes mendacious.®

Within a context characterized by only one possible solution to the problem
(univocita), and where, consequently, as with the axioms, there can be no doubt
about the truth, the natural argument is held to be valid because it implies that the
conclusion of the argument must always turn out to be true. The obvious diffi-
culty with this, as Tartaglia was well aware, illustrates the phase of the transition
from acquired and accumulated experience within the sphere of a practical activ-
ity to the mathematical-theoretical treatment of the same subject, a process that
constituted the basis for the Scientific Revolution of the Renaissance.

4In the 1537 edition, Tartaglia defines the demonstration of this proposition as “Archimedean ar-
gumentation.” Karin Ekholm convincingly argued that Tartaglia’s choice of wording was related to
Archimedes’ legendary skill as a machine builder. In Ekholm 2010, 197.

5The commentator Tartaglia refers to is Johannes Campanus. In his commentary on proposition
fifteen of the third book of Euclid’s Elements, Campanus develops an argument similar to that of
Tartaglia and then concludes in the following way: “Est hoc notandum que non valet ista argumen-
tatio. hoc transit a minori ad maius. et per omnia media. ergo per equale. nec ista contingit reperire
maius hoc et minus eodem ergo contingit reperire equale. hoc autem sic patet.” From Adelardus and
Campanus 1482, third book, proposition fifteen.

6Tartaglia 1558, second book, 17r. This quotation is from page 163.



Chapter 4
The Author

Nicolo Tartaglia was born in Brescia in 1500 and died in Venice at the age of 57.!
The Nova scientia, published in 1537, was his first important work. A relevant
Italian edition of Euclid’s Elements? followed in 1543. In the same year, Tartaglia
published three works of Archimedes using the Latin translation of Willem van
Moerbeke of the thirteenth century.> The publication contains Archimedes’s De
centris gravium libri duo, Tetragonismus ovvero De quadratura circuli and the
first book of the Floating Bodies under the title De insidentibus aquae. In 1546,
he then published the Quesiti et inventioni diverse. It is in this text that Tartaglia
announced his most important discovery: the solution of cubic equations, which
until a few years earlier had been considered impossible. However, his work was
primarily a denouncement of plagiarism, since he had confidentially disclosed
this discovery to another mathematician, Girolamo Cardano, who despite having
sworn an oath of secrecy, had published it a year earlier in his work Artis ma-
gnae sive de regulis algebraicis.* As a consequence, the famous twelve Cartelli
di matematica disfida were produced between 1547 and 1548. Though Tartaglia
was unable to expose the truth of the case during his lifetime, this incident did
not put an end to his scientific contributions. In Venice in 1551, he published
his Ragionamenti de Nicolo Tartaglia sopra la sua travagliata inventione,’ a text
based on Archimedes’ De insidentibus acquae that addressed the practical ap-
plication of this knowledge, as the invention consisted of a method for raising
sunken ships. At the end of his life, Tartaglia produced his General trattato di
numeri e misure,® a collection of 204 problems of both the everyday and the more
sophisticated kind, with the respective mathematical solutions. It was published
in several stages between 1556, still during his lifetime, and 1560, posthumously.
Finally, a new edition of the medieval work of Jordanus de Nemore about the sci-

For a biography of Tartaglia, see Gabrieli 1986. See also Rose 1975, 151-158.
2Euclid and Tartaglia 1543.

3 Archimedes and Tartaglia 1543.

4Cardano 1545.

STartaglia 1551a.

6Tartaglia 1556—1560.
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ence of weights—entitled Jordani opusculum de ponderositate’—and prepared
by Tartaglia, was found and published in 1565.

In this by no means comprehensive list of Tartaglia’s works, one finds once
again the direction of his research so apparent in the content of the Nova scientia.
While Tartaglia was an excellent mathematician and dedicated to the most diverse
practical activities, this does not mean he was particularly original or exotic in the
sixteenth century. On the contrary, his profile was typical of a Renaissance math-
ematician.® Regardless of one’s position in society, be it as royal mathematician,
teacher at a school of arithmetic or lecturer at a university, the sixteenth-century
mathematician was almost always a figure active in the fields of both practical and
theoretical knowledge. As has been clarified in a precise historiographic tradition,
Nicolo Tartaglia was an engineer-scientist who roamed both the battlefields of the
bombardiers and the Latin editions of the great works of antiquity.”

Not only through his works, but also due to his extensive oral and teaching
activities, Tartaglia is revealed to the historian as a fundamental figure in the dif-
fusion of the mathematical culture of the Renaissance. Around the age of twenty
Tartaglia moved to Verona, where he remained until the end of 1534. He then
moved for the first time to Venice, at that time one of the most important cultural
centers of Europe. Tartaglia had already been active in Verona as a teacher in
the public and private spheres, and was consulted on the widest variety of topics,
ranging from money exchange to surveying and valuation.

Probably from 1521, but certainly 1529 on, Tartaglia worked as a teacher
of arithmetic.!® Despite his rising fame, he continued this activity even after
moving to Venice. In fact, it was in Venice that he published the Nova scientia,
in response, as the author himself affirmed, to the extraordinary expansion of the
Ottoman Empire under Suleiman II. At the beginning of 1548, he left Venice
for Brescia, but stayed there for only eighteen months as the promise of a higher
position was not fulfilled. During this period the dispute between mathematicians
concerning the solution of cubic equations ended in Milan, as related above.!! He
then returned to Venice where he remained until his death.

7Nemore and Tartaglia 1565. For Tartaglia’s role in Renaissance developments in the science of
weights, see Damerow and Renn 2012, section 3.6.

8For a more in-depth look at the basic themes of the sixteenth-century mathematician, see Biagioli
1989. See also Cuomo 1998.

9The same kind of research approach based on the concept of the engineer-scientist was used for a
monographic work on Galileo Galilei, professor of mathematics at the University of Padua (Studio di
Padova). For further details, see Valleriani 2010a and Valleriani 2008. As far as the relevance of the
work of the Renaissance engineer-scientist is concerned, as well as the process of appropriating ancient
knowledge, see in particular Damerow and Renn 2010. Similarly, but focusing on the relationship
between ancient and Renaissance pneumatics, see Valleriani 2010b, 120—141.

10Gabrieli 1986, 19.

Gabrieli 1986, 79-90.



Chapter 5
The Context of the Art of War and the Role of Metallurgy

Tartaglia’s work immediately positioned itself in a market gap of intellectual
thought that obviously urgently needed to be filled. If the Nova scientia is con-
sidered alone, this work did, in fact, capture the interest of not only mathemati-
cians, but also military officials dedicated to the use of heavy artillery, who were
avidly increasing their arsenal of practical applications of mathematical knowl-
edge. Tartaglia’s text thus straddled the boundaries between two types of activity,
one intellectual and the other practical, as well as two types of social sectors, i.e.
academic and military. In order to fully understand this assertion, however, a
deeper understanding of the art of war in Tartaglia’s time is required. In the liter-
ature concerning the birth and development of ballistics, it is generally affirmed
that the science of ballistics was the natural theoretical development following the
diffusion of firearms from the fifteenth century onwards. It is true that the deploy-
ment of firearms during sieges became an undeniable reality in the fifteenth cen-
tury, but analyzing the details of technological development during that century
reveals that there was no need for a science of ballistics such as that formulated
by Tartaglia.!

Owing to the development of metallurgy, over the course of the fifteenth
century specific types of heavy artillery began to be produced, which was used
mainly during sieges on fortresses and fortified towns. Right from the beginning,
two categories of artillery were produced: one which was able to fire relatively
light cannon balls (between 12 and 25 kilograms), and one which was intended
to destroy architectural structures of fortifications, and therefore capable of firing
cannon balls weighing up to several hundred kilograms. Technological devel-
opments in the fifteenth century concentrated primarily on the heaviest artillery.
Several reasons account for this development.

Throughout the fifteenth century, the process of fortification, for the most
part, was still geared towards remodeling the architecture of the old, medieval-
style fortress. Incisions were made in the old defense walls and reinforced with

10One of the best works explaining the developments of the art of war in the fifteenth century is
still the fourth volume of Delbriick 2000, published for the first time in 1920. For a more in-depth
treatment of the subject of the development of artillery, see in particular Egg et al. 1971, Schmidtchen
1977 and B. S. Hall 1997.
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embankments, which were also used to mount defensive artillery. Nonetheless,
the fundamental structure was rarely changed or adapted to the new strategies of
attack. In fact, the fifteenth century can be characterized as a period in which the
advantage clearly lay with strategies for attack rather than with defense. Not until
the first half of the sixteenth century was the balance restored, when architecture
was finally able to provide a response to the development of metallurgy. It was
the development of a new art of fortification, in particular, the development of the
bastion as a fundamental element of defense, that succeeded in putting attack and
defense onto a more equal footing, at least as far as sieges on fortresses were con-
cerned.? In 1527 it was Albrecht Diirer> who declared the end of old fortresses,
even if they had been readapted. It was he who expressed an absolute neces-
sity for new fortresses to be built from scratch, following a geometrical plan of
construction conceived on the basis of the strategies of attack and defense made
possible by the new firearms. Ultimately it was Italian military architecture that
developed and perfected a new system of defense. Thus, the new art of fortifica-
tion was not established until the first half of the sixteenth century, a full century
after the first imposing developments in artillery had been made. However, the
interim also saw considerable changes in the design, construction, power and use
of artillery, and these changes must be considered in order to understand the Nova
scientia.

In the fifteenth century, there was a demand for artillery of huge dimensions,
as this was the only kind capable of destroying fortified lines. In fact, this form
of artillery mainly used large balls made of stone, whose destructive power was
exerted upon falling on the target. It was therefore necessary to have cannons
capable of launching cannon balls of enormous dimensions as high into the air
as possible. On one hand, the large “wall breakers” (Mauerbrecher) built by
Teutonic experts, or the typical bombards that were widely used in Italy, launched
projectiles at a high angle of elevation. On the other hand, the technology had not
yet been developed to keep the artillery sufficiently fixed to the ground, and thus
to avoid serious damage from the effects of the cannon’s recoil. From this point of
view, the bombard had been particularly well thought out insofar as it practically
lay on the ground. Furthermore, the process of loading the barrel of the cannon,
the quality of the gunpowder and, above all, the quality of the cannon itself from
the metallurgical perspective, made it impossible to fire shots that would follow
almost rectilinear trajectories. The crackling generally associated with the flight
of a cannon ball, for example, is a phenomenon that was observed only after

2There is considerable literature on the development of military architecture in the sixteenth century.
As an introduction, see Arnold 2002, Duffy 1996, Hale 1977, Pepper and Adams 1986 and Croix
1960.

3Diirer 1527.
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the beginning of the eighteenth century. The velocity of projectiles fired from
fifteenth-century artillery was much slower than is generally thought.

Returning now to the Nova scientia, it is clear that the theory of ballistics de-
veloped in that work had no relation whatsoever with the reality of the fifteenth-
century bombardier. The latter would have had more use for a theoretical treat-
ment of the last segment of the trajectory, i.e. the part conceived as natural motion.

The principal aim of modern ballistics is to set up a shot in advance in order
to hit a target whose position is known. Yet during the fifteenth century, there
had been no demand for ballistics from this perspective. Following the arrival
of new rules for fortifications in the sixteenth century, above all for bastions, a
typical strategy of attack was developed during sieges, which focused primarily
on destroying one of the bastions of the fortress. This made it possible to gain
an area along the curtain wall where defense became comparatively weaker, and
where it was thus possible to move from siege to attack and ultimately occupation.
Depending on its type of construction, the bastion could and had to be destroyed
following a very precise strategy. For example, first of all, the lower and upper
defenses of the bastion itself had to be destroyed.

This meant that entire batteries of cannons had to concentrate their fire on
one or a few chosen points whose distance and height had to be calculated with
precision. In this context, a science of ballistics was doubtlessly necessary and
welcome (Fig. 5.1).

The situation had been quite different in the fifteenth century. Strategies
focused on destroying as much as possible of the inside of the fortress. A precise
shot was not fundamentally important, and the experience of the bombardier was
more than sufficient to achieve the objectives.

In order to understand the context of the birth of ballistics, another impor-
tant technological innovation must be considered, as well as its consequences. A
new, much smaller type of projectile began to come into use from the end of the
fifteenth century (more specifically from the time of the first of the Italian Wars),
produced by melting the iron in such a way as to obtain cast iron, albeit not really
comparable with present-day cast iron. Due to developments in metallurgy and to
innovations that increased the efficiency of hydraulic apparatuses applied to run
ventilation systems at the end of the fifteenth century, furnaces were produced
that were capable of reaching much higher temperatures than ever before. A new
kind of cannon ball began to be produced in these smaller furnaces, while cannons
continued to be produced using wrought iron or, later, cast bronze.



38 5. The Context of the Art of War and the Role of Metallurgy

QU R = TR
e ) “‘l 11
1 : S i
7/ Y o //,/’/ ; 3 D kh» |
o 7, % 7
/./ //// //,///} b b i l
i //4/, 4/ o 57 S i I
7 o RS I
5 ¥ s e | |
~) e

Figure 5.1: Drawing illustrating how, during the sixteenth century, artillery was
used by targeting points in the front of the fortress whose distance
was measured by means of a straight line. These replaced the build-
ings located inside the fortress as targets to be destroyed by means of

high shots over the walls. From the German edition of Ramelli 1588
published in 1620.
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This innovation resulted in a veritable revolution. Cast iron cannon balls
of a relatively low caliber revealed a much higher capacity for penetration and
destruction than those made of stone. The latter, if low in caliber, disintegrated
and crumbled on impact with the target and, as has been mentioned, only had a
potential for destruction if they were of very large dimensions and in free fall.
The low caliber of the cast-iron cannon balls finally allowed for the possibility
of using smaller and therefore lighter artillery that was easier to transport and
cheaper to produce. It was this innovation that led to a significant increase in the
velocity of projectiles, and which established heavy artillery once and for all as
essential to the art of war, such that it spread to a hitherto unimaginable extent.

Over the following decades, the caliber and type of artillery were geared
towards the setting of standards, each of which was valid within at least one single
political entity. There was a change in the institutional role of the artillerymen,
who until then had also often been the metal founders who accompanied soldiers
during military campaigns. On the one hand, new foundries were established; and
on the other, the figure of the bombardier became institutionalized in the military
ranks. From there, the creation of special artillery schools where new soldiers
could be trained was just a short step away. At this point, the perfect institutional
vessel had been created for the newly emerging science of ballistics.






Chapter 6
Epistemology of the Quadrant for Bombardiers

The extent to which Tartaglia’s ballistic theory was open to and influenced by
the practical knowledge from which and for which it emerged has been clearly
demonstrated. It has been shown that ballistics found itself on the borderline
between the activity of the bombardier and the natural philosophy typical of the
time, which was essentially Aristotelian. Tartaglia drew upon both as sources of
knowledge and was thus able to construct his deductive-theoretical framework.

Looking at this from another perspective, i.e. starting from Tartaglia’s bal-
listics, the first question is, what were the points of contact with these sources
of knowledge? As far as the Aristotelian doctrine was concerned, it was without
doubt the definitions of natural and violent motion which, according to Tartaglia,
failed to provide a sufficient answer to the fundamental question concerning the
curvilinear segment of a trajectory. This question later led to the formulation
of an idea of “mixed motion,” and thus formed the basis for a concept of com-
positions of motions. Leaving aside this aspect, however, as it would require a
digression leading at least as far as the works which Galileo published more than
one hundred years later,! the question remains as to how this ballistic theory was
applied to the activity of the bombardier. The latter was, of course, not interested
in natural philosophical discourse or in questions regarding the nature of motion.
What he found most relevant was knowing how to hit a target with precision from
as far away as possible.

What linked this demand to Tartaglia’s theory was the above-mentioned
mathematical instrument, commonly known as the “bombardier’s quadrant.”
Tartaglia describes this instrument, its design and its use in the dedication letter
that opens the book. In particular, the quadrant allowed the angle of elevation
to be calculated while the bombardier remained sheltered behind the piece of
artillery. Nevertheless, Tartaglia’s firing table would have been even more
relevant for the bombardier, and, above all, the method for calculating his own
table based on the data he would have obtained from a single shot. Having a

I There are many studies dedicated to the relationship between the science of ballistics of the sixteenth
century and the formulation of the law of free fall. Among the most significant, see Renn, Damerow,
and Rieger 2011. For a more general overview of the entire development of pre-classical mechanics,
see also Damerow, Freudenthal, et al. 2004. Finally, as an introduction see Biittner et al. 2003.
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table of this kind meant that the bombardier would no longer have to resort to
several adjustment shots each time the target changed. If he had at his disposal
an exact survey of the fortress which he was to attack, or information on how the
attackers were positioned, the efficiency of the artillery battery would have been
considerably improved. Tartaglia promises this table and these guidelines in the
incipit, but the books which should have contained them were never written.
Still, the idea was the right one. Within a few decades, such tables began to
appear in a wide range of publications, although there were great discrepancies
in the values they showed throughout the sixteenth century.2 The quadrant had
become the physical instrument that was able to incorporate the new science and
apply it materially, and remained so for a very long time.

Yet, as was mentioned in Section 2.1, the quadrant was not an invention of
the sixteenth century. In Tartaglia’s day, it had already been in use for 120 years,
at least in some regions. As a measuring instrument, the quadrant was generally
an application of the geometrical properties of a triangle, relatively simple to un-
derstand and covered in the sixth book of Euclid’s Elements. As such, it was thus
indeed an ancient instrument.

What the bombardier’s quadrant was used for prior to the era of ballistics
is not clear from the known literature, but there is evidence of its existence and
there are even graphic representations. Nonetheless, it is natural to assume that
the quadrant was used as an instrument of registration, the angle of elevation be-
ing measured and noted before each shot. Were the shot successful, an annotation
would be used to realign the position of the piece of artillery, which would have
been lost through recoil. In relatively recent times, some authors have hypothe-
sized that firing tables already existed during the fifteenth century, compiled as a
kind of record.> Even though the available sources do not appear to corroborate
this hypothesis, it is clear that a good series of annotations of various angles of
elevation, relating to one specific piece of artillery, at use at specific intervals of
time, firing similar projectiles and maintaining the same quality and quantity of
gunpowder, effectively amount to a firing table. Considering the growing diffu-
sion and the increasingly intense use of heavy artillery during the fifteenth cen-
tury, the inevitable conclusion is that a considerable amount of empirical data was
accumulated owing to the use of the quadrant. An anachronistic evaluation of the
data collected by the bombardier of the fifteenth century could lead to the for-

2Thomas Harriot (1560-1621), like Galileo, arrived at a conception of the parabolic trajectory of
projectiles. As Matthias Schemmel demonstrates, Harriot considered different firing tables produced
by different authors and in different locations in order to put the theory itself to the test. There were
great discrepancies between the data which he collected, however, so that Harriot was forced to formu-
late mathematical procedures to extract more credible data. For this interesting study, see Schemmel
2008, particularly the eighth chapter of the first volume.

3Schmidtchen 1977, 150-161.
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mulation of a hypothesis that the accumulation of this data formed the empirical
basis from which the theory of ballistics emerged. Under scrutiny, however, this
hypothesis remains improbable. The accumulation of data, if it did in fact occur,
would have been of a very particular nature, with reference to specific pieces of
artillery, projectiles and gunpowder, moreover, it would have remained quite lo-
cal, since no institutional structure capable of collecting and preserving such data
existed in the fifteenth century. Even if this information had been gathered, there
would not have been any way to use it to formulate general, abstract rules using
a more or less inductive method. The absence of any information regarding the
context of the annotations made of each shot, for example, a formal and normative
description of the characteristics of the piece of artillery, the projectiles and the
gunpowder, as well as the influence of particular atmospheric conditions present
at the time the annotation was made, would have rendered such a collection of
annotations incomprehensible and pointless.

By way of conclusion, there is only one way to interpret the relationship be-
tween 120 years of accumulated experience in the use of the bombardier’s quad-
rant and the birth of ballistic theory with the consequent scientific use of the same
instrument. The annotations made during the fifteenth century represent the be-
ginning of a codified written recording of the experience of the bombardier and
his practical knowledge in general. In principle, these annotations could be of use
only to the very bombardier who had written them, since only he was able, on the
basis of his memory and accumulated experience, to give them a practical sig-
nificance. The angle of elevation was only one of many aspects the bombardier
had to take into consideration when exercising his profession, but it was probably
the first of these aspects which found a way towards establishing written rules
of recording in the form of measurements. From this perspective, the annota-
tion regarding the angle of elevation of the piece of artillery is a first step in a
process of abstraction, and therefore in theoretical reflection on the bombardier’s
own actions. The diffusion of the quadrant and of its use thus led to an increasing
formalization of the descriptions of certain specific aspects of the bombardier’s
activity. As was mentioned at the beginning of this paper, Tartaglia states that the
motivation that led him to dedicate himself to ballistics was a specific question
from a bombardier regarding the relationship between the angle of elevation and
the maximum range of a shot. Had there not been deep-rooted experience in the
use of the quadrant in the period preceding Tartaglia, nobody would have been
able to come up with such a question formulated in such a specific way, let alone
understand it.

To conclude, the quadrant is the epistemological instrument that initiated a
process of theoretical abstraction, which ended with the formulation of the bom-
bardier’s question. Thanks to the instrument, the bombardier is able to describe
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his activity in a comprehensible way to somebody who is not familiar with his
work but possesses the necessary mathematical understanding, such as that of
Euclidean geometry, or the necessary physical understanding, such as that of
Aristotelian dynamics. The quadrant is thus not only the link between theory
and practice in the period following Tartaglia’s Nova scientia, but also the means
by which the transition was made from experience alone to the birth of a new
theoretical subject.



Chapter 7
The 1558 Print Run of the Nova scientia and Its Translation

The present work is an edition of the 1558 second print run of the 1550 and second
edition of the Nova scientia. As Tartaglia died in 1557, this is the first print of
the work that was not checked and authorized by Tartaglia himself. As is known,
Tartaglia left many of his works and manuscripts in the hands of typographers
or people with whom he had business contacts. It is unclear why exactly he did
so, but it can be speculated that he was either trying to settle debts or to collect a
sum as an inheritance. According to the number of copies held in archives and in
libraries today, it is safe to infer that considerably more copies of the 1558 print
run were produced than of the 1537 and the 1550 editions and, therefore, that it
may have been more influential than the earlier published works. Certainly, it
contributed the most to the diffusion of Tartaglia’s science of ballistics.

However, the 1558 print run does show certain peculiarities. First of all, the
printer took the freedom of changing Tartaglia’s text. The syntax, which Tartaglia
wrote with no regard for any rules, is slightly improved. Some of the wording is
also changed to improve readability. Tartaglia himself had already implemented
similar changes. For instance, while the first edition still shows a considerable
number of Latinisms and a heavy use of titles when referring to people, the edition
published thirteen years later in 1550 already replaced Latin with Italian wording
and deleted the titles.

As mentioned while discussing the second book of the Nova scientia in Sec-
tion 2.3, the maker of the 1558 print run is responsible for systematically replacing
the verb “transire.” Tartaglia used this verb in order to denote any sort of move-
ment. The printer replaced it with different verbs appropriate to the context de-
fined in the sentence or in the paragraph. “Transire” was replaced, for instance,
by “andare” (to go) or “muovere” (to move). Only in a couple of cases, and
probably only because he overlooked them, did the original verb appear. Nev-
ertheless, he never replaced “transire” when Tartaglia used it in its substantive
form: “transito.” The overall impression that emergences from these changes is
that “transito” denotes a specific scientific meaning, a mechanical technical term.
“Transit” indeed denotes the line that joins together the point where the violent
motion starts, that is, the beginning of the first straight line that comprises the
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trajectory of a projectile, with the point where the violent motion ends, that is,
the last point of the curvilinear portion of the trajectory. While the use of such a
term in the 1537 and the 1550 editions appears natural, the printer’s work in the
1558 edition created the conditions for the emergence of a specific terminus and
therefore for a specific concept inherent to the science of ballistics. This is one
of the reasons why the 1558 edition was selected for the present work.

The same printer, however, is also responsible for a series of mistakes prob-
ably caused by insufficient editing before publishing. Particularly troublesome
are a few mistakes concerning calculations (numbers) and references to the ex-
planatory geometric diagrams (letters denoting lines or figures).

Abbreviations are present both in the 1537 and 1550 editions and in the 1558
print run, though different in each. On the basis of an overall consideration, how-
ever, the 1558 edition is certainly the most readable of the works because of a
more open layout and a better selection of characters.

The present transcription and translation are compared with the texts of the
previous editions and prints. The differences among them, when relevant in terms
of content, are indicated in footnotes. All kinds of mistakes, whether caused by
the printer or not, are highlighted either in the text or in the footnotes as well. A
translation of a text of the sixteenth century consequently changes the structure
of the original text. However, improvement to its readability was not the primary
goal of this translation. In fact, the goal was to render the fundamental tension
experienced by Tartaglia in connecting two previously disconnected domains of
knowledge, and in using a language that was not yet sufficiently developed to
function as scientific language. In a few cases, however, and especially while
translating the third book, certain words that tend to denote a wide spectrum of
meanings have been translated with less general terms. This has been done when
a long and elaborated explanatory apparatus would have been necessary for the
understanding of literal translations of particular procedures, such as for instance,
actions to be accomplished whilst holding a mathematical instrument.



Chapter 8
Online Sources

This section presents a list of the works of Nicold Tartaglia, which are avail-
able in digital reproductions through the open-access repository ECHO (European
Cultural Heritage Online) of the Max Planck Institute for the History of Science
(http://echo.mpiwg-berlin.mpg.de).

Archimedes and Tartaglia, Nicold, Opera Archimedis Syracvsani
philosophi et mathematici ingeniosissimi, Venetia, 1543

Tartaglia, Nicolo, Regola generale da sulevare con ragione e misura non
solamente ogni affondata nave: ma una torre solida di mettallo, Venetia,
1551

Tartaglia, Nicolo, Quesiti et inventioni diverse de Nicolo Tartaglia. Di novo
restampati con una gionta al sesto libro, nulla quale si mostra duoi modi
di redur una citta inespugnabile. La divisione et continentia di tutta l’opra
ne seguente foglio si trouara notata, Venetia, appresso de I’auttore, 1554

Tartaglia, Nicolo, General trattato di numeri, et misure. 3 voll. Vol. 1: La
prima parte del general trattato di numeri, et misure di Nicolo Tartaglia,
nella quale in diecisette libri si dichiara tutti gli atti operativi, pratiche,
et regole necessarie non solamente in tutta [’arte negotiaria, et mercan-
tile, ma anchor in ogni altra arte, scientia, over disciplina, dove inter-
venghi il calculo. Vol. 2: La seconda parte del general trattato di nu-
meri, et misure di Nicolo Tartaglia, nella quale in undici libri si notifica la
piu ellevata, et speculativa parte della pratica Arithmetica, la qual é tutte
le regole, et operationi praticali delle progressioni, radici, proportioni, et
quantita irrationali. Vol. 3: La terza parte del general trattato de numeri,
et misure di Nicolo Tartaglia. Nel quale si dechiarano i primi principii, et
la prima parte della geometria, con bellissimo, et facilissimo modo, cose
utilissime, et dilettevoli, per tutte quelle persone, che si dilettano di sapere.
Dimostrasi oltra di cio, la pratica del Misurare ciascuna cosa, con brieve,
et facile via, Venetia, per Curtio Troiano, 1556—1560.



48 8. Online Sources

* Tartaglia, Nicolo, La nova scientia de Nicolo Tartaglia: con una gionta al
terzo libro, Venetia, per Curtio Troiano, 1558

 Jordanus de Nemore and Tartaglia, Nicolo, lordani opusculum de pon-
derositate, Venetia, per Curtio Troiano, 1565
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60 The Nova scientia: Transcription and Translation

FRONTESPIZIO - Primo folio (non numerato), recto

Frontispiece

Dilciplinae Mathematicae loquuntur[.] Qui cupitis Rerum varias co-
gnolcere caulal].] Dilcite nol, cunctil hac patet una uia.



The Nova scientia: Transcription and Translation

FRONTISPIECE - First folio (unnumbered), recto

The Mathematical Disciplines say, whoever strives to investigate the
reasons to think, study us, this way is open to everyone.

61



62 The Nova scientia: Transcription and Translation

INCIPIT - Primo folio (non numerato), verso

Incipit
INVENTIONE DE NICOLO TARTAGLIA

Brilciano Intitolata Scientia Noua diuifa in V libri, nel Primo di quali (e dimofira
theoricamente, la natura, & effetti de corpi egualmente graui, in li dui contrarii
moti che in elli puon accadere, & de lor contrarii effetti.

In lo lecondo (geometricamente) [e approua, e dimolftra la qualita imilitu-
dine, et proportionalita di tranfiti loro [econdo li uarij modi, che puono efler eietti,
ouer tirati uiolentemente per aere, et [imilmente delle lor diftantie.

In lo terzo [e infegna una noua pratica de mifurare con 1’alpetto, le altezze
diltantie ypothumi(lale, et orizontale delle cole apparente, giontoui anchora la
theorica, cioe la ragione et caula di tal operare.

In lo quarto [e dara la proportione de 1’ordine dil crelcere callar che in ogni
pezzo di artegliaria nelli {uoi tiri, alzandolo ouer arbaflandolo, fopra il pian de
’orizonte, et [imilmente ogni mortaro, anchora [e infegnara il modo di trouar tutte
le dette uarieta, ouer quantita de tiri in ogni pezzo de artegliaria, ouer mortaro
mediante la notitia dun tiro folo. Anchora (i mostrara il modo come [i debbia
gouernar un bombardiero quando delidera, di battere ouer di percottere in qual
che luoco apparente.

Oltra di quelto [e infegnara anchora il modo come (i debbia gouernar il
detto bombardiero quando gli fulle fatto un riparo dauanti al luoco doue percote
uolendo pur percottere nel medemo luoco per altra uia, ouer elleuatione quan-
tunque piu non ueda quel tal luoco.

Anchora [e dara il modo di [apere percottere continuamente la ofcura notte
in un luoco appoltato il giorno auanti.
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INCIPIT - First folio (unnumbered), verso

INVENTION OF NICOLO TARTAGLIA

from Brescia entitled Nova scientia, divided into five books.! In the first book,
the nature and effects of equally heavy bodies are theoretically demonstrated as
well as the two contrary motions that can affect such bodies and the contrary
effects of such motions.

In the second [book], the qualities, similarities and proportions of the tran-
sits, and therefore of the distances, of such bodies are shown and demonstrated
(geometrically) according to the various ways in which the bodies can be ejected,
that is, thrown violently through the air.

In the third [book], a new practice to measure by sight the height and the
diametral and horizontal distances of the perceptible objects is taught. The theory,
that is, the reason and the cause of such operations, is also added.

In the fourth [book], the ratio is described between the increase [and] de-
crease of the shots of each piece of artillery and the elevating or lowering of the
piece above the plane of the horizon. Similarly [the same will be shown] for each
[type of] mortar. Moreover, the method of how to find all the mentioned varieties
is taught, that is, the quantitative information concerning the shots of each piece
of artillery and mortar on the basis of information concerning one single shot. In
addition, the method is given of how a bombardier must proceed when he intends
to hit or strike a certain perceptible place.

In addition, the method is also taught of how the mentioned bombardier
should proceed when the place he intends to strike has been covered with a pro-
tective shield [so that he can] strike it using another path, that is, using another
elevation, even though he is no longer able to see that place.

Again, the method is shown of how to continuously strike during the night
a place that has been targeted earlier in the day.

11537 edition: “Invention newly found by Nicolo Tartaglia from Brescia, very useful for all specu-
lative mathematical bombardiers and for others, entitled Nova scientia, divided into five books.”
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INCIPIT - Primo folio (non numerato), verso - cont.

In lo quinto libro (e dechiarira (fecondo 1’autorita de molti Eccellentillimi
Naturali) la natura, et origine de diuerle [pecie di gome, olei, acque [tillate, an-
chora de diuerfi fimplici minerali et non minerali dalla natura prodotti, et da I’arte
fabricati, anchora [e manifeftara alcune (ue particolare proprieta circa a larte de
fuochi. Et [imilmente (e delucidara quale [ono quelle materie chi fe conuiengono
et che [e accordano et quale [ono quelle che non (i conuiengono ne (e accordano, a
ardere inlieme, et confequentemente (e dara il modo di componere, uarie et diuerle
[pecie de fuochi, non [olamente alla defenlione de ogni murata terra utilillimi, ma
anchora in molte altre occorentie molto a propolito.
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INCIPIT - First folio (unnumbered), verso - cont.

The fifth book discloses (according to the authority of many very Excellent
Naturals?) the nature and the origin of several kinds of gum, oil, distilled water,
and also several simple and not simple minerals produced by nature and manu-
factured by art. Then, some particular characteristics of the art of the fires® are
clarified. Similarly, it is then explained which materials burn well together and
which materials are not appropriate for this purpose. Consequently, the method is
described of how to compound various and different kinds of fires, which are not
only very useful for defending fortified land, but also very appropriate for many
other occasions.

2“Naturals” means natural philosophers. In the 1537 edition, the following words are inserted here:
“according to the authority of Galen, Avicenna and many other very excellent physicists.”
3“Fires” means fireworks.
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EPISTOLA - Secondo folio (non numerato), recto

ALLO ILLVSTRISSIMO ET INVICTISSIMO Slgnor Francelcomaria Feltrenfe

dalla Rouere Duca Eccellentillimo di Vrbino et di Sora, Conte di Montefeltro, et

di Durante. Signor di Senegaglia, et di Pefaro. Prefetto di Roma, et dello Inclito
Senato Venetiano Digniflimo General Capitano.

Epistle

HABITANDO in Verona I’Anno MDXXXI Illuftrillimo. S. Duca mi fu adi-
mandato da uno mio intimo et cordial amico Peritisfimo bombardiero in castel
uecchio (huomo atempato et copiolo di molte uirtu) dil modo di mettere a [egno
un pezzo de artegliaria al piu che puo tirare. E a ben che in tal arte io non haue(le
pratica alcuna (perche in uero Eccellente Duca) giamai dilgargeti artegliaria, ar-
chibulo, bombarda, ne [chioppo niente dimeno (defiderofo di [eruir I’amico) gli
promisfi di darli in breue riffoluta rifposta. Et dipoi che hebbi ben masticata et ru-
minata tal materia, gli conclufi, et dimoltrai con ragioni naturale, et geometrice,
qualmente bilognaua che la bocca del pezzo stefle elleuata talmente che guardalle
rettamente a 45 gradi fopra a I’orizonte, et che per far tal cola i[pedientemente
bifogna hauere una [quara de alcun metallo ouer legno [odo che habbia interchiulo
un quadrante con lo [uo perpendicolo come di [otto appar in difegno, et ponendo
poi una parte della gamba maggiore di quella (cioe la parte BE) ne 1’anima ouer
bocca dil pezzo distefa rettamente per il fondo dil uacuo della canna, alzando poi
tanto denanti il detto pezzo che il perpendicolo HD feghi lo lato curuo EGF (dil
quadrante) in due parti eguali (cioe in ponto G) All’hora [e dira che il detto pezzo
guardara rettamente a 45 gradi fopra a 1’orizonte. Perche (Signor clarisfimo) il
lato curuo EGF del quadrante ([econdo li altronomi)




The Nova scientia: Transcription and Translation 67

EPISTLE - Second folio (unnumbered), recto

TO THE MOST ILLUSTRIOUS AND HIGHLY RESPECTED Lord
Francescomaria Feltrense Della Rovere, Very Excellent Duke of Urbino and of
Sora, Count of Montefeltro and of Durante, Lord of Senigallia and of Pesaro,
Prefect of Rome and Very Worthy General Captain of the Illustrious Senate of
Venice.

During the year 1531, when the Most Illustrious Lord Duke was living in Verona,
I was asked by a close and kind friend of mine, a very skilled bombardier at the
Castel Vecchio* (an aged man with many virtues), about the method to set up a
piece of artillery in such a way that it shoots the farthest. Although I did not have
any experience in such an art (because the truth is, Very Excellent Duke, I have
never discharged any artillery, or harquebus, or bombard or rifle’), I nevertheless
(as I wished to serve a friend) promised to quickly provide him with a resolute an-
swer. After I had carefully contemplated and ruminated this subject, I concluded
and demonstrated to him by means of natural and geometrical arguments that the
mouth of the piece had to be elevated so that it addresses straightly [the inclina-
tion of] 45 degrees above the horizon. Moreover, [I told him] that to accomplish
this quickly, a square of whichever metal or hardwood is needed. The square
must contain a quadrant with its plumb line [positioned] as it appears below in
the drawing. Then, one inserts part of the longer side of the square (that is the
part BE) into the bore or mouth of the piece, laying it flat along the bottom of the
empty barrel, and one lifts up the front of the mentioned piece until the plumb
line HD divides the curved side EGF (of the quadrant) into two equal parts (that
is at the point G). At this point, one can say that the mentioned piece is straightly
elevated at 45 degrees above the horizon. Since (Very Illustrious) the curved side
EGF of the quadrant is (according to the astronomers)

4Tartaglia is referring to Castel Vecchio in Verona.
5«Schioppo” can also be translated with “blunderbuss.”
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[e diuide in 90 parti eguale, et cadauna di quelle chiamano grado. Pero la mita
di quello (cioe GF) uerria a eller gradi 45. Ma per acordarle con quello che [e
ha da dire lo hauemo diuifo in 12 parti eguali, et accioche uoftra Illuftrifsima
D. S. ueda in figura quello che difopra hauemo con parole depinto hauemo qua
difotto defignato il pezzo con la [quara in bocca allettato [econdo il propofito da
noi conchiufo al detto noltro amico. La qual conclufion a effo parle hauer qualche
confonantia pur circa cio dubitaua alquanto parendo a lui che tal pezzo guardalle
troppo alto. Il che procedeua per non effer capace delle nostre ragioni, ne in le
Mathematice ben corroborrato, niente di meno con alcuni ifperimenti particolari
in fine [e uerifico totalmente cofi eflere.

Pezzo elleuato alli 45 gradi [opra a I’orizonte.

Ma piu ne I’anno MDXXXII effendo per prefetto in Verona il Magnifico
miffer Leonardo Iuftiniano. Vn capo de bombardieri amiciflimo di quel nostro
amico. Venne in concorrentia con un’altro (al prefente capo de bombardieri in
Padoa) et un giorno accadete che fra loro fu proposto il medemo che a noi propolle
quel noftro amico, cioe a che [egno [i douelle alletare un pezzo de artegliaria che
face(le
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divided into ninty equal parts and each of these is called a degree, then its half
(that is GF) is 45 degrees. Appropriately to what we have to say,® we [however]
divide it [the quadrant] into twelve equal parts. To let Your Most Illustrious Ducal
Lordship see in a figure what we have described above in words, we have drawn
the piece [of artillery] with the square placed in the mouth of the piece in a figure
below, positioned according to the argument concluded for our mentioned friend.
Although it seemed to him that this conclusion contains some truth, he never-
theless suspected that the piece was elevated too much. This occurred because
he was unable to understand our arguments and because he was not practiced
in mathematics. In the end, however, the truth of the argument was verified by
means of certain specific experiments.

A piece elevated at 45 degrees above the horizon.

During the year 1532, moreover, the Prefect of Verona was the Magnificent
Sir Leonardo Iustiniano, chief bombardier and very close friend of our friend. He
and another (now chief bombardier in Padoa) challenged each other and one day
happened to argue about the same question suggested to us by our friend, that is,
the elevation at which a piece of artillery has to be set in order to accomplish

6In the 1537 edition, “Highly Respected Lord” is inserted here.
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il maggior tiro che far polla [opra un piano. Quel amico di quel nostro amico gli
conclufe con una [quara in mani il medemo che da noi fu terminato cioe come di
[opra hauemo detto et delignato in figura.

L’altro difle che molto piu tiraria a dui ponti piu ballo di tal [quara (la quale era
diuifa in 12 parti) come difotto appare in difegno.

Et fopra di questo fu depolta una certa quantita de danari, et finalmente ue-
neno alla [perientia, et fu condotta una colobrina da 20 a Santa Lucia in campagna,
et cadauno di loro tiro fecondo la propofta fenza alcun auantaggio di poluere ne
di balla, onde Quello che tiro fecondo la nostra determinatione, tird di lontano
(fecondo che ne fu referto) pertiche 1972 da piedi 6 per pertica, alla ueronefa,
1”altro che tird li dui ponti piu baflo, tird di lontano [olamente pertiche 1872 per la
qual cofa tutti li bombardieri, et altri (e uerificorno della noltra determinatione, che
auanti di quelta ilperientia [taleuano ambigui imo la maggior parte haueuano con-
traria opinione parendoli che tal pezzo guardalle tropo alto. Ma piu forte uoglio
che uostra preclarifsima Signoria [appia che di tre cole ¢ forza che ne fia una,
ouer che li mifuranti ferno errore nel milurare, ouer che a me non fu refferto il
uero, ouer che il [econdo cargo piu diligentemente dil primo. Perche la ragione
ne demostra
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the longest possible shot over a plane. That friend of our friend with a square in
his hands came to the same conclusion we did, that is, as we said above and drew
in the figure.

The other [bombardier] said that it would project much further were it set two
points lower within that square (which was divided into twelve parts) as it
appears in the drawing below.

A certain quantity of money was bet on this [question] and they finally ar-
rived at the experiment. A culverin of twenty [libra] was brought to the country-
side around Santa Lucia.” Each of them shot according to what they suggested
and without any difference in reference to the ball and to the charge. The one
who shot according to our conclusion reached (according to what was referred)
1972 perches, [where] each perch is [constituted] of six feet of [the measurement
system of] Verona. The other, who shot two points lower, reached only 1872
perches. For this reason, all the bombardiers and the other persons recognized
the truth of our conclusion, although before the experiment they had doubted it
and most of them had been of the contrary opinion as it seemed to them that the
piece was elevated too much. But I want Your Most Illustrious Lordship to un-
derstand the subject better and of the three [following] statements it is necessary
that only one is true: either the measurers made a mistake while measuring, or I
was not told the truth, or the second charge was more diligently prepared than the
first. Because® according to the argument it is demonstrated

7Santa Lucia is an old town close to Verona.
8In the 1537 edition, “Distinguished Lord” is inserted here.
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che il fecondo (cioe quello che tird li dui ponti piu ballo[)] [tird] alquanto piu
dil dovere alla proportione del primo, ouer che il primo tird alquanto manco di
quello che doueua tirare alla proportione del [econdo, come nel quarto libro (doue
trattaremo de la proportion di tiri) in breue quella potra conolcere e uedere. Et fap-
pia uostra Magnanimita che per eller stato all’hora in tal materia desto deliberai di
uoler piu oltra tentare. Et cominciai (et non [enza ragione) a inuiftigare le [pecie
di moti che in un corpo graue potelle accadere, onde trouai quelle ellere due cioe
naturale, et uiolente, et quegli trouai efler totalmente in accidenti contrarij me-
diante li lor contrarij effetti, imilmente trouai con ragione a I’intelletto euidente
efler impollibile mouer/i un corpo graue di moto naturale et violente infieme milto
Dapoi inueltigai con ragione geometrice demoltratiue la qualita di tranfiti, ouer
moti uiolenti de detti corpi graui, [econdo li uarij modi che pono eller eietti, ouer
tirati uiolentemente per aere. Oltra di quelto me certificai con ragioni geome-
trice demoltratiue. Qualmente tutti li tiri de ogni [orte artegliarie, (i grande come
piccole egualmente elleuate [opra il pian de I’orizonte, ouer egualmente oblique,
ouer per il pian de I’orizonte, eller fra loro (imili et conlequentemente proportio-
nali, et [imilmente le distantie loro. Dapoi conobbi con ragion naturale qualmente
la diltantia del fopra detto tiro elleuato alli 45 gradi fopra a 1’orizonte, era circa de-
cupla al tramito retto dun tiro fatto per il piano de 1’orizonte, che da bombardieri
¢ detto tirar de ponto in bianco, con la qual euidentia Magnanimo Duca trouai
con ragioni geometrice et algebratice qualmente una balla tirata uerlo 1i detti 45
gradi fopra a I’orizonte ua circa a quattro uolte tanto per linea retta di quello che
ua eflendo tirata per il pian de 1’orizonte che da bombardieri ¢ chiamato (come ho
detto) tirar de ponto in bianco. Per il che [i manifelta qualmente una balla tirata
da una medema artegliaria ua piu per linea retta per un uerlo che per un’altro, et
confequentemente fa maggior effetto.
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that according to the ratio of the first [shot], the second [shot] (that is, the one
that was shot two points lower[)] was shot farther or that according to the ratio
of the second [shot] the first one was shot less far, as you will soon know and see
in the fourth book (where we will speak about the ratios among the shots). Your
Magnanimity should also know that, as I had entered [the investigation of] this
matter by that time, I decided to investigate® further. I started (not without reason)
to investigate the kinds of motions that take place when a heavy body is involved.
I found that there are two kinds [of motion]:!? the natural and the violent. I
also found that, in reference to their accidents,!! they are completely contrary to
each other because of their contrary effects. Similarly, with an argument evident
to the intellect, I found it is impossible for a heavy body to move according to
natural and violent motion mixed together. Then!2 by means of geometrical and
demonstrative arguments, I investigated the qualities of the transits, that is, of the
violent movements of the mentioned heavy bodies in reference to the different
ways in which they can be projected or violently thrown through the air. Besides
this, using geometric and demonstrative arguments, I certified that all the shots of
all kinds of artillery, large as well as small and equally elevated above the horizon
or equally oblique!? or parallel to the plane of the horizon, are similar to each other
and consequently also proportional to each other. Similarly, [the same is true] for
their ranges. Then,'# using natural arguments,! I found that the range of the
above-mentioned shot elevated at 45 degrees above the horizon was ten times the
straight transit of a shot made parallel to the plane of the horizon, which is said
by the bombardiers shooting at the blank point. On the basis of this evidence,
Magnanimous Duke, using means of geometric and algebraic arguments, I found
that a ball thrown along the mentioned 45 degrees above the horizon moves along
a straight line which is about four times the straight line along which a ball moves
when thrown parallel to the plane of the horizon, called by the bombardiers (as
I said) shooting at the blank point. From this, it also becomes clear!® that a ball
thrown by the same artillery follows a longer straight line in a certain way than
in others and, consequently, produce more [destructive] effect.

91537 edition: “ratiocinare” instead of “invistigare.”
101n the 1537 edition, “videlicet” is inserted here.
T According to Medieval Aristotelian terminology, “accidents” means “qualities” here.
12In the 1537 edition, “Very Serene Lord” is inserted here.
13Here, “oblique” means that the cannon points to a point lower than the place where the artillery is
located.
14In the 1537 edition, “Very Benevolent Lord” is inserted here.
151537 edition: “Archimedane.”
161n the 1537 edition, “Very Excellent Duke” is inserted here.
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Anchor Signor Illustrifsimo calculando trouai la proportion, dil crelcere e calar
che fa ogni pezzo de artegliaria (nelli [uoi tiri) alzandolo ouer arballandolo [opra il
pian de I’orizonte, et [imilmente trouai il modo di [aper trouar la uarieta de detti tiri
in cadaun pezzo [i grande come piccolo mediante la notitia d’un tiro [olo (domente
che [empre [ia egualmente cargato) Dapoi inueltigai, la proportione et 1’ordini di
tiri del mortaro, et [imilmente trouai il modo di (aper inuiftigare [otto breuita la
uarieta de detti tiri pur per mezzo d’un tiro [olo. Oltra di questo con ragioni
euidentillime conobbi qualmente un pezzo de artegliaria pofleua per due diuerle
uie (ouer elleuationi) percottere in un medemo luoco, et trouai il modo di mandar
tal cofla (accadendo) a eflecutione (cole non piu audite ne d’alcun’altro antico ne
moderno cogitate) Ma dapoi conliderai (Signor Magnifico) che tutte queste cole
erano di puoco giouamento a un bombardiero quando che la diftantia dil uoco
doue gli occorelle di battere non gli fulle nota. Eflempi gratia occorrendogli a
tirare in un luoco apparente che la distantia di quello gli fulle occulta Che gli
giouaria (O Magnanimo Duca) in questo calo che lui fapefle che il fuo pezzo
tiralle alla tal elleuatione palla 1356 et alla tal altra palla 1468, et alla tal altra
palla 1574 et cofi dilcorrendo de grado in grado, certo nulla li giouaria, perche
non [apendo la distantia
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Moreover, Most Illustrious Lord, I found by means of calculations the proportion
according to which the [ranges of] the shots of each piece of artillery increase and
decrease when the piece is elevated or lowered above the plane of the horizon.
Similarly,!” T also found the method of how to ascertain!® the characteristics of
the mentioned shots in each piece, both large and small, solely on the basis of
the information concerning one single shot (provided the piece is always charged
in the same manner). Then,!® I investigated the proportions and characteristics
of the shots of the mortar and, similarly, I found the method of how to ascertain
the characteristics of the mentioned shots in a short time on the basis of the in-
formation concerning one single shot. Besides this, I found with a very evident
argument that a piece of artillery can hit one place along two different paths (or at
two different elevations) and I found the method of how to execute this in reality
(a subject never heard?? or conceived by anyone else, ancient or modern). But
then I realized that all these subjects (Magnificent Lord) are not really useful to
the bombardier if he does not know the distance to the place he needs to strike.
For example, if he needs to shoot at a place at a distance that is unknown, how
could he make use (Magnanimous Duke) of the knowledge that allows him to
shoot at 1356 steps if his piece is set at a certain elevation, or at 1468 steps at
another elevation, or at 1574 at another elevation again, and so on, degree upon
degree? It would not be at all useful because, unless he knows the distance, he
will

17In the 1537 edition, “Very Liberal Duke” is inserted here.
181537 edition: “ratiocinar” instead of “saper.”

191n the 1537 edition, “Very Prudent Lord” is inserted here.

20In the 1537 edition, “Very Open Minded Lord” is inserted here.
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manco [apra a che [egno, ouer elleuatione debba allettar tal [uo pezzo de artegliaria
che percotta nel deliderato loco, Seguita adonque due effer le principal parti ne-
cellarie a un real bombardiero (uolendo tirar con ragione et non a calo) delle quale
I’una (enza I’altra quali niente gioua (Dico nelli tiri lontani) La prima ¢ che grollo
modo [appia conolcere et inuestigare (con ’alpetto) la distantia dil luoco doue gli
occorre de tirare. La [econda ¢ che [appia la quantita di tiri della [ua artegliaria,
[econdo le [ue uvarie elleuationi, le qual cole [apendo non errara de molto nelli
[uoi tiri ma mancandoui una di quelle non puo tirar (in conto alcuno) con ragione
ma [olamemte a dilcretione et [e per calo percotte al primo colpo nel luoco, ouer
aprello al luoco doue defidera, ¢ piu presto per [orte che per [cientia (dico pur nelli
tiri lontani) Perilche (Signor Illuftrifimo) trouai un nouo modo da inuestigar [otto
breuita le altezze, profondita, larghezze, diftantie ypothumiflale, ouer diametrale,
et ancora le orizontale delle cole apparente, non in tutto come cola noua, Perche in
uero Euclide nella [ua perlpettiua [otto breuita theoricamente in parte ne linfegna,
[imilmemte Giouanne Stoflerino, Orontio, Pietro Lombardo. et molti altri hanno
datto a tal materie norma, chi con il [ole, chi con un [pecchio, chi con il quadrante,
chi con lo astrolabio, chi con due uirgule, chi con un baftone (intitolato baculo
de Iacob) et in molti altri uarij modi, Ma io dico (Signor Clariimo) che trouai
un nouo modo ifpidiente e prelto et facile da capire a cadauno (et a men errori
fuggetto de qualunque altro) da inuestigare le dette distantie, il quale da niun
altro ¢ [tato pofto maBime delle diltantie ypothumiflale ouer diametrale ancora
delle orizontale, le quale inuero fono le piu necellarie al bombardiero de tutte le
altre [orte di dimenlioni, perche a quello non ¢ molto necellario a [apere la altezza
duna cofa perpendicolarmente elleuata (opra al orizonte, ne anchora la profondita
duna cola profunda, ne anchora la larghezza duna cola lata, Ma [olamente le dette
distantie ypothumiflale, et orizontale gli [ono molto al propolito, come nel quarto
libro (a uostra Illustrifima Signoria) [i fara manifesto.
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not know at which point or elevation he has to set his piece of artillery so as to
strike the place he desires. Therefore there are two?! fundamental subjects nec-
essary to the real bombardier (if he does not want to shoot casually, but with
cognition) and one subject without the other is not really useful (I say this con-
cerning long shots).?? The first thing is that he has to be able to find out and
investigate (by sight) the distance to the place he needs to shoot.?> The second
is that he needs to know the quantities?* of the shots of his artillery according to
the various elevations. If he knows both of these subjects, he will not make any
major mistakes while shooting, but if one of these subjects is missing, he cannot
shoot with cognition in any way but subjectively, and if he casually strikes the
place he would like to strike, or if he strikes close to that place, this would be
through luck rather than science (I repeat that this concerns long shots). For this
reason, Very Illustrious Lord, I found a new method to measure in a short time
the heights, depths, widths,2> diametral distances, or hypotenuses, and also the
horizontal [heights] of the perceptible objects, though it is not a completely new
subject. Euclid briefly explains the theory of parts of this subject in his Perspec-
tive. Similarly, Giovanne Stoflerino,2® Orontio,?” Pietro Lombardo and many
others have standardized this subject. Someone used the Sun, others a mirror,
a quadrant, an astrolabe or two rods, someone also used a stick (called a Jacob’s
staff) and many other means were also used. But I say (Most Illustrious Lord) that
I have found a new and fast method, easily understandable to everyone (and less
subject to mistakes than any other method), to measure the mentioned distances.
This method has not been suggested by anyone else, especially concerning the di-
ametral distances or hypotenuses and horizontal distances. These measurements
are indeed more essential?® to the bombardier than any other kind of measure-
ment, because to him it is not particularly useful to know the height of an object
elevated perpendicularly to the horizon, the depth of a low object or the width of
a wide object. Particularly useful to him are only the hypotenusal and horizontal
distances, as will be manifested (to the Most Illustrious Lordship) in the fourth
book.

2ln the 1537 edition, “Very Respected Lord” is inserted here.

22The last sentence was added in the 1550 edition.

231537 edition: “battere” instead of “tirare.”

24Here, to “know the quantities” means to calculate transits and ranges.
25The words “depths” and “widths” were added in the 1550 edition.
26Johann Stéffler.

270rontio Fineo (Oronce Fine).

281537 edition: “utile” instead of “necessarie.”
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Oltra di quelto per curiofita, me mefle a [correre li varij modi offeruato da noftri
antiqui Naturali, et anchor da moderni nelle compolfitioni de fuochi et fra natu-
rali inueftigai la natura di quelle gumme, bitumi, gralli, olei, (ali, acque ftillate, et
altri implici minerali, et non minerali dalla natura prodotti, et da 1’arte fabricati,
componenti quelli, et confequentemente trouai il modo di componere molte altre
uarie et diuerfe [pecie de fuochi non [olamente alla diffenfione de ogni murata
terra utiliBimi, ma anchora in molte altre occurrentie molto al propolito. Per le
qual cole haueua deliberato de regolar I’arte de bombardieri, et tirarla a quella [ot-
tilita, che fulle poBibile de tirare (mediante alcune particolar ilperientie) perche
in uero (come dice Ariltotile nel fettimo della Phyfica tefto uigelimo) dalla ilpe-
rientia di particolari pigliamo la [cientia uniuerfale. Ma poi fra me penfando un
giorno, mi parue cole biafmeuole, uituperofa, e crudele, et degna di non puoca pu-
nitione aprello a Iddio, et alli huomini a uoler studiare di aflotigliare tal effercitio
dannofo al proBimo, anzi destruttore della [pecie humana, et malime de Chriltiani
in lor continue guerre. Perilche non [olamente polpofi totalmente il studio di tal
materia et attefi a [tudiar in altro, ma anchor [trazai, et abrulciai ogni calculatione,
et [crittura da me
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Besides this and out of curiosity, I began to read the various methods, observed
by our ancient ancestors and also by the moderns, to compound fires. Among
the natural [subjects] I investigated the nature of those gums, bitumens, greases,
oils, salts, distilled waters and other simple and not simple minerals, of which
the above-mentioned things are constituted and that are produced by nature and
manufactured by art. Consequently, I found the way to compound many other
and different kinds of fires that are very useful not only for defending fortified
land, but also for many other occasions.?? I had deliberated regulating the art of
the bombardiers and achieving the perfection that can be achieved (by means of
certain particular experiments) because (as Aristotle says in the seventh [book]
of Physics, twentieth text), we reach universal science through the experience of
the particulars. One day, however, I was thinking to myself3? and it seemed to
me that working toward the perfection of such an art, harmful to the neighbor or
even destructive for the human species and especially for the Christians because
of their continuous wars, was a reproachful, vituperative and cruel thing, worthy
of heavy punishment by God and by human beings.3! For this reason,3? not only
did I completely postpone the investigation of such matters and begin to work on
another subject, I also shredded and burned all the calculations and writings that
I had

29Following the 1537 edition, the last two sentences read: “Besides this, Very Calm Lord, out of
curiosity I began to read the Pandects, Avicenna and many other very excellent physicists in order to
understand the origin and nature of different kinds of gum, salt, oil, distilled water and also of simple
minerals and other non mineral [products] produced by nature and manufactured by art. I also found
some of their peculiar characteristics pertinent to the art of fires. Moreover, I investigated which of
the mentioned materials are suitable to be joined together and which are not able to burn together.”
301n the 1537 edition, “Very Magnanimous Duke” is inserted here.

31The words “human beings” were added in the 1550 edition.

