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Lectures on the WebLectures on the Web

http://voyager.deanza.edu/~howardphttp://voyager.deanza.edu/~howardp
Available onAvailable on--line Monday October 11line Monday October 11

http://voyager.deanza.edu/~howardp
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Mrs. Copernicus was a great inspiration to Mrs. Copernicus was a great inspiration to 
her husband: her husband: 

""Copernicus, whenCopernicus, when are you going to come to are you going to come to 
terms with the fact that the world does not terms with the fact that the world does not 
revolve around you?" revolve around you?" 
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Course TopicsCourse Topics
Astronomy BasicsAstronomy Basics
Archaeology BasicsArchaeology Basics
Cosmologies of ancient culturesCosmologies of ancient cultures
Paleolithic Paleolithic ““AstronomyAstronomy””

MarshackMarshack theorytheory
LascauxLascaux CaveCave

Neolithic Neolithic ““AstronomyAstronomy””
DurringtonDurrington WallsWalls
NewgrangeNewgrange
AveburyAvebury
StonehengeStonehenge
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Course Overview Cont.Course Overview Cont.

Astronomy in MesopotamiaAstronomy in Mesopotamia
MUL.APINMUL.APIN
EnumaEnuma AnuAnu EnlilEnlil
CosmologyCosmology
Mesopotamian Mesopotamian ““AstrolabesAstrolabes””

Astronomy in Ancient EgyptAstronomy in Ancient Egypt
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Course Overview Cont.Course Overview Cont.

Hellenistic/Greek AstronomyHellenistic/Greek Astronomy
Seleucid PeriodSeleucid Period
AristotleAristotle
EratosthenesEratosthenes

Ptolemaic PeriodPtolemaic Period
PtolemyPtolemy
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Course Overview Cont.Course Overview Cont.

Astronomy in IndiaAstronomy in India
Astronomy of the MayaAstronomy of the Maya
Astronomy of NA Indian PeoplesAstronomy of NA Indian Peoples
Ancient NavigationAncient Navigation
Origins of the calendarOrigins of the calendar
LetLet’’s get Sirius for a moments get Sirius for a moment
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Index CardsIndex Cards

What topics, sites, cultures you would to What topics, sites, cultures you would to 
see coveredsee covered
What topics you would like emphasizedWhat topics you would like emphasized
Why you are interested in ancient Why you are interested in ancient 
astronomyastronomy
What short courses you are interested in What short courses you are interested in 
having us offer in the futurehaving us offer in the future
What evenings are best for youWhat evenings are best for you
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TonightTonight’’s Topicss Topics

Naked eye astronomyNaked eye astronomy
Scientific methodScientific method
Magnitudes and MeasurementMagnitudes and Measurement
Archaeology Methods and TheoryArchaeology Methods and Theory
Paleolithic astronomyPaleolithic astronomy
AbriAbri BlanchardBlanchard
Lunar PhasesLunar Phases
LascauxLascaux CaveCave
Coordinate SystemsCoordinate Systems
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EyesightEyesight
Natural eye sensitivity

You are born with this, some people having much more acute 
eyesight than others; 
Age and color of the eyes 

Age
The older you become, the less acute your vision can be

Eye Fatigue 
Position of the eye

In relation to what it is being viewed
Dark adaptation

The eye becomes considerably more sensitive to subtle light 
variations when totally dilated and equalized to its dark 
surroundings

Eye defect and disease
Everyone has some degree of defect in our eyes
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The Naked EyeThe Naked Eye

Cones
Lower sensitivity, specialized for day vision

Rods
High sensitivity, specialized for night vision

More photopigment , captures more light
High amplification, single photon detection

Saturate in daylight
Low temporal resolution:

Slow response, long integration time
More sensitive to scattered light
More rods in the peripheral areas
Do not see RED
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Eye ResolutionEye Resolution

90 million to 120 million receptors (pixels)90 million to 120 million receptors (pixels)
Not all cones and rods are active at any Not all cones and rods are active at any 
given timegiven time
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Eye Resolution Cont.Eye Resolution Cont.

