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The Rise of Astronomy
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Biclagical Sciences
' Psychelagy o il
An cld explanation of the moon ilusicn holds that various cues place the horizon 5 + Fentilty and raiq size
- Services
meon at a1 effectivaly graater dstanca than the slavazed moan. Although bath "“I""'{" :
moons fave the sama angu/ar 522, the horizan maen nust be parceived as ferger, 1 V1 aride 03 colesgue + Cotlliy @it
Alert me when tis artice s e
More recent exolznations hald that diffecences in accommodation ar other factors s + Restoring Poomac Rier
calse the elevted maen t agpaar smaller. As a resu't of this ilusory cifference  alert me if a corecticn is eccsystens

in size, the elevated moan appears to ba more distzn: than he herzen moan

These to explanations, both oased on the geome:ry of siereqpss, ead 10 twc WL o

similar Aties in Web of
dametrically opposed Avpotheses. That is, & ceoth interva at 2 long distance 8 qonce

B8]

2 Tweat 1459

@ s

more atout *superharvestmoon

read more; 25751777

Prepare fartre Super Havest Hoon! For he frst ime in two deczdes, he Sun wil sink as
tre full oon rises exacty opposite tc t 91 he day e summarencs, areatng a strange
330-dearse tulightshow.

Ifyculive nthe Northem Hemisphere, ‘0day sthe suttTnal equinax and  Suder Hanvest

the skyater almost 20 3 thaopensd. When e Su
‘sate o se cnthe desterr Forzar, a ful meon willdise JEposie t f on tre Eact, relecting
tre light cf our horme star

Being dose to he horizon, 2 orangs Hcon wil be gigartic thanks te 2 psjchologizal effsct
= called tie oon ilusion. The sky wil be iluminatec £y he Sun and tre Hoon & the s3me
n time, creating a weirc 350-dsgres effact it s rarely seen
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"opoma’ derives alse
"name," and English "1

ave Latin nomen "nante, rputaton’ und:

g “tominal," "nomenclatur, ' "somingzz, " O Irsh sinm “nams, " Russian tnya, imend 2

May 31,2008
Gibbous (adjective)
Pronunciation: ['g-bés]

Definition: Conves, protubezan:, protrudng; mote than half but less taan fully ilundnated. as tie moon; humpbacked.

Usage: Tie orginel Late word for humy, “gober” [ghbé)], was used in medicine in teference fo huncbed backs i tie 190h cantury, I gave rise
“h the seme meaning es Tocay's word. Tust emember o distnguish "gibber” fom the
vie get "gibbedsh. " These wonds are pronounced wih & soft ‘g’ [ji-bé)]. The acverb for roday
nouns: "gbbousess”

‘abbosity.”

2 effects of eng

Sugaested Usage: In Iis corversation wih today's contrwr, Tom Werd asked, 'Surly we've ll suifeed from £ v ouselres at iy
eatherings, when our already less-fian-healthy staturas assume 2 much mors gibbous appearance?” My daughter's stomach t currently unusualiy gibbous with my
first granddangiter, a much happier gitbosity

Erymology: Taday's werc s  teduction of Latin gbétosus "Iums-backed, bnnch-beck” rom ghbr "y, hunch.” which i Lete Latin became gibbus
"hump. bew. " Today's word comes ftom Katy Brezger's backyard: "Now the gibous moort in 75 grandeur aver che manicured backvard and stops just
shor: of The Woods. Stange dancing shadows sway in the summer windstorm. The large umbrella squarting on the dicnic table even succuns to the heavy
breezes, tung this vway and tat as the wind gasps and blows. The Woods foreboc even as tiey beckon. the wind arng back the overcamizge just emough to
cast ifumztions on the ald tractors. O, tere be monsters, aad madness looms."

v @ - wordof e Jay e Ruenizs) -

ito:fen. wikpedia orgfwkifHervest_moon B | [hervest moon

The harvest moon is the
moon at or about the period of
fullness that is nearest to the
autumnal equinox. The harvest
moon is often mistaken for the
modern day hunter's moon.
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Space probes, such as tae Voyager probes, have measured the megnetic Jelds of the planets and even aurorss heve been photogrzphed on other
planats. The spacecract Mariner 10 flew by Mereury in 1974 and surprised the sefence community. Mercury wes thought to be cold and dead
inside, thus having o magnetic Feld. However, Mariner measured a weak magnetic field, meaning Mercury mmust heve some faternl activity.
Probes found that Mars and Veaus do a0t have a significant magnetic field

Jupiter, Saruzn, Urams, and Neprune all have magnetic Selds much stronger than that of the Earth. Jupiter is the chazupion- having te largest
‘magnetic field. The mechenism tat causes their magnetic fields is not fully understood. It is believed that in the case of Satum end Jupirer that
their magaetic fields may be cavsed by hydrogen conducting electricity deep within the planet. Hydrogen near the planess core may be compressed
50 densely by all a2 plasetary layers above that it becortes an electrical conductor.

