
works do not work, he is damned. 
"To the engineer falls the job of 

clothing the bare bones of science 
with life, comfort, and hope. No doubt 
as years go by people forget which 
engineer did it, even if they ever knew. 
Or some politician puts his name on" 
it. Or they credit it to some promoter 
who used other people's money with 
which to finance it. But the engineer 
himself looks back at the unending 
stream of goodness which flows from 
his successes with satisfactions that few 
professions may know. And the ver- 
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diet of his fellow professionals is all 
the accolade he wants. 

"The engineer performs many pub- 
lic functions from which he gets only 
philosophical satisfactions. Most peo- 
ple do not know it, but he is an 
economic and social force. Every time 
he discovers a new application of sci- 
ence, thereby creating a new industry, 
providing new jobs, adding to the 
standards of living, he also disturbs 
everything that is. New laws and regu- 
lations have to be made and new 
sorts of wickedness curbed. He is also 
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the person who really corrects mo- 
nopolies and redistributes national 
wealth. 

"But he who would enter these pre- 
cincts as a life work must have, a test 
taken of his imaginative facilities, for 
engineering without imagination sinks 
to a trade. And those who would enter 
here must for years abandon their 
white collars except for Sunday." 
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A group of standing stones was used by Stone Age man to 
mark the seasons and perhaps to predict eclipse seasons. 
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The stones and archways at Stone- 
henge point to the sun and moon as 
they rise and set during the year (1). 
Between winter and summer the sun 
rises further to the north every day, 
and the extreme position on midsum- 
mer's day is marked by the heel stone. 
The heel stone was placed with an 
accuracy of better than 0.2?, a remark- 
able precision for the period (2000- 
1500 B.C.). Between summer and win- 
ter the sun rises further to the south 
every day, and its extreme southern 
position on midwinter's day is marked 
by archways in the structure. The ris- 
ing and setting of the sun at the 
equinoxes are also marked. Thus, alto- 
gether six solar directions are marked. 

In a similar way the moon rises at 
a different point on the horizon every 
night, but the moon swings from its 
northern extreme to its southern ex- 
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treme much faster than the sun does. 
The moon takes 2 weeks to complete 
its swing, whereas the sun takes 6 
months. For the moon there is a fur- 
ther complication-the slow wobble of 
its orbit. Without this wobble the full 
moon nearest midwinter's day would 
rise over the heel stone every year, 
and the moon would be furthest north 
on the horizon at this time. Because 
of the wobble, the midwinter full 
moon swings first to the left and then 
to the right of the heel stone through 
an angle of about 20?. The moon re- 
quires 18.61 years to complete one 
cycle, and it requires almost exactly 
56 years to complete three cycles. The 
swing of the moon provides 12 ex- 
treme positions of the full moon on 
the horizon that could have been 
marked by the Stone Age astronomers, 
in summer and winter, and at the 
equinoxes-two extreme positions for 
each of the six extreme positions of 
the sun. Figure 1 shows these direc- 
tions for the latitude of Stonehenge, 
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51 ?N. (The equinox alignments are un- 
published.) 

When the full moon rises opposite 
the setting sun, an eclipse of the moon 
is possible. An eclipse of the sun may 
occur 15 days later, when the moon 
has moved around its orbit to line up 
with the sun. The periods in which 
eclipses are possible are known as 
"eclipse seasons." Their occurrence in 
the calendar is controlled by the 18.61- 
year cyclic precession of the moon's 
orbit, and an eclipse year of 346.620 
days contains two eclipse seasons. Af- 
ter 56 years the sequence of eclipse 
seasons returns to within 3 or 4 days 
of the starting point in the Gregorian 
calendar. This fact is confirmed by the 
commensurate length of 56 tropical 
years and 59 eclipse years. This is the 
eclipse cycle which synchronizes most 
accurately with the tropical year, with 
a period of less than 90 years. 

I have suggested (2) that the 56 
Aubrey holes at Stonehenge were used 
to predict the eclipse seasons. These 
holes are set at equal spacings around 
a perfect circle. Each hole was dug 
into the chalk to a depth of about 
1z meters and then refilled with 
white chalk rubble. Cremated human 
remains were later placed in the holes, 
a finding which lends support to the 
archeological opinion that the holes 
were ritual pits. By moving marker 
stones around the circle, changing the 
position by one Aubrey hole each 
year, the Stonehengers could predict 
the particular year in which there 
would be danger of, say, an eclipse of 
the winter moon. By means of the 
30 archways, the Stonehengers could 
predict the actual day of an eclipse. 
The archways were set in a perfect 
circle within the circle of Aubrey 
holes, and I have suggested that each 
gap represented a day of the lunar 
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Table 1. Astronomical alignments at Callanish. 

