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Archaeoastronomers tend to work with:
The Sun

The Moon

Venus... maybe

(sometimesthe Pleiades)
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Why are the other 99.99% of heavenly objectsignored—some arguments?

* Theyarenotas bright. Butthisis suggestive of a cultural biases towards our view of the heavens
* Thereareso many ofthemthatonecanmakea casefor any star atany location.

* Theyaresubjectto precessionsoitishardtoreallyknowhowthey arelocated in the skyscape.
* Ageneral confusionof terms to talk about how the stars move.

The brightness of stars: - Magnitude

The level of brightness of an object in the sky is measured by magnitude.The smaller the magnitude the brighter the
object.
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The brightness of stars: - Magnitude

The level of brightness of an object in the sky is measured by magnitude.The smaller the magnitude the brighter the
object.

cansee
with the
naked-eye

us

Polaris

-30 25 -20 -15 -10 -5 0 5 10 15 20
Apparent magnitude (m,)

The brightness of
Star my
stars: Sirlus —1.4
Canopus —0.7
Rigil Kentaurus —0.3
ATctunis -1
- Vepa 0.0
Listof  cow o1
Rigel a1
- Procyon 0.4
Bright s ot
Achernar 0.5
Hadar A
Stars Altair 08
AsTux 0.8
Aldebaran 0.4
Antares DY
Spica 0%
Pollux 1.2
Fomalhaut 2
Deneh 1.2
Beta Crucis 13
Remulus 1.4
Adhara 1.5 There are 26 —28 bright stars in the sky, thatisuptoa
gﬂf‘"}r 12 magnitude ofaround 1.5, while up to mag 2, there are
auld .
Rellatrix 16 49 stars.
Elnath 1.7
Miaplacidus 1.7
Alnilam L7
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HFE | Proper Mame Bayer |Flam |Cons [Mag® |B- Colour | Other Mames R Dec Description
_2326 | Canopus Alp 0 Car 0.72 White Suhel; Suhail 095°89" -52°42" | The bright star in the oar called Canopus
5340 Arcturus Alp 16 Bono -0.04 Orange Hariz-el-zema 21385 +19°11" | The bright star in the fiinge of the Tunic
5453 | Toliman Alpl 0 Cen 0.07 ellow Rigel Kentaurus; Rigel Kent 219°84" | -B0°50° | The star at the tip of the right foot
_7001 | Vega Alp 3L 0.03 "white ‘wega; Fidis; Harp Star 279114 +38°47 | The bright star in the shell called the Lyre
1708 | Capella Alp 13 Aur 0.08 Yelow Alhajoth; Hircus; Amlthea 07910°  +46°00° | The star in the left shoulder and called Capella
1713 FRigel Bet 19/ 0n 012 "white Algebar; Elgebar 07838 -08"12° | The bright star in the left foot common with the 'w ater
_2943 | Procyon Alp 10 CHi 0.38 Green Elgomaiza; Algomeysa; Antecaniz:the £ 114500 +058*14' | The bright star in the hind parts of the little dog called Procyon
_0472| Achernar Alp 0/En 0.46 | Blue-Green 024°26' -B714'
_2061 | Betelgeuse Alp B8 Oni 0.50 Red Betelgues; Betelgeuze; Beteigues: A1 088°48"'  +07°24' | The bright red star in the right shoulder
_B267 | Agena Bet 0 Cen 061 Blue-Green | Hadr:wazn: Mah Fuh; Two Men that  210°67" -60°22°  The star below the knee in the left foot
7557 | Altair Alp h3 Agl 0.77 "White Atair 29742 +08°52' | The bright star in the broad of the back of the Eagle
_1457 | Aldebaran Alp 87 Tau 0.85 Red Cor T auri; Parilicium; The Follower 0E8°5S  +16"31" | The bright red star in the Hyades in the southern eye
_E134| Antares Alp 21 S5co 0.96 Red Cor Scorpii; Kalb al &krab; Vespertiio | 247°21"  -26°268'  The red star in the middle of the body called Antares
5056 | Spica Alp E7 Wi 0.98 Blue-Green | Azimech; Spica Viginis; Alaraph 201718 11110 The star in the left hand called Spica
2990 | Pallux Bet 78 Gem 1.14 | Orange Hercules 1167200 | +28°02" | The star in the head of Pollux, the eastern bwin
_8728 | Famalhaut Alp 24 Pty 1.16 Wwhite Formalhaut; Oz Piscis Mernidiani; Oz Pis 344728 -28°37" The star fish's month, the same as that at the beginning of the s
_7924 | Deneb Adige Alp B0 Cyg 1.25 'wWhite Deneb Cygni; Deneb el Adige; Deneb; 310°21°  +45"17" | The bright star in the tail
4853 Mimoza Bet 0 Cru 1.25 Blus-Green  Becrux 191°86" | -59°41" | The star in the heel of the foot
_4730 | Acrus Alpl 0 Cru 1.33 Blue-Green 186°39°  -B3°08" | The star in the Centaur's foot and at the baze of the Cross
_3382] Fegulus Alp 32 Lea 1.35 | Blue-Green | Cor Leoniz; Rex: Al Kalb al Azad; Kabe 152°068"  +11°58"  The star at the heart called Regulus
_2618|Adara Eps 21 CMa 1.50 Blue-Green  &dhara 104735 -28°58" | The star under the curve of the belly
_4763| Gacrux Gam 0/ Cru 1.63 Red 18747 BP07 | The star near the right foot of the Centaur and at the top of the C
_BB27 | Shaula Lam 35 Sco 1.63 Blue-Green Al Shaulah; The Sting 263°24" | -37°06" | In the tail of the Scorpion
_1750 | Bellatriz Gam 24 0ni 1.64 Blus-Green | the Amazon Star 081717 +06°21" | The star in the left shoulder
1791 ElMath Bet 112 Tau 1.65 | Blue-Green | Alnath: Math; The Butting One 0817°34" | +28°38' | The tip of the northern harm and the right faat of the Charioteer
3685 | Miaplacidus Bet 0 Car 1.68 'white 13818 -B94
1903 | Alnilam Eps 46 Ori 1.70 Blue-Green | Alnihan; Alnitam 084703 -01712° | The middle star in the Belt

