Peters's tables

Johann Theodor Peters (1869[START_REF] Roegel | A reconstruction of Peters's table of 7-place trigonometrical values for the new division[END_REF] was a German astronomer and computer of mathematical and astronomical tables. In 1910 and 1911, together with Julius Bauschinger, he published the first widely available 8-place table of logarithms [16]. This work was the basis of many later tables, most of which have been reconstructed by us. 1Peters also published a number of purely trigonometrical tables. His first large such table was the 7-place table published in 1918 [START_REF] Theodor | Siebenstellige Werte der trigonometrischen Funktionen von Tausendstel zu Tausendstel des Grades[END_REF], and it was followed by 6-place tables published in 1929 [START_REF] Theodor | Sechsstellige Tafel der trigonometrischen Funktionen : enthaltend die Werte der sechs trigonometrischen Funktionen von zehn zu zehn Bogensekunden des in 90 • geteilten Quadranten u. d[END_REF] and 1930 [START_REF] Theodor | Sechsstellige trigonometrische Tafel für neue Teilung[END_REF].

The present table belongs to these purely trigonometrical tables and was published in 1937 [START_REF] Theodor | Sechsstellige Werte der Kreis-und Evolventen-Funktionen von Hundertstel zu Hundertstel des Grades nebst einigen Hilfstafeln für die Zahnradtechnik[END_REF].

Tables of involutes

Peters's table gives 6-place values of the six usual trigonometric functions, at intervals of 0 • .01, together with their differences. In addition, Peters gives values related to the construction of involute curves (Evolventen in German, abreviated ev ). Involute curves are used in various domains, for instance for the shape of teeth in gears.

Peters's table has its origin in the work of Werner F. Vogel (1893[START_REF] Theodor | Sechsstellige Werte der trigonometrischen Funktionen von Tausendstel zu Tausendstel des Neugrades[END_REF] who introduced a new computation of the involute function in 1936 [103, pp. 163-167]. Vogel approached Peters and they worked out the present table.

Figure 1 shows how such a curve is computed, and how the involute function is defined. Given a circle of center O and radius OA, the involute curve (red) is obtained as the path of point P where GP is a tangent to the circle and the length of arc GA is equal to GP . In other words, P is the path of a point of a string which is unwound from the circle, and constantly kept taut. The length of the arc AB (blue) is the value of the involute function associated with the angle α. The length of the arc depends on the radius of the base circle, which is taken equal to 1.

Taking α = POG as the parameter, we have therefore tan α = GP OG = GP = [AG] = [AB ]+ [BG], where [x] refers to the length of the arc x centered on O. We have [AB ] = θ r , where θ r is the angle θ expressed in radians. Similarly, [AB ] = α r . Consequently,

inv(α) = θ r = [AB] = [AG] -[BG] = tan α -α r (1) 
Peters introduced the function arc(α • ) = α r = α • × π 180 and therefore

inv(α) = arc(θ • ) = tan α -arc(α • ) (2) 
θ • = inv(α) × 180 π (3) 
For instance, for α = 20 • , we obtain arc(α) = 0.349066, inv(α) = 0.014904, and finally θ • = 0.8540.

Peters's table gives the six standard trigonometrical functions, together with the values of inv(α), θ • , and arc(α), on two facing pages, for a range of half a degree, at 0 • .01 intervals, all to six places. Three additional columns give the values of these three functions for 90 -α, so that all the values are given for the entire quadrant.

Peters does not give the sources of his values, but they are presumably based on his other trigonometrical tables.

The main table is supplemented by a number of appendices, in particular tables of polygons and more specialized tables for use in gearing applications, and conversion tables. These tables have not been reproduced here.

As an example of application, we can consider drawing an involute using the parameter α. Since OP = sec α, the rectangular coordinates of the point of the involute determined by α are x P = sec α • cos θ (4) y P = sec α • sin θ

(5)

Peters's table gives the secants as well as θ, and also cos θ and sin θ, so that it is relatively easy to obtain the rectangular coordinates. During WWII, there was a Japanese edition of Peters's table [START_REF] Clare | Japanese World War II editions of mathematical tables[END_REF]. Most of Peters's table was also reprinted by Vogel in English in 1945, but to seven places [102,[START_REF] Noah Lowan | Involutometry and trigonometry[END_REF]. Finally, Peters's table was also reprinted in 1963 (see [START_REF] Strubecker | Review of Peters, Sechstellige Werte der Kreis-und Evolventen-Funktionen[END_REF] for a review). 
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 1 Figure 1: The construction of the involute curve.
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 2 Figure 2: Excerpt of Peters's table.
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 3 Figure 3: Excerpt of Peters's table.
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 5 Figure 5: Excerpt of Peters's table.

For more information on Peters's tables, we refer the reader to our summary[START_REF] Roegel | The genealogy of Johann Theodor Peters's great mathematical tables[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 we have not done it here.