THE ECLIPTIC






SPACE



A SPHERE IN SPACE




A SPHERE IN SPACE, SPINNING

>

This in the largest
circle perpendicular

> to the axis of rotation.
It is half way between
the poles.

All circles connecting the
poles are the same size, and
are as large as possible.




RELATIVE SIZE, SUN 10§

12,742 km

» . 1,392,000 km

~149.000,000 km
(not to scale)



RELATIVE DISTANCE, EARTH NOT VISIBLE

ad

~149,000,000 km



Dark side




A SPHERE IN SPACE, SPINNING, TILTED

~23.5 degrees




A SPHERE SPINNING, TILTED, AND ORBITING

WITH CONSTANT TILT
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Autumnal Equinox
September 22

Ay

Northern Hemisphere

Summer Solstice
June 21

Northern Hemisphere
Winter Solstice
December 21
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Vernal Equinox
March 20
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A SPHERE WITH FRIENDS

not strictly on the same plane



A SPHERE WITH FRIENDS

West







ECLIPTIC

\ View from “outside” =
Orrery

Mars is overhead

View for you =
Planetarium

East West
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https://earthsky.org/

(PHEW X 2)
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EVERYTHING
ELSE
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EVERYTHING
ELSE

Winter
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Winter
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EVERYTHING
ELSE

The Sun
appears here
on March 21.
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https://www.revolution.watch/past-masters-the-astronomical-water-clock-of-su-song

SU SONG ASTRONOMICAL WATER CLOCK
01094 CE, FIRST ESCAPEMENT

“Thus If the water Is made to pour with
perfect evenness, then the comparison of
the rotary movements (of the heavens
and the machine) will show no
discrepancy or contradiction; for the
unresting follows the unceasing.”



ARMILLARY

SPHERE MADE
BY GIROLAMO

DELLA

VOLPAIA

 FLORENCE,
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l ondon Science Museum



https://collection.sciencemuseumgroup.org.uk/search/categories/astronomy
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Image: metmuseum.org




Maker: Muhammad Zaman al-Munajjim al-
Asturlabi (active 1643-89)

PLANISPHERIC ASTROLABE ¥y | .

Image: metmuseum.org



https://www.metmuseum.org/art/collection/search/451699
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SOYUZ CELESTIAL
NAVIGATION GLOBE

http://www.collectspace.com/ubb/Forum14/HTML/001394.html




LEISS STAR PROJECTOR

https://www.reddit.com/r/specializedtools/comments/8b3aq3/old_zeiss_planetarium_projector/
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HOW BIG IS THE
UNIVERSE?

Why do we care? Because time and space are related. Age and size of the
universe are related. Reasoning about where we are in the universe is related
to reasoning about when we are.

Also - there's a very cool story about the discovery of a stellar clock that
unlocked our understanding of the size and age of the universe. Stick around
till the end!!



COMIC DISTANCE
LADDER

See: Mentalfloss, The Expanding Universe: How the Universe Got Bigger As We Measured It
and Terrance Tao (UCLA), Cosmic Distance Ladder



http://mentalfloss.com/article/30839/expanding-universe-how-universe-got-bigger-we-measured-it
https://terrytao.files.wordpress.com/2010/10/cosmic-distance-ladder.pdf

GEQ MEIRY

EARTH MEASURE




YGGDRASIL THE WORLD TREE
NORSE
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VAN https://norse-mythology.net/yggdrasil-in-norse-mythology/



https://norse-mythology.net/yggdrasil-in-norse-mythology/

PTOLEMAIC MODEL
GEOCENTRIC

WERE THE CENTER
OF EVERYTHING

Detailed in the AlImagest
~150BC




PTOLEMAIC MODEL
GEOCENTRIC

WERE THE CENTER
OF EVERYTHING

Detailed in the Almagest
~150BC




Epicycle
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(ASIDE)

