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Mathematics and astronomy in traditional Korea

(1) Three Kingdoms period (= ERFX)
(the 1% century BCEor CE - 660 CE)
Kogryo (F/AJE8), Paekche (B'¥) and Silla (Fr#&)
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Koguryo (RHEE):

There are many tomb murals. The sun, moon and stars are painted
in some of them.
It is supposed that they influenced to Japanese tomb murals.

Paekche (B¥):

Cinese Yuanjia calendar (5tzf&) was used in Paekche. Calendar
and astronomy were introduced to Japan from Paekche in 554 and 602
CE.

Silla (BT ):

The “Ch’omsongdae” (#&2=), which means Star Viewing Platform,
was built in Kyongju (B M), the capital of Silla in 647 CE.

The Chomsongdae Observatory, .//i]\-

647. Height 9.1 m. The oldest
extant astronomical observatory
in the world. The granite brick *
construction lends additional grace ~ §
to the structure’s elegant lines.
Kyongju (BZH), capital of Silla
().

(From Jeon (2011), p.10)



(2) Unified Silla (%) period (668 — 900 CE)
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According to the History of the Three Kingdoms (Samguksagi, =5
iC), the national school was established in 682 CE, and mathematics
was also taught there.

Chinese works of mathematics, Jiuzhang suanshu (7%= & #fF),
Zhuishu (##fF) etc., were used as text books.

In 718 CE, the office of water clock (JF%/42) was established.



(3) Koryo (5 E8) Dynasty period (918 — 1392 CE)
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In the 12™ century, the system of education was established, and
mathematics was also taught.

In 1136 CE, the system of impereal examination (#2) was
established. Mathematics was also included in the examination, and
Chinese works of mathematics, Jiuzhang suanshu (JLER), Zhuishu
(#&4#F) etc., were used as text books.

Chinese Xuanming calendar (EB&) was used from the beginning of
this dynasty, and Shoushi calendar (&) was also introduced in 1281
CE. There was the bureau of astronomy (K5 /3 or EE4).

The History of Koryo Dynasty (Koryosa, mE5) has sections of
astronomy and calendar.



(4) Choson Dynasty (£ F5) period (1392-1897 CE)
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(4.1) The first half of the Choson Dyasty period

A star map called Ch’onsang yolch’a punyajido (K&K &2 E)
was made in the early Choson Dynasty.

The star map inscribed on a stone in 1395 CE (now preserved in the
National Palace Museum of Korea, Seoul.)
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(From [ESLHEHWEET A R Y v, ESLHEHEYEE, 2008, p.36)



A colour copy of the star map:

Choson star chart, 16™ century.
120 x 88 cm. Color copy of the
122.5 x 211 x 12 cm celestial stele RS
entitled Chart of the Constellations || S=ERI
and the Regions They Govern [
(Chbnsang yolcha punyajido X%
S K 5% ), on which 1,467
stars were inscribed in 1395. The
carved stele is now designated
National Treasure Number 228
and preserved in Toksugung Palace
Exhibition Center. Color copy from
the author’s collection.

(From Jeon (2011), p.26)

At the time of King Sejong (i#:%) (reign 1419 — 1450), mathematics
and astronomy highly developed.

In this period, some Chinese mathematical works were considered to
be important, namely:
Yang Hui suanfa (##&&1:) of Yang Hui (##%) (the 13" century),
Suanxue gimeng (# %% %) (ca.1299 CE) of Zhu Shijie (Ziit#g),
Xiangming suanfa (& ) (1373 CE) of An Zhizhai (Z1LEE).



Two treatises of mathematical astronomy were composed:

(A)  Ch’ilchongsan naep’yon (tEBHE W), which is based on the
Shoushi calendar (&), and
(B)  Ch’ilchongsan woep’yon (tEZ 4+ %), which is based on the

Huihui calendar (ElIEIE), which is a Chinese version of Islamic
mathematical astronomy.

They are included in the Veritable Records of the Choson Dynasty (&4
ft ERAE &, Chosonwangjo sillok).

The followings are the first page of the Ch’ilchongsan naep’yon (L&

BNHE) (right) and the first page of the Ch’ilchongsan woep’yon (tLB&
A8 (left).
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Several instruments were created in this period.

Rain gauge:

Upper: Rain gauge and rain gauge stand (#1//i &5 and
i 42), produced in 1770. 43 x 37 x 37 cm. Below:
Rain gauge and rain gauge stand. Replica of the 1837
Kiimyong rain gauge on its original 1782 marble
stand. Toksugung Royal Palace Museum. This marble
stand is inscribed on all four sides with information

regarding the history and manufacture of the rain
gauge. Both were made according to specifications
for the world’s first scientific rain gauge, invented in
1441 (Sejong 23). Rain gauges built to these specifi-
cations and installed in various locations allowed
the accurate measurement of rainfall nationwide.

(From Jeon (2011), p.29.)



