
Leonardo has often 
been described as 
the archetype of 
the "Renaissance 
man" or universal 
genius, a man 
whose seemingly 
infinite curiosity 
was equalled only 
by his powers of 
invention.[1] He is 
widely considered 
to be one of the 
greatest painters 
of all time and 
perhaps the most 
diversely talented 
person ever to 
have lived.[2]

It is primarily as a painter that Leonardo was and is 
renowned. Two of his works, the Mona Lisa and The Last 
Supper occupy unique positions as the most famous, most 
reproduced and most parodied portrait and religious 
painting of all time, their fame approached only by 
Michelangelo's Creation of Adam.[1] Leonardo's drawing of 
the Vitruvian Man is also iconic. Perhaps fifteen paintings 
survive, the small number due to his constant, and 
frequently disastrous, experimentation with new techniques, 
and his chronic procrastination.[b] 
Nevertheless these few works, together with his 
notebooks, which contain drawings, scientific diagrams, 
and his thoughts on the nature of painting, comprise a 
contribution to later generations of artists only rivalled by 
that of his contemporary, Michelangelo.
As an engineer, Leonardo conceived ideas vastly ahead 
of his own time, conceptualising a helicopter, a tank, 
concentrated solar power, a calculator, and thedouble hull, 
and outlining a rudimentary theory of plate tectonics. 
Relatively few of his designs were constructed or even 
feasible during his lifetime,[c] but some of his smaller 
inventions, such as an automated bobbin winder and a 
machine for testing the tensile strength of wire, entered the 
world of manufacturing unheralded.[d] As a scientist, he 
greatly advanced the state of knowledge in the fields of 
anatomy, civil engineering, optics, and hydrodynamics. 

Leonardo's approach to science was an 
observational one: he tried to understand 
a phenomenon by describing and 
depicting it in utmost detail, and did not 
emphasize experiments or theoretical 
explanation. Since he lacked formal 
education in Latin and mathematics, 
contemporary scholars mostly ignored 
Leonardo the scientist, although he did 
teach himself Latin. In the 1490s he 
studied mathematics under Luca Pacioli 
and prepared a series of drawings of 
regular solids in a skeletal form to be 
engraved as plates for Pacioli's book 
Divina Proportione, published in 1509.

It appears that from the content of his journals he was planning a series of treatises to be 
published on a variety of subjects. A coherent treatise on anatomy was said to have been 
observed during a visit by Cardinal Louis D'Aragon's secretary in 1517.[45] Aspects of his 
work on the studies of anatomy, light and the landscape were assembled for publication by 
his pupil Francesco Melzi and eventually published as Treatise on Painting by Leonardo 
da Vinci in France and Italy in 1651, and Germany in 1724, with engravings based upon 
drawings by the Classical painter Nicholas Poussin.[4] According to Arasse, 

Engineering and inventions
During his lifetime Leonardo was valued as an engineer. In a letter to Ludovico il 
Moro he claimed to be able to create all sorts of machines both for the protection of 
a city and for siege. When he fled to Venice in 1499 he found employment as an 
engineer and devised a system of moveable barricades to protect the city from 
attack. He also had a scheme for diverting the flow of the Arno River in order to 
flood Pisa. His journals include a vast number of inventions, both practical and 
impractical. They include musical instruments, hydraulic pumps, reversible crank 
mechanisms, finned mortar shells and a steam cannon.[8][10]
In 1502, Leonardo produced a drawing of a single span 720-foot (240 m) bridge as 
part of a civil engineering project for Ottoman Sultan Beyazid II of Istanbul. The 
bridge was intended to span an inlet at the mouth of the Bosporus known as the 
Golden Horn. Beyazid did not pursue the project, because he believed that such a 
construction was impossible. Leonardo's vision was resurrected in 2001 when a 
smaller bridge based on his design was constructed in Norway. On 17 May 2006, 
the Turkish government decided to construct Leonardo's bridge to span the Golden 
Horn.[46]
For much of his life, Leonardo was fascinated by the phenomenon of flight, 
producing many studies of the flight of birds, and plans for several flying machines, 
including a helicopter and a light hang glider.[10] Of these, most were impractical, 
but the hang glider has been successfully constructed and demonstrated. [47]
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Nicolaus Copernicus   1473 - 1543
Nicolaus Copernicus (February 19, 1473 – May 24, 1543) was the 
first astronomer to formulate a scientifically based heliocentric 
cosmology that displaced the Earth from the center of the universe. 
His epochal book, De revolutionibus orbium coelestium (On the 
Revolutions of the Celestial Spheres), is often regarded as the starting 
point of modern astronomy and the defining epiphany that began the 
Scientific Revolution   Although Greek, Indian and Muslim savants had 
published heliocentric hypotheses centuries before Copernicus, his 
publication of a scientific theory of heliocentrism, demonstrating that 
the motions of celestial objects can be explained without putting the 
Earth at rest in the center of the universe, stimulated further scientific 
investigations, and became a landmark in the history of modern 
science that is known as the Copernican Revolution.
Among the great polymaths of the Renaissance, Copernicus was a 
mathematician, astronomer, physician, classical scholar, translator, 
Catholic cleric, jurist, governor, military leader, diplomat and 
economist. Among his many responsibilities, astronomy figured as 
little more than an avocation — yet it was in that field that he made his 
mark upon the world.

