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Heavens unit

Are representations of astronomical phenomena true or
merely useful?
How does scientitic knowledge travel?

I. Galileo and the Inquisition

II. Newton and the Designer

I11. Laplace and the Philosophes

Newton, Letters to Richard Bentley, 330 - 339;
Kragh, Conceptions of Cosmos, 67 - 89.




Galileo’s Path
Galileo Galilel (1564 - 1642)

was born mto court culture: his
tather was a court musician at
the Tuscan court in Florence.
Galileo wanted to be a monk;
his father wanted him to be a

physician.

Ottavio Leoni, Galileo, 1624




Clever Appropriation

Galileo taught mathematics at the University
of Pisa and the University of Padua during the
1580s and 1590s. He also served as a

consultant to the Venetian Senate. P of il iehe ind i Gk Galileo;

Bertolt Brecht, removed due to copyright restrictions.

In 1609 he saw a spyglass, which had just

been mvented m the Netherlands. He made a
few minor improvements and presented it to
the Venetian Senate, as it it were entirely his
own design.




Turning Skyward

Soon after impressing the
Venetian Senate with the new

telescope, Galileo turned it skyward.

He quickly made three major
discoveries:

craters on the moon;

resolved the Milky Way into
individual stars;

four moons circling Jupiter.
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Moon’s Surface
Galileo had studied

technical drawing, or
disegno, as a student.

He was adept at using
shadowing and
perspective to represent
3D structures. He thus
painted the moon’s
surface to accentuate 1ts
Farth-like features:
mountains and valleys.

OBSERVAT. SIDERE AE
&am datuecam. Deprefliores infuper in Luna cernun-
tur magna macale, quam clariores plaga;inilla enim
tam crefcente ; quam decrefcente femper in lucis tene-
brarumdue coafinio , prominente hincind¢ circaipfas
magnas maculas contermini partis lucidioris; veluti in
defcribendis figuris obfernanimus ; neque depreifiores
tantummodo funt diGarum macularum termini, fed
xquabiliores , nec rugis, aut afperitatibus interrupti.
Lucidior verd pars maximé propé maculaseminet ; 2-
ded v, &ante quadraturam primam , & inipfa ferme
fecunda circa maculam quandam , fuperiorem , borea-
lem nempe Lung plagam occupantem valde actollan-
tur tam fupraillam , quim infra ingentes quada emi-
neatiz, veluti appofite prafecferunt delincationes
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_Hzc cadem macula ante fecundam quadraturam
n_xgyioribus quibufd; inis ¢i llata conipi-
it s ui tanquam alifima montium iuga ex parte
Soliauerfa obfcuriores apparénts qua yero Solem re-
fpiciunt lucidiores extant; cuius oppofitum in cauita-
sibus accidit, quiram pars Soli auerfa fplendens ap-
paret, obfcura verd ;ac vinbrofa, quaex parte Solis
Iu'J cft . Imminuta deinde luminofa fuperticic, cum
primum tota ferme dictamacula tencbris eftobdua,
clariora métium dorfa eminenter rencbras feandune.
Hanc duplicem' apparentiam fequentes figurz com-
woltrant,

Galileo, Sidereus Nuncius,1610




“It’s Full of Stars...”

Galileo was also
the first to resolve
the Milky Way into
discrete stars,
mstead of an
imndiscriminate

band of light.

Galileo, Sidereus Nuncius, 1610




Biggest Find of All

Most important -
at least for Galileo’s
subsequent career -
was his discovery of
4 moons orbiting

Jupiter.
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“Medicean Stars”

Jupiter’s moons became Galileo’s
ticket. These were among the first
new objects 1n the sky for millennia

- so he had “naming rights.” He
chose to call them the “Medicean
Stars,” 1n honor of Cosimo II de

MediCi, Grand Duke Of TUSC&HY. Michele Castrucci, Cosimo Il de Medici, ca. 1610

Image of "Galileo's Courtier: The Practice of Science in the Culture of Absolutism,”
Mario Biagioli, removed due to copyright restrictions.