The planet Uranus has an interesting magnetic field. Urenus” poles Tiz almost ia the plane of its ordit around tae Sun. The magaetic voles are fully
60 degrees away from the geographic poles, which results i a wild rotarion of Uranus” magnetic field as the plane rotazes. On the other hand,
Saturn’s magnetic field and rotation axes seem to be preity much the same, meking Satura somewaat magaetically unique

Our Moon lacks a magnetic field. which implies its iaterior is cold and tactive. However, rocks %rom the Moon sos permaneat m
suggesting that at oze time the Moon hed 2 magnetic field. The physics of planetary magneric fields still contains many mysteries for

A wonderful summery of thess facts may be found at hity:/'www. edleralanet
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Lunar month

From Wikpeda, the free encyclapedic

This artice does not cite any references or sources
@ Plzace help, mprove this aricle by adding ctatons to reliablz sourcas. Unsourced material may be challenged and
removed  (September 2009)

In lunar calendars, a lunar month is the time between two identical syzygies (new meens o Ul
moons). There are many vaiations. In Miccle-Eastem and European traditions, the month starts
when the young crascent meen becomes frst visible at evering afer cnjurction with the Sur 1 o 2
days befare tha: evening (e.g. in the Islaric calender). In ancient Sgyp: the Itnar month began cr
the day when the maar: could no longer be seen us: before sunr se. Orters Lse a reckoned moon
(€.9. tre Hebraw calendar), cr use a taoular scheme (Eccesiast cal luner calendar). Yet others rin
from full moon to ful maar. Calendars count irteger days, so months may be 2€ or 30 days
length, in same reguar or ireguiar sequence. But al unar months approx mate the mean length of

Periods of Western Astronomy

* Western astronomy divides into 4 periods
— Prehistoric (before 508.C)
* Cyclical motions of Sun, Moon and stars observed
* Keeping time and determining directions develops
— Classical (50®.C.to A.D. 1400)
* Measurements of the heavens
* Geometry and models to explain motions
— Renaissance (1400 to 1650)
* Accumulation of data led to better models
* Technology (the telescope) enters picture

the syrccic montn of approx mately 29, 53059 days (28 days, 12 Fours, 44 minttes and 3 seconds)

— Modern (1650 to present)
* Physical laws and mathematical techniques
* Technological advances accelerate

“here are several differen: weys of exprassing the lunar month

Ancient Greek Astronomers

Early Ideas: Pythagoras

* Through the use of models and
observations, they were the first to use a
careful and systematic manner to explain
the workings of the heavens

* Limited to naked-eye observations, their
idea of using logic and mathematics as tools
for investigating nature is still with us today

* Their investigative methodology is in many
ways as important as the discoveries
themselves

* Pythagoras taught ag
early as 50@.C. that
the Earth was round,
based on the belief
that the sphere is the
perfect shape used
by the gods

Early Ideas: Aristotle Early Ideas: Aristotle

Copyrghi

* By 300B.C, Aristotle
presented naked-eye
observations for the
Earth’s spherical

— He also noted
that a traveler
moving south
will see stars

shape: previously
~ Shape of Farts T hidden by the
shadow on the Moon Stor 6 visbl from B. southern horizon

during an eclipse

‘Copyright 2009 Anthony Ayiomamitis




Early Ideas: The Size of the Earth

* Eratosthenes (276-
195B.C) made the
first measurement
of the Earth’s size

* He obtained a value
of 25,000 miles for
the circumference,
a value very close
to today’s value

Early Ideas: Distance and Size of
the Sun and Moon
75 years before Earth's shadow—only

Diameter
of Earth
Eratosthenes measured W N

) > is actually visible N
the Earth’s size

* Once the actual size of
the Earth was
determined, the
absolutesizes and
distances of the Sun
and Moon could be
determined

