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THE OBLIQUITY OF THE ECLIPTIC

Ancient, mediaeval, and modern observations of the obliquity of the Ecliptic, measuring the inclination of the earth's axis, in ancient times and up to the present
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Note from the Setterfields

George Dodwell was the government astronomer for South Australia.  When he died in 1963, the Astronomical Society of South Australia requested Barry Setterfield to prepare Dodwell’s notes for publication.  This Barry did.  However he was unable to find a publisher in Australia for Dodwell’s works.

A friend of his offered to take the material and have it published under the auspices of a university in the United States.  That was in the late 1980’s.  We were told of a number of different difficulties through the years which were delaying publication, but publication still has not happened.  Recently we were sent some files of what this person had prepared and discovered he had made a number of typing errors and, at two points at least, had inserted his own sentences which were not in the original text and not marked them as separate from the original text. This is not acceptable.

In the meantime, Dodwell’s sons were getting a bit impatient as well, and at their request and with their permission the material on the obliquity of the ecliptic (the tilt of the earth's axis) is now presented here in its entirety for the first time.

Since we have the original manuscripts ourselves, every word has been checked and every punctuation mark, for accuracy.  We have occasionally changed some paragraphing and punctuation to improve readability (Dodwell was very fond of commas), and have inserted some formal tables in place of the informal tables in the original manuscript. The figures have been scanned off the originals and sized as large as possible to permit reading of even the small type. The only major problem we encountered was a missing diagram of the Temple at Tiahuanaco (chapter 10) to which Dodwell refers in the last chapter.  

All emphases are in the original.

So here, finally, is Dodwell’s work. We wish to extend a deep and sincere thanks to David Bowdoin for his hours of work in helping us get the old photographs and charts and diagrams from Dodwell prepared and ready to put here in the manuscript. We are also very grateful to John and Peter Dodwell for their help in locating the photographs on the photograph page, helping with the captions, and their encouragement throughout this process. We have added a number of other pictures in addition to Dodwell's originals which we think help the reader understand what is being written about.

Sincerely,

Barry and Helen Setterfield,

February 23, 2010



About George Dodwell (1879 - 1963)

by Barry Setterfield

George Frederick Dodwell was born in Leighton Buzzard, England, on February 13th, 1879. After a move to Australia, Dodwell attained his degree at Adelaide University and became a Fellow of the Royal Astronomical Society.  He was appointed to the staff of the Adelaide Observatory on March 1, 1899, as a Junior Computor (the person who was responsible for the mathematical calculations) under Sir Charles Todd who had himself been trained under Sir George Airy at the Royal Observatory, Greenwich.  He succeeded Sir Charles, being appointed Government Astronomer for South Australia in June 1909.  Dodwell held this position until his retirement on October 31, 1952.

During his time at the Adelaide Observatory there were many achievements to his credit, about which he was typically humble.  In 1900, shortly after the invention of wireless telegraphy, the Observatory became the site of the first wireless installation in Australia for distant signaling.  The occasion arose to fix the boundary between South Australia and Western Australia, which was defined as the 129th Meridian East of Greenwich.  It was George Dodwell himself who proposed that this be determined by wireless signals heard by Greenwich as well as the field stations at Deakin and Argyle Downs simultaneously.  The radio time signals were transmitted from Bordeaux and Lyon and Annapolis.  This international project linked the Greenwich, Paris and Washington Observatories as well as those in Australia from April to July 1921.  It was the first time that the world had been measured from one side to the other by wireless telegraphy in conjunction with astronomical observation.  This was a world “First” for both Adelaide and George Dodwell.

Other work which brought the Adelaide Observatory world recognition under George Dodwell’s leadership included a magnetic survey of South Australia.  This led on to his study of latitude variations which was held in conjunction with La Plata Observatory in Argentina, the International Latitude Congress and the International Astronomical Association.  In September of 1922 he led a combined party with Sir Kerr Grant of Adelaide University to observe and photograph the total solar eclipse from Cordillo Downs, Australia, to test Einstein’s theory of the effect of gravitation on light.  Also in that year he was appointed by the Commonwealth of Australia to be its representative at the International Astronomical conference in Rome.

The study of latitude variations led George Dodwell to investigate the Obliquity of the Ecliptic (the tilt of the earth’s axis).  This work commenced in 1934, a year after his uncle, Sir Frank Dyson, K.B.E., F.R.S., had retired as Astronomer Royal in England.  An ancient manuscript by a Medieval Belgian astronomer Godefroid Wendelin, containing observations of the Obliquity, was published in 1933 and was obtained by Dodwell.  The entire data set revealed a progressive and one-sided abnormality compared with Newcomb’s Formula.  In 1935, Dodwell sent a preliminary paper to the Royal Astronomical Society.  The referees suggested a further study of observational errors.  This was undertaken experimentally at Adelaide University during June 1936 with nine experimenters making 172 observations on a vertical gnomon.  An initial Report covering the period from December 1934 to December 1936 was made to the South Australian Parliament on February 20, 1937.  On that occasion, Dodwell announced that an account was being prepared for publication.  He wanted this research to be published as a Report of the Adelaide Observatory.  However, the Observatory was closed in 1952 at his retirement.  His research on the topic continued, but the Report was only completed just prior to his death on August 10, 1963. 

The following is the manuscript of his research. The history of the Adelaide Observatory is also available.

*********************************

Note:  George Dodwell wrote two sections in his manuscript.  The first had to do with biblical exposition.  The second with the astronomical material.  His astronomical research came first and his biblical application later in his life.  This preface was for both sections and since we are only putting the astronomical material on our website, we have inserted ellipses in his preface where we have deleted references to his biblical material. This preface is the only place where any of his original material has been edited. 

Barry and Helen Setterfield



AUTHOR'S PREFACE

In the year 1934 I had a great desire to do some particular work which might be of value in astronomy, and also be of general interest.  … [Later], when looking through the library of the Adelaide Observatory, my attention was aroused by a book called “Draysonia,” written by the British Admiral Sir Algernon F. R. DeHorsey.  It referred to an astronomical theory advanced by Major General Professor Alfred Wilks Drayson, who had been for 15 years a Professor at the Royal Military Academy at Woolwich, and also for two years an astronomer at the Royal Observatory, Greenwich.  Admiral DeHorsey formerly had been one of his students at Woolwich, and had a great appreciation of his work..

The book gave an explanation of what Professor Drayson believed to be a movement of the earth, supplementary to the movements already known, and performed round what he called a “second pole of precession.” * He claimed that this movement accounted for the earth’s past geological climates and the ice ages.

I was aware that Professor Drayson’s theory was regarded as a paradox, contrary to sound astronomical doctrine, by high astronomical authorities; and I wished to find out where it was in error.  It soon became clear that the paradox lay in the fact that for this proposed physical and cyclical movement of the earth, which he believed to be still in progress, there was apparently no known or possible physical cause.

Nevertheless, although the theory was thus untenable, it seemed to me worthwhile to trace out more clearly just how much, and why, the ancient and mediaeval observations of the obliquity of the ecliptic, on which Professor Drayson based his conclusions, differed from Newcomb’s internationally accepted formula for the secular, or age-long, variation of the obliquity.  These observations went back to values given by Strabo, Proclus, Ptolemy, and Pappus in the early centuries of the Christian era.  They indicated a consistent and increasing divergence in past ages from the values calculated by means of Newcomb’s formula.

Sir George Airy, the seventh Astronomer Royal of England, long ago affirmed the principle, in his book on the Theory of Errors, that in astronomical and other statistical investigations, no observation, however apparently imperfect or unreliable by itself, should be rejected, but all observations, after correction for known sources of error, should be used in forming the average or mean result, since in a long series the very high values would tend to be counter-balanced by the very low ones.

The validity of this principle is seen in an illustration, pointed out by A.R. Wallace, that the mean height of the tallest giant and the smallest dwarf in Great Britain is almost exactly the same as the average height of the whole population.

It is also seen in target shooting, where, with a large number of shots, the mean position between the very high and very low shots, as also the very wide ones on both sides of the target, is found to be very close to the centre of the target.

The correct principle, therefore, in studying the mediaeval and ancient observations of the obliquity of the ecliptic, should be, firstly, to obtain as many of these observations as possible; secondly, to correct each one, as far as possible, for any known or ascertainable source of error; and then to draw the curve which unites them all with one another and with the modern observations.  Then, from the mathematical character of the curve, we may perhaps find some new truth or circumstance, disclosed by the observations, and previously unsuspected.

This, accordingly, was the plan which I endeavoured to follow. I therefore wrote, and searched in numerous books, for this kind of information from ancient China, India, Egypt, and Greece, as well as from mediaeval Europe and parts of Asia.  The results are given in Chapters 3 to 10, of this volume,  Astronomical Investigations of the Obliquity  of the Ecliptic. [note:  this was his initial title which he himself changed later]

At the beginning I had the good fortune to obtain a copy of the first manuscript of the famous mediaeval Belgian astronomer, Godefroid Wendelin, which had been lost for three centuries, until it was recently discovered in the Library of the City of Bruges.  It was published in 1933 by M. l’Abbe G. Lemaitre, in Vol. 9. 1932 of the Publications of the Laboratory of Astronomy and Geodesy in the University of Louvain.

This work contained, amongst other things, a list of ancient observations of the obliquity of the ecliptic, made by Thales, about 558 B.C.; Eratosthenes, about 230 B.C.; in his later years, Hipparchus, 135 B.C.; Ptolemy, 126 A.D.; and by several mediaeval astronomers up to the time of Tycho Brahe, 1587 A.D., and of Wendelin himself, 1616 A.D.; together with Wendelin’s theory of the cause of the change which had taken place during the ages up to his own time.

My further searching for ancient and mediaeval observations of the obliquity of the ecliptic resulted in bringing together and analysing a very considerable and valuable series of these observations.

The first curve of these ancient observations, which I drew in the year 1934, showed an unmistakable and progressive abnormality when compared with Newcomb’s formula.  A careful study of the observations, and their agreement with the curve at all times and places of observation, showed that it was not due to large errors in the ancient observations.  It was therefore very puzzling, as it seemed to indicate some unknown movement of the earth in the past.  This could not be a cyclical or continuous periodic movement, for such an explanation would merely repeat the Draysonian paradox, and would be impossible.

…After the initial drawing of the curve, uniting all the observations then available, I drew a subsidiary curve of “residuals,” that is, of the differences found by subtracting the quantities calculated by Newcomb’s formula from those given by the observations.  Since Newcomb’s formula completely represents all the known forces governing the regular slow movement of the earth’s axis, a curve of residuals would tend to indicate some unknown condition.  The residuals fitted closely on a mathematical curve, of a type with which I was not immediately familiar.  I sought help in this difficulty from some learned mathematical friends, but without success. 

…For aid in the solution of the curve of residuals, (Observations – Newcomb), of the obliquity of the ecliptic, I examined many types of mathematical curves.  Many of them have practical applications, and have a precise interpretation, which is thus mathematically certain and sure.

Finally, in Joseph Edwards’ Differential Calculus,  p. 102, the curve I was seeking stood out unmistakably, demonstrating the principles of both “insensibility” and “irregularity.”  It was a “logarithmic sine curve.”  (see Fig. 3)  When the scales of time and of degrees of displacement of the earth’s axis from the normal position were adjusted, so as to correspond with the scales in the example, the resulting mean curve of the observations was an exact replica of the particular logarithmic sine curve illustrated in the text book.  The mean observational curve fitted exactly with this logarithmic sine curve, as “a hand in a glove.”

The date of verticality of the curve, 2345 B.C… coincided with an “irregularity,” this being a large and sudden change in the inclination of the earth’s axis; and the date of “insensibility” or of equilibrium in the horizontal time scale of the curve, was 1850 A.D.

It was absolutely certain that every point on the mean observational curve in Figure 3 is precisely a point on a logarithmic sine curve.  The curve is therefore a certain and sure mathematical demonstration that in the year 2345 B.C., the earth’s axis was suddenly displaced by a major impact; and the curve shown in Figure 3 is a curve of the partial recovery of the earth to a state of equilibrium, at its normal inclination and conditions, as reached in 1850 A.D.

It should be noted here that the dates corresponding to verticality and complete horizontality of the curve do not depend on any isolated or arbitrary selection of the observations, but they are determined by the complete contour of the curve, which conforms to a definite and precise mathematical pattern throughout the whole of its course.

A close examination of the relationship of the observations to the mean curve next showed that they were arranged in groups alternately above and below the mean curve, with a period of about 600 years between groups.  Solving this problem by what is called the “method of harmonic analysis,” I found this was indeed the case, and I was able to establish a formula satisfying these conditions.

This formula, represented in graphic form in Figure 4, gives what is called a “harmonic sine curve with diminishing amplitude,” the amplitude, or departure above or below the mean position, being a maximum at the beginning of the curve, in 2345 B.C., and gradually being reduced to zero at its end, in 1850 A.D.  This is characteristic of the way in which a freely spinning body, like the earth in its daily rotation, is restored to a steady condition after a sudden disturbance of its axis.

The presence of this harmonic sine curve, with its diminishing amplitude, is a marvelous confirmation of the important, and now verified, fact that the earth has gradually been making a partial recovery, during the interval of 4194 years from 2345 B.C., to 1850 A.D., after a sudden large disturbance of its axis in 2345 B.C., and that it reached its present state of completed equilibrium in 1850 A.D.

In 1935 I sent a preliminary paper to the Royal Astronomical Society, dealing with the results so far obtained at that time.  It was returned to me by referees, with a note that the errors of the ancient observations needed further discussion.  It was the general opinion of astronomers at that time, and still is, that the differences of the ancient observations of the obliquity of the ecliptic from Newcomb’s formula are wholly due to errors of the ancient observations.  This opinion, however, is now shown to need revision, in the light of the examination of the question given in Chapter 2 of  The Obliquity of the Ecliptic.

The advice given at that time by the reviewers was most valuable, and I decided to examine the conditions of error in the ancient observations in a practical way, by constructing and using a type of vertical gnomon for solstitial observations of the sun, similar to the gnomons used in ancient times.  This was thoroughly tested at the Adelaide University at the June (southern winter) solstice of the year 1936.  Nine observers took part in the observations, and 172 observations were made.  They are described in Chapter 2.  The results confirm the general accuracy of the ancient observations, within one or two minutes of arc; and they show also that in a long series of such observations by a careful observer (such as the observations made by Eratosthenes during his 40 years work at Alexandria), no great errors occur.

The next step was to write a full account of the whole matter, together with a study of the astronomy of the Solar Temples of Egypt, especially the Great Solar Temple of Amen-Ra at Karnak, which was oriented to the setting sun at the summer solstice at the date of its foundation, about 2045 B.C.  To be studied along with this was the famous ancient British calendical monument of Stonehenge, which was oriented by its builders to the point of sunrise at the summer solstice in ancient times; and, in addition, the ancient great Peruvian Solar Temple of Tiahuanaca, near Lake Titicaca, in the Andes Mountains in Bolivia, designed by its builders for observation of the points of sunrise at both summer and winter solstices.

All of these ancient solar temples or monuments throw a very interesting light on the obliquity of the ecliptic in ancient times, and are in full agreement with the results obtained from the ancient astronomical observations made by the Chinese, Hindus, and Greeks, as described in Chapters 3, 4, and 5.

I hoped this work might be published as a product of the Adelaide Observatory, for distribution to other observatories, and for astronomers to examine. But its publication has been delayed.

George F. Dodwell

Wayville, South Australia, October 1962.

* Described in: [Drayson, Alfred Wilks :]  Untrodden ground in astronomy and geology, giving further details of the second rotation of the earth and of the important calculations which can be made by aid of a knowledge thereof.    By Major-General A.W. Drayson … London, K. Paul, Trench, Trübner and Co. Ltd., 1890.



INTRODUCTION AND SUMMARY

In this work, which has taken many years to complete, it is shown that the Ancient and Mediaeval Observations of the Obliquity of the Ecliptic (which is a measure of the Inclination of the Earth's Axis away from the perpendicular to its orbit), differ from the regular curve, corresponding to Newcomb's internationally accepted Formula, by an amount increasingly greater the farther we go back into antiquity.

Further, these differences reach a unique maximum in the year 2345 B.C.  When the differences, or "residuals" as they are usually called, are studied, they are found to trace out an exact logarithmic curve, viz., a curve of "logarithmic sines," which has a secondary periodic oscillation, or "harmonic sine curve," with diminishing amplitude, superimposed on it.

The interpretation of this combined curve is that it is one of recovery after a disturbance of the earth's axis, which occurred in the year 2345 B.C.

A general statement concerning the movement of the Earth's Axis is given in Chapter 1.  At the end of this chapter is a list of the determinations of the Obliquity of the Ecliptic, from which the curve has been derived; in addition tabular data are given for Newcomb's Formula, and for the New Curve of Obliquity; also a table of reductions from the edge of the shadow to center of the sun, A.D., 1900 back to B.C., 2000, for use in calculating of gnomon observations.

In Chapter 2 an account is given of the errors to which the ancient observations were liable, and of the corrections applied in order to obtain the true value at each date of observation.

Chapters 3 to 7 give an account of the observations of the Obliquity of the Ecliptic made by the Ancient Chinese (3); Ancient Hindus (4); Ancient Greeks (5); the Mediaeval Arabs and Persians (6); and finally the European observations, both mediaeval and modern (7).  Chapters 8 to 10 give an account of those famous monuments of antiquity, oriented to the sun at the Solstices, at Karnak and other places in Egypt, Stonehenge in England, and Tiahuanaco in Peru.



CHAPTER  1

THE MOVEMENT OF THE EARTH’S AXIS OF ROTATION IS EVIDENCE OF A  DISTURBANCE OF THE EARTH’S AXIS IN ANCIENT TIMES

Figure 1, below, is a graph of the regular, periodic variation of the Inclination of the Earth's Axis of Rotation, usually known as the secular, i.e., age-long, variation of the Obliquity of the Ecliptic. It is due to the gravitational attraction of the planets upon the Earth, interacting with the attraction of the Sun and Moon on the Earth's equatorial protuberance.

In this graph the normal curve of the Obliquity of the Ecliptic is traced for three oscillations. The curve is derived from the comprehensive formula given by the American astronomer, J.N. Stockwell (Smithsonian Contributions to Knowledge, Vol. 18. 1873, Article 3).

FIGURE  1

OBLIQUITY OF THE  ECLIPTIC  ACCORDING TO STOCKWELL.

Curve showing maximum and minimum values, and period of the variation,  according to Stockwell

Curve showing maximum and minimum values, and period of the variation in accordance with Stockwell’s formula

[image: ]

This formula, Stockwell says, enables us to obtain the numerical values of the Obliquity during all past and future ages. From the curve, we see that the obliquity, which is now (in 1954) 23º 26'  43", is gradually decreasing to a minimum of 22º  30' about 13,000 A.D.; and that it was at its last maximum, 24º 12', about 7000 B.C.

The results obtained by Stockwell were slightly modified by the later researches of the American astronomer Simon Newcomb, whose formula, though more accurate for recent times, is not strictly applicable for more than 2000 or 3000 years before and after the present time. Newcomb's Formula has been adopted by astronomers as the International Formula for the secular, or age-long, variation of the Obliquity of the Ecliptic, within the limits of time just mentioned, that is, as far back as perhaps 1000 B.C. or 2000 B.C., and that which it will follow in similar ages to come. I have therefore used it here for all comparisons with ancient, mediaeval, and modern observations of the obliquity.

It is the general belief of astronomers that Newcomb's Formula does truly and very closely represent the Obliquity, within the time limits mentioned; and the divergences of the Ancient and Mediaeval Observations from this Formula have been consequently ascribed to errors of these observations, due, it is generally thought, to the use of simple or crude instruments and methods of observation.

Figure 1 shows, on a small scale, how the discrepancies appear when they are set out on a graph, and the Scale is magnified in Figure 2. The observations which they represent belong to widely separated times and places, the latter including Ancient China, India, Egypt, Greece, and various parts of Asia Minor and Europe.

They agree so consistently, throughout all times and places, in tracing out a curve diverging more and more from Newcomb's Formula, as we go back to antiquity, that we must look carefully into them, to examine their reliability, and to see what light they throw upon the early state of the Inclination of the Earth's Axis.

DISPLACEMENT OF THE EARTH’S AXIS.

It will be seen that the curve, on which the actual observations fall, is a combination of

(1)  the normal oscillation, due to the action of the Sun, Moon and  Planets on the Earth, and represented by Newcomb's Formula; and

(2)  a "logarithmic sine" curve, having also a "harmonic sine" curve, with diminishing amplitude superimposed on it.  This is shown in Figures 3 and 4.

The mathematical interpretation of this second type of curve is that it is a curve of recovery after a disturbance of the Earth's Axis, the final state of equilibrium having been reached only in recent times, viz., about the middle of the 19th Century, or approximately 1850 A.D.  That is why no trace of it is now revealed in the observations made with modern instruments of high precision, in the great Observatories of today.

FIGURE 2

CURVE OF THE OBLIQUITY OF THE ECLIPTIC

(a) From Newcomb's International Formula.

(b)  From observations. 
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See the Data Table for the list of observations

The movement was still sufficiently in evidence, however, in the 17th Century, to be perceptible in the observations made by Flamsteed, (the first Astronomer Royal of England, at Greenwich Observatory), and in the observations also of other noted astronomers of that period.  It is very much more noticeable in the earlier times.  Nevertheless, in considering some of the better known ancient observations, such as those of Eratosthenes, 230 B.C., and Hipparchus, 135 B.C., (when the difference was as much as 8¢ greater than Newcomb's value), the confidence of astronomers in Newcomb's Formula is so strong, that they have only been able to conclude that these ancient observations are all erroneous, to the exact extent by which they differ from Newcomb.

We may note, however, that Tannery, the eminent French authority on Ancient Astronomy, had a better opinion of the value of ancient Greek observations. He shows that the famous and accurate first measurement of the circumference of the earth, which was made by Eratosthenes, 230 B.C., was "by no means the result of a happy accident," and in  L’Astronomie Ancienne p. 120, he makes the following remarks concerning Eratosthenes' measurement of the Obliquity of the Ecliptic:

"Before the measurement of Eratosthenes, the Obliquity was valuated as 1/15 of the circle, or 24 degrees. This determination, indicated by Eudemus on the report of Dercyllides, (Theon of Smyrna), was already incontestably known by Eudosius, and perhaps it was anterior to him, going back to the School of Pythagoras. It is evidently tied to the solution given by Euclid of the problem of inscription in a circle of the regular pentagon, this solution having for its object the tracing of the mean circle of the Zodiac on the celestial sphere. The process to be followed for measuring the Obliquity of the Ecliptic was then known from the beginning of Greek astronomy. The part taken by Eratosthenes was of doubting the accuracy of the simple relationship universally admitted before him, and of undertaking a measurement which he knew how to make so exact as to cause his successors to despair of doing better.”

Tannery also points out that Eratosthenes "naturally held to the process, already familiar in all the Greek cities, of observing the shadows of the gnomon.”  (See, further, the detailed account of these observations made, over a period of many years, by Eratosthenes)

With regard to Tannery's suggestion that the determination of 24 degrees for the Obliquity of the Ecliptic goes back to the School of Pythagoras, we may now see that this suggestion is correct. Pythagoras was born at Sidon in Syria about 580 B.C., or some years earlier.  He was brought up at Samos, his father's principal residence.  He commenced to travel in the pursuit of knowledge at the age of 18; at Miletus he conversed with Thales.  He then traveled to Phoenicia and Syria, and then went to Egypt, where he spent 22 years in his studies, which were terminated by the conquest of Egypt by Cambyses in 525 B.C.   In Egypt he studied especially geometry and astronomy, and extended the theorem of the "Square of the Hypotenuse" to all right-angled triangles, this theorem being associated ever since with his name.  Jamblicus tells us that he practised astronomy in the Egyptian temples during the whole of his stay in Egypt.

He was taken to Babylon as a captive, but continued his studies among the Chaldeans and the Persian magoi. After that he visited India, Celtica, Iberia and Sicily, and then settled at Crotona in Southern Italy. We may therefore conclude that the "School of Pythagoras," where he carried out astronomical observations, was established at Crotona about the year 515 B.C.

From the New Formula, the Obliquity of the Ecliptic at this period was 24 degrees, 0 minutes, 5 seconds.  Hence, Tannery was right in attributing the value of 24 degrees to a date corresponding to the School of Pythagoras.

Let us now consider a little more closely this Obliquity-result of 24 degrees, associated with the name of Pythagoras.  Pythagoras was a disciple of Thales, the first of the Seven Sages of Greece, who himself also made measurements of the Obliquity of the Ecliptic, and obtained the same result, 24 degrees.  It may be considered certain that Thales used the vertical gnomon for these measurements, as he was a kinsman, companion, and fellow-townsman at Miletus of his famous younger contemporary Greek philosopher, Anaximander, who, having learnt the use of the vertical gnomon from the Chaldeans, is notable for being the first to introduce its use into Greece.  With it he (Anaximander) observed the Obliquity of the Ecliptic.  He also set up the first sun-dial in an open place at Lacedaemon.

The vertical gnomon became known to the Greeks as a scioterion (“shadow-taker”), or heliotropion  (“instrument for observing the sun at the solstices”).  There can be no doubt that Pythagoras used this instrument at his school at Crotona, and with it observed the mid-day altitude of the sun at the summer and winter solstices.  This was several centuries before the introduction of other types of astronomical instruments also used by the Greek astronomers of a later period at Alexandria.  From these observations, Pythagoras would have obtained, (just as Eratosthenes did nearly three centuries afterwards), the double angle of obliquity, by subtracting the observed mid-day altitude of the sun, at the winter solstice, from its corresponding mid-day altitude at the summer solstice. This double angle of obliquity was 48 degrees, half of which, 24 degrees, is the Obliquity of the Ecliptic associated by Tannery with the name of Pythagoras.

In this connection we may note that the ancient Greek astronomers sometimes give the double (or total inter-tropical) angle of Obliquity, as in the case of Thales (48 degrees), Eratosthenes (47 degrees, 42.5 minutes, whence the half part or the obliquity-- 23 degrees 51 minutes 15 seconds -- is derived), and Hipparchus (the same as Eratosthenes).

 In agreement with this, Ptolemy in his Syntaxis, states that the double angle of Obliquity observed by Eratosthenes and Hipparchus was less than 47 degrees 45 minutes, but greater than 47 degrees 40 minutes, (mean value 47 degrees 42.5 minutes), the half of which gives the Obliquity as 23 degrees, 51 minutes 15 seconds, as before stated.  Sometimes, however, they give the ratio of this double angle to the whole circle of 360 degrees. Thus, Hipparchus gives the ratio of 11 to 83 for the total inter-tropical angle to the whole circle; this is equivalent to 47 degrees 42 minutes 39 seconds, from which is obtained the Obliquity 23 degrees 51 minutes 20 seconds, also attributed to Hipparchus.

Another method used by the ancient Greeks was to give the ratio of the height of the gnomon to the length of the shadow at either or both solstices.  As an example of this, Pytheas, the Ancient-Grecian explorer, on his voyage of discovery in 326 B.C., erected at Marseilles, at the summer solstice, a large gnomon, divided into 120 parts,*  and gave the ratio of the height of the gnomon to the length of the shadow as 120 to 41 4/5 (according to Strabo), or (according to Ptolemy) as 60 to 20 5/6 or 120 to 41 3/5.  The use of these large ratios, when a simpler ratio was not possible, indicated that the ancient Greek astronomers took considerable care with their observations,  and did not merely give "round numbers."

*  These “parts” were perhaps tenths of the ancient Greek standard  “Olympic foot,” whose length was nearly 1.013 English feet. The decimal division of the foot was in use in ancient Egypt and China, and was no doubt adopted also by the Greeks. In that case the “large gnomon” used by Pytheas would have been 12 Olympic feet in height, equivalent to 12 feet 1 ½ inches English measure;  and the length of the mid-day shadow at the summer solstice,  41 4/5 parts, as given by Strabo, would have been 4 feet 2  4/5 inches in English measure. 

In the case of the observations believed to have been taken by Pythagoras at Crotona in Southern Italy, (latitude 39 degrees 7 minutes North),  about 515 B.C., a simple calculation shows a glaring discrepancy in the shadow lengths of, let us say, an 8 foot gnomon at the winter solstice, according as we assume the Obliquity to be 23 degrees 45 minutes 30 seconds, given by Newcomb's Formula for that year, or 24 whole degrees, attributed to Pythagoras.

For, in the former case, the winter shadow length would have been 15 feet 5.4 inches (Newcomb), whereas it would have been 15 feet 7.3 inches, i.e., a difference of 1.9 inches.  We cannot think that Pythagoras could have ignored such a large difference.  A similar criterion applies also to the observations made by Thales.  Whatever the height of the gnomons used by them may have been, we may justly have confidence in the substantial accuracy of their observations.

The observations of Thales and Pythagoras are also supported by the Hindu results, derived from the astronomy of the Surya Siddhanta, at about the same period; and the fact is that Newcomb's Formula differs from all the observations at this period by the surprisingly large amount of 15 minutes of arc, or 1/4 of a degree. Since Newcomb's Formula truly represents the factors governing the change in the obliquity as known to us, we can only conclude either that  the ancient observations are greatly in error, or that there may have been some other factor causing a change, and not hitherto brought to light.

In order to examine the accuracy of this explanation, I have commenced the account of the ancient observations with a study of the errors to which, in particular, the observations made with the vertical gnomon, or shadow pole, were liable, since this was the instrument most frequently used in ancient times for observations of the sun's altitude at the solstices.  It was, in fact, regularly used for such observations in China for a period of more than 2000 years, as far back as 1100 B.C.  So important was it considered by the Chinese that uniformity of observations should be established, that they fixed by law the height of the gnomon at 8 feet.

The gnomon was also used by the ancient Hindus and by the Greeks.  At a later date, from the time of Eratosthenes, 230 B.C., the Greek astronomers introduced armillae and other circular instruments; but the gnomon still remained in general use, and Ptolemy and Strabo regularly record latitudes in terms of the height of the gnomon to the length of its shadow.

On the revival of astronomy in the 9th Century A.D., the Arabs and other mediaeval astronomers also used the gnomon for observations of the sun's altitude, and it was the standard meridian instrument at the great Observatories of Paris and St. Petersburg as late as the middle of the 18th century.

The results obtained with the gnomon are so well within the limits of error required for the present investigation that the observations made with it in ancient times are worthy of close attention. They show that the large divergences from Newcomb's Formula are not simply due to errors of observation, but indicate another factor, which calls for explanation.  After due allowance is made for all sources of error, the mediaeval and ancient observations of the obliquity are found to lie consistently on a curve, shown in Figure 2, which is in agreement with Newcomb's Formula in modern times, but differs greatly from it 2000 or 3000 years ago.

CONFIRMATORY EVIDENCE

If the curve of the ancient observations is continued backwards, it becomes steeper; and about the year 2045 B.C. it gives a value of the obliquity greater than 25 degrees.  This is more than 1 degree greater than Newcomb's value, which is 23 degrees, 55 minutes 55 seconds for that date.  Finally, in the year 2345 B.C., the curve becomes exactly vertical, and indicates a probable and actual value of about 26 1/2 degrees for that date.

A remarkable confirmation of the obliquity in the year 2045 B.C. is given by the oriented solar Temple of Amen Ra at Karnak, Egypt, the largest temple that has ever been built. This is described in Chapter 8. Hieroglyphic inscriptions, engraved in granite, show that the ancient Egyptians took great pains to orient their solar temples.  The rays of the rising or setting sun, on certain important dates, then shone straight down the long central avenue, or temple axis, into the darkened sanctuary and illuminated the image of the sun-god within it.

In the great Solar Temple at Karnak, this occurred at sunset on the day of the summer solstice.  It will be shown that in 2045 B.C., the foundation date of the Temple, the sun's solstitial declination, or maximum distance from the celestial equator, was 25 degrees, 9 minutes, 55 seconds.  This value is in exact agreement with the prolongation of the curve of the ancient observations, and exceeds Newcomb's value for that date by 1 degree 14 minutes.  Further confirmation, at other points on the curve, is given by the famous solar monuments at Stonehenge, England, and Tiahuanaco, Peru.

COMPARISON OF NEWCOMB'S FORMULA WITH THE ANCIENT OBSERVATIONS

We must now consider the relationship between the two curves.  This is shown graphically in Figures 1 and 2.

(a) Newcomb’s Formula

Newcomb's Formula for the Obliquity of the Ecliptic, as adopted by the

International Astronomical Congress of 1896, and used ever since then by international agreement, is:

E (1900 + T) = 23º.27’08.26 – 46”.845T – 0”.0059 T2 + 0”.00181T3

Where   E = the Obliquity of the Ecliptic

T = the number of centuries from 1900 A.D.,  taken as ‘+’  for centuries after 1900 A.D., and  ‘—’  for centuries before 1900 A.D.

(b)  The range of the obliquity  

The total range of the variation of the Obliquity of the Ecliptic was calculated by Laplace, in 1825, to be limited to 3º 7’ 30”, or 1º 33’ 45” on each side of the mean value. (1)

Later, in 1872, the American astronomer,  J.N. Stockwell, by using more accurate determinations of the masses of the planets, showed that “The limits of the Obliquity of the Apparent Ecliptic to the equator are 24º 35’ 38” and 21º 58’ 36”, whence it follows that the greatest and least declinations of the sun can never differ from each other to any greater extent than 2º 37’ 22” ….. The periods of the secular changes ….. vary between 26,000 and 53,000 years.” (2)

Figure 2 shows the relationship of the curve of the observations to that of  Newcomb's Formula back to 3000 B.C., on a larger scale than in Figure 1, and with more detail.

THE NEW CURVE OF OBLIQUITY FOR PAST AGES

Since the normal change of the Obliquity is accurately represented by Newcomb's Formula, it follows that the observational curve in Figure 2 is a compound one. It combines Newcomb's Formula with some other factor which indicates an additional movement of the earth during the last 4000 years.

To find out what that is, the sun's solstitial position or declination, north or south of the celestial equator, is taken as the normal one for any given date, and is subtracted from the observed declination on that date.  We then get a collection of differences, or "residuals," which lie upon, or close to, the smooth curve shown in Figure 3. 

FIGURE 3

Curve of residuals  (derived curve),  showing logarithmic sine curve in relation to observations
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THE CURVE OF RESIDUALS

In Figure 3 the top horizontal line shows the scale of dates from 3000 B.C. to 2000 A.D. On the extreme left, in the vertical column, degrees and minutes of the vertical scale are shown, reading vertically downwards from 0º to 2º 35'. The residuals, (i.e., differences between Newcomb's Formula and the observed values), are plotted with reference to these two scales, and the mean curve connecting them is drawn, as shown in the Figure.

It will be seen by inspection that when the curve is produced downwards, it tends to become vertical about the date 2345 B.C.  Continuing the curve upwards, it becomes completely horizontal about the date 1850 A.D.  This curve is a logarithmic one.  It corresponds exactly to a curve of “logarithmic sines."  The reader who is well acquainted with mathematical curves can at once recognize this by inspection.

It may also be shown in a graphical way (see Fig. 3).  To do this we write beneath the date scale of B.C. and A.D. centuries, in the top horizontal line, a scale of degrees from 0º to 90º. The beginning of this degree scale, 0, is at 2345 B.C., where the curve is vertical; and the end of the degree scale, 90º, is at 1850 A.D., where the curve is completely horizontal.  The full period covered by the curve is thus 4194 years, and each degree of the scale corresponds to 46.6 years.

We now construct a vertical column (Column 2) of the numerical values of logarithmic sines, from 90º to 0º, taken from a book of logarithms. The starting point of this column, on the left hand side of the "Zero Line," is the logarithmic sine of 90 degrees, namely 10.0000. It refers to a final point on the curve at 1850 A.D., where the curve ends horizontally.

The numbers given in Column 2 and the degrees and minutes of which they are the logarithmic sines, are shown in the following table.

TABLE I
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A simple scale relationship can be seen to exist between the numbers in Column 2 and those in Column 1 in Figure 3 (i.e., the residuals or differences between Newcomb and observed obliquities), namely a difference of 0.1000 in the numbers in Column 2 is equivalent to a difference of 7.5' in Column 1. This enables the numbers in Column 2 to be set down in their exact position on the graph.                                                           

The relationship of the horizontal and vertical co-ordinates is then such that, if pairs of lines, horizontal and vertical, are drawn on the graph from points indicated by the table above, each pair will meet exactly on the observational curve.

Thus, they all agree completely in showing that the curve which fits the ancient, mediaeval, and recent observations between 2345 B.C., and 1850 A.D., is none other than an exact logarithmic sine curve.

This type of curve is illustrated in J. Edwards'  Differential Calculus  1896, p. 102.  It is a curve of recovery, with restoration to equilibrium after a disturbance; and it shows with certainty that a disturbance of the earth's axis occurred at the date 2345 B.C., corresponding to the 0º end of the curve; and that its restoration to equilibrium was completed by the year 1850 A.D., corresponding to the 90º end of the curve.

The exact coincidence of the mean curve of the observations with a logarithmic sine curve, combined with the simple scale relationship just pointed out, enables us to obtain a numerical formula for this curve of the residuals.

The formula is:

d1 ε = 75’  x  (10.0000000 – log sin (T1 x 2.14592 º)   (see note)

where d1 ε = the difference between Newcomb’s Formula and any point on   

the Mean Curve of observations,  and

T1 = the number of centuries after 2345 B.C.

This formula enables us to calculate the Mean Curve value for any date between 2345 B.C., and 1850 A.D.

 note:  This number is obtained by dividing 90º by 41.94, the number of centuries in the interval between 2345 B.C., and 1850 A.D.  Then the number of degrees per century is 

90º/41.94 =  2.14592 º

In a logarithmic sine curve, the numerical value at 0º is infinite.  Therefore, just at the beginning this curve fails to represent the phenomenon as it actually happens, since it has a finite commencement.  Nevertheless, soon after this initial irregularity, the curve representing the phenomenon links on normally to the logarithmic sine curve, and continues thus to the end.

From a study of the starting point of other natural phenomena, which accord with a logarithmic sine curve (e.g. the first or major phase of the light curve of a new star after its initial outburst), it seems probable that the earth's rotational axis was suddenly changed by the force of  impact in 2345 B.C., from an original inclination of about 5 degrees, by an amount of about 21.5  degrees to a new inclination of about 26.5 degrees.

The vast movements and changes which took place at the time of the impact, and which were followed by continuing after-effects during later centuries, cannot easily be imagined, owing to the magnitude of the forces in operation, involving both the external and internal state of the earth.  We may note, however, the Hebrew traditions about some of them , and the statements of Halley and Laplace.

OSCILLATIONS

A further unique circumstance, confirming the accuracy of the foregoing conclusions, is seen in the analysis of the differences of the individual results from the mean logarithmic sine curve shown in Figure 3.  In accordance with the law of errors, they are distributed fairly evenly above and below the Mean Curve.

But on closer examination, they appear to cluster in groups sometimes slightly above, and sometimes slightly below, the Mean Curve; the time interval between groups, from the highest to the lowest values, is about 600 years.

They may therefore be examined by the method of harmonic analysis.  As a first step they are plotted on a graph (Figure 4) and it will be seen at once that they fall upon a subsidiary curve of oscillations.  It is important to notice that they are of diminishing amplitude, being much greater at the beginning than at the end, in 1850 A.D., where they become zero.

FIGURE 4
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Seven semi-oscillations are indicated between 2345 B.C. and 1850 A.D., the exact semi-oscillation period being 599 years. The nodal points are at B.C., 2345, 1746, 1147, 548, and A.D., 52, 651, 1250, 1849-1850.

The maxima and minima are alternately at the intermediate dates, B.C., 2045, 1446, 847, 248; A.D., 352, 951 and 1550.  Also, when limiting lines are drawn through the maxima, and through the minima, they converge towards the zero point at 1850 A.D., where the principal or Mean Curve also is finished.

This date is within the epoch of modern exact astronomical observations; so that there is nothing left of either the Mean Curve or the oscillations to affect modern observations.  Hence this movement has not come to the notice of astronomical observers in the last 100 years.

A total of 59 observations [figures 3 and 4] (3), when submitted to a least square harmonic analysis, gives the following formula,  expressing an harmonic sine curve.  It enables any point on the curve to be calculated, according to the date of observation.

The formula is:

d2ε = (184” – 3.82”T1)  sin 30.043 º T1

      Where d2ε is the difference from the mean logarithmic sine curve, and is alternately positive and negative; and (T1)  is the number of centuries from 2345 B.C.

These oscillations, in a magnified form, are shown in Figure 4.  They point to an inter-action of the earlier precessional forces, affecting the earth's axis in its former nearly upright position [see note from Barry Setterfield], with those later predominating ones associated with its new and greater inclination. The curve of oscillations may thus be regarded as the resultant of these forces, the latter tending to retard, and the former to hurry the precession.  The curve, which is a harmonic sine curve, with diminishing amplitudes, is in harmony with the consequences of the disturbance of a spinning body.  The oscillations are accounted for by the inertia of the rotating body, alternately retarding and hurrying the precession (4).  The rule is stated thus:

i.  Hurry the precession, the top rises. (5)

ii. Retard the precession, the top falls.

It is obvious that the immense mass of the earth, and its internal viscosity, play an important part in determining the magnitude and period of these oscillations.

On account of its rotation, the earth may be regarded as a gyrostat on a very great scale; and what happens in the case of a disturbance is illustrated by the Brennan mono-rail car, which is balanced by a gyrostat.  When the disturbance, (in the case of the Brennan mono-rail car, sudden wind pressure), is applied, the car heels over into the wind, (the direction of tilt being reversed by a special device). The final tilted position is reached with a certain momentum, which carries the car beyond the neutral position.  The car over-shoots the mark, and returns, with oscillations of diminishing amplitude, until the steady point is reached.  (6)

The analogy with the earth's return to a steady point in 1850 A.D., during the period of 4194 years after its axial disturbance in 2345 B.C., is evident. The oscillations, thus disclosed by the harmonic analysis of the observations, are a striking confirmation of the disturbance itself, and of the course of the earth's recovery in the subsequent ages.

FINAL CURVE OF OBLIQUITY

FIGURE  5
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If we now combine Newcomb's Formula with the Mean Logarithmic Sine Curve, and with the Curve of Oscillations, we get the Final Curve of Obliquity, which combines these various movements, between the years 2345 B.C., and 1850 A.D.,  (Figure 5).  It will be seen at a glance how closely the observations, in general, agree with this Final Curve.

(This Final Curve and the formulae expressing it, will be found useful in questions of Chronology which depend on astronomical data.)

INTERPRETATION OF THE CURVE

In considering the meaning of the Logarithmic Sine Curve, the question  arises whether it is the only curve which could be drawn to fit the observations.  It has been suggested that perhaps they might agree with some form of sine curve, indicating an unknown periodic movement of the earth's axis of rotation. The periodic movements of the earth's axis, however, are completely known; and there is no force available to cause any additional movement.

The principal movements of the earth's axis of rotation, in order of their discovery are:

(i)  the luni-solar precession

(ii)  nutation

(iii)  the planetary precession

What is known as the "general precession" combines the luni-solar and planetary precessions. The luni-solar precession is a gyratory movement (like the wobble of a spinning top) of the earth's axis round a central point, the pole of the ecliptic, in an average period of 25,700 years, this period being lengthened to 25,800 years by the effect of planetary precession.

The earth's precessional movement was one of the great discoveries of Hipparchus, about 124 B.C.

A change in the obliquity of the ecliptic, dependent on the planetary precession, was first suspected by Eratosthenes in 230 B.C.  As we have seen above, Eratosthenes found, from a long series of observations, that the obliquity was 23º 52' in his time, so that it was 8' less than the value 24º handed down from the time of Thales, in 558 B.C., and of Pythagoras, in 515 B.C.; i.e. a decrease of 8' in about 300 years.

Nearly 2.5 centuries later, about 14 A.D., at the end of the reign of the Emperor Augustus, the Roman mathematician Manilius noted a change in the obliquity of the ecliptic, which he attributed either, as he says, to "the discordant course of the sun itself, and some change in the sky, or through some change in the universal earth, by which it has moved away from its center, as I have detected myself, and I hear of also in other places."

This remarkable conclusion was reached by Manilius from his observations, during 30 years, of the solar shadows at the summer and winter solstices, cast by the great obelisk in Rome. This great obelisk, 75 feet high, was provided by Manilius with a golden ball at its summit, and the position of the circular shadow on the flat pavement below was carefully measured by him, over a period of 30 years, with a brass scale fixed into the pavement.(7)

This movement of the earth, together with a supposed backward and forward movement of the equinoctial points, came to be associated in later years with theories of "trepidation," which was defined as "a motion ascribed to the firmament, to account for certain small changes in the position of the ecliptic and the stars."

Copernicus, in 1525 A.D., and Wendelin, the noted Belgian astronomer, nearly 100 years later, endeavoured to explain the precession of the equinoxes, and the variation in the obliquity of the ecliptic, by trepidational theories.  These were not on a sound basis, however, and no physical principle could be found to account for the movements.  The precession of the equinoxes was, in fact, inexplicable by astronomers for 1800 years, from the time of Hipparchus until the great discovery of universal attraction by Sir Isaac Newton.

In Newton's Principia, Book 3, Proposition 39, the problem of the earth's precessional movement was, for the first time, correctly explained and calculated. It was shown to be due to the gravitational attraction of the sun and moon on the earth's equatorial protuberance.

Two hundred years after Newton, Sir George Airy, the seventh Astronomer Royal of England, said that "if we might presume to select the part of the Principia which probably astonished and delighted and satisfied its readers more than any other, we should fix without hesitation on the explanation of the precession of the equinoxes,"

Newton's Principia was published in 1697; and 60 years afterwards, Bradley the third Astronomer Royal of England, completed his famous series of observations of zenith stars, lasting for a complete 19 year lunar cycle. This resulted in his discovery of "nutation," a periodical slight change in the rate of precession, accompanied by a 9.5- yearly change of 9" in the inclination of the earth's axis, on each side of its mean position. The complete period was thus 19 years.

Bradley's discovery was published in 1748, and in explaining it, he indicated the true cause, that the "nutation" or nodding of the earth's axis, was due to the variability of the moon's action on the earth's equatorial protuberance, on account of the moon moving in an orbit inclined 5º 9' to the plane of the Ecliptic.

In the following year the eminent French mathematician D'Alembert published a treatise, in which a rigorous mathematical analysis conclusively proved this to be correct, and, in addition, it gave complete confirmation of Newton's explanation of precession.

In Newton's time the gradual diminution of the Obliquity of the Ecliptic had not been fully established.  Some astronomers, like Tycho Brahe, Riccioli, Gassendi and Flamsteed, believed that the discrepancies, from ancient times until their own, were due to errors of observation.

Halley, the second Astronomer Royal of England, also held this opinion. In the year in which Newton's Principia was published, 1697, Halley presented a paper to the Royal Society, comparing the solstitial altitudes of the sun observed at Nuremberg by Wurtzelbaur in 1686 with similar observations made at the same town by Bernard Walther 200 years earlier. In this paper he said: "from these observations it appears that the obliquity of the ecliptic has continued unaltered for these 200 years last past, that is to say, that the angle which the earth's axis makes with the plane of the Ecliptic, or orbit wherein she moves annually around the sun, has been without sensible change in all that time.”

Newton, however, had shown in the Principia, in general terms, that the perturbing effect of the planets would produce, among other things, an alteration in the inclination of the plane in which any one planet moves. He did not make any calculations of the amount of this change, but in this he indicated the cause which, in the case of the earth, produces the secular variation of the obliquity of the Ecliptic.

The question of planetary perturbations thus began to attract the attention of astronomers, and in 1756 the Swiss mathematician, Euler, in a series of papers, showed that the effect of these perturbations on the earth would be not only to cause a slight movement of the precession in the opposite direction to that produced by the sun and the moon, but also to cause the obliquity of the Ecliptic to diminish about 48" in 100 years; not much more than 1" higher than the true value.

Nearly 30 years later, the great mathematician Lagrange showed that the Obliquity could not diminish indefinitely, but that the action of the planets could only cause small oscillations in the positions of the various orbits, so that, in the case of the earth, the obliquity of the Ecliptic was confined within small limits.

Laplace, in 1827, calculated the total range of this oscillation of the earth's orbit to be 3º 7'  30"; but a later calculation by Stockwell in 1873, using more accurate determinations of the masses of the planets, made the total range somewhat less, namely, 2º 37'  22"; the limits of the obliquity ranging from a minimum of 21º 58'  36" to a maximum of 24º 35'  38".

Laplace, in The System of the World, Vol. 2. p. 211, explained the variation in these words:

"If we refer to a fixed plane, the position of the orbit of the earth, and the motion of its axis of rotation, it will appear that the action of the sun, in consequence of the variations of the Ecliptic, will produce in this axis an oscillatory motion similar to the nutation, but with this difference, that the period of these vibrations being incomparably longer than that of the variations of the plane of the lunar orbit, the extent of the corresponding oscillation in the axis of the earth is much greater than in the nutation.

            "The action of the moon produces in this same axis a similar oscillation, because the mean inclination of its orbit to that of the earth is constant.

            "The displacement of the Ecliptic, by being combined with the action of the sun and moon upon the earth, produces upon its obliquity to the equator a very different variation from that which would arise from this change of position only; the entire extent of this variation would be, by this alteration of the Ecliptic, about 12 degrees, and the action of the sun and moon reduces it to about 3 degrees."

Stockwell also commented in a similar way on the inter-action of the sun, moon and planets, in producing the variation of the obliquity, as follows:

            "Here we may mention a few among the many happy consequences which result from the spheroidal form of the earth.

            “Were the earth a perfect sphere, there would be no precession or change of  obliquity arising from the attraction of the sun and moon; the equinoctial circle would form an invariable plane in the heavens, about which the solar orbit would revolve with an inclination, varying to the extent of twelve degrees, and a motion equal to the planetary precession of the equinoctial points.

            "The sun, when at the solstices, would, at some periods of time, attain the declination of 29º 17' for many thousands of years; and again, at other periods, only to 17º 17'.

            “The seasons would be subject to vicissitudes depending on the distance of the tropics from the equator, and the distribution of the solar light and heat on the surface of the earth would be so modified as essentially to change the character of its vegetation, and the distribution of its animal life.

            “But the spheroidal form of the earth so modifies the secular changes in the relative positions of the equator and ecliptic, that the inequalities of precession and obliquity are reduced to less than one-quarter part of what they otherwise would be.

            “The periods of the secular changes, which in the case of a spherical earth, would require nearly two millions of years to pass through a complete cycle of value, are now reduced to periods which vary between 26,000 and 53,000 years.

