
D E U T S C H E A K A D E M I E D E R W I S S E N S C H A F T E N ZU B E R L I N 

I N S T I T U T F Ü R O R I E N T F O R S C H U N G 

Sonderdruck aus der Zeitschrift 

MITTEILUNGEN DES INSTITUTS 

FÜR ORIENTFORSCHUNG 

B A N D X • H E F T 2 / 3 • 1 9 6 4 

A K A D E M I E - V E R L A G • B E R L I N 



M I T T E I L U N G E N D E S I N S T I T U T S F Ü R O R I E N T F O R S C H U N G 

D E R D E U T S C H E N A K A D E M I E D E R W I S S E N S C H A F T E N ZU B E R L I N 

B a n d X , Heft 2/3, 1964 

Astronomical Investigation Concerning the So-Called 

Air-Shafts of Cheops' Pyramid 

The pyramid of Cheops at Giza is unique among the monuments of 
Egypt in several ways. Not only is it the largest, best built, and most 
thoroughly surveyed of the pyramids, but it possesses several archi­

tectural features not found elsewhere. Among the most obvious of these 
are two shafts leading north and south out of the King's Chamber and 
slanting up to open on opposite faces of the monument (Fig. 1). Although 
the northern shaft makes an average angle with the horizontal of about 
31° and the southern one an angle of 4 4 1 / 2 ° , because the King's Chamber 
is located south of the vertical axis from the apex of the pyramid, the 
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Fig. 1. Vertical cross-section North-South of Cheops' Pyramid 
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two shafts open nea r ly a t t he same he ight on the nor thern and southern 
f a c e s . 1 

T h e purpose o f these shaf ts has n o t been de te rmined , bu t i t has fre­
quen t ly been held t h a t t h e y were in tended s imply for ven t i la t ion , hence 
t he n a m e "a i r sha f t s " . I n view, however , o f t he profoundly religious 

cha rac t e r o f the pyramids themse lves 
for t he a n c i e n t E g y p t i a n s i t seems 
no t unreasonable to look for some 
deeper mean ing to t he shafts . I t is 
t h e purpose o f th i s paper t o consider 
br ie f ly some o f t he ev idence for the 
view t h a t t he shafts were in tended 
as ways whe reby the soul o f t he 
deceased k ing might ascend to t he 
nor th c i rcumpolar s tars and to t he 
cons te l la t ion now known as Orion. 

A l though s imilar shafts do no t appear t o ex i s t elsewhere the re is ample 
ev idence for t he presence o f slots and aper tures in tended to allow the 
soul o f t he deceased to pass th rough var ious walls. Such aper tures first 
appear in the T h i r d D y n a s t y t o m b o f D j e s e r 2 and become a regular feature 
in the serdabs o f t he F i f t h D y n a s t y m a s t a b a t o m b s : ! . 

A no tab le feature o f the religion o f ea r ly E g y p t was the " s te l l a r 
d e s t i n y " o f t he soul, wherein i t was t hough t t h a t t he soul o f t he dead 
k ing would rise t o j o i n t he c i rcumpolar s tars — " T h e Indes t ruc t ib l e 
O n e s " or " T h e I m p e r i s h a b l e s " to t he E g y p t i a n s — in thei r e te rna l 
j o u r n e y around the sky . I t is be l ieved t h a t t he s ta i rways or r amps 
desending from the no r th in Archa i c m a s t a b a t o m b s were in tended t o a id 
t he soul in i t s a scen t to these s tars . T h a t the no r th shaft o f t he pyramid 
migh t have served a s imilar purpose is made more p robab le b y i t s in­
c l ina t ion . T h e l a t i tude o f Giza is a b o u t 30° nor th ( 2 9 ° 5 8 ' 5 1 " ) , a n d we 
recal l t h a t t he n o r t h shaft m a k e s an angle o f 31° wi th the hor izontal . 
T h i s means t h a t the shaft po in ts ve ry near ly toward the no r th celest ial 
pole , a b o u t which the c i rcumpolar s tars seem to revolve (F ig . 2 ) . I t is 
a lso o f in t e res t t o n o t e t h a t , a t t h e t i m e t h e py r a m i d was bui l t , t h e pole 
war m a r k e d b y a b r igh t s tar abou t as a ccu ra t e ly as Polar i s (a Ursae 
Minor is) now m a r k s i t . 