321n the 1537 edition “Oh Very Excellent Duke” is inserted here.
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notata, che di tal materia parlaffe. Et molto mi dolfl, et auergognai del tempo
circa a tal cola [pello, et quelle particolarita, che nella memoria mi restorno (con-
tra mia uolunta) ilcritte mai ho uoluto palefarle ad alcuno, ne per amicitia, ne per
premio (quantunque [ia (tato da molti richiefto) perche infignandole mi parea di
far naufragio, e grande errore. Ma hor uedendo il luppo defiderofo de intrar nel
noftro armento, et accordato infieme alla diffela ogni noftro pastore non mi par
licito al prefente di tenere tal cole occulte, anci ho deliberato di publicarle parte
in [critto, et parte uiua uoce a ogni christiano, accioche cadauno fia meglio atto
(i nel offendere, come nel diffender(i da quello. Et molto mi doglio uedendo il
bifogno che tal studio all’ora abandonai, perche [on certo che hauendo feguito fin
hora harei trouato cofe di maggior ualore come [pero in breue anchora di trouare.
Ma perche il prefente ¢ [certo (e al tempo breue) il futuro ¢ dubiolo uoglio il
pedire prima quello che al presente mi trouo, et per mandar tal cofa imparte a
eflecutione ho composto imprefia la prefente operina la quale [i come ogni fiume
naturalmente cerca di accoltarfe, et unirle col mare, coli effa [(Jconofcendo uoltra
Ilust. D. S. effer la fomma fra mortali de ogni bellica uirtu) recerca di accostarle,
et unirfe con efla amplitudine. Pero [i come lo abondante mare, il quale non ha di
acqua bilogno non [e [degna di receuer un picol fiume, coli [pero che uolira D. S.
non [e [degnara di acettarla, accioche li peritillimi bombardieri di questo noltro
Mluftriflimo Dominio fugetti a uoftra Sublimita, oltra il [uo ottimo, et pratical in-
gegno, (iano meglio di ragion iltrutti, et atti a elleguire li mandati di quella. Et
[e in quelfti tre libri non fatisfaccio plenariamente uostra Eccellentiflima Signoria
inlieme con li predetti [uoi peretillimi bombardieri, [pero in breue con la pratica
del quarto et quinto libro non gia in stampa (per piu rifpetti) ma ben a pena, ouer
uiua uoce di fadisfar in parte uoftra Sublimita infieme con quegli alla cui gratia
da Infimo, et humiliflimo Seruitore Diuotamente mi raccomando.

Data in Venetia in le cale noue di San Saluatore alli XX di Decembrio
MDXXXVII.

De voltra lustriflima D.S. Infimo Seruitore.

Nicolo Tartaglia Brilciano.
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annotated concerning such matters. I was very upset and ashamed about the time
I had spent [working on] this subject. Also, I did not want to tell anyone of those
particular things that remained on my mind (against my will), neither because
of friendship nor reward (though I was asked by many people to do so) and this
was because, had I taught them, it seemed to me that I would be making a big
mistake. But now, as I see the wolf33 wishing to join our flock and since each
shepherd agrees with the need for defense, it does not seem licit to me to keep
these things hidden and I have deliberated published them, partly in written form
and partly viva voce with every Christian, so that everyone is better prepared to
both attack [the wolf] and to defend himself. I now deeply regret3* abandoning
such an investigation at that time, now that such knowledge is so necessary, and I
am sure that had I continued I would have disclosed even more relevant subjects,
as I hope to do in the near future. However, as the present is certain®® and the
future is uncertain, I want to make public first what I have at disposal now. To
realize this idea, at least partially, I quickly prepared the present short work. Just
as all rivers tend naturally to get closer and join the sea, this short work tries to
get closer and join You, as Your Illustrious Ducal Lordship is the sum, among
mortals, of every virtue of war. Therefore, like the abundant sea that, though it
needs no more water, nevertheless does not disdain from accepting a small river, I
hope that Your Ducal Lordship does not disdain from accepting this work. In this
way, the very skilled bombardiers of this our very illustrious Dominion, subject to
Your Sublimity, besides being instructed by Your excellent and practical wisdom,
will be better instructed also by the intellect and thus, better able to execute your
orders. If, by means of these three books, I do not entirely satisfy Your Most
Excellent Lordship and your mentioned very skilled bombardiers, I do hope that
I will partly satisfy Your Sublimity and the others with the instructions contained
in the fourth and fifth book, which are not yet in print (because of several reasons)
but only handwritten, or by viva voce. As a small and humble servant, I devotedly
recommend myself to You.

Delivered in Venice at the new house of San Salvatore on the 20th of December
1537.

Lowest Servant of Your Most Illustrious Ducal Lordship.

Nicolo Tartaglia from Brescia.

3 Tartaglia refers here to the Ottomans.
341n the 1537 edition, “Very Magnanimous Lord” is inserted here.
35In the 1537 edition, “Most Illustrious Lord” is inserted here.
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First Book

COMINCIA IL PRIMO LIBRO DELLA NOVA SCIENTIA DI NICOLO
TARTAGLIA BRISCIANO, dalle diffinitioni, ouer dalle delcriptioni delli
principij, per [e noti delle cole premelle.

DIFFINITIONE PRIMA.

Corpo egualmente graue ¢ detto quello, che [econdo la grauita della
materia, et la figura di quella ¢ atto & non patire [enfibilmente la op-
pofition di I’aere in alcun [uo moto.

OGNI corpo (come uoleno li naturali) ¢ che egli [emplice 0 che eglié compolfto, li
[emplici [ono cinque, cioe, terra, acqua, aere, fuoco, et cielo. Tutti li altri dicono
effer compoliti dalli preditti, et quelti tali fono li huomini, li animali, le piante,
le pietre, li fette mettalli. Et ogni altra [pecie di corpo. Delli detti cinque corpi
[emplici, quattro [ono detti elementali, cio¢ la terra, lacqua, laere, e il fuoco, Laltro
¢ chiamato quinta ellentia, cio¢ il cielo. Delli detti quattro elementali (come uol
Auicena in la [econda dottrina della prima fen del [uo primo libro) dui fono leui
et dui graui. Li leui [ono il fuoco e laere. Li graui [ono la terra, et lacqua, ma
Auerrois [opra il quarto de celo et mundo (telte 29) uol che tutti li detti corpi
in li fuoi luochi habbino alcuna grauita, eccetto che il fuoco, etiam alcuna leuita
eccetto che la terra. Onde [eguiria che laere nel proprio luoco participalle de
grauita. Per ilche [eguita che ogni corpo compofto di 4 elementi in aere participa
de grauita. Niente di meno per corpo egualmente graue in quefto luoco [e intende
folamente quello che [econdo la grauita de la materia, et la forma di quella ¢ atto
a non patire [enfibilmente la oppolitione de laere in alcun fuo moto. Secondo la
materia, cio¢ che [ia di ferro, ouer di piombo, ouer di pietra, ouer di altra materia
[imile in grauita. Secondo la forma, cioe ch’l fia unito di tal qualita, ch’l [ia atto
a non patire [enfibilmente (per uigor della forma) la detta oppolition de ’aere in
alcun [uo moto. Onde fra le figure, ouer forme de corpi, la forma Cunea, ouer
Pyramidale [aria la prima, che [aria piu atta a temere meno la detta oppolition de
laere de qual [i uoglia altra forma, domente che con arte la fulle conferuata
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THE FIRST BOOK OF THE NEW SCIENCE OF NICOLO TARTAGLIA
FROM BRESCIA STARTS with the definitions, the descriptions of the
principles, [which are] self evident as premises.

FIRST DEFINITION.

An equally heavy body is said to be a body which, according to the
heaviness and shape of the matter, is not perceptibly influenced by
air opposition during its motion.

All bodies, as the Naturals say, are either simple or compounded. The simple
bodies are five, that is, earth, water, air, fire and sky. All other bodies are said to be
compounded of the mentioned simple ones. The compounded ones are humans,
animals, plants, stones, the seven metals and every other kind of body. Four of
the mentioned five simple bodies are said to be elementary, that is, earth, water,
air and fire. The other body is called the fifth essence, that is, the sky. Of the
four elementary elements (as is said by Avicenna in the second doctrine of the
first Fen3® of his first book) two are light and two are heavy. The light ones are
fire and air. The heavy ones are earth and water. However, in the fourth [book]
of De caelo et mundo (text twenty-nine), Averroes states that all the mentioned
bodies have in their places?’ a certain gravity, except for fire, and a certain levity,
except for earth. Consequently, air in its place has a certain gravity. From this
follows that each body, compounded of four elements, one of which is air, shares
gravity.3® Nevertheless, an equally heavy body is univocally understood in this
work as the body that, in reference to the heaviness and shape of its matter, is
not perceptibly influenced in each of its motions by the opposition of the air.
Concerning the matter, [it can be] of iron, of lead, of stone or of another material
similar in reference to its heaviness. Concerning the shape, this is characterized
by such a quality that makes it appropriate to not be influenced (because of its
shape) by the opposition of the air during all of its motions. Therefore, among the
figures and shapes of the bodies, the wedge-shaped object, that is the pyramidal
shape, is the most appropriate among all possible shapes in order [for it] not to
be influenced by the mentioned air, provided that by means of a contrivance the
body would remain

36Fen is an old denomination for the sections of Avicenna’s work Liber canonis and of other works
translated into Latin from Arabic.

37The bodies are considered to be in the places where they naturally belong.

38Gravity is considered here as a quality shared by the bodies.
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che la uertice, ouer acutezza di quella [empre procede(le auanti contra limpeto del
detto aere. Ma per che [e la non fulle conferuata, come ¢ detto, non [egueria il
propolito, per non eller egualmente graue, Poremo la figura ouer forma [pherica
[enzaltra conditione eller la piu atta a patire meno la detta oppolitione de 1’aere
in ogni [pecie di moto di qual (i uoglia altra forma per eller piu agile al moto da
tutte le bande, et egualmente graue de qual [i uoglia altra.

Diffinitione. II.

Li corpi egualmente graui [ono detti [imili et eguali quando che in
quegli non ¢ alcuna [ultantial ne accidental differentia.

Diffinitione. III.
Lo inftante e quello che non ha parte.

Lo inltate in el tempo e in el moto e [i come il ponto geometrico in le magnitudine,
cioe chel non ha parte ma e indiuifibile et confequentemente non ¢ tempo ne an-
chora mouimento, ma ben e principio e fine de ogni tempo, et dogni mouimento
terminato. Et e proprio 1’ultimo fine del tempo preterito, et non e parte del tempo
futuro. Et ¢ principio del tempo futuro et non ¢ parte del tempo preterito come
Aril. nel 6 della Phyfi. (telto 24) ci manifelta.

Diffinitione. IIII.

Il Tempo e una mifura del mouimento, et della quiete, li termini del
quale [on dui iltanti.

IL tempo da [cientifici ¢ ftato in diuer(i modi diffinito, cioe alcuni dicono (come
hauemo detto dilopra) que’leller una mifura del mouimento, Et della quiete. Altri
determinan eller inducia del moto delle cole uariabile. Alcuni conchiudano effer
uiciffitudine de cofe: le quale in molti modi per [ottil indagatione [e cognolcono.
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in a position so that its top would always proceed while remaining in front against
the impetus of the mentioned air. If the object does not retain such a position, as
has been said, it would not work properly as it would not be equally heavy.3?
Without further investigation, we define the spherical figure or shape as the most
appropriate among all possible shapes in order to avoid the mentioned opposition
of the air in the frame of each kind of motion. This [spherical] shape is most
appropriate for the motion on all of its sides and it is equally heavy on all of its
sides as well.

Second definition.

Equally heavy bodies are said to be similar and equal when they do
not show [among each other] any substantial or accidental differ-
ences.

Third definition.
The instant is that which does not have parts.

The instant of time and of motion is like the geometrical point in the frame of
magnitudes. It does not have parts and it is indivisible. Consequently, it is neither
time nor motion but the beginning and end of each time and motion that are finite.
It is the last end of the past time and this is not part of the future time. It is the
beginning of the future time and this is not part of the past time, as Aristotle shows
us in the sixth [book] of Physics (text twenty-four).

Fourth definition.

Time is a measure of motion and of the state of rest; its ends are two
instants.

Time has been defined by the scientific fellows in different ways. Certain [per-
sons] say, as we have said above, that time is a measure of movement and rest.
Others say it is the end of the motion of things that vary. Others conclude that it
is the vicissitude of things and [such vicissitude] can be known in many ways by
means of acute investigation.

39The suggestion concerning the wedge-shaped object was inserted in the 1550 edition.
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Et altri dicono effer una eta uolubile che prefto manca. Delle quali diffinitioni
hauemo tolto la prima per effer piu accomodata al noltro propolito. Digando che
il tempo € una mifura del mouimento, et della quiete: perche (i come per mezzo de
una mifura materiale (in piu terre chiamata perticha diuifa in piedi 6. Et cialcun
pie in once 12) [e uiene in cognitione della longhezza, larghezza, et altezza di
corpi materiali. Similmente per mezzo de una mifura di tempi (chiamata anno
diuifo in mefi 12 e cialcun mefe comunamente in giorni 30 e ciafcun giorno in
hore 24 e cialcuna hora in minuti 60) [e conolce la differentia di moti de corpi;
cioe la uelocita. et tardita de quelli. Perche [e conolciuto in le [ette [(telle erratice
una eller di moto piu ueloce de ’altra? Se non per la milura de e(li mouimenti
chiamata anno
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Others say it is an inconstant age that is soon missed. We have chosen the first of
these definitions because it is more appropriate for our purpose. In the same way
as the length, width and height of the material bodies can be known by means
of a material unity of measurement (which is called perch in many countries and
is divided into six feet and each foot into twelve inches), it is said that time is
the measure of movement and of quiet. Similarly, by means of a unity of mea-
surement for time (which is called year, divided into twelve months, and each
month commonly [divided] into thirty days, each day into twenty-four hours and
each hour into sixty minutes), the differences of the motions of the bodies can
be known, that is, their velocity and slowness. How could it be known that one
of the seven erratic stars has a faster motion than the others? By means of the
measurement of their movements which is called year
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con le [ue parti (cioe meli giorni hore e minuti) come chiaro appare in le deter-
minationi Altronomatice. Et li termini di quefto anno, cioe il principio e fin di
quello [ono dui iftanti, il medemo fi deue intendere in le altre [ue parti et in ogni
altro tempo terminato.

Diffinitione. V.

Il mouimento dun corpo egualmente graue e quella tranlmutatione,
che alle uolte fa da uno loco a un altro, li termini dil qual fon dui
iltanti.

Il mouimento da tutti li [cientifici e mallime da Ariftotile nel quinto della Phyfica
(telto 9) ¢ [tato diffinito efler una mutatione, ouer tralmutatione. Ma le [pecie di
quefto mouimento, ouer tralmutatione alcuni uoleno che [iano 6 cioe Generatione,
Corrottione, Augmentatione, Diminutione, Alteratione, et mutation di luoco. Ma
Ariltotile in lo preallegato loco uole che le mutationi [iano 3 e non piu, cioe mu-
tation de quantita: de qualita, et [econdo il luoco. Delle qual [pecie hauemo tolto
[olamente la ultima (perche le altre non fanno al propolito) dicendo, che il moui-
mento dun corpo egualmente graue e quella tralmutatione, che alle uolte fa da un
luoco a uno altro, come [aria a dir di [ufo in giulo, et di giufo in fufo, diquaedila
dal’a banda deftra alla finifira et ¢ conuerfo. Et li termini de tali mouimenti (cioe
in principio e fin di quelli[)] fono dui iltanti.

Diffinitione. VI.

Mouimento naturale di corpi egualmente graui e quello che natural-
mente fanno da un luogo [uperiore a un’altro inferiore perpendicu-
larmente [enza uiolenza alcuna.

Diffinitione. VII.

Mouimento uiolente di corpi egualmente graui e quello che fanno
sforzatamente di giulo in fulo, di [ufo in giulo, di qua et di la, per
caula di alcuna poflanza mouente.

Diffinitione. VIII.

Li mouimenti de corpi egualmente graui, [e dicono eguali quando
che li detti corpi [on [imili, et uanno de egual uelocita
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with its parts (that is months, days, hours and minutes) as it clearly appears in the
astronomical*® investigations. The ends of such a year, that is its beginning and
end, are two instants. The same is true for all other parts of it and for all finite
times.

Fifth definition.

The movement of an equally heavy body is the transmutation that it
sometimes accomplishes from one place to the other, whose ends are
two instants.

All the scientific fellows and especially Aristotle in the fifth [book] of Physics
(text nine) have defined movement as a mutation, that is, a transmutation. Some-
one counts six kinds of movements or transmutations: generation, corruption,
augmentation, diminution, alteration and mutation of place. Aristotle, however,
in the mentioned place defines the mutations as three and not one more: mutation
of quantity, of quality and of place. From these sorts here we use only the last
(because the others are not useful for our purpose) and we say that the movement
of an equally heavy body is the transmutation, that it sometimes makes from one
place to the other, as for instance downwards, upwards, from right to left and
vice-versa. The end of such movements (that is their beginnings and their ends[)]
are two instants.

Sixth definition.

The natural movement of equally heavy bodies is the movement they
accomplish from a higher place to a lower one, perpendicularly and
without any violence.

Seventh definition.

The violent movement of equally heavy bodies is the movement they
accomplish with effort either upwards or downwards, to the right or
the left, and is caused by a moving power.

Eighth definition.

The movements of equally heavy bodies are said to be equal when
the mentioned bodies are similar and move with the same velocity,

401537 edition: “astrologice” instead of “astronomatice.”
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cioe che in tempi eguali tranfilcono interualli eguali.
Diffinitione. IX.

Refiltente (e chiama qualunque corpo manente, che per far refiltentia
aun corpo egualmente graue in alcun [lo moto uien da quello offefo.

Diffinitione. X.

Refiftenti fimili, [e dicono quelli corpi, che reftariano egualmente
offefi, da corpi (imili egualmente graui, in mouimenti eguali, et in
mouimenti ineguali inegualmente offe(i, cio¢ che quello, che facelle
refiftentia al piu ueloce reftafle piu offelo.

Diffinitione. XI.

Lo effetto dun corpo egualmente graue [e dice la offenfione, ouer
percuBlione, ouer il bucco che in ogni moto caula in un refiftente.

Diffinitione XII.

Et quando le percussioni, ouer bucchi de corpi [imili egualmente
graui, [ono eguali, [e dicono effetti eguali, et [e ineguali, ineguali
effetti.

Diffinitione. XIII.

Poflanza mouente uien detta qualunque artificial machina, ouer ma-
teria, che (ia atta a [pingere, ouer tirare un corpo egualmente graue
uiolentemente per aere.

Diffinitione. XIV.

Le pollanze mouente, uengono dette fimile et eguale quando che in
quelle non ¢ alcuna [uftantia ne accidental differentia nel [pinger de
corpi egualmente graui [imili et eguali,
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that is, they move along equal intervals in equal times.
Ninth definition.

A body that is at rest and opposes resistance to an equally heavy body
during its motion and is damaged by the latter is called resistant.

Tenth definition.

Those bodies that are damaged in the same way by similar equally
heavy bodies during equal movements are called similar resistants.
If the movements are unequal, they are unequally damaged so that
the body that is damaged by the faster one is damaged more.

Eleventh definition.

The effect of an equally heavy body is called damage or percussion
or the hole that is caused in each resistant during each motion.

Twelfth definition.

When the percussions or holes of similar equally heavy bodies are
equal, the effects are said to be equal. If they are unequal, the effects
are unequal.

Thirteenth definition.

The moving power is said to be any artificial machine or matter that
is able to push or throw an equally heavy body violently through the
air.

Fourteenth definition.

The moving powers are said to be similar and equal when there is no
substantial or accidental difference [in their motions] while pushing
equally heavy bodies which are similar and equal.
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Ma quando in quelle e alcuna accidental differentia [ono dette dif3i-
mile, et ineguale.

Suppolitione prima.

El [e [uppone che il corpo egualmente graue (in ogni mouimento)
uada piu ueloce doue fa, ouer faria (per comuna [ententia) maggior
effetto in un refiltente.

Suppolitione. II.

El [e [uppone che dui corpi egualmente graui [imili et eguali, habbino
tran(ito, ouer che trapalleranno in tempi eguali [pacij eguali termi-
nanti in dui iltanti, doue detti corpi pafllerebbono di egual uelocita.

Suppolitione. III.

Et [e fuppone doue che corpi egualmente graui fimili et eguali, fariano
(per commune [ententia) eguali effetti in refiftenti imili, pallereb-
bono per tai iftanti, ouer luochi de egual uelocita.

Suppolitione. IIII.

Ma doue fariano ineguali effetti (e fuppone, che quelli pallerebbono
de ineguali uelocita, et che quello, che faria maggior effetto palleria
piu ueloce.

Suppolitione V.

Li effetti de corpi egualmente graui fimili et eguali fatti nelli ultimi
iftanti di lor moti uiolenti in refiftenti [imili
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But if there is some substantial or accidental difference they are
called dissimilar and unequal.

First supposition.

It is supposed that an equally heavy body (during each motion)
moves faster when it produces or would produce (for common
judgement) a greater effect against a resistant.

Second supposition.

It is supposed that two equally heavy bodies similar and equal to each
other have the [same] transit, that is, they cover equal spaces in equal
times that end with two instants, if the mentioned bodies move with
the same velocity.

Third supposition.

It is supposed that if two equal and similar equally heavy bodies pro-
duce (for common judgement) equal effects in similar resistants, they
go through the same instants, that is, places with the same velocity.

Fourth supposition.

But if they produce unequal effects, it is supposed that they go
through unequal velocities and the one that produces the greater
effect goes through faster.

Fifth supposition.

The effects produced in similar resistants by equally heavy bodies,
which are equal and similar to each other during the last instants of
their violent motions,

93
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[e [uppongono eller eguali.
Comune [ententie. Prima

Quanto piu un corpo egualmente graue uera da grande altezza di
moto naturale, tanto maggior effetto fara in un refiftente.

Seconda.

Se corpi egualmente graui [imili et eguali ueranno da egual altezza
[opra a refiftenti [imili di moto naturale faranno in quegli eguali ef-
fetti.

Terza.

Ma [e uerranno da ineguale altezza, faranno in quegli ineguali effetti,
et quello che uera da maggior altezza fara maggior effetto.

Ma bifogna notare che le dette altezze (i deueno intendere refpetto
alli refiltenti.

Quarta.

Se un corpo egualmente graue nel moto uiolento trouara alcun refi-
[tente, quanto piu el detto reliftente (ara propinquo al principio di tal
moto, tanto maggior effetto fara il detto corpo in lui.

Propofitione. Prima.

Ogni corpo egualmente graue nel moto naturale, quanto piu el [e an-
dara aluntanando dal [uo principio, ouer appropinquando al fuo fine,
tanto piu andara veloce.
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are supposed to be equal.
First common sentence.*!

The greater the height from which an equally heavy body descends
in natural motion, the greater the effect it produces on a resistant.*2

Second [common sentence].

If equally heavy bodies, similar and equal to each other, descend from
an equal height on similar resistants in natural motion, they produce
equal effects on them.

Third [common sentence].

But, if they descend from unequal heights, they produce unequal
effects and the one that descends from a greater height produces a
greater effect.

One has to note, however, that the mentioned heights have to be con-
ceived in respect of [the position] of the resistants.

Fourth [common sentence].

If an equally heavy body finds a resistant along its violent motion,
the closer the resistant is to the beginning of the motion, the greater
the effect is that the mentioned body produces on it.

First proposition.

The farther each equally heavy body goes along its natural motion
from its beginning, or the closer it comes to its end, the faster it trav-
els.

41 A common sentence is an axiom.

42In the 1537 and 1550 editions, the first common sentence was followed by a short commentary:
“One has to note that the mentioned height has to be conceived in respect of [the position] of the
resistant.” A similar sentence follows the third common sentence.
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Esfempio [el fulle le 3 diuerle altezze A B C in retta linea, come di [otto appare, et
che dalla altezza A per calo calcafle da [e vn corpo egualmente graue, [enza dub-
bio quello tal corpo, non trouando refiftentia andaria di moto naturale [in in terra
facendo il viazzo (uo alla [imilitudine de la linea DEFG hor dico che il movi-
ment[o] di quello tal corpo [aria di tal conditione che quanto piu el [e andalle
aluntanando dal [uo principio (cioe da lo iftante, ouer ponto D) ouer appropin-
quando al [uo fine (cioe allo iftante, ouer ponto G[)] tanto piu andaria ueloce.
Perche il detto corpo in tal mouimento (per la prima comuna [ententia) faria mag-
gior effetto in vn refiftente, il qual fulle fuor dalla altezza A*3 che dalla altezza
B. Seguitaria adunque, che il detto corpo (per la prima [uppofitione) andaria piu
ueloce per lo [pacio EF che per lo [pacio DE. Similmente perche lo detto corpo
(per la detta prima comuna [ententia) faria maggior effetto in un refiftente, che
fulle nel ponto G, che [el fulle alla altezza C. Seguiria adoncha (per la medema
prima [uppofitione) che lo detto corpo andaria piu veloce per lo [pacio FG che per
lo [pacio EF et (e pallar potelle il ponto G cio¢ che la terra gli andalle cedendo
loco, como fa I’aere andaria continuamente augumentando in uelocita, fin al cen-
tro dil mondo poi in ello centro [e ripofaria (per comuna sententia de Philofophi)
[i che quando lo detto corpo fulle propinquo al detto centro, ueria a eflfer di moto
piu uelociflimo, che in alcun palflato [pacio fulle stato che € il propofito. Quefto
medemo [e uerifica ancora in cadauno che vada uerfo un loco defiato che quanto
piu [e ua approBiimando al deto loco, tanto piu [e ua allegrando, e piu [e sforza
di caminare, como appar in un peregrino, che uenga dalcun luoco luntano che
quando ¢ propinquo al [uo paele, [e sforza naturalmente al caminar a piu potere
tanto piu quanto piu uien di lontan paeli pero il corpo graue fa il medemo andando
uerlo il [uo proprio nido, che ¢ il centro dil mondo, et quando piu vien di lontano
in eflo centro, tanto piu (giongendo a quello) andaria veloce.

ANcor che la opinione de molti [ia che [el fulle un forame che penetralle
diametralmente tutta la terra, et che per quello fulle laffato andar un corpo egual-
mente graue, come difopra e [tato detto, che quel tal corpo gionto che fulle al
centro del mondo immediate iui [e fermaria, la qual openione, dico non efler uera
che coli immediate che ui fulle agionto ui [e gli fermafle,

4311 testo originale riporta erroneamente la lettera “C” al posto della lettera “A.”
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For example, let there be three different heights A, B, C along a straight line, as
it appears below. Casually, an equally heavy body falls down from the height
A. That body, as it does not find any resistance, certainly moves along a natural
motion down to the bottom and travels in a way similar to the line DEFG. I say
that the movement of that body has that characteristic according to which the
farther it moves away from its beginning (that is, from the instant or point D),
or the closer it comes to its end (that is, to the instant or point G[)], the faster it
goes. This occurs because the mentioned body that moves with such a motion
(because of the first common sentence) produces a greater effect on a resistant if
it falls from height A** than from height B. It follows from the foregoing that the
mentioned body* (because of the first supposition) travels faster along space EF
than along space DE. Similarly, as the mentioned body (because of the mentioned
first sentence) produces a greater effect on a resistant at point G than if it were
at [the point of] height C, it follows that (because of the same first supposition)
the mentioned body travels faster along space FG than along space EF. If it could
then travel beyond point G, that is, if the earth gave free space to it as the air
does, it would continuously increase its velocity until [it reaches] the center of
the Earth. Then it would rest at that center (according to the common judgement
of the Philosophers). Thus, when the mentioned body is close to the mentioned
center, it has [reached] a faster motion than in any other space through which
it has traveled before, which was to be demonstrated. The same happens each
time one moves toward the place that one aspires to, and the closer one comes to
that place, the happier one is and the more effort one puts into walking fast. It
appears to be similar for the pilgrim who comes from a distant place and who is
approaching his village. The closer he gets, the greater effort he naturally makes
to walk in the fastest way possible, and the faster he goes, the more distant the
place is from which he came. The heavy body behaves in the same way when it
moves toward its nest, that is, the center of the world: the farther it moves from
that center from which it came, the faster it travels (the closer it gets to it).#¢

It is the opinion of many that if a hole diametrically penetrated the entire
Earth and if an equally heavy body was allowed to travel through that hole, as has
been said above, the mentioned body would immediately rest as soon as it reached
the center of the world. I claim that the opinion that it would stop immediately
when it arrived there is not true.

44The original text mistakenly reads “C” instead of “A.”
43The body that falls from point A.
46From this point until the end of the proposition, the text was added in the second edition of 1550.
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anci per la grande uelocita che in quello fi trouafle faria sforzato a paBare di moto
uiolente molto, e molto oltra il detto centro [corendo uer(o il cielo del noftro fubter-
raneo emilperio, da poi retornaria di moto naturale uerfo il medemo centro, et
gionto a quello lo paBaria ancor per le medelime ragioni di moto uiolente uerfo
di noi, Et pur di nouo retornaria pur di moto naturale uerfo il mede(imo centro, et
pur di nouo lo paBaria di moto uiolente, et da poi retornaria di moto naturale, et
coli andaria un tempo pallando di moto uiolente, et ritornando di moto naturale
[minuendoli continuamente in lui la uelocita, et finalmente [e fermaria poi nel
detto centro.

Per il che eglié cola manifelta che dal moto naturale [i caufa il uiolente, et
non ¢ conuerlo, cioe che dal uiolente giamai uien caulato il naturale, anci [i caula
per [e.
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Because of the great velocity that it has at that [point], it would be forced to go
through [the hole] according to its violent motion for longer and longer [space]
beyond the mentioned center and toward the sky of the hemisphere beneath us. It
would then move back along a natural motion toward the same center, and once it
arrived would pass it again for the same reason, but along a violent motion toward
us. And again it would move back along a natural motion toward the same center
and again would pass it due to the violent motion. In this way, a certain time
would elapse during which it would pass [the center] with its violent motion and
then come back because of its natural motion, continuously decreasing its velocity
and, finally, coming to rest at the mentioned center.

Therefore, it is evident that the violent motion is caused by the natural one,
but not the opposite. That is, the natural motion is never caused by the violent
one. This is caused by itself.
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Correlario Primo.

Onde el (i manife(ta ancora qualmente ogni corpo egualmente graue
in el principio del mouimento naturale ua piu tardiimo, et in fin piu
uelociffiimo che in ogni altro luoco, et quanto piu pallera per longo
[pacio tanto piu in fine andara uelociffiimo.

Correlario. II.

Anchora ¢ manifelto qualmente un corpo egualmente graue di moto
naturale non puo pallare per dui diuerfi iftanti
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First corollary.

It is therefore manifest that every equally heavy body travels slowest
at the beginning of its natural motion and is faster at the end [of its
motion] than at any other place, and the longer the space is that it has
traveled, the faster it is at the end.

Second corollary.

It is also manifest that an equally heavy body [moving] with natural
motion cannot pass through two different instants with

101
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di egual uelocita.
Propofitione. II.

Tutti li corpi egualmente graui [imili, et eguali dal principio delli lor
mouimenti naturali, [e partiranno de egual uelocita, ma giongendo
al fine di tali lor mouimenti, quello che hauera pallato per piu longo
[pacio andara piu ueloce.

SEl fulle le quatro diuerle altezze A, B et C, D polte a due a due in retta linea
come difotto appare, et che la altezza A fufle tanto lontana dalla
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the same velocity.
Second proposition.

If all equally heavy bodies, similar and equal to each other at the
beginning of their natural motions, start [moving] with the same ve-
locity, when they arrive at the end of their movements, the one that
has passed a longer space will have traveled faster.

Let the four different heights A, B and C, D be placed in twos on a straight line
as it appears below, and let height A be as far from
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altezza B quanto ¢ la altezza C dalla altezza D et che per calo dalla altezza A%
calcalle un corpo egualmente graue, et un’altro ne calcalle dall’altra altezza C li
quai corpi fufleno fimili, et eguali. Le noto che quegli tai corpi andariano di moto
naturale in terra, et li tranfiti loro [ariano retti e perpendicolari alla terra cioe alla
[imilitudine delle due linee GF et IE. Hor dico che quelti tai corpi [e partiriano
dal f[uo principio (cioe 1'uno dallo iftante, ouer ponto G et I’altro dallo iltante
ouer ponto I) de egual uelocita, ma giongendo al fine di tali mouimenti, cioe alli
dui iftanti E et F quello che uenille dalla altezza A andaria piu veloce di 1’altro
perche quello haueria tra[n](ito per piu longo [pacio el quale ¢ il [pacio AF. Perche
I’altezza B ¢ tanto lontana dalla altezza A quanto che ¢ I’altezza D dall’altezza
C (dal profupofito) adonque il corpo: che cadeBe dalla altezza A percottendo
in uno reliltente, che fule fuora dalla altezza B el non faria in quello maggior
effetto (per la [econda comuna [ententia) di quello che faria quello, chi cadef3e
dalla altezza C fopra dun’altro [imile che fulle fuora della altezza d[’]Jonde (per
la terza [uppolitione) li detti dui corpi andaranno 1’uno per ’altezza B in ponto
H et I’altro per I’altezza D in ponto K de egual uelocita. dil che (per la feconda
fuppolitione) li detti dui corpi andarrano 1’uno il fpacio GH et I’altro il [pacio
IK in tempi eguali. Adonque li detti dui corpi [e partiriano dal principio de lor
mouimenti (cio¢ I’uno da lo istante G et I’altro da lo iltante I) de egual uelocita che
¢ il primo propolito. Et perche il corpo, che uenifie dall’altezza A faria maggior
effetto in un reliltente, che fufle in lo iltante F (per la terza comuna [ententia) di
quello che faria quello che uenie dalla altezza C in un’altro fimile chi fufie in
ponto E. Onde (per la prima [uppofitione) lo detto corpo che uerria dall’altezza
A giongendo al fin dil [uo mouimento (cioé allo iltante, ouer ponto F) andaria piu
ueloce di quello che uerria dall’altezza C giongendo al [uo fine, cio¢ allo iltante,
ouer ponto E che ¢ il fecondo propolito. A dimoftrar el medemo [econdo propofito
per un altro modo: de tutta la linea, ouer tranfito GF maggiore, ne tagliaremo (per
la terza del primo de Euclide) la parte GM egual al tran(ito, ouer linea IE minore
et perche tutti li corpi egualmente graui [imili, et eguali dal principio delli loro
mouimenti naturali (e parteno de egual uelocita (come di [opra fu dimonstrato)
lo corpo adonque che fe parteBe dall’altezza A andaria tanto ueloce per lo [pacio
GM quanto faria quello che [e partile dall’altezza C per lo [pacio IE cioé ambi
doi tranfiriano in tempi eguali.

47La stampa del 1558 riporta erroneamente la lettera “D” al posto della lettera “A.”
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height B as height C is from height D. Let an equally heavy body casually fall
from height A*8 and another one from the other height C; these bodies are similar
and equal [to each other]. I point to the fact that those bodies would move toward
the ground with a natural motion and their transits would be straight and perpen-
dicular to the ground, as lines GF and IE show. I claim that these two bodies start
off from their beginning (that is, one from the instant or point G and the other from
the instant or point I) with equal velocities. Then, when they come to the end of
their movements, that is, at the two instants E and F, the one that comes from the
height A moves faster than the other because it has transited a longer space, that
is, the space AF. Since the height [of point] B is as far from the height [of point]
A as the height [of point] D is from the height [of point] C (as has been supposed),
the body that falls from height A, if it hits a resistant placed in front of height B,
would not produce a greater effect (because of the second common sentence) than
that produced by the [body] that falls from height C over a similar resistant placed
in front of height D. Therefore (because of the third supposition), the mentioned
two bodies travel at the same velocity when they pass the first [body] at height B,
[that is,] at point H, and the other [body] at height D, [that is,] at point K. Con-
sequently (because of the second supposition), the mentioned two bodies travel
in equal times, one [through] the space GH and the other [through] the space IK.
Therefore, the mentioned two bodies begin their movements (one at instant G and
one at instant I) with equal velocity. Which was to be shown first. Since the body
that comes from height A produces a greater effect on a resistant placed at instant
F (because of the third common sentence) than the effect produced by the [body]
that comes from height C on a similar resistant placed at point E, (because of the
first supposition) the mentioned body coming from height A, when it arrives at
the end of its movement (that is, at the instant or point F), moves faster than the
[body] that comes from height C, and when it arrives at the end of its movement,
that is, at the instant or point E. Which was to be shown secondly. This second
point [of the argument] can be demonstrated also by means of another method.
Of the entire longer line or transit GF, we take (because of the third [proposition]
of the first [book] of Euclid) the part GM which is equal to the transit or shorter
line IE. Since equally heavy bodies, similar and equal to each other, all begin
their natural motions with the same velocity (as demonstrated above), the body
that starts at height A travels along the space GM as fast as the body that starts at
height C along the space IE, that is, they travel in equal times.

48The original text of the 1558 print run mistakenly reads “D” instead of “A.” This mistake was
introduced in the 1558 print run of the 1550 second edition.
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Et perche lo detto corpo: che (e partiBe dall’altezza A (per la precedente propoli-
tione) andaria piu ueloce per lo [pacio MF che per lo [pacio GM (per comuna
[cientia) andaria anchora piu ueloce per lo detto [pacio MF che 1’altro per lo [pa-
cio IE che il medemo [econdo propofito.

Propolfitione III.

Quanto piu un corpo egualmente graue (e andara luntanando dal [uo
principio, ouer propinquando al [uo fine, nel
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Since the mentioned body that starts from height A (because of the previous
proposition) travels faster along the space MF than along the space GM, (be-
cause of the common knowledge) it also travels faster along the mentioned space
MF than along the other space IE, which is the same as the second point [of the
argument].

Third proposition.

The more an equally heavy body moves away from its beginning in
a violent motion, that is, the closer it gets to its end,
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moto uiolente, tanto piu andara pigro e tardo.

ESfempi gratia, (el fulle una poBanza mouente in ponto A che tirare uolef3e, ouer
douefie un corpo egualmente graue uiolentemente per aere, et che tutto il tiro che
far potefe, ouer douelle la detta poanza con effo corpo fulle tutta la linea AB.
Dico che quello tal corpo quanto piu il e andaBBe aluntanando dal [uo principio
(cioe da lo iftante A) ouer approflimando al [uo fine (cio¢ allo istante B) tanto
piu [e andaria alentando de uelocita, la qual cola (e dimoftrara in quelto modo.
Diuideremo tutta la detta linea, ouer tranfito AB in piu [pacij, et [iano BC, CD,
DE, EF, FG, GH et HA. Hor perche il detto corpo (per la quarta comuna [ententia)
faria maggior effetto in un refiftente eBendo quello in ponto C che non faria eBendo
in ponto B dilche

(per la prima [uppofitione) lo detto corpo andaria piu ueloce per lo ponto C che
per lo ponto B et [imilmente per lo [pacio D[C] che per lo [pacio CB cofi per le
medeme raggioni lo detto corpo andaria piu ueloce per lo [pacio ED che per lo
[pacio DC et per lo [pacio FE che per lo [pacio ED et per lo [pacio GF che per lo
(pacio FE et per lo [pacio HG che per lo [pacio GF et per lo [pacio AH*? che per
lo fpacio HG et [e piu auanti fule il principio di tal moto uiolente, tanto piu nelli
[eguenti [pacii andaria ueloce, che ¢ il propolito. Questo medemo [e uerilica in
cadauno che [ia uiolentemente menato uerfo a un luoco da efo odiato: che quanto
piu [e ua approBimando al detto luoco, tanto piu [e ua atriftando in la mente, et
piu cerca de andar tardigando.

Correlario Primo.

Onde el [e manifefta qualmente un corpo egualmente graue in lo prin-
cipio d’ogni moto uiolente, ua piu uelociflimo, et

49La stampa del 1558 riporta erroneamente “AB” al posto di “AH.”
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the slower it travels.

For example, let the moving power that wants or has to throw an equally heavy
body violently through the air be at point A, and let the entire shot that the men-
tioned power could or should make be the entire line AB. I say that the farther
away this body travels from its beginning (that is, from the instant A) or the closer
it gets to the end (that is, to the instant B), the slower its velocity is, and this is
demonstrated in the following way. We divide the entire mentioned line, or tran-
sit, AB into several spaces and these are BC, CD, DE, EF, FG, GH and HA. Now,
since the mentioned body (because of the fourth common sentence) produces a
greater effect on a resistant at point C than at point B, it follows

(because of the first supposition) that the mentioned body travels faster through
point C than through point B and likewise through the space D[C]? than through
the space CB. Therefore, and for the same reasons, the mentioned body travels
faster through the space ED than through the space DC, and through the space
FE than through the space ED, and through the space GF than through the space
FE, and through the space HG than through the space GF, and through the space
AH?! than through the space HG. The farther away the beginning of the violent
motion is, then likewise the faster it would travel in the previous spaces, which is
to be shown. This same [effect] happens to everyone who has to go to an odious
place: the closer he gets to that mentioned place, the sadder he becomes and the
more he tries to slow down his journey.

First Corollary.

Hence, it is manifest that an equally heavy body travels fastest at the
beginning of its violent motion and

50<C” is missing in the 1558 print run.
51The 1558 print run mistakenly reads “AB.”
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in fin piu tardisfimo che in ogni altro luoco, et quanto piu hauera a
pallare per piu longo [pacio tanto piu in lo principio di tal mouimento
andara uelocisfimo.

Correlario. II.

Anchor ¢ manifelto qualmente un corpo egualmente graue di moto
uiolente non puo pallare per dui diuer(i iltanti de egual uelocita.

Propolfitione. IIII.

Tutti li corpi egualmente graui [imili et eguali giongendo al fine de
lor motti uiolenti andaranno de egual uelocita, ma dal principio di
tali mouimenti, quella che hauera a paffare per piu longo [pacio [e
partira piu ueloce.

ESfempi gratia (el fuBBe due poBanze mouente diBBimile, et ineguale luna in ponto
A el’altra in ponto C che tirar doueflen dui corpi egualmente graui [imili et eguali
uiolentemente per aere, et che tutto il tiro: che far douelleno le ditte due pollanze
con eBi corpi I’uno fulle la linea AB et
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slower than in any other place at the end. The longer the space is to
travel, the faster it is at the beginning of its movement.

Second corollary.

It is also manifest that an equally heavy body [that moves] with vi-
olent motion cannot travel through two different instants with the
same velocity.

Fourth proposition.

All equally heavy bodies, similar and equal to each other, travel with
the same velocity when they arrive at the end of their violent motions.
But, at the beginning of such movements those [bodies] that travel
along longer spaces start off faster.

For example, let there be two different and unequal moving powers, one at point
A and the other at point C, that have to throw two equally heavy bodies, similar
and equal to each other, violently through the air, and let the entire shots that the
mentioned two powers realize with the mentioned bodies be line AB the first and
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I’altro la linea CD. Dico che quelti dui corpi giongendo al fine di quelti dui lor
mouimenti uiolenti, cioe 1'uno allo iltante, ouer ponto B et I’altro allo istante,
ouer ponto D andariano de egual velocita. Ma dal principio di tali loro moui-
menti cioe, I’'uno da lo iftante A et I’altro da lo iltante C [e partiriano de inegual
uelocita, perche quello che doueria paBare per lo tranfito, ouer [pacio AB (per
efler piu longo di I’altro) [e partira piu veloce da lo iltante A che non fara 1’altro
dalo iftante C la qual cofa [e dimolftrara in quelto modo. Perche (e li detti dui corpi
trouaBeno alcun refiftente in 1i dui iftanti D et B 1i quali fuBBeno [imili et eguali in
refistentia. fariano in efi dui effetti (per la quinta [uppolitione) eguali onde (per
la tertia [uppolitione) andariano de egual uelocita, che ¢ il primo propofito. A
dimonstrar il fecondo dal tranfito, ouer linea AB maggiore ne [egaremo con la
imaginatione la parte BK egual al tran(ito, ouer linea CD, minore, et perche li
detti dui corpi giongendo alli dui iftanti D et B andariano de egual uelocita (come
di fopra ¢ [ta dimoltrato) haueriano tran(ito de egual uelocita [pacij egualmente
distanti da 1i preditti dui lochi, ouer iltanti B et D (per la [econda [uppofitione)
Adonca li detti dui corpi tranfiriano de egual uelocita 1’uno per lo [pacio KB par-
tiale, et I’altra per lo [pacio CD totale, cio¢. Paflariano quegli in tempi eguali. Et
perche quanto piu un corpo graue (nel moto uiolente) (e andara aluntanando dal
[uo principio (per la terza propolitione) tanto piu andara pigro e tardo. Adonque
il corpo che uenifle da lo iftante A andaria piu veloce per lo [pacio AK che per
alcun luoco del fpacio KB partiale, [eguita adonca (per comuna [cientia) che il
corpo che uenifie dallo istante A andaria piu ueloce per lo [pacio AK che non an-
daria I’altro in alcun luoco di [pacio CD totale. Il corpo adonque, che uenille dal
ponto, ouer istante A [i parteria piu ueloce da ef3o iftante A, che non faria quello
che [e partifle da lo istante C da ef3o iftante C che ¢ il [econdo propofito.

Propolitione. V.

Niun corpo egualmente graue, puo andare per alcun [pacio di tempo,
ouer di loco, di moto naturale, ¢ uiolente infieme mifto.

Esfempi gratia, (el fule una pofanza mouente in ponto A la qual doueBe tirare
un corpo egualmente graue uiolentemente per aere, et che tutto il tranfito: chi far
douefe il detto corpo de quella [pinto: fulle tutta la linea ABCDEF.
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line CD the other. I say that those two bodies, when arriving at the end of their
violent movements, that is, the first at the instant or point B and the other at the
instant or point D, they travel with the same velocity. But, at the beginning of their
movements, that is, the one at the instant A and the other at the instant C, they start
with unequal velocities. [This happens] because the one that has to travel along
the transit or space AB (as this is longer than the other] starts off faster at the
instant A than the other [body] does at the instant C, and this is demonstrated in
the following way. If the mentioned two bodies met a resistant at the two instants
D and B, where the resistants have a similar and equal resistance, (because of the
fifth supposition) they would produce two equal effects. Therefore, (because of
the third supposition) they travel with the same velocity [at D and B], which was
the first to be shown. In order to demonstrate the second [point of the argument],
using our imagination we cut the portion BK from the longer transit or line AB, so
that BK is equal to the shorter transit CD. Since the mentioned two bodies, when
arriving at the instants D and B, travel with the same velocity (as demonstrated
above), then spaces that are equally distant from the mentioned two places or
instants D and B have a transit with the same velocity (because of the second
supposition). Therefore, the mentioned two bodies travel with the same velocity,
the first through the partial space KB and the other through the total space CD,
that is, they travel along them in equal times. Since a heavy body travels (with
violent motion) more slowly the farther away it is from its beginning, (because of
the third supposition), then the body that comes from the instant A travels faster
through the space AK than through any other space within the partial space KB.
Thus, (according to common knowledge) the body that comes from the instant
A travels faster through the space AK than through any other space of the total
space CD. The body that comes from the point or instant A therefore starts at this
instant A faster than if it had started from the instant C, which was the second
[point] to be shown.

Fifth proposition.

No equally heavy body can travel for an interval of time or a space
with a motion mixed of violent and natural motion.

For example, let there be a moving power at point A which has to throw an equally
heavy body violently through the air, and let it be so that the entire transit accom-
plished by the mentioned body as pushed by the power is the entire line ABCDEF.
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Dico che il detto corpo non pal3ara parte alcuna di tal [uo tranfito di moto uiolente,
naturale infieme mifto, ma paBara per quello, ouer totalmente di moto uiolente
puro, ouer parte di moto uiolente puro, et parte di moto naturale puro, et quello
iftante, che terminara il moto uiolente, quel medemo [ara principio dil moto na-
turale, et [e poBibel fule (per laduerlario) che quello potefie pallare alcuna parte
di moto uiolente, et naturale infieme milto, poniamo, che quella [ia la parte CD.
Seguiria adonque che il detto corpo palando
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I say that the mentioned body does not travel any part of its transit with a motion
mixed of violent and natural motions, but travels either only with a pure violent
motion, or a part of it with a pure violent motion and another part with a pure
natural motion. The instant at which the violent motion stops is the instant at
which the natural motion starts. Assuming (as the opponent says) the [body]
could travel some part with violent and natural motions mixed together, which
may be part CD, it follows therefore that the mentioned body, while going
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dal ponto C al ponto D andafle augumentando in uelocita, per quella parte che
participaBe del moto naturale (per la prima propolitione) et fimilmente che andaf3e
calando de uelocita per quella parte che participalle del moto uiolente (per la terza
propofitione) che [aria una cola abforda, che tal corpo in un medemo tempo debbia
andar augumentando, et diminuendo de uelocita, destrutto adonque 1’oppolito,
rimane il propofito.

Propolitione. VI.

Ogni refiltente men uerra offelo, da un corpo egualmente graue eiecto
uiolentemente per aere, in quel iftante che diltingue il moto uiolente
dal naturale, che in ogni altro luoco.

ESfempio fel fuBe una poBanza mouente in ponto A la qual douefe tirare un
corpo egualmente graue uiolentemente per aere, et che tutto il tranfito: che tranfir
douelle quel tal corpo da quella [pinto, fo3e tutta la linea ABCDEF, et che il ponto
D fuBBe il luoco de lo iftante doue [e [eparara il moto uiolente dal naturale. Dico
che ogni refiltente men uerria offefo dal detto corpo in ponto D che in ogni altro
luoco del detto tranfito. Perche il detto corpo andaria piu tardiBBimo per lo iftante
D che in ogni altro luoco del tranfito uiolente ABCD (per lo primo correlario
della terza propolitione) et conlequentemente faria menor effetto in lui. Simil-
mente perche il detto corpo andaria piu tardiBimo per lo iftante D (per lo primo
correlario della prima propolfitione) che in ogni altro luoco del tranfito naturale
DEF confequentemente faria menor effetto in lui, e pero fel detto refiftente fulle
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from point C to point D, increases its velocity according to the ratio by means of
which it shares a natural motion (because of the first proposition). Likewise, it
decreases its velocity according to the ratio by means of which it shares a violent
motion (because of the third proposition). It is absurd that the mentioned body
increases and decreases its velocity at the same time. The argument of the oppo-
nent is destroyed, therefore only the [previous] argument remains, which was to
be shown.

Sixth proposition.

All resistants are less damaged by an equally heavy body that is vi-
olently ejected through the air at the instant that distinguishes the
violent from the natural motion than at any other place [on the tra-

jectory].

For example, let there be a moving power at point A that has to throw an equally
heavy body violently through the air, and let the entire transit to be traveled by
that body, pushed by the power, be the entire line ABCDEF. Let point D be the
place of the instant where the violent motion separates from the natural one. I
claim that each resistant is less damaged at point D than at any other place of the
mentioned transit. Since the mentioned body moves slower at point D than at any
other place along the violent transit ABCD, (because of the first corollary of the
third proposition), it consequently produces the smallest effect on it. Similarly,
since the mentioned body (because of the first corollary of the first proposition)
travels slower through the instant D than at any other place of the natural transit
DEF, then consequently it produces a smaller effect on it. But, if the mentioned
resistant were
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percollo in ponto C ouer in ponto E dal detto corpo faria piu offefo, che elendo
percof3o in lo detto ponto D perche il detto corpo andaria piu ueloce per lo ponto
C (di moto uiolente) et per lo ponto E di moto naturale, che per lo ponto D che &
il propolito.

FINE DEL PRIMO LIBRO.
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hit at point C or at point E by the mentioned body, it would be more damaged than
if it were hit at point D because the mentioned body travels faster through point
C (with violent motion) and through point E (with natural motion) than through
point D, which was to be shown.

END OF THE FIRST BOOK.
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Second Book

COMINCIA IL SECONDO LIBRO DELLA NOVA SCIENTIA DI NICOLO
TARTAGLIA BRISCIANO.

DIFFINITIONE PRIMA.

MOuimento retto di corpi egualmente graui ¢ quello, che fanno da
un loco, a un altro rettamente, cio¢ per retta linea.

Come faria a mouerl(i dal ponto A al ponto B [econdo che giace la linea AB.

Diffinitione. II.

Mouimento curuo di corpi egualmente graui ¢ quello, che fanno da
uno luoco a un’altro curuamente, cio¢ per curua linea.

Come [aria a mouer[i dal ponto C al ponto D [i come sta la linea CD.
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THE SECOND BOOK OF THE NEW SCIENCE OF NICOLO TARTAGLIA
STARTS.

FIRST DEFINITION.

The straight movement of equally heavy bodies is accomplished by
them moving straightly from one place to the other, that is, along a
straight line.

This is a movement from point A to point B according to the way line AB lies.

A : ' v B

Second definition.

A curved movement of equally heavy bodies is accomplished by
them moving curvilinearly from one place to the other, that is, along
a curved line.

This is the movement from point C to point D, according to the line CD.

Diffinitione
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Diffinitione. III.

Mouimento in parte retto e in parte curuo di corpi egualmente graui,
¢ quello, che fanno da uno luoco, a un altro parte rettamente, et parte
curuamente, cioe per linea in parte retta, e in parte curua.

COme [aria a dire mouendoli dal ponto E al ponto G [i come giace la linea EFG
intendando pero che le dette due parte cioe la parte retta EF (ia congionta in diretto
con la parte curua FG cioe che non faciano angolo in ponto F perche [e caufalleno
angolo non [e potria dire che fulle un moto continuo anci (ariano dui vari moti, {i
come che anchora non [e potria dire che tutta la quantita EFG fulle vna [0l linea,
ma due linee, cioe vna retta, e laltra curua, et quefto bilognaua delucidare.

Diffinitione. III [I].

Orizonte ¢ detto quel piano circulare, che diuide (non [olamente)
lo hemilperio inferiore dal [uperiore, ma anchora ogni corpo egual-
mente graue, quando che ¢ per eller eiecto, ouer tirato uiolentemente
per aere, in due parti eguali, et € concentrico con il detto corpo.
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Third definition.

A movement partially straight and partially curved of equally heavy
bodies is accomplished by them moving from one place to the other
partially straightly and partially curvilinearly, that is, along a line
partially straight and partially curved.

This is the movement from point E to point G, according to the way line EFG
lies. It is noted, however, that the mentioned two parts, that is, the straight part
EF joined together directly with the curved part FG, do not compose any angle
at point F. If they did compose an angle, the motion could not be said to be
continuous and these would be two different motions. In the same way, the entire
quantity EFG could not be said to be one single line but two lines, one straight
and the other curved, and this is what was to be elucidated.

Fourth definition.>?

The horizon is the circular plane that not only divides the upper hemi-
sphere from the lower, but also divides each equally heavy body into
two equal parts. When [the body] is to be ejected, that is, violently
thrown through the air, the horizon is concentric to the mentioned
body.

52The 1558 edition mistakenly repeats “Third definition.”
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Diffinitione. V.

Semidiametro del orizonte, uien detta quella linea, che [i parte dal
centro, e ua a terminare nella circonferentia di quello rettamente per
quel uerfo, doue chi debbe eller tirato un corpo egualmente graue
uiolentemente per aere.

Diffinitione. VI.

Perpendicolar de I’orizonte ¢ detta quella linea, che [i parte dal polo
de ’orizonte (cognominato zenith) et uien perpendicolarmente [opra
il centro di quello, et continouata per fin al centro dil mondo.

Diffinitione. VII.

Ma quella parte, che ¢ dal centro al polo, uien detta la perpendicolare
fopra a orizonte, et 1altra che & dal detto centro per fin al centro®3
del mondo ¢ detta la perpendicolare [otto a I’orizonte.

Diffinitione. VIII.

Il tranfito, ouer moto uiolente d’un corpo egualmente graue uien detto
efler per il pian de I’orizonte quando che in el principio [e iltente in
parte per il femidiametro de I’orizonte.

Diffinitione. IX.

Il tranfito, ouer moto uiolente d’un corpo egualmente graue, uien
detto eller elleuato [opra a 1’orizonte quando che in el principio [e
iftende talmente che quello caufi in parte angolo acuto con el [emidi-
ametro de 1’orizonte, difopra a

331La stampa del 1558 riporta erroneamente “dentro” al posto di “centro.”



The Nova scientia: Transcription and Translation 125

SECOND BOOK - 9v

Fifth definition.

The semidiameter of the horizon is the line that starts from the center
and ends on its circumference, straight in the direction toward which
an equally heavy body has to be thrown violently through the air.

Sixth definition.

The perpendicular to the horizon is the line that starts from the pole
ofthe horizon (called Zenith) and arrives perpendicularly at its center
and then continues to the center of the world.

Seventh definition.

That part, which comes from the center of the pole, is called per-
pendicular above the horizon. The other part, which moves from
the mentioned center [of the horizon] to the center>* of the world, is
called perpendicular below the horizon.

Eighth definition.

The transit, that is, the violent motion of an equally heavy body, is
defined to be the motion along the plane of the horizon when, during
the first part [of its trajectory], it partially follows the semidiameter
of the horizon.

Ninth definition.

The transit, that is, the violent motion of an equally heavy body, is
said to be elevated above the horizon when, from its beginning, it
partially follows a path so as to compose an acute angle with the
semidiameter of the horizon, above

54The 1558 print run reads “dentro.” A comparison of the 1537 and 1550 editions shows that the term
“centro” was meant.
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I’orizonte, et tanto piu [e dice eller elleuato, quanto maggior angolo
acuto caula, ma quando caula angolo retto (e dice retto [opra al oriz-
zonte.

Diffinitione. X.

11 tranfito, ouer moto uiolente d’un corpo egualmente graue [e dice
efler elleuato 45 gradi (opra al orizonte quando che in el principio
[e iftende talmente, che diuide I’angolo retto, caufato dalla perpendi-
colar [opra al orizonte con il femidiametro del orizonte, in due parti
eguale.

Diffinitione. XI.

11 tranfito, ouer moto uiolente d’un corpo egualmente graue, [e dice
efler obliquo [otto al orizonte, quando che in el principio [e iftende
talmente che quel caula angolo acuto con il [emidiametro del orizonte
di [otto a eflo orizonte, et tanto piu [e dice eller obliquo quanto mag-
gior angolo acuto caula, ma quando caula angolo retto, [e dice retto
[otto al orizzonte.

Diffinitione. XII.

