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TonightTonight’’s Lectures Lecture

Mesopotamian astronomy and cosmologyMesopotamian astronomy and cosmology
Origins of the calendarOrigins of the calendar
Mayan astronomy and cosmologyMayan astronomy and cosmology
Polynesian wayfarers and ancient celestial Polynesian wayfarers and ancient celestial 
navigationnavigation
Hellenistic and Roman Period astronomyHellenistic and Roman Period astronomy

PtolemyPtolemy



22 October 200422 October 2004 Ancient AstronomyAncient Astronomy
De Anza CollegeDe Anza College 4



Copyright  Copyright  ©© 2004 by Howard Pomerantz2004 by Howard Pomerantz
All rights reserved.All rights reserved.

Celestial SphereCelestial Sphere

Ecliptic Astronomical SystemEcliptic Astronomical System
Celestial CoordinatesCelestial Coordinates

Absolute SystemAbsolute System
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Relative CoordinatesRelative Coordinates
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Celestial CoordinatesCelestial Coordinates
Problem is that altitude and azimuth Problem is that altitude and azimuth 
are relative to the position of the are relative to the position of the 
observerobserver

ZenithZenith is directly above the head of the is directly above the head of the 
observerobserver
NadirNadir is directly under the observeris directly under the observer’’s feet s feet 
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Celestial Coordinates Cont.Celestial Coordinates Cont.

Earth rotates west to eastEarth rotates west to east
Celestial sphere appears to rotate east to Celestial sphere appears to rotate east to 
westwest

TRANSITTRANSIT
When an object crosses the meridian to the southWhen an object crosses the meridian to the south
CULMINATECULMINATE

Reaches its highest altitudeReaches its highest altitude

Sun, Moon, stars, and planets all Sun, Moon, stars, and planets all ““riserise”” in in 
the east and set in the westthe east and set in the west
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Star TracksStar Tracks
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Star MagnitudesStar Magnitudes

Human eye can discern up to ~ 6Human eye can discern up to ~ 6thth

magnitudemagnitude
Hazy sky or bright lights, bright moon can Hazy sky or bright lights, bright moon can 
reduce visibility down to 4reduce visibility down to 4thth, 5, 5thth or 3or 3rdrd

magnitudemagnitude
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EarthEarth’’s Orbits Orbit
The EclipticThe Ecliptic



22 October 200422 October 2004 Ancient AstronomyAncient Astronomy
De Anza CollegeDe Anza College 12

Plane of the EclipticPlane of the Ecliptic
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DeclinationDeclination

DECLINATIONDECLINATION is measured in degrees north or is measured in degrees north or 
south of the south of the celestial equatorcelestial equator

PositivePositive declinations are declinations are northnorth of the celestial equator  of the celestial equator  
North Celestial Pole declination = 90North Celestial Pole declination = 90°°

NegativeNegative declinations are declinations are southsouth of the equatorof the equator
South Celestial Pole declination = South Celestial Pole declination = --9090°°

CELESTIAL EQUATORCELESTIAL EQUATOR
On the same plane as the EarthOn the same plane as the Earth’’s equators equator
Declination is 0Declination is 0°°

Celestial sphere the movieCelestial sphere the movie

http://www.physics.fsu.edu/courses/spring99/ast1002h/nightsky/celestial-sphere/08_06_06.mov
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Right AscensionRight Ascension
The equivalent of longitude on earthThe equivalent of longitude on earth
Measured in hours, minutes and seconds to time Measured in hours, minutes and seconds to time 
from the zero line from the zero line 

One hour of RA corresponds to 15One hour of RA corresponds to 15°° (15 degrees)(15 degrees)
Zero LineZero Line

EclipticEcliptic
00hh to 24to 24h h ( ( hh = hour )= hour )
Zero PointZero Point

Point at which the Sun, traveling along the ecliptic, Point at which the Sun, traveling along the ecliptic, 
crosses the Celestial Equator from south to northcrosses the Celestial Equator from south to north
Vernal Equinox (Spring)Vernal Equinox (Spring)
First Point of Ares First Point of Ares 
Like 0Like 0°° longitude (Greenwich meridian)longitude (Greenwich meridian)

Right Ascension The MovieRight Ascension The Movie

http://www.physics.fsu.edu/courses/spring99/ast1002h/nightsky/celestial-sphere/08_07_07.mov
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Declination Declination 
Right AscensionRight Ascension
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PrecessionPrecession
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PrecessionPrecession

In 12,000 years Vega In 12,000 years Vega 
will be our will be our ““North StarNorth Star””
5,000 years ago 5,000 years ago ThubanThuban
was our was our ““North StarNorth Star””
Today Polaris is the Today Polaris is the 
““North StarNorth Star””
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PrecessionPrecession
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PleiadesPleiades
Heliacal Rising and SettingHeliacal Rising and Setting
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Thank YouThank You
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Stonehenge AstronomyStonehenge Astronomy
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Celestial Object VisibilityCelestial Object Visibility

Latitude 51Latitude 51°° 22’’
Celestial object visibility declinationsCelestial object visibility declinations