“The secular motions, which would take place in the case of a spherical earth, are so modified by the actual condition of the terrestrial globe, that changes in the position of the equinox and equator are now produced in a few centuries, which would otherwise require a period of many thousands of years.

            “This consideration is of much importance in the investigations of the reputed antiquity and chronology of those ancient nations which attained proficiency in the science of astronomy, and the records of whose astronomical labors are the only remaining monument of a highly intellectual people, of whose existence every other trace has long since passed away."

Other eminent mathematicians, from the time of Euler, also made contributions to the theory of planetary perturbations, and of the precessional movement; so that, before the end of the nineteenth century, the action of the sun, moon and planets upon the earth's axis of rotation became fully understood and accurately calculated.

To sum up, therefore, the external forces, acting upon the earth, and affecting its axis of rotation, are the gravitational attractions of the sun, moon and planets. Of these, the sun and moon cause the luni-solar precession, consisting of a very slow gyratory movement of the earth's axis round the pole of the Ecliptic as center, in an average period of 25,700 years, lengthened by planetary precession to 25,800 years.

The inclination of the axis, however, is maintained at an almost constant angle so far as changes of a relatively short period are concerned; the principal variation of this kind, viz., that of the 19-year lunar nutation, being only 9" on each side of the mean path of precession.

The attractions of the planets, combined with the sun and moon, however, cause a displacement in the plane of the Ecliptic, so that it oscillates with respect to the equator in a long period, varying from 26,000 years to 53,000 years, and this produces in the obliquity a series of maximum and minimum, having a total variation of 2º 37'  22", namely, from an absolute maximum of 24º 35'  38" down to an absolute minimum of 21º 58'  36", according to Stockwell's calculations.

There are no other external forces acting on the earth to produce any additional change in the obliquity of the Ecliptic; but the question may still be asked whether there are internal conditions in the earth itself which may affect its movement. If there were an irregularity in the internal distribution of the earth's mass, causing a displacement of the center of gravity from the exact center of the earth's figure, would this produce any change in the obliquity?

In such a case, the "axis of figure" of the earth would not correspond exactly with the earth's "axis of revolution," and there could be an inclination of one to the other. An oscillation would then be produced, but it would not be an oscillation of the obliquity, but one of a different kind, viz., an "Eulerian Nutation."  This is a bodily oscillation of the earth's figure around the axis of rotation, which remains fixed in space, so that the position of the celestial pole, (i.e., the point in the sky marking the prolongation of the earth's axis of rotation) remains unaltered; in other words, the obliquity of the Ecliptic is not affected in the smallest degree by the "Eulerian Nutation."

There is, in fact, such a movement of the earth, an "Eulerian Nutation," but of an exceedingly small amount.  It is apparent in astronomical observations as a "variation of latitude." The first exact proof of its existence was obtained in the year 1888, and since 1900 it has been continuously observed at a number of international latitude stations, especially chosen for the purpose.

This variation is irregular, and so small that it is difficult to observe, being always less than 0".5 from the mean value. This represents a movement of the terrestrial pole less than 50 feet from its mean position; and there is no evidence of any large change of latitude at the earth's surface during historical times.

The possibility of a larger variation has been considered, and it has been shown that, if by any means a considerable deviation were effected of the earth’s axis of figure from the axis of rotation, then a large variation of latitude would occur. This variation would have a period of 305 days if the earth were perfectly rigid, but 432 days under its present condition of elasticity -- this being the period derived from the international latitude observations. From this lengthened period it has been concluded that the earth, though not perfectly rigid, is yet as rigid as steel.

Further, it has been shown by Professor J.F. Twisden, in 1878, that if the latitude variation were of large dimensions, “enormous tidal motions of the ocean would be produced, and its waters would sweep over the continents much as a rising tide sweeps over a low bank on a level shore.”  (J.F. Twisden. “On Possible Displacements of the Earth’s Axis of Figure produced by Elevations and Depressions of her Surface,”  Quarterly Journal of the Geological Society of London, Vol. 34, 1878, p. 35 etc.)

Such a tide does not exist, and the only observed tidal oscillation, having a period of about 430 days, is so minute that it is not certain whether a very slight effect of this kind, apparently observed by Bakhuysen in Holland and Christie in U.S.A., was due to accidental agreement or not.

In addition to the tidal observations, those of Latitude Variation, as well as of Geodesy and Seismology, all agree in showing that the earth’s material is so symmetrically disposed with regard to the earth’s centre of gravity, and its rotational axis, that no large Eulerian Nutation is possible.  Further, as indicated above, such a nutation, even if it did exist, would not be accompanied by any change in the Obliquity of the Ecliptic.

We may say, therefore, with certainty, that the variation of the Obliquity of the Ecliptic, under the action of all the forces now at work, is completely known, and has been calculated, with the greatest precision; so that we are obliged to reject any suggestion that the curve of residuals in Figure 3 corresponds to some unknown periodic movement of the earth.

The conclusion thus reached is that the deviation from the theoretical curve of obliquity is due either to errors of observation, or to the existence of some abnormality of an unexpected kind.

The following pages show that errors of observation are quite inadequate to explain the increasingly large deviation when the curve is traced back to ancient times.

Also, since the curve itself is so plainly a logarithmic one, we are limited to the interpretation which that implies.  That is to say, at the zero end, where the curve becomes vertical there is “irregularity,” corresponding to a sudden and major disturbance of the earth’s axis; and at the 90º end, where the curve becomes horizontal, there is “insensibility,” or restoration to equilibrium.

In other words, it is a curve of recovery after a large disturbance of the earth’s axis of rotation, the disturbance having occurred in the year 2345 B.C., and the restoration to equilibrium having been brought to completion in the year 1850 A.D.

*********************

1.    Connaissance  des Temps.  1827, p. 234. 

2.   Smithsonian Contributions to Knowledge,  Vol. 18, 1873, Article 3, pp12,13. 

3.  Excluding those Chinese observations, indicated on the graph by a query mark, since the date assigned to them has been found to be clearly in error.

4.   H. Crabtree    “Spinning Tops and Gyroscopic Motion” 1909 .  Chapter 14, p. 124

5.  H.  Crabree     “Spinning Tops and Gyroscopic Motion” 1909.   Chapter 3, p. 47;  p.63

6.  H. Crabtree    “Spinning Tops and Gyroscopic Motion”  1909   p. 75

7.  The change which Manilius noted was a decrease of nearly ½ inch in the length of the shadow at the winter solstice during the period of his observations.   The change at the summer solstice was smaller, but still perceptible. 

**********************

note from Barry Setterfield:  Dodwell has assumed here that the original axis tilt of the earth, before 2345 B.C., was nearly upright.  For that reason, he supposed a very strong impact was necessary to jolt the earth from that position to its current 23.5 degree tilt.  This is why a number of astronomers have rejected Dodwell’s work in this area.  However, if the axis tilt was greater than its current axis tilt before 2345 B.C., then an impact of much less force would have been required to restore the earth to a slightly more upright position.  The evidence for this greater axis tilt may be seen in the evidence of the ice age which covered most of Europe prior to 2345 B.C.

Work by  Dr. Benny Pieser of the Cambridge Conference Group and Dr. Moe Mandelkehr have shown that in period around 2345 B.C. climate, geological and archaeological changes occurred in which some important civilizations were destroyed  -- it appears the first Intermediate Period in Egypt occurred at this time. See the Conclusion for a list of references.



CHAPTER 2

THE USE OF THE GNOMON IN ANCIENT AND MEDIAEVAL OBSERVATIONS; AND THE ERRORS OF OBSERVATION WITH THIS INSTRUMENT

[note from the Setterfields: we have found illustrations of the instruments mentioned by Dodwell in this chapter and have linked them as a group below the entire text so as not to disturb the flow of the text itself. After each set of pictures for each instrument there is a 'back to text' return link if you wish to view them as you read instead of after you have finished the chapter. They are linked with the FIRST time each instrument is mentioned.]        

The most ancient instrument, and the one most frequently used for measuring the mid-day altitude of the sun at the summer and winter solstices, chiefly for the purpose of determining the date of the solstices, was the ordinary or plain gnomon, which was a vertical pillar, or column, fixed on a horizontal surface.  The length of the shadow cast by the sun was measured, and from this the sun’s altitude was calculated.

“For making the more considerable observations, both the ancients and moderns have made great use of it (the vertical gnomon), especially the former, and many have preferred it to the smaller quadrants, both as more accurate, easier made, and more easily applied.”  Hutton, Philosophical and Mathematical Dictionary 1815. Vol. 1. Article, “Gnomon”.

Out of 85 observations, from 1100 B.C., to 1650 A.D., the whole of the Chinese observations, and the great majority of the others, including Hindu, Greek, Arabian, Persian and mediaeval European observations, were made with the vertical gnomon. In many cases, where other instruments were used, such as by Greek astronomers at Alexandria, and later by some of the Arab and mediaeval European observers, they were supplementary to the vertical gnomon, which was also in use. It is, therefore, chiefly to the errors of this instrument that our attention is directed.

A circumstance, which complicates some of the observations, is that the ancient observers did not correct their observations for refraction, parallax and the sun’s semi-diameter. The latter correction is required because the edge of the shadow, cast by the gnomon, corresponds to the upper edge of the sun, and not to its centre. In certain cases, however, instead of the ordinary or plain gnomon casting a shadow, one was used having a metal plate at the top, pierced with a hole.  Through this the sun cast a circular spot of light on the horizontal surface. The centre of this spot of light was measured, and gave the angle, [which] correctly referred to the sun’s centre.

Nevertheless, a correct result was obtainable with the shadow-casting gnomon if both summer and winter solstices were observed; because the true double angle of obliquity is given by observation of the sun’s upper edge on both occasions, affected only slightly by very small differences of refraction. When only one solstice was observed, however, as in the observation by Pytheas of the summer solstice at Marseilles in 326 B.C., it is necessary to apply the correction for the sun’s semi-diameter to his recorded observation.

Very often, the ratio of the height of the gnomon to the length of the shadow, reduced, when possible, to whole numbers, or to whole numbers and fractions, was given, in preference to the angle itself. Thus, Strabo, in speaking of the latitude of Alexandria, determined when the sun was on the celestial equator, says that: “At Alexandria, the relation of the gnomon to the shadow on the day of the equinox is as 5 to 3.”

It is a striking coincidence that when the latitude of Alexandria is calculated from these figures, after allowing for refraction, parallax, and correction from the sun’s edge to the centre, we get the exact latitude of the Museum of Alexandria, where the observations were made, viz. 31° 11’ 42” N.

Pliny (70 A.D.), in his Natural History, Book II, Chapter 72, similarly gives the ratio in whole numbers for Rome, for he says that at Rome, at the time of the equinoxes, the shadow is to the gnomon as 8 is to 9.  From this ratio, after allowing for refraction, parallax, and correction from the sun’s edge to the centre, we get for the latitude of Rome 41º  52’ 07” N, which is only 1’ 26” less than the latitude of the Capitol at Rome.

Whole numbers with a fraction, however, are given by Strabo for the observation, made by Pytheas, of the mid-day shadow of the sun at the summer solstice at Marseilles about 326 B.C.  The ratio of the height of the gnomon to the length of the shadow is given by Strabo as 120 to 41 4/5.  Ptolemy gives the ratio as 60 to 20 5/6 or 120 to 41 4/6.

Concerning this, R.T. Gunther, in his account of Ancient Surveying Instruments (Early Science in Oxford, Vol. 1, p. 330), says:  “About 326 B.C., in preparation for a voyage of discovery which ended in the finding of our island of Britain, Pytheas sailed from Phocoea to Marseilles.  There he erected a large gnomon divided into 120 parts, and fixed its latitude with a result that seems almost incredibly accurate, for applying the sun’s semi-diameter, which he omitted, the latitude he obtained differs not more than one minute from the true latitude of Marseilles Observatory”.

These and many similar results from Chinese and other sources, by the substantial accuracy of the latitudes determined with the vertical gnomon, give abundant testimony that this instrument, in the hands of experienced observers in ancient and mediaeval times, was capable of giving results close to the truth, when certain corrections, omitted by ancient observers, are applied to them.

It is of interest here, as showing the familiarity of the ancient people with the use of the vertical gnomon, to mention its wide use for domestic and other purposes in ascertaining the time of day. In Becker’s Charicles, illustrating the private life of the ancient Greeks, it is stated that the gnomon was, unquestionably, the most ancient means of measuring the time of day.

The shadow which it cast was measured in feet.  It is seldom mentioned except in reference to the hour of supper or of the bath.  For the former a shadow ten or twelve feet long was assigned, and for the latter a six-feet shadow is spoken of.  It is therefore probable that the gnomon was usually constructed so as to throw a shadow about 12 feet long shortly before sunset, for this was the time at which the supper, or chief meal, usually took place.  The hour of bathing was that preceding the chief meal.

In Charicles, in a description of a wedding, the sun had sunk half way from the meridian, while preparations were still being made in the house of the bride’s parents. The mother, later on, gives warning that the evening will soon be approaching, and requests a female servant to ascertain the time, “Go, Menodora, and measure the shadow on the sun-dial (gnomon) in the garden.” “We have the clepsydra (water-clock) here,” interposed Chloris: “see how much water there is left in it; it will run off once more before sunset.” “I am sure she’s wrong,” said Cleobule: “It must be later.” Mendora, however, returned with the assurance that the shadow was only eight feet long, and therefore wanted some time yet to evening.

From this customary use and measurement of the shadow of the gnomon in ordinary civil life, we may be sure that for scientific purposes the length of the shadow was carefully measured by the ancient astronomers.

The most ancient observation of the inclination of the earth’s axis, or obliquity of the ecliptic, which has been preserved, has been generally attributed to the celebrated prince of China, Chou Kung, brother of Wu Wang, (founder of the Chou Dynasty), who is renowned in China through all the succeeding centuries for his wise legislation and interest in astronomical science. It was made at Loyang, in the province of Honan, China, in about 1100 B.C. This observation was made with a vertical gnomon, 8 feet high. A height of 8 feet was the standard height of the gnomon in China, and this was fixed by law, on account of the confusion caused by varying heights of gnomons.

The gnomon, in different forms, also goes back to very ancient times in Egypt, even as far back as the 15th century B.C. In addition, the Egyptian obelisks, and even the Great Pyramids themselves, were, for practical purposes, essentially gnomons on a gigantic scale. The most ancient obelisk still standing in Egypt, (68 feet high), is that of Senusert I of the XII Egyptian Dynasty at Heliopolis. This dates back to about  2050 B.C.

The Roman Emperor Augustus, at the beginning of the Christian Era, followed the example of the Egyptians in using an obelisk 75 feet high, which he had removed from Heliopolis to Rome, “to mark the shadows projected by the sun.” Pliny, who mentions this fact, also says that “The name of obelisks signifies that they are sacred to the sun; it is the image of the sun’s rays which the obelisk reproduces.”

This obelisk was erected in the Campus Martius at Rome, and was one of those previously erected by Psamtek I of the XXVI Egyptian Dynasty at Heliopolis. It is now situated on Monte Citorio, near the present Italian House of Parliament. The shadows of the sun were cast upon a level stone corresponding in size to that of the obelisk. They were measured with a brass scale, inserted in the stone, and the length of the days and nights was thus determined, together with the solstices.

As the summer solstice approached, the midday shadow decreased little by little, and afterwards increased again; and the opposite effects were observed at the winter solstice. Manilius, the mathematician, in order to obtain more exact observations, fixed on the apex of this obelisk a golden ball, which cast a dense black circular shadow on the pavement. The centre of this could be easily and accurately measured. This form of gnomon, with a terminal ball, is found depicted on medals of the time of Philip of Macedon (359 B.C.); and this arrangement, which was common at Rome, is believed to have been introduced into Greece by Menelaus, King of Sparta, about 1180 B.C.

Manilius added these words, concerning his measurements: “This observation now for nearly 30 years is not consistent, either through the discordant course of the sun itself, and some change in the sky, or through some change in the universal earth, by which it has moved away from its centre, as I have detected myself, and I hear of also in other places.”

This is a remarkable statement, and constitutes the first recognition of a progressive change in the obliquity of the ecliptic. It also confirms the accuracy  obtainable with the vertical gnomon, in the hands of an ancient astronomical observer.

The use of the gnomon also extended far into the past among the astronomers of Chaldea; and Herodotus says that it was from the Chaldeans that the early Greek astronomers learnt the use of the gnomon and the polos. The polos was a later development of the gnomon. It was like a basin, in the centre of which stood the vertical staff, or gnomon, and on it the twelve hours of the day were marked with lines. The sun’s altitude was also measured with it.

The gnomon, in some of its forms, was called by the Greeks a “skiotheron” (shadow-taker), or “helioptropion,” i.e., an instrument for indicating the turning of the sun at the solstices. It was furnished with measuring marks, and was used to show “the solstices, the times, the seasons, and the equinox.”

Not only the Chinese and the Greeks, but the ancient Hindus also used the gnomon for similar purposes. Vitruvius (about 30 B.C.) enumerates more than 10 different forms of the gnomon; and while some, used as sun-dials, were portable, others attained considerable dimensions, up to 20 to 30 feet in height. The highest gnomon, if we except the Great Pyramids of Egypt, was that of Ulugh Beigh; it was used at his Observatory in Samarkand in 1437 A.D., and was 180 feet high.

In addition to the gnomon, circular instruments were used by Greek

astronomers from about 300 B.C., especially by the most famous of those associated with the Museum of  Alexandria, viz., Timocharis, Eratosthenes, Hipparchus and Ptolemy.

These were the armilla, the astrolabe, and the quadrant. The armilla and the astrolabe were divided into 360 degrees, and the quadrant into 90 degrees. It is said that the larger instruments of this kind were subdivided to every 10 minutes of arc. This would permit of still closer measurement by estimation of fractions of the subdivisions.

The simplest form of the armilla consisted of a large copper ring, graduated with degrees and subdivisions, and mounted vertically in the meridian. A plumb-bob was used for assuring verticality. Within it a second ring rotated in the same plane. This carried two diametrically opposite pins, with pointers for reading the circle. The altitude of the sun at noon was measured by turning the inner ring until the shadow of the upper pin fell centrally on the lower one.

It is clear that the Greek astronomers at Alexandria did not restrict themselves to any one instrument, but used several that were available for various kinds of observation. It has been said that “their development of geometry and trigonometry, their invention of well-designed instruments, and their measurement and re-measurement of celestial objects, enabled them to test their carefully formulated theories of the solar system.”

Although circular instruments came into use at this period, enabling altitudes of the heavenly bodies to be read off directly from these instruments, without calculation, nevertheless, the very great majority of solar observations of ancient times were made with the vertical gnomon.

Ptolemy, known as the “prince of astronomers,” who made astronomical observations at Alexandria from 127 A.D. to 151 A.D., invented a notable improvement of the gnomon. This was called Ptolemy’s Organon Parallactikon, or Regula Ptolemaica, afterwards called Ptolemy’s Rules, or Triquetrum.

This instrument was a vertical post, carrying two hinged arms. The shorter upper arm was hinged at the top of the post. The longer lower arm was hinged at a distance from the top exactly equal to the length of the upper arm. The lower extremity of the upper arm slid along the lower arm, and carried a  pointer, with which the scale marks in the lower arm read. This arrangement formed an isosceles triangle, the equal sides of which were both 60 divisions in length; the scale divisions of  the base enabled the angle at the vertex to be obtained very simply from Ptolemy’s “table of chords.”

Ptolemy used the apparatus for measuring the zenith distance of the moon at Alexandria. A large foresight to take the entire disc of the moon, and a small backsight, were used.  Gunther, in describing this instrument, points out that “in after years, with Ptolemy's own instrument, the Triquetrum, Copernicus made those measurements with which he overthrew the Ptolemaic System, and gave us a new idea of the Universe.”

The Triquetrum used by Copernicus was 8 feet in height. It was made of pine wood, and divided by ink marks, the two equal arms into 1000 parts, and the long rule into 1414 parts.  In illustration of the accuracy of this instrument, it is to be mentioned that the obliquity of the ecliptic obtained from the observations made by Copernicus, after allowing for modern corrections for refraction etc., is within 23 seconds of arc, and that which is similarly obtained from Ptolemy’s observations of the moon, is within 15 seconds of arc of the true value.

Although the ancient astronomers measured only the length of the shadow cast by the gnomon, and calculated the altitude of the sun without correcting for refraction, parallax, or the sun’s semi-diameter, they nevertheless took great care to ensure the verticality of the gnomon, and the horizontality of the surface on which the shadow fell. They also measure the length of the shadow with considerable precision.

It is easy to apply the corrections they omitted; and the substantial accuracy of the latitude, which are then derived from their observations, proves that their solar observations were not affected by gross errors, as has been sometimes supposed, but are of a higher order of accuracy than has been generally admitted.

Let us now consider the means which they employed to obtain the best results from their standard instrument, the gnomon.

Plumb-line

In the first place, verticality was effected by the use of the plumb-line, which was a well known accessory used in ancient astronomical observations.  Dr. Breasted describes the Egyptian “Merkhet,” used for orienting temples from times earlier than 2000 B.C., and onwards. It consisted of a sight vane made from the middle rib of a palm leaf, and a plumb-line suspended from an ivory support.  It is also known that in the stellar records of the tombs belonging to the XX Dynasty in Egypt, an observer is shown making an astronomical observation with an instrument furnished with a plumb-line.

The plumb-line, kept taut with a small leaden plummet or plumb-bob, thus goes back to the earliest times.  In the description of Ptolemy’s Astrolabe it is stated that “when an observation was made, the instrument was kept vertical by a plumb-line.”

This practice continued into mediaeval times, and pictures of mediaeval astronomical instruments are frequently shown with the plumb-line and plumb-bob attached.

In China the most ancient astronomical classic book, the  Chou Pei, parts of which go back to 1100 B.C., does not mention the use of a plumb-line, but instructions are given for setting up the gnomon (Pei) in a circle (Chou), in which, after leveling the surface on which the shadow falls, a set-square is used to establish verticality of the gnomon.

The set-square had its sides in the ratio of 3, 4, 5, or better 6, 8, 10, in which 8 feet is the height of the gnomon, 6 feet the base of the right angled triangle, and 10 feet its hypotenuse.  The setting up of the gnomon, and its use in observation, were superintended by an officer called the Ta-Tsiang (Grand Carpenter).

The French astronomer, E. Biot, who translated the Chou Pei  into a French rendering in 1841, comments,

“Here we find irrefutable mention of the fundamental property of the right angled triangle, known among us by the name of Theorem of the square of the hypotenuse ...... it is quite remarkable by its priority of six centuries before the discovery by Pythagoras.”

He also points out that the Chou Pei  “refers in express terms to the gnomon with a hole, (which produces a circular image of the sun, in place of the shadow edge cast by the ordinary or plain gnomon).  This, until now, has passed as having been introduced into China by the Arabs about the 13th century of our era.”  Thus we see that, as in the case of the magnetic compass, the ancient Chinese led the way many centuries before the European advance in science took place.  The introduction of the gnomon with a hole, according to the indications of the text of the  Chou Pei, and the date of the commentators, is said to be several centuries after the time of Chou Kung, and possibly as early as the 4th or 5th century B.C., though the flat topped gnomon was more usually employed.

The Arab Astronomers in the Middle Ages gave the following rules for assuring the verticality of the gnomons which they used: (1)

1.	The simplest method is to hang a plumb-line beside it.  In the case of level perpendicular surfaces, this must touch it all the way down if its point of suspension is on it.  This method is always recommended in working with the quadrant.

2.	If the point of suspension is a little in front of the surface the thread must be equidistant from it all the way down.

3.	In the side of the gnomon, a perpendicular rod, often with a cone-shaped top, Ibn Yunus cut out a groove which ended in a hemispherical cavity.  In the groove a thread is hung from the top of the gnomon with a ball-shaped weight.  If this comes to rest in the hollow, the gnomon is perpendicular.

4.	The gnomon is moved backwards and forwards (turned about on its foot); its shadow must only move so far on the level surface on which it stands as is in keeping with the movement of the sun during the turning.

5.	A circle is described at the foot of the rod and a pair of compasses unsed to test whether the distance of the top of the gnomon is the same from all points of the circle.

6.	Ibn Sina drills a small hole through the gnomon parallel to its base, puts it in a vessel with a horizontal bottom which is filled with muddy water and examines whether the surface exactly coincides with the level of the hole.

Levelling

In order to obtain horizontal lines and surfaces, the ancient astronomers made use of water in receptacles of various dimensions.  Thus:  “It was in pouring water into large cavities of small depth, that the Egyptians succeeded in giving a perfect horizontality to the base of their pyramids.” (2)  It is stated that when the ancient observers prepared a level surface for setting up a gnomon, “the surface of the ground was flattened and leveled until water poured on it ran off equally on every side.”(3)

A similar method was used by the ancient Hindu astronomers, as described in the Surya Siddhanta.  The ancient Hindu Observatory..... “consisted principally of a leveled horizontal plane, a floor or terrace of Chunam, which is a lime made from shells, and which, when dry, is hard and capable of receiving a polish equal to that of marble.  On the surface of this chunam floor, leveled with water, a circle is described, and a vertical rod of given length is erected at the centre, as a style or gnomon, and by means of the length and direction of its shadow cast on the plane by the sun, a variety of  astronomical problems are solved." (4)

Vitruvius (B.C. 63 to A.D. 14) described both “libra aquaria” (water levels), and “chorobates.”  The latter was the simplest kind, consisting of “a long wooden trough or canal; which being equally filled with water, its surface shows the line of level.” (5)

In China a gnomon 8 feet high is described by Du Halde, at Pekin, which cast a shadow on a table, having a brass plate in the middle, on which was traced a meridian line 15 feet long. “All round the table are small channels to receive the water, whereby it is to be leveled.”(6)  This was evidently a device in keeping with ancient practice in China. 

Among the Arabs it is mentioned in the Encyclopedia of Islam (Houtsma, Vol. III, page 535, article Al-Mizan), that the Arab astronomers certainly adopted a large number of  methods of leveling, and testing levels, from other peoples, either the Byzantines or the Persians. Statements about the making of canals etc. agree with those of Vitruvius, who in turn drew on Greek sources. The Arabs learnt partly from Greek works, but they also utilized data gained from practical experience.

To examine if the surface was perfectly horizontal, the following tests were adopted:

1.	Water is poured over the surface, and it is observed whether this flows equally in all directions; this is one of the most usual methods. The same plan is given by Proclus in his Hypotyposes (450 A.D.). According to him, one pushes  supports in under a level surface on all sides until it shows no slope anywhere; this is the case when water poured on it remains standing without running to one side.

2.	Water is poured into a plate or dish with an edge which is parallel to the surface and of the same height all the way round, and it is observed whether the water comes exactly up to the edges on all sides.  An exactly straight ruler is laid on the plate the one looks over this.

3.	A plumb-line is dropped from the apes of an isosceles triangle, made for example of wood, with its perpendicular marked; a piece is sometimes left open in the centre of the underside for the plumb-bob.  If the plumb-line coincides with the perpendicular, the surface is horizontal.

Errors of the Ancient Observations

We can now enter into the question of the errors of observation associated with these ancient instruments and methods by which the obliquity of ecliptic was found. This is of great importance in the present study, because large errors, if they existed in the ancient observations, would be the only valid astronomical ground of objection to the conclusions derived from them.

If the ancient observations were so erroneous as to be completely unreliable, then we should be following a false clue, leading us away from the truth.  If, on the other hand, these old observations are, in general, reliable within comparatively small limits of error, then the truth which they establish may well be of the highest importance, and may lead us into new vistas concerning the mystery of the life of man upon the earth.

Any other astronomical objection, such as a suggestion that some kind of curve, other than a curve of recovery from a disturbance of the earth’s axis, might equally fit the observations, will be found untenable.  For such a suggestion is excluded by the fact that the forces of the sun, moon and planets, acting on the earth throughout past ages in the same way as at present, fully account for the whole of the normal cyclical movement of the earth’s axis.  These forces, and their effects, are well known, and have been precisely calculated.

There is thus no room for any other harmonic movement of the earth’s axis. We are, in fact, limited to these forces, because a movement of any appreciable magnitude, due to internal changes within the earth, or to any difference between the centre of gravity of the earth and its centre of figure, would at once become apparent as an “Eulerian” oscillation, as already pointed out.  It would be observable as a “variation of latitude,” and not as a change in the earth’s axial inclination.  We have seen that this variation of latitude does, in fact, exist at the present time, but only on an exceedingly minute scale.

Therefore, however greatly the recovery curve and its implications may be at variance with present beliefs, both in geology and in astronomy, it must necessarily be taken into account, unless, and only unless, the steadily increasing difference between these ancient observations and the normal curve of obliquity, as we trace it backwards into past ages, can be rightly ascribed to errors of the ancient observations.

We have thus arrived at the crux of the matter.  It is the testing ground on which many far-reaching conclusions must stand or fall.  For this reason, considerable attention has been given in the preceding pages to a description of the chief instrument, i.e. the vertical gnomon used in ancient times.

The errors of observation may now be considered first in regard to the nature and amount of the errors peculiar to the instrument itself; and secondly, light is thrown on these errors also by internal evidence, in many cases contained in the ancient observations, at different places and times.  From an astronomical point of view, there is nothing difficult in this; and the general reader will be able easily to form his own opinion on the matter from the data which will now be presented.

There were four principal sources of error, depending on the instrument and its accessories.  These instrumental errors were connected with:

1.	the measuring scale by which the height of the gnomon and the length of its shadow were measured.

2.	the verticality of the gnomon.

3.	the level of the surface on which the shadow fell.

4.	the estimation of the edge of the shadow.

A fifth source of error would also have to be allowed for if the gnomon, instead of being flat-topped, had a pyramidal apex.

It is certain, however, that with the possible exception of some of the early Arab observations between 800 A.D. and 900 A.D., in all other cases where a gnomon was used, it was either a flat-topped one or a gnomon with a hole at the top, giving a circular image of the sun, the centre of which was measured.  Further reference to this will be made a little later.

Error of measuring scale

With regard to the first source of error, connected with the measuring scale, we cannot doubt that finely divided linear scales were in use in ancient Egypt.  The wonderful Egyptian architecture, in its colossal dimensions, shows that the architectural drawings must have been made with exact drawing instruments, necessitating fine scales for linear measurement.

The power of accurately estimating small fractions of linear divisions is also indicated by “the perfection of Egyptian drawing and science of form,” referred to by J. Capart, “in the wall drawing on the tombs of the Kings at Thebes.”  The artist began by drawing a system of very accurate squares.  “Horizontal and vertical lines formed a veritable network to guide the hand and eye in the course of the work.”(7)

Great artistic accomplishment, both among the ancient Egyptians and their Greek successors, must necessarily have been associated with a keen perception of fine linear subdivision.

Sir Flinders Petrie says, in reference to the casing stones of the Great Pyramid, that these stones were worked with an accuracy equal to the finest optician’s work, being smooth and straight to one hundredth of an inch in a length of 75 inches, and that they were fitted together with plaster of Paris cement at almost imperceptible joints only two hundredths of an inch thick.  Such precision implies that the Egyptians had attained a high perfection in the art of linear measurement.  Antoniadi also expresses the opinion that “the Egyptian cubit was divided into hundredths with very fine subdivisions, comparable to our millimeter.” (8)

Evidence of similar accuracy in a kindred department of measurement is contained in the statement that “the ancient Egyptians also measured weights to the decimal of a grain.” (9)  We may safely conclude that in astronomical measurements, at the time of the Alexandrian astronomers, the error introduced by the use of linear scales would be very small.

In ancient China the standard gnomon was 8 Chinese feet in height.  The Chinese foot (Chih) was slightly longer than the English foot, and was equivalent to 13.32 English inches.  The gnomon itself was thus 8 feet 9 inches high, expressed in English measure.

The Chinese adopted decimal subdivisions.  One tenth of a Chinese foot was called a Tsuen (corresponding to our inch).  It was thus 1.3 English inches.  This was subdivided into tenths, or fen, corresponding to 0.13 English  inches, or practically 1/8 of our inch.  P. Gaubil, who extracted numerous solstitial shadow lengths from the ancient Chinese records, gives these measured shadow lengths in Chinese feet inches and fen, i.e., they measured the shadow to the nearest 1/8 of an English inch.  Thus the error of measurement of the shadow, so far as it depended on the linear scale, did not exceed half of that amount, viz., 1/16 of an English inch.

In their system of linear measurement the Chinese further subdivided the fen into 10 li, and the li into 10 hao.   We see therefore that the ancient Chinese made use of fine scale measurements.

In their circular measurements, the standard circle was 365 1/4 degrees in circumference, the same as the number of days in the year.    Thus, they adopted the standard Year-Day Circle, which was similarly the basis of the ancient Egyptian system of measurement; it is also an interesting feature of the famous ancient British circular monument of Stonehenge.

In the Chou Pei, instructions are given to level the ground over a diameter of 126 feet, and to “carry out the leveling process with the level of water.”  On this leveled platform a circle is traced of 365 1/4 feet in circumference.  The circle is to be divided carefully into this number of degrees.  The instruction is given: “Let there not be the very smallest difference between the degrees.”

The circle is then divided into 4 quadrants, by stretching a thread exactly north and south, and another transverse to it, east and west.  Each of the four parts of the circumference, it is stated, will embrace 91 5/16 degrees.

In the centre of this standard circle a gnomon is erected, 8 Chinese feet in height, and the Chou Pei then proceeds with instructions for making astronomical observations with it.  Besides dividing the standard circle into 365 1/4 degrees, it was also divided into 714,000 circular li, each of these small divisions being equivalent to 0.536 linear li.

Enough is said to show clearly that the ancient Chinese were extremely careful with fine scale linear and circular measurements.  The maximum error from this source would be half a “fen,” equivalent to 1/16 inch (English).  This would introduce into the measurement of the obliquity, for observations at both solstices, a possibility of a maximum error of only 1 1/3 minutes of arc.  This would be reduced to a negligible quantity in a result depending on several observations.

Error of verticality of the gnomon

Since the gnomon was rendered vertical by means of a plumb-bob, any error of verticality would arise from lack of parallelism between the plumb-line and the gnomon.  An experimental determination shows this would only cause an error in the observed altitude of the sun of approximately a half minute of arc.

Error of level

Experiments with water-level show that it is possible to obtain equality of level of water at two opposite sides of a leveled surface within on twenty-fifth of an inch.  With the gnomon, this gives an error of approximately one minute of arc n the sun’s alititude.

Estimating the edge of the shadow

The problem of measuring the edge of the shadow may appear at first sight to introduce considerable uncertainty; and modern writers often ascribe a considerable proportion of the supposed errors of the ancient astronomical observations to a difficulty in observing the edge of the solar shadow.

This difficulty is not so great as has been suggested.  At the edge of the shadow cast by a plain gnomon there is a recognizable point where a slight blurring becomes appreciable; from this point onwards the penumbra becomes fainter rapidly till it is lost in full illumination.  Experiment shows that the point where the blurring of the shadow commences, which is recognized by observers as the “edge of the shadow,” corresponds to a small segment of nearly one-tenth of the solar diameter, just appearing over the top of the gnomon.

In order to investigate the errors of such measurements, however, the best wa seems to be by actual experimental observation, made under conditions similar to those of the ancient observations; that is to say, with a gnomon whose verticality is tested by means of a plumb-line, and whose horizontal surface on which the shadow falls is leveled with a water level.  These experiments then throw light not only on the errors of measuring the shadow-edge, but also on the errors due to the plumb-line and the level.  

Tests at Adelaide University

This practical method of testing the errors of the gnomon was used at Adelaide at the winter solstice in June 1936.  A vertical gnomon was constructed at the Adelaide Observatory, using a piece of pine wood 6 feet high, screwed to a horizontal measuring board 10 feet 6 inches long.  A plumb-bob was used to make the gnomon vertical, and the measuring board was leveled with a water level.

Three kinds of measurements were made:

a.	with a flat brass plate at the top of the gnomon to correspond with the plain gnomon of ancient times.

b.	with a small brass ball at the top of the gnomon, to cast a round spot of shadow, similar to the procedure of  Manilius with the ball at the apex of the obelisk in ancient Rome.

c.	with a series of interchangeable triangular sectors at the  top of the gnomon, with varying angles, in order to measure the shadows corresponding to those cast by obelisks, with pointed or conical tops, such as appear to have been used by some of the early Arab astronomers between 800 A.D. and 900 A.D.

This gnomon was set up on June 12th, 1936, in one of the large window frames of the Physics Department at the Adelaide University, and a lengthy series of observations was made in which 9 observers took part.  The edge of the shadow was found to be much more clearly defined than had been expected, even when its greatest length was attained, at the winter solstice.

In order to test the results with a higher gnomon, casting a longer and less well defined shadow, a series of observations was also made using as a gnomon the edge of a board fixed to the University Survey Tower, at a height of 30 feet above the ground.  The shadow was received and measured on a long level board, placed on the ground and kept horizontal by means of a water-level.  The zero point for the shadow measurements was taken from the centre of a peg driven into the ground, and found by means of a plumb-bob to be vertically underneath the edge of the shadow-casting gnomon-board. The horizontal distances from the peg to the edge of the shadow were measured with a surveyor’s tape measure, reading to the nearest eighth or quarter of an inch.  These horizontal measurements were generally quite consistent within a quarter of an inch or less.

With a small 6 foot gnomon, the horizontal measurements were made with a millimeter scale, and the consistency of measuring the edge of the shadow was within 1 to 2 millimetres, i.e., 1/25 to 1/12 inch.  This is sufficient to indicate that, with a gnomon of 8 feet 9 inches height, corresponding to 8 Chinese feet, the edge of the shadow could easily be measured within 2 to 3 millimetres, corresponding to slightly less than 1 Chinese “fen.”

Thus the Chinese records of shadow lengths at the solstices, given in Chih (feet) tsuens (inches) and fen (tenths of a Chinese inch) may be regarded as reliable measurements of the solstitial shadows according to the linear scales used by the ancient Chinese astronomers.  In the Adelaide observations the point marked by the plumb-bob as the zero for the horizontal measurements was easily ascertained within 1 millimetre.

From these data, the errors in the sun’s observed altitude, due to these three sources – measurement of the edge of the shadow, verticality, and level – can be calculated.  On the worst occasions, when the errors all accumulate in the same direction, they produce a maximum error of 2’.6 above or below the true mean altitude of the sun. The difference between the highest and the lowest altitude would then be 5’.2.

Similar calculation of the errors at the summer solstice gives the same result as at the winter solstice.  The worst observation may be 2’.6 above or below the true altitude of  the sun, and the range from the highest to the lowest observation may amount to 5’.2 .

At the winter solstice of June 1936, 172 observations of the shadow-edge were made by 9 observers.  The mean of the 172 observations shows that the observed altitude of the sun’s upper edge obtained with the plain gnomon requires a reduction of 13’. 2 in order to get the altitude of the sun’s centre.  The highest observation was 15’.3 (i.e.  2’.1 above this mean value), and the lowest was 10’.4 (i.e.  2’.9 below the mean value).

The extreme range was thus 4’.9 and the mean of the highest and lowest readings was 12’.85, i.e. only 1/3 minute from the mean of the whole 172 observations.  These results show the substantial accuracy attainable with a long series of observations with the gnomon.

One hundred and seventy-one observations of the circular spot of shadow, cast by the ball, gave the true centre of the sun within 0’.4, the observed altitude being by this amount slightly less than the true centre of the sun.   The explanation of this is to some extent connected with the fact that the shadow of the ball, as projected on a horizontal surface, is not a true circle, but is slightly elliptical in the direction of its length.  The estimated centre of this elliptical shadow gives the length [which is] very slightly too great.  The sun’s altitude is thus observed to be just a little smaller than the true altitude.

The highest reading of the circular shadow-spot was 1’.7 above the mean result, and the lowest was 2’.4 below it; so that the range was 4’.1,  a little less than in the case of the observations of the shadow-edge.

The observations with the 30 foot gnomon at the top of the University Survey Tower gave the same correction as given by the small gnomon, viz. 13’.2, to reduce the observed altitude of the sun’s upper edge to its centre.  The range, from the highest to the lowest reading, 4’.1, was slightly smaller for the 30 foot gnomon than for the 6 foot gnomon.  This advantage of the higher gnomon is accounted for by the relatively greater accuracy of the vertical and level corrections.

The results obtained with the 6 foot gnomon, confirming the calculated range with this instrument of about 5’, are of special interest in view of the statement by Ptolemy that the observations of Eratosthenes at Alexandria gave a value for the double obliquity angle “greater than 47° 40’  but less than 47° 45’, so that by taking the mean he made it 47° 42’ 30”, which proportion is to the whole circle as 11 to 83, exactly as Eratosthenes himself says.  From this he defined the maximum obliquity of the sun as 23° 51’ 19”.”(10) 

We see from this statement that there was a difference of 5 minutes of arc between the extreme results obtained by Eratosthenes.  This is just the same as the calculated and observed difference obtained with the 6 foot gnomon at Adelaide.

From the statements of ancient writers it is clear that Eratosthenes used a gnomon for his solstitial observations of the sun, as well as an armilla, which was supplementary to the gnomon.  It is also clear that the results given by Eratosthenes were obtained from a series of observations at both summer and winter solstices, as Eratosthenes lived for 40 years at Alexandria, during which time he carried out his historic astronomical work, including the celebrated measurement of the earth’s circumference.

These considerations are a complete and striking verification of the accuracy of the mean value of the obliquity of the ecliptic obtained by Eratosthenes. 

The observations made with triangular metal plates, attached to the top of the gnomon, with different angles at the apex, were in complete agreement with the geometry of this kind of gnomon.  The angles at the apex were varied so as to correspond with the Egyptian obelisks and pyramids, or with gnomons with a conical top used by some of the early Arab astronomers about 800 A.D.

In all cases the gnomon with a triangular top gives a shorter shadow than the plain or straight-topped gnomon.  At the winter solstice, a gnomon with an apex angle of 90° requires a correction (to the sun’s observed altitude to obtain its centre) of 17’.5 instead of 13’.2 .  With an apex-angle of 60° the correction is 23’.7;  with 30° it is 44’.1;  and with a very acute angle of 20° it is 65’.0.

None of the ancient records, however, were obtained with acute-angles gnomons.  All, with the exception of a few of the Arab observations, were obtained with the ordinary plain or flat-topped gnomon, or in a few cases, with a gnomon having a central hole at the top. 

An acute-angled gnomon would give too small a value for the obliquity.  The striking thing, however, about the ancient observations, (with the exception of a few made by the early Arabs), is that they give a larger value for the obliquity than the theoretical one, and the difference increases greatly as we go back to the most ancient observations.  The test of their accuracy lies not only in the foregoing practical investigation, but also in the remarkably accurate values of latitude which the ancient observations give.

Summing up the evidence, therefore, it may be said that when the question of the errors, to which the ancient observations of the obliquity of the ecliptic were liable, is submitted to a practical experimental test, by using instruments and methods corresponding to those of ancient times, the results confirm the accuracy of the observations within one or two minutes of arc, and show that, in a long series of such observations by a careful observer, no great errors occur.

This is of great importance, in view of the far-reaching conclusions derived from the ancient observations, and demonstrates that these conclusions are on a sound basis of observational fact.

***********************
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Chapter 2 Illustrations

The Gnomon

This gnomon is in China today
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http://hua.umf.maine.edu/China/astronomy/tianimage/0022MingGnomon6471w.jpg

This gnomon is from ancient Egypt and is called "Cleopatra's Needle." This one is in New York today. Three exist in the world today and can be found in London, Paris, and New York. They are mis-named as they have no connection with the lady, but had existed for about a thousand years by the time she lived.

[image: ]

http://www.milesfaster.co.uk/information/london-attractions/images/cleopatras-needle.jpg

The following two illustrations are of the gnomon called Augustus' Sundial. Augustus had it shipped to Rome from Egypt after conquering Egypt in 31 B.C.
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The Armilla
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a large equitorial armilla
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Astrolabe
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Quadrant
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Triquetrum
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CHAPTER 3

ANCIENT CHINESE OBSERVATIONS

Our knowledge of the Chinese astronomical observations is largely due to P. Gaubil, S.J. (1689-1759 A.D.), who was a French missionary in China. He extracted a considerable number of Chinese solstitial observations from numerous documentary sources.  He studied these very thoroughly, and communicated them to European astronomers in his Edifying Letters, published by Souciet in 1732.  According to Leopold de Saussure, “the Missionary P. Gaubil, S.J., who took so much trouble to inform European astronomers in regard to Chinese astronomy, was of an enquiring mind, modest, and of great honesty.”

In 1734 P. Gaubil sent an important manuscript to the French astronomer De Lisle, giving the results of his astronomical researches concerning the constellations and the Chinese catalogues of the fixed stars, the cycle of days, the solstices, and the meridian shadows of the gnomon observed in China. Seventy-five years later, in the beginning of the 19th century, Laplace, recognizing the unique value of this work, rescued it from oblivion and published, in the French Connaissance des Temps for 1809, the portion dealing with the solstices and the meridian shadows of the gnomon observed in China.

Altogether, the Chinese solstitial observations which are available consist of a valuable series of 26 observations of the mid-day altitudes of the sun at the summer and winter solstices, extending over 2380 years from 1100 B.C. to 1280 A.D.  They were regarded as important observations from the Chinese point of view, and were made by official astronomers of the various periods, several of whose names have come down to us. Also, they were made at the capital cities of China or residences of the sovereign in the different dynasties.

This fact throws a favorable light on the accuracy of the observations, because the latitudes derived from them are in remarkable agreement with the true latitudes of those capitals.  These were:

1.	Mo, the royal Residence and seat of the Chang or Yin Dynasty, in the province of Shantung, about 1120 B.C.

2.	Also, according to one commentator, Yang-Chin in the province of Honan, the probable site of observations made about 700 B.C.

3.	Loyang, in the province of Honan; capital of the Chou and later dynasties, where observations were variously reported as at 1100 B.C., 104 B.C., 85 A.D., and 584 A.D.

4.	Nankin, in the province of Kiangsu; capital of China during the eastern Chin and other dynasties; observations recorded in 521 A.D.

5.	Sianfu, in the province of Shensi; one of the most ancient capitals of China; also used as capital during the Sui and Sung dynasties; observations recorded in 521 A.D., 1049-1052 A.D. and 1100 A.D.

6.	Kaifeng, in the province of Honan; capital of China during the Sung dynasty; observations recorded 1049 to 1052 A.D., and in 1100 A.D.

7.	Hanchou, in the province of Chekiang; capital of China during the Sung dynasty; observations recorded in 1150 A.D.

8.	Peking, in the province of Chihli; capital of China during the Yuan and other dynasties; observations recorded in the years 1277 to1280 A.D. by Ko-chou-King.

All these observations, with the exception of the observations made by Ko-chou-King at Peking in the days of Kublai Khan, were made with the vertical gnomon, fixed by law in China at a standard height of 8 Chinese feet, which was equal to 8 feet 9 inches in English measure. Ko-chou-King, in an attempt to obtain the greatest possible accuracy, used a gnomon 40 feet in height, with a plate of copper at the top, pierced with a small hole, so as to give a round spot of light, the center of which was accurately measured, and the length of the shadow precisely recorded.

Note:  A similar high vertical gnomon was used for mid-day observations of the sun’s altitude at the Paris Observatory by J. Cassini in 1729 A.D. The South Wall of the great meridian hall was used for this purpose. Near the top of the wall there was an aperture, to allow the sun to shine through, and at the lower part of this aperture a horizontal plate of copper was fixed, pierced with an exactly circular hole. This was beveled on the lower side of the plate, so as to allow the rays of the sun to pass freely through at the time when they are most oblique. The image of the sun on the pavement of the hall was then always circular. The distance of the center of the solar image at mid-day was measured from the bottom of the south wall, at a point vertically below the hole in the horizontal plate.  Finely divided metal rulers were used for this measurement. The height of the center of the hole above the floor was also measured with the metal rulers.

Excellent results were obtained with this gnomon till nearly the middle of the 18th century; and a similar instrument was used by the French astronomer De Lisle at St. Petersburg at the same period. Thus we see that the gnomon has been used for obtaining meridian altitudes of the sun for practically 3000 years, till it was superseded by the modern telescope.

We may ask, why was such careful attention given to the measurement of the solar shadows over so long a period of Chinese history? The answer given by P. Ricci is that the Chinese in their social, religious and governmental system, attached special importance to the Calendar and to the celestial observations necessary for maintaining it accurately.(1)  This was because the Chinese civil year was a lunar one, and did not fit in with the seasons. All changes in the sky were considered to have a direct influence on terrestrial life, and were carefully observed.

The astronomical seasons, with the accompanying changes in vegetation, were the most obvious, and “the harmonious relationship existing between heaven and earth was considered to extend even to the domain of morals.”  It was the chief duty of the Emperor “to make known the conditions of this harmony, i.e., to indicate the limits of the seasons, and the situation of the terrestrial or civil year with regard to the celestial or astronomical year.”

For this purpose he employed numerous astronomers who were responsible to him for making the observations and for calculating the ephemerides. The Emperor, on his part, was held to be “responsible to heaven, and if he neglected the calendar, he not only caused inconvenience to the people, but was considered guilty of an irreverence which diminished his virtue and endangered the dynasty.”

Necessity was thus laid both upon the Emperor and his ministers and astronomers to ensure that the observations were made as carefully as possible, and that they were maintained throughout the ancient and mediaeval eras.  P. Ricci stated in 1605 A.D. that the Chinese King kept more than 200 people at great expense to calculate the ephemerides each year.

The earliest Chinese astronomical observations are contained in the Chou-Pei-Soan-King  ("the sacred book of calculations called Chou-Pei"). This book is a composite one, and is believed to have been first compiled in its present form in the 4th or 5th century B.C. The most ancient part gives results of observations made as far back as 1120 B.C., but a section relating to the observation of a circumpolar star (Suen-Ki), with which are associated meridian observations of the solar shadows at the summer and winter solstices, has been shown by the Chinese astronomer Kao-Kiun (formerly of the Zo-se Observatory, near Shanghai) to correspond with the date 700 B.C.

A complete French translation of the Chou-Pei, with notes, was published by Edouard Biot in the Journal Asiatique, Paris, 1841.  In a Chinese preface to the Chou-Pei, written in 1213 A.D., it is stated,

“This work dates from an epoch midway between the Chang and the Chou dynasties. After Chou Kung had received instructions from Chang-Kao (the grand prefect)(2),  the men of the Chou period have preserved his memory by calling the combination Chou-Pei (gnomon or stylus in a circle), in order to designate the gnomon.”