Li tranfiti ouer moti uiolenti de corpi egualmente graui, (e dicono
egualmente elleuati fopra al orizonte, quando che in el principio di
quegli fe istendono talmente che caulano eguali angoli acuti con
il femidiametro del orizonte di [opra a ello orizonte, et [imilmente
egualmente obliqui, quando che in el detto principio caulano eguali
angoli acuti con il detto femidiametro di [otto a e(lo orizonte.
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the latter. And the more it is said to be elevated, the greater the acute
angle is. But when a right angle is composed, it is said to be at right
angle above the horizon.

Tenth definition.

The transit, that is, the violent motion of an equally heavy body, is
said to be elevated at 45 degrees above the horizon when, from its
beginning, it follows [a line] that divides into two equal parts the
right angle, which is between the perpendicular above the horizon
and the semidiameter of the horizon.

Eleventh definition.

The transit, that is, the violent motion of an equally heavy body, is
said to be oblique below the horizon when, from its beginning, it
follows [a line] that composes an acute angle with the semidiameter
of the horizon below the horizon. The greater the composed acute
angle, the more oblique it is said to be. If it composes a right angle,
it is said to be at right angle below the horizon.

Twelfth definition.

The transits, that is, the violent motions of equally heavy bodies, are
said to be equally elevated above the horizon when, from their be-
ginnings, they follow [lines] that compose equal acute angles with
the semidiameter of the horizon, above the same horizon. Likewise,
[they are said] to be equally oblique when, from the mentioned be-
ginnings, [they follow a line that] composes equal acute angles with
the mentioned semidiameter below the horizon.



128 The Nova scientia: Transcription and Translation

LIBRO SECONDO - 10v

Diffinitione. XIII.

Il tranfito, ouer moto uiolente dun corpo egualmente graue uien detto
efler per la perpendicolar del orizonte, quando che il principio, et fin
di quello ¢ in la detta perpendicolare, cioe quando che quello € retto
[opra, ouer [otto al orizzonte.

Diffinitione. XIIII.

La diltantia dun tran(ito, ouer moto uiolente dun corpo egualmente
graue, [e piglia per quello interuallo: che ¢ per retta linea dal princi-
pio al fine di tal moto uiolente.

Suppolitione. Prima.

Tutti 1i tranfiti ouer mouimenti naturali de corpi egualmente graui
[ono fra loro, et anchora alla perpendicolar de lorizonte equidiltanti.

ABenche dui tranliti, ouer moti naturali de corpi egualmente graui mai polciano
effer fra loro, ne anchora alla perpendicolar de 1’orizonte perfettamente equidi-
[tanti. Perche [e la terra gli andafle cedendo loco [i come fa 1’aere [enza dub-
bio concorrariano infieme nel centro del mondo onde (per la vitima diffinitione
del primo de Euclide) non [ariano com’ho detto equidiftanti. Nientedimeno per
efler error infenfibile in vn poco [pacio. li fupponemo tutti equidiftanti fra loro et
anchora alla perpendicolar de 1’orizonte.

Suppolitione. II.

Ogni tranfito, ouer moto uiolente de corpi egualmente graui che [ia
fuora della perpendicolar de I’orizonte [empre [ara in parte retto e
in parte curuo, et la parte curua [ara parte d’una circonferentia di
cerchio.



The Nova scientia: Transcription and Translation 129

SECOND BOOK - 10v

Thirteenth definition.

The transit, that is, the violent motion of an equally heavy body, is
said to be moving along the perpendicular to the horizon when its
beginning and its end are on the mentioned perpendicular, that is,
when the transit is at a right angle above or below the horizon.

Fourteenth definition.

The length of a transit, that is, of the violent motion of an equally
heavy body, is the interval along a straight line from the beginning
to the end of the violent motion.

First supposition.

All transits, that is, natural movements of equally heavy bodies, are
equidistant to each other and to the perpendicular to the horizon.>

However, two transits, that is, two natural motions of equally heavy bodies, can
never be perfectly equidistant to each other and to the perpendicular to the hori-
zon. [This is the case] because, if the earth let them pass, as the air does, they
would certainly meet at the center of the world. Therefore (because of the last
definition of the first [book] of Euclid) they would not be equidistant, as I said.
Nevertheless, as the error cannot be recognized in a short space, we assume them
[the transits of natural motions] to be equidistant to each other and to the perpen-
dicular to the horizon.

Second supposition.

Each transit, that is, each violent motion of equally heavy bodies that
does not follow the perpendicular to the horizon, is always partially
straight and partially curved. The curved part is a portion of the cir-
cumference of a circle.

55“Equidistant” refers here to the distance between all points that compose the lines of the transits
toward the center of the world. As these lines are parallel, all the corresponding points are equidistant
to each other. The fact that in reality those transits are not parallel because they meet at the center of
the world is discussed by Tartaglia in the following.
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ABenche niun tranfito, ouer moto uiolente d’un corpo egualmente graue che [ia
fuora delle perpendicolare de I’orizonte mai puol hauer alcuna parte che [ia per-
fettamente retta per caufa della grauita che [e ritroua in quel tal corpo, la quale
continuamente lo ua [timolando, et tirando uerlfo il centro del mondo. Niente di
meno quella parte che ¢ infenfibilmente curua, La [upponemo retta, et quella che
¢ euidentemente curua la fupponemo parte duna circonferentia di cerchio, perche
non preterilcono in cola [enfibile.

Suppolitione. III.

Ogni corpo egualmente graue, in fine de ogni moto uiolente, che [ia
fuora della perpendicolare di I’orizonte {i mouera di moto naturale,
il qual fara contingente con la parte curua dil moto uiolente.

ESf(empi gratia fe vn corpo egualmente graue [ara eietto ouer tratto violentemente
per aere, fuora della perpendicolar de 1’orizonte. Dico che in fine di tal moto
uiolente, (non trouando refiftentia) (i mouera di moto naturale, il quale fara con-
tingente con la parte curua dil moto violente alla (imilitudine de tutta la linea
ABCD de la quale tutta la parte ABC [ara il tran(ito dil moto violente, et la parte
CD [(ara il tranfito fatto di moto naturale, il qual fara continuo, et contingente con
la parte curua BC in ponto C.3° quelto ¢ quello che uolemo inferire.

Suppolitione. IIII.

Lo effetto piu lontano dal [uo principio, che far polla un

361a stampa del 1558 riporta erroneamente “CE” al posto di “C.”
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Indeed, the transit, that is, the violent motion of an equally heavy body that does
not follow the perpendicular to the horizon, never shows any perfectly straight
part because of the gravity in that body which continuously pulls it toward the
center of the Earth. Nevertheless, that part [of the transit] that is not perceived
as being curved is assumed to be straight, and that part that is evidently curved is
assumed to be part of the circumference of a circle, as this [assumption] does not
influence the argument.

Third supposition.

Each equally heavy body that does not follow the perpendicular to
the horizon after the end of each violent motion moves by natural
motion, which is joined together with the curved part of the violent
motion.

For example, let there be an equally heavy body ejected or thrown violently
through the air so that it does not follow the perpendicular to the horizon. I say
that at the end of such violent motion (if it does not meet resistance), it moves
with natural motion, which is joined together with the curved part of the violent
motion as is shown by the entire line ABCD. Of this line, part ABC is the transit
of the violent motion and part CD the transit accomplished with natural motion.
This is joined together and continuous to the curved part BC at point C.57 This is
what we want to infer.

Fourth supposition.

The farthest effect, produced by

57The 1558 print run mistakenly reads “CE.”
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corpo egualmente graue di moto uiolente [opra a qualunque piano,
ouer [opra a qualunque retta linea, e quello che termina precilfamente
in eflo piano, ouer in ella linea (e(lendo eiecto ouer tirato da una
medema pollanza mouente.)

ESfempi gratia (ia una poflanza mouente in ponto A la qual habbia eiecto, ouer
tirato il corpo B egualmente graue uiolentemente per aere, il cui tran(ito (ia la
linea AEDB et il ponto D poniamo [ia lo iftante, che diltingue il tranfito, ouer
moto uiolente AED dal tranfito, ouer moto naturale DB et dal ponto A al ponto D
[ia protratta la linea ADC hor dico che il ponto D e il piu lontan effetto dal ponto
A che far pofla il detto corpo B (opra la linea

ADC ouer [opra quel piano doue ¢ [ita la detta linea ADC coli conditionatamente
eleuato. Perche [e la detta poBanza A traelle il medemo corpo B piu elleuatamente
[opra a I’orizonte, quel faria il [uo effetto di moto naturale [opra la medema linea
ADC come appar in la linea, ouer tranfito AFG in ponto G il qual effetto G dico
che [aria piu propinquo al ponto A cioe al principio di tal moto di quello, che (ara
lo effetto D perche il detto corpo B non
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an equally heavy body [that moves] with violent motion on
whichever plane or whichever straight line, is the one that happens
precisely on that plane or on that line (if it is ejected or thrown by
the same moving power).

Let there be a moving power at point A which has ejected or thrown the equally
heavy body B through the air. Its transit would be the line AEDB, where point D
is assumed to be the instant that distinguishes the transit or violent motion AED
from the transit or natural motion DB. Let line ADC be prolonged from point A
to point D. I say that at point D the farthest effect from point A is produced by
the mentioned body B above line

ADC, that is, above that plane where line ADC is placed and elevated like the
same line. If the mentioned power A threw the same body B to a more elevated
position above the horizon, it would produce its effect along the natural motion
on the same line ADC, as the line or transit AFG shows, at point G. I say that
the effect G is closer to point A, that is, to the beginning of that motion, than the
effect D. This is because the mentioned point B does not
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ueneria a terminare in la detta linea ADC di moto uiolente, anci terminaria di [opra
di quella in ponto F et quanto piu fulle elleuatamente tirato, tanto piu [e andaria
accoltando co’l [uo effetto al detto ponto A fopra la detta linea ADC perche ancora
il moto uiolente di quello, tanto piu [e andaria [coftando col [uo termine dalla detta
linea ADC cioé piu in alto terminando. Similmente (e la medema pollanza traelle
il medemo corpo B men elleuato dil tranfito, ouer linea AED alla (imilitudine
del tranfito, ouer linea AIHK quel faria il [uo effetto di moto uiolente [opra la
detta linea ADC alla fimilitudine dil ponto H il qual effetto H dico che [aria piu
propinquo al ponto A de quel fatto in ponto D perche il (in di tal moto uiolente
andaria a terminare di [otto della detta linea ADC in ponto K et quanto piu la detta
pollanza A [e andafle arbaflando in tirare il detto corpo B tanto piu il detto corpo
B andaria facendo il [uo effetto piu propinquo al ponto A [opra la detta linea ADC
perche quanto piu la [e andalle arbaflando, tanto piu il [uo moto uiolente andaria a
terminare di [otto della detta linea ADC il medemo [i deue intendere in ogni altro
tiro eflempi gratia tirando dal ponto A al ponto F (termine dil moto uiolente AF)
la linea AFL dico che il detto corpo B in altro modo tirato dalla medema pollanza
mai potria aggiongere al detto ponto F come [i manifefta nel tranfito AEDB il
qual [ega la detta linea AFL in ponto M il qual ponto M e molto piu propinquo al
ponto A di quello che ¢ il detto ponto F. Similmente ancora tirando una linea dal
detto ponto A al ponto K (termine dil moto violente AIK ) quala fia AKN dico
che il detto corpo B in altro diuerfo modo tirato dalla medema pollanza mai potria
aggiongere al detto ponto K come per ellempio appar nelli altri dui tiri fuperiori
che ciafcaduno [egan la detta linea AKN di moto naturale nelli dui ponti O et P
che cadauno di loro ¢ piu propinquo al ponto A di quello chi ¢ il detto ponto K ¢
queflto ¢ quello che uolemo inferire.

Propolfitione. Prima.

Li quatro angoli d’ogni quadrilatero rettilineo fono eguali a quatro
angoli retti.

Sla il quadrilatero ABCD dico tutti li fuoi quatro angoli tolti infieme fono eguali
a quatro angoli retti. Perche protratto lo diametro DB fara diuifo in dui triangoli,
et li trei angoli di cadauno de detti triangoli (per la feconda parte della 32 del I di
Euclide) fono eguali a dui angoli retti, onde tutti li 6 angoli de detti dui triangoli
[ono eguali a quatro angoli retti, et perche li detti 6 angoli di detti 2 triangoli fono
eguali alli 4 angoli del detto quadrilatero,
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end its violent motion on the mentioned line ADC. But it ends that motion higher
than that line at point F. The more elevated [the angle at which] the body is
thrown, the closer its effect is to the mentioned point A on the mentioned line
ADC, because the end of its violent motion is farther away from the mentioned
line ADC, that is, the motion ends at a higher point. Similarly, if the same power
threw the same body B along a less elevated transit or line than AED, like the
transit or line ATHK, it would produce its effect by violent motion above the
mentioned line ADC at point H. I say that such effect [at point] H is closer to
point A than the effect at point D because the end of such violent motion ends
below the mentioned line ADC at point K. [This happens] because the lower the
mentioned power A is, the deeper its violent motion ends below the mentioned
line ADC. The same is valid for any other shot. For example, let line AFL be
produced from point A to point F (which is the end of the violent motion AF).
I say that the mentioned body B, thrown in whichever way by the same power,
will never be able to reach the mentioned point F. This is manifested by the
transit AEDB that cuts the mentioned line AFL at point M, and this point M is
much closer to point A than the mentioned point F. Similarly, a line from the
mentioned point A to point K is produced (which is the end of the violent motion
AIK) so as to achieve line AKN. I say that the mentioned body B will never
be able to reach the mentioned point K, no matter how it is thrown by the same
power. This is clear, for example, in reference to the other two upper shots which
cut the mentioned line AKN of natural motion at the two points O and P. Each of
these points are closer to point A than to the mentioned point K. This was what
we wanted to infer.

First proposition.

The four angles of each rectilinear quadrilateral are equal to four right
angles.

Let there be the quadrilateral ABCD. I say that all of its four angles considered
together are equal to four right angles. Given the diameter DB, [the quadrilateral]
is divided into two triangles. The three angles of each of the mentioned triangles
(because of the second part of the thirty-second [proposition] of the first [book]
of Euclid) are equal to two right angles. Therefore all six angles of the mentioned
two triangles are equal to four right angles. Then, the mentioned six angles of the
mentioned two triangles are equal to the four angles of the mentioned quadrilat-
eral.
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effempi gratia langolo ABD del triangolo ABD gionto con langolo DBC del tri-
angolo DBC [e egualiano a tutto langolo ABC del quadrilatero, et [imilmente li
altri dui, che terminano al ponto D [e egualiano a tutto langolo ADC del detto
quadrilatero, et 1i altri dui, cio¢ langolo A et C [ono quelli isteBi del quadrilatero,
onde il propofito ¢ manifelto.
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Let there be, for example, the angle ADB of triangle ADB joined together with
angle DBC of triangle DBC. They are equal to the entire angle ABC of the quadri-
lateral. Likewise, the other two, which are placed at point D, are equal to the entire
angle ADC of the mentioned quadrilateral. The other two angles, that is, the an-
gles at point A and at point C, are the same as the angles of the quadrilateral.
Therefore it is manifested what was to be shown.



138 The Nova scientia: Transcription and Translation

LIBRO SECONDO -12v

Propolitione. II.

Se dal centro dun cerchio [aran protratte due linee fina alla circon-
ferentia, tal proportione hauer a tutta la circonferentia del cerchio a
’arco che interchiuden le dette due linee qual hauera quatro angoli
retti a langolo contenuto dalle dette due linee [opra il centro.

STa il cerchio ABC il centro dil quale fia il ponto D et dal centro D fian protratte le
due linee DA et DB. Dico che tal proportione ha tutta la circonferentia del detto
cerchio a larcho AB che interchiude le dette due linee qual ha quattro angoli retti,
a langolo ADB. Perche protraro vna delle dette linee fina alla circonferentia et
[ia AD fina in E onde (per la vltima dil felto de Euclide) la proportione de ’arco
EB a I’arco BA ¢ (i come ’angolo EDB a I’angolo BDA et (per la 18 del quinto
de Euclide) il congionto delli detti dui archi EB et BA (cioe tutto I’arco EBA)
a I’arco BA fara [i come il congionto delli dui angoli EDB et BDA a I’angolo
BDA et perche I’arco EBA ¢ la mitade della circonferentia di tutto il cerchio, et il
congiunto delli dui angoli EDB et BDA (per la decimatertia del primo de Euclide)
¢ eguale a dui angoli retti feguita adonque che (i come ¢ la mita della circonferentia
del detto cerchio al detto arco BA cofi [ara dui angoli retti a I’angolo BDA et
perche tutta la circonferentia dil cerchio alla mitade di quella (cioe a I’arco EBA)
¢ [i come quatro angoli retti, a due angoli retti, donque (per la uice(imafeconda
del quinto de Euclide) (i come tutta la circonferentia del detto cerchio a I’arco AB
coli [aran quatro angoli retti a I’angolo BDA che ¢ il propofito.
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Second proposition.

If two lines are produced from the center of a circle to the circumfer-
ence, the ratio between the entire circumference of the circle and the
arc delimited by the mentioned two lines is the same as it is between
four right angles and the angle contained by the mentioned two lines
at the center.

Let there be the circle ABC whose center is point D. From center D two lines are
produced, that is, DA and DB. I say that the entire circumference of the mentioned
circle has the same ratio to the arc AB, delimited by the mentioned two lines, as
four right angles have to the angle ADB. I prolong one of the mentioned lines
to the circumference and AD to E. Therefore, (due to the last [proposition] of
the sixth [book] of Euclid) the ratio of arc EB to arc BA is the same as the ratio
of angle EDB to angle BDA and (because of the eighteenth [proposition] of the
fifth [book] of Euclid) the ratio of the sum of the mentioned two arcs EB and BA
(that is, the entire arc EBA) to arc BA is the same as the ratio of the sum of the
two angles EDB and BDA to angle BDA, and since the arc EBA is half of the
circumference of the entire circle, and since the sum of the two angles EDB and
BDA (because of the tenth [proposition] of the first [book] of Euclid) is equal
to two right angles, it follows that the ratio between half of the circumference
of the mentioned circle to the mentioned arc BA is the same as that of two right
angles to the angle BDA. Since the ratio of the entire circumference to its half
(that is, arc EBA) is like the ratio of four right angles to two right angles, (because
of the twenty-second [proposition] of the fifth [book] of Euclid) the ratio of the
circumference of the mentioned circle to arc AB is the same as the ratio of four
right angles to angle BDA, which was to be shown.
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Propofitione. III.

Se due linee rette congiunte angolarmente contingerano un cerchio,
et produtta una di quelle dalla banda doue 1’angolo, tal proportione
hauera la circonferentia dil cerchio a 1’arco che interchiuderanno,
qual haueranno quattro angoli retti a I’angolo exterior caulato dalla
linea protratta.

Slano le due linee AB et BC congionte angolarmente in ponto B le quale con-
tingano il cerchio DEFG in li dui ponti D et F et [ia protratta una di quelle dalla
banda uerfo B et [ia la FB protratta fina in ponto H. Dico che tal proportione
hauera la circonferentia dil cerchio a 1I’arco DEF qual ha quatro angoli retti a
I’angolo DBH. Perche del centro del detto cerchio (qual pongo [ia K) tiro le due
linee KD et KF onde (per la prima propolfitione di quefto) li quatro angoli del
quadrilatero BDKF [ono eguali a quatro angoli retti, et perche cadauno delli dui
angoli KDB et KFB (per lo correlario della decimaquinta del tertio de Euclide) ¢
retto. Seguita adonque



The Nova scientia: Transcription and Translation 141

SECOND BOOK - 13r

C

Third proposition.

If two straight lines are angularly joined together and tangent to a
circle and if one of the two lines is prolonged at the side where the
angle is, the circumference of the circle has the same ratio to the arc
delimited by the lines as the four right angles to the external angle
built on the prolonged line.

Let the two lines AB and BC be angularly joined together at point B and let them
be tangent to the circle DEFG at points D and F. Let one of the two lines on the
side of B be prolonged and FB prolonged until H. I say that the circumference of
the circle has the same ratio to the arc DEF as four right angles have to the angle
DBH. From the center of the mentioned circle (which I call K), I produce the two
lines KD and KF. Hence (because of the first proposition of this [book]), the four
angles of the quadrilateral BDKF are equal to four right angles. Since each of the
two angles KDB and KFB (because of the corollary of the fifteenth [proposition]
of the third [book] of Euclid) is right, it follows
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che 1i altri dui infieme (cio¢ I’angolo DBF et I’angolo FKD) (iano ancora loro
eguali a dui angoli retti, et [(Jper la decimatertia del primo de Euclide) li dui
angoli DBF et DBH [ono [imelmente eguali a dui angoli retti, onde (per la prima
conceptione del primo de Euclide) li dui angoli DBF et DBH sono eguali alli dui
angoli DBF et DKF leuando adunque communamente da I’una e 1’altra parte lo
angolo DBF reftara (per la terza conceptione del primo de Euclide) I’angolo DBH
eguale a I’angolo DKF onde (per la [ettima propolitione del quinto de Euclide)
quatro angoli retti a cadauno de loro haueranno una medema proportione, et tal
proportione qual ha quatro angoli retti a ’angolo DKF tal hauera la circonferentia
del cerchio a I’arco DEF. Adonque (per la II del 5 de Euclide) tal proportione
hauera la circonferentia del cerchio a I’arco DEF qual hauera quatro angoli retti
a I’angolo exteriore DBH che ¢ il propolito.

Propofitione. IIII.

Se il tranfito ouer moto uiolente dun corpo egualmente graue [ara per
il piano de lorizonte, la parte curua di quello
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that the other two [angles] together (that is, angle DBF and angle FKD) are also
equal to two right angles. [(]Due to the thirteenth [proposition] of the first [book]
of Euclid), the two angles DBF and DBH are similarly equal to two right angles.
Therefore, (because of the first common sentence [axiom] of the first [Book] of
Euclid) the two angles DBF and DBH are equal to the two angles DBF and DKF.
Consequently, if angle DBF is taken away from both the one and the other side
(due to the third common sentence [axiom] of the first of [book] of Euclid), angle
DBH becomes equal to angle DKF. Hence (because of the seventh proposition of
the fifth [book] of Euclid), four right angles have the same ratio to each of these
[two angles] and the ratio of the four right angles to angle DKF is the same as that
of the circumference of the circle to arc DEF. Therefore (because of the eleventh
[proposition] of the fifth [book] of Euclid), the circumference of the circle has the
same ratio to arc DEF as four right angles do to the external angle DBH, which
was to be shown.

Fourth proposition.

If the transit, that is, the violent motion of an equally heavy body
moves along the plane of the horizon, its curved part
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[ara la quarta parte della circonferentia del cerchio donde deriua.

SIa el femidiametro del pian de I’orizonte la linea AB et la perpendicolar del ori-
zonte la linea CAD et il tranfito uiolente d’un corpo egualmemente graue la linea
AEF la parte curua dil quale [ia ’arco EF et la parte FG fia il tran(ito fatto di
moto naturale. Dico che la detta parte curua EF efler la quarta parte della circon-
ferentia del cerchio donde deriua. Perche produro il tranfito naturale GF uerlo il
[emidiametro del orizonte talmente che concorra con quello in ponto H et perche
il tranfito FGH ¢ equidiltante (per la prima suppolfitione di quefto) alla perpen-
dicolar CAD I’angolo adonque FHA (per la prima parte della uigelimanona del
primo de Euclide) (ara eguale a I’angolo HAC il quale ¢ retto, adonque 1’angolo
FHB exteriore (per la decimaterza del primo de Euclide) (ara retto, onde quatro
angoli retti uengono a eller quadrupli al detto angolo exteriore per il che la circon-
ferentia del cerchio donde deriua la detta parte curua EF (per la terza propofitione
di questo) uien a eller quadrupla al detto arco EF adonque il detto arco EF uien a
effer il quarto della circonferentia dil cerchio donde deriua, che € il propolito.
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is the fourth part of the circumference of the circle from which [that
part] derives.

Let line AB be the semidiameter of the plane of the horizon and line CAD the
perpendicular to the horizon. The line EAF is the violent transit of an equally
heavy body and its curved part is the arc EF. Let the part FG be the transit ac-
complished by natural motion. I say that the mentioned curved part EF is the
fourth part of the circumference of the circle from which [the curved part] de-
rives. I prolong the natural transit GF toward the semidiameter of the horizon so
that they meet at point H. Since the transit FGH (because of the first supposi-
tion of this [book]) is equidistant to the perpendicular CAD, (because of the first
part of the twenty-ninth [proposition] of the first [book] of Euclid) angle FHA is
equal to angle HAC, which is a right angle. Therefore, the external angle FHB
(because of the thirteenth [proposition] of the first [book] of Euclid) is right and
thus four right angles are quadruple the mentioned external angle. From this [it
follows] that the circumference of the circle from which the mentioned arc EF de-
rives (because of the third proposition of this [book]) is quadruple the mentioned
arc EF. Therefore, the mentioned arc EF is a fourth of the circumference of the
circle from which it derives, which was to be shown.

@ 6=
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Propolitione. V.

Se il tranfito, ouer moto uiolente d’un corpo egualmente graue [ara
elleuato [opra a I’orizonte, la parte curua di quello [ara maggiore della
quarta parte della circonferentia del cerchio donde deriua, et quanto
piu fara eleuato, tanto piu [ara maggiore di la quarta parte de detta
circonferentia, et tamen mai potra efler la mitade di ella circonferen-
tia.

SIa il femidiametro del pian dell’orizonte la linea AB et la perpendicolar de I’o-
rizonte la linea CAD et il tranfito uiolente d’un corpo egualmente graue la linea
AEF la parte curua dil quale (ia I’arco EF et la parte FG [ia il tranfito fatto di moto
naturale. Dico I’arco EF eller maggiore della quarta parte della circonferentia
del cerchio donde deriua. Perche produro il tranfito naturale FG et la parte retta
AE tanto che concorrano infieme in ponto H et produro FH fin in K coftituendo
I’angolo efteriore

K

@o-
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Fifth proposition.

If the transit, that is, the violent motion of an equally heavy body, is
elevated above the horizon, its curved part is bigger than the fourth
part of the circumference from which it [the curved part] derives.
And the more [the transit] is elevated, the bigger than the fourth part
of the mentioned circumference [the curved part] is, and it can never
be the half of that circumference.

Let line AB be the semidiameter of the plane of the horizon and line CAD the
perpendicular to the horizon. Let line EAF be the violent transit of an equally
heavy body and its curved part line EF. Let part FG be the transit accomplished
by natural motion. I say that the arc EF is bigger than the fourth part of the
circumference of the circle from which [that curved part] derives. I prolong both
the natural transit FG and the straight part AE so that they meet at point H. Then
I prolong FH until point K in order to compose the external angle

K

H

o
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EHK et perche I’angolo FHE ¢ eguale (per la prima parte della uigefima nona del
primo de Euclide) a I’angolo EAC et I’angolo EAC (per la ultima conceptione
del primo de Euclide) ¢ menore d’un angolo retto, adonque 1’angolo EHF (per co-
muna [ententia) fara minore d’un angolo retto, onde I’angolo EHK efteriore (per la
13 del primo de Euclide) [ara maggiore d’un angolo retto, et (per la [econda parte
della ottaua del quinto de Euclide) quatro angoli retti haueranno menore propor-
tione che quadrupla al detto angolo efteriore, et [imelmente la circonferentia del
cerchio donde deriua I’arco EF (per la terza propofitione di quelto) hauera menor
proportion che quadrupla, al detto arco, et (per la [econda parte della decima del 5.
de Euclide) I’arco EF (ara maggiore della 4 parte della circonferentia dil cerchio
donde deriua che ¢ il primo propolito. Et perche quanto piu [e andara eleuando [o-
pra a I’orizonte la parte retta AE tanto piu menor angolo andara caufando la linea
AE con la linea AC et conlequentemente la linea EH con la linea FH et I’angolo
EHK continuamente (e andara agrandando et la proportione de quatro angoli retti
a quello fminuendo di quadrupla et [imelmente la proportion della circonferen-
tia del cerchio donde deriua I’arco EF al detto arco EF [e andara (minuendo di
quadrupla per il che il detto arco EF (per la detta [econda parte della decima del
quinto di Euclide) andara continuamente crefcendo in parte maggiore d’un quarto
de circonferentia che ¢ il [econdo propolito. Et perche I’angolo EHK efteriore mai
[e puo egualiare (per la prima parte della trigelimaleconda del primo de Euclide
aiutando con la 17 del medemo) a dui angoli retti, adonque la proportion de qua-
tro angoli retti al detto angolo efteriore mai puo efler dupla [eguita adonque che
la proportion della circonferentia del cerchio d’onde deriva qualunque arco, ouer
parte curua d’un moto uiolente, mai puo eller dupla al detto arco, ouer parte cur-
ua, et conlequentemente il detto arco, ouer parte curua mai potra eller la mitade
della circonferentia del cerchio donde deriua, che ¢ il terzo propolito.

Propolitione. VI.

Se il tranfito, ouer moto uiolente d’un corpo egualmente graue [ara
obliquo [otto a 1’orizonte la parte curua di quello fara menor della
quarta parte della circonferentia del cerchio d’onde deriua, et tanto
piu [ara menore quanto piu [ara obliquo.
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EHK. Since angle FHE (because of the first part of the twenty-ninth [proposi-
tion] of the first [book] of Euclid) is equal to angle EAC and [this] angle EAC
(due to the last common sentence [axiom] of the first [book] of Euclid) is smaller
than a right angle, angle EHF (for common knowledge) is smaller than a right
angle. Thus, the external angle EHK (because of the thirteenth [proposition] of
the first [book] of Euclid) is greater than a right angle. Then (because of the sec-
ond part of the eighth [proposition] of the fifth [book] of Euclid), four right angles
have less than a quadruple ratio to the mentioned external angle and, likewise, the
circumference of the circle from which the arc EF derives (because of the third
proposition of this [book]) has less than a quadruple ratio to the mentioned arc.
Therefore (because of the second part of the tenth [proposition] of the fifth [book]
of Euclid), arc EF is bigger than the fourth part of the circumference of the circle
from which it derives, which was to be shown firstly. Since the more the straight
part AE is elevated above the horizon, the smaller the angle composed by line
AE with line AC, consequently line EH together with line FH and the angle EHK
continuously increase and the ratio of four right angles to that [angle] will also
continuously decrease from the quadruple. Similarly, the ratio of the circumfer-
ence of the circle from which arc EF derives to the same mentioned arc EF also
decreases from the quadruple and, therefore, the mentioned arc EF (because of
the mentioned second part of the tenth [proposition] of the fifth [book] of Euclid)
becomes increasingly longer than one fourth of the circumference, which was to
be shown secondly. Since the external angle EHK (because of the first part of
the thirty-second [proposition] of the first [book] of Euclid and with the help of
the seventeenth of the same [book]) can never be equal to two right angles, the
ratio of four right angles to the mentioned external angle can never be the double.
Therefore, it follows that the ratio of the circumference of the circle from which
any arc may derive, that is, whichever curved part of violent motion, can never
be double the mentioned arc or curved part. Consequently, the mentioned arc or
curved part, can never be half of the circumference of the circle from which [the
curved part] derives, which was to be shown thirdly.

Sixth proposition.

If the transit, that is, the violent motion of an equally heavy body, is
oblique below the horizon, its curved part is smaller than the fourth
part of the circumference of the circle from which [that curved part]
derives, and the smaller, the more oblique [the transit] is.
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SIa il femidiametro de 1’orizonte la linea AB et la perpendicolare de 1’orizonte
la linea CAD, et il tranfito uiolente d’un corpo egualmente graue la linea AEF
la parte curua, dil quale (ia I’arco EF et la parte FG [ia il tranfito fatto di moto
naturale. Dico lo detto arco EF eller menore della quarta parte della circonferentia
dil cerchio donde deriua. Perche produro il tranfito naturale
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Let line AB be the semidiameter of the horizon, line CAD the perpendicular of
the horizon and line AEF the violent transit of an equally heavy body. Let arc EF
be its curved part and part FG the transit accomplished by natural motion. I say
that the mentioned arc EF is smaller than the fourth part of the circumference of
the circle from which it derives. I prolong the natural transit
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FG et la parte retta AC tanto che concorrano infieme in ponto B et produro FH38
fin in K conftituendo 1’angolo esteriore EHK et perche 1’angolo FHE ¢ eguale
(per la I parte della 29 del I de Euclide) a I’angolo EAC et I’angolo EAC (per la
ultima conceptione del primo de Euclide) ¢ maggiore d’un angolo retto (cioe de
I’angolo BAC [ua parte) adonque 1’angolo EHF [ara maggiore d’un angolo retto
onde I’angolo EHK efteriore (per la decimaterza del primo de Euclide) fara mi-
nore d’un angolo retto, et (per la [econda parte della ottaua del quinto di Euclide)
quatro angoli retti haueranno a quello maggiore proportione che quadrupla, et
[imilmente la circonferentia del cerchio donde deriua 1’arco EF al detto arco EF
hauera maggior proportione che quadrupla (per la terza propolitione di questo) et
(per la feconda parte della decima del quinto de Euclide) 1’arco EF [ara minore
della quarta parte della circonferentia del cerchio donde deriua che ¢ il I propolito.
Et perche quanto piu [e andara arbaBando [otto a I’orizonte tanto piu la linea EA
maggior angolo andara caufando con la linea CA et conlequentemente la linea
FH con la linea EH et continuamente I’angolo EHK efteriore [e andara (minu-
endo, et la proportione de 4 angoli retti a quello augumentando piu di quadrupla,
et [imilmente la proportione della circonferentia del cerchio d’onde deriua 1’arco
EF al detto arco EF fi andara augumentando piu di quadrupla, per il che il detto
arco EF (per la detta [econda parte della decima del quinto de Euclide) andara
continuamente

381a stampa del 1558 riporta erroneamente “SH” al posto di “FH.”
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FG and the straight part AE so that they meet at point B. I then prolong line FH>?
up to point K so that the external angle EHK is composed. Since angle FHE is
equal (because of the first part of the twenty-ninth [proposition] of the first [book]
of Euclid]) to angle EAC and since angle EAC (because of the last common sen-
tence [axiom] of the first [book] of Euclid) is greater than a right angle (that is,
than the angle BAC which is a part of it), the angle EHF is greater than a right
angle and therefore the external angle EHK (because of the thirteenth [proposi-
tion] of the first [book] of Euclid) is smaller than a right angle. (Because of the
second part of the eighth [proposition] of the fifth [book] of Euclid) four right an-
gles have a ratio greater than quadruple [the external angle EHK]. Similarly, the
circumference from which the arc EF derives has a ratio greater than quadruple
that same arc EF (because of the third proposition of this [book]). Then (because
of the second part of the tenth [proposition] of the fifth [book] of Euclid), the arc
EF is smaller than the fourth part of the circumference of the circle from which it
derives, which was to be shown firstly. Then, the lower it is below the horizon,
the bigger the angle composed by line EA with line CA and consequently, line FH
with line EH. The external angle EHK continuously decreases and the ratio of the
four right angles to that [external angle EHK] increases more than fourfold. Sim-
ilarly, the ratio of the circumference of the circle from which the arc EF derives to
the same arc EF increases more than fourfold. For these reasons, the mentioned
arc EF (because of the mentioned second part of the tenth [proposition] of the
fifth [book] of Euclid) becomes continuously

39The 1558 print run mistakenly reads “SH.”
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[minuendo in parte minore d’un quarto della circonferentia del cerchio d’onde
deriuara, che per il fecondo propolito.

Propolfitione. VII.

TVtti i tranfiti, ouer moti uiolenti de corpi egualmente graui, (i
grandi come picoli egualmente eleuati [opra a I’orizonte, ouer
egualmente obliqui, ouer [iano per il pian de 1’orizonte [ono fra lor
[imili, et confequentemente proportionali, et [imilmente le diltantie
loro.

Sla il femidiametro del pian de 1’orizonte la linea AB et la perpendicolare de
I’orizonte la linea CAD et li tranfiti di dui diuer[i corpi egualmente graui egual-
mente eleuati fopra a 1’orizonte, le due linee AEFG®® et AHIK di quali le due
parti AEF et AHI fian li tranfiti fatti di moto uiolente, et le due parti FG et IK
fian li tranfiti fatti de moto naturale, et le due parti AE et AH [iano le lor parti
rette, le qual parti rette (per eller quegli egualmente eleuati) formarono infieme
una [ol rettitudine, cioe una [0l linea, la qual (ara la linea AEH et dal ponto A fia
dutta la linea AF et quella protratta et continuata direttamente de necefita andara
per il ponto I perche quando le parti rette de tranfiti, ouer moti uiolenti (i com-
pongano infieme ancora le loro diltantie (e componeranno infieme (aliter [eguiria
inconueniente allai) hor. Dico che il tranfito AEF (fatto di moto uiolente) ¢ [imile
al tranfito AEHI (pur fatto di moto uiolente) et conlequentemente proportionale,
et [imelmente la diftantia AF alla diltantia AI. Perche produro li lor tranf(iti na-
turali, et la lor comuna parte retta AEH fin a tanto che concorrano infieme in li
dui ponti L, M et produro li detti tran(iti naturali fin in N, O (coltituendo li dui
angoli efteriori ELN et LMO) et ducero le due corde EF et HI alle lor parte curue
Et perche li dui tranfiti naturali GN et KO (per la prima suppolitione di quelto)
[ono equidiftanti, adonque I’angolo ELN (per la feconda parte della 29 del I de
Euclide[)] (ara eguale a 1["]Jangolo LMO onde (per la [econda parte della 7 del 5 de
Euclide) quatro angoli retti haueran vna medema proportione a cadaun di loro, et
[imelmente la circonferentia de cadauno di dui cerchij donde deriuano li dui archi
EF et HI alli detti dui archi (cadauno al [uo relatiuo[)] (per la terza propofitione
di quelto) haueranno una medema proportione per la qual cola I’arco EF uien a
effer (imile a I’arco HI et (imilmente la portion P alla portion Q

0La stampa del 1558 riporta erroneamente “AEDG” al posto di “AEFG.”
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smaller than the fourth part of the circumference of the circle from which it de-
rives, which was to be shown secondly.

Seventh proposition.

All transits, that is, violent motions of equally heavy bodies, big
and small, equally elevated above the horizon, or equally oblique, or
moving along the plane of the horizon, are similar and consequently
proportional to each other. Their distances are similar and propor-
tional to each other.

Let line AB be the semidiameter of the plane of the horizon and line CAD the
perpendicular to the horizon. Let lines AEFG®! and AHIK be the transits of two
equally heavy bodies also equally elevated above the horizon. Let the two parts
of AEF and AHI be the transits accomplished by violent motion and the parts
FG and IK the transits also accomplished by natural motion. Let their parts AE
and AH be straight. These straight parts (as they are equally elevated) together
compose one straightness, that is, only one line and this line is AEH. Let line AF
then be produced from point A and then let it be prolonged on the same line so
that it inevitably meets point I because if the straight parts of the transits, that is,
of the violent motions, are composed together [on the same line], then also their
lengths are added together [on the same line] (otherwise a very relevant problem
would follow). Now I say that transit AEF (accomplished by violent motion)
is similar to transit AEHI (also accomplished by violent motion). Consequently,
they have the same ratio to each other as distance AF has to distance Al. I prolong
their natural transits and their common straight part AEH so that they meet at the
two points L and M and then I prolong their natural transits to the points N and
O (composing the two external angles ELN and LMO). Then I produce the two
chords EF and HI to their curved parts. Since the two natural transits (because
of the first supposition of this [book]) are equidistant, the angle ELN (because of
the second part of the twenty-ninth [proposition] of the first [book] of Euclid[)]
is equal to angle LMO. Therefore (because of the second part of the seventh
[proposition] of the fifth [book] of Euclid), four right angles have the same ratio
to each of the [angles ELN and LMO]. Similarly, the circumference of each of
the two circles from which the arcs EF and HI derive (correspondingly[)] have
the same ratio to the mentioned two arcs (because of the third proposition of this
[book]). For this reason, arc EF is similar to arc HI and, in the same way, portion
P to portion Q.

61 The 1558 print run mistakenly reads “AEDG.”
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onde costituendo [opra cadauno de detti archi un angolo quai (iano EPF et HQI i
quai dui angoli (per il conuerlo delle due ultime dillinitione del terzo de Euclide)
[aranno fra loro eguali per la qual cola I’angolo FEA (per la 31 del terzo de Eu-
clide) [ara eguale a I’angolo IHE onde (per la uigelimaottaua del I de Euclide) la
corda EF [ara equidiltante alla corda IH per la qual cola ’angolo EFA [ara eguale
(per la [econda parte della uigelimanona del primo de Euclide) a I’angolo FIH
adonque il triangolo AEF fara equiangolo al triangolo AHI et conlequentemente
[imile, onde tal proportione ¢ della
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Let there then be an angle composed above each of the mentioned arcs. These
are EPF and HQI. These two angles (because of the converse of the two last
definitions of the third [book] of Euclid) are equal to each other. For this reason,
angle FEA (because of the thirty-first [proposition] of the third [book] of Euclid)
is equal to angle IHE. Therefore (because of the twenty-eighth [proposition] of
the first [book] of Euclid), chord EF is equidistant to chord IH. For this reason,
angle EFA (because of the the second part of the twenty-ninth [proposition] of
the first [book] of Euclid) is equal to angle FIH. Consequently, the triangle AEF
has the same angles as the triangle AHI and thus they are similar to each other.
Therefore,
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parte retta AE alla parte retta AH qual ¢ dalla corda EF alla corda HI et della
diftantia AF alla diltantia Al et da I’arco EF a 1’arco HI che ¢ il propolito, et
per li medemi modi ¢ uie [e dimostrara tal [imilitudine in 1i tran(iti, ouer moti
uiolenti che fulleno egualmente obliqui [otto a I’orizonte, ouer per il piano de
I’orizonte, perche [empre li dui angoli elteriori [aranno fempre eguali, et li archi,
ouer parte curue de quegli, [lempre [aranno [imile, perche le parti egualmente tolte
de circonferentie de cerchi [ono (imile et arguendo, come di [opra e [tato fatto [e
aprouara efler tal proportione della parte retta de I’uno alla parte retta de 1’altro
qual ¢ della diftantia de I’uno alla diltantia de 1’altro et de 1’arco a 1’arco, et per
la premutata proportionalita [e dimoltrara eller tal proportione della parte retta de
I’uno alla diftantia del medemo ouer alla parte curua del medemo, qual [ara della
parte retta del altro alla distantia, ouer alla parte curua di quello ifteflo che fara il
propofito.
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the straight part AE has the same ratio to the straight part AH as the chord EF
to the chord HI and as the distance AF to the distance Al and as the arc EF to
the arc HI, which was to be shown. By means of the same methods and paths,
the similarity of the transits, that is, of the violent motions, is also demonstrated
when they are positioned in the same place below the horizon or along the plane
of the horizon. [This happens because] the two external angles are always equal
to each other and the arcs, that is, the curved parts of those [transits], are always
similar to each other because if equal parts are taken away from circumferences
of circles, these parts are similar. If one argues, as it has been done above, it
can be confirmed that the straight part of one [transit] has the same ratio of the
straight part of the one to the straight part of the other as the distance of the one
to the distance of the other and as the arc to the arc. Due to the inverted ratio, it is
demonstrated that the ratio the straight part of one [transit] has toward the length
of the same [transit] or toward the curved part of the same, is the same ratio the
straight part of the other [transit] has toward the length or toward the curved part
of the other, which was to be shown.
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Propolfitione. VIII.

Se una medema pollanza mouente eiettara, ouer tirara corpi egual-
mente graui [imili, et eguali in diuer(i modi
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Eighth proposition.

If the same moving power ejects or throws equally heavy bodies,
which are similar and equal to each other, violently through the air
but in different manners,®?

62«Djfferent manners” means here at different elevations.
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uiolentamente per aere, Quello che fara il [uo tranfito eleuato a 45
gradi [opra a I’orizonte fara ancora il fuo effetto piu lontan dal [uo
principio fopra il pian de I’orizonte che in qualunque altro modo e-
leuato.

PEr dimoltrare quefta propolitione ufaremo una argumentation naturale la qual
¢ questa, quella cofa che tranfifle dal minore al maggiore, et per tutti li mezzi,
necellariamente tranfille ancora per lo eguale, ouer queft’altra. Doue accade
trouar il maggiore, et ancora il minore di qualunque cola, accade ancora retrouar
lo eguale. Vero ¢ che quelte tale argumentationi non ualeno, ne [ono accettate,
ne concelle dal geometra, come euidentemente dimoltra il comentatore [opra la
decimaquinta propofitione del 3 de Euclide, et [imelmente [opra la trigefima del
medemo, nientedimeno tai conclufioni [e uerifican in le cofe che fono realmente
uniuoce, ma in quelle che participano de equiuocatione, alle uolte [ono mendace,
eBempi gratia che dicelle el [i troua vna portione di cerchio che ne da I’angolo
constituido [opra I’arco, menor del angolo retto e, quefta ¢ la portione maggiore
dil femicerchio (per la detta trigelima del terzo di Euclide) fimilmente el [ene
troua un’altra che ne da il detto angolo maggior dil retto (et quefta ¢ la portione
minore dil femicerchio) [(]per la detta trigefima del 3 di Euclide) adonque el [aria
pofibile per le dette argumentationi a trouarne una che ne dara il detto angolo
eguale a 1’angolo retto, hor dico che in quelto calo la detta propolitione, ouer
argumentatione non fara mendace, cio¢ che glie poBibile a trouar vna portione di
cerchio, che ne dara realmente 1’angolo conlftituido fopra I’arco eguale a I’angolo
retto, et quefto aduien perche nelli detti angoli non ¢ alcuna equiuocatione.
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the one [equally heavy body] that accomplishes its transit at an el-
evation of 45 degrees above the horizon produces its effect farther
away from its beginning and above the plane of the horizon than [if
it were] elevated in any other way.

To demonstrate this proposition, we use a natural argument, which is the follow-
ing: that thing that transits from the smallest to the greatest and through all that is
in-between necessarily transits through the equal.®3 Or the following: if it hap-
pens to find the greatest and the smallest of any thing, it also happens to find the
equal. It is true that this kind of argument is neither valid or accepted, nor con-
ceded by the geometer, as is clearly demonstrated by the commentator® on the
fifteenth proposition of the third [book] of Euclid and, similarly, on the thirtieth
[proposition] of the same [book]. Nevertheless, such conclusions are verified in
[reference to] the things that are univocal in reality, but when they are ambiguous,
such [arguments] are sometimes mendacious. For example, if I say that there is a
portion of a circle®®> whose angle composed on the arc is smaller than a right angle
and that this portion is greater than the semicircle (because of the mentioned thirti-
eth [proposition] of the third [book] of Euclid), similarly another portion is found
whose angle is greater than a right angle [(Jand this portion is smaller than the
semicircle) [(]because of the mentioned thirtieth [proposition] of the third [book]
of Euclid). Then it is possible, based on the same [kind of] argument, to find a
[portion] whose mentioned angle is equal to a right angle. In this case I say that
the mentioned proposition, that is, argument, is not mendacious, which means
that it is possible to find a real portion of circle whose angle composed on the arc
is equal to a right angle. This happens because no ambiguity exists concerning
the mentioned angles.

63“Equal” means here at the middle point.
64The commentator Tartaglia refers to is Johannes Campanus.
5“Portion of a circle” means here sector of a circle.



164 The Nova scientia: Transcription and Translation

LIBRO SECONDO - 17r - cont.

Ma che dicelle el [i troua una portione di cerchio, che ne da I’angolo de detta
portione menore de I’angolo retto (et quefta ¢ la portion menore del [emicerchio)
[(Jper la detta trige(ima del 3 di Euclide) Similmente el (ene truoua un’altra che
ne da il detto angolo maggiore dil angolo retto (e quelta ¢ la portione maggiore
del [emicerchio[)] (per la detta trigelima del terzo) Adonque (per le dette argu-
mentationi[)] el [aria poBibile a trouarne una che ne defle il detto angolo eguale
a I’angolo retto, hor dico che in quelto calo la detta propolitione, ouer argumen-
tatione [aria mendace perche 1’angolo della portione dil cerchio non ¢ realmente
uniuoco con I’angolo retto perche 1’angolo retto € contenuto da due linee rette, et
I’angolo della portion ¢ contenuto da una linea retta, et da una curua, cio¢ dalla
corda et da I’arco di quella. Nondimeno dico che quella propolitione, ouer argu-
mentatione che ¢ uera [e uerifica sempre al senlo, et a I’intelletto in quella qualita
media fra quelle due diuerlita, ouer qualita contrarie, cioe [ra la portion minore,
et la portion maggiore, del [emicerchio, la qual qualita media ¢ propriamente eflo
[emicerchio (come per la detta trigelima del 3 de Euclide i proua) ma quella che
mendace. Sempre [e uerifica ancora lei in quanto al senfo pur in lo detto termine,
ouer qualita media, cio¢ nel femicerchio, perche tal fua mendacita non € [enfibile,
ne alcun senfo da [e ¢ atto
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But, I say that if there is a portion of a circle whose angle is smaller than a right
angle®® (because this portion is smaller than the semicircle) [(Jbecause of the men-
tioned thirtieth [proposition] of the third [book] of Euclid) and, similarly, if there
is another [portion] whose angle is greater than a right angle (and this portion is
greater than the semicircle[)] (because of the mentioned thirtieth [proposition] of
the third [book]), then (because of the mentioned arguments[)] it is possible to
find a [portion] whose angle is equal to a right angle. I say that in this case, the
mentioned proposition, that is, argument, is mendacious because the angle of the
portion of the circle is not unambiguous in reference to a right angle. For the
right angle is composed of two straight lines, whereas the angle of the portion is
composed of a straight line and a curved one, that is, by the chord and its arc. Nev-
ertheless, I say that the proposition or argument, which is true, is always verified
by the senses and by the intellect as the middle quality among those two diversi-
ties or contrary qualities. This means that, among the smaller and greater portion
than the semicircle, the middle quality is exactly this semicircle (as is proved by
the mentioned thirtieth [proposition] of the third [book] of Euclid). That [argu-
ment], which is mendacious, is also always verified by the senses in the same way
as the middle quality, that is, as the semicircle. This is because its mendacity is
not recognizable by the senses and none of the senses are appropriate to

66To understand Tartaglia’s argument, a distinction has to be made between his two different state-
ments. In the first case, he specifies that it is the angle “composed on the arc,” meaning the angle
composed by the chord and the line that joins the point where the chord ends above the circumference
and the point where the arc ends. According to the second statement, Tartaglia means the angle com-
posed by the chord, where it ends, and the part of circumference, that is, the curved line. The meaning
of the second statement becomes clear only at the end of the argument.
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a conolcerla in materia, ma [olamente allo intelletto ¢ nota, et ch’el fia il uero
el [e [a che I’angolo contenuto dalla corda, et da I’arco del femicerchio ¢ tanto
uicino a I’angolo retto che’l non ¢ pofBibile a coltituir uno angolo acuto de linee
rette che [ia piu uicino a I’angolo retto di lui, ne ancora tanto uicino quanto lui
(come [i proua [opra la 15 del 3 de Euclide) [eguita adonque che tai propofitioni,
ouer argumentationi [empre (e uerificano. In quanto al enfo in quel termine, ouer
qualita media che giace fra due qualita contrarie in proprieta, ouer in effetti, cioé
che egualmente participa di cadauna di quelle. Et per non [tar in vn [olo eBempio
pigliamo quelt’altro. Il [ole girando continuamente per il zodiaco ne da alcune
volte 1i giorni maggiori della notte, et alcune altre nelli da minori. Onde per le
dette propolitioni, ouer argumentationi [eguiria che in alcun tempo, ouer luoco,
ne douelle dar un giorno eguale alla notte, la qual cofa eBendo vera [e uerificara
al [enlo, et all’intelletto in quello tempo, ouer in quel loco medio fra li dui tempi,
ouer luochi maflimamente contrarij in tai effetti (li quai dui luochi maBSimamente
contrarij ’uno {i ¢ il primo grada de cancer, ¢ I’altro [i ¢ il primo grado di capri-
corno, perche quando il [ole intra nel detto primo grado de cancer ne da il giorno
piu longhiBimo di la notte che in niun altro luoco, ouer tempo, et quando intra in
el primo grado di capricorno ne da il giorno piu cortilimo di la notte, che in niun
altro luoco. Ma il ponto medio fra questi dui eltremi in effetto contrarij I’uno faria
il primo grado di ariete e I’altro il primo grado de libra.) Ma [e la detta argumen-
tatione in quefto calo fara mendace. Dico che [imilmente la (e verificara ancora
lei (in quanto al senfo) in li preditti luochi medij come continuamente uedemo che
quando il fole intra in vn di dui praeditti luochi il giorno [e eguaglia alla notte,
et [e pur non (e egualia perfettamente (come approua) et bene (il Reuerendillimo
Cardinal Signor Pietro de Aliaco in la [elta queltione [opra Zuan di Sacrobulto)
tal differentia ¢ inlenfibile. Hor tornando adonque al nolftro propolfito. Perche
euidentemente [apemo che [e vn corpo egualmente graue fara eietto, ouer tirato
uiolentemente per il pian de I’orizonte quel andara a terminare il [uo moto vio-
lente piu [otto a ’orizonte che in qualunque modo eleuato, ma (e lo andaremo
elleuando pian piano [opra a 1’orizonte per vn tempo andara terminando il detto
[uo moto uiolente pur fotto a I’orizonte, ma continuando tal eleuatione euidente-
mente [apemo che a tempo terminara di [opra al detto orizonte, et poi quanto piu
[e andara eleuando tanto piu andara a terminare piu in alto (idelt piu lontano del
detto orizonte) ¢
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recognize it in the materiality [of the things]. This can only be known by means
of the intellect because it recognizes that the angle composed by the chord and
by the arc of the semicircle is so similar to a right angle that it is not possible
to compose an acute angle with two straight lines more similar to a right angle
than the first one and neither as similar as the first one (as is proved using the
fifteenth [proposition] of third [book] of Euclid). Therefore, it follows that such
propositions or arguments are always verified by the senses in the same way, that
is, [they are verified] as the middle quality among two contrary qualities and this
[middle quality] has the same characteristics or effects of them, that is, it shares
those [characteristics] equally with each of those [contrary qualities]. In order
to have not only one example, we will furnish a second one. Revolving contin-
uously along the Zodiac, the Sun sometimes makes days longer than nights and
sometimes days shorter than nights. Therefore, based on the mentioned proposi-
tions or arguments, it follows that at a certain time or place, [the Sun] should be
able to make a day that is equal to the night. If this is true, it can be verified by
the senses and the intellect at that certain time or in that certain place which is in
the middle of the two times or places that are maximally contrary to each other
in reference to these effects (these two places, maximally contrary to each other,
are the first degree of Cancer and the first degree of Capricorn. Because when
the Sun enters the mentioned first degree of Cancer, it makes the longest day in
comparison to the night than in any other place or time. When it enters the first
degree of Capricorn, it creates the shortest day in comparison to the night than in
any other place. The point that lies in between these two extremes and contrary
effects is both the first degree of Aries and, the other the first degree of Libra).
But, if the mentioned argument is mendacious, I say that it is nevertheless verified
(concerning the senses) at the above-mentioned middle places as we constantly
see that when the Sun enters one of the above-mentioned places, the day is equal
to the night and, also if they are not perfectly equal to each other (as is proved by
the Most Reverend Cardinal Lord Petrus Alliacus in the sixth question on Gio-
vanni Sacrobosco), such a difference is not recognized by the senses. Now we
will go back to what we want to show. We clearly know that if an equally heavy
body is ejected or thrown violently along the plane of the horizon, it ends its vi-
olent motion at the lowest point below the horizon than [if it is] elevated in any
other way. But, if we slowly elevate it above the horizon, for a while it will end its
mentioned violent motion also below the horizon. But, if we keep increasing such
elevation, we clearly know that at a certain point it will end above the mentioned
horizon and the more it is elevated, the higher [above the plane of the horizon] it
will end (that is, the farthest from the mentioned horizon).
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finalmente giongendo alla perpendicolare [opra al orizonte (cio¢ che tal fuo moto,
ouer tranfito [ia retto [opra a 1’orizonte) quel terminara piu in alto ouer piu lon-
tan di fopra del detto piano del orizonte che in qualunque modo elleuato. Onde
[eguiria per le antedette propolitioni, ouer argumentationi, che gli [ia una elleua-
tione coli conditionata che’l debbia far terminare precifamente in el proprio piano
del orizonte, la qual argumentatione ellendo vera [e verificara realmente al fenfo
ancora al intelletto in quella eleuatione che ¢ media fra quelle due malimamente
contrarie in terminatione (cio¢ fra quella che ¢ per il piano del orizonte e quella
che ¢ retta [opra al orizonte, perche I’una fa andare a terminare il detto
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Finally, once it arrives at the perpendicular above the horizon (so that its motion or
transit is straight and at a right angle above the horizon), it ends at the highest and
farthest [point] above the mentioned plane of the horizon than [if it is] elevated
in any other way. From this and according to the above-mentioned propositions
and arguments, it follows that there is an elevation characterized so that it ends
precisely above the plane of the horizon.%” If this argument is true, it is verified
in reality by the senses and also by the intellect at that elevation at the middle
[point] of those two maximally contrary to each other concerning their ends (that
is, the one that is along the plane of the horizon and the one directly above the
horizon, because the first lets the mentioned

7For a better understanding of Tartaglia’s argument, it should be considered that the violent motion
is the composition of the straight and curved parts.
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corpo di moto uiolente piu di [otto, et 1’altra piu difopra al orizonte, che in qualun-
que modo elleuato) et quefta eleuation media ¢ quando il detto tran(ito, ouer moto
uiolente d’un corpo egualmente graue ¢ elleuato alli 45 gradi [opra al orizonte
(cioe quando la parte retta di quello diuide I’angolo retto caufato dalla perpendi-
colare [opra al orizonte con el [emidiametro del orizonte in due parti eguale) Ma
[e la detta argumentatione fulle mendace (per 1’aduerfario geometrico) Se veri-
ficara pur ancora lei (in quanto al [enfo) in la detta eleuation media, cio¢ alli 45
gradi [opra a I’orizonte, [e’l corpo adonque eietto, ouer tirato talmente che faccia
il tranfito (uo elleuato 45 gradi [opra al orizonte, terminara il fuo moto violente
in el proprio pian del orizonte, et lo effetto che fara in el detto piano [ara il piu
lontano dal fuo principio (per la quarta suppolitione) che far pofla fopra al pian
del orizonte, in altro modo elleuato, eietto, ouer tirato dalla medema pollanza che
¢ il propolito.

