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*   *   *
China has always attached great importance to the observation of the heavens and the compilation of calendars, and developed techniques to make astronomical devices such as the armillary sphere and the celestial globe. However, at the end of the sixteenth century Chinese astronomy and instrument-making nearly came to a standstill. At that time, the European missionaries who entered China introduced European science and technology to the Chinese, and cooperated with the Imperial Astronomical Bureau in making astronomical tools and editing calendars. As is well known, this was the prologue of the introduction of Western science and technology into China. The present paper reviews the process of the introduction of European astronomical technology into China in the seventeenth century.

The Initial Stage

After Matteo Ricci (1552-1610) arrived in Macao in August 1582, he associated with the higher social milieux and with scholars like Xu Guangqi 徐 光 啟 (1562-1633). Ricci was the first to introduce European astronomical instruments to the Chinese. He made a copper celestial globe in Zhaoqing 肇 慶 (Guangdong) and explained astronomy to visitors in the 1580s. He also taught students in Shaozhou 韶 州 (Guangdong), Nanking, and Peking how to make a celestial globe, an astrolabe, a quadrant, and a sundial. In 1605, Ricci and Li Zhizao 李 之 藻 (1565-1630) wrote the Qiankun tiyi 乾 坤 體 義 (Cosmological epitome), describing the use of a copper armillary sphere to demonstrate the relation between the heavens and earth and to help calculate the coordinates of the celestial bodies (fig. 1). Two years later, Ricci and Li explained the astrolabe and its method of coordinate projection in another work, the Hungai tongxian tushuo 渾 蓋 通 憲 圖 說 (Explanation of the coordinates of the celestial sphere and vault). Prior to this, the demonstrational armillary sphere, the quadrant, and the astrolabe were unknown in China.


Through these pursuits, Ricci perceived the problems involved in traditional Chinese calendar-making and envisaged the promotion of missionary work through involvement in revising the calendar. He calculated eclipses of the sun and the moon in Nanchang 南 昌 (Jiangxi) and Peking, but felt that his competence was inadequate to determine the positions and orbits of planets. Thus, in May 1605, he wrote to the Roman Church to ask that someone who could calculate the daily position of the planets be sent to China.


Missionaries who were expert in astronomy reached China only more than a dozen years later. In July 1619, Nicolas Trigault (1577-1628), who had already been once to China, led the missionaries Johann Terrenz Schreck (1576-1630), Giacomo Rho (1590-1638), and Johann Adam Schall von Bell (1591-1666) to Macao with some instruments and more than 7,000 books, including some that should have served as sources to compile and translate a calendar. Terrenz, Rho, and Schall all had proven academic achievements in science. Schall went to Peking at the beginning of 1623. He demonstrated European instruments, probably including a telescope brought to China in 1619. In 1629, he published his Yuanjing shuo 遠 鏡 說 (An explanation of the telescope), which introduced the structure, principles, manufacture, and use of the telescope, and the discoveries made by using this tool. Earlier than this, Emmanuel Diaz (1574-1659) from Portugal had mentioned in his Tianwen lüe 天 問 略 (Explicatio sphaerae coelestis; 1615) that a European had created a device to “watch faraway places as if from nearby.” This was the first introduction of the telescope to the Chinese; the European referred to was, obviously, Galileo Galilei.


When the Chinese began to realize that the calculations and predictions made by Western methods were correct, and could solve the discrepancies to which traditional calendars had been subject since their origins, the missionaries got an opportunity to join the Astronomical Bureau. Xu Guangqi was appointed by an imperial edict to lead the calendar revision in September 1629, and a Calendrical Bureau was set up in November that year. Xu advocated the Western approach, and appointed the Jesuit missionaries Johann Terrenz and Nicolò Longobardi (1559-1654). After Terrenz died, Rho and Schall received an assignment to work at the Bureau in August 1630 and January 1631, respectively. Later, when Xu passed away, Li Tianjing 李 天 經 (1579-1659) was in charge of the Calendrical Bureau. Between February 1631 and January 1635, the Chongzhen lishu 崇 禎 歷 書 (Astronomical compendium of the Chongzhen emperor), a work in 137 chapters, was submitted to the Imperial Court in five batches. In 1645, the newly-established Qing government appointed Schall with the task of establishing a calendar. Shortly afterwards, Schall submitted a calendar based on the Chongzhen lishu and the European observational instruments.