Captain William Henry Smyth's Captain William Henry Smyth's Bedford CatalogBedford Catalog
of 1850 lists stars as he saw them in England. of 1850 lists stars as he saw them in England. 

"The number of stars seen by the naked eye at once "The number of stars seen by the naked eye at once 
is seldom much above a thousand; though from their is seldom much above a thousand; though from their 
scintillation and the indistinct manner in which they scintillation and the indistinct manner in which they 
are viewed, they appear to be almost infinite. Indeed, are viewed, they appear to be almost infinite. Indeed, 
albeit the keen glances of experience might do more, albeit the keen glances of experience might do more, 
the whole number that can generally be perceived by the whole number that can generally be perceived by 
the naked eye, taking both hemispheres, is not the naked eye, taking both hemispheres, is not 
greatly above three thousand, from the first to the greatly above three thousand, from the first to the 
sixth magnitudes."sixth magnitudes."
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MagnitudesMagnitudes
andand

MeasurementsMeasurements
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Metric SystemMetric System
LengthLength

meter (m)meter (m)

kilometer (km) = 1000 mkilometer (km) = 1000 m

MassMass
gram (gm)gram (gm)

kilogram (kg) = 1000 gm   =  kilogram (kg) = 1000 gm   =  
101033 gm gm 

VolumeVolume
mm3 3 

cmcm33 = 10= 10--66 mm33

TimeTime
second (s)

~39 inches~39 inches

0.6 miles0.6 miles

~ 1 Advil Tablet~ 1 Advil Tablet

2.2 lbs.2.2 lbs.

~ size of a sugar cube~ size of a sugar cube

second (s)
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MagnitudesMagnitudes

Diameter of the Earth:  ~12,756,272mDiameter of the Earth:  ~12,756,272m
Radius of the Earth (Equator):    Radius of the Earth (Equator):    
~6,378,136m~6,378,136m
Billion:  10Billion:  109 9 1,000,000,0001,000,000,000
Trillion: 10Trillion: 101212 1,000,000,000,0001,000,000,000,000
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Magnitudes Cont.Magnitudes Cont.

AU (Astronomical Unit): 149,600 x 10AU (Astronomical Unit): 149,600 x 1066mm
Velocity of light:  299,792,458m/secVelocity of light:  299,792,458m/sec

186,282.4 miles/sec186,282.4 miles/sec
1 Light Year:  1 Light Year:  9,454,254,955,488,000m9,454,254,955,488,000m

9.4545 x 109.4545 x 101515

63,200AU63,200AU
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ScaleScale
Population of US ~294,000,000Population of US ~294,000,000
Number of cells in human body Number of cells in human body 

~ 100 trillion ~ 100 trillion 
10101414

Number of stars in our galaxy Number of stars in our galaxy –– Milky WayMilky Way
~100 billion~100 billion

Annual federal budget Annual federal budget 
~ $1 trillion ($1,926,000,000,000)~ $1 trillion ($1,926,000,000,000)

10101212

US Debt $7,384,000,000,000US Debt $7,384,000,000,000
~$25,000/person (294,000,000)~$25,000/person (294,000,000)

~ number of stars in 10 galaxies~ number of stars in 10 galaxies
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Scientific MethodScientific Method
AristotleAristotle

1637 Ren1637 Renéé Descartes Descartes 
""DiscoursDiscours de la de la MMééthodethode" " 

The subject of a scientific experiment must to be:The subject of a scientific experiment must to be:
Observable Observable 
Reproducible Reproducible 

Observations may be made with the unaided eye, a Observations may be made with the unaided eye, a 
microscope, a telescope, a voltmeter, or any other microscope, a telescope, a voltmeter, or any other 
apparatus suitable for detecting the desired apparatus suitable for detecting the desired 
phenomenon. phenomenon. 
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Scientific MethodScientific Method
The invention of the telescope in 1608 made it possible for GaliThe invention of the telescope in 1608 made it possible for Galileo to leo to 
discover the moons of Jupiter the following yeardiscover the moons of Jupiter the following year

Other scientists confirmed Galileo's observations and the courseOther scientists confirmed Galileo's observations and the course of of 
astronomy was changed. astronomy was changed. 