Triangle

n=3

Aside aside: Any shape can be drawn by the composition of the right circles at the right rates.
This is a visual equivalent of Fourier Analysis, which breaks down a signal (time domain) into
an infinite sum of pure sine waves of different frequencies (frequency domain).

http://bilimneguzellan.net/

https://www.smartereveryday.com/



http://bilimneguzellan.net/
https://www.smartereveryday.com/

“PTOLEMY'S UNIVERSE WOULD FIT WITHIN THE ORBIT OF EARTH"

-Calli Arcale, for MentalFloss




ARISTARCHUS-OF SAMOS

Heliocentric model, 300BC

HIPPARCHUS QF NICAEA

Precession of the equinoxes, 150BC




YUXI (B E)

“In 336 AD Yu Xi wrote the An Tian Lun (ZZ2X3#; Discussion of Whether
the Heavens Are At Rest or Disquisition on the Conformation of the
Heavens).He observed that the position of the sun during the winter

solstice had drifted roughly one degree over the course of fifty years

relative to the position of the stars.”
-Wikipedia

MARAGHA ASTRONOMERS

“The Maragha school of astronomy in llkhanid-era Persia further

developed ‘non-Ptolemaic’ planetary models involving Earth's rotation.

Notable astronomers of this school are Al-Urdi (d. 1266) Al-Katibi (d.
1277), and Al-Tusi (d. 1274)."

-Wikipedia
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COPERNICAN MODEL

THE SUN IS THE CENTER, BUT
WERE STILL PRETTY SPECIAL

Detailed in On the Revolutions of the Celestial Sphere's
1543CE
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https://www.loc.gov/resource/g3190.ct003813/

KEPLER .
LAWS OF PLANETARY MOTION [ LA} /8 WNSC
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Detailed in Astronomia nova
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GALILEC
1610-1615
GANYMEDE, CA

SUNSPOITS

THE SUN IS THENGENN
WERE LESS SPEGIA

Other planets havermMooNSEe
the sun itself rotates
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TRANSITS OF VENUS

1639: EARTH-SUN DISTANCE ESTIMATED AT 95.6M KM
1767 EARTH-SUN DISTANCE ESTIMATED AT 193M KM

40X bigger than

Ptolemy’s estimate
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1600s - TITAN AND OTHER MOONS OF SATURN
1700s - MORE PLANETS (URANUS) MORE MOONS (OR URANUS, SATURN)
1800s - CERES, NEPTUNE, THE MOONS OF MARS (PHOBOS AND DEIMQS)



ROMER
1676
FINITE SPEED OF LIGR




THE SUN IS THE CENTER OF A
GINORMOUS SOLAR SYSTEM OF WHICH
WERE A SMALL PART




“PTOLEMY'S UNIVERSE WOULD FIT WITHIN THE ORBIT OF EARTH"

-Calli Arcale, for MentalFloss










1830s - FIRST MEASUREMENTS OF STELLAR PARALLAX

Apparent seasonal shift of closer stars/against more distant ones

\/

CYGNUS : 11.4 LIGHT YEAR
ALPHA CENTAURI: &4 LY

EARTH-SUN DISTANCE: 8 LIGHT MINUTES
SOLAR SYSTEM: 8 LIGHT HOURS




1830s - FIRST MEASUREMENTS OF STELLAR PARALLAX

Apparent seasonal shift of closer stars/against more distant ones

\/

CYGNUS : 11.4 LIGHT YEAR
ALPHA CENTAURI: &4 LY

EARTH-SUN DISTANCE: 8 LIGHT MINUTES - Size of Ptolemy’s Entire Celestial Sphere:
SOLAR SYSTEM: 8 LIGHT HOURS 20,000x Eafth’s radius ~= 7 light minutes




EARLY 12005

Parallax method maps thousands of the
nearest stars (within 100ly). Correlations
between brightness, spectrum, and distance
allow us to infer position of more distant stars
within this galaxy*, up to about 300ly.

Milky Way galaxy is ~100,000 light years
across, so we're well within our own universe.