1 W . F l . P e t r i e , The Pyramids and Temples of Gizeh, 1 8 8 3 , p . 53 . 
2 W . S. S m i t h , The Art and Architecture of Ancient Egypt, P e n g u i n B o o k s , 

1 9 5 8 , p . 30 . 
3 A l e x a n d e r B a d a w y , A History of Egyptian Architecture, I , Giza 1 9 5 4 , 

p . 1 6 3 . 

F i g . 2. D irec t ion of n o r t h shaft and 
pos i t ion of pole in sky for la t i tude 

3 0 ° N o r t h 
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I t is genera l ly known t h a t t he inc l ina t ion o f t he ea r th ' s ax i s o f ro ta t ion 
t o t he p lane o f i t s orbi t (ecl ipt ic) a t an angle o f abou t 231l2° combines 
wi th the non-spher ica l shape o f t he ea r th and the g rav i ta t iona l f o r c e 
o f the sun, moon and p lane t s t o produce a phenomenon known as t he 
precession o f t he equinoxes . T h e effect o f t he sun and moon is t o c h a n g e 
the d i rec t ion to which the ea r th ' s ax i s o f ro t a t ion poin ts re la t ive to the 
fixed s tars , while t h a t o f t he p lane t s is t o change the plane o f the ea r th ' s 
orbi t re la t ive to these s tars . These effects are known as luni-solar pre­
cession and p l ane t a ry precession respect ive ly . I t is ev ident t h a t b o t h 
fac tors will change the i den t i t y and posi t ions o f s tars vis ible from a given 
poin t on the ear th and t h a t we mus t t a k e t h e m bo th in to accoun t when 
de termining how the sky looked to the anc ien t s . 

I n th is scheme o f moving s tars , pole s tars are a r a the r rare occurrence . 
I n fact , af ter Polar i s ceases to m a r k the pole in a few hundred years , 
there will no t be ano the r good one un t i l a Dracon i s re turns around 
A. D . 2 3 0 0 0 ' ' . I t happens , however , t h a t the las t " v i s i t " o f a Dracon i s t o 
t he ne ighborhood o f t he pole occur red from a b o u t 3 0 0 0 to 2 5 0 0 B . 0 . 5 . 
Th i s means t h a t the E g y p t i a n s o f the p y r a m i d age were more aware t han 
might otherwise have been the case o f the apparen t dai ly j ou rney o f the 
s tars abou t a f ixed poin t in the sky . I t thus seems highly p robab le t h a t 
t h e y would have chosen to bui ld a shaft t h a t would allow the soul o f 
the i r dead k ing to ascend d i rec t ly to th is cen t ra l point . 

Non-c i rcumpolar s tars were also o f cons iderable impor t ance to t he 
E g y p t i a n s . T h e y measured t i m e a t n igh t b y means o f decans — s tars or 
groups o f s tars which rose or cu lmina t ed ( reached the i r h ighest e levat ion 
above the southern hor izon) a t one hour in te rva l s during the night . M a n y 
o f these decans were pa r t s o f cons te l la t ion pic tures ( though different f r o m 
ours which are derived from the B a b y l o n i a n ones) and were identified 
wi th var ious gods. V e r y few o f these h a v e been identified wi th par t icu la r 
s tars wi th a n y degree o f ce r t a in ty . T h e r e are , however , four o f the 3 6 
s tandard decans and five va r i an t s t he r eo f which are pa r t s o f the con­
s te l la t ion — " T h e god who crosses t he s k y " — whose ident i f icat ion 
with Orion " m u s t be t a k e n as l ike ly in t h e h ighest degree" 1 1 . H e is 
depic ted as a m a n s tanding, looking b a c k over his shoulder and holding 