Hemispherical sundial:

Bronze scaphe sundial, 18" century.
Inner diameter 24.1 cm. First manufac-
tured and installed as a public sundial in
Sejong 19 (1437). This model continued
as the representative sundial of the
Choson dynasty over a 500-year period.
An elegant design with accurate divi-
sions of hours and flawless functionality
— everything required of a sundial.
Sungshin Women'’s University Museum.

(From Jeon (2011), p.34)

Automatically-striking water clock:

Automatically-striking clepsydra
(F1 Wik} Three reservoirs and two
inflow vessels, now under preser
vation, 1536. Main reservoir (/&
K4E): outer diameter 9.

height 70 cm. Inflow v
71): outer diameter 37 cm x height
199 cm. This characteristic Choson
period water clock with an auto
matic time signal apparatus was
originally constructed by Chang
Yong-sil {) in 1434, then
revised and reconstructed in 1536,
‘Toksugung Palace.

(From Jeon (2011), p.30.) The remains of the water clock in Toksugung Palace (75 E).



Painting of the automatically-
striking clepsydra as installed in the
Chiming Clepsydra Pavilion.

(From Jeon (2011), p.111.) A painting of the water clock

A reconstruction of the automatically-striking water clock in the
National Palace Museum of Korea
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(4.2) The second half of the Choson Dynasty period

In 1660 CE, the Suanxue gimeng (&&58) was reprinted. Several
original mathematical works were also composed.

From 1653 CE, Chinese Shixian calendar (#:#&&), which is based on
European astronomy, was used in Korea. @

The armillary clock (JEXH##E) constructed by Song Yi-yong (5RLAE)
in 1669 CE is an interesting clock.

Armillary clock (i KI5 1). Constructed by Song I-ydng (4 LA) in 1669, this new type of clock
incorporated technology from both East Asian armillary clocks and Western mechanical clocks.
The armillary sphere measures 40 cm in diameter. Korea University Museum.

(From Jeon (2011), p.31)

[For Korean astronomical instruments, see Needham et al., (1986).]



Several original mathematical astronomical works were
composed in the second half of the Choson Dynasty period.

For example:

Kusuryak (JLEE) of Ch’oe Sok-chong (SN (1646 —
1715), which is a systematic treatise of mathematics based on

Chinese natural philosophy, and

Kuiljip (FJu—#£) of Hong Jong-ha (ZtIEE) (b.1684), which
Is a practical mathematical work with a detailed description

of algebra using counting rods.

Song Chu-dok (/@) wrote the Soun’gwanji (EEHE,
Record of the Bureau of Astronomy) (1818), which is an

important work on Korean astronomy.

In the late Choson Dynasty period, Nam Byong-ch’ol (F§ 3%
#) 1817 1863) and Nam Byong-gil (FF®E) (1820 — 1869)
(brothers), and Yi Sang-hyok (Z=ii##) (b.1810) studied both

traditional mathematics and Western mathematics.



Practical learning “Silhak” (E£2):

Yi lk (Z=i8) (1682 — 1764) developed the “practical

learning”, and studied Western science and technology

through Chinese texts. c

Kim Song-mun (£:83C), Hong Dae-yong (Bt K%) (1731 -

1783) and Pak Chi-won (#MEEJR) (1737 — 1805) expressed the

rotating earth theory.
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Kim Song-mun’s planetary model (From Im (2012), p.256)



Chong Yag-yong (T ##%8) (1762 — 1836) developed new

technology etc.

Ch’oe Han-gi (ZEEE#F) (1803 — 1879) studied Western
astronomy, geography, Newtonian mechanics etc. through @

Chinese texts.

Ch’oe Han-gi’s terrestrial sphere:

Choe Han-gi’s (£ {5:%T7) terrestrial sphere, 27.7 x
26.8 x 26.8 cm. A precious specimen of the
globes that have been preserved intact, another
of which is Song Yi-yong’s armillary sphere.

(From Jeon (2011), p.155.)



Kim Chong-ho (&IE#) (19" century) made very precise

maps of Korea.

The Complete Map of the Great Eastern Kingdom (Taedong yojijondo) (1880s) of Kim Chong-ho

Complete Map of the Great Eastern Kingdom
(Taedong ydjijondo), 1880s, woodblock print
by Kim Chéng-ho, 114.3 x 64.8 cm. Sungshin
Women’s University Museum.

(From Jeon (2011), p.324.)



Mathematics and astronomy in traditional Japan

Kofun (old tombs) period (#r#&m#%) (mid-3" century — 7" century CE) and
Asuka period (7R FR#X) (593 — 710 CE):

O Concentrations of Kofun

e Degree of concentration only

<‘.( Distribution of earlier Kofun

O Distribution of later Kofun

Areas outside Yamato control
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Northern boundary
of the Yamato state __

The Yamato State
3rd - 6th Century

(From Mason and Caiger: A History of Japan, Revised ed., Tokyo, Tuttle Publishing, 1997.)