When Einstein published his first
relativity paper, it was not known if
the universe consisted of more
than our local galaxy.



>

» YouTube
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https://www.youtube.com/watch?v=2FrY6gRPC7k



https://www.youtube.com/watch?v=2FrY6gRPC7k

EVERY LADY SCIENTIST WHo
EVER DID ANYTHING

‘000M . WHAT'S THAT Yeu'vE ¢ot2) /3 ) /0 GETT -c. IT A
| .
!iuq o CCLIENTIFIC

TN
‘:,\{q(::zNTL 7 LITTLE RoSIE ‘ A\ ve! TeLL BREAKTH gouqH?
i FRANKLIN'S RESEARCHY B | — € N FEELINGS

| BET 11§ SoMETHIVG !

WELL , | SufppesE | HAvE ToO
Go |NTo HYSTERICS of HAVE A
EABY cemEWMERE, GooD DAY

T o . DLGENTLEMEN
Qe ]

‘

Rosalind! Don't let ‘'em get you down. The trouble with reading about any given woman who was born before your mom is that yes,
sometimes, they were hilarious, powerful, tough, loud, etcetera, etcetera—all good comic making material! But then sometimes, man,

the main thing about them is that they just got screwed, big time. Here's to all the old time ladies of science, and their ideas that were

worth stealing.


http://www.harkavagrant.com/

EVERY LADY SCIENTIST WHo
EVER DID ANYTHING
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HARVARD COLLEGE OBSERVATORY

Circular 173

Edward C. Pickering, March 3, 1912.

Periods Of 25 Variable Stars In The Small
Magellanic Cloud.

The following statement regarding the periods of 25 W £
variable stars in the Small Magellanic Cloud has been =50 —
prepared by Miss Leavitt. e —

A Catalogue of 1777 variable stars in the two
Magellanic ClOUdS is given ln HA. 60’ NO. 4 The g about any given woman who was born before your mom is that yes,

a, etcetera—all good comic making material! But then sometimes, man,

measurement and dls CuSSiOn Of these ObjECtS present me. Here's to all the old time ladies of science, and their ideas that were
probleme of unuicenial difficuiltv on acconint of the laroe



http://www.harkavagrant.com/

rxrrwrrxaeral LCAVITTS LAW (1708)

7 : : : : :
========gn. Leavitt, not permitted direct telescope time, instead

| IIIIIIIFAIP

analyzed photographic plates as a Harvard
"computer”, and discovered a correlation between
the period of a special pulsating star, known as a
Cepheid Variable, with its brightness.

This established the first “standard candle”, allowing

astronomers to distinguish bright distant stars from
dim nearby ones.

Leavitt's law allowed determining stellar distance up
to 60,000,000 ||ght years.
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Parallax method: 300 light years
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250,000+ stars

1/3 of stars visible to the naked eye

atlasoftheuniverse.com



http://atlasoftheuniverse.com

Parallax method: 300 light years

atlasoftheuniverse.com



http://atlasoftheuniverse.com

300 light years 100 billion to 400 billion stars

Milky Way Galaxy: 100,000 light years
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100,000 light years~

In 1924, Edwin Hubble used Cepheid
variables to determine the distance of the
Andromeda Galaxy, providing the first

conclusive evidence for galaxies outside the
Milky Way Milky Way.
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HUBBLE DEEP FIELD

Size of Hubble eXtreme Deep Field on the Sky

*

Digi'tizéd- Sky Survey (grou_nd,-based imag'e_)' fp_r.qamparisan "

-

i W ..'.. '19' ' : § ,' |

NASA
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https://www.nasa.gov/mp4/691499main_v1237e_H264l.mp4
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- "The XDF is the deepest image of the sky ever obtained and
~ *+" reveals the faintest and most distant galaxies ever seen. XDF
- allows us to explore further back in time than ever before*"

w T —principal investigator of the Hubble Ultra Deep Field.
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https://www.nasa.gov/mp4/691499main_v1237e_H264l.mp4
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*Until now...