--3939°° to +39to +39°°
Rise and set dailyRise and set daily

Object with high declinations will never setObject with high declinations will never set
Objects with lower declinationsObjects with lower declinations

Never visible above the horizonNever visible above the horizon
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DeclinationsDeclinations
4000 4000 –– 1500 BCE1500 BCE
EventEvent DeclinationDeclination

Moon Moon –– northern limitnorthern limit +28+28°°

Sun : June solsticeSun : June solstice +24+24°°

Moon Moon –– northern minor limitnorthern minor limit +18+18°°

Moon Moon –– southern minor limitsouthern minor limit --2020°°

Sun Sun –– December solsticeDecember solstice --2424°°

Moon Moon –– southern major limitsouthern major limit --3030°°
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June SolsticeJune Solstice

The sun does The sun does NOTNOT rise directly over the rise directly over the 
Heel StoneHeel Stone

Interactive 360 PanoramicInteractive 360 Panoramic

http://www.english-heritage.org.uk/filestore/stonehengeinteractivemap/sites/stonehenge/swf.html
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June SolsticeJune Solstice
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Major Lunar and Solar EventsMajor Lunar and Solar Events



22 October 200422 October 2004 Ancient AstronomyAncient Astronomy
De Anza CollegeDe Anza College 31

ConclusionsConclusions

Stonehenge 1Stonehenge 1
The only entrance has a declination of +27The only entrance has a declination of +27°°

Close to lunar northern limit (28Close to lunar northern limit (28°°))
No known alignments or sightlinesNo known alignments or sightlines

Stonehenge 2Stonehenge 2
Some lunar alignments have been proposed Some lunar alignments have been proposed 
for the NE entrance postsfor the NE entrance posts

Unlikely since those posts likely supported Unlikely since those posts likely supported 
structures that would have blocked sightlinesstructures that would have blocked sightlines

Lunar alignments in 1 & 2 are unlikelyLunar alignments in 1 & 2 are unlikely
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Conclusions Cont.Conclusions Cont.

Stonehenge 3Stonehenge 3
Clear evidence of solar alignmentsClear evidence of solar alignments
““Altar StoneAltar Stone””

Heel Stone and stone 97 straddle itHeel Stone and stone 97 straddle it
Bracket the midsummer sunrise Bracket the midsummer sunrise 

““Altar StoneAltar Stone”” may be aligned with midwinter may be aligned with midwinter 
sunsetsunset
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What we Can SayWhat we Can Say

Phase three has definite solar alignmentsPhase three has definite solar alignments
No known lunar or celestial alignments in No known lunar or celestial alignments in 
Phases 1 & 2Phases 1 & 2
Proposed Aubrey Hole lunar eclipse Proposed Aubrey Hole lunar eclipse 
computer is very uncertaincomputer is very uncertain
Thom, Hoyle, Hawkins and othersThom, Hoyle, Hawkins and others

Not proven Not proven 
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MesopotamiaMesopotamia
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The Fertile CrescentThe Fertile Crescent
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Ziggurat of UrZiggurat of Ur
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Ziggurat ReconstructionZiggurat Reconstruction
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CuneiformCuneiform

WedgeWedge--shaped writing systemshaped writing system
Evolved from Sumerian pictograph writingEvolved from Sumerian pictograph writing
Written with a reed that was pressed into Written with a reed that was pressed into 
wet claywet clay
Written and read by holding tablet at an Written and read by holding tablet at an 
angle to the Sun so shadow falls in angle to the Sun so shadow falls in 
wedgeswedges
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Sumerian Pay StubSumerian Pay Stub
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SymbolsSymbols

Round are units of 10Round are units of 10
Ellipse is an ordinary unitEllipse is an ordinary unit
100 would be written as a BIG 10100 would be written as a BIG 10
Place value system like oursPlace value system like ours
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CuneiformCuneiform

~3500 BCE~3500 BCE
Earliest Sumerian pictographsEarliest Sumerian pictographs

~3350 BCE~3350 BCE
Earliest bills of lading/account booksEarliest bills of lading/account books

Clay envelops holding clay tokensClay envelops holding clay tokens

Later the table of contents on the envelop was Later the table of contents on the envelop was 
all that was neededall that was needed

Eventually used for astronomical textsEventually used for astronomical texts
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Astronomical TabletsAstronomical Tablets

Old Babylonian PeriodOld Babylonian Period
~1800 ~1800 -- ~1600 BCE~1600 BCE
Many mathematical textsMany mathematical texts

Earliest astronomy was qualitativeEarliest astronomy was qualitative
Eclipse lists Ptolemy used he said date to reign of Eclipse lists Ptolemy used he said date to reign of 
NabonassarNabonassar (747 BCE)(747 BCE)

Mathematical astronomy begins in about the 4Mathematical astronomy begins in about the 4thth

century BCE (Seleucid Period)century BCE (Seleucid Period)
Consistent theories about movement of planets, Sun Consistent theories about movement of planets, Sun 
and Moonand Moon
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Earliest ObservationsEarliest Observations

““19 from Moon to the Pleiades19 from Moon to the Pleiades””
““17 from the Pleiades to Orion17 from the Pleiades to Orion””
““How much is one god (star) beyond the How much is one god (star) beyond the 
other god?other god?””
19 and 17 are in units19 and 17 are in units
The tablet then gives a procedureThe tablet then gives a procedure

