Japanese Temple Geometry

mathematics thrived, as evidenced in sangaku --wooden tablets shrines and temples by Tony Rothman ...........

SUBTOPICS: Pleasing the Kami Wasan versus Yosan A Brilliant Flowering Spheres within Ellipsoids SIDEBAR: Works of Art Typical sangaku Problems

FURTHER READING

RELATED LINKS

elegant, nor as beautiful, as the tradition of sangaku geometry. From 1639 to 1854, Japan lived in strict, self-imposed

mathematics flourished.

delicately colored wooden tablets and hang the works under the roofs sangaku, a word that literally means

worshipers: Solve this one if you can! For the most part, sangaku with ordinary . But the problems are strikingly

problems: circles within ellipses, ellipses within circles. Some of the transformations.

TYPICAL SANGAKU PROBLEMS

Although most of the problems would be classified today as Western results, such as the , the and the theorem. One problem reproduces the circle theorem. Many of the tablets are exceptionally beautiful and

Pleasing the Kami It is natural to wonder who created the sangaku and when, but it is

sangaku came into existence. Shintoism populated by "eight hundred myriads of gods," the kami kami a living horse as an offering to the shrine might instead give a 15th century and earlier depict horses. Of the sangaku themselves, the oldest surviving tablet has been found

earlier tablet--now lost--dated 1668. So historians guess that the first collection containing typical sangaku These books were either handwritten or printed with wooden blocks

a survey of the extant sangaku districts, with about twice as many found in Shinto shrines as in

Buddhist temples.

Most of the surviving sangaku contain more than one theorem and

require calculus. (This point raises the interesting question of what

--that is, algebraic equations requiring solutions in integers.

In modern times the sangaku have been largely forgotten but for a

Fukagawa decided to study the history of Japanese mathematics in

in mathematics, has traveled widely in Japan to study the tablets and sangaku but

To carry out his research, Fukagawa had to teach himself Kambun archaic form of Japanese that is closely related to Chinese. Kambun is (1603--1867),

in modern Japan are able to read it fluently. As new tablets have been

sangaku this article were drawn from that collection.

Wasan versus Yosan

Although the origin of the sangaku cannot be pinpointed, it can be wasan, that is used to refer to Wasan is meant to stand in opposition to yosan wasan came into existence--and with it the unusual sangaku first appreciate the peculiar history of Japanese mathematics.

Of the earliest times, very little is definitely known about

similar to that employed by Archimedes in the , had been developed. More concrete information dates only from the arithmetic, algebra and geometry.

WORKS OF ART According to tradition, the earliest of these is the Chou-pei Suan-ching and the diagram commonly used to prove it. This part of the tome is

A more advanced state of knowledge is represented in the Chiu-chang Suanshu books on mathematics. The Chiu-chang It also contains simple word problems of the type that torment many

Chiu-chang are also B.C. If this information is correct, the Chiu-chang contains perhaps of the . (According to some historians, the ancient prior to 2000 B.C.)

Despite the influx of Chinese learning, mathematics did not then take

temples served the same function, although mathematics does not Ashikaga shogunate

It is not until the opening of the 17th century that definite historical

instrumental in developing arithmetical calculations on the soroban,

The oldest substantial Japanese work on mathematics actually extant entitled Jinko-ki soroban. Jinko-ki was so

to logic--became the most important concept in traditional Japanese the founding of wasan Yoshida. A Brilliant Flowering Wasan, though, was created not so much by a few individuals but by Tokugawa shogunate

foreign books and travel, persecuted Christians and forbade

, backed by a fleet of U.S. warships,

Yet the isolationist policy was not entirely negative. Indeed, during Genroku, for "renaissance." In that era, haiku No and Kabuki reached the pinnacle of their development; ukiyo-e world" pictures, originated; and tea ceremonies and flower arranging Genroku was also the age of Kowa Seki By popular accounts, Seki (1642--18) was Japan’s Isaac Newton or , although this reputation is difficult to

development of Japanese mathematics.

The first--and incontestable--achievement of Seki was his theory of debatable origin, is the development of methods for solving

attributed to Seki, and one that might also bear on sangaku, is the enri, or circle principle.

The enri was quite similar to the method of exhaustion Eudoxus and Archimedes in ancient Greece for computing the area of

enri divided

somewhat different. Nevertheless, the enri of integral calculus that was later extended to other figures, including

enri and similar techniques were brought to bear on sangaku mathematicians would use modern calculus to solve these problems.

Spheres within Ellipsoids

During Seki’s lifetime, the first books employing the enri were sangaku evidently made their appearance. The

wasan, and, in turn, wasan encountered sangaku on his way to the shogunate castle, where he

ellipsoids surrounding spheres. The problems found in these books do

wasan problems--including the sangaku policy of national seclusion.

But the question immediately arises: Was Japan’s isolation complete?

were severely restricted. The mere act of traveling abroad was

been minimal.

The situation began to change in the 19th century, when the wasan yosan, a process that produced hybrid manuscripts written in Kambun the subsequent collapse of the Tokugawa shogunate in 1867, the new yosan into the 20th century. A few sangaku

The final and most intriguing question is, Who produced the sangaku is meager. Only a handful of sangaku are mentioned in the standard A History of , by David E. Smith and Yoshio Mikami. They cite the 1790 collection , or Mathematical Problems Suspended before the Temple which the following was appended after the solution: "Feudal district

Mikami, in his , mentions the "Gion Temple Problem," which was suspended at the

Kambun From such scraps of information, it is tempting to conclude that the

Many of the problems are elementary and can be solved in a few would publish. Fukagawa has found a tablet from Mie Prefecture

few were probably done by farmers; Fukagawa recalls how about 10 (1819--1896), who taught wasan . Sakuma had about 2,000 students.

Such instruction recalls the Edo period itself, when there were no are more often drawn to problems of geometry than of algebra, it

The best answer, then, to the question of who created temple sangaku,

Japanese loved and enjoyed math, as well as poetry and other art forms.

It is pleasant to realize that some sangaku mathematics devotees, carried away by the beauty of geometry.

spheres and ellipsoids. Perhaps he would spend days working on it in

and begin to consider the next challenge. Visitors would notice the

that the attempt could be made. A few might leave asking, "What if

Further Reading

A HISTORY OF JAPANESE MATHEMATICS

Mikami. Open Court Publishing Company, Chicago, 1914. (Also available on microfilm.)

THE DEVELOPMENT OF MATHEMATICS IN CHINA AND JAPAN. Second

York, 1974.

JAPANESE TEMPLE GEOMETRY PROBLEMS.

Charles Babbage Research Foundation, Winnipeg, Canada, 1989.

TRADITIONAL JAPANESE MATHEMATICS PROBLEMS FROM THE 18TH AND

H. Fukagawa and D. Sokolowsky. Science Culture

The Author TONY ROTHMAN received his Ph.D. in 1981 from the Center for

Harvard University. Rothman has published six books, most recently . His next book is Doubt and Certainty, with E.C.G.

preparing this manuscript. Fukagawa received a Ph.D. in mathematics in Aichi Prefecture, Japan.

Page