Introduction of calendar and astronomy from Korean peninsula

In 553 CE, Japan requested to Paekche to send specialists of
calendar etc., and they came to Japan in 554 CE.

In 602 CE, Kwanruk (#%y, Kanroku in Japanese), a Buddhist monk of
Paekche, came to Japan with books on calendar, astronomy, etc.

It seems that Chinese Yuanjia calendar (tE&, “Genka-reki” in
Japanese) was used since 604 CE.

In 660 CE, Nakano’6eno’6ji (K 5.2+F), who later became Emperor
Tenji (REXE), made a water clock.

In 675 CE, “senseidai” (5£%), which might have been a kind of
observatory, was made.

From ca.692, “Gihoé-reki” (&BJ&), which is probably the same as
Chinese Linde calendar (Etf&f&), was also used with the Yuanjia
calendar.

Astronomical remains in Asuka (¢ &) area

There are some astronomical remains in Asuka village (B3 B &#}) of

Nara prefecture (R IR).

Mizuochi remains (7K #i&BfF, Mizuochi-iseki)

The Mizuochi remains (k#%i#&Wr) is presumed to be the remain of
water clock. We have seen above that the water clock was first made
in 660 CE.



L —
ol

O T ¢

e

KiFEMS ORI ROV 10° K

HBRT R v — -2 RO i

o QBRI Rt R0 BRI $ L QU

W ® 300 FEE L P IERG £407 |
BURVED BiIRY iRy ¢ KEHe

~ XER® Xifrda i’ PELKS TP

o N RIRRY v IR NG e 4
WK O PR © o’ w4l i oK
frHmf & 20 © HEp WA © £2 8 100

\ \ \._..

\

(From Kand and Kinoshits (1985).)



Kitora Tomb (3 ~ 7 #1E, Kitora-kofun)

A circular star map is drawn on the ceiling of the chamber of the Kitora Tomb
(the end of 7™ century or the beginning of 8" century CE).
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The star map of Kitora Tomb (From Izumi (2018))
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A tracing of the star map of Kitora Tomb (From lzumi (2018), p.90.)
The constellations described here are Chinese traditional constellations.

Takamatsuzuka Tomb (A& &8, Takamatsuzuka-kofun)

A simplified star map is drawn on the ceiling of the chamber of the
Takamatsuzuka Tomb (the end of 7™ century or the beginning of 8" century CE).
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A tracing of the star map of Takamatsuzuka Tomb (From lzumi (2018), p.109.)



3t
_— R
BINEEEEER
RELM IR N
0w
b1 28t Oifaid b :
_F: }“/—7\@ . JtiE
OeiEEETEFE (80%LLE)
Oit—i%F
Offtid b (WiEAHESR) E
O HOIFERHEE
7
b=}

The star map of Takamatsuzuka Tomb (From Izumi (2018))

.
28



Astronomy under “ritsu-ryd system” (£t4l)

Under the political system based on “ritsu-rys” (£843), a kind of legal codes
established in the early 8" century, “on’yo-rys” (or “onmyo-rys”) (F&BE%),
bureau of astronomy, calendar, water clock, and astrology, was established.

And also, mathematics was taught at “daigaku-rys” (KX4£%), a kind of national
school. At that time, Chinese counting rods were used for calculation. Chinese

multiplication table was also known.

= AT i i}l\\g’{‘—u
ST f 1 ”&"“ AN
"’_:‘ >y
e AR e et
o e
R s SEAIN FU St
i R
3 == : - ~4
et ‘,’?i?_, fog = 4
W OB B e A A
RS AN St
e \_:1:\ ::~ *T 2 N iﬁ-’
I - :
8 B, - S T
(e i,ﬁ'_)t ;,\J‘w\ > 3’
t’- AN ~4 N
(g NTAN t 1
Ry MR ¥
*“T =X ‘/.\ ﬂﬁ{?
W e S s ey
s 1\_" :‘ &
PR
—— s
.

H2E THEAMOHAI A

(4 [Alr.: LA ¥ L
T4, Zhiid [!](/)”L ;9‘ k))u@}fﬁ
TeDTT.

A multiplication table in the Kuchizusami (11%) (970 CE). (From Ogura (1964), p.6.)

Buddhist astrology in the Heian (3£%£2) period

Besides the “onmyd-do” (B2BE1E), which is a kind of astrology and divination
based on Chinese natural philosophy, the “sukuy6-do” (f5F21&) was also popular

in the Heian (322) period.
The “sukuyd-do” (5#E18) is a kind of Indian horoscopic astrology based on the

Buddhist astrological text Xiuyao-jing (f5FERE, Sukuyo-kyo in Japanese), which
was compiled in China.



Introduction of European astronomy by Jesuit missionaries
In 1543, three Portuguese arrived at Tanegashima (Fi1- &) of Japan. They are the

first Europeans visited Japan. Then, in 1549, Francis Xavier, a Jesuit missionary,

visited Japan.