Some observations that were not able to withstand tests of Some observations that were not able to withstand tests of 
objectivity were the canals of Mars reported by astronomer Perciobjectivity were the canals of Mars reported by astronomer Percival val 
Lowell.Lowell.

Lowell claimed to be able to see a network of canals in Mars thaLowell claimed to be able to see a network of canals in Mars that he t he 
attributed to intelligent life in that planet.attributed to intelligent life in that planet.
Bigger telescopes and satellite missions to Mars failed to confBigger telescopes and satellite missions to Mars failed to confirm the irm the 
existence of canals. existence of canals. 
This was a case where the observations could not be independentlThis was a case where the observations could not be independently y 
verified or reproduced, and the hypothesis about intelligent lifverified or reproduced, and the hypothesis about intelligent life was e was 
unjustified by the observations. unjustified by the observations. 

Lowell did accurately predict the existence of the planet Pluto Lowell did accurately predict the existence of the planet Pluto in in 
1905 based on perturbations in the orbits of Uranus and Neptune.1905 based on perturbations in the orbits of Uranus and Neptune.

Good example of deductive logicGood example of deductive logic
The application of the theory of gravitation to the known planetThe application of the theory of gravitation to the known planets s 
predicted that they should be in a different position from wherepredicted that they should be in a different position from where they they 
werewere
If the law of gravitation was not wrong, then something else hadIf the law of gravitation was not wrong, then something else had to to 
account for the variation. Pluto was discovered 25 years lateraccount for the variation. Pluto was discovered 25 years later



8 October 20048 October 2004 Ancient AstronomyAncient Astronomy
De Anza CollegeDe Anza College

24

AristotleAristotle

Aristotle was born in 384 BC, in Aristotle was born in 384 BC, in StagiraStagira, , 
near Macedonia near Macedonia 
Student of PlatoStudent of Plato
Possibly first to use scientific methodPossibly first to use scientific method

Unfortunately not exclusivelyUnfortunately not exclusively
LogicLogic
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Scientific RevolutionsScientific Revolutions

Thomas KuhnThomas Kuhn
The Copernican RevolutionThe Copernican Revolution
The Structure of Scientific RevolutionsThe Structure of Scientific Revolutions

ParadigmParadigm
"In the absence of a paradigm or some "In the absence of a paradigm or some 
candidate for paradigm, all the facts that could candidate for paradigm, all the facts that could 
possibly pertain to the development of a given possibly pertain to the development of a given 
science are likely to seem equally relevant" science are likely to seem equally relevant" 
A set of accepted notions based on received A set of accepted notions based on received 
knowledgeknowledge
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CosmologyCosmology

““It is the theory that letIt is the theory that let’’s us see s us see …”…” –– EinsteinEinstein

O O crassacrassa ingeniaingenia. O . O coecoscoecos coelicoeli spectatoresspectatores..
Oh thick wits. Oh blind watchers of the sky.Oh thick wits. Oh blind watchers of the sky.

TychoTycho BraheBrahe (1573)(1573)
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Cosmology Cont.Cosmology Cont.

Cosmology is the study of the origin, Cosmology is the study of the origin, 
current state, and future of our Universe current state, and future of our Universe 
Cosmology as paradigmCosmology as paradigm

AristotleAristotle’’s geocentric s geocentric ‘‘paradigmparadigm’’
CopernicusCopernicus’’ heliocentric heliocentric ‘‘paradigmparadigm’’
Big Bang Big Bang ‘‘paradigmparadigm’’
SteadySteady--state state ‘‘paradigmparadigm’’

Stephen HawkingStephen Hawking
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Archaeology Archaeology 
Methods and TheoryMethods and Theory
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Archaeology FAQArchaeology FAQ