Bright stars—1.74 to 2

%AI M air Alp 0 G 1.74 Blue-Green  Alnair; The Bright One 332704 -4E7EE
4905 | Alioth Eps 77 UMa 1.77 'white Aliath 193°30°  +55°68" | The first star of the three in the tai after the beginning of the tail
_3207 | Suhail al Muhlif Gam2 0 vel 1.78 Blue-Green Al Suhail al Muhlif, Regar 122023 |-47°20' | The bright star below the door on the deck of the Argo
1017 | Hirfak Alp 33 Per 1.79 Green Mirphak.; Marfak; Algenib 051°05"  +49°62' | The bright star in the right side of Perseus
430 | Dubhe Al B0 Uka 1.79 Orange Dubb; Ak 1B5°RE"  +61°45' | Of the stars in the quadilateral, the bright star in the back
_2693 | Wezen Del 25 CMa 1.84 Yellow Alwazn; Wesen; Al\Wazordl Wazn (107706 -26°24'  The star at the beginning of the left thigh
6879 | Kaus Australis Eps 20 Sar 1.85 White Mibat Anu 276703 -34°23 | The starin the southemn part of the bow
5151 | Alkaid Eta 85 UMa 1.86 Blue-Green |Benetnash; Benetnasch; Elkeid 206753 +49719"  The third star at the tip of the tail
3307 Awior Eps 0 Car 1.86 Orange 125738 A9
6553 Sargas The 0/5co 1.87 Green 2647200 |-43°00° | The star in the fifth joint Lying in the Ml W ay
_2088 | Menk.alinan Bet 34 Aur 1.90 'white Menk.alina 08953 +44°57" | The star in the right shoulder of the chariateer
_B217 |Autria Alp 0 Tra 1.92 Red 25210 B30
2421 | Alhena Gam 24 Gem 1.93 'white Almeizan; Proudly Marching One. 099°26' | +16°24' | The star in the end of the left faat of the westem twin, Pollux
_7ra0| Peacock Alp 0 Pav 1.94 Blue-Green 306°25' | -BE*44'
3748 | Alphard Alp 30 Hya 1.98 Red Alfard: Alphart; Kalbelaphard: Cor Hedr 141°54" -08°40° | The bright star of the two in the south
2891 Castar Alp BB Gem 1.98 ‘white Apollo; The Mortal One; The Horsemar 113739 +31°53 | The star in the head
2294 | Murzim Bet 2/CMa 1.98 Blue-Green  Mirzam; Mirza; The Announcer 095740 1757 The star at the end of the forefoot

Hemal; Haml; ammel; EIMath |0 The bric at e right harn
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Stars from-1.5 to 2 magnitude, on the globe.

