Smogulecki's life

.

Smogulecki's tract was cited by the mathematician and astronomer Christoph Scheiner in his book Rosa Ursina (1626-1630). Scheiner was one of the first to observe sunspots in 1611.

In 1628, Smogulecki was in Rome studying law and philosophy at the Jesuit University. He also briefly studied in Padua in 1629. After having completed his philosophical studies, he returned to Poland, probably in 1629. Smogulecki then became involved in politics, in the footsteps of his father. In 1634, he was in charge of paying the army.

For an unknown reason, Smogulecki entered the convent of Cracow in 1636. He spent two years in this convent and the following two years at the College of Saint Peter in Cracow. In 1640, he returned to Rome in order to study at the Collegio Romano and was probably ordinated in 1641 or 1642. In 1641, he requested to be sent on a mission.

In 1643, Smogulecki left Rome for Portugal and in 1644 he embarked on a boat for China. He sent a letter from Java on January 2, 1645 in which he wrote that he had spent ten months on sea without any stops. Smogulecki arrived in China at the very end of the Ming dynasty and wrote about the suicide of its last Emperor, the Chongzhen Emperor (1611-1644).

Smogulecki only reached China in 1646 and was assigned to Nanjing. It is at that time that he took his Chinese name, "Mù ní gé" [穆尼閣].

At that time, Nanjing was still in the hands of the Ming loyalists, but it was soon taken over by the Manchus. The church and the residence of the Jesuits were destroyed by fire.

Smogulecki escaped being lynched as a Manchu supporter and eventually took position in Fujian, where he stayed from 1647 to 1651. This was a very difficult period when the southern provinces only little by little became conquered and pacified by the Manchus.

Smogulecki returned to Nanjing where he taught mathematics and came in touch with his most distinguished disciple, Xue Fengzuo [薛鳳祚, xu ēfèngzuò]. Xue had come to Nanjing on 11 January 1652.

In 1653, the Emperor called Smogulecki to the capital and granted Smogulecki permission to go wherever he wished in China. Smogulecki had intended to go to Yunnan, but never reached this province. In 1655 he was in Guangdong province and he died shortly later, having spent several months in Hainan.

Smogulecki and Xue's tables

.

calendar. When he came to Nanjing, he learned about European astronomy through Smogulecki, and this led to his publication of several works which were going to relate Chinese and Western astronomy.

Smogulecki and Xue's first work in this direction was the Tianbu zhenyuan treatise (1653). It contains in particular two tables of logarithms, one giving the logarithms of numbers (Bili duishu biao [比例对数表]), and another giving the logarithms of trigonometrical functions (比例四線新表). These tables were edited by Xue, but the first version was certainly by Smogulecki. It is likely that Smogulecki first produced a table of logarithms of numbers, certainly copying it from Vlacq's Arithmetica logarithmica or another book, and that this table was then adapted to Chinese by Xue Fengzuo. This table was apparently the first Chinese table of logarithms. We describe this table in a separate document [START_REF] Roegel | A reconstruction of Smogulecki and Xue's table of logarithms of numbers (ca. 1653[END_REF].

The Tianbu zhenyuan 天步真原 was itself included in the Lixue huitong 曆學會通 published in 1664 [START_REF] Shi | Nikolaus Smogulecki and Xue Fengzuo's Tianbu Zhenyuan 天步真原: Its production, publication, and reception[END_REF].

Logarithms of trigonometric functions

The Tianbu zhenyuan 天步真原 (1653) contains a second table of logarithms giving the logarithms of trigonometric functions to six decimal places after a short introduction. The title of the table is 比例四線新表 and it is the centesimal version of Smogulecki's 比例四線表. 2 From left to right, the table gives the logarithms of the cotangent (切餘), tangent (切正), cosine (線餘), and sine (線正), all increased by 10. The headers must be read from right to left. Each degree covers four pages and is divided centesimally. The headers are to be used with the divisions on the right, and the complementary functions are obtained by using the footers and the divisions on the left.