Point Altitude 
ObjPect Stone viewed Azimuth Declination of the Error 

Object Stlone viewed 
from (deg N) (deg) horizon (deg) 

(deg) 

Rising midsummer sun 34 29 41.8 +23.9 0.8 +0.2 
Setting midsummer sun 20 9 316.2 +23.9 .3 +1.4 
Rising sun at equinox 20 23 91.5 +0.0 .8 +0.3 
Rising midsummer moon 35 29 163.9 -29.0 .5 +0.1 
Setting midsummer moon 10 18 190.1 -29.0 1.3 +0.1 
Setting midsummer moon 1 7 191.4 -29.0 1.3 +0.0 
Rising midwinter moon 30 35 26.6 +29.0 1.7 -1.4 
Rising midwinter moon 33 35 56.0 +18.7 1.0 +0.0 
Rising midwinter moon 34 9 32.5 +29.0 1.3 +0.6 
Setting moon at equinox 30 33 259.1 -5.2 1.0 -1.0 
Midsummer moon at 

transit 24 28 182.0 -29.0 0.6 1.25 

month. By moving a marker stone 
from one archway to the next each 
day, a person could follow the phases 
of the moon and predict the danger 
of a lunar eclipse, which takes place 
only at full moon, and a solar eclipse, 
which occurs at the "new" phase. By 
observing whether or not the moon 
rose before the sun set, a Stonehenger 
could estimate the local time of an 
eclipse to within an hour. Thus, 
Stonehenge may well have been a de- 
vice of such precision and complexity 
of design as to indicate a level of in- 
tellect far surpassing that which we 

have hitherto been 
to Stone Age man. 

willing to ascribe 

Stonehenge is a very special monu- 
ment with no exact counterpart any- 
where in the known world. One might 
expect, however, to find that other 
stone circles built around 2000 B.C. 
had a similar astronomical function. 
As the British archeologist R. S. New- 
all said, "I don't fancy it [the pro- 
posed astronomical function for Stone- 
henge] will be accepted by archae- 
ologists until other sites that could be 
used in a similar way are found in 
Britain or on the Continent." 

N 

W E 

$ 

Fig. 1. The azimuthal direction of the rising and setting of the sun and moon at 
solstice and equinox for the latitude of Stonehenge. 
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Callanish 

Few of the plans of the several hun- 
dred megalithic monuments and stone 
circles in Great Britain have been pub- 
lished, but Somerville has published 
one (3), that of Callanish (Fig. 2). 
Callanish is a group of large standing 
stones situated on Lewis, the northern- 
most island of the Outer Hebrides, a 
rather desolate spot some 130 kilo- 
meters north of Barra. Callanish con- 
sists of a ring of 13 stones with a 
central great stone, an avenue, and 
other deliberately set rows. Somerville 
suggested that the avenue was aligned 
to point to the star Capella at its ris- 
ing, and that the four stones to the 
east of the avenue pointed to the ris- 
ing Pleiades. But a star, as viewed at 
sea level under even the very best con- 
ditions, is less bright by at least six 
magnitudes than it is when viewed 
higher in the sky, and Capella at its 
rising would be faint and inconspicu- 
ous. The Pleiades would be invisible 
to the naked eye. Somerville also 
suspected one moon alignment, how- 
ever, and so Callanish becomes a 

prime candidate for study in the 
search for megalithic sites that could 
have been used in ways similar to 
those proposed for Stonehenge. 

The position of all the stones of 
Callanish was read by Julie Cole, using 
a rectangular grid, and the azimuths 
of the lines between any two stones 
were computed. The azimuth for stone 
20 as seen from stone 23 was taken 
to be 91?48, an error of 0?58 in 
Somerville's published plan, as re- 

ported by Thom (4), being taken into 
account. The altitude of the horizon 
was calculated from contours on the 
1-inch (2.5-cm) Ordnance survey mape 
Allowance was made for atmospheric 
refraction and parallax in calculating 
the declination of an object on the 
horizon. 