*\irfalc
*Deneb Adige

*Hamal

®4tair
*E| Nath
4 deb:
Aldebaran #Dubhe

*Alioth
*Alkaid

*Fomalhaut
210
*Al Nair ®actunus

®Achemar

#Regulus

*Peacock Kaus Australis

*Shaula ®Antares

@can opus

*Suhail g Mublif
il 4N

vior
*Miaplacidus

Starson the horizon

The atmosphere causes rising stars to be extinguished as they crossover the horizon.

So simply working with a star’s declinationanda horizon line will not necessarily be sufficient
to understand a star’s relationship to a site.

As a good rule of thumb (see Bradley Schaefer) then the brighter the star the smaller theangle
of extinction.

For every degree of magnitude add a degree to the heightthe star mustrise
beforeitis visible.

Thus a star like Sirius for-1.5 mag, will be visible right on the horizon
but a star like Hamal, in the constellation Aries with it magnitude of 2, will
needto be 2° above the horizon beforeitisvisible.

Schaefer, Bradley. "Atmospheric Extinction Effects on Stellar Alignments." Archaeoastronomy 10 (1986):
32-42.
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Basic numbers you need to understand

Celestial sphere » X

Vernal
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The Fixed Address System

Citieshave a longitude and latitude
Sky objects have a Right Ascension and
Declination

Declination is like latitude and
RA is like longitude (time based)

The Fixed Address of the
star Sirius the star:

RA: 06:45:38

Dec: -16°44'

BUT... if the pole moves, so too the equator
and so too the star’s declination

mn_

3000

Polaris BCE
2000 CE o

p

Precession - how does this move the stars

ﬂ

~N

Vega
14,000 CE

The North Star is now Polaris but 5000
years ago it was Thuban and 12,000
years from now will be Vega.

The rotation of the pole takes about 26,000 years
to move through its full circle. As it movesthe

equator, which isalways 90 ° to the pole, also has
to move.

Thus since a star’s ‘address’ is based on it distance
north or south of the equator its ‘address’ changes.

The stars to not move (ignoring proper motion) but
rather the earth moves and thus for a given
location the stars will shift theirannual relationship
to, and exactlocation on, the horizon.
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3500 BCE

500 BCE

URSA @@ &
MINOR

Y .
URSA MAJ

Precession - Moves the stars against the horizon

3500 BC—The Pleiades rises -azimuth 95°

VIP: The magnitude of the
Pleiades isaround 1.5, thus
roughly the Pleiades hasto
be 1.5%above the horizon
before itis visible.

2500 BC—The Pleiades risesa littlesouth of east -
azimuth 86°

2500 BC—The Pleiades
now 1.5 9 above the
horizon - appearstorise
closertothe east.
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What stars are visible for a given location

To gain a rough guide to the star’s visibility
subtract the observer’s latitude from 90°.
The resulting answer will be the declination
of the star that will either neverrise or
never set.

E.G. At a latitude of 51 North. 90-51 = 39.
Thus stars with a declination of greater then
+39 (north) will never set while stars with a
declination of greater then -39 (south) will
never rise.

In between never rising or never setting (circumpolar stars) the
rest of the stars behavein two particular ways.

These two ways are known as star phasesand in the first
century CE Ptolemy named these two phases as:

* The Phase type of Arising and Laying Hidden. These are stars
that will disappear for some weeks or months and then
reappear at the same time each year.

* The Phase type of Curtailed Passage. These stars will always
be visible but sometimes be seen torise or set while other
times they will act like a circumpolar star— visible all night.
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Four types of star visibility for a given location

Group 1

Group 2

Group 3

Group 4

Ptolemy’s Star
Phase Type

Circumpolar

Curtailed Passage

Arising and Laying
Hidden

Never rises

Star's relationship
to the observer.
(The orientation
of the star and the
observer is based
on the ecliptic not
the equator.)

Star is located on
the same side of the
ecliptic as the
observer and its
declination is
greater than the co-
latitude of observer.

Star is located on the
same side of the
ecliptic as the
observer and its
declination is less
than the co-latitude of
the observer.

Star is located on the
opposite side of the
ecliptic to the observer
and its declination is
less than the co-
latitude of the
observer.

