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Cosmos

God the Geometer
Bible Moralisée
13h Century CE

This session will consider hlhowsict emegamaswlida i
made of, where it is going.

The word cosmos means much the same thing as
vecbsmeeiaoni ng to order or arrange. Thus it meas
order. ddhememoer dal so used to arrange the hair a
Thus cosmos might also meant the universe as

This il lustration from a medieval Bi bl e shows
Ever yitehairntgh suni moocomnswaned in a single geode.
written Al ci crie Dex ciel eete Godrereal eisl tate
the eart h, the sun and the moon, and all t he

Like the sun and the moon the earth in this m
some early human beings may Haowe noares itchearne & 5t0
we have thought of thtewtourdyl BGE,a Rythleagar d o ¢
Earth to be spherical because this was the fi
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Nebra Sky Disk

This bronze disk (about
12 inches in diameter)
dating back to 1600 BCE
was found in Germany.
The inlaid gold symbols
appear to represent the
sun, moon and stars. The
arc at the right may
represent the angle
between the rising or
setting of the sun in winter
and summer. What the
lower arc represents is not
known.

Human beings have forever wonderesdc.alldety tplae id
the sky, watched the phases of the moon, and
summer . This sky disk is but one of many pre
Monuments such as Stogekeogkedgeeobui he w0l st
myt hs may perhaps be related to how the heave
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made for peedl|l bywhoatr aVhus itthhee rlisvteerrs iasr et hper
Danube.

I n Book HlistmfrHeelsedot us recounts the voyage ma
the continent of Africa:

As for Libya [Herodotusodo mamedf om Afldi cd]ld,esw
except where it is attached to Asia. This di
king, who on desisting from the canal which
gul f, sent to sea aPmmouembiecri aonfs ,s hwiptsh noarndneerds Dbt
of Hercules, and return to Egypt through the
took their departure from Egypt by way of th
into the soludrmeawmt omreamnamaV, t hey went ashore
to be, and having sown a tract of |l and with
reaped it, they again set sail; and thus it
not till the third year that they doubled th
home. On their déetbon, myhpgaprtedbanet believe
mag t hat in sailing round Li baymd.t hlery thhaids twvheey
extent of Libya first discovered.

Though Herodotus did not believe the Phoenici
evidence that the earth is spherical rather t
ndrh. The sun would be on their right when the

Small bronze statue dfecholl

Necholl (610-595 BCE)

Necholl was an ambitious king of
Egypt. He allied the Egyptians with
the Assyrians against Babylon and
defeated the Israelites at Megiddo
(later to be known as Armageddon).
He also tried to make a canal betweel
the Nile and the Red Sea.

He commissioned some Phoenician
sailors to journey around the continen
of Africa from the Red Sea to the
Pillars of Hercules. They reported tha
as they voyaged round the Cape of
Good Hope the sun was on their
right, i.e. to the north.
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Ar i st @Ontthe Beawens
(De Caelog, 350 BG

Avristotle ( 384322 BCE) concluded
that the Earth was spherical for both
theoretical and experiential reasons:

(i) the element earth seeks itself and
therefore by convergence all
portions of the earth will come
together to form a sphere.

(i) there are stars seen in the south tha
are not seen in the north.

(iii) the shadow of the earth on the
moon during a lunar eclipse has a
circular edge

Roman marble copy of Greek
bronze of Aristotle, Louvre

Ari stotl eds

There are four elemerits
earth, water, air and fire. Earth
and Water tend to fall whereas
Air and Fire tend to rise. Thus
the universe should contain
earth at its center surrounded
by concentric spheres of
water, air and fire. However,
because this system was
subject to change, the earth
had in part been raised out of
the water. The stars were
located in the fifth elemerit
theaether
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Eratosthenes
(2761 194BCE)

Born in Cyrene (part of preseday
Libya), Eratosthenes studied in
Athens and then became the head
of the great Library of Alexandria.
As a mathematician he invented a
way to discover prime numbers. Ag
a geographer he proposed the ided
of longitude. He is most famous fof
measuring the circumference of thg
earth.

Late in life he became blind and heg
is reported to have starved himself
Possible portrait of Eratosthenes  to death in despair.