Correlario.

Da quefta propolfitione, et dalla ultima del primo, {e manifefta qual-
mente un corpo egualmente graue nel moto uiolente elleuato alli 45
gradi [opra al orizonte fara menor effetto nel pian de 1’orizonte che
in qualunque altro modo elleuato.

Propolitione. IX.

Se una medema pollanza mouente eiettara, ouer tirara dui corpi
egualmente graui [imili, et eguali I’uno elleuato alli 45 gradi fopra al
orizonte, e 1’altro per il pian del orizonte. La parte retta dil tran(ito
di quello che fara elleuato alli 45 gradi [opra al orizonte, [ara circa a
quadrupla della parte retta di I’altro.
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body [that travels] with violent motion end at the lowest [point] and the other
at the highest [point] in comparison to the horizon than [if it is] elevated in any
other way). This middle elevation occurs when the mentioned transit or violent
motion of an equally heavy body is elevated at 45 degrees above the horizon (that
is, when its straight part divides the right angle, composed by the perpendicular
above the horizon and the semidiameter of the horizon, into two equal parts).
If the mentioned argument is mendacious (for the opposing geometer), it is still
verified (in reference to the senses) at that mentioned middle elevation, that is, at
45 degrees above the horizon. Therefore, if the body is ejected or thrown so that it
accomplishes its transit at an elevation of 45 degrees above the horizon, it ends its
violent motion above its own plane of the horizon and the effect that it produces
above the mentioned plane is the farthest away from its beginning (because of the
fourth supposition) that it can produce above the plane of the horizon and than in
any other way elevated, ejected or thrown by the same moving power, which was
to be shown.

Corollary.

From this proposition and from the last of the first [book], it is mani-
fest that an equally heavy body with a violent motion at an elevation
of 45 degrees above the horizon produces a smaller effect above the
plane of the horizon than [if it were] elevated in any other way.

Ninth proposition.

If the same moving power ejects or throws two equally heavy bodies
similar and equal to each other, the first elevated at 45 degrees above
the horizon and the other along the plane of the horizon, the straight
part of the transit of the one elevated at 45 degrees above the horizon
is about quadruple the straight part of the other.
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Per dimoltrare quelta propolitione, pigliaremo per fuppolito quello che in el prin-
cipio diceBimo hauer trouato, cio¢ che la diftantia dil tranfito, ouer moto uiolente
elleuato alli 45 gradi [opra a I’orizonte eller circa a decupla al tranfito retto, fatto
per il pian del orizonte, che dal vulgo ¢ detto tirar de ponto in bianco, la qual
proportione [e uedera coli effere nel quarto libro doue [e dara in numeri 1’ordine,
et la proportione di crelcer e calar di tiri de ogni [orte machine. Sia adonque il
[emidiametro del orizonte la linea AB ella perpendicolar del detto orizonte la li-
nea CAD et il tranfito d’un corpo egualmente graue fatto per il pian del orizonte
la linea AEFG la parte retta dil quale [ia la linea AE et la curua la linea EF et il
tranfito di moto natural la linea FG. Et il tranfito d’un altro corpo [imile et egual
al primo, e dalla medema poBlanza tirato
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To demonstrate this proposition, we assume what we said to have found at the
beginning, that is, that the distance®® of the transit or violent motion elevated at
45 degrees above the horizon is ten times the straight transit accomplished along
the horizon, which is called shooting point blank in common parlance. This ratio
is later shown to be true in the fourth book where the order and the ratios of the
increasing and decreasing shots of each sort of machine are shown by means of
numbers. Thus, let line AB be the semidiameter of the horizon and line CAD
the perpendicular of the mentioned horizon. Let line AEFG be the transit of an
equally heavy body accomplished along the plane of the horizon, whose straight
part is the line AE and curved [part] the line EF and the transit of natural motion
the line FG. Then, let there be the transit of the other body, similar and equal to
the first, thrown by the same power.

68<Distance” should be understood as range.
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elleuato alli 45 gradi [opra a I’orizonte, la linea AHIK la parte retta dil quale [ia la
linea AH et la curua la linea HI tran(ito di moto naturale la linea IK et la diltantia la
linea AEI la qual diftantia uien a effer per il femidiametro del orizonte. Dico che la
parte retta AH ¢ circa a quadrupla della parte retta AE. Perche produro il tranfito
naturale IK et la parte retta AH tanto che concorrano infieme in ponto L et perche
il femidiametro AB [ega orthogonalmente il tran(ito naturale IK in ponto I (per la
decimaottaua del 3 de Euclide) quel andafle per il centro dil cerchio donde deriua
la parte curua HI. Compiro adonque (per la 24 del 3 di Euclide) il detto cerchio
donde deriua la detta parte curua HI qual [ia HIMN et dal ponto A (per la 16 del
3 di Euclide) ducero una linea contingente al detto cerchio, quala pongo fia AM
et quella produro in diretto fin a tanto che la concorra con il tranfito natural IK in
ponto O et fara conltituido il triangolo ALO hor dalli dui ponti H et M al centro del
cerchio (qual pongo fia P) duco le due linee HP et MP (le qual (aranno eguale fra
loro[)] (per la diffinitione dil cerchio polfta da Euclide nel I) Similmente la linea
AH (per la 35 del terzo de Euclide) [ara eguale alla linea AM et I’angolo PHA [(ara
eguale a I’angolo PMA perche 1’uno e I’altro e retto (per la 17 del 3 di Euclide)
e la bala AP ¢ comuna a I’uno e I’altro di dui triangoli AHP et AMP onde (per
la 8 del I de Euclide) li detti dui triangoli faranno equiangoli, et perche I’angolo
HAP e mezzo angolo retto (per eller la mita de I’angolo CAP dal profuppolito)
adunque 1’angolo APH (per la 2 parte della 32 del I de Euclide) fara ancora lui
mezzo angolo retto. Seguita adonque, che I’angolo MAP de I’altro triangolo [ia
ancora lui la mita d’un angolo retto, per il che tutto 1’angolo HMA del triangolo
ALO f[ara retto, et perche langolo ALO ¢ mezzo angolo retto (per effer eguale a
I’angolo alterno LAC[)] (per la 29 del I de Euclide) Seguita (per la 2 parte della
trigefimaleconda del I de Euclide) che I’altro angolo LOA (ia ancora lui mezzo
angolo retto, onde (per la 6 del I de Euclide) lo lato AL fara eguale al lato AO per
il che tutto il detto triangolo ALO uien a eller mezzo un quadrato et la distantia
Al uien a eller la perpendicolar del detto triangolo ALO ancora uien a eller egual
alla mita della bala LO cioe al LI
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elevated at 45 degrees above the horizon, AHIK, whose straight part is line AH,
the curved [part] line HI and the transit of natural motion line IK. Let line AEI be
the distance along the semidiameter of the horizon. I say that the straight part AH
is about four times as long as the straight part AE. I prolong the natural transit
IK and the straight part AH so that they meet at point L. Since the semidiameter
AB orthogonally cuts the natural transit IK at point I (because of the eighteenth
[proposition] of the third [book] of Euclid), it crosses the center of the circle, from
which the curved part HI derives. I therefore draw (because of the twenty-fourth
[proposition] of the third [book] of Euclid) the mentioned circle from which the
curved part HI derives and this is HIMN. From point A (because of the sixteenth
[proposition] of the third [book] of Euclid), I produce a line tangent to the men-
tioned circle, and this is AM. I then prolong this line so that it meets the natural
transit IK at point O. As a result, the triangle ALO is produced. Now, from points
H and M to the center of the circle (which I call P) I produce the two lines HP
and MP (which are equal to each other[)] (because of the definition of the circle
given by Euclid in the first [book]). Likewise, line AH (because of the thirty-fifth
[proposition] of the third [book] of Euclid) is equal to line AM and angle PHA is
equal to angle PMA, because both are right [angles] (because of the seventeenth
[proposition] of the third [book] of Euclid). Since line AP is the common base
to both triangles AHP and AMP, therefore (because of the eighth [proposition]
of the first [book] of Euclid), the mentioned two triangles have the same angles.
Because angle HAP is half of a right angle (because it is half of the angle CAP
defined in the supposition), angle APH (because of the second part of the thirty-
second [proposition] of the first [book] of Euclid) is therefore also half of a right
angle. From this it follows that angle MAP of the other triangle is also half of
a right angle and therefore the entire angle HAM of the triangle ALO is right.
Since angle ALO is half of a right angle (because it is equal to the opposite angle
LAC])] and (because of the twenty-ninth [proposition] of the first [book] of Eu-
clid), it follows (because of the second part of the thirty-second [proposition] of
the first [book] of Euclid) that the other angle LOA is also half of a right angle.
Therefore (because of the sixth [proposition] of the first [book] of Euclid), side
AL is equal to side AO and thus the entire mentioned triangle ALO is half of a
square and so the distance Al corresponds to the perpendicular of the mentioned
triangle ALO and therefore it is also equal to half of the base LO, that is, to LI.
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et perche la detta distantia Al € [uppolta efler decupla alla retta AE cioe diefe uolte
tanto quanto ¢ laretta AE onde larea del triangolo ALO (per la quadrage(imaprima
del I de Euclide) ueneria a efler 100 cio¢ 100 quadrati della retta AE (la quale
fumemo in quelto loco per mifura di quello che [e ha a dire) et lo lato AL ueria a
eflfer la radice quadrata de 200 (per la penultima del I de Euclide) et [imilmente
I”altro lato AO. hor uolendo faper per numero la quantita della retta AH prima-
mente del centro P duceremo le due linee PL et PO procederemo per algebra, po-
nendo che il [emidiametro del cerchio fia una cofa, et perche il detto [emidiametro
uien a effer la perpendicolar del triangolo PLO (fopra la bala LO) et [imilmente del
triangolo APL (fopra la bala AL) et fimilmente del triangolo APO (fopra la bala
AO) le quai perpendicolare fono PI, PH et PM hor trouaremo 1’area de cadauno
di detti tre triangoli (per la [ua regola) multiplicando la perpendicolare contra la
mita della bala, ouer la mita della perpendicolar contra a tutta la bafa, onde mul-
tiplicando PI (che ¢ polto eller una cola) fia la mita di LO che ¢ 10 fara 10 cole
per I’area
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Since the mentioned distance Al is assumed to be tenfold the straight line AE,
that is, ten times the length of the straight line AE, the area of the triangle ALO
(because of the forty-first [proposition] of the first [book] of Euclid) therefore
becomes 100, that is, 100 squares of the straight line AE (which we assume here
to be the fundamental measurement of what has to be demonstrated) and side AL
corresponds to the square root of 200 (because of the penultimate [proposition]
of the first [book] of Euclid) and similarly the other side AO. Now, if we want to
know the measurement of the straight line AH by means of numbers, we first of
all produce two lines PL and PO from the center P and then proceed algebraically.
We assume that the semidiameter of the circle is one cosa.%® Since the mentioned
semidiameter corresponds to the perpendicular of triangle PLO (to the base LO)
and, likewise, of triangle APL (to the base AL) and, likewise, of triangle APO
(to the base AO), and these perpendiculars are PI, PH and PM, we find the area
of each of the mentioned three triangles (according to the appropriate rule) by
multiplying the perpendicular with half of the base, or [by multiplying] half of
the perpendicular with the entire base. Therefore, by multiplying PI (which is
assumed to be one cosa) with half of LO, which is 10, it makes 10 cose for the
area

69During the Renaissance and in the framework of algebra, Italian mathematicians used the term
“cosa,” which means “thing,” to express what nowadays would be defined as the “unknown” or simply
“x.” Given this peculiarity, the term will not be translated but left as it is and set in italics.
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del triangolo PLO la qual [aluaremo da parte, da poi multiplicaremo la perpen-
dicolare PH (che ¢ pur una cofa) fia la mita de AL che [ara Radice 50 ne uenira
Radice de 50 cenli (per I’area del triangolo APL[)] la qual poneremo da canto a
prello di I’altra che faluaflemo, da poi trouaremo [imilmente I’area de 1’altro tri-
angolo APO la quale [ara pur la Radice de 50 cenli (i come fu di I’altro (perche le
bale fono eguale, cioe che cadauna e Radice 200) hor [umaremo infieme queste
tre aree, faranno in [uma radice 200 cenli piu 10 cole, et quefta [uma (ara eguale
a l’area de tutto il triangolo ALO la qual ¢ 100 onde leuando quella Radice de
20079 cenli et restorando le parti et reccando a un cenfo haueremo vno cenlo piu
20 cole egual a 100 onde feguendo il capitolo trouamo la cola ualer Radice 200
men 10 et tanto fu lo [emidiametro del cerchio, cio¢ la linea PH ouer PI ouer PM
et perche la linea AH ¢ eguale alla linea HP (come di [opra fu dimoltrato) [eguita
adonque che la detta linea AH fia anchor lei Radice 200 men 10 il qual reliduo
faria circa 47 onde la detta retta AH uenneria a effer circa a quatro uolte tanto ¢
vn fettimo della retta AE che ¢ il propolito.

Correlario.

Da quelto (e manifelta qualmente un corpo egualmente graue da una
medema pollanza eietto, ouer tirato uiolentemente per aere: ua piu
per retta linea per un uerfo, che per un altro, et confequentemente fa
maggior effetto.

FINE DEL SECONDO LIBRO.

70La stampa del 1558 riporta erroneamente “290” al posto di “200.”
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of triangle PLO, and we set this result aside. Then, we multiply the perpendicular
PH (which is also [equal] to one cosa) with half of AL, which is the square root
of 50. It makes the square root of 50 censi’! (for the area of triangle APL[)],
which we set aside together with the other that we have already set aside. Then
similarly, we find the area of the other triangle APO, which is also the square root
of 50 censi, like the result of the other (because the bases are equal to each other,
that is, both are square roots of 200). Now we sum up these three areas and these
results into the square root of 200 censi plus 10 cose. This sum is equal to the area
of the entire triangle ALO, which is 100. Therefore, by raising the square root
of 200 censi,” by rounding the parts”? and reducing them to one censo, we have
one censo plus 20 cose equal to 100. By following the procedure, we therefore
find that one cosa is the square root of 200 minus 10 and this is the semidiameter
of the circle, that is, line PH, PI or PM. Since line AH is equal to line HP (as
demonstrated above), it follows that the mentioned line AH is also the square
root of 200 minus 10 and the result of this is about 4. Therefore, the mentioned
line AH is about four times and one seventh the straight line AE, which was to be
demonstrated.

Corollary.

From this, it is manifested that an equally heavy body ejected or
thrown violently through the air by the same power moves farther
along a straight line in one direction than in another and, therefore,
it produces a greater effect.

END OF THE SECOND BOOK.

TLA “censo” is the product of a cosa by itself, or the square.
72The 1558 print run mistakenly reads 290.
73The decimals are eliminated by rounding up or down.
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Third Book

COMINCIA IL TERZO LIBRO DELLA NOVA SCIENTIA DI NICOLO
TARTAGLIA BRISCIANO.

Diffinitione. Prima.

ORizonte (in quefto luoco) ¢ detto quel piano circolare che diuide
(non [olamente) lo hemilperio inferiore dal fuperiore, ma anchor a
locchio rifguardante alcuna cofa apparente in due parti eguali, et ¢
concentrico con quello.

Diffinitione. II.

Perfetto piano (e chiama qualunque [pacio terreo, che procede, ouer
che [e iftende egualmente diftante al pian de 1’orizonte, di [otto a eflo
orizonte.

Diffinitione. III.

L’altezza delle cole apparente ¢ la perpendicolare dutta dalla uer-
tice di cadauna di quelle, alla bafla, ouer piano terreo doue efle [e
ripollano.

Diffinitione. IIII.

Diltantia ipothumil(lale, ouer diametrale, ¢ quella, che ¢ per retta linea
dal occhio rifguardante, alla uertice di qualunque altezza apparente].]

Diffinitione. V.

Diftantia orizontale ¢ quella che ¢ per retta linea dal occhio
rifguardante, a alcuna cofa apparente che [ia in el pian del orizonte.
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THE THIRD BOOK OF THE NOVA SCIENTIA OF NICOLO TARTAGLIA
STARTS.

First definition.

The horizon (in this place) is said to be the circular plane which (not
only) divides the hemispheres into the lower and upper ones, but also
the eye while targeting a certain perceptible object. This eye is di-
vided into two equal parts and is also concentric to the horizon.

Second definition.

A perfect plane is said to be whichever terrestrial space that expands
or extends equally far from the plane of the horizon and also below
the same horizon.

Third definition.

The height of perceptible objects is the perpendicular line drawn
from the highest point of each object to its base or to the terrestrial
plane on which the object stands.

Fourth definition.

The diametral distance, or hypotenuse, is that which connects,
by means of a straight line, the observing eye with the vertex of
whichever perceptible height.

Fifth definition.

The horizontal distance is that which connects, by means of a straight
line, the eye to whichever perceptible object that is above the plane
of the horizon.
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Propolitione. Prima.

Mi uoglio certificare in materia (e una data regola (ouer Rega) mate-
riale per deflignar linee rette ¢ giulta.

Sla la data Regola, ouer Rega A della quale mi uoglio certificare [ella ¢ giufta
per tirare et defignare artificialmente linee rette in ogni piana [uperficie, fegno li
dui ponti B et C picolini quanto fia poBibile luntani luno da laltro circa a tanto
quanto ¢ longa la data Regola, ouer Rega A come nel primo eflempio appare, da
poi acontio, ouer giufto la data Regola alli detti dui ponti [tante il corpo della detta
regola verfo mi, come nel fecondo ellempio [i uede, dapoi dal ponto A al ponto
B tiro leggiermente una linea [uttiliffima (econdo 1’ordine della data regola, fatto
quefto uolto la data regola da laltra banda della tirata linea, giultandola diligen-
temente alli detti dui ponti, come nel terzo eflfempio appare, et tiro leggiermente
un’altra linea dal detto ponto A al ponto B [utiliBima

B YRMO ESSEMBO. . € . ﬂ

B 3% ESSEMPIOl € A
U Em, 55, Eagewtio e Bl
k3 A g5 =
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fatto quelto leuo la detta regola, ouer rega et guardo diligentemente [e la linea
tirata a quelta [econda uolta congruille perfettamente [opra a quella, che fu tirata
alla prima, cioe che la fia in quella iftella, la qual cofa ellendo cofi diro, che la
detta regola, ouer rega ¢ giultiBima, ma quando che la linea tirata la [econda uolta
non congruelle perfettamente fopra a quella, che fu tirata prima, et che fra ['una
¢ I’altra [eralleno qualche [pacio, come in lo quarto elfempio appare, a I’hor diro
che tal regola in modo alcuno non ¢ giufta, ne le linee fignate, ouer tirate [(e-
condo ’ordine di quella non [ono rette, perche due linee rette non pono [ra I’'una
et I’altra [erare alcuna [uperficie (per la ultima petitione del primo di Euclide) che
¢ il propolito.
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First proposition.

I would like to deepen the subject matter of whether a given material
ruler for drawing straight lines is built properly.

Let there be a ruler A with which I would like to verify whether it is appropriate to
artificially draw lines that are straight on every plane surface. I draw two points
B and C as small as possible and distant from each other almost as much as the
length of the given ruler A, as is shown in the first example. Then I position the
ruler as close as possible to the points keeping the ruler on my side, as is shown
in the second example. Afterward, I draw a very thin faint line from point A to
point B following the side of the ruler. Once this is done, I turn the ruler on the
other side of the drawn line and I diligently position it as close as possible to the
two points, as appears in the third example. Then I draw another very thin faint
line from the mentioned point A to point B.

® RDMO ESSEMPIO. . € . [l

_ B 2% ESSEMPIOL € A
A U3, EREMEED
3 = g
B4, ESSEMPIO. - C L

Once this is done, I take away the mentioned ruler and I diligently observe whether
the second line is exactly on the first one or, in other terms, whether it stays within
that one. If this is the case, I will say that the mentioned ruler is very accurate.
But, if the second line is not exactly on the first and if there is some space between
the first and the second line, as appears in the fourth example, I will say that this
ruler is not accurate and that the lines drawn according to its sides are not straight,
because two straight lines cannot have any space between each other (based on
the last postulate of the first [book] of Euclid). This was our purpose.
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Propolitione. II.

Mi uoglio certificare in materia (e una propolta [quara materiale e
giulta.

SIa la detta [quara A. Dico che mi uoglio certificare s’ella ¢ giulta, et [e 1i an-
goli defignati [econdo I’ordine di quella [ono perfettamente retti, faccio in quefto
modo, defegno 1’angolo BCD [econdo I’ordine della detta [quara,

poi piglio un compaBo, et faccio centro il ponto C et [opra quello delcriuo il cer-
chio EFG maggior che [ia poBibile pur che non tranfilca fuora delle due linee CB
et CD ma che [eghi cadauna di quelle in li dui ponti EF fatto questo, piglio il
mio compalBo, et con diligentia guardo e ’arco FE ¢ precilamente il quarto della
circonferentia di tutto il detto cerchio, la qual cofa eBendo coli, diro che il detto
angolo C ¢ perfettamente retto (per la 2 propolitione del 2) e confequentemente la
[quara A eBer giusta (per la ottaua comuna [ententia del primo di Euclide) ma [e il
detto arco FE fara piu, ouer meno della quarta parte della circonferentia del detto
cerchio, diro che il detto angolo C in conto alcuno non ¢é retto ¢ confequentemente
la detta [quara A non ef3er giusta.

Propofitione. III.

Per un altro modo (per eller piu [icuro) mi uoglio certificare in ma-
teria [e la data [quara e giulta.
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Second proposition.

I would like to deepen the subject matter of whether a material set
square is correct.

Let there be the mentioned set square A. I say that I would like to verify whether
it is correct and if the angles designed in it are perfectly right too. I do this in the
following way. I draw the angle BCD according to the sides of the mentioned set
square.

Then I take a compass and I draw, with point C at the center, the circle EFG as
large as possible but I avoid drawing outside the lines CB and CD. Instead, the
circle has to meet these lines at points E and F. Once this is done, I take my
compass and I check whether arc FE is exactly one fourth of the circumference
of the mentioned entire circle. If this is the case, I will say that the mentioned
angle C is perfectly right (based on the second proposition of the second [book])
and, consequently, that the set square A is correct (based on the eighth common
sentence [axiom] of the first [book] of Euclid). But, if the mentioned arc FE is
longer or shorter than the fourth part of the circumference of the mentioned circle,
[ will say that the mentioned angle C cannot be right and therefore the mentioned
set square is not correct.

Third proposition.

I would like to verify by means of another method (in order to be
more certain) in reference to the subject matter of whether the given
set square is correct.
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Sla la data [quara A. Dico, che per effer piu [icuro mi uoglio per un’altro modo
certificare [e quella e giulta, delegno 1’angolo BCD [econdo ’ordine di quella,
poi dal ponto B al ponto D tiro la linea BD et quella diuido in due parti eguali in
ponto E elqual ponto E faccio centro, et [opra di quello delcriuo un femicerchio

fecondo la quantita della linea EB ouer ED qual fia BFGD fatto quefto guardo
diligentemente, [e la detta circonferentia BFGD andalle apponto per il ponto C la
qual cofa, elfendo cofi, diro che il detto angolo C (per la 30 del terzo di Euclide)
¢ perfettamente retto et conlequentemente la data [quara A effer giulta, ma [e la
detta circonferentia andalle quanto piu di fopra, ouer di [otto dal detto ponto C diro
ablolutamente, che il detto angolo C non ¢ retto e confequentemente la [quara A
non eller giulta, che ¢ il propolito.
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Let there be the set square A. 1 say that in order to be more certain, I would like
to verify whether it is correct by means of another method. I draw the angle BCD
according to its sides and then I draw the line BD from point B to point D. I then
divide this line into two equal parts at point E. Taking this point E as a center I
draw a semicircle

taking line EB or ED as the opening [of the compass]. The semicircle will be
BFGD. Once this is done, I diligently observe whether the mentioned circumfer-
ence BFGD meets point C exactly. If this is the case, I say that the mentioned
angle C (because of the thirtieth [proposition] of the third [book] of Euclid) is
perfectly right and, consequently, the given set square A is correct. But, if the
mentioned circumference runs either a little above or a little below the mentioned
point C, then I resolutely say that the mentioned angle C is not right and, conse-
quently, that the set square A is not correct. This was to be shown.
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Propofitione. IIII.

Anchora per un’altro modo mi uoglio certificare in materia [e la data
[quara ¢ giulta.

SIala data [quara A. Dico ancora (per eller piu [icuro) mi uoglio per un’altro modo
uerificare [e quella ¢ giulta defcriuo I’angolo BCD fecondo I’ordine di quella fatto
questo piglio il mio compallo, et appro quello talmente che la appritura polcia
intrare tre uolte in la linea CD [(Juel circa) et [econdo la detta appritura allegno
le tre parti CE, [E]F et FG et [econdo la medema appritura di compallo aflegno in
I’altra linea CB le quatro parti, ouer mifure CH, HI, IK, KL fatto quelto dal ponto
L al ponto G tiro la linea LG poi con diligentia guardo [e la detta
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Fourth proposition.

I would like to reverify the subject matter of whether the set square
is correct by means of another method.

Let there be the set square A. I say once more (in order to be more certain) that I
would like to verify whether the set square is correct by means of another method.
I draw the angle BCD according to its sides. Once this is done, I take the compass
and open it in such a way that its opening is set to be one third of the line CD [(Jor
almost). According to this opening, I mark the three segments CE, [E]F74 and
FG. Then, keeping the same opening of the compass, I mark the four segments or
distances CH, HI, IK, KL on the other line CB. Once this is done, I draw the line
LG from point L to point G. Then, I diligently observe whether the mentioned

74The correct reading is found in the 1537 edition only.
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linea LG ¢ precifamente cinque milure, ouer appriture del detto mio compallo,
la qual cofa effendo colfi, diro che il detto angolo C (per la ultima del primo di
Euclide) ¢ perfettamente retto, et confequentemente la [quara A eller giulta, ma [e
la detta linea LG [ara piu, ouer manco de cinque appriture del detto mio compallo,
diro ablolutamente che il detto angolo C non efler retto e confequentemente la
[quara A non efler giulta, che ¢ il propolito.

Propolitione. V.

Mi uoglio certificare in materia (e un dato quadrangolo equilatero e
perfetto quadro.

SIa il quadrangolo ABCD equilatero, cioe che li quatro lati AB, BC, CD et DA
[iano eguali, dico che mi uoglio certificare [e il detto quadrangolo ¢ perfetto
quadro, tiro in quello i dui diametri AC et BD li quali [e interfegano in ponto
E poi piglio il mio compallo, et faccio il ponto E centro, et delcriuo un cerchio
fecondo la quantita de EA ouer de EB da poi con diligentia guardo [e la circon-
ferentia del detto cerchio andalle precifamente per le quatro iltremita di quatro
angoli A, B, C, D del detto quadrangolo, et (e la detta circonferentia andara pon-
talmente per le dette iltremita diro, che il detto quadrangolo (per la 30 del terzo de
Euclide) f(ara rettangolo, et conlequentemente perfetto quadro. Ma (e per calo la
detta circonferentia non andara pontalmente per tutte le dette quatro iftremita, diro
ablolutamente, che il detto quadrangolo non efler rettangolo, et confequentemente
quel non efler perfetto quadro, che ¢ il propolito.
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line LG is precisely as long as five such distances or openings of the mentioned
compass of mine. If this is the case, I will say that the mentioned angle C (based
on the last [proposition] of the first [book] of Euclid) is perfectly right and, con-
sequently, the set square A is correct. But, if the mentioned line LG is longer or
shorter than the five openings of the mentioned compass of mine, I will resolutely
say that the mentioned angle C is not right and, consequently, that the set square
A is not correct. This was to be shown.

Fifth proposition.

I would like to verify the subject matter of whether an equilateral
quadrangle is perfectly square.

Let the quadrangle ABCD be equilateral, namely with four equal sides AB, BC,
CD and DA. T say that I would like to verify whether the mentioned quadran-
gle is perfectly square. Inside this square, I draw the two [diagonals] AC and
BD, which meet at point E. Then I take my compass and, with point E as the
center, | draw a circle according to the distance EA or EB. Then, I diligently
observe whether the circumference of the mentioned circle precisely meets the
four extremities of the four angles A, B, C, D of the mentioned quadrangle. If the
mentioned circumference precisely meets those mentioned points, I will say that
the mentioned quadrangle (based on the thirtieth [proposition] of the third [book]
of Euclid) is rectangular and, consequently, perfectly square. But, if it happens
that the mentioned circumference does not precisely meet the mentioned four ex-
tremities, I will resolutely say that the mentioned quadrangle is not rectangular
and, consequently, not perfectly square. This was to be shown.
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Propolfitione. VI.

Mi uoglio fabricar uno iltrumento che mi ferua a liuelar un piano,
et ancora a conolcerlo con lalpetto, le altezze, larghezze profundita,
diftantie hipotumil(lale, et horizontale delle cofe apparente, et che an-
cora con facilita me lo pofla accomodar da inueltigar la varieta di tiri
de cadauno pezzo de artegliaria, et [imilmente de ogni mortaro.
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Sixth proposition.

I would like to manufacture an instrument for myself that I can use
to level the ground and to analyze it by sight and [to measure] the
heights, widths, depths, and diametral and horizontal distances of
perceptible objects. This instrument should also be easily usable to
investigate the variety of shots” of each piece of artillery and, simi-
larly, of each mortar.

75“Variety of shots” means here elevations of shots.
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Piglio una lamina di alcun metallo ben piana grofla una bona colta di cortello,
ouer una tauoletta di alcun legno [odo e ben [ecco grolla al men un dedo groflo,
et con una rega, et [quadra giusta, ne cauo della detta lamina, ouer tauoletta una
[quadra alla [imilitudine della infralcritta ABC, DEF che habbia interchiufo uno
perfettifimo quadro alla [imilitudine del quadro EGHI et luntano una colta di
cortello, uel circa da 1i dui lati GH et HI tiro tre linee luntane I’una da I’altra un
dedo groflo, uel circa equidiltante alli detti dui lati GH et HI et cadauna di quelle
due che fono propinque alli detti dui lati HG et HI diuido in 12 parti eguali et dal
angolo E a cadauno delli detti 12 e 12 diuifioni, ouer ponti, tiro le linee diuidente
li fpaci, che interchiude le tre, e tre linee equidistanti alli dui lati GH et HI in 12
[paci eguali, et cofi haro compita la figura gnomonica KHL diuifa in 12 e 12 parti
eguali, la qual figura dalli antiqui e chiamata [chala altimetria, et la parte HL ¢é
detta ombra retta, et la parte HK e chiamata ombra uerfa, et la linea HE (cioé il
diametro del quadro) ¢ detta linea de ’ombra media, et la diuifione I de I’ombra
retta [e chiama il primo ponto
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I take a foil of a certain metal, flat and as wide as the blade of a knife, or I take
a wooden board, hard and thoroughly dried and as wide as a thumb. By means
of a correct ruler and a correct set square, I produce, from the mentioned metal
foil or board, a set square that looks like the drawn one ABC, DEF and contains a
very perfect quadrant that looks like the quadrant EGHI. Within the space of the
width of a blade of a knife, close to the two sides GH and HI, I draw three lines
the space of a thumb distant from each other and equidistant from the mentioned
sides GH and HI. I divide each of the two lines, which are closer to the mentioned
sides GH and HI, into twelve equal parts and then I draw lines from angle E to
each of these twelve and to twelve segments, or points. These lines divide the
spaces that contain the [first] and the other three lines, which are equidistant from
sides GH and HI, into twelve equal spaces.”® In this way, the gnomonic figure
KHL is accomplished and is divided into twelve and into another twelve equal
parts. This figure was called altimetric scale by the ancients. Side HL is called
the vertical shadow and side HK is called the horizontal shadow. Line HE (that
is, the diameter of the quadrant) is called middle line of the shadow. Portion 1 of
the vertical shadow is called the first point

76These spaces are the areas of the triangles with point E as vertex.
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della ombra retta, et la diuilione 2 il [econdo ponto, et cofi dilcorrendo nelle al-
tre diuifioni della ombra retta e [imilmente la diuifione prima della ombra uerla
[e dice il primo ponto della ombra uerfa e cofi la diuifione 2 [e dice il [econdo
ponto della ombra uer(a, et coli difcorrendo nelle altre diuifioni. Hor per compir
questo noftro istromento [opra la gamba BC de fuorauia allettaro le due laminette
preforate M, N talmente che li dui forami fiano in retta linea ancora egualmente
diltanti dal piano BC et faro li detti forami picoli che apena il raggio uiluale gli
polla andare, et per quelli ueder la [umita delle cole apparente, da poi fillaro un
ferretto perpendicolarmente in ponto E et a quello gli atacaro il perpendicolo, ouer
piombino EO et fara compito il detto iltromento che ¢ il propofito.
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of the vertical shadow and portion 2 is the second point and so it can be continued
concerning the other portions of the vertical shadow. Similarly, the first portion of
the horizontal shadow is called the first point of the horizontal shadow, and this,
the second portion, is called the second point of the horizontal shadow and so it
can be continued concerning the other portions. Now, in order to accomplish the
building of our instrument, I will assemble on the external side of the leg BC two
perforated small foils M and N in such a way that the two holes are on a straight
line always equally distant from plane BC. I will make the holes just small enough
to allow a visual ray to pass through so that the top of the perceptible objects can
be seen. Then, I fix a small piece of iron perpendicularly at point E and will hang
the plumb line EO from it. The instrument will then be completed. This was to
be shown.
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Correttione del Authore.

Clalcaduna cofa da poi, che ¢ fatta, (e la fulle da fare molto meglio [e faria, e
per tanto dico che in luoco di quelle due laminette preforate M et N molto piu
iultamente refpondera, et [eruira facendo fare uno canaletto picollino, con un
pi[r]on[c]ino, accio atto, nella banda de [otto della gamba FB qual uada retta-
mente dal ponto F al ponto P et questo [i debbe fare auanti che [ia incolato la
detta gamba FB [opra il quadrato GHIE et dapoi fatto il detto canaletto incollar
la detta gamba al [uo luoco, et da poi incollar una liltetina [ottila del medefimo
legno, nella
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Correction of the author.”’

If then each thing that has been made has to be made even better, I say that instead
of those small perforated foils M and N, it would work more precisely if a small
pipe were made with a very small pivot, and therefore apt to be fixed on the
internal side of the leg FB and in a way that goes straight from point F to point P.
This should be accomplished before the leg FB is glued on to the quadrant GHIE.
Once the mentioned small pipe is glued on to the mentioned leg at its proper place,
a small and thin strip of the same wood is glued over

7TThe paragraph entitled “Correction of the author” was added in the 1550 edition.
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parte IF per couerzer quella parte del detto canaletto che iui [era, el qual canaletto
perche uenira a pallare rettamente [otto al centro E doue ua attacato il perpendi-
colo, ouer piombino, molto piu iuftamente ne [eruira nelle nostre operationi, di
quello fara le dette due laminette, come detto difopra, et mafliime doue bilogna
tralportar liftrumento da un luoco in un’altro, come occorre nella decima propofi-
tione di quefto. Anchor bilogna notar, che uolendo far quefta (quadra de legno, la
[i debbe far di legno di anciprello a tento, che ho ritrouato quello non far mai [enfi-
bile mutatione, ne per humidita ne per [cicita, et dapoi defignar la detta [quadra
in carta, et incollarla [opra a quella di legno.

Oltra di quelto bifogna notare, che quanto piu [ara maggiore quefto iltro-
mento, tanto piu [ara atto a dar la cofa piu giulta, et in uero il quadrato GHIE non
uoria effer men di una [panna per lato, talmente che cadauno delli detti 12 et 12
ponti della ombra retta, et uerfa [e poBino diuidere in altre 12 et 12 parti [econdo
il medefimo modo le quai parti fe chiamariano minuti, tal che il detto quadro ue-
ria a efler poi 144 minuti per fazza, li quali [eruiranno molto piu pontalmente, et
[ottilmente di quello faria [olamente con le 12 prime diuifioni.

Propolitione. VII.
Voglio liuelar un [pacio terreo, et conolcer [e quello e perfetto piano.

SIa il [patio terreo la linea AB. Dico che uoglio liuellar il detto [pacio, et certifi-
carme [e eglie perfetto piano, apofto un ponto in qualche cola elleuata perpendi-
colarmente fopra il pian del orizonte, et [ia il ponto C poi piglio il
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part IF of the mentioned small pipe so that the pipe will remain straight below
the center and the plumb line will hang. This construction allows more precision
in our operations than the above-mentioned solution of the two small foils, espe-
cially if there is the need to transport the instrument from one place to another,
as will be described in the tenth proposition of this work. It should also be noted
that if the instrument is made of wood, then cypress wood should be used be-
cause it does not change due to humidity or dryness, as I found. In this case, the
mentioned set square is drawn on paper and then glued on to the wooden square.

Moreover, it has to be noted that the larger the instrument, the more precisely
it operates. The side of the quadrant GHIE should not be smaller than a span so
that each of the mentioned twelve, and the other twelve points of the vertical
shadow and of the horizontal shadow can be divided into a further twelve and
twelve portions according to the same method. These smaller portions are called
minutes and the mentioned quadrant would be divided into 144 minutes on each
side. This solution offers higher precision than the one reached using only twelve
portions.

Seventh proposition.
I would like to level the ground and know whether it is perfectly flat.

Let the line AB be the ground. I say that I would like to level the mentioned space
and verify whether it is perfectly flat. I take a point over an object that is elevated
perpendicularly over the plane of the horizon. Let this point be C. I then take
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mio istromento, et lo alletto, ouer acconcio fiBamente in qualche cola [tabile tal-
mente che lo perpendicolo EO cada precifamente [opra il lato EG del quadrato,
cioe fopra la linea EGD et poi lo alzo ouer abbal3o, talmente che per li forami MN
ueda il ponto C [atto quelto, mifuro diligentemente quanto ¢ dal mio occhio, ouer
dal forame N perpendicolarmente in terra (cioé quanto ¢é la linea NA) et [imil-
mente mifuro quanto ¢ dal ponto C perpendicolarmente a terra (cio¢ quanto ¢ la
linea CBJ)] et [e trouo che la detta linea CB [ia eguale al la linea NA et che il detto
piano fe distenda dalla banda deltra, et dalla finiftra fecondo ’ordine della linea
AB diro che il detto piano AB [ara perfetto piano, perche la linea AB che andalle
per quello (per la trigefimaterza del primo di Euclide) [ara equidiltante alla linea
NC che andaBe per il piano de lorizonte, conlequentemente il detto piano donde
andafe la detta linea AB [ara equidiftante (per la decimaquarta del II di Euclide)
al pian del orizonte, ma [e la linea CB [ara maggiore della linea NA diro che il
detto piano terreo [ara piu ballo uerfo B che uerfo A et & conuerlo, (e la linea CB
[ara minore della linea NA diro che il detto piano terreo [ara piu alto uerfo B che
uerfo A et con lo medemo ordine procedero dalla banda deftra, et dalla [inistra
uolendome certificare [e circum circa [e iltende [econdo la detta linea AB che ¢ il
propofito.

Propolfitione. VIII.

Voglio inueltigare ’altezza de una cola apparente, alla qual (i po-
[ci andare alla bala, ouer fondamento di quella, et tutto a un tempo
uoglio comprehendere la diftantia ypothumiflale, ouer diametrale di
tal altezza.
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my instrument’® and position it or fix it stably over something so that the plumb
line EO falls precisely over side EG of the quadrant, that is, over line EGD. I then
lift it up or lower it to be able to see point C through the holes M and N. Once this
is done, I diligently measure the distance between my eye, or the hole N, and the
point where the perpendicular line from N meets the ground (that is, the length of
the line NA). Similarly, I measure the distance between point C and the point of
the perpendicular line from this point and the ground (that is, the length of the line
CB[)]. Thus, if I find that the mentioned line CB is equal to the line NA and that
the mentioned ground extends on the right and left sides according to the line AB,
I say that the mentioned ground AB is perfectly flat. This is because the line AB
that lies on the ground (based on the thirty-third [proposition] of the first [book]
of Euclid) is equidistant to the line NC that lies over the plane of the horizon.
Consequently, the mentioned ground through which line AB passes is equidistant
(based on the fourteenth [proposition] of the eleventh [book] of Euclid) to the
plane of the horizon. But if line CB is longer than line NA, I will say that the
mentioned ground is lower toward B than toward A and, conversely, if line CB is
shorter than line NA, I will say that the mentioned ground is higher toward B than
toward A. According to the same method, I would then go ahead on the right and
left sides if I want to verify whether the ground around it extends according the
mentioned line AB. This was to be shown.

Eighth proposition.

I would like to find the height of a perceptible object, toward whose
lowest part or fundament one can move and, using the same opera-
tion, I would like to know the hypotenuse or diametral distance of
such a height.

78In the 1537 edition, “in the hands” was inserted here.
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SIa I’altezza AB della cola apparente A elleuata, et coltituta [opra il piano terreo
BD talmente che [i polcia andare alla bala, ouer fondamento di quella (cio¢ al
ponto B). Dico che uoglio inuestigare la detta altezza AB et tutto a un tempo
uoglio conprehendere la distantia ypothumif3ale, ouer diametrale di tal altezza.
Piglio il mio iftromento, et affilo quello in qualche cola ftabile, et liuello il piano
BD et uedo [i glie perfetto piano (procedendo, come nella paBata fu fatto) et [e
lo trouo perfetto piano mi appolto un ponto in la detta cofa apparente qual [ia la
uertice A et quella cerco de uedere per li dui forami N, M del mio iftromento, et
mi uado tirando tanto in drio, ouer auanti che il perpendicolo cada [opra la linea
della ombra media, cioe [opra il diametro del quadro come di [otto appar in figura,
fatto quefto mifuro il [pacio che ¢ dal ponto doue cade la perpendicolar del mio
occhio fina alla bala de tal altezza (cio¢ quanto ¢ dal ponto C al ponto B) et a
quella quantita gli agiongo la perpendicolare, che ¢ dal mio occhio a terra (cio¢
la quantita EC) e tanto quanto (ara quelta fuma tanto fara anchora 1’altezza AB.
EBempi gratia, [e il [pacio CB fulie paia 353 et che dal occhio mio a terra (cioe
dal ponto E al ponto C[)] fuBle paBa dui
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Let there be height AB of the perceptible object A that is elevated and conceived
of over the ground BD so that one can move to its lowest part or fundament (that
is, to point B). I say that I would like to know the mentioned height AB and, with
the same operation, to know the hypotenuse or diametral distance of that height.
I take my instrument’® and I fix it onto something stable. I level the ground BD
and check whether it is perfectly flat (using the method described previously).3°
If I find that the ground is perfectly flat, I then target a point of the mentioned
perceptible object, for instance, point A at its top, and I try to see it through the
two holes N and M of my instrument. I move backward or forward up to the point
where the plumb line is exactly over the middle line of the shadow, that is, over
the diameter of the quadrant as is shown in the figure below. Once this is done,
I measure the space between the point where the perpendicular from my eye and
the ground falls, and the point at the fundament of the height to be known (that
is, the length from point C to point B). To this quantity I add the length of the
perpendicular between my eye and the point where the perpendicular from my
eye falls to the ground (that is, the quantity EC). The result of this sum will be the
measurement of height AB. For example, if space CB is 353 steps long and the
space from my eye to the ground (that is, from point E to point C[)] is two steps
long,

791n the 1537 edition, “in the hands” was inserted here.
80The method is described in the seventh proposition of the third book.
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conchiuderei che la altezza AB fulle palla 355. Perche dal occhio mio (cio¢ dal
ponto E) duco la linea EF equidiltante al piano, ouer linea CB et produco il per-
pendicolo del mio iftromento fin a tanto che quel concorra con la linea uifuale,
EA in ponto H et produco (imilmente lo lato della ombra retta, cio¢ la linea GI
(lato del quadro) fin a tanto che concorra con la medema linea uiluale EA in ponto
K cauflando il triangolo GKH et perche I’angolo GKH ¢ eguale (per la terza pe-
titione del primo di Euclide) a 1’angolo EFA (perche I'uno e ’altro ¢ retto) et
[imilmente 1’angolo KHG ¢ eguale (per la [econda parte della 29 del primo di Eu-
clide) a I’angolo EAF onde (per la [econda parte della trigelima [seconda] del I
di Euclide) I’angolo KGH uerria a reltar eguale a I’angolo AEF per il che il tri-
angolo GKH uerria a eller equiangolo con il triangolo EAF et confequentemente
[imile et de lati proportionali (per la quarta dil (efto di Euclide) et perche il tri-
angolo GIL verria a eller fimile al triangolo GKH (per la 2 del [elto di Euclide)
ancora il triangolo EAF (per la uigelima del [elto di Euclide) uerra a effer (imile
al detto triangolo GLI et de lati proportionali adonque tal proportione ha il lato
EF al lato FA qual ha il lato GI al lato IL et perche il lato IL ¢ eguale al lato IG
(per efler cadaun lato del quadrato) il lato adonque AF [ara eguale al lato EF et
perche il [pacio, ouer linea CB (per la trigelimaquarta del I di Euclide) ¢ eguale
al medemo lato EF [eguita (per la prima comuna [ententia del I di Euclide) che la
partial altezza AF [ia eguale alla diltantia, ouer linea CB et perche lo reliduo FB
(di tal altezza) ¢ eguale (per la detta trige(imaquarta del I di Euclide) alla linea EC
[eguita adonque (per la [econda comuna [ententia del I di Euclide) che la quantita
BC gionta con la quantita CE tal fuma [ara eguale a tutta 1’altezza AB che ¢ il
primo propofito. Et perche (i come il lato GI al lato GH (diametro del quadro)
cofi ¢ il lato EF (ouer CB) al lato EA et perche il lato GI ¢ incommenl(urabile (per
la fettima del decimo di Euclide) al diametro GH ancora il lato FE (ouer CB) (per
la decima del decimo di Euclide) [ara incommenfurabile al lato EA
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I would conclude that height AB is 355 steps long. The reason is the following.
From my eye (that is, from point E) I take the line EF equidistant to the ground,
that is, to the line CB. I move my instrument to the point where the plumb line
meets the visual line EA at point H and, similarly, I move the side of the vertical
shadow, that is line GI (side of the quadrant), to the point where it meets the same
visual line EA at point K. In doing so, the triangle GKH is formed. Since angle
GKH is equal (based in the third postulate of the first [book] of Euclid) to angle
EFA (for both are right angles) and, similarly, angle KHG is equal (based on the
second part of the twenty-ninth [proposition] of the first [book] of Euclid) to an-
gle EAF (based on the second part of the thirty[-second]®! [proposition] of the
first [book] of Euclid) angle KGH will be equal to the angle AEF and, therefore,
triangle GKH will have the same angles as triangle EAF and will consequently be
similar and have proportional sides to one another (based on the fourth [proposi-
tion] of the sixth [book] of Euclid). Since triangle GIL will be similar to triangle
GKH (based on the second [proposition] of the sixth [book] of Euclid), triangle
EAF (based on the twentieth [proposition] of the sixth [book] of Euclid) will be
similar to the mentioned triangle GIL and they will have proportional sides to one
another. Therefore, the ratio of side EF to side FA is equal to the ratio of side GI
to side IL, because side IL is equal to side IG (as both are sides of the quadrant)
and, finally, side AF will be equal to side EF. Since the space, that is line CB
(based on thirty-fourth [proposition] of the first [book] of Euclid), is equal to the
same side EF, it follows (based on the first common sentence [axiom] of the first
[book] of Euclid) that part AF of the entire height is equal to the distance, that
is, to line CB. Since the residual part FB (of the [entire] height) is equal (based
on the thirty-fourth [proposition] of the first [book] of Euclid) to line EC, it fol-
lows that (based on the second common sentence [axiom] of the first [book] of
Euclid) the sum of the quantity BC to the quantity CE will be equal to the entire
height AB, which was the first point to be demonstrated. As the [ratio] of side
GI to side GH (diameter of the quadrant) is like [the ratio] of side EF (that is, of
side CB) to side EA and since side GI is incommensurable (based on the seventh
[proposition] of the tenth [book] of Euclid) to the diameter GH, side FE (that is,
side CB) (based on the tenth [proposition] of the tenth [book] of Euclid) will be
incommensurable to side EA.

81The 1537 and 1550 editions read correctly.
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et perche il diametro GH ¢ doppio in potentia (per la penultima del I di Euclide)
al lato GI ancora il lato EA fara doppio in potentia al lato EF (ouer CB) quadro
adonque il lato EF (ouer CB) (qual ho pofto efler palla 353) fa 124609 et lo in-
doppio fa 249218 et di questo indoppiamento piglio la propinqua radice 499 217 82
et pafla 4992L7 (uel circa) diro che fara la diftantia ypothumiflale, ouer diame-

trale EA chegzgil [econdo propofito. Ma [e per calo il piano terreo BD non fulle
perfetto piano (come la maggior parte delle uolte accade|)] pigliaro il ponto doue
[egara il pian del orizonte tal altezza AB liuelando col mio iltromento [i come in la
propolitione precedente fu fatto, qual pongo [ia il ponto F poi cerco con indultria
di mifurare la linea EF ouer una equidiltante a quella, et a quella quantita non gli
agiongo piu la quantita EC ma ben in luoco di quella gli agiongo la quantita FB et
tanto quanto [ara tal fuma, tanto diro che [ia la detta altezza AB. eBempi gratia [e
la linea EF fulle (come difopra fu [uppolto) paBa 353 et che la linea FB fulle palla
31 io giongero li detti palfa 31 con li pala 353 fara pafla 3561 e paBa 3561 diro
che fia la detta altezza AB et cofi procedaria quando che la linea FB fufle menor
della linea EC cioe, [e la fufle [olun pafia I

82 : €217 ;217 »
La stampa del 1558 riporta erroneamente 237" al posto di “Z3Z.
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Because the square of the diameter GH is double (based on the penultimate
[proposition] of the first [book] of Euclid) the side GI, the square of side EA
will also be double the side EF (that is, CB) of the quadrangle. Therefore, side
EF (that is, side CB) (which I supposed to be 353 steps long) is 124609 and,
doubled, makes 249218. Of this result I take the closest square root which is
about 499237 and I will say that the hypotenuse or diametral distance EA is
499217 steps (more or less),33 which was the second point to be shown. But, if
the ground BD is not perfectly flat (as happens most of the time[)], I will choose
the point of height AB where this line meets the plane of the horizon by leveling
using my instrument, as has been shown in the previous proposition. I suppose
this is point F. Then I try with some effort to measure the length of line EF or
a line equidistant to this. To this quantity, I would not add the quantity EC but,
instead, the quantity FB and the result of such a sum will be the length of the
mentioned height AB. For example, if line EF is (as has been supposed above)
353 steps long and line FB is 31 steps long, I will add the mentioned 37 steps
together with the 353 steps, which makes 3563, therefore the mentioned height
AB is 3561 steps long. And I would proceed as follows if line FB were shorter
than line EC. If it were only one step long,

83The 1537 and 1550 editions and the 1558 print run mistakenly read 232 This was proved by means

of the method described by Tartaglia in the second book of the second volume of the General trattato
di numeri et misure to calculate the square root.
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giongeria pafBla I con li detti pafla 353 faria pafla 354 e tanto direi che fufle la detta
altezza AB perche in tal calo il lato EF ¢ eguale alla partial altezza AF come di
[opra fu dimoltrado ¢ pero giontoui la quantita FB mi dara total altezza AB che ¢
il propofito.

Propolitione. IX.

Senza mutarme dal luoco doue me ritrouo uoglio comprehendere
I’altezza de una cola apparente, che [i polci andare alla bafa, ouer
fondamento di quella, et tutto a un tempo uoglio inuestigare la di-
stantia ypothumillale, ouer diametrale di tal altezza.
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I would add one step to the 353 steps, which makes 354 steps and this would be
the length of the mentioned height AB, because in such a case, side EF is equal
to part AF of the entire height, as has been demonstrated above, and therefore
by adding the quantity FB, the total height AB will result in the way it was to be
demonstrated.

Ninth proposition.

Without changing the position of where I am, I would like to know
the height of a perceptible object when it is possible to move to its
lowest point, that is, to its fundament and, by the same operation,
I would like to know the hypotenuse or diametral distance of this
height.
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SIa I’altezza AB della cola apparente A elleuata et coltituta [opra il piano terreo
BD talmente che polcia andare (come nella paBata) alla bafa, ouer fondamento
di quella (cioé al ponto B) Dico che uoglio comprehendere la detta altezza AB
(fenza mouermi dal luoco doue me ritrouo[)] et tutto a un tempo
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Let height AB of the perceptible object A be elevated and conceived of over the
ground BD so that one can go (as in the previous [proposition]) to its lowest point,
that is, to its fundament (that is, to point B). I say that I would like to know the
mentioned height AB (without moving from the place where I am[)] and by means
of the same operation
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uoglio inuestigare la distantia ypothumifBale, ouer diametrale di tal altezza. Piglio
il mio iftromento in mano ouer che lo affermo in qualche cofa stabile, et liuello il
piano BD et uedo [e glie perfetto piano (procedendo, come nella [ettima propofi-
tione fu fatto) et [e lo trouo perfetto piano, mi appofto un ponto in la detta cola
apparente qual [ia la uertice A et quella cerco di uedere per li dui forami M, N
del mio iltromento, [enza mouermi dal luoco doue mi ritrouo, ma torzando, ouer
uoltando il detto iftromento fin a tanto che ueda per li detti dui forami la detta
uertice A fatto questo guardo diligentemente donde cade il perpendicolo del detto
mio istromento, et [e quel cadera per calo, come nella precedente (cio¢ [opra la
linea de I’ombra media) conchiudero ([i come fu fatto in la detta precedente) ma
[e quel cadera [opra il lato de I’ombra retta me dinotara I’altezza AB eller maggior
del [pacio che ¢ dalli mei pedi alla bala, ouer alla radice della detta altezza, cioé
al ponto B in tal proportione qual hauera 12 (cio¢ il lato del quadro) al numero di
ponti della ombra retta, doue cade il detto perpendicolo, giontoui la perpendico-
lare del mio occhio a terra (come ancora nella precedente fu fatto) et questa cola
in la pratica de numeri conchiudero cofi, multiplicaro il numero di palla (ouer al-
tra mifura) che ¢ dalli mei pedi al ponto B per 12 et quella multiplicatione partiro
per il numero di ponti de I’ombra retta d’onde cade il perpendicolo del mio iftro-
mento et a quello che uenira al detto partimento, gli agiongero la quantita della
perpendicolare del mio occhio a terra, elempi gratia, poniamo che il perpendicolo
del mio iftromento mi cada [opra il nono ponto della ombra retta come dilotto ap-
pare in figura et pono che dal ponto C [al ponto B] [ia palla 25684 et che dal mio
occhio a terra, cioé dal ponto E al ponto C fia palla 2 multiplicaro li detti palla
256 per 12 (cioe per li dodeci ponti, ouer diuifioni del lato del quadro, ouer de
cadauna ombra) fara 3072 et questo 3072 partiro per 9 (cioe per il numero di ponti
de I’ombra retta doue cade il piombino ouer perpendicolo nel mio iftromento) ne
uenira 3413 et a questo 3413 gli agiongero pafla 2 (cioe la quantita de EC) fara
3431 e palla 3431 conchiudero che [ia la detta altezza AB. Perche dal occhio
mio (cio¢ dal ponto E) duco ([i come nella precedente) la linea EF equidiltante
al piano, ouer linea CB et produco il perpendicolo del mio iftromento fin a tanto,
che quel concorra con la linea uifuale EA in ponto H

841a stampa del 1558 riporta erroneamente “236” al posto di “256.”
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I want to investigate the hypotenuse or diametral distance of that height. I take
my instrument in the hand or fix it on something stable and then level the ground
BD and check whether it is perfectly plane (proceeding according to the method
described in the seventh proposition). If I find it to be perfect, I target one point of
the mentioned perceptible object, for instance the top of point A, and I try to see it
through the two holes M and N of my instrument without me moving but rather by
turning the instrument to the right and to the left so that eventually I can see point
A through the mentioned holes. Once this is done, I diligently observe where
the plumb line of my instrument falls. If it happens to fall like in the previous
case (that is, over the middle line of the shadow), I will conclude (in the same
way as in the previous [proposition]). But, if it falls on the side of the vertical
shadow, this would mean that height AB is longer than the distance between my
feet and the lowest point at the fundament of the mentioned height, that is, point
B. Such a difference corresponds to the ratio of twelve (that is, the side of the
quadrant) to that number of points of the vertical shadow where the mentioned
plumb line falls. The [length of] the perpendicular from my eye and the ground
has to be added to [the result] of this [ratio] (as has been done in the previous
[proposition]). Entering the practice of the numbers, I proceed in the following
way. | multiply the number of steps (or of another unit of measurement) by 12,
which are between my feet and point B. I then divide this number by the number
of points that denote the portion of the vertical shadow where the plumb line of
my instrument falls. To the result of this division, I then add the length of the
perpendicular from my eye to the ground. For example, suppose that the plumb
line of my instrument falls on the the ninth point of the vertical shadow, as shown
in the figure below. I then suppose that from point C [to point B]85 there are
25686 steps and that from my eye to the floor there are two steps. I multiply the
mentioned 256 steps by 12 (that is, for the 12 points or portions of the side of
the quadrant or of each shadow). The result is 3072 and I divide this by 9 (that
is, for the number of points of the vertical shadow where the plumb line of my
instrument falls). The result is 341 and to this result I add the two steps (that
is, the quantity EC). The result is 3431 and this is the length of height AB. 1
conceive of line EF (as in the previous [proposition]) from my eye (that is, from
point E) equidistant to the ground, that is, to line CD, and I change the position
of my instrument so that its plumb line meets the visual line EA at point H.