Like earlier mathematical textsLike earlier mathematical texts
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SexagesimalSexagesimal SystemSystem
Base 60Base 60

Sixty units of one kind are written as one unit of the Sixty units of one kind are written as one unit of the 
next higher ordernext higher order
We use base 10 in which the number of the next We use base 10 in which the number of the next 
higher order changes at ten unitshigher order changes at ten units

Earliest known use is on Sumerian tabletsEarliest known use is on Sumerian tablets
~3000 BCE~3000 BCE

Used in purely Used in purely ““astronomicalastronomical”” tabletstablets
Used in pure mathematical tabletsUsed in pure mathematical tablets
Base 10 system Base 10 system 

In parallel use for every day mathematical problemsIn parallel use for every day mathematical problems
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Number System Cont.Number System Cont.
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ExampleExample

216000        3600          60216000        3600          60

1 x 601 x 6033 + 57  x 60+ 57  x 6022 + 46  x 60 + 40+ 46  x 60 + 40
424,000 Decimal/Base 10 424,000 Decimal/Base 10 
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TermsTerms

Ephemeris (des)Ephemeris (des)
Table of the sequence of positions of a celestial Table of the sequence of positions of a celestial 
object by date (and time)object by date (and time)

SynodicSynodic TimeTime
For a planet For a planet –– the mean interval of time between the mean interval of time between 
successive returns of a planet to the same aspect successive returns of a planet to the same aspect 
(position relative to the Sun) as seen from Earth(position relative to the Sun) as seen from Earth

SynodicSynodic MonthMonth
The period of time from one new moon to the next The period of time from one new moon to the next 
new moonnew moon
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Calendar and Time KeepingCalendar and Time Keeping
Problem was to assign a date to a given future Problem was to assign a date to a given future 
phenomenaphenomena
Lunar calendar so some months were 29 days Lunar calendar so some months were 29 days 
and others 30 daysand others 30 days
A tablet for Saturn could cover sixty yearsA tablet for Saturn could cover sixty years

Would need Moon Would need Moon ephemeridesephemerides for decades for decades 
Babylonian solutionBabylonian solution

Divided the mean Divided the mean synodicsynodic month into 30 equal partsmonth into 30 equal parts
No name for this unit so given name of No name for this unit so given name of tithitithi from from 
Hindu astronomic termHindu astronomic term
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TimeTime
Babylonian mean Babylonian mean synodicsynodic month of month of 
29;31,50,8,20 days 29;31,50,8,20 days 

29.530594...days29.530594...days
Modern value: 29.5305903...daysModern value: 29.5305903...days

One "One "tithitithi" (Hindu) Lunar day unit" (Hindu) Lunar day unit
Could get value of one Could get value of one tithitithi by dividing 29;31,50,8,20 by dividing 29;31,50,8,20 
days by 30days by 30
Much easier in Much easier in sexagesimalsexagesimal systemsystem
Start at the other end, Start at the other end, multiply by 2multiply by 2, and shift the , and shift the 
sexagesimalsexagesimal placeplace

0;59,03,40,16,40 0;59,03,40,16,40 tithitithi per dayper day
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SolutionSolution
Dates expressed as Dates expressed as tithistithis are rarely off by are rarely off by 
more than more than ±±1 day1 day
So the sky runs on lunar timeSo the sky runs on lunar time
ExampleExample

If a helical rising of Venus occurs on a full moon If a helical rising of Venus occurs on a full moon 
day then five Venus cycles (seasonal years) later day then five Venus cycles (seasonal years) later 
it will occur four days prior to the full moonit will occur four days prior to the full moon

Five Venus years of 583.92 days each = 2920 Five Venus years of 583.92 days each = 2920 –– 0.40 0.40 
daysdays
99 full moons (moon phase cycles) = 2920 + 3.53 days99 full moons (moon phase cycles) = 2920 + 3.53 days
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CosmologyCosmology

Ishtar/InannaIshtar/Inanna
Female goddess daughter of SinFemale goddess daughter of Sin
Mediated between Sin and Shamash Mediated between Sin and Shamash 

Shamash (Sun) ruled the seasonsShamash (Sun) ruled the seasons
Sin (Moon) ruled the skySin (Moon) ruled the sky

Moon more powerful than the SunMoon more powerful than the Sun
Control of repeating months may be reason Control of repeating months may be reason 
Sin considered the most powerfulSin considered the most powerful
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Cosmology Cont.Cosmology Cont.