European Instruments in the Chongzhen lishu

Traditional Chinese astronomy used the equatorial coordinates, dividing the annular graduation on the armillary sphere into 365 1/4 degrees (du 度). The Chongzhen lishu, instead, adopted the Tychonic system, introducing the ecliptic coordinate system and using the European 360˚ sexagesimal(is this correctly expressed??). This method obviously required the observers to use the proper astronomical instruments. Thus the Celiang quanyi 測 量 全 義 (Complete treatise on measurement), a section of Chongzhen lishu, systematically introduced several European astronomical devices, describing in detail their structure, principles, manufacture, installment, features, and use.


The following are the main instruments introduced by the Chongzhen lishu:

1.
Ptolemaic organon parallaktikon (gu sanzhi youyi 古 三 直 游 儀, fig. 2).

2.
Ptolemaic astrolabon (gu liuhuan yi 古 六 環 儀, fig. 3), very similar to Regiomontanus’s (Johann Müller, 1436-1476) ecliptic armillary sphere (fig. 4).

3.
Ecliptic-equatorial armillary sphere (huangchi quanyi 黃 赤 全 儀), composed of an equatorial ring, an ecliptic ring, a meridian ring, a longitudinal ring, and a time disc. The size of the twenty-eight constellations on the equatorial ring was determined according to the ecliptic coordinates.

4.
Torquetum (gu xiangyun quanyi 古 象 運 全 儀, fig. 5); this was the machina collectitia described by Regiomontanus, but its structure was essentially the same as the torquetum described by Peter Apian (1495-1552; fig. 6).

5.
Jacob’s staff (hushi yi 弧 矢 儀, nuyi 弩 儀, fig. 7); one of the types of staffs that determined the virtual diameter of a comet according to Regiomontanus’s description. It likely originated from Archimedes’ staff.

6.
Quadrants (xiangxian yi 象 限 儀).

7.
Azimuthal quadrant (diping jingwei yi 地 平 經 緯 儀, fig. 8). This followed Tycho’s description (fig. 9), but its function was the same as the standing-rotating instrument on Guo Shoujing’s 郭 守 敬 (1231-1316) simplified armillary sphere.

8.
Sextant (jixian yi 紀 限 儀, fig. 10); its structure was very much the same as Tycho’s sextant (figs. 11 and 12), but it was simplified.

9.
Ecliptic armillary sphere (huangdao jingwei quanyi 黃 道 經 緯 全 儀, fig. 13), similar to Tycho’s ecliptic armillary sphere (fig. 14).

10.
Equatorial armillary sphere (chidao jingwei yi 赤 道 經 緯 儀, figs. 15 and 16). The upper structure was almost the same as Tycho’s separable equatorial armillary sphere (fig. 17), while the lower support was almost identical with Tycho’s ecliptic armillary sphere. It was simpler than the Chinese armillary sphere (fig. 18).

11.
Simplified equatorial armillary sphere (chidao jingwei jianyi 赤 道 經 緯 簡 儀, fig. 19), similar to the movable right ascension ring on Guo Shoujing’s simplified armillary sphere and on Tycho’s large equatorial armillary sphere (fig. 20).