At Callanish, ten alignments with 
the sun and moon at their extreme 

positions on the horizon were found. 
Furthermore, as inspection of Fig. 2 

shows, these alignments are the most 

important ones in the structure. The 
error in the setting of the stones is 

given in column 7 of Table 1. It is 

expressed as height above the horizon, 
at sunrise or sunset (or moonrise or 

moonset), of the lower limb of the sun 

(or moon) as seen along the line of 
stones. Errors were found to be mini- 
mal when a definition of sunrise and 
sunset as the time when the lower limb 
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is tangential to the horizon was as- 
sumed. This definition of sunrise and 
sunset seems to have been used by 
the Stonehengers, particularly with the 
heel stone, as well as by the people 
of Callanish. 

The latitude of Callanish is of some 
interest. It is near the Arctic circle 
for the moon, the latitude where the 
moon at its extreme declination re- 
mains hidden just below the southern 
horizon. Callanish is 1?3 south of this 
critical latitude, and there the full 
moon at midsummer stands about 1? 
above the southern horizon every 18 
or 19 years. The row of stones from 
24 to 28 points to the rising, transit, 
and setting of the moon along its path 
at these times, when it appears to 
come closest to the horizon. Midsum- 
mer moonset is over Mount Clisham, 
the highest peak on Harris, and the 
avenue points to this mountain. Per- 
haps this alignment of the moon with 
the mountain was significant for the 
Callanish people. 

The eastern triangle of stones, with 
apexes at stones 30, 33, and 35, is 
interesting. As viewed from stone 35, 
the swing of the midwinter moon from 
declination +18?7 to +29?0 is 
marked by the row of stones 30 to 33. 
On the average, the midwinter moon 
stays 3 years in each of the three gaps 
in this row. 

Stone 35, in alignment with a sec- 
ond stone, marks three different lunar 
directions (see Table 1). Most of the 
stones listed in Table 1 mark at least 
two lunar or solar directions. This 
gives added weight to the theory that 
the astronomical alignments were in- 
tentional. 

The error in the setting of the align- 
ments is about 0?5 in altitude. That 
is to say, the lower limb of the sun 
or moon was about one-half degree 
above the point on the horizon to 
which the line of stones was directed. 
This is considerably better than the 
accuracy at Stonehenge, but the 
greater accuracy is largely attributable 
to the high latitude. The six directions 
of the rising or setting sun and the 12 
directions of the rising or setting moon 
are shown for Callanish in Fig. 3. The 
directions are different from those at 
Stonehenge (Fig. 1) because of the 
difference in latitude. The sun (or 
moon) when rising and setting follows 
a more slanting path as it crosses the 
horizon at Callanish than it does at 
Stonehenge. The path of the mid- 
summer moon, computed for 1500 
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B.C., is shown in Fig. 4. At Callanish 
a large change in azimuthal bearing 
of the sun produces a small change 
in altitude above the horizon. Thus, 
the error in azimuthal bearing is about 
the same as that at Stonehenge. At 
least some of the errors given in Table 
1 arise from errors in the available 
chart of the structure, from which cal- 
culations were made, and from un- 
certainties concerning the elevation of 
the horizon. Before a detailed discus- 
sion of errors is undertaken Callanish 
must be resurveyed and measurements 
must be made of the slope 'of the 
ground, height of the stones, elevation 
of the horizon, and so on. 
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Fig. 2. Plan of Callanish, a group of large 
standing stones on the island of Lewis in 
the Outer Hebrides. 

Use by Stone Age Man 

The most puzzling thing about Calla- 
nish is how it was used by Stone Age 
Britons. I have suggested that Stone- 
henge was used to mark out the sea- 
sons-that the Stonehengers made ob- 
servations of the moon throughout its 
18.61-year cycle in order to establish 
a lunar-solar calendar and to obtain 
warning of solar and lunar eclipses. 
Callanish seems to have been used pri- 
marily to establish a calendar, though 
it may possibly have been used for 
predicting eclipses as well. 