In 1593, Pedro Gomez wrote the “Compendium” in Latin, a kind
of text book taught at Collegio (Jesuit college), and its first part
“de Sphaera” is on the geocentric astronomy.

There are some Japanese works based on the Japanese version
of this work such as:

Nigi ryakusetsu (Z##s31) (published in [EitR2EAR (F)J (B4
BARHR 63), HWEE. 1971), and

Kenkon bensetsu (&53i) (published in [CEAEM#EE] = H
ETI174, 1914).

And also, European navigation was introduced into Japan, and
it is recorded in the Genna kokaisho (GFufii#E) (published in [E
AREERAE] 125, 90 ML, 1943).

Astrolabe and quadrant in the Genna ko kaisho:
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The observer’s latitude can be known by astronomical observations using these

Instruments.



Development of astronomy in the Edo period

Shibukawa Harumi (ji)!135¥#%) and his Jyokyo-reki (5 &)

The Xuanming calendar (Z8&, Senmyo-reki in Japanese) was
used from AD 862 to 1684 in Japan.

By the beginning of the Edo (;TF) period (AD 1603 ~ 1867),
some dJapanese scholars noticed the inaccuracy of the old
Xuanming-li, and tried to study the more accurate Shoushi
calendar (#2#:&, Juji-reki in Japanese), an excellent Chinese
traditional calendrical system which was made by GUO Shoujing
(ZR=F#%) etc. at the time of the Yuan (58) dynasty of China, and was
used in China from AD 1281 (but has never been used officially in
Japan).

In AD 1683, SHIBUKAWA Harumi (#%)!|%#E, AD 1639 —
1715), who studied the Shoushi-li, proposed a new
calendrical system, which was named Jokyo-reki (H = &)
in the next year, and was officially used in Japan from AD
1685. It was the first theory of calendrical system
produced in Japan.

SHIBUKAWA Harumi considered the longitudinal
difference between China and Japan, and the movement
of the apogee of the solar orbit.

He was appointed to be the first “tenmon-kata” (K3CJ),

the Shogunal astronomer, in 1684.



Astronomical instruments of Shibukawa Harumi
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Development of astronomy in tenmonkata (K3C75)

When SHIBUKAWA Harumi made his Jokyo-reki (5 =&), Chinese astronomy had
developed further after receiving Western astronomy. (The Shixian calendar (FjE/E)
had been used from 1645.) The office of “tenmon-kata” (KX J7) started by SHIBUKAWA

later became a centre of the study of Western astronomy.



More systematic adoption of Western elements in Japanese
traditional calendar was done by TAKAHASHI Yoshitoki (B#&=ER¢, AD
1764 — 1804), who became a “tenmon-kata”, and his colleague HAZAMA
Shigetomi (BEE, AD 1756 — 1816), and they made the calendrical

system Kansei-reki (BE/E).
TAKAHASHI Yoshitoki and HAzAMA Shigetomi were disciples of

ASADA Goryu (BRHEWMISE) (1784 — 1799) who studied Chinese texts of

Western astronomy in Osaka (CkBx) as an amateur astronomer.
TAKAHASHI Yoshitoki slso studied a Dutch translation of the

Astronomie of Lalande, a treatise of astronomy originally in French.
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Takahashi Yoshitoki’s note on the book by Lalande (From Nakayama (1972))



An example of the Kansei-reki (1843, the lasy year of the Kansei-reki) :
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An example of the Tenpo-reki (1844, the first year of the Tenpo-reki) :
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Western astronomy was more fully adopted by SHIBUKAWA
Kagesuke (#:)I1%44, AD 1787 — 1856), the second son of TAKAHASHI
Yoshitoki. SHIBUKAWA Kagesuke became an adopted son of the
SHIBUKAWA family, became a “tenmon-kata”, and made the calendrical
system Tenpo-reki (RER/&), which is the last traditional calendar in
Japan.



Surveying of INO Tadataka ({88 4K

INO Tadataka ({F8EEAX) (1745 — 1818), a disciple of
Takahashi Yoshitoki, surveyed almost all areas of Japan, and
made very accurate maps. He utilized astronomical @
observations also for surveying.

He made “small maps” (3 sheets), “middle maps” (8 sheets),

and “large maps” (214 sheets), and some other maps.

(From SA5H i (BAE) TR BADZ 24 261, FraeEs]. S, 2018, pp.14-15.)



A detailed map of Edo (present Tokyo) of INO Tadataka:
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(From S (BsE) TRIMEKE BADZ Z A 261, Fhedakl]. FALtE, 2018, p.97)
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Surveying Landscape

ARRREY 5.
PEARROLEH 2283,

Surveying Landscape
(1848)
drawn by Katsushika Hokusai

This is not a sketch of
Ino Tadataka's surveying,
but we can see the method
of surveying in Edo period.
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Middle-sized Two people are Meridian instrument
quadrant recording. (FFEE)

(P REEER)
The altitude of a
heavenly body (on
the meridian) is
observed.

urveying of Ino Tadataka at night
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SEIEAE LTS &L 5T, Bilh, SEMICLL, FICRITY, 2 UTHRLD [FHE £BMLTV
BHERDN S, BEPRICIEASNTVAOR [hRERE] (A55103H).