Gnomon in
Alexandria

Parallel

Rays
of Sun
~ Wellin
Syene
Er at ost hle9nde sBQE)7,6 t he chief | ibrarian in Al exa

the buildingsday ASsyvearre) (pastsemd shadow, and if
one could see the sun refl elcateidt ubdye )t hies wactceart. €

to the Tropic of Cancer (23.4 degrees). He me
shadow in Alexandria on the summer solstice a
Al exandria to Sgeneuwmbser @nl2éeé36D the Earth. I n
Syene, Eratosthenes i s suppobsenapacdlyves@empe o
measured distances in paces. Alexander had us
was S6@adia. A stadion is just |l ess than one e
di stance as 185 meters Eratosthenesdé cal cul a-
than the actual 40008 km. Al s@a, amlle SNemteh i S
thaaea®@ adia since Syene is slightly East of Al
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The results of Erastothenes were repdutcaded u
century | ater based on the distance between R
of the distance was too short andirmuch csaH arutl er
than the actual di st ance.i 6Rtoglr.amGhyruisetdo g hhers m
Columbus predicted that the distadO&bt.o Itfhe |
he had known it was four ti meishet ltiosul di sotnd ryc & a
provisions for the shorter voyage.
Ptolemy (106170 CE) P
astronomer and
geographer who
lived in Alexandria.
He described the
geography of the
known world.
He followed
Aristotl e
view of the universe,
but made more exac
models of the paths
of wandering stars,
using epicycles to
] explain their
15" Century Florentine map of the world based on yaviances from
the coordinates G@eegsaphy i bp"er?’ect};irEulalﬁf o]
As et map demonstrates, Pt ol emyds geography was
accurate in its ability to predict the | ocati
explain why they moved in the way hey did.
Nicolas Copernicus
(14731543)
Copernicus studied astronomy and
mathematics in Poland. He then
spent several years in Italy before
returning to the University of
Warmia He decided that a
heliocentric model of the universe
would better explaithe planetary
motions than the geocentric model
of Aristotle and Ptolemy. However,
for fear that it might be condemned
as heresy, he did not publish his
bookThe Revolutions of the
Heavenly Spheramitil he was T F
close to death. Anonymous portrait ifurun, 1580
Copernicus warsonao nberri.l IHeanctorarsect |l y judged that
agree to his new conception of the wuniverse.
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Tycho Brahe (15461601)

TychoBrahe was a Danish nobleman.
He lost his nose in a fencing duel
during his studies at the University of
Rostock. He went on to become the lasf
of the great nakedye astronomers,
accumulating an immense set of data o
the motions of the planets. He also "
observed the sudden appearance of a
supernova in 1572. He showed that this
was more distant than the moon. This
refuted the Aristotelian concept of an
unchangingsupralunaryuniverse.
Towards the end of his life he taught
Johannes Kepler (15711630) in Prague

T. Picton, 2019

ook closely at the engraving you can

Kepler was théheaotrboncemer
than circular. This phenomenon remai

Giordano Bruno
(15481600

Born near Naples, he entered the Dominican order but was aafusegsy
and forced to flee. He taught philosophy at various diti€airope, supporting
the Copernican view of theniverse, but having more mystical view of
physics than other scientists of im He was arraigned before tReman
Inquisition, found guilty of heresgandburned at the stake the Campalei
Fiori in Rome.

ustration shows the statue
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raph shows the Campo dei Fiori. T
t He dTThheo upgcheem r ecount s an exchange \
r final di nmreri IiF9 oirn .a rThset gpwream te n:
parting evening then

ose something in a family restaura
chatted, sat and chewed,

ble it was our | ast

to be poetic, make
te of wus as

poetry?

ruits and vegetabl es

|l ace of Campo dei Fiori or

there?" Because | was

e, I identified the answer

| 7d'iTdhne' tt rhuatvhe t o t hi nk

'"s Batth!t'halt bl urted out

hat was easiest to say. What foll o\
omet hing about difficulty,
erestimated host spoke out

dden, with a rising passion, and h
represents Giordano Bruno,
pebburcnsesduiamnet he

his offence against
which is to say

Hi s crime was his belief

e does not revolve around

ei ng: God is no

or central government but rather
avaegs, Ahdowadhh nglsl t hin

od is not the soul i tsel f, He 1is
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the soul of the soul of the world." Such was
his heresy. The day they brought him
forth to die, they feared he might
incite the crowd (the man was famous
for his eloquence). And so his captors
paced upon his face
an iron mask, i n which
he could not speak. Thatos
how they burned him. That is how
he died: wi t hout a word,
in front of everyone.
And pioetry

(we' d all
put down our forks by now, to |isten to
the man in gray; he went on
sofitl y)

poetry is what

he thoug
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Portrait byOttavioLeoni, 1624

Galileo Galilei (1564-1642)

Galileo was the son of a lutenist in Pisa

He studied mathematics and physics a

became a professor in Venice. In 1609

Galileo began to use the telescope

which had just been invented in

Holland. He was the first to use it to

study the heavens. He reported three

main findings:

) the moonds | ight
surface has craters and hills.

(ii) four moons rotate about the planet
Jupiter

(iii) the planet Venus has phases just lik
the moon
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n moons of Jupiter were discovered a

[
Marius, a German astronomer. Galileo called
support of itlhye iMe drFilcoir efnacne . Marius gave them
Jupilteyr Europa, Ganymede, Callisto.