Heliocentrism
In 1514 Copernicus made available to friends his Commentariolus (Little 
Commentary), a six page hand-written text describing his ideas about the 
heliocentric hypothesis. It contained seven basic assumptions. Thereafter he 
continued gathering data for a more detailed work.

Some years ago word reached me concerning 
your proficiency, of which everybody constantly 
spoke. At that time I began to have a very high 
regard for you... For I had learned that you 
had not merely mastered the discoveries of the 
ancient astronomers uncommonly well but had 
also formulated a new cosmology. In it you 
maintain that the earth moves; that the sun 
occupies the lowest, and thus the central, 
place in the universe... Therefore with the 
utmost earnestness I entreat you, most 
learned sir, unless I inconvenience you, to 
communicate this discovery of yours to 
scholars, and at the earliest possible moment 
to send me your writings on the sphere of the 
universe together with the tables and whatever 
else you have that is relevant to this subject ...
[13]

By 1533, Copernicus's work was nearing its definitive form, and rumors 
about his theory had reached educated people all over Europe. 
Despite urgings from many quarters, Copernicus delayed with the 
publication of his book, perhaps from fear of criticism — a fear 
delicately expressed in the subsequent Dedication of his masterpiece 
to Pope Paul III. Scholars disagree on whether Copernicus's concern 
was limited to physical and philosophical objections from other natural 
philosophers, or whether he was also concerned about religious 
objections from theologians.[14]

Copernicus's major theory was published in the book, De revolutionibus orbium 
coelestium (On the Revolutions of the Celestial Spheres), in the year of his death, 
1543, though he had arrived at his theory several decades earlier.

In his Commentariolus Copernicus had summarized his system with the following 
list of seven assumptions:[16]

    1.    There is no one center of all the celestial circles or spheres.
    2.    The center of the earth is not the center of the universe, but only of gravity and of 

the lunar sphere.
    3.    All the spheres revolve about the sun as their mid-point, and therefore the sun is 

the center of the universe.
    4.    The ratio of the earth's distance from the sun to the height of the firmament is so 

much smaller than the ratio of the earth's radius to its distance from the sun that 
the distance from the earth to the sun is imperceptible in comparison with the 
height of the firmament.

    5.    Whatever motion appears in the firmament arises not from any motion of the 
firmament, but from the earth's motion. The earth together with its circumjacent 
elements performs a complete rotation on its fixed poles in a daily motion, while 
the firmament and highest heaven abide unchanged.

    6.    What appear to us as motions of the sun arise not from its motion but from the 
motion of the earth and our sphere, with which we revolve about the sun like any 
other planet. The earth has, then, more than one motion.

    7.    The apparent retrograde and direct motion of the planets arises not from their 
motion but from the earth's. The motion of the earth alone, therefore, suffices to 
explain so many apparent inequalities in the heavens.
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I've studied all available charts of the planets and stars and none of them match the others. There are just as many 
measurements and methods as there are astronomers and all of them disagree. What's needed is a long term project with 
the aim of mapping the heavens conducted from a single location over a period of several years. — Tycho Brahe, 1563 
(age 17).