The word Pei  technically signifies a vertical gnomon, and it appears from this statement that the Chou Pei was so named in honor of the celebrated prince Chou Kung, brother of Wu Wang (founder of the Chou dynasty, about 1120 B.C.), who is renowned in China through all the succeeding centuries for his wise legislation and interest in astronomical science.

In the Chou-Pei results are given in two systems of measurement, circular and linear. The circular measurements give a larger value for the obliquity of the ecliptic, and are of an earlier date, probably about 1120 B.C.  They are clearly based on measurements of the solar shadows at the summer and winter solstices.

In the earliest part of the Chou-Pei where Chou Kung receives instructions from the grand prefect, Chang-Kao, it is stated that “the sky is measured in degrees.” The Chinese divided the circle into 365¼ degrees, each degree corresponding to the amount of the mean daily motion of the sun in the year.  For finer measurement, the circle was also divided into 714,000 circular li. Thus each circular li was equivalent to approximately two seconds of arc, or 1/1800 of a degree (European).

For purposes of calculation the Chinese subdivided the li into 300 pou.  For further calculations used in connection with the celestial motions, the pou was divided into 1461 (i.e. 365¼ x 4) parts. Thus one Chinese degree was equivalent to 1954 li, 247 and 933/1461 pou.

In the instructions given in the Chou Pei for drawing a circle (on a leveled platform) to represent the circle of the sky, it is said “to correspond with the circle of the sky, which is 365¼ degrees, divide carefully the circle traced on the ground. Let there not be the very smallest difference between the degrees.” Instructions are then given to divide this circle into four quadrants, and it is stated that “each of the four parts of the circumference will comprise 91 5/16 degrees.”  The measurements are stated to have been made with the help of an officer called Ta-tsiang (grand carpenter).

The earliest value of the obliquity of the ecliptic, afforded by the Chou Pei is indicated in the following terms:

“Kien-nieou (the Tropic of Capricorn) is distant from the North Pole  115 deg. 1695 li, 21 and  819/1461 pou. The Eastern Tsing or Tong-tsing (the Tropic of Cancer) is distant from the North Pole 66 deg. 1481 li, 155 and 1245/1461 pou.”

Converting these figures into European degrees, we have:


	Distance of the Tropic of Capricorn from the North Pole 114 degrees 12 minutes 6 seconds, and consequently the distance of the Tropic of Capricorn from the equator 24 degrees 12 minutes 6 seconds.



	Distance of the Tropic of Cancer from the North Pole 65 degrees 47 minutes 54 seconds, and consequently the distance of the Tropic of Cancer from the equator 24 degrees 12 minutes 6 seconds.





Thus both statements give the obliquity of the ecliptic at the earliest date of the Chou Pei (about 1120 B.C.) as 24 degrees 12 minutes 6 seconds.

These most ancient Chinese results were obtained by calculation, based on observations made with the gnomon, and the method is stated in the text of the Chou Pei.  A diagram is given of a polar projection of the sky, reproduced here (Fig. 6) , showing the “Seven Circles called Heng.”

Figure 6
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Diagram of the Seven Circles called Heng

[the words read, “At the Winter Solstice, the Sun rises and sets in Kien-Nieou."  The number in the middle under North Pole is 11.50.  the mark to the left at the edge of the inside circle is 103.  Going to the right from the North Pole mark, after 11.50 are 119, 178.5 and 238]

As it is stated in the commencement of the book that the sky is measured in degrees, and these degrees are also given values in circular li, at the rate of 714,000 li to 365¼ Chinese degrees (360 degrees European), it is clear that the projected radii of the Seven Circles represent circular measure. The inner circle of the group of seven, marked 119, is of 119,000 circular li radius, and is the polar projection of the circle of 60 degrees (European) north polar distance. (714000/119000 x 360° = 60°)  The other circles are spaced at 10 degree intervals, namely, at polar distances of 70°, 80°, 90°, 100°, 110°, and 120°.

These were the fundamental circles in Chinese astronomy, of which the middle circle of 178,500 circular li radius (north polar distance 90° European) represents the equator. The position of the sun at the summer and winter solstices is related to the inner and outer circles of 119,000 li (60° European), and 238,000 li (120° European), by the quantity ± (30° - obliquity). Obviously, this was a purely solar measurement, and had no relation in itself to the polar distance of any circumpolar star, but by a fortunate coincidence there was, at the period of the Chou Pei, a circumpolar star, Kappa Ursae Minoris, which was at the same distance (30° - obliquity), equal then to 5° 47´ 54´´, or 11,500 Chinese circular li from the North Pole. This was called “the precious stone” (like the “apex stone” of the supposed “terrestrial pyramid,” which, according to ancient Chinese and Indian cosmology, was invisibly connected with the central pivot point of the sky).

The rule given in the text of the Chou Pei for obtaining the polar distances of the sun at the winter and summer solstices, is as follows:

“Place the exterior circle distant from the pole 238,000 li (this refers to the process of calculation by the calculating box, pan, used with balls for arithmetical calculations), subtract the radius of the Suen-ki, (the circumpolar star, or “the precious stone”), equal to 11,500 li, the remainder is 226,500 li. Make this the dividend.” *1

This is then divided by the number of li and parts of a li equal to one Chinese degree, namely 1954 li 247 and  933/1461 pou. The result of this division gives 115°, 1695 li,  21 and  319/1461 pou, as previously stated (European, 114° 12’ 6”; and, subtracting 90°, the obliquity therefore is 24° 12’ 6”).

In a similar manner, the rule given for the summer solstice is:

“Place the interior circle distant from the pole 119,000 li, add the radius of the Suen-ki, equal to 11,500 li.  This totals 130,500 li.  Make this the dividend.” *2

This is then divided by the number of li in one Chinese degree, as before; and the result of the division gives 66° 1481 li,  155 and 1245/1461 pou (European, 65° 47’ 54”, and, subtracting this from 90°, the obliquity is, as before, 24° 12’ 6”).

The difference between 226,500 li, from *1 (the north polar distance of the Tropic of Capricorn), and 130,500 li, from *2 (the north polar distance of the Tropic of Cancer), gives for the total inter-tropical distance, or twice the angle of obliquity, 96,000 li (Chinese circular measure).  This is equivalent to 48° 24’ 12” (European).

From it we obtain the mean obliquity, 24° 12’ 6”.

It must be clearly understood that these ancient calculations, which define the positions of the Tropics of Capricorn and Cancer, and therefore the obliquity of the ecliptic at that time, depended upon actual observations of the solar shadows cast by the vertical gnomon.  There was no other way of knowing the solstitial positions of the sun except by these observations.

They are referred to the date of about 1120 B.C. and were made at the ancient Chinese capital city of Mo. This city was situated on the western bank of the River Hoang-ho, in about latitude 35° 35’ N.  and longitude 115° 40’ E. in what is now the province of Shantung. In Dr. Albert Hermann’s Historical and Commercial Atlas of China, (Volume 1, Monograph Series of the Harvard – Yen-Ching Institute, Harvard University Press, Cambridge, Massachusetts, U.S.A., 1935), there is a large scale map of this district, showing the original center of ancient China, with the seats of the dynasties and their B.C. dates, according to the traditional chronology. The City of Mo is shown as the seat of the Chang Dynasty, and was the royal residence from 1198 B.C. to 1122 B.C.

The latitude of Mo, measured on this map, is 35° 35’ N.,  and it was about 16 miles north of the present town of Tsao-chow. This agrees with the time and route taken by Wu-Wang, first emperor of the Chou Dynasty, to travel with his army from his capital Hao-King (now Sian-fu).  Having crossed the Hoang-ho River near Loyang, he advanced to the plain outside the capital city (i.e., Mo), of Chou, the last emperor of the Chang Dynasty, where the latter was defeated.  Upon this he fled to his capital (Mo), set fire to his palace of Lou T’ai, and perished in the flames. (see Variétes Sinologiques, Shanghai, No. 52, pages 172, 173.)

This obliquity of the ecliptic, obtained as above directly from the Chinese observations, described in the Chou Pei, viz. 24° 12’ 6”, was not corrected for refraction and solar parallax, which were unknown to the ancient observers. When these corrections are applied, the corrected obliquity of the ecliptic, given by the Chou Pei for about 1120 B.C., is 24 degrees 13 minutes 56 seconds. This is 24 minutes 17 seconds greater than the obliquity given by Newcomb’s Formula for the same date.

The investigation of the errors of observation with the gnomon, given in the preceding Chapter 2, shows clearly that such a large difference, equivalent to three-quarters of the sun’s diameter, cannot possibly be explained as due to an error of observation. It is a real difference between the actually observed obliquity of the ecliptic at the date 1120 B.C. and the theoretical value calculated by means of Newcomb’s Formula.

This result is to be specially noted because it is the earliest direct astronomical observation of the obliquity of the ecliptic that we have. The large difference from Newcomb’s Formula is confirmed by the lengths of the solar shadows at mid-day at the summer and winter solstices given in the later part of the Chou Pei, corresponding to the year 700 B.C.

From these we get the obliquity of the ecliptic  24° 1’ 58”. This is 15’ 8” greater than the value for 700 B.C., calculated from Newcomb’s Formula. This difference is equivalent to half the solar diameter, and again it is far too large to be due to an error of observation with the gnomon.  In addition, it is intermediate between the Chou Pei value for 1120 B.C. and the later series of Chinese observations, which fit closely on a curve, indicating the progressively increasing error of Newcomb’s Formula as we go backwards to ancient times.

The following table illustrates the increasing change revealed by the Chinese observations as we go back into antiquity from 1280 A.D. to 1120 B.C.

TABLE 2

Difference between Chinese observations of Obliquity of the Ecliptic and Newcomb’s Formula.

( + larger than Newcomb’s Formula)

( - smaller than Newcomb’s Formula)
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The large differences as we approach 1120 B.C. are strikingly apparent.  We can see at a glance that the observational data of ancient times differ fundamentally from modern theory.

Before leaving the Chinese observations, reference must be made to the shadow lengths (1.5 feet at the summer solstice, and 13.0 feet at the winter solstice, giving the obliquity 23° 54’ 4”), associated by Chinese tradition with the name of Chou Kung. These shadow lengths are found in the Chou Li  (Book of Rites) and some other sources. It is clear, however, that they belong to a later date than that of Chou Kung.

The internal evidence of the Chou Pei, together with the large progressive change in the obliquity of the ecliptic given by the Chinese observations over a period of 2300 years, shows that the earliest and largest value (24° 13’ 56”), obtained from the Chou Pei, belongs to the time of Chou Kung, about 1120 B.C.  This is the date of the earliest recorded astronomical observation in China.

Commenting on the shadow lengths 1.5 feet at the summer solstice, and 13.0 feet at the winter solstice, P. Gaubil wrote, “I have no doubt that observations were made from the time of Chou Kung, but I do not know if the figures which are given are very ancient.” (3)

The late Dr. Villemarque, Director of the Zo-Se Observatory, near Shanghai, also expressed a similar opinion. In a letter to me on this subject, he wrote “Observations were certain about 1120 B.C., but the figures may have been altered in the course of the ages.”

Some time after the downfall of the Chou Dynasty in 249 B.C., the Emperor Che Hwang-ti, of the Tsin Dynasty, moved by political reasons, ordered the burning of all books in China, except those relating to medicine, divination, and agriculture. This occurred in the year 213 B.C. After the fall of the Tsin Dynasty in 206 B.C., the emperors of the Han dynasty endeavored to restore Chinese literature. Their astronomers made fresh observations of the solar solstitial shadows, and it is stated that “during the Han Period (206 B.C. to 265 A.D.), the gnomon was perfected by terminating it with a plate of copper pierced with a small round hole. In place of the shadow of the edge, the centre of the luminous spot of light was observed.”(4)

The Chinese astronomer Haui-Nan-Tzu  (died B.C. 122)  gave the shadow lengths 1.5 feet in summer and 13.0 feet in winter, as for his own time, say about 130 B.C.  According to the New Curve, developed in this study, the obliquity of the ecliptic, corresponding to these figures, belongs more precisely to 295 B.C., i.e. 165 years before Haui-Nan-Tzu.  But the difference in the shadow lengths for the two dates is not great, and it is possible that Haui-Nan-Tzu’s own measurements closely approximated to the figures which he gives.

Two centuries after Haui-Nan-Tzu, it was represented to the Emperor Chang-ti, about 84 A.D., that calculation indicated certain errors in the Calendar, which gave erroneous values for the solstices, the equinoxes, and other dates. The Emperor, “having regard to these representations, ordered the astronomer Li-fong to make a new calendar. He did this, and gave it the name of Sse-fen, or four parts. The court was then at Loyang.”

P. Gaubil says of this change: “The authors of the Sse-fen astronomy have marked for Loyang at the two solstices the shadows observed by Chou-Kung in the first observation, i.e., 1.5 feet summer solstice, and 13.0 feet winter solstice.... These authors supposed the observation made by Chou-Kung was unaltered.”

This statement indicates that the Chinese were not aware of the changing value of obliquity in the course of time.  Confusion was caused, also, by the difference in the length of the shadows according to the latitude of the place where the observations were made. On this account the Chinese observations need careful examination. In his notes, P. Gaubil writes that:

           “.....in the Chinese astronomical works we find meridian shadows of the gnomon. These kinds of catalogues are often defective and have need of examination; there are some which are only badly calculated by the astronomers, who had no proper idea of spherical trigonometry; there are some shadows wrongly applied to places for which they are not appropriate; in the edition of the treatises on astronomy by Hoching-tien and Tsou-chong, the meridian shadows of the two solstices of Chou Kung are applied to Nanking for the year 237 A.D.

            "The first Ouey (Tartars) composed an astronomical work; their court was at Hinchou, a town nearly a degree further south than Kaifeng-fu. Solstitial shadows of Chou-Kung for Loyang are again applied to this Hinchou, at least that of the summer solstice; that which is done for this place is also done for others.

            "In several Chinese astronomical works they have at first given the solstitial shadows attributed to Chou-Kung for Loyang; afterwards further rules are given for increasing or diminishing the length of these shadows according as places are further south or north of Loyang. That which I say here is clearly marked in some astronomical works. But in others the editors have not taken care to mark the rules of increase or diminution of the shadows observed by Chou-Kung in order to find the shadows which correspond to places farther south or north, and from this it comes that in calendars for Nanking or Hinchou or others we find the shadows for Loyang.”

The confusion concerning the shadow lengths observed by Chou Kung seems to have originated after the burning of the books in the Tsin dynasty through which many of the old records wore lost, and it may be that the new value of the shadow lengths at Loyang after this event were ascribed to Chou Kung as a tribute of veneration for his memory.

Concerning Chou Kung it is said that in addition to the observatory at which his astronomical observations were made, one was built also by his brother, the Emperor Wu Wang, founder of the Chou Dynasty. It was called

“...the Tower of the Spirits, because the whole Chou people gave themselves with such readiness to its construction, that it seemed to have been raised by enchantment. The memory of these two men, Chou Kung and Wu Wang, is perpetuated in the annals of China, surrounded with immense veneration. Long after, the political and social ties which they had established were broken by the ambitions of chiefs of other clans, who profited by the weakness and defects of their descendants, to make themselves independent of the central power. Confucius, Meng-tsu, and all the historians, all the philosophers, have represented them as model princes, and they have constantly recalled the memory of their institutions to later sovereigns, as having given the greatest possible degree of order, of peace, and well-being to the populations who lived under their government. Today, after 3000 years have passed, the majority of the offices established in the Chou-Li, still survive, the only changes being in names and functions necessary to continue to render them applicable to an empire much more vast, as well as to a society in which the conditions of property and of personal state have been modified by time.”(5)

From the evidence now available we arrive at the conclusion that the shadow lengths of 1.5 feet in summer and 13.0 feet in winter, at Loyang, were obtained about the time of the “burning of the books” in the Tsin dynasty, or shortly after, in the Han Dynasty, and were ascribed to Chou Kung because of the veneration in which his name was held, and because it was thought the obliquity had remained unaltered since his time. The true value at the time of Chou Kung, however, is preserved in the Chou Pei.

A careful analysis of all the available Chinese observations shows that the key to the difficulties mentioned by P. Gaubil lies in the value of latitude derived from the observations at the two solstices.  In practically all cases, this is very close to the latitude of one or other of the ancient capitals of China, and confirms the general accuracy of the Chinese results.

It can also be ascertained from the observations whether a plain gnomon casting a shadow, or one with a hole casting a luminous spot, was used.  The examination of all the Chinese observations also confirms the accuracy of the large values of the obliquity of the ecliptic, obtained from the Chou Pei for the dates 1120 B.C. and 700 B.C.

********************

Matteo Ricci’s Scientific Contribution to China  by Henri Bernard, S.J, p. 54. Translated by Edward Chalmers Werner, Peiping 1935

Probably the Chief Astronomer of the previous Chang Dynasty

Traite de L’Astronomie Chinoise par le P. Gaubil, l c page 39

Bulletin No. 125 of the Bureau Sinologique, Zikawei, 28th September, 1932

E. Biot. L'Astronomie Indienne et Chinoise,  p. 272



CHAPTER 4

ANCIENT HINDU OBSERVATIONS

Let us now turn to the ancient Hindu observations of the sun’s solstitial shadows.  We shall see how they confirm the preceding Chinese results.  

At a very early date the ancient Hindus used a vertical gnomon for observation of the solar shadows, in the same way as the Chinese used this instrument.  The Surya Siddhanta, one of the most important astronomical works of ancient India, describes the Hindu Observatory of those times.  “It consists principally of a level horizontal plane, a floor or terrace of Chunam, which is a lime made from shells, and which, when dried, is hard and capable of receiving a polish equal that of marble.  On the surface of the Chunam floor, leveled with water, a circle is described, and a vertical rod of given length is erected at the center as a stylus or gnomon, and by means of the length and direction of its shadow, cast on the plane by the sun, a variety of astronomical problems is solved.”

The earliest record of the obliquity of the ecliptic, determined by the ancient Hindus, is described by C.P.S. Menon in his book Early Astronomy and Cosmology.  It is taken from the Jaina Astronomical Treatise called Suryaprajnapti.  This text contains estimates of dimensions, such as the size of the celestial bodies, and of the orbits of the sun and moon, and the heights of their orbits.

It can be inferred from the nature of the observations that the ancient Hindus, like the Chinese whose system of cosmology and astronomical measurement was similar, used a gnomon 8 feet in height, and measured the length of the shadows cast by it.

The figures which are given enable the lengths of these shadows at the solstices and equinoxes to be ascertained.  These figures are in accordance with the “square cosmology” of the ancient Hindus.  (See fig. 7)  It is clear that they are derived from measurements of the shadows cast by the gnomon. 

In this “square cosmology,” the earth was regarded as standing on a square base, with the diagonals pointing north-south and east-west, and rising in the form of a pyramid to the north pole.  The base of the terrestrial pyramid extended to the “four corners (or quarters) of the earth,” and it rose up to “the roof of the world,” and to “Mount Meru, on whose summit lived the gods.”  It was believed that in the Meru region, “the day of the angels who inhabit Meru lasts six months, and their night also six months.”  (Evidently this represents the North Polar region).  Some believed that Meru was one of the snow covered peaks of the Himalayas.

India (Bharata) with Ceylon at its foot, was regarded, in the Suryaprajnapti as the southernmost quarter of the earth, and the northern quarter was another inhabited land,  (Airavata), while the eastern and western quarters were believed to be uninhabited lands.

FIGURE 7

The ancient Hindu “square cosmology”

(Polar projection of the earth, assumed as of a pyramidal shape)
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In this figure:   

P  is the polar projection of the earth’s north pole on the observational plane.

The diagonal,  PSZW,  is the projection of the meridian, and the other diagonal is the East- West line.

S  represents the point on the earth vertically below the sun at mid-day on the summer solstice

Z  represents the point on the earth vertically below the zenith  at the point  of  observation.

W represents the point on the earth vertically below the sun at mid-day on the winter  solstice.

CS  equals the “diameter” of the summer solstitial orbit of the sun, and equals 99,640 yojanas.

Bz  equals the “diameter” of the Jambu-dvita (the earth), = 100,000 yojanas.

Aw  equals the “diameter” of the winter solstitial orbit of the sun, = 100,660 yojanas.

From these figures,      

DS   =   49,820 yojanas.

Dz   =   50,000 yojanas.

Dw  =   50,330 yojanas.

And 

Dz - DS    =  Sz    =  180 yojanas.

Dw - Dz  =   ZW =  330 yojanas.

The distance along the meridian, SZ and SW, are therefore,

SZ   =    180 Ö 2    =    254.556 yojanas.

ZW =    330 Ö2    =    486.642 yojanas.

These represent the proportionate equivalents of the shadow-lengths cast at the summer and winter solstices by a vertical gnomon, just as in the similar case of the ancient Chinese observations.  They also represent distances on the earth corresponding to the celestial distances of the points immediately above them, on the basis that “the sun’s chariot moves at a height of 800 yojanas above the ground.”

Considering the essential similarity between the ancient Chinese and ancient Hindu systems, it seems very likely that the ancient Hindus also used a gnomon of 8 feet height.  The geometrical  basis for the calculation of the Obliquity and of the latitude of the place of observation, corresponding to these figures in the Suryaprajnapti, is shown in Fig. 8.

FIGURE 8

Observations of the Obliquity of the Ecliptic, from figures given in the Jaina Astronomical Treatise called Suryaprajnapti.
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Site of observations: Ceylon
Date of observations:  about 945 B.C.

From the similar triangles AZS,  AOS'   and AZW,  AOW',

we have for

height of gnomon...............................AO  =   8 feet

length of summer solstitial shadow..... OS' =   2.54556   feet

length of winter solstitial shadow.........OW'=  4.66642  feet

These figures give for the Obliquity, after applying corrections for refractions, solar parallax, and reduction to centre of the sun: 

Obliquity  =  24°   11′   04″

And for the latitude of the place of observation:  

Latitude  =   8°  18′  32″   N.

The daily circuit of the sun round the earth was considered to be rectangular. The sun, on rising in the east, was thought to move upwards in a straight line to the meridian, and thence in a straight line to the western setting point.  Its path was thus parallel to the faces of the earth pyramid, and at a constant distance of 800 yojanas (equivalent to 3784 miles) from the ground.

It was believed that “the motion of the celestial bodies is rectilineal, the circular forms of their daily paths being only an illusion caused by their great distance.”

These ideas made it appear to the ancient Hindus that the geometry of the vertical gnomon, and of the shadows cast by it from the sun, was proportional to the celestial distances, on the assumption that “the sun’s chariot moves at a height of 800 yojanas above the ground.”

A similar estimate formed the basis of the ancient Chinese measurements. According to the Chou Pei, “the image of Heaven is a parasol which envelopes; that of the earth is an overturned basin.  Heaven is separated from the earth by a distance of 80,000 li.”  This distance of 80,000 li corresponded to 4090 miles, almost the same as the ancient Hindu estimate of the sun’s distance.  The sun, however, in the Chinese system, was regarded as moving in circles, gradually widening, and declining in altitude, from the summer solstice to the winter solstice.

The figures given in the Suryaprajnapti refer to two places where observations were made.  In addition to the obliquity of the ecliptic at the date of observation, the latitude of the sites of the observations can also be calculated. (Fig. 8) 

The  obliquity of the ecliptic, thus determined, after correcting for refraction and solar parallax is 24° 11’ 4”.

The latitude of the first place of observation, for which the shadow lengths at both solstices are available, is 6° 18’ 32” North.  This indicates a place in Ceylon about 22 miles north of Dondra Head, (latitude 5° 56’ North), the most southerly point of Ceylon. As Mr. Menon points out, we may conclude that these ancient Hindu astronomers  “counted the southern extremity of the earth as lying in latitude 6° N.  Incidentally, we notice that astronomers had been sent to Ceylon even in that remote age to observe the solstices.”

The second place of observation:  Only one observation, namely that of the winter solstice, is given.  We can use this, however, to calculate the latitude.  The statement of the observation gives room for two alternative sites.  One of these is in latitude 20° 15’ 04” North, 14 miles south of Cuttack, near the top of Bay of Bengal; and the other is in latitude 10° 33’ 41” N, corresponding with the latitude of Trichur, 10° 32’ N, in the Cochin Province of S.W. India.  This place is the more likely, as it would only require a short coastal expedition to southern Ceylon.

The Suryaprajnapti is said to have been written “sometime about the 5th century B.C., but the cosmological system described in the work apart from a few incongruous elements added to it, is certainly of a much earlier date, some time in remote antiquity when men had not yet begun to regard the circle as the perfect curve, or as providing a scale of angular measurement.”

According to Brennand’s Hindu Astronomy, a notable revision of astronomy was made about 945 B.C., in the time of the famous Princes Rama and Dasaratha, under whom the study of astronomy received much encouragement, and was cultivated with much attention.

Rama was the son of Dasaratha, and is the hero of the great Hindu epic poem called the Ramayana.  Reference is made in the Ramayana to the conquest of a part of Ceylon by the hero Rama and his followers, who, according the poem, besieged and took the capital of its King Rawana.  No permanent occupation of the country was made at that time, but 400 years later, in 543 B.C., Vijaya, an Indian prince, arrived from the mainland with a small army and established himself as the sole ruler of Ceylon.

It is stated by Bentley, in his Hindu Astronomy, that in the time of Rama, at the Autumnal Equinox, “it was found by observation that the Colures (1) had fallen back in respect of the fixed stars 30° 20’ since the former observations in 1192 B.C.”

This movement is consistent with the earth’s precessional movement in the interval of 247 years, and it is further stated that “In the same period of 247 years and one month they found that the moon had made 3303 revolutions, and one sign over, that there were also 3056 lunations of synodic periods, and the number of days in the whole period was 90245.5.”

Brennand comments, “There is nothing improbable regarding the observations thus stated.  They are just the kind of observations the Hindu astronomers were constantly making, to determine the days when the sun was in an equinox or a solstice -- those four days of the year when sacrifices and offerings were to be made to the Supreme Being -- observations which, as expressed by Laplace, resulted in “the remarkable exactness of the mean motions which they (the Hindus) have assigned to the sun and the moon, and necessarily required very ancient observations.”

The ancient Hindu observation of the obliquity of the ecliptic recorded in the Suryaprajnapti, and described in this chapter, falls almost exactly in the middle between the Chinese observations for 1120 B.C. and 700 B.C.  These three results form a consistent group, both in the amounts and in point of time. Moreover, they are fully in line with the later results of the Chinese, Hindu and Greek observations.

Hindu value of obliquity derived from the Surya Siddhanta (about 510 B.C.)

The value of the obliquity generally ascribed to the ancient Hindus of a later period than the foregoing is 24° 0’. This was at a date when there had been considerable advances in astronomical theory and practice as compared with the more remote times.  This value of 24° 0’ is given by Brennand in  Hindu Astronomy pp. 80 and 236, and is taken from the mathematical statements in the ancient Hindu astronomical text book, Surya Siddhanta. 

This is one of the best known astronomical works of the Hindus which have come down to the present time, and is written in the Sanskrit language. It is understood, from its own statements, to have been compiled at the end of the period known as the Trita Yuga, and to embody the science of astronomy as it was at that time; certain changes having been made since more ancient times.

The end of the Trita Yuga corresponds to 510 B.C.  The site of the observations is believed to be Hastina Pura, the ancient seat of government in India, in latitude 28° 38’N , a few miles south of Delhi.

The value of the obliquity, according to ancient practice, was determined from the maximum and minimum altitudes of the sun at mid-day at the summer and winter solstices, uncorrected for solar parallax, refraction, and semi-diameter of the sun. 

With these corrections added, the final result is 24° 00’ 44”. Reference to Fig. 2 will show how closely this value agrees with the curve at the date 510 B.C.  Like the rest of the ancient Chinese and Hindu results, it differs by a large and significant amount from the value calculated from Newcomb’s Formula, namely 15’ 16” higher than that value.

***********************

Colures.  The hour circles drawn from the celestial pole through the equinoctial and solstitial points on the celestial equator are called the equinoctial and solstitial colure  respectively.



CHAPTER 5

ANCIENT GREEK OBSERVATIONS

These observations are the work of a galaxy of famous astronomers of ancient times, viz., Thales, Pytheas, Hipparchus, Eratosthenes and Ptolemy.

Thales

The earliest recorded Greek observation of the obliquity of the ecliptic is by Thales of Miletus in 558 B.C.  Miletus was an important city on the S.W. coast of Asia Minor, 53 miles south of Smyrna.  Thales was “the first of Seven Sages of Greece.”  He was self-taught until he traveled to Egypt, where he interviewed the priest-astronomers of Egypt and, it is said, learnt the geometry of the Egyptians.

Plutarch describes how this philosopher  was able to measure the height of the pyramids by using only his cane.  “Having no need of any instrument, but lifting your cane at the extremity of the shadow produced by the pyramid, you formed two triangles at the point where the solar rays met, showing thus the proportion between the two shadows and between the pyramid and the cane.”  Other authors say that this measurement was made when the sun was at an altitude of 45 degrees.

Thales is said to have predicted the total solar eclipse of 584 B.C., which has on that account come down in history as the “Eclipse of Thales.”  The Lydians and the Medes, who were at war with one another and were engaged in battle, according to the account given by Herodotus,  “when they saw night coming on, instead of day, ceased from battle and both parties were more eager to make peace with each other.”

For the observation of the obliquity of the ecliptic, it is evident that Thales used a gnomon, as this instrument had been in use among the Babylonians long before his time.  Anaximander, who was a contemporary of Thales, and was also a philosopher of the Ionian School, is credited with having introduced the use of the gnomon among the Greeks.

Wendelin, in his Solis Obliquitas, says of this observation:

In the times of Kings Cyrus and Croesus, when Thales the Milesian flourished and imparted the first rudiments of astronomy to the Greeks, he defined the interval between the two tropics as 8 parts out of 60 of the whole circle.  From this we find the interval 48°, as we divide the circle into 360°, so that the maximum obliquity of the sun was 24 whole degrees.

Messala, in The Astrolabe, discussing the change in the obliquity of the sun at various times, states that this same value of 24° was formerly given by the Hindus in their writings.  The time when Thales flourished was in the 55th Olympiad, that is, 558 before our era.

We have seen the confirmation of this remark concerning the Hindus in the result obtained from the Surya Siddhanta for 510 B.C.  When the observation of Thales is corrected for solar parallax and refraction in the latitude of Miletus, we have for the obliquity in the time of Thales 24° 00’ 56”, which is 15’ 07” larger than that which is calculated from Newcomb’s Formula.

With regard to this value of 24° about the time of Thales in 558 B.C., and of the ancient Hindus in 510 B.C., it is of interest to note the opinion of Tannery, the eminent French authority on ancient astronomy, concerning the value of the ancient Greek observations.  He shows that the accurate measurement of the circumference of the earth by Eratosthenes in 230 B.C., was “by no means the result of a happy accident,” and in L’Astronomie Ancienne p. 120, he makes the following remarks concerning Eratosthenes’ measurement of the obliquity of the ecliptic:

Before the measurement of Eratosthenes, the obliquity was valued as 1/15 of the circle, or 24°.  This determination, indicated by Eudemus on the report of Dercyllides  (Theon of Smyrna), was already incontestably known by Eudosius, and perhaps it was anterior to him, going back to the school of Pythagoras.  It is evidently tied to the solution, given by Euclid, of the problem of inscription, in a circle, of the regular pentagon, this solution having for its object the tracing of the mean circle of the zodiac on the celestial sphere.  The process to be followed for measuring the obliquity of the ecliptic was then known from the beginning of Greek astronomy.  The part taken by Eratosthenes was of doubting the accuracy of the simple relationship universally admitted before him, and of undertaking a measurement which he knew how to make so exact as to cause his successors to despair of doing better.

Tannery also points out that Eratosthenes “naturally held to the process, already familiar in all the Greek cities, of observing the shadows of the gnomon.”

With regard to Tannery’s suggestion that the determination of 24° for the obliquity of the ecliptic goes back to the school of Pythagoras, we shall see that this suggestion is correct.

Pythagoras 

Pythagoras commenced to travel in the pursuit of knowledge at the age of 18.  After visiting Phoenicia and Syria, he went to Egypt, where he spent 22 years in his studies, which were terminated there by the conquest of Egypt by Cambyses, King of Persia, in 525 B.C.  He was taken to Babylon as a captive, but continued his studies amongst the Chaldean and the Persian Magoi.  After that he visited India, Celtica, Iberia, and Sicily, and then settled at Croton in Southern Italy.

We may therefore conclude that the School of Pythagoras, where he carried out astronomical observations, was established about the year 515 B.C.  From the new curve and formula the obliquity of the ecliptic at this period was 24° 00’ 05”.  Hence Tannery was right in attributing the value 24° to a date corresponding with the School of Pythagoras.

Pytheas

Pytheas of Massilia (the ancient  Marseilles, which was then an important Greek colony), is celebrated as a great navigator and geographer, about the time of Alexander the Great, in 325 B.C.  He was also an astronomer, and was one of the first to make observations of latitude, amongst others, that of his native city Massilia, which he fixed with remarkable accuracy, so that his result was adopted by Ptolemy, and became the basis of his map of the Western Mediterranean.

He was also the first among the Greeks to arrive at a correct idea of the tides.  He indicated their connection with the moon, and pointed out their periodical changes in accordance with the moon’s phases.

In his famous voyage of exploration, Pytheas visited Britain  and explored a large part of it, adding an account of Thule, which may have been the Orkney and Shetland Islands, or even Iceland, and then visited the whole of the coasts of Europe, including probably the Baltic as far as the mouth of the Vistula.

Concerning this voyage, R.T. Gunther, in his description of ancient surveying instruments, says:

About 326 B.C., in preparation for a voyage of discovery, which ended in the finding of our island of Britain, Pytheas sailed from Phocoea to Marseilles.  There he erected a large gnomon divided into 120 parts, and fixed its latitude with a result that seems almost  incredibly accurate, for, applying the sun’s semi-diameter, which he omitted, the latitude which he obtained differs not more than one minute from the true latitude of Marseilles  Observatory. (1)

The figures for the observations of Pytheas at the summer solstice at Marseilles are given by Strabo and Ptolemy.  Using the latitude of the old Observatory at Marseilles, which is near the harbour, and applying corrections for solar parallax, semi-diameter, and refraction, we obtain the obliquity of the ecliptic from the observation by Pytheas in 326 B.C.:   23° 53’ 46”.  This is 9’ 38” greater than the value calculated from Newcomb’s formula.  As we carry the comparison forward into the Christian era, we shall see this difference becoming less and less.  Conversely, tracing it back into B.C. times, the failure of the formula to account for the abnormal change in the obliquity, which is revealed by the ancient observations, is increasingly evident.

It is interesting to compare the value of obliquity obtained from the observations made by Pytheas in 326 B.C. with observations made at Marseilles, nearly 2000 years later, viz. by the French astronomers Nicholas Claude de Peiresc and Peter Gassendi at the summer solstice in 1636 A.D.  The following is taken from an account given by G. Bigourdan of the operations of Peiresc:

While paying great attention to the question of longitudes, of which the errors were enormous, even at our doors, Peiresc did not neglect the question of latitudes .......

He recommended above all that they be determined by meridian altitudes of the sun, particularly at the summer solstices, by employing the gnomon, which could then compete advantageously as regards precision with the best instrument of  the epoch.

And he gave the example himself with Gassendi by repeating at Marseilles, at the summer solstice of 1636, the memorable observation of Pytheas.  Already in the preceding year he had been requested by Wendelin to make this observation, in order to elucidate the question of variability of the obliquity of the ecliptic.

Various accidental circumstances having delayed this observation, it was made in 1636.  The choice of a convenient place presented some difficulties.  Finally it was decided to use the Church of the College of the Oratory, then in construction, where, with the agreement of the religious  and consular authorities, Peiresc caused some sections of the wall to be knocked down, the roof to be pierced, and a plank to be displaced.  This is what he wrote to D’Arcos on the 20th July, 1636:

'We caused to be prepared one morning a machine 18 canes (a) in diameter, of which the gnomon was more than 9 canes in height, and it was divided into more than 80,000 recognizable parts, such that one could recognize and determine the difference of that upon which the solar shadow fell precisely, exclusively from the other parts, either above or below. 

All this was done so skillfully and with such little expense that all those present were delighted. (b) We had only to pierce the roof of a very high building, of three or four stories, and receive the ray from the sun at the bottom, having well adjusted with the plumb-bob at right angles to the meridian line, which was drawn below, and having taken away some bricks at a height of 9 canes to measure more exactly the distance between the hole in the roof and the base of the lower angle of the meridian line.' ..........

The height of the gnomon was 51 feet 8 inches 4 lines( c) 0 parts, or 89,328 parts, (twelfths of a line), and the shadow was found to be 31,750 parts.

Explanatory notes from Dodwell:

a.   Modern value of 18 canes would be about 100 feet.

b.  “This expense was borne by the town, which was thus a prelude of the sacrifices which it generally made afterwards to uphold the high renown of Marseillian astronomy.”

c.  A line is one twelfth of an inch.

Using the latitude of the old Marseilles Observatory, near the harbour, the obliquity calculated from Peiresc’s observation is 23° 30’ 23”.  This is remarkably exact, being only 1’ 11” different from the value derived from Newcomb’s Formula, and still less, 35” from the New Curve.

Besides demonstrating the accuracy obtainable with the gnomon, Peiresc’s observation shows that the difference between his result and that of Pytheas in 326 B.C. confirms our belief that in past ages there has been a marked change in the obliquity of the ecliptic, over and above the normal change corresponding to Newcomb’s Formula.

This is seen in the following comparison:
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We shall now see how this conclusion is in line with the results obtained by three other famous Greek astronomers of early times, Eratosthenes, Hipparchus and Ptolemy.

Eratosthenes 230 B.C.

Eratosthenes was born at Cyrene, chief city of the ancient Greek colony of Cyrenaica, in Libya, North Africa, in 276 B.C.  After studying at Alexandria and Athens, he was appointed, at the age of 41, by Ptolemy Euergetes, to be the Superintendent of the famous Library Museum and Observatory of Alexandria.  He continued there till his death, at the age of 82, in 194 B.C.

Eratosthenes has been called the Cosmographer, or Surveyor, of the Universe, from his celebrated measurement of the earth’s circumference about 230 B.C.  He accepted the Pythagorean doctrine that the earth is a sphere, rotating upon its axis.  From this, he concluded that it would be possible to measure the earth’s circumference by a method, simple in principle, but requiring a work of considerable magnitude, to carry it into effect.

This method was to measure by astronomical observations, the arc in the sky between the summer solstitial position of the sun when it was overhead at Syene [the modern Assuan or Aswan, near the site of the great Assuan (Aswan) Dam], and its position at the same time at Alexandria.  The terrestrial counterpart of this was the distance between Syene and Alexandria, to be measured on the earth’s surface and then reduced by calculation to the true distance between the parallels of latitude passing through Syene and Alexandria.  The circumference of the earth could then be determined by the simple proportion of these celestial and terrestrial arcs to the complete circle of 360°.

The reader’s attention is specially drawn to this work of Eratosthenes, because it is certain that he took great care with these historical observations.  They give us a crucial test of the discrepancy between the ancient observations of the obliquity of the ecliptic and modern theory.

The first measurement of the earth’s circumference, 2180 years ago, was carried out in an effective and excellent manner.  In addition to the astronomical observations at Syene and Alexandria, a complete measurement was made of the distance on the land between those two places.  Egyptian surveyors, called Bematistoi (professional pacers) were employed for this purpose.  They measured the great distance of 640 miles along the winding track, following the course of the river Nile, from Syene to Alexandria.  Strabo informs us that allowances were cut off for irregular winding of roads, (3) and gives the distance found by Eratosthenes, from the small cataract of the Nile, near Syene, to the sea, as 5300 stades (518 ¾  miles).  The first cataract is 2 ½  miles south of Syene, and the ancient Library and Observatory of Alexandria was about ¼ mile from the sea.

The route from Alexandria to Syene does not go due south, but is at first south east for 125 miles (Alexandria to Cairo);  and from Cairo onwards there is a prevailing SSE to SE trend over much of the way, which includes the Great Bend of 80 miles between Hammadt and Erment, where there is a great deviation from the meridian line.

Eratosthenes consequently reduced the distance 5300 stades (518 ¾ miles) to 5000 stades (489.33 miles) to give the meridional distance, i.e. the corrected distance between the latitude parallels passing through Syene and Alexandria.  The stade used by Eratosthenes was 516.73 feet in length. (4)  The true distance between these parallels from modern calculations is 489 ¾ miles, almost precisely the same as that which was estimated by Eratosthenes.

With regard to the celestial arc between the overhead position of the sun at the summer solstices at Syene and Alexandria, Kleomedes gives it in round numbers as one fiftieth of the circle of 360°, i.e. 7°.2 .  Combining this with the terrestrial arc of 5000 stades, the approximate circumference of the earth was given in round numbers as 250,000 stades, equal to 24,466 miles.  The final result given by Eratosthenes was 252,000 stades, which is equal to 24,661 miles.  Modern measurements give the polar circumference of the earth as 24,860 miles, and the equatorial circumference as 24,902 miles.  Eratosthenes’ measurement of the polar circumference was thus only 199 miles less than the modern value.

Let us now turn to the astronomical measurements.  The precise value of the obliquity of the ecliptic recorded by Eratosthenes is involved in this historic measurement of the world.  It does not rest on this operation alone, however, but is the result of observations of the solsitial shadows over a period of years, both at Alexandria and Syene, as well as at other places.  This is evident from the information which has come down to us through Strabo, Kleomedes, and Pliny; although unfortunately, Eratosthenes’ own special book describing the measurement of the earth, and referred to by Macrobius as "Libri dimensionum," has been lost.
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from  http://upload.wikimedia.org/wikipedia/commons/thumb/5/50/Eratosthenes.bjb.svg/400px-Eratosthenes.bjb.svg.png

At Syene was the famous “Well of Eratosthenes,” where in his day the sun at midday on the day of the summer solstice was seen “to light up the well right down to the water, and to cast no shadow on the sides.”

The Well of Eratosthenes at Syene
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Looking down into the Well
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from http://www.mlahanas.de/Greeks/images/eratosthenes2.jpg

Prior to the solstice, the northern side of the Well was fully illuminated at midday, but the southern side was in the shadow.  As the solstice approached the shadow retreated towards the lowest edge of the southern side, until on the day of the solstice no shadow at all could be perceived on that side.  The northern edge of the sun was then exactly and vertically above the Well.  This fact is also established by confirmatory statements concerning the shadows of the gnomon at Syene.

According to a statement attributed to Eratosthenes,  “at Syene the gnomon threw no shadow on the day of the summer solstice.”  This is verified by Strabo, who says (Geography, Book 11, Ch. 5), “for indeed the summer tropic passed through Syene, because there at the time of the summer solstice the gnomon does not cast a shadow at noon.”  Plutarch also mentions “the gnomons of Syene, which appear free from shadow at the summer solstice.”(5)

It must be clearly borne in mind that these shadows, whether at the Well or cast by the gnomon, correspond not to the center of the sun, but to its northern edge.  In order, therefore, to reduce the observations to the centre of the sun, for comparison with modern observations, we must apply the necessary corrections not only for parallax and refraction, omitted by the ancient observers, but also the much larger one from the sun’s edge to its centre.  When this is done, we find that the observations made by Eratosthenes were remarkably accurate.  Thus, in the case of Alexandria, the latitude used by Eratosthenes was 30° 58’ N., determined from his observations of the sun’s northern edge.  The total corrections, as above, amounting to 13’ 52”, must be added to Eratosthenes’ latitude of Alexandria, 30° 58’, giving the latitude of the Museum of Alexandria 31° 11’ 52” N.  This ancient site is at the corner of the present Sesostris Street and Coptic Church Street; and the Survey General of Egypt gives its true latitude as 31° 11’ 50” N., only 2” less than the value found from Eratosthenes’ observations.  We see then that the observations made by Eratosthenes appear in a very favorable light in regard to their accuracy.

Turning to the latitude of Syene, the famous Well of Erastosthenes at this place is in latitude 24° 05’ 06” N., according to modern measurements supplied by the Surveyor General of Egypt.  Now Eratosthenes took for the latitude of this spot 23° 51’ 15”, determined as before, from the sun’s northern edge.  This was also the same as the obliquity of the ecliptic, which he obtained from his observations with the gnomon at Syene, when the northern edge of the sun was vertically overhead at the time of the summer solstice, and the gnomon consequently cast no shadow at noon.

When, as on this occasion, the sun is in the zenith, there is no parallax or refraction, and the only correction necessary to get the true latitude is the correction from the sun’s edge to its centre, viz., 13’ 13”.  When this is added to Eratosthenes’ altitude of Syene, 23° 51’ 15”, we obtain 24° 04’ 28” N.  This result is only 38” less than the true latitude 24° 05’ 06” N., and is a remarkable confirmation, not only of the accuracy of Eratosthenes’ observations at Syene, but also of the obliquity of the ecliptic 23° 51’ 15” at the date of his observations, viz. 230 B.C.

The relationship between the latitude of Syene and the obliquity of the ecliptic will perhaps be made clearer by consideration of the following diagram.

DIAGRAM
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SNE is  “sun’s northern edge.”


	Eq.C represents a place on the earth’s equator where the centre of  the sun is vertically overhead at midday on the day of the equinox.  This is the equator according to modern definition.



	Eq.N represents a place about 14 miles north of Eq.C, where the northern edge of the sun is vertically overhead at mid-day on the day of the equinox.  At that time a gnomon at any place north of Eq.N. would cast a shadow on its northern side, but at Eq.N it would cast no shadow. Eq.N was therefore the equator as Eratosthenes defined it.



	Tr.C represents a position on the Tropic of Cancer, where the centre of the sun was vertically overhead at mid-day on the day of the summer solstice.



	Tr.N represents the position of Syene, about 14 miles north of  Tr.C, where the northern edge of the sun was overhead at mid-day on the day of the summer solstice





This was Eratosthenes’ “Tropic of Cancer,” where the sun then cast no shadow at the Well of Eratosthenes, and the gnomons also were free  from shadow.

From this diagram the reader will see that the obliquity of the ecliptic, as defined in the modern system, Eq.C - Tr.C, (i.e. the maximum distance of the sun from the equator), is exactly equal to the obliquity in the system adopted by Eratosthenes, viz. Eq.N - Tr.N., and found by him to be 23° 51’ 15”.  It will also be seen that this is proved to be the true value, because, by applying the correction TrC - TrN (centre of sun to its edge), 13’ 51”, according to Eratosthenes’ determination, we get the true latitude of Syene, viz. 24° 05’ 06”.

Another point that comes out from this analysis is that Eratosthenes found from his observations at Alexandria and Syene that the latitude of the former place, according to his system of measurement referred to the observation of the sun’s northern edge.  By this measurement, the latitude of Alexandria was 30° 58’ N. and Syene was 23° 51’ N. (to the nearest minute of arc).

The difference of latitude was therefore 7° 07’, which Kleomedes gives in “round numbers” as 1/50 of the whole circle of 360°.  The fraction is more exactly 1/50.5.  Combining this latter fraction, which Eratosthenes finally used, with 500 stades for the distance on the earth’s surface between the two parallels of latitude gives for the whole circumference of the earth 252,500 stades, for which Eratosthenes in his final result gave 252,000 stades, evidently to the nearest 1000 stades.  This was equivalent, as we have already pointed out, to 24,661 miles, within 199 miles of the best modern value.

Tannery, the eminent French writer on ancient astronomy, who thoroughly studies the work of Eratosthenes, says:

“Is it necessary then to conclude that the accuracy of the result obtained by Eratosthenes was due to a happy accident?  I do not think so by any means, and I believe it is necessary to make a radical distinction between the methods which the learned Cyrenean could employ to control his observations, and the mode of exposition which he adopted in publishing his measurement of the earth’s circumference.”

Special attention has been given to this measurement of the earth’s circumference by Eratosthenes in order to point out the accuracy of his work, and of his determination of the obliquity of the ecliptic.  The latter rests on three different series of observations, agreeing with one another within very small limits:           


	Observations at Alexandria 





	These were made with the gnomon as well as with circular instruments.

Ptolemy tells us that the double obliquity angle observed by Eratosthenes and Hipparchus was less than 47° 45’  (maximum value) and greater than 47° 40’ (minimum value). 

The mean of these two is  47° 42’ 30”, and half of this gives us 23° 51’ 15” for the obliquity found by Eratosthenes. (6) This does not include corrections for parallax  and refraction, and the difference between the apparent semi-diameters of the sun in summer and winter.  When these corrections are applied, the final value for the obliquity of the ecliptic from Eratosthenes' observations at Alexandria is 23° 52’ 04”.


	Observations at Syene





Observations with the gnomon

At the summer solstice:   it was observed that the gnomon at Syene cast no shadow at mid-day.  The sun’s northern edge was exactly in the zenith.  There was therefore no parallax or refraction, and the only correction is the reduction from the sun’s shadow-casting edge to its centre.  Using the true latitude, which is known, and applying this correction we obtain for the obliquity at the summer solstice   23° 51’ 53.

At the winter solstice:   it is stated by Kleomedes that observations of the shadow of the gnomon made by Eratosthenes at the winter solstice at Syene and Alexandria gave the same result for the difference of latitude between the two places as at the summer solstice.   We therefore take the same double angle of obliquity for Syene as was found at Alexandria.  Applying the necessary corrections as before, we find for the obliquity at Syene for both solstices, 23°  54'  02".

Observations at the Well of Eratosthenes

According to the description given by Howard Payn (Observatory, 1914, p.287),      the well is now about 25 feet deep, and has spiral steps leading down to the water.  This may be part of a later reconstruction.  It is referred to by Strabo (XVII, Ch. 1. p. 48) as follows:

But in Syene is also the Well that marks the summer tropic for the reason that this region lies under the tropic circle and causes the gnomon to cast no shadow at mid-day; for if from our region, I mean that of Greece, we proceed towards the south it is at Syene that the sun first goes over our heads and causes the gnomon to cast no shadow at mid-day; and necessarily when the sun goes over our heads it also casts its rays into wells as far as the water even if they are very deep; for we ourselves stand perpendicular to the earth and wells are dug perpendicular to the surface.  And here are stationed three cohorts (7) as a guard.

The statement that Syene is the first place where this happens is of importance, and the Well gives confirmatory evidence of the obliquity found for the summer solstitial observation with the gnomon of 23° 51’ 53”.