Court Philosopher

In the Sidereus Nuncius, Galileo
made passing remarks about
Copernicanism. Once he got to
Florence, however, he became
Cosimo’s Court Philosopher, Photo of the De Medici's Boboli Gardens in Florence
rather than a university PP CLRERORY T SR O

mathematician. Now 1t was his job

to talk about causes - not just
useful calculations but physical

truths of astronomy.




Galileo’s Copernicanism

“Horns” [Phases] of Venus:
Galileo reasoned that Venus should

EARTH exhibit the full range of phases
Phases of Venus. Thisimageis public domain. _ jUSt hke thG moon - lf lt truly

orbited the sun and not the earth.
He observed the waxing and
waning through his telecope.
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[ etter to Christina

Exmboldened by his new position,
Galileo wrote an “open letter” to
Cosimo’s mother, the Grand Duchess
Christina, in 1615. She had asked
Galileo how one might reconcile
Copernicanism with Scripture.

He used the “open letter” format to

avold having to go through the otficial

Church censors Grand Duchess Christina (1565 — 1637)




Reaction m Rome

Galileo’s rivals sent copies to the
Vatican. Cardinal Roberto Bellarmine
responded by placing Copernicus’s De
Revolutionibus on the Index in 1616:
the book could not be re-published
until the nature of heliocentrism was
made more clearly hypothetical.

" INDEX LIBRORVM

PROHIBITORVM,

CVM REGVLIS CONFECTIS
perPatresa TridentinaSynodo dele&os,
auctoritateSan&ifs.D.N.Pij IT11,
Pont. Max, comprobatus,

VENETIIS, M. D.LXIIIL




New Pope, New Hope

Bellarmine died 1n
1624, and Cardinal
Barberini became
Pope Urban soon after
that. Barberim had a
more liberal reputation;
he allowed Galileo to
discuss Copernicanism,
so long as 1t was
properly hypothetical.

DIALOGO

GALILEO GALILEI LINCEO
MATEMATICO SOPRAORDINARIO
DELLO STVDIO DI PISA.

E Filofofo, ¢ Matematico primario del
SERENISSIMO

GR.DVCA DITOSCANA.

Douene i congrefli di quattro giornate fi difcorre
fopraidue

MASSIMI SISTEMI DEL MONDO
TOLEMAICO, E COPERNICANO;

indeterminat te le ragioni Filofofiche, e Natural;
tanto per I'vna , quanto per Valtra parte .
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IN FIORENZA, Per Gxo Batifta Landini MDCXXXII,
CON LICENZA DE' SYPERJORI,




Tnal!

Two main interpretations
of Galileo’s trial by the
Inquisiion of 1632:
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Cristiano Banti, Galileo Facing the Roman Inquisition, 1857




House Arrest

Galileo was forced to recant
(“Eppur s1 muove”) and sentenced
to house arrest. His daughter — a
nun — said all of his penitence  imegeor "caiteosdaughier: A Historical Memoir of Science

Faith, and Love," by Dava Sobel, removed due to

prayers on his behall. copyright restrictiors.




“Let Newton Be...”

Isaac Newton (1642 - 1727)
introduced universal gravitation
in his Principia (1687), alongside
his three laws of motion.

Godfrey Kneller, portrait of
Isaac Newton, 1689

“Nature and nature’s laws lay hid in night.
God said, ‘Let Newton be!,” and all was light.”

Alexander Pope (1688 — 1744)
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Newton began with Kepler’s third law || Al
(R 3/ T* = constant), assuming circular PRINCIPIA
orbits. The latest data from the A e
Astronomer Royal, John Flamsteed, e |
showed that most planetary orbits were " pdaoe Lo, s Rl
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for circular motion. To obey Kepler’s
law, the force of gravity between the
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sun and planet must then vary as 1/r%.

From his own third law of motion, Newton

then deduced that F= Gmm,/r?.




Where’s That Data? % A S

Flamsteed on Halley, ca. 1686: his | Y C.OR EaRaS i gt
most remarkable quality was “his art

By the late Reverend

of filching from other people, and | N JOHN FLAMSTEED,

£GIUs Proressor of ASTRONOMY at Greemwich.
making their works 1s own.”
John Flamsteed,

by Thomas Gibson,

Flamsteed showed Newton much s -

of his data on the Moon, subject to
Newton’s promise not to share
them...