'• A l though a Cephei and a L y r a e (Vega) will c o m e within a b o u t 4° of the 
pole in A . D. 7 5 0 0 a n d 14 0 0 0 , t h e y will no t be n e a r l y as a c c u r a t e pole s t a r s a s 
Po lar i s and a Dracon i s , whose closest a p p r a c h e s t o t h e pole a r e only a b o u t 
3 0 ' a w a y . 

5 R o b e r t H . B a k e r , Astronomy, New Y o r k 1 9 5 0 , p . 57 . 
, ; O t t o N e u g e b a u e r a n d R i c h a r d A . P a r k e r , Egyptian Astronomical 

Texts. I . T h e E a r l y Decans , L o n d o n 1 9 6 0 , p. 2 5 . 

13* 
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a scep te r in one h a n d and an 'nh sign in t he o ther . One o f the five va r i an t s 
is p r o b a b l y t h e " b e l t " o f 8]h. Th ree o f t he decans in tended for use 
during t h e epagomena l days appear also to have been pa r t s o f th is con­
s t e l l a t i o n 7 . W e m a y no t e as evidence for t he ident i f icat ion the cei l ing o f 
t he t o m b o f S e n m u t , in which the co lumn devo ted to &ty includes three 
large s tars a r ranged ve r t i c a l l y and bear ing a s t r ik ing resemblence to t he 
th ree s tars we ca l l Or ion 's be l t (d, e and £ Orionis) which t h e y p r o b a b l y 
represent . 

T h e n e x t r e l evan t ques t ion is , o f course, t he pos i t ion o f these s ta rs 
re la t ive to t he sou thern shaf t a t t he t i m e the p y r a m i d was bui l t . T h i s 
requires ca lcu la t ions to al low for t he two types o f precession previously 

no ted . W e observe first t ha t , because 
t h e shaf t is d i rec ted due south , i t 
can on ly po in t t o a s t a r a t cu lmina­
t ion , and we see t h a t for a l a t i tude 
30° no r th and the inc l ina t ion o f t he 
shaft , 4 4 1 / 2 ° , an appropr ia te s ta r mus t 
have a dec l ina t ion (angular d i s tance 
from the celest ia l equa to r ) o f —15 ' / 2 ° 
(F ig . 3 ) . T h e quest ion is then re­
duced to whe the r or no t t he s tars 
o f Orion ever had such a dec l ina t ion 
and, i f so, when. 

I t c an be shown b y spher ica l t r i g o n o m e t r y t ha t , for a s ta r a t decli­
na t i on 6 a n d r igh t ascens ion a (angular d i s tance from the verna l equ inox 
measured eas tward a long t h e celes t ia l equa to r ) , precession will cause a 
change in pos i t ion such t h a t t he dec l ina t ion a t ano the r t i m e is given b y : 

sin <5' = cos 6 cos a sin 6 + sin d cos 6 

where a = a. + f , a n d 0 and f a re de te rmined b y t h e d i s tance t he ec l ip t ic 
pole has m o v e d due to p l a n e t a r y precession and the d i s tance the nor th 
celest ia l pole has m o v e d due to luni-solar , precession during the given 
t ime (F ig . 4 ) . T h e values o f these angles can be de te rmined from the 
known ra t e s and d i rec t ions o f t he poles ' mot ions . T h e y have been 
t a b u l a t e d for hundred yea r s in t e rva l s from 4 0 0 0 B . C . t o A . D . 3 0 0 0 (for 
equ inox 1 9 0 0 ) b y P a u l N e u g e b a u e r 0 who has also worked out t he r ight 
ascensions and dec l ina t ions for 3 1 0 br igh t s tars a t hundred years in te r -

7 ibid. p . 1 1 0 . 
8 S. R . K . G l a n v i l l e , The Legacy of Egypt, Oxford 1 9 4 2 , pi. 3 2 . 
! l P a u l V. N e u g e b a u e r , Tafeln zur astronomischen Chronologie. I . S tern­

tafeln. Le ipz ig 1 9 1 2 , pp . 8, 2 0 . 