S

— -

Hubble/JWT comparison (simulated JWT images)

https://newatlas.com/james-webb-space-telescope



https://newatlas.com/james-webb-space-telescope

*
’

' . ~ - .
: iy o . Nearby local Mikly Way stars have 8 light
B xS : 0 N spikes due to lens support mechanism
| - - o g (like bokeh)
5 '

-4 ‘* \ Everything else is a GALAXY!! Each of

— which might contain billions or even
trillions of stars.

These galaxies are distorted in a ring
shape because of gravitational lensing.
They are behind the super-massive

galactic cluster SMACS 0723 in the
center of the image.

It took 12.5 hours to gather the images in
this composite. It took weeks of exposure
time over a year to create the Hubble
Deep Field image.

Some of the light that formed this image
is over 13 billion years old.

If you held a grain of sand at arms length,
it would cover up this portion of sky.

https://www.fi.edu/blog/First-JMST-Image
https://www.nasa.gov/webbfirstimages



https://www.fi.edu/blog/First-JMST-Image
https://www.nasa.gov/webbfirstimages

1929

Hubble uses Cepheid distances to determine
the Universe is expanding. This leads to the
concept of the Big Bang and an age to the
Universe.

1998

Researchers using methods similar to Leavitt's
applied to supernovae (finding ‘standard
candles’) determine the expansion of the
Universe is accelerating.
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http://www.noeticscience.co.uk/the-drake-equation-versus-the-fermi-paradox-is-there-intelligent-life-out-there/

DRAKE EQUATION
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http://www.noeticscience.co.uk/the-drake-equation-versus-the-fermi-paradox-is-there-intelligent-life-out-there/

DRAKE EQUATION

he Jrake CLuQHM -

noeticscience.co.uk


http://www.noeticscience.co.uk/the-drake-equation-versus-the-fermi-paradox-is-there-intelligent-life-out-there/
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Designed by Frank Drake.
Beamed towards Messier 13 Supercluster in 1974.
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TIME IN PIONEER
AND VOYAGER
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VOYAGER

&
gy
Ay
-

\_\ 9
\

e

’,&Ic/iébar Current distance:

- Voyager 1: 162.5 AU (22.5 |h)
IFIUS

.

Voyager 2: 135.5 AU (18.75 |h)

¢ Y
‘.-

https://voyager.jpl.nasa.gov/mission/status/

https://space.stackexchange.com/questions/1621/where-

are-pioneer-10-11-and-the-voyagers-ultimately-headed



https://space.stackexchange.com/questions/1621/where-are-pioneer-10-11-and-the-voyagers-ultimately-headed
https://space.stackexchange.com/questions/1621/where-are-pioneer-10-11-and-the-voyagers-ultimately-headed
https://voyager.jpl.nasa.gov/mission/status/
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“During the 1930s, it was noticed that there was a radio 'hiss'
that varied on a daily cycle and appeared to be extraterrestrial
in origin. After initial suggestions that this was due to the Sun,
it was observed that the radio waves seemed to propagate
from the centre of the Galaxy”

Wikipedia
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100110000110010000000000000000000
= 5113380864 * 1/1420405751.7667

= 3.6 seconds / revolution
= ~16RPM

100001011 0000000000 0000000000 0000000000 0000
@ = 4587025072128 * 1/1420405751.7667

= 3229.3 seconds
S-1-1 | =54 minutes

/
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SECOND EDITION

The Visual Display
of Quantitative Information

UKL

W R Ve

Envisioning Information
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}
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EDWARD R.TUFRTE

VISUAL EXPLANATIONS

PIONEER SPACE PLAQUE REDESIGN

. b .
° . o\ o O -Q- O : 0.