UniverseUniverse
HeavenHeaven
Middle HeavensMiddle Heavens
SkySky
Surface of the EarthSurface of the Earth
ApsuApsu (middle earth)(middle earth)
UnderworldUnderworld

Four RegionsFour Regions
Division of the Earth into four regionsDivision of the Earth into four regions

N, E, S, WN, E, S, W
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Venus/Venus/InannaInanna

Largest temple in Largest temple in UrukUruk dedicated to dedicated to 
InannaInanna

Earliest tablets (~3000 BCE) mention VenusEarliest tablets (~3000 BCE) mention Venus
Sumerian queen of heavenSumerian queen of heaven
Gatekeeper to the underworldGatekeeper to the underworld
EnumaEnuma AnuAnu EnlilEnlil

““When the gods of air and skyWhen the gods of air and sky””
Tablet 63 devoted exclusively to VenusTablet 63 devoted exclusively to Venus
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EnumaEnuma AnuAnu EnlilEnlil

Series of omen tabletsSeries of omen tablets
““If X happens then Y will followIf X happens then Y will follow””

““If on the 25If on the 25thth day of month 11, Venus day of month 11, Venus 
appears in the west, the harvest of the land appears in the west, the harvest of the land 
will be successful.will be successful.””

Mathematical statements of tablet 63 run Mathematical statements of tablet 63 run 
for 21 yearsfor 21 years
Venus disappear is typically 53 days but is Venus disappear is typically 53 days but is 
expanded to 90 days (3 lunar months)expanded to 90 days (3 lunar months)
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Tablet 63 Cont.Tablet 63 Cont.

““If on the 12If on the 12thth of the month of Kislev Venus of the month of Kislev Venus 
disappeared  in the east, remaining absent disappeared  in the east, remaining absent 
in the sky two months and four days, and in the sky two months and four days, and 
on the 16on the 16thth of the month of of the month of ŠŠabatabat Venus Venus 
appeared in the west, the harvest of the appeared in the west, the harvest of the 
land will be successful.land will be successful.””

““Venus disappeared in the west in the month Venus disappeared in the west in the month 
of Adar 11of Adar 11thth; period of absence four days; ; period of absence four days; 
rose in the east the month of Adar 15rose in the east the month of Adar 15thth..””
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Tablet 63Tablet 63
Important for dating ancient Babylonian Important for dating ancient Babylonian 
historyhistory
We know that it dates from the reign of We know that it dates from the reign of 
AmmisadugaAmmisaduga

He reigned after He reigned after HammurabiHammurabi who reigned who reigned 
somewhere between ~1900 somewhere between ~1900 –– ~1680 BCE~1680 BCE

Attempts have been made to date the start Attempts have been made to date the start 
of the Venus cycle in order to date the of the Venus cycle in order to date the 
tablet tablet 
Currently some scholars support a date of Currently some scholars support a date of 
1581 BCE 1701, 1645, and 1637)1581 BCE 1701, 1645, and 1637)
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VenusVenus

Tracking is spatial and linearTracking is spatial and linear
Mathematical not geometricalMathematical not geometrical
Tablets typically give position in relation to Tablets typically give position in relation to 
the Zodiac in daysthe Zodiac in days

Using days as unit to describe a continuous Using days as unit to describe a continuous 
phenomenonphenomenon
Later a Later a ““zigzagzigzag”” function is usedfunction is used
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CalendarCalendar

Likely evolved from the Sumerian token Likely evolved from the Sumerian token 
systemsystem
Needed by Needed by ““astronomers/astrologersastronomers/astrologers”” to to 
calculate future risings and settingscalculate future risings and settings
Used for omens and Used for omens and devinationdevination
Monthly and dayMonthly and day--based calendar no based calendar no 
““weekweek”” is evidentis evident
Months simply recycledMonths simply recycled
No attempt to link months with seasonsNo attempt to link months with seasons
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Babylonia Month NamesBabylonia Month Names
AdarAdar
NisanNisan
IyarIyar
SivanSivan
TammuzTammuz
AbAb
ElulElul
TishrehTishreh
ArahsammuArahsammu
KislevKislev
TebetTebet
ŠŠhevathevat
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MUL.APINMUL.APIN

Observations dated to between 1400 Observations dated to between 1400 ––
900 BCE 900 BCE 

Likely observed in Assyria rather than Likely observed in Assyria rather than 
Babylon but debatableBabylon but debatable

Compilation of astronomical informationCompilation of astronomical information
Movement of the Sun and planetsMovement of the Sun and planets
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Ancient Maya AstronomyAncient Maya Astronomy

Mesoamerican ArchaeologyMesoamerican Archaeology
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LocationLocation
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LocationLocation



22 October 200422 October 2004 Ancient AstronomyAncient Astronomy
De Anza CollegeDe Anza College 68

ChichenChichen ItzaItza
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PalenquePalenque
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TimelineTimeline

PreformativePreformative PeriodPeriod
~2500 ~2500 -- ~1800 BCE~1800 BCE
Contemporary Contemporary 

WessexWessex Culture in Salisbury plain (Stonehenge Culture in Salisbury plain (Stonehenge 
area)area)
Ur Royal Graves Ur Royal Graves –– MesopotamiaMesopotamia
Old Kingdom Old Kingdom –– EgyptEgypt

Small sedentary villagesSmall sedentary villages
Earliest potteryEarliest pottery



22 October 200422 October 2004 Ancient AstronomyAncient Astronomy
De Anza CollegeDe Anza College 71

Formative Formative –– PrePre--ClassicClassic

~1800 ~1800 -- ~1000 BCE~1000 BCE
OlmecOlmec
Giant stone headsGiant stone heads
Jade figurinesJade figurines
Major centersMajor centers