So, on the last page of the table (here appearing at the beginning), the values are, from left to right, 10 + log cot 45 • = 10, 10 + log tan 45 • = 10, 10 + log cos 45 • = 9.849485, and 10 + log sin 45 • = 9.849485. On the first page, we have 10 + log cot 0 • .10 = 12.758122, 10 + log tan 0 • .10 = 7.241878, 10 + log cos 0 • .10 = 9.999999, and 10 + log sin 0 • .10 = 7.241877.

All the values are written from right to left, and some digits are omitted when they are repeated. How these digits are omitted depends on whether the function increases or decreases. For instance, on the first page of the table, the value of log cot is not written in full for 0 • , but for 0 • .30, because this column decreases when the angles increase. On the other hand, the tangent increases, and the value is written in full on the first line. Similar remarks apply to the sines and cosines.

We can also observe that the last page of each degree is more than half empty, and this is very unusual. Almost every other table tries to optimize the layout on a page. The title in the middle of each double page is 中法四線 (zh ōngfǎsìxiàn).

Smogulecki and Xue's table was printed with woodcuts, the main technique for printing in China until the 19th century. 3

Xue's transformations

In the table of logarithms of numbers, it is difficult to know exactly what Xue did. But in the table of logarithms of trigonometric functions, we can clearly distinguish Smogulecki's work and Xue's work. Indeed Xue Fengzuo wrote: "I came to Nanjing in the Spring Day of the year renchen 壬辰 (11 Jan. 1652) and learnt trigonometry from Mr. Mu [Nige]. In addition, I also learnt from him logarithm and the table of logarithms of the four trigonometric lines. . . . However, when I was engaged in the project of emendation and integration recently, I found that, whereas the Chinese method was too scattered and simple, the old [trigonometric] method was in sexagesimal system, both being incompatible with each other. Therefore, I integrated them by converting the sexagesimal system in both the eight 4 trigonometric lines and the related books into centesimal system, so that the old and new, Chinese and Western can be unified into one system, which might become a ladder for this study [i.e. astronomy]." [START_REF] Shi | Nikolaus Smogulecki and Xue Fengzuo's Tianbu Zhenyuan 天步真原: Its production, publication, and reception[END_REF] It is therefore likely that Smogulecki brought a Western (sexagesimal) table, and perhaps translated it into a sexagesimal Chinese table, and that Xue Fengzuo later adapted the sexagesimal division into a centesimal one, by doing interpolations.

Shi Yunli writes moreover:

(. . . ) Xue Fengzuo really revised these works in accordance with the centesimal system, and the Bili sixian xinbiao is actually an independent work by himself, rather than by Smogulecki and him together as was believed before. Mei Wending also observed that "the Bili sixian 比例四線 (Proportions of the Four Trigonometric Lines) was taught by Mr. Mu [Nige]", while "Yifu [i.e. Xue Fengzuo] compiled again the Sixian xinbili 四線新比例 (New Proportions of the Four Trigonometric Lines), which gives the values of the four trigonometric lines. He uses 'degree' in the same way [as Mu Nige does], but divides one degree into hundred minutes." [START_REF] Shi | Nikolaus Smogulecki and Xue Fengzuo's Tianbu Zhenyuan 天步真原: Its production, publication, and reception[END_REF] 5 Accuracy of the tables An examination of the table reveals that the values of the trigonometric lines are almost all correct for multiples of 0 • .05. There are only a few deviations, for instance for log cot 0 • .05 = 13.059152 (instead of the correct 3), log cot 0 • .40 = 12.156055 (instead of the correct 6), log cot 0 • .60 = 11.979955 (instead of the correct 6), etc. This was of course to be expected, because 0 • .05 = 3 ′ and this value can be found in a sexagesimal table of logarithms. Vlacq's 1628 table [30], for instance, gave the logarithms of the trigonometric functions for every minute. The values in between, that is i+j ×0.01 where j is not a multiple of 5, are not found in a sexagesimal table giving the logarithms every minute, or even every 10 seconds. These values therefore needed to be interpolated.

Indeed, it also appears that all these values are much less accurate than the first ones. It is in fact easy to see that these values were computed by a mere linear interpolation. 5For instance, we have in the original table 10 + log sin 0 • .10 = 7.241877

(1)

10 + log sin 0 

. . . . . .