F i g . 3 . D irec t ion o f s o u t h shaf t in sky 
re la t ive t o posi t ions o f P o l e , E q u a t o r 

a n d Zeni th 
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vals from 4 0 0 0 B . C . t o A . D . 1900 1 0 . H i s t ab le s a n d r ecen t ca lcu la t ion 
b y the same m e t h o d show t h a t one o f t he th ree s tars in Orion 's be l t had 

I 

Fig . 4. M o v e m e n t s of E c l i p t i c Po le E 
t o E ' a n d Celestial Po l e P t o P ' , 
determining 6 (arc o f g r e a t circle pass-
ing t h r o u g h P a n d P ' ) a n d f (angle 
between a r c 0 a n d i n s t a n t a n e o u s 

direct ion of pole m o t i o n a t P ) 

a decl ina t ion wi th in 30° o f - 1 5 V 2 ° ( 2 8 4 0 t o 2 4 8 0 B . C . ) . T h e posi t ions 
o f t he s tars during th is per iod were : 

T h i s means t h a t these three s tars , whose i m p o r t a n c e t o t he E g y p t i a n s we 
have seen, passed once each day , a t cu lmina t ion d i rec t ly over t he southern 
shaft o f the G r e a t P y r a m i d a t t he t i m e i t was b u i l t . 1 1 

T h u s considerat ions o f E g y p t i a n rel igion and modern a s t r o n o m y com­
bine to ind ica te t h a t t he "a i r sha f t s " o f Cheops ' P y r a m i d were ac tua l ly 
in t ended as w a y s b y which t h e soul o f t h e deceased k ing migh t ascend 
to jo in the c i rcumpolar s tars and the god- cons te l la t ion &]h. 

I t would seem l ikely t h a t some o the r s tars m igh t pass in the same 
fashion over the opening o f t he shaft . I t happens , however , t h a t no o ther 
s ta rs o f comparab le magn i tude h a d dec l ina t ions wi th in 1 ° 3 0 ' o f — 1 4 ° 3 0 ' 
during t h a t per iod. 

1 0 ibid. pp . 2 1 - 8 2 . 
1 1 Th i s cu lminat ion was , o f course , r e n d e r e d invisible b y day l ight during 

a b o u t h a l f t h e y e a r . I t would h a v e been visible a b o u t 2 7 0 0 B . C . f rom la te J u l y 
t o ear ly J a n u a r y . 

Orionis Orionis Orionis 

D a t o Dec l inat ion Dec l inat ion Dec l inat ion 

3 0 0 0 B . C . 
2 9 0 0 
2 8 0 0 
2 7 0 0 
2 6 0 0 
2 5 0 0 
2 4 0 0 
2 3 0 0 

- 1 6 ° 5 1 ' 
- 1 6 ° 2 0 ' 
- 1 5 ° 4 9 ' 
- 1 5 ° 1 7 ' 
- 1 4 ° 4 5 ' 
- 1 4 ° 1 7 ' 

- 1 6 ° 4 7 ' 
- 1 6 ° 17 ' 
- 1 5 ° 4 6 ' 
- 1 5 ° 1 6 ' 
- 1 4 ° 4 6 ' 
- 1 4 ° 1 6 ' 

- 1 6 ° 3 3 ' 
- 1 6 ° 0 5 ' 
- 1 5 ° 3 3 ' 
- 1 5 ° 0 4 ' 
- 1 4 ° 3 4 ' 
- 1 4 ° 6' 
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