The time of a heavenly
body' s passage of the
meridian is observed.

(From S (B5E) TR BADZ 25 261, Fheiddn], ¥ Lt 2018, p116)

At night, the altitude of stars on

the meridian (north-south

line) was observed. The time of transit (passage of the meridian)
of stars is observed by the meridian instrument, and then the

altitude is observed by the quadrant.

From this observation, the

latitude is known. INO Tadataka also tried to know longitude
from astronomical observation, but it was not successful.




Some instruments:
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An observatory of Tenmonkata (K3C7J5) in Asakusa (RE):
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Introduction of Western astronomy by civilians

MOTOKI Rydei (A& E7K) (1735 — 1794), a Japanese interpreter of Dutch, translated
some Dutch books, in which heliocentric theory is explained. The following is from his
book ( [EMTAJFARGE5EE T M) K —ER AL (1792) published in = AZ % #w [H
A 4E] Vol.g, (1936)).
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SHIZUKI Tadao GEHUELE) (1760 — 1806) wrote the Rekishé shinsho (E4:5713) (1798 —
1802) in which Newtonian mechanics etc. are explained. The following is from this

book (published in [SCHE#E] Vol.2 (1914)).
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Wasan (Fi%i)
--- Japanese traditional mathematics

Introduction of “soroban” (East Asian abacus)

By the end of the 16" century, Chinese abacus, which is called
“soroban” in Japanese, was introduced to Japan.

e VR S 90 S ey S WY Qe S 6

g e
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B10 PEVONY BEOVAONIEE-ST. KkIE
HAESUV TS, Chinese abacus “suanpan” (5#)

811 BEROVONY RLKZEGHIENTED
ESCHBXINTL\3, Japanese abacus “soroban”

(From Ueno (2017), p.20)



From the early 17" century, several books on mathematics were
published.

Probably, the oldest is the Sanyoki (B H3E), and the second is the
Warizansho (£1%£) (1622 CE) of Mori Shigeyoshi (EFIE&E).

Jinkaki (B3h3EE) of Yoshida Mitsuyoshi (F HYtH)

In 1627, Yoshida Mitsuyoshi (F HY:H) (1598 — 1672)
published the Jinkaki (BE%hEC). It became a bestseller, and
some revised editions were published by him. Besides the
method to use “soroban”, several interesting exercises with
beautiful illustrations are given in this book.

He was largely influenced by the Suanfa tongzong (R &%k

22) (1592 CE) of Cheng Dawei (2 KAL).
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Some examples of the exercises in the Jinkoki:

5. Estimate the Height of a Tree

Be height is 75" 5.

a: Chapter 35
b: Estimation of the Height of a Tree with Paper
< height 7" and a half

rocess) Take a sheet of paper. First fold it to make a square. Then, fold it again by
tting a pair of the diagonal corners together. You will get a shape of a rectangular
celes. Dangle a stone by a string®® from the rectangular corner of the folded paper,
id hold the paper such that one side of the triangle stands plumb. This preperation being
lotie, move yourself to the place where you can look up at the top of the tree through the
iypothenuse.

Now suppose you are standing 75" from the base of the tree. Add 3°"** of your height

this. Then you know the height of the tree as 75" 5 50)

) There is a special way in Japan to make a string from a sheet of paper by twisting it.
JHere, 1¥°™ is counted as 6*h2ku
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(From Wasan Institute (2000), p.143 (left) and p.40 of its “Part 1V, Facsimile™.)

(The textis [HrimEELDRE] (1641).)

1§

“Nezumizan” (F&):

37. Rat’s Family

1. A breeding pair of rats produced 12 baby rats in January. Counting together

the parents, there were 14 rats at that time. Now a pair of baby rats itself grew up

February. In this way, once a month, the parents, their children, their grandchildren, l
great-grandchildren, and so forth bred 12 children each, and augmented their number,

We now ask how many rats would there be 12 months later.

The number is 27,

{Process) The number of outset is 2. Multiply by 7 to the power of 12. Then the tot

number of rats is what is shown above.
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(From Wasan Institute (2000), pp.146-147)

January

father mother 12 children

February [12 12 12 12 12 12 12
March |72 72 72 72 72 T2 T2
12 12 12 12 12 12 12
April | Newly born rats 4,116.
Counted together with parents 4,802,
May Newly born rats 28,812
Counted together with parents 33,614.
June | Newly born rats 201,684, i
Counted together with parents 235,298,
July Newly born rats 1,411,788,
Counted together with parents 1,647,086
August | Newly born rats 9,882,516

Counted together with parents 11,529,602

September

Newly born rats 69,177,612
Counted together with parents 80,707,214.