Tycho realized that progress in the science of astronomy could be achieved not by occasional haphazard 
observations, but only by systematic and rigorous observation, night after night, and by using instruments of the 

highest accuracy obtainable. He was able to improve and enlarge the existing instruments, and construct entirely new ones. Tycho's naked eye measurements of planetary 
parallax were accurate to the arcminute. His sister, Sophia, assisted Tycho in many of his measurements. These jealously guarded measurements were "usurped" by Kepler 
following Tycho's death.[3] Tycho was the last major astronomer to work without the aid of a telescope, soon to be turned toward the sky by Galileo.
Tycho's nose
While a student, Tycho lost part of his nose in a duel with rapiers with Manderup Parsbjerg, a fellow Danish nobleman. This occurred in the Christmas season of 1566, after a fair 
amount of drinking, while the just turned 20-year-old Tycho was studying at the University of Rostock in Germany. Attending dance at a professor's house, he quarreled with 
Parsbjerg. A subsequent duel (in the dark) resulted in Tycho losing the bridge of his nose. A consequence of this was that Tycho developed an interest in medicine and alchemy. 
For the rest of his life, he was said to have worn a replacement made of silver and gold blended into a flesh tone, and used an adhesive balm to keep it attached. However, in 
1901 Tycho's tomb was opened and his remains were examined by medical experts. The nasal opening of the skull was rimmed with green, a sign of exposure to copper, not silver or 
gold. Some historians have speculated that he wore a number of different prosthetics for different occasions, noting that a copper nose would have been more comfortable and less heavy than a 
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1 Tycho Brahe, born Tyge Ottesen Brahe (December 14, 1546 – October 24, 1601), was a 

Danish nobleman famed for his accurate and comprehensive astronomical and planetary 
observations. Hailing from Scania, now part of modern-day Sweden, Brahe was well known 
in his lifetime as an astrologer and alchemist.
The Latinized name Tycho Brahe is usually pronounced [ˈtaɪ.kəʊ ˈbɹɑː.hi] or [ˈtaɪ.kəʊ ˈbɹɑː.ə] 
in English. Tycho Brahe was granted an estate on the island of Hven and the funding to 
build the Uraniborg, an early research institute, where he built large astronomical 
instruments and took many careful measurements.  

As an astronomer, Tycho worked to combine what he saw as the geometrical benefits of the Copernican system 
with the philosophical benefits of the Ptolemaic system into his own model of the universe, the Tychonic system. 
From 1600 until his death in 1601, he was assisted by Johannes Kepler, who would later use Tycho's 
astronomical information to develop his own theories of astronomy. He is universally referred to as "Tycho" rather 
than by his surname "Brahe", as was common in Scandinavia.
He is credited with the most accurate astronomical observations of his time, and the data were used by his 
assistant Kepler to derive the laws of planetary motion. No one before Tycho had attempted to make so many 
redundant observations, and the mathematical tools to take advantage of them had not yet been developed. He 
did what others before him were unable or unwilling to do — to catalogue the planets and stars with enough 
accuracy so as to determine whether the Ptolemaic or Copernican system was more valid in describing the 
heavens.

Tycho's moose and dwarf
Tycho was said to own one percent of the entire wealth of Denmark at one point in the 1580s and he often 
held large social gatherings in his castle. He kept a dwarf named Jepp (whom Tycho believed was clairvoyant) 
as a court jester who sat under the table during dinner. Pierre Gassendi wrote[4] that Tycho also had a tame 
moose, and that his mentor the Landgraf Wilhelm of Hesse-Kassel asked whether there was an animal faster 
than a deer. Tycho replied, writing that there were none, but he could send his tame moose. When Wilhelm 
replied he would accept one in exchange for a horse, Tycho replied with the sad news that the moose had just 
died on a visit to entertain a nobleman at Landskrona. Apparently during dinner the moose had drunk a lot of 
beer, fallen down the stairs, and died: why the moose was indoors was not specified.[5]