Observations at the shadowless area

“Posidonius knew on the authority of Eratosthenes that at Syene, under the Tropic of Cancer at the time when the sun is in the constellation of Cancer, no shadows are seen at noon within an area 300 stadia in diameter.”(8)

Strabo refers to this in his Geography Book II, Chapter 5, paragraphs 36, 37:

At Syene, at Berenice on the Arabian Gulf, and in the country of the Troglodytes, the sun stands in the zenith at the time of the summer solstice .... in all the regions that lie between the tropic and the equator the shadows fall in both directions, i.e. towards the north and towards the south, but in those from Syene and away from the summer tropic, the shadows at noon fall towards the north; and the inhabitants of the former regions are called Amphiscians (both shadows), and of the latter Heteroscians (other shadows), all whose shadows either always fall towards the north as is the case with us, or always towards the south as is the case with the inhabitants of the other temperate zone.

(Strabo here is speaking of people in Africa living in the temperate zone south of the Tropic of Capricorn, where the solar shadows at noon always fall towards the south).

From the statements of Strabo, Syene, in latitude 24° 05’ 06” N, was exactly on  the northern limit of the shadowless area, which extended Southward for 300 stadia, equivalent to 29.36 miles or 25’ 36” of latitude, i.e. to latitude 23° 39’ 30”.

The exact centre of the shadowless area, i.e. where the centre of the sun was vertically overhead at mid-day on the day of the summer solstice, was therefore, in the time of Eratosthenes, midway between latitudes 24° 05’  06” and 23°  39’ 30”, i.e. in latitude 23° 52’  18”.  This was therefore the maximum distance of the centre of the sun from the celestial equator at the time of the summer solstice;  i.e. the obliquity from this observation was 23°  52’  18”.

The Shadowless Area:   Tropic of Cancer
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SN  =  300 stadia  =  29.36 miles  =  25'  36"  of latitude

C  =  Centre of Shadowless Area  (Tropic of Cancer)

(Sun's centre overhead at mid-day, summer solstice)

N =  Northern limit of Shadowless Area 

(site of Syene and Well of Eratosthenes)

S  =  Southern limit of Shadowless Area

N' =  Position north of Shadowless Area

Northern side of gnomon in shadow

Southern side of gnomon illuminated

S'  =  Position south of Shadowless Area

Southern side of gnomon in shadow

Northern side of gnomon illuminated

The diameter of the Shadowless Area noted by Eratosthenes and Posidonius, (300 stadia  = 25'  36"  of latitude), is very close to the theoretical value,  26'  26" of latitude, derived by calculation.

Summing up, we have for the obliquity of the ecliptic, derived from the observations of Eratosthenes:
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We see how accordant these results are, and the analysis given above indicates a great measure of reliability.  When we compare the mean result, 23°  52’  05”, with the result obtained by calculation for the same date,  230 B.C., from Newcomb’s Formula, we find a large difference.

			Obliquity

Eratosthenes    230 B.C.          23°  52’  05”

Newcomb       230 B.C.          23°  43’  47”

Difference   8’  18”

This strikingly confirms the difference between Newcomb’s Formula and the observations made by Pytheas (9’  38” in 326 B.C.), Thales ( 15’  07” in 558 B.C.) and the Ancient Hindus  (15’  16” about 510 B.C.).

Comparing also with earlier Chinese and Hindu results, we see how the difference increases backwards to the most ancient times. 

It is clear that these ancient observations inescapably reveal the fact that there has been a movement of the earth in the past which is not accounted for by modern theory represented in Newcomb’s Formula.

Hipparchus,  135  B.C.

Hipparchus was born about 190 B.C., either at Rhodes or at Nicasa, an important city -- or Metropolis -- of Bithynia, Asia Minor.  He died about 120 B.C.  Hipparchus carried out most of his astronomical work at Rhodes, the capital city of the island of Rhodes, in the Aegean Sea, famed for its beautiful climate; where it is said that there is hardly a day in the year in which the sun is not visible.

Rhodes was also celebrated as the site of the Colossus of Rhodes, one of the seven wonders of the ancient world.  This was a colossal bronze statue of the Greek sun-god Helios, 70 cubits (106 feet high) at the entrance of the harbour.  It was made by the sculptor Chares, but was destroyed by an earthquake in 224 B.C.,  56 years after its erection.

Hipparchus built an observatory at Rhodes, where he made his principal observations and calculations.  He also visited Alexandria, and while there made use of the astronomical instruments at the Museum of Alexandria.  Hipparchus is generally acknowledged as the greatest astronomer of the ancient world, and ranks among the greatest astronomers of all time.  He was greatly admired by Ptolemy, who praised him as “a labor-loving and truth-loving man.”

Hipparchus was the first man to number the stars, considered in early times a stupendous if not even presumptuous undertaking, “rem etiam Deo improbam” (Pliny).  He invented the method of describing the positions of the stars by celestial longitudes and latitudes, a system afterwards adopted by geographers for mapping the earth.  His original catalogue of 1080 stars, giving their positions and magnitudes, arranged according to their constellations, for the year 129 B.C., is unfortunately lost.  But a copy, including 1028 stars, revised to the date 137 A.D., has come down to us in the 7th and 8th books of Ptolemy’s Almagest.

Hipparchus is thus regarded as the founder of observational astronomy.  He made the great discovery of the precession of the equinoxes, and invented trigonometry, both plane and spherical.  He calculated solar and lunar tables for predicting the positions of the sun and moon, and their eclipses, and redetermined the lengths of the year and the month.   His observations were very extensive, and he invented new instruments to increase their accuracy.

In particular, as bearing upon the subject of this study, he checked the obliquity of the ecliptic obtained by Eratosthenes in 230 B.C., 65 years before his own time, and found precisely the same result.   Concerning this, Wendelin says that Hipparchus

from his own observations stated that the distance between the tropics was in proportion to the whole circle as 11 is to 83, exactly the same as Eratosthenes, and found the maximum obliquity 23°  51’  20”.

He also used this value, as Ptolemy witnesses.  Ptolemy also agrees as to the year in which this observation was made, because in the year 43 of the 3rd Callipic period he commenced writing most vigorously, after having returned seven years earlier from Alexandria to his native city of Rhodes, where he took up a peaceful life.  I do not think this value of the obliquity ought to be referred to any other year; this year was 135 before our own era.

Hipparchus, like the other ancient astronomers, applied no corrections for parallax, refraction, or the sun’s semi-diameter, and his observations at Rhodes were made with the vertical gnomon.  Applying these necessary corrections, we obtain for the obliquity of the ecliptic, resulting from the observations of Hipparchus at Rhodes  23°  52’  16”.  The value calculated by Newcomb’s formula for the same date is 23° 42’ 43”.

Here again we see a strikingly large difference viz. 9’  33”, between the ancient observation as made by Hipparchus and the calculated value. Hipparchus was far too good an observer to have made so large an error as 9.5 minutes in his observations, and we may compare this with Kepler’s comment on the observations of Tycho Brahe in the 16th century.  After every conceivable effort to make astronomical theory of his day agree with Tycho’s observations of the planets, Kepler still found errors amounting to eight minutes of a degree.  He then unhesitatingly declared his belief in the accuracy of Tycho’s observations, and claimed that he was so good an observer that it was impossible for his observations to be in error to the extent of 8 minutes.  He added,  “Out of these eight minutes we will construct a new theory that will explain the motions of all planets.”  This he did by abandoning the Platonic idea that the planets moved in perfect circles, and by substituting elliptic orbits for all the planets, having the sun in the focus of the elliptical orbit of each planet.

In a similar way we may claim, with the support of all the ancient observations thus far examined, that the 9.5 minutes of Hipparchus led to a new theory, which, combined with the existing theory, explains the complete movement of the earth in the variation of its axial inclination during the last 4000 years.

Ptolemy,  126  A.D.

The famous ancient astronomer Claudius Ptolemy was born about 70 A.D. in Egypt, at Pelusium, an ancient city at the most easterly mouth of the Nile;  he died about 147 A.D.  Ptolemy is celebrated as the founder of the Ptolemaic System of the universe, which held sway for more than 1500 years, when it was finally replaced by the Copernican system.

Ptolemy was a great mathematician, geographer, and astronomer, and was regarded by the ancients as the “Prince of Astronomers.”  His  Megale Syntaxis, afterwards called  Ptolemy's Almagest, in 13 books, has preserved and handed down to us the observations and discoveries of the ancient astronomers, and forms a most remarkable and complete account of the astronomy of his time. It was the standard text book of astronomy for 1500 years.

Ptolemy gives the obliquity of the ecliptic for his time as 23°  51’  20”.  This is obviously taken from the observations of Hipparchus.  It is probable that Ptolemy did not make the observations of the obliquity of the ecliptic himself, but simply took this value from Hipparchus, on account of his high opinion of the accuracy of the observations made by that great astronomer, and their agreement with the obliquity found by Eratosthenes.

Nevertheless, we are able to get an independent value from Ptolemy’s own numerous observations of the moon at the time when it was at its least distance from the zenith of Alexandria.  The mediaeval Belgian astronomer Wendelin drew attention to this in his memoir The Obliquity of the Sun  (Solis Obliquitas).  In this work, he pointed out in regard to Ptolemy’s observations that

Ptolemy himself records numerous observations of the moon in quadrature, (i.e. at the moon’s first quarter phase when it is exactly 90 degrees east of the sun), distant from the zenith of Alexandria 2 1/8 degrees, i.e. 2°  7’  30”.

When this observed distance is corrected for refraction and lunar parallax, it is reduced to 2°  5’  26”.  Now this observation, as Wendelin explains, refers to the zenith distance of the moon at a period in its 19-year cycle when, at the sun’s summer solstice, the moon at the same moment was at its maximum distance -- 5°  18’  0” north of the ecliptic.  This occurred in the time of Ptolemy in the year 126 A.D.

We have then only to add together the two quantities 2°  5’  26”  and 5°  18’  0”, obtaining 7°  23’  26”, which was the actual distance of the ecliptic, at its crossing point with the celestial equator, from the zenith of Alexandria.  We now subtract this quantity from the latitude of the Museum of Alexandria, and thereby obtain the obliquity of the ecliptic   23°  48’  24” in the year 126 A.D., from Ptolemy’s own observations of the moon.

It is of great interest to notice that these observations were made with a special instrument invented by Ptolemy for his lunar observations, called the “Organon Parallaktikon” or “Regula Ptolemaica,” afterwards called Ptolemy’s Rules or the Triquetrum.  The foresight was made large enough to cover the entire disc of the moon, and a small back sight was used.  It was capable of giving accurate results, and 1400 years later Copernicus, using an instrument of the very same kind, “made those measurements with which he overthrew the Ptolemaic System and gave us a new idea of the universe.”

When we compare the obliquity thus obtained from Ptolemy’s observations, 23°  48’  24”, with that which is calculated by Newcomb’s Formula, viz. 23°  40’  47” we find a difference of 7’  37”.  This is again a further confirmation of the previous results, showing also the progressive diminution of the difference as we now advance towards the modern era.

So many results all tending in the same direction, from different countries, ages, and observers, are sufficient for the student of this work to see that modern astronomical theory does not disclose the whole story of the change in the inclination of the earth’s axis during past ages.  We see, on the contrary, that these ancient observations point to a change of great and far-reaching importance in the earth’s history.

********************
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	See also Table 25 [to be added later]
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	J.L.E. dreyer, “Planetary Systems,” p. 175



	Plutarch. Opera Moralia on the Cessation of Oracles  1V



	Ptolemy.  Syntaxis II.  Chapter 12



	A cohort was a tenth of a legion, and comprised between 500 and 600 men



	J.L.E. Dreyer. Planetary Systems p.185.  300 stadia are equivalent to 29 1/2 miles







CHAPTER SIX

OBSERVATIONS OF THE OBLIQUITY OF THE ECLIPTIC MADE BY THE MEDIAEVAL ARABS AND PERSIANS

Numerous observations of the Obliquity of the Ecliptic were made by Arab and Persian astronomers between the years 830 A.D., and 1020 A.D.

The sites of the observations were:

[image: ]

The first Arab Observatory at Bagdad, combined with a magnificent Library, and called the “House of Wisdom,” was erected about 820 A.D. by the Seventh Caliph of Bagdad, Al Mamun, son of Haroun al Raschid.  In addition to his celebrated measurement of a degree of latitude on the Earth’s surface, to determine the size of the Earth, Al Mamun also took much trouble to determine the Obliquity of the Ecliptic.

Some authorities give his results as 23° 33’, but the Arabs generally adopted 23° 35’ as the most reliable value.  Ibn Junis reports the following passage from Ebn-Hatem-Alnairizi (some time after the death of al Mamun in 833 A.D.):

The Obliquity of the Ecliptic of the astronomers of Al Mamun is that which still exists in our time.  It was observed by them with great exactness, and although they have not equally succeeded in their observations because of the knowledge which they lacked, nevertheless these observations have been very well made because of the size and excellence of the instruments, and the little difficulty of the operation, and the help which they had.  This obliquity is 23° 35’.

Al Fargani (Alfraganus) about 850 A.D., in his textbook Elements of Astronomy and Chronology, which was very highly thought of in Mediaeval Europe, also gives the value 23° 35’ for the obliquity determined by Al Mamun.  The Obliquity, he says, was found by Ptolemy to be 23° 51’, “but according to the measurement ordered to be made by Al Mamun of Pious Memory, which was carried out by a number of experts, it is 23° 35’.”  This value is adopted and quoted throughout the book of Aflraganus. (1)

In the development of Arab Astronomy, we may note that the first stage was the collection of astronomical literature from all available sources:  Greek, Hindu, Egyptian, Persian, etc., and their translation into Arabic. 

After the sack of Bagdad in 1258 A.D., the great Astronomical Library of Bagdad is believed to have formed the nucleus of the Mongol library at Maragha in Persia, said to have contained 400,000 books.  (Dr. Martin Johnson, “the Manuscripts of Bagdad Astronomers,” in the Magazine “Observatory” Vol. LIX, No. 746, July 1936, p. 216).

The next stage was the construction of new and improved instruments for astronomical observations, and the checking, by their means, of the results of former times.  The Arab astronomers became noted as good observers, and skilled in instrument making.  They also made important improvements in mathematics, introduced decimal notation, and constructed tables for the facilitation of astronomical calculations.

In Mamun’s Caliphate, the inclination of the Ecliptic was obtained from a Pillar, or Gnomon, surrounded by concentric circles, the vertical and horizontal being secured by a plumb-line and water level. Contact of the Pillar’s shadow with one of the circles at two points, before and after noon, gave an angle whose bisection determined the meridian.  The zenith distances of the Sun were obtained from the radii of the circles and the height of the Pillar, in one case reported as 180 feet.  To obtain the inclination of the Ecliptic, and geographical latitude, the maximum and minimum solar meridian distances were derived by plotting around the time of the solstices.”

(Dr. Martin Johnson, “Manuscripts of Bagdad Astronomers” in the Magazine “Observatory” Vol. LIX, No. 746, July 1936, p. 223)

In general, only the final value of Obliquity determined by the Arab astronomers is given, and the details are often lacking. 

The details of the observations are given, however, for Al Battani and Ibn Junis.  Al Battani (Albategnius), 880 A.D., was a famous astronomer of Syria.  He made astronomical observations at his Observatory at Aracta (the modern Rakka), near the River Euphrates in Syria, in latitude 35° 57’ N., longitude 39° 55’ E.  Ibn Junis, 1000 A.D., noted Arab astronomer and author of the Hakemite Tables, worked at the well-equipped Observatory at Cairo.  Before describing their observations, however, it is desirable to refer to the corrections which must be applied to the Arab observations in general.

Corrections to Arab Observations

(1) Refraction:  The Arabs did not apply any correction for refraction, so that all their observations require this correction.

(2) Semi-diameter of the Sun:  In the time of Al Khujandi (994 A.D.) and Ibn Junis (1000 A.D.), a form of gnomon terminating in a plate at the top with a central hole, to give a circular solar image at the base, had come into use.  The centre of this circular image was observed, and gave the direct altitude of the Sun’s centre.  Ibn Junis is generally given the credit for this improvement in Arab astronomy.  (G. Bigourdan, “Les Cadrans Solaires.”  Annuaire du Bureau des Longitudes, 1918, p. 258.)

Before this time the Arabs were accustomed to use the plain gnomon, and they applied a correction for the semi-diameter of the Sun.  This is clearly the case for the observations of Al Battani, as we find by the latitude of Rakka derived from his observations.  In this investigation I have treated all of the Arab solar observations prior to those of Al Khujandi and Ibn Junis as having been made with the plain gnomon, or other shadow-casting instrument, such as a wall quadrant, with which the shadow-edge, corresponding to the Sun’s upper edge, was observed.  This method necessitated a correction, applied by the Arab observers, for the semi-diameter of the Sun, as we see in the observations of Al Battani.

The Ptolemaic estimate of the Sun’s semi-diameter was 16’ 9”, and the Arab astronomers do not seem to have altered this very much.  Al Fargani obtained 31 2/5 minutes of arc for the apparent semi-diameter of the Sun at its near distance from the Earth, so that its semi-diameter, according to him, was 15’ 42”.  A value close to the Ptolemaic one is given by other Arab observers.

I have used the Ptolemaic semi-diameter to re-constitute the Arab observations in general, prior to Al Khujandi and Ibn Junis.

(3) Solar Parallax:  the mean horizontal parallax of the Sun (that is, the displacement of the sun at the horizon, as seen by an observer on the Earth’s surface, as compared with its position relative to the Earth’s centre) is 8.”8, according to modern exact measurements.  The Arabs, however, in common with Ptolemy before them, used a much larger value for the Solar Parallax, depending on an erroneous estimate of the Sun’s distance from the Earth.  The following are the Arab estimates of Solar parallax (Dreyer, “Planetary Systems,” 1906, p. 257)
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Ptolemy had adopted 1210 Earth-radii for the distance of the Sun, corresponding to Solar parallax 2’ 51”.  (The modern measurement of the Sun’s distance is 93 million miles, or 23,491 Earth radii, corresponding to solar parallax 8”.8.)

It is clear, from the varying estimates of the Arab astronomers, that they made measurements to check Ptolemy’s estimate, and the method adopted gave the same mean result.  Ibn Junis (1000 A.D.) however, for some reason not stated, reduced the solar parallax to 1’ 57”, and made use of this value to correct his own observations.

Other Arab astronomers did not accept this value, and, after his time, Ibn Shatir at Damascus, 1363 A.D., used a solar parallax of 2’ 59”, and Ulugh Beigh at Samarkand, in 1437 A.D., also used 2’ 59”. 

In the Elements of Astronomy, written by Al Fargani, 850 A.D., the problem of parallax, as it applies to the observed positions of the various heavenly bodies, is clearly defined and discussed; and it is evident that he and other Arab astronomers clearly understood the nature of this problem, though they did not know the true distance of the sun, and consequently the true amount of solar parallax.  Before their time, authors of commentaries on Ptolemy’s Almagest, such as Proclus, in the Hypotyposes (about 450 A.D.) had explained in detail the principle of correcting observations of the Sun, Moon, and Planets for the parallax of these bodies.

The Arabs, following Ptolemy, generally believed the solar parallax to be an appreciable quantity, nearly 3 minutes of arc, and as they wished to check Ptolemy’s results as accurately as possible, we may reasonably conclude that, as a general rule, they applied a correction the same, or nearly the same, as Ptolemy’s value for solar parallax.

In Berry’s History of Astronomy (1898, p. 78), it is said, in reference to “the Bagdad School,” that “so much importance was attached to correct observations, that we are  told that those of special interest were recorded in formal documents, signed on oath by a mixed body as astronomers and lawyers.”

Ibn Junis states definitely that his altitude of the Sun, which is given for both summer and winter solstices, is “corrected for the effect of parallax, which diminishes it.”

I am unable, however, to find similar direct evidence that all the Arab astronomers applied this correction; and, as it seems possible, and even likely, that some of them gave results for the Obliquity without doing so, I have shown, in the general graph of Arab Obliquity results [at the end of this chapter] the value both with and without a correction (in most cases the Ptolemaic one) for parallax. 

Possibly some of the Arab astronomers were influenced by Hipparchus, who could not find any parallax for the Sun, and left the problem unsolved. (See Dreyer, Planetary Systems, 1906, p. 184)  Others, perhaps feeling uncertain about the exact amount of parallax of the Sun, thought it better to give their results without this correction.  In some cases, where the altitude of the Sun at both solstices is given, the latitude obtained from the observations gives a clue to the question whether the Ptolemaic parallax correction was applied or not.

As seen from the observations of Al Battani, 880 A.D., the latitude of Rakka obtained from his observations is only 2’ 8” higher than the modern latitude, 35° 57’ N., if we assume that he did not apply this correction.  This difference, 2’ 8”, further must be made a little smaller, since the ruins which mark the site of mediaeval Rakka are some distance North of the modern village of Rakka.  On the other hand, if he did use the Ptolemaic parallax correction, then the latitude given by his observations would be 3’ 39” higher than the modern latitude, but subject to a small reduction for the mediaeval site.   These figures leave the question, on the whole, rather indeterminate, but with the probability in favour of non-application of the Ptolemaic parallax correction by Al Battani.

Similar remarks apply to the observations made by Abul Wafa at Bagdad in 987 A.D., and the latitude obtained from Abul Wafa’s observations is only 2’ 2” higher than the modern latitude of Bagdad (33° 21’ N.) if we assume that he did not use the Ptolemaic solar parallax correction; but, if he did use it, the error of latitude would be greater, namely 3’ 28” higher than the modern latitude of Bagdad.  The probability, therefore, seems to be that Abul Wafa did not apply a correction for parallax.

Ibn Junis, at Cairo in 1000 A.D., is the first Arab astronomer who expressly states that he applied a correction for solar parallax, besides giving the details of both summer and winter observations of the Sun’s altitude.  The observations are quoted by Laplace, as follows (extract from Chapter XI of the work of Ibn Junis):

I have measured the greatest declination, and I have found 23°35’, making the parallax of the sun different from that which is reported by Ptolemy, as I will explain in this table.  I have found with the instruments of our Lord Prince of the Faithful, Aliziz-Billah-Nazar-Aboul-Mansour, the altitude of the Sun at mid-day, corrected for the effect of parallax, which diminishes it, 36° 21’ 30”, the sun being then in the first degree of Capricorn.

I have taken this measure with all the precision and all the care possible.  I have found likewise the altitude corrected for the effect of parallax at the commencement of Cancer, when it was at its maximum, 83° 31’ 30”.  Subtracting the smaller of these two altitudes from the greater, we have 47° 10’, of which the half or the greatest declination is 23’ 35”.  It is this which I have adopted in this table.

I have compared also, a great number of times, the meridian altitude at the commencement of Cancer and of Capricorn with the corresponding altitudes before and after mid-day, and I have found that they agree with the greatest declination which I have observed; for this reason I can guarantee its accuracy.  I have chosen these two points of the Ecliptic for this reason, because, if there should be an error of several minutes in the place of the Sun, this would not produce any perceptible difference, the change of declination being then very small.

We are informed that Ibn Junis reduced the Ptolemaic Solar parallax to 1’ 57” (unpublished chapters of Ibn Junis reviewed by Delambre, Histoire de l’Astronomie du Moyen Age, page 101.  See also Dreyer, Planetary Systems, p. 261.)

With regard to the gnomon used by Ibn Junis for these observations, it is stated in the Encyclopaedia of Islam, by Houtsma, (Vol III, p. 537) that “Ibn Junis cut out a groove, in the side of the gnomon, which ended in a hemispherical cavity.  In the groove a thread was hung from the top of the gnomon, with a ball shaped weight.  When the gnomon is perpendicular, this comes to rest in the hollow.”  The leveling, by means of water, of the surface on which the shadow fell is also described.

As mentioned before, in connection with Arab corrections for semi-diameter of the Sun, Ibn Junis used a gnomon with a plate at the top, having a central hole, so as to give a circular image of the Sun, the centre of which could easily be determined.  After re-calculating the observations of Ibn Junis and applying modern corrections for parallax and refraction, we obtain the corrected Obliquity 23° 36’ 11” from his observations, and the latitude of his Observatory 30° 05’ 0”.   The site of the Observatory of Ibn Junis, where the observations were made, is thought to be near the Mosque of the Sultan El Hakem.    This is 1’ 26” north of the centre of Cairo, and it is therefore in latitude 30° 03’ 30”.  The error of latitude from the gnomon observations of Ibn Junis was therefore only 1’ 30”.

Another Arab observation worthy of special mention is that of Al Khujandi, as we have an excellent description of the instrument which he used (See “Manuscripts of Bagdad Astronomers” by Dr. M.C. Johnson, in Observatory vol. LIX, p. 224).  This instrument was a “giant sextant,” having a radius of 60 feet, with the circumference divided into degrees and minutes, and each minute into ten parts, of 6 seconds interval.

A solar image was formed on the circumference, by illumination of a pinhole aperture at the centre, and an artificial solar disc marked with perpendicular axes was fitted to the image to determine the exact coincidence between centre of disc and scale division.  Great care was taken in orientation, leveling and centring the image.  For the Obliiquity he obtained 23° 32’ 21”.

Unfortunately no statement is available about the corrections which Al Khujandi applied to his observations.  But as this is a particularly small value compared with others of the same period, notably Ibn Junis, it is a reasonable inference that Al Khujandi, equally with Ibn Junis, applied a correction for solar parallax, but probably used the Ptolemaic value.  The corrected obliquity then found from his observations, using modern corrections, would be 23° 33’ 55”.

Other Values of Obliquity Determined by Arab and Persian Astronomers Between 830 A.D. and 1019 A.D.

In addition to the foregoing results, the following table gives values of Obliquity recorded by other Arab and Persian astronomers up to 1019 A.D.; and I have shown the results obtained by correcting for parallax, refraction, and the Sun’s semi-diameter, where it is so required, in column 7, on the assumption that the Ptolemaic parallax was used, and in column 8, on the assumption that no parallax was used by the Arab observer.

[Setterfield note:  Dodwell refers to a table here, and evidently that was his original purpose, but what he ended up doing was the graph as shown at the end of this chapter.  Under the graph we have noted how he marked which measurements contained the correction and which did not.]

These are mainly taken from a list obtained by Dr. M.C. Johnson, at Birmingham, from various authoritative sources, together with others found in Houtsma’s Encyclopaedia of Islam, and from a list given by E. Bernard, and published in Philosophical Transactions of the  Royal Society, London, abridged Vol III, p. 75 (1684 A.D.).    I have rejected observations obviously affected with serious error, such as those ascribed to Al Kwarizmi, 23° 51’ (2) (in addition to his former result 23° 35’), Ibn al Alam 23° 40’, and Rustam 23° 51’, (2) also the earliest attempts of the Arab astronomers between 776 A.D. and 786 A.D. 23° 31’.

It is said, in the Encyclopaedia of Islam, vol III, p. 535 describing the gnomon as used by the Arabs, that it was “a perpendicular rod, often with a cone-shaped top.”  If this kind of gnomon with cone-shaped top were used, it would give too small a value of Obliquity, (see Chapter 2)  with a cone of 90° at the top, a correction of +1’.7 is required to the obliquity determined with it; 80° at the top, +2’.4; 70° at the top, +3’.4; and 60° at the top, +4’.6.

The Arab results, however, suggest that, in  general, the flat-topped gnomon was used, after the first short period of observations; but the small value recorded at the earliest stage 23° 31’, corresponds with the use of a cone-shaped gnomon.

The Obliquity for the mean date of the following table, 916 A.D., according to Newcomb’s Formula, is 23° 34’ 49”; and according to the New Curve, including oscillation, it is 23° 36’ 12”.  If we admit that some of the Arab observations were corrected for Ptolemaic parallax, and some were not, and also that, probably in the earliest part of the period, a gnomon with a conical top may sometimes have been used, then the observed mean value of the Obliquity would agree more closely with the New Curve than with Newcomb’s Formula.  As may be seen in the following Figure, the curve of oscillation tends to bring the observations in the Arabian period nearer to the position corresponding with Newcomb’s Formula.  Furthermore, it can be seen at a glance that Newcomb’s Formula does not satisfy the observations, taken as a whole, during this period.
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	M.A. Orr (Mrs. John Evershed), “Dante and Early Astronomers,” Section VII, Arab Astronomy, p. 185



	Possibly these observations were made at the summer solstice only, and were uncorrected for the Sun’s semi-diameter.







CHAPTER 7

MEDIAEVAL AND MODERN OBSERVATIONS OF THE OBLIQUITY OF THE ECLIPTIC

These are taken partly from Wendelin’s Memoir, (Solis Obliquitas), and partly from such sources as the Encyclopaedia Britannica, 9th Edition, article “Astronomy,”  Hutton’s Mathematical and Philosophical Dictionary, vol. 1, p. 455, article “Ecliptic,” list of Obliquities contained in Ball’s Astronomy, page 354, E. Bernard’s list of Obliquity determinations, previously mentioned, and other source to which reference will be made.

MEDIAEVAL OBSERVATIONS OF THE OBLIQUITY FROM 1020 A.D. TO 1600 A.D.

Early in the 11th century, the development of astronomical research spread from the East into Europe, and was particularly encouraged in Spain, both amongst the Moors and the Spanish Princes, particularly Alphonso X of Castile, who employed several notable astronomers at Toledo, where he prepared the Alphonsian Tables.  Amongst these astronomers was Al Zarkali (Arzachel), who determined the Obliquity of the Ecliptic at Toledo in 1070 A.D.  His solstitial observations, together with some others mentioned, according to Wendelin’s statement, are recorded as follows:

Arzachel the Moor, about our year 1070, noted that the declination of the sun did not exceed 23° 34’, and Almaeon, who followed him in the year 1140, observed 23° 33 ½ ‘, and then Prophatius Judaeus, in the year 1328, added to this 23° 32'….

Great support is given to the observations of these authors, when we compare the decrement, which is exceedingly constant at that time, and most especially because they used no reckoning of the parallaxes, but determined their obliquities from the maximum and minimum altitudes of the sun, so that they did not err beyond a total of 2’; but above all the very praiseworthy diligence of Almaeon is conspicuous in that he wished them to be more certain to the half of a minute.

Al Zarkali

When the observations of Al Zarkali are corrected for modern values of parallax and refraction, we have the following result: 

Al Zarkali, 1070 A.D., Toledo, Latitude  39° 51’ N., Longitude 4° 0’ W.:  Corrected Obliquity 23° 34’ 42”

Almaeon

The observations of Almaeon similarly require the modern corrections for parallax and refraction.  The corrected result is as follows:

Almaeon 1140 A.D. Toledo, Latitude 39° 51’ N., Longitude 4° 0’ W.:  Corrected Obliquity 23° 34’ 12”

Ben Maimon 

E Bernard, Philosophical Transactions 1684, says

The learned Jew, Rabbi Moyses Ben Maimon, A.D., 1174, found the Obliquity 23° 30’.  As this is one of the low values, it is probable, as pointed out earlier, that Ben Maimon applied corrections for the Ptolemaic value of solar parallax and semi-diameter.

Allowing for this, and using modern values for parallax, correction to sun’s centre, and refraction, we obtain

Ben Maimon, 1174 A.D., Cordova, Latitude 37° 52' N., Longitude 4° 48’ W.: Corrected Obliquity 23° 31’ 51”.

Alphonsian Tables, prepared from observations at Toledo

The value of Obliquity obtained from these observations is given in the Encyclopaedia of Islam (Houtsma, Vol III, page 503), namely 23° 32’ 29".  This value is derived from the observations made by the astronomers at Toledo, and a total correction of + 42" for parallax and refraction is to be applied, as in the case of Al Zarkali.  We then have

Alphonsian Tables, 1250 A.D. Latitude  39° 51’ N., Longitude 4° 0’ W.:  Corrected Obliquity 23° 33’ 11”

Nasir Al Din

The Obliquity found by Nasir al Din, in 1290 A.D., 23°  30’ is given in E. Bernard’s list, (Philosophical Transactions, 1684), also in Hutton’s Dictionary.  Correcting this value for Ptolemaic parallax and semi-diameter of the sun used by Nasir al Din, and applying modern corrections, including refraction, we obtain

Nasir Al Din, 1290 A.D. Maragha (Persia), Latitude 37° 21’N., Longitude 46° 17’E.:  Corrected Obliquity 23° 31’ 40".

Guilliame de St. Cloud

The Obliquity obtained from the observations of St. Cloud is given in Mediaeval Astronomy, by J.L.E Dreyer, in C. Singer’s Studies in the History and Method of Science, Vol II.  On page 117, referring to St. Cloud’s Almanac for 20 years from 1292 A.D., he says, “From observed Soltitial altitudes of the sun in 1290, the Obliquity of the Ecliptic is found to be 23° 34’, and the latitude of Paris, 48° 50’ N.” (Note.  The actual latitude of the Paris Observatory is 48° 50’ 11” N.)

Guilliame de St. Cloud, 1290 A.D., Paris,  Latitude 48° 50’N., Longitude 2° 20 E.:   Obliquity 23° 34’

Jean de Lignieres

The Obliquity obtained by de Lignieres is given in an account of his work by G. Bigourdan in Comptes Rendus, 1915, December 20th, pages 753-754.  With regard to his Obliquity, 23° 31’ 45”, Bigourdan gives the following quotation from a letter written by Wendelin to Gassendi, (Gassendi, Opus VI. 428):

…and remark with me that in 1332 the Obliquity of the ecliptic was 23° 31’ 45”.  This result could not have been obtained at Paris, where the winter refraction diminishes the distance of the two tropics.  May it be that the Provincial might have himself brought from the Province to Paris the result which he attributes to Lignieres?

Bigourdan says that there is no reason to believe that this was the case, but that this reported value of the Obliquity must be considered as having been obtained at Paris by Jean de Lignieres.  It appears from Wendelin’s statement that the Obliquity obtained by de Lignieres was not corrected for refraction.  Applying this correction, and the modern value of parallax, we obtain

Jean de Lignieres, 1332 A.D. Paris.  Latitude 48° 50’N., Longitude 2° 20’E.:  Corrected Obliquity 23° 33’ 31”.

Ibn al Shatir

The value of Obliquity found by Ibn al Shatir, 23° 31’, is given in the Encyclopaedia of Islam, Vol. III, page 503.  It is also given by E. Bernard, in Philosophical Transactions, 1684 A.D., as follows:

Ibn Shatir Damascenus, anno 1363, says that he corrected the Obliquity, making it 23° 31’, not neglecting the sun’s horizontal parallax, which he says he found of the extraordinary quantity 2° 59’. (This is obviously 2’ 59”, the same as was used 74 years later by Ulugh Beigh.)

Nallino, in his article on Arab Astronomy in Encyclopaedia of Islam, Vol 1, page 499, says, “At Cairo, Ibn al Shatir took good observations; his tables were renowned in Syria, Egypt, and the whole of North Africa.”   From Ibn al Shatir’s observations, applying modern corrections instead of those which he used, we have 

Ibn al Shatir, 1363 A.D., Cairo, Latitude 32° 04’ N., Longitude 31° 17’ E.: Corrected Obliquity 23° 32’ 32”.

Ulugh Beigh

According to Hutton’s Mathematical Dictionary, Ulugh Beigh, grandson of Tamerlane, built very large instruments at his Observatory at Samarkand, in Turkestan, particularly a quadrant about 180 feet in height.  With this instrument, in 1437 A.D., he found the altitude of the sun’s centre, corrected for the value of parallax which he used (horizontal parallax 2’ 29”.4),  to be 73° 52’ 54” at the summer solstice, and 26° 52’ 20” at the winter solstice.  When the modern value of parallax is used, instead of that adopted by Ulugh Beigh, and with corrections also for refraction, we obtain 

Ulugh Beigh, 1437 A.D., Samarkand, Latitude 39° 39’ 40” N., Longitude 66° 59’ E., altitude 2150 feet, Corrected Obliquity 23° 31’ 44”

MEDIAEVAL EUROPEAN ASTRONOMERS

Purbach and Regiomontanus

About 1460 A.D., the Obliquity of the Ecliptic was observed at Erfurt and Nürnberg (Nuremberg) by George Purbach, eminent astronomer and mathematician of Vienna, and by his pupil assistant, Johannes Muller, who afterwards became the most famous astronomer of his time in Europe, and was called Regiomontanus, from Mons Regius or Königsberg, where he was born in 1436 A.D.  According to Wendelin, Purbach and Regiomontanus made observations of the Obliquity about the year 1460 A.D., at Erphordia (Erfurt), latitude 51° 0’ N, longitude 11° 01’ E.,  in Middle Germany, and also at Nürnberg, latitude 49° 27’ 31” N., longitude 11° 01’ E.  Wendelin states that at the former place, “they found the maximum declination of the sun 23° 28’, and the interval of the tropics 46° 56’, but if the parallaxes subtracted by them are restored, then the interval is increased to 46° 57’ 55” nearly, and this was the distance seen by their own eyes.”

Using the modern values of parallax and refraction, we have

Purbach and Regiomontanus, 1460 A.D., Erfurt, Latitude 51° 0’ N, Longitude 11° 01’ E.corrected Obliquity 23° 30’ 24”.

Purbach and Regiomontanus (continued) Observations at Nürnberg

Wendelin makes the further statement that Purbach and Regiomontanus found the observed Zenith distance of the sun at Nürnberg 24° 56 ½' .  Using the latitude of Nürnberg 49° 27’ 31”, and applying corrections for parallax and refraction, we obtain from this observation 

Purbach and Regiomontanus, 1460 A.D., Nürnberg, Corrected Obliquity 23° 30’ 38”.

According  to Clavius in Opera Math. Tome III page 149, quoted in Ball’s Astronomy, page 354, Regiomontanus observed the Obliquity in the year 1460 A.D., at Vienna, with a quadrant.  As Purbach and Regiomontanus were attached to the Vienna University at this period, it has been suggested that the foregoing observations at Erfurt and Nürnberg may have been obtained by assistant observers, under their direction.

The Obliqity found at Vienna, and given in Ball’s Astronomy, is evidently the corrected value. The mean Obliquity for the year 1460 is therefore as follows
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Toscanelli

Paolo Toscanelli is said to have constructed his famous gnomon in the Florence Cathedral with the object of demonstrating the variation of the Obliquity of the Ecliptic, which had long been suspected.  The method of measuring the sun’s altitude with the gnomon consisted in causing the sunlight to enter the South window of the lantern above the dome of the Cathedral, and to pass through an aperture 1.5 inches in diameter, in a bronze plate, let into the marble sill of this window, and then noting the spot where the long ray of light struck the floor of the North transept, about 350 feet below.

On the day of the summer solstice, the lantern was provided with a temporary flooring, allowing only a narrow ray to pass, while the transept was suitably darkened to enhance the effect.  The position of the solar image at the solstices was traced on solstitial slabs in the floor pavement of the transept.  With this method of observation, Toscanelli determined the Obliquity as 23° 30’ (see account given by Dr. Parr in the British Astronomical Journal, June 25, 1930, Vol. 40, No. 8, page 296).

Toscanelli used the Ptolemaic parallax, but allowing for this, and applying the modern correction for parallax and refraction, we obtain from Toscanelli’s observations

Toscanelli, 1468 A.D., Florence, Latitude 43° 46’ N., Longitude 11° 20’ E.: Corrected Obliquity 23° 31’ 47”.

Walther

Bernhard Walther of Nürnberg, friend and colleague of Regiomontanus from 1475 A.D. till his death in 1504 A.D., made 746 measurements of solar altitudes with a Dreistab and Regula Ptolemaica [a Triquetrum], besides a great many other astronomical observations.

Following the example of Regiomantanus, he used an instrument (a Dreistab) which consisted of three wooden rods.
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from http://www.astromeyer.de/Bilder/artikel/dreistab.jpg

The vertical rod was provided with a plumb-bob and two turning pivots for the two other rods, which were movable in altitude, and arranged for setting on the sun, with two sighting holes in order to determine its altitude.  One of these movable rods carried continuous scale divisions, marked in hundreds up to 140,000.  From the measured chords, the corresponding zenith distance of the Sun was obtained, and from this its altitude was calculated. (see E. Zinner, Frankische Sternkunde im bis 16 Jahrhundert).

Wendelin states that “Bernard Walther, the disciple of Regiomontanus, left many chords, published in writing, of solar distances from the zenith, in which for the year 1489, and likewise 1490, are those which descend to 44,895, the chord of the whole sine being 100,000.  Whence it emerges that the observed distance of the summer sun from the zenith was 25° 56’ 38”.

Zinner, however, in the work above mentioned, gives a comprehensive analysis of the numerous solar altitudes observed by Walther at the summer solstice between the years 1473 A.D., and 1503 A.D. These are divided into four groups, and applying modern corrections for parallax and refraction, and using the latitude of Nürnberg as given in the Berliner Jahrbuch 49° 27’ 31”, we obtain the obliquities for the four periods as follows:
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Zinner points out that the mean error of the summer observation is 1’.02, and is reduced to 0’.65 if two discordant observations during the period 1487-1501 are excluded.  Giving weight 2 to the observations of 1473-1478 and 1503, and weight 1 to the observations 1487-1495, and 1497 - 1501, then the final reslt for the mean date 1491 is

Walther, 1491 A.D., Nürnberg, Latitude 49°  27’  31” N, Longitude 11°  02’ E.: Mean Corrected Obliquity 23°  30’  50”.

Novarra

Domenico Maria Da Novarra (A.D. 1454-1504) was a notable astronomer at the Bologna University, Italy, with whom Copernicus was associated for about 3.5 years, from 1497 to 1500, as a student, but “rather as a friend and assistant than as a pupil.”  In connection with Novarra’s astronomical observations we are informed that in the year 1491 he determined the Obliquity of the Ecliptic equal to a trifle over 23° 29’. (see Dreyer’s Planetary Systems, page 307, and reference to a note in the original manuscript of the work De Revolutionibus of Copernicus, Edition 1873, pages 171, 172).   Novarra used the Ptolemaic parallax, and correcting this to the modern value of parallax, and applying also corrections for refraction, we obtain

Novarra, 1491 A.D., Bologna, Latitude 44°  29’ N, Longitutde 11°  21’ E.: Corrected Obliquity 23°  30’  56”

Johann Werner

With regard to the observations of Werner at Nürnberg, Wendelin says, “In our year 1514, Werner observed the declination 23°  28’  30” at Nürnberg, and by similar correction of parallax, and refraction added, there arises the distance of the tropics 47°  0’  20” and in the same way the true declination 23°  30’  10”.”  Applying modern corrections instead of those used by Wendelin, we obtain the following result from Werner’s observations

Johann Werner, 1514 A.D. Nürnberg, Latitude 49°  27’  31” N., Longitude 11°  02’ E.:  Corrected Obliquity 23°  30’  33”.

Copernicus

Copernicus was born at Thorn, in Poland, on February 19th, 1473 A.D.  He was admitted as a Canon of the Frauenberg Cathedral in 1498, but he was then studying at the Bologna University, in Italy, where he was associated with Novarra in practical astronomy.  From Bologna he proceeded to Rome but returned home to take possession of his Canonry at Frauenberg in 1501.  He then went back to Italy for further study, and continued there until 1506, and worked at Frauenberg until his death at the age of 70, in 1543 A.D.  Frauenberg is in the province of Ermland, in East Prussia, and is on the Southern Shore of the Frische Haff, Gulf of Danzig.

In his great work De Revolutionibus Orbium Ceolestium, published at Nürnberg in 1543, Copernicus says that during 30 years he had frequently determined the Obliquity of the Ecliptic.  For this purpose, as mentioned previously,  the instrument which he used was a Triquetrum, or “Ptolemy’s Rule” (Regula Ptolemaica).  This was eight feet in height.  It was made of pine wood, and was divided by ink marks, the two equal arms into 1000 parts, and the long rule into 1414 parts.  This instrument was provided with a large foresight, and the latitude obtained by Copernicus for Frauenberg, where his observations were made, indicates that these observations were made upon the shadow cast by the upper edge of the Sun.

The semi-diameter of the sun used by Copernicus was 16’  0” at the summer solstice, and 16’  16” at the winter solstice.  He also used a mean horizontal parallax of the sun, 3’  1”.  He obtained the latitude of Frauenberg 54°  19’  30”, and the Obliquity of the Ecliptic 23°  28’  0”. 

Wendelin says that the value of Obliquity obtained by Copernicus depended on observations at both summer and winter solstices, by which he obtained the total distance between the tropics exactly 46°  56’, “not having used the correct proportion of parallax, and much less that of refraction.”  On page 151 of his Memoir, Wendelin says that “Copernicus suspected nothing of winter refractions."

After applying modern corrections for refraction, parallax, and semi-diameter, we obtain from the observations of Copernicus

Copernicus, 1525 A.D., Frauenberg, East Prussia, Latitude 54°  20’ N.  Longitude 19°  41’ E.:  Corrected Obliquity 23°  30’  30”

(The corrected value of latitude of Frauenberg, resulting from these observations, made  by Copernicus, is 54°  21’  15” N.)

Hutton’s list of observations of the Obliquity of the Ecliptic gives three values determined in the year 1570 A.D., namely

23°  29’ by Ignatius Dante at Bologna

23°  31’ by the Prince of Hess at Cassel

23°  30’  20”  by Rothmann and Byrge at Cassel

            The mean of these three values is 23°  30’  07”

It is uncertain, however, to what extent corrections have been applied to these results, so that, pending further investigations, they are not used at present.

William, Prince of Hess, a Cassel benefactor of astronomy, is said to have erected the first observatory in regular operation in Europe, at Cassel on the river Fulda, in the year 1561.  He took a considerable part in the observations himself, and also employed as his assistants two well known astronomers of that period, Christopher Rothmann and Juste Byrge.  This observatory was furnished with good instruments, and the observations were published in Leyden in 1618 A.D. by Snell.

Tycho Brahe

The observations by Tycho Brahe were made at his famous Observatory at Uraniborg, on the island of Huen, latitude 55°  54’  25” N, longitude 12°  42’ E, near Copenhagen. 

Wendelin says, on page 110 of his Memoir, that Tycho noted the visible declination of the summer sun from the Equator 23°  29’  55” taking the latitude of his Observatory to be 55°  54’  55”,  and consequently the altitude of the Equator 34°  05’  15”, thus obtaining the sun’s observed summer altitude 57°  35’  10”.  To this Tycho added a parallax correction of 1’  35” in accordance with his table of parallaxes, in which the sun’s horizontal parallax was taken as 3’, practically the same as Ptolemy’s value.

Taking the Sun’s observed zenith distance in 1587 A.D., as 32°  24’  50”, and applying corrections for parallax, -5”, and refraction +36”, we obtain the corrected zenith distance of the Sun, 32°  25’  21”.  Subtracting this from the latitude (modern value 55°  54’  25”) we obtain the Obliquity, derived from Tycho Brahe’s summer solstitial observations in 1587 A.D., 23°  29’  04”.

Wendelin does not give the result of Tycho’s solstitial observations in the winter, and only refers to the summer observation in 1587 A.D.  As there would be other observations of the Obliquity made by Tycho Brahe, these have doubtless all been taken into account by later authorities. The values given by these authorities, e.g. Encyclopaedia Britannica (9th Edition, article “Astronomy”) 23°  29’  52”, and Ball’s Astronomy, page 354, 23°  29’  46”, are to be preferred.  The value in Ball’s Astronomy is that given by Bugge, Berliner Jahrbuch, 1794, page 100.

The mean of these two values, 23°  29’  49”  has been adopted in this investigation.

Edward Wright

Edward Wright was a distinguished English mathematician of Cambridge, who made valuable contributions to navigation and astronomy.  He made observations of the sun and stars with a six-foot quadrant in the years 1594 to 1597 A.D.  The Obliquity determined by him was 23°  30’ as given in Hutton’s Table of the Obliquity of the Ecliptic. 

Godifred Wendelin

Wendelin, famous mediaeval Belgian astronomer, made his observations of the Obliquity of the Ecliptic at the French town of Forcalquier, in the Basses Alpes.  He says on page 15 of his Memoir that his instrument was a quadrant, divided into single minutes in the quadrants.  It was made of wood, but so solid that both in the winter and in the summer it gave the same distances of the stars as were published by Tycho and Kepler. 

He also says on page 15, and again on page 110, that the apparent or visible declination of the sun at the summer solstice was 23°  30’, but at the winter solstice it was 23°  31’  15”, both being dependent on the latitude 43°  54’, which he found at Forcalquier from his observations of circumpolar stars.  That is to say, that his observed zenith distance of the Sun at the winter solstice was 67°  25’  15”, and at the summer solstice it was 20°  24’  0”.  Applying modern corrections for parallax and refraction to these observations, we obtain

Godifred Wendelin, 1609 A.D. Forcalquier, Latitude 43°  57’  34” N. Longitude 5°  47’  11” E., altitude 1804 feet, Corrected Obliquity 23°  31’  31”

The somewhat large difference between the observed and the true latitude of Forcalquier seems to indicate a combination of errors, possibly index and gradation errors of the quadrant, together with errors of level and verticality; with the possibility also that the site of the observations may not have been at Forcalqueir itself, but some distance away from that centre. 

The Obliquity result, however, would remain unaffected by this error in the adopted latitude.

Johann Kepler

The observations made by this famous astronomer were at Linz, on the River Danube, in Upper Austria.  The value of the Obliquity obtained from his observations (Tabulae Rudolphinae, page 116) as given in Ball’s Astronomy, is

Johann Kepler, 1627 A.D., Linz, Latitude 48°  17’ N. Longitude 14°  18’ E.:  Obliquity 23°  30’  30”

Nicolas Claude de Peiresc

Nocolas Claude de Peiresc was a noted astronomer of the early 17th century.  He undertook, in conjunction with Gassendi, to repeat the observations made by Pytheas at Marseilles in 326 B.C., of the altitude of the sun at mid-day on the day of the summer solstice, with a gnomon, in order to ascertain to what extend the Obliqity of the Ecliptic had altered since the time of Pytheas.

The following is a translation of an extract from an article “Sur les Travaux Astronomiques de Peiresc,” by G. Bigourdan, in Comptes Rendus, Academie de Sciences, Paris, 8th November 1915, pages 543-545, describing the operations of Peiresc:

While paying great attention to the question of longitudes, of which the errors were enormous, even at our doors, Peiresc did not neglect the question of latitude, as we have seen from some extracts of his letters.

He recommended above all that they be determined by meridian altitudes of the Sun, particularly at the summer solstice, by employing a gnomon, which could then compete advantageously, as regards precision, with the best instruments of the epoch.

(The attention of the reader is specially drawn to this statement by this eminent modern astronomer, in regard to the degree of accuracy of observations made with the gnomon.)

And he gave the example himself, with Gassendi, by repeating at Marseilles, the summer solstice of 1636, the memorable observation of Pytheas.

Already in the preceding year he had been requested by Wendelin to make this observation, in order to elucidate the question, hardly touched upon then, of the variation of the Obliquity of the Ecliptic.