TresTres ZapotesZapotes
La La VentaVenta
San LorenzoSan Lorenzo
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Middle FormativeMiddle Formative

~1000 ~1000 -- ~300 BCE~300 BCE
TeotihuacanTeotihuacan

Largest city in ancient MexicoLargest city in ancient Mexico
30 miles NE of Mexico City30 miles NE of Mexico City

365 day year365 day year
260260--day cycleday cycle

13 numbers13 numbers
20 name days20 name days
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Classic PeriodClassic Period

200 200 –– 900 CE900 CE
Central Central YucatYucatáánn
PalenquePalenque

Stucco workStucco work
CopCopáánn

HighHigh--relief sculpturerelief sculpture
TikalTikal

Monumental architectureMonumental architecture
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Maya ReligionMaya Religion

PantheisticPantheistic
Possibly impersonal spiritual forcesPossibly impersonal spiritual forces

Forces of natureForces of nature
Possibly supernatural beingsPossibly supernatural beings

AnthropomorphicAnthropomorphic
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DeclineDecline

Very rapid and totalVery rapid and total
OverOver--population?population?
Soil depletion?Soil depletion?
Drought or climate change?Drought or climate change?
Mayas were followed by the rise of the Mayas were followed by the rise of the 
AztecAztec

Highlands of MexicoHighlands of Mexico
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Maya AstronomyMaya Astronomy

A VenusA Venus--based calendarbased calendar
Accurate to 1 day in 500 yearsAccurate to 1 day in 500 years

Spanish are a major source of information Spanish are a major source of information 
about the Mayaabout the Maya

On On NetzahualpilliNetzahualpilli (king of (king of TexcocoTexcoco):):
“…“…a great astrologer and prided himself on a great astrologer and prided himself on 

his knowledge of the motions of the his knowledge of the motions of the 
celestial bodies celestial bodies …”…”
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Maya Astronomy Cont.Maya Astronomy Cont.

““They have their year as perfect as ours . They have their year as perfect as ours . ““
Used the Pleiades and Gemini to indicate Used the Pleiades and Gemini to indicate 
hour of the morning star (Venus).hour of the morning star (Venus).
Had books that used special notation to Had books that used special notation to 
track movementstrack movements

““CodicesCodices”” (codex)(codex)
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Numerical SystemNumerical System

Base 20Base 20
Why 20? Why 20? 

number of fingers and toesnumber of fingers and toes
We use the Arabic/Hindu base 10 We use the Arabic/Hindu base 10 
systemsystem

Numbers written verticallyNumbers written vertically
Highest significant numbers on topHighest significant numbers on top
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Numerical System Cont.Numerical System Cont.
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Calendar System Cont.Calendar System Cont.

Calendar numbers were slightly differentCalendar numbers were slightly different
Instead of 400s you have 360Instead of 400s you have 360

Easier to calculate seasonal yearsEasier to calculate seasonal years
Instead of 8,000s you have 7200Instead of 8,000s you have 7200
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NumbersNumbers

Possibly originated as hand gesturesPossibly originated as hand gestures
Origin of Arabic numeralsOrigin of Arabic numerals

OnesOnes
Finger tipsFinger tips

FiveFive
Extended hand with fingers togetherExtended hand with fingers together

Maya had Zero (0)Maya had Zero (0)
WasnWasn’’t used in Europe until introduced by t used in Europe until introduced by 
Moslems on the Middle AgesMoslems on the Middle Ages
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DevinationDevination
Modern Maya diviners use a system that is likely the Modern Maya diviners use a system that is likely the 
same as their ancestorssame as their ancestors
Answers questions about dreams, omens, land disputes, Answers questions about dreams, omens, land disputes, 
etcetc
They carry a bag of seeds and crystalsThey carry a bag of seeds and crystals

Lays out piles of seeds and crystalsLays out piles of seeds and crystals
The diviner addresses the them asking for light and The diviner addresses the them asking for light and calritycalrity
Counts out the days by name and numberCounts out the days by name and number

1 1 QuejQuej
2 2 KK’’anilanil ……
Analogous to the Maya day names and numberingAnalogous to the Maya day names and numbering

Stops at one pile of seeds and crystals that contains the answerStops at one pile of seeds and crystals that contains the answer
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Why?Why?

Used careful scientificUsed careful scientific--like methods of like methods of 
careful observation and recordingcareful observation and recording
But their aim was religious, oursBut their aim was religious, ours’’ is is ““truthtruth””
and knowledgeand knowledge
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Maya CodicesMaya Codices

Dresden CodexDresden Codex
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CodexCodex

Written on barkWritten on bark
Almost all destroyed by Spanish missionary priestsAlmost all destroyed by Spanish missionary priests
Only four known to have survivedOnly four known to have survived

Longest is ~7 meters in length Longest is ~7 meters in length 

““AstronomicalAstronomical””
Eclipse predictions (lunar and solar)Eclipse predictions (lunar and solar)
Celestial body positional informationCelestial body positional information
For agricultural purposes etcFor agricultural purposes etc

ScientificScientific
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ObservationsObservations
Modern
(days)