In this case, we have a perfect agreement with what is obtained by a linear interpolation. In other cases, we may have a discrepancy on the last digit, but this discrepancy can probably be explained by the use of more accurate values for the pivots (every 0 A special case concerns the first values of the table, which starts with the angle 0 • .01. The values of the functions for 0 • .01 = 36 ′′ are not found in common tables of logarithms. In Smogulecki and Xue's table, 10 + log cos 0 • .01 was taken to be 10, but 10 + log sin 0 • .01 and 10 + log tan 0 • .01 were both taken to be 6.343346, and 10 + log cot 0 • .01 was taken to be [START_REF] Liu | 穆尼閣:薛鳳祚之師 (Jan Mikołaj Smogulecki -The Teacher of Xue Fengzuo)[END_REF].421444 (see table 1). These three values are seriously wrong, but it is easy to see that the values for 0 • .02, 0 • .03, and 0 • .04 were obtained by linear interpolation between the values for 0 • .01 and 0 • .05. This therefore raises the question of the source of the values of the logarithms for 0 • .01. It is likely that the values of log sin 0 • .01 and log tan 0 • .01 were obtained by linear extrapolation between the values given in a sexagesimal table for 1 ′ and 2 ′ . Indeed, Vlacq's 1636 table gives for instance 10 + log sin 1 ′ = 6.4637261 and 10 + log sin 2 ′ = 6.7647561, and 6.4637261 + (6.4637261 -6.7647561) × 24 60 = 6.343314

which is very close to the value given by Xue (6.343346). The same remarks apply to the computation of log tan 0 • .01. But the first value of log cot was apparently not found by such a linear interpolation and the question remains open. Moreover, no attempt was made to derive the logarithms of the cotangents from those of the tangents, although we have 10 + log cot x = 20 -(10 + log tan x).

The fact that Xue only used linear interpolation is somewhat surprising, as more elaborate interpolation schemes were available, and as Xue is considered as having had a deep knowledge of Chinese and Western astronomical methods, as we pointed out above. At the beginning of the table (around 0 • ), the values of the logarithms vary a lot and a linear interpolation produces four or five wrong digits for the logarithms of sines, tangents and cotangents. At the end of the table (around 45 • ), these same functions vary very little, and usually only the last digit of the value of the logarithm is wrong.

In addition to interpolation errors, there are also some last digit errors on pivot values, perhaps due to errors in the original sources. There are also some typos: log cot 0 • .30 is for instance given as 12.280797, instead of the correct 12.280997.

Reconstruction

The reconstruction of the table is based on the published table [START_REF] 中國科學技術典籍通彙 | 鄭州: 河南教育出版社[END_REF]. We have tried to build the table following systematic rules and the original table departs from our rules in a few cases.
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Figure 1: Excerpt of Smogulecki and Xue's original table of logarithms (from [START_REF] 中國科學技術典籍通彙 | 鄭州: 河南教育出版社[END_REF]).
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Table 1 :

 1 • .05) than those put in the table. The first values of log sin and log cot in Smogulecki and Xue's table.

	Angle	log sin	log cot
	0 • .01 6.343346 13.421444
	0 • .02 6.492721 13.330871
	0 • .03 6.642096 13.240298
	0 • .04 6.791472 13.149725
	0 • .05 6.940847 13.059152
	0 • .06 7.000903 12.998946
	0 • .07 7.060959 12.938740
	0 • .08 7.121015 12.878534
	0 • .09 7.181071 12.818328
	0 • .10 7.241877 12.758122

The 比例四線新表 is reproduced in[START_REF] 中國科學技術典籍通彙 | 鄭州: 河南教育出版社[END_REF].

On the history of xylography in China, see[START_REF] Drège | Poirier et jujubier : la technique de la xylographie en Chine[END_REF].

The tables only give four trigonometric functions, but these eight lines probably refer to the six usual lines, as well as the 正矢 (versine) and 餘矢 (coversine) functions, which can be obtained indirectly from the values in the table.

Linear interpolation was well known and appears for instance as the Yingbuzu in the classical "Nine chapters"[15, pp. 336-338].

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.