The orbital times for these moons vary betwee
the moons in differentTlpesctlhki p+dshpaosres pthomwme gg ia\p
from the Juno spacecraft on its way to Jupite
the sun (on the |l eft in the photographs) they
maj esti c.exTthriasc tceldi pf riosm a | onger video:
https:/ / www. sjpuapeired.esmd mii-B 8 HbAfn ahnasin & vseer¢ h-i s
video. ht ml

The motions of these moons iadde momsittraead ear d thrad |
bodies. This wouldrberimpdsesbWwerefetmhedded i

Geocentric Heliocentric

11


https://www.space.com/33348-jupiter-moon-s-orbital-dance-humans-have-never-seen-this-video.html
https://www.space.com/33348-jupiter-moon-s-orbital-dance-humans-have-never-seen-this-video.html
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I f the planet Venus shone with its own | ight
changes phase, the light is reflected

I n the geocentric theory both Venus and the s
was indeed reflected from the sun then we sho
pl anet.

I f the planets and tkesbdautd beehtbebptadet h¥
phases justGdliikleea hfeoumd nt.baght bef pl hnlsiekeve ht
the moon. GalileoCywnothe aenfcgde atso akengnlleart ur m
mot her of cloopviee s( Memeusf)or ms of the Cynthia (the

This is a clGpl blasemdt be mbei pl ay by Bertolt B
Topol and his colleague Sagredo by Michael Go
of the npoionesr .ofThleu i mportance of the findings
t h

e statement Al am a mathematician not a the
Sagredo is correct in his fears. Aequoitsati on
appropriate:

It ought to be remembered that there is noth
conduct, or more uncertain in its success, t
order of things. Boer ¢ aeunseemitehse ail nl n otvhaotsoer whhaos hfe
old conditions, and |l ukewarm defenders in th
coolness arises partly from fear of the oppo
from the inc¢crwthol doynot memadily believe in n
|l ong experience of them.
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The Trial of
Galileo (1633)

Galileo was found
guilty of
heresy, 0 an
were placed on the
Index. He was forced

to publically abjure the
idea that the earth
moved around the sun.
Legend has it that he
saidEppursi muove
(And yet it moves)
under his breath after
his recantation.

Galileo Facing the Roman Inquisition
CristianoBanti, 1857

Why were Galileods ideas Thenkewnfaczteprntabdfe thl
system was that it was centerbade HpanmehkBeupRant
special <creation. This idea was completely d

Il n Brec@Galdis| ppdiasy i s expressed by an ol d cardir
|l am not just any old creature on apnlyaciensilgn

am wal ki with a i m step, on a fixed ear

I n

I
ng, f r
am at the center and the eye of the Creato

However, once Galil eo was arrlaitgtnleed dboeufbotr ea btohu
out come. As Gowirmgtieod deutSaAthyni bl ahaol(l @a§b&al st at
innocent wuntil proved guilty. Much the revers
al one c¢ anmukcni®aw ihloewvo was condemned t o -grrriessotn., t

Isaac Newton (16421727)

In 1687, Newton published his
PhilosophiadNaturalis Principia
Mathematicawherein heproposed the
law of universal gravitation: thail
massesttract each other with a force
that varies directly with the product
theirmasses and inversely with the
square of the distance between them
Newtonused the force of gravity to

e x pl ai nelligteg plaaetady s
orbitsand the perturbations that
occurredn these orbits as a result of tff
gravitational attraction between one
planet and anothére also explained
Portrait by Geoffrey Kneller, 1689 the diurnaimotion of thetides under the|
gravitational attraction of the moon.

13
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One of the Churchoés criticisms of the Coperni
understand the process of science whaseimnueaeot
that which fails to be disproven when repeate
Nevertheless, Galileods findings did not defi
phastesVenus mighthkbesgspemi nédThyghevBl alre wher
around the Sun which itself revolved around t
sun? Why were the orbits actually elliptical
unt il |l saac Newton that uhewerbki ascotunted pba
of gravitation. And this theory was itself te
slightly perturbing their orbits around the s
Gravity also accounted for the tides. Galileo
rotation of the earth, but this had compl et el
tides each day.

The worl d was dul ys acft oA lveehceadn dbeyr tPhoep eg eenxicul ai n
Nature and nature's | aws |l ay hid in night;
God said ALet Newton bedo and all was |ight.

Il n 1616 Galileo had attempted to explain the
problem was thetwacti ddatatdhay.e @alriel eo attridlt
in motion by the Earthés rotation and then sl
convince anyone No matter The tides in the

Newt on xgppduwlich @ he tides wusing the gravitationa
Since this varies with distance the moon pull
Earth away from the water f ur thhee sEaratwma yt herroem 2
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