Magic, the production of entertaining illusions, has an appeal quite independent of the local
specifics of language or culture. In vanishing objects or levitating assistants, conjurers amaze,
delight, and even shock their audiences by the apparent violation of the universal laws of
nature and our daily experience of those laws. Since the principles of physics hold everywhere,
magic is conceivably a cosmological entertainment, with the wonder induced by theatrical
illusions appreciated by all, regardless of planetary system. Accordingly the plaque aboard the
Pioneer spacecraft for extraterrestrial scrutiny billions of years from now might have escaped
from its conspicuously anthropocentric gestures by showing instead the universally familiar

Amazing Levitation Trick.



https://www.edwardtufte.com/

FERMI PARADOX

Where is everyone?

https://en.wikipedia.org/wiki/Fermi_paradox



https://en.wikipedia.org/wiki/Fermi_paradox

The Impossible Hugeness of Deep Time

aalelalle b

[ " First amphibian, insect,
<~ ) it " "“tree,and shark fossils

Formation o
supercontinent Rodinia |

Breakup of Rodinia

Liquid water Early multicellular organisms
Cambrian explosion
First land plants

Formation of Earth’s atmosphere

Formation of Moon

Buildup of oxygen in atmosphere

> Pl o) 7:17/9:08 v m g -k



THE “GREAT FILTER

Oldest possible Complex cells

evidence of life take another ~2 . .
could be over 4 billion years... I\/!uoltlcellular fe
billion years "9 billions more...
almost ASAP

.




THE “GREAT FILTER”

In our past?
e

Present day



THE “GREAT FILTER”

In our past? Or our future?
'

Present day
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GALILEAN RELATIVIT
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“Absolute, true, and mathematical time, in and of
itself and of its own nature, without reference to
anything external, flows uniformly and by another
name is called duration.

Relative, apparent, and common time is any
sensible and external measure (precise or
imprecise) of duration by means of motion; such as
a measure-for example, an hour, a day, a month, a
year-is commonly used instead of true time.”

Newton’s Principia, 1687



“Absolute space, in its own nature, without
regard to anything external, remains always
similar and immovable.

Relative space is some movable dimension or
measure of the absolute spaces, which our senses
determine by its position to bodies, and which
vulgarly taken for immovable space.”

Newton'’s Principia, 1687



Electromagnetism is fundamental but also weird and subtle, and it took people a long time to figure it out




1861



‘Bashaarat looked at me and considered. "I have
recently built something that may change your
opinion. You would be the first person | have shown
it to. Would you care to see it?"

"It would be a great pleasure.”

The-Mercg;mt e "Please follow me." He led me through the
- Alchemist’s Gate doorway in the rear of his shop. The next room was
[ WSt A a workshop, arrayed with devices whose functions |
7 could not guess—bars of metal wrapped with
enough copper thread to reach the horizon,
mirrors mounted on a circular slab of granite
floating in quicksilver—but Bashaarat walked past
these without a glance.’
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“He handed the manuscript to me, and |
saw the title was ‘On the Relative Motion of
the Sun and the Luminiferous Aether.” |
have only a layperson’s understanding of
the aether, the medium that carries light
waves: | know that, just as a shout carries
farther when traveling with the wind than
against it, the speed of light varies
relative to the Earth’s own motion
through the aether... there appears to be
a steady aetheric wind across the solar
system as a whole...”

From ‘Omphalos’ by Ted Chiang,.
Image: The Omphalos (‘religious stone’) of Delphi, wikipedia.



ON THE
ELECTRODYNAMICS
OF MOVING BODIES

EINSTEIN, 1905

Zur Elektrodynamik bewegter Korper;
von A. Finstein.