85The 1537 and 1550 editions read correctly.
86The 1558 print run mistakenly reads “236.”
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et produco [imilmente lo lato della ombra retta (cioe la linea partial GI) fin a
tanto che concorra ancora lei con la detta linea uifuale EA in ponto K causando
il triangolo GKH et perche 1’angolo GKH ¢ eguale (per la terza petitione del I di
Euclide) a I’angolo EFA (perche 1’uno e I’altro per retto) et [imilmente I’angolo
KHG ¢ eguale (per la [econda parte della 2987 del primo di Euclide) a 1’angolo
EAF onde (per la feconda perte della trigelimaleconda del I di Euclide) 1’angolo
KGH uerria a reltar eguale a I’angolo E[A]F per la qual cofa il triangolo GKH
uerria a effere equiangolo al triangolo EAF et conlequentemente (imile, et de lati
proportionali (per la quarta del felto di Euclide) et perche il triangolo GIL (per la
[econda del [elto di Euclide) uien a eller [imile al triangolo GKH Adonque il detto
triangolo GIL (per la uigelima del [efto di Euclide) uien a efler [imile al medemo
triangolo EAF e conlequentemente de lati proportionali, per il che tal proportione
ha il lato EF al lato FA qual ha il lato GI al lato IL et perche il lato GI

87La stampa del 1558 riporta erroneamente “26” al posto di “29.”
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Similarly, I change the position of the instrument as much as needed for the side
of the vertical shadow (that is, the portion GI [of the line GK]) to meet the men-
tioned visual line EA at point K. In doing so, I have constructed triangle GKH.
Thus, angle GKH is equal (based on the third postulate of the first [book] of Eu-
clid) to angle EFA (for both are right angles) and, similarly, angle KHG is equal
(based on the second part of the twenty-ninth®® proposition] of the first [book] of
Euclid) to angle EAF. Therefore (based on the second part of the thirty-second
[proposition] of the first [book] of Euclid), angle KGH is equal to angle E[A]F.%?
For this reason, triangle GHK has the same angles as triangle EAF, and they are
consequently similar and have proportional sides to one another (based on the
fourth [proposition] of the sixth [book] of Euclid). Since triangle GIL, (based
on the second [proposition] of the sixth [book] of Euclid) is similar to triangle
GHK, the mentioned triangle GIL (based on the twentieth [proposition] of the
sixth [book] of Euclid) is similar to the same triangle EAF and consequently they
also have proportional sides to one another. Therefore, the ratio between side EF
and side FA is the same as that of side GI to side IL, and the ratio of side GI to

88The 1558 print run mistakenly reads “26.”
89The 1558 print run mistakenly reads “EF.”
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al lato LI € come 9 a 12 (cioe come ¢ li ponti, ouer diuifioni della parte GI (della
ombra retta) a tutto il lato IL del quadrato, il qual lato IL uiene a eller tanto quanto
le 12 diuifioni, ouer ponti di tutta la ombra retto) e pero uolendo trouar la quantita
de AF (occulta) mediante la notitia de EF (elqual € [uppolto eller palla 256) per la
euidentia della uige(ima del [ettimo di Euclide multiplico li detti palla 256 per 12
fa 3072 et questo 3072 partilco per 9 ne uien 34139 (come ancora in principio
fu fatto) et tanto diro che fia la partial altezza AF et perche il reliduo FB di tal
altezza ¢ eguale (per la trigefimaquarta del I di Euclide)

90La stampa del 1558 riporta erroneamente 2 al posto di “3.”
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side LI is like the ratio of nine to twelve (that is, like the points or portions of the
part GI) (of the vertical shadow) to the entire side IL of the quadrant, whose side
IL is as long as the twelve portions or points of the entire vertical shadow). Thus,
while looking for the length AF (unknown) by using the knowledge concerned
with EF (which is supposed to be 256 steps) and basing the argument on the
twentieth [proposition] of the seventh [book] of Euclid, I multiply the mentioned
256 steps by 12, which makes 3072. I divide this by 9, which makes 341191 (as
has been done before) and I say that this is the length of the portion AF of the
height. As the remaining FB of this height is equal (based on the thirty-fourth
[proposition] of the first [book] of Euclid)

91The 1558 print run mistakenly reads “2.”
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alla linea EC (la quale ¢ [uppofta efler palla 2) giongo li detti pafla 2 alli detti
palla 3413 faranno palla 3431 et tanto conchiudero che fia tutta la altezza AB [i
come ancora in principio fu fatto, che il primo propofito. Et perche [i come € il
lato GI al lato, ouer ypothumilla GH cofi € il lato EF al lato, ouer ypothumifla EA
et perche il lato GI al lato, ouer ypothumilla GH (per la penultima del primo di
Euclide) come 9 alla radice quadrata de 225 che ¢ 15 onde per trouar lo lato, ouer
ypothumiB3a EA (occulta) (per la euidentia della uigelima del [ettimo di Euclide)
multiplico 15 fia la quantita di EF (la quale e [uppolta effer pala 256) fa 3840 et
questo 3840 partilco per 9 ne uiene
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to line EC (which is supposed to be two steps long), I add the mentioned two steps
to the 3411 steps, which is 3431, and I conclude that this is the length of the entire
height AB, as it has been done in the beginning and which was to be shown first.
Since the ratio of side GI to side or hypotenuse GH is like the ratio of side EF to
side or hypotenuse EA and since the ratio of side GI to side or hypotenuse GH
(based on the penultimate [proposition] of the first [book] of Euclid) is likewise
to the ratio between 9 and the square root of 225, which is 15, hence, in order to
find [the length of] the side or hypotenuse EA (unknown) (based on the twentieth
[proposition] of the seventh [book] of Euclid), I multiply 15 by the length of EF
(which is supposed to be 256 steps), which makes 3840. I then divide 3840 by 9
and this results in
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palla 4262 diro che fia la diftantia ypothumiflale, ouer diametrale AE che ¢ il [e-
condo propolito. Ancora per la penultima del I di Euclide Io potea trouar la detta
ypothumil(la EA multiplicando il lato EF in (e che [aria 65536 ancora il lato FA
in fe che faria 116508 et quelti dui quadrati gionti infieme fariano 1820447 et
di quefta fumma pigliandone la radice quadrata la qual faria pur 4262 (i come per
I’altra uia fu trouato e tanto diria che fulle la detta distantia ypothumillale EA che
[aria pur il medemo [econdo propofito. Ma [e per calo il piano terreo BD non fulle
perfetto piano (come la maggior parte delle uolte accade) procedero [i come nella
precedente liuelando, et mifurando con induftria la linea EF et poi procedero i,
come dilopra ¢ [tato fatto eccetto che in luoco della linea EC gli agiongero la quan-
tita FB o [ia piu, ouer meno de palla 2 et coli conchiudero il propofito. Et (e per
calo il perpendicolo del mio [tromento non mi calcalle [opra integral ponto, ouer
diuifione, ellempi grati[a] (el me calcalle fopra al nono ponto € mezzo del decimo,
cio¢ a ponti 9192 ouer a 93 procederia pur [i come difopra ¢ [tato fatto multipli-
cando la detta diftantia cioé li pafla 256 per 12 et tal multiplicatione partiria per
92 ouer 91 et a quello che uenifle gli agiongerei la perpendicolar del mio occhio,
ouer la quantita FB et tanto quanto fulle tal fuma, tanto conchiuderei che fufle la
altezza AB et cofi mi gouernarei in ogni altro rotto de ponto, ouer diuilione, che
¢ il propolito E pero per fuggir li rotti laudo a douer diuider cialcaduno di 12 et
12 ponti in altre 12 parti (come fu detto nella coftrution dello detto iftrumento)
li quali fi chiamano minuti per il che cadauna ombra ueria a eller diuifa in 144
minuti.

92La stampa del 1558 riporta erroneamente “2” al posto di “3.”
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4262 steps. I say that this is the hypotenuse or diametral distance AE which
was to be shown secondly. Differently and by means of the penultimate [propo-
sition] of the first [book] of Euclid, I could have found the mentioned hypotenuse
EA by multiplying side EF with itself, which makes 65536, and then side FA
with itself, which makes 116508%, and these two squares added together make
182044 2. I then calculate the square root of this sum, which is also 4262, as has
been calculated by means of the other method. This then would be the length of
the hypotenuse EA which is again what was to be shown secondly. If, however,
the ground BD is not perfectly flat (as happens most of the time) I proceed, as
said previously, by leveling and precisely measuring line EF. I then proceed as
described above, with the exception of adding length FB instead of line EC, that
is, either more or less than two steps, and so [ have shown what was to be shown.
If it happens that the plumb line of my instrument does not fall precisely over a
point or portion but falls, for example, between point 9 and point 10, that is, at
point 9193 or 91, I proceed as shown above by multiplying the mentioned dis-
tance of 256 steps by 12 and would divide such a result by 91 or 91 and add to
this result the length of the perpendicular from my eye, that is, length FB. And
I say that this result is the length of the entire height AB. I would proceed in
the same way each time one has to deal with fractions of points, or of portions,
which was to be shown. To avoid such fractions, however, I consider dividing
each of the twelve, and twelve points into a further twelve parts (as said in the
description of the construction of such instrument) to be a good method. These
parts are called minutes and each shadow would be divided into 144 minutes.%*

93The 1558 print run mistakenly reads “2.”
94The last two sentences were added in the 1550 edition.
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MA [e il perpendicolo del mio iltromento calcara [opra il lato della ombra
uerfa, all’hora me dinotara che il [pacio che [ara fra me et la bafa della altezza,
con la perpendicolar del mio occhio, ouer con la linea FB eller maggiore della
altezza della cofa apparente, in tal proportione qual ¢ 12 al numero di ponti della
ombra uerla doue cade il perpendicolo del mio iltrumento et tal cola in la pratica
de numeri conchiudero in quelto modo multiplicaro il numero di palla (ouer altra
mifura) che ¢ per retta linea delli mei pedi alla bafa di tal altezza (ouer dal mio
occhio al ponto doue che il pian del orizonte [ega quella) per li ponti ouer minuti di
I’ombra uerla (doue cade il piombino del mio istromento) e quella multiplicatione
partiro per 12 ouer per 144 et a quello che uenira gli giongero la quantita della
perpendicolare del mio occhio a terra (ellendo in perfetto piano) ouer la quantita,
che fara dal ponto doue fega quella il pian del orizonte a terra e tanto quanto (ara
tal fuma tanto conchiudero che (ia la detta altezza, effempi gratia poniamo che il
perpendicolo del mio iftromento mi cada fopra il decimo ponto della ombra uerlo,
come di [otto appar in difegno, et pono che dal ponto C al ponto B ouer dal ponto
E, al ponto F fia pafla 350 et che dal mio occhio ouer dal ponto F a terra (ia pafla 2
multiplicaro gli detti palla 350 per 10 (cio¢ per li ponti de I’ombra uerfla doue cada
il perpendicolo) fara 3500 et questo 3500 partiro per 12 (cio¢ per le 12 diuifioni,
ouer ponti de cadauna ombra, ouer del lato dil quadro) ne uenira 2912 et a questo
2912 gli giongero 2 (cio¢ li [2] paBa che hauemo fuppolto che fia dal ponto E al
ponto C ouer dal ponto F al ponto B) fara 2932 et palla 293295 conchiudero che
[ia la detta altezza

93La stampa del 1558 riporta erroneamente “2” al posto di “2.”
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But, if the plumb line of my instrument falls over the horizontal shadow, this
then means that the space between me and the lowest point of the height, including
the perpendicular from my eye, that is, line FB, is longer than the height of the
perceptible object and this according to the ratio of 12 to the number of points of
the horizontal shadow, where the plumb line of my instrument falls. In the practice
of numbers, I describe this in the following way. I multiply the number of steps
(or another unit of measurement) straightly between my feet and the lowest point
of the height (or from my eye to the point where the plane of the horizon meets that
[line of the height]) by the points or minutes®® of the horizontal shadow (where
the plumb line of my instrument falls). I then divide that result by 12 or 14497
and to this result I add the length of the perpendicular from my eye to the ground
(if it is perfectly flat) or the quantity between the point, where the perpendicular
meets the plane of the horizon and the ground. This sum is then the length of the
mentioned height. For example, suppose that the plumb line of my instrument
falls over the tenth point of the horizontal shadow, as is shown in the drawing
below, and that from point C to point B, or from point E to point F, there are
350 steps, and that from my eye, that is, from point F to the ground, are 2 steps.
I multiply the mentioned 350 steps by 10 (that is, by the point on the horizontal
shadow where the plumb line falls). This makes 3500 and I divide this by 12 (that
is, the 12 portions or points of each shadow or of the side of the quadrant). This
results in 2912 and to it I add 2 (those are the [two]°8 steps that are supposed to
be the distance from point E to point C or from point F to point B). This makes
293299 and these are the steps of the length of the mentioned height

9 The specification “or minutes” was added in the 1550 edition.

97The specification “144” minutes was added in the 1550 edition.

98The number “2” is specified in the 1537 and 1550 editions.

99The 1558 print run reads “2.” The 1550 edition is not readable at this point. The 1537 edition

w2
correctly reads “2.
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AB perche dal ochio mio (cio¢ dal ponto E) duco pur (fi come nella precedente)
la linea EF equidiltante al piano, ouer linea CB (elendo perfetto piano il fpacio
terreo CB) ouer la duco fecondo I’ordine del piano del orizonte, cio¢ perpendico-
larmente [opra la linea AB in ponto F ancor produco il lato della ombra retta (cio¢
la linea IO(]) fina a tanto che concorra con il perpendicolo in ponto G caulando
il triangolo ILG il qual triangolo ILG (per le medeme ragioni et argumenti adutti
nella demoltratione della precedente) uien a eer [imile al triangolo EAF et perche
il triangoletto GOP (per la prima parte della [econda del (elto di Euclide) uien a
eBer [imile al detto triangolo GIL onde (per la uigefima del festo di Euclide)
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AB. This happens because (as done previously) I conceive line EF from my eye
(that is, from point E) equidistant to the ground, that is, to line CB (as the ground
CB is perfectly flat), or I conceive it according to the plane of the horizon, that
is, perpendicularly to line AB at point F. I then change the position of the side
of the vertical shadow (that is, line IO[)] as much [as] to meet the perpendicular
at point G, constructing in this way triangle ILG. This triangle (for the reasons
and arguments given in the previous demonstration) is similar to triangle EAF.
Since, moreover, the small triangle GOP (based on the first part of the second
[proposition] of the sixth [book] of Euclid) is similar to triangle GIL, then (based
on the twentieth [proposition] of the sixth [book] of Euclid)
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il detto triangoletto GOP uien a efer [imile al triangolo EAF et perche I’angolo
LPQ (del triangolo LPQ) ¢ eguale (per la 15 del I di Euclide) a I’angolo OPG
(del triangoletto OPG) et I’angolo LQP del detto triangolo LQP ¢ eguale (per la
3 petitione del I di Euclide) a I’angolo POG (del detto triangoletto POG) perche
I’uno e I’altro ¢ retto onde (per la [econda parte della trigelimaleconda del primo
di Euclide) I’altro angolo PLQ (del detto triangolo PLQ) uerria a eBer eguale a
I’altro angolo OGP del detto triangoletto OGP per il
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the mentioned small triangle GOP is similar to triangle EAF. Since angle LPQ
(of triangle LPQ) is then equal (based on the fifteenth [proposition] of the first
[book] of Euclid) to angle OPG (of the small triangle OPG), and angle LQP of the
mentioned triangle LQP is equal (based on the third postulate of the first [book] of
Euclid) to angle POG (of the mentioned small triangle POG), and because of the
fact that both are right angles, therefore (based on the second part of the thirty-
second [proposition] of the first [book] of Euclid) the other angle PLQ (of the
mentioned triangle PLQ) is equal to the other angle OGP of the mentioned small
triangle OGP. Therefore,
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che il detto triangolo LPQ uerria a ef3er eguale a I’altro angolo OGP del detto tri-
angoletto OGP per il che il detto triangolo LPQ uerria a eBer equiangolo e confe-
quentemente [imile, et de lati proportionali al detto triangoletto OPG, et perche
il triangolo EFA ¢ [imilmente [imile al detto triangoletto OPG Seguita (per la
uigelima del [efto di Euclide) che ¢ il detto triangolo LPQ ¢ fimile al detto trian-
golo EAF ¢ conlequentemente li lati (continenti, ouer rifguardanti eguali angoli)
propotionali (per la quarta del [elto di Euclide) per il che tal proportione ¢ dal lato
LQ al lato QP qual e dal lato EF al lato AF et perche la proportione del lato LQ
al lato QP e [i come da 12 a 10 (perche il lato LQ uien a eBer tanto quanto e tutto
il lato de cadauna ombra, cio¢ 12 ponti, ouer diuifioni delle quale diuifioni, ouer
ponti il lato PQ ne e 10) (dal praefuppolito) onde per trouare la quantita de AF
(incognita) mediante la notitia de EF (el quale e fuppolto eBer palia 350) con la
euidentia della uigelima del [ettimo di Euclide multiplico pafla 350 per 10 (cio¢
per il lato PQ) fa 3500 e questo 3500 partilco per 12 (come che ancora in principio
fu fatto) (cio¢ per il lato LQ) mene uien pur 2912 (come prima) et tanto diro, che
(ia la partial altezza AF et perche il refiduo FB ¢ [uppolto eler paia 2 agiongo li
detti paa 2 alla quantita AF (cio¢ a 2912[)] fa 2932 et paBBa 2932 conchiudero
che [ia la total altezza AB [i come in principio fu fatto che & pur il primo propolito.
To poflo ancora per vn’altro modo trouar la detta altezza AB fondandomi [(opra il
triangolo LIG elqual fo che e [imile al triangolo AEF et tal proportione qual ha il
lato IG al lato IL.100 tal ha il lato EF al lato AF ma perche il lato IG me ¢ incognito
(cioe 1i ponti de I’ombra retta IG) cerco prima di [aper quanto fia il detto lato IG
et lo ritrouaro in questo modo perche (o che il triangolo LPQ e [imile al detto
triangolo LIG tal proportione e dal lato LI al lato IG qual e dal lato PQ al lato
LQ (cioé come da 10 a 12[)] e pero multiplicaro il lato LQ (per la euidentia della
uigelima del [ettimo di Euclide) fia il lato LI (cio¢ 12 fia 12) fara 144 et questo
144 partiro per il lato PQ che ¢ 10 mene uenira 142 e ponti 242 diro che fia la
ombra retta IG

100La stampa del 1558 riporta erroneamente “ILG al lato L” al posto di “IG al lato IL.”
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the mentioned triangle LPQ is equal to the other angle OGP of the mentioned
small triangle OGP. Therefore, the mentioned triangle LPQ has the same angles
and, consequently, is similar and has proportional sides to those of the mentioned
small triangle OPG. Therefore and similarly, triangle EFA is similar to the men-
tioned small triangle OPG. It follows that (based on the twentieth [proposition] of
the sixth [book] of Euclid), the mentioned triangle LPQ is similar to the mentioned
triangle EAF and, consequently, the sides (which contain and are turned toward
equal angles) are proportional [to each other] (based on the fourth [proposition]
of the sixth [book] of Euclid). Therefore, the ratio of side LQ to side QP is the
same as of side EF to side AF. Since the ratio of side LQ to side QP is the same as
12 to 10 (because side LQ is as long as the side of each shadow, that is, 12 points
or portions, and side PQ is as long as 10 of them), (keeping the suppositions), in
order to find the length AF (unknown) by means of the known length EF (which
is supposed to be 350 steps), basing the argument on the twentieth [proposition]
of the seventh [book] of Euclid, I multiply 350 steps by 10 (that is, side PQ). It
makes 3500, which I then divide by 12 (as has been done at the beginning) (that
is, by side LQ). The result is 2912 (as before) and I say that this is the length of
the portion AF [of the height AB]. Since the remaining part FB is supposed to be
2 steps long, I add these two steps to the quantity AF (that is, to 2912[)]. The
result is 2932, which is the number of steps of the entire height AB, as achieved
at the beginning and was the first thing to be demonstrated. I can also ascertain
the height of AB by other means. The reasoning [of this other method] is based
on the fact that triangle LIG is similar to triangle AEF and the ratio between side
IG to side IL,101 is the same as side EF to side AF. As side IG is unknown (that
is, the points of the vertical shadow IG), I try to find out how long the mentioned
side IG is first and will find out in the following way. I know that triangle LPQ is
similar to triangle LIG and therefore side LI to side IG has the same ratio as side
PQ to side LQ (that is, as 10 to 12[)]. I multiply side LQ (based on the twentieth
[proposition] of the seventh [book] of Euclid) by side LI (that is, 12 by 12), which
makes 144. 1 divide this result by side PQ, which is 10. It results in 142 and I
will say that 242 points is [the length of] the vertical shadow IG.

10IThe 1558 print run mistakenly reads “ILG to side L.”
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fatto questo procedero come fece in principio multiplicaro il lato IL (che ¢ 12)
fia il lato EF (che 350) fara 4200 et questo 4200 partiro per li ponti della om-
bra retta cio¢ per il lato IG che e 142 ne uenira 291Z per il lato AF (fi come per
I’altro modo) dapoi gli agiongero la quantita FB cio¢ pafla 2 fara pur pafla 2932
che ¢ pur il primo propofito. Et perche (i come ¢ il lato LQ al lato (ouer ypothu-
miBa[)] LP fi e il lato EF al lato (ouer ypothumifla) EA et perche il lato LQ al
lato ouer ypothumiBla LP (per la penultima del I di Euclide) e come 12 alla radice
quadrata di 244 onde per trouar lo lato, ouer ypothumiBla EA (occulta) (per la
euidentia della 20 del 7 di Euclide) multiplico lo lato EF (cio¢ paBa 350) fia la
radice quadrata di 244 fara radice quadrata 29890000 loqual partifco per 12 ne
uien radice quadrata 2075697 la qual fara circa 4552 ¢ paBa 4552 uel circa diro
che fia la distantia ypothumifale, ouer diametrale AE che ¢ il fecondo propolito.
Ancora per la penultima del I di Euclide. Io potea trouar la detta ypothumifla EA
multiplicando il lato EF in [e, che faria 122500 (imilmente il lato FA in [e che
faria 850694102 gionto con 122500 faria 2075695103 et la radice de 207569% (la
qual faria circa) 4552.104

102 a stampa del 1558 riporta erroneamente “75059 %™ al posto di “85069%.”
10313 stampa del 1558 riporta erroneamente “2705692” al posto di “207569¢.”
104La stampa del 1558 riporta erroneamente “455%” al posto di “4552.”
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Once this is done, I proceed as has been done at the beginning. I multiply side IL
(which is 12) by side EF (which is 350). It equals 4200 and I divide this by the
points of the vertical shadow, that is, by side IG, which is 14Z. The resultis 2912,
which is side AF (as it resulted by means of the other method). I then add to this
the length FB, that is, two steps. The result is 293 2 steps, which was to be shown
first. Since side LQ to side (or hypotenuse[)] LP has the same ratio as side EF to
side (or hypotenuse) EA and since side LQ to side or hypotenuse LP (based on
the penultimate [proposition] of the first [book] of Euclid) has the same ratio of
twelve to the square root of 244, hence, to find side or hypotenuse EA (unknown)
(based on the twentieth [proposition] of the seventh [book] of Euclid) I multiply
side EF (that is, 350 steps) by the square root of 244, which is the square root of
29890000. I divide this by 12, which makes a square root of 207569, which is
ca. 4552, This is the number of steps of the hypotenuse or diametral distance
AE, which was to be shown secondly. Another method based on the penultimate
[proposition] of the first [book] of Euclid: I can find the mentioned hypotenuse
EA by multiplying side EF by itself, which makes 122500 and, similarly, side FA
by itself, which makes 85069%.105 Added to 122500, this makes 2075695106 and
the square root of this which is ca. 4552107

105The 1558 print run mistakenly reads “75059%.”
106The 1558 print run mistakenly reads “270569%.”
107The 1558 print run mistakenly reads “455%.”
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e paBa circa 4552 diria che fufe la detta ypothumifla EA [i come che ancora per
’altra uvia fu determinato che ¢ il propolito, et [e per calo il piano terreo non
fulle piano, ouer che il perpendicolo calcalle [opra alcuna parte di ponto, ouer
de diuifione procederia [i come nella precedente, et per conolcer meglio le dette
parti ouer frattioni diuidero cadaun ponto, ouer diuifione, i de I’ombra retta come
della uerla (come difopra fu ancor detto) in altre dodeci parti, et cadauna di quelle
chiamaremo minuto: la qual divilione mi [ara molto accomoda per trouar le dette
altezze, et ancora le diftantie ypothumiflale et orizontale [enza mouermi dal luoco
doue me ritrouo.

Propolitione. X.

Voglio artificialmente miflurare I’altezza duna cola apparente, che
non [i polcia andare, ne ancor uedere la bafa, ouer fondamento di
quella, et tutto a un tempo uoglio inueftigare la diltantia ypothu-
milflale, ouer diametrale di tal altezza, et ancor a la diftantia orizonta-
le, cioe quella, che e dal mio occhio al ponto doue il pian del orizonte
[ega tal altezza, quantunque tal ponto non [(ia apparente, oueramente
quella, che e dalli miei piedi rettamente alla bala, ouer fondamento
di tal altezza, quantunque tal bala, ouer fundamento me [ia occulto.
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and 4552 is the number of steps of the length of the mentioned hypotenuse EA,
as has been found by means of the previous method, which was to be shown.
If it happens that the ground is not flat, that is, that the plumb line falls over a
certain point or portion, I then proceed according to the previous proposition. To
ascertain the mentioned portions or fractions more precisely, I divide each point
or portion of both the right and the horizontal shadow (as has been said above) into
a further twelve portions, each of them called a minute. A division of this kind is
particularly useful for finding the mentioned heights, hypotenuses and horizontal
distances without moving from the place where I am.108

Tenth proposition.

I would like to artificially measure the height of a perceptible ob-
ject, whose lowest point or fundament cannot be seen and to which
one cannot go. By means of the same operation, I would like to in-
vestigate the hypotenuse or diametral distance of such a height and
also the horizontal distance, that is, the distance between my eye and
the point where the line of the horizontal distance meets that height,
although this point cannot be seen. Similarly, I would like to inves-
tigate the length of the line from my feet straight toward the lowest
point or fundament of that height, although it cannot be seen.

108The last sentence was added in the 1550 edition.
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SIa la cola apparente A 1’altezza di la quale (per la terza diffinitione di quefto)
¢ la perpendicolare dutta!®® dalla uertice A alla bafa, ouer piano terreo doue efa
altezza [e ripoB3a, il qual piano pongo [ia quello perfetto piano che [e iltende (fe non
in atto almen in mente) dal luoco doue me ritrouo equidiftantemente al pian del
orizonte, il qual piano pongo che una parte ne [ia il [pacio doue [e iftende la linea
DR et parte della detta altezza, fia la linea AS il fondamento di la qual altezza
uerria a efer dentro della globofita terrea T cio¢ doue concorrariano inflieme le
due linee DR et AS elendo protratte con la mente penetrante la detta globolita
T il qual concorfo pongo che [ia ([i come nella pafBata) il ponto B il qual ponto
B non ¢ apparente per caula della detta globolita terrea T hor dico che uoglio
artificialmente con lo alpetto mifurare la detta altezza AB (quantunque non [i
poBa andare ne approBimare alla bala, ouer fondamento di quella, cio¢ al ponto
B) et tutto a un tempo uoglio ritrouare la distantia ypothumiBale, ouer diametrale
di tal altezza, et [imilmente la diltantia orizontale cio¢ quella, che ¢ dal mio occhio
al punto doue il piano del orizonte [ega tal altezza quantunque tal ponto non fia
apparente per caula della globolita T oueramente quella che ¢ dalli miei piedi per
retta linea al fondamento di tal altezza (cio¢ al ponto B[)] quantunque [t]al ponto
B ne fia occulto per caula della detta

109La stampa del 1558 riporta erroneamente “tutta” al posto di “dutta.”
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Let there be given the perceptible object A, whose height (based on the third
definition of the present work) is the perpendicular line produced!!? from top A
to the lowest point, that is, to the ground at the point where that height arrives. I
suppose that the ground lies perfectly flat (if not in fact, then at least mentally)
that extends from the point where I am, equidistant to the plane of the horizon. A
part of this plane is supposed to be the space where line DR is drawn. A part of the
height is line AS. The lowest part of this height arrives into the spherical ground
[designated as] T and if lines DR and AS are mentally extended into the mentioned
spherical ground T, they meet, as in the previous [proposition], at point B, which
is not visible because of the mentioned spherical ground T. I say that I would like
to artificially measure by sight the mentioned height AB (although one cannot get
close to the lowest point or fundament of the height, that is, to point B). By the
same operation, I would like to find out the hypotenuse or diametral distance of
such height and, similarly, the horizontal distance, that is, that distance from my
eye to the point where the plane of the horizon meets that height, although this
point is not visible because of the spherical ground T. Therefore, I would also
find out the distance of the straight line from my feet to the fundament of such a
height (that is, to point B[)], although point B is hidden because of the mentioned

110The 1558 print run mistakenly reads “tutta” instead of “dutta.”
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globolita. Piglio il mio iftromento in mano ouer che lo affermo in qualche cola
[tabili talmente che [i polla girare da balo in alto, da poi mi affermo in qualche
loco che [ia piu perfetto piano che [(ia poB3ibile e procedo con il detto mio istro-
mento (i come nella precedente, cio¢ appofto un ponto in la detta cola apparente
qual fia la uertice A et quella cerco di uedere per li dui forami del mio iltromento
fatto questo confidero (utilmente fopra qual lato, ouer ombra cade il perpendi-
colo del detto istromento, il quale [el cade (come frequentemente interuiene in
tal [orte di milurationi) [opra il lato della ombra uerla, uedo quanti ponti taglia
il detto perpendicolo, et per quel numero de ponti io parto 12 et dapoi [eruo il
numero quotiente eBempi gratia [e il detto perpendicolo cade fopra alli 2 ponti,
il numero quotiente uien a efler 6 il qual feruo da parte, da poi fegno il loco nel
qual [on [tato et poi mi tiro alquanto (rettamente) in drio, ouer che uado alquanto
piu inanti del detto loco et un altra uolta in la feconda [tatione cerco da nouo da
uedere la detta [ummita, ouer uertice A per li detti forami del detto mio iltro-
mento, et dapoi guardo diligentemente [opra quanti ponti della detta ombra uerfa
cade il detto perpendicolo, per il qual numero de ponti di nouo parto pur 12 et il
numero quotiente che me uiene, lo [otro, del primo quotiente che fu feruato (fe
quel ¢ menore) ouer al contrario fe quel ¢ maggiore, et [eruo tal ecceBo, eBempi
gratia [e in la [econda [tatione il perpendicolo cadefe [opra alli 6 ponti della detta
ombra diuido 12 per il detto 6 me uiene per numero quotiente 2 il qual 2 fottro
da I’altro numero quotiente [eruato che fu 6 lo ecceBo dil qual fotramento ¢ 4 il
qual eccello feruo da banda dapoi mifuro il [patio, che ¢ fra la prima, et feconda
[tatione (con che mifura mi piace) et il numero di quelle mifure diuido per il nu-
mero dello ecceBo di [opra [eruato, cio¢ per 4 et a quello che uiene gli agiongo
la perpendicolare del mio occhio a terra, et tal fumma conchiudo che fia I’altezza
della detta cola apparente. Eflempi gratia (el numero delle mifure del detto [patio
fulle paBa 156 diuido il detto 156 per 4 ne uiene paBa 39 et a questo 39 li agiongo
la perpendicolar del mio occhio a terra (qual pongo (ia pafia 2) fa pafia 41 et tanto
conchiudo che [ia la detta altezza AB.
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spherical ground. I take my instrument in my hands and fix it onto something
stable so that I can turn it upward.!!! T then choose a place where the ground is
perfectly flat and proceed with the mentioned instrument of mine, as has been
said in the previous proposition. Therefore, I target the top of the mentioned
perceptible object at point A and try to see that point through the holes of my
instrument. Once this is done, I diligently observe over which side or shadow the
plumb line of the mentioned instrument falls. If it falls (as often happens in these
sort of measurements) over the side of the horizontal shadow, I observe on which
point the plumb line falls. I then divide 12 by that number of points, obtaining
the quotient number, which I file. For example, if the mentioned line falls over
point 2, the quotient number is 6, which I file. I then mark out the place where
I was and move (straightly) a little backwards or forwards from the mentioned
place. In this second place, I target the mentioned top at point A again through
the mentioned holes of the mentioned instrument of mine and, then, I diligently
observe over which portion of the mentioned horizontal shadow the plumb line
falls. Again, I divide 12 by that number of points and obtain the quotient number.
I then subtract the first quotient number from this number, which is filed (if the
latter is smaller), or, on the contrary, if the first quotient number is greater, I then
subtract from this the second quotient number. Finally, I file this difference. For
example, if in the second place the plumb line falls over point 6 of the mentioned
shadow, I divide 12 by 6 and obtain 2 as a quotient number. I subtract this from
the other filed quotient number, which was 6, and file the difference which is 4.
I then measure the space between the first and the second measurement location
(using the unit of measurement that I prefer). I then divide this distance by the
difference I had filed, that is, 4. To the result of this operation I add the length
of the perpendicular from my eye to the ground and conclude that the result of
such a sum is the height of the perceptible object. For example, if the number
of units of measurement of the mentioned space [between the two measurement
locations] is 156 steps, I divide 156 by 4, which makes 39 steps. I add to 39 the
length of the perpendicular from my eye to the ground (which I suppose to be 2
steps). The result is 41 steps. I conclude that this is the length of the mentioned
height AB.

I The part of the sentence from “fix” to “upward” was added in the 1550 edition.
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Ma per ef3er questa propolitione alquanto piu difficile delle altre la uoglio refem-
plificare un’altra uolta, et uariatamente del fopra datto eBempio hor poniamo di
nouo che nella prima [tatione (quala pongo fia doue il ponto C) il perpendicolo
del mio iltromento mi cada [opra il decimo ponto della ombra uerfa (come di [otto
appar in difegno) et in la [econda [tatione (quala pongo f(ia quella doue il ponto
U) mi cada fopra lo ottauo ponto della detta ombra uerfa (come di [otto appar in
figura) et che dal ponto C al ponto U [ia piedi 285 et che dal occhio mio a terra
(cio¢ dal ponto E al ponto C) ouer dal ponto X al ponto U [ia piedi 4 parto 12 (cioe
le 12 diuifione de cadauna ombra) per 10 cio¢ per li X ponti che [ega il perpendi-
colo nella prima [tatione ne uien 13 qual feruo, poi parto fimilmente il medemo
12 per 8 (cioé¢ per li ponti che [ega il detto perpendicolo nella [econda [tatione) ne
uien 17 et da questo 17 ne fotro quel 11 che fu feruato refta 3 et per questo %
parto 285 (cio¢ la quantita di piedi che ¢ dal ponto C al punto U) ne uien 950 et a
quefto 950 gli agiongo 4 (cio¢ gli piedi 4 che hauemo fuppolto che fia dal ponto
E al ponto C ouer [d]al ponto X!12 al ponto U)

2] a stampa del 1558 riporta erroneamente “10” al posto di “X.”
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As this proposition is a bit more difficult than the others, I would like to give
another example. This time, it is different than in the example described above.
We suppose that at the first measurement location (which is supposed to be at
point C) the plumb line of my instrument falls over point 10 of the horizontal
shadow (as is shown below in the drawing). At the second measurement location
(which is supposed to be at point U), it falls over the eighth point of the mentioned
horizontal shadow (as appears below in the drawing). Further, I suppose that the
distance from point C to point U is 285 feet and that from my eye to the ground
(that is, from point E to point C), or from point X to point U, there are 4 feet.
I divide 12 (that is, the twelve portions of each shadow) by 10, that is, for the
10 points over which the plumb line falls at the first measurement location. This
makes 13, which I file. I then similarly divide the same 12 by 8 (that is, the point
over which the plumb line falls at the second measurement location). It makes
1. From this 11, I'subtract 11, which was filed, and the difference is 3. I divide
285 (that is, the quantity of feet between point C and point U) by this % and this
makes 950. I then add 4 (that is, the 4 feet we had supposed to be the length from
point E to point C, or from point X113 to point U), to this 950.

113The 1558 edition mistakenly reads “10” instead of “X.”
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fara in fuma 954 piedi 954 conchiudo che fia I’altezza della cola apparente A cioé
la linea che ¢ dal ponto A al ponto B (occulto dentro dalla globofita T[)]. Et per
dimolirar questo dal occhio dalla 2 (tatione (cio¢ dal ponto X) al occhio della I
cio¢ al ponto E duco la linea XE!“ et quella produco con la mente fin a tanto
che la concorra con la linea AB dentro della globofita T in ponto F ({i come nella
pallata) il qual ponto F per efler occulto al occhio corporale lo confideraro con
locchio

1141 3 stampa del 1558 riporta erroneamente “YE” al posto di “XE.”
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The result is 954 feet. In conclusion, this is the height of the perceptible object A,
that is, the line between point A and point B (which is hidden behind the spherical
ground T[)]. And to demonstrate this from the eye of the second measurement
location, (that is, from point X) to the eye of the first [measurement station], that
is, to point E,!!3 T conceive line XE!'® and prolong it mentally until it meets line
AB beyond the spherical ground T at point F (as in the previous [proposition]).
As this point F is hidden to the corporeal eye, I consider it by means of the

1151 the 1537 edition, the last sentence from “And to demonstrate” to “ point E” reads in the following
way: “Because from my eye at the second [measurement] location (that is, from point X) to the eye
of the first [measurement location] (that is, to point E).”

116The 1558 print run mistakenly reads “YE” instead of “XE.”
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mentale, et perche il triangolo AEF (per le ragioni aignate nella precedente) ¢
[imile al triangolo LPQ (della prima [tatione) e tal proportione qual ha la linea
ouer lato AF alla linea, ouer lato EF tal ha il lato PQ al lato QL onde (per la
decimaterza, et uigelima prima diffinitione del 7 di Euclide) tante uolte quanto
mifurara, ouer intrara il lato PQ in lo lato QL tante uolte milurara, ouer intrara
il lato AF in lo lato EF et perché il lato PQ ¢ ponti 10 et lo lato LQ ne ¢ 12 (dal
praefuppofito) adonque il lato PQ intrara 11 in lo lato LQ. Seguita adonque che
il lato AF intra 1} in lo lato EF fi che [e ben io non ho alcuna notitia quanto [ia
il lato AF ne ancora il lato EF io son certo almen di questo che lo detto lato AF
intra come ho detto [1]1 in lo detto lato EF et questo [eruo da parte, et mi uolto
alla f[econda [tatione e per le medeme ragioni trouo che lo triangolo XFA ¢ pur
[imile al
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mind’s eye. Since triangle AEF (for the reasons described in the previous [propo-
sition)) is similar to triangle LPQ (of the first measurement location) and line or
side AF to line or side EF has the same ratio as side PQ to side QL, therefore
(based on the thirteenth and of the twenty-first definition of the seventh [book]
of Euclid) side PQ is contained by side QL as many times as side AF by side EF.
And, since side PQ is ten points long and side LQ is twelve (as was presupposed),
side PQ is contained 1; [times] by side LQ. It follows that side AF is contained
by side EF 1 times and, although I do not have any information concerning side
AF and side EF, I am still sure about the fact that AF is contained by EF 11117
times. And I file this result. I then move to the second measurement location and,
because of the same reasons, I ascertain that triangle XFA is also similar to

17The 1558 print run mistakenly reads “1” instead of “1%.”
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triangolo LPQ della detta [econda statione, et che tante uolte quanto intra il lato
PQ (che ¢ ponti 8) in lo lato LQ (che ¢ ponti 12) tanto intrara il lato AF in lo lato
XF et perché il lato PQ (cio¢ ponti 8) intra 13 in lo lato LQ (cio¢ in ponti 12[)]
adonque il lato AF intrara [imilmente 12 in lo lato XF onde [otrando il lato EF del
lato XF (cio¢ 11 de 11) reftara > per la differentia EX (i che la det[ta] differentia
EX uerria a effer li - della detta linea AF et perche la detta differentia EX ¢ tanto
quanto la linea UC (per la trigelimaquarta del primo di Euclide) et la detta linea
UC ¢ fuppolita eller piedi 285 [eguita adonque che quefti piedi 285 fiano li 2
della detta linea AF per il che tutta la linea AF verria a eBer piedi 950 (come che
anchora di [opra fu determinato) giontoui adonque li piedi 4 (che ¢ [uppofto eller
la linea EC ouer XU) fara piedi 954 et piedi 954 diro che fia tutta la altezza AB
perche FB uien a efler [imilmente piedi 4 che ¢ il primo propolito. Et perche [i
come lo lato PQ!18 (della prima [tatione) al lato ouer ypothumilla LP cofi ¢ il lato
AF al lato ouer ypothumifla AE et perche il lato PQ!!? al lato, ouer ypothumilla
LP (per la penultima del primo di Euclide) ¢ come 10 alla radice quadrata di 244
onde multiplico piedi 950 fia la detta radice 244 et quella multiplicatione parto
per 10 me ne viene poco meno de 1484 et piedi 1484 (ouer poco meno) conchiudo
effer la linea, ouer ypothumifla AE che ¢ il [econdo propolito. Et perche il lato
EF ¢ quanto il lato AF et un quinto de piu (come di [opra prouai) per il che piglio
il quinto del lato AF (cio¢ de piedi 950) che [ono piedi 190 et li fumo con i detti
piedi 950 fano piedi 1140 et tanto conchiudo effer la diftantia orizontale, cio¢ la
linea EF ouer la linea CB che ¢ il terzo propofito. Et per li medemi modi, e uie
procederia nella (econda [tatione quando defliderafle di fapere la quantita della
ypothumi(la XA ouer della distantia orizontale XF

18] a stampa del 1558 riporta erroneamente “LQ” al posto di “PQ.”
1190 a stampa del 1558 riporta erroneamente “LQ” al posto di “PQ.”
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triangle LPQ of the mentioned second measurement location. Thus, side PQ
(which is eight points long) is contained by side LQ (which is twelve points)
as many times as side AF is contained by side XF. Since side PQ (which is eight
points) is contained 15 times by side LQ (which is twelve points[)], hence side
AF is similarly contained by side XF 11 times. Then, by subtracting side EF
from side XF (which is 11 from 17) it makes -, which is the remaining EX. But
the remaining EX is as 3 of the mentioned line AF and, since the remaining EX
is as long as line UC (based on the thirty-fourth [proposition] of the first [book]
of Euclid) and, since the mentioned line UC is supposed to be 285 feet long, it
therefore follows that these 285 feet are = of the entire line AF and, therefore,
the entire line AF is 950 feet long (as resulted above). I then add to this result 4
feet (which is the supposed length of line EC or XU), which makes 954 feet. This
is the length of the entire height AB, because FB is also 4 feet long, which was
to be shown first. Since side PQ!29 (of the first measurement location) to side or
hypotenuse LP has the same ratio as side AF to side or hypotenuse AE, and since
side PQ!2! to side or hypotenuse LP (based on the penultimate [proposition] of
the first [book] of Euclid) has the same ratio as 10 to the square root of 244, I mul-
tiply 950 feet by the mentioned square root of 244 and divide the resulting number
by 10. The result is a bit less than 1484. I conclude that line or hypotenuse AE
is 1484 feet long (or a bit less), which was to be shown secondly. Since side EF
is equal to the sum of side AF with a fifth of the same AF (as I proved above),
I calculate that a fifth of side AF (which is 950) makes 190 and I add this to the
mentioned 950 feet. This makes 1140 feet and is the horizontal distance, that is,
line EF or line CB, which was to be shown thirdly. I would then follow the same
methods and ways at the second measurement location if I wanted to ascertain
the quantity of the hypotenuse XA or the horizontal distance XF.

120The 1537 edition reads “LQ” instead of “PQ.”
121'The 1537 edition reads “LQ” instead of “PQ.”
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vero ¢, che per altre uie piu facile io potria trouar le dette diltantie ypothumifale
et [imilmente tutte le altre commen(urationi, le qual uie [ariano molto al propolito
per quelli che non [ano radicare ne pratica de numeri, ma per efler difficile a
dicchiarirle in [crittura, le lalo. Bilogna notare per quelte forte de operationi doue
(i procede con due politioni che la perpendicolare del mio occhio a terra nella
piu propinqua [tatione [ara alquanto menore di quella della (tatione piu lontana
et maflime eBendo il detto iltromento fillo in qualche cofa [tabile et quantunque
tal differentia [ia poca cofa, nondimeno alle uolte puo caufar non poco errore,
et per tanto ellorto a fondarle nella perpendicolare, che fara da quel pironcino
doue [ta attacato il piombino per infino a terra [i in 1’una come in ’altra (tatione,
il qual pironcino uien a efler il centro di tal istromento, et congignando il detto
iftromento girabile in qualche cola che [tia in piedi, come [ono li lucernari, el [i
debbe congegnare da 1’altra banda di tal iltromento vn pirone fermo a dirimpeto
del pironcino del piombino, talmente che tal iltromento uenghi a girare fopra il
[uo centro, perche girando [opra altro ponto, fempre ui correra alquanto di errore
nella conclufione. Hor per ritornar al nostro propolfito, (e per forte io fule pur
tanto apprello della detta altezza, che il perpendicolo mi calcale [opra la ombra
retta, vederd medelimamente quanti ponti gli hara il detto perpendicolo di detta
ombra retta, et procedero al contrario del precedente modo, cio€ io partird li detti
ponti tagliati dal detto perpendicolo, per 12 del qual partimento necelariamente
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It should also be added that I could find out the mentioned hypotenuses as well
as all other measurements by means of other methods, which are easier, espe-
cially for those who are not able to calculate the square root and are not practiced
with numbers. However, as these methods are difficult to describe by means of
writing, 1 will not discuss them.'?? One also has to note that, in these sort of
operations when two positions [for the measurement] are involved, the perpen-
dicular from my eye to the ground at the closest position is a little shorter than
the one at the position further away, especially when the instrument is fixed on
something stable. Although such a difference is small, it can sometimes cause a
large mistake. Therefore, I exhort to drive [the instrument] at both places, along
the perpendicular which starts at the small pivot where the plumb line is fixed,
down to the ground. In this way, that small pivot becomes the center of the instru-
ment. If the instrument is conceived as turning around on something that stands,
for instance, on poles to hang lamps, the instrument should be designed to have
a pivot on the other side of the point where the small pivot for the plumb line is.
In this way, the instrument rotates around its center. Otherwise, if it turns around
another point, an error will always occur in the conclusions. Now, to go back
to our purpose, if it happens that I am so close to the mentioned height that the
plumb line falls on the vertical shadow, I again observe the point over which the
plumb line of the mentioned instrument falls. But, I then proceed in the opposite
way as the previous method. Namely, I divide the number of points indicated by
the plumb line by 12 and, from this division, a

122The 1537 first edition of Tartaglia’s Nova scientia concludes here in the following way: “It is true
that I could find alternative and easier methods to find the diametral distances, which would be very
appropriate for those who are not able to calculate the square roots and who do not even know what
the square root is. However, as these subjects are difficult to explain in written form, I decided to
show them actively that is, by viva voce. Similarly, I do not show [how to calculate] the horizontal
distances, or how to measure the widths and depths of the perceptible things, because these subjects
are not very relevant for the bombardiers. I intend to speak about these particular things with more
ease another time.”
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ne venira [empre un rotto; el qual rotto feruaro da banda, et dapo [egnaro il loco
nel qual [aro [tato, et dapoi me tiraro alquanto rettamente in drio, ouer che andaro
alquanto piu inanti del detto luoco, (come fu fatto nell’altra (opradetta operatione)
et vn’altra volta in la [econda [tatione cercaro di nouo di veder la detta fommita,
ouer vertice A per li detti forammi del detto iltromento, et dapoi guardaro diligen-
temente [opra quanti ponti della detta ombra retta cadera il detto perpendicolo, li
quali ponti di nouo li partird per 12 del qual partimento neceBariamente me ne
venira vn rotto, et quefto tal rotto lo cauard da quell’altro primo che fu [eruato da
banda, (eBendo perd menor di quello,) oueramente cauard quel primo da quelto
[econdo, eBendo maggiore, et quelto reftante [eruard da banda, dapoi miluraro il
[pacio, che ¢ fra la prima, et [econda [tatione, con che milura me parera, et il nu-
mero di quelte tal mifure partiro per quel mio reftante ([eruato da banda) et a quello
auenimento gli aggiongo la perpendicolare, che [ara dal centro del mio iltromento
a terra (cio¢ da quel ponto doue [ta attacato il perpendicolo) et tal [umma conchi-
udero che [ia I’altezza della detta cofa apparente. EBempi gratia, [e nella prima
politione, ouer [tatione, il perpendicolo, ouer piombino mi calcale fopra lo terzo
ponto della ombra retta, io parteria li detti 3 ponti per 12 (lato del quadro) et me
ne ueneria ; et quefto ; feruaria da banda, et dapoi legnaro il luoco doue fon
[tato, cio¢ fard vn fegno nel detto piano rettamente [otto doue cade il piombino
del iltromento. Dapoi me tiraria alquanto in drio, et un’altra volta in quefto fe-
condo luoco cercaria la detta [umita, ouer vertice A per lo tralguardo del detto
istromento et dapoi guardaria (opra a quanti ponti della detta ombra retta caderia
el detto mio piombino, et fe per calo quel calcalle fopra il 4 ponto, io partiria il
detto 4 per 12 et me ne veneria § et coli di quefto ; ne cauaria quel ; che da
prima fu faluato, et me ne reltaria ;5. Dapoi miluraria diligentemente il fpacio
che [ara fra la prima et [econda [tatione, cio¢ da quel ponto [ignato nel piano nel
luoco doue rifguardaua il ponto piombino nella prima operatione, a quello doue
che rifguardara nella [econda, qual [pacio pongo per elempio che fuBe paBa 8§ io
partiria questi paa 8 per quel ;5 et me ne veneria 96 et a quelto 96 gli aggiongero
quanto fara dal pironcino del detto mio istromento per fin in terra, qual pongo che
ve fia I paBBo giongeria alli detti paBa 96 quel paBBo I et fara 97 pala et paia 97
conchiuderia che fufle la detta altezza AB. Et la verita di quefta tal propofitione
[e dimostra per li medelimi modi, e uie che fu fatto della prima parte, cio¢ per la
[imilitudine di triangoli, et delli fuoi lati proportionali.
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fraction of a number necessarily results. I file this fraction and then I mark the
place where I am. Then, following a straight line, I move backwards or forwards
(as has been done in the above-mentioned operation). Then, I try to see the men-
tioned top at point A through the holes of the mentioned instrument again. Fur-
ther, I diligently observe over which point of the vertical shadow the plumb line
follows and I divide this number by 12. From this division, a fraction necessarily
results. I subtract this last fraction from the first, which was filed (if the second
is smaller than the first), or I subtract the first from the second, if the second is
greater. I then file the result of the subtraction. Then, I measure the space that is
between the first and second measurement location, according to the unit of mea-
surement that I prefer. Then, I divide this number by that remaining (filed away)
and to this result I add the length of the perpendicular from the center of my in-
strument to the ground (that is, from that point where the plumb line is fixed).
I conclude that this result is the height of the mentioned perceptible object. For
example, if at the first measurement location the plumb line falls over the third
point of the vertical shadow, I divide the mentioned 3 points by 12 (side of the
quadrant) and the result is ;. And I file ;. I then mark the place where I am, that
is, I mark the place on the mentioned ground straight under the point where the
plumb line of my instrument falls. Then, I move backwards a little bit and target
the mentioned top at point A at this second measurement location and through
the holes of the mentioned instruments again. Then, I observe over which point
on the vertical shadow the plumb line falls. If it happens that it falls on point 4,
I divide the mentioned 4 by 12 and this makes % and, thus, from this % I subtract
the ; that I had filed before. What remains is . Then, I diligently measure the
space between the first and the second measurement location, that is, from that
point marked on the ground under the point where the plumb line fell at the first
operation, and the point under the plumb line at the second operation. I suppose
this space to be, for example, eight steps long. I divide these 8 steps by that ;>
and this makes 96. To this 96, I add that length from the mentioned small pivot
down to the ground, which I suppose to be one step. So, I add to the mentioned 96
steps that one step and this makes 97 steps. I conclude that these 97 steps are the
height AB. The truth of this proposition is demonstrable by means of the same
methods and ways used in the first part, that is, by means of similarity of triangles
and proportionality of their sides.
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In quefte [orte de comenlurationi doue bilogna operare con due politioni,
ouer in dui colpi, egli¢ neceBario a eBer molto diligente in quelto, che quella cola
doue [ara conzignato il noftro iltromento girabile [tia talmente perpendicolare nel
[econdo luoco come che [taleua precifamente nel primo, perche non [talendo coli
precile non poco errore caularebbe, et quelto [i puo conolcere con el piombino
medefimo del noftro iftromento, ouer con un’altro aflettato in quella tal cofa.
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In this sort of measurement method, where one has to operate at two posi-
tions, that is, at two times, it is very necessary to be diligent in making sure that
at the two different measurement locations the instrument stands exactly equally
perpendicular. If the instrument did not stand precisely in the same way, this
would cause a relevant error. This can be controlled by means of the plumb line
of the instrument itself, or by means of another plumb line fixed to another object.
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Propolitione. XI.

Mi uoglio fabricare un’altro iftromento che mi [erua comodamente
a inuiltigare con ’alpetto le diltanze orizontale et ancora le ypothu-
millale delle cole apparente.

Plglio una lamina di rame, ouer di ottone ben piana grofla circa a una colta di
cortello, et di quella ne cauo un quadro piu giulto che [ia poBibile (per gli modi
dati nella quinta propofitione di questo) et nel detto quadrato li ne difegno un’altro
alquanto menor del primo, talmente che li quatro lati di quefto [econdo quadro
[iano egualmente diltanti delli lati del primo et quelto faccio per laffarui quel
poco interuallo per mettere li numeri delle diuifioni de cadauno lato del detto
quadro, ouer iltromento, et in quelto [econdo quadro gli ne difegno uno altro terzo
quadro tanto menor del [econdo, che li lati di questo terzo fiano egualmente dil-
tanti delli lati del [econdo circa a quatro coste di cortello et piu, € manco [econdo
la grandezza ouer picolezza del primo quadrato, et questo [econdo interuallo lo
laffTo per mettere le diuifioni di lati del detto iltromento, et fatto quelto diuido
cadauno lato di quelti tre quadrati in due parti eguali, et dal centro di tal quadro
a cialcaduna di quelle diuifioni tiro una linea retta et per eller meglio intelo [ia il
primo quadro ABCD con li altri dui quadrati infcritti come nella [equente figura
appar, et le linee che uengono dal centro K del detto quadro, alla mitta di cialcun
lato fiano le due linee EF et GH le quale due linee uengano a diuidere cialcadun
lato di questi tre quadrati in due parti eguali, hor dico che questo iltromento non
uoria ef3er men di una [panna per fazza, ouer per lato. Il che elendo ogni mita del
lato del 2 quadrato uol eBer diuilo in 12 parti le quali 12 parti [e chiamano ponti,
talche cadaun lato del detto 3 quadrato ueria a eBer diuilo in 24 ponti ponti, cioé
12 in una mita et 12 nell’altra mitta, et tutte quelte 12 et 12 ponti cominciano a
numerar dalla mitta di cialcun lato andando uerfo langolo [ia da una banda come
da I’altra, et per eBer piu pronto a numerar li detti ponti in quel interuallo che fra
li lati del primo et [econdo quadro ui [i gli mette il numero a cialcadun ponto cio¢
1,2,3,4,5,6,7,8,9,10, 11 et 12



The Nova scientia: Transcription and Translation 257

THIRD BOOK - 30v

Eleventh proposition.

I would like to manufacture another instrument that I can comfort-
ably use to investigate by sight the horizontal distances and the hy-
potenuses of perceptible objects.