Star is located
on the opposite
side of the
ecliptic to the
observer and its
declination is
greater than the
co-latitude of the
observer.

Observation

Always visible for
whole night
Never seen to touch
the line of the
horizon — never
rising or setting.

Visible every night
Sometimes seen to
set and rise during the
same night while at
other times it is visible
at sunset and still
visible the following

Sometimes visible
Sometimes rising or
setting during the night
while at other times
not seen at all during
the whole night.

Never Visible

dawn.

Brady, Bernadette, 'A Consideration of Egyptian Ascension Mythology as a Reflection of the Mythopoeic Nature of Star Phases and Its Implication for Belief in
the Descent of Divine Beings', in Current Research in Egyptology Volume Xii, ed. by Heba Abd EI-Gawad, et al. (Oxford: Oxbow, 2012), pp. 40-47.

used exclusivel

Sun Observation of Phase Type: Arising and Laying
Hidden

fie Sun in the Star sefs af sunsef and beg .
same part of Acronychal | The star is seen at sunset, low in the west and setting.
the sky as the setting After this event the star is no longer seen in the night

star sky over a period of days, weeks or months.

Sun moves Star rises at sunrise and ends its period of invisibility.
past the star, The star is seen to rise just before the sun. Having
now the star Heliacal retumed to visibility the star then proceeds, over the

can be seen at Rising following weeks, to rise earlier and earlier before dawn.
sunrise Eventually it begins to sink in the west by the time the
sun rises.
TheTerm of h

[y for a star of the Curtailed Passage phase (fig 3) which w
it not actually returning to visibility. T

eliacal rising' for an ALH star is, Thus, unambiguous as the Term ‘moming rnsing 15

Visible or Not Visible

RETURN TO
VISIBLITY
Seen to RISE
before the sun.

hen rising before the sun

Sun in the VISIBLE
opposite
(before) part of Morning MNow at sunrise the star is seen fo be setting. However, The star is seen to
the sky to the Setting| earlier in the night the star was seen to rise RISE in the evening
star and SET before the
following dawn.
Sun in the VISIBLE
?sﬁ;ﬁ'ﬁ?ﬁ: Night after night the star rises earlier and earlier in the The star appears
Evening evening until finally it rises as the sun sets. . : op
sky to the star Rising higher in the sky each

evening but finally
begins to SETS before
the dawn.

From this period the star appears higher in the sky at
each sunset. Over the next few weeks or months the
star is visible at sunset but sets later in the night.
Eventually the star is in the western sky at sunset and
sets just after sunset — its acronychal setfing.

The Descending Stars produce

the ideaof a
Heliacal Rising star

Star returning to visibility
by rising
just before sunrise.

: Bernadette Brady, 'Star phases:
thTable frome naked-eye astronomy
of the Old Kingdom pyramid text. In:
Silva, F. & Campion, N. (eds.)
Skyscapes: The Role and Importance
of the Sky in Archaeology. Oxford:
Oxbow 2013.

Star Phases:

See Ptolemy, Claudius, The Phases of
the Fixed Stars. trans. Robert Schmidt
(Berkeley Springs, WV: The Golden
Hind Press, 1993).
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Stagel: Star isseento be
lowin the westat sunset.

Sun moves alongthe ecliptic
1%perday

Earth rotates mmmmm)

Stage 2:In a few days the sun
has moved forward along the
ecliptic but the star does not
move against the ecliptic so
now, at sunset, you cannot
see thestar.

The Descending Stars — Arising and Laying Hidden

Stage 3 — At sunrise the
next morning the star has
not risen.

This staris SOUTH of the ecliptic
thus it has a larger orbital circle
than the sun.

Stage 4: The star is not visible
all night. It moveson a larger
circlethan the sun and thus
setsbefore sunsetand rises
after sunrise.

Period of invisibility

Dependingon the
star will last for a few
days to a few
months.

Sirius disappears
from view forthe
latitude of Egypt at
the time of the Old
Kingdom for around
70 days.

The Descending Stars - ALH — return to visibility

Stage 5 — The sun moves
past the star. Finally at
sunrise the staris seen to
rise just before sunrise —
rebirth. Heliacal Rising Star.