12.
Demonstrational armillary sphere (huntian yi 渾 天 儀, fig. 21), composed of a horizontal surface, a meridian ring, a right ascension circle, an ecliptic polar axis, a time disc, a compass, and an arch of altitude. A solar ring, a lunar ring, and latitudinal rings could be added and the altitude of the North Pole could be adjusted. Chapter 5 of the Huntian yi shuo 渾 天 儀 說 (Explanation of the armillary sphere) focused on the manufacture of the armillary sphere (fig. 22) and the celestial globe (fig. 23); it involved technologies for metal processing, manufacture by means of grinding, welding, and manufacture of the screw and graduation.

13.
Celestial globe (tianqiu yi 天 球 儀), similar to the Chinese celestial globe. Its ecliptic ring, equatorial ring, meridian ring, and arch of altitude were the same as in the demonstrational armillary sphere. Its surface was lined up with stars.

14.
Instrumentum eclipticum (muhou yi 木 候 儀, fig. 24), identical with the instrument used by Kepler to observe the image of the moon (fig. 25).

The Ptolemaic organon parallaktikon, torquetum, Jacob’s staff, quadrant, sextant, ecliptic armillary sphere, demonstrational armillary sphere, instrumentum eclipticum, and astrolabe were new to the Chinese. These and the other instruments listed above adopted a graduation in 360˚ and used regulative spirals, screws, and plumb lines. The plumb line had probably been used by the Chinese earlier, but not as a specialized device. Movable sight rules or alidades were used in the European instruments, while the Chinese instruments used the sighting tube as an alidade. In addition, the Chinese instruments were all cast, while some of the European ones were forged.

The Use of European Instruments

Giacomo Rho and Adam Schall von Bell
In September 1629, Xu Guangqi made a tentative proposal to repair and maintain the old instruments in the Peking Observatory. Five days later, instead, he suggested that ten instruments in urgent need should be made of bronze and wood, including a large quadrant (with a wooden support and a bronze rim), a large sextant, an astrolabe, a wooden celestial globe, a sundial, and a telescope.
 The new plan obviously was influenced by the missionaries.


Two months later, the Calendrical Bureau made two quadrants and a sextant under the guidance of Terrenz.
 Later, Rho and Schall were charged with supervising the design and manufacture of other instruments. In January 1635, the Calendrical Bureau made a bronze Jacob’s staff, an iron Jacob’s staff, a bronze quadrant (probably of a small size), and other tools. In December 1637, Li Tianjing stated that more than ten new instruments had been made since he had taken office.
 These probably included a celestial globe, an astrolabe, and an ecliptic-equatorial armillary sphere.


In 1634, as the staff of the Observatory was still unfamiliar with the ecliptic-equatorial armillary sphere, a simplified version of this tool had to be used. By September 1635, however, the Chinese had mastered the use of the European observational devices.
 In June 1637, Li Tianjing pledged to make an ecliptic-equatorial armillary sphere for the emperor; in 1639, that instrument was placed in the palace. Li also had a demonstrational armillary sphere and a celestial globe made for the emperor.


Much energy was spent on debating the advantages and disadvantages of the traditional Chinese and the new Western approaches. While Xu Guangqi advocated revising the calendar according to the Western methods, others did not believe in their accuracy. Thus the new tools were tested from time to time. In particular, Xu and the staff of the Calendrical Bureau used the telescope of the Calendrical Bureau to observe an eclipse of the sun for the first time on October 25, and again to observe an eclipse of the moon on November 8, 1631. As that telescope could distinguish two stars within a distance of 30', it remarkably improved the observation of eclipses.
 This became the instrument in which the Chinese developed the greatest interest. Early in November 1632, Xu Guangqi pledged to install a telescope for the emperor; in December 1634, the telescope was presented to the emperor by Li Tianjing. In 1635, Schall and Rho made two more telescopes for the emperor with lenses brought from Europe.


However, while the Astronomical Bureau added the European instruments to its possessions, the original Chinese instruments were not discarded. The concurrent use of European and Chinese devices lasted until the 1640s, in line with the original intent of incorporating the Western approach into the Chinese system.