I take a foil of copper, or brass, which is flat and about as thick as the width of
the blade of a knife. From it, | produce a square as correct as possible (following
the procedures described in the fifth proposition of the present work). Within this
square, I draw another square a little bit smaller than the first and in such a way
that the four sides of the second square are equally distant from the sides of the
first squares. The space between the two squares has to be large enough to write
the numbers of the portions of each side of the mentioned square or instrument in
it. I then draw a third square within the second, whose sides are equally distant
from the sides of the second. The third square should be equidistant to the second
square and its sides at a distance from the second, which is about four times the
blade of a knife, more or less according to the largeness or smallness of the first
square. This second space is left for the marks of the portions of the sides of the
mentioned instrument. Once this is done, I divide each side of those three squares
into two equal parts. Then, I draw a straight line to each of those divisions from
the center of the quadrant. In order to be more comprehensible, let ABCD be
the first square with the other two squares inscribed, as is shown in the following
figure. The lines that start at the center K of the mentioned quadrant and that go
to the middle points of each side are the two lines EF and GH. These two lines
divide each side of these three squares into two equal parts. Now I say that this
instrument should not be smaller than a span at each side. Then, each half of the
sides of the second square is divided into twelve equal parts and these are called
points, so that each of the sides of the third square is also divided into twenty-four
points, that is, twelve on one half and twelve on the other half. All these twelve
and twelve points are enumerated, starting from the middle of each side and then
toward the angle on both sides. In order to improve the use of the points, all of
these portions are enumerated in the space between the first and second square by
assigning a number to each portion, thatis, 1, 2, 3,4, 5,6, 7, 8,9, 10, 11 and 12.
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et il primo ponto in I’una e I’altra mita principia nella mita dil lato (cio¢ doue che le
due linee GH et EF [egano li lati del detto [econdo quadrato) et il 12 ponto di luna
et ’altra mita uien a fenire nelli quatro angoli dil detto 3 quadrato et acio che tai
12 et 12 diuifioni per cialcun lato [iano piu euidente [e diuide tutto quel [pacio che
¢ fra li lati del fecondo et terzo quadrato, et con lineette che venghino dal centro
K del quadro a cadauna di quelle 12 et 12 diuifioni gia fatti in cialcun lato del
[econdo quadrato. Et oltra di quelto cialcaduno di questi 12 et 12 ponti de cialcun
lato [i debe diuidere ancora in altre 12 parti eguali, le quali [e chiamano minuti, et
farli euidenti con lineette tirate dal centro K come fu detto di ponti, et fatto quelio a
cadauno lato del detto [econdo quadrato uera a eller diuifo in 288 minuti, cio¢ 144
in cialcaduna mitta del lato, et 144 ne 1’altra mitta. Ma perche quefta cofi minuta
diuifione non (i puo mandar a eecutione in un quadrato piccolo, nondimeno per
eflfer meglio intefo te pongo in figura [otto
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The first point, on both halves, is at the middle of the side (that is, where the two
lines GH and EF meet the sides of the second square). And the twelfth point of
both halves is at the angles of the mentioned third square. In order to make each
of these twelve and twelve portions on each side more visible, the space between
the sides of the second and the third square are divided by small lines drawn from
center K of the quadrant toward each of those twelve and twelve divisions already
marked on each side of the second square. Moreover, each of these twelve and
twelve points of each side are divided again into a further twelve equal parts,
which are called minutes. These have to be made visible by means of small lines
from center K, in the same way as has been said for the points. Once this is done,
each side of the mentioned second square is divided into 288 minutes, 144 on
each half of the sides. Because such a division by minute cannot be executed on
a small square, in order to make this clearer, I show you
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lo [critto quadretto del quale ogni mita del lato del econdo, ¢ diuifo folamente
in [ie parti, ma per accordarle con quello che [e ha da dire, [upponeremo che
cialcaduno di quelti uaia per doi ponti. [I]l numero di detti ponti per la [iretezza
del fpacio non ui [e fono potuti accomodar, ma bafta a [aper che doue finille il
primo ponto dal E uerfo B (e gli pone I et doue finif8e il [econdo ui (i gli mette 2
et cofi procedendo per fin in 12 el qual 12 ponto uien a terminare nel angolo B
del [econdo quadrato il medefimo (i debbe fare nell’altra mitta uerfo A cio¢ nel
fin del primo ponto dal E uerfo A m[e]tterui I et in fin del fecondo 2 et coli andar
procedendo per finin 12 il qual 12 uien a fenire nel angolo A del [econdo quadrato,
et tutto quelto che [e ¢ detto del lato AB del detto [econdo quadrato [i debbe
intendere et fare in li altri tre lati AC, CD et DB del detto [econdo quadrato, cioé
principiar a numerar alli ponti di mezzo, cio¢ G, F, H del detto [econdo quadrato
et fenir nelli angoli A, B, C, D et bilogna aduertire, come dilopra fu detto, che li
detti numeri di ponti uogliono e3er posti in quelli interualli che [ono [ra li lati del
primo quadro, et quelli del [econdo.

Oltra di quefto bilogna far una dioptra, ouer tralguardo il qual tralguardo
uolendo far de un pezzo [olo el [i debbe tuor quella lamina di ottone, ouer di rame
piana, et tirar in quella (con una rega iultisfima) una linea retta longa quanto che
¢ il diametro del quadrato del iftromento qual in quefto cafo faria quanto che ¢ dal
A al D ouer dal B al C et quelfta tal linea [uppono che (ia la retta LM et questa [ia
diuifa in due parti eguali in ponto N et ad angoli retti con un’altra retta linea, a
quella eguale la qual pongo [ia la OP et [opra il ponto N faccio un circoletto picolo,
et un altro [imile et eguale a quello ne [ia delcritto in cadauna iftremita di quelte
due linee, cio¢ [opra li ponti L, M, O, P et di quefta figura cauarne fuora quattro
brazza in croce perfetta, ma talmente che il corpo de cadauno di quelti quattro
brazza [ia al contrario del uoftro contrapolito come di [otto [i uede in figura.
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a small square drawn in the figure below, where each half of the sides of the
second square is divided into only six parts. In order to associate what [ am going
to say with this figure, we suppose that each of these portions corresponds to
two points. Because of the smallness of the space [in the drawing below], the
number of the mentioned points could not be written, but it is sufficient to know
that where the first portion from E toward B ends, there I suppose 1. Where the
second portion ends, I suppose 2, and so on until 12, which is placed at angle B of
the second square. The same has to be done in the other half of the square toward
A. Therefore, I suppose 1 at the end of the first portion from E toward A, 2 at the
end of the second, and so on until 12, which is at angle A of the second square. All
that has been said and done in reference to side AB has to be conceived and done
in reference to the other three sides AC, CD and DB of the mentioned second
square. This means starting the enumeration at the middle points, that is, G, F
and H of the mentioned second square and moving toward angles A, B, C and D.
As has been said above, one has to note that those numbers of the points have to
be written in the space between the sides of the first and of the second square.

Besides this, one has to construct a dioptra or sight. This sight should be
made of a unique piece and obtained from a foil of brass or very flat copper. (By
using a very perfect ruler) one draws on that foil a straight line as long as the
diameter of the square of the instrument, which, in this case, is as long as the
distance between point A to point D, or from point B to point C. I suppose that
this line is the straight line LM. I divide this line into two equal parts at point N.
At right angles [I draw] another straight line, equal to the first, and I suppose this
to be line OP. Then, I draw a small circle at point N and at each end of these two
lines I draw four equal circles, that is, at the ends of the lines or points L, M, O
and P. Using this figure, I obtain [from the foil] four arms perfectly crossing each
other but in a way that the body of each of these arms extends on the back of the
lines, as is shown in the figure.



262 The Nova scientia: Transcription and Translation

LIBRO TERZO - 31r - cont.

A S

N s

T

o s -

Ma bilogna ular diligentia, che quelli lati che paflano per il centro N [iano
rettamente tagliati, 1i quali lati uengono a eller le prime due linee tirate nel prin-
cipio,
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One has to work diligently and consider that those sides that go through
center N have to be straightly and correctly cut and that these sides correspond to
the first two lines that were drawn,
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cio¢ la linea LM et OP. Fatto quelto bilogna aflettare nel centro di cadauno di
quelli quatro cerchij L, M, O, P una ponta alla [imilitudine della ponta Q oue-
ramente una laminetta con uno bufetino alla [imilitudine della laminetta R che
oppolitamente [e incontrino per tralguardar le cole. Et doppo questo bifogna con
un pironcino impironare il centro N della dioptra, ouer trafguardo [opra il centro
K del noftro iftromento talmente che la detta dioptra (ia girabile [opra il detto
centro K onde eflendo ben fatta, et aflettata li effetti [uoi faranno di tal [orte che
ogni uolta che [ia girata talmente che la linea LM della dioptra calchi precilfamente
[opra la linea EF del iftromento nece(lariamente 1’altra linea OP della detta dioptra
calcara praecifamente [opra la linea GH del detto iltromento, et quando che cofi
[tia tal dioptra, la e ripoflara rettamente fopra dil noftro istromento, (imilmente
tal dioptra [e diria ripoflarfe rettamente (opra del detto iltromento quando che la
linea LM di tal dioptra calcalle praeciflamente (opra la linea GH del iltromento,
il che elfendo I’altra linea PO della detta dioptra, ueneria a calcar [opra la linea
EF del detto iltromento, et quelto tal iftromento per operarlo, bilogna da 1’altra
banda congegnarui di poterlo accomodare in cima d’un baltone alto almen tre
piedi il qual baltone per operarlo alla forefta bifogna che da 1’altro capo habbia
un ferro appontito di poterlo piantar in terra, ma per operarlo in lochi doue non
[i potefle piantare in terra ui (e potria far a tal baltone un pie alla (imilitudine di
quelli lucernali che fi coltumano per ficar le lucerne.

Et uolendo che tal istromento ne ferua comodamente non [olamente per in-
uiftigare una diftantia orizontale, ma ancora le ypothumillale, ouer diametrale,
cio¢ di [otto infufo diametralmente, ouer di [ulo in giulo pur ypothumillalmente.
Bilogna congegnar tal istromento in la cima di quel baltone, come fon dui poli
talmente che leuandolo dalla parte dananti, la parte di drio (i uenghi ad abballar
in uerfo terra, et al contrario elleuandolo dalla parte di drio, la parte denanti [e
abbaBi uerfo terra il che facendo [e potra tralguardar non [olamente per il piano
del orizonte, ma de [otto in [ufo, et di fufo in giulo.

Oltra di quefto bilogna notare, che tal quadrato [e potria delignar in carta
grofla, e ben li(la, et dapoi incolarlo fopra d’un quadretto di tauola di legno gro(la
almen un buon dedo, et [ecca, et dapoi farui una dioptra di legno [econdo 1’ordine
datto nel 7 quefito del 5 libro delli noftri queliti per fare la dioptra del boflolo per
tor in diflegno, uero ¢ che (e potria far il detto iftromento de legno, e carta come
¢ detto, et poi far la detta dioptra de ottone, et [ara piu honoreuole et durabile.
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which are the lines LM and OP. Once this is done, a small head, similar to the
head Q or a small foil with a small hole, similar to the foil R, has to be fixed at
the center of each of those circles L, M, O and P. They have to be appropriately
set to target the things by sight. After this has been done, one has to fix a pivot at
the center N of the dioptra, that is, of the sight, over center K of our instrument
and in such a way that the mentioned dioptra can be turned around the mentioned
center K. Thus, if the instrument is well manufactured and assembled, it shows
that each time it is turned so that line LM of the dioptra falls precisely over line
EF of the instrument, then the other line OP of the mentioned dioptra necessarily
falls over line GH of the mentioned instrument. If the dioptra is rightly placed
over the instrument, it is said that the dioptra is rightly placed over the instrument
when line LM of the dioptra falls precisely over line GH of the instrument. If
this happens, the other line PO of the mentioned dioptra falls over line EF of the
mentioned instrument. In order to use this instrument, it has to be fixed on the
other side at the top of a stick at least three feet high. If such a stick has to be used
in the forest, it must have a point of iron on the other side so as to be able to drive
it into the ground. If, however, it has been used in places where it is not possible
to drive it into the ground, it should be provided with a foot similar to those used
for the poles on which lamps hang.

If the instrument has to be used not only to find out the horizontal distance,
but also the hypotenuse or diametral distance, that is, upwards toward the diam-
eter or downward also toward the diameter or hypotenuse, one has to design the
instrument on the upper part of that stick like two poles. Using these, if one raises
the front [of the instrument], then the rear lowers itself and, on the contrary, if one
raises the rear, then the front lowers itself toward the ground. If this is done, the
instrument can be used not only to target horizontal distances, but also upwards
and downwards.

Besides this, one has to note that the square could be drawn onto a thick
and smooth piece of paper, which is then glued on to a small square of wood, at
least as thick as a thumb, and dry. Then a dioptra could be prepared according to
the instructions given in the seventh guesito of the fifth book of our Quesiti,!23
in order to use the dioptra of the compass as a surveying instrument. It is more-
over true that one could make the mentioned dioptra out of wood and paper, as I
said, but then one would make the mentioned dioptra out of brass, which is more
honorable and durable.

123 Tartaglia 1546.
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Propolfitione. XII.

Eglie poslibile a inuistigare, et conlcere la diltantia de una cola appa-
rente, ofia orizontale, ouer ypothumiflale o uogliam dire diametrale.

SIa prima il ponto A [ituato nel piano del horizonte dico che eglie poBibile a
confiderare, ouer conolcere quanto (ia da me diftante, et per inuistigar questo,
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Twelfth proposition.

How to know the distance, that is, the horizontal distance and the
hypotenuse or diametral distance of a perceptible object.

First, let point A be located on the plane of the horizon. I say that it is possible to
consider, or to ascertain how distant it is from me. To know this,
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piglio il mio fabricato iltromento, et lo pianto rettamente cioe perpendicolarmente
in terra, et acontio la dioptra, ouer tralguardo talmente che [tia rettamente [opra
del detto iltromento (cio¢ [econdo che fu diffinito nella precedente) dapoi torzo
et retorzo tanto detto iltromento che per due di quelle ponte, ouer bufi della detta
dioptra io ueda il detto ponto A et uisto che io habbia (poniamo per le due ponte,
ouer bufi B, C della retta dioptra come nella [equente figura appare) mi formo
un’altra linea perpendicolare (cio¢ a [quara) [opra la linea BCA et per formarla
[enza muouere il detto iltromento, ne manco la retta dioptra, ouer trafguardo per
le altre due ponte, ouer bufi D, E direttamente, et fazzo piantar per un gran tramito
di lontano due bacchette rettamente in terra, ’'una diftante almen 4 ouer 5 palla
I’una da I’altra, ma talmente che ambe due calchino [otto del detto mio tralguardo,
cio¢ [otto la retta linea DEF le qual bachette in quefto calo pongo che 1’'una [ia
in ponto G et I’altra nel detto ponto F et quelte due bachette le fazzo piantare
accio mi conleruino et dimoltrino la detta linea DEFG fatto quelto cauo el detto
mio iftromento ([enza mouere la dioptra della [ua rettitudine) et me dilcosto per
quanti palla me parera dal detto luoco primo, et questo dilcoftamento lo poflo
far da qual banda mi pare, cio¢, ouer uerfo le due bachette gia piantate, ouer
dalla parte conuerfa, ma per al prelente me uoglio dilcoltar andando uerfo le due
bachette, cio¢ uerfo li dui ponti G, F et tal dilcoftamento pongo che [ia paBa 15
nel qual loco pianto de nouo il detto mio iftromento,
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I take my manufactured instrument and set it righty and perpendicularly into the
ground. I assemble the dioptra or sight so that it will be placed at a right angle
over the instrument (that is, as has been defined in the previous [proposition]).
Then, I turn the mentioned instrument back and forth as much as needed to see
that mentioned point A through two of those points or holes of the mentioned
dioptra. Once I have targeted it (for instance through the two points or holes B
and C of the straight dioptra, as appears in the figure below), I conceive of another
line, perpendicular (according to the square) over line BCA. In order to realize
this without moving the instrument and the dioptra, I watch through the other two
points or holes D and E, and along that straight line I let two rods far away from
me drive perfectly straightly into the ground with a distance between them other
of at least four or five steps. Both of them have to be on the line that goes through
D and E, that is, on line DEF.124 The two rods are supposed to be placed at point
G and the other at point F. I let these rods drive into the ground so that they mark
and show me the mentioned line DEFG. Once this is done, I take my instrument
out of the ground (without moving the dioptra from its perpendicular position)
and I move from that location as many steps as I would like to. It is also possible
to move toward both sides, that is, either toward the two driven rods or toward
the opposite side. Now, I would like to change positions and move toward the
two rods, that is, toward the two points G and F. I then suppose to move fifteen
steps away and in that place I drive my instrument into the ground again.

124The first location for measurements is illustrated in the lower part of the figure.
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ma talmente che [ia nella medelima linea, che ne dinotara le dette due bachette il
che facilmente [e conolcera tralguardando et incontrando le due ponte, ouer buli
D, E della retta dioptra con le dette due bachette, [i come fu fatto nel primo loco,
et fatto questo eglie cola chiara che [tante la detta dioptra retta [opra dil detto
istromento (in questo fecondo luogo) et guardando per le due ponte, ouer buli B,
C non [i potra uedere il ponto A anci (ara forza (uolendolo uedere per
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This I do in such a way that it is placed on the same line marked by the two rods.
This can easily be checked by targeting the two rods through the two points or
holes D and E of the straight dioptra, as has been done at the first measurement
location. Once this is done, it is clear that if the mentioned dioptra is placed
right over the mentioned instrument (in this second measurement location), by
watching through the two points or holes B and C, one cannot see point A. But
to target it (that is, to see point A
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le dette due ponte, ouer bulfi il detto ponto A) a obliquare, ouer torzere la detta
dioptra (fenza mouer liltromento) con la ponta, ouer bufo C uerfo il detto A come
che nella figura del 2 luoco appare, et fatto questo guardo diligentemente quanto
(e fia difcoftata la linea BC della dioptra dalla [ua rettitudine cio¢ dal ponto H et
questo lo conolcero per uigor di ponti, et minuti gia delcritti nel lato del 2 quadro
cio¢ quanti ne reftaranno discoperti fra H et I hor poniamo che dal H a I fiano 4
ponti, cio¢ de quelli che cialcaduna mitta del 2 quadrato [(Jne ¢ 12) diro per la
regola uolgarmente detta del 3 [e 4 ponti mene da 12 per la mitta del lato che me
dara quelli 15 paBa che hauemo [uppolto che [ia dal loco doue [e piantd prima lo
iftromento al luoco doue [e pianto alla 2 uolta, onde multiplicaro quelli 15 paBa
per 12 fara 180 et questo partiro per 4 mene uenira 45 et pafla 45 conchiudero
che [ia dal luoco doue che prima [e pianto liftrumento al ponto A et cofli [e per
[orte ogni ponto fule diuifo in 12 minuti et che per [orte dal ponto H al ponto I
[uBBe, poniamo calo minuti 8 io direi [e minuti 8 mi da minuti 144 (cio¢ la mitta
del lato del quadro) che mi dara paBa 15 onde multiplicaria li detti pafla 15 fia li
detti minuti 144 faria 2160 et questo parteria per li 8 minuti ne ueniria pafia 270 et
pafla 270 conchiederia che fulle dal detto luoco doue che (e pianto prima il detto
noltro iftromento per fin al detto ponto A et coli procedaria nelle altre [imile. hor
per dimoltrar la caufa di tal nostra operatione per abreuiar il dire nel centro del
iftromento della prima pofitione intenderemo un K et nel centro di quello della 2
politione intenderemo un N et arguiremo in questo modo, perche la linea LH ¢
equidiltante alla linea KA langolo HNI del triangoletto HNI (ara eguale (per la 29
del I di Euclide) al angolo A del triangolo NAK (per effer alterni) et [imilmente
I’angolo K del triangolo NAK ¢ eguale al angolo H del triangoletto NHI per efler
I’uno, e I’altro retto onde per la 32 del 1 di Euclide li detti dui triangoli KAN et
HNI faranno equiangoli, et (conlequentemente per la 4 del 6 di Euclide) [aranno
de lati proportionali onde la proporzione del lato HI al lato NH [(ara, come quella
del lato KN al lato KA
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through the mentioned two points or holes) it will be necessary to turn the men-
tioned dioptra (without moving the instrument) with point, or hole C toward the
mentioned point A, as it appears in the second place in the figure. Once this is
done, I diligently observe how far line BC has moved away from the right line,
that is, from point H. I will ascertain this difference by means of the points and
minutes that are written on the side of the second square. I therefore observe how
many [points] there are between points H and I. Now, supposing that between H
and I there are four points, that is, [(Jfour of the twelve) of which each half of the
second square is constituted. Based on the rule, popularly known as the rule of
three, we can suppose that if we have four points of those twelve of the half of the
side and those fifteen steps that we suppose to be the distance between the place
where the instrument was driven in the ground the first time and the second time,
then, when I multiply those 15 steps by 12, which makes 180, and divide this sum
by 4, the result is 45. Then, I conclude that the distance from the place where the
instrument was driven first at point A is 45 steps. In the same way, if each point
were divided into 12 minutes and if there were 8 minutes between point H and
point I, I would say that we have eight minutes, then 144 minutes (which is half
of the side of the square) and then fifteen steps. Thus, I multiply the mentioned
15 steps by the mentioned 144 minutes, which makes 2160. I divide this by those
8 minutes and the result is 270 steps. I conclude that the distance between the
first point where the mentioned instrument was driven into the ground and point
A is 270 steps long. I proceed in the same way in other similar cases. Now,
to demonstrate the cause of our operation and in order to keep this explanation
short, we say that the center of the instrument at the first place is called K, while
the center of the same in the second position is N. We proceed as follows. Since
line LH is equidistant from line KA, angle HNI of the small triangle HNI is equal
(based on the twenty-ninth [proposition] of the first [book] of Euclid) to angle
A of triangle NAK (as they are alternate).!2> Moreover, since similarly angle K
of triangle NAK is equal to angle H of the small triangle NHI, as they are both
right angles, because of the thirty-second [proposition] of the first [book] of Eu-
clid, the mentioned two triangles KAN and HNI will have the same angles and
(consequently, based on the fourth [proposition] of the sixth [book] of Euclid) all
the sides are proportional to each other. Hence, side HI to side NH will have the
same ratio as side KN to side KA.

125The angles are on the two sides of the same transversal line that meets two parallel lines.
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et perche nel principio fu [uppofto che il lato HI fuBle punti 4 et il lato HN uien
a eller ponti 12 (per eller egual alla mitta del lato del quadro) et il lato NK fu
[uppolto eBer palla 15 onde per ritrouar il lato KA cognito per la euidentia della
16 del 6 di Euclide multiplico il lato KN (cio¢ palla 15) per il lato HN [(]Jcioé per
ponti 12) fa 180 et questo parto per il lato HI cio¢ per li 4 ponti che mi [copre la
dioptra (dal prefupolito) mene uiene 45 et paBa 45 diremo che fia il lato KA come
che in principo fu determinato et coli [e procedaria quando chel ponto A fulle
piu in alto ouer piu baflo del orizonte alzando, ouer abaBBando la parte dauanti del
iftromento [tante pero sempre il bastone doue [(ara fitto perpendicolare a lorizonte
(i in monte come in piano et [imilmente le due bacchette che [e piantaranno (i
debbono sempre perpendicolarmente et tai bacchette uogliono eller rettiime, et la
tramutatione che [e fara dal I al 2 loco con listromento, bilogna che [ia egualmente
diltante dal piano del orizonte. Oltra di questo bilogna confiderar diligentemente,
e minutamente, li ponti et minuti et parte di minuto che laflara [coperti la dioptra,
cio¢ la quantita de HI perche ogni picolo errore che [i facelle in li detti minuti
caufariano errore molto euidente nella conclulione perche tai ponti, ouer minuti
uengono a efler partitore, et ogni minimo errore che (i faccia nel partitore non
poco fa uariar lo auenimento.

IN VINEGIA. M. D. LVIIIL
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Moreover, since it was supposed at the beginning that the side HI is four points
long, and side HN is twelve points long (as it is equal to half of the side of the
square), and side NK was supposed to be fifteen steps long, in order to find out
the unknown side KA, based on the sixteenth [proposition] of the sixth [book] of
Euclid, I multiply side KN (that is, fifteen steps) by side HN [(]Jthat is, by twelve
points). This makes 180 and I divide this by side HI, that is, by the four points
shown by the dioptra (as it was supposed). This makes 45 and I say that the length
of side KA is 45 steps long, as was determined above. The procedure then remains
the same, also in the case of point A being higher or lower than the horizon, as the
front of the instrument can be raised or lowered. But the stick always has to be
driven perpendicularly to the horizon, on the mountains as well as on flat ground.
Similarly, the two rods always have to be driven perpendicularly to the ground
and such rods have to be very straight and, when the instrument is moved from the
first to the second place, it then has to be driven again at the same distance from
the plane of the horizon. Besides this, it has to be said that the points, minutes and
parts of minutes shown by the dioptra, when turned and in space HI, have to be
observed very diligently and precisely. In fact, each small error in the observation
of those minutes would cause a very evident error in the conclusion, because those
points and minutes are divisors and each small error made concerning the divisor
can cause the quotient to vary enormously.

IN VENICE. M. D. LVIIL
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INVENTIONE DE NICOLO TARTAGLIA
Biifclano invitolata Scientia Noua diuifa in v, libri,
. melPrimo diquali fe dimoftra theorica¢ :
mente,la natura,& effetti de corpi
egualmente graui,in li dui con
trariimotichein effi puon
accadere,& de Jor con
trarii effecti.

@ 110 fecondo(geometricamente)e approudye dimoftra la qualita fimilitudine]
@ proportionalita ditranfitiloro fecondo li uarif modi,che puono effer cictti,oper
tirati wiolentemente per aerees fimilmente delle lor diftantic, e

QI lo terzofe infegna unanoua pratica de mifurare con afpetto,le altexze difts
tie ppothumifJale,ey orizontale deflecofe apparente,giontoui 4nchora l¢ theorica,
cioe la ragione ¢y caufa dital operaré, ¢

\ " @ nloquarto fe darald pportione de Lordine dil crefeere callar chein ogni pex;

zodi artegliaria nelli fuol tivi,alzddolo ouer arbaffandolo,fopra il pian de l'orie

zonte,er fimilmente ogni mortaro,anchora fe infegnarail modo di trowar tuttele *

dette uarieta,oner quantita detiriin ogni pezo de artegliaria,oucr mortdromee

© diantela notitiadun tiro folo. Anchora [ mo@rarailmodo come ff debbia gouere

©  narunbombardiero quando defiderd;di battere ouer.di percotterein qual che luo<
o apparente, - :

Oltra diquefto fe infegnara anchord il modo come [i debbia gonernar il detto..
bombardiero quando gli fuffe fatto unriparo dauantial luoco doue percote uolen

do pur percottere nelmedemo luoco per altrauia , oucr clleuatione quantunque. .
pin non ueda quel tal luoco, ook
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Q0 Anchorafe darail modo difapere percottere continuamente la ofeura nottein
#n lyoco appoftatoil giorno audanti, ’ :

@11 loquintolibro f¢ dechiarira(fecondo Lautorita de molti Eccellentiffimi Naa
tural)lanatura,ey origine de diverfe fecie di gome,olei,acque flillate,anchora de
diverfi fimplici minerali ey nominerali dalla natura prodotts , ¢y da Larte fabri
cati,anchorafe manifeftara alcune fuc particolare proprictacirca 4lartede fuo
chi Bt fimilmente fe delucidara quale fono quelle materie chi fe conuiengono ¢ che
. Jeaccordano e quale fono quelle che non ficonurengono nefe accordano,a ardere
 infleme,c confequentemente e dara il modo di componere,uaric ¢z dincrfe Jpecie
de fuochi,non folamenite alla defenfione de ogni murata terra utiliffimi, ma anchos
Tainmoléc altre occorentic miolto ¢ propofito, ;
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AL LO ILLVSTRISSIMO ET INVICTISSIMO SI
grior Erancefcomaria Feltrenfe dalla Rouere Duica Eccellentiffimo i Virbino
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Tl ABITANDO in VeronalAnno. M D XXXI Hius
RiiAriffimo. s, Duca mi fu adimandato da uno mio intino ¢ cors
dial amico Peritisfimo bombardiero in castel uecchio ( huomo
empatd, ¢ copiofodi molte uirtw) dil modo'di mettere « fes
gno un pexzo de artegliaria al piu che puo tirare .E a ben che
£ ~=—=lin tal artcio non hauefJe pratica alcuna(perche in ueroEccel
lente Duca)giamai difgargeti artegliaria,archibufo,bombarda,ne [chioppo)niente
dimeno(defiderofo di [eruir Pamico ) gli promisfi di davliin breue riffoluta rifpoe
&a.Et dipoi cbe hebbi ben madticata ¢y ruminata tal materia,gli concluft, ¢ dia
méftrai con ragioni naturale , ¢r geometrice,qualmente bifognaua che la bocea del
pézzo Seffe ellcuata talmente che guardaffe rettamente a'4s. gradifopra a4 loria
zonte , ¢ che per far tal cofaifpedientemente bifognahauere una [quara de alcun
metallo ouer legno fodo che babbia interchiufo un quadrante con lo fuo perpendicon
To come di fotto appar in difegno,es ponendopoi una parte della gaba maggiore di
quella(cioe la parte, b e.)ne Uanima ouer bocea dil pexzo distefarettamete per il
fondo dil uacuo della’canna,alzando poi tanto denantiil detto pexzo cheil perpen
dicolo.h d.feghi lo lato curuo.e g f.(dil quadrante)in due parti eguali(cioe in ponto
2.)Alhorafe dirache il detto pexxo guardard rettamente 445 gradifopra a I'o
rizoute.Perche(signor clarisfimo)il lato curno. gf del quadrate( fecodoliaftroe
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nomi fe divide in 9O.partieguale, ¢y cadauna di quelle chiamano grado, Pero Iu
mita di quello(cioe. g f. Yuerria acffer gradi.g s, Ma per acordarfe con quello che
fe ba.da dive lo hauemo diuifo in v2. partieguali , ¢y accioche uoftraXuftrifsima .
D.S.ueda infigura quello.che difopra hauemo con parole depinto bauemo qua difot=
to defignatoil pexzo conlafquara inbocea affettatofecondoil propofito id noi con
¢hiufo al dettonoftro amico . La qual conclufion a ¢ffo parfe hauer qualche confoa
nantiapur circa cio dubitauaalquanto parendo a.lui che tal pexzo guardaffe trop
po alto.Ilche procedcua per non effer capace delle nodtre ragions , neinle Mathee
matice ben corroborrato , niente di meno con alcuni ifperimenti particolariin fine
e uerifico totalmente coff effere.

Pexxocllciato alli. 4. gradi fopra a Lorizonte,

»

M4 piu ne Fanno M DX XX 11 effendo per prefetto in Verona il Magnifico mif«
fer LeonardoXuftiniano. Viicapode bombardieri amicifJimo di quel nostro amicos
Venne in concorrentia con un'alévo ( al prefente capo de bombardieri in Padoa)
o up giorno accadste che fraloro fu propofto ilmedemo che & noi propoffe quel
nofEro antico,cioe d chefegno fidoue(fe affetarc unpex=o de ariegliaria che fucc[fe
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it magzior tiroche far pofJs fopra un piano. Q uel amico di quel nodtro amico gl
conclufe con wuna [quara inmani il medemo che da noi fu terminato cioc come i foe
pra bauemodetto gy defignatoin figura,

Laltro diffe che molto pisstirariaa dui ponti pinbafJo di tal fquara¢ laquale
era diuifa in x 3.parti)come difotto appare in difegno,

=
T

==\

Et fopra di quedto fu depolta unacevba quantita de danari , e finalmente uencno
alla [perientia, ¢ fir condotea uns colobrina da 20. « Santa Lucia in campagna,
@ cadauno di-loro tiro fecondo lupropofbs feniza alcun auantaggiod: poluere ne
di ball1,onde Q_uello che tiro e condoa nostra determinatione,tird di lontano (fe
condo che ne fis veferto)pertiche x9g v.du picdi 6.per pertica,alla ueronefu,l'ale
tro che tiro lidui ponti pin bgfJo,tiro di lontano folamente pertiche. 1872 per la
qual cofatuttili bombardieri , ey altrife uerificorno della noflra determinatione ,,
che auanti di quefta ifberientia fafeuano ambigui imo la maggior parte baucuano ™
cotraria opintone parédoli che tal pezzo guardaffe tropo alto 84 piu forte uoglie

 <he uodbra preclarifsima Signoria fappia che di tre cofe ¢ forza che nefia una,oucr

* che li mifuranti ferno errore nel mifurare , ouer che ame non fu reffertol uero,
wuer che il fecondo cargo piudiligentemente dil primo, Perche la ragion e dumos
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“ ftra che l fecondocioe quello che v i dud' ponti pisk baffo tird alguanto pi dil d
=nicre alle proportione dcg primo;ouer che il prinio tiro alquanto niieo di quello che
doucustirave alls proportione del fecondo,come nel quarto libro(doue trattaremo
de L proportion di tiri)in breue quella potra conofecre ¢ uedere. Et fappia uofra
Mfuptignivita che pereffer &ato allborain tal materia de@o'deliberai divioler pin
oltra tentarelEt comincidi(gr non fenza ragione (a inuiftigare tefpecic di moti
che inun corpo graue petefJeaccadere,onde trouai quelle effere due cioe naturale,
¢ wiolente,¢r quegli trouai ejfer totalmente in accidenti contrarij mediante i lor
contrarij effetti fimilmente trouai con ragione a lintclletto enidente cffer impoffie
bilemouerfi un corpo grane di moto naturale ¢y uiolente infieme mifto Dapoi tnue
ftigai con ragione geometrice demofbratie la qualita di tranfiti,oucr moti uiolenti
de detti corpigraui,fecondo Ii warij modi che pono effer cictti,oucr tirati uiolentes
mente periaere,Oltra di queflo me certificaiconragioni geometrice deir oftratiuc .
Q ualmente tutti li tivi de ogni forte avtegliarie, i grande come piccole egualimeny
te cllenate fopra il pian de Lorizonte , ouer egualmente oblique,oucr per il pian de
Vorizonte,effer fra lovo fimili ¢y confequentemente proportionaliey fimilmente le
distantie loro.Dapoi conobbi con ragion naturale qualmente: la diftantia del fopra
detto tiro elleuato alli 45:gradi [opraa Lorizonte,era civca decupla al tramitoret
todun tiro futto per il piano delorizonte, che da bombardieri e detto tirar de pors
to in bianco,conlaqual euidentia Magnanimo Duca trouai con ragioni geometrice
@ algebratice qualmente una balla tirata uerfoli detti 4 s.gradi fopraalorizons
teua circaa quattyouolte tanto per linea retta di quello che ua effendo tirata per
il pian de Lorizonte che da bombardieri ¢ chiamato(come ho detto) tir ar de ponto
in bianco, Per ilche [i manifefka qualmente unda balla tirata dd una medema arteglia
ridud pn per linca retta per un uerfo che per un'altro,ey confequenteméte famag
gioreffe tto, Anchor Signor Mudrifsimo calculando trouai la proportis, dil crefce
ve e calar che fa ogni pezzode artegliavia(nelli fuoi tivi)alzandolo ouer arbaffan
dolofoprail pian de Lorizonte,es fimiliente trouai ilmodo di faper tronarla uas
rictd dedettitiriin cadaun pezzo fi grande come piccolo mediante la notitia d'un
tivo folo(domente che [empre fia egualmente cargato)Dapot inueftigai,la propor=
tione ¢z Lordini di tivi del mortaro,¢s fimilmente trouai il modo di faper inuiftiga
« ve fotto breuita la waricta de dettitiri pur per mezzo duntirofolo.Oltra di questo
con ragioni cuidenti/Jime conobbi qualmente unpezzo de artegliaria poffeua per
due diucrfe uie(ouer elleuationi)percottere in unmedemo Luoco, ¢ trouaiil modo
di raandar tal cofa(accadendo)a effecutione(cofe on pin audite ne d'alcun’altro an
tico ne modertio cogitate)Ma dapoi confiderai(Signor Magnifico)che tutte queste
cofeerano diptioco giouamentoa un bombardiero quando che L diftantia dil luoco
doue gli occoreffle di battere non gli fuffe nota.EJempi gratiaoccorrendogli a tirg
reinun luoco apparente che la ditantia di quello gli fufJe occulta Che gli gioudria
(O Magnanimo Duca)in quedo cafo che lui fape[Je che il fuo pexzo tiraffe alla tal
clleuatione paff1.33 56.¢5 alla tal altra paf]a.1468,¢5 alla tal altra paffa.157 4.
cofi difcorrédo de grado in grado,certo nulla li giouaria,pche nd fapedo ladidatia
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.manco fapra a che fegno,ouer clleuatione debtds affeétar tal fuo pezzode arieglis
ria che percotta nel defideratoloco,Seguita adoque due effer le principal parei nee
ceffarie aun realbombardiero(uolendo tirar con ragione ¢y o a cufo)delle quale N
Luna fenza Laltraquafi niente gioua(Dico nelli tiri lontani) La prima é che grofu i
fo modo fappiaconofcere gz inuestigare(con Lafpetto)la ditantia dil luoco doue gli .
occorre de tirare.La feconda ¢ che [appia la quatita di tiri della fua artegliaria, fe
condole fue uarie elleuationt,le qual cofe fapendo na errara de molto nelli fuoi tire.
mamancandoui una diquelle non puo tirar(in conto alcuno)cs ragione ma folamé
te a difcretione ¢ fe per cafo percotte al primo colpo nel luoco,oucr apreffoal luo
codoue defidera,e piu prestoper forte che per fcientia(dico pur. nellitivilontaniy
Perilche(Signor Lluftrifiimo)troudi un nouo modo da inuestigar fotto breuita le
altezze,profordita,larghexze,diftantieypothumiffale,oucr diametvale,er ancorq,
leorizontaledelle cofe apparente,nonin. tutto come cofa noua, Perchein uero Ey
clide nella fua perfpettiva fotto breuita theoricamentein parte ne linfegna, fimilmé
te Giouanne Stoflerino,Orontio, Pietro Lombardos ¢y moléi altri hino datto d k4t
materic norma,chi con tl fole,chi con un fhecchio,chi coil quadrite;ehi cdlo dros
Labio,chi con due uirgule,chi con un baftone (intitolato bacalo de1acob)er inmolts
altri uarif modi, Ma fo dico(Signor Clarifima)che trouai un nowomodoifpidicte ¢
prefloes factle dacapire a cadauno(es a men crrori (uggetto de qualiique altro)da
inuesdigare le dette distantie,il quale du niun altro ¢ flato poftomafime delle dift.7
tie ypothumifJale oucy diametrale ancora delle orizatale;lequale inuero forio'le pin
méql]krie albombardicro de tutte le altre forte di dimenflonisperche & qucllonon ¢
molto neceffurio afperela altezza dunacofu perpendicolarmite ellenats fopra al
orizonte, e anchora la profondita duna cofu profunda ne anchora la larghe zz 1
dund cofulata;Na folamente le dette distantie ypothumifJale, g5 orizdtale glifono.
miolto al propofito,come nel quarto libro (a uotra 1udrifima Signorid’) fifura
manifesto.Olera di quefto per curiofita, me mefJea feorrere i uarijmodi offeruato
da noftri antiqui Naturali, ¢ anchor damodérni helle cdpofitioni de Juochi ¢ fr4
naturali inuctigdi 4 natura di'qaelle gumme,bitumi,graffi olei fuli,acque fillate, - |
@ altri fimpliciminerali,¢g non minerali dalla natura prodotticy da Farte fibri {
cati,coponenti quelli,erconfequéteméte trouat ilmodo di coponere molte altre ug
rie ¢ diuerfe fheciede fuochi non folamente all diffenfione de ognimurata ter ra
utilsimi,ma anchora in molte altre occurrétie molto al propofite.Per le qual cofe
haucua deliberatode regolar Iarte debobardieri, ¢z tirarlaa quella fottilita, che
fulJe poRibile de tivare(mediante alewne particolar ifperiétic)perche in uero(come
dice Ariftotile nel fettimo della Phyfica tefto uigefimo)dalla ifperientia di particos
Lari pigliamo la fcientia uniuerfale, Ma poi fra me péfando un giorno mi parue co
Je biafmenole,uituperofa,e crudele,cy degna di ndpuoca punitione apreffoa Tddio,
@« alli buomini a uoler Sudiare di affotigliare tal effercitio dannofo al profimo,
anzidestruttore della fpecic humanda,es mafSime de Chriftiani in lor continue guer
re. Berilche non folamentc pofpofi totalmente il Rudio di tal materia e attefi a Jtu
digr in alrroma anchor firazaiycs abrufciai ogni calculatione,cr [erittura dame

Eﬁ,unsa~ i

=

/.?'4 5
sl



286 EPISTLE - Fourth folio (unnumbered), verso

wotatd,che di tal materia parlaffe.Et moltomi dolfl, ¢y auergoghai del tempo cirea
atal cofa [peffo,er quelle particolarita, che nellamemoria my veftorno( contra mia
wolunta)ifcritte maihowoluto palefarle ad alcuno , ne per amicitia , ne per premio
Cquantunque fia ftato damolti richiefto ) perche infignandole mi pared'di fur maue
fragio,e grande errore, Ma hor uedendo il luppo defiderofo de intrar nek noftro ar
mento,es accordato infieme alla diffefa ogni noftro pastore nonmi par licito al pre
fente di tenere tal cofe occulte, anct ho deliberato di publicarle partein firitto ; o5
parte uina uoce a.ogni chrisiano,accioche cadauno fla meglio atto finel offendere,
come nel diffenderf§ da quello . E¢ molto mi doglio wcdendo il bifognoche tal Qudio
allora abandonai , perche fon certo che hauendo feguito finhora harei trousto cofe
di maggior ualore come fpero in breue anchora di trouare. Ma perche il prefente
feerto( ¢ altempo breue ) il futuro ¢ dubiofo uoglio ifpedire prima quello che al pres
entemi. trouo,es per mandar tal cofs imparte a cffccutioneho compodtoimprefia
14 prefente opering Laquale f§ comse ogni fiume naturalmente cerca di accoftarfe, ¢
unirfe col more,cofl effa conofcendouoftra ust. D..S. ¢fferlaforuma fra moreali
de ogni bellica uirtu)recerca di accoftarfe, ¢ unirfe con efJaamplitudine , Pero fi
come lo abondante mare,ilquale nonha di acqua bifogno nonfe fdegna di receucr un
picol fiume,coft fpero che uoftra D.S.non fe [degnara diacettaria,deciochels peris
tiffimi bombardieri di questo noftro Mliuftriffimo Dominio fugetti a uoftra Sublimia
~ ta,oltra il fuo ottimo,ey pratical ingegno,flano meglio di vagion ifbritti, ¢5 atti 4
effeguire li mandati e quella. Et fe in queftitre libri non fatisfaccio plenariamente
soldra Eccellentiffima Signoriainfleme conli predetti fuoi peretiffimi bombardied
¥i,fpero inbreie conla praticadel quarto gy quinto,libronon) giain Sampa ( per
pin rifpetti)ma ben a pena,ouer uina noce difadisfarin parte uf)/tm« Sublimita in=
feme con quegli alla cui gratia da Infimo., ¢, bumiliffimo: Seruitore Diuotamente
wmi raccomando . o

Datain Venstiain le cafe noue di San Saluatore allis X Xy o

dit Decembrio, M D XXXVIL o o0 faun PRSI RE
Denoftra Wudriffima. Dy 8.~ Infimo Sevuitore. . -
Nicolo ‘Tartaglia Brifeianos

o
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P R-F M 0.
caal lefue parh(gmmg[‘ i giorni bore e-minuii) come cbm;o ) appare in Ie de-
terminationi Aftronomatice, Et li termini di quefto afio, croe il principio e
 findi quello fono dui iftantt silmedemi ]zdeuemt" ‘ le altre fue parti
- Gin agm altrp tempotermmato.. . :

G szﬁnitkonc. V.

Il moutmento dun corpo equalmente graue ¢ quella ¢ranfs
mutatione , che alle uolte fa daunoloco aun altro , liters
mini dzI gudﬁm dui iftanti

L mommento da tuiti lifcientifici e maffime da Ariflotile nel qumto della
I?by]‘ ica( teflo.o. )¢ flato diffimto effer una mutatione , oner trafimutatio-
ne.Ma le [peciedi queflo monimento ouer trafmutatione alcwni woleno che fia
10.6.cioe Generatione,Corr ottione, A gmentattore Dzmnunone,./{ltem,
tione, ¢ mutation di luoco.Ma Aviflotilein lo prmllegato loconcle chele ms
tationi fiano.3 . e non pivsrioe mutation de quantita: de qualita , e: ficondo il
lnoco, Delle qual-fpecie hanemo tolto folamente la iltima(perche. lealtre ne

- fanno al propofito ) dicendo, che il mouimenio dun corpo egualmente grane ¢
quella trﬁgﬂnutatmne,rbeal(c wuolte fa da ynluocoi yvoaltro,comefaviaa div
di fufo in gmjb,et diginfo in fuf¢ i qua e di la dal'a banda deflya alla finifira”
& ¢ conuerfo. Et li termini de talz mouimenti( cice in principioe fin di quelb,.

sfono dui iflanti.

it Dzﬁ}mtzonc.v I.

M ouimentonaturale di corpi cgualmcntc grauic qucllo ,
che naturalmente fanno daun luoco fuperiore a un'altro
mfcrzorc pcrpcndzcularmcntc fenza wiolcnza alcuna,

LRk

Dtﬁmtzone. ViR

- Mouimento uiolente di corpi cgualmmtc gravi e quello
che fanno sforzatamente digiufou fufo , di fufo in giufo,
di qua ¢ dila,per canfa dialcuna poffanza mouente.
SR Dtﬁ'}mttoncs Wik Fifsom 5wl 193
Ei Mommcm decorpi egualmente gram,jé dicono eguali
gwtib che ls dettt corpi fon fimili,eo: uanno de cgual ueloz
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ctta,ctae chetnge 1t

Rc[ /lcntc jé cbm Ma gualu guc cq " manehtc,cbc pe‘!‘ ﬁﬂ'
refifEentia d un corpo égmi?ﬁt?ii}t gue in alam ﬁ:o moto. .
s deelpofif. ool oo 1Y
Dzﬁmana\ S SAT

Refifeétifi mili, e dicono quellt ébf'pa, éﬁé f’eﬂa”mﬁo"cg‘ddl
niente v]qui sda corpi fimili egualmente graut,in mommetz
: cguak,ct in mouiméti mcgualz megualmetc oﬁ}/i’,czoe che.
gucllo,cbc facelfe refiftétiaal pinucloce rc/laﬂ?: pm offefo.
’ : Dzﬁ:;mtzorzc. -1
. Lo cﬁétto dun’ corpo cgualmente graue [edice laoffens
fonc,oucr percuj?zonc, ouer zl bucco che in ogni moto catz.
Jainunrefiffente.
Dtﬁ‘?mtzone. X7 I
E't quando le percufSiontouer buccht de corpi fimtli egualz
mente grani,lono cguali,fé dicoto e]ﬁtté cgualz,v' [E ines
guah ihcgzkzh' eﬁ}ttz. ot

“Diffinitione. XTTT.
qu/]énza moucnteuien detta gualmgqueartzﬁ céal machis
na , ouer materia., cbc jz’ aattad { [Pingere ,ouer tirare un
corpo cgualmcntc gmue uzolcntcmcntc - per acrc,

o Diffinitiones XIILL.
Le poﬂ?mzc moucnte,nengonodette  finile o+ cguale gu:za
doche inquelle non é alcuna fuftantia ne acvidental dif fes
rentia nel (pinger de_corpi egualmente graus fimili &
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-

‘ pgﬂércbbona di cgual ueloczta_.

LfPR,I}lO

e guali , Ma quandoinquelle c dlcuna ng Qﬁ@\
rcntza  fono dctt&dg@imzlmwfgw

b uy 3* th?m}‘mmqm s wigowsu_O
F IT f pponc chedt ' corpo eéua?mé}itc Fraélih ?&ﬁﬁri&}
mento ) uada pin ucloce doue fa , ouer faria( per ¢
ﬁntcntza)mag gior ef fettoinunrefifFcnte.

Bh oMnea & &.@MQ“L-I\Q) TR pgn ) '“Y«n gz
Erf‘fﬁorfé e»é‘aa corpi equalients’ ik fomle e
eguals,babbino trafi to,ouer che tr&ﬁ%&%ﬁf@l‘&g&d
li (pacij eguali terminantiindui'iftanti , doue detti corpi

ALY ) R ORIRTTTR '_;‘,__ Y

B LB N

S ;;'m e uﬂﬂ!oﬁtmﬂﬁo I.[I P ! .): H
Et fe [uppone douc che corpi egualmerfte g'ratu ﬁmfte'gv :

: cgualzﬁrmno ( per c6mune ﬁ:ntentza ) egualief Fettiin,

refifEenti fimili,pafferebbonoper tai fﬂantz,oucr luochide
cgual uelocita, 5

 Suppofeione 111 i

M o doue farm ineguali eﬂ"cttt Jefy ppom: ,dJc guc”i
pafJercbbono de incguali uelocita, e che quello scbe faria:
maggior qffc tto paﬂ cr;afmydoec. \.

SHC Suppﬁtwne.V. dics.

Li efﬁ-ttixdc vqrp%agmbmntc gmutﬂmla o eguali fas
tinelli ultimi iffantidilor mots wiolenti invefiftents fimdli',

R
!;'J‘ :! b



FIRST BOOK - 3v




FIRST BOOK - 4r 293

& T e N 4
Sfempio el fuffe le.3.dinerfe alsexze.ab.c.in vetta linea,come di fot-
Eto appareset che dalla 4lte§g5_v.a.g;caj?) mfm‘(fe,daz{a v corpo egual

migte granesfenza dubbio quello tal corposnd trona

daria dimotonaturale finin terra facedo il viazz
dine dela linea.d.c.fig.hor dico che il tnonime: digllo tal.
coditione che quaro pinel fe jn.fia[]"gal@(ztdrﬁdszjzgé_&
lo iftante > oucr pota.d. Jouer appropinguido alfup

o refiftentia an

rincipio(cioe da

; tne( cioe allo iftante,
ndaria neloce. Perche ildetro ce in tal mouimen
s0( p la prima comuna [ent€tia ) faria maggior effesto in yu refifferesilgual
fuﬂg za.c.che dalla altezza b.Seguitaria adunque s che il

detto corpo(per la prima fuppofitioe)andsria pin ueloce per lo fpacio.c.f.
che per lo (paciod.c.Similmere g:b;?éetto corpo(p ladetta prima comn
na [entBtia)faria »lzggiq(gﬁ{’etto un refiftentesche fuffe nel poro.g>che
fel fuffe alla altezza.c.Seguiria adocha(per la medema prima Juppofitio-
ne.)che lo detto corpo andaria pin veloce plo [paciof.g.che per lo fpacio.e.
f.et (e paffar potefJeil poto.g.cioe che la terra gli andaff@gededo loco, como
falaereandaria cotinnamere angumetido inwelocita,fii al cétro dil mdo
poiin effo cétrofe ripofaria(p comiina sététia de Philofophi)fi che quado
lo detto corpo fulJe propinguo al deito cétro.ueria a eér di moto pin uelocif*
fimosche in alch paffatofpaciofuffe §tato che ¢;il ppofito.Queflomedemo f¢
werifica ancora in cadauno chevada uerfo unloco de_@z che quiro pin fe
uaapprofSimado al deto locostato pizf [& ua allegrado, € piu fe sforza di ca-
minarecomo appar.in un pevegrino,che uéga dalcun uoco liiran) che qua
do ¢ ppinquo al uo paelesfe sforza naturalmete al caminar a pin potere
tito pin quito pin ;g’,j? dilotan paefi pero il corpo graue fa il medemo andi
do uerfo il fuo proprio nidosche ¢ il cBtro dil-miodo , & quando pin vien di
lontanoin ¢ffo cétrostanto pin( giongendo a quello )andaria veloce.
Neor che la opinione de: molti fa che fel fuffe un forame che penetraf
A fediametralmere tuttalaterraset che p gllo fuffe laffato andar un cor
£ X po egualméte granz s come difopra e flato detto,che gl tal corpo gioto
che fulfe al c@tro del mivdo immediate iui e fermaria,laqual openione,dico
“wdedr uera che cofi immediate che wi fuffe ag'oto ui fe gli fermaffe s anci p
la grande uelocita che ingllo fi trouaffe faria sforzatoa pafSare di moto
siolete-molto,e molto oltra il detto cétro fcorendo uerfo il cielo del noftro
[fubterraneo emifperio, da poi retornaria di moto naturale uerfo il medemo
c&tro, et gistoa gllo lo pafiaria ancor p le medefime ragioni di moto uio
Ite uerfo di noi,Et pur di nouo retornaria pur di moto naturale nerfo il me
defimo centro et pur di wouolo paf3ari a di moto uioléte > & da poi re-
tornaria di moto naturale,? cofi andaria wn tEpo paffando di moto uiolen
*tesg ritornando di moto naturale fminuendofi continuamente inlui lane
 bocitay 2y finalmente [¢ fermaria poi nel detto centro. . .
" Peril cheeglié cofa miifefta che dal motonaturale [; canfa il wiolzteet n3
éconerfo,cioe che dal iolgte giamai wie caufato il naturalesacifi canfa p fe.
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sezab.quito éla altezza.c.dalla,altezza.d.ct chepeafo dalla altezza
d.cafcdffe un corpo egualmente graue,et wn'altro ne cafeaffe dall'altra al-
teza.c.li quai corpi fufeno fimiliset eguali.Le noto che quegli tai corpian
dariano dimoto naturale in terra, et litrafiti lovo fariano retti e perpédi-
colari alla terra.cioe alla fimilitudine delle due linee.g.f.ct.i.e.Hor dico che

_ Gfti tai corpife partiriano dal fiso principio( cioe Luno dallo iftante » oner
poro.g.etLaltrodallo iftate oner poto.d. )de egual nelocitasma giongedo al
fine di tali mouim@tiscioe alli dui iftiti.c.et.f. gllo che ueniffe dalla altezza

- @ andaria piu veloce diLaltro perche gllo haueria trafito per pin logo (ba
cioelqualeé il pacio.a.f.Perche Laltexza.b.é tito lontana dallaaltezza
a.quato che éLaltezza.d.dall altezza.c.(dal profspofito )adoque il corpo:
<he cadefSe dalla altezza.a.percottédo in uio vefiffétesche fufie fuora dal-
la altezza.b.el ng faria in gllo maggior effetto(per la fecoda comuna fen

tetia )di gllo che faria gllo,chi eadefe dalla altezza.c. fopra dun'altro fi-

B mile che fufSe fuora della altezza d onde(p la terza fuppofitione )i detti

dui corpi andarano Lnno per ! altezza.b.in potoy.et Laltro p Paltezza.d.
in poto.k.de egual nelocita.dil che('per la feconda fuppofitione )li detti dui
corpiandaridoluno il (pacio.g.h.et Ualtro il fpacio.i.k .in tépi eguali.Ads
que li detti dui corpi [e partiriano dal principio de lor monjmeti(cioé I'uno
daloiStare.g.¢o~ Kaltro da loiffate.i. )de egual uelocita che é il primo pro
pofito.Et pehe il éorposche nenifte dall'altexza.a. faria maggior effetto in
unvefiftéte,che fafieinlo iftdtef.(p la terza comuna fententia )di gllo che
faria gllo che uenifie dalla altezza.cinun'altro fimile chi fufSe in poto.c.
Onde(per la prima fuppofitione o detto corpo che nerria dallaltezza.a.
giogedo al findil fiso monimeto(cioé allo ifidte; ouer poto.f. )adaria pin ne
loce digllo che uerria dalPaltezza.c.giongendo al fio finescioé allo iftante,
oucr ponto.e.chee il fecondo ppofito.A dimofirar elmedemo fecondo pro-
Ppofitop unaltromodozderutta lalineasoner trafito.g.frmaggiore;ne taglia
remo(p la terza del primo de Euclide)la parte.gm.cgual al trifito,oucr
linea.i.c minore & perche tuttili corpi egualmente graui fimili¢r eguali
dal principio delli lovo mowimenti naturali fe partenode egual nelocita
(comed: fopra fu dimoStrato)lo corpo adonque chefe partefSe dall altez-
Za.a andaria tanto neloce per lo (pacio.g.m.quitofaria quello che fe par-
tiffe dall’altezza.c.p lo [pacio.i.e.ciob ambi doi trifiviano in tempi eguali.
Et perche lo detto corpesche [e partifie dallaltezza.a.(perla precedente
propofitione Jandaria_piu ucloce perlo (pacio m.fuche perlo pacio.gm.
(per comuna fcientia Jandaria anchora pinneloce per lo detto fpaciom.f.
ehe Laltro per lo fpacio.ieche il medemo Jecondo propofito. -

. Propofitione. I11. :
QLuantopin un corpo equalmente grauc [eandara luntas
uando dal fio principio, cucr propinquando al [uo fine , nel

-
¢
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- Zaltrolalinea.c d.Dico che quefti dui corpi gidgendo al fine di §flidui lor

mouimeti uioletiscioe Puno allo iftate,oner poto.b.et Laltro allo istateoner

poto.d.andariano de egual velocita.Ma dal principio di taliloro moninieti -

cioesluno da loifiate.a.ctlaltro dalo iftate.c.fe partirido de inegual ueloci

taspehe gllo.che doneria pafiare perlo trifitosoner [pacio.a b.(peficy pin

I6go diLaltro)fe partira piu veloce da-loiftate.a.che nd faralaltvodzlo
iftate.cdaqual cofa fe dimofirarain queffbxmodo.’l’erche [eli detti disi cov
trouafSeno alcun refiftete in li dui iffati.d.etbuli guali fufSeno fimili et egur
Ui inrefiStentia.faviano in efSi dui effetti(p la quinta fuppofitione Jeguali

. onde(p la tertia fuppofitione Jandariano de egnal uclocita » che é il primo

propofito.adimostrar il fecddo dal trafito,ouer linea.a b.maggiore ne fega
vemo 6 la imaginatione la parte.b k.egnal al trafitosoner linea.c dymino-
reset peheli detti dui corpi giogedo alli dui iftati.d.ct.b.andariano de egual
uclocita(come di fopra Jt}l‘z dimoftrato )baueriano trifito de egual neloci
ta [pacij egualmete distati da li preditti dui lochisoner iflatiber.d. (per la
Jecoda Juppofitione) Adonca li detti dui corpi trafiriano de egnal uelocita
Puno p lo fpacio.k b.partialeset Paltra per lo fpacio.c d.totalesciod. Pafia-
riano quegliin t€pi eguali. Et perche quato piu un corpo graue(‘nel moto

_ wioléte)feandara aliitanado dal fiso principio(per la terza propofitione)

této piu andara pigro e tardo. Adonque il corpo che wenife da lo iftante
a.andaria pin veloce p lo [pacio.a k.che per alcun Iuoco del fpacio k b.par
tiale,fegnita adonca( per comuna [cigtia Jche il corpo che nenifie dallo 15tz
te.a.ahdaria pin neloce p lofpacio. ksche ng andaria laltroin alcun luo-
co di fpacioic d.totale.1l corpo adongue,che nenifJe dal ponto,ouer istante
a. lpnrti’rixz pinneloce da efSo iftante.asche non fariz quello che fe partifie
da loistante.c.da efSo iflante.c.cheé il fecondo propofito.