* The sizes and
distances of the Sun

Moon
. Di
and Moon relativéo o'fﬂ:':.::[7

Earth were determined
by Aristarchus about

Early Ideas: Distance and Size of
the Sun and Moon

Copyright ® The M Ine. Permission tedired

Earth in. January Star oppears

»‘.\ here in July
! * o
! .
1 .
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"
Distant
background *+

sfars »

True position
of nearby star

*
Star appears

Earth in July here in Jonuary

* Aristarchus, realizing the Sun was very large,
proposed the Sun as center of the Solar Systenth&ut
lack of parallax argued against such a model

Early Ideas: The Size of the Earth

* He measured the
shadow length of a
stick set vertically in
the ground in the town
of Alexandria on the
summer solstice at
noon, converting the
shadow length to an
angle of solar light
incidence, and using
the distance to Syene,
a town where no
shadow is cast at noon
on the summer solstice

Early Ideas: Distance and Size of
the Sun and Moon

Copyright ©

* These relativsizes were based on taegular size of
objects and a simple geometry formula relating the
object’s diameter, its angular size, and its distan

Measuring the Diameter of Astronomical Objects

| =2mx—9
360

| — linear size of object
d — distance to object
o — angular size of object

£ _ __«a
Circumference

2md 360°

therefore, ¢ = &
erefore, ¢ = 2nd X 4




Planets and the Zodiac

Copyrght® parios, . 2 disply.

* The planets (Greek for * Motion and location of the
“wanderers”) do not follow planets in the sky is a
:He s?me cyclic behavior of combination of all the planets’
e stars ) orbits being nearly in the
* The planets move relative o same plane and their relative

the stars in a very narrow
band centered about the speeds about the Sun

ecliptic and called theodiac

Retrograde Motion

Copyritie

Right Ascensi

* Occasionally, a planet will move from east to wesative to the
stars; this is calledetrograde motion

* Explaining retrograde motion was one of the maasomns
astronomers ultimately rejected the idea of thetHaging
located at the center of the solar system

Early Ideas: The Geocentric
Model

Moon Earth Venus Sun Mars Jupiter

* Apparent motion

* Ptolemy of Alexandria

Planets and the Zodiac

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.

of planets is ot pole
usually from west
to east relative to
the starsalthough
on a daily basis,
the planets always
rise in the east

Ecliptic
[The Earih's orbital planc) NG

Early Ideas: The Geocentric
Model

* Because of the general east to west motion of tshjec
in the skygeocentric theories were developed to
explain the motions

* Eudoxus (400-348.C,) proposed a geocentric model
in which each celestial object was mounted onws o
revolving transparent sphere with its own sepdithte

* The faster an object moved in the sky, the smalées
its corresponding sphere

* This simple geocentric model could not explain
retrograde motion without appealing to clumsy and
unappealing contrivances

Ptolemy of Alexandria

Copyritt ine.

Epicycle

Planet

improved the geocentric
model by assuming each
planet moved on a small
circle, which in turn had
its center move on a
much larger circle
centered on the Earth

The small circles were
calledepicycles and

were incorporated so as
to explain retrograde
motion




Ptolemy of Alexandria

* Ptolemy’s model was able to
predict planetary motion with
fair precision

Discrepancies remained and
this led to the development of
very complex Ptolemaic
models up until about the
1500s

Ultimately, all the geocentric
models collapsed under the
weight of “Occam’s razor”
and theheliocentric models
prevailed

Epicycle

Planet

Astronomy in the Renaissance

* Nicolaus Copernicus
(1473-1543)

— Could not reconcile
centuries of data with
Ptolemy’s geocentric
model

— Consequently, Copernicu
reconsidered Aristarchus’
heliocentric model with th
Sun at the center of the
solar system

* However, problems
remained:

— Could not predict planet
positions any more
accurately than the model
of Ptolemy

— Could not explain lack of
parallax motion of stars

— Conflicted with
Aristotelian “common
sense”

Copya

Non-Western Contributions

* Islamic Contributions
— Relied on celestial phenomena to set its religzalendar

— Created a large vocabulary still evident today.(eenith,
Betelgeuse)

— Developed algebra and Arabic numerals
* Asian Contributions
— Devised constellations based on Asian mythologies

— Kept detailed records of unusual celestial events. (
eclipses, comets, supernova, and sunspots)

— Eclipse predictions

Astronomy in the Renaissance

* Heliocentric models T
explain retrograde motion _ AR
as a natural consequence
of two planets (one being
the Earth) passing each
other )

* Copernicus could also v DR
derive the relative .
distances of the planets Y 4 /

from the Sun \\“ .