Ferdinand Verbiest

Ferdinand Verbiest (1623-88) reached Macao in 1659, invited by the emperor at Adam Schall’s request to help with the work of the Astronomical Bureau. After Schall and Verbiest were freed from house arrest, the Qing government appointed Verbiest first as vice director and then praefectus of the Astronomical Bureau. While he was in charge of compiling the Kangxi yongnian lifa 康 熙 永 年 歷 法 (Perpetual calendar of the Kangxi emperor; 1678), he began to make new observational devices to replace the old instruments.


The Western approach adopted the ecliptic coordinates and the sexagesimal system, dividing the circumference of the sky into 360°. Since the use of traditional Chinese instruments would have required complex calculations, Verbiest was determined to disregard them. In August 1669 he, or some prominent dignitaries who had attended the experiments in the Observatory, proposed to the Peking Court to make new instruments. With the emperor’s approval, Verbiest was charged with their design and manufacture. In the summer of that year, he made a demonstrational ecliptic armillary sphere for the Kangxi Emperor (fig. 26). The casting of six other large bronze instruments was completed between the end of 1673 and the beginning of 1674; these were an ecliptic armillary sphere (fig. 27), an equatorial armillary sphere (fig. 28), an azimuthal instrument (fig. 29), a quadrant (fig. 30), a sextant (fig. 31), and a stellar globe (fig. 32). In 1674, Verbiest wrote the Xinzhi lingtai yixiang zhi 新 制 靈 台 儀 象 志 (Treatise on the newly-built astronomical instruments in the observatory) to explain the structure, principles, installment, and use of these tools. In 1687, he wrote the Astronomia Europaea in Latin to report about the missionaries’ work in China. He also made a water-driven clock which emulated the movements of the heavens.


Verbiest’s instruments adopted Tycho’s design in the Astronomiae Instauratae Mechanica (1598), but the equatorial armillary sphere was a simplified version of the Tychonian one (fig. 33). The quadrant was similar to Tycho’s azimuthal quadrant (fig. 34), except for the horizontal ring which was removed. The altazimuth was like a horizontal ring, and might be regarded as the lower part of an azimuthal quadrant. The support of the sextant imitated Tycho’s arcus bipartitus (fig. 35), with the half ring transformed into a gear mechanism. Verbiest may have referred to Tycho’s celestial globe (fig. 36) and its description of Robert Hues in 1593.


The newly-made instruments were installed at the Peking Observatory (fig. 37). They were used to determine the coordinate values of the sun, the moon, the planets, and the stars in different coordinate systems for the definition of the eclipses and the test of the calendar. The results of observations made with instruments of different coordinate systems were checked against each other, and the precision of observation was improved.


Verbiest, according to his own report in Chinese, used all the six newly-made instruments mentioned above to observe the position of the sun on February 3, 1669 (the day of the Beginning of Spring in the traditional calendar). The results of the observation demonstrated that the instruments’ graduations were correct.
 However, Verbiest’s statement is not reliable because, as I mentioned above, it was only between 1673 and 1674 that the new instruments were cast.


In August 1678, Verbiest wrote in a letter to the Society of Jesus that astronomy, mathematics, and mechanics were well received among the Chinese. It was probably under the influence of this letter that the missionaries Jean de Fontaney (1643-1710), Louis le Comte (1655-1728), Joachin Bouvet (1656-1730), and Jean-François Gerbillon (1654-1708) left France in 1685 and reached Ningbo 寧 波 (Zhejiang) in 1688. To make astronomical observations, they brought instruments donated by the Academie des Sciences.
 The features of these instruments are still unknown, but their technical level must have been approximately the same as that of similar instruments in France.