Propofitione, V . ‘
Nt corpo egualméte graue,puo andare p alcun [pacio di
tépo,ouer di loco,di moto naturale e uioléte infieme mifto,

E Sfempi gratiasfel fufSe una pofianza mongte in pb’to.a.laqual donefle ti
rare un corpo egnalmete graue niolétemete p acves & che tutto il trafi

 to:chi far douefie il detto corpo de quella fpinto: fufle tuttala linea.a.b.cs

d.e;f.Dico che il detto corpo nd pafSara partealcuna.dital fio trafito di mo
to nioléte;naturale infieme mz]ﬁr,mapaﬁa ra per gllosouer totalméte di mo
to uioléte purosouer /parte dimotouiolete puros ¢ partedimoto naturale
prroset gllo iftatesche terminara il moto uioléresquel medemo fara princi
pio dil moto naturales et fe pofiibel fufle( per laduerfario )che gllo potefie
paffare alcuna parte di moto uioléte, et naturale infieme mifto s poniamo
cbequella fiala parte,c.d.Seguiria adongue che il detto corpo pafiando
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Diffinitione, I I I.
Mouimento inparterettoe inparte curuo dicorpieguals
mente grani,¢ quello,che fanno da uno luoco,a un altro par
te rettamente , Co- parte curuamente,cioe per lincain pars

te retta,e inparte curiid,
Ome [aria a dire mouendofi dal ponto.e. al ponto.g. [i come giace la
linea.e.f.g.intendando pero che le dette due parte cioe la parte ret-
ta.effia congionta in diretto con la parte curna.f.g. cioe che non
«“faciamo angolo inponto.f. perche f¢ caufaffeno angolo non fe potria
dire che fuffe vn moto continuo anci [ariano dui vari moti»fi come che an-
chora non e potria dire che tuttala quantita.e.fg. fuffe vna [ol lineayma
duc lineescioe ynarettase laltra curnases queflo bifognaua delucidare.

Diffinitione. I I T
Orizonte ¢ detto quel piano circulare;che diuidcCnon fola
mente)lo bemifperio inferiore dal fuperiore , maanchora
oght corpo egualmente graue s quando che € per ¢ffereies
a‘_lp,o_ucr tiratouiolentemente per acreyindue parti egualiy
@~ ¢ concentrico con il detto corpo,

-

(%
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Diffinitione. V. -
Semidiametro delorizonte,uien detta quella linea ; che ﬁ
partedal centro e ua a terminare nella circonferentia di
quello rettamente per quel uerfo, doue cbi debbe effer tiraz
to un corpo cgual mente graue wiolentemente per aere,

!! . Dzﬁ;mtzonc g 2

Terpcndzcolar delorizonte ¢ detta quella lineasche fi pm'
te dal polo de l'orizonte (cognominato zenith ) € uien
perpendicolurmente foprail centro di quello , ¢o+ continos
uata per final centro dil mondo,

Diffinitione, 7 I' I,
Maquella partesche ¢ dal centro al polo,uten detta laper
pendicolare [opra a Torizonte , o laltrache ¢ daldetto
centroper ﬁn al dentro del mondo € dettala perpendicolas
refotto il orizonte.

Dzﬁtmmonc. V III,

Iltranfito, oucr motousoléte d un corpo equalméte graue
uien detto cﬂ?r per il pian de Porizbte quido chein elprin
cipio [e iftente in parte per il femidiametro de Lorizonte,

Diffinitione, I X,
Iltranfito,, ouer moto uiolente & un corpo cgualméte gras
ue,uicn detto cffer elleuato fopra al orizonte quido che in
clprincipio ﬁ: iftéde talmente che quello caufi in parte an
goIo acutocd cl [emidiametrode [orizonte, difopraalos

a¥
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rizonte,et tanto piu fe dice cffer elleuato,guanto maggior
angolo acutocaufasma. quando canfa angolorettofedice .
retto [agra alorizonte. -

Dz‘fﬁm‘tt’orxc. X, -
T1 tranfito,ouer motouiolente d un corpo egualmente gras
ue fediceeffer clleuato.4s, gradi [opra alorizonte quando
chein el principio [e iftende talmente ; che diuide [angolo
retto,caifato dallaperpendicolar [opra al orizonte con d
ﬁmdcamctro delorizonte,in duc parti cguale.

Diffinitime. X I

Tltranfito ouer motouioleute d'un corpo equalmente gras
ue , [¢ dice cffer obliquo [otto al orizonte, quandoche in el
principio ﬁf iftende talmente cbe quel caufa angolo acuto
conil femidiamctro del orizonte di fottoa cffovrizonte,
€ tantopiu [e dice ffer obliquo quanto maggior angolo
acuto caufa, ma quando caufa an golo retto, fe dzcc retto
ﬁ)ttoal orizonte.

zfmztwnc. XTI

Fi tranﬁtt ouer motiuiolenti de corpi cgualmente gr aui,
Je dicono cgualment ¢ clleuati fopra al orizonte,quido che
in el principio di quegli [¢ istendono talmen:e che caufano
eguali angoli acuti con'dl femidiametro delorizonte di fo
prad ¢fJoorizonte, et fimilimente equalmente oblzqm,quau
do che inel dettoprincipio caufano cqual angoli acuti con

il detto [emidiametro di fottoa cffoorizonte,
c iy
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Tleranfito,oucr motouiolente dun corpo cgualmbte graue
uicn detto effer per L perpendicolar del orizonte s quando
che ilprincipio,et fin diquello € inladetta ppendicolare,
cioe quando che quello é retto foprasouer fotto alorizdte.

25 D{fz‘nitidn’e. XII .
Ladiftantia dun tranfico , oucr moto uiolente dun corpo

egualmentc graue, [epigliaper quello interuallo; cbe € per
rettalinea dalprincipio al fine dital moto wiolente.

Suppofitione, Prima.

T uttilitranfits oucr mouimenti naturali de corpi egual-
mente graui [ono fra loro , ¢ anchora alla perpendicolar
de lorizonte equidiftants.

mai poftiano effer fra loro ; ne anchora alla perpendicolar de Pori-

zonte perfettamente equidiftanti Perche [¢ la terra gli aniaffe ce~

dendo loco fi come fa lacre fenza dubbio concorrariano infieme nel
centro del mondo onde(per la vitima diffinitione del primo de Euclide Jnon
Jariano com’ho detto equidiftanti . Nientedimeno per effer error infenfibi-
le in vn poco [pacio. i fupponema rutti. equidifianti fraloro & anchora
dlla perpendicolar del'orizonte, :

! Benche duitranfiti, ouer moti naturali de corpi egualmente graui

Suppofttione. I I ,

O gni tranfitooucr ntotouiolente de corpiregualmé‘tcgms
uiche fia fuoradells perpendicolar delorizonte [empre
[arainparterettoe inparte curno,co: laparte curuafara
parted una circonferentia dicerchio. b
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“on  Benche ninntranfitosouci moto wiolete d'un corpo egualméte gra

Aue che fia fuoradelle perpendicolare de lorizonte mai puol bawer

- Atleuna parte che fia perfettamte vetta per canfa della granitache:

fe ritroua in quel tal corposlaquale continnamente lo uz ftimolan-

do ¢ tirando uerfo il centro del mondo. N iente di meno quella partc che 8

infenfibilmente curuasLa fupponemo rettas ¢ quella che € exidentemente,

curiala fupponemo parte duna circonferentia di cerchiosperche non pres

terifcono incofa fenfthile, . T o Tt

Suppofitione, II 1. i
Ogri corpo egualmente graue,in fine deogni motouiolens
te,che fia fuora dellaperpendicolare di lorizonte fimos
uera di moto naturale,ilqual [ara contingtnte conlaparte

curua dil moto niolente. -
—y— S/empi gratia [e v corpo egualmente graue [ara eietto ouer tratto
Eviolentemente per aeresfuora della perpendicolar de Lorizonte.Di-
o che in fine di tal moto uiolente,(non trouando refiftentia )fz mone-
ra dimoto naturalesilquale [ara contingente con la parte curua dil
moto violente alla fimilitudine de tutta la linea.a b ¢ d.de laquale tutta la
partea b c.fara il tranfitodil moto violentesgy la parte.c d. fara il tran-
Jitofatto di moto naturale,ilgual fara continno,dr contingente conla par
tecurna.b c.in ponto.c e.que/zo é quello che uolemo inferive.

Suppofitione II11. -
Locffetto pinlontano dat [uoprincipio , che far poffaun
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corpo egualméte graue dimoto uiolente japraaguafunguc
pianosouer [opraa qualunque retta linea e quello che termi
nia precifamente in offo piano,ouer in [Ja linca(effendo eic

Foouer tirato da unamedema poffanza mouente.)
ES]E"r‘npigratid fia una poffanza mongte in ponto.a.lagual habbia eiefo,
ouer tirato il corpo.b.egualmete graue niolentemete per aereil cui trd
+  fitofialalinea.a e d b.etil poto.d.poniamo fia loiflate,che diffmgue il trd
% fito,oncr moto uiolente.a’e d.dal tranfito , ouer moto naturale.d b. ¢ dal

ponto.v.al ponto.d. fia protrattala linea.a d c.hor dico cheil ponto.d.cil
pinlontan effettodal pouto.a.che far poffa il detto corpo bofopra L lines.

sl e
2R}

ad c.ouer fopra quel piano doueé fita la dettalinea.a d c.cofi coditionata-
mente elguaro.Perche [ la detta pofiaza.a.traeffe il medemo corpo.b. pin
ellenatamictéfopra a Lorizote,quel fariail fuo effetto di moto naturale fo-
pra la medema linea.a d c.come appar in la lineasouer tranfito.a fg.in pc-
to.g.ilqual effetto.g.dico che [aria piu propinguo al ponto.a.cioe al princ:-
pio di talmoto di quellosche faralo effertoid.perche il detto corpo.b. no ue
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wevia a terminare in la detta linea.a d c.di moto wiolente » anci terminaria
di fopra di §llain pontof.dy quato piu fufJe ellevatam@te tiratostdto pin fe
andaria accoftido co'l fino effetto aldetio &,Qto.a_.]bpm la detta linea.adc.
perche ancora il moto uiolente d: ﬁllo,;;?;o‘ pinfe andaria [coftado col fito
termine dalla detta linea.a d c.ciod pin in alto terminado. Similmese fela
medema poffanza tracffe il medfmo”corpq.b.men ellenato dil tranfito ouer
linea.a e dualla fimilitudine del trafivosoner linea.a i b Kglfaria il fuo effes
to di moto uiolére fopraladettalineaat calla fimilitudin il ponto.h.il
qual effetto.h.dico che faria pix fropizguo al ponto.a.de quel fattofin pon
to.d.perche il findi tal moto nioléte andaria a terminaredi fotto della det
ta lineawa d c.in poto.k et quiito pin la detta pofJanza-a. fe andaffe arbaf$a
do in tirvare il detto corpo.b.taro pinildetto corposh.andaria facendo il fio
effetto pin propinguo al ponto.a. ﬁprﬁa detta linea.a d c. pche quato pin
lafe anda/]g arbaffandostito pin il fuo moto uioléte andaria a terminare di
fotto della dettalinea.a d c.il medemo [i dene intédere in ogni altro tiro ¢/~
[empi gratia tirddo dal poto.q.al poto f.(vermine dil moto uiolente.af.)
lalinea.a fl.dico che il detto corpo.biim altro modo tirato dalla medema pof
f}ugi mai potria_aggisgere al detto pontoxf.come [i manifefta nel trafito
2edb.ilqual fegala detta lineasa f Lin poto.m.ilqual ponto.m.c molto pin
propinguo al pato.a.di Gillo che € il detto pdto.f.Similmente ancora tirado
una linea dal detto, oto.a.al ponto.k.(termine dil moto uioletesa zlkigm
lajft'fz.“}'z]iu;dico' ‘ch‘g il dettd corpo.ban altro dinerfo modo tirato dalla me-
dema poffanza mai potria aggiongere al detto ponto.k. come per effempio
appar nelli altri dus tiri fuperiori che ciafcaduno feganla detta linea.a k.
n.di moto naturale nelli dui poti.o.et p.che cadauno di loro piu ppinguo
al ponto.a.di gllo chié il detto ponto.k.¢ queflo ¢ gllo che uolemo inferire.

» Dropofitione, Prima. S
Li quatro angoli d ognt quadrilaterorettilineo  fono egua

lia quatro angoliretti . :
S 1ail quadrilateroa b cd.dico tuttili funoi quatro angoli tolti infieme [0
10 egualia quatro angoli resti-Perche protrattolo diametro.d.b. fara
dinifo in dui triangolisgy li trei angoli di cadauno de detti triangoli(per la
feconda partedella 32.del.1.di Enclide)fono eguali a dui angoli vettisonde
tutti li.6.angoli de detti dui triangoli Jono eguali a quatro angolivetti, &
perche lidetti.6.angoli didetti.a triangoli fono egualialli.4.angoli del det
10 quadrilatero,effempi gratia langolo.a bd.del triangolo.a b d. gionto con
langolo,d b c.del triangolo.d b c.[¢ egualiano a tutto langolo, a be.delqua
drilaterosgs fimilmente li altri duisehe terminano al ponto.d. fe egualiano
a tutto langolo.a d c.del detto quadrilateroscs-li alpri duisciod langolo.a.ct

« Jonoquells itef3i del quadrilaterosonde il propofito € manifefto. -
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- Propofitione. I I.

Sedal centrodun cerchio Jaranprotratte duelinceé ﬁ’nd
alla circonferentia,talproportione hauera tutta la circon

Serentiadelcerchio dlarco che interchiudenle dette diie

b

linee qual bauera quatro angoli rettia Iuttgolé'céi;té;m
dalle dette due lince [opra il centro, ‘

ylail cerchio.a b c.il centro dilquale fia il ponto.d. ¢ dal centro.d
S fian protratte le due linee.d.a.¢r.d.b.Dico cle tal proportione ha tut-
7 tala circonferentia deldetto cevchioa larcho.a.b. cheinterchinde le
dette due linee qual ba quattro angoliretti s a-langolo.a.d.b. Perche
protraro vaadellé dette linee fina alla circouferentia & fia.a.d. fina in.c.
onde(per lavitima dil [eflo de Euclide )l proportione de Larco.e.b.al'ar-
co.bua.d fi come Pangolo.e d b a.langolo.b.dua.dy (perla.18. del quinto de
Euclide )il congionto delli dettidni archiebigrb.a. (cioe tutto arcoie.b.
a:)alarcobua. farva fi come il congionto delli dui angolie.d.bv ¢rob.dua-a
Langolobid.aics pevche larco.e.bia.é lamitade della civconferentia di tut
toil cerchioscil congiunto dellidui angoli.e d.bugrb da.(perla decima
tertiadel primo de Enclide )é eguale adui angoliretti fegmta adogue che
ficomeé la mita della civconferZiia del detto cerchio al detto arco.b avcofi
Jaradui angoli rettialangolo.b d.a. ¢ perche tuttala circonferentia dil
cerchio allamitade diguella (cioealarco.eba. ) & fi come quatro angols
rettisa dueangolivetti,dongue( per la siicefimafeconda del quinto de Encli
de)fi come tutta la circonferentia del detto cerchioa Parcowabicofs faran
quatro angoli retti a l'angolo. b d a.che & il propofito. S5y
s : ‘Propofitione
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Sedue linee rette congiunte angolarméte cotingeranoun
cerchio,et produttauna diquelle dalla banda doue Tango
lo,talproportione bauerala circSferétiadil cerchiod lar
coche interchiudzranno , qual baueranno quattro angoli
retti dLangolo exterior caufatodallalinea protratta.
SI anole du lince.a b.¢rb c.congionte angolarmente in ponto.b.le qua-
le contingano il cerchio.d e f g.in lidui poti.d.gr.f.cr fia protratta una
diquelle dalla banda uerfo.b. & fia lafb.protratta finain ponto.b. Dico
chetal proportione bauera la circonferantia dil cerchioalarco.de fiqual
ha quatro angoli vettia Langolo.d b h. Perche del centro del detto cerchio
(qual pongo fia.k. )tiro le due linee.k dicik fonde(per la prima propofe
tione di quefto )li quatro angoli del guadrilatero.b d k ffonc eguals a qua-
groangolirettis & perche cadauno delli dui angoli.k d bugk fb.( per lo

gorrelario della decimaquinta del tertio de Enclide )é vetto, Seguita adon-
- i g

i

g

i

311



312 SECOND BOOK - 13v

ue che li altri dui infieme  cioé langolo.d b fiet Pgolo.fk d.) fiano Gcova
ro eguali a duiangoli vettis et per la decimatertia del primo de Euclide)
. lidus angoli.d bfiet.d b b.fono fimelmzte eguali a dui angolivettiyonde( per
la prima coceptione del primo de Enclide )li dui' angolidb f.et.d b‘b,{gn‘o
‘eguali alli dui angoli.d bf.et.d R f.lenado adiique communanszte dal'nnae
Paltra partelo angolo.d b fireflava(per la terza conceptione del primo de
Euclide )l angolo.d b b.eguale a Pangolo.d k fonde(per la fettima propo-
fizione del quinto de Euclide )quatro angoli vetti a cadauno de loro hanerd
0 una medema proportionesgy tal proportione qual ba quatro angoli ret
ti alangolo.d K f. tal banera la circonferentia del cerchio a larco.d ef.
Adonque( perla.t 1.del.s.de Euclide )tal proportione hauera la circon~
ferentia del cerchioa larco.d e f.qual hanera quatro angoliretti a lango-
lo exteriore.d b b, cheé il propofito. :

Propofitione. IT 11,
Se iltranfitoouer moto uiolente dun corpo equalméte gras

ue fara per dlpiano de lovizonte, laparte curua di qucllo
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fara Yaquartaparte della circonferentia del cerchio dons

dederiua,
S 1a ¢l femidiametro del pian de lorizontela linea.ab. & la perpendico
lar del orizonte la linea.c a d.et il tranfito uiolente d'un corpo egualme
tegraue lalinca.a eflaparte curua dil quale fialarco.ef.et la parte.fg.
fiail tranfito fatto di moto naturale.Dico che la detta parte curna.efuffer
la quarta parte della circonferentia del cerchio donde deriua. Perche pro-
duro il tranfito naturale.g fauerfo il {emidiametro del ovizonte talmete che
concorva con glloin poto.h.¢r percheil trafitofg b.é equidiftante( perla
prima fuppofitione di yuefto Jalla perpédicolar.c a dLangolo adsquc.f ba.
(per la prima parte della wigefimanona del primo de Euclide fara eguale
alangolo.h a c.ilqualeé rettosadongue Pangolo.f b bexteriore(per la de-
cimaterza del primo de Enclide )[ara rettosonde quatro angolivetti uengo
no affer quadrupli al detto angolo exteriore perilche la circoferétia del
cerchio donde deriua la detta parte curua.e f.(perla terza propofitione di
Gfto)uig a effer quadrupla al dettoarco.ef.adongue il dettoarco.e fauiena
elfer il quarto della circoferétia dil cerchio donds derinasche é il propofite.

313
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Propofitione. . ;
Seiltranfito,oucr motouiolente d'un corpoegualméte gra
e faraclleuato [opra a Poriz8te, laparte curua di quello,

ﬁzr:t maggiore dellz quarta parte della cz‘rcoqfcrétia del

cerchio donde deriua,eo quanto piu fara cleuato, tito piu
Jara maggiore di la quartaparte de dettacirconferentiz,

€ tamen mai potra effer lamitade di cﬂ; circonferétia,
S Lailfemidiametro del pian dell orizonte la linea.a by la perpendico-
lav de Dorizonte la linea.cad ¢ il tranfito uiolente d'un corpo egual-
mente granela linea.a e f.la parte curna dilguale fia Varco.e g la pars
te.fgfia il tranfitofattodi moio naturale. Dico Larco.e feeffer maggiore
lla quarta parte della circonfeventia del cerchio donde devina. Perche
produroil tranfito naturale.f, -5 la parteretta,a e. tanto che concorra~
w0 infieme in pontor.y produro.fh-fin in.k.coftituendo Langolo efteriore

[ -



SECOND BOOK - 151 315

I eh k: ¢ perche Pangololfh e.¢ eguale (‘perla prima parte della nigefi-
| Jdma nena del primo de Enclide )a langolo.e a c.¢y Langolo.ea c.( perlanul
tima conceptione del primo de Euclide ) menore d'un angolo retto » adon-
que Langolo.c b f.(per comuna fententia)fard minore d'un angoloretto
onde Langolo e k.efteriore(per la 13.del primo de Enclide)[aramaggio-
re dunangolo rettosgr (perla feconda parte della ottana del quinto de Eu
clide )quatro angoli retts hanerino menore proportione che quadruplaal
dettoangolo efleriore , ¢ fimelmente la circonferentiadel cerchio donde
derinalarco.cf.(perla terza propofitione di queflo )hauera menor pro-
portion che quadrupla,al detto.arco,cr(perld feconda parte della decima
del.s de Euclide )Zarco.e fifara maggiore della.q.parte della circonferttia
dil cerchio donde deriya che é il primo propofito. Et perche quanto piu f¢
andara elenando fopra a Lorizonte la parteretta.a etanto pin wenor ango
loandara caufandola linea a e.conlalinea.a c. & confequentementc la li-
nea.e h.con lalinea.fb.ct Pangolo.c b k.continuamente [¢andara a grai-
dando & la proportione de quatro angoli rettia gllo fminugdo di quadiu
pla & fimelmentela proportion della circiferentia del cerchio donde deri
ualarco.efal detto arco.e fe andara fminuendo di quadrupla perilcheil
detto arco.e f.(perla detta feconda parte della decima del quinto di Encli-
de)andara cotinuamite crefcendo in parte maggiore un quarto de eirco-
ferentia che é il feeddo propofito.Et perche 'angolo.eh k.eftcriore sai ¢
Ppuo egualiare(pepla prima parte della trigefimafeconda del primo de En
clide aiutado c6 la.17.del medemo )a dui angolirettisadonque la pportion’
de quatro angoliretti al detto angolo efteriore mai puo ¢ffer dupla (eguita
adonque che la proportion della_civconferentia del cerchio d'onde devina
qualung; arcosouer parte curua d'un moto uiolentesmai puo effer dupla al :
detto arco,oner Pparte curiasey confequentemente il detto arco s cucr par-
i ctirna mai potra effer la mitade delZz circonferentia del cerchio donde
deriua,che ¢ il terzo propofito. . '
TS Propofitione. 2 I,
Se iltrafito,ouer motoiolite d'un corpo equalméte graue
Jaraobliquo fotto a Forizonte la parte curua di Jllo[ara
3 2 : { i >
menor della quarta pte della circ5 ferétia del cerchio don

de derina et tantopiu fara menore qudto piu faraobliguo.
; sIa il femidiam.etre de lerizote la linea.a bet la ppendicclare de lorizo
telalinea.c adyet il trafito nioléte d'unm corpo egvalmete graue la linea.
«¢fla parte curuay dil quale fia Parcoue feet la parte.f g.fia il trifitofat-
20-di moto naturale.Dico lo detto arco.e feffer menore della quarta parte
della circoferétia dil cerchio donde derina Perche pddro il trafito natura-

A :
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lef g la parte vetta.a e.tanto che concorvano infieme in pontob. pro
duro.fb.finink.conflituendo L angolo eSterivre.e b k.t pche Langolo.fh e
écguale(’ pla.t.parte della.29.del.1.de Euclide )al'angolo.e a c.¢ L ango-
losea c.(perla ultima conceptione del primo de Euclide )¢ maggiore dun.
angolo retto(cioe de Langolo.b ac. fua parte Jadonque Pangolo.e bf. fara
maggiore dun angolo retto onde l'angolo.c b k.efteriore(per la decimater-
Zadel primo de Euclidey)fara minove d'un angolo vetto & (p la fecoda par
te della ottaua del quinto di Eyclide )quatro angoli retti hanerino‘a gllo
maggiore proportione che quadrupla, et fimilmete la civcoferétia del cer~
‘chio dode deriua Larco.e fal desto arco.ef.bauera maggior pportione che
gquadinpla(p laterza ppofitione digsto )& (pla fecoda pre della decima
del quinto de Enelide)Parco.c f ara minore della quarta predella circofe-
étia del cerchio dode derina che il .ppofito.Et pche quato pin feddars
arbafSado fotto a Lorizote tato pinla linea.e a.maggior angolo ddara, caw’
Jando co la linea.c a.ct cofequetemete la linea.fb.co la linea.c h.et cotinnz
“méte Lagolo.e b k.efteriore e adara fminugdoset la pportive de.4. angoli
rettia gllo.angumetado piu di quadruplaset fimilmente la pportione dellz
della circofergtia del cerchio d'ode derinalarco.e f.al detto arcoc i an-
dara augumentando pin di quadrupla , perilche ildetto arco.ef. (per ls
detta feconda parte della decima del quinto de Enclide) andara continua--
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mente fminyendo in parteminore d'un quarto della civconferentia del cer
chic d'onde devinira sche p il fecondo propofito.

Propofitione. VI I .
Vietili traryi ti,ouer motiuiolenti de corpi egual?tentc
- graut.fl grand: come picol égualmente cleuat fopra
alorezante ouer equalmente obliqui, ouer fianoper il pian
de lorizonte fono fra lor fimili, €2+ confequentemente pros

portionals,co- fimilmente le diffantic loro.

\S Iail femidiametro del piande Porizote la linea.a b.ct la ppedicalare de
Porizote la/ineaic a d.etli trafiti di dui diuerfi corpi egualmete graui
egualméte eleuati fopra a Lorizotesle duelinee.a ed g.et.a b i k.di quali le
due parti.a efiet.ahi.fianli trafiti fatti dimoto nioleteset le due partif g.
et.i Kofianli trafitifatti de moto naturale » et le due parti.a e.ct.ab.fiano
lelor parti vetve,lequal parti vette(p effer quegli egualmete eleuati)for-
maronofieme una fol vettitudinescioe una fol lineasla§l favalalinea.a eb.
et dal poto.a.fia dutta lalinea.a fiet glla ptratta et cotinuata divettamen
te denecefSita adara p il poto.i.pche quado le parti rette de trafitizoucr mo
ti nioléti fi copogano infieme ancora le lovo diftatie [e coponerano infieme
(aliter [eg iria inconueniente affai )hor.Dico che il trafito.a e f.(fatto di
moto uioléte )¢ fimile al trafito.a e b i.(pur fatto di moto niolete et confe-
quetemete pportionaleset fimelmetela diftatia.a f.alla diftatia.a i-Perche
pdwro i lor tvifitinaturaliset la lor coma pte retta.deh.finatato che cd
corrano infiemeinli dui poti.l m et pduro li detti trafiti naturali fin inno,
(coftituédo Ui duiangoli cfieriori.e m.er.lmo. et ducero le due corde.e fuet
b i.alle lor pte curs-. Et pche li dui trafiti naturali,g n.et,ko.(pla prima
Juppofitione di gfio)fono equidiftati.adoque Lagolo.eln.(pla fcconda pre
“della.29.del.v.de Euclide [ara egunalea | angolo.lm o.onde(perla feconda
ptedella.7.del.s.de Enclide)quatro angoli retti banerd yna medewa ppor
tione a cadaun di lovoset fimelmete la civconferétia de. cadauno didui cer-
chij donde derinano li dui archi.e f.et. b i.alli detti dui arebi(cadauno al fio
relatino(p la terza ppofitione di Gfto )harerino nna medema proportione
plagual cofa Lavco.cfmienaeffer fimile a larcoh i.ct fimilmerela portio
palla portiv.q.onde coflitugdo fopra cadauno dedetti arehiun angelo quai
Siano.e p fiet.h.q idiquai dui angoli(p il couenfo delle due ultime dif fuitio-
ne del terzo de Euclide)favino fra loro cguali p lagl cofa lagolofea.(p
laggr.delterzode Euclide)fara eguale aagolo.ih e.onde(planigefimaot
taua del.1.de Euclide )la corda.ef.fara equidifiate alla corda.ib. p la qual
cofa lagolo.efa.fara eguale(p la fecoda parte della vigefimanona del pri-
mo de Enclide)a Langolo.fi b. adonque il triangolo.a ef fara equiangolo
altriangolo.a b ivet con Jequentemente fimiles onde ral proportione ¢ della
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parteretta.a ealla parte retta.a hj:al edalla corda.e fralla cordaih i.c
della diftatia.a f.alladiftatia.ai.gr da Larco.e f.d avco.b iiche € il propo-
fitoset p li medemi modi é uie (¢ dimoStrara tal fimilitudine inli trafitiso-
uer moti wioléts che fuffeno egualméte obliqui [otto a Lorizotesoner p il pia
no de Lovizotespche fempre li dui angoli efteriori farino fempre egualiy ¢
Ui archisouer parte curue de queglisfempre [arano fimile, perche le pare;
egualméte toltede circonferetie de cerchi fono fimile et arguendoscome di
fopra e flato fatto e aprouara effer tal proportionedella parte rettade l'n
no alla partevetta delaltro qual ¢ della diftantiade luno alla diftantia de
Valtro et de Larco a Larcoset per la premutata proportionalita [edimoftra
raeffer tal proportione della parte retta del'uno alla diftantia del medemo
ouer alla parte curua del medemosqual fava della parte resta delaltro al-
la diStantiasouer alla parte curna i quello ifte[Jo che fara il propofito.

Propofitione, ' I I I.
Seunamedema poffanza mouente ciettara ,oucr tirara
corpi cqualmente grau{[?mz‘lt,ct egualiin _diac:ﬁ mod; uios

leutemente

]
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Ientettiente per acre, Quiello che fara l fuo tranfito eleuas.
foa.4s. gradi [opraalorizonte faraancoral fuo cffcts
topiu lontandal fuo principio [opra ilpian de Lovizonte
che inqualungue altro niodo cleuato. 7

P Erdimoftrare quefta propofitione ufaremo una argumetationnaturale.
la qual é questa, cofz che tranfiffe dal minore al maggioreset per.
tutti limezginecefJariamete trafifJé ancora plo egnalesoner gft altra. Do,
ue accade trouar il maggioreset ancora il minore di qualungue cofa,acca~:
de ancora retrouar lo cguale.V ero é che quefle tale argumétationi no na-.
lenosne fono accettatesne coceffe dal geometrascome euideteméte dimoftra:
il comEtatore fopra la dé@%poﬁﬁonc del 3.de Euclide , et fimel-:
mzte fopra la trigefima del medemosnientedimeno tai coclufionif¢ uerifi-

caninle cofe chefono realmete uninocesma in glle che participano de equs.
uocationesalle nolte fono mendacesefSepi gratia chediceffeel fi troua vne

portione di cerchio che ne da I'angolo coStituido Jopra Larcosmenor del am
goloretto e,gfia la portione maggiore dil (emicerchio(p la detta trigefi-

wma del terzodi Euclide ) fimilmente el fene trona un'altra chenedail det-

to angolo maggior dilvetto (et quefia é la portione minove dil femicer-

chio)perla derta trigefima del 3.4 Euclide) Adoque el faria pofSibile per

ledette argumietationi atrouarne una chene dara il detto angolo cguale

Langolo rettobor dico che in Ffto cafo la deta ppofitione; oucr argumeta

tione nd fara médacesciod che ghe pofSibile a tronar vna portione di cer-

chiosche ne dara vealmzte Pangolocoftituido fopra larco egualea 'angolo.
ettoser gfto aduien perchenellidetts angoli noné aleuna equinocatione.

Ma che dicefJeel Ji trowa nna portione di cerchiosche ne da Langolo dedet:
ta portionemenore de Langolo retto(cr Gfiaé la povtionmenore del femi-:
cerchio)per la dettatrigefima del 3. di Exclide)Similmente el fene truona.
un'altra.che ne da il detto angolo maggiove dil angolo retto(e quefladla
portione maggiove del femicerchio(per la detta trigefima del terzo) Ado-
que(per le dette argumietationi el faria pofSibile a tronarne una che ne def
feil detto angolo egnale a Pangolo rettoss hor dico chein gfto cafoladetta
ppofitionesouer argumigtatione faria médace perchel'angolo della portio-
we dil cerehio 13 ¢ realmete unioco ¢o Langolo retto perche Pangolorer-
to ¢ cotenuto da due linee retteset Langolv della portion é corenuto da una
linea'rettaset da una curuascioé dallacorda et da larco di glla. Nodimeno
dico che glla ppofitionesouer argumictatione che & uera fe uerifica sepre al.
sefoset a Vintelletto in glla qualitamedia fra glledue dinerfitasoner quali-
ta cotrariescioe (va la portionminoves et la portien maggioresdel femicers:
chioslagual qualita media & pprianizte effo Jemicerchio(come pla detta tri
gefimadel 3.de Enclide fi pua)yma gllache médace.Sepre feuerifica anco=
ra lei in guate al scfo pur i lo detto tevminesouer gualita mediasciod nel fe
micerchiosperche tal fua miedacitana é fonfibiles ne alcwn sefo dafeéatto

E



320

)

SECOND BOOK - 17v

%

: wo Lol B Row v . .
wtonofcer'a inmateriayma folanite allo intelletto ¢ notasgr ch'el fia il ue
vo el fe [ che L angolo cotenuto dalla cordas ¢ da Larco del femicerchioé.
tanto uicing a L angolo retto che'l ns ¢ pofibile & coftizuir uno angolo acu=
to'de linee vette che fia pin nicino a Langoloretto di luisne ancora tanto ui
cino quanto lui(come ﬁP proua foprala.xs.del 3.de Euclide) [eguita adon-
que che tai propofitioni-ouer argumetationi [empre f uerificano. In guan
to al {enfoin quel terminesoner qualita media che giace fra due qualita c;
trariein proprietasouer in effettiscioé che egualmte participa di cadauna
diglle.Etp nd flar in v folo efepio pigliamo gfFaltro. 11 fole girido coti-
nuamete p ilzodiaco ne da alcune volte li giorni maggiori della notte, ¢o-
alcune altre nelli da minovi. Onde p le dette ppofitionizouer argumetatio-
i feguiria che in alcun t8posouer luocosne doueffe dar un giorno egnaleal
1a notteslaqual cofi efiédo vera fe uerificara al fenfoset all intelletto in gllo
tEposouer in gl loco medio fra li dui t8pis ouer luochi mafiimamére cotrarij
in tai effetti( liguai dui lnochi mafSimamete cotvarij luno fi ¢ il primo gra
da‘de cancersé Paltro fi ¢l primo grado di capricorno,pche quandoil fole.
intra wel detto primo grado de ciicer ne da 1l giorno pinlsghifsimo dilanot.
te che in niun altro luoco,oner t2poscy quiado intra inel primo grado di ca_
pricornone da il giorno pin cortyfiimo i la notte, che in niun altro luoco.
Mua il poto medio fra gfli dui eftremi in effetto cotrarij 'uno faria il primo:
gradodiarietee Laltroil primo grado de libra.)Ma fe la detta argumeta-
tione in g5to cafd [ara médace.Dico che fimilméte la fe verificara dcoralei
(inquitto al sgfo )in li preditti lnochi medsj come cotinuaméte nedemo che
quado il fole intran vn di dui pitti uochiil giorno [t eguaglia alla notte,
& fepur non [¢ egualia pfettamite(come approua )¢y bene(il Reuerédif~
Jimo Cardinal Signor Pietro de Aliaco inla fefta queftione fopra 2 nan di
Sacrobufto)tal differstia infenfibile. Hor tornido adsque al noftro ppofi
to. Perche cuidentemete fapemo che fe v corpo egualméte graue fard cict
to,ouer tirato uiolétemete p il pian de Lorizote quel andara a terminare il
Juo moto violete piu fotto a lorizdte che in qualunque modo elenato,ma fe
lo andaremo elleuido pian piano fopra alorizgte p vn tépo andara termi.
ddo il detto o moto uioléte pur fotto a lorizotesma cotinuido tal elena
tione euidétemete [apemo chea tépo terminara di fopra al detto ovizotes.
& poi quito pin feandara elenddo tito pinandara a terminare pin inal-
to((ideft piu lontano del detto ovizote)e finalmete giongédo alla ppendico-
lare fopra-al orizte('cioé che talfiso motosouer trafito fiavetto fopra a To
rizdte )quel terminara pininalto ouer pin lontan di [opra del detto piano
delorizote che in qualungue modo ellenato. Onde feguiria per le antedette
propofitioni, ouer argumentationiche gli fia una elleuatione cofi coditio=
natache’l debbia far terminare precifaméte in el proprio piano del oriz6-
16, laqual argumztatione effendo vera fe verificara vealmente al fenfo an-
coraal intellettoin quella elenatione che ¢ media fra quelledue miafSima-
mite cotrarie in terminatione(cioé fra Glla cheé p il piano del orizonte'e

- §llacheéretta fopra al orizontespche luna fa andare a terminare il det
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 to corpo i moto wioléte piu di forto,cr Laltva piu difopra alorizéte , che,

inqualunque quo ellenato ) fla elenation media ¢ quado il detto tram.
[fitosouer moto niolEte d'un corpo egnalmete grane & ellenato alli 45. gradi.
fopra al orizote(cioe quado la parte retta di gllo diuide Langolo retto can
fato dalla ppedicolare fopraal orizote co el /%midiamqtro del orizontein
due parti eguale)Ma [ela detta argumiratioe fuffe medace(p Laduerfario
geometrico)Se verificara pur ancora lei('in quito al fenfo)in ladetta ele~
uationediascioé alli 45. gradi [opra al'orizote,f¢'l corpo adque cietto,,
" ouer tirato talmete chefaccia il vrafito fuo ellenato.qs.gradi fopra al ori-
 gotesterminara il fiuo moto violente inel proprio pian del orizpte, & lo ef
fétto che fara inel detto piano [ara il pinlontano dal fiuo principio(per la,
quarta fuppofitione)che far poffa [opra al pian del orizontesinaltro moda.

 ellenatoseietrosouer tixato dalla medema poffanza cheé il propofito. -
i 3 go.qfbasail s ! B i

Da%ue/}a propofitione,et dallaultimadel primo,|c manis

fefta qualméte un corpo egualméte graue ntimoto wioléte

elleuato alli 15 .gradi fopraal orizSte fara menor effetto

nel pian de LorixSte che in qualunque aleromodo cllewato,

o Propofitione. I X
- 8¢ una medema poffanza moutte ciettara,ouer tirara dut
corp equalmente graui fimili , o equali Puno cllewato als
li 45. gradi [opra al orizonte,e I altroper il pian del oriz&
te. Lapartcrettadiltranfico di quello che fara elleato
alltas . gradi fopra alorizonte,[aracirca aquadrupladel
laparterettadi [ altro, ,
' P Er dimofirareqfta propofitionespigliaremop fuppofito quello cheinel
principio diccffimo hauer trouatoscioé chela diftantia dil trafito, ouer
moto uioléte elleuato alli 45.gradi [opra alorizonte effer circa a decupla
al trifito vetto,fatto pil pian del orizdtesche dal vulgod detto tirar de po

toin bidco,lagual proportione e uedera cofi effere nel quarto libvo doue f¢
dara in numeri Lordine 5 & la proportione di crefzer e calar di tivideo-

" guifortemachine.Sia adogue il femidiametro del orizote la linea,a boella p

pedicolar del detto orizote lalinea.ca d. et il trafito d'% corpo egualméte
graue fatto pil pid dlovizote la linea.aefg.la pte rettadilglefiala linea
a cetlacurua la linca.e fet il trafito di moto marural la lineafg.Et il trd

fitodiialtro corpo fimile et egual al primose dalla medema poffaza tirato.
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Menato alli 45.gradifopraalorizote,ls linea.abik la pre verta dil qua-
le fiz la linea.a by la curnala linea.b i, trafito di moto naturale la lineg
vk la diftatialalinea.aeidaqual diftivia niena effer p il femidiametro
del orizate.Dico che la parte rettaa h.e circa a quadrupla dellz parte rer
ta.a ePerche produro il trafito naturale.i keet la parte retta.a b. tato che
cocorrano infieme in porod.¢o peheil femidiametro.ab.fega orthogonalmé -
te il trafito naturale.i K.in poto.i.(perla decimaottana del 3.de Euclide)
Glandaffe p il cBtro dil cerchio donde deriua la parte curna.b i. Copiro ads
que(per la 24.del 3.di Enclide )il detto cerchio donde derinala detta par-
te curua iqual fiab i i n.gr- dal potoa.(perla v6.del 3.di Enclide)dn-
cero una linea cotinggre al detto cerchiosquala pongo fia.a m.gy glla pro-
duroin diretto fin' a tanto che la cocorracoil trafito natural.i kan poto.o.
& Jara coftituido il triangolo .a Lo.bor dalli dui poti.b. &r.m.al cétro del
cerchio(qual pogo fia p. )duco le due linee.b p.et.m p.(lequal farano egua
le fra lovo(p la diffinitione dil cerchio pofta da Euclide nel 1.)Similmente
lalinea,ab.(perla 35.del terzo deEuclide) [ara cguilealla linea.a m.cp
Pangolo.p b a.fara eguale a Langolo.pm a.perche I'nno ¢ Laltroe vetto(p
la 17.del.3 di Euclide)e: la bafa.a p.¢ comuna alunoe Laltrodidui trian
goliah p.et.am p. Jonde( per la.8.del v.de Euclide )i detti dui triangoli fa
#anno equiangoliset percbe langolo.h a p.e mezzo angolo retto(per effer
la mita de L angolo. c a p.dal profuppofito )adunque I’ 4nggﬁm h.(perla
2.parte dellz.32.del 1.de Enclide )faraancora tﬂ%ﬁeﬁ{'{aﬁ gn‘lg retto. Se=
guita adonguesche Langoloma p.de Paltro triangolo fia ancora lui la mi-
ta dun angolo retto, per ilche tuttolangolo. b am.del triangolo.a lofara
rettosc perche langolo.a | 0.6 mezg0 angolo vetto(per effer eguale alan
goloalternol a c.(perla.29.del.1 de Euclide(Seguita(perla.2.parte del-
la trigefimafeconda del 1.de Enclide )che Laltro angolo.l o a.fia ancoralui
wmezZ0 angolo retto,onde( per.la6.del 1.de Euclide)lo lato.al.fara eguale
al lato.a o.per ilche tutto il detto triangolo.alo.uien a effer mexzo un qua
drato et la diStatia.a imiena effer la perpedicolar del detto triangolo.alo,
ancora uien a effer egual(allamita della bafal o.cioe all iet perche la det
tadistantia.a 1. fuppofia ej]érdecutpla alla retta.a e.croe diefe nolte tanto
quanto ¢ la retta.a eonde larea del triangolo.a Lo.(per la guadragefima
vima del 1.de Enclide Jueneria a effer.100.6108.100. quadrati della retta
« e(laguale fiimemo in Gftoloco p mifura dillo che e baa dir-) et lo lato-
« lneria aeffer la vadice quadrata de 200.(p la penultima del 1.de Encli-
de Yo fimilmente Paltro lato.a 0.hor nolendo faper per numero la quanti-
sa dellaretta.a b.primamente del centro.p.duceremo le due linee.p L.et.p 0.
rocederemo per algebras ponendo che il femidiametro del cerchio fia una
€ofasgr perche it detto femidiametro wien a effer la perpendicolar del triz-
golo.p Lo.(fopra la bafa.l 0.)c fimilmere del tridgolo.a pl. ( fopra la bafa
a L.)et fimilmete del tridgolo.a p o.(fopra la bafa.a o.)le quai ppendicolare
Jono.pip b.et.p m.bor trouaremo I’ area de cadanno di detti tre triagoli(p
la fisz regola)msltiplicado la ppedicolare cotrala mita della bafa, onerla
mita della perp@dicolar cotra a tuttala bafa, onde multiplicando.p i.(che
£pofto effer una cofa) fia la mitadido.che é,10.)fara, 104 cofe per Lareda:
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del triangolo. p Lo. lagual faluaremo da partes da poi multiplicaremola
perpendicolare.p ba(che  puruna cofa)fia la mita de.a l.che Jara Radice,
5 8.ne uenira Radice de. so.cenfi( per Larea del triangolo.a p llagual pone
remoda catoa preffo di Laltra che [aluaffemosda poi tronaremo imilmen-
telarea de Paltro triangolo.a po. laquale [ara pur laRadice de.5o.cenfz
Ji come fudi Laltro(perche le bafe fono eguale s cioe che cadauna € Radice
200.)hor fumaremo inficme queste tre aree;faranno in fuma radice.2 00
cenfi pin.10.0fes¢r quefla fiuma fara eguale a Parea de tutto il triangolo
a Lodaqual ¢ vpo.onde lenando quella Radice de 290. cenfi ¢ reStorado le

arti ¢ reccango a un cenfo haueremo vino cenfo pin.zo.cofe egnala.roo
onde [eguendo il capitolo trosambo la cofa naler Radice 200. men.10.et tan
to fielo femidiametro del cerchioscioé la linea.p b.ouer.p i.ouer-p m.e: per
che lalinea.a b.¢ eguale alla linea.h p.(come di fopra fu dimofirato) fegui
taadonque chela dettalinea.a bfia anchor lei Radice.200.men-10.ilqual
refiduo Jaria circa.4 +.ondela detta verta.ahsuenncria a elfcr circa a qua
tiro nolte tanto é vn ﬁat’t_zz'mo dellaretta.a e.che il propofite. -

~ %
&

Correlario, ;

L \
Dagqucfto femanifefta qualmente un corpo egualméte gra
ue da una medena pofanzacictto,ouer tirato uiolentemés
teper acre:ua piuper rettalinea per un ucrfo, cheper un
altro,co- confequentemente fa maggior effetto,

FINE DEL SECONDO LIBRO
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COMINCIA IL TERZO

LIBRO DELLANOVA SCIENTIA DI . .
NICOLO TARTAGLIA BRISCIANO,

szﬁ’ nitione, ’Pn‘ma.

O R z‘z.oﬁtc(iu quc/lé Lluoco)é dettoquel pz‘énb cf;cnl;go

re che diuideCnon [olamentelo bemifperio inferiore

dul [uperiore,ma anchora loccbior: j:guardcztc alcunacofa

4pp¢retc indue pczrtx cguah,et € cOcentricacon gucllo.
- Diffinitione. I X,

Perfettopianc [e chiama qualungue _[imczo tcrrco,cbc pro
cede,ouer che [¢ iftende equalmente diftanteal, pzan del'oe
rizonte,difotto at[fo orizonte. ~

Diffinitione. I I,

T

L altczza delle cofe apparente ¢ la pcrpendzsabrcdutta

dallauertice di cadauna di qucllc,dlla bafa, ouer piano ter

reo doue, c[ G npoﬂ:mo.
Diffinitione, IIIT,

Diftantia tpothumiffale ; over diametrale , é quella, che é
per rettalincadal occhio rt[:guardante,alla uerticedi gua
Iunguc altexzaopparente

foﬂ mtzonc. .
Diftantiaorizontale ¢ Quclla che ¢ per rettalineadal ocs

chio rz/:guardantc a alcunia cofa apparente che fiain el

piar delorizonte,
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QX 4 Propofitione. Prima:

Mi aioglié ccrﬁ‘ﬁ cafc i materia ﬁ: una data regolaC ouer
Rega)materialeper defiguar lincc rettc e giufla.

' Claladata Regolay ouer Regasasdella gualemi uoglio certificare fellaé
jufla per tirare ¢ defignave artificialmente linec rette in ogni piana
fuperficiefegnoli dui pontib. &r-c. picolini quanto fia pofstbile luntani -
o da laltrocircaa tanto quanto ¢ longa la data Regola souer Regaasco=
me nel primo effempio appare da poiacontio , oner gixflo ladata Regola
alli detti dui ponti ]gamc il corpo della detta regola nerfo mi » come nel fe-
condo effempiofi uedesdapoi dal ponto.a.al ponto.bitiro leggicrmente una.
linea'futtiliffima fecondo Pordine della data regola,fatto quefto nolto la da=,
taregola dz laltrabanda dell tirata linea, ginflandola diligenteméte alli
desti dui pontiscome nel tergo effempio apparesgr tivo leggiermente un'al-

0 . o

tal

l;' PRIMO ESSEMPIO. c . .

o . 'f/'l-‘,s‘s’ﬁ"i("lfxol,‘n‘c i3

; L DA -

3B ,3, ESSEMPIO C .}
3 y: it ;

B ,4  ESSEMPIO. . C

s

tra linea dal dettoponto.a. al poto.b. futilifima fatto queflo lewd ladetta
regola s ouer rega & guardo diligentemeute [¢ la linca tirata aguejfa Je-
conda uolta congruille perfettamte fopra a quellas che futirata alla pri-
maycioe che la fia in quella ifiefla;la qual cofa effendo cofi dirosehe la det-
ta regolasouer regaé giuflifSimasma quando che la linea tirata lafeconds
wolta non congrucfJe perfettamente fopra a quella, che fu tivata prima, &
che fra Puna é Laltra feraffeno qualche [pacio, come in lo quarto effempio
appare sa lhor divo cbe tal vegola inmodo alcuno non e giufla ne le lince

natesouer tirate fecondo Lordine di quella non fono rettesperehe due Li-
nee rettenon pono fra l'una & l’altrﬁ%farﬂ alcuna fuperficie(per laulti-
wa petitione del primo di Euclide, )che € il propofito. $35

- Propofitione

e —————- -
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 DPrepofitione, I I. . .
M i wglio'w'tiﬁcarc inmateria /Etma propo]kz fqu‘zra

tnateriale ¢ gi.‘ljla.

Iala detta fynara .a. Dico chemi woglio certificares'ellaé ginfladr feli
Sangoli defignati [ecodo Lordine di qutella Jono perfectamente rettis faccio
in queflo modosdefegnolangolo.b ¢ d.fecondo Lordine della dettafguara por

bt

i
R

. 5T

piglio un compafoscs faccio centro il ponto.c.co fopra quello deferino il cers
chio.e fg.maggior che fia pofiibile pur che non tranfifea fuora delle due linee
¢b.rc d mache [eghi cadanna di quelle inlidui ponti.e f.fatto questo , pi-
glio il mio copafio,¢r ¢o diligentia guardo [eLarco.fe.d precifamenteil quar
to della circonferentia di tutto il detto cerchio s lagual cofa efendo cofi , diro
che il dettoangolo.c.C perfettamente retto(per laca,propofitione del.2 e con
[equentemente la [quara.a. efSer giunsta ( per la ottana communa fententia del
primo di Enclide)ma [¢ il detto arco.fe.fara pisoner meno dellaquarta par-
te della circonferentia delidetto cerchioydiro che il detto angolo.c.in conto ab=
cuno non € retto confequentemente la detta fguara.asnonefSer ginstas

Propofitione. I I 1. 3
Per ualtro modoCper effer pin ficuro)miuoglio certificare
in matcriafcladata [quara e gifia, sl
r
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"Su la data fquara.a.Dicos che per effer pin ficuro mi noglio p un'altro mo
do certificare f¢ quella e ginflasdefegnoil angolo.b ¢ d. fecodo Uordine di gl-
laspoi dal ponto.b.al ponto.d.tirola linea.b d.cy Glla dinido in due parti egua-

Ui in poto.c.elgual poito.e.faccio cétro,gy fopra di quello deferino un femicer -

;i‘

chio fecondo laquantita della linca.e bi oner.e d.qual fias fg d.fatto quefto

guardo diligentemente,fela detta circoferentialb f g d.andaffe apponro per il

ponto.c.la qual cofaseffendo cofisdiro che ibdetto angolo.c.(per la.30.del ter-

zodi Euclide )¢ perfettamente retto ¢ confequentemente la data fynara.a.ef
Jfer ginftasma fe la detta circonferentia andaffe quanto pin di [opra, ouer di

fotto'dal detto ponto.c.diro abfolutamentesche il detto angolo.c. non é retto ¢

confequentemente la [quara.a.non ¢ffer giuflasche € il propofito.

Propoficione, II 11,
Anchoraper un altro modo mi uoglio certificare in mates
riafcladata [quara € ginfla, ‘ s
sla'la data fquara.a.Dico ancora(per effer piu ficuro ymi noglio per un'al
D tromodo yerificare [e gllaé ginfta deferino Langolo.b ¢ d.fecondo Lordine di

Glia fatto gfto piglio il mio copaffoscr appro quello talmizte che la appritura
pofcia intrare treuolte in la linea.c dael circa)et fecondo la detta appritura

affegno le tre parti.c e fugrf guet fecondo lamedema appritura di copaffo af-

Jegno inlaltra linea.c ble quatro partioner mifire.c bub i k-k Lfatto que-

-~ flo dal ponto.J.al ponto.g.tiro lalinea. g.poi condiligentia guardo [ela detta

21v
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linea.l g€ precifamente cinque mifure,ouer appriture del detto mio compaflos
la qual cofa effendo cofi 5 diro che il detto angolo.c. (per la ultima del primo
di Euclide)e perfettamente retto,¢r confequentemente la [quara.a. effer gin-
fiasmafela detta lineal g.faia piu > oner manco de cingue appriture del det-
tomio. compafjo > divo abfolutamente che il detto angolo.c. non effer rettoe
confequentementela [quara.a.non effer giuflarche € il propofito.

U Propofitione. V.

M uoglio certificare’in materia [eun dato quadrangola.

equilatcro e perfettoquadro,
S La il quadrangolo.a b c d.equilatero s cioe che li quatro latia bb c.cd.oh

d a.fianoegnali, dico che mi noglio certificare feildetto quadrangolo é
perfetto quadro tivo in quello li dui diametria ¢.¢o b d. lignali fe interfega~
10 in ponto e. poi piglio il mio compaffo » &~ faccio il ponto.e. centro , ¢ de-
Jevino un cerchio fecondo la guantita de.e a.oner de.eb.da poi con diligentia
guardo [e la circonferentia del detto cerchio andaffe precifamente per le qua=
tro ifiremita di quatro angoli.a b cd. del detto quadrangolo s ¢» fe la detta
circonferentia andara pontalmente, perledette ifiremita diro, cheilde to
quadrangolo (perla.3o.del terzo de Euclide ) fara rertangolo ¢ confe-
quentemente peifetto guadro, Ma [¢ per cafola detta circonferentia non an-
dara pontalmente per tutte le dette quatro iftremita 5 diro abfolutamentes
che il detto quadrangolo non effer retrangolo, & confequentemente quel non
¢ffer perfetto quadro 5 che ¢ il propofito

F g
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Propofitione. 7 I
Miuoglio fabricar uno iftruméto che mi ferua alivclar un
piano,et ancora a conofcerlo.co lafpetto, le altezz e,larghez
. zeprofundita,diftantic hipotumifJale,et borizontale delle co
e apparente, ¢ che ancora con facilita me lopoffa accomos
dar dainuefligar lauarictaditiride cadauno pezzodearte

gliaria go~ fimilmente deogni mortaro, 93 o U
PI ‘glio una lamina di alcun metallo be piana groffa #na bona cofta di cortel
lo,ouer una tanoletta di alcun legno fodo e bénfecco groffa al menun dedo
groffosgr conuna regasetfquadra giustasne cano della detta laminasoner ta-
uoletta una fquadra alla fimilitudine dellainfrafevitta.a b e.d e f.che habbia
interchinfo uno pfettifiimo quadro alla fimilitudine del quadrose g bi.co lun
tano una cofta dr covtellosuel civea da li dui lati.g budrb i. tivo tre linee lita
we Ui da Laltra un dedo groffosuel circa eqdiftate alli devtiduilati.g biet.h 3.
& cadanna di Glle due che fono ppingue alli detti duilati.h g.¢r b i. dinido in
Y2. partieguali ¢ dabangolo.e.a cadauno delli detti.v2.e.12 dinifioni , oner
potistiro le linee dinidete li [pacisehe interchinde le trese tre linee equidistati
alli-duilati.g b.gp b iin.12.[paciegualizet cofi bavo copitala figura gnomo-

* mica.kb Ldinifainv2.enz.parti egnalislagual fignra dalli antiguie chiama
pafthala altimetriagy la peth L6 detta ombravetta s & lapte ko e chia-
mata ombra nerfaset lalineab e. (cioé il diametro del quadro) é dettalinea

* delombramediaser la diuifione.1.delombraretia fe chiamail primo ponto
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OMBRA RECTA
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della ombra rettayer la dinifione..il fecondo pontoss cofidifcorrédo nelle al
tre dinifioni della ombra retta e fimilméte la dinifione prima della ombra uer .
Ja J& dice il primo poto della ombra nerfa e cofi la dimfione.2.fé dice il fecondo
poto della ombra uerfascr cofi difcorrendo nelle altve dinifioni.Hor per copir -
qfto nofiro istrométo fopra la gaba.b c.de fuorania affettaro le due laminette
P”eﬁi‘gt&m n.talmzte che li dui forami fiano in retta linea ancora egualmen
tediflari dal piano.b c.et favo li dettiforami picoli che apena il-vaggio nifitale
gli poffz andare,r 2 3lli ueder la fismita delle cofe apparétesda poi fiffaro un
fef‘re{t_oypendi:_ol‘zrmé’re in pato.e.et a gllo gli atacaro il perpendicolo  oner
piombino.e 0.¢5fara compito il detto ifiromento che ¢ il propofitos
Correttione del Anthore. ;
CI afeaduna coflz da poische  fattasfe lafuffe da fare molto meglio fe faria,
e p tanto dico che in luoco di Gile due lamineste pforatesm.cr nanolto pin
"{ﬂamﬁt? refpodera,ciy [eruiva facedo fare uno canaletto picollino,cs un pio-
ninosaccio attosnella banda de [otto della gaba fb. qualnada vettamente dal
POto.F.al p5t0. P> Gfto fi debbe fare aniti che fia incolato la detta gabafb.
fbpm il quadrato.g b i e.¢p dapoi fatto il detto canaletto incollarla detta ga@
baalfio lnocoset da poiincollar una liftetina fottila del medefimo legnos nel-
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La parte.i f.per conerzer quella parte del detto canaletto cheiui foraselqual
canaletto perche nenira a paffare vettamente fotto alcentro. E doneua at-
tacato il perpendicolo » ouer piombino s molto pin iuftamente ne ferniva nelle
noStre operasions , diquello farale dette due laminztte , come detto difopra

& mafSime doe bifogna trafportar liftrumento da un luoco in ui'altro, come
occorre nella decima propofitione di quefto. Anchor bifogna notar s che no-
lendo far quefta fquadra de legno , la Z debbe far dilegno di ancipre(lo a ten-
to, che bo ritronato quello non far mai fenfihile mutatione, ne per humilita
ne per [cicita & dapoi defignarladetta [quadrain carta s & incollarla fo-
praaquella dilegno.