Various accidental circumstances having delayed this observation, it was made in 1636.  The choice of a convenient place presented some difficulties.  Finally it was decided to use the Church of the College of the Oratory, then in construction, where, with the agreement of the religious and consular authorities, Peiresc caused some sections of the wall to be knocked down, the roof to be pierced, and a plank to be displaced.

This is what he wrote to D’Arcos on the 20th July, 1636:

We caused to be prepared one morning a machine 18 canes in diameter, of which the gnomon was more than 9 canes in height, and it was divided into more than 80,000 recognisable parts,, such that one could recognise  and determine the difference of that upon which the solar shadow fell precisely, exclusively from the other parts, either above or below. (This ‘cane’ was probably a local variant of the old French toise, as used at Marseilles, equivalent to 5 ½ feet in length.)

And this was done so skillfully, and with such little expense, that all those present were delighted. (This expense was borne by the town, which was thus a prelude to the sacrifices which it generally made afterwards to uphold the high renown of Marseillaise Astronomy.)

We had only to pierce the roof of a very high bilding, of three or four storeys, and receive the ray from the sun at the bottom, having well adjusted with the plumb-bob at right angles to the meridian line, which was drawn below, and having taken away some bricks at a height of 9 canes, to measure more exactly the distance between the hole in the roof and the base of the lower angle of the meridian line.

Pytheas had only observed with a gnomon divided into 600 parts.  The computation is found to agree with that of Pytheas with so little difference, gained successively by so many centuries, that it will be of great service to confirm the certainty of  the fundamental quantities, which are adopted to regulate all the celestial movements and all geography.

The observations were immediately communicated to Wendelin, but the publication did not take place till 1658, after the death of Gassendi; you can see why this is; Requier suspects indeed that they were not very satisfactory.

The height of the gnomon was 51 feet 8 inches, 4 lines, 0 parts, or 89,328 parts (twelfths of a line), and the shadow was found to be 31,750 parts, neglecting refraction, and suspecting the solar parallax to be equal to 20.  (A line is one-twelfth of an inch)

The solstitial altitude of the centre of the sun was thus found to be 70°  11’  15".

Taking 43° 19’  19” for the latitude, the Obliquity of the Ecliptic was taken as 23°  30’  24”.

The latitude adopted today (1915) for Marseilles (Old Observatory) is 43°  17’  52” (1).  We see that the suspicion of Requier was not justified, and that the observation is remarkably exact; even when ‘we compare the values obtained on this occasion for the latitude of Marseilles by meridian altitudes of the Sun, or Mars, or Saturn, and of various stars, we are surprised that a quadrant with pinnules could have given results so concordant.’

The Obliquity derived from the observations of Peiresc is as follows (the calculation being given in full on account of the interest which is has, from association with the ancient observation of Pytheas, 1963 years before Peiresc):
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Peter Gassendi

Peter Gassendi was a celebrated French philosopher and astronomer.  In 1636 A.D. he was associated with Peiresc in the repetition of the measurement of the Obliquity of the Ecliptic made by Pytheas in 326 B.C. at Marseilles at the summer solstice.  Riccioli (Almagestum Novum, Vol. 1, liv. 3, Cap. 14) says “But in the same place Gassendi made use of a gnomon of 52 Royal Feet, and found at the summer solstice the meridional shadow 31,950 units, of which the gnomon was 90,000; whence he deduced that the Obliquity of the Ecliptic was the same as in the time of Alexander the Great.”(2)

There is also an inconsistency in this account, as 52 Royal Feet are an equivalent to 89,856 units (52 x 12 x 12 x 12), whereas 90,000 units represent 52 feet 1 inch.

Before 1812 A.D., when the metric foot was adopted in France, the Royal foot (pied de Roi) or Paris food (equivalent to 1.0658 English feet) duo-decimally divided into inches, lines and parts, or twelfths of a line, was in use.

If we take the statement that the gnomon used by Gassendi was 52 Royal feet, compared with Peiresc’s height of gnomon 51 feet 8.5 inches, then we get the value of the Obliquity almost exactly the same as that which was measured by Peiresc.

On the other hand, if we take the alternative statement that the height of the gonomon was 90,000 units, it gives the Obliquity 1’ 20” greater than Peiresc’s value, and one that is discordant from the true value.  Probably the statement that the gnomon was 52 Royal feet in height is correct. 

The observation was made independently by Gassendi, but evidently at a point in the building closely adjoining that used by Peiresc, the difference in height being exactly that of one brick plus layer of mortar, i.e. 3 2/3 inches. 

The length of the shadow measured by Gassendi is correspondingly longer (namely 31,950 – 31,750 = 200 parts, or 1 inch, 4 lines 8 parts, i.e. very slightly more than 1 1/3 inches) than Peiresc’s shadow-measurement.  This is what would be naturally expected from these respective heights of gnomon.

The calculation of the Obliquity determined by Gassendi, but with modern correction, is as follows:

Gassendi’s Observation of the Obliquity
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Peter Gassendi, 1636 A.D. Marseilles, Latitude 43°  17’  52” N. Longitude 5°  24’ E.: the Mean Obliquity from the combined observations of Peiresc and Gassendi is 23°  30’ 10”

NOTE:  The Mean Obliquity obtained from the ancient observations at Old Marseilles in 326 B.C., is 23°  54’  20”, thus giving a diminution of 24’  10” during the intervening 1963 years to the time of Peiresc and Gassendi. 

Again, the latitude of Old Marseilles derived from the ancient observations is 43°  18’  25”, which is only 33” above the modern value.  This is a striking confirmation of the accuracy of those ancient observations.

J.B. Riccioli

Joannes-Baptiste Riccioli, a learned Italian astronomer, philosopher and mathematician, was the author of the Almagestum Novum, up to this time the greatest mediaeval work on Astronomy.  He made observations of the Obliquity of the Ecliptic, and two results are given, the first in 1636 A.D., 23°  30’  20”, quoted in the Encyclopaedia Britannica, 11th Edition, article on Astronomy; also in Hutton’s Mathematical and Philosophical Dictionary, Vol. 1, page 455, article “Ecliptic.”  Another value is given in the latter work for the year 1655 A.D., namely 23°  29’.

J.B. Riccioli, 1650 A.D. Bologna, Latitude 44°  30’ N., Longitude 11°  21’ E.:  the mean of these two, the Mean Obliquity, 23°  29’  40”

Johannes Hevelius

Johannes Havelius was a celebrated astronomer and Burgomaster of Danzig on the Baltic coast of East Prussia.  Among his numerous observations were those of the Obliquity of the Ecliptic, and 

the values given for Danzig, Latitude 54°  22’ N., Longitude 18°  39’  E., are

1653 -- 23°  30’  20”  Hutton’s Mathematical Dictionary

1660 -- 23°  29’  10”  Encyclopaedia Britannica

1661 -- 23°  28”  53”  (corrected) Hutton’s Mathematical Dictionary

Jean Dominique Cassini

Jean Dominique, the first of four generations of Cassinis to occupy the position of Director of the Paris Observatory, from its commencement in 1671, was at first a professor of mathematics and astronomy at Bologna, Italy.  In 1653 A.D., he was authorised by the Senate of the Bologna University to correct and settle the meridian line, in the Church of St. Petronius at Bologna, which had been drawn by Toscanelli in 1575 A.D.

In the absence of the records of his observations at Paris, which are contained in the archives of that Observatory, it is only possible to state here the values of the Obliquity ascribed to him in 1655 at Bologna, 23°  29’  15” (Hutton) and in 1672 A.D., at Paris, 23°  29’  0” (Encyclopaedia Britannica, 11th Edition).  These are clearly the corrected values, and from them we obtain for the middle period

Jean Dominique Cassini, 1655 A.D., Bologna, Latitude 44°  30’ N., Longitude 11°  21’ E., and  1672 A.D., Paris, Latitude 48°  50’ N. Longitude 2°  20’ E.:  Mean Obliquity (1664 A.D.) 23°  29’  08”

ADDITIONAL OBLIQUITY RESULTS FROM 1660 A.D. TO THE PRESENT TIME

From the epoch of the establishment of the Paris and Greenwich Observatories, in 1671 A.D. and 1676 A.D., respectively, the values of the Obliquity of the ecliptic given by various authorities are the corrected values according to the following list, with the exception of Wurtzelbaur, 1686 A.D., whose observed meridian altitudes of the sun at the summer and winter solstices of that year are given by Edmond Halley, the second Astronomer Royal of England, in a paper published in the Philosophical Transactions of the Royal Society of London, 1687 A.D., Vol 16, No. 190, page 403 (Vol III, page 407 in the Abridged Transactions).

In this paper, the observed Summer Zenith distance of the sun’s centre is 25°  57’  30”, and the observed winter zenith distance is 72°  52’  50”.  Using modern corrections for parallax and refraction, we obtain Corrected Obliquity 1686 A.D. 23°  28’  58”

The latitude of Nürnberg (where the observations were made) calculated from these observations, is 49°  26’  50”, which compares very favourably with the modern value for that city, 49°  27’  31”.

******************* 


	Present Marseilles Observatory:  Latitude 43°  18’  16” N., Longitude 5°  23’  37” E.  Old Marseilles Observatory (former site of National Observatory at Accoules in the old town of Marseilles), Latitude 43°  17’  52” N.  This is near the harbour, and therefore is likely to be very close to the ancient site of the observations made by Pytheas.



	This statement by riccioli is obviously incorrect.





Obliquity Results from 1660 A.D. to 1868 A.D.
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	Difference from Newcomb's Formula (+ = greater than; - = smaller than)



	“Hutton” is Hutton's Philosophical and Mathematical Dictionary, 1815,



	“Ency. Brit.” is Encyclopaedia Britiannica, 9th Edition



	From Hutton's Philosophical and Mathematical Dictionary, 1815



	Five observations



	Many hundreds of observations



	History of Physical Astronomy







CHAPTER 8

ANCIENT ORIENTED MONUMENTS

THE SOLAR TEMPLE OF AMEN-RA AT KARNAK, EGYPT

Setterfield note:  Dodwell seems to have inserted a number of explanations in the quotes he uses.  They are set off in parentheses, with the understanding that we are not sure if these are his explanations or those of the author whom he is quoting.  There may be a mix.  In addition, there are a few times when we have inserted a word or two to clarify meaning.  These are put in brackets.  

Reference has been made to the famous astronomical monuments of ancient times, which throw light on the changed position of the earth’s axis, namely (1) the great Solar Temple of Amen Ra at Karnak, Egypt; (2) the Stonehenge monument on the Salisbury Plain, Wiltshire, England, where the giant Stone Circle of trilithons was used for calendar purposes, among other things, by observing the point of sunrise at its farthest north-easterly position at, and about, the time of the summer solstice.  It will be shown that this ancient monument was re-constructed, in accordance with what has always been the popular belief, in the time of the ancient Druids; and it agrees with other solar monuments in confirming the conclusion that a change in the earth’s axis occurred at the date which has been found.  (3) The third of these solar monuments of early times is the remarkable and ancient (pre-Inca) Peruvian Sun Temple of Tiahuanacu, in the mountains of Bolivia. 

In ancient times Egypt was pre-eminently a centre of Sun-worship.  Many of its temples were dedicated to the sun gods Ra, Amen Ra, Horus, Osiris, etc.  Among these were the famous temple of the Sun at Heliopolis, Karnak and Abu Simbel.  Sir Norman Lockyer, who describes their astronomical purposes in his book The Dawn of Astronomy, also mentions the Solar Temples at Abydos, Kasr Kerun, Memnonia (Avenue of Sphinxes), and Erment, in addition to the group of temples at Karnak which were solstitially oriented

A special feature of the Egyptian Solar Temples was the long central Avenue, or Axis, through which the beams of the rising or setting sun shone upon the altar in the darkened sanctuary, or “Holy of Holies” at the farther end of the Axis.  The shining of the sun, with its long horizontal beam of light traversing the Axis and illuminating the image of the sun-god, [which was] placed in the sanctuary, was called by the Egyptians “The Manifestation of Ra.”  A detailed account of this is given in Sir Norman Lockyer’s book, The Dawn of Astronomy.

It is well known that the temples of Egypt were also astronomical observatories; and the priests were the astronomers and philosophers of their time. 

The needs of common life, and the daily routine and annual festivals of the temples demanded a reliable calendar, and subdivision of time, which could only be provided by astronomical observations.  The priests became astronomers, and at a surprisingly early date the opening of the year was fixed by the heliacal rising of Sirius.  

(G.E. Hale, Beyond the Milky Way, 1926, p. 5)

Strabo says that “their astronomical documents, or registers of observations, made during long centuries, have remained celebrated.” (Strabo, Geography, Book 17.  Chapter 1, section 29)

Many of the famous Greek philosophers, such as Thales, Pythagoras, Democritus, Plato, etc., went to Egypt to receive instruction from the Egyptian priests.

If, for the solstitially oriented solar temples, we can obtain the exact orientation, and the altitude of the horizon, and if it can be shown that the sun shone centrally along the Axis, when these temples were built, then we have the necessary data for obtaining the sun’s soltitial position at that epoch; and from this the earth’s axial inclination at that time can be easily calculated.  For most of these temples, the orientation has not been determined with sufficient accuracy, either on account of their ruined state, or through lack of observation by experienced observers; and in most cases the altitude of the horizon is still lacking.

For the great Solar Temple of Amen Ra at Karnak, however, we have all the necessary information, thanks to the pioneering work of Sir Norman Lockyer, supplemented by the more recent exact survey and re-measurement of this temple, made by the Survey Department of Egypt.  We shall therefore study this temple as thoroughly as possible, but before doing so we will also consider others, namely the temple of Ra at Heliopolis, and the temple of Amen Ra at Abu Simbel, which join with the Karnak temple in throwing light on the practice of the ancient Egyptian Astronomer-priests in connection with their solar observations, and their use in temple-building and in their religious ceremonies.

The Great Solar Temple of Ra at Heliopolis

At a very early date “the place round which the solar worship centred was An, (Hebrew, On).”  It was also called by the Egyptians Pa Ra (the house of Ra);  Beth Shemesh (House of the Sun) by the Hebrews, and Heliopolis (City of the Sun) by the Greeks.  It reached the height of its power under Rameses III, when 12,963 persons were said to have been engaged in its service.   (Great Harris Papyrus, plate 31, 1.8)

Thothmes III also erected a pair of obelisks (afterwards known as Cleopatra’s Needles) in front of this temple.

In 34 B.C. these obelisks were removed by Augustus, or possibly by the orders of Cleopatra, to Alexandria, but were not set up till the 8th year of Augustus.  One of them fell, and remained lying, much to the detriment of the inscriptions, until it was removed to London by Sir Erasmus Wilson in 1877; and it now stands on the bank of the Thames.  The other was given to America, and now stands in the Central Park of New York

(E. Bell, Architecture of Ancient Egypt, page 246)

The temple faced 14° N. of W., and the sun shone into it, along the temple axis, at sunset on April 18 and August 24 each year. (J.N. Lockyer, The Dawn of Astronomy, 1894, p. 77).  On these dates there were festivals connected with the Harvest and Inundation, respectively.  An account is given of a visit to this temple by King Piankhi of Ethiopia, about 730 B.C., on his triumphal march through Egypt:

After performing his ablutions, Piankhi went in ceremonial procession to a sandhill at Heliopolis, and there offered a great offering of white cattle, milk, balsam, incense, and all manner of sweet smelling woods before the god Ra at his rising.  (Piankhi Stela 1.102, translated by Brugsch, “Gesch. Aeg.” page 682, et. seq.)

Later on, further ceremonies at the Temple of the Sun are described, including the loosening of the bolts and the opening of the doors of the sanctuary, so as to behold “his father Ra in the sacred Hat Benben (Holy of Holies),” (see Religion of the Ancient Egyptians, A. Wiedemann, 1897, p. 21).   This is evidently an occasion of the “Manifestation of Ra,” to which further reference is made in the account of the temple of Karnak.

As the sanctuary was without windows, and its interior was in darkness, the image of the sun-god could only be seen to advantage when the sun shone along the axis, and illuminated it.  No doubt the visit of the king was timed to coincide with such an occasion. 

The chief relics of the sanctuary visited by Piankhi were two barks; in each of these was a central cabin, in which was an image of the sun-god.  It was commonly understood that the Sun had two barks at his disposal in his daily course through the sky; the Mad, or Madet, boat for the morning, and the Sekti boat for the afternoon.  These barks were made on the ordinary model of the Nile boat; amidships was a cabin, in which the god Ra is installed himself; fore and aft were his attendant deities to fight his foes and navigate the boat, the watch being relieved hourly.  Tum (the sun at sunset) and Khepera (the sun at sunrise), cognate forms of Ra himself, were generally represented as accompanying him.

As the axis of the temple was open to the west-north-west, so that the sun at sunset shone directly into the sanctuary, illuminating the image of Ra on two special festival days of the year, it is clear that such a dramatic occasion would naturally be used with advantage in connection with the Egyptian ceremonies of sun worship.

The Rock-Hewn Solar Temple of Amen Ra at Abu Simbel

Abu Simbel is on the left bank of the Nile, about 40 miles lower down the river than the second cataract at Halfa [Halfeh], on the border of Nubia.  The temple was built by Rameses II and dedicated to Amen Ra.  It is one of the most remarkable temples in Egypt on account of the distance into which it is excavated into solid rock -- 180 feet.

At the entrance are four enormous statues, carved in stone, representing Amen, Horus, Ptah, and Rameses II.  This is said to be the grandest piece of rock work in Egypt. 
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The temple was oriented in such a direction that the rising sun shone into the dark interior sanctuary on the 26th February and 17th October each year.  These were festival times near the commencement of the Harvest and Sowing seasons, respectively.

In front of the temple is a forecourt, reached by a flight of steps from the level of the Nile bank, and enclosed at each end by a brick wall of the same date as the temple. 

The natural face of the rock at the back of this forecourt and terrace slopes at an angle of about 60 degrees; and in cutting it away from the floor level upwards, material had been left so as to provide for four gigantic statues of Rameses, 65 feet high, which project from the slightly sloping plane of the façade.  Much smaller statues of various family members of his family are placed near or between the legs of the colossi.
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This front is 119 feet wide and over 100 feet high.  A doorway between the two central figures leads through a short passage to a spacious chamber 58 feet long by 54 feet wide, the whole of which is supported by four square pillars on each side, with Osiride figures attached to the faces towards the central walk.

Beyond this there is the Hypostyle hall, and other chambers, with a central sanctuary at the extreme end, containing an altar for statues of the Egyptian gods.  The darkness of this inner sanctuary, and the remarkable effect produced when the beam of light shone into it at sunrise on the two special festival occasions, can well be imagined.

The following account of the shining of the sun into the temple is quoted by Miss E.M. Plunkett, in her book Ancient Calendars and Constellations, 1903, p. 40:

I was fortunate in seeing another wonderful thing during my visit to Aboo Simbel.  The great temple is dedicated to Amen Ra, the sun god; and on two days in the year the sun is said to rise at such a point that it sends a beam of light through both halls till it falls on the shrine itself in the very Holy of Holies.

Many theories are based on the orientation of the temples, and Captain Johnson wished to find on which day in the Spring of the year the phenomenon took place; so he took his instruments, and we all went up to the temple before dawn. 

It was the 26th of February.  The great hall, with its eight Osiride pillars, was wrapped in semi-darkness.  Still darker were the inner hall and shrine.  Behind the altar sat the four gods – Amen, Horus, Ptah, and Ramses himself, now deified. 

All the east was a deep rosy flush; then that paled and a hard white light filled the sky.  Clearer and whiter it grew, till, with a sudden joyous rush, the sun swung up over the low ridge of the hill, and in an instant, like an arrow from the bow of Phoebus Apollo, one level shaft of light pierced the great hall and fell in living glory straight upon the shrine itself.  A.F.

(extract from the Pall Mall Gazette, 20th April, 1892)

The Great Solar Temple of Amen-Ra at Karnak, Thebes
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The great temple of Amen-Ra at Karnak has been described as the most majestic ruin in the world, whose vast proportions quite overpower the imagination.  It covers an area twice as great as any other ecclesiastical building in the world.   The temple proper is 400 yards in length, and with the north-west and south-east dependencies extends to a total length of 600 yards.  David Masters, in Romance of Excavation, 1923, p. 71, gives the following vivid account of Thebes, when at the height of its fame:

Thebes at its zenith was one of the glories of the old world, with some of the most marvelous temples ever imagined by the mind of man or executed by human hand.  The ancient capital of Egypt was unequalled in magnificence.  King after king increased the wonders of the temple of Amen; their sculptors carved great sphinxes out of stone, which were set up in an avenue over a mile long.

Building after building was added to the original one.  Mighty gateways, or pylons, 142 feet high, were built, and from these projected flagstaffs, on which gaily coloured banners fluttered in the breeze.

The great hall of Amen was composed of pillars 78 feet high and 33 feet round, all carved and painted in vivid colours.  Lesser halls and temples were added; and here, amid a blaze of colour and sunshine, the festivals were held; the high priests performed their sacred rites; the Pharaoh drove up in his gorgeous chariots with the harness of his horses ablaze with gold, while his subjects shielded their faces from the monarch, who shared the glory of Amen.

At intervals the high priests brought out the sacred boat of the god, raised it aloft on their shoulders, and carried it around the temple, while the populace stood silent with awe.

For a brief instant the curtains were drawn aside and the god was disclosed to the multitude before returning to the silence and sanctity of the temple from which the common people were rigidly excluded.

About the King gathered all the wit and wisdom of the Egyptian Empire.  Magnificent banquets were held, at which were served to the guests fine dishes of venison, roast ducks, and other fowl and fish.  Wine flowed, maidens danced.  There was talk and laughter and love.

Today Thebes has vanished.  The one-time capital of Egypt is a desert ruin.  Nearby are the villages of Karnak and Luxor, with a few natives living in their humble dwellings, and just a big hotel for the use of travelers who come here to gaze on the ruins of the past.

The actual building period of the great Temple of Karnak lasted for 17 centuries, and the most ancient part of the temple is said to be 4000 years old, dating back to the early years of the reign of Amen Emhat I, the first king of the XII Dynasty, and his son and co-regent, Senusert I.  (E. Bell, Egyptian Architecture, 1915, p. 103; J. Capart and M. Werbrouck, Thebes, 1926, pages 21, 61, 63)
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The mean date, taken from a number of recent Egyptological works  (Cambridge Ancient History, Breasted, Budge, etc.) places the commencement of the XII Dynasty at about 2050 B.C., and I have adopted 2045 B.C. as the date of the foundation of the earliest part of the Karnak Temple of Amen Ra.

The rise of the religion of Amen Ra dates from this time, and the Kings of the XII Dynasty were the first to incorporate the name of Amen in their accession names, Amen-Emhat meaning “Amen is at the head.” (J. Capart and M. Werbrouk, Thebes, 1926, p. 61)  The meaning of ‘Amen’ in the ancient Egyptian language is “The Hidden One,” referring to the Divine Power behind or represented by, the Sun, whose life-giving rays support all life on the earth.

Three or four centuries later, the temple was repaired and greatly extended by the Kings of the XVIII Dynasty, and great pylons were built by Thothmes I, Thothmes III and Amenophis III, with large halls, adorned with sculptures, columns and obelisks.

The first 500 years of the Temple of Amen Ra were thus marked by great building activity, culminating in the Pylon of Rameses I, of the XIX Dynasty, and the Hypostyle Hall, with its 134 immense columns, the “Hall of Columns” built by Seti I and Rameses II.  The total length of the temple up to the Propylon of Rameses I was 300 yards.

Its principal extension was towards the west-north-west, or sunset point at the time of the summer solstice.

In the time of Shishak I (970 B.C.), who reigned in Egypt in the latter years of King Solomon, and in the time of his son Rehoboam (in the reign of Rehoboam, Shishak attacked Jerusalem and “took away the treasures of the house of the Lord, and the treasures of the King’s house; he even took away all; and he took away all the shields of gold which Solomon had made.” 1 Kings 14:25-26), the forecourt in the front of the Pylon of Rameses I was enclosed with walls on the north and south sides, forming the Great Court of Shishak, but the entrance was not completed till the Ptolemaic period, after the conquest of Egypt by Alexander the Great, when the Great Ptolemaic Pylon, enclosing it on the western front, was built (320 B.C.)

Three Astronomical Uses of a Solar Temple

The late Sir Norman Lockyer considered that the great Temple of Amen Ra, with its axis directed towards the point of sunset at the summer solstice, formed practically a great horizontal telescope, and served three purposes, according to the intention of its builders:

The observation of the sun at the summer solstice, in connection with the rectification of the Egyptian Calendar.

The prediction of the Nile floods, which commenced about the time of the summer solstice.  This was the most important season of the year in Egypt.

The provision of an impressive annual religious ceremony, the “Manifestation of Ra,” when the sun shone into the sanctuary and illuminated the statue of the sun-god at sunset on the day of the summer solstice.
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As showing the importance of solar observations at the Temple of Amen Ra, it is stated that the third Priest of Amen took the same titles as the Grand Priest of Annu (the Sun), who was the head of the first priesthood in Egypt.  The Grand Priest of Annu was also  called the “Great Observer of Ra” (the Sun at Noon) and Atmu (the setting Sun), and had the privilege of entering at all times into the Hat Benben (Holy of Holies).

The Priest Padouamen, whose mummy was found in 1891, bore this among his other titles (Sir Norman Lockyer, The Dawn of Astronomy, 1894, p. 340).

Orientation Ceremonies

The care taken by the ancient Egyptians in the orientation of their temples, when an astronomical use was intended, is shown by the inscription, in which the foundation ceremonies are described with great minuteness.  Dr. G.E. Hale in a chapter on “The Oriental Ancestry of the Telescope” (George Ellery Hale, Beyond the Milky Way, 1926, pp 1-38) dealing with astronomy in Egypt, describes the measuring instrument used for sighting on the sun or stars, known as the “Merkhet.”
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It was a type of instrument used in the orientation of the early Egyptian Temples.  A complete example described by Borchardt dates from the 6th century BC.  This consists of a sight vane, made from the middle rib of a palm leaf, with a narrow slot at the top, through which the observer looked, and a plumb line suspended from an ivory (or ebony) support, with which the object observed was bisected. 

One of the hieroglyphic inscriptions on the instrument reads, “I know the path of the sun, moon and stars, each to its place.”

A meridian line was fixed by an observer sighting north through the slot (close to the eye) towards the plumb line, which was held at arm’s length, and moved east or west until it coincided with a star near the celestial pole.  In the case of an observation of the sun on the horizon, the solar disk would be bisected by the plumb line.  Considerable accuracy, probably within 1’-2’ of arc could be obtained by an observer in an orientation directed towards the setting sun at the solstice.  Such an observation is perfectly easy, and today, even a school boy could be relied upon to obtain an accurate result in this simple manner.

Dr. Hale gives an account, written by the American Archaeologist, Professor Breasted, of what he describes as Tutankhamen’s Transit Instrument, which he discovered in 1923 at the shop of a well-known London dealer in antiquities.  This was a rectangular strip of ebony wood, a little over 10 ½ inches long, which was the principal portion of the plummet used by Tutankhamen.  It bore an inscription stating that it was made by King Tutankhamen’s own hands. 

A portion of a similar instrument at the Berlin Museum, described by Borchardt, bears the name of Amen Hotep III, the predecessor of Tutankhamen in the XVIII Dynasty. 

The complete example of the Merkhet, described by Borchardt (just previously mentioned), and dating from the sixth century B.C., was more than seven hundred years later than the reign of Tutankhamen. 

The ceremony of fixing the temple axis was called “the stretching of the cord.”
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To determine the axis of the new edifice, “stakes have to be planted according to the rules of the divine geometry.” (J. Capart and Werbrouck, Thebes, p. 100)

Nissen says, on account of the stretching of the cord, the Egyptian Engineers were called by the Greeks ‘Harpedonaptai’ (cord-handlers), whose art Democritus boasts of having acquired. 

The King proceeded to the site where the temple was to be built, accompanied by an assistant representing the goddess Sesheta, who is styled the “Mistress of the laying of the foundation stone.”  Each was armed with a stake.  The two stakes were connected by a cord.  Next the cord was aligned towards the sun or a star, as the case might be; when the alignment was perfect the two stakes were driven into the ground by means of a wooden mallet; there was no difference of procedure in the case of temples directed to the sun.

(J. N. Lockyer, Dawn of Astronomy, 1894, p. 173)

This fixed the main axis of the temple.  The instrument used by Thothmes III at the laying of the foundation bears the mark of the King, with the addition “as he stretched the cord upon Amen resplendent on the horizon.”

From the choice of the sun-god Amen and the horizon, it is to be concluded that the direction of the sun on the horizon was the standard for the foundation procedure of the temples in the early centuries B.C.  (E. Zinner, Untersuchungen Zur Geschichte der Sternkunde, 1932, p. 29)  Thus there is an important understanding about the orientation of the Temple of Amen Ra at Karnak.

Another inscription, describing the building of the Temple of Amen at Heliopolis gives the following account:

Arose the King, attired in his necklace and the feather crown;  all the world followed him, and the Majesty of Amen Emhat (first King of the XII Dynasty.)

The Ker-Heb (Master of Ceremonies) read the sacred text during the stretching of the measuring cord and the laying of the foundation stone on the piece of ground selected for this temple, then withdrew.  His Majesty Amen Emhat and King Usertsen (son and co-regent) wrote it down before the people.  (J.N. Lockyer, Dawn of Astronomy, p. 175)

At Abydos there is an inscription relating to the rebuilding of one of the temples in the time of Seti I (son of Rameses I).  In this the goddess Sesheta addresses the King as follows:

The hammer in my hand was of gold as I struck the peg with it, and thou wast with me in thy capacity of Harpedonapt.  Thy hand held the spade during the fixing of its (the temple’s) four corners with the accuracy by the four supports of heaven.

On the pictures the King appears with the Osiris crown opposite the goddess.  Both hold in their right hand a club and with it they each hammer a long peg into the ground.  Round the two pegs runs a rope which is stretched tight, the ends being tied together (Lockyer, The Dawn of Astronomy, p. 175).(1)

Other inscriptions related to the alignment of the temple axis to certain stars observed at their rising. 

In the record of the ceremony used in the building of the temple of Hathor at Denderah, the inscriptions state that the King, while stretching the cord, had his glance directed to the “ak” of the Egyptian Constellation Bull’s Thigh, and on this line was built the new temple “as had been done there before.”  The actual inscription has been translated as follows:

The living god, the magnificent son of Asti (a name of Thoth) nourished by the sublime goddess in the temple, the sovereign of the country, stretched the rope in joy.

With his glance towards the “ak” of the Bull’s Thigh constellation, he establishes the house of the Mistress of Denderah, as took place there before.

At another place, the King says, “Looking to the sky at the course of the rising stars [and] recognizing the ‘ak’ of the Bull’s Thigh constellation, I establish the corner of the temple of Her Majesty.”  (Lockyer, p. 176)

In an account of the ceremonial used at the laying of the foundation stone of the temple at Edfu, the King is represented as speaking thus: 

I have grasped the wooden peg and the handle of the club; I hold the rope with Sesheta; my glance follows the course of the stars; by eye is on MesXet (that is, the Bull’s Thigh constellation, or the Great Bear); (mine is the part of time of the number of the hour-clock); I establish the corners of thy house of God.

And in another place:

I have grasped the wooden peg; I hold the handle of the club; I grasp the cord with Sesheta; I cast my face towards the course of the rising constellations; I let my glance enter the constellation of the Great Bear (the part of my time stands in the place of his hour-clock); I establish the four corners of thy temple.

The translation is Brugsch’s.  The phrases in the parentheses are interpreted differently by Dumichen, who translates them: “Standing as divider of time by his measuring instrument” or “representing the divider of time (i.e. the good Thoth) at his measuring instrument.”  (Lockyer, p. 179)   The word suspected by Grugsch to be hour- or water-clock is ‘merech,’ or ‘merchet,’ evidently the same instrument ‘merkhet’ earlier described. 

Dupuis, Origine des Cultes, Vol. 1, p. 450, quotes a statement (referring to a solar temple facing eastwards) “that the greatest precautions were taken that the first rays of sunlight should enter the temple.”  (Lockyer, p. 181)

The Manifestation of Ra

From what has now been said about the orientation ceremonies, so carefully carried out by the Egyptian temple-builders, we have good reason for believing that the Temple of Amen Ra at Karnak, the most important solar temple in Egypt, was truly oriented to the setting sun at the summer solstice in the year of its foundation, about 2045 B.C.  It then gave the astronomer-priests for long ages, as long as the sun continued to shine into the sanctuary, a perfect observational site for determining the time of summer solstice each year.

As this time drew near, the Chief Astronomer, responsible for these observations, i.e. the “Grand Priest of Annu” (the Sun) and “Great Observer of Ra” (the Sun in its noontide strength) and Atmu (the Sun at sunset), could see, from the central portion of the sanctuary, the disc of the setting sun coming into view at the southern edge of the Entrance Pylon of the Temple.  He could note its gradual northward movement each day, until, at sunset on the day of the summer solstice, it could be seen exactly in the centre of the entrance of the temple.  Thus he would be able to keep a perfect check on the calendar from year to year; for it must be remembered that the Egyptian civil calendar year was a “wandering year” of 365 days, and in course of time it became noticeably out of step with the sun.

He knew also when the Nile floods were to be expected, for they commenced at the summer solstice season.  In addition, and this was a most important part of his duties, he was able from these observations, to know when to arrange in advance for the great annual ceremony of the “Manifestation of Ra” on the exact day of the solstice. 

In this spectacular ceremony, the King stood at the entrance of the sanctuary, with his back to the people; and when the doors were opened, the sun shone upon both the King and the statue of the sun-god in the sanctuary. 

The statue is said to have been made of “precious materials, of gold, encrusted with fine stones (lapis lazuli and coloured stones), as the texts say.”  It was generally placed in a tabernacle.  Amen Ophis III describes the tabernacle, which he made, as being “of electrum (a mixture of gold and silver), and its radiance fills the whole earth.”  (J Capert and M. Werbrouck, Thebes, 1926, pp 72, 90, 102, 182)

When the doors were opened, and the sun shone into the darkened sanctuary, a very brilliant scene was presented to the on-lookers.  The English version of De Rouge’s translation of an inscription describing the ceremony is as follows:

He (Pharaoh) comes, passing towards the temple of Ra.  He enters the temple adoring (twice).

The Kher-heb (celebrant) invokes him who drives away evil from the King; he performs the rites of the door; he takes the Seteb (sacred band); he purifies himself with incense; he makes a libation; he brings up the flowers of the Habenben (the inner sanctuary); he brings perfume (?).

He mounts the steps of the great Adytum, to see Ra in the Habenben.  He remains there alone.  He inserts the Key; he opens the door; he sees his father Ra in the Habenben; he venerates the boat of Ra and the boat of Tum (the setting sun). 

He shuts the doors, and places the sealing clay, which he seals with the King’s Seal.  He himself orders the priests.  “I have placed the seal; let no one enter but the King alone, who remains there.”

This inscription relates to a ceremony which took place at Heliopolis, but it is obviously the typical service of the Egyptian solar temple; a similar procedure would be followed at the Karnak temple, and the Egyptians at Thebes doubtless took full advantage of this impressive spectacle in their ritual for the Temple of Amen Ra.

In an inscription on the base of one of the great obelisks erected by Queen Hatshepsut, in front of the temple of Amen Ra, the summits of the obelisks are referred to as being “of electrum (a mixture of gold and silver), and the best of every country, which are seen on both sides of the river.  Their rays flood the two lands when the sun rises between them as he dawns in the horizon of heaven.”  (Capert and Werbrouk, pp 72, 90, 102, 182)

The sun would be seen between the obelisks looking from the altar end of the temple outwards at sunset at the summer solstice, and also looking from the other side of the river, in the line of the temple axis towards the east-south-east at sunrise at the winter solstice.

The obelisks in front of the Egyptian solar temples were always set squarely to the line of the temple axis, and it is clear that the striking effects of the beam of sunlight shining down the axis into the interior of the temple were fully appreciated and made use of by the ancient Egyptian priesthood.

The “Eye of Light” at the Melbourne Shrine of Remembrance (2)

A similar modern use of a beam of sunlight entering a shrine is in operation annually in the dim interior of the Shrine of Remembrance at Melbourne, Australia, which commemorates the Australian soldiers who fell in the Great World War of 1914-18.  The National War Memorial is one of the most striking features of the City of Melbourne.  It is situated on a hill, enclosed within park lands, “The Domain,” at a height of 82 feet above sea level.   The top of the Memorial is 208 feet above sea level, and is clearly visible from almost every part of the city and suburbs, and even from ships, far out in Port Phillip Bay, both by day and by night, when it is illuminated by brilliant flood lights.
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In the centre of the floor of the inner Shrine, or “Holy of Holies,” as it has been called, is the “Rock of Remembrance,” a large flat slab of granite bearing the words, engraved in the centre, “Greater Love Hath No Man.”

At 11 o’clock in the morning, on the 11th November (Armistice Day), each year, the sun, shining through two apertures, 22 feet apart, in the outer and inner walls of the building, throws a beam of light upon the Rock of Remembrance.  The aperture in the inner wall is 3 inches in diameter, and a circle of light, called “The Eye of Light,” which illuminates the Rock of Remembrance, is 9 inches in diameter.
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Eye of Light at the Shrine of Remembrance, Melbourne, Australia

first opened 11 a.m., 11th November, 1932

The account given by the Surveyor, Mr. F.J. Doolan, of his preliminary survey of the Shrine of Remembrance, shows the responsibility that he felt in orienting the axes of the Shrine correctly, and determining beforehand the exact positions to be occupied by the Rock of Remembrance and the apertures.

For this purpose he made a series of observations of the sun at the Shrine in August, 1931.  In his words, the projection of the circular patch of sunlight on the Rock of Remembrance

depended entirely on correct orientation, and any failure of the ray of light to strike correctly would have been a fiasco too appalling to contemplate.

The field work, he says, was done under some difficulties, notably that of setting out a line, using a diagonal eyepiece…with the sight threading through a multiple grille of scaffolding and planks…in an unfavourable light, and one confesses to having been oppressed at times by anxieties rising from the possibility of most momentous issues being affected by physical limitations so imposed.

An independent check was made by his assistant, Mr. Knight, but the “ultimate test…could be nothing other than the result obtained on the Armistice Day of which I speak, in 1931, when the passage of the ray of light across the mortar board, which took the place of the Rock of Remembrance in the unfinished building, had elements of personal drama additional to the impressive spectacle itself.”

The great building thus erected to commemorate the Australian soldiers of 1914-1918, with an impressive ceremony strikingly similar to that adopted in the Great Solar Temple of Amen Ra at Karnak, and other temples of the Sun in Egypt nearly 4000 years before, was complete in the following year, 1932, at a cost of £250,000.

The “Eye of Light” from the sun illuminated the completed Rock of Remembrance, in the darkened inner Shrine of the National War Memorial, at a great public opening ceremony at 11 a.m. on November 11, 1932, at the same time of day, and the same day and month when the Great Armistice was signed 14 years earlier, at 11 a.m. on November 11, 1918.

We may be permitted to wonder if King Amen Emhat also possibly felt something of those “elements of personal drama additional to the impressive spectacle itself,” when the first public “Manifestation of Ra” took place in the presence of all his nobles 4000 years ago at Karnak, when the beam of sunlight from the setting sun at that ancient summer solstice fell for the first time right upon the King and the statue of the sun-god,  placed in the center of the darkened sanctuary of the temple Amen Ra, thus confirming the accuracy of the foundation line of the Temple, which the King himself had established in preparation for the building of the Temple.

One thing is certain, that the observation of the Sun made by the King with the Merkhet and with the assistance of the priestess, representing the “goddess of the foundations,” was far easier and simpler than the difficult observation and calculation made by the Surveyor of the Melbourne Shrine of Remembrance in 1931.  There can thus be no reasonable doubt that the foundation axis of the Temple of Amen Ra did correctly point to the centre of the Sun at sunset at the time of the summer solstice in the year of the foundation of the Temple, about 2045 B.C.

Sir Norman Lockyer’s Observations at Karnak

When carrying out his pioneer work, early in 1891, on the Karnak Temple as an astronomical monument, Sir Norman Lockyer came to the conclusion that the line of the axis of the Temple pointed almost one degree too far to the North to allow the sun now to shine down the temple axis at sunset at the summer solstice.  He had noticed, moreover, that photographs he had taken outside the temple indicated that the outermost, or Ptolemaic, Pylon was out of line with the more ancient part of the temple axis. 

This was, he says, a question that, in the absence of accurate measurements, could only be determined by an actual observation of the solstice.  This being so, I begged the intervention of Col. Sir Colin Scott-Moncrieff, the Under Secretary of State of the Public Works Department in Egypt, to detail one of his officers to make observations of the summer solstice of 1891.  He was good enough to accede to my request, and I proceeded to give extracts from the report of the officer in question, Mr. P.J.G. Wakefield, to Mr. Allan Joseph, the Director of Works and Irrigation:

“In accordance with instructions received, I made the following observations at Karnak on June 21st, 1891:

I found that the points which I have marked A, C, D, on the photographic plan {being centres of the pylon of Rameses I, the Pylon of Thothmes I, and the Shrine of Sanctuary of Philip III of Macedon (?)}(3) respectively were all in a straight line. 

B is a point midway between the only two opposite pillars of which the bases are intact (one set up by Rameses I and the other by Seti I), and was very nearly in line; probably the true centre between the pillars (which is difficult to obtain) would be exactly so.

The centre of the Great Pylon (Ptolemaic) is not in line at all with these points, there being 1 degree difference between DA prolonged and AE; I therefore accepted the line DCA as the true axis.

From an inspection made on June 20th, it appeared to me that the setting sun would not be visible from any of the points indicated by Professor Norman Lockyer. 

I therefore placed the theodolite at A.

I regret to say that my above supposition was correct, as even from A, I was only able to see a portion of the setting sun, the remainder being hidden behind the south wall of the Great Pylon.

I obtained, however, one reading, the right limb at, as nearly as I could judge, the moment of impact of the sun’s diameter with the hill.

Of the measures given, the most important are the angle between the axis of the temple, looking south-east from A, and the north point, 116°  23’  40” (amplitude 26°  23’  40”), and the angle between the top of the hills and the horizontal, 2°  36’  20”. 

(Lockyer, pp 117-118)

Unfortunately, there was an error in Mr. Wakefield’s azimuth of the temple axis, as was subsequently found by the very thorough survey made by the Egyptian Survey Department at a later date.  One factor which made it difficult for Mr. Wakefield to obtain the desired accuracy was the great accumulation of debris along the axis of the temple.  The task of clearing the temple was subsequently commenced by the Egyptian Department of Antiquities, and in 1911 Mr. Howard Payn made further observations for Sir Norman Lockyer.  These observations, however, were taken under difficulties, as the axis of the temple was not completely cleared.
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[The two photos above and the following aerial photograph of the Temple at Karnak are part of Dodwell's original material. Since the Temple was cleared in 1911, the above photographs must date from before that, if only by a year or two. The aerial photograph below gives an excellent view of the Temple Axis and the indication of its length. It probably also dates from very early in the 20th century.]

[image: ]

Observations Made by the Egyptian Survey Department

In order to obtain definite results, the Surveyor General of Egypt then arranged to have accurate measurements made as soon as the axis of the temple was cleared.  This clearance was affected without delay.

The account of the operation, which follows, is taken from the Survey of Egypt Paper No. 38, 1921:  “Note on the Age of the Great Temple of Ammon at Karnak as determined by the orientation of its axis,” by F.S. Richards, Director of Computation Office, and later Surveyor General of Egypt (reprinted 1932)

In April, 1913, Mr. T.B. Scott observed the astronomical azimuth of the centre line of the Sanctuary, and measured the distances, the centres of the doorways, pylons, etc. on the axis, [which] deviate from this line.

So as to make quite sure of the facts, it was consequently decided to make a complete survey of the axis of the temple from end to end.  This was undertaken early in 1914 by Mr. P.G. Windsor, and the method adopted was as follows:

Two inter-visible points were taken, roughly in the axis of the temple, one on the old quay outside the temple to the West, and the other on the window sill of the eastern wall of the sanctuary.

By means of the theodolite, points were accurately lined in at all important points on the axis along this line, which was also extended right through the temple to its eastern extremity.

A very accurate survey of the axis was then made off this line, and plotted on a scale of 1:200, the actual dimension to the nearest half-centimetre being recorded on the plan.

The azimuth of this line was then measured by Mr. D.R. Meldrum in March, 1914.

The vertical angle of the hills on the West side of the Nile along the axis of the temple was observed by Mr. Skill in June, 1913.

The observed value was found to be 2°  36’  38”.  

The instrument was placed 1.10 meters west from the altar in the granite chapel in the axis of the temple, and the height of the axis of the instrument was 1.52 metres.

The instrument was placed so as to be about the same height as the sacred images placed on the altar.

No correction for height is thus needed.

This value also agrees very closely with the vertical angle adopted by Sir. N. Lockyer.

The declination of the sun, corresponding to the azimuth of the central line of the temple axis was determined by means of the standard formula, in which the given data are:

h  = the angular height of the hills

Ф = the latitude of Karnak

A = the azimuth of the temple axis, measured from North.

Of these, the value adopted for h was 2°  36’  38” as above, and, applying it to the centre of the sun on the horizon, corrections for parallax and refraction were also used.  For Ф (the latitude of Karnak), it was decided that, as “there is no reason to suppose that the latitude of Karnak has altered since the foundation of the temple, so it is taken as 25°  43’  5” N., which is scaled from the Survey of Egypt 1:50,000 map.”

Also, “for the azimuth, as it is the date of the oldest part of the temple we require, we take Mr. Scott’s observed azimuth of 63° 6’  3” West of North.”
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(It should be mentioned here that, following their usual custom, the Egyptians maintained the original axis line of the temple in all subsequent extensions of the temple buildings; until the last one, the Ptolemaic Pylon, built by the Greek Ptolemys about 320 B.C., after the conquest of Egypt by Alexander the Great.  This deviated considerably northwards from the line of the ancient axis.  The Southern edge of the Ptolemaic Pylon seems to have been built at the normal distance from the original temple axis; but, probably in order to provide a much greater width of the entrance, viz. 24 1/3 feet, the northern edge of this Pylon was built so far to the North that the centre of the opening, as seen from the Sanctuary, is half a degree north of the original temple axis.  By this time, 320 B.C., the sun at the summer solstice had gradually, during the ages, moved so far to the southward of the axis line that it was impossible under any circumstances for it to shine any more into the sanctuary; so that the deviation of the Ptolemaic axis from the original one was not for the Greeks a matter of importance.)

Using the values given above for height, latitude, and azimuth, Mr. Richards calculated that the declination of the sun, corresponding with the orientation of the original axis of the temple, was 25°  9’  55”.  He then states, “This then is the necessary declination of the sun, or what is the same thing, the Obliquity of the Ecliptic for the sun to shine down the temple axis.”

Mr. Richards then proceeded to determine the age of the temple in accordance with Newcomb’s Formula. 

Sir Norman Lockyer had estimated the date of the foundation of the temple from his own observations, and in the light of Newcomb’s Formula, as about 3700 B.C. (Lockyer, p. 119), and his surveyor, Mr. Howard Payn, from later observations, amended this date to “a little earlier, possibly…4000 B.C.” (letter dated October 11, 1911, and published in Nature, October 19, 1911.)

For the year 4000 B.C., Mr. Richards calculated the Obliquity of the Ecliptic, from Newcomb’s Formula, to be 24°  6’  39.6”.  He then remarks,

This we see differs by more than a degree from the required obliquity to make the sun shine down the axis at 4000 B.C., which is about the time of the supposed foundation of the temple.  We also see that since 4000 B.C., up to the present day, the Obliquity of the Ecliptic has only decreased by some 40’ (i.e. by Newcomb’s Formula).

Also, if the sun shone down the axis of the temple at the date of its foundation, it has since decreased by more than 100’, which would give a ridiculous date for the foundation of the temple.

He was then led to the conclusion that “Never since the great temple of Karnak was built has the sun ever shone straight down its axis”…and finally he expresses the opinion that there is “no reason to suppose that the temple of Amen Ra at Karnak was originally laid down to have any relation whatever with the position of the setting sun at the time of the summer solstice.”

Let us notice here that, according to Stockwell’s formula for the long-period variation of the Obliquity of the Ecliptic, which is still more comprehensive and more far-reaching than Newcomb’s formula, the maximum value which the obliquity can ever reach, under the combined gravitational effects of the sun, moon and planets upon the earth is 24°  35’  38”.  The Obliquity given by the solar orientation of the Temple of Karnak, 25°  9’  55” is more than half a degree greater than this maximum.

If only the normal gravitational effects of the celestial bodies were involved, a quite impossible situation would thus arise for the astronomical dating of the Temple, just as the Surveyor General of Egypt pointed out.  But it is evidently not so, for the clear and factual accounts of the foundation ceremonies, carried out by the Kings of Egypt themselves as an impressive act of their religious duty in the founding of a Solar Temple, the nature of the instruments they used, the simplicity of the observations, and the special use of the temple of Karnak in particular, made by the Egyptian priest-astronomers, for astronomical and religious purposes, including the keeping of the Egyptian Calendar, and the dramatic “Manifestation of Ra” – all these are so clearly established, that we cannot escape the conclusion that there must be some other factor, in addition to those which are represented by Newcomb’s Formula (or equally by Stockwell’s Formula), affecting the sun’s apparent position in past ages. 

We can thus see clearly how great an error is produced by accepting Newcomb’s Formula (or, equally, Stockwell’s formula), by itself, as giving the exact solar position in those far distant ancient times, when the Sun-worshiping Kings of the XII to the XVIII and XIX Dynasties of Egypt recognized the position of the setting sun on the horizon at the summer solstice at Thebes, and used its ray of light, passing down the temple axis, and falling upon the image of their Sun-god in the Sanctuary, in the annual ceremony of the Manifestation of Ra.

Another important circumstance, confirming this result, is found in the consideration of the width of the field of view, looking west-north-west towards the setting sun, at the summer solstice, from the ancient altars.  In the most ancient part, belonging to the XII dynasty, the original pylon is not now in existence.  A new one, and a new sanctuary were made by Thothmes III, who found the work of his predecessors in a dilapidated condition; but he “preserved the original orientation of the original shrine, which is found from the walls towards the centre of the present ruins.” (Lockyer, p. 116)

Taking the average width of the entrance pylons of Thothmes III and later Kings, 10 feet 8 inches, the field of view from the most ancient altar would have been 4°  58’, nearly ten times the diameter of the Sun.  Under these conditions, even if the Sun, at the time of the foundation of the Karnak Temple, had been in the position assigned to it by Newcomb’s Formula, it would certainly have shone into the Sanctuary, but displaced from the central position, as seen from the altar in the sanctuary, by two solar diameters.