10
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oo T
Sun Observation of Phase Type: Curtailed Passage C"!f:‘i'rngﬂ:’.:zrma"rr, not
Sun ar Mses at sunset and Degins its period of crcumpolar-
opposite like behaviour. The star is seen to rise at sunset. For some
the star | Acronychal | days, weeks or months after this event the star is seen in
Rising the night sky at sunset and is still there by the following
Sun period of circumpolar-i
opposite Heliacal behaviour. Over time the star appears closer to the End of
the star Setti westemn horizon at sunset. Eventually it is seen to be ‘Circumpolar*
ctling selfting as the sun rises but will be back in the sky the activity
following sunset Star which Ascend
Sunin Now at sunset the star is observed as being high in the
same part night sky. The star will set at some time during the night. Visible but setting
of the sky However, every night, at sunset, it appears lower in the early in the evening .
as the star | Morning | western sky until eventually it is seen to both set in the and rising before the Sta rrises or sets b ut
Rising early evening and then rise in the moming just before the dawn.
dawn. then spends a period of time
acting as a circu mpolar star
Sunin The star confinues 1o sef early in the evening untl finally it et with the sun but . .
same part Evening sets as the sun sets, but it will rises again before sunrise. will rising later in the afte r Wh | Ch It returns to ea rth .
of the sky Settin evening.
as star 9
Theferm "evening seffing is used here Tor sfars which belong To tThe CF phase Tor, after seffing af
sunset, they will be seen to rise later in the same evening. Whereas the term of ‘acronychal
setting’ is used for a star which belongs to the ALH phases which after being seen to set at sunset
will not be visible again in the night sky for some days, weeks or months.
OW S over some days, weeks or 5 the rising
time of the star will move closer to sunset until eventually it
is seen to rise as the sun sets — its acronychal nsing . The
star now begins it peried of circumpolar-like activity.

The Ascending Stars — Curtailed Passage

Star looks like itis
going to dissapear. It
set below the earth
but rises again that
very night.

, , This staris NORTH
Stagel: Star isseento be |Stage 2: Later that night,

lowin the westat sunset. |the staris seentorise of the ecliptic thu_s
BEFORE the sun. Escapes has a smaller orbital

the earth! circle thanthe sun.

11
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The Ascending Stars- CP

From this pointon
this star is higherin
the easternsky at
sunsetand stays
visible all night—it has
become a circumpolar
star.

Stage 3: The sun keeps Stage 4: Eventually the
movingalong the ecliptic. | staris seento rise at
Star seen torisesearlier | sunset.

each evening.
Acronychal Rising

Star Phases for a particular Skyscape
A set place on the horizon will be:

* The place that a certainstar will re appear just before sunrise afterbeing
missing from the night sky fora set period of time. For the northern
hemisphere this will beinthe South East .

* The place on the horizon where a certain star will set at sunsetand beginits
period of beingabsent fromthe night sky. This will be in the South West.

* The place on the horizon where a certain star will rise but if it rises at sunset it
will be beginningits period of acting as a circumpolar star. This will be in the
North East.

* The place on the horizon where a certain star will set but if it setsat sunrise it
will be returningto earth afterbeinga circumpolar star. This will be in the
North West.

12
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The Eastern Horizon: The significant star places.

The north east willhavelocations where a star will rise just after sunsetandbeginit period of
curtailed passage—becominga circumpolar star.

The south eastwill have location where a starwill rise just before sunrise and it will be the heliacal
rising star, returning to visibility after some weeks or months being absent from the night sky.

2turns to earth.

The Western Horizon: The significant star places.

The north west will have locations where a star will set, andif it does this atsunsetthenitmarksits
return to earth, theend of its period of curtailed passage andbeing a circumpolarstar.

The south west will have locationwhere a star will set just after sunsetand will be beginningits
period of invisibility whereitis some weeks or months being absent from the night sky.

13
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Stars fora givenlocationand era

Stars rise (or set) at the same'place on the horizon.
e Starscanthus produce caIendar and nawgatlonal markers
Stars will have: S e
“« Brightness and-colour. PR
* Astarphase will relateto a date (season) and a place on the horizon.
Also note the activity of:
* "Darkplacesin the sky.
* The milky way.

If possible consider local place names and folklore.

One final thought... Seeing Stars with Different Eyes

~*§. ¥k o x %g o
Ry ¢
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¥ >
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Other cultures see the sky with the constellations
defined by the dark areas ofthe sky. There is no
reason why this would not have been the case for
the megalithic builders.
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