Oltra di queflo bifogna notare » che quanto pin faramaggiore quefto iftromen
to tanto pin fara atto a darla cof pin ginfts, & inneroil quadrato.g'hre,
non uoria effer men di una (panna’ perlato talmente che cadauns dells detti
12. &12. pontidella ombra retta s ¢ nerfa [z pofino dinidere inaltre.ra.
& 12.parti fecondo il medefimo modo le quai paitife chiamariano minuti,
tal che ildetto quadro ueria a efSer poi.t4q.minuti per fazza 5 li quali fer-
uiranno molto pin pontalmente , ¢ fottilmente di quello faria folamente con

le.t2.prime dinifion:.

Propofitione. e rr,
2 oglio liuelar un jfmcio terreo, €9+ conofcer [¢ quclloe pers
ﬁtto piano.

S Ta il fpatio terreo'la lined a b. Dico che noglio lincllar il detto (pacio, et cer
tificarme [eegle perfetto piano > apofto un ponto-in qualche cofa éllenata
perpendicolarmente foprail pian delorizonve, & fia il pontar.noi pi o it
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mio i§tromentoses lo affettosoucr acconcio fiffamente in qualche cofa flabile'
talmente che lo perpendicolo.e o.cada precifamente fopra il lato.e g. delqua-
dratocioe fopra la linea.e g d.¢r poilo alzo oner abbafo, talmente che per li
foramim n. ueda il ponto.cfatto quefto, mifiiro diligentemente quantoé dal

mio occhio,oner dal forame.n.perpendicolarmente interra (ciod quantoéla

lineana.)c fimilmente mifuro quantoédal pontoc perpendicolarmente 2
terra(cioé quanto la linea.c bigy [ trono chela detta linea.c b.fia eguale al
lalinea.na.cr che il detto piano fe distenda dalla banda defira > & dalla fini~
ftra fecondo Pordine della linea.a b. diro che il detto piano.ab. fava perferto
pianosperche la linea.a b.che andafie p quello(perla trigefimaterza del pri-
mo di Euclide)[ara equidiftante alla linea.n c.che andafSe per il piano delovi
gontesconfequentementeil detto piano donde andafSela detta linca.a b. fara
equidiftante(per la decimaquarta del.11.di Euclide) al pian del orizonte s ma
felalinea.c b.fara maggioredella linea.n a.divo che il detto piano terreo [ara
pin bafSo uerfo.b.che uerfo.a.¢ é connerfo; fe la linea.c bfara minore della li
uea.n a.diro che il detto piano terreo fara pin alto uer[o.b. che unerfo.a. & con
lo medemo ordine procedero dalla banda deftra> ¢~ dalla finistra noledome cer
tificare [€ circum circa feiftende [econdo la dettalinea.a bicheé il propofito.

Propofitione. " I I'T,
Vogliv inueftigare laltezzade una cofa apparente , alla
qual fi pofci andare alla bafa,ouer fondamento di quella , ¢

tutto auntempouoglio comprehendere la diftantia ypot bus
miffale,ouer diametrale dital altezza. ¥

gla Paltezzaa b.della cofa apparente a.ellenata, et coftituta fopra il pia- y

no terreo b ditalmente che fi pofeia andare alla bafa,oucr fondamentodi
guella(ciodal ponto.b.) Dico che uoglio inuestigare ladetta altezza.a b
tutto a un tempo uoglio coprebedere la distatia  ypothumifiale , oner diame
trale di tal altezza.Piglio il mio firomento, & affiffo quello in qualche cofa
fiabiles¢y linello.il piano.b d.et uedo fi glie pfetto piano( procedzdoscome nel-

la pafiata fu fatto ) e lo trouo perferto piano mi appofto un potoinla detta

cofaapparte qual fia la uertice.a.et glla cerco de nedere p i dui forami.nm.
del mio iftrometo,et mi uado tirido tato in driosoner auiti che il ppedicolo ca
da fopra la linca della ombra mediascioé fopra il diametro del quadro comedi.
Jotto appar in figura.fatvo quefto mifivro il fpacio che € dal ponto done eadela
ppedicolar del mio occhio fina alla bafa de tal altezza(ciod quanto é dal piro.
e.al ponto.b.) & aquella quantita gli agiongola perpendicolares che Mdal
anio occhio aterra(ciod laquantita.e c. e tanto quanto fara quefta fuma ran

>

to faraanchora |
& cloe dal occhio mio a verra ( cioe dal ponto .2y al ponto .. fufte pafia dui

altezza.a b.Efempi gratia s fe il pacio.c b.fufle pafia.353. :
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cochinderei chela altexza.ab.fufle paj]&%; s+ Perche dal occhio mio(ciod
dal ponto.e)duco la linea.c fequidiftante al pianosouer linea.c b, & pducoil
ppedicolo del mio iftrometo fin a tato che gl cocorra cd lalinea uifualese a.in
poto.bugy pduco fimilmzte'lo lato della ombra rettasciod la linea.g i.(latodel
quadro)fin a tito che cocorra c6 la medema linea wifuale.c a.in poto.k.canfan
doil tridgolo.g k h.co pehe Lagolo.g kh. eguale(p la terza petitione del pri
mo di Euclide)alangolo.c f a.(pche Luno e Ualtro é retto) g fimilmzte lan-
Zolo.k b g.¢ eguale(per la fecdda parte della.29.del primodi Enclide )a L'an-

 golo eafionde(pla Jecoda pre della trigefima del 1.di Euclide angolo.k g b.

uerria a reflar eguale a Lagolo.a e f.p ilche il tridgolo.g k h.uervia a effer equi
angolo ¢ il trizgolo.c a f.gy cofequétemite fimile & de lati pportionali (pla
quarta dil fefto di Euclide )& pehe il tridgolo.gi Lverriaacffer fimile al triz
golo.g kb (perla 2.del feflo di Enclide)ancorail tridgolo.e a f.(perla uigef?
madel fefto di Enclide)uerra acffer fimile al detto tridgolo.gil.gp de lati -
portionali adogue tal pportione ba il lato.c fial lato.fa. qualba il lato.g i. al
latoi L.y perche il lato.l i eguale allato.i g.(per effer cadann lato del qitz-
drato )il latoadogue.a f.fara eguale allato.e f.do perche il fpacio , ouer linea
¢ bu(perla trigefimaquartadel 1.di Euclide)é eguale al medemo lato.e fife-
Zuita(per la prima comuna [eutetia del.t di Euclide)che la partial altezza
a f.fia eguale alla diftatiasouer linea.c b.gr perchelo refiduno.fb(di tal altez-
%a)é eguale(per la detta trigefimaquarta del v.di Enclide) allzlinea.e c.fe-
Zuita adoque(perla [ecoda comuna fentZtia debr di Enclide Jehela metim
be.giotacolaquitita.ce.tal fima fara eguale a tutta Paltezza.ab. che ¢ il
primo ppofito.Et perche fi come il lato.g 1.allato.g b.(diametro del guadro )
cofi ¢illato.cf.(oucr.c b.)allatowe a.c pebeil lato.g i.¢ incomefirabile( per
la fettima del decimo di Enclide )al diametro.g b.ancora il lato.fe.(oner.c b)
(2 ladecima del decimo di Enclide )[ara incomefurabile al lato.c a. & pehe il
diametro.g b.¢ doppio in potétia(pla penultima del 1.di Euclide Jal lato.g i,
dcora il lato.e a.fara doppio in pot¥tiz al lato.c f.(oucr.cb.)quadro adogue il
lato.ef.(oucr.cb.) (qual bo poflo effer paffa.353.) fa.124609. ¢ lo indoppio
fa249218.etdi Gfto indoppraméro piglio la ppingua radice guadrata lagual
fara circa499. % 33-.& paffa.499. 2421 (uel circa)diro che fara la diffantia
ypothumiffalesoner diametrale.e a.che &1l fecddo ppofito.Ma fe p cafoil pia-
n0 terreo.b d.no fuffe perfetto piano(come la maggior parte delle nolte acca-
de pigliaroil poto doue fegara il pi del ovizite tal altezza.ablinelando col

mio iftrometo fi come inla ,ppo[!ﬁ_'one Peedete fu fatro,qual po 7o fia il poro.f.

poi cerco co iduftria di mifurarela linea.e fouer una equidifiite a glla,et a gl

la quatita n5 gliagiongo piu la quitita.c c.ma bé inlooco di flla gli agiongo

la quatita.fb ¢ tato quato fara tal fumastanto diro che fia I detta altezza

a b.efSepi gratia fe la linea.c f fulfe(come difopra fu fisppofto)pafia.35 3.0t che
la linea.fb.fufle paffa.3 1 o giogero i dettipaffs.3 ! .c6 li pafia.35 3 fara paf
[a.3564-e pafia.356diro che fiala letta altezza.ab: & cofi procedaria
quando che la linca £0.fuf3e menor dellalinea.c c.cioes fe la fufie folii pafia, r,

5 . giongeria

il
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giongeria pafia.t.conlidetti pafa.353.frria pafia.35 4. tanto direi che fuf~
Jeladetta altezza.a b.perchein tal cafo il lato.efié egualealla imrtial altez.
4.4 f.come di fopra fit dimofirado € pero giontowi la quantita.f.boni dara to-
talaltezza.a b.cheé il propofito. :

Propofitione. X,

Senza mutarme dal luoco doue me ritrouo uogl;‘o comprcbén?
derelaltezza deuna cofa apparente, che fipofci andareals
labafa,oucr fondamento di quella,, ¢~ tutto a un tempo uos
Glio inuestigare la distantiaypotbuniffale ouer diametras :
leditalaltezza. ' =

‘Qlalaltezza.a b.della cofz apphye
no terreo.b d.talmente che poft

uer fondamito di glla(cioé al ponto mpreben:

a altezzab.(feuzamonerii dal lnoco donemg ritrono & thttoas ‘
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noglio inuestigare ladiﬁanti.z.ypothumi[x’zé,ouer diametrale dital alrezza.
Piglio ilmio iftromento in mano oner che lo affermo in qualche cofa Stabileet
liuello il piano:b d.et sedo fe glie perfetto piano(procededoscome nella fertima
propofitione fu faito )¢ felo tronoperferto pianosmi appoflo un poutoinla
detta cofwapparéte gual fiala nertice.a.or glla ccreodi edere per li dui fo-
rami.q m.del mio iftromento,fenz a monermi dal lnoco dowe mi ritronoyma tor
Zado,oner noltadoil detto ifirometa fin a tito che neda 2 li detti dui foramila
detta uertice.a.fatro gsto guardo diligétemite dode cade il ppédicolo del detto.
mio iftrome10,¢ [e 4l cadera p cafo,come nella pedzre(ciod Joprala lineade
Lobra media)cochindero(fi come fu fatto imla detta precedéte )ma f¢ quel ca
dera fopra il lato de I'obra retta me dinotara laltezza.a beeffer maggior del
Jbacio che dallimei pedi alla bafasoner alla radice della detta altezza » cioé
al poto.buin talpportione qual haera.2.( cioé il lato del qnadro)al numero
di.pozi della ombra rettasdoue cade il detto ppédicolosgiotonila ppedicolare
delmio occhio a terva(come ancora nella precedste fu fated)er qflacofainla
praticade numeri cochiudero cofismultiplicaro il numero di pafja(oucr altra
mifura)che ¢ dalli mei pedi al p610.b.pex.cor lla multiplicatione partiro per

il mumerodipotide Pobra reita d'ode cade il ppendicolo del mio iftrometo et a

gllo che uentra al detto partimtosgliagisgero la quatita della ppendicolare
del mio occhioa terrasefiepi gratia,poniamo che il ppedicolo del mio iftrome-
‘2o mi cada fopra il nono poto della ombra retta come difotto appareinfignra
et pono che dal potoic.foa paffa 236.¢7 che dal mio occhio a terrasciod dal po
to.e.al poto.c.fia paffacr.multiplicaro li detti paffa.256.p 12.(cioe pli dodeci
potisoucr diuifioni del lato del quadro,ouer decadauna ombra(fara.3073.¢
qfto3072 ptiro p.9.(cioe p il numero di poti de Lsbra retta doue cade il pichi
noouer ppedicolo nel mio ifivoreto)ne uenira.341. % . a Gflo.341%-.g'1 agis
gero pafja.2.(cioela quitita de.e c.(fara.343-+.e paffa.343+.cochindero che
fiala detta altezza.abPerche dal occhio mio(cioé dal ponto.e.)duco(fi co-
mg nella precederc)la linea.e f.equidiftate al pianosouer linea:c b.gy pduco il
ppedicolo del mio iflrometo fin a-titosche Gl cocorra o la linea uifirale.c a.in
poro.b.et pduco fimilmetelolatodella 671157‘4 retta(cioe la linea parrial.gi.)
fin atdto che cocorra ancora lei ¢d la detta linea uifirale.e a.in poro.k.cansa
do il triangolo.g k b.¢p pche langolo.g k b.¢ eguale(platerza petitione del
v.diEuclide)a lagolo.e fa.(pche lunoelaltro p retto) & fimilmete langolo
kb g eguale(p la fecoda parte della.26.del primo di Enclide)a langolo.e.a f.
onde(plafecoda pte della trigefimafecsda del 1.di Euclide) Langolo.k g b.er
viaareftar egualealagolo.e f.p la qual cofa il triangolog k b.werriaa effére
equiangolo al trizgolo.c a ficr colequetemete fimilesgr de lati proportionali
(P la quarta del [eflo di Enclide )& perche il triangolo.g i . (per la- feconda
del fefto di Euclide Juien a effer fimile al triangolo.g k b..Adongue il detto tri

angologl -(per la uigefima del fefto di Euclide Juien a effer fimile al medemo.

riangdld.c a f.e confequentemente de lati proportionalisper slche tal propor-
sione bail lato.efallato fauqual ha il lato.g iallatoi .oy perche il lato.g i

C

b |
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al lato.Li.¢ come.9.a.12.(ct0€ come ¢ li pontisoner dinifioni della pte.g i.(del-
la ombra rctia)a tutto il lato i l.del quadratosilqual lato.i luiene a effer tan=
to quaro le.y o diuifionisoner poti di tutta la ombra retto)e perouoledo tronar
la quatita de.af (occulta) mediate la notitia de.e f.(elqual éfuppofio eér paf~
Ja.256.)p la enidétia della mgefima del fettimo di Euclide multiplico li detts
paffa.256.per 124a.3072.¢8 Gflo.3072.partifeco per.g.ne nien 3415 (come
ancora in principio fu fatto )& tanto diro che fiala partial altezza.af.et p+
che il refiduo f.b.di tal altezza é eguale(‘p la trigefimaquarta del 1.di Euclis
de)alla lineave c.(laquale é fuppofia effer paffa.a.)giongo li detti paffa.2.al-
lidettt paffa.341 Lfaranno paffa.343-.¢r tanto cochiudero che fia tutta la
altezza.a b.fi come ancora in principio fufattosche il primo propofito. Et p=
chefi come ¢éil lato.g iual latosoner ypothumiffa.g h.cofi é il lato.e fual latoy0+
uer ypothumifla.ea.et percheillato.giallatosoner ypothumiffa.g b.(per la b o
penultima del primo di Euclide(come.9.alla radice quadrata de.225.cheé.is
onde per tronar lo lato,oner ypothumifia.e a.(occulta) (per la euidentia del
la nigefima del [ertimo di Enclide )multiplico.1s fia la quantita di.e ﬁ(?dq‘mt
lee fuppoftaeffer pafia.256.)fa.3840.¢5gucsto.3840. partifco per.g. ne uien
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e pafla.42€-=diro che fia la diftantia ypothumiffalesoner diametrale.a e.che
il Jecado propofito.Aucora per la penultima del 1.di Enclide.Io potea trouar
la detta ypothumiffa.e a.multiplicando il lato.e fuin [e che faria.65536. anco
va illato.fa.in fe che faria.116508% ¢& quefti dus quadrati gioti infieme fa-
_ 11an0,182044% 7 di quefta fumma pigliandone la radice quadratalaqual [z
¥ia pur.426%fi come per altrania fu tronato e tanta diria che fuffe la detta
diStantia ypothumilfale.c a.che faria pur il medemo [econdo propofito. Ma f¢
per cafo il piano terreoh danon fuffe perfetto piano ( come la maggior parce
delle nolte accade) procedero fi come ella precedente linelando » ¢ mifurado
con induftrialalinea.e f.cr poi procedero i , come difopra éftato fatto eccet
to che inluoco della linea.e c.gli agiongerola quantita.fb.o fia pin, oner me-
no de paffi 2. & cofi conchiuderoil ppofito. Et [ per cafoil perpendicolo del
mi o ftromento non mi cafcaffe fopra integral potoouer diuiftones éffempi gra
tifel me cafealfe fopra al nono poto é mezzo del decimosciod a pontio onera
9% procederia pur fi come difopra é flato fatto multiplicando la detra diftan
via cioé lipaffa.as5 6iper 12 ¢ tal multiplicatione partiria per 9~ouer et
a quello che uenifie gls agiongerei la perpedicolar del mio ocehio, oner la qua
tita.f b.gy tato quanto fufle tal fumastito conchiunderes ehefuffela altezza.a
b.¢y cofi mi gonernareiin ogni altro votto de potosoner dinifioneschie il pro
pofito.E pero p fuggir li rotti laudo a douer dinider ciafcadunodi 12.et 12.p0
ti in altre 12 pti(come fu destonella coftrutiv dello detto-ifirume o liquali fi
chiamano minuti per ilche cadanna ombra neria a effer dinifa in 134.minute,
M.,l Jeil perpedicolo del mio iftromento eafcara fopra illato della ombra
uerfaallhora me dinotara cheil fpacio che [araframe ¢ labafa della
altezgasco la perpedicolar del mio ocehiosoucr cd lalinea.fb. effer maggiore
della altezza della cofa apparentesin tal” propovtione qual é.12.al numero di
pontidella ombra uerfa doue cade il perpendicolo del mioiftrumento &~ tal to
Jainla pratica de numeri conchindero in q efto modo multiplicaxo il numero
di paffa(oner altra mifura )che & per retta linea delli mei pedialla bafa di tak
altezza(oner dalmio occhio al ponto doue che il pian delorizonte fegaquel-
la)perli pots oner minuti diLombra uerfa(doue cade il piobino del mio isiro
wiento e quella multiplicatione partiro per 12.01er per 144.¢5-a Gllo che ue-
nira gli giogero la quatita della perpédicolare del mio occhio a tevra (effendo
in perfetto piano Jouer la quititasche fara dal poto doue fega glla il piandel
orizonte a terra € tanto quanto fara tal (kma tanto cochiudero che fia la det
ta altezzaseffempi gratia poniamo che il perpedicolo.del mio ifirometo mica
da fopra il decimo ponto della ombra uerfo,come di forto appar in difegiios ¢
pono che dal poto.c.al poro.buoner dal poto.esal ponto.f.fiapaffa 350.¢r che
dalmio oechio ouer dal poto.fua terra [ia paffa 2.multiplicaro gli detti paffa
350.per 10.(cioé per ) ponti de Lombra uerfz doue cadail perpédicolo(fara
2500.¢ 510 3500.partiro per 12.(ciod per le 12.diuifionisoner poti de ca-
dauna ombra,oner del lato dil quadro Jne uenira 2915 & agflo 291+ gli giv
gero.2.(cioé li pafia che hauemo fuppofto che fia dal Poto.e.al poto c.oucr dal
porofualpatod)faracg3t & palfa.z93tetchindero che fia la detta altezza

% . L
= o
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a b.pche dal ochio mio(cioé dal psto.e.)duco pur(fi comenella precedgte)lali

-nea.ef.equidiftante al piano,oner linea.c b.(efiedo perfetto pianoilpacioter
reo.cb. Jouer la duco fecddo Lordine del piano del orizpteioé perpendicolar-.

mBte [opra la linea.q b.in pstof.ancor produco il latodella smbra retta (ciod
la limea.io fina a tanto che concorra con il perpédicolo in ponto.g. caufando il
triangolo.i | g.ilqual triangolo.il g.(per le medeme ragioni ¢ argimentia,
duttinella demofivatione della peedente)uien a efSer fimile al triangolo.ca T
& perche il triangoletto.g op.(perla prima parte della feconda del fefto di
Euclide)uiena efier fimile al'detto triangole.gi Londe(per lamgefina del f
§to di Euclide)il detto tridgoletto.go paiena efer fimileal irisgolo.ca f.o
perche Lagolo.l p q.(del triagolo.l p q.)¢ eguale(perla.us.del 1.di Euclide)a

- Pagolo.o p g.(del tridgoletto.o p g.)er lagolod q p.del detro triangelo,lq p.¢

egua'e(per la 3.petitione del 1.di Euclide)a lagolo.po gi(del delto triigoletto
pog.)perche Lunoelaltro évetto onde (per la fecond v parte della trigefima
Jfeconda del primo di Enclide) Laltroangolo.p | q.(del detto triangolo.p.hug,)
uerriaa effer eguale alaltro angolo.o g p.del dettg triangolesto g p. per il-
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cheil detto triagolod p 7,uerria a effer eguale a Paltroangolo.o g p.del detto
Ci

B

triangoletto.0 g p.pevi
cofequetemete fimile,¢s de lati proportionalial detto triagoletto.o p gret per

che il tridgolo.e f s fimilmete fimile al detto triangoletto.op £. Seguita(per
la uigefima del fefto di Enclide )che & il detto tridgolo.l p q.¢ fimileal detto tri
angolo.c a f.8 cofequentemite i lati( coringtisoncr rifguardati eguali angoli)
propotionali(per la quarta del [efto di Euclide)per ilche tal proportioneé dal
Lato.l gual lato.q p.qual edallatose fal lato.a f. ¢ perchela proportione del
lato.l q.allato.q p.e fi come da 1 v.auo( peheil latod q.uienaefSer tanto qua
toe tutto il lato de cadanna ombrasciobst 2.potiouer diuifioni delle quale di-
wifionisoner poti il lato.p g.ne e.10.) (dal pfuppofito Jonde per trouare laqnz.-
tita dea f.(incognis‘a Ymediate la notitia de.c filelqualee Juppoflo efSer pafia
350. )¢ la euidétiadella ui igefima del festimo di Euclide multiplico pafia.350,
per 1o.(cioé per il lato.p 4.)fa.3500.¢ 7ft0.3500. partifco per 12.(come che
ancora in principio fu fatto) (cio per i?latq,l‘q. Ymene nien pur. 291+ (co-
me prima )¢ tato diro,che fia la partial altezza a . percheil refidno fb,
¢ fuppofto effer pafia:z:agrongo liderti paﬁm&aﬁ;guwm aficioda. 291
2f1 293 1 pafia 293cdchindero che fia latotal ﬂhe'(z'ddtf%i come in
principio fit fatto che pur it primo ppofito-Le-pofio dcora per vitaltro modo
trouar la detta altexza.a b fondadomi fopra il £773 goloi gelqual fochee fi
mile al tridgolo.a ef.r- tal pportione qualha illato.lg.allatotital baillat o
ef.allato.a f.ma percheillato.i game 4 intognit'o(cibé Ly pdtide lobravetta
ig.)cerco prima difaper quato fia il dettolato.i g.¢r loritronaro in gftomo-
do perche fo che il triagolo. p-g.e fimileal detto tridgolodig.tal pportionc e
dal latoli.al lato.i g.qual ¢ dallato.p qual lato.d q{cioé come da 10 138 pe
ro multiplicaro il lato.l q.(per laenidetia dellanigefima delfettimo di Eugli-

de)fiaillatodi.(ciod. 12 fig.12 )fara.144.& gfto.144.partiro per il lato.pq.
he fia Lz ombra retta i g-far-

cheé.1o.mene uenira 14 ¢ poti.2454diro ¢
togfto peedero come fece in principio mul tiplicaro il lato.l L(cheéuiz.)fiail
lato.e f(che.350.)fara.4200. & qft0.4200. partiro per li potidella ombra
vetta cioé peril lato.i g.chee. 14%. ne weniva.29 1. perillato.a fi( fi come
per Laltro modo)dapoi gli agiongero la quantitafb.cioé pafsa o fara pur paf
fa.293% .cheé puril primo ppofito. Et perchefi come ¢illatod q.al lato(o-
derypothumifialp.c fieillato.e fuallato(oner ypothumi/!d )€ agperche
Itima del 1 .di Euclide Je-co

il lato,l q.al lato ouer ypothumifia.l p.(per la pens
lo latosouer ypothumifSa

¢ a.(occulta) (per la enidetia della 20.del.7.di Euclide Jmultiplicolo lato.e f

(cioé pafia 350)fid la radice quadrata di 244 fararadice Gilrata.29300000.
uadrata2075 69—;—.‘.laqual fara cirea

La distatia ypothumifSale s one¥
per la penultima del.x.di En-
multiplicadoil lato.efiines
faria 75069 £710t0 €0:122

( Jaqual Jaria circa) 455

45520 pafia 455.%nelcirca diroche fia
diametrale.a e.che ¢il fecsdo ppofito. Ancora
elide.qo potea tronar la detta ypotbumifia.ea.
che faria,1225 0o fimilméteil lato.faidn e che
$00 faria 207569% & la radice de 2705695

he il detto triangolo,l p 4. uerriaaefier equiagoloe .
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e pafiacirca.455 .+ diria che fufiela destta ypotbumifia.e afs come che an
cova per Laltra uia fudeterminato che il propofiro > & {e per cafo il piano
terreo non fufie pianosouer che il perpendicolo cafcafSe fopra,alcuna parte di
pontosouer de diuifione procederia fi come nella precedente s & per 'conofccr
meglio le dette partiouer frattioni dinidero cadaun ponto,oucr dinifione » [
de Pombra vetta come della uerfa(come difopra fis ancor detto )in altre dode
ci partisgy cadanuna di quelle chiamaremo minuto :la qual dizfif{'on_e‘ mifara
moltoaccomoda per trouar le dette alvezze>& ancora lediftantie ypothumil
Jale ¢ orizontale fenza monermi dalluoco doue Me.ritrouds . . :

Propofitione. e, Wy ‘ ~
Voglio artificialmente mifurare I altezzaduna cofa appas
rente,che non fi pofcia andare,ne ancor uederc la bafa , ouer
fondamento di quella,¢o~ tutto a untempo uoglio inuefligare
la diftantiapotbumiJale,oucr diametrale dital alteza, c¢
ancora la diftitia orizotale,cioc quella,che e dal mic occhio
alponto doue ilpian delorizGte [egatal altezza 5 quatiique
talpstonon fa apparéreoucramente quella, che e dalli mict
picdirettamente alla bafa,ouer fondamento ditalaltexza,

quantunque tal bafa,ouer fundamento me  fia occulto.
S Ia la cofa apparéte.a.Laltezza dilaquale(per la terza diffinitione di que
fto)éla perpendicolare tutta dalla uertice,aalla bafasoner piano terreo do.
ne efa altezza [e ripofia » ilgual piano pongo fiaquello perfetto piano chefe
iftende([e now in arto almen in mente)dakluoco doue me rivrono equidiftante
mente al pian del orizonte, ilqual pians pongo cheuna parte ne. fia il fhacio,
doue f¢ iftende la linea.dr.¢r parte della detta altezza fiala linea.a [l fon- E )
damento dilaqual altezza uerriaa efSer drento della globofita terrea.t.cio
done cocorrarianoinfieme le due linee .d r.ciw a [.ef§edo protratte con la méte
penetritela detta globofita.t.il qual cocorfo pogo chefia( fi come nella pafia -
$a)il poto.b.il qual ponto.b.nd € apparete per canla della derta globofitater-
rea.t.hor dico cheuoglio artificialmete co lo afperto mifisrare ladetta altez=
za.a b.(quatunque no fi pofa andare ne approfiimare alla bafa  ouer fonda-
mento di Glla,cio al pito.b. ) tutto ann tépo oglio ritrouare la distautia
ypothumifSalesouer diametrale dital altezza¢r fimilmgte la diftatia o¥izo-
tale cioé gllasche ¢ dal mio occhio al piito doue il piano- del orizonte fega tal
altezza quantnnque tal poto nd fia apparete per canfa della globufita.r.omne-
ramente quella che & dallimiei piedi per rettalinea al fondameto di tal altez=
ga(ciod al ponto.buquantunque al ponto.bne fia occulto per caufa della. det-
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ta globofita.Piglio ilmio iftrowento in mano ouer chelo affermoin qualche
cofa flabili talineute che fi poffis girare dabaflo in alto 5 da poi mi affermo.
in qualehe loco che fia pin perfetto piano che fia pofiibile e procedo conil det.
to mio iStromento [ come nella precedentesciodappofto un ponto inla detta
cofa apparente qual fiala uerticeia. & quella cerco di nedere per i dui fora-
mi del mio iftromento fatto questo confidero futilmente fopra qual lato s ouer
ombra cade il perpendicolo del detro istromentosilquale el cade(come frequé
temente interuiene in tal forte di-mifuravion)foprail latodella ombra uevfay
nedo quanti pouti taglia il detto perpédicoloscy per quel numero de ponti io
parto.t2.¢h dapoi ferno il nwmero quotiente efemps gratia [eildetto perpen
dicolo cade fopra alli 2.porithsilnimero quotiére niena efier 6.ilgual feruo da
partesdapoi fegno iltoco nelqial fon ftato & p oi mitivo alquanto(restame=
te )in drivyouer che uado alquiro piu inantidel detto loco & nnaltra nolta in
1d [econda fatione ceveo da nono™ da nedevela detta fumimita's ouernertice.d
perlidettiforamidel detto mio iflromentoor dapoi guardo diligétemte fo
pra quin psti delladetta ombra nerfa cade il detro perpdicolosper ilgial -
mero de pontidinono paved pur 12.¢5 il nismero quotiente che ine nicneslo o,
trosdel primo quotiente che fu fernato( [equel é menore)ouer al contrario f¢
nel émaggioresr ferno tal eccefSo,efSempi gratia Jo inla feconda flatione it
perpedicolo cadefie fopra alli 6.poti della detta ombradinido x2. per il detio
6.me iene per nmmero quotigre.2.ilqual 2. fottrada Laltro mymero guotiente
ferunato 'cb;fy.'é.lb‘bt.cé]? 0 Hiiqhhl forrametoé y.ilgral ecceffo o da banda
dapoi mifuro il fpatiosche  frala primaycr fecodi flatione( con che mifiura mi
piace) & il numero diquelle mifure dinido per il numerodello eccefSo di fopra®
fernatosciod p 4 ¢ a llo che uiene gli agivgola ppedicolare del mio occhioa
terra,dr tal fmma cochindo chefialaltezza della detta cofa apparente. Ef-
fempi gratia fel numero dellé mifisre del detro fpatio fufSe pafia 156. dinidoiil
detto.ts 6.p.4.ne niene pafia.39.20-a gfto 29.liagiongola ppedicolar delmio
occhio a terra(‘qual pogofia pafia.2.)fa pafia 41.¢ tito cochiudo che fiala
x detta altezza a b.Map efer gSta ppofitione alguanto pin difficile dellealtve
/% la noglio refieplificare un’altra uoltasct nariatamete del fopra datto efSempio
g borponiameo di nouo che nella prima flatione(quala pogo fia doue il poto.c.)
il ppedicolo delmio iftrometo mi cada fopra il decimo potodella ombra nerfa.
(come difotto appar in difegno) s inla fecoda fratione(quala pongo fia Glla
doue il poro.u. )ymi cada Jopra lo ottano poto della detta ombra nerfa (comedi
fotto appar infigura )& che dal poto.c.al poto.ufia piedi8s.& chedal oc-
chio mio a terra(ciod dal poto.e.al poto.c. Jouer dal pato.x.al poto.u.fia piedi
4.parto.t2.(cioele 12.diuifione de cadauna ombra )p ro.cioé perlix. ponti
che fega il perpgdicolo nella prima fatione ne uid.1¢ qual [eruospoi parto fi-
milméte il medemo.x2.per.8.(cio per li poti che [ega il detto perpédicolo nel
la fecéda fatione( ne wien 1-- & da questo.t - ne fotro quel 1 + che fis feruato
veflat— o pergfto 3k parto 28s. cioé la quantita di piedi, che ¢ dal ponto
€.al ponto.n, Jne nien.g50.¢ aquefto. 950. gli agiongo.4.( cio¢ gli. piedi.g4
che hauemo fuppofo che fia dal ponto.e.al pontos.ouer al ponto. 1o. Sl pon-
- : to.u.
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to.u.)fara in [itina.95 4.piedi.s s 4.3 chinddhe fia lalterza della cof appas
1Bre.a.ciod la linea che & dal poto.a.al povo.y.(occulto dréto dalla globofitat.
Et perdim ftvar gfto dalocchio dalla2flatione )ciod dal ponto.x.(alocchio:

: dcllq.tz cioé al poto.e. (duco lalinea.y e.cr gila psco o la midte fin atanto
che la cocorra cd lalined.abidréto della globofita.t.in ponto.f.(fi come nclla
paffata )ilqual poto.fiper eér ccculto alocchio corporale o cofideraro ¢ log-

chio mgtaleset perche il trizgolo.a e fperle vagioni aftignate nella peedéte)
¢ fimileal tridgolo.d p q.(della prima flatione)e tal pportione gual ha la linea
‘oner lato.a fallalineasouerlato.efiral ha il lato.p g.al lavo.q.l.onde(per lade
cimaterzasdy nigefimaprima diffinitione del.7./i Euclide)tate nolic quitomi
Surarasouer intvara illato.p q.in lolato.qLtate uolte mifiraraouer intrara
illato.afunlolato.efet perche il lato.p 7.6 poti-Youet lo latol g.ne € 12.(dal
Bluppefito)adoqieillatop qintrara.iLinlo latol q.Seguitaadoqre cle illa
“to.a fintra Linlolatowe fifiche fe Lé iond ho alcuna notitia quaro fra il lato
‘a forie ancorail latoie f. 1o 56 cerzo alié digfto che lo detco la70.a f. intraco-
“meho detto.yinlo dettolato.ef. ef gfloJerno da parte, & mi uvlto cllx fees
«da flatione ¢ per lemedeme ragioni trouo che lo t idgolox fa.¢ prer fimilz al
73 #;

£
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triagolo.d p q.della detta [ecoda Tationeser che tite wolte quisto intva il late
pg-(che'é poti.8.)inlo lato.l g.(che é poti 12.)tato intrarail lato.a finlo la
t0.x fudy perche il laro.p q.(cioé ponti.8. )intra.1-Finlo lato. q.(cioé in pon=
tio z.adaﬁe illato.a fintrara (imilmzte.1-Linlo lato.x f.onde fotrando il la-
to.c fidel lato.x f.(cioés 1-de.v-Dyreftarat-sperla differentia.e x.fiche la det
differentiase x.nerria a effer lii—delladett : linea.afotpr perche la detta dif~ -
ferentia e x.¢ tito quitola linean c.(per la trigefimaguarta del primo di En-
clide Jet la detta linea.n c.é fuppofita effer piedi.28 5 . feguita adong; che quefti
pieds zﬁ)‘;‘ﬁfhﬂi %adella dettalinea.a f.per ilche tuttala linea.a foverria a
efer piedi.gs 0. (come che anchora di fopra fus determinato )giontoni adonque
i piedfq;‘gébeﬂ? [uppofto #rla linea.e c.oner.x u.) fard piedi.o5 4. & piedi
954.divo chefia tutta la altezza.a b.perche.f b.uiena c/]gr [imilmente piedi
4.che€il primo propofito.Et perche i come Lo lato,p q.(della prima flatione)
allato oucr yporbumiffa.d p.cofi ¢ il lato.a f.al lato oner ypothumiffa.ae. ¢
“perche il lato.p g.al latosoner Jpothumiffal p. (perla penultima del primo di
Eyclide )¢ come.10.alla radice quadrata di. 244. onde multiplico piedi. 9 50.
fala eﬁtt;i radice.244.¢0 quella multiplicatione parto per 1c,me ne viene po
co meno de.1484.¢r piedi 1484.(oner poco meno )eochiudo effer la linea,ouer
ypoifum:[]&.a e.che ¢l fecondo propofiro.Et percheil lato.e f. é quiitoil lato
a fiet un quinto de pin(come di fopra prouai)per.ilche piglio il quinto del lato
& f.(cio de piedi. 950.) che fono piedi.190. & li wmo conlidetti piedi.950.
fano piedi.x140.et tanto cochindo effer la diftatia orizontalescioé la linease fi ‘
oucila lincaic b.che d il terzo propofito.Et per li medemi modise uie procede- ‘
vianella feconda flatione quando defideraffe di fapere Lz quantitadella ypo-
thumiffa. x a.ouer della diStantia orizontale.x f.verod, che per altre uie lpiu
facileio potvia trouar le detre diftansie ypothumifSale et fimilmete tutte le al
tre comenfurationisle qual uie fariano molto al propofito per quelli che nd fa
no radicare ne pratica de numeri> ma per effer difficile adicchiarivlein fevittu
raslelaflo.Bifogna notare per quefie forte de operationi done fi procede ¢d due
pofitioni chela perpendicolare del mio occhio a terranella pin prepingua fa
tione fard alquato menore di lla della flatione pin [stana et mafiime effedo it
dettoiftrometo fiffo in qualche cofa flabile & quitunque tal differtia fia po-
ca cofa,nondimeno alle uolte puo canfar now pocoerrore, ¢ per tito efforto a
fondarfe nella perpedicolares che fara da quel pivoncino doue fla attacato il
piobino p infino a terra fi inluna come in Laltra flationesil qual pivocino uiz
- acfferil cétvo dital istromentosgy congignando il detto iftrometo girabile in
qualche cofa che fltia in piediscome fono Ui lucernarisel (i debbe congegnare da
Paltra biada di tal iftrometo vn pirone fermo a dirimpeto del pirocino del pio-
binostalmente che tal iflrometo uenghi a givare fopra il fuo centrosperche gi-
rado fopra altro potofempre ui correra alquanto di ervore nella conclufione.
Hor perritornar al moftro propofito , [¢ per forteio fufe pur tanto appreffo
della detta altexzasche il perpendicolomi cafcafie foprala ombra restasvede
v0 medefimamente quanti ponti gli hard il detto perpendicolo di detta ombra
rettaset procederd al contrario del precedente modosciod io partird li detti p3
4 vagliatidal detto perpendicolosper.x 2«del qual partimento neceflariamen-
. %
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fecafie foprail 4.pontasio partiriail detto 4.per 12.¢5 me ne veneria et cofi
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Y EARSZ: D4 20
£ ve venird fempre v vottosel qual votto feruard da banda, 2 dapo fegnars
illoco nel qual Jard flaro , ¢ dapoi me tirar alguanto retsamente in drio,
ouer che andaro alquanto pir inanti del detto luocos(come fu fatto nell'altra
Jopradetta operatione)¢r vi'altra voltain la feconda flatione cercaro dino-
%o di veder la detta fommitasoucr vertice.a.per lidetti forami del detto ifiro-
mento, ¢ dapoi guardaro diligentemente fopra quanti ponsi della detta om-
bravetta cadera il detto perpendicolosli quali ponti di nouo li partiro per.1z.
del qual partimento necefSariamente me ne venird i rottos & queflo tal rot
20 lo canard da quell altro primo che fusferuato da bandas(efiendo pero menor
di quello,) oueramente canaro quel primo da queflo [econdo, efiendo maggio-
rescr-queflo reflante fernard dabanda > dapoi mifusrard il fpacio s che é frala
primasey feconda flationescon chemifiira me parerd » & ilnumero di quefte
tal mifire partiro per quel mio veflante(feruato da banda )¢ a quello aueni-
‘mento gli aggiongo la perpendicolaresche fard dal centro del mio iftromento &

terra(cioéda lfjuel';mnto-doue fia attacatoil perpendicolo) & tal fumma con-

chindero che fia l'altezza della detta cofa apparente. EfSempigratia[é nella

prima-pofitionesouer flationeil perpendicolosoner piombino mi cafeafie fopra

doterzo ponto della ombrarettasio parteria li detti.3. ponti per.12. (lato del
guadro )¢y me ne-ueneria - & queflo g Jernaria da bandas & dapoi fegnaro
il luoco doue fon flatos cioé fard vn fegno nel detto prano rertamente (otto do-
wue-cade il piombino deliftromento.Dapoi me tiraria alqnanto in drioset un'al
tra volta in quefto fecondo luoco cerearia la detta finmita, ouer vertice.a.per
lo trafguardo del dettoiStromento ¢ dapoi gnardaria [opra a quanti ponti
delladetra ombra retta caderia ¢l detto mio piombino, & fe per cafo quel ca-
di queflo +. ne canaria quel == che da prima fis faluatoses me ne reflaria <.
Dapoi mifisraria diligentemte il fpacio che fara fra la prima & [ecoda flatio
ne 5 cioé da quel ponto fignatonel piano nelluoco doue rifguardaua il ponto
piombino nella prima operationesa quello done che rifguardara nella fecoda,
qualfpacio pongo per efSempio che j?ufs’e pafia.8 . iopartiria questi pafia. 8.
per quel . me ne veneria.96.¢r a queflo.96.gli aggiongero quanto fard
dal pironcino del detto mio itromento per fin in terrasqual pogo che vefia.t.
pafio giongeria allid:tti pafa. 96.quel paffo.t. & fard. 97. pafia. & pafia
97.conchiuderia che fufie la detta altezza a b. Et la verita di quefta tal pro-

pofitione fe dimoStra per li medefimi modise uie che fu fatto della prima par-

tesciod per la fimilitudine di triangolisgr delli fuoi lati proportionali.
Inquefte forte de comenfisrationi doue bifogna operare con due pofitionis ouer

ndui colpiseglic necefarioa efSer molto diligentein queflo s che quella cofa

doue fara conzignato il noftroiftromento girabile flia talmente perpendico-
lare nel fecondo luoco come che flafena precifamente nel primo, percbc non
flafendo cofi precife non poco exrore caufarebbe s & quej{:; i puo conofcere
-con el piombino medefimo del noftro iftromentos oucr conun'altro afSettatoin

<quellataleofs .
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Miuoglio fabricare un’altro iftromento che mi ferua como
damente a inuiftigare c& afpetto le diftanze orizontale ¢

ancoralespothumifJalc delle cofe apparente, ot
P Iglio na lamina di vamesoucr di ottone ben piana groffi circaa nnzcofla
di cortellosch di Gllane cano un guadro piuginflo che fia pofSibile(per gli
modi dati nellz quinta ppofitione di gflo) &5 nel detto quadrato li ne difegnio
uitaliro alguito menor del primostalmete che lignatrolati diquefto fecondo
“quadro (lano egnalmete difliti dells lavidel primo & queflo faccio per-laffar-
ui guel poco internallo per mettere li numeri delle dinifioni de cadannolato
del detto quadro,oncrifirometos ¢ in quefto fecodo qnadro gli ne difegno uno
altro terzo quagdro1ato menor del fecodosche li Lati di Gfto terz o fiano egnal-
wicte diffati delli lati del fecido circa a qieatro coSte di cortello ¢~ pinye mitco
fecodo la gradezza oner picolezza del primo quadratos & Gflo fecado inter-
nallo lo laflo per mettere le dinifioni di lati del detto iftromerosct fatto queflo
 dinido cadamno lato di quefli tre gnadratiin due partregualisZr dak centrodi
ta' quadvo a ciafeaduna di quelle dingfioni tiro nna linea verta ¢ per efferme.
glioTrefo fia il primo quadro.a'b c d.cé i altvidui quadratiinferitti comenel-
la fequiéte fguva apparseyle linee che uggono dal cétrok.del detto quadrosal
“da mitta di ciafcunlato fianole due lineee fip.g b.le qnale due linee uegano
adinidere ciafcadiilato di questi tre quadratiin due parti egualishor dico che
~queslaifiromeio ud novia effer me di wia [pina per faz3as oner perlato.tlche
efSedo ognimita del lato del.2.qunadrato uol efRer diyifo.in 12.partilequali, 13
«parti feehiamano pontistalehe cadann lato delderto 3.quadrato neria a efler
dinifo inng.patisciod.v2.in una mita et v2.nell altra mitta,¢ tutte quefle 12
& 12.poti comingiano a numerar dallamitta di ciafcun late andado werfo I3
golofia daunabida comeda Paltrasey perefier piu prontaa wumerarli detti
poriinquelinteruallo che fra li lavi del primo ¢~ fecodo quadro uifi gli mette
il numero a ciafcadun ponto cio€.1.2.3.4.5.6.7.8.9. 101 1.gr .1 2. & ik primo
ponto inluna elaltra mita principia nella mita dil lato(cioé doue che le due
linee.g b.¢reffeganoli lati del detto fecodo quadrato )il v2. potodiluna
& Paltya mita uien a fenive nelli quatro angoli dil dettos3. quadrato ¢ acio
ehe tai v2.¢ 12 dinifioni per ciafeunlato fiano pin ewidente [e dinide tutto
quel fpacio che € fra li lati del fecado &~ terzo quadratos & co lincetre che e
 ghino dal cEtro.k del quadvo a cadanna di quelle v2.d va.dinifioni gia fatti
_snciafcun lato del fecodo quadrato.Et oltra di quefto ciafcaduno di questi 2.

- @ 12.potede ciafcii lato [y debe dinidere ancoraimaltre v2.partiegualislequa ¢

*dife chiamdo minutisgr farls eniddti c6 lineette tivate dal cétro.k.come fis det:
tods porises fatto quefto a cadanna lato del detto fecodo quadraro nera a cffer
" dinifo in 288 minutisciod.144.in ciafcaduna mitta dellatos & 144.ne Laltra
mntta.Ma perche quefla cofi minuta dinifione s (¢ puo mandar a effecutione
i un quadrato piccolosngdimeno per effer meglio intefo te pogo in figura fot=
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to lo [critto quadretto del quale ognimita del lato del fecdosé diuifo folamte.
infie partis ma peraccordarfe con quello che fe ba da dire > fupponeremo che,
ciafcaduno di quefli naia per doi ponti. L pumero di detti ponti per lafirerez,
2a del [pacio now i [¢foro potuti accomodarsma bafta a [aper che douc fini-
feit primo ponto dal.é.nevjo.b. fe gli ponei. ¢ doue finifie il fecondo wi fi gli
mette.2.¢r cofi peedendo per fin in i 2.elqual 12:ponto uiena terminare nel
angolo.b.del fecondo quadrato il medefimo [ debbe fare nell altra mitta nerfo.
w.cioé nel fin del primo pento dal.e.ncrfo.a.m tterui.x. & infindel fecondo.2
& cofi andar peedédo per finin 12.ilqual 12.uicn a fenive nel angolo.a.del f¢
condo guadratos & tutto quefto cbe%’ édetto del lato.a b. del detto fecondo
quadrato [ debbe intendere ¢ farein lialtritre latiac,cd.&rd b.del det-

tofecondo qradratocioé principiar a numerar alli ponti di mez 0, ¢ioe-g fhe.
del detto fecondo quadrato ¢ fenir nelli angoliabed. & bifogna aduertire,
comedifopra firdesto,che li detti numers di pontiuogliono efSer postiin quells
internalli che fono fra li lati del primo guadros¢s quelli del fecondo.

Oltra di queflo bifogna far una dioptrasouertrafguardo ilqual trafguardo no~
dendo far de un pezzo folo el fi debbe tuor quella lamina di ottonesonerdi ra-

“me pianascy tirarin glla(co una rega iuflisfima)yuna linearetta longa quan

toche il diametro del quadrato del iftrométo qual in queflo cafo aria quate

cheé dal.a.al.d.oner dal.b.al.c.¢r quefta tal linea fuppono che fia la vetta lm
& qfta fia dinifa in due parti eguali in poto.n.cr ad angoliretti con nialtre
retta lineasa glla eguale laqual pogo fra la.o p.et fopra il poto.m.faccio un cir

“coletto picoloset unaltro fimile ¢ eguale a quello ne fia deferitto in cadaunz
iftremita di quefte due linee,ciod fopra li potil m.o p.et di quefta figura canar-
ne fitora quattro brazza incroce perfettayma talmente cheil.corpo de cadan
no di quefti quattrobrazza fia al consrario del nofiro contrapofite come di

Jottofruedein figura. 4 Vigeooue
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Mabifogma ufar diligetiasebe glli lati che paﬂéw? ilcBtro.m.fiano rettmen +
se tagliatizliquali lavi uengono a effer le prime due linee tivate nel preiseipios
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Giod la linea m.gv.0 p.Fakto quéfto bifogna affestare nel cétrodicadauns di
gl Tmtro cerchijlm.o pauna pota alla fimilitudine della pota.q.oucraméte
una laminetta 6 uno bufetino alla fimilitudine della laminetta.r. che oppofi=
taméte fe incotrino per trafgnardar le cofe.Et doppo Gjto bijogna ca un piron-
cinopironare il cétrom.della dioptrasoner trafguardo [opra il cétrok. del no
firo i[fromé'to talmete che la dettadioptra fia girabile fopraildetto cEtrok,
onde effendo be fattaset affertata li effetti fuoi [ardno dital forte che ogni nol
ta che [ia girata talmente che lalineal m.della dioptra cafchi precifamente
- fopralalinea.e f.del yfirométonecefJariamzte Paltralinea.o p.della detta diop

tra cafcara peifamtte [opra la linea.g b.del detto iflrometoset gii che coft ftia
tal dioptras la fe ripoffara rettamente fopra dil noftro iStromitosfimilmete tal
dioptra fe diria vipofJarfe rettamete fopra deldesto iftromgto quado chela li
nea. m.di taldioptra calcaffe peifamente fopra la linza.g b.del ifiromento, il
cheeffendo Laltra linea.p oudella detta dioptrasucieria.a cafcar fopralalinea
ef.del desto iftromentos i quefto tal iftromento per operarlo, bifognadalal-
tra banda congegnaruidi poterlo accomodare in cima d un baftone alto almen
tre piediilqual baftone per operarlo alla forefta bifogna che da laltro capo
‘babbia un ferro appontitodi poterlo piatar interrasma per operarloinlochi
dotie non [i potefJe piantare in terra ui [e potria fara tal baftone un pie alla
imilitudine di quells lucernali che fi coftumano per fcarle lucerne,

Et nolendo che tal iStromento ne ferua comodamente non folamente perinui
figare una diftantia ovizontale;ma ancora le ypothumifJalesoner diametrale,
ciod di fotto infufo diametralmente,ouer di fufo in ginjo puir ypothumifJalmen
te . Bijogna congegnar tal iStromento in la cima diquel baftone, come Jondui
poli talmente che lenandolo dalla parte danantisla parte di drio fincnghiad
abbafiarin nerfo terrasdy al contrario ellenandolo dalla parte di driosla par-
te denanti Je abbafi nerfo terra il che facendo [¢'potra traguardar non Jola-
mente per il piano del orizonte,ma de fotto in [ifo, o di [ufo in ginfo.

oltra di queflo bifognanotare , che tal quadrato [e potria defignar in carta
groffase bei liffa s &rdapoi incolarlo fopra d'un quadretto-ditanola dilegno
groffa almen.unbuon dedo, & [eceasdy dapoi farui una dioptra dilegno fecon
do Pordine datto nel.7.quefiso del.s. libro delli noftri quefiti per fare-la diop-
trd.del boffolo'per tor in diffegno,ucro é che [t potria far il detto iftromento de
legno » e carta come.é detto , & poi far la detta dioptra de ottonesdr fara pii
bonoreuole ¢ durabile. . o e - .

. Propofitione. X I'I.
F "glic posfibile a tnistigare , @ conofcere la diftantiade
 wma cofa apparente, ofia orizontale,oucrypothumiffale ouos
gliam dire diametrale.

. Qlaprimail poto.a.fituato nel piano del borizonte dico che eglie pofiibilea
B cafideraresouer conojcere quato fia da me diftatesdr per inuistigar queSto

L & AN
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piglio il mio fabricato iftrométos lo pidito rettaméte cioé ppendicolarmente,
interras¢r acontio la dioptrasouer trafguardo talméte che ftia rettaméte fo-,
pradeldettoiftrométo( cioé fecodo che fu diffinito nella peedéte) dapoi torzo
& retorzo'tato detto iftrometo che per due diglle pontesouner bufi della detta
dioptra io neda il detto poto.a.et nisto che io babbia(poniamo p le due poteso
ser bufi.b c.della vetta dioptra coe nella fequéte figura appare)mi formo un'al
tralinea perpendicolare(cioé a fquara)fopra la linea.b c a. ¢~ per formarla
Jenzamuouere il detto iftromento , ne manco la retta dioptra s ouer trafguar
do per le altre due poute s ouer bufi.d e. direttamente, & fazzo piantar per

un gran tramitodi lontano due bacchette rettamente interra>luna diftan-
te almen.q. oner.5-paffa Unna dalaltra s ma talmente che ambedue cafthi-
10 fotto del detto rnio trafguardoscioé fotto la rettalinea.d e file qual bachet-
te inqueflo cafo pongo che Puna fia inponto.g.¢r Laltra nel detra ponto.fics
gfte due bacberte le faz30 piantare accio mi confernino & dimoftrino la det=
talinea.d efg.fatto quefto cano el detto mio iftromento([enza moucere la diop
tra della fua rettitudine )& me difcosto p quiti pafla me parera dal dettoluo
co primos¢y gfto difcoftamento lo poffo far da qual bada mi pare,cioésouer ner
Jole duebachette gia piatatesoner dalla pte conerfas ma p al prefente me uo-
glio difeoftar adido uerfo le due bachettescioé uerfoli dui poti.g fet tal difco-
ftameto pogo che fia pafa.xs.nelfl loco piatode nouo il detto mio iftrometos
ma talmete che fia nellamedefima lineaschene dinotara le dette due bachette
il che facilmete ¢ conofcera trafguardadoscy incotrado le due pote; oner bufs
d e.della vetta dioptra con le dette due bachettesf come: fu fatto nel primo lo~
cogr fatto Gflo eglie cofa chiara che flate la detta dioptra retta fopra dil det
to istromento((ingflo fecondo luogo )¢ guardando per le due pontes ouer bu~
fi beunon fi porra uedereil ponto «a. anci fara forza ( wolendolo uedere per.

et StyHe .
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Te dette due pontesouerbufs il detto poto.a.)a obliquaresouer torzere la detta.
dioptra(’fenza moner bftrometo)co la: porasouer bufo.cuerfoil detto.a.co-:
me chenella %garavdel:i,laow apparesgr fatto Gfto guardo diligétemzte qui
t0 f¢ fia difcoftatala linca.b cdelladioptra dallafua vettitudine ciod dal poto’
. fto lo conofeero per uigor di pots, & minuti gia defcristinel lato del.2e
quadro.ciod §ti neveflarino difeopti fra.h.et.ihor poniamo che dal.h.al.i-fia-
#10.4.pBtiviod de 7lli che ciafcaduna mitta del 2.quadrato neé 12 )diro perla
vegola nolgarmzte desta del.3.fe 4.potimene dait.p lamirtadel lato che me
dara §lli 15.pafiache hanemo fuppofto che fia dal loco doue Jé pidto prima lo
iftrométo al luoco douc fe pianto alla.x.ultasonde multiplicaro Glli 15 pafia
po12.faraa80.¢ §sto partivo p q.mene uenira.q5.¢r pafsa.qs. conchiudero
che fia dal lnoco dosie che prima fz piitd liftrumzto al poro.a.et cofi fe p Jorte
ogni pato fufle dinifo in.x2.minuti & che p fortedal poto.h.al poto.ifufSe, po.
wiamo cafo minuti.8.io direi fe minuti.8.mi daminnti.144.(cioé lamirta det
lato del quadro)che mi dara pafa vs.onde multiplicaria li dettipafla 1 sfiali
" dettiminuti.144.faria 2160.¢ §fto parteria pli 8 minusine ucnivia pafie
270.¢r paffa 270.cochiederiache fuffe dal detto luoco doue che le piato pri-.
ma il detto noftro iftromzto p final detto poto.a.¢y cofi peedaria nelle altre f
mile.hor p dimoftrar la canfadi tal nostra opatione p abreniaril dire nel cen-.
tro deliftrométo della prima pofitive intéderemo un.k.et nel cétro digllo della
2.pofitide intéderemo un.n.g arguivemo ingfto modospchelalinea.lh. egus.
diftate alla linea.k a.ligolo.h n i.del tridgoletto.h nifara eguale(pla 29.del
1.di Buclide)al angolo.a.del tridgolomn a k.(‘p cér alterni et fimilmzte Lagols,
: kel sridgolon a k.¢ eguale al agolo.h del trizgoletton b i.p eér Tunose Lal-
#r0werro onde p la 33.del 1. di Ewclide li detti dui trizgoli.k a net.h ni. faran
o eguidgoliset(cofequetemete pla y.del 6.di Enclide) farino delati pportios
nali ondela pportive del lato.h i.allzto.n b.fara,come §lla del lato.k n.al la-
‘20.k a.et pehe nel pricipio fu[uppofto che il lato.h i.fufle piiti.4. & il latoh n
WiE a eér poti v 2.(p ecr egnal alla mitta del lato del quadro)dy il lato.n k. fu
Juppofto efer paffa 15.onde p ritronar il lato k aicognito.pla enidnetia della
16.del.6.di Euclide multiplico il lato .k n.(ciod paffz 15.)p1l lato.h n.cioé per
poti 12.)fa 18c.et gfto parto p il lato.b i.cioé pli 4.poti chemifcopre la diop-
tra(dal plupofito)mene niene.4s et pafSa 45.diremo chefia illato.ka.coeche
in pricipio fu determinato ¢ cofi fe peedaria §do chel potoia.fuffe pirein alto
ouer pinbaflo del orizote alzadosouer abafSido la pre dandri del iftrométo iz
te pevosépre 1l bastone doue fara fitto ppédicolarealorizdre [iinmote come¥
pianoet fumilniéte le duebacchette chefe pidtarino [i debbono sépre piatar p
gdicolarmiete et tai bacchette wogliono eér rottiflime,dy la trammutative che
e fara dat1 al 2.oco cdliStromzto.bifogna che fia cgialmzte-diftare dal pizo
- del orizite,0ltra digstobifogna cofiderar diligéremiie,empinuramites li poti
ci.é' pte diai rhfvopsiladioptearcivd lagita dedyi.per
cheognipicoloerroreche [i facefJe inli detei miniuti canfarigno errore 'mﬁ:o
euidéte nella coclnfide perche tai potiouer minuti #Egono a-cer partitore,er
. egniminimo errore che [i faccia nel partitore o poco fanariar lo.anenimzto,
IN ZINEGHats MDLVIS