When the building of the temple was completed, the sun would have been seen by the astronomers and the King’s subjects generally to be in the corner of the opening instead of in the centre.  No reason could be given for such a mistake in a temple designed with so much care to be the chief Solar Temple of Egypt.

The observation made at the time of the foundation ceremony was so simple that even a schoolboy could have carried it out with precision, and it is impossible to think that King Amen Emhat I, whose foundation-laying ceremony has been so strikingly described, could have made such an extraordinary mistake, or that his successors, including Thothmes I, Thothmes III, Amenophis III and Rameses I, would have perpetuated such a mistake with their great buildings and pylons, all on the same orientation as the original one.

But with the new curve of Obliquity, it is clear that at the time of the original building of the Karnak temple, the Sun was exactly central in the axis of the temple, and the temple was truly oriented for the purpose for which it was built.  Further, by retaining the same axis throughout the building period up to the time of Rameses I, that is, for approximately 475 years (2045 B.C to 1570 B.C.), the gradual southward movement of the sun brought about an inevitable slow displacement of its setting point from the original central position.

With the increasing length of the temple, the field of view from the altar was correspondingly diminished, and the Propylon of Rameses I, 15 feet, 5 inches in width, reduced the field of view to 1°  28’  14”.  The Southern wall of the Propylon was therefore only half that amount, i.e. 44’ 7” from the central line of the axis, as seen from the sanctuary. 

With the sun in the position indicated by Newcomb’s Formula, the building of the Pylon and Propylon by Rameses I would have completely excluded the sun from the sanctuary, whereas previously it shone in, though obliquely, through the earlier pylons of Amenophis III, Thothmes III and Thothmes I.

Here again is an anomaly which we cannot admit.  It cannot be imagined that Rameses I would build in such a way as to deliberately exclude the sun from the sanctuary into which it had previously shone.  On the other hand, the new curve of Obliquity gives a position for the Sun in the time of Rameses I, such that it shone effectively into the sanctuary, though not centrally; but the Manifestation of Ra could still be witnessed in the Sanctuary.

These conditions continued for a further limited period, and in the time of the later Kings of the XIX Dynasty, corresponding with the period of Moses and the Exodus, the setting sun at the summer solstice began to cease shining fully into the sanctuary. 

In later centuries, about 600 B.C., the effect was complete.  The Sun-god, Amen Ra and its glory had altogether departed from the Sanctuary.  Perhaps the psychological effect upon the Egyptians of these circumstances was to a certain extent connected with the downfall of Theban supremacy, which occurred during and after the XXI Dynasty, and ultimately with the general decline of Egypt, ending with its conquest by Alexander in 325 B.C.

Quite apart from the foregoing historical evidence for the large value of the Obliquity of the Ecliptic at the date of the foundation of the Karnak Temple, the strongest possible confirmation that it is the true value for that date is given by its complete agreement with the curve which unites so closely the actual astronomical observations handed down to us by all the ancient and mediaeval astronomers who in their day made direct measurements of the Obliquity of the Ecliptic.  The greatest astronomers of former times have nearly all made a notable contribution to this problem of astronomy, i.e. the change in the Obliquity which has occurred in past ages.  Among these were Thales, Pythagoras, Eratosthenes, Hipparchus, Ptolemy, Copernicus, Tycho Brahe, Kepler, and many others, including all the Astronomers Royal of England from Flamsteed onwards.

The remarkable curve which unites the observations of the famous astronomers of early times with those of the present connects accurately with the value found, at the date of the foundation of the Karnak Solar Temple, 2045 B.C., by the measurement of the orientation of its axis, and the resulting position of the Sun at the summer solstice, when at its setting it shone straight down the axis and illuminated the centre of the sanctuary at that time.

We could hardly have a more convincing proof that the curve is correct.

Moreover, after removing the known gravitational factors which are fully represented by Newcomb’s Formula, we are left with a particular type of mathematical curve, namely a logarithmic sine curve, which provides its own determination of the date of its starting point in 2345 B.C., and of its end in 1850 A.D..

We are therefore limited, as we have seen, to the interpretation which the curve itself implies, namely that it indicates a recovery after a major disturbance of the earth’s axis in the year 2345 B.C., with a complete restoration to equilibrium in modern times – in, or about, the year 1850 A.D.
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 ******************


	from the Setterfields:  this may be part of a direct quote from the book, but it was impossible to tell from the Dodwell manuscript.



	from the Setterfields:  the Shrine of Remembrance in Melbourne was designed so that at precisely at 11:00 a.m. the sun illuminates the plaque in the Memorial.  However, it has become standard practice in recent times to set the clocks forward by one hour (for daylight savings time).  Thus when the Memorial Service is held at 11:00 a.m., the effect is no longer seen.



	Philip Arrhidaeus, about 325 B.C. The Point D marks the door of the Granite Chamber, constructed by Thothmes III, but the existing door of this sanctuary and a window in the East wall were afterwards made by Philip Arrhidaeus.





 



CHAPTER 9

STONEHENGE

The great Stone Circle of Stonehenge, on Salisbury Plain, Wiltshire, England, is one of the most famous monuments of ancient times in Britain.  
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The astronomy of Stonehenge is of special interest, owing to the manner in which the axis of the monument is directed towards the point of sunrise on the North-Eastern horizon, at the date of the summer solstice, June 21, in each year.  If, therefore, the bearing or azimuth (the angle East from North) of the axis is measured, then the corresponding declination of the sun (i.e. its distance from the celestial equator in the heavens), or what amounts to the same thing, the Obliquity of the Ecliptic, can be calculated.  From this, we should be able, by the use of Newcomb’s Formula, to find very closely the date when the axis of Stonehenge was established, i.e. the date of construction of the Stonehenge monument, provided that Newcomb’s Formula gives the true place of the Sun in ancient times.

But, just as the foregoing study of the Great Solar Temple of Amen Ra at Karnak has shown that Newcomb’s Formula, by itself, gives a date so far remote as to be quite out of the question, so we shall see in this study of Stonehenge that the Formula similarly gives a date for its construction more than a thousand years earlier than the probable true date, based upon the most modern and thorough archaeological investigations.  Moreover, it will be seen that in both cases, when Newcomb’s Formula is corrected for the effects of the movement of recovery of the earth’s axis from its earlier disturbance, we then obtain dates for both Karnak and Stonehenge in agreement alike with history and archaeology. 

The astronomical aspect of Stonehenge has always been of widespread public interest in Britain, and to this day crowds of people make a pilgrimage every year to the monument, and spend the night in considerable discomfort in order to watch the sun rise over the “Friar’s Heel Stone” on Mid-summer Day, and to witness the ceremonies of the modern Order of Druids.  This orientation to the Mid-summer sunrise point was clearly carried out by the designer or designers of Stonehenge with great care, as will be seen in the course of this study.  It is in keeping with the remarkable architecture of the principal portion of the Monument, which is much in advance of the more primitive structures in Britain, and suggests a later date than these.

Sir Norman Lockyer, who was one of the greatest British astronomers of his time, published a most interesting book in 1906, entitled Stonehenge and Other British Stone Monuments Astronomically Considered.  He had previously carried out extensive examinations of Greek and Egyptian temples oriented to the Sun and, in some cases, apparently to certain bright stars.  His work on the Great Solar Temple of Amen Ra at Karnak, referred to in the previous chapter, is specially memorable.

In the year 1901 he made similar astronomical observations at Stonehenge, and examined with great care this and other ancient British Stone monuments which have an astronomical character.  The alignment of the axis of Stonehenge to the midsummer sunrise point, as shown by Sir Norman Lockyer, coincided not only with the central line of the “Avenue” (which will be described later), but also with the line joining two  distant sighting marks on the horizon, at opposite extremities of the axis line.

The first, in the exact prolongation of the central line of the Avenue towards the midsummer sunrise point, was an ancient British fortification situated on the summit of Sidbury Hill, 8 miles distant from Stonehenge to the North-East.  The second, towards the South-West, or midwinter sunset point, and equally in line with the axis of the monument, produced in that direction, was marked by the Grovely fortification, at a distance of 6 miles from Stonehenge.  Both these fortifications are prehistoric, and are believed by archaeological authorities to be of Early Iron Age.  This opinion was expressed by Mr. O.G.S. Crawford, Archaeology Officer of the British Ordnance Survey, who surveyed Stonehenge from the air (see “Article on Stonehenge and Karnak,” by A.R. Hinks, in XIX Century Magazine, July, 1925, p. 127). We shall see, later on, the bearing of this matter on the date of construction of Stonehenge.

The care taken with the orientation of Stonehenge, and the manner in which it was linked with these distant sighting marks on the horizon, both to the midsummer sunrise point in the North-East and to the midwinter sunset point in the South-West, suggests that this central line indicates the solstitial position of the sun, both at midsummer and at midwinter, at the date of the foundation of the monument.  The astronomical date, derived from a true curve of the Obliquity of the Ecliptic for ancient times, should therefore agree with the date of the monument found by Archaeology, if the latter is also correctly established.

Now, it is of great interest to note that Sir Norman Lockyer, from his careful astronomical observations in 1901, found that the mean azimuth of the axis line of Stonehenge, as well as he could determine it, was 49° 35’ 51” East of  North.  These observations were made by Sir Norman in conjunction with Mr. F.C. Penrose, an eminent archaeologist and astronomer, who had previously made a notable study of the astronomical orientation of ancient Greek temples.

He then says that this result “is confirmed by the information also supplied from the Ordnance Survey, that from the centre of the Temple, the bearing to the North-East of the principle bench mark on a hill, about 8 miles distant, the bench mark being very near a well known ancient fortified British encampment named Silbury or Sidbury, is 49° 34’ 18”; and that the same line continued through Stonehenge, to the south-west, strikes another ancient fortification, namely Grovely Castle, about 6 miles distant.  For the above reasons 49° 34’ 18” has been adopted for the azimuth of the Avenue.”

Sir Norman then goes on to determine “what value should be given to the Sun’s declination when it appeared showing itself 2’ above the horizon, the azimuth being 49° 34’ 18”.”  This estimation of 2’ (or about 1/15 of the sun’s diameter) as marking the point of visible sunrise is a reasonable one, as most people noting the phenomenon of sunrise would probably agree.

The latitude of Stonehenge is 51° 10’ 42” N.;  and with this and the other necessary data, Sir Norman Lockyer calculated  “The Sun’s declination works out at 23° 54’ 30” N., and by Stockwell’s tables of the Obliquity, which are based upon determinations of the elements of the solar system, the date is found to be 1680 B.C.”  Sir Norman then goes on to say that “on account of the slight uncertainty as to the original line of observation, and the very slow rate of change in the obliquity of the Ecliptic, the date thus derived by be in error by 200 years more or less; this gives us a date of construction lying between, say, 1900 and 1500 B.C.”  He therefore adopted the mean date of 1700 B.C. as the probable date of the foundation of Stonehenge.

He then points out that “an independent archaeological enquiry carried out, in a most complete and admirable way, just after Mr. Penrose and myself had obtained our conclusion, entirely corroborates the date at which we had arrived.”  This archaeological enquiry was carried out in the summer of the same year, 1901, by Professor Gowland, the archaeologist, who was commissioned to conduct and examine archaeologically the excavations necessary in connection with the re-erection of the celebrated “leaning stone,” which was the Western upright of the great Central Trilithon.

The Eastern upright was still lying on the ground, broken into two pieces, up to the middle of 1958, when it was re-erected.  But at the date when it fell the companion western upright was left standing, but in a leaning position.  A fracture had developed in it, and the angle of leaning had increased so that it was feared that it, too, would fall.  Consequently, its re-erection was “recommended to Sir Edmund Antrobus (the owner of Stonehenge) by the Society of Antiquaries of London, and other learned bodies, and this re-erection was conducted at his desire and expense.” (see Sir N. Lockyer, Stonehenge, 1909 Edition, p. 69.)

Professor Gowland thoroughly studied the large number of archaeological specimens which he found, viz., flint instruments, consisting of stone axes, hammer-stones, hammer-axes, mauls weighing from 40 to 64 pounds, also large quantities of chippings of Sarsen and blue stones.  He came to the conclusion, on these and other grounds, that Stonehenge was built about the end of the Neolithic, or beginning of the Bronze Age in Britain and he finally stated

In my opinion, the date when copper or bronze was first known in Britain is a very remote one…the beginning of their application to practical uses should, I think, be placed at least as far back as 1800 B.C., and that date I am inclined to give, until further evidence is forthcoming, as the approximate date of the erection of Stonehenge.

It may be mentioned here that Newcomb’s Formula for the Obliquity was later on adopted by astronomers as the standard international formula.  If it had been available to Sir Norman Lockyer at this time, he would have found, instead of 1680 B.C. a date strikingly closer to Professor Gowland’s archaeological date, namely, 1822 B.C.  As it was, the good agreement between the dates found by Sir Norman Lockyer and Professor Gowland was at first received with much satisfaction by those archaeologists who believed in the very ancient date of Stonehenge.

Nevertheless, the extensive archaeological work which has been carried out at Stonehenge in recent times has made it clear that while there was an earlier blue stone circle at Stonehenge, dating back to the Bronze Age, probably about 1800 B.C., the much later great Sarsen Circle was a grand reconstruction, replacing the earlier one, but incorporating its blue stones in a new and larger design, at a time not greatly before the Romano-British period, which commenced in the 1st Century B.C., and it is probably safe to ascribe it to ancient Druid times, say between 300 and 400 B.C., when the Druids were at the height of power and influence in Britain.

Sir Norman Lockyer was impressed by the evidence for this reconstruction, although as we now see, his astronomical date, equally with Professor Gowland’s archaeological one, was much too remote.  He says (p. 95), “The theory to which my work and thought have led me is that the megalithic structures at Stonehenge – the worked sarsens with their mortices and lintels, and above all the trilithons of the magnificent naos – represent  a re-dedication and reconstruction, on a more imposing plan and scale, of a much older temple, which was originally used for worship in connection with the May year.”

The more recent archaeological studies give a satisfactory explanation of the use at Stonehenge of old-fashioned stone axes, hammers and mauls during this period, as we shall see.

With regard to the surprising discrepancy of between 1300 and 1400 years in the astronomical date of Stonehenge found by Sir Norman Lockyer, we shall see also that, as in the case of the Solar Temple of Amen Ra at Karnak, the explanation is contained in the complete breakdown of Newcomb’s and Stockwell’s Formulae, by themselves alone, to give the true place of the Sun in ancient times.  On the other hand, we must take into consideration  the fact that the new Curve of the Obliquity does supply this deficiency which, added to these standard formulae, enables them to fulfill all the requirements of history and archaeology.  There are also many other far-reaching consequences which this implies.

In order to see this more clearly in the case of Stonehenge, let us now consider as fully as possible, first of all, a general description of the monument, and then the archaeological evidence for the date of its construction, and, finally, the astronomy of Stonehenge.  Some of this may perhaps be somewhat tedious for the general reader, but  for those who may wish to look closely into the question, it is necessary to give the available information in considerable detail, as follows.

GENERAL DESCRIPTION OF THE MONUMENT

The main features of Stonehenge are


	The Great Circle of Sarsen Stones



	The horseshoe formation of the Central Trilithons



	The inner horseshoe formation of blue stones



	The circle of blue stones, surrounding the horseshoe formations



	The Altar Stone



	the “Four Stations”



	The Z and V Holes



	The Aubrey Holes



	The surrounding Bank and Ditch



	The Avenue, with the so-called Slaughter Stone, and the “Friar’s Heel Stone.”





In order to understand the results of the archaeological investigations, and the astronomy of Stonehenge, we must consider these main features of the monument in detail.
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The Great Circle of Sarsen Stones

This consists of 30 immense upright stones averaging 18 feet from top to bottom, width 7 feet and thickness 3 feet 9 inches.  Their average weight is about 26 tons each.  They are let into the ground to a depth of about 4 or 5 feet, or even more, so as to bring the top of each stone to exactly the same height, 13 ½ feet above the ground.  They are arranged with their inner edges right on a circle 97 1/3 feet in diameter, according to the measurements made by the late Sir Flinders Petrie.  

These large Sarsen stones have all come from Wiltshire.  They were probably not found at Stonehenge, but the nearest site, where it is likely that they were excavated and cut nearly to shape, was in North Wiltshire, about 16 to 20 miles from Stonehenge.

The name “Sarsen” applied to these stones, is said to come from the old Saxon name of “Saracen” (Anglo-Saxon “Saresyn”), from an Arabic word meaning Oriental or Eastern, and referring to an Arabian or Mussulman, implying to the early Saxons the idea of pagan or heathen.  The “Sarsen” stones were large blocks of stones, “congregated into temples, popularly attributed to heathen worship.”

These stones are composed of sandstone, formed by the natural cementing together of sand and gravel overlying the chalk of this part of Wiltshire.  The blocks of stones at Stonehenge are very hard, so hard, indeed, that metal chisels, except of the hardest steel, would be useless for working them.  The builders worked them with crushing blows with stone mauls of quartzite weighing 50 pounds or more, and also with smaller hammers of flint or quartzite for trimming off minor irregularities.  

The spaces between individual stones average 3 ½  feet.  According to Sir Flinders Petrie’s very accurate plan and measurements, the average distance from the centre of one stone to that of the next was 10 feet 2 inches.  

The builders evidently divided the circle into 30 equal parts, and erected each stone with its centre on the point thus determined.  Slight differences in the width of stones were compensated by corresponding differences in the width of the spaces between them.  

The stones No. 1 and No. 30, on each side of the entrance on the North-East part of the monument are an exception.  They are spaced 6 inches wider apart (the actual entrance space being 4 feet wide), and the difference was adjusted by reducing neighbouring spaces on each side.  

These uprights were all surmounted by a continuous crown of great lintel stones, the adjacent ends of two lintels resting on each upright.  These lintel stones averaged 10 ½ feet in length, 3 ½ feet in width, and 2 feet 8 inches in thickness.  They weighed a little less than 7 tons each.  According to the Official Guide Book of Stonehenge, the inner face of the lintel stones was carefully dressed to the curve of the circumference of the circle to which the inner face of the uprights was a tangent.  Other descriptions indicate that the outer face of the lintel stones also was dressed approximately to the arc of its circle.  

An important architectural feature, showing a great improvement upon the design of earlier British stone monuments, is the manner in which the lintel stones were attached to the uprights.  The top of each upright was worked in such a way as to leave two conical projections, or tenons, one near each end.   On the inner side of each lintel a corresponding socket or mortice hole was ground, so as to fit accurately on the projections.  the ends of each lintel were also cut with “toggle joints,” one end with a groove, and the other with a projection.  The projection of each lintel stone then fitted exactly into the groove of the next lintel stone in the series.  The projections were triangular, and extended vertically from the top  to the bottom of the stone, and the grooves into which they fitted were also triangular, forming a deep notch vertically from top to bottom at the other end of the lintel stone.

In addition, the tops of the uprights were cut with raised edges like a shallow tray, and corresponding with these, the lintel stones were recessed at the edges to fit closely and securely on the top of the uprights.

Colonel Hawley, who examined these points closely when the lintels over the entrance stone No. 1 were re-set, found that the toggle joints fitted so well as to make it difficult to return the lintels to their former place.  
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The upright stones were made to taper slightly towards the top, and this taper was generally accompaniesdby an “entasis,” or slight swelling of the shaft of the column, an architectural refinement which throws light on the advanced workmanship of the builders.

In erecting the uprights, holes were dug of sufficient size to allow adjustment of the stone into its exact position.  it was then secured by packing blocks.  Some of these are known to be from Chilmark, about 13 miles distant from Stonehenge.  The holes were also provided, in all but two cases, with an incline, or ramp, down which the stone was slid.

At the bottom of each hole examined was a row of holes, sometimes six inches in diameter, suggesting the temporary use of wooden posts to steady the upright, or to assist in its adjustment to the correct position.

An important and remarkable fact, according to the official statement, is that decayed wood has been found in them.  As this is the case after so long a period, between 2000 and 3000 years, it indicates that bacterial decomposition of the wood has been exceedingly slow.

Horseshoe Formation of the Trilithons

Inside the great Sarsen Stone Circle, and symmetrically placed around the centre, are five great Trilithons of Sarsen stone, arrange in the shape of a horseshoe.  The length of this horseshoe formation along he axis line is 44 feet, and its width at the open and towards the North-East entrance of the Monument is also 44 feet.
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The uprights of these Trilithons are all much higher than those of the outer Sarsen Circle.  The central one is the largest, and is known as “The Great Trilithon,” or “The Central Trilithon.”  One of its uprights is 30 feet in length, and weighs 50 tons, and the other is 25 feet long.  

Holes were made for these, sufficiently deep to allow the pair to stand 22 feet above the present ground level.  Together with its great lintel stone, the Central Trilithon rises to a total height of 25 ½  feet above the ground.  The shorter of the two uprights had a boss of untrimmed stone at the base to add to its stability.  

In their original position, there was a space of exactly 3 feet between the uprights of the Central Trilithon, from ground level to about 4 ½ feet from the top.  This will be shown to be correct later on, in the discussion of the axis of the monument, and it will be seen that it is of importance in correctly determining the position of the axis.  

It is also of importance specially in connection with the simple and unique sighting device used by the ancient astronomers for observing the exact point on the horizon, and for verifying the date of the midsummer solstitial sunrise at Stonehenge.  This is described later on in the discussion of the astronomy of Stonehenge.

The four other Trilithons are grouped in two pairs.   The height of the uprights of the pair adjoining the Central Trilithon is 17 feet 9 inches above the ground; or, adding the height of the lintels, these two Trilithons are each 21 feet 3 inches high.

The outermost pair of Trilithons have uprights 16 ½ feet high, and adding the lintels, their total height above the ground is 20 feet.

The width of the uprights of the five Trilithons was, on the average 7 ½ feet at ground level, with a taper at the top, reducing the width there to 6 ½ feet.  Their thickness was 4 feet at the ground, tapering at the top to 3 feet.

Like the Great Circle Stones, all these uprights were marked by an “entasis” treatment.  the lintel stones of the Trilithons are of an average length of 16 feet, and are 3 feet 6 inches thick; their width at the top is 4 feet 6 inches, and is reduced to 4 feet at the underside.  The top of each upright of all the Trilithons was provided, at or near the middle of its upper surface, with a conical projection, or tenon, similar to those of the Sarsen Circle stones, but longer.  Sockets or mortices were excavated on the underside of each lintel stone, so that it fitted exactly on the corresponding projection.

The Inner Horseshoe of Blue Stones

In this formation there were 19 blue stones, selected for their symmetrical shape.  They were trimmed to a kind of obelisk form with flat tops.  The heights above the ground varied from six to eight feet, with the taller ones towards the centre.

Their average width and thickness was about 2 feet.

The central blue stone, however, right in front of the Central Trilithon, was 3 feet wide,  just corresponding with the 3 foot space between the uprights of the Central Trilithon.

The purpose of this was obviously connected with the arrangement of the sighting device for observing the midsummer sunrise, previously mentioned, and to be described later.  This central blue stone was at a distance of 3 feet 6 inches in front of the Central Trilithon.  The distance of its centre from the centre of each of the adjoining blue stones on either side was 6 feet  4 inches, but the intervals from centre to centre between the other blue stones of this formation was 5 feet 4 inches.

Eleven of these stones were on a semi-circle having a radius of 20 feet from the centre of the whole Monument, and the other four on each side continued in a straight line.  There was a width of 36 feet at the outer opening or entrance of this horseshoe formation of blue stones.

Colonel Hawley, however, found indications of others, apparently completing an elliptic formation.

The blue stones of the inner horseshoe formation, and also of the circle of blue stones surrounding the Trilithons, are all of igneous origin, and do not belong to Wiltshire.  Two different kinds of blue stones were used, namely Dolerites (compact, somewhat crystalline igneous rock of a blue-green to greenish-grey colour), and Rhyolites (volcanic rock, a variety of lava, of flinty character, and dark grey colour).  It has been ascertained with certainty that they came from the Prescelly Mountains of Pembrokeshire, South Wales.  The Eastern portion of the Prescelly Mountains is rich in megalithic remains, and numerous circles of “Blue Stone” have been identified in this region.

It is 180 miles by road from Stonehenge, and whether the stones were brought into Wiltshire wholly overland, or partly by sea from Milford Haven to the River Severn, and thence overland, the transportation must have been a formidable problem, and the traditional associations connected with these blue stones must have appealed very strongly to the builders of Stonehenge.

According to old traditions, it was popularly believed that these stones possessed magical and medicinal properties.  It is possible, however, that the later builders of the great Sarsen Stone formation may have found the blue stones already brought into Wiltshire, and some think at Stonehenge itself at a much earlier date, and incorporated them into their later structure.

The Circle of Blue  Stones Surrounding the Horseshoe Formations

The stones of this inner circle are unequal in size and are imperfectly aligned to a circle about 78 feet in diameter.  They are flat stones, about 9 or 10 feet long, and they are let into the ground about 3 feet.  Their average width is about 2 ½ feet.  

The entrance stones are set well within, instead of on, the circumference, and are at a wide interval.  From centre to centre is 8 feet 7 inches.  

A great many of these stones have disappeared through depredations in the middle ages.  It has been suggested that in one of these depredations the foundations of the Central Trilithon were dug away, possibly in a search for a hoped-for buried treasure, thus leading to the downfall of the Eastern upright, and the leaning over of the Western one.

The early writers on Stonehenge thought that there were only 30 or 40 stones in the Blue Stone Circle, but  Colonel Hawley, who excavated nearly half of the Circle in 1920, found everywhere that the stones stood originally only about 18 inches apart.  The holes in which they had stood were connected by a continuous trench, in which part of a 17th Century glass flagon was found, suggesting that the trench had been dug during that period to facilitate removal of the lost stones.

He also found the actual distance from the base of the holes at the bottom, and sometimes there were broken fragments or stumps of the stones still remaining.  From the evidence which he found, Colonel Hawley estimated the number of stones in this blue stone circle to have been originally about 60.

Two of these stones of the blue stone circle have been found with cup-shaped hollows, like mortices, as if these stones had been intended to be used as lintel, and the possibility is thereby indicated that they may have been lintel stones in a circle previously in existence, and were made use of in the reconstructed design.

Both the stones of the blue stone circle and those of the inner horseshoe formation, but more particularly the latter, were worked and trimmed to shape on the spot at Stonehenge.  The stones of the blue stone circle are rough and irregular, and of various shapes.  They show signs of only a small amount of dressing, and in general are practically unhewn boulders.  

On the  other hand, the blue stones in the inner horseshoe were trimmed and dressed extensively.  In the holes which have been dug out, the quantity of blue stone  chippings was much greater than that from the Sarsen stones.  It is said they were hewed and trimmed in an extraordinary fashion, and Professor Judd estimated that they had been reduced to nearly half their dimensions in this process, the chippings almost equaling the volume of the stones themselves.

The fact that they were thus treated at Stonehenge, instead of at the place from which they were originally brought, over so long a journey of 180 miles, suggests that, in the words of Sir Normal Lockyer, they and the great Sarsen Monument “represent a re-dedication and a reconstruction, on a more imposing plan and scale, of a much older temple.”

This may have been either at Stonehenge itself, or somewhere near at hand in Wiltshire.  This problem will be further considered in connection with the “Aubrey holes.”

The Altar Stone

This is a large flat slab of micaceous sandstone, which is believed to have come from Milford Haven, South Wales, where stone of this kind is found.  It is 16 feet long, 3 feet 4 inches wide, and 1 foot 9 inches thick.  It lies flat on the ground inside the inner horseshoe formation of blue stones, and very nearly symmetrically across the axis of the monument.

It is believed that it was probably placed in a truly symmetrical position, and was displaced by the fall of the big Trilithon stones which now lie on top of it (the upper half of the broken Eastern upright and the lintel stone of the Central Trilithon).  The evidence points to the probability that it was originally placed in a flat position, the centre being 14 feet in front of the great Central Trilithon.

The Four Stations

This name has been given to two Sarsen stones, Nos. 91 and 93, and two low mounds, Nos. 92 and 94, which lie just inside the bank on, or very close to, the circumference of the circle of Aubrey holes.  It has been shown that the two mounts are the sites of Sarsen stones, like 91 and 93, which were placed originally at the centre of the mounts.

These four stones then had a remarkable geometrical as well as an astronomical character.  In the first place the lines joining 91 to 93, and 92 to 94, intersect at the centre of the whole Monument. In addition, the lines joining the inner edges of 91 to 94 and 92 to 93 are tangential to the outer circumference of the great Sarsen Circle. 

Thus, on looking from 91 to 94, or from  92 to 93, these stones were completely visible from one another, and they form a rectangle, symmetrical with the axis of the Monument, and enclose the Sarsen Circle.  This geometrical arrangement seems to have been a structural feature of the original building plan, and may have been arrived at as follows:

The distance from the outer edge of the ditch circle to the centre of the Sarsen Circle is 184 ½ feet (from sir Flinders Petrie’s measurements).  With Centre D, on the outer edge of the ditch circle, and on the axis line, a circle is drawn with radius D1C1 = 184.5 feet.  

D1S1 and D1S4 are two radii of this circle, at right angles to one another, with the right angle S1D1S4 bisected by the axis D1C1D2.

then D1S1 = D1S4 = D1C1 = 184.5 feet

and D1E = ES1 = ES4 = 130.5 feet

where E is the point of  bisection of S1S4 by the axis line D1C1D2

 

and S1S4 are the sites of the station stones 91, 94

and the distance between their centres S1S4 = 261 feet.

With centre C1, three circles are drawn with radii

C1G = 48.5 feet = radius of inner edge of Sarsen Circle

C1F = 52.5 feet = radius of outer edge of Sarsen Circle

C1E = 54.0 feet = radius of outer edge of Sarsen Circle plus half thickness of Station Stones 91, 94.

Then S1S4 is a tangent to the outer circle at E and the line joining the inner edges of Station Stones 91, 94, is a tangent to the outer circumference of the Sarsen Circle at F.

A rectangle S1S2S3S4 is then constructed, of which S2S3 are the sites of Station Stones 92, 93.  

S1S2 = S3S4 = 108 feet = diameter of outer circle

S2S3 = S1S4 = 261 feet

Also S2S3 is a tangent to the outer circle at J, and the line joining the inner edges of Station Stones 92, 93, is a tangent to the outer circumference of the Sarsen Circle at I.

In addition, the diagonals S1S3 and S2S4 intersect at the centre of the Sarsen Circle with angles of 45°, viz. S1C1S2 and S3C1S4, at the point of intersection.  This is a necessary consequence of the construction.

The above measurements are those of the Monument, in substantial agreement with the measurements made by Sir Flinders Petrie, and the geometrical figure provided a simple and effective means of planning the construction of the Stonehenge Circle in a symmetrical and accurate manner.
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In addition, it may be pointed out that if the details of this geometrical figure were to be measured on the ground, it would provide a simple means of checking the accuracy of the axis hereafter indicated. 

The question now arises, why was the centre of the ditch circle not adopted as the centre of the Sarsen Circle?  The centre of the ditch circle is the same as that of the Aubrey Circle, but it is 2 ¾ feet south of the Centre of the Sarsen Circle, according to the measurements made by Sir Flinders Petrie.

The same geometrical construction could have been used, and the diagonals of the larger rectangle thus obtained would still have made an angle of 45° with one another at the centre, but the Sarsen Circle would have been a slightly larger one, and its diameter would have been greater than the one adopted, which was 97 feet.

Perhaps the explanation is connected with this fact, for, according to Sir Flinders Petrie’s suggestion, the internal diameter of the Stonehenge Circle, approximately 97 feet, or 1164 inches, is derived from Egypt, where it occurs generally as 1162 or 1164 British inches.  It is the diameter of a circle whose circumference is ten times the number of days in a Solar Year, in the adopted units of measurement.

The Standard Year – Day Circle was the basis not only of the Egyptian System of measures, but also of the ancient Chinese circular measure, in which the standard circle was divided into 365 ¼   degrees, to correspond with the number of days in a Solar Year.  

The ancient Egyptian standard inch is said to be equal to 1.0011 modern British inches.  

The diameter of the Stonehenge Circle, approximately 1164 British inches, would then be equal to 1162.7 primitive Egyptian inches.  If it were 1/10 inch smaller, viz 1162.6 inches, then the circumference of the circle would be exactly 3652.42 inches, i.e. the ancient Egyptian value for ten times the number of days in the Solar Year.

The internal diameter of the Stonehenge Circle is usually given as 97 1/3 feet, from Sir Flinders Petrie’s measurements; but, in view of the difficulty of measuring it exactly, it seems evident that Sir Flinders Petrie considered that the close coincidence with the ancient Year Day Circle makes it likely that the builders intended to make Stonehenge as nearly as possible this particular size, in agreement with the unique astronomical character of the structure.  

The mounds of the “Four Stations” are about 40 feet in diameter.  Each one was surrounded by a circular ditch.  Each mound covers the site of at least two Aubrey holes, and Colonel Hawley, in exploring the Southern one (No. 92) found that the ditch cuts into Aubrey Hole No. 19, and that the area enclosed by the ditch was covered by a level floor of mixed chalk and clay rammed hard.

In interment of burnt bones was found in the Northern mound (No. 94), but this is explained as the usual cremation associated with the Aubrey Holes. 

With regard to the astronomical significance of the “four Stations,” the lines joining 91 (east-south-east) to 92 (south-south-east) and 93 (west-north-west) to 94 (north-north-west) are parallel to the axis of the monument.  They point to mid-summer sunrise in one direction, to the North-East, and to mid-winter sunset in the opposite direction, to the South-West.  In addition, the diagonal line joining 93 to 91 points to the position where the sun rose, in ancient times, on November 8th and February 4th. 

Looking in the opposite direction, 91 to 93, the line points to sunset on May 6th and August 8th.  These four dates were “the four great festivals of the Druids,” and represented important turning points in the seasons.

These stones are not visible from one another, however, as the line of sight is blocked by the great stones of the Sarsen Circle.  If they were used observationally, it seems probable the observer would have had to stand outside the Sarsen Circle, in front of Sarsen Stone No. 6 and, looking towards Station Stone 91, he could use it for sighting purposes on a recognized point on the horizon where the sun rose on November 8th and February 4th or other positions near to it as the sun approached this point, in advance of those seasonal and festival days.

Similarly, standing outside the Sarsen Circle, and in front of Sarsen Stone 21, he could look towards Station Stone 93 to observe the position of sunset on and before the equally important season days, May 6th and August 8th.

Much interesting information concerning the ancient division of the Celtic year, and the festivals and customs connected with them, is given by Dr. J.A. MacCulloch in Religion of the Ancient Celts, 1911, p 256 etc; also by T.D. Kendrick in The Druids, 1928, pp 115-120 and 129-130; and by G.H. Bonner in an article on the Druids, in the magazine “Nineteenth Century,” September, 1925, pp. 422-430.

It was pointed out by these writers that at an early period the Celtic year was a lunar one.  But there is evidence that a solar year was later on in use.  It was, in fact, necessary for pastoral and agricultural purposes.

In their early solar calendar the Celtic year began on the 8th November, when the warm weather of summer and autumn ceased, and the cold or winter half of the year began.   The desirability of beginning the year early in November was no doubt connected with the need for bringing sheep and cattle into shelter at that time, and feeding them on stored food during the severe winter part of the year, for about six weeks before and after the winter solstice.  This early November beginning was linked with the Solar astronomical year by being half-way between the September (autumnal) Equinox and the December (mid-winter) Solstice.

The cold half of the year lasted till May 6th, when, upon its completion, the warm or summer half of the year began.  

At the middle of the cold half, on February 4th by astronomical reckoning, the mid-winter period was over, and spring was considered to begin.  This was the middle date between the December (mid-winter) Solstice and the March (Spring) Equinox.  Similarly, the 6th of May, or commencement of the warm half of the year, was mid-way between the March Equinox and the June (mid-summer) Solstice.

In the same way, the middle date between the June Solstice and the September (autumnal) Equinox, namely the 8th of August, was considered astronomically to mark the beginning of autumn.  Autumn ended, together with the end of the warm half of the year, and the winter again began, with the commencement of the next New Year on the 8th of November.

In order to mark these important dates, as well as the dates of the Solstices and Equinoxes, it was necessary for those who were responsible for the calendar to build such permanent astronomical structures as Stonehenge and any other stone, or even wooden-post structure, like Woodhenge, in many parts of the British Islands, and elsewhere in Europe, in order to observe the position of the sun on the horizon at its rising and setting points at all the important periods in the sun’s annual movement.

The application, and the importance of all the astronomical alignments of the great Stonehenge Circle, and of its “Four Stations,” can thus be easily recognized.  

Also, if the axis of Stonehenge can be determined with certainty, and if the astronomy of Stonehenge be correctly established, it must then of necessity be possible by astronomical means to determine the approximate date of its construction, in agreement both with exact archaeological and with historical evidence, if that is available.

With regard to the calendar in use at the time of the Stonehenge construction, it may be considered certain that the astronomical dates, above-mentioned, easily checked by observation from year to year, were used; bonfires were lighted on the evenings preceding the days indicating the changes of the seasons, and festivals were celebrated on the days thus fixed.

In addition, the observation of the solstitial sunrise on mid-summer’s day was the primary feature of the Stonehenge, and mid-summer’s day was marked by a special festival from the earliest times.

The mid-winter sunset, over Grovely Castle, coinciding with the prolongation of the Stonehenge axis to the South-West might also have been observed under favourable weather conditions, but no doubt owing to this difficulty much less importance was attached to it.  The modern traditional burning of the Yule log at Christmas, however, points to the survival of the age-long custom of fire-lighting in rejoicing for the anticipated arrival of longer and warmer days after the winter solstice.

The Equinoxes, too, could easily have been observed from such a unique astronomical construction as Stonehenge.  But these periods, although astronomically important, were not marked by popular festivals in ancient Celtic times.

Although the astronomical dates for the seasonal turning points in November, February, May, and August were quite definite, Dr. MacCulloch notes, nevertheless, that Beltane and Samhain, the festivals which marked the beginning of the warm half of the year in early May, and the beginning of the cold half in early November, respectively, “were perhaps at first movable festivals, according as the signs of summer or winter appeared earlier or later.  With the adoption of the Roman Calendar some of the festivals were displaced…”

In the Celtic System, as given by Dr. MacCulloch and taken from Irish texts, the division of the Year was as follows:

Geimredh (Winter half)


	First Quarter – Geimredh, beginning with the festival of Samhain, November 1.



	Second Quarter – Earrach, beginning February 1 (sometimes called Oimelc)





Samhradh (Summer half)


	Third Quarter – Samradh, beginning with the festival of Beltane, May 1 (called also Cet-soman or Cet-samain), 1st day of Samono-S; Cf. Welsh Cyntefyn.



	Fourth Quarter – Foghamhar, beginning with the festival of Lugnasadh, August 1 (sometimes called Brontroghain).





It will be noticed that in this Calendar the earlier astronomical dates in November, February, May and August have been transferred to the 1st of the month in each case.

Sir Norman Lockyer, in his book on Stonehenge (p. 181), says with regard to these astronomical dates, that there is no question that on or about those dates “festivals were anciently celebrated in these islands.”

Even as late as the tenth century, Cormac, Archbishop of Cashel, in Ireland, is quoted as saying that “in his time were four great festivals of the Druids, viz. in February, May, August and November.”

It is not certain how long the Druidic dates were used for the festivals in England, but throughout Great Britain as a whole, they were gradually displaced to the later system of dates following upon the introduction of Christianity into Britain.

The old festivals took no account of weekdays, so it was ruled that the festivals were to take place on the first day of the week; later on some of them were ruled to begin on the first day of the month.

At first there was a fixed Easter, March 22nd, and the February festival was transformed into Ash Wednesday, February 4th, when the ashes of the bonfires of the previous night (Shrove Tuesday) were made use of in connection with early Lent customs.  With the adoption of a movable Easter, some confusion occurred in fixing the dates of festivals, but there seems to have been a natural tendency to adopt the first of the month for the four seasonal festivals in November, February, May and August.

The church festival “All Hallows,” or “Hallowmass” was instituted about A.D. 610 in memory of the Martyrs, and took the place of the old seasonal festival on May 1st.  This was changed in A.D. 834 and the festival was fixed as November 1st and given the name of All Saints’ Day, in commemoration of all the saints, while the festival of All Souls, previously a commemoration of the dead on November 1st, was transferred generally to November 2nd.  

Another change that took place in the old Celtic system was the transfer of the beginning of the year from early November to the 25th March, a few days after the Spring Equinox.  This became the official date of the commencement of the year in England up till the year 1752, when the Gregorian Calendar was adopted in England.

In the same year, September, 1752, it was enacted that the commencement of the year should be on January 1st, the date which had been chosen by Julius Caesar in 45 B.C., when he rectified the Roman Calendar, and which had been accepted by Pope Gregory XIII as the beginning of the year when he inaugurated the Gregorian Calendar in 1582 A.D.

Returning to the consideration of the old Celtic calendar, preserved in the alignments of the Stones of Stonehenge, the evening before Samhain, the commencement of the year, was celebrated with bonfires.  This evening has survived in Scotland and parts of England as Halloween, the evening before All Saints’ Day, November 1st.  Samhain was a feast at which all disputes were settled.  There was also an annual commemoration of the dead, which has survived in England and other countries as All Souls’ Day.  

This commemoration of the dead was a very ancient festival, kept up at the beginning of November in many countries, including ancient Egypt, Mexico, Persia and even it is said by Australian aborigines when the Pleiades are rising in the early evenings of that month.  

In early Egypt New Year’s Day fell on November 1st, and the commemoration of the dead on that day referred to the traditional “Destruction of Mankind” in the Deluge.  This occurred, in the Genesis account, on the 17th day of the second month.

It has been suggested (D. Davidson, The Great Pyramid, p. 31) that the Genesis calendar year was an intercalated one of 360 days (each of the 12 months of 30 days duration), incalated with respect to the Autumnal Equinox; and that in the year of the Flood it began on September 16th (Gregorian date), and that the 17th  day of the 2nd month corresponded with November 1st of the early Egyptian calendar.  

In Celtic times the Druids had special ceremonies on this day.  “One of the most important was the renewing of the fire.  All private fires were extinguished on this feast, and might be re-lighted only from the sacred fire…Among other Druidic practices was that of walking around the altar in the sun-wise direction…Animals were slaughtered and food stored for the winter.”

On February 1st, at the Irish Celtic festival, Brighde, or Brigit, was worshipped as a goddess of Fire or Dew, and this date is still kept as the Irish festival of St. Bride or St. Brigit, the fires of Brighde having given place to the candles of Candlemas.  At St. Brigit’s Shrine in Kildare, “a sacred fire which must not be breathed on, or approached by a male, was watched daily by 19 nuns in turn.” (Religion of the Ancient Celts, p. 69)

The eve of May 1st, May Eve or Beltane, was a time of rejoicing at the return of the sun.  These and the other festivals were observed throughout France, England, Wales, Scotland, and Ireland and in late Celtic times they were associated with the Druids, who carried out special rites on these occasions.  It is stated that on Beltane the Druids used to make two fires, accompanying them with incantation, and driving cattle between the fires as a safeguard against diseases; while in Scotland, as late as the 18th Century, Beltane fires were lit on an artificial mound surrounded by a low circular wall, and surmounted by an upright stone, traditionally a site of Druidic worship, afterwards a place for holding courts of justice.

In many parts of England, May Day is still kept up, particularly by children, and an ancient custom survives at Magdalen College, Oxford, where, on May morning the choir sings a Latin Chant at sunrise on the top of the Tower.

Mid-summer Day, June 21st, was celebrated in Celtic times in a manner like that of Beltane.  Bonfires on Mid-summer Eve, preceding the festival day, were a central part of the proceedings, with dancing and singing, leaping through the fire, driving cattle through it to ward off disease, and in very early times, as mentioned by Julius Caesar, and other ancient writers, human victims and animals were sacrificed.

A tree had a prominent place in the Beltane and Mid-summer feasts, and was carried in procession; and,  as with the Christmas tree right up to the present time, branches of it were attached to houses.  Also a burning wheel, representing the sun, was rolled down a hill, or through the fields, or burning brands were whirled around.

In Christian times the mid-summer festival on the actual day of the solstice was replaced by the Church festival of St. John the Baptist, kept up now on June 24th, every year.  On this occasion, a sermon is preached annually in the quadrangle of Magdalen College, Oxford, during the day, as a time-honoured custom, to mark the day.  

The 1st of August, which took the place of the earlier seasonal date, August 8th, midway between Beltane (May 6) and the following Samhain (November 8) was the day when Autumn was considered to begin.  It was called Lugnasad by the Irish Celts and was an important festival throughout Britain, as well as in Europe, being the feast of the harvest.  In Roman times it was called the “feast of Augustus” and later the “August Feast.”  With the rise of Christianity it was replaced by “Lammas Day.”  

According to some writers, this name was derived from the Gaelic La Mas Ubhal, the day of the Apple Fruit; but the more generally accepted derivation is from the Anglo-Saxon Hlaf-maesse, loaf-mass, or feast of thanksgiving for the harvest.  It is still marked by festivities or fairs in parts of the country and as Dr. MacCulloch says (p. 272 of his book), “formerly assemblies at convenient centres were held on this day, not only for religious purposes, but for commerce and pleasure.”

August 1st, or rather the Monday on or following that date, is still kept in England as a national “Bank Holiday,” thus maintaining continuity with the ancient autumn festival. 

The Equinoxes, in March and September, were not marked in ancient Celtic times, by important popular festivals to the same extent as the other seasonal dates, mentioned above.

Stonehenge was clearly well adapted for observing the position of the sun at sunrise and sunset at the time of the Equinoxes, and thus checking the equinoctial dates from year to year.  Nevertheless, it was not till the introduction of Christianity, with at first a fixed Easter on March 22nd that a great public festival synchronized closely with the Spring Equinox.  This close association of Easter with the date of the Equinox, however, was subsequently broken by the adoption of a movable Easter, after the coming of St. Augustine to England in 597 A.D.  This is because Good Friday and Easter Sunday had always been traditionally linked with the Jewish Passover, the date of which was calculated, not by a fixed solar calendar, but by the Jewish luni-solar calendar date of the Paschal Full Moon on the 15th day of the Jewish lunar month Nisan.

Also it had seemed desirable, and was ordained by the Council of Nice in A.D. 325, that Christians everywhere should keep the festival of Easter Day on the same date, which had been specified as “the Sunday after the first full moon falling on or after the vernal equinox,” and in that year the equinox was considered to be March 21st. 

A certain amount of confusion about the date of Easter arose in later years, owing to the increasing defects of the Julian Calendar, brought into use by Julius Caesar in 46 B.C..  The Julian Calendar was used in England until the year 1752 A.D., by which time the vernal equinox had fallen back eleven days from its former Julian date.  

After the adoption of the Gregorian Calendar in England in 1752 A.D., new tables were compiled for calculating the date of Easter; and, in accordance with these tables, Easter Sunday has a wide range of dates, varying in different years between the earliest date, March 22nd, and the latest possible date, April 25th, i.e. a range of thirty-five days.  The Christian festival of Easter is therefore not a seasonal one in the sense that those of the Celtic period were.  Its connection with the vernal equinox is an indirect and an historical one, going back to the first Good Friday and Easter Day, and thence backward for 1515 years to the institution of the first Passover at the time of Moses and the Exodus.

At that time a new beginning of the Hebrew year was specially ordained, with its first lunar month Abib or Nisan, having its full moon (the Paschal full moon) on the fifteenth day of the month, on or next after the day of the vernal equinox.

With regard to the autumnal equinox (September 23), there was no important Celtic festival to celebrate it, and the nearest of the later Christian festivals is that of St. Michael and all Angels (Michaelmas Day) on September 29, associated with the Michaelmas holidays at this season of the year.

From the account of the Four Stations and the mid-summer orientation of Stonehenge, and of the great Celtic festivals at or about the dates corresponding to the various alignments, we can clearly see the astronomical importance of this unique structure, and the care taken by the builders to ensure accuracy in these alignments.

The Z and Y Holes

These are holes found outside the Sarsen Circle, as a result of Colonel Hawley’s investigations in 1920.  They are of special importance on account of the clue which they give to the date when they were dug, and thence to the date of the great Sarsen Circle.  

They consist of about 60 oblong holes, about 5 feet long and 3 feet deep.  At the bottom they are reduced to 2 to 2 ½ feet long and 1 ½ to 2 feet wide.  They are arranged roughly in two circles concentric with the Sarsen Circle, the radius of the Z circle being 65 feet, and that of the Y circle 90 feet.  Both the Z and Y holes lie directly behind and outside the uprights of the Sarsen Circle, the Z holes at a distance of 12 ½ feet and the Y holes 37 ½ feet from the outer edge of the Sarsen Circle uprights.

They contain blue stone chippings on the bottom, and some of them cut into the inclined ramps of the Sarsen holes, used in the erection of the Sarsen uprights.  This is important, because, as pointed out in the official guide book to Stonehenge (p. 23), compiled by Frank Stevens (Director of the Salisbury Museum) and published in 1938, it shows that “they were dug after the erection of the uprights.”  The irregularity of these holes is a peculiar feature, quite out of keeping with the precision of the greater portion of the monument.

Colonel Cunnington thinks they may have been originally intended, though not finally used, for the stones of the Blue Stone Circle, on account of the apparent coincidence of the number of these stones with the total number of Z and Y holes, which should be 60 altogether, though Z8 is missing and Y7 only partly dug.  There are, however, two large post holes close to the position of Z8.

On the other hand, the possibility has been suggested that they were “constructional,” and “in some way connected with the raising of the lintel stones.” (see official guide book, p. 23)  This suggestion seems a likely one.  Could they, in addition, have been used also in the process of erecting the Sarsen uprights?  

If the Blue Stones of the Blue Stone Circle originally formed the Aubrey Circle, as their number (about 60, including two probable lintel stones) suggests, might they not, after being removed from that Circle, have been temporarily used in the Z and Y holes as back stops, or anchorages, during the process of erecting the uprights, as well as the lintels of the Sarsen Circle; and, after all was complete, finally set in position in the Blue Stone Circle?

When the Sarsen uprights were brought into position, and tipped into the holes prepared for them, they would rest partly on the ramps leading into the holes, and they would project backwards at a low angle for a distance of 16 feet or more.   In this position, possibly stout poles, based upon anchorages in the Y holes, and gradually raised as the great Sarsen stones were lifted up, would be an effective support, preventing the danger of the Sarsens falling backwards through accident.

At a later stage, when the Sarsen stones were sloping at a steeper angle, shorter struts based on anchorages in the Z holes, could be used till the Sarsen stones were fully erected.  Also, in raising the lintel stones of the Sarsen Circle, some practical method of using the Z and Y holes in the process could doubtless have been used, as is suggested in the official guide book.