October | Newly born rats 484,24

Counted together with parents 564,950,498,
November | Newly born rats 3,389,702,988.

Counted together with parents 3,954,653,486.
December

Newly born rats 23,727,920,916.
Counted together with parents 27,682,574,402




Development of mathematics using “soroban”
By this time, Imamura Chisho (5 #%1%4) published the
Jugairoku (B2 % # ) (1639), which is a collection of

mathematical formulae written in Classical Chinese.

Isomura Yoshinori (B4 & #8) (d.1710) published the
Sanpoketsugishe (BiEBREEHP) (1661), which is a high-level
work on mathematics using “soroban”. There appended 100
very difficult (challenging) problems without key. Isomura

Toshinori later published their solution by himself.

And also, Imamura Shigekiyo (4 # H &) (d.1695)
calculated the circular constant = as 3.1415926 - « « and

published the Sanso (&4H) (1663).

Handing down of problems without key (GB=&fEAK)
In 1641, Yoshida Mitsuyoshi (& HY:H) published his last
edition of the Jinkeki (EB%h#EZ) with some (challenging)

problems without key.



In 1653, Enami Tomosumi (48 3 Fi %) published the
Sanryoroku (ZR/igk), in which the solutions of the problems
in the Jinkoki are given, and new (challenging) problems
without key are added. From this time, successive “handing
down of (challenging) problems without key” (&R,
“idai-keisho”) started, which lasted until the time of Seki
Takakazu (B§2£Fn). (Seki did not give problems without
key.)

The Sanpoketsugisho (H LW B ) (1661) of Isomura

Yoshinori (B4 5 78) is also in a line of “idai-keishd”.

During this period, mathematics rapidly progressed in
Japan. And (challenging) problems without key which are
very difficult (or impossible) to solve using “soroban”
appeared. So, Chinese method of algebra using counting
rods “tianyuan-shu” (KJcfft) (“tengen-jutsu” in Japanese)

was introduced.



Tengen-jutsu (RITHiT)

“Tengen-jutsu” (RKJThir) is a Chinese method of algebra
using counting rods. The tengen-jutsu was used by
Sawaguchi Kazuyuki (¥ 0 —22) in his Kokonsanpaki (&75 &
¥L370) (1671).

Japanese “tengen-jutsu” is based on the Suanxue gimeng

(B 7% 5E) (ca.1299 CE) of Zhu Shijie (SR HHH£E).

Counting rods “sangi” (EA):

(e

= I
m T U

=

Plate 3. Sangi. Sangi, calculating rods, were placed on a ruled sheet of paper to
form numerals and, with a prescribed series of operations, intricate arithmetic cal-
culations could be performed. Sangi gradually lost out to the Japanese abacus, the
soroban, although professional mathematicians used them well into the nineteenth
century because they were better suited to complex calculations. (Photo: Fukagawa
Hidetoshi.)

(From Fukagawa and Rothman (2008))



Method to use counting rods:
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In order to express numbers by counting rods, “vertical form” and
“horizontal form” are used formally (see my lecture note on China),
but only “vertical form” was usually used in Japan.



An example of solving equation by “tengen-jutsu”:

Tengexgufsu (X TT4hr)

i ‘ I° Unit 10 7:53\/
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An example of a work on “tengen-jutsu”:

b ok

%

) e <

i

N
=)
=

o

o

3

N poail
< ¥

B e
RS
S

a

<8
|

0
&y

f Ty e

A

o

= e

1 S

;;.

PBI -

VT

RIEMIC & BREET, HwAF—DFEEALLO.
B3 72— 1042 —6156=0 %M\ T, =38 2155
HEoHE—FrRLTWET. TEEXT&ICT
# 10 4 1697) D—H T

An example of Tehjevju'tsu
(From the Samp-a'tehjenroku ('l677CE))
(From 11\ (176%) p.33)

Se lu"(.-‘ on
Congslant term

T2 =104 — 6156 =0



Seki Takakazu (BiZ£Fn)

Seki Takakazu (BEZ:Fn0) solved the problems given in the
Kokonsanpaki (&4 & #5E) (1671) of Sawaguchi Kazuyuki

(0 —22), and wrote the Hatsubisanps (B 1) in 1674.

A problem in the Kokonsanpaki:
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(From Ogura (1964), p.35)



In his Hatsubisanps (B85 %), Seki Takakazu (B§=2£Fn)

used newly devised algebraic symbols. This method is called

“bosho-ho” (FE).

Algebraic symbols used in “wasan”:
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Seki started a new algebra, in which “basho-h6” is used, to

solve multiple variable equations of higher degree. This new

algebra was called “endan-jutsu” (JEEX#7), and was later

called “tenzan-jutsu” (BYEI#T). Seki studied determinants,

the circular constant x etc.



Seki’s “endan-jutsu”:
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Seki’s mathematics was succeeded by disciples, and the
“Seki school” (B##it) was created, and mathematics was

transmitted from masters to disciples.