Supernova
On November 11, 1572, Tycho observed (from Herrevad Abbey) a very bright star which unexpectedly appeared in the 
constellation Cassiopeia, now named SN 1572. Because it had been maintained since antiquity that the world beyond the 
Moon's orbit was eternally unchangeable (celestial immutabilty was a fundamental axiom of the Aristotelian world-view), other 
observers held that the phenomenon was something in the terrestrial sphere below the Moon. However in the first instance 
Tycho observed that the object showed no diurnal parallax against the background of the fixed stars, implying it was at least 
further away than the Moon and all those planets that do show such parallax. Moreover he also found the object did not even 

change its position relative to the fixed stars over several 
months as all planets did in their periodic orbital motions, 
even the outer planets for which no diurnal parallax was 
detectable. This suggested it was not even a planet, but a 
fixed star in the stellar sphere beyond all the planets. He 
published a small book, De Stella Nova (1573), thereby 
coining the term nova for a "new" star (we now know that 
Tycho's star in Cassiopeia was a supernova 7500 light years 
from earth). This discovery was decisive for his choice of 
astronomy as a profession. Tycho was strongly critical of 
those who dismissed the implications of the astronomical 
appearance. 

Tycho's discovery was the inspiration for Edgar Allan 
Poe's poem, "Al Aaraaf."  In 1998, Sky & Telescope 
magazine published an article by Donald W. Olson, 
Marilynn S. Olson and Russell L. Doescher arguing, in 
part, that Tycho's supernova was also the same "star 
that's westward from the pole" in Shakespeare's 
Hamlet.
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Tycho's discovery was the inspiration for Edgar Allan 
Poe's poem, "Al Aaraaf."  In 1998, Sky & Telescope 
magazine published an article by Donald W. Olson, 
Marilynn S. Olson and Russell L. Doescher arguing, in 
part, that Tycho's supernova was also the same "star 
that's westward from the pole" in Shakespeare's 
Hamlet.

Galileo Galilei (1564 - 1642)

Galileo Galilei (15 February 
1564[2] – 8 January 1642)[1][3] 
was a Tuscan (Italian) physicist, 
mathematician, astronomer, and 
philosopher who played a major 
role in the scientific revolution. His 
achievements include 
improvements to the telescope and 
consequent astronomical 
observations, and support for 
Copernicanism. Galileo has been 
called the "father of modern 
observational astronomy",[4] the 
"father of modern physics",[5] the 
"father of science",[5] and “the 
Father of Modern Science.”[6] The 
motion of uniformly accelerated 
objects, taught in nearly all high 
school and introductory college 
physics courses, was studied by 
Galileo as the subject of 
kinematics. His contributions to 
observational astronomy include 
the discovery of the four largest 
satellites of Jupiter, named the 
Galilean moons in his honour, and 
the observation and analysis of 
sunspots. Galileo also worked in 
applied science and technology, 
improving compass design.

Galileo's championing of Copernicanism was 
controversial within his lifetime. The 
geocentric view had been dominant since 
the time of Aristotle, and the controversy 
engendered by Galileo's opposition to this 
view resulted in the Catholic Church's 
prohibiting the advocacy of heliocentrism as 
potentially factual, because that theory had 
no decisive proof and was contrary to the 
literal meaning of Scripture.[7] Galileo was 
eventually forced to recant his heliocentrism 
and spent the last years of his life under 
house arrest on orders of the Inquisition.

Scientific methods
Galileo Galilei pioneered the use of quantitative 
experiments whose results could be analyzed with 
mathematical precision. More typical of science at 
the time were the qualitative studies of William 
Gilbert, on magnetism and electricity. Galileo's 
father, Vincenzo Galilei, a lutenist and music 
theorist, had performed experiments establishing 
perhaps the oldest known non-linear relation in 
physics: for a stretched string, the pitch varies as 
the square root of the tension. Galileo is perhaps 
the first to clearly state that the laws of nature are 
mathematical. In The Assayer he wrote 
"Philosophy is written in this grand book, the 
universe ... It is written in the language of 
mathematics, and its characters are triangles, 
circles, and other geometric figures; ...". His 
mathematical analyses are a further development 
of a tradition employed by late scholastic natural 
philosophers, which Galileo learned when he 
studied philosophy.[21] Although he tried to remain 
loyal to the Catholic Church, his adherence to 
experimental results, and their most honest 
interpretation, led to a rejection of blind allegiance 
to authority, both philosophical and religious, in 
matters of science. In broader terms, this aided to 
separate science from both philosophy and 
religion; a major development in human thought.

By the standards of his time, Galileo was often 
willing to change his views in accordance with 
observation. Philosopher of science Paul 
Feyerabend also noted the supposedly improper 
aspects of Galileo's methodology, but he argued 
that Galileo's methods could be justified 
retroactively by their results. 