Q: What is an archaeologist?Q: What is an archaeologist?
A: An archaeologist is a person whose career A: An archaeologist is a person whose career 

lies in ruins.lies in ruins.
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ParadigmParadigm

Data gathering stageData gathering stage
No mature paradigm yetNo mature paradigm yet
Archaeology today is about where Archaeology today is about where 
astronomy was in astronomy was in TychoTycho’’ss timetime
Moving fast into Moving fast into KeplerKepler’’ss periodperiod

Taking the observations and coming up with Taking the observations and coming up with 
testable hypotheses/theoriestestable hypotheses/theories

Ian Ian HodderHodder
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MethodMethod
Theory of Theory of stratigraphystratigraphy

The oldest layer was put on first and is at the bottomThe oldest layer was put on first and is at the bottom
The newest layer is at the topThe newest layer is at the top
Miners since at least Roman times Miners since at least Roman times 

NicolausNicolaus StenoSteno in 1669 described two basic in 1669 described two basic 
geologic principles geologic principles 

Sedimentary rocks are laid down in a horizontal Sedimentary rocks are laid down in a horizontal 
mannermanner
Younger rock units were deposited on top of older Younger rock units were deposited on top of older 
rock units  rock units  

James Hutton in 1795James Hutton in 1795
Charles Charles LyellLyell in the early 1800s in the early 1800s 

http://www.ucmp.berkeley.edu/history/steno.html
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StratigraphyStratigraphy Cont.Cont.

Thomas JeffersonThomas Jefferson
Thomas HuxleyThomas Huxley
Charles DarwinCharles Darwin
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Context Context ContextContext ContextContext
MatrixMatrix

The physical material within which artifacts or other The physical material within which artifacts or other 
archaeological remains are embedded or supportedarchaeological remains are embedded or supported
In a stratified site the strata/layerIn a stratified site the strata/layer

ProvenienceProvenience
The horizontal and vertical position of archaeological The horizontal and vertical position of archaeological 
remains within the matrix, with reference to an remains within the matrix, with reference to an 
external datum pointexternal datum point
Location in 3D spaceLocation in 3D space

AssociationAssociation
The coThe co--occurrence of archaeological materials, occurrence of archaeological materials, 
usually within the same matrixusually within the same matrix
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ContextContext

Where an object/artifact has been foundWhere an object/artifact has been found
An objectAn object’’s physical locations physical location

CountryCountry
Archaeological siteArchaeological site
FieldField
SquareSquare
LocusLocus
Layer/StratumLayer/Stratum
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PaleolithicPaleolithic

Sky WatchersSky Watchers
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PaleolithicPaleolithic

PaleoPaleo –– oldold
LithicLithic –– stonestone
~17,000 BP~17,000 BP

CC14 14 datedate from wall pigmentsfrom wall pigments
Early Magdalenian Early Magdalenian 
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Paleolithic StagesPaleolithic Stages
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Homo Sapiens SapiensHomo Sapiens Sapiens
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Paleolithic CulturesPaleolithic Cultures
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Upper Paleolithic ToolsUpper Paleolithic Tools
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Flake ToolsFlake Tools
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AurignacianAurignacian BladeBlade

http://lithiccastinglab.com/gallery-pages/aurignaccrestedbladesolvlarge.htm
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AubriAubri BlanchardBlanchard

Alexander Alexander MarshackMarshack
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Early Upper PaleolithicEarly Upper Paleolithic

AurignacianAurignacian
~30,000 BP~30,000 BP
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AurigacianAurigacian
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Blanchard Bone Cont.Blanchard Bone Cont.
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AbriAbri Blanchard BoneBlanchard Bone

http://www.hominids.com/donsmaps/images2/mooncycle.jpg
http://www.hominids.com/donsmaps/images/moonphases.gif
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InterpretationInterpretation
Lunar model and boneLunar model and bone

3 months3 months
Begins day of last crescentBegins day of last crescent
Ends on day of invisibilityEnds on day of invisibility



8 October 20048 October 2004 Ancient AstronomyAncient Astronomy
De Anza CollegeDe Anza College

51

AbriAbri Blanchard Bone Cont.Blanchard Bone Cont.