In looking for clues as to how the 
stones of Callanish were used as a 
computer to establish a calendar, we 
find analogies with Stonehenge. Since 
the circle of stones at Callanish has no 
solar or lunar alignment I suggest that 
it is a counting circle similar to the 
Aubrey holes and Sarsen circle at 
Stonehenge. The circle at Callanish 
contains 13 stones, 12 large and 1 
small. These numbers are the funda- 
mental basis of a lunar-solar calendar 
and could have been used for mark- 
ing off the short years of 12 lunar 
months and the long years of 13 lunar 
months. A similar system is still used 
in the Jewish calendar today. The 19 
stones in the avenue, including the 
"heel" stone (stone 34), provide a 
basic counting system for this calen- 
dar. Such an observational program 
and calendar formulation in 1500 
B.C. would have antedated by more 
than 1000 years any similar develop- 
ment known to us. The Greek Meton 
is credited, perhaps apocryphally, with 
the discovery, in 432 B.C., of the 19- 
year cycle; this knowledge was not 
put to use until 312 B.C., during the 
Seleucid Empire. 

The Callanish people may have ob- 
served and predicted eclipses, though 
the evidence is less clear than it is at 
Stonehenge. A midwinter moonrise 
over stone 34 would certainly have 
signaled the danger of a winter eclipse. 
The requirement for winter and sum- 
mer eclipses is also marked by the 
lines for moonset and sunrise at the 
equinox. When the sun rose in line 
with stones 20 to 23 and the moon 
set in line with stones 30 to 33, 
there would have been danger of an 
eclipse at midsummer or midwinter. 
Thus the Callanish people did have 
the means for predicting winter and 
summer eclipses from observations 
made at various times throughout the 
year. However, consistent prediction 
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Fig. 3. The azimuthal direction of the rising 
and equinox for the latitude of Callanish. 

of eclipses of a moon of a particular 
time of year, such as the midwinter 
moon, would have required a 56-year 
counting cycle made up of intervals 
of 19, 19, and 18 years. The Callanish 

people could readily have made such 
observations by excluding stone 34 

every third count around the avenue. 

Thus, it is just possible that they did 
have knowledge of the 56-year cycle, 
though they did not reveal possession 
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and setting of the sun and moon at solstice 

of this knowledge, as the Stonehengers 
did by setting out a circle with 56 
marked points. 

Although the astronomical align- 
ments are indisputable, the suggestion 
of a computer use is, of course, con- 

jectural. At Stonehenge the precise cir- 
cle of 56 Aubrey holes seems to be 
connected unambiguously with an ac- 
curate eclipse cycle which synchro- 
nizes with the year of the seasons. At 
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Fig. 4. The apparent path of the full moon at Callanish at midsummer computed for 
about 1500 B.C. 
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Callanish, on the other hand, excava- 
tions have not been completed. We 
cannot be sure that only 19 stones 
were set in the avenue, and that only 
13 stones were set in the circle. Also, 
the circle of standing stones is associ- 
ated with a tomb and is thought by 
some archeologists to be more recent 
than, and perhaps unconnected with, 
the rows of stones. 

Conclusion 

On the basis of the stone record it 
appears that the Callanish people were 
as precise as the Stonehengers in set- 
ting up their megalithic structure, but 
not as scientifically advanced. Cal- 
lanish is, however, a structure that 
could have been used much as Stone- 
henge was. It would be interesting to 
obtain a date, by the radiocarbon 
method, for the peat in the area of 
Callanish, to determine how much 
older, or more recent, than Stonehenge 
this structure is. Perhaps the knowl- 
edge gained at Callanish was later used 
in the design of Stonehenge. 

These structures are both at critical 
latitudes. Callanish is at the latitude 
where the moon skims the southern 
horizon. Stonehenge is at the latitude 
where at their extreme positions along 
the horizon the sun and the moon rise 
at a right angle on the horizon. From 
the standpoint of astronomical mea- 
surement Stonehenge could not have 
been built further north than Oxford 
or further south than Bournemouth. 
Within this narrow belt of latitudes the 
four station stones make a rectangle. 
Outside this zone the rectangle would 
be noticeably distorted. Perhaps these 
latitudes were deliberately chosen, and 

perhaps these people were aware that 
the angles of the quadrangle formed 

by the station stones would change as 
one moved north or south. If Stone- 

henge and Callanish are related, then 
the builders may have been aware of 
some of the fundamental facts which 
served later as the basis of accurate 

navigation and led to a knowledge of 
the curvature of the earth. But if they 
possessed knowledge of such impor- 
tance it must have been passed along 
by word of mouth; no record of it 
is found in the stones. 
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