As recorded by the Maya Maya 
in days

Ptolemy

Lunar (synodic) 
month 29.53059 405 lunations = 46 tzolk'ins

(260 x 46 = 11,960 days) 29.53086 29.53337

Synodic period 
of Venus 583.93 301 periods = 676 tzolk'ins

( 260 x 676 = 175,760 days) 583.92027 583.94267

Synodic period 
of Mars 779.94 1 period = 3 tzolk'ins

(3 x 260 = 780 days) 780 779.94

Solar (tropical) 
year 365.24198

1507 tropical years = 
1508 haabs (365 x 1508 

days)
365.242 365.24667

http://members.shaw.ca/mjfinley/calnote.htm#haab
http://members.shaw.ca/mjfinley/calnote.htm#tzolk%27in
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MeasurementsMeasurements
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Time CyclesTime Cycles

20 day names with 13 running numerals20 day names with 13 running numerals
260 days260 days
Pairs 7 day names with typically 30 numbersPairs 7 day names with typically 30 numbers

13 is known to have been a sacred number13 is known to have been a sacred number
Number of layers of heavenNumber of layers of heaven

20 was the basis of the number system20 was the basis of the number system
365 365 –– haabhaab
52 year cycle52 year cycle

Very important festivalVery important festival
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260 260 –– tzolkintzolkin –– ritual cycleritual cycle
Fits with a number of natural cyclesFits with a number of natural cycles
Average period of visibility of Venus Average period of visibility of Venus -- 263 days263 days
Human gestation is 266 daysHuman gestation is 266 days
Average length of growing season in most parts Average length of growing season in most parts 
of Mexicoof Mexico
Runs continuouslyRuns continuously
SynodicSynodic period of Mars is exactly 3 cycles of 260 period of Mars is exactly 3 cycles of 260 
daysdays
Or it could be just the number of fingers and toes Or it could be just the number of fingers and toes 
times the number of layers of heaventimes the number of layers of heaven



22 October 200422 October 2004 Ancient AstronomyAncient Astronomy
De Anza CollegeDe Anza College 90

KinKin

Maya word for:Maya word for:
TimeTime
SunSun
DayDay
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Time Cont.Time Cont.

1  1  ImixImix
2  2  IkIk
Match day names with number of the dayMatch day names with number of the day
Like we match 1 with SundayLike we match 1 with Sunday
260 day cycle is unique to the Maya of all the 260 day cycle is unique to the Maya of all the 
known culturesknown cultures
Good and bad daysGood and bad days
E.g. certain days were ok to get married onE.g. certain days were ok to get married on
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Dresden CodexDresden Codex
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Dresden CodexDresden Codex

Smuggled out of Mexico in the 16Smuggled out of Mexico in the 16thth centurycentury
Found in a Dresden library in the 19Found in a Dresden library in the 19thth centurycentury
CodicesCodices

Computation of the months and days of the yearComputation of the months and days of the year
Special days and seasonsSpecial days and seasons
How to read and writeHow to read and write
Illustrations to help teach the conceptsIllustrations to help teach the concepts

Lunar table used to predict eclipsesLunar table used to predict eclipses
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Dresden CodexDresden Codex

Lunar tableLunar table
Eclipse predictionEclipse prediction
Which new moons would eclipse the sunWhich new moons would eclipse the sun
Which full moons would be eclipsedWhich full moons would be eclipsed
405 full moons over thirty years405 full moons over thirty years

Possibly the number had ritual significancePossibly the number had ritual significance

Gain understanding of astronomical timeGain understanding of astronomical time
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VenusVenus

584584--day cycleday cycle
Four partsFour parts

Venus events repeat in five of the 584 day Venus events repeat in five of the 584 day 
periodsperiods
Five Venus periods coincide with very Five Venus periods coincide with very 
close to eight seasonal yearsclose to eight seasonal years

Same Venus events repeat on the same date Same Venus events repeat on the same date 
of the yearof the year



22 October 200422 October 2004 Ancient AstronomyAncient Astronomy
De Anza CollegeDe Anza College 96



22 October 200422 October 2004 Ancient AstronomyAncient Astronomy
De Anza CollegeDe Anza College 97

VenusVenus

Noh Noh ekek –– great stargreat star
ChacChac ekek –– red starred star
SastalSastal ekek –– bright starbright star
XuxXux ekek –– wasp starwasp star
MaleMale
KukulkanKukulkan/Quetzalcoatl/Quetzalcoatl

Feather serpent Feather serpent dietydiety
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VenusVenus

Different rolesDifferent roles
Dawn godDawn god
Tortoise who weeps for farmers and tears are Tortoise who weeps for farmers and tears are 
rainrain

Some Maya farmers still warn all turtles to leave Some Maya farmers still warn all turtles to leave 
their fields before they burn themtheir fields before they burn them
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Venus TableVenus Table

13 lines X 5 pages X 584 days per page13 lines X 5 pages X 584 days per page
37,960 days (~104 years)37,960 days (~104 years)
Great CycleGreat Cycle
584584--day Venus, 260day Venus, 260--day ritual and 365day ritual and 365--day day 
year cyclesyear cycles

At the end of the Great Cycle you reenter At the end of the Great Cycle you reenter 
the table and restart the cyclethe table and restart the cycle

Some complex corrections were requiredSome complex corrections were required
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Venus Table Cont.Venus Table Cont.