Dafl die Elektrodynamik Maxwells — wie dieselbe gegen-
wirtig aufgefabt zu werden pflegt — in ihrer Anwendung auf
bewegte Korper zu Asymmetrien fiihrt, welche den Phéinomenen
nicht anzuhaften scheinen, ist bekannt. Man denke z. B. an
die elektrodynamische Wechselwirkung zwischen emnem Mag-
neten und einem Leiter. Das beobachtbare Phiinomen hingt

hier nur ab von der Relativbewegung von Leiter und Magnet,
withrend nach der iiblichen Auffassung die beiden Fille, daB
der eine oder der andere dieser Korper der bewegte sei, streng

voneinander zu trennen sind. Bewegt sich ndmlich der Magnet

und rubt der Leiter, so entsteht in der Umgebung des Magneten

ein elektrisches Feld von gewissem Energiewerte, welches an
den Orten, wo sich Teile des Leiters befinden, einen Strom
rzeugt, Ruht aber der Magnet und bewegt sich der Leiter,

so entsteht in der Umgebung des Magneten kein elektrisches
Feld, dagegen im Leiter eine elektromotorische Kraft, welcher

3

an sich keine Knergie entspricht, die aber — Gleichheit der
Relativbewegung bei den beiden ins Auge gefabten Hillen
vorausgesetzt — zun elektrischen Stromen von derselben Gribe
und demselben Verlaufe Veranlassung gibt, wie im ersten Falle
die elektrischen Kriifte.

Beispiele dhnlicher Art, sowie die miBlungenen Versuche,
eine Bewegung der Erde relativ zum ,,Lichtmedium‘ zu kon-
statieren, fithren zu der Vermutung, daB dem Begriffe der
absoluten Ruhe nicht nur in der Mechanik, sondern auch in
der Hlektrodynamik keine Kigenschaften der Erscheinungen ent-
sprechen, sondern dab vielmehr fiir alle Koordinatensysteme,
fiir welche die mechanischen Gleichungen gelten, auch die
zleichen elektrodynamischen und optischen Gesetze gelten, wie
dies fiir die Grioflen erster Ordnung bereits erwiesen ist. Wir
wollen diese Vermutung (deren Inhalt im folgenden ,Prinzip

der Relativitit* genannt werden wird) zur Voraussetzung er-

heben und auberdem die mit ihm nur scheinbar unvertriigliche
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In an analogous manner we find, by considering rays moving along the two other
axes, that

Substituting for z’ its value, we obtain

o(v)B(t —vz/c?),
¢(v)B(z — vt),
d(v)y;

¢(v)z,




ON THE
ELECTRODYNAMICS
OF MOVING BODIES

EINSTEIN, 1905

v2/c2 =0 forall “"normal” velocities,
so this factor is usually = 1
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THE “PLANET OF

Moving clocks
“run slow
compared to a
“stationary”
clock

EAPES" PRINCIPLE Ty

- SOMEWHERE IN THE UNIVERSE THERE MUST BE SOMETHING BETTER THAN MAN.
IN A MATTER OF TIME, AN ASTRONAUT WILL WING THROUGH THE CENTURIES AND FIND THE ANSWER.

" HE MAY FIND THE MOST TERRIFYING ONE OFALL ON THE PLANET WHERE APES ARE THE RULERS AND MAN THE BEAST'.,T :

Anunusual P Y
and important
motionpicture &9

fromthe @&
author of

“the Bridge
- onthe
RiverKwai'l

20th Century -FOX presents

VAL CHARLTON CESTON -
"”"»ARTHURPJACO’BS."“”“”" pI'ANEr OF Tl‘IE APE PANAVISION® Colour by DE LUYE

CO-STARRING INTRODUCING

RODDY McDOWALL- MAURICE EVANS - KIM HUNTER - JAMES WHITMORE - JAMES DALY - LINDA HARRISON
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THE “PLANET OF THE APES™ PRINCIPLE

Moving clocks

“run slow” _
compared to a Spends 1 year in
“stationary” suspended

clock animation



THE “PLANET OF THE APES™ PRINCIPLE

Moving clocks

“run slow |
compared to a Wakes up In the
“stationary” distant future when

clock apes rule!
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IEX SHOEBOX

61km fiber loop
adds 350
microseconds

https://iextrading.com/
via Hackaday
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