ObverseObverse
63 marks made by ~40 points63 marks made by ~40 points

ReverseReverse
~40 marks~40 marks

172 Total Marks172 Total Marks
Close to six monthsClose to six months
29.5 * 6 = 17729.5 * 6 = 177
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Lunar PhasesLunar Phases

Or, It doesnOr, It doesn’’t phase me.t phase me.
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Lunar FAQLunar FAQ

Q: What is more useful: the sun or the Q: What is more useful: the sun or the 
moon?moon?

A: The moon, because the moon shines at A: The moon, because the moon shines at 
night when you want the light, whereas the night when you want the light, whereas the 
sun shines during the day when you don't sun shines during the day when you don't 
need it. need it. 
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Lunar PhasesLunar Phases
Lunar cycleLunar cycle

29.5 days to complete one cycle29.5 days to complete one cycle
New Moon to new MoonNew Moon to new Moon

Waxing MoonWaxing Moon
Moon Moon ““growsgrows””

Waning MoonWaning Moon
Moon Moon ““shrinksshrinks””

GibbousGibbous
HumpbackHumpback
More than half but not all of the disk More than half but not all of the disk 
illuminatedilluminated
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Lunar Phases WaxingLunar Phases Waxing
New MoonNew Moon

Not visibleNot visible
4 Days4 Days

Waxing CrescentWaxing Crescent
7 Days7 Days

First QuarterFirst Quarter
Rises at noonRises at noon
Sets at midnightSets at midnight

10 Days10 Days
Waxing gibbousWaxing gibbous

14 Days14 Days
Full MoonFull Moon
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Lunar Phases WaningLunar Phases Waning
19 Days19 Days

Waning gibbousWaning gibbous

22 Days22 Days
Third quarterThird quarter
Rises at midnight and Rises at midnight and 
sets at Noonsets at Noon

25 Days25 Days
Waning crescentWaning crescent
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GrotteGrotte LascauxLascaux
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LascauxLascaux

http://www.culture.gouv.fr/culture/arcnat/lahttp://www.culture.gouv.fr/culture/arcnat/la
scaux/en/scaux/en/
Cave discovered in 1940 by some boys Cave discovered in 1940 by some boys 
playingplaying
Dated to ~17,000BCE or ~15,000BCEDated to ~17,000BCE or ~15,000BCE

http://www.culture.gouv.fr/culture/arcnat/lascaux/en/
http://www.culture.gouv.fr/culture/arcnat/lascaux/en/
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LascauxLascaux FranceFrance
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More Lunar Phases???More Lunar Phases???

Painted Gallery

http://www.culture.gouv.fr/culture/arcnat/lascaux/en/visite.htm
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Lunar Phases???Lunar Phases???

Painted Gallery
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The Pleiades???The Pleiades???

Great Hall of the Bulls
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The Pleiades???The Pleiades???
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The Pleiades or PoopThe Pleiades or Poop

Shaft of the Dead Man

http://www.culture.gouv.fr/culture/arcnat/lascaux/en/visite.htm
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Michael Rappenglück, 1999
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PleiadesPleiades
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Winter
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PleiadesPleiades
Not a constellationNot a constellation
Star cluster Star cluster –– M45 (Messier)M45 (Messier)
~3000 stars~3000 stars
7 brightest stars = Seven Sisters = Pleiades7 brightest stars = Seven Sisters = Pleiades

From brighter to dimmer: From brighter to dimmer: 
AlcyoneAlcyone ((etaeta TauriTauri))
ElectraElectra
MaiaMaia
MeropeMerope
TaygetaTaygeta
CelaenoCelaeno
AsteropeAsterope
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Mom and DadMom and Dad

Atlas (27 Atlas (27 TauriTauri) ) 
PleionePleione (BU (BU TauriTauri = 28 = 28 TauriTauri), just ), just 
east of east of AlcyoneAlcyone