““And then on the day 10 And then on the day 10 CibCib, moving to the , moving to the 
north, north, …… Venus disappears in the east Venus disappears in the east ……
having been seen for 236 dayshaving been seen for 236 days””

““And then on 9 And then on 9 CimiCimi in the west, Venus in the west, Venus 
reappears, from the north, having been reappears, from the north, having been 
absetabset for 90 days.for 90 days.””
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Venus Day to DayVenus Day to Day
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Venus TracksVenus Tracks

Motion of Venus night Motion of Venus night 
to night at the same to night at the same 
time of nighttime of night
One of five tracks that One of five tracks that 
Venus takesVenus takes
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Venus CyclesVenus Cycles
Requires observation Requires observation 
over a full eightover a full eight--year year 
cyclecycle

Morning and evening Morning and evening 
curvescurves

Serpentine curveSerpentine curve
Only five shapesOnly five shapes
Repeat of the same pair Repeat of the same pair 
of curves is 8 years of curves is 8 years 
(2,920 days)(2,920 days)
5 Venus cycles ~584 5 Venus cycles ~584 
days eachdays each
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VenusVenus
Rigorous use of mathematicsRigorous use of mathematics
Mixed in myth and magicMixed in myth and magic
Five pages reflect five divisions the Mayas Five pages reflect five divisions the Mayas 
identifiedidentified

Interval of appearance as the morning starInterval of appearance as the morning star
236 days236 days

DisappearanceDisappearance
90 days90 days

Interval of appearance as the evening starInterval of appearance as the evening star
250 days250 days

Second Second –– shorter period of disappearanceshorter period of disappearance
8 days8 days
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Polynesian WayfarersPolynesian Wayfarers
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MicronesiaMicronesia
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Stone CanoesStone Canoes
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Stone CanoesStone Canoes

Used to teach celestial navigationUsed to teach celestial navigation
Position carefully Position carefully 
Faces one of the cardinal directionsFaces one of the cardinal directions
Student memorizes the constellation Student memorizes the constellation 
closest to the desired destinationclosest to the desired destination
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SkySky

Polynesians can use the stars for Polynesians can use the stars for 
navigation even though they donnavigation even though they don’’t have a t have a 
““North StarNorth Star”” to fix directionto fix direction
Stars rise and set almost vertically from Stars rise and set almost vertically from 
and to the horizon and to the horizon 

So knowing the direction of a destination you So knowing the direction of a destination you 
can use a given star or constellation all night can use a given star or constellation all night 
as a guideas a guide
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Celestial Navigation Cont.Celestial Navigation Cont.

Use a series of stars depending on Use a series of stars depending on 
directiondirection
In a 12 hour night one example uses nine In a 12 hour night one example uses nine 
stars on a course of northeaststars on a course of northeast--byby--east east 
(54(54°°))
A course of 80A course of 80°° requires only five starsrequires only five stars
Since it is closer to a cardinal direction Since it is closer to a cardinal direction 
(east)(east)
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Star Tracks Northern SkyStar Tracks Northern Sky
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Equatorial Star TracksEquatorial Star Tracks
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Star Tracks PolynesiaStar Tracks Polynesia
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Steering Example Steering Example 
PuluwatPuluwat to to PikelotPikelot to to SaipanSaipan
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Carolina Star CompassCarolina Star Compass
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SteeringSteering
AntaresAntares and Southern Crossand Southern Cross
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Kite of Kite of KaweloKawelo
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NN--S LineS Line
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The BailerThe Bailer
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NavigatorNavigator’’s Triangles Triangle
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Celestial NavigationCelestial Navigation

Polynesians used various methods to Polynesians used various methods to 
navigate between islandsnavigate between islands

StarsStars
WindsWinds
CurrentsCurrents
Stick mapsStick maps



Copyright  Copyright  ©© 2004 by Howard Pomerantz2004 by Howard Pomerantz
All rights reserved.All rights reserved.

Greek AstronomyGreek Astronomy
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HomerHomer

HomerHomer’’s Iliad and Odysseys Iliad and Odyssey
Likely written down end of 8Likely written down end of 8thth centurycentury

Homer likely lived somewhere between Homer likely lived somewhere between 
the 8the 8thth and 7and 7thth century BCE.century BCE.
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AchillesAchilles’’ ShieldShield

Iliad Iliad –– AchillesAchilles’’ shieldshield
““He made He made …… on it all the constellations on it all the constellations …… the the 

Pleiades and the Pleiades and the HyadesHyades and the strength of and the strength of 
Orion and the Bear, who men also give the Orion and the Bear, who men also give the 
name the wagon who turns in a fixed place name the wagon who turns in a fixed place 
and looks at Orion and she alone is never and looks at Orion and she alone is never 
plunged plunged intotintot the wash of the ocean the wash of the ocean …”…”

“…“… the Ocean River which ran around the Ocean River which ran around 
the uttermost rim the uttermost rim …”…”
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Homer Cont.Homer Cont.

