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] Bruce | [END_REF]. Sang spent 40 years computing tables of logarithms and trigonometric functions, with the assistance from his daughters Flora and Jane (1834-1878). The result fills about 50 manuscript volumes, plus a number of transfer duplicates, which are kept at Edinburgh University Library and at the National Library of Scotland, Edinburgh. I have reconstructed a number of these tables and an overview of the tables and reconstructions can be found in a separate guide [START_REF] Roegel | A guide to Edward Sang's tables and to their reconstructions[END_REF].

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.

Sines

In the second half of the 1870s, Sang worked on the construction of a canon of sines [START_REF] Roegel | Edward Sang's computation of sines[END_REF]. This canon was built in three stages. First, Sang computed the sines at intervals of 25 . Then he constructed a second table at intervals of 5 . These two tables are found in volume K40. Finally, Sang constructed a canon of sines at 1 intervals (volumes K41 and K42) [START_REF] Roegel | A reconstruction of Edward Sang's canon of sines (K41-K42[END_REF].

In a summary of his works drawn in 1890 [START_REF] Anonymous | Dr Edward Sang's logarithmic, trigonometrical, and astronomical tables[END_REF], Sang writes this In the compilation of the trigonometrical canon the same precautions were taken for securing the accuracy of the results. In the usual way, by means of the extraction of the square root, the quadrant was divided into ten equal parts, and the sines of these computed to thirty-three, for thirty places. These again were bisected thrice, thus giving the sine of each eightieth part of the quadrant; all the steps of the process being recorded.

The quinquesection of these parts was effected by help of the method of the solution of equations of all orders, published by me in 1829; and the computation of the multiples of those parts was effected by the use of the usual formula for second differences. A table of the multiples of 2 ver .00 c 25 was made to facilitate the work, and the sines, first differences, and second differences were recorded in such a way as to enable one instantly to examine iii the accuracy. The same method of quinquesection was again repeated, and the computation of the canon to each fifth minute was effected by help of a table of one thousand multiples of 2 ver .00 c 05 , the record being given to thirty-three places, the verification being examined at every fifth place. In this work there is no likelihood of a single error having escaped notice.

For the third time this method of quinquesection was applied in order to obtain the sines of arcs to a single minute. A table of one thousand multiples of 2 ver .00 c 01 was computed to thirty-three places, but in the actual canon it was judged proper to curtail these, and the calculations were restricted to eighteen decimals on the scroll paper. In the actual canon as transcribed, only fifteen places are given. In all cases the function, its first difference, and its second difference are given in position ready for instantaneous examination; and the whole is expected to be free of error excepting in the rare cases where the rejected figures are 500 -these cases being duly noted.

Sang also describes the present volume K40/1 which contains the canon of sines at intervals of 25 : This is the record of all the articulate steps in the calculation, to 33 places, of the sines of arcs differing by the 2000th part of the quadrant.

By the extraction of the square root and repeated bisections, the quadrant was divided into 80 parts, and the sines of the multiples of 01 c 25 were computed.

Thereafter the sines and cosines of 00 c 25 and of 01 c 25 were got by the direct resolution of the appropriate equations of the fifth degree, and were compared with those which had been got in computing the recurring functions of submultiples of π, the steps of which are copied into this record.

By help of 100 multiples of 2 ver .25 , and of 1000 multiples of 2 ver .5 , a table of sines of arcs differing by 25 , and thereafter one of arcs differing by 5 , were computed on the actual pages.

Although these have the appearance of being interpolations, they are truly independent computations, the use of the preceding work preventing mistakes, as well as the accumulation of the minute errors, due to the rejection of figures beyond the 33rd place.

The second part of volume K40 is reproduced separately [START_REF] Roegel | A reconstruction of Edward Sang's canon of sines (K40/2,1877[END_REF].

The current table spans 41 pages, with 10 sines and differences per page. A comparison of a number of samples with my reconstruction suggests that the sines in Sang's table (given to 30 places) are usually correct, and are occasionally off by one unit of the 30th place. For instance, in the excerpt given in figure 1, the sine of 50 c 75 is off by one unit. A closer examination of that excerpt reveals that the differences are not computed from the values given, and that the values in Sang's table are actually rounded values from a table to 33 places, as explained by Sang above. The values in the second part of volume K40 are instead actually given to 33 places. 

Figure 1 :

 1 Figure 1: Excerpt from Sang's table of sines to 25 . (Courtesy Edinburgh University Library)

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.