* Tycho Brahe (1546-
1601)

— Designed and built
instruments of far
greater accuracy than
any yet devised

— Made meticulous
measurements of the
planets



Astronomy in the Renaissance

* Tycho Brahe (1546-1601)

— Made observations
(supernova and comet) that
suggested that the heavens
were both changeable and
more complex than
previously believed

— Proposed compromise
geocentric model, as he
observed no parallax
motion!

Johannes Kepler (1571-1630)

* Using Tycho Brahe’s data, discovered
that planets do not move in circles
around the Sun, rather, they follow
ellipses with the Sun located at one of
the two foci!

» Astronomers use the tereacentricity to
describe how round or “stretched out”
ellipse is — the higher (closer to 1) the
eccentricity, the flatter the ellipse.

* The orbital speed of a
planet varies so that a
line joining the Sun 2 months
and the planet will . ffor axample)
sweep out equal areas
in equal time intervals
* The closer a planet is

to the Sun, the faster
it moves

2 months
(for example)

,,,,, o

Astronomy in the Renaissance

* Johannes Kepler

(1571-1630)

—Upon Tycho's death,
his data passed to
Kepler, his young
assistant

— Using the very precise
Mars data, Kepler
showed the orbit to be
anellipse

* Planets move in
elliptical orbits with
the Sun at onBocus
of the ellipse

Copyright© e

Kepler's ¥ Law
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focus of ellipse

Kepler's 3¢ Law

* The amount of time a
planet takes to orbit
the Sun is related to
its orbit’s size

* The square of the
period, P, is
proportional to the
cube of thesemimajor
axis, a

ccccccc o

P2 years = a3 AU

P = time to complete orbit
a = semimajor axis

C



Kepler's 3¢ Law

P2 years = a3 AU

* This law implies that
a planet with a larger
average distance from
the Sun, which is the
semimajor axis
distance, will take
longer to circle the
Sun

Third law hints at the
nature of the force
h0|d|ng the planets in P = time to complete orbit
orbit a = semimajor axis

C

Astronomy in the Renaissance

* Galileo (1564-1642)
— Contemporary of Kepler

— First person to use the
telescope to study the
heavens and offer
interpretations

* The Moon’s surface has
features similar to that of

the Earth= The Moon is a
ball of rock

Evidence for the Heliocentric Model

Venus

./-ﬁ. Gibbous phase

Sun /r
' ' Venus

Crescent phase

* Venus undergoes full phase cyeteVenus must
circle Sun

Kepler's 3¢ Law

pyright©

P2 years = a3 AU

* Third law can be
used to determine
the semimajor axis,
a, if the period, P,
is known, a
measurement that
is not difficult to
make

P = time to complete orbit
a = semimajor axis

C

Astronomy in the Renaissance

— The Sun has spots The Sun
is not perfect, changes its
appearance, and rotates

— Jupiter has four objects
orbiting it= The objects are
moons and they are not
circling Earth

— Milky Way is populated by
uncountable number of stars
= Earth-centered universe is
too simple

Astronomy in the Renaissance

* Credited with originating the
experimental method for
studying scientific problems

* Deduced the first correct
“laws of motion”

* Was brought before the
Inquisition and put under
house arrest for the
remainder of his life




Isaac Newton Isaac Newton

mmmmm .

* Isaac Newton (1642 &
1727) was born the |
year Galileo died

* He made major

* He pioneered the moderr ...
studies of motion, optics, &
and gravity and
discovered the ;
mathematical methods o]

advances in calculus
mathematics, * |t was not until the 20
physics, and century that Newton's
astronomy laws of motion and

gravity were modified by
the theories of relativity

The Growth of Astrophysics

* New Discoveries

—1n 1781, Sir William Herschel discovered Uranus;
he also discovered that stars can have companions

— Irregularities in Uranus’s orbit together with lafv
gravity led to discovery of Neptune
* New Technologies

— Improved optics led to bigger telescopes and the
discovery of nebulas and galaxies

— Photography allowed the detection of very faint
objects