Schools of “wasan”

Seki school (BA¥E, Seki-rya):

One of the highest disciple of Seki was Takebe Katahiro (&
ERELHL) (1664 - 1739). His elder brother Kata’akira (BER)
(1661 — 1716) was also a disciple of Seki and great
mathematitian. Takebe Katahoro’s disciple Nakane Genkei
(FHRITE) (1662 — 1733) was also a great mathematician and
astronomer. Takebe Katahoro and Nakane Genkei were
advisors of Shagun Yoshimune (F 7).

Succeeding Seki’s work, Takebe Katahoro developed the

theory concerning circle, which was called “enri” ([EZE) later.

Some other mathematicians of Seki school are, Araki
Murahide (FEAK ) (1640 — 1718), Matsunaga Yoshisuke (¥
7K Bi) (d.1744) (Araki’s disciple), Kurushima Yoshihiro (A
B EFEX) (d.1758) (originally a self-educated mathematician
and later studied from Nakane); Matsunaga’s disciple Yamaji

Nushizumi (U E&FEHE) (1704 — 1773) who established the



system of Seki school (certificate was given for a disciple who
completed the course of Seki school), Yamaji’s disciples Arima
Yoriyuki (B B#EME) (1714 — 1783), Ajima Naonobu (Z&E
[B)) (1732 - 1798) and Fujita Sadasuke (FEHE¥&) (1734 -
1807); and Ajima’s disciple Kusaka Makoto (H TF&k) (1764 —
1839); Kusaka’s disciples Wada Yasushi (FnHEE) (1787 -
1840) and Uchida Itsumi (or 1zumi) (PN H F41) (1805 — 1882),

etc. Mathematics was highly developed in the Seki school.

There were some other schools of Japanese mathematics.

A notable school is “Saijo school” (& _L¥%, Saijo-rya)
founded by Aida Yasuaki (or Yasuakira) (€& HZ2HH) (1747 —
1817). There was a controversy between Saijo school and

Seki school.

Western mathematics “Yosan” (PE2L)

By the end of the Edo period, western mathematics “Yasan” (F£5)
was becoming popular.



Sangaku (F%8)

“Sangaku” are wooden tablets on which mathematical problems
(usually with beautiful geometrical figures) dedicated to and displayed
in shrines and temples. There were many mathematics lovers, many
of whom were common people, and there are many “sangaku” all over
Japan.

Examples of “sangaku”:

e

Plate 4. Sangaku of the Sozume shrine. Dedicated in 1861 by a group of mathematics
lovers to the Soztime shrine of Okayama city, this sangaku depicts a teacher sitting
before his pupils, who include two women and a child learning to do calculations
on the soroban. On the right, people are discussing—we presume—how to solve
high-degree equations. On the left side of the tablet, three problems are inscribed:
1. Find the side of the square having an area 85,000 square units, in other
words, solve the equation &* — 85,000 = 0. (Answer: x = 291:5)
2. Find the diameter 2r of circle inscribed in a triangle with sides 10, 17 and
21. (Answer: 2r="7)
3. Find the side x of a cube having the volume
1,881,676,371,789,154,860,897,069 cubic units, or solve the equation
¥ -1,881,676,371,789,154,860,897,069 = 0. (Answer: x = 123,456,789)
The tablet measures 170 cm by 93 cm. (© Asahi Shinbun.) 1

(From Fukagawa and Rothman (2008))




Plate 5. Sangaku of the Katayamahiko shrine. One of the most beauthul sangaku,
this dragon-framed tablet was dedicated by Irie Shinjun in 1873 to the Katayama-
hiko shrine of Murahisagun Okayama city. We have used Irie’s inscription on the
tablet as the preface to chapter 5. The sangaku measures 162 cm by 88 cm.

(From Fukagawa and Rothman (2008))

- - Y 7N
“Sangaku” (%) in Shibuya ($:4)
There are three “sangaku” in the Konnoh Hachimangu Shrine (&£ /\IEE)
(3-5-12, Shibuya, Shibuya-ku, Tokyo).
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Three “sangaku” exhibited in Konnoh Hachimangu Shrine:




The place of Konnoh Hachimangu Shrine:
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----- There are many more references in Korean language.

References of the history of Japanese astronomy:

Nakayama, Shigeru: A History of Japanese Astronomy, Cambridge, Mass., Harvard University
Press, 1969.

Nakayama: H'[L% [HARDOKICE] CAEcHE) . 1972

Hirose: JAHEATE [THAANOKRE] (NHK 7> 7 2) . HABGEHRHE, 1972.

Watanabe: ¥4 [Tttt A AR ], 4 2 ik, [EEHEAR, 1986 — 1987.



Nakamura: Hffd:, [TLFORCFERZZZ T 5] Hdfrafaatt. 2008.