If the Z and Y holes were used for such a purpose, it would explain their number and the position in line with the middle of the Sarsen Circle stones, as well as their irregularity, as there would be no advantage in giving them geometrical precision for temporary constructional use.

Very important point about the Z and Y holes is the light they throw upon the date of construction of the Sarsen Circle.  For they contain a large number of broken pieces of pottery, which belong to the Early Iron Age, or Romano-British periods, between 500 B.C. and 1 A.D.

Further reference to this will be made in connection with the archaeological evidence for the date of construction.

Aubrey Holes

These are named after the celebrated 17th Century antiquary, John Aubrey, who marked on his plan in 1666 a number of ‘depressions,’ or ‘cavities’ just inside the bank.  He suggested that they might have been the site of a former circle of stones like those at Avebury.  These depressions were not visible at the time of Colonel Hawley’s investigations in 1920, but he re-discovered them by probing with a steel rod in the places marked by Aubrey.  He then excavated 32 of these sites, and found, by his excavations and probing, that there was a complete ring of holes.  the 32 excavated holes are now marked by white discs of chalk on the ground.

These Aubrey holes are on the circumference of a circle 288 feet in diameter, whose centre is about 2 ½ feet south of the centre of the Sarsen Circle.  There appear  altogether to be 56 Aubrey holes, spaced with considerable accuracy, at an interval of 16 feet 2 inches from centre to centre around the Circle.  The holes are roughly circular and, according to the Official Guide Book, they do not vary much in size or shape, being rather over 3 feet deep and 5 feet in diameter.  Most of the 32 which have been excavated contained the remains of a human cremation.  Blue stone chips and Romano-British pottery were also found in them.

There is no doubt that the holes originally contained uprights.  Archaeologists, however, are divided in opinion as to whether these were of wood or stone.  It is pointed out in the Official Guide Book (p. 18) that “the solid chalk, which lies very close to the surface at Stonehenge, has in many cases been crushed on the lips of these holes, which suggests that the uprights which may formerly have stood in them have been pulled down.”

Later on it is stated that “a very interesting suggestion has been made that the Prescelly Stones originally formed this simple circle of unwrought stones, which later on were removed and dressed to be erected in their present position within the circle and horseshoe of Sarsen Trilithons.”  If this is so, it throws much light on the question of the date of construction of the great Sarsen Circle.

Most of the holes have a ramp or incline on one side.  This descends for part of the way down the hole, and was no doubt used, like the ramps of the Sarsen stones, for putting the uprights into position.  

The cremations seem to have been placed in a shallow scoop in the upper part of the ramp, and to have slipped down, probably when the uprights were removed.  The remains are not in a compact mass, but are usually diffused downwards from near the top to near the bottom. The cremations are considered to be dedicatory rather than sepulchral, as the bones were not always sufficient for a complete body, and no relics were found with them.  

The central portion of the filling in of the Aubrey holes was found to be usually more earthy than the edges, and contained late relics, such as Romano-British pottery, to a greater depth.  No stone chips were found at the bottom of the Aubrey holes.  This is regarded as evidence that the Sarsen Stones and the Blue Stones had not been chipped when the Aubrey holes were filled (see Stonehenge and its Date, R.H. Cunnington, 1935, pp. 26, 28).

Surrounding Bank and Ditch

The area on which the Stonehenge monument stands is surrounded by a circular Ditch, with a low Bank adjoining it on the inner side.  The circles of the Ditch and Bank were drawn with precision, and they must have been constructed before the Sarsen Stones were erected.  Otherwise it would have been impossible to use a picketed cord to draw the circles.  

The centre of both Ditch and Bank is the same as that of the Aubrey circle, 2 ¾ feet south of the center of the Sarsen Circle.  The radii are as follows:

	Outer edge of Ditch – 187 feet

	Junction of Ditch and Bank – 168 ½ feet

 	Center of Bank – 159 ¼ feet

	Inner edge of Bank – 150 feet

The top of the Ditch and the Bank are therefore both of the same width, viz. 18 ½ feet.  

The Bank is now greatly worn down, and the Ditch is more than half filled up.  The mean height of the Bank above the general level of the enclosure is only 14 inches, and the bottom of the Ditch is now 2 feet 3 inches below this general level.  It is considered that when freshly dug, the Ditch was between 4 and 5 feet deep and 6 or 7 feet wide at the bottom.  As the width at the top is 18 ½ feet, this gives a slope of about 37 degrees.

From experience in the silting up of ditches, it is considered that the Ditch silted up rapidly at first, a great deal of the coarse silt at the bottom being due to the thawing of frozen surfaces in winter mornings, causing disintegration and slipping of the chalky fragments to the bottom.  After that, fine chalky material would be washed down and would form a thin layer above the coarse silt.  

This process has a bearing on the archaeological relics found in the Stonehenge Ditch.  The top layer now consists of an earthy chalk rubble 15 to 18 inches thick, including the modern turf.  Below this are a few inches of fine silt, “divided abruptly from the top layer,” and then there is about a foot of coarse silt at the bottom.

The main entrance on the north-east side was originally a causeway, 37 ½ feet wide, where the Ditch was never dug.  there was another causeway, called the Southern Causeway, almost exactly south of the monument, where also the Ditch was not dug.  This was probably a ceremonial entrance, as it is exactly in line with the short Sarsen Stone No. 11, which was not provided with a lintel.  The suggestion has been made that this was to allow processions with banners to enter the Sarsen Circle.

With regard to the north-east Causeway, it appears that very soon after the Ditch was dug, the last 30 feet were filled up with clean white chalk, rammed hard.  This shows that the fillings had been intentional, in order to widen the entrance, and to make it nearly the same as the Avenue, which is 71 feet wide.

Colonel Hawley found in his excavations that where the original digging of the Ditch ended, there was a nearly perpendicular wall of solid chalk, 4 feet 9 inches high.  It is evident that this part of the Ditch was filled up again very soon after it was excavated, and before silting had begun, as there are no signs of any earthy mixture in the filling.

No doubt the Causeway was left intact to provide an entrance through which most of the great Sarsen Stones may have been transported, and in connection with the transportation a wider entrance may have been found desirable; hence the hard ramming of the material; and, in addition, it was then symmetrical with the Avenue of which the complete construction was probably a later stage of the work.

The Avenue, Friar’s Heel Stone, and Slaughter Stone

The Avenue

This is a broad, prehistoric roadway extending from the Monument, at first for nearly 600 yards in a straight line to the North-East (the direction of mid-summer sunrise), from the outer edge of the Ditch.  The central portion is 47 feet wide and is slightly raised above the general level.  On each side of this central road is a low bank rising from a shallow ditch.  These two ditches are now each about 12 feet wide, and about 2 feet deep.  Excavation has shown that the ditches were originally constructed in a V- shape, and were then about 3 feet deep.  They are 71 feet apart from centre to centre.

The ancient Avenue takes a slight downward course, with the general slope of the land, until it reaches the bottom of the valley.  Then it divides into two branches; one branch turns upwards in an easterly direction, and goes toward Amesbury, 2 ½ miles distant.  The other branch goes to the left, and is believed to join up with the “Cursus,” a large oval area which is considered to have been possibly an ancient race-course, or ground for contests and sports.  A suggestion has been made that it may also have been used for prehistoric fairs, or as a market place.

On approaching the circular Ditch of Stonehenge, the banks and ditches of the Avenue become shallower, and cease within 10 feet of it.  The central line of the Avenue passed centrally between the entrance stones Nos. 30 and 1, of the Sarsen Circle, through the centre of the Circle, and midway through the uprights of the great Central Trilithon.  

It will be shown later on to be correct, and is of importance, as being the true axis of Stonehenge.  It is clear that this central line was intentionally directed towards the point of mid-summer sunrise, when the Stonehenge Sarsen Circle was built.

The Friar’s Heel Stone

This is a very large Sarsen stone, rising to a height of about 16 feet above the ground.  It is 8 feet wide near the centre, but tapers to a blunt point at the top.  It is about 4 feet thick, and is set in the ground in a position leaning toward the monument.  It is situated in the Avenue about 6 feet to the right, or south-east, of the central line, and at a distance of 256 feet from the centre of the monument.

Various explanations have been given about the name, but the most likely seems to be that it was derived from the original Celtic name “Cloch Na Freas Heol,” or “Stone of the rising Sun.”  Of course, it is not in line with the point of sunrise as seen from the centre of the monument; and in ancient times it must have been nearly 1 ¼ degrees east of the point of sunrise, indicated by the direction of the axis and the central line of the Avenue.  

When the sun had fully risen above the horizon, there would have been a certain position inside the Sarsen Circle, from which the sun would appear at that moment vertically above the Friar’s Heel Stone.  On the other hand, it may have been used as a gnomon for casting a shadow, the position of which was observed, on and near the day of the summer solstice.  

Thus E. Duke, in his book Druidical Temples, 1846, p. 133, says “it was a gnomon for the purpose of observing the rising of the sun on the auspicious morn of the summer solstice.”  Reference to this will be made in connection with the Astronomy of Stonehenge.

In the Official Guide Book of Stonehenge, by Frank Stevens, p. 21, it is said that “Further indication of the importance of this stone, to the builders, was forthcoming when excavation on the western side revealed a circular trench about 30 feet in diameter surrounding it.  The eastern portion of this had been destroyed by the present-day roadway.”

Slaughter Stone

This is a large block of Sarsen lying flat and partly embedded in the ground.  It is about 6 feet east of the axis, and 150 feet from the center of the monument.  It lies lengthwise nearly parallel to the axis, and its length is 21 feet 6 inches, width 6 feet 9 inches, thickness 2 feet 9 inches.  It has evidently been misnamed, as it has been shown that it stood erect about the middle of the 17th century, and that it formed one of a pair of great Entrance Stones.  

The hole in which the companion stood was excavated by Colonel Hawley in 1920.  Its centre was about 8 feet 6 inches from the nearest part of the Slaughter Stone on the north-west side, and about 152 feet 6 inches from the centre of the Sarsen Circle, i.e. just on the Bank, and not far from its inner edge.

Colonel Hawley reported that “We came upon a very large hole roughly 10 feet in diameter by 6 ½ feet deep which we gradually excavated.  We found a coin of Cladius Gothicus in the upper layer, but nothing interesting until we reached the bottom where two Deer Horn picks were resting against the side.  There can be no doubt that a large stone once stood in the hole.” (Note Claudius Gothicus was Roman Emperor from 268-270 A.D.)

The earliest print of Stonehenge, dated 1575 A.D., shows two large stones within the circular earth work, one on each side of the entrance.  These are also confirmed by the reports of Inigo Jones, about 1621, and John Aubrey, 1666, who also indicate a smaller pair of upright Entrance Stones in addition to the larger ones.  In Aubrey’s time, however, one of the smaller of these four stones seems to have been missing.

The Archaeology of Stonehenge

The archaeological investigations at Stonehenge, which have been very extensive, have led to remarkable divergences of opinion regarding the date of its construction.

Before going farther into this question, it should be made clear that, whether or not there was an earlier blue stone circle in existence before the great Sarsen Circle was built, it is the date of the latter, and its axis, which are essential considerations from the point of view of the astronomy of Stonehenge.

In the 17th century, Aubrey, Stukeley, and others were strongly convinced that Stonehenge was a Druidical Temple, and this was the general belief in the 19th century.  Later investigators, however, increasingly favoured a much earlier date, and interpreted the evidence to correspond with the late Neolityic or Early Bronze Age, with the date about 1800 B.C., or perhaps Middle Bronze Age, about 1200 B.C..

The fact that stone hammers or mauls were used to work the Sarsen Stones, and Deer Horn picks were used for digging, seems to support a very early date.  But it has been pointed out that metal chisels would have been too soft to work such hard stone as the Sarsen Stones and Blue Stones; and tools of flint and quartzite were the most effective.  Also, for digging, Deer Horn picks would have been used at any time, and are even in use nowadays in isolated parts of Scotland.

In support of the very early date, the analogy with numerous ancient Megalithic structures in the British Isles, and on the Continent, seemed to point to an equally early date for Stonehenge.  On the other hand, however, it has been shown that the architectural character of Stonehenge is far beyond that of the early Megalithic structures, and is more characteristic of the later period.

Sir Norman Lockyer’s astronomical investigations in 1901 supported the early date for Stonehenge, and aroused great interest in archaeological circles.  This will be considered in detail in the next section, relating to the astronomy of Stonehenge.

Archaeologists in general admit that the axis of Stonehenge must have been intentionally aligned to the position of the sun at sunrise on the day of the summer solstice.  Consequently, the astronomical date found by Sir Norman Lockyer carried much weight with those who interpreted the archaeological data as pointing to the building of Stonehenge at the end of the Neolithic period, or the beginning of the Bronze Age; and up till 1925 this was a common opinion amongst archaeologists.

But in 1920, Colonel Hawley’s excavation brought to light a great deal of fresh material which, as time went on, and as the evidence was more thoroughly studied, brought about a change in the archaeological outlook.  The evidence has been set forth in detail by Colonel R.H. Cunnington in his book Stonehenge and its Date, published in 1935.   The conclusion which he reaches is that the large amount of Iron Age and Romano-British pottery found at Stonehenge leads to the belief that the date of construction must be brought down to the “Iron Age of the Celts and the 4th and 5th centuries B.C.”  for a full account of this evidence, reference may be made to Colonel Cunnington’s book, but the following brief notes will serve to indicate its nature.

First of all, we had better give some indication of the approximate dates of the various periods, or ages, recognized by archaeologists in their dating of the specimens of pottery and other materials found at Stonehenge.

The first period, to which the earliest of these specimens are generally referred, is the Neolithic, or “new” Stone Age, marked by certain kinds of stone implements, pottery, and sepulchral relics.  This period ended about 1800 B.C., when England was invaded by the “Beaker Folk.”  These “Beaker Folk” came from the Continent, and spread inland through the Southern and Eastern parts of England.  Wherever they went, traces of them are found in the “Beakers,” or drinking cups, which they made of the local clay.  Specimens of this prehistoric pottery are widely distributed.  They also  introduced bronze weapons, and other articles made of bronze, and this introduced into England the “Bronze Age.”

The Early Bronze Age is considered to last from about 1800 B.C. to 1500 B.C..  The Middle Bronze Age may be considered as the period 1500 B.C. to 1000 B.C., and the Late Bronze Age from 1000 B.C. to about 700 B.C.  It then overlaps the beginning of the Iron Age, when the use of iron was introduced into Britain.

The Iron Age in Britain, before the coming of the Romans, is subdivided into three periods, known as Iron Age A, Iron Age B, and Iron Age C.  Iron Age A is considered to commence about 700 B.C.  This earliest division of the Iron Age is also known as the Hallstatt period.  The name is derived from the village of Hallstatt, in the Austrian Tyrol, where a large deposit of the earliest Iron Age relics was brought  to light.  

The date of the arrival of the Hallstatt invaders in large numbers into Britain is considered to be not much earlier than 600 B.C., though their influence was felt some time before that date. 

The period from 500 B.C. to the beginning of the Christian Era includes the two later sub-divisions Iron Age B and Iron Age C.  It is also called the La Tène period.  This name is taken from a site on Lake Neuchatel in Switzerland, where typical relics of these people were identified.  It is marked by new types of weapons and ornaments, and by new kinds of pottery.   These La Tène people are identified as the early Celts, who were known to the Greeks about 500 B.C.

It is established that by this time numbers of them from the lower Rhine had found their way to the Pyrenees and North Spain, which was linked with the South-West part of Britain by the tin trade.  Many came to England by this route, but the greater numbers moved through France and Brittany, and invaded England from Brittany in the 4th century B.C.  They were very vigorous people, and it is said that the La Tène Celts dominated, while mixing with the native population.

Iron Age C commenced in the 1st century B.C., with the invasion of England by the Belgae, from Belgic Gaul.  The Romano-British period is included in Iron Age C, and continues in Roman times.  

It should be pointed out that pottery, and other articles characteristic of these various periods may precede the invasion date, on account of the influence of Continental trade.  Also, articles typical of certain Ages may have been used at later periods owing to survival.  Thus, during Iron Age A “there was a survival in certain regions of the flint industry.”  Numerous types are mentioned, including “hammer stones and pounders,” also “picks of Deer Antler occur.” (See Archaeology in England and Wales, by Kendrick and Hawkes, 1932, pp. 167-168).  This has a bearing on the occurrence of such articles at Stonehenge.

The following is a brief account, chiefly taken from Colonel Cunnington’s work, as well as from other sources, of the archaeological evidence found at Stonehenge, giving a clue to the date of its construction.

The Ditch and the Bank:  Mention has already been made of the rapid silting of the ditch after it was first dug, with coarse silt at the bottom, about one foot in thickness, overlaid by a few inches of fine silt, this being divided abruptly from the top layer, “consisting of earthy chalk rubble, 15 to 18 inches thick, including the modern turf.  The silt contains very few relics; some animal bones, and worked flints, two small scraps of unidentified pottery, and at the bottom a number of Deer Horn picks, and roughly chipped flints.”  Colonel Hawley excavated 180 feet of the Ditch, and the few relics found in the silt do not throw definite light on the date.

The flints and Deer Horn picks have been considered by some archaeologists as evidence of Neolithic or Bronze Age date, but from what has been established about the use of flints and Deer Horn picks in the early Iron Age, the presence of these articles does not necessarily imply an earlier date.

Some small scraps of Beaker pottery were found lying on top of the fine silt, and partly embedded in it, but these are not sufficiently numerous to be regarded as sufficient evidence for Bronze Age construction, as occasional fragments of this pottery are found almost anywhere in the soil of Salisbury Plain, where extensive excavations have been made.

The Official Guide Book mentions a “small late Bronze Awl, c. 500 B.C. (the only actual Bronze Age implement yet found).”  This was found in the earth above the chalk silt.  It might, of course, be of a later date, by survival , but not an earlier date than the period to which it belongs. 

The top layer of the Ditch, representing the growth of turf after silting, together with the accumulation of soil for many centuries, contains numerous relics, including pottery of all Ages from early Bronze to Romano-British.  In addition, stone chips are plentiful throughout this layer.

In the 180 feet of the Ditch excavated by Colonel Hawley, 19 sections were dug, and Romano-British pottery was found in every one of them.  A remarkable thing is the “almost complete absence of anything later than Romano-British.”  This shows the relative frequency of visitation by the people of the Romano-British period, as compared with those who came after them, right up to modern times.

The total of each kind of pottery is as follows:  “Norman pottery, 3; Romano-British, 136 in 17 sections, and some in the other two, or say 145 in all (excluding the fragments of a New-Forest-ware pot, which were found together); coarse ware generally described as earlier in date, 36; coarse black ware found in one section, and described as mostly of the Bronze Age, 30; Bronze Age, 6; Beaker, one in the top layer, and the two associated groups, (of 10 and 12 small pieces), already referred to, lying on the silt.”

Colonel Cunnington comments that the definite Bronze Age pottery is scanty, no more than might have been found in any soil in the neighbourhood, and the chief ingredients are the unspecified or doubtful coarse ware, and the Romano-British.  He thinks it likely that the “coarse ware of an earlier date” may be early Iron Age, and that it occurs generally at the lower level than the Romano-British.

Most of the pottery in the top layer of the ditch ranges from Iron Age A to Romano-British, and “there are no grounds for supposing the top layer is earlier than that in date.”  He also points out that several cremations were found in the Ditch, most of them in the silt, and therefore later than the Ditch.  There was one, however, on or sunk into the floor without any signs of being an intrusion, which seems to have been contemporary.  Since cremations are not known until after the Early Bronze Age, it affords evidence of a later date.

The Bank has not been archaeologically excavated, except for two narrow trenches cut through it and the Ditch.  The Bank is, therefore, a promising field for future exploration.  Surface soil inside the Bank is described as similar to the top layer of the Ditch, containing relics of all dates jumbled in any order.  The great quantity of Romano-British pottery found here is commented upon by Mr. Kendrick. As he says, it is “Far more than one would expect from trippers visiting the site to look on a ruin.”  That is to say, that in early Roman British times Stonehenge was at the height of its fame and use, and therefore is not likely to have been built more than a few centuries earlier.

The Bank was evidently made from the earth originally thrown out when the Ditch was dug.  Allowing for the wearing down of the Bank by some 4 or 5 inches during the centuries since it was made, the cubic contents of the Bank at the time of its construction would agree with those of the Ditch.

An important point, throwing light on the relative dates of construction of the Bank and Ditch, and of the great Sarsen Circle, is that which has been mentioned previously in the description of the Ditch.  For the widening of the North-East Entrance Causeway over the Ditch, by an additional 30 feet (from 37 ½  feet to 67 ½ feet), very soon after the original digging of the Ditch to that point, and its obvious purpose to give more room for the transportation of the great Sarsen Stones into the Stonehenge enclosure, shows that the Ditch and Bank must have been constructed at the same date, and as an immediate preliminary operation before the Sarsen Circle was built.  The correct dating of the Ditch, therefore, would help us in determining the date of building the Sarsen Circle.

Aubrey Holes:   Colonel Cunnington says that there is little evidence of date in the Aubrey Holes.  Nothing datable was found near the bottom, and only a few relics were in the upper layer.  Romano-British pottery might occur as low as 2 feet below the surface, or 8 or 9 inches below the level of the surrounding solid chalk.  It seems probable that the holes were not filled in with tightly packed material, as the depressions were noticed by Aubrey in the 17th century.  

In the succeeding two and a half centuries, however, these depressions became filled up, so that they were only found by Colonel Hawley by probing in positions as indicated by Aubrey’s plan of 1666 A.D.  In the Official Guide Book it is said that

Among the finds in the Aubrey Holes were ‘fabricators’ of flint, used in the manufacture of flint implements, and flint flakes; some of these have been replaced upon the cores from which they have been struck off, showing that the work was done on the spot.

Besides these there were axes and hammers of Prescelly stone, and fragments of Bronze Age pottery.  One of these is of special interest; it is a portion of a vessel with perforated lugs, which may have been an ‘Incense Cup’ of the Middle Bronze Age.

A picture of this “Incense Cup” from the Aubrey Holes is given on page 39 of the Official Guide Book.

Amongst the cremations around the Aubrey Holes there were “bone pins, well finished, some bearing traces of fire, and a beautifully finished Bronze Age Mace-head in hornblendic gneiss, a stone foreign to the district but found in Brittany and also in Scotland.  This shows no trace of wear, and might, therefore, have been ‘ceremonial.’”

In the ground between the Outer Sarsens and the Aubrey Holes the following archaeological specimens are listed:

Roughly chipped flint implements, Bronze Age pottery, Early Iron Age pottery (c 400 B.C.), pottery “counter” or disc for playing some game, three Roman coins, Roman fibula (A.D. 350 – 400), Roman toilet article, Anglo-Saxon silver belt ornament, coin of Ethelred II minted in London, Norman harness ornament, a groat of Henry II, cut to make a half-groat, and small bell pendant, possibly from a horse trapping.

Z and Y Holes:  These contain a large number of fragments of Romano-British pottery, with a much smaller proportion of Bronze Age pottery.

In the Z holes the total number of fragments of Romano-British pottery enumerated by Colonel Hawley is 190,  and of Bronze Age pottery, 27.

In the Y holes there were 206 fragments of Romano- British pottery, and 35 Bronze Age fragments.

Thus in both Z and Y holes the Romano-British specimens out-number those of the Bronze Age by about 6 to 1. Some of the pottery fragments included under the heading of Romano-British, however, have been identified as La Tène.

An important find, bearing on the date of the Z and Y holes, was the grave of a La Tène man, near one of the Y holes, Y11.  This has been referred to by Mr. T.D. Kendrick as a definite evidence of the late construction of the monument.

Number of Pottery Fragments of Various Ages

An analysis of the fragments enumerated by Colonel Hawley, in his excavations at Stonehenge between the years 1919 and 1926, covering about half the Stonehenge area, gives the following total number of various kinds of pottery, which he found, excluding the modern period, which was not tabulated:

Bronze Age, including “Beaker” or Early Bronze Age pottery – 250

Early Iron Age, prior to the Romano-British period – 85

Romano- British – 925

Norman and Mediaeval – 116

Total = 1376

These figures show, first, that Stonehenge was greatly frequented in the Bronze Age.  This is to be expected, as in the immediate neighbourhood of Stonehenge there are about 300 round Barrows, or ancient sepulchral mounds.

Frank Stevens points out in Stonehenge Today and Yesterday, p. 47, that 

they seem to crowd about the Circle as do the graves in a country graveyard around the Church.

This can hardly be accidental; rather would it appear that the Barrows reached their highest development on Salisbury Plain and the Stonehenge region, and formed a vast necropolis about the circle…. They justify the assumption that the sanctity of the site made the spot specially attractive for burial.

The Round Barrows are typical burial mounds of the Bronze Age.  There are only two Long Barrows, characteristic of the Neolithic period, near Stonehenge; but it is to be pointed out that the round Barrow does not belong exclusively to the Bronze Age.  In Archaeology in England and Wales, 1932, p. 109, the authors, Messrs. Kendrick and Hawkes, say of the Round Barrows that “Some were erected in the  Early Iron Age, some in the Roman period, and some in Saxon and Viking England.”

Thus they persisted for a long time, though they were specially associated with the Bronze Age; and an account of this predominantly Bronze Age character, the presence of so many of these Round Barrows and the considerable amount of Bronze Age pottery found in the Stonehenge Area, is consistent with the opinion of many archaeologists that, before the present monument, there was an earlier one, namely, a circle of rough or unhewn blue stones, brought over from South Wales during the Bronze Age.

The preponderance of Romano-British pottery fragments at Stonehenge, with a small number of Early Iron Age fragments, suggests the probability of a reconstruction in the present form at a period not greatly before the Romano-British times.  If the reconstruction took place a few centuries before the Romano-British period, say between 300 and 400 B.C., it would explain both the occurrence of pottery of the Early Iron Age, La Tène period, and also that of the Romano-British period, during which it reached its maximum use and importance.

Other Evidence

Climatic conditions indicated by snail shells

Colonel Cunnington also makes use of the evidence of the snails which are found at Stonehenge.  He refers to the practice of excavators of prehistoric earth works, 

in submitting samples of earth for analysis of their snail shell contents.  The snails are very small, almost microscopic, and belong to a large number of species, some of which like damp conditions, and other dry; and, by counting the number of each, it is possible to say what the climate was like when the earth work was made, and whether the surroundings were open down land or wooded.

From this kind of evidence, which is very consistent, “it seems safe to say that the Neolithic and Early Bronze Age in the South of England was decidedly wetter than now, and all the earth works at that time must have the damp-loving snails.”

From that time onwards, the climate was becoming dryer.  At Stonehenge, “several samples of earth were taken from the ditch and from the post holes, and in all of them was a total absence of the damp-loving snails.”  This indicates that the conditions were those of a dry climate, the same as today, and that the Ditch, and other major works accompanying it, namely the Bank, the four Stations, and the great Sarsen Circle itself, with its interior great Trilithons and other unique features, were constructed at a comparatively late period, and not in the Neolithic or Bronze Ages.

Architecture of Stonehenge

Mr. T.D. Kendrick, in his book the Druids, discusses the architecture of Stonehenge at some length.  He describes Stonehenge as “an architectural achievement that is completely beyond anything hitherto attempted in the ordinary megalithic tradition.”    

Besides special methods of cutting and trimming the great Sarsen stones, the builders of Stonehenge “employed a new device unknown in the megalithic architecture of Europe.”  This was the classical method used in temple building in Greece and Rome for assembling the members of a column by the “peg-and socket lock.”  This is seen in Stonehenge in the mortice and tenon method of securely fastening the lintel stones to the uprights, both of the great Sarsen Circle and of the horseshoe formation of Trilithons inside the Circle.  

Mr. Kendrick says, “I repeat therefore that the mortice and tenon betray the indirect influence of classical architecture, and bring the date of the monument down to the La Tène period.”  He supports this argument from another equally strong point of view, concerning the religion of Druidism.  

By Druidism he means the early Celtic religion introduced into Britain by the La Tène people, identified with the early Celts, who invaded Britain in large numbers from the region of the lower Rhine, from about the year 500 B.C. and onwards.  He says in The Druids, p. 155, 

If Stonehenge was not a temple of Druidism, then it must have been a disused ruin in the La Tène period when druidism was the religion of the land.

But does all the British and Romano-British pottery and the actual burial of a La Tène man within its area (Antiquaries; Journal V. 31) really suggest the visit of trippers to look at a ruin?  I think not.  And I would ask what was the religion of this La Tène man, this early Briton who was buried there, if it was not druidism?  

And if it was druidism, is it not more likely that a believer would be laid to rest in the temple-precincts of his own faith than in the ruined sanctuary of a forgotten religion?

To sum up – the sequence of events at Stonehenge, most likely from the foregoing archaeological results, and from the comments of various learned authors, seems to be first, that there was a simple blue-stone circle, with lintel entrances, first of all established in the Bronze Age; and the site of it was that of the Aubrey Holes.  The centre of this circle was 2 ¾ feet south of the centre of the later Sarsen Circle.

This blue-stone circle lasted for about a thousand years, and was used in the religious system of the ancient Britons, before the Celtic or La Tène invasion.  These newcomers, upon obtaining domination in Britain, subsequently, i.e. between about 300 and 400 B.C., re-constructed the ancient temple, in a different form, a part of a new and impressive temple, in the following orders:


	The old blue-stones were removed from the Aubrey site.



	The circles of the Ditch and the Bank were marked out on the ground, having the same centre as that of the original blue stone circle, i.e. the Aubrey circle of today.  (The ditch was dug with, at first, an entrance to the Circle area inconveniently narrow for the transport of the giant Sarsen Stones, and this was widened soon afterwards, before silt had time to form.  The Bank was formed from the material thrown out from the Ditch.)



	The geometrical working plan for the construction of the great Sarsen Circle was carried into effect.  This was based on the dimensions of the ancient Standard Year-Day Circle, and the plan of this Circle was associated with the provision of the “Four Stations,” designed for the exact astronomical observation of the position of the sun at sunrise and sunset on the four great seasonal and festival dates of the ancient Celtic year, corresponding to our February 4th, May 6th, August 8th, and November 8th.   This geometrical plan further necessitated the centre of the Sarsen Circle being 2 ¾ feet north of the centre of the Ditch and Bank circles.



	The main axis of the monument, pointing in one direction, North-East, to the midsummer sunrise point, and in the opposite direction South-West to the mid-winter sunset, was secured by making it coincide with the middle point between the entrance stones 30 and 1, to the North-East, and to the middle point between their opposites, 15 and 16 to the South-West.



	The accuracy of the observation of the mid-summer sunrise, in the line of this axis, was further secured by building the great Central Trilithon with its central aperture exactly centred on the axis line.



	The other great Trilithons of the horse-shoe formation, together with the inner horse-shoe of blue stones, and circle of blue stones surrounding these horse-shoe formations, were erected at the same time; probably using the blue stones of the ancient Bronze Age temple, with a small amount of trimming for the latter circle, and blue stones from some other source, either Wales or possibly an existing circle near at hand, after much trimming and dressing, for the inner blue stone horseshoe.



	The Avenue, with its side ditches, was finally constructed in such a way that its central line exactly coincided with the axis of the monument, and was directed with accuracy towards the mid-summer sunrise point over the summit of Sidbury Hill.





The provision of this long axis line of the monument and the Avenue, so accurately directed towards the mid-summer sunrise, as seen from Stonehenge, is the chief point of importance in the astronomy of Stonehenge.  Therefore, while it is of great interest, and necessary for understanding the problem of Stonehenge, to examine its archaeological and historical data as a whole, the remainder of this enquiry will be devoted first of all to the study of the various attempts to define the true axis of Stonehenge, and then to show that, if the astronomy is also truly established, we shall necessarily obtain from it a result for the date of construction of the great Sarsen Circle and its adjuncts in close agreement with both the archaeology and the history of the monument.

Finally, we shall then see that the astronomy of Stonehenge, equally with that of the Great Solar Temple of Karnak, shows clearly that whereas Newcomb’s Formula gives a completely unacceptable and erroneous building date for each of these famous monuments of antiquity, the New Curve of the Obliquity of the Ecliptic, which has great implications also in other directions, does give that necessary agreement both with archaeology and with history.  

For in addition to the general historical background outlined in the preceding pages, we have the following specific and striking reference to the rebuilding of Stonehenge somewhere about the year 350 B.C. by the celebrated early British King Belinus.  This is given by R.W. Morgan in his History of Ancient Britain.  He says that King Belinus (who was the brother of Brennus, who sacked Rome in 390 B.C.) 

after the conquest of Germany, founded Aquileia, where he was afterwards worshipped as a god.  Returning through Gaul he divided his territories amongst his five younger sons, retaining the government of Britain alone in his own hands.  He employed the latter years of his long and glorious reign in peaceful legislation and the construction of public works.  

Belen’s Castle (Billing’s Gate) and the stupendous embankment of the Thames were begun and completed under this monarch.  He built also Caer leon (originally Caer usc) and repaired the Druidic Temples of Cor gawr (Stonehenge) and Ambri.  He died in the 80th year of his age.  His body was burnt and the ashes deposited in a golden urn on the top of the highest tower of his palace on the Thames.

According to this, the re-construction of Stonehenge would thus have been carried out somewhere about 350 B.C.

The Astronomy of Stonehenge

There can be no doubt that Stonehenge,  in addition to its other purposes, was designed for astronomical use, associated with maintaining the ancient Calendar, since it has those remarkable alignments of the main axis and the “Four Stations,” all definitely directed towards the position of the sun on the horizon, at sunrise or sunset, on the most important seasonal and festival days of the Celtic year. Of these alignments, that of the main axis of the monument, directed to the mid-summer sunrise point on the North-East  horizon, and to mid-winter sunset in the opposite (South-West) direction, is the one upon which an astronomical determination of the date of construction of the great Sarsen Circle can be accurately based, provided that we can be sure of the true position of the axis.

This axis, however, has not been easy to define with the desired certainty, owing to the present imperfect condition of the monument.  Four attempts have been made, and with four different results.  We must now enquire into the question of their accuracy.  Then, further, we must examine the astronomical basis on which a determination of date can be made.

Petrie’s Axis:  The first of the four attempts to define the axis of Stonehenge, which we shall consider, is that which was made by Sir Flinders Petrie in the year 1877.  He measured the position of all the standing stones, and included on his plan five other stones standing in 1747, whose positions were taken from Wood’s plan of that date.  He then drew a “mean circle” which, he thought, “agrees best to all the Sarsen stones, making allowance for their shiftings.”  Petrie’s Axis was fixed by him as follows: 


	The middle of the entrance, between stones 30 and 1



	The centre of his “mean circle.”



	The centre of the space between “the assumed original place of the great trilithon stones 55 and 56, considering that they have slewed northwards in falling; the assumed distance between them, eliminating the slew, is 13 inches.”  This, he says, “closely agrees with the standing trilithons which are 12.8 and 12.4 inches.”  (Thus, Petrie’s axis passed approximately 6 ½ inches from the side of the leaning Central Trilithon stone No. 56 as it was in 1877.  An adjustment of this measurement to the present position of No. 56, restored to verticality in 1901, makes Petrie’s axis 8 inches from No. 56 as it is now.)



	“Half the average spacing between the stones allowed from the side of No. 16; this is very vague as the interval varies from  26 to 51 inches; the mean, being 36, gives 18 for the half distance.”





When this axis line is produced, it differs markedly from the central line of the Avenue.

At the Friar’s Heel Stone it is 1 foot 10 inches to the East of the central line of the Avenue, and strikes the Heel Stone 10 inches within its left, or North-West side.  It then continues to diverge farther from the central line of the Avenue at the rate of about 11 inches in every 100 feet.  This large divergence of Petrie’s axis from the direction of the Avenue shows that Sir Flinders Petrie failed to recognize that the Avenue, as it leaves the monument, was itself truly directed towards the mid-summer sunrise point at the date when Stonehenge was built.

It was, in fact, an integral part of the whole Stonehenge axis system; and it will be shown that it was a true prolongation of the internal axis of the monument.  This was realized and demonstrated by Mr. E.H. Stone in his book The Stones of Stonehenge, published in 1924. 

The complete axis system of Stonehenge, defining both the position of mid-summer sunrise to the North-East, and midwinter sunset to the South-West, at the date of construction of the Sarsen Circle, is seen to be a line, 14miles altogether in length, from Grovely Castle, 6 miles South-West of Stonehenge (marking the position of midwinter sunset as seen from Stonehenge), passing through the Sarsen Circle


	midway between the south-west stones 15 and 16



	midway between the uprights of the Great Central Trilithon



	through the centre of the Sarsen circle, and thence



	through the middle of the space between the entrance stones 30 and 1



	then along the centre line of the Avenue toward the ancient Sidbury fortification on the summit of Sidbury Hill, 8 miles north-east of Stonehenge, where the sun, as seen from the monument, rose on midsummer day at the date of construction of the Sarsen Circle.





This was clearly recognized by Sir Norman Lockyer, in his account of Stonehenge; and the very slight difference in the azimuth angle of the two extremities (49⁰ 34’ 18” East of North for Sidbury, and 49⁰ 35’ 51” West of South for Grovely Castle), quoted by him from the Ordnance Survey, is not more than is to be expected from  slight differences in the altitude of the horizon at the two places, affecting the apparent position of the sunrise point at the summer solstice, and of the sunset point at the winter solstice.

Actually, it seems an extremely good agreement, considering the means of observation available in ancient times.

This coincidence is so close, therefore, that the conclusion is inescapable, that these two points on the distant horizon of Stonehenge were purposely established as landmarks, to indicate the solstitial turning points of the sun at the summer and winter solstices, as seen from Stonehenge.

Sir Flinders Petrie was at a great disadvantage in estimating the internal position of the axis of the Sarsen Circle, owing to the non-recognition of this important feature in the astronomy of Stonehenge, and in addition, by relying upon analogy, in assuming that the narrow space between the uprights of the standing trilithons, 12.8 and 12.4 inches, could be taken as a guide to the original space between the uprights of the great Central Trilithon, which he assumed to have been 13 inches.

This has been proved to be greatly in error, as will be seen later, by the exact measurements of the widths of these uprights, and of the length of the lintel stone, and the positions of the tenons and mortices, which unite to give a true measurement of the original space.  These measurements therefore show without doubt that this original space between the uprights of the great Central Trilithon was 3 feet instead of the 13 inches assumed by Sir Flinders Petrie.

Sir Flinders Petrie also accepted an average spacing of  36 inches between stones as being the probable space between Stone No. 16 and the fallen and displaced Stone No. 15 at the South-West end of the axis; which he thus gave as half the average space, 18 inches, from the side of No. 16.  He expressed some doubt about this distance, however, and said, “this is very vague.”

A more careful analysis of the width of the stones and their spacing, near this end of the axis, shows that Mr. E.H. Stone’s estimate of 5 feet 2 inches for the space between 15 and 16 is substantially correct, and that, like the North-East entrance, a wider than average space between the South-West stones was provided.

From the foregoing account, it is apparent that the true constructional axis of Stonehenge is not only definable from the internal structure of the monument alone, but also it coincides with the extensions to Grovely Castle in the South-West, and along the central line of the Avenue to the summit of Sidbury Hill in the North-East direction.

Petrie’s axis is affected by errors in both these respects, and it is clear that it is not the true axis.  It is therefore impossible to obtain from it a true astronomical date of construction.  Petrie’s axis points in a direction 50° 05’ 27” East of North, which was therefore, according to his measurement, the azimuth East of North of the point of midsummer sunrise when the Sarsen Circle was constructed.  This gives the solstitial declination of the sun, or what amounts to the same thing, the obliquity of the ecliptic at that date, namely 23° 38’ 11”.  We find then, from Newcomb’s formula, that the corresponding date is 471 A.D.  This date is quite unacceptable, in view of the archaeological results, as previously outlined.

But it has been shown in the foregoing astronomical investigations that Newcomb’s formula by itself does not give the true position of the sun in ancient times.   To get the true position of the sun, Newcomb’s formula needs a correction, supplied by the New Curve of the Obliquity of the Ecliptic, which corresponds with the ancient solar observations, and very strikingly, with the result obtained from the study of the great Solar Temple of Karnak, dating back to the year 2045 B.C.

We shall see presently that it also applies in the case of the Sarsen Circle of Stonehenge.  

Using this correction to Newcomb’s formula for the position of the sun corresponding to Petrie’s axis, we obtain in accordance with the New Curve, the date 764 A.D.  This is 293 years later than the date given by  Newcomb’s Formula, and is a quite impossible date for Stonehenge.  The source of error does not lie in the New Curve of Obliquity, but in the deviation of Petrie’s axis from the true direction of the ancient mid-summer sunrise as seen from Stonehenge.

It is to be pointed out that the New Curve always gives a later date than Newcomb’s Formula for any given value of the Obliquity of the Ecliptic, and this difference, which is very great in remote antiquity, decreases rapidly through the centuries, until it becomes zero at the end of the curve, viz. in 1850 A.D.

It can be seen, therefore, that for purposes of Chronology or Archaeology, when solar observations have been made at a Solstice, and a precise linkage with the sun’s position has been made, this astronomical method of dating provides a very sensitive criterion for verifying the true date of construction of such a building as the Stonehenge Circle, the Karnak Temple, or any other of similar kind.

We shall see presently, in the case of Lockyer’s axis, which is very near to the true one, the astronomical date from his observations, using Newcomb’s Formula, is 1822 B.C., but the New Curve, from the same observations, gives the date 282 B.C., i.e. a difference of 1540 years later by the New Curve than by Newcomb’s Formula.

With Stone’s axis, which is still nearer than Lockyer’s to the true one, the date obtained from Newcomb’s Formula is 1850 B.C., but from the New Curve it is 322 B.C., i.e. 1528 years later by the new Curve than by Newcomb’s Formula.

From all these considerations we see very clearly that Petrie’s axis is not the true axis of Stonehenge, and cannot give the correct astronomical date of its construction.

Lockyer’s Axis:  Sir Norman Lockyer, one of the greatest British astronomers of his time, was deeply interested in Stonehenge.  His well-known book Stonehenge and other British Stone Monuments Astronomically Considered, published in 1906 (second edition 1909), gives a full account of his very thorough and careful series of astronomical observations at Stonehenge in June 1901, as well as of a great deal of work, which he did in investigating other ancient British stone monuments having an astronomical character.

His results at Stonehenge were also published in the Proceedings of the Royal Society in 1901, vol. 69, pages 137-147.  Messrs. F.C. Penrose F.R.S. and Howard Payn were associated with him in the observations at Stonehenge.

He was at a disadvantage in that the “leaning” stone No. 56 of the great Central Trilithon was still in its leaning and somewhat displaced position, and this adversely affected the observations at that point, as it had done before in the case of Sir Flinders Petrie’s axis determination.  It was made erect, and restored to its true position later on in the same year, 1901.

Sir Norman recognized that the axis of Stonehenge must have originally passed centrally through the Central Trilithon, for he says

The axis passes very nearly centrally through an inter-columniation (so to call it) between the two uprights (i.e. No. 30 and 1) of the external circle, and between the uprights of the western-most trilithon as it originally stood.

Of this trilithon, the southernmost upright with the lintel stone fell in the year 1620, but the companion survived as the leaning stone, which formed a conspicuous and picturesque object for many years, but happily now restored to its original more dignified and safer condition of verticality.

The inclination of this stone, however, having taken place in the direction of the axis of the Avenue, and as the distance between it and its original companion is known both by the analogy of the two perfect trilithons and by the measure of the mortice holes on the lintel they formerly supported, we obtain by bisection the measure (viz. 11 inches) from its edge of a point in the continuation of the central axis of the Avenue and temple and which has now to be determined very accurately.

We see from this statement that Sir Norman Lockyer estimated the total width of the space between the two uprights of the Central Trilithon as 22 inches; but it will be shown later on that the true distance, from exact measurements, was 36 inches.  We see also that Sir Norman recognized that there was a continuity of the axis of the Sarsen Circle with that of the Avenue.  

In order to carry out his intention of determining this joint axis very accurately, he then set up a “6 inch Transit Theodolite by Cooke, with verniers reading to 20” in altitude and azimuth,” at a station “A” situated on what he believed to be the axis, and at a distance of 61 feet to the South-West of the centre of the Sarsen Circle.

This station “A” was therefore outside the Sarsen Circle, and about 10 feet beyond its outer south-west edge.  From the station “A” observations were made of the sun and the North Pole Star (Polaris); and the azimuths (angles East of North) of the principle points connected with the monument were determined.

The first thing was to measure the exact direction of the Central Line of the Avenue.  In his account of this he says

The banks which form the avenue have suffered much degradation.  It appears from Sir Richard Colt Hoare’s account that at the beginning of the last century they were distinguishable for a much greater distance than at present, but they are still discernible, especially on the northern side, for more than 1300 feet from the centre of the temple, and particularly the line of the bottom of the ditch from which the earth was taken to form the bank, and which runs parallel to it.

Measurements taken from this line assisted materially those taken from the crown of the bank itself.  With this help and by using the southern bank and ditch wherever it admitted of recognition, a fair estimate of the central line could be arrived at.

To verify this, two pegs were placed at points 140 feet apart along the line near the commencement of the avenue, and four others at distances averaging 100 feet apart nearer the further recognizable extremity, and their directions were measured with the theodolite, independently by two observers, the reference point being Salisbury Spire, of which the exact bearing from the centre of the temple had been kindly supplied by Colonel Johnston R.E., the Director-General of the Ordnance Survey.

The same was also measured locally by observations of the Sun and of Polaris, the mean of which differed by less than 20” from the Ordnance value.

The resulting observations gave for the axis of the Avenue nearest the commencement an azimuth of 49° 38’ 48”, and for that of the more distant part 49° 32’ 54”.

The mean of these two lines drawn from the central interval of the great trilithon already referred to, passes between two of the Sarsens of the exterior circle, which have an opening of about 4 feet, within a few inches of their middle point, the deviation being northwards.

This may be considered to prove the close coincidence of the original axis of the temple with the direction of the avenue.   This value of the azimuth, the mean of which is 49° 35’ 51”, is confirmed by the information, also supplied from the Ordnance Survey, that from the centre of the temple the bearing of the principle bench mark on the ancient fortified hill, about 8 miles distant, a well-known British encampment named Silbury or Sidbury, is 49° 34’ 18”, and that the same line continued through Stonehenge to the south-west strikes another ancient fortification, namely Grovely Castle, about 6 miles distant and at practically the same azimuth, viz. 49° 35’ 51”.

For the above reason 49° 34’ 18” has been adopted for the azimuth of the Avenue.

Sir Norman Lockyer also records the azimuths, or bearings East of North which he measured, of two important points, namely, the peak of the Friar’s Heel Stone, and the exact centre between the entrance stones 30 and 1.  These are as follows:

Highest point of the “Friar’s Heel” – N 50° 39’ 05” E

Middle of opening in North-East Trilithon (i.e. middle of opening between entrance stones 30 and 1) – N 49° 42’ 50”E

From these azimuths, and from the measured distances from Sir Norman’s observing station “A”, the exact distance of Lockyer’s axis from each of these points can be calculated, namely:


	Distance of Lockyer’s axis at its nearest point North-West from the peak of “Friar’s Heel,” 6 feet 0 inches.



	Distance of Lockyer’s axis North-West from centre Entrance opening between Stones 30 and 1 – 0 feet 3.26 inches (It is therefore 1 foot 8.74 inches from the Eastern side of Entrance Stone No. 30).





At the first of these points, the Friar’s Heel, we have 5 feet 9 inches for the corresponding distance of Stone’s exactly surveyed straight line, through the middle of the Avenue and continued through the Sarsen Circle, which constitutes Stone’s axis, to be described shortly.

At the second point, the North-East entrance to the Sarsen Circle, Stone’s axis passes exactly through the middle point between Stones 30 and 1.

The distance between Lockyer’s axis and Stone’s axis at these two points is therefore (1) 3.0 inches at the Friar’s Heel and (2) 3.26 inches at the North-East entrance of the Sarsen Circle.  In both cases, Lockyer’s axis lies to the North-West of Stone’s axis, i.e. to the left hand side looking outwards towards the Avenue and towards the mid-summer sunrise point over Sidbury Hill.

From these two axial differences, and the distance 206 feet, between the two points, other relationships between Lockyer’s axis and Stone’s axis can be calculated; and the exact distance of Lockyer’s axis from other fixed points can also be found.

Thus, we find:


	The angular difference between Lockyer’s axis and Stone’s axis is very small, namely, only 22” of arc.



	Lockyer’s axis points slightly further to the East of North than Stone’s axis, and the azimuth of Lockyer’s axis being 49° 34’ 18” East of North, while that of Stone’s axis is 49° 35’ 56” East of North.



	Lockyer’s axis crosses Stone’s axis at a point in the centre of the Avenue half a mile North-East of the centre of the Sarsen Circle.



	At the centre of the Sarsen Circle, Lockyer’s axis is 3.32 inches from Stone’s axis, and on its North-West side.



	At the great Central Trilithon, Lockyer’s axis is 3.36 inches on the North-West side of Stone’s axis.  At this point, Stone’s axis is 18 inches from the eastern side of the standing Trilithon upright No. 56, so that Lockyer’s axis is 14.64 inches from the side of No. 56.



	At the South-West end of the axis, between Stone No. 16 and its fallen, and displaced, companion, No. 15, Lockyer’s axis is 3.39 inches to the North-West of Stone’s axis.  Stone’s axis, according to his exact survey measurement, is at this point 31 inches from the eastern side of No. 16; consequently, Lockyer’s axis is 27.61 inches from the eastern side of No. 16.





From the foregoing analysis, it is clear that  Lockyer’s axis inside the Sarsen Circle is linked with fixed points of the Circle by the following measurements

	a) 3.26 inches North-West from the middle point between the Entrance Stones 30 and 1.

	b) 14.64 inches South-East from the South-East side of the great standing Trilithon Stone No. 56

	c) 27.61 inches South-East from the South-East side of Stone No. 16

Norman Lockyer recognized that the central line of the Avenue was vitally linked with the axis of Stonehenge as a sighting device for the mid-summer sunrise, and was essentially a prolongation of the internal axis.  His axis is so very close to the true one that it is difficult to come to any other conclusion.

However, he was at a disadvantage in estimating the central line of the Avenue, because, as he says, the banks had “suffered much degradation.”  This explains, in part, the difference which he found in the  azimuths of the near and distant ends of the axis of the Avenue:  49° 38’ 48” and 49° 32’ 54” respectively.