Design and Manufacture

Except for the telescope, the missionaries’ instruments were designed in European classical style. Verbiest’s instruments had few rings, to reduce viewing obstructions and make them convenient for observation. The important feature was that their graduations were far more precise and finer than those of the old Chinese instruments. For instance, the missionaries’ equatorial armillary sphere and its vernier were finely graduated by 15". This made the missionaries’ instruments more advanced than the Chinese armillary sphere. Moreover, there is no evidence that technologies such as the setscrew and the connection by screws existed in ancient China. The missionaries also introduced a geometric method of graduation, especially for transversal graduation (figs. 38-40). One could say that Verbiest made the most advanced naked-eye observations before the invention of the telescope. However, Louis le Comte maintained that the graduations on Verbiest’s instruments were not as fine as those made by European technicians.


Of course, the missionaries used European manufacturing technologies with which they were familiar. Tycho once used a horse-driven or wind-driven lathe to make his instruments.
 Verbiest similarly used a donkey-driven milling machine to grind and polish the flat edges of the cast rings (fig. 41) and a rotary grindstone to sharpen the cutters of the milling machine. He also used a lathe to cut the surface of the celestial globe (fig. 42). In addition, he once used a boring machine while making artillery.


At the same time, the missionaries paid attention to incorporating not only Chinese manufacturing techniques but also Chinese cultural characteristics into their instruments. Verbiest applied the native technology of bronze casting to his European design, and dragons and other art modeling were used to decorate and support the instruments. This combination of European technology and traditional Chinese technology and art was in itself a process of creation; obviously, it required the cooperation of Chinese craftsmen.


Nonetheless, the instruments of the missionaries were outdated compared to the newer European instruments. On the one hand, the underlying purpose of the missionaries’ activities at the Astronomical Bureau was missionary work, not innovation. On the other hand, the Chinese emperors merely requested the missionaries to compile precise calendars and to calculate the eclipses. The instruments made by the missionaries provided convenient and reliable tools for their calendrical work. One should also consider that after the missionaries had left Europe, it was not easy for them to keep pace with the new European technology. When Ricci went to India in 1578, Tycho’s book on his instruments had not yet been published. Rho and Schall perhaps did not even know that European instrument-makers had used telescopes and screw micrometers in angular observation in the 1640s. As for Verbiest, he left Europe in April 1657; in the decade that followed, new technical breakthroughs gradually occurred, such as the invention of the precise time-keeper and the reflecting telescope, which induced innovations in instrument design. Verbiest, who did not know about these developments, did not make a telescope, possibly because he thought the refracting telescope available at his time not to be reliable enough.


Verbiest’s attitude can be compared to that of Johann Hevelius (1611-1687), a contemporary of Verbiest and the last eminent representative of classical observational technology in Europe. Hevelius described his instruments in his work, the Machina Coelestis (1673). Although his instruments substantially imitated Tycho’s design, there were obvious technological developments; for instance, their manufacture was technologically improved and a regulation screw served as micrometer. Hevelius did make telescopes, but he refused to use them for observation. In 1679, Hevelius and Halley had made comparative observations in Danzig. The results showed that the data obtained by Halley with the telescope were not more precise than those obtained by Hevelius with his own sights.

Conclusion

When the Chinese astronomical technology came to a standstill, the missionaries introduced the European instruments with the related technology, most of which were not existent in China before. European missionaries and Chinese technicians combined the European technology with Chinese casting techniques and plastic arts to make instruments that accorded with the demand of compiling a calendar. The missionaries’ instruments were advanced in China, but more backward compared to other contemporary European instruments; the missionaries could not keep pace with new developments in European instruments after they had left Europe.


This, however, was not a real issue. While the Chinese were mainly satisfied with compiling an accurate calendar that tallied with the heavens, the missionaries’ real goal was to pave the way for their religious cause. For the missionaries, introducing astronomy to the Chinese and making instruments for the Peking Court was merely a means to their end; therefore it was unnecessary for them to develop new technologies when the emperor was satisfied with a good calendar. Moreover, Chinese society at that time lacked the motivation continuously to explore new knowledge and to reform instruments. The innovations introduced by the missionaries, therefore, were not enough to start the modernization of Chinese science and technology, and should better be seen as a prologue of what came later.
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