Image of "The Nature of the Book: Print and Knowledge in the Making,"
Adrian Johns, removed due to copyright restrictions.

Flamsteed: “I complained then of my Catalogue

being printed without my knowledge, & that I was
Robd of the fruits of my Labours.”




“System of the World”

F o

" _

Image courtesy of fragglexarmy on Flickr.

Image courtesy of NASA Solar System Exploration on Flickr.

Newton demonstrated that universal gravitation
could account for both objects’ motion.



http://www.flickr.com/photos/oursolarsystem/5200182332/
http://www.flickr.com/photos/fragglexarmy/5658804142/

Things Fall Down
= Gm M,;/R;?

m, dpple

gt 2
mM 1987010)0! GmM E/ R

aoie — 02 ft/ sec?, and
= (1/2) a t*. In one second,
the apple will fall 16 feet.

RM: 60 RE’ SO dioon apple/8600’
In one second, the Moon should

fall 16 1/3600 = 0.053 inches.

The motion caused by gravitaton exactly matched the
amount by which the moon must fall each second 1n
order to remain on 1its orbital path.




Biblical Preoccupations

Newton spent even more time
scrutinizing Biblical passages than
he spent on natural philosophy.
Like a true Renaissance Humanast,
Newton was convinced that the true
meaning of the Scriptures had been
obscured by centuries of shoddy
translations.
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Newton’s tomb, Westminster Abbey

Photo courtesy of Dean Jackson on Flickr.

Based on his intensive study, Newton secretly broke
from Anglicanism. He was devout but anti-Trinitaran.



http://www.flickr.com/photos/cuboidal/291531988/sizes/m/in/photostream/

Wisdom ot Design

Newton believed the cosmos displayed
clear evidence of a “Master Architect,” or of

intelligent design. It
the Earth’s distance
from the sun had
been shightly
different, the planet
would not be

habitable by life as

we know it.

Newton’s position, as articulated in
letters to the theologian Richard Bentley,

B(iarn;\rd de Fontenelle, Conrversations on 16908 . helped launCh “Ilatural the()l()gy.”
the Plurality of Worlds (1686)




Beyvond a Watchmaker

Newton saw evidence ot God’s hand 1n more
than just setting up the universe. Newton
studied perturbations to the planets’ orbits, and
became convinced that mstabiliies would
accumulate over time.

Jupiter and Saturn

perturb each other’s orbits;
Newton feared that these

Images of Jupiter and Saturn, and a grandfather
clock, removed due to copyright restrictions.

perturbations would grow
without bound.

So Newton concluded that God must
constantly intervene 1 the universe, to
keep the whole system stable.




Age of Enlightenment
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Fnter Laplace

Pierre Simon de Laplace (1749 -
1827) grew up studying “natural
theology” arguments mspired by
Newton. But by the time of his
childhood — even before the French
Revolution — such arguments held
much less sway, even among theology
students like the young Laplace.

Mme. Feytaud, Pierre Simon de Laplace, 1842

Atfter studying theology, Laplace moved to Paris and
studied under Jean d’Alembert, famous philosophe and
co-editor of the Encyclopédie. D’ Alembert

recommended Laplace for a mathematics professorship.




Jupiter and Saturn Again

The latest observational data
indicated that Jupiter was
accelerating 1n 1ts motion,
while Saturn was decelerating.

Image of Jupiter and Saturn removed due to copyright restrictions.

In 1786, Laplace demonstrated 1n a calculational tour
de force that the two eftects balanced each other, and 1n
fact they should reverse 1 roughly 900 years.
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Any Place for God?

In 1802, Laplace reported to
Exmperor Napoleon Bonaparte, “a
chain of natural causes would account
for the construction and preservation
of the wondertul system of the world.”

Napoleon mquired: “Where 1s the
place for God 1n your system?”

Jacques-Louis David, The Emperor
Napoleon, 1812

Laplace: “I have no need for that
hypothesis.”




Reading Meaning 1in the Heavens
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