But there is another factor of which he was not aware at the time.  In choosing the site of his Station “A,” which was on his axis line 10 feet beyond the Sarsen Circle to the South-West, from which he made his various azimuths and other astronomical observations, he was influenced by the distance of the axis, as he accepted it, from the Central Trilithon upright, No. 56, viz. 11 inches.  This introduced an error of practically 3 ½ inches, by which small amount he was away from the true axial line, to the North-West of it, at his observing station “A.” 

A calculation of the effect of this displacement on the observed azimuths shows that, with the amended position of the observing station “A,” he would have obtained for the azimuth of the near end of the axis of the Avenue 49° 35’ 33”, instead of 49° 38’ 48”, i.e. a reduction of 3’ 15”; and for the distant end of the axis of the Avenue 49° 32’ 12” instead of 49° 32’ 54”. 

The mean of these two amended values for Lockyer’s azimuths of the near and distant ends of the axis of the Avenue, namely, 49° 33’ 52”, is almost identical with that of Stone’s continuous straight line, representing the axis both of the Sarsen Circle and of the Centre line of the Avenue, 49° 33’ 54”.

It thus confirms the belief, expressed earlier in this chapter, and held by both Sir Norman Lockyer and Mr. E.H. Stone, that the centre line of the Avenue is the exact prolongation of the original axis of the Sarsen Circle, and was purposely designed by the builders of Stonehenge to point accurately to the position of the mid-summer sunrise over the summit of Sidbury Hill just as they saw it when they built the great Sarsen Circle.

Further, Sir Norman Lockyer and Mr. Stone both relied implicitly on the universally accepted belief of astronomers in the accuracy of the formulae used by them for giving the true position of the sun in ancient times.  For that reason, Sir Norman Lockyer, using Stockwell’s formula, obtained the astronomical date 1680 B.C. (with a possibility of error of 200 years, before or after that date, owing to the slow rate of change of the Obliquity of the Ecliptic), as the most probable date of the building of the Sarsen Circle; and Mr. Stone, using the same azimuth of the axis, 49° 34’ 18”, and the more recent formula given by Simon Newcomb, obtained the date 1840 B.C., with a possible error of 200 years either way, so that he says in his book (page 30) “as determined by astronomical considerations, the date for the building of the present structure of Stonehenge was probably not earlier than about 2040 B.C., and not later than about 1640 B.C.”

We see, from the results, that the astronomical date, found by using either Stockwell’s or Newcomb’s formula, is greatly out of agreement with the modern archaeological investigation previously described.  When the formula is corrected, however, by means of the New Curve of Obliquity, in the same way as for the oriented Solar Temple of Karnak, then the astronomical date agrees with archaeology and history.

The revised astronomical method therefore becomes a helpful one in problems of archaeology and chronology, when the essential solar observations are available.

For his solar observations at Stonehenge, Sir Norman Lockyer measured the altitude of horizon in the direction of the axis, and found it to be 35’  30”.  He assumed that the sunrise observation would correspond to the upper edge of the sun 2’, i.e. one-sixteenth of the sun’s diameter, and just visible above the horizon.  He adopted corrections for the combined refraction and solar parallax effects 0° 27’ 20”; and the sun’s semi-diameter 15’ 45”.  Using 49° 34’ 18” as found by the Ordnance Survey for the azimuth of the axis of Stonehenge, and thus also for the azimuth of the sun at midsummer sunrise at Stonehenge, and taking the latitude of Stonehenge as 51° 10’ 42” North, he then calculated the solstitial declination of the sun, and thus the Obliquity of the Ecliptic, 23° 54’ 30”, and hence the epoch of building the Sarsen Circle of Stonehenge 1680 B.C., as given above.  

In place of this, the New Curve gives the date corresponding to Newcomb’s axis 282 B.C., which is within 68 years of the probable historical and archaeological date, about 350 B.C.

A difference of 68 years, which is small, having regard to the nature of the problem, might be accounted for in several ways, such as (1) a small error in the assumed axis; (2) the edge of the rising sun observed slightly higher than the 2’ assumed by sir Norman Lockyer, say 4’ or 5’, which change would occur within 15 seconds from the  first moment of observation; (3) a difference in the height of the trees forming the distant horizon on the summit of Sidbury Hill, compared with those of today.

Cunnington’s Axis:  In his book, Stonehenge and its Date, published in 1935, Col R.H. Cunnington defined the axis of Stonehenge, which he calls “the central axis,” as follows:

Lockyer says that his axis passes through the centre of the Sarsen Circle, and within a few inches of the central point between the entrance stones 30 and 1; and by calculation from his data their exact distance is found to be 3 ½ inches as we look outwards.

The central axis, passing through both central points, differs therefore from Lockyer’s by 3 ½ inches in 50 feet, which is equivalent to 20’ in the angle.

Lockyer’s axis is 49° 34’, and from Newcomb’s Table of Obliquity the date would be 1840 B.C. (It has been corrected since Lockyer wrote, so that the date is a little different).  The difference of 20’ is equivalent to a difference of 1440 years, so the central axis brings the date to 400 B.C. (a still closer calculation gives this date as 366 B.C.)

From the above we see that Cunninton’s axis (1) coincides with Lockyer’s adopted centre of the monument, (2) passes centrally through the entrance stones, and (3) has an azimuth of approximately 49° 54’.   Lockyer’s centre was not directly linked with any fixed mark, but the date which he gives enables it to be ascertained with certainty.

We shall see later that Lockyer’s centre cannot be regarded as the true structural centre of the Sarsen Circle, but is displaced 3 1/3 inches to the westward.  We can, however, define Cunnington’s axis with reference to fixed marks by noting that, in addition to passing centrally between the entrance stones 30 and 1, it also passes the Friar’s Heel stone at a distance of 4 feet 7 inches west of the peak of the Heel Stone.

Also, the calculations show that Cunnington’s axis is 12.9 inches east from the Central Trilithon Stone No. 56, and 24 1/3 inches east from Stone No. 16.  Similarly it is found that the azimuth of Cunnington’s axis is 0° 19’ 15” greater than that of Lockyer’s axis, and is 49° 53’ 33” East of North, or, as Cunnington gives it, 49° 54’ to the nearest minute of arc.

When Cunnington’s axis is produced North-Eastward, it diverges considerably from the centre of the Avenue, and is displaced nearly 10 feet to the right of the central line of the Avenue at its distant end.  Cunnington was of the opinion “that the lines given by the Stones and the Avenue do slightly diverge.”

We shall see, however, that the correct estimation of the position of the centre of the Sarsen Circle and of the centre of the great Central Trilithon, brings the axis of the Sarsen Circle and the central line of the Avenue into exact agreement, so that there is no divergence between them.

Colonel Cunnington was completely satisfied that the builders of Stonehenge purposely gave it an orientation to mid-summer sunrise, for, as he says,

The Stones and Avenue are enough to prove beyond reasonable doubt that the monument is intentionally aligned on the midsummer sunrise, and most archaeologists are content to stop at that; but it is possible to go a good deal further; though on much less certain ground.

There is at least a possibility that the alignment was made very accurately and, if so, and if we could say exactly what it was, it might be possible to date the monument astronomically.  

There was a practical object that such an alignment could serve, and it is not always realized how important this may have been.

He then describes the probable use made of Stonehenge for correcting the ancient calendar, and continues,

It was only after Norman Lockyer took it in hand that this side of the matter was properly dealt with, and his book for a time made a considerable sensation.

Afterwards, however, the archaeological discoveries at Stonehenge showed that Lockyer’s astronomical date was seriously in error, and Colonel Cunnington comments that “Nowadays the whole subject of orientation has become distasteful to archaeologists; and this perhaps is why some prefer to think that Stonehenge has nothing to do with the Midsummer sunrise, and that its orientation is a figment of the imagination.”

Colonel Cunnington, however, was by no means of this opinion; but, using Lockyer’s assumed centre of the Sarsen Circle, and rectifying the axis to pass centrally through the space between the entrance stones 30 and 1, he thus found that with this new axis, and relying upon Newcomb’s formula to give the correct astronomical date, the date thus found agreed with his own well-based archaeological date.

It will now be shown that Cunnington’s axis is not the true structural axis of the Sarsen Circle, and cannot be the line originally pointing to the midsummer sunrise.  We thus see that Newcomb’s Formula only gives the right archaeological date when it is associated with a compensating error in the assumed axis.

Conversely, if the true structural axis is used, then, in order to get the right astronomical date of construction, Newcomb’s Formula itself must be corrected by a certain factor, and this is the factor given by the New Curve for the date in question.

It may be suggested here that an additional check upon the centre of the Sarsen Circle might be found by measurements based on the geometry of the “Four Stations,” previously described; and it seems reasonable to believe that such measurements would confirm the centre about to be described in connection with Stone’s axis.  

From the azimuth of Cunnington’s axis, 49° 53’ 33” East of North, the calculated solstitial declination of the Sun, or the Obliquity of the Ecliptic, is 23° 44’ 25”.  From this, with Newcomb’s formula, the corresponding astronomical date calculated for the building of Stonehenge is 366 B.C., as previously stated.  With the New Curve the date is 436 A.D.  This date is, of course, quite unacceptable, but, as in the case of Petrie’s axis, the fault does not lie in the New Curve, but in the error of the direction in which Cunnington’s axis points, 49° 53’ 33” East of North.

Instead of this, we shall now see that the Ordnance Survey azimuth, 49° 34’ 18” East of North, from the centre of the Sarsen Circle to the summit of Sidbury Hill, truly corresponds, as Sir Norman Lockyer realized, to the actual direction of midsummer sunrise, as seen from Stonehenge when the Sarsen Circle and the Avenue were constructed.

Stone’s Axis:  Mr. E.H. Stone, a member of the Institution of Civil Engineers, and of the American Society of Civil Engineers, made a careful survey, in June 1923, of the centre-line of the Avenue, and of its prolongation through the Sarsen Circle.  He described this work in his book The Stones of Stonehenge, published in 1924.  Mr. Stone defines the axis of Stonehenge as follows:

The Axis of the main structure of Stonehenge as erected by the builders is the line passing midway between stones 56 and 55 of the Central Trilithon, and midway between Stones 30 and 1 of the outer Circle.  It is obvious that the term “Axis of Stonehenge” would be meaningless as applied to any other line. (p. 131)

In an earlier part of his book, p. 20, he also indicates that we should expect to find the Axis passing midway between stones 15 and 16 of the outer circle.  Of this pair, No. 15 has fallen.  The broken upper part with its two tenons is still lying inside the circle.  

An analysis of the width of the Sarsen Stones and the intervening spaces will be given presently.  This shows that it is possible to make a close estimate of the original width of the space between 16 and 15, and that Stone’s axis, in all probability, does pass centrally through the original opening between these stones.

Mr. Stone’s survey of the Avenue and of the continuation of its centre line through the Monument is entitled to be regarded with confidence owing to his qualifications as an Engineer and Surveyor.  His statement of these results is as follows:

In June of 1923 some measurements on the Avenue were made by the author with a view to determine the direction of this centre line in relation to the Axis of Stonehenge.  These measurements were taken where the position of the banks and ditches is better defined than elsewhere – over a length of about 750 feet, extending from about 540 feet to about 1290 feet from the centre of the structure.

The actual ditches as originally excavated in the chalk are known to be V-shaped in section, and a  number of probings, with a steel bar, were taken by Colonel Hawley at intervals, by which successive positions of the bottom of the V for each ditch were approximately determined.  The points along the centre line of each ditch thus ascertained were plotted to a large scale, and it was found that, over a length of 750 feet on which the measurements were taken, the ditches are practically parallel and at a distance apart of about 71 feet centres.  

It was observed moreover that the centre line drawn between the two ditches, when produced, would pass just about midway between the Entrance Stones Nos. 1 and 30 of the Stonehenge Circle. (p. 126)

Mr. Stone considered that the results “warrant the conclusion that the centre line of the Avenue was intended to be a prolongation of the Axis of the structure.”

He therefore produced his “survey centre line.”  It passed 

exactly mid-way between Stones 30 and 1 of the outer circle, and was  produced across the Stonehenge area and out to the other side of the circle beyond Stone No. 16.

This long straight survey centre line was marked on the ground, with pegs at intervals for convenient reference.  At the Central Trilithon it was found that this line passed just 18 inches to the right (south-east) of Stone No. 56.  The survey centre line thus occupies precisely the position determined independently as the probable line of the Axis.

This last remark refers to a careful measurement, made by Mr. Stone, of the lintel stone which originally stood on top of the central trilithon stones Nos. 56 and 55, and of the width of these stones, and an estimation of the width of the space between them.

Mr. Stone’s estimate was that the original space between Nos. 56 and 55 was “not less than 2 feet 6 inches, and not more than 3 feet 6 inches – the mean being 3 feet.”  We shall see presently that his estimate of an original 3 feet between the central trilithon stones 56 and 55 is exact, so that the Axis passed at a distance of 18 inches from the eastern side of the present standing Stone No. 56.

Mr. Stone’s long survey centre line was also found to pass at a distance of 31 inches from the eastern side of Sarsen Stone No. 16.  At the Friar’s Heel Stone it was 5 feet 9 inches to the west of the peak of the Heel Stone.

Stone’s Axis and the Great Central Trilithon

It is of importance now to examine carefully the available data about the original space between the uprights Nos. 56 and 55 of the Central Trilithon.  Stone No. 55 is lying on the ground broken in halves (i.e. prior to its restoration in 1958), with the upper half lying partly on the altar Stone, which it evidently pushed slant-wise out of position when it fell.  From measurements on Petrie’s plan, the Central Trilithon, in its fall, was slewed round about 6 to 8 degrees to the northward.  

The western upright, No. 56, did not fall far from the vertical position, but came to rest against the top of the blue stone, No. 68,  in front of it, at an angle of 17 to 20 degrees away from the vertical.

Stukeley’s drawing, in 1722, shows it leaning at an angle of 20 degrees, and by 1901, when it was restored, this had increased to 25 degrees, its heavy weight having forced the blue stone, No. 68 in front of it, into an inclined position.  Before 1901 the inclination of the “leaning stone” had been noticed for some years to be increasing to a dangerous angle.  

On the other hand, the eastern upright, No. 55, fell to the ground with such force that it was broken into two pieces.  It also fell obliquely towards its companion, No. 56.

The cause of this was evidently the strong foundation of No. 56, (which was sunk nearly 8 feet into the ground)  together with the coupling effect of the great lintel stone.  If the two uprights had been equally free to fall, they would have maintained their parallelism, and the original spacing between them would have been preserved.  But the constraint exercised on No. 55 by its firmer companion, aided by the connecting lintel stone, caused No. 55 to fall inward.  In doing so, it crashed heavily on the upper edge of blue stone No. 66, smashing it off, so that only the stump was left.  It also pushed the central blue stone, No. 67, obliquely over northwards, and uprooted it.

The retarding and pivoting effect of these two blue stones, added to the over-balancing weight of the lintel stone, forced the butt of no. 55 upwards out of the ground.  It also caused No. 55 to slip backwards four feet, and to topple over laterally towards No. 56.

This was particularly a consequence of the lintel coupling.  For, as No. 56 yielded much less to the disturbance, the lintel stone practically pivoted on the tenon of No. 56, and its other end traced out a curve which drew No. 55 over toward the north, by an amount which may be estimated geometrically as between 1 and 2 feet.

A model of the Central Trilithon, and of the blue stones 66, 67, and 68, in front of it, reproducing the conditions of its fall, demonstrates these effects clearly, and shows how the original space between the uprights was reduced in the fallen position.  This conclusion is confirmed by Mr. Stone’s measurement of the distance between the mortice sockets of the lintel stone, taking into consideration, also, the width of No. 55 and 56, and the position of the tenons.  The distance between the mortice socket holes was found by Mr. Stone to be 10 feet 6 inches from centre to centre.  The width of No. 56 was also carefully measured by him, and was found to be 7 feet 0 ½ inches just above the ground.  This stone is almost perfectly straight on its inner side till within less than a foot from the top, where the corner is slightly rounded off.

The bevel is on the outer side, so that the width of the upright diminishes from 7 feet near the ground to 6 feet near the top.  The tenon on the top of the stone is “not in the middle of the width of the stone, but is about 3 inches therefrom outwards.”  This is well seen on the photographs.  When a tracing is made of Petrie’s plan of the prostrate stone No. 55, and the two broken halves are fitted together, it can be seen that the inner edge of this stone, like No. 56, is also practically straight from about one foot from ground level to within four feet from the top, where there is a slight bevel, increasing to about 8 or 9 inches at the rounded corner. On the outer side the top corner is broken off to a distance of four feet from the top, evidently where it struck the edge of the altar stone.  The part broken off would have included the tenon, which is missing.

The opening between the inner edges of stones 56 and 55 of the Central Trilithon from near ground level to within a few feet of the top was practically straight throughout, and its width may be estimated graphically, in accordance with the diagram shown as follows:
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Distance from centre of tenon of No. 56 to straight inner edge of 56  produced to top
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The central blue stone, No. 67, now lying obliquely on the ground, is 3 feet wide, so that it just covered the width of the opening, and made a convenient arrangement for sighting on the point of mid-summer sunrise, from the point of view of an observer looking from the south-western side of the Monument.

The diagram shows the probable original dimensions of the Central Trilithon.  This confirms the accuracy of Mr. Stone’s survey centre line, passing centrally through the Trilithon, at a distance of 18 inches from the inner side of the upright No. 56.

Width of Opening Between Stones Nos. 16 and 15 of the Sarsen Circle

The probable width of this opening may be estimated as follows:


	Stone No. 16 is still standing.  Stone No. 15 has partly disappeared, but the upper portion with the tenon is lying on the ground, and its width, measured on Petrie’s plan, is 6 feet 3 inches.



	Stone No. 14 has fallen.  Its width near the original ground level is 5 feet 0 inches.



	Stone No. 13 is missing.



	Stone No. 12 is lying intact on the ground, and it was specially examined by Colonel Hawley in 1924.  He says 





An excavation was made at the site of the fallen stone No. 12, and the area was extended later to include the missing stone No. 13.  No. 12 was found to lie over the hole it had stood in, and it had evidently slid back a little in falling.

The position of the stone made it difficult to work in the pit, but sufficient could be done to get a view of the interior.  It was sharply cut and had been shaped to take the stone without allowing any space at the sides.

The width of this stone, No. 12, is 6 feet 6 inches.  We can now obtain the probable width of the space between stones 16 and 15 as follows:
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This confirms, with a high degree of probability, the width of the space between Stones 16 and 15 at the south-western end of the axis found by Mr. Stone’s survey centre line, viz. 5 feet 2 inches; the survey centre line being half that distance, i.e. 31 inches from the South-East side of Stone No. 16.  It seems quite likely that the width of this space may have been slightly more than the others, and the adjustment made in a diminished width of Stone No. 13, which would then have been 6 feet 2 ½ inches, or 2 ½ inches less than the average width of the Sarsen Stones.

The following are the general widths of the Sarsen Stones at ground level, and of the spaces between them, which can be measured on Petrie’s plan:
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NOTE: Two spaces, allowing for width of fallen and displaced Stone No. 22 (6 feet, 6 inches, as shown above in second column)

It will be seen that the width of the stones, and spaces between them are by no means uniform. Stone No. 11 was unusually narrow, and was not provided with a lintel stone, possibly, as has been suggested, to allow of a wider southern entrance for processions, with banners. The other stones vary from a maximum width of 8 feet 1 inch (No. 30) at the north-eastern entrance, to 4 feet 5 inches (No. 21).

Some of the stones have weathered more than others on account of varying degrees of hardness, but the majority of the stones are within 6 inches of average width.  

The same lack of uniformity is seen also in the spaces between the stones.

(Note: If we take 30 times the combined average width of the stones and of the spaces, we have for the total circumference of the circle, on which the inner faces of the stones are situated, 305 feet 0 inches.  The diameter of this circle is 97 feet 1 inch, which is in good agreement with Sir Flinders Petrie’s opinion, previously referred to, that the builders of Stonehenge intended the Sarsen Circle to have an inner diameter of 97 feet, so that the Circle itself would conform to the ancient standard “Year-Day Circle.”)

We see that the above considerations confirm both the accuracy of Mr. Stone’s measurements, and his claim that the Axis of the Monument and the centre line of the Avenue are in coincidence with one another.

As pointed out previously, in connection with Lockyer’s axis, if Sir Norman Lockyer had placed his observing station “A” only 3 ½ inches eastward of the position which he adopted, he would have obtained a much closer agreement between the azimuths of the near and distant ends of the Avenue.  He would then have found the amended mean value, 49° 33’ 58”, so close to the Ordnance Survey azimuth of the bench mark on the summit of Sidbury Hill, 49° 34’ 18”, differing from it by only 20”, so that he would have been convinced beyond doubt that the centre line of the Avenue was the exact prolongation of the Axis of Stonehenge, truly fulfilling the intention of the builders in this respect.

The Azimuth of Stone’s Axis, and the Corresponding Astronomical Date of Construction of the Sarsen Circle

In Mr. Stone’s book, the Stones of Stonehenge, printed in 1924, no independent determination of the azimuth of his axis of Stonehenge is given.  He accepted, for his own axis, the Ordnance Survey azimuth of the “Axis of Stonehenge” used by sir Norman Lockyer, viz. 49° 34’ 18”;  and, with a later value of Newcomb’s Formula, he obtained a date of construction about 1840 B.C. (Stone, p. 30).  

As given by Sir Norman Lockyer, the information supplied to him by the Ordnance Survey was that “from the centre of the temple the bearing of the principal bench mark on the ancient fortified hill about 8 miles distant, a well-known British encampment named Silbury or Sidbury, is 49° 34’ 18”.”

From Sir Norman Lockyer’s account of his proceedings at Stonehenge, it would appear that Colonel Johnston, R.E., the Director General of the Ordnance Survey, cooperated with Sir Norman in this matter, and no doubt sent a surveyor from the Ordnance Survey Department to make the necessary exact observations on the spot, making them from a central point chosen by Sir Norman Lockyer as the most probable centre of the Sarsen Circle, as well as he could ascertain it.

It has already been pointed out that, owing to the elevation of the intervening down-land, the principal  bench mark, which represents the highest point on Sidbury Hill (or perhaps it would be better to say the approximate centre of the area forming the summit of the hill), is not easily discernible from Stonehenge.

This difficulty, however, would of course be simply overcome in such a survey observation by using a high measuring staff on the site of the bench mark.  On the line thus surveyed, and continued backwards beyond the South-West part of the Sarsen Circle, Sir Norman Lockyer fixed his observing station “A” which, he states, was on his axis line, “at a distance of 61 feet to the South-West of the centre of the temple,” and from which he made observations of the sun and of the North Pole Star, Polaris, and in addition determined the azimuth of principle points connected with the monument.

As he says, “This axis line passed very nearly centrally through an inter-columniation (so to call it) between two uprights of the external circle,” i.e., between the entrance stones 30 and 1.  It was not, however, exactly central between them, and, as we have already seen, an exact calculation shows that it was 3.26 inches to the west of the centre of the entrance.

This difference, small though it is, shows that, as Colonel Cunnington pointed out, Sir Norman Lockyer’s axis cannot be the true structural axis of the monument; and it is due to Mr. Stone, by his excellent survey, that the true structural axis was precisely located, and the true structural centre of the Sarsen Circle must therefore necessarily have been on this axis.

It should further be indicated here, however, that although Sir Norman Lockyer’s assumed centre of the Sarsen Circle was only a very small distance (3.32 inches) west of the true centre of this Circle, this displacement, in the long distance of 8 miles to the bench mark on Sidbury Hill, would only give rise to a very small difference, viz. 1.5 inches in the observed azimuth of the bench mark.  

Thus, if the observation of the bench mark on Sidbury Hill had been made from Stone’s constructional centre of the Sarsen Circle, 3.32 inches East of Lockyer’s centre,  then the azimuth of the bench mark would have been 49° 34’ 16.5” instead of 49° 34’ 18”, found by the Ordnance Survey from Lockyer’s centre.  this difference is so small that it is practically negligible, as it would only alter the calculated date of construction of the monument by about three years.

But we must now notice that the measurements of the bench mark as the distant extremity of the Stonehenge axis involves the assumption that this particular spot on the summit of Sidbury Hill was the exact point of midsummer sunrise at the date of the construction of the Sarsen Circle.

The structural axis of Stonehenge, accurately established by Mr. Stone from his measurements within the Circle itself, and continued in a single straight line along the centre of the Avenue to the distance of 1290 feet from the centre of the monument (Stone, p. 126), involves no assumption regarding the bench mark on Sidbury Hill.  It was clearly the line intended by the builders of Stonehenge to indicate by its prolongation the point of midsummer sunrise as they saw it at the date of the construction of the Sarsen Circle.

We must therefore find the azimuth of this line, and although it is not given in Mr. Stone’s report, it can be easily calculated from the data which he gives, combined with the azimuth of necessary points measured by Sir Norman Lockyer.  Thus, Sir Norman Lockyer gives the azimuth of the exact centre between the Entrance Stones 30 and 1, and measured from his observing station “A,” viz. 49° 42’ 50”.

This observing station was 3.40 inches west of Stone’s axis and was at a distance of 109 feet 6 inches, or 1314 inches altogether, from the inner face of the entrance stones 30 and 1.  This corresponds to an angle of 0° 8’ 54”, to be subtracted from Sir Norman Lockyer’s measurement, 49° 42’ 50”.  the result gives us 49° 33’ 56" as the azimuth, or bearing East of North, of Stone’s axis.

Further, it is shown by calculation that Lockyer’s axis intersects Stone’s axis at a point in the centre of the Avenue, 2377 feet distant from the centre of the Sarsen Circle.  The angular difference between Lockyer’s axis and Stone’s axis (49° 34’ 18” –  49° 33’ 56”)  is 0° 0’ 22”.

Stone’s axis is directed towards a point on the horizon a little farther to the West than Lockyer’s axis.  From the point of intersection of the two axes there is a distance of approximately 7 miles 2803 feet, and at this distance the angular difference of 0° 0’ 22” corresponds to a difference of 4 feet 3 inches.

Since Lockyer’s axis is directed towards the bench mark on Sidbury Hill, we thus find that the extremity of Stone’s axis is at a point 4 feet 3 inches west of the bench mark.  The difference is comparatively small, and the angular difference to which it corresponds, 0° 0’ 22”, represents a difference in the date of construction, astronomically determined with the new curve and tables of Obliquity, of 40 years, namely from 282 B.C. (Lockyer’s axis) to 322 B.C. (Stone’s axis).  

We also see that whereas Newcomb’s Formula gives a completely inadmissible date, 1822 B.C., for Lockyer’s axis, and 1850 B.C. for Stone’s axis, the New Curve, correcting Newcomb’s Formula by a hitherto unrecognized factor, gives an astronomical date for Stone’s axis 322 B.C., which is in good agreement with the latest archaeology of Stonehenge, and is only 28 years later than the probably historical date of the reconstruction of Stonehenge by the famous King Belinus about the year 350 B.C.
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The Stonehenge Trilithons as a Sighting Device for Observing the Summer Solstitial Sunrise

As pointed out by Colonel Cunnington in Stonehenge and its Date, p. 57, the height above ground level of the central blue stone, No. 67, of the blue stone horseshoe formation, was probably 8 feet, the full length of the stone being 12 feet; and this would prevent an observer, standing behind the Central Trilithon, from seeing the point of mid-summer sunrise on the horizon, unless he stood on some kind of platform.

But, as the ground slopes upward toward the South-West at an angle of about 1 ½ degrees, or 2.6 feet in 100 feet, an observer standing on the axis line at the inner edge of the bank, about 150 feet South-West from the centre of the monument, would have a unique view of the point of sunrise through the Sarsen Stone apertures 16-15, the Central Trilithon, and 30-1.  (Fig. 33)

From this point inside the enclosure, and on the inner edge of the bank, the angular field of view through the South-West Stones 16-15 would be 2°  54’.  This would be reduced at the Central Trilithon to 1° 22’, and further reduced, at the entrance stones 30 – 1, to 1° 11’.  From this point of view, the general arrangement of the Sarsen Stones 16 – 15 and 30 – 1, and of the Central Trilithon, with the central blue stone No. 67 in front of it, and with the rising edge of the mid-summer sun central in the picture, would have appeared as represented in the diagram above.
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This unique rectangular framework, formed by the Great Sarsen Stones and the Central Trilithon, was admirably suited for the visual observation of the sun, and would no doubt have been made use of by the ancient astronomers responsible for the Celtic calendar, and would have been of special interest, just as today, when many people congregate at Stonehenge in order to witness, from a suitable position on the altar stone, the mid-summer sun rising, not, as formerly, in the central line of the axis along the centre  of the Avenue and over the summit of Sidbury Hill, but now over the top of the Friar’s Heel Stone.

With the arrangement available in ancient times, the observer then could not only make an accurate observation of the sun in its central position at sunrise on mid-summer’s day, but could also note its gradual approach to, and departure from, the solstitial turning point, during about ten days before and after the solstice, and thus could fix with accuracy the date and time of the summer solstice from year to year, just as the ancient astronomers of other nations, notably the ancient Chinese, also did in their system of astronomy.

In addition to this method of observation at Stonehenge, it seems likely that the turning points of the sun, at midsummer sunrise and midwinter sunset were also marked by the construction, at the same time as the building of Stonehenge, of the two special landmarks on the horizon, viz. the Sidbury Hill fortification in the North-East and the corresponding one at Grovely in the South-West, which are both considered to be Early Iron Age.

Anyone who has consistently watched the daily movement of the sun, at the sunrise or sunset points throughout the year, can appreciate the interest and advantage  of either natural or constructed landmarks, to indicate the position occupied by the sun at important dates of the solar year.  It therefore seems probable that the unique alignment illustrated was intentionally provided by the builders of Stonehenge for this astronomical purpose.

The Friar’s Heel Stone

Much speculation has been made concerning the astronomical purpose of the friar’s Heel Stone, in connection with the midsummer sunrise.  On account of the downward slope of the ground from the centre of the monument towards the Heel Stone, and beyond it, at an angle of about 1 ½ degrees from the horizontal, or about 2 ½ feet in 100 feet, the peak of the Heel Stone can be seen level with the distant horizon, and at an altitude of 0° 35’ 30”, by an observer standing on the Altar Stone.

It has been supposed that perhaps the sun was seen from this position, with its lower limb apparently just touching the peak of the Heel Stone, when it had risen sufficiently high to bring it into the correct azimuth, approximately 50° 48’ East of North, as seen from the centre of the Altar Stone.

This is not so, however, as the altitude of the sun’s lower limb, with the effect of refraction and parallax included, would have been 0° 49’ 30”; that is, the whole of the sun’s disc would be clear of the peak of the Heel Stone by an amount of 14’, or nearly half of the sun’s diameter.

It was suggested by E. Duke, however, in his book Druidic Temples, p. 133, published in 1846, that the Friar’s Heel Stone was “a gnomon for the purpose of observing the rising of the Sun on the auspicious morn of the summer solstice.”

Edward Barclay, in his book Stonehenge, 1895, p. 11, also refers to it as an “’Index Stone’…by means of this large unwrought rock, the temple is set to the rising sun at the summer solstice.”

To examine these statements, we must now ascertain where the edge of the shadow cast by the heel Stone would have fallen when the sun was in line with the Heel Stone, as seen from the centre of the Altar Stone.  Calculation of this shows that, at the time of building the Sarsen Circle, about 350 B.C. according to the preceding results, the apparent altitude in the sky of the upper limb of the sun (the sun’s declination then being 23° 54’ 41” N.) when it reached the azimuth of the Friar’s Heel Stone, as seen from the Altar Stone, would have been 1° 20’, including the effect of atmospheric refraction and solar parallax.

This solar altitude, however, must be reduced by 3’ to 1° 17’, for shadow observations, since the edge of the dense shadow cast by the Heel Stone would correspond to 3’ of the upper edge of the sun being above the top of the Heel Stone, as seen from a point at the shadow’s edge.

The geometry of a vertical section of Stonehenge shows that the horizontal plane, on which this shadow edge would fall, in the vicinity of the Altar Stone, would be 2 feet above the surface level of the Altar Stone.  the actual shadow of the peak of the Friar’s Heel Stone would therefore fall upon the central blue stone, No. 67, which stood right in front of the great Central Trilithon.

The varying height of this shadow, and its movement, as seen on the central blue stone in the early mornings, at and near the date of the summer solstice, would thus justify the opinion of the Rev. Edward Duke that the Friar’s Heel Stone, the “stone of the rising sun,” “was a gnomon for the purpose of observing the rising of the sun on the auspicious morn of the summer solstice.”

Summary of the Evidence Relating to the Date of Building Stonehenge

The foregoing evidence, derived from the astronomy and the archaeology of Stonehenge, confirms the belief


	first, that the reconstruction of this great British monument of antiquity was affected in Celtic times, when the Celtic religion, or Druidism, had reached a high degree of supremacy in Britain, and probably about the year 350 B.C.;



	secondly, that the Sarsen Circle and other important features, especially the long straight  entrance Avenue, were intentionally oriented by the builders of Stonehenge with the greatest care and precision towards the point of mid-summer sunrise over the summit of Sidbury Hill;



	third, that these conditions, and this date, cannot be harmonized with the position of the sun as given by Newcomb’s Formula for the Obliquity of the Ecliptic in those ancient times.





On this account, it has become the common opinion amongst archaeologists that astronomical orientation cannot be relied upon to throw any light on the true date of construction of Stonehenge.

On the contrary, however, the New Curve of the Obliquity gives the necessary factor of correction to Newcomb’s Formula, enabling the true position of the sun in ancient times to be ascertained, and it thus gives an astronomical date for Stonehenge very close to that which is indicated by history and by modern archaeology.

Therefore, just as in the case of the Solar Temple at Karnak, the conclusion is obtained that the great British monument of Stonehenge confirms, in an unique and remarkable way, the accuracy of the New Curve of the Obliquity of the Ecliptic, which includes not only the normal curve of the age-long movement of the earth’s axis expressed by Newcomb’s Formula, but also the curve of recovery of the axis after its displacement in the year 2345 B.C., as indicated by the examination of the ancient, mediaeval, and later astronomical observations discussed in the earlier chapters of this book.
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CHAPTER 10

THE GREAT PERUVIAN SOLAR TEMPLE OF TIAHUANACO
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http://www.latinamericanstudies.org/tiahuanaco/tiahuanaco.gif

The information available concerning this remarkable ancient Solar Temple is not so complete as in the case of Karnak and Stonehenge, but so far as it goes, it indicates a date of construction in agreement with the new Curve of Obliquity rather than with Newcomb’s Curve.  This Temple of the Sun is described in many books on Peru.

The ruins are situated in the high mountains about 13 miles from the Southern end of Lake Titicaca, and about 43 miles West from La Paz, the capital city of Bolivia.  Their geographical position is: Longitude 68° 50’ West of Greenwich; Latitude 16 ° 34.9’ South; height above sea level, 12,615 feet.

[image: ]
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During the years 1928-1929, a detailed study of the Temple with careful measurements was made by Dr. Rolf Müller,(1) of the Potsdam Observatory, in an attempt to arrive at an astronomical determination of its age, following on an earlier attempt made by Dr. Posnansky in 1912.

Dr. Müller shows that, without the slightest doubt, this Temple was constructed and used for the definite purpose, among other things, of observing the sun at sunrise at the Summer and Winter solstices, as well as at the equinoxes, in connection with the Peruvian calendar.  As A.H. Verrill says in Old Civilizations of the New World, 

The pre-Incans and the Incans were well up in astronomy, and the Incans had a perfect calendar similar in many respects to those of the Mayas and Aztecs.

As far as is known, the astronomical instruments and devices of the Incans and pre-Incans were of the simplest character.  By means of a sundial-like arrangement, or Intihuatana, consisting of a cone surmounting a large rock on which were cut marks dated as the sun festivals, the sun’s course, the hours and all important dates were determined by the position of the shadow cast by the cone-shaped gnomon.  For determining the solstices, the equinoxes and many other dates, stone columns were used.  These were arranged in four groups of two each and were known as Pachacta Unanchac.  They were set perpendicularly upon high hills, two being placed toward the east and two to the west.  By marking the extreme variations of sunrise and sunset, the declination of the sun could be measured, and the solstices determined.

To the Incans the time of the solstices was of the utmost importance, for the Peruvian summer solstice was not only their New Year of “Birth of the Sun,” but was also the birthday of the Inca regardless of the actual day of his birth, for, being considered a “son of the sun” his birthday anniversary was coincident with that of the sun itself.  The observance of the Incan New Year, or Birth of the Sun, was the most important and holy ceremonial of the Incan religion, and is graphically described by an Inca prince named Checo.

After describing the great procession of the Inca with his attendants from the palace to the place where the summer solstitial sunrise was observed, he says,

As the sun rose above the mountains of Sallac and Piquicho, where is the castle of Sacsayhuman, it was watched by fifty thousand and more as it moved toward the temple.  At the sight of its rays, cries and hurrahs of joy arose.  At the solemn moment the Inca rose from his litter, and facing the sun, raised his first finger to the height of his mouth.  At once a great silence came, and the Inca pronounced the words:  “Capak-intiill-ariymin,” and the multitude in chorus replied: “Punchao-pacariurcum,” which was the chant of the great arrival of the sun of the morning on the day of Capak-raymi when the sun-lord reached nearest to the land and thus told the people of the coming of the new year.  Ending the chant, the escort and holy men sang victoriously with the people in chorus, passing the chant from place to place until it resounded from the mountains in its echoes.  At the close of the chant, from various parts of the city where they had been already allotted, maidens famed as singers, accompanied by other virgins, sang together five chants to the sun, the moon, the stars, the rainbow and the Inca, the last verses of each song being given by one thousand five hundred acolytes arranged for this solemn day about the temple of Kori-Cancha.  The chants ended, the Inca drank with the chief holy man a great drink of the chicha from a sacred golden cup called a Pacha formed to represent the sun and other figures, and from which the chicha ran through a path or gutter to a spout whereof the Inca and the chief holy man of the temple sipped.  Then all went within the temple and the Inca made obeisance (or Mucha) to the gods and to his ancestors, until the rays of the lord of the day struck upon his gold image, whereupon the sacred fire was lighted by the Inca who held in his hand a mirror and reflected the rays upon charred cotton.

Then from this fire the Virgins of the Sun struck other fires and kindled the sacred fires throughout the temple, and with great shouts the people hurried to light their fires, for since the coming of the night before no light or fire had been left burning in the land.  Great rejoicings were made through the day, and in place of water chicha ran from the fountains, and at the plazas and on the streets were great jars of chicha from which all who desired might drink their fill, for this day was the birthday of the Inca and the birth of the sun, the great Inti, and the New year of the people of the land.

Dr. Müller shows in his work that the dimensions of the Temple of Tiahuanaco were chosen in such a way that from a point near the centre of the Western wall the stone pillar at the South-East corner marked the position of the summer solstitial sunrise in ancient times, due allowance being made for refraction and altitude of the horizon at the sunrise point; similarly, from the same point of observation, the outermost stone pillar at the North-East corner of the Temple marked the point of sunrise at the Winter solstice.

Dr. Müller suggests, also, that several pillars, projecting outwards on the Western side of the Temple, were used for observations of the moon from a great stone block near the centre of the Temple, which has, however, been split in halves, and is displaced from its original position.  However this may be, there can be no doubt that observations were made in this Temple of the sun at the solstices and equinoxes.

The Temple is 422 ½ feet from  East to West and 388 feet from North to South.  Practically all the transportable material has been removed, first by the Spanish conquerors of Peru from the time of Pizarro for church building, and later “by modern vandals, especially the builders of the Guiqui-La Paz Railway, who it is stated have taken away within the past ten years (1919-1929) more than 500 train loads of stone for building its bridges and warehouses.”  Thus all that now remains of the original building is a kind of Peruvian Stonehenge of great upright monoliths together with a beautifully carved monolithic stone door of the sun near the North-Western corner and a great stone stairway on the Eastern side.
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The Sun Gate

Dr. Müller assumes that, at the time when the Temple was constructed, the observation point of the Summer Solstitial sunrise was in the centre of the Western wall, but this gives an impossible date, 15,000 B.C., for the date of construction.

However, it is significant that, in the exact centre line of the building, and at a distance of 17 feet 9 inches from the centre of the West wall toward the middle of the building, there is a large isolated flat block of stone lying on the ground, 9 feet in length, and 6 feet 9 inches in width, which exactly fulfills the necessary conditions.  It seems probable that this was the actual site from which the observations of the rising sun were made both at the solstices and at the equinoxes.

This great flat stone, which suggests a similarity with the Altar Stone of Stonehenge, has been fully exposed by excavation.  Its unique position in the building, and its distance from the South-East and North-East corner stones of the Temple, correspond fully with the astronomical requirements for the observation of sunrise at the Summer and Winter solstices, which, it is clear, were carried out at this Temple.

Dr. Müller made observations from three points in the Temple, near the centre of the West Wall, relating to the position of the sun at sunrise at the summer and winter solstices.  The observations were referred to the centre of the sun, as it appeared on the visible horizon, at the two solstitial points.  The height of the horizon was measured, and corrections for refraction were applied from a table of refractions, calculated for the altitude of Tiahuanaco, and supplied by Professor Harzer of Kiel.  

The three points of observation were (W) centre of West Wall; (I) a point inside the Temple, 1.8 metres (5 feet 11 inches) from W; and (S) centre of Stone Block, 5.4 metres (17 feet 9 inches) from W. [from the Setterfields: any diagram originally intended for this manuscript has, to the best of our knowledge, been lost. The following photo and caption is from the location listed below it on the internet.]
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Dr. Müller, standing at the point I, observed the sun at solstitial sunrise exactly over the centre of the corner pillars A and B respectively.  The angle AIB thus gave the total amplitude referred to the solstices of 1930.

From the point W (centre of West wall), the measured angle AWB corresponds to the total amplitude at an epoch when an observer, standing at the point W would see the solstitial sunrise at A and B respectively.  From the point S (centre of Stone Block), the measured angle ASB corresponds to the total amplitude at an epoch when an observer, standing at the point S. would see the solstitial sunrise at A and B respectively.

The results of these observations and measurements are given in the following table
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[image: ]

The solstitial declination of the sun corresponding to these observations, and the dates in agreement with these values of the declination, are shown in the following table
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The date 15,000 B.C. is not historically admissible.

The above results therefore indicate the probability that the great flat stone block, S., was the actual Sunrise Observation Stone, from which, year by year, the solstitial sunrise positions were observed, for the purposes of the Peruvian calendar, and for the ceremonies of Sun worship.

It should perhaps be noted that the actual positions of the sun on the horizon would be the points observed, and the corner stones would be used as indicators of these points.  In the illustration, the top of the distant South-East corner stone is below the horizon from the point from which the photograph was taken, and the rising sun, at the Summer (December) solstice, would be seen at a small elevation above the corner stone.

In the course of time, as the sun’s solstitial declination decreased, a slight change of position of the observer from the centre of the flat Stone Block would be sufficient to keep the top of the corner stone in coincidence with the observed sunrise point on the horizon.  

Adopting the conclusion that when the Temple was built, the centre of the flat Stone Block was the point from which the observations of mid-summer and mid-winter sunrises were made, the date of construction, in accordance with Newcomb’s Formula would be about 4000 B.C., but by the New Curve it would be about 700 B.C.

There are other interesting astronomical features in the Solar Temple of Tiahuanaco, which deserve further investigations, particularly in regard to the use of the other great flat Stone which Dr. Müller calls the “Observation Stone,” near the centre of the Temple.  This is an unsymmetrical position, however, and is split in halves, so that possibly it is not quite in its original position. (Dr. Müller says, “It is conceivable that an extension southwards of the Stone was intended to be laid, or was even in existence.”)

It is difficult therefore to draw any reliable conclusions from observations made from the centre of this Stone, either to the eastern corner stones of the inner “Sanctuary” for sunrise observations, or to the western corner stones of the later Tiahuanaco II construction on the western side of the main building.

The principle astronomical data of the Temple as already set out, however, are more satisfactory.  If it is admitted that the flat Stone Block, S, was in all probability the point from which the solstitial sunrises were originally observed, we may now test the approximate date of construction, found astronomically, with that which is derived from the best modern archaeological results.

The Archaeological Date of Tiahuanaco

An immense amount of material is available for estimating the chronology of the civilizations which have flourished in the region of the Andes.  Dr. Philip Ainsworth Means, in his great study of this subject, entitled Ancient Civilisations of the Andes (1931), gives a list of 629 works which he has consulted and used.  He shows that there is a striking parallelism between the cultural development of the Mayas and other peoples of Mexico and Central America, and that of the Peruvians.  

The earliest people of Peru came from the north, both by land and by sea, and they settled on the coast of Peru and in the adjacent high mountainous regions of the Andes.  Their first arrival in Peru probably took place many centuries before the Christian Era.

In common with the Mayas, they were remarkable for their magnificent civilizations, lofty temples, great cities and towns, now represented by vast ruins of cyclopean buildings.  In some cases, as at the Solar Temple of Tiahuanaco, great building stones, weighing up to 60 or 70 tons, are mentioned.

A comparison of the respective achievements and history of these nations, as far as they can be traced, is essential in forming a reliable estimate of the date at which the various developments, in particular the building of the Temple of Tiahuanaco, occurred.  

This is well shown in the following tabular and historical comparisons, given by Dr. Means.

Central American and Andean Cultural History Compared (on a basis of native data recoverd by modern research)

from Ancient Civilisations of the Andes, by Philip Ainsworth Means, Charles Scribners Son 1931, p. 47

[note: the original formatting was not reproducible here, but the information is as follows]
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Cultural Periods in the Andean Area as Shown by Modern Research into folk Memory and by Archaeology

from Ancient Civilisations of the Andes, by Philip Ainsworth Means, Charles Scribners Son 1931, pp. 48-49
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A similar comparison between the Maya civilization and that of the Peruvians is available from other sources.  S.G. Morley, in the National Geographic Magazine, January 1925, gives a concise account of early Maya history.  Peruvian history shows a remarkable similarity with that of the Mayas, both in periods of expansion and decline, and in cultural characteristics.

General conclusions, based on these archaeological studies, make it highly probable that the building of the great Solar Temple of Tiahuanaco in the Tiahuanaco I period took place at some time during the first millennium before the Christian Era.

C.R. Enock, in The Secret of the Pacific (1912, p. 169) says “The temples and fortresses of Cuzco date only from the eleventh century, or later, of the Christian era, when the Inca dynasty came into being; those of Tiahuanaco are of unknown age, and doubtless were built by the Aymaras at the time of their greatest culture before their overthrow, or even predecessors of those people.  Some writers, indeed, have maintained that they were contemporaneous with Babylon or Assyria.”  This would probably put the date somewhere between 800 B.C. and 600 B.C.  In view of the formidable array of archaeological documents and evidence presented by Dr. Means, it seems wholly impossible to put the building of the Solar Temple of Tiahuanaco so far back as 4000 B.C.

Thus, although the astronomical and archaeological results for Tiahuanaco are not so precise as in the case of Karnak or Stonehenge, there is, nevertheless, a strong indication that the date of construction is in agreement with the new Curve of Obliquity rather than with Newcomb’s Curve.  Attention is drawn to this ancient Solar Temple, not only because it probably gives support to the New Curve of Obliquity, but also because it is an interesting case for further investigation, from the point of view of both astronomy and archaeology.

_________________


	Dr. Müller’s results are given in a publication entitled “Der Sonnentempel in der Ruinen von Tihuanacu,” Versuch Einer Astronomischen Altersbestimung, Dietrich Reimer, Berlin, 1931, p. 263
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Conclusion

Barry and Helen Setterfield

George Dodwell died before this manuscript was finished. Thus, the last chapter on Tiahuanaco is brief, the material taken from his original material. However what he did do is summarized well in his Preface and Introduction.

In the years he took to research the measurements of the obliquity of the eclipitic, or tilt of the earth's axis, going back in time as far as possible, he found undeniable evidence that something happened to the tilt of the earth's axis in 2345 B.C. The measurements actually taken differed from Newcomb's curve of the mathematically figured obliquity (based on current earth movement) to a greater and greater degree the further back he looked. Thinking this might be due to early astronomical error, he checked each of these measurements for necessary corrections regarding parallax the semi-diameter of the sun and then against one another. The latitude at which the observations were made is inherent in the data. The latitude can be checked. When this check is performed, it turns out the latitude of the observations was completely accurate. He was impressed with their accuracy. The differences from Newcomb's Curve were real.

He studied some of the ancient temple/observatories. Their orientation towards summer and winter solstices were also 'off' by the amount the ancient observations showed. His conclusion, and the conclusion we find we also must draw, is that there was a sudden change in the tilt of the axis of the earth in or about 2345 B.C.

Interestingly, this appears to correlate exactly with a number of disruptions of cultures in the world: it appears to have initiated the First Intermediate Period in Egypt, for instance. This is logical, since any impact event causing a change in the earth's axis tilt would necessarily trigger earthquakes of a very large magnitude as well as volcanic eruptions and other local catastrophes. These events have been researched and documented, as referenced below. 

Thus, George Dodwell's work in collecting and presenting the measurements and archaeological evidence which show why these events occurred is extremely valuable and we are honored to have been allowed to present it on our website.

References regarding earth and cultural disruptions at about this time:

from Moe M. Mandelkehr

"An Integrated Model for an Earthwide Event at 2300 B.C. part I: The Archaeological Evidence," SIS Review, Vol.V, 1983, pp 77-95

"An Integrated Model for an Earthwide Event at 2300 B.C. part II: The Climatological Evidence," Chronology and Catastrophism Review Vol. IX, 1987, pp 34-44

"An Integrated Model for an Earthwide Even at 2300 B.C. part III: The Geological Evidence," Chronology and Catastrophism Review Vol. X, 1987, pp 11-22

"The Causal Source for the Climatic Changes at 2300 B.C." C&C Review 1999:1, pp 3-10

"The Causal Source for the Geological Transients at 2300 B.C." C&C Review, 1991:1, pp 11-16

THE 2300 BC EVENT - A TAPESTRY OF DESTRUCTION

David Arthur Douglas, The Development and Demise of the Early Bronze Age IV

Collapse of Early Bronze Age Civilisations: Has the Smoking Gun been Found?

Catch a Falling Comet

Sharad Master, Umm al Binni lake, a possible Holocene impact structure in the marshes of southern Iraq: Geological evidence for its age, and implications for Bronze-age Mesopotamia.

Timo Niroma, Evidence for Major Impact Events in the late Third Millennium BC and The Third Millennium BC (3100-2100 BC)

Proceedings of the Second SIS Cambridge Conference

B.J. Peiser, Taurid Demons, Climate Change & the Collapse of Mankind's First Urban Civilizations
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