PleiadesPleiades
OrionOrion
UrsaUrsa Major (Bear and Wagon)Major (Bear and Wagon)

CircumpolarCircumpolar

SiriusSirius
““Dog starDog star””

BoBoöötestes
ArcturusArcturus brightest starbrightest star
““GuardsGuards”” the Bearthe Bear
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Homer Cont.Homer Cont.

Odysseus steers by the BearOdysseus steers by the Bear
Keeps it to his left sailing EastKeeps it to his left sailing East

Achilles shield appears to be a depiction of Achilles shield appears to be a depiction of 
the earth as flatthe earth as flat
Likens the sky to iron and bronzeLikens the sky to iron and bronze

Possibly thought that the sky was solidPossibly thought that the sky was solid
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Homer Cont.Homer Cont.

He knows that different stars are visible at He knows that different stars are visible at 
different times of the yeardifferent times of the year
“…“…that star of the waning summer who beyond all stars that star of the waning summer who beyond all stars 

rises bathed in the Ocean rises bathed in the Ocean …”…”
Talking about SiriusTalking about Sirius

Brightest star in the skyBrightest star in the sky

SiriusSirius
In the summer in Greece Sirius makes its heliacal In the summer in Greece Sirius makes its heliacal 
rising in summerrising in summer
Time of year is told by starsTime of year is told by stars
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Homer Cont.Homer Cont.

Homer mentions the morning and evening Homer mentions the morning and evening 
star but does not mention that it is the star but does not mention that it is the 
same same ““starstar”” VenusVenus

Possibly unaware that they are the same Possibly unaware that they are the same 
celestial objectcelestial object

No mention in Homer of astrological use of No mention in Homer of astrological use of 
the stars and planetsthe stars and planets
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HesiodHesiod

Greek poetGreek poet
Lived after HomerLived after Homer
Likely in the 8Likely in the 8thth century BCEcentury BCE
Used stars to tell planting and harvesting Used stars to tell planting and harvesting 
timestimes
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HesiodHesiod -- Works and DaysWorks and Days

PoemPoem
Agricultural calendarAgricultural calendar

What should be done whenWhat should be done when
Uses heliacal risings of different stars and Uses heliacal risings of different stars and 
planets to tell when something is to be planets to tell when something is to be 
donedone

““When the Pleiades, daughters of Atlas, are When the Pleiades, daughters of Atlas, are 
rising, begin the harvest, the plowing when rising, begin the harvest, the plowing when 
they set.they set.””
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PleiadesPleiades

Helical rising is in MayHelical rising is in May
Just before sunriseJust before sunrise
Wheat harvestWheat harvest

Heliacal setting is in late FallHeliacal setting is in late Fall
PlowingPlowing
Planting grainPlanting grain
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HesiodHesiod Cont.Cont.

Says that planting cannot be put off until Says that planting cannot be put off until 
““turning of the Sunturning of the Sun””

December solsticeDecember solstice
Knows about the EquinoxKnows about the Equinox

“…“…days and nights are of equal length days and nights are of equal length ……the the 
Earth Earth …… bares her various fruits .bares her various fruits .””
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HesiodHesiod Cont.Cont.

“…“…has finished sixty wintry dayshas finished sixty wintry days
After the turning of the Sun, then the starAfter the turning of the Sun, then the star
ArcturusArcturus leaves the holy stream of Oceanleaves the holy stream of Ocean
And first rises brilliant in the twilight.And first rises brilliant in the twilight.
After him After him ……the swallow,the swallow,
Comes into the sight Comes into the sight ……when spring is when spring is 

beginning.beginning.””
This allows us to check when This allows us to check when HesiodHesiod livedlived
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HesiodHesiod Cont.Cont.

Possibly used folklorePossibly used folklore
Heliacal rising and setting of starsHeliacal rising and setting of stars

Fixed star phasesFixed star phases

Earliest Earliest parapegmaparapegma known from 5known from 5thth

century BCEcentury BCE
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EpicyclesEpicycles

HipparchusHipparchus
22ndnd century BCEcentury BCE
Bridge between Greek and Mesopotamian Bridge between Greek and Mesopotamian 
astronomyastronomy

PtolemyPtolemy
~100 CE~100 CE
Used epicycles to reconcile observed tracks Used epicycles to reconcile observed tracks 
of the planets and geocentric cosmologyof the planets and geocentric cosmology
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Claudius PtolemyClaudius Ptolemy
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LifeLife
Very little knownVery little known
Born ~85CE  Born ~85CE  
Died ~165 CEDied ~165 CE
Spent life in Alexandria in EgyptSpent life in Alexandria in Egypt

Center for learning in the Hellenistic and Roman Center for learning in the Hellenistic and Roman 
worldworld

SyntaxisSyntaxis
Arabic name Almagest (pronounced Arabic name Almagest (pronounced ……jest)jest)

Geocentric model after AristotleGeocentric model after Aristotle
EpicyclesEpicycles
EquantsEquants
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Geocentric ModelGeocentric Model
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EpicycleEpicycle
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Epicycles on EpicyclesEpicycles on Epicycles
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VenusVenus
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Thank YouThank You
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