The two are often seen as one starThe two are often seen as one star
Need a clear night to see them as Need a clear night to see them as 
separate stars separate stars 
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Pleiade(sPleiade(s) ) –– Greek MythologyGreek Mythology

Seven daughters of Atlas and Seven daughters of Atlas and PleionePleione
HalfHalf--sisters of the sisters of the HyadesHyades

whose mother was whose mother was ÆÆthrathra (`bright sky'; a (`bright sky'; a 
different different ÆÆthrathra than the mother of than the mother of TheseusTheseus))

HalfHalf--sisters of the sisters of the HesperidesHesperides
Daughters of either Night alone, or Atlas and Daughters of either Night alone, or Atlas and 

HesperisHesperis (`evening'), or (`evening'), or CetoCeto and and PhorcysPhorcys. . 
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Possible MeaningsPossible Meanings
plein, `to sail' 

Pleione `sailing queen' and her daughters 
`sailing ones.‘
The cluster's conjunction with the sun in 
spring and opposition in fall marked the start 
and end of the summer sailing season in 
ancient Greece 

pleos, `full', of which the plural is `many', 
appropriate for a star cluster. 
peleiades, `flock of doves', consistent with 
the sisters' mythological transformation. 
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Pleiades Cont.Pleiades Cont.
PleionePleione and and ÆÆthrathra were were OceanidsOceanids

Daughters of Oceanus and Daughters of Oceanus and TethysTethys
Titans who ruled the outer seas before being replaced by Titans who ruled the outer seas before being replaced by 
Poseidon Poseidon 

Atlas (`he who dares' or `suffersAtlas (`he who dares' or `suffers‘‘
From the IndoFrom the Indo--European European teltel--, , tlatla--, `to lift, support, , `to lift, support, 
bear') bear') 
Titan who led their war against the godsTitan who led their war against the gods
Condemned by Zeus to hold up the heavens on his Condemned by Zeus to hold up the heavens on his 
shoulders. shoulders. 

The Pleiades were also nymphs in the train of The Pleiades were also nymphs in the train of 
Artemis, and together with the seven Artemis, and together with the seven HyadesHyades
(`rainmakers' or `piglets(`rainmakers' or `piglets‘‘))
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The PleiadesThe Pleiades
Records of the Pleiades as 7 stars Records of the Pleiades as 7 stars 

6000 years ago oldest 6000 years ago oldest records(Mesopotamiarecords(Mesopotamia))
Other ancient records of them as 6 starsOther ancient records of them as 6 stars
Ancient legends about the "missing sister" Ancient legends about the "missing sister" 
where she went where she went 
Quite a few people (in good viewing Quite a few people (in good viewing 
conditions) can see 6conditions) can see 6

Most of people can make out the 4 biggies Most of people can make out the 4 biggies 
that form a square just about the right size (a that form a square just about the right size (a 
little over 31 angular minutes, half a degree)  little over 31 angular minutes, half a degree)  
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The Pleiades Cont.The Pleiades Cont.
The brightest The brightest PleiadPleiad is only of magnitude 3 is only of magnitude 3 
In 1899 Richard In 1899 Richard HinkleyHinkley Allen, a Yale Allen, a Yale 
astronomer astronomer 

"Only 6 are visible to the average observer, and "Only 6 are visible to the average observer, and 
whoever can see 7 can readily see at least 2 whoever can see 7 can readily see at least 2 
more," more," 

So there are, 5, 6, 7, 9, 14 Pleiades (all So there are, 5, 6, 7, 9, 14 Pleiades (all 
naked eye counts given by various naked eye counts given by various 
observers) observers) 
In less famous parts of the sky there can be In less famous parts of the sky there can be 
even more confusion, due to differences in even more confusion, due to differences in 
seeingseeing



8 October 20048 October 2004 Ancient AstronomyAncient Astronomy
De Anza CollegeDe Anza College

83

Hall of the Bulls Hall of the Bulls -- PleiadesPleiades
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