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Introduction

Edward Sang (1805Sang ( -1890) ) was probably the greatest calculator of logarithms of the 19th century [START_REF] Anonymous | Dr Edward Sang's logarithmic, trigonometrical, and astronomical tables[END_REF][START_REF] Duncan | calculator extraordinary[END_REF][START_REF] Duncan | The logarithmic tables of Edward Sang and his daughters[END_REF][START_REF] Duncan | Knott and Spence on logarithmic and other tables[END_REF][START_REF] Cargill | Napier Tercentenary Memorial[END_REF][START_REF] Peebles | [END_REF]. Sang spent 40 years computing tables of logarithms and trigonometric functions, with the assistance from his daughters Flora and Jane (1834-1878).

Sang's purpose was in particular to provide fundamental tables, including for the decimal division of the quadrant. In 1890 [4, p. 189], he wrote that In addition to the results being accurate to a degree far beyond what can ever be needed in practical matters, [the collection of computations] contains what no work of the kind has contained before, a complete and clear record of all the steps by which those results were reached. Thus we are enabled at once to verify, or if necessary, to correct the record, so making it a standard for all time.

For these reasons it is proposed that the entire collection be acquired by, and preserved in, some official library, so as to be accessible to all interested in such matters; so that future computers may be enabled to extend the work without the need of recomputing what has been already done; and also so that those extracts which are judged to be expedient may be published.

But Sang also worked on other tables, 1 and at the end of the 1870s, he turned his attention to Kepler's equation. This equation relates two parameters of an elliptic motion, namely the eccentric and the mean anomalies. Sang found that the mean anomaly could be expressed as the sum of the areas of two circular segments [START_REF] Sang | Description of new astronomical tables for the computation of anomalies[END_REF], and that prompted him to construct a table of circular segments [START_REF] Roegel | A reconstruction of Edward Sang's table of circular segments[END_REF].

Solving Kepler's equation required having a first estimate of the eccentric anomaly. In 1890 [START_REF] Anonymous | Dr Edward Sang's logarithmic, trigonometrical, and astronomical tables[END_REF], Sang wrote that In order to be able promptly to make this first estimate sufficiently near in every possible case, a table of mean anomalies from degree to degree of the angular position, and also from degree to degree of the angle of excentricity of the orbit, has been computed according to the decimal system.

Sang's table of mean anomalies (K47) 2 reconstructed here 3 gives the mean anomaly as a function of the eccentric anomaly, as well as differences and variations. This table was briefly described in [START_REF] Sang | List of trigonometrical and astronomical calculations[END_REF][START_REF] Anonymous | Dr Edward Sang's logarithmic, trigonometrical, and astronomical tables[END_REF].

In order to understand what this function actually tabulates, we need to recall the various parameters describing the elliptic motion. In figure 1, P is a planet orbiting on an elliptic path around the Sun S. From P we obtain point Q which is on a cercle whose radius is the semi-major axis of the ellipse. A is the perihelion. The angle p is the eccentric anomaly, which Sang prefers to call "angle of position."

1 A summary of Sang's main tables and the ones I have reconstructed is given in a separate guide [START_REF] Roegel | A guide to Edward Sang's tables and to their reconstructions[END_REF]. 2 National Library of Scotland, Edinburgh, Acc.10780/57. 3 The present introduction is almost identical to that written for the twin volume K46 [START_REF] Roegel | A reconstruction of Edward Sang's table of mean anomalies: volume A[END_REF]. According to Kepler's second law, the segment SP sweeps equal areas in equal times. Consequently, this is also true of the segment SQ, as the circle AEMQ is a mere projection of the elliptic path. All areas are multiplied by a constant factor.

Q has an uneven motion around O, and M represents the mean motion of Q, when both points start together at the perihelion A. The angle m is the mean anomaly.

The eccentricity ε of the ellipse is OS /OA and according to Kepler 

iv for e = 0 c to e = 99 c and for θ = 0 c to θ = 200 c . Formula (1) might be considered as an extension of the formula for circular segments, which happens to be the case e = 0. Consequently, the table of circular segments is a subtable of the present table.

The values of the mean anomalies are given here to four decimal place of the degree and have been obtained from abridgements from the first volume (K46) [START_REF] Roegel | A reconstruction of Edward Sang's table of mean anomalies: volume A[END_REF] where they are given to 8 places. 4 In addition, Sang gives here the differences between values with the same eccentricity but differing by one degree of eccentric anomaly, and the variations between values with the same eccentric anomaly, but with eccentricities differing by one degree.

In the introduction to this volume, Sang writes This table was copied from the preceding volume (A), leaving off the second group of four places; that is stopping at seconds of the degree, or millionth parts of the quadrant.

The differences and variations were filled in by subtraction.

The first part of the work was done from e = 99 c backwards to e = 50 c , as this arrangement was more convenient in the case of interruptions; the second part was done from e = 0 c to e = 49 c , so that the last page of the forty-ninth degree was the actual end. The paging, however, is continuous from 0 c to 99 c .

The tables K46 and K47 could be used to provide first approximations of the values of the eccentric anomaly, as explained in the description of volume K45 [START_REF] Roegel | A reconstruction of Edward Sang's table of circular segments[END_REF].

Sang's article on elliptic motions [START_REF] Sang | Nouveau calcul des mouvements elliptiques[END_REF] also contains on six pages tables of anomalies for e = 10 c , 50 c and 90 c . These tables give the mean and true anomalies to four decimal places and for the angles of position (eccentric anomalies) between 0 and 200 c .

Sang also had the project of computing more extensive tables of true anomalies and radii, but after the completion of the tables of mean anomalies, he preferred to compute logarithmic sines and tangents [START_REF] Roegel | A reconstruction of Edward Sang's table of logarithmic sines and tangents[END_REF]. He sketched the computation of true anomalies and radii shortly before his death for others to continue. 
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 1 Figure 1: Eccentric and mean anomalies.

  's equation, we have m = p -ε sin p This assumes that m and p are expressed in radians. Now, Sang writes e = AE , and we have naturally ε = cos e. Therefore, Kepler's equation reads m = p -cos e • sin p If now m = 200 π m and p = 200 π p are the mean and eccentric anomalies expressed in centesimal degrees, we obtain m = p -200 π cos e • sin(p ) and this is the equation which was tabulated by Sang. More precisely, Sang gives the values of θ -200 π cos e • sin θ

In spite of this, this volume appears not to be exempt of errors. The values seem to be almost all correct, but for instance for e = 99 c and θ = 135 c , Sang gives a mean anomaly of 134.1473 which is off by one unit of the last place. It should be checked whether volume K46 is also wrong for that value, or if the problem is merely one of rounding.

See Sang's 1889 notice[START_REF] Sang | Notice of fundamental tables in trigonometry and astronomy, arranged according to the decimal division of the quadrant[END_REF], also transcribed in my analysis of the computation of sines[START_REF] Roegel | Edward Sang's computation of sines[END_REF].

Note on the titles of the works: Original titles come with many idiosyncrasies and features (line splitting, size, fonts, etc.) which can often not be reproduced in a list of references. It has therefore seemed pointless to capitalize works according to conventions which not only have no relation with the original work, but also do not restore the title entirely. In the following list of references, most title words (except in German) will therefore be left uncapitalized. The names of the authors have also been homogenized and initials expanded, as much as possible.The reader should keep in mind that this list is not meant as a facsimile of the original works. The original style information could no doubt have been added as a note, but I have not done it here. vii
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