Nakamura: At (BE) . MLFOXRICFE] A)IIFE R, 2012

Kazu: HEIR A, [RICFEHRT-LOITFRMR]. < EHE, SEERE. 2016,

Kand and Kinoshita: fFEF/A, A FES, [HRSHEROAR], S EE, 1985.

lzumi: SRk, [ F 7 - @B GEOREX ], [Fikt, 2018.

Nakamura: "+ [ ROREZZZ AR, ¥ M7 HERXCHE T U702, HAK
TRz, 2018.

Hosoi: fiiEE, TEAR ZF500 (EROE) AL, &5)I15L5CE, 2014.

Hiraoka: “F-Ripe . TRIZERFHim O RHAMIIE], 1635, 2013.

Watanabe: P05, [Urth B AR50 & pRAIISZ], ZELF, 1983.

Otani: K@seis. [HHELM]. JHiEEN, 1917.

Bessatsu Taiyo: AR W (BAE) [BIRE: HARD Z Z A 261, ARk, ¥ L, 2018.

----- And many more in Japanese language.

References of the history of Japanese mathematics:

Mikami, Yoshio: The Development of Mathematics in China and Japan, originally published at
Leipzig in 1913, Second edition: New York, Chelsea Publishing Company, 1974.

Smith, David Eugen and Yoshio Mikami: A History of Japanese Mathematics, Chicago, The Open
Court Publishing Company, 1914.

Mikami: = E5R [0k EX v B2 BHAROEY]. Aot 1974; 45 S, 1999.

Ogura: /NE&2 B TRADEE], S, 1940, 2" ed.: 1964.

Fujiwara: (BRIFURR —R035), HASALEREH [RRTART A AR L], 2565, HRESE, 1954 -
1960.

Hirayama: F L% TFnB o fEs ], (originally published in 1961), < F4f35 0, HiEEE
J%, 2008.

Hirayama: F[LEE [ Z2 dis & L7=Ffnish oo A& ], (originally published in 1965),
< EFPEE, HUEER, 2007

Oya: KRE— [FRELAET], o8, 1980.

Oya: RKRE— RS AL, R AR Rwt:, 1987

Shimodaira: FFF5e [HARANDET: - Fn5i], (originally published in 1972), i#aktt - “FIf
SCJE, 2011.

Shimodaira: T FFk [ E 2 Tl & LicfB oSk (B) (7)., & LR R,
1965 — 1970.

Sato: VEfkfd— [FE A Liel, B 7V ~—30E, FEE, 2006.



Ueno: BT [RIE~0 3 ], WAL, 2017,

Wasan Institute(F0 & AFZE AT BE SN B 2): Jinkoki, (English translation), Wasan Institute (F1%
#FZERT), 2000.

Jinkoki iinkai: EEEhEEEE S [EEHFC] (rendered into modern Japanese), FELAfFZEFf, 2000.

Horiuchi, Annick, (Translated from the French by Silke Wimmer-Zaiger): Japanese Mathematics
in the Edo Period (1600 — 1868), (A study of the works of Seki Takakazu (? — 1708) and Takebe
Katahiro (1664 — 1739), Basel, Birkhduser, 2010.

Sato: PEfEE— [t BAEC ), (BIEMOESZRDT) . HARFE R E, 2005.

Uenoetal: FEP(ERR. /INIBR, /MREEZ. B — [BIZEMmERrat]. A E)E, 2008.

Ogawa and Morimoto: /NI, ZRASEAE [T R OEricriit ], Fn&En o J7475150) |
BeAfratamtt, 2014.

Ogawa et al.: /NI, EREE —. MT2Nfg, BRALA BB LO¥T], 3552 IR, 2008,

Takenouchi Osamu and Morimoto Mitsuo (tr. and comm.): Selected Mathematical Works of
Takebe Katahiro, Tokyo, Wasan Institute, ¢.2004.

Fukagawa Hidetoshi and Tony Rothman: Sacred Mathematics, Japanese Temple Geometry,
Princeton, Princeton University Press, 2008, (Japanese version: #1135, h=— 1o 2~ [H
IR R ARDL ARAEHIAR, 2010)

----- And many more in Japanese language.

(Note: There are two Satd Ken’ichi who are specialists of “wasan”. The elder Sato Kenichi
(=Bt —) is the Chief Director of Wasan Institute, and the younger Sato Ken’ichi (fEE%E—) is a
professor of The University of Electro-Communications. Their Chinese characters of “ken” are

different. Be careful not to confuse them.)

Additional readings:

(Japan 1): OHASHI, Yukio: “Solar Eclipses and SHIBUKAWA Harumi”, in SOMA and TANIKAWA:
Proceedings of the Second Symposium on “Historical Records and Modern Science” (5 2 [7] TJEH
HoFoER & BRI WFZE4E4%), Tokyo, Notional Astronomical Observatory of Japan, 2009,
pp.31—44.

(Japan 2): OHASHI: KABH ALK : [ HABEL~ORF —EHB L AZFE L2 L E LT—),

I samrge ), #@% 185 %, 2005, PP.43 - 63.