The bulk of Feyerabend's major work, Against Method (1975), was devoted to an analysis of Galileo, using his astronomical research as a 
case study to support Feyerabend's own anarchistic theory of scientific method. As he put it: 'Aristotelians ... demanded strong empirical 
support while the Galileans were content with far-reaching, unsupported and partially refuted theories. I do not criticize them for that; on the 
contrary, I favour Niels Bohr's "this is not crazy enough."'[22] In order to perform his experiments, Galileo had to set up standards of length 
and time, so that measurements made on different days and in different laboratories could be compared in a reproducible fashion.

Galileo showed a remarkably modern appreciation for the proper relationship between mathematics, theoretical physics, and experimental 
physics. He understood the parabola, both in terms of conic sections and in terms of the ordinate (y) varying as the square of the abscissa 
(x). Galilei further asserted that the parabola was the theoretically-ideal trajectory for uniformly accelerated motion, in the absence of 
friction and other disturbances. He also noted that there are limits to the validity of this theory, stating that it was appropriate only for 

laboratory-scale and battlefield-scale trajectories, and noting on theoretical 
grounds that the parabola could not possibly apply to a trajectory so large as 
to be comparable to the size of the planet.[23] Thirdly, Galilei recognized that 
his experimental data would never agree exactly with any theoretical or 
mathematical form, because of the imprecision of measurement, irreducible 
friction, and other factors.

According to Stephen Hawking, Galileo probably bears more of the 
responsibility for the birth of modern science than anybody else,[24] and Albert 
Einstein called him the father of modern science.[25]

Based only on uncertain descriptions of the telescope, invented in the Netherlands in 1608, Galileo, in that same year, made a 
telescope with about 3x magnification, and later made others with up to about 32x magnification. With this improved device he could 
see magnified, upright images on the earth - it was what is now known as a terrestrial telescope, or spyglass. He could also use it to 
observe the sky; for a time he was one of very few who could construct telescopes good enough for that purpose. On 25 August 1609, 
he demonstrated his first telescope to Venetian lawmakers. His work on the device made for a profitable sideline with merchants.

Galileo also observed the planet Saturn, and at first mistook its rings for 
planets, thinking it was a three-bodied system. When he observed the 
planet later, Saturn's rings were directly oriented at Earth, causing him to 
think that two of the bodies had disappeared. The rings reappeared when 
he observed the planet in 1616, further confusing him.[32]

Galileo was one of the first Europeans to observe sunspots, although 
Kepler had unwittingly observed one in 1607, but mistook it for a transit of 

Mercury.. He also reinterpreted a sunspot observation from the time of Charlemagne, which formerly had been attributed (impossibly) 
to a transit of Mercury. The very existence of sunspots showed another difficulty with the unchanging perfection of the heavens 
posited by orthodox Aristotelian celestial physics, but their regular periodic transits also confirmed the dramatic novel prediction of 
Kepler's Aristotelian celestial dynamics in his 1609 Astronomia Nova that the sun rotates, which was the first successful novel 
prediction of post-spherist celestial physics.[33] And the annual variations in sunspots' motions, discovered by Francesco Sizzi and 
others in 1612-1613,[34] provided a powerful argument against both the Ptolemaic system and the geoheliocentric system of Tycho 
Brahe.[35]A dispute over priority in the discovery of sunspots, and in their interpretation, led Galileo to a long and bitter feud with the 
Jesuit Christoph Scheiner; in fact, there is little doubt that both of them were beaten by David Fabricius and his son Johannes, looking 
for confirmation of Kepler's prediction of the sun's rotation. Scheiner quickly adopted Kepler's 1615 proposal of the modern telescope 
design, which gave larger magnification at the cost of inverted images; Galileo apparently never changed to Kepler's design.

Galileo was the first to report lunar mountains and craters, whose existence he deduced from the patterns of light and shadow on the 
Moon's surface. He even estimated the mountains' heights from these observations. This led him to the conclusion that the Moon was 
"rough and uneven, and just like the surface of the Earth itself," rather than a perfect sphere as Aristotle had claimed. Galileo observed 
the Milky Way, previously believed to be nebulous, and found it to be a multitude of stars packed so densely that they appeared to be 
clouds from Earth. He located many other stars too distant to be visible with the naked eye. Galileo also observed the planet Neptune in 1612, but did not realize that it was a planet.
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